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EVALUACION DEL CURSO ® 

CONCEPTO EVALUACION . ' 

1 • APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS 

i 

2. CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS .. ' 

3. GRADO "DE ACTUALIZACION LOGRADO CON EL CURSO 
' 

1 

4. CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO ' 

1 ' 

5. CONTINUIDAD EN LOS TEMAS DEL CURSO 

6. CALIDAD DE LAS NOTAS DEL CURSO· 
' 

7. GRADO DE MOTIVACION LOGRADO CON EL CURSO . . 

ESCALA DE EVALUACION DE 1 A 10 
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1. ¿Qué le pareció el ambiente en la División de Educación Continua? 

MUY AGRADABLE AGRAn\BLE DF5AGRAn\BLE 

2 .. ~dio de comunicación por el que se enteró del curso: 

PERIODIOO EXCELSIOR PERIODICO NOVEDADES 
ANUNCIO TITULADO DI ANUNCIO TI1DLADO DI FOLLETO DEL CURSO 
VISJON DE EDUCACION VlSION DE EDUCACION 
CONTINUA CONTINUA 

CAliTEL MENSUAL RADIO UNIVERSIDAD COMUNICACION CARTA, 
TELEFONO, VERBAL, 
ETC. 

REVISTAS TECNICAS FOLLETO ANUAL CARTELERA UNAM "LOS GACETA 
UNIVERSITARIOS HJY'' UNAM 

3. Medio de transporte utilizado para venir al Palacio de Minería: 

~~L PARTIQJLAR' 

1 

METRO OTRO MEDIO 

4. ¿Qué cambios haría usted en el programa para tratar de perfeccionar el 
curso? 

S. ¿Recomendaría el curso a otras personas? 

SI 

1 



•. 

6. ¿qUé cursos le gustaría que ofreciera la División de Educación Continua? 

7. La coordinación académica fue: 

BUENA REGULAR MALA 

8. Si está interesado en tomar algún curso intensivo ¿Cuál es el horario -
más conveniente para usted? 

; 

~UNFS A VIERNES LUNES A LUNES, MIERCOLFS M<\RTES Y JUEVES 
DE 9 A 13 H. Y VIERNES DE Y VIERNES DE DE 18 A 21 H. 
DE 14 A 18 H. 17A21H. 18 A 21 H. 
'(CON CCMlllAS) 

VIERNES DE 17 A 21 H. VIERNES DE 17 A 21 H. OTRO 
SABADOS DE 9 A 14 H. SABADOS DE '9 A 13 Y 

DE 14 a 18 H. 

9. ¿Qué serv1c1os adicionales desearía que tuviese la División de Educación 
Cqntinua, para los asistentes? · 

-------------------------------
10. Otras sugerencias: 

5 
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Metodolog!a y Estandares: 

La metodología para desarrollo de sistemas es el conjunto -
organizado de procedimientos que integran el proceso para el de

sarrollo de sistemas. 

Los estandares para desarrollo de sistemas son el conjunto 

de normas, reglas, medidas. y modelos utilizados en la planeaci6n 

y control del proceso de desarrollo de sistemas. 

Un proceso es el conjunto de fases sucesivas en este caso -

las fases sucesivas para el desarrollo de sistemas. 

Un proyecto es una forma de planeaci6n sin6nimo de un pro-

grama. 

La primera estandarizaci6n.que pode~os realizar es en la 

so de administraci6n de la funci6n informática en general. 

Llamaremos: metodología a los procedimientos integrados y-. 

organizados para el desarrollo de sistemas; estandares a sus nor 

mas, reglas, medidas y modelos y proyectos a sus programas de -

trabajo. 

Ciclo de Desarrollo de Sistemas: 

Al proceso d·e desarrollo de sistemas lo podemos llamar ci-

clo dado que todos los sistemas de c6mputo son sustituidos peri~ 

¿ic~mer.te, repitiendose su proceso de desarrollo en forma c!cli-

ca. 

Las fases que conforman el ciclo de desarrollo de sistemas 

dividen un proyecto en subproyectos cada uno de los cuales da la 

oportunidad de revisar (controlar) el cumplimiento de los reque

rimientos estipulados (planeados) • 



Cuales fases son establecidas no es tan j~portante como el . 

hecho·de que sean fijas y bien definadas. Para mejorar los re

sultados todos los proyectos y areas funcionales deberían adop

tarlas. 

Algunos de los beneficios de estandarizar las fases de los 

proyectos de desarrollo de sistemas.son: 

- Control.- Permite la revisi6n en varios puntos, en los que 

se mide la calidad y se ajustan los planes. 

- Comunicaci6n.- Estandarizar la terminología permite que los -

integrantes del proyecto, los usuarios y los directivos hablen 

el mismo lenguaje. 

- Participaci6n del usuario.- Al respaldar ·la metodología aumen· 

·ta ·el compromiso de participaci6•1. 

- DocumentaciOn.- Cada fase requi.ere una salida que debe produ-

cerse antes de terminar. . . 

- Calidad.- La precisi6n en las :Jalidas ·de cada fase aseguran -

que se termine el producto y su c1•)Cumcnt.:::<":i6n. 

- Estimaciones.- Permite calendarizar cada v~z con mejores ba-

ses. 

Las fases son a su v~z divididas en tareas estandarizadas 

o actividades gen~ricas. Estas se presentan como actividades -

especificas para cada parte de un sistema en un proyecto parti

cular. 
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G L O S A R I O. 

HETODO.- Modo de hacer con orden.una cosa. 

. jü>TODOLO(jiA-.- Ciencia del mHodo. 
. .... --: ... --~· ·-·· .·. ... . . .; . '· ... 

PROCEDIMIENTO.- M6todo de ejecutar algunas cosas. 

. .... : 

·. 

PROCESO.- Conjunto de fases sucesivas de un fen6meno. 

TECNICA.- Conjunto de procedimientos y .:ecursos se que se 

sirve una ciencia •. ' 

DOCUMENTAR.- Probar, justificar la ve.rdad de·una cosa con 

documentos. 

ESTANDARD.- (Anglisismo) ~orma, medida, patron, modelo, 

regla fija. 

REGLA.- Modo de ejecutar una cosa. 

NORMA.- Regla que se debe · seguir o a que 

deben ajustar l~s operaciones. 

se· 

MODELO.- Ejemplar o forma que uno se propone y 

sigue en la ejecuci6n deÜ.na_.·.~obra. 
. . 

MEDIDA.- Unidades que se contemplan para medir 

un_ trabajo• 

PATRON~~ Que sirve como muestra para sacar otro 

igualo 

·• 

, 

.... 
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PF-~SOS 
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ARRANQUE DEL . 
PROYECTO 

INICIACION>· . 

-~·: ' _r_!_r_~_:_!_n'"""~ JDISENO DEL 

v l Nu::vo si8Tet-1r. 

DESARROLLO >{DES. SOFTWARE 

IMF'LANTAC.> 
INSTALACION 
DEL NUEVO 
SISTEMA 

> JOPERAC ION 
-o=P-::E:-::R:-A:-c=-=I-::0:-:-N-:-' 1 D E L S I S T E M A . 

Pt=:;;.:OI:>UCTD~.3 

-REQUERIMIENTOS DEL 
-PRESUPUESTO Y EST. COSTOS 
-ESTUDIO DE FACTIBILIDAD 
-PLAN DEL PROYECTO 

{

-DESCRIPCION FUNCIONAL 
-REQ. DE INFORMACION 

-ESPECIF. SISTEMA/SUBSIST~HA 

-ESPECIF. DE PROGRAMAS 

{-DDCUHENT. DE PROGRAMA' 

{ 
. . 

-PLAN DE PRUEBAS. 
-REPORTE DE ANAL. DE PR.UEBAS 
-MANUAL DEL USUARIO 

-MANUAL DE OPERACION 
-MANUAL DE MANTENIMIENTO 
-REPORTE EVALUACION 



/ 

'· 

-
'' . ' 

CARPk+As PARA DOCUI~ENTACIDI~ 
I:>l=: 1-~·Ro~,..·Ec-ros 

~ 

DEL 
PF<:Cl"V'EC·ro 

~ 

DEL 
SI E>-rEI~tPo 

DEo:.l_ 
F" F;: CJ t3 R i"\ 1~1 A 

DE 
¡:::· H CJ D lJ c_:; C:: I O t'>l 

V 

DE:: 
L 1 ~:H. 1 Po Fe;: T CJ 

CONTENIDO 

-CORRESPONDENCIA 
-RED. DEL USUARIO 

-PRESUPUESTO Y EST. COSTOS 
-PLAN DEL PROYECTO 

-EST. DE FACTIBILIDAD 
-DESCRIP. FUNCIONAL 
-DOCTO. REQ. INFORMACION 
-REPORTE DISENO SISTEMA: 

*ESP. SI STFMA 1 Sl.lf<S T STI=""fl" 
*ESP. BASE DE DATOS 
*ESP. PROGRAr1AS 
*PLAN DE PRUEBAS 

*MANUAL DEL USUARIO 
-REPORTE DE EVALUACION 

{
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L/1 NECESIDIID DE JNFORMN:JCN. 

~s activid~des que se de&,rrollan para el proceso de datos d~n como re
sul tildo informoci~n. la informaCión es algo que requerimos las personas, 
Jos animales, lás organiZaciones, etc. que sirve para guiar el comporto
miento. En nuestro caso, cuando vamos manejando nuestro automovil esta
mos ·procesando datos, p11ra obtener informaciÓn que nos permita conducir 
el· ~utomovil de la mejor manera. De forma similar, una organizacion pro
cesa datos para obtener información que guíe sus activid11des hacia el 
logro de sus objetivos. 

En las actividades del proceso de datos la participaciÓn de las personas 
es cada dia mayor; en los EU se estim~ que cerca del 60% de la fuerza de 
traba jo esta orientada hacia estas <lctividades •. Para tener una idea de lo 
que este porcentaje significa, en Jos EU solo el 2% de la fuerza de tra -
bajO est'a dedicada a la agricultura. Esto, refleja la importancia del 
procesamiento de datos como una actividad fundamental en las organizacio
nes ectuales y se debe fundamentalmente a : 

-lo complejo de las relaciones actuales 

-las nuevas tecnides de administraci¿n(administración 
científica) 

( 
-la tecnolog1a de los computadoras 

En la sigui ente figura puede verse la ci'lntidad de entidades con las que . . , . 
una organ¡zac1on t1ene que relñcionarse y por consiguiente demanda de 
informacio'n. · 

A ce 101m1"A S' 

:t.N~ ,, "510 - ofti!-. -..;)~ 
NI s-rt~s 

/l\·• . 
.5tAJ 01 '4lbJ AStf>ll41AOO n.A S" 

~PU:AD05 



~omo ejnnplo rorlc·mos resaltar algunos Aspectos ~e las formi's de re]E,ción 
c·onsid<ori'·r<'o rlos mr<lios CJmbicntes diferentes:la tiendé! de li! esquiné' y 
una•·n1dcn;· rlc Liendas Oe outoservicio. La tienda de la esquina, segura.
mente l< n·l;;ciÓn con el gobierno es siemple -pago de cuotas fijéis- ; 
pero 1,-, rlr- un" radenfl de t.iendfls seguramente es complejo -cálculos diver
sos pi'lrn r:l pi'lgo de cuotas- por e] estilo podríamos extender esto haciil 
otros sect·orc:s. 

, . 
Frecle!'ick Taylor, Franck y Lil ian Gilbreth desarrollaron tecmcas que 
p<"rmiti"ran orerar en forma eficiente a las organiwciones, estas cons
tituyen l2 bñse de lo que se conoce como t~-cnic<Js de ac'ministración 
ciendfic<'. 

La disponibilidad de lñ tecnoJog{a de las comp.Jtadoras se demanda a 
diario rarfl su uso. Información que antes era demasiado costosa o imr 
prácticu de obtener es ahora posible a un costo rasonable. Con esto 
'' rrecirlo In demi'nda de ·este ti ¡:u el<' informaciÓn. 

q 

I'L Cf:t<'CfPJ'O Df SJSTFMJI. Y SUS CAR/>CTE:RJSTJCAS. 

L" informAciÓn, es fundc:mental para el hombre, la familia, los· negocios, 
Jas Pscuelfls, los gobiernos, etc. y cualquiera de ellos es un.sistemel; 
dentro del cual, existe> un subsistema llami'do sistemA de información que 
los provee de inform¿:ción p•r<" el logro de sus objetivos. 

F:l hombre " observado que el medio ambiente en el que vive requiere orga
ni z,-,ción, intNacciÓn y orden ¡x¡ra funcionar adecuadamente •. Esto, no es 
un;, cxce¡x:ión en otras actividades donde se desenvuelve. El. desarrollo de , 
l il rA•r ti da doble en 12 contabilidad es una forma sistematiCa de manejar 
~r<nsacciones en un negocio. 

·-DefiniciÓn. 

F:l tt~rmino sistem<', se refiere a un grupo organizado de .componentes rela-. 
donados funcionalmente entre si. Un sistema existe debido a que es dise
iit,do paril logrilr un objetivo. 
E:l cuerpo humano es un sistema, comp.JP.Sto de esqueleto• a¡x¡rato respira
torio, ilpawto circulatorio, sistema nervioso, etc. solamente cuando es
tos subsistema se encuentran funcionado de mc:nera coordinada. re forn¡a 
similflr podrn1os habl<"r de un sistem0 productivo y de ~u orgi'ni z.ación, 
corno un sistema com¡:ucsto de departamentos interrelacionados llam2dos 
suhsistem?s. De hecho,cualquier cosa puede considerarse como un sistema 
el hombre,)<JS organizaciones, las fabric2s,<'l sol, son ejemplos de si s-
I' emi'S. 

Ninguno df' los subsistemas es indcpendiente de los danas y cuando estan 
pror:L•mf'nte coordinados podemos decir c:ue el sistema funciona exitosa·· 
rncnt.t' y CLrnpl e con su cometí do. 
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3 
De Jo anterior, podemos decir que un sistema es un grupo organizado de 
componentes llamados subsistemas conjuntamente ligados de acuerdo a un 
plan para el logro de un objetivo. 

-Características primarias de un sistema; 

Las características que se han observado en un sistema son: 

' -es a9ierto(cerrado) cuando interactua con el medio ambiente 

-tiene dos o mas subsistemas 

-hay interdependencia entre los subsistemas 

-es auto-ajustable 

-es auto-regulable 

--tiene un proposito 

-tiene estructura 

-tiene un comportamiento 

-tiene tm ciclo de vida 

-~lasificación de los sistemas 
e 

Los sistemas en general son clcsificados por el tipo y grado de comple
j idad. Un sistemé'l puede ser determinístico ·a probabil !stico y en cada 
cnso simple, complejo o exces'ivamente complejo. 

Un sistema al que puede predecírsele sus salidas, debido a que no se es
pera que su comportaminto varie·· es un sistema detrministico. Por ejem
plo una sumadora. 
Los sistema probabilísticos, son descritos en terminas de probabilidad. 
En la- medida que estos se hacen excesivamente complejos la salida se 
vuelve menos predecible. 

-Pepresentacion de los sistemas 

F.n el trabajo del anillista de sistemas, el analista espera poder definir 
~1 sistema. El uso de un modelo hace facil- visualizar las relaciones 
entre los elementos ele] sistema y de E!Xplorar- formas que mejoren el en
tendimiento del sistema. Un modelo es una representacion para un siste
ma rf!al o planeado. El objetivo del t~o de un modelo es señalar los ele
mentos significantes y las interrelaciones de- un sistema. 
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1\lgunos tipos de modelos son: 

' -modelos e squemat. icos 

-modelos j)<lra sistemDs de flujo 

-modelos para sist·f'mas estáticos 

-modelos para sistemas dinc'Ímicos 

lAS 0RC~NJZACJONES COMERCIALES 

Lil tf'ndencia del hombrf> es crear organiz¡¡cionf>s. La razon, es que tales 
org2nizaciones las crea para alcanzar objetivos que de forma individual 
no lograri11. Una organizaciÓn comercial tiene como objetivos la comercia
liz~cion de productos. o servicios que·Ja clasifica como comercial. 

La información que se m?nf>ja en una 
cilrse como ?.guella que se genPra de 
ni Z-"cion (informaciÓn interna) y la 
form~cion extPrnaJ . 

, 
organizacion comerciill puede clasifi
lns r.ctividades internas de la orga -
proveniente del medio ambiente(in-

Ln informacion en una organi zacion se requiere por varios motivos: 

F.s utilizada para comunicarle a la gente que en ella (klrticipa 
los objetivos que se persiguen e instruirlos en las pol{ticas 
y procedimientos requeridos para el logro de los objetivos. 
F.s us,Jda para det-erminar las percepciones y deducciones a sus 
empleados; Ja forma ele servir" sus clientes, responder a pre
gLmtas que surgen durante lil oFeracion normal de la empresa, etc. 

La demand~ de informaciÓn en una organizacitn se encuentra clasificada 
por el nivel donde surge . Exis-ten tres niveles organizacionales 

-hi vel operacional 

·nivel táctico 

' o -nivel estrateg1co 

1 

-Objetivos ele una organizacion 

donde se desarrollan las acti
diarias 

c;londe se superviza y planean 
las actividades diarias 

donde se encLientra la adminis
tración de alto nivel y la pla
neacion a largo plazo 
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Los objetivos en una organizaci~ se encuentran clasificados de acuerdo 
a los niveles organi zacional,es que existen. 

-objetivos del nivel operacional 

···-objetivos del nivel táctico 

-objetivos del nivel estratégico 

Para establecer los o~etivos en cada nivel, se requiere de una gran 
cantidad de informacion. Para establecer los objetivos de ventas en un 
negocio, se requiere conocer que factores influyen en las ventas y como 
se espera que estos factores varíen en el perÍodo para el que fueron es
tablecidos los objetivos. 

-Componentes de una organizaciÓn comercial 

Las organizaciones comerciales estan compuestas de personas que trabajan 
en divers2s actividades llamedas funciones comerciales, estes funciones 
pueden considerarse como subsistemas y constituyen los componentes prin
cipales de 1<" org<"nizació'n. Para hacer su trabajo en forma eficiente 
las personas hacen uso de edificios, equipos, etc. 

Los compon<?ntes pr ind¡:<1l es ('" una organi ~ció'n son los siguientes: 

-mercado 

··ventas 

-producción 

·control de inventarios 
' . 1 

-contabilidad 

-jurídico 

-seguridad 

-relaciones pÚblicas 

•. ¡· 

' ' 

• 
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. . , 
organlZilClon pirómidal 

··F:structur& de una organizaciÓn comercial 

!.n est-ructur<• de una org;mizaciÓn comercial es la formél en la cual 12. 
i'Utor i di"d y las responsabilidades se el i str ibuyen entre los empl ei'dos y 
Jos gerentes. 

--Campo rt<'m i ente 

F:l comportamiento de una organización esta_ determinado por sus procedí· 
mientas, Jos cuales especificvn la secuencia de actividildes que deben 
rc2l izarse ele acuerdo a l<1s politicns de la organización ¡:<lra el logro 
re los objetivos. 

Los procedimientos, son guias pora los empleados acerca de como deben 
realizar sus tareas y son .E·ntrenados para realizar eficientemente esté's 
U<re<•s. El entrenaniento, es una forma de transferir información y de 
compnt.i r los beneficios de l~s ex¡::eriencia con los nuevos empleados. 

!.a generAl id¿;d de procedimientos se dicti'ln dentro de la empresa aunque 
n.l<Junos son clictE>dos fuera de lr• or<JanizaciÓn. Como ejemplo de esto 
tenemos cierto tipo de demandas ciel gobierno. 

rielo el(' vidi" 

Los est<Jclistic?s en los EU muestran que para las organizaciones comercicles 
.los t·n·s primeros años de vida son difíciles, pero despues de <'Sto li'l orgc;-
nj zr:cicfn mr1durn y a]cAnzn sus objctivo.s. ~spues de veinticinco cños se 
ohsc·rvi' OLH> lAs crnpros<>s tienen f21li"'s y que sus objetivos ya rcsul tan 
df'm2sir::c~o vic·jos. 
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Es frecuente encentar altos costos de administraciÓn por componentes que 
estan fuer~· de su vida útil pero que continúan existiendo, Para evitar 
esto, hay que revisas constantemente estos .cOmponentes y cuando los ob
jeti vos han sido alcanzados deber a el componente ser a bol ido o tomarlo 
sobre nuevos ohjetivos. 

Zero-l:ese·budgeting es un ejemplo de una t~nica usada para controlar el 
ciclo de'vida de un componente. 

SISTEMAS DE INFORMACTON 

Un sistema de informació'n es un componente de una organizaciÓn. Su pro
pÓsito, es obtener informaciÓn dentro y fuera de la organización 
y hacerla disponible a todos los otros componentes en la forma como 
estos la demanden y tambien presentar información a los que se encuentran 
fuera en la forma como la necesiten. 

-Objetivos 

fns sistemas de información·tienen como objetivo responder a las necesi
d~des de información en los tres niveles organizacionales. La informaciÓn 
debe ~r present<'lda el la forma adecuada para aquellos que la requieran · 
(textos,graficas,grabaciones,etc). 

La informaciÓn f<'lra que sea Útil debe presentarse en el ·tiempo adecuado 
y estar disponible a un costo razonable. · 

-Com¡:oncntes de un sistema de. informaciÓn ,. 
'. 

Un sistema de información·tiene. tres tipos de componentes, datos, sitemas 
para procesar datos y canales de comunicaciÓn. · 

Fechas,cantidades,nombres, son ejemplos de datos. Los datos son edquiridos 
por el sistema de su medio ambiente y estos datos son conocidos como 
entrados ¡l] sistema. Un tipo pMticular de dato es la re<'llimentaciÓn. 
rutes que resultan de las actividades del sistema de información y que 
son tomados como entradas el sistema son llámados datos de realimentaciÓn. 
üi reolimmtación es import;mte para medir el é'xito de la organizaciÓn. 

Otro tipo de componente es el sistema de procesamiento de.da~os, con el 
cLEl se manipulan los datos. Dentro del sistema de informacion pueden 
existir varios sistemas de procesamiento de datos. 

En los sistemas de procesamiento de datos son las gentes quienes procesan 
los datos, auxiliandose en algunos casos de máquinas como podria ser una 
comrutndorr.. 

,,.. 

. 
• 

• 
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F:J i:<orcf:r comronPnte son los cvnales é!e comunic0ciÓn entendido como os 
ffif'Cc""Jn):·.r.IO.S r:Lh rí·Jr:-]11!: J';:_:_;J _i¡,f"o¡r·,¿¡_-;j(~fl ('j; \ir: ·:<.'lifO!l(·r e!¡;· ! •/ifJ(J 
((' r·tn;·1(·S rlc comunir.c.cjon ~on e] sistl.'ffifl tcJefÓnico de Jv orgrnizr1c on 

l . ~ ' d . . . 
c-. corrL~o o mcnsa]cr Jet, manoréln LnlS,S!'Ollné!rJos. etT .. 

L: !on;,, r;orLO (~j f•.•n·ntr~s sjstc:mc:;s ne procf's¿:¡mjcnto Ce dctos estc.n re]¿,cjonc,dos 
unos con ot·ros y con Jos usuvrios constituye 1<' estructura del sistem<' de 
infotrnf1ción. 

-Com¡:or t:ami ento 

F:l comrortamiento que se espera de un sistemiJ de informació'n es que logre 
Jos objetivos de almacenamiento de informaciÓn y que provea de informbciÓn 
a lil organizaciÓn en la forma, tiemro y costo que resulte apropiAdo. Para 
lograr este comportc,miento se requiere del esteblecimiento de procec~imientos. 

Jdenti ficar li' fuente de los datos, los comronentes del procesador de datos 
pari'l ser utilizAdos y especifici'lr la forma, el costo y el tiempo de J~ 
informaciÓn constituyen los procedimientos que gobiernan el comrortilmiento 
cel sistemil. Los empleados de las org,oni?.aciones sop usualmente entren?dos 
(·n los procedimientos requeridos por 1<' organizacion p11ra el manejo de la 
i nfonuacj Ón. 

-Ciclo de vida 

. . , " " Como una organJ~JcJon esta en cambio r~rm?nent~ li's necesiades de informvcion 
tilmbien. La vida de un sistemA de informaciÓdcesa cuarxlo se decide que 
lil necesidade de informaciÓn ya no existe •. 

Cuando un proyecto se inicia nace un sistema de informació'n;.y cuando este 
tcrminil muere f'l sistemA de inform?ciÓn. En algunos casos puede morir p11rte 
001 sistcmil o todo antes que el proyecto termine. 

-F:jemplos 

Jllgunos ejemplos de sistemils de informació'n son: 

-sistema de infonnaci~n cont2ble (contabilidad) 

--sistemc; de control dt> inventarios 

--sistema de cuentñs por cobrar 
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-nomina - 9 
-otros 

/ -

CCNCE?l'OS SOBRE INFffiMACION Y DATOS 

-Objetos de información 

Entidi1des.- Una parte esencial para conducir las actividades de una orga
ni z11ciÓn es obtener informilcioÍl acerca de las entidades a las cuales 
sirve o son usadas por la organizaciÓn. Son ejemplo de entidades en una 
orgr.nizaci6n comercial los clientes, Jos dueños , los productos, los 
empleados, etc.. En otras pal ~bras una entidad es una persona, cosa o 
lugar. 

Eventos.- Otro aspecto esencial es el de obtener informaciÓn sobre los 
eventos que ocurren durante el curso de las operaciones en una organi
zaciÓn. Un evento es una cosa que sucede en un tiempo particular. Son 
cjPmplo de eventos cobrar una factura, pagarle a un empleado, aseguar 
un equipo, mQdificar el precio unitario de. un artículo, etc. 

En las operaciones comerciaies eventos que resultan por el intercambio de 
valores son llamados transacciones. El registro de trilnsacciones asi como 
de otros eventos son usados para actualizar registros de entidades tales 
como cantidad en un inventario, precio. unitario de un producto, etc. 

Lc,s enticléldes y eventos, pueden ser reconocidos, recordados, y descritos 
en termines de sus atributos. Los atributo·s, son hechos acerca de las 
entidé'des y eventos. Algunos tipos de atributos que existen son: 

-identificadores 

-descripto res 

··local i zadores 

··temporal es 

hechos usados para distinguir 
objetos de informacion de unos 
a otros. 

hechos relacionados con la 'percep
cion de Jos sentidos acerca de los 
objetos de informacion. (color, peso 
est¡¡¡tura, •• ) 

hechos que. permiten determinar el 
lugar donde el evento ocurre o 
posicion de la entidad.(cireccion, 
cubiculo ,c<>si lla ,apartado postal, •• ) 

hechos que permiten determinar el 
momento en que ocurre un evento. 
(fecha,hora del dia, •• ) 

.:, 

• 
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- rclncion?J es 

-dasi ficrdores 

-·cond i e i o na 1 es 

10 
Hechos que permiten describir lñs 
relaciones que existen entre evE·n
tos o entidades.(padre,hijo,ger~nte, 
subordinado, .. ) 

hechos que determinñn la mélneril en 
la cual eventos.y entidades estrn 
relacionrdos con 12 organizacidn. 
(cliente,empleado,proveedor, .• ) 

hechos que describen el estéldo de 
eventos o entidades. (pendiente, 
en proceso,entregado, .•• ) 

Estos 2tr ihutos. son usados en comhinadÓn para describí r completamente 
tm evc·nto o r,ntickd. 

· n,·,f i ni dones 

I"ilt:o.- Los datos, son hechos que describen 'eventos y entidades. Los datos 
son comunic~dos por vnrios tipos de sfmbolos tales como letr2s, números, 
dibujos, cte. I.i' combinacidn o i1rreglo de estos sfmt.oJos permiten la 
rer:rcsentadon ele un hPcho. 

TnformaciÓn.- La informació'n, es una colecciÓn de déltos significéitivos y 
reJcvnntes que describen eventos y entid2des. Un dato significativo es 
aquel que consiste de s{mholos reconocibles, es completo y expresa una 
ic1<'2 no <:mbigua. Un datos relevante es aquel que puede ser usado para 
rl,lr respuestA él una pregunta. 

Registro rl<' Jr. informi'lciÓn.-·El hecho ele registrar datos selectos para 
referenciéls futuri1s PS llamnrlo captura de rlr.tos. Esencial a la captura 
rl<' d<·tos es <>l registr~ rlel contexto, el cual debe ser explicito y es el 
hombre quien los proporciona. F.l contexto ¡:-arél un dé!ta-item (cadenil de 
caructerf's o dato numerko) es frecuentemente indicado por su nombre. 
F.jr·mrlo; 

nombre de un 
d?ti'- item 
(contexto) 

sexo 
edarl 
color 

Cic·rt:n t·iro ele informi"cio'n tal como 
!!~('(los ngrup~cion0s de d0tn-items ya 
de· rlcd·;,- it.ems 0] cmentc] es. 
f' j uu¡-1 o: 

valor de un 
c'lat2- item 

masculino 
/.5 
moreno 

nombre, direcciÓn, fecha. son ll a
que consisten de una agrupaci6n 
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dÍa mes ano 

Registro.- Una coleccló'n de data-items que comparten un contexto común 
acerca de una entidad o evento es llamada un registro. Los registros cot el objeto de facilitarles su identificaci6n se les da un nombre. 

-Forméltos 

La forma establecida para definir un registro es llamada formato del 
registro. Las c~racter{sticas de un data-item (en este caso también 
llam?do cClmpo) que deben indicarse en la especificación del formato 
son: 

-nombre 

-secuencia 

-valores validos 

-longitud 

-tipo 

-Archivos 

De la misma forma como los data-items son organizados en registros, estos 
se organizan en archivos. CUando todos los registros del mismo tipo son 
agrupados en una sol? colección de informaci6n, la coleccidn es llamada 
archivo. 

A. 

: 

• 
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- P.l enfoque de.· si stcmas 

PJ enfoque de sistcm<>s(F.S) es posiblemente .lil técnicn mas util iZC!cle f<lr<; 
<'l estudio ele los sistemes. El ES es un proceso d.: desarrollo ordenado y 
?n<1lÍt:ico que se puecl<: utilizar continuamente p3ra nnal.izar,evalunr y 
cli<·gnosticar 12 nAturaleza de un sistema, asi como los resultados de su 
dcsf·mreiio FiH<" capt.-r todo lo necesario a esos fines y proveer lo cont i -· 
nun autocorrección del funcionnmiento del sist.em2 con el propo'sito de 
~Jc~nz~r los objetivos propuestos. 

-Pesos dEl enfoque ele sistemas 

n proreso fle desarrollo ¡:uecle .resumirse en las siguientes etnpas o 
r,asos. 

-diseño 

-desarrollo 

-instrumentaciÓn 

-evnlUclciÓn · 

!'l F'S PS un metodo que sirve para descubrir los problanas existent<"s en 
cJ sistPmn r.arn e.legir o discnnr mejores y modernos recursos pc•ra hacerlo 
funcjonar adecurtdc~mente. 

El FS es un punto de vista de actuar de manera logica,ordenadn y cienti f!ca. 
f's.en este sentido que el ES se opone e ln conjetura, intucion o el jucio 
suhj{'t.i vo que tan a menudo es usado. 

f:l F.S se hi'Si'l el los 5 pasos fundnment<>les mostrados anterirmente; las 
¡¡ctivicl0des que se desi"rrolliln en cacli" .¡:aso Fodemos resumirlas en forma 
general c1r J¿, siguiente mnnera: 

1\nalisis 

nepresentaciÓn o caracteri~>ciÓn del sistema 

-se describen ckndo det<Jlles concretos y Út i J es 
tod11 la inform<:ciÓn ilcerca.del sistema 

-se definen y analizan las entradas 

··se describen los procesos y sus características 

-las sal idas se definen, identifican y cuanti ficiln 
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Diseño 

13 
-la estructura del sistem~ se describe para ~clarar 
las relñciones entre los c0111ponentes 

-el ambiente se define para aclarar su interacciÓn 
con el sistema 

-el flujo de informaciÓn se define y en especial 
los mecanismos de realimentación 

-finalmente se estudia la relñciÓn entre las sa
lidas del sistema y los objetivos y metas 

Descubrimiento de problemas dentro del sistema 

el descubrimiento de anomalfas dentro del sistema 
constituye el estudio minucioso de la manera en que 
el sistem~ logra sus salidas, la eficacia conque 
lo hace y el grado que alcñnza su rendimiento. 

Con el an~lisis se han descubierto fallas en el sistema 
y el ~1so. siguiente es diseñar nuevos métodos para el 
sistema. Segun sea la naturaleza del problema el diseño 
puede comprender: ' 

-un nuevo sistema 

-·cambio de compónentes .. 

-cambio en las entradas y/o salidas 

-cambios en los procesos 

Para Ii~ar .acabo el diseño; ·se prepara un plan detallado 
con todas lñs especific<:cione's requeridas para modoficar 
al sistema. 

Desarrollo 

&>bre la base· de los diseños se procede a la construcciÓn, 
edificación, explicación o lo que se? necesario para el 
desarrollo del sistema. 

IStrument.aciÓn 

Una vez que se hñ desnrroll11do el nuevo componente, ele
mento, proceso o sistema dehe incorporarse a lo ya exis
tente. 

La instrumentaci¿n requiere del establecimiento de prio
ridades y secuencia de pasos para incorporar el nuevo 

: ~ 
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elemento, y? que si se fracasa Pn la instn .. unPntrción 
los c'an<Ís elementos pueden transtornar ill sistE:ma tcmpo
wlmente al tratar ele ¿,justarse D los requerimientos del 
nuevo. 0tra falli"l seda que f'l componente en si mismo f¡,. 
JJt1r2. 

Pélr<: asegurar una exitosa instrumentacfÓn es necesario 
anticipor los cambios que exi jiran los demás componentes. 

"EvillLklci Ón 

Despues de haber istrumentado el nuevo componente este 
debe evilluarse. ?pudo el nuevo componente resolver los 
probleméls pli"lnteados?, ?provoco nuevos problemas?. 
La evaluación debe hocerse en terrminos de los objetivos 
que se establecieron en lvs eta{'élS de arwÜisis y diseño. 

Consideremos e] siguiente ejf'lllplo para ilustrilr los pasos del enfooue de 
sistemc=s. 

-F:l ,,nfo(lue rle sistemi'S ilp] icado al c~eSélrrol1o de sistemilS de informaciÓn 

En rt<,JruiC'r rl<m r<or;; el GC'Snrrol lo el(' sistemi"JS de informaciÓn. <>ncon-
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tramos que los pasos el el ES gobiernan de forma general el • proceso. Fste 
plan télmbien es lli'maclo "ciclo de vida del deSiJrrollo de un sistema". 

-Ciclo ele vida 

Dependiendo de J¿¡s diversas corrientes que existen para el desarrollo ele 
sistemvs encontramos que los pasos son: 

Para Eliéls M Awacl Jos pasos que sugiere son: 
( 

-análisis del sistema 

-diseño 

definiciÓn inicial del problema 

recolecciÓn de datos 

organizac!¿n de los datos 

análisis de costo beneficio 

definiciÓn final del problema 

diseno-de salidns 

diseño de entrad¡;s 

diseño de arch.ivos 

diseño de procesos 

d 
. 1 ocunentnc 10n 

--prueba e implementi'ciÓn 

. . 1 

codificacion de Jos programas 

preparaciÓn ele déltos de pruebél 

pruebél general de los archivos 

corrida en paralelo' 

Para l<enniston W.Lord y fames B.Steiner los pasos que sugieren son: 

--anal isis del sistema 

-diseño del sistema 

·. ¡·. 

. 
' 

• 



16 
¡(, 

-selección y adquisición del E<¡ui ¡::o 

./ 
· programac1on 

-pruebn y conversión 

-insta) nciÓn 

. ' - o ¡:-e r ac 10n 

-mi"lntenimiento 

·· ev .olt~>c i ón 

/' .. 
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Análisis estructurado 

Cuando Ed Yourdon habló de análisis estructurado, la idea 

fue largamente especulada. El no tenía resultados ac-~ 
tuales sobre proyectos completos para reportarlo. Sus 

ideas estaban basadas de la simple observación de algunos . 

principios de particiones de arriba hacia abajo (top-down) 

usadas por los diseñadores y que se podian aplicar en la 

fase de análisis. Desde este tiempo ha habido una re-
' 

voluci6n en la metodología del análisis. 

¿Qué es el análisis? 

r 
Descripción . 
de las operaciones 
actuales 

Carta del proyecto 

Especificaciones 
funcionales. 

Análisis es el p-roceso de transformar una cadena de infor

mación acerca de las operaciones .corrientes o actuales y -

de los nuevos requerimientos a una descripción ordenada y 

rigurosa de un sistema para ser construido. Esta descri~ 
ción es también llamada especificaciones funcionales o es
pecificaciofi del sistema. 

. 
.. 
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En el contexto de el ciclo de vida del proyecto para el de

sarrollo de sistemas, el análisis se encuentra muy al prin

cipio, solamente precedido por el estudio de viabilidad du

~ante el cual la carta. del proyecto es generada. La carta 

de proyecto contiene consideraciones que gobiirnan el desa-

rrollo, cambios que deben ser considerados etc. La fase 

de análisis concierne principalemente con la generación 

de especificaciones de el sistema para ser construído. 

Especificamente la tarea esta compuesta de las.siguientes_ 

actividades: 

interacción con el usuario 

estudio del medio ambiente actual 

negociación 
Jiseño externo del nuevo sistema 

diseño de formatos de E/S 
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estudio de costo beneficio 

.. escritura de las especificaciones y 

estimación 

¿Que es el análisis estructurado?· 

o 

El análisis estructurado es una disciplina moderna para 

conducir la fase de análisis. 'En el contexto de el --
ciclo de vida del proyecto su 
es un nuevo producto ·llamado 

turadas". Esta nueva clase 

única diferencia aparente_ 

"especificaciones estruc-

de especificaci6n tiene las 

. 
' 

,, 
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siguientes características: 

es gráfica, compuesta mayormente de diagramas 

es particionada, no es una sola especificaci6n sino 

una red conectada de "mini especificaciones". 

es de arriba-abajo (top-down), presentada en modo 

jerarquico y progresivamente de los niveles superio

res mas abstractos hasta los niveles inferiores mas 
detallados. 

es mantenible, una especificaci6n puede ser actuali

zada para reflejar cambios en los requerimientos. 
es un modelo en papel del sistema, el usuario puede_ 

trabajar con el para perfeccionar su visi6n de las -
operaciones tal y como seran en el nuevo sistema. 

En la siguiente figura se 

análisis estructurado. 

representa en un solo proceso el 

Veamos en detalle el proceso. 
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Note que la figura tiene las mismas entradas y sa,lidas que 

la burbuja 2 de la figura anterior. Pero muestra las -

transformaciones en considerable mas detalle. Conside-

ran los autores que esta figura da mas información que - -

cientos de palabras. Bastarl una definición de los corn-~ 
-ponentes y del flujo de información para terminar de com--

prender el proceso. 

Proceso 2.1. Modelo del sistema actual: Hay casi siem 

pre un sistema actual. El anllisis estructurado nos - -
' tendrl que construir un modelo "físico" en papel del sis-

tema actual y usarlo para perfeccionar el entendimiento -

del medio ambiente actual. La justificación para la -

naturaleza física de este primer modelo es que su propó-
sito es ser una'representación verificable de las opera-
ciones actuales y deberln ser fácilmente entendibles por 

el grupo de desarrollo. 

Proceso 2.2. Derivar un equivalente lógico.- El equiva--. . . 
lente lógico del modelo físico es uno que esta divorciado 

de los "cornos" de las operaciones actuales y en su lugar_ 
se concentra.en los "que". En lugar de una descrip--

ción de la forma corno se lleva a cabo la politica se hace 

una descripción de la política en sí misma. 

Proceso 2. 3. ~Jode lo del nuevo sistema.- Aquí es donde. el 
trabajo mas importante de la fase de anllisis se realiza, 
la invención del nuevo sistema. La carta de pr~yecto_ 
4ue ha recogido las diferencias y las diferencias poten--

." ciales entre el medio ambiente actual y el nuevo y el - -
modelo lógico del sistema existente son los e'lementos del 

anllista para construir el nuevo modelo junto con ia docu 
rnentación del futuro medio ambiente. El nuevo modelo -
presenta al sistema como un grupo particionado de proce--

sos elementales. El detalle de es~os procesos son -

ahora especificados utilizando una "miniesl?ecificación" -
por proceso. 

·,, ... · 

. 
' 

.·;·· 
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i'roccso 2.4. Restricciones del modelo. El nuevo modelo 

es demasiado 16gico para nuestros propósitos debido a que 
no se ha establecido cuanto de lo declarado se hace dentro 

y cuanto fuera de la máquina. Es en este punto donde el 

analista establece los límites entre el hombre y la máqui

na y se limita el alcance de la automatización. 

Típicamente estos se hace mas de una vez con el objeto de 

dar varias alternativas para la selección de procesos. 

Proceso 2.5 Medidas de costo y beneficio.- El estudio de 

costo-beneficio es realizado para cada una de las opciones. 

Cada uno de los modelos tentativos junto con sus parámetros 

asociados de costo-beneficio son presentados en forma cuan 

tificada. 

Proceso 2.6. Selección de la opción.- Las opciones cuanti 

ficadas son analizadas y una de ellas es seleccionada corno 

la mejor. 

Proc-eso 2. 7. Presentación de especificaciones.- Ahora to 
dos los elementos de la especificación estructurada son ar 

rnados y presentados. El resultado es:el nuevo modelo 

físico seleccionado, el conjunto integrado de rniniespeci-

ficaciones y posiblemente agunas tablas de contenido, ---
resurnenes, etc. 

l~é es el modelo? 

El modelo al que se ha referido para la representación del 

sistema es un modelo escrito. En la convención de Análi 

sis estructurado este modelo se logra con el uso de un - -

"di.ugrarna de flujo de datos" y de un "diccionario de da-
tos". 
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1.- Diagrama de flujo de datos.- Es una representación 

en forma de red de. mi sistema. Representa al sist.!C 
roa en términos de. los componentes de los procesos y -

declara todas las interfases en.tre los componentes. 

2.~ Diccionario de datos.- Es un conjunto de definicio--· 

nes de las interfases declarados en el diagrama de --

flujo de datos. Se define cada una de esas ínter--

fases en términos de sus componentes. 

El modelo del sistema tiene diferentes usos en e'l análisis 

estructurado. 

1.- Es una herramienta de comunicación.- Los analistas y 

los usuarios tienen fallas en la comunicación, el mode 
lo es esencial para las discusiones y que estas puedan 

conducir a un· entendimiento común. Se le considera 
al modelo como la mas importante ayuda para la comuni

cación. 

2.- Es el marco de referencia ~ara las especificaciones. -

El modelo declara las piezas que componen el sistema -

y las partes de esas pie~as, hasta esas que ya no.pue

de ser subdivididas. Los niveles básicos, sop. acomp.!!, 

fiados de una miniespecificación para completar su esp.!:. 
cificación. 

3.- Es el punto de inicio para el diseño. Debido a que -

el modelo es el mas elo~uertte elemento que di6 pie a -
los requerimientos tendra.una gran influencia en el 
trabajo que se haga en 1~ fase de diseño: 

Algunas fallas del·análisis clásico según Yourdon. 
·' 

Las principales· faHas· del análisis clásico los encontramos 

en el proceso de especificación del sistema. 
estos son: 

Alg·unos de 

'. 

. 
' 

• 
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1.- Las especificaciones funcionales en el anilisis clá

sico son generalmente una n·arrativa en un documento 

solamente leible en forma serial del principio al -

fin. 

2.- Las especificaciones funcionales son imposibles de -

actualizar. 

3.- Debido a que las especificaciones funcionales no son 

entendibles por si mismas no podemos mostrarle nada_ 

al usuario sino hasta el final del análisis, esto no 

permite la interacción que podría servir para refi-

nar y perfeccionar el producto. 

Como ayuda el análisis estructurado según Yourdon. 

El análisis estructurado ayuda a resolver los problemas 

de la fase de análisis ya que: 

l.- A t F~ca el problema del tamaño por particiones 

2.- Ataca el problema de la comunicación en forma interac 

tiva y con. una inversión de los puntos de vista. 

3.- Ataca el problema del mantenimiento de especificacio

nes por redundancia limitada. 

El concepto de particionar o descomponer funcionalmente -

puede ser familiar para los diseñadores como el primer pa 

so para crear un diseño estructurado. Su potencial 

valor en el anilisis fue evidente desde el principio, si;?_ 
t cm a S . grande·S;,' .. fi<5""'Podíail Ser. afi1iti~f~?!aJ.'ao~s·:;:~j5iif"·~t'fJil.:.~-·~•f(5~~~:.;':'\'l"~::--'l~1~~:.:,~-~.~,.~. 1 . jo~;;;; .. A,.,·,\t·.¡ -~ 

de particionar concurrentemente. La direcfa aplicación 
de .las.. .. herramientas del diseño· como HIPO causaron mas - -

problemas en lugar de resolverlos. Despues de algunos_ 
\_ '- \. \ ' . '. 

experimentos ·el ariálisis estructurado fue ~poyado con una 
nueva herramienta llamada diagrama de flujo de datos. 
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Sus ventajas son las siguientes: 

1.- La apariencia del ~iagrama de flujo de datos no es pa-

ra todos espantosa. Parece ser una simple fotografía 

del elemento que esta en discusión. Nunca se tendrá 

que explicar una convensión arbitraria, nunca se expli 

cará una cosa a todos. Simplemente se usan diagr~-

mas. 

2.- Los modelos tipo red como' los que se construyen para -

el diagrama de flujo de datos puede resultar familiar_ 

para algunos usuarios. .Pueden los usuarios tener -
nombres ·difer'imtes para' este tipo de herramientas pero 

el concepto es similar. 

3.- El hecho de particionar 

datos llama la atención 

con el diagrama de flujo de --

de las 

del proceso de particionai. 

interfases que resultan 

La complejidad de los_ 

interfases es un indic!ldcir importante del esfuerzo - -

que se haga por particionar. 

El término "comunicación $rativa" esta usado para descri

bir el intercambio· de información en una doble dirección -

es una de la~ características"de las sesiones mas produc-

tivos de trabajo. El periodo de dialogo entre el analis

ta y los usuarios debe reducirse y procurar realimentación. 

Un entendimiento temprano es siempre imperfecto. Tam---
bién se menciona como parte del análisis la "inversión de 

puntos de vista". Las especificaciones clásicas descri-
. ben que hace la computadora, en que orden lo hace, usando 

términos que son releventas para la computadora y para las 

gentes de la computadora. Frecuentemente se limita tam-

bién a la discusión. de los procesos internos de la máquina 

y la transferencia de datos y casi nunca se e~pecifica los 

casos que suceden fuera de los límites entre el hombre y -

la máquina. 

. 
' ·' 

• 
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uesde el punto de vista de la máquina es natural y útil 

par~ el grupo de desarrollo pero para los usuarios y su 

grupo les concierne lo que sucede fuera de la máquina. -
El análisis estructurado adopta un punto.de vista dife-

rente, el diagrama de flujo de datos sigue las trayecto-

. rias de los datos por donde· ellos pasen, ya sean procesos 

manuales o automáticos. 

El uso de la "redundancia limitada". Uno de los aspec 

tos mas importantes de esta profesión y que representa -

un cuello de botella es el congelamiento de las especifi 

oaciones. No aceptar cambios en las especificaciones_ 

porque estas no pueden ser actualizadas o aceptarlas, p~ 

ro sin actualizar las especificaciones resulta un grave_ 

peligro para el desarrollo del sistema. 

El concepto llave que el análisis estructurado propone -

para especificar los requerimientos es tener poca o nada 

de redundancia para obtener especificaéiones considera-

blemente mas consistentes .. 

;Qué es una especificación estructurada? 

Ll análisis ·estructurado se involucra en la construcción 

de una nueva clase de especificación, una especificación 

estructurada hecha a base de diagramas de flujo de da-

tos, diccionario de datos y miniespecificaciones. 

1.- Diagrama de flujo de datos (DFD) sirve para partici~ 

nar el sistema. El sistema que es tratado con un_ 

diagrama de flujo de datos pued~ incluir_partes ma-

nuales y automatizadas. El propósito del DFD es -

declarar los componentes de los procesos que integran 

el sistema y las interfases entre los componentes. 
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2.- Diccionario de datos.- Define las interfases que -

fueron declarados en el DFD. Esto se hace con una 

notación convencional que permita representar los -

flujos de datos y guardarlos en términos de sus corn-· 

ponentes. 

3.- Las rniniespecificaciones definen un proceso elemental 
declarado en el DFD. Un proceso es considerado ele 

mental o primitivo cuando no puede ya ser subidividi
do en niveles mas bajos. Antes de que la especifi

cación estructurada est.e completa deberán estar todos 

los procesos primitivos acompañados de una miniespe--

cificación. El método usado para escribir rniniespe-. 

cificaciones utiliza: Ingles estructurado, tablas -

de decisión, árboles de decisión, etc. 

12 
Resumen 

Los fundamen-tos del análi~ is estructurado no son nuevos. 

Muchas de las ideas han sido ya usadas por años. ¿Que · 

es lo nuevo de esta disciplina emergente? Podernos de

cir que intenta sintematizar el proceso de análisis pará 

especificar requerimientos. 

: 

• . ! 

¡ 

- ¡ ____ -
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CONSTRUCCION DEL DIAGRAMA DE FLUJO DE DATOS 

. •,' ,. 
De fi'nición 

Un diagrama de flujo de datos (DFD) es una representación en for 

ma de red de un sistema. El DFD es una herramienta para mode-

lar un sistema que puede ser automatizado, manual o mixto. El 

DFD presenta al sistema en términos de sus piezas componentes 

con todas las interfases entre los componentes indicados. 

Elementos del DFD 

Los diagramas de flujos de datos se construyen con cuatro e~eme~ 

tos básicos: 

1.- Flujo de datos 

2.- Procesos 

3 . - Archivos 

4.- Datos fuentes o destino 

w 

PRoc.~so5 

:::: 

representados por vectores 

representados por círculos o rec 
tángulos redondeados. 

representados por líneas rectas 
o rectángulos abiertos. 

representados por cajas o cuadros. 

o 
,ti 
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F 

El diagrama de flujo de datos se leería: 

X llega de la fuente S y es transformada a Y por el proceso P1 

el cual requiere acceso al archivo F para hacer su trabajo. 

I es posteriormente transformada a Z por el proceso P2 

1.- Flujo de datos 

El flujo de datos~ representa a una ·interfase entre los -

componentes del diagrama de flujo de datos. Estos, se encuen 

tran entre procesos y van o vienen de archivos o de fuentes y . . -
dest.:tnos. 

.. 
' 
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El flujo de datos ~ es una línea a través de la cual, fluye 

un paquete de información conocida. El pago (flujo de datos~ 

del ejemplo anterior) puede consistir del cheque y de.c la :co

pia de la factura y no por esto, se colocan 2 líneas entre la 

fuente y el proceso. 

En algunos casos si e·s posible encontrar que de un proceso a 

otro existan 2 líneas, pero estas llevan información que jun-

tas, no constituirán un paquete. (El tiempo podría ser una 

causa) 

Convenciones para asignar un nombre al flujo de datos: 

Los nombres estan ligados con guiones y se usan letras mayúscula. 

NUMERO-DE-CUENTA 

No hay dos "flujos de datos con el mismo nombre 

- Los nombres no solamente deben representar los datos que se 
muevan en el flujo de datos, si sabernos más de ellos pueden 
aparecer en el nombre. 

- La misma línea de flujo de datos puede llegar a 2 procesos o 
dos salidas pueden juntarse en una sola línea. 

Las líneas que salen o llegan a archivos no requieren nombre. 

En algunos casos,. es necesario.indicar que dos flujos de datos, 

deben presentarse al proceso o que uno o el otro pero no ambos. 



2.- El Proceso 16 

El proceso invariablemente muestra alguna cantidad de trabajo -

realizado sobre los datos. 

Aquí se muestra un proceso cuya tarea es dividir el flujo de en

trada de datos en 2 flujos de datos de salida (Palabras bien -~ 

escritas - Palabras mal escritas) . 

Un proceso es uria tranforrnación del flujo de d'atos de entrada a 

un flujo de datos de salida. 

bre. 

Cada proceso, debe tener un nom-

Convenciones para referencíar el proceso: 

~ .. 

. ..... 

... 

:t: l)l:l'fllf'\ e AC \ON 

l>ESCRifC.IOIII l)f 
LA -f lii'ICIO N 

Gl.l 
. . . 

Identificación: es un nGmero cuya función es identificar al -
proceso 

Descripción de 
la función: , es una oración corta que describe al proceso·. 

Quien lo realiza: Es el nombre de. un departamento, persona, ·pro 
grama, etc., que realiza la función. 

. 
. ' 

' .. ~ / 

,. 
.·; . 

1 
1 

' 1 

• 



1.7 
3 . ~ El archivo 

Para los propósitos del DFD el archivo es considerado como un 

depósito temporal de datos. 

Convenciones: 

r'JOM81'1E 

Identificador: Para facilitar su referencia y se utiliza la le 
tra D seguida de un número. 

Nombre: Un nombre lo mas descriptivo que se pueda. 

El flujo de las flechas que salen o llegan de o hacia los proce 

sos es significante por ejemplo! 

VfllllfiCA 

Este proceso escribe en el archivo 

( ]) 1 \ PEI\SON4\l. 

¿Cómo actualiza sin leer? 
Es cierto, pero debe en el 
diagrama solo indicarse el 
propósito fundamental que 
en este caso es hacia afuera. 
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este proceso solo escribe el archivo. 

(Si es necesario leer ,Y escribir la flecha puede ser t) 
4.- La fuente o el destino 

La fuente o el destino es una persona o una organización situado 

fuera del contexto del sistem~es el origen o el receptor de los 

datos del.sistema. 

Convenciones:· .&-00~ 
fiV" . 

,,(/ 

¡dentificador: letras min6sculas asociadas a las entidades 
externas 

Nombre: nombre de la entidad· 

Duplicador: indica que el símbolo se repite en el diagrama. 

Diagramas de flujo de datos jerárquicos. 

Este concepto se refiere a explotar un diagrama en la modali¿¡ad 

de TOP-DOWN. Estableciendo una relación padre-hijo por cada -

proceso de explosión. Por ejemplo: 

Diagrama o Diagrama 2 

• 

,· 



Diagrama 1 '/f''
f: 

. ·~·. 
·' . r· .. 

Hl 

Diagramas de flujos de datos balanceados 

Diagrama 3 

Es un concepto en el que al hacer alguna explosión la entrada y 

la salida en el nivel inferior se mantienen 

Por ejemplo 

El diagrama 2 es desbalanceado y los diagramas 1 y 3 son balan 
ceados. 



20 
Guía para la elaboraci6n del diagrama de flujo de datos • 

• , • 1 • 

ll Identificar las entidades externas involucradas. Hay que re-
.. 

cordar que los flujos de datos, son creados cuando un evento 

se desarrolla fuera de los límites del sistema: 

Una persona decide comprar alguna cosa 
' 

Un cami6n llega a la terminal. 

2) Identificar las entradas y salidas. Si la persona decide --

comprar algo las entradas pueden 

por teléfono, una.carta o pedido 

sonalmente a comprar algo; etc. 

de las entradas y las· salidas. 

ser: Una orden de compra -

p_or correo, presentarse per

Se sugiere hacer una lista 

3} Identificar las preguntas y .los requerimientos de informaci6n 

que puedan presentarse. Hay que especificar un flujo de da-

tos que define la informaci6n dada al sistema y otro para in

dicar que es 1o requertdo. 

4) Hacer un diagrama colocando las entidades externas y el flujo 

de datos que se origina de cada. uno de ellos, los procesos y • 

los almacenes necesarios. 

En este punto, no hay que poner.mucho énfasis en las conside

raciones de tiempo, excepto en la procedencia natural de los 

eventos. Hay·que dibujar un diagrama que nunca inicia y nun 

ca termina. No hay que poner· decisiones. 

5) El primer diagrama puede ser hecho a mano libre 

6) Es posible que se requiera al menos 3 variaciones del dibujo_ 

Ya que el primero a .lo mejor no es claro. inicial. 

7} Cuando se tiene el primer diagrama, 

entradas y salidas se han incluido. 

verificar que todas las - ·. 

Excepto aquello que re-

sultan salidas de error o excepciones. 

8) Ahora producir un nuevo diagrama: 

- Tratando de minimizar el número de cruces de líneas de flujo.· 

Duplicar entidades externas si es necesario 

- Duplicar archivos si es necesario 

.; .. 
·:· .. ,' 

• 
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9) Validar el diagrama con alguno de los usuarios, mostrarle el 

diagrama y pasearlo por el y explicarle que es solo una apr~ 

ximación y si tiene alguna observación que la haga. 
) . 

10) Hacer una explosión de cada uno de los procesos incorporando 

errores y salidas de excepción. 

Es posible que esto pueda hacer que se modifique el diagrama 

del nivel anterior. 

11) Si es posible, construir el diagrama final en una hoja de --

36 x 48 pulgadas. Que servirá como ayuda invaluable en la 

presentación a los usuarios, diseñadores, revisores y a todos 

los que tengan que ver.con el sistema. 
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Ejemplo 

Consideremos el caso de automatizar. el proceso de enseñanza-apre!! 

dizaje tornando como punto de partida el modelo de Anderson y Fau:;t. 

Este modelo sugiere la aplicación de las siguientes etapas: 

1) Especificación de objetivos 
Los objetivos son entregados al profesor por el comité de carre 

ra corno la entrada principal al sistema. El profesor los re--

visa y establece en definitiva cuales serán los objetivos que -

guiarán su proceso.de E.A. 
' 

2) Elaboración de instrumentos de Medición 

Tornando a sus objetivos el profesor elabora los instrumentos de 

medición (cuestionarios, prácticas, elaboración de programas, 

exámenes, etc.} y ~stablece las siguientes clases: 

- Evaluación di'agnóstica 

- Evaluación formativa 
~ ' : 

5 .. 

- Evaluación Sumaria 

La evaluación diagnóstica. es la· que le permite: saber el esta.do in_!. 

cial del alumno, la formativa es complementaria .a instrucción y la 

sumaria le permite establecer en que grado se lograron los objeti

vos. 

3} Aplicación de la evaluación diagnóstica. 

Antés de iniciar la instrucción el maestro aplica la' evaluación. 

. 
' 

diagnóstica al alumno para 

resultado el maestro puede 

¡~. 
conocer el estado inicial, de este -
optar por lo siguiente: 

- No se le instruye porque ya conoce. el material 

- No se le instruye porque no tiene los antecedentes 
Se· le instruye 

4) Planeación de la instrucción 

El maestro de acuerdo a sus objetivos selecciona y/o elabora el 

método de instrucción y las técnicas de enseñanza, la selección 

de las actividades de aprendizaje y la selección y/o elaboración 

de los materiales y medios educativos. 

• 
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5) Aplicación de la instrucción 

En este punto, el maestro realiza el acto de enseñar a sus -

alumnos. 

6) Aplicación de la evaluación sumaria 

' . . . 

Cuando se ha concluido con la instrucción el maestro aplica -

una evaluación sumaria, la cual le permitirá establecer el -

grado con el que se lograron los objetivos. Ahora bien si -

se lograron los objetivos podernos dar 

so. Si no se lograron los objetivos 

causas en las etapas del modelo. 

7) Administración del proceso de E.A. 

por terminados el proc~ 

hay que investigar las 

La administración del proceso de E.A incluye una fase de ins

cripción, de seguimiento y de emisión de una calificación pa

ra el alumno. Otra, en la que se inscribe, se dan anteceden 

tes y consecuentes, ternarios, guías de estudios de los cursos. 

Dfl). 
1) Identificar las entidades externas involucradas. 

COMITE DE CARRERA 

ALUMNO 

2) Identificar entradas y salidas 

ENTRADAS: COMITE DE CARRERA 

- OBJETIVOS DE APRENDIZAJE 

- DATOS DEL CURSO 

"ALUMNO 

- DATOS DEL ALUMNO 

- CONTESTACION DIAGNOSTICA 

- CONTESTACION FORMATIVA 

- CONTESTACION SUMARIA 

SALIDAS: COMITE DE CARRERA 

- RESULTADOS SUMARIOS 

ALUMNO 

- RESULTADOS SUMARIOS 



3) Preguntas al sistem~ 

COMITE DE CARRERA: 

24 

- ¿QUE CURSOS ESTAS IMPARTIENDO? 

- ¿QUE ALUMNOS TIENES INSCRITOS EN CADA CURSO? 

- ¿CUAL ES EL PROMEDIO DE CALIFICACIONES? 

- ¿CUANTOS ALUMNOS ABANDONARON EN CADA CURSO? 

- ¿QUE CAMBIOS SUFRIERON LOS OBJETIVOS? 

ALUMNO: 

~.¿CUAL ES MI. PROMEDIO? 

- ¿CUAL ES MI GALIFICACION FINAL? 

- ¿DONDE PUEDO ENCONTRAR MAS INFORMACION? 

¿QUIEN ME PUEDE ASESORAR?. 

- ¿CUALES SON LOS OBJETIVOS DEL CURSO? 

- ¿CUALES SON LOS OBJETIVOS DE ESTA UNIDAD? 

- ¿CUALES SON LOS ANTECEDENTES DEL CURSO? 

: .. 

•. _1 

--- ...... -. 

o 

' 
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CONS'l'RUCCION DEL DICCIONARIO DE DATOS.. 2 7 
En los diagramas de flujos de datos, les hemos dado nombre a los 

flujos de datos, a los almacenes de datos y a los procesos. Pe

ro que significan exactamente los nombres que se les han asigna

do, la respuesta se encuentra en el diccionario de datos (DD). 

El diccionario de datos es la herramienta con la cual, documen-

taremos cada uno de los elementos del DFD. 

Para documentar los flujos de datos y los archivos es necesario 

establecer que son:un dato elemental y una estructura de datos. 

Dato elemental.-

Dato elemental, es sinónimo de data-ítem, campo y elemento. 

Cualquier dato elemental, toma valores at6mico o que no es 

posible su descomposición. 

El patron de unos y ceros que lo representa debe ser conside 

rada como un todo. 

Estructura de datos.-

Es un agregado de estructuras elementos o.de otro tipo de da 

tos (agregado de datos elementales, grupos de repetición, etc.) 

o de una mezcla de ambos. 

Ejemplo: 

ENTIDAD: PERSONA ATRIBUTOS: NOMBRE 

EDAD 

'f~ctrA 
ft)Al) f'l 1\( 1M ltl'ITD 

FECHA DE NACIMIENTO 

HISTORIA DE SALARIOS 

FECHA 

SALARIO· 
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Convenciones para especificar las estructuras.de datos: 

= es equivalente a 

+ and 

[l or 

u interaci6n de los componentes 

( ) opcional 

para mostrar corno serian utilizados definiremos la estructura de 

datos PERSONAL 

PERSONAL = NOMBRE+ 

EDAD+ 

FECHA DE NACIMIENTO+ 

HISTORIA DE SALARIOS 

FECHA DE NACIMIENTO = DIA+. 

MES+ 

AAO 

HISTORIA DE SALARIOS = FECHA+ 

SALARIO 

NOMBRE = DATO-ELEMENTAL 

EDAD = DATo-ELEMENTAL 

DIA = DATO-ELEMENTAL 

MES = DATO-ELEMENTAL 

Af:!O = DATO-ELEMENTAL 

FECHA = DATO-ELEI1ENTAL 
. 

SALARIO= DATO-ELEMENTAL 

: 

• 
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Para documentar cada uno de los elementos del DAD se sugiere -

elaborar formas para describirlas. Las siguientes son un eje~ 

plo en las que se muestra los atributos que deben definirse en 

cada caso: 

La forma Fl es utilizada para especificar las estructuras de -

datos elementales dando para ella una descripción el tipo, sinó 

nimo, valores discretos o continuos etc., la forma F2 es para

especificar estructuras de datos considerando una descripción, 

los componentes o atributos, los flujos y almacenes en donde se 

u~iliza y los volumenes de datos que involucra; F3 es para espe 

cificar los flujos de datos especificando de donde y hacia don

de fluyen los datos, una descripción del contenido del flujo, -

las estructuras que fluyen y los volúmenes de datos; la F4 es -

para describir los almacenes de datos dando una descripción de 

los flujos que llegan y salen y el contenido del almacen en t~r 

mino de las estructuras de datos y la forma F5 para especificar 

procesos dando en este caso una descripción, las entradas y sa

lidas y un resumen del proceso. 

. . 
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CONSTRUCCION DE MINIESPECIFICACIONES 

Miniespecificaciones 

Una miniespecificaci6n· es un documento en el que se da la des

cripci6n de la política que gobierna la transformaci6n de una_ 

o mas entradas a un proceso a sus correspondientes salidas. 

Las herramientas que presenta el análisis estructurado como 

una alternativa al texto clasicq son las' siguientes 

1. Español estructurado. 

2. Tablas de decisi6n 

3. Arboles de decisi6n 

Español estructurado· 

La figura principal para describir los procesos es: 

Si Condici6n. 1 

entonces Acci6n-A· 

o bien (no se cumple condici6n -1} 

hacer Acci6n-B 

Ejemplo: Sumar A con B siempre que A sea mayor que B si A es -

menor que B ~estar A de B. 

Si A es menor que_B 

entonces restar A de B 

o bien (A no es menor que B} 

hacer suma de A con B 

.Existen una gran cantidad de políticas en donde es necesario es 

·pecificar rangos. 

Ejemplo: hasta 20 artículos no existe descuento mas de 20 tienen 

el 5% 

' 

. 
' 

.. ·"-'. :¡ 

• 
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Si el número de artículos es mayor que 20 

entonces dar el 5% de descuento 

o bien (el número es menor o igual que 20) 

hacer no dar descuento 

En la especificación de rangos los comparadores mas utilizados 

son: 

Mayor que 

Mayor o igual que 

Menor que 

Menor o igual que 

En algunos casos es necesario establecer mas de una condición, 

l'os cuales deben satisfacerse todos o algunos de ellos para -

tomar una acción. 

Ejemplo: 

Clientes que nos han comprado mas de 1 000 000.00 en el 

año y tienen una buena historia de pagos tienen prioridad 

en el servicio y también clientes con mas de 20 años de -

antiguedad. 

("mas de 100 000" y "buena historia de pago" J o "mas de 20 años" 

"mas de 100 000" y ("0uena historia de pagos" o "mas de 20 años") 

Arboles de decisión. 

En algunos casos, resulta ser mas clara la especificación, si -

construimos un arbol de decisión. Por ejemplo: 
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En el ejemplo anterior cualquier otra combinación implica un -

tratamiento normal al cliente, todas estas posibilidades qué-~ 

dan en un arbol de deci~ión de la siguiente manera: 

o . . .tr-J. . . r ll,... . ·. . 

Español estructurado 

Si que 1000000 

entonces si buena historia 

entonces tiene prioridad 

o bien (mala historia) 
1 

hacer si mas de 20 años 

'Zo~ o 
~-

entonces tiene prioridad 

· o bien (20 a menos) 

hacer tramiento normal 
o bien ( 1 000000) 

hacer tratamiento normal 

·Tablas de decisión 

.. , 

~..t· 

Una tabla de decisión se forma, haciendo una lista de las con--. 

diciones y al final una lista de las acciones. 

• 
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para el ejemplo anterior tenemos 

C.1 mas de 1000000 si si si si no no no no 

C.2 buenos pagos si si no no si si no no 

c.3 mas de 20 años si no si no si no si no 

9.1 prioridad K X X 

a.2 normal X X X X X 

Ep algunos casos, la acción está determinada por el valor de 

una o de dos condiciones sin importar cual es el valor de las 

otras. Esto hace posible reducir la tabla de decisión. 

para reducir es necesario observar lo siguiente: 

1) Encontrar un par de reglas para los cuales 

la acción es la misma 

los valores de las condiciones son los mismos excepto 

una y solo una condici6n que es diferente. 

2) Reemplazar el por por una sola columna sustituyendo la con

dici6n diferente por el símbolo (-) que significa "no importa" 

3) Repetir este criterio los veces que sea necesario 

Resultado del ejemplo anterior 

1/2 3 4 5/6/7/8 

C.l SI SI SI iW 

c.~ SI NO NO -
C.3 - SI .NO -
A.l X X 

A. 2 X X 

Re.comendaciones: 

1) Hay que usar un arbol de decisi6n cuando el número de acciones 

es reducido y no cualquier combinaci6n de las condiciones es 

posible. 
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2) Hay que usar una tabla cuando el número de acciones es gran

de· y muchas combinaciones de las condiciones es posible. 

41 
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Software Engineering 

·, 

l. lntrodutllon 

The annual cost of software in the U.S. ls appro• 
mately 20 billion dollars. lts nte or &rowth is considc 
ably greater than that of the erono"ly in ¡eneral. Cor 
pared to the cost o( computer hard,.·are, the cost 
software is continuina to escala te along the lines prtlli.:t• 
in Fig. 1 111.• A recent SIIARE study lll_inc:licates f" 
ther that soflware c:lemand o ver the ycars ,_! 975-198 S w 
grow considerably raster (about 21-2l percenl per yea 
than · the srowth rate in software supply at currcnt e 
lim~ted growth rates ·or thc software labor force anc:l i 
ptollucth·ity per individu.al,· which produce a combin• 

· growth rate of about lt.S-17 peréent · per ycar o ver ti 
years l97S-i98S, 

In addition, as we continue lo autonate many o( ti 
processes which control our life-style - our me<lic 

· equipmcnt, a ir lraflic control. defcnsc systcm, pcrson 
· Jccords. bank accounts - w.c continuc to lrusl more 3f 

more in the reliable functionin~ of this proliferating ma 
. of software. Soft'kalr rnginanng is the means by whii 

WC attcmpt lO prolluce al! o( this soft,.are in a way that 
. both cost·effective and reliable enou,h to de~er.e 01 

trust. Clearly, it is a c:lisciplin·c which is importan! to e 
tablish well anc:l to perform .well. 

•Ano•hc:r 11cnl! hu bccn •ddCd·to F1¡ 1 lbc a•o•t!\ ol a.ola•&r• rn..a.nur.,n.. 
whKh w¡ll k ll•t.:vucd Lucr. 



--------~·~-.~~--~----~-·--·---~~----~----P' UCU442i pz e: a 4a "'""V'-"V-•~ .- ,. ... ... - ... 

'1 ht, fl.lp~r \\ ill hq:.in .v.·ith iJ Udinillon of .. fl . . .. ' 
lhcn ~ut\C. 11 ~u v..~rc rn~lnl'crtng 11 "1 · h b · · · ' · · . · ) 1c L·urrL·nt !1-l.:tc: of lhe itrl uf the d's .· r . d . · . '·rJthl!r sm<tl1 b.Jsc: upon wh1c to u1ld an eng&neermg dt~caphnc. But, ~r cour')e, 
"~'"''rn~nl of likrly fu1u1c ¡ 1 ~nd~. 

1 
"1' me. "" wnrlud~ 111 1h ""lhJI i~ l'hJI mJkcs soflwarc en~incering su'h • fuscinaling challcngc. al 1his 

-- ..._ .... -·· ·--,----· 

11. lh•finiliun5 

. lcl us be~in ~r déflning "soflware • i . .. . . 
lo mclude no¡ onl¡· mn1puler ng neenng. \1 e >nll dd\ne sofl><•re 

· rw~rams bul nlso lhe · · d 
rcqutred to d..:\·L'Iur. op~r..~tc :!11'' 111'. ,· . h aSSClCiatc document.Jtion 
· 1 · · u •11 n ·"" l e pro••r•ms B · ·' f¡ · '" 1 liS hroJdl.!r sens~ wc w.i ·h ., h· . 1:' • • ) u~ lnmt; suft" ;.u e 
fencration of IÍilll!'l)' • dol'um~nw~ioc~n~'s J~tze. the OL'cessu~· of considc:rin~ the 
<kwlopmcm process. \\'e "" lh. n lnlegr•l porhon of lhe sofl .. ·are 
~inc~ring" lo produ~c lh. fnJJ ,n. en, ~umbone lhos wuh a d~finilion of "en· 

~o.: ,. l ~m~ 'Ctlnl1u.m. 

So(rn·arr Cn¡:in<wln¡:· TI . 
~~o .. ·lcllge in lhc dcsi~n an~"..o:::~··'·~~~ •rrlicJlion of s1·ieiHific 
lhe associ.lled documcnlalion . uc ~~n o compul~r pro~r.,ms and 
mainlain lhcm. lcqu,re lo de\'elop, operale, and 

Thrcc Ot.Jin puinlS !\huuld he! llJ,nJc iJb u h. d •fi .. 
l"!..'rns lhc llCL"I.!'SSÍI)' or \.'OnsiJ~rins ti b 1 d o 1 '. IS. \: IOlltun: The firsl COn· 

''c.Je)it!n"' lO l"O\'C:f thc: C\lf '111 •1. . f( J CllOUi;h IOICfJH'"I.JIIUO of lhe ~ord 
cnginccring The St'l'Ond r~in~ ~ ~~~porl)i.IOI iiCr.livirr of sofh\ JfC Ut)uirc:mcnts 
Sl•fll•alc lif~ r¡·,·lc .lhus ,·,1,·1u·•·n'sll Jl Iic. uc.•lnilion sho.uld COier ohe cnlirr 

' u1 g JO>r arlll'lliCS f d · 
~ftcn lcrmcd "sofl\\-;lfc ffiitint~n"ncc" (F 2. r ~ re t>•&n anLJ modific~tion 
lu:s lhus Cfh'o¡np·t~,l.~J in lh • 1 fi .'. )lg. 10' IC,Jic!S thc 0\'tfJII Sel O( aCIIVi· 
, · · • '" 1111llon. Thc final p0·01 · 1 . . 
no"·lcl1~c i.lbnUI S(l(I\\Jft whkh e . 11 . b ..• 

1 
•• '. ~s l IJI .uur storc: CJf 

.m rca l e ca led •~'cnl,for ~no><ledgc"'is·i 

. - . 

lime. 

......... 
Q . ;:, ~ 

··~···"''"'' . ' 
••~-o•••o<o 

110, ........ 

L. •tau••• .. , .. u J 
"'"'L•O•IIOol 

f•IL ... III••fh 
L OlhC'oll 

w•LIOAf..OO./ Ott••LtD 

L. DIIIC'o'l . ·¡ .. 
11'•110•1100. / .,., ... l. 

l DtDVQ 

1 Dt .. l\-l<tf_/ 

'"' nn••o 
L. "101"1•··~· 1 

••L•~I..O. "9 ow••••o0011 J 
4 -· ~ -·"'''""'""'' .,,. .. ,,o•t.o• 

Fltun J. Sofl"arc IHc C)clt. 

The remaindcr of lhis papcr will discúss lhc Slalc of lhc an of soflware 
cn~ineering along lhc lines of lhc soflwarc life cyclc dcpicled in Fig. 2. Scclion 
111 conlains a discussion of sof1ware rcquircmenlS cngincerin¡¡, wilh sorne mcn· 
1ion ·or lh< problem of delcrmining overall syslcm rcquircmenls. Scclion IV 
dis;:us;c; bolh prcliminary dcsign and delailcd dcsign lcchnology uends. Scc· 
lion V conlJins only a bricf discussion of progrumming, as lhi~ lopic is also 
co>cred in a companion arliclc in lhis issue (JI. SÚlion VI covcrs boih 
sofl"ar~ lcsling and lhc overall lifc cyclc concern wilh soflware reliabilily. Sec· 
lion VIl discusses lhe highly imponanl but largely neglccled arca of soflwarc 
mainlcnan~c. Seclion VIII survc)'S soflwarc managemcnl concepls and lech· 
ni~ucs. and discusscs lhc slalus and ucnds or inlcgralcd leehnology· 
mJnagcmcnl approJchcs lo soflwarc devclopmcnl. Finally, Sccllon IX con· 
eludes ,.·ioh an asscssmcnl of 1hc currcnl slalc or 1hc nrl of sof1warc cngineer· 
in~ 'J.ith r.:sp!!Ct to the definition abovc. 

Each seclion (some~imes afler an inlroduclion) conlains a shorl summary 
of currcnl praclice in lhc are a, followed by a survey of curren! fiUnlicncchnol· 
o~y. and concluding wilh a shorl sumonary of likcly uends in lhe oreJ. The 
survc)· is oricmed primarily loward discussing lhc domain of •pplicabilily of 
1cchniques (whcrc and when lhey work) ralhcr lhurt how lhey work in deloil. 
·'" CA!cnsivc SCl of rcfercnces is poovided for r«dcr> Wi>hin& lO pur>uc lhe 

r. 



111. Sofl,.arr fl•quin·ml"rth t·n~int·t·rln¡ 

Sof1w_are requiremcnts cntinecring is .the discipline for d~•elopinB a com. 
plcte. conststenl. unJmhrbuous speciric.Jtion - '"hich ra·n sl!r\·r as a basis ror 
con_tmun OJgrcc:mcn_t .ilmong all pJrlit!s roncerned dcs..:ri~ing kllat the 
sofl_"are pwducl v.·tll do (but not ho•- il will do it; lhis is 10 be done in 1he 
des•~n spet~fical•onl. -

The exlreme imponance of such a speCJO.calion is only no .. - becc>ming 
~l!~tra11y rrcogn1zed. lis tmronance deri\·es from two main chart~rteristics: 1 t · 
"- ts easr lo delay or avoid doing thoroughlr; and 2) defickncies in il are ,..,.. 
d.tlkull and ewonsive to corree! faler;'--- • ... • 

,Fig. J shows ~ summary of curren! exreriencc al IB~I (~l. GTE !SI; and 
TR\\ on the rel•ll\'e cos1 of corrcc1ing software errors as a function of the 
rhas~ m whJCh lhey are corrected. Clearly, it pays off 10 inv~SI elfc>rl in finding 

· rc~~&rcm~nts trrors e:uly and correclins lhem in, say, 1 m.m·hour rathcr than 
••all•ng_ lo _find lhe error during operalions and ha\'Íng 10 spend 100 man-hours 

corrc:camg u. ···r-· -:----r--~~--...:.,.---~-----,-.., 

"H 

···h~t. ·~· ... ... ...• . 
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Fl¡;utr 3. _Sur!,.••~ •alld~llun~ lltr prln· or procrurlnarlon. 

m.nJ~em<nl is nol in conarol, as there is no clear >lateinenl of w·hat 1he projeCI 
h~Jnl is produ~ing. · 

B. CurtMt pra.-rirt 

Curr~nlf¡·, sofiw.rc: requirements specificutions ·(when they exist al all) 
are genorall}' e•prcssed in free·form En~lish. They abound wilh ombiguous 
lerms ("'suitablc." usufficitnt." "real~tim.:." ""flexible u) Or precist·SOU ndin¡' 
lerms with :JiÚpocifi~d definilions ("optimum," "99.9 perccnl reliable") which 
are poteinial seeds of dissension or lawsuits once the software is produced. 
They ha•·e nüin~rous errors; ene recen! sludy 171 indicaled lhat the lirst in· 
d~pcndcn1 rc,·iew of a fairly good software requireinenls srecification will lind 
from onc 10 four nontriviaJ--errors per page. 

Thc techniques used for determining sof1warc requirements are generally : 
an ad hoc manual blcnd of syslems analysis principies [81 and common sense. 
IThcse are the good enes; tlie poor enes are based on ad hoc manual blends of 
poliÜcs. pr<con.:eplions,-nnd pure salesmanship.) Sorne formalized manual tech· 
niques hJ\'C bcen u;ed successfully ror delermining business syslem -reqÜire· 
m~niS, such as accura1ely defined syslems (ADSJ, and lime oulomaled arict_ 
IT AGI. The book edi1ed by Couger and Knapp (91 has an excellenl summary 

• of su eh lechniques. 

_C. _Cuá,•nr /rantin tt~hnology: S~c;Jit-ation Janguogts ond zyÚtms · -
. . . . . w 

• 1) /SDQS: The pioneer system ro·r macliine·analyzablc sortw~rc requirc· 
mcnts is· -thc ISDOS. syslem developed by Teichroew and his ¡roup at thc 
Univusily of Michigan (lO). ·11 was primarily developed for business system 
applications, bul much of lhe sys1em ontl its concepls are applicable lo olher 
ar~as. lt is the only srslem lo have passcd a market and opcralions test; 
sev~ral commcrcial, aerospace, ·and government_orsanizations hove paid for it 

' and nrc suceessfully using it. The U.S. Air Force is currenlly using and spon· 
soring C\lension·s 10 ISDOS under the Computer Aided Requiremenls Annlysi1 
ICARAl prc>gram . 

• Besídcs thé cost·lo·lix rrobkms, lhere are other crilical probiems Slem· 
mtnt from a lack of a !Ood requiremenls spccificalion. These include (61: 11 
~op-downdc•i~ning is impossil>le, for IJck of a "<11-specilied "lop"; 2) l<>lin& 
IS rmro~·ublt. hcrause lhcre _is nolhin& lo h:~l n~ainsl~ J) the uscr is (JOltn oul. 
bCGtu-,e lherc is no rlc;H Sl,llt.'IUí'nl _or \\ hat ·¡s· \)~·in& J•IOdlJC"Cd rt.IJ hirn~ iHI~.i ;¡). -_· . 

-ISDOS basically con si m of :a problem slatemenl !Jnguage (PSL) and a 
problem stalem~nl analrzer (PSAJ. PSL allows the analysl lo specify his sys· 
te m in lerms or formalized eniilies (ISPUTS. OUTP_UTS. REAL WORLD E:-ITITIES), 
classes (SHS, -GROt;PS), refalionships (USES. UPUATf.S. GEI'icRATf.S), •ntl Olher 
inform"a1iOn. on tirriing. d3la ·~rol u me. -synonyms. a11ribu1es. ele. PSA oper11cs 
on 1hc PSL statcm~nlS IÓ produce a numb~r of usrfu1 summnrics. such as: for· 
matled pro!llem slatl."'mcnls; direclories ·antl kcyword indiocs; hierarchie>l slruc· 
lure repurts; graphical summaries of nows and relalion>hips; and slatiSiical 
sununaries. · Sorne of 1hese capJbilities are actually more suitcd lo supportin~ 
$)'Stcm d<\ign aclivilie>; this is often the mode in which-ISIJOS is used. · 

• 



--------------~-------------~~--------~--~----~~·~-~-~~~"'~·~~~------------------------------------------------------------
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M,.Jnr of thc rurr\:nt limiti.ttl~~ns of ISDOS stcm frum ib rrim;H} mien\it· 
tion tvM.,trd hu.\inc!ts ~~·!ti l.' m> li is rurrc~tl) tl.fticuh to C\pre~~.t ti!JI·Iim~ f'l!f· · 

furmdn~c rL:quucmcnt> ilnd m .• n-moschine intc:rdCt.IOn tC\.jUHem.:nts. for C:\Jm· 
rle Other c¡jpoJhilitic) 4te cur-rcrllly mi!tsing, such as surport fl'f CClnfi~uratión 
Ct•ntrol, t~dLTOI~ili~y lo dc!titn iJnlJ rcx.le, dctJih:d l'Onsist~nrr chc:rlin~. and a·u
lf•m.:stac Slmul..llinn ~cncr ... tion. Othcr lirnitJtions rcn(('( <h.·lli':rJIC. S~O(t~le 
d"·..,it:n choi.:-cs: thc output ~rJphks· are cruJe. but thcr .11~ prPJu .. :c:d in stan· 
dard 8'/¡ X JI in size on •n)' sl•ndar<l fine prinler .. ~lu.:ll or lh< <urronl work 
on ISDOS/CARA is oriem<d low•rd remedying such lirni1a1ions. ar.d nl<nding 
the srsh:m ~o funher surrun softv.~re desifn.. · _ 

2) SREP: Thc mos1 exlen•i,·e and powerrul sysrem ror sor1ware require· 
ments ~rerifk:<stion in C\ id~nce toJl)' is that bein~ de,·c:loj'ed und.:r thc: · 
S oh" are Rcquirernenls Engincering Program (SR EP) by TR W ror .lhe . U.S. 
Army !l.lli~lic Missi!e Derense Advanced Technole>gy Cen1er \!l\10.-\ TCl 111. 
12. 13). Ponions or lhis cffon ore dcrivalive or ISDOS; il uses 1hc ISDOS dJU 
mJnJ::emcnt sntem. &~nJ is primJrilr or~anized imo a (,1n¡;uJ~_e. thc: requirc· 
ml!nts SIJh:rnent IJntua~e (RSL), o~nd an analrzcr, thc: requir~:m~nts C\"JluJtion 
and \'olidalion srs1cm (R E\'S). 

SR EP conrains a numbcr or ex1ensions and inno,·arions which are needed · 
for req_uiremc:nts c:ngin~.:ring in. re: al~ time sof!ware de,·elopmc:nt. proj!i!Ct~. In 
orJer lo·rc:pr~st'nt r(!:ll-timc· pcrform;mce requircments, Jhe indi\·iJual function· 
al requircmcnls can be joined in lo. Slimulus·response n<l"orks c'alled R-Se1s. 
In or<l<r lO rcK·us earlr 3llcnlion ·on sortware ICSling and reliabililr, lhcre are 
·c;JpJbi!lues for dl.'si~nating "v;.¡lidation points" within the R-!"ets. For carl)' re· 
quiremcnts \;tliJJtion, thcre are CJpubilities for autom;ltiC ~cneration of (une· 
tional ~1mul.nors from the r.:'quirt!mcnts stJI~meniS._ And, for adJf'IJtion to 
chdn,ging rcquirt!ments, thcre are- CJp.Jbilities for configura1ion conuol, tracc:Jbil· 
ily to U~!:.i!;n, and C\l{'n-,i\'C rcpurt t;cn..:r~llion and consist.:nc}· chcr~ing. 

Curr<nl SH EP limi1a1ions a¡; a in musrlr reflecr.deliberale dcsisn decisions 
Cenlered arQund lhc JUIOilOnWUS, highly re•l·lime proceSS·COnlrol problem or 
bJIJislic missil< dd<nse. Capabililirs lo represen! large file proccssing and 
m..~n-m<~chine interJL'tion~ cHe mis)inb. PortJhilit)· is a prubkm: allhou~h ~ome 
p.:.rts run on !!.l!n~ral m~h.·hincs, oth~r p.1rts uf the systl!m run only on a TI-AS( 
computer v.ith a very poY~crful hut e:\p.:n~iv( multicolor interJltivc ¡;raphi.:-s 
terminal. Jlowevcr, tbc !.)'~·tcm has bccn dt:sigucd with the use of compil~r 
gcnc:r . .Húrs and exlen~ibilitr fcJturcs Y.hich !t.houlrJ allov.: thcse limit.llion!t. lo t-:: 
r<n1edied. 

3) Autornor,r pt •. J:'a''IIJ/11/¡; o,,,¡ r•IIJt'r UJ'J'tti•JCI;rs: Ur¡d~.:c tl1e ~f'tll\~usship of 
lhe Deren>e Ad,·onced Rescarch Projccrs A&ency (D:\RPA), se,eral re>e•rch· 
~r~ are anempting to dcvelop "'o1utonlJiic prn¡;ramming" S)!.tcms 10 rerlace 1ht 
fiJI•Ciirm•, ,,! ll,r,·,c: iull•'lltl¡ ,, •• ,ftlllu•·'l hr l•lüj.!l.l!llllll'f\ lf \t•t'•r··,.,ful. f'nu),J. 

ti·.:t)l, • ... ~¡ , •.. ,,. '"·': ¡¡... . . 1 •;, .•. ,'•.,:~' 

&;¡· 
b~ lh~ ll(~.! 10 dc1ermin~ "h•l sorl"•re lh< s¡·\lcnt shoul.! prO<Iuce, i.e. !he¡ 
SL'r'"·Jrt r.:~uir~mr:nts. lhus. the m.:thcxh, or Jt lc:J\t the for ms, of C.Jpturin¡ , 
surt\AJCC: re~uirem~nli are of cenHJl con,crn in automJliC pro~rJmmin' 1 

r.::ir:Jr.:h. 

T"o main dire.:1ions are bein~ IJken in lhis rese•rch. Orie/üemplir.ed l 
b¡· lhc "orlo of 8Jlz~r al USC·ISI IHl. is 10 work wilhin a gener•l.problem con· : 
¡e,¡_ r<l¡ ins on only s<n~r•l rules or inrorn\Jiion proce~sing (ilems mu>l be . 
defin<u or "'eived berore rhe¡· ar< u~cd, an "ir' should hJ'< lxllh a '"rhcn" 
and Jrt ''tl)c:' etc.l .to resol ve an,bicuities, deficiencíes, or in,unsi~tcncies in 
!he probl<m s1a1emenl. This approach encoun1ers formid•ble problcms in nll• 
ur~l lo~n~LJJgc: pr<Aessing and may reqUirc furthcr r-CStrictio~~ to make it.uacl· 
Jble. .,.: · e -, .... _ .. ·~-~. :· _:.:~._.,-~:?~:7 .':"::,;~. 

Th< o1hcr dirÚiion. exemplifi<<l by (he work or Mmin a1 MIT liS), is io···' 
"·ork \\ithin :1 p.uticular problc:m are a. su eh as invc:ntory control. where thcre -¡s '
cnou~h ora g<n<ral moJel of sorlwJrC fCQUir<meniS anJ &CC<¡•Ilblc lermino\o~y '· 
10 makc: thc: probkms of rc:so1ving ;~mbiguiti~s. dcflcic:ncic:s, DmJ inconsisten.cics 
~t:.honJbl)' tractablc. 

This second ap'prOJCh has, or course. boen use<! in !he pasl in vorious ~. 
rorms of "prO~CJmming-by-questionnJ_ireu and BpplicJti~ln pC:OC'í.tiOf5 (1, 2}. 
P<rh.1p; ·lh< mosl widel¡· u sed are 1he parame_lerized apphcalion &cneralors 
d~'<lO¡··:J ror use on lh< l!l\1 S¡·s¡cm/l. lB~! h•s sorne more o~mbilious efforls 
on r~quirem<nls specifiCJiion unJcr"ay, norably one CJIJed. lhe Appli.:•lion 

· · sor1"Jr< Engin~ering Too! 116) anJ onc callell rhe lnrorm•lion Au10'nu1 11 7), 
bu1 rurrher inrormJiion is needcd 10 •ssess 1heir curren! >1a1us an.J direclions. 

Anolh<r a.cnu< involves lh< formalizarion and specif~<alion of required 
. propl!ni~s in a sort>.A.are spl!cifkation (reliabi1ity, maint.sio1osLility, porto~.bility, 
eh:.J. Som~ succ1!')~ has b~c:n cA.pl!ric:ncc:tl here for Sf\.1.tll·tO·meUiUm sy,tcms, 
usin~ J ··Requlfcmcn!S·Prop~rlies MJIIix" lo help anolysls inrer addilional re·· 
quircm<nl> implied by such consideralions 1181. 

In lh< area or rcquirem<nls slalemenl lansuoges, we wil) see furlher 
efforlS eilh<r lo extcnJ lhe !SDOS-PSL and SREP-RSL cupJbilolies lo handle 
further .~r~Js of applirJtion. such as mJn-nuchine intc:ractiuns. '9r 10 dcvelop 
Jan~uJg< ,.Jrianls specific lo such areJs. h is slill an opcn que~·1i0n u 10 how 
gencrJI ;u.:h a longu>ge can be and s1ill re1ain il, ulililf. 01kr open queslions 
arl! 1h~hl! uf thc n.•turc, ""hkh r(pte:-.~ntJiil\1\ ~he¡:,. is I'K:·-· !ur Jc,('ribu;~ cc
quir~ml!nls in e ccrtJin ~rea~" B~IDATC is ~¡,t•n·.:):;nt: ~-:!111! "''u:k h:ie in 
r<prc\lnr'1ng g<neral dala-proces\ing sys1em· requircmenls fqr !he D\10 pn'r 
ll"rn. icn.ohint~ Pt:ui n··h. '!.lit: li.ltl\iliPII di.lp,r.Ull), OJtlll prtdi··.tlt t'JidJII:. 1111. 
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~--------------~~~--~~--~~ (2) 
A ~ocld dc;,l m(,rc can ;JnJ wi11 bl! tlcme w C\l.:nd _lhl! (.rr ... ~ilur of h:· 

quircmcnls 51Jh:mcnt ilnJ1) Icrs. Sorne Clt.ICn\i('ns are fJirl~· ~lfJ:~htf,"'~"'..s~d 
con\istcncr chccl..ing: othcrs. in,·ol\'ing the u)c of rcl.sti,,nJI c'i'~rJh'rs lo d~,.·Ju;c 
dcri\'Cd rcquircmcnls <tnd lhc U¡;l(clion C:miJ r~r-hJpS ~en.:utiunl Clf mis~in~ rc
QUircmcnts ilfC more t.h!Tí,ult, _lcnUin~ l'?'-'<tfd the OJUhlJilJliC rrt,~fJnlnlÍ:'I' 
·aork. -

Othcr ad\·anccs will in,·oh e the use of formal requir.:ui(nls SIJtcments 1o 
improve sub.eQuenl patlS or lhe sorl"ore lire crcle. E\Jnlples induJe 
rcquiremcnu-dcsirn-roJc consi~t~nc)' chcckin~ (onc initial dforl is unJtr\\ayl, 
tht .lUiorn;Jiic fenctJIÍOn of ICSI ~.1.-CS hum f<."~uir~m~nts SIJh:m.:nts. and, or 
course. the adnnces in autom;.nic JlllJ&rJmming :n,·olvine. th~ ~c!n::ration of 
codc rrom requircmenls. - . 

Progress w·ill nol nece~sarily be· evolulionory,.lhou&h. Thtre is Jl"ays a 
'ood·chancc ora breülhrough: some kcy concepl which "ill sin1plirr and for· 
m•lite brgc rc~i~ns or 1he rroblem srace. E>en then, though. there will ol· 

• \Lars r'tmain difficult rr¡:iflns which ....-.ill rt!quire hum3n insisht :md sensith·ity 10 
come up wilh on a,·cepl•ble SCI or sori\I·JrC rcquircmcnls. 

Ano1her uend in,·olves 1he imro.cl or having formal, machine-analpal>le 
r<Quiremenls fond desisñl sr.:cificalions on our o,·erall inventor¡- of sort .. are 
codc. BcsiJes inlproving sor1ware rcliabilitr. this will make our sortwJrc mu.:h · 
mor< r"riJhle; u<ers "ill nol be licd so much lo a pJrticular m....-hinc· 
conr,~urJilon. lt is int.:rrsting lo Sl'l"l."u!Jie on "'·hat imract 1his will ha' e on 
h.tr..J,,¡ue \·.:ndurs in the futirrc. 

. 1\', SoftKarr d .. l~n 

A. Tllt UfJIIirtnll•mJI.Ir11i¡:tl Jift~mma 

ldcally, nne wnuld likc tu·havc u cumrlcle, consislenl, valid.Jied. un.mbi· 
auous, m•chinc·ind<pcndenl sp.:cifi.:ation or sortware requircnienls bcrore 
procceding 10 s.orl,.are dcsign. Jlo,.·ncr, thc requiremenls are nol·reallr v•li· 

· dlled unlil il is de1crmined lhat the rcsuhing system can be buih ror a reJ;on· 
able rn11- and In do so r<quires dcvcloring onc or more software Jc,;gn• (and 
anr o<socialed hJrJwarc d<sii;ns nc.:licd). 

This dikrnma is wmplicJiell b¡- the hu~e number or derrees or rrecJom 
H>il.oble 10 sof1" are/harll" JtC S) sic m llcsifn.:rs. In the 1950's. as indicaled b¡· 
T•ble 1, lhe lic;i~ncr h•d emir. re .. · altcrnalivcs lO choosc rrom in selcctin&. 
centnl rroc.:hing ~nil CCPUJ, :a stl of p~riphl!rals, a prl'¡;r.~mmin& lan};'uJ~e. 

and •n ensemble or suppurl surl"•ore. In lhc 1970"s. Wilh r•rilll)" He>hing 
mini- ,and microcompulers, firm'-'ar~. moll.:ms. snl.1rt tr-rminals. d;.sla mana¡.t· 
men1 sysh:ms. cte .• the d~sign\!1 h.1s an cnornwus numbcr of ah(rnativc desi~n 
componeniS lO SUrl OUI (poS\ibililics) and lO Se<iOUSI)" choose rrom (lj~ei)" 
chok<,). Oy !he 1980's. 1he nurnber or po~'il•le ll<si~n ccombin:llions ,.;u. be 
rormi.lable. · .. , .. 

T a bit,· 1 

Oulcn Ot;rrn or rrud11n1 fnr ~'" Dau Pru~"t·ulnc SJ'''"'' 
· (Rou~th f,llnutn) . 

l•krl7 

Ct~""'-h PO\olb•ht~\ Ctw:..·u 

Elrm("nl uuo·,., tt91o·tJ Cl 9JO" at 

.. -
CPU 5 lOO 1<>0 

Op-C~rt ftud Wlhlblc •urYblc 

Pcuphtr . .l!s fpu f~n.;ti'lftl lOO 100 

Pr~••mrn•n& Llnii•UIC so S-10 

Or<uhn• s~ 11cm o-1 ID S 

O JI~ _m•n~,,~~l!'. •!·~~e m o 100 so 
.. 

-----1 
• 
1 

1 
1 

1 
1 
1 . 

The rollowing are sorne or 1he ·¡mplications for 1he desig~er .. ll 11 is ea~ier 
for him 10 do an oulstanding design job. 21 h is usier for hom lO do a terroble 
design job. · 3) He nceds more powcrrut analysis tools lo help him son oul lhe 
allernotil"es. 4) He has more opportunilies. for designing-to-cosl. S) He hos 
more opporlunities 10 design and develop 1unable syslems. 6) He n~eds a more 
nexible requiremcnls-tracking and. hardwore procure me ni mechanosm .. lo _sup· 
port 1hc obove Oexibililr (partkularly in governmen~ syslems~. 71 Any r~loonal 
stJnJJrdizolion (e.g., in progr;imming languagesl wrll be a bo& help lo hrm, in. 
thOI il reoJU(CS lhe numbcr or alternalives he musl CO(ISider • 

s.· Cuntnt pro.-rirt. 

SoflwJrc design is still olm~sl complctely a m•nual proce_n. There i1 rel.•· 
tivel)· lilllc cfforl de•·oaed 10 dcsign validalion and risk analysos berorc t~mmrl• 
ling lO a pJrticubr sor t .. are dcsisn: Mosl sorlware erro-.s are mJo.lc dunns lhe 
design phJs~. As secn in Frg. 4, which summarizcs sever¡l sortware error a na· 
l)·ses b)" JB:'-1 [4, 191 and TRW (20, 211, lhe raaio or design 10 cudi~g errors 
genÚJII)" excccds 60:40. (For the TRW dala, an error v.:•s callcd a ~esogn er~or 
ir and onlr ;r the resulling fix requircd a chanse m lhe detaoled desrgn 

spcdfi••Jiion. l 
. Mosl software design is Slill done bollom·UP, by develorin& sortwarc com· 

pontnts b~fo're addressin~ interf;¡~e and inlcgration issucs. !he~e is, ho~·e~·cr. 
incre•Sing succcssrul use or IOp·down design. There IS hlll: m,anozed 
knowledge Jlr what·a sort--·are dcsigner docs, how he do"es 11. or or ... hll makes 
• good sortworc dcsigner, 311hough sorne initi•l work olong these hne> has bccn 

done by FrÚmJn [221. 
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rl¡urt <1. ~hit tlfOrt In lucr ufiMIU I)Sirm• &rr In t&IIJ staus. 

C. Currtrrt fiont1rr ttclmofoA...-.· 

Rebli•·tfy liule is o•oilable lo ·helr 1he de;i~rier moke 1he o•·erall 
h:udw. ;:ue·snflwarc U.llh.·"IT Jn;dy\CS ;-,nd th.·~.·i~itlnS 10 ;Jrpropri:.tlc:l) n~rrov.· th~ 
I.H~I! numb~.·r ur th:Sil!n c.h.·gr~I.'S or frc:c..Jom JVJiiJble lO him. Al th( micro le\'• 
el. sorne form•lisms such as LOGOS 123) hove becn helrful. bu1 01 1he morro 
leve!, nol ~u eh ~~ noi.~J~Ie he¡-qnd ~tneral S)'Siem ensintering iechniques .. 
s~me helr 11 rronded \'00 omrom-ed lechniques for simublin~ infnrnulion ,,.,. 
l<n"· soo<h os lhe E.rcndable C'onorul<r S¡Sicon Simulalor lEC'SSI 12~. 2~1. 
\l;hich M1.1l~ il ros~ihle lO dc:vclo(l a f.1irly thOrOUbh fun(tional SÍmuiJiiOn of lhe 
S)Sic:m for d~'ign ttnJirsis in a ronsidcrably shorter time than it u~cs to 
de•·elop 1he coonplere desi~n ilself. 

. . 1) Tur·rlOII'IJ rlo•si¡:n: Mr>sl or !he helpful new '~•niques ror sorlware : 
delo&n rall onlo lhe CJicror¡· o[ "IOp·down" oppro>rhes, \\here lhe "lop" is al·. 
read¡- assumed lo be a Orm, r"ed rr~uirtrncnls specifi(alion and hJrdwJre ar· 
chjreCiure. Oflen, il is aho :os;umed lhol 1he dota struclure hos also been es· 
lablo1hed .. (These o1<urnp1iun1 m~sl in mJn)' CJSCS be considcred polen lid! pil· 
f•ll> 1n u1ong IU<h wp-duwn lcdonoqucs.) 

\\'hol lhe lop-down appro;och do<s well, lhough, ls lo provide a proc,•Jure 
(or Org.tnizing ilnt.J c.Jt'Vt'ltlping the (QOlrOI StrUCIUfC of 8 pfC'J;f~nl in J \\óJ)' ~hich 
focUICI <Jrly Ullt'nlion On lhe crilital ÍSSUtS or Ínlegr,lion and inrerf.oce 
definilion. 11 l>~fins wilh a lop·lcvel expression o(a hkrJrchical cvnlrol >Hu;-

. ture Coru~n a top 1c\'tl ''rl.c,·uti\.'e'' r<,utine co:;uolling an "inrut,'' a .. rro-
. 1 .. . d •• •• . ) • 
le~ , an 11n l1utrul H•ulln~ ,,r¡J 1•111,."\!t:U~ lo it~,r.lli,~h· rc!fme '-'dCh \u.·:cs· 
shc: lo""cr·lc\t=l 4:uulpr•nent until the rn1ire !.ptcrn is srcl·¡f,~,.·rl. Thr su\T~),¡\-l' 

:me,;·- rtoOe · 

([)) 
rl!1int:ntl!nl'\. '4hi:h m..a)' be con.,idl!rii!J as •·¡e,l!h of ebstritction .. or '!vjrluJl • 
ntJ""hi:ll!'<i'' 1:;1. pHl\Íd~ a numb~r of ouh·..ant.tg(" in impro\<cd untkrsiJnJin~. 1 
... :omnwni~.ll!:a. :~nd verifi~ation or comple'C. d~sign!. 127, 281. In &CO(r,l, 
lh<'U~h. 'e>r::ien,:e Sh0"'5 lh>l SOmC dt~ree or eorly allenlion lO bollom·le>·el 
J~.;i~n is;ut.:) 1S nc-.:-tSSJJ)' on mosl projecls 12'11. 

The '"'1nOI~~)' or lop-down dtsign hH cenrered on '"o nuin issues. One 
ÍO\Oh~S e~H..;':olishini guidtlines ro·r ho,~· lO pafurm SUCC:ChiVt rcfincmcnts and 
10 1r0up rur ~tionS ÍOIO modules~ thc Olhcr in\'OIVC~ ICchniques of rtpUJtllll'lg 

tht d<sign o~ lhc eonlro! s1ruc1urc añd ils inleróiCiion ,._.ilh dala. 

2l .\f,o.::.'~":Jf•oJn: Thc techni~ucs or Slructurcd c.le~ign IJO) !or composilc 
desi~n (JI)I !nd lhc modular'oZJiion guidelines or Parn"s 1321 poo•·ide lhc most 
dtiJiled lhir.:-ing and hclp in' lhe areJ or module definilion and refinemenl. 
S1ruc1urtd d:;ign esiJbiishts a numbcr or succc"i' el y s1ron~er !y pes of bind
ing o(. funcli•·rls. in lo modults (coincidenlol, logical, cbssi,·•l. pro.:edural, com· 
munica~ionJL in~Nmalionol, and func1ionoll and pro>idcs 1he guiJe:one lh•l a 
func1ion shcld bt grouped Wilh lhos~ runclions lo whi<h iiS bindong iS lhc 
SlrOn~tSI. S~mt dc;ign<rS are able lO USe lhis opproa<h quÍIC SUCCCSirully; Olh• 
ers frnd Íl u;:ful for re•·iewing designs bul not for formuiJiin¡¡ lhem. •nd oth· ~. 
ers simply fi~J Íl 100 ambiguous or complex lO be or help. funher experien;e '· 
,.¡¡¡ bt nceJ:J lo del<rmin< how much of lhis is simply • learning cur•e efTcc1. 
In ~<n<rJI, PJrnJs' modulariz,lion crileria and guidcline~ are more SlrJi¡hlfor· 
"Jrd and .. :~:ly used !han lhe le•·els-of-binding guidclines, lllhou¡h lhey m•r 
al;o bt becoming more complka~ed os lhey address such issues as dislribulion C') 
o!' rcsponsitiiily for crroneolis inpuls IHI. Along lhesc lines, Droper Labs' · 
llighcr Ordcr Sof¡,.·Jrc 111051 melhoJolo~y (34) h.s allemplcd 10 rtsolvc such 
ÍSiU~S \'ÍJ 3 Si!l or SÍX 3\ÍOnlS CO\·ering rclalions bttwec:n m0dulc\ and dJia, in· 
cluding rc;¡\ln;ibilil)' ror errontous inpuiS. for cumple, Axiom 5 Slii<S, 
"EJ.:h modc!~ conrrols !he rcjec1ion or in va lid clemeniS of iiS own, and only its 
o-. n. input \~t:·· · 

Jl Dtszn ffpr~untalion: Flow charts rcmJrn lhc mJin method currenlly 
us,-..J for dc;:¡n repr<s~nl~lion. Thq h,ve a number of deficiencies, p•rlicullr· 
1¡- in rcpr~;tnlirig hierarchical conlrol slruCiures and dJia in1erac1ions. Also, 
lhtir frc~-rorm naturc mJkts it loo easy lo consrrucl complicared, un!lructured 
dt;igns "hi<h are hlfd lO undtrsland ond m,iniJin. A nurnbcr or r<p.-esenU· 
lion schem~s hHe ban dt•clop<<.l lo ovoid lhcso ddi<ienci<s. 

•p,,.t\:t:n' .. Jn J:nl. hc.•r\rt, •tlcn ant (urni\hn w.-~ • ...... , .. . ~w.a .. ,,h ... ,,... .. (, J 4 .. ~w ...... s .. rr .. ~. 
f\Jt ,,,.,,j'lc. 1"1: r., ... u tel ~onuint, t'lu'c tJblc 01 a mJ11tf fl:t h ,,t muJulc ""'¡ ··•h 1~t: ,..,O o/cl-,«l•I'IJ 
11, b• lhCI/. C'•UJ lo:"IIC! 
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· . The hicrorchicJI inpu¡-process-oulpul (lfii'OI·Icchniq~e (351 rcpr~nli On.:c a 'good deJI of dcsi~n information is in m•chine-rcJ<!Jble fo~. 
softw>rc in a hicr•rchy of modules, c~ch of which ¡, rcpres~nted br ¡11 inruli thcre is a fair amount of prc,sure from users todo more wi1h it: lo' scncrJte 
its outputs, and a surr.rnary of the processing \'ohi.-!1 connects 1he inpu1, •"~ corc and lime buJgCIS, softwJrc cosl eslimJleS, fuu·cul data bJSC dcscripliuns, 
ou:puts. AdvanlaEcs of 1he HIPO lcchnique are ils case of use, case of leorn- eh:. \\'e should continue lo sce such addcd C'JPJbililics, and ~cn<rallt a funh.:r 
ing, easy-to-underslanJ graphics, and disciplinecl struciUre. Sorne Ecr.erat .nolu1ion toward compulcr·aiJcJ·desisn syslcms for sofl"'•re. B~iides ion· 
disad,·anlases are 1hc ambi~uily o( 1he con11ol rcl.tionships (are su.-<cHi•• pro,cmcniS in dCicrmining and rcprc.cnling control suuc1ures •. ".e. shoulu scc 
lowcr leve! modules in scqucncc, in a loop, or in an if/else relalionship~l. lhe · pro~rc;s in 1he more ditlicull •rca of dala suuc1uun¡. Some lntltJI allcm¡.~i 
lack o( summary informal ion about dala, lhe un,. iddincss o( lhe ~raphics 00 ·. ha ve be en m• de by Hoarc (Hl and olhcrs 10 pro-.<.Jc_ • da~• o nato~ of 1he b"'' 
largc sr>lerns, and lhe manu•l na~urc of lhe lechnique. Sorne aucrnp" hHc 1 control struCiurcs in struCiur<J pro~r•mming, bul "'''" le>s prJ_CI.-al lmp•.:l lO 
been m a de 10 au1oma1e lhe reprcscnl•lion and ccnoralion of IIIPO's such ,. dJI<. Addilion•lly, 1hcrc will be more inlc~ralion and """"btlny bcl" c_cn l~e 

1

·_. Univac's PROVAC Syslern (36).- .... - .. ------- · · ' • rcquircmcnls sp~ciñcalion, lhc dcsign spcci(ICJtion, anJ lhc coJc ;- o¡;ra•n "'llh 
signiñcani i_mplicálions rc,arding lhe_impr_o,·cd porl"bilily or. u~er 1 so IIO•re. 

Thc s1ruc1urc chans u sed in slruclured design (30, JI) rcmedy sorne of 
, lhcse disad\'anl:•ges, al1hough 1h~y lose lhe adunlage of reprcscnting lhc . The proliferalion of minicompulers and miciocompulcrs will conlinue lo 
' processcs connecling lhe inpuls wilh the oulputs. Jn doins so, lhough, lhc)' compli~alc the dcsigncr's job. 11 is difficull cnou~h lo derive or _use principies 

·! provide a more compaCI summdl)' of a module's· inpuiS and ou1pu1s ~<hich ¡5 for p•ni\¡onin~ sofl><arc jobs ori sin~le ma<hincs; euutiiOnal uc~rccs of frceJ~m 
1 less unwicldy on large prcibtems. They also pro\'ld~ sorne ex1ra S) mbolocr 1o anJ concurrcn.:y problems jusi make thin~s so much h•ruer. llc~e ~~atn, 

.1. remove alleast sorne of lhe sequence/loop/branch.Jmbicuil)' of lhe con11ol re· lhough, ... e should expccl at'leasl somc inilial guidclincs for dccon>pounatnfor· 
l lalionships. ·malion pr.xc.sing jobs in lo separa le con<urtenl proasscs. 

! · Se,·eral o1hcr similar cunvcnlions nave been dc\~loped 137, 38. 391. ca¡-h 
i, wi1h dilferenl s11ong poinls, bu1 one main ditlicuhy·or any ·such manual s)'Sicm 

is lhe difficully o( kecping thc design consislcnl and· up·to-daiC, especial!)' on 
large problerns. Thus, a numbcr or. syslerns ha ve b,•cn ·de,·eloped which s1orc ' 
design inforrnalion in rnachine-readable form; This simplilies updaling (and ¡ 
reduces Updale errors) and (acili131cS generalion o[ scleclivc design surnmaries , 
and simple consiSICncy checking. Experienc~ has shown thal ncn a simple sel j 
o( au10rn•1ed consislency check$ can calch dozens of. po1emial problems. in a : 
~argc design specifica1ion (211. Sys1ems of lhis nalurc 1ha1 h:ive ~cen reponed · 

l tncludc lhc Ncwcas1le TOPO sy>1cm (40), TRW's 0.\CC and DE\ l._SE splems i 
.,, (21), Boeing's DECA syslem (41), and Univac's PROVAC (36); severa! more 

· are under de \'clopmenl. . 

· An01her machine-processable design rcpresen1a1ion is provided by Caine, 
Farbcr, and Gordon's Progiarn Design Language (PDU SysiCm (421. This sys· ' 
lem acccpiS. cons1ruc1s which hne lhe form of hicrarchical slruclured pro- 1 
grams, bu1 onslead of lhe actual cede, lhe designcr can wrilc sorne English lcxl ¡ 
dcscribing whal lhc segment of codc will do. (This rcprcsenlation was original· 
ly callcd "slrucl~red_ pidsin" b~ Mtlls (43).) The PDL srslem again makcs ur· j 
daltng much eas•er; 11 also provodes a nurnber of uscful formallcd summaries of ,. 
lhe dcsicn informa1ion, ahhough Íl s1ill lacks sorne wished-for (ealurcs 10 sup
porl 1crminotogy conlrol and vcrsion con11ol. The pro~r.m·like rcrrcscnl>lion 
mal.es Íl easy fc.r prosr•mmers lo rcad and wrile PDL. albtil less easy for 
nonprogramrners. lni1ial resulls in usin¡ 11te PDL sySiem on projccts have 

·¡ becn quile favorable. · · · 

--·· :•. .. 

h is slill nol clear however how much one can fornulize lhc sof1w11e 
design prÓ.:ess. Survcy; of soflw;rc dcsisners have ind_i~•IC.J a wid~ vui•lion 
in thcir dcsign stylcs and approaclies, and in their reccpl>veness lO·UIIn& form•l 
design pro.:edures. · Thc l.:cy lo ¡ood sof1warc design slilllies in ¡ellin¡ lhc'bcll 
ou1 of good people, and in slructuring 1hc jobso.that lhe leu·&ood _pcoplc can 
slill mnke a posi1ive contribulion. 

V. Pro~r:immln~ 

This se.:1ion will be bricf, because much of lhc ma1erial will be covcrcd in 
1he cornpanion auicle by Wegner on "Cornpulcr Len¡ua¡es" (ll. . 

A, Currtnr pracrict 

!-13ny organizations are moving 1oward using slruchfrcd coJe (28, 4l) 
(hierarchical, block·orienled codc with a limited numbcr of control structurcs 
- generally >EQUEI<CE, lnllENELSE. CASE, OOWI!ILE, and OOU~TIL - and rules 
for formalling and limiting module size). A grcal deal of lcrr•bly unstr~CiurcJ 
code is s1ill being wriuen, lhough, of1en in assembly lan~uag< anj p.orllcularly 
for 1hc rapidly prolifcraling minicornpulcrs and microcompu1ers. 

• o 
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1 
. . Lan¡;uJrt:s ~re hL.:comin, :1\'0ii' . .;blc: ~hi_ch surpon §.lrUC'IUr~LJ ,,,J-: -...nd ó.l~· 

dolwrtal \'alu•hle fealurcs such as ~lla l¡pong and !¡pe checkon~ le.~. p.,"al 
{451l. Ex1cnsiuns such "cuncurr:~l P.scal {46) hJrc bccn u~•clop~u 10 >UP· 
pon 1hc pro~ramminF of concurren! proccsses. E\lensions 10 dala 1! pin~ in· 

!•0l•·ing more e.plicil binding nf pr<..:edurcs and lheir dala h;l\e bccn cmhi'Jicd 
'in recen! lan~uages such as ALPII.-\RD {471 ond CLU HSI. ~kt•>~•mptlcr ;onJ 

compilcr writins systcm te .. :hnolo~r continues lo impr'ove. allhou~h much more 
slo~·ly in rhe code generarion arca 1h•n in rhe s¡·nra. anal¡sis arca. 

Auromaltd aius include sup?Orl ·sysrems .for lclp·down srr.i.:1urcd pro
gramming such as··¡he Pro~ram.Surpon .. Library"l49l. Proccss ·conmucrion 
{501. TOPO (401. and COLUMBUS 1511. Anolhcr novel aid is 1he Code Audi· 
tor program {50) for aurom31ed s1andards complianrc checking - which 
guaranrccs lhal 1he srandard; are more lhan jusi "orus. Gocxl programmin& 
pracrices are now becorning c0dióed inlo sirle. handbooks, i.e., Kernighan anr.l 

. Piaugcr {52) and Ledgard {SJI. 

· r C. Tunds .-·. 
·~·· 

· Ir is di!licull ro ckan up old pro~rarnming langu¡,ses or lo intro<lu.:e new 
· 'l ones in lo wi<le>prcod practice. Perhaps !he Slrongesl hope in rhis dir<etion is 
; ! rhe curren! DepJrtmcnl of Defcnse (Do O) CfforJ 10 define requircmenrs for irs 

fu1ure hi~hcr arder pro&ramming llnguagcs (541, which may cvenrually lead lO 
rhe d<velopnicnr anr.l widcsprcali use of a clcaner. programming l•n~uagc. 
Anorher rrend will be an incrcasing capabilily for auromarirally generating code 
frorn design speciócarions. · · · 

~ 

;~VI. Sol! .. are leslin~ and rtllablllly 

· i A. Currrnl proctir~ 
A . 
·1 Surprisin&IY often, sof1ware ·lesling and reliabilily acltVIItes are Slill nol 

considered un1il !he code ·has bcen run !he firsl lime and found nol lo work. 

1; In general, lhc high ros! of lcsring fslill 40-50 pcrcenl of !he r.lc,·elopmcnl 
. ., dTonl is due lo 1he high co>l of rcworking rhc coue al lhis sla~c fsee Fig. JJ, 

anJ lo !he wasrcd effor1 rc;uhing from 1he lack of en adv.ncc lcsl plan _lo 
.i dfaciently guide t~stinc ;sctivitícs. 
·• 

In addirion, rnu;l lesling is s1ill a 1edious manual proccss 11hich is error· 
· prone in i1self. There urc fcw effcclive crircria used for ans~<ering lhe question, 

,; ··How much 1es1ing is enouch?" cxccpl !he usual "when lhe budgcr for 
·~schedule) runs oul." Howevcr. more t:nd more organizollions ¿:re now u~ing 
· Clisciplined 1es1 planning and some objeCIÍ\ e crireria such •s "excrcise cvcry_ in· 
. struction" Of .. C).CfCÍSC C'Very br¡¡nch," orter:t .. with lhe aid O[ autOffiill.rd. tt~t 

1 

nhmituring loul~ :.an~l h!)l ¡;.J'lll.! pl.utnin¡: Jicl~ But mhcr IC'(hnuiC'~i~\. su .. :h .1 

m:Jth!o!m.tti\.7..~1 proof 1c~.:hni4u..:s, hH·..: b.uc:ly b'"''un 10 ptnclr.ah: the *oriJ e 
produclioo sofl.,are. 

B. Cufl&'tllfrunúrr lc'C'hnvlo!j· 

1 J Sojhfatt ttfi.Jhtltty uwcld' &Jthl pl.c>t~om,·nui~JJV·: lniti.&ll.r. attcmpts 1· 
pr~Jicl SOfl"'•rc rcli.obilily Crhc prObJbiloly of fururc S•li~f•Ciary opcr•liun of lh 
sofl..,arc) v;crc mJUC by appl¡ing moJcls deri~ed from har<J.,are reli•bilil 
analysis anr.l fiuing lhem lo ob><r•ed sofrwarc error rares !SS). The>C moJel 
workc:d :u IÍm(!s, bu1 often were unJble to cxpl.lin aL:tu.:&l c•pc:ri..:nce,J erro 
ph~nontcna. This l'o·as primarily bc<ause or funJan>enlal uiiTcrcrt<c> bci>Her 
softw;~rt phcnoml!nologr and the hJrdY.;.Ht-oric:ntc:d :~s\umptitli\S on "hi\:h lh· 
nwuds wcre bascJ. For e.ample, sofrwarc componenls do no1·degraue due-lo 
.... r or fariguc: "no imperfcclion or >arillions are inlroJuceJ in Oll~in~ oJui 
lional Copie; Of 8 piecc of Sofrware fcxe<pl pohibl)" for • CIJSS of eJ>)'•IU·Checl 

· eop)·ing crrorsl: rcpair of a sofi.,Jrc f•ulr gene rally rcsulrs in a dilfercn 
soraware conñguralion than previously, unlikc mosl harJ~arc repiJcemen 
rtpilirs. 

1 
Mou<ls are now bcing Uel'clopeJ whkh pro•ide cxplanarions of lhe previ 

ous (rror. historic:s in terms of approptiJtc softw.uc phcnomcnu'o~y. Thcy iJf• 

b.hc:d on 01 vicw ora softw;ue progrJm as .1 m~pping from ~ spJCC: of inpuls inh 
a space of ourpurs ·{56). of pro~rJnl opcralion as rhc pro..:cssin~ of a sequencc o 
-poinrs in lhe inpul spare. disrribuled accordin~ lo an opcwional proftle {S7) 
and of 1esring as • sampling of poinrs from rhe inpul spacc (56{ (scc Fr~. SJ 
This approach encounlers snerc problems of scalc on lar~e pro,CJnlS, bul car 
be ::sed conceprually as a rneans of approprialely condilionini rime·drh·cn reli•· 
biliry models (SS!.· Srill, we are a long .way off from havinl tr11ly rcliJbli 
rcliabilily·eslimJiion mcrhods for software. 

. _ ....... _ .. _ .. -.......... _.. 

. -··---·· ...... _ ....... _, ... . ...... . """:'--_._ ... ,_ .. -.-;-. ·-
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flawtt S. In pul splte uwplln¡ ptorldu a bl\l' f,,. ,..,(¡_,.,,. ltli•ldi•IJ,..- '"''"·"•·•1. 
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2) Soft•otr trror Joto: Additional insights into reli>bilit)' esli~u•n ha' e " • ,. " • • 

come from anolrzing the inrreasing data base of software crrors. For e '"mrle. col intesrarionl. funh~r. these pro~ram~ onl)' help gcnc.'Jte th~ in·· 
the f>ct thu thc distributions or serious soft~·.re errors are dissimilar frt•m the puu; th< t.ster must slill calcula te the cxp.:"ed outputs hontself. 
disuibutions of minor errors 159) mcans lhat we' need to define "crrors" \err · · 

. Another se! of lools will ~UIOmJtically in;erl .•nslru. menlolton carefully "·hen using reliabilit)' prediction models. Funher, another study 1~01 d h 1 1 
to \'erify 1ha1 a desired path has indeed bc~n e .erme ·~ ~ e es · 

found thal the rates of fixing serious errors and of fix;ns minor errors \'JI)' "ilh · A limited capability exists for automaucony deternunma tho 
man•gement direction. ("Ciose out all problems quicklr" general!)' gets minor minimum numbcr of teSI coses rcquired 10 exerc~se all lhe co<le. 
simple errors fiud ver)' quirkl¡·, 2S compared lo ''Gel lhe seriPus problems · h · 

1 1 
"'ht'ch helps lo deterrn•ne 1he moSI ap· 

Bul, as yel, 1 ere ts no oo - . flled ftrsl. ") f 
propriate sequence in which to run a sertes o tests: 

Other iosighls afforded by softw.re .data collection include beller assess· el Tésr monitoring ond output rlreckin¡;: CapJ!Íilities ha ve b~en ' 
ments of !he relativ~eflicacy Df.Y.ariaus.software· ieliabilit)' trchniques 14, 19, de,·elopd and used for various kin<ls of dynamic data·lype check•~& 
60), identtfication of the requiremrnts and design phases as ker le"<rage points and asscnion. ·ch<cking, and. for timing and performance analySis. 
for cost sa>·ings by eliminaling errors earlier· (Figs.' 2 and J), and [uidélincs for Test outpul post-procrssing oids include output comparat~rs and ex· 

·organizing test efforts (for example, ene rrcent analysis indicated that O\'er h>lf éeption reporl capobilities, and te$t·oriented dala rrduchon and re· 
lhe errors v.ere e xperi:nced when 1l¡e software was handling· data singularities 
and «treme peina I60!J. So far, however, the proliferation of Mfinitions or port generation packages. 
various trrms (error, design phase, logic error, ·validation test), still m> k e it ex- dl Fou/Usolo;ion, ·dib;,gsing: Besides the Uaditio~altools- lhe core 
lremely diflicult lo compare error data from different sources. Sorne effc:irts to dump, lhe tr~ce, 1he sriapshol, and the breakpotnl - sever•l.capa· 
establi1h a unifted software reliability dota base and associated stJndards. ter mi· bilities hove been de,;eloped for inter·J<tive replay or backtracktng of 
nology and dota collection procedures are now under way at USAF Rorne A ir lhe ·program's execution. This is still a diflicult arca, and only • rel• 
Dneloprnent Center, and within the IEEE Technical Commillce on.Softw•re ati,·ety few advanced concepts ha ve pro\'ed gcnerally useful. 

Engineering. el Rtttsting (onrt a prtsumed fix"h~s bttn modt): Ten dota _mano¡e· 
ment systems (for the cede, the input data, end the comp>rtson o~l· 
put data) have been shown lo be mes~ valuabl~ here, alon11 w11h 
comp3raiOIS 10 check for the diffcrences tn code, tnpUIS, and OulpUIS 
betl'oeen the original and the modified progrul\ ond _'CSI cose. A 
promising experimento! too! performs a co~p•.ratl\·e st~ucture 
anol¡·sis of the original and mmlified cede, and tndlCates whoch lesl 
cases n«!t:d lo be rerun. 

3) Automottd.oids: Let us sketch the main SJeps of testing bet\\'een the 
point the cede has becn wri11cn and the point 1i is pronounced acceptable ·ror 

' use, and describe for each step. the m a in types 'of automated aids which lia\'e 
bcen fciund helpful. More detailcd discussion of lhese aids·can be found in the · 
survcys by Reifer (61 1 and Ramamoorth)' and llo 1621 which in turn ha ve 
references lo individual ctintributions to the field. 

al Srorir codt onol)·sis: Automatcd aids here include the usual cÓm· 
piler diagnostics, plus extensions involving more dctailed data·type 
checking. Code auditen check for standards compliance, and can 
also perform various type-checking functions. ·Control Oow and 
reachability analrsis ls done by structural analysis .programs (fiow 
charters have been used for sorne of lhe elementary checks here,' 

·"mucturizers" con aho be helpfull. Other useful static analysis 
'tools perform Sel·use analysis of data elements, singularity analrsis, 
unils .consistcncy analysis, data base consistency checking, and dala• 
versus-cede consistency checking. 

o lntegratiOII of rourints into systtms: In general, .·utomated aids for 
this ·process are jusi larger scale _versions o~ .t~e tes~ data _manoge· 
ment systems above: Sorne addiltonal capabthltes ex•sl for mterface 

~·¡ ·consistency checking, e.g., on 1he length and form ?r pdlameter hsts 
or dota base referenccs. Top·down devclopment atds are also help· 

< : fui in this regJrd. 

b) T~JI fOit• prtparatiOfl: Extensions to sttuclura1 analysis ri-ogr&~mS 
provide assistance in choosing data values which will make the prO: 
¡ram execute along a desircd path.' Allempts have bcen made to 
automate the gencration of such data values; they can gencrally 
surceed for simple rases, but run lnto difliculty. in hanc.llin·g loop¡. or .. -

. ~ . . -- . - . . - .. 

. ' 
•1 

., gl Stoppin¡;: Sorne partial criteriafor thoroughncss of testing con and 
h3ve bcen autom:&ticatly monitored. Tools C)list whach kecp a cumu• 
lative lally of lh..: numbcr or perccnl of lhe insuuctions o~ ~~an~hes 
which hove bccn· exercised during lhe les! pr?tram: and tn<.oCJ.: lo 
the·tester what branch conditions musl be sattsfied tn order lo com· 
plctcly e.erci>e al! the cede or bra_n~h·~· or course, these_ .,_. far. 

· fiom ·complete crit"ia for determtnmg when lo s_top lesttn¡, 1he 
eompleteño\\question is the subjecl of thcnexl sechon 

' f 
1 

i 
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4) T<sr udf,cirncy and pr~xram p•o .. in¡;: Ir a rrocr¡¡m'$ inpul~cc and ou¡. h s Fonr· n or Cohul Thc¡· work in languo~e\ $UCh D\ PJ<c¡¡l 145 1. " 1"'h 

pul space are rlnile ( .. here lhc inpul SPJte inch.~cs nol onl)' "" PO\Iil>le incom- SU( (J r~ l~ortran or C~boll an uiomJlic tlclinillrrn (711 alln~ing Ck•n °'[ 
inc inpuu, bui also sil possitile •·aiJcs in !he pro~ram's data base), then one ~;;sli~1~1 10~ pro,:r•rn sutemcnls us lo~ical ~ropolsitions. An

1
;

2

ydknl sul\e) 0 
C>n COOSIIUCI • ~·' of "bl•ck boi<" tesiS Cone for each poinl in lhe inrut SNtel progran¡'vcrifio:Jiion lcchnology has becn &I'Cn by London - - . -

"·hi<h can show conclusi•·dy that the Pll•&ram is corrcct Cthat iu behn ior Bcsides sizc and language limitations, thcrc are ~ther rac,•.ors 1~h~~~i~~~~~ malches .i•s srecilicalionl. , T r m proving techniques CompuiJllOnS on re a 

thc u, ~~ l&t)'lToun~:o,.lgorna •nd roundolr errors aic virtually impossible lo on>lrpe ",i.th In general, lhough, • r'roKram's input spacc is infinitc; for cumple, it . ln\0 VIO '" " . p th non ornu IZ· 
( muSI gencrally PIO\'ide for rcjccting unacccrtable inputs. In lhis rase. a finite adcqualC accuracy for niOSI nontrivial progrJmS.- rograrns_:1-d of iiS biJS r bl k b 

. . ffi . " r h ' · ( f O a Stnsor Y. hc!C onc has JUSI 1 lO U o 1 CJ ' scl o ac - o• teSis 11 not 1 su 1t1en1 demom11at1on o 1 e rrosr•m s corrcct· ablc 1nputs _ e.g.,. '. m . · ible 
10 

handle. And, of course, programs 
ness C\ince, for sn¡· input x. one mus! assure that the pro~ram does no1 wrong. signal·to-no1Sc ratb10, cte.)_ are 1101 ~~~~ spccificalion v. hich is. it>clr inrorrcct with 
ly treal il as a special casel.--Th~s. th~ dcmonstration of correctncss in this case can be pro•·cd to e conmten Wl . - uarantce thJI 
in""'"•• sorne ft~rmal argument (e g., a proof usins inductionl that thc d¡n3mic rcsput 10 1he system's proper functioning. F~nally: thcr~." "~s~' have subse· 
perrormance or lhe progrom indced prooucc~ thc Slalic transformation or the . the proor is corr~ct or compkle;. in fact, many pubhshed proo . 
input space indica1ed by the formal spcciflcation for the program. For linitc quently been demonstratcd lo have holcs in thcm 16ll. . 
porlions of thc input SpJce, a Successrul exhaustive test or all cases can b~ COn• J¡ has b<en said and oftcn repcated thal "testing can be u sed lO demo~-
Siucred. as 1 satisraCiory rormal arsumcnt. Sorne good inilill work in sorting out S trate thlcdpcrfiensecn.c •• erroofrse'r'rtoors"lnbcululdneelvheorse'h.lenicruarbresednbcyc",hle73,~·0 u, .• m"~~::i~~:·:~~-~~ lhe condilions under whith l~sting is equi\'alenl lO proor Of a progrJm's corretl• 

wc mus · · J th t "pro-"'" has bcrn done b)· Goodenough and Gerhart 16.3) and in a review of lheir (errors in specilicalions and errors in pruv[s), it m u SI ~e adnu~e 
1 

ne:er lheir 
work by \\'egner 164). 1 gro m· pro,.ing can be used 10 demonslralc !he presence o errors u 

5) Sy,bofir. txtcutio11: An anracliYe intermcdiate Slcp bctwccn pro,¡;ram 
lc:sting .and proving is ''symbolic t).CCution," a manu.:~l or automJied proctdure 
which operJies on symbolic inputs (eg., varioblc names) lo produce s¡mbolic 
outruts. Separole cases are generaled.for difrerent C>ecution paths. lf therc. 
are a f1ni1e number or such paths, s¡·mbolic execution can be used 10 demon· 
Sira le currc.Ciness, using 1 flnile symbolic input spacc and output spa{c. In gen· . 
eral, though, one cannot guaranlee a linitc number of paths. Even so, srmbolic 
e•eculion <•n be quite valuablc as an aid lo either rrogram lcsting or proving. 
Two hirly powerful automaled SySicms ror symbolic e.ccution exist, the Hfl· 
GY srstem (65) and the SELECT syslem (66). 

absence." 

7) Faulr-r~lrronr<: Programs do nol ha ve lO be error-free ·¡o cboemr~~~~~~~ 
lf onc could just delect erroneous compulall?ns as t~ey_ oc~ur on~ 1 lb hind 
for thi:m one eould achieve r<liablc opcratlon. ThiS 1S 1 e raiiOna e de 
'scliemc$ 'for rauiHolerant software. Unfortunatelyh bo~h detecl~on.;~h/~;;; 
pcnsation are formidable problems .. Sorne progress as ecn ma ~ ' Jmple 

d ection and compensation ror hardware crrors~ scc, or ex • 
1 ~~:~~~~~~;: b;'wulf (741 and Goldberg 1751. For softwm e.~rors.,:,an~~:~.~~ 
l formulat:d :.~~:~~;.·ct~~.s;:,a~•:~,':¿f~~~·~~~~~d~o~~:~:~~ion'~~~vit:. but it is ;• 

1 !~i~i;~' .:rfy to tell how we'll it will handle lhe error dete'ction problem, or what 
! lhe price will be in program slowdown .. ' . . . . 

6) Program pro.-ing (pro¡;rom .-rrification): Pro¡;ram proving (increasingly 
rcfcrred lo as program vcrificationl involves cxprcssing thc prCl¡;ram sreci· 
lications ~S a logical propositi.on, expressing individual pro¡;ram C>ecution Slatc· 
ments 11 logical prop<lSilions, c.pressing procr"m bronching as un cxpansion ¡ C. TrtnJs 
In lo scrarate cases, and performing lo'gical transformations on the propositions E · h' · h 

In 1 "·a¡· which ends by demonstratinc thc cquivalcnce of lhe progrom and its As we continuo to collect and analyze more a~d more d•t•,on_,ho_w, "'he':; 
sp~ciflc.tion. Polcnlially inflnite loops can be handled by inductive reasoning. h d h pcoplc make software errors, we w11l gel adJed nsog 15 on ° 

! .... cre:d•n.k "'.Y uch errors how lo organizo our validation strategy an.IIJctiC1 1 
· lO BVOI m a 1ng S ' f ¡·r J ) h w 1U d· >eiOp Of n gener"l, nontrivial programs are vcry romplicJied and timc·ronsumin¡; ( 

1 
. ting but throu~oiOUl the so tware 1 e cyc t • O - . . 

lo prove. In 1973, it v.·as eslimated that about one man-monlh or c>pert clrort nol on Y.ln tes d 'd nd how lO develop usdul nl,o!oods r .. r prcJoclln¡ 
was rcquircd lO pruve 100 lints or cede 167). The lorgcSI program lO be pro•·ed evJIU>It new aulom"te 31 s, a d 'ds pa!licularly for SIJiiC CG·l< check in~. 
coireCI to dale contained abou1 2000 51a1ements 1681. Again, automation can software rcliability. ~ome automate- ., h k' g will be intcgratcJ inlo futuro 

. and ror sorne dynamiC·type or ass~,rllon cWeecsh'"ou'ld see sorrlc adde.J useftol.cri-help out on some or lhe complicalions. Sorne ·~•omated. \'erific•liun Splcms - 1 nguagcs and COillpl ers. . r 
. 1 1 '1 ¡L f G -· 1 1'91 d 11 L d L "h (701 1 prot(ro~mnung J 1 ···ul•rly af,,·,c. lhe hn.-.<1. o ex· n:s,noa"y ""'e o o.,., tra. u an von cn.ean uc. •m . rt. '""ia.andassociatedaidsforlestcompcteness,par~e • -· z.eneral, such sy~tems do not work on prognuns·.IA lht more comnH.'n l.1r:pf.! 1~·r\-.v 

~. 
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erc1S1ng ""a11 ddta dements"' in sorne apprbpriale Y~ a)". S~·m '(llic r\(L:.ullon ® 1. 

·. 

cap.abilities wi\1 prOb<ibl)' mak~ lhcir way into aulomaled ~ids for 1cs1 t.'JSC f~n- For ~itha upJ.1IC or r(pair. thr(:c mJin function') ar( invohcc..l in softv.~rc 
eration, moni10ring, and pcrhaps_ retesting. mJintcnJnr~ (79). 

Continuing work into the theory of software testing should rro,·idt ~e>mr 
refir.ed concepts or tost va!idity, reliability, and comrletcness. plus a bettrr 

. lheorttical basr for SUppOIIÍn& hybrid lest/proof methoJS of Htifyins prC',;tJmS. 
Program proving techniques and. aids,will become more ro\\erful in the size 
and range of programs they handle, and hopefully easier lo u.e ond hardrr 10 

nli.suse. Dut m;Jny or lhcir bdsic limitJtions will remain. par!icui.HI)' thñse in
\'oh·ing real variables and nonform:~liza.ble inputs. ··--- .. . ..... ..... ···- ... ----· 

Unfortunately, most of these hclpful copabilities \lill be .,·ailable onl)' lO 
people working in higher order l•nsuoges. Much of the progrcss in test ltCh· 
nolozy will be unavailable to thc incrcasing number of people who find them
sch·es s¡iending more and more time tcsting assembly language software \Hit· 
ten for minicomputers and microcomputers with poo·r test support capabilities. 
Po--·erful cross-compiler capabilitics on large host machines and mkropro
grammed di>gnoslic emul•tion capabilities (71} should .provide thcsc pwple 
some relief after a while, but a great deal of software testing will rtgress back to 
carlicr &cneration .. d~uk ages... . , 

VIl. So!t" arr m•lntrnance 

U11dt11ra•oJuog rh~ uisring sofr•·or~: This implics the need for ~00<.1 
do..:um~nlalion, good lracc:o.~bility bc1 .... ~cn re"p.!item\"nts end codc, 
and wcll-struciUred and well-formaucd roJe . 
,\/tJ.!ifying 1/r~ txisting sofi,,·or~: This implics lh(: necd for sortwue, 
hJrd,,Jre. and data structurcs which are COJS)" lo cxpo~nd añd which 
minimire side cff.:cts of changcs. plus casy-to·upl.!Jtc d<Xumcnta· 
tion. 

Rc•rolidatillg rhr moJifird sofl~·arr: This implics the necd for software 
structures which facilita te selectivc re test, anú aids for ma~ing re test 
more thorough and eflicicnl. 

1 
r 

Following a short discussion of curre ni practice in software maintenan,c; .::. 
thcse thrcc funrtions will be used below as a framcwork for discussing curren! 
rrontier technology in softwáre maintenance. ' 

B. Cu"""r p1act•a ¡. 

• 

As indicated in Fig. 6, probably about 70 percenl of lhe overall cost of ~ 
softwar< is speni in software mainlenance. A rccent paper by ElshoiT (80} inJi· 
catts that th: figure for General Motors is obout-75 percent, aml·that GM is 

' fJirly typic•l of largc business software activities. Daly (S) inúicale~ thal about 
·; 60 perrtnl or GTE's IO·rcar·lifc cycle COSIS for real-time software are deVOI<Ú A. Seo~ of Joft.-.·art maintC'IIOIIC~ 

Software maintenance is an extremely importan! but- hi8hly· neglec'ted ac
tovuy. lts importance is clear from Fig. 1: about 40 percenl or the 0\'erall 
h>rd,.·arc-software dollar is going into software maintcnance toda)', atid this 
numbcr is liktly to grow lo about 60 percent by 1985. 1t will continuc 10 grow 
for a lonc lime, as \o\'C conlinuc to odd 10 our invcnlory of code via d~,·c:lop-

, ment al a raster rote than we make code obsolete. 

Thc figures above aie only very approxim>te, beca use our onl)' data so far 
are based on hichly opproximate definitions. 1t ls hard to come up wilh an i 
unexreptional definition of software maintcnancc. llere, we deftne it as "the 1 
proccss of modifying cxisting operational software ,.-hile lcaving iis primary i 
functions intact." lt is uscful to divide software maintenance into two c>lc· 
gories: software 11prla1t, which rcsults in a cloanttd functionol spccification filr ¡ 
the software, and softw;ue rcpair, which lc~vcs the funclional specifirJtion in .. 
la el. A good discussion of software r«:pair is givcn in lhe papc:r hy 5'.4 ésnson i 
(nJ. who divides it ·into the subcategories of corri:ctivc maintcnance (of pro- ' 
ccssing, performance, or implcmentation failurcs), adaptive mainlenance (to 
chongcs in the proceHing or dJta envirvnment), ·and p<rf,·ctive maintcnance 
Cfur en!.•ncing pcrformi.nce o¡ rnointainability). 

lo ·maintenanrc. On two A ir Force command and control softw>rc systcms, the 
m>inten>nce portions of the 10-year life cycle costs w<re aboul 67 and H p<r· 
ccnt. Oflcn, maintc:n:ance is nol done very cllicicntly. On onc aircraft compul· 
cr. software dc:vclopment costs wcre roughly $75/in'itruction. whilc maintc· 
nanct cost\ ran as high as $4000/instruction (81). 

u• '" . n•c' 1::=:::::::::::=:=:::::=::::::::[:;::=· ::;. ,:.:z=-:;::::~ 
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Dc~pite iiS size, softwo.~re ml!ir.l;n,lnl."c is a hi~hJ)· ne~tectc¡J aCII\11\ In lhc: in~re.h.:J concl!rn Y-ith tife 'Y"'h: ~.·o:t~~. p.titi..:ubrly ~ithin thc: U S 

general, lcss-quatir,cd persúnne1 Clre ílSSibnt::ll to m~int~·n;m~.."c tJsks. lhL·rc l!rC OuD hUI. will f01:us a good ,J(al more anention On ~ofllftJrc.: mJintc:no~n~oc:. 
fe"· gocod general principies and Tew studres of the proc·.ss. most of th(m ineon· ~lor( dJIJ colkclion and anol¡sis on the gro .. lh dynamÍC\ of saft .. Jrc S)'>lcms. 
clusive. su.:h., the [kiJd¡-LchmJn stuJies of OSIJ6rl (841. .. ¡u be~ in lo P..'int OUI lhc 

Further, data prorcssing practices are usuJIIy optinlizcd •round o1her cri· 
teria than mainlenar .. c cfTiciCncy. Optimizing around de,elopnunt rost ~nd 
schedule critcria gencrally Jeads to compromiscs in do~umcntation. tcs!ing. 01nd 
structurinr,. Optimizing Ctround hard11o·arc clrtricncy critcria gencrallr k.tds 10 

use or a~sembly l.m~u~ce and skimping on hardware. both or whi.:h corrctJtc 
strongly with incrcascd software .. n~~~n_t_c!'.~~.~~ ~Q~lS JI}. 

C. Culfent fiontitr lrchnolog;r 

1) Undt•fitanditll the txisring Jo/t11·are: Aids he re ha\·e Jarge_ly be en dis· 
cusstd in previous sections: structured programming, ·automatic rormatting. and 
coce audtto" for standards complianre checking lo enhJnce· cc>dc rcadJbility; 
machine-reac1Jble rc:quirements antJ t!esirn J¡,n¡;u.tSes with ir.t~cabi1it)' support 
lo and from lhe code. Sever~l S)'Stems txiSI for outomalically upJ"ting docu· 
mentation by e:..cerpting information from the rl.!vised code <~nd comment cards. 

hisl_l·lc:\·er.t~~ arc.1s for impro"·cm~nt Ell.:pli..:il mer.::hJni.,ms for confrontin¡¡ 
nuintJin.1bili1y issues c;.srfy in th"e de\·etopment q·cle, su(h u\ lhe rc'-luirc· 
monts·properties mJtrix (181 and the dosisn inspection (4( "ill be rcfinoJ and 
u!icd more t).t~nsi .. ·rly. In r.1c1. we m.1y r .. ·ot..·e a more senero~l con~ept or 
Soft..-.~H~ Q'.'Jiit)' a\SUf.lOCC (turrentl)' fOI..'US\(d .IJtgl!l)' On reli.tbilil)' CIJn,,:crn~). 
in~oolvmg su...:h a...:ti .. ities JS inJcp,.:nd~nt h~"·iews or soft-.-.Jre rc'iuircmcnts anJ 
dl!sign spe...:ifi..:.ttions by rxperts in softwJrc- maintainJ.bilit)·. Su...:h a~ti .. ·itics will 
b< .enhJne<d COnsid~robly WÍih thc ad\·enl Of more po~erful Cdp.lbililies .ror 
an•lyzin~ mJ.-hine-readJblc rcquiremcnts and dcsign sp<eifi.->tions. hnally, ad· 
van.-es in aulomJtic progrJmmin¡ (14, IS) should redu~c or climinate sorne', 
m3intenancc: ac~ivity, at lcast in sorne prQblem domains. ; 

VIII. Sofh.-are nrono~emcnl and lnlrgral<d appronehes 

A. Currrnr practice 

,, 
2) .\!od/.l org rhc exi1ting Joj!n.;re: Snme of P<1rnas~ modularization fUÍde

lines (32) and the data ahstrart'tons of the CLU (48) Jnd ALPIIARD (47) 
Jangui1StS m.tkc it C;J~icr lO minimize t!Je side cfTccts or chCtnges. Th!!re may be 
a main1enance pricc, however. In the past, somc systems with highly coupled 
prorr.ilms and associatcd data suuclurcs ha ve had difficulties with data base up· 
dar in&. This m ay nol be a problcm wjlh loday\ .dala diclionary capabilities, bul 
th: interactions ha ve not yet becn investigated. Othcr aids to .modification are 
~tructurcd code, conflguratioo mCtnJgcment tcchniqu.es. pro~ramming support 
librarics, and proccs,s .construction S) stcms. 

3) RcooliJoting thr mod¡/icd suft•·orr: Aids here wcrc discussed earlier 
under 1cs1in~; they include primarily 1es1 data managemcnl sYSiems, compara· 

·· tor programs, and program structure analyzcrs with sorne lintited capab]lit) for 
sclective relcsl anJiysis. 

4) Gcnc!OI oids: On·line interactive systems help lO remove one of the 
main bottlcnccks involvcd in softwore maintenance: the long lurndlound limes 
ror relesting. In addition, rnany of thcse SJ'sterns are providing helpful capabili· 
lies for ICXI cditing and software module inanagemenl. Thcy will be dhcussed 
in more dttail ·under "Managcmenl and lntc~raled Approachcs" bclo"·· In 
general, a cood dcal more work has been done on lhe maintJinabtlrty aspcrts of 
dala bases and data structures than for program SlrUCiurcs; 8 gooJ SUrvey Of 
da t .. base technology is given in a recen! spccial issue of ACM Computing Sur· 
\'t')'S ( 8 2). 

·. 
(_; 

• 

Th(:re are more opportumttes for improving softwJrc proJuctivity ·and 
quality in the lrca of mant.t~.:mt:nt thotn_any""herc else. The differcm·e bc:tween 
software projcct successes and ruitures has most often been tra,cd to ¡ood or 
poor prJ.:tices in software management. The biggcst software mJnJgemenl 
problems ha ve generally becn lhe following. 

Poor Planntr.g: GenerJtly, this \eaLis to Jai-ge amounls of wJsted 
efTort and idle time because of tJsks bcin~ unneces.s.trily pcrformc:J. ~ 
0\:~rdoni!, poorly S)'nrhronized, or poorly intcrfa¡;ed. C~· 

Poor Conrrul: E'en a good .plan is uselcss whcn il is no1 k epi up-lo· 
date and useJ 10 manage the projecl. 

Poar RtlOIIf(t EJttntJtion: \Vithout a firm idea or how much time 
. and etfort a 1ask should lake, the manager is in a poor position 10 

exercise control. 

· Un111irable ,\larragMit'nr Pusonnrl: As a very general statemenl, 
software personnel lend 10 respond lo problem situJiions as 
dcsignc:rs rather chan as managers. 

Poor Accour:rubiliry Strurture: Projects are sener,lf!y orgJn::t·.' Jnd 
run with very d1ffu,sc delinc:ation or responsibilities. lhui C>.·:~c,~Jt· 
ing all lh~ above problcms. 
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lnappropriatr SurrrSJ Cnt!'ria: Minimizing u~•ch•pm~nt rost~ •nd 1 Unrnrt~nJtd)·. the m.onJ~~ 111~nt·tcdú10lnsr dec•>uplin~ "orl.; the oth~r 
schcdulcs will gencrall)' )'ield. hard·to·rnJÍOiiiin produrt. EmphJIÍZ· WJI' Jho In th~ d~;i~n Jr~J. ror C\.1111pk, mo;t tr~JinlCOI> or I!'I'·Jo"n 
ing "percent toded" l<ndsJO &CI peurle CüJÍnC CJit)' Jnd lO O<flect SOfi:•Jr< dcsign lC( prcsenteJ as lo~i.'JI C.\~l.:i\~S indCJ''nJcnt or .U\L''. O( 

such kcy acth·itics as requirements and design •·alid•tion. test plan. cconomic con;id~r•tions. fl!o,t ~utomatcJ aid1 to .sort .. are de\o~n pro.,de l~ttle 
ning, and drafl user documenration. ppoit ror such m<JnJgem~nt nec:ds :s conf.gurJt:on n1Jr.Jt;c:m~nl. lrJ\.CJhdll)' 

Prorrajfinarion on Kry Arrio·írirs: This is esperially. prc•·atent 
rcinforced by inappr0pria1e succcss crileria as abo\'e. 

B. Curunt fionrio Jtchnology 
' 

•••hen 

. 1) Mano¡rmtnt gÜiJrii~ri.' 'There is ·no·l3'cli 'ór userul material Jo 2uide 
sortware managcment. In general, 1t takes a book·!cr¡gth trcJtment to- ade· 
quatel)' CO>Cr the issucs. A numucr or buoks on thc subject are now a-·áilable 
(85-95), but for various redSons they have nol strongly innucnccd soft11are 
management rractice. Sorne or the books <c.g., Brooks (85] and the collections 
by llorowitz (86], \\'einwurm (87]. and Du<ton·, NJur, and R>nddl (SB)l •re 
Co1Jcclions Of \"ery {!OOd ad\•kc:, ideJS, and C:Xpc:ril!OCes. but tHC: (rdgmcntary and 
!acking in a consisten!, integrated life C)'clc opprOJCh; Some or the books Ccg., 
Metzger (89], Show and Atkins (90], Hice rr al. (91], Ridge and.Johnson 192), 
and Gildersleeve (93]) are good on checklists ~nd procedures but (c.cept to 
some extent the latter two) are light on the human ospects or manot<·f!1<nt, 
such as stJtfing, motivation, and connict resolution. Wcinbcrg (9~) provides 
Jhe most help on the human "'pects, aiong with Drooks (85) and Aron (95), 
buJ in turn, these three books ar~ light on chcckliSJs .. and procedilres. (A 
second volume by Aron is intcndcd to cover sortware croup Jnd project eón· 
s;derations.)' None · of the books ha ve an adequate tieotment of some items, 
brrely bccause rhey are so poorly undcrstood: chier among tliese items are 
software cosl and rcsource cstimation. and soflware maiillenance. 

In. the arca or sortware cost estimation, the papcr by Wolvcrton (96) 
· rcmains the most useruJ source or he! p. 1t is strungly based on the number .or 
object instructions (modified by cotnplexity, t)'pe of application, and novclty) as 
the determinan! or software cost. This is a known wcak spot, but not onc for 
which an acccptable improvcment has surraccd. One possible line or impro•·e· 
mcnl m;ght be along the "software physics" fines bcing investi¡;atcd by 11•1· 
stead (97) and olhers; sorne interesting initial results ha~·e been oblained he re,· 
but their utility for practica! cost estimation remains to be dcmonstrated. ~ 
goud revicw of the sortware cost eslimation arca is contained in 198). 

2) Munoc•'m,·nf.lrrlonolo¡;y Jrroupling: Another' dilficulty or the above 
books is lhe dcgree lO which they are deroupled rrom sortware technology. Ex· 
cept ror the llor~witz and Aron books, they say relati,·ely little aboul the use of 
such advonccd;technology aids as formal, mochinc-readable requirenoents, top
down design approaches, structured prcogramming, •nd automated aids to 
software testin¡. · - -···· .... 

:~ code or rc:quireml!nU, and resour~e estim.1tion ;~nd conuol. Clearly, lhc.rc 
naJ; 10 be a closcr coupling betwccn t<chnology and manJgcmcnt th•n t.h•s. 
Snnlc currcnt elforts to prol'ide integr.ted man•gemenHcchnology approa.hcs 
3rl! pres~ntcd nc,t. 

3) Jntr¡;rarrJ approarlrrs: Severa! major integr•tcd sptems ror softworc 
dcl'ilopmcnt are currcntly in or<ration ~r ~n<kr di:•cln.rment. In scncrJI, 
th ·r obj~cti 1 cs are similar: to ochic•·c a stgntfi,·ant boost tn softw.are de1elop· 
"'~~~ elficienC)' and quality throu~h the syner~ism ora unifi~d •rrroach. Ex· 
a m pies ·are the utility of .having a comrt.;ment.ry dC\·elo~mcnt .•rrroach Ctop· 
do-. n, hi<rarchical) and SCI or programn11pg standard S (hoetJCCh1~3J, SlrUCtured 
coJcl; the ability to pcrrorm a sortware ~upJ•te und at th.e same ""'" perrorm a 
set of timc:ty. consiste: ni Project. status upU;Jies (new vcrs1on num~er of mod~le. 
dosurc or software problem report, upJJt<d stJtus logs); or ~~~1ply the tm·. 
pro\·c:m~nt in softwJre system integration ;;~chicved whc:n all pJrtiC!pants are US• 
ing thc same úel'clopmcnt conccpt, cround rules, and support sort~oare. 

Thc most familiar or thc integri!led approaches is the ID~! "top·down 
structured programming with chier pro~rammer tcams" concep.t. A good sho~t 

'dcscription or the conccpt' is given by Bakcr (49); an e>tenstvc tr<otment IS 
anilable in a IS·volume series or rcports done by ID\1 ro.r the U.S. A_rmy an<l 
·Air Force (991. The top·down structurcd approac\1 ~·as doscussed ~arlter. Thc 

'Chicr Programmcr Tea m centers around an inJiv.odual hhe Chocfl v. ho ts t
rcsponsiblo ror designing, coding, and int<grating thc top·level control s_tructurc r~ 

as wcll as thc key componen !S or thc team's p~oduct; rore m~nJgong •n.d 
motivating the tea m pcrsonnel and pcrsonally rcadtng 11.nd rcvtcwong .•11 thetr 
coJe: and also for performing traditional managcment and custo.n>er tnterr .. ·c 
runctions. The Chid·is assist<d by a Dackup programmer who ts prep.¡.'e~ at 

. anytimc to takc thc Chiers place, a Librarían ~·ho handles ¡~b subnus.oon, 
· configuration control, and projcct slatus accounttng. and adJ>too7ul pro~runt· 
mcrs and spccialists as ncetlcd. 

'• ~~·ge~eral, the overall ensemble or techniqucs has bcen quit~ succcssrul, 
but thc Chicf Programmer conccpt has had mixcd re;ults (99). 1t IS úoflicult to 
find individuals with cnough cnergy and tale.nt 10 pcrrorm oll the ah~··c func· 
tions. 1r you find one, the project .,...¡JI do quotc well; other"»e. you h.ve con· 
ctntr.llcd most of thc project rhk in a single individ~JI, ~ilhúul a tn~xJ \lo ay. or 
flnding ou; whether or. nol he is in trouble. T~c LtbtJroJn and Ptogrammon¡ 
Su¡oportl.ibrary ·con<ept hove ¡ene rally been qutte'userul, allhough 1~ dJte .the ~ 
concc:pl has b(en oricn1c:d 1oward a balch·proccssing dcvclopment .cnv_,ronmcnt. 

• e • 

·, 
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'1 . ' @ H 1 .. on com ilin •••rulint an<l (l<>Sipro.:t"in¡ or OUipul 'dJil. Currcnll)'. Anothcr "struCiured" intcpated •rrriiJCh h<S bccn úe•·clorcd Jnd u•<d :¡ mc? 7 1 •. ,• r rg,h "' '·s ~!Jn.l•cr is Op<rJtionJI. along "ilh. re" IOols. S rr h 1)81 1 · · .1 J 1 .1 h' · . , an 101\IJJ \Cf>IOO O 1 < nOr• " > ( , at· o ce . 1 rs OPcntcu .rgc y arounu a •cr.rciii:JI·úcromrosu.on !, . . 

1
. lh l'kc!y out<omc and p.1yofh o thc prOJ<el. 

dcsign •l'r•ooch, &uidcd b)' formaliled scts of prin,iples CmodulJrity. abStr•C· .1 bul 11 ''loo car l lo asscss • 1 
lion, localilation, hiding, uniformit)', coml'lctcness. confirmahilitrl. rroe<S<cs 

1 
;. 

(rurrosc, conccpl, mechanism, ootation, us•~cl, and ~oJ!s (moJu!,.,t¡. 
dficiency. rdiabilily, understanthbilii}'L Thus. il arL"onunpd;llcs som~ e,·onom· 
ic considerations, althouch ir ·~ars lillle about an)· other m.tnds,emenl corhtJcra
tions. lt •rrcars lO work well ror SofTcch, bul in general has not been ~<iJ<Iy 
assimilared chewhere. 

A more manil¡;emcnl·intcnsivc integrated appr(1ach is the TR\\'. soft'-'.:Src 
dcvclopmcnt mcthodolo!:Yexemrlifi:d in·the"rircr by \\'illi.ms ISO] and rhe 
TR IV Software De\'elopment and ConflgurJtion MonJt<mcnt ~!anual 11001. 
which. has bcen uscd as thc basis for sc\'eral rcccnt ¡;o\·ernm~nt in·ho:.~sc 
software monuals. This approach features a roordinated ser or hi~h·level and 
detailcd managcmcnt ohjcctivcs, assocÍJtcd automatcd nids - SltJnd:1pJs rPmpli· 
ance.checkeis, lc~t lt10rouhhncss chcctcrs, rrocc!ts construction aids. J(pOtlin~ 
S) st:ms for cost, schedule. core i!nd time budbcls, probkm idcntifKíUion and 
closure, etc. - arnl unif1t!d doClHilL'ni.Jtion antl manag~mcnt dcviccs such o.~s 
lhe Unil Dcvclopmcnl FoiJcr. Poniuns or lhc approach ore still largcl)' OIJOU· 
al, although aúúirionJI auromation is undcrway, e.g., via the Requirements 
Statcmenl languagc 11 )J. 

The SDC Sofi\I'Jre Factory 1101) is a highly añ1birinus allcmpt lo auro· 
mate and inte~rJIC sortware dC\.'clopmi!Ót lcchnolog}'. Jt. ConsisLs oran intcrfJce 
control romponcnl, thc FaCiory Arccss and Control E>rcutive (FACEI, ~<'hich 
pro\'idcs uscrs access lo various tools and data bases: a projcrl planning and 
monitoring. srstem, a software dc\'elopmenl d•la base and mooule 'managcmenl 
S)'Sicm, a IOf'·Úown dcvclopnrenl Support S)'Siem, B Sel of test IOO)S, CIC. AS 
thc systcm is still unúcrgoing ÍleHIOJ'nrcnl and preliminar)' evalualion, it is too 
carly lo lell "hat úcgrce or success it will ha ve. 

C. Trrnds 

In the area or mJnagcmcnl tc<hni 4ues, we are probabl~ cnrcrin¡ a chonsol· 
· h U S D D pre>:ccds lo 1mplemcnt 1 e up· 

~~~~~~ i~e:;~~·la~~~;~~IJ:~~ ~~~e~ur~s · coll~d ror in thc recen\ Dor~~~~·~~~:~ 
5000 2~ 11041. The resulring go\'ernmcnl·mdustry dTurts .shou J P 
or s~ftware n13 nJgl!mcnt guidc:lines which are more cons~st~nt and up·to-d.a.~e 
with tod•y's icchnology than thc enes currently in use .. lt rs lrke.ly lh•l. l~e.r :.::: 
alsc bt more compreh<nsiblc anú le;s encu~1ber<d ""h DoD Jargon, 1 rs 
make them more usefulto the soft,.are field tn general. 

. Efforts lO dc\·elop integratcd, scmiautomJICd systems ror sofl"'"~ 
de,elopm<nl ~<ill continue al • hcalthy clip. They will run '"s'o a num,bc~n~-

. '1 b bl 1 " 3 fcw )'CJrs lO "Ork OUI. ome 810 CC 1 chalkn~es wh1Ch w1l pro " Y. ••e . · 'J and 
1 ·h . rh. l·•c" ora gooU technological bJ\C for Ua1:1 stru~o.lur1n¡ 81 S, (.. ca su~. as ~; .. r.. 

1 
t ls Some 

lhe. rormidJblc p•obltm of intcgr3 ting complcx softwore. s.urp<ll oo . 'd· 
·e and manJgcrial such as the problems or pr•<~ng se""es, prov1 are ccononu • . o ¡ c:n· 

· g tool'warrantics and controllin~ :he evolu110n or the S)'~! cm .. 1 tt:rs are • 
~~ron mental, surh 'as the prolifcration or minicomputcrs and Oll<'fO<OmputerS, :~ 
which \>.ill Strain the CJpJbility of any suppOrl syslem lO keep up·IO·ÚJIC. .,;:. 

· E ven if the v~rious intcgrared systems do not achieve aH their go.ls, there 
ill be a numbcr or major bencftts rrom lhe error!. Onc IS or course lh"' • 

~ ,;, number or support tools will becomc avail•tilc lo a largcr numbcr o~ pco
al~g (JnOther major channel o( lools will still continuc lO expan.J, lhou~h. the 
~ndcpcndenl sorrv.are proúucts mJrkelplacel. More i~lportanlly, those S)'S~m; 
~·hirh achie>·e a degr<e o( conceptuol integration (nol JUSI a free·form IOO'.I OX 
wil) eliminate a grcat deo! o( lhC Semantic confu~Íon wh~eh Currentl¡· Sh0"1 
down our group etrorts throughoul the software l1fe cyclc. Where v.e ove 
learned how 10 talk lo cach othcr about our ~oCtwJre problcms, we tcnd 10 do 
pretly wcll. 

IX. Concluslons 

Anorhcr faCiory-lypc approoch is the System Design laboratory (SOL) . 
undcr devcloprnent al lhe Naval EleCironics laborutory Center 11021. lt 
currently consists primorily of a framework within which a wide rangc or aids lo 
soflware dc\'clopmcnl can be incorporatcd. Thc initial inst.11lmen1 conlains tcxt 
c<Jitors, compilcrs, assenrblcrs, and micropro¡;rammcd cmulators. later addi· 
rions are en,·isioncd lo include dcsign, developmenl, and test aids. and such 
man,¡:cmcnt aids ns p1o~rcss rcporting, cosl reporting nnd uscr profil: analrsis. 

SDL itsclf is only a part or a more ambitious inlcgrated approoch, 
ARPA's N>tional Software Works (NSW) 1101). Thc initial objecti\'c herc has 
bocn lo dcvelop a "Works Man•ger" whiclr "·ill allo-'· a soft,.·are dcvclorcr at a 
ttr111in~lto uccess a wíde varicty or Softw<Hc development tools on varic1us com .. 
pulcrs available over the ARPANET. Thus, a dcveloper might log into lhe 
1-:SW, obtain his sourcc codc from onc compulcr, IC>I·cdil it on •nothcr, and 
pcrhaps rontinue lo hand thc prograrn lo additiooal compulcrs for test ins1ru~ · 

lel us now asscss the curren! slalc or the art or lools an'd rcrhniqucs 
whkh are bcing used lO SO)Ye SOft\>.orc devclopmenl prohler".', '." l<rniS o( Our 
originJI definition of software cnginc~ring: the praCII(J) arrhcarn•n of sntnrr.fi~ 

... kno•1cJ·e in the d<Sign and construcllon or software. Table 11 ¡11nen~s a su m 
~ 1 f lhc exlenl tO which curren! Sofrv.Jre cn¡;lllC<IIng I<Ch· mary asscssmcn o ( · · 

1 
h · 

1
·. ) 1h· 

niqucs are b;JSed on solid scientiflc principies versus emprr1CJ rur1s Id · .... 

summary usscssm<nl covcrs rour dimcnsions: lhc extenl lo wh,ch cklsl•r.,¡ 
-1•nliñc principies apply arroH the cntire software lifc cyclc, •cr.J•· .,,,~ni re 

\... 
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r~n~c .of ~oflw.rc ~pplll·~liori~. :~:~~ lhc rangc uf c;;:n~:rin~-eron<•llllr anJ .foullll.tliorh ar~ '" \lighl lhJI on~~ ·~ 
yses rcquired for sofl,..are del'elopmenl, and across the ranf< of r:rson01 1,,1 -\n<.l in Ar~a 2, our s<i~nliriL lcrhn•·,,, ... "~'ci\'C 10 he CJIJ.:J 

., bl r r _,- 1 . ~ \.·on \,: . h r·urr('nl ...... , B\'tlr a e lo per urm su lwetre uevc opment. ~ ')\!riúu.;ly 4 u~stion. w~~~ cr our 

T•blr 11. ··sufl" .Ir!! l!ngintcrang '1 bl a bc:llcr ~cicnli(!"· (oundJtion \ 
ApplletblllrJ or [,hlln1.Sclrnllr\c rrlnclplu HJrJwJrt enginecrin~ clcJ.rlr ha~ avar~.t cbl nH lhis shouhl not b~ tuo 

1 of thc>< ,\reJ ' pro • · · 
for :n1dr.:.;~ing its countcrpJr . •• b.:cn ur\ur:J for a much longc:r lime • 

Dimtn1ion 

surp.ri;in)J. sin~l! '"hJrd'-'J~t scrc:n~e ha~ot hJ\Pe ~~ c:\plJin the pcrfornloln\:..: of 
is ~:Jsh:r 'to e>.pcfamcnt \lollh. :10ll Uo~s 

Scopc Acfou 
l1ft C,clt 

Sornf r'ir.riptu fOf ~~ .. n~ rrin••i'lt1 •rrli.·o~blr .• 
---trotnp-Jntnl.lt'I'IH'\/CiiDtl-·-- ··¡.;,01i lofr c~clc. ', 

•.• .anJ dcl¡ilrd•dni¡n, e 1 . comrruJn•'"lir-n lhrorr. 

'ifluo~ll, """' '"' S)llcrn conuol lhtof) 
dni¡ro and imr¡nlion. · 

humom b~ings. . . · thc: relu~otJnl e of thc: 
• . cJ :1 bit c.JisJ(lpO!Oiang. IS b 

.\\'h.lt is rathc:r surpras,ng, an. ~ thc: more diffacult iJOJ UdTu!tC pto . 
comput~r sci.:nL·e ·ficld~·tO·.:iddre.~s atse;r ~oor&: uact.tblc: ,\rCJ 1 suh~~ll\ of o:~utO· 
h:nH in Ar~:J 2. as compJred v.~t~t .'h l"\:.c mo~t C:"':plorJtion'\ 11\IO thc: rc:1J· 
nliiJ th~ory, parsing. computab,ht) '. c:_tc. \ ~CJ 2 r(~cJrch prohkms in the re· 

t 1·· al&f"ilhms. ui1om•u lht:Dr)'. • h rskS Of otldr<SSII\g " · · ft · re ore ·ti~cly unkno""· 1 e: ' . . . t,ntncc of appll(.:tlh)O') so \.loa 
quirl!m(nts ~n.Jirsis, d!!~isn. te~\ and. m~;~~s ··of PJrofT to pr.actic:.~l 5oftware 
rd.!1i\cly hish..!r. B~t the ppcc:s. il;c:l· lO b..!. far more rc ..... Jrúin~~· In r.~.ct, ~S 

Srnrc Acrou 
Arpliulion 

Sr•mr rui",irlrs fo• ···~ s~rms" 
scoh ... rr. \illu.&ll) nr>nc 
f101 •f'ph.:olloui'\S \(.,I'I•Uf:, 

t 1. di,dtlt nllll'ltn•llial 
tltu~lulU 

tocou tn:i1r .irrl. • .~&inn 
I)J1tm. t r. n•"lllol 
thro,, arrl,..,,,~.., d ,._·c:lopm~nt and ntJinlcnance • .:~ore 1 . ) ···mcull Arca 2 prütllems, ll Wlll 

t.: • • to s lvc liS more ul ' b 
soflwar< cnginccnn& bc~ons o. !he more diff&euh l.rge·s)slems pro • 

En¡inrrrinJ 
Economkl. 

Vcrr fr• prinrirlu 
• hich •rply to t) t~cm •rll1o 1\\ltm Honomin. 

t 1 . '''',"''"' of mlltfio~ls. 
opllmit.nion. ,nJ ~~·nuollhrorr 

. lead !he wa)' 10,. 3rd solultons lO . . 
bcgon loh. h conlinue lo bese! hardware engoneer.ng. 
lems v. te 

R rt,~uircd 
Tuininr 

rct.nomiu, t J .• 
&ltOI'IIhmt. 

Vur fe• ~rinc•rlrs fDI· 
mul.•rd 101 cbn~um~ 
liun b). luhniCI&nt, 

·c.a .. "'uclurcd 
codt. b.,,¡, m11h 

ra=~•~.t• 

).hn) rrith·irlu lor· 
mulaltd (or uonsump
lion br ltchniólnt. 
t 1·• hH'IdbOO .. I 
(of suuuuul 
dui¡n. su en truina: 
m•inUU'IIbih!)'. 

For perspcclive, a similar summary nssessmenl is presenled in Table 11 
ror hardware engineering. 11 is clear from Table 11 lhal sof1worc engincering is 
in a vuy primilive state as compoHed to hardware cncinccring, wilh resrcct lo 
ils ranre or scienliftt foundations. Thosc scienliftc principies anilable lO sup
pOII software engineering atl,lress problcms in an arca we shall call A~t•a /: dr
toikd dr1ign and coding of .l)'JtCmJ Joftworr by ~xperts in a relativclr uouonlicJ· 
inJ,-p,·ndrnt contc:xl. UnftJrtunate1y, lhc: mo~t prc~!iing ~or&w;,¡rc de..,c:lopmtnt 
prc)b!cms are in an arca wc shall Ciotll Arra 1: rcquilt'mrriiJ o11a/.)·Jis d,•siJ:n, trst. 
and muinll'II!Jnr~ of opp/irations soft.,.,·ar~ b)' ltciJni(ianr- in Rn C'COIIOmics-Jrht>n 1 

\ 
•for Ú•n•l•lt. • rurnt svncr o1 U intulll\lt.olll tn <.ont '"'lt Clf&4nu .. tiun ru.J.Ju.;cd lhc ronu.in¡ PICJI\lt (1( Íll 
•·,..cr.¡c cojct": J )'tlfJ collcar·lrHI rduu1ion. J •"'" .o(¡.,.,, r•rcricnrt. h~ilodiiJ •ith] rt~l.,m· 
min¡ hnr•UJCl and 2 •Prlic•liOtll, 1nJ ¡tnr••lly introocrtr\3, llhPPT. inOc••blr. "1n o~otr h•1 hrad." 111J I.Jfl• 

dcrn •• r •• ¡rd G"t" u.r ((.o(llinuin¡ Íll(lt•lt in druund r .. , )tlfl••ft l<fiC.onnrl. OIOC •h"""IJ nOI •uvmt '"'' 
tl,;a ht·•UI pu.F•IC ••11 impro'l't much. lhil h411 lllt.tl._iiU/IIiCIIÍiont-.luf.tfhtlt\t loOTI•"c ttiJonrtlffll ltO:hn-.,t-. ~. 
"1.1 totloth. loh tlftUÍ\C IOft•nt;m.,sl be .. rll·miiC,(~.to thr Joc~plt "'h" lr'IUII uu 1: . 
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from the pllysical form that it e':entually Wlll ta~e-~ thts •s d,n,cuit for 
m.tny analysts to do, since they assumc, a prtofl, that thc ph)S>cal 
implement.ttion of thc srstem will conSISt of a computer. 

Ross and' SchomJ.n also emph3'1.ile: the need ~~ ~chieve a con· 

S·n·us aman" t}·pically tJi~parJte panies: lhe u~er liat~on p<:r~.Jnnel 
• > 0 h " f · 'onJI" sy~lemS . r "th the de\·elopc:r~ t e pro { . .. . 

who 1nt.:r acc Wl . • • 1 ,1. h.Jv(' diffcrenl 
anJh·:;t and nlJ.nagc!ment. Sln'c all of these p.;c¡ .~,; . 
int~;~s;s and diffuent vie""·points. il bect.lmes all lhc more_ tmpon_Jn~ 
th.u they ha ve a cornmon ·fram~ of_reference - a c~mmo~ .""~) ? . 

/in the s .,tem-to:bc. For this nced, Ross and Scho . .oan p~o 
modt' G. ) . . . : ..... - ... k'·g'e. known il) S,\Dl: t.u't r· 
pos.: th~ir solutton: a propnctary p.1C ol • • • i~U· 
v..;s dt:\t:kr-··J b/ the con\uhint firm of SorTc~h for ~h11.h lhc: 



@· 
Thc. SADT ·~proach utilizcs • l~¡··d,)Wn, rJrtitic.ned. ~TJphic 

model ora S)'Siem. fhe moJel is prescnted in a lt'~icJI. or .Jbstract. 
fashion that allows for eventual impl!!ment:Hion o:!S a mJr.u:al S)Stt:rn. 
8 computer S)'Siem, ora mixture or both. This emph~sis on grdphic 
models ora systcm is <li's:inctl)' different rrom lhJI or the Tei;hroe" 
and Hershey pJpcr. lt is distinctly similar to the arrroJ<h $U~S<sted 
by DeMarco in "Struc.tured .A.nalysis and Srstem Sraifi<·Jti .. n." the 
final paper in this collection. The primarr differen•e ~'"'e en 
Dd·f•rm and Ross/Schoman is that Dc~farco and his cc>llc.,~ues al 
YOURIIJ.'I inc. prdcr circles, or "bubbles." whereas the SorTech 
group prcfcrs rcct;,ngles . 

. ·- .. - . --- ----·-- -- ..... 
Ross and SchomJn poinl out that iheir grJphi~ mod<ling ap

proa,·h can be lied in with an "automated documc:ntation'" approach 
' or the sort described by Teichroew and llershey. lndeed, this ap· 

; ! proach gradually is beginning to be adopted br large EDP orpnizal .. tions; but ror instJI!Jtions that can't afford the o,·erhcad ora compu
terized, automated srstems anJirsis packJse. Ross· itnd Schünun 1 

ne~lect ene impor!Jnt a~pect of srstr:ms modcling. ThJt is the "dJta 
diclionary,P in which al/ of the data elements perlinent to thc new 
systcm are dclincd in rhe same /ogica/ tap-do11·n fashion as the rest of 

· '~ .. ¡ lhc model. There al so is a need lo formJlize mini·sre.:iflcaJio'lS, or 
\: • "mir.i-spccs'' as DeMarco calls them; that is. the "business palie): .. 

assúcialcd with each bottom-le~·el functional process of the system 
must bl! described in a ma.nner far more rigoroUs than currently is 
t>-:ing done. 

.. 
._-_ 

-:..' .. 
j 
1 

!. i 
' 1 

A weakness <Jr the Ross/Schoman paper is its lack or ddail 
about problem · solutions: More than halr the paper is de,·oted to a 
description or the probiems or conventional analysis. but the SADT 
package is described in rathcr sketchy detaiL There are additional 
documents on SAOT available rrom SorTech. but the reader still 
wi!J be lert with the fervent· desire that Messrs. Ro>S and Schoman 
and their colleagues al SorTech eventua!Jy wi!J sil down and pul 
their ideas into a full-scale book. 

·¡_..........., ----... ,., -- .• 'P". 
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ROSS & SCIIO;I.IAI' 

Structured Aná.lysis for 
Requirements DefiDition 

l. The problcm 

22 

The obvious asscrtion that "a problem unsiJted is a 
problcm unsoh·ed" secn:s lo have escapcú many builders 
of !Jrge computc:r upplicalion sysrcms. All too often. 
desit:n Jnd implcmentation b~gin befare the real nc:eds 
and s)·s1cm funstions are fully known. The results .are 
skyrocketing costs, missed scht::du1es, WJ~t~ and t!upt.ca· 
tion, disgruntled· uscrs, and an endle~s ser1cs. of pJtchc.~ 
and repairs euphemistically called "system ma•nlcnance. 
Compared lo ofher phoscs or S)'Siem development. lhese 
symptorns renccl, by • large margin. the lack or •n ade
quJte approach to requirc:ments ddlnition. 

Given the wide range of computer hJrd .. are now ¡ 
avaibble and lhe emergence or sortware engineering as a 
discipline. most problems ,in system devclopmenl are 
b._onting Jess traccable to either the mach•cery or the 
progrJmming (1]. Methods ror hJndling .:he harú".'"'.•. 
and suftwJre components of systems are hrghly suphrsll· 
catcd but address only part or the jo h. For e »m pie. ' 
cven 'the best structured programmint. eNe wdl r.::'lt he1p 
jf the pru~ri.mlmer has ~en lold lO svlve the "":ünJ_ p~ob· 
Jem. or, worse yet, has been given a correct do_cr;pllon, 
but has not understood it. The result, or " ,Uircmcnts 
definition must be both complete and t~núer>t.or:JJble. 

i 
{ 

' \ 
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ln cllurl~ 1(1 Jc;,J "'i1h lhc'c nccúlo, lflC l'\fHC"icorl\ ··~~!r-h.'m .u~·hrl~l·· 
lurc.~· .. ~)',lcm dc\ii;n:· ··~r~¡tcn¡ ;..n;Jiy~i!.." ;.mú ··s~:-.h.·m .. -n~inr.:..:rcn¡:'' ... ¡;~.·m Ir• 

he ~rccplcú t~.:rminoln~::r- Uu1 iz1 lruth. lhcre iS nu \\ÍJc!'l~ pr.J~·ti,:¡;'d nh.'thc•J(I!u
E)' for S)'SICnlS wurk that h:JS _lhC Cl;,rity anJ tlis,rip!lnc o( th~ mor:.· .. ·f.:,~i.:.sl 
tcchniqucco uc;cd in construcíion ~nú ffi;_jnufJ.:-turint cnt¡;'rrri.'-~.·s In m.tnl.f.,nur. 
inr. ror er..mlplc. a sucrcssion o( Plu..:p~iniS. drJ\\ in~~- .tnd !t-J'~'dli,-.!:tt•n-. .:.1p. 
lurcs ~111 of th.: rclc\:.tnt r~quir..:mrnts for J proJucl. This úllllJ'I .. •t~,.· J•r,.~l .. ·rr. 

('omnr antl{l"\1\: 1 h~ r~·'"~''lh uh) th~ \)'1 .. '111 i~ tu h..: l'h:@ 
anJ ~h} C~li.IÍI\ l~(hni~o·,¡f, f•Jll!l.llion..al. JOJ ~.:nn<~llli\.· f~.l'\lhtlr• 

ti~s tU( thc.: crit~ri.t '' hirh form ,.,.,,m,lary ""'·''''.,'11 fur lhc ~}·~
tt nl. 

·' 

-. dcfini1ion <Jnd implr.:m~..·ni<Jtion p!Jn :llln\\S the pwdlll"l,lo h~.· m.11J..: .llnln::.l rou
lin..:ly. by ''husincss as usu~l. •· with no surpriscs. In ;.~ !=PPJ m.trhlL•~·tu~inf 
op.:r:•tion. m.•.íor trnuhlcs ~re ~•,<•id ... ·J b~T:•u~c c\·cn 1111! flht t'r~>dul·¡,l,n run 
dnt.!s not cre;¡,tc &.~n itt:m for thc fnst time. Thc item \\J~ rr\,.·:t~t.·d :•nú tht! ''l'PS 
of forn.ing etnd :.thcmbl) ":ere d(•nl!··me.mJIIy. in thc: minds (lf J~:-i~n~rs .Jnd 

~ cn¡;incers. long bl!fore the set of blucprints and spccific!lions C\er .Hri\l!'d <11 
: lhc production shop. ThJt ~imu!Jtion is madi!' possible only l1l"l'JUS~ the nota· 
f tions and discipline of the blucprinting mcthodolo¡;y are so compll!'te and so 
con~istent \\ ith the desired itcm that its abstract rl!pres~:nttJtion contains etll thc 
infúfffiJtion necded for itS im:tgin:H) prccon~truction. 

SO(t\\J.fC S)"Stcm d.:~i~ncrs alll!mpl todo the -~~me of COUfSC. but bi!in¡; 

fJc('d with 1:r-:ater compk\ÍI)' and less C\;¡,rting mcthods. their SUCio"CSSI!S furm 
.• the surprises. rather th"n their rJilures' 

1 Expericnce h&Js taughl us that srstcm· problcms ;.¡re complex. añd ill-
d<fined. Th~ .:omplexity or lar~e S)ltems is an inherent r"ct or Jire with \lhich 
one must. cope. F.;.¡ufty dcfinition: howe\·er • .is an · artiract of inJdequJtc 
methods. lt CJn be eliminatcd bY the intro urtion or \1•11-tho o hi·OUI terh
niques ~nd means of CApressoon. 31 is the subjert or this rorer, Syst~ms Cdn 

·be m•nur"ctured. like othcr things, ir the right apprnach is used. That ap- ' 
; proach must starl .al the beginning. 
¡ 

Rt'qmrrmrtrtl dr/inition 
1 
j Requircments detinition includes. but is not limited to. the probi<m 
; anal¡·sis that ¡·iclds a Junrtion"l specification. 1t is m u eh more than that. Rc-

l.quiremcnts <k(initi!m must encomp;1ss cvcrythins ncccssary 16 lay lhc fround· 
work ror subsequcnt stoges in S)'IICm úevclupment (fig. (). \\'ithin the total 

· process. which consists. br¡;cly of steps in a solution to a probkm. onlr once is 
J th(' problcm it~elf statcd and the solution justiricú - in rcquir¡;-mt:nts definition. 
1 1-
, - Rcquircmcnts Ucfinition is a c;.trcful asscssm('nt of thc nc:l!ds thJt ·a srs- 1 
: lem is to fulf1ll. 1t mu~t say u·hy a srstcm is nccdcd, bascd on rurh:nt or rore• 

1 ~ se('n conditic.ns. \\hich may be intcrnal üpcronions·or an· C).lcrnal m.H"e-t. 11 
1 

1 must say H11UI systcm feaH.He:s will serve and ~atisfy this context. And it must 1 
. say how the system is to be constructed. Thus. rcquircments de.ftnitil)ll must 
; deal with thrcc subj~cts. · " 

-.... -----·- ·. ...• r,-. 

. . 

1 ) 

2l 

3) 

FWit'/IUIItlf S{lt'q/ictl/lf)l/.' ,\ J~.¡(ciption or ,,IJlJI th~ ~~~lcm is to 
be. in tcrnt) or th~ furh.:tinn., it ntU'III J((()Oipll~h. Stnc~ thi:~o ¡~ 

pJrl of th~ probkm )tJtcm..:nt, it mu,t onlr prl!\,111 boru,/,uy 
(tllld;ttUIIS for Cnnsid.,:r;tliOn'll f.liCC lO be (d\.ó.C'n Up in S) )1\,:nt 

dc'ibn. 

Dt!51gn l'tJIIllfCJmH: A summo.~r) uf c.::onú,tion~ spl!~.:if) tng hu,,· lh_\!' 
r~quir~d system is to be cnn'ltru~o·teJ and impkm.:ntcd. Th•s 
d"vl!s not n(ccss;.¡rilr spel."i(y ~ hich lhings "ill bl.! in th~ sysh:m. 
RJthl!r it· identific:s bv•m,ltJry con,ftiiOI/1 by ""'·hi¡;h thosc things 
may later be selected or cre"ted. · 

E:~ch of th~se subjl!cts must be full)' documt:nt('d úuring Jequiremcnts 
d~finition. But not~ th;.~t tht:s~:. Jfl! suhjc(:ts. not documc.:ntli. Thl!' contcnts of 
ri!'Suhing úocumc:nts will >v;.¡ry according to the nel!Js of the úc ... clopm(!nt or~..1n· 
ization. tn \lny case. they must be rcf(rC:nL·e documcnts 'fthi"·h justify all t~Spl!'t.:ts 
of thc rcquircd systl!m. not dc:sign or d!!taJied Sp(,cifkation Ju~o"umc:nts. 

1 
R~.;v.ttmcnll 

CXfinoloOO'I 

l 
Buold 

OP'tRAllOP.AL 
SUU'f 

fi¡urr ~· Slmplifil'd ,¡,..,. 
of 4r,r1cpm~nl qclt. 

.•. . ·- ·······---- ... · 

WHT 

"-'IIAT 

HOW 

.. rlawrc 2: luh \vbj~cl hu 
a fwfnSuntnl•l ¡,uo~~·p·nt. 

1, 
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1 E.ach of thf: subjc:cls has 4t srcciflc ~nt! J,m,ted u,J~-tn _lu~tif,inf th: re· J;'f_:.-, .. ,~h. To üeftn~_r~qulr\!Tll(':ll\, on~ mu't un\h.·:,r.uoJ· 1) lh~ nJturc of·Ut"'t . 

... 
· , - · h . ·. · ¡ \\h1 .. :h IS 10 b~ de'i~o."rlb~Ü. 21 lh1.• form or thl! d~o."St.."ril'tlnn~ Jnd )J lhl! prv,.·~.·'lol of quirtd srstt:n. Collecuvely, they capt"-Jrc o~ ('1.1p::r. ~~ : ~ oi:'t'ft•~rl.\\1! time.~ 1 

rele,,ant kncno~,lcdge aboul lhc system probL:m in J .. ·c,;nplc:te. "'O:"I.:ise. 
co!T.p!ehen~ive form. Taken tÜgether. th~)e s~hjc~.·ts Uefml' thc \\h0lc n.:-ed 
Separately, lhe}' sa)' ,,·ha: the S)'Stem is 10 b! rart or. tdall tt: S~ St~ra is lO ~e. 
and of "·hat !he syslem is lo be wmra;ed !Fig. 2l. The rrc,:es, k no" n •• 
•·an.í:ll)'sis"' mus! app1y to <Jll thrce:. 

Descriprions of these subjccts just frdme the J'rOb!t:m: thcr d1' not SC"h e 
il. Details are pos!poned, étnd no binding imp1~mentatiorl dccisiPns 011re ~el 

made. Evcn dctailcd budgel and schedule eommilmenls are pul off. <><<PI 
· ! those fcr the nexl phase, srstem design, becJuse they depend on ·lhe resuhs of - r 
.¡thal design. Requiremenls definilion only (bul complelely) pro1·i<Jes ~o,.n.ta~·· 

condJij·vns for the subsequent dt~ign .and implcmenlation Sla~es. A probl!!m 
1 welhtated is well on ils way 10 a sound solulion. 

Thr problem rtl'tsiled 

.!O.J!} )i'i 

~!Jny remedies to lhese problems h..-e been propo.eJ Each proje.:l 
mJnJ~(m..:nt, JOJ1ysis. or spc:drh.·Jtinn s~:h~mc. wh..:rh..:r ''stru(lurc:ü" or not, 
h.1s it; O\\ O adh::rl!ntli. Mo:;l do ind..:~t! offN somc impro,cmcnb, for any posi· 
ti\'C slc:p:; Jr~ b;!tler than none. Uu1 J signifk.•nt inip.~"·t hJ~ not bc:cn achievc!.l, 
bú'JU~\! tach partial solution omits cnough of the C:'i\COii.al int;reJic:nts to be · 
vulnc:rabh:. 

Th~ key to succcssful rcquiremcnts d~f1ni1ion lies in rcmcmb~ring th.H 
pcopl!! dcime rcQuircnh!nts. Thus, any uscful discus!tion of rtquircments 
&.kfinition must combine: 1) a gencric undcr:;tJncJing of S)~:'='mS u·t:·1ch is 
.scie~tificallr sound; 2) a nolJlion and Slruclure of do.:urnentin~ specific sprem 
knowledse in a ri~orous, easy-lo-reJd form; 3) a prcxess for doin~ an.lpis 
which ·includes delinilion of people roles and inletperson•l proceJ"res; and 4) a 
WJ)' 10. lechnicallr maMge lhe work, which enables allocation of requiremenls 
and postponemenl of design. 

The question still rcmains: why is requirements definition nota stand~Hd AcJd<:mic arproJches w0n't do:¡l A rr.1gmatic methoJolosY must itselr be: 
part of every S}·stem project, esperiall}' since no! doing it well has such dis.as· J) tcchnically ft::Jsible, i.c., consiste;l:! wi¡h the systems to be dn·e!opcJ·, 2) 

-1 trously high cosls (2]? Why is projccl stan-up somelhing one muddles lhrough operationolly feasible, i.e., people wi!Juse il lo do lhc job well; anJ J) economi-
1 and v- hy dcx;s it seem tha.t requirements are never completely s:ared? ,\\'hat. cJlly fcasible, i.e., norice.J.b!y improve. ~he sy:;tcm dcvclopment cyclc ' .. gocs wrong? • .~, ·· .· 

· This P"Per skelches such an approach, which has been succc»ful in bring· · 
The 2nsY;er seems to bt:. th3tjust about eve'rything.goes wr~ng. ··stat!!d re· ing ord<!r and dir!!Ciion toa widl! ranse of sys{l!m contexts. In even lhc most 

quiremenls are often exce~sive, incomp1ete, and inconsistent. Communication trying of ci· :umstances, something can be done to addrcss the need for re·· 
and docu'mentation are ro~dblocks, too. llecause they speak with different \'O· quiremcnts ddinition. 
té:lbuhsrics, users and dcvclopcrs flnd it difficuli to curnplctely undc:rst.~nd e"dCh 

other. Analysts are often. dr.awn from the c!cvelopment orgJnization, 0:1nú are 
· unable to document user reQuircments without simultaneously stating a de!>i¡;n 
approach. 

1 Good requiroments are complele, eonsislenl, teslable, lr•ceable, fcasi~le, 
· and Oexible. By jusi staling necessary boundary condilions, lhe)' !cave ronm for 

1 tradeoffs during systcm dcsign. Thus, 8 good scl of requiremcnts documl!nts ! can, in ctTect, serve as 8 ·u~cr-dcvclopcr·contr~ct. To nttain'th\!se ~ttri?utes, 
simpl¡· proposing a lable of contenls for rcquuemcnts docun>entauon 1S nol 

. enough. To do lhe job, one mus! emphasize the mea11J of defining require
l mcnts, rathc: than _pi eSCribe .the contc~liS Of documcntation (whi.:_h \\'liUld, 10 

any ca~e. be mwnss~ble todo In a gcner1c way). 

; Even in or¡;anizatiuns which do slipulale sorne documcnt or anolher. lhe 
! procc:ss el dcflning n:quirl!mcnts rcm.Jins J.,!Jorious amJ inconclusive:. Lackin¡; a 
· cornplele dcfinition of the jub lo be done, the cffect of a contrae! is lacking, and 
1 the desi~ners will m<ikc tht mi:;..,.ing ~~surnptions and d;:cis¡<·n~ bctJl!se th~y 

:: must. in arder to gct the job done. E\'en ~hcn thc v:~iue of rcquircmt•.nts 
t. def1nitior¡ :. rcco~::nited, i1 l<1~:es m0re !han dc: 1crrnin<Jtion to h.~vc JIO C'ff~~-,.¡_,e 

·- .\.......· 

11. The proc<s. of requlremenls deflnlllon 

Tht narure of systtms 

One funJamc:ntal weakness in currenl approa~.:hes to requirements 
definition is an inability lo see cle"rly whal lhe problem is, much less me»ure 
it, envi:,ion workable solu1ions, or apply any sort of JSscssmenl. 

It is common prJCtice to think or system ar,hitecture in lcrms or de vices, 
languag~s. transrr.ission links. and record formJIS. o .. •erview chJr!S of compul·. 
cr systcm'i typicJily cont~in r~fert:n~o:cs to pro~rams, files, lcrminoll'), Snd pro-..:~s· 
sors. At the appropriate time in srstem devclopmcnt, this is quitC' pr~,..t-~er. But 
as an initiJI b:fsis for system tllinking, it is premJturc anc! i: bl::x·t.:, (rom vicw 
prt:dscly thc key idea th..1l is esse.ntial lo succc:::.sful re~uircments Jdi.nition - . 
the algorilhmic nalurc of all syslems. Tltis impunanl con.:ept c;¡n besl be en·¡ 
visionecl by givin~ it u ncw n.tme, lhe funaiona/ orchllt:crurt. as d1~ltílCl from thc ~ 
sp.ICtll archilc:rturt:. 
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~)!tlcms' l"CJO"'i\t of thinss thJI pcrform Jlli\"iiiC) th;:t jnt;.'T~rl '-'ith~h¡,;r lhi1~_;.¡ JOJ h;tfJl..:llin~" ;n~ SO intinl.\k'} r~.•I.III!J th.st lh~y t..'.trl on1~ CÜ\1 lo~'~h
things, c~rh such inh:rall"lion t·un"::ltituting a h:tppi.!ning. :\ fun~..·tiflnJI ith hit:.·... cr. .-\ fun.:tionJ1 :H~..·hit;:~·tur.: ah\J)"'i h.t'i a \Cr~ strun~ slru..:t..H: mJ~in~ e\rl~o.:it 
ture is a ri¡;orous b)·out of Jh~ ~clivitic:s pcrfurmnl by J S)Sh::m Ílt.."lllpur~ril~, th~.;~ ri!I.Hionships. Fun¡;ti•)nJI tHL"hit~..:turl! is. pt:Ihapi surpr;;,in~lr. both ab
dlsregarding "'he or v. hat docs thcm) and thl! things '' ith \\ hich thCl!-t" o:teti\ ¡ 1 ¡~\ ~ str;.l\."1 anct Pfl.~cise. 
interact. Given this. a dcsi~n. process will crc;Jte a srstl!m ;H.;hil.;-,""ture whi~.·h · • 
implcments. in Good arder. thc func1ions of th~ funrtÍl'~O;JI OJrch!t.:~.·ture. Re.; 
quirements dcfinition is founécd on shU\\Ínt \\h~!l the.functinnal ou~.·h.:ccture ii 
(Fi¡. 3). al so sho"l4·ing why it is \l.hat it is. ;,¡nd constrdining how thc ~~ s.h:m i:lr· 
chitecture is to realize it' in more concrcle form. 

Pr<.-i;ion in functional archite.:lute is lx~l •chie,·ed by empha\irin~ only 
00~ prinury StruL·tural r.:JJtion)hip 0\'Cf ·anJ ovc:r - lhat or p.HIS anÜ \'1 holcs. 
PJrtS :Jre rci.Jti!U by interr..~c~·'i to constitutc wholci 'Nhich, in turn. are puru of 
still lar~u Y.holl!s. h is al"'ays vJlid \O e~press a functionat architeclUre from 
th~ gene:ic vie~· ch.:.tt systcms are m;:¡t.Je of components (pJrts anJ intcrfil.ccs) 
Jnd yet ar~ thems::!h·cs components. ·--·-.. 
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fl~:urr J. Function:.luchlttcluu· h nrnclr~ by :an:a1~sls. · 
• 

. ........ 

The concepts or function31 architccture are uni\'ersally _applicable. to 
manual as -well os automatéd systems. and are perfeclly suited 10 the multiple 
needs of con1ex1 an31ysis. funclional specificalion. and design.constraints· found 
in requiremenls definition. Suppose, for exarnple, lhol an operation. currenlly 

, ¡ being performed m~nually is lo be aulOrnaled. The man11al oporation has a srs· 
te_n~ archJtecture, composed of people, organizations. forms. proc~durcs. ~nd in· 

::centives, _e\"en though no computer is involved. Jt also has a functional archi· 
f lecture. ou!lining the purroses fór which the system cxists. An automatcd sys· 
r lc·m \4"ill imph:mcnt lhe fum:tional architeCture with a difTcrcnl systcm architcca 
: lure. In requirements dcfinition. we must be able lO el\tract"lhe functipn¡.¡,f ara 

chitecture (functional spcciflcution), and 'link it both to th~ boundary conditions 
for the manual operation (contexl analysis) and lo the boundary condilions for 
the automated syslem (design conslraints). · . 

Functional architecture is founded on a universe 
J hoppP1Ú11gs: 

generic of thiu¡;s and 

1 

objccts opcrations 
dala aciÍ\'ilies 
nouns verbs ., in(ormation proces~in¡ •. 

1 sub!.t;..nces ·e\'enl! 

1 passive active 
. .... . .... . . . . 

So like all otha archite¡;tures. thc sttucture of functionJt architccturc: is 
both modulu and hierJrchk (e.ven draftsm~n snd. watchmakers use "topa 
do.,·n" methodsl. Like oth"er architeelures, it c•n be seen from difTer<nl 
viewpoinls (e\'en lhe cons!ruclion ltJd<S use ·dislincl slruclutal, eleclrical, heJl· 
in~. and plumbing blueprintsl. And li~e olh<r atéhileclures, il may nol neces· 
SJrilY. b~ ctiúi!.!d as a physical systcm would be (c•en a cin.:uit" diJ~r"m does not 
show th~! a::~u:!l layOUt ·or componen~s. but C\'ery impo:tJnl· (le¡;triCa1 charJc
t~ristic is repr!!scnted). 

This universal w3y to view any sys1em is the key ·to successful re.¡uire
men¡s definttíon. From· our exp¿-rience, people do not lend todo lhis n•lurJIIy, 
and nol in an organized fashion. In facl, we find thnt the mo;t b•sic ptoblem 
in r<quir<ments definition is the fact Jhat most people do nol even realize that 
such uni"ersalily exists! When it is ••plained, the usual rcJclion is, "that is 
just common s~:nse. 11 But, as has bcen remarked for ases. common scnse is en 
uncommon commodity. The need is to structurc such concepts wlthin a disci· 

1 

pline which can be learned. 

Tht furm of doct~menration 

To adequately define requiremenls, ene mus! cerl•ínly t<alize thal func
tional architecture cxists. can be mc:.tsured, and can be e•.aluatcd. But to 

. de.SI..'ribe it, onc needs a communication meJium corre'>pondint to the blue· 
prin1; and specificolions lhal allow manufacturing 10 function smoothly. In f•cl, 
the form of documcntation is the key to nchicving communi..:.tlion. ""Fcirm" 
indudes paging. paragrJphing, use of graphici. document ort:Jni:Jtion. anJ so 
forlh. Bccause the distinction between form and contrr~t ii sn povrly undcr· 
s1ood, many adequate· system descriptions ate unteadable, simp:y beca u_. they 
are so hard lo follow. When Marsh•ll Mcluhan said, "1he medium is the 
messa}!_c:· he wa5-app~Hcntly ignofed by most sysiCit:l an¿Jysts. 
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FUNCTlONAl AJI.CHITECTVRE 
IU.lRUE:"'IllhG . 
LOGICAL STAUCTUR.E . 

S\'STO.I AI.CIIIJfC"TVRE. 
aHAU_lhfi.""'G 
rli\"SICAL STkl'ClURE 

Flcurc- 4. ~b)slral 'lruclurr ls sddorn ldt'lltlcallo lu¡:lnl ~truchH~. 
1 

j To ochie,·~ communica.lion, lhe form of lhe di.1p,101 in "hich ~r•phic 
,sl mbols a~pcar •s also 1mponant. They mus¡ he boundcd _ 1n a sindr r•fc or 
r•." of facmg pagc~ - so that a reader can se e at once 0, orylhins which <•n be 
sa1d about so01cth•ng. Each lopic musl be ca•efull)· dclinealed so 8 «•J<r <Jn 
~raspthe whole rnessage .. A rcader mus! Le able 10 men1all¡ -.·alk lhroufh !he 
~~Chlle.clt•ral ~!ructure wh11:h 1_s portra}'ed, ;ust Ol.S blucprints c:nahk .1 mo.~nlJf<IC· 

r~r '\.__.--ce the PJíl~ Wúd-.¡ng hJt,:clhcr. And finLi1~,. t·••cr~ 1!1in~ nHJ.,I b.; ir 

... 

e· 
L1~_\C::1 sn lhai lh~ \\hr,k sr:t _.f Ui.l!.:!<=nh \\i11 forrn oa t:tlll1J_,1.:l..:_ '"~~..:~ ,,f l~~~ Jf·l 
chn..:..:tur~ 

Thi ... ;!ppc:Jri to b..: a c.n O(Lkr. but v.h\!n d·m..: ctc-sJnttr. il )i'ctJ' c! ... h-ll·l 
m.:ntJtion that is ckar, comrkt(, 'on..:is~. consistenl, and con,in..:ing In ,;,dJi· 
ticm. th..: hier.H..:-hi..: litructvrr of the dOl:um(nta.tinn can b( cxptoih~d both to óo 1 

anJ tn ni.IO.I~~ thl! prcx..·t:.¡.;. or JOOJiysis. Dy CC\"kwin,b thc Cnt(r,l!nl l!O..:LiffiC'n\J·I 
tion in"'·r~ln~nta11~·. for C:Jií.Unp:c:. "'hile: rc4uir1!ments ;uc bcing Llcline.atcd, all in· 
\(rC:HeJ pJrti<s cJ.n ha"·c .: \·oicc in. dirl!l."ting, thc puxes5.._. This is onc of thc! 
((.:Jturcs thJt results in thc ~t:mdarJizeJ, business-as-usual, "no surprises·· ap· 
proJ .. ·h found in mJnufacturlng. 

When thinkic.~ about why requirements are .neither wcll·SiruCiured nor 
well-docum~nted. one mu..rnot forget.that any proposed melhoJülosy mus! be 
pc:ople-ori~nted. Tc:chnical math!rS rDJtter \'cry much, but it is thc: wishc:s, 
ideJs, needs, con~crns, ao.J 'skiils""ór p<oplo thal dclermine the 'ci~i.'~'mc. 
T ec·hni.:"l as~<<l> cJn only be adJre;scd lhroush the interaclion of all people 
whu havc: an intt:r~-it ·in tt".: systún. One of the currcnl diRicuhics i-n rcquire· .. 
r.-t(nts ddlnition, rl!memb;!r, is ~~¡Jt s: su:~\ úe\-·c:lop~rs ore often chargcd with 
do-...·uml!ntlns requiré:ments. Thcir desi~n background lc:ads them (ho"'C'-"CC 
\ 1•,'1;!ll·intl!r.lion('J th!!)' ma~· t-~) lO thi<lk: or S)'Stcm arrhitc:cture ralher than fun~· N 
tion.!l Jr..:hit~ctur~. a.nJ to Jdint! re4uiremc-nts in túms of solutions. · ,~ 

Considu a typiCJ\ s~t or p~!Opk who must activc:ly participJIC: in rc:quirc:· 
m~nts definuion. Thc: cus:omu is an orgJniz;uion with a nced for a ~;·stcm. 
ThJ.t' customc:r authorizc:s 3 commil!.iontr lo acquire a srStem which will be 
op'~rJt(.d by us~rs The commission~r. althoush pcrhaps tcchni.:ally oricnted, 
probJbl;· kno"s les; about systcm t~('hnolosy th.J.n the dt~l'lc¡:.·n '-4ho will con· 
struct thl! s)'Stl!m. Th!!Sl! four pJrlies may or may nol be within onc or¡Jniu· 

-tion. For eJ.:h a~::"l.inistrativ~ structure, thcre is a managc>tlltut group. Rcquirc:· 
menls definition r..usl b¿ understood by al! these p•rlies •. an\"'er the qucslions 
they hJ\"C about :h! s;·st~m. and serve as the basis for a developmcnt conlract. , 

E..tch or thn.t pJrtio!i is a partisJn v-·ho~~ connicting, anJ ·ortc:n vague. 
dcs.ires must Pt: ~O\Jlganuted through rcquirenu:nts dc:finition. ~ht:re is a necd 
al th~ cenler for u¡ined, profcssionJI anulym who actos o coiJiysl 10 gel lhc as· 
soned inform••ion on pJpa and lo mucture from it aJcquale r_e~uircmcn1s 

documentJtion. 11>! meniJl fJcilil)' lo comp~<hend ab;!rJc:ion, 1he abilily 10 
communicate it \l.•ith personJl lact, alon~ with thl! abilit)· to arccpt af'\d deli\ cr, 
valid criticism, a:e JI! hal!niJrks of a profession•l Jn•l)'<l. ' 

An~iysls, rri!!ly of whom may be only parl·lime, oc e nGI np«leJ to supo 
ply expenise in &0 aspecls of lhe problem arca. As pror"'ion.ls, lhcy are ••· 
Pl!~lt::d to scek owt rt:Guirem~nts from .c)..pl!rtS among the othcr pJrlies con· 
cerned. To sue<Nd, the '"'' of analysis mu\1 be pro{><'rly monJ,¡d •hd coorJi· 

•.. 



----------~-------------.~-~-~¡ ' n;:teú. ant.f UH: íC4uirc1rl..:flh d .. ·f".nilll•n 1t..'lfw1 llltJ ... t l.'lllhllo.h nwl:!p:\.· \ '· hJ'••;nt::. 
1 he~e \·jc,, poi ni S m;i)' b·~ (1\'t:ti.•PI'Hlt. ;1nd. tlll.l\iorr.rll.\. l,.'onlr.rdh·tnr~ 

.\/uriU):I/1}..' rhr Ot/O~rJIS 

----~~~~--------' <i? 
ll!r is pc~(i-..:lv th!! la.:J.. of ~uid.!lh.\! ..a•wt~l lh~ ('CeA•.·,\ Of .aO.J1)"3i\ lhJI 

n 1 .~\;,:, r~'-luirt'm~n·h lkf,niliun ')Ud\'' hhol ill-'td'' \t .. IJ)' ~'.~<~l'k n..:.:J f<_,·,h;nL. 
Jb~o.h.ll 'uuh· ;~n .. ll)Ziu~ prubknh ("Ui\itk ;.~nJ (tJI\'-Ili('C J, S\.'~o'uh:· In lhc 
kn0,\1~~~~1! thJI postponi!J dc\7Í)ions v.i!l dO\CIJil b~e:.1U\C lh..: PIVI.'C\\ thct u~c 
c:nfor'-"1!~ consis~c;:ncy. AnJI)·sis is an Jrl of con)iJ..:rntt~ C:\·..:r>th1ná rci.:\Jnt al 1 

B~rau)c m0:snr intcrcsl!i dfC in\ohr-1.1. _rC'quir~ml!nh t.h:f"1ni1iun· nHhl :o- .. '1\-~ girc:n ~h)int, anJ notllin~ more-. AUc 4uJit: rl!q~ircme_n_IS "ill be complc1~, 
muliipfC' purro>L'S EOJrh suh)~cl - roniC\1 JnJI,\~is. funl'l,,•n.ll 'l'··"i!'h·J:IL"~O. Y.ithnut O\CC·)p ... ·~.·ifkJiiL'"· anJ wi!l p~ohlponl! ..:crtJin _c.Jc:_.:t)IUIIS .tu I.1~Cr s.tJj:iC) ~n 
-..nJ tlnit:n L(IO~IfJÍO!~- nllnl be C\Jrnini!J früm ~ll I~J~f tlnr:~ l'••lflh or \¡,.'\\': th~.sr::.t(:lll Jndopm~nt pr(J'\.·t~S wilhOut artifile. ThiS ~S espct.:rJII)' l~lpOr!Jnl In 

lechnicétl, npd~liunal, ;.,nd ccunomic. Tcct1nic;:ll o.t!>Si:S)m.:nt or r .. ·;r~ibilrl) .. ·on- thc: d(:velopmc:nt o( thos.~ compk\ systems \lt'hl!rc rcqurrc:mcnls uc rn.lP<ncJ by 
ccrns thc oJrrr~it,c.tuT~.: of .i:l S)st~m. OperJtÍOnill ;~ssc::.smt:nt rnn .. ·erns thc- r~rfM· higher Je,_·el con~i~aations (Fis. 6). Dc=\:isions musl be afhH~:tJ (r c., po:.t· 
m;..nce uf 1hat .~rslcm in a "orkin~ environme.nl. Er~~fimic f.:;r:iib~~il,\ ·~9n ... :l!rns poried) be:: cause: 100 m.my thinbS intardJIC: ¡~ 100 m~ny c~mphcatcd ~¡¡ys for 
thc cn~t~ i.!Oú 1r.1pJCts O("!!l)!-.t..;m rn:plc:mcnt;.rtrun·and use. Thl! P<llnt 1S. \rmrlr pi!Ople 10 und!!rSIJnd, al! al once:, whJI is anJ ts nol bctng SJrd. 
thal .a widc: llafic:ly or tapies musl l.le CúnSich:red in r~quir~m.:niS dl!'flrlÍiion 1 Fi~. ' 
5). \\'ithout a plan for assl.!mbling !he pit!ces inlo coh~ren1 re~lrirl!'m(nls. i1 is 
ca))' for tt.e 1.10o~lysis leJm to lu::.e lheir 51!n::.e of dirl!'ction Jnd O\asa~p lhcir 
r c:spon )¡ bili t)'. 
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n,u, S. Mulliplt 'lt"Jtnlnh ot friJUirl'llll"nl) drli¡dtinn .. 

Requircmcnls dcflnioion, li~e al! syslcm tlcvelopmcnl sugcs. should be :~n 
ordcrfy pro~re\sion. Eat:h IJ!.I.. h a locical Stll'n.-,~or tu \\ hJI h;,s, curnc bd1•re 
.snd is cwnplctc:<.l hc:fCJre prv .. c~Jing .(0 Wh;Jt l'UniCS ari~!L Thr<·u~h(IUI, ,.n.: 
nru~l be ;.tbll! lo 4nswcr the s;.¡mc thr~c Qul.!stillll~. J) \\'hat are \41! Joing~ ]) 
\'.'hy are: \I.C doinc it? ',)) llow c.Jo we pr<•1.'C\:d f1unJ hcrc? Adc·w~ue lll.ttlJ!!I!· 
mcnl coml>!s from a~king thc~l! quc~liUit'i, ih:lalivcly, at C:\'Cf)" ·poini in lt1c 
dc\o'clopmcnt p:t~cess. And if rn.ulo~tcrnc:nt i!t not 10 be a chamckon-lil\c ;sr1, 
tht ~;une bücJy O( prOl'l.!duraJ J..nowk·d~e !thotJJd be llppJir:1bll! ('\~1)' time. 
:!llhuuth the .\ut1jl·ct at hJncl Y.·¡ll l:dT·:r. .. . . . . . ""' ·. 
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Fl¡utr 6. Anahth h rtptlllh~ In 1 complu ~ntlronm~nl. 

Controlling a systcm dc ... clopmcnt projc:ct is nc:Jrly impuüiblc w~1hou1 re· 
views, w:llk·throughs, anJ confi~urJIÍOO mJnJ~I.!nh:n~. Sut:h .'~"·h~·~ul"-, be· 

. come workJbk "hi!'n lhi!' ncc:d (or ::.)"1\lhc)is is rl!..:ogn,lc:..t Qunc ~IIIIJ'It. Syli· 
• tem om.:hit~Cfllfl.!~ JnLI Jllo .. ·.ttcd rl!~tlircmcnl'i mu:.l lH." ju)tili.aL;l. 111 J,,.'rt ,,r ¡u e· 

viuu!.IY st:Jtt.:ll rc:quirl!m!!'nts. One ulJY choosc:, by pl:•n o~ Uy J~r ... r!l. tiOI lo en· 
force such ll'.Jl'C;tbility. J(owevcr. vJiid.llion anJ Vcllfil"Jirun of \ll••··:::••&:nl prnr 

be l'r .. ,.¡,,,J,··I l•¡· ill·'lou.:tu¡c:J JnJ uuLH!r .. .,¡,,,bk rct¡..Jifc· Cd :.1.1~C"J lilll :ot IIIJl .. ~ ~ 

mcnts. 
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VJ{JUS y, CCJ!.IUO!t on p~:~per iJIC tnc on y tml!~ th.11 \.'OliO l. "nu'\ 111~ lhal 
on allcrnali•e was cunsidcrcu •nú rcjc(!cu, anu why, m•r of1cn be"' impc; 1,n1 
as the r~n;:,l r~quircmcnt. Full UCJcun¡Cnla\Íún b'-=C(Jmc:s doubly n~~'l!'!i\J.q "'hcn 
!he m•ny p•nies inYO!Ycd are scr•¡;raphically scpJIJicu •nd "h~n SI off lurno1 er 
or exp;nsion may occur befare th: project is completed. 

Thc fealures just discnsed ol len~th - funCiional architccture. do.:umen. 
!ilion, analysis teamwork, and'!he ordcrl¡· proccss of •nai¡Jins •nd syn:nesizin0 

1 mul1iplc viewpoints - all must be intesrated when prescribing a methojolo¡;r 
l for requirements defJnition. 

l 111. Struclurtd an'al¡sls 

! 
' ' 

Ourlmf of rhe op¡uoach 

For se,·eral ycars, the senior author and his collea~ues al SofTech hHc 
be en dc•·cloping, appl¡ ing, and impro"ing a general, .bul practica! opproa.:h 10 
hindling complex S)'Sicm probkms. The me1hou is colled Struc1ured Anal¡sis 
and Desigp Techniquc (SADT•) 131. lt has becn used successfully on a \\ide 

1 

rangc of problems by bo1h SofTech •nd clients. This poper hos presenled sorne 
of !he reasons why SA DT works so well, when properly applied. 

SADT eYolved nalurally from earlier work on !he foundalions of so~1ware 
enginccring. lt consis1s of buth lcchniques for pcrforming sntem analysi.s ond · 
de;isn, and a proccss for 3ppl¡·ing thesc lcchniques in requir<menls dcfinilion 
and syslem dcYelopmenl. Bo1h· fe;;lurcs signiflconlly increasc !he produclivil)' 
and cffeclivcness or leams of p:ople invo!Yed in a srstem projecl. Specifleall)', 
SADT provides rrielhods for: 1) lhin~ing in a struclured way aboul lar se and · 
complex problcms; 2) working as a 1cam "ilh effee¡ive division nnd covrdina· 
lion or ciTan and roles; 3) communicating inlcr,·iew, analysir, anu desi,;n 
rcsul1s in clear, precise notalion; 4) uocumcnting curren! resulls and decisions 

' in a way which provides a complele audil of history; S) controllins accuracy, 
com~lcleness and qualily lhroush frcquenl review and approval proceuure: and 
6) planning, manasing, and assessing pro~ress of !he leam efforl. Two aspem 

·' of S.'. DT deserve special men1ion: the graphic lecl)niques and !he d~flnilion or 
pcrsonnel roles. · 

Graphic ucl!niques 

The SADT graphic lansuage providcs a limited se! of primitive <·onstrucls 
rrom which analysls and designcrs can compo>e orderly slru~lures of any re· 
quired •ize. The no1a1ion is quite simple - jusi boxes and arrows. BoxtS 

• rerresenl pH!S of a whole in a preci~e manncr. Arrows rcpre1en1 in1crfaees 
· bclwcen parls. Diagranu represen! wholes and are composed of boxes, arrows, 

. ! natural lansuage names, and ccrlain other nolations. The same traphics are ap· 
' ¡;~i~•ble lo bolh activities • nu d.la. 
( ~'!- .. .,.....·~·~---- ......... '--:"" . ··~--·~· .. ··- ... 

. , __ 

u....., .......... .. 

""' -'·"' 

• 

A S \DT model is 3 graphic represcniJiion of !he hicrorchic muclur; or 
n ' . h fi ur ose in mind A moJel IS sl!uelureJ so. 

a S)'Sicm. decomposcd Wll 3 r~ ~or~ dc!Jil But .ÍIS ucplh i> b.;)unúed b¡ ¡he 
i•hal [1 ~raduJII)' e,'poses ~~~ :~ú its conlent is bounJoJ b) ÍIS ,lc .. poinl. 1h~ 
¡ rCSIII.:IIOO or LIS \3017ge p • d • lh IJ)Cfillg of !he IOp·ÚU>'oO UC~o>ll\• 
' pri~r~lics ~icll>llc<:.b~~~~~~~~·mne\:;.;~,'~"~olh e muhiplc vi e" puinls onu lhc '"' i· 

pOSIIIOn. " U llp • . . 
OUS SIOSCS or SySICO\ rc~liZ~IiOO. . ' . . 

SADT dia•ram represenls 1 con.IIJIOI re!JIIOO· 
Th·' arrow s1ruc1urc on on • 1 fur 

. . - h b , •.. h docs nol represen! now or control or ~.:qucnce, 1 

~
·Shlp an,\00~ 1 ( noo e\,,, ror ~ compuler pro~rJm. Con\lrJinl 3ri0"'S •huw 
cx.Jmr e. on 3 ~ . 
·n~'c;sJry condilion; imposcd on" bo•. . . 
' rc-prc:)cnt íriterfo.~ces bet""ec:n bo».i!~. wh.~thc:r &n .thc SJmc or 

. ~tost arro .... s arrows rc:prcsc:nt noninlt!r(J¡,;c &nlcrlo..¡,.,ng b<l ... ~~n 
dLfferenl models. Sorne . el\ .. ,

0 
bnlh oY<rl..op. 11 ~ ,.r mu1Li111< 

-·• 1 To •Cih<r lh<SC conccptl " 1< ' • • . 
OlV\JC: S, D • . 'b 1 . of uooJ OHlJI)!.·I~ ;,¡niJ d..: \l¡),l fHOj.,;d~ 

. · d !he d<WJble Jllrl u e> • · 
VICWpOiniS '". . . . J rorlh 14)). Tllc intcrf •• < '"J· oJr<, ('Jrll~l>· 
(e.~., modulll!ly, Oc.\lbliLIY,¡"~ 510 f d'JgroffiS CICJIÍn~ ¡ "eb lhJt inte~roiCI 
!Jrly. pJS>CI lhrough SCY~ra CY~' ~ "'1 !he wholc ;yllem'l en>iLurllnen!OI in·¡ 
all p>rtS of the dr.co:npOSIIIOO an S O S ' 
lerfJ~<S wilh lhC 10pn10SI boK. , • - __ .. 
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CleoHiy, lt:Quirc.:ment\ d.:fir.lli<•n r.:quirc) L'l•l'p.:r.ll,,.: t.:'.IOh\tlr~ (rPill 

mi1n)" peojl!e. This in turn dcmJnds a rk.H t~dinilion or lhc kinJ~ of lnl.:r..~.-. 
tions \l.hich should o;-cur t"l.:t,,c.:n thc p.::)U/int:l ln~olq:<.J S .. \DT ; 1 nth.:ip.ll.:~ 
this necd by CSIJhli5hin~ '''k' ~nd funt!u.ns of appwpri.JI!! re,~.:, IF·~· SL In J 

requiremcnts dcf!nnion dfor1: for C.)t..!mple. !he '';1uthMs'" \\OLlld h~ ,,n:.h~ts. 
lraincd cnd <>P<flonc<d 111 SADf. · 

...... ,....., 

(.,..,.. 

P'fote•l lob .. o .. n 

ro~CI 1-ii"--JIF 

hliii...,IOI' 

-------- ------------
F,.n,.,,.,. 

'''"•nr.cl ,.,.,,. ''""~ lc.,¡,..ornw:n•~ .n.J •lot\IU~onn •""''" t~J
'"" r~I'I.IK>fl' .... ., •rrlfUfll lhrrn b) IT\•\Jch 1\.o..,J '"'S \UT 
d .• , •• ,.,... 

u .... :JJ ... ,tou<a. •hu "'"'" lc•oc• •nCI '"mnocnl •ft '"'''""f r>n 
ll'lt •P<k ot uthtr ... ,,. .. ,, 

Pt~won,.cl •hg U•d SA.OT d .. fi•"U r01 onf,.,"'4''"" t- .. 1 •rr 
no1 c•rectrCIIo 11'>4\c •r.urn cunarncñu 

l'ctu.n• 11141'1 •h••m '"'"'"• l"btlon t('l'•••l•rt4 ,.,(,.,nut•t>n 
, ... ~, u;¡ ... rc.,>tnU """' u.onou.,.,,·, h "'"""' r( ,,.,. .. ,,. 1 

A f"•>~r> of Hl\•'-" ICohnoe,l ('l''.,;,.l'lcl ''''l"td u• "''''" 1hc 

¡n,l¡l•l 11 cocr¡ n •• , .. , lrotl "' "''''"'''"''''"" lhr) '''"" 
,.,.,¡,1 lf,t.nootl I>I .. U Lol IC'oulhftl(ftJ 1 (1,,.,.,,. 10 thc r•oVCCI 

tf,onofCITICl\1 

o\ ('l'oum ·'''''"'" lhc lllf't•nl•l'tolot¡ ,.r "'"'"1••"·"1 • arnu¡l
ucll f.tr 1-l 1U l'll·o~•• tl ... o~nlln\1. l'llo\oftl tl'f'tCo, 4otll•""""' 
u.Jcr ''11 kccr'"' "•'"•h. ut 

lhr n~tm:.CI t>f ttoc rl...,,r.-1 •hn h11 lhl'ftiUI llo·hn>CJI·_rti('Oll· 

IIDolll) f(ll '.oll¡lr'if Q,.¡ 11'11 l¡t\Cm lftii\U)-Ift(l oJUofG 

" P:UWI tholl'lllft SADT •hu '"''" '"" • .,.uu ru~cl pe!· J 
M>t'lrul"" 11'11 '"'' 1no,l •rrJoru~ col SAOT 

A ""'•lA"• n.,,,,, tn S'DT, •hu u,,.,, ""'" ... ' •nG-·c
"''"u'' "'·"J !.A DI(.._.. !he 1'1••: tune 

'-------'---

rl¡:urt' fl. r('n.uunrl ruin. f~~t SAIJT. 

Thc SADT proccss, In which thcsc roles intcract, mcets thc n~cds or re· 
,QUiremeniS dcflnition ror COniÍOUOLIS and clfcctive ComrnunÍCJtion, ror undl!f• 
stJndJblc: ~nd current dot..:urncntalion. ~nd for r~~ul.tr 01nJ ,;ritical rc~\·iew. The 
proccss C:kploits thc: ~lructurc of Hn SADT milt .. kl so th:ll tkci~ions ~..-..n be ~cC'n 
in conte).t e:snd co.n be challcngc:d whilc ;dh!rn:lth·cs o.~rc: ~1ill \'i,tUic!. 

Throughout a projcct, drart vcr~ions or dia~r.uns in C:\olvinc nwdds ;~re 
disuibutc:d to projccl mcmhcrs ror rcvic:w. Ct.,niml!nt~rs lll;l~.c lhl'ir !<ollJ-'!'t.'S

lions in \Hitin~ dirc:rtly cm l·upics úf thc di.Jt_;r.un~. \\'¡rth.:n rccurd) ,,f \l..:t."i\iuns 
:.nd Jhl!rn.Jtivcs ~.~re rct ... inC'd OJS they unfohJ. As cho.~n~es o.~rll..l curr~Uiúns ~re 

~-~~--·"------·~------------------·--------------------
~ 

n1 .• ,·~· ;,_¡lJ \\!: ... :o)lh J:.: CJ\Idt..' 1 in th.; ("lo~·!~o'l lil..:~ A pl•lj:,·t I.!JI.IIiJ:'l ph••h!t.'\ 
'lilin~. tL,:rihl.!li!Jr •. amJ r.: .... rJ-k.:¡;pin:: sup¡-."rl, Jnd. nut sn rnLi\! ... ·nl.\1\j. Jhll 

Cll)..Jii!..¡ ..:or.fisur.Jiit':ll"OIIUUI 

1 hi'.i pro~o-t!)'i úocuml!nb Jll Lkci,inn'.i Jn\1 th!! r~J.~un, ~-hy d.:"·i\ion~ ""'ere 
Ol...!J~. \\.hl.!n commc.:ntcr:i JnJ Julhor) r..:.ach ;.~n unUa,tJnJing, lht: ~orl IS re· 
\ii..'.\~J b~ J ..:ommillc.: or ~t:niur tl!:\.·hni .. -.!1 .tiHi CliJO.!~I.!Illl.!nl P~f)l)flfld [~urln~ 

1h.: prt.·t..'.!'ú, inl.'orrt:a:t or un.1ú:t:ptJhk rl!'iulh Jfl.! u\uJil}' ~r~·th:d · tJrlr. JnJ 
ovcr,i:;ht.i ur l!rror; Jre íktt:ch:ú bt:forc: thcy c;.~n t.:o~u~c m.ajor dis_ruption,. Sincc 
evl!r) thin¡; is en record. fulurc· cnhanl.'cmcnl arH.l system m.JintcnJncc c.otn 
rt:rl!:r..:n\.·e prcvious anal)·sis anJ dc:'.ii~n dct.·isiuns. 

\\'h..:n drr.:uml!ntJtion is pruJut.·cJ as thl! moJd evo!o.·cs, thc· status of the 
prt'.i~~~ b~l·omc'.i hit::t:ly "·j,iblr.:. M.lnJgc:ml!nl CJn study tht.! rt:q~Jirc-mc-nts Cor 
th(Uc.:si~n') in iJ .. top·dO\Iofl"' mJnnl!f. bl.!t:inning with an ovcrvit\olt' and continu· 
in~ to any rdt:~o·Jnt lcvel of derJil. Ahhough ple~cntJtion~ 10 llprer ·munJ~C· 
m<nl usuall)' rollow stanJJrJ summary anJ walk·through mcthuJs, ncn senior 
CXC~utive:; SOffil!:timi!S bl!¡;ome dirc:¡;t reaú~rs, fot the blucprint. l.:~nguugc of 
SAOT is (oSily learn(d. 

lmp/,•nh'nting tlu: applO;JCII 

flow thc ideas dis'u~s<d in this plp"r ··re cmJ>Io¡-cJ will vary I(Cor~in¡ to 
Ofl)JniZ.IIÍon nc:..:Js and th~ kinds or S)'!th!n\S UIH..kr COO\Ít1eratiun. The mcthoJ
ology "hich hJS be<n docrib<d is not just u th,or¡, ho"c,·er, onJ h•> bccn •r· 
plic!d 10 a widc ran'g~ of comple:c prvbkms from rc:JI·tirnc ·communii:Jtions tu 
pra..:cs:; control to commcrdal EDP 10 orgJnÍlJtion· planning. lt i1. in (Jet, a to
tal syst<ms m<thodolosy, and not mcrcly • soft"'arc tcchni.¡uc ITT Europc; 
for cxamplc, hH us~d SAOT sin'< carlr 1974 ror an•l¡sis •n~ Jc;isn of bvth 
harJ .... Jrc:/sortwJrc systems hclephoni' and tclegraphi..: swill.:hc\l anJ non· 
soft.,..·Jrl! pcople-orientell problc:ms Cproject ffi.Jn.Is,l!m~nt onJ cuHomcr en· 
ginc!~ring). Other usc:rs exhibit simi!Jr di,asity, from mJnufJi:turin¡t 
dAFCA~f (SJ) to militaiy trJining (1 RAillEX (6J). Uscrs <Ci'"" th•t it is a 
:communicalions vehiclc which fo.:uses ;~ttl!ntion on weii·Uer1neJ lopil.'~. th .. t il 

1in¡;rcJs..:s mo.~nJ~:n.h!lll control lhrough visibility o1nd ~IJnJJrJ,z.Jtion, th.Jt it 
cri!~II.!S a sy~t.!ma_tu.· work br..:Jkdo\,·n suua:ture for proJI:~l tc-Jm::t, enJ tho~t it 
minimÍZ<!:i crrors through disciplincJ nc-.;ibility. 

1 ThL"r~ is no 5et pJttcrn aman~ díffl!rr:nt oq:tJniz.alion\ ror thc: contenu of 
requirl!nH!nh do~uml!nto~-tion. In CJ~h ca,c, th~ nr:cU:i of thl! u\cr~. lhc (0111· 

! miss'¡onl!r, and th!! dt:'w·clopmcnt ortanization must be Jct.·unlluu.l.!leJ. Go"C'fn· 
·mcn

1
t a~~ncic) tcnd 10 ha\'c thcd standJ.r(.h, .... hilt:: uttl:.:r ur:'-Lt::.!.Jtiotu en· 

cour\1~:' n.:,.,ibility. In a numcri..:.d rontrol appliL.Ltir:n, ~!:n11): -:) n:oJr:l) \o'>Cf~ 
gcn¿r.atc:ll m rc:quirc:mr:nt::, dcfinition (~INTEF. ·Uni..,cnity or ·J,u,\Jhe~m. t-;o:· 
way). Al le;.~~t onc supplicr of ·larl)(·~calc: computcr·bJ-.cd n~1cn.~ m..~nd ... tc\ 
cor.s,it.lcrJtion of ~ystcrn. hJrJwJrc. soft...,·arc. commcrL~;.J.t, t1r1J adt:lint~lf.tl.-e 

.. 
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Slu '!nts to uncc;rstilnu1ng. Ar.::.· ... ~I!J\b ¡¡..:c~tl(lO) "'ilh q;..;:_ ... \h•;1) LJ\¡;!f. l';'¡ 1 ,.¡ 1 ~ 
opcn, and has !he n~lurc of bH·~ktnr. hi):', qu~o:~ti{1ns into i::l tnr-Ju·.~ n ::,tr~.:tu~ .. • of 
sm~llcr qutlliCJns, e.:~)icr anJ CJ\icr 10 <JJ.I¡ t:S!>. Th~:. 11IIS\\ crs. "lh:n ihl."} o.~r.: ul
_timalt:l) SU/ 1/llicd, are c;¡ch lt:~) -.:ritic;.sl ¡,nd mure ttJl'l.,ble, 01nJ th~ir rdJttOni 

\ol.ith o:la:r smJII dnS'>'~ers 3re \'.el:-\uu.:r,Jrl."d 

This is the focus of rcquirt:m~nt ddinition. Thi! JpJ!h'i'fÍ.lt~ ~u~st -ns- -
hhy. h!..Jt. ho"· - Jpp!ic:d s~ st..:lllJtiCJII)'. \1 ill d•slin~uish that \\ hk~ 111~5.1 h.: 
crmlid::r~d from that ""hirh nn.Jst be PJltponed. A se4u~nce of su.:h t.lUC:r.liuns, 
un a EIObJI, S)"S\t:ffi·\~·ide SC'Jit, ...,.jiJ hrc::k !he complcxity of \'arious ~sr::'L'IS or 
lhe s.r~1c:rn into simplc:r, rel.itcd '-1~~:,1ions '~ hi.:h can b: ~nJlyud. d~' ~:i.·;-'::'0, 
and dtXumen1ec..l. The con1c:x.1 il:n.:!lysis, funclional sr~cifirJtinn. <Jnd C.:si~n 

constraints - subjc:cts whi.:-h are p;,ut or rcquircml!nls ddlniliori - are nh::~h· 
p.r1s of an o•er1appin~ chain of re;pomes lo 1he appropriale whr. "ha1, ho~· 
queslivns (fig. 9L In diffcrenl circuru;tances, lhe subjecls may ditfer, bu1 1he 
chaining of que;tions will rema in lh< same. ll'hy sorne fea1ure is needed mo1ds 
k·har it has to be, which in turn mo1Js ha~· it is 10 be achie,·ed. 

! 
({;•kl._J CO,UITIOhS 

ru'u !'.1 "''l Hn 
fl"'(Tid,,l HlCIIIC#..TION 
DBIL' ("QV¡,II'.-'1'15 
)t~;[~! lli\lL~ 

l•l J Alt (JUil,,.. 

f'Jo.C.C.~ ""'' ((¡(J[ 
L.>V(l.-J.Il'JA110,.. 

--
'olro"HY 

"'11-' T 
IIOW "''" "- IIA f ., 11 \ 

IIOW Y.ll "1 
HOW 

OBIGN 

''di Y 
"'II"T WHY 
uow WHAT ~ IIY 

HOW WllAT \l:ttY 
uov.· W)lo\T Y. ti\ 

HOY. ""'1 
fl,u.lf 9. 5)Utm dl'ltlopnll'ftl ha chaln O(O\rrlapplnl qunllon,, dOCUJIII'IIItd_aiC'ICh ~ltp. 

These questions form an over1apping repelilion of a common p.uern. 
Each time, the \'arious aspcc1s of 1he sy;tem are purtjlioned, and lhe under· 
standu1s which is de,·elopcd must be dr,cumcnteJ in a form consisten! "·ith lhc 
P•llcrn. 1t i~ not sutTicicnt mere1y 10 brcJk big prob1cms into 1itt1e prob1cms br 
~h.tllcring thcm. "D(compose" is thc: in~r·c:r~c: uf "L·ompose"~ al C\Cry Sh!p, 
lhe p:HI~ bcing consic..lcrcd rnust rc<~s~cmblc lo mal..c lhe whole contc~l within 
\1.-hi~..·h une is ...,orking. . 

The En!!lish v.:ord .. cleave'' cotpturcs thc concl!pt c>..aclly. 11 is onc of 
tho!te rAre wurds that h;:¡s antíthc:tical mt.Jninss. h mc.ms both to sepJrJtc and 
to cling lo! Thus, in the orúc:rly procc!tS or tup·down decClmposition y.·hich 
dc:~cri~·~~ the dc;,ircd ~y~tem, rnultiple vi~ws mu!tt intcr!JeCl in ordc:r 10 s1..0pply 
lhe "ho1e cunlcxt for thc ncxt st"tc uf S)'>ICm dcvc1opmcnt (Fig. 10L 

• ·-. 
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t 
"'1\t JOt •e .: ... n, oh••' 

.... h•• .te .. , ""'""'' 

u .... "" ".;.;..!.:J ...... u. 

Vil ..: ···""'"'·oJ·••J. 
"'t-o,... ,.,. f•'o ,QJ~~.,l.o""""' 

"'"'t .......... .-~ .. , .. . 
, ... ~. , ..... l'lt.t' 

fTI'hS r•ltrol\ D-(<~lllcr-c••lf.ll' of\ Fo¡ • •nJ 

.004\out.,tco tll p.um.tr) 111"''"" 1 

fl~ur'" 10. Rl¡hl qunllon\ occur ""Ir hin a .conlnl and rorm a ronl.ut u"" rll.-

ProbJbly the most impurtunl a>pe.:t of this pJ~r is ils emphJ>i\ on a com· 
nlOn 3ppf0Jt.:h lO alt phJSeS Of S) SIC m dt .. ·elopmc:nt, SI.:UIÍng With re\.)\JtfcmeniS 
U~!finition. K no\\ ing ho,v po"tp(Hh'tl de.:i\ion~ '"."¡11 be: hJndkd in l..a1cr phJ\C\ 
(b)' lhc! SJmc: ml!lhOú:t) ;~llo"s th1.!ir e~~.!ncc: 10 be cSI..tbli')heJ b)" bu.JnJ..ary con· 
di1ions, whik d<tai1s are ldt open (f'i~. 11). The k no~ 1e~~c tllJt •11 r<~uire· 
ments musl ultimatc1y be imp1emenleJ soniehow (as.•in by lhe >Jme mcthc>.h) 
a11ows their compklentss and consislen.:y lo be verif1ed. FinJI1y. an order1y se·· 
quence of questions enforcc:s grJduJI e.l.pOSilion o( detJil. All infurnlJiion i1 
pres~htt:J in wl!ll-strut.:tur~d do.:umcnaJtit)O "hich Jliu'"'·s fir)l·h::.nJ pJrti¡;-ipo~lion 
by uscr:i anJ commissionr;!rS in rc:quirc!mcnts dt:finitiun. 

The way to achicvc such coh<rcn.:e is to scek lhe rig.lll ~intl or Jn>~ers to 
cvery set of why, whJt, how qu'estiuns. ·By this is meunl to es•ablish lhc 
vjc,.point, VJOilS< point, and purposc of the irnm<ÚÍJIC t3Sk bcforc "ritint JOY 
d<>.'umer¡l or conJucting any anJ1ysis. 

Thc inilia1 P"'P""' of the S)>l<nl dnelopmcnt cfTort is e>tJbll>hcJ b)· con· 
tel.t anJlysis. Propc:r Ch:J\"ing or s.ubjc!l"IS anJ t.kst:riplions lhcn ta~es '""0 
difTercht forms, th< OJCI OJiur<~ of "hich are govcrnc<l by lh~ 0\CI•Ii pro¡c.:t 
purposl!. One ckJving Cf('Jle'i p.utiJl but overt.1ppinb delinc.11iun) .~~. ..... :u;Jing 10 

J ~·i(•~po~nt - viev~opvint makcs clt:Jr whJt .ibp~cls Jrc: cons>..!:rcJ rclc .. .snl 10 
ach1evmg somt: componen! of thc O\'CrJ\1 purpose. Thc othcr clc..~~w-wt crcJtc:s 

! rigorous functionJI ar~.:"hitccturcs according 10 nJIIIJJ:~ ptJtnt- \'Jnt ·:~1! puint is a 

1

1 

lc:vd of a.b~tro~ction lhJI fc!IJICS thc _viC"" puinb an\J· compone ni putfv:tCS whi.:-h 
toscther Jc;c:ibe a givcn -.hole suhje.:t. (Fi,. 12L. 

, 

.., 
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Flc"rrJJ. P 1 dd os ponr rrh,lons occur Mlthln • prior iramrMor"-. 

.. , ...... ·-··---· ..... ..... - ... ! 

... , .............. _ 
flrurr 12. Subjr,h ut drcurn}:ln.,cd •fc~:di~~"r!~~~:.~pvl~l, Hnu .. , pnln.l • d 

0 · 11 • n rurpo,r. 
. epend,ng on lht S)"Siem, any nun b . .· . . 

H'QUifi:mcnts dtfinition a·nd m· ' 1 Ct or \ IC\\ ('IDIOIS 013_\' be im('ICtrt:tnl in 
Sh·r ">' conlmue lo he rcl•, .. ni 1 

'IS lo designing builo· d " ' a as 1 "k! '""'·•<e p~inl ,· . . • ong, an oln;dly u,ing lhe . • . 
\lt\'fXIml iJiv.·~ys hi~hli~hts so me as cct~ r. . s~ Sil! m. An}· SIO~Ie 
be IOSI from view For e . 1 ph . o a SUbjtCI, "hile Olhcr asr~cls "ill 

• xamp e, 1 e ~•mle sy~lcm b serarate vicwpoiñts which e h· . . may e consiJcred fCLHn 
I.!JÍSIÍCS, Opc:raliün, ln.JO.tfcn~~nt~Sil•C f('lh}'~IC',!l thar:clerÍStiCS, fun~tional Ch.HJ•• 
and so fonh. • p..,;r orm 01 nce • mamtenan~·c. con)lflH'Ii\•n ~·l)~t. 

1 •• ~ 

-· --· (9.,. . 
Pa~.7~i'1~ ~~ \'Jt\l.1~\.· pa11f",t .Jh\..1~:.. Jh .. uJ~·¡.. o1 fu:1 .. ·t;.,.a .. l lf~o.hat-.,·,.I.H~.- \lh-1.: 

'mu~:n\! im¡'l~al..:ntJtiiH,·d.:nu .. :.l a"lo¡:ú:, r.r th\! S):r.lt..'•\1 Jr...llit.:.tur.: 1 ht.: flL'.:" • 
n1.:nl ~r J \JI\1.1~~ pt'.int '~ittun J ,-¡..:\'fk'int c:-.t ... hll,th.'' ;.,u o~ll·ln•i'""·'"' ¡:,,¡,,:.1.·,/ 
úUH,•\f- J SUb:i(l or purpO)\! whkh thc:n goVC(Ih thl! "(.,:Oa\\pal:.lllt'n JnLJ Ct.J'h)• 

sitian of J pJfli.:ular suhj..:..;t rc:~JrJtn~ thc: S) :r.t..:n, . 

Rc:~uir~mc:nts ddlnillon. b~~innin-' w¡th contcJ.l ¡no~ly~is. ""'" ~-~ur 
'<4hc:~~\~r Jh!!r~ is a n~~d to dc:fm~. r..:c.h:finc. or further t.Jelinc:at( purpu)C:. 
Con?i!',t Jn.al))i~ lr'Jt4.i th\! most impurtJnt, hi~h~-!:.1 le,·cl ~uc\tiun~ flr:.t, \\!tlin• 
thc: ""'\lnditions ft,r furlh(r quio!stiunini c:H:h ('Jrt in turn. EJ..:h \llb)~"'u~nt ,,p.JC\• 
tillO is OlSk~J v.ithin thc: bvunJI!J COI\1~.\l or J ruior rt.!4ipl)n:.c:. Suid "'''~iplin-: 
C:O"urlo!S thJI (J,.'h asp.:cl of an)" QU~'Ition is CO'.'C:r~J by C 'Cactl) Clnl! furlhcr QUCS• 

lion. ·Gcuin~ st.an~J is difl~¡cult, but hJ,·in~ d(¡nc so suc(C:\,L.d!t. ene i~ intro· 
duc.:J to ;¡ '"'tO¡l·down·· hic:rar..:hy of lc.JJin~ qul.!stioni, p:v¡~rl)' sc~ucnccJ, 
compl.:t.:l)· d~.:ompoi..:d, :and sucL·cs-.i ... cl)' ;;an~wcrl!d. '· 

. 

\Vhc:th..:r c~pli..:itl)· SIJtcJJ or not, -.·antJ¡:;e puints. vi e" point\, ¡nd purpo~&:t 
~~.:iJ~ tht: acthitie~ of ony Jn.tl)sis tc.tm \.\·hi.:h J!'pro.¡.:hc::s J rc4uircm<nb 
~<liní1íon IJSk. Wolh 1he glob•l und"r>lln~in~ on-c~<d by lh< at>o•e discu,ion, 
anJJ>·sts shou\d fC:JiiZI! thJl a pl.l¡;C CJO be found for C\o·cry itc01 of infOtnlJiiVn 
gJthcrc:J. Strul.'turin~ this mJiS of informalion :.ti\1 mu:..t t . .: úonc. r.:l pJpcr, in 
.3 ""J)' thJl cnsures complctc:ncss and corrcr.:tni!SS, "'ithout o,·cn .. , ecif,.:.Hi~n anJ 
confusion. Th3t is 1he role or SAO T. 

The authurs would like 10 lhJnk J. W. Brackell and J B. GooJenou~h or 
· SoiTech •. lnc., WJiihJm, MA, who mlde severJI hdprullu~te\l;únl incorpurJI• 

ed iniO lhc presenlalion of lh~se ideas. Many people il Sc.ITech hl\C, or 
course, contribuled lo lhe developmenl and use of SADT. 
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INTRODUCTION 
.,_. · B.W. Dochm, "Sc.rt~~rc ;,nd hs l1np•C1: ,-\ Qu .• r.: :JtiH .-\s~es.m~nt .. 

Dorumorio11, Vol. 19, l'o. S nl•y 1973), 1'1'· ~S-59 ' 
P. llirsrh, "GAO llits Wimmi~ ll•rd· FY .. J F ,. r . 1 ~i•iJI)' rem~mber • Dornm<~r•oJ•I anirl~ ... -riuc.n b)' 0Jnicl 
F ·• D . · ' un ... :u: h'l)f'\:•'IS F.adin, Tci~o.·hru-.:-~ in 1967. pr..:llktin.: lh.JI "-Íihin h.:n )·-:.~r, pru"r.amnicr~ 

2. 
ur, DloJmor.on, \ ol. 17 No 7 (~l.rch 1 197)1 :1 

-l;-~·-·. ,, . . ,,~· · · , · . ~ ~--~~-· .. ~ .. -~. ··-··--·· ""_OLJIJ h~ ..?!~!l~kt~. ~~~~e h.ut todo. he \.till .. ~J' m.~\..~ il p~J,\ih1~ 
~n ln~roJucr•oll to S.~Dr, SoiTcch, lnc., R:p011 So. 9022-78 l\\'ahh•ni •rur us~rs 10 SIJie P'•''''"'(l''"h•tth~y ... nt~J a cnmpu1cr s)'sl~nnu·do .. · •. ,,._...,., • 

4. 

S. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

oolass .. FcbruHy 1970). . ' for 1h~n1: al 1ha1 poinl, il should be po>sibk to m~.:h•ni.:"ll)· ~en· ; 

D.T. ,Ross, .J.B. GooJrnuush · und· 0-'A lr•"1nc .. "S•f11 · ·E · · ·· · · · 
Pr"'-.~t p · ·. · · ' " : · · • •' \ iH\!' :n~aOCUIO\!' 
11-27ss. nnC~pl~s. and Goals," Coú,¡.i,rr, \'ol. 8, :-o. S (~lar Í97Sl, PP. 

cr.11~ 1h~ cod<. ll••in~ ~<n in lh~ computer lidJ for onl) • r~,.· 1 
·¡~.·rs. 1 ,¡,¡ profoundl) wonieJ· ~l•íbc it"wJ> i'iinr 10 ~boin<Jon ll•l• 
pro"'"c:isin~ Jnd b\!'~Om( a farm(r~ 

A ir Fur(t: M· t . 1 1 b .. 1 h 1 'd f P f . T ' h h h J 
(AICI.\1) ·,.

1
• croa sp .a ora1ory, ·A ir Fortt Comp••rc•-.l..t,·d .I!J'"V"''·''"'l · os~ car r 1 cJS o ro ~•sor ro.: rn~w p<r •rs """ •· ~-• 

Poi . . . Olla Ion, Vol. 11, App. A, and \'ol. 111, .'\FSC, \\'¡i$hl of thrir time - afl<r all, lhcre siill wcrr J sitJble numb<r of ¡>lO· 
. ';r>on -~-11 Force ll.,,e, Repon No AF~Il-TR-7 4 • 104 IOhio: Jul· ~ramm~rs in <•islcnce in 1977~ - bul somr nf llis preJi.:1ions urc 
197.). A•••lablc from llDC asAD 922-041L.and 91l-llll. ) bc$innin~ lO lJk< rnnct~lr form IOda)·. Thr follc.~in~ P•pcr, -.rollen 
TR-4/Dt:'( · br TciciHO\!'W Jnd ller)h~)' and ori~inJIIy puhli~hc~.t in thc J.JnuJry 
(\\'. 1 1 • Nt·rdJ and lmph'm~matinn St~tch. Sor:T-cch Jnc Fin;.¡t Report 1977 /f./."1: TtJIUtl•ti.>lll 011 So}thcJt•" f.u~,,,-a.,;.~. is thc bt:\1 ~iA'k;IC 1 

r. a 
1

'""'· Mass.: "'•Y !9761. A•·•iiJble ;, No. (0:129:!44 rrom ERIC sour.:e ur infOIO\WIOI1 on a sysl<nl ror auiOI\I.Hed •n•ly>iS, lnn ... n as :.· 
ronllng llousc on lnforrn•lio.n kcsour<cs (SIJnford, Calir.l. · . "ISDOS" or "PSLIPSA." 

B. \V. !l<.:hm, "Sort~·•rc Dcsisn and Stru<~urc " · Praclcol S11 • 
Dr&·,•/"pmg Lurg~ Sojthar~ s,·Jtruu cd E fl• . ('R . ""'K'rJ /tu~ Th~- T(ichroc:u/IINshc:y papcr"dc:Jii spc:cifkall)· with suucturcll 
AdJi>on-Wcsley, 1975}, pp. I.IS-22.' · · oro~<IZ eadlng, ~lass.: anJI)'sis, an.J, as such, is radi<JIIy diiTrrrnl from lhe carli~r P•P<r:i 
R v 11 d "A . · · · on pro~rammin~ and dcsi~n,,. Throu~houl lhc·1960s, il '""' fashion· 
(..\o~. ~~a imJulom•

2
1<_d 5)'Sicm Analysis," Dotomotion, Vol. 17, No. 16 .' a~k lo bl~me all of our EDP pr~bkms on progroJtwllaog; ~lruCiureJ 

• • pp. 2 24. pr,1~ramm1n~ and 1he rrlalcd dosC~pl,nes "~re d~cmcJ thr oJ••I ,.,Ju-

J.T. Rigo, "llow lo Prcpa1c Funclional Spdfic·lions" D r · v 1 
20, No. S ~M ay 1974), pp. 78-80. . ' • • · u 011101

'
011

• o· 

D. T~:ci,"","7'W and 11. SJ¡-ani, "AUIOII\Jiiun or Srstem Building," Dowuo-
I<OJJ, o· , No. 16 (AuJ:. IS, In!), p¡cJS-JO. 

D. Tcichtocw and E. A. llc!Sh~y "f'SL/PS \' A C · 
· r 5 • · ' · . <>mpu1rr·A1d~d T ~th· 

~~~uSc·s~: lr.~lllutd Oocumenl<ttion 6nd An~lrsis or lnformalion Pro~·es.s· 
(J c ) cms, IEEE T"mSOC/101/S on Scifro.-otf E:n¡;.nurin¡; Vol SE-J No 1 

anuary 1917), pp. 41-48, '· · ' · 

F.M. llancy, "Whal lt Takcs to Make MAC, MIS, ond AB~ Fly, .. o,uo
mor,on, Vol. 20, No. 6 (June 1974), pp. 168-69. 

tion· Th~n. by lho mi.l-197th, cmph•sis shif~rd toward ti,·, •. ~,,. 01 

p~opl&: b~~·"' to r-:.alizc thJl brillianl coJe "M-ould not SJ\"c J mcJ;ud( 
d.:sisn. Out now our cmplusis has ~hift~d C\Cil r~ullu:r; \\'athuul JO 

alll!qu.ll~ StJt\!'mc:nt o{ lh~. '-h..:r's fCl!lJircnll!nts, thc bc)l dc:"~~~n JrHJ 
lhc b~SI <Odr in lhr \\OtiJ .,·on'l dO lhe job. lnd<eJ, withuul bcnclil 
o{ pcop..:r rc:quir.:mcnts dcfani1ion, suu~turcJ tlc!tign .tnJ s.uu~turctJ 

.. pro~r.Jmmin~ mJ)" simpl)' htlp us :uri\'C ata !t)"~tc.ms \Jiu,tcr f.n1cr. 

~; 'so.' wh•l CJ~ be done iii impro,·c lhc rrquir<m<nl> defoni1ion 
'· procc:iS~ Thr:rc: are:, of coubc:. lhc mclhods propo!ti!J by }.;.'"',, anJ 

·• 

Schom"n in thr pr.!,·ious p•pcr, as wcll as those. S<l forth ll)' Ue:.l•r· 
co in 1he p•pcr lhJI apprars aflrr this onc .. In lhis P"l'"'· Te;.:l;•;.ew 
and Hc:rshcy conccntratc on thc Jo(um,•nliltion asso,-i.:uc,1 ""·iu\ re· 

.. --:-· 
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ing manual!¡ Fntratcd d<•rumcntation. Tt:ICIIKOLW .t III_.RSIIFY L J 
The problcm~ thJI Tci(hroew and llor>he¡· adJrcss (Cfl•inlr 

are (.,miliar oncs, althliUSh Ol.in)' S}Sotcms JOJl_\':OtS PH't'l:..hly h:t\'C 

' 
cometo the ~Jd conrlusion that thinss "'"')'"~re mcJnt to b~ like 
this. They obiCfi'C, ror c••mplc, that much or lhc do.:um:nt.]lion 
a~sociar.:d Y.ith ~n EOP srstcm is not formallr re.:<,rd~d until thc (110 

of the projcct. by" hi.:h time, as DeMarco pointl out. thc 1\n,l Jo:u, 
ment is .-.or historie:.! si~nifiL·dnce onl.)'" (P.iipcr 2~]. T!"lt! d~~·um~n· 
latiún ¡;encriclted is notorinuslr ambiguous, v~rbosc. and r~dunJ.ant. 
and, worsl of all, it is monuai{Y produccd, manual/y C\dffiined for 

PSL/PSA: A Compuler-Aidcd Technique 
for Structur.:d Documentation and Analysis 
of lnformation Proc.:ssin¡; Systcms 

J 

j 
. ' 

possib1c crrors and inconsistencies, -and mamral{r updat(d o~nd re· 
vised as user requirements ch:mge. 

So, lhe answer to atl of this, in Tcichroew and lleishey's opin· 
.ion, is a computcr pr0~1JI11 that ~llows lh~ syst~rns .Jnalyst to input 
the Ullcr requirem~.:nts in a l:111buase th.Jt can be rc.·~ard('d as il sub .. e\. 
or Enslish; thosc requi,.mcnts then tan be changed, using fJ.:iliti~s 

similar to those on any moJcrn tcxt-editing sr11cm, throu~hout the 
analpis pha~C of lhC proji!Ct - and JhrollgiWUI lht ftlliti S)'llt'lll /ijt 
(Jclt! Perhaps most impon:mt, the requirements deflnition can be 
subjcctcd to automotlcd ~:nalysis to dcler~line such thin¡:s as comr~· 
dic10ry definitions of dala .clcments, missing U~f1ni1ions, 1:tnd data 
e\em¡;nts th~t are ~c:neratcd but never used. 

The concept for PSL was documcnted by Teichroew more thon 
ten ycars ·~o. but it is·in this 1971 paper th•t we besin 10 gel sorne 
idea of the impact oo the re•l world. Automatcd analrsis slowly is 
bcc0ming an optio'n, with a numüer or 1art:e. presti~ious org:&niza
tions using l'SLII'SA. 

One would e.pect continucd trowth; ironically, though, a re-
. ported problcm is moo·hillr illrf!ici,nc)'! PSL/PSA apparently con· 
sumrs sicnific:.nt :~nwunts of CPU lime and olher C<•mpuh:r 
resc.urres, ¡¡lthough Teichrocw and ller.hcy maintain that surh tJn· 1 
gible; visible cos11 prubably ore sm•llcr than thc int:on¡;iblc, hidJen · 
CúiiS of time wasted during · "manual'' anJ.Iysis. 11 otp¡"'!ar) that 
PSLIPSA is most surrcSifully uscd in or&•nizations thot already 

.: ha\'c: vasl computcr in!.lall;,¡lions and scvrral hundrcd (or thous;md) 1 
E DI' pcople. A signiflc:onl. dr•~·b•ck lo widcsprcod, adoptiun of. 
PSLIPSA is the fact th.ll it is writtc·o in FORTRAN! Adntilledly ' 
this has helped mal-e it p0rtable - but FOKTH.AN? 

l 

.(j 

1. lnunt.luclitm 

Qrg.1ni 1•11 ions now d~p~nd on cumpul..:r-b..~.-.e~ in(or· 
mJtion pren:cüin~ sph:ms for m_.1n~ of th< IJ)~\ 10\o'Oiv· 
ing dJta (rc•:ordinb. storing. rc:HIC'tln,. pro-.:c\\t~¡. c1~.l. 
Such S)"Stcms :u-= nun-madt:, the pro..:~ ... con~1\l~ of a 
numb(r of 3 ~,·ti .. ·_ities: p~h.:~i .. ·in~ a ncc:U for 1. ~)St~m, 
det(ttnining v.hJt it shou1U do (or th~ or¡;Jn•ZJIPJn, 
dcsigning .it, constru.:tin~ and II)!.Cmbhn' l~t co_m· 
ponents, anJ fin•IIY tcstin~ thc sptem proor to •niiJ."tn~_ 
it. Thc pul.:c:S'i rLquu~s J srtJI dcJI of c:IT\Hl, u\.JJII) 

ov<!r a con)idc:tJhiC: pc~rioJ of tim~. · 

· Throu~huut th~ lif~ of .1:5~:.tcnt 11 c'i\h in 'C\~fJ1 
dirfa~ni ··rarmi:' lnitiJil). thc: S)\tcm C:\i\1\ J\ .1 con"cru 
or a propOSJI at ·.:i ver y hi~h l~'td ~r ah.)l_r ..~cnvn. At_ ~h\! 
point ~h~rt: ¡1 be~o.·ám(\ op~rJltOOJI n c'•~l'l.a ..1 coll~dt0n 
of rules JnU C.\-:cutJbl.; obj~(t pro~r .. uH' '" ,. (lJI_,, ... _uiJr 
computin~ ernironm~nl. This tO\-IfOnm~nt -;oO\I)l) or 
hJrd""·ar~ :~nd hJrt.l·sofl"Jrli! such 3\ thc C¡h:ro~l.n.; \)iiC:m, 

P
lui oth~r (Oillfl'ln¡;nt\ su~o.·h ,.J\ pro~o:c..!urc:\ ~h·.:h .uc c~r· 

1 · \t in 'YJt i· 
rit::J out m~IOUJIIf .• In b¡;t\\l!~n 1 1..:0 s~)ter.t ''' ~ 
ous intc.!rrnt:diJr)· forms. ·· 

Th.: proc¿ss b( whit:h" lh~ initi .• ~ Cúr.~.-~pl ~\·ol~C.) 
into an op~rJtionJI HSitm t:on)i.,ts uf J numh.·r o~ JCit\1• 

li\!S C.J~h· uf ~hi..:h 11\JlC\ th\! con ... ·\!,·: r.:.J·" \· •. u . .:•c.·t..:. 
L.1ch ;~ctivi~y to~1..:cs the rnuh) of s.ornc of 1t-.c ¡•:, .. ·:ou\ _J_~~ 
tivitil.!'\ :.~nd produl'C\ nc""' tc\~JII\ ~o·¡:;.:! rt;c prt.""'''~"' 



., !(!¡, . 1 . e> 
c•onluaU¡· rcsuhs in an or~ralit•nal syslcm. !'>h"t c•f 1h~ a.:1i\í1i;,¡ ~~~ d•l~ rrr•· 21 A tullóJ'•·•:rit;.l J •lo b.o•: h u•. · .. i nt-•int.•i•t •IIth~ b•\i~. dil.o ' 

· tC\\ing ·aciÍ\"ilies; in .lh•t"they use data and infurmatitín tu rrr•.h••·~ eothcr J•tl · .• ~.,,H th~ '~·•~u(. · .. · 
; .and in(ormation. Ea'ch acti•·it)· can be •c¡;•rdcd a>roi~(i•ins'•r:.:it;¡,ni<•ns "'re; · : .ll lhc. ciunrutÚ ¡5 us~d ·to .r1oJ.!,,;· harrl c_or)· .c!D.:unocnt•tii.:n · ., 

llff~]~!;r~i~t;g¡t~;~;;~~;:~~~f!1:;.~:'"i~:~0f1~~~~~.~:~t~~;;~1.~~1~J~~G:~~~:~'~p 
.·iii•iritólin_the s¡·slem·oncc i1 is nrcraling. il is ncccssar¡· 10 rc~t1rJ Ll.:;criptio:os or Thc Problcm Swcmcni Lan,;u>ae IPSLI ;; dcs<ribcd in Sc.:1ion 111. lhc re• 

the systcm as it evolvu. This is usu>lly referrcd lo as "dt1CUntcniJiit1n."' poru ,..hkh can be produccd by lhe p10~::m Sl>lcmcnt Ana_lyzer. (P~A:l. uc ... , 
. . • . . . . -, describe.! in Sc.:tiori-IV: "'The "siJIUS 'of"il:.i syslem,-rctuhs· or Cl(l<:IICn'C lO .• 

"o"' --In praclicc, ttie"·emphaSis in•doéÜmenliuion is on dc.scribin! 'ti\~ s)síém-in . d>lc, ami pl•nn~J de•·c.lopmcnls are oullincJ in Scction V. 
• the final form so lhat it can be mainlaincd. Ideal!¡·. ho,.·c•·er,. c>.:h •cti\ÍI)' 

. ! should be documcnlcd so lhot lhe.resuhs il rrc>duccs. bccomc. lhc src.:ifiralic>n u: L"otilcal s~·strms d~•llin 
o . for su·ccÚding acth·iiies. ThÍs d~s not hapo~n in rractice beca use thc tCim• 

:·! munications from one activil)' 10 succeeding ac1i•·i1ies is ~ttCimrlish~d either b)' 

.-:- •. :· .:-:: .~ . 

having the umc pcrson carrying out lhc atli•·ilies, br or~l contmunitJiic.n 
'¡ amc.ng individuals.in a projecl,"or by notes ·which are disc~rd~d •f1~1 1hcir iniliJI 
' . 
l. wsc • .... ·, 

!:~.. This rcsulls in projccts · which proceed wilhout •n¡- u al· possibilil)' for 
man.scment rcvicw and control. Thc s¡·slems are nt1t re•d¡· "hen promised,. 

• · do nol pcrform the func1ion the users upctled, and cost more than bud[cted. 

·. Mos1 oraanizations, lherefore, mandate thal lhe 'srslem. de\·elopmenl pro· 
cess be divided in1o phases and thal certain·documcnl31ion be produced b)· thc 
cnd of ea eh phase so that progrcss can be monitored and correc1ions madc · 

. "'·hcn necessary. These anempiS, however, leave much lo be de>ircd.and most· 
· ora•nizalions are anemptina to .improvc .the mc1hods by whirh 1hcy m~nage 
' 1 their srs•em dcvelopmenl (20, 6L · 

The compuler-ai¡Jcd documcntation S!>ICm descri~ed In s.c~li_ons 111 ·~d 1 
IV or this papcr is dcsi&ncd to play an in1:;ul role durma thc 1n111al su~es m 
thc s¡·s1crn dc\·clopmcnl pro.:css. A. Ken.:"rJiized modcl of lh~ whole S). S~c.m 
dc•'elopm~nl pro.:cn is· aivcn in Scction II·A. Thc final rc,ull ~~ lhe tnll•~l 
StJ&C is a document which he re wili be ••lled thc Systcm t?efin1110n Re port. 
The dcsircd conleniS or Ibis documcnt are Joscusse.S In ScCIIOn II·D: Thc .••· 
tiviliCS requircd 10 produt~ this documcnl niJOUJIIy are dcscrobcJ IR Sc .. Uln 
11-C and 1he ch•n¡¡e~ possible lhrouah thc use of compulcr·••~cd mclhoJ• are ; 
outlined in Scction 11-D. 

A .. 4 n;~J,•I oithr !)"!lo.¡,¡ d~o·rlupm~nl pruttu 
. . . . . 

Th~ basic Sleps "in the life C)"CÍc or informalion systcms (in_iliJiion, 
anal¡•sis, dcsign, conSIIUtlion, test, in~taiiJI:an, opciJiio~, l?d lcrmin~IIOR) ap• 
pc•rcd in thc euliest applicotions or compui(IS 10 or¡¡•mnl•onJI problc?\5 hcc 
ror C'~mple, (17, 1, 4, 71l.- The nccd for noore formal anLI comprchcm.-e pro-

This paper is concerned wilh onc approach lo impro•·ing srs1ems devclop· ccdures ror cariying oul lhe life cycle was rcco¡¡n1ztJ; callr c.•mrles .re lhe 
• mcn1. The approach is based on lhrec prcmises. The firsl is 1ha1 more efTort 18~1 SOP publicalions (SI, lhc Philips ARDI mclhoLI (81. and lhc SD~ mclhod 

. and ancnlion \hould be dúoted lO lhe fronl cnd or lh~ proccss \\h~•· • rro· (231. In lhc la si rcw years. a lar¡¡c 'numbcr or books •n~ papcrs on lhiS sub¡"'' 
pos.cd SfSiem is being dcscribed from 1he user's point or •·icw 12. 14, l]. The. 

1 
havc be<n publishcd (11, 191. 

· second pr<misc is lhal ihe comnu1cr should be uscd in lhe dc•dopmcnt nro- • · · · h h 1 
1 ,. • . •. E•amination or lhesc andmany Olhcr publicolions mdoc•l< 1 JI 1 •••. S 
. ccu since S)'Stems dc:\'clopmc:nt involvcs Jarge amounls or inform;uion proccSS• . 1 h Id b d y J 

no acncnl a¡¡rccmcnl on whal phascs 1hc dc•·e opmcnl pro.:c.s s ou . e ' • • 
. irog. The third prcmisc is lhal a computcr·aidcd approach lo syslcms de•·elop· ed _

1
nlu, wh•t ilocumcntalion shoukl.bc pro.>Ju.ccd 81 ca eh ph•. se .. ,.h~l 11 shüuld 

~ mcnl must slarl wilh "documcnt:uion.'~- ···· ~ -J·· · --::·- -~~-- ·• - · · E h -• lons lll 
contain, or v-h-11 form it should be: prcsent~..J .'"· ac or~an1l~l10n uc:vc ,. 

1 
1 
1 

.. j 
·1 

This papcr describes. compulcf-aidcd lcchniquc ror doo:umcnlation \\ hich 
c<>nsiSis c.r 1hc followins: 

ll 

... -··· 

Thc rcsulls or cath o( lhc aclivilics in lhc S)"SI<m dc•·cl0pm<nl 
pUJ(;I!\S are rccord..:d in computcr proccssiblc (oun as lh-1!)' ilfe 
pruluccd. 

• 
own mclhod; and slandauls. 

In this Sl:'t:lion ,¡ gc=nCrJiized S)'!.IC'tn c.Jc=vclopmc=nl prc:>.:tS\ '14·ill be dcsctibcJ 
as ¡1 mit:hl be: conductcJ in "'" -orgJnil.ltiorl ,_,.~ich hJ) a S)Uims DtpJrl.ml.!nl 
f()ronsible (or dcvtlop1ng, op.:r;~ting, and m;.untJ,r .. n~ cumputcr b.ucJ ,nrur· 
ntillinn ptOCC)\Íng \y!.h:nu. Th~ Sys1crn Dc¡¡.aflnl..:r.l bclor.t\ to 10m~ h,¡hc.t 
unit in thc or~.snitJtion and it~clf hJ\ \um..: sutHIIllh, c.ach ~11h ccru,n run .. • 



····-·· .. , ....... , ... ,. .. ·---~ -= .. -= @' 

tiun~ l>ce for cx•mple,-12411. The Srslcm llcp.olllll('nl h•• • >!•1"111 ~:·:~k·r· ·· 
mcnl stand;srd prc~:cdurc: whiéh in,·lud-.:~ o:. projL"C'I m;,n .• ~L'Ilh:nl ~} '1;:11\ .and c.Jc..:
umcnration sloandillrLis. 

A requesl rar a ncw S)')tcm is initiJitJ by !\Ome uñit in th.: N¡;Jnit:.thln 
or lhe Spicm mJ)' be rrorosed br lhe S¡ Sic m Ocp.nm~nl .. -\n ini:"l Jo..:u
menl is rrepared 1' ~ich contains informllion obDul "hy a nc11· sy;tcm ;. r.ccJcd 
Jnd outfinc:s ils lllJjor (unctions. This d~·um~nl is r.:\·i~.~'\"d .,nd. if o~rrrc~h·d. 
a senior anllySI is assi~ned 10 prepare a more <lctailcd d0cumcn1. Thc .• n.l¡s¡ 
colleciS dala by inten·iewins uscrs and sludrin·a 1he prc;enl S! stem. llc then 

. produces a rcporl describins his prorosed srSiem ond sho11ing. how il ~<ill ~Jiis· 
:. fr. the requiremen1s. The repon will al so .conl•in 1he implcm:nlalion rlln. 

·. benelil/coSI anal¡-sis, and his rccommendilions .. The repon is rc,·ie~< cd br !he 

1 various ors•niza~ional uni1s in"olvcd. Ir il pJsses lhis re,·ic~<· i1 is 1hcn included 
: ·'''ilh Olher requesls ror lhe resources or lhe Srslcm Dcr•nmcnl Jnd Ei\'Cn a 

priori1y .. Up lo lhis poi ni !he inveslmenl in !he proposed srs1em is rclati,·el¡· 
small. 

At sorne point a projecl lcam is forrped. a projccl :.:o~dcr and h:am 
i mcmbcrs ue assigned, and &i,:en au!horily lo procecd wilh !he denlopmcnl of 

lhe srstem. A steerins ·group may also be formed .. The projccl is lssi~ned a 
schedule in accordance wilh lhe projeCI manasenicnl S)'SI<m and gi,·cn a bud· 

11 

JI 

"' 
SI 

1 . . . 1' 1 . . 1 ' 1 1 t€"1'; 0J l.:"•h.fll'l1t•t\ fl 1 \", fl·~ 1111/J:I'Ifi",Uh \\;,:h. 1 h." fU•IllU'\~~ ')"'"~ 

h!lll \\illlil. \h .. \\ in¡! hu\\ lh~ rr11J'•n:tl"':0'"::nt ,.¡u inÍpi"\C lh..: 
fun ... 1l1min.; 11( lh.: ur~.~•til.ttiun ur &atM .. ·:.,¡..~ 1\\.:..!i lh..: n.:~'l' 
"hich lc.od 10 lh~ pr<'i""· 

il d.:.¡,~.·ription ur lh.: op.:r.ation o( th~ pru¡llh\!\l 1) \le m in 
suHi\icnl <ki•ÍI lO ollm• lh~ u~r'i In \~rif¡ lh•l il ,.i!J in f•~l 
&IL"l'OtHp1i'\h ih ubj~ .. ·li\\!'\, oand lll Sl!l\"1! J; lh..: \fl...:..ifh,:.~ti''" ror 
lh..! dc,i~n ¡¡ntJ Clln\UUt:tion or lhl! (lCO("'I'\.:\J \),1\!1\\ jf thC (HU• 
jet:l continultion is ;.aulhOriutJ~ 

a dcscription Of its proposc.J S)'SICnl implemonWion in 
sufli~.·t.:nt d(tailto estinu1.: th.: time and "·osl rt:'iuircf.l~ 

thc iinplcmcntalion plan in su!Ticicnl dCIJil 10 estinule lhe cosl 
of tho propose.J s¡·stcm and &he time it ,.-ifl be availohle; 

a bcnclit/cosl anJiysis on..l recommcndalions. 

In atllli&ion. lht rcporl usu•lly also conlain; olhcr misccllaneous lnforn1•1ion 
'IUCh Oli SIOiSari~S. eh:. 

C. Currl"nlliJ~h:u/ J.Ut~m tlt.'1('(tr ptOL'~U 

1 
1 

t 

l gel. The schedule will include one or more larget dates. The final ursct J•le 
wi!l be the dote lhe s¡·stem (or iiS lirsl·parl if il is being done in pJrtsl is 10 be 
operational. T.here may aho be addilionallargel da les such as be¡inning of s¡·s· 
le m les!, beginning of programming, ele. 

Durin~ thc :<liliJI Slages of lhc projc<t !he c!Torls of lhc lelm are dirC(Icd 
lo~<arJ; producin~ 1hc Sysltms D(fonition R<r•>rl. Sincc lhe n>•ior i&cm lhi, re; . 
pan ~~OIJins is lhc dcscriplion of lhc proposcd S)'>ICOI from lhe USer or lo~i.:al 
poin¡ o( \'iC\V, lhc 3Ciivilics rcquired lo produce !he repon >re .:ollcd lhc.lo,i.:JI 
srslcm dc;ign process. Thc projcc1 lcam will Slarl "ilh lhe inforn1Jtion >lrcodt 

B. Lo¡ ira/ SJ'Jttm d<sign dvi:wurntotion ... 3\'Jilab!e •nd thcn pcrform .3 se1 of. ac1i•·i1ies. Thcse m•Y be K•oupc.J in lo fi•c ,. 

. j mojar ',"•~orics. . · . . • . . . . _ . . . · . . .. . . 

In lhis J'3per, il is assumed lhal lhc srsiem .'d~,-~lopmenl prc.:cdure ~e- 1 11 Data roll•rrivn. lnformotion 3b1lul !he tnfornWIOn now tn lhe 
quires lhal lhe proposcd syslem be rcvie~<·ed befare a majar in,·eslmcnl is madc prdcnt s¡·Siem, uscr dtsiru for new inforrnJtion, polcolial 

l. in srs1em construelion. Thtre will lhererore be ano1hcr 1arge1 dale al \\hich ncw s¡·s1em or,lnizalion. ele., is co!lé~led anJ re~1lrdc.J. 
•. 1 lhe '"losical" design or lhe propo;ed S)'SI<m is revicwcd. On lhe bJSis o( this 2) 

1 
· AuoJ.¡·sis. Thc dlta lhal hJ\'C bcen colle<tcll are summJrizc.J r~vie10o· the .decision m•y be 10 proceed \\ilh •.he ph)'sic~l dcsisn and (vomuc• onJ lnalyud. Errors, omi,sions, ond •mbiguitic> are idcntiflcd 

loon, lo re•·rse lhe proposed srstcm, orlo ttrmtn31e lhe projecl. . · and corrected. Redundandcs are iJentifocd. Thc resulls >re 

: S . The revicw is usually rbHCd o~ a documenl prepared 'by lhr" projeCI tea"!'. ·1 prcpJrcd ror rc•·icw br·3pp10priale groups. 

< . omet•mes rl ma¡· consrsl o more 1 an ene scparale documenl; or c>ample. m l) Lo.fico/ ,/,sign. funLiions 10 b( p.:rformed by lhc s¡·\lem are 

l ~~~~~l~~~~sro~c~~~~~:;~;~n~~~~~~~l~g~•~~~~P~;e~~:r~;; ~r~r;;.~~c?,' :i~-¡~ .. d sclw(d. AllernJii\e; fc>r a new symm or moMr,·alion or 1hc 
prcson1 srsl<m are Jc•clopo:d anJ e.arnintd Thc "new" sys• . into phascs. Two documenls are produced al the end or lhe Dclinilion ·sUb· 
lcm is dcs.:ribcd. : phase or lhe Developmcnl phase: a funclional Dcscriplion, and a Dola Re· 

· quiremenls Documenl. 4) l oalullliur~. Thc bcncfots and CO>I> of the propo>ed syslom are 

~ E••minal.ion of lhese and. many documcntation re~uircmenls show thai a 1 dtt<rmincd lo • suitablc lc•·d or accurJcy. The op.:ralionJI lnll 
: Srstems De fin ilion Repon conlains ti ve majar lypes or infor'malion: run<tional reasibilrly or th( sySiein are examined an.J 

C:\o"~luah:d. 

) 



-·· l_t i5 '"i~cl¡· arcc~lco.l ihJI docun;cnlalion i5 a we~k link in •>·•••m J~' clop· 
~cnl m ccncr•l a~d m lo~iral 5)'slcm dcsign In panicular. Thc rcprcs~n1a1ion 
l~: lhc dorumcnlalion lhal is produrcd wilh pre5cnl manual me1hods is limilcd 

ll ICkl in a naluul bnguagc; 

2) lists, tablcs, uuys, cros5 rcfcrcnccs; 

l) &r•phical rcprc5cnlalion, ficurcs, flo,.·cham. 

!-"•lysis_of lwo rcwrts showed 1he follo"·in& numbcr of r•ces for cach I)'PC of 
1 lnformauon. . . 

1 
1 

! 

.. 
1 

i Thc: srstc1~a hL"ing Ll'•cuuh.:nlci.J t.~lc ·n:rr complcx ttnd th!.!'SC llh.'lhc.Js uf 

1 
rct••esentallun üfC not c~p~hlc of i.1Jt:t¡u;ltcly d.:~cribinc 11 11 lh!! n.:-r&:h.H)' :ss¡h.•cls 
of J lri)'Sicm for ;aJI lhosc who mLJ~t. or ~houlf.J, use thc do~um..:nt~tiun. Cu 11 sc· , 
Qu..:ntly, documcnl.;.ation is 

1) 

' 

ambisuous: -· na.lural lancu¡¡g~S · 
d..::::.cribc: srstc:rns and diffcrcnl 
tcncc in diffc:rcnt ways; 

ilfC 001 precise cnough lO 

JCinlcrs may imcrprc:t a sen-

1 l) ·\ inconsi51enl: sincc splems are bree lhe documcnlalion ¡5 
brge and il ls vcry difficuh lo cmure 1ha1 lhe dc>Cumcnl•lion ¡5 

t.r r .· ... -;-· .:..-·'~~~~i~~n~- . ·- . . .. . . .... r -· - . 

------------------~--~~-~- -~ 
l\ _in~·t!I~~;-1:H: ~h-~r~ ¡, u-..ull) n••l J "ulli:;".''' -·~··•unl uf 11na..: l·• 

dt: ... ul-: lo tJ··.:um-..nl.a~i·lll .m~l '\ith d l.•tJ-: "'••m¡•lt;' ~))h;lll U i\ 
tlilru:ullto c.J~I~tmin.: , ... h.11 infmm.aliuu i\ miuinjl. 

Tnc .Jdi.:i~n..:iti of m•nu•l <lo.:umcnr.,lion •r• coml•ounll~o.l by lhc bCI 
lhJI \) '\l~nli ar-: .:onli~u.all) ch;ant:in-' .an .. l ji i'i \Cf)' llinin•ll lu kc-:Jl lhc d•,u· 
m~nwion up·IO·d:llc. 

Rc..:cnlly thcrc ha\·c bc•n •llempl~ 10 im1Huve monuol documcnl•lion b¡ 
o.Jc,-eloping mor< formal rnclho~olo,ics (16, ll, ll, ll, IS, Ul. Thc>C 
m-clluiJi, C\'Cn lhou¡¡tllh~y .~re dcsi~n.:d-ciGccbc u>cd nunu•lly,_ hove •. formal 
l•n~ul~! or rcpr••~niJiion schcmc 1ha1 ili dc,i~Md 10 ulli:vinle ~ lhc diffii:ullii:~ 
li>lcJ •bo>e. To 11\J~C lhc documcnwiun mure uscful for hum•n bein,s, 
ni~nr or lhcsc n·lclhod;. use a graphi.:al lanl(ua~·- ' ~~ . • 

1. 

In compulcr·aidcd fogical S)'Siem dcsign lhc objcCiivc, as in lhc m~nu~l' 
proccss, is lo produrc 1hc S¡·slem Dcfini1ion Rcporl and lhc pro..:cu followcd ls 
csscnli>lly simil•r 10 lh>l dcscribcd abovc. Thc compulcr·aidcd desi~n syslcnl .... 
has 1hc follo..-ing capabililics: 

11 capabilil)· lo dc;(fibc informlliun >)>lcms, whcthcr nunual or 
compulcrizcd, whclhcr Ckisllng or proposcd, rc~ardlcu of •P· 
plicalion arca; 

abilily 10 record such dcscrip1ion in a compulcrilcd d41a b.sc; 

abilil)' 10 incrcmcnlally ad.J 10, moJify, or delele from lhc 
dc:s..:riplion in lhc tlotiJ bJSC~ 

abilil¡· 10 produce "hard copy" documcnlalion for U>e by lhc 
anJI)'SI or the o1her us~rs. 

1 

1 : 

Thc c•pabilil)' lo de,cribc s¡·Sicms in compulcr puxcssible form resulls 
from 1hc use of 1hc S)'SI~m dcscriplion bn~u>~< tJIIed I'SL. Thc abili1y 10 
re.:ord su<h dcs.:riplion in a dJia ba,e, in<r<m<nlally moo.Jify il, and on dcmanll 
perform Jnalysis and produce rcports comes from lhe sof1ware pac~•s•· callcd 
1hc Probkm StJicnl<nl AnllylCr (PSAl. Thc AnJI)'l<l is con1rollcd by a Com· 
m:.nd languJg< which is des.:ribc~ in dolail in (91 l:'1g. 11. 

The Problcm SiJicmcnl languagc is oullinod in Scclion 111 and dcs<ribcd 
in d<iail.in (101. lh< use of PSLII'SA in compulcr·aided logic•l syslem desiKn 
h dc><ribcd in d<l•il in (181. 

. . 
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The use of PSL/PSA do~5 nol ~cpend on any panicular 51ruCiurc of lh~ 

5)·5oem tfc,elormenl procc55 or anr 51;11tdards on thc formal and conocnl "r 
hJrd copy documcnlalion. h is lherdorc full¡• compa~ihle wilh currcm pro! 
tcdurcs in mosl or~anizalions lhal are o~vcloping and maint;linin! S)'SICrnsi. 
Using lhis s¡•stcm, lhc data collcCicd or dcvclupcd during all fivc of lhc uclivi;: 
1ics •re recordcd in machin~·rcatlable form antl enlcrcd in1o lhc comru1~r as i¡, 
is coii<Cicd. A dala base is buill tlurin& lhc proccss. Thcse dala can hq·

1 analned b¡• compuler programs and intermctlialc documcnloliun prcparcd o~._ 
requcSI. The Srslems Dcfinilion Repon lhcn indudcs ti lar~~ :onwun1 of nta ¡' 

, lcrial prodúCCd DUIOntalitally from lho d~la base. . ' . ' . 

The ae~h·ilies in louical sys1cm dcsign are onudificLI "hcn PSL/PS!\ i '¡ 
uscd as follows: 

1) 

2) 

Dala colloclion: since ffiU51 or lhc dala lllUSI be oblilincd 
lhroush personal conlaCI, inlcr\'ie..-s ;..;li s1ill be rcquircd. Thc 
data collctlcd are rccorctcd in machinc·reodablc form, Thc in· 
IC1111<diale OUipUIS of J'SA also llrO\'ÍdC CUI1\ eni~nl th~•'l.li~IS 
for dccidinc wha1 addilionnl informalion is nccolcd und for 
recqrding il for inpul. .. 

\ \ 
: l., 

Analysi5: .• numbcr or difforenl 'l:ind5 or analysis can·\lC pcr· 
rormcd on dcmund by PSA, and lhcicforc nc~d no lon~er be 
done manually, · 

._,,-:"':"'";_-.~·· ..... -·.·:· ··..-.~;··---· 

J'Jif.,'II.JI~tl. llu .. :· ... r, P:).\ c:m hiJlto: lt1·1f~ tl.tl.l 01\':til.\hl: 10 

th.: Llto.·,i..;n~r ¡,¡nJ u11''~ h:111 10 m.wi1ntl.,l..: it nh"l~ C\h!rHhci). 
1 he .rc,ulti of hi) llú'isinn) 01rc .al;n cntc.-'-'1.1 into th~ cJ"''" bo&~C. 

.¡) E•tJiu:ttiun: PS,o\ PIO\IJ\!\ SOil\1.! rul.lilll..:ui.U)' rll,iliti..:\ for com· 
putini \Oium..: or ""Uf~ m..:.,,urc, frum thc \.loat;a in lhc problcm 
SIJICn\~1\1. . 

5) Jmpro•·emcnl>: id<tllific.olion of arC•S for pos;iblc intprO\'C• 
mcnl~ is also a crcalivc l•ik; ho,.·cvcr, PSA oulpul, r•rlicu!Jrlr 
rrom lhc ~-··lualion ph•sc, may be useful 10 lhc an¡ly\1. 

· Thc S¡s1cn1 Dcflnilion Repon will conl•in 1hc umc maleri•l u 1ha1. 
dc;<ribod sin.:e lhc do•umcnl•lion ntuSI serve lhe ume pur(lO>C. Fuqhcr· 
more, 1hc samc ~en~r•l formal ~nd reprcs~nlilion is dcsirable . 

¡ 

l) Narralive inform•tion is nccc5Sary for human readabilily, This 
is Slorcd as pm or 1hc dala bul is nol anJI)'Icd by lhc compul• 
er pro~ram. ·llowcver, lhc facl lhal il is dispbyed ncxl 10, or 
in conjun.:lion wilh, lhe final dcscription improves 1hc abilily 
Of lh~ anJI)'SI lO dciCCI discrcpJncies and inconsislencic¡, 

2) 

J) 

lis1s, lables, arrays. malrices. Thcsc rcprcscnlalions are. 
prcparcd from lhc dala base. Thcy .,, up·IO·dJIC •nd con be 
more easily rc•rr•n,cd in •nr de,ired orucr. 

Dia~rams and cham. Thc informalion from lhc dala buc can 
be reprcscnlcd in various gr.phicol forms 10 display lhc rcla• 
lionships bc1ween objec1s. 

Ul.j PSL, a problcm ~.lalrmrnllan~u·~·-

. i PSL is a l.anguasc for describing syucnu. Sincc il is inltndcJ lo be useJ 
lo describe "proposcd" syslcms il was calle<! a Problcm S1a1emcn1 Lan,uagc 
bcca¡,¡sc lhc dcscriplion ora proposed syslem can be considercd a "problcm" 10 
be 51)1\'Cd by lhc S)'51cm dcsi~ncrs and implcmcnlors. 

PSL is .in1cndcd 10. be uscd in si1ua1ion5 in which •n•lrsls now dcmibc 
sy51cms. Thc dc;crip1ion5 or 5YSicms produccd using PSL are uscd for 11¡: 
samc purpo;c as lhal produccd manually. PSL ma)' be uscd bo1h in balth an.J 

. inlcrao:~h·c cnvironmcnls, and lhercfore only "basic" informa1ion aboul lhe 
.. s¡·s·lem nced·1o be SIJICd in PSL. All "llcrivcd" inforrn•lion c•n be prooJuccJ 

in hard copy form as rcquircd. 

Thc moo.Jcl on whi<h PSL ·is bJicd is dc>cribcd in Sc,·lion III·A. A K en· 
cr•l dcmip1ion or lhe S)'Sicm and scmanlic5 or PSL is lhcn givcn in SC'Iion 
lli·B lo illus1ra1c lhc broJd . .cope of syslcm aspcc" lhJI <•n b~ Jcs<ribcd usin, 
PSL. Thc deoailcd synlax o( PSL in given in 1101. · · 
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. '·::-:.o;;·~,.,- '· ·· .. · . '':~··-;;,\X':-> · · .. < · .. '·':J '':¡:!·''->:';+.··;· ·.: •'':-".•:¡,~,. objccis.airin\'oi\:cd i~·ji:u,ic~ti'i"rRocu~(s'in-IIÍc'i¡•ÍiéiTi!'.'ti'is:'>) .. '·: ~i.\ 
;;L'·-': ;T_.h,~éll)~c.Lorr a ~en~r•l ~J:!I.~m·IS relall\ clr Sllll['lc; . ': nw~ly ;lat:! lh~l. • · ·.· . conwncd .Y.·ilh \. hii .. infornútion is ·Üscd . ur<l~ti:d, and/Ór. iicri.~'c'd. /.;·~: .. :· .<;: 
· s¡·s1~m ,co.nsosu o lhonssc•"li•ch are callcd OUJECTS. Th~ic obJ~.:u m•r hH·c · how lhis is:d~rie"·~'lridli • 10-hich · roccssci;'· · ); · · ,.,·' · ···•:;< .~ ·.·• 
. rRO,PERTIES.and uch of lhesc PROPER.TIES may hl\'c rROP.ER T\'-·\'.,Ll·F.S. · Thc ·' · y ·· · p · · ·· .. ,. · 
objcm m a¡; be" connwed or .int_crrclatcd in \·•rious wárs. · Thcsc ~\lnnc.:lions Dm DcrÍ\'alion ·rc.liÍionships u e interna! in 1hc s¡·síem,· .;tíiic Sy1· 

. ore callcd RELA TIOSSIIIPS. . . . ··cm lnput/Oulpul' Flo .. · rclllionships. dcs:ri~c _lhc I)"Sicm:.''bo_un· 
· · · · darics. As ·,.·ith oihcr PSL hcilities Sp1em lnpu1/0u1pút floió'nccd 

. The general model.'is specialized for an inrormation. systcm b)· allo" ing ¡ . 001 be u sed. A .systerr¡ can be considcred as hi •·in& ·no. bound~r)t •. 
- the use or only a limilcd number or prcddincd obje~IS. pro¡>.:llics·, ánd relation· · · . . . . · · .' · .. 
· ships. " . . . · ·. . The 5)'sttnt Si:t Dnd l'olumt aspcct is conecrncd_ ·"'·ilh lhc sizc or lhc 
. -.¡~.;- ~ • ~~~ .• · -~- ~ ..... ~- ....... ·:--~~> ........ !_._ .... ~~"' ;..'"''"'"":"''-~ •-.;u- ... _--l?';'~:_nu ..... !!~ .• ;~-~.::..~Y.:~'--~-:-.:.,.·_ .... ,. -~~ ~:-.-:~ :-: I)'Sitfll and those.·(actors·;.which,. innu~.nc~.· lh(""~-~~ m~~~or-pr~ci lina·-·:-:-7 . -.~ ~· ... : . 

¡:B. An o,.,,..;,.. of tht ptobltm uattmtntlang11age SJ'ntax o11d Jt•ma 11tics · · which will be rcquircd. · 

. . Thé objeciive or PSL is lo be ablc 10 exprcss in s¡·ntaclic~ll¡· an•lyz.hlc 
rorm as much or lhe inrormation which commonly app~ars in Syslcm Dtlini1ion 
Repolls as po>siblc. · 

Sys1cm Descriplions may be divi~ed loto ci&hl maj~r aspem: 

1) Syslem lnput/Outpul flow, 
2) S¡·s1cm Suuclurc, 
3) Da1a Suucturc, 
4) Data DcrÍ\·alion, ,. Sl S¡·.,em Sizc and \'olumc, 

i 6) S¡·slcm Dynamici, 

.~- 7) Syslc_n\ Prop~llies, 
8) Pre>jccl Managcm~nl. 

1 
PSL conl•ins a number or t¡·pcs or ohjecls and rclalionships "hi.:h p~rmil th:se 
diffcrcnl esrcc1s 10 be ~escribcd. 

Tht S)"ll"n lnpl•i/Outpul Fto·· aspect or lhc S)"Sltm deals wilh lhc in· . 
lcraCiion bclwccn the •·r~é1 syslcm and i1s cn\"ironmenl. 

\. · · Syih'm Suo.r~urt is i:onccrned whh lhc hicrurchios:amó.~B objccts in a 
I)"SICm. StruCIUrCS· may also be-introduced·IO rádliliole .• p"arlii:"ulaí ., 

.(. dcsign appro.ch such as "1op down.". All iilrorm>lion;may'inilially·. 
¡.. be ·s.rourcd lo¡et~ér1 bnd c~ll~d by on'é' narrw·a\:lhc_;.hi&hcu:'IC.·el; · 
¡ and lhen succcSSI\'C y ~ubdov1dcd. S)'St<rri suucu:UcsTc.nr<rrcsenl, . 
'- hi&h'Íc•·cl hicror<hios which ·m ay no1 ·acl~all)··,cx i~l: in¡Úlc s¡ SI~ ni,~as · .-

_.j"_. ~-·WéJr~s-thosc that·.do~-' . .. _-, -·· · ··- · ·- · ~-~- ·ff?'- -::. __ ;~- · · ·· 
-~--:~:-~ _;:-. ·:··! -.~;r- ~ ~. ··:·.-7~7"t7.~;~-~~\·.:~_;.~-~;t~;·:. :. ~;~~~ -~:,:;<.'>~~]1{ ' -~ ·_,. :_·~-~~:·:.,-_ ... 

.. ·· .- . ~- - ·.: 
.. ·., ,~-

.The S,ys.r~m D;·nomics aspecl or S)"Sicm descriplion prcSCI(IS thc 
. m•nrocr in ·,.·hich lhc targcl sys1cm "beha\·cs" ovcr time. 

All' objects Cor a paniculu 1ypc) u sed 10 dcspibe lhc l~r&el s¡·stcm 
ha ve CharacleriiiÍCS which dillinsuish lhcm frorh Olhcr objecll or lht 
samc.-lypc. Thercrorc, lhe PRO~ERTIES or p•rticul~r objccu in .. Tiic · 

·. sy_s1cm must be describe d. Thc PROPER TI ES themsclvcs are objects 
and ttivcn unique namcs. 

Th~·. Proj~fl Ma.nogtmtnl aspecl rcquiru 1h11, in addilion 10 thD 
. dcsc:riplion of thc lar&el sy~lcm bcin& desi¡ned, documenlllion or 
'the· project di:sisnln& (or documcntin&l lhc ur¡cl syslcm be ch·cn. 
.This Ínvolvu idcntificuion or-pcople involvcd and lhcir rcsponsibili· 
líes; schcdules, etc. 

IV. RcporU 

As lnrorm••ion aboul • pauicubr s¡·ucm is obuined, lt is e•prcucd In 
; PSL ond enicrcd inlo a dau buc usin& lhe Problem SuJcmcnl Analpcr. Al 
· any lime sJandard oulpul5 or rcporls mar be produced on requcst. The \'lrious 
j rcpons can be classitied on.lhc basis or"lhe purposcs which lhe¡· Hrvc. 

¡ 
. ~ 

j 

-~-

· .. · 

1) · Doto> Bou Modlficotion Rtpotlp Thcsc conSiilute 1 record or . 
' chanscs lhaJ ha ve becn made, togcthcr wilh di•¡noSiics. an.d• ·. 

. :.· warnings. Thcy con"stitule io record or chan¡es ror CIIOI coro<c· 
tioO·_~nd r_c:co\·cry·~ · · · 

2) ·. Rt/ntnct Rtpom: .. Thcse-·presenl 1hc inrormllion in thc d•ta .. ·' 
·base in v•rious· rormals. FÓi cumple, lhe N•me Li11 Rcporl - ... 

· -~i\resén.ls .all· 1he· objem in Íhc d.oa b,.sc wilh thcir .l~~>.e and· . .. .. ". 
".':~:··dátc.· orlast"éh•nx·e. "The :Ea• m•11cd P1 otle m S,.,. me_ri~oRc P,Oit '-_"". . . . 

. ·. :;.ish~~s--•11 ;~'iop~riies •nd icliliomhips ro •.•. pii lic;il;r··objcct_<'::-.: '.':·k 
·; .. ~.:~-'.··· •. i"::.:.· ~ ·.. . . • • . ·.~.. ·.'"·::::·.·· ~. '/'':!'!: 

.···~~ ··:~ 

.. ,·_.: 
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Ft,ure J. Enmplr ol parl of a Dala Pro«>~ lnlrractlon Rrporl~ 

u llDr 1:ar u:r aor &el ,, .... , o.t• 
. Flcur~ l. Eumplo or Í.fOR~I.\ r:n:o PROBLEM ST "TEMENT for onr PROC:ESS ................ -M .......... _.,_ ....... . 

Summary Rtports: These prescnt collcctions o( inform.atio·ri in 
summary from, or· gathered from severa!" different relalion· 
ships. For. example, the Dala Base Summary Report provides 
project managemenl informa! ion by sh'owing !he Jotals or \'ari· 
ous !}"pes ofobjects and how much has becn snid abÓill ihein •. 't 
The Struciure Report shows ·complele or :partial hi~rarchies.: 

··The Ex1ended. P.ic1ure Rcporl shows !he dala llows in a gr¡¡phi· ·· 

.... ~,._.,-.... -..:-tJQCUI-t ...... ftl.lft-.. t-r&..C:US-t 
' ltChf•ltl .. l : ............ 1 ...... ,., .... , . le-··· 1 • 

.............. ,.............. . ····························'"'····· 1 

cal form. . · . . . . .. . 

Analysis Rrports: These provide.various types of analysis óf the 
information: in lhe data .base .. · For .example, !he Conlerils 
Comparisori Rc'port analyzes simil••rity of lnputs ~nd Ou1pu1s. 
The Dala Proccss lnleraájon Repon (Fig. 3) can be used lo 

hclf•tl• 1 · hiU l hiC-IIIC 1 I•••J• "lo ,___._.. · .... n,"uco--. ~ laUnl!~ ··· ... "'"u..,,. 

• 

..,._nwt--t 

......... ' 1 

....... 1 . .............. . 

... ..0. ""' .... 

..,.,.Git.Ut-• 

......... 1 
• ........ 1 

II••U••I 1 ..... '"'''' ... .................. 
.......... 1 

, ltnhl- 1 
1 1 
hR"•·UI .. I 

.,_.,.~-· ........ , .. _. 
• ............... , .. ,.... 1 
.............. ::............... 1 

·-····· ,·.-,\1 . • •• ,..... 1 
-D.- R.M--t ...... ""' ......... 

1 dclcct gap .l. the informalion llow, or unusect data objccls. 

1 .

.. · The Process. ain Report shows lhe dynamic behavior of lhe 
flcurr ~. E .. ncplr ola Pro«\\ Chaln Rapo~ l. 

......... ··-··-· 
syslem (Fig. : .. ,: . 



~-~--·. ~~~"""":""'---:"""""':"'-.-':':'"'"':'~----r-1 Aftcr lht JÍh:nt..:.nl~ h,¡\'C h..:cn l'Cll1lpkh:d. lh\· ra:d J\I.:Jilh:ntJiil•!'\ IC· --
quih:d br thc Voe:OIOilOition Col~ be ruoJuc\!d ~\!11\i;¡Uhllll;d:\.·; . .!1)' lO ít IHI!'""'Ilh:d ... Qt 

' 

formal. e G-. lhc rCirmou rc:~lui"~l r,JI thc fLWL'tional n,.,,,:ri¡H•Cln oiiHJ n.ll..l ltc-. U.:· ... ·t·:·Jllll\.:1\l "'ill ¡.-\:¡! 1.; .. , tim.:_ar.,l , •• ,, I~H h.;: ... '-lll'.: ·!iltlf~. ~h_:~.:h u .. u ·~-
quiremcnli in l2l). t~· .u.: nut u,"'.''\~h:d u_r•lll Pl···~'-''"'"'nl'., h",tu·~·- h.,\c h..:.:n !'¡¡auraulc•t h ,, 

@>. (C,,:ntUÍt~,.J lh.Jl OH~--~~-hOO fur lh\! hi~h \'r,,t uf "i ,!.llll Jc\¡;fo¡uH.:UI ÍS lh\! r.,~,;t 
·thJt crror5, inc9niis~én_..:i~~~ a!'l~ omj,\ion~ in spt:\¡r~~o:.aaion~ are (rc~urntly not 
d<I~;I<J un1il l41<r IIJ~(; or o.ln~lopm<nl: in de;i~n, prú~UOimin·~.· Spleni. • V. ConcluJiu~ rcm•rks 

· The rurrenl 11a1us of I'H/PSA is o.les<rih<d brienr in s~.:~ion \':.-\. Thc 
benefi1s lhal should ~.-rrue 10 users of PSL/PSA are di~cuSicd in Se.u.:>n \'.O 
The informólion on b.:nef11S aCiuallr oblained b¡· users is sh·en in Sc;liun \'.e: 
Planned ex1cnsions are oull,ned in Ser1ion \'·D. Some conclusiuns rca.:hed as 
a resuh of lhe dc>dopmcnls lo dale are &h·en in Scelion \'-E. 

I<SIS, or e\Cn open1ion. The u,~ uf PSI.IPS.-\ durin~ lh~ \p~.ifiO:Jiiun s1a~c 1 
reJu;~s lh~ number of errur; "hi~h ,.¡u h•'~ hl ·b~ corrc-·le•l lal~r. Mainlc· 
nano:< .:o;1; are consio.lerabl) r~.iu.:eo.l b~.:ausc lhe cn~cl or u rropc,;:<l ch .• n,c ~ 
.:an <Jsilr be isoiJI<d, lh<rcb¡· redu.:ing lhe probJbilily lhal onc corrcclion "ill i 
caui< olh<r errors. 

lhe COil or usin~ a compuler·aidcd nl~lhuoJ during lo~icol S)'>ICffi de¡i~n 
¡ A. Cllutnr llarus . • musl h~ .:ompJrcd wilh lhe ru>l or pcrr.,rmin~ lh~ opcr•lions n\JOUJII¡·. In 

··¡ .. _ .• ,r!!"''l ..... i:··~ t~·· -~·-!"'"- ...... ,.;--.·:- :- -.. ,. .·~-·.,~--. :" .,.,- .... -..... · .. ptJ~IÍ.:i: lht:: ~o;t·of·"1hC \'ilrioús anoaly:H rulh."lions:of·iOICJvicv.ins, ... r~t:ordin.s. --, 

, T~e PSL/~SA $)'5l~m de.scribed in lhis paper is operalional e>n mosllar~er a~al~·zing, el~ .• are not. re.:ord~·d _se.pJral<ly. +lo"ever, it can be. argucd ~hal 
·: compullng em·1ronmer¡1s 'lhl.:h suppou· inlcraclh·c use, in;ludin& IB~I .370 . d1r~.1 cosl of ~I?Cu.menlmg SP<•11i~al1ons for a proposc~ .s¡uem U\ln~_ PSL/1 ~A 

series (OS/VS/TSO/CMS), Uni\'aC 1100 series (EXEC-8), CDC 6000/7000 should be appro>~malcly e.quJI 10 lhc coSI or pr?duc.mg lhc do.:umenlallon 
, series (SCOPE, TSS), lionc)'"cll b00/6000 series (MULTICS, GCOSl, AM· nunu:1lly. ~h< c~SI of l)·pmg ~1Jnual docum~nlal1on 11 rou~hly equal lo ~he 

DAIIL 470/\'S (MTS), and POP-10 (TOPS 10). Ponabilily is achie>cd al 8 re· cosl of en1c11n~ P~L slal<nlenl> 1010 lhc compuler.. 1 h~ comp~lcr COSI of us1ng 
IJiively hish le>·el; almosl all of lhe syslem is wrillcn in ANSI Fonran. PSA should no1 be more thJn lh< cos1 or analysl 1m1c 1n car~ym~ oul lhc •n•l· 

PSL/I'SA is currcnlly bcing used by·a number or or~anizations incluJing 
AT.!.:T Long Lines, Chasc M•nhauan Rank, Mobil Oil, Bri1ish R•ilways, 
l'elroleos Mexic.nos, TR W lnc., lhe U.S. A ir Force and o1hcrs for docurnenl· 
in& Splems. 11 is also bein& uscd by ac•demic ins1i1u1ions for educalion •nd 1 

tcscouch. 

. 
B. B,·,tJitkuu anaiJ·¡iJ of rum¡!.'""'~aiJ~J dorumcmatiOn -

ys~s nlJnually. (Computcr costs, hm .. ·c\·cr, are much more VISiblt th.an •n.aty~u 
COSI>.l Ev<n though lhc IOial COSl of logical S)'Siem desi~n is nol reduccd by Ul• 
int ~ompulcr-aidcd melhods, 1he elapsed lime should be rco.luceJ because lhe 
compuler ~an p<rform clcricol lasks in a shoner lime IIIJn anJiysls requlre. 

C. Btnrfiukom traluarion in pr~clirt 

ldeally. lhc adoplion ora new melhodolugy suéh as lh"' represenled by 
PSL/I'SA shuuld be bJsed on quanlilali\'~ evalualion or lhc b<nefils and '"'"· 
In praCii.:< 1his is scl<lum poS>ible; PSLIPSA is no excepliun. The major bcncfiiS ci:Íimcd ror compulcr·oided documenlalion are lhal 

lhe ".¡ualil¡•:' of lhe do~umenlalion ÍS imprCl\'ed •nd lhal lhe COSI of dcsi~n, 
llllplcm~plallon, and 013101Cilancc will be r~duced. The "qualily" or lhe dn~u- Ver)' lillle quanlilali\'C informJiion aboul lhe c.pcricn.:c In Uling 
mcnution, mcasurcd iri 1crms or pr~ciscnc.ss, consistcnc)', ~nd ~:omplch:nt.:ss ¡5 PSL/PS.-\, csp!!¡;ially con..:crnin' manpo~·cr rcQuircmcnu und sy:.tcm dcvclor· 
increa.scd because lhc analys1s 1111111 be more precise, lhe soflware p~rr,1rms mcnl .:o;IS, is a\·aillble. One rea;on for lhis lack of dala i1 lhal 1he proje~l h.; 
checlmg, and 1he ou1pu1 repons can be revicwcd for rcmaining ambiguilies, in· bccn conccrned wi1h de\·eloping lhe melhodolo~y and has nol fcll.il nece11ary 
consi~tc:ncics. and orpissions. \Vhilc cumplctcness can nc::\'cr be full)' r or ~·onhwhil~ to in,·c:H rcsourt:c:s in carryin~ oul controllt:d exp~rimcnts \lohkh 

1 
guaranlccd, onc imponanl fealure or 1hc compulcr.caided melhod is lhal all lhe · would aii<OIPI 10 quanlify lhc bcn<fill. Funhermorc, commer.:iJI ano.l BOvern· 
ducumenlalion lhal ~·exisu'' is lhe dala base, ond lh~rcforc lhc ~aps and omis· t menl org•nizalion; "hi~h hove invesli~aled PSLIPSA hHe, in some e-ses, 
"ons urc more ol>v¡ous. Cunscquenlly, 1hc orcanization ~nows whal dala il ' s1ar1ed 10 u1c il wilhuul a rormal evalualion; in Olhcr ca1es, lhey hne ""rl«l 
has, unLI doc:s not ha~;c 10 cJepcnd on lndiviJu:ds whq may· nut be a\'ílit•blc '¡ Y 'ti) .tn C\JiuJtiun projcct. 1Joy..·cvcr, once thc cvuluJtion projc~t is complctcU 
whcn • spedfic ilcm of <lilla aboul a syslem is nccded. Any onalrsis p<rformed .. an<l lh< dc~isiun is maJe.lo use lhc PSL/PSA, lhcrc is linlc lime or mo1iva1ion 
ano.l rcpons proJu¡·ed ure up-lo·o.lale as of lhc lime 11 is perfurmed. Thc courdi· lo documcnl 1he reasons in dcl•il. · 
ll.&tion amunt: anJI)'!Iol" is lircatly sin1pliflcd !.incc cach cun wor~ in hi,. 0\\0 arca t• 

and s1ill havc liJe :.y~h:rn SJ•.!rifl\.\tliun:a Le con~ist~nt. 
. -- --· ., ...... 

Or~anilJiions c•rryin~ oul evaluJiions norrn•lly do no1 h•vc lhc comp•r•· 
blc dJta fur pcc~cnl mctho1.h ;rvai!Jblc: ;~nd ~u f.:r 11vnc hoavc fch it nccc~~.&ry tu 
run cunl&olkd c.-:pcrinh:llh with both mclhV<h bcinj ·LI)Cd in p.u,¡llc1. é~;cn 

. . ,~ 



----~---·-··-··_ .. "-·----~--------@n~~~--------------~--~---
\4hi!n C\'~lualiuns ·are:· mt.~c.Jc, thc Jcsu!t) h~\·c nlH h~o:n m;,J-: ;n.til.,hk 10 1h..: 1 ~ i 
projccl. h~c4tuse thc o.r~.·an. ilalio, O!lo rc~ond thi! d.11:. ;.r .. pu•rri~.·Lary. . 11 1 h.: d~t.:rmin.nion ·1'\•l """um .. r.¡.,•i .. a ,r h.:·,··•>:n· ... tll .. ;a¡\.l · 

run.:li .. n.il '"""""'·;li ... ati•••l' . .".11\ h..: iu.pf .. \¡,;'1,1 h) lH ·' ;,,: u .. .: •• r ti •. : 
~cutq'~•l·.:r fur r\! .. :nrUina; JnJ illl.ll~¡in~ th..: t,:ull.: .. t.:ol LJ.it-1 .unl 
statl!m.:nts .1bou1 th.: rru¡h.l!\..!Ll \) ~h:m. 

The e•·idcnce thal the PSLII'SA is "orth\\hilc is that alm .. ;t \\ithC>ut <\· 

ccption thc organizations which ha•·c ><rinuil)' considcrcd usin~ it hJ•·e o1.•.-ickd 
to ~dopl it cithcr with Or'\\ithoul ~n c\·;~luatinn. furth~rmMe. pf.JL"Ii~.·.llly ~11 ur· 
... .:miutions \l.·hich Sl"-rtcd lo u~c PSL/PSA ur~ rn111inuint th~ir u~~ lth~ C\l'Cp· 

tll>ns ha•·e b.:en cau><Ú b)' fJctors nther than PSLIPS,\ i"clrt and in ••rfJniza· 
lions which ha•·e adoptcd it, usage has incrca>ed, 

D. Plaunrd d,•rrlormrntS 

11 

PSL as a srstem description lan~uagc was inl(ndcd 10 be "wmpkte" in. 
JI 

thal thc loBical view ora proposed informatiun system cnuld ~e 1k>tri~od. i e .. 
all the information necessary for functional rcquircmcnts and >Jle<ifi,·,tir•ns 
could be stated. On thc other hand, the lan@uagc should not be so compli.:.ot¿d 
that il wnuld be úimcull for analrsts lo use. . ... lso, dclit>~ratCir omincd from 
!he lanBua~e · .,;;s an)' 'ability. lo· provide · procedural "ende" so thal analnts 
would be encoura~ed lo conc~ntrate on the rcquiremcnts rather than on low· 
leve! now charls. ll is clear, howcver, thal I'SL. must be e>tcnúcd 10 iocl~de 4) 
more precise staoemcnts about lo~icai and proccdural information. 

ProbJbl)' the mos¡ in1po[l;Jnl impro\'emcnt in PS.-\ ls to n1ake it easior to . 
use. This includc:s providing more elfc:ctive and ~implc dat.t ~ntr}" and _ 

· mo¡li/icalion cummaods ond proviilin~ more help 10 the uscrs .• -\ s~cond major 
considcration is performance. As thc data base srows in size and thc numbcr 
of u;ers increases, performance bccomcs more importan!. Performance is \'er¡· 
hca•ilr innucnccd by factors in the computinc environmcnt which are outside 

· thc control of J>SA dc\'clopmenl. Nc•·crthekss, th~re are impro\'entcnts that 1 
,l b d 

l
! !,.: can ~;~:I',~A is _clcarl¡~. onl)' .one. ~tcp .inf usin~ cnmputcr·aid~J mclhvJs in ¡

1

. 
o.lc•·clopons. op~ratons, and maonlJintilg tn ormation prcoccssio~ srstems. The 
resulls achie•·ed lo date support'lhe prcmise that the samc g~neral apprr>ach c;on 
successrull)' be opplied lo the rest of tlie systcm life cycle and ihat the data base 

! conccpl can be used lo úocumenl lhe 'results of Jhe pther oCIÍ\'ilies in the sys· 
·'¡[ ·tem life crcle. The resuhing data ba¿es cari be the basis for de•·elopment of 

1' 
1; 
1 
1 

methodology, gcneralizcd systems, educa1ion, •nd rcsearch. 

E. Cvnrlusions 

The conclusions reached from thc uevclopmcnt or I'SLIPSA 10 daoe anú 
from lhe etfort in having il. uscd opcrationally may be ~rtoupcd into fhc majar 

Sl 

Computl!r·aiU!!U uocum..:nto~tion h ih..:lf a ~r~tcm uf ~ hid1 tht: 
;ort\\Jrt i> only • part. Ir th~ \!'''~"' is lo b~ u,c.s. •ú~4u.ote 
au..:ntii•O mu\1 b.: gi.,c:n 'tu lh..: \\hui~ mt:ahrnJuhl~)'. indudin,: l 
U\(f ÓO~Umi!OlJtion, lo~iSii~t.'\ anJ 0\~~o·h;tnk ... Of Ui..:. trJinin,, 1. 
nll!lhOJn(O~ical SU('Irml. O&OJ 0\.ln,I~Cn\(~1 COt.:OUr.Jk:\!llh.!nl. 

The basic suucturc of PSL •nu PSA is correct. A systcm 
u~,.:ription lan~uage shoulú be of the rclational ly~ in whkh a 

1 d.is.:rirtion con;i;ts of illentir¡ in~ 11nJ n.oming objccts and rdJ· 
tion;hip; among thcm. The soft\\a!C sptent >houiJ b.: dJta· ,. 
bJ;c oricnted, i.e., thc data entry and moúification rr~cJures 1 
shuuld.bc scparated rrom thc outpul report and anal)·sis facili· 1 
tic.;. · 

The approach followcJ in thc !SilOS proj~Cl has succcedcd in 
brin~in~ PSLIPSA into opcratinn:ol use. The samc upproa.:h 
can be applied 10 thc re;t of the ;¡ soem lif~ cycle. A purtocu· 
larly important parl of this approa<h is to cunccntrale forsl on 
thc do .. ·um!!nt.llion ami thcn on llu: ml.!lhoJoloJl)'. 

Tht.: dec:ision 10 use :a comput..:r·aidc:d documcntOltion mcth,h.J 
is only partly innueo<ed by ·lhc c•pabilitics of lhe s¡·sttnt. 
Mu.:h more importan! are factors rclating lO the organizatioo 

· itsclf and s¡·stem developmenl procc!lures. Thererorc, cven 
thou'h computer-aidcd documcntation is operatio~al in sorne 
orpnizations, thal do~s not mean thal all. organllallons are 1 
rcad)' to imrncdiat.cly :iuopl it as parl of thcir syue·m lifc cyclc , 
mcthoúolo~y. 

.1 
,. 

. ··.· 
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De:'>l?rco's "Strutlureú. Analpis ond S¡-st~m Spc.:ification" is 
thc final p;ipcr chos~n for inctusion in this b,,,,~ of ciHsk onkl~s on 

· the strÚcturoú rnolution. · ll is lost of lhrc~ on 1hc su~je~l of 
analysis, and, IO~ethcr ,.·ith Ro;s/S~h<>ntJn (PJp~r 121 ond 
Tcichrocw/ltershey IPopcr 111, 'provide;'o guod idea of lh~ diru1ion 
1ha1 suuc1urcd onalysis_,.·ill be IO~in~ in-lhe ne.t.fcw ¡·cars.: 

·Any conlpclcnl S)'Stcms onalyst·undoublcdl¡· could proJucc o 
tive-page 'csuy on "What's Wrong ._ wilh ·ca~vcniional _Anal¡-sis." 
De!Ylarco, bcing an n·onJI¡-sl, docs so wilh pilh)' rtmar~s. dcscrib~ 

1 
ing convcnlionol onalysis_as follows: . . . .. . _ ., 

1 

J 
1 

. ' 

' 1 
' 1 

! 
•' 

"lns1eod of ,- meanin¡fut 'interattion bc111Ún---
anal¡-st and usN, lhcre ls· afien a pcriod of 
fencin~ followed by lhe lwo parlics' studiousl)' .. 
ignoring eoch other ..• The cost-bcncfit studr 
is performcd . backv.-ar~~ by deriving. lhc 
developmenr budgel :as· a· functlon _or upcCicd 
savings. (Expected sovlngs werc coltulated b¡- ·' · 

'. -·· proratin's .cosl r.cdúi:tion'lorg'cls hañded·down- · 
.· ... · from On .. liiah.)"'' · :·:. <· \q: 1 ······.> ·l'·! 

.·.~L'i'':l. ·· 

..... 

In addilion 10 providing refrcshing prosc, ·DcMarco's approa.:h .
diflús sontc" hal . - in terms of emphlsis - from thJI of 
T eichroc,.·/llcrshcy and of Ross/S.:homan; Unlikc his. collca<ues. 
De:'>lar.:o messes the imponan.:e of lhe' 'm~i"t~mabihl)' of 1hc 
spccificolion. Tokc, for inslance, lhc nsc of ene srslem consistins 
of six milloon lines of COOOL and wrillcn o<·er a period or'lcn )'CJII 
by employees no longer "'ilh lhc or¡aninlion. TaJa)', nobod>- kfiOh'S 

·¡ M'ital 1h< S)'St~m dors! Nol only ha<·e lhe pro~r~m Jisling~ and sourcc 
cede becn tosl ,... ·a- rclati<·et¡· minoi disastcr lh3i .. -e •11 ha ve se e;. 
100 of1cn - bul thc ipedficalions are co01plc1ely oul of date. ).!ore·· 
ovcr, the syslem has srown so largc lhal ncilher lhc uscrs nor 1hc 
dala p10CCSSÍ08 pcoplt haVC lht fainiCSl idea Of K'hUIIhC I)'Siem Í! 
supposcd 10 be doin~. lel alone hok' the 01ystcrious job is bcin¿ ac· 
complished! The cumple is far from hypolhclical, for lhi> is 1h1 

'----···-··-··. ·- .· .... ·-·····. . 
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! Structured A.datysis 
1 and System Specification 
' 

·. 

1 

Whcn [<1 YourJon firsl• coincJ ohc·l<rm Suu.:lurcJ .. 
Analy$h 111, lhc idca was larscly spc.:ulalivc. He hJJ no 

1 

aclual rc .. oll> uf .:ompl<le<l prujc(ls 10 rc¡oon opon. ~lis 1 
papcr was base.! on lhc $ÍIIl¡ole obs<naliun lhal $0111( or : 
lhe prin.:ipiCS of IOp·<IOwn parlilionin~ US<d b)' dcsi~ncrs 1 
could ~e ma<le applicablc 10 lhe Analysis Phase lfe re· · 
¡iorlc,f $Onle suc<css In -hcl¡oin~ users lo work oÚI S)'$lem ! 
d~lails us¡n~ lhc sraphks .:har:~coeriuic or suuc1urcd le~h·j 
n1~~cs. . 

Sin.:e lhal oimc, lh<re has bcon a rcvoluoion in 1hc 
mclho<lolo~y of anat¡·si$. More lhJn 2000 cum¡oJnics 1 
havc sc:nt cmp1o)c:.:; to Suu~lurctl AnJiysis tro~inin~ scm· 
inar$ al YOL"}{())~ alone. Therc are numcrous wor~in~ 
.lcKIS anJ ¡oapcrs on lhc subjccl 12, J, 4, 51. In response 
10 1he YOUIUU:-1 1977 Prouuc1ivi1y Sun·cy 16, 7), more 
lhan onc quancr of ohe respondcnos ans"·crcd lhJI lhc) 
wcre makins somc u1e of S~ruc1urcd Analpis .. The 197S 

. ' $Urvcy 18)- $hows a ckar incrcase in lhJl 1rend. ' 

In lhis papcr, 1 shall mak.e a capsulc prescniJiion of \ 
lhC $Ubje(l or Suuclur<d A'n>ly.$ÍS iind ÍIS cffe.:l on lhe ! 
bu$inCS$ of wrioing Sp<Ci.ficaiÍOnS af IO·bC·dcvelopc<l Sy$• 
ICffi$. f bc~in wÍih 3 SCI Of dcfiniiÍOn$: 

Analysis is 1hc proccsi···~r uansfor~lin& a mc;im of informaoion bbool 
curren! opcra1ions and new rcquiremcnl$ in1o somc son of ri~ornus dcsrriplit.n 
ora S)'Sicm ·¡o be buih. Th•l dC$CIÍtllion is oflen c•lled a Funcoional Specific•· 
1ion or Srs•em Sp~cifica1ion. 

In thc: context of thc project lifc cyclc for srstcm dt\'Ciopmcnt, •""'rii11 
1:1kcs pi>« nc.r 1he bc~inning. h is preceded onlr b¡- • Su o ··e¡· ~r Fc.1>ibili1y 
Stutly, durin~ ·,\hkh 4i proj('C.:\ rh;,flc:f Í!.I.JI(!IIh!nt of ch•n~cs 10 be con,idcrcd, 
L<•nsu;,:nt\ t;"\~rning Jc:\·tlopmcnl, etc.) h~ ~-:ncr.IIL'I.L Thc r\n.Jl)iis Ph;ne is 
p~i(l.:ip.•ll)' ~:\•llC~rrlcd ,\··ith ~l!lh:ratiu& a ~1'.-cif\(o~liun of thc \}\ICfll lO be t-uih. ...... _ ' .. 
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Uul th~r..: ar..: f1.Ufl_\.!C0~) C~·luir~tl b)'·JlCIJ.:·h.:t._ or lh~' pi..•.::. il: • .' .;..1 .... •. 

sch.:dulc .:t.nJ physic;l1 r.:quirlt!m~nts inforntJtion. Th~ ~¡h . .'L"ili .. ::ttiiJn ,,, .. J,. ¡., ;:.r,. 
pounJc:U or thc followin~ kinds or Ul:li\ itil!s; 

• user imtr;action, @a 

• s1udy of lh~ curr<nl en>·ironmenl, 

• Ol!l!l:DiiJtion, 

• externa! d~sisn l'r thc ncw system, 

• 1/0 rormat de>i~n·; 

• cosl·bcn~fil study, 

• sp~cifica1ion writin~. and 

• cslimJting . 
;¡ 

W<tt. 1ha1's how it works wh~n it v. orks .. In pra.:lk<, som• or lh<>< :t.:· 
th·itie!a o.tr..: sonh!WilJt shorh.:hangc:J. Af1er all, e\·tr)·ont is eagtr 10 ~-.=t on to 
thc r.:.a\ \\OCl\ of lhl! prOj\!L'l h..-riting cc:x.Jc). 1nStl.!oUJ of a nli!O!Oin~fu\ ÍOtt(Jt.'IÍUO 
bi.'I\~CC:O JOJ!)';I and USCC, thcrl! ÍS oftcn J pr:riod Of ftnt.·in~ folh.l\h~d b}' lht.! 1\\'IJ 

PJfli<s' Sludiou~\y i~noring cach Olh<r. Thc 51Udy or curr<nt oporJIÍ•>n> is fr<· 
qucntly bfP.Jüi.!J. { .. \V~'rc ~oing te chang..: all th;.al, an}'WJ)'.") Manr or~Jni/.1· 
tions. hJ\·e gi\·cn up c:rHirclr on wri1int' Spt!cilil.';ltions. Th..: ,·ost·b~n\!flt stut!r is 
p~rfurr.tt.:J b.aCk\'JrJS by dcrh,.jn~ lhC \JC:'tC'IOpntCOI budgC'l 3S a (un.:tion o( C:\• 
r<<~~d sa,·inKS. IE•p~ctcJ sJ>·in~s wcr< calculal~d by proraling casi rcduc1ion 
1ar~c15 handcd down from On Hi~h.) And the difficult estimalins procc>s can 
be convenienlly replaced by simple rcgurgilation or m~nJgcmcnt's proposcJ 
figuros. So lhe Analysis Phasc orten turns out lO be D sct or IJrgcty di>CC\nncct· 
cd •nd som<timcs ficlitious proces>cs with lillle or no_input from the user: 

An .. a,,h. Ph•H aultlrlu. 

' 
1 

l. \\'h•l h Slruclull·d An•l¡•i•·! 

~.es: 
c.:~tt~r 

'""".....,.,~ 

;:~~""',.. ' 
!G--'C':l...J..é 

-
rt¡;urr 0: Slfuclund .\naiHh In contu.l uf lhr ¡•ru)rCI llh qch, 

S1ruc1ured Analrsis is a modern discipline for conduCI of lhe Analpis 
Phase. In the conle>l of the projcct life C)'tle, iiS majar appHcnl ~·ITc~ence is 
ils .nc:w principJI producl, ~allcd il Str!JClurcd SpC'cifiC.&Iion. Thi\ ncw kind or 
ipcciftcation has the~e ch.trJ.:tcri)tics: 

1 
• h is. gtapluc, made up moslly or di•grams'. ,¡::.. 

• 

• 

• 

• 

h is pallitiotu•d. no1 a sin~lc spcciftca1ion, but a network of con· 
neele<.l "mi~i·specirtcJtions.'' 

lt is top·rlou·n, prescnted in a .hiewchical Ju~hiun wilh a 
~nwoth procrcssion from the mo•l ab.uacl uppcr leve! 'lo the 
ntOSI dctailcd bollom lcvcl. 

h is mailltQillab/t, a spcciflt<IÍOO lhat ton be updilcJ lO re0e.:t 
changc in thc requircmenl. 

h is a f"JI'<'t modrl oftht lJ'ltrm·to·bt; lhe user c•n "'ork wilh 
lhe model lo perfccl his vision of businc>S operoliuns as they 
will be wilh lhc ncw S)'Siem in pl.cc. 

1'11 ha\'·e mure 10 s•Y aboul lhc S1ruc1ured Spedfi,·•lion in n !Jier '"·clion. 

,¡:¡. 

In 1he prccedin"g r.~urc, 1 h•ve rcpresenled SuuclurcJ An.1lpis •1 a sin~tc 
process (U•nsformalion or thc projcCI charle! •nd dcscriplion Of CUIICOI O¡><ll• 

•ions in1o ou1pu1s of bude<t, uhcdule, phr>i<JI rc~uir<mcn11 anJ thc Suuc· 
•.ur~d ~p~cifitJiionl. let'l r.ów look al lh~ dcla111 of lhal prvce>~:,·· 
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Fii~Ht J:· Dtliilh of Hubblr l, Slruclurrd An:~1)tls. 

. ;:- .. 

Note that Fi¡ure 2 portr~)'S CK~Ctly the same transformation ~S Bubblo•] or 
thc previous fi~urc (samc lnpuu; s~me outputs). But it sho"·s th3t transforma· 
tion in considcrably more dctail .. h declares lhc componen! proccssH thal. 

· m3~e up the wholo, as wcll as thc infor~ation Oows among 'them .. 

1 -..·on't insult yuur intelligcn"c by. ¡ivin~ roü thc thousand words that thc , 
, pi<ture in Fa~ute 2 is worth. Rather than discuss h d.ircctly, I'U_Iet it speak for 

it>clL ·All that is rcquired to complemont the fl~urc tS ~ dcfi111110n of the com· 
r· poncnJ·pro"·csscs and informalion Oows lh;¡l it th:cl::ucs: 

1 
1 

1 

J 
1 

' j 

l 
1 .. 
' 

·1 -

Pto~·ru }.l .. \lv.ll·l 1/u.• curÚIII systr>m: Thc:re is · a1most a1w~ys :l 

current S)">lent (s)·stem - intc~rated sct of manual and pcrhaps au· 
tomatcd proccsscs, u sed to arcomplish sorne business aim). ll is the 
environment that the now S)'SICnt will be dropped into. Stru<tut<d 
.Anal)'sis would have us build a pap<r modcl of the curren.' S)'st<nt, 

and use it to perfcct our understand.ing ?-r:_ t~c .Pr~sent cnmonmcn,t. 
1 ter m this modcl "ph¡·skal" in that ti makes. use of thc u ser· s 
térms, pro.:edures, locations, pcrsonnel n:imcs and particular ways of 
carr¡·in~ out busin<>s policy. Thc justification for thc phrsical naturc 
of this ficst model is that its purpose is to be. a vcrifiable represe m~· 
tion of curren! opcrations, so it must be easily understood by uscr 

staff. 

PrortH ].]. D"ivt'iogiral tqutraltnt: The logical cqui\'alent of thc 
ph)·sical modcl is one that is divorccd fcom thc "ho•n" of the 
current oper•tion. 1t conccntratcs lmtead on the "whats." In piare 
of • dcscription of a way to carry out policy, it strivcs to be a 

dcscription of thc policy itsclf. 

--·,u•·~. ~~. ~--.·-·, ·----~-- .. ·--··--- -•-·- --..... . . . 1 ..- :···· •• • . -, ·- • ~ • 

1 

i 

1 

....... 
-·~--~~----------- -· ci!) 
r,,,,,.u .' . .f .. \1,,,1('/ ti"• lh'n J,nl&'/1.' lhiS i~ "h~h! lhC 10.1jur \\111~ nf 
th~ An•l¡·,¡, l'h:o,c. thc "in•~ntit•n" ,,r thr n,.,. s¡ ,t.-m. t;ol ~' rl•t·c. 
Thc ""~~" ch>tl~f re.-(¡rds tite dtlf~r~n.-~\ •nd r•Mnti .• l tliff<tcn,·cs ' . 
hch• e en thc curren! en• ironmcnt ;ond tite h:v.. l'•inr this ,·hmec 
""<.1 the lofic>l moJel of thc ni"int '! •t~m. thc .,r..ly>l huilds ~ 

.OtW JllOdcl. UOC thal cJu;urU~nl\ h¡~ro.ti,•O\ or lhe futulc tO\ irc•O• 
m.:nt (~ilh lht: in!\\' ,~-s.h:m in pl .• r~l. ju\1 :u. aht' ~·l.lrt\!nl mudd LJ•.C· 
umcnts the prcscnt. Thc nc"· modd rrtscnts thc sptcm·tO·hc o. a 
pmitioncd scl of elemental . proccs;cs. Thc d:t•ih of thcsc 
pro.:csscs •re now srcriflcd, onc mini·srcr per ¡m~o:cn. 

--···"''" .--.- ... -..-~-
Prf!Cru }..1. Co>IISIIUill tltr 1/JOoif/: Thc nc .. · lO[it'JI múdcl ;. 11>0 lo~k•l 
foc our PUipoSCS, sincc it o.locs not ···en cstablish how 111urh or thc 
dco:larcd wock is done insidc and ho"· mu.:h ou'uidc the ni'achinc. 
!That is rhrsical information. and thus not ¡>lit of a lo~ical mndcl.) 
At this roint, thc analyst establi>hes the man-ma.:hine bnundM)', 
and hencc thc srope of automation. tlc/she t) ricallr dncs ihis n~~oce 
than once ·in order lo ceca te me•ninsful altcrnath·es for thc sclcction 
proccss. Thc phrsiral considcrations are added 10 thc mudcl as •n· 

·-atioos. · · · 

Pror~u 1.5 •• llrau"r rnm a11d l>o•m1iu: A cost·l><ncfit stud)' is now 
pcrfopncd on carh or the urtions. F.. eh of thc tcnt•ti• clr rhpical· 
llcd mtxlcls, to~cthec ~~oith it> J»O.:Íated co"·bcncftt r•••mctcrs, is 
pas.ed on in thc &ui'C of • .. Qu•ntifrcd O¡rtiun." . 

Prorrss }.6. S•l•rt option: Thc Quantificd Ortions are now •nol)'tcd 
and onc is sclcctcd os thc bes t. The quanto ••"ori•tcd "ith the op· 
tion ,,. formaliud >S budget. s.:hcdulc. •nd rhpie~l.rc.¡uitcmcnts 
•nd are passcd back to mana~cment. 

Prartss ']. 7. Pocl;ag• tlrt Jprrifi,·atioll: Now all ·the clcmcnts of the 
Structured Srccification uc asscmblcd and rackaKcd ·to¡;cthcr. The 
rcsult ronsists of the >clcctcd new ph¡·sic•l mndcl. the intc,ntcd set 
or mini·spcrs and pcrhars some ove1hc•d ltnble of rontcnts, shotl 
abstract, ctc.l. 

,;:::.. 
C.. 'l. 

1 3. Wlool ls a model~ 
1 

1 . Thc models thal 1 havc b(t:O r¡;-r~rring lo throu¡;hout •re po~ 1,cr rcpri.')Cn· 
lati~:ms of S)'Sic:ms .. ,.. '"system is a !:1 of munual .t.nd autúm~lcd pro~:(llurc' 
use~ 10 efT<rt somc business goal, In thc con•·cntion of ·Structurcd An•lpis: a 
modcl is madc up of Doto Flo•• D(o¡;rauu ond a Data Dirtia•aory. My olcf•nitions 
of thcse h1o tcrms follow: 



l .. 

l.!!.b 
A D11 :a· flm• JJ,ti;:i,lm i; a nCh\N~ r~pr~:\:nt,tli";' c.r ~ S~!<.t:m 11 
pil!icr.H lhe S}·st.:m ¡ñ" h~rnl~ or ÍIS corprnn'~nl pr~, .. ·.:-,:..~~. OJnt1 t.l~
ci:HC:'). ;all thC intcrf;u:·es amon¡; thC cofnponl.!nl5. t\IJ of ~h~ fi~ur~~ 

·u sed so far in lhis plp~r h.-·c be en Dala Flow Dia~rams. 

A Da1a. Diclinmuy is ~ sct of dcfmitions. of. inti!rf<Jre'\ d\.·d;H!!d on 
D~la flo,.· DiJ~ranJS. h dcf•nos cach of 1ho.c inlcrfaces (da~;,nm•sl 

·in 1erms of its componcnls. lf 1 had supplicd an cn1irc nw.Jd of !he 
projccl Jife e) ele (ins~ead of jusi· an incomplctc Da.la flo" Di>~r•m 
ponion), you would turn lO !he Dala Dictionary or ihat modd lO 

10s,.er an)' quesli~[IS thal mi&ht hove arisco in your s1udy of Fi~ure 
O and Fifure 2 aho;?· -For i~ncc,. if ~·ou ·hod purzlcd O\'Cr whal ... 
the D•ta Flow Diapam refcrrcd In ns n Quanlifi<d Op1inn, )'OU 
"o u Id lrok il up in the .. Dala DictioniÍI)'c Thcre rou would find that · 
Quamiñcd Op1ion. was m~de up of the. physicaliied Data. Flow Di· 
•Eram. Dala Diclionary, purchase. cosl of· equipment, schedule and 
budcc: for dc\'elopment. monlhly opernting cost, risk factors, ele.··. - . . . . ... 

O:~tJ Flon- DiJtr.,ms :u.: oftcn construcled in le~et~d· sctS. ···This a1tC'I,,s· a 
top-dov.:n r.lrlitionin~:. Thc; S)"Sh!m is di~·idcd._ into suhsystems with a top·lC\'el. 
OJta Flo""· :Diae.ram: the·· subsystcms are divided into _sub-subsystcms with · 
S<<ond-1.-el· D;t• Fh:iw Diagrams, nnd so en. ·The. Data· Flow Di>grnms 
d<'o:ribin~ 1hc project·life cycle wcrc prcscni<d as parl of a Je,·ekd set. Figure . 
o""' 1he r.renl hop of the hierar_chy), and Figure 2,. a child. lf ihe modcl 
.. <re ~on 1 plete. 1here ,.·ould be other child ~gures as well, siblings,of Figure l. 
FiEure 2 mighl hJ\'t· so me children· .of ils own (Fisurc .2.1, dcscribing. t~e pro
cess of moaeling 1he curren! syslem in more de1ail;· Figure' 2.2, desmbmg 1he 
dc!Í\'olie>n of loEical cquivalenls,; el~.), :." :· . , . 

The S\'Stcni ,n;odel . pi~)'S a . nu,;,ber of difl'ercnl roles. in 'Struclurcd 
• .-. . . . • •. . . \! · ..• -··. · .. 

A n¡lysis: . , . 
¡. '-

;_; 

• 
. . . 

¡, ;1 a ((ltmrwniration too/. Sincc us~r and. ana1yst ha\'( 3 Ion&· 
· siJnding his1ory of failure lo communicate, il is essenlial lhal 

their discussions be conducted O\'er sorne worbblc nesntiOiing 
instrumenl, something .lo point lo as lht)' labor lo r .. ch o 
cÓmmon undcrslonding •. Thoir discussion. concrrn~ 'S)'Stems, 

· both p•sl. ond presenl, so a· useful. s)·slem. model is lhe mosl 
import:ant a id to co~m-unication: · ·<··:.: •. :.: .· . .. . 

¡ • . • . 

" ft is a froJIII•'K'Ork for spáifiration. The model decbres lhe com· 
pone ni pi ... s of the S)'Stem, and ihe pieces .of \hose pieces. 311 
1he y,·oy do .. ·n lo the bouom. All 1h•1 remoins is lo spccify lhe 
bonom·level processes hha5e lh31 are nol fu!lher'subdividedl. 
Thi~ is . accomplished by wrilin& onc mini-spcc for each 
bollom·level proceu. 

----···.· - '"7'"" ·' 
. ·· .. --r. 

1 • 

·.- . ............ . · .. 

···-·---·------·-· 

&' 
o lt il a s1art111;: pn1111 ,f{k dr.\IJ:If. lo thc t).tcnt thll th(" ml.Jcl ~~ 

lhe mos1 clo4uen1 Sl>lemenl of rcquuemenl, it h>1 • su~.nF 
·' shapinf inOucnce on ",Ork of the Desi~n Pha\e. ·To 11-.e Clltnl 

· ihal lhe rcsulianl dcsi~n rcOccls the shape of ihe mr•dd. il will 
·be conr!!ptuallr casy lo undcrstand for maint¡incrs and U"-tr 

staff. The naiUral rclalion,hip hcl"cen 1he An•l)sis Phnc 
model and lhe desisn of 1he sySiem bis imernal ~lructurel is 

. akiñ lo lhe idea lhat "form e,·er follows funclion." · 

So far, ali I'\'C done is defme lerms, lerms rclennt 10 thr •n•lrsis ptn:tH 
and lO S!ruclured Analysis in r•nicular. \\'iih lhese l<rms de~ntd, .... can lurn 
our auentioñ 10 I\\O srerial qucstions: \\'hat hu be en ~ H•nt '' ith our apprClHh 
lo rompu1er' s)'slems analrsis in 1he pJSI ~ ond, llow "ill SuuCiurrd An>l¡ sis 
help'· : ·• · '· · · 

,;::.. 

\\-ith'óUI ~oin~ into a long tiradc 41f3insl c1Jssica1 mclhc·<h. lhc m;,jur prcb
lcm 'or anaJ}·sis has bccn lhis: Analysts and uscrs h¡~c not m;an:.at=.:d lo· com
municatt wcl1 r:nourh ~ the S}'Slcms dc1ivercd too of1en h¡,·c nol bccn thc 
s~:Sitms' thi: Us~rs wanted. Since analysis. cstablishcs dc\dopmcnl ¡-o~l~. 
failures or analrsis sel projecls moving in "100& diroclions. Thr lono·SI•n<linf 
resp~ns.es of man•Eemenl 10 all·dndopmenl <l.fforuhies (de<l.ralio,l of 1he 
70-hour \\Oik weel;, e1c.) do 001 help. Ther onl¡· fO>d a projeo in1o mo\'Ínl 
more quié:kly, slill in the wrong direction. The more m• nro .. cr aod dedÍCIIion 
addcd, lhefunher lhc projecl will mo,·c awar from its uue roals. PII'Srt>S 
made is jusi more work to be undone laier. There is a "ord '1lu1 opil)' 
dcserilies·such a projecl, one thal is set off in lhr ">Onf dircnion br c•rl¡ error 
and •cannol be rescued by doublin& ond redoublinr cffort. The "urd is 

. "doomed." Mosl of !he Grea¡ Disas1ers of EOP "''e ·projens doomed b)' 
e\'enls and decisions of the Analrsis Phase. All lhe eoerries and uknu n· 

; pended the,r'e•fler were for nau&hl. 
1 
i 
1 

~ 
1 

.The m•jor failures of rlas;ical 
spccir.,:~lion proccss. 1 cite lhese: 

analrsis h"'·e. b:cn r.ilurc' or lhe 

,¡ 
11 
i 
' 

1'. ,, 

. ,., 'Tir~ ·mOII~/,;h;~ oppr~aci1. Classical Funcliunal SpecifltJtiCJns read l•kc 
!.l > '. \'iclori:.n novels: h~avy. dult and cnd1ess. No piccc hu.an)· mC:iln· 
"·:•.r· in~ by hself. The documenl can onl)' be rc•d serial!¡·, fre>!ll lronl 10 
... ·. ·· b•ck. No orie C\CI reads 1he whole 1hin1. (So no on~ .. rcads lh< 

end.) · · ·· 

. Thr pourrd·ill·f'UIICft"tr rffrrt. Funcli(•nat Spccific,uion\ .u e impc-~siblc 
lo updale.· (1 ac1u•lly h•d one anai)'SI lell me lhal 1hr chan¡e "'< 
""·~re considerin¡ could be more edil)' m o~ de to lhc l~ Sic m it,clf. 
when il was fin•lll' dclivered, than 10 ihc ~r::ifoca~ion.J Sincc lhcy 
c•n'l be upd•ted, lhe)' ole •l">)S OUI of J¡¡e, 
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1 

uninrrllirinl~ b¡· lhcnu:h·cs, ... , ha,·c n01hinr lo ~hnw lhc u-:• umil 
lhc end o( anJI)'lis. Our oulhor·rcader r¡clc mar b~ ,, nw~h ~• a 
yeor. Therc is no possibiliry o( itcr•tion hhal is, frcqucnlly rcp~atc!l 
aucmpiS 10 refine and pcrfccl lhc producll. For mos1 o( the 
Analpis l'hasc, lhere ls no product lo iteralc. Thc famous user· 
anal¡·st diJIOfuc is no di.1l~l'uc DI oll, bu1 a series of mnnoln~ues. 

11 
' The Classic•l Funcllonal Spcclfication is an unmainlainoble monolith lhe 

. rcsuh or "communication" withoul bencfit or feedback. No wonder it is ,;irlrrr 
if /r.nC/ÍDIIQ(nor Spi'Ci{rc,: :·;-·-·:·---.. ---~---·-··- .. . .... , 
1 . .. . ' . . , r S. 11oM d~os S !fu<!~·~~~ l>nalpl~ hclp~ . . • . · •. 

1 . t 1 wo'lld 1101 ~~ wri¡ins lhis ir 1 did nol beliC\·e suonsly in the value or 
•: Sirutlurcd Al)alysis; J'hayc becn known lO ·wu loquocious on hs man¡· virtues. 
· · But in a fcw ,.·ords, ltÍcs~. ~re thc maln·ways in which Structured Analysis hClps 
! 10 resol ve An•lrsis !'hase problcin$: - ·. · · · ·! · 
1 
¡ .. • 11 Oll>tkS lhc problem O( lir&cness by pafli;ioning. 

11 IIIJC\;S lhe many probltms o( COmmunication belwecn USCI 
· · and · a'n3lysl ·.by~ lltralirt. Communicalion and an in;"<'tJiOIJ' o/ 

• 
-riru·poinl. : · • · ·· : : • · · 

•.• ·'•·' •¡ . ' , . 
• 11 amcks ·the prolllcm or spécificalion mainlenance by /imirrd 

t"rdundanry. ; ' . 1 

• 1 
S1n.-e·all of lhc>e ideos are ralhcr new In lhelr applitalion 10 analrsis, 1 providc 

.. ~ldl\C cornm..;nt.H)' on c.:~ch: 
. . .. 

The concepl or pu11irio"'''~ or "functionol decomrnshion" mar be familiar 
lo dc>i11ncrs as lhe finl llcp in rrcaling a suuclurcd dcsirn. lu po1cn1ial valuc 
in anJirsis wu cvidcnl from·lhe bcrinning - clc~rly, IJr~c S)'Sicms canno1 b~ j 
analpcd wilhOUI !DnlC (orm o( conrurrcnl parlilioning. llul lhc dircCI applitJ· 

• li:Jn or Dcsil!n Phase funelional dccomposilion IOOIS Cstruclurc charu and 1 

.1 IIIPOl couÚd more problems lhon il solvcd. Aftcr somc carlr succc;sful o·\ 
,)1 · pcrimcniS l9l, negali,·c u ser allhudes toword lhc use or hicrJrchics b<eJme ap- ¡ 

1 
parcnl, and.lhc appró.ach "''! lar¡el¡· obandoncd. Structurcd Analrsis tcachcs 

. U\C o( lcvcled 0JtJ flq .. · Oia¡rams ror PJIIÍiionins. in place of lhc hicrarchy. 
~ The •d-.nla~cs ore severa!: 

• • 

1 

1 

·l 

The app<JIJn.:e or • o •••. Flow Dio~rarn is not U l. a!Uri~htcn· 
ing. 11 scems 10 be simply a pic1urc of lhe subjccl maltcr be· 
ing di"usscd. You nc-er hne lo explain an arbilr•ry e<in,·en· 
tion 10 lhe uscr - you don'l cxpbin anylhing al all. You sim· 
ply use thc dia,nms. 1 did prcciscly 1h01 wilh you In lhis pa-

·-~--- ·---~- .... ) .J,·;·;:·'-"·::.:7:-.·:· 
. ~:::·· ':?·,, . ~ . 
~- ft' .. 

1 
·1 

1 

• 

• 

rcr; 1 uscd 0•1• flov. Dt•f••rns u a de"'ipti\·c tool, Ion¡ be· 
rore 1 h•d e>en dcftned thc tcrm. 

Nclwork modcls, likc lhc t•ncs "'' build ,.·j¡h D111 Flo"· DI· 
arrams, are airead)' hmiliar 1o ~omc users. Usen m•r ha' e 
differcnl names for lhc vuious 1ools uscd - f'uri Ncl.,.or~s or 
P•pcr Flo><' Char\S or Dflrumcnl Flo><· o·.1Enm1 - bul lhe 

·. conccpl5 are similar. 

. The Del or partilioninE ... Íih • Oall Flo .. · Oi•Er•m u lis allen· 
·¡ion lo lhe inlcrfaccs lhal IL"sull from lhe parlhioning. 1 be· 
licvc lhis ls importan!, bcc•u~e lhe eompluily o( interfaces ls 
1 \'a)u¡b)e indiCalor O( lhc QUIIil)' Df lhe JliiiÍIÍOning clf011: 
lhe simplcr lhc interfaces, thc beucr lhe pallilioning. 

1 use lhe lerm ilrrat/1~ cotwrruturor•o'' lo describe !he r•pld ¡,.·o· .. ·•¡· inlcr· 
change of informa1ion that is charaelcrislic or Lhc mosl produc1i>·c "'••rk su· 
sions. Thc uscr-analrsl dialogue has ¡·ol lo be a dialoeue. The pcriod o'cr 
which communication is lurned atound (called lhe •uthor·rC\'ie,.er cycld needs 
lo be rcduccd rrom monlhs lo minutes. 1 quhc lilenll)' mean thll lifttcn 
minules in lo !he ñrsl mceling belwcen ·u ser and anelySI, lhcrc sl:ould be >ome 
fredback. lf lhe lask 11 hand rcqu_iles lhc u>cr 10 describe his currcnl opera· 
tion, lhen fi(leen minutes inlo lh•t sc>>ion ls nol 100 earlr fur lhc amlru 10 uy 
lelling lhc user whal he has learned. "OK, let me see if l',·c 101 il ri¡ht. l'\·c 
dra .. ·n up lhis lillle pic1ure or whal you',e jusi explolncd 10 me, and 1'11 upl•.in 
il back lo )'ou. S1op me when 1 ca wrong." ' 

or coursc, lhe earlr undcrslandin& ls al .. ·a¡·s irnpcrfeCI. Dul a c.~cful and 
precise declamion oran imperrecl unll.·rsl•ndin& ls lhe bell loo! rur rcnncmcnl 
and wrrcrlion: Thc mosl imponanl ··•rlr produCI on lhe war lu dcrclc•pin~ a 
cood ¡:roducl is an lmpcrfecl version. The hurn•n mind han lteuth·c proct>· 
sor. h ncver docs •nrthinc prcci>cly tishr 1he fust lime. Whal 11 docs consum· 
m•tetr ... u is ID make. sli&hl impfOI'tn>ent lo. n .... d rroducl. Thislt un <lo 
a~ain and acain. The idea of dC\·clcopins e n, .. ed e•rlr version and lh<rt 
rcf1ninc Oind rdininc lo makc h richt is a vcry old onc. 11 is rallcd t••,:iurrrllif. 

· \\'hat 1 a m proposin& is 110 cn¡inccring approJCh lo analy5is and lo lhc us.cr• 
analrst interface. 

The pro<lucl lhal is ltcrated is the cmcr~ln& sr"cm mc>dcl. Whcn lhe 
u ser first se es it, Íl ls no more thiln a rauch drav. ing m a de ri~ht in front of him 
during thc di~cussion. At lhc tnd, it is an iniCGfll flilrl or thc Suucturcd 
SpctifiCalion. Uy lhc lime he secs thc f¡n¡l )rccif,c,lion, c~eh •nd C\crr P•iC 
o( ll should haY< be en across his dcsk a holf doren limes or more. 

1 rncntioncd thu Suu~turcd Ana1r~is calls for an iu•'t'rJlon o.! rin•roint. 
This p~inl m>)' scem ob<eurc bcnuse 1t j¡ not al •11 obvious "'hll 1he \ic .. poinl 
of ''""iC•I •n.lpis h•s bccn. From r~¡ '""din¡¡ of l:und•cd¡ of CloHical funt· 
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f.t.i) 1 t •• \\'l,;,r.'h 11 Suuclur,·d Spu:ifir;~ti•"'~ -= r9;) ·., --:-
ti<•nJI.Sp..:cifKJiiq'OS Q\'Cr ~he p;/\t: nr,\~~n pi:H:., 1 hJ\'C LIIIJlC lo lh~ L'nrirlu.;iun VJ 

lh.Jt thl!ir \·ic~·point,; b r ·n\o.Sl_ 'O[ICO .Jh;d Uf lh~ p•r•ljlUit:L 'f h.: Cl,l"'ir.al 
~r:~ifiCJiion des~rib~s whJI the tompulcr docs, in the o•J~r th>l i1 <Jo,·, il, us
ing 1crms ihJI are relevan! lO compulcrs amJ rompuler pcople. 11 fl<~ucnll)' 

limiiS Ílself lO i diSCU!lÍOn of prOCCHÍOS Ínsido !he m>Chine ~nd d•ll 
. IIJnsferred in and out. Almos! never does 11 spccify an¡-thinc lh>l harr~ns oul· 
1 sidc 1hc man-marhine bound•ry. 

1 
The machinc's vicwpoinl is O<lural •nd uscful for !hose "hose COOCCIOS 

. lie insidc flhc dcvclopmeni.Sia(f), and lolally forcign lo !hose "hose con<erns 
lic ou"ide hhe uscr and his·"•lfl. ... Str.~c.l41'd .An•lrsis adopls a. dilfúcnl 
vif" poi ni, ihai or ihe dala. A Dau Flow Diacram follows ihe dala P•lhs wher-'" 
eHr ih<)' lcad, ihrough rnenual as well as aulomaied proccdure. A correCII)' 
dn" n Sy~lcm model dc'scribcs !he OUISÍde PS WCII PS the insidc of the PUIOmat· 
ed portian. In fact, il destiibu lhc aulomaied portien in·rht conrrxr o/rht com· 
plr~t s.•·sttm. Thc· vie,.·p_oirit'-.of lhc·data has ¡,.·o Importa ni ad,·antagcs .. o_v_er lhat 
O( JO)' Cf thc piOCCSSOrS: . . . :. . . ~-. : . . . · ·:." •. , ! . . . 

• ·.: ·.· .-·_·'·:·1. ~ "':~-::r,·-· ., .... 4 ~ : .. :. • ••• F . , 
. .1; ~ ir- •. t: ... , 1 ·~.: • ' • • 

The data goes everywherc, so lis view ls all·inclusivc . ... ' . •• 
• The vie.,poini of·the' diua ls common lo those conrerned wilh 

1he lnside as '-.<·c!l 'as those concerned wilh the outside or 1he 
man·machinc bound~ry, . , 

• ''-4' : • •.• ·.'< ........ ¡: '· :~ .. . • ' J •. 

¡1 The. ~se of limiltd rtd11ndanry to crea te a· highly maintainable product is 
uot ne>~. Any procramrner wonh his sah knows tha1 a parametcr that is likely 

· oú b< chan~ed ough1 te be ddined in one place. and one pl~re only. What is 
"'" in Slru,·tur<d Analrsis is thc idea that the sp~cilication ouchl lo be moin· 
t•in•blc •t all. AfiCr all, ar~n't we going to "freeze" it?. lf we ha,·e lcarncd 

, •n¡lhin& o\·cr the past twenty ycars, it is that· lhe conccpt or freczing 
l.r•••f!C.IIions is one or the greot pipe dreoms or our proression. Change cannol 
: bc (OIC<IJIIcd, only icnored. l~norlng change assures the building of a produCI '1 
'lhJI is out cr datC: and unacreplable' 10 thc user. We ma¡· endca\'01 ID hold off r 
, selcciCd chan.ges lO a\'Oid 'disruplion of lhc dcvelopm~nl erfort, but WC Can nO 1 

: Jan~:r iOiciJIC being obl•:rd lO icnore change juSI btClUSC OUI Spccifi,·ation ÍS .. r·. 
imrossiblc to update. lt is equally inroleroble lo accepl lhe chanxe. wilhout up-

1 (!J.• in& lhc spccifi,·alion. · The spcclfication ls our mechanism far kccping lhe 
proj:.:l on larget, rracking a moving goal. Failurc lo k<ep the spccificalicn up to 
d01e is likc firins away at a moving largct wi1h your eyes closed. A key ccnrepl 
vr S~ruclured Analpis is devclopmenl of a spccifira1ion with liule or no rcdun· 

,dancy. This is o serious deporturc from 1he classical mcthod that calls fur 
1 spcciflC>~ion cf cverythin¡ al lcasl clenn times In cle-.n placcs. ReducinK 
1 
redundancy, u 1 by-product, mlkes lhc rcsullanl speciflcolion considerably 

1 • 

:more conme. 

l. 

SlruciLilcd .~n•lrsi~ ¡,. d.s,·ipline (or l'lln~uCI or thc ·,\n,li)IÍI Ph•li. h 
inrl"llcs p1nrrdures. ¡,·chniques. dtocumcnl•liun •id>. h•0ic •n~ pcol .. ·¡ 11.><1•r· 
tino 1oo1~. c<timatinr hru•is1ics. miloloncs. chcrl.rc•int> .nd ~) ·ri..JuCI). 
Se• me o[ thoe •re import•nt, and thc rcu rncrcl¡ cun• cnicnt. \\'h•l ls mv)t 
imp~ol<nt is thissimplc idea:. Siturtured .O.n•I)Si> in\ol•es ~uilJinJ 1 nc~ ~i~d 
of specifirdlion, a S1ruC1u1ed Spcriliration, made up or D.t. Tlo• lli•o'•nll. 
Dala Dir~ion•rr and mini·spec¡. . '·- 1 . 

The IC>Ics nf lhr ,(OO~Iit~cnt P•IIS or ihc SlluCiurrd Srcrifi •• lit•n are 
prrsrnlrd ~<l~w: 

The Duia F/ou· D.a;roiiU se r.-e ID r•rtilion the 1) SIC m The l,l>l<nl 
. that is lleaied by the Dala Flo>~· Dia~ram mar include m•nu1! as 
"cll as au1oma1ed p311S, but the samc r•rtili~nin~ tnol is uirJ 
throu&hout. The purpose of thc Data Flo><· D·•~r•m is nnl lo srcci· 
(\·,. but lo derl•rc. h drclucs rompnncnt prucesses that müc up 

;ti,c \\hole,.and it d:clJies inlerfaccs amonG 1he romp..•nrnu. \\'hcrc 
the tar&elsystem is ldfic,'sc•eral surcrssh·e ¡urtitionin~s ·mi)' be re· 

·. quircd. This is accomplishcd by IO\\CI·IC\'cl Data Flo><· Di•¡;lln\1 or 
flner and flner detail. All the 'IC\·els are combined into 1 lcHied 
DFD set. 

The Data Dirtionan· defmes lhe in~erfaces thal ,.·ere da!J~ed on thc 
Data Flc.w D»¡;r.r~s. lt docs lhis wilh 1 nolational rnn•rnlion 1h11 
PIIO>~S representalion or ditanows and llores in tcrms or lhcir rom· 
poncms. <The componenls o( 1 da1anow or SIOIC mi)' he lm•cr·le<el 
daiano,.·s, cr 1hey mar be dala elcmcnts.l Bdo~e lhc S""'lurrd 
Sp~ciflca1inn con be called complelr, lhcre mus1 be onc d<f•.ni1inn in 
the nata Diciion31)' for carh da~anow or d•ll SIOif drcl.rrd un an)' 
or the D"a Flow Dia~r•ms. 

The IIJini·l{lrr.l define thc elemental proceS\CI 11rr1Jicd t•n lhC n.u 
Fin"· Di•sr•nll. A pwccss is considere~ ckol~nl•l Icor "r•inlili•r"l 
"hcn it is nol funher dcctoOipO>Cd into 1 l•m~r-le•cl n.d. Fin• Di· 
•pam. Bo(ore the Situttured Spccif~t>~ion r•n he c.ll<d .c•mplrle, 
th~rc: mus1 be onc n1ini·l('lCC for c•ch primilht proccu dcri•ICd un· 
anr of thc Dala Flow Di•crams. 

Thc YOURfO~ Sirurtulcd .-\n;lpis CC•n\Cntinn inrludcs 1 ><1 or 
rules •nd mc1bods for "ri1in¡; mini·•r:r~ u,inc S~rucou•.:d En¡:h>h, 
decision iabiCI md trces •nd CCII•iO OOO·Iin[Ui~liC 1;.-J,~iqueS for 
sp~cifJcJtion. ·For lhc purpo~cs of lhis fl~f'CI, ~uch con~iú~r .. 1inns •re 
11 the dciOil lc•·cl - once you hH·e p.rlitic•ncd to the poi ni •t "hich 
e>ch of the mini·•pcn t•n ~e \\IÍII<n in • J'J~C cr 1<~>. it doC>n't 
n\o~ltcr 1uo h:rribl) muC'll ho" )CIU ,,ritc :! •• m 
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· . \ LJ S morc'lhun 800 tOOlPJOI~~ \\CIIJ~ItJC. il!l~ i.l~ Jr i.I\'J) 

munll) "~." In~ UN~r .. ·ay havc publish~d rcsuiiS or lhc applicatinn or Stru.:tur".J 
)\ Aus~ra oa ~ni ue\ ID real-world proj~-'1 110, 111. Thcrc .,~ cours.s. IC\Ii 
."-nal¡\1> tcch.n q ·es 1111 on lhc suhj~cl Thcrc are automatctl •u¡>¡>orl 
)nJ e-en 1 ,·~dcSo·tap~ se~,' Anol¡·•is 1·111. Th~r~ are riv•l no10tion1 anJ S) mhool· 
u••l\ for u\e tn tructurcu • · GUIDE NCC 

. ,· ll 1~ ISI. Wor~in~ scs•ions h•'' bccn cropptn~ ur at . ·. • 
"••<S .J h. DI"! A Th ·re are u•cr •roups, lcmplalcl and T·shull. 
A~IA on 1 e ·' . • · • . . 

funJJm~ntols of s11 ucturcd Analrsis are nol ncw. f',los.t of th~;td.cas 
Thc . . . ··1 ror carl \\'hal il ne"' il lhc cmcr~mc dtSCtpltnc .. 

hJH ban us<d ptcccmca. . . y ubstantial The¡· includc a much mote 
1 he od,·anl;o~cs of th•s tltiCI~~·n~.;~c: more us~blc end m~intainablc product 
mtlhodicJI appr?ach 10 spcCI '",~. 

1
'._,,

01 
is lnslallcd. Thcsc urc cspccially al· 

and fe" cr surpmcs whdcnl \hhc ~dvo:t~gcs ~r the classical discipline ro.r anal¡·sis. 
u,¡CII\'C whcn comp.:uc o e . . . ·. 
1hcrt wcrt no ad,·anlagu. Thcrc was no dtsctphnc. 1 ,. 
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1. O EL Iti SEí1D 

En le) S I.J.l t.itr•D!.:> o.1'los, se hü pr'E.•st.;:id•] cr·ecit:.·nte •ltenc:i.ón 
(l tirto nueva filc~S(Jf!Q y a un grupo de téclliCQS para el 
desarrollo de Softwor·e. Técnicas como Programación 
E S t ru e tu l"'•ldü' F'r·oqr'Oill•l c:ión rlodu lo.r· 1 [l.i ~)f:'ñD top-down 1 et e. 
se han utilizado frecuentemente con resultados 
sotisfactorios en l•J moyc)r!a de los caso~;. 

Si~ embargo, tJrlo de los problemas que mayor confusi.ón 
ger1eron es el de terminplogJ.Q, can1o lo demuestra el uso del 
calificativo 'Estructurado'. Hay Programación Estructurada, 
p, n•~1l.i si s Es t r••J e tu r·ad o, Di Sf-:1'-lo Es t r .. •J e-tu r"•ldo, I ntp l•l nt•J e :i.ón 
Estl""Uctui ... üdü, F'r"uebüs Estl""UCtul"'üd•Js,_ etc., y, •lunq•.Jt- st.:.· 
ti~nde a una mayor estandari2acj.6n en el significadc) d~ la 
terminologJ.a, es necesario aclarar c~16l es el signific:adc) 
que dar·ep¡os al Diseflo Estr·uctur~•ldo. 

Dis~flo Estructurado es el proceso de 
transfor~ar (de~idirl lo que se tiene que hacer <el 
qué) en la fllilnel ... ,l dt:' h•lcerlo (el cólllO) p•ll .... a 
resolver ~111 problema bie11 especificado. 

Diseno Estructurado es la elaboración 
Cutili2ando herramientas de modelado de sistemas) 
dc-;0 11nü solución Jt?r~órquical del sistl::-Pi•l' con los 
m~smos compone11tes e intel ... relaciones que el 
problema q~te se intenta r·esolver. 

P<JY' t~nto, el Dis~flo Estr·ucturado es una act~vidad que 
se r&alj.za desp•.Jé~¡ de decidir lo que el usuario dese.1, y 
antes de implem~11tar estas necesidad~s en terminas d~ 

códi9o. 
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1.1 Objetivos del Óiseno Estructurüdo 

E:xJ.s·ten urla ser·ie de ·problemas comurle!i o lo Playoria de 
los p)~oyectos de desa¡~rollo de sof·tw•lre~ los que a 
COll·tiniJ•lciól'l se lll0l'l(:i(JD•lrl se deben a la f•:ilta de técnicas 
apl~apiad•JS para su desa1~1~ollo: 

1. Dificil~s de Administrür. 

l .. a principal consecuencia de este problema es que 
c~Jondo se detec·ta un retraso o una desviación en lo 
pre~¡1Jp1.Jestado, es den1asiado t•ll~cte para.corregirlo. Ademós 
:Los solu(:io11es corlVel·lcionales ap:Lic•Jbles a proyectos de 
cl·tra~i ól·~eas no son •lplicables al desarrollo de Software, por 
ejePlplo, o~(ldi.r re~ursos huMOl1ClS tj.e11e un efecto que se 
puede predecir con lü ley de Brooks (1): 

Adding Münpower to a 
ma~~es it later. 

late Software project 

2. Pc)co S·1·tJ.s·racto1~io. 

Colllp•ll~ado con o·tras discip:LJ.nas de I11genier·J.a, el 
desarrollo de Software es poco profesional. frecuentemente 
l(JS sistem•lS t~rP1inados dejan pocas satisfacciones a 
'.JSI.Jari.os y di.se~adores y muchas fl~ustraciones. Esto lleva a 
q~~ el desarl~ollo de Softwal~~ sea, en general, •.1na •lctividod 
P(Jc::o pr'(:ld~Ic:tiV(l. 

J. Poco Confiable. 

E~s ~luy frec•Jerlte que una vez que el 
uli.beJ~•lu, folle un•l y otra vez. Los fallas pueden 
r(¡:zcJl'tes clbvi:as el peor, se pueden producir 
incorrectos que pasen inadvertidó~. 

~ 

4. Infl;;,;,.i.bli.''· ' .. 

sistema se 
no tener 

resultados 

Cuar1d!J un si.stema llego 
1ni.l.··1gr·o. Oui.é11 !~~·Jporle que se 
si11 pl~ob].em•l? 

a trabajar se considera un 
podr~n reali~ar futuros cambios 

·~ 
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Er1tender có1no tl~at¡aJ•:) el sistePla actual. 
C<JllCebir el r:•JmbJ.o 
C(llc•Jlar las l''(lmJ.·ric(lCiones del cambj.o. 

6. InefJ.cientes. 

·,:· 

l .. a idea gen~ralj.2nda de eficienci•l estó influenciada 
y:.lor lo {•fJOC(J. t.~n q1Je el c:o-sto c:-.lt~l pr~oct::.•so.dor· ct:ntr·cil er'•l PliJY 

super~or a los otro~ c:ostos, de· aqu!. que se considel~e 
eficj.e11t.es o los prog¡~amas que optimi2•ln el uso del. 
procesador centr·al en l•Jg•lr de aquellos q•Je hacen ~iso 
eficiel1te de ~~ecul~sos escasos. 

Con l? l IU. St: ... tlrJ Est r·u e tu rüdo se pr·etende ho c:er si s ten1ü s 
c•Jyas C·:lr·acter·isticas evite11 los problemas antes menciontldo5; 
Cy otros no mencionados). 

El objetJ.vo del Dj.se~o Estructurado es hacer Sistemas 
..-.-¡ •.1 (:.. ;::.{~ .. ü n : 

Ut:i.l"'" 
M.:l n tl~ni b 1 ,:~·~; 
Mod .i. f i:c.o b 1 t.' S 

F l t.e:.d.b 1 1éS 

Efic:ientt.=:s 
bt-:nl~l"'•l 1 es 

r·od(:)s estos elementos son componentes de un objetivo de. 
Cü.l.i.t.i.:ld. 

· ... ''·,·· 
¡ .. ,, • 
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,.., 
'·· F:.i.l.<:¡sofi.o Gener·o:l. 

f:'<Jdemcl~; re~1.1mir lo!s obje1,:.i.vos del Dise~o Estru<:tur·ado 
t:.:.·n u·no solo: F'r·oduc:.i.r· r:;ist·~~·l"lü!:; t.:.•c:onófllic::aml!";"ntt"! c:on\/f: .. n:.i.ent,t:.:_.s 
( J·:ull ... ü tos) . 

t.Jn d:.i.s;e~(J exitoso !;e bo·~a 011 1.111 principio 
(le!i;de ].C)S ((J.·:~~¡ rle Julio César 

conocido 

[livi.de y vence¡~~!¡;_ 

Vt::.·üPlD!¡; 

o.~s·r!\7.>ctos: 

con1o este princi.pio se aplica a ·los sig1Jj.entes 

1. Inlplementacj.ó¡·¡_ 

!¡;l:_:.•r'ó 

!;;,:_:_.o.n: 

El costo da implamanto1r 
minimizado cuando las 

sistenl•lS 
p•lr·tt~.·s 

- suj~cientemer\te peque~as 
- solucionable& separadamente 

da cómputo 
del problema 

2. Manterlin¡j_entc). 

"l 
,) . 

De manero similar~ el costo de mantenj.miento 
ser'ó mj.nimizado cuando las partes del sistema sean: 

- fócilmente relacionadas a lci aplicación 
Sltficientemente peque~as 

- corl ... egibles separadamente 

i"lo d .:i. f .:i. C:IJ. c. iont.=_.s. 

f' :i. no J.n¡ent,~, 

·r., 
\.~ 

el. costo de ~1odificar un sJ.stema 
s~l··ó m~nimizado cuand? sus part~s sean: 

- fócil.n1ente r·elacionadas al problem•l 
- modificables separcidomente 

··-~··-.. ,~ .. 
·.·:¡_¡ 
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En f'esutl\0Y}, .podemos establecer la siguiente fi1.osofia: 

Implementación, Mantenimiento y Modificación. 
se1~6n generalmer1te mJ.nimi2ados cuando cada parte 
del sis·tema corr~spond•l a exactamente UllQ parte 
bien definida y peque~a del problema. y cada 
relación entre partes del sistema corresponda solo 
a ¡~elaciones entre pa¡~·tes del problema. 

Es·to sJ.gnJ.fica que un buen dise~o es un ejercJ.cio 
(:onsiste1·1te en dividir y organi~~·lr 1•15 partes de un sistema. 

1 • • 
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2.0 LAS IDEAS COMPLEMENTARIAS 

f:'Ql''Q (ll(:ünZGl'' :1.()5 (JbjetiVOS del dise~O·estructul~acto~ !Se 
1··equJ.ere: 

-· U1·1a t\erl~.:~nll.el·lta de nJodelado para planear 
el sisteJij•l. 

Alguna M•lnera para con·t~olar la com~lejidad 
de siste~1as no trivi•ll.es. 

;·,~. :l [1 Model.D. 

Un mr.Jdelo · es simplemente un cuerpo ordenado de 
1·\ipó·tesi.s acer•ca de un s3.stema compleJo·; es un j.ntento por 
entender algún aspecto de la infinita variedad de ellos que 
pl~esenta el MLJlldo, seleccion•llldd a partir de percepciones y 
de expe1~i.encl.as p•lsadas, ·un c:uerpo de observaciones 
ge¡·¡er·ales aplicables al problema en cuestióyl. 

L.<:ls Plc>delos se presentan 
g¡··óficas, ecuac3.ones, P)odelos 
!simuladoJ~es, etc. Los modelos 
dJ.scj.plJ.na~¡ de ingenien!a y su 
problema er1 cuestiól"l. 

de varias maneras como son 
a es~ala; maquetas, 

son importantes en las 
selección depende del 

Para alcanzar los objetivos del Disefto Estructurado, 
1"'•0Q•1eri.nli:Js de un n1odelo corl las slguientes caract~risticas: 

- Grófico. 
- Divisible Ctop-down). 
- RigurosC). ~. 

- Capaz de predeci~ ~~ comportamiento del sistema. 
(1•.1e sea ~1111l consec•Jencia natural del 
Anólisis Estructurado. 

- Que sea .una entrada natural para la 
Implementación Estructurada. 

- Documentación bósica del sistema. 
- Ayuda para mantener y/o modificar el sistema. 

~~~*~~~:~~~); 

> .i 

·--··-------~ -.. --, .. l:l· 
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L:.2 El Cor1trol. de CompleJi.dad. 

The basic pattern of my approach will be to 
co~pose the prograt~ i11 minute steps, deciding each 
time as little ns posible. As the probleru analysis 
proceeds, so does the further refinement of my 
program. E. W. DIJKSTRA 

' . 
1.~-i l~erra~ienta Pló~¡ ótil par·a el control de COPlplejidad 

0rl o.t 1iise~o de sistemas es ln Caja Negra. 

LJna Caja Negra es un mec:o¡·¡ismo del cual se conoce: 

,-Sus entradas 
-- Stts sali~as 
- Lo que hac~ 

No se necesita saber cómo lo hace 

Ct1ando los dise~os se hacen con COJOS negras peque~as e 
indeper1tlie~tes éstas son fócilmente enter1didas, probadas: 
·(:orregidas~ n1antenidas y modifj_cadas. 

El uso de la Caja Negra para controlar la 
del sistema, radica en dividir ~1 ·sistema en 
conectadas de tal forma que: 

complejidad 
CajaS ~egras 

Cada Caja Negra corresponda a una parte bien 
definida del. problema. 

- Cada' Caja negra sea f6ci1 de entender. 
- Las conecciones entre Cajas Negras correspondan 

a conecciones del problema. 
-- Las conexiones entre CaJaS Negras sean lo Nós 

simple posible, de tal manéra que las Cajas 
Negras sean independientes entre ~ii. 

, 

'· l 
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·? 3 L.1:is Herr'Gtllier¡·l~~:ls. 

E::l l)J.sen(J E~t¡··~Actul~acto s~ apoy11 en el 
l·\0j"'l~~lt~ierltll!;: 

E:l 
:-:.l.::; t~:::nlo, 

- [~l DiagraJllt:l d0 Estructura. 

-·El [liagranl•l de [latc)s. 

Diagran¡~ d~ 

su Jerarq~Jia 

Estructur11 muestra 
y su organi2ación. 

la 

:.< :.i.\·!. 
··~ . : -~ ... <.; >~ 

P•lg · El 

uso d''' dos 

división del 

El Diagrama de Datos muestra la división del 
SIJS fl~ljos de datos y su orgarlizacJ.órl. 

sistePlll, 

E:xJ.sterl otras he~ramientas comple~~ntarias a las antes 
1"1l•.:~ncionodo~;; CC:llllO son "l•lS h.;.:,.ur~.tst"ic•lS d·e dist: .. .,...,o, la 
lliOl"'f'o1ogJ.ü dt:·.l. ~:;:lstt~·l"ll•l, cr~.ittl•l ... :.i.os de: tr .. onsfor•nl•lc.ibn, etc., 
l.as cuol.es i1·1terv.ienen en e:L D.ise~o Estructur~ldo; sin 
en1bargo la apl.J.c~ci.ón de estas herramier1tas complementarias 
requiere del Diagrama de Datos y del Diagrama de Estructura. 

,. 
~~ 

'' 

. ·>t~~~y.:.;.;R~?J 

;~--- "·'· 

-· -- -·--:-;~;. --
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3.0 EL DIAGRAMA DE ESTRUCTURA 

E:l Dj.QQl''üma de Estr·uctura es Ul'lD representaci.ón gró~i.ca 

del. sJ.s·tema G'Je se tJti.liza como herran1ienta pura el dise~o, 

i.nlpl.enJentaci.ón, documentación, modifi.caci.ón y montenimier)to 
del si.s·ten1a. Es ·una herrami~nta, r1o 11n n1étodo. 

El Diügrama de Estructura es un modelo independiente 
del tiempo de las ralüciones jerórquicas de los módulos da 
1.1n p~~ogl·•lnl•l o sistei\IQ; e~ po¡~ esto que no se puede i11fe¡•ir 
de ur1 Diagr'•lma de Estructura, c~Jól es el ord~n en que se 

. ' ejecutan los n1ódulos. 

Los elementos ~ue forman al DiügrüMü da Estructurü son 
:Los sig•1i.e11tes: 

- Módulos lcuüdrosl 
- Conexiones lflechüs) 
- Interfases <Nombres de datos que en·tran 

'H salo,•n t.hc! Cüdü n1ódulol 

Un Módulo 
·cte pl~og¡··ama 

idelltiflcadol~. 

es una sec~Jencia de instrucciones 
confinadas por variables linlJ:trofes~ 

L .. !:)s Mód~1los tienen l~s siguientes atributos: 

El q~Jé: 

- Entrüdas llo que obtiene de su invocador) 
- Sülidas llo que'regresü a su invoco1dorl 
- Función (lo que hüce o1 lüs antrüdüs para 

producir lüs Sülidüsl 

El córo1o: 
hace su función) 

continuas 
tienen un 

Mo'.''c:ónic:o ( c:óro1o 
-- [1o1tos intel'nos 

' 
(es6~~io privüdo de trobaJO• 
sol~él los referencia) 

N6·les~ que no ex~ste di~erencia entre Módu~oJ 
~J Si~;tt=~·~~~ü. 

F'l'Ogl'QOlü 

• ··T~~~7; 
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ZI 
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M(l nt.t.~·ni ··· 
! r.·.il::onto 

+ 

.¡. ............ _ ........................ + 

.¡ ................. . ................... ........................ .. . .¡ +----------------------+ 

·} ... ¡. ·{ ............................ + +-- -····-··- ----.. ··+ 

Cünlbios ! 
1 

·+ .... ~-- ·-· ....... . ·+ + -· ---- ........... """""-+ +---·-- ..... - ......... ¡ 
l 1 1 41 ! 8! ! 1 () 

! ~? ! ! .¡ ..... -· .............. ¡ ~j 1 1 + -- ........ ------+ 9 1 + ................... -· .... .... . .. !· 
131 !6! 

¡ .. .. .......... 1 ....... : ............ + 1 1 7+-.. _ .. ___ ...... - .......... 1 .......... _______ .. ¡ 
.¡. ......................... . ····+ + -- ...................... -- .... .¡ 

·l- ·-+ +----------+ +----------+ +--------~-+ +----------+ +-----
! Cür,tur·o ~-J! 
1 v~,:_:_·r:.i..f:i.cü 1 

¡'' ,_:_:. •J .i ~:;t ...... u 1 

··l·· ... .... ... .... ... .... . .......... ·t· ·t- .... . 

l 

3 
4 

6 
.. , 
' n 
9 
.1() 

Cm"¡··.i.g'? 1 
1 

[SCl''ibt: 

1 l'(eg :i. s t I"O ! 
! 

l.i;· ., 

! F<egisti"O ! 
! ! 

Die' s ¡:d .. i e g ü 1 

! Rl::-gistr·n ! 
! 1 

! El:i.nlj_nü 
! F\e~J.i.Sti"c: 
1 

-----+ +----------+ +---~------+ +----------+ +---------

+---------------~--+-------------------+ 
1 Entran ! Sólen 

<al subordinado) ! (del subordinado) 
+------------------+----~--------------+ 

F<eg.i!;t1·o 
1 F\egistr·o 
1 f(,~!J.i.Sti"O 

! F\t:gj.str'o 

! l:~t::gi!:>tr·o 

1 I:~E·gi!:;tr•c) 

,, 
--~ 

Regist1·o 
Regist1"o· 

F\egist1·o 

Regist1"0 

Regist1•o 

1 Registro Resultado 
----------------~-1-------------------+ 

l. 
! 

i 

¡.;: 
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4.0 ACOPLAMIENTO 

[IC)S Mód•Jlos son tntal.me11te independientes si cada uno 
puede fltncionar completoNente sin la presencia del otro. 
E!;t(l t1efi11i.c:J.órl implica q1.1e r1o hoy in·ter1::orJecciones directas; 
o j_)ldi)~e,::·ta!~, explicitas o implicitas, obvias u osct1ros, 
011t1··e ](:)!S Mód•.llC)S. E!;tn ~~arca el punto cero en la escala de 

•• tJ.~::.·p.:.:.o'I'I•'J(:nc:i.o" ~:.:.•ntr·t: .. t-tód•..tlo!::.. 

Er1 ger1eral, e¡·¡tr·~ n16s irltercorlecciones existarl er1tre 
¡·'lódu 1 D!:t, ::;c·r··~.~.n n16 s d~~·pt~ndi~:.::nt~~·::; t:ntr·e sl. 

El Acoplomiento es una Nedidci de la interdependencia de 
•..tn Mód•..tln r·a::>pt=.~c:to 11 otr·o .. Entonc~~·s, los Módulos •lltül'lt~·n·tE: 
acoplados estón unidos por interconecciones rigidas. Los 
Módulos holgodamente ocoplados eston Unidos por 
interconecciones aébiles. Los Módulos no acoplados son 
•:lquell(J!~ q•.le l1(J tiene11 il1terconecciones. 

El (.,c:uplor•lit::nfó €-:"~:) t.:-1 · cr'itt:.•r'.io l'lÓ.S illll)Or't.ün~~:.:: p(l"f'ü 
J~~~gar los bondad~s de IJn.d.ise~c). 
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,, 1 ¡:·,,...,., .. ,., .. , .... ,,, .. ·,,.,.,.""'VI ..... , ....... , .. -] A!"(''Pl"J''¡j' "\1'1'(" . '/ . .J .. .• .J \'.'.' ,;¡ !. .. (•;.' :. . . 1,:.~' 1 ,",t.:' 1 \·:.' 11 t:.' 1 t:.' . · .. ~ I,J._ 1 :, t' , ,} 

E::>~j_!:,1,erl CIJrltr·o f~lc:tor·es prj.1·1cipales 
·.t flcr··.::lrr•.'.-.·nt.::tr' o dt.:.•cr'•_:_:•nlf.::r·,t,o-,-, \:.~·1 üC:DJ.'.ilüiHi\::.•nto d1:.~ 

1 Cr ::; :::. ·i ·J r 1 i 17.• n t ,:,;. s : 

·¡. 'fj_po de ¡::anexión er1tre n1ódulo~;_ 

E:xJ.~¡te¡·¡ tr·es tip<J!i rte sisten1as: 

Conexi.ones ¡,¡J_¡·¡j_nl•l!:i. 

Cone~io11es n,JrM•lles. 
- Conexiones patológicas. 

2. Complejidad de la interfase. 

qu~:"? put.~df.•ir 

1Hódu 1 C)S 1 ~::-nn 

f¡e puede-aproxJ.n¡ar por el r1ómero de eleMentos 
pasados er1tre los n1ódulosJ entre n1ós elementos 
t\•lya •. la interfase se¡··ó n1ós complejo. 

3. Tipo de flujo de informa~i.ón a lo largo da la 
cor~ex~ó)'l. 

l .. os !~J.stePlGS c:o¡·¡ ac:oplamiento de datos tienel·l 
menor acoplamiento que los de acoplamiento de 
cont¡·'ol y éstos a su vez sor) mejores que los de 
acoplamiento hibrido. 

4. MC)Ill0l'l·to de llni.ó¡·¡ de la cor1exi.órl. 

L.a!; conexiorles unidas a referencias fiJaS al 
n¡onJen·~o· de eJecuci.ón, tienen me~or acoplamiento que 
cuando la unión sa e~ectúa al tiempo de carga o de 
c:ooq:d.l ü ción o de e o di fli C:•l c.:i.ón. 

'. 

El concepto de Acoplamiento invit~ al desórollo de un 
(:o¡·¡cep·to 11uevo: Deacoplamie11to. 

fleacopl~1Pli.ellto es cualquier técnica o· Plétodo 
!~;isten¡ó·tico par·a vc~lvel~ a los módulos mós indeparidiantes. 

• 
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l.d 

Entr·e Plenor sea el •lcoplallliento entre cualesq•Jie¡··a rlcJ~; 

1\lÓdlJl.r~!;, é!~·tos ser·ón ntó~; lndepe11dientes y el dj.se~c) se¡··ó 
l"•il~ jül~ .. 

D(\ tos 
···· Est•lmpüdo 

Contr·nl 
MM Ar·eo cool(Jn 
-- Cont.,,nido 

El MeJor acoplamiento es el de datos y el peor el de 
contenido. 

Si se presenta mas de un tipo de acoplan1iento entre 
n·,ódulos, .::.•s .:.:.·.1. peor· .:;.1 que üpl.ic:a. 

4.2. 1 Acoplamier1·to de Datos. 

Acoplamiento de datos es cuando solo, los datos 
¡·leceS•lri<Js son comunicados entre n1ódulos. 

Este tipo de acoplamiento es el PIÓS 

he~:ho, cuülquier· si-r.;tf:m-::1 pl.ll:.?de constr"uir-se 
el- ó¡·¡ic:o ~coplamie11to sea de datos. 

4.2.2 Acoplamiento de Estampado. 

deseable,· y de, 
de tal manera que 

Dos módulos presentan acoplamiento de estampado si 
r·.:·fer·end.ün lo p!iSPla est1·uctul'•l de d.•ltos (no glob•ll). 

'. 
·Uno estructuro de dotos es un compuesto de elementos . .. , 

Este tj.pc~ de a¡::oplamj_eilto presenta el .siguiente 
proble1na: u11 cambio en l11 est¡~yctura de datos afectaró a 
·L!JC((j!:i l!Js PlÓdi.JlCJS que estól'l •estanlpados• con la estructura; 
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::;i11 •:·.·•<~l.•üf'(fCJ¡ l.!~:;úndo u ... lt".t hu•·.:_.·.v:t 
•-:~'.:;! .. •.~:· l_.l_,·,u d\:.~ (lCüf.•l•:JI•I.i•.:.:·f¡·t_u 

y rlot•.lr'(}} 0Str·uct•Jr•a de d~itc¡sJ 

se acer·c,J ol acoplami~ll·Lo d~ 

.j • . ..t l, (.• ~:-

i¡. ? :.-.l Ac<JplOilli.01'1'1~(:¡ de c:())'ltl''(~:l. 

Dos n1ód•.Jlos pl··eserltQl'l acop:L•lmj_erlto 
(:(jOI•.Jl'li(:•Jl1 US•ll1d!J al 1nenos u11 ele••lent(J de 

E~:; t~:~. 

n·,(¡dulos no 
üc:opl(!Pl:i.t: .. nto. e·~¡. inr:Jt=.·St:(lblE· 
!se¡··ón una caja r1egra. 

de control 
control. 

=~· .i 51:.:_, 

po1·que uno o ar•1bos 

Ur1 peligro relacionado con el acoplamiento de control 
es el d~noMj_y¡ado •acoplamier1to tlJ.b¡~j_do". 

Acor)l•11lli.erJto · t\J.brj.do s•Jcede cua11do se tier1en dos () n1as 
!5l.gl1ifi<:•ldo~~ para el mismo dato. 

'· 

4 ~::. 4 A<::oplamiento de Area Con1ún. 

t.Jr1 g¡··upo de ~lódu:Lc)S presehtor1 acoplamiento de órea 
<:(JI)l6l"l sj. c:onlpal~tel·l u1·1a lllisma óreo global de dato~. 

E::~< :.i. ~:; t, ~:~, n 
cnn.tl'ol: 

V•lr'ios pr·oh J. t:=.•lllü ~:¡ c:nn el acd~laroiento de 

l.. Es lllÓS dj.·ficj.l reusar los ~16dulos que. utilj.zarl 
ó¡··eas con1un~s ya que USIJalPJente lo hacen po¡·• s~t 

nolllbre. 

2 El roonteniroiento se hoce Plós dificil sobre todo 
c:1.JarJdo se pasan diferentes tipos de datos através 
del ól~ea conJó1·1. 

:1 . El uso de óreas globales dificult~. la 
de los pl~ogramas. 

le_gibilido.d 

.;;¡ :, -:_:_:\• 
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4. E:s di.f~.ci.l saber qué 1~ódulos usürl q1.1é d~1tos. 

• u. 

En afguno& ler•guajes como FORTRAN, donde le• 
posición de los datos en COMMON es importante, 
aden1ós _del problellJQ de acoplamiento de 6rea conJÓll~ 

se tiene un problen1•1 de acoplamie11to de estamp•l~CJ. 

Un error ~n cualquier módulo usando el órea común 
puede aparecer ~~, o·t¡~o n1ódulo (que tambie11 use el 
ó1··ea camón) ya que el. órea camón no estó protegida 
por ningún módulo. 

4.2.5 Acc•plam~.entc) de Conter1ido. -· 

1. Un n1ód1.Jlo alter·a j_nstrtlcciones ~notro n1ód1Jlo. 

2 LJn nlód~AlD referen<:J.o o cambia datos contenidos e11 

3. Un módulo brinca a otro. 

4. [los n16dulos conlpal~terl :Las nJ!sn1as ld.terales. 

Los casos 1~ 2 y 3 también se conocen como Patológicos. 

El prcJblenla prin~ipal es que un cambio peque~o y de 
··~pa¡··iel·lci(l j_nocerlte a uno de Jos n16dulos pu~de desquiciar a 
!:l·tl·C) l\lódt.I]c) erl cualquj.er ptlrte del sistema. 
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~.'i. O COHF:iiCJN 

_(:;<:)hesj_ón es ~1r1a medida de. l(k corlsistencia de· 1·:' 
~:l!:;c:)ci.(l(:i.ó~1 de los el.e~¡er1tos dentro de •Jrl ~lódul(J. 

Un elel'l~=.:,.nto ~=~·~:): 

- Una il1!;truccJ.ón 
- Un gru~o de instrucciones 
- Una llamada a otro módulo 

Es deseable tener módulos fuertes, altamente cohesivos, 
alta1~e~1te (=.'.!;} decir, Plód~los cuyos t."'-!lePlentos e.· s i: .. ó n 

r-,=.~ 1 o e .i o na dos. 

Claramente, cohesión y acoplamiento estan relacionados. 
A ~·:1yor cohesJ.611 de los n1ódulos del sJ.stema, existil·'ó el 
mel1Dr •lC<lpl•llniento. 

5. 1 Tipos de Cohesión. 

l.a cohesj.ón es una segund~ 'medida 
r·j ·t· V !. rj ·¡· 1>1 O " '" ] ,. ·¡· " t '•!>) •l 1" ·e ·t· " '· "11 1 O S .'S. i. ,, l t' ,, /l't ~S , , , , , , , , ,;) 1:;, ,, ,,>,, ,,,• ;1,. , , •w''' ,;) {;~w , 

0 

: ,';J,, •'- ,,_. 

Funcionol 
··w S~::.•C:t.!l=!'nc'iül 

Co 1111.1 n:i. cü c:.ic)nü.l 
r:r"''' pl'OCI'i•dimi<'.mto 
T<0'.'i>ip01'ül 

l...óqic:ü ' 
C o .in e .id'" n to:1l 

~iie1·1do mejor la cohesi.ón 
·co:i..·l1cir.1·'·nt•) l . 

. ' 
'' 

fun c.ion•ll 

de que tan bien 
tipos: 

y peor' lo 
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5. 1.1 

Un módulo con cohesión funcional es aquel en el que 
todos sus elementos contribuyen a Ul1•l y solo una tal~ea 

completa; cada elemento es parte integral y es esencial para 
la ejecución de la función del módulo. 

5. 1.2 Cohesi.&n Secuencial. 

Un módulo con cohesión secuencial es aquel en el que 
s~1s eleme11tos estón involucrados en tareas en las que- .dato~; 
q•.Je salen de un elemento si1~ve11 de· entrada •l otro elemento. 

Los 
•.1sual1nente 
contienen 
completa. 

~1ódulos co11 cohesl.ón secuencial son fuertes, 
tienen buen acoplamiento. No son ideales porque 
var·ias funcior1es que no forn1an una sola funci.ón 

5. 1.3 Cohesión Coruunicacional. 

LJn mód~1lc) con cohesión conlunicacional es aquel en el 
que sus elementos cOlltl~ibuyen a diferentes tareas, pero cada 
tar•ea se r·efiere a lo~ mismos parómetros de entrada y/o 
!;olida. 

Este tipo de cohesión es fuerte ya que el 
de funciones dentro de un módulo tienen alguna 
el problema en lugar de la implementación de la 

agrupamiento 
relación con 
soluci.ón. 

Al dJ.vidir estos mód•Jlos en módulos 
simplj.fi.ca el acoplamierlto y ~e ~ncrementa la 

separados, 
cohesión. ·-

5. 1.4 Cohesión de Procedimiento. 

Un o1ódulo con cohesión de ,procedimiento es aquel en el 
que el control fluye de un elemento al siguiente. pero. los 
ct·atc)s nc, necesariamente fluyen de 1~ misma manera. 
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r::t nl(lYIJl'' probl.e~l~l con estos módiJlos es que man~pular1 
~-·~ti¡I_Jlt•ld0~5 parci•lles, v•lri•lbles inter11•1S1 bander•ls, 
!Swi·Lt::t\0~~~ etc. y que ti.enen par··tes de varias ~~1nciones. 

5. l .. 5 Cot\~sió~l Temporal. 

Los ~ódulos con cohesión te~poral son aquellos cuyos 
elemen·tos e!~;tón r·ela(:iorl•ldos en t.i.empo. · 

LJ~¡;~J~:~l.~lente estos elementos r~almente p&rtenecer) a 
di~ere¡1·les funciones. 

5. 1.6 Cohesión Lógica. 

L .. <JS MÓ(\I.llos con cohesJ.ón :Lógica son aquellos en qtJe sus 
e:Leme11tos (lpar&ntan esta,~ rel•lcionodos a tal~eas de la misma 
categor!a general Cdeb~r!a lla~arase cohesión ilógica). 

5. 1.7 Cohesión Coincidental. 

ll11 Módulo con cohesió11 coincldental, tiene e 1 e1>1entos 
sin relación significativa entre ellos. Usual~ente ejecutan 
·•· ... ., ... ,, .. rj·¡··0 "l''"l"'t"<" y<·¡·¡,· l''"l''("j''¡¡·¡· pll'l di'f·¡··¡¡t·s 'j·f·<·' L·'·'' t·;:• .•. :l .•. rt·.' 1·:: 1 ,t:.'.;) .. :1.. ~= • ....... 1. ~- 1, 1:!' 1:!' e 1:!' t' .. ~ . 

. ' 

·' 

/.; ... 

• 
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6.0 ANALISIS DE TRANSFORMACION. 

A116lisj.s de transforma¿ión es un de l•lS estrategia5¡ 
p¡··int:ipales p•lr•l dise~ar slst~mos altamente balanceados. 
·f·ambien se le conc)ce como [lise~o de la TransforPlaci.ón 
(:er1t1~a1. 

Para el Anólisis de tr•lnsformación se req~1j.ere del. 
Diag1~a1~a de Datos. El rest1ltodo es un [liagramo de Estl~lJCttlra 

en el QIJe el módulo superi.or tl~qbajo con datos altalllente 
proce!iados, datos :l.ógico!s. 

6.1 La estrategia. 

l. D.it"IJO\" el d:i.o~Jr'ül>\o d€· datos d.:d pr·oblen¡a. 

2. Ident:i.ficor la transformación central. Esto pu~de 
re•1liz•1rse sig1Jie11do las ramas aferentes y 
~fe¡··ent~s d0l diagr·aPla hasta encor1trar los puntos 
en que los datos son independientes de los 
dispositivos de entrada-salida. Los procesos entre 
estos puntos forman la transformación central. 

:5. 

4. 

Identifi.car los roMos principales de datos de 
el1troda y solido. D~terminal~ los puntos de mayor 
abstracción. 

Dise~e la estructura'~ partir de la inforPlaci.ón 
previa con un Mód~fo para cada raMa principol de 
entrada y un modulo para cada rama principal de 
salida. Erl gerlero]. se llegor6 a la estr•Jctur'a 
siguiente: 

t n;./lF,;~·-"· 
.. '-' . 
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+ .... -- .................... ____ + 

A 
! 

+----------+ 
11 2! 3! 

Pog. ....~ ,., 
.:. l:. 

+----------------------+ ! +----------------------+ 
.¡. ........................................ ¡. + .... -·- .... ----------+ +------------+ 

1' e D 

+ ............ -·-· ............... _¡. + ------'------·+ +-·----··------+ 

1 

,, ,, 

+------· -----------+-------------------+ 
! Entron ! Solen ! 

(al subordinado) ! (del subordinado) ! 
+------------~-----+---------~---------+ 
! -l.Jstlalnlente nada 

[latos abstractos 
de entrada 

[latos abstractos 
de entrado 

Datos abstractos 
de salido 

3 1 ~atos abst~actos 
de salida 1 Usuolmente nado 

+------------~-----+-------------------+ 

Para cado uno de los m~dulos de entroda. 
identificar· la última transformóción necesario para 
pl~OdiJcir los dato·s ·en la forma en que los regresa 
el ~lódulo. Después identifi~ue la forma de la 
entrod(\ JI.ISto antes de la óltima transformacj.On. 
Para módulos de salida. identifique el primer 
pr'o c~?~=i.o ne ces(H'io P•l \"'-•l •l e el"' C•ll""SE- •l l•l S•ll id(l. 
des0•:ld¿ con el fol·'~lato deseado. Repj_ta este paso 
l·ro,;;t•l lleg•ll' o lo fDl'm•l Ol'igin•ll de los datos y t?l 
f,:lr'nlatc> deseado de los rest1ltados. · 

,-: 

¡ 
1 • 
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7.0 ANALISIS DE TRANSACCIONES 

I.Jna tr·ansacción es cualquier elemento de datos, 
contr-ol, ~:;~:.::flül, E.·ventn, o Cül'lb.:i..rJ dt.· e!:•todo que CO.IJStl, 

dispara o inicia alguna acción o secuericia de acciones. 

En otras palabras, una transaccj_óll es Ulla parte de 
datos qt1e puede ser cualquj.era de un ¡·¡úmero de tipos, cada 
tip(J ¡~equiere diferente procesamie11to. 

l.a estrategia de a¡·¡óli.sis de transacci.ones, simplemente 
re~onoce que los diagramas de datos de este tipo pueden 
M•lpearse a una estructura n1odular· par·ticular. El centro de 
t)··ansacciones de un sistema, debe se¡~ capaz de: 

1 Obtener cfesponder a) las transacciones en su forM(l 
Pl(lS J.H' il\l.i ti ~O. 

2. Analizar cada transaccion para detern1inar SlJ tipo. 

3. Despachar dependiendo de la transac~ión. 

4. Completar el proceso de cada transacción. 

E~r1 s~1 fcJrma ~ds f6ctori.zodo~ el ce1·ttr·o de transaccj.one~¡ 
puede ser modulari2ado de la siguiente forma: 



+-------~---~-----7-+------------------+ 
t•peo:n ,¡.-rpo:l 

ñ opt•Z-r'iout• 
Ll<} 'F :l :l t•SU t• ,l! 

.. . l 
.i~1U~WC<UJ~1UT topto:llJI 

1ll~lUt•U~~lU~ t•pD~~Jj 

·-·fpoj UQT~~DSUD~ll 

j .-TpO::l U(}T:l:lt•SUt•,l! j j 

+~--------------~---+------------------~ 
(Opt•UTP-toqns t~P) ((lpt•u·r.p:J.oqn!:< ·tt•) 

i U~Tt<S i Ut•,qu:::¡ 1 

+---------------~---+---------------- ... .¡ 

.. , 
(,, 

+----------+ +----------+ +--------~-+ +----------+ +------ ····+ ·1 .................................... .¡ 
¡ j i 1 U!)'T.::l 

N OdT! .i E OdT! i ;;: i)d'FJ. i l od·~·l i i .... :H•!';u.r•.J.l 
i i i, i i i i j t•~::TtDU.I.;J 

+----~-----+ +----------+ +----------+ +----------+ +--~---- --i 
i 

i +----+ 
+------~--------+ i 

i 
+----+ i 
i +---------------+ 

i i i i 

i 
.¡...... ..¡ 

j tr 

Ul}'f'::> 
¡ .... ::> o~:f u rr ,), '.~ 

i ;euc,>'f'l'lO 
+ "" ............ -:.. 

i 
+-· -+ 

+---- __ ............ -···f· f ....... ·-· ... .. ¡. 
¡ i 
j t•4=>t•dS·:'I] j 

i 
.¡ .. -----·-·-- -- -· .... .¡ 

i 

.¡ ...................................... .¡ 
¡ 

·t··----------------·-·-·······-·i· +-----------------+ 
i ;:: i l 

.¡ ....................................... .¡. 
uq·r:l 

.... :J~)~:iUl),.lJ. ¡ 

i 
, .................. ··--······ ....... + 
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2G 

EsJ)ecj_·fi.l:•ll'' la orga11i2aciórl de 
apropiad(~ <l•l fig•.1ra •Jn·l2l~J.or es •Jll 

g.:.: .. n~:.~l ... al J 

t r•l nso. e ciont_;,.:; 
buen modelo· to•n 

Identificar la transaccion y las acciones que 
definen. 

lü 

4. Note situaciones potec:j_•lles en que se puedar1 
l::l:)~lbi.rl(lr módulc)s. 

5. 

b. 

F'•l r·o. cada transacciórl () 

t r·a ns o e e: .i.c)nes 1 

t r·ü n~;ü e c.i.on..:~~~ 
t~·sp~:.:-c.:i.fico.·.·· 

p•lr'•.1 p¡·•cJc:t:•sür'l•.1 

grupo cohesivo 
un ~1ódulo 

co~lpleta~lt~ntti:. 

Para 1:(1da acción en ur1a ·tra11sacción; 
n1ódulo de acción subordJ.nado al 
módulo de transacción. 

esr,ecific:o.r• un 
con•es pondio2nto2 

7. Para cada paso detallado en un módulo de acción. 
especificar un módulo detallado subordinado al 
módulo de acción que lo nece•ite. 

' 
1 ¡, 
i 
i 
1' 
i 

' 

i: 
! ' ;. 

1· 

i 
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8.0 CASOS PARTICULARES 

!:l. 1. Progr·o~1as j_rlteractivos 

Un p·(·og·c·(tl\lü. :i.ntf~r·•lct.i.vo tiene lols s.i9u:i.t~ntto!; 

e •:l r: ü r: t, c .. ·•· 1. $·ti e a::;: 

1.. CüllV0l'SQCj,Qf)G]. 

2. E!~·tl~lJ(:tl.&rado por tipo funci.ór~. 

3. c:arta tr·ansacción es validada (corls~ltando archivos) 
y •l<:t•J•llizad•l inst•l11ta11eamente. 

r:s·t{:)!:¡ {))''Ogl~•lMQS P<lr' nat~ll~aleza preserltOTl una estructura 
Clrbc.n·.:.:-o. F'cn· to.ntQ, l•l t:=:~:;tr·ütt:'gi•l ra1ós opr•opi•ld•l p(H'O. 
dis~~al~Ios es a partir del Ól~bol de func:j_orle5~. 

FJ<'.o'l'lplo dic.' órbol ele' func::icme~;:. 

IH"CJDNr:.b ( 

!-

1 ClAPTURA UN DOCUMENTO 
. ! 

AlCTUALIZA EL ARCHIVO 

!-
! AlGREGA PARTIDAS 

MlODIFICA EL DOCUMENTO C Q)UITA PARTIDAS 

MlODIFICA PARTIDAS ., -· 
F) IN 

1 •.• 

,. 
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'") .. ., 
"- ·' 

+----·- ------- -··-·· + 

+········--·········-··--····--+ 

+----------------------+ +-----~----------------+ 

+··--···········--··········-·····+ 

! Copt•.tl··o 

¡ ·········--···· ····-····+ 

+ -· -·· ······- ··- -·· ------ ····+ 
! 

! 11odific•l ! 

+-·-············-··-····---··+ 

+-- -------- -· --·· .¡. 

! Actuo.li:;?o .1 

! 
+-·······-- ····--····-----+ 

+-··-··-········-··+ .¡. .... -- -·· ··- -·· .... -- -·· ---+ 

+- ··-··-··- ·- ------ -+ +--·-·-------+ 

+----------+ +----------+ +----------+ +----------+ 
! Cü¡:Jt.ur·o 
! Encübe:zod<J! 

' 
! 

! A~¡r·c;go:¡ .! 
! p.:n·tid•lS ! 
! ! 

Mod.i. f :i. C:•l 
! pül't:i.dolS ! 
! ! 

1 Ou:ito1 
! J)oll't.id•lS ! 
! ! 

1----------+ +----------+ +----------+ +----------+ 
+-·----··-------+ 1 

+----------+ +----------+ +--------~ 

r· 
· .. 

! V•1l.ido1 
! nlDV:i.lllien- ! 
! to's ! 

Despl.ieg•l! 
., doc:u~1ento! 

! 
+----------+ +----------+ 

Act•.1ol.iz 
! t:H'ch.ivo j 
! 1 

+-·-------1 
¡ 
1 
' ! 

! . 

. •· 
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8.2 P¡'ogramas Batch. 

l.Jn pr•cJgr·ama batch tiene las siguientes caracter·!.sticos: 

1. Co¡·,·trcJl•ldo mediante c:(:)ln•l}'ldos. Si el comando es 
j.llC(Jrre<:to~ se requiere ¡~e•lliment•ll~lo hasta que seo 
c:IJr~~e(:tc). 

? . No ~::.·~:; pn~ij.:i.blé' h1.1c:,..:·r· c:u¡··¡·•f:!c:c:.i.ont·~·s o los t:ol""l''Ol .. es dt~ 
validación al mdm~nto de ejecutar el programa. 

3. Tipicamente se utilizan en procesos periódicos. 

L.•l manero n16s _adecuada para dise~ar estos programas es 
a ~artir de una definición sintóctica formal de los comandos 
y d~ la j_¡·¡for~aci.ón q~e se va o pr·ocesar .. 

Una de las d~finiciones sintócticab mós convenientes es 
la notaci.ón de Bdckus Naur CBNF! .. ~a cual se puede 
¡··epre!~i0rl·t·:~¡~ gróficamente con ·los dia~ra~as de ferrocarril 
(estilo PASCAL!. 

. ' . :¡ . 
¡' 

' 1' 
' 

.. .. :. 

• 
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Ejemplo de diagr'an\a de sintaxis: 
F'OLIZA: 
:::::::.::::::::::::::::: 

! ENCABEZADO !-----)1 ; 

ENCt1f<EZADO: 
:::::::::::.::.:::::::::.:::::::::::;:::::: 

. ------------ ( ; ) ----------. 
! . 

V ------------)-------)! MOVIMIENTO !-----)( . 

········)( I :)-- .. -. 
! 

. ! 

) 

----)1 NUM. F'OLIZA !--i -)( E l---t--)! FECHA !-----) 

~IOVTMIENTO: 
:::: ::: :::::::: ::: ::::::: :::: :::: :::; 

! 
'···············)( [1 )--· 

. ·····--- >! DEBE 1 -----

----)1 CUENTA !----! !----)! DESCRIF'CION !----) 

! ------- ! 
'----)! HABER !----• ,. 

: 
1 

1 
; . 

1 

l .r 

' 1 

1 ¡ .;. 
! 
1 

.. ¡1 •• 

1 ' 
¡ .~<· ¿.f·l 
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•••+ 1.- J!S~~J -ST~~CTJ;,A)O Y SU I~PORT~~CIA ++++ ------___ ..:, ______ --- ..:. ___________ -·~ -----------------

·-------------------------------------------
~lSL10 ~3T~UCTURA~O tS El -~TF DE DISE!AR LOS COMOO~[N 

HS o~ Utl . SlSTUIA Y Li< LIITEidlo:LACTO~ f.NHE tSOS COt1PONfNTES FN LA· 
4~J0¡( ~A~~¡;~ POSIBLE O 

;;rs;:::·:o c:STHUCT:Jo<i.DO es I'L PROCFSO. r>t: DF.CIDH CUALES co!t 
PO•ICIIHS I:IT;.i;CO:j~CT.%1Jt,)S Y Di: QUf! fllA~E H , I!ESUELVeN ALGUN Pf:MLE~ · 
H '.:11 P !: F I i• I DO. 

1 L D!S~'!J dTr:UCT'Jt;-'lO UNICH'fii'TE CO!JSOLIDA', FO~M~LIZA. 
Y HACr 1lSIBLfS ~CJIJ!jAaES Di .DISf?O · Y DECISIONES L~S CUALES OC~ 
1\HE'I IiiEVITABLLI1i,;;iJ¡; ~ l,,Vl:;HJU"'ettre: n• F .. L CURSO DE CADA PROYECTO 
Of D[~A~ROLLO ü- Sl3Tl~AS. . .. . 

DISrí'O SIG:UFIC/• PLANIFICH LA FOJ,:MA YMETO!>O DE E:NC.Oll 
TRAR U11A SOLUCIOtc iiL p¡¡Q3L;!•iA. FS fL. P~OCFSO EL 'lUl DETn MINAl LAS 
P~I!Jc¡p,.L.:S CA!lACT~iliSTICAS. ii~L SISTE•MA FINA'\.. Y ~STA9Lf'CE! cons S:.t 
PE~IORES ~.1 fitliDI~l¿~yo Y CA~I~AD QU~ LA "FJOR 1HPLEME~TACION PUEDE 
l.>l'lUii:lr. ,·Y PUL.l<. liJIZ.~3 DH::FI"INH fli .CHRTO GRADO (L,' COSTO FINAL. 
CON~ VFN~~OS ADELA~T! Y 1U~ ts UNO DF: LOS MOTIVOS ÓE ESTE lSC~ITD. 

1',;.\.- POD~.< Jl3i..'U.II SISTE•MAS' O~ C0 11PUTO NfCFSJT AMOS PRI 
~~RO 1U! lcA~A, gtf¡HI~ CLA~~rfNTE OBJflJVOS TtC~ItOS PA~~ P~OGRA. 
•'1AS C0'10 SISTío~AS • . . . . .· . . . . .· 

üt.SAFOnTJ~AI>.- CNT.:; , lo!UCHOS OYSE1ADOHS I:STP.Nl 'fN :JN NI 
lflL 0011.>!;. Sl UN Sisr..:::1i~ PA~í!Cc. HA:3AJAQ, B .UN ":JUEN PROGRA.IMI." (ES,, 
TO fS , YA So. A PASitf; Ü•IA J•IOD:::.SH P~Ur;IBA · CON TIE 1POS LnUT[S TOLERA:,,.\., 
BL"S O· 3I;:i'l, SI HA COi LO ·liJ.i h3E , E'NTONCFS ES MAS QUE SUFI ÜEfJiTE .r::':,.: 
ESTE ES Ud CRlTEklO ~UY PRACTIC~DO f~ ~UC~-S PARTES).AUN HOY Mucqos~)'~ 
DISE?AIOOitES COUFUNOf:.fl COI10 SI UNA SOL.UCIO~. CUALQUIERA, FUE·sr· LAI. SO.•<;,.~.' ' N . . . . . -~.·. . . ..·_¡ ~-~:rr 
LUCIO .~ .· . . .... , . · ..... ,c ... ,, .• ; .... ,,,.,,.;;:.,.~ 

' ; UllA !)~ ~~S l1HA~ P.EL ois'e,?o ES "LA EFiciENCIA"~:WI;.í~;.t,~;~~'r~~ 
·· ., . · LN Go:Nc,¡AL :ti.h:.R~:;•40S flUE. SISTfHAS Y· PROGRAMAS SF'AN' EFl~""";,., 

ClEIITES ¡;N .EL SEfHlDO QUE 'JTiLICFN.:· APPOPIADAHcNTE• LOS Rr:tURSOS DEt:~t1::'. 

.sisTt:'lA. UNA Df LAS. RAZONf:.S ~~,~~;~'~k;dÉs:.,Pb'J!:tt~;Í·r¿•ÁcFs·~Ló,~'~'A;~t;~J~;, 
·~1AS BUSCAN' lFICH.NCIA ES POf<QUF LQ:s:cosros:;·ne::so}.TI·JAREY HARD.WAitE~ift:'f 
IIAtl VEIUDO CAM3IANDO ~N LQS,.ULTIMOS ~70S Y VENDRAN HACIENDOLO• AUN~¡¡'.t' 

'lAS. . . COII F IAB ILI DAD E S. O~R;A' "~t;/f~~ ot''i_f;Lttf~~~~ ~·~rE:· ctoric1t~T~fá2l., 
FU.; rtJT.;r:oioO Y AHORA LS .ESL.IICIAi··vfR GÜF .. ItliENT.RAS'"{·A'' CONFÚBILlDAD•~:i,,l 
'lEL. SOFT',Vun; PiJE..D;:: S~R VISTO COI'\o··.uN P~OBLPIA DE c·ORRECCIOt(~ DE I:RRO.~~~\~, 

1 
¡ 

.1 

1 

) l R!:S, TAó19lC.NPUEDt. S<iR ::-:-- Y M~.~ .f~ODU.~]IV,A~~rt,r,5,:~QU.~Z~S/·,:'f"- ,VIS~o..,~'$;l,. 
,,.f... CO'IO UN PR\lBLt:MA Df; :>IS~:;'íO.·: .,.:'./,:•:/'',.· ·;,·:;' .' · .... ·:);;';l¡¡,rr~:r.;;t.)·:<::-1:!~;i>,:~;.':§tíi,;:.f.' j. 
:~t.:; .. : ESH. ULTIHO El~FOQUE H~ CIIHIDO EN POf>ULARIDA'D:I-,.:;•',ti·>:>~~l;r,;fh 

) J!:::.~'- . .. . CERCAhO A LA. COIIFIA~!.~I,DAD,f~ s,~~; ~.f.H!OS~.ESTA~ L.A~.MAN,TE~~~:I 
ir.· .r,: NIBILIOAD•\·· . . ~ .. :, : . ~ .; .f,.:,¡:;1 .·~··· ~; • • .._: •• ··:'':···~"t.·~~.\:0'= -:.~ ... ,, .... ~ .~~\::;:·j·.:,.;,..~~t;~ 

• \ ;:: ·. ·· · v . DE HECHO POD5~0S EXPRE.S.AR LA' CCINFIABiliDAD COMO· 'i~'':.:'o'.!''fli\,,.,. .. 
) ~-;,~::.:;:~-~·-. ·;'' 1 ~ .--, • •• - •• ·!· ·;· ... ;.-,, : .• ~~- ... ~:· ... ·: . -:·· \·. ~-· .. ..: ... ·;~ ·h· .. :. ·.l·.~-: ~ •• \;;~··~:; __ ;,1::r~~~¡~-c;*'-, ~ L· : .. .. ;_ .. éiL rn.MPo EtrraE FALLAs·;, ~.:.:.:.:: ____ ~ __ ..:':"_·.::""::..::.~, e r··e F:· )h,,~;!:T~~"'0..~, 
• :,;·:-· ·:::· • 

1 ~ • \ ••• •• 1 ... • . .• : . • ,. ; ..• ··-: ... ; '· ·• ,";"' :~·:. ',.;::: .. ~.~·~:·t~•).:;·~=:<J, ;>: ·~. -~- .~:-(¡ ;·\if:~~{.~~~~t~~!~}~.~ 
. ~·;, .. ,'·. ·'' · Y'LA Mf:IHEIIIJILI!>AD Co'MO'···:,,~i''•>:-tc;.:*;ll';-;."'f';-'"•'"-.'"·'l~;w.¡,,..{, .... ¡,,::~:·' 
' l· .. ~\:-~.·: ~- . · .. ,J ~ ' ' •• :·'•'•·,.· ·.·.:::·~:·~: •• ·;~::;:_j:~;:;~~~· ... >.;:·!1~<.:···~·;~·;:!lLii,~";"c~"~i"~~-.::t 

).to.:¡, .. ,.._ .,, , ¡ ,,.,, ,f • , , :. " , J /'-.., ,.,. ';.:~ "', l, .. ,: , .. ;., u•, .¡. 1 .((t~,,e¡, ',:- .r,;:.lr.f1,J. 1'· -..~h~, ~.,.r.;,¡~¡.~}'_.o, !i'~-h~i.VOt•\''•• ~~,.¡r..;,..,.,'IQ~,_.·.~Jo!:.._,j·~ t,'<)JI t~~~~ 

:. ·l· ,; ~--'J.; :: ·. ":.·:. ': }. <;·.' /, <ü .. < .. : .. '~+::~~-§~~:~· ... ,;f~~ti::·rff·~~·:'·~~~1+'~.~:}~:~..;.: :fJt~1~1f:~~f' 
~ :·· _ . .,.~; .:. ·.... . . ,1,. ·1,.~ ·' ... 1•'~·, .• ...;;-·~ ,., ... ·¡n·.,-· , ... :~- ;··~ .. ..-~~;:·-¡¡_, ... ~w~í ... ·~·-·····':;""' ...... .:·~'}r:...~-:"~~"~~"'!-. 

, . • ·,· ,.. • • · • • , · t· ·- 1. • • • • • •• •• , "' • .rtt·'• J, •• J :- '-.-~o • ~'-"'L'At.ri::v· .: • . · ·- . . >Ji~·· " ·' • '1. ~~~·~.\~~~-:t,¡ 1 . l ,. . . ~ ........ ,, ·~·· ... ·' ...... ~ .......... ,. ,,,, .,..~,·.~ .. t~r-\ ... ,··~v... . 4-··h· ••• ~ ....... ,. -~ ..... ... 
.. ,., • 

0 
., • • ,, • e l><""!'ic'c•'t,, "'"' , • .,.,.,,.,ni''·~··•~·' ·o•• ,·, • """'"''"""'•''"" · :..:'·· ''j · ~ ·:·-~~·,;·,-.y · ,· ··· ·: :,: f·"':-..·'12·"~;-¡11i-.f' ..... ,,. .. h,- 1,..'·•t·J,;~'·-.•~N.,,... .. ~ .. !:'"•·• :·:_· ··'9·-j ·tt'd:''f'r.·~~~ ~~· 

:. --~;·~~ '--····"·. , •••..• tC ~.u...,.· ..... ,;:#".-----.l- .. .,;:. .. ;.._,.,.,· ..... •·.:..!~--:..._...::.~"-é:-~~CU:.:. .... .:... &.L~-.L-- !>:". ''"\\.. ·- .. ·•' • 
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Y ill!Jt.n ·:01 .. ~ro ror·~"OS r.Hnn;: 
" JlSPO;;IJlLDAJ :>::L s:;.T¡.~~ ·." -----) C D S ) = Tff/(HF+T'[R) 

SA9Li~OS lLI"' :J!i SIS1 ~"A. Tnnu A LO LU.r.C DE~ SLI VIDA UN 
'!U ILI:O :>~ FAL.LAS illl..; ?:,.¡,; lh.I;.Ca:;,¡H· C ~ALLAS lclS.I D:JALI:S l. . •.. ·•:: 

MI~NThAS QU~ tiJSUT~OS 'SPfG-~OS QU~ ~ESAPA~FZCAN COH EL· •... 
TI¡:•JrO., L..\ DIFICiJLT.\0 !>0: Ci)l,~i;GJR, ANHJZAR Y RfDISF:7AI\ AUIJENTA~;:, ... ,;.\ 
DLJI:IO i\ Ulii\ VA!n~ii.\J ~~~ .. FL.CTOS. .:.::,). 

L.,. r•,¡:,¡lJ;:H,3IL.I::>AD H~•CH1 U VIABILIDAD !>EL. SISTEllf.: "''· ·: :·· 
U1fA F00\.1A l:;;iL.nTJVAl'oii;IJ.; CO.lSTidTE. ·:.: 

LA hOaiFICA3ILlDAO AFFCTA FL COSTO DE CONSr~VAfi EL SIS 
Tt.'IA VIAJL~ Ll~ LA FAS:: :>;;; C;;:BH~ LOS REOUf RltUfriT.OS. . 

~~ FL~XIJ~Ll~~J U~P~FSf~TA .. lA FACIL.I~AD DE. HACER .VIRl~ 
C I O Nl S L!l :J !1 SI S T :i.M A • . . 

o.i• Hlll'lli~OS SHlPLrS ES SUFTCif NTf ASEV[P.AF: QÍJf ,._.Uf STI!O• 
PKHJCI P.H. JaJo. TI VO SON· LOS ":;I Slf •.A.S Dtl COSTO ~IHHlO". 

i..STO' .;s , ~ST.\:iuS IHfi''FS-oOS EH siSTE.Mt.S QUE· 1 SON FACI,. 
LES DE ;».;SA.RJ\CJLLAI\ , 'u?;;.;i.o,R, 1H~Tf~FIA Y ~ODIFICI.P. ... .. ·~ . ! 

: .· ·.···· . " ... 

·-··1!' 

' .. )~.~:,.;. 

: ~- •' ·:.' .. ~· ' .. ·;· 
-~: : ... ,¡. ' 

: . ; .. . ~-~:~t-J:~~/_: -~r 
. -~>:·:.,_;··:Y?,~r:·! >:·. 
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.SUGi:RlM·:lS QU;;. L•)S rOSTOS Df JMPU"!FITACIO'I-Ilf U~' SISTi;. 

'1¡. SI co;!PUTO S::í;-4j NI:ji'·II:?:A:>O~ CUANDO LAS F-ARTE.S DEL PH-BLE'"A- rs 
TU! . • 

ri) M~tíEJ.,BLeM~~Tt p~QUEt~·s 
0) Sii'Ai\i13L¿'·Ii.;:IT!; RHOLVIBLH 
¡)¡; :1At-l~ •• A . snii..Af, Ao<GUJ.,OS 'GUE LOS COSTOS DE MM1TEN.l: 

MI~T!TO SON Ml!HiiiZADIJS C'Jh:~r.o LAS PARTE•S DFL S!ST[_'lA cU.•IPLftl ,: ., 
A) LI\S ?ÁilTES i>íiL S JgyE M~· Sf FF LACIO"'F.N FACJL~H'l'T CO:~ 

!.A nPLI C~tCIQ,¡ ' 
3) tii\N<;J}IJL.;.'1i.;:IT.: PEQUf?A,S 
C) COi\kéCTiiit: .. lln SO::PHA9ltS 

; ,· 

!· 

:¡ 
\) 

J 
el· 

Uh· .,.J<.~PLO S'"i!IA, SI HIIE·wns UN C:RicOR F.r.! ALGUN' P~OG~-AHA
, ~S ,UY IAPOET~IIT~ lU~ ~ST~ T~~G~ PA~T~S ~ANEJA3LEMENTE PlGUE?AS ~ 
HODULOS, St:.l\lA hAS i>IFICIL i;.lCOhH'R U~ f•HOR Y COi1PONEPLO EN UN _l'líl 
oUL.O O f'ROSRtoliA o .. 1000 LI:IF.iiS IIUF Fll U~'(l DE 2Q, fll TO'>O CI.SO SI 110 
H;t.\tCU;..riTf:A u, ~ST:; ULTii'IO, S[ OfSHHA H 110DUL:l Y SE ESC~iJBE OTRO 

fliliillií'.;T<. SJ:;.:.;il.lfiOS QUf fL COSTO Df' LA :10DIF'JCACIDt: o;; 
'''1 SIST;;¡¡,:. s,_¡,A r1Itd1JZA;..O ClJAiH)O SUS PHTFS SEA~ : 

/,) fAClL.1.;:;1Ti: ili:.L.ACI0~4DAS H PR09LF'1A 
J) S"PAk.-JLc;it;:IT.C MODJFICAqLfS 

··-:-

.. . . .. ... . ·"' . '' ·-
i.li ":.:SUMcil, ?ODdlOS fSTIIqlfCfll LA SIGUUNT:~·-F.ILOSOFfit~r : 

IMPLl~li:fiTACiúll , t>IAhL.:i1Ii1L.i~TO Y· MOOI FJCACJOII GENERAUIENTE SFRAN MI·~,.-;,;. ' 
NI'1IZADOS CUnlli>O CA;A ?Ii.:ZA LIEL SISH!~·A C!II'<RESPONDA EXACTAMENTE· A '¡J'i.S~ 
tiA Pi:-:'lU~?A Y BllN DEFI.NIDA PIEZA DE'L P.~O!'ILFMAc Y CADA .. RELACION ENTRE:if,0\¡~:·; 
LAS PIEZAS DL UN SISTEMA- COl<RESPOND'I UliJCAMEIHE. A' UN~.r HLACibN'-Etli~;!:J'r 
TR~ LAS PlEZnS Oli.l PrtOBÜHA. --- .. _. .... ·: ':~;~. ·, ... :.·.,_.e;':,,.;.'-·'::·-. 

:..sro si;;lHFicA QUE. UN BUE~ OISE'lO es _uN,;, EJERcrcxoi,EN:~<~L · 
PARTICIONAR Y ORGANIZAR LAS .PILlAS DE,' Utl SISTE'iA;,J ~;,6;.,•.;::.-'¡r, -'~:. o ·.~';;-J;:;k!;;~:·.' 

DE AQUI -SUJ¡Gf: LA SJ!;UJE-NTEI CUESTJON -.·.~;,íJ.\1~f.¡;;;,;'-':'.;:·;t··j;:;::;,.;;::';~~:?.:.~~:_,: 
oo¡~o¡; Y co•10 s¡¡ 11'EBF or vrorR fL PRoei..e;.;X'~:·,.,:; \- -.,.,:,:\;:~;;:-/"{~,: 

'~ .·~/J:•>>::-r;•,. ¡· :':>. · · ~~;-A~ái~~~ ... :.,i:/.~-.. \~·.=;;_.;:~···,.;:;:.;.·r:f~~~~~~;_p;J~:-\.' 
- ..,L oiSi:?O ¡¡Sfo\UCyURADO Re:SPONOE ESTAS CUESTIONE S CONf1:z,)J;;;;·'. 

PkiUCl~Ios' BñSICOS :. :· · ;: :~;-,\;2.~~_¡.;.;.,.: __ ·,-.. .':~.~~J -... -~. ... ~._i~.;~-~:~.:~t::--:.~i .. ~.:-... ~~::.~~1·-'• .~.,~--~~:_-~:~~n~r.~: 
A) PARTES ALT!illEIHE .REL."IONADAS DEL PROBLEMAL,j~EeEJ:rAH;;:~;-,0-

ESTAR ¡:¡¡ LA ~~ s~~R ~~~T~ N~ E~¡:~~~~6=~!~~~~ :'• e•H·T~E·. el:tké;;Vi~~'tj·-\_~{A~)·~$:6i:;~t~ .. ~ 
--~-- ::·;',. ¡. •• • ..... ' 

... 

'' ' ' •• '. ··.•,; ' ••••• _..,, .,.~ ::..."~~ J.l. ~~: •• ·} .. ~.oJ- .7•'-l'./-~"~f.t~i-:t.t'~ I',J 

l • ~~' • ~ :~ t • ' ~ Ja.=! ~ ':', <.' ... .'~í-:: . ·t ...._~ .?;;. ... ~·; ~ .. ~. ~¿- ;; ;._,\._:.~.:.t:':.¡"~-~~ t >,1 ~.:):·; ~-
. ~ ; • ! ~·.,;'\·~ .. -:!,·1··-l·":'.,)n•· :·~: • -. ··~.rr¡,_: ·· .. ·;:- -,t".·-";.t··~"l.}.!.-•;).-,i1., .. .¡.-¿. ~-·.•, . . .. '·~-:.:~.-~;> ..... 1,.; ~'~·· .... , •• ·,.t". ... "'!.-'•"'"t!"~ . ...:-1'•;·¡ -v:,-. ·.-~ ... , _..,.¿t .. )"o·,.,T..,.~:.~><w,•l ... -:r,.-":~r-~ '1t_ ,1»-1:- ';r.Y'!:;,,';l'.::·~f+H\""·'~~~ ~ 1 

-- .: -, "_, /:' --::::{-':3!:\+:~~~-t~~:~_;,;~!i·f\H-i~~!'\;·~~f:~1~~7~~; 
·,_ • -~•·· . "d ·~r'>.l.. .':J. 1.)· .t • ¡ -~ ~·~~- ~- ~. ~· li:" ...... 't• '!-J~ ... t;~·''*j;• '~ •ti.; · 

_: .. _.. . ~).,~ }~·:-~--~_:::~.:.:<:/~- ::~~:-~~~· . .-t·~;~~-r~:~:~~ ~_;_.~;k~>t.:.-(1~~.: /~~~~~~~~~~, d 

. .-
--· 



(' 

( 

( · ... 

e .;-. ,, 
• .. ... 
t: 
• e 

e 

o 

o 
•' 

o 

e • 

o ,, 
o ; . 

o 
' . •: 

o ; .: ... :_. 

o 

o} 
o 

*** 1.~'?.~.- !:> ... :.S.COM>LJ::l;;::·IT;,:;.L,IS. *"* 

---~-----------------------------------
p,,,.;. i.LCñ;iZA.l LOS O~HTJVOS D~L DISF'i'O fST~llCTUJ.AriO P.: 

il:.J1r:I~10.i ijASlCM·l.;.&h, V.:. J,¡A iLi\~AI'IJHiTA Df "'Oi>ELADO PARA t'IS~?I.f\ EL 
SlSTUl,\ Y JT!-.1. H~RiiA1IUH PAkl CO~HOL-~ LA COi1Pl(JIDI.D DI SIST~ 
IIAS·~O TKIVIAL~S· . 

• L HODI:L.J : 
i.lh !'IOO.,;LJ ?A;¡A PIS-.HN Ul\1 SJSTE!IA CO;-ISISTE. DE HJPOTfSIS 

AC~I\C'-i &hL !1¡Si1.). H·T~ VI!::I~. A ~H ll~ fSFUFilZO POR ENTE:NDH.AI-GU~JOS 
ASPr:CTII~ ¡h; LOS MUC'l·JS lJ;:; P:J~&)f PHSFNH~. · · · ·.: . 

NiJCH,\S Jl .i.:>Tr.3 iiJPOP'S 1 S !:. F.LA::lORAH A PIIF.TIII DC: PER 
ttPCIOI~:~s y i..XPL:\H.NCIAS PASAP;.s APLJt~'lLFS AL P~OeLEMA EN CUEsrro¡.¡ .. 

s~ PU~o~·o!CI~ Q~~ ~A~' ALC~~7AR LOS OBJETIVOS DE UN DI 
S¿?O fST!!UCTUI\AllO SOi..lCITMIOS Ó}f UN I'!OI!f'LO LO SI:itiiENTE : . . . 

1) iiiiAFICO 
2) DIVIS!BLE. >1>,-¡r·; · 
3) rt!iiU.íOSO ., · -"·· • ...... 
4) CAPAi DE PRCDf~I~ .EL COMPORTA~ICNTO D~L SISTE~A:~ ; 
5). <l'.J; s._A C\IHS~CUF..NtJA Df Utl ANALISIS FSTRUCTURADÍl: ,, . 
5) )JCJ~1:.;.UTACIO~' B~SICA DfL SISTE!·IA' . . . '; 
7> 11YUDA PJ.Rñ f.IANH:H:R ·vio .,ODIFI".R EL srsrn"r . -':' ,; 

. . !,. 1 

. . ' . :r." 

COiiTROL ·J;;. LA COJ1PL~JIDA!I : . · · . . . , ,,, :' 
i.i\ ll.;;n~<A.Ho.IITA M,iS UTIL' PAH PODE:R CONTROLAR lA! éoMPL~·<::J · 

.;:_ (llS<:':O 1>; SIST:il'l.o,S ~S U C.AH '~EGRI\. ·'-'·~· .... ~ ·. . . 
lST11 CAJ.\ :¡;;.:.;RA '~S UN &HC~NJSI"O D[L CUAL. SE' .. COI-IOCE' :=·",., 

. . . . ': .,' ~ . .. ', ; . '',; 

A~ SUS t~TaADAS J.SA~JD~S 
: ·.·~~· ... :·.~~. 

B) LO QUi: :lACl; Y QUf' ADFI'diS : ·.·.'. ·' ·. 
C) NO SE NjCESIT~ SAj~ •. COMO LO KA~E. 



. ~ . . 
. t ~- ;¡.;¡. 4 • 

• -. ;! .•.' . 

'''·--

---------------------------

---------------------~-----~---------

:iUCilO~ ~3P.lCT03 ¡¡¡; U "'OnULARIDAD PUEDEN SH FliTF:N!I•IDOS 
rXidil!l\;;)uL05 :.:1 ,> .... rtClO~ A uTl<O. . . 

i>GS hOOJL'JS SOr, TOTAL!".F Hf: J.NDEP¡;NDicNTE'l Sil CI.Dio.l UNO 
r>ULD;· r•J:ICiiii;Ah Cv;IP:..iíA'II,n'- SJN LA PlifHNCIA DfL OTRO • [STA DF.:Fl 
"ICIOIJ IdPLHA 'lU,; .-O :JM loli'!:..;CONf lCI 01\if'S f!lTRE LOS MO!IULOS 

···" .:;¡;,,.;i!\L ;;.iT<l~o ~lAS INHHO~•tXÍOHES HAYA, PARí.CE QU1 
4.1\!'lr/. ~L;;~JS 11\tlo.Pi..í\iJ;!ICI.\. 

1-'lLliTr<i.S :;;.s SslPI,~iOS. DF· U~' ll'ODULO· PARA E!!TEWDE!t OTRD E;j 
ro:lcd 1.~S. Ci.I\Ci\:\rli'i-.H'-: o.ST.\~A:i JHF!ICO~'fCTADOS ESTOS· 

. .,_SAFOkTUNA!.lAi1'"i·lE, LA FHSF' "C0tlOCI'1IlNTO FEQUERIDO PA:. 
RA UITE:-IDC:R Ui-1 11ilvúLJ" NO ·.:;s :iUY oqH!TJVO : IU:CESITA"'OS U~ METOoo· oi:: 
Pe r:,.Ciflrl.-tL :¡;- AP!:¡¡x¡ ~AR -:;L GltADO D~ INHRCOMEXIO~l',;· · ·>-' 

'·J~S ~t:T~¡; 

'1L :ITt.· LA 
S IST('fA. 

U~ 511PL: CO~TEO D•L NU~~~O Y VARI~DAD DE J~Tf~Co~rxio: 
~O)ULOS ~s I~SJFICI~~Tf PANA PODfR CARACTEitZA~ COMPLETA· 

I!iFLUiiNClA o;'. LAS HHRCOI\El(IOc;¡ES EN LA MODULAR'IDAD• DEL. 

Ln 1\LDIDo> Q:.Jl JU:>CAfo'OS ES CO~OCIDA COMO ACOPU,fHENTO·.•' ;· 
';· 

¡,S U;,;, íLDlúil O.i: f:STRHHél f" LA. INTERCONlXION.t-... .. ,.,;.;._. .·. 
hODULOS ''ALTA~~~TE ACOPLADOS" SON U~IDOS POR INTERCONE: 

xrom:s :1JY F:.Jh~h.S ; MD'JLOS "P(ICO ACOPLADOS"'ESTA~ UNIDOS ~PO~':UNA: 
DL,IL lóiT",<CúitLXlOí-1. . ~- .. _.¡, · 

f;ODULOS ";)i:S:.CiiPLADOS" NO THNF.N INTEfi'CONEXIONU Y: SO~.::.' ... 
IIID!:Pt,¡D¡¡;;¡T.S. . : . :, ~~ .- .: ...... · .. 2: ·., ,-·· ' 

:llk!:MOS ·QU.: cL'ACOPUIOifNTO COIIIO'UII CONCEPTo· A9Sn:A 
, CO"'SISTE. i:N QUi:.. i:L GRAUO O'" It<HHDEPf·NDfNCIA:. ENTRE '10DULOS PUE 

" 

SU; OPEKACIOt!ALIIADO COH:l LA PRC'f3A31L.I DAD DE QUE:. EN LA. COOI FIC~ICI 
, '1DDIFICAcroN o coRREcct_O,I DE. UN "'ODULO,. tiN. PROGRAMADOR .TENDR"_QUEJ;i'h~:< 
TO"'t.R EN CULIITA ALGO· ACERCAD~ OTI<O 'IODULO· ~;,,U:;,~,\ij)-<,, -":l "¡¡.,,:,.":• .... <(',._.",_ ..• ,,~,_,,,, ... , 

·. CLAI\Al'ltNTE eL COSlO TOTAL Df tOS,·' I"sTEMAS· SERA··¡,u'íii! 
··tUlTE I~FLUEt;CIAoO POf! EL aRADO D~ ACOPLA!f.l . RE· iiODULOS' ~: .. 

PODEMOS DECIR QUE El"ACOPLA~JfNTO. CRI ~; 
POP.H1HE Pf.l\A JUZGAR LAS BOHDAOf.S Df UN .Di SE? 

' . 

•• . ·• 

···' 
' •.• i . 

'.·· ... . .. ·:··' 

¡ 
i 

,, ,, . 

: . . ;.... ' ..... >. . • :,-. " . ·( 

;l~,¡~;{ :·,;:: .. ·:!~ 
~- ~-:- ~- . 

'• f: 

-.... •,' 

. ~:;' :: .. · f:. '• -~·;·· .~:· 
.. •, :: . :: 
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*** ~."'.- F<.CTvt •• S l;J.: ,;F .. CT,..;J fl'. ~COFUY.J¡ '·ITO • *** ______________________ .;.,. ____ . ____ . __ -- _:_-- -------------

CU.".i,·.v, ~~~¡>.;Cr . .l3 Pl;.H\Cti'HI'IF~TF FUi:.DH) J'lC~F~r\!T!,f:' O DE 
CP.· Nf\TI\tl ..;¡_ ;;C\il"L,\.-1¡~ JTv l.ITi.i:~<ODULH •' H' OfD~~~ 1)[ lSTir~~.'k L~.l ~AG ..• ,, •. 
!'JTUI> ¡¡..; SJ .. F •. CTO oi:i c'L ,:¡COt>L~<I"H•~TD , f~TOS SO'I : ¿ •• 

1) TIPO :>.- Cüilíi:\IOI\I fNTRF ~ODIILOS • _;j,~ 
SIS·¡~~.~S 1: 4¡.1AI.:UH CO~fCHDOS TH'lf.'l tL MAS RIIJO I.CO ::~·;. 

ru.:J!i :Ir:;.. i 
2) COilPL.J!.>A:l i>¿ Ll t~·HH-SF.·. :.; 

tSTO .:S t~Pi'li)XJ:It\vA~f~'TE. Tt;UJL AL NUMFI\0 !>E COSAS DIFE 
IU ·~TL S lU..; Sujj PASAHS, ( "'i) LA CANT li>AD nF DATJS ) - MHNTRAS. 'lAS 
f>.~tRI.'ItT~OS , :iAYvR ~'- ,¡COPLA:Jli:~TO • 

:3) TIPJ. Di. LlFOf;t~ACJON lUF FLUYf. A LO LARGO DE LA: COIIE. ·• 
XION. 
4) TitM?O D~ J~ION f~ LA CONFYIO~. 

v~AMOSLOS U~U PUR UNO. . 
1) T J.PJ DE COikXIC'I F1NTI!f III!Ó.OUL.OS : 
UiiA CI);¡¡;_X¡o 1 i:;ol U~ PflOGliAI'i~ fS UIJA RHE'RF.NCik POI\ UN···· 

i:.l.iHtEUTO AL :~Or'.ai>i: , DL~ITIFiCADO~ HC DE OTI\0 f:t.ErltNTO. 
UNA C);j:;-xiO.l IlHE PIOIODULH. OCURRE CUANDO EL flEMEtlTO . 

P.Lf~F;rtiClii.>O ;.STA í:N U:j :t()»ULO DlffRfWTf OUE EL QUE LO LU.!'IO O Pr.FE' •. 
R~HCID. . -~. · 

. CLAi;Aí1"¡¡¡¿ QJ;;t<l:c10S rtii.'III'IZ·AF LA' CO~IPU:JIDA!> DE LOS 1'10 ... ' ... 
!:IULOS DO: Ui~ SIST.:;~A, .t:U PA"T!: i1JNI"IZ~NDO ·n NUM:ili:O.I>E (y VARIE:I>Al>); .. .' 
Dl IilTr:.tfi\So.S POR ·:10JULO. • . ··• ..... · ... , .. ,,,_¡;. 

. YA SnBti~ilS l'l'JO: CADJ ~tODULO 'l IU:,!IOS D(BE TlNU! UNA• Itli 
TlF:F'/,Sf.. 'lU!: LO DISJUGA Y ilUt LO AH AL SISTfMI.. ., .. 

Los !N UN sr:~~~=":~~P~g~~::~c~o::r::~P~:;::~:::·:~:::o:r~~~:~~0 ·· 
'TRANS\liTIR D<.TOS A U.l '10DULO (.DE ENTiRÁDA. O DE SALIDA.). 

.PUi.:Dt 'Se=' Uil :lO;iB~E POR EL. CU 
~· TRAilS~ITI DO •.... · ·· . .. . . . .... ,·,:·.::,;:.,,-;·.· .. :i_~~~~5,'i0:!~?~;;:tS~:_:·; •.: .. ·,:.~,;.¡:¡,;'!) 

· . .. · .· · · UN SlSHI'IA' C.S LLAMADO:. IIIINI,..~-''"" 
CONEXIONES ES1AN ki:STRINGI:>AS JOTAl)li!NH; -·-·:.:..-~ 
A. T~A~_~FSUR Cowr_rcoL O Ri:CIBIRLOó .)_i;'('~ ... ;;i;;;;·~·:· -~~~g;~;~~t~~{~f~~j¡;';.~:~;:"'~:~!,~>}~ 

··· ·. , •. · . OECI110S lUiF. UN IIOOULO ES NOR 
o e LAs srGuiL.i~n.s couorcronEs' . .st cuilt>te: :.•·.··:~f."'~'''.·"'''·lli! 

. ,; > s r ""Y tMs J~ uw ... p uN.ro co f '· 
B) SI EL CONTRO(R~GRE~A::Á OT 

LA QUE SIGA AL. ·MoDULO t.lUE LO ACTIVO~· •. ¡:::''>"•~' 
'. ·e> SI t.L COIJTROL ES TR,!NSF. 

1-lOf:llAL .. A T.lAJ;SH.I\lRLI,) • . '." · .. ·:· 
. i L USO MJLTIPLE DE _PUN.TO(w.-, ..... , 

TIZAPA QU~ ~ABkA MAS D~L Mil-liMO N~~E~6 
~1A.: . . .. · ·' · 1 ,.-.·· .............. ,. 

' • . : Sl UN SI:>TI;MJ;' llO ES MINI .. . 
e ES A'I •• GUiiO DL sus MO JULOs DE~4, r 
PA TOL OGI CAS·~ ·· . :'.:·:-.·;::,-.. ,-. .. . '· . , 

O · . ~-- . coN ·gsr·ó'ii!JIE:Ro·oú'í-i'i ti 
. FrRENCIA ~E.CONTnól INtOiÓICIO~~L·A: 
L• EXPL!Cl.TA A D.ATQS Flli:RA o.: sus coús~ .. 

0.<; .rs.:.~_';;.·S..b.J:.:;·r.~.;\,:'·;'· . T~~ft,t,l~T;A~ SIT,Ui.CIO:r"/É~'·S11.,1·j~'ffi~'~jf~~1J~i~~~Jt~:~~~~~ 
o-:t ·· . , . ;:·: / · · :-·~:.- ·-, ·~fr;;~-:r-;~-¡f:y:~t·. :< · -·· · 



~1";:;. ·~:\ : .• C, .. fJ...,:,TA., ... ¡J L,.·. C/,:llJO~D Df- LO 
"'1L't;~)D L>,. ~,fL.Li.n" P-\nl'\ P0J~~~-\ ¡_~·Tt"rH~~ Ct'~o 

3~ ~c:J. ¡;,,ü.~•: Y;. po; ULTT'r.O DF 
T"· "· 9 

:: ) Cll :-; <' '-. .• J i j., J O'- L 1 T" T '"~ F 1 ~ ~ • 

1U: 'lr.'lt:'IOS s~;¡rr D[L 
TH.3 ~. J J.. •~'Jf ~ H O M:)·D ~ JL J 

t.:I:! I II ZM. :eL ~- C or-·Lt.;! I U 

Ln ~~GUJ.J,; ¡¡¡:t..·~~!(·~ De;L AC0°lA~JUIT) FS L'- CO"lPLF.JIIli.D 
:;J_¡;T:;iiS i\.:,; C'-'i-li'U H S~~· ll~A COf!~XIJN , l'IP.YOR f"S fL A 

IICOPU.iii~.¡TO. 

F"Ui~ Cul~P'-¿J;)r,:> ;¡¡¡s ~E~HIIOOS A. C0•1PLfJIDAD f:N TfR'II,IOS 
lll"~•ir: •.1 S. 

;o ¡:;,y Vilf\l.\S '·I~.!Lr;;,s e• AP~O)(f,,AI\ LA COMPLEJID,.D Dt UNA 
~ If:Ti t fiiS:. .:.u,.Q.Ji. ;,J:I:;Uin ~-:; ?! nFf CH • PO~ ESTO ~UIERO f>FCI R, i'NTP.:; 

,,AS !:Lé .. 'FoiTOS SL. PIIS~'-1· LH ll0o~JLOS "'AS CO~-PLfJA Sf:RA LA• HIT!'F FI>.SE. 

.1 
·i 

.. , ... :. 

3) FLUJu ~S I.IFO~qACIO~. . 
UTh~ ASP~CTO I:1PD~T~NTE Ofl ACOPLA~IENTO TifHt QUF VE~ 

cor: i'L LPü D. J;¡fO¡d~ClO i :ut. !'t T~A~S"llf E'!lTRE FL SUPHOr.DrtU.DO 
Y :iL !:UJo;ur:.,:.¡¡c,. 

L.nS ~LAS:S ¡;_, UFORfo'ACIOtl QUf DISTINGUir.OS SoN : DATOS 
COIITUlL Y JNi. r:..SP.,Cl,; .IJ]í<!:>n DF onos. Y CONTROL.! , 

Lio ¡¡,foR<·IACI.Jil QUL. CO~STJTUYq• LOS DJ,TOS fS AQUfLUI QUE 
[S OPf r:,1~.1 , ~:;;1. lPUL..t:li\ O CA!HH ~D~ POR Ulol PF.DI.ZO DF. PROGP.A~A. . 

lriFJho1AC¡o:¡ ·J.; Cul>nOL (lU!\1 CUANDO SEA ~t.PRESfNTADA POR 
DATOS l ::S A1Uc.LL.rl ;,.;\ CU~L GvBIHNA CO"O, lAS OPf-I~IICIONf:S O MANIPULA. 
C!OI~i-S J ..1TI\r. IIHOFU1ACIO:l ;;;,; LLrV~RA a· C~BO. 

S:. PU .. i>~ :·lO;;T~¡;..,, 'Q:.Jf LA CO"'UNJCACION DE DATOS SOLAI ES 
'lcCL.St.l~ltl PA:.n ;:L fJ.iCl-J;in."-l!i:!HO Dé SlSHJo'AS MODULAkES. 

Lh CJMU~lCACIOi b~ CONT~OL ~O FS INDISPENSABLE , AUNQUE: 
LS HALL,\JA :¡; c;~SI TJ~VS ~OS SI~TFPI!AS • -··. - · ·: 

• L IICOPL ... foi¡EUTO 'LS ~H'Jfi1IZAD0 CU~oND:)'• SOLO FLUYf)l D~TTOS, 
T¡,;~TO D¡; .:;-¡Ti<ADn CO!'IJ :>'~ S.rlllDII fN LOS I!ODULOS •.. :··· .· ,'.... ._, ·:';, 

i. L ACJPUI1H:.HO PO~ CONHOl CUBRE. TODAS LAS. FORM~S DE('.:.} 
CO'IEXIJ:I :u,. COi1i.JNICAtl C.L~1Ei-IT05' DE CO~HOL~ . · ".-.:::-' :.<:i:,<::· :;t .. -. 

UJ; CO;iTRili .. INDii<~CTO SF• LLAI'I~JA COORDINACIO~I •' COO!UIÍN'Ai . . ·.:; . 
CIOH II·IVOLUCr,l. UN .MOJULy o::tlTRO Df OTRO •... , .. : •.. .. ,·<~~<';· . :,.•.; ... ;,,.,:.,,.,·¡.¡«~::_~,;," 

. CUANDO u,¡ '10DULO· 110DI'FICA. H .. CONTENIDO,¡;;,_ DE OTRO< TF.NEI'IOS[~;t'-J,\1: ~ 
UN ACO.PLAIHfliTO Hl[)K IDO~ ,; .'.-·.": .. ': ;:-..,,, ·~·,:·.),í?.;.f':t·:. · ", .. ,_:~:;;,_:;.;·))i:'r<$.i;L' 

lL GRADJ D: t:HE~i)EPENDFNCÚ JSocl.-\oo/coN UN ~tOPLAHIEfH¡~;,.,.::;J!1 . 
TO HIRRIOO ~S ClARAM::NTli i4:.JY FUERTE,'. YA QUE· CADA FUNCIOlll DEL. H~OULO~J:n'?, ~ 
A:.MO!'IIFICAR PU;.;Di:. S~R-CA:19IADA. HS_U .. IENDO LO·'ANTEÜOR POOE.~OS.ES.T~~~.Í~~~:1 
3LlCf.R QU" LO SISTEI1AS CON 1\COFLA'IIE~NTOS DE DATOS:.TIENFN MEI'lOR! ACOJ!>·,iJt~ 1 
~~~~~~~-~~ T~ 1 ~-~~ D~_~: De ;AC OPLArU ~NTO -~'S:~=.foN;R~~::~y ·.E:~:~X~'\;~ ,:s;;· ~~~ih.:~,~~ffi~~l~: ' 

.· . . .4> ~UMPO DE LA UIUOt;: ¡j'·~''co.~ix.tÓ:ti~~~ 'x:·~~i~-~OOU~A~·~r;;;:t:.i);~~)~,¡t. :· 
. ,_... . "BIIil>IfiG" , PEGA:IDO ,_ loiHCLANDO· o· UNIE"I!DO ES UII,--.TERl1tN(fF;,~~: 

C Of·IUIIt1 EtH ¡; U SAPO f.lv EL CAi1PO D íi: PRO C_E.S A fo' Í f NTO O~ D_A !O~,. PARf,C.~ EFE RlRi:·f~l~. 
SE AL p,¡OCESo DI::. Ri; S')LVER O Rt.P~I<AR. ... LOS .VALORES > D_E1 !OE~~TI.flCADO.RESt.~)~~ 
D[fHk-0• DE UN SISTUIA • . .. · . ;:.·;•<-::, .. ;.'·:,.-,. _:_·;:::_:_.,.,;. .. d,-'f.~a',¡,~_ •. :,: :•--·-t ;.;:t_''"··-,.-;:.+:-~.·r~.:;'¡¡·~-· . . - ·. :.j,~- . . •.. ·• . ..., ..•. '.f::.··;.o· .•· ·: .~· :·..:T· ·- - .-. ,.~ ·Z\·.- .. 

. . ·.. . .... LA Uídvll i>E VARIABLF!S~·:_: PUfoE'.TOMAik~A~TE,: fH. CUAt..QUHR}.~i~,_w;)! 
UIVr:L O PERI OpO De. TIEiií'O ¡;¡¡ LA eiv~_L_uq.~N. DEl_.· SJSTE~lA:~~:.;.¡::. ,,{·:;;.:,:~.~¡::.4;,;.t;fl 

.. ·· .•·. · ;i· LA HISTORIA DE TiíO,PO·'DE UN :SISTEMA, PUEDE:O SER: PENS~'DOI':~'ál\" 
. . C0~10 UNA LitiEA QUf; Se EXTIEIIDE DfL~ MO"f·WTO' DE 'esc'JÜBii( EL PROGRAi"'A{~:(.: 

, fli.STA S~.f 1 hCUCIOii. ESTA LINFA .PUEDE SER ·sÜBDIVIDIDAí A: !~AYORi 0(,•;,~,." 
"l!:hOR 'iRA¡¡u oi; k~FI.~Af1¡¡;:1ro POR OÍ:FFPEHT_Fs;~cOMBINACIONES DE SISTE.íc~;;.(~ 
riAS DE CO,J?UTO/LEN'iJAJ!:ICONPILADOII.É•S/OPn~.'TIVOS '~•:¡,:::,.:.:. "·;.;-.;¿ .. <J,, .. f-:,~·;:_,¡.t::;"l~' 

.. ' ' . , "''. '"' ... . -·?"'' -~ "il !-.""" "· ~- ·' ;;¡._;:¡ 'l,;! '"'f1i"'~ • . -~ . ,1 . . . . • ~· . '.. 1 ,' ' .. A'""I';"'..;,.,._,,·,_.! _., _...~~·11'-J.-!. , • .j.·~,....,...i"":l'~~\1r'~-l~'¡'Í' 
. ~··.. (··· ~ .. .';:..._:; .. :·~··ii·~-~ti<~-:::i~'.~·{~-~-.,:..·,.'i~··}·.._·';'.>·~,_:•·.:- .. : ',.:.'.t. .. ·-r:.~-'lM .. ,( 

•• • • .f) • • • • • :.... ... .. ... - ... ~1,#.- .. {.i~i-a.\'V ,_-t. :t)\"!~ .. ,11 •. m ;~ • .,.~f. ..... .,._ .. '"""'~•t;~ ... ~~r 

.. . ... · .... , ; ·· :>. · tt .: ~;)·:.L j/.:_,~~;üx::xs~ ':Fi~~~~~i~ii.~1~-~f~i1~i¡l~~tfftiii~~\t 
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rv .. LU. lro,iTJ •• L Pt-G•n:> r II~'IOii PU~OE. LLl.VUSf ~. Ct,'SO 
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~: < Jé.CUCIVI. T¡iilll i~ i1: . .11.Jf¡ ACOPLA~,¡ <NTO lll'' Clii.I'I!)O LA 'JNJO'· H. r.FFC 
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11 ------------------------.--------- ---
T·u.-.::1ovS J;c¡.i 'l:J. ,1\l~'; 'IF.''O~ SEt. r:L ACN'L,~H~ITO iP!TR.: 

'10:>UL.:..·S , :·i;.~ Il::lLP"';,)IL.IT~S s, ~o; f.STOS Y Mt;;JOR SrFA EL DolSf?()· DI::. 
S IST.L'~4. 

;.XISlo:N ;)IF¡,,c.: . .r~c:; Tt~>OS.Ilf lf0PLA'11ENTO t'ITF.rt ELLOS T,"; 

;:¡~ ~AlOS O FO~ F>F~k¿NCIA. 
i;ST,;:1PADO.• 
;>Or, C.O'iTít OL.t 
C0'1Ui~. 

?0" CO~·HNIIIO. 

•••••••••••••••••••••••••• 

~OS ¡~OúUI..03 · S3T,.!l ACOPL.AD.O~ POR CONTE'IIDO SI UN M~OULO' 
i\rf;.,HNCIA JI1Ü::cr.~ il LOS Co~'Tfiiii DOS DE :>·Tf~(l M::!DULD·. 

' 

., ·' 

~:' , . 
CO:\ .~.;f;;.1.;:1Cln tlll.i.CTA A LOS COliTl'NIDOS DE:L OTI10 CNTE!l. ¡· 

!).:,'105 : 
I) Ui ~OlULO ~LTEPA EL CO~TENIDO DE OTRO. 

¡¡) :J:j '1ilD:.JLO CA"BIA. llAlOS fN OTR:l• MODULO. ._ . •' .• : ..• !· 

u¡> U.l :1\n!JL.v CA1'3IA l)ft H'SHUCCI:l~ SALHND!lt A O·TRA .... · 
' ' .;.· ., •• 1 ,¡.:_ l.lLCO :1DC•ULO. . ;· .. 

IIJ) SI ;>OS :10JULOS CO!'iPAfiHN LAS MISMAS LITERALES . 
LOS PkiM~RuS · Tl<r.S rASOS SON. CONOCIDOS: CO'IO P.ATOÍ.OÚCO 

• Y t.L PROaLii.!oA P~.lNClPilL íiS QUE UN CHtBIO PE'QUHO• Y DE ~PA~IIEI-!CIA.' 

~~~ ~~T~A~T~~~~t ~¡;si~~É::~~ULOS P~E DE r~:'~fY~.c.! ~~,,·~~:~:r·~;~t)~;O,~LO·,,r.w.; C./):}':>:t':f·,t.}•,)~.c.:"" 
.. .:-.,,· ES IMPORTANTE HACi:R NOfAR,QUF·ESTE:TlPO'DE AICOPLAHI 

ES POS !aLE ii.IJITIIRLO Ei\1 Lil :4AYORIA of"i.os. Lfii~UAJES: DE· ALTO NIVEL.~~~·:?if¡1:l~'' 
. , . •. !iODULOS .. ,,QUE Pllf.~E:,IjTAN_, E~S,H', HOPLA~I 'GER 

UI::IITE• DEPI;IIDI EíHfS Y .MUY DIFICilELDE, "'ODJFICARj;·~.. ··-o,,·o.-.· 
.\- _:· ... _.:. -.-. ~, .. - • . J -...:_~:-}~·~-J~~~i.\:·:.~-->!·~;~~~-~-.~-~~z~-.TE~,~~:: 

n e OP LAM I .;,H o e OMUN'.,;:":;':·'.";:.;" .... \1>". ::~ ,. '. -'.:¡ .. 
• • • • • • • • ~ •• ~ ...... 7 f . ''{'::'} ~.·::J ,,:.~\ü,: ;,i 1' ~~~~~·~?f;\:;:~~~.~~~1.~t,~Jj; 
UN GR~PO DE ~ODULOS fSTA~ CO~UNHE . 

REIICUI~ O IIACEN USO ( POii LHTURA. O fSOITUkA· ) .. l>A:TOS HETliiOGEt\EOS_~;,~:·&~ 

l ~.~09ALfS cor1r~~!~~~~o o D~I~~o~t~!i:;~~ ÍN~~~~G;~~AH~·~fF~Ú~lh~~ 
~¡. .. CONFIA9ILII>AD POii MUCHAS. RAZOIHis~i fHTIÍ'F OTilAS LOS;:D!-TOS. GLOBALES· '¡··. 'IIBEI-:. UGii3lLlDAD AL PROGRAMA Y. 'CR·E· A' DEPfN .. DENCIA_S,\Et{JR~l Ti>DOS: 

.. ·' ... •10 I)ULOS USAI>DO I>A TOS GL03ALf.S TAL.E:S 'QUE. CADA' Uflo.:: DE: ESTOS. MOD 
~~ ,;,:.\;,; D·~Bf: ~ UI DAR EL u so o . QiJE REPRq EN'(~}. ~~_R AFL ESTE. ~-~.r~·l GLO,SAt: ' ' :·-~J'· .. :····,•.;· 
k: ' .. ,<,":,: ·~ L "'· · .. .' · . B c A QU I ALGUNA S DE .. LA S , CON S f C UF tiC I A S:· :·;."ii'~, •. :;:•í"' ~~. i:'~·~· -¿;,~,:;i~f{~ 

.¡<::_..:,~;:.:',' .¡,:. 1)': ES ~1AS DIFICIL náiSAR LOS LOS. :"p. DULOS, QUE UTILIÜtf .. 
· ', :·~~·~ r1UtlES. YA QiJ'" USUALIH:IHE LO HIICi;,N POI! SU, NOMBRE~¿ . 

í;,;.:;:ff :: 2). EL i1Al,Ti:Nl11H:áo· ES f1AS !>IFIÓL"SOBRE;: TO~. 
'. }-':.~.~:;~~~~f~.~-~i~· .. ~·. :. ,· ,.:.: .. ,··.-. ,_; . . . > : . ~~ ' . . .. ~ . ; -~ -~ . ·:·:··:::~~~;~·;~ ~)'<~:.·)~ ~.: .. :¡;';1~~~~~:-. 
· 1 . --~" ~ ·,. .J. -.. ,:· ••••.•••.. ·, · • • • ~~-1 ~~':··-<~k·· ·r·!'$~;..:,1;•++···'" ;f,¡;~:,:l. ;'.~:!j~'},:,,i;..if.;.f..;;Jl'::.;l~~'J., · u~;~;~,: }t; ·:-. .·· ; . . · · . -. ~~~~~(~H·:;·;.;;;.~(/'··· -· 
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------- -4:~}J{:',~~::~~J~:¡): ;~n ,, _, __ _ 
. TU~··.~·~ J:F~•'· i(¡·., \J V.-1:\!.;\JJ. 12 · . 1• .~· 

?) :;¡_ i.JS11 u¡: -~T:.~.,;;:;rc;¡;s QUIT~' L~t;JRILIDA!l ~LOS P~.(lGr'l.'ltiS :'f' 
··s '~F!C:1. LLl.r. Ju~ ,;JJJi..JS us~~· I)U¿· nnos • 

. ·1,) ._;, U .... :J,:.,J~S :0:1v FJi\'ir.:l~ C:>IIIH LA FOSJCI:l'J r•t l0S Dt.TOS fll 
Cfl:l'~'l~! ;;S·I.1i'OI:l"!rl.:., ,:,t.t,·.:!¡,s i>"-l F~(l'lLF"~ '1~ /.l~f~ CO~\ll'! St TifH U,j 
,,~•'F'LI.!i1-i>T0 "' .. ~.T.Uf'~J,J .~L C:.JIL ~~~rurJP:•tOS fi·ISFGUB~·. 

~) :J¡, o:.k:.~ih .t( CJ;,LQJI.,;K :·101\IILO "'OP~r.t U,· F.:.LL~. f.. O·HOS Y~l QUC: 
! ST¡; ,, . .iiu•• hli •. STA P .. JT"-Glo;, PO.~ UIIGU~ ~ODULO. 

. p~y~~OS ~~R~l;,¡¡ QU¿ U~ ~~Bifi\IT~ O '1toiO Co•tUN PUror SF~ 
Ullh r.t:1I\IN Cil!~i'Af;TÍH i>c :O:ti.JNJéACinlll , trN AI\CHIVO CONCt:PTllAL F:l 
CUAL1UI..;ft ~~JIU o~ ~~~~Cl~~MifhTO , U~ A~C~IVO O DISPOSITIVO FISICD 
, :t'I.A ;.:\:A C~o:.lu;~ ;>~ ~ . .:.,s.., .:..:. DATOS ETC.• 

ACOPLAMI!NTO ?Ok CO~T~~t: 
•••••••••••••••••••••••• 

> ' •• 

. . 
••••••••••••••••••••••••••• 

... ·. \. : 

~STL TlPO DE ACOPL~~IE~TO ~~· PRES~NTA CUA~PO DOS O ,AS 
'lAS ~ODJl.OS il.;.fl'lí~N:IAI4 U, iilS"'• HfHROSFNE'A f:STF:UCTU~' DFI D/.T'OS , .. 
Tl:.h'I '0~ 1 !li) CUIDADO 1>~ ~u:.:· zSTOS DATOS ~O SHI.' GLOB~LES· 1 · . . . i 

•. SH IMPLICA QU.::; t.STA HTRUCTURA ES PASA•DA coH·O PAHMf . 
TF:'l. . UN !;.JoiMPLO Dí: .;STO SFIIIAN LOS TIPOS i!STF.UCTUF:ADOS t:N Él.' ., 

., ·'· 
LUI:iUAIJ¡; PASCAL. UfiA .:snUCTURA Do! DATOS f S Ufl CO.'IPUESTO DF EL.EMEN. ':; 
TOS Y CUALlUIEi CAMaiO A ~STA FST~UCTU~A AFEtTAkA··~ TODOS LOS ·Moou·. ~~-• . 1 • 

LOS rtUC: ~ST;;N '-Sli\i'IP.-IDOS CON LA fSTRUCTUR~.. . . ·. . .. · . :::-. ,. . '•'. ,. 

. . ,_;¡>~ .•• -;::-~!_·.~;_,_: .. ~;.·;:.:;.,:·. -~--~--~ .·, .... 
ACOPLAMIENTO ·DE DATOS: '·"'''·'·.,:.-,.-.;-::•·::., . ..:: .. ;~····~ • ,.,_, . 

·• ,• . . . '. . .. ··:· ..• :.;\:-:':'!·:;: .;<~ · .... t.·-;·;;-."1~ .... ~- :- '. 
j. ······-···· •••••• .... • ... ~~: ..... ~ .... ,.¡~··'!t.,..~·~'l~'-;"<i:J .. •• ~· ,, ' . 

. . .. :. , . :e·::_,:, .. :,·::.,;;·.-. ·:1~:jiH~D;%.tl_;.jk~z-t:W~{t~¿.~; ·~-~ ~~,: ... ,:: .• ~:*.lg¡E~~ 
. o.STE. TIPO DE 'ACOPLAI"IENTOH!S 'fl'.MAS; SENCILLO·. 

· ·· DOS 110DULOS .~·sTAi4 ACOPLÁO()s·· POR''DATOS''J';~- SI 
OTRO Y· O:LLOS NO EST AN ACOPLADOS. POR fós TIPOS. ANTEÚORES ADE'i'1AS QU~~~:;,,~ 
.sus U~T~AOAS Y. SAL lilA~. Dél; QUE ~l~lll~;S~MO/;pe~:.~c.f.I,~AD,~ ~º·fll_. P~S'-nn·~ :Nlr! 

. C0:"10 U .>U!'IENTOS H0M03&:N.EOs~·. .·:; :.·;,·¿¡'::,;:.'. '';.1;.,¡.;·~·~·:~~i:di,'.f;~11/J.,.'·~·"-,;;\§t.h·( 
. LAS MEJO.iES' FOR:IAS;Df · A:COPLAMIENTO•SON:·ESTAS•.DOS 

MAS Y lOS PROGI\AMAS lUE ADQUit:kFN ~ISTOS TIPOS. OE., ACOPLAMI 
0 ¡ FÁCILES·I>I: fNTEUD~il .. 't.H~J!FICAR· y,G .. TOD-S SÜS IHfúc.ONE 

::,.t.·'.,· .. ·.,··. t:.:<PLICITAS Y FAClLE•S DE ID!;NTIFICAII . DF·~OS.DECIR!~,Ofl O"J:P. 
.-¡ · · ·, SE Pi<ODUCi; CUAiiDO ÚNICA' r<oATOS''sotf .. f>A'sADO 

D ¡ , '· · DULO A oTao'·o viC~v¡¡asA. Y DE HI';CHO LQ PU 
',;, SE DE TAL 11ANEkA au·¡¡ SOLO CO!ITEiiG . 
:··~····· o· . ,. 

o¡ ¡ ; · . : " f4};·j,''01~1·) ~~~im~~:~~~~~~~! 
:y:· ¡ , .~ .f • fr, ~ •,..' ; •1 ,J , '. , 

· · , i · · · · · · ·: t i/f.'~·~:·}f:t1ri 
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CO"'IIN ACvPLAi~~nTu p(l;¡ A.,BH I'TF 
c~~lRAL ~s -L ~C~A co~u~ a 
t<.Li.ClJ,j !J!; (;Ci¡H.t•L 

LOS ~J(l DULOS ) 

SISTLMA SIN ACO?Lii:IH:.!HO POP DISPI'SITIVO COHUN 
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*.,.* ·~.··'•.- D-~~'"'CO?Lr.·."i .. ~:¡T:V • *** 
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~;::; lil. cc•'¡,~;PT•J COJ·¡H.AUO · A.L ACOPLI.f1I¿NTO Y ES [N SJ Ulll.~. 
TfC!•IlC,. O ,¡.;yOoO ~¡'Sy;.'lnTICO 'lUf INVTlA. J f LABOII.\J:: "lODIILOS "'AS HlDE 
"! .IDI.I:.NTo.!> • ;;S CL:i"J 'hli. lU:o OD- FOPIIA IH I.COPLA~IIENTO nv¡n_¡ A. U. 

~~ FO~~~ J: D~SnC~PLAHI~~TO • 
. IL ACOPL,\'ii;:fi:J CniJSPnO. P,OF· r.unfSQJI:"RA DI: LOS AIIT!.RlO 

lllS TI!",¡S PU~t>!. Sd. J~5Ai:.OPLi,Dv CI'OBT-IIDO· AP;..OPII<lH.11íNTE LD'S P~~).tli:: 
n:os · r re. · 

. .:L ¡H.SAC.)PLidH .. ITO :o~ OCAS JO~·~ S ES DHICIL C PUEDF DtCiil 
S~ QJ[ ~~ ~n.liAYOiiA ~- L03 CASrs l Y fS ~FCtSA~IO CONOCFR A FOIID~ 
LAS I~IT~,~~-L.<,C!Oto~S _¡;Ti\:· f.lü!:JULO~ PHA ~>O!IrR HAC<F.LO • 

· Ul: ;;s;,,¡tinL hiTO:>ú Dr D~SHOF-LA~IIF.NTO ES RloUCIIi 

n:CTOS J~:.. !1. DlO C0.1J:·l ;:.1 ·~L .:.COPLA~J! ~TO • 
AllUI 3.;; 'IH l.jTilOD'-IC!DO U'IO DF LOS MAS IMPORTANHS 

P.!OS PA!l:l JiJ2GAf! i..A 3\UJi\D il,; U~ DlSE,!O : ~COPU!o!If.IITO • 

------------ { 

LOS E 

CI<.IT~ 

;;.L t~C\If'L.ti.U::.;¡TJ .. S.lf(Í< CU4~flFIUOO POR LA TABLA SIGUirNTC 
( ;.:s.TI. y/tJLA FU::~.: 3~R 'lv)::r:C;.tA E''l SUS VHOU:S ÁUiiQ 1JE ::STOS. VALO· 
PES Dri~RA.I S~GUI,¡ J~ ~~~JR ~ ~-YOP P-P~ CO~Cono'~ CON TODO LO ANTE 1 

r<IrJJ;:!Ir.I!T~ ;;Sl i;JLcCl :>u ) • 

·-

*** 2.5.- CUhNTiFJCA:IDil DLL ACOPL;4"1JflrTO • *** .. _. .. <';· - ··:·:;- 15 . '· 

·., 

~-------~---------------~-.:.~~~~~-~---~.:.~2~~~::;;~·----~- .. ~~ -.· .··:'. 
TIPO DI: ACOPLMitNTO. 1 VALOR; PAII,A EL Á'coPLAi1IENTO;·".:·,,-.:.·;,,i~i\''f'li~i;'".;;:~ 
--------.-~-----------1-----..; _______ .... · . ' .. .,: ___ :: ........ '''; ·•>···it:' 

, DL DATO S :. I . . . :~ 1 . ; , . . ü'~';.;;~· ;~~~~~;~f~j~·;' .. C: S T AI'IP ADO . I · : <;.: .. :. . · · .;·r, · .· . " ' . . ,. . ;, .... ,.• .3 
... ····· ·:·.<POR CONTROL··:· •' I ! : .. /:·.",, · i:' '5 . 
.. · · · :. c. : COHUN ·:··~.:: • .. 1 •. !, . ·;.{;;;_; .. • , , ;.~¡,;,¡;;;¡; 

·, .. :, ,: :.,.. · .. ··.: POI\ CO'ITENÚO- I: ' · :·': ··:: ' .. 
----~-..;,_____ • • . . .• •. ! . ~-;;,,,~,L{-~·:. :·. 

,._,·. ' 
· · :- .. ··- · ··: . ·.· -.-.. -.~----~---------:---.~~rs~~~~0!.~~:~~~~~i . ' ... · ... ; - " ,. 

' .... 
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*** 
----------------------------------

L~ ~ANERA o~ .~COGL~. LOS ~O~ULOS EN UN S!~T[~~ ES POR 
F~i~Z~ ~O ftK~¡lh~kl~ , Y ~~~~ tLICCION V~ A AFECTA~ E~ RiLACI3N DI 

:. rrrr•,· L." :vi·ii·L~JIDill D., ,JU,,SH;O SJ5THIA <fti/;L • 
,;. Ur." Di.: LAS Cos,..S lAS U·POn~'TfS i S ADAPTAR NUUH:O· SIS 
- T !' ·~A A L P •' v 9:.. di¡, A 1\ :S Ó L \1:. ,.; • . 

Svi'IJIJ-3i\)IJ3 Jh .. .:IICO.H~AN:OS Ufll~ "'E[JIJA PARA vE:F: U Ht:CTI 
V!:Jil:' i'" J,: ~15T¡;:lA • PO;; .I:.Olú D¡. 1-STA ,_ED!Df. V¿f.:UlOS 'lLH: H ~AS ¡_ 
rrcTIVO ~IST~tiA .1~~U~A~ ;S f1ULL OO~Df LA ~~LJCIDN DE SUS ELrMF~TOS 
''O Tf :'Gn ,¡,~¡¡,, v C11SI ¡¡,,o.~ QU:. VF' ro~ OT~O~ t:L<::Mi ~'TOS H 1 OT"O ~iODi.J . . . 
LO AJ, :10 " O::ST" • , 

,;r; POCAS PALnJ.,.IS, UN SJSTf"~ "'0DUU~R i.S ACEPTABLe .SI S:.J 
?.'COPV.illi!ITO LS LO IUS D;.:JlL POSIBLE; ( fr.TP.f OHLI\S >:rt>lD~.5,) .1 . 

O:ST.:.. ULTnO pu;nc Dl9F QUEIDU rtAF:O .: 
Lú )Uc 0~3;::105 COiiSHt~A~ ~S U CO'lESIOt.' Dt CAt>l- r.ooULo 

PO~ S! ;>,,f;AJO, .:STO ~S : lJ:::. TAi~ FUf ~Tf' fS LA Rc;LACIO"! Dr LOS fL('·1E:~ 
T05 U~O ~O~ OTKO E~ ~L 11!5~6 ~ODULO • 

UJ.. C(,llCLPTO lUF. QU;:¡¡a¡¡a ENTE~'DJOO MAS ADFLANH· EIS [L. QUE 
LJ. COI!t:S~O:l Y ;,;L ACv?U.:H~.ITO .;STAN E'SHErllArii':ITE LIGAllOS Hl P.I.ZO:~ 
I!IV:.:F:Si.;·J~rHi: Pi\OPO<JCIO;,AL, COii fS10 llUJf~(l DLCIR,· MJi:i'ITI\AS MA~ Gf:AN 
or. LA ~JH"SluN :..N· LO MODJL:)S Di:. Ufll SISTf~l-.tlr:tlOfl SI:RA f.L ACO"L~l1IEII 
TO E'ITR.i .. STOS • 

Ll\ C1.1H6Shlii Y L.L hCOPLA~IENTO SON HEI:Rt,1"IENTA5 II:PoF;TA~ 
rrsnu.; U1 i::L ors¡;·;o o:: ~sn;•JcTU~AS !'iooULHE.S,P~~o ú coHt.sJON E'1ER 
GE DI. UdA P~ACJICA l:IT .. NSIVA , CQ~O LA ~AS IMPOkTA~TE • · - . 

LA CUHESION ~¿p;¡Es¡~r• UN.'REFJ~AMIENTO OPERACIOnAL SOqRd
C0'1CtPTOS JI! k:...LnCIOil F mCIOllAL • fiiUCH4 GHITE HA. TRATADO· DEl ENSE?AR .. 
O LL[VAR A Lil Pr.ACTI::A i10JULOS. n TAfolf:tifE fUNCIONALES SIN. ENFkENTAR. :· .. 
~L Pr.'OBL.;I1A FU.'IDAM~iHAL Di: COMO RFCONÍlCEII. FSTOS '40DÍJLOS FUNCIO~ALEs,;'( . .i> 

, LA COHESION PUU>E St.R PUfiSTA- EN PRACTICA COit' LA': IDHi ·oE':'(<'i;: 
DE PF:II~C!PIO ASOCIATIVO·... ..,.~ .... : ·.~ .... ~-~ ... .c..:. ; ---;-- ·"'. .·.: ·:· .• , •. , ... 

i;L DtcloiR Po:IC:.R CUPTOS fU!'IfNTOS .. DE. PROctSO• EN! UN MODU;,;' ... ;:. 
LO'··, 1:.1~ i.:Fccro x;¡vocA· u:r ?;.rilCIPJo: o:e·~ciFIITAS ·PROPIEDA'DES•: o:c'AP.AC'.,},¡,,-.:~ 
n.P.IS rICAS· aue ki:LACÍóNA~ A: Los E u MFJ~irós. ouE ~'LAs, Poss ÉN~;;\··.,_ : .. :. · . ,, •. ::;;;'< ~' 

PAI\A oiSt?AR SISTEMAS Mooui.~Rf'S·,.DEBEMOS SER ÚPACES oe,}.cc. 
DETlRMINAR LA COHl:SION !>E !10DULOS OUEI. AUN NO EXISTEN •.l ,·;·, .; :··. :. ·. :. ·a•;.i(,.·: 

LA C OHES!Oll DE UN ~10DUL.O PUF,Df· SER CONCEPTUAL.IZ ADA' coMo:~":<·L 
EL ccr1EiHO QUE !>IANTI;:Ní; JU:ITOS LOS fte:"'fj¡TOS DF· PROCESO' D(: UN· MODU':.:.i.(;!;:.t 

t. LO'. ·• . . CLARANéNTE LA COII(.SION Y ~et·~ ~oPLAMlENTO EST~N{.@,.Nit:R:Rf:,~J~sJ~ 
fl LACJONAD.OS. MldHkAS :iAYUR SEA LA COHf.S.Y.O~' DE LOS MODULOS Ili~IVID.UA'h(.~~1<-
j. L.ES DEl UN SISTC:.HA' ·' Mi:.NOR SERA fL H~f:L,~MJFN~~ E.~.TR~.: ~;-o,s __ ,~~:~.~OS~t;,~u~¡/::::'~~ 

•• • •.•• • ., • • 1 ............... '"t • '·' ,.¡' .-•. .:... •. ,.,.. ... ;;.,:t:: .. '!','(:·~·.) ·,. •,.· .... ~.4-; ..... ~·· 
·.- ' .-· .. '; :, : ·; .,' _,7{~r.-::.~··.,. ... ~,:·~·~:.t .. .-.. ':~!;,]',',~.-'~ft'.t/•;"'!';.~~'\_",-~·t:',.~·.';,:¡;~ 

., ·;.'·: ·'. • ,.. ~ ~··~· J .,., rw~·-·_. .,.. .. '.,, t r '"-,Í.~·- ··~·.~-...-t:(lt~t:tf ... ~.·¡l;-"' ¡-~11 ~.:,-.- ¡•;.oo))' · ••· ·'= _,¡.,·,~-.• ·.:· •. :,·.;- :'." - • ~-o:: ,r•,·· '•" '""'lz.lf~.· .,.. -~>¡ "' · "ii,;¡t-.1' :r··""1'-~ '1'.r' r--· _t.:.._ 
'•;(-~ ;~-· • ·:' >'•- .'<'¡".;•-' .,_:,. ¡• • '". • ('1 ·:·1) .... ...-;:.~·i"<·J:"i.-~.:o,f•, ... \'f." 't~";t~ J( ~~t ~~/'! ~~i';'<>J~ ::,"{;;!..''~. : ... :-;-.. ~-

·.>) -~·-.· ~; ·. _·: -~.:.;_. ~\:_:·:'·,•.~ .. ,:'.;·~.·:]·;·:·'.~~,:: __ ;~-~~·.:.·.'.:.~.·-:.·,'.>.:.:~_[./ . . . ~:; :- .·.~ttt.J~tí~~ .. ~--~ j'~f.~~!~;~~-~~!LJ~·~'L~J¡~(~J~Q~;:~~~~-~~?(:.~c!!i:.::.-:~;-
• ,.· ,¡ ,_ ,, : ·:,.l .. ~~ .. ('··.~.-~ ........ ·.¡.·;.!._,., .. ·.··~,:·.-~ ... ·-~:~>'-..:.:t'§···:,,·.·: '1-"•f, 

. , :' • , • '•f'-..\.";-;.\1~'.!'; t:i.'¡_,..;.w.lq:.f).~;·:.;,-.:\:.~:~ •. ~¡¡r•i:'-,;JI\''~'or• ,W.',P .. •-i-;••1-".,._~·~ 
·· .. -·. ~ . ~ ·.~t~·:~.t~:;.: >L ;iA·;;!~·.-.--:.o:, .. -,f.,:-\· .. ¡~-.~:·~-:.:.";.~"-~::!.' .. -:.; 

,. ·:: .. , ... ' ' ·:' .; ".·.' . ...: :~ ':. :;;;;i~ . ' .. : /,' "''y~'l:hlf,-,~'-j·.¡i, ~<;;:t..:·;;\"·i:~::-\{:::1¡'>;11!-'i'''*"~"'l:i"'~- ·;_.~. 

r.-..' .•... =.:_i.: .. : .. ~ .. ~_·_.-".:.·.--~-·.-_·.:.· .. ::,·.-.. _".· .... -.-.~.·-~f•.i_ .. -.·.·.· ... ~.:.~.:~·~:·.~.~ ... ·,····-·"_l:.l·: .. ~.: ;:·:.i' .. ·.;.··.~.: ... ,.····.:.:_-:~-•.;I.'.i.~.:·:··.t1.~_:_ : · · if:~f:~~~~~\~~~1~~f±~1~i2::~~ 
1,' . :.. ~ . ~ , L' .·:.-;: .. ··:~'1!:?1';~·.-··v:~r..._t.,.~; .... :t~:ftr.·.~lt·-~:r.-\llri-'! -·~-... ~ ..... ~_,.,:.;.;.r,lS:ao.~ .. ~"i.-J ... ~-t. ... 
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:tlV .. L.~ .>~ CJ;t..::;:v: . • ••* ·.. · ! . ._; .-f, * ** 
d. I.of;;:liu »~ JU ITt.~ fl.r .. ~ "'lOS fl-1 U'l '1ISMO '10!'UL0

1 

O, el.: -~':.¡l:ii. 
J;. PJ," ¡.LOS ALLI 1\;.:IULTA Hl !I~A ~<;TJ:ATIFICACIOP OF 'u, !ME 

! 
Por:Ju, 
SIOr·l. 

.1. lill ;p¡dJ;CIP;v FU~JIOII ~OL!I TRC'S LOS NIVflfS Pn~• C01l 
. . . ~ 

1 

f.l Pt::;c . . J..:L 1~~·¡.¡¡>J Y i>_nl>ú nL .~FFCTO nf LOS tiOOULOS HOY !P nH.' SC 
Si. rr: ,¡~ i .1,.:; .. r v. L~.> • 

'. i 
~O~ 7 L~S ~IV~~~S D~ COHESTO~ QU[ SE DISTI~GUfN PO~ Sta 

T1 r;_¡,;;.:.?~·l:. nSI.ICl,\llV•J!I iliF..:;:H•l•S. 
LOS lolV!L<.> 30M LOS SJ~~~~HT~~ Y VA1 DE 

Gf'A't.: '1:;: Cvll. SHi¡; • 

.; ASJC-IA;IO•j FJJlCio~n • 

.. ñSJCI,;:ro~¡ S.!CUi'iiCT n. 
~ n30Cln:ION COMU~ICACIO~AL. 
e ;.;;ocr,,;¡o;l );; o>i\uc~or wr E~ros •. · .· 
"' .~SOCIA: 1 0!1 T!Z'I?O R AL. ··; __ .:: _·,_~_:: .. ·· .... 
.. nSOCI!.CIO~I LJG¡CA. •· 
'"· AS:JCH:Iu:l COI:ICIDF NTAL.· 

o.S lid~;iAfiiO EriH.I~Df·A liUF! fSTOS IUVaLf'S NO· COt:STITUYEi. 
U1-!A '"SCAi.n L.;.NL,;L , iiUiiQJi St: :lA VJSTO Fll LA Pf\ACTICA 'lUF LOS PRIMi; 
,os· TI•.;S ¡¡lV;..L;;S r\.;j\J,OMI i:.il Uli DJSE10 EF!:CTIV:l EN CASI TODOS LOS. 1 

I\SPi:CT03 AL .;oNT:111~IJ :>;';;.LOS TllfS ULTli'IOS. · .· • . . :·•.; . ;:: 
DAf;"-i~OS 'JNA i.:XPLICACION Df ESTOS NIVELF.S E'1Pr1Z11'NDO• 'CONt.-.:;' 

LOS DE. Cüli.:.S¡Oil ¡1¡,.5 J.\JA.C AL idVFIS DE• COil'O S('PRESENTAI\Otl ARRIBA, F,:. 

~ COHESlJH COI~Cl~L~TAL •. 
:·' ,: ·':: 

-------------~----------- . 
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1 

! 
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Sé 'lll.~' :.;. L,.S !J_S'/~'OT.;J"~ f';JT; _qJOL>'~ H 
T 1· ! ~ V · _ . V ~ ~ \,.:. i .. j, l 0 :·, • 

VEF:A'J o\L Pf.So\F: fL ~IGUif::l 
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•. S Prl~~ClJ~ ,. ~A C0~c5JON. LO~ICA P~RO rs A~N MtS FULRTE 
1:1,. ¡ LL.\ Y.~ 'Jli,.; :JUS ~í..-:L:!T0~ : Sl P~' UL.IC Jll'IJ,:HJS AL TI<.•!P.O.' 

, ~TO ¡_S , SU?(•'W;;;~¡(oS QIJ~ HA. Y PA¡;T[S ot::L SISH'IA QUf SL 
[J~Ct.f::.A.I i)¡_ AJ"Ix A¡¡';HIVvS,L.kuA>LO.S, PO~fll CO'IT~DORrS F'N CHO fTC.· 

-:STOS ,~O>ULJ~ .PJO::Jt~' SH. PUJSTOS f.'l UIIO SOLO Y NUI!:lA¡; 
L05 r.JLCüT.:.R TJ~v;¡ .\ ü.l TL.!PO, ;:sros ~~nI ZM.hN SUS ACTIVI ~AOfS F.:l 
J'l '10!t:':HU u¡,iJU Do.Nl.IO.:>~ Li. :.HCUCIQt; D•'L.SlSTE"'A Y PO~: TJU1"0 O;:: 
Tt.F:'1I •:A ~O. 

Sl U.~O ~.Hf:.., r. llOOIFJCH ~STO!> .'10DULOS EL P~OBLU·lA f'U~ 
SU, Gf:A.l:J~ Y¡, QtJ;.. P 1J;Ji; rt.\ki; ..,XC>PCIOI';fS QUt: ~~~'I!::JJik oEliTf"O oá '1u 
·)ULO Y Cn~Ai\ I"T.RD.:P::IiJi::~Cli.S .~UY GIIANDES 'lU!.' St:: !H.FLr:JAF:kN !.''1 LA 
<>f:·JPAG~.~Iü,; OL i:.i<f.Ji<~S Dd, SIST""A St f:STO. FALLA. ¡ 

:\.JO" ¡¡¡c;W, ~,;L f';;0f'lfi>\A HHf<.ENH OCUI:f'!i, Cllf..').JtoO r.L PRO 
G~~~A,OR DS llrl~l~lil~I~iTO ~[S:A CA~~JAF U~J FUNCION DiL MODULO SIN 
QUrRL.~ 1~STKUlh tUALlUI~R JTMA , Y SI fL PROCESA~IENTO FUNC,ION'L DE 
LOS i:Li:!'lt::,no~ rl¡,N SDO 'lo.:ZcLAPOS H· ~l I"O~IILO, FSTA TAPfA.-SE~A DrFI 
e rL PE ,,.:.svLV;.h. 

------------------------------
U~ ü:l Pf;L,CPIO ,,L .HHA~ Dt HDIR '..P.· COHfSION DE· LOS 

'1QDULOS s.; NC.TO QU¿ CUAil:lú U'l ~IH'?ADO• TRAHBA O USABA: DIAGH.HAS 
D!i FLUJU r'AK,.. Llr.t30RA!l :.¡,¡ Pr:oc;.so Y DISH~~LO '·IODULAF:MENTf' ~-LOS RZ 
SULTA!'JS .;.nAI; ALTAiH.ITC: 'JA,;IA3US Y D~ BJ.JA COHFSION.· . ., . 

..STvS H~ri:.:HOS :iO~ULAR"'ENTF PSOCIADOS FO~MAN Pf.P.TE CO / .. 
'!UN DI J:lA UiaDAO MO¡)JLAic ; SOil CO"lBINADOS EN UN MODULO DEl COH!"SIOI(:;;.,. :. 
Dl P'·(lC¡;.I)lMii.NTOS YA QJ;: SOII i.C:ICOI.IUA'DO.S f~ EL IIIIS~10 P~OCED1MIENTO;:.':}:'¡-. 

U!->A u:HDAll COi~UN Ol PROCfDI"'lF IITOS PUEDE SER UN LOOP 0'-.··::·, 
Pi>OCI:SO D;; O~.;ClSION O UNA S.;.CUL~CIA LlNFH Dl PASOS. ESTA. ULTI'IA. P.E ' 
LACÍON , UNA Sir~PL'- SUCESION DE PASOS/ES .DFBII.: Y A. VECES CAE EN, U ' 
COHES ION Tli.MPORAL~ , • . . ··~:~~;;;•:, :: _,;,;, ·:''J;:~,;~;;~:--:;¡. ;i:>: ;::L_<,.::, ··''''""··,,.,,. 

Ull IIODULO .· Tt.MPORALfiE NTE>. CORESIVO PUEDE: IIICLlJIR VM<.Io:»'!>+;:.; 
PASOS LOS CURL~S PU~Di~ SER aJtCUTAbÓ~.~N. UN DE~EKMI~ADO .TIE~Po~· 
P. O 110 fl!i:C~SAkiAMENTC. Ét4 UNA. SECUE NCÜ· .PARTICULAR.i LÁ: INICIAt.Izf..CI 
r.s uN EH.IiPLo osvio • 'LA r>IsnilcroÑJ' .. ÁQUI' F.s QUE. t.:·os'~ MOotJLDS .QUE. 
QUlEREN UNA COHtSION DE PROC!:.DH'.IFNTOS' s'oN AQUELi..Os"' EN QUE s'us. ELE 
~1E.IHOS p¡;i(Ti:.liE.CLN A Uil;. IT~RI\CION ,/ DHJ'SION U OPERACION SECUE'ICIA 
•· I::STi; TIPO. DE NODULOS TÚNEi SUS PR09LE , Y [l. PUNT<l' 
QUE UN !10DULO CuN CO:IESION H PROCÉDiftiTEN10S S . ONTIElrE. 
O FRAGM;NTOS Dí.. VARIAS F'.JiiCl(ltlEs.t:.:;.>·· ,., : . 

·" '.. . -~ COHESIJN Co~UNitA~IO 
-----------------------~~-~~·;:~ 

_ ., __ · •. ·: ·:: -'.-:: --; .• .'- ~- ·;-·,.·. ~:, {->--or- ~': . •·.e<.·,• ;¡,,;;;,;t:'i>." 
!,;." ' . '> · . , .·.NINGUNO .oe· LOS. IHVElf S i · 
T·f . ··ros~ ESTA· LI~ADO FUERt:EIH~IITE 'A·~. LA. e'ST 

1 < . e o-~:;,-~-:.· , · .... ::.-. ~, ·¡-~-:~:' -~. :_:_ : -_. ;·.-.. : .~:{:~! ~ ;· ·::-:- -~::.1: : : :: : __ ·; . . :: ~--_ -~-." .. ,,, ••• , •. , ... ,, 
j.'\- .. ·: .. • · .:.; ·; :: .'l:SH TIPO .. DE COHt;SI 011 fiS, 
1.': .: / TRM!OS. UNA Rl.LACION PE LOS ELEHfNTOS, 
¡;.;,;',:.,;;" QUESEA·.DEPEiiOU.tHE .. A·U,.¡ .PR09LE~P ~·· 

l:~r!tiff~'~í,~1:~~',i~~-~~:J]E'::,: :.~-·-l~lt~~~~~~~í~~Mi~~~~~~l 



. ~J .• Slu> .L,. l>;TvS ~H..: (01<11UC,;CIO'J;.Lm 11i!' I'SOCIA!'IO:i 
:lULI~. L~l1, J·J.· lOJJ.i ~$T.JS ~;LI~<~q(l~ CoPqAtl ~HJO LOS ~·rs~lOS Dt.TOS 
D¡ ·ó•!Ti•.~~.-' iJ F ... J¡,JC:; LtJ~ '1!5'·1us DOlOS e< ~ALl'•A • 

. ,. . .... "I'" c···•''lC'Cl"'''L cr co~ll'' "1' 'P 1 1C''CI0''rS 
Co~iu;C \L.;.S 0'')~ ::~~Jc?~~~;¡ Lit"'~ • ~"" .:.19 1 

' 
1

' '· ~ ' , 

3 ... o.;;.,L;1 'H.;'":; ,L ~tSULT~~O P F't''JS4h !::'! TrPHt;O ~f· TO 
DAS LA.; e;>,;;,:; liJ. ~; PU:::>":¡ ll;.,n~ en~· nr.ll'luS DATOS U~ll Vt Z QLIE fS 
TOS s:: oi,,:: iiUT-.;~I.IO () G~il.rtt~lhl O ~>or.o OH P p;,RH dl T'Or'Uf'OS Dt. LO 
l'l'JL S"' o .. !Jo. I!AC;..i, P.<Eh ;;.:l:.r.-'.i, o o-R co"o Ri SULH!>O ALr.o,· con~ Pó::· 
tJ:::!IP!.O .J.J¡; Llo;.:.A J.:T,Llt1'-'A o.: Uti nPO~Tf fTC. 

_J.HPL03 TI?ICOS Sf~~~~ : Utl ~O~~LO ~Ui IMP~1HA UN·A~ 
~ C:liVO J~ Tl;..USACCIO~~~ J J.l !lCDULO QU~ JC~PT[ ~ATOS OF oiFFRFNTES 

fü: !ITl:S 'I:L\f,Sri>n.,At~)()LiiS Y dlS 1 ~i'lLMIDOUS 1;;'1 \JN~ LH'EA Dfl •:f'~fiTf.. 

;;; co:·J::Sl:lii s~CiJCiiCHL • 

-----------------------
;:.s UilA A30CI,:¡cio!J ~~CUF.'-'CHL no,Jo·¡, LI)S F:I:SULTI.DOS O DA 

TOS or. S;ü.I ¡;¡;, DI. Ulo :O.LU1, .. !HO Di::..,HO ÓFL ~ODULú SJRVt:N DF: f NTP.IllA' A. 
OT~O DkiTKO DtL ~lSHl HODULO • 

.. t; T.:i.Ml:IOS O,;. U:l !>UGRA"lA .DE FUlJO DE PRO'iH'lA' ,·LA' co: 
· Hl.SIOt! S!'.C\JI!!CIAL CO:-liJlfiJ, :J!'I;.. CJOftO LH!f'H DE TP.ANSFO~.MHIONf.'S SU 
CLSIV~S ~~ OhTOS. 

Li; i>;;9IL!Dn0 ?JL.:ICJJL Df lit<' IVO~ULO St.CUENCIAL. ES 51111 
L'~ A U~O o¡ L~S Pn01L~1~S D~ LOS ~ooULOS COINCI~EMTAL~S , LOGICOS, 
Ti:.'1P0F'AL¡;,S,D: PLOCDil>ll::tiTOS Y COIIIli~'IOCI(HIAL[S • Al T~ATA~· or MODl 
FICAF' í:'i. CuiliGO PAkA UilA FJilCIO"' QIJf Sf fHUENTRA EN T0DI. O tJNAi PAR 
TI Or.·L >iO.>JLO , .;L P.iU3tl•'o:·lAOiJi( F:UfOt nco~TRAR QJ[, I::SH.' IN~.'DVH:TIDA: 
'1F'!Ti. M·:l:>IFHI\ioDO O QU;: . DC:Bc CO~SI~EHP CODIGO PAF:A OÚ:A· FU~ICI01t •· 
Íllli: Si:. i:'ICU~;n¡:.¡; .;u .:L· !H S•IO i10DULO. . ·- ·· ·: .' ·:. 

Sih!LAh1'1.:.flT.: SI' ¡_;~CONTPAMOS QUE ·CADA 'IO!IULO CONTlENE· · 
Pl.r.TI.:. !l.; u:u, FUtii;10i'i LJS !;i<GU?H:.NTOS DF•L ICOPLA'Hc;NTO SE APLICAlJ : .. ,,,; ... 

' "PAliA i:NTdli>d< LO QUE HACE• t!N ~ODULO , DEBE'IOS ENTENl>ER'i'f-i-.': 
LO QUE: ,L OTi-iO HACi:: Y ~l S~GtJiiDO PUFDF CO!<TENFR OtROS ttE.ME~TD5 .. DE~7;' ·: 

-I'P.OCESO Q:J;.;: tiADA Tl~:¡i:N !lU.: HACfli CON LAS FUNCIONE:S QUE: HALIZAI . 
PRHII::F\0" • . ... . . ' 

-·-, íi1 COH.lS IoN' FtlNCIONAL: ~~ .. ·.,:, o --------------------~- ,. 

. . " .. ': !:': :.~ .:;;;'.,;; ' ... · ·• . • .: .. : ;· 

.·· . . FH UN MODULb;COHPLfT~M~ 
0 PRoCEso ·¡¡,s ullA PARTE: ~N'Í'.EiiRAL Df'r·_-. 

UNA SO.LA FUI'iCION. <•. /::!.;:,.-\•;,;:· . ; . ·; ,. •. ¡, 
POR. LO TAtlTOi UN . 

0 COi4TI l'll~ EXTi-A?OS EL5Mi:I4TÓ·s RELÚ O. 
e I ALE s o o;; BI us · ,: es · t MPO~TM4n·: o Etc 
EJEMPLOS oa lNT~UDaR CO~O iiSOCIACION. o : IJEil DE LAS MJ.HHATICAS' ~.LA~ i;;LABOR,!CI-

.. l . +~ ~~~~l~~!~~A~A. ~~;c:7In:~~¡i;e,'.i~;~¡H)E:s ;~ :,:·~·: ;.#?-\:~~f'm!f:if{~ 
:,) • ; . ;·.,::. . . . . ID&::NTI j: .i CÁi10S ESTA:.: CLA 

:! . :': RAtiDO S~ COHLSION fU;¡. IIAL C:oN'tAS D 
f"'> j j ;. : .. ::r·,:. A N_t~J A. DEse UBI<I k POR ME 'rO DO. DE, SÚ ... ; ·,::.~.,~·.:-
._¡·: •\ .'. ,.;-_,.·. <'•,;;. , ... ,:.,:·: . .-,,. LAS SIGU S.- LltiE~S. HOS• 

~ :·. ;.,:,.· PULOS tiO FUNClONAÜS •,. 

c::ll:'.~ji)~·, ~·.;,c/};:::·~.~Nx:· .. ·. 
. . . \ ; ; ·::: >-: .t(~ ,; ~! ··'·' ••• ·' "''"''",::.,~¡¡,'·f:.,,(,'.:.;¡~·r: 

C 
.. :(! . ··: :: .:.:.:.,:~::::·' . · .. '2 ,,.,,,,,~_ .. ,, . 

• q 1. ' ,· .. , .... , .. 
~?·.<f~·¡ .· ··:-~:.;~.:.·y ·:·V~::]J.~!t:l·F~ ,_ ::·.::.· .. , r!(~at' 



"' 't' ;,,JJ'-v -~ .J.i., r'.-,r?,,.;!ClCI'• CO~P!J~Slt n IJ'l'- 0 ROPOSICIO': qu; CO j · 
Ti.L~f 11 •J O :.,..s 'J_hJ:JS , ; ITUilCtS F'L •.O~IILO tS PP.OR~.Blf"'~~:Tr 'lf 1!0:; 
F liCI,C''!Ai.. • !'U:..;.,_ S2:i :;.:J. ;·J:l/.l , co•·unC'CIO:JAL O LOSICO f!: r·u~:·l,. 
!J·)S :'t' .. ~J l..~~úl,. - · 20 . · ·. 

* ;;: :..,. )":;c,;:i>CIO,; Dt L.• Pt<f'l'l"SICION COIITIL!-'F Pl.l.L.B~.AS 

or1. LT, J~:; c~i.v ; ~iJ, •·JJ , nA STA , ~ ~.FJf z~ , OITONCt.S , r>tSPLIF S , · 
!'fO~I'·H• , h,:¡,_ i.v , ·,re. , L!ITú,_.C~S eL ~O rULO t:s Pfi.OI'!A'lU:'"1F 1\'Tl' TF'I 
t>•nnL :J J_ fl.v~..:i.ll.~L:Hu~ ú J.. VI CtS H 1 !~)ICATIIJO DE COIIES IMI S.;. 

' 1 • • 

cu::t!_C"II.L... ,. 
* ::,¡ ;.;;; ;>,;SC;UPC!Od n~ L.~· P~OPC'~ICI01'4 110 COHTI~f..:E !HI 09 

JfTI'JO ~SP.CIFlCv ;.:L ,i();'JJLil i·.S P~ocuau•·~~Ti·: LOGICf.tiUITF' .COIIFSIVO. 
;.: * I" ... Lr.!lhA3 TAL<c3 tO:•IO "I~TCPLJZA","ll:·IPIJ •. ",fTC P1PL1CA:I 

• 

U'l¡, co:l2S::J,; Tr.!·IPJo;AL. 
; 5 rr~POi\Ti\UT! Hr CO~ n•_R QuF ~~~Y MIJCH~.S FORY1.S OF DE.SCJ 

B'!lk L\ Tn,..c•· :;, Ull 'Jv¡¡'JLO Y r.LGU~'A5.0E U~ DfSCi\!PCIO~<HS rurort: HA 
Cd. Q:.J: ~L !1u¡;ULv PAKi;ZCA FU.H.lO~AL ~U~QLIF !lO LO SEA (Y VICf' 1fkSA). 

*** 3.3.- Clln!:TIF4Ci,'CIO,¡ ).; LA COH•SJO~ .•••- 21 
¡;.,. · !';LIAL IIA:•: "A Qclc Sf llJ ZO COt< fL ACOPÜ.MH~TO, C!H.NTI 

FICARt:'ÜS AlhifiA Lit: Cil'i~SIJ ~, !\;;.c{IR()A~DÓ 'HI!' LA COYf:SIOH rs UPIA MEDI 
~ID~ D~ ~~L~(¡QN ~~T~~.LJS rL[HFNTOS Jf .U~ MIS~O:MODULO. 

Lh s¡ ;;ur~.iTC: H3LI. ~<OS U UJ~• 1 Dt.A DE LO FUE:RTl' o E ESTA . 
P.i:LI.CI0!4. 

·¡ 

. . . . \ . 

;' ,· 

' ... 
' .. 

. , .. · ' 

TIPO D~ CO~~SIO~ I V~LOR DF L, COH~SIOH ---.------------------------·-------------

"" 
.. _ .. ,. 
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*** 
-------------------------------------~--------

v•SPU:~ 02 TD~O LO A~TF~ID'~'Nlf bESC~ITO POofMOS LL! 
LL:..iP.t ·A o-.,.1'1.\i, SlTUAClil'KS i110CIVAS P-~A LA Cl\!:f..CIO'II Dtl ~IIESTROS 
PilJGI!.'·1,;5 , :.Sl Cvi'IIJ :01 ::STt. y,.. fXTSTf IHIF COSAS PIJE:Dt:•l LLI Gf.R A F,, 
LLf.r! 'l.<,:; ,..;,p;or.h•hH Y CUI;) !:VI1ARLO, HICLUSO CON ESTO, POO! ~OS oECl 
'lH ( LL;;3;.11 A L,.. Cv~CL'JSIO!i DL QUf' I'HTES ot: •W.~Sno SISTl '11\ O• PRO 
Gl:illll. FHn.~ L:li:Fus,.; O i·l•IL Pf,0~4AIIIAD~~. 

MoT .. 3 il..: ~;ITU;t "' Uf> DI AGNOH JCO OBTENIDO POR EL ~.tlALI 
SI$ O •. 'W:.STi.O Pi;OGI;.\:1;; 11 Pi\OGi:~~AS , ~S H Ct:S~F<IO RECALCAR QlJf EL. 
llf~ vrn .)JCTO SOBú Lil 10'1DAD O 11~U· ~~llÍzAClo~ DE UN Plo:OGPÁ"'~' Si; 
PllnH LL.;'/,\,¡ 1\ ~,¡JO Y )-" !1-"CiiO LA LlfVÚFII'CIS A C~RO FN BASf A LAI 'tu 
~O!:ilt>CI:>•¡ JU; Hü.i P"J¡>J,iCI:JNa. Hit SOLO SU SHlPLF LISTADO , f'STO s:; 
Rf t¡LI ZAi>l. :CJ,¡ LA A YJDA D~ LA HOIHA Y~ HPUESTA SOBRE ~OHf SioN' Y 
A COPLA '1 L.lH O. 

l...l\ IDi:A Ji.; LLl:Vill\ ~·STO A ClBO S( D~RIV~I O(t SIGUYENTE 
!<;..ZO!l:·.:1I.;;:lTO : 1'0DHIJ3 J,;,:>UCII\ QUf' 9-SICMTEilTE fL TI"O or· INFORMA. 
CIO"' Q'j¡;, S-" PU::.í.J~ OJT_¡¡,O¡¡ !lo; U~ F~OGUII- QUF.DAkiA DIVIl'IDO E~: DOS 
PARTF S • , · 

;.Si¡.,S P.UT .. ;; V .. ll~I\IH A SH CJfRTO TIPO DE C~HICH~[STI. 
c:J.S · lll.o I•OS -.t;TRLG.~i¡ i:ifuilf1ACIOIV A•L ·TiflolPO lH U..EJECUCIOH DE UN. 
f't:OGn, lA iJ ,;i.HS ú; ·l'J_ S~ i:Jf:CUH fSTf' Y NOS 3RINDf S:JS R! SULT'ADOS·. 

'STL. TIPl ;;;, CAI\ACTHJSTJOS LAS DENOrUNA~EMOS -pOR' ftNA\-,·' ,'. 
L03!A A SJ STATUS: CARACT~iiSTICAS fSTATlCAS Y CA~ACTERISTICAS OINA •... 
1ICAS,, . ' • · 

·... •/; .. ·.'·.·~.-~·· '-!:•.'· 
. ,',: . . { .. :- ··- ·, ' \ .:~;:~~~:;_: 

LAS ·CAiiaCTE!!ISTICAS DrNA·!otJOS NOS PROVEEN' DE' INFORI'IA1'•; .. 

-------------------------------



.-;.;· 

¡ ... 
¡· :. ;: .. 
j .... 
¡ . . ·..;. 

í. :Ji~!/ .. J. -.J:t.S¡Q,J Y ACOI'L.•\'Ii• lll1 • PO~ S,. FACIL Dt PIT! N~H 1• rP~ 
·,;~·.; V!nn S~ P,;j;;;;,.~ .. c¡,fl ...:1 Cl••F-•P•CJO~· COt! OTROS LE'I5i1Uio, f'O:; 
L.: Fi.C :LD.,ll ll. SU f'".jr,!, ,¡.¡,,ciC·; • v or.~tlUf TJr•IFIU. ClU~'"' ~·rr L;.. 
l.'·.YO,;'l :, ).·. !..u~ C,,S03 ~ ¡ LJ> r.J •. U~:l Si- F·Ut !lié l rJCO!Jp¡,R • 
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Cn~ACTf,IISTlC~S 'i U~ P~OG~~~~ • 
-----------------------~--------
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----------~--~-"- -----------------1 CAí.ACl.;.i,ISTÚA3l 
l ~lW~MJCAS J 

!CA~~Clf~ISTICASJ·· 
¡ · FSUTJO!; J. 

---------------~- -----------------
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-------~-----------1 CARACT!RISTlt•s t· 
1 DIUAMICAS.. (· 
-------·--~---------·.·. . ' 
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'·1· ;,:;·;:;>:.· 
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C.u>."ICT; "1ST! rt S 
_;;r;.. Tl~AS 

-------------------., 

. -----.---·-¡.--···-::-

25 

? 

----------------- ------------------
-----------------

tSl~UCTUHCION 

Ofl FI<Or,Hf'IA 

1 
1 ----------

------------------1 l.:>C!.J'I..'cJTACIO~ 

------------------1 ./ 
1 

1 

----------1 1\ANUALt:S! 

----------

? ? , 
? ------
IYRflfl ------

, 
? 

IANALIZADORf 
JDE CODIGO J 

lt.ISTf.)O 1 
J D:O L . l 
!P~·nGttr '11.1 -------------
----------

---------------------------------------------------r· 1 1 -.. 

--------- ------------- ----------- ---------- --------~------

--------- ------------- ----------- ---------- ---------------

'j•'.•. ~ 

' t .. 

., 
-~,. 
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., 

----------l COHESI OIH 
"" --------:--
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~ ··:'"• 

~ · ... 

·. •· -~··:~ ··-~·~\··· 
J• -·~ ~ ~ .<;: .~.~.:· ••• 

'•· ~:;·:··.···.'~·:. ~:-..... ,_, .. ~·: 
.•.. -~ -~~ ·.1 ..• ·,··~:'~:.·;_::::.: 

·.-.. ';: • 11.1 
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26 
co·10 ,;'.)¡;;f()~ ;;::. L'JS U•·';UtJf~ r¡ P::OGI<MlACIOI' U. iSTf:•JC 

Tlll:f. :-. ;•,x·;~ ... L • ~1¡. li.'lLJiJÜ . 1 nO~ PtoTr ~ Fli~,D~·l!:.iH>;L!"S. 

U,j,; -~ i..l -'" J:.Cl.•\~~t!O•f~ Y lt OT!!I< Ll. Di: l.Yf'k7SIO'i!'3 

, ~H. _s ~¡.t1Ln:; r. Ll' ST G:JIHTf Y QUf COi' Sf GUF JI)AD I,P;, 
•·<:C." f:H L,; '·lnYvln" ¡;,; Tc:XT\JS ~~ rut qo tl t STU~IO t•E PASCAL Sr 1\: 

. ._ p,n.;;;,\n;, •. ST;; ,JI VI DIO!' f~ 2 Pf,?.TIS LLAI!Afii:S P'Cf.'l!'Zf• 
'l(. Y CU:.iPO • TI.,.Jl_;¡ LL.,:l;D¡, J.. V~C~'S BLOOIIf.. 

:;L ~.~:.u ;ZAi>O L'- ~~ 6l Pk(lt;~ ~"A IJN N011!3P.t: Y LIS ni SUS 
P.irJWT,;J;i • .:.>TOS S\J,j ;,i;c:il'!JS O V6Rf6''llfS Y ~¡:P~ESF:IlTA:·I LOS H:r;u:.p:::¡ 
Til~ Y 1':03:.JLT;,OOS ;lo: ¡_;¡ OP;.,UCii.l~· • 

•. L J~..J)J~ ;.:USIST: Dt 5 Sf CCIO~•,:s , DE LJ..S CUAUS T'ODA3 
"U:OD"'.;: :ici¡ V;;CIJ.S C) 1 :.::xce;;:>ClOH DE U Ul TJ"A • 

;.h l L 0.\).;.;:l ;;(..lU:.,¡,I~O "0~ EL CCHIPILADOF! SON : 
1) J•Clft>ACI~~ O~ ETIDU~TAS. 
2) ii~fl.'I!CI\U !le Cu~STA"TF.S. 
~) IJ¡;,fl:iiCI\1'1 Df. T HO~.; 
4> o;;c¡_,.:•:,;cron o:.: v·,~Ja·'l·L.~·s.· 
5) J.:CL,;~~CIO~ D~ FU~CIO~fS O P~DC¿OI~IINTOS CMO~ULPS). 

ú) • X?""SlD''" ..:JLC'JTA9LfS.• 

·' 
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.' .. · .. • 
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27 
• 

Jijí, 'h! Sl\JL,J~{· ?Ut TIPO or t>lCLAI~f,CIOW.!: POD! ~JOS !'.1 
r0'1Tic ....... O~·~ p;¡_,'" 103 ~·1?. Zi.f: •)': U•4 '<P;fH IJ~! ?OCO GL09!L O ";f)l(f<J.L 
t., f\!' '=:•: 'l'J" (u S;. S oHAC:: 1 ¡¡;,;:o A ~ll•HFO P~CIGP.Ar1!1. 
. -S !.~Cii.~,¡,,¡v .:-.~ ... ;..rn: QUf LO Gtll :a TF:ATAR~! Dfl 'IEDH O 
\f~>LC1n.•· PO!. I.ID~.;. ':>1-L hÚ).:..Lú 1-. fL-'lO~~~- ES Pr\IIlCIP~L'H'I-!Tr fl ACOPL,I,: 
'IFIIT~ .\J.;lU. iÍ,; y· '~o~J~:i) )~ S'.J:lJfTTV(l -~~ ~.Lr,UdAS COSAS • 

. _STh SU9J~fiVllA) :¡OS J~PJDf PN CI~~TOS CASOS NO PODE~ 
H!l'!r!-\1; CAT •. GOilli.ñM.:·n_ • ~.;TO ~JS~otO l.,Pltf rt\lt: iH tW HA1C: 1·1CIS E.l 
"l~!!lt.~,~ ¡;,;TM¡ClA o~ :1{\C~tc ;;¡ A~ALJSJS Sf"FJI.!ITF A LA COHESJON • 

f'O;. Lú T~·ITv Y SirlTHii?O o.:o HN INTUITIVA~¿~•TF ~ Y~l llU!:: 
'LiU~OS tAS~5 SO.~ CL.t,¡US, f¡¡~T~~~~OS DE "tOIR EL AtDPLAMliNTO. 

!IHE:IHH::O,¡JS r>.:. .'HA VfZ Y !IN POCO SUPERFICIAL PARA l'iP¡; 
7.!'.':-! , A. o\!~AL¡u;, 1-iU~STi:O UST;I.D(I D•l P~OGU~A , H~~RA'I,IE'ITA SU'FICIE:-l 
Tf. ·u! ~:ST;.: L;.5Tl..DIO • . . 

. Y¡, VI.103 T(J~,,s Lt1S PA~HS H llU!; <.STA· COMPUESTO Y LA SE 
~~~ bi J~CLAhACIOK~i lJ~ T~N~MOJ DlSPO~IBL'S r~ EL PROGRA~A~ . 

. . AL30 MUY UTILIZA~O P(l~ LOS F~O~R~~~DORES PAPA HAC(R ooa 
!'¡,CitJllFS J ,p;,¡,,:, GUo1:'dlid; ;;~$ULllDOS O H~~JSf':ITlR .INFOF"~ACIO,.: ,· SO!i 
L~b L~~:1AJAS v,:,t,lA8L,S ~LAS Vh~JA~LFS FUfnfU S:R.LOCALFS A CIERTA 

·PAf:T:: D.:L PI<()G!lñ!'\A O 9L;•¡ PlJL;,H' SF~ VISHS DfS!JE CUAlllUIH PAf\Tf: 

•• < SlO .>.: Li'. .>.::IV!·lHP VPnH!L~ LtlCAL O GL:lB/\L S'"GUt-! EL 
CAsO • 

1 ' ' • •· ---------------------¡ . '/Ai;IA3Lf'S 1 

1 . :· .. -· . 
. :·,,·. -~ 

' " ..... . : .... , . ~ :· ,; · .. :: .. : .. 
. .... ·. :· J!·.:~ ~./·.: ·: 

. '. ~.:..: ~;!{;~{ 1 
\ ./ 

1 

----------------



----.------. 

r,w~~ v· :;Tr.$ ~ •. T~G . .J.:I,.~ : •. SCi\LHFS O fSHUCT'J~l-,!)AS • 
' D.:.·T;:o ).: L;¡ Ct-~TfGO~I~ fSCtLAr: LSTAN LOS LLPI~.[l~S Tl 

ron~ . · ~ ¡;, i.lA: )U. lvJJ:; ~O.Hl~. IC'S Y 'lUf SO~ : .. l 1 i I.L , ~ l ~!:r; ~O , 
• L ov:•:.._,,:, J Y .L TI.'" e:¡.,,: J Co.nn ~ • - 28 

'lt-~Y .Jl;:;.i:; T::-'.)S '~fH~~<:S 'lliF t'l p;ri:;¡.¡,r~~!lO;I PUI-~t D.;: 
F:"!l ~ ~J J. ~:< •• I~l·J < -'Ü~ l.l)l(t 1.1~ ro~.li·~·TO <•~<or,~J/-.i)O ¡ü· IHL.OFfS ;;. 
¡ll'h,,,,.-:JJ ~l l)._,fli'IC,.J<),; IL CU~I OF~·Op 'LOS ~.IALOid::S. 

L J L ·'• í· L ü ·J ~ ;e 5 T iJ S ::. ~ H : 
lYP. Cvt..vf; :-.. ( P.lHCO , ~IOPJltLLO ,.Vf:F¡Ilr ,· Nf'G~O); 

u;; TIPO P:Jt:O~ St'R Of•FT 'T nO COMO 011 SUBft.t:'i:l• Df• OHO Y~ 
fl¡ FJ!•J-1) • Ln i>,_¡:~;,¡;¡;.1.J ¡¡.,: S·J3~~~·r.o ~O~ H'r!ICA -l:L .,DIO~ Y f!IAYOF. •r;, 

;.:: LO!. cOn S udT· • 

l 
• 
t 
l 

_.,, 

¿J, i'.PLú : . 
TYP" C:JLJ-~ "' { ql~~ CO , A,.a,¡uLLO , Vr'RDl-: · ,· ~'f G•O· >; 
SCOLJ~ = ~~;,~ILLO •• ~~~~O +SU9R'N~D Df COLO~! 

l~TOS iiPJS ~SC;¡L~R~S Y LOS SU3RANGOS SO~ TIPOS ~O ES ·l 
TI'JCTI!tt.~)vS • LO.) D>iAS ili>OS "' f'A$CAL SO~· TIPOS :.;sTf\'.ICTUf AoOS. 

~~TOS TlPl] ~sTKJCTUFAoOS SON C01POStCIOYt'S Dl OTROS 
T!f'(ISo 

kJ~<tf'L.; D¡ i.ST0 TL.fl<f010S p 
A L~S Al:CJl~L5 , A LJS HeCJRDS Y ~ lO~ 

-·.:,·. 
, .. · 
• ... 

, .... 

'7 ••• 

' 
: J., _-;,_ . ',,. ' 

. ··. 

( 

_LO~ AP.R<.iGLOS , ~·LOS 
POI~'Ti.:RS • 

,: . ., ,:. - '· •. r 

. -~~··, ' ·. ¡! 

, ._ ~:t;:_x?~~rfA.'~;¡;.-. ~; · · .... 

S [TS , 

.-,:· 
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, : 1--------- 1 S F H 1 
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1 0.1. The,Structure-- Chart 

The Structure Chart represents the 
computer's view of the organization of and 
interaction between system componfmts. 

Structure Chart notation is used to 
represent: 

MODULES 

D 

IAD'tf 

.. 

MODULE 
CALLS. 

. -10.2-

MODULE 
COMMUNICATIONS 

e: 
C> . . 

r: 
e·· 

. 'i 

tE 
e: 

. 

J::; 

~"· -. 
.... \ 

1 
~) . 

(. , j 

1 

."! ._.. 
\ .J 
P) . ' ...., .. 

,.~ . ~-' ·. ~· ' . ..... .., 
[!) 



. ; . :. 
--, ... 
. , 

:. --

.. •. ~ 1,,·, .. , .. 

. __ :-. ·.· 

.. -~ . 

( 

.. ;.-.. ,., 
. ·· . 

'. . . :-.. _;. ~ . 

Examples· of _móqules:-- .. -... -_-_-
.· .. ' . ·;··" 

.--' ... ·., 

In PL/1 

PROCEDUR.E 

• 
In COBOL 

PROGRAM, SUBPROGRAM, SECTION, 
'PARAGRAPH 
. . 

In FORTRAN 

SUBROUTINE, FUNCTJON 

etc., etc. 

UDW_ 

. -.· ... -.. · 
.. ,_ 

.... 

....... ._ ,. . . . ., 

..... - 1 ·~ 

- . ~:- - .. 1 

DeflriiHon·of aModtíle·:.:;~·,_ -
·_-... ·. ... ___ ·.~<X<.'~~;:· ·:~:: :· .. · :·. : · : :: . . · -·· . ·<.-:-·>;-·· .:~--'- ~ :-~ .. ··:::~.:·-~t.~·(:.-: -:-\~;I;~::: · .-~, 

'.,._~:: .... ·,-. ··: ·: •• .- .' :·· .. •• ;~ .... -..... ~.;:,. ,_--._. __ ,_. __ ::;:_~---'~---~;·~'-- -_·¡-.•. . , ...... __ · _: < ·.·· .. '. . ... ',.: ---::. ~ •'' -' .. .-:.:~ : .. ·. . 
·A mod!JieJ1as four basic attribl1tes: ,~· 

. . •. -· . ·-- ...... --. ..,-.· 
,.·. 

Whot:-

l. INPÚT (what it gets from its 
invoker(s)) 

. ,"-~ .... : 
·,·,::: 

·ouTPUT (what it gives back to its 
invoker(s)) 

_ 2. FUNCTION ( whar it does to its inpu~ 
to prod1.1ce its output) 

How: 

3. MECHANICS (how it does ils function) 

4. INTERNAL DATA (its own priva te 
. ._ workspace - that it alone refers to) 

. '• ~ .' . -
' . 

. -10.~-

··.;· 



( 

. •· .... ' ,., 

• 

In addition, ir 

• 

• 

• 
• 

UDW 

has a name, by which it can be 
referred to as a whole 

can use orbe used by other modules, 
eg. by a CALL 

"'o..~ 'v-.o..\le. olrY\u \Je..r-..W-S.~(l¿ 

or la."<;!uo..~e.. S~CL~~'c t ho..ro..c.\e..n.c; ~\c.' 

-10.5-

., . '•\ 

Representation· of module 
calls 

• 

• 

A 

8 

This means: 

A calls (invokes) B 

ll does its thing 

DOSS 
(ca ller) 

SUBORDINA TE 
(called) 

ll returns control lo A (immediately 
after calling point) 

In other words, ! shows a normal 
subroutine cnll. 

J 

(The direction. of tne arrow shows who 
calls whom.) · ' 

.10.10. (." ....... 1 , ........ -

. ; 



( 

........ ,., 

· • A may contain 

• 

IADW 

1 'CALL B' statement 
. . 

10 'CALL B' statements· ··--- · -· · 

23 'CALL n•-stateinents 

although there is only one ! shown. 

At run time, A may not actuatty catl D 
at all! 

.10.11-. c.., .......... ,...,-

.... . • . '1 

' 

Module communication 

• 

OET 
CUST 
DETAILS 

. . y cu 
NA 

CUST 
. ACCf 11 

. . . - .. - '"' 
FINO 
CUST 
NAME 

Now, nol only does GET CUST OETAILS call 
FINO CUST NAME, bu t. .. 

- OET CUST OETAILS sends data C;UST 
ACCT # lo FINO CUST NAME 

- 'FINO CUST NAME returns data CUST 
NAME lo GET CUST OET AILS 

- FINO CUST NAME relurns control 

1 

1 

1 
itiformation NO SUCH ACCT # lo GET CUST 1 
OETAILS 

r," 1 
-1 o . .,_ c.... ....... " .. - 1 

[ 



•· .... ' ,., 

Qf---..--is callcd n DATA COUPLE 

0---is callcd a CONTROL COUPLE 

The arrow shows 

0~------
SENDER RECEJVJ;R 

of the informa tion 

-10.13-

1 

·~ , '•1 

11.1 Turning Networks 
in to Hierarchies 

t>HY!>ICAL 
bATA FLDW D/ACr~~ 

(NEND'RY.) 

The derivatiutt strategies are a 
set of techniques that enable us 
to generate a reasonably good 
design quickly. m 

The techniques are: 

• Transform Analysis 

• Transaction Analysis 

• Top-Down Factoring . 

' ' 

'"nw -11.2-



•' ... , . .. 
·::.:;.··1 
. . . 

.•· ·""' n 

Wha t · l(ind of Hierarchy 
. Do We Want? 

( 

We want our systems to be 

• easy to under&tand 

• easy tó maintain 

Therefore, we want a hierarchy that: 

l. is easy lo undersland 
··,.. 

2. minimizes lhe effecl of a given 
change .on alt modules 

3. forces each module to assume its 
fair share of vulnerability lo 
change. 

· And that preserves the simplicity of lhe 
Dala Flow Diagram Model produced during 
analysis. 

.ll.l- . r.., ...... .,. .... ,.,. -

.. 
.. .. •• 

11.2 The Balanced 
H:ierarchy 

In a balanced hierarchy, the top 
module supervises the transformation 
of logical input data into logical 
output data. 

To do this, a balan~ed executive module may -J 

call upon severa! kmds of subordinate 
hierarchies: 

• 
• 
• 

l.t.DW 

aiTerent subhierarchies 

central transform subhierarchies 

etferent subhierarchies 

.11.4- c.,...,. ......... _ 



• ... 
\ ~ . ' 
.. ' 

·Afferent Subhierarchies 

( 

The job of an afTerent sub
hierarchy is lo refine physical 
input data into logical input data 

The data primarily Oows "uphill," and 
becomes more /ogica/ with each upward step. 

.... - 11.5- c..,.,.•"' • " ........ -

.,, '. '1 

Efferent Subhierarchies 
~ 

VERY 
0....,. PHy'SicAL 

ou'rPUT 

Efferent subhierarchies package 
logical output data into physical 
output data. co 

1-Iere the data Oows "downhill," nnd . . . 
bccomes more and more implcmcntatiOn-
dc¡lcndcnt as it goes. 

-11.6- (""''•" ............ .... 
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~·~··-. ·~-· . . , .. 

( 

Central Transform 
. Subhierarchies 

1..06~1. Cjl ~ I..DC'xiCAL 
INPUT' t Ó OuTNT 

·- ·.· ... 

H~nY ------------------~-INPUT' 

The central trnnsform perrorms 
the runctions arter which the 
whole system is named: it . 
tranrorms logical input data mto 
logical output data. 

1-\oSTLY 
0\.:ITPUT 

-11.7- .......... "' .......... 

• 
... 

... ... 
"" . ,. ·~ 

11.3 The :nerivation 
Procedure 

Fl ltS1"-CIAT 
~ut.'I\J.R E. 
C.llART 

-11.10-

1 

• ... ·• 

( 

1 
1 
1 

1 

1 

These sleps may 
be repealed 
severa! lime5, 
unlll we gel a 
sali~fying firsl-cu 
dcsign. 

'-···· ......... . 
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11.4 Transform Analysis 
' . 

¡y.LANCE.b 
STRUC.TIJ.Rt CJlARr 

Transform Analysis is a 
technique for establishing a 
well-balanced hierarchy based 
upon a physical Data Flow 
Diagram. 

The idea behind Transform Analysis is to 
manipulate the Data Flow Diagram such 
that the logical processes end up as central 
transform modules, and the physical 
processes become modules in the alTeren! 
and elferent subhierarchies. 

IAOW -11.11- c ................ ... 

.. 
·: .. 

'11. ! ' lo\ 

The Physical Data Flow 
Diagram 

Transform Analysis assumes that.the 
physical Data Flow Diagram conststs of two . 
parts: 

• 

• 

a Jogical "core" from the 
tailored new logical model. .....,.. 

a s'urrounding "ring" of physicaP 
processes added to form 
interfaces with the outside world 
and the data stores. 

-
.11.12-
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J 
J 
J 
:l 
• 

J 
:J 

.._. 1," ~.~ 
~ ... : ~ ... . 
' : , 

1 

An Example of Transform ·. 
Analysis 

·'•' 

... 

. · -··· .. 

.. :r··.· .· 
;. ·.' 

:'. 

.11.13. 

WAfrE~·ANb· 
W111Hl0\..I>IN~ 

• 

,..,,.a,¡ • ........ - . 

. . . . ~ . . . . .. 
. .. 

''1 , ·~ 

Identifying the Central 
Ttansform 

·-
e 
e 
[ 

r 
fiiPE·.~¡ 

-· 1 
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Deriving the Vice
Presidential Modules 

G:éT 
I'AYROU. 
I-/A5fE~ 

(AF-Ft.Rt.NT) 

PR1Ní 
CHéC-K 

·1 IADW -II.IS-

] 

) 

... 
'•1 

Deriving the Afferent. 
Modules · 

buiLb 
. TIMé 

f/.é(..CJR't> 

o...:-~ V~Wt> rlé!.b 
fiEI..tl-" 

C::ra t:btr 
FIELl> F1é/...l> 

~~fiELb 

I:ARD-
II«zé é)ffR AC( 

FIEl-~~ 

-11.16. 
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.·. Deriving the Efferent 
Modules 

( 

•. 

Cllot 
UI/E. 

-11.17. 

' . . . 
• .. "! '1 

• 

Deriving the Central 
Transform Modules 

ITiiiiOLiliN/lr 
C.h\..WI.hí 9~-t 

CALUILAI'r 
PAY 

-11.18-
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The 1"'ransforn1 Analysis 
Procedure 

l. 

( 2. 

3. 

4. 

5. 

6. 

IADW 

Locale !he poinls. \vhere !he niTercnl nnd 
eiTerenl dntafiows are mostlogical. 

Mark the logical core, or l:enlrallransform. 

Mnrk each alTeren! nnd eiTerent stream of 
processes in !he physical ring. 

Etevale !he central lrnnsform and hire a boss for 
it. 

Allocale Vice-Presidenlinl modules for: 

• each alTeren\ s\ream 

• !he cenlrallrnnsform 

• cnch ciTerenl slream 

Allocnle lower-lcvcl modules for: 

!he bubbles dnngling on ench niTcrcnl nnd 
eiTercnl s\renm.-

• • the bubblcs within lhe central \rnnsform. 

• 11.19- (.,, .... t \U .. II"",.. 

....... ---==:e:: 

..... 1' '" 

Notes ·on Transform 
Analysis_ 

• 

• 

· hn• 

Don't worry about nol choosing exactly the 
corree! central trnnsform. The refinemenl 
lechniques will take care of any p;oblems. · 

Transform analysis really does not help us 
lo derive the central transform modules. 
Here, we rely on the two remaining 
derivative strategies. 

· .. ;. ·,-.. 

-11.20. , .............. 11"• 
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11.5 Transaction Analysis 

LCXAI.. 
14AP 

For our purposes, a transactlon'is any 
dataflow thal: 

• comes in different flavors 

• contains an ldenlHylng data 
element to te\1 us whal fiavor it 
is 

• wanls lo have dUTerent actions · 
taken depending on what navor 
it is. 

• 11.21-" • .......... \111 ... "-

1 • 

• 
'11. , ·~ 

The Transaction Analysis 
Procedure 
When you .see this on a DFD: 

Do this on the structure chart: 
¡ 
1 

l : 

Note: Transaction centers can occur in the ) 
niTerenl and eiTerent subhiernrchies 
as well as the central transrorm . 

-11.12- . , ............... u .... 1 
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·:{ 11.6 Top-Down Factoring 

' ... 

( 

Facloring simply means dividing 
a module inlo a manager module 
and lhe subordinales it calls 
upon lo do work. 

'tllú~ ~'Mú€\_OT· tbuRS 

REC:r7 D .-'A'~- ar· MY 
HOJil.S~ Cf rNf 

CALC/IUIT E: CA l.Cl.ll~ fE · OYE}I T lt'of E: 
R~R PAy 
PAr ~~--' 

Factoring is a vestige of Structured Design's 
revered ancestors:. 

e Top-Down Design 

• Slep-Wise Refinemenl 

lAUW -11.2). c ......... '" .......... 

' . . ' . . ' 
· . 

·~. ' 1. . 1 ~ ~ 

Factor Forever (Almost) 
.¿ 
e 

During· the early slages of design, we should~ 
factor lhe slruclure charl until every modul~ 
is eilher a manager or a worker: 

A manager makes decisions, 
ca lis subordina les, and hands 
dalato its boss. 

This much facloring will lead lo ridiculously !'"-'! 
small modules. We'll take care of lhal later .&,.; 

For now, we want lhat kind of delail, 
bccause it helps us lo idenlify reusable 
modules. 

-11.24. 
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11.7 Evaluation of Overall 
Quality 

.Transform and transaction analysis get the 
design off to a great Sll!rt. We can see this 
is best by comparing the first cut design we 
get from using .derivative strategies to. 
designs started with other techniques. 

Other techniques like: 
........ ---· 

• input process output design 

• mainline design 
. 

• blind intuition 

.. .,. • 11.25- ,.., ..... tOilllll'l-

:' 
. . '· .. . . . 

• • o 

.•: . .. 
•• 1 ·~ . 

12.1 Cioals fot Eva·luation 
and Refinemen t 

F'IRST-tur 
5'[1¡,UC.WI1E 011\RT 

/. focl4' ON A 
~IALL A /loA or 

. rHE bE31(zN, 

l. EYALcJAIC tr. 

(3. llE/óiNli tr.) 

Let's restale our overall goals: 

..... 

l. To mnke the nutomoted portion of 
the system as undcrslandable as 
pL.:iSible. 

2. 

J. 

4. 

To minimize the numhcr nf modules 
nlfected by n given change . 

To minimize the area of the structure 
chart nlfccted by o given chonge. 

To estnblish modules that 11ssume 
their fnlr shnrc of l'ulncroblllly to 
chnnge . 

-12.2- . ............... . 
' . 
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12.2 Module Complexity 

We advocate faétoring systems 
into very simple modules 
because we want each module to 

· be as understandable and 
reusable as possible. 

· There are severa! evaluation criteria that 
help us to determine if we have factored 
sufficiently: 

• Module-Size: 

• Fan-Out: 

• Fan-In: · 

How many lines 
of pseudocode? 

How many modules 
does it call? 

How many modules 
call it? 

'......... \11 ...... -

..... ,. ·4 

Module 'Size 

Like minispecs, modules 
typically should not exceed one 

. pace of pseudocode. 

The key concepl here is thal we are much 
less able to understand a module if we have 
to turn pages to see it all. 

. ' . ....... 
00 

Quite often, we choose to divide a module 
into pieces much smaller than a page if we 
can factor out a commonly-called function. 

.llJa. 
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Module Size 
·IT IS BETTER TO FACTOR TOO FAR 
THAN NOT FAR ENOUGH 

because its easy to back off: 

.. 

B 

B 

1 

A 

e 
llrlvlal) 

A 

e 
Us now a 
flllrl of Al 

- 12.3b-

D 

,,.,.,., .. , u•-•n"t.o. 

,· 1-

., 
"1 

Fan-Out 

Fan-Out is the number of direct 
subordinates to a module. 

COMPUTE 
SQUARE 
ROOT 

· F•m-Out shouldn't be more thnn 7 ± 2 

Nole: Transaction centers count as one 
J 

I'AN-OUT OF A - l 

- 12.3t- f..,., .... , \111Uif'\ Ja 

~-. 
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1 

Fan-Out 
A module with high fan-out is usually ·a 
pain to code 

and worse to maintainl 

Pnncakes aire 11 symp~om of missing 
lntermedlate levels. 

...... - 12.~-

' 

1 1 . Í! :' ~. ~ 

.. , ' •. ¡ 

What is coupling?. 
Coupling is the measure of the 
inlcnlcpcndcncc among the modules of a 
hicrarchy. 

Just as we partition~d our Data 
Flow Diagrams to minimize 
interfaces, we shall factor our 
structure charts to minimile 
coupling. 

Why? Beca use having lots of coupling: 

l. makes it more difficult to 
understand one module without 
looking at others. 

2. increases the number of modules 
that will be affected by a change 
toa well-traveled data ítem. 

3. increases the probability that an 
individual, highly-coupled 
module will be affected by a 
given change. 

-12.13 r .• .,.,. •. ' "••n" .. 
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Data Coupling 

lotiLEAQE DA YS 

t ~ 

PRODUCE 
CAR BILL 

u lfHTA e 
T YPE 

l 
l CIIAlO 

.·~ ! 
CALCULA TE 
RENTAL 

Data coupling is merely the necessary data 
communication between modules. 

• Although it's unavoidable, keep it to a 
minimum - that is, keep your 
interfaces narrow. 

1 -. ...,. 
u ... 
CDI'IIICI. --*· ('DI'IIt"' • 

1 •••• ~ll.IS- • C-..t.M • 10..JRII" IIW 

1 ' 

• • ' 1 • • ... . .. 
., .. , 

Data Coupling 

• Also, beware of "tramp data," which 
shuffies aimlessly around the system 
unused and unwanted by most of the 
modules it passes through 

D 

~~ 
e E 

~0 
"/"' 

,.~'-o't 

A B F 

lt's likely that modules C, D and E do not 
use x, since its na me does not change as it 
passes through them. 

-12.15•- c ................... ... 
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.What is coupling? 
! . ' 
Coupling is 'the measure of tbe 
interdependence among the mo_dules of a 

. hlerarchy. 

. 12.1 )a. 

• 1 

'" '" 
1 

12.4.1 Types of coupling 

1 
2 
3 
4 
5 

DATA 
STAMP 
CONTRQL 
COMMON 
CONTENT 

BEST 

W RST 

llreadth of Coupling 

The less coupling there is between any two 
modules, the more independent those 
modules are and the better the design is . 

' ·- ,, 
hOW -12.14-
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Stamp Coupling 

-;;oouc-;-1 
CAR BIL.:J 

CUSfOMER 1 
UN r AL 
RECORD 

CALCULA TE 
RENTAL 

Two modules are starnp coup,lc-d if they 
refer to the same (non-global) data 
structure. 

(A data structure is a cornpositc uf' data · 
elements,. e.g. an array, a record, etc.) 

'. ' .. 
' 

IAIIW 

..... .. ... ........ ........ 
·-"·· 

. .. 
••••• 

-12.16 .. (" .................... _ 
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Stan1p Coupling · 

o 

• 

IADW. 

An isolated change in the structurc of 
CUSTOMER RECORD will affect all 
modules that are stamp coupled via 
CUSTOMER RECORD 

However, using a good, natural data· 
structure is the way to overcome high 
data coupling, e.g. 

'PLAY 
CIJESS' 

UPOAT ED 
CIIESS MOV E CIIESS 

aof ~ 
BOAR 

! 
D 

ADD MOVI· 
TO BOARD 

-12.17-
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· Stamp Coupling 

A warning about data structures: 

1 
1 
1 

, IAOW 

Danger arises when a module is 
passed a whole data structure but only 
needs a part of it, e.g .. 

.AU ,_ 
.RIOO"C.. --_,., 

WHOL! 
CUSTOMEl 
~~CORO 

1 

• 

PIIOt-IE 
t-~Ut-.1BER 

VAl1ll 

VALIDA TE 
PIIONE 
NUMBER 

.11.11. 

Mr 
....... 

.. 
... ~· .. ~ .. :l.- . 
.. , - . . .. 

Stamp Coupling 

• 

• 

• 

A change in CUSTOMER RECORD 
format may alfect VALJDATE PHONE 
NUMBER even if the change has 
nothing todo with phone numbers 

Also VALIDA TE PHONE NUMBER 
needs data it does nothing with, 
making it a not very useful module 

So, starve your modules 

PITO N'; 
N U MUER 1 l 

.-----1---
VAI 'DATE 
PIIUNE 
NUMUER 

-12.1Ba-
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Stamp Coupling .. \ ~ <·-. 

Another dangér related lo stamp coupling is 
called· bundling. 

Sometimes p~opl~ wit!1 messy module 
interfªces.:,· -

.-... · ,'; ~ . . 

-A'BCP"EF 

l r 1-rt r 
DO A 
BUNCH OF 
STUFF 

G H 1 

... , . 

... will bundle together unrelated data 
and/Ór control into_ an artifi_~ial data 
structi.lre, e.g .... 

. ...... -ll.l8b. c.,._,.,., u•·•n"''" 
.-.·· 

' 

., .. , 

Stamp Coupling 
-..... , •• , ,. - --~-. - .. ... j • 

: . , ____ .:.~ . .: ; --:·-... . . -;-
.. ;-~ ·;- ¡ ;1 : ,,, ;" 

· '' · :sruFF 

. r 1 DONE 
STUFF 

DOA 
BUNCH OF 
STUFF 

. ': 

STUFF- A+B+C+D+E· 

DONE -
STUFF- G+H+l-

N> 

This designer thinks he has improved hism 
coupling. 

·He may be fooling himself but he's not 
.fooling the GODS OF SYSTEM DESIGNI 

•-~o ... -.. - ,. ' . 

1 • 0A14 ' IU1 
1 - ITAW, 
1 ((Mottlfll 

,. t . ' · , -- .COWWUIII 

;· 1 :: :. o. • .- CONILttt 
' . -~ ... _ / .. , - - ' 

.. ,. .. 
UPW · -ll.IBc. 
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Control coupling 

UPDATE 
·BANK ¡:11.E 

OlP NEW 
lA lANCE BAlANCE 

r 1 
MAKl!. 
WITIIDRAWAI 

.OK· 
BALANCE 

1 

Two modules are control coupled if lhey 
communicate using at least one control 
couple. 

tao• 

This is und~~irable since one or both 
module~ wlll fl()~ be a black box. 

!!-1& ~· 
~!~~ 
C'O"'UOI. 

• ~~ • .._, ..... _, 

-12.19- ... 
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1-Iybrid Coupling 

Hybrid coupling is the "shoe
horning" of two or more 
meanings into the same item of 
data.-

GET 
MASTER 
RECORD 

/uco•o 

l·ltll> I'INST 
f)('C'URRFNCE 
111' ~fRINO B 
ltl SIRitiG A 

RECORD-

INUt;X -

.12.20. 

(MASTER FILI! RECORD-:-! 

L!LEx 'FF' 'IF ENo-oF·F!l&:J 

fPciSITIOtl OF STRitiO 8 --, 
~f STRitiO O NOT FOU~ 

(""'l'flilll \U •. ,,..

o 
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· Con1mon Coupling 
; ' . ' 
• • . t. 1 1 • 

Two (or. more) modules are 
cbmmon coupled if they share 
data that was not passed along a 
normal module cal! ·ce.g. data 
held in a common area). 

- . 
Common coupling can happen at two points 
during system development: 

140• 

e Design-Time: if the designer 
deliberate/y decides to allow 
modules to share data in 
common 

• .. Codlng-Tlme: if lhe 
programming language makes 
common data a regrettable 
necessity. 

-12.21-
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Con1n1on Coupling at 
Cod ing-Tilne 
The causes: 

• CODOL· Dula Division 

• FORTRAN • Common Blocks 

• PL/1 •. Global Dala, Externa! Slorage 

The Consequ'ences: 

• When a faull causes a shared dala ilem lo be. 
clobbered, lhe "usual suspecls" include jusi 
aboul every module in lhe syslem. This lakes lhe 
joy oul of 2 A.M. phone calls. 

• Mainlennnce programrilers may lake advanlage ,of 
!he global accessabilily of dala lo add undesigned, 
undocumenled, and somelimes unprediclable new 
fealures lo lhe syslem. 

The Solulions: 

hDW 

• Don'l code wilh common dala if you don'l ha ve 
lo. 

• Al leas!, des.ign wilhoul il, even if you musl code 
wilh il. 

• Tench slruclured design lo your maintcnunce 
sluff. 

-12.22-
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Comn1on Coupling at 
Design-Time 

The damage here is often fatal. 

/ 

Once the designer realizes that "all the data 
is right there in the Data Division," he'll be 
tempted not to draw the couples on the 
structure chart. 

You cannot evaluate and refine a 
design without knowing the 
communication among modules. 

The Solution: Don't design unrestricted 
access to global data into 
your system. Ever. 

14DW 

1 

. ., . . . .. .: . .., . 

. r. • . . 

Content Coupling 

PRINT 
INYOICE 

• SitA RED CODE 

• SIIARED DATA 

.. -,-

PRINT 
SIIIPPING 
ORDER 

E: 
C'1 
e: 
e 
e 
e 
r: 
! 
r 
_t 

j 

J 
_¡ 
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Content Coupling. 

This is CLOSE ENCOUPLING OF TIIE 
WORST KIND! 

It occurs when: 

l. 

2. 

3. 

4. 

One module alters ~· statement in 
another module. 

One.module refers to (or changcs!) 
data contained inside anothcr module. 

One module branches into anothcr. 

Two modules share the same litcrals. 

1 2 and 3 are usually called "pathological," 
b~cause they're very sick indccd. 

4 is more subtle but nlso dangerous. 

,.,., •• ,. , .. 0 .., ....... -

u a• 

' 

1 ., . . .. ¡ 

Types of In ternal Cohesion 

There are six levels of interna! cohesion, 
but they fall into three main types: 

• 

• 

• 

Data-Oriented Cohesion is typical 
of structure charts derived from 
Data Flow Diagrams. 

Time-Oriented Cohesion is 
commonly found on structure 
charts derived from nowcharts, 
or drawn by someone who 
concentrates on the sequence of 
execu tion. 

S11ite-Oriented Cohesion can show 
up anywhere. It happens when 
the designer clusters severa! 
modules together into a "suite of 
functions." 

-12.37- ( ..... , ... , • 1\Aiall~-
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Levels of Internal 
Cohesión 

Data-Orlcntcd LeYels: Very Good 

• Sequen tia! 

• Col!lm.unica tionnl 

-
Tlme-Orlented LeYels: Mediocre 

e Proced u rill 

• Temporal 

Sulle-Orlcnled LeYels: Truly Dnd 

• Logical 

o Coinciden tal 

SADW -12.38. 

.... ' ··\ 

Sequential Cohesion 

Des\ Object of this exercise: 

To pnint our cara different color 

CLEAN G) FILL .IN 0 
CAR IIOLES IN 
130DY CAR DODY 

SANO 0 0 
CAR ? 
BODY 

Worsl 

.12.39-
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Sequential Cohesion 

A sequentially cohesive module is one 
whose elements are involved in tasks where 
output data from one task serves as input 
data lo the ·next. · 

modute formaf-xedit-trans 

uses raw-trans 

formal raw-trans 
cross-edil "result" 

returns formatted cross-edited trans 

endmodule 

IAOW 

.... 
taAHI 

1 

FORMAT 
XEDT 
TRANS 

.11.40. 

rouunro 
CaOSS-lDITlD 
TU,.I 

c .......... '1\ll!lliiiN ""' 

.. , 

Con1municational 
Cohesion 

,.,,_ .. 

FINO 
TITLE 
OFBOOK 

FINO 
CODE # 
OFUOOK 

- 12.41-

FINO 
PRICE 
OFBOOK 
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Comn1 u ni ca tional 
Cohesion 

A communicationally cohesive motl~le is 
one whose elements contribute to tJ¡ffe~ent 
tasks, but each. task refers to the same mput 
or oulp.ut parameters. 

module determine-customer-details 
uses cust-acct-no 

determine customer name 
determine customer loan status 

rcturn name, loan-status 
cndmodule 

....... u 

t ant ¡ 
ACC1 

"" " 

1 

t>ETF.RMINE 
CUSTO~ti:R 

DE r AII.S 

11 41 . . 

COinnl.unicátio!1a1 
Cohesion 

• 

• 

• 

Cornmunicational cohesion is fairly strong 
because the grouping af functions within 
one module has sorne relationship to the 
problem rather than the implementation of 
the solution. 

But it may cause trouble, e.g . 

we may want a custómer's name without 
fi nding his loan status, or 

beca use of a temptation to share code. 

Splitting a communicationally cohesive 
module into separate modules simplifies 
coupling and improves cohesion . 

-12.43-
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DATA-ORIENTED 
COHESION ··.-· 

Sequentia/ and Communicationa/ Cohesion 

• Both types of modules are strongly 
connected because their etements are 
grouped from a data rather lhan a 
processor point ofview. 

- 12.43•-
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Data-Oriented Cohesion 

5EQUE.NTIAL 

C.OMMUN ICATIONAL 

' ..... IHlb 

P«INf[l).· 
LINE6 

f........... \11 11111" ··-

.e 
r 
r 
I 
1 
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Procedural Cohesion 

CLEAN CD 
UTENSILS 
FROM 
PREVIOUS 
MEAL 

MAKE 
PHONE 
CALL' 

PREPARE 0 
TURKEY 
FOR 
ROASTING 

TAKE 
SHOWER 

? 

-12.4Jc. ,,, .... , .. ! ,, •• ,," .... 
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rocedural Cohesion 

A procedurally cohesive module is one 
in which control flows from one 
element to the next. 

However, data does not necessarily 
Oow from one element to the next 
that 's sequen tia! cohesion. 

~odu Ir writc·re•d·and·c:dit·somc:whal 

u~n old·rc:cord 

•rllr old·rccord 

rud old·rccord 

rdh sorne: or lhe ftc:hh In thc new record 

rtlurn ncw-rccord 

rndmodulr 

.12.4ld. 

OLO ? t NEY.' 

RECORil ~ ó RECOMIJ 

WRITE, READ 
ANO EDIT 
SOMEWIIAT 

l 

1 
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Temporal Cohesion 

MOON STARS 

OWI. ? 

PUTOUT · PUT OUT 
:. MIL K CAT 

BOTTI.ES 

1 
MAKE 

1 
BEO ? 

1 .. 
J.· 
1 

1' -12 44. ,, ... 
' 

J 
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Temporal Cohesion 

A temporally cohesive module is one whose 
elements are related in time. 

• Usually, however, these elements 
really "belong" to different functions. 

HfH ~ 
CJt 

INITIALIZE 

u.uw .12.4S. ~ ........... .,. .......... 
~ 

\ "" i 
·~ 



...... , q 

TIME-ORIENTED 
COI-IESION 

Temporal and Procedural Cohesion 

e Both. types of modules can be created 
by .taking a scissors to a nowchart. 

SAnw 

Such modules contain elements which, 
though only loosely related to one 
another, are often closely relatecl lo 
elements in other modules. 

So coupling is poor at worst, variable 
at best. 

.12.46- ,,~ ...... , ...... ,..._ .. 
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Logical Cohesion 

GO BY 
CAR 

GO BY 
BOAT 

GO BY 
TRAIN 

? 

.1241-
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Logical Cohesion 

A logically cohesive module is one whose 
elements seem to be involved in tasks of the 
same general category. 

IADW -12.48-

' 

Logical Cohesion 

• 

• 

A "clever" progrnmmer might set 
flags and switches which allow the 
module to meander sneakily through 
large intertwingled areas of shared 
code. . 'Soy, r be~ thty ., 

lltVtr figure out 1 
.-.... whot tnis on(.. does. 

lt should really be called JLLOGICAL 
COf/ESION 

-12.49- c ....... "" ......... 
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Coincidental Cohesion 

PAINT 
HOUSE 

PLAY 
BALL 

DRINK 
COFFEE.:· 

? 

.12.41/a. ' .......... . ..... ,, ..... ," .. .. 

., 

Coincidental Cohesion 

A coincidentally cohesive module has 
elements with no meaningful relationship to 
one another. 

module miscfuns 
uses funcnag, operator.·message 
updates matnum, acc 
lf fundlag - 1 
lhen sel matnum lo o r matnum is a matrlx •¡, 

sel acc lo 1 
elself funcflag - 2 or funcnag - 3 
lhen rewlnd tape·B 

lf funcflag - 2 
lhen prlnl headings 
endlf 

else dlsploy opcrator-message 
cndlf 

endmodule 

MISCFUNS 

.12 50. 
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SUITE-ORIENTED 
COI-IESION 

. Colncidenta/ and Logical Cohesion 

• Both types of modules have an 
identity crisis 

beca use 

the boss always has to send down a 
completely artificial flag telling the 
module what to do today, 

• Such modules violate the idea of 
independent black boxes and worsen 
coupling. 

-12.51- e'"'""' ......... """"' 
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Module connection analysis-A tool for 
schednling software dehugging activities 

by FJUODEH!Ch M. HANEY 

X erox Cor 1" •rat wn 
El Seguudu, Culifonua 

INTJWDUCTJON 

The largest challcuge faciug software engineers today is 
to find ways to ddivcr large systems on schedule. Past 
experieuce obviously indicates that this ÍB not a well
understood proLiem. Thc development cost.S· and 
schedules for rnauy large systems have exceeded the 
lllOHt conBcrvative, cuntiugency-laden · estimates that 
all_\'(JHC darcli ti• ruake. "'hy hus this happened? There 
Juu.::;t be a pli'IIH,ra of l'xplauutiuns and excuses, but I 
thiuk H. H . .1. Crosd1 idcutificd thc comrnon de
ll<>JIIiuat.or in hi.' arti<:lc, "Why 111AC, MIS and ABM 
wil11wver fly. " 1 e ;rusch ':::; observution is esHelltially that 
f¡¡f Bumc largP sysl ~~rns th.e prohlem toLe sol ved and the 
syst1~m designed tiJ .solvc it are in such constant·flux that 
.stability is JH!V<"r uchicved. Evcu for sorne systems that 
are ftying totlay, it is obvious tlJat they carne pre
cari(JUsly elosf' t o ti lis unstable, "critical mass" state. 

It i~ m y f,:di11g t.hat our mo.st significu.nt problem has 
bct~tJ ~ros:-; U1Hl1·n·~timatiutl uf tlu: cffort required to 
clta11yr i t;itlwr 11 'r purpost~s of debugging or adding 
fuuctiou) :t l:.r¡.!.l:1 ('(ltllplex :-;ystem. 1'\'lnst existing 
.systerns Hflt'Ill ._,.v,~ral y1:an; iu a stat.e of gradual, 
painfully :-;luw 11 a11~ition toward a rcleusahle product. 
This tr<illsitillll wa .. ':i unly partially anticipated and 
almost. t•nt.indy uustructured; it wu .. 'l a time for putting 
out fin·.s witb Jittle expectatiun abuut where t!Je next 
ow· would occur. 

Tlw diflü:ult.it•,-.; uf stabiliziug largc~ systems are 
uuiversa.l cnout.dl that our cxperit~nce has resultcd in 
t>t'\'Pral impruvc·d nwtJ¡qdt> for cstimating proj1:ds. 
Hulc· . ...,-of-thulliL íi1;¡· •· lU lines of codr~ per mau da.v" 
ull<'f· :"IJUildcd Ji!.,· t·.>.t.n~uu..Jy comwrvative allowuncc for 
t/w ¡·,¡mplexitit·.-.. of !'lystem integratiun and testing. 
J. D. Aron' !J:c, descrilwd a relatively elaborate t<!ch
uiqlw for t•sti111ating total efTort for largt.: projects. 
Arou'~ tcclmiqw· is bu.s1~d on the (~stima.t.ed amount of 
L:(JJc fc¡r a prujt'l"t ;Utd ernpirir.ally ol.Jserved di.stributions 
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of various kinds of effort sucl1 a.< dcsign, coding, module 
testing, ete. More recently Bd¡uly and Lehman de
scribed a mathematical model for the "meta-dynamics 
of systems in growth''' These schemes provide useful 
iusights into the difficulties of designing and imple
menting large systems. 

Even with these improved estimation techniques, 
however, we still faee the threat of long periods of 
unstructured post-integration putting out of tires. We 
may know better how long this "final" debugging will 
take, but we are still at a loas to predict what resources 
will be required or what speeilic activities will take 
place. If we predict. an 18 month period for "final 
testing,'' will managemcnt buy it? How can we peer 
into this hazy coutingeucy portian of a schédule and 
predict in greater detail where bugs will occur, who will 
be ueeded to fix them, elapscd time between interna! 
relea.ses, etc.? J3elady and Lehman suggest the need for 
a. 11 micro-model" for system activities; i.e., a rnodel 
ba.sed on interna!, structural aspects of a system. This 
is e.ssentlally thc oLjective of this paper. In the fullowiug 
sect1ons, \\'e will dt:vdop a very simple, but useful, 
tcchnique for modeling the ustabilization" of a large 
system as a funetion of its internal structure. 

The concrete result described in this paper is a simple 
matrix formula which serves as a useful model for thc 
"rippling" effect of changes in a system. The real 
ernphasis is on the use of the formula as a model; i.e., 
as ru1 aid to undcrstanding. The formula can certainly 
he uscd to obtain numeric estimates for specific systems, 
hut it.s ¡;rcater value is that it hclps to explain, in terms 
of :-;ystem structur\' aud complexity, why the process of 
dnt~~ging a systc~m í.s geucrally more in volved than our 
iutuitiou leads us tu believe. 

The technique dc.;;cribed her.,, called Module Con
nection A nalysis, is bllSed on the idea that every module 
pair (may be rcpl~tccd by subsystcm, component, or any 
otbcr classification) of a system has a finite (possibly O) 
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pruhuhility that a chang<•. in onc modulr. willncccssitatc 
. ·. {ch11ngcj~ anY other m<idulc~ By i~tcrpreting these 

.. : :: ,'.' ·,., pruhabilities and applying clcmentary matrix algebra, 
·, ·. .,' . ,;.e can derive formulae Cor l'Stimating the total number 

'·.· 

' ... oC "changes" required to stabilize .a systcm and the 
stujpng oC interna! rclcasffi. The total number of 

. '<·liungcs, by module, is givcn by 

A X (1-P)-•, • 
. ' 

. whcro A is u row vector r<·pr<!B<•nting,the initiul cluingcs 
pcr module, P is a matrix stwh that Pij is thc proba

·. . , bility, that a changr. in module i ncccssitatcs a chang" in 
··'· ·. ·· .. ¡;. · mudulcj, a.nd I.is the nXn idcntity matrix. The number 
i' i'':':l'' ~~· t?f}ha'íl¡i;f..<i-re(juirbd fÓr 'cách "Íntemal relea8e" is'·givén . · ·. 

by AP', K=O, 1, ... , or by 

.'·_.·_ A·X(I.,...P)-•XUk, 
'-'---:"'t . ·' ~ ' . ,·, . .' : 

1 

k:=l, 2, L. n, 
U k= (O, ••. ·, 1, ••• O) 

T 
k th element 

. ::.·· · . Jo:pending upon the rcleasc strategy. The derivations 
of th'i;sc formulac ue pro.scnted in the following section . . . ; . 

., ·· · · :.' .\l<idulc conncction anal~·sis· is useful primarily as a 

·:,· . ·túul. for uugmcnting u d<"i~ncr's quantitative under; 
'>triitJiiíg ·or his problcm. 1! produces quantitative · · 

· · · ·. . · •·•timates of the effcct.S of module intcrconncctions, a.n 
, , :· .. . •· . :oreu ·in which intuitive judgment' is generally . in-
>' ... · ... -~: ·· > "Udi;q~~te. ! 

·} • '· • •••·. . ,1, 
), . . .. . . ,.. ;· 

·.' -. THEORY OF 11-IODULE CONNECTIONS 

As a basis · for our a.nalysis, we ·, postulate severa! 
.. · eÍtaracterisÍics of a systcm : ) 

... 
· .. <,, · • . A system is hierarchi!!nl in structure. It may consist 

. cif subsystcrris, wlti<:h <·uutwn componcnts, which 
· eontain- modules or it m:t_v be completcly general 
· having n different lcvdx of composition whcre an 
object at any levcl is cumposed of objects át the 
ncxt lower leve!. · 

• At·any ·lcv<•l of thc hicrnrchy, th.ere may be sorne 
intcrdcpcndcncc b.ctwccn any. two parts of ._the 

. systc~.-.. , 
·--~, lfwe view a system as a eollcc_tion of modules (or, 

i\'hutever obj!'f:t reHideH al the lowest hic;rarehical 
Je-:d), ,thén !he vuriou~ int<·rdcpcÍtdcndcs are 

. munifestcd in terms of depcndeñci<ll! between ull 
" · _. • ' 

0 
pai[S of ~adules. , i1: 

'' . ,.·· 
: ' By dependence here; wc mean that e. change in onc 
- tnodillc · may : necessitate u eh unge ·in the · other. · The 

·'·. 

' . .. .:: •. . . . . ... 
~~ • '/, ¡ 

'·. : •. , .. __ ¡': 

3 

fundamental axiom of module connection analysis is 
that intermodul<· conncctions are the essential culprit in 

· clonga.tcd schcJuh,;. That a changé in onc module 
creates.the ncccssity-for changes in other modules, and 
these· changes crea te others, a.nd so on. Latcr, we will 
see · that pcrfectly harmlcss-looking assumptions lead 

· eu.sily to sums like hundrcds of cha.nges required as a 
· · rcsult óf a single initial cha.nge. (The notions of hier

·archy, iilterconnection, etc., used hcre are described at 
length in Refcrencc 4.) 
· lf we assumc that a system cdnsists of n "modules," 
then there are n' p.Urwisc relatiónships of thc form-

Pij = Probability that a changc in module i 
neccssitates 11 change in modulej. 

In the following, the letter "P" denotes the n X n 
matrix with elements pij. Furthermore, with each 
module i, there is associatcd a number A i of cha.nges 
that must be made in module i upon integration with 
the systcm. (Ai is approximately the number of bugs 
that show up in module i when it is integratcd with the 
system.) lf wc let A denote a row vector with elements 
Ai, then we huve the following: 

A= total changes, by module, required at integra
tino time, or at intemal release O. 

AP =total changcs required, by module, as a result 
of changes made in_ release O, or total changes 
for interna! release l. 

(Interna! release n+ 1 is, roughly, a version of the 
systcm containing fixes for all first-order problems in 
interna! relcase n.) 

Now we observe that the i, jth elemcnt of P' is 

• 
'L,Pik Pkj, 

·-· 
which repre.sents the sum of probabilities that a change 

.in module i is propagatcd to module k 110d then to 
module j. Hence, the i, jth element of P' is the "two
step" probability that a cha.nge in module i propagates 
to module j. Or, AP' is the number of changes required 
m interna! releasc 2 . 

Tbe generalization is_ now obvious. The number of 
· cha.nges required in interna!. release k is given by AP• 
and the total number of ch~ges, T, is given by 

T=A(I+P+P'+P'+,· · ). 

.-_-.. : N-ow we are interestcd to know whether or not the 
matrix power series in P converges; clearly, if it does 
not our system will never s~ilize. To establish con-
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vPrgcnce of t lw po\n·r sPrics, wc appc~ to matrix 
·g .. bru , •• ~ •. n.,r,.,.. ... ,.,. 5, for cxamplc) which tclls us 
~nat thc ahovt~ :oot·fi<~-"' t·onverges whencvcr the cigen
vulu<•s of Paro·'''" thim 1 in uLsolute value. lf this is 

, thc case, thcm tlu~ "'''I'ÍI•¡.¡. touvergE".s ~d 

T=A (/-!')-•, wl .. ·ro· 1 is tlw nXn iOcntity matrix. 

\Ve now haw "" o·xtro·uwly simple way to estímate the 
total numb<·r of •·I""'A''-' r<•r¡uired to stnbilize a system 
as a linear furu·ti .. u of a sl!l.· of initial changcs, A. More
ovcr, thc nurnlu:r of o:l.ang<·s at cach rclcase is given by 
the elcmcnts of Al, .·11'. AP', cte. 

ESTIMATING THTAL DEBUGGING EFFORT 
FOH A SYST:E.\1 

<. 

Thc above tlreory suggcsts a simpl~ procedure for 
cstimating tlw total numücr of changes required to 
slnbilizc 11 systcn•. Tlw procedure is ir.s follows: 

( 1) For <·ad, ru~>dulo· pair, i,j, estímate thc probability 
tha1 a t·h:llq:: JI: 111odul1: i v..-ill force a change in 

.n ... duk j. Tr"·--· •·.-tinratP.S constitutc thc proba-
bilit.l' rnatri' J·. · 

(2) From tl11· ,.,.,.,.,r A by estimating for each 
moduh~ i tlu· lltlluh(~f of 11Íero-ordcr" changes, or 
chungr·s rP<¡uin.d a t. int.egration time. 

(3) Compute tl11• total numbcr of. changes, -by 
module: 

T=A(l-P)-1• 

(4) Surri' Ü11• ,,J.,nu•nt:, of the column vector T to 
obt.ain·tl11• t~>t :d uumber of chnnges, N. 

") ,1 .l\lakl': :t :-;impk 1·xtrapolation to 11total time" 
bus .. tl' ou Jl"'' •·x¡u·r·imwe and knowledgc of the 
cnvirouu~t·ut. If Jmst e~pcricncc suggcsts a 
"fix" rn.~u of d JH'r weck, then·th~ total number 
of week's'J·.,quir .. d is N/d. ;· 

Hcncc if '"" havP •onw <·stimate for the initial correct
ucss (or "hugginP:-<s) nf u system and1for the inter· 
module conrwctivit.v Crlw probnbilities), then we can 

· · '""'ily ohtairnm •·.;tir"" 1 ,. i .. r t '"'· lolalnumber of changes 
that. will b10 n·uuii ... J ••· tl."·l.u~ the "'·stem. The formula 

·is u :;implt~·ou¡.'¡ll 11;:.1:-::· : .. ,,:;li(•Jl, l>ut tlw fact that we 
:m! dcáling witi• ru .. •.:•··.-J•r"l'ably cxplains the failurc 
of our intuitiou iu tllldt·r~·talllliug debuggiug problems. 

l the followiug ~~·¡:ticm ... , we will show how the abOve 
>v.mula cuu Le us!'d tu uid our understunding of other 
nspects of tlw tii'Lug¡;iu¡; process. · 

4 Module Connection Analysis 175 

STAGING. INTERNA'L HELEASES 

There. are· varioUB strutegies for tracking down bugs 
in a complex.systcm. The most obvioUB are: (1) lix all 
bugs in one selcctcil module and chase down aU side 
effects, or, (2) fix all "first-ordcr" bugs in each module, 
then•fix,all"second-'ordcr" bugs, and so on. The module 
connection model can uid.in predicting relcase intervals 
foreithcr·approach. 

For strategy (1) (onc module ata time), the number 
of changes rcquired1 to stabilize moáule i, given A i 
initial cbaÍlges, is given by 

(p, · ... , Ai, .. . , 0)(1 -P)-• 

The product is a row vector with elements corresponding 
t.o the riumber OÍ clianges that mUBt be made in eacb 
modulé as a result óf the original cha.D.ges. Thc total 
uumbcr of changes required to stabilize this one release 
is. given· by .· 

• 
Ai L:Xik, .... 

whcre tbe Xik are elcments of (1 -P)-•. This strategy, 
then resulta in n interna! releases where -th.e time for 
re! case i is 

Ai(max Xik) X (time required per change) 
• 

and the total ~cbug time after integration is 

L: (Ai max Xik);x (time required pcr change) 
' . 

With the second débugging strategy (make all "first
order" changes, then• all "second-<>rder" changes, etc.), 
the number of changcs in the kth release is given by 
.-tP•. Tbat is, A'P' is1a row vector with elements corre
sponding to tlie numLer of chaugcs in each module for 
rdease ¡;. Thc time requircd for release' k is upproxi
mutely 

max (AP') Xtime required per change. 

To determine thc ·total number of releases for this 
strategy, we mUBt examine A, AP, AP', until the 
number of changes AP• in release s is small enough that 
the system is releasablc. The total time for this stratcgy, 
then, iS 

• L: max AP' X time required per change. ..... 
1 t is worth noting tliat both of the debug strategies 
described above evidcnce a "critica! path" effect. The 
total time.in each case is a sum of maximum times for 
euch release. This effcct corresponda to the well-known 
fact th&t, debugging is general! y a bighly sequen tia! 

t . 
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· proc<-ss with · only minor possibilities for making many 
fixcs in paralld. This fact, coupled with the "amplifica
tion" ol dmnges caused by rippling effects,_ certainly 
""count• f<or u large portian of many schedUle slips. 

'• 

·: 
REFINING THE INITIAL ESTIMATES 

Moduh· l"onnection BJ1alysis is proposed as a too! for 
aiding d<·HiJ!tll'rs and implcmentors. More than anything 
else, it is a rationale for making detailed q~antitative 
estimatcs for what is r,encrally called "contingency." 
No~ we must ask, 1'As a project progres8es, how can.· 

Owe take.advantage of actual. experience to refine the . ' ~- . ' \. 

· initial estimates?" The module connection model is 
based on two objects: ,t, the vector of initial changee; · 
and P, thc matrix of connection probabilities between 

· the modules. Both A and P can be revised. simply as 
live data become available. 

As each module i is integrated ioto the system, the 
number A i of initial changes becomes apparent. 

Usinr, updated values for the vector A, we can re
compute th<• expected total number of changes and the 
rcvisCd rek••c stratcgy. 

· · The cl~mc:nts, Pij, of the matrix P can be revised 
periodically if sufficient data is. kept on changes, their 

· causes, and their aftcr-effects. One simple way to do 
this.is tu kloep a record for each module as follows: 

Modulei •· 

destription of caused by which other modules 
c:hange module? affected 

,• 

' Aftcr a rclatively large sample of data is av!'.ilable, the 
above form' r.an be used''to revise P as follows: 

l'i. = number of changes in j cawied by i 
3 · total changes made to i · 

t 

The rcviscd matrix· P can be used to revise earlier 
estimatt.:s for total effort nnd rclcase stratcgies. 

. . ..rf 

AN EXA\!PLE OF MODULE CONNECTION 
ANALYSIS 

The follüwing example is based on the Xerox Uni
versal 'l'inwsharing Systcm. Eighteen actual subsystcms 

...... 
5 
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Figure 1-Probability conneclio~atrix, P 

are used as "modules." Estimates for connectioo 
probabilities and initial changee are made in the same 
way that they would be made for a new'systcm, except 
that sorne experience and "feel" for the systcm were 
used to obtaio realistic numbers. (Thanks to G. E. 
Bryan, Xerox Corporatioo, for helping ~ coostruct 
this example.) 

The 18 X 18 probability connection matrix for this 
exámple is given in Figure l. The matrix is. relatively 
sparse; moreover, most of the ooozero elements have a 

· value of .l. Most the larger elements líe on the diagonal 

INITIAL AND FINAL CHANGES 

Total Req..tired 
Module Initial Cbangee Changos 

1 2 241.817 
2 8 100.716 

-~-
3 4 4.44444 
4. 6 98.1284 
S 28 248.835 
6 12 230.976 
7 8 228.951 
8 28 257.467 
9 4 4.44444 

JO 8 318.754 
.11 40 238.609 

12 12 131.311 
13 16 128.318 
14 12 157.108 

. 15 12 96.1138 
16 28 150.104 
17 28 188.295 
18 40 139.460 

TOTALB 296 2963.85 

Figure 2 
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corresponding to thc fact that the subsystcms are 
· rclatively large so that the probability of ripplc within a 

subsystcm is relativcly large. 
The total numbilr of changes required in each module 

are given in Figure 2. It is interesting to note which 
modules require the most changes and to observe that 
sil: modules account for 50 pcrcent of the changcs. 

Figure 3 illustrates tbe one-release-per-module dcbug 
stratcgy. That is, we repair one module and all side 
effects, thcn another module, and so on. 

This stratcgy is rather erratic since the time betwcen 
releases, which is detcrmined by the ma.ximum number of 
fixes in one module, ranges from 4 to 95 indiscriminatcly. 
lf we adopt this stratcgy, we may want to select the 

ONE RELEASE PER MODULE 

Releaae 

1 
2 
3 
4 
5 
6 
7 
8 
9. 

JO 
11 
12 
13 
14 
15 
16 
17 
18 

"CRITICAL PATH" TOTAL 

Figure 3 

Maximuz:D Changes in 
One Module 

4.41764 
p.8619 
4.44444 
8.64029 
67.8994 
24.7185 
20.3720 
85.8099 
4.44444 
35.2976 

"95.2147 
22.5608 
39.7013 
15.0000 
15.0000 ' 
35.0000 
35.0000 
66.5554 

592.138 

worst module.'first and continue using the worst module 
at each step. We will see, however, that this strategy is 
far from optimal beeause it does not: take ma.ximum 
advantage of opportunities to make fixes in parallel. 

A more elfective release stratcgy is illustrated in 
Figure 4. This stratcgy assumes all first-order changcs in 
release 1, all second order changes in release 2, etc. 

'Ul'e 4 Hhows, for each release, the ma.ximum numbcr 
changcs in onc module and the total numbcr, of 

cllanges. The readcr who has worked on a large systcm 
will, no doubt, recognize the painfully slow convergencc 
pattcrn. In this case, the systcm is assumed to be rcady 
for cxtcrnal rcleasc whcn the "ma.ximum ehanges per 
mudule" becomes_le.ss than une. 

lf we "''sume the "critica! path" ehangcs are made at 

G 
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Figure 4-"lnternal" releaae .. 

an average ratc of about 1 per day, then Figure 4 is 
fairly representative of experienee with t~ first release 
of UTS. The total number of changes on ~e "critical 
path" is 338, so that approximatcly 15 months would 
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lw n·quin'd to st.abilize ti"' syst<om for thc first externa! 
rc~ll-a:-t·. 

To t'IIJH:ludr. this c~xampll', let us tak<: a bricf look ai 
tbc· rd:ttiouship lJPtwecu "total chung<>s" and the 
prol,:d~ility of iutPrmodule counection. Thc _proba
hilit ¡~", i11 t.l1f' roJuu·c:tion matrix ahove hu ve an average 
vahu· "f approxirnatdy .04. What is t})(• rc•sult if we 
a.-;:.;unw t h(' .salllf' rdativc distribution of pruhabilities 
in tlH· 111atrix, bu1 n:ducc thc average by dividing ca.ch 
dt•IJLr·Jll hy a tuustant'! 

F¡¡.!.nn· 5 sho\\·s t he total numbcr of ehangcs M a 
functic,u of 11UVPrage probability of module connection" 
undc·r t !u' abovc as;;umption. This curve shows that our 
c~xamplc· is prccariously dose to "critica} mass" and 
that any small improvcmcnt in thc conncction probu
bilitit·s re:mlts in significant payoff. 

OTHEH APPLICATIONS OF !viODULE 
CUNNECTIOJ\' ANALYSIS 

Tlw valut! of umdule conuectiou anulysi:; is its 
silnplit·ity. Tht· t·oJnputations can be performetl ensily 
h,\" a :-:1nall ( i<~s . ..; t ha u SO lines) program written in APL, 
BASIC, or whatt·vt·r languug<: Í!:l available. Used on-linc, 
t lu: kt:hniqw~ is u~dul for experimcnting with various 
dt!.:;Ígu appruaches, implcmcntation stratcgics, etc. 
Thrcc, cxarnples of this use of the model are dcscribed 
bclow: · 

Estimaling 1u:w work 

lf th<· dcsibrttcr~, or managers, of a systcm ha ve kcpt 
dctaibl rcconls of thc module-module ch:>ngcs in the 
syst<:Jn (u.s dc.serih<:d abovc), thcn thc matrix Pis a 
n:li:tl,Jj. <·:-::timator of th!' "ripple factor" for the systcm. 
l t ('al! bt• u.sed to pn·diet., and stagc, thc cffort to stabilize · 
tllf' '·'·'t "m aft"r nny set of changcs. If wc postula te u 
maj(1!' in{provcnu·nt rtdease of thc systcm, then we can 
:1.'-i:-'Uilw, for examph!, that thc new program code falls 
into e"'" categorics: (1) indcpendcnt code particular toa 
!fe\\· functiun alfd, (2) codc that necessitatcs chaoges in 
au rxisting motlule .. By cstimating the numbcr of 
chau!!;{'S, bi, to t:at.;b module ·i, wc can estímate the total 
number uf c:haugc::-; to rcstabilizc the system: 

Total dcang"s = (b,, b,, ... , b.) (I- ?)-•. 

Tlw ¡m•vi()u.sly de:-:;cribcd computations can be used to 
estiuJ~tt{: rdl!a.':ic intervals and total time for the im
pn,vt'!tltllt relc~:.Lsc. 

T( 1 iH· mure n·alistic, it may be uscful in the abo ve 
toru¡,utatiou tu US(! lú+ci a..'> the estimatcd changcs in 

,., 

' 
tl11: module:, wlll'rl' ei reprcscnts the nunÜH·r of changt·:-; 
requin•d iu rnodull' 1. by prcviou~ activit.)'. 

E11aluating design a¡1proaches 

The bcst. tinw to guaraotee success of a system 
dcvelopment dfort is in the early dc.sib"' stagcs whcn 
arclcitect.ure of tlw systcm is still variable. Tlccrc is 
much to b1~ gairwd hy sclccting an appropriate ''decom
position" (s"c Hefc"cnce 4). of'thc· systcm into sub
systems, componcnts, etc. During this stage of a projcct, 
module connc>ction analysis is a useful too! for evalunting 
various decompositions, interfacing tcchniqucs, etc. l t 
is a simple, quuntitati11e way of cstimuting the modularity 
of a systcm, the evcr-prcsCnt. ubjPetivc tilut no one 
kÍ1ows exactly how to achicve. 13y fixing sorne of his 
nssuffiptions :~buut intermodulP ¡·unnection~. a dt:signer 
can cxperiment with various :--ystem organizations to 
determine which are the least likdy to achicve "critica! 
mass." 

Evaluating implernentation approachcs 

Thc reader who pcrforms somc· ;;implc cxperiments 
with the formulas dcscribed herc• i; likely to be vcry 
surprised at the rcsults. Evcn an extremcly sparse 
connection matrix with very low probabilities cao 
result [examine (I-?)-•] in very large "ripple factors." 
lt is also intcrel!ting to experimcnt with small per
turbations in the connection matrix and observe the 
profound effect they cao ha ve on the "ripple factor." 

iQpe bccomcs co~~in~ed~lii2·~.-kY'.~. cver befort>.'thatit),\) 
l::y to m•mmi~,.between•·modulef 
~ruiie · shanges¡· and:fliiiruitM.oftlie pf.óé#!!jiL rnaJili,ly 

· Thc most imprcssive gains come from minimizing the 
probabilities of intermodule propagation of changcs. 
A reduction of the average probability by as little as 
5 or 10 percent can cause a significant reduction in the 
"ripple factor." Additional improvement cao result 
from improvements in techniques for making changes. 
The total debug time is essentially linear with rcspect 

· to the time required to make a change, but the multiplier 
(total numbcr of changes) can be so llirgc that aoy 
rcduction in the time-per-change results in enormous 
savmgs. 

1\Iodule connection techniqu<"' are extrernely useful 
in e.stimating the value of various implementation0 _ 

techniques and strategies. How are the module connet:
tion probabilitics changed if we use a high-level imple
mentation laoguage? How mueh casier will it be to 



makt··clwi•J!t's'! How much will wc~ sav<•, if any, by duing 
dahoratc• t•uvirormlf'nt simulation and tcstiug of <·ach 
mmlule ldcm: it is integratcd with the systcm? ~Iodule 
c·onnection analysis is a valuable augmentation of 
iutuition in thcsc arcas and cim be uscful for generating 
c:ost justifications for approaches that rcsult in signifi
'':.nt savings. 

CONCLUSIO!\' 

Till' objl'ctivc• of this papcr has been to describe a 
>irupl<' modd for thc effcct of "rippling changes" in a 
larg,, systcm. The model can be used to estímate the 
number of ehang.;,. and a release strategy for stabilizing 
:o systcm givcn any sct of initial changes. 'The model 
mn be criticized for being simplistic, yet it seems to 
,Jc.scribc the essence of the problem of ·stabilizing a 
s.\'stcm. It is clcar, to the author at least, that cxpcri
nwntation with the module connection modcl could ha ve 

8 1\lodule Connection Analy•is ¡¡y 

prcventcd a significan! portian of the scllt'dule delay 
that occurrnd for many large systcms. 
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Structured Systems 
r ~nalysis (SSA) is one 

·of an integrated set of 
tochniques that has re
sulted from Exxon's re
search in software 
methods. The author 
discusses SSA 's role in 
system development, 
describes its graphical 
language, and explains 
bow users and com
putar analysts use it to 
model business opera
tions and determine 
requirements for com
puter applications. She 
then describes di verse 
business and technical 
projects that illustrate 
SSA's efficacy. The au
thor suggests that SSA 
- originally developed 

f for use in !he initial 
;!ages of system devel
opment- has beco me 
a general-purpose 
modeling technique, 
which has helped lo 
further establish formal 
methods for system de
velopment. Ed. 

17 . 
Structured Systems Analysis: 

lv 

A Technique to 
Define Business Requirements 

Kathleen S. Mendes 

Growth in !he development and use of com
puter systems has been rapid over the past 
twenty years .. Hardware costs, for a given 
leve! of performance, ha ve decreased. Com
munications technology, an importan! factor 
in the advance of computers and information 
processing, has expanded the capabilities for 
sharing and coordinating iriformation from 
many sources. However, software technol
ogy - the methods and languages used lo 
develop computar systems- has no! shown 
comparable improvement. As a result, the 
hardware revolution has driven the demand 
for computer systems upward by providing 
increasingly attractive opportunities, but 
software capability has constrained the abil
ity of system developers to meet this de
mand. 

These hardware and software trends moti
valed Exxon's computer scientists, in the 
mid-t970s,to try to improve software meth
ods. Their objective was to devise systems 
analysis and design techniques that would 
enhaoce both the quality of computer appli
calions and the ability of development staffs 
to deliver systems. 

Structured Systems Analysis (SSA) is a 
member of an integrated set of techniques 
that resultad from Exxon's research and de

. velopment in software methods. SSA is a 
business modeling and communication 
technique used jointly by users and com
putar systems analysts to describe business 
environments and lo formula te requirements 
for computar applicalions. lt gives analysts, 
for the first time, both a definition of the 
products lo be generated at each stage of a 
project, and a basis for project planning. 
Moreover,· its applicalion extends beyond 
the system development environment. It has 
been used effectively in business improve
ment studies that do not involve comput-

Exxon Corporation 

erized solutions. 
This article describes Exxon's SSA, illus

trates its usage, and discusses its benefits. 11 
also suggesls that SSA, originally developed 
as an analysis technique for use during the 
first stages of system building, has evolved 
into a general purpose IDOdeling technique 
for describing a business. 

Background and Development 

In the past, due to the absence of formal 
analysis and design techniques, analysts 
learned through apprenticeship. System de
velopers worked with more experienced 
people until they developed their own ap
proaches. The first formalization of the sys
tem building process introduced the project 
management disciplines of other engineer
lng and technical areas into compuler appli
cation projects. These disciplines regarded 
system development as taking place in four 
general stages: Anolysis, in which a business 
is described and the requirements for a com
puter system are formulated; Design. in 
which the hardware and software specified 
in Analysis are configurad; Construclion, in 
which the software modules are im
plemented and the hardware is installed; 
and Maintenance, which encompasses a 
broad range of aclivities related to keeping 
the system operational. However, they failed 
to provide a methodology that could accom
plish the objectives of each of the stages of 
system development. 

Ouring the late 1960s, software engin, 
ing pioneers, such as Edsgar Dijkstra and 
Michael Jackson, began fundamental re
search on formal approaches for system de
velopment. Much of the research focused on 
program design and implementalion, key ac, 
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S fRUCTURtD PROGRAMMING AT WORK 

The utility and applicability of structured techniques must be u · 
recognized before they can be successfully implemented. 

by David S. lwahashi 
In the last few )c~rs, many articles have 
bccn publishcd cxpounding thc virtucs of 
structurcd progrttmming concepts and 

· techniques. Thcsc tcchniques reportedly 
have improvcd software managcability, 

·productivity, quality, and maintainabili· 
ty. Howevcr, in !!pite ofthese claims,large 

'ftware dcvclopmcnt efforts are still 
1gued with the classic programming 

problems: · · 
lnaccurate, overly optimistic· per
centage-complete estimates. ·Pro
grammcrs have bcen characterized 
as notoriously unreliable in provid
ing accurate complction estimates,. 
as in the "95% complete .. syndrome. 

• U neven productivity throughout the 
dcvelopmcnt' effort. Disarray, over
time, ~nd waived standards increase 
as thc devclopment approaches the 
due date. 
Excessively complex systems design. 
The result is fragile software that is. 
difricult to maintain and modify. 

• lnadequate documentation and a 
lack of appropriate Stand:.trds and 
insight into thc net:ds of thc user. 

• lnaccurate instruction count esti· 
mates. Oeriving cost cstimates cn
tirely from software instruction 
count estimates is not a rcliable 
technique: cost overruns may fre· 
quently result. 

Theofies and textbook methodolo
gy are often inadequatc or unrcalistic. 
Software systcms are developed in unique 
cnvironments with diverse charactcris-· 
ti cs. Furthermore, thc human elcment is a 
majar variable, with a complexity that is 
accentuated in lar~c-scale software ef
forts. The art of effective.large-scale soft
ware dcvelopmcnt requires insight, imagi
natíon, and crt:ativity. 

As the chief programmer on a· 
lar~e-scale cffort. J attempted to main-.· 
taina pcrspective on problcms and appro
priate solutions. A technically sound sys
tcm was parotmount. Fundamental 
~oftware and mana~cmcnt control tech
niqucs ...,ere con!!idc:red simuhaneously in 
arder 10 facilitate comprchension be· 
twecn programml:'r!! :Jnd nonprogram· 
mcrs.. Thc ba~ic tc¿·hnique!! and objectives. 
w~.:rc structurcd de~ígn to simplify !!)'Stcm 
complnity and understanding. status and 

t .. n ()L TLJ..4.t.. Tlf"'"-1 · 

'' 

controltechniqucs to providc progrcss vis
ibility and realism, chcdout miles10nes to 
ímpo~e steadY productivity, and stan
dards and guidelincs to cnhance code and 
documcntation quality. 

Here, we will discuss how !!evtral 
structured programming concepts were 
incorporated into a largc-scale scicntific 
software development effort (15 pro
grammers, 1 OOK·Iines of code, 200 man
months). This scientific software dcvelop· 
ment cffort consistcd of two separa te but 
dcpendent programs-the display pro· 
gram and the batch program. 

The display program consists of 
approximately 19 separate displays that 
provide the user with the capability to 
genera te and update controls for a real
time system; to specify data sets, schedule 
and optimize data: and to generate and 
update control files and list files. This pro
gram can read 12 different types of con· 
troJ and referente files and writc nine. 
Tlie approxima.te program size is 77 
overlays and suboverlays, 790 subrou
tines, 60K total FORTRAJ'\ sourcc instruc
tions, 11 K total machine Janguage source 
instructions, and 117K total cards. 

The batch program has the capa· 
bility to generate, update, and list nine 
refcrcnce files in a batch modc; these rcf
ercncc files are used by the display pro· 
gram. The approximate size of thc pro
gram is 42 overlays and subovcrlays. 366 
subroutines, 20K total FORTRA~ source 
instructions, .4K total machine language 
sourcc instructions, and 42K total cards. 
(Corc restriction requiremcnt for both 
programs produced numcrous overlays 
and .suboverlays.) 

Thc programs were developed on 
Control Data 6000 series equipment. lni
tial requirements had been established 
during a nine-month study effort. Pro
gram dc .. ·clopmcnt relJUÍred approximate
ly seven months for requirements genera
tion, preliminary design, and detail 
design; about 11 months werc needed for 
code, checkout, and testing. 

STAFF 
DIVIDED IN 
THREE PARTS 

Thc !)oftware dcvelop
mcnt staff was organ· 
izcd into programming, 
software integration, 

and system enginecring groups. Thís or
ganizational structurc;: had been in us.e for 
approximately nine y('ars. producing si m-

ilar _spccial-purpo!-.e scicntiric software. 
These software prod ucts a nd development 
cfrorts met requiremcnts, wcre delivered 
relatively on ~chio!dulc (a fcw months,latc 
al worst), and ret..JUÍred exlensive pro
grammer ovcrtime (averaging 11% at 
worst), especially during the final phase 
of chcckout. The efforts also occasionally 
overran cost estima tes slightly (+ 10% at 
worst), and were relati .. ·el) error free. 

' Severa! structur~d programm,ing 
tecbniques were implemcnted on these 
previous efforts, including top-do:-"n codc 
dcvclopment, utililation of intermediate 
programming language (IPL), code inden· 
tation, GOTO-les~ prog~ams. aOd code re-
views: · ·· 

These earlier structured efforts ex· 
. perienced sorne software dcvelopmc:nt 
problems. The indented code was difficult 
to update and maintain, reviews tended to 
be cursory, and extensive use ofGOTO·less 
code took longer to execute and was dirfi· 
cult to follow. As a result, the mainte· 
nance programmers complaiiied loudly 
about structured programming. 

The organization, starring, and re· 
sponsibility on this software dCvelopmerit 
dfort were as follows: ' 

Chit/ Prugrantmer. The chid pro
grammer perform!! a !)pe(i(ic ~el of func· 
tions, and is nota positinn in na me only. 
The chief progr<tmmer need not be a 
superprogrammer. On this effort, it was 
more important that the chief program· 
mer be a software syS.tem de!!igner, under· 
stand and appreciate !!Oftware develop-
ment problems, and have sorne 
imagination and insight for effective task 
assignments and control. The day-to-day 
programmer interface and guidance re· 
quired for software design reviews and 
technical decisions indica te that the chief 
programmer should come from the soft· 
ware pits. 

The chief programmc:r had overall 
responsibility for the emire development. 
A thorough and comprehensive under· 
standing of all technical requirements 
was mandatory. The chief programmcr 
had extcnsive, detailcd e,.pcrience ( 10 
years) with the computer sy!!tem, custom· 
er. and developmcnt procedures. 

h is iny opinion that the chief pro
grammer can effccti\'ely direct, control, 
and offer technical ~uidancc to only six to 
eight team mcmtx:rs performing unique 
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Ultimately, it is the individuals that use the techniques who govern 
the final outcome of a development effort. 

..... 

tasks. lf there are more subordinates, 
sorne capable assistants are required. On 
this effort, software integration pcrsonnel 
provided thc necessary assistance through 
tcchnical guidance on the complex algo-
rithms, intermcdiate program checkout 
'-'.nd verification, and documentation re· 
\'ÍC:WS. 

Assistam Chief Programmer. The 
assistant aids thc chief programmer and 
handles lowcr-lcvcl design decisions. An 
assistant is nc:ce~sary on large !>Oftware 
development efforts to review and cri
tique technical decisions, follow up in 
problem arcas, assist with cxternal com
munication and interfaces, train and brief 
ncw personnel, and minimize stopgap · 
programming. The assistant also gets val
uablc training and cxpcricnce, which in~ · 
sures the project against the loss of the 
chief programmer. 

Unfonunatcly, this dcvelopment 
cffort did not havc an assistant becausc 
programming jxrsonncl were unavaila
blc. As a resuh, the programmers and 
software integration pcrsonnel werc re- • 
quircd to work harder. 

Programmers. Thc programmcrs 
had responsibility for dctailed software 
dcsign, dcsign documentation, develop
mcnt of code, and program chcckout. Up. 
to 15 programmerS were required to com
plete this dcvelopment effort. Program
mer expcrience ra'ngc:d from ene to 19 
years · and every programmer had 
sorne prcvious C).pcricnce on the applica
blc: computer equipment. Individual pro
grammers differed greatly in ability and 
expcri.:ncc. The number of years of soft
ware cxperience does not mea su re a pro-
grammer's applicable cxperience, truc 
ability, or overall professionalism. h is 
nc:cc:ssary to co~relate an individual j>ro
grammc:r's experience, capabilíty, and 
track record with the complexily of the 
spccific task. 

Task complcxity ranged from 
straightforward data manipulation (75% 
of resuhant code) to.complex mathemati
cal schcduling and optimiz.ation algo
rithms. The hierarchical diagram and 
structured de~ign pro\'ide a rheans of bet· 
ter understanding complexity and help 
pro .. ·ide a basis for appropriate' personnel 
assignments. Attempts wcre madc toas· 
sign ta~k) according to programmer ex pe· 
ricncc, cApertbe, track record, and indi
vidual preference. Althougb no 
generalization should be derived, the fol
lowing are intcre)ting obs.ervations: 

The lcss cxpcricnced programmers 
tended to do checkout supcrficially 
and ha ve more di!.crepancies. 
Competent programmcrs success
fully completed tasks regardless of 
complexity. 

· • The less productivc .programmers 
tended to govcrn on-time product 
delivcry. 

AH majar tasks Were · sized into 
manageable subtasks; majar subtasks 
were further subdivided so that ea eh com
ponent required approximately three to 
six months' effort. Manageable subtasks 
made it easier to accommodate schedule 
slipp~gcs and personnel attrition with 
rcasSignmcnts to supplC:ment develop
mcnt progress. 

Librarian. The librarian's function 
was to keep trae k of program versions and 
files, and verify program updates 
throughout the devclopment effort. This 
was an importan! responsibility anda key 
reason the development made steady pro
gress. The most recent program version 
and listing were always available for 
checkout; no time was lost dueto improp-
er updates being uscd. · 

System Programmer. This pro
grammer was respomible for computer 
system problems and anomalies. Since 
this effort was dcveloped on an estab
lished computer and oper:lting system, 
the support was on a problem-solving ba
sis only. On new large-scale developmen
tal computer systems, it would be advisa
ble to ha ve a res ídem system programmer 
available to handle the day-to-day prob
lems encoumered during sOftware devel
opment. 

Software Inregration Group. This 
group was responsible for thé coordina
tion of the development effort, algorithm 
support, intcrmediate program chcckout 
and user's manuals. The integration 
group provided a useful interface buffer 
betwcen the programming gro~p and the 
system cngineering group. The complex.i
ty ofthe mathematical scheduling and op
timization algorithms necessitatcd one 
member of the integration group be as
signcd to follow, monitor, checkout, and 
verify each algorithm. 

Sysrem Engineering Group. This 
group was responsiblc for thc software re
q~iremcnts, formal software testing, and 
customer interface. 

SOFTWARE 
REQUIREMENTS 
DOCUMENT 

Nine months of 
earlier engineering 
effort culminatcd in a 
study report that 

id en ti ried cxisting system ·nmitations and 
proposed improvemcnts, a design ap
proach, a nd dcsign rcq uiremcnts. This re· 
pon contained numerous separate engi
neering desires and concept.s. as well as 
ambiguities and unccnaintics. 

The software requirements docu· 
ment was written by the system engineer
ing group. Even though the study repon 
provided initial requircme!ltS, additional 

effort had lO be expended lO rewrite the 
requirements to providc Jogical and func
tional specifications rathcr than dctailed 
algorithm and impkmentation design 
specifics. Software development effons 
frequenlly begin with a fcasibility anaJy. 
sis. A structured top-down approach to 
these studies and reports could signifi. 
cantly cnhance a structured implementa-
tion. 

Preliminary Design. The ovetall 
problem and the compÍner systcm and re
~ources must be total\ y understood befare 
a feasible software solution can be 
dcsigned. The initial design was in hierar
chical form and indicated how the prob
lem could be solved in an orderly, well
structured manner. The initial diagrams 
were completed by the chief programmer 
in a one·month period, prior to establish
ing the programming team. Thcse dia
gram~ provided program organizatioit in 
a top~down, stepwise refinement manner, 
as well as verification that all rcquire
ments were included (diagram contained 
study report and requirement document 
paragraph numbers for cross-reference); 
an outline for prelirrtinary and'detail de
sigo documcntaÜon; identification ofsub
program size and efforts for personnel as
signmcnts; a clear delineation of 
responsibility; new personnel indoctrina· 
tionfbriefing information~ idemification 
of arcas of concentration; identification of 
common utility and 1ibrary routines; min
imization of intraprogram ~ommunica
tion (key factor in simplif)·ing program
ming tasks by reducing interfaces). 

The initial hierarchical diagrams 
were of sufficient detail (10 Ío 12 levels 
for each function) to show thatthe prob
lem could be solved, and that all rcquire
ments were incorporated. These diagrams 
were not superficial; rather, th'ey had suf· 
ficicnt depth to identify the complexity 
and magnitude of the subprograms. The 
key design features were to esüiblisb com
munication and control high within the 
hierarchy, standardize and minimize 
communication between hierarchical 
components, and design manageable 
components wbich could be indepcndent· 
ly verificd. 

Good. detailcd hierarchical dia
·grams simplify subsequent assignments of 
tasks and responsibilities, as well as sim
plify control. Hierarchical diagrams can· 
not replace Oow diagrams. F1ow diagrams 
identify sequences, controls, and data 
Oow, and are use fui in describing the de· 
tails of complex algorithms. 

The hierarchical diagrams v.erc 
the entire basis of thc 450~page prelimi· 
nary design documentation, and took. 
about three months to develop. The chief 1 
programmcr de .. ·eloped the overall docu· · 
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mcntation outline and preliminary dcsign 
guidclines. The basic documentation 
guidcline wa~ that thc preliminary design 
should be of ~ufricicnt dcpth to verify a 
tcchnical undcrstanding of the problem 
;,nd to indica te a viable solution. An esti
ma te of the nurnbcr of pages in each sub
~cction was provided to scope the effort 
expected of ea eh programmer. 

Further. cach prograrnmer was re-
4uired to submit an outline of his subsec
tion. These initial Outlines tended to lack 
organizational structurc: and consistcncy, 
and had to be modificd. The chief pro
grammer and intcgration group reviewed 
and proofrcad each prograrnmer's initial 
documentation. In most cases, thc initial 
documentatiOn required extensive re
\1, urkiñg' · tO ." delete unnecessary detailed 
prucesSing flow and to provide adequate 
depth for complex functions. 

Pre\·ious cxperience with software 
dcsign documentation indicated written 
material tended to lack organization, 
evaded cwnpkx prublcms, or providcd re
pctiti~·e detail abüut trivial mattcrs. The 
docuntcntatil•n outlincs and guidclines 
wcrc an atLempt to ~olve thcsc shortcom
ing~. For future cfforts, 1 would also con
::.ider having e:tch majar scction introduc
t ion, ::.u rnma r}. a nd/ or conclusion written 
:.tnd rcvic.,.cd prior to supportive text. 
This -.;ould iunhcr scopc documentation 

effort and minimize extensive reworking. 

DETAll 
DESIGN 
DOCUMENT 

The detail design docu
menlofaboutl,l25pages 
took about three months 
to develop. The prelirnina

ry design provided the basis for the detail 
design ~ hi..::h described how the delivcred 
software v.ouiC be built. The chief pro
grammer devclope·d the overall documen
tation outline and detail design guide
lines. The basic guideline was that the 
detail design should be a programmer-ori~ 
cnted document that would provide dc
tailcd information on how functions were 
performed. lt was to be of sufricient detail 
to code f rom, yet general enough to rcflect 
resultan\ codc: with a mini m u m documcn
tation impact. Specific guidelines were 
identification of all . inter-subprogram 
communication buffers and storage, sub
program ovcrlays, suboverlays, and majar 
routines, subprogram buffers and arrays 
whose size or structure is .dcpendcnt on 
data externa! to the subprogram, sub
program defaults, and subprogram error 
conditions and corrective action. 

As with the preliminary design, 
ea eh programmc:r was requircd to submil 
an outline of bis subsection. Again, these 
outlines proved informative but often had 
lo be redone to reflect a hierarchical 
structure. Each programmer's initial doc-

umentation was proofread ·and returned 
for rcworking. As with the preliminary 
design effort. 1 recommcnd cach majar 
~ection introduction, summary andfor 
conclusion be written and reviewed prior 
to the supportive text. 

Codt and Checkoul. Software is 
frequently evaluatc:d and remembered by 
its worst attribute (e.g., slow exccution, 
difficult to modify, or awkward ro use). 
Attempts wcre made lO avoid these attri~ 
butes during the code and ched.our 
phase. Standards, reviews, checkout pro
cedures, and software aids were utilized 
to enhance dc:velopment and to produce 
quality software. The code and ched.out 
phase took aboutiO months. 

Coding Slandards. The basic cod
ing standard was to develop software that 
was readable, sequential, and maintain~ 
able. lt is difficult to derive all~encom
passing standards due to the numc:rous 
peculiar situations and circumstances f~r 
which software is dc:veloped. Personal 
judgment is ultimately required to cvalu
ate the detailed software development 
standards; there is no substitute for good 
judgment. Mandatory standards wcre 
provided rcgarding routine description, 
inputjoutput identirication, error condi
tion descriptions, and comments. Pro
gramming con..,entíons and guidelines 
~ere also provided reg<Hding overlay 
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Don't expect immediate success and miracles because structured 13 
techniques are used. 

lt 

names, file utilization, variable utiliza
tion, variable names, variable assign
mcnts, ancí routine length. The standards, 
conventions, and guidelines attcmpted 'tO 

achievc maintainable code without re
stricting the experienced programmer's 
judgment or ha bits. 

Basically, these standards werc ad
hered to; total adherence would requirc 
severa) people full time to monitor cach 
linc of code. The effectiveness of these 
stan~ards will be realizcd in the future, 

. - .. when prografl) lllPÍntenance and modifi
cations are requircd. 

lmplemtntotion Reviews. Follow
ing successful completion of the customer 
critica! design review, implementation 
(code and. checkout) began. Each pro
grammer's implemcntation approach and 
initial coding effortswere reviewed by the 
chief programmer. Revicws were per
formed on detailed hierarchy and now di
agrams, and then on listings. Thes~ re· 
views werc bcnelicial, neccssary, and a 
key .factor te the success of this software 
development effort. 

lt wás particularly intercsting 
(and amazing) to review and critique the 
'nitial implemcntation phase. Reviews in· 
Jicated difficulty in implementing the de
tails of the software design in a manner 
which was well structured, indcpendent, 
and easy to check out. That is, the initial 
software implemCntation tended to im
pose additional complexitics which could 
be avoided with a more straightforward 
approach. Sorne of the more common 
faults were: 

Lack of program structure and or
ganization-implcmentation did 
not have clear, dcfinable subsets 
which could be totally verificd at in- · 
termediatc points. lmplementation 
increased ·program complexity and 
required extra chcckout. · 
Misuse ··Of computer resourCes.....:... 
one-word disk reads and writes. 

• Lack of imj,lementation flexibility 
-fragile software which .was ex
tremely data-dependent. 

· • Use and misuse of dat.a statements 
-same data statcmcnt used in nu
merous routines, or buffer sizes not · 
specified in dat"a statements for easy 
idemification and update. · 
Redundant code-required extra 
checkout (vs ene subroutine). . 
Limited understanding and appreci
ation for the amount oftime iltakes 
to proccss large volumes of data
data was processed ene item at a 
time. 

These are merely personal ObsCr
\'ations madc durin,g thc implementation 
reviews: it is not obvious whethcr thcst 
faults arise from a lack of understanding 

'. 

of the computer and its rcsources, begin· 
ning' too clase to the task. or not under· 
standi~g the cntirc tas~. Team· reviews 
were not held throughout the devclop
ment effort: the size and complexity of 
cach programmer's task was such that it 
would be difficult ror other team mem
bers to understand and offer constructive 
detailed criticisms. 

Tciim revicws during the design 
and espccially during thc initial imple
mcntation phase could alleviate obvious 
shortcómings and common fauhS, and 
could be educational ror subsequent de
velopment efforts. l'm not convinced 
team rcviews during the entire coding 
phase are beneficia 1 and economical on all 
Jarge-scale software development efforts. 
lf code reviews are held, they should be 

. pcrformed by acode review board (vs en
tire team); the board approach appcars lo 
be necessary if programffiing require
ments impose mandatory coding stan
dards. 

TEAM 
COOE 
CRITIQUE 

Upon completion <if the . 
software development ef
fort, each programmer was 
given rcprescntative listings 

of code .generated by a JI o1her program
mers on the tea m. The!>e listings were re
vicwed and critiqued in a team review 
meeting. The intent of this review was to 
expose the dcvelopmcnt programmers to 
softwaie maintenance and cnhance their 
judgment of coding techniques. 

The cedes received a variety of 
comments. Sorne were described as we11 
structured, maintainable, and easy to fol
low, with a few singled out as easier to 
read and follow dueto the linearity of the 
lask. A number received descriptive pro
ccssing flow comments. Programmers 
pointed out restrictions or error condi
tions, occasional lack or misuse or data 
statements and externa! storagc; re
sources. and indicated where program
ming notes should have bcen more fre-
quent and descriptive. · . 

The cffectiveness of these rcviews 
will be realized in the future, when team 
members develop new software. 

Top-Down CodingfChukoul. 
Code and checkout progressed in a top
down manner. lnitially, the program ex
ccutive was ceded and totally checked 
out: "stubs .. for all overlays wcre incorpo
Í"ated, and utility/library routines COf11-

pleted. Main overlays and suboverlaY 
·"stubs .. werc coded and checked out by 
the responsible programmer. SubsCquent 
code and check out sequcnces were left lO 

the discretion of the indi\'idual program
mer; emphasis was placcd on completing 
the more complex and interoverlay/ 
subO\•erlay functions first. 

Softwa" Aids. A u>erul set ofsoft
ware development aids and utility rou
tines were factors in the ovcrall success of 
the programs. The following are notewor
thy: 

Display processing simulation pro
gram. This batch program saved 
signilicant checkout time by en
abling the programmer to simulate 
exccution of display ~ubprograms 
without actually operating the dis. 
play. 
DisPlay program central mcmory, 
externa! storage, and interna! file 
dump fcatures. These oniine fea
tures provided the capability to 
dump pertinent data if errors were 

~ encountered during display check
out without subs~quent diagnostic 
trace updates. 
Library containing frequently uti
lized functions such as data bit ma
nipulations and disk acccss routines. 
General purpose lile program used 
to crea te checkout nles. · 
Central file book. This book con· 
tained a JI pertinont file formats and 
specifications; modification to files 
were coordinatc::d through one indi· , · · 
vidual. 
lnteractive computer terminals ... 
Terminals signilicantly improved 
daily computer turnaround: 

Testing. The system engineering 
group was responsible for the final formal 
program testing and demonstration. This ; 
test was deficient in that it did noi demon
strate all the program's capabilities, ora 
realistic operational scenario; however, · 
the test did identify severa! program dis- · 
crepancies. The number of program dis- _:· 
crepancies· did not appe.ar to be signifi· ~
cantly less'than on pre~ious development ·~ . 
efforts. Strict quantitativc comparison as { i 
to thc number of discrepancies is not tbc ot.:. ¡ 
single most important software develop- ~
ment evaluation criterion. Evaluation cri· ':.."~ 
leria should realistically include sucb Í: 
(hings as requirement sa tisfaction, design 1' 
n~xibility, cede maintainabili~y. and fault't>l:· 
isolation simplicity. ·. : 

t Software development visibility f 
an~. realistic operational applications ';· 
could be better demonstrated bv distri~ .!·· 

uting formal testing throughout Íhe en tire ~ · 
development phase. Thcse incremental_! 
tests could include combinations of top- .~· 
down, diagnostic, and subprogram coro-) 
poncnt tests. (Diagnostic tests exercist ~· 
program limits, error mc::ssages, conmcu..(
input anomalies. and abnormal opc111·.~~; 
tional sequenccs.) The rormality of th~J 
incremental tests must be traded off-..·1~-l. 
development costs and schcdules. Eff~.~c 
tive software testing requires an undet~:.f 
Slanding of the requiremems, operatiOOS..~ 
and software design. -:~ ,. 
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SOFTWARE 
CONTROL 
TECHNIQUES 
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Software- control is a 
tapie of much concern, 
especially on the devcl
opment of large·scalc 

compuler programs. Effectivc software 
control requires a very detailed under
standing of the effort, a dcsign which may 
be partitioned into separate independent 
subprograms, and frequent pcriodic mon· 
itoring. Theoretical control tc:chniques 
pravide basic software management 
guidelines; the identification of applicable 
control techniques requires a range or 
programming and implementation expe
rience. 

This cxperience provides the in
sight required to develop effective soft
ware control techniques which rit the 
necds of the development effort. A single 
controltechnique is not adequate to effec
tively monitor and control a large-scale 
software devdopment effort. Effective 
and realistic software development sta
tusing and control require a.combination 
of ::,everal independent techniques and ob
jective evaluations. The following tech
niques were u~ed during the cOde and 
cht:ckout phase of this effon. 

Completion Date Estimares. The 
hierarchy diagrams were uscd to identify 
tasks to be estimated. The responsible 
programmer for each task was requested 
to make an estima te asto the number of 
instructions and how long it would take to 
code and check out thc task. Estimates 
were required for each task, subtask. and 
~ubroutine. \Veight factors were also estí
mated to provide a subfUnction's relative 
magnitude and complexity. The intent of 
havi"ng the responsible programmer esti~ 
mate the effort was lo force a more de
tailed analysis of the task and, hopefully, 
to instill a personal commitment to thc 
estima te. 

\l.'ith allowance for the fact that 
programmers tend to be optimistic, the 
cstimates were reviewed and a work 
schedule generated (see Fig. 2). Each 
.,.,eek, the responsible prograrnmer esti
mated the percent complete on each sub
task. The chief programmer evaluated the 
reponed percentages and estimated over
all status ofthe task; the number ofweeks 
ahead or behind schedule was recordcd. 

Checkour MilesroneJ. lntermedi
ate checkout mileswnes .werc established 
f or ea eh task. These consisted of 10 to 15 
spccific items or functions which could be 
verified with printcr outputs. dumps." or 
on thc displays {e.g .. subroutine ··A·· com
plete, subtask "1" file gencration com
plete. task ··A" vector generation sub
function complete). Thcse milestone 
d:Jtes ~·ere relatively evenly spaced 
throughout the codejchcckout phase. and 
\~>ere consislent with the completion date 
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estimates. Thc: objc:ctive of these mile
stones was to impose smooth productivity 
throughout thc devclopment phase,and to 
more clearly indicatc schedule problcm 
areas. These milestones were defined su eh 
that thc itcm wis a GOor NOGOsituation; 
this alleviated subjective cvaluation of the 
task as percentages complete. 

Timt·Lint ChariS. Time-line 
charts were u's'c:d to indica te dates. when 
:•stubs," funciions, and subfunctions wcrc 
to be: incorporated. These charts werc 
simply bubble charts with associated 
dates and estimated critica! paths. Thc 
dates on the time-line charts werc consis
tent with the complction date estimates 
and checkout milestones. 

Jl~ekly Status Reports. Weekly 
status reports were requifed from each 
programmer; the~e contained an estímate 
of the code and ch<ekout completed, 
status of checkout milestones, and written 
tCxt regarding progrcss and problems en-
countered during thc wcek. . 

These weekl)' reports helped to iso-
le problcms and slippagcs so correctivc 

action could be takcn. Theoretically, the 
programmer updatcs thc .. estimated com
pletion dates- as the programming effort 
progresses; this doesn't work too wcll with 
an overall fixcd completion date. All 
schedulcs wcrc developed with about a 
one-month margin; tasks which _bcgan 10 
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slip were monitored more closely. Minar 
slips (one to two weeks) were tolerable, 
but positivc ¡,ttcmpls wcre madc to assist 
the programmer through job prioritiza
tion (keypunch, and computcr turn
around), data analysis assistance (soft
ware integration personnel), andina vcry 

. few cascs,overtime was allowed (lcss than 
0.01%). ' 

The programmers seemcd to rc
spond to this active concern for their 
tasks. _Majar slips required task partition
ing and· assignment or subtasks to other 
programmers; the design allowed this 
partitioning with mínimum overaJI im
pact~ _Two majar slippages wcre noted 
early in the development schedule, when 
task reassignments could easiiY be imple· 
mcnted. 

A discrepancy log identificd prol>
lems encountered during checkout by thc 
engineering and integra tion groups. Thc 
intcnt of this log was to keep track of dis
crcpancies and assure that thcy werc bc
ing solved and not "forgotten." This log 
contained the date the discrepancies wcre 
encountercd, dcscription, and responsible 
ptogrammcr(s). Thc weekly number of 
open discrepancies per programmcr 
seemcd to vary significantly (from two to 
25); the number appcared to be inverscly 
rclatcd. to thc individual programmcr's 
expcrtisc. 
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Historically, accurate 
instruction count estima
tion has been a difficult 
task on large-scale soft

ware developmcnt efforts. Estima tes and 
actual final instruction counts tcnd to dif· 
fcr by orders of magnitude. This'instruc
tion count difference is probably the arca 
of grcatest variance in large-scale soft
waredevelopment efforts, that is, the arca 
most likely to be wrong by the largest 
magnitudc. The procedure for estimating 
instruction counts must be more accurate 
if future software development efforts 
are 10 be realistically costedfpriced ac~ 
cording 10 lhese utimalts. 

The cstimation procedure is fur
ther complicated since a given task can be 
ceded by different programmers and may 
rcsult in an order-of-magnitudc differ
ence in the final instruction count. For 
this software effon, an uinstruction" is 
defined as an exccutable or declarativc 
source statement (comment or continua
tion cards are not "instructions"). 

Monthly lrutruction Produclivily. 
Sourcc instruction count 10tals werc ob
tained forcach programmer and task on a 
monthly basis. These counts gave sorne· 
indication asto how the overall cffon was 
progrcssi.ng and the productivity of the in
dividual programmer. 
· · During the peak coding months, 
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indiyidual programmer productivity 
ranged from 150 10 2.000 instructions a 
month, with <1 nominal range of 400 to 
1,000. The average productivily for the 
code and checkout phase ( 1 O months) was 
approximately 490 instructions a month. 

"Total cards" (instructions and 
commcnts) is occasionally a useful pro
ductivity figure. The "total card" average 
pruductivity for the codc and chcckout 
phase was approximately 890 cards a 
rnonth. Pr(lgramrner productivity varied 
from 680 lO 1,360 cards a monlh. 

ln.slruction Estimation Technique. 
Originally, each task wa~ scparated into 
subtasks and functions (as derived from 
the hicrarchical diagrams). These func
tions werc thcn cvaluatcd against compa
rable functions in existing programs for 
which actual in~truction counts werc 
avail.ablc. Estimates were made ror prQ-> 
gram ovcrh~.:ad and ror runctions which 
had no comparisons. These counts wcrc 
summed to determine original program 
instruction estimates, but the estimatcs 
were as m u eh as 100% orf. Throughout 
the coding phase, the instruction count es~ 
timate w<.~s updated, based on actual 
monthl) instruction counts and program
mcr cstimates or pcrcent code completed 
(>ce Figs. 3 and 4). 

Thc display program cede was re
ported JOOlJl: COil)plete during the eighth 
month, yct the actual instruction count 
increa:.ed about JO% over the next two 
months. 

The structurcd concepts, control 
tcchniqucs, and pcrsonncl lcd directly to 
thc success or this soh"are dcvclopmcnt 
cHort. The top-down dcsign and hicrar
chy diagrams providcd the roundation 
rrom.which the sortwarc was dcvcl.oped, 
managed, and controlled. A more struc
turcd top-down approach to reasibility
s1Ud5: rcport documcntation and testing 
could enhan<;e al\ a.)pects ora ~ohware 
dcvelopment errort. The chief program
mcr and tea m conccpt was successful be
cause orca eh individual's ability and will
ingnesS to meet the dcm01nds or the task. 
Documcntation guiddines and reviews 
cnhanccd the 4ua\Íl)' and' USefu)nCSS or 
the software documents. Additional 
guidelinc refinements and intcrmediate 
rc\·ic:ws appear ncce5sary lO minimize ex
tensive documentation rework. 

· ln-depth tea m reviews on large 
S).'SicmS do not :.tppear 10 be total\y cfrec
IÍVC duc to ~íu-~.:omprc.:hc.:nsion limitation; 
constructivc dct:.tikd uiticism appear 
inve:r~ely related to program size. The 
status and control tcchniques oHered 
~.:rc.:dcnl·c to thc dc\·elopmcnt progress and 
impo..,éd \h:ady productivity. Thcsc tc:ch
ni4ue:. providc.:d the visibility ·and confi
dcnce rc.:4uircd 10 manage the dcvclop-
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ment effort and to achievc an on-time 
product delivery. 

Don't ex.pect immediatc success 
and miracles because structured lech
niques and concepts are used on a sort-

. ware development errort. The value or 
structured tcchniques is to impose sorne 
order and discipline; ultimately, it is the 
individuals who govern the final outcome. 
Don't implemcnt the concepts and tcch
niques ror the sale or being ••structurcd"; 
one must recognize their utility and appli
cability befare they can be successrully 
implemcnted. Sortware deYelopment and 
conHoltechniques are evolving. The con
cept!> and techni4ues incorporated in this 
errort fit its specific pc.:rsonalitics and 
necds. O 
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tlvltles In the Constructlon stage of appllca· use the PST diagrammlng style during the 
tion building. In the mid-1970s, Exxon Analysis stage of system development lo 
began lo apply the resulta-of Ibis work to lts specify requirementa. Based on the success 
own environment. Its main purpose was to ofthis experimental work, Exxon's computar 
establlsh an integrated set of system devel- scientists decided lo use this approach lo 
opment techniques. The initial effort led to formaliza system requirements analysis. 
the introducti9n of PST (Program Structure Thus, the PST notation was brought forward 
Technology) to Exxon's worldwide commu- from Construction to Analysis, and it was 
nlty of system developers. PST, adaptad , generalizad lo pro vide the basis for the pres-
from Michael1 Jaclcson's "Program Design ent SSA technique. ., . 
Technique," could provide a precise de- Having established a commonallty of ap
scriptlon -of a program and effectively com~ proach and notation, SSA development pro
municate the program's design and behav- ceeded in an evolutionai-y manner. Existlng 
ior.' Its graphical notation was a key factor in theory and concepts were drawn upon as 
the widespread usage of PST, and it became needed. They were then ~apted and inte
a well-established standard within two grated into the technique. Al major 
years. checkpoints in its development, SSA was 

In the mid-1970s, empirical evidence tested on pilo! projects. This testing contrlb
began lo confirm the importan! role Analysis uted significantly lo the quality and usability 
plays In the building of high quality com- of the present technique. 
puter applicatlons. The resulta of one study 
indicated that more errors are introduced SSA and Other Requirements Analysis 
into a system as a result of failures in Analy- Techniques 
sls Iban as a result of failures in any other Tbe development of a number of require
system building phase.1 The conclusion of ments analysls and specificstion techniques 
another study w.S that Analysis errors are during the past severa! years indicates the 
more costly lo correct and have a greater importance of these techniques lo the data 
lmpact on the effectiveness of the system processlng industry. So~-the-more
than errors lntroduced durlng either Deslgn well-known-peclficatioD-<~pproachett-are 
or Constructlon. Sigñificantly, the effecta of Softech•..SADT~tructured- Analysi!HIH 
Analysls errors do not cease with the lm-. g..sign..Xechnique!qr-Y-ourdon'.e-!!Structured 
plementation ofthe system, but carry over to Analysis-Technique!lt-Sarson-end -Qine'
Maintenance.• ''6tructurad-Systems-Analysi~nd~e 

Therefore, any methods that improve the University.of-Michigen's·JSDOS1"'1nfonna
quality of Analysls increase the effectiveness tieft.System·Development and -Gptimizatilftl 
of the system development process. Such System~ • · 
II!ethods, by contributlng lo more efficlent "'rhe fundamental dlfference between SSA 
use of time and by reduclng the need to and these methods ls one of orientatlon. SSA 
gather additional lnformation as the project approaches Analysls from the viewpolnt of 
progresses, also lncrease the productivity of the business. The other techniques approach 
systems analysts - usually the most highly 1t from the perspectiva of data processlng. 
paid members of the data processing staff. In SSA can represen! completely In a clear, 
the late 1970s, Exxon's computar scientlsta concisa modal all aspects of the business op
focused their efforts on developing an Anal· eration. Other methods are incapable of pro
ysis methodology. Tbe purpose 'of thls meth- viding such complete \m_siness modela. 
odology was to provide a disciplinad ap- Another significan! difference between 
proach for Analysis, as . PST had done for SSA and other structured tachniques is the 
program deslgn and implementation. graphical notauon. The ssA graphical ap-

concurrently, applicatlon analysts, who proach consista of severa! diagram types, 
were using PST, began lo experiment with while the techniques of Softech, Yourdon, 
the llexibility of the notation. They l:legan to. · and Sarson and Gane rely u pon a single style 
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of diagram. Analysts using SSA have lndi
cated the advantages of its diagrammatlc ap
proach. It gives more insight into the bus!~ 
ness by providing different views, each of 
which contributes to an lntegrated business 
model. Each business entity ls described by a 
notation that ls appropriate for that entity's 
leve! vf decomposition and for its role in the 
model analysis to follow. 

SSA: A Description 

SSA is an analysis technique used lo under
stand the business operations of planned 
computar appllcations. Ue-purposes· are-tu 
model,-document; andl:ommunicutew usau¡ 
lha. cequirementa-,.,f~ompu~pplications, 
and lv specify the capabilities ~be delivered 
!Jy·the-recommended·systew. lt-consista .ofoa 

"f!rophical Janguaga- a precise notation and 
set oC diagrams which collectlvely are used 
to model a business - and•e•·process - a 
step-by-step method for building and verify
lng the model. These components provide a 
formal, self-documenting approach lo the 
Analysis stage of system development. The 
graphical language supports information 
gathering and analysis. The process assists 
in DWdeling the operation as lt currently 
exists. The model is then modified to include 
the new functions provided by the computar 
application. The revised model and the sup
porting text replace the traditional specifica
tlon document. 

SSA has been used at Exxon for two years. 
During thls time lt has been effective in a 
wide range of applications that ha ve varied 
In si:Ee, complexlty, and orientation. It has 
been scaled lo suit the needs of individual 
projects, and has been used effectively in a 
diversity of environments - including both 
business information systems and technical 
computing applications. 

SSA's Graphical Language 

The SSA graphlcallanguage provides a ver
satile vocabulary for model building and 
analysis. As shown in Figure 1, the style of 

~~-~rrt:_; 
•· 

. ~··. ------------------------~--~· 
SSA Grophlcal t.an¡....., -r; Figure l 

Bosineu Lo Desaibod 

Business 
l!nll6eo 
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Functiollll 
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bil16os 

SSA 
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Global 
Bwlnesa 
Modal 

function 
Motrlx 

. ·-~~ 
•• o 
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lnfonnation lnformaUou. ·:~ 
Flowa t · Flow 

Oiagram 

OperaUon in Terms ol Buslnes1 Detall 
Businea · .. '· 
Activity 
Modal 

Activilies 

' Business Data ··-~·-
lnformation Structunt ~t~ · 

· Diagram ~.-; ~! 
. Y.'\ 

Bualnesa Glossa!J'.: ::JJ 
Terma ::, 1' 

the model consists of severa! diagram types:' . 
hlerarchies, matrices, and network flowa. · 
Figure 1 also illustrates the relalionship be
tween the SSA model diagrams and the' · 
business entities they describe. f 

A business model can be representad with:' 
the following diagrams and definitions: 

~A Global Model to describe the overall_, 
1ogica1 relationships among the business f. 

· · functions in the organlzation under study;/ 

.:_A Function Malrix to define the respon>· 
sibilities for each functlon identified in 
the Global Model. 

-An lnformalion Flow Diagrom to repre
sen! the flow of business information. ' 

-A Delail Activity Mode/ to describe how., 
aclivities, which correspond lo tho 
.lowest-level functions In the Global 
· Model, are carried out. 

-A Data Struclure Diagrom lo describe the'i· 
logical structure of business information 
as viewed by the user. 
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Global Buolnoss Modo! 
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tents 

1 

-A Glossory :of Business Terms lo define 
terminology1 common to the business op-
eratlon. ;:1 

: 

"role statement" capturlng the ·nature of the 
product or service supplied by the business, · 

· the client or merket lt supporta, and its eco: 
nomic commltment 'Fbe-Globe1 Model-coa

The remainder of this section describas · eept-was-developed·et-Exxon·by-integrating 
SSA's graphicallanguage. Subsequent sec- Senstaatine-and-V-ourdon'a and-Myers!l¡. 
tions explaln how to bu lid model diagrams • fuootional-deeomposition-techniq_.th 
and how lo use them to ldentlfy and speclfy . ·80f!C'IP'~·fromJBM'.,.UBusinesa·SJS· 
solutlons. Each diagram is discussed In the · .~.f'lanning.Mathodologr-''5 

r~commended sequence of construction. 

-GlobaLModél. The Global Model of a bus!- h~Malrb. A Functlon Matrix mapa 
ness ls a functional decomposition (a break·. the logical organization of the Global Modal 
down of business Junctions by purpose) d&- lo the physical organization chert (Figure 3 
scribed in a hierarchy of three to five levels. shows a sample Function Matrlx which cor· 
(Figure 2 shows a Global Model of a war&- responda to the Warehousing Global Modal 
housing business.) In SSA, a business ls ~ in Figure 2.) Al! of the business functlons are 
fined as a logical ,set of functions which . listed down the left si de of the figure. Across 
exista to provide a product or service (e.g., the top are the respon§Thilities, l.e., the Job 
Warehousing). A Junction ls a group of logl· descrlptiona, organlzational unlts, or par· 
cally relatad actlvlties (declslons or tasks) sonnel accountable for the •performance of 
required to manage'the resources ofthe busi- the functlon. An "X" at the lntersection In· 
ness (e.g., Assemble Orders). In addition, a dicates which functions are performed by 
Global Modal containa a single-sentence each group. 
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Figure5 Detail Business Activity Model 
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forms, credit criterla). Figure 6 shows an ex
ample of a Data Structure Diagram of an 
arder form as viewed by the clerk who takes 
orders. lt is used to gain a deeper under
standing of the lnformation required to sup
port the tasks and decislons lnvolved In 
operating the business. A Data Structure Di
agram ls a hierarchical data decomposition, 
which may be annotated with statistics on 
data volumes and frequencies. It describes 
the "parent-child" relationship of the data 
by indicating hierarchic membership, re
peated occurrence, mutually exclusive alter
nalives, and inclusive alterna ti ves. lt also in
eludes a symbol for a dlmension operator 
which is used in special matrixlike cases. 
I~ncept-and-notation···originated·-froui 

Michaei··Jacksmts --Program=Design•·Tecb• 
ruque~"' As u sed in SSA, it has been gener
alizad and expended. · 

Glossary:of,Business'Temm A Glossary is 
compilad throughout the model building 
process. lt is usad lo eliminate multiple 
definitions and ambiguities, and it serves as 
a basis for discusslon and clear communica
tion between users and analysts. 

The Process ofSSA 

Tbe SSA procesa is a step-by-step approach 
that guides !he analyst and user through sys
tems analysis. lt has botb tbe flexibility. 
needed lo develop a structure of business 
operations and tbe formalism needed to 
build a model. lt also provides criteria for 
evaluating the model's correctness. 

Figure 7 is a schematic representation of 
the SSA process. lt shows tbe ~equence of 
building !he model diagrams. Tbis sequence 
uses a top-down approach that starts witb 
the most general (tbe Global Business 
Model) and proceeds to tbe most detailed 
(tbe Data Model). The figure also sbows the 
recycling loops needed lo refine the dia-

~ gra~atic representations. During informa-
"1' " !ion ¡¡atbering, the business modal is tbe 

".:~ .. .,!;. medium of communication between tbe user 
~ <j· . . · and acillyst. Tbe model is completad when it 
't·~ is confirmad tbat it fits the users' logical 

¡ -~ ó 1 

.$. . ,¡i; , .. ,,, 

views of the business. Once veri fiad, tbe 
model becomes tbe basls for identifying 
problema and formulating solutions. 

SSA moves business and systems analysls 
from en intuitiva to a teachable, structured, 
and concrete approach. This advance ls tbe 
result of a well-defined process that asslsts 
!he analyst In building, verifying, and 
onalyzing a business modal. 

Model Building. Building an SSA business 
model is a cooperativa effort between analyst 
and usar. The diagrams are constructed dur
ing fact-gatbering lnterviews, and serve to 
describe tbe curren! business in the project 
reports. The analyst uses SSA guidelines lo 
elicit tbe relevan! lnformatian, record key 
features, and elimlnate lrrelevant detall. Tbe 
interviewing structure fosters consistency in 
communicetions between analysts' and us
ers. Tbe diagram building approacb estah
lishes the set of information to be gathered 
and tbereby provides a framework for eacb 
lnterview. Preestablished questions concern
ing business objectives, problems, futura 
plans, and business environment forecasts 
can be drawn upon as needed. 

SSA provides procedures lo determine the 
sequence for building diagrams. Modal dla
grams generally are constructed in the arder : 
indicated in Figure 7. However, flexibility 
exists al the lower levels. For example, In a 
data-driven bus.iness, tbe Data Modal is built 
befare the Detail Modal. Nevertheless, tbe 
relationships between diagrams always re. 
main intact. Depending upon !he size and 
objectives of !he project, &SA can be used lo 
produce a scaled description of tbe business. 
Tbis description includes, al mínimum, tbe 
Global Model and Information Flow Dia
grams. 

Tbe rules and syntax for using the SSA 
notation are tbe grammatical foundation of 
the SSA graphical )anguage. For instance, 
!bese rules provide that sp.~cial symbols may 
no! appear on tbe Glo'llAI Modal; a role 
statemen t mus! be a simple sentence; func
tions and activities mus! be' described in 
verb-object form; and error conditions 
should be excluded from Flow Diagrams. 

SSA also provides guideliñes for decoro-
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posing functions and activitles. For example, 
the following rules determine the functions 
on the first leve] of the Global Model hierar
chy: 

- The first function must cov'er the requlre
ments aspecls of the business; that is, it 
must show how resource plannlng and 
ecquisitlon are carried- out (e.g., Deter
mine Inventory Requirements in Figure 
2). 

-Al leas! one supporting function ·mus! be 
ldentified that describes the business'& 
provisions for maintaining its service or 
product (e.g., Acquire Parts In Figure 2). 

- The las! functlon mus! be 8 disposltlon 
function whlch describes tha business'a 
termina !ion of responsibility for a product 
or servlce (e.g., Dlspatch Orders in Figure 
2). 

Similar rules apply In the breakdown of the 
Detail Model. Without-•-érlteria such-as. the 
above,dunctional-"'déalmposition-.<:an,.. be 
cl.ifficult, ·requiring -su bjective·judgments and 
experienoe. 

Model Verificatlon. Building .the model dia
grama ls an iterativa process. As such, crite
ria are 8pplied lo the modal lo determine lf 
and how the model can be improved. Once 
the criterio ha ve been satlsfied, the model ia 
ready for confirmation by aU users. fliOSUl'll
ia ao&sblisNKJ..,.Jtea allle .. ol& sf U8bll& hao a 
UCI ificd itc 

Criteria lo determine whether the modal 
has been decomposed lo the appropriate 
leve] are applied lo the model diagrams. For 
example, Flow Diagrams that have multipath 
connections (two functions that pass infor
mation back and forth) suggest that further 
decomposition of the Global Model is re
quired. Or, lf a multipurpose function (one 
with multiple flows In or out and having 
more than one lnformatlon transformai:ion) 
can be identified, then the modal requires 8 
further breakdown. 

Criteria are also applied in order lo test for 
the correctness of the graphical representa
tion. An analyst can evaluate the model dia
gram, for lnstance, by seelng whether or not 
each functlon ls labeled descriptlvely. The 
functlon should no! be defined in terms nf lts 
output flow, as described In the Flow Dia
gram, but should be named lo reflect its por
pose. The analyst also can ask: Have laws of 
completeness and logical consistency been 
met1 For example, does every informatlon 
store have an input and output? Are the 
specified input& of a.:J~~nctlon sufficient to 
produce tlie indicatea output7 ls all flow
related information appropriately repre
sentad on both Flow Diagrams and Detall 
Models? 

Adherence lo the SSA model building and 
verification process yields a technica1ly cor-
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rect, self-documenting descrlption of the 
business operalion. Moreover, an analyst's 
use of SSA leads lo models that are the 
equivalen! of those produced by others who 
use the technique. 

Model Analysls. After the SSA model of the 
business has been verified by users, lt be
comes the basis for diagnosing business 
problems, identifying computerizalion op
porlunilies, and specifying the requiremenls 
m o del. 

Diagnosing Business ProbleiiUI 
The firsl step of this analysis addresses !hose 
aspects of the business that have been cited 
as problems by users. In proceeding, 1t is 
importan tia evaluate the organizational and 
control struclure of the business. This·enaly
sia-can ·be made-by-comparin¡rthe .oG!o_~~ • 
Model and·Function Matrix·with·the orga.U.. 

-ntion-:.cha<t. The~mpariJ;on. show&-if .. the 
business is • organizad. functionally,.. if~ 
eponsibilüy and control are clearly allocated 
for each function. and,il tha -geographic..dis
tribution --oHhe-business • makes . sen.sa.dn 
tenns .of functional.interaction. 

lt is a !so importanUo estimat.e..worlloa.ds 
11nd .. pealloads. One can apply simple for
mulas, using the stalistics collected on the 
Flow Diagrams, lo determine if functions are 
under or overworked; lo uncover !he. source 
of backlogs; orto trace the cause of high error 
rates. The Detail Models can be used lo find 
ways lo reduce demands on people. 
Eliminating unnecessary tasks or transfer
ring certain tasks lo the computer, for ·In
stance, could accomplish this reduction. The 
Flow Diagrams and Data Structure Diagrams 
can indica te ways lo increase the capacity of 
staff, such as improving documents, forms, 
and human-computer interfaces. 

Fiually, il. is importaut.:Jo -establisli:;:di!lll 
requirementa. The model diagrams can be 
uscd lo determine the content and structure 
of the informa !ion required for each business 
function. By conlrasling the data actually 
used by a function (as representad in the 
Detail Model) with that passed to il (as de
scribed in Flow Diagrams and Data Structure 
Diagrams), one><:an -identify . .redundant.JH-

consis'en•,-JOC4mplete,ct and-..impropad&r 
etructured· data. 

ldentifying Computerlzotion Opportunlties 
It is often necessary, In solvlng business 
problems, lo determine where the use of 
computers is feasible and cost-effective. In 
making thls evaluation, SSA-pplies-th& 
concepts-of-Keen-end-5cott -Morton'e 
"Framework-forlnformation-5ystemB" lo the 
analysis of the SSA Detall Model diagrams.• 
By applying thls framework lo the Detall 
Model, the structured activities that are can
didatas for automation can be readily iden
tilied. Moreover, the Detall Model can show 
where it ls possible to implement Decision 
Supporl Syslems. Thus, the Detail Mode) is a 
convenienl medium for communicating lo 
the user how the computerized procedures 
will support the business function. 

Spe.;jfyingtne.il6qufloemen19-Medel 
Generally, the analyst propases severa! al
ternative business solutions and documents 
them in separata SSA models. After·the-u~ 
has chosen one,,!he Requirements.Specificao 
!.ion Model-must~epared.uu:le.taü. This 
model is the final product of Analysis. It 
represents how the business will operate 
when the new manual or computar proce
dures are implementad. 

The Requirements Specification Model in
eludes organlzational requirements that are 
depicted in the Global Model and Function 
Matrix; information requirements that are 
described In the Flow Diagrams and Data 
Structure Diagrams; and procedural re
qu irements that are detailed in the Flow Dia
grams and Detall Models. Thus, it provides a 
comprehensive set of specificalions for use 
d uring Design. 

A Review ofSSA Usage 

SSA was originally dev.eloped as a formal 
technique for analysts to model both the busi
ness environment and the requirements of 
planned computar systems. However, as 
users gained experience with SSA, its poten
tia) applications increased. 1t has been prov-
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gresses, since SSA establlshes a comprehen
sive lnformation base during Analysls. 

- SSA provldes a basis for ldentifying op
portunlties for common systems. Ita model
lng capabillties enable lt to show the poten
tia! for generic (or multiuse) systems. SSA 
models of severa! business operations can be 
easily compared or contrasted, and common 
functions can be readily ldentified. It ls then 
possible lo estimate the degree of tailoring 
needed lo apply the common system lo dlf
ferent uses. SSA ls a convenient medlum for 
gaining user commitment lo the requlre
ments of an applicatlon that may serve sev
era! user groups. 

- SSA is an importan! too! In project man
agement. Its · systematic process provldes 
natural checkpoints for measuring progress. 
Ita notation offers a means of ensuring con
tinuity of effort ami consistency In com-
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en effective, for instance, in business im
provement projects that do not necessarily 
involve computerized solutions. Since lts in
troduction two years ago, SSA has gained 
rapid acceptance by users and analysts 
throughout !he worldwide Ex:xon organiza
tion. lts acccptance is attributable lo !bree 
main factors: business and systems analysts 
ha ve found ils nota !ion and process usable; lt 
can be applied to diverse business environ
ments; and !he technique can be adapted to 
projects of varying' sizes and levels of com
plexity. The following studies illustrale !he 
slrengths and versatility of SSA as both a 
business and a systems analysis technique. 

Central Purchasing System. In this applica
tion, SSA was used to specify the require
ments for a large-scale purchasing system of 
an internationally basad Ex:xon affiliate. 
Analysts used the SSA technique lo inter
view approximately 120 users from diverse 
business functions. The technique helped to 
structure the process of gathering informa
lion and to improve communications be
tween analysts and users. lts value was evi
dent in !he high quality of the requirements 
specification produced. 

Refinery Blending System. In this study, 
SSA was applied in a technlcal computing 
environment. lt was used to describe a pro
cess control system which monitored a 
refinery's blending operation. This case il
lustrates tbe power and adaptability of the 
SSA modeling nolation to scientific and en
gineering applications. 

Planning Process Study. In this project, SSA 
was used as a business analysis technique. lt 
served as a documentation too} lo describe 
the planning operation of !he enterprise. lts 
analytical cap~bilities enabled il both to help 
identify ways of improving !he planning 
process and lo determine if !he curren! oper
ations could be extended to supporl stralegic 
planning. 

Financia) Modeling System. In this case, a 
multipurpose financia} modeling system that 
served many different business functions 

was evaluated. SSA was used to describe the 
business environment supported by !he sys
tem and lo foster communlcatlon among us
ers. lt resulted in greater underslanding by 
each user of other users' needs, and in 
agreements on delinitions and calculations 
to be used in the system. 

Conclusion 

SSA has been used widely in diversa busi
ness environments. Basad on this experi
ence, 11 is evident that the technique ls valu-
able in several respects. ' 

- It improves the quality of analysis and of 
requirements delinition. SSA 's systematic 
approach lo analysis formalizas what was a 
very unstructured activity. lt enhances the 
skills of experienced analysts and fosters the 
involvement of even the most reluctant busi
ness users during requirements analysis. 
Moreover, 11 enables analysts to prepare Re
quirements Specilication Models that are 
superior to traditional narrative specilica
tions. The resulting systems are of higher 
quality than befare; they are more capable of 
representing and adapting to changing busl-· 
ness needs. 

- SSA facilitates communication between 
analysts and users. Their interviews are a 
cooperative effort lo construct an SSA model 
of the business. The analyst does not play the 
role of interrogator in !bese interviews; 
rather, the participants play equal roles. In 
addition lo improving communication dur
ing the information-gathering stage, SSA 
helps to describe to the users the proposed 
syslem's effect on the organization. 

- SSA increases the productivity of analysts 
and users, enabling them lo use their time 
more effectively and efli~;j¡ntly. Analysts can 
learn more about the bÜs ness in less time. 
Also, requirements can be documented con
currently with data collection and analysis; 
SSA does not treat this task as a separata 
activity. Finally, there is les~ need to gather 
additional information as the project pro-
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HIPO and integrated program design 
by J. F. Stay 

1!1 thc miu-1 ~70s, programming appears to be reaching a stage 
,,i rcfinement and cost-etfectiveness such that regular business 
'"'"'agement and control methods can be applied to it. Top
.¡,,wn uevelopment, structured programming, chief programmer 
rcams. structured walk throughs, Hierarchy plus lnput-Process
OIItput (HIPO), and structured design have taken usa long way 
11 o~vard transforming "a private art into a publiC practice. "' As a 

1csult. a body of programming knowledge and methods that are 
¡c,.chable and practicable has been building. This paper discuss
"' the integral ion of severa! programming methods hy means of 
.111 e.xample. 

\l<"t of lhe -:h:ongc in system developrnent has h,·cn ,l,rected 
'11\\ ;trd the rrogramming effort. A.lthough programming t.'r!OfS 

lll' lhe din.·ct r:n1se of many rcwork cost~. perhaps one third of 
¡J,~ . ~..:\~ ork ulti111:1tdy can he tr<•ccJ hack to errors in the analysis 
· .! .k .... ign pha .... es of a pn,jc~t.- ~inl·e m<..~intenance can account 

".· ,~' m u eh a~ seventy prn·cnt l)f all programming costs. more 
"'i'J.asis must be pl~ced on thc yuality of analysis and design. 

\tJ He tu red design and Hl PO are U>eful techniques for organizing 
11"· applicalion design process. This ~nicle describes how these 
t"" melhods can be inlegrated to crea te a hierarchical functional 
d,·,ign. This integrated method ~llows an application system to 
he specified from the highest funclional leve! of a conceplual 
•k-ign 10 lhe Jowesl detailcd leve! in a coded routine. using a 
'·H•;:Ic method and formal. Holh lhe ctmccpls and the techniq11es 
¡)1 hh . .'rarchical functit-mal dr,ign can he l..;'lllployed dfcdively 
'hl.l[Jghout a Ocvcloprnent cy~-.·Jc in the fllll(l\~ing rh~~~es: 

,.("'' 

hierarchical 

functional 

design 
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• Requir~m~nl definition. \.- 31 
• System analysis . 30 
• System d~sign . 
• Program design. 
• Detailed module_ design . 
• System and program do~umentation . 

This paper pr~sents a basis for the thought processes in volved in 
designing a S)'Slem through the use of these techniques. Al
though this paper does not explain the design techniques in de
lail, the references provide practica! help. 

Two lechniques for achieving functional design are !he follo11 . 
ing: 

• Hierarchy plus lnput-Pr,>cess-Output IHIPOJ 
• Structured design 

HIPO. a te~hnique for us~ in the top-down design of systems. 
was d~velop~J originally as a documentation tool. HIPO chans 
continue to serve as the final programming documentation. HIPO 
consists of two basic components: a hierarchy chart, which 
shows how each function is divided into subfunctions: and in· 
pul-process-output charts, which express each function in th< 
hierarchy in terms of its input and outpul. These two lYP~' uf 
charts are illustrated in F_igure l. 

: .. • 

The HIPO design process is an iterative top-down activit> in 
which ii is essential that the hierarchy chart and the input-prv· 
cess-oulpul chans be developed concurrent!y, so asto create" 
functional breakdown. The example of COMPUTE PAYABI f 

AMOUNT is followed through its development process as pari ,,f 
an accounts payable system. 

The first slep is to describe a given function as a series of si<P'· 
in terrns of their inputs and outputs. The inpul-proce"-outr"' 
ch~n for the example ofCOMPUTE PAYARI.F AMOt.:Nl is 'h'"'" 
in Figure ~-

Having completed lh~ input-proce"·chart. it is possible to m'"' 
to the next leve! of the hierarchy. The COMPUTE PAY-~BlE 
AMOUNT hierarchy now appears as shown in Figure 3. lt is na"· 
possible to develop an input-process-output chan for each of tll< 
boxes al the leve! shown in Figure 3. lf additional definitions are 
required. the recommendeJ approach is to make each line on tll< 
input-pn.>(t: ........ uulp11t ~han a bo\ on th!! ne'\t levrl of thc hit.•r· 
an.:hy Th1.., prl>...:C" ..::tu'.:" thc: Jevl!lllpc,:r tn fllCU') un lhc h:n·! ~,¡ 
funclion th.:r i" }"\.:in:: d-..:!ir.~o·d 
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Thc hierarchy plus input-process-outpul charting is that part of 
¡f1, hiaarchical functional design process by which a problem 
,¡,-,..,.iptinn is made. The other componen! is structured design . 
.; 1 n~Ctured Jesign' is a sel of techniques for con\'erting from a 
""'~km description lo a functional, modular program slructure. 
',11 ers' u'es lhe 1erm composite design in reference lo lhe 
.. ,;ructure allribute of a program. in lefl!l_S of module, data, and 
'"'" s1ruc1ure and module interfaces.",,This goes beyónd lhe 
concepl of modular design and addresses how a program module 
¡, designed, the proper scope of function of a module, and the 
appropriate communicalion between modules. ·. 

Two concepts of slructured design are·-i>wdulr .<lr.n¡:rh (rela
tiomships within a module! and mvdulr couplin¡: lrelalionship 
het" e en modules). The way in which funclions are grouped · 
"ithin modules determines thc strenglh of thc modules. A mod
ule may consisl of a group of relaled funclions. such as all edil
in~ functions, func1ions grouped according lo the prÓcedure of 
the problem. or all funclions related 10 a data set. 

/¡uwrionnl strength is lhe grouping of all steps lo perform a sin
~1<· funclion. Although any applicalion may contain modules that 
"·"' 'ome or all of these strenglhs, lhe objective is lo produce 
·n .. .tulcs that have functional slrenglh. Funclional Slrength does 
'·'' '•rrly only lo the lowesl modular Jevel. A module may call 
''"'' m<~Jules lo perform subordinaté functions, hut if the up
,·r-lcvel module perform' a 'ingle fuñction and pcrforms it 

· · •rnpletel)'. thc module probably has functional strength. For 
"·•mplc, the.modulc COMI'UTE PAYAHLE AMOUNT mighl con
'"1 nf lhc follnwing slatcments (in pscudo-codc): 
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COMPUTE·PAY·AMT IRECEIPT. PAYABLE. RETURN.CODEI; 

END: 

DO WHILE !110RE·ITEMS: GET PRICE·MASTER: 
C.~LL VALIDATE·ITEM IRECEIPT·ITEMI; 
CALL EXTEND·PRICE IRECEIPT·ITEM. PRICEI: 
CALL SUM·AMOUNT IPRICE. TOTAL·PRICEI; 
CALL COMPUTE·DISCOUNTED tTOTAL·PRICE. 
DISCOUNT·RATE. PA YABLEI: 

END DO: 

" ' 

This module performs very few functions by itself. However. i1 
transforms one input IRECEI PTI in lo one output IPAYABLEI com· 
pletely; at the same time il doe> no unrelated processing. Ther<· 
fore·, this module is said to have functional strenglh. 

lnteraclions between moJule,. termed module coupling, may 
be as varied as interactior" "ithin a module. The extreme of 
moJule coupling exisls when one module directly modifies an 
instruclion in anolhcr moJulc. 

• 
The preferr.:d relationship helwe<n modules is data cvup/ing. In 
data coupling. each module simply passes application data. usu· 
ally as parameters lo the next lower-level module. Use of artifi· 
cial switches and indica1o" is avoided. When a calling modul< 
passes switches. inJicators. or olher control informalion lo an· 
other module. these ítem:-, mu"il only communicate thc staltl' l,, 
the calling program. The calling program should n•>t '"~ume th-•' 
it knuws whal the called pro•grarn will do, based on 1his contr··· 
infurmation. A seríou..; pruhlcrn in program mainlenance re'iulr~ 
"'hen a simple!' ch•1ngc toa nwJule changes the mco1ning ot' ;.al'l 

Ítem of COn! rol that h;h an Lill'U'pected etfect on the logic H<>" 
of one or more o1h.:r moJuk' 

This paper doe' nut tre"t struclured design in depth but onl~ 
with sutlicient detail 10 carry the concepts of functional strC 0 ~ 1 

and data coupling into earlit:r ~~~1ges of thc de~ign pro~ess. Í~~ 
reaJc:r m<Jy find Referencc: ... \ anJ 4 to bt: of 'r'aluo1hh: as"i~tJO .. 
in n~t•Julc dcsign. 
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Hicrarchical functional design 

Hi~o·rah.:hi.:al fun.:tion;JI dt:~ign addres~e!'. mental pror~~!-t:S that 
nt:o) t>e ;,pplied w the ••rrlic·ilti~n ~nal)•si~ and d,·"~" tasks .. 

11 ¡aarchical funcuonal de"gn apphes the de"gn concep" offunc
. nal strength and data coupling to the functional decomposi-
11~0 and graphic techniques of Hl PO .lo provide a single method-
1110gy that allows an applicalion design to develop in an orderly 
~anner from a clear statement of the requirementto an intelligi
t>le. well constructed set of application functions. A system that 
i< de>igned through the use of hierarchi.:al functional de,ign is 
-~1rlemented in a top-down manner. Mt~dules should have a sin
~le ontT)' point anda single exit point: they should be small: and 
tht\ should use the SEQUENCE. IF-THEN-ELSE. and DO-WHILE 
,,,~;cpts of structured programming. H ierarchical functional 
,k,i~n can be u sed in all phases of the de~elopment cycle, and 
thcreby provide a visable system thal is suitable for a design 
""lk through .. The chief programmer team;concept is al so sup
runed. since functional breakdown with clearly defined inter
faces allnws modules lo be delegated to developers or to other 
teams. with the common underslanding that is required for pro
srams 10 integrate_prclperly. 

Hicrarchical functional design employs the following three de
!<oÍgn concepts: 

• :0. functiorial design in which the computer solution is struc
tured in lerms of the user's function . 
. -'.n i1era1ive process in which each lev~l of design is valida!- , 
eJ against the leve! above it. 

• Conceptuallevels of design, in which each leve! emphasizcs 
a panicular aspect of the problem solution. 

A compuler system can be viewed as a single function thal can 
he divided (or decomposed) inlo a hierarchy of sets of succes
sively lower-level funclions until the elemental funclions are 
de-cribed. An understanding of !he meaning of !he lerm "func
tion" is necessary for funher discussion. F11nction can be de
fined as an aclion u pon an object, or. for our purposes. the trans
forma! ion of sorne input data lO sorne return data.' A Stalemenl 
.. r function describes what is done rather than how it is done. 
\mee a function is al so singular. il is defin~d with a simple declar
·•ti•e slatement thal consists of only one ·vcrb and one objecL 

. lh•lh !he verb and the object may be conditional. 

\ h:nction should also have the characlcri~lics lhat are defined 
'"' •tructured design. A function ~hould be complctely defined 
'" ""e pl•ce. and rela1ionship' among funclions should be pri-
1r..11ily data relation,hips. Thu' the concepb of Slruclured de>ign 
-"t \alid,for designing •ySlcm' as well as modules. Functional 

functional 

deslgn 
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data in and out...\ high-level functional stotement is reduced toa ·' 
set of more detail<d low-level statements. in a verb-object for
mat. The set of lower-level swtements must equal the function 
of the higher-level statement. In the accounts payable example 
that is used in this paper, the high-level function is COMPUTE 
PA \ ABLE AMOUNT. This function is stated in terms of its input 
data (purchase receipt) and its output (net payable amount). In 
this case, the output may simply be passed to another function. 
The function COMPUTE PAYABLE AMOUNT is then reduced to 
the following four functional statements: 

VALIDA TE RECEIPT tTEMS 
COMPUTE ITEM EXTENDED PRICE 
SUM GROSS PAYABLE AMOUNT 
COMPUTE DISCOUNTED PAY.\BLE AMOUNT 

Each ~f these statements can then be expressed in terms of its 
input and output data. This set is an explicit statement of the 
steps requireJ to perform the function COMPUTE PAYABLE 
AMOUNT. 

This is only one example of the way in which a function may be 
subdivided. The structuring of subfunctions requires analytical 
skill and imagination, and each analyst may define the subcom· 
ponents of a function slightly differently. lt is importan!. ho\\· 
ever, that the definition of a function determine the functi,,ns 
that are subordinate to it. The function COMPUTE PAYABI f 

AMOUNT could not legitimately have a subordinate functi,,n 
that. for example. updates the inventory balance. 

The design of an application should be an arderly growth pro
cess from inception to implementation. During development. 
frequent reviews should be conducted so that a given design 
always meets its objective. Design has usually beeñ-do·ne at 
least twice before a system is complete and running. First. a 
functional design has been made to provide an understandin~ 
between the u ser anJ the programming dcpartment. Then a lo~i.: 
design has bccn maJe. from which programming could proceeJ 
With hierarc·hical function,d design. the function is the logic. anJ 
reJunJanl dfurt may thus be avoided. 

Hicrarchical functional design is an evolving. top-down process. 
The fi"t step ¡, a translati,m of a statement of need into a func· 
tinnal statcm~nt of system 0bjectives. As information ubout ;a 

rcyuiret..l '> .\h:lll b gathcrr.:J. that inform~1tion is organized ;.1~· 
CllrJing to thc ·fun.:tiünal .;tructure. Tht' fir~t statement shl'l1ht 
~I)O(~tin di-.p\.1~ 'i>.:f(~n f,,f.fll.dS, repllrl Jayouts. perhar.., a {\\C 
lc\c:! h1~r~~~ .. h~ . .:hart. ~mJ 1 .. mgk le\d t>t' HIPO ch;trt--. ·¡he: ·111• 

\~ '1( ,huu\J '.\.ti~ thrl>u;h :IJ~,.·,I.! Charb v.rth tht: CUO.,h>II•L:· lll \¡,.'(: 

... ' 
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f• .thal this level of design conforms wilh the requiremenl. As '!>5 
¡ . process of design moves 10 ~reas such as file access 

1 '\n,,ds. record layout. and me'Sage 1raffic. definilions in suc-
~·· ,¡,·ely lower levels the hierarchy may cause upper levels lo 
~r~. . . . 
·nance. This os lypocal of !he program developmenl process ~nd 
~. ¡h~ reason for continuing discussion wilh the cuslomer. This 
~: ¡he j¡erative process -the refining of the higher levels of de
':•n as the more detailed levels are developed. As the iteration 
··~ d d h ., f delail progresses ownwar , 1 e 1mpact on the top-level de-
~i~n should become minimal. Because of the successive itera
;;,,n~ of assessin~ lhe. ~pward imp~cl of design decisions. the 
re"''' is a Slable. mtelhgtble. and mamtamable destgn . 

Le veis of the design hierarchy 

~~ an application is divided into functions and each function in 
;urn ¡5 subdivided, the hierarchy proceeds toward greater d~tail. 
All levels of the system are described as functions, and can be 
frouped inlo three categories, proceeding from the broadest to 
¡he fine si level of detail, as follows: .. 

• System 
• Program 

~lodule 

• 

rhc'e lh~ee levels are conceplual. and are nol a physical pan of 
''"' .¡,•sign. Each concepiUal level may represen! mulliple levels 
''" the hierarchy chan, and any given box on a chart may be 
¡,,,,h ¡he bouom of one conceptual leve] and. the top of the nexl 

k• el. 

The syslem leve] of the hierarchy conlains the major componen! 
rans of the application. and is the view thal a depanment man
"'er mighl have of the applicalion. A system mighl contain mul
ltrlc sys1em le veis: Accoun1s payahle is a componen! of a mate
rial conlrol· system,' and in IUm. lhe subsyslems of accounls 
rayahle i1self would be con1ained wilhin the system level. This 
k>cl of hier•rchy is staned by stntciUring lhe original slalemenl 
•• r,,·yuiremeril for an applicalion. The ¡,nal)•sis phase ora pr_oject 
""'l resoli in a system-level hierarchy such as thal in the exam
rk in Figure 4. Each box in Figure 4 can be staled in functional 
trrms. ~nd can be represented by a HIPO chart. Allhough the 
trtms of the user may differ somewhat from those on the chart, 
the funclional statemenl should be used because it is more ex
rli<it !han lhe common lerm. For example, the lerm ACCOUNTS 
n 1 ·\HLE m ay be simply a subsel of the general Jedger. or il 
"'·'l he " complele system for managing the payment of vendor 
'· '"''"''· The funclional lerm MANAGE VENDOR ACCOUNTS 
,.,,¡e' 1he objective of thi> ~pplica1ion more clear. 

i 
1 

1 

1 
' 

systom · 

le val 
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The system leve) normally does not include the representatiun 
of any executable computer instructions. but rather it provides a 
conceptual view of the application. Input and output are defined 
in terms· of forms. files. anJ reports. which are a user's view of 
the data. lf it appears that the u ser manager's view of the struc· 
ture of an application does not provide the basis for program 
design. it should be mentioned that one of the primary objectives 
of functional design is to ha ve a single view of the application 
that represents both the user's requirement and the program de· 
sign. Although functions detined at the top level may be grour<-' 
ditferently for program design, they should all still exist with th< 
same basic relationships in the computer impkmentation. This i• 
the key to building systems that can be rea<lily maintained anJ 
enhanceJ. 

The program level of the hierarchy sho" s the highest Jevel of 
segmenting of the computer system. The program level may also 
be characterizeJ as the end-user level. anJ represents the level 
of tasks initiated by a terminal operator in an interactive appli.:a· 
tion, or batch programs in a batch application. 

In the accounts payabk application. consider the boxes bei•"' 
MANAGE VENDOR ACCOUNTS as tasks or programs. An ex;tnl· 

pie program level ( one of the boxes in the accounts pay.•H< 
applicationJ is shown in Figure 5. The prugmm or task leve! i• J 

result of the general Je,ign phase of a develupment proje.:t. Jn· 
put and output fur thi' Je,el are usually delineJ as record> •'; 
groups uf re¡,:on.J..;. m~''ages, and repon line~. Since this le .. ~ 
nl>rmally rcprl!,r.:nt' e\~cutable computer instructions. it is r"-· 
ommended thC~t progroom anJ module names be assigned to t~< 
bo\e"'. 

Dotaikd 
~1gn 1s an 
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fl;¡ws or required restructuring of the more general design. 1t is 
cssential that the upper-Jevel HIPO chans be revised and revali

, d:tl<d before continuing with the design process. Design modifi
. .: 01 tion may be required when a low-Jevel change causes the 
hieher-Jevel design todo something ditferent from that which the 
u~er requires. .. 

Thc module leve) represents an executable segment of program 
,,,Je that is usually compiled as a uniL This unit of code is typi
.::tlly called an ··object module" to distinguish it from a ··Joad 

011,Jule," which may be created by linking severa) functional 
modules together. At the module leve) of the hierarchy, the·de
,j~n is sufficiently detailed that program code can be written di-
11·.:tly from the design. In the accounts payable application, two 
k,cJ> of modules are shown in Figure 6 below COMPUTE PAY· 

''" r A\10UNT. which can be related. to the program leve) in 
1 l¡.'Life" 5. 

11"· module leve) is the product of the specificaiion phase of 
.lndopment. Input and output at this Jevel are fields of data or 
r.,ameters from or to other modules. The module leve) should 
«rrcscnt a functional statement that can be completely grasped 
"ithin a normal attention span. When tmns!ated into executable 
.,>Je. a module should usually contain fewer than fifty Jines of 
•<ructured high-Jevel Janguage statements. The Hl PO chan at the 
"'"Jule leve) may contain structured English (pseudo-code) 
•<:otcmcnts to explain complex logic. In addition, where neces
'-'')'. the extended description section. of the HIPO chan may 
r""'ide implementation notes as discussed in Reference 5. 

1 hr purpose of these conceptual Jevels .is to renect the ohjec
'·<"• uf users ofthe documents. The system leve) must he stated 
·. lc1 m:-, that are rele\'ant to u~cr m•tnagement. The module )e\'el 
· ••r;.:;,nilcd in !l.uch a way as to allow the JHt.lgrammer to '" rite 

,\ 
.~ 

1 ~ 1 



F";:i"'e 6 Module le~111l ol lhe oteo .. oh poyoble opplitotiol'l 

• 
COMI'UI[ 

1[\ PAUBL[ 
AMOVI'il 

~~ 

'" 
1 

1 1 1 1 

VAUOA.T[ COMPVH 
COMPVff 

Sulol GROSS OISCVVNitO 
RECII?l ITEM fU{NQ(O PAYAIIl[ PAYAIIl[ 
ITlMS ""« AMOUNT ,U,,*0\) .. 1 

S 2 l 1 S 2.! 2 ~ 2 1 l ~ ~ 1. 

1 
1 1 1 

OI'>PLAY ACCEPT 
COM~AR( 

QUANTITY 
PVR(><.O.Sf QVANTITY TO OSIOfR 

OROIII ITEMS •ROM aRMINAl llAL.ANC( 
~ 2 Ll 1 S 2 1 1 ~ S 2 1.1 l 

code. The program leve! provides the vehicle of communication 
between the system leve! and 'the module leve! by giving detail 
to the u ser anda higher-level view to the programmer. 

Hierarchical functional design in a virtual system 

The discussion thus far has considered the structure of an appli
cation as an aid in the design of an intelligible. maintainahk 
system. A current majar concem in system design is that ,,f 
providing efficient performance of interactive applications in a 
virtual system environment. Performance tuning in a virtual s~ s
te m is a complex science that involves relationships amlln~ 

hardware. system software. and application design.'· 7 Optinuzing 
the performance of the application programs alone does not f'

sult in an efficient system. A conscious effort of tuning al! th~ 
components that affect performance is rsquired because pn>
grammers. for example. oftcn attempt to write efficient- sorne
times complex-code without regard for the way in which th~ 
modules may ultimately affect performance. 

When viewirig the structured design of an application, one '"" 
see readily that functional decomposition does not rerlect th< 
pc:rformam:e requirements of a transaction-driven aprlicaliiJn 
Hunter,'\ for example, makes c/ear the issue of the complwnJc:J 
ell'ect uf ex.:e"ive pacinc. He defines the working set "' th< - - . 
twenty percent of the coJt: that Joes eighty percent of the '"'' ·. 
and advises that thc "working set should become the f<KUS "

1 

application tuning." The design process. if corree ti y executeJ. 
can produce modules each of which requires less than a sinf1~ 
41< hyte page of storagc. On that basis, the task of applic;~ll''" 
tuning bt:~ome-s an effurt of identifying the most active mll~_u 1.'~ 
fC\'-ririn~ ttw ... e module" for etlkiency (if necessarv). corllr1n1n. 

- • 111 
modules into logically related pages. and fi.,ing active r··~"' 
m~1in :')tur~q;t:. 

; 

1 
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.111 . nce tuning may. in extreme circumstanc..·e!\. re4uire. the ~e. 
•·] ¡11 ,J / 

·' 1 111 ,\difh.:;JIJOn nf a few criti~·al module:~. Such ffilldlfka-
1~>·' 

•••
1

• rna) inchuie chan!!in!! H CALL (tran,fer of r~1ntrol1 ~o a 
, ,·,., tl"llmpilc-time inclu~ion 1 or e ven the 1ntegration ;1nd re
.. 11,1111·ing of llll>dule;. lt must be clearly unuer,tood that onl} u 

.... fcw mndules e1·er ;eriously atfecl the performance of most 
'·~:cms. Thus. if an applicatio~< structured. the necessary tun
,, · can be done consciously with proper control. With this 
,oc · h · b · · fi d ' • spective. even extreme codmg tec mques may e jUSI! e oor 
rhcr,e rew modules that musl be efficient to avoid peñormance 
1 o. . 
Jctradation. 

concluding remarks 

Jhe improvement of the system development process requires 

1111101·atión in two areas: the development of a discipline that 
,11111Jves a set of structured techniques. and an understanding of 
th< theories on which that discipline is based. 

~·~nificant _progress has been made in developing a discipline 
that. in timé, should make program design and implementation 
.on engineering skill. Structured programming provides basic 
~uilding blocks for code development, muchas electronic circuit 
,lcvelopment can be based on a set of predesigned, basic elec-
11,,nic components. Hl PO and structured design are first steps in 
t-ringing that type of discipline lo the design stage of application 
.':<clopment. · 

o: ha• heen the intention of this article lo address the following 
,,·mal processes: 

Jdentification offunction. 
Functional decomposition. 
Jt<rative design. 
\ludule relationship. 

• Delayed peñormance optimization. 

11) :opplying the concepts of hierarchical functional design lo the 
''"'iplines of Hl PO and structured design throughout the anal y
"' ""d design process. severa! of the following possible benetits 
·'"' t¡pically realized: 

U;er understanding and ugreement on functional contentare 
m:ode easier. 
\fi,.ing or inconsistent information is identitied early. 
1 unclions are discrete and are therefore more easily docu
::.<nled and. if nece;sary. moditied. 
n .. ,·umentalion ¡~ ~ccomplished with a 'ingle etfort rdther 
lbn muliiple etfons al ditfercnl stages of de,·eJupment. 

· IIJ7f. Hlh.• .t,' ll 1~ Jt.l"olc-' 11 U l'k• ,(,k .t,M lJL '-lú' 

;.., 
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• . f . 1 d h . 1.{() Module m ter aces are s1mp e an t erelore reduce the prui··•· 
bility of lot!ic error::,. 

• 
• 

The resul!anl design supports structured. top-down codin~ . 
Mainten"n.:e and enhancement are mure transferable be
cause the sy stem can be easily understood at all le veis. 

Sin ce these processes are ways of thinking about the design ac
tivity. it is often difficult to measure objectively the effect of us
ing this knowledge. By applying these principies to a develup
ment project, however, one becomes aware of their value. 
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l. INTRODVCTION 

After nearly ten years of discussions at computer conferences and in trade ]ournals, 
nearly everyone in the data processing field has at least heard of such technologies as struc· 
tured programming, structured design, structured analysis, top-down implementation and 
structured walkthroughs. lndeed, many · programmers and analysts will tell yo u confidently 
that they undersrand the structured techniques, and that they are faithfully using the tech· 
niques. 

Alas, it just isn't so. The structured techniques are nor as widely understood or used as 
one might imagine from reading the popular literature. A recent survey in Daramarion, for 
example, indicated that only a small fraction of the major EDP organizations in southern Cali· 
fornia were making consisten! use of structured programming and design. 

Even worse, many large organizations are finding that the large sum of money they 
spent attempting to convert their staffs to a "structured" approach has been wasted. After all 
tbe fanfare of the "structured revolution" - and after spending a considerable amount of 
time, energy and money on training, textbooks and guest lectures by the prophets of struc
tured programming - maay organizations are finding that their people are still developing the 
same expensive; bug-ridden, slipshod, unmaintainable software that they were developing be· 
fore structured programming was introduced. 

Why? Is it because our programmers and analysts are too stupid to learn new tech
niques? Is it because our programming languages and operating systems don't support the 
new techniques? Or is it just that the Forces of Evil are determined to prevent us from ever 

. being able to develop quality software? 

No! The real problem is management. It's my opinion that management is to blame for 
the failure of the structured revolution. And only management can ensure th·'t tne second re
volution - a revolution that is now beginning in severa! EDP organizations - will be success· 
fui. 

The purpose of this paper is to explore the failure of the first revolution in more detail 
- so that organizations that are just beginning to think about structured programming can 
avoid those failures. Then we will present a battle plan for the second revolution, a plan for 
implementing structured techniques economically and successfully. 

2. AN OVERVIEW OF THE STRUCTURED TECHNIQUES 

Let's begin by summarizing the structured techniques themselves. Obviously. a one· 
paragraph summary won 't explain all of the technical details of each technique; you may find 
it helpful to refer to sorne of the standard reference texts on the subject for more details. 

Srrucn~red analysis is a collection of graphical tools that help the systems analyst docu
ment the fiúlctiona/ specifications of a system. Instead of the classical narrarive specification -
which, like a Victorian novel, tends to be monolithic, verbose, redundant, ambiguous and 
boring - structured analysis allows the analyst to portray the user's system as an abstrae!, 
panitioned, top-down "model" of the system~to-be. The primary tools of struciured analysis 
are data flow diagrams, data dictionaries, data structure diagrams and structured English. 

Strucrured design is a collection of guidelines ánd strategies that help the designer selec• 
the models and the module interfaces that will most economically implement a software sys
tem that has already been well-specified. Structured design consists of documentation tech-

·) 
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niques such as HIPO and structure charts. It also consists of "evaluation ,criteria," notably 
coupling and cohesion, which help the designer distinguish between good design·s and bad 
designs .. And structured design also includes "cookbook strategies" (e.g., transform analysis 
and data-structure analysis) that help the designer systematically generate gooil designs for 
common types of problems. · 

Srructured programming is a coding discipline based on the concept (first published in the 
mid-196Q!s) that all program logic can be built from combinations of: 

· • ''sequential" instructions ...;. e.g., MOVE, ADD, SHIFT, etc, 

• IF-THEN-ELSE 

•· DO-WHILE 

Often referred to as GOTOless programming, structured programming probably the oldest of 
the structured. techniques and is now taught in many universities. 

Top-down implementation is a strategy_ for building- software systems that ha ve been 
specified and designed. In sharp contrast to the classical "bottom-up" approach (in· which 
modules are tested first. followed by program testing, subsystem testing and system testing), 
the top-down approach calls for implementing high-level "executiv~" modules first, with the 
lower-level modules implemented as "stubs" ·or "dummy modules" (e.g.,.modules which.re
turn constant outputs or which exit without doing any processing). The top-down approach 
has the advantage of allowing the EDP personnel to demonstrate a "skeleton" version of the 
system to the users at an early stage, 50 that the users can see if they are getting the system 
they really want. 

Walkthroughs are generally thought of as a peer-group process for reviewing the products 
of structured analysis, structured design and structured programming. Managers, "big 
bosses" and other outsiders are generally not invited to walkthroughs since their presence of-

. ten_ reawts in a review of ·the producer rniher. -t!wt the product. The primary purpose of the 
walkihrougb is to ensure the quality and correctn.ess of the product (whether it be a functional 
specification, a design or a page of COBOL coding); secondarily, the walkthrough approach · 
serves as an exce!lent training device, and it makes the. project less vulnerable if a key techni
cian lea ves in the middle of the project. 

3. WHY DID THE FIRST REVOLUTION FAIL? 

Before we can explore successful strategies for introducing structured software develop
ment techniques, we need to expiore in more detail the reasons why they weren't introduced 
successfully the first time around. The following reasons see¡;n to be most important. 

Inadequate selling ofthe techniques 

In many companies, most people in the EDP organization remain blissfully unaware of 
al! new technological developments: they're quite happy to keep developing systems the way 
ihey have been for the past umpteen ye:irs. So when ·the residen! technical hot-shot comes 
back·from an ACM conference with sorne new ideas about structured programming, he's like
ly to be hooted down by his colleagues. Wheil an aggressive young project manager returns 
from a GU!DE conference with sorne interesting cáse studies about successful uses of struc
tured analysis, his colleagues will mumble something about, "Well, that's fine for XYZ com- · 
pany, but it won 't work here !" 

'· 
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lndeed, it's even worse in sorne organizations, where the practice of "sending out the 
scouts" is used to examine new technologies. The "scout" often turns out to be the worst of 
al! salesmen in terms of convincing his organization to begin using something that he's 
learned about in a conference or a symposium - indeed, he 's often so brash, so intellectual!y 
superior and so downright arrogant that the only way his organization can stand him is te send 
him away regularly to such meetings! 

E ven if the scout is .reasonably diploma tic· and articulate, he may ha ve great trouble sel
ling the structured techniques to his colleagues simply because, by virtue of working within 
the órganization, his colleagues view him as not expert enough to make them change their 
way of doing things. 

lnadequate training 

In the organizations where "structure," as it's often known, does gain sorne degree of 
acceptance, massive training programs are often begun - but as my distinguished colleague 
Gerald Weinberg. points oul, it was often done with a "sheep dip" approach: large numt:ers 
of programmers and analysts are herded into an ·auditorium, where they are, in a sense. 
dipped in a bath of structured snake-oil. That is, ·an outside "expert" (who may be little 
more than a salesman for his firm 's products or services) is asked. to give a short half-day 
presentation on "Everything You're Ever Likely to Need to Know About Al! That Structured 
Stuff' to the assembled group - whereupon they are herded back. to their desks and told that 
their development .schedules have just been cut in half because the expert has said that 
"structure" doucles programming productivity! · 

Even when the EDP organization provides thorough, comprehensive training, there's no 
guarantee that the students have learned what they were taught. And, more importan!, there 
is no guarantee that they will" USI! what they learned. As a teacher, l ha ve had far too many si
tuations where a student carne to me at the end of a course, shock my hand and said, "Well. 
that was sure a nice course - now l can get back to drawing flowcharts in my maintenance 
shop again!" 

lnadequate management support and follow-through 

. Ultimately, the problems mentioned above have to be described as "management" 
problems: management has got to be in volved in· the "selling" of structured systems develop
ment techniques, and management has got to be aware of the need for proper training. 

But even more importan! than the training and the consulting (both of which can be ac
complished with a great deal of fanfare and a great expenditure of money) is the follow
thmugh. There are a number of large EDP organizations that did a reasonably good selling job 
when the structured techniques first became popular in the mid-1970's, and that also provided 
a substantial amount of high-quality training. But when it carne time te put the techniques to 
work on real projects, things began to fizzle. lt's not hard to imagine the kinds of situations 
that develop: 

• A project manager learns about the structured techniques after his pro
ject team has finished its analysis and half of its design - so he decides 
that he might as well ignore al/ of the structured techniques. even 
though top-down implernentation and walkthroughs would be eminently 
practica!. 
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• A project manager decides that the project he is about to undertake is 
fai' too sensitive and far too critica! to risk using "new-fangled" tech~ 
niques. 

• Conversely, a project manager decides that his project is too small and 
too simple to warrant using such "high-powered" development tech
niques. 

• The project manager begins using the new techniques bu t then runs 
into "mid-project panic"·:· because of the learning curve associated with 
the introduction of any new set of ideas, the project teams thrashes 
around and spends a considerable amciunt of its time arguing about eso-. 
teric theory - so the project manager, in a moment of panic, decides to 
abandon the structured techniques and return to the more familiar 
methods of developing software 

4. HOW TO DO IT RIGHT . 

If these are the problems, then how. can an EDP organization introduce the structured 
techniques - or, for that matter, any other new technology - successfully? 

To a large extent, the answer is: approach it the same way you wou/d approach a "real" 
EDP project. · Just as a "normal" project requires distinct activities of analysis, design, imple
mentation and testing, so the introduction of structured development techniques requires the 
same activities. 

An analogy might help illustrate the point. A competen! EDP professional would never 
dream of walking into a user organization and thoroughly disrupting its way of doing business 
with the introduction of a new computer system - not without a great deal of planning, 
ahalysis and design. And since the EDP organiz:l!ion is (when viewed from the outside) a 
busllless, it should be approached with the same caution that one would use when approaching 
a user's business. 

What's needed, th~n. is the following: 

o A dignified "selling" effort to convince the EDP staff that the struc-
tured techniques are, if nothing else, at least worth in vestigating. · 

o A formal analysis activity. 

o A formal design activity. 

o A formal implementation activity. 

o A formal testing activity. 

Each of these activities is discussed in more detail below. 

S. THE SELLING OF STRUCTURED X 

Don 't be misled into thinking that "selling" is ·unnecessaey or unimportant. The larger 
the organization, the more likely it is that there will be pockets of resistance (or downright 
reactionary ignorance!): If your local hardware vendar has already done a selling job for you, 
that's fine - but if not, make sure that the key people in your org:mization are aware of the 
virtues of the structured techniques, and what their benefits are likcly to be. 
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In most organizations, you'll find that you ha veto approach severa! distinct levels of pea
pie as you do your selling job. The boundaries between these levels are somewhat fuzzy, but 
basically they are as follows: 

• Top-level EDP management and, on occasion, managers above the EDP 
organization. This might include people like the VP of Finance, or the 
Director of MIS or the Manager of Coinputers & System Development, 
etc. 

o Middle-level managers - e.g., first-leve1 team leaders, second-level 
project leaders, etc. 

o Technicians - i.e., the programmers and analysts who will be most 
directly in volved in the day-to-day use of the structured techniques. 

Top management, in my experience, is usually not involved in the day-to-day crises of 
software development lf a· project is behind schedule, rhey won't be spending their nights 
and weekends in the computer room with the harried crew of programmers. So they may not 
feel the same sense of urgency about the introduction of new development techniques that 
the first-level managers do. . 

Not only that, they're probably totally uninterested in - and unaware of - the technical 
details of structured analysis, structured design and structured programming. lndeed, one of 
the most frustrating experiences !'ve ever had is trying desperately to explain such technical 
issues in language simple enough and "jargonless" enough that an· insurance vice presiden! 
could understand it, only to have him say, "Gee, that sot:nds awfully simple - in fact, it 
sounds Iike plain old common sense. Are you sure our people haven't been doing this struc
tured stuff all along?" 

So skip the technical details. Concentrate instead on arguments of economics - i.e., how 
m u eh money will structured programming savc the organization? How will maintenance cbsts 
be reduced? How many fewer of those long-haired, unwashed programmers will we ha ve w 
hire this year if the new techniques are introduced "? After all, if it's a high-level manager that 
you "re talking w, the economic - that is to say, the business - ramifications of the structured 
techniques are what concern him the most anyway. 

,\1iddle management is where you'll ha ve the most trouble selling the techniques, parricu
/arly if you try to sell the techniques in a negative way! lt's very easy for a veteran project 
manager to get the impression that the introduction of structured ana1ysis or design or pro
gramming is an implied criticism of the way he's done his job for the past fifteen years. And 
if he gets that impression, he '11 be able to come up with a hundred different reasons for why 
"lt'll never work here!" 

When 1 use the term "middle-level manager" 1 have the image of someone who has 
come up through the ranks - that is, someone who was once a programmer or systems 
analyst. That can be both good and bad. Such a manager ought to be able to understand the 
technical aspects of structured development techniques, but there's always the danger that he 
will try to think about the structured techniques in the context of RPG and the IBM 1401 -
and that's when you'II start gening compbints like, "'Th:n stutf sounds too inefficient - why 
1 remember that a subroutine call used to take 6.573 microseconds ... " 

There's one other thing about the .middle-level manager: for the most part, he is in
volved in day-to-day crises of software development. More to the point, he 's plagued by pres
sures of deadlines. He may agree with you lhat the new techniques can reduce maintenance 
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costs - but right now he's faced with a deadline that he can just barely meet if he applies al! 
of his conventional techniques. And he's not allowed to add any people to the project: and 
rríanagement will ha ve a coronary if he suggests slipping the deadline: and l;lesides, all the mo: 
ney in the training budget has been allocated to learning the mysteries of relational data base 
systems. 

What can be done in a situation like this? Realistically, the answer is - not much. In 
the long run, the support and the budget and the extra people and the extended deadlines 
ha ve got to come from higher levels of management. It's possible, of course, for the middle~ 
leve! manager to gamble: he can try to pick a medium-sized project that doesn 't ha ve all th~ 
cards stacked against it - i.e., one that can always be rescued by what my colleague Tom 
DeMarco calls "the time-honored tradi~ion of unpaid ovenime." If you're a middle-level 
manager, though, and you decide todo something like this, ycu should be very aware that it's 
a gamble. For the first severa! weeks (or even months), when everyone expects your people 
to be busily coding and they're doing nothing but arguing about data fiow diagrams and func· 
tional cohesion, about the only thing yo u '11 be able to say is. "Trust me . . . it will al! work 
out. Trust me." · 

Technicians also ha ve to be sold - tryough my experieni:e is that a great number of them 
are already convinced. Many of them have complaiiled for years that "management" (that 
great nemesis, second only to users as a source of frustration) ne'ver has time to do the job 
right the first time around, but always has time to do it twice. 

Of course, there will be senior technicians - the grizzled vetenins who have been pro· 
gramming since 19.)2 - who will ha ve many of the same reactions as the middle-level project 
managers: if it didn 't work on the IBM 650, it certainly won 't work now! And there will be 
moderately experienced technicians - with 2 to 5 years of experience - who will accept the 
structured techniques intellectually, bu t whose brains ha ve be en so badly warped by years oi 
terrible programming languages (e.g., COBOL, FORTRAN, PLII, RPG ... ) that they'll 
never real/y specify, design or code a structured program. 

Indeed, it may well be the trainees - those with virgin minds - who are our only sal· 
vation. Obviously, trainees are (or should be) humble enough todo' what they're told - and 

.th<!:' can be trained to do it right from the very beginning. /f- and this is a very large if!! -
they are trained properly. lt's surprising to see how many organizations are still teaching 
"basic" courses in programming, design and analysis that are ·riddled with ideas and tech
niques that are grossly obsolete - only to follow this up with "advanced" courses that preach 
al! of the modern structured techniques. The student spends the first half of such advanced 
courses being asked to un/earn a substantial amount of material that he learned in the basic 
course - something that's obviously unpleasant and difficult to do. 

One iast suggestion about the selling of structured X: do it rop-down! If top managcment 
doesn't support the new development techniques, there's not much point training the techni· 
cians. Except in places like lran, grass roots revolutions don 't seem to be in vogue these 
days. 

6. THE ANALYSIS ACTIVITY 

Perhaps the most importan! aspect of introducing structured development techniques is 
a formal analysis of the way the EDP organization develops software. ln other words, the 
analysis activity should be attempting to answer the following questions: 
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Do we have a problem in our EDP organization today? 

lf so." what is the nature · of the problem? ls it politii:al? Is it . 
hardware-oriented? ls it associated with the maintenance of systems 
developed 15 years ago? 

How serious is the problem? Or, to put it in a more positive light, how 
much money could be saved by introducing the structured techniques? 

How long would it take to convert the org:mization to the structured 
techniques? What is the "return on invesur.ent"? · 

What are the risks? Is it possible that rhe structured techniques cou!d 
destroy the organization? Will al! of the new!y trained programmers 
.immediately quit and get better-paying jobs elsewhere? 

In effect, this amounts to a "feasibility study" and a detailed examination of the way the 
EDP organization is presentlY. doing business. Obviously, if the organization has no problems 
(either real or perceived), there's not much incentive for introducing the new techniques. lf 
there is a probl<im, and ifit's perceived as a serious problem, and· ifit appears to be related to 
the methods for d:::veloping software - then there may be a good argument for introducing 
the new techniques. But the argument should be made with the S!lme careful analysis that 
one would use to convince a user organization to install a new-fangled computer system. 

7 •. THE DESIGi'I.ACTIVITY 

After the analysis has t:H<:en place, the next •step· is design. 'Basical!y, this in vol ves 
developing a plan for implementing the techniques - as opposed to a "shotgun" approach of 
training everyone in sight, issuing "structured edicts" that will probably be ignored anyway, 
etc. The design activity should address the following kinds of questions: 

• Which of the structured techniques should be implemented first? 

· o Which parts of the organization should be exposed fi.rst?. 

• What kind of training is appropriate? For whom? 

o What kind of pilot projects should be used to experiment with the new 
techniques? 

• How c:m we manage and control the process of converting the organiza· 
úon to the new techniques? . 

o How can we measure the impact that the structured techniques will 
ha ve on the productivity of the EDP organization? 

e How can we strike a compromise between the deadline pressures of to· 
day and the long-range benefits of the structured techniques? 

Obviously, tb.ese are not simple questions - and as you can imagine, there are no "pat" 
answers for any of them. However, my own experience witb. a number of organizations lead 
·me to offer the fol!owing suggestions: 

l. Informal wa/l..:throughs are a good way ro begín. In addition to the "obvious" 
benefit of reducing errors and increasing the quality o(specific3.tions, designs 

· and cede, the introduction of walkthroughs c:~n belp ensure sorne consísrency 



'¡' 

;; < 

Thc St:.:ond Structured Revoiution 8 50 Edward Yourdon 

. in the use of structured techniques by your statf. This is particularly impor
tan! when a group of programmers and analysts all begin using structured 
programming, design or analysis at the same time - there is a great danger 
that each technician will interpret dilferently the techniques that he has 
learned from a textbook, a video training course or a classroom training ex
perience. 

2. Don 't begin with srrucrured coding - srart with analysis or design. There's an 
obvious reason for this suggestion: with good analysis and design, you can 
tolera te mediocre e ocle; on the other hand. brilliant code · can't save a bad . 
design or a fuzzy specification. There's a more importan! reason for making 
this suggestion, though: assuming that it takes one to two years (or more) to 
introduce the new techniques, there's sorne danger that the EDP organization 
may "run out of steam" after six months and stop introducing new tech-. 
niques. If such is the case (and it's happened in a number of organizations, · · 
either because of economic considerations, a change in management or other 
subtle political reasons), then it would be sad to find that the only thing that 
had been accomplished was an improvement in coding techniques. 

J. Don'¡ introduce too many new rechnique~ ar once. Attempting to get a large 
group of people to adopt a dozen new techniques at once is a sure-fire way of 
guaranteeing that none of the techniques will be introduced successfully .. Be
gin with just one or two new techniques - e.g., structured analysis and walk" 
throughs. Then move on to structured design and top-down implementation; 

. then perhaps structured programming ... 

4. Choose one or more medium-si:ed "saje" pilar projects. The r:otion of a pi!ot 
project is familiar to most EDP organizations - that is, a formal experiment 
to see if a new technology really works. In our experience, the best pilot pro
jects have been at least six person-months long; they have been projects that 
are "real" and visible to the· organization. But at the same time, they ha ve 
not be en projects whose failure would bankrupt the org:mization! Indeed, the 
very best kind of pilot project, in many cases, is a "conversion" - i.e., 
rewriting an old. system th:lt was about to collapse anyway. Among other 
things, such a pilot project offers a basis for comparison (admiltedly a some
what biased comparison, but better than no comparison at al!) between the 
old way of doing things and the new way of doing things. 

5. Groom some inrernal "srmcrured gurus" jor ongoing consulting assisrance. 

6. 

Another advantage of the pilot projects mentioned above is that it accom
plishes this suggestion. lt provides the organization with a group of people 
who ha ve really done structured analysis, design and/or programming, as op
posed to people who ha ve done nothing more than just read about it in a 
book. This, in my opinion, is essential to the success of installing the new 
techniques in a large organization. 

Esrablish a group with responsibility jor coordinating the introduction of the new 
techniques. This cJn be the training department (though they often have zero 
credibility in the EDP organization), or the standards department (who, un
fortunately, often ha ve negatil•e creditibility in the organization) or a special 
task force reporting toan appropriately high leve! in the EDP hierarchy. But 
the main point is obvious: The techniques won't be introduced by them
selv~s - and, left to their own devices. each programmer or analyst will be-
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gin practJcmg his own interpretation of that subset of the structured tech
niques that he wants to introduce. And nothing more! 

8. IMPLEMENTATION 

By implementation, r mean the process of actually training the staif, doing the "grunt 
work" of rewriting appropriate standards and doing the messy manageriallpolitical work of en
forcing the new methods of analysis, design and coding. Most of the actual.work will be obvi
ous, once the analysis and design activities have been completed (note that the same thing is 
true in a "tea!" EDP project). 

One word of caution is in ordcr though: the implementation process may go on forever. 
This is partly because of the turnover and staif growth that the EDP organization generally 
faces. lt may also happen for anmher reason: if most of the programmers and analysts are 
engaged in pure maintenance work, there may be little opportunity (or motivation) to train 
them in structured analysis or structured design. Thus, if the new techniques are introduced 
solely to technicians working on new development projects, it may be five to ten years before 
it has filtered through the entire organization. 

· There is one other point to consider, particularly if the introduction of the new tecti
r.iques is going to stretch over a period of five years, and that is: rhe rechniques rhemselves wW 
conrinue to expand and change over rhe nexr severa/ years. We can certainly expect that struc
tured analysis and structured design will be refined, enlarged and improved o ver the ne xt 
severa! years - so the· kind of training done in 1984 will most likely be dilferent from the 
kind of training done in 1979 or 1980. 

9. THE TESTING ACTIVITY 

The activity most often forgotten or ignored by EDP organizations installing the struc
tured techniques is tesring. The basic objective of the testing activity is to continually monitor 
the organization to find out: 

o whether the technicians ha ve actually learned the techniques, 

o whether they are using the techniques in J. uniform fashion, 

• how much improvement there has been. 

This implies, then, that there needs to be a "quality assur;:mce" group or an auditing group 
continual!y inspecting the methods used by the organization. 

10. SUMMARY 

Despite sorne of the fanfare and publicity in the EDP journals, the structured techniques 
are not "magic." Indeed, one could argue that they are nothing more than "common sense" 
- but the crucially important point is that the structured techniques represent a srandardi:ed 
common sense. And besides, as Will Rogers once said, "Common sense isn 't common." 

Whether they reprcsent common scnse or blac~ magic, there is increasing evidence~'" 
confirm that structured analysis, design and programming can subsra nltally increase· product{~'
ty, maintainability and reliability of EDP systems. Certainly, any EDP organization whose e~· 
istence dep.::nds heavily on thc qua!ity of its software is going to find its existence seriously 
threatencd in the next decade if it dot:s not adopt modern development techniqucs. 
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But the question, as we ha ve seen in this paper, is how to introduce the new techniques. 
A small organization of geniuses can - perhaps! - impleme:1.t the structured techniques on 
an ad hoc basis. But a large organization, with. hundreds of prdgrammers, can literally put it· 
self out of business if it doesn't ha ve a plan for implementing the techniques. 
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A summary of progress toward proving 
program correctuess 

by T. A. LINDEN 

NoJwn<Jl Securi<~ AQenq¡ 
Ft. Gcorge G. Meade, Maryland 

INTRODUCTIOK 

Jnteest in proving the correctne!lll of programs has 
¡rrown explosively within the last two or three years. 
There are now over a hundred people pursuing research 
on this general topic; most of them are relative new
romers to the field. At least three reasons can be cited 
lor this rapid growth: 

(1) Tbe inability to design and implement software 
Fyst.ems wbich can be guaranteed correct is 
severely restricting computer applications in 
m:wy important s.reas. 

(2) Ddmggin~ and maintaining large computer 
prub'l'ams is now well recognized as one of the 
most scrious and costly problems facing the 
computer industry. 

(3) A large number of ma.thematicie.ns, especially 
logicians, are interested in a.pplications where 
their talents can be used. 

This papt·r summarizes recent progreas in developing 
""'JTOUS teclmiques for proving tha.t progra.ms satisfy 
furmally rlefined specifications. Until recently proofs of 
''"'rectness were limited to toy programs. Tbey are 
'tilllimited to small progra.ms, but it is now conceiva.ble 
to' attempt to prove tbe correctness of small critical 
modules of a la.rge program. Tbis pa.per is desib'lled to 
~ive a suf!icient introduction to current research so that 
",soitware engineer cm e\'uluate whether a proa! o! 
rorrectm·'s might be applicahk tu· sorne of his problems 
SOITH:timt in thC' í ut urt:. 

'fHE :?\ATL1RE OF CORRECTKESS PROOFS 

Gi\'en f<>nnal specifications for a prograrn and given 
l~c texto! a pr<>b'Tam in sorne formally defined language, 
it is then 11 well-defined mpthematical question to usk 
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whether the prograrn text is correct with respect to 
those specifications. The mathematics necessary for this 
was originally worked out primarily by Floyd1 and · · 
Manna.' · 

It must be made clear that a proof of correctness is 
ra.dically different from the usual process of .testing a 
progra.rn. Testing cw and often does prove a program is 
incorrect, but no rea.sonable arnount of testing can ever 
prove that a nootrivia.l progra.rn will be correct over a.ll 
allowable inputs. 

Examp!e 

The approa.ch to proving programs correct which 
was developed a.nd popula.rized by Floyd is still the 
ba.sis for most current proofs of correctness. · 1 t is ·. 
genera.lly known as the method of induetive assertions. 
Let us begin with a simple exarnple of the basic idea. 
Consider the flowcbart in Figure 1 for exponentiation 
toa positive integral power by repeated multiplicatiou. 
For ,simplicity, assume all va.lues are inte~ers. 1 ha ve 
put a!lSertions or specifications for correctness ori tbe 
input and output of the program. We want to prove 
that if X a.nd Y are inputs ";th Y>O, then the output Z 
will satisfy Z = x•. This a.sSertion at the output is the 
specification for correctness of the program. The asser
tion at the input defines the input conditions (if any) 
for which tbe program is to produce output satisfying 
the output assertion. Note that the proof will use 
symbolic techniques to establish that the program is 
corree! for all allowable inputs. 

The proof technique works as follov.'!>. Somewhere 
";thin ea.ch loop we must add an assertion that ade
quately characterizes an inva.riant property of the loop. 
This has been done for the single loop flowchart of 
Figure l. lt is now possible to break this flowchart int< 
tree-like sections such that ea.cb section begins and ends 
with assertions and no section contains a loop. This is 



; ... J: !1! J':~~1n· 2 ii UIH· di.-.n·g:Lrtl ... - tlu: 1ia:--lH.~d-line 

• ... :-.,·:::. \\"¡· •l::nt tú show tlwt if t•xcrution ni a section 
''''t!lll:-- in :. ~1!11<· with th1~ a .. <:;_;.;ertiun u.t its l1c~ truc, 
1 !1ell \1'ht1o tln· t:X(;'t\Jtlún Jea.vps that sectiuu, t}¡(~ ll..~er

: ir,u nt tht· 1·xit wmit JLl:;o be t~e. By taking an :t..')Sertioo 
:d tlu: f'Ild of t·ueh t,f tlwsc ticctions and usíng the 
--·-n!antics ._¡f t.lu: ¡n·t~gram statt:m(;nt ubove it, one can 
. ··1H:rat1· :111 :t . ..: ... {·rtiuu \\·hich should have hdd bdore 
1 ·:ut S1:J1!:1!u:nt if tl1e a.s..-.;ertions after it are~ to be guar
_,!:1c·Pd 1I111.:. \\·11rking up thc trces one then g1~nHat.es 
. :: 1! 11· :L~:::·L·rt iuiL"i iu da..-.;lwd-linc boxcs in Fib'llff' 2. Ea eh 
··"IÍnJJ ~,·jJI tht:1.1 prt·servL· truth from its first to its la..~t 

:• · ~t"T·t JjJIJS if t he firBt w·>.st:rlion implies t. he :L':..'lertion 

'•at v.as genPrated in tbe dashed-lioe box al the top. 
1 ·,,,. tJ,u, gets ti"' lcogical theorems or verification condi
' ,. '"' b~\'en lwl.,w '"'el' section. With a little thought it 
· :m uow be se"n t hat if these theorcms can all be proveo 
.• ud if the pr<ogram balts, then it 'will halt with the 
~-,.rn~ct output v~Jues. In this case the theorems a.rt~ 

:.Lviqusly tnH·. Halting can be provcn by otbcr 
~ l'dillÍ(jlW,r.;, 
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F.gmt- 2-;-....·ctioned llowcha.n 

The •::irdul rt·~·kr "·illuc,tc: tbot th<· iuput ,¡ssumption 
}'>O is uot n·ally IH~t4h·d for tbt.·J·roui of cither of thesé" 
thl'c•rt~ms. Thi~ i~ b1·~au~··: that ::.~·.:-:<llnpti •• n is really only 

aJ¡t-{'dt'd !O {'fiJ\'!" tli:~t :}¡·~ }•H•g1·~,11, 1•·rmilluteS. 

Tbb proc:~·~:-: (,,r prúviJ.¡; t ln· t·urH'l'i.Hcss of progranu: 
is subjf·Ct tu rn:~llY \'ti.rh• ;utJ.s· butb to hmdle probrrnrn
miug l'r'n~trurt:-:. wltir.;h du wn c¡l·cur in this example and 
tu try t<J m:1.kc: the proui oi <'urrectnes.s more cfficient. 
Full tr•·:lifl¡t·nt...: with n:.au~· (:xamplcs are avuilable in. a 
rt·t···nt .•.¡,¡·\ ,·_\· l1:·· Ei--5p~~.~, t·t :tl.,: aud i11 ~-!anna's forth
(·~,;,.IIIg ~l·:~i.iH··,k. 4 Sllll:l· furthrr get1tral cornmcnts 
:1!j,.ut titt.- H:ttnre of tltt: pr,·bl"m \',ill be made ht:re. 
Aun.lo¡;,.u~. r.•mments ('(J\llJ h·· rn:>.llc about most of the 
ot.her ápproaehe.s to pr: 1\·:ng l't ·r-n .. •t:tness. 

Progr:tms eau only lJt' :::::i,l t•.J be corn·ct with respect 
to formnl spf·cificati<•lL~' ·,r iuput-oulput u.s .. -;ertions. l. 

~t 

1 

[ 
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Thcre is uo formal way to guarantce tlmt. these sp<·CÍIICa
tions ud<"JUatdy express what someonc rcally wants the 
program to do. . . . . 

Givcn a pru¡,'Tam Mth specificattons on the mput and 
output, thert· is probably no autQmatic way to generate 
alJ the additionul a.ssertions which must be added to 
make the proof work. For a human to 11dd these asser
tions rcquir~ a thorough uudcrstandin¡: of tl•c program. 
The progrummer should be able to supply these asser
tions if he is able to formalize bis intuitive under
st nnding of the pro¡,'Tam. 

Givcn a pro¡,'Tam witb asscrtions in eaeh loop and 
given an adequate definition of the semantics of tbe 
programming language, it is fnirly routine to generate 
the theorems or verification conditions. Several existing 
computer programs that do this are described below. 

Tbe real problem in proving correctness líes in the 
,t that ev~ for simple programs, ·tbe tbeorems that 

~e genera too become quite long. This lengtb makes 
pro\~ng thc theorems very difficult for a human or for 
rurrent automatic theorem provers. 

FormaliziTUJ the programmer's intuilion oj correcl~tess 

lt may not be apparent, but the process of proving 
rorrectness is just a formalization into rigorous logical 
terms of the informal and sometimes sloppy rea.soning 
that a programmer uses in constructing and cbecking 
bis program. The programmer has sorne idea of what he 
expects to be true at each stage of his program ( the 
~ssertions j. he knows how the programming language 
•emantics will transform a stage (generating the asser
tions in dusheú-line Laxes of Figure 2), and he con
,·iuces himS<·If that the transformations will give the 
dt·>ired '"'ult (the proof of the theorem). In this sense 
proving pnograrn correctness is just a way to put into 
f 'la) l:wguugc everytbiug one sbould understand in 
J. .. .Üug :uJd iuformally clwckiug·a program for correct
lii'SS. In fuct, ÚICre is no clear division between the idea 
uf reHding code to check it for correctness and the idea 
oi pruviug it correct by more rigorous means; the 
diñerenee is one of degree of formality. 

Ouc question that should be addressed in this context 
r<·¡:ards the fact that botb the correctness and the 
l.ulting problems for arbitrary programs are known to be 
uudecidaLie in the mathematical sense. However, this 
<¡uestion of mathematical undecidability should not 
:ori'e for :illy prugram for which there are ~alid int.uit.ive 
'""-'ODF for the program to be correct. 

Cun.fidt IICi' i1i wrrtdu.ess 

1 loúpe l lwvc made the puint that logical proof of 
'··J:TectiH·!-i~ t~:thnú . ..¡ues are radieally different freiD 

testing techniques which an· based on exccuting the 
program on selected input data in a specific cnviron
ment. However, I do not want to imply that in a prac
tical situation a proof or anything else can lead to 
absolute certitude of correctness. In fact a proof by 
itself does not neces.~arily lead to a higher level of 
confidence than might be achieved by extensive testing 
of a program. From a practical vicwpoint there are a 
numLer of things that could stiU be \\Tong alter a proof 
if one is not careful: what is pro ven may not be what 
one thought was pro ven, the proof may be incorrect, or 
assumptions about either the cxccution environment or 
the problem domain may not be valid. However, a 
proof does give a quite different and independent view 
of program correctness, and if it is done well, it should 
be able to provide a very high level of confidence in 
correctness. In particular, to the extent that a proof is 
valid, there should no longer be any doubt about what 
might happen after allowable but unexpected input 
values. 

111A1\"UAL PROOFS 

The basic ideas in the last sectio!l have been known 
for sorne time. This section describes the practical 
progress which has been made with manual proofs in 
the last few years. 

The size of programs which can be proveo by hand 
depends on the level of formality that is used. In 1967 
McCarthy and Painter' manually proved the correct
ness of a compiler for very elementary · aritbmetic 
expressions. lt was a formal proof based on formal 
definitions of the syntax and semantics of the simple 
languages in volved. 

Rigorou¡, bul informal pruofs 

A more informal approach to proofs is now popular. 
This approach is rigorous, but uses a leve! of formality 
Jike that in a typical mathematics text. Argumente are 
based on an intuitive definition of the semantics of the 
programming language \\ithout a completé axiomatiza
tion. Using these techniques a variety of realistic, 
efficient programs to do sorting, merging, and searching 
ha ve been pro ven corree t. The proof of a twenty !in e 
sort program might require about three pages. It·would 
now be a rcasonable exercise for advanced graduate 
students. 

Proofs of significantly more complex prograrns have 
also bepn published. London'·' has done proofs of a pair 
of LlSP compilers. The larger compiler is about 160 
lines of highly recursive code. It complies almost tbe 
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full LISP languagc:-mough so it can compile it.eelf. 
lt is a gencrally unusL-<i cornpiler. It was written for 
teaching purpc.ses, but it is not just a toy program. 
Another complex program has bcen proven correct by 
Jones.' The program is a PL-1 coding of a slightly 
simplified version of Earley's recognizer algorithm. lt 

. is about 200 lint'll of code. Probably the largest program 
. that has been proven correct is in the work on computer 
interval arithmetic by Good and London' Therc they 
proved the correctness of over 400 lines of Algol code. 
The largest individual procedure was in the !50-200 
line category. A listing of many other significant 
programs which ha ve been proven correct can be found 
in London's recent paper.10 

If a complex 200 line program can now be proven 
correct by one man in a couple of months, one can bPgin 
to think about breaking larger programs into modules 
and getting a proof of correctness within a few man 
years of ~ffort. Clearly there are pragrams for which a 
guarantee of the corrcctness of the running program 
would be worth not man years but many man decades 
of effort. We had better take a closer look at the 
fcasibility of such an undcrtaking and what the proof 
o~ correctness would really accomplish. 

.ti:nvircmmen! problems 

In most existing proofs·of program correctness, what 
has been proven correct is either.the algorithm ora high 
leve! languuge representation of the algorithm. With 
today's computers what happens when the program 
actually runs on a physical computer would still be 
anybody's gucss. It would be a significant additional 
chore to Vf'rif_i· thut the environment for the runniug 
pmgram s:irisfies al! the assumptions that wcre nlltde 
·bout it i11 .tl.e pr:oof. ProLlcrns with round off crrors, 

.Jverfiow. nnó •o lorlL can be handled in proofs. G.ood 
and Londou,' Hoare, 11 IUld others ha ve described tech
niques for proving properties of programs in thc context 
of compute: arithrnetic, but this can make the proof 
much rnon· C'omplex. Furthermore, to assure correctness 
of the runniug program one would ha ve to be sure that 
all assumptions about the semantics of the progra.m
rning languu.ge were actually valid in the irnplementa
tion. The compiler and other system software would 
ha veto be certified. Finally, this could aJI be for naught 
considering the possibility of luÍrdware · fa.ilure as it 
cxis!B in today's machines. . 

Tbus, pro\-ing the correctness of a source language 
.. ogram iS, only one aspect. of tbe whole problern of 
!,'"Uurantecing the corrcctness of a running program. 
.:\ cvertheless, eliminating all errors from the so urce 

1' .~'! . ..-,·. 
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language program would certainly ¡:n "long wa); toward 
' improving the probability that t)u· program will ru·n 

according to specifications. 

Errors in the proof 

An informal proof of correctncss t.ypically is múéh 
longer than the program text iU.clf-<Jflen fivc to ten 
times as long. Thus the proof itself iH subject to crr,or 
just like any other extremely detailc;cl nnd comple:< tas~ 
done by humans. There is the po,,,;l>ility that an in
'formal proof is just as wrong as thc program. However, 
a proof does not have any loops and the mcsning of a 
statement is fixed and not dependcnt on the curren~ 
internal state of the computer. To rcad and check a 
proof is a straightforward and potcntia.lly automatable 
operation. The same can hardly be ~:.id for programa.' 
Despite its potential fallibility, an informal proof woul.d 
drarnatically improve the probability that a progra~ IS 

correct. There ·is evidence from London's work? that a 
proof of correctness will find program bugs that I<avé 
been overlooked in the code. 

Less rigoroiUl proojs 

A person proving . a program correct b)· m"anual. 
techniques must first achieve a very thoroug~ under
standing of all deta.ils of the program. This clearly lirnits_. 
manual proof techniques to progra.m.< ,imple enough to: 
be totally comprehended by the pru~~am provers. 1 t · 
also means that clarity and simplicity i.< very important. 
in the program design if the program is to be proven 
correct. There is another school of thought which ' 
places primary emphasis on techniqu•:s for ohtaining : 
clarity and structure in the program ci· -i~'l1. Dijkslra"·" 
a.s long been the primary advocate of t'•i> approach. B)' : 
appr¿priately structuri~g the progru.w and by using 
what is apparently a much less formal approach to 
proofs, Dijkstra claims to have provcr• the correctness 
of bis THE operating. system." Milis" advocates . iL 
sinúlar approach with the progra.m being sufficiently 
structured so an informal proof can }.>': as short as the 
progra.m i.ext itself. 

It is probably true that more practi•:;,.l results can b~ 
obtiúned "~tb less rigorous apprr•a•:hes to proofs, ·. 
especially in tbe near future. It i• even debatable 
whether tbe more rigorous proofs givc r:.ore assurance of 
correctness, but the formality doc:i'. make it more 
feasible to automate the proof proce&'· Wbether or not 
one feels that the rigorous hand prCI'b; of correc!"'.ess 
will have much practica] value, ti•''=•' are prov1dwg 
experience wilh difierent proof techni•;ues that should 
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native to testing a program. Many arguments pro and 
con are too subjective for adequate consideration bere; 
howevcr, a few comments are in order before one uses 
the rate of progresa in the past aa a baais for extrap
ohiting into the future. 

Proofs are based on sophisticated symbolic mani
pulations, and we are still at an carly stage of gathering 
information about ways to aut<Jmate tbern. Existing , 
proof systems bave been aimed mostly at testing the 
fea.<ibility of techniques. Few if any have involved 
more than a couple man yCili'B of effort-rnany have 
been ·conceived on a scale appropriate for a Ph.D. 
dissertation. lf and when a cost-eff ective systern for 
proving correctneas becomes feasible, it will certainly 
require a much larger implementation effort. 

Proofs may be practica] only in caseS where a very 
high leve] of confidence is desired in specified aspects of 
program behavior. With computer-aided proofs one 
could hope to elirninate most of the·sources of error that 
might remain after a manual proof . .AJ; exernplified by 
the work · of Good and Ragland," the verification 
system itself as well as compilers and other system 
software should be able to be ccrtified. If the basic 
hardware/software is implemented with a system such 

'· as LOGOS" for computer-aided design of cornputer 
" S)'stems, tben tbere should be a 'reasonable guarantee 

that the irnplernented computer systern rneets design 
specifications. 'With sufficient error-cbecking and re
dundancy, it should thus be possible to virtually 
eliminate tbe danger of either design or hardware 
malfunction errors. By the end of this decade these 
techniques may rnake it possible to obtain virtual 
certitude about a prograrn's bebavior in a running 
environment. Tbere are many applications in areas such 
as real-time control, financia! transactions, and com
puter privacy for which one would like to be able to 
achieve such a leve! of confidÉmce. 

SOME THEORETICAL FROKTIERS 

Proofs of program correctness involve one in a seem
ingly exorbitant amount of forrnalism and detall. Sorne 
of this is inherent in the nature of the problem and will 
have to. be handled by automation; bowever, tbe 
formalisins tbemselves often seem awkward. Tbe long 
formulas and excessive detail may result partially 
beca use 'we ha ve not yct found the best techniques and 
notation. Active theoretical research is developing 
many n~w techniques that could be used in proving 
correctness. Research in this arca, usually called the 
mathematical theory of computation, has been active 
siuce l\IcCartby's"·" early papers on the subject. I feel 
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that practica! applications for proofs of correctness "ill 
dcvelop slowly unlcss new teclmiques for proving 
correctness can sil!Tlificantly reduce tbe awkwardness of 
the forrnalisms required. This section will describe 
sorne of the current ideaa being investigated. The tapies 
chosen are those which seemed more directly related to 
techniques for facilitating proofs of correctneas. 

Jnductirm techniguea jar lcops and recurBion 

Proving correctneas of programs would be com
paratively simple if programa had no loops or recursjon. 
However, sorne forrn of iteration or recursion·is central 
to prograrnrning, and techniques for dealing with ·it 
effectively in proofs have bcen a subject of intensive 
study. All the techniques use sorne forro of induction 
either explicitly or implicitly. The metbod of inductive 
assertions described previously handles loops in flow
charts by the addition of enough extra assertions to 
break every loop and then appeals to induction on the 
number of comm8.1Íds cxecuted. For tbeoretical pur-. 
poses it is oftcn easier and more general to work witb 
recursively defined functions rather than flowcharts. 
Almost ten years ago McCarthy proposed what he 
called Recursion Induction" for this situation. Manna 
et al. have extended the inductive a.sSertion method to 
cover recursive, 11 parallel," and non-deterministic" 
prograrns. Severa! other induction principies have 
been proposed by Burstall," Park,11 Monis," and 
Scott." A development and comparison of tbe various. 
inductim:¡ principies has been done recently by M.:nD.a, 
Kess, and Vpilleman." 

Fonnalizing the semantics oj programming W.ngu~es 

, The proccss of constructing the verification conditions 
or logical formulation of correctness is dependent on the 
meaning or semantics of tbe programrning language. 
One can also take the opposite approach-proving 
correctness is a formal way of knowing whether a 
higber level rneaning is true of the program. Tbus the 
meaning or semantics of any program in a language is 
irnplicitly defined by a formal standard for deciding 
whether the program satisfies a specification. Tbere is 
a very el ose interrelation between techniques for, 
formalizing the semantics of a prograrnming language 
and proofs of program correctness. Floyd's early work 
on assigning meanings to prograrns1 has been developed 
especially by Manna' and Ashcroft ... Burstall" gives an 
alternative wa~· to forrnulate prograrn semantics in 
first-order logic. Ashcroft17 has recently summarized 
tbis work and described its relevance. 

. \ 

,¡ 
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Hoan,'L" 1 gnrashi," de Bakker," and others ha ve 
work.,d lo d!'velop axiomatir eharucterizations of the 
"emantics of particular programming languugcs and 
•·onstructs. TJ,e Yienna Definition Language"' uses an 
ahstrurt ma"hine approach to definlng semantics, and 
Alh·u" dc,cribes a way of obtaining an axiomatic 
ddiuitiou from an abstract machine definition. The 
axi~omatiJ· <h·finition is gcnerally more useful in proofs. 
Scotl uud Strachey have developed another approach 
to d•·finiug ""mantics" which is dcscribed belo"'· 

\\"ork un defining the sernantics of programming 
lullb'U:tg<·s is very active with many different approaches 
being tried. Those described above are only the ones 
more closely related to proofs. If any of these ideas can 
greatly simplify the expression or manipulation of 
properties of programa, they should have a similar 
simplifying impact on proofs of correctness. 

Fonnal no!a!ion for speC'ijications 

Formal corrcctness only has meaning with respect 
lo an indep•·ndent, formal specification· of what the 
progr¡,m ¡, >upposed to do. For sorne programa such 
>peciíll':o~Jun> can be given fairly ea.sily. For example, 
('onsid.,~ u rcoutine SORT which takes a vector X of 
hrllitr;...r~· hmgth n as an argument and produces a 
nctor J' as its result. With appropriate conventions, 
ti! e desired ordering on Y is specified by: 

' 
(Vi,j)[l $i<j$n=>Y(i) $ Y(j)] 

(me al so needs a specification about the relation between 
X and r. With the property PERM(x) meaning "x is a 
f't:rmutation" and using o for functional composition, 
tlwfulluwiug will do: 

l'rP)[PERM(P)& r =X•P] 

:~ ote tldlt tiH: _specificntion allows for WJY one oí many 
possiblt· al~orilhrns to be cboscu-presumably on the 
l>asis of diicicru·y. Yet from an externa! point of vicw 
ti1e sp•'·riíieution is complete. If SORT is to be used as 
p:.rt of a lurger program, the specifications contain al! 
uue may want to know about it. 

We can usually define. correctness in this way for 
hurnerit, mathematical, and other simple programs 
tyrically found in program libraries. In fact the causality 
1.- brgely the other way around: it is worth putt.i.ng a 
i·lub"T:itn in a library to the exlc·nt that there is a good 
'' "·'' of ¡m:cisely defining the effects of the program 
;·;itlwut g<-rtiJo~ into all the details of its algurithmic 
:n¡p]cmt•n l:.tt io11. 

It W<•uld UJ· us.-ful to have a good wa}' of writing 
;,_,rma.J !--~~t·l·ifit!.ltiúiJS for a rnuc.:h wider range of com-

putational processes. Parnas has bccn working on such 
techniques for forrnnlly spccifying software modules'' 
His approach does l•andle error mto;;sag;,., and al! side 
effects have to be tarcfully formalized. 

From a proof of correelu<"' poinl of view the for
malism must havr c-oJJ\'(•ni<·nt dcductive techniques as 
well as cxpr.,;sive power. First-order predicate calculus 
has the hcst d~ductive techniques, but without cxten
sive definitions and axioms, its cxpressive power is very 
poor. For the SORT program above we assumed a 
dcfinition of permutation, and still th~ sp~cifications are 
more obscure than one might desire. For many pro
grama the attempt to define their externa! effccls with 
the formalism of a fairly standard predicate calculus can 
lead to extremely long and complex exoressions. In 
particular, proof techniques associated with iteration 
and recutl;ion ha ve often been awkward when expressed 
in formallogic. One reason is that recursion and itera
tion lead to partial functions, that is, functions that 
may not be defined at all points. There has been a need 
for the logic that handles undPfined values and can be 
easily used to prove properties of partía! functions. 
De.spite many efforts there has been no real! y sucressful, 
agreed-upon logical calculus that dealt 11ith undcfined 
values in a clean and natural way. Sorne re('ent work by 
Scott offers a possible solution to this and other 
problems. 

The work of Scott, Sirachey, and .11 ilner 

In 1964 Strachey" outlined an approac), to defining 
the semantics of a programming lauguage by mapping 
programs into a mathematical structure built up from 
a rather small number of precisely specified basic 
roncepts. The approach elimiuatcd an~· need for an 
abstract evaluating mechanism. Cnfortunately• the 
idea required sorne mathematical objects (such as 
self-referential functions) for which there was no firm 
mathematical foundation. 

In 1909 Scott started to work on the underl)~ng 
mathematical problems. The main breakthrough led to 
the first matmheatical model of the X-calcu!UB."· .. The 
work involved the breaking of new ground in both 
lattice theory and topology. Fun('tion spaces are con
sidered as lnttices by using the "i.s consistent with and 
Jess defirH"d than" relation on partía! functions for the 
lattice partial ordering. It is then possible to define a 
logic 11it h a fairly natural induction se heme which seems 
to ha ve great generality and case of expression for prov
ing properties of recursively defined functions. 

Scott's techniques allow for the construction of a 
universe of computable mathematical functions which 
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i• suffiriont !y general so that it "hould be P<"sible to 
define the rneaning of any prob'l"nm b)· associating with 
ita specifie function in this universc."·" The scma.ntics 
of a program are thus defined mathcmatically in tcrms 
of a limit1•d nurnbcr of busic mnthemnticnl concepto 
and not in terma of the rr.sult of a calculation on a 
machine. The scmantical function thnt mnkes the as
sociation is dcfincd recursively on the syntax of the 
program. The mathcmntical universe is sufficicntly 
¡:cneral so that the scmantical function itself exista 
within thc universe." 

The practic111ity of this approach h!LS yct to be deter
aüned, but it secms to hold out the hope of a much 
leas cumbersomc way to formalize scmantics. This 
mathematical approach to semantics may enable one 
to abstract from the arbitrary choices a great amount 
of extraneous deta.il that is typical of program imple
mentations. The trick, of course, is to nbstmct from the 
right detail without losing important · properties of the 
program. 

Milner'' has implemented a mechanical proof checker 
íor a logic of computable functions based on somr of the 
work of Scott. The implementation includcs exten.,ive 
Eimplifiration mec:hanisms and an interactive goal set
ting structure. :i\1ilncr and Weyhmuch have used the 
logic to formalize semantics,"·10 to prove simple pro
gram corrcctncss,'" and to gjve a mechanical proof of 
compiler correctness based on formally defined semnn
tics.61 The proof cl1ecker is still lirnitcd to proving 
properties 'of rather small programs; however, express
ing formal properties of prob'l"ams does seem to be 
simplified. The expression simplification mechanisms 
have also been uscful. 

The nature of this and other active theoretical re
search indicates that there may soon be techniques 
which will si¡ptificantly simplify the problem of prov
mg program corrcc.;tness. 

1!\TE.GRAT!l\'G PROOFS WITH PROGRAM 
DESIGK 

Proving program correctness has usually been done 
alter a program is written. An alternate approach is to 
intcgrate the proof with the program design. This ap
proach provides sorne hope that proofs might eventual! y 
},e]p tü or¡!anize and simplify the prob'l"am production 
procc". A proof of corr<:ctncss will greatly increase the 
'; mount of formalism that must be dealt with. However, 
if a ¡.roof can be intcgrated into the design and writing 
stage,, it should t·liminate most of the need for debug
gÍng nnd m ay alleviate the · problems of dorumenta
t.iou and maintenance. Floyd" h!iS envisioned an auto-

u\} 
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matc-d vc:rilication "ystcm •urh that a programmer· can 
interne! with h in real tim!'"" he is writing his program. 

Hoare's proof of corrt·c:tness for his program FIND" 
WILS done in a top down way with the prub'l"am and the 
proof evolving simultnncously. Jones in bis proof of 
Earley's recognizer algorithm' ex<·mplified a procesa he , 
calls the formal developmcnt of correct algorithms, It 
is the longest published example of how a proof might 
dL<cipline program design. · ·' ·' 

Thruug:lwut the d!·velopmcnt of the algorithm Jones 
uses a special formal notation related to the Vienna 
Delinition Language, he does not intrcduce .nn ordinary 
programming langunge until the very end. With this 
notation he WILS able to give a formal,' non-proc~ural 
spccification for a recognizer in about half a page. >'He 
then dcvelops the algorithm by stages while at eaclí 
stage extending a proof that the partially developed 
algorithm will meet the specifications. At each stage the 

· proof depends on formally expressed assu~ptions about 
the undeveloped part of ti, e algorithm. 

At · the present time the amount of formalism re
c¡uired for the proof tends to overwhelm tlie progr!'m 
design eff ort. l\ evertheless, this approaéh appears to 
make proofs of correctness somewhat more practical.in 
an actual programming cnvironment. 

A ut=atic program synthesis 

Rather than 'niting both specification.. and a pro
gram, one might want to Jet the computer create the 
program and thus be responsible for its correctness.· 
úne technique for automatic program synthesis is 
closely related to techniques for proving correctness. 
One proves that there is an output satisfying the speci
fications and then extracta a program from this proof."·" 
By using induction in the proof, it is possible to con
strtrt:t programs with loops. M::uma and Waldinger 
have given severa! examples of this:" · 

While automatic program synthesis would be more 
useful than proving correctness, automatic synthesis 
requires a much more difficult proof. Since techniques 
for generating the required proofs are the major un
solved problem in this whole area, this form of auto
matic program synthesis is a more long-range goal than 
proofs of correctness. 

CONCLUSIOK 

Work on proving properties of programs has progressoo 
to the point where one can argue whether there will soon 
be useful result.s. lt is mostly a matter of what óne 
means by "useful". 



Cl. ·Summa.ry of Progress Toward Pro,·ing Program Com·rtness 

The soft wure cnginccr who is' worried a.bout large 
programming projects will find current proof tcclmiques 
hupclc:;sly inudt•qua.te for a.ll the large scnle problcrru; 
that a.w tl•c ct·nter of hiJ; cuncern. Even for sma.ll 
modJles he will probably lind that test methods are 
more cost-cfTt·ctive tha.n rigorous proofs. One slwuld be 
able to obt a in vcry great confidcnce in the correctness 
0 ¡ a modcrut <-sizt·d program if the leve! of talcnt and re
sourccs tliat would be neccssary for a rigorous proof 
wcre · deirut .. d to reading and tcsting the program. 
Considrriug t he time it normally takes for research re
sults to work their way into practicnl applications, I 
would cxpcct that it will be at least three or four years 
before u.is situation changes significantly. 

Within the next three or four years, less rigorous 
techniques for structuring, understanding, and check
ing a. prugra.rn m ay beco me widely used. More rigorous 

-oof techniques could be useful on sm'!ll critica] mod
ules wbere adequa.te conlidence ca.nnot be a.chieved by 
other means. In t.his case it may be worth the additiunal 
cost of a proof to ubtain an independcnt evaluation of 
correctncss. 

While mo;ot wurk on proving correctness has been for 
progiams \\Titten in higher leve! lunguages, the most 
useful carl:· applications may occur eitber for nlgorithms 
ut the hardware or rnicrocode leve! or for the calling 
structure at the highest leve! in the design of a large 
progra.m. In both cases there is a high priority on cor
rcctness, and one would like to be assured of correct
oess long befare testing becomes possible. 

If current rescarch on simplifying :md automating 
the proof process can signilicantly reduce the difficulty 
of proviug correctness, then in a few years proofs rnay 
be commonly used on small critica! modules. Gra.dually 
tht· proof tt·dllli<¡ucs could then be extended to larger 
nrubrr·ams so t ilat t.hey can Le more useful in impl~ 

.nting nr~· rchuLlc systerns. lt is unlikely that proof 
H~rhnique: will i.Jt cost-effective íor TOl:Jtine program~ 
within this dccade, but the potential is thcre for cven
tually rcvolution.iziog the software rnarketplace. 
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· by Robert ·a. Firewor!{er 
a¡¡d Leonard J. Bogr.er, 
Jr. 

TIJerc is H need for improvcment 
in state-of-tlw-art project mannge
mcnt and progrumming techniques 
which aim to improve software cle
velr~nment. 

. stomarily, programming pro
j~cts b~gin witll the user's proLlem 
st.atem.E:nt and 1weds analysis. This, 
in turn, is delivered to thc software 
development r,roup. Promises are 
made: Timely dclívery (commit
ments, dates), accuracy, stated cost, 
system reliability and enhanced sys
tem functions. At this point, user/ 
DP communication become second
ary. 

The \ypical product delivercd: 

o Functions-are they weJ:!l the 
cost und are t he y octually uscfur? 

o Late installation-project slip· 
page, poor estimates and/ or 
chang:e control. 

• Resoun:es-r:n~ater co::;t than 
anticipnted. 

• QuestionalJ!o (interpr~tative) re· 
li•..>hilitu 

' ' 

A system containing thesc "fea
tures" must he furtber customized 
to mect the user' s actual needs. Y es, 
an effective system may have been 
developed, with little help from orig
inal estima tes; but how etficient and 
productive was the development 
proccss? 

These items are symptomatic of 
software development problems . 

Thc problems are poor p]anning 
(estimuting, scheduling, control) and 
poor comn1unication. 

"Wc are still in the unfortunate 
condition tlwt software dcue/op
mcnt is r¡ot a science, it is a craft; 
and our knowledge 'is o[ the meager 
and un.;atis[actory kind '"--M. L 
Bernstein "Hardware is Easy: lt' s 
Softworo That's Hard," DATA
MATJON. 

Not to dissent thc crcati\'e, m1istic 
atmo::.pherc of system~i design, ~tan~ 
dardization must exist in tenn . ..; of 
phmning, docurnrnt.ation Hnd revicw 
-·-·in arder to relieve amhiguity. 
Empha•is must not only be p!.;ced 
on what thc U!-;er t.hin~s he or she 
needs, hut o. rletenninatiun should 
be mHde of preseut n~eds as wcll as 
ne~ds i'or thl! [uture. 

The elcmcnts of successful pro
ject management-planning, esti
mating and scheduling, tracking \md 
control of change-will be the crux 
here. Modem programming tech
nologies, as effective and efficient 
development tools, will be handled 
after that 

Software development cycle 
The standard which evolved as 

the structw·e for development pro
jects is the project life cyclc (or 
software developmcnt cycle). Based 
on the premise that software áevel· 
opment has birth (inception), ma
turity (development) and death 
(completion), the life cycle serve" as 
a framework for communication and 
cooperation. lt is utilized to monitor 
activities, highlight critica! tasks 
and to record progress. 

"The programmiJ1g development 
cycle is sim¡liy a series of arder/y, 
intcrrelated uctiviti1!S !f.!ading !o 
the successful completion nf a set 
of programs. "--l'hillip W. ~íotz
ger, A1anaging a J,rogramming 
Project, Prentice-Hall. 

Standardization ¡, evident through 
documellt.ation of proje<.:t }Jhases, 
milestones and estiwates. 1\1i!estun~s 



are <lefined "end-products" which 
re>ult fror11 each phase. Estimates 
are judgm~uts ba:;t:d on past ex
peri<nce and/ or research. Ideally, 
estimates should be refined phase 
by phase. They should not be spe
cific pinpoints of time and/or cos~ 
but prL·sent an acceptable range. 

'By using the system life cycle as a 
tracking device, where estimates are 
compared to reality, project reviews 
should be conducted periodically. 
The number of reviews depends on 
the size and complexity of the pro
ject, experience of staff and events 
which occur. lt is a good idea to plan 
a major milestone review after the 
completion ofthe conceptual design. 
This review should include all parties 
involved with emphasis given to 
user feedback concerning design 
direction. 

Where are we now, and where are. 
we going? As the project grows it 
becomes people intensive (See 
Chart A). If the design is off-course 
at the outset, it will result in time
frame slippage and increased costs 
further down the road. 

Where the Jife cycle approach 
moves away from convention is in its 
flexible nature to accomplish lts ob
jectives. 

Differences in user application 
are seen in phase tilles, definitions, 
number and subdivisions. This flex
ibility allows the option of a broadly 
defined life cycle or a narrow, 
thorough breakdown. Chart B de
picts various user interpretations of 
the life cycle. Although approaches 
to this technique differ, the objec
tives are the same-to document 
the project plan by task and time
frame. 

. The Jife cycle can be broken into 
five fundamental stages (See Chart 
A): 

Planning 
Design 
Development 
Testing 
lmplementation 

Planning ···-" 

invalunble to the success of a pro
ject Metzger recommends 33 per
cent time ullocation for p1anning 
proccss, while Dr. Raymond Win
ters (IBM) recommends 45 percent 
given up fronL Coordination and 
utilization of all parties concerned 
during this process will stimulate 
commitment ancllessen ambiguity. 

Long tcnn planning is the respon
sibility of upper mana'gement (both 
user and developmenQ ·and is char
acterized by a few people involved 
and broad topic discussion. The 
planning proce;s is continuous 
throughout the life cycle. As devel· 
opment progresses, more people 
provide planning input as the spe
cifics of the system are discussed 
Project management must be aware 
of and morutor short term plans and 
their relationship to lorigterm goals. 

User interaction will determine 
the scope of the project Through 
the use of problem analysis, require
ments study aml feasibility tech
niques, project rnanagement will 
form a baseline. The manager must 
investigate the project environ
ment Pas~ present and futura. 

Past-systems and applications. 
Present-resources {people and 
money), politics. 
Future-corporate strategy, ex
pansion plans. 

Following this interaction, objec
tives are set, responsibilities as
signed, schedules (resources and 
time) are developed. 

Change control rnust be addressed 
-as user's needs change he or she 
must be aware of its effect on the 
scope of the project If change is im
pera ti ve, the plan may ha ve to be 
revised and both the user and devel
opment management must sign off 

Chart A. 
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on the rcvision. Additional or shifttnv 
responsibilities will be deciJed "~ 
this time. 

Measurement techniques alsu 
will be designated. The most use fui 
tcchnique will serve multip1e func
tions: Planning, scheduling, contra~ 
ling, ~ommunicating and simulating_ 

"What has emerged ouer the years 
is a technique that employs the 
common planning and schedulin11 
procedu.res o{ PERTand CPAl "
C. W. Burrill and L. W. Ellsworth: 
Modern Project Management (un
edited manuscript, used with 
permission of the publisher, Bur
rill-Ellsworth Assoc., Inc.). 
Networks (PERT/CPM) list the 

activities and their sequence within 
the life cycle. They provide a simple 
procedure for establishing a tüne 

Top management's goals 
are ouerseefng long 

term planning. 

schedule and monitor the critica! 
activities involved Through con
stan! comparison of estimates to 
actua~ project control is exercised. 
A documented network provides a 
communicative project plan. Net
works 11lso may be used for simula· 
tion as assessments of change and 
its impact may be observad affect
ing time and cost factors. 

Project management must n1so 
acknowledge: 

• Temptation to design isola ted 
from planning. 

o lnitial emphasis on prioriti•s
. not dates. 

o Do not assume a" perfectworld." 
Provide for contingencias such as 
illness, vacation nnd turnover. 

z 
o 
~ 
1-
z 
w Expeetutions are set during the 

initia1 stage of software develop
menL 

DEVELOPMENT ::2' -
Productivity will be judged on 

how tlw. uppr()p,riate expectalions 
are rnet Extensive time, up front, 

zl~t.g¡\,{.'n':to';Or well 1.thq!::Jgh_t-,out; l!lan is 
,--:~=;t,,lq 1 .t..,(o·rq '!t. l'n'" r"j ,r,w, í, 
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llc;i¡;n 
( Juc·e objectivt:~ ore ~t:t and re

:-ourres G!llucuteU, the nexl ~tage is 
t1> ~pecify how the program system 
~·ro work 

The "conceptual design docu
JlH~llt" is the major outcome of the 
th:sign phase. Jt serves as a Llue
prinl. for the design specifications 
(>olutions to the problem) and seiVes 
¿,..; a siarting point for the program-
Iner. 

The conceptual design document 
provides narrativa portraying thc 
overull concept. High-level explana
tions are given to·these areas: 

• Programming s't.andard s-- cover
ing flowcharting, data naming, in
te:{acing. Prohibitions al so should 
be stated 

4 Pfogram design- the actual struc
,re of the system, asan overview 

of the hierarchy and nota break
clown of unit specifics. 

o File design-Hccompanies the 
program design, defining system 
files to be utilized and accessed 
by program modules. 

; Data flow-a narra ti ve descrip
. tion of how the syste1t1 will per

form its tasks. This will he pre
sented to non-technical manage-
ment ' 

If possible, the conceptual design 
should define optional approaches 
anrl tradeoffs associated with each 
epproach. M»nagement will obseiVe 
thc Ion¡: tenn and short tenn benefits 
of each and determine a course of 
action. 

najor milestone r~view is to be 
conducted with the ohjective of con-

Ch<lrt B. 
1 

firming the design direction in terms 
of the u ser' s expectations. 1'his re
view will det enuine if modi.fications 
are to be made and to approve the 
continuation of the project 

Develo¡Hnent 
This is thc most people intensive 

phase of the life cycle. lt is the heart 
of the project beca use development 
is where the u ser' s expectations will 
be ruet through products developed 

Deuelopment is people 
intensiue: The final 

product must meet the 
user's expectations. 

Because ofthe technical complexity 
of· major programming projects, 
segregating the development func
tions into four groups is advised 

Four typical groups and their 
functions are as follows: 

Programming gro u p. 
Since the programrners are the 

focal point of the project, this sec
tion centers on their function. 

From the conceptual design docu
ment, the programmers will develop 
a detailed design. The most current 
approach utilizcd is top-dowri de
sign (discussed la ter). The program· 
roer' s job is to design module, in 
detail, concurring to the conventions 
of the conceptual design. 

Next, program code must be de· 
veloped. The detailed design may · 
have to be changed but these 
changes should remain within the 
domain of the progrummer as long 

r.tlontgomery Manufacturers 
Hanover Metzger 

Definition 
Design 
Prógro.mming 
Syst,;m Test 
Acceptan.;e Test' 
,ln~tallation 
· 3 Operation 

Ward · 

P/anning 
lnitial lnvestigation 
Preliminary Study 
Systems Planning Study 

Development 
Systems Requirements 
Systems Specifications 
Technical Requirements 

lmplemenlation Planning 
Programming 
U~t:r Training 

Systems Test 
lmplemenlation 

Conversion 
Post-Jmplementation Review 

Feasibility 
Functional Analysis 
Design 
lmplementation 

fJ ¡¿ 

-as they tfq not uffect th~ conceptual 
design. 

Each module lllUSt be thoroughly 
test~d prior to integruLion within th'e 
design hierarchy. Test drivers (pro
grams writt eri lo simulate en\'irun
mental conditions) are u usefultest
ing aid "It is mH.nagernent'.s respon
sibility to wovide a good test envi
ronment-predictaule computer 
time and smouth interfacing with 
the computer fal'ility," says Metzger. 

As modules are constructed and 
tested they must be documented. 
Programruers are responsible for 
this document.ation. Changes to the 
original detailed design should be 
inserted within the document 

Once modules are tested and doc· 
umented, they must be: integrated 
within the design hierarchy. Ob
seiVation of the new modules' effects 
on others and thc system as a whole 
is the responsibility ofprogramming_ 
management. 

Analysis and design group 
The analysts and designers re

main active during the programruing · 
phase and serve the following func-
tions: · 

o Change control-investiga te, reo
ommend, document 

• Data control-integrity of the 
system files. 

o Review detailed design- com· 
pare to user expectations. 

• User documentation-installa
tion, operation, and maintenance. 

Test group 
This group prepares for and pá

forms tests (see following infonna
tion on testing) which are not con
cerned with programruing but with 
overall systems tests. The separa: 
tion of these functions al!ows pro
grammers to concentrate only on 
code. 

StafT suppcrt 
Areas t.aken for granted are pro

vided by this u ni t. Concerns include 
controlling computer tÍme, supply
ing keypunch services, coordin2.ting 
t"nninals and handling special fire· 
fighting assignments. 

Testing 
The main objectivc of the testi"g 

phase is to condition the program
mers' products to an all· inclu~i\"t! 
sct of tests nt-ilhcr desigued !aúf 

execut€d by the programmers and 

. ' 
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1 l 
Specifications 
walkthrough 

Coding 
walkthrough 

Function 
test 

System 
test 

run in as nearly alive atmosphere as 
possible. The secondary objective is 
to provide initial training to the 
user. 

Responsibility fur meeting these 
objectives belongs to the test group. 

Upon receipt of the developed 
product and working with the aid of 
staff support, the tester must be 
prepared with specific and docu· 
mented te:;t proccdures, scheduled 
computer time, library facilities 
(simulated und live data) and people 
ready to tear the system apart. The 
developed system shou\d experience 
a thorough béating, for if it cannot 
handle almust uny situationimagina· 
ble the sy;tem rnay not be accepted. 

Observers are welcome, froin 
both the u ser and programming side, 
to offer feedback and recommenda· 
tions. lt must be understood that 
this is a "-test" and not a "demon
stration" of the finalizad system. 

If it is determinad that a program 
change must be made, a regression 
test should be performed. This is to 
discover the effect of the change on 
portian> tested previous\y. 

DocUJ;tentation mu:;t contain list
ings of final test runs, programs and 
corresponding (nurrative) docu· 
mentatiofL 

U ser training must involve those 
who maintain and operate the sys· 
tem. User,; are to be provided with 
operatin~ manual:; and formal oper
ntional training. If u firm does not 
provide u regular cducation pro
gram, the test gruup should prepare 
formal clas;;room and/or on·the--job 
training. 

Accompanying trnining methods, 
users who also will maintain the sys· 
tem must he pruvided with the de
tailed design docurnent and the de-
tailed code. 'l'rouLle--shooting man· 
uals, lbting peculiurities of the sys
tem, are also advised. 

lmplem•ntation 
Successful implementation is the 

result of cnreful planning during the 
previous plwses. V c1y few objects 
rcach this stage without being im· 
plemented. 'l'his is the time thut 
user cxpectatiuns are to be me~ 
change is forrnally created within 
the organization and · infonnation 
processing begins. The user has the 
ultima te rcspunsibility to verify the 
system' s functional acceptability. 

Criteria for system acccptance 
'include: 

• lntcgrityofthe system's business 
functions, user manuals and pro
cedures. 

• Demonstration of the useropera· 
tions group' s ability to run the 
system in a live cnvironment 

o A fui! scale live environment test 
using allrcsources available, exe
cuting: all proceJures and options 
-with a decision on the worthi· 
ness of the programs. 

State-of.the-art 
progr:unming tecbniques 

Traditionnlly prugramming has 
been characterized hy its flair for 
·runnin~ in lo the sume problems. To 
name a fcw: lnability to easily inte
gra te modules, redundancies in 
functions, supcrfluous code and in~ 
ahility to dctect urrors up front. 
Modérn prognuuming tcchniques 

-~ -···--· 

relieve the s~verity of t he.je occur
rences. 

In this section. sorne of these 
techni4ues Hre discussed alung with 
oboervations frnm thrce progmm 
development projects which utilized 
thenL These projects are: H11tford 
Insuran~e Group; Cornmercial Auto 
Ratemaker System; Manufacturers 
Hanover Trust Co. (MHT); Whole· 
sale Demnnd Deposit Accounting 
System; and Standard Oil ofCalifor· 
nia, Chevron Program Development 
System. 

Structured environm•nt 
Design and programming 

Structured design is a co!lection 
of practicas and procedures, chosen 
to complement one another, along 
with rules for applying them. "At 
MHT, a design methodology also 
includes management techniques, 
documentation procedures, tools to 

Chief programmer is in 
charge of the program 

design and for reuiewing 
code, integration 

· and testing. 

aid the designer, stundards for ,;p~c· 
ification that serve as the input to 
tbe design process (i e., functional 
specifications), and the implemen· 
t.ation process (i e., design specifica· 
tions). "-A. Block and K Hamilton, 
"Programmer Productivity in a 
Structured Environment," INFO·. 
SYSTEMS. 

Advantages of this methodology, 
as seen through MHT, include: 

• Consistency-vuriance is detected 
with higher certninty and at un 
earlier time. 

• Modularity-one module for one 
function, ea se of change control 
and maintenunce. 

• Documentation-more time ond 
thought given to design than the 
troditional r.pproach, resulting in 
grcater design integrity. 

"Structw·ed p:'Ogramming is based 
on a mathematically proven struc
tured theorern which st:üeo that any 
program can b~ written using only 
the three control logic structures." 
-" lnstallution Manugement/lm·. 
proved Pr·ogramming Technolo
gies," !HM. 



The rhief pro;~rammer is rcspon~ 
siblt~ for the ove mil program dcsign; 
writing mainlinc routines, rritic81 
t:ode, OS intCifaces; data defini
tion.s; defining modult:s and assign
ing, to subordin<Jtcs; und for specify
iug interfnC'es bt.·tw~cn modules. He 
or :;he <1lso is l'l'Spom;ible for rcview
ing calle, ovcrseeing a1l integration 
and testing, and reporting prujcct 
st.atus to management. 

Adv~ntages (Standard Oil) are: 

• Technical expertise at manage
ment leve!, reviewin¡: and opti
mizing codc. 

o Expert handling critica! code and 
delegating simpler routines to 
less ex¡Jerience (leve] of compe
tence). 

HIPO diagrams 
..• erarchy plus lnput-Process

Output (HIPO) diagrams are a doc
umentation technique utilized dur
ing tbe design st.qge prior to tbe 
actual coding. "HIPO reduces the 
amount and ambiguity of the prose 
required to document function and 

Majar milestone review 
sizes up progress on the 

project: Is this what 
the user wants? 

provides a systematic _means of 
identifyin;: all the functions to he 
performed and the morlules lo per
form them."-"Installation Man-
Hf~ nt," IBM. 

HIPO renders a to¡rduwn descrip
tion of progrmn functions. Firsi is an 
overview, followed by thc dctails of 
the particular.·function and itH nec
essary inputs and resultant outputs. 

Typically, a HIPO package con-
1.ains: 

• A hierarcby cbart thnt_identifies 
all ovcrvicw and detail diagrnms 
within the top-do\';n struciurc. 

"' Ovcrview und d..:tniled graphic 
descriptinns: Input·-fil 1.:S, rec
onl~, ficlds, control hlocks; proc
ess--intf:rudions; output-files, 
fecords, control blocks. 

Structurod wall.-throuuhs 
This is "n objedive check on a 

program' s overall logic and com
plcteness by someone who has not 
Ueen immerst:d in its dl:tails. "The 

6G 
structurcd walkl hrough is designed 
to dctect and remove errors as early 
as possihle (Se e Chart C) during the 
cycle in a problem solving and non
fault finding almosphere where 
everyonc involved-cspecially the 
dcvcloper--is eagcr to find any 
errors in the work product being 
reviewed.''- ''lnstallution Managew 
ment," IBM. 

These structures are: 

• Sequence of two or more opera
tions (MOVE, ADD,-- .). 

• Conditional brauching to one of 
two operations and return (IF 
THEN ELSE). 

• Hepetition of an operation while 
a condition is true (DO WHILE). 

This method is characterized by 
the absence of GO TOs and have 
.only one. entry and one exit. Since 
arhitrru-y branching is not utilized, 
modules of code are easy to read 
Flexibility is allowcd through exten
sions to logic as long as the code 
retains its one-entry/one-exit pro
perty. 

Advantages of structured pro
gramming, noted by the Hartford 
Insurance Group, are: 

o Compact, acruratc, easily fol
lowed codc. 

• Consistently fewer lines ofcode. 

• Use of comments became almost 
unneces.s;1ry. 

o Programrners found it easier to 
!acate bugs in their code during 
tests (See Chart C). 

Top-down design 
and program development 

Top-down strategy is a hierarchi
cal appronch to ¡Írogram design and 
developmcnt Similar to the overall 
systcrns plan, the initial design is to 
first design anrl code high-level 
modules followed by detennining 
the low-level units which will be 
needed. "Testing of high-level 
modules is through the use of test 
subroutines and prucedure calls." 

· -"lmprovcd Productivity inlmple
menting Jnformation Systems," 
INFO 79 speech by Harold Feinlieb 
of Nationul CSS, lnr., and Kevin 
Tweedy, Standard Oil ofCnlifornia 

Advantages to lhis method, as 
experienr.ed hy Standard Oil, ara: 

o Eliminates unntces~ary code. 

· • Ea se of intcgratioll. 

• Effectivc munagt>mt·nt control 
through visilJ!c high leve! products. 

Chief programmer teams 
Here a small group of program

mers (3-5) are under thc direction of 
a senior leve! or chief programmer. 
The team represenls an opportunity 
to improve both the manageability 
and productivity ofthe group through 
organizational techniques. These 
techniques include: Specialized pro
gramming jobs, expert technical 
leadership, stress on training and 
career developrnent, defined rela-. 
tionships among·specialists and ef
fective work effort with a develop
ing, and always visible, project 

The structured walkthrough is a 
review session during which the de
veloper invites peers to observe bis 
or her logic, step- by-step, and to 
offer constructive criticism. Tbis 
technique has evolved notonly asan 
error detection device but also as a 
communications too], through dis
cussion of personal approaches to 
program logic. 

Advantages as viewed by the 
Hartford Group are illustrated in 
Chart C. l:i 
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Consid,.rations and techniqaes are proposed that reduce the 
fl compl<'xity of programs by di>·idin¡: them into functional modules. 

This can make it possible lo crea/e complex syslemsfrom simple, 
independelll, reusable modules. Debugging and modifying pro
grams, n·cunfiguring 1/0 di.•vices, and managing /arge Prvgram
ming projects can al/ be greatly simplijied. A nd, as tire module 
/ibrary ¡:rows, increasin¡:ly suphisticated prugrams can he im
plemented using less and less new code. 

Structured design 
by W. P. Stevens, G. J. Myers, and L. L. Constantine 

Structured design is a set of proposed general program design 
considerations and techniques for making coding, debugging, 
and modificatior¡ easier, faster, and less expensive by reducing 
complexity.' The ·major ideas are the result of nearly ten years 
of research by Mr. Constantine.' His results are presented here, 
but the authors do not iniend to present the theory and derivation 
of the results in this paper. These ideas ha ve been called compos
ite design by Mr. Myers.3

•
5 The authors believe these program 

design techniques are compatible with, and enhance, the docu
menta/ion techniques of Hl PO' and the cuding techniques of 

. . 7 
structured programming . 

These cost-saving techniques always need to be balariced with 
other constraints on the system. But the ability to produce sim
ple, changeable prograins will become increasingly importan! as 
the cost of the programmer's time continues to rise. 

General considerat!Óns ol structured design 

Simplicity is the primáry measurement recommended for evalu
ating alternative designs relative to reduced debugging arid mod
ification time. Simplicity can be enhanced by dividing the system 
into separate pieces in such a way that pieces can be considered, 
implemented, fixed, and changed with mínima! consideration or 
etfect on the other pieces of the system. Observability (the abili
ty to easily perceive how and why actions occur) is another use-
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Figure 1 A •trudure chart 
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fu! considera! ion that can help in designing program~ that can be 
changed easily. Consideration of the effect of reasonable changes 4ii 
is also valuable for evaluating altemative designs. 

Mr. Constantine has observed that programs that were ihe easi
est to implement and change were those composed of simple, 
independent modules. The reason for this is that problem solv
ing is fas ter and easier when the problem can be subdivided into 
pieces which can be considered separate!y. Problem solving is 
hardest when all. aspects of the problem must be considered 
simu!taneous!y. 

The term module is useci to refer to a set of one or more contig
uous program statements having a name by which other parts of 
the system can invoke it and preferab!y having its own dlstinct 
set of variable names. Examples of modules are PL/1 procedures, 
FORTRAN main!ines. and subprograms, and, in general, subrou
tines of all types. Considei-ations are a!ways with relation to the 
program statements as coded, since it is the programmer's abili
ty to understand and change the source program that is under 
consideration. 

While conceptually it .is useful to discuss dividing whole pro
grams into smaller pieces, the techniques presented here are for 
designing simple, independent modules originally.lt tums out to 
be difficult to divide ah existing program into separate pieces 
without increasing the complexity because ofthe amount ofover
lapped code and other interrelationships that usually exist. 

Graphical notation is a useful too! for structured design. Figure 
1 i!lustrates a notation called a structure chart,' in which: 

J. There are two modules, A and B. 
2. Module A invokesmociule B. Bis subordinateto A. 

l 

3. B receives an input parameter X (its name in module A) and 1 
retums a parameter Y (its name in module A). (lt is useful 
to distinguish which calling parameters represen! data passed 
to the called program and which are for data to be returned 
to the caller.) 

Coupling and communlcation 

To evaluate altematives for dividing programs jnto modules, it 
becomes useful to examine arid evaluaie types of "connections" 
between modules. A connection is a reference to sorne Jabel oi' 
address defined (oral so defined) elsewhere. 

The fewer and simpler the connecticins between modules; the 
easier it is to understand each module without reference to other 
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Toblo 1 Conlrib~o~ling lacton 

GJ· lnruface Type of Type of 
complexiry connecrion communicarion 

ivW simple, obvious to module data 
b)' name 

COUPLJNG control 

high complicated, to interna! hybrid 
obscure elements 

modules. Minimizing connections between modules also min
imizes the paths along which changes and errors can propagate 
into other parts of the system, thus eliminating disastrous "tip
ple" effects, where change_s in one part cause errors in another, 
necessitating additional changes elsewhere, giving rise. to new 
errors, etc. The widely u sed technique of using common data 

19 areas (or global variables or modules without their own distinct 
set of variable names) can result in an enormous nuniber of con
nections between the modules of a program. The complexity 
of a system is affected. not only by the number of con,"_ections 
but by the degree to which each connection couples (associates) 
two modules, making them interdependent rather than indepen
dent. Coupling is the measure· of the strength of association es
tablished by a connection fro!Jl one module to another. Strong 
coupling complicates a system since a module _is harder to un
derstand, change, or corree! by itself if it is highly interrelated 
with other modules. Complexity can be reduced by designing 
systems with the weakest possible coupling between modules. 

The degree of coupling established by a particular connection is 
a function of severa! factors, and thus it is difficult to establish a 
simple index of coupli¡1g. Coupling depends ( 1 ) on how compli
cated the connection is, (2) on whether the connectión refers to 
the module itself or something inside it, and ( 3) on what is being 

(¡ji sent or received. 

Coupling increases with increasing complexity or obscutity of 
the interface. Coupling is lower when the connection is to the 
normal module interface thim when the connection is to an inter
na! componen!. Coupling is lower with data connection_s than 
with control connections, which ·are in tu m lower tlian hybrid 
connections (moditication of one module's code. by another 
module). The contributiori of all these factors is summarized in 
Table l. 

When two or more modules interface with the same area of stor
age, data· region, or device, they share a common environment. 
Examples of common environments are: 

• A set of data elements with the EXTERNAL atttibute that is 
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copied into PL/1 modules via an INCLUDE statement or that 
is found listed in each of a number of modules. · .!&) 

• Data elements detined in COMMON statements in FORTRAN 

modules. 
• A centrally located "control block" or set of control blocks. 
• A common overlay region of memory. 
• Global variabie na mes defined over an entire program ?r sec

tion. 

The most importan! structural characteristic of a common envi
ronment is that it couples every module sharing it to every other 
such module without regard to their functional relationship or its 
absence. For example, only the two modules. XVECTOR and 
VELOC might aciually make use of daia e_lement X in an ".includ
ed" common environment of PL!t, yet changing the length of X 
impacts every module making any use of the common environ
ment, and thus necessitates recompilatión. 

Every element in the common environment, whether used by 
particular modules or not, constiuites a separate path along 
which errors and changes can propagáie. Each element in the 
common environment adds to the complexity of the total system 

' . ·1 
to be comprehended by an amount representing all possible 
pairs of modules sharing that environment. Changes to, and new 
uses of, the common area pptentially impact all modules in un
predictillÍie w~ys. Data references may become unplanned, un
controlled, and even unknown. 

A module interfacing with a common environmenr for. sorne of 
its input or output data is, on the average, more difficult to use in 
varying contexts or from a variety of places or in ditferent pro
grams thari is a module with communication restricted to param
eters in calling sequences. lt is somewhat clumsier to establish a 
new and unique data context on each call of a module when data 
passage is · via a common environmenl. Without analysis of the 
entire set of sharing modules or carefuJ· saving and restoration of 
values, a new use is likely to interfere with other' uses of the 
common environment and propagate. errors into otlier modules. 
As to future growth of a given system, once the coinmitment is 
made to communicatión via a common environment, any new 
module will have to be plugged into the common environment, 
compounding the iotal complexity eve~ more. On this point, 
Belády and Lehman,' observe that "a well-structured system, 
one in which communication is via passed parameters through 
defined interfaces, is likely lo be more growable and require less 
etfort lo maintain than one making extensive use of global or 
shared variables." 

The impact of common environments on system complexity 
may be. quantitied. Among M objects there are M (M- 1) or-
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d~red pairs of objects. (Ordered pairs are of interesl because A 
~d ¡¡ sharing a common environment complicates both, A being 
coupled to B and B being coupled to A.) Thus a common envi
ronment of N elements shared by M modules results in N M 
<M- 1) first order (one leve!) relationships or paths along which 
changes and errors can propagate. This means 150 such paths in 
a FORTRAN program of only three modules sharing the COMMON 

arca with just i5 variables in it. 

11 is possible to minimize these disadvantages of common envi
ronments by limiting access lo the smallest possible subset of 
modules. Jf the total set of potentially shared elements ls subdi
vided into groups, all of which are required by sorne subset of 
modules, ihen both the size of each common environment and 
lhe scope of modules among which it is shared is reduced. Using 
··named" rnther than "blank" COMMON in FORTRAN is one 
means of accomplishing lhis end . 

• 
The complexity of an interface is a matter of how much inforrna-
tion is needed lo state or lo understand the connection. Thus, 
obvious relatieinships result iri Jower .coujljing than obscure or 
inferred ones. The more syntactic units (sui:h as pararneters) in 
the stalement bf a connection, the higher. the coupling. Thus, 
exlrnneous elements irrelevant to the progrnmmer's and the 
modules' illimediale task increase coupling unnecessarily. 

Connections that address or refer lO a module as a whole by its 
name (leaving its contents unknown and irrC!evant) yield lower 
coupling lhan connections referring to tlie interna! elements of 
another module. In the latter case, as for. eian1ple the use of a 
variable by direct reference from within sorne other module, the 
en tire content of that module may ha ve to be taken into account 
to corree! an error or make a change so thai it does not make an 
impact in sorne unexpected way. Modules that can be used easi-

•) ly without knowing anything about their insides make for sim
pler systems. 

Consider the case depicted in Figure 2. GETCOMM is a mcidule 
whose function is getting the next command from a terminaJ. In 
performing this function, GETCOMM calls the module READT, 

whose function is lo read a line from the terminal. ~DT re
quires lhe address of the terminal. lt gets this via an extemally 
declared dala element in GETCOMM, called TERMADDR. READT 

pas~es the line back lo GETCOMM as an argumenl caJJCd UNE. 

Note the arrow extending from inside GETCOMM io inside 
READT. An arrow of this type is the notation for references to 
in tema! data elements of another module. 

Now, suppose we wish to add a module called GETDATA, whose 
function is to getthe next data line (i.e., nota command) from a 
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(possibly} different terminal. lt would be desirable to use mod
ule READT as a subroutine of GETDATA. But if GETDATA mod(}' 
fies TERMADDR in GETCOMM before calling READT, it will caus~· 
GETCOMM to fail since it will "get" from the wrong tenninal. 
Even if GETDATA restares TERMADDR after use, the error can 
still occur if GETDATA and GETCOMM can ever be invoked "si
multaneously" in a multiprogramming eqvironment. READT 
would have been more u sable if TERMADDR had been made an 
input argument to READT instead of an externally declared data 
item as shown in Figure 3. This simple example shows how ref
erences to interna! elements of other modules can ha ve an ad
verse etfect on program modification, lx:ith in tenns of cost and 
potential bugs. 

Modules must at leas! pass data or they cannot functionally be a 
part of a single system. Thus connections that pass data are a nec
essary mínimum. (Not so the communication of'éontrol. In prin
cipie, the presence or absence of requisite input data is suf!icient t 
to define the circumstances under which a module should be ac
tivated, that is, receive control. Thus the explicit passing of con
trol by one module to another constitutes an addiúonal, theoreti
cally inessential forrn of coupling. In practice, systems that are 
purely data-coupled require special language and operating sys
tem support out have numerous attractions, not the least of 
which is they can be fundamentally simpler than any equivalen! 
system with control coupling.'0

) 

Beyond the practica!, innocuous, minimum control coupling of 
normal subroutine calls is the practice of passing an "element of 
control" such as a switch, flag, or signa! from one module to 
another. Such a connection affects the execution of another 
module and not merely the data it peñorms its task upon by in
volving one module in the interna! processing of sorne other 
module. Control arguments are an additional complication to the 
essential data arguments required for peñonnance of sorne task, 
and an alternative structure that eliminates the complication 
always exists. 

Consider the ¡nodules in Figure 4 that are control-<:oupled by the 
switch PARSE through which EXECNCOMM instructs GETCOMM 
whether to return a parsed or unparsed command. Separating the 
two distinct functions o( GETCOMM results in a structure that is 
simpler as shown in Figure S. 

The new EXECNCOMM is no more complicated; where once it set 
a switch and called, now it has two alternate calls. The sum of 
GETPCOMM and GETUCOMM is (functionally) less complicated 
than GETCOMM was (by the amount of the switch testing). And 
the two small modules are likely to be easier to comprehend 
than the one large one. Admittedly, the immediate gains here 
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may appear marginal, but they rise with time and the number /2. 
, ~· ;1ltcrnatives in the switch and the number oflevels over which 7 t/. 
ii .is passed. Control coupling, where a called module "tells" 
its caller what lo do, is a more severe form of.coupling. 

Modification of one module's code by another module may be 
thought of as a hybrid of data and control elements since the 
code is dealt with as data by the modifying module, while it acts 
as control lo the modified module. The target module is very 
dependen! in its behavior on the modifying module, and the lat
ter is intimately involved in the other's interna! functioning. 

Coheslveness 

Coupling is reduced when the rel¡llionships among elements no/ 
in the same module are minimized. There are .two ways of 

.; achieving this- minimizing the relationships among modules and 
maximizing relationships among elements in ihe ·same module. 
In practice, both ways are used. 

figur• 5 Simpli~od coupling 

The second method is. the subject of this section. "Element" in 
this sense means any form of a "piece" of the module, such as a 
statement, a segment, or a "subfunction". Binding is the mea
sure of the cohesiveness of a module. The objective here is to 
reduce coupling by striving for high binding. The scale of cohe
siveness, from lowest to highest, follows: 

l. Coincidental. 
' Logical. 
3. Temporal. 
.4. Communicational. 
5. Sequential. 
6. Functional. 

The scale is not linear. Functional binding is much stronger than 
·;,. all the rest, and the first two are much weaker than all the rest. 

Also, higher-level binding classifications often include all the 
characteristics of one or more classifications be!ow it plus addi
tional relationships. The binding between two elements is the 
highest classification that applies. We wil! define each type· of 
binding, give an example, and· try to indicate why it is fóund at 
its particular position on the scale. 

When there is no meaningful relationship among the elements in 
a module, we have coincidental binding. Coincidental binding 
might result from either of the following situations: ( 1) An ex
isting program is "modularized" by splitting it apart into mod
ules. (2) Modules are created to consolidate "duplicate coding" 
in other modules. · 
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"'s As an example of the difliculty that can result from coincidentai 
binding, suppose the following sequerice of instructions a~. 
peared severa! times in a module or in·sevcral modules and wa"ff 
put into a separate module called X: · .··. · 

A=B+C 
GETCARD 
PUT OUTPUT 
IF B = 4, THEN E= O 

75 

Module X would probably be coincidentally bound since these 
four instructions have no apparent relationships among one an
'otlier. Suppose in the future we ha ve a need in one of the mod

. ules originally containing these inslruclions lo. say GET TAPERE· 
CORO inslead of GET CARO. We now have a proble!ll. If we 

· modify the instructión in module X, it is unusáble to all of the ti 
other callers of X. !t. may e ven be diflicult to find :iJI Óf the other 
callers of X in order to make any other compatible change. 

lt is only fair to admit that, independent of a module's cohesive
ness, there are instances wtien any module can be m6dified in 
such a fashion to make it unusable to all its callers. However, 
the probability of this happeiling is very high if the module is 
coincidentally bound. · 

Logical binding, next on the scale, implies sorne logical relation
ship between the elements of a module. Examples are a module 
ihat peñorms aJI input and OlJÍput operations for the program or 
a module that edits all data. 

The logically bound, EDIT ALL DATA module is often implement-
ed as follows. ),ssume the data elements to be editi:d are master 
file records, updates, deletions, and addition~. Párameters passed ·· 
lo the module would indude the data anda special parameter indi- tl 
cating the type of data. T~e first instruction in the module is 
probably a four-way branch, going lo four sections of code- edit 
master record, edit update record, edit additiori record, and edit 
deletion record. · · 

Often, these four functions are also intertwined in sorne way in 
lhe module. If the deletion record changes and requires a change 
to the edit deletion record funclion, we will have a problem if 
this function is intertwined with the other three. lf thc·edits are 
truly independent, then tlie system could be sim.plified by putting 

· each edit in a separate module and eliminating the need to de
cide which edit to do for each execution. In short, logical bind
ing usually results in tricky or shared code, which is dlfficult to 
modify, and in the passing of unnecessa¡y pariuneters. 
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Tcmpoml binding is !he same as logical bindipg, except the ele
rnr,nts are also related in time. That is, the tem!JOrally bound ele-
1fcnts are executed in the same time period. 

The best examples of modules in this class are the traditional 
"initialization", "'tennination", ••housekeeping',' ," and "'cJean·up" 
modules. Elements in an initialization module are logically 
bound because initialization represents a logical élass of func
tions. In addition, these elements are relateil in 'time (i.e., al ini
tialization time). 

Modules with temporal binding tend lo exhibit the disadvantages 
of logically bound modules. However, temporally bound mod
ules are higher on the scale since they tend to be simpler for the 
reason that u/1 of the elements are executable al one time (i.e., 
no parameters and logic to determine whjch elementto execute). 

G· (fJ A module with communicational binding has elements that are 
related by a reference lo the same set of input and / or output 
data. For example, ·"print and punch the output file" is commu
nicationally bound: Communicational binding is higher on the 
scale !han temporal binding since the elements in a module with 
communicational binding ha ve the stronger· "bo~~l'' of referring 
to the same data. · · · 

1 

ti 

1 
! 

j 

When the output data from an element is the input for the next 
element, the module is sequentially bound.' Sequen tia! bincting 
can result from flowcharting the problem to be .sofved and then 
dclining modules to represen! one or more blocks in the flow
chart. For example, "q:ad next trans!lcljon and update master 
file" is sequentially bound. 

Sequential binding, although high on the scale because of a clase 
relationship to the problem structure, is still far from the maxi-

• mum- functional binding. The reason is that the procedural pro
cesses in a program are usually distinct from !he functions in a 
program. Hence, a sequentially bound module can contain sever
a! functions or just part of a function. This usually results in 
higher coupling and modules that are less Ji~ely to be usable from 
other parts ofthe system. · 

Functional binding is the strongest type of binding; In 11 func
tionally bound module, all of the elements are related to· the per
formance of a single function. 

A question that often arises al this point is what is a function? In 
mathematics, Y= F(X) is read "Y is a function F of X." The 
function F defines a transformation or mapping of the indepen
dent (or input) variable X into the dependen! (or retum) vari
able Y. Hence, a function describes a tninsformation from sorne 
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input data to sorne retum data. In terms of programming, we 
broaden this definition to allow functions with no input data wg 
functions with no retum data. 

In· practice, the abo ve definition does not clearly describe a 
functionally bound module. One hint is that if the elements of 
the module all contribute to accomplishing a single goal, then it 
is probably functionally bound. Examples of functionally bound 
modules are "Compute _Square Root" (input and return 
paraineters) "Obtain Random Number" (no input parameter), 
and "Write Record to Output File" (no retum parameter). 

A useful technique in determining whether a module is func
tionally bound is writing a· sen ten ce describing !he function 
(purpose) of the module, and then examining the sentent¡;e. The 
following tests can be,.m.ade: 

l. lf the sentence has to be a compound sentence~ contain a 
comma, or contain more !han one verb, the module is proba
bly perforining more !han one function: thereforc, it probably 
has sequential or C\)mmunicational binding. 

2. lf the sentence contains words relating to time, such as 
ufirst", ··next", "'then", "after", uwhen", "start", etc., then 
the module probably has sequential or temporal binding. 

3. lf the predicate of the sentence doesn't contain a single spe
cific object following the verb, the module is probably logii:al
ly bound. For example, Edit All Data has logical binding: 
Edit Source Statement may have functioilal binding. 

4. Words such as "initialize", "clean-up", etc. imply temporal 
binding. · · 

Functionally bound modules can always be described by way of 
their elements using a compound sentence. But if the above lan
guage is unavoidable while still completely describing !he mod- · 
ule's function, then the module is probably not functionally 
bound. 

One unresolved problem is deciding how far to divide func
tionaliy bound subfunctions. The division has probably gone far 
enough if each module contains no subset of clements that could 
be useful 'alone, imd if each module is small enough that its en
tire implementation can be grasped all at once, i.e., seldom long
er than one or two pages of so urce code. 

Observe that a module can include more than one type of bind
ing. The binding between two elements is !he highest that can be 

-' 
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arrlied. The binding of a module is lowered by every element 't 6 
¡uir that does not exhibit functional binding. 

Predlctable modules 

A predictable, or well-behaved, module is one thal, when given 
the identical inputs, operates identically each time it is called. 
Also, a well-behaved module operates independently of its envi
ronment. 

To show that dependable (free from errorsl modules can still be 
unpredictable, consider an oscillator module that retums zero 
and one altemately and dependably when it is called. It might be 
u sed to facilitate double buffering. Should it ha ve multiple users, 
each would be required lo call it an even number of times before 
relinquishing control. Should any of the users ha vean error that 
prevented an even number of calls, all other users will fail. The 

t operation of the module given the same inputs is not constan!, 
resulting in the module not being predictable even though error
free. Modules that keep track of their own state are usually not 
predictable, even when error-free. 

This characteristic of predictability that can be designed into 
modules is what we might loosely call "black-boxness." That is, 
the user can understand what the module does and use it with
out knowing what is inside it. Module "black-boxness" can even 
be enhanced by merely adding comments that make the mod
ule's function and use clear. Al so, a descriptive name anda well
defined and visible interface enhances a module's usability and 
thus makes it more of a black box. 

Tradeoffs to structured design 

t The overhead involved in writing many simple modules is in the 
execution time and memory space used by a particular language 
to effect the call. The designer should realize the adverse effect 
on maintenance and debugging that may result from striving jusi 
for mínimum execution time and/or memory. He should also 
remember that programmer cost, is, or is rapidly becoming, the 
major cost of a programming system and that much of the 
maintenance will be in the future when the trend wifl be even 
more prominent. However, depending on the actual overhead of 
the language being used, it is very possible that a structured de
sign can result in less execution and 1 or memory overhead rath
er than more due to the following considerations: 

For memory overhead 

l. Optional (error) modules may never be called into memory. 

N(J. 2 ' 1974 STRUCTURED DESIGJII 

G 
125 

78 

, 
1 

;,! 
j 



126 

Figure 6 D•finitiona of 1ymboh 1.11ed i~ 1tructure chom 97 
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EACH CONNECTION. SUCH AS FOR THE CAUS FROM A TO B ANO FROM A 10 C, lO RHLECT STRUCTURAl PROPf:RTIE$ 
Of THE PROGRAM. THE CHARTir.G StlOWN HERE WAS AOOPTEOFOR COMPATIBILITY WITH THE HIERARCHT Ct1ART c;>f Kl~. 

2. Structured design reduces duplicate code and the coding nec
essary for implementing control switches, thus reducing the 
amount of pr0grammer-generated code. 

·' 

'·l 

3. Overlay structuring can be based on actual operating charac- ¡ . 
teristics obtained by rimning and observing the program.· 1 

4. Having many single:function modules allows more flexible, i 
and precise, grouping, possibly· resulting in less memciry 1 

needed at any one time under overhiy or virtual storage con- .¡ 
straints. 

For execution overhead 

l. Sorne modules may only execute a few times. 
2. Optional (error) functions may· never be called, resulting in 

zero overheac:i. · · 
3. Code for control switches is reduced or eliminated, reducing 

the total amount' of code to be executed. 

STEVENS, MYERS, ANO CONSTANTINE IBM SYST L~ • 



4. HeHvily usc·d linkage can be recompiled and calls replaced by 
nranchcs. r ··¡nclude,"' ur "perfurms'" can be used in place of calls. 
( H!lwcver. the complexity of the system will increase by at 
least the extra consideration necessary to preven! duplicating 
da tu names and by the difficulty of creating the equivalen! of 
call parameters for a well-defined interface.) 

6. One way to get fast execution is lo determine which parts of 
the system will be most used so all optimizing time can be 
spent on those parts. lmplementing an initially structured 
design allows the testing of a working program for those criti
ca! modules ( and yields a working program prior to any time 
spent optimizing). Those modules can then be optimized 
separately and reintegrated without introducing multitudes 
of errors into the rest of the program. 

f 11 Structured design technlques 

Jt is possible to divide the design process into general program 
design and detailed design as follows: General program design is 
deciding what functions are needed for the program ( or pro
gramming system). Detailed design is how to implement the 
functions. The considerations above and techniques that follow 
result in an identification of the functions, calling parameters, 
and the call relationships for a structure of functionally bound. 
simply connected modules. The information thus generated 
makes it easier for each module to then be separately designed. 
implemented. and tested. 

The objective of general program design is to determine what 
functions, calling parameters, and call relationships are needed. 
Since flowcharts depict when (in what arder and under what 
conditions) blocks are executed, flowcharts unnecessarily com-

1. 't plica te the general program design phase. A more use fui nota
) tion is the structure chart, as described earlier and as shown in 

Figure 6. · 

To contras! a structure chart and a flowchart, consider the fol
lowing for the same three modules in Figure 7-A which calls B 
which calls C 1 coding has been added to the structure chart to 
enable the propcr flowchart to be determined; B'~· code will be 
executed first. then C's, then A 's). To design A 's interfaces 
properly, it is necessary to know that A is responsible for invok
ing B, but this is hard lo determine from the flowchart. In addi
tion, .the structure chart can show the module connections and 
calling parameters that are central to the consideration and tech
niques being presented here. 

The pther ma.ior difference that drastically simplifies the nota-
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implementations. lt implements the input-process-output type of 
program, which applies to most programs; even if the "input" or 
"output" is to secondary storage or to memory. 

~ In practice, the sink leg is often shorter Iban the source one. 
L..::._j, Also, source modules may. produce output {e.g., error 

figure 9 Trontactipn structure 
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tion and analysis during general program design is the absence in 
structure charts of the decision block. Conditional calls can be 
so noted, but "decision designing" can be deferred until detailed 
~odule d~sign. This is an example of where the design process 
ts made Slmpler by havil]g to consider only part of the design 
problem. Structure charts are al so small enough to be worked on 
all at once by the designers, helping to preven! suboptimizing 
parts of the progra~ atthe expense of the en tire problem .. 

A shortcut for aniving al simple structures is to know the gen
eral form of the result. Mr. Constantine observed that progÍ-ams 
of the general structure in Figure 8 resulted in the lowest-cost 

. . fl¡f messages) and sin k modules may request input { e.g., execution-
time formal commands.) . 

Another structure useful for implementing parts of a design is 
the transaction structure depicted in Figure 9. A "transaction" 
here is any event, record, or input, etc: for which various actions 
should result. For example, a command prcicessor has this struc
ture. The structure may occur ¡llone or as one or more of the 
source (or even sink) modules of an input-process-output struc
ture. Analysis of the transaction modules follows that of a trans
form module, which is explained later-. 

1 · The ·following procedure can be used to arrive · at the input-pro
cess-<>utput general structure shown previously. 

Step One. The first step is to sketch (or mentally consider) a 
functional picture of the problem. As an example, consider a 
simulation system. The rough structure of this problem is shown 
in Figure lO. 

Step Two. ldentify the externa! conceptual streams of data. An 
externa/ stream of data is one that is externa! to the system. A 
conceptual stream of data is a stream of related data that is inde
pendent of any physical 110 device. For instance, we·· may have 
severa! conceptual streams coming from one 1/0 device or one 
slream coming from severa! 1/0 devices. In our simulation sys
tem, tht: t:Xtt!mal ~onceptual streams a.re the input pardr:nt:ters, 
and the formatted simulation the result. 

Step Three. ldentify the mqjor externa! conceptual stream of 
data (both input and output) in the problem. Then, using the 
diagram of the problem structure, detemiine, for this stream, the 
points of "highest abstraction" as in Figure 11. 
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figure 12. The top level 
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The "point of highest abstraction" for an input stream of data is 
the point in the problem structure where that data is farthest re
moved from its physical input form yet can still be viewed as 
coming in. Hcnce. in the simulation system, the most abstrae! 
form of the input transaction stream might be the built matrix. 
Similarly, idcntify the point where the data stream can first be 
viewed as going out- in the example, possibly the result matrix. 

Admittedly, this is a subjective step. However, experience has 
shown that designers trained in the technique seldom ditfer by 
more than one or two blocks in their answers to the above. 

Step Four. Design the structure in Figure 1 ~ from the previous 
information with a source module for each conceptual input 
stream which exists at the point of most abstrae! input data; do 
sin k modules similarly. Often only single source and sin k 
branches are necessary. The parameters passed are dependen! 
on the problem, but the geneml pattern is >hown in Figure 12. 

Describe the function of each module with a short, concise, and 
specific phrase. Describe what transformations occur whcn that 
module is called, not how the module is implcmented. Evaluate 
thc phra'" relative lo functional binding. 

\\'hc11 mu' A is called, the program or ~ystem ext:cutes. 
Hcncc. th'- .• ction of module A is cquivalcnt 10 1hc pfoblcm 
hcing ~olved. lf the problem is •·write H FClPTI< ,,..,. cnmpller." 
lhcn lht: function of nuhlult"' o\ j, ··.·,unnilf· ,_,,u,..,, ............. -.. n, •• 

ll'IUUIII\. IJ :'1 IUI!I..lll'll I;!~UI\'\;::'1 l'th.-1111)11!:; ~11\,. IH&lj\.JI _,u._ ... ,, '-'' 

~ata An cx;~mple of a "typical module H" is "gel next valid 
· ~:,>ur..:e ~lalcrncnt in Polisl- '"')rm." 
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Module C's purpose is to transform the major input stream into 
the majur output stream. lts funciion should be a nonprocedurdl 
description of this transformation. Examples are "convert Polish 
form statement to machine language siatement" or "using key
word list. search abstrae! file for matching abstracts." 

Module D's purpose is disposing of the major output stream. 
Examples are "produce report" or "display results of simula
tion." 

Step Fi•·e. For each source module, identify the last transforma
tion necessary to produce the form being returned by that mod
ule. Then identify the form of the input just prior lo the last 
transformation. For sink modules, identify the first process nec
essary lo gel closer lo the desired output and the resulting out
pul form: This results .in the portions of the structure shown in 
Figure 13. 

Repeat Step Five on the new source and sink modules until the 
original source and final sink modules are reached. The modules 
may be analyzed in any order, but each module should be done 
completely hefore doing any of its subordinares. There are, un
fortunately, no detailed guidelines available for dividing the 
transform modules. Use binding and coupling considemtions, 
size (about one page of source), and usefulness (are there sub
functions that could be useful elsewhcre now or in the future) as 
guidelines on ho.w far to divide. 

During this phase, err on the side of dividing too finely. 1t is 
always easy lo recombine la ter in the design, but duplicate func-

Figure 1 J Lower level' 
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tions may not be identified if the dividing is too conservative at 
this point. " ·· 

Design guidelines 

The following concepts are useful for achieving simple designs 
and for improving the "first-pass" structures. 

One of the most useful techniques for reducing the effect of 
changes on the progmm is to make the structure of the design 
match the structure of the problem, that is, form should follow 
function. For example, consider a module that dials a telephone 
and a module that receives data. If receiving immediately fol
lows dialing, one might arrive at design A as shown in Figure 
14. Consider, however, whether receiving is part of dialing. 
Since it is not (usually), have DtAL's caller invoke RECEIVE as 
in design B. 

lf, in this example, design A were used, consider the effect of a 
new requirement to tmnsmit immediately after dialing. The DIAL 
module receives first and cannot be used, or a switch must be 
passed, or another DIAL module has to be added. 

To the extent that the design structure does match the problem 
structure, changes to single parts of the problem result m 
changes to single modules. 

The :-.To¡)t' ~~f"cnntrol of a module is that moduk plus all modules 
that are ullimately subordina teto that module. In the example of 
Figure 15. the scope of control of Bis ll. D. and E. Thc scupe 
·~f-t:l}t>ct ofa dccision is the set ofall module~ that contain sorne 
code whose execution is based upon the outcome of the deci
sion. The system is simpler when the scope of etfect of a de
cision is in the scope of control of the m_odule containing the 
decision. The following example illustrates why. 

1 

J. 
( 
1 

~iag toA or thc decision will ha ve tu be repeated in A. The türmer 
approach results in added codi.ng to implemen' ··e fiag, and the 
latter re ·sin sorne of B's function (decisior, , in module A. 
Ouplicat~• of decision X result in difficulties coordinating 
changes to both copies whenever decision X must be changed. 

The scope of effect can be brought within the scope of control 
either by moving the decision element "up" in the structure, or 
by taking those modules that are in the scope of. effect but not in 
the scope of control and moving them so that they fall within the 
scope.of control. 

Size can be u sed as a signa! to loo k for pot<'ntial problems. Loo k 
carefully at modules with less than five or more than 100 execut
able source statements. Modules with a small number of state
ments may not peñorm an entire function, hence, may not have 
functional binding. Very small modules can be eliminated by 
placing their statements in the calling modules. Large modules 
may include more than one function. A second problem with 
large modules is understandability and readability. There is evi
dence lo the fact lhat a group of about 30 statements is the u p

. per limit ofwhat can be mastered on the first reading of a,rnodule 
listing." 

Often, part of a module's function is to notify its caller when it 
cannol peñorm its function. This is accomplished with a retum 
error parameter (prefembly binary only). A ·module that handles 
streams of data mus! be able to signa! end-of-file IEOFl, preferably 
also with a binary parameter. These parameters should not, how
ever, tell the caller what todo about the error or EOF. Neverthe
less, the system can be mai:le simpler if modules can be designed 
without the need for error tlags. 

Similarly, many modules requirc sorne initialization to be done. 
An initialize module will suffer from low binding but somelimes 
is the simples! solution. lt may, however, be possible to elimi
nate the need for inilializing without compromising "black-box
ness" (the same inputs a/"·"ys produce the same out pub 1 For 
example, a read module that detects a retum error of file-not· 
opened from !he access method and recovers by opening the file 
and rereading eliminates the need for initia1ization without main
taining an interna! state. 

Eliminate duplicate· functions but nol duplicatc l:1•dt' \\"!, .. _.n ¡ 

function changes. it is a great advantage to only ha.~r: to chan!~t 
it in ont! place. Hut if a moJule's nccd for its own copy ot a ran 
do m colleclion of code changes slighlly' it will not he necc"'"l 
10 change severa! other modules as well. 
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lf a module seems almos!, but no! quite, useful from a second 
place in the system, try to identify and isolate the useful sub
function. The remainder of the module might be incorporated in 
its original caller. 

Check modules that have many callers or that call many other 
modules. While not always a problem, it may indicate missing 
levels or modules. 

lsolate all de pendencies on a particular data-type. record-layout, 
index-structure, etc. in one ora minimum ofmodules. This min
imizes the recoding necessary should that particular specifica
tion change. 

Look for ways to reduce the number of parameters passed be
tween modules. Count every item passed as a separate parame- · 
ter for this objective (independent of how it will be imple
mented). Do not pass whole records from module to module, 
but pass only the field or .lields necessary for each module to 
accomplish its functiori. Otherwise, all modules will have to 
change if one lield expands, rather than only those which direct
ly used that lield. Passing only the data being processed by the 
program system with necessary error and EOF rmrameters is the 
ultimate objective. Check binary switches for indications of 
scope-of-etfect 1 scope-of-control inversions. ' . 

Ha ve the designers work together and with the complete struc
lure chart. lf branches of !he chart are worked on· separately, 
comrr modules may be missed and incompatihilities result 
from, 6" decisions made while only considering one branch. 
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An example 

The following example illustrates the use of structured design: 

A patient-monitoring program is required for a hospital. Each 
patient is monitored by an analog device which mea sures factors 
such ás pulse, temperature, blood pressure, and skin resistance. 
The program reads these factors on a periodic basis (specilied 
for each palien!) and stores these factors in a data base. For 
each patient, safe mnges for each factor are specilied ( e.g., pa
tient X's valid temperature range is 98 to 99.5 degrees 
Fahrenheit). lf a factor falls outside of a patient's safe range. or 
if an analog device fails, the nurse's station is notilied. 

In a real-life case; the problerri statement would contain much 
more detail. However, this one is of sufficient detail to allow us 
to design the structure of the program. 

The lirst step is to outline the structure of the problemas shown 
in Figure 16. In the second step, we identify the externa! con
ceptual streams of data. 1 n this case, two streams are present, 
factors from the analog device and warnings to !he nurse. These 
al so represen! the major input and output streams. 

Figure 17 indica tes the point of highest abstraction of the input 
stream, which is the point at which a patient's factors are ir 
form lo store in the data base. The point of highest abstractil 
the output stream is a lis! of unsafe factors ( if any J. We can now 
begin to design the program's structure as in Figure 18. 
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In analyzing the module "ORTAIN A PATIENT'S FACTORS,". we 
can deduce from the problem statement that this function has 
three parts: ( 1) Determine which patient to monitor next (based 
on their specified periodic intervals). ( 2) Read the analog de
vice. ( 3) Record the factors in the data base. Hence, we arrive 
at the structure in Figure 19. (NOTVAL is set ifa valid set offac
tors was not available.) 

Further analysis of "REAO VALlO SET OF FACTORS", "FIND 

UNSAFE FACTORS" iind "NOTIFY STATiON OF UNSAFE FAC· 
TORS" yields the results shown in the cóinplete structure chart 
in Figure 20. 

Note that the module "REAO FACTORS FROM TERMINAL" con
tains a decision asking "did we successfully read from the termi
nal?" If the read was not successful, we have to notify the 
nurse's station and then find the next patient to process as de
picted in Figure 2 J. 

Modules in the scope of effect of this decision are marked with 
an X. Note that the scope of effect is •ú>t a subset ·of the scope 
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of control. To corree! this problem, we ha ve to take two steps. 
First, we will move the decision up to "REAO VALlO SET OF 

FACTORS." We do this by merging "READ FACTORS FROM TER· 

MINAL" into its calling module. We now make "FIND NEXT PA· 
TIENT TO MONITOR" a subordinate of "REAO VALID SET OF 

FACTORS." Hence, we have the structure in Figure 22. Thus. by 
slightly altering the structure and the function of a few modules, 
we have completelyeliminated the problem. 

Concluding remarks 

The HIPO Hierarchy chart is being used asan aid during general 
systems design. The considerations and techniques presented 
here are useful for evaluating altematives for those portions of 
the systerñ that will be progranimed o;a computer.. Tite chaning 
technique used here 'depicts' more details about 'the interfaces 
than. the HIPO Hieraréhy chart: This faciÚtates consideration 
during general program design of each individual connection and 
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archy chart would still sh<•w all the functions in separare 
blocks.) The output of the general ·gram design is the input 
for the dctailcd module design. Th~ .• IPO input-process-output 
chart is use fui for descrihing and designing each module. 

Stnl(:tu•~:\1 d~·,i~n <..·ono;;idc-r;!linno,; could he used h' rcvie'' pn'~ 

!!ram Ól'''~n...: in a walk-through. environment.':: These concerts 
are ¡_,i~o u~eful for e\·alutiting <Jiterriative ways to comply with 
!he rcquitcment of structurcú programming for one-page seg
ments.' 

Structured design red.uces the elfort needed lo fix and modify 
programs. lf all programs were written in a fonn where there 
was one module, for example. which retrieved a record from the 
master file given the key, then changing operating systems, file 
access techniques, file blocking, or 110 devices would be greatly 
simplified. And if al/ programs in the installation retrieved from 
a given file with the same module, then m¡e properly rewritten 
module would ha ve al/ the installation's programs working with 
the new constraints for that file. 

However, there are other advantages. Original errors are re
duced when the problem at hand is simpler. Each module is self
contained and to sorne extent may be programmed independent
ly of the others in location. programmer, time, and language. 
Modules can be tested hefore all programming is done by 
supplying simple "stub" modules that merely retum.prefónnat
ted results rather !han calculating theril. Modules critica! to 
memory or execution overhead can be optimized separately and 
reintegrated with little or no impact. An entry or return trace
module becomes very feasible. yielding a very useful debugging 
tool. 

Independent of all the advantage' previously mentioned, struc
tured design would sti/1 be valuahle to salve the following prob
lem alone. Programming can he considered as an art where each 
programmer usually starts with a blank can vas- techniques, yes, 
but still a blank canvas. Previous coding is often not used be
cause previous modules usually contain. for example, at /east 
GET and EDIT. lf the EDIT is not the one needed, the GET will 
ha ve lo be recoded also. 

Programming can be brought closer to a science where curren! 
work is built on the results of earlier work. Once a module is 
written lo gel a record from the master file given a key. it can be 
userl by all users of the file and need not be rewritten into each 
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:>tructured d• 1 conccpts are not new. The whole assembly
line idea is one of isolating simple functions in a way that still 
rroduccs a complete. complex result. Circuits are designed by 
connccting isolatahle; functional stages together. not· hy·ctesi¡!n-~ 
in!-! onc hig. interrclatcd circuit. Page numhcring i~ heinp: incrcas

ingly scctionalized (e.g., 4- 101) to minimize thc "connel'lions" 
bctween written sections, so that expanding one section docs 
not require renumbering other sections. Automobile manufactur
ers, who have the most to gain from shared system elements, 
finally abandoned even the coupling of the windshield wipers lo 
the engine vacuum due to elfects of the engine load on the per
formance of !he wiping function. Most other industries know 
well the advantage of isolating functions. 

lt is becoming increasingly importan! to the data-processing 
industry to be ¡¡ble to produce more programming systems and 
produce them with fewer errors, at a faster rate, and in a way . . 

that modifications can be accomplished easily and quickly. 
Structured design considerations can help achieve this goal. 
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4.1 ORIGENES Y OBJETIVOS DE LA PROGRAMACION ESTRUCTURADA 

Dos artículos de Dijkstra marcan el inicio de la programa

ción estructurada, estos son: 

- Programming considerad as a human activity (Dijkstra 

1965) 

- GO TO statement considerad harmful (Dijkstra 1968) 

En estos dos artículos ya Dijkstra ·habla de algunos conceE 

tos·e ideas que han llegado a ser relevantes en la progra

mación estructurada tales como: 

- Argumentos contra GO TO 

- La noci6n del disefto de arriba-~-abajo 

- El énfasis en la calidad de programas 

- Argumentos contra programas que se modifican a si mismos. 

- Otros 

La programaci6n estructurada surge como una necesidad de -

reducir la complejidad de los grandes programas. 

Con frecuencia se observa que los programas, debido a su 

complejidad, no 

1.- satisfacen las necesidades del usuario 

2.- no se producen a tiempo 

3.- cuestan mas de lo estimado 

4.- contienen errores y 

5.- son difÍciles de darles mantenimiento 

Es por ello que la programación estructurada se propone lo 

grar los siguientes objetivos: 

1.- Que los programas satisfagan los requerimientos especi 

ficados. 

2.- Programas que se les pueda dar mantenimiento 

3.- Minimizar el número de errores que ocurren durante el 

desarrollo. 

4.- Operación resistente a errores. 
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5.- Programas transportables 

6.- Programas cuya lógica sea legible 

7.- ~nimizar costos 

4.2 EL PROCESO DE REFINAMIENTO A PASOS 

Nuestr~ mayor heiramienta en el desarrollo de programas es 

nuestra capacidad de. abstracción. 

Básicamente esto consiste (cuando res'olvemos lin .problema) 

en analizar cuidadosamente el problema dado hasta lograr -

una represeni~ci5n m~ntal de los elementos escenciales del 

mismo. 

Cada elemento debe tener un propósito bien definido. Es-

te proceso puede aplicarse a su vez a cada uno de los ele-

me~tos'del problema 
¡ 

original, es decir, consideramos a e~ 

da elemento como un nuevo problema (subproblema). El - -
' ' 

proceso puede repeti~se para los elementos del subproblema 

y asi sucesivamente. 

Inicialmente (en la resolución del problema) estamos concen 

trados, en que funciones (o elementos) descomponer el probl~ 

ma, y a medida que procedemos a descomponerlos sistemática

mente ~legamos ~ concentrarnos en como realizar cada función. 
' 

Esta forma de proceder va de lo general a lo particular. 

El proceso descrito anteriormente se conoce como proceso de 

refina~iento a pasos y es central a la programación e~truc

turada. 

El proceso de refinamiento a pasos no es directo, ni trivial, 

como pudiera pprecer a prim~ra vista. 

Este proceso es escencialmente un proceso de ensayo y error. 

Es evident• que necesitamos una notación como herramienta -

para ir concretando la soluc~ón del proeblema, ya que a me

dida q~e se refina sistemáticamente la solución del proble

ma, nu~stra limitada capacidad de retención será desbordada 

por la gran cantidad de detalles involucrados. Una herra-

mienta muy utilizada para este propósito es el seudcódigo o 

lenguaje de diseño de programas. El seudocódigo debe uti 

lizars¿ como una extensión ~atural del proceso de abstrac~

ción. 



4.3 EL SEUDOCODIGO 

El seudocódigo o seudolenguaje es un lenguaje intermedio -

entre el lenguaje nativo del programador y el lenguaje de -

programación en que se intenta implantar la solución. El 

seudocódigo le permite al programador pensar en la lÓgica y 

y expresar esa lógica en una forma semiformal sin tener que 

adentrarse en los detalles particulares de un lenguaje de -

programación. 

Básicamente el seudocódigo difiere en 2 aspectos de un len

guaje de programación. 

1.- No existen restricciones sintácticas para el uso del --

seudocódigo. Solo las estructuras de control básicas 

y el sangrado para mejorar la claridad del alcance de -

dichas estructuras, son las únicas convenciones acepta

das para el uso del seudocódigo. 

2.- Cualquier operación se puede expresar a cualquier nivel 

de detalle, por ejemplo: 

increni·entar contador 

ctdorJ.-ctdor + 1 

El seudocódigo permite al programador tratar el problema a_ 

diversos niveles de:abstracción, ya que esta es la herra--

mienta mediante la cual expresamos la solución de un probl~ 

ma durante el proceso de refinamiento a pasos, esto es, el -

seudocódigo es un lenguaje de diseño de programas {PDL}. 

El seudocódigo es una forma conveniente para documentar los 

estados de desarrollo del programa, lo cual permite a otros 

programadores revisar la función del programa antes de impl~ 

mentarlo en un lenguaje de programación, además de facilitar 

una valoración del estado de desarroilo en cualquier estado 

del proceso de diseño de programa. 
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Debido a que el seudocódigo describe detalladamente el 

programa fuente completo, puede .,.mantenerse como parte de 

la documentación del programa. iiendo asl, el seudocó-

digo debe actualizarse cada vez que haya cambios en el -

programa fuente. 

Existen pocas gulas generales que hacen del seudocódigo -

efectivo como una herramienta de diseño de programas. 

Estas son.: 

1.- ·Hag'a del seudocÓdigo una extensión dél proceso del -· 

p_ensamiento. 

2.~ Sangre el código para resaltar la estructura de la -

lógica. 

3.- De rtombrei a los datos de tal ~anera que reflejen su 

intención. 

4.- Mantenga la lÓgica simple 

5.- Utilice las estructuras de control básico permitidos 

en el proyecto. 

Hay cuatro clases de estructuras básicas con las cuales -

es posible especificar un procedimiento en seudocódigo. 

a) 

b) 

el 

d) 

a) 

b) 

Secuencia 

DeciSión 

Iterativas 

Salida 

Se e u en cia 

Concatenaci'isn 
,, 

Deci~ión 

1.- si (predicado) luego 

seudo código 

fin 

? 
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3.-

7 

si (predicado) luego 

seudocÓdigo-A 

obien 

seudocódigo-B 

fin 

si (predicado-A) luego 

seudo código-A 

osi (predicado-B) luego 

seudocódigo-B 

osi (predicado-e) luego 

obien 

seudocódigo-X luego 

fin 

4.- Casar (selector) con 

(caso 1) 

seudo cÓdigo-A 

(caso 2) 

seudocÓdigo-B 
• 

(obien) 

seudocódigo-X 

fin 

e) Iteración 

1- Entanto (predicado) luego 

seudocÓdigo 

fin 

2- Repetir 

seudocÓdigo 

Hasta (predicado) 

co 

H 
'rl 
.¡.J 
Q) 

o. 
Q) 

H 

~ 

N 

' H 
o 

o-i 

"' > 

"' .¡.J 
1/l 

"' ..::: 
~ 

' H o 
o 0\ 

o-i ..... 

"' "" > 10 

! u 
o 

"" u " > Q) 
~ ·m 

"' "" Q) 
1/l ¡:: o. o Q) ..... 

"' o-i Q .... u u 

' "' ., ..... 

"" Q) u .., ..... 
o-i ' "' ~ N 
IJl 

"" 



4. 4. ARBOLES DE DECISION 

Los árboles de decisión son herram-ientas útiles que sir

ven para esclarecer, de manera sistemática, la lógica de -

segmentos de programa en los que aparecen condicionales --

anidados. El ejemplo siguiente ilustra el uso de esta -

herramienta. 

Suponga que se quiere imprimir el ~enor valor de las 3 va~ 

riables A, B y C de la siguiente manerai 

Si una de las 3 variables es menor a las otras dos se im--

prime. Si dos de ellas son iguales y.menores a. la ter--

cera se imprimen y si las 3 son iguales se imprimen. 

Comparando prímero A y B para todos los casos posibles te-

nemas: 

A<B A=B 

para el primer caso se sabe que A es menor que B y por co~ 

siguiente enseguida se debe comparar A con C para todos --

los casos posibles. Para el segundo caso se sabe que A 

es igual que B y po~ c6nsiguiente enseguida •e debe compa-

rar A o B con e para to~os los casos posibles. Para el 

te~cer caso se sabe que A es mayor que B y por consiguien

te enseguida se debe comparar B on C para todos los casos_ 

posibles. Estas consideraciones pueden expresarse de -

forma grafi~a de la manera siguiente: 
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A<B A>c. 

A=C. A>C A<c A=c. A>C 'D <e .B>c. 

IM p(A,c.). 

tl(\p(A) 

lmp(() 
IIV\fl( ~,C.) 

1Yt'1f>(B) \M' p (C) 

Las líneas indican la relación jerárquica que existe en--

tre las condiciones. Observe que las acciones que se t~ 

man una vez dada una condición o condiciones aparecen en 

el extremo inferior del árbol. 

El mapeo de la lógica del árbol de decisiones a seudoc.ó

digo es directa. 
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si (A<Bl luego 

si (A<C) luego 

imp(A) 

osi (A>=C) luego 

impc (A,'C) 

obien 

imp (C) 

fin 

osi (A>=B) luego 

si (A(.C) luego 

imp (A,Bl 

osi(A=Cl luego 

imp(A,B,Cl 

obien 

imp (e) 

fin 

obien 

fin 

si(B<.C) luego 

imp (B) 

osi (B=C) luego 

imp(B,C) 

obien 

imp (C) 

fin 

La correspondencia entre -el ~rbol .d. decisión y el seudo

código es evidente. 



TABLAS DE DECISIDN 

Una tabla de decisión, al igual que un arbol, es una

herramienta que permite esc~larece l·a lógica de condiciona-

les complejos. 

A diferencia de un arbol, una tabla se deriva de una -

manera mucho mas sistemática, ademas de tener un formato mu

cho mas compacto. 

Existen 3 tipos de trablas de decisión 

a) Entrada 1 imitada 

b) Entrada extendida 

e) Entrada mixta 

El siguiente diagrama muestra el formato de una tabla 

de decisión: 

~A ~lE bE. 

co·~uoi.J 

i> ARTE. l>E 
A c. c. 1 o 1-l 

® 

1. En el cuadrante 

dición. Esta 

superior 

área debe 

'. 

5;-IJ ""f'o'<..A D A DE. 

c..ouoG t-,1 

;::--¡.) Tl2. A :b !::. 'DE 

A.(:t)O ~ 

izquierdo esta la parte de con

contener (en forma de pregunta) 

todas aquellas condiciones examinadas para un problema da 

do. 
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2. En ef cuadrante inferior izquierdo esta la parte de acción. 

Esta 'área debe contener en forma de narrativa simple todas 

las acciones posibles resultantes de las condiciones lista 

das arriba. 

3. En el cuadrante superior derecho esta la entrada de condi-

ción.: En esta área todas las .preguri~as hechas en la par-

. te de condición deben responderse y todas las combinaciones 

posibles de estas respuestas 'deben desarrollarse. Si un a 

respuesta no se indica, puede asumir~e que la condición. no 

fue sometida a.prueba en esa combinación particular . 

. 4. En el cuadrante inferior derecho esta la entrada de acción. 
. .. :' 

Las acciones apropiadas r•sultan·tes de las diversas con~i--

ciones de las respuestas a las condiciones de arriba se in

dicari aq~f.Un~ ~ mas acciones pueden. indicarse para cada -

combinación de respuestas de condición. 

Las diversas combinaciones de respuestas a condiciones mos

tradas en la en~rada de condición de la tabla y sus acciones 

resultantes se llaman reglas. A cada una se le da un nGme 

ro para propósitos de identlficacióri. 

Otro elemento que requiere una tabla como un medio de dis-

tinguirla de otra tabla es un nombre. 

Tablas de entrada limitada 

Como un ejemplo simple de una tabla de entrada limitada, 

considerese el siguiente problema: 

Se quiere escribir un procedimlent6 para una persona que . . 
indique,en forma explicita que acciones tomar cuando sale de-

su cada.en la mañana a su trabajo de acuerdo a las condiciones 

del tiefllpO. 

Supóngase que las condiciones del tiempo son di a normal, --
. ¡ 

llueve y hace frio y las acciones correspondientes son vesti--

menta norma 1, 1 levar paraguas y llevar sweater. 
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La tabla de decisión correspondient~ queda como sigue: 

¿nUEVE? S S N N 

¿HACE FRI07 S N S N 

LLEVAR PARAGUAS X X 

HACE FRIO X X 

VEST 1 MENTA NORMAL X 

Observese que en la entrada de condición solo se tienen -

2 valores: S(si) y N(no) y en la entrada de acción una X que 

indica la acción que se toma de acuerdo a la condición o com

binación de condiciones que se indica en la parte de condición. 

Así por ejemplo, la columna Rl (regla J) se lee como sigue: 

si ¿lleve y hace frío? luego 

llevar paraguas y sweater 

La columna R2 (regla 2) 

si llueve y no hace frío luego 

llevar paraguas' 

y así sucesivamente. 

Tablas de entrada extendida 

Una tabla de entrada extendida tiene en su entrada de con

dición mas de 2 valores, es decir, no esta limitada a SIS y NOS. 

Considérese el siguiente ejemplo: 

Supóngase que en una línea aérea se tienen 3 clases de pasa-

je: primera, turista y alterna. Si un pasajero solicita la--

clase turista y hay disponible se le otorga, sino se le asigna 
. -

la clase alterna. Si la clase alterna se agotó se pone en li~ 

ta de espera. Si el cliente solicita clase primera se le--

otorga· si la hay, en caso contrario se le asigna la clase alter 

na. Si no hay tampoco clase alterna se le pone en 1 ista de e's--



pera. 

La tabla correspondiente de decisión, queda como sigue: 

c. ®vE. PE'~CIO~?. PP PP pp PT !9T .PT 
¿_ Qút:.' CLA~E ? CP CT C. A CP C.T CA 
s-t. O lr 'T'\Ir<.tsn X 
Se, 'DA Plt1I-1.E~A ~ 

.,;e:;. D~ A LTE~JJA X 
Pol.lEit E:lll LIS.n\. 

X X X PE E~ JlE"l'. A 

H = PETIC.LOIJ l>E PKII-H~12A 

PT ::: ? ~" C..l o 1.1 D'[ TVOIS.T-A 
" :· 

Q p ::: ' 
C.L..I>.s:'( elt1M.rr1A 

CT' ~ c. u •. ~ e 'Tu;( 1 Sl'1'' 

c..A - C. LA .S 'C AL TE·V.!JA 

Observese que en la entrada de condición se tienen 2 valo

res para ·la condición Lque petición? (PP y PT) y para la con-

dición Lque clase? se tienen 3 valores (CP, CT y CA). La co-

lumna f\1 (regla 1) se lee como sigue: 

Si la petic.ión es de primera y 

la clase primera esta disponble 

asignar clase primera 

Tabla de .entrada mixta 

---- --····--·---···· - ··- .. ' .. ------ ·- - -··- --- ····-·-. --- .-----. ·---· ··-·---

qu~ esta entrada tiene 2 valores pp y PT. 

1 u ego 
) 



i\ C: D I A Gil"~ A M A S 12E S T R U C TU R A D O S 
o J 

A 

A 

V 

/ 
/ 

'-,....._ 
Pv1 tJIC4SD ' 

DESICION 

' ~ .· 

F 

1· • •.'t. ' 

. ~ ' 

F 

8 

si ti>re'Ú~a~o) luego 
~.?.:~· .: ' ~ 

.. ¡:.seu·a·o"c ód:i:go- A .. ~--· . 
fin ·-~~ ·. 

' -~.:.. ' ,, 

., 
' . 

si (predicado) 
. }' . ~ ' 

luego· ·, 

seudocódigo-A· 

o bien 
seudocódigo-'B ·.· 

; -' . . . ::~·. ~--
fin 

.. ' 

si (prediéado) luego 

seudocódigo-A 

as' (predicado) luego 

seudocódigo-B 

; 

o bien 

seudocódigo-Z 

fin 

.. ·- .. 



A ·-

V 
A 

lJ 
cásar (se lector l con 

(casal) 

seudocódigo-A 

:' .. • ... : 

.. ~,\~~~:;~t. 
lo 

_: .. ":.~:- ::: ... _··z-~: :: ·:: 
~l.~n) ::\:: J· . 

se~'docódigo..:z -. ''~ ' . . ·f 
: ..... ·._ .... _ . ' , .. fin· 

, .. . , ·, 

A T:.I V A S 
.. , .. · .. , 

.: ·f. . . 

entanto (predicado) 
. .. ,., 

repetir 

.seudocódigo-A 

fin 

repetir.· 
. ' ·. . ' , . 
seudocod~go-A 

hasta (predi cado) 

_ .. 

desde tve~valor-l hasta valor-2) 

repetir . ·,.. ~' . ~ . '• . 

seudocódigo-i'. 

fin 
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D I A G -R A M ;.. S E S T R U C T U R ¡; D O S 

hEOICA~O 

---------------
A I 

PI2C\JICAJ.>O --

r----------------
A 

1----. 
fv; •>1ci.L.:.>-I 

r--:: 1' E O\ ( L l,o.:.t.. 
1 
1 
l 

-

-
~<LOl(~ 

A 'ii .. 

-·- - y ~ 

1 
!J 

DESICION 

.... 

·.fin 

(;predicado) 'luego 

· seua·ócódigo-A . 

· .. _. 
si (predicado) luego 

seudocódigo-A: 

o bien 
seudocódigo-B 

fin 

si (predicado) luego 

seudocódigo-A .. 
os 1 (predi'cado) luego 

seudocódigo-B 

o bien 

seudocódigo-Z 

fin 

: .. 

¡. 
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1 
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I T E R A T. I V A S 

e as o..r (se 1 e. etC' r } ~- C· n 

(CéSO]) 

seudocódigo-h 

(o bien) 

seudocódigo-Z. 

fin 

entanto (prt=dicado). rer.eti r 

~ r¿ e G ~ c. A b O se u do e(, d i g o- .r.. 

A ,, 

A 

A 

fin 

repetir 

seudocodigo-A 

hasta(predicado) 

desde (ve<.-va} C.!:'-.1 hasta ·..;¿lu.!·-:) 

fin 

repetir 

seudocódigo-A 



X . • 
1 
1 
1 

ese ~~ \"<::. 
1 

1 
1 

Y. • \ 

• ' ' 
qc.l o X 

1 
1 

-~-- 1 

1 
1 
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S A L I D A 

X 

. ·'. 

-.:.<~:<: 
• -~_'!.·' ;· .:' :· ' 
._ ... 

.. 

' . 
.. , 

·' 

escape 

ciclo 

. -~ ... 

',: 
' . . '. 
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D I h G R h M h S E S T K ü C T U R h D O S 

DESICION 

si (predicado) luego 

seudocódi'go-A 

fin 

si (predicado) luego 

seudo código-A 

o bien 
seudocódigo-B 

fin 

si (predicado) luego 

seudocódigo-A 

as' (predi cado) luego 

· seudocódigo-B 

o bien 

seudocódigo-Z 

fin 
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I T E R A ~~~ V A S 

X 

....__ 

' 

* A 

casar (selectcrl con 

(casol) 

seudocódigo-1. 

(o bien) 

·seudocódigo-Z 

fin ·' 

"., ,· 

entanto (piedicaóo) repetir 

seudocódigo· P. 

fin 

repetir 

seudocódigo-A 

hasta(predicado) 

desde tve~ valor-l hasta valc·r-2) 

repetir 

seudocódigo-A 

fin 



• 

* A 

5~.LIDA 

CSCAPc 

2U 

escape 

cic!D 
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4.6 DOCUMENTACION DE PROGRAMAS 

No es suficiente presentar' ün programa como una secuencia 

de instrucciones en.un orden dado, ni tampo~o es suficie~ 
~~. 

te usar identación para destacar ~isualmente el- alcance -

de las estructuras de control. Es necesario documentar 

los programas· y~ que en muchas ocasiones unas ~ersonas 

codifican un programa y otras le dan. mantenimiento. 

Hay 2 tipos de d6cumentación de programas: 

a) Documentación interna 

b) Documentación externa 

La documentación interna consiste en comentarios inmersos 

en el mismo código ejecutable. 

A continuación se dan algunas guías para la documentación 

interna de un programa. 

1) Toda variable debe declararse. El nombre de la -

variable debe reflejar su propósito. 

ejemplo, la asignación 

x:=2.0c*y**2; 

-Así; por --

no nos dice gran cosa, sin embargo si a las varia

bles que intervienen en la asfgnación se les da un 

nombre para que reflejen su propósito. ' 

circun:=2.0*PI*RADI0**2; 

• ahora es mas obvia la información que nos da; 

El cálculo de la longitud de la circunferencia· de un círculo. 

2) Todo programa, segmento de programa o subprograma -

que tenga un propósito muy específico debe comenzar 

con comentario que describa en forma clara y consisa 

ese propósito. 

3) No hacer comentarios inútiles, así por ejemplo 

(*se incremnta contador*) 

Contador:=contador + 1; 

en este caso el comentario sale sobrando. 
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La documentaci6n externa se refiere .a toda la informaci6n 

que debe estar asentada ~n un manual de programaci6n. Es 

ta informaci6n consiste en lo siguiente 

al 

b) 

el 

Prop6sito del programa o subprograma 
' 

Parámetros de entrada y salida 

Explicar a grandes rasgos la mecánica del programa 

d) Listado del programa 

e) Advertancias sobre posibles errores fatales¡ divi

si6n por cero, etc. 

f) Programas o subprogramas que llamen al programa -

(o subprograma) que se documenta. 

g) Programas o subprogramas que.llama el programa-

(o subprograma) que se documenta. 



23 

4.7 ESTRUCTURAS DE CONTROL EN FORTRAN IV 

A 

B 

A 

DECISION 

IF ( .NOT. (PREDICADO)) GO TO A. 

CODIGO-A 

CONTINUE 

IF(.NOT. (PREDICADO)) GO TOA 

CODIGO-A 

GO TO B 

CONTINUE 

CODIGO-B 

CONTINUE 

IF(.NOT. (PREDICAD0-1)) GO TO A 

CODIGO-A 

GO TO X 

IF(.NOT. (PREDICAD0-2)) GO TO B 

CODIGO-B 

GO TO X 

IF (.NOT. (PREDICAD0-3)1 GO TO C 

CODIGO-C 

GO TO X 

CONTINUE 

CODIGO Y 

X CONTINUE 



ITERATIVAS 

IF(.NOT. (PREDICADO)) GO TO B 

CODIGO-A 

GO TO A 

CONTINUE 

A CONTINUE 

CODIGO-A 

IF(.NOT. (PREDICADO)) GO TO A 

SALIDA 

GO TO A 
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DIJKSTIL\ 1 

Programming 
Considered as a 
Human Activity · 

"•' 
:. _: .. ~. 

~. ·. ,· .· . ' .. 

Our unconscious a~ssoc1atJOn of clc~;mcc with luxury may be one or the 
uri)!ins ·of lh~·nol unusual·tacit a"umption th<Ji it tosts to .be elcpnl. To show 
that it olso· pays to· be clc~ant is onc of m y prime purposcs. lt will give us a 
clearcr undcrstanding of the truc nature of thc quolity of prograrris and thc way 
in which ihey are cxprcssed, ¡•i: .. the programming language. From lhis insighl 

· .. we shaiYtry'to derive-sorne clues asto· "·hich progromming languoge features 
· ,,. .. · · ·.-·. ,· aic most'. desiroble .. Finnfly., we,hope lo convinci: you thal lhe diiTerenr oims are 

..~~·<· .>. .leS:Scorinirting witli órie'another thari.lhcy .;,ighl appear lo be al firsl sighl. . 
. --~--.':-:~·-.·~ ·. • . ·;:-- . . • '; . ::: ·• ;. . ·. ,. :: . ~ •! . 

. , · · On the quallty ~~ 1he ,'esults 

" ¡· . . ·. 

:: . 'e·:'' . 

. ' . . ·.-,·.-, 

--:.· 

.. • 

: ··~·.. . , :.::;. . _ . , ·.'. , -~· .. : ·, .. :, Eve_n under thé.'oss_umption of no_;,ie.s'si{:.~rking mochines we should osk 
· ·, .. -".:':}-. ,.. .. · ·:::· · .. ·.,_' ':,::;;: -:X ,_, ... , · •:0 '-';oürsclvcs' the questions:.• -:'When on,áutomalic computer produces resulls, why 

·.·,· _ .. ··.·_ .. ·_.·_·,·_;_;_~---- -.. .-_ . · ·. .- -~ r··:·· · ... , ... : .. ~. ... : . --::: ·_do:::w·e_;irUst.lhem~-- if We dO so?~·- órid·. after that: ·~What me.::~sures can we take . · ': ·Jntroductlon .·.o . .• . . . . . . . 
. ·:. .·. :-:··· . · · to increose ·our confidence :lhot the resulls produced are indeed th.e resulls in· 

.... · By wny of intn~~éiio~/Í sli~~·¡d· likc ,¡; ~tart this tended?'' · . · 

tal k with a story_ :uid a quot:rtion: . ..·. , : ... '-'.·.~ ... ,• . .' · · . . · How urgent ihe. first· question is might be illustroted. by a simple,' be it 
· · · · Th. · ,· ·• ::• ·.:b.' :,. ,·h:e:,;;pih':Y·: -

5
'··1' :i~Í· LJd\~ig' 'ilhlif~~·~~·i;:' · sorrie\i>hát: simp_lifi_ed ,"e·xomple. · Súpposc thot_· o · mothcmotician ioterestcd in 

. ¡ . . ·: ·._¡ .~· ·:: · e storY·IS d OU · l: ·_ ·, - · • ' · .·: · b · h .. · h ... · . h. • · .•. 1 h' . · h f ' 
·.-' , .. ·' h · · ·¡¡· · 1 ... ·h h ... >0·.1¡.s'_b .. y"lc;n., 11;)'tóiiip"uto:J,num er;-1 eory,_•._as·ol .. 1s u1sposo o moc 1ne Wll o program lo actorrze . w o was. Wl ¡n¡; o rc.u.: IS ~ •. ·- -· e : . - .. . . T o . . • r . . h . . f . 

... , 

: ;'-~ ; 

·.· 

·. '·· · . 0 b .• . · 1 · cd ···b·ou· 1 thc ugl'ln··ss of . numbers ... h1s process m ay end 1n one o two ways. e11 er 11 g1ves a actorrza-llons. nce somc ouy t:omp a m .. . - ... · .. -. . .. _ . . _ . . . 

h
.. h 

1 
h' ·h 1. ·ni lloltz. 111 ,-1111 •ere· ndcd . !Ion ·of the· number g•ven or 11 answers lhnt thc number g1vcn 1s p11me. Su p-

·' '· 

IS mct Ol s u pon w ~~ comp .11 .. u . ?:-;;-- · · . • • . . · 20 
h

. f • k' b l ¡' th· l "•1• •·•n., ''"' thc con:··. pose now lhol OUr mathemaiiCian WIShCS ID SUbJCCI lO lhiS prOCeSS a, say, . 
ts woy o wor mg Y s a mg a e~,;:~:; .. ~o.~.; · - · h'l h h · · · · 

r .
1 

d h k .. ·m 1 ,10 , th·,1 h, rcfuscd dec1mal number, w 1 e e as slfong · reasons to suppose lhat 11 1s a prrme cern o lat ors an s ocmu l!rs. 1 p } t; • e . _- . . . . . . . . . _. _ . . . 
b troublcd b it. .· .. ·,':, numbe[: ·l~the ,machrne .confi~~s th1s e~pecl~llon, ~· w1ll be hoppy_; ~~ 11 ~~ds ... 10 e Y . . ·.: ., :. ·:a factor~za11on.' !he mathema11c1on m ay be ·d1sappornted be cause· h1s rn1u111on '. . 

In controsl 1 should like 10 quote anothcr famous.--_. has fcioled him agoin, but; when doubtful, he can take o desk macl!lne ond ca'h:,.. .· 
nincteenlh century scientisl, Georgc Boolc. In the middle .. ;· multiply·lhe factors· produced in·.order lo chcck-•.whelher- tire ¡iroduct-rcproduces~ 

· · ·of his ·baok, A11 lnvesti¡:arion vf rlw Lcill's ti/ Tllou.~llt, :in a . the originaL number.· . The· siluation is:-drostically changed, · however, if he ex- 1-' 
··. chapter titled "Of thc Conditions of a Pcrfcct Mcthod," .• pects.the._number,given .lo.be non prime: if lhe machine now produces factors 

he writes: "1 do nol hcre speok of that. pcrfcc1ion only . he finds his expeclations confirmed and: moreover he can check the resull by 
which consists in powcr. bul of th:rl also which is foundcd . multiplying.·· lf, however, the machine comes back wilh the answer that the 

·, in the conceplion of what is ·fit.ond,beautiful. h is prob·' number given is, contrary lo his expeclalions and warmest wishes,-alas, a prime 
ablc that a careful analysis.of.this question would conduct number,.why on earth should he believe this? 
us lo sorne such condusion as the following. •·i: .. thal a · 

. perfecl method should not only be an ellii:icnt one: as- . · .Ourexample shows thal even.in completely discrete problems the compu-
respects thc occomplishmenl of the objects for wh1ch 11 ~s. tal ion of .a result is nol a well-defined job, well-defined in the sen se that one 

con soy: "1 hove do.ne it," withoul poying attention to !he convincing power of designcd, bul should in oll its ports and proccsscs. mon~· 
fesl a cerloin unily ond hornlUny." A difference '" olll· lhe resull, viz., lo its qualiry. 

'tude one·can hordly foil lo notice. The programmer's siluation is closely analogous to thal of the pure 
.. mathematician, who develops a theory and _proves results. Foro long time pure 

: mathematicians ha ve thoughl - and some of them still think - lhat a lheorem 
·-·can· be proved completely, ·1hat·the question whether a supposed proof for a 
·~· thcorem is·sufficient-or··no~- admits· an ·cbsolate snSwer _&.O:yes'~·.or·· .. no. "· Bui ·this 
. is añ illusion, for as soon' as ene tliinks .'thal one has .Prcivcd somelhing: one has 
._.,r;tillthe -!ÜJty .. to .prove.that the :Jirst:proof .was·Oawle¡s,.aN! so on,.ad inlinitum! 



. /. '· . 

. ··.· .:·:·:>, ' 

One ... cJn óeVcr""guarontce ·tha.t a proof is corrcCt; .thc. hc'St oni! l::in··~ay ···t ha ve 
not dis..:overed any m.istakcs." We somctin,cs naucr ourscl\·cs wilh thc idc:a of 
giving wa~enight. prcofs. but.in f~u.:t..wc do nothin¡; but m:Jkl! the cnrrectni!SS of · 

i our condusions rlausiblc.: So 'extrcmcly plausible. thal tlic :~nalo~y ·miJy':scrvc 

10 ~1inhcnmtics. ·in ~mher · words. that 1 h~.ve: ·onty ·ll .... ay -~malt ·h(;ad .:1nd: m ust 
li\'c.with il. 1.: thcrcfore. scc lhc dis~cction tct·hniquc &JS onc of thc rathcr b~sic 
p.111crns of human .um.lcrst:.mding and think ·it worthwhilc to ·try lo crcate cir· 

. as a g·reat source of inspiration. .-. ..- ·:: · · 
., . ' · · ,. .. ... . Thc a'ssumptlon .that··:the. rrogrammcr had maúc n suitnble subdivision 

cumstunccs in which it' can'bcmost fruiifully npplicd. . . . . . ' .. -· ·. •' . 

In spite of all· its dcfli:icnci~s: mathcmatical rca:<oning :iirescnts.·a·~ .out-. ·nnds ·¡15 rcncction in .the :rossiliility to rcrform thc flrst two stuges: the 
standing modcl of how to grasp cxtrcmcly comrlic:itcd structurcs with :i brain 'spcciflcation of the · rnrts .nnd. lhe vcrilication thnt thcy togcthcr do· the job. 
of limited caracit)'. Aod it sccms worthwhilc lo invcsti~atc 10 what extcnt Hcrc clc~nncc, uccuracy. clurity .and a thorough undcrstandin~ of thc problcm 

: thcse proveo melhods can be transplanted lo the art of comruter usagc. ·In the .',\t .. híind .are· rrerequisite ... But:·lhe··whole 'dissection ·tcchnique ·re líes on sorne-
:. design · of proginmming languagcs ooe can .. let; onesclf be ·guidcd'· primarily by. ·.·,·.- thing':t.ss: outspoken;, 1·1":.'; ón what 1. should liké ·lo· cnll '.'The princirle of non
. eonsidering "what•the.machine can do." Coosidering;·however •. that the·pro-, .i~terfc'rcÍ;i:e.~·. tn'"the second stage.:obove il is.nssumed lhntthe correct working 
· gramming language is the bridge between thc usei nnd the machine.·· . ...: that !t .:·· of_tlie whole can 'be established by t.oking,·of the parts, into nccounttheir ex te-
con. in fni:l, be rcgnrded ns his too! - it seems just ns importan! 10 lake. in lo rior s¡icdftcation ·ooly, nnd not·the pnrticulars· or.their interior ·construction. In 

~· ronsidcri11ion uwhal Man can lhink:' 1t is in lhis ve in that wc sh~ll continuc thc'1-hird S1ugc thc principie ·of non·interfcrcnce pops UR :~goin: he re it is as-

¡ our. inv':'_'.igalion_~. ·. ''· .. , .·'. ·. ... ..... ,_. · ; ·'·. /:·.· .. , <....... sumcú thut the··inúividunl.pnrl5 "un .. hc.torireivcd -and constructed inucpcndcnl· 
L On th~ .5truclúre of c~~vlnc:trig'~pr~lrams. :· .. - .. ~·. :·;;~.: . ·.· ·. ¡ .ly .ff?fn ·o~e·;~·fulthef:: · .. · .. . ·.-·::~ _., ":-~~·.:~~:\~·-¿·~~-- ~-- ~- · ¿: ' . . .-

'· .·, :.:: ·· This ·is 're.;hap~ the. moment to mentían that, provided 1 intcrprct.the 
The technique ·oC: mustering ·comp1c:xity has- bccn kn'own· sinl.·c am.:icnt->· ~- .s.Ígris Of cúrrCnt" attiludcs townrds thc problcms of l.:mgu;:¡ge dcfmition corrcctly, 

limes: DiMe/,• et imp,·ra (Divide und rule). The analogy bctwt.:cn proof con.. in sorne tnorc forrTwlistic .uppro;u.:hcs lhe snundncss of thc disscction lcch.nique 
struction ond progrnm construction is, ngnio, striking. In both, cases. theuvail- is mude subject ,lo doubt. Their promotcrs nrgue as follows: whcncver you 

.,_. able starting poirits are .given (oxioms aod exisling theory versus primiliye~,_.and , .. ~· give :or-a ,rriechnrii'sin such a two-stage defloition, flrst. what it shou Id do, •·i::..; 
¡!· avoilnble library: programs);· in bolh cases lhe goal ,ÍS given. (the· th.eorenl' lO be'?::' iis''sp¡,-~Íftd'ti6ns; ond secondly, how it works, yo u ha ve, al besl, so id lhe so me 
k proved: versus the desired performance); in bolh cases the ·complexity is tac~led _ thing'·twice, but in· ali probability ·you hnve conlrndicted yourself. And statisti-
··. by division into parts (lemmasversus subprogrnms nnd proceduresl: ·.• · cally srcnliing· •. f·u·nl'sorry··ui.say; this Iast remar~ is n strong point. -The only :.( 

· · .. · ,. - · · · .: · · clean .. way :·towords'·-ton'guoge·.' dcñnition;;:.thei urgue.· .. is .. hy ,_¡ust .. ctefining. the ' ' 
· 1 assume lhe programmer's genius mntches the difticulty of his problem .· mcchanisms;. beca use what' they ·then ·will do will·-follow·.from"lhis. ·M y ques- ~.. '· 
and assume lhnl· he has arrived al a suitable subdivision or lhe task.· He then . V 

'tion: ··:"How dcies'this Jollow?"·•Js wisely·lefl unnnswered and 1 nm afro id that 
proceeds in the usual manner in the following stnges: . . ·1hcir neglect ·of··the 'subtle, bút·sometimes ·formidable dilference between the 

... :.' .. con ce piS de,fin~d ond knOW/1 Will make lheir efTortS DO intelleCIUDI exercise lead· 
ins· into nnother blind a !ley. • 

• 

.. 

he .;,akcs thc complete.speciñcations of the individual.parts . . . . 

: he ~alisfies himself lhnt the total problcm is solvcú provided he 
hnd ni his disposal program pnrts meeting lhe vnrio'us 
speciftcations 

he coostructs the .individual parts, satisfying .the. spcdfications. 
but in~cperrdcnt· of ·onc. anothcr aod the .further contexl in 
which lhey will be used. 

After this excursioo we return lo prosramming itself. Evcrybody familiar 
with ALGOL 60 wi!l.agree that its rrocedure concepl sntisfics toa fair degree 
our requiremenls of non-interfercnce, both in· its static properties, e.g., in the 
freedom in the choice of local idcntiflers; as in its dynamic propcrtics. e.g., the 
possibility to cal! a procedure. directly or indirectly, from within itsclf. 

Anothcr striking example of incrcase or clnrity through non-intcrfcrcnce, 
Obviously; the coostruction or such an individual part muy ugain be a tosk guarantecd by structure. is presented by ull programming languages in which 

l· or such a complexity. that inside this part of the job, n furlher subdivisioo is re-.. ,aJgebraic. expres_sic:ins a_re .allow~d- E~nluation of _such expres~ions. w!th a 
· quired.. · · · · ·"s-equen\lol-machtne ·hnV1nz ·nn anthmet1t ·unn o(:hmoted complexny woll 1mply 

. . . . . . . · . · the use of temporary stÓre for the· inte-rmcdiate results. "Their ·anonymity·in the 
Sorne people mtght lhtnk lhe dosscctton techn,que JUSI sketched • ralhcr so urce language guarnn tees. the impossibility.thot ooe.of \he m will.irudvcrtenlly 

indired. -and:tartuous.way·.oLruching· one'.s f.Oal$. ·M y own fc~hnES are perhaps:·: .. be dest<oyed .befcre- il is•used,.as oiiJOUld -havc·been-(lossiblc.if·thc-compütalional 
best described by saying: that l·am petfectly·aware.thnHhere "'no Royal Rood·, process were described in a von Neumann type machine code . 

:~· · .... 
:· .: .. ~ 

·- ~· . 

. ..... ... 

·' • 



1 

_· ,\ co~pari."'Oil of som.e -aitctnatin!'i indcpcnt.Jcntl)' of c.al·h othcr anú on thcir own in1t1:a1iv~. :h::.ir ot:;cn·.aticn th::! 
tho <¡uality of .th"ir pro~rammcrs was invcrscly proportional lo lhe dcnsil)' of 

A broatJ t:nmpilrison _bc1w~~.:n J von Neum;ti111 ty¡h.: ma~hinl.! n>tl~ - wcll . t!O\O ~~~nemcnls ·¡n th!!ir prn¡;rúm_s. This has be en an .mcentivc to try todo nwny 
-known for its lark of clarity--~ anU Uilrát:nt typc.s uf al~rxithmk l;uh'.¡l;li!_,:s m~1v 
~ nol be out'of order ..... ·~·· ,,,, .... : ,·:·. '.··., ... ·, .. ·,·:· · .. ::·<~ •. -•. :,·.·.-:· . .... · .:: .~·ith.lhc_go'to statcmcnl:., . ... .. . 

·· · ·· ._, Thc-. idea is, · th<It Y.·ho¡·we k no~ as· itan.~frr nf romro.i, i.e .• rcpl:.~cemenl of 
ln nll cases the cxcl·ution of a ¡nn••ram.cnnsists of i.l·r·c-pCa.tc·j ~Onfron¡~.: · ~ -·the ordcr cbUnter -\;·alue~ is ~n uperation usually implted as rwrl of more power· 

tion of lwo information strc~nis. thc ónc (say thc ¡no.~ram) co·nst;ult iO time. lhl.! ·. . fui noti<ms: 1 mcnlion lhe lronsilion lo lhc· ncxl slalcmcnl. lhe procedure call 
other <say tht· data) varying. For many ycars it has hccn thou••ht on~ of ·thc. 

. • o . and rcturn. !he conditional clauses and lhc for slatcmenl: nnd il is lhe queslion 
'·\ esser:ltal vlfl.ues of

1
thehvon Neu.mann tyhpc _c.odu~ thal "dprggram coulu n~oufily !.ts. ·'.whctlier ihe progruriimei..is ,;01 ralher led nslray by giving him·separnle control 

"·:t. ;·~~n· ~nstru~1.1ons. n t e ~eant1me we av~ 1sc~ve~e ~that.:~Jctlv lhts ac1~1~Y ~< .. :~\;e/it::·, ··! .: ~ ..... .. · · ::·.1 •• : · · · · · · 

·:·· ·ls lo a grenl exlenl respons1ble for the lack of clarny m.machmc code programs. · · ·;-: ... ,· · ··' ..... · ·. 
Simullaneously its indispensability has been questioned: all algcbr.Jic com.pilcrs . ·. 1 h;;~¡, done various programmin·g expcrimcnls nnd compared the ALGOL 

·: 1 know l'rouuce an objccl program lhal rcntoins.const:ml during its cntirc ex e_. ·¡cxt with·tli.c icxl ·1 gol in modificd vcrsions of ALGOL 60 in which thc gato 
cut ion phase~ statcmcnt was .;h·olishcd and · the. -r~r·· st~liC.i,C~t - bcing pumpous and ovcr-

.. · . · · ·. . · · . .-... · · .·. · ·.· · elaborote . .,-. was rcplaced by n primitive.rcp~lilion clause. Tho laller·vcrsions 
':·:,, ... , .. __ This observaliun.·brings'us .. lo considei:tne'.slalus i:if.·thfi .vorioble informa-· .. werC. ~ore.'.dimcuiUo make:·.we aie:so familiar wilh the jump order thal il re-

... ::.~·!{i .. ié:m.: .. Let. u$. fii-St.Conflne.-our auention'.lo p:·ró~r~nlrriiO~;·~tan,;tioocs··wYt·hout ·ot.S- _,·· · · · · · ··· ·· · · ·· · 
> D " D O QUirCS SOnlC'.effórt .1() fOfSCt ii!.' . .'n 311 Ca.sés'·triéc( however, 'the progrnm WilhOUt 

... :.':' signmenl. SlalcmeiHS nnd .without.gOIO Slntcnicnts> ·:Providcd .lhal ihc s¡ic~trum . the goto' suii'cmenis 'turned ·out 10 bé .shurfcr· o·nd more lucid. 
··.; of nc1missiblc function· values is suflkiently bro4!d oind the rorlccpt of thc. contti-.:: .·· · ·. · · · ·· .. · · 
.. ; lional exprcssíon is nmong the availahlc ¡;rimitivcs. onc c;m write thc oulpul of . The origin of .lhe i~crcose in·· clorily is quite undcrslandable. As is wcll 

: every program as lhe vuluc of a big (rccursivc) funclion .. For a scquential. knov.:n thcre cxisls .no ~lgorilhm lo decide whcther. n given program ends or 
·. ·· · mnchine lhis can be .lrnnslnted into a oonslani'objecl program~· in ·which al ·run··. · no~:·;. In.:: olhero;woids;::~#h ~pr.ogrnmmcr.· who wnnls lo produce n Oawless pro-

'lime' n. sta.ck . .':ii.-.:'~se<i:to keep. 'trae k 'or the' ctiirenthierarchi;:,~r ca lis 'and :ltie · ... -. gr~·rit¡.niusl :oi''ierisi ·:~onvi~'ce''liimself by iris'peclion lhnt his progrnm will indeed 
; volues of lhe nC!ual paromelers supplied at ihese C"Olls: ; . :··: <c"V;.-,;·· .... :• ·'':<. :.'.·~ .· ... terminiÍt¿~· .. 'lif 'ii·.progrnn{in which urireslricted' ·use of the gato slatement has . 
;. • . . . ' ,• .. ···' ~·,o• . ·;.·; ....... , ••• •• ,,., ~ . .<·:'· '•¡'' ... '""' • . • • 

· .. ,:<. · .· :· · · .. , · · , : :. ·: . • · .. ·:·:·,·.;:o:),·.,:<:-..::.:~c~~ .•. rn~de;.)lhts'·analysts may be very hord on nccounl of the greal vanely of: 
.. :'· .. :. D_espue ils elegonce n sen~us obJe~uo~ can be made.agamsl. such.~;p.r();.::··:·,ways'iri'which the.rrogram ma¡'faillo sÚ!p. Afler the abolishmenl of lhe gota, 

. gromm~ng lnnguag~. ·.~ere lhe m~ormauon m lhc stock c~n be v.tcwcd.'us ~b- ... statemcnl there are only lwo wnys in which n progrnm may fuilto stop: eilher C. 
\• j~:CIS Wtlh ncsled. hfeltm.cs and_. Wll~ 'o;conslanl VUIUC dunng lhelf enllfC hfe· bv inflnile recursion, i.e.;· lhrough !he procedure mechanism, .Or by !he repeli- ~ 

; um7. Nowhere· (excepl. m lhe tmphctl mcrease of lhe order counler whtch e m- . ti~n clause. · 'ftlis simpliflcs·the inspection grcatly. .. 
bodtCS lhc progrCSS O( ltmc) ls·the Va!ue·of an alrcady CXISIIIlg namcu ObJCCl re-- . . e 

. placed by anolher volue. As • resull lhe only way lO slore a ncwly formcd The notion of repelition, so fundomenlal in programming. hns a furlher . 
' resull is by pulling 11 on lop of the slack: we ha ve no way of cxprcssing thar an conscqucnce. · 11 is nol unusuallhal inside a sequence of slalemtnl> lu u~ re- (.0 
· eorlier volue now becomes obsolele and the lancr's lifc.tinte will be prolongcd, pealcd one or more ·subexpressions occur, which do not change their vnlue dur· 

' . .' ollhough void or inlerest. Summing up: it is elcga~l bul inndcquále .. A seeond ing the rcpclilion. lf su eh n sequence is.lo be rcpeated many limes. il would be 
·. objeclion - which ls probubly D "direcl conscquence of !he firsl one. ~: is.lhal. O regrellable wasle of lime if lhe rnac!)ine had lO recompule lhese same valucs 
. su eh programs beco me· arter u· c-ertain.;· quickly .. allained,degrec o( nés'ling;, lerri-·. ···over'itnd o ver. again. One way out of lhis is lO delega le lO lhe "nów opliinizing 

bly hard lO rcod: . . .... •lronslalor lhe discovery of such· conslnnl sub-expressions in order thal il can 

' ... The usual remedy is lhe combined introduction ·of the goto statemcnl "nd 
the assignmenl slnlemenl. The golo slalemenl enables us wilh a backward 
jump lo repcat o piece of progrom, while lhc assignmenl slatemenl can creole 
the necessary dlffercnce in statUs between the successive repetitions. 

But 1 havc reosons lo osk, whcther the galo stalcmcnl us a remcdy is nol 
worse !han lhe. dcfe.cL il aimed lo cure. For inslonc-e, two programming dcpnrt
menl inonogers .rrom ·different· countrics ond dilferent backgrountls - !he one 
moinly seienliflc, the olher mninly commercinl - hove communicaled lo me . : . . ' . . 

. takc. lhe compulnlion of their values oulside lhe loop. Withoul an oplimizing 
translator the obvious solution is lo invite lhe programmer lo be somewhal 
more explicil and he cnn do so by introducing as many addilional variables as 
thcre are conslanl sub-expressions within lhe repelilion and by assigning lhe 
values lo lhcm before enlering the repelition. 1 should like lo stress lhat both 
ways or writing the program ore equolly misleoding. In the first case thc lrans-

.... Jotor .:iS raced·•Wilh · .lhe.·unnÚcssary puzzle ·lO diSCOVCf the constancy;. in lhe 
second. case . .we .hav.e inlroduced ·~ .yariable. Jhe . .only .. r.unclion .. of ·Whicb is to 

· .. denoic a. i:on5íant·;valüe. ·~This.last'·obstn-ation.· . .Showsothe···way· <JUl .<>f ·1he 



Uiffit.:ulty. bcsiJ~.."'S vMi~bh:., thc prog:rJI1lOh!r would be scrn:L.I b)· locul ,.,.,,stcwt.\·, 
!.c .. itlcntifli.!ble quantiti~s· \il.·.ith a tinit·! lif~time-. Jurin:; w~i..:~·.~h ... ~~- .. , :•.1 ha\·.,: ·J. 

., . 

'.1. conStJnl VOJ.IUC, thlll h<~s·bccn defincd <ll lht.!.nlOnll!llt or inlr~hhu.:tiOil-Of th\! 
qu;,¡ntit)'. Suc:h quantitics u re not ncw: thc fnrm;ll p;tr.lm~t~r.-; uf pru¡,:cdur.::\ al·· 
re;,¡Jy Uisplay this prop~rty. Thc abo\'C is a pk~1 10 re::cot:;nill! 1h~1-1 thl! ront:cpt of_. 
the local co11sta111 has its own right of existcncc. lf 1 am wcll informcu. tl•is has Q() TO Statement-

. already been recoonized in CPL; ttie programming language i:idigncd .i·n ·a jo in( · ' · 
. etfort around the· MathemaiicaL Laboratory ·of the• Univcrsity·.·of Carilbridge~··. Consider.ed Harmful 

} , : England. · · 

The dnuble_ gnln· of clnrlty 

1 ha ve discussed at length. that the convoncmg power of the. results; is •. ·· .. : _: ~' :. . ... · . 
. . :' ·,":-· 

,-·. 

.. greatly .rlependent on .. the clarity of tho;. program; on, the degrcé in which. it .. 
reOects the structuré o( the proccss to b·c:pcrfortncd. ·For thosc who r'cd thcm- .· Editor:· . ·.- ·. 

-.· :.:.í·· 
~··· 

·; -·· .-
.:.. · 
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sclves mostly concerned. with cllicicncy "s mcasured in the cruder · units of For a number of years 1 ha ve be en familiar wiih the 
stora¡•,• spac-c ·onu nrJchine ·time; 1 should likc· to poi ni out thiu increasc of 

,_ .. 

. observation that the quality of programmers is a decreaselllciency nlwaj<S comes down to exploitation of structure and for them 1 should 
•• ::·. ing function of the density of go to statements in the pro-like to stress that al! structural properties mentioned can be u sed to .in·crease the:, · · · 

: el!iciency of nn implementation. 1 shall réview'theitf:bric.nf;'-:-· ,•·. t·:;,·.- >· ·· ·,'' ... ·.,•-.:·.. :_:: grams they produce.·· More recently 1 disco ve red why the 
1 '·. . :· ,.: . :'. . . : . ·: .. : ·.'.: ~ ... '•· . . . .. ,, .. ,_..,. ··,1 .... , .. _ .... '• ·:•:•· .. ;; ,, ( . ......... ; ·.· ·:f us'e' óf the e o to st:ttcment has such disastrous efl'ects, and 

) ::··.; · · .. The':lifetime retation.-satisñed ·by thc local qu,intitics of priJCcuurcs ·allows ·. !• :· · .. , .. :<•t~'.! beca me convinccd that the go to statement should be 
us to allocate thcm in a stack~ thus mnking very efticicnt use of availabk si ore;.: ............ ~ ......... ' 'abo!ished from all "higher leve!" programming languages 
the ononymity of thc intermedia te resulls enables U> tu minimizc slorage refer: · · · · · ..• _,.,_, ... · (i.e. everything except, perhaps, plain machine cede). At ' 
ences dynamically with thc nid of an automatically controllcd set' of push down';;, .. _.: ...... ..,. thnt. time 1 did not .attach .too much importancc. to tlús.· 
nccumulators; the constoncy of progrom texl under execution ·is of gréat h~lp in·"'·' discovery; 1 now submit my consiúerations for·publication 

:; . ·machines with dilferenl storage le veis ond reduces the complexity of advanced be cause in very rece ni discussions in which the subject 
control considerabl)';- the rcpctition· clouse:ea.es the dynamic de.te.ction .of end- turned up, 1 ha ve bcen urged todo so. 
less looping and finally, the .locaLconstaal. is a .su<:<.-essful candict.Jte. for a w(it<·· · ~ 

· 
1
:. slow-read-fa.st slore, when avnilable. ·. · M y first remark is that, allhough the programmer's 

activity·ends when he· has constructed a correct program, 
J the process taking place under .control of his program is 

l
. Concluslon . the true subject· m alter· of his activity, for it is this process 
, , that has la· accomplish the desircd effcct; it is this proccss 
· When 1 became acquainted · with. thc· notion of algnrithmic lang'uagcs 1 
1. nevCJ:· challcngcd .the. then prevailing opinion that the prnblem' of languagc. that in its dynamic behavior has 10 satisfy the desired 
1 · speciñcations. · Yet, once the program has be en made, thc :-.design . .,nd implemcntation wcrc mostly a quc.stion of compromiscS:· evcry new . 
1 "making" of the corresponding process is delegated to 

· .. 1: convenicnce for the user had to be paid for by the implcmentation, either in the machine. 
··. 1 the form of increascd troublc during translation, or during execution or during 

· b.oth. Well, wc are most certainly not living in Hcavcn and 1 am not going lo My second remark is that our intellectual·powers are 
den y thc possibility of a conOict bctwccn convenicnce and etflcicncy, but now 1 rathcr gean:d ta .. master. static relations and that our 
do protcst when this conHict ls prcsentcu as a complete summins:ur of thc sil· powers to· visualize processes evolving·in time are rcla-
uation. 1 am of -thc opinion 'thot. it.is. worthwhilc lo investiga te lo whilt ex ten t.' tively poorly developed. For that reason wc should do {as 
the·rre.:.Js. or..-M~n and,Machinc ·so,hand·. in hnnd nnd •lo sec what.tccbniques- we · wlse progr~mmers awarc of our limilations) our 'utmost lo 
can devise .for thc benefit of nll of us .. 1 trust that this· invcstigation will bcur 
rruits and ir thls talk mode sorne of you shore this fervent hope, it has ochieved 
lts aim. 



------------------

shoncn the conceptual gap l>clwccn lhc slatic program and thc dynamic 
· cess, lo make the corrcspondcncc hctwécn the pro~rom (sprcad .('UI. in 
· .. space) and 1hc proccss (sprc•d nul in1iiilcl as lri\'i::l as pu;si_hlc: 

pro· '- ·. The . main point •s that the. values ··-of. these · imiices. are outside 
ICXI · ·programmer's control; the)' ore -gencia<ed :feither by the writc-up of his pro-

Lel us now considcr how wc can rharactcrit.c thc pr<1grcss of a l'roccss . 

·gram or by the dynamic evolution of the proccssl whclh.e! 'he wishes or. noL 
Thcy providc iodcpcndent coordina tes in which lo describe the progress of the · 

. (You may lhink Olbout this quc:sliun in a ver y cüncrctc m:1nncr: ~uppo~~ thal a pro~ess. _ - . · . ___ .. _ 
.... process, considered as a time succcssion of actions,- is· stopped after ·an ai'bit.rary.. :,: : : : ·. Why do .we ·rieed su eh ind~pendeill cooidinates? The re'ason is - and 

. -;.: action, whai'data do we ha ve tofix in ordci f~at wc ca~ ~ello thc :pioécss· unti.t':': this'sée;,s 't'o· b/inliercni· ·,o·: sequen'tial processcs •..:.. that wc can interpret the >· · _the very same )ioint?l. lf the pro¡;iam tcxt is a .purc rom·atcnation, of.- s:iy;·as> v·aluc of a· v:iriablc ·only' with. rcspcct io thc progicss of the process. lf we wish 
· ··signmenl stalcmcnts (for-thc purpose of lhis discussion rcg.arded asthc dcscrip'- io courú the numbcr, n say, of people in an inilially empty room, we can 

. .tions of-single .actions) it is•sufficicnl lo point in·thc pro¡;ram tcxt toa poinl achieve this by increasing.-n by one .whenever we see someone entering the. 
· betwcen two succcssive action dcscriptions. \In lhe absence of go lo slatcmcnts room.· In the in-between moment that we ha ve observed someone entering the 

·,_¡can permit mysclf lhe synlactic ambiguity'_in'-the:las_t quenvords_of lhc 'rrcvi-J room bÚt-'have no! yet performed.the subsecjueni increase of n, ils value equals 
: ;_¡:··ous seinence_:. if we parse therri, as "succé'ssi~~)ác'tion dcscriptionsl" we mean:. :he riumber of peÓple-in the.'roor'n minus one! ·:::: · 
:..~ .. ~·:successive·in text space~ if we··rarse as:_".(sticces.Si.ve __ action) -dcs~·r"iption~'-'.,we· ... ·_:~_:·: ·.· ., __ · . ·--. · -· ·- · -. -.· · · . . . 
: .. . \ mean· successivc in' ti in e.) Let us call su di ·a· pointer to·.a suitnble place in tlie _, .. _The unbndled use of lhe go l_o stale~enl has an tmme~l3te c~nsequence 

··: .text.a!.'textual index." · . . -' ·'.- .· -· . ·· .. _:.-.,• ->.-. :.-_ . · ·:; · !hat <1 becomeS'Iernbly hdfd to find-• meanmgful setof.coordrnales m·whKlt lo • 
· describe _the. process progress: · Usually; people takc into account· .as well the . 

. . . . . When wc.lnclude·condilional clauses {lf.B,then.A),allernalive claúses Or.:,-valu~s ... :i;>f;~m."·w-ell·.chosen,v~rinbtes, but.-this.is outof the question because il 
_'-•.-·.>;8 then· Al el se A2) choice clauses as lntroduceÍI h'Y.:'C.A.R.- Hoare (~ase ·(il óL~;; ·r'clati_vc ... io tW: 'piogress that'the meaning of.thcsevalues is to be understood! 
: :.t-1 ·(Al, .i2, .. .' ~- Arill.' or condilional cxpressions ns iritrhclu.ééd byT.'McCar'thy._(sr . ~it~-:ttie &il tostate~eni"órii: can, of cours~, still describe th~ progress uniquely 

';'.j --l1, B2- n, ... , Bn -· E:n), the fact remains _thallhepiogiess of thc,proce.ss· -by_ a: cou~ter countmg lhe number of acu~ns perf~rmed smce program start 
·-:. remains characterized by a single textual index. . - .. ,.- -.. .-_. .· ,._. .. : .. · .. ·._ .<vil. a kmdof normahzed clock). The d<fficulty ts thnl such a coordmate, 

1 · · . · '·'. :' ·· .... : ·. · allhough uniquc, is utterly unhelpful. In such a coordinate-system it becomes. 
. . . As soon as wc 'include in our language- procedures we must admit.-th~t a' ¿an··_Útrcmely. complicated·. alfa ir to define all. ihose. points of progress, where, 

"Í single textual inde~ ·is ·,rió longer suffich~ntX ¡¡¡: the' case ih.at á. tex'tual i'ndex say',-' ti equals the numlier of persons in· the room minus orie! . '· . :' .·: :. '· :> points to the interior o( 8 'proceditre bcidf!he.dynamic prÓgress is only eh a rae· . . . T~: ~~ 1~ 1;ate~e~t\s ;i stan~s i~Ju~t t~o primitive' it is t~o in~ch an in~ 
, . ; teri~ed whcn wc al so givc to which call _of lhe procedure we refer. ~With .the in- _;ilaÚon ¡0 máke a iness of one •5 program. · On~ can rcg;rd and appreciate the 
. . ¡' clust_on of procedur~s ~e rc_an· charactenze.-the :progrcss of thc. proc_css v~a a se·. clauscs considered as bridling its use.: 1 do.oot.claim that thc .clauses mentioned. • 

·. · .. f__.quencc. of .textual. mdrces,-.. the: lenglh . of !htS .. sequen ce . bemg . equal lO. lhe_, are exhaustlve in the sen_se that they will salisfy all n_eeds, but W~alever clauses t.:l 
:-._ .. _.:dyn.amtc.deplh.of proccdur.e.calhng. . . ·, · ·.· are suggested (e.g. abortron clauses) they should sallsfy the requ1remenl that a 

· •· · · · ' · · prÓgrammer independent coordina te system can be maintained lo describe the 
_ .. 

1 
L'ct us now consider repelilion clauses (likc, whlle B rrpcal A or re peal ;4 .· process in a helpful and· manageable way 

unlll B). Logically speaking, su eh clauses are now superfluous, beca use. we can· .. · 
·'·--': Úpress repetition with the aid of recursive procedures. For reasons of realism lt is hard to cnd this with a fair acknowledgment. Am 1 lo judge by 

'rl don't wish to exclude them: on !he one hand, repctilion clauses can-be im--_-whom-my•lhinking has been-influenced?·lt is fairly obvious that.l am.not·. 
'.-plemented qulte.comforlably with present..day finitc equipmenl; on the other .. ·uninfluenced by Peter ·Landin·und Christopher Strachey. Finally 1 should like 

hand, the reasoning paltern known as "induction" makes us well equipped to lo record (as ·1 remember it quite distinctly) how Heinz Zemanek althe pre· 
relain our intellectual grasp on lhe proccsses gcncraled by repelition clauses. ALGOL meeting in early. 1959 in Copenhagen quite cxpticitly expressed his 
With the inclusion of the repclition clauscs textual índices are. no longer doubts whelher lhe go lo statemenl should be lrealed on·equal synlactic footing 
sufficienl 10 describe the dynamic progress of the process. With each entry into with the assignment ·statement.· To a modesl extent 1 blame myself for ~ol. 
a repelilion clause, however, we can associate a so-called -"dynamic indcx," .. having then drawn the consequences of his remark. · 
lnexorably counting the ordinal number of thc·corrcsponding curren! repetition; · 

Ms\l'll¡ctilil>n clauses -(just K~.-.prcx.-edure .calls)·may.·be·applied nestcdly, we lind 
that now the. pro¡rcss of the .. process·.can -always·be. uniquelj' char.acterizcd -by. a 
(mlxed) sequence of textual and/o~ dynamic indi_ces. 

The remark about the undesirability of lhe go lo statemenl is far from 
nc~ .. 1 relnembc:r .havini'·rcad. .thc.:expticit.recommcndation. to .r.esuiCt the ·uso: 
of thc ao lo statement to .alann cxits, but·J have· not been·able-··to·trace· it;· 

. presumably, it has been made by C.A.R. Hoare. In (1, Sec. -3.2.1.) Wirth and 
·-··. 



1-loarc tt.lgcthcr m:-skc a rcm<~rk in the s;tlllC dircl'tiun in mntiv;ning thc rase 
construction: .. likc thc conditíon;tl, it mirrors thc ~lyn:nnic ~triiL"turC of <t pro· 
gmm .morr .dcarly than ·~o· Ífl st.;th.:mcnts r.nd -~wiL.:h:::... .. :nd it cliJilinJtcs the 

. nced for intrnducing a I;Hgc numhcr of bhcls in thC Ít~oglam .. 

In [2) Guiscppc Jacopmi sccms lo havc provcd thc (lngic;tll 
superOuousncss of the ~o lo st:ttcmcnl. Thc cxcrl'isc to tr:msl01tc "" :1rhitrary 
flow diasram more or lcss mcchanically in Lo a jumplcss onc. hnwcvcr. is not to · 

' be recommcndcd. Then lhc resulling now diagram cannot be cxpected to be 
. ·.more lransparcnlthan the original onc. · 
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Structured Programming . . . . . 

r.··. 
·( 

. ... '. -.·. 
·.·.·- . ..•.. ·: . 

lntroduc.tlon 

.... 
This workinS document reports on e~perience and 

insights gaincd in programming experimcnls pcrformed · 
. ... -bf.the ·a'utticir in thc last·year.: The lending qucslion was: 
:. ·· ·--:~ir:J{~.úi concei.Vable · to incr·e·ase o'ur · programmiJ,g ability:. 

.· _',;:oran order of .mngniti.tde. and 'what techniques (mental,. 
organizational or mechanicall could be applicd in the pro-· 
cess or progri.lm · composidon lO produce this incre.ase •. 
The pro~ramming.·exporiments-·wer.e.-undertakcn.·to. shod: 

· · lighl upon thcsc queslions. e 

Prog,ram slze · 

My real conccrn is wilh intrinsically large programs.CJ 
By "inlrinsically largc" 1 mean programs lhat are largo· 
uue 'lO ·1hc- complcxily or lhcir·task; in contrast· lO pro
grams lhat ha ve explodcd (by· inad~quacy of the. cquip-. 
menl. unhappy dccisions, poor undcrstanding or lhc 

.· ... problcm. etc.). The ract that, ror practica! reasons, my 
experiments had thus rar to be carricd out with ralhcr 
small programs did present a. serious difficulty~ 1 ha ve 
tricd to ovcrcome this by lrcating problcms of sizc expli-. 
citly and by ·ttying to .. find.thcit. consequences. as. m u eh u.. 
possiblc by. analysis-, inspection: and.rellectionc ralh<:r·than' 
by (as yet too expensive) experimcnts. 



In doing so 1 found a numbcr of sub~mls lhal; "pparcnll)', wc !iotvc lo 
lcarn lo achicvc (if wc don'! alrcady know how tá do thall. 

Thcr~forc, ~roof of ~rogr.m .correclness stiould depend only 
upon lhc program text. · 

: · ·Ir· a large progns.m is a ·"Cnmpo;)itivn ·or f' "pro~1am l.:lHnponcntS:·: 1h..: . 
- · 2 ·A number of peoplé ha ve shown that program correctness can :_·ronfldC11cc:·levcl or the inf.Jividlli\1 lt'mP(•ncnts must he T).f¡.•ptionallr high if N . 

. is vcry large. lf !he individuol-componcnts can be m;uk• 1\'Íih tho prohability be provcd. -Highly formal correctness proofs ha ve been given; 
."p" of being corree!, the probabilily that.lhc whulc _progr;¡_m functions propcrl)' ... : · ·. >ISO COTTCCI~ess proofs -.ha ve been given for "normal pro· 

'11 f -·'d · ·· ·--. ' · · · · · · ·· '·· ·:-· · ·-' · ·· :.:.~:~f:_.gram~~~'-. i.~. programs not Wriuen with a proof proccdure in 
·,,j_·wt no ex~~f.\_;_- .- '. · -,,_ ,,,_., __ n· - ·:._-_·:_-·'--;) ·>< ---~-.• ,-,,_>}-"'-';-i-;·::::0';,· • •:·mind.'·As_is lo be expected'(arid'nobody·is 1o be blamed for 

· 1 ' · •. · l. : '> · r ~ P~. · .':o .• - :.·, .·.·. 1 · .·::;. 'íha1) -'1hc. circulaiing éxamples are con cerned wi1h rather small 

· <~ _ L· fo.r l~rge N, p mus1 'be pra~tically equalto oné i( p is ;o ·diiTcr significan;l{fio~- .• ,_. <·:Y· progiams · and, unless measures are taken, the amount of la:. 
: .. _-_-·tero. Combining subsels into lorEer_ componen1s from which then the whole. bour involved in proving migh1 well (will) explode wi1h pro-. 

·· ·,· :. program is composed, presents no remedy: . . gram size.' - -· ·. . 

._.~-,-._:_-_:~_:~·,,:_~-·_!_.?J:_ •.. ~---:_·: ;~~~-. : .. ·: :·.' ~-·:-,- . _ -/ ~-:·::_:?>/··.··.-·~N~ _•_P~n-_;_ 1 ¡j1·-~qu_ '. 1 ~ -~,~-.i~_-•_:_._·.-.•_-~~,·_: __ -_:_._. __ ; __ : ... _:: ·:- . _ ._-:-,.·,'_· ...... ~--: ___ ~e-'~--·_·.,.:_·._;~_-_·; __ ._-.~---_·.:_:_·_-.-.. ;_._/?:.~ ·::~j\ ~Tt:·t tti~-r~fdó~e;. 1 _ha ve ·noht_ ~ocus~-~- :·m y at~en tion on the question · 
- . · · "·. ' ··t-':·_·:-(:-,_~·ow. o wc.prove 1 _·e'•_correc1ness of a giveil program?.'.' bu1 . 

. -_ .- ::As·a·conscquence;· 1he problem of program correctriess (confidence.level)·was· • .. _,_, _,_ on the. qu'es1ions· "for what 'program structures can we give·· .... · 
'_:- -· ·:one of. my prima.ry conccrns. · · · ·. ·. <·- : ____ · · · _, ..... .': -- · · · ·· L'orrcctness proofs without unduc labour. e yen if the programs ,: .,: 

··;:·. · -~: -The efforl -be il intellcctual or experimental- .necdcd to-dcmonstrJte. get largc'!u and; as ·a sequel. uhow do ~e mak.e, for a given :-. · ... · 
· ~~-the·:correc1ness of a program In a sufliciently conviricing ·manner .may (mea· . . .. ,.,_. task, ~\lgh·,,a. well-structured. program?" My. willingness to. 

'_,··.su red in 'some loase sense) not grow more rapidly than in propórtion lo thc pro· ... .-:' ., -.'::.::·;·._ confi~e ·m'y'· atten1ion 1o such ·~well-s1ructured programs" (as a_ 
gram lengtll (mcnsurcd in an equolly loase scn•el:. lf, for insiance~ tlic labour·. •: · -~·· :•:;,"_;f::_s_ubset·of 1he se1 of all possible programs) is based on my be· 

. ':- in volved in verifying !he córrccl composition of a W'hole program oul·'~f r>l'p'rli'_:~·;;.-c~,:~~\~>;{ ltef 1hol we c~n find suc~ a well-slruclured subse1 satisfying ... 
.. gram componen1s_(each of 1hem individually ossumed 10 be corrcc1) still grows ·-· ._,'-·' ·.·. ou_r programmtng needs, t.e. th~1_for each programmable 1ask . 
. -;• exponen1ially with N,we had lieller admi1 dcfeat. . .,_ .. _1hts ~ubset.con1atns enough reahsllc_programs. 

1 . JI . ·. · Any largé program wllf exi-~1 during its lifc·li:ne in a ~ultltude ·~f differeni ',; . .' -:v;'.;4: . ·::This, wha1 1 call "cons1ructive appro~ch lo 1he problem of pro-
versions, so 1hal in composirig' a large program we •re,no1 so m u eh concern.ed1:.:•·,.-::·)\i<:. ,. •-.-:sram correc1ness, ".can be 1aken a s1ep further. 1t is not re·· : ~ 

1 -- wi1h a single program, bu1 'wilh- a whole family of rélaled program-s,' conlaining ._:·;::. < ;•.,.' ·:stric1ed. 1o .general considera1ions as 10 wha1 program s1ructures ... 
·>:.allcrnative .. pro¡;rams -for lhe·same:job •and/or :similar. 'pro¡;rams Jor similar ¡u<os': ':.:-',· .• ·:e_' .-,_'are. attroctive from the. point 'of view ·or· provobilily-," in-- a:'.- ' " 
; •. A•¡>rognm. the<efore -should -be.co.nceived .and .unders1ood es· o·cmember of a· ·, · . ; ·- number · ofo·speciflc,: very difficul1 programming tasks. L .• ha ve ... :'1 ¡:· family; i( sbould be so struc1ured out·of·components 1hat various members ·or linally succeeded in conslruc1ing a program by analyting how a. 

1- this famlly, sharin¡· componen1s, do not only share ·the correc1ness demons1ra~ ·. ·' ·,- proof could be given 1ha1 a class of compu1ations would sa1isfy 
-\. tlon of the sh~red -~mponen1s bu1 also of 1he shared subs1ructure. · · ·-- . ccr1ain requiremen1s; from ·1he requirements of 1he proof the 

, .. . program followed. 
' . . . 

_ ¡: _Program ~nectness , .. , : . . . . • _ ._·. . .• _ · _ ·.: _· 
·¡ . . - · · -· Tbe ~ela1_l~n b-etwe~~ program.and·compulatlon 

· :. . _. .An ·assertion of program ·correctness is an .asser1ion abou1 1he ne1 effects . 
f · of the compu1a1ions tha1 m ay be evoked by 1his program. lnvestiga1ing how 
! : ·such asser1ions can be justified, 1 carne lo the following conclusions: . · 

¡; 
........ 
l"\.' .· 
1 

- l. The number ·or differen1 lnpu1s, l.e. 1he number of differen1 
computations for which 1he asser1ions claim to hold is so fan· 

· tas1ically high 1hat demons1ra1ion of correc1ness by sampling ls -
: · ··: · ·,•--comple1efy. out of thc,queslion. Progrom t.:stlng -con ·w used to 

'•_ • .• .-• . ..,...thtt-~ro:e·.cpbugs,. bul-..rvtt-fo -sl10w-rllm absence! 

lnves1iga1in'g how asser1ions abou1 1he possible computalions (evolving ir 
lime) can be mode on accoun1 of the slatic program text, 1 ha ve concluded tha 
adherence to rigid · sequencing disciplines,.is esscnlial, so as 1o allow step-wis1 

abstractior\ fr~m the possilily differen1 rou1ings. · In _particular: when program: 
for a sequen1ial_ compu1er. are .exp[essed as a linear ·sequencc -of.-b:uic- >ymbol' 

· of a programmmg. language-,.sequendng should be-.-controUed--by--al1emathe 
COnditiónaf and rcpetl1ive clauses and procedure·calls, ra1her '!han by statemen~ 
1ransferring con1rol'lo labelled points. 



. ~ .. 
•. 

'·. 
Thc: nccd for stcp-wise abstractiun frum loc~l scqucndng is pcrhaps most 

convincingly shown by thc: following dcmnnstration: ·. · ' 

Let us considcr -a .. strctchcd•' prn¡.:r;un of thc for111 

: trust thJI lhl! abtJ\t! ~:ah:ularion CUO"\Íncingly demun.:Hrat~S the nc:~d (or· 
ti1~ inuodU\:tion of the abstra~:l" statcmt.:nts S,. ·An aspe~t of my constructi\·e ap
proach is not to reúlltC a givcn prugram (3) to on ab,tract program (!), but lo 
start with the lat_ter. 

S S S . ... . .•.· 
- . . ¡: 1:.·: · ~ S :· ·. :·:-:-_ ( 11 .: . . ·, . . .· . . .. ··¡ .· ;;·~·:. 

· · , . . .· .· -. .... - . . Abstrae! dolo structures · · ., -.. ,. . ._. 
and let us introduce the mcasuring convcntion thai"whcn -the ·nct efTcct· of thc -· · .. 
cxcculion or C"th individual statcmcnt s, has be en ~ivcn, ii takcs" N stcps of .··. ·. ' ... 

Unúcrstanding a ·program composcú from a moúcst number of abstrae! 
reasoning to cstablish !he correctncss of .program (Jl. i.c. to establish thot the stotements again becomes an exploding task if the deftnition of the net etrect of 
cumulative net etrect of the N actions in succcssion satisftcs the requiremcnts 

_ j'"imposed upon !he comput•tions evoked by program_ (1 L-, , -.. . .... ·.· ; ,, __ .-. _. .· . the_ constituent; statements is sufficiently unwieldy. This can be overcome by 
. - · · · - · · · .. ,. . ".- . ·: · .. ·c; . .'-_ttie· .. inor0dÚction of- suitable abstrae¡ data structures. The situation is greally 

· :;j :;:'.-" 'Foi a· ~lal~;;;·.;ll\ of !he form . .:.:. ··- ., .', ' :.-; · '.·,;;,.·:X-·' analcig.ciu~ 'io the way in whiéh we can understand an ALGOL program opera!· 
·,- ··· . . · • · · ·. .ing-on intcgers:withoui having ta· bother about the number rcpresentation of 

. Ir 9 theñ 51 rlu·sl. C2) · · · ·lhc. imp1ementciti0n used. The · only differen.ce is. that. now. the programmer .. 
. . . must invent his·own.concepls !analognus·.to the "ready,madc" integer) and-his-. 

where, agaon.- the _net effect. of the. exccutoon of _the constitu5}:!'.. state.ments. S, own operdtions upon them (analogous to thc "ready-made:• arithmetic opera· 
, and S2 has be e? gtven;·. we ~ntroduce the measunng conveniJon -that JI _takes -~ _- :'·•n•l . . . · . · . ··.;: :-. , . ·,:_ ·' ., · "· . 
:· steps 'of TeasonmJl to estabhsh 1he· net ctrect 'of ·program -~2); viz.' one- for tlie·., : ·' · .- - : · ; . . · ' • 

· , ·case B and one for !he case no! B. · . .'!'. :; · ;'.. .._. /; _.. . •: · ·.:In· the refine me ni "of · an ·abstrae! program) (i.e. composed from ab.stract 
< stat<ments operating on ·abstract data structures we observe the phenomenon 

Conslder now a program of the form ' ·or "joint refinement ..... For abstruct data structurcs of a given type a cena in 
.. . . --. . tr Bothen s

11 
etn s

11
: , . . .. -•• -· . ·_. . rcprcscntation:-is··choscn in tcrrris of new (pcrhaps still rather abstract) data 

' .. ; . . . ; '. . 118 then S else S ..... · •--> ..,. . ;:~-_}~~·:;:;·:.¡;i~i-L~.5,\U.~e~;~_ii;Tiié'·.¡mmédiatc consequ"ence or this" design decision is that the 

. J,,;'-.-~~---; ___ .:_·.;_. __ .. :;_{_,_;_:._.-'.·_:\:.::.-_ •. :.;_~----'--; __ ,·~.~.:_;'-~--.·-·:··:_-:_·! __ ·:_~_-.·._·_r._ .. ~_!_) ___ ·_: .. _._:.·_.~_·_-_._.:_·_·_._.L_·-~~.::_·_.· J :,::,::;_:.:', 'l : : ~'tt: ·.: )_:: .. :; {:~\_·_ . : .. ·. . . : "iV/~ _; ::;' .. .'~~s~~;: ~s~:: fue i~~r:;:e;; ~ ~ggor~ ~o~ i~~~ ~~~g~n: ~ 1: b~~:·r~1ti ~; 1~ ;~:~~;en:~ v~a:~ 
_. ·:e:-·: ' '· ..-· · \.-\ó'" ·_:,.._ :.,_ ... stnictures· in' terms of which it was decided to represent the original abstract 

· · ·(Jl · :·<·· ' :- . ' . dota structurc. ·Su eh a joint reftnement of data· structure· and associated state•. · · .. ¡-.. : · .• -:. _, . -~· :::··.~ \··: .-·Ir BN lhtn SNI f'llf SNl 
.¡. · ·' · · ··· -; · ' monts should be an isolatcd unit of thc program text: it embodie"s ·the immedr· · 

f. . According to.the measurlng convention .it·tJtkes 2.:steps--per altennative otc conscquences of an (independent) design declsion·and·is·as·such the·notural· .: 
·statement to·.understand it.. i.e. to. cstablish that tbe.nct effect of · unit of interchange for program modification. lt is an example of what l ha ve· 

grown into ~alling "a peorl." 

ls equivalen! tci that of !he execution of an abstrae! Slatcment S,. llaving N 
such · alternative statements, lt takes us 2N steps to·reduce program ()) to one 

: of the form of program. (1); lo understand the latter form of the prograrri takes 
, .. us another N stcps. giving JN steps in tolo ... 
1 

lf wc had refused lo introduce the abstrae! statements S; but hod tried to 
understand program (3) directly in terms of executions of the statements s •. 
cach su eh computation would be the cumulative etrect of N such statemcnt ex· 

. · ecutions and would as such require N steps to understand it. Trying to under· . 
... stand the algorithm In terms of tbe Sü ir.nplies that we have to distinguish 

\'>.b:twecn.r'-.!iffon::nt-routings'-llrrODgb•the program 'I!Od-'this would tead to N'2N 
steps of reasoningl 

Progr~ms_ a~ ncckluces ~trunG from pcarls 

have grown to regard a program as an ordered set of pearls, a "neck· 
lace." The top pearl describes the program in its most abstrae! form, in nll · 
lower pearls one or more concepts used above are explaincd (refincd) in terms 
of concepts to be explained (rcfined) in pearls below it, while the bottom pearl 

, eventually explains whot still has to be explained in terms of a standard inter
race (-machineL·Th<:·p<ail seems ta·be·a natur.tl program module. ·.·. · 

As cacn:pearl· embodies a specilic..di:sign.decision (or; as .the'.:ase m ay. be; 
a speciftc aspccr onhe·originnl prablem"statement) ilis thc natur:al unit of in, 
terchange in program modifi_cation (or, as the case may be, program adaptation 
lo a change In problem statement). 
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Pc:trls and ncckl;tcc ¡;ivc a rlc:1r Sli!IUs toan "jn,,:umpktc prPgr:un ... ~.·un· 

sisting or lhc 1op hi:!lf of a ncckl;tcc: it c:an hr rrrartk·d :1~ :• l"fii11Jlk'l~ )'rl\¡:~;1111 
to be c>.ccutcd by u ~uitablc nun.:hinc <or vohich thc lwitLJm h:11r·oi tht nt.<;,:•;Ln:c 

· ... gives.a fcasihle•implcmeni .. tiünl> As.such.·thc corrcctncss ofthc .. 11ppcr h"lf of' .. ',.. :.· 
,· .• 1he.necklace ca~· ~e .-,,.;,blisbcd r•g•rdless or the ch<>ice'of ~he ~ononi halr. :_· .. The· T. rá_hsla tión · 

Rctwccn two ·slJC'C't'Ssivc pc;uls 'we can .m:1kc a "cut: •• whi~·h iS a m;¡nual 
. for a m achine providcd by thc parl of lhc nccklace bclow lhc l'UI and u sed by '.'of."go to' Pr_o. gr_._a_ ms 

the program rcprcscntcd by the parl or the ncckhtce abO\'_e rhc cut. Ttiis-manu· . . . . . -::::- :• 
· .• ,·.al serves. as andnterrace between the twó·rarts of.the ífecklace .. 'We•feel'üíis· :to 'while'· .. ·.Pr_·o .. gramS_ ·:. 

.·.;., ~forrn o( interfaCe more ,hclpful .than .rcga~<ii'ng .. 'datJi.re¡>resenlaiion as. an- i~ter: :. : .. . .. ... . . ·; . ; ·, ' 
_;.:~,:;.rac'e .between .operations;• in particular more:heipful tównrds énsuritií(the'·é'cim~ .. ;:·:.:;<,: ::···.:r-/Y:.;·' .. ·,:·_,,_, .. o:::·; 
·. •; binatoiial freedom rcquired for program ádaptalion. :. : :. · · .• ....... : ... ·· ._.:.:.'_ ,.·.'<: .. ::·.:;>_:.,-. ·. · · 

The combinaiorial freedom jusi menlio~cd secms lo be ttie only way· .in·"·:· ·· .. · ... ,. :_ .. · 1 . GE:-;ERAL.:·DISCUSSION 

.. --:hic~. we. can make • prog!•tll .. as par~ ora r,amilr ~r·n.~,~~ .. "((P{)t .. ~Ni'al~, "~'<. · .. ·. ·., .: . ,~';:r ,. · ·. . _ .·· .. -
.·.: stons .... wtlhouto.the-.Jabour .In volved. tncreastng ·.proporttonal'ito -the .'number ·of ;:.-. · .;.".'. · ·• Lt/;.lnlroducllon 

. '·· 
... )."·;_..~:_;'. 

. ~· 

.~: . 
...... 

· .. 
•: ;'-::rnemberS'Of the·nimlly;·;The'family beco\n.;s ttie set'Ci(tiiose seleéiions·from 8 < :. ·. . .····:o . .. ·;· 

;:·;~ven roll~~tion:~~:pearis·t~ál' ~n·be·~~r~Íig ~~lo B~IÍins;ri~t:áce.\:.: /~}j;;'. ·.· : •> . . ; . . ,·. ~o~c¿~~ :::;,~~~s c~n~trr~~~~~s r~oemco;s~\~~rma:~t sis~~~: 
:;,¡·éoncluding rrinarks . · '·: :·.: ·.•: '.. ., _ _., · :•-':::~ •"' _. . · '·,·:• :'.,.-, ~~ ¡_:;,·;.· ~ .,. . . . .... · ::>.<<'< .. · ments (lhat assign terms to variables) and test statements 

· :~.; _ . 1.- . ·:. -~:- _. · .· ··_: ·: · · . .· · .··,--: .·.: -_-. ·; ._- ;:-:t:>~':¡~~t'..;.-)~-- .. ~-:-rph··~.--:', '-~~-:·--:..,' · _{lh8i ·tes~( quantifier-frec formulas) opcrating on a "~tate 
!·' ~:-: · Pcorls in ~ ·n~~kiace ·h~ve ·a sirict logical order ;' 5~y· ~'fro;;, top ¡~·:i,~lío;:ri':~;· '.':.'_\: .~ '":<, . · . · , ·vectÓr':' JI.· The nowchart program begins with 8. umque 

· ¡" 1 wOuld like to stress that this order may be radicaiiY different 'frOni-'thC ofdef · ··· · ·. -: ::· -~,,~-- Start ·si3iement of the form · .. : · 
~ ·. (in time) in "''hich they are designed. . · . . · · . ·. · · · . · . .: . ·.· .. ··•· ·. · .. ··: -~,: · : ~:/:!(·t:.< · · . · · · .. 
;'_. Pearls ha ve emerged u program modules when l. tried to map ·u pon .each . . .; . · .. ~/: '... . _...' . 

i 
' 

· ¡': other as coinpletely as possible, the numerous members of a class of related · . . {_ ·'' 'i.·: '· 
i"·programs .. ·The abstraction process iriv.olved in. this ·mapping ·lurns out Tnot, · ... , ~h~;~ -~- · j~ a subvector ·of Ji'; lndicating the· variables.· 
.. ·amazingly, as_an afterthoughtll to be the same·as·the one that can be used to lhat hav~~~-be given values al ihe beginning or the com- · 
:. reduce lhe amo'unt.of.inlellec.tuaJ.Iabour involved.in correctness proofs·. This is ... ··.· putation. 11 ends with a unique hall_ stalement of the ' 
: .. VCfY encoura.11ing. · · . form . . '· .... ;, ":-" . 

.. " ·As 1 said before, 'the programming experiments have been· carried out : .; . 
·! with relativcly small programs. Allhough, personally, 1 firmly bclieve that they · •. -:<-.:.· .... 

show the way towards more reliable composition of really large· programs, 1 •, ·. .· ':;.: 
should like to stress that as yet J ha ve no experimental·evidenCe for thís. The · ~ · 
experimental ~vidence gained so far shows an increasing ability lo compase pro-

. grams or lhe size 1 tried. Allhough 1 tried lO do it, 1 fe el lhat 1 ha ve given but 
. linle recognition lo .lhe requirements of program development such as is need-
. ed when one wishes lo employ a large crowd; 1. ha ve no ·ex¡)erience with the. · · 
' Chlnese Armyapproach, iloram 1 convinced.of lts virtues: ·· · 

~ .. 

. .,.;here x..,,.,., is a sub vector o~ x; indicating the variables 
whose values will be the deSifed result of the compula-

lion . 
. We make no assumptions.about the.domain of-in~i,, 

viduals, or. about lhe. opcrations. and .. predica tes· uscd .tn< 
the .stat.ements. Thus :our nowchart. programs are really 
nowchart schemas·(see. for example; Luckham, Park and 
Paterson (1)} and all th~ results can be stated in terms of 
iluch schemas. · 
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Let p be any Oowcharl program of thc form shuwn in Figure l. Note' 
' r -that, for cxample~ the statcmcnt X - l'(X) stnnds for an~· s<·uucn\:C o ::..:.s1~n-__ 

-.ment statcments whosc nct -effcct is thc_ rc¡,:laccmcnt nf vector .\· hy h ncw \'Cl"-. 

·tor-dxl. Similarly, ·the test· p(xl, for cxamplc, st"nds for any quantilicr-frce 
formula with variables from .._ Thc Ouwcharl program P1 will be uscd asan eA· 
ample throughout \he paper. 

:' ;_' 
. •.:··· . / ..... _~:_:'' 

.,-_; 

.. :~ 
:~--

. -·: . !'~~. 
-~.;- . , . ,· .. 

-~ .. -·.: .. 
·!-·. ' .· .. 

~ .: 

. · .. · ~ince ,both classes of progmms. ~•- the.same kind of start and hall state· 
ments; we ca_n define the equivalence af ·twa programs independently of the . 
classes to_ whtch they belong. Two programs (with the sorne input subvet:to~·· 
-~i"r.~.u and lhc s:Jmc output subvectors Xgo.¡,;.u,) are said to be equi~·alenr if for each . 
as~tgnme~t of values to .>;"'"' either both pro.Jgrams do not termina te or both ter· 
mmate W!lh the same values in X - ·-
... _. .. - .. · .:: . _..._ ;: .• ·" ~lpu~·, ,·. ... · -~ . 

1.2. Translatlon.lo ltÍtlle progra~s by addlr;~ ~arlable~·-
·¡_], i.: Extending ·the ~rate ••ecror x 

::~--.. 
: -. We can show that by allowing extra variables which keep crucial past 

_, _ ,_ -.::-. __ _;-:,::, .. ... :;,>· ... - valu~s of sorne o~. the varia?les in x, one can effcctively translate every 
_,:::. : _ .-\.. .. _ Oowchart prog~am. m lo .•n equtvalent. while program (ALGORITHM 1). The im-

-~ : . 

,· 

'.''¡· 

portance of-.thts.·result. ts that.-orisinal. "topology''- of the. program is preserved, .. 
.·_._ and the new program IS of th.e same arder of efficiency as the original program. 

· _Howeve_r,. we shall no_t en ter mto any dtscusSJon as lo whether the new program · .. · :- ... __ '"' supenor to the ortglnal one or not. · 

<~: ':;>,_-,:.- .,. -~- , :_·;-;,_r.' _.: .. ·_. ThisTe~~h.:con'sfder6él in terms of schemas, can be contrasted with those 
0::·:/k< J,!;{-,:~''L:·-'':>··" of Pat~rs~_tfsnd Hewilt [41 (see siso ~trong [SJ). They showed that although ¡1 

.:·· ~-"!f;:"~:~~~~~ .. ~~~:·.:-~\--·;_..:'.l~ .. ~-~\:p~s!ble l~ tran~~~t_e all ,~ecurs1v~ schemas into flowchart schemas, it is 
. :;::ó ,-j·y·f:"!f'' posstble todo th!S f~r:: !mear .- recurSJve schemas, by adding extra variables. 

: . . 
·. ·· · However; as _they POJnt out, the Oowchart schemas produced are less efficient 

than the original recursive schemas. ' . · . . · 

- -. 
¡ __ 

. . . . : . . ' . . . 

. ln order lo write such. fiowchart programs in a convention.al pn.·~r.:ú~ming 
.-_ :._.language •. goto suitements er.e·required. There has-~ecently bccn much discus· 

. . . ,_-~5ion .{sce,.Jor- e«nmple,•.Oijl:.6tra -!2ll, about·whcther the. use of.--¡ool'l' statemonts 
makes programs difficult lo -undcrstand, and whether the use or .,.¡,;¡e_or for· 

· i · statements is preferable. In addition, it is quite possible lhat simplcr propf 
methods of the ·validity and equivalence or programs may ·be found. for pro- -

' srams wlthout galo statements (see, for example, Stark l3ll. lt is clearly 
relevan\ to this discussion to consider whether the abolition of gato statements 
is really possible. 

: . ~ an e~aniple, AL~ORJTHM 1 willlive th~-·following w~le prog~ •which 
IS equtvalcnt to thc flow·chart progratU P1 . (Figure l): .... __ ...... ; . . . . 

START(iJ; ' -
X- oGl~ 

:-;~riit;<ii ;;.:r:rtE~--------- --: 
.•i-X: . 1 

· : ifq(Xl rh•n lx- b(XJ; ~hll<~(il do i- ~Xll·' .-- -- ---- --·- -- ... --- --- ~' · whil• q(Yl "J(il do · 
lx- c<X>: .-
;;.nile~Gf d-; .. ¡::.. -;a);~-~-- - -, 
¡y- x,- t 
¡i/' q(i) th•n 1 

t. - lg-: ~X!i ~/(! ri,Xl_d.e t-:: 11!~1_: 1; 
ifq('j} rh•n x- j(iJ •IJ< i- r(iJ; 
HALT<.il. . 

Therefore the second class af programs we consider are w!tile programs, 
l.e., Algol-like programs consisting anly or while stalements of the form while 

i (quantifier-free formula) do (statement), in addition to cond~tional, a~signment 
~.;and block• statements. As befare, each program starts_ wtlh a umque start 

lf th . 
; statemenl, START(.fo,,_.), and ends with a unique hall statement, HALT(x..,, .. J . the e. test q(xl uscs-ooly .. a sub:vectar. of.l', -thcn the algodlhm-will.indléat~>..tltak 
:-------- sub -vector:: .of, extn-.Nanables.-,y:.-oced,only.:.be.;oC,,_the. same.;b:ngth,,u- this.. 

. vector. · · . - -""' · L~A b~-~~~~-~~~- ~- ~-' ~~ d ~temtniS~~ ~~ :~-~7-chiS 
. . . --·~- . '• . . ·.·: . 
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. ·~- ·,-. .., 

.. <>·~·: rÚiéThat. each iepetition or the main while srarement srans rrom point y 
. · ... ' . Note !ha! on cach cycle or thc main while Slalcmcnt; !he S late \·eeÍor .x is and proéeccfs either back lO y or lo ó. In !he laller case. 1 is made false and WC 

.... : ·. ·. _ ... ~. /<-· ;_ 
'·. ·'! ... 

.. 81 ¡Íoint {3, while y holds !he prcccdin~ values or X al poinl n. . . . · suh~equently exil rrom !he v.hile Slatemcnl: · 

Nu1c afo¡;o thut the 1wo ~ubprotr<.tms cndoscd in hro~cn 1inr.c: iiff" jtl~nlical. 
1.3 .. Translatlon lo ,.-ltlle,prugrums wllhout addlng >ariables 

This is _l)'pical ol \~e prognuns_ proúuc_cd by i hl!_ odgori 1 ti rn .. _ qne migh ~ us~ 1 his · . :; ·' •.... ~_•. ·_::_:-_ ... · .. '· -~_j. _: __ '·.,"_ .. ;¡_:-; -~~ ._:_.,.~... .·- · _. • _ · . _ • _ 
.. facl. lo makc the programs more readable by_using·. "subíoutmes" lor thc re- ·• 

· · · " · · • · -H is .riaiural·.a¡:this point lo considcr whcther every nowchart program can 
,.'·.'·:- pcated subprogiams. · ; · · · ·. ,· -~· .. · · . . . · ... be.tnirislated in.io· ail·equivalcnl while program withoul adding extra variables 

Beéause.or space limitations we cannol pr~scrÍt'Ai.GoRáin.i 1 in thi~'papcr;· ·.:(i.e·.·; using Ónly the original state vector x>. We show that this cannol be done 
·':. The detailed algorithm can be round in the preliniinary repon of this paper <CS. · in. general,· and in ract there is a Oowchart program or the rorm or Figure 1 
:;·· >188, Computcr Science Depl., ·Stanrord Univcrsity) .. ·, ·. . . .. :_,:' : . ' : which. is an appropriate· coun.ter-example. ·. . ... 
;~;.; . ~. ; -1:-:;_~' .. -:·_; .. _,: -... :-_¿_,.._:··-~---~----~·:.~-'::'-):-~.-·'.·_·:~--- ,•'t".":-~~:_·,, ·- ··.·.\:::f::· .·. ··-. ~:-.- '• ·. ·_; ·. __ .. ·--."-,-.. ::· :,_ .. . ·.-:- -··: . . 
'· :: 1.'2.'2: :Addtng boolean wuioblá · < ·. ~:;>;._:_ .',:.-:_<:;¡.j:\-'C.· ',' :.: ;,-.)): :. :,:·ic..".·,:.\': .. ·;·.·/'A: similar .. riégative::resuh ·has be en. demoMirAled· by. Knulh and Floyd [9) 

.. :: ;,~·. · .. ' • : · .. : /.' . . · ·· . ---~, 0:·-/·' > :•:':''> :•'···' · < >< ~:. ,;. e·:-:--~:; :: . ':i.'and .. Scott' [priva le ·communicationl. However. ·the'·notion or equivalence con-
•.(_.Y· ·; . : · The lranslallon or nowcharwt ·~,drogrumB ~-~~~~ wht

1
le
3
. pr~s:_nmsabr the 'add•t•o

7
"'__.: . .'side"d by thcíse · autho~ .is.-more. restricüve. in. th.al. il. requires. equivalence of . 

.. 'yl or boolean variables ls ~ot_ a ne ea. ohm and .. S0 P'"' )6) . nd · Cooper. [ 1 .: , computauon sequences tt.e., the sequence. ot assognment and test statements m.· 
,··. '· !sec also_ Bruno and Steo~htz [8)) h~ve shown:lhat every .. Oowchart program can .. · order or execution) and not just the equivulence of final results or·computation .. 
,.,:: . .-be·effectovel)"1ranslated m loan equovalcnt whole-procram. (wolh one whole state- .. ·.• · ·.d · ·Th. · · ._· · · 1- ·or· · · · 1 · k r 1· re 1• : ... :- ) . . . . . . . . ->'·as we o.·: us .. smc .our no aon .. equtva ence ts wea er. ou ·nega tve·· su'-'· 
· • • ment by mtroducmg· new boolean vana bies mto lhe progrum, ncw pred1cates ,_ 

1 
.. · · • . • .- ~- · · · · ·, ¡ :·;; ·. · , • · ' · .. 

,, h . bl 1 . h . h fi 1 Th ' os s ronger:· . , . '. ... . . . .- .. , •"'o .test J ese vana es..¡ to~ct u:r;y¡tt •asstsnments 1o -set t cm .true or a se. . e .. • :_ . ..... ! •• .._· •.• :.·:: ·._· . . .F.~! :. . . ·: · 
... boole:>n·.variables essentially· simula te. s progrnm counfer; 'an·d ihe whiie .. pio-·". ··i,',.ALGORITHM il"'.TR.ÁNSLATION BY ADDING BOOLEAN VARIABLES 

.-, .. :: gram simply interprets the original prog~a~. On each :eretitiorÍ of lhe while ·:: ·~::,,:·: ;he: seco-~d·· ais~/ii~ri;':·'!A~GORITHM n, translates nowchart prograins 10 
,. :• i-~~atemenl, !he ne~\ operallon or the orogmal program os performed, and_ the ·:•.:.-equivrÍienf while .. progr~ins by adding boolean variables. lt makes use or lhe 
•'.: ¡· program cou~ter ls updat~d. _As not~d by ~oopc~ and Bruno "~.d Stc,ght.~_·.,· racúhat·e\lery•:nowcharl program (withoullhe starl and hall statements) can be 
· .. themselves, thos _lr~nsrormat•on •s ~~destrable smce 11 c~anges tbe · lopology . •. deéoinposed 'in lo blcicks :where a block is any piece or nowcharl program with 

(loop-struct~re) :or thc ,progr~m, .glvong ~ · pro~ram that •s. less easy to under,· ',"_:·only"oné ·exií (bu! possibly many en trances) .. This is obvious since in particular 
stand. For example, .lr a whlle pr~gram IS ":rmen _as a nowcha~t program and . the whoie body or !he given nowcharl program can be considered as such a 

__ lhen ~ransro~med back t~ an equtvalent whole .p~ogram by thetr melhod, the block .. The áiin, whene~er possible. is to gel bloeks containing ·at most one . 
: resultmg whole program woll not resemble lhe ongonal. . top-level test stalement (i.e., test stalcment no! contained in inner blocks) since-
' · _ •. We.: ~\,.e. an .algorithm· . .(ALOORITllt·i·:u>,·ror·•transforming Oowcharl .pro- such blocks· can be 'represented as a piece .. of while prograrn · without ·addinl{ · 

. ..grams:.to.equivalcnl l''hilcrprograms-by:-adding· extrll,boolean.nriables,-which is boolean variables .. ln.particular, if a while program is expressed as a flowchart ' 
. ~- an improvemenl on the above method. Jt .preserves the. ~~topology" -ur -lhe;ori- · ... program, lhis lancr. program can always be decomposed into such simple 

. ', :s,inal program and in particular it does nol alter .while-iikc struclure thal m ay al-: .: block;, and the algorilhm will give us back !he original while program. ~ 
. :l:.ready exisl In the original program. .. . '·•';- : .; Fo;·_:'~ny · given .O~wcharl program we.construcl the equivalen! while pro-~ 

1
! for the Oowcharl program P1 (Figure 1), ror example ALGORJTHM JI will g·ram.by iriduclion-on·the.slructure.oC-Ihe.blocks .. · 

~ produce lhe following while program. · For each en trance b, to block B we consider lhal part ·B, of .. \he block:: 

l . · · .' ST ART!il; · reachablc rrom b,. We then recursively construet an equivalen\ piccc or whilc 
i- •Cil; program if,<:x, t)• as follows. There are lwo cases to eonsidcr: . 
, - 1111~.· 

¡_ ... · :_ whlk t do Cau. 1: 
lwhilrpCil dox-<lil; ''. •:-, ., ..... 

• _(a) 
(b) 

B, conlalns al most.one. top-level tesl slalement. · 
B, conlains.no .. top-level loops. · •· 

•. 1 
·i .. 

. ···. -. 

.. ··. 
· ..... 

lf q(i} thtn li ~ b(i); : 
whilr t(i) do i - tl{i); 
lf nil rll<n i - .¡¡¡· · 

, . • rls< li -J(x); t-f•btll 
~ls< li- 6(il; t-f•lull· 

, . ·· . ·., ltALT(i). . . l 

or 

------·· ... 
. • • . ... ~. '- .. 4 • 

•,b 1 fponib1y emptJ) irector oladdiltonal boolean warlables fnlt'Oduccd bJ·the trtnal.IUon. . . . . ' 
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.In tmlhr."C&ISCS~ if.Cx,- t) ÍS thc oh\'ÍUUS j'liCl'C urr-whilc •prtrt~ram r&:l.juiring 31 

most onc top·lcvcl whilc statcmcnl Cand ~~u l'XIra hook01~ ~:;_~ri;Jhll.'sl. 

.tring . .:JIIcJ "hcaJ,". is anyfwil~ ;tring o•·er l<ttcu· (g, · hl, and the se<:ond 
strin~; called "tail,"· is any irt/initt!'. striñg ovér lctters· (a, fJ, y}, ·wiÍh ·;,, m'o5t 

Case .1:·:_,"~~ B,· c~ntoins :."lwo· or· more· top-kVcl IC'»t .~to.ilcll)~rltS_· ;nld .al 

· .· . .'.lcast one tup-lcvclloup.· · · · .. 

In this cnsc wc choose a set of points on top-lcvcl nr~s.of B. kallcd "cut· 
set" pointsl su eh that en eh top-level loop contains at lcast 0nc •uch p0int. One 

.. point on thc. cxit are of thc block ~ also includcd in this set. .. wc shnll tr;mslnte 
· B, into a piece of..while·program B,Cx, 7) with one lop:lev'e.l·i•ihilc•statcmenl in. 
:· ·'such a way 'that· eaé:h ·ileration of the while statemcrit follows 'the exccution or B, 

·. from one .cut-set poinuo :the .next. In lhis case, .B,Ci; 7) .inclurles boolean vari· 
.ablcs introduced to kec·p !rack of lhe curren! cut-sct poi ni. Note thal n boolean . 

. variables 11, r,, . , ; , r, are suflicienllo distinguish bctwccn k cut-set points, 2~1 

one occurrence or .Y· 

. ' . 

:~_.:-~:,.. 
•' .. 

• .e~ • k .,¡; 2', ' . :;'; ·:~· ' :.:, > ~ ·'• ... ~~.~:·:.:~~~./~.-~.:,·,:.·:·;,~.-~,:.~1.·:; __ --r,; •• :.~_.~; .· /::· .. ~~- '.. ·-· 
. ·- .· · .. Fa¡-! :;.,-.:-~ :. - . 

• ·~::;'~~~o:eu:i~~ll .~~~~~·~~: '-':1==-:.-,----,---, . : ., : ... . : ::;·: :. ' : ..... • 

1. 
... 
:,;: 

. ·o 
·• llowchzrt prcsr•m P1 (Figure 1 t . 1). We decompose P1 into 

l. 
. -~r·· .•. 

·, ,: blocks as shown in Figure. 2. . 1 

.¡ .. lllocks 8 1 and'B2 are of.type 1 

, '• 1 and cari each be wrltten as .:· 
. .. 

. -~ 

' a single while ·. statemenl •.. 
Block B, is .or lypc 2 with a : · ::. 
single top-level loop. Thus : · • · 
il is suflicienl" . lo · choose . :. 

.. , .·. 
. Jfhrrt test p means "is 'a' thc lertmost leuer in tail .. ; test q means "'ls 'fj' 

... · thc leftmost Jeuer in tal!"; opcratíon G means "erase the·leftmostlettc:r in 

points a and {J as the cut-set 1 
... points. To .. distinguish be-

tween a and fJ we need one 
·: boolean variable, 1 say. We 
•.,;an .thercfore generate · ·tbe 
• .. while ·program glven on the 
· · preceding page which is 
. equivalen! ID lhe Oowchart . 

program P1• 

l. 

'. 
. ',1 

. ' 

-· ·:~-1Ai1 and·add 'z' on··the- ris:ht of hc:ad'·'; and opcralion H means:-"erasc.-iho. 
· ·tdtmost·tcllc:r. in La.~l. and.-~dd, • IJ ~on the ri!;hl:nf. he a d.~· .. 

Figure 3. Thr flowcharl pro¡ram PJ. 

\ . 

During a computation of P,, the only changes in the value of the program 
variable are deletion or leftmost letters from thc tail and adcling letters g or h to 
lhe right of the hcad. Thc tests in the program simply look al thc tail, and 
therefore the computation is clctcrmincd ·by the lail of the initial value. Thus, 
sin ce the program terminales if and only if· both tests p and· q" are false, it· 
implies that Pi terminotes if and only if lhe·tail or the· initial value contains y.• 
Another importan! feature of any computation of P2 ls that whenever the left· 
most letter o( the tail is a, the next bul one operation must be operation H. 
Similarly, whenever lhe leftmost letter is {J, the next but one operation must 
he G •.. 

Tl1ur1 2_, Tbt Oowchut pro¡ram P1 Uor ALGORITHM 11). 

J. THE NEOATIVE RESULT· 

We ronsider tlic fiowcharl program ·p, (Agurc 3) ,;hich has lhe slruclure 
~,oi'.P.i¡¡ure:l .•. :.The.domaln D.ü·the .sel·of. all pairs .of slrings such ·that.lhe firsl 

':"lor~e· lhzt· lho•dCJm.-in··il non-cnc,..,c.,..btc-..• •tfc.w.nu, ""''f'arr,iQ..(ac~~~ :Jhcr:-.~ &a.lho•.C1"1'11tvaalrbl.
~omain o( ulthmtely p¡Eriodit Jlfinp, l.e., ·lnf\nite llrin¡t whkh ncntually rc:peal toma lnit.c ..)l.lbtuin¡ 
lndtfinitcly. 

, . 

.. 



· •... 

. · .. ·. ~ . 
\:' . 

. ::'"· LC1-us :1ssumc lh31 wc .. lw\:~ n \~·-hile p~n-gr;llll ,,., l'tl~·~¡~·.;li('nl 1~,-_'·¡i, whirh.· .. ~.·· · ·· · 1 
· · · .In ·pani~JJtar. the 'or.lput<..~twn st<..~nin~ with t~il a' a" /rya" d.'. fior any b a, 

al~n hJs une variahlc :1nd thc samc domain /J. Althou~h wc n:1uhl :1ilow·thc :1s· · ::. 
signmcnt statcmcnts of 1'': 10 u."\C 0111y h:rms oht;linc<.J h.\· rompo.sitions or thc ¡JJ".-.also cnters JVat thc same ooint. i.e .• with tail a"lrya"d: Since the com· 
opcrations G and.ll. wc Hssumc. without lris< ... of.rcncr.•lit•·· lh:ll carh ¡,;_,i"nmcnl · putation is finitc, ii.must subsequently_ pass point A, but (noting that the test ·in 

'"'SIBtemcnt in· l'',"•rons.ists of a sin~le.·"Opcration e· ur ·H . ."··Thtt~st~:in: 111¿ ·mndi· W must be'false when passing Al it cannot pass A with tail a" d'. ' 
,1ional and ··while. slntcmcnls mar only use· quúntiflcr:'rr~h 'ri.rn111las ohtaincd · .. Hcn.ce, _,;i~~ '·a - a' a'',.·d- a· d', rar all strings -~-i~ (;, Jl·}·. the ~omputa
.Jrom ICSIS punu q, and upcrxtinns G ond 11. Sincc wc usconlv nnc vari:ihJc· it' tlonsiarting with abydniust pass Awith sorne tail a~dwhere abis sorne righl· 
follows lhal the scqucnrcs of v;,Jucs dcscribing rorrcsp¡lJHlin.g. rom¡~~~:;·tiuns. of mos~ substring of ab. 
P'1 and P1 are idcnticnl. Note also that sincc thcrc isa bound on thc dcpth of 1 [nducrian step .. Assume we ha ve strings a, e E la. ¡JI' and d E a, . 

. tcrms in the quantiftcr-frce formulas, there is_ a. bound. M say •. on thc numbcr · · 1 1 
•· of.lcftmost-.lcttcrs in:thc.tailthat.can affect the decision uhny test' in P',. Fi- 131-.lcl ..; .. n ... sui:h that for all strings b in a, Jl ~'thc computation. 
· • 11 ·h. 1 · · · · · · · · '·'·starting wit!Í: tail abcyd passes.A with somc:tail. abcyd where ab is 
;.-na f,.WII OUt OSS.or.gencrality -'•e shaJJ make lhc rcstriction·th;il··th~re.'is··no·· · · · 
., . redundan! while statcmcnt.in. p•

1
; le., thcrc ¡5 no whÚe .51010·01.001 ·,vith·'a ~ni-• -' ... ·.:sorne righ_tniost substr.irig of ab. · .'. · · 

: .rorm bound on the numbcr of its itemtions in tcrminating t'olilÍ>utations .. · •· · ... : · Wc tinil a strlng e' E (a, Jll', 1 c'l - n+-1. such that for all strings b' in· 

· ;.'.··· . .-·: Since P'
1 

must contain sorne (non-rcd~ndant) .·,vhllc ·statcmcnt,. Jet. IV be ·• (a. 131• thc:.."llmput.,liün startins. with tail.a.b'·c~ yd passes· A ·Wilh·samo.taiLab'.~ 
:.-Hány·. w~ile _sloteme~l i~/·, ":~ich :i ... not CO"!"i"cd of/rol.lo*e~_by··"~'ti.cr:_wJtil•. yd where· ab· is ·sorne riehtmost.sutistririi(iír áb: ... ~.·; .... ; .. ·. o.:: ... , · · 
. · -~~menl. · The P?'"' ·:n P'1 tmmed•ately after 1~' w: sha\! p~f1o,tc by ¡4 · _ ... · · 'Íne~ti~i%\;~.i:'c~s¡s'ot*iriri~\JJ;:.''./ :~:· ;<: , : < : · .:.. . 
·· .. ~.:_·'·\ :Lrmma:_. For a JI n'(n ·"" OlJhere.cxist 'strings:a .. r .(·.I;;:>·Jll' and el<.': • (¡) ·For·an·~-~~e~pi'f· strings b, the corresponding substring ab is · . ·• 

··· ... ·_:_:;·_:_ . .- .. •·In;·~}-.( lrl:·-·irl 1 such that for-all.strings h f lo; "l'·thc cuniri:i- · t ,.. ·non_ empty;: In this case we rake e' ro be ac. . . 
. ~ . . . tation or. P'1 starting with tnll abcyd passcs A with some tail alx')'d,: :¡ .... 

L.) ¡· ·" where ab is sorne rightmost substring of ab (possibly empty). - · · :•·>; •·)':~., 
! . _; .. ~- .... /· - . ·' 

':-;;)'. Fo/'~n~ st;ing b' in (a, 131' the computation starting with tail 
· ·: : ab' acyd, _passes·· A with tail ab' aryd, where ab' is a rightmosl 

substring of ab'. i From this_lcmma we lmmediately obtain the following coroÍiary. 

:.:. -~ . Corcillary. For every n. · n. ¡¡,:.O, therc .Xists a finiie co,;¡p.tit~tion. of 
:.- ::·.·: ·:"_:- P'1 which passcs through A with more than. 11 ·operations still to be . 
, .. , ~ .·, · pcrrormed •. · 
1 

But this contradicts the ract that.since therc is no w.hilc statcmcnt. fnllow• 
ina_A, the number tl~ operations that.P_·: can _perrorm.after A-is.boundcd. 

. 1 :· - . 

o·.:··>:· -Proofof Lnnmti:. ·ay· induction.on n. 
· ;· '."· ;·Bas~ llefl. :choose any computation -starting ·with tail a' a" b~ yd' (a',· 

, . .. , a': b' E la. ,BI•. d' E (a, p}• and 1 a"l -. Ml that enters IV with.tail ¡. ·. · · · a• b' yd! (Such computation exists by non-redumlancy of W.) . · ·: :· 

. . Since at most M leftmost lettcrs or the .tail can etfect th.e decision of any 
:.· ·ti'St. on.cntering Wthe main test·can tlnl)' iook at .,·: Thereforc the test will be 

true ror an)' tail startlns whh a~ 

1 · 't.t- a and e.,... ftnhe ltrinp fpoaiblr tmr\1) ovcr .lo. ..,el. dis an oinl\nhe strinJ over la. ~~ and thc- kn~th .· 
clrb & · . :. . 

(ji) For ·s.om·e nonempty string b - b" a (b" E (a, ,8}'), the sub- . · 
· · .·· · . ·string áb is empty, l. e.,' there exists computation S starting with 

ab" acyd thal. passes A. with cyd... In this case we take e' ro be r;:, 
.e~ ~ 
By -~arlier· remarks about P ·and· P', it roJJows thal:the·nexL.-. .. .-:. 
operution in S uftcr pa:;slng -~ must tfe. H.- . · 

Now·, ror'any ·,rring i/;n (a, p}• the computation starting with 
tail ab' Jlryd must pass A with sorne tail ab 'J3cydwhere !!lL.f1 is 
sorne rightmost substring of ab' ,8. 

· ab '/3 ·canrrot· be empty ·bec-a use· this.would mean .that this ·com~ ·. ·•· 
putation passes A .with the same tail cyd as for S but in this .. 
case the next operation to be performed is G. This is impossi-
ble, ·s.nce the course or computation rrom A must be deter
mined by the tail at this point; 

.. 
. . .: . . . . . . . 

; t . . .. . :. . : . . . . . ·. . . 

Wc cou~ c.quaH,. wcll takc. r'&o be /Jc and-cc.\sider axnpulations stanln¡ whh uil 1116' ~C"'JL .- · · 
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Hcncc, thc computation must pass A with sume tail ah' f3ryd · 
{i.e., ab' e' rdl whcre ab'is a rightmost substrin~ of ab: 

. ·.' .. 

-.. ;-

·'(;ji)· ·For-some noncmf'lj' >trin~ b·-: l>" fJ ·(b'' ~ la, Jll"l. thc <uh-
·stfing ah is ernpty. In this casr we rake r' ru b• uc . ·'• · > .. · .. 1: IJ.c."'Lúckha;,, IJ.M.R. Park, and M.S. Patcrson, "On Formalized Com· 

putcr Progr;HÍ1.5." Joumal of ComputC'r ami S'ystcm ScirnceJ, Vol. 4, No. 3 
.··.we procccd as in case {jj)""ith "'and fJ interchangcd and G ·uune 1970¡, pp. 220-49. ., .. 
. and H interchanged. -
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2: .. E.W/ Dijkstra; ,;Go To Siate,;ent Ccinsider~d Har~fÜI;;, Communira~ons 

... , _:.:'.,., ofrhe'ACM,Vo-1.11, ¡.¡o. 3 (Marcli 1968), pp._,_147~48 . .' 

· .We are .i-~debted -lO David Coop~r for· stim~lutilig,~isc~ssions and mafnl~·: 3· 
,,.for -his ;dca of.-using rut-sct points which ·we ha ve adópted in ·¡\L(;oRITilM u.··. 

R.' St~;k •• :Á L~nguage for Algorithins." CofnpuÍer Journal. Vol. 14, No. 1 · 
. (February 1971), pp. 40-44. ·. . · ·· 

M.S. Patcrson: and C.E. Hewitt, ·"Comparative Schematology," unpub-We are also grateful lo Donald Knuth for his critica! rcading cif thc manuscript '' 4. 
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see· also Stanford. University Computer Science Technical Report, Vol. 
CS 148 {Stanford,.Calit:Januacy, L970) ... 



·' 

;. - -~-. 

···:'·-·· ;_'. :.,' 

....... ···-. , __ · .. -·· :· . :. ·., . 

:'": 

A Case~;-Ágail1st :the doro:: •·· 
. . . . . . . . . . . . . 
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'·; 

·:. · .. ~ 1 (:11c le \:CI. · thC ·r :~ti~l!lLIIC: f or elim j n;, 1 inr ·t ht -~ nlu ·h;~~-:! h t~dy btcn"givcn 
in thr .i .... .trn:bctiun .. ~-~rndy. Íl ~s po~siblc lo use lhc t,olo in a manner which 
nhSCUT~S,Ihc)o¡•icaJ_SlTUCIUTC nf a program.IO a poi ni wherc il be comeS. virJuaJJy . 

; ·:: ímrcissible ·.lo _imdcrsúind: (1 ;. 3, · 4).: 11 is .·nm claimed thal rvrry. use of the gol o 
:t: obscurcs:lli'e Jogi.cal slruéiurc of a prograi:n; it is only claimed lhal it is possiblr 
:::,'·¡o us~ ihé. ~ciio to' f~bricatc a ''rat's ncst" of control flow which has· tlie undesir-

.··-·· .... ·: ~-' . ·: ~ . . -
.-- .'· 

. - ¡'•!. 
'• .. · 

.· .... ·· 

.. ~ ·.'' ·_: .. 
~ ........ , - ., 

,: 1 

! 

. ~- ·' -: ,. . - abJc p'ropÚiiCS mcntioncd a'bove. JJcnce lhis argumcnt addresses lhe USf Of the 
· · ~ulo rather !han thc goto ilself. 

:\ • . ·• ·• :.,. · : • . ·e ' ~,_,:;¿;;,:~,: ;.¡::~¿:'< ·~/,,)5 ~¡t;·e .b~~is rdT~ rrorosal io ·tol'~iir. clirninate :the gato this arsument ís · 

~: lnlroductlon 
. :· ':.~y;,i:;_:,¿Y:'á:·_·,-.. :f:,: :'Y~~;é::;,rr.' ··••· "~~~~~~"~r t6n"r~s;r'i~Í:i~~,~~~~~~~"!1:yb:. ·~~~~~~.~~:~~ b~h~n ~~,~~~~a,~~:~ ,~e~~~~ • 

.... ,., •·-·-- '' ::.::<-'··.,_- :,-_ ;'·.-on'the,·•.iÚof.llie coto'rathcr than eliminatins ·the ca·nstruct. However, it will 

. . .. ~ 

-·.:.··;._. 

. ·; .. 

.... .-.-... .'.-·.:'_ .. be Sccn.lhat'aríy ralionaJ SCt Of·restrictionS ÍS equh·aJenliO eJiminaling lhe-con• 
11 has be en suggested lhal lhc u . o_' r 'th . ' t on-: ·., SITUC!.·if. an <!dcquate -~c1:·.of olhL-r . .-conlrol primilives is provided. The ·strong 

se e go o. e " r. r < • h ' ' . < b . 'of " 1 
strucf ¡5 .undesirable, is bad prÓgramming practice; and. : u:asons. ?' :~ Jm!nat•~~f.e ¡:oto .ar1s~ ID·.t c,mntexl morvpoSJtlve propasas i 

· ·' thal at Jeast one me asure of the "quality;~.of 3 progra·m is :. for .. a prog_ral11mnlgJ~l~t~odology w~1ch :makes _the goto u~necessa~. · lt ts not · 
Jnverscly related 10 thc numbcr af goto statemcnts·con- _.:~~e purros~_.;?_.f.\h,ls .. pa_rcr,!o;,expilcate .thcse method?log:;s,Cvar~o~sly called 
lalned in il. The ralionate behind this suggeSlion:is p1:Jt_ w,:¿.:>s_tr~~.~~.~-~.<J~}nogram~tn_g.- .. const~UC~Ive.·pro~ramm~n~ • .. ~tcpw¡se refi~e· 
is possible 10 use the golo in ways which obscure·'the ·IÓgi:'-'o' ~en~,.;etc.), however, smce ~he maJar JUSII!icallonfor ehmmalmg the goto hes 
cal structure. of a program, thus making it diflicult to '"th•s 1~?.rk._a_fc~.~9'ds~r.·,!.~,?rd~r, ,_: ,;:.-.:: .. , . 
un.derst~nd, modifr... dcbug; andi<Jr Prove. its correctness,. · :. ' · ·:h. ¡·~'/W~i-ha:¡;f~~~~~~~i~,\~ ¿b;~;ve' thát • the ·preserit ~r~ctice of building 
lt1s qu1te.dear . .t.ha~ .. not all. use~ ~f the got_o .a~e.obscure,··:.-:·¡árge'progr\imn1ing ·systems is ,¡ mess. Most, if nol all, of the majar operating 
but.the hypothests. •s.that these Sltuatwns lall•.nlo onc_or : systems, compilers,' information systems, etc. devcloped in the last decade ha ve 
n small number of_cases and .thcrcforc· expilclt and m-· . been delivered late, ha ve pcrformed bclow expcclalion (at least initially), .and 

herently well-structured lansu:~gc construciS ma! be mtro-. :have bcen filled.with "bugs." This situation is intolerable,·and·has prompled 
duced to handle them. Allhough thc suggcst,on lo ban ,severa! researchers (2, 3, -4, 5, h, 1, 8 ... 9] .to cqnsider· whether .á programming 
the goto appcars to ha ve been_ a part of lh~ compullng. · methodology·mi~ht be developed Jo correct.Jbis . .Situalion .. This work.has.pro-
folklore for several·years,.to thls.author's knowledge lhe .·.ceededfrom two premises: ' 
suggestion ... was .. first m a de in print by Professor E. W, · · 
Dijkstra in a lelter 10 the edilor of the Communicarions of·, 

·thtACMin 1968 (1]. 

In this paper we shall examine the rationale for the 
climination of the· eoto. irr prog·ramming lnnsuage_s ... aad ~: .. 
sorne ·of the .. theore.Jical. and practica! _lmplicalians .o[ lts . · 
Ctotat}eliminutioRv> :· · · 

· ];· , . Dijkstra s~~aks' of our "human inability to do m u eh" (at one 
.. :.::.::time)'' lo point up the necessity of decomposing large syslems 

. , in tri smaiJer, more "human sizc" chunks. This observation is 
·. ~ >: .hardly startling,. and ·in fact,··most programming languages irÍ

. elude features (modules, subroutines, and macros, for exam
plel lo aid in the mechanical aspecls of this decomposition. 
However, the further observation that lhe parlicular decompo

. sitian chosen makes a significan! dilference to the understand-
. · ability, modifiability, etc., of.a program and that therc is an a 

.priori methodology.for .. choasing a ·"good" .decomposition is less 
, .. ,_pected. . 

• 
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1 

2. 

i 

Dijkstr.:~ h:1-r: J!so sa;d lhat Jlt!.h1i~.~ing ~"" sho~ th~ ·,u~~~~~c or . 
crrors; but nc"·cr thcir ;1hscncc. Thu•; ultimatch· wc will h;l\\! 
lO be abk lO I'HOV\! th~ COrr~Ct~ci~s of .thc progiJnh nt:,· ~On· 
struct (rathcr lhan .. dcbug" tht.:ml sinl.'C th~,·ir shct.:r si1..: pro· 
hibits exhaustivo testing. Although, somo progrcss has been · 
m:J~c on th~ automati.c p('oor or thc corrCctness· or programs 

'',1• 

.·•Thc. co·n~tructi~n ofthc'.pro~rani procccds .. by sm•ll stcps' in this way until ulti· 

. ~m"atcly cach Opcr3tion is·cxprcsscd in thc BVi!ilablc primitive opcrations or the 

. ¡; 
'.l. 

(c.f.-, [10, '11, 12;. 23, 24ll. this a'rrroach :ippcars to ·be far . .:.. 
from·a practica! rcality. The methoúologi<proposcd by.Dijkstra;·; _:· 
(and othersl procecds so thnt lhc construction. or. a proi?ram ·.··.· 
guides a (compnratively) simple and intuitivo ·rroo( of its . 

· 'tarsct lanruugc. Wc·~hall not carrr ·out thc dotoils ,;,,oc the nbj,ctivc·of this 
. P"rcr i> ·no! tn ho· • tutorial on thi• mc.tf.odolog)'. Ho"cvcr, note that the 
. meihodoiOf)'.'.Óchieves the :~oals se! out'for it Since !he contcxl i.l.small at each 
: sicp':h ·¡5 '.ri:latively casr· to understimd what. is going on; indeed, il· is e2sy lo 
'rro.;-C':ih'a'i':the. prográ'm' will work correctly ¡( the primitivos from which it is 
.constru'ctc.d -'are corree\.. Moicover; ·proving thc corrcctncss of the primitivos 

·':u sed at ·step ! is· a small set of proofs (of the same kind) at step ! +l. (In the 
. ·tcrminology or lhis mclhodology, step 1 is an obstroction from its implementa· 

tion in stcp !+1.) ·' 

·¡ ,' .' 
corrcctness. · · · 

.. -..; ;_, ..... ~ .... : 
Now,' lh.e constr~ciive programming m·ethodology relates lo eliminating 

. lhe g.oto in ·the following way, 11 is crucial lo \he constructivo philosophy thal il 
·should be possible to define the behavior of cach primitive aclion at the <lh 
stcp indcpcndcnt of thc context in which il occurs. lf this wcre not so, it woÜid 

.not.. he pussihle,to.prnve the carrcctness of thcso primli\'CS .at.Jhe.! +1st .stcp 
.. • · .. •.wilhout·· referen·ce·· to; t he ir· .contéxHii · lhé <lb .ste p. 1 n. par.licu lar, ;lhis,.suggests 

. ;:· ~ 1,ff.}~'/PRINTKWIC ..... ·.. · ... · ;. .. , ., , :•-' · · . .:. ,,_, .; . (using:.)low !'charl:'ti:rinirÍologyf thal :it should be. possible • to represen! ea eh 

·- The methodology of .. "constructive ·procramming'' is quite simp.le ond, in 
lhis context, bes! described .by an (partinll example. Le1 us consider thc prob; 
lem"of producint a. KWIC' inde< .. CO(lstruction of _the. pcogrom procee<L• in a 
series of steps.in .which .eoch step· is a refincmcnl of sorne· portien of o previous 
step. We starl wilh a single stnlemenl of thc function to be performed: 

We m ay think of 'this as being on instructiÓn in a ¡ 0 ~'guoge .¡0 ; machin~Í ·~~- ··\pri.mitive.;at ~he_' !_th'.'st'ep bf.a (sub) flow chart with a single entry. and a single 
whlch the notion or generating a KWIC indcx is prim\tivc. Since this opcrnticin •·. , :cxn path, Stnc~ thiS_. mus! be true ~~ ea~h slcp of the co.nstructton, the final 
1s no1 primitivo In most p~aclicollnngunges we procecd ·10 define it· .. ·. .. : flow chart of a program constructed m thts way must constst of a set of lotally 

. . ' . . ·, , . . . .'.. _;.:.: ·. •· .. : ncsted .(sub) ·flow charts. Su eh a Oow charl can be constructed without an ex· 
S t.~~. 2: '· P~!~.~KW}C:; senernte and S~ ve ~11 )nt~res.tjn& circular,~~~~.•/?~ c':u plici(goio lfconditiona!,and looping construcis are availab1e. , . . . 

¿.~·/::. ~· ~ ·;(. : ·-:;F ¡ .. ; -· __ · ·; :·,. ~· .. ;: ~:,_ -~ olpht~bctiic thc sávcd lincs .: ·_:_._:·::·:e~~--,<·_;,:-~:,>:.::: ·-.: . .-f\:· .. :~:~.-~~:~i-:·.~ ~~-:~~~.:.r"''- -: · ·; -', · .. · ,-:· -,-_ .. :-, ·· · .' · ·- .. ·_ .. ~- · ·. · -~ . : l"\' .:· .. ~: .. ' '; ~,·:~: ' :· ." .'( prlnl alphabetited ti~~; . :. :· ' .... ·.:· i' ;~ ~":·~· ·~~~\;;,;n:~~~~~unc~:.· ~:,O~r:~~sw!!c~i~~s~ea b~!~ ~~:l ~~~:~:;:~~~:n~:~~. 
i A~nl~, .;..· rn.ay .Jhink .of.eoch of lhesc lines.as.being an instruction in an ap· of the explicit way in which ll manifests control. We .assume twQ. basic flow 

·, · Propnate language;. and ognin, sin ce thcy are· not primitivc in mast· cxisting .charl elements,.a ~:process'.~ .. box and ~ "binnry decision" box: 

1 languages, we musl define.them; for example: 
'. 

b•eln 
aenerale and save all interesting 

shifts or "lhis.line" 

··~ 
G: 
"() ¡ Step Ja:··serierale nnd snve all _interesting cin:ular shifts: 

' 

.·. for eoch line In thc input do 

1 

etc:.. •nd: These boxes are connected by directed line segmenls in lhe usual way. We are· 
. \ interested in two special "goto-less" constructions fabricated from lhese primi· 

1 _____ _..;. ti ves: a simple loop and an n-way conditiona1, or "case," construct. We con· 
-r .. 'h""' h • sider lhese forms "ooto-less" since they con la in single entry and exit poinu • o m•r no! be •wmihar with 1 KWIC (kcr •ord In cunlc~l) m~n. tht: ro11o ... m1 dc~urllon is • 

l
ldtqu~tc fnt thls p.pcr. , and hence might reasonably be provided in a language by explicit syntactic con-

. 
1

· ~rol". kWIC ,,.,,cm Kttpls • sc1 or ,.;.,~.. E;a~;h 1;," 1s '" ocdcrcd !W:I of • ._rl, and ~.,,., .,wft "" onJcrcd. struc.ts. (The loop co~sidered here obviously does not correspond to aU vari-
j lt"\ .,:.::;~·A 'lllffW auy- be- nnc nf •· Wl CJf. ,_,'"'"r;"' •ordJ. (••a. ·: ''thc...'~ ."'ol,'' ele l .. nchcn"i'l:.h ¡,a ·. . . . '"· 

1 
ftw: k · ""' Unc.:m;y -br.dn:ab.rlr\'\hiltoJ. bT ntrnCJI'inr iu. R~- wot"d .;u~d,pl~teinl il-at lhe. c.nd nf thc tinc. 
tlrtc WIC' inde• S)'akm acrcutc• an oulcrcd falph-,d~tli..:ally by·thc ftnt wonll fillinl o( all·cin:ubr ~ohins rtf - · •A..n\DtC GenJpkrte-e'lJ'Ii:al.fon á lhc-me!hcdol!)l)'-WOuJdAmcero .ihdl':wtth tbc a.a.lure and. cwdcr d lhe dcd-

/ 6nputllnu such,lh.t no llne In thc. out pul bt-ains •ilh an unirucrntin¡· word. . .. ~'TIDCX•t-toc:b"'5tcp ·a·"'-tll u tl'r: fm•thlt ·'lhcJ''I'f'C <Jmall. ·.:Sec'l2l) for·wrr 1ns)rlil ú two altunaiJvc 
· · dec:omposilians oh KWIC ~YStem similar Jo lhe one dc.Jint.d he re. · 
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··' 

ants ·of initializ-1tion. test hcfore or after lhe loop bouy, ele. Thcs~ 
"vuld nol change thc argumcnls lo follow and havc bccn omined.l 

variants of lh:slcd "'l·onlrol cn"ironmcnts.H Thc scqucncc of transform<Jtions applict.J in 
onkr to rcdurc a ~;r;,ph 10 n·singlc nr•tlc fTIDY. he uscd :.JS a guit~c lO bolh under· 
stan'di~g ,,~(J .rruvinr thc l'Orrécuic,; ,.f ll,·c·prngr~m: (1. 4. 6. 7. 19) .. . ' . - . . . . . 

.·.-··-' ·-·· ·'·· . : '·:·Í tü!·pwp~ny of he in~· .. ~;;¡o:icss" in· thc scns~ -~cflncd abov~· is a ncccs· 
'"'l' ·rnndition for thc pr!ograni lo li••e bccn dcsigncd by the construclive 
mcthndology. Morco"cr. 1 he propc rt)' dcpcnds only u pon the topology of !he 

.- progrnm and not on thc primilivcs from which it is synthcsizcd~ in particular, a 
•.. ~otó .statcmcni might ha ve bccn uscd. llowever. not only can such programs 
':'<be coriúiucted · "·ithout a coto· if conditionals and loops are available,. but any 

._' .. lis e ·:O( ~---~oro which. is .not·cqUi,·aJcnt .. tO onc ·Df ·.thesc- w.ill.-dc:sll"o)' -lhe requisite 

.:, .. 
1· . ·. ~' .-- .-·. . -· _·.;". ... 

···!" 

··.: 
·····- . ... ·: .... 'lopoio¡Ír. llcnce ony se! of rcsirictions (on the use "or ihe ¡uto) 'which is inlend- • 

'. -~--cd to'achicvc lhis lopo1ogy is equivalcni to eliminating the coto. 
. -· . 

. ··:(/. , .· . :, , ·.· :·, ,. . .. : _.: Th~-'thcorctical. possibility. of.dllmln~llng the GOTO 

:>r;:~-~~: {:; . , . -~. ·.-·- slmpi~-Í~p _ _. __ · :: ... :--~~--<::._ . caSe: : ·· -> _.;. ·_: ,-> :··-·;:·\-:---.<·:. -:J_\:··:;_.!>'~·-:\\~.-_:··~- .- -\~:~~;~;~~;:;;·-~--:·' -. -·.-•. . .. 
'¡ :_ ':; .. -:<n is póssiblé'td' express 'the"evaluation of·an arbilrary computable ·funclion 
1 . Consider the followlng three transformations (Tt. n. nl.' defined on arbitrary . ·'in' ... ·notil1ion ·whkh. docii ·no! have <In cxplicil"llOIO. :·. This ·is ·not. partirularly . 

, .1 Dow charts: . surprising sirice..-'(1) 'severa! formal systems of computabilil)' theory, e.g., re· 
.. 1 . • ... . . . . ..... - . . .. .• . . . _cursive functi?n.s'; ·do noi use the concept; (2) (pure) LISP does not use it; and . 

:. ·r':; .. ·~ -... ¡l· ·: ·. ·:~:' . ·H: . . ~···-u·· ... · ... · .. ,:,. ·:.u· ···.-· ·.-. , ..... ;:. :.~'..:• '· ·ccci JJ).van·,Wijrigoonlcn (13],. in dcflning !he semanlics of Algol, climinaled la beis . 
·.: >'' ·' · .- ·' ,.·.-·, .. · ·: ).! [: , .· ~' ~f; ·.- ~-~:.·.;·':; ~;-~~~:(·~~_):~~i~--~;-~-~~~~-C~i_o·~.---by Sy~Jem_atic supstitÚtion _of procedures. ll~wcv~r, lhis _does _not -. . ' ·"r·· -'. · .. '' '. ·.. . ·.: .... . : : ; .· ...... .-, . .-.:·~···4;! .. :; say·that.an.algonthm for·the evaluat!On of these funcuons IS espccoally con-' 

.. ,: :: .·:>·: , : , •. , , _.: ·: .:, .:.":.' ... : .. ,.:.,: > :.: .. ).") ;:,.,.·,. • · :·\ ;<. :; ~- ~e~ient'ollia~~r•re~l in got~;~e~s for~. AJan Pe_rlís has refcrred to simil:r si~- j 

:·/: · ·· Tl},:,;,:~:~~;•;,:~0~({ t ~.~F~~:~;::'(~~ ~·~~pprd ~-~-~~,~~~",Jl~r~u•b-~;: ,::,·J +~~:!~~n¡~t;~~~~3~~;i!~::~I- ~nn:h•ch every~h~n~ 1~ =s~tble, but not~~'ng IS ¡ 

Ashcroft "and ·Manna (1 S] ha ve :. 1 

.. :. 

T1. AnJ slmplr loop m•J be m•ppr'd 
lnt~ a pronu box. . . 

/i .. ·· 
· TJ. Aar ..... , .; .... ; • ..,.,,, •• , 

- r m•r be nuppcd In lo • procrss box.· ¡ . 
, . '; i Any ~raph .(flow. cha.r!) .whích. may be derived by a sequence of these 

1 ~•~sfocmallo<>~-~-e, sball. cal l. a .·~reduccd" form of the original. We · shallisJy : · 
lr a 8 graph whtch may be reduced to a single nodc by some sequence of . 
ar~nsformatlons 1s "1oto-lcss" (independent of whether actual goto statements .. 

used In lts encodlng) and that. the sequence of transformations defines a set · 

·1· 
. ¡ 

·shown · that given an arbitrary Oow 1 

. charl ¡jt..-is •>'lOI.•possible ·lo ·construct J l 
1 

another · Oow chart (using the same .1 
· primitiv'es and no •dditional vari- 1 
ables) whích perfurtns the same al
·gorithm anil uses only simple condi
tional and loop constructs; of course 

·. other algorithms exist .that compute 
· the same function and whích can be 
expressed with only simple condi· 
tionals and loops. The example 

. given in Ashcroft apd Manna of an 
algorithm which cannot be written 
jn, golo-,less. form .. witbaut adding ad-

: ilitional nriábles is: · · . 

í 

~ 
~ 



.·:. 

By enciÍ>sing sorne 'or thc regions or 
the flq,w charl in. dntted lines and lahcling . 
them (DI ond Bll "'shown on thc. previm•~. 
roge, and runhcr abstracting rrom the de·. 
tails or the proccss and dccision structurc, . 
the abstrae! structure or this example is:' ... : · .. l. 

:.;-~--;?>_::~-~/-_\:·-~--- . ~~ .· ?- • t -:- ·.·.--l· --~:--·.-:.•: ·' .... 

. The reader is ref~rred lo 1 tSI for a proar that such progran1s' e~:~~~~ b~:. ~ó~.'.:: .. 
· '.sil u<ted from simple looping and conditional constructs unlcss .in ~dditional·:. 

i :. o.v.ri•ble is added. lntuitively, however, it should be clear rrom thc abstraction 
. ·.".'or lhe example 'that neither Bl nor Bl is inhcrently ·ncsted within .'thc other ... 

;'~loreover, the existence ormultiple exit paths from Btand Bl mnke il impossi':;: ..... 
''ble to impose a superior (simplel.loop (which inherently has a single exit pathl 

. ' 

1 lo control· the·lteratlon betwcen them unle9S sorne 'mcchanism ror 'path sclec;: ' 
: tion (e.g:, an· additional V3riablc) is introdiJc"C\1, · · 
·' . , In 1211 Bohm and Jacopini show that sn arbitrary now chart program may 

he"translat~t1· intn ·en ~quiv•lent ·one··with··o single "while. stal~ment'" b)' intrD-' ,;,' .'i./·: 
ducing new .booleañ variables, predicates ·to test them, and'·assignmcnt·:stiíte···. 

\' ments to set them. A variant or this scheme involving the addiiion;ofa single., ... ·i.;;,.:::r.~.'~ .. : •. ·,:,. 
lnteger variable, call it "a," which serves as ·a "program countcr:;•''is'.givcn''i,·, • 

· .... ~. 

• n 

below. '. · · n 

. ·• Suppo~e sóme no~ 'chart program i:~nt~ins a set ar process box.~s ~ssigned .. '. · ·.:: ~' '·:•,: .:•,,., ..... ;.-.... -¡-,-, "'·:,-.:,,-:·:.-':;...:. ...•. · . , :.·: 
. · arbitrary integer lsbels 11, 11, .i ·. ·. , 1.,' and de~ision box.es assi~rbitra~y in e 'nius;: f.or :'eicainple,·; th~e 'Ashcr?rt · ' 

. ,¡ teger labels 1,. 1, 1 • ., •. 1·., lm. (By conventton assume the~ box tS as···and. Manna example g1ven earher 
'' .. :· signed lhe label tero, and the entry box is assigned the label one.) For each !the la beis are. givcn on the earlier 
i:,:¡ process box, 11~ creale.a new box, 11', ldenlical.lo the former except for the addio diagram) becomes (see right): 

·.:.: tiorrofthe assignment "a·- ·1•' where i;·is'the·label'of'thc successor of 11 in, Constructions such as the one 
¡ ~e ori¡¡inat prosnm.:. For eath. decision boK; í¡,'create:the macro boX', 1;:• glven, at right.are .undesirable not 
: .. ... . ... :c.onl)' .:because ·or·theil".inef!iciency, · 
¡ ·. but beca use they dcstroy the topolo-

.. ¡ ·••·. . .. -1, . gy (loop structure) and locality or 
'·\:.e:,:.:·.:.. · .<·:.: '· . the original program and thus make :·· 

. . it extrcmely difficult lo understand. ¡· Neverthcless, the consiruction 
• serves to illustrate the poi'nt thal ad· 
' ding (at leasl one) control variable 

n-ir . is an cffective de vice for eliminating 
the goto. Ashcroft and Manna have 
given algorithms for translating ar· 

. : 'll'berc 1, and·~ are theolabels· of.'the-·sum:ssors;of.·the·'fnlll'~n<l ralse ·branchcs· of bitrary programs into EO!o·lessform 
the· ~C<:ision•;bolf,• tr'· irt<the .ori&ffial• PTOSillllt'"• Now··creatc ·the ·following now •. {with .addilional .. variables) :wbich 

, thart: · preserve the effici~cy .and topolpgy 
or lhe original program. 

.._L_ 

, .... 
'· 



':' · .. . ,._ 

The pr3cllc~l [IO"ihllily or elllltinllin~ lhe r.cno 
lllis<. llcrc wc shall mcrcly list '"me of thc rcsuils uf thal analysís as they 
m:mifcst thcmsc\ves in llliss (and. míght manifcst th~m,clvcs in any gulo-\ess 

\·. _. _, _ _.. • · ... ~;-_.· .! • _ ••.• . :.;> .. .:_·. _ .-.:: __ .. •· :: l;mgu~ge):-:-- ·.<; .. #·. 

,·: :·:~- ·--:~~- As discussed in· thc· prCyious sc~:tion. ·it.·. is · theoieti.::ll!>; póssibk; 1o' :itir,¡~ . , . __ 
in á ie the 'gotO. :~ M ofCa .. ·e·r~ the'fe · (;,¡n · b!.! littk··qu;J rrCf -".¡ t h t h~: · ;,bj,:éti\·¡·s·or t he .1. ·-~ · :'~A cofic·~¡¡~~-~:-~r ·"con\'e~t i~mal" control ~ tru e! u res: M any of 

.. constructivo p.rogramming mcthodo\ogy. A. conscqúencc · of thc .pÚticular :. .-:. ', the inconvcniences of a simple ~oto-lcss language are eliminat-
. · · methodology prcscnted o hove is thal il produces golo-lc« programs; thus the··_· · · cd by símply províding 0 fairly largc collectiun of morc-or-less 

golo is unncccssary in programs produced accordíng tn this mctlllldnlngy .. A ~- "conventinnal" énntrol struclures .. In particular, for example, 
key, perhaps thc key; issue, thcn, ís whcther it is practica/lo rcnHl\C_ !.lÍe_ gol~.··:. · ·. '· .. · ··: Bliss indudc.s; .conlrol "scopes" _(blocks · and· compounds), 
In- particular lhcre is an · app.iopriatc sÚspicion among ·practicing 'pr.oi;rammcrs•:'' . · '.-.• ~.: condilion'als: (bolh. if-lhen-else and rase formsl, severa\. loop-

·:. thál coding withoút the golo·is boih incorl'venienl and'inenidi:nl. ln.IIÚs sec- --: ·:·;·-•>:·.~-ing.·i:onstrúcts· Cincluding whlle-do,- do-,.·hilt, and stepping 
tion ·we shall· invesligale these lwo issues, for·, Wil is.'inconvenient or grossly ·. ..; ·'·:• .. ~.'-:-rorms), ·potenlially recursive procedures, and co-roulines. 

· inefficienl lo program wílhout lhe gol o lhen lhe practicality_ of the inethodology.'-"·.· ·· 
_ ¡5 in question·. . _ 2. · Express ion Languag--~: As noted ·in· an carlier scction, ene 

· ,~: -: :--t~r~--~n~e::·:: "/:~ _j·':~i · -.. _-.. -' ... _ . ~'- ._ · : .. ~-~:~'~;\:.\\:~?{g:~~-r{:=:_;:\>- -.:. :· : ..... ·· · :>~!~i~~~i~-ill~r~~i~;~r¡E/~~~r~~:r;~~m;~~:d~~~~~.;~~~~~~~~~: -_· · · · 

·•· .·· .-:c.- : ,-,.· Prog·rammins without .\he ·coto is nvl (necess"rilyHncailVcnieni:.-- The a u- ." .. · .. ·. · -.:'compui:itión ·a·nci~:dírect subsequent flow. This is a common 
--- .:·,hOr ¡~ om: of·the dcsigners .. impkmentors;and_users ora usy.Stems imrlleincn7:.· _, ~::·, :""p~OgTRmrOin'&:·practice used cven in languagcs in which the. 

lation language,-'-' Bliss (16,·17, 18); Bliss does not have golo. The lan.guagc h"s, . golo ·is.[lr"esenl Ce.g., lhe FORTRAN "computed coto"). Bliss 
been .in nct~ve use fo~ thre.e years; we ha ve t~u~-~~i~.e~ consider~~1~~-P!:~~-!!~~~!--;~-- ~;.)~.:~.~¡~~~.~~~!'1.--<~~X~~e~~ic;>t:J la.nguage': in the sense .that every co.nstruct, 

, '· nperocnce programmmg w~thout_ the goto.: .'!"hiS. ~xpcrocnce_.spans. marr :,p~opl_~ __ <':}.j',l'}':l;~<-. -~~~ludtng :_\hose.- w.h~eh. mantfcst control, 15. an expresston and 
. _. 1' and. includes.:several .comptlers,,._ a ·conversaltonal' programming system ~ (APLl·, . · · ·. ;_ :; ~ ·. ·. computes a value. The value of an expresSton (e.g., a block or 
-·, ·f an ·operating syslem,. u well as numerous applicalions programs. · ,: ': ·· · .. · -"·' lciop)_ forms a n·alural and convenient implicit state variable. 

, .. ' . . The in~~cap~ble conclusion from the Bliss ~xp~ricnc~ is thal !he pÜrported .\· ·3.-:,,."· Éscipe Mechanism: Analysis of real programs slrongly sug-
'·lnconvenicncc of programming withoul agoto is a mylh! .Programmers fámiliar ... _.;<. ··.,,· _.-~--:gests.that one of.the most common "good" uses of a golo is lo 

., ... wilh languages in which lhe gol o is preserit go through n ralher brief an·d· pain-:'.'ó .: .. l' :- ',: ·. piemalurely · ierminate execuiion pf a conlrol environmenl -
lcss adaplallon· pc:riod: ·Once· pasl.·lhís·.adaplntion · pericid .'lhey find thai lhe lack · :· . . · ._: 'Ior .example, to exil from the rniddle of .a loop befare the usual 
of a--golo-is.not a hunt.litap;.•on· Lhc·contrary;.ltie·-invarÍ~nt.rc•tction·is-.thal the·,_ ', .:·.-.-·::·.--: •:iert'nination condílion is satisfied. To accommodale lhis form 
enforced discipline. of·piogramming. wilhout: a ¡¡oto strúctures -and.simplifies'the< ·. · · ':';·:: ;_-' 'of control Bliss•-. allows :any expression ·(control· enVironment) 

-::¡ lask ... · '~ .. · · ·. ' ' ···:::,~-to-be.labcled;·~n c~pression·of·the form··"lc~ve· <lbbcl> "ilh 

!·.· ..... <expression >" m ay be execuled within the scope of this la-
.. Bliss is not, however, a simple goto-less langunge; lhal is, il contains more 

than simple whlle-do and lf-then-else (or case) construcls. There_are nalur'al: ' ... beled environmcnt.. When a leave expression is executed lwo 
. thíngs happen: (!) conlrol immediatcly passcs to lhe end of 

• forms of conlrol naw lhat occur in real programs which, if nol explicitly provid:' 
.. 1 ed for in lhc languagc; eithcr require a gol o so thal thc program·mer inuy·-syn- :· lhe control environmenl (cxpression) named in lhe le ave, and 

1 (2) lhe value of lhe named environmenl is set lo lhal of lhe · • lhesize them, or else will cause thc programmer lo conlort himsclf to mold · · · 
them lnto a goto-lcss form kg., in terms of.lhc construction in the previous. . .·.. <expression > following the wlth. Note that thc leave expres-
seccion). Contorlion obscures and is thcrerore ontipalhctic with lhe construc .. :... ·sion is a restricted form of forward branch just as the various 
Uve philosophy; hcnce thc opproach In Bliss has bccn lo provide cxplicit form•i'' . forms of loop conslructs are reslricled backward jumps. In 
or these natural constructs which are also inhcrenlly well-struclured. In 1191 · . both cases the constructs are less general, and less dangerous, 
l~e author analyzes the forms·cr control:fiow- which ·are. not 'ea.sily. realized. in •11, than the general goto. 
Simple &oto.less...langu.agJ!: .and.. uses.this.·analysis lo molivate the facilities .. in 

' . 

. •·.t.·.J.r:mn:.:b.alodirfcmo.&.--fotm-.cl'.lbc..:8-JiD'csapc·J.!¡,~ iD ft9J-;·""-·~~ ·desa-lbc.dJo 09] . ._beca ro- : 

~~ .. -~his •utho:r wh~:llc f\1'1! rud Dijlu\ra"s ~Uer h\.196~ 
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'In 5ummary, then. our ex.pc:ri~n~.·l! with Blis'i supporl's th...! notion thai pro· Sumniary ...... : .· - . 

gramming without thc: gato is no lcss ~:onvcnknt than with it. This condusion 
·' rcsts hc;:~vily on the assumption that the gol o wa:; not mc¡·c:) ;_~r:wve.:.: .J'rom . One rnal or our prof::ssicm mu~t be to r·rmtucc hHt:t· pru~:;tüm~ of predJCt-

: sorne existing languilgl!, but ·thnt a coheicnt ·.sclcctiOn · of .~\·dt-StruCtufed ·con- : :Jhlr. rcliahilitr Tll dc::-ihi~. rc:quircs OJ 'IIH.:Il1odology uf prc¡gr;,m constructivo. 
:··structs were asscmbled as the busis of thc· control 'compnncnl of the ncw · ·. \\'hatevcr lhe precise shiJpc of thic; mr!h:-1:tnt,..,~r .. whrth-:r rhc onL' skclChcd car· 

language. lt would be unrca.sonablc to expcct that mcr..:ly rCmovin:; _th·c. go_to .. licr or ·~·10t, onc propcny of lhat mcthoclology must be to isolate (sub) com
from an existing language, say FORTRAN or PL/1, wuuld rcsuh in a con·- · poncnts ·;,r a program in such a "'")' thal thc proof of thc corrcclncss of an 
venicnt notation. On the other hand, it is not unreasonablc lo expect that ~ rel- abslraction from thcsc componen !S can be mndc indcpcndcnt of both lhcir im-

:~· ath;cly small set of additloru to ·an existing language,·cspccially··the beuernrúc~, . rilcmcntation and lhe contcxt in which thcy occur. In particular this implies 
·. '" tur.~<i enes such· as'Aigolor PL/1, could ·reintroduce the rcquisÚe convé'nienceÍ'Y<that.~nrestrictcd branching bctween componcnts cannot be allowed . 

. '~ ·} While nol a .unlque· sel of solutl?~s, tlie: control mech.anisms in-~liss :are ollt:·.'~; :· ., V;hcthci 0 ( not a languag~ contains a coto and whcther -or 001 a program-
.... ·•< l\lndcl on whtch such a set of addtltons mtgh! be bascd, - x· ·. · . .':'. ·.;': ··~ .. :mer. uses .a.· cotó· in sorne contcxt is rclated,' in part,. to thc variety and extent of 
·\ ·, · · ·. ;·': · · · · · · !he ·Olhci control fcátures of !he language. lf !he lansuage fails to providc im· 

portan! conlrol constructs, lhcn the golo is a crutch from which the program-

·i ... ':<.V~e7T;;}\ -: 1;' ; ;"'- ·. '::. :. }: ::~: .. ·,·,: i'f~)f<';.f):-c:Y !'i,': :" ''J .. :ro~~~~"sy;~~,~~;:·~:;.~: Tr~~~:~~~~ t~·.,f¡~~n~;.~h8•\~~~:~~s;:~h~~~~~~ ,,..J: .··". More: compuling,•:sins.are committe'd'in lhe''nari!c of d!icie'ni:y" (wilho'u'i,'' .. same control structures will aprcar..in.Teglllar .and -wcll-dcfincd •Wa)'S •. ·Jn-the. 
· necessarily acJ,;¡,·,:.-..- it) lhan for any other .single reason . .:... Jncludin~ blind stÍJ:' ·: laucrc~s.e, b()lh !he_ human and the .compiler will do a bcuer job of jntcrpreting 

pidity. One of these sins is the construction of a "rat's nest". or·control Oow·: them .. · .•. '.ó .. >.)}'·:•-'' · · 
which exploits a few common instruction sequences. This is prcciscly lhe form · .. · ... .-. 
of programming which musl be eliminated lf we are ever to· build correci;{i;···>'··: ¡ understandab!e,, and modiflable systen:s. ;: .· · .. ; ~· :_.;: :., :" : . . · , ·: '-:~: . · ·' " . 

.... · -~¡'¡ ·. : ... T~e~~- i~~:~~pll~;li~n; (~.g.: "rc~ltime" ;~.;c~~~i~g) anu the;e a;e (a few) '· · 
. ··.·¡·'portions·or·every program· where elliciency is crucial. This .is a .real issúe.'· 

;'::: . However; the approprlate mechanism for achieving' this elliciency is ·a highly. 
·\::, oplimizing•compilcr, not incomprehcnsible.sourcc codc. In this contcxt il is. 

· · worth noting• another bencfit .. of'. renHl'\lins thC' .. goto· - o.- bencflt whit\1. the a u.-.. 
thor did not ful\y appreciate until the Bliss compilcr was designcd - namely,. 
thal of.global .. optimization:. The prcscnce. of goto in a block-strui:tured language 
with dynamic storage allocation forces runlime overhead for jumping out of 
blocks and procedures and may imply a dislributed overhead to support ttie · 
possibility of such jumps. Eliminaiing !he golo removcs bolh of. thcsc. forms or 
overhead. More important, howcvcr,, is. that: (1) the scope oLa control ene 
vironment is statically. defiocd, and. (2),.all control.app~nrs as on~ of small set of. 
cxplicil control constructs. A conscqucnce of (1) is thal thc Fortrnn-H compiler 
(201, for examplc, expends a considerable amount of effort in ordcr lo achieve 

· roughly the same picture of overall control as thal implicil in the tcxl of a Bliss 
· .. :·

1
, program, The conscquence of (2) is thal lhe compilcr necd only dcal with a 

small number or well-dcfined control forms; thus failure to optimize a peculiar
ly constructed variant of a ·common control structure·is·impos:;ible:· Sirrce now~. 
analysis ·b··pre-requisite. lo- globnt.optlmiution, lhis. benefi~- o( .eliminaticg,·,!)lr.. · 
1111o -tmJ&t 1101! .lxrund4r~ timated _,.,,,_.,.,, . 
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arid ihe ·scriousnc"ss n.ssis~~d to il by nthcrwis~- vÚy .sensible pcopie are symp
tOrns ·or a innlaísc in the cumputing C(¡mnHJnity. Wc ha ve fcw promising new 
idcd~ ill hilnd. J also ~USJlCI.."I that thc l."(•nlfíl\·crsy rc01"•t•tc; "M'mle1hmg ntlher 
Ll\.t:p ·in \¡u¡f¡11Tt Tl:.:t.rc. tln,: no11on th;tt lr~nrutrg·t 1:1o m11gic nnd thc: mere uuer· 
¡,mee or rcnair. Wtort!s ,;~ l.k'!n[:~rrnrs OL dcfilmc;. ls it ~n uccidcn\ Hru\ .... ;oto" hus 

.·-. --~_-,,-: f.':'u~~:-.1~-:~l:~-~-~};_i~ :1T.;~:-~ .. ~- --~;1·.:,_. -.. "·_ ··.:- · .. _ 2 :~:·-• . .>~ ·-~\:\ : •·. ';··:. · ·.->. .. 
., .... , · · llaviñg indié:iicd my·. bclicf that.-this ·cantrovcrsy· iS" not quite as momen

tous as so me "hove "madé o'ut," il· is appropriaic' io" poi ni out sorne beneficia! as
. pccts. FiTSI,· intcresi has bccn focuscd on progrnmming strlc and while style is 
not cvcr)'thing it does ha ve a ¡¡real de al óf import•nce: · Second, the popularity 

. · ··>•'< · , .( .• · .:·_._'·_._::_¿_;._·_,_:_,·_;,,; .· _ ,,_;:·· • .... _, .• ... .of the no &oto rule is, in largc part, dueto the factthat it is a simple rule which 
·- '"' :\'",•-}. ·::!·'··· :<'• . - . ''· .,_. <; .. _:·<.·· does-improve the"code produced by most programmers. As we shall see, this is 

... 
: ;· ,. t .. 

·,_.; _ _.'1'·_;_:_:,~_-.-'¡_:1_ : ,_._·. .. _._-.',; ;--.; .' .· . 'e.. not. sumcienl i;rounds ror banishing the constr~cl from OUT languages, although 
· ·· · · it 'm aY wcll justify 1eaching a1lcrnative methods of programming to bcginners or 

. ··, 
""'>', ... . Introductlon ,,;_, i'<·': _-·: .; ·.. r<strictins its use on a project. Pcrhaps the most bcncf¡cial nspect of the con· 

. .. ·lfovorsy will -be 11.1 ·em:ourage :the ·use of block structure lansuages and to 

_._,;·· . 

' ' ... · 1t is with sorne trepidalion !ha!' 1 und~rtake. )o de- .. _discouratic -use ·ofcmir·mos!;-pc.pular l•n~uages;-'COBOL ~nd T'OK TRA N as ·they 
·;Y._, •. ,_-: r~~d lhe gato Slalemcnt, D COOSI[IJCi:·:w~f~h:~hii~::an~ie!J! ,.; are ·no\ 'weú' suited tcÚrbgrÓnlming withoÚt'_thc gota.:: . 

.. · :_.~ '' aOd·much used has beCn sho\Y'n''tO béhhcorc!Yicil11Y"Uri·- .. ~::-~--.··:~··~-:,~l}-~,'_ ... :::<_'.-:"'-. /':':·.'Ff.r'..i.( ·_·_ .. ·-· .· ·._ -·:: ·._ . .- ·· :: · ·. 

i 
i 

necessary [l).and in recen! ycnrs has'\'cdme'(:~~dci S<! '·:-:·.~ 'The.,rd~fi¡Í_ar:motivation tichind'climinating the coto statem~nt is the 
. . . · · >- :'-:: m u eh attack [2) .. In m y opiriion, ·lhcre ha ve be en far. !oo_.~:. hop_e l_~al !he .resultmg programs w¡ll not loo k hke a bowl of spaghetll. lnstead 
. · .. :;. , .. .-.; ·:-}.·.·.: _ _. many gato statements in most progrnms, but to say this is ·_.:· they w•dll.be simple.' .elcgandt ahnd kcasy lo rea

1
d
1
, bohth for the p

1
rogramn:er wf ho •s 

. ' 

.· .. ·'· 

_.;,,; .. ,, 

1 \ ' 
. ' . 

.- · · ·. . '"·,:': :<.7:' not 10 say thnt goto shÓuld be eliminated from our pro, ·. engage -m.co¡npoSJtton_,a_n,. e ec o u\ as we ·as t e peor sou a1tempt1ng uture 
grammÍng. larigyage,o;,. ... Tbis paper contains a plea for the.':'• -~odiñca\i~n)By ~voidi~g gota ene guarantee~ that a program will con~ist en

·.' 

., . 

retention of gato in both .curren\ and futuro lunguages> :-llrely_ofone_:m.ane:~uL,control structures. lt 1s easy toread a properly mden\· 
Let us ñrst'examine- the· contexl"in which thc contro•ersy--;: ed program. without gol o statements, which is wrillen in a. block s!ructure 
occurs. · , language ... The possible predecessors of cvery statemenl are obvious and, with N 

::, the .exccp\ion of .. Joops;•·all·predeccssors are ·higher on the page. (1 assumc no- • {.",! 
A wise philosopher once pointcd out to n lazy king · ,,,·body .-writes inner.-·procedurcs• tonger than a· page anymore?) Why .then should 

that there is no royal road to ¡>,eometry. · Arter discover- we,retain.tlie i:oto-st~teme.ntin out cur~ent-and-future.:programmiug·lanzn•zes? 
ing, in lhc late. ñfties; thal.prognimmingwas rhe computer · .. · 

. probtem, a· search.·was. made during .the. sixties ror:the .. .. 
royal road to programming. Various paths werc tried inc . Th•oTEtlcal consld•ratlons 
cluding comprehcnsive opcráting systcms, higher lcvel 

·languages, projecl manngement techniqucs, time sharing, 1t has been demoristrated that there are now charts which cannot be con
virtual memory, programmcr education, and applications ·verted to ·a procedural notation without goto stattments [3, 41. lt turns out 
pacbges .. Whilc ench of these ls use fui, they ha ve not though .that this result· is not rcally an argument ror the retention of galo as 
solved the programming problcm. Confronted "'ith thfs' there are means by which a procedure can be rewrirren in a systematic manner 
unresolvcd problcm and with•Jew.goO<J ideas on-.lhe hori-· to eliminate a11 instances of goto. An almos\ trivial method is ta· introduce a 
zon;·som-.: pcople·are now hopinl!-lhat the royal road will·. new variable which can be thought.of as the instruction counter a long with tests 
be found through stylc, and that banishment of the gato · and sets of this counter. The method is fully described by Bohm and Jacopini 
statcment will salve all. The exlstence or this controversy (1]. · The results of this procedure when applied .to. a..lar,gc program with many 

dnstances-•DL'IIalo•. would -.usually.·.•bc- a -prQbT8m -wlll<:h -ís'·less ·re;idablc· lt111n !he 
·• original program with goto statements. However, nobody sccms·to be advoc:at· 
· ing using such unconsidereit methods. 
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The real issue is that lhcnrctiral work ha"i sug~l.!"ih:d i.l numlh..·r of ll!rh~ GJSl surh an algurilhm. FOJiling to find an ckg;tnl ·rcstatcmcnt. he will inscrl the 
niques thJt ~o.'Jn bl! uscd to rcwri:¡,; probr:tms. dimin.tting thl.! ill.'ii.Hlr ... ·_"' uf ~uln.. tlhcl :md its ¡¡..-_1\C'Ciíltcd l!flln CJUI of thc tlc.o.,ircd co-ntrol structurc. Thc labcl 
Thesc:: indudc rcrlicutiorl:.or~cnd\.· Cn.r.d·~ sr!íuin~l .. t_hc :ntrQÜl!Ciiüll.f}f lll!_W vari· >. s\;¡nds thcrc as a warni_ng to'lhc H:iHII.!r <Jf thc routinc tha_t thi'i ¡~ ¡s pHJt.:Cdure 

· ablcs ~nd testS-as Wcll as thC. intrOUul"lirin'-of prrn.·l·dur'..:s. ~\ny. of thL'~·..:·l\.:~:n:~-:- wi1h morc.thiln thc usual (íllnplcxity, N~Jtc ul!\o that thc l~bcl point cntchcs thc 
: niQues. when Uscd With diScretio'n; cJn incrcase ihe· rc.ad~thility of. Cott~~(·: :The ·_ · I!YC. :h · is ·immtdintcly· apparcnt "hcn lookint at thi:. st<tt.::mcnt that it has an 
·. question is whethu thcrc are un y: instances whell th~· applicntion of s·uch. . ; unu;ual ·p_red·..xcs~or.' Thc' ~arcful '1 c;nJcr Waii ~;ant to tun\ult ·a eros:, rcfcrcnce 

metht'ds dccreascs dority or produces somo other urH.ksirilbl~ dT,·ct. Wh.othor ·listing'to determine thc potcntial now of control. Note that thc IJLISS lra•e 
or not lo rctain thc goto docs not scem to be a .thcOretical issuc. h is rathcr a· l'Onstruci is somcwhat lcss th:.~n illc<.~l hcrc. In BLISS \\·hcn one. examines the 
matter of taste;·_,style .. and the 'practica! i:onsidcnitioiis 'or da):.to doy_'·computú:··· ende which follo\vs a brackct tcrminating a leve! of control, its potential prcde-

'' use.''· .· ,.-.:<~·'. ,: · · ,. · :• .. : _-,·_- · · .-. · · · . <'csso~s are not immediately apparent. One must look .upward on the page for 
.5_ .· .... ·•· .. it., """ciatcd :la be!, which indica tes a pr>tcntial .unusual prede~ssor .and 1hen 
- All•rnatlvu to GOTO ... :-'. · · · .. ·' ·.,, find the Ie..-e .. .lt is my fccling that unusual-exits from le veis Df control should-

. be avoidcd. Thc multiple leve! case is espccially ugly. Wherc such constructs 
•. ,., ¡ · With respe<:t to current languages "'·hich are In _widc use such "" COllOL'". are neccssary, it should be made completely obvious to al!. Statements such as 

.>_;_,_¡ ami..FORTRAN,::1here ·li.the .. practicat"considerotion·thar the· goto statement ·is_,-_:·: _the BLISS lca>e encourage unusual,exits from multiple levels of rontrol. One 
. ~:.') 1: necessoiy; Everi: where.'a ·.language' is· rea,unabl{ weÚ:suitcd' lo iirogranl'min&iF:.::should nót i:over.,.up the.fact·.'that_."íhere is .an awkward bit or JogiJ::.by !he. intro
.. ·; :·: without the ·goto,--the elimination of this cons!ruct m ay be. at· once toó .loose ahd'·. · · .. d~ction-of.a new.rontr.ot.c<J~•t_rú·ct.' · 

.. ,. too restrictive .. Pl/1 provides so me interesting examples here,.- Onc. exit~. from.-: :-_·. . . -LOOK-ur .. _ . ': ·.:·/,-');_.', _ _.:'· '· 
,_.-, an Algol procedure whcn the now of control readleS .the end brilckct. PL/1 _, . PROC IX):·.+., ..... . ·. -< provides an additidnal mcchanisrn, nn explicit RETURN statement. ·Considcr the. · ·. :. :; ... -: : .. :. ;::--: Do 1 - t TO A.TOP: 

. :_ ... : l table look up in Fig. r whiéh is similar lO an exomple of Floyd and Knuth)~k~~;t:t;:.i\':';'-',, . ... '. .'.' .. lf A~o~ X TitEN 
. F¡' The problem is: to' fin d. an instance :or--X': in ttie\<ecto'r, A nnd if there(s 'ñó lp:'(": ~ ·: · < · . u m - u m + t: 

. · .. stance of X in A; then mnke·a·.new·entry in A of the ·argument·x .. ,·¡¡, either .· · __ ,· ·· · RETURN m: 
-:.· --~ ,.,~ thc index' of the'eritry is returned: A"eoun·t of the numbcr of maiches as- · . . END: END: 
·.~.: ··.-. sociated with each erllry .. in A is al so maitltained iri an· associated vector, B. Jn .'· .... ·· ·: A m - x: 
':-:'·::! thls example 1here are. no gota statcments but the · two RETURN·· statementii .. _.. · ,. u m --1: 
· '-:·_¡·cause an exit from both ·the procedure.'and the 'iterative oo .. -:nius ,the:_¡)r0-:'"'f'":·.; ,. '· A.TOP.- A.TOP +t: 

; cedure hos.control .structures which have more· than .one' exit and oneóin-one:·,· .. ."/ · RETURN fll: . ' -~~ 
; out control struetures werc a principal r~ason for· a•oitling coto.• Should the · .. . · .... 

.· · !' PL'/( programmcr add a ·rule·. forbidding ll't:TUKN?· · The procedure cmild then be._:-' ... 
·_:¡' rewrltten -U In Fig. 2. This involves· the introduction · of· a ne•v . .'variable;:.· · .. _;_-· .. •./ . 

}'f.f.u,.l 

. , • SWITCH, and a ncw test. lf onc assumes that the lntroduction of grutuitous LOOK..UPZ: 
- ' ldentifiers and tests is undesirablc perhaps RETURN is n desirablc construct even ·rRoc ':!;1TCH _ t: 
..¡ though lt can.'result in nlU!tiple exit control structurcs. lt is my feeling that :< '·.. . . DO t_- t TO A.TOP WHILE (SWITCH- U: 
'¡ procedures with ·severa! RETURN statements are eosy· to reud ami modify. be- .: ' tF Alll - x THEN 
, cause they follow the top to bollo m puttern- and maintain ·the obvious pr.:deces- SWITCH- 0: · 

·· END; sor characteristic, while · avoiding -the introduction or new variables. RETURN is · · IF SWITCH - 0 THEN 
therefore prefera_ ble to.the alternative of introducing new variables and tests .. : .. . Blll- Blll + 1: 

· ELSE 
·! · However, RETURN ls a very speciali1.ed statement. lt only permits an exit ·: 
i from one leve!. oC one type of control, the procedure. One could generalize the ' 

.. _ construct to apply· to multiple le veis of control· and 10 ·00· groups or.-.eF.GIN •. 
. blocks- as· woll·.., ·prOC'Cdu re"'·. This· is e•octly. thc · n:~.vor nf thc BI.ISS lean (61. 

·. · construL-t; · Lacking-scctr .. lan¡;u~ge,.thc- PL/1. uscr .. must content himsclf with.' 
· ·aato. But ls this abad thing?· Thc good programmer, who understands the po- · 

lent!al complexlty whieh rcsults from excessive use of coto. will attempt to re-

DO: 

END: 
,RETURNUl; 

END; • 

Altl -x: · 
8(1)- 1; 
A.TOP - A.TOP + 1: 

Fl¡ure 2 

/ .,. 

'·· 



Another intcrcsting · PL/1 control construct i• th.: 01' uniL ;, Thi' ·is: ·a · ,· · . ' ·.' · ·. . . ·: . . . ·. 
named block which ¡5 autnni:Jiical\y invokcc1 on l."Crlain c\"en~t'li "ill~·h ,¡s .~ ... atl')\\ .. ~pcci:tl ronstructs or languó.l~cs añd climination· of ~nto Uccrcnscs:-the range of 
but iCcan· atso be invol\t:d ~\plidtly by:a Sf>ltCillCITl uf thl.! flum: ~- - . ll!\t'rtllntss·of 3 li!IH'Uit~C. 

. COTO H"' :1n l'"'f':.tpt' ... :-,-· -, . . .. . 
SIGN Al CONillllON fn:nu.:l: 

:·'. 
{· .. •' 

. . . . . ) . . ; ·: . . ·. . . . ~-- ,, -:-:. 
The na me is esiablished ·dyriam:c::l:y an'ú. nccd· not.bc d~darcu in thc·.sco1,c or ·• · ' ,. .: · ...... · ·• ·. · - · · · 
h 

· Th' r · · Pan of·thc reiison for 'relaining ·gol o is thal ·lhe worlú is nol 8lways a very 
t e SIGNAL. ·. IS . ~cihty oftcn clirninatcs th~ necJ to r•iss Slh:Otbl error rcturn · 
parnmeters o:r test a return COlh:: which · inúicat~s abnormal tcrmin-~lli~n or 

8 
. clci;~mt plitcc ;;nd somctinlc·S u ¡:oto is o· uscful. ir uiJ.IY, too.l to h4!ndlc an a~k~ 

1 
w•rd siiUalion. A!gorilhms ~re often messy. Somctimcs th1s may be due lo m-

ower leve( procedure. · Aftcr comple!ion of an ON u ni! ae!iv"!eú by SIGNA L. · b 
1 

· d hercn! complexily. 1 suspccl, howcver, thal mosl of the time it IS ecause not 
contra ts passe back lo the s!atement following thc SIGNAL This is usually · · · ·11' no! r 1 o 

1 1 
· h . ¡· · , enoush· time· or . .'intelligence has bccn applied .. :Where .. time or .. mle 1gence are 

· . use u . ne wants o erm.mate t e s1gnamg block.and ,lhc only wa¡' _lo, do, .. ,lacking'Ja ·¡¡oió: ¡na y do llie. job: E.vcry program 'will not be publishcd. Many 
.-.: thts In PL/1 is with. a gol o 'out of !he ON ~Ói!: :. ls SIO!'!Al 0permissiblc.' ~n'dC'r' ihe• "m a);; bt use(( ori!y· . o rice> ·1 tend to 'sympathi2.e · wilh the programmer who fixes 
·,no J:ol_o·criteria? · E.limination of golo seems ioo' resirictive herc ·asSIGNAL·.is·a 
. : usd'uLf~cilii)C·Which.can elimina te. m u eh mess)cprograinm.ing delail.. However:. ~up 8 'one timé 'program al :3:00 a:m .. with·a goto. Of course, thcrc is always the 

thc na rural consequence of using the S!GNAL sta!emeni'-.is 
10 

tern\innlc an. ON ' d"n~cr ih8i the ·¡,rogramm'cr will lapse into bad habils bu\ 1 a m willing lo l~ke 
· 1hat chance. Perh8pS it is·an·opportunily, for when the intelligen! superVIsor 

un11 wilh .• galo. Perhaps il is best-to·adntinhat !h.:re ·is·no >'t:r'' ~OO<J alterna.. · A 
ti-.· e 

10 
a ~oto- s!Otement in !his· siluation;, .. , .·. . . . ··; ...... /· o ... ' . , . . . . reads the code or ~\hose un der. him, he can focus on. any gol o statcments. , 

: ~'- ,' · -::~·: "t'; ,, .. ': .. .. :,: .. · ., ),;~::{,~::,;:·' ·1'\'~~,:~~;.:r.~,~~~:d~~~,b~e~ajustify cach u~e of~?!o.' , · '· 
; COTO as a baslc bulldlng·bJÓck: · .. , .. , , .. , ........ '.;:··<·'~l'.havii·:'iivolded discussing performance, which !ike death and taxes, none 
! · .' ·.. · : · · ' ... ''·' ··· .. :,•:<\itü·s·'carÍ a'v.oid forcver. Suppose a procedure runs loo slowly or takes up loo 

· Thc lack ora case Sla!ement in PL/1 is a clcar dcOcicncy._ Thc rcsour<efui' much space. A rewrite of the proccdure or restructuring of the dala may be in 
programn>cr will construct one .out or a gol o. This _docs not makc up ror the .. orúcr. But if ·.tha!. fails o_ne ·.m ay. be driven )()·.a _rewrite ·in asscmbly language·. 

• lack of a casutalement;._ bu t. i\ 'does poinL up ;ari·,intcrestirig. and hlghly· legÜi::·.-:./j"JÍeié ·:is{an;';iniermediatf!-8!ternative . which· m ay sol ve the ·.problem without 
· • mate us~ of goto:~ One éán,ús'e )f"as a prlmitivdo ccinsir'úci 'ni ore á!lvondid ·and' :;:'' reS'órl:io táii;asse·m b!Ú{-.:;<Ttíe programmer·whó writes structured programs uses . 

. elegarir control· structú.ies: :'hnaginative prog·r~miíms · wili; ·rroin''tirili~: 10 · iÍnie '•:··:cerialri'tedinique~ súdí. as' ilie introctucrion ar procedures and. the repetition or 
develop: new contiol: construcls· as- Hoare: in vcnted · the cásit slitc~enf''(5j:-:._'•c·code which· cait result in itie loss of limé and space. Given lhe idiosyncraciES of ~ 

.Thosc:.that. are-.worthwhiJ<:,wUI: be informally•·deOned- and..implemonteú· wilh o. many·compilers, a litile reorsanizalion of code and 8 few gota •IJltemenls insert· 
1 
.... 

:macro .prcprocessor • .-. The beuer. enes will appcar. in e•pcrimcntJI compilers ""d ·. ed by a clever programmer. can often improve performance. This is not a pro e· 
·• e_ventually !he best.willlind thcir .way into the standard languages. Such inven· .· tice which 1 recommend for !hose starting ·a proj•ct.;-even whcre it·isknown to 

ttons are oflen ver y har<l lo lmplcmenl with macro preprocessors for existing · _. :ha ve. sifin¡¡cnt -pcrformancenequircmcnts.· ·Onc ·should ·• give up ·• ·"ilructured ~ 
languages without use of the golo construct. There is still room for thc incor· · ·program in a higher leve! ·languige only afler performance ·bott!enecks have "" 
poration of unusualcontrol mechanisms lnto existing block slructure Janguages. · bcen clearly iúentified and tnen·only give up whal is absolutely neccssary. My 
Decision tables are.a .prime ellample .. Onc way of h'"'dling decision tablcs is to guess is thal vcry few su eh situations will cxist bu\ when they do, a slightly 
hav~ a preprocessor conver.l thcm .. ta. source. langll'LgC 51atements .. Ir a. con- . contorted procedure in a higher leve! language may be 8n attractive alternative 
venoent transla!ion proccss introduces gol o slatemenls.. this is .not impori'anl ·as . 10 · one wriuen in .assembly language. The villa in. he re is !he compiler which 
the basic documen!alion is at the decision rabie Jevcl. The sourcc language is ·produces bad code in sorne situations: Would eliminalion (as opposed to 
trea!ed as an mlernal language. The ease of lranslation is more importan! !han avoidance) of goto significanlly case the task of compiler wrilers and thus help 
the introduclion of gola Slalements. . . . . . US lO gel beller object code? (t is dif!icu(t !O do justice lO lhiS probJ,em as ihere 

are so many different compiling techniques and sorne would be helped and 
sorne would no\. My feeling is that elimination of the gota would nol dramati
cally ease the problems of compiler wrilers. E ven in compilers which do ex ten-

. ~nothcr. rc1a_t~d: reason. for reL'\lning gotn:..e.ven- in~m1.r .newcst tanguagcs is.' · 
that 11 os often. poss,btc..to: use a lnn&unge as· the targel.tn which onc. transb1c.1. a .. 

. secondary sourcc language-. lf · thc secondary ·language has•. gol o or .e ven a 

.~t.ffcrenl sct of cont[oJ conslructs, then translation could be very dinicul! 
ll~a\Jt a ¡oto l_n the target-language. In other words source Janguages and 

!the~r associated compllers are useful building blocks for the developmcnl of 

.. siv.e .control .. flow analysis •. a small percentage or implemenlation efforl is devol
.ed to rhat task .. A more inleresting subject for compiler wrilers is the 
ideritilication of' those optiinizalions whk:h · improve · Lhe per.formanc.e .or pro
__ ,_,ms .wrinen .wlth none or .very few aolo statements ... ,Vicwed•in -this Ught the 

-;;,":!'•.'. . . 
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cxi~tcncc of wcll-~trlll..:turCd ;1rc.:;ra:n.; im¡:tl'il.!'\ ·;.m .lddi:irJI,.:I ohligJtiou .tnd 
more work un L.·ompilcr "" ih:rs. Ttu~ is work whi..:h !h&:y _S!10u!~ ca~·.:rlr ·a..-~o."l...:pl 
so that programmers will '-not."'ha·tc! .. lo ffi~ke th~ üa9e·off.-~bl!lw~cn··:J · \\l..:il
structured prograni and. one_"th~t-péiforins well: More V.o; k- is rcqilirc~'in.-this 
a~eá:>-t --·~:r .. :·~ ... ~.-- ·. ~-:_ · . ...--~~:· · ·. ·:· .... -· · .... · ·· .. · · · ~-- · : :._. ,_.. _ -- .. 

...... 
. . . ·-. #.: ... · 
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4

· .'.r;¡faft~~iia;i'p;¡,¿.,_¡j¡11.Í:._ [.eltérsiNol.' t •. No.·l (Febn.rary t91l), pp .. 23-31; .. 
.. "Pllut.:..urr:'' .. · Vagarics-: of··style>.or. fashivtto u~d· nu~'.disti:iru ··:stullcnis · who : · ·. .. · ~cc'.ulso'·si~ncro'rd:' Üiiivé'r;;;1y; computor· Scicnce .Teclmical' Rcport, ·. Volo': .. 

. .. :, should. be. ·tauglü la -a. rarher: consiniined .war: whiéh is e'st:16ti:..hcd·- by thc teach- ·. ·. . ,. __ ·:es 1
4
8 .. cstanrórd;·c¡,1;r;: January 1 970>. . 

':_ er:•,: Also,. tho.~c wwl..ins en .largc projects will ha ve to conform lo· standúds:.- _ ··_ ·: , :. -· . · ·:,. ·: ,··:, · , 
. llowevcr, expcrionced programmers and language designers of laste and·imagi: 5."·. N. Wirih.and c:A.R. Hoare, "A Contribution to the Development of AL· 

nation will wañt to experiment· and they sh,ould be encouragcd todo so .. ·APL ...... : .. GOL,;\ Commu11icatians of tite ACM, Vol. 9, No. 6 (June 1966), PP-
provides an interesting example of a diversc style. A computcu goto. _iñ\r.h~~.¡;::,:~\>f.i''4tf3i?·,., .,: •• >;:.-:· .. : · 
f~rm of a right polnting arro:--- exists in 'APL, :b~t áther.than fun~tio~ ip_vocá:· . 

6 
-. ·V/A. , v;u'¡¡:;_0 8:- R.Íssel("and A.N.· Habermann, "BLISS: A Language 

. tton there ar~ 0no.control constructs:su~h as IF.J"HE~·ELSE, ora~ iteralton_s¡ate- '-: .. ;:_: f ·, 5· 'lem;:·Pr~ rammin ,'' ·cammunications ofthe ACM, Vol. 14, No. 12.1\ 
ment: Sur~nsmgly one does not gel a maze ofKoto statemen_ts ·~a v.:ell-wrnteq_· :· ·.--;··(b _ys_ber 1971gf _ _. 78~-90: r. 
APL.functton, for the powcrfut array operators can be used-m stluauons where ·' · · ecem 'PP 

" ·,loops occur In other languages; Sequential execution of "st~tcments th~s--bec·. ·. -·· ·. Conclust~n ·" · 

1 

comes the general rule and few right "pointing arrows are rcquircd. Whcthcr an 
algorithm wrinen in' APL·. is'clearer than lhe· s:~nte· algorithm wrinen in a block 
structure langut'lgC'.scems· to :bet·a· matte-r-on-whh:h ·inn:lligl!nl·pc.:uple of tn::.te ...,.ill ·-·-
disa8ree. · 

· Elegance in progrnmmlng· In vol ves more than avoiding· gato, ano beyond 
! the aoto controversy there are a great many other importan! issucs of stylc. 

There ls lhe question abmit the clarity of nrray opcratiqns in APL and:PL/l,_as. 
well as structure opcrations in COBOL and. PL/1. To what extent ·are. implidt. 
conversions a subsumption_ of extraneous.det.ail and in w.hat ,in~J:mces. do· they. 
produce surprising ·results? Thcre are many questions about optimal size and 
complcxity with respec:t to cxprcssions, ncsting of tf and itcration statcments as 
well as the size and .complcxity of proccdurcs. To whal extent do declarations 
propcrly subsume dctail and to what extenl do they leave the mcaning of a 
statcment unclear unlcss ene ls .simultaneously examining the declaration ~ 
Undcr what circumstances; if any;·should functiono ha.c sidc effccts or should 
iteration.; rept;~cc·. rccursion~. --To. what.-extenl· can ·we· eliminate· assignment~ 
These aod. otlu:t. queslions -au:·subtle:.bul jmpot!O!nt· srylistk•problcmo~. which we ··· 

. are lilcety ~pass over lf wc concentrate too hcavily on the relatively simple and 
: unimportant !ssue .or solo. 

. golo -should"bc: ¡ctained iwbr•th cutrc:nt and·fu;urc·longuugcs -hccause it is 
uscful in a limitcd number ·of situations: ·Progrommers should · worl: h•rd. to 
·produce .wcll-struclurcd progr~ms .wifh nnc-in-one.out control structurc~ wh1ch 
·ha ve no goto staicmcnts:· Whcre this is not possible, we should not thmk th~t 
elcgance is achievcd with a tnagic l"nguage formula .. lt is far bcllcr to admtl 
the awkwardn"css · and use ihe'· goto. Furthermore, gato is a useful mcans to 

__ s>'nthcsize· ·more 'complex control strúctures and incr.eases the usefulnes~ Qf a 
Ianguage as a target to which other languages can be translated. Voe~ed m the 
light'of practica! programming asan ultima te escape, goto can al_so·bt JUsllfied tf 
not encouraged. Finally our wisdom has not yet reached the pomt whcre fuwre 
languages should eliminare the goto. lf ruture work indicares thal by avoodmg 
eoto wc can gain sorne important advantagc such as routtnc proofs that pro
grams ·are corrcct, thcn the dccision to reta in the coto . .constr.uct. .$hould be 

·.reconsidered. But untillhen,-lt is wise to rctain lt. ' . 

·- .. _ .. ,. 



. _Thc csscncc nr procr;1mming w.,.._ undcrsiood.to be 1hc nptimi:ation o/ tht 
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On' the Composition 

.;:lfil·i¡•,;cy of P"rlicular mochines c>ccutins particulnr·al~orithms .. As computcrs 
~icw ~nOrc. ·J'ItJ\\-Crful. ·¡}¡e l·H,bltnH p¡,;Jd to tl\e ¡rro¡;;r11rnrilcrs -~ri!W liTCPL'Í'lioJ¡·· 
uúr. illlÜ a~·a ¡cs·.·h~ th~ ·¡:,ro"Y~iflb r,v .... cr "of h;,Hh\itre U id nOllo:.l!aC, bul Tlt\hcr in·. 

·~·;:..;;:~..::{!he hnr,L·n Thc-clirnin:·Jion o~ <k:fki(:;~rir .... t:rrur.~~; <Jnri btundcr~ ·-
ca,llcd dcbugging - be.came thc ovcrwhclrnin> Pll•hlcm. . 

of Well-Structured Programs·'. 
. . : · ..... :~- . ~~\-· : ' . -~--: ,, : . -~ 

. . . . Undcrsia'ndably, .. Jhe. rcmcdy was sought. in .thc dcvclormenl and use of 
.. , ... 'bctier. tools in ··¡he form· of programming languagcs. The amount of rcsistance 

·. nnd prejuúiccs which ·the farsichtcd originators of. FORTRAN had 'to overcome 
. lo.cairi ac·ccptancc or lheir 'rroducl i• .a.mcmn,ahlc indic.ation or .!he rlcgree to 

which pro&rammors werc prcorcupicd with efficionC)', and lO which lrickology 
,_._ 

1 
:•. 

... 

l 
1 

l 
l 

-~· .-
·,._. 

·- ::- : 

' ' 

.... ·. 

. : .. . 

,. 

had airead)' become an addiction. Jlowcver, once lhcse adversitics and fears 
·:.·f ·;.i;.\: ·..; ''··· ·:had bccn.ovcrdmie, FORTRAN ha~ a trcmcndous impact-an impactthat is 

· ;:(.'·· , · ·:,;· . . )/;:'· .·still fclt.'toda{ ·ALGOL 60 followcd severa! ycárs later; it went beyond FOR· 
·'.'·:~,;.; .. '.· ., ·.TR'AN in ·severa! si¡;nilicant rcspccts, .but essentiall)•.shared the.same purpose 

. · fi d, , ,,.:· .. ·,·: · ·. · . . ·:.·· · ,. · · · .·und ·lnt•ntinn.; Jn .parlicular,:it exlcnded·lo lhe.lcvcl of·statcments whal FOR-
·. _,-. 

. . In thc 1151 ccude or.co~p~lc.rs:. 5"Y ~p to the·carly .. TRAN had inlrC\ctuced .on.lhe .lev-.1 of (arithmelicl expressinn~· . .WIIflllrP. l!ul 
. . : , SIXIIes, computers were QUilC hmll~d:Jn the~r !'0 "-:er,-., T,~e. ·.:ALGOL 60 was ncit very. succcssful whcn meas u red by ·ils frcquency of use· in 

· ... :.:;·:; .. :las le of ~he progra.mmer was lo J~!~~u.l~te_ ~~S~fl 1~'ns '·'~ ,: .. ·techiiieal: and commercial 'applications. :There ,are: 111any reasons for this, ene 
.:>{:<': ·: the spe~•.fic arder co~es of these .~,~~!1 10 <¡ 5 ·~ tha!_;lh~y :.:. bei'rig' thaÍ'it appCaréd on'the scen'e whcri !he· relevante or structure had not y el 
:· ·· :'· were ~~~lt~e~ a~ eiTecll~ely as poss•blc .. Pr~ma~IIY bccat.ISC • .. becn ·.;;,idcly, reeogitized;'.and its réstrictivcness against the use of ele ver trfcks 
'· or thw hmllat•ons, 1~ 15 task was ac~•cvcd. by collect~ng ··;.·,·was''corisideré'd to be a handicap and a delicicncy. The law of the "Wild West 

'· · sets. of cle~.er .techn•ques .and startlrng tncks, and. by.· ·ar Programming" was still held In too high esteem! The same inertia lhat kepl 
findtng.appltcallons .. fa_r. .them as-.frcquenlly .. as posstble. · ... many assembly cede programmers from advancing to use FORTRAN is now 

. !:"d'¡rf.,1~1~0~ ~~c~.~~h~;q~~:·;~;:r~~. P;~;~~~s~cr~/~~; ·.\ :~e1:,::?~¡~~·~ obsia.~le:·~~~i~:srrn,:vingfrom a ... FO~TRAN style"to a structured 
stance, the convers10n or condillonai.Jumps mto dummy .. -:·:.: •. Y,,, 'c':;r '·. .._. ... , ... ,._.,. ·. ·· · · ~ 
lnslrucllons and vice versa, or lhe sharing of store for ·. ·: ·As the powc¡ of-computcrs on the one side, and the complexity and si'~ 
functional!y indcpendent, but never SimultnnCOLISiy USCd ·· .. of !he jliO&rammer~.< ,laSk 00 lhe Olher COOIÍnued lO grOW with ti >!'t'CÚ Url• 

auxiliary variables. · matched by any other technological venture, 11 was graduall)' rccugnilcd thal 
!he true challcnge docs not.consist.in ·pushing cornputer..to their li:~its by sav

Tricks were necessary al lhis time, simply beca use · ing bits and microscconds, but in'being c.apable of organizing large and complcx 
machines were· built with limitations· imposcd by a te.ch· .- progr.ams, and assuring thal they specify a process thal for al! admillcd inputs 
nology in its enrly dcvelopmcnt stagc, nnd becausc evcn produces the desired results. In shorl, il bec.ame clcar thal any amount of 
problcms thnl would be termcd "simple" nowadays could ·. efliciency ls worlhless if we cannot ·prcivide.re/iabi/ily [4). Bul how can this reli· 
not be handled in a straightforward way. 1t was thc pro·· :ability beprovided? Here.structure enters the sccne as the one essentiál tool 
grammers'· vcry task·to· push•computcrs to thcir lintits by.. for mastering complexity, the etfective means of converting a seemingly sense· 
whalcver mc:ans. av~ilable ... We should rec;~ll.that thc. ah··~. less mass of bits or characlers into meaningful and intelligible information. We 
~cncc of.·lnrle1<. rc&istcrs: (nnd indirec! ·addrcss.ing),..for ex·. must recognize the strong and undeniable influcnce that our language cxerts on 
ample, made automatlc cede modification a mere necessi- .. our ways of thinking, and in fact defines and delimits the abstrae! space in 
ty (see al$o [1, 2)), · .. which wc can formulatc - give form to - our thoughts. 

· ·: .. · But .oow lh.e ter m. sicuaured. programming has be en coined, and it seems 
.. final!)· 'o be'achicvin¡·...-hat the 1erm· "·structured languagc" ·v•as unable to sug

gcsl. lt was first used by J;..W. Dijkstra [3), ·end has ·sprcad·'With '\'arious in· 
terpretations and connotations sin ce then. 11 is thc expression .nr. a caovic1ion 
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that th~ progromm<rs' kno~<·Jedg~ mu;t not consist of a bag of trkks "!1~-"'"k: An cx;unple may clárify lhe issucs Rl this point. Thc readcr should be 
1 11 ·'"~are thal'un)' cxamplc ihai is sullicicntly shorl to fil onlo a single page cannol ·secrets, but of a. genl!r:!Lin~e-!lectual nhility to tack1c prob c·nt"s systcmatu:;! )'. 

( 1' h h J ·he rnuch more than .R metaphor, prt;\>i!hly ·unronvincing lo .h•bitW!I..~keptics. and that partiCular tcchnique~ shouh.l be r~phn:cd nr .aurrmcnlc< • !' :1 rn~•-. ~· .. 
At its hearl lics an auiwdt rathcr thi.in a red pe: thc·.admission of thc: hntltJt 1ons .. Thc in~rrnanl t!Jing i~ lo .ótb~tratl from. the cxample .:md 1.0. imagine the same 
of our minds. · The recognition.·of thcsc· limitations can he uscJ to our advan·.. .m~t~-~d bcin1'. ~pplicd lo.hi[ge pro~rauunio~ pruhlcms. 
lage, if we carefully 'restrict ourselvés to wriiing pr_ograms w_ h_ich 'w. e ~an manage.: ;·... . . .,,. 

r h 1 1 ·. E'm11plr 1: Seqllrll/ia/.¡llerging ,. · ·. .· ... ·inlellectually, where we fully und~rslan·d the totahty o t Cll 1mp 1Ca1ons:. · l. . .· > . 

. Gi~cn a s~t of ~ - 2N integcr variables· a1 · · :. a,, find a recipe to permute 
·, 1 · ¡ blll r lheir values su eh lhat a1 .::; a),.::; : ·. · .::; a~ using· lhe principie of soquential .<' i.; ~.·.- .~:lelle. cl,ua'·.·'.ma~a.~ea··· .. ·· ly. -~ .. pro~~~m.~ . _;,,. . .- .· .. · '·'mtrginG,. ·-Thus; :,(:e ore :lo:;ort ·•undcr the .essumption of ·Strictly .$equential .ec-

.-, ééss.> .. sr;éiiyctoid;-~. shall use tlidollowing algorithm: . 
.. • :''f7'.',;'·•our. ~os't·l~porilint'mentallool réir 'éop!~i with •complcxity is absrrái:rion. '.· . ::· ., .. ·•.' . · . 

. ; Therefore, a compiex problem should nol· be regard~d·immediately in ter m~ ~r '' 1). ·'rici. individual-~omponents a,m and merge them into ordered 
·• C:omputer instru~lions, bits, arid "logical words,"-but rather in terms and ent~-, :., pairs,'dcpositing them in a variable a"'. 

ties. natu.-1 '" the problem .. itscl[. abstracted in .. sanie s~itable sense. In tht~ · 
'fi · ·,2) .... Pick·.the ordered pairs from a"' and ·m.erge lhem :pairwise in lo , . process, . an. abstrar:t. program .. em~rges. perfo_rming · ~pe~1 e . operatmns _on · . IJI 

.... .. . 'bl 1 .. ·. ,'-'.:··ordered .. quadruples;-depositing·.th~m 'in a variable a . . >;>, abstrae! data,. and fonnulated in some·suitable nolation:-::"· qu_ue pos~.' fy ;atura •·:. .~.;,· , ·; ... , ... , ... :· . 
. \,>:,~· lan~uage ... The. operations•.are .. then. considered as .. the ·cons.tuuent•· 0 :,1 e pro-r:·· ·.. . j) .' Continue 'this ¡¡ame, caen lime doubling the size of lhe merged 

,'-' :· gram which are .furlher. subjected lo decomposilion lo .the nexL~'.'Iower. leve! 0 .: .,: • , ..... ·.· .•. ·. subsequences; until a single sequenee of length n - 2'' is gen
.:_:· abstraction. This process oC.refinemenr continuos .ui¡tii a level'ls:reached _thal:;;•t·i-5):,;;).'-:.,_¿(erated:'::. · ..... 

·· • can be understood by a computer, be lt a hlgh·lcvei programming langua¡c,;':{·:•:f:';'~~~:~(;•·'•.: .. .. . . · ··. 
, FORTRAN, or sorne machlne.code. [S, 6). . • .. . . · :·i; ':··.,. :;,:_Ai the ouiset,, we riotice itiat'íw.o.~:: .. ,_ ' 1 .. ,; (2) 

· ~ :>1:··· · ·i -·. · •. -; • .<:t~:y .. : -~- :.:'~:·:·~t~~:·;·:.·:>;::}~~- .: · · .-··.:-, ·-2~- · .. ~;.~.:- = . . .. -~~-~ :=~ar·i~btCS .::a'~~ imd :.:.ac~)-.;-~uffice, :_:ir, t~e-.("~~ :·~r) 
· .. t ~ · · ... For the ititellei:lual: man'agéability, ¡ 11 ·1:~;·.· . . .. ·.,·: .. , ·::;:ilems are alternately .-shullled between.. ,-1.,-,-,--..,-.,....,.-,r, 
· :·.'is cruciaÚhat .the constituenl· operations ·,¡1 ·, :.. . (1 1 · : Íhem. •We .shall Introduce a single array · 
:¡:_each leve! of abslraction are connecled ac·. ··variable.· A·wilh 2n components, such 

·. ·: eording lo suf!iciently simple, well under· lhal ci 111 is reprcscnted by A(i] · · · A[n) 
.. ;: slood. pragrant .sc/¡!mas,:. and. that·. each ... .•.11nd .o111 ·:1> reprcscnted by .. A[n+l) · · · 

: operation is described ·as a J1ÍCt:e 01' program". '·;.rJ2nJ.. >f'~ch•.of·Jhesc IWO·'COOCCptually 
... .-: wilh one Jlarring point and a ·sing/e·rerrnit~at-·. · . . . .· indcpendenl .. parts has two. points of. 
· -;·;_ ing point .This. allows defi.niilg states of lhe··· ' · _·: sequentiai aeeess, or, read/wrile heads. 

.. . :.-·::: compulalion (P, Q), l. e., rclations among · ·<These ·are to be denoted by pairs of in· 

. :.-·:·X·• lhi: in volved variables, and atlaching lhem · · ·,,_., .... · dex variables i, j and k. 1 respectively. 
..: ·,.i lo the starting and terminaling points of · : ' · · · · \Ve m ay now visualize lhe sort process 
··.,,, each opcrati<¡>n ($); · ll is immaterial, ot this· · __. · . Examplc .· ~-:--r c.x::·, · ·as a repeated transfer under merging of 
... 

1 point, ·whelhet lhese states are ·dellned ·bY. '•· tu pies up and down the array A. 

k 

rigorous mathematical· formulas (i.e.,. by.· 
predicates of lo~ical calculus) or by 

·¡ sufficiently clear ari.d lnformative sen· 
· tences, or by a combinalion of bol h. Thc 
Importan! point-ts·.tho.t Lho. pcogramme<·.has ... 
the means .. to gain .clarily. a.bout.lhe In ter- . 
Cace cot~ditions· bc.tween· lh~:· individuat ·: . 
building bloclis out oC· whlch he. compases·· 

· The first version of our program is evidently a repetition of lhe merge 
shullle of p-tuples," where eeeh lime around p is doublcd and the o:lirection of 
the shuttle is changed. As i consequence, we need two variables, one to 
denote the tupie size, one to•denole the direction. We will cal! lhem p and up. 
Note that each repetitiv.e opcralion musl eontain .a chaoge of its (eonlrol) vari
nbles· . ...-ilhin '-tbe··loop,·•an -iriiti!lizalion•in:-f•arw-<lf·:·the ·loop, ·and '11 termination 
corítlition. · We easily oonvince ourselves of thc eorrectness of lhe foUowing pro-

bis program (7), grain: 

-l' ... 



·--·---· --- ... -- ·- -- ------------···· ··-- --···- - ... .-
'· ···· . 

. ·. . - . up: - lrut': p: -- 1: 
-· repn.l 1: "initia1ir.~ in1EC~" '· }. k. anl.l /"; 

quenc-c. ·Th'''" tlclihcration• quicklr lc•tl to thc following dcscription or state· 
mcnt-3: 

2: •·m~r~·c p-tupl:; ... rrnm ;. ;.md 
J.SCquc.:n-.:t:' lnttl ~-- .• md. 
1-scqu.:ni."I.'S··: 

IIP; - -.up- p':·~ __ 2•p 
: ·'. untll p ~ n 

,> . ' 

' -

-·~ _: 
. -·. .-:. :: 

-- . . . :-. _,.· .. - ; .. 

.,-. · Stat~ment-1 is easily expresscd in tcrms of simple as~~~i~~n~cnts dcp-~~~¡~8,-
on the direclion or lhe merge pass: 

,. . ·• 
·.· 

1:: Ir up then'. ·, • o¡. ••• ·,.-

·.·.- be1ln i :· -. 1; 1: n; 
k:~ il+l; 1:- 2•n 

· .. : -~- ... - -
. -~. . ':.. . 

. (4) . 

··J: hq!in l¡. , ... p: r: __. p: 

''"'l't""'o~t \ .. :lr.:r.:t thc ~~--.. ::¡,;, ih::ml 
:11 Alil·< Alil tlu·n 
. h<·~ln Al k 1: - A lil:. 

k: - u h: i: 
q: - q-l 

cnd 
~lse 

be~·ln Al k 1 : - A[i 1: 

i+ 1; 

k:~. k+h;j:- 1-:l; 
r:-.r-1 

t·nd 
tnd unlll (q- 0) V (r- 0);· 

elsc · 5: "coJ'Y 1ail of i-scqt.icnce":: ; __ • ¡· 

t,.:_. ---~- _ br;l_~-:~\_;·;~~!-;~:n~·;2 .'!_. _::·. -'--~-·-= ~:-:'·:_y-.-:-.';~-.'[::" .. -~_. _. ,- ./~·.:·:: .--_.--:~:t>n:=': "co~)_' _1ail o(!:Seq~c-~ce_" ::·: -:·-

16) 

.. : -

.. _.:.- rnd -~ · . -- · ··. · .:':-:~t:j~~~-.,.~;~:-'. ·.:: :.· ·_l.o:;.... ··: =· .-. •·. · ·. • :. 

· ·. · . .. . . . . . _..,,.,., --.. _. .:.: · ··: · . __.. Th~··man~;;, in which 1he 1ail copyins operations are stared demands rhar. 
. Statemenl-i descnbes the repea.ted merg!ng of p-tuples; we .~hall .control · .. lhey be designed to ha ve no etfect, if initially their counter is zero. Use ora 

the repetitinn by counting the number m .or ~tems merged. The sourc~s are·· :,:· repethive construct tcsting for tcrmination brfore the firsl execution or lhe con-
designated by the índices·¡ and j;.lhe destmat1on alternates,bctween:mdJccs k. ·:·iroiied:statemenl is Ítierefore mandatory. e • ' 

_ .. and /. ~ lnstfad·of. introdUcin& a. new·. variable st3nding ntternatcly for ~ and l. w~ ·· .. ·. :·r.: ---~--. :-. _,.. --. -:--.~ ~-.·- .-. ~· ¡ · ;: '- ,. · 
. ~ . ,, ¡u·~ ltic.simplnolution· of interchangirig k 'and 1 a (ter éach p:jupf~ merg~. and. ",>.:;,-. ~; ~hll~ q +o d~ :..·· : . 

·.: .letting k denote thc destinalion index at all limes. Clearly, the incremenl ~f k.. . ,:·::·: .. : .. beglf11~k};_· k:~!l. 
has then to alterna te between the values + 1 and -1; to denote thc incremcnt, · : · . . i'·'.¡>_'. :

1
+ 1 ... .' :. q...: 1· .:. ·, .. · . · ·. 

. 

,..e introduce the auxiliary variable h. We can easily .convince oursel.ves thal ··: .. : , ... erid ·_../.:· 'q ~ · 
·. ·: ihe following reflnement·is corree!:. .. · .. :; 

i: · .-:.:~:--.~"·hile;+ O do 

\ 

!:· . 2:. bqln.m:- n,;h:-1;· ';: 1Sl ··· ·· ·:··>.¡,e¡;u; Alkl :·- Alil: 
trput m :.-·m-2-•p:· · · k:- k+h; 

l: 
.. 

' tnd 

: 3: "mersc one p-tuple. from · J: -J-I; r: - ,..:..1 
·· · each of 1 and 1 to k, in-

crcment k afler each 
move by h"; h: - -h; 

. 4:. 60C:tchangc -k and .J.". 
uatlh7r -·O·,. · 

..... 

end 

. This concludes the development and prcsentation or this program, if a 
. computer is available 10 accept statements of lhis form, i.e., if a suitable com
piler is available. 

In passing, 1 should like la stress that we should no! be led to infer that 
Whcrcas slnlcmcnt-4 is easily exprcsscd as n sequen ce of simple assign- ·.:actual program conccplion procceds in such a well organized, slraightforward. 

· ments, statcmcnt-3 in vol ves more careful planning. lt describes· thc actual "lop-down" manner. Laler refinenient steps may orten show that carlier deci-
: merge opcration, Le., the repeated comparison or the two incoming itcms, the sions are inappropriate and must be reconsidered. But this neat, nr>ted factari-
. sckction of the lesser onc:. and lhc·stepping up or lhc corrcsponding index. In· zation ora program serves admirably welllo keep the individual building blocks 

arder to kccp·tracl.: of lhc number.or. itcms: labn from th~ two.;ourcci:: I'C irn- intellectually manageable, la explain lhe program to.an. audience-and ·lo onesclf. 
trodu<:C' tho·two rol!nter·.va<iabks•q•nd r. It·must be notcd thalthe mcrge al--··· to·raisc thc .~evel·of<:onf\dcr=:fn·the program, .. and to·condutl infonnal, and 
,..ays exhausls only one or the two sources,-and lea ves !he other one nonempty. "eVen formal proofs of rorrectness. The emerginp; modularily is particularly wel-

. Therefore, ·the_lefiovcr lail must subsequenlly be copied onto thc output se-
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: .. ' ~ 
.\come if prog.rams ha ve to be adjust('d to ch~ng~d .or cxh:nd .... ·tl "i!X:eilh.:aii•i;,,, 
· This is a moC\t csscntial ;Jt.l\:anlJl!l.!. ,incc... in nradice fc.ow· oro.~r JtH'- rcrn;!in •:nn· 
sl.mt wr a lone: tim~. Th~ n.:aJ~r is urg~d. tu·r..:t.lisco\a· this a1.h"antagc by gt!n· 
eralizing this merge-sort program by allowing t~ to be ary-i~_tcgt;r_g_r~~Her thUn L. 

:111d wc ~.:an prrK.:cctl lo spcdfy thc thrcc componcnt sa"atcmcnts in evcn grealer 
dclail. Thc l'OOlptllíllion or a clccimal rcprcscnlation is naturally formuJatcd 85 
thc rcPcatcd ~.:~~~,l~Ut:1tiuri_ ur int..livic1~;~t-.~~~its starting "~tthe right." ·.-::~ 

.... '··.' 
Example 2: Squares and palindron:c·s · 

l. : .. - U: .. ..·· ·.- - . (lO) ... - -. .. _., -:·: .... '«ri-at L-: -:·J.+ 1: . 
!-or.:p_ar~l..: th~ ri~hlnÍm.l {li¡;it ur l, 

· · c•ll it d1 Ll 
.!; 

.. "'· 
·List all intcgcrs bctwcen l :md N whosc squarc-; ha ve a decimal r.;pr...:s¡,;n- untU • =;.,0 

tation which is a palinuromc. (A palindromc is a sequencc or ~haractcrs thot. , · · 
rcads the sanie from both ends.l · _ ' : _ .- · ; - - -;:: . ··· __ . · . _ _ .,. -The :sepárotion. ~f the leas! significan! .digit Ís :: !\OW easily _ expressed in 

_ ._.,, 1 . · . .- 0-' ... _ · . - · - ·; .- · - "'.,.-_,-: - . . . ... - ... .- ... · tcrms of clcmcntáry· arithmetic opcrations as shown i-n (12). l!cnce, the next 
.; ::--:.: Theproblem consists in ftnuing scqucnces.of digits that satisfy two éondt- task is the dccompos1tion of the computatton cif thc palindrcnnc property p of d. 

:: tions:- they- mus!. be ·palinuromcs, ami thc)" rriust represcnt squarcs.· Canse~-- 1t is · plain that it ·al so consists of the rcpcalc\1, sequen tia! comparison or_ 
· :_ quenll¡. there are two. ways lo proceed: either generate·all palindromcs (with correspondins digits. We starl by picking_lhe first and the last digils, and then 
: :.lu&.,N digits). and- sclcct. those which represen! squarcs,_ or genera te all squarcs procccd inwards.; Let i nnd j be !he indicesóf !he compared digits. 

· --·ánd then select thus" whi:Jse.represcntations.ore palindromcs._ We.shall pursuc · · - -'-- · · · .-,-,_-... : · 
- thc second method¡. beeause:.squzrcs¡~re,simpler to-g~n~r..1te:{with•..:on-v~n~io-n:tl· · .< -~ :: ... :~~¡011_~~;~~;~·:t,·~- di~ii~{::·.~:;:.~-~,. 
· pro¡uammint f,,dlitles);• and bt:<':luse.Joroa gi...,n· .V·.there· are·Jcw.er·;quarcs thon-·-. .· ... -.· . 1: ':" i+ I:'J :- _- J7-l :: _ 

(11) 

palut<Jromes. · The firsl program draft lhen ·consisls of essentially a ·single repeli,_ . ·. untll· (¡;. J ¡ or dighs are unequal 

·¡live stale~e=l~; - · .. (S),.,::. ; _ ·;· .. -_ ~;last ~efi~-~~-~~-; l~ads lo a co;¡,~Íet~ so!Útio~ -'enlirely expres~ed in terms 
e r<peat n: - n+ 1; aener.lte squore: . -. ····-1'--'- :or•a c'ori~cnlional prog'ramming language 'wilh adequale strucluring facilities, 

': . ;·=;._ ". lf dccimot' rcprCscntntion of squarc '. · · ·--~:~- ~ · :--... ·~-.-_.~;~,: -.O; ': ._ ':.":. ·.~c. ·~.'.' : · ":
1 

• ·;: • :-}i:. ::·:~-· ·· ;_ Í (12) 
· :._.·. ·.,, is a palindrome . . ... . ·. ~epeaan·: ·-:n+J;.~s :. ~-_n•n.~L: -~-O;:;"'· ·:.~ · · ', ·· 

then wrile n ' ... - .. repeal L:- L+l: "' ·· · · · '' 
untll n- N· ·- r: ~ sdlv.IO; d(L) :.- ,.,..IO•r; 

The next st~p is th.e decnmposition of lhc complicated, verbally dcsc.ribcil staté.·.- '; 
ments into· simpler ·parts:· Obviously,-.bcforc tcsting for the palindrome ptoper- -_.· 
ty, the·decimat reprcsentation of the·square·.must:have bcerr.computcrJ .. Asan· 
interface betwcen ·the .Individual parts. we introduce au<iliary .variables .. They 

.:: ~ ·, : . 
. · ... ·.r·: __ ,. 

uníll J- o· 
- :_ ;.-

..· ;-:-..: (j· ;_ L· 
·. · , r~p<·~l ~ /- 'di,: 1 - t1J 1: 

· ;; .. - i+l;J: ~:J-I 
- --unlll-Ú ¡, ;1 or· "-p: ·1 represen! the result of one step and function as lhe argument of the successive · 

step. 

d(tl · • · d!Ll 
L 
p 

an array of decimal digiU 
!he numhcr of.digitu.olf\ll\llcd. .• 
a Booleun variable 

(note that L ...; tnlitr(2 /og M + l) 
The rellned v'crsió~ of (8) becomes _ 

. - n-:- 0: : . -
rrpr:at ,1; - n+ 1: J-:-- ·n·~:· 

J: -· dec~ CCpTC!tOIIbt-i.O!Nlf· .r;.' · ·. í ::·-:!Y 

p : - d 15. a palind~ ... -
lf p lb en •rkt (,) 

antll R- N 

(91 

11 p then 'writt (n) ·:. 
untll n -~--N : · ---

This cnd~ the presenta-tion of Example 2 .. 

.l .. Slmpliclty of composlllon sch~mes 

,·-
. · .. ." 

· ·In order lo achieve intellectual manageability, the elementary composition 
schemes musl be simple. We ha ve encountered most of lhe truly fundamental 
ones in lhis second example, They encompass stquencing, condiiioning, and rep

. eririon of constituent statements . .1 should like lo elaborate on whal is mean! by 
simplicity of composition scheme. To this end, Jet us select as exsmple the re-
pelitive .se heme .expressed as · 

... ·'•whfk:-Jl de S (13) 



.. , ... 

lt spcdfies th.c ·r~pc:at~d ~~ccution or the con~titucÍil s~~•tcm,:·i,, . . s· ~-hil~ - at 
ih~ outsct of Cdch rc[lditiorl - conJition R i~ sJtisfi~ll. Th!.!·\i·.t~pÚ~o:!Ú; ~·lm,."·i,h · .,· 
in the ease with which wc can infer propl!rtil!s about th:! ,...·hit-: stJr-.:m.!:-a.rnJiiT ·_· ·-. (i!\·(:¡1 '_¡~· :!·!'r:!l!l~nn::·or fnot nt·n.:-~~urily dirTL-r.cnl} .. numhc_rs rn.·r1• ;,: .. ·~ •• 

known prvpcni~s· of.lh!! ~"'lhtituenl stat...!lill!lil;- ln pJrit.:u;..~r.· J.sstil~i~-.. ¡i} . .i(wc::· <;clt~l'lthc fir~t 11 tlic::tincl nu 1 n'"'cr~. ;1nd ac....,irn lht:m !t>CL¡ucn1iitlly toan arra)."vari· 
know that S le aves a propt!rl}" Pon its variJblcs unch:mli~d or inrariam wlh:n~\-- _ ;1hlc a wilh 11 ekmr.:~11s, sk ipping ;sny numbcr r thal h11tl ali~~dy occurrcd. (The 

· er 8 is true initially; this may bo expresscd formally as . ,:· 'scqÚerice.'( .. inay;. for instiince, be obtai.ried fr~' ¡j pseudci-randoin numbcr gen
'·. i:ratór; ,;,¡¡",;~ 'can rcst ássuied that·the scqucncc ·; 'cém'tain's ai leas! n diffcrenl 
·'núnibersJ,·.c ·•, · i.-:<·. 

-:' · .-:·•. .A'n obvious formulation of a p.rog;'a'~ p~;f~;~. ;~g .this lask is the follow· 
according lo the notation introduccd by Hoore (81. Then we mav in'rcr that the 

' ·in¡;: 
whlle statemo;nl also lea ves P invariant, regardkss of lhe numbor of times S ror 

1
: _ ¡ 

10 11 
do ... _ 

PI\ B l.s1 P C 14al 

·.·.·· 
(16) 

was repealed. Sin ce the repetition proces~ termina tes only · afi'ef':.conditiori · 8 has·.· . hotitn L ¡ ~·•. Ül: ::.' · · ... , .. · .. 
. bccome false,'we'may infer that in additióri•io p,:also:--B.holds''aftbr tHe execu- .. ,.... . ·:·ror}:.-.1·. 10 ';.:.1 do •. · ., .. 
. ~; lion of the whlle· statemenL This inference may be exprcsse·d 'formally a.S' ·_ · -"'" ·, · ¡r ;,¡¡ J - · ;·then coto L:. · : 
, - : -, "" · ·· ·; · . . . - . . al i 1 : .;... ·r ·. ' ~- · 
. -PI~htlo;Bdo.s1·P/\~B-·· .. :•• .• ,·,: . l14bl .- ond 

. - • : ···: . :·; :_". . . . . .. ·. ; j . ·. .: . . . . . ·: ; . . : . ' ·- . . . -. ·.- ~· .. ·. . . . . . -
. . .. This\formula· ·,contoins< thc-... essi:ncé:•or-· the ,:eniir~?. .. hli;;~;;·¡¡siruéL'· '!te ,;.:'i':' ': Ir cannol be denied'-thai this "Óbvious"' solution has be en suggcsted by 

. teaches us lo lOo k for ari· im·aoionl proP.,rty P, · and .Ío.cons.idef,;íti~·'tesÚÚ. of th'é} /tho 't;ádition of exprÚsinjp repeated action by ·a for statemenl (or a DO loop). ' 
; .. repctition to be the logical combinaliori of P and the negation of'thélc(intiÍlÚa:·;.' The'task of.,_corripÚting a value for a is decomposed into n identical steps of 
, -tion condition 8, . A similar pattern of lnference governs the repeal:coristrúcr:,;;.j,':omputing "a single numbcr a(i 1 for i - 1 · - · n, Another innucnce teading to 
.. used in the preceding examplos. Assuming that we con prove · · · this formulation is thc tacit ussumption thal the probability of two clcmcnts of 

· lhe scquence bcing equal is rcasonably smal!. Hence, the case of a candidale r 
·;. O Sal .:.,·. being equal io s·ome. a U 1 .is corisidered as the ·exception: it leads toa break in 

.·.<'•.ttie·ordeily cours'e'o(operations·an'd is· expressed by a jump. The e!imination. 
. · .... :, of this break is the subjéct of our further deliberations .. · " . ·.- ' ; .. 

QV (P 1\ ~8) (.s1P ·. 

1 ' . !'. about. s. then we may con elude thal. '. 

¡_ .. '• 

,· ·- .. ;:·~\:.:·.· .. : ·_'. :-·:·<":-::: .. ~_-~: :;·:_.·;:-. ··. ·. "·,'.·: . . ·: · .. ." r. • 

. ; .. : . <- . .-., ,.. o-': Qf.:.t'<>urse,··tN: goto:St.1temen~ may.:.bc-. .easily ·- 'almost-. m~hamcally· -.$e
( 1 Sbl ... ; ',::¡;lai:etl ·ir,·v lrnnscd¡Tlian·;f'r.OC"-'o'lcading·.tD'lhcáollowing·,.;ol.e-ilcss:Ate~sion, · · Q lr.prat S untlLBI.PAB ... 

;., 

. :-

1. 
holds for the repeat-construcl.• .' 

There remnins' the question, whether all programs can be. ·expressed in 
lerms of hierarchical nestlngs of lhe few elementary composition schemes men
lioned. Although In principie this is possible, the question is rathcr, whcther 
lhey can be· expresscd·convenicntly, and whelher thcy should be exprcssed in 
such· a manncr.· The ·answer· m•Jst nccc'S~arily. be ·subjcctive, a matter of toste,. 
but 1 lend lo answer atr.rmotivcly. At least an atlempt should be madc to stick 
lo elementary schemes befare using more elaborate ones. Yet, the temptation 

' to rescind this rule· ls real, and the chance lo succumb is particularly great- in 
languages offering a facilily like lhe goto Slalemenl, which allows the instan

! tanc.ous invention of,any form of.composition,.and which·ls the key lo any kind 

1. o( structurallrregularlty •. , · · . 

The follawing tlhorL example illustcates a zypical situation; and ·thc issue-s 
involved. . . 

·for./!- 1 ton do 
be¡ In 

repeat crl(r)~ ok: - trut,• 
J: - 1; 

whlle (}< i )1\ok do 
beeln ok:- al/)"' r;}:- )+i 
rnd 

·. untll ok; 
oli 1 : - ; 

cnd 

07) 

- ' ,_. 

The transcription consists. of lhe reptacemenl of the ror statement with a 
fixcd termination condition depending on the running index j by a more nexi

. ... ble wblle .statement allowing for more complicaJed,· .composilc .termirulüoo· -(or 
·.r•ther· cnntiauatioa) ronditions .. '· JllJI .. tbis·5olut;on 'Bppears quite unattractive. lt 
is admittedly less transparent than the program using a jump, in spite of the 
fact that the. most frequently heard objection lo .the use ofjumps .is that they 



~=- .. .-·"--
obscurc rhc program. lhc orher ohjcrrion ·is rhal rhc ~"l"·kS\ 'c"i"n (17) re· 
quires more comparison~ and te.sts, and hencc is lcss cff~Cknt. 

Thc crux of the matlcr is. th~t ;..ell-strÚct.urcJ. prograr.1.; sh<Jüld~ot be ~b
·taincd mcn.:.l}'~-through th1! formalistic' prÜccs·s. or elimin.;\ling ¡!Oto st:t_!Cil'\c!IÜS 

from programs that were conccivcd with ·thal facilil)' ·in· mind, but thal they 
· \ must emerge rrom a propcr ·design procc:ss. Tw"o alh::rnativc solutions ar\! 

prescntcd here as· illustrations. 

In thc first case, we abandon the notion that the program must ncressarily 

'l. 
be .based on the statemenl .. .'. 

.. 1 : :. : . .-: for 1 : - 1 lo " do · 
a{i 1 : -- \1¡.; nc.x.t suitable numb~r 

1.18).· ... 
.. --'. 

···: 

In contras! tu (20), this "'lution cc•n,i\ls of 1/uu ncstcd rcpcuuons in· 
stC;Id or only two. i..lnU thcrcrurc sccms inferior at first si~ht. In ract. howcvcr. 
>olution. (22) wrns.oul to be e ven more ccc'"nmical. . The reo son is thal in (20) 

' · th:- .lcst Jor :co~tinl!:,,;fm.·d--~ ·_n.jc; ~ictu.:ÍIIy J;nncce~~:¡ry v·hcnCver i ~ j, ~incc i 
;r! j m lhis l"as·e· implics · i < ·j. o1nd bc"Ca\Jsc i has not bccn altcrcd since thc IBst 

. C\"<!IUiltion of 1 ·:s ·n. or -c:ourse~ prllgritm Cl) is l"Onsider<Jbly more cllicicnl 
than lhc ori¡;inal form with a jump (16). 

This terminares our considcrarion of Examplc 3. 

. · The. qlÍestiotl':reriJ~ins opcn, of course,' ,whcthcr jumps can a/~·ays be 
avÜidcd V:·ühout.disadvanWge .. J ~h;¡JI not.venlu~ {O answer this question, par
iicutarly bc~caus~ thc .tCrm ''disndvantagc ·~ · is suflicicntly vugue to admit many 
intcrpretations. But there is evidence of the cxistcnce of sorne charactéristic 

and consider the basic iteration step lO consist of the generation of the nexl ele< ·:and rcasonably rrequent 'situations which ·are expresscd only with difficulty in 
1 mcnt of the sequence r, followed by the test fur itsacceptability.•.: ' ,•: ,,.e· - :.·.:·:.'·.!Crm{of-th·e.language co~.struét.'Ín.tr'tJduced ~above.; A particular case is lhe loop 

· ·¡''. ;;.', '. 
1

. _ 
1
.J,.' •'•. · .. ¡ · .. '.;.. . ... , .·: .. •·,. '· ' :, .. ,.,,,.,. '· .. ·· .:(1 9) . ::·,;-: ·><·iih :'iicitC sl ')n ,(he',middlt,·,;Lately'~ir, ha& .lcd .'Janguage .designcrs. to introduce 

.··•· ',, ·•.·;:'}.;':.~: ,;hile ¡~ n dD .. \ .. ·. .· .. · .... ··. .. : .. ' , • ·.·.: •. • .• • ' >. ·.,:':tb~:fid.éi~~~~~~~oc~~;. :~t:~?.~~irsy :n.s;, ;i[~g2~.i~·;~~:~l~;~g."'g~~·~::::~·la~h;~, ¡~ni~ 
l brgln genc-rar,:•m:):-f'"'r:·· -

·: .. : .. ,¡¡ : .. • .. ·-··.·. i•. • .. · ussign· itto ali 1: · ... , .. '.<·o. :.>..}hai sómelinies ·. solutions are invented that seem to merely replace !he symbol 
check. whelhcr all al/ 1 are dilferent from a!il: : ···•-¡:oto by another word, su eh as exlt or jump. For example, the construct -.. ~ .. ' . . . 

j .... ;~~so, pr~,;•d .by;incrementina 1 .· , '' ~;·\l~:tt;; ~ .. · .(23) 
. . . ,. ;-............ ":": .. . S2 . 

. : This form makes lt obvÍous thal.we areJn trouble, if lhe sequence r should ·be 
. ; such that 1 cannot be lncremented any longer • .Written in lerms of our pro-. 

.. :·: .. : .. 
. ' ·-. -~ -

rarammlng language~· (19) becomes 
. : . ' . . 

1 '• - J,·. 
1 

(20) 

with the parametric stalements SI, Sl, and the termination condition P mighl. 
be adopled to express the.program 

·.·• .. ' whll~/ ... ndo:. Ll b 1 SI , . ; . eg n ;·. 
begln aet(rl; . . . ·lf p lhen golo'L2: .. 
· a(il: -·r;j:·--1~··' ··.; S2; ¡oto'LI 

"hile ai.J•l ..... r·d<>'f'-"~)+1;. ,,.,, .... ·. ..:.· L2: end .' ... ' 
lf 1 - j thert 1: -· i+ 1·· · · . · · · · 

. . ~ . 

' . ,. 
-'·' :.:-

. (24) 

tnd . . ·. _in a more concise.and goto-free form. 

,The second approach to this problem retalns the lías le concepl of the: sol u·· ...... ·.· Expressing (24) in terms of the basic repetitive statement forms does,· 
· tlon as shown in (18). Froin there, its development is characteriied by the fol· i'.' · indeed, often lead to undesirable complications, such as unneressary reevalua
, lowln¡,two.soapshots: ., . : · · tion of conditions, or duplication .. of P.arts .of.thc.progr.am,· as is shown by the .. :.: 

;; . 

' ror 1: - 1 lo n do 
reput scncrate the next r:· 

check lts acccptabilit)' 
unlll atccptoblc 

rorl:.-ltooda ... 
rrpral art(rl; . :· 

a(;): •--r,·j:·- \;:_::·· · 
whlle·al/) Jl4 r d,..J: - ¡+i;. ,. 

•nllll- J · 

(21) 

(22i 

two proposals (25) and (26). · 

r~peat st: (2S) 
tr -P thrn S2 

untll P 
:: Sl; (26) 
"whll• -Pdo ·_. 

· .... bqlll S2; .SI. tnd .. 
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Loop slruclurcs 
. Thc renncmcnl of lhc Sl"lcmcnl in <¡UOICS is suí<.lcd b¡• lhe facl. lhal upon 
· its initi•lion x is cíthor a hlank or :m' o¡>cnin& brackel . . ' . . 

. . ;. -~~-,·· . . '{ . . . . . , .. : : .. 
. Thc lollowing; "n<.l lasttwo, examplcs of problcms are ad<lc<l lo show th;~l 

. :·onen the need for·an r:r:it ilt the middlr construct is bm~cd on u prct.·onn:ivcd nn
. iian rather tha.n on a r.:al nc~.·cssit)·, am.l thal sometiml!s an.\!\'Cil b..:th.:r solutiun 

. . . . . 
. lf X - '...: '.l!ll·n IIL'XI C'f"'it" 

. · .~)kjll rr·":,l.,rnf' . . . 

(19) 
~. · .. ."· 

ÍS found whcn Slícking lO the fundamental conslruCIS. 

~:~.:{; .. }~;·;~¿j';:;}:{j·<:: .. :·:~~!·:~·.~It' ."(:runtll ,•:.- '1'; . . ·.[··. ~ : .. ':;~:~~· '.: · .. ·, (30) 

,.. · :·. :;;.127l .. .. ··: '\"·<: · Ó•lli;:l.n~~·ll:dse'~~oul. the .. Úpccted}in¡ur~cies -ofu~,·urr~nrr of individual 

&amplr 4: .. A scantt~i:' ._,_._ 
. ·,,_. r. ,- .;. 

;. -./. . . . ·: .-.. . -. . . . . 
. t ... 
. . ~:-

. ·-·.· 
.: . ·.:·,. , .'The lask is lo construcl · a: · 

piece of program whích, each time ~-'--'-,.--'------.• -. ....., chnractcrs ''"n tie a rcason 10 choose anolhcr form of lhis program on lhe 
· il is activated, scans an input se

·.' quence of charácters, delivering as a . 
. : result the ncxl character, but skip- . 
·· ping ov~r·blunks an<.l ov.:r .so-calle<.l· 

--~¡ .. :.· -<:·>-~- ··:.> ·---~~-
~..;.. :, : -~.-~·.,.---~.~~.' .. ~--·.'.:-.:_.· •... :: ...... .. 

.._ .... _-:-1.:. '. - -

·:, grounds. of .. emcicncy. ·. For.the sake of argumenl, let u~ assume thal short se· 
.; ::. qué:nces .Qf"illanks are. partiCularly freqüeni imd thal~ on lh~ ·other hand, im· 
,:':';,. n;-ediat'hTr' adjaéérit .. comnienis are. éiitienicly rare, This lcads us lo an equally . 

'· ·corred 'allcrnative·Jofm of· (29).' namely ·. ·· 
commeniS>;:· N comme~r': is!·dt:!\net.l:·lO: 
as any sequen.-.:. of. dtar•~ters• start,,· ,. 
ing with a left bracket and cnding · 

. with a.righl.braéket.,;.:. , .. : ::. ::i' . . · 

... ·' 
: ~.· 

_.;: 

: '. ·_·.:.·:.:·--~ _·. : __ -~-- . .-- _ ..... :·-. .:·.f;.:'}:t·. ,' · .. 
: -~ ·. -·< "'skip con.secutiVC b1anks, if an)"':· 

. __ :-.; ~~·skip Conirrierii~: if uny.. .· . ..... ·~-·::: .. ~;·. -.;.·· ·::. · :: .. :-~~-~-~:~i.-:·~-n~~-:.:~:· .. _ -; -. · . . /. : 
.,_. 

. (JI) .. 

,:· .... · ;. 
:·-···;::' .. 

' •. -;¡:-' .. , . 
. •• -j.~J ... ··; ·::..: • •. , . ·::-=·- 1 -~·~ '·-·. 

. . ;.¡.his t seariner'~, aiútd:, !Y'íi;c~ny · 
occur as parl or-a rompiler.·· A com
mon solulion is indicated by lhe fol·· 
lowing nowcharl (nrxt denotes lhe 
operation of reading· the ncxl char- · 
acter and assígning lt lo lhe resull 
variable x) • . _ . 

-. '\·~i'\íi'~[f <,.,~ '-' ~·.The'lirst;of:the twa· slalemenls is readily expressed as·. - · · · · l, 
--><: \·;:~;>~:;~- J~~~~~~::-·~:_;;·~;·.:\·:·:~~1¡; x -~- '~' -d~- ~tXt :. .; -~-: > '.· .. ·> 

>-....-:-'--..· . . . . Ylh~r~~~:, i~i'i~~:~~ is alre~dy ~laborated i~ (~~~. 
'(32). 

. '· . 
.-... 

· · · · .. - . ··At:sum~ :-lha( v.-e itre lo 
This proo'Tam clearly .exhi.bils !he. loop structuri: .wilh exil in the mi<.ldlc, . ·uc~i~n .11• pru~r"m 10. mullipl)' . 

satisfyfhg !he onc-enlry•one-cxil prcrequisite. :· fnslead·'of:proposing·a SUgHesiÍVC:.: . IWO non·ncgative inlegers a 
form· for.lhis conslrucl in scquentiallanguagc, however, lel me lackle lhe posed and b wilh the use ·0 r addi· 
problem In a· difl'erent mnnner. Recognizing the main purpose of the progrom . ··!ion, doubling, .·ahd halvlng • : 

1 
u belng the rending.of,the nexfcharacter; wilh lhe a_ddilio. nnl requcsl .. ro .. r. skip~. l L h l . be'. 
pi 1 fi 

on y. e u· 1 e .. res u 1 .• l. ~~ ~~er blonks. and commenls, propase a rsl vers1on as follows: rcprcscnted. by a variable r. .;;.. ·;:.: 
' '· · . . · :;: · .... .. · · · . A well·known and emclent .• ,. ·. 
\ -;· nr.tt; .;. (lB) method is "Shown by the. 
i ,; ll'hll• X In ru•, ·n do Oowcharl 81 right: 

"skip.~lanks and comments" 

· ~. The cor.rectness o(. this. progr:lm. is easily esloblished," assuming tbal. 'he.., 
ltaiCment· in:quotcs performs:.whaL·IL says> and nothlng· more •.. The dellnition o f ... 
lhCo whlle'stntenreni.'JUirantc=s 1hdl·the .resalling" valuc:·o( :l'·Ís.neilher· a blnnk ·•· 

. nora c:omment; ·no matter In whal way ·tilanks and ·comments are skippcd. · 
·:--,..- ,; -~-

.-(_ .· •, 

·.·.·j·,· 

';';· . . .. 

., 
,· 

. •,. 

. SI 

... , .. , 

.. :-. 
,. :- b 
1 :• o 

T 

r ,_ r-1 
z:•z+a· 

T 

(33) 
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This program. once .afain. clcarly c~hibit~ thc loop suuctur~ with C\ÍI" in· · ~utc that the iO\'arianl c4uation combi.icd ·with lhe ncgation of lhe continua· 
.... lhC middlc. 3.nJ tJ,crcforc COlMC't be. C~f'rCS...""I!L!. 'lC: :t "'ir.••.h:."h]l,. ct.:,l•.:"~""~.:tll. :(1 ·:·:tion rondition yicJds.(Y..,. 0) and (..\•_r+:- clbJ .. Í.e .. the dcsircd fCSUit:-

:~'-:\ ~~ ~aUy_'s.ciu~~Z(d intn thé:,s~mple: loop [Órm by._dífi'phci}~S the lo.·~r .-t~r·n_l:n~!~.i·~~ · ¡: o•_h. ~· . -~--- . ,.:_ '··,_- .-. . . .· ~ ' 
· ·. -test, 'posi~iOniól; ~it ~in rrOnt .'O(; Stutcn1c"i1t SI> . Thc:_ 1(lr~'i!f:m1 ~ 1 hci1 cih~:íiil~:·th(" ·, · · · · · 

· · · · · · ~. · · · · · ' · · · · -~ ·_. ;>J(wc 'nü"· inscrt any'·statcmcnt at lhc rlacc of thc invariant which )caves 
:. ;;·:~~-~l,~nown form · .. ,·... ·' . · ·. . ' .... :, . . · . -'·• ·." .ihc producl x~j· unch:mgcd, thc rcsuh of thc !''"~'"m will cvidcnUy rcmain the 
_,. . x: - u: y: - b::: - O; ... IJ4).' ·,. · .. · .. ·'·.' samc. ·such a statcmcnt is. e.g., !he pair of ussisnmcnls 

.- :'· · whllt y"' O do ... 
·.·, ·' · bosln ll'odd(y) lhen y-- ydh 2· x:- 2•x · . ...·~;::· (36) 

.· f' I);. ': ,~: :~~~n ~: - ~l; =,: ~ :+ ·' ·. ' : .. ·; f. '·,~ · · .: .. : . ~: .• und~-¡~·.--~~~Jf;i~.i~~~:/y. is :ev;{ .. :B~¡' ¡(~::'~;~t;i~:~:';~v•rianl over a state· . ·.· 
·, ;· ~ y:- ydl• 2; ;; - 2~.( · ·. :·:.:.:-. · · ·,·menf.Tifremains ~o·rcgardless of-.how:vfteíi the statemenl is executed. ·This 
,): . end . .. ... · :::·, : . ., ., .. ' :. ·susgc'sis ·!he follo;,.·ioig, quiie ·. evidcntly. corree\, cfficient, and elegant solution . 
. ·: :: .·., ·.:. . . lt contains no exil~in-the~middle loop.·,;.'• ,_, .. _ •.. · . .. . . . . . .. . . 
': ;· .. : · This clearly does not change the elfecl of the program, beca use if >' ,;.. o' at . . . . , '· ... 

. · ·¡·;nkry~~- tfe'n !_.~~·~;~l~-8:d~~i~~:~~~::;. i;;:u",'r~Ju~;~J~~v~s~~i~~~~;~f.~:~ ~¡~do; .. ~~.:¿:;}~¡¿;¡~-~~*";:p.=~:~~~tf~i;~:~~l·, .• :·{:~'l{t)Z}\ ·: ... ~~~-~- :::'-
. :' lhe..81i . .,bttry~·.vn:mhla:x and y.m,the.case,of.y.- L-: But_I~IS; adrllllonal.elf~ct.,o~::.;¡.; <.·~.·:.' '<:J'O:bogt~·.lv >~O.and'~.Y+: ;.. · i>~bl · '"·::;' :(•:.:,/=."' ''': :( · :' • 
t:moite·. undcsirable;.-no~:~o· m o eh bec:-•use·.of,tbe.additionril::.Soireifiunu<:··ánd .u.~e,..:; .-::;. ·.:.: :, · .. ~:.:.:· . . '· whlle'.néio'c~) ·do·, :·.o:_:>.:· _:;::·:·¡:. :' · .'.': .. _:·.; _:'.1 ..-<:· : · · 

. . . (37) .. · 
','\. · .. · . 

;.·· 

· i· l.::is . computatiQII, · but 'beco use lhis operalion m ay be 'tiarhtrur:'by ', ·c-dusirig _.:' .. '.>!:· .. -.. ; ·" ~; .''-'' briln y;";.. .v di..- 2; x ·, -· 2•x : :, ·· · · · : ... · 
• • 1 - • 1 . • • -. • •.- ·- '-~ • • • . • 

,~, 

·:;.[ overnow of lhe arithmeUc unil. Should we lhcrcfo~e rcsort lo !he ~i<ikj~~~-~·~·:>:0l}::.;¡,'::c'' :0 ond; · . , . · · . :· · .::.. . .· .. : ,. r.-.) 

::_ middl: v;i~::~;·;o;;J;i~: wa~·shown.to me by~-~ ~~J~itr~. ·He ~;b~os~~ ;o~~~-~~:::··(~~;,\·iit:~1:7~:,f~:~{7L·~~;:;f:~t;~~~~~'h:~f/;~j;:: /~ .. · , .' 
, tackle lhe P.roblem B! lts rools, inslead Of lrying lO remedy 8 preconceived pro-.:':\>.::·,:: So'.:nu~h ·for e',compl~s,· whose· purpose ÍVaS .. lO sketch and ehicidale lhe · . 

. : 1 pos al. The ~~~ obvious muhiplicatlon algorithm und~~ !he ~lol:d c~~sl~oin~,;o;/ b .. si'c ii:le.as .• ~hind ,~~: ;!fl_CI~ods .! of :~l~u:étured .• programming and slepwise . ; 
. ls the followong. . . .. .·.::: . -:, ._.,.,,. refinemenl. ·:·: :. . .. ·:Y··'· ..... ·. co·. ·.·.• ..... :•,.. . ·.· . . . . ! 

; ~~;;: ;: ~ :0 ~.b: ·.: ~O; . . . . . • . ., .. (35) .• 'Jti::~~·~~~¡f~¡~~¿,(:;: <·~~W;\,: .. \; ~·;:: \: \ .. ,, . e-· 
·i. _;_~~---:;~ .· 

; -·· 

brcln .. [J.:> O and·.r>y+z .-· . .,..b} ... . : ·:.:o:· _... · :: .. :. 
·Y:.·- y-1; i ;. -· ·d•x ..... . · .. >.::. Skeptiés wm:· o(course, doubt thal these· methods represen! any progress 

·. end · _.:¡i· . .-.·.: ·. . . ' ·C . • overthe lechniques of the old· dayS - in fa e\; lhat lhey·are mrthod.< al Bll. 1 can 
. · · · ·: .... ,.. • · . . . · . · 'mercly say thal in· my·own experience, !he new approa'ch "has imp .. >v,ed m y alli· 

· Before we· slart out trying lo lmprovc this vcrsion. wc observe thal ot the · ludes and abilitics towards programming.very considcr•bly, and the expericnces 

·.¡•. 

.OUISc! of e8ch rcpctili~ lwo conditions are snlisfic<j.. · . of. othcrs confirm this imprcssion (1 O, 11). A systemalic, ordcrl). and trans-·,.:. ·:~ <;,.-- .. 
_.: .:~' · · . paren! approach is mandatory in any sizable projecl nowadays, ·not only to make 
... .t.;.'· y > O follows .from .. the factthat y ls a: non-negative intcgcr·'~·nil ::·. it, work· properly, bui also 10 keep the programming cost within reasonable 

2. 

. 

.nol equaltÓ zero ... · . . ··,.bounds. · h is.the very·factthal computation has become very cheap in contras! 
_ry+z- a•b ¡5 invarianl under lhe two repe~led nssignments:·~<:~ Yi' ···.with salaries'of programmers, that squeezing the machines lo yield their utmosl 
(To verlfy this claim, subslltute y-1 for y and z+x for.z; this_: .• ·: .. ~),:,·=:;n speed has become much less impórlanl lhan reliabilily, correctness, and or· 
ylelds ,r(y-l)+(r+» - ..-y+z- a•b, l.e., the origirl31 equa-. , ·_ganizational darity. ll is nol only more urgen!, but also much more costly lo 
lion.) Al.e.nlr)' .. tbe:equatlon .is. satlsfied.. since z .. .,.. a,.x.- a,.y. corree! an efficienl, bu! erroneous program, !han lo speed up a relatively 5low, 
,.. b. ·bu! corree\ program. In the pasl, the debugging phase has taken a ridiculously 

laige percentage of the development cost in mosl large projects. The aiin now 
··. ·, is to·eliminate the.necessity of debugging by creating bug•free·products in the 

' .. .lirst.place.. .. .Doesn 'l. this. brin¡.to mind .!he medical.slogan. ~·.preve.ntioa is better 
!han healins"! · 



• 
Th~ crriki;;m h:.!.i- b:.::::\ 'w'OII.:'~J t~:·t ~~~e m~tlwd of strw:lllr·;U :-tr~t:Jfall\lliÍnl;; · 

is in csscnc~ nothin~ mOre th:Jn prlJ;r..rr.min~ ll} p..tio ... t..tkingl)' J\'Oillin:! rh:: tls..: ·r¡ r · · · · · · · · lC. nrcgcnng tll"l:U'isiun alo.;c, implics :•n :•n-. .... cr tu thc quc~tion of whcth· 
. orj·urnps (,..ola St.:ttC:nl!.!OLS.L Ont: nlil)', md..:cd, C(Jf11~ tO thi..; ccm..:lu:::inn b.\' lll•lk· 1 ... 

b ~r "lrllt'lurcc rrnt!r:1111111in~ in ••n un..;trw.·tuf..:d l;tnl,!uaec {s.uch ~s FÓRTR,\NJ 
ing al lhc COlirc ÍSSUC! in lhc fC\..:hlo! difl.!l..'lion. 1\~11 in raL·t." th..: mcth,:d \tf Skj'·· . 11 J · \V 

~\ !:u;'•, c. 1 '~·"".'- h;•t i~ ¡Ht\ ... ihlc, howcvcr, ¡.., !-.lrut·tur~:U ¡>rtJgr;tmmin& m 
\ wise dccomposition anU rcfinl.'ma.:nt of thc prut!f.lllllllin~ l:J'ik autnm:1tkally lc;~ds •' t11 r.hcr h:\'cl bnt•u;1¡!C flnd suh.,~t¡ucnt h:md-tr:•n~t; 11 ¡ 00 into thc unMruc· 

lo goCo·free programs~ thc abscncc of jump:ci is not th~ ini_th1l <Jim, but th¡,; linal tu.rcd bngu;1ge·. Thc c,:or~ 1 1Jary is th;Jt."•"lh.:rcas lhis apprn:u.:h may be prOJctit·<.iblc 
outcome of the eXercisc. The d<lim th:ll str'tit·tu~~d prn~;r.1mmine! was i!1vCi1t~.!tl .~v~lh ~h~_j 1 11m~st c:;u.pcrhun'l;u~ clic;ciplinc or 3 compil~r. it is hi¡;hly unsuitcd for 

·,._.;by "proving ;that aii·.·Programs can bc·rormulatcJ withnut j!oto staicm~ntS·· is.· lc~1 ~·11 111J..:.f"HOl~~:q~ 1 mmg. .. ·Rccog.ni?.ing th;¡t thcrc ffii.l)' be V<tlid economic rcasons 
lhererore based on a rundantcntal misundorstandin¡;. . ·rorlcarning i'nc/ing in, s:ty, FORTRAN, thc u•c oran un,tructurcd lan~uage 

10 
The question or whcthcr jump' en ter th~ picture or no t. is ba.•ically a ... lCiiCh.J~~"¡:/11//IIIIill¡: - .. , thc .art or S)'Stcrnatically <lcveloping algorithms - Con 

matter or the leve! or dccomposition or refinement lO whkh the prograntming no lo!l~Cr be ucrcndcd in the contcxt or computcr sdcncc cducation. The lack 
. process is carried. ·Uitimalely - lhat is in machine code - thcrc can be· no· .or "n··~dc4uotc .mudcrn tool on ·¡he iv:iilable .computing racility .is lhe "only 
·~ · douht ahoul the presence or jump inslructions .• The· mÓral of ·¡he ··slory is that,. · romammg excuse. · · · · 

·. ' . . . , . . . .. . . . . . . .. : . . 
.¡·umps must nol be used.in lhe initial conceplion or·a· general algorithmic.· stra·.• Th. e 1 1 · k. · · ····r ·· · .. . . . as r~mar conccrns an aspecl.o "structurcd programming" lhat has 

tcgy, and in r~ct should be delayed as long as possible.· With tou:iy's•statc or not.bcen IIIUmiOntcd· by the forcgoing examples: structuring consirle"tions or 
·teclu\OIOoy, th~ introdu"tj;¡n·of jump·in>lnn:tions ''"all ·b~ kft lO ¡;ozn¡>ilers of·. d ·' r 1 • pro~ram "n ... u ata .are o ten .e oscly related. llence, it is pnly natural to subjecl 
lan~uages .that Óffer adcquatc, judiciously choscn, disciplineu structuring facili· al so thc. <peczlir.ot 1on. of ·data lo n .process of stopwise. iefincmcnt. ~iorcovcr 
lics.. ./: . . : ... ~-: -r~-~f:¡~· ·;:_, .... · ~ .. : .. · ......... t_~is pr~cess··¡s naturati)' carricd out simultancouslr with the rcfinement . .of th~ 

.... One or lhe ess~ntiai·'racilitie5roi·this purpcise·; be~·iu~s:\:'p~di.\iim·.ii an'd ·r~,::: r,rogrom.: A language r:nusl. thercro\g. not only alTer program structuring racili· 
· ·; petitive statements, is the recursive procedure. lri many cnsifi' ií·em~rcú. as)hc\>1•cs, but an ~dc~.~.a.t~ sef of systcmatic data structuring racilitiés as well. An ex· 

natural rormulotion or n solulion, such os; ror instance, in mo't c:Íscs"i>fdlo-ck~\~arnplc,~f)(h!S,::d!rectiOn o.f language devel.opment is the programming language 
tracking algorithms. Haruly nnywh<re etse can a natural .. cundso, anu ortcn·.·:PAS<;:AJ.:. 12,. .131. Thc .•mportancc or thts aspect or progromming is particular· 1 

seJr.explanatory solulion be madc more obscure ami m)·stirying \han by replac, .. ly ev•dcnt, as we rccogntze·lhe data as lhe ullimate object of our interest: they 
·., ·, ing its recursive formulalion by one in lerms óf repelitici~:and.-·wcll ..:.':jumps .. ,·,represen! the arguments and rcsults or all computing processes. Only structure 

. : ., . .~This process should definilely be lefllo a 'compilcr; as il conccrns what is i:alled . enables lhe programmer lo recognize meaning in the computed inrormation. 
::>·' coding rather \han programming (code ·~ ·system of synibols used in ciphers, · 
< ·secret mcssages,. eté •. (Websterll •. MÓdern programming systcms. however, Acknowledgment 
·:·. offer efficic.nl implementations cr. recur.Sion, .and thercby rnak.c .... programming,. 

; around recursion~~ a·largely. unnecessary excrcise. 
·.' 

' .Whercas a leacher should not and must not pay attention to "perccnt is· 
'su es" as lo efliciency while explaining and excmplifying mcthods or c·omposing · 
well·struclured programs, a profcssional programmcr may wcll be rorccJ tu do 
so. He may somelimes find a dogma of sticking exclusivcly to a rcstrktcu sct · .. 
of program·structuring schemas loo much ora straighl-jaáct, and·lhé templa' 

· tion to break oul·loo powerfuf. ·This wilkbe· \he·· case ·as long :as. compilers are·.: · 
. insufficicntly sophisticated lO take rull advanlage or · disciplin~d Slructuring.·. 
Naturally, there will always be situations whcrc a compiler is either denied lhe 
full inrormation necded ror successful code optimization, or where it would be 

· unable lo infer \he necessary conditions. 11 is lherefore entirely possible lhat In·. · 
.. lhe fulure a more inleractive mode of operation belwecn compilcr and pro-
. 'grammer will emerge, al leasl.for lhe very sophisticated proressional. The pur· 

1 
pose of lhis inleraction would. nol, however, be lhe developmenl of an algo

'rilhm or the
1 
dcbuggin¡ Of 8 ·prognim, buiTBiher·its improvtmt"t·UIIdtr invarianc~ 
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Programming Standards 11 

1 
lntroduction 

The use of standards should achic,e a system that has a uniform structurc and 
mtcrfaccs. and males consisten! use of software techniques (cf Part 1 "-t" 
4.3). . • ""'- lOO 

The following is an extrae! from existing guidclines which were drawn up for a 
large number of personneland apply to many data-processing depanments. 

The chtef programmer IS responsible for ensuring that the guidelines· are 
observed. Random checks may also be made by a higher authority. 

11.1 Programming Languages 

COBOL 

ANS-COBOL should. in princtple. be the programming language used for 
commcrcia1 applications. 

Assemhler 

Asscmblcr should be used only for problems that are impossible to formulate 
usmg COSO~. ~htc~ ~ould require a great effortto formulate using COBOL. 
that mvolve cnttcalt~mmgs or that must satisfy particular requirements beca use 
of the wa}"\jley are '":'plemented (e.g, standard software). 

Approval must be gtven for thc use of Assembler. Whcn Úsing Assembler, the 
same nomenclature rules apply. so far as possible, as for COBOL. Registers and 
constants should be gtven symbolically (using EQU). 

11.2 Strucl uring 

Structuring con\cntion' for COBOL programs: 

( 1) Thc program organizatiun is stricth· dcfined. 
(2) Cpp.:r lcvcb should contaon mainl): control function,. 

~53 

Prot;rom level 1 
p 

· Proorom level 2 

Proqrom level 3 

Utility 5oubprOQrDITl5o 

Figure 11.) Pr0gram organiz.aüon 

(3) Thcreshould beonly one STOPRUN orRETURl' (in the highest structure 

block). 
(4) There should be only one l]';PUT or OUTPUT "a temen! for each data file 

and processing mode. 
(5) ,subprogramsshould be called only using PERFORM and ld"t only by EX !T. 
(6) All subprograms have one entry and one exit (dynamic and static in the 

same place). 
(7) Subprograms may only be ca11ed al directly subordina le level (excepllon: 

utility subprogram). 
(S) GO TO instructions may not lead out af thc subpr~am. 
(9) The names of the subprograms should indicate tbe positioo uithin the 

hierarchy (cf. Figure 11.1). 
· ( 10) The sequence of subprograms should be listed in the order correspondin! to 

the program organisation. 
(11) Loops may not overlap. 
(12) When represented graphically. a structure block should not exceed onc A4 

sheet. 

11.3 Formation of Strurture Blorks (Figure 11.2) 

Structure blocks are built up exclusirtly by adding one to another (sequence) rx 
by inserting one basic element into another. When adding one structure blocll<> 
another, the lower edge of the preceding structure block must meet thc lll'f'C' 
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Exomple 
PZ Nomo 

@!)Neme 

SORT doto file 

While condihon 

Y os 

INPUT PROCEDURE 
OUTPUT PROCEDURE 

lf tOf'ldition 

1 
CYCLE 

~Noma· 
No me 

- No 

Y os IF condihon -----No 
---r-- CASE ~~ 1 r.:- ELSE 

No 
...... n 

lr21l r-- lzo•l Norne 

Na me r--

f:~"" -- WHEN tondition BREAK 

lz021 1 Neme -1--WHEN condition BREAK 

PZI Nomo 

IF condition - ji!!!IJ Nome 

P22 Noma -
CASE 

1 
2 
3 

'- n 
ELSE 

P23 Name 

1 WHILE condition 

1 
[JJ Colled subprogrom (PERFORMor@ PASS) 

Figure 11.2 Form¡.ttion of structure block~ 

~1 

1 
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.,e of thc followinp structurc block t•xuctly. Whcn imerl1np cierne t. . he mncr 
clcment (or thc scquence of the inner clcmcnts) muSI fill thc oulcr rcctanplc 
cmnplett'ly. . · 

11.4 COBOL Comcnlions 

Formal comcntions 

l..c:vd numbers should be allocated in l!roups of five so that it is easier to makr 
la ter additions. lndcntations should follow the l!uidcline~ in thc COROL form. 
All PICTURE cntries stan in the same column (preferably 41). 

Examplt 

01 ZI-EXPENSE-RECORD. 
OS ZI-ACCOUNT. 

01. ZI-ACCOUNT-1-6 
01 ZI-ACCOUJ\'T-7-9 

PIC Xl6). 
PIC X(3). 

Paragraph narnes should be -.Tillen on a scparate line. Thcrc should be only one 
statcment pcr linc. In !'Cncral. statemcnts should stan in column 12 (exccpt JF 
commands). For IF commat\ds. the commands that are cxccuted for the YES 
and 1'0 cases should be indented (usinl! the !'uidclincs in the COBOL form): 
'ELSF should be -.·riuen on a separa te line and stan in the same column as thc 
preceding 'JF. . 

Exomp/P 

MOVE EI-CUSTGP TO ZI-CUSTGP. 
Ú230-05. 

JF El-TYPE =-320- OR -330-
ADD EI-VALUETO TI-VALUE 

ELSE 
ADD El-PRICE TO EJ-VALUE. 

The headings for data ddinitions and sub-progranis should be clearly indicatcd 
using ·•· cards. 

Security 

This should record all modifications to the progra1JI. 

From: 
On: 
Vcrs: 
Name: 
Modification: 

Date of thc application for amendment (clear eros~ rcferena:) 
Date of the program modification 
Number of the version or modification 
lnitials of thc programmer 
A brief summary of the modification or ~he referencc lo 11 

document must be given. 



Exomple 

SECURIIT MODIFICATIONS CARRIED OUT 
5
-

FROM ON VERS. NAME MODIFICATION 
09.01.74 23.01.74 001 Bl NAME OF COUNTRY. 037 BELGIUM 

PERMITTED 
18.06.7~ 10.08.74 003 KEI -\DDITIONAL FILE ISSUED FOR 

COJSFIR!\Il~G DEADLINES 

Remarls 

This gives a brief description of the components. Abbrt\·iations that are used 
La ter should als.o be included ,here. 

Examplt· 
The example is that given on page 121. 

Remar h. 
This program lists al! order transaction data according to the criteria given 
in the para meter cards. Within these criteria, the summaries and listings are 
in the sequence specified by the u ser on the line para meter cards. Tbe listing 
of order transactions comprises the data for orden and turnovc:r and the 
sales statistics listing prints the data for tiUl!OVc:r and expenditure. 

En•~"ironment dh·ision 

Se/ect 
' The name of the data file is allocated in the specification phase. 

Examp/e 

•CONDITION 
FD '{F75201 

FILE 
RECORDING MODE IS F 
BLOCK CONTAINS 1 RECORDS 
RECORD CONTÁINS 513 CHARACTERS 
LABEL RECORD IS STANDARD 

01 
DATA RECORD IS E:U:ONDITION-REC()f¡D 

E3-CONDIHON-RECORD 

In BS 1000, coluinns 73 to 80 <:an be used for: 

(a) date of the modification: 
(b) number of the application for modification: 

257 

·ce) propam number: 
(d) othcr idcntification. 

The use of thcse columns must be consisten! with.in a system. 

Nute 

In BS 2000 this will rc!tuh in 30 to 40/. more space u~ in the !.ciurce prog_r¡,¡m library. 

11.5 Structure of a COBOL Program 

ld~ntification dh·ision 

Author 

This should indude the nam<:, office. location. and tekphonc number of the 
member of staff. 

Exomple 

IAUTHOR. MEIER. N DD VE 15, MCH-H1BR, TEL. 42KK81 

11.6 Recommcndalions 

(1) Use condition names (88-kvel): 
(a) to interrogate coded field (IF MALE instcad of IF EI-SEX = 1): 
(b) to interroga te status \'ariabks (sv.itches v.ith more than two sutes). 

(2) Switch names should describe the processing state: 

(H 10-DATA-FILE-OPENED. HII-FIRST-PASS in<tcad of SWITCH-l. 
SWITCH-2) 

(3) Switch values should describe symbolically the state o{ the switch: 

(YES. NO instcad of 1, O) 

(4) Clarify the COBOL code adequately using comments e• cards). 
(5) Subprog:rams should be a rcasonable size (up to 200 instructions). · 
(6) Program listings clarified by Se¡>arating: divisions, da•a arcas. and sections. 
(7) Data fields numbered in ascending order and wrinen in the correct sequc:AO< 

(auxiliary fields, constants. etc.). 
(8) Definitivo data names as defined in the specifications. 
(9) Constants in the WORKING STORAGE· SECTIOl' defined by valu< 

clauses. _ 
(10) ldentifying: constan! with program na mes. version number. and associaloed 

data at the stan ofthe WORKING STORAGE SECTlON: this const.a!lt 

should appcar in the program log. 
(11) Definitive section headings. . 
(12) Paragraph names on a separate line a-nd 11umbc:red in ascending ord<:r 

within a section. 
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•· ; . -. .,_.,/T~P.J¿ tl:'L'Use ofCOBOL instruclions . .. ... • .. . :.:'·.. g~T~--~1\'ISION ·••· 

·· ··~~¿.o'-.i,;ff~ri~lf~~~~;"······•. ~";t~'Iotii.:;;7~~,S;· · ·:.{":~;r~· ~/· ,;•~·: ~;~$~~<::~~L.~ 
?.·_:_. .•. ":c . _,. 

···~·,:~_··~SA0~.YtlEi~A:TRc~?F•iORR~I{~;E~F-:_L. ·b .. -.---~.---.·_._o_.-~"~- '· • :=;·· _·:,_._::·--_-.::_~·_.'_; ___ ./i_>_:_:_··.·._j:.'_; __ •. ~_._::: .. _> ···_:._·. Y"'' .-. ·:: .. ';>. ., . ·. ~~~~~;~~-~-¡l~}~~~~~:~~~ 
~ <e.-1 • - . . b.ast;.ilata ñlé~.~~~Ól';r~(,r.i: ¡)-¡le of 

, ! · ·sub:-,rccord: etc.)>.-.('-~··,:->·:_:~~- :'::·c. ·· · 
. DATA rM\'ISIOS 

RENAMES use 

.REDEFINES 

PROCEDURE DIVISION 

ADD CORRESPONDING 

MOVE CORRESPONDING 
not possibl< when adhcring lo thc 
data namc convcntions 

SUBTRACT CORRESPONDING 
ALTER . 
GO TO (als}ao TO DEPENDING ONJ 

PERFORM THRU 
IF 

doublc negativc tests 

BLOCK COI'TAINS ... RECORDS 
FILLER 

always if th< fidd is not addresscd 
(cxe<pl when using •'ith COPY) 

RECORD CONT AISS ... 
CHARACTERS 

REDEFINES 
Redc~ning data names must contain 
tbc rcdcñncd cbta names 

VALUE . 
if a fi1Cd initial value is rcquired at the 
outsct i.nlh< WORKI'NG STORAGE 
SECTION 

COMPUTE 
should be uscd for th< sakc of clarity 
for comprehensive arithmetic oper
ations. whcrc a largc numbcr of ADD. 
SUBTRACT. MULTIPLY and 
DIVIDE opcrations would be unclcar 

Exccption: 
only withio a SECTION and in a 
forward direction and for forming loops 
within a SECTION 

¡ 
1 
! 

<-:-_---:;_ ______ b nuinbcr or rcfcre;,.,.; af,tbc ~~ 
'------------'---'-- a idcntif)inl lcticr' · · ... · 

PROCEDURE Dl\'ISION 
Scctions. CQLljMBUS p.-ocedures 

a b - d 

E Jnput arcou \.. 
A Outrut aren 
S Son arcas 
\\' l: O areas 

Z lntcrmcdiatc .arcas 
H Auxilia!)· fic:lds (""itch. stotus ,-.riablc:) 
T Tablcs 
1 lndU. (b is thc-...-i..l numbtt ~f the 

rcb·.,nt t41Nc. d IJl,;,l)' be omincd) 

1 ,L.-------- d dc41r1y dcfinitivc n4lmc 
L.---------- b number .accocdinr to pr~ram 

or1aniz.aüon 
'-------------- • idcntifyinr lencr 

Paragraphs 
b (d) 

P sc:ctlon in thc hterarch\· 
Z Utility sc:ction -

1 IL. _________ d clcarh dcfinitivc iu.me 
b seria( number •·ithin a section 

Fi~ure 11.3 1'\ammg convcntions m COBOL program~ 

03) Actions for spccial exits (AT END.IN\'AUD KEY .... )on a separa te bnc 
and indented. · 

1-1.7 Data Dictionar,-

As already explaincd in Section 3.4. it is nccessary to set up a data dictionary m 
order W ha ve a clear document ofthe data required for processing. This becomes 
more t~ponant with increasing use of data-procc-ssingand increasing integration 

259 of systems within the company. . 
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The purpo>e of the data dictionary is: 

(1) 

m 
to re.:ord a\"ailable data. describe data (e.g. na me>. brief de.criptions. etc.): 
to distingui>h data (contcnt of data and description of data for thc purpo"" 
of clarit) 1: 

(3) to pro,..Je information about names and brief de.criplions: 
t41 to pro, >de .informa !ion about the range of data: 
(5) to pr~o)\}d~ information about d~pendenci~~: 
(6, to pru\ kk mformation ahout aut horil~d acce~s: 
(7) to provKie information about ~curity mea~ure::.: 
(8) to formali.ze d.,;críplions of data: 
(9) to standardi.ze de>eriptions of data: 

r; 
1 

( 10) to act as a too! for d;,;igning or reorganizing data structure> and data 
storage: 

( 11) 10 be the basis for impkmcnting systems. 

[)e,;criptions of the (data field. data record. data file. data pc~nencc) should 
include the indi,idual points suggested in the following scction. 

Content of a data dictionar)" 

ldt·ntUlnJtion 

Brief designation 

N ame 
Meaning 
Synonyms 
Valid urea 
Revision number 
Validity 

Form 

Fonnat;structurc 
Range of values,length of records 
Data files used 
Compression '-
Form of storage 
Mcthod of acc-es> 
Rcorganization 

Rda1ioml!ips 

Formal rclationships 
within thc task 
to uppcr and lower levels 

logical rclat;~.,ship> · 

(observe the conventions of the 
programming language) 
(in full-normal business .terminology) 
(including ditTerentiation from similar data) 
(brief designation of similar information) 
(where the description is valid) 

(from to) 

(c.g.length of fields. sequence, record format) 

(dctails of the method of compression) 

(e.g. HASH. ISAM. VSAM) 
(pcriodic or specific conditions) 

(system. program. elementary process) 
i· 
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Toread 
To readjmodify 
To readjmodify;deletc 

Authority lo rclease 

St·curity }.f,·tuuus 

Ri~l classif1cation 
Archi\"ing 

262 

(protcction and security of data. cf. 
Par! l. page 80) 
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(4) Other req~¡;;;;;,ents; 

(a) usage; 

--, 

(b) emulation; 
(e) examination of costs and sehedule: 
(d) probable run times: 
(e) documentation. 

Fllndioa of the components 

Í/ 

Th<: func1ion of the components should be described withoul gi'ing delails of 
specific applications. Tiüs scn·es asan introduction lo lhe componenls. 

E.<ample 

Remarks. 
This program lisls all order transaction data according lo the criteria giveo 
in the para meter cards. Within thesc criteria,lhe summaries and listings are 
in lhe sequence specified by the user on lhe line para mete< cards. Th<: lisung 
of order transactions compriscs the data for orders and turnover and the 
sales stalistics listing prints the data for turnover and expenditure. 

Definition of the data-proces.,ing design for each componen! 

Structure 

The structure of the components is determined by system requirements and is 
formed of structure blocks. lt must be very detailed so thai other programming 
departments can execute the programming without significan! queries. The 
following points should be considered when determining the structure: 

O) The structure of the components should be refined in stages from the top 
downwards by subdividing and expanding. This produces the structure 

blocks. 
(2) The structuring should be done in 'levels'. A leve! is formed by c'?ll"'·ting 

structure bloaks which contain a similar amount of detail. 
(3) The determina~on of a leve! may only begin when the preceding levels have 

been fully completed and defined. A leve! of structure blocks is complctely 
defined whcn: 

(a) thc numbcr of structure blocks which it contains is determined; 
(b) the interfaces of each block 10 the nextlevel ha ve been described in deu.il; 
(e) the content of the majority of the structure blocks has been completely 

expanded (i.e. programming can be commenced .. ithout further 
comments bcing necessary). Structure bloclc.s which oonuin functionaloc
system material thal kas not yet bccn defined should be sketched in 
outline anda ROte aude that they should be completed late<. 

i 

1 

(4) Th<: following rrquirements should also be considered "'bcn forming the 
st.ructu': blockL !bey should ~ of a reason3ble si~e. i.c. 

(a) they should not. contain more than one decision tabw:; 1 J_ 
(b) they should not exce<:d approximately 200 instructions or 

20 independent conditions. 

(5) Input and output should be executed in separa te structure blocks. 

Program organization 

The structure of a componen! is sct out in the program organization (Figure 4.3). 
:n'is is the structure of t.hc: program represented as a structure diagram. 
Hterarchtcal structure blocks, ... ·hicb are firmly establisbed in the bierarchv. 

should be distinguishcd in \be diagram from 'utility structure blocks which m;v 
be referenced from ><:vera! structure blocks. · 

When defining the program organization: 

(1) The connecting lines must indicate the paths between the ~tructure blocks. 
(2) A path between the structure blocl:s may only go vertically without 

bypassing, i.e. blocks on the same levcl rnay not be connected to ea eh other. 
(3) Ut.ility structure blocks should be st.o...·n sq>arately from the hierarchical 

blocks and all entry points should be indicated. 
(4) The name uscd should be the same as thosc in the subscquent source 

program. 
(5) The numbering of the struct.ure blocks should reflect their position in the 

hierarchy. . 

Externa! data interfaces 

The inputs and outputs of the components shoÜid be d=ribed in detail or be 
taken from the functional specification. The following single tasks must be done: 

(1) The record format and struct.ure should be adapted to and supplemented by 
the externa! data fonitat and descript.ion in accordance with the functional 
specificatio\(Form 4.2). They should be defined for the transfer data and 
data files. . 

(2) The data dicti~nary should be checked to ensure that it is complete and that 
there are no·overlaps or conflicts and, if necessary, amended. 

{3) 'Ready-made' routines should be checked to sce whether they can be u sed for 
the data definition and input and output modules which are required in 
severa! components. This is particularly appropriate for the systems which 
are to be implemented in one program (cf. page 93). 

Considerable advantages are gained if the required amendments and extensions 
':"n .be done centrally and be incorporated in an components during program 
lmkmg. 

'" 
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""""' Frwmttof • tlphM'Ioc Conoom e cond"ion 
frwrn.t 

··~ 
.,.. •lphanumtr.:; lw T """""' /3 • """"' .. ......... .... 
• nutMIÍC. R '"""" u""~hd 

...._ .. .,.., m - • l'luiTWiic ln en'Dr no . _. .. 
" ••m&~le UoatÍf'll poCnt 
Q ....... ~fuaitioa a .. Jid ror 

f&o.ting pofrn ...... ..~ ~poat'DI.I .... Poli t.., '*"'"' ....... Nam.of fillld c....-.. 
~. ·- .. """' 

Nou 1011 Pocnaóne 

1 1 ID ID M • o..dt1 au•bft 

2 11 11 1 - • Ty,..ot..ronl .. 
'iE.aM. .. • n 11 , • R ..... 

• .. 20 2 - • ..... 
• 21 23 • • R c-...- ..... -. 
• .. ... 2 • W-" .. .,.,. ........... , .. ., 2 • v-

~oto.ut ... """"' ........ . _. ......... • - e- e --,.._ - 81'1~ic ... T --• -· ......... -• -· • -- -, ........ • -· ¡., .......... _ .. 
" ........ h~tin; poird DeruWoa .... k:r 

" ....... flo.ttr~~ pCIÍt1l --~----
'""' -- ........ _ ...... 

""""'*"' ....... No~fot~ 
~. 

.._ 
' ~ ··-1 1 ,. ID R • CJDJ tr A-o!UHIO 

2 11 11 1 R • .. A--tll:t"'n'ft: 

• u .. • R .. •. A-li'DI~ C•n•: 'lo 

• •.• -ITDI-C r..w ""--'-J 

" .. • • ... illfvw'-1 

' 11 .. • • .. ··A~-D ...... K~ 

• .. 20 2 • a \\'A-UNK 

7 21 23 3 ... 'ftA~-frK) 

• " .. 2 .. WA-DEL-Mot<O 

• ,. 27 2 .. 'A'A-DEL-YR 

Form 4.2 De~ripLion of the datet file 

E>escription of the structure blocks 

The input. operalions. and output of each structure block should be d~ibcd. 
For input. the data records and input parametcrs u sed by cach structure block 

should be describcd (a cross refcren<x to the ·cuemal data interfaces' may be 
suflicient in cen.ain cU-cumstances). 

For the operations. the methods used in eacb structure blod ohould be 
describcd. Tbe operations should be rcpresented usinr a ti"'"· chan. a 
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Calidad del Software 

Cuando iniciamos nuestra preocupación acerca de la calidad del 

Software, la primera intención es voltear la vista hacia el ---

. Hardware, eri donde ya hay una gr¡,n experiencia acumulada, sin 

embargo en muchos casos se olvida que no es lo mismo Hard-

· ware que Software; la primera diferencia que es de llamar la -

atención es q}le el Software no se degrada con el uso, nadie ha 

visto un if-them-else en el que la condición se debilite con el 

uso, ni una. operación lógica en la q~e un falso contacto intro- · 

duzca ruido. 

En el caso del Hardware uno de los papeles predominantes del 

Control de Calidad ha sido la inspección de los productos, bás.!:_ 

camente para asegurar que el diseño original es copiado fielme~ 

te en las uni~ades de producción. En el Software esto carece -

de importancia ya que el duplicar el Software no tiene proble-
• 

mas. Por otr~ lactó' tenemos que generalmente la falla de Har~ 

ware avisa ya sea por problemas. de calentamiento, ruido etc.-

' 
que nos lleva a preveer una falla próxima¡ en el caso del Soft-

ware esto no sucede. Estos puntos nos indican que la calidad y 

confiabilidad tanto en el Hardware como el Software son muy dis-

tintos. 



Calidad 2 

Por calidad del Software entenderemos sus propiedades de co~ 

fiabilidad, engrandecimiento, mantenibilidad, operacionalidad y 

economía. 

O bien podemos decir que el Software de Calidad debe ser con 

fiable, conciso, consistente, eficiente, mantenible, portable y e~ 

tendible. A lo que se le puede agregar que sea producido den 

tro del itinerario y presupuesto presentado. 

Las anteriores definiciones nos aclaran un tanto que caracter(~ 

ticas debe cubrir el Software para considerarlo de calidad, pero 

se puede notar también que todas estas características son abs 

tractas por lo que la apreciación de la calidad a la fecha es un 

tanto subjetiva. 

Concretando lo anterior podemos decir que el Software de Cali 

. dad debe ser mantenible, efectivo y eficiente. 

Eficiente en cuanto a que aproveche los recursos de la compu

tado,ra adecuadamente. 

Efectivo en cuanto a que satisfaga las especificaciones, mucho 

se ha hablado de un programa correcto para el problema inco

rrecto. 
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Mantenible en cuanto a la facilidad con que el Software pueda 

ser expandido o contraido para satisfacer nuevos requerimientos 

o pueda ser corregido cuando se detecten errores o deficiencias. 

Del punto anterior acerca del mantenimiento surge inmediatamen 

te una duda en relación a lo que significa. en el lenguaje colo-

quial en término mantenimiento, básicamente por mantenimiento 

en términos de Hardware. entendemos ei r~staurar su condición 

:· 
inicial. Y vemos que de dar mantenimiento al Software resulta 

una nueva definición del producto, con la consecuente actualiz~ 

ción de la documentación de los programas para no afectar la ~ 

sibilidad de éxito de las subsecuentes modificacione13. 

El Mantenimiento de Software tiene básicamente los siguientes 

propósitos: 

Corrección 

Adaptación 

Engrandecimiento 

Reestructuración 

Corrección. Es la· ·modificación para corregir. Esto es lograr 

que el Software realice la lunción que se pretende, 

sin tener que ver con que s{ la función satisface 



Adaptación. 

4 

o no la necesidad real de los clientes. 

Es la modificación debida a un cambio en el Hard 

ware o Software en el que reside el Sistema. 

Engrandecimiento. Las modificaciones que permitirán al sist~ 

. ma realizar nuevas fÚnciones en función a los re

querimientos del usuario, en la que comunmente ~ 

curre el mante·nimiento en la mayorfa de las insta 

laciones. 

Reestructuración. Generalmente se efectua con el objeto de m~ 

jorar la estructura interna conservando su compoE 

tamiento externo. 

Esta amplitud de funciones bajo el paraguas de mantenimiento ha 

creado controversias respecto a s( el término mantenimiento es 

el correcto o. s[ deberá cambiarse por otro más adecuado; a la 

fecha estas discusion.es no han llegado a nada claro pero si han 

sacado· a la luz situaciones como que si a una corrección se le 

llama mantenimiento y el proveedor la puede cobrar y este tipo 

de situación es muy comúñ, por lo que creo lo más conveniente 

continuar llamando mantenimiento a el conjunto de actividades 

antes descritas. 
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Para bs Ingenieros de calidad la suma de diferencias entre -
¡ 

Hardware y Software, implican el mensaje que mientras la dis 

ciplina del aseguramiento de calidad tradicional se aplique,. las 

" practicas deben diferir .entre Hardware y Software y más espec!_ 

ficamente para el Software deben enfatizar· el concepto de calidad 

interconstruida, basado en la idea de "hágalo bien la primera-

vez" . 

. La tarea esencial. de la calidad es enfocar su atención en el es 

tablecimiento de estandares que conduzcan a producir Software 

de calidad, y auditar la fidelidad con la que se respeten estos 

estandares. 

Calidad es la conformidad con los requerimientos y prevención 

de efectos. Es la responsabilidad de la calidad actuar como -

instrumento independiente en la auditoría de todos los aspectos 

del desarrollo del Software y su mantenimiento, a través de la 

revisión de los planes, especificaciones, diseflo de pruebas, do 

cumentación, control de la configuración y estandares de progr! 

mación. 

• ·,, 

. ¡4i 
/~~) . ' 

'\ 

\ 

'' 
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Gran parte de los problemas a los que se énfrenta el encarga-

do de dar mantenimiento a un sistema se deben a que el grupo 

de desarrollo no se preocupo por preveer la fase del manteni-

· miento, raro es el que desarrolla un sistema y lo diseñe para 

poder ser modificado fácilmente. 

Con el objeto de lograr un producto mantenible se deoen cum-

plir los s igu lentes estandares al menos. 

l. Requerimief\tos 

Los requerimientos deben ser escritos, priorizados y defi-

nidos en términos que se puedan probar fácilmente. 

Requerimientos opcionales y los requerimientos futuros de-

ben ser diferenciados. 

' Los requerimientos deben incluir los recursos de cómputo 

necesarios para operación y para pruebas de mantenimiento. 

2. Especificaciones 

Las especificaciones deben estar escritas en términos que se 

puedan probar. 

Las funciones deben estar diferenciadas en requeridas, opci2_ 
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· 3. DisellO 

Las facilidades del disell.o para extenderlo, contraerlo y -

adaptarlo deben explicarse con ejemplos y ejercicios de los 

cambios esperados. 

4. Código Fuente 

Se deben emp1ear lenguajes de alto nivel siempre que sea 

posible. 

Unicamente versiones estandar y características estandar 

del lenguaje de programaciqn deberán permitirse. 

Todo el código deberá estar bien estructurado. 

Todo el cÓdigo deberá documentarse para explicar el prop~ 

sito de cada módulo, sus entradas y salidas y las variables 

para facilitar la prueba del módulo. 

5. Infor~ción del Sistema., 

Todos los documentos del sistema se deberán entregar al en 
. . ~ . .. -

·,, 

cargado del manten~miento del sistema inmediatamentes des 

pués de la definición de estas incluyendo el UDF. 
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Proceso de Mantenimiento 

Definiremos el proceso de mantenimiento incluyendo los siguie~ 

tes pasos: 

l. 

2. 

Entendimiento del Software 

1 
Identificación del objetivo de la modificación y el enfo 

que de la modificación. 

3. Implantación de la modificación 
,._ 

4. Rlivalid~c ión del Software. 

Las áreas de problemas frecuentemente citados al efectuar el -

proceso de mantenimiento incluyen: 

a) La Calidad del Software Original 

b) La Calidad de la Documentación 

e) Las Limitaciones en recursos pam.pruebas 

d) La dificultad para entender el Softwar.e debido 

a su complejidad. 

Como es inutil agregar todas las áreas de problemas anteriores 

quedan resueltas si se satisfacen los estandares antes descritos. 

Ejecución del Mantenimiento 

De igual forma que para el desarrollo de un sistema, se requi~ 
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ren los tres ingredientes básicos para el mantenimiento de pr~ 

gramas. 

1) Herramientas Técnicas 

2) Experiencia Técnica 

~)· Técnicas de Administración 

1) Herramientas Técnicas 

Tiempo de máquina libre para las tareas de mantenimien 

to aún en las horas pico. 

Un medio ambiente de pruebas capa!Z de simular un me 

dio ambiente operacional. 

Generadores de datos de prueba y verliicadores 

Librerias 

Progr:amas de diagnóstico en línea que ofrezcan trace, 

snap, dump y capacidad para cambios en línea. 

Auditores de código para checar la estructura y la com 

plejid~d. 

2) Experiencia Técnica 

La labor de mantenimiento es J:!lUY compleja y de gran 
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responsabilidad, por lo que se debe buscar que la lle

ve a cabo personal con la experiencia debida. La pra~ 

tica tradicional de dedicar a el mantenimiento a los pro 

gramadores novatos puede ser muy costosa ya que una 

modificaci6n mal disei'!ada puede destuir la integridad 

del producto. No solo a las tareas de mantenimiento 

se debe dedicar una persona con experiencia en el _de

sarrollo de Software sino que debe tener experiencia en 

el área de mantenimiento. 

3) Técnicos de Administraci6n 

Con el fin de mantener la calidad y confiabilidad del 

producto se deben implantar un conjunto de técnicas que 

garanticen la adecuada adhesi6n a los estandares. Sie~ 

do fundamental para tal efecto el incorporar los siguie~ 

tes cuatro técnicas. 

Establecer las prioridades y metas buscadas. 

Continuar exigiendo los mismos estandares que fueron 

usados para controlar la calidad durante el desarrollo. 

Documentar el proceso de mantenimiento así como las 

modificaciones del Software. 
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Establecer auditorías periodicas de control de calidad 

. as( como revisiones de aceptación. 

Lineamientos para el Mantenimiento del Software: 

l. Técniqas 

l. 1 'Use herramientas en el estado del arte tales como 

sistemas operativos modernos, auditores de código , 

generadores de referencias cruzadas, generadores . 

de documentación, generadores de datos de prueba, 

programas de diagnóstico en Hnea, etc. 

l. 2 Emplee programación estructurada. 

l. 3 Use en el diseno· una combinación .de 'lbp-down y 

Botton-up. 

.¿, 

l. 4 Desarrolle un plan de revalidación como parte del 

plan de modificación. 

l. 5 Use Lenguaje de Alto Nivel. 

l. 6 Esfuercese . por lograr independencia de la máquina 

y' .códig~· compatible con lenguaje estandar y estan-

dares de desarrollo de Software. 
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l. 7 Opte por un producto mantenible sobre uno eficien 

te. 

l. 8 Mantenga un conjunto de funciones comunes a ser 

empleadas en las modificaciones al código. 

l. 9 Busque técnicas de Ingenier(a de Software utiles y 

adaptelas para su empleo en el medio ambiente del 

mantenimiento. 

2. Control del Producto. 

2. 1 Defina las tareas de mantenimiento en términos de re 

querimiento en términos de requerimientos reque

ridos opcionales y futuros. 

2. 2 Modifique el Software con la idea de que continue 

siendo mantenible. 

2. 3 Opte por la claridad y sencillez sobre la integridad. 

2. 4 Efectue revisiones periodicas de control de calidad 

del producto. 

2. 5 Involucre al usuario en las revisiones. 

2. 6 Actualice la documentación de usuario. 
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2. 7 Actualice la Documentación del sistema. 

3. Control del .Proyecto 

3. 1 Desarrolle un plan de soporte a mantenimiento y 

uselo para administrar el proceso de mantenimien 

to. 

3. 2 Defina explícitamente las metas· de mantenimiento 

y las prioridades para el grupo de mantenimiento. 

3. 3 Produzca los requerimientos del usuario claros y 

conCisos, a ser revisados periodicamente con el - · 

usuario. 

3. 4 Organice los grupos de mantenimiento con poca geE: 

te de buen nivel. 

3. 5 Mantenga una contabilidad clara de lo efectuado por 

cada miembro del grupo de mantenimiento. 

3. 6 Cree un plan de carrera, escala de salarios,as[ 

como benefiCios y recompensas para los elementos 

del grupo de mantenimiento con alto desempeno. 

3. 7 No trate de substituir la buena administración con 

técnicas automatizadas. 

1 ' 

i 
1 
1 

1 
1 
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3. 8 Desarrolle librertas de programas para la adminis 

tración del mantenimiento. 

3. 9 Evalue el éxito del mantenimiento en término de sus 

metas. 

El Plan de Soporte a mantenimiento debe contener los siguim tes 

puntos: 

l. Procedimientos para reporte y corrección de fallas de 

Software. 

2. Procedimiento de solicitud de cambios e implantación 

de estos. 

3. Plan de protección para la Mantenibilidad y Control de 

Calidad en general del producto. 

4. Procedimientos de Rtvalidación, incluyendo casos de -

prueba, datos de prueba y resultados de prueba. 

5. Procedimientos de actualización de la Documentación. 

6. Requerimientos de Soporte 

Configuración del equipo 

Herramientas Técnicas 
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Requerimientos de personal 

:soporte e Interfase con el usuario 

Facilidades para prueba 

Manuales de usuario y operación 

Documentos generales del sistema 

Listados del código fuente 

7. Procedimientos para nueva ·liberación. 

Lineamientos para el Análisis de requerimientos para el proceso 

de mantenimiento. 

l. Determine el objetivo del mantenimiento para hacer la 

modificación. 

2. Determine los requerimientos para la modificación con 

el usuario. 

· 3. Defina los requerimientos en términos que se puedan ~ 

probar. 

4. Considere cambios en tiempos de procesamiento, reque 
' . -

rimientos de almacenamiento, probabhlidad de error, -

personal de operación, y otras versiones instaladas del 

Software. 
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5. Considere el efecto de las modificaciones en los aspec 

tos de Ingenierfa Humana del Software. 

6. Identifique requerimientos en términos de contracciones 

y ó expansiones del Software existente. 

7. Determine la compatibilidad de las modificaciones con 

otros cambios en el Software que pueden ocurrir en el 

futuro. 

8. Justifique las modificaciones en términos costo, tiempo 

para implantar, y riesgo de degradar la calidad del Soft 

ware. 

9. Busque la aprobación del usuario y el administrador antes 

de proceder a las especificaciones definitivas para la -

modificación. 

Lineamientos para la fase de especificación del proceso de man 

tenimiento. 

l. Desarrolle especificaciones para las modificaciones si

guiendo los mismos estandares usados para desarrollar 

las especificaciones durante el desarrollo del Software. 
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2. Describa las especificaciones para la modificación en 

términos que se puedan probar y que incluyan métodos 

de prueba. 

3. Identifique programas existentes, módulos y ó paquetes 

' a ser empleados durante la modificación. 

4. Examine el impacto de la modificación en el Software 

instalado y los recursos necesarios para soportar la 

modificación. 

· 5. Busque. la ap:robación del usuario y el_administrador de 
. ' 

las especificaciones para la modificación antes de proc;: 

der al diseno. 

Lineamientos para efectuar la fase de disef'\o del proceso de man 

tenimiento. 

l. ' Examine disenos ·alternativos buscando uq disef'\o para 

la modificación que sea compatible con la filosofía orig.!_ 

nal de,l diseno. 

2. Busque la simplicidad en el disef'\o; seleccione la alter-

nativa de diseno que modifique el menor número de mó 
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dulas menos complejos y el menor número de variables 

globales. 

3. Documente el diseño y el proceso de diseño para las 

modificaciones siguiendo el mismo estandar usado cuan 

do inicialmente se desarrollo el diseño. 

4. Considere la factibilidad del diseño para la modificación 

por su efecto en el resto del sistema. 

5. Evalue la generalidad del diseño en términos de su ha

bilidad para ser usado en varias versiones del Software 

con diferentes sistemas operativos y en diferentes confi 

guraciones de Hardware. 

6. Evalue la flexibilidad del diseño en términos de su habi 

lidad para aislar funciones especializadas en módulos se 

parados y proveer interfases entre los módulos que sean 

insensitivos a cambios posteriores. 

7. Busque la aprobación del usuario y el administrador del 

diseño antes de proceder a la implantación. 

Los lineamientos para la implantación buscan cubrir dos objetivos 
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el primero traducir correctamente el disel'lo de la modificac i6n 

en código bien estructurado, el segundo minimizar el impacto -

de la.' modificación en el resto del Software. 

Lineamientos que buscan conservar la correcta estructura del 

código: 

l. U se programación estructurada y estándares de codifi

cación. 

2. Use herramientas en el estado del arte como apoyos de 

programación en Hnea tablas de decisión, etc. 

3. Documente todos los cambios en el código y conserve -

versiones del código y conserve versiones del cócligo -

antes de modificar, 

4. Duplique el código en vez de crear rutinas comunes. 

5. Codifique cambios en una manera que no ,degrade la -

mantenibilidad del Software, por llevar la eficiencia de 

masiado lejos. 

6. Opte por Ingenier[a Humana en vez de eficiencia. 

7. Registre el proceso de mantenimiento en el UDF. 
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8. Actualice los manuales de usuario y operación as( co

mo los documentos del sistema para que reflejen la 

modificación. 

9. Efectue una revisión de código para garantizar la conser 

vación de la calidad y el cumplimiento de los estanda-

res. 

Lineamientos que ayudan a evitar la presencia de efectos de se

gundo orden: 

l. Cambie lo menos posible 

2. Cambie el menor número de variables posibles, en pa_!: 

ticular, las menos variables globales posibles. 

3. Cuando un módulo común sea cambiado, examine todos 

los módulos que lo invoque· i para determinar si estos son 

afectados por el cambio. 

4. Cuando una variable local se altere, examine el código 

en el módulo que haga referencia a éna para determinar 

si otra función en el módulo o fuera de el se afecta. 

5. Cuando una variable global es cambiada, examine todos 

los módulos que hacen referencia a ella para determinar 
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su efecto. 

6. Cuando se tengan que hacer múltiples cambios a un sis 

tema ordene los en la s 4iu iente forma: 

i) Agrupe los i:amb íos por m6dulo 

ii) Planee la secuencia de m6dulos a ser cambiados 

siguiendo la estrategi.B. del má~ sencillo prime-

ro. 

iii) Modifique un m6dulo a la vez 

iv) Por cada m6dulo cambiado determine los efec

tos de segundo orden de ese cambio antes de con 

tinuar la secuencia de cambios. 

7. Use el efecto de segundo orden y la medida de comple

jidad para determinár la dificultad de hacer un cambio. 

Lineamientos para la Revalldaci6n: 

L Revalide el Software empleando pruebas unitarias, pru~ 

bas de integraci6n, prueba del sistema y pruebas de -

aceptaci6n, todos estos adaptados de la fase de pruebas 

durante el desarrollo. 

i 
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2. Efectue pruebas unitarias a cada módulo modificado. 

Cuando sea posible use las pruebas y datos empleados 

en el desarrollo compare los resultados para encontrar · 

las discrepancias. 

3. Efectue pruebas de regresión conforme cada módulo 

modificado es reintegrado al sistema de Software, para 

determinar si alguna otra parte del Sistema ha sido afee 

tada por la modificación. 

4. En base al perfil de complejidad, ejecute pruebas de 

integración, de sistema y de aceptación que se concen

tren en las p1rtes más complejas. del Software. 

5. Realice pruebas de sistema adaptando los datos de pru! 

ba de las pruebas de desarrollo y compare resultados 

para encontrar discrepancias. 

6. Realice pruebas de aceptación empleando las pruebas y 

datos de las pruebas de desarrollo as[ como pruebas 

suministradas por el usuario. 

7. Use herramientas de prueba en el estado del arte. 

8. Integre la Historia de pruebas de Modificación. 



/\pplying the Technique of 
Configuration Management 
to ·Software 

As the field of data process
ing continues to. expand, the 
need to discipline thé· growth 
of computer programa (soft
ware) becomes more obvious. 
One managernent technique 
which promises to be effective 
is Configuration Management 
(C.M.). While this method was 
originally designed to control 
hardware production, its prin
cipies can be tailored and refined 
to relate to the development and 
production of computer soft
ware. 

The Growth of Software 

In the last 10 years the field 
of computer software has ex
panded to make use of the 
grcater speed and power of in
creasingly sophisticated compu
ter hardware. Today high-level 
programming languages and 
complex operating systems are 
considered the norm. The nat
ural path oí growth has been to 
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more diverse applications, in
cluding: 

• Large defense systems. 
• Air traffic control ·systems.' 
• Medica! software.··. 

The complexity of the applica
tions has al so grown, · resulting 
in software containing severa) 
hundred thousand lines· of code. 

The growth. oí the software 
industry has precipitated a rise 
in costs for. software develop
ment, such that the expense of 
hardware is no longer the prime 
concern. For example, in 1971 
the Air Force estimated tlieir 
software expenses to be $1~1.5 
billion, which is about three 
times the expense of computer 

· hardware.• The World Wide Mil
itary Command and Control Sys
tem is estimated to cost $42 to 
$206 million for hardware ahd 
$722 million for software.' Due 
to the cost of programming for 
larger and more complex ·soft
ware systems, software costs 
will continue to increase over 

by Rita McCarthy 
Burroughs Corporation 

Goleta, Colil. 

CorYri.ght © 1975 by the Americal Society for Quality Control, Jnc. 
~print~ by permis~;ion. No furthcr r~production authorized vdthout per· 
m.ission of the Editor, QuaUty ProRres)·, American Society for Quality Con· 
trol, 161 Wcst Wisconsin Avenue, Milwaukee, Wl 53203. 
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hardware costs, as shown in Fig. · 
u re 1 ' (see page 24). 

In general, poor planning· can 
be blamed for most of the soft
ware industry's inability to cope 
with these new demands and 

' rapid growth. Projects were ini-
tiated without a clear goal; thus, 
as programmers coded, they 
made their own assumpticir.s 
about the purpose of the pro
grams and this · often adversely 
affected the final product. Eve:t 
when the goals were clearly spe
cified, the development process 
suffered from inappropriate 
planning. Sorne managers and 
programmers measured progress 
in terms of the number of lines 
of code produced, and rusheo to 
get something running as soon· 
as possible. Auspicious begin- . 
nings proved misleading as un
foreseen difficulties emerged. To 
solve the problem, much of ihe 
early code was rewritten, and 
eventually. caused delays in de-· 
livery dates or the delivery of 

'B. W. Boehm, "Software and Jts 
lmpact: A Quantitative Auessmcnt."' 
Datamation, Mav 1979. pp. H-49. 

'Phi! Hinch, "GAO Hit• Wimmiz 
Hard,· FY'72 Fundillg Proapcct1 Fad
iflg Fast,"' Datamation, .\Jarch 1, 19':1, 
p. 41. 

'B. W. Bothm, "Softwaro OJ!d /t1 
lmpact: A Quantüatiu Aueasment," 
Datamation, Mav 1973, pp . . 48-49. 



inron11Mte products. Either al
krnativc meant hig-her costs. 

Th~ f111al product was often 
clt:11·adcrized by a lack of relia
hility; which refers lo the ability 
uf 11 pro¡;ram to produce corree! 
n·, 11 1ts when given a specific in
pul. The consequences of such 
crrors ranged from minar to dis
aslrous. Minar problems do not 
ha ve destructive side efTects, but 
are often extremely annoying; 
for example, an incorrect page 
,-ontrol on a printed report that 
causes a blank form on every 
other" page. The failure of the 
:llariner I interplanetary probe, 
howe~er, resulted from a disas
trous error: the absence of one 
bar over a letter in a computa
tional equation resulted in an 
unrecoverable problem, leaving 
no alternative but ·to destruct 
the $18.5 million rocket shortly 
after launch. • 

The user of new software typ
ically experienced very high 
crror-rates. Even after the first 
obvious errors were· corrected 
ami the product became opera
tional, users continued to have 
a nearly constan! pattern of fail
ure. This was attributed to new 
errors introduced while correct
ing other problems and to the 
•lisco\·ery of dorman! errors as 

' previously unused functions 
were' tried. This phenomenon is 
discussed in nn article by Jerry 
Ogdin, and is represented in 
Fig-ure 2 .. ·. He al so pointed out· 
thnt modifications to already 
operational programs resulted in 
a rnsh of new failurcs, thus ex
plaining the peak in the figure. 
While there is no single solution 
to all of these problems; the dis
ciplines embodicd in Config-ura
tion Management do provide a 
global frnmework in which spe
citic solutions can be comhincd 
nm! monitore¡] to altack specific 
parts of a problem. 

24 
Delining Conliguration 
Management 

It is much easier to define 
Contiguration Management by 
inspecting each word individ
ually. "Configuration" applies to 
an in terrela ted group of pro
grams that operate as a system. 
The term applies equally as well 
to the interrelating modules of 
one program. "Management" is 
the process of establishing and 
orgnnizing objectives, followed 
by planning and employing re
sources to accomplish these ob
jectives. The term "Configura
tion M_anagement" is all-embrac
ing, covering the management of 

80 

every debi.il of a softwa~proj. 
ect from inception through d•
velopment to completion an.Í: 
maintennnce of the producL 

'l'he objective of Configurntion' 
Management is to control the 
costs and the reliability of a son:· 
ware system. To achieve thi•,. 
C.M. focuses on three areas: 

o ldentification. 
• Control. 
e Accoun ting. 

The importance of these focal 
points is that they are directed 

• J. L. Sant!!r, ,.Reliabilit11 in Com~ 
putcr P1·ogramt~," Mechanical Engt. 
neering, February 19G9, p. t.f,. 

~ Jerry L. Ogdin, uDesigning Rdi
able Software," Datamation, Jul~ 

197!, pp. 71-78. 
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10ward all :people involved with 
tJ1c product. C.M. attempts to 
·combine thc user, the adminis
trators, the· cede developers, and 
the validation (test) team within 
the samé framework, as shown 
ln Figure 3. 

ldentification 
The philosophy of identifica

tion is to determine the exact 
nature of the problem, a suita,ble 
method of solution and the goals 
to guide the project befare any 
actual coding begins. The as
sumption is that .clear and com
plete information produces a co
besive, reliable product. 

Tbe identification process is 
i:oncerned wi th · ·the documenta
Cion of a design in progressively 
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finer levels of detall. This is ac

. complished by a series of reporta 
which are individuálly described 
in the following. 

First Report. An initial report 
on System Performance and De
sign Requirements must come 
from the customer and cover tbe 
following points: 

o Definition of the desired 
product. 

• Specific functions to be per
formed. 

• Product environment, e.g., 
hardware and operating sys
tems, and limits on resources, 
B:U·, memory·and storage media.· 

• Expected leve! of perform
ance (speed). 

• Reliability requirements (er
ror tolerance). 

Software Configuration. Management 

@ 
• Maintenance and support 

needs. 
· The first. report is considered 

an important reliability tool. 
Features in the software that áo 
not function according to expec
tations ·are commonly classifit:d · · 
as errors. Therefore, it is imper
ative the customer be specific at 
this point, if the ultimate prod
oct is to be responsive to bis 
needs. There should be no in
complete, conflicting, or un~er· 
tain terminology, which may 
lead to la ter problems ·in ·the 
software development process. 

Second Report. As a reply to 
tbe initial report, the Part I Spe. 
cification (Performance and De
sign Rei¡uirements for Computer 
Programa) is prepared. The de-

MANAGEMENT/TECHNICAL ADMINISTRATION 

System System Part 1 Prelimi· .. 

Require· ¡--Require· 
~ Design - nary .. 

ments ments Spec. 
Design - .. ;.": 

Spec. Review Review . . . 

t + DEVELOPMENT 
R .. 

e E 
Part 11 p q Critica! Cede Integra· u u Program -Design 1- and Unit f- tion F R 
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T R N O 
o E 1 
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N T 
R T '' 
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.velopment people herein outline 
their method of solving the 
problem and their plan for en
suring reliability, Tapies cov
ered are discusscd below. 

o General information j!ow. 
This should include block dia
grams showing input, processing 
and outputs indicating the se
quence of events. There should 
be enough detail to provide the 
initial material for further pro
gram design. 

o /nferjace ¡·equirements. An 
interface is a commcin boundary 
between parts of the system. For 
example, if one prográm accepts 
a file as input created by a prev
ious program, the file becomes 
the path of their interface; er
rors can obviously occur at this 
point. Therefore, .these interde
pendencies must be explicitly de
fined to assure that both pro
grams are making the same 
assumptions about their inter
face. In sorne systems it may also 
be necessary to clarify the inter
face between the hardware and 
the software. 

e Expendabi!ity plan. To plan 
a system wh ich is easily modified 
and maintained, it is necessary. 
to separate into independent 
arcas those functions whose 
definitions are likely to change 

. or expand. Thus, fu tu re moditi
cations will be well isolated from 
other portions of the system and 
side-elfect errors will not be in
troduced into already working 
code. 

e Test plan. A test plan 
should be outlined for the devel
opment programmers and an in
dependen! validation (test) 
group. The development people 
must considcr the testability of 
their desi¡¡n and ensurc that 
code primiti ves can be exhaus
ti vely tested befo re the ncxt 
hiuher leve! of code is added. 
F.arly locat~on and corrcction of 
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errors results in a much more 
reliable program. 

Specifications should be in
cluded for diagnostic tools that 
aid in the location of errors, e.g., 
execution time monitors or 
traces, and formated memory or 
program dumps. Depending on 
the project, this list may be ex
panded to include hardware help 
such as readout displays. The 
development of these tools takes 
time, but it is more than recov
ered in assisting programmers 
to quickly and accurately locate 
their errors, 

A solid test plan should pro
vide for an independent valida
tion team to be established at 
the beginning of the project. 
The responsibilities of this group 
are to follow the complete de
sign of the product and inde
pendently specify, design and 
implement a comprehensive 
functional test library to be u sed 
in qualifying the final product 
before its release to the cus
tomer. The establishment of this 
independent group, which is less 
likely to make assumptions 
about the validity of the code, is 
a key step in assuring software 
reliability. 

e Reliability plan. Program
ming standards or style to be 
imposed on al! code should be 
outlined. A great deal has been 
learned recently about coding 
practices that increase program 
reliability (see Dijkstra' and 
Milis '). One proposed practice 
is called "Structured Program
ming," which involves dividing 
a complex program into pro
gressively smaller modules, each 
of which has a well-defined task. 
The most refined modules are 
small and logically straightfor
ward, ha ve limited control struc
tures and one entry nnd exit 
point, and are named by their 
function. The conciseness of the 

@ 
modules allows the programmer 
to use formal mathem&tice t<t 
pro ve the correctn'ess of t he cod11 
(se e Floyd • and. Lond()ll • f<ll · 
insights 'into the technique of 
proof of correctness). 

While the primary intention 
of this second report is to in
terpret the problem and propase 
a solution to the customer, it alsa 
establishes an environment in 
which the solution can be 
achieved. Programmers and 
managers can consider testabil
ity, reliability and expandability 
on an equal priority with the 
process of coding. 

Third Report. The Part U 
Specification (Product Specifi
cation for Computer Programs) 
is a complete and detailed tech
nical description of the com
puter program(s) which de
scribes how the solution to the 
problem is accomplished through 
the hierarchy of the code. Each 
refined module of the code is dis
cussed. The details for each mod
ule i.nclude a description of its 
function, its expectations about 
global data and its effect on that 
data, and a description of its 
input and output. Such a design 
report essentially solves the en
tire programming problem in a 
narrative fashion befare imy 
coding begins. While this may 
be a trying experience for man-

• E. W. Dijkstra, "Notes on Strue· 
tured Programming," in Structured 
Programming, Academic PreSs, New 
York, 197!. 

'H. D. Mills, "Structured Program·. 
ming 1'n Large Systems," in Debug· 
ging Techniques in Large System9; 
R. Rustin (6d.}, P·,·entice-Hall, ]nc.; 
Engletvood Cllfft, New Jeraey. 

"R. W. Flo¡¡d, uAasigning Meaning 
tO-Programa," Proc. Symp. in Applied 
Mathematics, 19, J. T. Schwartz (ed.), 
American Math. Sf?c., ProvidenCe, 
Rhode l•land, 1967, pp. 19--U, 

"R. L. Lo11do'!, "Proving Programs 
CoJ·rect: Sorne Techllique• and E:e
ampll's," BIT Volumc 10, 19'10, p. 168. 
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agers accustomed to secing lines 
of code and not technical docu
ments, the results are encourag
ing. 

The advantages of a good 
product design are twofold. 
First, it provides time for sepa
rating thc complex problem into 
smaller, well-defined modules 
which are easier to understand, 
code,tcst and eventually modify: 
Secondly, it makes program
mers confident of thcir approach, 
freeing them to concentrate on 
the accuracy of the code they 
write. 

Final Report. The preparation 
of a Test Plan Specification 
should coincide 'With the prepa
ration of the Part II Specifica
tion. This final report outlines 
the approach to be taken by th~ 
validation team in determining 
the functional accuracy and ac
ceptable performance leve! of 
the software. The goal should be 
to provide for a test library of 
programs that are easy to opér
ate, provide repeatable sequen-

ORIGIN 

User Manager 

f---+---+-~l Request 
Form 

Develope Tester 
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ces of events, and are self-chcck
ing in nature. The detailed 
description of each test series 
includes: purpose, range of in
put data, expected output, pri
ority and time required to do 
the test. A test plan that is com
plete in the coverage of the spe
cified product can enhance confi
dence in the final product during 
the validation process. 

Control 

The control process is con
cerned with changes to be intro
duced into the software product. 
Because software is much niore 
dynamic than hardware, there 
will always be new features to 
be incorporated, corrcctions to 
be made and code efficiency to be 
considered. Configuration con
trol provides for these situations 
and establishes procedures· for 
in trod uci ng proposals for 
change, .evaluating these 'pro
posals, monitoring the status of 
the resulting action, and docu-

Control Procedure 

ti) 
menting the etfect of any 
change. Figure 4 is an example 
oí a control procedure that in
corpora tes severa! ver y worth-
while fea tu res: , 

e Requesls can have l'ariable 
origins. 

e Al! requests follow the same ·. 
steps. 

e Management screens al! l'i:

quests to determine their impac: 
on work loads,. 

e Requests and 
are ·maintained in 
accessible to al!. 

their stat¡;; 
a data ba>.; 

' • The data base can be used 
for reporting and aceumulatin¡r 
statistics. lt is possible to de
termine such things as the nuli
ber and origin of errors re
ported, the amount of code 
changed during a ~il'en perioj 
of time, and the impact of the;,; 
changes on other parts. of th.; 
system. 

The natural result of the con
trol scheme is goÓd communica
tion. Al! lel'els of manag~rs, d¿-

MANAGEMENT DEVELOPMENT 

F F 

Reply and Explain 

T Update 
>--1 Status 1---1 Cede 

Reply and · 
Attach 

Documentation 
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velopers, validators, and other 
personnel have a better chance 
of doing their work correctly 
and efliciently. 

Accounting. 

Configuration accounting pro
vides continua! visibility into 
software development through 
program reviews .conducted at 
majar miles tones · throughout · 
the development, as well as 
through software documenta
tion and product validation. 

Formal program reviews are 
held for all involved with the 
software. The System Design 
Re,·iew covers the functional re
quirements of the system and 
the environment in which the 
product is to \vork. The Pre
liminary Design Review covers 
the overall design, plus the plans 
for expandability, testability 
and reliability. The Critica! De
sign Review covers the technical 
details of each program of the 
system. 

The usefulness of the reviews 
for each attendee varíes depend
ing on his position within the 
project. The development people 
are generally able to conceptu
alize their approach much better 
after a review. In summarizing 
the task, they are forced to re
examine all previous thought 
processes, and the strengths and 
weaknesses of the design be
come more apparent. The re
views are also useful for dis
cussing the interfaces in soft
ware configurations of more 
than one program, assuring 
that the same interface proce
dure is being us•d with all of the 
programs. 

During a review, managers 
gain insighl into the progress of 
the project. An incomplete or. 
disor-¡¡anized presentation may 
reflect thc actual state of atfairs. 
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It may even be nec.essary to 
reschedule a review, requiring 
the de,·elopment people to tie to-

. gether loose ends. Participation 
in the reviews by the validation 
people helps them to better un
derstand the product, enhancing 
the probability of thorough test
ing on their part and valid criti
Cism of the generated documen
tation. · 

Documental ion 

forming according to expecta
tions. Change requests must be 
submitted for problems that are 
uncovered, and testing. con
tinucs. lf major problems occur, 
it may be necessary to suspend 
testing until the change re
quests are processed and ·new 
software is submitted. 

The Product Configuration . 

111anagement of the software 
documentation is another im
portan! aspect of configuration 
accounting. Without documenta
tion, there is no history of the 
details, and it becomes difficult 
for programmers to compare ap
proaches and verify. interfaces. 
Furthermore, management has 
no visible sig:1 of the progress · 
of the programmers. 

Audit measures the success of 
previous work. Therefore, com
plete records must be kept re
lating to the number of prob
Iems found and the progress 
made toward completion of the 
-audit process. Determining the 
number and status of problems 
is relatively easy since this in
formation is recorded in the 
data base of change requests. 
. Progress toward completing 

the audit is facilitated by a 
checklist of items to be tested. 
As each feature is verified, the 
date of checkout and the results 
are recorded. lf there are prob-

A part of the documentation 
related to the software is ·pro
vided in the specification writ
ten during the identification 
procedure. This material de
scribes the goals of the develop
ment etfort and the technical 
details of the programs. Fur
ther, it is important to prepare 
a user's manual to describe the 
operational interface to the soft
ware system, enab!ing users to 
treat the software like a· black 
box and ignore its interna! work-. 
ings. 

The final point of accounting 
is also the last step of the de
velopment process: the Product 
Configuration Audit. Manuals, 
listings and programs (source 
and object) are delivered to the 
validation teám, which has de
veloped a complete test library 
paralleling the development of 
the actual software. The team is 
responsiblc for the q~ality as
surance of the product and must 
determine if the software is per-

. lcms, the feature is requalified 
after it is fixed by development, 
and the final e heckout is re
corded. When ¡111 tests are com· 
pleted and the important prob
lems are fixed, the software is 
delivered to the user with the 
user's manual and notification of 
any problems. 

Conclusion 

The three essential require· 
ments of identificntion, control 

· and accounting provide a com· 
prehensive base for a Configur~· 
tion 111anagement program, 
where details are tlexibly tai· 
lored to meet the needs and goals 
of specific projects. The ad· 
vantages to be accrued by Con· 
figuration Management ar-> 
numerous, and any expcrienc~ 
with its methods will help in 
facing the growing challengeJ 
for software in thc future. O 
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ABSTRAer 

Titis paper describes the content and application of the Unit Development Folder, a 
stroctured mechanism for organizing and collecting software development products 
(requirements, design, code, test plans/data) as they become available. Properly apptied, 
the Unit Development Folder is an importan! part of an orderly development environment 
in which unit-level schedules and responsibilities are clearly delineated and their step-by-step 
accomplishment made visible to manag~ment. Unit Development Folders have been used on 
a number of projects at TRW and ha ve been shown to reduce many of the problems 
associated wi th the development of software. 
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THE UNIT DEVELOPMENT FOLDER (UDF): AN EFFECTIVE 
MANAGEMENT TOOL FOR SOFTWARE DEVELOPMENT 

One of the main si de effects 'resulting from the invention of computers has be en the 
crealion of a new class of frustrated and harried managers responsible for software 
J~velopment. The frustration is a result of missed schedules, cost overruns, inadeq u ate 
implcmentation and design, high operational error rates and poor maintainability, which have 
·historically characterized software development. In the early days of computer programming, 
thcse problems were often excused by the novelty of this unique endeavor and obscured by 
rhc Janguage and experience gap that frequently existed between develo¡>ers and managers. 
Today's maturity and the succession of computer-wise people to management positions does 
not appear- to ha ve reduced the frustration leve! in the industry. We are still making the same 
mistakes and getting into the same predica m en ts. The science of managing software 
dcvelopment is still in its infancy and the Jack of a good clear set of principies is apparent. 

' ·• The problems associated with developing software are too numerous and too complex 
for anyone to pretend to have solved them, and this paper makes no such pnitensions. The 
discussion that follows describes a simple but effective managernent too! which, when properly 
used, can reduce the chaos and·alleviate many of the problems common tó software 
dcvelopment. The too! described in this paper is called the Unit Developinent Folder (UDF) 
and is being used at TRW in ~oftware development and management. · ·. : · 

What is a UDF? Sim'p'ly stated, it is a specific form ofdevelopm~·nt notebook which has 
proven. useful and effective in collecting and organizing software products as they are 
produced. In essence, however, it is much more; it is a means of imposing a management 
philosophy and a development methodology on an activity that is often chaotic. In physical 
appearance, a UDF is merely a three-ring binder containing a cover sheet and is organized 
into severa! predefined sections which are common to each UDF. The ultima te objectives 
that the content and format of the UDF must satisfy are to: 

(1) Provide an orderly and consistent approach in the development of each of the 
units of a program or project 

(2) Provide a uniform and visible collection point for al1 unit doCtlmentation and code 

(3) · Aid individual discipline in the establishment and attainment of scheduled 
unit-level milestones 

(4) Provide low-lev~l management visibility and control over the development proccss 

Figure 1 illustrates the role of the UDF in the total software development process. 
. . . . 

,• . 
lf one follows a fairly standard design approach, the oompletion of the preliminary 

design activity marks the point at which UDFs are created and initiated for aiJ units 
comprising the total produci to be designed and coded. Therefore, the nrstquestion to be 
answered is, "What is a unit?" It was found that, for the purpose of iniplementing a · 
practica! and effective software development methodology to meet the management 
objectives stated earlier, a unique element of software architecture needed to be defmed. 
This basic functional element is designated a "unit" of software and is defmed independently 
of thc language or type of application. Experience has indic'ated that it is unwise to attempt 
a simple-minded definition which will be useful and effective in aJÍ situations. What can be 
done is to bound the problem by means of sorne general consideration~ and delega te the 
specific implementation to management judgrnent for each particular application. 
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At the lower cnd of the scale a "unit" can be defined to be a single routine or 

______ subr_outine. At the upper end of the scale a "unit" may contain severa! routines comprising 
. a subprogram or module. However ifisdefined;-a-unit·ofsoftwareshould-possess-the-------~
following characteristics: 

(1) It performs a specific defmed function 
'· 

(2) It is amenable to development by one person within the assigned schedule 

(3) It is a leve! of software to which the satisfaction of requirements can be traced 

(4) lt is amenable to thorougl1 testing in a di"sciplined environment. 

The key word in the concept is manageability -in design, development, testing and 
· comprehension. 

-· A natural question that may arise at this point is; "Why should a unit contain niore 
than one routine?" The assumption for this proviso is that the design and devclopment 
standards impose both size and functional modularity. Since functional modularity can 
be defincd at various levels, the concept can become incaningless if it is not accompanied by 
a reasonable restriction of size. Consequently, the maximum size constraint on rou tines m ay 
sometimes result in multiple-routine units. · .. 

The organization and content of a UDF can be adapied to reflect local conditions or 
individual project requirements. The importan! considerations in the structuring of a UDF are: 

(1) The number of subdivisions is not so large as tobe confusing or unmanageable 

{2) Each of the sections con tributes to the management and visibility of the 
developmen t process 

(3) · The content and format of each section are adequately an¡l unambiguously defined · 

· (4) 1l1e subdivisions are sufficiently flexible to be applicable to a variety of 
software types 

(5) The individual sections are chronologically ordered as nearly as possible. 

The last ítem is very importan! sin ce it is this aspect of the· UDF that relates it to the 
development schedule and crea tesan auditable managemen·t instrument. An example of a 
typical cover sheet for a UDF is shown in Figure 2; the contents of each section will be· 
briefly described in subsequent paragraphs. · 

The UDF is initiated when requirements are allocated to the unit leve! and at the 
onset of preliminary design. At this point it exists in the skeletal form of a binder with a 
cover sheet (indicating the unit name and responsible custodian) anda set of section 
separators. The first step in the process is for the responsible work area manager to integrate 
the developmen t schcdules and responsibilities for each of his UDFs into the overall 
schedule and miles tones of the project. A due date is generated for the completion of each 
section and the responsibility for each section is assigned. The oiiginators should participate 
in establishing their interim schedules within the constraints of the dictated.end dates. 
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The organization and subdivisions of the UDF are such that the UDF can accommodate 
a variety of development plans and approaches; it can be used in a situation where one person 
has total responsibility, or in !he extreme where specialists are assigned to the particular 
sections. However, in the one-man approach it is still desirable that certain sections, indicated 
in the following discussion, be assigned lo other individuals to gain the benefits of unbiased 
revicws and assessments. ' 

The development of the UDF is geared lo proceed logically and sequentially, and 
each section should be as complete as possible before proceeding lo the next section. This is 
no! always possible, and software development is usually an iterative rather than a linear 
process. These. situations only serve to reinforce the need for an ordered process that can be 
understood and tra~ked even under adverse conditions. 

Once a specific outline and UDF cover sheet have been established, it is imperative 
that the formal and content of each section be clearly and complete! y defmed as part of the 
project/company standards to avoid ambiguity and maintain consistency in. the products. 
The following discussion expands and describes the contents of the UDF typified by the 
cover sheet shown in Figure 2. 

Section O. COVER SHEET ANO SCHEDULE 

Tiüs section contains the cover sheet for the unit, which identifies !he routines 
included in the UDF and which delineates, for each of the sections, the scheduled due dates, 
actual completion dates, assigned originators and provides space for reviewer sign-offs and 
dates. In the case of multiple-routine units; it m ay be advisable to in elude a one-page 
composite schedule illustrating the section schedules of each item for easy check-off and 
monitoring. Following each cover sheet, a UDF Change Log should be included to document 
al! UDF changes subsequent to thc time whcn the initial development is coinpleted and 
the unit is put into a controlled test or maintenance environment. Figure 3 illustrates· a 
typical UDF Change Log. ~ 

Section l. REQUIREi'rlENTS 

This section identifies the baseline requirements specification and enumerates the 
requirements which are allocated for implementation in the spccific unit of software. A 
mapping lo the system requirements specification (by paragraph number) should be made 
and. where practica!, the statement of each requirement should be given. Any assumptions, 
ambiguities, deferrals or conflicts conceming the requirements and their impact on the 
design and development of !he unit should be stated, and any design problem reports or 
deviations or waivers against the requirements should be indicated. In addition, if a 
requircment is only partially satisfied by this unit it will be so noted along with the unit(~) 
which share !he responsibility for satisfaction of the requirement. 

Scction 2. DESIGN DESCRIPTION 

This section contains the curren! design description for cach of the routines included 
in !he UDF. For m u !tiple routine units, tabbed subscction separators are uscd for handy 
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UNIT DfVELOPMENT FOLOER .COYER SHEET 

PROGRAM NAME ------------

UNIT NAME ------------- CUSTODIAN--------

l<)UTINES INCLUOEO -,------------------,-----------------

·) 

1 

2 

• 

8 

7 

8 

OESCRIPTION 

Rt;OUIREMENTS 

OESIGN 
DESCRIPTION 

FUNCTIONAL 
CAPABILITIES LIST 

UNIT COOE 

llNIT TEST PLAN 

TEST CASE 
RESULTS 

FROBLEM REPORTS 

~lOTES 

PRELIM: 

"COOE TCY' 

REVIEWERS" COMMENTS 

ORIGINA TOA 

Figure 2, UDF Cover Sheei and Layout 
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UDF CHANGE LOG 

UNIT NAME ------ VERSION __ CUSTODIAN ___ _ 

DATE 
DPR/DR Section(s) Affected 

Retest Method 
Mod 

Number and Paae Numbers No • 

.. 

. 

. 

' 

NOTE: This revision change lag is to be u sed for all changes made in the UDF after. 
interna! baseline (i.e,, subsaquent to mod number assignment). lt is inserte<! 
immediately after the coversheet. 

Figure 3. Example of a UDF Change Lag 



indexing. A preliminary design description may be included if availablc; however, the end r!!J 
ítem for this section is detailed design documentation for the unit, suitable to become 
(pa rnm-a-• 'e od e-t o "-spec i fica ti on:-The -r onna t-an d-con tent -of-this-section-shoul d-con f onn-----
to established documentation standards and should be suitable for direct inclusion into the 
appropriate detailed desigrt specification (Figure 1 ). Throughout the development process this 
section represents the curren!, working version of the design and, therefore, must be 
maintained and annotated as changes occur to the initial design. A flowchart is generally 
included as an inherent part of the design documentation. Flowcharts should be generated 
in accordance with clear established standards for content, forrnat and symbol usage. 

When the initial detailed design is completed and ready to be coded, a design 
· walk-through may be held with one or more interested and knowledgeable co-workers. If 

such a walk-through is required, the completion of this section may be predicated on the 
successful completion of the design walk·through. · 

. ' 
Section 3. FUNCTIONAL CAPABILITIES LIST 

. ~ ' . 
This section contains a Functional Capabilitie~ List (FCL) for the unit of software 

addressed by the UDF. An FCL is a list of the testabie functions perforrned by the unit; 
i.e., it describes what a particular unit of software does, preferably in sequen tia! arder. The_ 
FCL is generated from the requirements and detailed design prior to development of the 
unit test plan. Its leve! of detail should correspond to the unit in question but, as a mínimum, 
rcflect the majar segments of !he code and the decisions which are being made. lt is preferred 
that, whenever possible, functiomil capabilities be expressed in terrns of the unit 
requirements (i.e., the functional capability is a requirement from Section 1 of the UDF). 
Requirements allocated to be tested at the unit leve! shall be included in the FCL. The 
FCL provides a vector from which the TEST CASE/REQUIREMENTS/FCL matrix 

. (Figure 4) is generated. The FCL should be reviewed and addressed as part of the test plan. 
review process. · · 

The rationale for Functional Capabilities Lists is as follows: 

(1) They provide the basis for planned and éóntrolled unit-level testing (i.e., a 
means for deterrnining and organizing a set of test cases wh.ich will test 1!11 
requirements/functional capabilities and all branches and transfers). ' 

(2) They provide a consisten! approach to testing which can be reviewed, audited, 
and understood by an outsider. When mapped to the test cases, they provide 
the rationale for each test case. · · 

(3) They encourage another look at the design at a leve! where the "what ir' 
questions can become apparent. 

Sect.ion 4. UNIT CODE · 

This section contains the current source code listings for each of the routines 
included in the uní t. Indexed subsection separators are used for multiple routine units. The 
completion date for tlús section is the scheduled date for the first error-free compilation 
or.assembly when the code is ready for unit-level testing. Where code listings or other 

257 



38 

TEST CASE/REQUIREMENTS/FCL MATRIX 

REQUI REMENTS DOCUMENT 

DATE 

Req'ts Paragraph FCL TEST CASE NUMBER 

Number . NO. 1 2 3 4 5 6 7 8 9 o 

Cl) 
w 

a:~ 
1-w 

:r::> 
1-0 o a: 

INSTRUCTIONS: Mark an X in the appropriate box when a particular test caS<~ fully 
tests a particular requirement. Mark a "P" when a test partially tests a requirement. 
lf a requirement is partially tested in another routine, mark a "P" in the "other 
routines" column. lf more space is required, attach additional copies of this figure •. 

Figure 4. Example Test Case/Requirements/FCL Matrix 
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______ relevan! computer output are too large or bulky to be contained in a normal three-ring 
binder, tnis material may be placed-in a separate companion-binderof·appropriate·size·which------
is clearly identified with the associated UDF. In this event, the relevan! sections of the UDF 
will contain a reference and identification of thc binder with a history log of post-baselined 
updates. Figure 5 illustrates a typical reference forro. · 

An indepcndent review of the code may be optional; however, for time-critica! or 
other technically importan! units, acode walk-through or reView is recommended. 

Section S. UNIT TEST PLAN 

This section contains a description of the overall testing approach for the unit along 
. with a description of each test caseto be employed in testing the uilit. The description must 
identify any test tóols or drivers used, a listing of all required test inputs to the unit and their 
valúes, and the expected output and acceptance criteria, including numerical outputs and 
other demonstrable results. Test cases shall address the functional capabilities of thc unit, 
and a matrix shall be placed into this section which correlates requiremenls and functional 
capabiliiie1 to test cases. Tilis matrix will be used to demonstrate that all requiremen ts, 
partial requiremcnts, and FCLs of the unit have been tested. An example of the test case 
matrix is shown in Figure 4. Check marks are placed in the appropriate squares to 
correlate !f:st cases with the capabilities tested. Sufficient detail should be provided in thc test 
defmition·;o that the test approach and objectives will be clear toan independent reviewer. 

The primary criteria for the independent revi,ew will be to ascertain that the unit 
development test cases adequately test branch conditions,logic paths, input and outp<.~t, 
error handling, a reasonable range of values and will perform as stipulated by the requirements. 
This review should occur prior to the start of unit testing. 

Section 6. TEST CASE RESULTS 

This section contains a compila !ion of all curren! successful test case results and 
analyses necessary to demonstrate that the unit has bcen tested as described in the test plan. 
Test output should be identified by test case number and listings clearly imnotated to 
facilita te necessary reviews of these results by other qualified individuals. Revision status of 
test driver;, test tools, data bases and unit code should be shown· to' facilita te retesting. This 
material may also be placed in the separate companion binder to the UDF .. 

Section 7. PROBLEM REPORTS 

This section contains status logs and copies of all Désign Problem Reports, Design 
Analysis Reports and Discrepancy Reports (as required) which document all design and code · 
problems and changes experienced by the unit subsequent to baselining. This ensures a 
clear and documented traccability for all problems and changes incurred. There should be 
separa te subsections for each type of report with individual status logs that summarize the 
actions and dispositions made. · 
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LISTINGS{TEST RESULTS 

SEE SEPARATE NYLON PRONG BINDER IDENTIFIED AS 

____________ FOR CODE LISTINGS 

OR TEST RESULTS. 

. CODE MOD NUMBER 

HISTORY LOG 

DATE REVIEWED BY 

..,.. ·.; .. 

Figure 5. Example Reference Log for Separately-Bound Material · 
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Section 8. NOTES 

--~---------c---------,------4L ___ __:_ ___ rtJ··-.·'--.,.----
. lbis section contains any memos, notes, reports, etc., which expand on the contents 

of the unit orare related to problems and issues involvcd. 

Section 9. REYIEWERS' COMMENTS 

lbis section contains a record of reviewers' comments (if any) on this UDF, which 
have resulted from the section-by-section review and sign-off, and from scheduled independent 
audits. These reviewers' comments are also usually provided to the project and line 
management supervisors resj>cinsible for development of the unit. · 

.... 
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SUMMARY 

The UDF concept has evolved into a prai:tical, effective and valuable too! not only 
for the managcment of software development but also for imposing a structured approach on 
th~ total software devclopment process. The structure and content of the UDF are designed 
to crea te a series of self-contained systems at the unit leve!, each of which can be easily 
obscrved and reviewed. The UDF approach has been employed on severa! software projects 
at TRW and continues to win converts from the ranks of the initiated. The concept has proved 
particularly effective when used in conjunction with good programming standards, 
documentation standards, a test discipline andan independent quality assurance activity: 

TI1e principal merits of the UDF concept are: 

(1) lt imposes a development sequen ce on each unit and clearly establishes the 
responsibility for each step. Thus the reduction of the software development 
process into discrete activities is logically extended downward to the unit leve!. 

(2) lt establishes a clearly-discemible timeline for the development of each unit and 
provides low-level management visibility hito schedule problems. The status of 
the developiilent effort becomes more visible and measurable. 

(3) lt crea tesan open and auditable software development environment and removes 
sorne of the mystery often associated with this activity. The UDFs are normally 
kept "on the sheir' and open to inspection at any time. 

(4) 1t assures that the documentation is accomplished and maintained concurren! with 
development activities. The problem of emergingfrom the development tunnel 
with Iittle or inadequate documentation is considerably reduced. 

(5) lt reduces the problems associated with programmer turnover. The discipline 
and organization inherent in the approach simplifies the substitution of 
personnel at any point in the process without a significan! loss of effort. 

(6) lt supports the principies of modularity. The guidelines given for establishing 
the unit boundaries assure that at least a minimum leve! of modularity will result. 

(7) lt can accommodate a variety of development plans and approaches. All UDF 
sections may be assigned to one performer, or different sections can be 
assigned to different specialists. The various sections contained in the UDF may 
also be expanded, contracted or even resequenced to better suit specific situations. 

As a final comment, it must be emphasized that no device or approach can be effective 
without a strong managemenl commitment lo see it through. Every leve] of management needs 
lo be supportive and aware of its responsibilities. Once the method is established it also needs 
to be auditcd for proper implementation and problem resolution. An independent software 
quality assurance activity can be a valuable asset in helping to define, audit and enforce 
management requirements. 

J. 
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Soft-·are en¡inH:rlnr rd'en Lo the pro<"ell a( crulinl .,l'lw~ II)"AerM. U applits looKly 
to trthniques ..-hich ftduce hi;h aoftware eo~~t .nd cornJ.dr-dty while increuina ftliability 
and modifiability. 'Ibis pa~r outlina. t~ procedurn ul'd in tbe dt'veolopmn~t o( 

cornputu ...,f\wan, emphasWn¡Jut~.ale aoftware d~eloprnent, and pinpointinc ue:u 
where pmlolems nid and aolutions have ~n propowd. Solutiou l'rom both the 
maJWf:ttnml and tlw prorramrner poinb of vWw are Chca p..eq for !MDJ' af u
probJem ueu. 

Kqwords ruad PhraKr.-~tiOa. du.fpro¡ranlmU Uam, procram cotJ«'IIfM 

propam dai¡o Wtruar• (PDL), 1t0ft11ve nb..bilit,., .of\'IJI'Ue d..e!opment life c:Jc:h. 
.of'hvare t'QfintcJin&:, ~ ~ lop-dowo desip. top-down drvelopmeat. 
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maintain. The 18M OS projeet, which in
volved over 5,000 man-years of f'ffoh. y,·u 
years late (Bnoo75]- \Vhy is brirla;e en¡i
neering so uact while software engillf'ering 

.... ~ . 
. t . . ·.··· 

··software development usually proceeds in 
one of two waya: eit.her the programmer 
worka alone in designing, imp1ementinc, 
and Lest.ing a software syst.cm, or he is a 
member of a group of from thrCe up to 
severa! hundred, working together oit a 
luge sOftw~re system. Although software 

. •ngineering embraces both approaches. 
here we are int.erested mainly in large-scale 
program de\le1opment. . 

When the Verraz.ano Narrows Bridge in 
New York City Wa& st.nrted in 1959, officiala 
estimated that it. would eost $325 million 
and be completed b)' 1965. lt b: the largeat · 
suspemion bridge C\ler built.. yet it was eom· 
plet.ed in November 1964.; on target and 
within budget [ENR61, ENR~). No aiml· 
lar patt.em hu been observed when we 
build software systema lar¡er than thoae 
whieh had been buiJt previously. 

Software is often delivered late.lt b. fre. 
quently unreliable and uaually ~pensjve to 

flounden so? · 1· 
Part o(t.he answer lies in_the grealer ease 

with which a civil engineer can see the 
added romp1exity of a lart:er bridge ;thSn a 
software enginerr the comp1ex.ily of a larger 
proJram. Part or t.oday'a .. software prolr 
lem" atems (rom our atlempt t.o extrDpolate 
(rom personal experil!nce'i Yoil.ll smalle:r pro
gr'nms to large ay .. t.ems prqgrammirlg proj· 
eda. · . · . [ 

We begin here by oullininc lhe gt-neral 
approach useti in deve:lopinc progrllril vrod· 
ucts, emphuizing aspect.a whieh Bre: r.till 
poorly underBt.ood. Lat.er, we enU'merate · 
the WChniquca y,·hich have been Used to 
aolve theae problen1a. We do not atu!mpt lO 
cover all oftherelevant topica in df'Pt.h. hut 
we give many · refC:Jenca for futthU read· 
in¡, 1 

Son.wan en¡ineen are wrtenUyj •tud1· 
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1. STAGES OF SOFTWARE OEVELOPMENT 

The <'omple~ty of a lar¡e software system 
surpas.~s the comprehen.,.ion of any one 
individual. To better control the develop
ment of a p~ject, &Oftware managen h~v~ 
identified m separate st.ages through which 

. software projecls pass; these &tages are col
lectively called the softu'D.n develop~nl 
li{e cyde-. -~~ ,..._ _r_, .......... _,_ 

c-.-t-.1 s.-.. V ........ 

a. .ROCRAMNEJI t&SU'tlll 
T...,.....__.v.w.u. A_.T_, .,....._ ,..._,T_ 
N- r-a--,.,_. ·--

··.· 

• Requi.rement.s analysis; 
• Specification; 

·e Design; 
• Coding; 
• Tesüng; 
• Operation and maintenance.. 

Figure 1, a pie chiut. showa the appro:D. 
mate amount of time each st.age t.akes. The 
at.ages are discus.sed in the foUowing sub-
sections. · 

...__~,._.,.... 

..__.._ 
' .... ·' . ·(: 

; . 
~: " 

·. Requlrementa Analysla ';' .,_,..... ......__,_, 
.. ~ .. -~--,.,._,.-~-I>UNNARl 

AC10I01to'u:DGMEH'T4 ......,.ca 

ing the ceuses of these problema and the 
mechnnlsms of software dcvelopment. 
They seek both constrainta on progrnJno. 
ming which will tender software Je!'\5 expen. 
sive and more relinble and also th.e thHJret
ica1 foundations upon which progrart\5 are 
builL Sortware engineering is not t.he same 
as programming, although programming is 
an import..ant c:Omponent.lt is not the atudy 
o( compilen and openting syslerns. al· 
though compiler writen and operating sy&

. te m implementora use similar techniquea. 
lt is not electrical engineering. althou¡h 
electronics does provide the bosis for imple. 
menling the computer (JErr77). 

Software en¡i.neering is int.erdisciplinary. 
. Jt uua mathematics to analyu and certif7 

algorithma. en¡inHring to utimate eoata 
and dtfme t.radeoffa. and DlB.Ilel~mmt Dd
ence lo derme requirement.a. uaeaa riab. 
oveJVe persoMel. a.nd monitor pro¡ram. 

----·-··- ·--·-· 

This flTSl st.age, curio~]y .. ab~~t from.many 
projects, defines the requirements for an 
accept.able solution to the problem. The 
statement "Write a CosoL program of not 
more than 50,000 wonls to produce payroU 
check&" i.s not a requirement; it i!: the par
tial apecification of a computer solution lo 
the probJem. The computer is me~Jy G tool 
for aoJving the problem. The requtremente 
~alysis focuses on the int.eñaee between. 

fWUN!: J. Eft'ort nquind oa 'l1lrioua .S. al S 
actMtloolndadmc-~· 
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the tool an"d the people who need to use it. 
For ex¡~.mple, a company may con<:ider sev
era) mcthods of paying ita employees: 1) 
po.y employees in ca..o;h; 2) UAC a computer 
to print payroU checks; 3) produce payroU 

. checks mo.nuaUy; or .C) depo~it payroU di
rectly into employees' bank accounts. 

Other aspects. such as proce~o;.ing time. 
costs, error probahility, and chance of fraud 
or theft, must be considered among the 
basic requircments hefore an P.ppropriate 
solutioo may be cho~en. A requirementa 
analysis can aid in underslanding both the 
problem and the tradeoffs among confiict
ing constraint.s. thereby contributing to the 
best solution. 

Hard requirements and the oplional fea
tW"es múst be distinguished. Are there tlme 
or space limit.ations? What facilities of Lhe 
&)"stem are likely lo change in lhe future? 
\\ñat facilitif!!: will be needed to maint.ain 
different versions of the system et different. 

·Jocationa? · 
The resources needed to implcmerlt the 

aystem must be detennined. How much 
money is &'lt&ílable for the project? How 
much is actuaUy needed? How many com
puten or computer services are affordable? 
What personnel are available? Can E"Xi!'>ting 
software be used? After the first questions 
are answered, project schedules must be 
planned. How will progress be controlled 
and monitored? What has been learned 
from previous effort.s? What checkpoints 
will be inserted to measure thia progresa? 
Once all these questions have been an
swered, specification of a computer solution 
to the problem may begin. 

S~dflcatlon 

While requirement anaJysis seeks to deter· 
mine whether to use a comput.er, s~cifi· 
cation falso called de{inition [FIFE77]) 
aeeks to define precisely what the computer 
is to do. What are the inputa and outputa? 
In the payroU enmple: An. employee rec:
ords in a disk flle? On tape? What is the 
fonnal for eech record in the flle? Whet ia 
the fonnat for the output? Aze checka lo be 
prlnted.? la another tape to be writt.en con
taining infonnation for printin¡ tbe checke 
ollline7 Will printeclre)JOTIII accompany lhe 

chccka? WhAl a)gorithms will be needed for 
cnrnputing rleliuctions such as tax, UIO(:ffi• 

ployment 1md helllth insurance, or pension 
pl'l.ymenlB? 

Since commerc:-iaJ systems proces-<4 con· 
siderable amount~ of datA, the databl'lse ia 
a central concem. What file~ are nPedeM 
How v.ill they be formatted. BCC'L>Med, up
dated, and dc1cted? 

\\"hen the ncw E'ystcm f;uperst'des 211 
older process {for example, when an auto
matic payr("IU system replaC"es a m!tnual sys
tem), the conversion o( the existin¡ dl'ita
b~ to the new formal must be rart of the 
dr.F-ign. Convers:on may require •a specia1 
pro~am whkh is disc-arded after. its fll'St 
and onJy use. Since the C("lmpany may be 
using the older system in its day·to·day 
op'!ration. bringlng the ncw system online 
prcsentoJ a proLiem. Can the o1d and the 
new syslems run Ride by side for awhile? 

The aru;wers to thesé questions arf! set 
forth ln the functional FpecifiC'afion, a doc
ument describing the propos"d computer 
eolution. This document is importan\ 
throughout the proj.:x:L By defining the 
projrct, the specificalion gi\o·cs both t.l;e ~ 
purchaser and the developt'r a cor.trete de- 'el 
scription. Tlie more prel'i!c the specifii:a· 
tions are, the lcss likely will ~ r.rrors, cc.on
fusion, or recrimlnAtions la ter. The specifi •. 
catbns ennble test data to be developed 
early; lhis means that the perfoirnance of 
the S)'Rlem cnn he lesled objectively, sin ce <.. . 
the test data wiQ not be innueuced by im
plemcntation. Because it df'~cribts the 

·&cope (1[ the solution. this document can be 
used for initial eatUnalcto of time, pel"$0nnel. 
and other resource& needed for the project. 

Thes.e specificetions define only "·hnt the l\: 
system is lo do, but n<rt how to do it. De-
tailed ·algorithms for implement.ation are 
premature and moy unduly constrain the 
designera. 

Dealgn 

In the design &tage, the algorithms called 
for in the specifications are developed. and 
the overaU structure of the computer eys.. 
tem takea shape. The ayatem must be di- . 
vided into small parta. each ó! which ia the 
nsponsibility of an lndividusl or a amalJ 

Onpatbca.-,.. VIL lO. No. I,J-1171 
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team. Each such module lhus dl'lincd must · 
have ita constraint.s: it.a funclion, size, and 
apeed. 

M submo!fulea are ~;pecified, they are 
represented in a lree diagram showing the 
nesting of lhe aystcm'a componcnla. Figure 

errors occuned in design. but on1y 36% in 
coding. Hamilton and Zeldin [HAMJ76] re
port. that in the NASA ApoDo project about 
73% of all enors were design en-on. We 
have mastei-ed coding better than any oUaer 

. stage of software dcvt>l_cipment. 2 illustrales this for a typicaJ compilcr. This 
illustration, sometimes called a baseline Testlng 
diagrCU71, i.s not by itself an adequale 5pee· . 

ification o( the aystem. The teshng st.age may require up to half of 
Because the soJution may not be known t.he t~tal effort. Inadequately pJanned test

wben tM design stage slArta, decompo~ition · ing often tesults in woefully h•e deliveriea. 
into small modules may be quite difficuiL _Durlng testing the system is presented 
For older applications (such as compiler WJ~h data representative o( that for the 
wrlting) this proccss may become standard- fimshed ~ystem; thus test data cannot be 
ized, but for new onea (sucb as defense cbosen al random. The test plan should, in 
aystems or spacecran control) it may be lact. be designed ~arly aud most of the test 
quite difficult. . ... . data should be specilied durlng the design . 

A com.mon problem is that the buyer o( at.age of the projeet. .. - . . ··. _ .· ·: . 
a system often does not know e:ractly what i Testing is divided into three di.stinct op
he wanta, espcCially in atate-of-the-art eraUona: 
area.s such aa defense aystema. .A. he seea 
the project evolve, the buyer ofl.en changes 
the apecificationa. U this occ::ura too ol'ten., 
the pcoject may Oounder. We discuss thia 
problem 14tu. · · · . ~: 

COdlng 

1) ModUle testing subjeets each module 
to the test daLa &upplied by the pro-

. grammec. A le&t driver &imulates the 
~' . software environment o( the module 

Codin¡ ls ~ally the • .;.iest ·staie. Hi¡b- . · 
Jevel languages and atructured program-
mln¡ aimpliry the task. In one study, 
Boebm [BOEH75) (ound that 64'i!. o( all 

· by cont.aining dummy routines to take 
the place o( the actual Bubroulinea 
that the tested module t"alh.. Module 
testing is sometimes called unit telil· 
ing. A module that passes these testa 

. is released for integration lesting. 
. 2) ln.legration lesliT&, testa groups of 

componeñ.ts together. Eventually, thia 
Procedure produces a completely 
tested system. Intecration t.esting fre.. 
quently reveals eJTOrs missed in mod· 
ule testa. Correcting them may ac
count for about a quarter o( the total 

@ 

............... __ ..... _. 
~~ ........... ..__ 

effort. · 
3) System.t leBling involves the test o( 

the completed. ayatem by an outside 
group. The independence of thia 
group is importanL · 

The buyer may also i.nsist on hia owñ 
syatems test, or acceptoncr te.t, befare (or~ 
maUy acceptin¡ the product. Comparison 
of the peñocmance of several aystems {su eh 
u those óf a given software product airead y 
available lrom aeveral aoutc:ea) ia called 
brnchnuuA lntUtg. 

Durin¡ latln¡. many criteria are uoed to 
determine conect prosram . eucutioo>. 
Amo.., other lmpcnt4,n criterio, tha -

,~ 

1 

1 
! 
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pam is considered correct if: 

1) every staterilent ·has been executed at 
- least once by the tef:t data; 

2} en~:ry jlath th.rougb the progra..m has 
been executed at lea.st. once by the test 
data; and 

· 3) for each specification of the program. 
test data demonstrale that the pro
pam perform.s the particular specifi
cation correctly. 

These three dilferent criteria show thet 
there i.s no single acceptable criterion defin
ing a ""v.·eU-tested'" program. Goodenougb 
and Gerhart (Goooi6] proposed a set o( 
consistent definitions (or "t.csting"' . and 
ahowed that &ame or these definitions of 
teSting are, in theory~ insufficient. We re:-· 
tum to this subject later. For a Burvey of 
good _testing techniques, see [HuAN75]. 
. Closely related to testing are verification 
and validation (V /V). A system is volidat~d 

: · "''hen testing ahows that the syst.em per· 
· ;- (onns according to its specifications. A &ya
. · tem i.s vtrifi~d when il has been proved to 

its specifications.. Jn contrast, a reliable 
program n~ed not be correct, but ¡;ives ac
ceptshlf' answers even if the dat..8 or cnvi· 
ronmcnt do not meet the a~umptions made 
abc~t them. We wOuld like a ~~:ysiem lo be 
high)y robust., th:1t is, to accept a lar~j;e rlass 
o( input data· and lo proces!l it [corrt.!clly 
under adverse conditions. Parnas [PAH.Ni5) 
describes a con-ect &}·stem as orie tl1at ia 
frto.e from "!flllts and has no errOrs in ita 

. interna) daté. A program is relia~l~ if fail
ures do not aeriously impJÜr its sati.oúact.ory 
operation. . 1 

Operoting aystems •ith .. fafl.soft"' pro
ceduns illustrate the diffecence 1 between 
relie.bility and coFTectness. A det.eet.ed error · 
c:.rauses the ayslem to &hut dov.-n~ wilhout 
losi.nc irúonnation. possibly restarting after 
error recoveey. Such e system rn..a:y nol be 
cornct brcause it is 5ubjf'cl to rrTon. but 
it is reliable becau!te ofita consist.f.nt oper· 
ation. A real-time program may·bC coJTCCt 
as long as a sensor reporta cort"'et:tly, but it 
may be unreliable if bad sensor 

1
rP.odinp 

ha ve not been considered. · 

! rneet its apecifications. eurrent technology 
is inadequate for achieving both these ob- Operallon and Malnlenance (~ ( 

jectives. A validated system may misbe- Figure 1 showa the disposilion C\f Software 
have for ca&ea nol included in the test data. ·costa in developing a new projecl. Dut this 
A verified system is correct relative only to can be the wrong chart! The activities noted 
the initial specifications · and a.ssump_tions · in Figure 1 Ur onJy 251);. to 33% of thf' effort 
about the operating environment; formal required durinc: tl1e life of the system. Fig· 
proofs tend to "be lengthy, making them u.re 3 illustrates thnt maintenance eo~ts u}. 
subject to error or incredulity. Cerli[icrztion timately dwañ development costa.! 
aometimea refen to the overall proceS! of N.o computer ~yst.em is immut.able. Since 
creating a.correct progr-am by ,·aJidation a buyer aeldorn knowa what he v.·lmts. he 
and verification. . aeldom is &atisfied. Probobly, he l"iU re. 

In certiiying a program, three tenns must quest changes in the delivered system. Er. 
be distinguished. A failur~ in a system Í5 an rora mi.ssed in t.e~ing will later be\ discov· 
event ..-hich. ma.rb a viola.tion of the aY. ered. Diffuent installations will nerd spe
t.em'& &pedfications. An errt:Jr is an it.em of cial modifications for local conditio'ns. The 
infonnation ~hich. when p~es.sed bY the . !Danagement of multiple copie• of e\syat.em 
normal a1gon~ of lhe syst.em, produces ·u. another difficult problem that muRt be 
e (ailure. Since eJTOr recovery.may be built handled early in developmenL 00ce the 
into the progrem (for ex.arnple. ON unita in first line of code iB v.Titten.·the atru~lure of 
PL/)), not every ~fTOr 'tdll produce a (ailure.. the resulti.n¡ maintena.nce operatiOn may 
A (aull is a mi!!'Chanical or algcorithmic de-- already be fued. BO it is best to plalt for it 
fect •·hich ¡enuates an error (for eu.mple, then. 1 

a programmin¡ ""bu¡") [DDo""Ñ76aJ. The diviaion of effort indic.aUd in Fi¡ure 
Reliability it a cOneept which must not 3 p-e:atly aft'ecta eyat.em development. Be-- .. 

be confua.ed wlt.h coJTettneaa. ""A COIT'rd pro- caUM: of hidden maint.enance eo~;tl., tecJa.. ·· 
pam 11 one that haa breen pnwed. \0 meet • rüqua thatnmh di!!Yelopment and ¡lrovide . .. 1 

~a....,.. V el ll\..._1."-..,. 
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•nou.-nnrs 

............. 

Flc:URE J. -~. elfo~ on ~n&ny W¡e-~e- ~~,;.an .,..,..,.. 
for very early initia1 implemenlation may 

. _ · . be trading early esecution for a much more· 
._ :- ~- . erlensive maintenance operation/" :~ · · · 

.design·often reveals Oaws in these spedfi· 
cations; coding, te!:ting, and operation re
veal problems in design. The goals or soft~ 
ware engineering are thus to: 

• Use techniques that manage syst.em 
complezity . 

• InCrease syst.em reliability and coJTed.
nesa. 

e Develop techniques to predict110ftwan 
costs more accurately. _ 

In ilie following sections, we discuss ap--_ 
proachea to aome or these problema. The 
list of techniques is divided into mana¡e
·ment and programmer issues. Management 
issues concem the effective organiution of 
personnel on a project. Programmer issues 
concem the techniques used by individual 
programmen to improve their peñon:Jl-o 
anee.··'.· ... ·. . -.. . . 

The mainlenance problem is aometimea .-, '·· ;; .. 
· "referred toas lhe ''parts num~re:rplosion." 2. MANAGEMENT lSSUES 

For esarnple, a certain ayst.em cont.nins 
component.s A, B, and C.lnstallation 1 finds A manager controls two. mejOr nsourcel: 
and rcport.s an error. The dcveloper f1xea peroonnel and:Computer equipmenL 1ñia 
the error and aends a com~cted· module A' section &urveya technique.s for optimi:ing 
to all irut.allations using the syst..em. the use of these resourcea. · 

lnste.Uo.tions 11 and lit ignore the nplace-- '. :. ::· .. <f.~: .. · 
· .Denl and continue" with t.he original system. · · Slz.e.and Cott ContrOl -;· 
Installatioru 1 and 11 di.scover another erTOr 
in module A. The developer must now de- A project may fail when ma.na¡::ement is not 
t.ennine whether both of these enors are aware of developing problerru; a year'a de-

. the same, sincC different veniona ot module ley comes uone day &t a time" [BR0075). 
A are in'·olved. The cunection of this error Faced v.ith cat.utrophic failure (for exam
involves correction of both A' (fof!) andA ple. needed hardware is delayed si.x 
(for JI) yiclding A" andA"'. There are now months}, a resourccful manager can usu"ally 
three veraions or the 5yst.em. · find altematives. However, it is ensy to 

J. To avoid thill JI"D'A1.h, ayst.em.s orten ~ ignore dáy-to-day problema {such al aick 

:: ceive updates, cn.lled relea.4ea,. at fiud ln- em~~epC:ob~e="~:U~~7 ~~~~te~':!:'!; 
t.ervnls. A usCful tool ror dea1inc with myr-
iad maintenonce problema ia 0 .. ayslema modules \\-rltten by differenl progre.mmen. 
dat.abue•• ala.rted during the upecifications Since the number of &uch inteñaces ia on 
at.age. ThiJ dat.aboae recorda the character- the order of the square ·or the number of. 
istica o( the different tnst.allationa. Jt in· individua.b involved, the problem becomes 
eludes the procedure& for reportiOc. t.estin¡", unwieldy when the number of peraons ln a 
and repalrinc e"on berore diatributin¡ the development group growa to four or mOre. 
correctiona. Aa an nample of the cornmunicatione 

Theme1 of Softw•r• Englneerlng 

lt ahould be clea.r that each aoft"·are devel~ 
opment atece may lnfluenr:e earlier 11ta¡eo.. 
. Tbe writlng of opecifitAtions ~vu feedba<:k . 
fof naJuatinc J"r..IWH requirementa; tho 

problem. &85ume that a sin¡le programmer 
iB capable or writing a 5.000-line program in 
a year, and that a programmins ayatem 
requires about 60,000 linea ol code and il to 
be comple~ In - ;ye.,., Five pn>s;ran>
mem -mi oeem ID be DUI!'u:lenl ¡,.. Fil· 
ure 4o). 

- .. ·-- ..... ---- ·----· ---· 1 
' 
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However, lhe live pru¡;rammers must 

communicat..e wilh one another. Such com
munication takes time and also causesaome 
loss in proctuc(h.¡ty since finding misunder
stood a¡:.pects will rcquire addition·al testing. 
For thi.& simple analysis, assume that E"ach 
communic·ation palh "cost.s" a programmer 
2501ines o( code pcr ycar. Each of the five 
prognmtmers.. thercfore, can produce only 
4,000 Jines per year and only -40,000 lines 
are completed within two years (see Figure 
•b). 

This riteans that eight programrnen~ pro
ducing 3,250 lines per yea.r are actuaUy 
needed in arder to produce the required 
50,000. A mnnager is rcquired for direction 
o( this large effort. Thercfore, in summary ~ 
eight programmers and a manager, each 
producing an average of 3,000 lines peryear. 
are actually needed (see Figure 4c). 
~ we shallsee, simply counting linea o( 

code is not a good way Lo estímate pmduc
tivity. The figures in this example are only 
given to illustrate a point, but they are 
representative of the problem. There are 
also lechniques dcsigned to limlt this com
munications "explosion" and lo increa.ae 
programmer productivity. 

Project Personnef 

Software can. u~u . .dJy be .divided inl~ t.hree 
categories: 1) control programs (such as 
operatin¡ ;&YSlems), 2) &.)'fltem.s programs 

. (such aa. compilers), and 3) applicationa 
programs (such as file managcment aya
tems). A single programmer workin¡ on a 
control program can produce about 600 
Unes of code per yea.r, whereils he can pro
duce about 2,000 lines if working on a aya
t.ems program a.nd about 6,000 it workin¡ 
on an application.s program [WoLv74]. The 
type of task certainly affeot.s lhe produc:tiv, 
_lty that can be expected from a given pro-. 

B 

F'JauRE .t(b). Five-member ¡roup: 4,000 ltr- per 
)'Ur .. <10,000 lin" in lwo yr.n (trn ~nmunkatioa 
pahs). 

P'JOURE4(c:) •• Nlne-~brr Uam: 3,000 lirwto per )'Uf 

• 60.000 lme. ln two ,-e.n 136 conununicatioo 
.. in). 

gr.ammer. However, as the previoua e:ram
ple demon.strat.ea, Lhe or¡aniut.tion of per· 
110nnel alao affecta perfonnance. For exam
ple, wilh lhe epproacb of deadlinea, docu-

.._........._""' ......... __ . 
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1977 the cost hnd ri!';en flilsl •n 1 .,,. 
[RNK77) J • · . <il" •• 111n 

· . n.th•s·cnse, the dcMcn ~.~oao;; nl
tcred conlmuous)y as the fed. l , · 

,.,,mpJ,·tion date. T\\'O o( thcse .1 . 
ti t lAr:tclt·ns-

mcnt · d tra ¡;ovcrn-
ampo;-t• ncw cnvirunmc..nlal 1-;l.an

dards (that ·~ chnnging spccilications) and 
ncw technologics were needcd to ' 
l~~rg.e Quantitics of oiJ in 8 cold we:::~:; 
em1t~nment. Prcvious experiCnce waa only 

C'S flrc •·nnugh lo dctl'rmine ·lh K d 1 e t"fmsl :m u 
nn . a. \\ ht·n 8• Projer.t. is initiated the 

PWJI0!->NI lmclget L" 3n estimate f K 1 d 
lhe avnilo•hlc pt·N:onnel permita o o lo a~e 
calculated. A!'.'iurning lh•t req· • 

1 . · 1 . utremcnt ana )SIS ' etermrnt•s that the fi 
margmally hclpful. . 
. ~esults from cornputer hardware reli8-

bJhty theory are now ,¡;farto"ng 1 1 1 . r opayaroe 
m 50 ~ware e.o;timation [PUTN77). The cu
mulallve ~xpenditurcs over time for large
scale pt~ject.s llave heen found lo agree 
closely Wlth the following equations: 

r l se 1gure~ rep
j~? an at-curate 8"-<ó('!i."illlent of the com-

p ex.Jty of the problt!ml the t-slimated ··om-
plel¡on date {the rhl!e whcn the d" 
tun:s h . e:.:pt•n 1-

. tt•ac a ma).lmum) t·an he <"ompult>d 
~;d thus. <"<mnot be st'( urhitrarily durin~ 
The. rt.•qmrt·ments or spcdfit.·ation o;tage 

_lS m~thod pro\'ides the basis for ~ C"osi 
estlmahon tilrategy that has been A f" d 

E- KU-e...,•) 

where E· h 
• 1S l e. total amount !ipent on the 

~roject~up lo hme t, K is the total cost of 
.• e proJect. a~d a is e measure Of the max- . 
Jm~m expt'nd11ures for llny one time period ri.S teJa_tiono;hip is U!";URIJy expressed in ju; 
tfferentJaJ fonn, cnllcd a Ra•·l , h 

to smaUer projects in the lOO man-~~~~h . 
rang~ [BAst78]. We m ay be clm;e lo a math~ 
e~ahcaJ theory of cost estimation whicb 
wdl. greatly n:duce our need lo "gu • 1 
proJect costa. ess a 

J ctg curve: 

E' • 2Kat~-·· 

where E' is the tale uf expenditures or the 
amount spent 00 the pro¡" _ 1 d . ' be . .... urmg ycar 
:~m r t. ~mee 70% of the C"O!>l Of 8 project 
~curs d~r~ng: lhe m<unlenl!.nce sta¡:e, it ia 

not 501"J?nsmg thftt lhe m11ximum cxpcndi
lu:es WIIJ ~cur just befare the product iB :h eashd, a lime when it is usuaiJy assumed 

·... .at t. e effort is winding down befare ter~ 
rrunat1on (see Figure 6). . . 

Tite Rayleigh cun-e hu two parametera, 
K ~ a; however, a system can be de
~bed by three general characteriatica: l) 

cost. 2t rate of expenditure, and 3) 

tMilestones 

A milctUonf' is the specification ora· d 
str bl · emon~ 

a e_event m the developmcnt ofa· ro·~ 
ect. Mdestones are schcdulcd by ma p 1 

l nage-
men to mensure progress. "Coding , "Oa 
com 1 te'' · . lS.,. .., 

P e 1S not 8 nulcstone bec:8use the 
mana~er ('nnnot know when 90% o( the 
code lS complete untü the project it lt . 
complete. se lS 

There are many cnndidntes Cor iJ 
ston~s: publi_c~tion of the functional 

6
m ~: 

~cahuns. wnhng of indivjdual modul~e
Sig?S• module compiling without erro 
umts that have been tested successfuUrs. 
and so on. Milestoncs_ are scheduled Cairf• 
often lo detect early shppage. PERT eh~ 
m8y ~e used lo estima te lhe effects ot sli 
page In one sl11ge on la ter Stages. p-

Rcporting forms can give information 
useful f~r cstim8ting when a future mile· 
stone MU be reached. A general project 
&u~'':liU')'• describing such overall charac· 
tensllcs as sysfem size. cost. completion :tes. or co_mplexity, can be resubm.itted 

th ~ach m1lestone. Change reporta can be 
BUbm1tted each time 8 module is _,1• d. 
The r l'b . ~ re use 0 8 1 ranan probably means th t 
such a form already exista Weekl 8 

neJ d · Y person
. an computer reports monitor ezJwnd-
:!,~ Al~ough th~y add a minor overhead 

e proJeet, the intonnation helps m.,.. 
•sement ke•p abnast or pro¡reaa [llAsJ'" WAU177). ,.., 

~~·-·--------···--------

, .. 
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Dcvelopment Tools rity that can ari~e- when ~any pcopl~~with 
different objenivrs become in.,.olved in a 
project. A ('on<>i~tent dCsign is less prone to 
errors bl'cnu~ the u!"er can follow a &impla 
set of rules. 

Compilen and cert.ain dehugging facilities 
have been evailsble for sorne time. In con- . 
trast, olher prop-amming aids are new end 
e:.:perience \\;th them is le!'S· estensivt:. 
Cross referenclng, attribute listings. and 

1 r eh Continua/ Syslem Vafidslion &ymbolic storage maps are exa.mp es o su 
aid.s. Auditors or dat.abase systems can help A u·alkthrough is a mana~;ement review to 
to control the organiz.ation of the develop- di!"Co\·er errors in 8 system. In one study, 
ing system. The Problem StetemE"nl Lan· TRW disco.,.ered that the cost of fixing an 
guage/Problem Statement Analyur error al the codin{! r;t.a¡::e ~ obout tv.;ce th&t 
(PSL/PSA) of the 1SDOS project of the of fixing it at the dcsi¡;:n st.age, und catching 
University of Michígan is one o( the first it in testin~t costs obout tfon times as much 
database systems for providing a module as it does in dcsign [BOEII76]. 
library for storing source code, and it:~dudes A walkthrough is scheduled periodically 
a Janguage for specif)ing interfaces in sya- for alJ personncl. In auendance are the 
tem design which can be checked automat~ project manager (chief prograrnmet)

1 
the 

ically [TE.TC77). RSL/SSL is a similar sys- person revíewed, and several others Mowl
tem de~ip¡ed lo &pecüy requirement.s nnd edgeable about the pTojecL One ~tion of 
to de!"ign interfaces via a data management the system is !\elec-t~ for re\'Íl'W and each 
system [DA\177]. individual is given irúonnation ahout ths.t 

An alterna ti ve approach is the Prol,'T&m· section (for exe.mple, design document for 
mer's Workbench developed by.BeU Tele· a. design v.-alkthrou¡;h. ~ode for a coding 
phone Lshoratories [Dm..o7G]. A PDP 11 walkthrough) before the review. The per-
based system provides a set of auppolrtbrou- ·· son being reviewed then describes the mo4~ . ·º·. . 
tines for module development., 1 rary ule under study. ~: 
mainlenance, document.aüon. and t.esting. The walkthrough is intendcd to detect 
Proper use of these facilities allows access- errors, not to correct them. Also, the 
in& infonnation in a.n easier, controlled en~ walkthrough is hrief-not more than two 
vironment. hoUrs. By explaining the design lo othcrs. 

Rellabllliy" : · 

C~eptu~l-lnteQrlty 
. '····~ 

Conc~ptual intcgrity1 uniformity or style 
and simplicity of structure, are usunlly 
.achieved by minimiúng the number of in
dh;duals in the projecL A chief program· 
mer team greatly enhanceS conceptual in
tegrity. 

A &mall group minimiz.es co"ntradict.ury 
aspecta of a desipi. lo the PL!I lo.nguo.ge. 
for example, the PICTURE 8ttribute dec~ 
la.ration may be abbre\;ated as either PIC 
or P. but in· fórmat r.pccifications it may 
only be P (ANS176). ln FOHTRAN, the tight 
aide o( an es.~ignmentstat.ement can be an 
arbitrary arithmetic e1pression, but DO 
loop indices must be integer coru.tanta or 
variables. and aubscripu lo an-ays IU'e lim~ 
lted to .. ven buie ronns [ANSI66). Th"'!! · 
are difficult idiosyncn.cies lO remembel. 
Thoy Wuatral<! a laek or conceptual intes· 

the person H!"\tÍewed is likt'ly lo di. .. cr,\·er 
vague specificotions or mis.sing conditions. 

An import.ant point for management ia C; 
that the wn1kthrough Í! not for personnel 
evaluation.lf th~ person revif'wrd perceives 
that he is bein¡;: evalua~, he may allempt 
tn cover up problerm or present a rosy 
picture. .. 

An informal yet very effective ve"rsion o( 
the wolkthrough is cod~ rcoding. A second 
programmer revit"~ the code for eac.h mod· 
uJe. This technique frr-quently tums up er~ 
ron when the secood reoder, fnüiug to un
derst.and &ame aspecta o( the code, askA the 
outhor Cor an explanation. 

3. PROGRAMMER ISSUES 

Each st.age of the software development life 
cycle has it.s 0\\11 &el of problems and &alu
tions. The moatadvanced techniques apply .. , 
to the ·wt atages; the firBt ala¡ es are the· 
leaat d•••lopod. For oumpl<, testin¡ ond 

i 

--- ·-- . ..1 
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ment.ation ia oflen given loWcr pñority. resporu;ibilitics RS budgeting time, vaca
However,.since 70% of the totalsystcrn cost tions. orlke spnce, arid other resources, and 
may oecur during !he m~:nten.:mce state reporting to uppcr-le,·el mánngement. The 
(where the documentation is hcavily u.scd), . administrative manager often adminislens 
this may be a false economy of e!Tnrt. scvernl programming U>ams. 

Use of 3 L"brarian ¡_, one way t.o avoid this The backup programmer works v.;th the 
problem. A librarian providC5 the interface chief programmer and lills in details as
between the progrnmmer and the com- signed by the chief programmer. Should 
puter. ProgTa.ms are coded and given to the the chief programmer lca\'C the project. the 
b"brarian for insertion into the online proj- backup pro¡;rammer wou1d take over. This · 
ect library. The actual debugging of the means that he also must be an exceUent 
module is carried out by the programmer, programmer. The backu¡) programmcr also 
but changes to the ofrtcial module in the fu!rills an importanl role by providing the 
b"brary are made by lhe librarian. The use chief programmer with a peer witli whom 
of a libra.ry is furt.her cnhanced when án he can discuss the design. · 
online data. manngemcml system \s used. There are also two or three junior pro
._ The use of a librarlan hils another bene- · grammers assigned lo the team tO write the 
ficial effecL AU changes in modules ·¡n the low-level modules defincd by the chief pro-
project library are handled by one iridivid· .. grammer. The t.enn "junioz:" in this conte:rt 
ual and are easy lo monitor, lhey are oflen mcans "less e:tpcrienced," not ''less capa
reviewed by the project msn.e.gt!T before ble ... As Boehm st.atcs, the best resultA oc-
in.,.ertion. This prevenla "midnight cur with fewer and better peop!e. .; · 
patches" from being quickly incorporated Using the ex:ample ·mustrated by Figure 
inlo a system and forcea the programmer to 4," a cliief programrner lea m of five indh;d
think carefutJy aboul each change. lt also uals has only &even corrununications patha, 
gives the man11ger disciplined product con- and the chief programmer, being lhat rare 
troJ and helps with audit traila. individual, can produce more than bis 

On larger projects., a technical writer may quot.a of 5,000 lines (see Figure 5). Thua 
.perform much of lhe documentation, thus produclivity pcr pro¡;:rnmmer could be 
freeing programmcn for thc tasks for which greater than 5,000 lines per year, instead of 

· they are most skilled.. · . , . . the previous figure of on1y 4,000. · . . 
. The culminaüon of this trend is the eh~( . . The team hos a librarian lo manage the 

programmu ieam concePt developed by · project library-both the on1ine module li~ · 
IBM [BAKE72]. The conccpt recognizes brary and the offiine project documentation -
thal programmers have different levels of (also caUed the project notebook). "IJle 
competence; therefore, the most compelent project notebook contains, a.mong other 
should do the major work,. while othera things, recorda of compilations ond test 
funcüon in aupporting roles. AB the earlier runs of all modules. lt is important to the 
e:xample showa, interfacing problema team structure. since all developmenl ia 
¡reatly reduce programmer productivity. now eccountable and open for im.peclion. 
The chief programmer team is one way of and code is no longer the .. private property" 
limiling this complexity. of any individual programmer. 

The chief programmer, en excellent ¡n-o. Programmers have tradilionally been re--
grammer and a creative and well-disci- luctanllo exhibil their product& until com
plined individual, is the head of the t..earn. pletion, since dio;covered errors have tradi· 
He may be five · or more ümca more pro-- tionally been viewed as a personal fai1ure. 
ductive t_han the lowest member of the The absurdity or thia approach is clear 
team [BOEH77}. He (unctiona aa the tecb- enough. U the ego element is removed from 
nical manager of the projecl., designa the programming. programmera may openly 
syst.em, and writes the tqp-level interf'acea aak othens ror advice. wbeu they need it. 
l'or .n major modules. . lnstead or llying lo aolve .n problems them-

u a project ls lar¡e, ateam may aloa have oelvea [WE11f71). ·' · ·· . ·. · ·C. 
an adminisuatlve manapr to bandle euc:b · Tbe team may inc:lude other su~ 

·, 
\ 

! 
i 
·1-

J 
1 

1 

.,___tit-ett on So{tu'Ore-E¡,_g~éering _ • 205 
-~~- . ' - 1 

to complete a projecL M pre,iously men-

* 
tioned, the Venaumo Narro•"& Bridge ~ 
New York City was completed al t~e P"?
jected time and ";thin the eshmated 

., budgeL How was wch accurac)" achie.ved? 
Mosl enGineering d~óptines ha ve h1g~y 

* 
-J. developed methods or ••timating reao~ 

needs. One such t.ec:hnique is the folloW"IJll 

[GAU.65J .1 
1) Develop an outline of the req~ 

ments &om the Request for Quotation 
Plcuu i. Fewrr communication& palhs iD • r:hiet' (RFQ); 1 

~ team. 2) Gather similar Wormalion, for ez-
personne1 wch as secretaries and tec~cal ample, d~ta &om similar projecta; 
wrilers.. Experience shows that ten 1S the 3) Selecl the basic relevanl data; 
uPper bound to team &iu. 4) Develop estimates; 
. This st.ructure, however, will not solve ell ... _S) Malc.e the final evaluaüon. 

problems in .de~e~opm~_':!-- \Vi~ •. smalle~·. · · Although this approach hu been edv?"' 
number · of mdiVJdualS mvolved. compe· cated for software development, software . 
tence is crucial. Il is n_ot J?O~i~le to "work projects ha ve difficully passing St;eP.Il 
around" a nonproductn-:e mdl\"'ldual as one [WOLV74). En&ineers han been buildu:'l 
might do in a large proJed.. There are also bñdges for 6,000 years but software systems 
e:J.tremely large projects where a group o( for only 30 years. Prior e:.r.pe~ence to de
ten is simply too &mall to t.ackl~ develop. velop the true requirements_ may not be 
menL Larger teams are nol effiaenL · available. Moreover;·with very little back-

.A man-month, or ~.e am?unt of work ·ground to b~iJd on, the developer h~ lit~e 
perfonned by one inWVJdual J.? on~ mon~ knowledge ·0 r &imilar syatems lo. use m evai-
is a decepti~e. me asure f?r estL.IUl.ll_ng proJ- · uation (Step 2). . J 

ect producll\'ll)'. A proJecl requmng four .In developing the eshmnles (Step ·Cl, the 
prop-ammers for a year CS;"not be com- (ollo"ing taska must be.undei1.aken: 1 ~, 
pleted by 48 programmen m one month. . . . \2.. 
The example of ·the. 50,000 line 6ystem 4a) ~mpare .the pro}t'ct to &tmilar ~~ . 
needed in lwó yea.rs shows &Ome of the Vl~~ proJeda. . . . 
prob1ems inhel-ent in uying to exchange ..Cb) D1Vlde the proJ~l . m~ ~mte ~d 
progranunen for time. ""Adding manpower compare eech umt \\'llh &~iJar um~ 
to 8 late software project makes it lat.er" 4c) Schedule work and e11tunate re-
[BR0075}. New personnel divert exisling aourcea by the month. 1 

. rsonnel needed to train them; they re-- 4d) Develop standnrds thal can be ap--
~ire more supervi.~on; they ~mplicate plied lo work.. 1 

C?~unicalion and inte:f~re ~th the de-- Note that for Step .Ca), the lack ~f P.t;e'" 
atgn smce they are unfamibar WJth the pro} vious es.perience presenta a rontmUtJ;tt 
ect structwe. problem. Alao, for Step .Cd), an adc>f]U&te 

However, _man·montha do serve 8 pur- set of st.ondarda does not yet e1ist. 1 

pose as. a usef1;1l meas~ of project costa. Experienc:e la ·lhe ~ey l.? acc~ate et,ti--·· 
By addmg more data. IUt~ as the rate o( maliorL Even civil engmeenn¡ proJecl& m,BY 
using man_-months. .aCCW"8~ c:ost estima- (a.i) baclly -v.·heñ esLablV.hed techrüquea ~ 
tion techruques can be utillzrd. These are not foUowed. Allhough lhe Verraumo N.u· 
explained in the foUowin¡ subsecl.ion. rowa Bridge _wu the world'alar¡estsuSJMi~ 

. sion brid¡e, ha engineen had much expe_n-
&fimalíon Tec:ht11c1ua ence with other similar structwea. On the 

. . ~-~ -o-"ortho.moo&lmportant...,..,..:ofensi••'other hand. the Alu~ . pope ~u ·' 
>. .. neeñn¡ ;. eotimalihJ tho ~ aeeded estimaled lo coaU900 million. yet by r 

~......,._VGLIQ.Ne.L~ml_ 
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dehut::ging prnhlcm~ nrc :tjljmn·nl In ('\'t•ry 
programmcr; the~ tuul~ are thl' uldl'st and 
most ad\·anl'ed. Tedmiqut•:o (nr impto\'in,::: 
codir.; wc.-re de\·elopf'd nt'xt. The must re
ctnl drvelopmt'nt!'i ha\·e rc.-lat~l to recluir'e· 
nients and specilkatiftn~. Althnu¡::h man.v 
lechnicaJ prublt·m~ hOJ\'t' nut hc.-.. n Snh·t'd, 
en t:frective mcthodoloJ:'y is emt>rging. Sorne 
o( these techniques ere prest"ntt'd in the 
fnllowing sub~ction.o;, 

Yerllk:ellon end Validatlon 

. VerifacatiOn and ~·nlidation (module ami in
ÍPgration testing) o( a llly~tcm oCcup~· uhout 
hatr of the developmt:nt lime or 8 ptuj(.'C;(. 
Many debugging eids ha\'e lwrn de\'eloped 
to facilitotc this effon; m•_,st nre intJIIe
mented as pru¡;rnrns lo tc~t ~tne feat un~ of 
a system. 

Aulomated Tocls 

wilh nnnpilers likt- PI./C (CoS\\·7:1) or 
JIIXM IZ .. ;J.K';5). HmnamtKJrth\' ami Hu 
(H.\:O.IA';:lJ suney rnan.\' u( th~-sc iuols. 

CerltltcJJtion 

Prugrnm~ can k \"t•tifiNI at .'lt'\"N:tl fp,·eiJO. 
Conway [Co:-.-w7BJ!i~'t!i t•i._:ht difí(>ff'nt ,·cr
ifil·ntion wndit iuns: 

• A proJ:'ram contnin~ no ~yntactk N· 

rors. 
• A pro¡;ram conto•ins nu cnmpilntion er~ 

rors or faults durin¡; program ·eX~cu- · 
.tion. · 

• There· t-Xist test dat!l. fcjr -~hiC.h·.the · · 
proeram ~Í\"t'!=ó t·nrrct·t sm~we~. 

• For typit"al St>ts o( tt.·si d:1tn, t_ht' pro· 
gram gin•!!i ('Orrt.'(.'l :tn~"·en( 

• fur diiTintlt St'ts uf lt•st duta. tl~t' pro· 
grnm ¡:i,·\·~ ('nrtc('t lln.-.\\'t'r~. · . 

o Fur nll pus,;ihlc.- !"t·l~ uf dutn whie.h ni-e 
vnlid with rcspct·t tu tht' pr~thlf•IJl spt't'· 
iflt·ntinn, tht• program gin•s c·urn·rt an-

The earlitost and most primitin• dc.-hu~~in¡t: SWl'ts. 

tools Wt·tr tht• rlum¡1 une! tht.' trac·t'. A t/ump • 1-'ur nll possihlt· l't'l~ u( \":!lid tt·.;t data 
is a li!iitin~ uf thc nmll'nts u!" tht· mildlim··~ nnd nll likt·ly t·untlilions uf t•rrum·uu . .; 
mcmory. This listín~ t·:m of11·11 rt•\"t·:tl un· inpUt, tht· pru~rmn J!Ín·:-: t·nnt·t·t un· 
intdligilllt· dntn ur errurs. Cnfurtunnh·ly. a swcn;. 

·_ -dum¡; mny nut be.• tnkcn ttlltil lung •·arter • Fur nll pos.-.ihlc.- input. tht' prn¡.!ntm 
the Cncl'' ond tht• t·au~ uf thc errur n-in~: not . gives t·orrt•ct aau-wt·rs. 
then be rtl•)):trt'nt. A trn~ ia a primuut . :-:.•unt' peupll' nre optimi:.;lit· thnt nrw da~· 
s,howing the \'alut-s of st·lectt>d varinhlea ~: c.·nn.plt·tt• nutmnntic Jm•¡.:rnm \'t•rific-atilm. 
aftcr ench !iltUt•ntl'nl Í!i exerutcd. 1t ma.v ~·ill ltt· po!U'iblc. Toclny':.; toul:-:. n)lt't:'lle a 
ht·lp a JJruJ:ntmntt·r to di!'t'U\'t•t t'mus.. po ... t~riuri. dcmon,anuin¡.: thnt :t ¡::in•n pro· 

Thcse tcchniqueS ar~ not usuall.v very f!ram work.s. Tumurrnw·~ tuul:-:. will nl."u H))· 

efft•cth·c lwruusc they sur>I'IY mud1 dntn i'nllt' a pril)ti. ht•lpin:! tu dt'n·lupptn¡!'r:uns. 
with littlt• or no intt-rprt>tntiun. More ad- whkh nre t·orrt>t·l bcfun• tht•\' nr(' en•r run. 
\'nmed mcthoc.ls Rl't" nl'l'tlt'tl to rt·duce this Sut·h touls t·nn rl'rlucc tlw nn~nunt nf lt'l'-tin(: 
data toan intt'lli~'blf' (onn. rt'qUirl·d (or n t·nmlllet•:d Jltu.it·t·t (DI.Jt.:7t;j. 

Flo"'·grnph nnui~"Zt'Ol nr<' t':l)lahle of rlr· \'t'rifktniun tt>dmiqut•!' h:tn• the tnlluw-
teeting rderent'CI' tn ,·nrinhh•" whit-h are ing J:c'nt•rnl stnu·lUrt•.s. :\ prn¡:m111 i:-; avpn•· 
Ot'\'t'f initinlized or nt•,·t•r rE>tt¡;,_'fl nftt>r re- M>llh'fl h\'B Ocm"t'hart. t\:.;....;.c.~·i:lll·d witht';u·h 
uh·in,: a \'nlur: thl"l"t' ul'unlly inllit·ntc.• rr- nn· in 1h~ Ouwt·hnn ht :t prt'dit·:ut'. t•nllt>d nn 
rora. Te!!l dntn j:t"llt'rltlnr:c nrt' :¡)¡.;.n R\":til· a~.otrrtiull. rr .-\, is tht• ~~~~rtiun IL<..:nd:ut'd 
ablt•. AR-'it'rtiun t'ht'f.'kt•f':( ,.,,liclatt• that ¡::iven "·ith an an· l'ntt·rin¡: ¡.:t:~t t'ttlt•nt S, :mrl .4. 
romlitinn . .; an• trut' at imtit·ntt'rl puint~ u( a ¡,. thl' 8."'-"'l'Mion on tht• '"'' fullowiuJ! thl' 
pro¡:rnm. ,\utnm:u ¡,. \"t'rifkatiun l'Y!<tt·m~ 11-tntt·nwnt. thc>tl tlu• lllatt•nu·m "1( A, i.~ tnlt>, 
htwc lH•t·n implt•mt•ntt'CI fnr t:tualllmtl!"U!IJ!t'!l nnd if sUHt•mt•nt Si~ t':\t't"Uh·rl. tht'n :¡¡;.:'l.'f· 

[Jo\t;o.;t:69J :ttttl ~ymhnlit- t'J.t't'Utiun ha" h(.•t•n tiun ,-\, will bt> trur" tnu,;r he prm·rd IJ>t't> 
pro¡Klt'ol'fl ft¡O. o ¡mu·tic-nlnwnn.~ rur \'alidntin~ Fit:Ufl" ';), 
prup-nm!l in n tnnrt" oontplcx lnn¡:un¡::P. The Titi!l prot'PM cnn he rrpcntrd ·rnr t•a,·h 
PSL/I'SA fl~"l'tcm iA an .. ,utnttllr uf n tnol l'lntt•tnt>nl in a pruKmm. U .4 1 blt,lt' 1'1:'-"t"r· 
for ~Woi.ctint:: in dt"tti¡::n and Jqll·rifit·otiun. tion imnwdi:u,·l~· prt't.'t"tlillf: tht> input. nudr 
Symbolic dump!' nnd trnrt"'' nrr ~rncrutfll tu thr Oowdmrt Ctbat Ul., 1he initinl t\Ñ-4.'f· 

:!09 

~ ........... .. ......... . 
1 fiC:t"lU: i. "-rt¡,_,n~ A, aru! .4, •Urruund rDI·h "latr· 

mrJ!I ol 11 prUJranl. 

-~·ay~ nnnlll'J!lltiw ;"md cnnclitiun 1
1

1 is ~:ti!>· 
ficd ror cat·h t'XC.'l'Utiun tlf tht' In~),). !"anct'
thc loop c-untain!ii thc !i.l:l.lt'Olf'Ot -~.:~ x~l. 
P(i+ll - Plil-1. sati~fyin~ ron~mon 21. 
Therefore the lnop must terminate. 
· Certificntion will not soh·e alljour soft
ware problem.~. nhhou~h it is an i,rnportnnt 
tool. Gt·rhart ami Yelowitz {Gt:lu,t"-:-6) ha\"1' 
shown that tht'rt' are many puhli:~:hed "cer· 

tion}, nnd if A .. is the a,::sertion a~ the exit 
node {for exnmple. the fmaln:=: ... etliUn), then 
the statemPnt "HA, ls true, and the pro· 
c-ram is executcd. then .-\., is true'' will ht• 
the theorem that stnte~ that the ptuKtam 
meets its spel'ifications (A, nnd A;l {St.'"t' 

Figure 81. This appronl·h wn!'i fo~mnhzed by 
Honre (HcJAHG9) who defintod a M"l of ax
loms Cor detcrmininp: the'efft-ct:; upnn th~ 
a.c;,o;ertlons (prt'('ti!Ulitions nnd pu~ll'CHUh
tiom) b\' t-m·h ~tnlt·ment typc in~ lanl{ullge. 
Thu.c; \:crifyin~t prugram correclnes.<>_ n•· 
dUI.:t>~ tu prndng a thc-orem uf the pn•d1mte 
Cnlculu~. . 

Certilicatinn tt•t•l,nique rl(•\'"'lnpmt•ll\ L.., 
~till in a prtolimin:ny J<lll~t' mul dul'~ nnt 
m(.•ct tht• t·hatlcngL" of a much•nt larJ!t' ~Y~'· 
tt'm. In mhlitiun. a;otinnullir Cl.'rtilit·ntiu~ is 
wcoak in tlu· sc.•tlM.' tlmt tht• uuqmt ns...,t•MIU~ 
i.c; prun·d trUl' unly il thc pru~ram tt·ruu
natt's. Axiomatic methtHis nrc ¡m·ap_ahlc_ uf 

• proving termination. Hnwt•,·er. t<'rmmat_IOn 
can ol'tc>n be pro\'ed infunnally by thl• pro-

~1\mmer. . .. 
A typical appruach to provmg t.hnt pro-

gram loops terminnle is the followmg: 

1} Find.!'omé nu~ber P that is always_ 
· nonncgntive ~;thin the loop. 
2) Show that for t>ach exerution of the 

loop, p is dt.'t'rementcd by at least a 
fi.xcd amount. 

1f both c·onditions are always true. the I~Klp 
must tcrminnte bt>fore P becomes ne~nU\"e. 
A pro¡;:rnmmer t\'ho use~ zmrh ntlt>&. ~\·en 
informnlh· will ¡::eldom writ~ nontl'rmmat-
inJ; loop¡' . · 

Consider this prottram Crnatnlent: 

•·hilt' ~< ... do 

• :- .r-+1 ... 

· 1 E,·en tiftt'tl" ptnJ:ram5 that contam errors. 
experts err. 

Formal Testing 

GtHHh•nou~h nnd Gcrhart (C.o)(U_J';5] ha\_-e 
clarifit>d tht> COUCPJll!i Of lt-stin~. ~ t/oii!Oin 

is tht' set urpermi!'."ihle inputs lo a, prn~ram. 
ami 0 tr~l ic; a !'Uhl't'l uf the dumam. A 
trstilll! critrrion ~pl!t:itiel' whatl i:; to be. 
testl·d (fur t>xamplt>, spcdlil·ations, all stnte· 

mt·tltJO, nll pnth~l. [ 
A tc"t il' ("ump/t'lt• ihht! tl'~t lnt'_t-t.s all the 

n·4 uin·mt-nh; of tlll' tc!'tir.l¡: -:ritc.·r,ion. nn_~l a 
l'Unl)l)l.'lC \t':t:t j¡; l'llf'('I'I'S/11/ tf t.h~· JII'!J!l.lnl 

J:i'."l'S t:Offl'l'l fl'~Uit!'l (CJt i'ftt"h "tll)l\11 111 .tbt• 

Ir~- 1 
\\'ith tlw"«.· clt·linitinn~. Wt' t·nn dt•lint> pr<~· 

~ram rt-liuhility nnd \'nliclity. _A ¡~rngram '". 
rdinMt' if t.''·cry. (oulld error t.-- ren•uh:·(_i b_~ 
every cmnplcte test: A programlil'> r·Ciild tf 
every error is rt'\'ealed by sorne t·omplete 

test. [ 
· With the!'(' tll'finition!'. se,·ernl important 
resuhs t·nn be pron'<l. Amon~ thc:o.t" are: 

• tr a prugram j¡:, hoth rl'linhlt·~ nml_n:tlid. 
then it is correct if ami u1nly 1f any 
complt•tr tc~t is al..._, ~un·rf.~ful. .. . 

• Tht> c-riterion "t'Xt't'Utt' t'\"t'~~ pnth ts 
nnt \':llid: tlwn• rxi:::t pru.:~arn!l nll of 
whu~-· te!'l ~t'\!l~lll't't'l'd. hut 

1

wh1\·!1 pru
duct· t hr wron¡; rt'~Uh!:i ft'r ,.._,mt' mput. 

1 • 
Whilt' thi~ fr:tmt>WOrk j¡¡ M111lt>,what tt>rh

nic'a1 nnd i~ nut npplit·uhll' tu n11 ptt1~~il.m· 
ming. it Í$ an imponunt l'lt'P it~ furmah~~ltg 
thil' arrn. Wt• nnw hn~·e a btUUI for ta1kmg 

Le-t qunntÍI\' P ~ the rxpre-Pion .v-s. Rnd 
lf't J'(i) rrf~r to thr ,·nlut> o( P durin¡: thr 
ith encution ofthe loop. Uecalll'e x<.'' !"w.t 
be true for eol'h ncos.t iteration. _v-s ~~' al-

,--~ ' 
~· """" ;--,-~ . 
'---' •• ,., ..... í.__,..-..r-' -·~ T"· 

t' .. •I'IU:t': l'rnlk-.tC"fo.-to •nd .-t. "f...._;r~· Ílll>\lt-nulpul 

... lu•>•"'•,.. ... ~ .... 1 

,._.. ........ ...,. , ....... 1" .,_ '"" 



( 

8 

Per.,peclil'e., 011 Softu·arr 'F.n¡:i11eerinp 211 
. r 

gTammer's task is made easier 
computer docs more work. 

when the has h~en adrled to the new FOIITIIA:<·ii 
standard. althou~h a general while is still 

Structured Programming 

·A major development in facilitating the 
programming task is known as structured 
programming, which has becn erroneously 
called "¡:otoless" programming. Fortu· 
nately, the debate about "tu ¡:oto or not to 
goto" has mostly disappeared, and sorne 
clear ideas have emerged. The premise of 
structured · pro¡;ramming is lo use a small 
set of simple control and data structures 
with simple proof rules. A pro¡;ram thtn is 
built by nesting these statements inside 
each other. This method restricts the num· 
ber of connections between program pans 
and thereby improves the t•omprehensibil· 
ity and reliabilit~· of the program. 

The if·thcn-clsc, whilc-do, and sc
quence stau .. mcnts are a l'Ommonly su~
r;:ested sct uf t·ontrul strurtUI"t'!" for thi:-o t.vpe 
of programming; huwt:n~r. tht:rt' is nothing
sacn·d ahout them. Knuth [K."t·T•~l has 
e.rgucd t hat the J!'Olu statenu.•nt is ir.rt')t: .. 
\':llll tu thc true goal• of structur~d J>I'O· 
gnt.mmmg. 

Thcse simple contml structurcs help pro· 
gramml!rs t·enify programs, even at an in
formal leve!. For example, a program can 
be rt'pn:sent.ed as a function from its input 
data to its output data. Suppose {lxl rcp· 
rf.se01s 8 segrnent of 8 program ¡:::iven L>~· 
the follcwing if-then-clsc Slatement: 

i( p(.t) thCn 1:1.1·) l"lt>l' ht.1·1. 

Beca use fun<·t ions g and h are simplcr t hnn 
funl'tion {, th~ir specifications should l>t• 
simpler. H t he ir f.J>t>CÍficn.t iuns are knuwn. 
the overall funrtiun i i~ defincd l>y 

/l.tl • ~lXI- J!IXII ·~' t-(11.\"):.. hl.fl). 

The pro~rnmnwr ran cxpre"' thP formnl 
definitiun uf {in terms of thc "impler dcfi. 
nit ion~ of J! nnrl h. 
· Lan~un¡:::t.•!-0 ~ul'h n . .; Au:t)l., PM"l'.o\1. anrl 
e~nnin f'Uh:Ot'll'> uf PL.'l nmtrihutt• t1) L!t.,oci 

j,ru¡:ra.mmin~: prat.·tin·~ l1y JU\1\·idin.,: lhL·:Ot'' 

farilities. In urdt·r to n•pair t'PIITII.\~''" btl'k 
o( strm:lurt'. o\"f:r 50 prt•pro"''-'!'o:O:Ilr,. fur 
tran..;lnt in¡: \\'t'll·~t nJ('I urt."d J1:'-t'11Cic,- Ft •le. 

1'HA:" pruj!nuns ·imu trUt' Fulfl"l(.o\~ havp 

L<•en dt•wlopt·<l [ lü:w;ti]. An if·llwn-t•l"'' 

missins from th~ language. ·· 

. System Design 

A t~chnique rclatt'd to strurtured program
ming is tup·durm de.<igll. in which a uro· 
grammer first formulatt-s a s.ubroutine as a 
single statem~nt. which is then expandcd 
into une or two of the baFir control.strU<"· 
turcs mentioned earlier. At earh leve! the 
function Í!-i expande-d in increa!'ingly gn:att.,r 
netail until the re•uhin¡: dt~cription be
comes th~ actual sourre language program 
in som~ prograrnminJ: lan~ua.ge. · 

· L'sing this approad1. al su t·alled .•leJliÚ<c 
re[incment [Wun71. \\'Ún7~]. thc pro¡:ram 
is hicran·hically stru<"turecl and is d.scrib~d 
by ~.ucc~ssive r~:-fin~mt:nt,:;... Earh rtfinenu-nt 
is inttrpr~ted by rtf•rrin~ tu oth•r refin~· 
meilts ofwhi<.'h it is a l·ompfJnenl. Con<:t=-rn· 
ing .this nw1hod. \\'inh statt's: 

· . 1 10huuld li~t· tu ~tn·No th:l.t Wt" '"huuhlrwl l1c- lt"d 1n 

infl•r that at"lual pru~run¡ ~·urll"l·pti"n ¡.ruu·rri:: m 
~u~·h u ~c.· U ur.:unazt"d. ,;u:ar¡!htiurw¡,ul. "tt,¡¡duwn" 
manm•r. l.alt·r rt•fim•nwtH ~tt·p:- ma~· ufh•n ~hOw 
that t'ftrlit<r dN·i:>iun ... are: inapprupriah· and must 
he.· rt'L'on~idt·n.-d. But thi,o nt·at. n,· ... lnl iuduri:a· 
limr uf n l•ruJ:nun :lt.•n't•tO admir;thl~ wt-11 tu l.:t:'t')J 

thl· indi\'idual huildin~ blod.:o mh·ll••l'IU;tll~· man· 
Hf!t•abl~·. 10 l•x¡d:~in thl· pru¡:r:~.m tu an audit'nt'c.• 
añd lo urwsc.·lf. lo mis.- tlu· lt>\"t'l ol , unfidt·nn· iu 
tht• ¡mJ.:rouu. and tu rundu\·t infurmal. atni .. n·n 
r~lmtal rruu(:- u( t•urrt<t'tii,•;Y.. 1'hr t•nwr.:lll¡.: mud· 

ularlly i" partkuh•rly wdruint• if pn1a.:1ollu.- h.tw 
tu be adju:-lt·d to t"h~n¡.:t·d ,,r t'Xh•utlt'd :-j't"C"IIit·a· 

-tinnl". f\\'uni-t, p. :!;;11 

Operatin~ systrm> are of!t•n mudded a,; 
hit.·rarchit:s uf ub . .;fraC'I ur rtr/ual 111~1chint>s 
[BHI:-<;7]. At th~ luwc>t lewl of th<• "Y"'••n 
i~ the phy:.;iral harciwan.•. Each n,•w h.•\·d . 
-providt•:-O adrlitiunal cu¡mbilltic.-.. or allnwa. 
hit• funt.•t ion~ on datn. and hirlc-:-: ,o~tnll' uf· 
tlw de~ai); of a lmn•r lrwl. Fur example. if 
oru- h•\"d nt·t.·es.."'t"='- t he pa¡:inJ! h.nrch\ ah· uf 
tht• t·omJHIIt'r anci pru,·irlt.·~ a lar¡.:,· \'JriUal 
llll•nwry lur all 01 ht..•r prOl.'t·:o.~ .. ·::.. ·~t twr ah· 
J;trart molt'hillt'S nt hit:ht"'l' h•,·,·l:o:o t'all lw im
pl~·nwntt•d a:; if t lwy ha el unlimih•d 11\l'llh'ry 

sinrt" t hi~ clt•tail i::. n;ntrullt•d by ;1 lowt•r 
l•·n·l. 

Tlw t'OIH't'Jll uf a ¡truJ.!rum tl•· ... i¡!ll lall· 
¡tllu;.:t· IPDl.t h• nid in "thi:- lh•\t·htpllh'J\1 
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about such concept.s as reliability and cor· 
rectness. 

Mean Time Between Failure 

While useful for focusing our attention, an
alogies with other engineering lields must 
be used with ca re. Reliability is one area of 
incomplete analo¡:ies .• The concept of mean 
time bctu·een fai/ure (.\fTBF) does not ap
ply directly to software although it sorne
times is used as if it rloes. 

Systems buílt from physicnl components 
w·ear out; transistors fail; motors burn out; 
solde red joints break. This is also true for 
the hard'-·are of the computer. However, 
the logical component.s of software are du· 

· rabie. A gi,·~n program wil!"always produce 
thc same answer for the same input, as long . 
as t he hardware does not fail. When a soft· 
ware module "fails," it has been presented 
with an input that linally revealed an érror 
present· from tht start. 

The MTBF mcasures the time between 
revclations uf errors. This, in turn, dcpcnds 
on the kincls of inputs presented. A com· 
pilcr uscd onh· fur short jnbs from sturlents 
mav ha ve a long MTHF: hut if it is sucldenlv 
usc.d for other app]i,·ations, its 1\ITBF ma~· 
(!<·crease sharply a~ unsuspected errors are 
exerci.'"d. A large MTBF t·an thus be inter
preted only as an indkation of possible 
reliabilily, not as a proof of it. 

Error Days 

Sinre formal certilica1ion of large clnsses of 
pro¡;rn~ns is still unnrwinnU1e, techniqucs 
for estimating the vnlidity of programs nre 
still being ronsidcrecl. l\lost uf these tet·h· 
niqu<.•s:. lllf:'ASun· lhc numher of crrors di.s
CO\"í'Tt·rl, whirh are H,!;.~umrd to. he n·prt'· 
st>nt at in• of t he 101 al numlu.·r uf errors pre.'"'· 
t.•nt in thl' S\"Stem. und ht'nt.·t• a nwasurc of 
tfa· rl'li;-~biliiy of tht• l'<vstl'm. 

1\lill$ [MtLt.~o] rJ,•fines an crrnr da.'· ns a 
nn•;¡sun· stHting that ont: error .rcmains un
detN'tNI in n s_,·~tt·m for Olll' da y. The lota) 
numhl'r of t>rror dn.\'s in a. ¡.;.~·$tem is rom. 
puterl h~· ~ununin~. for t.•m·h t'rrur, thl" 
lL·n~lh hltimL· th:u t•rrur wa.~ in thl• ~)'titen\. 
A hi¡:h error tl:ly t'uunt m:ly n•vt'al many 
error~ · (poor dt•:-oi¡:nl or lun¡::·livt.•d error:-; 
(poor dl·n·lupmt•nt). . 

Th~ assumption is made that if a pro· 
gram is delivered with a low ~rror day 
count, then there is a goocl chance that it 
v.ill remain low during future use. However. 
two majar problems remain befare this 
measure can be wiclely used. First. it is 
diflicult to disco ver when a p.1rtirular error 
first emered a system. Second, it may be 
diflicult to obtain such information from 
the developer of a delivered product. 

Programming Techniques 

Severa! authors ha,·e mentioned that the 
number of lines of code procluced: by a 
!Jrogrammer in a gi,·en lime tends to be 
inclependent of the language used. This im· 
plics ·that higher Je,·el languages enhance 
productivity [Buoo75. HAI-~77). This is 
true even though asscmbly language pro· 
grams are potentially more efliciem: their 
potential is seldom realized in pract ice. 

The goals in dcveloping earl.'· hi¡¡her Je,·el 
languagcs were tu be ah)~ to cxpr~~s dl:'arly 
'an algorithm nncl translatc it into <•ffident 
mnchint: langua:;e programs. Th ... eflirit·ncy 
of t h~ r~sult in~ c·otle was al! important. This 
t ... rl to sume annmalie:; in Fimnt.""='" arising 
from the structure ofthe !Bl\1 7t>-t for whioh 
it was developed (for e~ample, the tlu·ee· 
wa\' branch of the arithmetic IFI . .-\LGOt .. 
wh.ich was devclopcd as a marhinc··inde· 
penden! way of expressing algorj¡hm>. con· 
tained concepts whose implementntion on 
conventional hardware wns ineflicient le.g .. 
recursion. call·by-nnmel: this may explain 
wh.\' At.c.OI. is not widely uscd. 

Bv the late 1960s it was arrepted that 
the ·langun¡:~ should fat·ilitate writin~ the 
pro¡:ram ancl that the marhine ,;lH>Uicl be 
desi~ned \O crC'ate an .. ~ffic.:it•nt run-timl' t'll· 

,·ironnwnt. Today there i~ a ch•tiniu.• ~hift 
toward using tlu' lan(!ua¡::t> to mnkt· prtl· 
Rrantming and ducum('I\Wtion t'a!'it·r :mcl ;o 
pruduL't' reliabl(.' and t.·orret't soft wan·. 

This doe!' not mean, htm·e,·er. t ha1 t'ffi· 

l"ieney i> i¡:nored today. Wlwn•a,; PI.:! P•·r· 
mits the writin¡: of simple pruJ!rnm!'> whn:t~ 
exet·ution timC" i.~ quite Ion¡:. PA:->t'.o\1. wa . .: 
rll'signed lO exrluch.• L'Ot\St ruct:o whuSf" ma· 
(·hint" ntcle ~ Ínt>flit'Ít"nt.. ~illl't' h:tnlw,art' i~ 
l~s...; t'~Jil•n;.;h·t· t h:m pru¡:raH:nh.'r~. rt·li.lhil· 
ity h~..;. ht•t·umt' n. major fat·tur: Tht:' prt•· 
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has becn defin~d [CAtS~5]. This t~·pc of 
)anguage contains two Mrurtures:- .. outer .. 
syntnx of hasic statement t_vpes, su eh a~ if· 
thcn-clsc, whilc, and s~qucncc for con
necting romponents, andan .. inner'' s~·ntax 
that corresponds to ~he application heing 
designed. The inncr syntax is English state
ment orientcd, and is expanded, step by 
step, until it expresses thc algorithm in 
sorne programming lan¡:uage. Figure 9 rep
resents an example of a PDL dcsign. 

h shnuld be noted here that PSL/PSA 
and PDL complemenl each other. 
PSL;PSA is 8 spccifications too) that \"ali
dates correct data usnge between two mod
ules (interfaces). A system like PDL is use· 
fui for dcscribing a given module nt any 
Jc,·el of clctnil. Hoth PSL;PSA and PDL 
can cont rihute to suc<·ess in a largc project. 

E ven though designecl from l he top 
do_wn, man_v systems.arc implemeÍlll'd frum 
thc houom up. Low-levtl routines are lirst 
t·oclcd with dri\'ers to test thcm: then ncw 
modules. usin(.! tht:'se low-h•vl"l routiru·s. nre 
adciL·d. aiHI thc sysu·m is huih Up. 

Tup·ci(Jil'll clt.'celu¡llllf'lll is anotlwr tt:ch
niquc for implc·ml'IH ÍllJ.! hit~ran·hü:all~· 
strueturccl prog-ram~. Here tht> top-h·n:·l 
ruut in(.-s. nn~ writ tt•n fina nncl lowt!r h·vcl 
routinl• . ..;, cnJIL•d stub ... , are wriucn to inlcr
facc with thcse. The stuhs rcturn control 
aftcr printing- a simple me~c;age anrl may 
return some fixcd sample test values. The 
stub is •ventually replaced by the full morl

. u le whi<·h now indudes c8lls to other Sluhs. 
In this manner an entire systf'm can be 
gr8dually dc,·cloped. 

lf used rarefully, this tec·hniqm· ran be 
valuable; howL•\·er, the svst e m 's correctnt>s.o:; 
is assum('d, not provt-ct.' until the last !"tub 

max: I'HOn:lll'H~: 11i.to; 
r Find UlaliilllUIU t"h·nwnl in .. li~l .... 
DECLAHE tm:u.ím~uu. m•xtl in~t·¡:t·r; 
DECL.-\HE h.~l ¡¡,., ttf inh·¡.:t'r~; 
m:u;imum • frr!"t d,•nu·nl tof h!>l; 
DO WIIILE tmur .. da·nu·n!,. inlj,¡.:.tl; 

nl'll - IU'II \'lt'IIU'IU uf ll,.l; 
anaximurn- l.u¡:t•,ol ul llt•:..·r ~;u:; rn;t\.IIIIUIII; 
ESIJ; 

ltETl'H:"\ tm:n:imuml; 
E:\' U max; 

t'11:nn: !f. 1'1>1. uf • )'rt•~o:r;arn lu fin,l lh•· l•r¡.·,-r 
dt·nu·nl 111 u h .. r luuh·r ••,Yillou, , .. in uppt•r ¡·a"4·; uuu·r 
Jynt¿u m I••Mt"r , ...... ,. 
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has be en replated [0Ess~68]. The docu
mentation specifies the assumptions on 
each stub. For cx8mple, if 

f(x} • if p(.r) then gtrl eln h(xl 

is a program fragment c8lling stubs g and 
h, then (will be correct onl~· if the modules 
cventually replacinc the stubs g 8nd ·h are 
corree t. 

Via top-down development, 8 user sees 
tlie top-level interfaces in the system· very 
earJ_, .. He can then make rhanges relath·ely 
easily and soon. Another 8pproach with the 
same goal is iterntit·e enlwncement [BA>H 
~5]. Csing this tcchnique, a subset of the 
problem is first desi¡:ned 8nd implemented. 
This gives the user 8 running system early 
in the life cycle when chan~es are easier to 
makc. This process is repeatecl to develop 
surcessively )8rger subsets until the final 
product is delivered. 

Brooks [Bttoo~5) believes that the first 
version of a system is always '"t hrown 
away.'' becausP the· concrete spt!cilication~ 
,for a ~\·su·m are oftt-n not defint-d unt il t he 
s~·:-:tt"',; i:-. c.:Omplet<~d. n time when thl!' initial 
procilw1 meeis thnst- ~p~t·ifications ratht-r 
po .. ri~·. ll i:; oftcn t:heaper and fa~tt>r to 
rebuilcl a system "from snatrh than tu try 
to modify Rn existing product to meet these 
specifi<·ations. Howe,·er. · 8 de,·eloper will 
often dclivcr such p. n10dified ~yHem tt ... a 
"pre-r<·leasc" if n deadline is near and 1 h<• 
purrhaser is dcmanding rc.•uhs. The hu.ver 
thcn suffcrs with this ,·ersion. repl.te with 
errors, umil he throws it 8\\"8\" or has the 
produ<·t rebuih. lterative enh8;1rement ran 
make rebuilding lt•ss rhaotie •inre there is 
a running system {not nlt't>tin~ all tht> re-
quin·ments) early in thf rlt>v!'l~~:uní'nt ryt·le. 

Performance lssues 

Thr l·ho~en nl~orithm~ nnd data stnH'ture~ 
ha,·t~ n much J!Tt'att'r in0UL'Ol't:' on prv(!'nun 
pC'rformance than t·odt.• oplimization ur the 
progranln\Úl!! l:ml!ua~('. Rt•ft)fe rhoo:-"ill}! :m 
n.lgorithm, tht> . prol!r~mmll'r f:U.'t'S the=--e 
qul'stions: · 

• Can prt~\'iou::.ly written ~oftw:lrt> he 
U'Ccf? 

• lf ~ nt.•w mndult.• 11\U:-'1 hl• writ ll'll. what 
nlJ!orit hms and data ~~ rurt un·:' will 
gi\·t.~ m1 t•ffil'Íl•nt ~nlut ion'! 

• 
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( Programming lan¡:uages usually include 
standard mathematical functions such as 
sine, logarithm, and square root. The~· give 
the programmer ready acces.< lo lihraries of 
standard software packages. This allows 
the programmer 10 use results of previous 
work. In preparing programs for standard 

· libraries, analysts have included many op· 
tions in a single package. The effect can be 
a large cumbersome package which is inef· 
ficient because only a small part of it is 
applicable at any one time. This can be_ 

·. avoided. by installing multiple versions of 
- the moclule for each special case. 

M any opportunities rema in for more 
. packaging ancl use of existing software. Dif
ficulties in achieving this include: 

• ·ldentifying- which standard algorithm 
_ ·tó package. This is easier in mathe-

matical areas such as statisti<·al testing, 
. integration, differentiatiun. and matrix 
computations than in many non-nu· 
m<·rical areas such as business appli-
cations. 

• Tnulspurting and interfacing with 
packagt.>d software. So me progrcss has 
been made with programs stored in 
read-only memories which plug into 
microprocessors, or with interfan:• 
processors un t·omputer networks. A 
majar prublcm area líes in interfacing 
software directl): to other software. 
sirice there are no conventions. Sonw 
hclp is afforcled ·by such cunt:epts as 
the "pipeline" in 1.:1\'IX, which pro
vides a general t·ommunil'ations rhan
nel between programs [HITC/4). 

Algonlhm Analysis 

SomNif}u•s the program spC!t'ifiration Í!-i 
not changeaul<·. ancl tlw analyst must find 
the Ot-st pus.siblt• al~orithm. ~ometÍmt.>s, 
hO\\·ever. the spedfications ,-an he nherecl 
tO pt•rmit.tl mort> efficit>ll.J ~olution. In sume 
iilstnnct•s Wt' c.-nn .shuw that 1here are no 
alcorithms guaranteccl to he effi,-i,•Jtl in nll 
ca!"t-S; ht.'rt' approximate al)!orithm~ thnl art' 
effic_it>JH in mo::.t t·a~l·~ hui Jlt-t'rl 1101 ¡:h·t' 
exacl ~olut iun_.. nwsl ht.• ust.•cl. 

Tht· fu.•a Fuurit.·r tr;lh ... furm illustralt'-" tlu.• · 
· most l·ffil'il'IH form fur ,·umputins: thc Four
ÍL•r tr.an~furm . .a h·l·hui4Ul' us~(ul in wan.•· 

form analysis [COOI.65]. This transfurm is 
based on a finite set of points rather than 
on a complex inte¡:ral which is harder to 
compute. Langunge nnalysis (parsingl. in a 
compiler illustrates how changing the spec· 
ification can permit a more effident solu
tion. Any •tring of .\' symbols in an arbi
trary <'Ontext-free language can he parsed 
in time of order 0(.\'• •3) [Yun.-67]; how
e,·er, a programming language need not in
elude all features of an arbitrary context
free language. PAsCAl. is an example of a 
language which can be' parsed by a deter
ministic top-rlown parser in average time uf 
arder 01.\'i [Auo<2]. lf we are free to set 
language specific'ations, we can·choose the 
language and be rewarded wit h efficient 
compilers. . - • 

. Many practica) rroblems. such as job 
schecluling or netwurk commodit~' fluw. in
vul\'c enumeration of a comhinatorialh· 
lnrge_ number uf ahernative> anrl sele<·tiu;l 
of a· best solutiun. In these l'aS~~ it ma,· bto 

· hetter to restrict the seareh for a subt~pti· 
mal l)ut góud answer. \\'e recummcnd the 
paper by \\'eide [WEJtJ77] for a cliscussiun 
of the issues and a state-of-thc-art surwy 
of algorithm analysis. 

Eff1~~ency 

In many cases the resuhs of algurithmic 
1analysis an.· nut extensive enuugh tu heJp 
thc progi-ununer; thus we neecl 10 offer tech
niqu<•S which can help loeate and remove 
soun:es of incffkit'ncy. One surh too) ¡_.. an 
optimizing compilcr which, for sonu- lan
guuges, ran yit>lcl signifkant impro\·enu•nts 
[Lo\\'1169]. The value of surh tools. how
ever, is limited [K:-.-t--r71] und may be re
alized onl_y for progrnm:-o. whi(.'h are u:-o.ed 
oftt'n enou~h tu ju!'tify the in\'estment in 
opt imizrat ion. 

Onf uf the rnost powerfu) aidl" is ti•P 
{rt.'Qil('IICY hisfoJ.!ram. whit'h revt•al=' huw 
often t'ach s.tatt'lllt."nt of a pro~ram is t•Xt'· 
l'Uteci. lt i::: nut unusual to finci that tor; uf 
the state.mt'nt~ utTount for ~U'( uf tht' ext>
cutiun tinw [ K:-.-1 ·-r7 1]. A pru~rammer whu 
concentratl'~ un tht'="l' "hottll'lll't·ks" ih hi:-0 
al~orithms ~.·un rl'aliLt· :OÍgnifit.·ant Jlt'rform· 
aun.' impro\"t'IIH'IH:o> at. a mínimum inn.•st
llh.•iu. This lc.•~r.:hmqlll' ha:-> ht•t•n usL·ci in sumt' 
intt'TUl'lÍvt.' nJwrat ing ~y::tl'lll."', touc:h a.."' 
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UNIX ancl MULTICS. which 'tartecl nut 
as high~lcvd lan¡:!uag~ oper~uing ~:-.·sttms. 
Bouleneck' have been replaced by assem
bly lan¡;uage roulines in lcss than 20'< of 
the system. 

Theory of Specifications 

One area of software engineering that is 
now undcr study is system specifications. 
The objective is to state the specifications 
early using a metalanguage. This place' 
restrictions on the design ami may help 
establish whcthcr the 'pecif1cations are 
me t. 

. An early example of su eh a specification 
was the so-called "gotolcss progrnmming" 
[DJ.IK68, K:-:t:T74]. lt is pruperly called 
.. structured programming." lt restricts thc 
form f)f .Gtatements a programmer may use, 
but this restriction contributcs tu l'tllll)lrt•

hensihility ancl t'nhanct:s n ('lHTl·t·tnt·s..., 

proof. 
A st>rond sf'l of sut:h rull'~ t•mplo~·:s tht· 

ronccpts of levels of nhstnH·tion. inforu:;¡. 
tion hiding. anri module intl·rfadng lo n.:
strÍl't ílt'('t•s." tu tiJt' intt•nJal stnH.:tun· ,,f 

. data. Parnas I PAH;.;j2J formalizt·d thc~c 
idt•as whirh \\'t•rt.· statninnl pt:m·tit~s. of t•x
pC!rl pro:.:r;tlllllll'I'S. H~ lh:fincs rlata u~ a 
('OIIt·rtion of lciJ!Íl'al ohjN'lS, t.•:u·h with a set 
of allowahh• !'>tatt.'s. Proc~:tlun•s l'an tlwn he 
writ tt·n to hidt.• tlll' n•pn·st.·nwt ion of t he.~t.· 
ubjcct~ insidt· ~l'paralt' modules. Tht• u~t·-r 
munipulntt•s the uhjt.·c.·ts hy cal1inf.' th(' spp-
cial pron•dure~. " 

.St•\·cral languaJ!e~ thnt fal'ilitatc thc ust.• 
of tlw~t.· c-onn·pt~ han• bt>t•n dt•\'t•lopl'cl. 
Aman~ lh<'"' an· El'l'l.lll fi'III'E77J, cu
[J.¡,.;¡;77]. and ALI'IIAHII [\\'t'i.F71i]. TJ¡,.,,. 
lnngua¡..:c· . ..; Jll'l'llllt pro~r:Hnmt>rl-' to cll•fitlt.

nUstrnrt rlata 1_\'JWS hnving dH' propt:rty to 
encnpsulaH• tlw n•pn·st.•nt:uion uf tlw loJ!i· 
CRI objt.•('l!-0 r Lt:-:1\ ';;,¡, \\'hcn nmrurn·JH'Y is 
an ¡,.,.ut.•, tht· ust.• of aU~traC'l oh,it·l·t~ must 
be t.·oni rollt"d by ~ynchroni7.:at in u 1 fnr l'X· 

amplr. lcwks, si,:nalsl: in thi~ t':tst• tlw nh
strart t~'lh' manaJ!t.•rs an• t.·alh·d 11/0JIIfor .... 

Anot lwr kind of spt•dfil-al ion t'uz;sis:::. of· 
"hit!lll·r ordt.·r ~oftware axium~" 'IH ),..;,¡ 
( HA~u7tiJ, whil-h un.• a !>t'l uf ::.ix o1ximn::. 1 h:,t 
spí'cif~· .allownhlt.• intc.•ral't ion::. amon,.: pnu: · 
c.•s..,.t.•:-> in u n·al-timc.· syslt'nl. Ont' axiumpro· 
hihit.s a JlrtH't'S."- from ('l'llt rollin:,: its own 
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exccut ion, thcreby rulin~ out rec.·ursion in n 
d~:Rign. Another axiom :.;tates that no mod
ule {'Untrols its own input data space ·and is 
thtrefore unahlc to alter its input variahl~:s. 
While 1 he se axioms are not l'Omplci e, they 
are a first F.tep al forrnalizing spt:'c.:ifications 
for system design. 

SUMMARY 

Boehm has statecl sewn principies that 
have helpc.·d oq!anize the techniques di;:;:. 
cussed in this paper [Bm;u7CiJ. 

1) ¡\fana~c using a .... l'l.JIIt•nliollife cycl~ 
p/un. This means lo follow tht software 
develupm<·nt life r,vde oudined earlier. h 
.allo\\'x fur fvc.·dhcH'k whic.·h updatt·.s prt,·ious 
st age:-; as 1 he l·onsc.·t¡ut"nt·es of previou$ de· 
cision:-> hecomt' unkno\\'0. lt encourages 
mil<!Mones to nu·asun· progress. 

2J Perform c·ontin11r,us 1'(1/it/a/i(Jn. Ccr· 
ti(\· l'ill·h nt_.,,. n·fincnu-nt uf a moduie. t.: se 
walkthroughs ami todc rc.·ading. Di~play 
rhl· hit·ran·hit-nl stru(·ture- of the systen1 
dc.·i\rly in all clonunt~llliH ion. 

:J) .l/uillluin t!f:.a·ip/iJJt.•d pnulud rwr· 
troJ. All out pul of a projcc.·t-dt·sign clocu
ments, .·su u rct.~ cuele, u~t-r tlcH·umt·JH at ion. 
ann·so forth-should he funnall.'· apprm·NI. 
Changes to documents ancl program librar
ie:-; must be strictly moniton·ci und audited. 
Cuele· reading, pruject· reponing f<lrms, li
hrarians, a rlevelopment liUrary. anda proj
ccl notehook all<·ontrihutc to thi~ ¡:oal. 

~~ Use eahanr"'l /up·dou·a ·s/ructurcd 
pm~rammin~.' PL/1 and PASCAl- ha\'e 
,.:o~ul control ami rlata structur~s. I ... rt'· 

pnll"t.• . ..;...;or~ t'Xi~t which ¡jU~nll'nt FouTIL\~ 
f,1r t la•st.• :o;t rut·t un•s. Dt.·~t.·riJH iot' ttl'hniqut.•:' 
surh ns stl'pwise n•fitH'ment. ll('Stl·cl data 
;:¡))~{f[l('( i(lllS, :IJH]Iiata Oow UCI}\'OJ'kS ShtiU)cJ 

h" ust.•tl. 
5J ..\luint(lill clcar lrccuzmtcrbihly. t ·~t.· 

mÍ)t'SIOlll>S lo ffit'3Slll"t' JH'OI!I\'~!". anrl U pro_i

t't'l · nott>hook to monitor t.'al'h inrli\'iduar:-0 
<·fforts. 

Gl ¡-,,,. b!'/IN' and {cu·cr 1"'"1'1<'. Tht• 
l·hit.of prnJ:ramnwr tt•nm. in which t'al'h in
dividual i~ ~:jllt·d .all(i tu·c.·oun~abtt· for hi:O
aái<ms. and f!''lJd rc.·~uh::: nn~ rc.•w:trdt.•d. a id:> 
in thi!'O (•ffurt. 

i'l .\lnintwn rummi:mt'nl ¡,, 1mprun• 
prucr .... o:~ ,:o.;,·tth.· only for tht' hl·sc.Mrin· Cnr 
1111prm:t.•uwu!. Bt· upt.•n to IH'W dt•\"t•lop· 

• 
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ments in software engi_neeri~g, _ _hp_t_d_o_not Addi."()n.W~:Micv l'ub1. Co., H.to11ding, _______ ~ 

--------sacrifice reliability for modifiahility while--¡-c-.-"-.• -.5-l--~"~~t:. 1 ~~s-. H-.:· AND GourKII\'. F.. K. 
pursuing thcm. ''POL-a tuol fur ~ftwurc dl•M~rn."' in 

Proc. 1975AFIPS N al/. CumpultrConf., 
Progress has been made in understanding Vol. H. AFII'S l're ... Munl\'al•. K J .. 

how )argr-scale softwnr~ systems are built, (Cot.:~·iS) t~;N2~.~~~ 7~. A primer nn di~C'ip/Úu•d 
yet more Of"eds to be done. Management pro¡!ramminp, Wimhrop Publishcrs. 
aids mus! be impro\'ed and project control ·Cambrid~e. ~ta.o;.s .. 19;8. .. 

d d 1 f [CuNwí3) Coi'OWA\'. R.; AI'OU Wu.enx. T ... Dtsign 
techniques ~velope · The ro e O software andimplementationofadiagn~li('tom-
management is coming more to resemble piler for PL/I:· Commun. AC.\1 16, 3 
that of en¡;ineering management in other !March 19;3¡, 16~-179. 

d . · 1· \'' l ff d l [Com:65[ Com.r.Y. J.\\'.: A~ll To·"r.Y. J. \\', "An 
. lSClp mes. • e can no onger a or cost Y algorithm for the mcu·hine cal'-·ulation o( 

mista k es when systems are so large and ~e complez Fourit>r series," .\1oth. Comput. 
depend so much on them. Must impor- 19, 90 0965<. m-301. 

. (DA\'1;7] DA\'IS. C. G.: ""\'oc". C. R. "The sol<· 
tantly, we must be patlent; we need to. gain ware development syMt'm," IEEE 
expcrience on which future theories can Trans. So{t&L Eng. 3. l fJan., 197il. 

1 69-84. 
re Y· [DEr-;r-;76a) Dr.r-:,..-rr-;c;, P. J. "A hard look at struc-
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by Edward Yourdon 

The best way to ensure that people will resist the change 
:· ple-nent all the new techniques at qne time. 

is to try to im-, .. 
1 

" The most common objection to struc-
twed programming. takC1 lhe form, 
'"Gosh, it sounds great and we'd like to 
do it, but .. :: .. " More specific attacks 
bavc been levelcd against the PERFORM 
statement and other forms of subrou
tine caliS." tigainst ncstcd JF sutements, 
and a'gainst the · elimination of coTo 
statements. A more subtle and power
ful íorm óf'attack is this: "Oh, you're 
just talking. about modular prograrn
ming; w.e.·v~ been doing that for ten 
ycars.!"' 

Fontructured programming to ha ve 
lhe proper opportunity to show its 
strengths and not be rejected outright 
by an org.anization, consideration 
should be given tí> these question5: 

J. ·w~at will the spccific objections 
'- 1 Are there any potential disadvan

,cs that rnay be expericnced as a 
result ·or using the techniquesJ . 

2. Which of the 1~chniques should 
be attcmpted first, as<uming that you 
cann()t. 'iise them all? For example, 
should Y\>"· attempt to use structured 
plogram'mi'ng fi,..t. and then try IOp
dowo:design on a la ter project? 

3. · What kind of programming 
projoct should you begin with as an 
expuimcni 10 dimonslrat<: tl~e bene-
1iu of the structured programming 
ll:chniques?. 

4. How should you cvaluate the 
. suc~ess ,()C .lhe uperi.ment? 

Common objections 
- ... .Jt would· be. uorca!i:stic ro ·ASsume 
chal'\ ~tructored· · p~rammin!. ·.top. 
down design, chief programmer teams, 
structured wal~throughs (one pro
grammer explains his coJe lo others), 
program librarians, and structured de
sigo wóuld be acccpted withC'ut argu
ment in any organi1.3tion. Here are 
sorne o( the more common objcctiNu: 

'J. Many managers ond program
nlers ¡>aint out that the structurcd pro
..--·(mming· techniques are prirnarily 

cndell for. n<:w de•·el<>pment proj
c~;. fot rnJ.in~nunce of n.isting un
structul-ed program~ uuy seem to be 
of limited use (lhcugh 1he librari3Jl 
concept and lhe uructured. wa)k.· · 
lhrough concept would still b< .quite 
useful). This point is bnsically valid, 
thouBh it ii usuaUy po.uible to add new 

• ,!¡ • 
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sections of code in a top-down · struc
tu,_d manner, e.g., when corripletely 
new features are being added to a sys

.rem ar the request of a user. 
This prc~lem may be solved .even

tually with !he aid of "structuring en. 
gin.es" that will automatica1ly. convert 
unstructurcd logic imo structured 
form: while such an "engine". cannot 
magically transform "bad" code · into 
"good" code. il will at least foster sorne 
standardization. 

2. Sorne managers point out· that 
their programming projects are typical
ly loo small to require a team of pro

. grammers; thcrclore, they arguc, they 
don'! necd any of the new "proBram
ming productivity" techniques. Since 
most .man.ag.cn apparentJy are nol prc
pared to firc Tnost ol their mediocre 
programmers and replace lhem with 
one highly competent chief program
mer, wc must accept this objection as a 
fairly valid one-but only for the chiel 
programmer team concept. 

There is no reason whv the existing 
progra~mers in the or¡a~izatioO, even 
working by themselves, could not use 
structured prosramming and top-down 
design. .. 

3. Still other manager.. object to the 
cost of naining their progrJmmers in 
the techniques ol structured program
ming. This training e'\ercise is admit
cedly nontrivial. though it dcperlds on 
the programmer's t:(pt:ric:nce. (Junior 
programmers learn the techniques 
more ea.coil)' than St!J"'¡ ... ,. programmcrs; 
the author's group lrained 120 pro
gr~mcrs in an Australia~ government 
agency prior to heginnins our payroll 
project, and of the ~O who 'corcd at 
the top of ihc cbss, cight wr.rc: novice 
programmers with less lhan six m.:>ntlu 
c:.s.peJiencc.) 

Ease of training also depends on'th~· 
programming language; the techniques 
are gene rally easieSt in P~/1; ·reason-, 
ably easy in coooL, and more difficult · • 
in FORTRAN and assembly language. In, ... ' 
general, we found that programmer5 '· '' .. 
require three to five days of c!a:s·sroonf .'" · 
training to learn the techniques;' an'd · ... ·'., 
approximately one month · cif ·pro.'··., 
gramming .(when they are .at leá.st' .. ~' >.<' 
productive as .they were previously") to' · ' 
become comfonable with the né~ · : ·' · 
techniques. The investmei1t in. trainiñG' · 
is thus relatively small c:ompared to the ~-
benefits that w<re discussed in the pre:' 

~ : ~ . 
ceding section. .: , ... ·~·!: 

4. The manager often ha5 to over: 
come technical objecrion~ rl~~e~ by ~·pe':, 
programmers; thcse \ll:"lJCCtlon.s most 
frequemly come from senior .·Pr~r. : .. 
grarnmers. many of whom. a·"rC .cnOw:: 
project leaders, who still fondly r'ecall 

,. 
the "gooil old days" of the 1401 ·and 
the 650. The common programmer·
oriented objections are: it is awkwa.~d 
and inconvenient at first; the, .prO; , 
gramming langu3ge is inade.{¡uate tOi:-; >· ~ .. 
the strict discipline imposed by stru~;:, 
tured programming: it is no.t. obvi~us 

. tba! lhe new approach will actually 
reap the benefits discussed above; an.\1 
finally, there is a ronc<Tn that the to¡>
down structured approach wili" leadJ to ., ... 
tremrndously inefficienl programs. 

Thc awlwardness and ioconv~.' 
nicncc is largely a matter of traini!1g. 
The question of lanpoage adequacy 
can be a relcvant one, and one al"I.Swer, 
might be to convince the programmcrs 
(and their managers!) to begin using 
PL/1 and the other ALCOL·Iike lan· 
guages in prefercncc to thc prímitive . 
COBOL·Iike and FORTRAN·like lan·. 
guages. . 

The objection about efficiency can 
only be answered by appealing to ..th.e 
programmer's common sensc: the bat
tle for efficiency is gene rally won ·or 
!ost 31 thc system or prosram design 
le\'el ( e.g., by mak ing su re the system 
is running on an c-flicicnt hardware 
configuration, and lhat ir isn't doing 
things it wasn't intended to do J. and 
not at the bit-fi<Jdling level (i.e., where 
the programmer ··wastcs'' a microseC·. 
ond or two indulging in a subro~tine · 
·caU). 

., 



Obvíously, there are sorne c>eep- 7. Sorne managers are concomed 
lions to'this, in sorne real·time systems, that they m ay not be able lo see the 
for uample; bul u Professor Bill Wulf benefits of the new techniques. This is 
of'Carnegie·Mel!on Univ. poinlS out, oflen because they ha ve no statiSiic:s lo 
.. More computing sins are commilled compare their current 1echniques with 
iD namc o( efficKncy.~(•ithout aec· the new ones. To be more blunt, many 
e~ . ,y· achieving.· itJ than for any organizations have no idea how many 
olher s.ingle r<a>on~inc!uding blinrl lines of debugged code their pro-
stupidity." grammers generare each day, nor how 

5. ln addllion lo programmer re- many test 'h~lS the average prograrn. 
training costs, many managers object mer requires before he delivers his pro-
lo the cost of developing new srandards gram to lhc user. Nor ha ve lhey any 
lo conform 10 lhe new prograrnming 'idea how many residual bugs are found 
lechniques. Sorne organizations may in programs that have been delivercd 
havc only recenlly finished developing to the user. Thus, one o( the first re. 
slandards for testing-and they tend lO siJ!ts of structured programrning may 
be "bouom·up .. standards, in direct be an unpleasant awareness of just how 
contras! to lhe top-down methodology bad rhings are;· while this may well be 
currently being advocated. While the unp!easant, it can a !so be a. hcalthy 
cost of deve!oping new standards may shock. 
well be substanrial. it is dillicull to The !ack of statistical evidente has 
lhink of any -way of avoíding iL Ir- b«n used as a reason for not using 
deed, even if strucrured programming structured programming; it usually 
bad ool appeared on the scene, surely takes the formo(; "Oh, wel!, l'm pret· 
some new lechniques would eventual- ty sure our programmers are· above 
Jy appear, forcing lhe voluminous average anyway, so we don't need to 
standards manuals to be rewiiuen . . . use lhese new techniqucs." 
it seems lo be ao inevitable fact ol Sometimos the problem is more 
lífe. b!atantly political: when management 

Thi1 may be an academic point, but does find out how bad rhe program. 
1 know of one !arge bank and one ming productivity curren!!)' is,-they try 
insurancC company that have appar- very hard to cover it up to avoid the 
cnlly rcjected structured programming obvious accusation that they have becn 
for Ibis· reason ai.JM-aY .o( which doing their job poor!y (Or the past SCV· 

sccms rather sad. eral years. A battle of precise! y this 
· St>me managers ·have expresse4 sort is going on in one of the larger dp 

th~ .:ar that the Slructured program- organizations in Oetroit, where one ot 
ming concepts migbJ nor work (or !ha! the people on the research ·otaff has 
lheir programmers might not be suffi.· made sorne rather interesting studies 
cicntly familiar with the new tech- based on a sample of 100,000 PL/1 
aiques) on a significant project whose .5tatements: thc average module- size 
failure would ha ve disastrous conse- was 900 statements (so much · for 
quences .• Therc is a very simple solu- small, independenl modules!); only 
lion .lo Ibis prob!em: il you have not four statements were O().WHJLE state· 
tried structured programming before, ments (so much for the assumption 
you probably should not use a critica! that all PL/1 programmers instinctively 
projcctas a "guinea pig." know about lhe lhrce basic forms of 

) ha ve. ICCD lhree projecu m <arly structured coding); in a substantial 
: 1975 fai! Íll their allempt ro use vari- number of rhe programs, none of the 

ous aspccts of structured program- lF statcments had an ELSE dause~ 3.nd 
ming. One midwcstern c_ompany used various other statistics suggest that thc 
top-down ll'Sting at the program leve!, programmers ha,·e been 1.-riting "rat's-
bu_t lhen integrated the programs in a ncsr" code for the past severa! years. 
bouom-up fashion lo build a system- 8. There is an inreresting variation 
and lhcy7r:ouldn't.undersraod why- the; "on the preceding objecrion: sorne 
"top.down" approach had fai!ed to 
··v th · 1 1 managers worry that the structured .a e cm muacu ous resu ts. programming techniques may improve 

Anolher compan)' .ÍJI New England · the productivity of their prograrnmers 
made an unsucc;,ssful attempt al using by only ¡O% instead of the five-fold 
lhe prograrn librarian concepr. bu! it improvement general!y adl·enised. or 
appean that thc Jibrarian was a sccre- course, this mar· be beca use the pro-
tary who~ wa.s required · to spcnd six grammen were already following an 
hours a d,a)' typing cnvelopcs and lhe · f m ormal semi·strucwred, semi-top-
olhcr lwó hours supponing lhe pro- down approach. 
¡ro- tcam. 

NC"vcrtheless, sorne man<1gers worry , another progurnming 'project th 
failed ¡,. !ts · ancmpi 10 mt•tbe chief at they (and presumably their pro-
programn~er · concrpt .• ·In apparenl ¡rammers as well) will be judged in-
ignorance ,o( the whole philosophy or competen! if they expcrience less than 
lhe conccpl, lheir chief programmer a five-fold improvement! One hardly 
did not v.·rite any codo during thc en- knows whar to say abour this hcad-in-
lire projecl! lhe-san.J ob~ctior., exccpt lhe obvious 

point that a !O'lo improvement in pro
ductivity (with commensurate im· 
provements in software rcliability and 
maintenancc) is beucr than no im-
provcmcnt at all! .. 

9. Finally, sorne managers. Suggcst 
that the fanfare and publicity uso. 
ciatcd with structurcd programming 
may be a disguised form of the Ha~~o·. 
thorne cffect-i.e., the programmcrs 
art more productivc because; they 
know they are being observed. lt is 
hard to be!ieve that any manager.who 
has the slightest familiarity with pro
gramming would be!ieve this, though 
perhaps lhat is the problem-many dp 
managers are about as familiar wilh 
programming as they are with lhe 
theory of relativity. 

Even ir lhe Hawrhome effect were 
relevan!, '" what? Why fight it? Ón thc 
Australian payroll project, 1 was criti· 
cized for giving thc programmers tcc
shirts lhat had the word "superpro
grammcr" emblazoned on the front. 
Sorne people feh this was an "unfair" 
rnethod of allernpting to increa.e their 
productivity! But if it contributed to a 
fivc.fold improvemcnt in programming 
productivity, it was worth it! 

Picking the right combination 
As mentioned carlier, sorne org3 .. 

nizations are concerned about thc 
diftjcuhy of implementing al! of the 
oew programming techniques simuJ
taneously. In mnst such discussions, 
four major techniqucs are considercd: 
structured programming, top·~own 

implementation, chief programmer 
teams (with structured walkthroughs), 
and the program librarian. In even thc. 
most progressive organization, it can 
be dillicult to implement al! of lhcse 
techniqucs at the same time; other or .. 
ganizations feel that oome o( 1he tceh
niques are simply no1 applicablc for 
their programming projecu. 

lt is important to cmphasize ·that 
whilc the four techniques are usually 
used together. they do not have to be. 
lt is possible to use structured .pro
grarnming without top-down imple
mentation, or top-dowo implem'enta .. 
tion without structured prog~amminr:. 
Similarly, it is possible to use thc chic( 
programmer approach without using 
the librnrian conccpt, or vice vcr~a. 
And ir is possible ro use the chief. pro
grammer concept and thc Jibrariao 
concepl without using structured pr~ 
gramming ortop-down design. 

Whilc each of the eoncepls can be 
used separarely. sorne .or rhem are al
most incvitably joined with othen. lf 
an organizalinn de~iJes to use.· t.he 
chid progr:1mmcr leam approach.. il 
almost a1wars us~s thc librarian · a."d 
.some form oi strur.IUrt'd walkthroughs: 
on the other hand, 1 ha ve scen sev·eral 
projcccs \\'hcre the librari.an conCeot 
was uscd wilhout lhc chief oro;zr&..;.. .. 



• rviÁKING THE MOVE. '. Top--<!own dt:sign and top·down mentation in a reiJtiv~l~ small proJ· 
testing are· a bit ea.sier for the pro· ect: there is no point in putting 
grammer to sw;J.llow, but thcy can a.dditionJI pressure on the prog:am· 

n1cr tcam concepl. S1milarly, if Slruc- cau.lje severe managemcnt disn1ptions me~ by forcing thcm to use the tech-
rurcd programmin' i.s uSol!d. l.Qp·down in s.ome cases. They imply. for cx.arn- niques on a criucal project~ne 

~~-C';YiZn-ilalso us~a:. converseJY:if-an=~~ple, tliat a computcr is avai1Jt51efo"'r.---;w"líose f3ilurc wilrh3Ve~disJ.strous con-
·,izatioii decide~. to use top--down t_esting al an c::HI~· stage in the proj- sequences in the o'rganization. 

~·S" and top-down testing, it JS pos- ec:t (in contrast to the common man- On the other hand, if management 
sibh: that they may elect. not to use agement policy of not supplying: ma- and programmers ::~.g:ree that the te::h-
stru.:turcd programming ( this sccms chinc úmc until thc final stages o( :he niqucs are "intuitivcly ob"ious' and 
csptcially l:'UC in COBOL shops that project). · fcel rclativcly comiortablc with thc 
ha\·e been brainwashcd for years to None ol thcsc problems is insur- techniques (a more and more commcn 
avoid nested JF slatements). mountable: indeed, many organiza- occ:urrence, considering that most pra-

l! is ditlicult to makc any general tions havc implcmcntcd all o( thc grammcrs now graduating with a B.S. 
suggcstions about the ordcr in which techniqucs simultancously without in Computcr Sciencc ha\'c had · a 
the tcchniques should be impl<mcntcd expcoiencing any major catastrophcs. hcalthy cxposurc to structurcd pro- · 
in a typical organization. Perhaps the Ncvcnhclcss, thc cautious manager gramming), thcn thcrc should be no 
most lmpor1anr point to recognize is may wish to begin with onlY. one ncw danger. 
that a sharp distinc:tion can be made idea at a time: specific conditions wilh- There is the case of an org:anizatiOn 
bctv,:cen the technical concepts of in lhe organization will usually dictate that was faced with an .. impossibl:." 
structurcd. programming, top·down which techniquc is to be implcmentcd project and in despeiatoon u sed i: as a 
implementation, J.nd strucwred design, first. · pilot structured ·pr0gramming project. 
and bctween the organizational con- Thc Austi-alian Tax.ation Dep:. (roug_h-
ccpts of chief programmer tcams, A good pilot project ly equivalent to the IRS) was urged ic 
structurcd walkthroughs. and program In sorne organizations, thc tech- 1973 to adopt structurcd program-
librarians. One should choose thc niques of structurcd programming and ming. to¡>-down dcsign, chief pro-
combinalion of techniques th:u wil1 top-down desig:n. after sorne expc- grammer teams, and program Ji. 
give the greatest improvement for the rience with them. are considered :'in- brarians to assist in a project il)voh·ing 
leas,¡ effon. tui.tivc1y .obvious" to mana~ers and conversion of machines, conversion of 

The Jibrarian conc:ept can usually be programmcrs alike. Once e . .;posed to languages, and redesign of mJjor exist. 
imp!emented fairly easily, since it does the concepts. everyone bcgins using the ing systems within a timeframe tha: 
not affec! the user and does not require technic¡ues witholJt any significant would otherwise ha ve been con.(,idered 
any rnajor retraining on the pan of the prodding. M Jny orgilnizati~ns stan impossible. Thc results werc highly 
programmcrs (though it does get them using structured programming with J successful. 
to change their altitudes: "\\'hi.!ddya great deal of trepidation; in most cases, 
"' 1t"an 1 can't type my own progr.1m this is done by using the techoiques oo 

.1 the time·sharing terminal'! So an "experimentar· project. 
what if 1 can only type two words a This leads to an obvipus qucstion: 
minute?"). On thc othcr hand, it docs what kind o( projcct should be·uscd as 
require sorne stand~rds to be developed an experiment? Experience with sev-
for proper use or the librarían, as well eral organiZ3tion5 during the pa.st rwo 
as s.ome training for the librarian; and years suggests the following: 
it does uusc somo problcms (or orga- l. Th< proi<N should b< visible. IC 
nizations that flnd 1hey have no bud- lhe cxperiment is an a¡;adcmic project 
gcts, no "job úllC'>," and no place in thc that nobody will use, then nobody will 
organiz.ation chan for thc librarian. carc about thc resuln. Thc project 
.E.xc.cpt in government agenci-es and -shou.td be a -.resl .. on.e--one th.at usen 
wme other large bureaucr:Jtic organi- will use, and une whose results peopfe 
zations 1 havc visil~-:.d reccntly, these will care about. lndeed., this is onc o( 
are usually minor problcms. thc rcasons thc New York Times proj-

Top-down .desig:n, 'SJructured pro- ect had such a pn..'found impact upon 
gramming, and thc chic( programmcr tBM and thc rest o( thc industry-it 
concept tend 10 havr: a larger impact was real. 
on on organizaoion, ·:md >hould. be im· 2. Tht project should bt nontrivial. 
plcmented with· mor•: ca re. Strucrurcd Occ of tho kcystoncs o( thc "struc-
programming gencrally implies "coTo- tu red" approach is its attempt to break 
lcss· programming (or at lcast less complcx oasks into simplcr one<.'· By 
COTv pro¡:ramming), whicb is a jolt to working with lcss compk< program 
many u.peri:nced pro¡:ramme~. TI1e 'components, the prt.,~·,·ammer· is less 
chicf pwgrammer · te.Jm approach likcly to make mistake-s. and he is. more 
muaiJy includes the concept of struc- likely to produce something that can 
turcd 'tlo'alkthroughs which suggests be maintained. However, if the pro-
rhat ea eh prograrnn~;:r ~~~ould make a gram is Jlrriid)' quite tno,·ial ( e.g., lcss 
formal presentation of his code to all than 100 lines of c-OC:e), the improvr-
•"-f the pro~ramme~ on the team for ment in productivity and maintrnance 

¡;ir f(:View and .criticism. This 100 is a will nm be as oLvious. The ex.pc1i-
,o:t to. the 3\':ra~ progr.ammer· (n.~ a mcnral project shouid Oc at leJ.St ""' 
prograrnmer at She11 Oil in London. nlan-mont!J!l in duration: 
~ai~ ... Rcading someone else's program 3. Th~ proj~:-1 .show/á bt nonCTIIf· 
ts l1~c re~ding thei~ pers~nal mail-it's

1 
cal. Ther~ ue ent,ugh prvblems in Oe. 

an tnva.~Jon of pnvacy m wh1ch civ- coming far:1iliar with structnrc-d 
ilizcd pcoplc simply do not indulgc"Í. programrnin~ and top-<lnwo imple- · 

Evalllating the experiment 
Clc>rl\', tho ob¡ect of >n cxpcriment 

is to g~1n information for futurc refer
ence: a structured programming. exrer
imcnt s,hould ¡:ive the organÍZii~IOn 
valuilble information abvul the usdul
ness of the techniques ror futu:-e proj. 
ects. From the discussion in the pre· 
vious· sections, we see that there are 
sevCral statistics the project manager 
should try to capnu-e; most o( these 

.. un be g>lhcn:d b¡· aouwcring the fol
lowing questions: 

a. Was thc proje.:t finished on 
schedule? How accurale were the esti. 
mates for milestones during th~ proj. 
ect? At various srages during the 
project, was it possible to estimate ac
curately the amount of coding rema in· 
ing to be done? 

b. How productive were thr pro
grar.lmers? In particular, how many 
dettugged stJtemenls rer dJy were they 
able 10 produce~ AlsL', how did the 
progrlmmers d:stribute their working 
time duríng th~ project (~ome tentati...-e 
results from ;ln e~penment at ."'-ctnJ 
Lile .S: C>sua!t) sug~<st th>: slightl) 
unJer 6~c o{ thc pr(tgram~er's time 
was :a.pent 0:1 Cl'l1e rcview:a. and walk
throughs, whidl scc:nh 10 !.quelt.:h ti1~ 
c:ommon complaint th:it these thingo;. 
tale too much time). 

c. Ho"""· efticient were the re:>Üiting 
pro~ra.m!.? This may he diftkull to 
jud¡;:r- unless thc pror,r:.m i~ a rede
•i¡ned version of an earlil!r ( presum. 
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Reprinted from 

abJ)· unstructurcd) prO!;ram. Howc\ler. 
thc manager and/or the programmcrs 

. should be able lo make some qualira. 
ti ve judgmcncs about thc prcs en ce or 
absence of substantial overhcad in the 
final program. 

d. How mueh test time was required 
for the pcoject? Specifically, was the 
teS! time dimibuted fairly eveniy 
throughout the project? 

c. What was the ratio of develop
ment costs to maintenance costs? Is it 
significantly better or worse tha~ cther 
''unstructured" projects within the or
sanization? 

f. How effective were the strucrured 
walkthroughs' Roughly how many 
bugs were found per man-hour o! 
walkthrough, and ro·ughl) how long 
would it have l>ken the original pro. 
grammer 10 find those bugs? ~!ore im· 
portant, how many o! the bugs would 
have remained unnoticed until the 
program began running in prcduction? 

1 find that a reviewing audience can 
easily spol five to six bugs in a 200 
statement program within 1 S mi.'lutcs. 
It is imponant te recognize that the 
programmer who wrote the cede was 
usually convinced that his cede was 
corree t. and his test data wo:.~ld usually 
be a self·:s.crving auempt to conñrm 
that feeling. 

g. How many bugs werc: discovered 
during user acccptance te:s.ring? How 
many bugs were discovered afler sev· 
era) months of production? How does 
tJ'¡is compare wilh other .. normal'' pro
grams in the organization? O 

1 

1 

1 

i 
1 

¡ 
Mr .. Yourdon. president ot vourdon 1 
lnc;, hes consulted end lec:tuntd on 1 
progrem desi¡:n end on·line- com·¡ 
puter 8ystems in tne u.S., Canade,. 
Europe, and Australia. He began ni& 
cereer et Oigitel EQuipmer-.t Corp., 1 
where he developed as.,.emt:olers; 
FORTRAN IV Executive-s, end mltth ¡ 
libraries for various me~cMtnes. At 
General Electric, he deveiO.:Ofl!'d ¡tn 1 
ooereting aystem for o Mo•oitet !n· 1 
form~tion svatom on tru~· GE-.u~. 

He hes .Duthored aever.al bCOk-s ano j 
numerou& erticles, end is currently 
completing a two-volume aerieto. 
•Advanced Proarommin¡: Tocn
nlQues.'" 
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An Example of 
Structured Design 

by Billlnmon 

Producing 11 lines of code per hour through structured design and program
ming is one of the advantages. 

Quick and accurate development of 
computer programs is a longstanding 
goal of the data pracessing com
muniry. llecently programmen and 
- ·ogram dcsigntrs ha ve b~gun lo 

nnalize ·sorne oC thcir pn.cticqs by 
using coocepts of struCtured pro- · 
gramming and structured design. How 
do thdc conccpts interact with the 
aoals of quick and accura~ program 
dcvclopmcnt? 

An example of how one sy!.tem was 
dcvelopcd using these tools in a limited 
amount of time is given hcre. The spe. 
cifics o( the system may not be impor
tant-it happen~d to be a cost ac. 
counting system. neccssitated by a 
b.rge !,ovcroment conttaci.. wtrich 
broke down the cost of thc final prod
uct to costs of componen! pans at the 
lowcst leveL However the problems 
that arose in the devclopmem of this 
system, and.the ,.;ay thcy wer.: han. 
dled~ a.re·impon&N ~cau>e:,thescgme 
basic problems usually occur in de. 
vclopment of most typcs of •>·stems. 

System overview 
Here is a profile oC thc system under 

discussion: 
l. ungth· of sySiem development 

-4 months. 
2. ~anpower-14 man-months (7 

program111ers-2 .full time. S 
pan time l. 

3.-. Scope.. of project--4Gsks in. 
cluded interna! dc\ign e i.e .. thc: 
building of Jc:uiled program
ming spccificouions . from a 
broad desc:ription of the prob
lcm). programming. unit test-

ing, integrated tcsting. docu
mentation, and the building 
and maintcoance of a large 
data base. 

· 4. Total number of lines oC coding 
-approximately 31,000, not 
including system-support cod
ing, such as Job Control cod. 
ing, test·data generators, etc. 

S. Language-<:OBOL inlerfacing 
the data base with DL l. 

6. Machine-tBM 370/145, with 
TSO. 

7. Data base cnvironmenL 
8. Programmer coding productiv. 

ity @ 200 hours per month
lhat is. approxinutely 1 1 lines 
pcr hnur. 

9. Number of programs and mod
ules-SO 

10. Median module 1ize- S.4 
pages. 

11. Type of application'7financi>l. 
12. Technical comple:<il)"-mild. 
13. Programming logic complexity 

-modcr.ue. 
14. D~."Sign considerations-struc. 

turcd pro.:ramming, structurcd 
design. 

A gt'Oup of programmcrs w:u org::~
nized into a -chic( programmcr acam. ·· 
The chicf programmc:r was reSponsiblc: , 
Cor the dcsign of al! programs. He did 
the actual coding of sorne crilical pro
,srams, and organizl.!d and coordinah!J 
thc programming of the other pro
grams in the systc:m. Two program. 
mcrs wcrc orl thc team full time and 
fivc othcr prognmmc:rs contributed to 
thc tcam ctfort. Programs wcre dc
ligned adhering to the principies o! 

structurcd design. •'rincipally, pro
grams were kept small and designed 
··tunctionally." Large programs werc 
divided into modules. The coding ot 
programs was structured. No GOTa 
statcments wcre allowed. and other 
conveotions of structured program. 
ming were followed. 

The overriding constraint on the S)"S· 

tem dcvelopment w_as time. s~cause of 
contractual obligations program de· 
sign. programmin~. debugging. and 
irnplementation had 10 be complcted in 
four months. The ·deadline was not 
extendable. 

The structuring of the data base re· 
ftectcd a strons uscr orient:uion and 
was not d~igncd for easy progr;~.m 
manipul:llion. At thc outsc:t of the proj. 
ect, only two prosrammers had e.ten. 
sive daca base cxpcrience. In prepara. 
tion for futurc on-linc: consiJcratlons. 
lhe s)"stem was to be updated by trans. 
actions. Repons were generat.:od direct. 
ly from the d>ta base. In lerms of 
programming lo¡;ic eomple\ily. the 
system was straightfof'\\·ard e~cept for 
Kveral interna! relationships. Tech~ 
nically, ihe comple.\ity of the systen1 
was not beyond th< ability of the chi<l 
programmd tea m. 

Oesign goats 
Thc ct~s•~n go:~ls of lhe s~stcm v.:cr~ 

greatly intlu~:nccd by thc\e program 
devclopment priorities: 

l. Spced of developmenl 
2. Prog:ram Jnd algorithmi~ accu. 

rae y 
J. Maintainabilily of prograrñs 
4. Sy>tem fle•ibility 
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~ The uadition.a1 considcration of 
productioo run cfficiency w.as onJy, or 
iocl• · tal importancc. 1t w;u not ig •. 
nor~ l simply gave wa)· to thc hig.her 
priorities. The major ancn1ioo was dl
Tcctcd t.OWarlk tht buildin~ o! a work
able systcm~ Once thc rcquiremcnts of 
the syslem were me t. coosideration was 
¡ivcn 10 run tim1e efficiency ( i.e .• when 
lhere was enoug:h lime to make such a 
coosideratioo, which usually was oot 
the case). 

Severa! sc:hemes were contemplated 
for or¡anizicg lhe project. The only 
way decmed !easible bccause of the 
time coostrair;u was 10 write program 
specificatiocs. while conc~rrently pro
¡ramming and resting other pam of 
!he system. Obvious pit!alls to this ap
proach were rec:ogoized befare pro
ceedicg: however. beco use of the W:k 
of time. no other method was possible. 
This I)'P< of project organizatioc prob
ably should be used ooly wheo the 
situation dcmands it. In such a case, 
very close control aod coordination is 
ao absolute must becausc poor com. 
municalions can lead to a large scale 
waste or cffort. 

To attain the de"Sign goals. alllarge 
programs were highl)' modularized. As 
mur.h as possible, a module was de· 
si¡ !or general usage, so lhat it 
wcu.d be reusable in other pans of the 
system. In this way repetitious coding 
was eliminated or at least drastically 
reduced. Each. module was ph)'sically 
scparate from any other module, i.c., 
the source text which comprised a 
module was developed, compiled, aod 
llored apatt from any other module. 
The intem o! the design was 10 make 
module> •mall, about four P"!CS ol 
source text per module. However. the 
size of a module was ultimatelv deter
mined by irs function. Each "module 
had a limited and well-defined !unc
lion. and thc environmcnt of the 
module wa~ likewis.e limil~d and· Welt'"" • 
defined. In thi• manner; the 0\'eraH· ... 
functions of a pro~ram wcre broken 
into smallcr. isolated functions. 1 

Early in thc· sntem desicn, il was 
rccognized th:.t lhcre wer~ differenl 
Jcvels of func1 ionality a long which a 
procram could be di•ided. An cumple 
o( levels of functionalit~ ;. 1hown by 
~ diiTer.,cc t etwern rwo brge updat
lng progroms lhot were p3It of tfte 
syucm. Both )(ograms wcre to rcad 
rr· -'ilCtil'ns a11d update thc data base: 
r. cding to lbl!' contcnts of the trans
action. 

Another way to t.·iew an updating 
program is fro n 1hc lradüiono.l ac1ions 
o( addin~. dei<tm~. or replacing data ·- .................. .,.... . ...... ; ....... ~... .. .... 

tran~aclion cnlcrs thc pr0gnun. it is 
cale¡!orilcd into Cinc of thc thrce maJllt 
runctions.. :t.nd ts handlcd ~long thm.c 
lunctional lincs.. 

carchll all~.:nuon lP"'c:n 10 me now t.11 

data to :mJ from otilcr moduic\. th~rc 
srill ""ere ,omc crron.. 1 he num~r and 
urdcr of paramcters. thc1r characlcr.s-
cics. and thc inu:rprctation oí thcar 

2·-¡-~.~aiucs v.cre in wmc t:ascs misunder.---
!itood. Anothcr problcm arosc: in thc 
orp:aniz:nion nt.--ccssary for thc: dircc· 

Program flexibility and · 
modularization 

Thr. fl<xibility of thc progr:uns in the 
_sysctm was dilñcult lo assc:ss. Howcver 
two characleristicl of the systcm point 
to !he fa<:t lhat <tructured dcsign pro

·duces sorne ftc~ibility. One is · thal 
· changes in il were made with a mini- 1 

mum o! effort. The larg.-t change re
quired four days. and the nc<t largest, 
less than a da)'. The second charact<r· 
islic is the fact that errors were quic~ly 
located and correcled. lt appeared that 
the major factor cootribUting to systcril 
ftc.ibility was the isolation b)' function 
that was achieved by structurcd design. 
When a problent occurs. it is easy lO 
climinatc m·any modules· from .cOnsid
eration since their func1ions ma)' hav~ 
oothicg todo with the problem. 

Data couplil\8 wu .:xtensivel)' used 
in !he interfacing o! modules with r:ach 
óther. (Data coupling occurs when al! 
input and output to and · !rom the 
called module are passed as parameters 
or argumcnts-i.e .• as data elements). 
The independcnce gained herc . erÍ
haoced both the reusabilit)" of a module 
and !he isolatioo of a module by func· 
tioo from other modules. 

In other ways, the. · modular ap
.proach accelerated the dcvelopment o! 
the system. The physical separation of 
modules meant that more than ooe 
pc=rson could simultancously con tribute 
to a program. In fact .al one time. fivc 
programmers wcrc activel)· working on 
modules of rhe same progrom. 

A byproducl o! usiog a modular ap. 
proach was the lessening of the total 
learning time involved in rhe transla· 

· .lioo ol programming spec:ifiarioas in
lo rode. Thi• occurrcd ·bccause.. as .a 
programmer comple!ed a module. he 
was aSsigned aÓother similar onc. He 
still had the pre•ious coding frcsti in 
mind and could therefore quic~ly 
grasp the new programming spec:ifica
tions. 

Another f.-.rure of . adoptin~ a 
modular approach oCcurred when a 
programmer completed a module and 
was then free 10 work on othcr sys

. tems. In a c:_onventional S.)'Stem. a pro-
grammer is titd to a ptO!;ram until he 

. fini.bes it: and if • prohlem in his •r"" 
of c~pt'l'1isc arises while writ~ l~ 
p.-o~ram. some1hing. must Suffcr. How .. 
cvcr. if a pro~am is brolen into smaH 
modules. many hreaklng points result 
"naturally, and thc prohlem) in volved in 
c:onventional mcthods of programmin_g 
are minimized. 

Dt:spitc advan1agh in using 3 modu· 
lar appro3,h. therc wcrc aho sorne di'i· 

· advanlagcs. Onc probkm arase in the 
-·inr,.r(.,.,.;nn nf rntvilll,.~ In lllnilr nf 

tion of ~cvcr:~.l pcoplc working on. 
the !oamc problcm simultancously. 
1\lodui<:> werc being dc•eloped so 
rapidly that coordination_ of .tcsting.. 
linking. and integrating ~hem bc:c:t.mc a 
'large tas~. 

Structured walkthrough 
One o! thc techniques that led to the 

quick complction o( the project \vas 
thot of the structured wal~through. ·"
wal~through .. or mental e'"cution of 
the program by the programming 
lea m. was done -for each progr:1m. · 

Alter a programmer had compilcd a 
program and scrutinized it for ob,·ious 
errors. he sent the chic( programmcr 
.a.nd scv<Tal orhcr programmers in· 
Volved copi~ of his source te,t. Aher 
time was allowcd for .the group to 
e' a mine the lext ( usually a few 1 
hours). the team met and collectively · 
per(ormed a mental ex.ecution of thc 
program. \ list of errors 'ft"'J..S" madc :1s 
each lo~;:al path was foilowed. The 
interface ,..ilh modules either c:1lling or 
called by the module being cxamined 
was carc!ully checked as well. At the 
end of the walkthough. the list of 
errors was given to the author. 
· In &his manner most errors werc 

caught be!ore any te>ting had oc
. curred. Also. thc team memb<rs who 

reviewed the tcxt bccamc famili:~.r with 
a 'pan· o( the .<ystcm other lhJn thcir 

.· own. This helpcd to cstablish com· 
mon bale of understanding of _:11! Com· 
ponenrs of tho systcm. 

Coincident.aUy. ,.·hile the team re
wiewe.d the interface with other 
modul"'- errors ( mu•lly from mis
communic:~.tion) wcre also spotted in 
other ·modules. lt was also not un
common to have :1 program or module 
execute corrcctl)· the first lime it IA'as 
tO>ted. Onc ol the major !ac1ors in the 
succe.'i'i o( the S)'stcm was thc !!hOrtcess 
of 1hc time spcnt in testing. :J.nd th\! 
major contrihutor to it w;~os sfructured 
w:J.I~throu~h~. 

Program testing 
Onc rc:a"'n "·hy 1esting · and de

hug~in_g wcn.a: sml"'Lllhly wu lhc fact 
that the delion 01 IM S\'\lcm includcd 
ptllgrammang sp..:cifica.tions fnr d.:
hu¡;gin~. No1 only did pro~r:1mmin~ 
'P4o:~ilicationco Udinc thc fun,tion of ·;~ 
priJgram or module. but th~y also rL~· 
quircd \':uiahl~s to b~ in\erled and 
manipulatcU \Oicly for thc purpose ol 
u~hu!!ging. 

Thc most ctfectivc technique wa5 
u'-inl.!' an activit\' variable in c~ch 
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modulo. lnitially the octivity vorioble is 
set up on inactivc. As a modUle wa\ 
invokc.d. thc valuc of thc activity vart~ 
able was change\1 10 indicatc tha1 it 
was active. As conlrol was rclin
quished. the variable was r~turned to 
che inar1ive state. \Vhcn a dump oc~ 
curred. it was easy to troce th< path of 
active modules. arriving al the final 

<Jo"·n Ul I.ITl!C' ph.Jl:;r;un:. 1111u rnouun¡:~. 

and suuclllrl!d pro~ramming. 
The majar crilcnon. thar of specd 

of developml!nt. was certa.inly en
h:nced by structured dc~ig.n. A modu
lar programnting approach alonc would 
not ha ve made it possiblc 10 ..., ralc the 
large prog.rams needcd in thc amount 
oí time ;~.lloctcd. 

Th.: Ol h.:r d~sign soals-fte:(ibility 
and maintainability--cannot yet be ef. 
fec:tivc:Jy evaJuated since the S)")tem 

has remained relatively stable in its 

ACTIVE 

l 
;• .. . · . 

. ' 
: l . 

INACTIVE ACTIVE ~<ACTIVE INACTIVE 
.. . .. . 

1 T 1 1 
-···.·· . . - :·' · ... . ·- , 1 .. -. -.. 
--~--· .' ... 1 

lNA~TIVE INACTIVE ACTlVE INACTIVE ;~CTNE ! 
· .. 
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. 1 

.. 
~ -·- .. 

_. . ;"""• '"~ 
INAcnYE _, .. = ; lNACTIVE ACTIVE 

. :·· ... 

Fig. l. By using an "activity"" variable in each module. the flow of control through the 
program can -be reconstructed and non-active mo~Uies igr.ored in debugging. 

one. ja which activity had occurred 
(see Fis. 1 l. 

Another useful technique was to 
display the parameters of a module at 
lht time Of iavocation. 80:3USC O( data 
coupling, the compl<te set of relevan! 
data was available for determining the 
state of the module. 

An additionaltechnique that proved 
lO be uscful was thc.galhcring of Sl3tis
tics internally by e:>ch moduk. Typi
cally, a module would keop track of 
how many ~imcs it haó beco invoked. 
the porameters it had be.n '":kd with. 
what lypc of interna! result~ it h.-.J 
genc:rat.U . .tic. Ollla Qf this typ< m;,de 
r~onstruction and 3naly ... is of program 
activity an easy tosk. Thcy also.> helpod 
to identify areas of cO<k thal had never 
bcen testeó. Also. it h<IJX-d to locate 
arcas of code that wcre critic31 ih 1hc 
eilicient runnins of rhe pro~ram. 

Summary 
Thc: mut,t ple:lsing and surpri-.in;! 

aspe¡;l of thc projcct """as thc ... mooth· 
DCSi with which dcbugging anJ h::Hin~ 
werc acc~Jmpli~h~d. This smoothnt:ss is 
rcftc:ctl!d b)· thc high programmer pro~ 
ductivit); r:th: of appro.,imah.:ly 11 
lines po:r hour. We ielt that >cvcral 
facrors contributcd to this sueco-.----·-·-•··--..-1 ..... u ... &.. ........... &... th., hr ... ,L-_ 

short lifetime. The few chan2es mad"e 
do point to a high d<gree of ;;,aintain
ability. ·structured design. used in con
junction with the complemen1ary tech
niques of structured programming and 
walkthroughs. did mako possible a 
leve! of spcc:d and accuracy in system 
devclopment not previously attainable. 
Based upon our expcrience with de
vcJoping this systcm. structurcd d~)agn 
is ~s powcriul in practice as has ~en 
predicted in theory. o 

Mt. lnmon ia o Chief programmer 
for GTE Sylvlln+ll Ele-ctronics Sys

: te-rna Grouo an Mounta1n V•ew. Cll~of 
· H11t receiY"ed on M.S. in computer 

•.:,otnce from Now Moxaco Stote 
: Univ. 
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lHE NEED FOR SO::TlM4RE ENGINEERING 

Ware 1\lyers 
Contributing Editor 

lnlroductlon 

Early in this decade a set of programming practices 
began to appear that seemed to offer a way out of 
the software difficulties accompanying the develop· 
ment of large systems. These practices, developed 
by Brooks.' Baker.' Dijkstra.' Milis.'·' and others. 
included structured programming, top·down devel· 

. opment. chief programmer teams. H 1 PO (hierarchy/ 
input·process·outputl documentation. development 
support library. and structured walk·throughs. But 
despite the increasing amount of software develop· 
ment and its rising cost relative to the defense 
budget. corporation expenditures, and even the 
gross national product, the new programming teeh· 
niques have not been adopted by acclamation. 
McCiure.• surveying the scene at COMPCON '76 
Spring, saw "the great masses of programmers 
conducting their business exactly as they did five 
years ago." Nor was there the slightest sign in 
MéCiure's 5-year projection of "strong winds of 
change." His intuition was lat.er supported by a 
survey of majar Los Angeles Brea corporations,' 
which concluded that, for all the fanfare, "the tech· 
niques are simply not widely used." 

\Vhy are modern programming practices propa· 
gating so slowly? In the judgment of sorne seasoned 
observcrs. the rcason lies in the complexity of the 
techniques and the difficulties management and 
prO!,."Tammers face in implementing them. As with 
ffiodern management practicf.'s, modern prob'Tam
ming: pr11ctircs are infangibles thut have to be dis· 
seminated by "soft" means su eh as education and 
training. 

Fortunately, there are positive forces at work
Lhe D,eparlmonl of Defense, NASA. IBM, drfense 
and spare contractors, software houses. and u ni ver· 
sities. Thc professional societies co\'cr the art·a in 
their conferences, tutoríals. and journals. The Gt·neral 

Accounting Office is studying the use and value of 
software development techniques. These innuences. 
together with the growing realization that projected 
software development costs are becoming a great.er 
factor than hardware costs in dcciding Lo develop a 
system, are literally forcing progress to be made. 

The software predlcament 

The general character of the software predicament 
can be seen clearly, although consisten! numbers 
with which to characterize it more precisely are 
hard to come by. Because less expensive hardware 
is bringing more applications within economic reach, 
the amount of software to be developed is increas· 
ing. Al so. beca use more software. is already in 
existence, there is more of it to be maintained. But 
the productivity of prob7J"ammers is improving ralher 
slowly, especially by the standards of hardware 
pricelperformance. with the result that the overall 
cost Of software development is lending to increase. 
Or, if this increase is being limited by budgetary 
considerations,. opportunities to apply computer 
technolo!."Y more fully to both old and new applica· 
tions are being passed over. 

Software growth. Estimates of the overall cost of 
software developmenl and maintenance in the United 
States range from $15 to $25 billion.• At DOD it is 
running in the S3 billion·pcr·)''ear range. lt represents 
4·5 pcrcent ol the A ir For<"e hudget, 6 percent ol the 
NASA budget. 

According to Walter R. lle•m.• deputy for ad· 
vanced technology lo the assistant secretary of thP 
Air Force for research, de\'elopment. and logistics, 
the number of funclions-m<tst of tht'm ne-w-being 
done by ~oftware is brrowing at a prodigious rate. 
B~:csm, who gave the software tt-rhnical ke)·nole at 

COMPUTE A 



COMPCON 71 Foil in Wa,hinl(lon. D.C .. lasl 
St·ph·mber. estimutt·d thi~ ralL· to he a factor of 2 
t•vt'ry thn•(• ycur!-.. Thf' riltc is prohahly b'Teat.er in 
dd('nst' than in industr~·. beca use DOD is moving 
rapidly from analog: Lo dig-ital weupon sysLems. For 
example, recently purrhased aircraft are heavily 
software controlled bcrause these new systrms are 
more effective than the pld hardware systems. 

1 n another area Gnostic Conrepts10 projects data 
processing spending, exclusive of office automation, 
to increase at about 15 percent per year, whi1e infor
mation systems business grows at better than 
20 percenl. 

Operalions·lype syslems for sleel milis. relail 
st.ores, banks. etc., are growing at about twice the 
rat.e of other applications. according to Joe M. 
Henson. vice.presidenl for markel planning aliBM's 
Dala Processing Division, in another technical 
keynote uddress given at COM PCON 77 Foil." 
Because these systems are inherently complex. lhey 
require more probrramming manhours than simpler 
systems. Henson projected lhe number of on-line 
syslems lo grow from 9500 in 1975 lo 23.000 by 
1980. More syslems are coming in lhe orea of manage
ment and technical planning, such as forecasting, 
modeling, and design, and they will demand more 
data. Meeting this need through large inlegraled 
data bases will again add to the volume of software 
development. 

Last November the computer industry was re
minded that not only do business system manu· 
facturers not agree on slandardized programs: users 
aren't settling for them anyway. "We're going the 
other way as cust.omers demand even more diversity," 
Jay R. llosler. compuler systems consullanl, told 
Interface West." Small business systems are only 
a part of the total software piclure, bul they exem
plify one of the ways lhe programming workload 
grows. 

Maintenance ratio. Bccause a great deal of soft· 
ware is already in existente, sorne of it of low quality, 
more and more efforl, of necessity, has lo be devoled 
to maintenance. Henson, for· example, estimated 
lhal up lo 80 percenl of his company's application 
development resources are devoted to maintenance. 
Similar figures were reported by Elshoff," who 
noled lhal 75 percenl of General Molors commercial 
software effort was spent On maintCnance. This 
ratio. according to Elshoff. is fairly typical of large· 
industry software activities. As more software man· 
power goes into maintenance, less is available for 
new development. 

Pr(Jductivity. Estima! es of the long-lerm produc· 
tivity imprnvcmcnl Tilll• O( programmerS range from 
about 3 pcrcenl to 7 perc(•nt. For example, 1 Fl P 
Pr~sidt!nl Richard l. Tanaku estimated thc· current 
rate to he ahoul 3 pNcent per year. 14 Henson gave 
a 4 ¡wrcenl to 7 percent rate, dl·pending on the 
assumplions madc. for the 30-year period from 19~5 
LO 1985. 
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Wilhin ·mM. on large programming projects. 
"productivity. mea su red in terms of the number of 
lines of codl~ produced per programmer, has improved 
al about 20 perccnt over the years. due in part. to·the' 
increasing u~e of higher levellanguages," according 
lo Ted Climis of lB M. addressing the keynot.e session' 
of COM PSAC 77." Climis. a vice-president of his 
company's General Products Division, expected 
this role to co .. ~inue, bul noted that productivity 
data on programs of under 20,000 lines of code is 
more variable and seems lo depend largely upon the 
individuals involved. 

1 ndeed. as Climis' last slat.ement suggests, meas
uring programmer productivity is a complicated 
undertaking. For example, one investigator, finding 
lhat reporled produclivilies ranged from one Une of 
code per hour to 30 or more, concluded that more 
precise definitions of a program, a manday, and 
even a line of code itself were needed. Using bis 
own definitions Johnson" found a productivity 
range on 16 commercial syslems-programming 
products ranglng from about 9 lines of code per 
hour (average of five smaller projectsl lo about 
3 lines of code per hour (average of 11 larger proj· 
ectsl. In general. his results were close lo those 
published earlier by Fred Brooks.' 

Sortwarelhardware ratio. Because the cost of 
hardware is dropping rapidly-an order-<>f·rnagnitude 
improvement in the hardware pricelperformance 
ratio every 10 years-while software productivity 
improves only slowly, the cost of software relative 
to hardware is increasing. This change has been 
noled by many observers. Tanaka, for example. saw 
information processing becoming the most labor
inlensive of all industries by 1985, if bett.er methods 
were not used. Beam charact.erized it as a "cotlage 
induslry" -hardJy. an image compatible with the 
notion of con\puler.s as typifying modern technology. 

In NASA the software/hardware ratio was about 
2:1 five years ago. WriLing for Datamation in 1973,1 

Boehm projecled lhe ralio for the A ir Force as going 
lo 10:1 by 1985. On one existing program. lhe World 
Wide Milit.ery Command and Control Syst.em, the 
ratio was already in lhat vicinity-$722 million for 
software to $50·$100 million for hardware. This 
syslem. with 35 localions. ties the President and the 
Penlagon wilh commands in the Uniled Stat.es, 
Europe, and the Pacific, using airborne command 
posts in part.U 

R•liability. The enormous size of WWMCCS offers 
a dramatic insight into another dimension of the 
software predicament-Lhe need for correct oper-. 
ation. This need was highlighted by a recent news 
report bj Greg Rushford, who writes on nationil 
security subjects: "The rt-cord of milit.ary communi
c&tions is replete with failures, slemming in no 
Y..mall part from the system's complexities."'u He 
Hllributt:d lo cornmunications difficulties at least 
part of tht blamt- ror such serious incidt·nts a~ the 
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Gulf of Tonkin crisis in the Vietnam war, the bomb· 
ing of a U.S. warship off the Sinai peninsula by the 
1 sraelis, the Pueblo afia ir off North K orca, and 
oth~rs. Thcse hreakdowns in co~munications occur· 
n•d hl·fore the new compuler-controlled system was 
installtd, hul thcy underscore thr. critica) imporlance 
o( its corret·t Operation. 

Before modern programming carne into use, pro· 
grams were large, complex, neither modular nor 
portable, almost unreadable, and expensive to 
maintain. · 

25 

A series of "dragons" enforct- thl· di~ciplint•-thr
machinist or technician wants an exact prinl hf' run 
build lo, the drafting manager insist~ thül documtm· 
tation follow the rule!i, romponent engineer~ try to 
standardizr the building blocks, and manufarturing 
engineers pour over thc drawings to estahlish that' 
lhcy are complete. 

The f'oftware way. The software process diH~rs 
from thP hardware process in many ways. For one 
thin~ thP fabrication step, in the sense of reproducin.g 
the program tapes. is insignificant. Al!m, the hab1t 
of going through thP stages severa) times has not 
caughl on in spite of Brooks' advice: "Planto throw 
one awav; you will, anyhow." · 

1 n ad.dition, past practice has tended to slarl 
with instruction writing and then work back to the 
earlier slages of design and requirements. This 

. method worked well enough on the relatively small 
programs that characterized the early history of 
programming, but it ran out of steam on large 
developments. 

Another factor in the programming way is the 
'backgrounds of its practitioners. They tend to 
come from more varied sources than do thf' hai'd· 
ware engineers. who are usually the products of a 
systematic 4· or 5·year currículum. Programmers 
may have degrees in malhematics. English, history. 
journalism, or whatever. \\'hatever they have 
learned-and it may be a great deal-it prohably 

Program quality: \Vhat were typical programs 
like before modern programming practices? Elshoff" 
analyzed 120 PL/1 progr_ams collected from General 
Motors commercial computing installations in late 
1973. He concluded that 'the individual programs 
were not modularized and were quite large-853 PUl 
staterrients on the average. They were very com· 
plex, not portable, almost unreadable by others, 
and expensiv'-" to maintain. • From interviews with · 
GM programmers who had worked elsewhere, he 
learned that this state of affairs seemed to be typical 
of othcr installalions ·as well-especially Cobol 
installations. Perhaps lhis was roughly the slage . 
of the prob"Tamming art when modero programming 
practices appeared on the scene. 

Need for discipline 

. does nol include engineering methods. This lack of 
common background may be part of the cause for 
Brooks' complaint thal "techniques proven and 
routine in other engineering disciplines. are con· 
sidered radical innovations in software engineering." 

The notion that a more disciplined approach to 
programming would alleviate the software predica- · 
ment has heen current for at lp.ast 10 years. ll was, 
in fact. the belief that systematir en~neering methods 

· could b• uppliod to the softwar• process thAt led to 
the coining of the term "soft wan• engineering" in 
1968." 

The engineering woy. The vcry tcrm, engineering, 
ímplies "that the enlire development of a product 
from initial conception through testing and main
tcnance is organizPd in an orderly, manageable way. 
The quality, performance, and cost of the product 
must he prt>dictable, and an appropriat.e compromise 
bet ween cost and reliability must be achieved .... , 
. Enbrineering development generally proceeds 

through a series of stages: produrt planning, specifi
cation, dcsis,rn. documentation. fabriration. and test, 
with enginN•ring rhange control running t hrough 
the Sl'qw•nce. The dt•velopmcnt of &ny pHrl icula'r .... 
product ma~· pass through thi:-; ~{·quence ~{'\'Pral 
times, as nwcit\1. prntot~·pp, nnrl finall,\' prociurtion. 
Engim·ers art- trainf·d in t·hl'~t· c;tagt•s frnm sí·hoo) 
onward. 

•Et .. holf ..... ltllt'\1 thut thl' t•t.ntlitiun~ ~~ro·,·ro· ;,, ••f ¡q-;' ..;.¡¡,,. t}ot•n 
(i\1 ht~ .. rnudo· n .. m.\· imprm·t·nwnt"'. 

A comparison. lt seems intuitively that sys· 
tema tic development procedures would lead . to 
better results. Daly 11 attempted to measurt> the 
difference in the results obtained by the disciplined 
enginecring approach and the less disriplined ~ro· 
gramming approach lbefore · modern prograrnrmng 
practices). For this purpose he studi•d the r•corded 
slatistics of a large real·time system consisting of 
160,000 instructions and 170,000 logic gates lnol 

. counting gates in duplicated circuilsJ. He fell the 
size and complexity in each area were about the 
same. 

Here is what he found: 

• twice as much effort had bePn required lo 
develop an instruction as a logic gate: 
• four times as many design maintenance corree· 
tions had been made per instruction as per gat:e: 
• four timPs as much cost had been incurred for 
desiJ!n maintt'nan('e or soft war(> as hardware. 

naly thought he rt'n>gnilí•d five underlying 
rensons: 

• manag(•ml·nt r.-chni4lH·S and dPn·lopment pro· 
cPciun•s werP mon' ad\'unrt'd in hardware than in 
software: 
• hi1niware rltosignt•rs wt·rP morP t-xperienred and 
f•mplo~·f·d a more "~tructun•d dP~ign." 
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• tht· h11sic huilrling blocks u•u~ in softwttre- df:'
... ,~n lit·. difft~rPnt ~y pes of source stat.cment~l 
wt-rt- m••••· muncrOU!ói und complex than the A"\11, 
oH., b.nd !';O 1 t·oncepls u!-ied in hardware; 
• hardware gol a double dose of testing and 
evalualión, ont' by itself and the second as a 
natural byproduct of software t.esting. 

Software englneerlng process 

ln recent years the stages of the software process 
ha ve bePn analyze-d by many researchers and prac~ 
titioners. 11 This work is summarized in Table 1, 

Table 1. The software development procesa. 

1. REOUIREMENTS ANAL YSIS ANO OEFINITION 13 

1 SPECIFICATIONS:'' AS A 

• CHECKPOIIH FOR AGREEMENT BY USER ANO OEVELOPER 
Otl THE FUNCTIONS REOUIREO: 

• REFERENCE POINT FOR OESIGN OEVELOPMENT: 
• COMPARISON POINT FOR PROGRAM VERIFICATION: 
• PLANNING POINT FOR PROGRAM TESTING: 

3. OESIGN IIN THIS STAGE MANY OF THE NEW PROGRAMMING 
PRACTICES ARE USEFUL!: 

• TEAM CONCEPT: CHIEF PROGRAMMER. SUPPORT UBRARIAN. 
ETC 

• TOP·OOWN OESIGN. OR STRUCTUREO OESIGN. COMPOSITE 
DESIGN. STEPWISE REFINEMENT. HIERARCHICAL OR MOO· 
ULAR DECOMPOSITION: 

• PROGRAM DESIGN LANGUAGES. OR PSEUDO·CODE. OR 
PIOGIN ENGUSH (THESE ARE NOT PROGRAMMING LAN· 
GUAGES); 

• PROJECT WORKBOOK. OR UNIT OEVELOPMENT FOLOER; 
• FORMAL REVIEW. PEER REVIEW. ETC.: 
• OOCUMENTATION-E G .. HIPO 
IMANY OF THESE PRACTICES CARRY THROUGH TO OR HAVE 

THEIR COUNTERPART IN THE NEXT STAGE l 

4 PROGRAMMING: 

• VARIOUS I.EVELS OF PROGRAMMING LANGUAGES: 
• STRUCTUREO PROGRAMMING IOR COOING): 
• INTERNAL OR SELF OotUMENTATION: 
• STRUCTUREO WALK·THROUGH. OR COOE REVIEW: 
• DEBUGGING. 

5. VERIFICATION ANO TESTING 

• CORRECTNESS (TO SPECIFICATIONSl: 
• RELIABILITY (IN USER ENVIROt/MENT): 
• TOP·DOWN TESTING: 
• AUTOMATEO AIOS. 

6 PERFORMANCE:" 

• EFFICIENCY. TIME. MEMORY SIZE 
• OUALITY 
• AOAPTABILITY. FLEXIBILITY. PORTABIUTY. 

7 OPERATION ANO MAINTENANCE: 

• DESIGN OR PROGRAMMING ERROR CORRECTION: 
• Mii10R UPOATIIIG OR E:mAriCEt.IENT 

8 COt/FIGURATION MANAGEMEtH 

• BAc,Eu~~;r~G AT V.t..R!úUS S' t.G~ S AG:...lNST FUPTHER 
CHM~GES. 

• PRO~LEII RlPORT11lG 
• CHAilGf COfHAOl B~;t.f'.[l .t..t.:; r-'rlf<.EOURES 

February 1978 
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which presents an · orderirl.g of the eight main 
slnges of software developmE'nl and a second-order 
list.ing of !'lome of the management and dL"si~:.rn 
praclict>s chHracLeristic of each stage. 

The concept of a design stage in software and its 
separation from the programnúng stage is relatively 
new. In lhe design stage the intent is t.o work out 

Managers complain that programmers resist the 
new ideas, while programmers retort that man
agers don't understand the problem. 

completely and unambiguously the software system 
necessary lo meet the specifications. using English. 
pidgin English. or a program design language. No 
instructions or codeare written in this stage. 

The purpose is lo crea te a logical structure which 
can be checked back against the specifications and 
inlernally within its own structurc befare proceed
ing to the additional labor of writing instructions 
in a high- or low-level programming language. 

There may be exceptions, however, to the write~ 
no-instruclions rule.'One iS whcn sorne novfl problem 
must be sol ved at the programming level to assure 
that the dcsign-level structure is workable. Another 
is reit.eration, in which problems occurring in a 
later stage have to be fed back and necessarily 
cause changes in an earlier stage. 

Modern programming practices. Although these 
practices have been widely discussed in the liter· 
ature. Holton' had to drop one·third of the com· 
panies he sLarted out lo survey because they had 
not even considered using them. At panel dis
cussions, managers complain from the podium that 
programmers resist the new ideas, while program
mers rétort from the floor that managers are too 
far from the niLty gritty lo undersLand the problem. 
One can only CO!Jclude that sorne people need 
further information about modern programming 
practices. 

Table 2 defines the core practices briefly (the 
main purpose of this arlicle, after all, is to establish 
the need for and the va)ue of these techniques. not 
to elucidate them in detaill. For that purpuse the 
practices are referenced. In addition, Freeman and 
Wasserman ha ve annotated 1 O full·length books 
on various aspects of software design in their 
tutorial." They also reprinted 24 of the more useful 
papers. 

Severa! books are too new lo be listed by Fn't'man 
and \Vasserman. Tauswort.ht''s 11 volume, produrt>d 
al the Jet Propu1sion f.aboratory under a NASA 
contract, covers the dl'\'f~hlpml·nt slé:lges of Tnhlt> 1 
and the programrning prartices of TijbiP ~ ldnd 
othersl in a systf:'mat.ic manÍier. Hu~~ln·s <.~nd 
\fil·htom~· \.'0\'\'T n son:t·what narro· .... ·~.-·r fit·ld -top
clown dt•\"t•lt,¡mu.·nt. ~:ructured prngramn1in._:. 'tt·p· 
wisl' H.-fint··rnL'nt. iind s~n.~~·turl'd walk-thrn¡~hs · hut 
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IanJ..,ruages: Cobol. Fortran, and PL!I. how conlrac:tors will go through thP design and 
devclopment pro('css. lt does not ütll"rnpt .to do ~n 
for hardware. lts proper sphcrt> is to l~stahlish 

The 000 vlew 

The Depurtment of Defense has taken steps lo 
encourage more eHective software engir ering. For 
examplc, a 1976 directivo provided b'Uidelines 
in tended to cn·ate a discipline of softwur~ engin~er· 
ing." Earlicr. in March 1974. the Army Computer 
Systems Command and the Air Force Rome Air 
DevelopmCnt Center jointly sponsored a cont.ract 
with IBM Federal Systems Division to document 
everything that waS. known about structured pro
gramming technology. This effort result.ed in a 
15·volume series. •:. 

endproduct requircmcnts. 

Fortunntely, a number of majar software con·· 
traclors ha ve responded lo the rhullengt- of modern 
prOb'TBmming practiccs and havt- neatt.>d ~isciplined 
developmcnl proccsses, tuking ad\•ant.agt" of the 
new practices in v11.rious ways. Not many people in 
the defensc comrnunity disagree on the general 
\'alue or those processes today. 

Problems remain. There is still the problem of 
getting contractors to progress from where they 
are Lo the software engineering syslt-m that t-ach 
one thinks is best or, perhaps, to the system he 

Tabla 2. Some deflnitlons o.f modern programming pracllces. 

------------------------~----------------------------
CHIEF PROGRAMMER TEAMS 1 " 1 PROGRAM DESIGN LANGUAGE" " " 

1 
lo reduce the coordination problems on large projects. Milis ~ lntended lo be comparable lo lhP. blueprmt in hardware program· 

ming oesign languages slfiVe lo commun•ca!E: the concepl ol the 
sollware design m all necessary detarl usmg a l01mal or struclured 
version ol Engllsh. somet1mes ca11ee1 p•dgm English or pseuno cOde 

suggesled the use 'lteams. each headed by an especially capable : 
e hiel programmer. who wOutd be assisled by specialists in each 
lunclion needed to supporl him. Brooks characterized it as the 
"Surgical tea m." Cuordinalion would be !he province o! !he chiel 
programmer alone. thus reducing the number ot minds involved in 
project communication by a !actor ollive or six. · 

DEVELOPMENT SUPPDRT LIBRARIAN 

One ot the team members is the librarian He is responsible for' 
!he programming·prOduct library. conlainmg bolh machine· anel 
human·readable material lhis tunctlon helps lo translorm program· 
ming "lrom a privale arito public practice " 

TOP·DDWN DEVELOPMENP 

Once requiremenls are lirmed up, thf' developmenl process 
decomposes !he proposed system into a series ol levels in a hier· 
archy. beginn1ng allhe top and working down. The highestlevel is 
_then de!.igned. coded. and subsequently tesled lirsl. U!>ing stubs 
w1lh dummy code lo stand i.n for lower·level unils lhat are involved. 
ancl so on. ' 

PRDJECT WDRKBOOK 1 

Oesign ellorts inevilahly proc1uce muen wrilten malertal--memo· 
·randa. explanahons reports The tr1t~ 1s to cap!Ure ano oryamze it 

so as to be sure 11 reaches all w~.o need to know and is ava•lanle 
lor use laler 

HIPO-HIE RARCHY /INPUJ.PRDCESS·OUTPUT" " 

This par! documentation. part analytir.al technique consists ot 
hierarchy char1s and the correspondmg input·process·output charts 

·The hierarchv chart is a set ol blocks. similar lo an organizatton 
· chart. showing each lunction and its division into sublunctions :For 
. each lunct,on or sublunction. an input·process-output chart. roughl~ 

siniilar lo the block O•agram in logtc design. shows the mputs anct 
outputs and !he processes joming them. 11 the HIPO chatls them· 
selves are arranged in a hierarchy. the techniques can be useo to 

· _graphically documenl top·down design or slruclured desiqn 

· STRUCTURED PROGRAMMING" 10 

MODULAR DECDMPOSITION" .10 ' 1 

lo •solale the enlire system inlo inelependenl parhllons. each 
module •s constructeel to work wilh others on control s•gnals and 
dala translers. bu! lo be úninvolved in lhe deto1led mlernal struclure 
ot other modules With inter·module interfaces caretully specilied. 
the relat•vely independenl modules become ea!>ier to code test. and 
later change !han more dep:.ndent modules 

To enhance readabillty anel mainlainability. a program is SllltC:twed 
• so that !he log1c llow proceeds lrom beg.nning lo end wtlhout 
. arbitrary brancn.ng This approach is baseel on lhe lheorem thttl 

any program wilh one entry anel one ew.il can be construcled lrnm 

STRUCTURED DfSIGN" 

StructureC1 des•gn tS a set ol lechniques lor reoucing lhe com· 
ple••ty ol large new programs by dJV1ding lhem inlo mdependent 
mOdules Worl<ing wlltl sep.irate pieces permils lht' programmer to 
codt. Clebug. les! ano modily a tunc!ional mOdule- w•ltl minunal 
eltect on other mOóules ol tht: enlire system Conr:entralmg e!lorl 
m lht! way enhances efliciency ano qu.)lity ano n:rluc.es bugs 
r.~ortovet lo the erlenl lhat !he ind~peMtn: n,:,(lules arp p~rl:tOie 

lur1flC 1 sy!.ltms c¿¡n ne Clt·1e1oped W1lh less nf-H1 torne"~> roe1e 

· only three control slructures SEOUlNC[ lf THEN·EI SE. and OO·W>ill f 
• 11 is anatogous lo tht lormation ol complex 1og1c lunc110ns hom ontv 

ANO and NOT building blocks 

STRUCTURED WAlK·THROUGH"' 

lhe structured walk·through. some\lmes callee! prP.r revtP"~>- •S 
lhe Old Clesign revtew w•lh s•gniltcanl moelihcal•ons 

• The rev1ewee ta~es the m!ttalt·,·e lo pldn anCI run !he sesston 
managemenl ooes not a11eM tnus· rncouraqtnq a non-delens .. ·e 
atmospnere 
• The new Clec;tgn ,mo ¡,rvgrt~mnung prachr.es prov1dP. an 
t.Jflderslanl'ldOie 'itrurh.lff' tfle tr,,t ... ers r.nn reael1ly ·.,.;al~ 

ltHO.JQh " 
• lhe t~mphas•s tn IIH~ ~esston tS on er•n• oetert•(ln !he re~·ti!V~> 
ee is sotety le!.pon~tOit tor cnu~ct•O••· ... n1ch he does later 
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thinks tht' govt-rnmtonl would lik .. him to u.st>. And 
¡¡ .. ..;umint! mctd.-rn l''"l~retmminJ.! prartire.s a~ a 
J!roup ar~· t'frccti\'t!, tht·rt· is the further prohlem 
nf dt·t.ermininJ.: just which pructiccs an• most 
~uituhle in JHHticular EIJ,plirations. And inasmuch 
a:- modern prognunming prarlil·e~ cosl budgct 
numt-y, thNt··b thl' prohh·m of finding oul which 
ww~ an.· mu~t cost-dfeclive. Thcrt.• is tht' problem
i~ softwarr t.>ngineNing sufficit>ntly mature to be 
rt•l..ld)' for standardization'? Many observers think 
there is .still much lo lt:am and organizations should 
continue for sorne lime yet to experimenl with new 
l.t•chniques. 

Suft ware u.nalysis. One clear need is for more 
data on the software development process. To meet 
this ne<>d, the Air Force is setting up through the 
Rome Air Development Cent..er a software.analysls 
ccnler.u lt is to gather program development 
statistics in order to determine the factors tha.t 
innuen('e the productivity of probTTammers and the 
cust of suft ware development and maintenance. A 
St'cnnd task is to understand the nature, causes, 
and c-ffects of software failurt>s. To accomplish 
lht~se purposes. it appears that sorne definitions 
will have to be hammered out to make data from 
,·arious organizations comparable. 

Correlations. One way lo establish the value of 
modern programming practices is to do correlation 
studies. Such studíes attempt to correlate one or 
more programming practices against various meas
ures of the efft!cliveness of the software develop
menl process, such as cost, errors, and programmer 
productivity. lt wuuld be interesting to know if 
smm~ of the practices are more effective than others. 
In an attempt to answer this kind of question, the 
Home Air Development Center commissioned a 
numher of .studies. three of which were reported to 
COM !'CON Fall 77. 

Cost n·lotion. The first study, by Rochel Black 
of lloeing. meosur•d the effects of modern pro
gTamming practices on software development costs 
for live projects of Boeing Computer Services. 44 

llowever, two of the projects were very smaU, so 
in view of the beliE>f that productivity on small 
proj('cts is hig:hly dcp<•ndent un the individuals 
in volvE-d. lhc results frorn t hes e t wo projects ha ve 
l}('en eliminiiled from the data summarized here. 

The kt.>)' cornparison was made hetween man
rnonths fnr the projt'l'ls as forct'asted by Boeing's 
traditional cstimating pnx.:t•dure and munmonths 
ilrl ually i nt·urred. Tht• 1 radit itHral procP.dures, su id 
UJ pH'tlict t·nsts within ':! ¡;, p•·rtHll. had nol usswncd 
tht• llSl· of morh·rn programming practices. How· 
t•\'cr, 1 l•t· pmjt'<'ls. u~ t·>.l"l'Utt-d. did employ a variety 
of nt•w practices. 

Tht• gt·nt·rall'f.ft·¡·t 11f using rn••dt·rn probrramming 
['rartin·s was po:-:itiq•, a!- -.h(mn in Figure l. The 
:1\t·f;•g•· iruprl)n·nwn! of tlu· thrt'\' prnjt"'.:t~. weighlf..-d 
lotf ~it.t·. w;¡ ... I':J pt·I\'¡'JII Thi~ frgur.· n-prt•st•nts the 
d1 1 h·r •·nn· bl'l Wt·t·n 1 ht• lw •. , ....... , Tllidllrront hs aud 

~t-t.HuaTy 1Y78 

Boeing found modcrn pro~ramming prnrl.i<'es 
reduced actual costs over forN,ast rosts b_y 7:1 
percent. 

tht~ actual mannlonths. di\'idt•d h~· t ht• forecu.sl 
manmonths. 

The practít·cs emp1oyed on the thre<> projects arE' 
listed in Toble 3 in th• ord•r of Rlack's •slimate 
of their impuct on cost. lt does appear that sorne 
praclices ore more éffective than others on the cost 
dimension. 

These three projects, as well as thP two smaller 
projects pre:viously discarded. siso utiliz.ed top· 
down desÍb'Tl tPchniques, structurt•d programming, 
and progra~nming support tools and libraries. 
Because the two smaller projects had shown little 
improvemeilt using these techniques, Black had 
eliminated them as contributors to the benefits the 
three larger projects achieved -probabl_v unwisely. 
However, her interviews with project personnel 
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Figure 1. lmpTov&rncnt of ~tclual man·manlh!. ovar forecast man·months 
on lhrt-e Boeing soflwa•e projecls as a result ol adopling 
rnodcrn prog·amming praclices. 
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Tit:ilt3:-Moetern progremmlng pracllcea usadO'i1ttlrae 
· Boolng projecll (ll1ted In order ol lmpact on cost). 

PRACTICES ASSOCIATEO WITH PROGRAM MANAGERS' MANAGE· 
MENT METHOOS iUSEO BY All THREE PROJECTSI 

WRinEN TASK ASSIGNMENTS 
FORMAL CUSTOMER REVIEWS 
EARLY OOCUMENlATION 
UNIT OEVELOPMENT FOLOERS (PROGRAMMERS' WORKBOOKI 

• OESIGil REVIEW PRIOR 10 COOING (STRUCTURED WALK· 
THROUGHI 

FORMAL TESTING iUSED BY TWO LARGER PROJECTS ONL Yl 
CONSTRUCTION PLANNING (INCLUDING PLANNING FOR INTE· 

GRATION ANO FUNCTIONAL TESTING) 
'COOE VERIFICATION iPEER CODE REVIEWSI 
ACCEPTANCE TESTING !FORMAL OEMONSTRATIONI 
FUNCTIONAL 1 ESTING 
CONTROL Of TEST MA TERIALS 

CONFIGURATION MANAGEMENT (USED BY TWO LARGER PROJECTS 
DNLY) 

BASELINING 
PROBLEM REPORTING 
CHANGE CONTROL BOARD 

revealed universal positive feelings about the 
effectiveness of t.op-down design techniques: 

Probably Lhe improved cuslomer/project and 
intra·project communication cited by our inter· 
vicwces as a consequence of top-down design has 
its primary benefit in establishing a sound basis 
for formal tesling. In particular, two of the pro-

. gram managers interviewed felt that their test·. 
ing activities proc,.e~ded more smoothly, and that 
fewer errors were discoveted during testing as a 
direcl result of Lhe Lop·down desib'Tl techniques 
they employed. For lack of supporting data in 
this study, we can only concJude that the cost 
benefits of top-down design may not be evident 
until a software system is in operation and 
maintenance. 

On the other hand, the absence of a positive 
correlation between modem prOb'Tanuning practices 
and cost on the t wo smaU.er projects wos more 
likely the result of the iqiosyncracies of small 
projects than it was of the employment of top·down 
design proctices. The positive correlations found 
On the three larger projects, which also used top· 
down design nnd the other techniqUes, is more 
persuasive. 

Black also attempted to mensure the impact of 
modern programming practices on the percentage 
distribution of costs over the four main project 
phases u sed by Bocing: 

• definition (essentially requirements and speci
ficationsl 

• d~:sign 
• constnJction (includes coding, integration, and 

functioniil te~tingl 
• demon~tration (.:.~cccpt.í:lnt'l; tl·sting &nd install· 

ation). 

Thl· n•s:u)t s. summarizt'd for thE- thret- projt~ct.s 
in Figure 2, ~howl·d that costs wf:re !)hiftt·d into 
toarlit.·r stbgl~s by the use of mndern prob'Tbmming 

practices. Unfartunat.elyfortnestudy--design, 
Boeing included both coding and testing in the 
third stage, construcÍion. Consequently, Lhe shift 
to Lhe left was less marked than it mighl ha ve been 
if test costs were broken out separately. 

Programming standard&. In the first of two 
related studies, Brown" interviewed a cross sec~ion 
of management and performer personnel on TRW"s 
very large ballistic-missile-defense programming 
projecl, as well as key staff personnel outside the 
project. This survey covered the impact of 18 de
tailed programming standards (e.g., structured 
coding) on. 30 characteristics of software or the· 

· development procesa (e.g., cost, schedule, or pro
grammer productivity). ThaL made a matrix of 540 
relationships, each of which was categorized over 
sorne nine levels of combined influence and a~ser· 
tion strength from very strong positive to Very 
strong negative. However, 43 percent of the 540 
int..ersections were labeled indifferent or inconclusive, 
implying either that there really was very little 
relationship between these variables or that the 
interviewees were ignorant of them. 

As a brief summary of sorne of Brown ·s findings, 
four of the more significant rows (representing 
various coding standards) and seven of the more 
meaningful co!umns (representing various software 
characteristics) have been brought together in 
Table 4. Brown's ratings (strong positive, for 
examp!e, means strong assertion, positive influencel 
were converted to weighted integers (strong posi· 
tive = +3), both for simplicily and Lo permit the 
values to be summed across the rows. Thus, routine 
size or modularity is re!at..ed to the seven software 
characterislics to the degree of 57 percent of the 
maximum positive rating. lt is related to all 30 
software characteristics (not shown in Table 4) 
only to the degree of 28 percenl. This drop is not 
suprising, since t.he seven columms, with one 
exception, were sclected to show the stronger 
re!ationships. Structured coding, which was not 
strongly correlated, was inc1uded as a matt.er of 
interest, since it is one of the core practices. 

Structured coding evoked strong feelings on the 
part of the interviewees. Overall it had 18 positive 
ratings (average +1.7) and seven negative ratings 
(average -2.86). As Brown pointed out, this was 
scven out of a total of only 17 negative ratings in 
the whole survey. He felt that it "indicates a rela
tively dim view of structured coding on lhe part of 
(project) personnel." 

"However," he went on, "there are sorne good 
rea~ons for this to be the case. First, the standard 
was not expUcitly defmed and enforced until almost 
two ye~us after fthe projectJ btogan, and the rPquire
mtonl to restructure existing code was felt Lo be 
rountcrproductive. Moreover, writing structured 
l'<l(}e in standard Fortran is awkwiird ¿¡nd introduced 
~omP inefficiencics in core and ext-cution time mak· 
ing it difficult Lo satisfy demanding rt·ttuirf:mcnts 
lt·\·ied on the n~al-time software. Finí:llly, lthe 
projectJ has not yet reached the pha~e during 
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10% -"'7 -------

OEFINITION OESIGN CONSTRUCTION DEMONSTRATION 

PHASES OF SOFTWARE DEVELOPMENT ¡BOEJNGJ 

Figure 2. Forecast cost dlstrlbutlon shlfts lo earller phases when m~dem programmlng pracllces are amployad (average ot 
lhree projects). 

Tabla 4. Relallonshlp ot selecte~ programming standards and 
software characterlstlcs (flrst TRW study). 

SOFTWARE CHARACTERISTICS 

COOE CODE PROGRAMMING CODING 
STANOAROS CODE UNOERSTAND· MAINTAIN· TESTABILITY OPERATIONAL ERROR PROGRAMMER 

AUOIT ABILITY ABILITY 1 ABILITY 1 RELIABILITY PRODUCTIVITY 
READABILITY USABILITY 

FREOUENCY 

ROUTINE SIZE +3 +3 +3 iMOOULARITY¡ 

IN·LINE COMMENTARY +3 +4 +4 

STRUCTUREO CODING +3 +3 o 

NAMING 
+2 +3 +2 CONVENTION 

which the major bt.mefits of structured probrram· 
ming (i.e., improved readability and maintainability) 
were expected to be reaped." 

On the ·relationships between codíng standards 
und thc characteristícs of cost, schedule, and pro· 
grammer productivity, the study was two-thirds 
inn>ndusi\"e and one·lhird ncg-ative. That is, about 
two-thirds of the intersections for these categorics 
were lubeled inconclusive or indifferent. The re· 
maining one-third of the intt-rsections wcre mostly 
nt>gutive, showing the following net pcrcentages: 

Cust 

-:n pcreenl 

February 1978 

Schedule 

-25 perct-nl 

Programmer 
Prorluctivity 

+ 7 perl:ent 

+3 +2 +·2 o 

+1 +1 +2 o 
-

+2 +2 o -3 

+1 +1 +2 +2 

Perhaps the reasons for the poor showing on these 
characteristics are similar to those quoted above 
on structured coding. 

In summation, the overall weighted ratings for 
18 programming standards against 30 software 
churacteristics were 59 percent positive, 36 percent 
indifferent. or inconclusive, and 5 percent negative. 

In addition. two hypothPscs were ll'!-ite<l. The 
firsl is that pn•gr amrning (i.e., documl•ntation and 
C()ding) stctndards, if rigorously defint-d. systf'mat· 
ically l•nf,,rq·ci. and supporll•d by tools. hl'lp to 
mul-a· po ... -;it,Jl· t lw pn•duction of ~oftwart uf higher 
th<.~n U"llHI quality. Tu this propo!:>ition tho~l· int.er· 
VÍCY<l·d :Jgn·,·d Xfl pcrn:"nt, di~agrcl'd 4 pí:rn..nl, and 

TOTAL S 

FOR 7 FOR 30 

+ 16 +34 
+57Yo + 28'Y. 

+15 +37 
+54 'Y. +31% 

+7 + 11 
+25% + 9'Y. 

+13 +38 
+46% +32% 
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didn 't know ll percenl. To the second hypothesis- in Figure 3. ThL• theoretical ratings art' considerably 

---------Í.t .. -that-lht-sl•-standards-h(•lp-to-make-possiblt.>-bPLlcr.-this-time-by-about-2-to-1--in-weighted-terms-. -
Lht' prudul·tion of softwart' of, lower than usual In Brown's own words, "There is strong agree-
CCJ:Sl -those intervit.!wed agreed only 28 percent. ment among lproject) personne-1 as to tht' four M PP 
disagreed 50 percent, and didn 't know 22 percent. of greatest importan ce and ímpact and strong 

agreement on their relative ranking: 
MPP impact. The second TRW evaluation survey 

gcnerat.ed. a matrix of 11 modern programrning 
practices against 12 software problems, making 
132 intersections in all .. In this study personnel 
were asked to respond on both an actual and a 
theoretical basis. The theoretical responses showed 
a higher degree ol relationship than the actual by 
a weighted margin ol better than 3 to 2. In addi· 
tion, the "indifferent" or "inconclusive" intersec
tions dropped lrom 40 to eight. or the 40 indillcr· 
ent or inconclusive intersections in the actual com
par:ison, 26 were involved in cost or schedule over· 
runs or inefficient use of resources, again suggesting 
thf interviewees were currently dubious in these 
arcas. On a theoretical basis, however, the indiffer· 
ent and inconclusive intersections to these three 
software problems dropped to live. implying that 
with more experience, mod.ern programming prac· 
tices would ha ve a more favorable impact on these 
problems. In lact, the ratings lar these three prob· 
lems increased from "inconclusive" to "medium" 
or "strong positive." 

The average impact of each modern programrning 
practice on the twelve software problems is !:,'Taphed 

• Requirements analysis and vaHdation 
• Baselining of requirements specification 
• Complete preliminary design 
• Process design 

There is strong agreement on the importance and 
positive impact ol the next t hree most highly 
ranked M PP, but the relativo ranking among them 
is less clear: 

• Incremental development 
• Unit development lolders 
• Software development tools 

There is strong agreem~t on the importance and 
positive impact ol the lour lower ranked MPP, but 
the relative ranking among them is not al all clear: 

• 1 ndependent testing 
• Enlorced programming standards 
• Software configuration management 
• Formal inspection of documentation and code." 

As to the goneral M PP hypothesis, the query 
and the results were as follows: Rules governing 
software development, evaluation, and documenta· 

DEGREE OF NEGATIVE OR POSITIVE RELATIONSHIP 

MOOERN PROGRAMMING PRACTICE -4 -3 -2 -i o +1 +2 +3 +4 

1 
REOUIREMENTS A NALVSIS ANO VALIOATION ( 6 

1 
PROCESS OESIGN ( 6 

INCREMENTAL OEV ELOPMENT 

1 
COMPLETE PRELIM INARV OEStGN . ( 6 

1 
T FOLDERS ~ /6 
M STANOAROS 

ACT~ 6/ 1 

1 THEORETIC 

UNIT OEVELOPMEN 

ENFORCEO PROGRA 
AL 

. 

TING ) 6 
1 

INOEPENOENT TES 

SOFTWARE CONfiG URATION MANAGEMENT . ( 6 . 1 
OUIREMENTS SPECIFICATION ;......_.._ 6 

r--.1 ON OF OOCUMENTATION ANO COOE y 
PMENT TOOLS ? 

BASELINING OF RE 

FORMAL INSPECTI 

SOFTWARE OEVELO 

Figure 3. The correlallonshlpl betwoen the modern programming pracllces and the summatlon ot the tweh1e software problema 
ls strongar in the lheoretlcal case than In the actual case by aboullowo lo ona. 
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llllll. if rtJ.!(·~~~u-.1.' th·fi1wd und upplit·U and supporl· 
ed h~ moclt-rn pn•g-r;IIllming pral'lit'l'5 tlt·chniqut:'s 
and to(Jb). mJkl" po~~ihh· lht· produl·tiun-

Trul• False ? 

-of hight·r than usual 85 4 11 
qut!lity <>Oh wart:' Jll'rt't:-nt percent percent 

-of lowt.'T than u~ual 49 15 36 
hh· cycle cost pt-rn·nt pern•nt percent 

Error rrlation. Operational reliability, documen· 
tation error frt:'qut'ncy, and t·oding err~r frequency 
wt•re thn>t> of the 30 software characleristics employ
t-d by Brown in his firsl study. The weig-hu.d positive 
nmkings wt.-re as fnllows: 

Opt•rational reliability 
Docum~ntation error frequency: 
Coding error fn.•4uency: 

31 percent 
14 percent 
31 percent 

In his second study, he found a more positive rela· 
tionship between eleven modern programming 
praclkt'S and rt•liability, as foJiows: 

Actual: 
Theoretical: 

57 percent 
73 percent 

Belrord. Donahoo. and Heard" used software 
error as the only criu•rion in their study of 21 tech· 
nical and five management software engineering 
techniques. 1 n the a h~ence of firm historical records, 
data was obtained by interviews with experienced 
personnel. The basic data was in two categories: 

• lht> perct>ntage of total errors estimated to 
OC('Ur in ea eh of Sl'ven phases of the software 
lift> cydt•; however, unly t he dist ribution of errors 
in t hP l'OdP and cht·ckout phase was t•mployed 
in this stud.v: 
• the probability o! detection o! each o! the 
twelve error types by each of the 26 software 
engineering techniques. 

This interview data was proceSsed to obtain index 
numbers ranging from O to 75. These numbers 
indicate the erfectiveness of each software engineer
ing technique in reducing errors. as summarized 
in Table 5. 

The authors n•gard theír present method as the 
prototype of a still unproved process that "can 
reduce the identificalion and selection of optimum 
software enginccring lechniqucs to a straightfor· 
ward, well·definl>d procedure. '' 

To carry the proct•durP furlher, better historical 
data is needed, as well as information on other 
phases o! the lile e y ele. 

The broader community 

So. mtombcrs of tht• ch·fem;e industry are making 
heudway in lhe effort lo Pmhrace software dt~vdop
mtonl in t•ngint·l·ring dis("ipline. But what of the 
bruadcr d<lta prm·t·s~ing nnnmunity ·-the htmks."' 
insuntnt't· eompanics, and cornna·rtia.l t•slahlish· 
nH·nts? 1\:ut long ago. llarlcm !\1ills felt slill i..thle 

Februarv 1978 

lo soy: "The idta of a rigorous ruther t han a 
hl•uristic program dt·sign method is new. und is 
still largely unknown in programming as prat·tit·t>d 
toda y. "•" 

The IBM approach. Many o! the improved pro
gramming technologies were developed by 1 BM 
scientists-Mills for one. The big compul.t!r maker 
has been a leader in their application, both within 
the company and lo its customers. One task the 
industry faces. according to óne IBM executive, is 
the need for a concerted e!!ort by all eloments
the manufacturers, the service bureaus, software 
houses. schools, and universities-to bring within 
their own training pro"grams or currirula instruction 
in the.improved programming technologies. 

The increase-the delta-of programmers being 
added t.o the industry can tben be addressed through 
the classical educalion channels. A bigger problem, 
with knowledge in the field moving so rapidly, is 
rel'ycling established professionals-bringing their 
skills up to the la test levels o! knowledge. 1 n this 
area 1 BM has included the new programming 
practices in its educational offeriilgs to customers. 
1t is also working to instill a knowledge o! tbese 
practices into its own very extensive programming 
population. · 

Tabla 5. Eflecllveness of software englneerlng 
techniques In detecting errors (basad on code and 

checkout phase only). Techntques are listad In order 
of eflectiveness, wlth management technlques In 

parenthesls. 

VERY EFFEeTIVE (INOEX NUMBER 45 TO 751 
PROGRAM REVIEWS 
eHIEF PROGRAMMER 
eHIEF PROGRAMMER TEAM 
BUlLO LEAOER lA COMPUTER SeiENCE eORP. TECHNIOUEI" 
STRUCTUREO WALK· THROUGHS 

EFFEeTIVE 128·331 
INOEPENOENT TEST ANO EVALUATION 
EXEeUTION ANALYSIS 
PROGRESSIVE TESTING 

LESS EFFEeTIVE 110·161 
PROGRAMMING TECHNIOUES 
STRUeTUREO PROGRAMMING 
TOP·OOWN PROGRAMMING 
VERIFICATION PROCEOURES 
SUPPORT PROGRAMS 
OOP·OOWN OEVELOPMENT) 

LEAS! EFFEeTIVE (.04·41 
(INSPEeTION TEAMSI 
TOP·OOWN OESIGN 
STRUCTUREO OESIGN 
BUILPS lA ese HCHNIOUEI 
ITHREAOS MM<AGEMENT SYSTEMIIA CSe TECHNIOUEI 
PROGRAMtiiNG OESIGN lANGUAGE 
AUTOMATEO lltTWORI'. A~~Al YSIS 
1 PROJECT R[V:E\'ISI 
tMM<AGU/.[N1 DAlA COLLECTIDNI 
PROGRt.:,•~,,·~:G SLJPP0AT LIBRARY 
S:.;F r : • ..:..4( L·~;~ 1 G:Jtlt.TrG~ r.~M:AGfMENT 
''P.JCP.t. ~l f/' !iG L : Bf~:, Al A NS 
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which the stations are located. Conversely, flight 
projects utiliza the same personnel who develop 
the software to aparate, maintain, and modify it, 
during the mission. Moreover, flight software is 
much more subject to frequent modification in 
response to changes in the mission than is the 
software In the Deep S pace ~ •\· 

JPL lmproves Software 
Development Process 

Al Caltech's Jet Propulslon Laboratory, about 
one·fifth of the budget and one-sixth of the man· 
power are devoted to some aspect of computing. 
All the software development organizations, includ· 
ing the Mission Control Center, Deep Space Net· 
work, spacecraft en-board computing, spacecraft 
testing, and the centralizad computing facilities, 
have shown a keen interest In systematic design 
methods and, beginning early in the 1970's·. in 
structured programming, top-down developme·nt, 
and other modern programming practicas. 

. Personnel. By 1975 an informal census of a 
cross section of programmers found about 50 
percenl definitely favorable to the new practicas, 
aboul 40 percenl ralher neutral, and about 10 per
cenl hoslile to them. However, il was not only 
the modern programining practicas that were 
importan! in forming these altitudes, bul also the 
environment in which the work was done-the 
accessibility of text editing, interactiva computing, 
and tools and facilities that enabled the program
mer to get his job done wlth a minimum of running 
around and standing In line. They like the pro· 
gramming secretaria! and support concepts. This 
environment made their lives easier and more 
productiva. 

Management of JPL deliberately took a low-key 
approach to the introduction of these practicas. 
At first there was a minimum of formal directivas 
and a maximum of suggestion and example. The 
programming librárlan idea was transformad by 
the Deep Space Net into a means of assistlng 
programmers callad the "programming sacre· 
tariut." In the last severa! years the Deep Space 
Net has issued a set of rigorous software devel· 
opment standards, as listad in lhe accompanying 
box. In additlon, a JPL staff member, Roberl C. 
Tausworthe, preparad a 379-page monograph 
which presenls lhese practicas in a logical, 
tutorial form." 

JPL took a low-key approach to introducing 
the new techniques. 

Flight projects and the Mission Control Center, 
which is shared by the projects, have nol specified 
software developmenl methods lo the same level 
of detall as the Deep Space Net. The particular 
way in which lhese methods are implementad is 
adaptad by each project organiza! ion lo the tools 
available on lhe computar used for each task. 
However, the use of a program design language, 
structured programming, top-down developmenl, 
and relatad methods are de lacto standards in 
lhe project areas. Since much of the program· 
ming is scientific or engineering in content, an 
early task was the .development of SFTAAN, 
SI rucl u red· Programmi ng· T O· Forl ran T rans lator. 
Recently a preprocessor to facilitate structured 
programming in assembly language has been 
developed. 

So, although the laboratory does not insist 
upon completely standardized organization-wide 
programming practicas, lhe underlying principies 
are common to all sections. The differing detailed 
procedures endorsed by various program offices 
are .the result of dilferences in the kind of appli· 
cations. For example, the Deep Space Network 
develops software to be operated at overseas 
sites by peisonnel who are not JPL employes but 
are ~errnanent reside:nts of the countries in 1[ 

L=========--====1 

Still there is great variabillly in the individual 
productivlty of programmers, perhaps by a factor 
of 10 lo 1, or even more sometimes. The lech· 
niques of structured design do not, of course, 
changa dunces into brilliant programmers. They 
do make il possible to break up a large projecl 
in such a way that the more competen! personnel 
can be assigned to the difficult early slages and· 

Software Standard Practicas 

DEEP SPACE NETWORK STANDARD PRACTICES 
810·13 (AUGUST 15, 19751 SOFTWARE IMPLEMENTATION. 

GUIOELINES ANO PRACTICES 
810·16 tOECEMBER 15, 1975) PREPARATION OF SOFTWARE' 

REOUIREMENTS OOCUMENTS 
810·17 iJULY 15 .. 19761 PREPARATION OF SOFTWARE OEFINI· 

TION OOCUMENTS 
810·19 (MARCH 1. 1977) PREPARATION OF SOFTWARE SPECI· 

FICATION DOCUMENTS 
810·20 tFE8RUARY 1, 19771 PREMRATION OF SOFTWARE 

. OPERATOR'S MANUALS 
810·21 iNOvEMBER 15, 19761 PREPARATION OF SOFTWARE 

TEST ANO TRANSFER DOCUMENTS 

PRDJECT DOCUMENTS 
PD618·58 INovemiJer 13. 19741 MARINER JUPITER/SATURN 

1977 SOFTWARE MANAGEMENT PLAN tREVISED SEPTEMBER 
1. 1976) 

PD622·35 iSEPTEMBER 7. 19771 SEASAT-A ADF PROGRAMMING 
STANDAROS 

GENERAL SOFTWARE OOCUMENTS 
NASA SOFTWARE MANAGEMENT GUIDELINES 
JPL PUBLICATION 77-24 (JULY 1. 19711 SOFTWARE OESIGN 

·ANO OOCUMENTATION LANGUAGE BY HENRY KLEINE 
INTERDFFICE COMPUTING MEMORAfWUM NO 337 (JULY 31. 

19731 SFTRAN USER GUIOE (51 RUCTUREO·PROGRAMMING· 
TO·FORTRAN TRANSLATORJ BY JOHN A FLVtm 

COMPUTING MEMORANOUM •32 :I;OvEMBER 11. 19711 PRO· 
GRAMMING FOR PORTABILITY. BY FREO T. KROUGH. 
CHARLES l. LAWSON. A\0 MICHAEL R 1\ARNER 1="""""" 



the tes~ c.rea11ve ~eop\e can be assigned to 
'mpltmtni:ta~~-S t~at have bE: en fa1rly- welt struc
tured. Tne 'tructur~d methods also enabte man
agers to •dentlfy the real incompetents sooner 
than older methods did. 

Advante -es. The payoff Ir cm the adoption of 
modern programming practices has come in 
terms ol signifrcantly improved schedule per
formance and manpower productivity. There is 
no doubt that these techniques have resutted in 
dramatic improvements in cosl, quality, and 
schedule. For example, ene of the programs for 
the Voyager project-severat hundred thousand 
lines of high-levet language-was recently com
pleted with labor expenditures within budget and 
computer time al somelhing llke hall of budget. 
The reduction in computar time implies that the 
programs were of better quality, because the 
programmers had lo do much less debugging and 
testing. In the entire Voyager software develop
ment program, jusi finished, only one "tiger 
team" had lo be set up. That was in the data 
recards area which had te be done in assembly 
tanguage because a higher-level language was 
not availabte. 

A recen! Deep Space Nel projecl, one lhal had 
been budgeled lar lwo years. carne in lwo weeks 
over budget, bul this average had' been delected 
a year ahead and appropriale readjustmenls had 
been made. In this case, too, debugging and test
ing took hall the time originally budgeted. The 
reason: very few errors. In fact, there were 350 
errors, including those in documentation, in 
300,000 tines of code-a rate of only 20 percenl 
of previous experience. Perhaps of equal impar
lance to those onty too accustomed te nerve
wracking "tiger team" efforts to meet ftighl 
dates, this time there was no tiger team. There 
were no hassles and no ene aggravated his 
utcers. 11 seemed that software management was 
coming of age. 

Moreover, the fúll extenl of lhe savings frorn 
the use of lhe new practices will only become 
apparent severa! years inlo lhe mainlenance phase. 
This phase is clearly going lo be much more 
efficient. The programs will be more reliable; they 
will be easier te change when necessary. These 
improvements follow from the experience in lhe 
irnptemental!on phase. When this phase is com
pleted more quickly and with fewer errors, there 
is more confidence thal the program itself is 
closer to full correctness. 

JPL is finding a greater percentage of the over
all software development eflort being concentrated 
at the front end under the new practices. Coding 
is expected to remain a sma/1 fraction, even as 
the proportion of resources de11oted te testing 
and mainttnance declines. Tl)e 40-20-40 percent 
rule lor the diYiSion ol re~ources between defini
lion and desrgn, coQ,ng. and testing generally 
represen! S the labolótory's e)perit:nce. 

Still, there is an element of management in the 
problem. There is a need for disciplined thinking. 
Rather than focus on the fact that more money is / 
being spE.-nt on software development, the big users 
have tended lo emphasize fine tuning. Lat.ely there 
does seem to be- an increasing awareness by ma~
agement of the dicholomy between the price/per· 
formance improvement of the hardware arid the 
lack of thal kind of improvemenl in software devel
opment. In the final analysis the users themselves 
have gol to be willing lo devote effort and money 

· to improving their software development process. 

Productivily re1ation. Although Brown found 
little re1ationship 1 +7 'percentl between his 18 
coding and documentation standards and program

. mer productivity, another approach showed a 
significantly high correlation. Walston and Fellir." 
set up a software measurement project in the JBM 
Federal System• Division in 1972. One of it• 
purposes wa• lo asse•s the effect• of structured 
¡)rogramming, then just beginning to be used, on 
the •oftware development process. Data from 60 
completed projects is now in their data base, repre
senting projects ranging from 4000 to 467,000 

_ source lines and 12 lo 11,578 manmonths. Source 
line• were defined a• the input lo a language pro
cessor. 

Using this data base, 68 variables were analyzed 
and 29 showed a high correlation with productivity. · 

The overall judgment is: 
· modero programming practices 

are ready for use. 

The data available enab1ed a comparison to be 
made between delivered source lines per manmonth 
and the percentage of code developed using each 
technique. These relationships, visualized in Figure 4, 
showed a rate of productivity improvement av'er
aging 70 percent between "litt1e use" of the new 
techniques and ~·much use." 

Real-time design. The Advanced Technology 
Center of the Army's Ballistic Missile Defense has 

. bcen engaged since 1972 in identifying and refining 
techniques to improve the software designer's 
ability to program large real·time processes in 
which the timing and arder of events ore critica!. 
The result of ils efforls, called process design 
methodology, embraces structur:-ed programming, 
top-down development, and other methods. 

Gaulrling and Lawson'0 analyzed a data base 
l:Ollected during l'XperimentaJ deveJopmenl WQT_k 
containing over 10.000 labor and computer·run 
·entries. Two distincl advantagt's of the new design 
methodology over convt-nlional approa('hes emerged: 

• a majurit~· of soft wart> L·rror~ was dett>cte-d 
prior to th(' ,;o rwrn•nt proit.·l'l t·omph•tion point. 
tht• oppo!-iile of con\'L'nlituwl t.•xpt.·rit:nre; and 

! • produrti\'ity wa:.. a:~ equivüh·nt machine in-
-_ ... .,... ===.,.=,..,_,.====,.,,========,.,.,..-__, .. ~J. ~lructions Jh.·r n·,¡snlwur .... a id tu bl~ "l'tJOsiderably 
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DfSIGil ANO CODE INSPECTION . 6f> percenl: 
• ov~ragt· length uf a hug find-and-fix l'ycle has 

TOP·DOWN DEVHOPMENT ' been reduced to uhout one-Lhird Lh• conven· 
STRUCTURED PHUGRAMMING tional Lime. 

l These improv~menls were accompanied by small 
_ ____ ___ ___ ------.'-~'1+ deg-radnlions in pro~:,rram performance. 

100 200 300 

DELIVERED SDURCE LINES/MAN MONTH 
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~arly BSfie6sment. Rack in 1974, after only a few 
years of cxp(>rience with tht> group of tt!chniques 
that were then called slructured programming, the 
IEEE.CompuLer Society"s Lake Arrowhead Work· 
shop found that savings of ··over 50 per<·•nt had 
heen achieved, relative to previous performance on 
similar projC"cts. "u Companies providing data in· 
cludcd 1 BM federal SysLems Division 140 percenL 
averagP improvement over 20 projectsJ. McDonnelJ· 
Douglas Automation Cumpany t36 percent irnprove
ment on three proj~cts; 5 percent on a fuurlh), and 
Hugh•s Aircraft Comp~ny 150 percenl improvemenl 
on two real-time projects). 

New practicas judged elfective 
Figure 4: Producllon appears to lncrease drama1ically wilh the use of 

lmproved programming lechnologles. Software is in a predicarnent: it is too costly, too 
error·prone, too complex, too hard Lo mainL.ain. 

24 

better" than the results on comparable real-time 
projccts progTammed by conventional methods. 

Data management. Hsiao11 reported the dcvelop
ment of a highly sccure data management. system 
composed of 80 modules wiLh 40K words of code." 
The total desibrn and implementntion were com· 
plelt!d in 3 manyears with an elapst!d time of less 

· than 11 monlhs. Using a chief programmer Leam. 
structured programming, and the other concepts 
of modern programming practices, he felt that the 
effort could not hove been completed in such a 
short period of time without the use of Lhese tech· 
niques. In addition. said Hsiao. exlension of the 
"Y"Lem "'has becn greatly facililatcd by 1 he com· 
plete development·support library. clear ·syst.em 
interface. high program modularity. and well·slruc· 
tu red t:ode." 

Japanese findings. The Nippon Electric Company 
has modified its data base managemenl system, 
programmed in Cobol. to take advantage uf the 
concepts of structured programming.u This experi· 
ence, plus sorne experiments in using the new tech· 
niques, has convinced them that the ffi{'thods can 
be ~ucccssfully applied to the furthl·oming dcvelop· 
menl of a very large on-line banking S)'Slem. Their. 
expcriments indica te the following: 

• number of sleps programmí.od per wurking hour 
doubled: 

• number of st.eps programmcd per muchine 
hour u sed tripled;. 

• number of data base handling errurs dt·creasPd 
30 percent; 

· This predicament may delay new applications of 
computers unless thP effectiveness of software 
development can be substantiall,Y improved. 

Modero programming practices are not the only 
way. of course. Higher·level programming languages. 
improved life e y ele phmning and managemPnt, • 
automated development Lools. beLt.er personnel 
selection nnd training, and, of course. more sophis· 
Licaled management will undoubledly help. 

The sludies broughl Logether hero indicaLe thaL 
software effectiveness can be achieved. \\'here the 
results ha ve been reduced to numbers, Lhey ranged 
from about 25 percent Lo about 75 percent on such 
factors as cosl, error reduction, and productivity. 

Too much weight should noL be placed on any 
one numher. Studies of Lhis kind are difficult to 
make and are usuaUy not comparable from one 
organization to another, bccause definilions of 
terms vary. Moreover, averaging various amounts 
of knowledge-or debrrees of ignorance-from ínter· 
views does nol necessarily provide precise numbers. 
And summarizing detailt>d results, as has been 
done in this article, almost inevitably obscures the 
nuances of the original papers. 

Rather, it is the overall judgment that is impres· 
sive: \\'hether from formal studies or the impressions 
of expt!rienced executives. it St>ems cJear that 

·modero programming practi<:es are effective in 
improving the processes of suft wart' development. 
They are ready for use. El 

•An lirtu·l,. un lifeo c.HIP ph.tnnm¡.: 1!<. ... dwdul1't.l fur thl' !Wt·Ond 
4u<~rl~r of 197b. 

COMPUTEÁ 



.• 

Acknowledgmenls 

lnlt·r\'ww:-, with the following expcrit~nced oh· 
~crvcrs uf soft warP dcv1·lopment helpcd ~ruide me 
through the litt:rature and practices of this ficld: 

\\'alLer R. Bt•um. Office of the Assistant Sccrelary 
of the A ir Force for Research, Deve1opmcnt. and 
Logistics 

Joe M. Henson, IBM Data Processing Di'·ision 
Robert Jirka. Michael R. Plesset. Edward C. Posner. 

and Michael R. Warner, all of Jet Propulsion 
Laboratory. California Instituto of Technolob'Y· 

Relerences 

l. Frederick P. Brooks, Jr .. The Mythical hfan-}.fonth.·· 
Essays On Softu•are Engineering, Addison·W~sley 
Publishing Co .. Rtading, Massachusetts. 195 pp., 
1974. 

2. F. T. Baker, "Chief Programmer Team Management 
of Production Programming,"' JBM Sys. J., 11,1 
11972¡, pp. 56· 73. 

3. O. J. Dahl. E .. W. Dijkstra, and C. A. R. Hoare. 
Strucrurec/ Programming, Academic Press, London, 
1972. 220 pp. 

4. Harlan D. Milis, "Chief Prob"Tammer Tt-ams. Prin
cipies, and ProcL·dures," IBM Federal Systems 
Pivision Heport FSC 71-5108, Gaithersburg, Mary
land. 1971. 

5. Harlan D. Milis. "Top Down Programming In l.arge 
Sys.tems." in Dehu~on,cin~t TeC'hnique.~ in Large Sys
tem."i, H. Hus.tin ted.J Prt-nlice-Hall, Engll'wood Cliffs. 
NL•w Jl'rst.•y, 1971;pp. 41-55. 

6. Robert M. McClure. ··Software-The Next FivP 
Years."' Di11est o{ Papers. COMPCON Spring 76, 
pp. 6·7. 

7. John H. Holton. "Are The New Programming Tech· 
niqu('s Bt·in~ U sed?"' Datamation, July 1977. pp. 91· 
103. 

8. Aarr.v W. lloehm. "Software and lls Jrnpact: A 
Quantitalivt.• Asst•ssment," Datamation, !\1ay 1973, 
pp. 4k·á9.• 

9. Waltt>r H. At'um, "Can Softwure fit> More Like 
Jlardwurl.'? Should lt Be?'' Kcynotc spc~ch al 
CO~tPCON Fall 77. ScpLcmhur 7. 1911 tnot in DiJtrst 
of Papersl. 

1 O. Ed\l.·ard W. Pullen and Robert G. Simko, "Our 
Changing lndustry," Datamation, January 1977, 
pp. 49·55. 

11. Jo<• .\t. 1 ltmson. "Compult.•r A ppli('al i•ms: Tn•nds 
<snd Hirt·ctions." Kt-ynote spt·t-eh al C(l\lPCO~ Fall 
77. S••ptt·mllt'r 7. 1~77 lnot in IJiJ:f'SI o! Pu¡wr!>). 

12. "Bu ... in""" s,,fl .,.,.are ~bkes Fur J'r,.Jd•·m<t. llo~lcr 

Cl..u¡:.- .... " f:l•·r·rrurúcs, ~untnln·r '.:-1 l~lii'. p 14 

1:1. J. l. EJ ... huiL "An Anilly~i~ of Snr::-- ('ornnrt•rl"Íitl 
PL 1 l'r•·~r;,m.,.· 11:'1:'1:.' Tr.rrr: S,/r•. ,.,,. EnJ..:i'h't•r

illfl . . Ir. m· 1 ~1-;'ti. pp. 11 :i-1 :!{~. 

1-1 ~- Frt·rHh. ··¡•r••gr<tn.nwr l'rt•dut"ll\"11.\ I;J...,rng Tn¡, 
Slu·,.,·h- Tar,al<a ·· (".,,,,/'l·l•''" l/.-ld. ¡ ~-;-¡, 11 C!:.!t p. 1 



4~ 
Reprinted with permission from COMPUTER 

Thi>pap<rallcmpiStodcfmctheprincipl .. andgoal• 37 Hay 19 75. Copyright © 1975 by The 
that alfect thc R••ctice_<!f_s.Q[I:IO'arc_cnginccring._lts _______ Ina ti tute of El ectrical __ and_Electronic--
intcnt is to organizo the>e upech of software Engineers, In c. 
engineerin¡ into 1 framtlkork that riltional· 
ize' and encourage' their proper use, 
while placing in pcfipective the 
dh·cn;ity of techniqucs, methods, 
and tools that prc>ently compri>e 
the •ubject of software 
engine~ring. 

. . 

:·¡:r-,~.:~~1~-~ ·~~ 
. ; ; '' 

...... ·. 

SOFTWARE ENGINEERING: 
PROCESS, PRINCIPLES, ANO GOALS 

Douglas T. Ross, John B. Goodenough, C.A.I,:.ine 
Soffech, lnc. 

1 ntroduction 

The conferences sponsored by NATO in 1968 and 1969 
gave po'pular ímpetus to the term "software engineering." 
Since that time the need for a more disciplined and 
integrated approach to suft'-'·are· development has been 
increasingly recogni;oed. Although useful definitions of the 
ter m remain 'elusive, software engi~eering cleariY. implies at 
least the disciplined and skillful use of suitable software 
dewlupment tools and methods, as well as a sound 
undc.:rstanding of cerrain basic principies. In this paper, we 
attempt' to expound what these principies are, and how 
they are applied in the practice of software engineering. 

lt is perhaps best to view this paper as an attempt to 
identify the importan! underlying issue¡ of softv..re 

engineering in a form that permits the interaction of these 
issues to be better understood. We will discuss these issues 
in terms of four fundamental goals: mndifiabiliry, 
r[[iciency, rrliability, and undrrstandabilit,l' as well as sev.en 
principies that affect the process of attaining these goals: 

• the modularity principie, whi~.:h defines how lo 
structure a software syst(m appropriately; 

• the abrtraction principie, which hdps to identify 
essential properties cummon to )uperficially differcnt 
entities; 

• the hiding principie, >o~.'hi~o:h hi~hhghti the importance 
o( not mereh· abstracting ~o:ommon properties but o( 
making inessential informa11or1 111uaesriblr (hiding 
deals with defining .~nd c:nfohing constr4lint5 on 
access to informal ion): 
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o the localization principie, which highlights methods 
for bringing related things together into physical 
proximity; 

• the uniformity principie, which ensures consistency; 
o the completeness principie, which ensures that 

nothing is lcft out: 
o the confirmabi/ity principie, which ensures that 

information needed lo verify correctness has been 
explicitly stated. 

TI~ese principies a,nd goals are applied in the practice of 
wftware engineering, which deals with various software 
development activities: 
l>t•tomine requiremenlS · the prlli.:t:~!!. of identifying the 
rt'quuemt>nts to be s~t1sfied by <.1 ~uftware system; the 
objrctivr is to dd1ne the pruhlern to be solved in tcrm!) nf 
the Lumlriiints a !>Olution mus! satisly, indudiug 1:0'>1 and 
rerform:.~n¡;e. 

DeJigtJ ;uftware- the pro~·e~s uf con:;idrring ea¡;h u:.t:r 
requirrment and cr~:<.~ting the ¡;on~·eptual k.t~i!l on whi..:h thc 
prohlem is lo bt !IO/vt"d. dnign is the pwt:C!)S of d~r1Jing 
how lo satisfy U!lt:r rt'quircrnenls within the ¡¡JitiWl'd 
~·vmtraints. 

Specify implementation-the process of describing the 
interactions between the designed modules of a solution; 
the result of this activity is a detailed specification qf 
constraints the software implementation must satisfy, but 
not the software itself. 

Codefdebug-the process of actually producing the software 
satisfying the specification, and verifying thal the produced 
software does satisfy the user requirements. 

Tuning- the process of modifying a logically correct system 
until it meets performance goals. 

De~pite the obvious differences among these activities, we 
helie"e each renects a common pattern which we call the 
jimdai1H'tllal procesS. This process consists of five basic 
steps· ( 11 :r) ;tallize a purpose or ubjective; (2) formulate a 
<·oiiCt'PI rur how the purpose can be a~hieved; (3) devise 'a 
mcchJfiÍHii that implements the conc...-ptual !llructure; (4) 
intruJu..:c a no1atio11 for expressing the ~.:ap<.~bilities of the 
Int:ch:mi!lm ;.¡nd invuking its use; (5) des.:.:ribe the usage of 
the nutatiun in a sp~cific problem context to invoke the 
mc ... :IL:mi:.m su tlu: purpose is achieved. 
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usage - the Lanual describing how !he language is u.ed 
to control the computer. 

flUrf!.!.!_jt_· _Jl'.l.•n~·_tlll'_fl'tjUITements.for_a.sy~tem;-----

,,mti't'' dl'fl\:e the ar~.:hitecture of a software system 
The interpretation of the fundamental process is clearl)· 

highly context-dependent: lt is also tntimately tied to thc 
notion of hierarchical decomposition-the widely recog· 
nized phenomenon of part/whole relationships. A purpose 
is composed of sub-purposes; a mechanism has many parts 
which are themselves sub-mechanisms, and in general, the 
mechanism itself is only a part of sorne super-mechanism, 
etc. The interesting phenomenon is that borh the pattern of 
1he fu,,damental process and parl/wliole hierarchical 
relationships must be employed in all aspects of software 
engineerlng practice. 

tu ~:.t•~f>· tlu:~l' requ¡rc:rnt:nt~ and ~pecify the modules 
th;,t L'Ofl\liiU!l' lhl' !t)'~lt'Jn, 

mcd~eu/lsm implcment the !tOftware system (de\·ising 
the .. nwd1ósnism i!t obviously the codefdebug/tune 
a~ti\'ític!!. 10 thc devr:lopment process); 

notatwn ddine the (.'Ommand language or other means 
a U!!.er will c:mplo}· to invokC' the capabilities of the 
~oflwart." system; 

usoge - describe how the software system is controlled 
(this description ma)' take the form of a user's manual 
for the systerri). 

Equally well, the pattcrn defíned by the fundamental 
process could be applied differently, to highlight a different 
aspect of software development. For example, we could 
lea ve the description of purpose and concept as above, but 
replace mectianism, notation, and usage with the following 
descripiions: 

nlC'L'I!o'•ism - the computer on which the software runs; 

nororion - the programming language in which the 
software will be written; 

Figure 2. Purposa-Confirmability
Modifiability. 

• The purpOMt uf 1 
design cho.ico may,¿:::_ ______ _,,. 
be to structure a 
¡ystem so the ef· 
fects of a changa 
CAn be predictod 
with auuranca. CONF 1 RMABILITY 

• Confirmability 
appliad to tha 
process of de· 
fining,purposas 
for modifiability 
damands that pur
·poses be stated in a form that makes it poaibla to easily check 
if they hava'baan achioved, e.g., an objective whose achievemant 
would enhanca m'odifiability would be to insuro that only declara· 
tions in a program need be changed when transferring a program to 
a new computer. This is a confirmable natemont of objectivel 
while "raducing the number of changos that must be made" is 
not so clearly confirmable, and hence, is not so use fui. 

Figure 4. Concept:Abstraction· 
Under~tandability. 

• The us.a of 
levels of ab· 
11 raction 3 • 11 • :l 0 f"'=----------.1" 
lo define en 
under~tandable 

program or syl· 
tem of programs 
.tlows how ab· 
Jtraclion can 
make desi¡¡ns 
more under· 
Jtandt~ble. 

• High·order 

ABSTAACTION 

linguages rcpruont 1 concept for improving the undarshndability 
of programs by abnncting from the detaib of computer innruc· 
tion s.ots. 

Given that part/whole hierarchical decomposition plays 
a pervasive role, the fundamental process interacts further 
with the various principies and goals of software 
engineering as depicted in Figure L Figure 1 is our 
framework for discussing the nature and issues ofsoftware. 
engineeri~g. Clearly an exhaustivo treatment is not possible, 
but the remainder of this paper is intended to show how 
the structure of Figure 1 does yield insight into the theory 
and practice of software engineering. By way of illustration, 
consider the following examples (Fjgures 2-7) of how 
principies, goals, and process elements interact: 

FiQure 3. Concept·Localizadon· 
Modifiability. 

e ldentifying ono 
· module for im· 

plementing a 
schaduling policy 
in en operatfng 
system is an 
exampla of the 
effect of the 
localization 
principie on 
design con· 
cepU to on· 

LOCALIZATION 

hance modi· • 
fiability, since loCAiizing tht polic:y rather than scattaring policy 
docisions throughout a system makes it easier to change the policy. 

.• Having decided on the pravious design for schtduling, the con· 
cept of a table-driven scheduler, whic:h loCAiiles scheduling poliey 
in a singla tabto within the module, thon makes the moduJ~ more 
moditiabla. Those two examplas illustrate the rola of hiararchy in 
applying the princ:iplu, goals, and process steps. 

Figure 5. Mechanh;m-Hiding· 
Efficiency. 

• KnoWing 
that only cer
tain subrou
tinas have 
accoss to 
'shar8d data 
( •. g., as in 
a function 
cluster 12 1 
may permit 
fewer checks 
to bt made on 
the validity 

HIOING 

of stored vatues, and thereby increue efticiency. 
• Forbiddirlg 1.15er1 from direetly aecessing 1/0 devicft permits an 

operating JYitlfm to optimin ovenll uwge of the devicet~. 



F.gurt 6. Notai•On·Compltt•n••· 
R•liebility. 

' • Hiivmg a com· 
plttt Mt of 
convenient 
goto·fr•• 
control 
rtruetura 
il necn¡.ary 
to noid 
l!rror.prona 
circumlo
cutions. 

• In design· 
ing 1 usa 
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rtatement, if the form doet1 not permit a programmar to 1pecify 
what is to happen when the casa statamant variable i1 out of 
ranga, then the programmll i1 unable to o11ily trut thi1 possi· 
bility, and hence i1 not enco~onilged to devolop error recovery 
algorithms. A complete notation cun fo1tar rali"bility by per· 
mi«ing a progremmer to ¡pecify error recovery detaiiL 

Time examples can only serve to illustrate the style of 
approach (on a per-cube basis) used to make the goals, 
principies, and parts of the fundamental process useful in 
describing and understanding aspects or software engineer
ing. The following sections discuss the hierarchy, goals, and 
principies in more specific terms before we apply them 
jointly in an extended example. 

H ierarch ical Decomposition 

l11e process uf developing hierarchical structure may be 
vit!wed top-dowh as successively imposing increasingly 
specific constraints on the rorm oran ultimate solution. lt 
rnay also be viewed bouom-up as successively exploiting 
the constraints satisfied by lower levels. An understanding 
or ~ortware engineering lies in understanding the constraints 
ea<h engineering activity places on the others-e.g., how the 
drsign constrains the implementation, and how the 
implementation possibilities constrain the design. The 
process of hierarchically and iteratively imposing con
straints appropriate lo the analysis, design, specification, 
and coding phases is what unilies the practice of software 
engineering. 

The process of hierarchical decomposition in vol ves both 
analysis and synthesis-both taking apart and putting 
tugether. While one decornposes a subject by recognizing 
the differenr sub-parts of which it is composed, one must 
also pause lo examine the uveral! decomposition and look 
rur similarities among the lower·level constituents with an 
eye toward recomposing collections of them into larger 
constructs. For example, pure decornposition would never 
result in recognizing subroutines that are needed in 
separated parts of the decornposition. 

Fur a given prublem there are many '"currect" 
de~:umpusitions, and given a large collection of solutions to 
prirnitive sub-problerns (e.g., a set of CPU instructions), 
there are many currect compositiom which will solve a 
gn·cn prublt:rn. Thus, whether one is {'ng;¡ged in synthesis or 
dnalysi~. cumpo~ition ur de~..·ompusillon, the selection uf a 
'\.urre1o.·t" sulution must be hased Hpun sume overriding 
(rllcria. We lllUSt try to s.clect !he mn~t Je~irable solutiun 
frum the \el ur currect solutions. For this reason we begin 
first. In our eliiburation or the the!!.i~ ur thi~ paper. by 
l,q;~idermg tl1e g.,;,¡ls ofsortwarc Cllgint·cring. 
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Ftiun 7. Uugo·locallul!on· 

Modifiability. 

• An installa· 
tion manual 
that i1 organ· 
iud 10 that 
each uur 
option and 
al! inltalla· 
tion·spocific 
paramoten 
are described 
in one placa 
maku up· 
dating t~e 
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manual ea1iar when changos in these options and parametan 
occur. 

• 

• A qoss·reference listing for a program loulizn the des.cription 
of how a particular variable is used, and theroby makes it aasier 
to evaluate tho etfuct5 of pot11ntial changn. 

The Goals of Software Engineering 

The skill with which we can appl)' engineering methods 
and tools will depend on the degree to which w• have a 
clear and precise view or our objectives. In the rtalm of 
sortware engineering our objectives will always be stated in 
terrns of desired properties of the resultan! software. Four 
properties that are sufficiently general to be accepted as 
goa/s for the entire discipline of software engineering are 
modijiability, efficiency, reliabiliry, and tmdersrandabiliry. 

The goal of modijiabiliry is historically the most 
difficult goal to master. Modifiability implies controlled 
change. in which sorne parts or aspects rema in the same 
while others are altered, al! in--such a way that a desired new 
result is obtained. The characterization or ''sameness .. or 
invariance may be very subtle, and the effects of change 
may be hard lo predict. This makes the achievement of 
modifiability difficult. Modiliability is also difficult lo 
achieve because changes occur for so many different types 
of reasons. For example, ln transrerring software to a new 
computer or operating system, it is desired to k~ep 
invariant the Jogical effects of the system, lirniting changes 
only to the necessarily machine-dependent aspects. Changes 
are also required to remo ve errors from sort ware, to add 
neW capabilities. and to improve a system's performance. In 
general, different approaches are necessary to satisfy these 
differenttypes of modifiability. 

Modifiability requires not only the ability lo have an 
adaptable, evolutionary design, employ standardized 
software building-blocks, tune for p<rforrnance, etc., but 
also the more subtle ability to maintain project schedules 
and budgets by allowing dummy test modules tu be used as 
drivers befo re later parts of a system are prepared, etc. The 
variety of ways modifiability affects software engineering is 
one or the reasons rar giving it a primary role in our 
discussion of software engineering. 

A much-abused goal is efjicimcy, usually because in an 
fXCt'SS or z.ea) it is prematurely pnmitted a high priority in 
engintc:ring traJcorrs. Rliltant inl'rfic~ency cannot, of 
•;11uJ~~. be tolcrated, but usually efficic:ncy questions are 
Pest trc:.lled within the Cl>ntext or other issues. For 
e\an1plc. <Jchic\"ing a high degrce uf modifiahility can 
pruvide the h~sis for ml!eting effi~:it"ncy goals during the 
luning phase ur software dc\"i!hJplllt'OI. In Jdditiun, insights 
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ulty ~tructure. In general, except for the highest ubjectives: 
' .Jncep!U:J! le veis of a design, where gross inefficiency "1 One objecti ... e of modular programming is to be able 

questium may play duminant roles. the efficiency goal does to convince oneselfl of the correctness of a program 
not domin¡Jte the practice of software engineering. module, independently of the context of its use in 

Rt'liobility i~ 0.1 goal much in '<'ogue today. Reliability building larger units of software." (Rderence 2, p. 129) 
must both pre'<'cnt failure in cunception, design, and "Modularity denotes the ability to combine arbitrary 
constructi9n, as well as reco'<'er from failure in operation or program modules into larger modules without knowl-
performance. Unlike efficiency, which frequently is <dge of the construction of the modules." (Rderence 9, 
prematurely applied, reliability is more often cunsidered p. 54) 
too late, or not at all, in most software development "Modularity is not ... simply the arbitrar}· division of a 
efforts. Reliability can only be built in from the start; it Jarge program into smaller parts or modules. The 
cannot be added on at the end. Hence, reliabiHty has a primary goal ... should be to decom"pose the program in 
pervasive , and, crucial effect on software engineering su~:h a way that the modules are highly independent 
practices.. from one another." ( Reference 13, p. 1 00) 

The final goal which should exert a strong influence in 
all aspects of software engineering is u11dersta11dabiliry. 1t 
depends, of course, on the intended audience: technical, 
management, or user. Note in particular that understand· 
ability is not merely a property of legibility. Much more 
importantly, the en tire conceptual structure is involved. 
Also, in any given circumstance an acceptable level of 
understandability either is or is not present. There is no 
middle ground. Although understandability is, in a sense, a 
prerequisite to reliability and modifiability, it is al so 
important as a goal in itself be cause it draws aúention toan 
importan! barrier lo understandability-complexity. Man· 
agement of . complexity is a crucial aspect of software 
engineering methods, and the need to manage complexity 
arises from the goal of understandability. The only way lo 
achieve the goal of understandability with regard to an 
inherently complex system is to impose an ap¡>ropriate 
structure and 01ganization on the system. The structure 
must be represcnted in a clear notation that permits 
mechanical translators-e.g., compilers, etc.-to bridge the 
gap between the actual system and an understandable 
representation of it. Thus, achieving understandability 
depends as much u pon the software engineering tools as on 
the methods. For example, when compilen do not produce 
acceptably efficient code, assembly lahguagé may have to 
be used, ata cost in program understandability. 

The Principies o! 
Software Engineering 

TI1e principies of software engineering are, as we 
mentioncd earlier, modu/ariry, abstracriun, /ocali:.atiotr, 
hidiflg, unifor,miry, cvmpleteness, and conflrmability. These 
pri11dples applied in \'arious combinations within the 
)imdamental pr"ucess will work to produce hierarchical . 
dt•compc1Sitions which achieve our guals during all of the 
\'Jrious phases of software development. The hierarchical 
de~umpo~ition of a system depicts the constituents of the 
system ~oHganiad into a structure by the relationships 
among those ¡,;on~titu.:nts. The abo\'e seven principies, 
~ingly and in ¡,;lllllhination, are used 10 determine and 
.. untrol tlwse relatiunships. Tite}· are used essentially as 
dedsion ¡,;rileria tu ~nsure that the resuhing decompositiun 
attains our goals. and thus each deals with sorne aspect of 
the rd:nionships-i.e., the interfaces among the \.·onstitU· 
e~ts. 

Modularity is more frequently defined in terms of 
structural properties possessed by "modular" systems: 

"A program is modular if it is written in many relatively 
independent parts or modules which have well-defined 

• interfaces such that each module makes no assumptions 
about the operation of other modules except what is 
contained in the interface specifications." (Reference 4, 
p. 1) 

"Modularization consists .-of dividing a program into 
subprograms (modules) Which can be compiled sepa
rately, but which ha ve connections with other modules. 
... A de(inition of "good" modularity must emphasize 
the requirement that modules be as disjoint as possible." 
(Reference 11, p. 192) 

"A modular program is a program (having a hierarchical 
structure 1. (Reference 1, p. 34) 
"'Modular programming is the organizing of a complete 
program into a number of small units ... where there is 
a set of rules which controls the characteristics of those 
units. (Cited in·Reference 10, p. 29) 

In general, modularity is cited as helping to improve 
software reliability, helping to allow multiple use of 
common designs and programs, and helping to make it 
easier to modify programs. Most discussions of modularity 
focus on one or another of these objectives and attempt lo 
explain why certain structural constraints make the 
atlainment of these objectives easier. 

Rather than select any one objective as the most 
important one, we propose' a general unifying definition: 

Modularity deals with hoW the structure of an object can 
make the attainment of sorne purpose easier. Modularity 
is purposeful snucturing. 

Hence, the principie of modularity is made concrete by 
explaining how certain constraints on the structure of 
systems can make it easiér or harder to achieve sorne 
purpose. 

For . example, what - iOrt of structural constraints 
facilitate modifiability? efficiency' rehability' lmposing 
such constraints on struct~res i~ the essence of applying the 
modularity principie in software engine~ring. 6 

,, For 
example, goto·free programming [orces progranimers to 
make explicit the conditions under which a given statement 
is executed, and this can help ensure understandability and 
pre\'~nt erran. 



·1 l1t' pnn:1pk <d.mudu};Jrll) ro~n be further illustrate'& by 
~~.r~::.•JnuJ~· rupJui¡jfl\)" 1::.~ues ;¡_ri~mg in decidini 'what 
p.Jrt whok rcl;¡t¡pr¡~J¡¡~ ~hould be ~..:onsidere'd. in developing 
hJt:'J¡jrduc.d llcl:ornpu~ltJOm. 

/11, 'I".JWI}; .H~,·hinr /J¡·¡~cnJ~:ná' The lOwer the module 
In lht' !.)'Sitll"i !.lfUl'\Uft', the tnOrei the tnOdu)e ÍS 
depc:ndcnt on the h<Srdware on which it runs. This helps 
w makc software more ponable, by isolating machine· 
dc:pendenéies. 
lú"{lflement o[ octHm Hi~her level modules specify 
obJel.:tJves for sume a¡;tion, J.e., wllat is to be done. 
Lower kvels des¡;rihe how the objective is going to be 
realized, i.e., ho\.\• something i::. to be done. For example, 
within a higher leve\ module, an eng:ineer might specify 
that a temperature is to he adjusted until it is at least 
145°. A /owcr h·rel module will define how this 
adjustment is pcrformed, e .g., by adjusting and sampling 
the temperature trend at five minute intervals. This 
constraint helps makc a system more understandable and 
casier to modify. 
Scope o[ control Higher level modules call lower leve) 
modules and supervise their activities. This means that if 
Jower k ve! modules encounter sorne cxceptioil condition 
(e.g., a condition that prevents the requested operation 
from being performed), this must be·reported to higher 
leve! module~ so they can take appropriate action. 

JI may be impossible for a given program to satisfy all 
these objectives simultaneously. A program may ha ve one 
structure if modules are ordered according to one rule. and 
a different structure if a different rule is considered. The 
main point in identifying these relationships is to highlight 
possible criteria that can be consciously used in structuring 
the modules. Many of these criteria are already used 
instinctively; the advantage of making the criteria explicit is 
that any programmer produces better results if he is 
consciously aware of criieria for evaluating what he is 
duing. 

Abstraction Like modularity, abstrae/ion is a very 
pervasive principie. The essence of abstraction is to extract 
essential properties while omitÍing inessential details. Our 
discussion of hierarchical decomposition in the form of 
"levels" shuwed abstraction in perhaps its most pristine 
form. Each leve! of the decomposition presents an abstract 
view of the lower levels pU1ely in the sense that details are 
subordinated tu the lower levels. 

The principie of abstraction when qJmbined with the 
principie uf completeness ensures that a given leve! in a 
decomposition is understandable as a unit, without 
requiring either knowledge of lower levels of detail, or 
necessarily huw it participates in the system as viewed from 
a higher level. Thus this principie is employed on the one 
hand to obtain a. description of sorne leve! of the system 
which could be realized by any of severa! implementations, 
and on the other hand to give a description of one part of a 
system which could be used in many other systems 
requiring the same component at that leve! of abstraction. 

The principie of ahstraction interacts very !ltrongly with 
the purpose underlying any particular decomposition. The 
principie is of little practica! 'alut> unlt:ss cvmbined with 
the principie of modulanty ("purpo\dul stru,:tuling") to 
ensure that appwpriate ahstra..:til".m are found. Abstrac
tions employed lll achicve the goal of under~tandability 
mean that each l!!\el uf iih~Üdction, while presenting more 
¡Jnd more detai\ed views uf thc ~ystcm. must d0 so in terms 
v.hlL·h au! undcr\tanJ<-~hlt: 11.) the inlt'nded audience. 

'l 
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Localization The principie of /ocali:atiun is concerned 
with physical prox1mil)'. Things must be brought together 
all in one place. Thus, localization deals 10.1th physical 
interfaces, textual sequence, memory, etc. Then the otlier 
principb can interrelate the locahzed thmgs· to serve 
particular purposes. Consider carefully how intimate is the 
connt:ction between localiz.ation of an abstraction in a 
module and our ability then lo understand and de al with it. 

Subroutines, arrays, logical and physical records, as well 
as paged memories, are examples of localization. The 
avoidance of goto's in structured programming is ·an 
application of localization to control structures which 
enhances understandability and simplifies confirmability. 

Hiding Another principie familiar to many readers is 
hiding. Parnas,15 for example, uses itas the majar criterion 
for a decomposition into modules. lt is related to the idea 
of "postponing binding decisions" in top·down problem· 
solving, although it is not the same. The purpose of hiding 
is similar to that of abstraction in that it requires making 
visible only those properties of a module needed to 
interface with other modules. But hiding differs from 
abstraction in that the purpose of hiding is ro makt 
illaccessible certain detalls that should not affect other 
parts of a system. Abstraction helps to identify details that 
should be hidden. Hiding is concerned with de[ining and 
e11[orcillg access constraints that, without the hiding 
principie, would otherwise only be implicit in sorne 
purpose. concept. mechanism, notation. or usage 
description. 

Hiding, combined with abstraction and localization, 
forces suppression of how to emphasize what. Suppressing 
how a constraint is satisfied forces the constraint to be 
made more explicit, thereby amplifying our understanding 
of the constraint itself. Deciding what constralnts are to be 
expressed (an aspect of modularity-purposeful constraint 
selection) is a matter independent of the hiding principie 
itself. 

Uniformity Uniformlty (the lack of inconsistencies and 
unnecessary differences) is also an importan! principie. 
When applied to notational matters, uniformity yields a 
notation free of confusing and perhaps costly inconsis· 
tencies. When· also combined with the abstraction principie. 
uniformity implies a notation that permlts arbitrary 
mechanization of the interna\ detailing of a mechanism-the 
notation does not constrain one's choice of implementa· 
tion. And when the hiding principie is added, the result is a 
notation that does not merely permit several implementa· 
tion choices, but also en sures that no unnecessary details of 
a specific implementation are revealed by the notation. For 
example, if a subroutine para meter is to be a stack, the 
representation of the stack should usually be hidden from 
the user of the subroutine. Thus, the user should be able to 
allocate storage for stacks and pass them to subroutines 
without having access to the individual components of a 
~tack. A notatiun for representing such abstract data types 
J!>t'.t'l'r, in References 7 and 12. Another example is gh·en in 
a Jc .. ·c:r¡\ p:.iper on ex~eption handling methods,8 in which a 
umf¡,¡m notation is pruposed "'·hose semantics can be 
ll'Jlit.ed u sine \arinus traditional metlh.Jds ofhandling error 
returns ftom subroutines. 

In its c:.sence, notation satisfying the uniformity and 
í.lb!ltrO:Ictiun n1n~·epts has been caBed ehewhere 1 • the 
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t.:ur,~·t·pt ¡l,lllJ¡jlJuu ~kp 11! 1hr fund;uncntal process.yields a the Framework's Utility 
I:UII~I!,It:llt ;.uH.l wl'll-dcflllcd ·set of !:>emantic conccP.c:_IS7;C1'-'h=-at:__" ____________ _ 
c<~n he H•p1.r:~ented Wilh a uniform syntax. A uniform lbving. disL·ussed the cornponents uf the proces!:>/goal/ 
notati¡Jflal synta>. J) not possible if thcre is no semantic principie framcwork at greater )ength, we now mtend to 
unifo1mity underlying thc notation. show how the framework can be used tu gam and structure 

Compltlene"' Completeness is obviously an importan! 
principie. Thc pu1 pose of this principie is to ensure thal all 
the essential~ of an abstr.action, for example, are explicit 
and that nothing essential has been omine d. This does not 
require that every Jetai/ be shown-merely thal the set of 
abstrae! concepts cm•ers every detail. Applied to notational 
matters, completeness requlres that a notation provides a 
means for saying everything that one wants lo say. 
Combined with abstraction, il implies that a notation 
should be concise, permitting the Suppression of invariant· 
details in favor of highlighting the potentially changeable. 
Completeness cornbined with uniforrnily and abstraction 
and• applied to the goal of efficiency suggem that 
programmers should be able lo select different imple· 
mentation mcchanisms to tune a system's pÚformance, but 
withoul changing the form of any subroutine call, for 
example. A notation that does not permit this purpose lo 
be achieved is incomplete. 

Confirmability Confirmability is a principie that directs 
auention 10 methods for finding out whether stated goals 
have been achieved. Applied to design issues, confirmability 
refers lo the structuring of a system so il is readily tested. h 
must be possible lo stimulate the constructed system in a 
controlled manner so its response can be evaluated for 
correctness. Applied lo notational ma11ers, confirmability 
means that a notation should require explicit specification 
of constraints that affecl the correctness of a design or 
implementation (e"g .• data declarations that specify range 
of values and unils of value as well as mode of 
representation). Applied 10 lhe practice of software 
engineering', 'confirmability refers lo lhe use of such 
methods as structured walk-throughs of designs, egoless 
programming, 19 and other methods that help lo ensure 
that nothing has been overlooked. 

The principie of confirmability can be realized in many 
useful forms. both as entirely manua!" procedures and 
strongly aided by the tools and data base of a software 
engineering facility. Certain kinds of type checking and 
consistency checking reOect the principie of confirmability 
applied to the design of programming Janguages and 
compilers. 

Completeness and cunfirmability are easily confused. 
For example, in the lntroduction, we presented ex.amples 
illustrating the ínteraction between notation, completeness, 
and reliability" In one of these examples, we noted thatto 
ensure complet~ncss uf case statement control a pro· 
grarnmer shou!J he permineJ by the syntax to specify what 
shnuld happen when a ca~e statement variable is out of 
nmge. C"unfirmabílity applied hl the sarne issue would 
i111ply a prngrarnnwr ~hould be requireJ tu state what 
shou!J lrappen. Of \.:ourse, if he knows that uut·oÍ·range 
\'~dut>s ~ut> not po~sible. thh too should he exprc:ssible, to 
pt:rmll irnpl~m~ntatiun effi~.:it.'llC');. In shun, the C\'Oiution 
uf rumplch·ru~ss tu satisfy ronfirmability requires that 
otherwise uh~ .. ·luc implic<Jtions be made to shuw in explidt 
furm. 

insights intu aspects of software engmeering. By giving an 
extended example, we hope to show thatlhe framework is 
not merely taxonomic but can actively assist in dealing with 
the complexities of software t-~gineering. 

Our exarnple will show how the framework can help to 
organize our understanding of the nollon of a subroutine. 
We choose this example because, although ''subroutine" is 
fundamental tu software, and seems well-understood, it is 
also one of the most complex concepts when considered in 

"ils totality. Figure 8 shows the pa11ern of the fundamental 
process applied to the subroutine concept. The notation 
proposed is essentially that of ALGOL 60. Other notations 
could ha ve been proposed equall)" well." The description of 
the subroutine concept in Figure 8 is obviously very 
general. In particular, the description of "Mechanism" is al 
a high leve! of abstraction. 

Applying hierarchical decomposilion, the mechanism 
aspecl of .subroutines can be decomposed into two 
less-abstracl mechanisms for implementing the subroutine 
concept-one for inline subroutines and one for closed 
subroutines. Then, the fundamental process can be applied 
again with respect to these mechanisms, as shown in Figures 
9 and 10. We have inserte.d parenthetical comments 10 show 
how various principies and/or goals are being served. 

Consider now the closed subroutine, Figure 9 .. Our 
description holds no surprises, for we are still al a high 
leve!. The notions of Figure 9 could be refined in severa! 
ways, however. For example, there are at least two distinct 
kinds of subroutine linkage mechanisms: 1) direct linkage, 
which is usually supported by a machine instruction that 
saves the return address and transfers control 10 the 
subroutine body, and 2) ,-,dirert li11kage, a mechanism 
employed in AED implementations.' 7 in which a 
subroutine call is implemented not directly by transferring 
cOntrol to the subroutine, but indirectly, b)" transferring 
control toa "linkage" subroutine. The purpose of this is lo 
save space on machines for which stack manipulations are 
expensive and to localizt at run·time all subroutine calls so 
differe.nt linkage routines can be substituted-e.g., a iiming 
linkage that gathers information about how much time is 
spenl in ea eh subroutine, or a debugging linkage that. 
permits interception and tracing of calls by a debugging. 
package. This application of the Jocalization principie to 
subroutine linkage has the advantage of making i1 easier lo 
satisfy the efficiency goal (by gathering timing information 
important in tuning a system) and the reliability goal (by 
making it easier to !rack down bugs). Furthermore, when 
complex calling sequences are required by the Jangu_age 
implementation, the slight run-time cost of en ter and le ave 
macro operations yields signiticant storage savings through 
localization and sharing of the machine instructions needed 
for each call. 

The call~return co11rept could also be explicated further 
by discussing more specific examples of the concept, in.the 
style of Figure 9. For example. the use of stack frames 
(e.g., see Reference 14) vs. the sturing of return addresses 
and other informalion related tu subroutine invocation in 
each subroutine's sturage space can be clarified by 
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: Conf:epr: "Similar" but not "the same" implíes that the "same" parts must be collected in one place, but com· 

bined in each ca~e with the "different" parts. The "combination" must show how the "different" and'" 
"sorne" paru 1nteract. 

Mechanism: The "same" part is a subroutine body, located in one place and referenced by name. The "different" 
parts are the actual parameter values associated in each case with the subroutine name. The parameter· 
passíng mechanism and coding of the subroutine body implement the "combination" of the parameters 
with the body at call time. 

Notati.Jn: <procedure statement> ::= <Procedure identifier> !([<actual parameter>·;) )) 

{ 

<string> } 
<expression> 

<aqual par ame ter> : := <array identifier> 

. 

<switch identifier> 
<procedure identifier> 

<procedure declaration> ::= [<type>J procedure <identifier> [((<identifier>-7] l] ;--+ 

--+ [value <identifier>;-;] --+ 
-+ [<specifier> <identifier>;-;]---+ 
-+ <statement> 

The syntax and semantics of a programming language define the contexts in Yt'hich procedures can be 
invoked. 

Figure 8, Top level Explic:•1ion ol the Subroutine Call Concept 

explicitly expressing purpose, concept, mechanism, nota
tion, and usage. 

lt is useful to note the difference in the "Purpose" 
componen !S of . Figures 9 and 10. Although the goa1s 
inherited by decomposition from Figure 8 are the 
same-improve efficiency-note in Figure 10 that inline 
subroutines can improve efficiency in two ways: 1) by 
eliminating subrouline call overhead and 2) by performing 
certain computations at compile·time rather than at 
run-time, using actual parameter values. For example, if all 
parameters are constants, it may be possib1e lo compute the 
value of the subroutine al compile time with consequenl 

Purpose: 
• To save space by executing the same body of 

cede with different parameter values 

Concept: 
• Call-return capability (transfer control to the 

subroutine's body, remembering where the 
call carne from) 

Mechanism: 
• Specific calling sequences, e.g. 

• direct linkage 
• indirect linkage 

Notation: 
• Notation for call shou\d not be different from 

notation used to invoke inline subroutines. 
(Note that this is an application of the uniform
it'; principie, ánd serves to foster program 
modifiability.) 

U5i1ge: 
---------

Figure 9. Oes.Gription of the Clos.ed Subroutino Concopt 

enormous savings in run-time efficiency. Wegbreit 1 1 

explores this possibility and related ones in more detail. 
For purposes of illustrating the use of our proposed 

framework, however, it is worth noting how Figures 9 and 
10 help in comparing and contrasling two related but 
differing interpretations (inline versus closed) of the basic 

Purpose: 
• To save time by eliminating call overhead (the 

efficiency goal); 
• To save execution time by permitting compile· 

time simplification of a subroutine body based 
on actual values of parameters 

Concept: 
o The subroutine body is substituted in place of 

the call, with actual parameter values substi· 
tuted for formal parameter values 

Mechanism: 
• Macro substitution, followed by compile-time 

optimization; or 
• Syntactic substitution, in the sense that local 

variables declared within the subroutine will 
not be found to conflict with similarly-named 
variables in the context of the call, as might 
happen with macro substitution (which occurs 
at the lexicallevel of a prograrn text). 

Notation: 
• Should not be different from call notation u sed 

to invoke closed subroutines. (This is an gppli· 
cation of the uniformity princ;~le, and ~erves to 
foster program modifidbility.) 

Usage: 

Figure 10. Oncription ol lhll lnline Subrouline Coru;11pt 
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~ubroutine nollon Sote .al M> how we ha ve applied the Depending on which dimension is u sed. the emphasis will 
fram('work (using h¡erélrch¡cal decomposition) to alternative be different, but using any of the thr!_! comP_:2nents as the 
"Mechanism"-arld-to¡¡Jternati'Ve"Concepl" components of--dominating organizingConcept ~~ vahd in applymg the 
the pallerns in Figures 9 and 10. This recursive applicalion framework. Which of them should be used depends on the 
of !he paítern wilhin componen !S of the pallern ·is a purpose of the discussion. 
principal allraction of using the framework for understand-, To demonslrate the validity and value of using one of 
ing •Oflware engineering lo pies in depth. the other componeniS as !he organizing principie, we 

Our illuslration so far appears to imply that tlie process describe in Figure 11 the notation' aspecl of subroulines, 
aspecl of the framework is of paramount importante, organized in terms of principies salislied by various 
be cause we have organized our examples primarily in terms subroutine call nolations. We will discuss each brieOy 
of this pallern.' But each of the components of the below. 
framework is of equal importante, so an analysis can be The purpose of con[irmability as applied lo notational 
organized equally well in terms of goals or principies. mallers is lo ensure that importan! properties of a 

Confirmability: 

Purpose: 

Concept: 

To ensure errors in forming a call 
are detectable. 

Distinguish input and output 
parameten. 

Mechani;;m: Use a colon or a semicolon to 
separate input and output par ame· 
ters, e.g .. F(A,B:C,DI or 
F(A,B;C,DI. 

Concept: Provide indication of what excep· 
tions can be raised. 

Mechanism: See below, under Completeness. 

Uniforniity: 

.Purpose: 

Concept: 

Coinpleteneu: 

Avoid unnecessary differences in 
form of call. 

Ensure closed and inline ca lis have 
the same notational form. IThis 
enhances modifiability directly, 
and efficiency .indirectly .) 

. Purpose: . To ensure all properties of sub· 
roUtines are reflected in' the 
notation. 

Concept: Parameters should be both readable 
and writeable; notations for expres
sing response to e)(ceptions should 
be available for use. 

Mechanism: • For read/write parameters: 

Use punctuation to separate 
input and output parameters. 

Declare which parameters are 
input and which are output. 

lncorporate body of subroutine 
in program where it is refer· 
enced so global analysis can 
determine which parameters are 
input and which are output 
(e.g., as in ALGOL). 

• Notations to deal with the vari
ous types of exception condi· 
tions. 

Localization: 

Purpose: 

Concept: 

To express only once otherwise re· 
dundant information concerning 
exceptions. 

Associate handler with larger syn· 
tactic unit than the call itself. 

Mechanism: Use notation suggested in Refer· 
ence 8. 

Hiding: 

Purpose: 

Concept: 

Abstraction: 

To prohibit access to information 
that should be available only to ' 
the subroutine. 

Use abstrae! data type in declari~g 
an actual parameter's data type, 

·but a more detailed declaration of 
the formal parameter's type. 

Purpose: To preserve essential properties of 
call in the notation, leaving othtir 
details to other notational devices. 

Concept: The method for handling excep· 
tions should not be closely linked 

· to implementation methods; a 
choice of a variety of implementa· 
tion techniques should not be 
foreclosed by the notation. 

· MeChanism: Use an implementation-neutral 
notation for e)(ception handling. 

Modularity: 

Purpose: To ensure that syntactic structure 
fosters appropriate goals. 

Cof!cept: E)(amine impact of syntax on goal 
achievement. 

· Mechanism: Choose the JOVIAL method of 
distinguishing input/output param· 
eters rather than a declarative 
method, since the JOVIAL nota· 
tion improves unders.tandability. 

F¡gurt11. Applving the Frame~~~oork to 
Subroutint Ctll Notetton la.un 



subroutme'$ interfact: are 1tated explicitly in 8 can. so it is 
dcat whether thq· have all been dealt with correctly. Two 
a_spects of a call des.erve particular mention as concepts for 
achieving thi!. purpo~. The fnst is to distinguish in the 
notation ur the call which parameters are read-only (Le., 
which are input parameters) and which are writeable (i.e.,, 
output parameters). The second is to distinguish in the· 
form of the call what exception conditions a subroutine cari 
raise. 

PL/1 is deficient in that no indication of output 
parameters is made. In· this respect JOVIAL is superior, 
since a call lo a JOVIAL subroutine, e.g., F(A,B:C,D), 
shows explicitly that A and B are input parameters and C 
and D are output parameters. In this ·case, the JOVIAL 
syntax is an example of a notational mechanism for 
implementing this concept. An equally good mechanism 
(considered solely from a confirmability viewpoint) would 
be rnerely to require that in the declaration of a subroutine, 
the input/output attributes of parameters be specified 
explicitly so the requirement can be checked at 
compile-time. Also, uniformity with more modero program· 
ming languages, as well as ordinary English, might say that 
the ":" of JOVIAL might better be a ";" to further 
improve the understandability of its syntax. 

The explicit indication of exception conditions is a 
confirmability issue in that it permits oversights with 
respect to exception conditions to be detected more easily. 
We will discuss this concept further under Completeness. 

As for urriformiry, we list merely the concept that inline 
and closed subroutine invocations should have the same 
form. This enhances modifiability for tuning (efficiency) 
purposes, since changing a decision about whether to treat a 
subroutine as closed or inline will not then require changing 
every call. 

Under completeness, we again list the concept that a 
subroutine's invocation notation should provide for dealing 
\\jth exception conditions. The purpose served here is not 
to e~sure that all conditions are dealt with appropriately (as 
fur confirmability) but rather to ensure that every 
capability of the subroutine concept is mapped into a 
suitabie notation for invoking that capability. The ability to 
control the response toan exception is an important aspect 
of subroutine invocatiun, and notation should be provided 
to deal with it. The confirmability purpose perhaps 
provides a stronger argument for associating exception 
handling with calls, but we cite it here because it also 
sati.lfies the completeness principie as well. Simiiarly, 
introducing the ability to assign to parameters is a concept 
suggested by the completeness principie; distinguishing 
input and output parameters in the form of the call orina 
declaratiun is an appiication ofthe confirmability principie, 
be cause this make it casi~:r to detect enors at compile time. 

The purpose of lora/i:ation as applied to nutational 
matters fur dcaling with exception' conditions might be 
stated as, '"Whcn the same exception handler is to be 
ass~H:iated with ~evc:ral cal!ing points for the same 
subroutine, the nntatiun for exc~.:ption handling shuuld 
pednit tht> handler t<l he v.litten vn~·e, rather tLow rcqu;rin~ 
it t,o be writtcn as part uf t'a<..:h ~.:all.'" One ru!lrt!'pt for 
!:.atisJy¡ng thi!:. pu!pii!:.C i!- to as~o<..:iate handlers wtth largt:r 
syntactic units or tcxt tharl the call itself --e.g .• -with 
!!I<Jtt:IT~cnU, loup hudit:s, etc. This propusal is C>..plored 
furtht:r in Rt:ference 8 and a spc:...:ific syntax is prup(l!:.t:d 
thcre. 

The hiding principie applied to subroutine call notation 
.'·means allowing the subroutine u~r access vnf.v to the 
~bstract data type information needed for the semantics of 

)he call. Thus declarations of formal parameters (i.e., on the 
. inside ofthe subroutine) are broken into t wo pa1ts. and only 

"the abstrae! par! is made avaiiable lo the user for his 
declarations (e .g., se e Reference 12). 

The principie of absrraction combined with uniformity 
suggests that the notation for dealing with exception 
conditions should be /lfU/ra/ with respect lO variOUS 
implementation tcchniques for handling exceptions. In 
Reference 8, a notation for exception handling is proposed 
that can be implemented using status variables, return 
codes, subroutines passed as parameters, or Pl./1 ON 

·conditions as implementation methods for dealing. with 
exceptions, depending on the iogical constraints associated 
with the exception. The point is that the notation shouid 
permit a programmer to deal with the abstrae! concept of 
an exception, without being tied down to implementation 
details until he is ready to tune a system. This point is 
expiored in greater detail in the cited reference. 

Finally, applying the modularity principie to notational 
matters means expioring how the structural constraints 
imposed by a syntax can help to achieve sorne purpose. For 
example, the goal of understandability is enhanced by 
JOVIAL's syntax for distinguishing input and output 
parameters, as opposed to declaring which parameters are 
Input p,arameters but not distinguishing in the structure of 
the call which parameter is an input parameter. Of course, 
the JOVIAL notation degrades modifiability, in that should 
an input parameter ever be changed to an output 
parameter, all ca lis would ha ve to be mudified, whereas the 
localization inherent in a separa te declaration of read/write 
properties would not have this drawback. Human 
judgcment is used to make a tradeoff decision in this case. 
The point is that by considering the effect of syntactic 
structure on achieving sorne goal, we have shown how the 
modularity principie applies to notationai issues. 

In short, Figure 11 shows that it is equally possible to 
organize a discussion of aspects of the subroutine c,oncept_ 
in terms of principies as in terms of the fundamental 
process/pattern. (As an exercise, the reader might consider 
what principies are satisfied or degraded by the notational 
concept of optional arguments.) 

The analysis in Figures 8, 9, 1 O, and 11 is only the 
beginning of a complete explication of the subroutine 
cuncept, but we hope our discussion has shown that by 
recursivety applying the framework, in conjunction with 
hierarchical decomposition, organized and insightful expli· 
cations can be developed lo account for the virtucs and 
deficiencies of various software engineering purposes, 
concepts, mechanisms, notations, and usages. 

Conclusion 

Our intent in this paper has been to consolidate and 
structure ~~,rtware engineering idea~ into a coherent and 
merul rramewtqk for under!:.landing the role theSe ideas 
play. The pr 111;ipiC's, goals. ~nd pn,~·css steps COftlprising 
this fram~.·wo¡k :!.tt' not uur inHnllons; they have been 
recognized by ...:;.Hcful obse1 "~rs of !!oftware enginee.ring for 

'rnany years. We ha ve rn~rely Jttemptt:d to pre~nt these 
ideas in an urdcrly and wcll·defm~d way. We do not claim 
to h>ive ideutified all the imrortant principies or goals 
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HOW DOES A PROJECT GET TO 
BE AYEAR LATE? •••••• 
ONE DAY ATA TIME. 

NO SCENE FRO~I PREHISTORY is 
ljuitc so vivid as that of the mortal 
~trugglc5 of grcat hcasl~ in thc tar. pits. 
1 n thc mind\ cve onc se es dinosaurs, 
mammoths, and s;ahcr-tOoihcd tigcrs 
slruggling agaimt thc grip of thc lar. 
Thc ficrccr thc !i.lrugglc, thc more en
tangling thc tar, and no hcast is so 
!.lrong or so skillful but that he ulti
malcl)' sinks. 

L:ug~o:-\ystcm programming has. ovcr 
thc pas.t dccadc hccn such a lar pil, and 
many grcat am.l powcrful hcasts have 
thra'lhcd vinknilv ·¡n it. Mos.t have 
Clllcrgcd with r~nning systcm.~o--f~w 
h~vc mct goals, .~ochcdulcs, and hudgcts. 
Largc amJ s.mall. ma\sive or wiry, tea m 
olfter tea m ha!-. hccomc cnlanglcd in lhc 
''''· No onc rhin~ !<lccms ro cau'c thc 
Uillkulry-any particular paw can be 
pullcd away. Hut thc accumulation or 
!<limultancou' and inlcracting factors 
hrings slowcr anU slower m01ion. 
Evcryonc sccm' ro have hcen surpri~cd 
hy thc slickinc.\'i nf the problem, and it 
i!<l h;_¡rd ro disccrn rhc nalurc of il. But 
wc musl try lo undcrstan·d it if wc are 
lo .o.oh·e Íl. 

More .o.ofrwarc projccts have gone 
awry for lack of cakndar lime than for 
all othcr cau .. l!.o. comhincd. Why is this 
ca .. c of di.o.a!<ltcr ~o cummon? 

Firsl, our tcchni4liCS of cstimating 
are pnorly dcvl'lllpCd. ~ton.· ~criPmly, 
lht·y rc0L'I . .'I an ~Jnvuiccd :1\\umption 
whi¡;h ¡, 411itc untrue; i.e .. lhat al\ will 
!!n .... cll. 

SL·coJH.J. 1111r ~.~stimating tcchniqucs 
L•ll:.trÍtl\t\1\· ¡;t~nfu .... · i!lfnn wilh prng. 
rt'''· hiJ•nJ.! thc ·'"'unpti''" that mcn 
and nh1nth' ;u e •nh:1chanp.cahle. · 

·¡ htrd, hl·~o:aH\C ....,.~,.. ar~.· lllh.'L'rtain of 
our c .. run;JIL'\, software mana¡::crs oftcn 

By Frederick P, Brooks, Jr. 

lad. the courteous stubhornnes.s rc
quired to makc peoplc wail for a'good 
producl. 1 

Fourth, schcdulr. progress is poorly 
monitorcd. Techniques preven and 
routine in othcr engmeering di!tciplincs 
are considcrcd r3dical innovations in 
software cnginecring. 

Fi[lh, whcn >chcdule slippagc " rcc
ognizc:d, the natural ( and tradit1onal 1 
respon!te is to add manpower. Like 
dousing a tire with ga!ooolinc, this malo.t~!l 

mattcr!-1 wurse, much wor!i.e. More tire 
rl.!quirc~ more ga\oline and thu!<~ hc.·gins 
a rcgencrative cycle which ends in dis.· 
aster . 

. Schedule monitoring will be CO\cred 
later. Let us now considcr. othcr as
pccts of the problem in more detail. 

Optimism 
All programmers are optimists. Per

haps this modern sorccry espccially at
tracts thO!!.C who helieve in happ)' cnd
ings and fairy godmothers. Perhap, thc 
hundreds of nitty fru~trations drive 
away all but those who hahitually fo
cus on the cnd goal. Perhaps it is mcre
ly that computers are ~·oung, program
mers are younger, and the young are 
alwars optimists. But however the _sc
lection proces!o works, the result is in
disputable: "This time it will o;,urely 
run." or "1 just found thc las.t hug." 

So thc first falsc assumptiorl thai 
unlkrlic!ro the scheduling of s)'stcms 
pr0gramming is that al/ M·i/1 gn K'tll, 
i.e .. thar tcJrh ta.rk M·ill takt 011/.v as 
louJ: 1U 11 "ou~:ht" to takt. 

'1 hL' pl'T' a .. ivene.o.s. of optimi.o.m 
.JillllOC prn¡pamm~r' dcserves more 
th:.tn a Hip anal} !<lÍo;,. Dnrothy Sayers, in 
hcr eucllcnt hook, Tht hfind o/ tht 
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thrtc \l4t~n thc !dt'Ól, the lmpkmcntil· 
tit~n, and thc mtcractwn. A booL, then, 
or .a C<•mruter, or a prngram CllffiC!io 
lllhl ni.,:cnce f¡n,t a~ an nJeal con· 
~lruct, hullt ClU\!.Ídc time and !!.pace 
but <.:ompktc in the mind of thc au
thor. It Í!i .rcalized in time and !!.pa~c 
h) pcn. in k., and paper. or by wire, 
!.111Con. ond ferrile. Thc creation is 
l.'lHTiplete when s.omeonc rc:ad!io the 
hook., U!ioe!l the cornputer or rum the 
program, thereby interacting with the 
mind or the maker. 

Thi!. de!tcription, which Miu Sayen 
U!ICS to illuminate not only human cre
ative activity but also the Christian 
thJCtrine of the Trinity, will help us in 
0ur pre!>ent task.. For the human mak
tr~ of things, the incompletenes!.eS and 
incomistcncies of our ideas become 
clear only during ímplementation. 
Thus it is that writing, t:xperimenta
tion, ··working out" are e~~ential disd· 
plines for the theoretician. 

In many crea ti ve activities the medí
u m of cxecution is intractable. Lumber 
splits; paints smear; electrical circuits ~ 
ring. These physical limitations of the 

1
::

medium constrain thc ideas that may \ 
be expressed, and thcy also creatc un- -~. 

~ú expected difficulties in thc implemen- ¡:s;. 
tal ion. 

lmplementation, then, takes time 
and s.weat h01h beca use of the physical 
media and hecau~e of the inadcquacies 
of the underlying ideas. We tend to 
hlame the physical media for mos.t of 
our implcmcntation dimculties: for thc 
media are not "ours" in the way thc 
ideas are, and our pride colors our 
jud~ment. 

. Computer progr<1mming, howcver, 
creates with an exccedingly tractable 
mcdium. The programmer builds from 
pure thoughH.tulf: concept!i and very 
flexihle repre!.entations thereof. Be
cause the medium is tractahle, we ex
pect few difficultics in implementation; 
hence our pervasive optimism. Beca use 
our ideas are faulty, we have bugs; 
hence our optimi!>m is unjustified. 

lr:t a single task, the assumption that 
all will go wt:ll ha~ a prohabili~tic cfTect 
cm the schedule. It might indccd go as 
plan'ned, for thcrc ¡, a probability dis. 
trihution for the deJ¡¡y that wi\l be cn
c\lUntered, and '·no dday•· ha~ a finite 
prohahdity. A J;¡rgc pro~r~mminf! ef. 
fort. h¡H,..,·cver. comish. of many tao;ks, 
~orne chained cnd-to-cnd. Thc proh
<~hihty thal C:ll"h wiJI !!ll \HIJ hl'~"1II11C'> 
\ani,hinl!IV ,mall. 

The mythical rnan-month 
fhc ~L'l"¡tntl L.1ll:tciom thti\J~hl llhh.IC 

1.\ C).prc.\\Ctl in thc 'Cr~ lHlll ,l( ,,:fT¡)fl 
11\Cd 10 c,tilllatin~ and \l"hnluling · thc 
m;•n-nhlfllh. lo'\ d11L'' 1ndn·J \:try a!-1 

the protluct of the number of mcn Otnd 
the numher nf month'>. Progres!l does 
not. Ht'tiC~ th~ man·month aJ a unit 
for mt'a.Jurin~: tht' siu o/ D job is Q 

dang~rous afld drc~ptÍ\'~ myth. lt im
plies that men and month~ are inter ... 
changcable. 

Men and month~ are intcrchange
able commoditie~ only when a ta~k can 
be partitioncd among many workers 
with no communication among thtm 
(Fig. 1 ). This is true of reaping wheal 
or picking cotton; it is not even ap
proximately true of ~ystem!l program
ming. 

When a task cannot be partitioned 

Mon 

Fig. l. The term "man-month" implies E 
that if one man takes 1 O months to do a E 
job, 10 men can do it in one month. This ~ 
may be true of picking cotton. 

hecause of sequential constrainh, the 
application of more efTort has no effect 
on the schedule. The bcaring of a child 
takes ninc months, no malter how 
many women are assigned. Many soft . 
ware tasli.s have this characteristic be
cause of the sequcntial nature of de. 
bugging. 

In tasks that can be partitioned but 
which rcquire communication among 
thc subtasks, the efTort of communica
tion must be addcd to the amount of 
work to he done. Therefore the best 
that can he done i!l !l.Omewhat poorer 
than an cv~;:n trade of mcn for months 
(Fig. 2 ). 

The addcd hurd.:n of communica
tion is made up of two parts, training 
and intercllffimunication. Each worker 
mu!l.l be trained in the technology. the 
goah. of thL- cllort. thc ovcrall !l.tratqn·. 
and thc plan of Wllfk. This training 
canOlll he partitioncd, ... o this par! of 
thc alhiL-J dfnrt vari..:\ \inc;.¡rly with the 
numbcr nf V~urkcrs. 

V. S. V)"'ilhky of fiel\ Tclcphlme 
t.;,I'Hir~l<lric~ c~timall'!. that a \;ugc 
projcct t.:an ~li~tain a manpLlWl'r hui\d
up of )lV( per )t:ar. \f,lrc than that 
strains ~nd cvcn inhihit~ thl' C\llluiJPn 
of the l''>'cntial inf<HJJl;.&\ ~!ru.:tur~: and 
it.., curnrnunicati.•n p:Jthv.iiY'· F. J. 

Corbató of M.IT pomu. out thal a long 
project must anticipatr a turoover of 
:!O.I"7'c per year, and new people m~st be 
both technically trained and integratrd 
1nto the formal slruc!Ure. 

lntercommunication is worse. H 
each part of the la!o.K must be !!Cparate
ly coordinated with each other part, 
the effort increase~ as n(n-1 )/2. Three 
worken require three times as much 
pairwi~e intercommunication as two: 
four require ~ix time~ as much as two. 
lf, moreover, there need to be confer· 
ences among threc, four, etc., workers 
lo resolve things jointly, mallen get 
worse yet. The added effon of com
municating may fu11y counteract the 
division of the original taslt and bring 
us lo.ack to the situatioo of Fig. 3. 

Since software construction is inher
ently a systems effort-an cx.ercise in 
:omplex interrelationships-commu
nication effon is ¡real, and it quickly 

Mon 

Fig. 2. E ven on tasks that can be nicely 
partitioned among people, the additional 
communication required adds to the to· 
tal work, increasing the schedule. 

....... 
•.''• 

~ • •• •.,. J ••• ' 

Mon 

Fig. 3. Since software construction is 
complex, the communications overhead 
i~ great. Adding more men can lengthen, 
rather than shorten. the schedule. 

·. 



dllTliiO<Jit:' the dl'\:rc.a~e 10 Jnd¡v¡du.al 
la\k 11me hH'ughl .abo.11 hy par!JIIon
ln~ . .t\ddJn}! more: mcn then len}!thcm, 
not \honcm., lhc \Chedule. 

Systems test 
No p~tn~ of the ~chedule are so thor

oughly affC:cted by !.equential con
straints as componen! debugging and 
system test. Furthermore, the time re
quired depends on the number and 
subtlety · of the errors encountered. 
Theoreticall)' this number should be 
zero. Because of op1imism, we usua11y 
expect lhe number of Ougs lO be small .. 
er than it turns out to be. Therefore 
lesting is usually the most mis-sched
uled part of programming. 

For sorne years 1 ha ve been success
fuli)' using the following rule of thumb 
for scheduling a software task: 

~. planning 
\, coding 
1 .. ~ component test and early system 

test· 
~~ S}'Stem test, all components in 

hand. 
This differs from conventional 

scheduling in severa! important ways: 
l. The fraction devooed lo planning is 

larger than normal. Even so, it is 
be~:rcly enQugh to produce a de-

5 

49 
of the !>Chcdule. 

In c\amin1ng conventionally !>Chcd· 
ulcd projects, 1 h~tve found that fe\lt. 
allowed onc-half of the projectcd 
!>Chedule for testing. hut that mo\t did 
indeed spend hall of the actual .ched
ule for thal purpose. ~1anr of these 
were on schedule until and except in 
system testing. 

Failure to allow enough time for 
s)'stem test, in panicular, h peculiarly 
disastrous. Since the del~)' comes at the 
end of the schedule, no' ene is aware of 
schedule trouble untit almost the deliv
ery date. Bad news, late and without 
warning, is unsl!ttling to customers and 
to managers. 

Furthermore, del ay at this point has 
unusually severe financia!, as well as 
psrchological, repercuS~ions. The proj. 
eco is fully staffed. and cost-per-day is 
maximum. More seriously, the soft
ware is to Suppon othCr business effort 
(shipping of computers, operation of 
new facilities, etc.) and the secondary 
cosos of delaying these are very high, 
for it is almost time for software ship· 
ment. Indeed, these secondary costs 
may far outweigh all others. 1t is there
fore very important to allow enough 
system tesl time in the original sched
ule. 

1 r-
1 \ 

e o 
4 1 

1 

3 Training 

e: 
A 

complete 
"' ~ 

2 
5 programmers 
for 7+ m/m 

o 
1 4 5 6 7 8 

Months 
Fig. 4. Addins manpower toa project which is late may not help. In this case, suppose 
three men on a 12 man·month project were a month tate. lf it 1.\:.kes one of the three 
an extra month to train two.new men, the project will be jusi as late as if no ene was 
added. 

tailed and !oolid !~pc:citication, and 
not cnnugh to inclut..lc rc\carch or 
e~ploration o( tot.ally new tech
niqLie5.. 
Thc ha/.1 of thc ,chL'dule dcvnted to 
t..lchLJgging of comph:tcd ende, i!l. 
mw.:h I<Jrgcr than nurmal. 

J. Th..: p>art that i!l ea\y tn C!ltimate, 
i.e., 1.:oding. 1' givcn nnly one-\ixth 

Gutless estimating 
Qh,erve that for the programmer, as 

for thc chef. ohe urgcncy of ohe paoron 
may go\'crn the \Chcduled complction 
of the.ta\k, hut it cannnt go\·crn the 
CJCtuí.tl l:omplction. An omclclle, pwm. 
i~cd in ten minute!~, ma} -.pp&:í.tr lo he 

· progrc,~ing nicci} .. But \lt.hcn it ha!l not 
\Ct in ten minute!>. thc Clhtomcr ha!!. 

.. S'G. 
two choice!~-· wait or eat it. ra\lt.. 5oft
"" are cu!ltomer!l han: had the 'ame: 
choice!~. 

The co0k ha!> another choice: he <:an 
turn up the he a t. Thc re5oult is ofl~n an 
omelene nothing can save-hurned in 
one pan, raw in another. 

Now 1 do not think software man· 
agers have les!. inherent courage and 
firmnes!l. than chers, nor than other 
engineering managers. But false sched
uling to ma11:h the patron's desired 
date is much more common in our 
di!!.cipline than el!lewhere in engincer· 
ing. lt is very difficult to make a vigor
ous, plausible, and job-risking defense 
oi an estimate that is derived hy no 
quantilative method, supported b) lit
tle 'data, and cenified chieft)' by· the 
huÓches of the managers. 

Clearly two solutions are needed. 
We'need to develop'and publicize pro
ductivity figures, bug-incidence figures, 
estimating rules, and so on. The whole 
profession can. only profit from !lharing 
such data. 

Until estimating is on a sounder ba
sis, individual managers will nced to 
stíffen their backbones, and defcnd 
their estimates with the assurance that 
their peor hunches are better than 

·wish-derived estimates. 

Regenerative disaster 
What doe5. one do when an essential 

software project is hehind schedule? 
Add manpower, naturally. ·As Figs. 1 
through 3 !luggest, this may or may not 
help. · 

Let us consideran example. Suppose 
a task is estimated al 1 ~ man-months 
and assigned to three men ·tor· fOur 
months. and 1hat there are mea!iurahlc 
mileposts A. B. C. D. which are '<hcd
ulcd to fall at the end of each mlmth. 

Now -.uppm.e the fir!it milepo!it ¡, nnt 
rcuched untiltwo munths ha ve clap~ied. 
Wh"at are lhe ahernatives facing the 
maOager? 
t. A~~ume that the task must he done 

.. oÓ time. A!lsume that only the fir!il 
pan of the task was mi!iC\IimateJ. 
Then 9 man-months of cffor1 re
main. and two months, so 4 1.'1 mcn 
will he nc~dcd. Add 2 men to thc .'\ 
as!loigned. 

2. A~~um-: thal the ta\k mu\t he done 
on time. A"ume that thc "":h~.,te 
e~limate wa, uniforml) low. Th~.:n 
18· man-mnnth' of eff lfl rema in, 
and two month\. \O o mcn wilf he 
necdcd. Add ó mcn tn thc '\ a'· 
'igncd. 

3. Rc,,;hl·t..lulc. In thi, C>a\C. 1 li~c 1hc 
a ~oh ir.: l.' gi\ l:O h~ an C\PL'rlcm:c.·d 
h.srd~,~.·.arc ,:n~in .. ·cr. ··Take no 'rnall 
,¡¡p., ... fh .. ll ¡,. ¡¡JJ~'"" .. ·nmLg.h lime 
in thL' m·"" ,¡,;hl:duk 10 en·.urc thal 
the ~dr~ c.an he carefull} ¡¡,nd 



thor"11~:hh. d.•n~.:. "nd that ,._.,lhcd· 
uhn~· .,..¡~¡ 11111 ho.~' e lo ht: ~oh,nc 

i:lt'AIO 

4 1 nin thc la,k. In pral·t•cc thi) 
h:nd\ to happt:n dO)">.J.a)", once the 
lt:am t'h-.nvc' .. d~t·dule .. hppage. 
\\'he re the \ccondosry co\h of de la y 
are \'CTY high, thi., ¡., thc only feas
ihle acti~n. The rnan•·~cr"\ unly al
tcrnati .. ·es are to trim it formally 
<~nd CO:Jrcfull), lo rc)chcdule, or to 
"-'dtch the task. gel )ilcntly 1rimmed 
by hao;ty de<oign and incomplcte 
te')ting. 

In thc first two cases, imisting that 
thc unahercd tasl;. he cOmpleted in four 
months is disastrous. Comider the re
FCnt:rative effect!t, for ex.ample, for the 
fir,t alternati..-e (Fig . .t prcceding pagc). 
The rwo new men. howcver compclent 
and however quidly recruited, will re
quire lraining in the \(1!,\;. by one or the 
C\perienced mcn. lf thi!t takes a month, 
3 man-monlhs M·ill ha\'t' hun dt\'Otrd 
to M'ork nol in thr original rstimatt'. 
Furthermore, the ta\k, originally parti
tioned lhree way~. must be repani
tioned into tive pano;, hence sorne work 
itlready done will he lost and system 
te~ting must be lcngthcned. So at the 
end of the third month, substantially 
more than 7 man-months of eflor1 re
main, and 5 trained pcople and one 
month are available. As Fig. 4 suggests, 
thc product is just as late as if no one 
had been added. 

To hnpe to gel done in four months, 
·-.:or.\idcring only training time and not 
rt.·partitioning and extra !tystems test, 
would rcquire adding 4 mcn, nol 2, at 
thc end of lhe second month. To cover 
rcpartitioning and \)"!oolem test effects, 
une would havc to add still other men. 
Nuw, howevcr, one ha~ al least a 7-
man lcam, not a 3-man one; thus such· 
a'pccts a\ tcam org;mization and task 
divi.,iun íirc dillcrent in l;.ind, not mcre
ly in dcgree. 

Ntllicc that hy 1hc cnd of lhe rhird 
month thing~ loul vcry hlack. The 
!\1arch 1 milc,tone has not hcen 
rc;H.:hcd in !.pite of all thc managcrial 
clfort. Thc tempt<ttion is very strong to 
rcpeat !he cyclc, aJding yct more man
powcr. Thcrein lic' madncss. 

Thc forcgl1ing as.,umcJ lhat only thc 
flr,l milc,tonc v.as nli'c'ti'matcd. U on 
\.br~.:h 1 une m;1Les the comcrvativc 
o.~\\umption that the wht,lc schedule 
.,.,a~ optirni,tit· une wanb lo add 6 mcn 
ju,t lo thc origtnal ra,l... lakulatinn of 
lhe lro.~unng. rt:p:,nirioning. 'Y'Icm 
k\lllll! ... ·H ... ·l·l'- )\ Id! .J\ .111 C"H'I(Í\l' Íllr 

thc H·;,der. \\'nh,HII a Jouht. thc rc· 
~l·n..:ratiH dl\:J\Icr will )"icld a plHtrt·r 

pf¡IJ\11.."1 lakr. than W11Uid fl:~chcduhng 
"-llh thL· orig•nal thrcc mcn, llnau~
fllL"IIIl'd. 

(),~..·r,uHplif~tn!! outra~cl•u'l). ~e 
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Add•ng rnanpower to a late 

software-project makes •t la ter. 

Thill rhcn i~ the dcrHythii\P¡;iJing 11( 

thc man-month. Thc numhcr of 
month~ of a projcct dcpcruh upon j¡., 

-.cqucntial comtraint\. Thc ma\imum 
number or mcn dcpcmh upon tht: 
number of indcpcndcnt ~uhtJ.\b. From 
these twu quantitiC!io onc ~:an derive 
~chcdulc!a U\ing fewer mcn and more 
month!io. (The only ri~k is product oh
!.Oie~ccnce.) Onc cannot, hn"'·c .. ·er, gel 
workable schedules U"'ing more mcn 
and fewer month!lo. ~h•rL' ,uflware 
projeCI.!. ha\'c gane a>Ary fur la~..-k of 
calendar time than for all olh...-r cames 
comhined. 

Calling the shot 
How long will a systcm program

ming job takc? How much dfort will 
he rcquircd? How doc~ une C\timate? 

1 have carlier sugge.!.tcd ratios that 
~ecm to apply lo planning time, cod
ing, component test, and ~ystcm test. 
First, one must say that onc does not 
estímate rhe entire task. by e5olimating 
lhe coding portian only and then ap
plying lhe ratios. The coding is only 

"' .r; 5,000 ... 
e: 
o 
E 
1 
e: 4,000 "' ::;! 

3,000 

2,000 

1,000 

Pnt··!!l\lh nr \O Lll thc pruhlcm. and 
c:rrnrs in it!oo e'IHTJatc or rn the rallll~ 
could h:ad In ruiKuloU'• rc ... ull.\. 

Sc .. ·ond. OnL' mml \:JY that Jata for 
huildin~ ¡,p)atl'd _,mall. prngr~,m~ are 
Olll applicahl .. · hl r•~lgramming S)stem!. 
pn•ducts. f~,r a program' av'crag:ing 
ahoul J.::!OO wnrd!o., for C).amplc. Sad •• 
man, Eri~'on, and Grant repon an 
<I\'Crage COdl"·piU.!o-dchug li:Oe OÍ ahoUI 
17H hnurs for a single prngrammer. a 
figure which would e\lrapolate to gi .. ·c 
an annual produclivity oC 35.XOO o;tate
mcnh per year. A program haH that 
\tle tnol.. lc!.s !han one-fourth as long, 
and extrapolated productivily jo; almost 
KO,OOO stalements pcr year.Jll. Plan
ning, documenlation, testing. systc:m 
integration, and lraining times must he 
added. The linear. extrapolation of 
such !tpring figures is meaningless. Ex
trapolation or times for the hundred
yard dash shows that a man can run a· 
mi le in under threc minutes. 

Befare dismissing them. however, lct 
us note that these numbers, qJ;hough 
not for striclly comparable ptohlems, 
suggesl thal efforl goes as a power of 
size rv~n when ''no communication is 
involved except' that of a man with his 
memories. 

;:1 

lncomplete 
\ 

t.; 
l. 

/ 
/ 

/ 
/ 

200 300 400 500 600 700 
Thousands of machine instructions 

Fig. 5. As a prüjt-ct\ tump!txity increases, the number of man-months rt>quired to 
complete it goes up e~¡.¡ur1tn!1ally. 



Flf! ~ tcll-. th(' \otd !lolury. lt lllu\tratt!> 
rnult!> rcrtlrtt:d fwm a !>llJd) dunt' hy 
~dOU!Io and Farri:·J al Sy!.tcm Dc .. elnp· 
m~:nt Corp. Thl!l. !>hl\V.'t an e~ponent of 
1.~: th':tt i!i, 
eflorl ~ lconstantl)' (number of m~tructions)l• 
Anothcr soc· !ltudy rcported by Wcin
wurmFII &~l!>o !.hows an c>.ponent near 
1.5. 

A fi:w !'.ludies on programmc:r pro
ductívity huve bcen made, and severa! 

Prog. Number of 
unitl programmers 

OperatiOnal 50 83 

Maintenance 36 60 

Compiler 13 9 

Translator 15 13 
jOata anembler) 

c.:'>timating ttchnique!lo have been pro· 
po~ed. Morin has prepared a survey o( 

thc publi,hcd data.l•l Here 1 >hall 
give only a few itcms that seem espe
cially illuminaling. 

Portman's data 
Charle!. Portman, manager of ICL 's 

Software Div., Computer Equipment 
Organization (Northwest) al Man
che!.ler, oft'ers another use!ul personal 

Years 1 
Man- Program Wordsl 
years words · man-yr. 

4 101 52,000 515 

4 81 51,000 630 

2Y. 17 38,000 2230 

21\ 1 1 25,000 2270 

Table l. Data from Bell labs indicates productivity differences between complex 
problems (the first two are basically control programs with many modules) and less 
complex ones. No one is certain how much of thé difference is dueto complexity, how 
much te the number of people invotved. 
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Fig. 6. Belllabs' experience in predictir'lg programming effort on ene project. 
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Fig. 7. Bell's predictions for debugging rates on a single project, contrasted with 
actual figures. 
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He found h1!1 programming team!. 

mi!l~mg ~chedule~ hy about one-haH-· 
each job wu taking apprmam~tel)· 
twice u long &!. e~timated. The esti
male!io wcre very careful, done hy ex
perienced teams estimating man-houn. 
for ~everal hundred !.Ublasks on a PERT 

chart. When the slippag< pallem ap
peared, he asked thcm to keep ca~eful 
daily Jogs of time usage. These !.howed 
that ahc eslimating error could he, en
tirely accounted for by the fact that his 
teams wcrc only realizing .SO% of the 
worldng week as actual programming 
and debugging time. Machinc down
time, higher-priority !.hort unrel~ted 
jobs, meeting!!., paperwork, company 
bu!liness, sickness, per5onal time,. etc. 
accounted for the rest. In short, the 
estimates made an unrealistic assump. 
tion about the number of technical 
work hours per man-year. My own 
experiencc quite confirms his conclu
sion. 

An unpublished 1964 study by E. F. 
Bardain shows programmers realizing 
only 27% produc1ive time.l'l 

Aron's data 
Joel Aron, manager of Systems 

Technology at tHM in Gaithershurg, 
Maryland, has studied programmer 
productiVity when working on nine 
large systems (hriefly, larg~ mcans 
more than 25 programmers and 30,-
000 .deliverable instructions). He di
vides such systems according lo ínter- 1 

actions among programmers (and sys. 
tem parts) and finds productivities as 
follows: 

Vtr~ ft• inter1clion1 
Some interubons 
M•nr +nttrlthona 

10,000 instructions P•r 11\lft...JUf 
!.000 
1.>00 

The man-years do not include sup
port and system test activities, only 
design and programming. When these 
figures are diluied by a factor of two to 
cover system test, they clos~Jy maich 
Harr's data. 

Harr's data 
John Harr, manager of program

ming for the Bell Telephone Labora
tories' Electronic Switching System, 
rcported his and othrrs' experience in a 
paper at the 1969 Spring Joint Com
puter Conference.l6 1 These data are 
shown in Table 1 and Figs. 6 and 7 : 

Ot the>e, Fig. 6 is the mosl detailed 
and the most u\dul. The first two jobs 
are basically contwl programs; the sec. 
ond two are ha!lically language transla. 
!Ot\. Productivit) ¡, !lotatcd in terms of 
debugged v.ord~ pcr man·)·ear. This in· 
eludes programnung, Cl•mponent test, 
and s)·stem test. lt i!. nut clear how 
much of the pl~nning effort, or cft'ort 
in machine support, writing, and the 



h~t:. Í!. inclw.h·d 
The pr,ldut.:ti .. I\IC~ llk~:wi\C fall into 

tv. ¡1 i.:la_~o,¡fic<JIHln\. tho\C fpr C<1nuol 

p111~TíJTn~ are ahout 600 v.nrd.., per 
lli.Jn-ye:H; tho_~e for tr<Jn.,lator\ are 
... hout ~.~00 word!. per m:.tn-year. Note 
that <~11 fllUT pro~r<Jm-' <He of !.imilar 
o.,¡zc-the .,.ariati-on: Í\ in !.ÍH of the 
~o~.ork gr.,up.,, Jcngth of time, and num
ber of module!.. Which Í!io cau!)e and 
whi..:h h effect? Did the control pro.... 
gr.,m!i. require· more peuple hccause 
they werc more complicated? Or did 
they require more modules and more 
man-month!. becau!iot they were as
!ioigned more people? Did they take 
longer hecause of the grcater cornp1ex
ÍI), or becau'l.e more pcople were as
..,¡!;nt:d? One can't he su re. The control 
programs were surely more complex. 
The!)e uncertainties aside, the num
b~:rs de'l.cribe the real productivities 
achieved on a large system, using pres
ent-day programming techniques. As 
!iouch they are a real contribution. 

Figs. 6 and 7 show sorne interesting 
data oc programming and debugging 
rates as compared lo predictcd rates. 

05/360 data 
lB M os/ 360 experience, while not 

available in the detail of Harr's data, 
confirms it. Productivities in range of 
600-800 debugged im.tructions per 
man-year were experienced by control 
program groups. Productivities in the 
1,000-3,000 dehugged instructions per 
man-year were achieved by language 
translator groups. These include plan
ning done by the group, coding com
ponen! test, system test, and sorne sup
port activities. They are comparable to 
Harr's data, so far as 1 can tell. 

Aron's data, Harr\ data, and the 
os/360 data all confirm !ltriking differ
ences in productivity related to the 
compl<xily and diflicuhy or lhe lask 
itself. My guideline in thc morass of 
estimating complex.ity is that compilen 
are three times as b.ad as normal batch 
application programs, and operating 
sy!iotcms are three times as bad as com- · 

.. pilers. 

Corbató's data 
Bolh Harr's dala and os/ 360 dala 

are for asst:mbl)' language program
ming. Little data secm to have beco 
publi!.hed on sy~tt:m programming 
productivity u!ling hi~hc:r-level lan
guagCs. Corható uf Mll's Project MAC 

reports, however. a mean productivity 
of 1.~00 lint:s o( debugged PLII state
menll pe_r rnan-)'car on the MUL ncs 
sy~tem (hctY.een J and 2 million 
\loOfd!io}I1J 

This number is very ex.citing. lik.c 
the other projects, MUl ncs includes 
control progríirn~ and l<s.nguage tran!.la-

10n.. Like the others, it h producing a 
~ystem programming product. te!)ted 
and documented. The data scem to be 
,omparablc in tcrm~ of kind of effort 
includcd. And thc productivity numher 
b .a good íiYerage betwecn lhc control 
program .and tramlator productivitie!. 
of O!her projccu. · 

But Corh.ató'~ number is litlts per . 
man-ycar, not h-'Ords.' Each statement 
in his sy~tem corrcsponds to about 
three-to-five words of handwrittcn 
code! Thi~ suggests two important con
clusions: 
• Productivily secms constant in terms 

of clementary statcments, a conclu
sion that is rca~onable in _terms of 
lhe thought a !iolatement requires and 
the errors it may include. 

o Programming productivity may be· 
increased as much as five times 
when a suilable high-leve! language 
is used. To back up thcse condu
sions, W. M. Taliaffero also reports 
a constant productivity o( 2,400 
statements/year in Assembler, FOR

TRAN, and coeoc.l'l E. A. Nelson 
has shown a 3-to-1 produclivity im
provemeot for high-level language, 
although his standard deviatioos are 
wide.IVJ 

Hatchin¡¡ e cBtestrophe 
When· one hears or disastrous sched

ule slippage in a project, he imagines 
that a series of majar calamities must 
have be[allen il. Usual!y, however, lhe 
disaster is due to termites, not toma
does; and lhe schedule has slipped im
perceplib!y bul inexorably. Indeed, 
majar .calamities are easier lo ·handle; 
one res'ponds with major force; radical 
reorganization, the invention o( new 
approaches. The whole team rises lo 
the occasion. 

Bul lhe day-by-day slippage is hard
er to recognize, harder to prevent, 
harder lo make up. YeSierday a key 
man was sick, and a meeting couldn't 
be held. Today lhe machines are al! 
down, hecause lightning struck the 
building's power transformer. Tomor
row the disc routines won't start test
ing, beca use lhe first disc is a week late 
from !he [aciOry. Snow; jury duly, 
family problems, emergency meetings 
with cusiomers, exeCutive audits-the 
1ist goes on and on. Each one only 
postpone~ sorne activity by a ha1f-day 
or a day. And the schedule slips, ooe 
da y al a time. 

How does one control a big project 
on a tight ~ch~dule? The first step is to 
havt a !iochcdulc. Each of a lis! of 
events, called milc.,tone~. has a date. 
Picking thc date.~o is an e!iotim;¡,ting prob
lem, disl."u!io!iotd alrcady and cn1cially 
dependen! on e.\pcrience .. 

For picl.:.ing the mik~tüne~ thtre is 

only one relevan! rule. Mileuones mu:¡,t 
be concrete, ~pecific. rnea!iourablc 
events, dcf1ned with k.nife-ed~e sharp
ne!io!io. Cl'ding, for a counterexample, is 
"90% fmi~hed'' for half of the' total 
coding time. Dchuggiog is "99% com
plete" mosl of the time. "Pianning 
complete" is an cveot one can proclaim 
almost at wiJJ.IJOJ 

Concrete milestones, on the other 
hand. are 100% cvents. "Specifications 
signed by architects and implement
ers," "source coding J 00% complete, 
keypunched, cntcred into disc 1ibr.ary," 
"debugged versioo panes all test 
cases." These concrete milestoncs de
mark thc vague pha~es of planning, 
coding, debugging. 

lt is more importaot thal milestones 
be sharp-tdged and unambiguous lhan 
lhal lhey be easily verifiab!e by lhe 
boss. Rare!y will a man lie aboul mile-

None lave 
the bearer of bad news. 

Sophocl" 

stooe progress, i/ the miJestonc is so 
sharp that he can't deccivc himself. 
But if the milestone is fuzzy. the boss 
often understands a different report 
from that which the man gives. To 
supplement Sophocles. no one enjoys 
hearing bad news, either. so it gets 
sohencd without any real intent to de
ccive. 

Two interesling studics of estimating 
behavior by government contractors 
on large-scale developmcnt projects 
show that: 
l. Estimates of the lenglh of an activ

ily made and revised carerully 
e'vcry two weeks before lhe activity 
starts do not significantly ch~nge as 
thc start time draws near, no mat
ter how wroog they ultimately turn 
out to be. 

2. During the aclivity, ovtrestimates 
of duration come steadily down as 
the activity procceds. 

3. Unduestimaus do nol change sig
oificantly during the activity until 
about threc weeks befare lhe 
scheduled completion.llLJ 

Sharp mile5otones are in fact a ser
vice lo the team, and one they can 
properly expect rrom a manager. The 
fuzzy miles tone is the harder burden to 
Jive with. lt is in fact a millstone thal· 
grinds down mora1e, for it deceives one 
about lost time until it is irremedi· 
able. And chronic ~chedule slippage is 
ot moralc-killer. 

"The other piecels late• 
A schedule !~lips a day; so what? 

Who gets. C'\cited aboul a one-da)' slip? 
Wc can make it up la ter. And the other 
piece ours fits in lo h líitc: anyway. 
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,. t\ hdwh.all 1lldfla!!c:r rer.:ogn¡ze, a 
n<,nphy~tr.:c.l talent. husllt, a~ an e~

~cnlidl., gil t ol J!rcat pi ayer' and grcat 
lcam~. lt i!lo lhc r.:haractcri\tic of run
ning fa,tcr thiin nccc~'ary, moving 
,o,)nci. than nct·n,ary, trying hardcr 
thi:in necc,~ary. lt h C\\Cntial for great 
progri:lmming teí.lm~. too. Hu!lotle pro
ddc:!io.lhc CU!!.hion, th~ rc!locrve capacity, 
thilt cnablc!lo a tea m to cope with rou- . 
tine mi!lohap~. to anticípate and forfen~ 
minar .. calamitie~. The calculated rc
~pome, the measured effort, are the 
wet blank_eh that dampen hu!alle. A!. 
we have !locen. one mtHI get e\cited 
¡¡hout a (lne-day !lolip. Such are lhe ele
mcnt~ of r.:ata~trophe. 

Rut not a JI one-day ~lips are equally 
di~a!l.trou!lo. So sorne calculation of re
!apon'c i!a nece!>\ilf)', though hu!allc be 
dampened. How does one tell which 
slip!!. "!illler'! There i!lo no suhstitute for 
a Pl:RT chart or a critical-path !!.Ched
ule. SL1ch a ne1work !!.hOW!. who waits 
for what. lt !>how!lo who is on 1hc criti
ca! pa.lh, ~·hcrc any slip moves the 
end date. 11 aho !!.hows how much an 
activit)· can !<.lip hefore it movcs into 
1hc critica! p<ilh. 

Thc' PERT tcchnique, strictly !!.peak
ing,. ist· an clahoration of critical-path 
~rochedu~ing in which onc c!l.timates 
three time!!. for cvcry evcnt, time!lo cor
rc!>ponding In diffcrcnt prohahililies o( 
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meclin~ the c~llmatcd diJin. 1 do not 
ftnd thh rcfmc..:mcnt to be worth the 
extra etfort, but for brevity 1 will cal! 
any critica! path Ot'lwork a 1'1 R 1 chart. 

The prepar<ition of a PERl chart i!lo 
the most valuable part of it!a U!!r.C. Lay
íng out the network, identifying the 
dcpcndencies, and estimating the Jegs 
ull force a grea1 dcal of ver)' !!.pccific 
planning vcry early in a projcct. The 
first chart is alway!t terrible, and one 
invcnh and invcnt!l. in making thc !l.CC· 
ond onc. 

A!. the project procccd!a, the PERT 

chart provides the answcr to the de
moraliz.ing excuse, ''The other piece is 
late anyhow.'' lt .show!t how hustle is 
needed to keep one's own part off the 
critica! path, and it suggesb ways to 
make up the lost time in the other 
part. 

Under the rug 
Whcn a first-line manager !loees his 

!tmall tea m !alipping behind, he is rarely 
inclined 10 run to the bos!lo with this 
wue. The tcam might be ahle to make 
it up, or he should be able 10 invent or 
rcorganiz.e to ~Oh-'e the problem. Then 
why worry thc hms wi1h it? So far, so 
good. Solving ~uch prohlcms is exactly 
what the fif\t-linc manager is there 
for. And thc ho!lo~ does have cnough 
real worrie~ dcmanding his action that 

he due!>n't J.t'd othcr~ Sc1 all thc: d1r1 
gcl!!o !lo\Arcpt undcr thc rug 

Hui cvcr) hm!lo n.:t·d, 1~0 kind., ot 
information, ckccpt~t~n!lo for actiun and 
a !tlatU!> piL'Iurc fur cdu~o:ation.P:.:J For 
thaf purpo!ae he nccdJ. to know ttie 
stalu!. uf all his team!lo. Gening a ~lruc 
picture of that !lotatu!a i!lo hard. 

The lir!at·linc managcr'!!o intcrc!lob 
and those of the b .... ~ ha\·c an inhercnt 
conflict here. The rir!l.t-line manager 
fears that if he rcponJ. hi!a prohlcm, 
the boss will act on it. Thcn hi!lo action 
will preempl the manager's function, 
dimini!!.h hi11 authority, foul up hi!i. 
othcr plans. So as long as tht tñan
ager thinh he can ~olve it alone. he 
doc!tn't tellthe bo!as. 

Two rug-lifting tcchniquc!a are opcn 
to the bm!i.. Both must be uJ.ed. The 
first i!a to reduce the role confHct and 
in~pire !aharing of !alatus. Thc othér is 
to pnk the rug back. 

Reducing the role conflict 
Thc boss must .tir!lot distinguish be

tween action information and status 
information. He must discipline him
self twt to act on prohlem!a his manag
en can salve, aod ~~~~·n to act on 
prohlcms when he i> explicitlr review. 
ing status. 1 once knew a boss who 
invariahly pidcd up the phone 10 give 
orden. hcfore the end of the first para-
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Fig. 8. A report showing milestones and status is a key docu· 
ment in project control. This one shows some problems in OS 
development: specifications approval is late on sorne •tems 

· (those without "A"): documentation (SRL) approval is overdue 
on another; and one (2250 support) !S late coming out of alpha 
test. 

1 •. .l. . 



• 

¡.:J.1ph l!l ól 'l.ilu' IC¡',•r! 1 h.JI rt·,p~IO\l' 

1' ~·¡;.J/,IOin·,! h1 '4lil'~~-h ltdfl.h\t..'lll\U(C. 

<'~•n•~.·r,~:h. "'h~.·n lhl· m.an.J!!~r 
l..tll•~' ht' h1"' ~ 111 ... -.. ~.·pt .. lafll\ re
pnrl\ v.llh·•~tl p.Jntr.: 1-r prn:mplíon. he 
l"•IOH.'' hl t!l\l' hPOC\! .Jr'Pf.Jt,;tl\. 

1 hl\ v. h,•lc pr••Ce" '' hdpcd il !he 
hu .. , I.Jh~l' mt·t.:ting ... r~' tt:W\, conler
cnl'l''· ;.¡, \fcllu\-lt"~"lc'H llh'ciÍn!!' \'Cf\U\ 

¡•u•ht,·m-:;uion ffil't.'ltllt!'- anJ contruh 
h1nhdl al'C•HJingl~ Oh\ Í••t/\1> une 
ma~ l.·;dl .1 prnhlcm-a~IÍ•lll mt.·cring a~ a 
l'llll\C4tiCOCC O( a \lalU\ nll.'l'IÍng, tf he 
h~.:IÍ~\'l.'\ a prnhlcm Í\ ''lll of hand. But 
al lca\l c·Hryhody l..nmH v.hat the 
\C11rc Í\. and the ho ... , thinl~ twir,:c hc
ltlrc grahhing thc hall. 

Yanking the rug off 
Nncrthclc\\, it ¡., Ot'CC\\ary to havc 

rcvicw lcchniquc~ b}' which thc true 
,¡;¡IU\ ¡., made kn,lWO, whcthcr cooper
atively or nol. The t'I.R-1 chan with ils 
frc4111.!nl 'h•nr mih.'\tl•nc\ i~ thc ha~is 
fnr \UCh rcvi.:w. On a lar!!c projcCt onc 
may wanl to rcvi~.:w !'lome ran of il 
cach wcek, making thc ruumh once a 
month or !)O. 

A repon ~howing milc:~lonc~ and ac
tual cnmplctiom i~ thc kcy documenl. 
Fig. 1< tpreceding pa~e). !<iohows an ex.
ccrpt from ~uch a repon. Thi!i report 
... hows \ome trouhh:s. Spccifications ap
proval i~ overdue on ~cveral compo-
ncnls. Manual (SR l.) approval i!i over
due on another. and onc Í!t litiC getting 
out of 1hc first \la le e"' Ptu) of ~he 
inJependenlly Cll!lJm:h:d product test. 
So !<-uch a repon \Crvc\ as an agenda 
for lhe meeting of 1 Fehruary. Every. 
t\ne knows the «.JUestilJO.\, and the com
ponen! manager \hould he prepared to 
C\plain whv il's la le, v. hcn 11 will be 
finished, what \ICp!<io he\ laking, and 
"ha! hdp. if any, ht: nc-cds from the 
ho~s or collalcral groups. 

V. Vyssol~k~· of Bcll Tt:lephone 
l.ahnratorie\ atlds the following oh!ter
vation: 

1 hul't' fmmd it hundy to carry both 
"Jcl11·dulrd" and ··rllimatt>d" datn in 
tht> milrliCJIIt' rt>port. The schedul~d 
Jutes ar,• thr p(opt•rty uf tht' project 
mcmug!'r unJ rc·prr"lt'lll u cmuislt'nt 
M.'Ork platr /or thr projr•ct as a M·/wle. 
tmd onr k'llich i1 a pril1ri a rt'U.\Otwblt 

plan. Tht• t'.rlllllillt'd dtJtt'l tJTl' thr prop

c'tty of tlu· /ohc'JI lt'l'el mcmu¡.:n 11·ho 
hus co¡.:ni;:unct• Vl't'r rht· pit·ct' o_f M.'ork 

in qunrion. und lt'f"C.\'t•tlf:r hi.1 he:rt 
j¡¡¡/glllt'Jl( 11.\ lfi 1\'hc'fl it k'ifl (J¡'ffHJJ/y 

1/iif'PI'II. gil 01 lht• rc·.\uur(t'.\ lu hl1l 

d~ túfuh/c lllltl M. ltc•tl he· lt'Cc·n·,·J for hru 
t'lltlllilitlllt'trli /1•r c/c•/i¡·t'f) oj 1 hiJ prt'
tt'qllili" it~pllll. Tht> proit'CI ttWIItJJ.:t'f 

hm 10 At·~·p hi.• {irt~·c·rJ p{ltht• t'JI¡,tlfltt•d 

daUJ. and ¡mt thr cmrlw\1.\ tm gl'ltinK 
,u·curate. lm/!ialt',J ¡'.lflllltlft'.\ rarht•r 
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tlum palatahle opllmiJtic t'Hmwtt'l or 

Jc'lf·prot,'Ctil'r ccm.\t'fl'tJIII"t· ""~'-'· 011cr 
thi.1 i.1 clt·urly r.\tahlilhecl in r1 t'fl o,,.·.l 

mirrd. tht• projrct munugt't cu11 .H't' 

411itr a ,,.tJ_n inw tlu jut1uc· whot· ht• u 
gt•itiK to he in trouhlr i/ ¡,,. dot'_\1/'t do 
.\1 IIIU'thill 1:. 

The prcpara1ion of thc 1'1 1t 1 chart i!l 
a function of lhe hO\!. and th~,· m;,nag· 
cr~ rcpurting lo hiJT' '11._, upJ:cling. rC\'t
!<.ion. and rL·porling rcquirc" lhL· altcn· 
lion of ¡¡ \mall (one·IO·thrn-man) 
\tatT group which \crve~ a!t an ntcn
!.Íon of thc hm;. Such a "Pian!l and 
Control\" tcam i!l invaluahlc for a large 
projccl. 11 ha\ no aulhoril)' excepl lo 
ask al! lhc linc m<.~na¡!cr!t whcn the)' 
will havc !ooct nr changcd ffiilcstones, 
and whclher milcstoncs have heen met. 
Since thc Plam. and Controls group 
handle!t all lhe r<.~pcrwork. the burden 
on thc line manitg~.:rs i~ reduced to the 
es,cntiah-making the dcchions. 

We had a skíllcd, cnthusiastic, and 
diplomatic Plam and Controls group 
on the os/360 project, run by A. M. 
Pietra\anta, who dcvoted considerable 
invcntivt: talent to qcvi~ing effective 

.but unohlnl .. ivc control method!.. As 
a result, 1 found hi~ group lo he widcly 
respcctcd and more than tolcrated. For 
a group whose role i~ inhcrenll~· that 
of an irritant, this i~ quite an accom
pli~hmcnt. 

Thc invcstmcnl of a modcst amount 
of !'lkillcd clfnrl in a Plan~ and C~ntrols 
function i!l vcry rev.-arding. 11 makes 
far more dilfcrcncc in project accom· 
plishmcnt than if thcsc people worked 
dircctly on building lhc product pro
grams. For the Plan~ and Controls 
group Í!oo thc watchdog who renders the 
imperceptible dday\ vi!'loihlc ·and who 
poinl.\ up lhc crilic:¡l clcmcnts. 11 is the 
early warning s}'\lcm agaínst losing a 
year, onc da y al a time. 

Epilogue 
The tar pi! of ~oftware engineering 

will conlinue to he sticky for a long 
time· lo come. One can expcct thc hu
man r:1ce to continue attempting sys
tems jusi within or jusi he)·ond our 
reach: and software systems are per
haps the mosl intricale anu comjlle.x of 
man's handiworks. The managcment 
of thi!t complex crah wiJI dcmand our
hest use of ncw languagcs and syslems, 
our hest adaplatíon of proveo cngi
net'ring mana!;ement methl}ds, lihcral 
doses of common !<-ense; and a God
gi\'en humilíry 1u recognize our fallihil
ity and IÍQ"litatiom.. 
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In contrast to Dr. Brooks' prEo-sentatron, 
this portrait of failurc is for t11ose 

whó learn best from looking at bad examples. 

' 
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WHY 
PROJECTS 

ONI': UF 1 HE PRIMAR Y carr'c' fur 
thc (;ulurc or data proc~sing projects 
is that ~uch projects are nfrcn not ini

·rially Ucfincú, and thercforc may l:~ck 
a hcginnin~ aru.J an cnC. Once a project 
hru. hcgun, no onc \Ccm~ tCl know: 

• hoY. thc proJCCI W<t\ \lartcd: 
• whut thc c.talling i~. or was, al any 

eme point in time; 
• ""'hat <~cti"ilics. havc bcen pcr. 

formcd: 
• "'hcn thc.projcct will end; 
• "hill !he projccl will accomplish. 
E•'>Cnlially, hecause projeciS are rare-

ly formally dcRned, lhcy are rarely 
completed:. C'ompletion occur~ usually 
upon rhc l.lc:.~th--or n·~i¡mation-of 
thc u~ocr-·thc projcct ~crvi~.:cs, or whcn 
thc \)'\ICm ¡, duc for convcr~ion. Com .. 
plction ic. al\o a prcrcquif¡,ifr for MIC

ccc,\, hur. a projcct ¡~, comidcrcd. suc
cc..·,,lul onl>· if complctcd wi1hin lhc 
original time or hudgct C1i1Ímól!CIIi, nnd 
hy hnw ~·cll it 'ati.,.fic, thc uo¡cr's nrl!d~. 

An. un\lll'CC\dlll prnjcct, howcvcr, 
can h_c iJcnliticd durin{! .. cvcral phn\cs 
or it_.;_fHc c'yclc; and 1 'h:11l hcre rry to 
puint l•l 1hn\c vcry indk:ttors. 

Lo,!!_ic:JJI)·. ""Y prnjcct can he time
diviúcd into fivc di .. tinct phascs: 

a 1 .Pre-initialion pcriod (usamlly 
fne.Jsurcd in wccks or months) 

hl lnitiJtion period (mcasured in 
wcch) 

e) Projcct duration (in month~. or 
ycars) 

d 1 Projccl trrmination pcriod (in 
werko;; or months) 

,,: 
1
_ el Pos~-tcrmination pcriod. (occu~-

rin!! \CVl'l'al nwnths ·aflcr projcct 
terminal ion 1 

In c;u.:h fl( thc ~hove ph;"~\C!!, erran or 
commi,,ion n_r nrnÍ\\Ínn can hnvc mOl· 
jnr imP<H.'I upon !he \UCl'C\'i of !he lnlal 

'projl·cl. 

Pre-initiation period 
J) No \lam.J .• rJ, C:\L\1 for C\ti
mating h., ..... lnng lhl· rrnjl'l..'l v.ill ta~e. 
Th;•l ''· ~..·:•t.·h pr,•¡c~..·t ¡, trcat~..·d a .. a nl'W 
and no\'l'l ,~··,tcm v.·11h \omc indt\'idu;¡J 
rnp,,mihiL··for l''lirna11nn. Jli\ l'\limalc 
""ill h~..·.ha..,L'd u pon h1'ri o~ n umh•r\land

ing 11f llu.· projcct am.l ih la\h, and oÍl 
how ynicl.l)· lrr can accompli!lh the 

FAIL 
by Stephen P. Keider 

f 

'illht;¡,J,..,, l.ittl~..· '"¡:·¡, m~uk ,,,. a hi'h'r)· 
lik ol ..,jmil;•r prnjL'l'l'\ :tiHI ;~ctual v4.·r. 
.'rill~ ori~inall~ l'\limall:d'tilllL''· 
:! 1 ¡:,limalitlll ¡, nnl d''"" h~· 
lhL' prtlh;,hk prnjcrt lc:iúcr. 'hut rarha. 
hr "'ll'L'\'l'r happl'l1"- to he av:lil;thl~..· al 
cMunatin!! rim~o·. 
,l) ·¡ hl' projl'CI Í.\ Otlf iidt:qll:llcly 
úl'lincJ. ·¡ hl' rL'lJill'SI for an c.;tim:lll.' 
11\11:111> !ah· ... lhl· lt•rm or "Jnhn. wc'rc 
plannin~ "' r~..·dn thc payroll ,y ... tl'm. 
\Vhat dtl ~·nu Think it will TL'4tlirc'.'" 
"P;¡ywll" nwy rn4.'iln ¡¡ numhl·r ur 
dilkrcnl thin!!' ltl· lliiT~..·rcnt p~.·oplc. 
l>nt:' it invt&I\'C lahnr Ui'ritrihutinn'.' fll'f· 

sonrwl inlnrnwtinn'! kiiVC ;¡l'l'tUIIlling'! 
\alar>·· hourly ;u¡J C.\l'l'Uii\ll' p;¡yro/1'.' 
.'\n)' nf thr ahn\'e l'a,n mi..·a,ur .. hly im
pat.·lthe e'tim:llc ollhl· pnljL'l'l. 
4) ShMI lcad lime' :1rc :dlt1weú 
for c..,timali:"-. with l'orre,pondin(! inac
ctÍntcy a\ :1 fl'"dL 
.e¡ l PL•r,••nnd a\·:¡il:1hility lor lhc 
proil'L'I 1' Llll¡.,thl\\'11. J:..,tinl:lll'' are 
thll;dly prcp;lll'd irrl'\pl'l'IÍVL' of whn 
~o~,ill rl·rltlffll lhl' \1,¡\fl... l'hal ¡,, an l'\· 

timalt.' ni l-1 da~' m.r~ he nwt.k. hui 
onl} \L'r} ¡Hui~,,, jll'h••nnd ma) he 
"' ;ul.1hk: lhi, \4 di •t~lblc thL' al·tual 
tiruc. -\lth,,HJ!h ttw fl''tdltnl! prin· ... pL·r
lorm.lllt:l' r.llrn 111.1~ hl· t.'\l'L"Iknl. !he 
'tll.'l..'l'" PI th~..· fH•'Jt't:l '' r.llct..l in ll'fllllli 
o( ill'lu,d \'~·r''" l'\lllllí.llnl time. anJ nn 
thar h;¡~¡, thl' proJl'l'l r~ar he a l;¡ilurc. 

• 
J 

6) Stall t..fc,in:' arC" unknu\Ar·n. A 
projccl ma~· he Hr)' <~rpenling t_o orie 
slafl m~..·mher, hui repugnan! to'!an-· 
o!hcr. In hnth cusc\ !he actuJitinu: will 
he ;,¡Jfct.·tct..l. lnn'iCqlll'llll)', !he S)'\l'cm!. 
Mana!!.er mus! undasrand stall dt:!ooirc\ 
anú a\\ign projcch accordingl) "'hert 
po!!s!hlc. 

lnitiation of project 
1 1 Lilllc documenta11on is 
availa:,Jc ror cxbling, simii;u, (.)( inlcr
facinc ~>·~tcm\ tu provide thc prnJCCI 
lcadcr wilh a dalll ha\C lo huild uPon. 
2) Pro¡cct lcadl'r re,pon,ihilil) 
¡, undl..'lincd. Thc le;rder ha\ Ot\ idc<J 
whal i~ 4.'\pcclcd of him. in rcl!ard lo 
lhc projccl or !he rcr\tlnnel 3\\Í!!Ill'd lo. 
wnr¡., on it. Shorrlll he rccnn1mcnd ui
IL'rnalive snlurion,'! C"óln he recom
lllL'Illf tcrminaling !he projccl'.' Cun he 
rl'lllti\'C' pcr!ltlllncl f ro m it:' Can hl• rcc. 
ommcnd di,mi\)al'! 
J) Papcr flow i~ handkJ pt•MI~· 
( nr ¡.,. 1Hlne1li!o>IL'OI). DtlCttllll'ntation 

rL'J.!arJing rc'ipnn,ihililics. aL'l't.'rlancc 
critcriil, srstem ohjectivcs, ele .. i~ nol 
úcvch•pct.l. R~11hcr, documcnlalion is 
limill'd to 1hc tcchnical a.\pCch of lhe 
projcct. 
4) KnClWIL·d~c or "111111\" lO per
rorm !he projecl more cllkienlly is 
lut.·king. Are thcrc mndulc!l, or \uhrou
rinl'\ alr~..·ady av:.liluhle which can he 
ll!.cú'.' fe¡ lhcre a test dala (!Cncralor 
avaii;Lhlc~ What ;¡hnut sys1cm dcsi~n or 
JOC\trncnlóltion aids? 
5) Definition of thc prnjccr i!i' 
va¡;tiC, mi~olc;nling. or lolal))· Y.rong. 
tl) The projcct, hctwccn lhc 
lime o( tht.• origin:d eslimate ólnd its 
initi:ltinn, htt!oo chan~cd wi1hou1 a cor
re'\pnndin(! ~.:hani!C in the cstim;rte. 
7) l.illlc ,,, no time i) 11pcnl i.n 
pl:1nning thc pwjl..'t.'l. Rathcr, analp.is 
dc!!.ign and/or colling i~ hcgun immc
di;¡tcl} up(ln lhL· project apprtwal. The 
rrnjccl lcatlcr 1\1. nnl pcrmillcd !he 
"ltt\ur~" uf pl.u,nin¡.!: ht"•" he "'ill at
l.tc~ thl· P'•'Jl'CI. \4 hat ta\l!l will he 
dtiOl' lir~l. ~l·,,•nJ ,,r third: \o\h31 il{i· 
prnitc.:h he \'o tll ,,,c. or what !loimilar 
projecl!!. he 'l.r.illllnL''''gaiL' or rcvicw. 
8) Prt•hlcm .Jvoidancc is no! 
undcr!!.tood or t..t'lli~Lt..lcrC"d. Oddl)' 

\ 
\ 

l. 



WHY PROJECTS FAIL 

ctwugh, ~ all projcrt!l heg•n wtlh thc 
prcnlt~c 'that cvnythinr will go 

·\nln<lthiy.'· ltcn~·. '>ll.:h ;p, l.t~k l)f lc\1 
time duc lo ~c;ar·l'tH.I ch1\ing are n<•l 
uJn.,idcrcd until aftcr thl· pwhkm h;t~ 
l'l·curred. H) thcn, thc pro¡l·ct h;t\ aJ. 
rt·ad~· lo~t \n·cral days. lH it Í!lo wo late 
10 pro·oidc an ah-:rnatc ~ourcc. 
9) Rc\Ot' ·:e rcquirc:mcnt\ are 
not schcdttlcd for the pro¡cct. Critica! 
itcm\. such as ke)punch. test lime, moer 
manual typing, secreiarial, and print
ing rcquircmcnts bccome a prohlem, 
and are addrC\\cd onl)' a/ltr they ha ve 
affccted thc projcct. 
1 0) Thc project team's activities 
are not clearly pre .. ented to the end 
mer. Only too ohen, the resull is a 
scrirs of ··¡ thought ... " "1 as\umcd 
... "' "hn'l he ... ?"' comments. 
1 1) Project complction ele
ments are not defined. That is, the 
project lcader is not awarc of what 
comtitutes complction or the projcct. 
What is the end product? What test/ 
acceptance criteria will be used? Who 
must sign orr on project turno\·er? 
What constitutes turnover? 

Duration of the project 
1) Posting or reportins of proj
ecl information is not perrormed, re· 
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.. ultin,; in thL' pr••tL'n I .. :.Hkr i"ll'lO¡! 
unii\\JfC of v.hat thv l'tlmrktiPn pL'r
ccnt;rgc Í\, Jll\J thc 11 ,l'f hl'lll!! un;¡v. are 

of thc imract of l h;rri~L'\ 11ron thc 
Priginal ')'tcm. 
2) Projcct rcvi('W\ ;rrc typlctll)' 
c,_crci'c' in trivi;L Thq CC'IIl..,IIIJliL' a 
"How\ Íl gning, J:u.:k? Any pwhlcrn,: 
No'? (ion U~ S ce )'t'U nl.'-.;1 wcd •. " ·l hL' 
wcal. ") ..,tclll\ manager dtlC\ 1wt ,¡.,k, 

prohing. Jct;.likd quc .. tion~. He dtlC'lo 

not rc4uir1.' lhat hi' pL'f\llllnCI antici
p:tlc prnhlcm\, hut ¡.., primouily C0n
cerncd with identifyinf: proh\cmr, which 
hi\ prrtject lcader a\rcady has rccog
nized. 
3) Chan~c of pcr!.onncl is one 
o( thc major rc;a!.om v.hy projccts fail. 
Pcrsonncl. including projcct h:adcrs, 
are rcrnoHÚ from the projccl, with no 
adju,tmcnl\ ICl thc o;;chcdulc for time 
lost Uuc lo the changcs. \\'hcncvcr a 
tcam mcmhcr Í\ addcd lo a project, 
therc is a karning nrrvc which impairs 
his cfficicncy on thc projcct. Jt may be 
a day, or a month, hut unfortunately, 
peopl!! movemcnt i~ con\idcrcd lo be 
tramparcnt to thc projcct complction. 
4) Adhcrcnce to sta1fdards and 

\ spccifications is cithcr no! dcfincd or, il 
dcfincd, not followed. More oftcn than 
not, ~landards do ex.isl, C!lpecially in 

larfcr in.\t.1llations. They addrc!ts doc· 
umcnlation teL·hnJques. lilhellng, file 
na meo;;, etc. Howc\·er. tHH.."C an..;initial 
inJoctrination Í'lo pr~widcd ror ~ pro
grammcr/ analyst, folhn .. ·-up is igp.ored. 
The most expedicnt solutions ai-e rol· 
Jowcd, resulting in severa! sleps (mod· 
ulcsl in the same program q:qucnce 
addrc!tsing the idcntical file with 'difler
ent mncmonics. h results for e.\ample, 
in sketch)' opúations documentation 
without consideration for restart pro-
cedures. Maintenance then hccomes a. 
majar part or project developm_ent. 
S) Resource requirement.s are 
oot anticipated. Thc major offeoden ia 
tbis area are: 

• Data cntry. lnadequate time is 
permitted ror lurnaround or 
source code preparation andlor 
test file operation. Worse, verific:a
tion may not he perrormed, which 
almost invariably adds al leasl one 
day to the program developmeot 
cycle. 

• Computer Test Time. The lack of 
adequate test time bccomes ex~ 
tremely criticaltoward the cnd of 
a pr0ject, when only one ·ar two 
programs are being finaliicd. lf 
turnaround is overnight, each mi· 
nor change lo a program adds at 
lcast one full day lo the duratioo. 

• Design Levcl Rcvicws. \\'hercas 
most or the time thcse are consid. 
crcd in project planning. it is rare 
that anything Jonger than~ a min. 
\lle is auumcd ror duration be .. 
twcen submission or dcsigri speci· 
fications and approval. : 

6) '"Brute Force" Approach. lo 
this type of shop, everything · i• de
\igncd and implemented rrom Scratch 
v.-ith no thought givcn to the, use or 
past projccts, tools, or work simplifica: 
tion' mcthods available to shortcn the 
development cycle. 
7) La e k of a project manager. 
lt sounds strangc, hut many projects 
floundcr through to completion with· 
out a rudder. The "DP Mana'gcr" is 
normally the project lcader and he 
provides as much allention as he can 
considcring his othcr duties. In gener
al, vcry rew installations have one man 
accountable for an entire projÍ:ct, but' 
rather fragment the responsibilities to 
the point where no one person is 
atcountahle. , f t 
R) Lack of a Project Log. A 
pwjcct log can he an im·aluable tool in 
performing post-nwrtcrm .. Furthcr, in 
companies which c.:hargc-hack to the 
user the cost or rc~ources u~cd; it can 
he thc mainstay in ju!.tifying such 
charge-backs. , 
9) f.ad. o( a prDjt•ct audit trail. 
Oata audittrail!t are c,~n~idcred'the key 
lo the de\ ell'pment o( any rinanc1ally 



\Cl!llh) ,,. :. ••. ~ lol•r ' ' ·'< rn t ~·1 •l'l:· ~l.,: 
p!uJc~t n:an.,f'''' •·•lllt'rn thl'lll\t'ht·, 

\olollh ''~·''nl!.::n . .r•tt: 1ll ,, r•~~,t·t'l ...,,,,\,.. 

httO~ tn pro\u.k 01 \nn.IJr .wdJ!Irailll•r 
project Jc\·c.:loprnrnt 
'0) l.<:~c~ of a ~o.kill .. ¡nq·nlnry. 
Many projects are pur~ucd w1th thc 
projecr man<Jgn Ctllnpktcl~ unaw~rc 
of thc: \l-ill\ avaiJ:¡hJe lo him ..,. ithin his 
own shop. A 11kill~ in\'cntnry (1( pl\l 
accompli\hmcnt!a or each ~t;tfl mcmhcr 
simplifies thc sraffing of a projcct and 
cnsutcs thar C\pcricnce ¡, "recyclahlc." 
'11) Lack of projcct milc;tooe•. 
Bccause projcct milc~tonc" are not dc
tcrmined ar lhc onset of a projcct, 
percentage of completion is usually 
equaled to percentage of houn ex
pended. For cll.ample, a project for 
which 100 houn. has been c~timated is 
60% complete whcn 60 houn. have 
been npcndcd: whcn 9oq. or thc 
hours have becn expended, it ¡, 90r;"c 
complete. This can likewi!'le he ex trapo· 
lated to 140% complete when 140 
houh ha ve hcen expended. 

·12) StarT memhers are consid
·ered "universally expert ·· During 1he 
estimation stage, an9 again during im· 
plementation, staft' memhers are coñ
sidcred to be equally competent ~na
lysts, designers, programmers, lihrar· 
ians, documcntation specialists, etc. 
They are assigned any of these func· 
tions with lillle con.,ideration given to 
their ability. lnvariably, this results in 
project delay. 
13) Utilization Philn•ophy. A 
mmt fundamental prohlcm which 
affect!l many large cnmpanics is Cllle 

which dcmand~ rnaximi1.ing the utiliza· 
tion of pcrsonncl, as oppo!oocd lo a proj
ect-oricnted approach. \\'hcn a lu\1 
occurs in a particular project, starT. 
memhers are rcassigncd, hecause it is 

(!nathcnla to have people not perform: 
'lng "u!oeful" (that is, dcsign or pr0· · 
fgramming) work. C'onst·qucntly. whcn 
the projcct rc~larls, the samc pcoplc 
may not he availahle, or wor~c yel, are 

availahlc parl time. This is :r di~a~trou~ 
. approach. hccamc whilc it as~urc~ that 
pc.:oplc are alway!o a\sigñcd toa projcct 
and utili7ation is high, it places an 
~emphasis upon eflort, not results. i 

Termination of the project 
In thc first place. it Í!- my opinion 

that prnj~.:ct' nt'\'cr termínate. RathCr, 
lhey h<-l'omc likc Mo,cs. c,mdemncd 
lo wander till the cnd of thcir Ua..y' 
without \l'Crng thc prPmÍ\Cd l:rnd. 
Hov.eHr, fur tho-.e prdl~o.:<:l~ that do 
"tcrrninate," thc following are kcy 
dcfjL'ÍCn(.'iC\ 
·¡l' H•,l11ry \l,!li,li~.·, ;rrc not de· 
ter mirrcll or rrnt npJ;rtcll For cxamplc, 
at projcct tcrminatron, the project 
lc.adcr ~hn11ld maLc somc attcmpt to 
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1.1111 Hh¡t'clt\'C\, ni m~.·;r,qr;rhk l"Till·rra. 

lhl\.1, lll;nry prn¡!litll\' \lo\,'11.' \\TÍ1I1.'1\',l 
hov. m:any liiH.'' uf ~,.-,.J~,• ¡:~.·m·ratcd~ 

avn:r¡!C lirll''i nf cod1.· l'n da y':~ ;¡\·L·ragr: 

'"lln..'c \lah:mt•nl\ Pl r rr,,gr;rmn·lcr? 
CJ'II h:sl time /l'L.plÍil' 1 pcr progr>~m· 

mcr? prr pw~r:rm~ t\11 1.1f thc aho\'C 
c;rn he iO\·;.du:rhlc tnnh in thc C\timat· 
ing and C\'ahr:llinJ! of luturc pfojcch. lt 
hccomc~o thc fir!-l ~lcp in the dcvclop
mcnt or a "cn~ot · rc~onurce a~counting 

s>·stcm" for . ·.~ pwjccts. 
2) ()u,lity Cnntrol. T)·pically, 
whcn a prnjcct i\ cnmplctcd. it is ncver 
cvaluatcd ror qua lit y. The oc criteria is 
"dnc~o thc rrop:tm run:·· Thcrc are no 
gr:rdcs (i.e., A., R, (.",O, F) Of programs. 
Thcy are eithe-r "As." or "Fs." 

The mana~cr may cvaluate pcrson
ncl hascd upon quantil}' of codc, pro
grams or documentatinn produccd, hut 
in fact he ncvcr evcn considers evalua
tion ha\cd llfiCIIl the quaJity Of COdicg 
techniques u~cd. 
3) Knllwlcdgc g:rined is rarely 
tram:rerJhlc. Once a projccl i~ com· 
plctcd, it gncs through a proccdure 
similar to ''dc-Stalinization," wherein 
all vestigcs or as!>ociation with a project 
are for[WIIcn lcst 0ne be stuck with 
program maintcnance. lna~equate 
time is allnwcd at thc ccmclusion of the 
projcct for statf mcmbcrs to "dump" 
thc knowlt·dgc g:tined or even pro\'ide 
meaningful insight into techniques 
l!Sed. 
4) Pcr!>onncl are not C\'aluated.· 
Thcrc ¡, an idcílltimc, and only one, lo 
evahratl.' performance or <rn indi\'idual 
on· iJ prlljccl. and thí\t i(, immcJÍíiiCJy al 
the cnnclrt\iCln nr a pwjcct: Yct. only 
too oftcn, pcr~nnncl C\':thtí\tion Í\ ticd 
into cmploymcnl annivcrsary dates. 

· Betwccn the time an individual has 
complctcd a prnjt·ct :rnd hi\ ncxt ap
prai.\al, a ycar may havc liiPscd. Dur· 
ing that ycar he ha(, h;uJ lhe e·· -rortuni. 
ty to p..:rpclu:tl~o: mÍ\I~rkes ini,,_ril)' made 
12 month.o;, ago. · 

S)" Lí\rL of formal IUrnovcr . 
Typically. a prtlj~.·ct lt•rrnin:llinn is finil 
knnwn hy thc appear:rncc or ¡¡ ncw 
rcport. t-.forc n·;r[i,tic<llly, a formal 
prL·~ocnt:rtinn 'ho¡lld taJ..c place addrL'\\· 
i ng: 

a) initial nhjL'l'livc~o of thc projcct 
h) pcrform:tncc ag;rÍ0\1 lhC!IC ohj~C· 

ti veo;, 
e) rl'Vicw of th~.· ~.·nd prnduct 
d) ll~o.:,ignation or prin ... ·ip¡¡J cnntacl 

fnr m:rmll.'riam'L'. cte. 

6l 1-tl'I."Ufl\llll'lhi.!li<~n.. for rn. 
hanl."l.'nll.'l\1 olfl" n"! d .. ,_.rnh:ntnl. .-\1 tht' 
ronclu,ron t~l ;r prnr~·~·t 1 it ll''' l':trlicr l 
thc rroljl'l"l ll'.ll\1 h tll .111 ll.k,d rhl\1\Íon 

lO fCI.:Ilnlllll'lll\ ~·llh:trtCt"llll.'l\1\ lO lhC 
w,1~,·rn. 11 tlw'l' :trc lltll 411~n11ft<·d im
mcdiald)·, th~}" Y.ill he ln\1 fMcver. 

Post termrnat•on 
·¡he l..q rnl!IL'diL·nt he re i~ thc con· 

duc:tin~ ,,f u\cr !>aii\LH:IItlfl !lllrvcy~ !ti). 

to ninc munlh!t. alter tht complciJQn of 
a projcct. The ,Mnvr~ .. hould addres5o: 

a) rc~oulto;, \Cf!lll' ,,h¡t•ctive : 
h) intcgrity of d;.rta 
el fru·dftm hom hugs 
d) quantification of changes, re~·

quired 
e) usefulncss or inforlnation (i.e., 

should the ')'>l<m be continued?i 

Summary 
As a rcsult or rcvicwing the de' cl

opment or a numh~r of major s~ o;,tem~. 
the ahcwe faults CXJSI more oftcn than · 
not. However, the kcy problcms. ap· 
pcar in failing to undcrstand the char
acteristics ora project: 
• lt has a he-ginriing. 
• lt has an end. 
• lt u!t.es multiple. finite rest"'urce~. 
• lt ha!. an objective. 
• l ts success can be measured in terms 

or time or dollars. 
• lt requires a leadcr. 
• lt requires a staff. 
• lt must be planned. 
• Performance against plan must be 

revicwed. 
• 11 cocxists with other projects but is 

distinct rrom them. 
o lt is mcasurable { q•Jantifiable}. 
• 1t m ay be a bad project ( frorri the 

SIJ.ndpoint o( USeflllness). U Íl is, it 
must be altered, or lerminated. 

• lntcrnal and C:\ternal rarees will 
a!lcct a project; thcy must he idcoti· 
ficd. 

• A projcct is a grCiup or sub-proje~t,. 
• No projcct is llnique. 

Unlc.~s full altention is paid lo each 
nr thc!oi.C 8\pccU. o( a projcct, thc his
tory or proj<et failure will be played 
out once agaio. id\ 

·t 
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Perspectlves on Software Englneering 

MARVIN V. ZELKOWITZ 

In.stitute for Computer Science1 and Technology, Natian.al Bureau o( StandarcU. Washin,gton, D. C. 20234, 
ond Departnunt of Computer &ien«, Uni~nil)' of Marylond, College Park, Marylond 20742 

Software engineering refera to the procesa o! creating aoftware ayatema. lt appües looaely 
to techniquea whicb reduce high software coat and.complexity while increaaing reliability 
and mod.ifiability. This paper outlines the procedures use~ in the development of 
computer software, empbasiz.ing large-scale BOftware development. and pinpointin¡ areaa 
where problema e:Dst and solutions have been propoaed. Solutiona from both Lhe 
management and the programmer pointa of view are then given for mADY of thea 
problem areaa. 

Keywords and Phrasetr. certification. chief programmer team, program correctneaa. 
program deaign language (PDL), software reliability, software development lite cycle, 
software engineerin¡, attuctured programming, top-down design, top-d.own development. 
validation; verification. 
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INTRODUCTION 

Software development usually proceeds in 
one of two ways: either the programmer 
works alone in designing, implementing, 
and testing a software system, or he is a 
member of a group of from three up to 
severa! hundred, working iogether on 8 
large software system. Although software 
engineering embraces both approaches, 
here we are interested mainly in large-scale 
program development. 

When the Verrazano N arrows Bridge in 
New York City was started in 1959, officials 
estimated that it would cost $325 million 
and be completed by 1965. lt is the largest 
suspension bridge ever built, yet it was com
pleted in November 1964; on target and 
within budget [ENR61, ENR64). No simi
lar pattem has been observed when we 
build software systems larger than those · 
which had been built previously. 

Software is often delivered late. lt is fre
quently unreliable and usually expenaive to 

C> 1976 ACM 0011>-4692178/0600/01117100.76 

maintain. The IBM OS project, which in· 
volved over 5,000 man-years of effort, was 
years late [BR0075). Why is bridge engi
neering so exact while software engineering 
flounders so? 

Part oithe answer lies in.the greater ease 
with which 8 civil engineer can see the 
added comple:rity of a larger bridge than a 
software engineer the comple:rity of 8larger 
program. Part of today's "software prob
lem" stems from our attempt to extrapolate 
from personal experiences with smaller pro
grams to large systems prQgTamming proj
ects. 

We begin here by outlining the general 
8pproach used in developing program prod· 
ucts, emphasizing aspects which are still 
poorly understood. Later, we enumerate · 
the techniques which have been used to 
sol ve these problema. We do not 8ttempt to 
cover all of the relevant topics in depth, but 
we give many references for further read-
üng. ~ 

Software engineers are currently study-

Coroputin¡ Suneya. Vol lO, No. 2. Jww IV78 
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ing the causes of these problems and the 
mechanisms of software development. 
They seek both constraints on program
ming which will render software less expen
sive and more reliable and also the theoret
ical foundations upon which programs are 
built. Software engineering is not the same 
as programming, although programming is 
an important component.lt is not the study 
of compilers and operating systems, al
though compilar writers and oper.ating sys
tem implementors use similar techniques .. 
lt. is not electrical engineering, although 
e!.ectronics does provide the basis :for.imple
menting the computer [JEFF77). 

Software engineering is interdisciplinary. 
lt uses mathematics to analyze an.d certify 
algorithms, engineering to estimute costs 
and defme tradeoffs, and managennent sci
ence. to defme requirements, asse.ss riska, 
oversee personnel, and monitor pro•greas. 
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1. STAGES OF SOFTWARE DEVELOPMENT 

The complexity of a large software system 
surpasses the comprehension of any one 
individual. To better control the develop
ment of a project, software managers have 
identified six separa te stages through which 
software projects pass; these stages are col
lectively called the software development 
life cycle: · 

• Requirements analysis; 
• Specification; 
• Design; 
• Coding; 
• Testing; 
• Operation and maintenance. 

Figure 1, a pie chart, shows the approxi
mate amount of time each stage takes. The 
stages are discussed in the following sub
sections. 

Requlrements Analysla 

This first stage, curiously absent from many 
projects, defines the requirements for an 
acceptable solution to the problem. The 
statement "Write a CoBOL program of not 
more than 50,000 words to·produce payroll 
checks" is not a requirement; it is the par
tia! specification of a computer solution to 
the problem. The computer is merely a tool 
for solving the problem. The requirements 
analysis focuses on the interface between 

FlcuRE l. Effort required on varioul development 
activiti~ (~:xcludin¡ maintenancet. 

... 

1 
1 
) 

) 



62 

' 
Perspectiues on Software Engineering 199 

the too! and the people who need to use it. 
For example, a company may consider sev
era! methods of paying its employees: 1) 
pay employees in cash; 2) use a computer 
to print payroll checks; 3) produce payroll 

.. checks manually; or 4) deposit payroll di
rectly into employees' bank accounts. 

Other aspects, such as processing time, 
costs, error probability, and chance offraud 
or theft, must be considered among the 
basic requirements before an appropriate 
solution may be chosen. A requirements 
analysis can aid in understanding both the 
problem and the tradeoffs among conflict
ing constraints, thereby contributing to the 
best solution. 

Hard requirements and the optional fea
tures must be distinguished. Are there time 
or space limitations? What facilities of the 
system are likely to change in. the future? 
What facilities will be needed to maintain 
different versions of the system at different 
locations? 

The resources needed to implement the 
system must be determined. How much 
money is available for the project? How 
much is actually needed? How many com
puters or computer services are affordable? 
What personnel are available? Can existing 
software be used? After the frrst questions 
are answered, project schedules must be 
planned. How will progress be controlled 
and monitored? What has been learned 
from previous efforta? What checkpoints 
will be inserted to measure this progress? 
Once all these questions have been an
swered, specification of a computer solution 
to the problem may begin. 

Speclflcatlon 

While requirement analysis seeks to deter
mine whether to use a computer, specifi· 
cation (also called definition [FIFE77]) 
seeks to define precise! y what the computer 
is to do. What are the inputs and outputs? 
In the payroll example: Are employee rec- . 
ords in a disk file? On tape? What is the 
formal for each record in the file? What is 
the format for the output? Are checks to be 
printed? Is another tape to be written con
taining information for printing the checks 
offline? Will printed reporta accompany the 

checks? What algorithrns will be needed for 
computing deductions such as tax, unem
ployment and health insurance, or pension 
paymenta? 

· Since commercial systems process con
siderable amounta of data, the database is 
a central concem. What files are needed? 
How will they be formatted, accessed, up
dated, and deleted? 

When the new system supersedes an 
older process (for example, when an auto

. matic payroll system replaces a manual sys
tem), the conversion of the existing data
base to the new format must be part of the 
design. Conversion may require a special 
program which is discarded after it.S first 
and only use. Since the company may be 
using the older system in its day-to-day 
operation, bringing the new system online 
presenta a problem. Can the old and the 
new systems run side by side for awhile? 

The answers to these questions are set 
forth in the functional speci{ication, a doc
ument describing the proposed computer 
solution. This document is important 
throughout the project. By defining the 
project, the specification gives both the 
purchaser and the developer a concrete de
scription. The more precise the specifica
tions are, the less likely will be errors, con
fusion, or recriminations later. The specifi-
cations enable test data to be developed 
early; this means that the performance of 
the system can be tested objectively, since 
the test data will not be influenced by im
plementation. Because it describes the 
seo pe of the solution, this document can be 
used for initial estima tes of time, personnel, 
and other resources needed for the project. 

These specifications define only what the 
system is to do, but not how to do it. De
tailed algorithms for implementation are 
premature and may unduly constrain the 
designers. 

Deslgn 

In the design stage, the algorithms called 
for in the specifications are developed, and 
the overall structure of the computer sys
tem takes shape. The system must be di- . 
vided into small parts, each of which is the 
responsibility of an individual or a small 
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team. Each such module thus defined must 
have its constraints: its function, size, and 
speed. 

As submodules are specified, they are 
representad in a tree diagram showing the 
nesting of the system's componente. Figure 

· 2 illustrates this for a typical compiler. This 
illustration, sometimes called a baseline 
diagram, is not by itself an adequate spec
·ification of the system. 

Because the solution may not be known 
· when the design stage starts, decomposition 
into small modules may be quite difficult. 
For older applications (such as compiler 
writing) this process may beco me standard· 
ized, but for new anea (such as defense 
systems or spacecraff control) it may be 
Qllite difficult. 

A common problein is that the buyer of 
a system often does not know exactly what 
he wants, especially in state-of-the-art 
areas such as defense ·systema. As he sees 
the project evolve, the buyer often changes 
the specifications. If this occurs too often, 
the project may flounder. We discuss this 
problem la ter. 

Codlng •. 

Coding is usually the easiest stage. High· 
leve! languages and structured program· 
rning simplify the taak. In one study, 
Boehm [BOEH75] found that 64% of all 
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errors occurred in design, but only 36% in 
coding. Hamilton and Zeldin [HAMI76] re
port that in the NASA Apello project about 
73% of all errors were design errors. We 
ha ve mastered coding better than any other 
stage of software development. 

Testlng 

The testing stage may require up to half of 
the total effort. Inadequately planned test· 
ing often resulta in woefully late deliveries. 

During testing the system is presentad 
with data representativa of that for the 
finished system; thus test data cannot be 
chosen at random. The test plan should, in 
fact, be designed early and most of the test 
data should be specified during the design ' 
stage of the project. 

Testing is divided into three distinct op· 
erations: 

1) Module testing subjecta each module 
to the test data supplied by the pro· 
grammer. A test driver simula tes the 
software environmerit of the module 
by containing dummy routines to take 
the place of the actual subroutines 
that the tested module calls. Module 
testing is sometimes called unit test· 
ing. A module that passes these tests 
is released for integr.ation testing. 

2) Integration testing tests groups of 
componente together. Eventually, this 
procedure produces a completely 
testad system. Integration testing fre
quently reveals errors rnissed in mod· 
ule tests. Correcting them may ac· 
count for about a quarter of the total 
effort. 

3) Systems testing involves the test of 
the completad system by an outside 
group. The independence of this 
group is important. 

1 

.1 
.1 

) 

The buyer may also insist on his own 
systerns test, or acceptance test, befare for· 
mally accepting the product. Comparison 
of the performance of severalsysterns (such 
as those of a given software product already 
available from severa! sources) is called 
benchmark testing. 

·ouring testing, many criteria are used to .·¡ 
determine correct prog'ram execution. 

FlouRE 2. Sample baseline diagram for a compiler. Arnong other important criteria, the pro-
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gram is. co~idered correct if: 

1) every statement has been executed at 
least once by the test data; 

2) every path through the program has 
been executed at least once by the test 
data; and 

3) for each specification of the program, 
test data demonstrate that the pro
gram perfonns the particular specifi
cstion correcUy. 

These three different criteria show that 
there is no single acceptable criterion defin
ing a ''well-tested" program. Goodenough 
and Gerhart [ Gooo76] proposed a set of 
consistent definitions for "testing" and 
showed that sorne of these definitions of 
testing' are, in theory;· insiúficient. W e re: 
tum to this subject later. For a survey of 
good testing techniques, see [HUAN75]. 

Closely related to testing are verification 
and validation (V /V). A system is ualidaled 
when testing shows that the system per
fonns according to ite specifications. A sys
lem is uerified when it has been proved to 
meet ite specifications. Current technology 
is inadequate for achleving both these ob
jectives. A validated system may misbe
have for cases not included in the test data. 
A verified system is correct relative only to 
the initial specifications-·-and assumptions 
about the operating environment; formal 
proofs tend to be lengthy, making them 
subject to error or incredulity. Certification 
sometimes refers to the overall process of 
creating a correct program by validation 
and verification. 

In certifying a program, three terrns must 
be distinguished. A failure in a system is an 
event which mark.s a violation of the sys
tem's specifications. An error is an ítem of 
infonnation .whlch. when processed by the 
normal algorithma of the system. produces 
a failure. Since error recovery rnsy be built 
into the program (for example, ON unite in 
PL/I), not every error will produce a failure. 
A fau/1 is a mechanical or algt>rithmk de
fect which generales an error (for example, 
a programming "bug'') [DENN76a]. 

Reliability is a concept which muat not 
be confused w\th correctness:A corree/ pro
gram is one that has been proved to meet · 

ite specifications. In contrast, a reliable 
program need not be correct, but gives ac
ceptable answers even if the data or envi
ronment do not meet the assumptions made 
about them. We would like a system to be 
highly robust, that is, to accept a large class 
of input data and to process it correcUy 
under adverse conditions. Pamas [P ARN75] 
describes a correct system as one that is 
free from faulte and has no errors in ite 
interna! data. A program is reliable ü fail
ures do not seriously irnpair ite satisfactory 
operation. 

Operating systems with "fail-soft" pro
cedures illustrate the difference between 
reliability and correctness. }J. detectad error 
causes the system to shut down without 
losing information, possibly restarting after 
error recovery. Such a system may not be 
correct because it is subject to errors, but 
it is reliable because of ite consistent oper
ation. A real-time program may be correct 
as long as a sensor reporta correcUy, but it 
may be unreliable ü bad sensor readinga 
have not been considered. 

Operatlon and Malnlenance 

Figure 1 shows the disposition of software 
coste in developing a new project. But this 
can be the wrong chart! The activities noted 
in Figure 1 are only 25% to 33% of the effort 
required during the life of the system. Fig
ure 3 illustratea that maintenance coste ul
tim"tely dwarf development coste. 

No computer system is immutable. Since 
a buyer seldom knows what he wante, he 
seldom is satisfied. Probably, he will re
quest changes in the delivered system. Er
rors missed in testing will later be discov
ered. Different installations will need spe
cial modifications for local conditions. The 
management of multiple copies of a system 
is anotheniifficult· problem that must be 
handled early in development. Once the 
first line of code is written, the structure of 
the resulting maintenance operotion may 
already be fued, so it is best to plan for it 
then. 

The division of effort indicated in Figure 
3 greatly affecte system development. Be
cause of hldden · maintenance coste, tech
niques that-rush development and provide 
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FIGURE 3. True eff'ort on many large--scale ao~are 
systema. 

r.,r very early initial implementation may 
be trading ear!y exec11tion for a much more 
extensive maintenance operation. 

The maintenance problem is sometimes 
referred to as the "parta number explosion." 
f'or example, a cer!.ain 'system contains 
components A, B, and C.lnstallation 1 finds 
and reports an error. The developer fixes 
the error and sends a corrected ·module A' 
to al! installations using the system. 

lnstallations ll and III ignore the replace
meJ;~t and continue with the originalsystem. 
lnstallations 1 and ll discover another error 
in module A. The developer must now de
termine whether both of these errors are 
the same, sin ce differeiit iieiiiíons o'r module 
A are involved. The correction of this error 
involves correction o.f both A' (for 1) andA 
(for 11) yielding A" ánd A"'. There are now 
three versions of the systeln. 

To avoid this growth, systems often re
ceive updates, called releBBeS, at fixed in
tervals. A useful too! for dealing with myr· 
iad maintenance problems is a "systems 
database" started during the specificationa 
stage. This da te base records the character
istics of the different installationa. 1t in
eludes the procedures for reporting, testing, 
and repairing eiToi's befare distributing the 
correctiona. · 

Themes of SoHware Énglneerlng 

lt should be clear that each software devel
opment stage rnay iiúluence earlier stages. 
The writing of specilicationa gives feedback 
for evaluating resource requirementa; the 
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design often reveals flaws in these specifi
cations; coding, testing, and operation re
veal problems in design. The goals of soft
ware engineering are thus to: 

• Use techniques that manage system 
complexity. 

• Increase system reliability and correct· 
neBB. 

• Develop techniques to predict software 
costa more accurately. 

In the following sectiona, we discuss ap· 
proaches to sorne of thelie problems. The 
list of techniques is divided into manage· 
ment and programmer issües. Management 
iasues concem the effective organization of 
personnel on a project. Pi'ograrnmer issues 
concem the techniques used by individual 
programmers to .. improve their perform· 
ance. 

2. MANAGEMENT ISSUES 

A manager controls two major resources: 
personnel and computar equipment. Thia 
section surveys techniques for optimizing 
the use of these resources. 

· Slze and Coat Control 

A project may fail when management is not 
aware of developing problems; a year's de· 
lay comes "one day .at a time" [BRoo75]. 
Faced with catastrophic failure (for exam· 
pie, needed hardware is delayed : six 
months), a resourceful manager can usu'ally 
find altematives. However, it ís easy to 
ignore day-to-day problema (such as sick 
employees or many errors during testing). 

Most problems occur nt the interfacf¡S of 
modules written by different prograrnmers. 
Since the number of such interfaces is on 
the order of the square· of the number of 
individuals involved, the problem becomes 
unwieldy when the number of persona in a 
development group grows to four or more. 

Aa an example of the communicationa 
problem, assume that a single programmer 
is capable of writing a 5,000-line program in 
a year, and that a programming system 
requires about 50,000 linea of code and is to 
be completad in two yeara. Five prognun
mers would seem to be aufficient (see Fig· 
ure 4a). · 
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However, the five programmers must 
communicate with one another. Such com
munication takes time and also causes sorne 
loss in productivity since finding misunder
stood aspects will require additional testing . 
. For this simple analysis, assume that each 
comrnunication path .. costs" a programmer 
250 lines of code per year. Each of the five 
programmers, therefore, can produce only 
4,000 Iines per year and only 40,000 lines 
are completed within two years (see Figure 
4b). 

This means that eight programmers pro
ducing 3,250 lines per year are actually 
needed in order to produce the required 
50,000. A manager is required for direction 
of this large effort. Therefore, in summary, 
eight programmers and a manager, each 
producing an average of 3,000 lines per year, 
are actually needed (see Figure 4c). 

As we shall see, simply counting lines of 
code is nota good way to estima te produc
tivity. The figures in this example are only 
given to illustrate a point, but they are 
representative of the problem. There are 
also techniques designed to limit this com
munications uexplosion" and to increase 
programmer productivity. 

Project Personnel 

Software can usually be divided into three 
categories: 1) control programs (such as 
operating systems), 2) systems prograrns 
(such as éompilers), and 3) applications 
prograrns (such as file management sys
tems). A single programmer working on a 
control program can produce about 600 
lines of code per year, whereas he can pro
duce about 2,000 lines if working on a sys
terns program and about 6,000 if working 
on an applications program [WoLv74]. The 
type of task certainly affecta the productiv
ity that can be expected from a given pro-

FIGURE .f(a). Single projecta: 5,000 lines per year • 
50,000 linea in two years (no communication be· 
tween prograrnmers). 

FIGURE 4(b). Five-rnember group: 4,000 1inea per 
year ... 40,000 lines in two years (ten communication 
pairs). 

FIGURE .C(c}. Nine-member leam: 3,000 lines per year 
• 50,000 linea in two yeB.J"B (36 communication 
pain). 

grammer. However, as the previous exam
ple demonstrates, the organization of per
sonnel also affects performance. For exam
ple, with the approach of deadlines, docu-
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mentation is often given lower priority. 
However,.since 70% of the total system cost 
may occur duringi the maintenance state 
(where the documentation is heavily used), 
this may be a falae'economy of effort. 

Use of a libraríari is one way to avoid this 
problem. A librarían provides the interface 
between the programmer and the com· 
puter. Programa are coded and given to the 
librarian for insertion into the online proj· 
ect library. The a:ctual debugging of the 
module is carried out by the programmer, . 
but changes to the official module in the 
library are made by the librarian. The use 
of 11 library is further enhanced when an 
online data management system is used. 

The use of a librarían has another bene· 
ficial effect. All changes in modules in the 
project library are handled by one individ
ual and are easy to monitor; they are often 
reviewed by the project manager bcfore 
insertion. This : prevents "midnight 
patches" from being quickly incorporated 
into a system and forces the programmer to 
think carefully about each change. It also 
gives the manager ,disciplined product con
trol and helps wit11" audit trails. 

On larger projects, a technical writer may 
perform much of the documentation, thus 
freeing programmers for thetasks for which 
they are most skilled. 

The culmination of this trend is the chief 
programmer teani concept developed by 
IBM [BAKE72]. The concept recognizes 
that programmers have different levels of 
competence; therefore, the most competent 
should do the major work, while others 
function in supporting roles. As the earlier 
example shows, · interfacing problems 
greatly reduce programmer productivity. 
The chief progranimer team is one way of 
limiting this complexity. 

The chief programmer, an excellent pro
grammer and a creative and well-disci
plined individual, is the head of the team. 
He may be five or more times more pro· 
ductive than the lowest member of the 
team [BoEH77). He functions as the tech· 
nical manager of the project, designs the 
system, and writes the tOp-level interfaées 
for all major modules. 

If a project is lar~e, a team may alao have 
an administrativo manager to handle such 
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responsibilities as budgeting time, vaca· 
tions, office space, and other resources, and 
reporting t0 upper-level management. The 
administrativa manager often administers 
severa! programming teams. 

The backup programmer works with the 
chief programmer and fills in details as
signed by the chief programmer. Should 
the chief programmer lea ve the project, the 
backup programmer would take over. This 
means that he also must be an excellent 
programmer. The backup programmer also 
fulfills an important role by providing the 
chief programmer with a peer with whom 
he can discuss the design. 

There are alao two or three junior pro
grammers assigned to the team to write the 
low-level modules defined by the chief pro· 
grammer. The term "junior" in this context 
means "less experienced," not "lesa capa
ble." As Boehm states, the best resulta OC· 

· cur with fewer and better people. 
Using the example illustrated by Figure 

4, a chief programmer team of five individ· 
uala has only seven communications paths, 
and the chief progranúner, being that rare 
individual, can produce more than his 
quota of 5,000 lines (see Figure 5). Thua 
prodúctivity per programmer could be 
greater than 5,000 linea per year, instead of 
the previous figure of only 4,000. 

The team has a librarian to manage the 
project library-both the online module Ji. 
brary and the offline project documentation 
(alao called the project notebook). The 
project notebook contains, arnong other 
things, records of compilations and. test 
runs of all modules. lt is important to the 
team structure, since all development is 
now accountable and open for inspection, 
and code is no longer the "priva te property" 
of any individual programmer. 

Programmers ha ve traditionally been re
luctant to exhibit their products until com· 
pletion, since discovered errors ha ve tradi· 
tionally been viewed as a personal failure. 
The absurdity of this approach is clear 
enough. lf the ego element is removed from 
prograrnrning, programmers may openly 
ask others for advice · when they need it, 
instead of trying tO sol ve all problems them
selves [WEIN71]. 

The team may inclúde other supporting 
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FIGURE 6. Fewer communicationa patha in a chief 
programmer team. 

personnel such as secretaries and technical 
writers. Experience shows that ten is the 
upper bound to team size. 

This structure, however, will not solve all 
problems in development. With a smaller 
number of individualS"'inv'ólved;' compii
tence is crucial. lt is not possible to "work 
around" a nonproductive individual as one 
might do in a large project: There are also 
extremely large projects where a group of 
ten is simply too small to tackle develop
ment. Larger teams are not efficient. 

A man-month, or the amount of work 
performed by one individual in one month, 
is a deceptive measure for estimating proj
ect productivity. A project requiring four 
programmers for a year cannot be com
pletad by 48 programmers in one month. 
The example of ·the 50,000 line system 
needed in two years shows sorne of the 
problerns inherent in trying to exchange 
programmers for time. "Adding manpower 
to a late software project makes it later" 
[BRoo75]. New personnel divert existing 
personnel needed to train them; they re
quire more supervision; they complicate 
communication and interfere with the de
sign since they are unfamiliar with the proj
ect structure. 

However, man-months do serve a pur
pose as a useful measure of project costs. 
By adding more data, such as the rate of 
using man·montha, accuráte cost estima· 
tion techniques can be utilized. These are 
explained in the following subsection. 

Estimation Technlques 

to complete a project. As previously men
tioned, the V errazano N arrows Bridge in 
New York City was completad at the pro
jected time and ·within the estimated 
budget. How was such accuracy achieved? 

Most engineering disciplines have highly 
developed methods of estimating resource 
needs. One such technique is the following 
[GALL65]: 

1) Develop an outline of the require
ments from the Request for Quotation 
(RFQ); 

· 2) Gather similar information, for ex-
ample, data from similar projects; 

3) Select the basic relevant data; 
4) Develop estimates; 
5) Make the final evaluation. 

Although 'ihis approach has been advo
cated for software development, software 
projects have difficulty passing Step 1 
[WoLv74]. Engineers have been building 
bridges for 6,000 years but software systems 
for only 30 years. Prior experience to de
velop the true requirements may not be 
available. Moreover, with very little back
ground to build on, the developer has little 
knowledge of similar systems to use in eval
uation (Step 2). 

In developing the estima tes (Step 4), the 
following tasks must be undertaken: 

4a) Compare the project to similar pre
vious projects. 

4b) Divide the project into units and 
compare each unit with similar units; 

4c) Schedule work and estímate re
sources by the month. 

4d) Develop standards that can be ap
plied to work. 

Note that for Step 4a), the lack of pre
vious experience presents a continuing 
problem. Also, for Step 4d), an adequate 
set of standarda does not yet e:riBt. 

Experience is the key to accurate es ti- .. 
mation. Even civil engineering projects may 
fail badly when established techniques are 
not followed. Although the Verrazano Nar
rows Bridge was the world's largest suspen
sion bridge, its engineers had much experi-. 
ence with other similar structures. On the 

One of the.most important aspects,of engi... other hand, the Alaskan . .oil pipeline waa .• ,.,,, 
neering is estimating the resources needed estimated to cost $900 million, yet by mid-
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1977 the cost had risen past $9 billion 
[ENR77). In thiS: case, the design was al
terad continuously as the federal govern
ment imposed new environmental stan
dards (that is, chknging specifications), and 
new technologie~ were needed to move 
large quantities 'of oil in a cold weather 
environment. Previous experience was only 
marginally helpful. 

Results from c_omputer hardware relia
bility theory are now starting to play a role 
in software estimation [PUTN77]. The cu
mulative expenditures over time for large
scale projects have been found to agree 
closely with the following equations: 

E= K(I-•-"''¡ 

where E is the total amount spent on the 
project up to time t, K is the total cost of 
the project, and a is a measure of the max
imurn expenditures for any one time period. 
This relationship is usually expressed in its 
differential form, called a Rayleigh curve: 

where E' is the rata of expenditures, or the -
amount spent on'. the project during year 
number t. Sin ce 70% of the cost Óf a project 
occurs during the maintenance stage, it is 
not surprising that the maximum expendi
tures will occur just befare the product is 
released, a time when it is usually assumed 
that the effort is winding down befare ter
mination (see Figure 6). 

The Rayleigh curve has two parameters, 
K and a; however, a system can be de
scribed by three general characteristics: 1) 

-total cost, 2) ra4' of expenditure, and 3) 

. : 
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completion date. Two of these characteris
tics are enough to determine the constants 
K and a. When a project is initiated, the 
proposed budget is an estímate of K, and 
the available personnel permits a to be 
calculated. Assuming that requirement 
analysis determines that these figures rep
resent an accurate assessment of the com
plexity of the problem, the estimated com
pletion date (the date when the expendi
tures reach a maximum) can be computad, 
and thus cannot be ·set arbitrarily during 
the requirements or specification stage. 
This method provides the basis for a cost 
estimation strategy that has been applied 
to smaller projects in the 100 man-month 
range [BASJ78). We may be close toa math
ematical theory of cost estimation which 
will greatly reduce our need to "guess" at 
project costs. 

tMilestones 
A miles tone is the spe_cification of a demon
strable event in the development of a proj
ect. Milestones are scheduled by manage- · 
ment to measure progress. "Coding is 90% 
complete" is riot a milestone because the 
manager cannot know when 90% of the 
code is complete until the project itself is 
complete. 

There are many candidates for rnile- · 
stones: publication of the functional spe~i
fications, writing of individual module de
signa, module compiling without errors, 
units that have been tested successfully, 
and so on. Milestones are scheduled fairly 
often to detect early slippage. PERT charts 
may be used to estímate the effects of slip
paga in one stage on later stages. 

Reporting fonns can give information 
useful for estimating when a future rnile
stone will be reached. A general project 
summary, describing such overall charac
teristics as system size, cost, completion 
dates, or complellity, can be resubmitted 
with each rnilestone. Change reporta can be 
submitted each time a module is altered. 
The use of a librarian·probably means that 
such a form already exists. Weekly person

<L--:::::;;;;;;;;;;;;;;;;-=:7:-:=====:::----=- ' nel and computer reporta monitor ex¡>end--o .... uo'M'N'- 1.,¡ -MAIHIIN.!,NCI-

ACIIYIIIII , •• , •cuvmu itures, Although they 8.dd a minor overhead 

FIGURE 6. Yearly raté of expenditures approximates 
the Rayleigh curve. _Total cost tarea under curve) 
• K; a • 1/Ti; rate __ 2Kate-.. . 

Computing Surveya. Vol. ~~·No. 2, J~ne 1978 

! 
' .. 

to the project, the information helps man
agement keep abreast of progress [BASI78, 
WAI.S77). 

ll 
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Deve/opment Tools 

Compilers and certain debugging facilities 
hove been available for sorne time. In con
trast, other programming aids are new and 
experience with them is less estensive. 
Cross referencing, attribute .Jistings, and 
symbolic storage maps are examples of such 
aids. Auditors or database systerns can help 
to control the organization of the develop
ing system. The Problem Statement Lan
guage/Problem Statement Analyzer 
(PSL/PSA) of the ISDOS project of the 
University of Michigan is one of the first 
dotabase systerns for providing a module 
library for storing source code, and includes 
a language for specifying interfaces in sys
tem design which can be checked automat· 
ically [TE1c77]. RSL/SSL is a similar sys
tem designed to specify requirements and 
to design interfaces via a data management 
system [DAVJ77]. 

An alternative approach is the Program
mer's Workbench developed by Bell Tele
phone Laboratorios [DoL076]. A PDP 11 
based system provides a·set.of support rou
tines for module development, library 
maintenance, documentation, and testing. 
Proper use of these facilities allows access
ing information in an easier, controlled en
vironment. 

ReiÍablllty 

Conceptual lntegr/ty 

.. 

Conceptual integrity, unifonnity of style 
and simplicity of structure, are usually 
achieved by minimizing the number of in
dividusls in the project. A chief program
mer teom greatly enhances conceptual in
tegrity. 

A small group minimizes contradictory 
aspects of a design. In the PL/1 language, 
for example, the PICTURE attribute dec· 
laration may be abbreviated as either PIC 
or P, but in· fi>rmat specifications it may 
only be P [ANSI76]. In FORTRAN, the right 
side of an assignment statement can be an 
arbitrary arithmetic expression, but DO 
loop índices must be integer constants or 
variables, and subscripts to arrays are lim
ited to seven basic forrns [ANSI66]. These 
are difficult idiosyncracies to remembe'r. 
They illustrate a lack of conceptual integ-

rity that can arise when many people witl, 
different objectives become involved in u 
project. A consistent design is less prone to 
errors because the user can follow a simpl" 
set of rules. 

Continua/ System Valida/ion 

A walkthrough is a management review tA • 
discover errors in a system. In one study. 
TRW discovered that the cost of fixing w> 
error at the coding stage is about twice thar 
of fixing it at the design stage, and catchin¡· 
it in tAesting costs about ten times as mud. 
as it does in design [BOEH76]. 

A walkthrough is scheduled periodically 
for al! personnel. In attendance are tht 
project manager (chief programmer), the 
person reviewed, and severa! others knowl
edgeable about the project. One section of 
the system is selectAed for review and each 
individual is given information about that 
section (for example, design document for 
a design walkthrough, code for a codin~ 
walkthrough) before the review. The per · 
son being reviewed then describes the mod 
ule under study. 

The walkthrough is intended to detect 
errors, not to correct them. Also, tho: 
walkthrough is brief-not more than tw•· 
hours. By explaining the design to otherr, 
the person reviewed is likely to discover 
vague specitications or missing conditioru' . 

An important point for managemenl ;,. 
that the walkthrough is not for personn>!i 
evaluation. lf the person reviewed perceive,. 
that he is being evaluated, he may attemr.: 
to cover up problerns or present a ror ·, 
picture. . . · 

An informal yet very effective version ,,. 
the walkthrough is code reading. A secon. 
prograrnmer reviews the code for each m oc 
ule. This technique frequently turns up ,,. 
rors when the second reader, failing to u:• 
derstand sorne aspects of the code, asks tL 
author for an explanation. 

3. PROGRAMMER ISSUES 

Each stage of the software development Ji_¡ 
cycle has ita own set of problerns and sol" 
iions, The most advanced techniques appl· 
to the last stages; the first stages are ti, 
least developed. For example, testing ar, 

CompuW., Survry., Vol. 10, No. 2. Jww 1~ 
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debugging problems are apparent to every 
programmcr; these tools are the olrlest anrl 
most advanced. Tech,niques for improving 
coding wcrc developeél next. The most re· 
cent developments ha ve related to require· 
ments anrl specifications. Although many 
technicnl problems ha ve ·not been sol ved, 
an effective methodology is emerging . .Some 
of these Lechniques are presented in the 
following subsections .. 

Verlflcatlon and Validat.ion 

Vcrification and vnlidation (module and in· 
ttgration testinfi> of a ~y¡:;tem occupy ubout 
half of the development time of a project. 

. Many deLugging aids ha ve been developerl 
to facilitatc this cffort; most are imple· 
mented as programs tO test sorne feature of 
a :;ystem. ' 

Automated T ools 

The earliest and most primitivc dcbugging 
tools wcrc thc dump arlCithc trarc . .-\ """'" 
is a listing of the l'ontents of the maehirw'·; 
mcmory. This list ing ·.can oftcn revl•¿d un· 
intclligihll· data or cnürs. Cnfonunall·lv, a 
dump may nol he tnKen until long "aÚer 
the fact'' nnd thl· cause:ofthe ~rrur mu.\: not 
then be apparent. A '}trace is a printoul 
showing thc valucs uf selecterl variables 
after ench statemcnt '!s executed. lt may 
hclp a programnwr to rliscov(•f errors. 

Thcsc tcchni4ues are not. usuall.\· very 
effcctive becaus« they supply mueh data 
with little or no interpreta! ion. More ad
\'Ullc~d m~thods are n'eedecl tu reduce this 
data to an intclligible form. 

Flowgraph analyz<•rs are eapable of de
tccting refcrence~ to variahll•s which are 

· never init ializt'd or nc~·er reused after re
ceiving a value: tla•se Í.tsunllv inclicall' er
rors. T(·:-;t data genl·ra:tor~ n're also avail
ahll~. AssL·I'tion dwcker~ vnlidate that g-iven 
conditions an· tnll' m iiuikmt•rl poims of a 
·prol!'ram. Aut omat Íl' \_~eritkat ion systems 
iaave ht-~l'll implt'llh'lltt'd for smalllanguagl'S 
[1\.1:"\l~ml J.mul symholk t'Xel·ution has ht'l'll 
propo_sl•d as a pral'l ical nH.•ans fur \'alirlm ing 
programs in a nwn• coinplt.>X lang-uag-t•. Tlw 
PSL/P~A systcm is an t•xampll' ,,f a 10ol 
for nssist in~ in dt•sig-n nnd SJWriflt·at ion. 
Symlmlil' ciumps and i ract•s Hfl' ~t'ttt•rntNi 

., 
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with compilcrs like PL/C [Co;o.;w7:lj or 
PLCM [Zr:t.K75]. Hamamoorthy ancl Ho 
r HA.\IA 75 J survey many of thcse tools. 

Certitication 

Programs can be verified at severa! levels. 
Conway (Co;o.;w78] lists eight different ver· 
ification conditions: 

• A program contains_ no syntactic er
rors. 

• A program contains no compilar ion er· 
rors or faul[s during program execu
tion. 

• There exist test daia fur which the 
program gi\'es correct answers . 

e For typical sets of test data, the pro· 
gram gives correct answ~rs. 

• For diffi<:ult sets of test data, the pro· 
gram gÍ\'cs correct answers. 

• For all pos~ihle sets of data which are 
valid with rt!spect to the prohlem sptc· 
ification, tht• program gi\'cs <.:OITf.•ct an· 
swcrs. 

• For all possihle stts of \'alid test data 
and all likd~· couclit ions uf t~rroutou ... 
input, the program gi\'e:o; corn.'L'l an· 
swer~. 

• For nll possible input, the program 
gives torn•ct answcrs. 

~·-~me people are optimistic that one rla~· 
<.:Oiltplctc automfl.lic program verifieatiun 
witt·be possiblc. Today's toub operare a 
pvst~ri<lri, demunstrating that 1\ gi\'en pro· 
gram works. Tomorrow's tool~ will also op
crate a priori. helping to den•lop programs 
which are corrt•ct hefore tht•y are evl'r run. 
Su~·h tools L'an reduec llw amount of te:-;ting 
required for a l'ompleted projerl [D1-11;7t;]. 

Verífication tt•ehniques han~ rhe fnlluw· 
ing general srrul·tures . .-\ progntm i~ l'l'pre· 
sented b\' a tlowehart. As....;ol'i:u l'cl wit h t>adt 
un· in rhe flowehart i.s a prerlicatt>, enlled nn 
m•scrtion. If A1 is the a.sst"nion a~sociatt>d 
with nn are enwring statl'llll'llt • ...,·, ancl A: 
i::;. the nssertion on the are following tlw 
st att~ment, then t he stat eme m .. f f :\ 1 is t rm·. 
ami if stntcmt•nt S is executt>d. dwn a:":'l'l'· 
tion A, will be true" mus.t he Jli'O\'t>d lst•e 
Fi~ure 7). 

This proces." l'an he rt>}Wall'd for t•ach 
statl•met~t in a progrnm. H ..\ 1 is tlw as:-;er
tion im.ml'diatt·l.\· pn•cl•ding tlw input noclt' 
tu tht! Howl'han (that i:-;, tlw initial ét."'-'l"l'· 
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FIGttln: 7. Asst.>rtions A, andA, »urruund t•adJ stnte
ment of a program. 

tion), and if A. is the assertiun at the exit 
node (for example, the final assenion). then 
the statement "If A 1 is true, and the pro
gram is executecl, then A, is true'' will be 
the theorem that states that the program 
meets its specifications (A, and A,) (see 
Figure RJ. This approach was formalized by 
Honre [HoAI<fi9] who defint·d a set of ax
ioms for determining the effects upon rhc 
asseftions (precc)IJditions and postcondi
tions) by t'ach .stuttment type in a language. 
Thus verifying pr-ogram correctness re
dun•.s tu proving a theorem of thc pn•dicate 
calculus. 

CL•rtilication tcrhniquc dL·vdopment is 
still in a preliminar.\' stage and docs not 
mcct t hL· chulleng~ of a modern large s~·s
tern. In mlclition, axiomatic t:l'nitication is 

wcuk in tlw sensc thut tlll' CHIIfHll assL·rt ion 
is provt.·d truc onl.v if thc prog-ram tt.•nni
nates. Axiomalic·methods are ineapahlc of 
proving tt.·rmination. Howt'ver, U.•rrnination 
can often be proved informally by the pro
grammer. 

A typical approach to provin~ t hat pro
gram loops termina te is the fullowing: 

I) ~"'ind so me nurnber P t hat is ahvays 
nonncgative within the loop. 

2) Show that for eath exetutiun of tlw 
loop, 1' is decremented by at least a 
fixed amount. 

If both ronditions nre ulwa~·.s true, the loop 
must tt.•rminate ht"fore P het·omes nt•gatin•. 
A programmer who uses such nde:->, p\·en 
informally, will st•ldom wrile nontl'rminm
ing loops. 

Con~ddL•r t.his JH'(Jgram fragnt<.•nt: 

while .r<y do 

x;= .H·I 

t•nd 

Let qunnlity P ht• tlw expre.ssion y-.r. and 
lf>t J>ti) rt.•ft•r lo tlw valut> of P during tlll' 
ith ext•nll ion of t hl• loop. Bt•cauSl' x<y must · 
be tnlt' for each Jh.'Xt iteration. y-.r is al-

ways nonneg-ath·c aJl(l condit ion 1) is satis
fied for each exec':Jrion uf the loop. Since · 
the loop contains the statem{·nt x := .t+l. 
P(i+l) ~ l'li)-1, satisf_ving tundition 2). 
Therefore the loop must terminate. 

Certification will not solvc all our soft
ware problems. although it is an importan! 
too!. Gerhart and Yelowitz [GEHII7fi] have 
shown that there are many published "cer
tified" programs that cont a in errors. E\'t:ll 
experts err. 

Formal Testing 

Goodenough and Gerhart (GuoiJ75] ha,-e 
clarified the concepts of testing. A duma in 
is the set of permissil.>le inputs tu a program. 
and a test is a subser of the domain. A 
les/Úif! crilerion specities what is to be 
testt'd (for ('Xamplt:, spceifications, all state
ments, al! pathsJ. 

A test is cumplPie if the test llH;'ct:o:; all tht
requiremems of the tE:'sting c.:ritl·rion. anda 
complete tt:.·'l· is succe.'isfi.t! if t ht· pro¡.:ram 
~j.,.~s cornrt results for t:'arh inpu1 in thl· 
test. 

\\'ith tlwse deflllitions, \H• ean ddint fJI'•J· 

gram reliabílity ancl \'alicJi[.\', .-\ program is 
reliah/e if l'\'erv f(Jund errur is revealt:d bv 
every eomplcté test. A prugram is ca/Id ü· 
every error is rtvealcd by some complere 
test. 

\Vith these definitions, severa! important 
results <.~an be provt:'d. Among theSl' are: 

o If a program is hoth n•liabf,. ami ,-alid, 
then it is corren if and unly if any 
complL•te test is al~,) sut"l'l'ssfuJ. 

o Tlw níterion "eXt'l'Utt· l'\'l'l'.\" path" is 
nOt \·;dirl: thert• t•xist prngram:-: all uf 
v.-ho.·-=· IL'Sl :;ets SUL'l'l'l'd. hut whil·h pro
duct· IIJl' wrong n•sults for :--:oull' inpm. 

\\'hilt• thi~ franll'work is :-:onwwhat tt•l'h
nkal and i:-: rw1 applicahl(' to al! pn,~ram
ming, it is an imponant ~tt>p in form:ili1.ing 
this art>a. \\\• now h~l\'l' a !Jasi;-; for talking 

Fh ,¡·¡¡¡.;H. l'r.·dil·att·s .-\, and ..\., "'lll'1·il'y llq•ul·o>lllput 
lll'havinr 111" a pru¡.:rarn. 

'~ 
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grammer's task . is made easier 
co¡nputer docs more work. 

Structured Programrning 

when the has hecn adrled to the new FoHTI!AS· i7 
standard, although a general while is still 
missing from the Janguage. 

, .. 
A majar development in fncilitating the 

programming task is known as structured 
programming, which has heen erroneously 
called "gotoless" programming. Fortu
nately, the debate about "to goto or not to 
goto" has mostly disappeared, ancl sorne 
clear ideas have emerged. The premise of 
structured · programming is lO use a small 
set of simple control and data structures 
with simple proof rules. A pro¡:ram then is 
built by nesting these statements inside 
ea eh other. This method restric·ts t he num
ber of connections bet\\'een pn,g-ram pans 
and therchy improves the comprchensibil
ity and reliahilit,l' of the ¡>rogram. 

System Design 

The if-then-elsc, while-do, and se
qucnce stutcmcnts are a t'Ommonl~· :;uG"
gested set of control struetun·s for this tvpe 
of programming; i)owe_ver, tht!l'l' is nothing 
sacwd ahout them. Kmuh [K:<t'T74] has 
ttrgued t hat the gotu statcnll'nt is irr~:lt:
vant tu thc true gonls of structurcd pru
gramming. 

Thcse simple c·~ntrol structurcs hclp pro
grammcrs t·crtify programs, cven at nn in
formal leve l. For .cxample, a prugrurn can 
be rt-prcsentud as a function from its input 
cinta to its output elata. Suppuse {(.r) rep
resents a segment of a program I!ÍVPn by 
the following if-thcn-clsc statcrncnt: 

i( p(xl thcn gt.rl~t·1sl' htxl. 

Beca use functions g and h are simplcr thnn 
function [, their sp<·cifkntiuns should be 
simpler. If thcir ·SPt:'l'ificatiuns are known·: 
the overall funrtion f is de!ined by 

{(.rl • (pt.rl- gt.rll v 1-:¡,lxl- hu· H. 

The progrnmmer can cxpress t he formal 
definition uf l in terms of thc sitnpler defi· 
nitiuns of /! nnrllt. 

Languni!L'~ su eh as Al.l~ol., P t\:-;L'AI.. nnrl 
ct.•rtain subst.•ts of PL/1 contributt~ to ~ood 
programmi1lg- JJracti~.·t'~· by p,,.vitlin~ tht:~~t.· 
fndlities. In urdt'l' lo n.•pair Ft'lfi'HAS's lal'k 
of st rut.·t u re, ovt•r ·50 pn•prnt.'t:'S~ors for 
t ranslnt in.: \n•ll-st I'U('t urt><t pseudo- F< 1lt. 

. THA~· prOi!I'UillS into true FnHTH.-\:'-: ha,~c 
bcen rleveloped [lü:JFiti]. An if·thcn-dst• 

· A ;techniq u e rclated tu struct u red program
'ming is.lup-cluU"II rle.>~grt, in which a pro
grammer first formula tes a subroutine as a 
single slatement, which is t hen expanded 
into one or two of [he basic control stru<.'· 
turcs mentioned earli~r. At e3ch level the 
function is expanded in incr~asingly grcatcr 
rletail until the resulting de~criptior. be
corries the al'tuttl source language program 
in sorne programmil1g language. 

· lJsing this appruach, alsu called sleptt'i.,e. 
re[inement [Wun71, \\'un74], the progi·am 
is hieran:hi<·ally struct u red und is describcd 
by succcssive rcfincrncnt~. Each relint'ntent 
is ·interpreted by rdtrring w 01 hcr refine
ments uf which it Í!-i a l"umponcnL C'un<.'td·n
ing this nll'thod, \\'inh stutes: 

1 shuuld likl• lo strl':-;." tha1 wt- .~hllulti!IUI he lt·rl 111 

inft•r lhat Ut'IUalpru¡.:rum t.'IJ/lt"t•¡Hillll ¡.run·l•rl:o m 

s_uch u wt.•ll un;.anin·d.l"itrai¡.:htfurwunl. "'luptlown .. 

mannt·r. Lah•r refllll'llll..'llt ... tl·p:o m;t_\" uftt.·n show 
lhut l'arlicr rll'd~iuns un· iullpprupi'Utlt• 0111d mu . .ot 
lit.' _recun • ..;idt·n·d. Hu1 1his Ol.'Lit. nr•tt·d (tllfuri:a

lion uf n jlrtlgl'altl st•r\'t•s admirallh Yot.·ll to k~-:~1 
thl:' indivitluul huilding hlod\s illll'lll·t·tu~tlly man
Hf(l'ttblú, IU t•Xplain tht• pru¡tntm lu an audit'n<'ll 
ün<i tu um•sL'IL 10 mis~ tht- 1~\'td ol ... unfidt'fll't.' i11 

thc·prugram. nnd to coridut·t ÍJ¡furmal. tHHI t•\'t.'ll 

fonnal pruuf:1 uf \'urrt-C~nc~. Tht' t•nwrto:itt.: nH•tl
ularily 1& purti~,.·ulnrly welt-utnt• if pruKnun,. ha\"t• 
to be nrlju1oott>d to C'han~c'd nr t'XIt•n\lt·d :-¡wt:itit·ol· 
tion~. [\\'urr7-l. p. :.!,jll 

Operating systems are often mudeled as 
hi~r·nrchics of abstrae/ or n"rtual tnitl.·hin~s 
[BIHI"77 ]. At the lowest levclof the •ystem 
iH the physital harrlwart!. Eaf..·h n ... •w lt·\'~l 
providt's· adciitional rcrpabilitic . .;, ur allol\"il· 
Ul~ futu.·tions on data. and hiele:_.;. :'t.lnW ,,f 
thc• detail,; uf a luwer leve l. For example. if 
0111-.• level Ul'l'essPs the pag-ing hardwar~.• of 
the eumpute.r and providt•s a laq!t' vinual 

. llll'll\Ol'~· for all _otht•r pn.lt.'L•s....;t•s, 1Hht>r ah· 
~tract Iwu.·hint-s at hlghL•r lt•\·l'ls t·an h" im· 
plL·nwntt.•d a~ iftht>y had unlimilt•d tHt•n\tlr_,. 
sinre this rlctail is t·mnrollt•d b~· a lowt·r 
levd. 

Thc C.:Oill't.>pt uf a J'I'0#1'll111 dt'~i¡!tl Í1111· 

CPiJl.) lo aid in 1hi:-0 dt•\'t•lopnwnt 
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about such concepts as reliability ami cor
rectness. 

Mean Time Between Failure 

While uscful for forusing our attention, an
alogies with uther engineering fielc..ls must 
be used \\'ilh care. Relinbility is une area of 
incomplete analogü~s. The conc~pt of nHYm 
time betu·een fai/ure (JfTBn clocs not ap
ply dircctly t1¡ software ah t.ough it sorne
times is used as if it does. 

Systems buílt from physical components 
wear out; transistors fail: mowrs burn out: 
solderecl joints break. This is also true fur 
the hardware of thc computcr. However, 
thc logkalcomponcnts of sof1wan~ are du
rHblv. A ~:in:r~ program will alwa.vs produce 
the samc HnswL~r for the same input, as long 
as thc hard\' .. 'are doC>s not fail. \Vht:.·n a soft
ware moduJ¡: "fails," it has bccn prest:ntcd 
with an input that tinally n~vl·all~d an error 
prest·nt from thl! :->tal'l. 

The MTBF mcasures thc tiuw lwtween 
revclations of t'ITors. This, in tu1·n, dcpends 
m1 tht• kinds of inputs pre~t~lltl·<L A cum· 
pill'r u:it·d o11ly for' . .:;hon jobs from stucle.ll!s 
may ha ve a lo11g t\.1TBF: hut if it is ;-;uddt·nl.v 
u:-;ed for otlwr nppli.:·ations, its f\-1TBF may 
<h·crease !-;harpl~· as unsuspN'lt:d crrors <trt• 
excrcised. A large MTBF <·an thus he intPJ'
pretell unly a::; an indicution uf pussihle 
reliahiliry, uot as a proof of it. 

Error DE;ys 

Sinre formal certifieation of large cla~ses of 
pror;rams is still unnttainablc, tcclmiquc::-; 
for estim:tting the \'Hiiclity of programs art~ 
still Ueing L'on~lde!·ed. r..1ust uf 1 hese tt-ch
nic¡ut·~ n:~>asul'l' thc mamher of l'ITOrs di~
l'O\'l'l't d, which nre a~surnl'd tu be rl'pre
~entatin· oí thl' total numh(·r of errors pre!"
eut in thc ::;\·stt•m. and ht•OL't' a nw:.tsun· uf 
tiH.• rl'liabi!Úy of th~..• :-;ystt•m. · 

Milh; [1\1n.l.7u] detines an aror day as~ 
nwa~ure stating that OIH: error remain:i un
dt•tectt-d in a s~·-=-tt·tn for olll' da~·. The total 
numhl'r of t'ITor ctn,\'S in a ¡.;\':-;tl~m i~ t·om
putt•d h~· summing, for l'ill'h error, t he 
lt•ngt h ot' t Ülll' th.:H t•I'J'ol' wa."' iu t he !'>yst e m. 
A high l'rt'llr dav nJullt mav l'l'\'t•al man\· 
error:' (pour clt>~ignl or luJ;g-!i\·l·d l'ITOI~~ 
(pt)OJ' dc\·~,.·Jupmt'IH). 

Tht• ns.:mmption is made that if a pro
gram is rlt>lh·cred \\'ith a low error day 
count, tlll·n thcre is a good rhant•e that it 
v • .ill rema in low during futurt! lll"e. Huwcvt•r. 
two major problems rema in heiore t his 
measure can he widl'ly used. First. it is 
difficult to rliscover when a p:trticular error 
first entcred a system. Sct:ond. it may be 
difficult to obtain such infllrmation from 
the developel· ora dclivcrcd product. 

Programming Techniques 

Several aut hors han: mt•rn iuned that the 
numher of lir:l'::i of code produced by a 

.programmcr in a gi\·en time tends to be 
independent of the lang-uugt: ust-d. This im
plit's thnt hig:lwr )e\·t-1 languagt:s enhant·e 
produetivi1y [Bl<"o75. l-1.\1.~77[. This is 
trut e\'en 1l10uf!h asst:mbly lant~uagt: i)J'u
grams are pott:ntially mort• t·llici•.·tH: tlu•ir 
potential is s<.!ldum rt:alized in pra~..·t il'0. 

The gouls in dt!\·elupiu~ t:arly hi~iu .. •r le\'el 
lang-ua¡.!t·s WIJJ'l• le) In: a bit: lo u.:prt~:-'~ dt>arl~· 

un algorithm nnd tl'illl:·date it into t•liít"it•nt 
machint );utgtla;~é ¡Jr<lgrants. TJ,~,.. effli.'Jt·ney 
ofthe rcsultin~ ¡·¡,dl· wa . ..; al! ünp~~rtant. Th:s 
lt·ci to sunw antnualie:-; in F1 IH 1 H:\:"\ arL.;ir:.g: 
from the SII'Ut:tlll't' nf 1 he IB~l :-n-t frq· whi.::h 
it \\'aS developt:d 1 for example. t he tint-e· 
way brnnt:h of tlw arithnH:lic IF1. .-\uooL. 
whirh was dcvclnp~..·d as a machint·-inde
pendent way. of expre~:;ing- algun.hm~. con· 
tained conccpts who~e implenwntation on 
conventional harrlwun• was iru·fiidt•nt (e.~ .. 
recursion, ('all-by- 11.111ll' 1: t his tna.\· expletin 
why AL(;ol. is not widt•ly '"cd. 

By the late HHiO:-; it wa~ iU:Ct.·¡Hed that 
the langunge should fal'ilitatt.• writiu~ rhl) 
program and that tlw maehirw _.;huuld h~ 
designed to t•rcatt.• an l'ftirit•nt l"llll·linlt.· t'B: 
vironmt•m. Toda~· rht•re i~ a <lt·finitc ::hift 
toward u . ..;ing tlw l:lll{!llilf!t' to makt• prn· 
gramming ami dut·umt•ntat ionl·a~ier ancl :n 
produn~ rdiahlL• and t'OI'I't.'t't :-;oft\\·.:tn·. 

This does not mran. huwt•n .. r. that t'ftj. 

Ót'JH'Y is ignon.•d today. \\'lwrl'a:' Pl.,'l pl'r-' 
mits tht.• writin~ of simp!t· program~ who:Ol' 
cxl't'utinn tinw j¡.; quitt• lnng. P.\:'('.\1. wa!" 
dt.•i-Ígrwd tu t•xcludt• n:n=-t nH·t:-: who.".lA nw· 
chin.c t·ode is int>ftit.'it•IH. ~ÚH'l' h:1nlwart> i:-: 
lt~:-;~ t'.\JI•·rt..;in· th~m pl'\l~rattmll'r='. n·li.d.il~ 
ity ha:-; ht•('Oillt' :1 majur b~.·tor: Tht.• prn-

\(, 
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has hecn defiiwd [CAt:-<7.1 ]. This typc of 
language contains .two ~tructures: "outer" 
syntaX of baHÍ<" stalemenl types, such aS if
thcn-C)SC, whiJc, an<J S<'QUCnCC for con· 
neCtíng l'omponcnts, and an "inncr" !lynta.x 
that correHponds to ¡he application being 
clésigned. The inncr s.vntnx is English statc· 
ment orientcd, and is expanded, step by 
step, until it exprcsses the algorithm in, 
sorne programming language. Figure 9 rep· 
resents an examplc of a PUL dcsi¡:n. 

lt shoulcl be notecl here that PSL/PSA 
and I'DL complement eaeh other. 
PSL/I'SA is a spccifications too) that valí· 
dates correct d3ta usuge between t wo mod
ules (interfaces). A svstem like PDJ. is use· 
fui for dt·strihirÍ'g a. given moclulc 1 at any 
leve) of dt"tnil. Both PSL;PSA nnd· PDL 
can coutrihutc to sucecss in a largc pro)ctt. 

Ewn though clcsigned from t he top 
down, rnany s~·Stt:'ms nre implementl'd from 
thc bottom up. l.ow-level routinl·S arc·tirst 
codcd with drivers to test thcm: 1 hcn ncw 
modules, using thesc l<w~·-levt:l nJutincs. nrt 
aclded, and thc s~·st<·lll is huilt up. 

'1 'up- d (JICII e h.•t '<'/u¡ Jfll L'IJ 1 is a nollw 1' · t l'C h
niquc for implt•Jnt·Jllin¡~ hit·rart'hicall~· 
stru('turcd program:-;. He re t ht.> top·ll'\'cl 
routincs are writtl'll firsl and lowcr lt·,·cl 
routirws, callt•d stub:-;, are written to intcr~ 
fa ce .wit h 1 hcst•. 'Tlw ~tu bs rcturn I.'Oill rol 
aftcr printing u simplq mcssage and may 
rcturn somt• fixcd sample test values. Thc 
stub is ~ventunlly r~placccl by tlw full nwcl
ule which now int.·ludes calls to ot her sr.U hs. 
In th.is mamwr nn en tire systPm can, be 
graduall,v clewloped. · 

lf usccl cardully, this tcdmique can he 
valuablt•; how~.·ver, the svstcm's currt•ctnt•ss 
is -~s.·mntt•<l. not proved,' until the la.st .stub 

max: 

'· 

r Fin:l 11\aXÍillUIII.-~·It•nll'llt in :1 li:-;t • ,: 
llEt'l.:\l(E lllla\iinum,lll'X\1 Íillt•¡!t•r; 
DEl.'I.Ain; li:-lt b-t uf inh•¡.:t-r:-;: 
maximum -.lir:-<t dt•nn•nt (\f lí:-;t: 
DO \\'!liLE tnwr~~ t•lt.'nwnr:- in.li:-tl: 

lll'XI "" 1\t'XI dl'I1WIIt uf \j~t; 
m:axinuun = 1.1r.:t•:-;1 tlf lll'Xl :~m: m:.xinuun: 
E='l>: 

Hl-:Tl'H;-o...' tmaximuml; 
E~_l> max: 

Fltil'IO·: H ... l'l>i. uf a. pru~l':\111 tu timl tlw lar¡.:t•:-;t 
l·h•nwnt iu a li."' to.utt•r synw~ i:-; in upp.•r ,·a:-;t•: imwr · 
s:\'ntnx in lm\'t•r t'a>wl. · 
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has been · replacecl [D~::-;:-~76a ]. The docu
menthtion sperilies the. assumption.s. on 
each stub. Fur example, if 

íi.f) • if pLrJ thcn g(x) elttc ht.rl 

is a program fragment calling stubs f? and 
h, then f will be corree! only if the modules 
eventually replacin~ the stuhs g and h are 
corrett. 

Vía top·down development, a user sees 
the top-level interfaces in the system very 
early. He can then make chnngcs rtlatively 
easily ancl soon. Another approach with the 
~ame goal is itera/ it '(! en lw ncemen f r BA~l 
75]. Csing this tcchnic¡ue, a suhset of the 
problem is first designecl nnd implememed. 
Thi:-; gives thc uscr a running sysr~m tarly 
in the life cyclc w~en changes are ea~itr; ro 
mnke. This process is repeatccl to dcyelop 
successively larger suLsets until the final 
product is dcJi,·cred. 

Brooks (Btto<>75] beli<ive~ that the tir>t 
yersiun of a system is alway:o; "thro\\·n 
away," betnusE> t he· corH.:rctt spccificat ion:-:. 
for a ~vstt:m are often not defined until the 
s.v~\t''1.1 Í:-; c(mlph•tt·d, a tinw wht..n tlw initi.al 
prmil¡,·t lllC(~ls t!J,, . .:.e Spl'l'ifi"nllions ratl1t:·r 
po~~rly. h \:-; ofü~n t:hea¡H.·r ami fa':-;tt•l; to 
réUuild a s~·stem from Sl'ratch than to try 
to modif_v an exist ing product to mcet thest:• 
specification:-<. Howevcr. a ,ile\'eloptor will 
oftcn dclivcr sul·h a túodified system ¡t~ H. 

''prc·relt.~usc" if n deadline .is near ami rht· 
purrhaser i::. ·dcmnnding results. Tht: hu.ver · 
t hen suffcr . .;; wilh this version, replt'te wit h 
er-rors, until ht: throws it m\.·ay or haS the 
product rebuilt. Itermive enhancenwnt can 
make relmilding lt.>ss chaotk since there i:. 
n running s~·stt•m (not lllt'eting all the re
quirements)·earl_v in the devl'l~rpme!lt cyde . 

. PerfOrmance lssues 

.The d1oscn algorithm~ nnd data strtll;~ur,e's 
ha ve a much gi·e~ner inlhu:nl't:' on pl\lgi'iún 
perfonnanct; than\\·odt' optimüatiun <11' the· 
progranuning: langün~c. Bt•fort> d10l) ... in¡.: ·:m 
nlgorithn1, the progran'inwr fan•s tht·~·e.· 

,¡~ .. lluestion.s: 
• Can, prt>viou~ly writ ten 

us:t"~d'? 
~oft wan• h~:- · 

. ' 
o·. lfu Bl'W nwdult.• mu~t hl' wriltt'll, what 

ulgurit hms and da t i1 ~u-ut't \ll'l':: will 
givt> nn l•ffidt•nt ~olut ion'! 

,·.,_,~, .. "' ~ 

\ ',' 'J..~:~. 
::· .~·;;. . ; 
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Pro¡:ramming languages usually include 
standard matlwmatical functions such as 
sine, logarithm, ami square root. The.v give 
the prograrnmer n•ad_v accefis tu lihraries of 
standard software pnckages. This allows 
the programmcr to use results of pre\'ious 
work. In preparing prugrams for standard 

.libraries, analysts have included many op
tions in a single package. The effect can be 
a large cumbersome package which is inef
ficient because only a small part of it is 
applicable at any one time. This can be 
avoided by installing multiple vcrsions uf 
the module for each special case. 

Many opportunities remain for more 
packaging ancl use of existing software. Dif
ficulties in achieving this indude: 

• Identifying which standard algorithm 
to package. This is easier in mathe
matical art·as :-;u eh as stat ist ical testing. 
integralion, diffenmtiatiun, and matrix 
computations than in many nun-ml· 
rnerieal areas such as business appli
(.'ations. 

• Tran~port ing and intcrfacing wit h 
pac.:kaged software. Sume progress has 
bet:n made with programs stortd in 
read-only niernories whith plug into 
mic.:roprocessor!'i, or with interface 
proccssurs un computer net works. A 
major prohlcm urea lie.s in interfacing 
softwar~ directly to other software, 
since t}wre are no conventions. Some 
help is afforcled by such concepts as 
thc "pipeline" in UNIX, which pro
vides a general communirations chan
nel between programs [Hrrci4). 

Algorithm Analysis 

SOIIIL'timt·s thc program .SJlt•cifil·ation is 
not t•hang-t•al,lt·. ami tlw anal~·st must lind 
thc ht·st possible algurithm . .Suult•tinws, 
howen•r, 1 he spt•t·ifications t·an be..• alterecl 
to pt•nuit a mort· t•flkien¡ solut ion. 1 n so me 
imHnnt·t•s Wt' t'an shuw that tlwre are no 
algorithms guaranteed tu he eflkit•lll in al! 
ra~t·s: lu.•¡·e appr(1;\imate algorit hrns 1 hat art• 
t•flit"it·nt in uw,..;.t l':tst·s hUI need nor gin;• 
exact :"o!ut ions !llliSl hl' ust•d. 

Tht.• fast F<IUfit·r tr<trlsf(li'Jil illustnlll'!'i tht• 

most l'f'fkit·nt f¡ll'lll fpr ¡·omputing the Four
it•r transfonu, a tt•t·hniqut• uscful in wavt•· 

form analysis [Coo1Ji5]. This transform is 
haserl on a ·finite ~et of points rather than 
on a romplex intc¡.!rul which is hardt>r to 
computt. Languagt• anal.vsis (parsing) in a 
compiler illustrates ho\\' changing the spet·· 
ification can pt.•rmit a more effident solu
tion. Anv !-'tring of .Y svmbol.s in an arbi· 
trary t·o~t.ext-free langt;aKc can he parsed 
in time of order 0¡_\' .. :J¡ [Y<H':-.-Ii7J; huw
ever, a programming language need not in. 
elude all features of an arbitrary context
free language. PA:-IC..\1. is an example of a 
language which can he parsed hy a deter
ministie top·down parser in average time of 
order 0(.\'¡ [A11<>72j. If we are free lo set 
language speciftcations. ''-'t' can .choose the 
language and he rewardcd wir h éfficient 
compilers. 

Many pracr ical prohlems. su eh as joh 
Sl'heduling or net work eommodity llow. in· 
\'lll\'l' enumewtion of a comhinalc)riall~· 
larg~ number of ahernative .... and ,..;dt·cti~Jn 

of a hest solution. In tht·:->t cases it ma.\' ht: 
ht!tlcr to restrict the search fur a suhopti
mal hut g0od llllSWt•r. \\' t• rt·t'OIHilll'IHi t he 
papcr hy \\'eicll· (\\'t:JJJ77J f(Jr a cli:->c.:ussitm 
of the is!iues and a statP-uf-thl··art surve.\' 
uf algqrithm an.alysis. 

Efficiency 

(n many cases the results of alg-orithmic 
analysis .art.• not t•xtensivt.> t:nough tu help 
tht• programmcr; thus Wt• nccd w offer tech· 
niqut•s which can help loeatt· and remo\·t· 
sourrcs of inefficien('y. Ülll' such too! is an 
optimizing compill.'r whiL·h. for somt· lan
guugcs, can yit•ld significant impro\'t:rJu·ms 
[LowHGi)j. The \·tdue of sul'i1 tools, how· 
ever, is limitc..•d {K:-.; t "1'711 a1ul llla\· he rt•· 
alized onl~· for progTams whiL'h ~~re u~ed 
often enough to justi(\' tht• in\'estnwnt in 
l)ptimization. 

Onc uf the most powerful aid~ i.s tlu:• 
¡i·equt'll(\' histo~ram. which rt'\'t•als how 
ofwn eaC'h staH'Illl'IH of a program i.s t·xt•· 

nltt·d. h is not unusual lO lind that 111r; of 
the statenwms at't'ount for ~llr~ of tht> t•xt~

cution timl' [K:-.:~ 'T'7lJ . .-\ pro¡.:nunn~t•r wlw 
t·onn•mrntt•s on tlh'~t· "hotllt·llt't'ks" in;¡¡~ 
algorithms l'an n•;.di.~t· ~ignificant pt•rform
.!lu.'t' impro\·t•nwnt,..;. at :¡ minin111111 itl\·t·st
lllt'lll. This tt•dHlhl\ll' ha:-' hl'l'IIUS.t·d in somt• 
iutt·racti\'l' OJH'I'ating s.vstt•ms, such as 
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UNIX m"l MULTICS, which stanecl out 
a.., hi~h~lcvl·l lang:uage upcratlnt{ s_\'St<!nL-;, 

Bottlcnecks have bcen replawd by assem
bly l&nguage routines in lcss than 2o'"; of 
thc system. 

Theory ol Speclllcalions 

One arca of software engineering that is 
now unclcr ;tudy is systcm spccilications. 
The. objective is to staw. the specilications 
eurly using a metalanguage. This placcs 
rtstrictions on the design aml rnay help 
estuhlish whcther the spccifications are 
me t. 

An early exnmplc uf such a specilication 
WUS the SO·Called ''gotolcss programming" 
[Dt.tK68, K:-:t;T74]. lt is propt·rl.v callee! 
"structure<l prog:rarnming.'' lt restricts the 
form of statem{'nts a programnwr may us(•, 
but this restriction contributcs to compn·
hensihilit v ami l'nhunces a roJTect JH:ss 

--· proof. · · 
A sccond .'Wt of sueh ruk·s t.·mplo.vs 1 ~H: 

eOI\('l'IHS of levels of al)str;¡c._·tiiJil, infc¡f'JI:a
ti(Jn hiding, ami llH~dulc inH·rfat·ing to rL'
stri('t HITt.>ss to tlae intL•rnal ~truc..:tun· of 
data. Parnas 1 PAHN7:¿J formalit.L:d thL'Sé 
idt·as which WL'l'l' standard practiccs of cx
pert prognHtlllll·rs. He ddincs data as a 
colll·ctioll of logic;tl ohjctts. each with a set 
Of allowahlt• state:;. Pron·dun~s l.'i\1\ tlwn be 
writtcn to hide lhe'repl'~!:il·ntation of the:<.e, 
ohjct·ts insidt: st•pnratt• modulL·s. The ll:iL'I" 
rnunipulatL·~ the ohjt.•cts b~· callinJ,t the spl'· 
('1111 JH'Ol't•dUI'l'!-i. 

St~vcral languagt.:.s that fal'ilitate tht• ust• 
of 1 h~.'SL' roJH't·pt:-o. ha\'l' het·n dt·\·\·lopl·d. 
Among tht'"" ar•• 1-:t'l'l.lt> il't~l'1·:7iJ. Cl.l' 
[l.t,.;J;77J, and Al.l'llo\HI> f\\'1'J.F71q. Tht·><• 
ltuq~uagt·:-: (h.·rmit prol!rnt~tnwrs to dl•litu.· 
nl,stfl\l'' <lata ty¡w:-o ha\'ing tht~ pro¡JL'rt~· to 
encap:-o.ulatL' tlll' n•¡)l'C:-iL'llt;ltillll c11· tlw logi
cnl ohjL·l·ts {Lt~¡.,: -;;-,J. \Vht:'n cum·urrPrK,\' is 
an i..:sut•, tht· u:->L' t)f ab:o.tract ohit•t·t:-: must 
·he l'tHHrollnl hy· :-;ynt'hnmizatit.ill t!iu· l'X· 
umplt', ltwk~. si~nab;); in thi:-: ,·a:-ot• dw nb
~tract t~·¡w managt·r~ an• t·allt·d motlilor.,·. 

Anotlwr kind uf ~JWl'ifkation i·u¡~:...;is!;o-; of 
''hight•r ~~nlt..>r ~uftwart' axiom:-o" t l H ):--;) 
11 L\~11 7ti l. whü:h url' a ::.ct uf :-:ix axiom:-; t h:1t 
:-;pp,·jf~· allowahle ÜHl'l'at't ion; aúiong pnlf.'· 
t·:-;~;L'.S in u n•al·timt.• ~~·~tt·nL 1Jrw ;¡xiom pru
hihils a pron~¡.;g from t:ont rnl\ing it~ own 
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exccution, thorehy ruling out rt't'ursion in u 
dc:-:;ign. Ar\()ther .txiom :-;tates that no mnd· 
ule nmtrols its own input data :-;pace nncl is 
thercfore unahle to alter its input variahiL·s. 
While these uxioms are not t·omplt·tc. tht.•y 
are a first step at formalizin~ spt>cifit'atiuns 
for system design. 

SUMMARY 

Boehm has stutcd sevl•tl prindple:-; th,~\t 
haye helped organize thc techniqut-:-> di~ó>· 
cussed in this paper [Bot-:1171iJ. 

1) ·lV!arw~e u.o.;in~ a ,,e(¡W:t:lial/ifl! cycle 
plan. This means to follow the software 
developnll'nt life eyclc outlint:'d earlier. lt 
ullows for fl·l·lliHu·k which updatt•s pre\'iou,:; 
stages as tht• t·onscquent:es c,f prcvioug de· 
l'ision:-o hccoml:' unknown. h encount~es 
milestont~s t o nwasuru progress. 

2) Perform c:tmfÚIIUJUs f'alidation. Ccr
ti(v each new n·finemt·nt of a module. t.' se 
walkthroughs and rocle rending. Displa.v 
tlw .hi,·.-an·hit·al stntl'ture of tht:' s.v:->tem 
¡'JL'iil'l~· in all dtwttmt•lltation. 

:l) J'/ainfain di.'ict/>hnecl ¡n·t¡c/lll'l 1'(111· 

trnl. All output of a l,roject-design docu
lncnts, soun:e codt:, user (lcH'tlllH:nlation. 
and so fonh-should he formnl\~· appron·d. 
Changes lO ducurnenu.; and program librar· 
ics must be strictly moniton:d and audited. 
Code reading, projet't' reporting [¡irms. li
brarians, a dcvelopmcnt librn•·y, ancla proj
cct notciH.lOk ull cuntrihuu .. tu thi:-> g,)al. 

~) lhc enhancl'll top-dou•n .<fn,clurec/ 
pruRrammin¡:. PL/1 and PN..;CAI: ha\'e 
g-qod tontrol um\ dnta strueture.s. l'rt·· 
¡nocL·ssors t·:-.:ist whidt uugmcnt FottTH.\S 
l'or dtl'l'\(' strul't u l't'~. Dl·~l'ription t t:t' h 11 iq UL'S 
~ul'h u~ stl'IIWi~t.· rt>fint.•ment, nested data 
ahstrat·t ion:o'. arH 1 'lat u tlow net }.\'ork:-o should 
be U~t:'d. 

5} ..:Htúnlnin clt"ar acC(Jfllllahility. l:~t.· 
mileslOill'S h> nlt'a~urc progrL'S!'". ant\ n proj
ei.:t .nOtchuok lo monitor t'at'h indh·itlual'~ 
l'fforts. · 

6) l.'·"' /)('ffer une/ {t'l<'<'l' l'<'<lfJI<'. Tht• 
ehit .. •f progmmml'1' tearn. in which t'arh in
dividual i . ..; sli.illl•d and :ll-couwal•tt' for hi:-; 
aetion .. -., and (-!"ud n·:.:.uh:: art· I'L''"·ardl·d. aic\s 
in t hi.-. effort. 

'7l J\Jainlltin commi.'mC'IIl /d 1111pro'n~ 
¡tro('l' ... l'i. :--;t•ttlt· onls fur tlw ht•st; :-.tr!n· for 
imprO\'l'IIWilt. Ht• o¡wn.- tq rww dt·velup-

\O) 
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ments in :;oftware engineering, hut do not 
sacrificc reliability for modifiability whilc 
pursuing thcm. 

Pro~ress has been made in understanding 
how largt>·seale softwarL· system.s are huilt, 
yet more needs to ht: done. Management 
aids must be improved and project control 
techniques dcveloped. The role of software 
management is c.:uming more to resemhle 
that of enginecring management in other 
disciplines. \Ve can no longer afford costly 
mistakes when systems are so large and wc 
depend so much on them. Most impor
tantly, we must Ue patient; we need to gain 
expcrience on which future theories can 
rely. 
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I NTRODUCC I Ot·~. l 
··.·. 

COMO UN E.JEt·lPLO DE APLICACION PRACTICA OE LAS TECNICAS 
ESTUDIAOAS Y [)E LO QUE PUEDE LOGRARSE CON LA APLICACION SIS
TENATI CA OE LAS MI St•1AS, SE ANALIZARAN LAS CARACTER I ST I CAS DE · 

·LOS PROGRA~1AS GENERAOOS POR UN GENERADO!': DE APLICACIOt~ES. 

' 
EL DI AGRAt1A FUNCIONAL DEL SI STEt1A · ES EL SIGUI ENTE: 

. __ ...:!_·· _____________ _ 

1 OBTENER 
. !ESPECIFICACIONJOS_' .·. 

1 1 ·----------------· . 1 

. · .'ESPECIFICACIO~ES 
! 

. 1 ------·-------
!GENERADOR DE' 
! APLICACIONES 1 

1 1 ·------------· 
1 " 

GENABC 1 DEF. ' 
1 GENREP' APLIC. '-------

--------~--
1 -----·-------- 1 ----·----------1 . 1 

!NANE.JO DE! !GENERADOR DE' 1 CATALOGO DE ! 
!ARCHIVOS ! REPORTES 1 APLICACIO~ES' ! _________ ! ! ____________ ! ! _____________ !. 

ESPECIFICACIONES. 

'DEF. (•f. 
1 F:EPO¡;.:nf. 

~ ------ ~ -----·-
' ! 

(CATALOGO DE! 
REPOF:TE:=; 1 

1 1 
.. ------·-----. 

EL IJSURR I O F I NRL 1 NTEF;ACTUR [• iYECT o'it·1E~HE Cot·l ~1.. '·ó 1 : • ' .. ' , , no··t'1 

PROPOPC I ONAP l.. AS ESPEC I F l CfiC 1 (.o N ES; I:OE LA APL l Ci~{ .1 •.oll , ·f: ._. ·.' ! •: .,:, 
EN LA F 1 GS. 1. 'r' 2 :=:E i·lUESTPRt.¡ LH~ ESP.EC: I F l CA(.: Il::t·l!' ~ 'i' .. 'l '· • ;,. f.!::'; 
SERVIR PHI':A C•EFitHF: UNA RF'L!CHC li:Ot·l t>E Et·IIS:li)¡·< !.•J:". t·,·¡,, .. _¡r: :. ii 
COF;PEO ',J DE cmnF:CJL. OE f:EF'CI·TJ-1•" 1_, 1:·. 8 ·¡ 8L. i o)o·,o:~F 1 ~ ,.,_:; 
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CAMPOS 

CAMPO # 
1 
~. 
&-

3 
4 
5 
6 
7 
8 
9 

10 

2 
PAG. 1 

SISTEMA: SUSCRIPTORES DE LA REVISTA 
ARCHIVO: SUSCR 
VOLUMEN: SUSCR: 

ID: TIPO LONGITUD TITULO: 
NUMO:: U N 6 NUM. DE SUC:RIPCION 
TIPSU A 1 TIPO 
NOMB ~ 

·:> 25 NOMBRE 
DIREC A 25 DIRECCION 
COL S 20 COLONIA 
CP N 5 CP 
LOC A 25 LOCALIDAD 
PAIS A 15 PAIS 
FE VEN F 8 FECHA DE VENCIMIENTO 
TELEF A 10 TEL. 

POSX 
o 

30 
3 
o 
2 
7 
o 
S 
o 

20 

DESPLEGADO(S) 

DESP # 

L.LAVE(S) 

LLAVE # 
1 
2 
3 

CAMPO 
NUMSU 
FE VEN 
CP 

POSX POSY 

F!G. / E5Pt:C/FIC/ICioNES Dé UNA APLICACION 
(PARTE t) 

POSY 
4 
4 
6 
7 
8 

10 
11 
12 
15 
10 



3 
PAG. 2 

NUM. DE SUC:RIPCIONl..:..·-- TIPO: 

NOMBRE: __________ -:--

D IRÉC:CION: _____________ _ 

COLONIA: ________ ___ 

CP: __ TEL.: ____ _ 

LOCALIDAD: ___________ _ 

PAIS: ________ __ 

FECHA [tE VENCIMIENTO:----

' 
. '¡ ·. 

, F/6. 1 FSPEUFICACIONt;S !JE UNA APLICACION 
(P!iRTE -<.) 

\ 



CAMPOS 

CAMPO 11 
1 
2 
3 
4 
5 
6 
7 
E: 

4 
PAG. 1 

SISTEMA: REFERENCIAS BIBLIOGRAFICAS 
Af(C:HI VO: BI B 
VOLUMEN: B l E:L 1 : 

ID: TIPO LONGITUD TITULO: 
TITU A 40 
AUTOR S 30 AUTOR<ES.l 
EDIT S 30 PUBLICADO POR 
FECHA F E: FEC:. DE PUBLIC. 
TIPO A 2 TIPO 
DISP e: 1 DISPONI E:LE ( S/N.l 
PAGS N 4 NUM. DE PAGS. 
TEMA S 20 TEMA 

DESPLEGADO<S.l 

DESP 11 
1 

LLAVE(S.l 

LLAVE 11 
1 
2 
3 

TITULO 
AAMMDD 

CAMPO 
TITU 
TEMA 
AUTOR 

POSX 
o 

17 

POSY 
5 

14 

PCrSX POSY 
o 7 
(1 9 
o· 11 
o 13 

27 13 
o 16 

20 16 
o 18 

'.C!G .:¿ 
(PARTE 1) 

ESPECIF/CACION~S OE ONA APLICACION 



PAG. 2 

5 

• 1 •• 

TITULO 

AUTOR<ESJ: __________________________ __ 

PUBL 1 CADO POR: --------------------------

FEC. DE PUBLIC.: ____ _ TIPO: 

AAMMDD 

DISPONIBLE(S/NJ: NUM. DE PACiS. : 

TEMA: ______________ ___ 

' . 

'F/G fl. E5PEc¡¡:;CAC/oNES DE C.WA APLICA CION 



t1ENU5: 6 

PftF.:A (lf''F.RAF: EL 5 I STEt··IA t·m SE F:EC'I.JJ EF:E ¡:¡¡:•F:E:tlL•EP C:t:ll·lt71tll•U~: 

5 I tiO COIJf:O EL SI STEt·lA VA GUIA m·· o tiL U::>U¡:¡¡:· l C1 r-·r tlAL F'(IF' ,.,¡: ·· 
[:o I O DE. t·1Et·lUS 'r' LO UtH CO CJUE :::.E ¡:·[C•U l ~T'I:c E.::. SELECC ll)t ¡,:,::· 
LA OPCION C<E::O:EAl>A EN UN t·lOt·lEtHCI L:'i~[·O:I. f~c•::TD ·:.E ILUSTI·:f .. , HJ 
LA F I GUf;:ft ::.< 

PROGRAMA(S) GENERADOS 

A COIH I NUAC I Orl SE F·F:ESEtHA Ut·J L I STAC•O OEL RPOGF'~At·lA CiLr KYHC·U 
PARA LA APLICACICIN OE CONTROL DE F:EFERENCIAS BIBLIOGPAFICAS. 

7 



PASCALGEN/LÍ: .. ·REFERENCIAS BI BL IOGRAFICAS 

---------------------------------------- 7 
BANCO DE DATOS: 

. . 

A. INCORPORAR REGISTROS 
B. ELI~INAR REGISTROS 
c. MODIFICAR REGISTROS • 
D. CONSULTAR REGISTROS ·' 
E. IMPRIMIR FORMAS 
F. FIN 

SELECCIONE OPC:ION [A"-FJ: 

1 

PASCALGEN/LI: REFERENCIAS BIBLICIGRAFICAS 

----------------------------------------
CONSULTAS POR: 

A. TJT 

B. TEMA 

C. AUTOR<ES) 

D. FIN DE LAS CONSULTAS 

. 
' SELECCIONE OPC:ION [A~DJ: 

' .¡¡;,.¡ ·. r:' 
- . ., . ·. 

/=!(;,. 3 S 157~MA HANGJADO 1'01? /VIENU5 



- ·- cor.isuL TORES-EN-¡ NFORMA TI cA-s! e! sA-s :-c:--

c R O S S R E F E R E N C E 

1: 

- - = ;= :=· ·=.}!.~=;,.,,,= = = = = - - = 
#5.: GENABC. TE X T 

PRINTED IN 18-AUG-83 

2: (*--------------------------~~---------* 
3: 
4: 
5: 
6: 
7: 
8: 
9: 

PROGRAMA ESCRITO POR: 
PASCAlGEN/U [2.31 

DERECHOS RESERVADOS SICISA, 1983 

10: (*-------------------------------------~) . 
11: 
12: (li$S+H) 
13: (*$V-ll) 
14: PROGRAM.ABCBIB; 
15: 
16: 
17: 
18: 
19: 
.20: 
21: 

USES 
VIDEOCTRl 
ISAM 

:REPORTLI 

22: CONST 
23: 
24: 
25: 
26: 
27: 
2B: 
29: 
30: 
31: 
32: TYPE 

BVNAME = 'ACCESS.DATA'• . 
SYSNAME = 'REFERENCIAS h!BLIOORAFICAS'; 
VOlNAME = 'BIBlll'l 
CATNAME = 'BIB.DATA'I 
NOFKEYS = 3; 
NFIELDS = 8; 
N3FIELDS= 241 

33: CATREC = PACKED RECORD 
34: 
35: 
36: 
37: 
38: 
39: 
40: 
41: 
42: 
43: 
44: 
45: 
46: 

TITU STRINGC40l; 
AUTOR STRINGC30l; 

EDIT STRINGC30l; 
FECHA DATE; 

TIPO STRINGC2l; 
DISP BOOLEAN; 
PAGS INTEGER· 
TEMA STRINGC20l; 

END; 

BITVECTOR = PACKED ARRA Y [0,, 71 OF BOOlEAN¡ 

47: MENU=PACKED ARRAYCI •• 16l OF STRINGC30ll 
48: 
49: VAR 
50: BVF!lE : FilE OF BITVECTOR; 
51: CATF!lE : FILE OF CATREC1 
52: RCAT CATREC; 
53: NRECS, 
54: MAXCAT : INTEGER; 
55: KEYITEM, 
56: SECKEY : STRINGI 
57: 
58: 
59: PROCEDURE OPENFILES 1 FORWARD; 
60: PROCEDURE CLOSEFILES• FORWARO• 
61: PROCEDURE INSSEC !J:INTEGER;RCAT:CATRECJ; FORWARD; 
62: PRC~EDURE DELSEC (I:INTEGERÉ•RCAT:CATRECJ; FORWARD; 
63: PROCEDURE STATUS (RECNO: INT GERJ ·. ; FORWARD; 
64: PROCEDURE DISPLAY (JUSTDISP: BOCUANJ ; FORWARD; 
65: FUNCT ION GETKEYITEM : BOCILEAN; FORWARD; 
66: PROCEDURE PCHAIN ; FOR>IARD; 
67: 
68: 
69: SEGMENT PROCEDURE INIT!AliZE; 
70: VAR 
71: R:INTEGER; 
72: BV:BITVECTOR; 
73: 

8 



. 74: 
75: 
76: 
77: 
78: 
79: 
80: 
31: 
82: 
83: 

PROCEDURE CREATE; 
VAR 

1: INTEGER; 9 
PROCEDURE CREATEISAMI 

BEGIN 
IF NOT ISCREATE<IÉCONCAT!VOLNAME,'IS01'J,MAXCAT,NOFKEYS-1J THEN 

ABORT('ISCREAT '); 
EN DI 

84: BEG1N 
85: PROMPTAT!0,1,'CREACION DE ARCHIVOS'); 
86: CLEARFROM!3J; 
87: MAXCAT: =O; 
8B: GETVAINT!5,15,4,'NUMERO DE REGISTROS: ',HAXCAT,O,MAXINT,FALSEJ; 
89: NULLREC; . 
90: REWRITE <CATF ILE, CONCAHVOLNAME¡CATNAMEJ J 1 
91:. PROMPTAT(5b15,'VERIFICANDO REG STRO:'ll 
92: FOR 1:=0 T MAXCAT DO 
93: BEGIN; . 
94: CATFILE•:= RCAT; 
95: PUT<CATFILEJ 1 · 
96: CAPTAINT(15,16,4,'',I,TRUEl1 
~~; clO~~nATFILE,LOCKJ 1 . 
99: MCSAVE < MAXCA T, CONCA T< VOLNAMEÉCA TNAMEJ l 1 

100: FOR 1:=0 TO 7 DO BV[IJ:=FALS 1 
101: REWRITE!BVFILE,CONCAT(VOLNAME,BVNAMElll · 
102: SEEK<BVFILE,Oll 
103: BVFILE•:=BVI . 
104: FOR 1:=0 TO MAXCAT DIV 8 DO PUT<BVFILEJ;. 
105: BVCOJ:=TRUE; 
A06: BVFILE•:=BV; 
107: SEEK<BVFILE,Oll 
108: PUT<BVFI~Ell 
l09: CLOSE(BVFILE,lOCKl; 
110: CREATEISAM1 
111: END1 (~ CREA TE !!) 
112: 
113: BEGIN 
114: SCREENHDR; . 
115: IF NOT MOUNTDK<CONCAT!'2,',VOLNAME,'/'ll THEN 
116: PCHAIN • 
117: R:=FILEOK<éONCAT<VOLNAME,BVNAMElll 
118: IF R=IO THEN 
119: CREA TE 1 
120: OPENFILES• 
121: MCLOAD<MA*CAT,CONCAT<VOLNAME,CATNAMElll 
122: END1 <~ INITIALIZE •J 
123: 
124: S'EGMENT PROCEDURE ADDREC; 
125: VAR 
126: 1: INTEGER1 
127: B:BOOLEAN1 
128: 
129: FUNCTION SEARCHBV:INTEGER; 
130: VAR 
131: 1 ,J 1 INTEGER; 
132: BEGJN 
133: FOR 1:=0 TO MAXCAT DIV 8 DO 
134: BEGIN ( 
135: SEEK<BVFILE,Ill 
136: GET<BVFILEl1 
137: Jr=O· 
138: WHILÉ ·HBVFILP[JJJ AND (J < 7)) DO J:=J+II 
139: IF NOf: BVFILE•[JJ THEN . 
140: BEGIN 
141: SEARCHBV: =1 ~ 8 t J1 
142: EXIT!SEARCHBVll 
143: END; 
144: END; 
145: END; 
146: 
147: FUNCTION SPACE: BOOLEAN; 
148: BEGJN 
149: IF NRECS < MAXCAT THEN 
150: SPACE : = TRUE 
151: ElSE 
152: BEGIN 
153: ERRMSCWNO HAY ESPACIO PARA MAS REGISTROS', TRUEJ; 
154: SPACE := FAlSE; · 
J 55: END• 
156: END; ' 



157: 
158: 
159: 
160: 

. 161: 
162: 
163: 

. 164: 
165: 
166: 
167: 
163: 
169: 
170: 
171: 
172: 
173: 
174: 
175: 
176: 
177: 
1781 
179: 
180: 
181: 
182: 
183: 
184: 
185: 
136: 
187: 
183: 
189: 
190: 
1911 
192: 
193: 
194: 
195: 
196: 
197: 
198: 
199: 
200: 
201: 
202: 
203: 
204: 
205: 
206: 
207: 
203: 
209: 
210: 
211: 
212: 
213: 
214: 
215: 
216: 
217: 
218: 
219: 
220: 
221: 
222: 
223: 
224: 
225: 
226: 
227: 
228: 
229: 
230: 
231: 
232: 
233: 
234: 
235: 
236: 
237: 
238: 
239: 

BEGIN 
< ~$R ISAMliJ Í O 
!F SPACE THEN 

BEGIN 
B := FALSE• 
CLEARFROM(~J 1 
REPEAT 

STATUS!NRECS+1J¡ 
NULLRECI 
[1! SPLAY !TRUE J! 
IF NOT GETKEYITEM THEN 

llEGIN 
IF B THEN 

BEGIN 
CLOSEFILES: 
OPENF1LES 
ENO• 

EX 1T( AbDREC J 1 
ENO• 

J:= JSFIND!1,KEYJTEM,Oll 
JF 1>0 THEN 

ERRMSG('YA EXISTE ESE REGISTRO',TRUEJ 
ELSE 

BEGIN 
REPEAT 

CLEARFROM ( 23 J 1 
OISPLAY!FALSEJ • ' 

UNTIL YES(0,23,'ÉSTA CORRECTO !S/NJ? 'J¡ 
1 : = SEARCHBV • 
IF NOT ISINSÉRTO,KEYITEM,I,Ol THEN ABORH'ISINSERT'll 

~~óm6zl ~íkuEJ t 
NRECS:= 1~0P(111 
INSSEC! I ¡_RCATJ 1 
B := TRUt.¡ 
CLEARFROM 23J 1 
ENO• 

UNTIL NOf SPACE: 
END; 

END; 

SEGMENT PROCEDURE DELETEREC1 
VAR 

I:INTEGER; 
BEGIN 
(~$R ISAMl>i) 
CLEARfROM(3l • 
IF NOT GETKEVITEM THEN EXIT!DELETERECl¡ 
1:= ISFIND!I,KEYITEM,Ol; 
IF 1=0 THEN 

BEGIN 
ERRMSG!'NO EXISTE ESE REGISTRO',TRUEJ: 
EXIT!DELETERECJ 
END; 

STATUS(!)• 
READREC () l: 
DISPLAY!TRUEJ • 
IF YES!0,23,'ÉSTA CORRECTA LA ELIMINACION !S/NJ? ') THEN 

BEGIN 
IF NOT ISDELETE!I,KEYITEM,I,OJ THEN ABORT<'ISDELETE'll 
ONOFFBV!l¡_FALSEJ; 
DELSEC(),KCATJ: 
NRECS:= 1SPOP(1l¡ 
CLOSEFILES¡ 
OPENFILES 
END; 

END: (~ DELETEREC w) 

SEGMENT PROCEDURE CHANGEREC1 VAR . 
I:INTEGER;RC1:CATREC;B:BOOLEAN; 

BEGIN 
(li$R ISAMiil 
B:=FALSE; 
REPEAT 

CLEARFROM!3J; 
IF NOT GETKEYITEM THEN 

BEGIN 
IF B THEN 

BEGIN 
CLOSEFILES; 

• ·'' ···' ... 

1 1 



240: 
241: 
242: 
243: 
244: 
245: 
246: 
247: 
248: 
249: 
250: 

; 251: 
252: 
253: 
254: 
255: 
256: 
257: 
258: 
259: 
2601 
261: 
262: 
263: 
264: 
265: 
266: 
267: 
268: 
269: 
270: 
271: 
272: 
273: 
274: 
275: 
276: 
277: 
278: 
279: 
280: 
281: 
282: 
283: 
284: 
285: 
286: 
2871 

. 288: 
289: 
290: 
2911 
292: 
293: 
294: 
295: 
296: 
297: 
298: 
299: 
3001 
301: 
302: 
303: 
304: 
305: 
306: 
307: 
308: 
309: 
310: 
311: 
312: 
313: 
314: 
315: 
316: 
317: 
318: 
319: 
320: 
321: 
3221 

" OPENFILES · ) • 
' END¡ ~11 EX IHCHANGERECJ ¡ ~/ l END· ' 

11= ISFIND<l,KEYITEJ'I,OJ¡ • .. IF 1=0 THEN ,¡: 
ERRMSG( 'NO EXISTE ESE REG ', TRUEJ 

ELSE /1 
BEGIN . ~· . 
STATUS(l) • 11 1 : 
READREC<IlÚE· . i ! 
DISPLAY<TR >1 •1; 
RCI1 = RCATI Jil 
~~~IW2L~l ;OPRII'IA <RE~1fKN> PARA NO CAI'IBIAR' J 1 
lf YES!0,23,'ESTA CORRECTO !S/NJ? 'J THEN 

BEGJN . 
DELSEC<I, RCI) 1 
INSSEC(J, RCAT> 1 
WRITEREC(J) 1 
B:=TRUEI 
END1 

UNTILE~2LSE· 
ENDI (M CHANGEREC M) , 

SEGMENT PROCEDURE INOUIREREC1 
VAR 

1 ,K:INTEGER; 
C:CHAR1 
MCO~S:MENU; 

i. 
PROCEDlJRE INITI'ICONS1 

BEG!N 
MCONSC1l:="; 
HCONSC2l:='TEI'IA'I 
MCONSC3l:='AUTOR!ESl'l 
MCONSCNOFKEYS+Il:='FIN DE LAS CONSULTAS'! 
END; 

"FUNCTJON GETSOMEKEY<K:INTEGERJ:BOOLEANI 
BEGIN 
GETSOMEKEY:= TRUE; 
CASE K OF 

l:GETSOMEKEY:= GETKEYITEM; 
2:BEGIN 

RCAT.TEI'IA:= ''• · 
CAPTASTR!O¿I8,~0,'TEI'IA:'ÉRCAT.TEMA,FALSEll 

: IF RCAT. TEnA= " THEN G TSOI'IEKEY:=FALSE; 

3:~~8iN 
RCA T. AUTOR:= "1 · 
CAPTASTR!0,9,30,'AUTOR<ESJ:',RCAT.AUTOR~ALSEJ; 
1 F RCA T, AUTOR = " THEN GETSOMEKEY 1 =F Al::it 1 
END; 

END1 
END1 

FUNCTION LOOKFORKEY!K:INTEGERl:lNTEGER; 
VAR 

liiNTEGERILILINTEGERI 
BEGIN 
lf K?l THEN 

lOOKFORKEY:=ISFIND!I,KEYITEI'I,OJ 
ELSE 

BEG!N 
CASE K OF 
. 2: COMPACT!RCAT.TEM~~SECKEYJ¡ 
3: CO/'IPACHRCAT ,AUTUII, SECKEY 11 

END• . 
LOOK~ORKEY 1= ISFIND!I,SECKEY,K-il! 
END; 

END; 



DISPLAY<TRU€J; 
IF GETSOHEKEY<KJ THEN 

BEOIN 
!:= LOOKFORKEY<KJ; 
WH!LE DO DO 

BEGIN 
STATUS<IJ • 
READREC < ¡j ; 
DISPLAY< TRUEJ; 
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323: 
324: 
325: 
326: 
327: 
32B: 
329: 
330: 
331: 
332: 
333: 
334: 
335: 
336: 
337: 
338: 
339: 
340: 
341: 
342: 
343: 
344: 
345: 
346: 
347: 
348: 
349: 
350: 
351: 
352: 
353: 

PROHPTAT<O, 22, 'O.PRII'!A: <RETURN> <ESC> 
PROHPTAT<0,23 ' PARA: CONTINUAR TERMINAR 
C: =GETCHAR( ccftR<13J, CHR<27 J, '1', 'i ']); 
1 F C=ESC THEN 

1 :=0 
ELSE 

BEGIN 
IF <C='I'J OR <C='I'J THEN 

PRINTFORH<FALSEJ; 
1:= ISNEXT<I 1,K-1)1 
IF 1 > O THEN 

BEGIN 
SCREENHDR· 
PROMPTAT<Ó,I,HCONSCKlll 
END; 

ENDI 
END; 

END; 
UNTIL FALSEJ 
END; (~ INQUIREREC ~J 

354: PROCEDURE OPENFILES; 
355: BEGIN 
356: RESET<BVF1LEÉCONCAT<VOLNAMEÉBVNAMEll¡' 
::.'57: RESET<CATFIL ,CONCAT<VOLNAM CATNAME J; 
358: IF NOT ISOPEN<I,CONCAT<VOLNAME,'IS01'J,FALSEJ THEN 
359: ABORT<'ISOPEN'll 
360: NRECS 1" ISP0/'<1) 1 
361: END; 
362: 
363: 
364: 
365: 
366: 
367: 
368: 
369: 
370: 
371: 
372: 
373: 
374: 
375: 
376: 
377: 
378: 
379: 
380: 
381: 
382: 

PROCEDURE CLOSEFILES; 
BEGIN 
CLOSE<CATFILE,LOCKJ; 
CLOSE<BVFILE,LOCKJ; 
1 SC:LOSE (1 J ; 
END1 

PROCEDURE INSSEC(* 1:1NTEGER;RCAT:CATREC *ll 
VAR 

L: LINTEGER; 
BEOIN 
~~M~s~r¡~y~~É~~~t ~mH~.i, 1 J THEN ABORT< 'ISINSERT' J 1 
COMPACT<RCAT.AUTUK SECKErJ• 
IF NOT ISINSERT<1,SECKEY,I:2> THEN ABORT!'ISINSERT'J; 
END;. 

383: PROCEDURE OELSEC<•I:1NTEGER;RCAT:CATREC*ll 
384: VAR 
385: L:LINTEGER; 
386: BEGIN 
387: COHPACT<RCAT.TEI'!A,SECKEYJ; 
383: IF NOT ISDELETE<l 1_SECKEY1,1,1J THEN ABORT!'ISDELETE'J; 
389: COMPACT<RCAT. AUTO!i, SECKEY J 1 
390: IF NOT ISDELETE(l,SECKEY,I,2J THEN ABORT<'ISDELETE'J¡ 
3911 END; 
392: 
393: FUNCTION GETKEYITEM<•:BOOLEAN*ll 
3?4: VAR 
395: L:LINTEGER; 
396: BEGIN 
397: RCAT.T1TU:" ''1 

~~~; f~~t~t~f?t~·~os;:;A~ÓÉt~t~f~~~~ÁLSE; 
400: KEYITEH:= RCAT.TITU; 
401: END; 
402: 
403: PROCEDURE STATUS<•RECNO:INTEGER•J; 
404: VAR 
405: S:STRINGC4J; 

<I>'J; 
IMPRIM1R'll 

1 '3. 



406: BEOIN: 
407: GOTOXY<WIDTH-11,1); 
408: FORM<RECN0,3,0,TRUE,SlJ 
409: WRITE<S,'/')¡ 
410: FORM<ISPOP(1J,3,0,TRUE,SJ; 
411: WRITE(S '/'J• 
412: FORM<MA~CAT,J,O,TRUE,SJ; 
413: WRITE(SJ; . 
414: ENDJ 
415: 
416: PROCEDURE DISPLAY(IfJUSTOISP:BOOLEAN*)J 
417: VAR · 
418: B:BOOLEAN; 
419:. BEOIN 
420: WITH RCAT DO 
421: BEOIN 
422: IF JUSTDISP THEN 
423: CAPTASTR(0,7,40,':' TITU JUSTDISPJJ 
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424: CAPTASTR<0,9,30,'AUfOR<ESJ:',AUTOR,JUSTDISPJ; 
425: CAPTASTR<0,11 30,'PUBLICADO POR:',EDIT,JUSTDISPJJ 
426: CAPTAFECHA<0,!3,'FEC. DE PUBLIC.:',FECHA,JUSTDISPll 
427: CAPTASTR(27,13,2,'TIPO:',TIPO,JUSTDISPJJ 
428: B:= OISPJ . 
429: CAPTABOOL(0,16,'DISPONIBLE(S/NJ:',B,JUSTOISP,TRUEJI 
430: DISP.:= B• 
431: CAPTAINT!20,16~4,'NUM. DE PAGS.:'LPAGS1JUSTOISPJ; 
4321 CAPTASTR(Of18~~0t'TEMA:'tTEM~JUS:DISPJ; 
433: · IF NOT JUS DI~P HEN EXI <DI~LAYJ; 

:~~; ~~&~f~f~?7:!~;J~g~¿~,, 
4361 END; 
437: END• 
4381 • 
439: PROCEDURE PCHAIN; 
440: BEOIN 
441: CHAl N( 'X*MAESTRO", TRUEJ 1 
4421 EXIT<PROORAMJJ 
443: END; 
444: 
445: PROCEDURE SELECTMODULE; 
446: VAR 
447: K:INTEGERI 
448: MMAIN1MENU1 
449: BEGIN 
450: MMAIN[Il:='INCORPORAR REGISTROS'! . 
4511 MMAINC211 ='ELIMINAR REGISTROS'! 
452: MMAINC3l:='MODIFICAR REGISTROS'; 
453: MMAINC4l:='CONSULTAR REGISTROS'; 
454: MMAINC5J:='IMPRIMIR FORMAS'; 
455: HMAINC6l:='FIN'l 

·456: K:= MENUSELECTI5,22,6,HMAINJ; 
4571. CASE K OF 
458: 1:ADDREC; 
4591 2: DELETEREC; 
460: 3:CHANGEREC/;· 
461: 4:1NQUIRERE 1 
462: 5:PRINTFORMITRUEJ; 
4631 6:BEGIN CLOSEFILES;PCHAINJEND; 
464: END; 
465: END; 
466: 1 

~ 467: 
468: 
469: 
470: 
4711 
472; 
4731 
474: 
4751 

BEGIN (* PROGRAMA *l 
(lf$Ntlf)' 1 lf$R VIDEOCTRL*l 
<* INITIALIZE *ll 
REPEAT . 

SCREENHDR; 
SELECTMODULEJ 

liNTIL FALSE; . 
END. . 



ABCBIB 14 
ABORT 81 187 217 359 377 379 388 390 14 ADDREC 124 175 458 
AUTOR 35 291 292 293 3(19 378 389 424 
B 127 162 170 192 229 232 237 260 418 428 

429 430 
BITVECTOR 44 50 72 
BV 72 100 103 105 106 
BVFILE 50 101 102 103 104 106 107 108 109 135 • J 

136 138 139 356 367 
BVNAHE 24 101 117 356 
e 269 334 335 339 339 
CAPTABOOL 429 
CAF'TAFECHA 426 
CAI'TAINT 96 431 
CAF'TASTR 287 292 398 423 424 425 427 432 
CATFILE 51 90 94 95 98 357 366 
CATNAME 27 90 99 121 357 
CATREC 33 51 52 61 62 229 
CHAl N 441 
CHANGEREC 227 242 460 
CHR 334 334 
CLEARFROII 86 163 183 193 204 234 321 
CLOSE 93 109 366 367 
CLOSEFILES 60 172 221 239 364 463 
COMF'ACT 308 309 376 378 387 3$9 
C!JNCAT 80 90 99 101 115 117 121 356 357 358 
CREA TE 74 119 
CREATEISAI'I 78 110 
DATE 37 
DELETEREC 199 205 210 459 
DELSEC 62 219 257 383 
DISF' 39 428 430 
DISPLAY 64 167 184 214 251 254 323 331 416 433 
EDIT 36 425 
ERRMSG 153 179 209 246 
ESC 335 
EXIT 142 175 205 210 242 320 433 442 
FALSE 83 100 154 162 184 218 232 254 263 287 

288 292 293 340 350 358 398 399 474 
FECHA 37 426 
FILEOK 117 
FORM 408 410 412 
GET 136 
GETCHAR 334 
GETKEYITEM 65 168 205 235 284 393 399 
GETSOMEKEY 280 282 284 288 293 324 
GETVAINT 88 
GOTOXY 407 
1 61 62 76 92 96 100 100 104 126 131 

133 135 141 177 178 1S6 187 188 189 191 
201 206 207 212 213 217 218 219 229 244 
245 249 250 257 258 259 268 301 326 327 
329 330 336 341 342 377 379 388 390 

INITIALIZE 69 
INJTMCONS 272 316 
INQUIREREC 266 320 461 
INSSEC 61 191 258 372 
ISAM 18 
!SCLOSE 368 
ISCREATE 80 
ISDELETE 217 388 390 
ISFIND 177 206 244 304 311 
!SINSERT 187 377 379 
ISNEXT 341 
!SOPEN 358 
ISF'OF' 190 220 360 410 
J 131 137 138 138 138 138 139 141 
JUSTDISF' 64 422 423 424 425 426 427 429 431 432 

433 
K 268 280 283 299 303 307 311 319 320 324 

326 341 345 447 456 457 
KEYITEM 55 177 187 206 . 217 244 304 400 
L 301 374 385 395 
LINTEGER 301 374 385 395 
LOCK 98 109 366 367 
LOOKFORKEY 299 304 311 326 
MAXCAT 54 80 87 88 92 99 104 121 133 149 

412 
MAXINT 8:3 
MCLOAD 121 
MCONS 270 274 275 276 277 319 345 
MCSAVE 99 1 



MENU 47 270 448 
MENUSELECT 319 456 456 

'· 
MMAIN 448 450 451 452 453 454 455 
MOIJNrDK 115 
N3FIELDS 30 
NFIELDS 29 
NOFKEYS 28 80 277 '319 320 15 ·- NRECS 53 149 165 190 220 360 
NlllLREC 89 166 322 
ONOFFBV 189 218 
OPENFILES 59 120 173 222 240 354 
PAGS 40 431 
PCHAIN 66 116 439 463 
PRINTFORM 340 462 
PROMPTAT 85 91 253 318 332 333 345 434 435 
PUT 95; 104 108 
R n 117 118 
RC1 . 229. 252 257 ; 

RCAT 52 61 62 94 ' 191 219 252 258 286 287 
28~ 291 292 293 308 309 376 378 387 389 
39. ' 398 399 400 420 

READREC 213 250 330 
RECNO 63 408 
REPORTLI 1~ 
RESET 356 357 
REWRITE 90 101 
S 405 408 409 410 411 412 413 
SCREENHDR 114 344 472 
SEARCHBV 129 141 142 186 
SECI<EY 56 308 309 311 376 377 378 379 387 388 

389 390 
SEEK 102 107 135 
SELECTMODU 445 473 
SPACE 147 150 154 160 195 
STATUS .63 165 212 249 '329 403 
SYSNAME 25 
TEMA 41 286 287 288 308 376 387 432 
TIPO 38 427 
TITU 34 397 398 399 400 423 
TRUE 96 105 150 153 167 179 189 192 209 214 

246 251 260 282 323 331 408 410 412 429 
441 462 

VIDEOCTRL 17 
VOLNAME 26 80 90 99 101 115 117 121 356 357 

358 
WIDTH 407 
WRITE 409 411 413 
WRITEREC 188 259 
YES 185 215 255 
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Ltj::O; r·r:CnJI''H\·lfiS C;ENEF:AC:•OS TIENEN LA~; 5 I GU IHHES Cf'WRCTF:':td :3-- ... 
-, 1 Cf¡~:. 

•- Ut-lfl tSikUCTUPA .JEF:AF:C!UICA F'EF:FEClAt·tl::l-11 E LoEFitli[•A. 

+ FFOUf'·¡=¡t•lftDOS E:::rRUCTUF:m·•Ftt·1Et-n'E 

+ Ut-J E: fiJO ACOF'Lf'!IH EtHO Et-JTF:E LOS COt·1f'·Ut~EI'HES [•EL SI STEI·IA. 
F'UE!OEN EL Hl It-IRF::;E COt·IF·r:ttiEt-HE:; ( F'F!F:ft ¡-:·¡~¡_ 1EE:f=t5 F'OF: E.JEt·lF'LO 
O f''ftf':R F:EEt1F'LAZftF:LO~:: F'OF: OTF:OS NUE\'05 :• '1' EL !':ESTO [•EL 
SI ~:::TEI·lft F'ODF:ft OF'EF:I'!F: Rm:C I t1U1ENTE. 

+ LOS MODULCIS F'RESENTftN EN GENERAL UNA ALTA COHESION. 

+ LA UTILIZACICIN DE LA ESTRUCTURA DE BLOQUES C!UE POSEE 
Pf'tSCFtL PfiF:f't Ut·lfi I·IE-JOF: UT I L I ZFtC I ot-1 C:•E U1 I·IE-:t·IOF: lA. 

+ Utl ESTILO DE PF:OGRRMAC!ON 

+ USO DE IDENTIFICADORES ADECUADOS C!UE AYUDftN A C!UE EL 
PF:OGF:FWIA :;::EA AUTI)[<OCUt·1t:t·ITFti:•O 

+ U:C.(t [.•t:: CON:::TAtHES Ptif.':f't Ff1C l LI TAF: LOS Cf'tl·tE: I OS EN CR::::o 
tiECt:::O.RF' I O. 

+ EL USO DE 11UCHRS FUNCIONES DE LIBRERIA 

+ FACIL DE MODIFICAR 

+ UN DESARROLLO TOP-DOWN 



17 
LR APLICACION DE ESTE CONCEPTO PUEDE VERSE CLARAMENTE 
Etl LA;:: PUTINAS DE LIE:F:ERIA UTILIZAC•AS POR LOS PF:CII.:.PfH·lA::: 
GENERADOS. ALGUNAS DE LAS FUNCIONES QUE LLEVAN A CABO DI
CHAS RUTINAS SON LAS SIGUIENTES: 

\ 

+ RUTINAS DE MANEJO DE LA PANTALLA 

+ CAPTURA Y VALIDACION DE LA INFORMACION . 

+ FORMATEO DE NUMEROS Y FECHAS 

+ APERTURA Y CIERRE DE ARCHIVOS 

+. CREACION DE AF:CHIVOS 

+ ACTUAL! ZAC ION DE AF:CH I '·/OS (1 NSERC ION, EL U1I NAC ION Y 
MODIFICACION DE REGISTROS) 

+ CONSULTA DE REGISTROS (EN FORt·lA SECUENCIAL 'r' F:ANDOt1) 
UTILIZAtiDO LAS LLAVES PPEVIAt·1ENTE C•EFHHDAS. 

,, 
' 

+ RUTINAS DE BUSQUEDA FONETICA Y LLAVES PARCIALES. 

+ t·IAt·IEJO DE COND I C I ot·IES PARA SELECC ION [>E REGISTROS. 

+ [.>IF:ECCIONAt1IEtHO C•E LA SALIC'A DE LOS PROGRAt1AS. 

+ I•'IAt·IE JO C•E LOS REPOPTES (CONTADOR OE LINEA .. CAt18 JO [)E 
PF113 HIA, ETC) 

+ MANEJO DE ERRORES 



ESTRUClURA JERARQUlCA 
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· LA t:::::mUCTUF:~,. JEF:ARC!U I CA L•E Ut·lO C•E LOS F'F.:Ct~§:~li·IAS GH~EF:fil••)S SE 
PUEDE APRECIA!~ EN Lfi SIGUIENTE CARTA DE ESTRUCTURA: 

'MANEJO DE ARCHIVOS' 
1 -------------------· 

1 ----------------------------·-------------------------------------

1 1 1 1 1 1 -----·------ ----·--- -----·----- -----·----- ------·----- ------·----
1 I tl I TI AL I ZE ! ' m··[<F:EC 1 ' DELETEREC ' 1 CHAt·lGEF:EC 1 ! Ir lCIUI F:EF:EC 1 ! PR I NTFOR~l ! 
1 1 1 1 1 1 ·----------· ·------· ·---------· ----------· ·----------· ·---------· 

1 1 1 1 

1 1 ( 1 ______ (_! ____________ _ 
____________ ( ______ ~-----! 

___ ! ______ ( _____ ~ 

'· 
_____ ! ___ -------~-- --~-! __ _ 1 ----. ·----

' •.::PEATE ! ! r r 6SEC ! ! c)ELSEC ! 
1 ·-------· ·------· -------· 

Ui [~: II':UC:TUF:fi JEF:~~IF:CII_! I C~i C•:II·IF'LET~i SE t·IUE:::~TF:A t:.tl LA F l GURA 4. 



E S TRUC TURA JEF'tiF'';!U I CA 
FIBCBIB 

CHANC;EF.:EC 

DELETEREC 

Fli'HS 

CLO:;:;EFILES 
f.'ti 5PLA'r' 
CJETKE'r' I TE!·I 
I r·lSSEC 
tlULL.I<<c 1: 
f]NI·:¡FF.:E:'•.•' 
,:,f"C:::t·JF I LES 
SEAF:CHE:'·/ 
SF'ACE 
STATUS 
~·lF.: I TEPEC 

CLO~EFILES 

[·ELSEC 
T• I SPLA'r' 
GETKE'T'I n::H . 
1 N::;::::¡o:c 
npnJFILES 
F.: E t:¡¡;. F: E C 
:~-rATUS 

~·lF: I TEF:EC 

CLOSEF'ILES 

[:' 1 SF'LA'1' 
C:iEW:E'r' I TF.:t·1 
üNOt=F8'·/ 
IA''ENF l LES 
F:EANo:EC 
STATUS 

CLOSEFILES 
INITIALIZE 

I t·JOU I F.:EREC 

CF.:EATE 

I t·J U~1CONS 
OPENFILES 
SCREENHC'R 

DISPLAY 
GETNE>nKE'r' 
GETSot1EfO::E'r' 

NULLF:EC 

GETKE'r' I TEr·~ 
LOOKFORKE'r' 
t·1ENUSELECT 

t·JULLF.:EC 
F.:EAC:•F.:EC 
SCF.:EEt IHC•F: 
STATUS 

:=:,-: PEEi·lH[•F: 

. t·1ENUSELECT 
SCF.:EENHDF.: 

F'R 1 tHFOF:t·l 
GETSF'EC5 
F'F.: I NT 

E:LANfo5 
NE:<TFOF:I·I 

19 
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('t-'tk!"l ,-·,·¡¡·_¡ rF:(ri_HF: LF! C.f-tL. 1 l•t·JL• L'·E L lj::::. F'F:CICtF:fiJ·ll:1~:·· I_Jt:r'lt::kr1l"•(_l~=;: 1T1 

I_.I~IIWI"Ik UtH"i f,L.f¡·:¡ CUriF J.¡::¡¡::! l. J [•Fil:• [•l Crll::•cc, I''F;(¡¡",¡: JCil·!l'i':O, ¡:¡U:Ji_itK•:::. 
L'•l:. L•)'::. EL.Ei'lfJ.I 1 U.:. I.IT 1 L [ ::·r"IC·•~•:::. :::C!tj. 

+ EL I:•ESAF:F:OLLU C•E 1-iLI':f':'ii'II ENTAS riL•U. I.IHL•A"O: 
•: l: .J. C:l?ü':O,:::. r::~J' U: U-1'". t:". Ffl'·~i01L l zm.,~•f': [~. 1 ¡:-, .'•: lUF:FIL :·· 

+ REVISION FRECUENrE DE LOS AVANCES 

+ F'F:UEE:AS E>:HAU~:T J '·/Fb C•E J·10Coi_ILOS, OUE Po:o:EAt·~ U ti E:A.JO 
ACOPLAMIENTO Y UNA ALTA COHESION. 

+ ESTANDARIZACION 

LA ESfRUCTURA ESTATICA DEL PROGRAMA SE MUES"fRA EN LA 
F I CiUI~:H : : 

LA FORMA EN LA CUAL LAS RUTINAS ESTAN RELACIONADAS EN 
CUAt·HO A C!UE PUT I NA:::: UT I L I ZF1t·~ A CUALES :=:E F'UEDE '-.'ER 
Et·~ Ui F' I IJUF:A 6. 

F'r:OC•UCT IV I C•fi[• : 

LA PROC•UCT I '·/I C•A[) EN LA ELAE:Of.o:AC I or~ C•EL S(IFTI·IAF'E SE 
LCII::iF'A COt·~: 

+ APRENDIZAJE DEL TRABAJO DE OTROS 

+ CONTROL SOBRE LOS CAMBIOS 

+ NO REINVENTANDO CONTINUAMENTE LAS COSAS. 

::¿¡ 

:Z/ 



ESTRUCTURH ~STATICA 

A8CE::l8 
CtF'HlF I LES 
CLOSEFILES 
tlULLF.:EC 
OtiOFFE:'·.I 
It·JSSEC 
C•ELSEC 
F'EAL:•F:EC 
~·JF.: I TEF:EC 
STATUS 
[:• I SF'LA 1

T
1 

SCF:EEilHL:•R 
SEAF:CHE:'•i 
S PACE 

· GETKEY 1 TEI·l 
GETNEi<:TkEY 
GET50t1EKE'" 

. LOOf(FOR~·:EY 
t•lENUSELECT 
INITIALIZE 

PR I 1-JTFOF.:t·l 

,, 

CREA TE 

INITMCONS 

NE:,<TPAGE 
NE>,:TFOF:t•l 
GETSPECS 
BLAt.W:S 

ADDREC 
DELETEREC 
CHAt·JGEF:EC 
I NüU I F.:EF.:EC 
FINIS . 
5CF.:EEtJHDR 
OPENFILES 
CLOSEFILES 
NULLREC 
Ot·JOFFB'·/ 
SEAPCHB··l 
It·J5SEC 
[··ELSEC 

21 
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E:LAtiVS 
PF.: I t·n 

• •¡ .. ·\.;..;.'.:._ - . -:' : :. j_. · t_: -lRNGE'R'Et_: - ~ 

CLOSEFILE:5 

CREATE 

ANWEC 
CHAt·HCiEF:EC 
[:o[LETEF:EC 
F l t-n ::: 

I ti I TI r=rL I ZE 

CF:Er:rTE l SAt·l 
CF:EATE 

·-..r --~!#/ ;.. --4;'-..;.I)JÍ.) .......... ,_. 

DELETEf<:EC 

[)ELSEC 

FINIS 

GETf<E. 0
T

0 I TE.f·1 

t:lETrJE::<Tf.::Eo..' 

GETSOt·1Ef:E'-r0 

GETSPECS 

f!E:C:E: I E: 

CHRt·KiEREC 
DELETEREC 

ADDPEC 
CHAt·IGEF~(::C 

[)ELETEREC 
I t·JC!U I REPEC 

AE:CE:IE: 

f'l [:o ['o F: E C 
CHAtJCJEI::EC 
[:oELETEF:EC 
13lO:TSCtr1Ef.::EoTo 

ItWUIPEREC 

l tJOU I F:EREC 

PF~ I tHFOF.:t·l 

INITIALIZE 
AE:CE:IE: 

ItiiHIC:Utto. 
miTif!UZE 

I NC!IJ 1 F:Ef':EC 
AE:C:E: I 8 

22 
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INSSEC: 
rH¡ 

ADDF:EC 
CHANGEF<:EC 

LOOKFORI<EY ·' . 
JNQUIREREC 

t·tENUSELECT 
23 A8C8I8 

INQUIREREC 
t1ENUSELECT 

NEXTFOF<:t•1 
PRINT 

· NULLREC 
ADDF<:EC 
CREA TE 
I NC!U I F:EREC 

ONOFFBII 
ADC•REC 
C>ELETEREC 

OPENFILES 
RDr•REC 
CHANGEF<:EC 
C•ELETEREC 
INITIALIZE 

PRHH 
PR I NTFORt·t 

PRINTFORI1 
AE:CE:IB 
I ~IC!U I REREC 

READREC 
CHRNGEREC 1 ' DELETEREC 
INüUIREREC 

SCREENH[>R 
HIITIALIZE 
HIQUIREREC 
~tEt·IUSELECT 

SEARCHBV 
ADC•REC 

SpACE 
A[>C•F.:EC 

STATUS 
AC•DREC 
CHRNGEREC 
DELETEREC 
It-IC!UIREREC 

I·JRITEREC 
ADDf;:EC 
CHANGEREC 

F!G ., {ONT 21 
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1'1 COIH 1 tlUfiC 1 01-J :::E r·IUE::.;;¡·¡;:At·J HJ L. AS F 1 CiUF:HS 7. A 1i.- AU.:JUNOS 
DE LOS DESPLEGADOS QUE ·APARECEN DURAN-lE LA EJECUCION DE 
LOS PPOGF:fit·IHS GEtJEPAC•OS_. 

Et·l SEGUir'li SE I·IOSTF.:APA 'EL [<!SENO DE UNA AF'L ICACION DESDE 
SU IN I C lO 1_1'1 I L I ZFitWO EL CiEt·JEF.:AOOF.: DE APL I CAC I Ot-IES LLAt·lA[:•O 
PA::O:CALGEt-1.--·u. 

· F I NAU·IEtHE SE i·IOSTF.:AF.:A LA OF'EF:AC ION C•E LO:::: PF.:OGRAI·1AS GEt·IE
RAOOS Y LAS FACILIOADES QUE OFRECEN. 

-'· 

_, 

.......... ~ ... 
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BIBLIOGRAFIA RECOMENDADA PARA EL CURSO DE 

INSTALACIONES ELECTRICAS INDUSTRIALES 

• 

l. "'IEEE RECOMI~ENDED PRACTICE FOR ELECTRIC POWER DISTRIBUTION FOR 
INDUSTRIAL PLANTS" (IEEE STO. 141-1976. RED BOOK) 

2. "IEEE RECOMMENDED PRACTICE FOR ELECTRIC POWER SYSTEMS IN COMMERCTAL.: 
B4ILDINGS" (IEEE STO. 241-1974, GRAY BOOK) 

· 3. ''iNDUSTRIAL POWER SYSTEMS HANDBOOK",DONALD BEEMAN, EDICION 19~5 

4. "I.E.S. LIGHTING HANDBOOK 1981" VOL. 1: REFERENCE VOLUME; VOL.2.:> 
APPLICATION VOLUME 

5. "NORMAS TECNICAS DE El:' REGLAMENTO DE INSTALACIONES ELECTRICAS"·. 
SEPAFIN, 1982. 

6. NATIONAL ELECTRIC CODE, 1984. 

7. "IEEE RECOMMENDED PRACTICE FOR PRbTECTION ANO COORDINATION OF 
INDUSTRIAL ANO COMMERCIAL POWER SYSTEMS'' (IEEE STO, 242-1975, 
BUFF BOOK). 

· 8. ''IEEE RECOMMENDED PRACTICE FOR AOWER SYSTEM ANALYSIS'' (IEEE STO,; 
399~1980, BROWN BOOK). 

9. ''IEEE RECOMMENDED PRACTICE FOR GROUNDÍNG INDUSTRIAL ANO COMERCIAL· 
POWER SYSTEMS" (IEEE STO 142-1982, GREEN BOOK). 

10. "IEEE RECOMMENDED PRACTICE FOR EMERGENCY ANO STANDBY POWER SYSJEMS·' 
FOR INDUSTRIAL ANO COMMERCIAL APPLICATIONS" (IEEE STO. 446-1980! 
ORANGE BOOK). 

11. "IEEE 80 GUIDE FOR SAFETY GROUNDING IN AC SUBS1ARIONS'', 1976. (PA 
RA SISTEMAS DE TIERRAS, NORMA IEEE) --
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12. ~~~~~~S~~l~~·'POWER SYSTEMS DATA BOOK, GENERAL ELECTRIC,SCHEN~:g~oY, ), 

13. ELECTRICAL TRANSMISSION ANO OISTRIBUT10N REFERENCE BOOK, WESTERN 
GHOUSE. 

14. SfANOARO HANOBOOK FOR ELECTRICAL ENGINEERS. ARCHER E. KNOWLTON 
9 . EOITION 

15.· IEEE TRANSACTIONS ON "INOUSTRY APPLICATIONS" (SE NECESITA INS
_. "cRIBIRSE AL IEEE) 

16. IEEE TRANSACTIONS ON ''POWER APPARATUS ANO SYSTEMS" (SE NECESITA 
INSCRIBIRSE AL IEEE) 

17. APPLIEO PROTECTIVE RELAYING, 1979, WESTINGHOUSE 
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VJ RECI ORJ O VE ALUMNOS DEL CURSO "MCTOVOLOGIA PARA EL DESARROLLO DE SISTEMAS 
VE JNFOR!-IACION" IMPARTIDO EN ESTA DIIIISION DEL 31 VE MAYO AL 28 VE JUNIO 

1 ;:' AGUJRRE TELLEZ GUILLERMO 
S. C. T. 
ANALISTA 
LAZA RO CARDEIJAS No. 56 7 
COL. NARIIARTE 
03700 MEXICO, D.F. 
519-40-99 

2.- ALCEVA HERNANVEZ LUIS J. 
ING. SIST. DE TRANSP. METROPOLITANO 
JEFE VEPTO. PROYECTOS VIALES 
LEGARIA No. 252 
COL. PENSIL 
399-69-22 

3.- ALIIARAVO IIAZQUEZ MOISES 
UNIII. AUT. DEL EVO. VE MORELOS 
PROGRAMADOR 
Al!. UNIVERSIDAD No. 1001 
COL. CHAMILPA 
13-26-44 

4.- ANGELES DELGADO ELIGIO 
. S. A. R. H. 

TECN1CO MEDIO 
GOMEZ FARIAS No. 2-3VL. PISO 
COL. TABACALERA 
VELEGACI ON CUAUIITEMOC 
566-38-37 

5.- ANGULO MARCIAL NOEL 
VIREC. GRAL. EST.' SI:JP. r!S. E. P. 
JEFE VEPTO. INFORIAACION 
INSURGENTES SUR No. 1378 
COL. SAN ANGEL 
550-90-00 ex:t. 194 

6.- ARANDA CRUZ MIGUEL 
TESORERIA DEL DISTRITO FEDERAL 
ANALISTA TECNICO . 
NINOS ffEROES Y DR. LAIIISTA 
COL. DOCTORES 

7.- BAI Z RIS ENDI Z NABOR FABI AN 
UNAM 
PROF. ASIGNATURA "A" 
CIUDAD UNIVERSITARIA 

CHIAPAS No. 49 
COL. COSMOPOLITA 
VELEGACION AZCAPOTZALCO 
02670 MEXICO, D.F. 
355-28-14 

JAIME TORRES BOVET No. 58 EVIF. B-103 
COL. CUAUHTEMOC 
VELEGACI ON CUAUHTEMOC 
06400 MEXICO, D.F. 

PRIII. E. ZAPATA IJo. 99 
CUERNAIIACA, MOR. 

TULTEPEC No. 2 MZA. 99 
COL. ALTAIIILLA 
ECATEPEC VE MORELOS 
EVO. VE MEXICO 
569-0 2-23 

1 ! 

CALLE SALVADOR SANCHEZ COLIN No. 19-B 
COL. PROVIDENCIA 
VELEGACION AZCAPOTZALCO 
02440 MEXICO, D.F. 
567-9 7-50 

SINALOA No. 11 
COL. PENON VE LOS BANOS 
VELEGACION IIENUSTIANO CARRANZA 
15520 MEXICO, D.F. 
76 2- 79- 26 

LAZARO CARVENAS No. 201-9 
COL. DOCTORES 
VELEGACION CUAUHTEMOC 
06720 MEXICO, V. F. 
761-63-25 ' 



8.- BALDERRAMA CAMPOS HECTOR 
BACAI(VI Y CIA., S.A. VE C. V. 
ANALISTA PROGRAMADOR 
AUTOPISTA MEX. QRO. KM. 34.5 
TllLTITLAN EVO. VE MEXICO 
565-01-77 

1.- BAUTISTA GONZALEZ GUILLERMO 
S. C. T. 
PROGRN,!AVOR 
LAZARO CARVENAS No. 576 
COL. NARVARTE 
530-30-60 

10.- BELMONTE SAMUEL 
S. C. T. 

11.- BENAVIVES HUERTO LUIS ANTONIO 
SEGUROS VE MEXICO 
SUBGERENTE PROCEDIMIENTOS AUTOMAT. 
AV. UNIVERSIDAD No. 1311 
COL. VEL VALLE 
VELEGACION COYOACAN 
O 3300 MEXICO, V. F. 
534-00-34 

12.- BRITO ALVAY CELSO 
VIREC. GRAL. CONSTRUC. OPERAC. HIVRAUL • . 
ANALISTA VE SISTEMAS 
SAN ANTONIO ABAV No. 231 
COL. OBRERA 
VELEGACI ON IHGUEL HIDALGO 
58 8-31- 21 

13.- CARRASCO MARMOLEJO ALBERTO 
S. C. T. 
JEFE VEPTO. 
AV. SAN FRANCISCO No. 1625-So. PISO 
COL. VEL VALLE 
VELEGACION B~NITO JUAREZ 
03120 MEXICO, VF. 
651-80-35' ex:t. 290 

14.- CASTILLÓ GARCIA FE~VANVO JAVIER 
SEDUE 
JEFE VE OFICINA 
REFORMA No. 20- 5o. PISO 
COL. JUAREZ 
DtLEGACION CUAUHTEMOC 
06040 MEXICO, D.F. 
535-07-91' 

15.- VAVI LA NARVAEZ CONST ANTIIJO . 
S. C. T. 
JEFE AREA ATENCION A USUARIOS 
JOSE VE TERESA No. 176 
COL. TLACOPAC 
VELEGACION ALVARO OBREGON 
550-76-99 • 

CORDILLERA No. 48 
SECC. ATLANTA 
CUAUTITLAN IZCALLI EVO. VE MEXICO 
565-01-77 

NORTE 88 A No. 5221 
COL. GERTRUVIS SNJCHEZ 
VELEGACION GUSTAVO A. MADERO 
551-18-94 

RANUTO VEL ARCO No. 40-403 
COL. GIRASOLES 
VELEGACION COYOACNJ 
04920 MEXICO, V.F. 

VICENTE GUERRERO No. 25-2 
COL. APATLACO 
VELEGACION IZTAPALAPA 
09140 MEXICO, V. F. 
657-88-80 

TONALA No. 396-65 
VELEGACION BENITO JUAREZ 
03100 MEXICO, V. F. 
687-11-74 . 

AV. UNIVERSIVAV No. 1960 EVIF. 30-101 
VELEGACION COYOACNJ 
04310 MEXICO, V.F. 

. 658-39-65 

CALLE AZlJCENA MZ. 2 2 6 5-11 
VELEGACION ALVARO OBREGON 
01840 MEXICO, V.F. 
548-90-29 

• • 

'\ 
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16.- CASTILLO VARGAS GUILLE~~O 
S. C. T. 
TECNICO ANALISTA 
LAZARO' CARVENAS No. 567 
COL. ALAMOS 
549-26-26 

17.- COIWERO fltRRERA JOSE MANUEL 
SERV. ASES. EMPRESARIALES 
ANALISTA PROGRAMADOR 
N!C'llLAS SAN JUAN No. 225 
COL. DLL VALLE 
D[LEGACION llENITO JUAREZ 
03100 MEXICO, D.F. 
5 36- 50- 83 

18.- VIAl ENRIQUEZ JORGE 
DISTRIBUIDORA ANAHUAC, S.A. 
ANALISTA PROGRN!AVOR 
CALLE HEROES VE CHURUBUSCO No. 40 
COL. TACUBAYA . 
VELEGACION MIGUEL HIDALGO 
11820 MEXICO, D.F. 
271-75-99 

19.- ESPINO LA ARZATE GERARVO 
UNI VERSIDAV AUTONOMA VE MORELOS 
OPERADOR 
AV. CHAMILPA No. 1001 
CUERNAVACA, MOR. 
13.-26-44 

20.- FERNANVEZ SARDA JUAN CARLOS 
UNIVERSIDAD LA SALLE 
COORDINADOR DEL CENTRO COMPUTO 
BENJN.IIN FRANKLIN No. 57 · 
COL. CONDESA 
VELEGACION CUAUHTEMOC 
516-99-60 

21.- FLORES LO PEZ ANGEL , 
COMISION FEDERAL VE ELECTRICIDAD 
INGNEIERIA ELECTRICA 
ROVANO No. 14 ' 
COL. CUAUHTEMOC 

·vELEGACION CUAUHTEMOC 
O 6 59 8 MEXI CO, V. F. 
6 53- 71- 3 3 ex-t. 2 1 61 

22.- FRAGOSO VILLARUEL MA. CONCEPCION 
S. A. R. H. 
ANALISTA 
GOMEZ FARI AS No. 2 
COL. TABACALERA 
535-67-27 ' 

. CRUZ AZUL No. 227 
COL. INDUSTRIAL ., 
VELEGACION GUSTAVO A. MADERO 
07800 MEXICO, D.F. 
537-07-64 

OYNIALES No. 632 
VELEGACION AZCAPOTZALCO 
39 4- 35-0 3 

PRIV. VE ORION No. 12 
TEJALPA, MORELOS 
13-26-47 . 

MOLINOS DEL CAMPO No. 1 5-7 
COL. SAN MIGUEL CHAPULTEPEC 
VELEGACION MIGUEL HIDALGO 
11850 MEXICO, D.F. 
516- 26- 1 3 

PASEO VE LA REFORMA No. 730-1501 
EVIF. ZACATECAS 
TLATELOLCO 

'iDELEGACI ON CUAWITEMOC 
06900 MEXICO, D.F • 

. 782-09-40 

CALLE 2 No. 88 
COL. INDEPENDENCIA 
VELEGACION BENITO JUAREZ 
672-73-12 

1 ' 



23.- GOMEZ ALPUCHE L. FERNANUJ 
$. A. R. H. 
JEFE VEPTO. 
GOMEZ FARI AS No. 2 
COL. TABACALERA 
VELEGACION CUAUHTEMOC 
535-67-27 

24.- GONZALEZ GOMEZ MONICA 
COLEGIO BACHILLERES EVO. M1CHOACAN 
JEFE CENTRO·COMPUTO 
COR. AMA))O CAMCHO ESQ. MANUEL M. PONCE 
COL. ACUEDUCTO 
M01/ELIA, MICH. 
482-49 

25.- GONZALEZ SANTILLAN JORGE 
S.E.V.U.E. 
ANALISTA FINANCIERO 
REFORMA No. 20-So. PISO 
COL. CENTRO 

26.- GONZALEZ MARQUEZ LUIS ARTURO 
S. C. T. 
PROYECTISTA TERRACERIAS 
XOLA Y LAZARO CARVENAS 
COL. NARVARTE 
VELEGACION BENITO JUAREZ 
30-30-00 ext. 410 

27.- GUTIERREZ JEREZ JORGE 
VIREC. GRAL. SIST. VE A.P. Y ALCANT. 
JEFE VE OFICINA 
REFORMA No. 20- So. PISO 
COL. CENTRO 
VELEGACION CUAUHTEMOC 
06040 MEXICO, V. F. 
535-0 7-91 

2 8.- 1/ERNANVEZ MEC INAS PABLO 
IPESA 
JEFE VE PROYECTO 
SAN LORENZO No. 153-6o. PISO 
COL. VEL VALLE 
VELEGACION BENITO JUAREZ 
Q3100 MEXICO, V.F. 
559-17-45 

29.- HERNANVEZ TORRES CARLOS 
SERV. ASESORIAS EMPRESARIALES 
PROGRAMADOR 
NICOLAS SAN JUAN No. 225 
COL. VEL VALLE 
VELEGACION BENITO JUAREZ 
O 31 O O MEXI CO, V. F. 
536-50-8 3 

·---·--·· 't 

CALZ. LA VIGA No. 1147 
VELEGACION IXTACALCO 
08830 MEXICO, V. F. 
579-63-09 

AV. LAZARO ·cARVENAS No. 1015 
.MORELIA, MICH •. 
58040 

GELA TI No. 1 5- 14 
VELEGACION MIGUEL HIDALGO 
15-90-36 

UNION POSTAL No. 80 
VELEGACION BENITO JUAREZ 
03410 MEXTCO, V.F. 
69 6- 7 8- 30 

t. ZAPATA No. 15 
COL. B. SIIERRA 
VELEGACION MAGDALENA CO/JTRERAS 
10380 MEXICO, V. F. 
59 5- 34~50 

QUIOSCO No .. 14 
EVO. VE MEXI CO 
575-40-77 1 

1 1 

• 



• 

30.- JAIMLS AVILES J. JESUS 
S. E. V. U. E. 
ANALISTA ESPECIALIZADO 
REFORMA No. 20 
COL. JUAREZ 
VELEGACION CUAUHTEMOC 
535 01 91 

31.- LOPEZ CANO HECTOR V. 
VIRECCION GRAL. VE OBRAS MARITIMAS 
PROVIDENCIA No. 807-4o. PISO 
COL. DEL VALLE 
687 76 80 

32.- LO PEZ RE VES MARCOS 
BACARVI Y CIAL, S.A. VE C.V. 
ANALISTA 
V.M. 34 1/2 
CARR. MEXICO-QUERETARO 
565 o 1 77 

33.- /.IANRIQUEZ AVALA FRANCISCO 
8. E. V. U. E. 
ANALISTA TECNTCO 
REFORMA No. 20 
COL. JUAREZ 
VELEGACTON CUAUHTEMOC 
591 13 16 

34.- MARI N MARTINEZ JOSE ALBERTO 
SRTA. VE COMUNICACIONES Y TRANSPORTES 
ANALISTA VE SISTEMAS 
EJE CENTRAL LAZARO CARVENAS No. 567 
COL. NARVARTE 
530 30 60 ext. 572 

35.- MARTINEZ MEVINA E. GABRIEL 
VTRECCTON GRAL. VE OBRAS MARITIMAS 
JEFE VE SECCION VE VOCACION 
PORTUARIA COMERCIAL 
PROVIDENCIA No. 807 
COL. CONDESA 

36.- MAYA ARAVILLAS LUCIO 
COAIISTON FEDERAL VE ELECTRICIDAD 
INGLNIERO ELECTRICISTA 
ROVANO No. 14 
COL. CUAUHTEMOC 
v'E LEGAC 1 ON CUAUHTEMOC 
6598 MEX~CO, D.F. 
553 71-33 ext. 2161 y 22 37 

' 

PORTALES No. 297 
AMPL. V. VILLAVA 
CV. NETZAHUALCOYOTL 
EVO. VE MEXTCO 

E-4 No. 10 
UNIDAD STO. DOMINGO 
VELEGACION ALVARO OBREGON 
277 79 73 

PISCIS No. 14 
VALLE VE LA HACIENDA 
CUAUTTTLAN, EVO. VE MEXICO 

RETORNO No. 44 
TLANEPANTLA 
EVO. VE MEXICO 
368 14 96 

CORREGIDORA No. 78-6 
COL. SAifrA ANITA 
VELEGACION IXTACALCO 
03800 MEXICO, D.F. 
650 38 62 

INSURGENTES NTE. No. 240-ZJ 
VELEGACION CUAUHTEMOC 
06400 MEXICO, V.F. 

AV. 565 No. 147 
VELEGACION GUSTAVO A. MADERO 
760 JO 79 



37.- MEJIA ACEVEVO MIGUEL ANGEL 
S. A. R. H. 
PROGRAMADOR 
GOMEZ FARIAS No. 2-JVt PISO 
COL. TABACALERA 
VELEGACION CUAUHTEMOC 
06030 MEXICO, D.F. 
535 67 27 

38.- AIEJIA GOMEZ ABRAHAM 
TESORIRIA DEL V.F.F. 
SUPERIVISOR VE ANALISTA 
DR. LAVISTA No. 144 - ESQ. NUlOS HEROES 
COL. DOCTORES 
VELEGACION CUAUHTEMOC 
588 10 37 

39.- MIRANDA DEL VALLE JOSE FRANCISCO 
VIRECCION GRAL. VE AEROPUERTOS 
JEFE VE SECCION 
CHIAPAS No . .121 
COL. ROMA 

40.- MONRO.Y G. MARIA CRISTINA 
S. C. T. 
VIRECCION GENERAL VE TELECOMUNICACIONES 

.. :. ANALISTA;PROGRAMAVOR. ·· 
AV. EJE CENTRAL 
530 60 09 

41.- MONTOYA SANCHEZ EDUARDO 
S. C. T. 
JEFE DEL PROYECTO VE PLANEACION 
AV. SN. FRANCISCO 7626-7o. PISO ALA SUR 
COL. DEL VALLE 
VELEGACION BENITO JUAREZ 
534 79 22 

42.- MORALES PAYAN MARIANO ARMANDO 
PETROLEOS MEXICANOS 
ANALISTA P. . 
MARINA NACIONAL No. 329 

43.- MORENO ORTIZ RAFAEL 
S E V U E 
ANALISTA TECNICO 
REFORMA No. 77-11° PISO 
COL. SAN RAFAEL 
VELEGACION CUAUHTEMOC 
535 72 90 y 546 91 82 

LA TOLTECA No. 3 7 ·• 
COL. INDUSTRIAL 
VELEGACION GUSTAVO A. MADERO 
07800 MEXICO, D.F. 
537 94 11 

ORIENTE 257 No. 157-5 A 
COL. AGIRCOLA ORIENTAL 
VELEGACION IZTACALCO 
08500 MEXICO, D.F. 
763 86 92 

MANZANA 28 LOTE 331 
COL. SECC No. 16 
VELEGACION TLALPAN 
01480 MEXICO, D.F. 

RETORNO 65 No. 5 
COL. AVANTE 
VELEGACION COYOACAN 
677 40 35 

IXTLEMEMELIXTLE No. 43 
COACALCO 
EVO. VE MEXICO 55700 
874 82 09 

CAROLINA No. 56 
COL. INDUSTRIAL 
VELEGACION GUSTAVO A. MADERO 
07800 MEXICO, D.F. 
781 01 80 

MARIANO AZUELA No, 120-304 
VELEGACION CUAUHTEMQC 
06400 MEXICO, V,F. 

• 

1 ' 
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44.- NATIVIDAD RICO JUAN CARLOS 
CENTRO VE INFORMACION CIENTIFICA 
Y HUMANISTICA 
ANALISTA PROGRAMADOR 
CIUDAD UNIVERSITARIA 
VELEGACION COYOACAN 
550 59 05 

45.- NINO PARROQUIN OSCAR R. 
V. V. F. 1 

4 6. - ORifEGA LUJAN JORGE LUIS 
S. A. R. H; 
SUBJEFE VE DEPARTAMENTO 
REFORMA No. 133 
COL. SAN RAFAEL 
DELEGACION CUAUHTEMOC 
566 89 24 

47.- ORTIZ CADENA FROYLAN 
DIRECCION GRAL. VE OBRAS MARITIMAS 
INGENIERO ESPECIALIZADO (ANALISTA) 
PROVIDENCIA No. 80 7 -4o. PISO 
COL. DEL VALLE 
DELEGACION BENITO JUAREZ 
523 45 38 

48.- OSORIO GARCIA ALVARO 
VIRECCION GRAL. VE OBRAS MARITIMAS 
JEFE VE OFICINA 
PROVIDENCIA No. 807 
COL. DEL VALLE 
687 76 80 

49.- PICAZO SALINAS JORGE 
DIRECCION GRAL. VE CARRETERAS FEDERALES 
ANALISTA PROGRAMADOR 
CENTRO SCOP BASAMENTO 
AV. UNIVERSIDAD Y XOLA 
COL. NARVARTE 
VELEGACION BENITO JUAREZ 
03028' MEXICO, D.F. 
519 92 21 

50.- p,JNCE MEVINA AGUSTIN 
TCSORERIA DEL V.V.F. 
JEFE VE OFICINA 

51.-

VR. LAVISTA No. 144 
COL. DOCTORES 
588 10 37 

PLANCARTE VAZQUEZ JOSE ALBERTO 
INSTITUTO MEXICANO DEL PETROLEO 
INGENIERO 
EJE CENTRAL LAZA RO CARVENAS No. 152 
SAN BARTOLO ATEPEHUACAN 
Dí:LEGACION GUSTAVO A. MADERO 
O '730 MEXICO, D. f .. 
5á7 66 oo ea. _20504 

MITLA No. 214-1 
VELEGACION BENITO JUAREZ 

·03020 MEXICO, D.F. 
590 72 81 

JOSE T. CUELLAR No. '722-E 
VELEGACION CUAUHTEMOC 

SABINO No. 60-13 
COL. STA. MA. LA RIBERA 
VELEGACION CUAUHTEMOC 
06400 MEXICO, D.F. 
541 7 2 33 

EDIFICIO JESUS TERAN B-606 
UNIDAD TLATELOLCO 
VELEGACION CUAUHTEMOC 

BARRANCA VE PILARES No. J 
COL. LAS AGUILAS 
VELEGACION ALVARO OBREGON 
01710 MEXICO, D.F. 

MANZANA 3 LOTE 18 
REMANENTE IV 
VELEGACION IZTAPALAPA 
797 87 81 

SUR 103 No. 1406-4 
COL. AERONAUTICA MILITAR 
VELEGACION VENUSTIANO CARRANZA 
15970 MEXICO, V.F. 

1 1 



52.- RtN1HIA MORA MARIANO 
TESOI:ER_I A DEL V. F.· 
JUL DE OFICINA 

53.-

54.-

Rt:SUitJIZ MORALES FERNANDO 
SRJA. DE DESARROLLO URBANO Y ECOLOGIA 
ANALISTA VE INFORAIACION 
REFORMA No. 77 
COL. REVO LUCI ON 
D[LWACION CUAUIITE/.!OC' 
06V30 MEXICO, D.F. 
535 54 18 

R[YtS IIERNAWDEZ PATRICIA GEORGINA 
INDUSTI<IALIZAVORA VE ACEITES, S.A. 
INGENIERO VE PROCESOS 
COL. INDUSTRIAL BENITO JUAREZ 
QliERETARO, QRO. 
4 55 12 •. 

55.- REYES ORTEGA JORGE 
TESORU<IA DEL D.F. 

56.-

ANALISTA DE ORGANIZACION Y METOVOS 
VR. LAVISTA No. 144 
COL. DOCTORES 
DE LEGAC1 ON CUAUHTEMOC 
588 JO 37 

.-. :~ ~: .' :\::~;\. 
RICO MEJIA GABRIEL - ·• ;;·" · 
S. E. V. U. E. ··· 

...... 
JEFE VE OFICINA . 
REFORI·IA No. 20-5o. PISO . . 

• 1 '· 

COL. JUAREZ ' i .;,¡-~ . 
VELEGACION CUAWiTEMOC 
06040 MEXICO, D.F. 
535 07 91 

57.- ROVRIGUEZ LUGO SERGIO DANIEL 
VIRECCION GRAL. VE CARRETERAS FEDERALES 
ANALISTA PROGRAMADOR 
XOLA Y AV. UNIVERSIDAD 
COL. NARVARTE 
VELEGACION BENITO JUAREZ 
03028 MEXICO, D.F. 
519 92 21 

58.- ROVRIGUEZ VALENZUELA EVMUNVO 
PROGRMIA UNIVERSITARIO VE COMPUTO 
JEFE VE SECC ION 
CIUDAD UNIVERSITARIA 
CIRCUITO EXTERIOR 
VELEGACI ON COYOACAN F· 
04000 ,\!EXICO, D.F. ·' 
550 52 15 

, . .. ·.:·. ,.,_ 
.• 

•• l' -

.> . 

PROL. RAMON Y CAJAL No. 160 
VELEGACION IXTACALCO 
08220 MEXICO, V.F~': 
590 27 88 

PATZCUARO No. 9 
COL. SAN JAVIER 
TLANEPANTLA 
540 30 EVO. VE MEXI CO 
390 46 60 

TANCOVOL No. 17 
FRACC. MISIONES 
QUERET ARO, QRO. 

MAVRIV No. 25 · . 
COL. VEL CARMEN 
VELEGACION COYOACAN 
04100 MEXICO, V.F. 
524 05 62 

HUICHAPAN No. 53 
COL. MICHOACANA . 
VELEGACION VENUSTIANO CARRANZA! . 

BOVOQUEPA No. 30-3 
COL. LA ASUNCION 
VLELGACION XOCHWI LCO 
16040 MEXICO, V.F. 
676 70 26 

MIGUEL ANGEL VE QUEVEDO No. 972-6 
COYOACAN 
04000 MEXICO, V.F. 
544 04 01 

1 


