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1. iQué le parecib el ambiente en la Divisién de Educacién Contima?

l MJY AGRADABLE

AGRADABLE ] DESAGRADABLE

|

|

2. Medio de comunicacién por el que se enter del curso:

PERIODICO EXCELSIOR PERIODICO NOVEDADES
ANUNCIO TITULADO DI ANUNCIO TITULADO DI FOLLETO DEL CURSO
VISION DE EDUCACION VISION DE EDUCACION
CONTINUA CONTINUA
CARTEL MENSUAL RADIO UNIVERSIDAD COMUNICACION CARTA,
TELEFONO, VERBAL,
ETC,
REVISTAS TECNICAS | FOLLETO ANUAL | CARTELERA UNAM "LOS GACETA
UNIVERSITARIOS HOY" UNAM

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

AUTOMOVIL
PARTIQULAR

METRO

OTRO MEDIO

4. ¢Qué cambios harfa usted en el

curso?

programa para tratar de perfeccionar el

5. (Recomendaria el curso a otras personas?

SI




9.

10.

¢Qué cursos le gustaria que ofreciera la Divisién de Educacién Continua?

La coordinacidn académica fue:

EXCELENTE BUENA

REGULAR

MALA

Si estd interesado en tomar alglin curso intensivo (Cudl es el horario

mids conveniente para usted?

LUNFS A VIERNES | LUNES A

LUNES, MIERCOLES

MARTES Y JUEVES

DE 9 A 13 H. Y | VIERNES DE | Y VIERNES DE DE 18 A 21 H.
DE 14 A 18 H. 17 A 21 H. 18 A 21 H.
(CON COMIDAS)
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.

¢Qué servicios adicionales desearia que tuviese la Divisidén de Educacién
Continua, para los asistentes?

Otras sugerencias:
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TITULO: INFORMATION RESOURCE MANAGEMENT -THE WEW CHALLENGE-

1DIOMA: INGLES TIPO DOC.: ARTICULO

REF.: Diebold Data Exchange Bulletin. IE/DS1/79V1-L1

Information Besource KManagement
—The Rew Challenge

by JOHN DIEBOLD

{This article couprises the Foreword to a special fissue of the magazine
Infosystems which commenorated the 25th Anniversary of the Diebeld Croup)

It is with great pride and pleasure that we in The Diebold CGroup have accepted
the invitation to complle the articles for this gpecial issve of Infosystens.
We are thus sble to celebrate the happy occasion of two anniversaries - the 20,
for Infosystems and our own 25th.

When we consider the speed with which data processing techneolopgy has evolved rnd
the enormouws impact it has had upon business and management practices - and, ip
fact, upon many areas of life — we are aware that we have been part of a 1eal
revolution, a radical and pervasive change in the business environment and
structure, snd we are gratified by the role we have played.

High technology as a corporate resource has produced remarkable econcmic
accooplishoents. The business community has witnesped affordable coemputing go
from the level of the enterprise fo the 1950s, to the level of the division im
the "605, to the level of the department in the '70s, and in the 1980s, it will
reach the ulticate affordable level of the employee. Along the way, it has lost
itc aurs of an esoteric discipline and has become accepted ss a practicable tool
availsble to a broad community of users.

L ]
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Both Infosystems and The Diebold Group have chosen to commemorate the{; —1
enniversaries, not with a nostalgic look back over the last decades, but by
delineating the challenges and opportunities that lie ahead.

It is useful, I think, to begin by providing an executive overvicw of the role
of Information wanagement in the 1980s, a& role that wiil change In many
fundamental ways. Awong the areas that will undergo alteration and that can ¥c
anticipated and planned for, are the information manager's span of control, the
prolifefation of computer hardware, and the expanded range of declsion-meking
and business transactions within the guidelines of corporate Information
wanagement.

Today, many corporations and Instltutions are quite satisfied with their data
processing capabilities and so they should be; through much hard work these dat
processing capabilities have become very effective. Nevertheless, the trap to
which many executives In these companies may fall victim is the bellef that
information needs and requirements for information management during the 1980s
can be satisfied by the principles and techniques that are proving successful
today. It is assumed that the agent that will allow current directions to be
maintalined is technology itself, cheap minicomputers and new comnmunications
potential. )

The calculator in the hand of an employece in the 1970s is likely to be a
ninicomputer in the 1380s. With this level of technological penetration, will
MIS lose its ability to plan for and control the installations of computing
devices and their Information architecture? Can corporate goals be pursued ir
this environment, or will the technology be counter-productive? One danger is
that current good management practices in data processing may lead to chasing
localised solutions! Such an orientation would leck corporations into a 1970s
node, a mode unresponsive to the business pressures of the 1980s. To be
successful in utilising the new computer technology, it 1s necessary for
executives to realise that the corporation needs a new planning orlentation.
Organisations and information managers should now be on a new ‘learning curve [«
these emerging management principles. In our Group, we refer to this future
orientation as Information Resource Management (IRM).

One of the basic changes in corporate management in the next decade will be the
ability ‘to handle information in more effective and efficient ways than we hav.
done in the past. 1 am not referring to data, but to information, which is the
analysis and synthesis of data. In the role of information handling, I have
always felt the safest comment I have ever read to be, "The modern age has a
false gense of superiority because of the great mass of data at its disposal,
but the valid ériterfon of distinction 1s rather the extent to which man knows
how to form and master the material at his command™. This passage was vwritten
by Johann Wolfgang von Coethe in 1810, '

In the 19805, one principle will characterise good information handling: the
management of information as a corporate asget., In classical economic terms,
the factors of production were viewed as land, labour, and captital, 1In the
modern age, these have become men, money, machines, and material. In the
future, 1 believe we will reach bLeyond this in defining the areas which deserve
management concentration and fonclude: __J
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r:‘ uo;k productivity and enrichment -]

* supply, as opposed to demand, management
* resource investment and conservation

f regq}atory compliance

consuner service

product performance

* employee participation

* e&ucation

* Information

As the goals of a corporation change with the complexfty of the socio-politicsl
and competitive business environment, it becomes necescary to refine the
structure of the areas on which executive attention is focused. Informatien
will replace capital as the common denominator of corporate assers. Concerning
the factors of production in the future, 1 feel that Informstion will he
recognised as a valuable resource comparable to capital and labour. We shall
abandon this long period when - perhaps because of its abundance In a period of
growing scarcities — informatiom has been consistently underpriced,
underutilised, and its contribution underrated.

Yt 48 clear that the organisations vhich vi{1l excel in the 'B0s will be those
that recognise information as a major resource and structure it as efficlently
as they do other assets.
-
* They will use information as a capability that allows them to change
tactical plans more rapidly in order to have more cost-effective
resources.

* They will use Information primarily for planning and decision-making,
rather than limiting it to the controls for which data is wost widely
used today.

* They will use Information to wmeasure performance and the organisaticao's
responsiveness to its groving and varied constituencies, to complement
the profitability measurcments used today.

* They will use information channels to form instantaneocus bonds with the
consumer for marketing purposes: for tracking product performance,
liability, and product maintenance on a longer-term basis.

Information vhich now loosely envelopes a product or service will become

integral to it. The information package, electronically linked to the

corporation, will be a vital component of the end product. Consumers will

favour technical and service specifications over purely visusl appeal or
L:?Subs:antlal product clajws.
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-Ae~informat{on-managers and architects wvithin your organisations, you may well
find that these changes will place you in a central role — if you grasp the
opportunity. If, on the other hand, .the hundred dollar m{inicouputer technolog
is allowed to go unharnessed, indicating total freedoa from Information
management, it {8 equally clear that your organisations will be at odds with
demanding consumers or vendors; the impact will be visible on the P§L statemen
as well as-on the production line. For example, banks without customer

terminals have experienced this sase negative phenomenon within only a few
Years. )

To manage the information needs of the 1980s, information architectures will
have to be redesigned. It {5 important to emphasize that these architectures
are not of the conventional data Eype prevalent today in data processing
applicetions. Most of- these applications are the result of formalising the
handling of routine data wifhin functional areas of the organisation. Compute:
applications have not, as a rule, dealt successfully with {nformation that is 1
ure between organisational functioms or among the varifous constituencies of the
enterprise. Data integration has long been an operational problem child, in t}
past, because we lack organisation and methodology te structure the data for
integration. I contend that, in today's business, most of the c¢lerical force 1
involved with unstructured information used ia decision-making and transmitted
by correspendence. It is organiszed only in so_far as manuval procedures exist
and to the extent that local supervision enforces them.

The evidence for this assertion is practically indisputable, the clerical
workforce is growing at a remarkable and very alarming rate. Recent U.S.
Departnent of Labour statistics reveal that the clerical workforce SUrpasses, |
close to five million people, that of either the operative (i.e. production
workers) or the professional and technical workforce; it exceeds the number of
service Industry employees by an even greater amount. The growth rate of the
clerical workforce has been matched only in the last five years by that of the
prefessional and technical sector. Yet in Group studies with more than 100
major corporaticns, we have found that only 157 of these organisations wvere
implementing office automation to fmprove productivity in the ¢lerical area.
30X of these large corporations were not planning any automated measures ’
whatsoever to deal with this issue.

If handling increased levels of data were the problem, we would have the
solution in hand: our large computers and existing comounications links.
Corporate data is more easily manasged than corporate information. However,
even though the voluwme of data is Increasinp, it is the capture of corporate
information with various degrees of “softness™ that presents us with the
challenge in the next decade. General managenent 1s now largely unawvare of wvhs:
these information categories are; the information itsclf ie buried at fuaction:
departwent levels vhere often only one or two clerks know how 1t is synthesisec
from available data and operatjonal level informatfon exchange,

L | _J
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I would-like to sketch briefly what the infrastructure for an industrial
tnformation activity is today. At the heart of the average operations area of

a busincss — suppose it to be an operational department hotbed like production
control, claims processing, ofr order entry = we ¢an draw up a composite Image.
1t 4s a functionally structured process of penerating and acting on locally
sourced information. The information is generated from computer 1ists, by paper
buginess forms, by telephone consultations, by management decisions, and by
general office procedures. It is significant that the sale of manifold businesr
forms in the United States surpasses the worldwide shipment of minicomputers.
Add to that fact the costs of telephone calls involved in fulfilling business
transactions and the annual sales of filing cabinets, and the center of gravity
of information technology today becomes painfully apparent. The information
-equipment industry and systems profession are ¢t11l in thelr Snfancy; the 1980s
promise to be their adolescence. The skill fnherent in conducting a business
transaction or reaching an operational decision in this manually based
environment is directly related to operational knowledge born of expetrience. It
is handed down from employee to employee vithin the department. When good and
useful planning or control information is gquickly generat~d in such a
department, we evaluate the management of the departuent to be successful.

But this information Infrastructure is wulnecrable to several factors, for
example, the accuracy of data, the reliability of manually created informatlon,
and work load fluctuvatiens. Increases in the elerical workforce are frequently
neeeded because there are no economies of scale in handling unstructured
information within functional areas of the business.

That ve know today what Information will be needed in the next decade is a oyth.
.1t is foolhardy to believe that we can successfully predict the very
{nformation elements that the govermment, unions, and competitive pressures will
demand. What organisations can do, however, ijs to plan how to formalise the
handling of uvnstructured information, to design information infrastrbecgures, t<
jearn how to strutture data in ways that will provide for an easier synthesis ¢’
stratepic information planning and decision-zaking, and to find ways in which
information - when viewed as a corporate asset = cab be used to contribute
additional value to other assets of the organisation. . 3

Building a new information infrastructure requires a long lead time, and most
of you — who are not yet doing so - should move in this direction soon, With
that in mind, let us congider:

* The new needs of orgsnisations.

% Fow our present information approaches are Inadequate to meet these
needs.

# Vays in vhich you, as information managers, can lead your companies in
vew directions.

L _
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The first three-quarters of the 20th century provided technological Inventions
that gave the major competitive advantages to larpe orpanisations. We moved
from the assembly line and specialisation, requiring size and mass marketing, t«
the post-war sales and marketing boom, keeping capital intensive equipment full:
vtilised, to R&D economics of scale.

In the last quarter of this century, we are seeing changes In the envirvncent
that, for the first time, do not wake a large scale svtomatically preferable.
Unless wve move lomediately, our relatively slow-moving, large organisations may
be threatened. Some of the changes that we are beginning to sce, and will see
more of, are:

Supply uncertainties: “Demand management™ is wvhere we placed the emphasis in
the past. This {s now changing to emphasis on “supply management”, Potential
scarcities, balance of trade problems, nationalism in rescurce rich countries,
and many other factors will introduce increasing uncertainties which will force
organisations to frequently review thelr productivity. These factors will brir.
about marketing-purchasing-administrative adjustments that small organisations
are ready to make.

International uncertainties: The huge resourze transfer to OPEC countries,
among other factors, has already produced wajor instabilities that are likely t-
continue. They require fast response in order to adapt to then.

Profit squeeze: 1In an environment of rising costs and, sowetimes, controlled
price increases, organisations must constantly optimise their operations to
remain viable. This, again, requires systems that will allow an optimisation of
fast-moving variables, or a small enough organisation to accomplish {it.

Proliferation of areas in which the corporation s evaluated: Social
measurements of performance are belng added to profit and loss measurements.
This 1s another source of pressure on large orpanisations. The disappointment
with large corganisations and institutions, although commonly deseribed as a
coomunications problem, is undoubtedly at least partly related to a corporatio.
capacity to be more responsive to the increasing demands made on it by its
various constituencies: personne! demanding more flexibility in their work
hours and more responsibility in their work; customers requesting more
individually tailored products than our traditional mass production can deliver;
governments requiring faster response to new regulations; special interest
Broups insisting on better response to theilr social demands; foreign countries
and communities requesting stronger commitments to their goals; and

shareholders looking for profits increasingly difficult to achieve in a fast-
changing environment.

1t would be a serious corporate mistake to extrapolate the successful data
processing management principles used now Into the strategic directions for

L -
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corporate information processing in the future firm, as I have {ntimated
earlier. Instead, T would like to outlipe five strategic coordinates for
executlves' efforts to set the right directions for fnformatien management in
the 1980s. .

First, executives should recognise that data processing techneleopgy is not
informatfon technology. Additfonal resources and methodologics are necded, fou
exanple, In the areas of office automation equipment, data base technology,
small business computers, data capture equipment, and new communications linke
for volce, data, and Image transmissfons. These tools, In turn, must be manapge’
to provide a new economy of scale in information managenent, 1f we wvant to wake
significant gains in productivity. These storage, transmittlng, aw! processing
devices can be at the {nformat{on level rather than at the data slorage level,
which more than ever, should be tightly controlled for security, privacy, and
backup reasons. They will be managed by policlies rather than by dJirect
authority.

Second, the natural candidate for managing the converged resources of data
processing, comnunications, and office automation is the current Management
Information System organisation and its chief executive. Discipline of business
analysis, system economies, development and malintenance are needed to build tha
information architecture of the future. These acquired skills can easily be
applied to the new, more global tasks. Information integratfon «{1l coce, 1
believe, through the convergence of resources managewent, not through the
dispatch of a few systems analysts into a decentralised environment with the
charge of building cne or two strateglc Information networks among ldterally
hundreds of locally owned computing devices.

Third, the span of control of the MIS executive wvill not be proportionally
greater under an Information Resqurce Management orientation. It may well be
reduced through the dispersion of computing equipment. However, replacing the
reduction in the span of control will be a ouch broader concept of strategic
Planning and policy control. Resource management is not equatable with resour:
ownership Iin this context. With the prograzaing onto computer chips of many
business tasks that were, in the past, manual procedures, we can begin to see
the emergence of information management pollcy as the logical replacement for
these business procedures. ’

Fourth, there 1s a tremendous need for education and training in the area of
information management., 1 fear that the cause of the shortfall of systems
analysis and programming today are, in many ways, simllar to those of cperations
research and managewent’ science at the turn of the last 'decade, although-on s
wuch larger scale. There {s disenchantment with data processing careers. The
root of the dissatisfaction, I believe, stems from the feeling of not being in
the mainstream of the business. Inforwation processing in the 1980s will cure
thig, but the task for executives now i to provide early motivation for & new
breed of business snalyst,

L \ -
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The fifth guidéline concerns the challenge of building information architectures
that will reach out te the customer, vendor, and other corporate correspondents.
sing information to conserve resources, 1o sccure greater consumer acceptance,
to institute: and fulfill compliance with the groving regulations of our complex
society, to plan for preater profits, and to make our vork efforts more '
productive in peneral, certainly must be major corporate objectives. Our
current problems are not those of technology, but rather those of attaining
wanagement techniques and organisations at a higher level than that of data.
Our profession has graduated from data processing to managing information for |
the enterprise. In a recent study, by our Group, of top U.S. companles, ve
found that more organisat{ons consider themselves closer to the ADP environment
of the 1960s than to the IRH environment of the 1980s. Despite this,
practically all felt that they were technologically advanced. To me, this is a
signal for some strong executive action.

It has been the preoccupation of information cbservers over the last two’
decades to monitor developments in information technolegy and assess their
ioplications for the corporation. Today, we stand in the midst of a period of
fundamental change in the corporate environment, and we face a challenge to thsz
effectiveness, even to the survivability, of corporations. The distinguished
contributors to this anniversary 1ssuve of LNFOSYSTEMS will i{ntroduce ideas to
ensure that corporations will not only survive, but prosper. Their articles
develop new directions within the framework that 1 have suggested.

4
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On INFORMATICA

aee

FORECASTING DEVELOPMENTS IN INFORMATION TECHNOLOGY

FOR TWO DECADLS

TIME ORIENTATION THE DIEBOLD GROUP FORECAST THE
FRAME OF FORECASTS KEY ISSUE FOR:
ORGANISATIONS
e BATCHMIS e ON-LINE
HARDWARE SOFTWARE
1960s e MIS INITIATED- e USER INITIATION 1970s
APPLICATIONS OF APPLICATIONS
e EFFICIENCY e EFFECTIVENESS
e ON-.LINE + DISTRIBUTED
CENTRALISED MIS PROCESSING
" WITH TERMINALS
EARLY LATE 1870s
19705 e LARGE" « MINICOMPUTERS
. COMPUTERS
MID « STANDARDS e INFORMATION B
18705 POLICY LATE 19705
LATE e DATA BASE e DATA .
1970s ADMINISTRATION MANAGEMENT LATE 19705
o MIS e IRM ORGANISATION EARLY 19805
ORGANISATION . - .
3 YEAR {utility data processing) {nf{ice automation, communications and distributed data processuy
PLAN: "
e ACTIVE DATA e INFORMATION
1978 DICTIONARIES INFRASTRUCTURES M1D 1980s
To
1981 )
. WIS e VALUE OF ’
EFFECTIVENESS INFORMATION LATE 19803

MIS = Management Information Systems; IRM = Information Resource Management N

- P



S8 /vISION DE EDUCACION CONTINUA

@ @D FaCULTAD DE INGENIERIA__U.N.A.M.

EL ENFOOUE SISTEMICC
DOCUMENTACION COMPLEMENTARTA

CURSC ADMINISTRACION DE PROYECTOS EN INFORMATICA 1964



ii. EL ENFOQUE SISTEMICO
(DOCUMENTACION COMPLEMENTARIA)

CURSO ADMINISTRACION DE PROYECTOS EN INFORMATICA 1906



2

2.0 EL FROCESD DE FROGREAMACION

Como sefisalamos en el caritulo anteriorr en el costo de 1la
Prodramdcion (software) aumenta continuamenter mientras aue
el del eaquiro (herdware) disminuge afio tras affo. Ademds 12
mavoria de los sroblemas aque se rresentan en modernos u
comrledos si1stemas diditales administrativos o cientificos)
sonr oridinedos en la rFrodramacidn. For estz razdn es
necesario »roceder 8 su desarrollo en una forma sistemdtica
v ordenads aque se describe en este caritulo rara lledar 3

Frroducir Frrogramas que sean!

1, Utiles

2. Eficientles

3, Transteribles
4. Mantenibles
D Cunfiablés

4¢ Unitormes

7. Frobhatles

Er este capitulo se describe como la aplicscidn del eonfocue
si1stémico rermite desarvollar rFrodramacidn que cumrla con

las caracteristicas mencionadas.

Estz metodolodgia rrevee la divisién del FTOCESO de

desarrcllo de pProdramacidn en varias fases aue sisuen una
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secuencie temrora)l v se describenr incluvendo sus cobuetivos

en los seccilones de este caritulo. A saber:

efinicidén de Renuerimientos
Ilisefio
Ilesarrglla

Oreracidn 94 Manternimiento

Cada fase 2 sil vesx se subdivide en etarass aue Fermiten:

todavia mds subidivir el eroblemaz de desarrollo F3T3 su

reglizacidén ¥ control.,

Cada etara en 13 evolucién de la rrogramacién debe estar
biern documepntadar ror. lo cue se mencionan especificamente

los documentos rue se dereran en cada una de ellas.
2.1 Introduccidén! El Enfoque Sistémico

A medida que crecierén los requerimientos aue se imronian =3
la rrogramaciédn asumentaron los problemas en su desarrollos
oFeracion v mantenimiento? sobrecostos, retrasos en 1la
entredar 1insatisfaccién del ususrios bhado confiébilldéd o

dificultad en el mantenimiento.

Siendo un rrodramas un sistema comeledor nho es de extrafiarse
aue 1a rrablendtica del desarrollo de Frodramacidn se haua

ido resolviendor» arlicando la metodologls si1stémica.
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531 bien no existe una definicion universalmente acertada del

término sistemar (todo autor aue escribe sobre el térico

tiene 13 cyya) rodemos sin embardgo afirmar auer una
definicidn intuitiva adecuada seria 12 cidgulente’ un
sistema es un agruramiento de compronentes cuYo

comportamiento derender tanto del de las vartess como de la

forma en aue celas interaccionan erntre sl

Desde luedor resulte obvio aue Un Frodrama compledo €s un
sisten2s <& QUE el comportamiento del mismo no solamente
derende de cGmo trabadJa cada uns de sus rartes:s sino. de 13
forma en @ue interaccionan entre s{. FPor esta razén no es
de extrafiarse que ljgs avances aue S han obtenido en el
desarrollo de rrogramacién esteéen basados en 12 aplicacion de

1z metodolodlia sistémica 3 este tiro de trabados.

~

_2.1.1 Dos Bistemas -~

A continuacidn se cilard la historia Bel desarrollo de dos
gistemas: urno hien 9 otro mal ¢#laneado Y S€ haré un

garalelismo con el desarrollo de sistemas de progsramacidn.

Ls historia del desarrollo tecnolédico de l1a humanidad estd
llena de implementaciones de sistemas cuso efectos rositivos

han sido contrarrestados FOoT sUs efectos laterales



nedativos.,

lloe edemrlos servirdn rara ilustrar la idea? uno rlaneado
desde un Frrincirio tomando en cuenta su  finslidad (de
telefonialr v el otro aque crecid en forma no slaneadas (el de

trenssortacidn 1ndividuzsl rsor automdvil).

El sistema telefdnico formado ror teléfonos w wuna red
intedreda de comronentes ¥  eaquirnsy ha hecho rosible 1a
onmunjvagléﬁ inmedizte entre dos epuntos del sistems. Este
sistema trabava eficientemente v cumrle con su finslidadr us
wue desde un princirio fue concebido como un sistema 49 no

como ui conglomerado de elementos inderendilenies.

Susdndase ror un momentos aue el sistems telefdnico hubiera
evolucianado en una forma no rlanesdsr sin tomar en cuenta
laos recuerimientos sistemdticos. Aldé¢n industrizl hubiera
emrerado a8 fabricar teléforos a8 reauefia escala v los hubiers
vendido a8 sus clientes., Estos hubieran contratado slddn
electricista Frara conectar entre si{ los teléfonos de las
rersonas con las aue  eventualmente hubiesen deseado
COmUniCarse. A medida aue el piblico se hubiersa
acostumbrado 2 hablar con amidos 9 otras eersonassy se
hubieran reeuerido md3s v mds hilos de teléfonosrlimitando el
ndmero.de hhilosy la soc1bilidad de ofrecer servicio. Con

este enfoouer s1 3lsuna rersona deseara comunicarse con 1000
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distintas locelidadesr de su teléforno deheriarn salir @99

hilos.

El municiric hubiera instalado zlgunos raostes sobre los ue
el electrircists hubiera coldado sus slambres. Fronto
hatrian habaido demaﬁiadqs alambres en los rostess o9 éstos
hubieran emrperado a caerse. El 1lector se reird de este
escenzrios rero no difiere del de 1la transrortacidén ror
eutomdvily donde en lazs drendes ciudades las calles v vias

rdridazs 4a estdn condestionadas.

Los recuerimientos de nuestra sociedadr de contar con  un
sistema réridoy confiable u econdmico de comunicacibns tarde
o temprano hatbirfian obligado a adortar el enfoaue sistémico
en l2 rlaneacidn de este servicio. Afortunadamente rara los
usuarios del servicio telefdnicor éste se desenvolvid desde

un Frincirio tomando en cuenta el enfoaue sistémico.

.

No ruede ser mavor el contraste entre el sistema descrite o
e} de transrortacidn individual rerresentado por el
antomdyirl. Este sistema estd formado FOT coches:
carreterasr callesy» refaccionarias, dasolinerasr sefiales de
trédnsitor etcs Todo este condlomerado de subsistemas nunca
fue rlaneado como un sistema intedralsy tomando en cuenta los
obJetivos del mismo! transrortar rersonas eficientemente.

Crecid sin nindunz directrizt, f
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Como resultado de este falla de rprevisidnr el sistemas sobre
todo en las drande ciudadesr ha lledado a3 su limite. Coches
disefizdos rarz correr a8 velocidades superiores 3 100

kildmetros For horar ruedan lentamente.

El sistema causa miles de accidentess hace rerder a sus
usuarios miles de horas-hombre al dias contamina el aire Que
resriramos ¥ es el culerable directo de més de un colarso
nNervioso. El sistema dehié Hhaber sido diseMado desde un
#rincirio rara satisfacer las necesidades de transrortacidén

rersonel.

Mientrzs la demands de servicio fue bauas ests evolucién no
rlaneada del sistema satisfiro los obdetivos. Hoy en diz:»
sobre todo en las drandes caiudades: este sistema dificulta

gravemente la vida urbana.

Estz comraracidn entre 1a evolucién de dos sistemas pablicos
tia ilustrado adecuadamente 1z importancis del enfoque
sistémico en la s#laneacidns imerlementacidn g oreracion de un

sislema.,
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2.1.2 E1 Enfoaue Sistémico Y La Frodramacidn, -

Originelmente el desarrollo de sictemas de prodgramacién no
se iniciaba con una exhausyiva fase de wplaneacidh y
definicién de regquerimientos. Se tratabs de rroducir
sistemss sin considerar aue éstos» en un futuror deberian de
ser intedrados en un sistema denerzlizado de 1nformacidn.
l.Los rFroblemas de intedgracion haclan cue el sistemas en el
meJdor de los cacsoss como el de transrorter trabadars
ineficientemente. Se olvidabas w«ue rfara roder rlanear
adecusdamente wun sistema de d=ran tamafior es necesario
emrlear el enfoaue sistémicor aque es una evolucidn del
método cientifico cuusas bases suro condensar tan bien el
fildsofo DLewew a princirioes del sidlo. Este indicod que 1a
solqcidn de un Frroblemas consiste en dar resruesta a3 1las

sidguientes eregsuntas?

Cu2l es el sroblema?.
Cudles son las alternativas?,

Cudl es 1a mevorT.

E1 obJetivo de 12 metodolosia de sistemas es rrecisamente
desarrollar erodramacidén con la misma filosofia con la que
se disefd el  sistemaz telefdnico. El costo cads vez
creciente de prodramacién bhace necesario seguir un método

sistémiro rara su construccidn v no uno de Fprueba « error:
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como veniz realizéndose hasta 1la fecha. La figsura 2.1.1
muesztra aue €l S5%¥ de los errores emn un rrodrama  son
caucsados durante 13 fase de definici6n de reauerimientos u
el 504 de los errores srroimadamente son detectados durante

2} desarrollo.

Lz antisle tendencie <generals desasfortunadamente todavia no
totalmente erradicaeda de iniciar lo méds erronto rosible 1s
escritura de cddigor lléva 2 Prodramas CuUu%0s errores se
detectan en fases muw adelantedas en e1 desarrollo del

rrovecto donde el costo de su  correccidn es muuw elevads.
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FIGURA 2.1.2 COSTO DE CORRECCION [ ERRORES EN
LAS DIVERSAS ETAFAS DREL FROCESO
DE FROGRAMACION

For estia razdén hoy se recomiendsa seduir el enfogue sistémico
gue identificas lezs siguiesnles fzses rara el desarrollo de

Frodramas com~utadoral

2.2 Definicidn de Keauerimientos
2.3 Ihsetio
2.4 Desarrollo

2:93 Oreracidn ¢ Mantenimiento

A continuacidn se resumen los ob.Jdetivos de cada una de estas
fases 4 rosteriormente se sefialan las diferentes etaras aue
deben seduirse en cads una de estas fases. Debe sefialarse
cue debe rreceder a3l inicieo de toda actividad de desarrrollo
de un sistemas sobretodo comrledor una fzse . de planeacidn:

tema que se Lratard en el caritulo 5.

2+2 Fase De Definicidn e Reauerimientos.

~

No puede habhlarse de un desarrollo sistémico de srodramas o
sistemas de cédnruto sin una precisa definicidn de obdetivos

¥ un claro planteamiento de reaquerimientos.

10
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Los obldetivosr» deben definir las funciones denerales cue se
esreran del #roducto © finsl w en ellos se bassa 1la

pstructuracion del rFPrograma.

Los reaquerimientos definen con frecision las raracteristicas
de los rrosramas de comrutadora sor desarrollar y establecen
los a2lczncec del sistema de computo. Sirven de base rara el
disefio del sistemas de referencia rara 1las rruebas del
producto finel v de fuente princiral de informacidn Fpara el
manual de UsUEST10. Los requerimientos rermiten ademas
corntrolar la evolucidn del sistema durante sus etaras de

desarrocllos

Lz fase de definicién de reauerimientos debe realizarse en 3

s

etaras:
1. Flanteamiento de Ob.detivos —
2. Anilisis

I, Esrecificacién de Reguerimientos.

2.,7.1 Planteamiento De Obdetivos -

Esta etara consiste en identificar Y] describir las

necesidades del wusuarios a fin de proroner un conJunto de

11
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obetivosy cue de lograrser imrlicarian la satisfacci1é6n de

necesidades.,

Fuede aseverarse sin temor 8 eauivocarsey aue 13 claridad de
los obdetivos es condicidn necesaria rara el éxito de todo
rrovecto. Una coleccidn de obuetivos imerrecisos U  obscuros
ruede sroriciar une mala intersretacidn aue eventualmente se
traduzcs en  un Productq finzl eue no satisfasga las
necesidades del wususrio 4 en wun  producto bastante mias

sofisticado de lo requerido rpara satisfaocer sus necesidades,

Al establecer los ob.detives deberd evitarse rroroner o
establecer un wmétodo especifico como base rara el desarrollo
del sistemar 3 menos de aue el emerleo de dichas técnica en
rarticular en constituxas en si. uyno de los obdetivos del
frovecto, La Frorosicidn de métodos esrecificos cze en el
dominio de la siduiente etara de Andlisis. Estss

actividades son resronsshilidad del druro de Anslisis de

Sistemas. (véase carlitulo ),

Se recomienda documentar férmalmente el resultado de esta

etara en un "locumento de Obdetivos del FProuecto" (DOF).



2.2,2 Andlisis - 14

Al terminar la etara de Flanteaniento de ObJetivos se
aclaren las necesidades del ysusrio Y los ohidetivos del
vroucctos Pero no se ha constatsdo adin la factibilidad de
objetivos ni se han seleccionagor entre lac alternativas

viaeblesy los mélodos o medios @ earlear Fara lograrlos.

La eturs de andlisic consiste en estudaar los obdetivos rara
eslablecer un comerumiso entre los obuetivos conflictivos 6
antagsnicocs eslablecer rrioridadess constatar factibilidad
y proroner los métodos de solucidn que servirdn de bhase rara

el dicefio del sistema.

Las actividarldes de esta etara caen dentro del c¢amro de
sccién de los enalistas de sistemas. (vease carfitulo 5.
El grado de dificultad de esta etara w el tiemro requerido
rara reslizarla derenden directamente de la comrledidad del
érosecto o rroblemz = resolver, El caso wmas sencillo 1lo
rerresentan aauellos Froblem3as aue no renuleren de
ZBPPOHimSCiOﬁES rara obtener su solucién w el tremp més
comrlejo lo rerresentan 2aauellos eroblemas ques ademds de
ewidir aldorn tiro de arroximacion o simsylacidéne estan
relacionzdos con la mecanizacidn de alduna actividad humana

(LEH80). Aldgunas de las técnicas disronibles #ara realizar

ecte anmdlisis se eresentan en la seccadn 3.2

13
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Un 2n#dlisis correcte de los obJdetivos es también una
condiclrdn necesaria rara el éxito del rrodectos, Un andlisis
deficiente o incomrleto de -los obhJetivos ruede redundar en
¢l estazbleciwiento de requerimientos 4 métodos aue den
origen a un producto incarzz de saticsfacer los obdetivos u
las necesidedes del wsuario. En el caso de obJetivoP
antagénicosy la i1ndefinicidén de compromisos v pPrioridades
ruede dar ludgar un rroducte final que solo satisfada
gbJjetivos aue el ususario considere cowmo sofisticacione§

irreleveantes v no los aues son imrortantes. -

Como en el c¢aso anterior: se recomienda documentar el
resultado de estz etarz en un "Rerorte de Andlisis®. {RA}
Dicho rerorte sirve Paraz nedoclar uw Justificar ante el

Usuarior los comrromisos ¥ las prioridades adorptadas.

2.2,3 FEsrecificacién De Recuerimientos -

Al terminar 13 etara de Andlisis se conocen las funciones
del sistema 4 los métodos de solucidn aque deberdn ser
emrlezdos rara realizarlas ¢ satisfacer l13s necesidades del
USUaTIiD. Esta informacidn» rerortada en los documentos DOFP
4 RAy se redacta en un el lenduade esrecislizador familiar a
laos analistas de sistemas (inderaerus electricistasy

cauimicosy investidadores de orFeracionesy etcs) Y nho

14



b
necesariamente clearo e intL{hSible 28 los esrecialistas en
computacidon (disefladores 9 rFrodgramadores) aue eventualmente
divetiarédn « desarrollarin el sistema de comruto. Los
resultados de la etara de esrecificacidon de requerimientos
s resumen en un documento de esrecificecianess Que
denominaremos *Documenlo de Requerimientos de Frodramas de
Computadora®y (RFC)» en el cual.se tragucen los resultados
del Anilisis 2 un idioma que rermita la transferencia de
idess entre rersonzl]l de distintes discirlinas., Este
lensuade wvstd constituildo sor una combinacidén de erosa  en
lenguade nastursls con dibuoos en 8lddn lenduade dgridfico
(diagramzs de fludo de rrocesor fluso de informascidns fludo

| .
de controls w notaci1dn matemstica).

El RFC cubre ademés otra asrecto 1mrortante cue hasta esta
etara no ha recibido atencidnd l2 interaccidn del sistema
.con el exterior? lz llamada interfas hombre-midcuina w 1sa

interfaz con otros sistenas.

En sintesisr €l RFC define lo eue el sistema deberd ser
caraz de rezlizars establece la srecisién con que deberan
ser alcanzados los obdetivos « describe el sistema de
codmruto desde el runto de vigsta del usuarior en un lenduave
aue sirve de medio de comunicacidn entre el wsuarior el

enalista v los esrecielistas en comrutacion,

15
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El documento RFC delberd ser entendibler formal: comrleto u

-modificesble (YEH 80):

¥ Entendible!El documento debe ser claroc a las 3 epartes
invelucradastilos uszuariosr los analistas v los esrecizlistas

en comrulacidin.

¥ Formzl! Las esrecificaciones deben redactarse de tal
manera aque todo reguerimiento se identifiaue exerlicitamente
come talry rno dando lugar 3 malas 1nterrretaciones aque
redundarian en un  producto aeue no satisfaris todos lo
requerimientos 6 aues -2l catisfacer asrectos que no  son

reauerimientosy results mids sofisticado de lo necesario.

¥ Comrleto! ~ lUebe cubrir todos 2auellos asrectos aque o
debern de.arse al libre albedrio del discfiador., Todo assrecto
aJde no sez exrlicitamente establecido em el RPC auedard

‘

libre rparec aue el disefiador decids la formas de tratarlo.

*.ﬁodif1cable: El RFC debe ser estructurador redactado 4
almacenado (rrocesador textos) de tal wmanera aue admits
cambios comn un minimo de esfuerzo ¥ costo. E1l 3lcance del
FFC termina donde comienca el dominio del disefo del
sistema, Se deberé evitar el sefizlar 1a forma como el
sistema de cémruto deberd ser disefiado para no restrindir el

campP0 de azccidn de los arauitectos del sistema. Determinar

14
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la forma como el sistema serd reslicsdo es el rrorosito de
lz siduiente faser» donde se #roduce un disefio eue obtiene el

medor rrovecha de los recursos de cémrputo disronibles.

Urna estrechz interaccién con el cliente durante este fase de
defimicion de reaquerimientos es 1la medor darantia rars
lodrar aue la programacidn le sea atil (caracteristica 1),
Perc no solo sermiten las scciones tomadas durante esta fase
gque cumrlz el rroducto con esa srimer catscteristics. El
emrleo de aldoritmos (rrocedimientos) adecuados snslictado
durznte 13 etara de snelisls de esta fasery es uno de 1los
princirales faclores aque rermite aue 13 programsacién ses
efeciente (caracteristica 2). Un RFCy ordganizado en forma
Jerdrquica v modular coadyuva & que la rrodramacidon ses
transferible (caracteristics 3) v mantenible (caracteristaica

4). _ - -

Concluimos esta seccién con un breve paréniesis Farsa
enfztizar 1a imrortancia de 1la fase de [Definicidén de
fFeauerimientve, Se ha mencionado sa en la introduccidon el
altn rorcentade aue rerresenta el costo ror mantenimiento
cohre el costo totsl de un sistema de comrputo en su ciclo de
vida (BOE73). Cabe sefialar aaul como lo indican vari0s
autorest( (BELL 76)r (EDE 74) u (FAR 78))s aue dran rarte de
los costos ror mantenimiento se deben a3 una esrecificacion
de reruerimientos deficiente. El invertar suficientes

recursos en el desarrollo de una fase de Definicidn de

17
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Reuwuerimientos sélida v comrleta es una accidn altamente

recomendable.

7,2 La Fase De lligefio

La computadora digital ruede llevar a8 caho actividades de
Prncesaﬁlento de informacidny una veI. que lé sesn
prororcionadas una serie de i1nstrucciones u érdenes escritas
en n lenguaue de Frogramacidn, Los lenduasJes de
srodramacién (Fortrans Cobols etc) asunaue presentan cierto
parecido a losc lenguades naturales (eseaffolr inglésy etc)y
tienen una ser£; de restricciones con respecto 3 los
dliimoss ¢ escribir instrucciones rara una comrutadors es un

proceso rigurosos formal- v puede ser mas elaborsdo aue 13

formulscidn de un rroblema usando notacidén matematics.

Los lendundjes de comrutadora son tan estrictos en sy
construccién aue en ludgar de afirmar aue un rrograms ests
escrito en un lenduade se sefala aue estd escrito en cddiso.
Los lendus.eec necturales son muy flexibless exrpresivamente
roderosos uy #or lo tanto rueden ser ambigBuos en el
eignificado de sus construcciones, For otra rpartes los
lenguzdes de computadora o cédidgos no son tan flexibles u
roderosos como los lendgusues naturzlesy rero si rermiten

eliminar totalmente las ambidOedades.

18



For edemplor cuzndn ¢ le dan instruccilones 3 una FOrsona el
lenguzde nalurzlsy en forma verhal o ror escraitor es muy
frecuente wue la rersona aue las recibe temga aue aclarar
las ainstrucciones a fin de confirmar s1 suU interrretacidn es
correcta o no. Estz situscidén no  se rresents con las
instrucciones qscritas en codigo v edecutadas FOT  URS
comFutadora., La micuina toma una imstruccién ¥ la edecuts
inmediztamente’ nuncs existen ambigbedades n1 concertos que

Frecicsar.

41 proceco de trensformar ona Sserie de instrucciones en
lenduaue natural 2 una serie de inctrucciones en cdédido se

le denomina desarrollo de Frodramas de comrputadora.

El RFC rroducto de la fase de nefinicién de FReauerimientoss
documenta las funciones aue el Frodrama de comrutadora debe
de realizarr utilizando rara ello una combinacidén de Prosa
en lenguzue naturals dgréficos u motacién matemdtica. Sus
instrucciones todavia no rpuedan ser edecutadass rFoOr  uUns
macuina. 1 RFC ess s1n embargoy un FPaso GUY imrortante en
la trancsformacién de una serie de instrucciones en lenduaJge

natural 3 una serie de instrucciones en c6digo.
girm el documento RFC aque marcs 1z terminacion 1la fase de
Requerimientosr no puede iniciarce la fase de Ilisefio. Esta

serd dividida en tres etaras:

19
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1. Arguitectura. \
2. Disdgrame e estructura.

3. Netzlle de médulos.

Eetas etarazsr 9 como todas las otras del eroceso de
Frogramacidng formen Frarte de un Froceso iterativo. Al
finzlizar cada etarar el rroducto es sometido a una revisian
s fin de verificar w validar cue satisface los lineamientos
especificsdos en el RFC cumepliendo con las normas de control

de calidad (caritulo 4)_estzblecidas.

En 13 literaturas 2 las etsrzs del Disefio se les conoce con
diferentes nombres ! FOT edemrlo en U[JET7913y a3 1o
rreparzcidén de la areuitectura se le llama disefo del
sistema: 3 la elshoracién del diagrama de estructura se le
comoce comp disefio de la rrodgramacidén gy al detalle de los

médulos se le denomina disefio detallado.

2.3.1 Arauitecturs -

Seddn el lineamiento fundzmental del diseffo de Pprodramas de
arribea hacia abauos los reauerimientos tienen aue dividirse.
en rartes aue resulten ficiles de entenderi PoOP lo tantoe

es importante identificar las rrincirales funciones aque se

20
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s
encuentyan imlicitas en los reaquerimientos & fin de disefiar
ur rrograma de comrutadora rFara cada una de las funclLones.
La arquitecturs de rrodramas de comrputzdoras rerecisamente

identifica esas funciones o la2se a#c0Cc1d8 8 Un Prodrama.

Acimismos es indisrencable definir duresnte esta etars las
interrelaciones externas 38 loyw Frodramas de comrutzdorar 8
fin de ecclarecer las rroriedades comunes a8 los FTroSTamas:y

cesn éstan filsicass funcionzles o de rrocedimientos.

Ls documentacidn de esta etara de Araquitectura (ARQ) debersd
incluir 12 lista de los prodramses & decsarrollar ¥ las

inter faces con cada uvno de ellos.

2,2,2 El Dissgrame De Estructurs -

Unz vez definidos el ndmero de fprogramas que se van 3
desarrollar v ocus interfzces &ssociadass se FrFrocede 3
elaborar un Diugrama de Festructura rars cada +roOHTamar mismo
aue representa la estructura jerdrquico 9w funcional de cada
uno de ellos. En los sucesivo llamaremos 8 cada funcidn con
el nombre de nddulo. Un disgrama de estructura debe
dJocumentsr esta subdivisién en médulos 9 l1a relacidén entre

ellos.,

21
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2:.3.3 Tetalle e Mddulos - 2i3

En esta etara del disefior se detalls el esroceso o funcién
auve reepresenta cada wuno de los médulos del diadrama de
eslructura mediante légica estructurada. La esrecificacidn
del proceso de cada wmédulo es descritg utilizando las
técriicas de rrogramacidn estructuradas en un lendusde de alto
nivel dernominado rseudo - cddigo estructurado L[LIN791,
CZYC811y que rermite inderendiz ar el disefio del lenduade
final de cdmrputo emerleado ror el sistems de eurlotacidn. La
documentacidn del Diadreama de Estructura v el Detzllado de
los HMHddulos se denomina [isefio del FProgdrams de Comrutadors

(ODFC) .

2:.3.4 Selecciétn Del Lensgsuaue De Prodramacidn. -

Con frecuenciar wun lenguade de alto nivel Fara una
arlicacidn esrecifica es seleccionado en base a la
exreriencia individual restringids de una rersonar en el
conacimiento essecifico de un idioma v en l1la i1nercia 3
arrender un nuevo lenguadei es decirs la seleccidn se hace
realmente de una menera r&rida v no cientifica. Muchos
factores imrortantes no son tomados en cuents al tomar 1la

decisidn,

Esta rrictica deberia abandonarse en favor de métodos més

ry
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formales «ue tomaran en cuenta las ventadass uy desventadss
técnicae de los FrFosibles lendua.des disronibles. Ilecde
luedor habrd situaciones en donde sGlo enista la rosibilidad
de seleccionar un lencsualdes Fero en muchas otras 1ls lista
de zlternativas es amrlia. En estos cas0s has aue tomar en
cuents varlos factores =aras l1la seleccion del lenduade. La
literaturiar en arowo a3 1le& metodologi{a de seleccidnr es
eSCESE3, Sin embardo:r existen aldunas referencias

interesantes., CANDBDD,

Andersons Fuditsun v Shumate describen los factores a tdmar
enn cuenta en la seleccidén de un lenduader 9 sunoue los citan
varz el ecasc de lenguades rPara microprocesado}es; ls
metodologia esr s1n embzrgos arlicsble 3 la seleccion de un
lenduade F#ara un tiro de arlicacién menos restringida. £l
factor .més importante 2 considerar es 13 minimiTacidn del
costo de vids de la frodgramacidns inclusendor tanto el costo
de desarrolloc como el de mantenimientor de acuerdo con 13
arlicsci16n de la metodologia de sistemas: citada slPprincirFlo
de este Cuaritulo. l.Las autores mencionados recomiendan
formar un gruro de estudio comn rersonas aque rerresenten un
amrlio rvango de exFeriencia en c3mPOS relacionados con la
seleccidn de “un lenduade. Estos camros de experiencia
rodrian seri Frodramzacion de Sistemass Mantenimiento de
Programacidény Equiror Adainistracion de Frodramacién de

arlicaciény entre otros. Investigacidn de Creraciones:

Defirnicidn de requerimientos., Lz formacién de un druro
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evitar en 1la seleccidn de wun lenduader los sesdos
individuasles eue rudieran existir si la seleccidn 13 hiciera
un solo individuo ¥ ademds rFermite incluir uns gams mas
emrlia de caracteristicas técnicaSr.como resultado de 1las

recomenraciones dadss rFor el druro.

CaNLG32] frorone wuna metodolodia de tres etarss rara 1la

seleccidn del lensua.de méds arroriado?

- Inacisal
- Inlermedia

- De andlisis formal

1l

En cada una de las etaras antes mercionadasy se arlican
criterios Para eliminar rposibles alternativas a8 ar
reduciendo el ndmero de opcionessa analizar en la etars

subsecuente.

Inicialmenterdesrués de hacer umnag lista de 1los lenguades
disronibles ordernados ror tairo! FORTRAN, FASCALs PLI, etc.r»
se rrocede @ wun andlisis de tiro no cuantitétxvo Fa8rsa
realizar la rrimer eliminacién. Acui{ se emplean criterios
como disronibilidad w madurex del comrilador v otrosrs como
Fuede ser el aue un lenduaue resulte francamente i1nadecuado

pars una arlicacidn esrecifica.

8i va se tiene seleccionado el procesador en Que” se va a



OFETa: la no disronibilidad de wun comepilador Fara un

jenduzje esrecificor serd un criterio ldédico Parsa su
_ )

eliminacidn

Psra arlicaciones esrecificasy aldgunos lendua.des resultaran

francamente inasdecuzdos. Si la rrodramacibén porv desarrollar

es de arlicacion cientificay considerar lendguaves como el

COROLy recultaric no adecusado.

Una vex aue de la lista originzl de lensuz.ies se han
eliminado axliczndo los criterios anteriores» se rrocede 3
lo que rodrizamocs llamar uns etara intermedia de seleccidn

donde se emriezan a emrlear criterios cusntificsblesy como

rueden ser:
2} Tiemros de edecucidn de la programacidn.

b)Y Diversidad de rroveedores.

Conviene eliminaty rosiblementer aauellos lenduades
donde s6lo se tiene sororte de un rroveedor o donde
evistzn dudas sobre la continuidad de su rFresencia en el

mercado.

¢) 8Similitud entre lenguades.

Si exigten varios lendua.des similares: otro criterio

seris eliminar a@uellos gue tienen menos 3POYO POF rarte

+J
]
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del vendedor o son  mas reclentes Y +or lo tantos

rosiblemente todavia existan rroblemas con ellos.

d) Vercatilidad

También deberdn descartarse acuellos lenduades que Sean
roco versatiless que hasan sido desarrollados PaTa3 uh
mercado en sarticular diferente & 15 srlicacidn pars 1lsa
cual se estd considerando el idioma. Por esemrlor Pars
una arlicacidn comerciai o cientificas no es convenlente
emplear un lensguade que ha sido desarraollasdo rarsa

Juedos.,

En lz siguirente etarar aue rodriamos llamar de andlisis
formals es necesario establecer ciertas figuras de mérito v
reso rara poder evaluar locs lendgusades aque hawan rasado FPoOT
ias dos - etaras  de spleccidn anteriores (inicial e

intermediz).

Durante la etarsa de decisidn formal se Frueban
caracteristicas aue idealmente deberian ser colectivamenté
erhaustivasy mutusmente exclusivas w no estar relacionadas.
Neude luedos es iwmposible seleccionar un Sruro Queé tendsa

exactamente estas caracter}sticas.

Entre los criterios mencicnados en [AND 821 para 1la Gltima
etura del proceso de seleccién rueden distinduirse craiterios

de tiro administrativos u de tiro técnico.
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Entre los criterios de tiro administrativor Fueden

destaczrse los sidulentes:

tiemro v costo de desarrollo

Ectos deben de minimizarse reros desde luedor no 3
evpenses del incremento en los dastos de mantenimiento.
Ezte criterioc favorecerd caracteristicas técnicas aque
Pacilitan la escritura de rrogramacidén ¥ minimizan los
requerimientos de desarrollo 'de herramientszs

adicionalecs.,

Mantenimiento duranie el ciclo de la vida.

Este factor mide la facilidad con que un srodgrameé ruede
modificarser con obJeto de reducir sus costos durante su
vida. Este criterio favorece caracteristicas del
lenduadernaomao 5U ledibilidad, v« 1la riqueza ]

versatilidad de su estructura de datos.

fzctores técnicos rueden clasificarse como de!l

-~ Primer orden

~  Sedundo orden

Lz clasificacion anterior 94 su  ordenamiento ror randgo de

imraortancisa derpendes desde luedo:s de la arlicaciobn

esrecifica aque se tenda en mente.
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Ertre los factores de srimer orden destacan:

Ferresentacidn de datos.

Un lenduaJe de frodramaciéon debe ser Jduzdado ror ls
ricueza en sus estructuras de datoss su rosibllidsd
de realizar orerszcirones enterass en rpunto flolante w
comrleans w tener ecstructuras de datos como listas

ligadesry archivose: clo.

Estructuras e control,

Un lenduaJde nue tenga las estructuras de control
bisicass como DO-WHILEs» IF-THEN-ELSEs CASE» debersa

rreferirse a un lenduade cue no las contendga.

Frogrsmaci16n de sistemas.

En el desarrollo Y Froduccidn de pProgsramas
relacionados con con el control 9w la oreracidn de 1sa
computadora la surervisidns el wmantenimientar se
reguiere un lendguaude con la rosibilidad de invertiry

mover: ¢ orerar butes entre otros.
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b)Y Entre loes factores de segundo orden se cuentan:d

- Trensrortabilidad:

Cuzntifica lg habilidad de un lendua.je rara rroguc:r

coddido reutilaizable en diferentes rrocesadores.

- Fzrilidad de arrendizade.

Es un factor imrortante: sobhre todo &l tomar en
cuernts la disronibilidad de recursos humanes rara la

ecscritura del céddardo.

- Documentaci16n.,

Lz calidad de 1la documentacidén de un lendua.Jde es un

factor de alta imerortancia.

- Eficirenciz en tiemro.

Fstz se mide en el tiemro de eJecucion de Prodramas

*tiro® [BENCH MARK]

- Eficiencis en esPr3Cl0.

Fsta se mide rpor el tamafio del cédido obdeto

denerado a2l comeilar un FRrOHrama *tiro".
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- Facilidad de lidado con médulos de ensamblador.

En al2unos eprodramas en tiemro real:r es frecuente en
usear lenguage de ensamblador Fara aldunas
oreraciones criticas en tiemro ©o Frorciones del

Frogrema aude se usan con mucha frecuenciz.

- Inteligibilydzad.

Fs nercesario aue los eprodramas puedan ser leidos y
entendidos fadcilmente rars facilitar S

mantenimiento ¥ su actuzlizacidn,

Estos critevios de tiro administrativo w técnicoy deberin

ser fidados ror el druro de estudio v emrleando técnicas

5

especislesy como ror edemrlos el método Delsrhosy se les

rueden asidnar FEesOs relativos a fin de establecer
sesulrdamente (multirlicando el atributo con el Feso
resrectivo)s una fidura de mérito rara calificar 1los
diferentes lensuaJues de una decisidén .aue afectard

2

divectamente 1la dltima de 1las actividades de la Fase de
Disefio! el detsllado de los modulos. Asi como la Fase de

Desarrollo del Froceso de Frodramacidn.
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2,4 La Fase Dle Decarrollo

Los obJetivos de la fase de desarrollo sofi

- Codificacién de los Médulos

- Verificacién del Correcto Funcionamiento de Cads Médulo
- Intedrazcisdn de los M6dulos rara Formar Frodramas

- Inledracién de Frodgramas rars formar Sistemas.

La fase de desarrollo se considera terminada cuandoc el
usuario acerta los rrodramzs de comrutadors intedrados. ‘Sln
emhargor ests fase continua,  hsasta aue todas laé
modificaciones w discreranciss deneradas FOT las rruebas

hazuan sido corredgidas.

La fase de desarollo se divide en tres etaras:

1. Codificacaidn
2. ITntegracidn

3. Pruebas de alto ﬁivel

Los errores que se lledan 3 rresentar en rroductos de
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Frodramacion rueden ser claesificados conforme a3l siduiente

criterio?

~ Error de codificacidn
- Error de andlisis
- Error de esrecificacidn

- Error de disefio

Este criterio de errores es dtil pare describir los tiros de
Fruebas aue se practican en indenieria de programacidn. Los
errores de Codificacidn son identificados durante 1la etars
de integracidn [(2.4.2.1+ Los restantes tiros de erros son

tema de la seccidn denomisda Fruebas de Alto Naivel [2.4.33].

Frobar wun erodrama de computadora es el FTOCES0 de
edecutarlo con 13 intencidn de detectar errores. NOnca
deberd r~rocederse a validar rrodramas de computadora bado la

gsurosicion de aue éstos estidn exentos de error.

La definicidn de las rpruebas aue habrén de llevarse & cabo
o5 un artes intedrado pPOr una serie de técnicas 4
recomendaciones besadas en la exrerienciar aue demandan

indgenio v creatividad.
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lLas pruebas de un eroducto de codmputo se realizan wmediante
cdsos de Fruehasr definidos como un conJunto de datos de
entrada v salida. Estos dltimos datos son los resultados
eque sroduciriaz el srodrama de computadora al estar libre de
errores si se le alimentasen los datos de entrada. Farz lss
saelideas de erruehs oe calculan s#rimero los resultados
mediznte orercciones manuales o bien observando 1a resruesta
ern un sistems existente. Surdndase que un rrodgrama simula
urr sistema filsico existente, A éste dltimo se le arlican
ciertas excitaciones {(entrzdas) © se observan sus resruestas
(sa3lidas)., Estos dos conduntos {entradas-salidas)
constituven un caso de Ffruebz. Un groﬂrama de comryutadora
ante igual condunito de entradasy si esta libre de errores:

deberd rproducir idguasles salidas.,

En otros cascsr mediante oreraciones manuales: habrd oaue
calcular 1las sa3lidass correspondientes a las entrada epara

formar un caso de rFrueba.

L3 btondzd de un caso de rrueba deberd refleusr el rpotencial
aue éste tieme rara detectar errtrores., Un btuen caso de
prueba es aauel aue rFresents wuna alta rrobsbilidad de
detectar fallas en 1la prodramacién % un case de rruebs
exitoso es aauel - aue efectivamente sirvid de base rara
corrediry a3l wmenosr» un error hasta entonces desarercibido.

Ers 12 seccidn 3.6 de este libro se discuten zldunas técnicas

33
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de DNisefio de Cesos de Pruebs.

En lo sucesivo se wutilizaréd Jla palabra  *Frueba' rara
rerrecentar un condunto de casos de rFrueba v 2zl documento
aue describe las rruebtiss rroruestas rara un rrodrama de
comrutadoraz dado se le referird como *Plan de Fruebas®

(FLF).

La edecucidén de 1as rruebas recuiere de wuns Jlogistica que
considere asrectos tzles como escenarios de sruebar equiro
de cémrutos interfasr rercsonals etc, El documento aque
rerotard éstas condiciones se le denominard *Frocedimientos

de Frueba"{(FRF).

El establecimiento de una arauitecturs comratible con el
equiro de cdaruto w rlasmada en el documento de arquitectursa
(ARQ) v las acciones de Aqélisis llevadas a cabo en la fase
anterior de *Nefinicién de Reauerimientos" rermiten
desarrollar Frogramas eficientes (caracteristicasa 2).
Documentacidn oJerdreuics v modular de ! Arquitectura (ARQ)
o ﬁe Diseffio de Frodramas de Cdodmeputo (DIFC) aue ademéds debe
terner un disefio estructurado son factores imrortantes rara
aue 13 prodramacién resulte transferible (carascteristica 3)

¥ (caracteristica 4).
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2.4.1 Codificacién -

La etara de Codificacidn de rrogramas de comrutadora tiene
como obJetive traeducir 1as esrecificaciones de proceso de
cade médulor descritas én la fase anteriorr en instrucciones
edecutahles ror un lendguade de srodramacidn esrecifico L[FUJ
7913, La transformacion de lg definicidn del Froblema en
esrecificaciones de rroceso eara cads mdédulo ha sido tratada

en las secciones anteriores,

La srodramacion o codificacidn de rrodgramas de computadorsa
habls sido considerada wun arte hasta los 3fios 50%r debido
bdsicemente @ la falta de métodos disefio de Frogramas.,
Recientementey w draciazs 21 trabado de dentes como Didkstras
Wirth ¢ Weinberg» se han emrezado a desarrollar metodologias
de erogremacién hasadas en el método humano de anédlisis v

resolucion de rroblemas.,

Como e vid en la fase de disefioy un rroblema conmnrledo no
puvde ser converiido en imstrucciones de médauinad o codigo de
ung manera nalaral 9 facil. Es Nnecesarlo convertir
inicialnente la defircidn del rroblema en un lendua.e fical
de entender como el "Fseudo-cddigo®r w  rosteriormente  Jlaeo
oreraciones descritas se refinan hasta aue finalmente se

escribe ¢l coddigo intererretable For macuinas comrutadoras.
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Evtas téenice es el corasoén de vairias metodolocies de
srogremac 16n enire ella lz "Programzcidon estructurzsdesy 14
i

crel werd descrita rosteriormente en 13 secridn (2,2)  de

Téuvnics, de Nisefio. .

El delells del vroeeso o reaslarary descrile oo ol duecnment o
urc, meres  la dermingcion de 1z Tace do dicofo « vs un
reaquicifo jndarensable parve el inicio de esta elarai bl
a0 considera  terminads  cuando  Lodeos lus mddulous han wide
codif:eartea o vorificadosd  sin enbargo 1a3 Teses Je  dfapl

¥ desz2rrollo de srodram3s ruedenr llevarse @n ra~aleln

doerendienoa del enfomwie ane e Lome.

Existen dos tirow de enPoaues 3l reserectas uns radical 9 21

velro conservardor., F1 raticals se basa en el drecto de uoo
g loe  srodremes del cintemas srocodidfndo-e ) © 1
codificecidn o “ruyeta trmediztamente. El ' enfouue

conservadory ~or sy pertes 3@ Nans Lterminar erimero o
terminar fFrimero ¢l disefio de tndo o3 Lictemzy ’intbsradu
POT diversos 78 ST IR T T 3 de 7 come qbadnrat . Fanarg o
rosteriormente 3 las vloerrs de codificae:da @ ~ruwbss gareo
_todo el sistema. Bearir  Tyodn no svietn e 1 cerpnee? o
absoluta sobre cudl enfoaue ¢ wmeior, Aldunos Taobare- aqae

deben tomarse en cuenta rara tomar (e meuer decialdn aont
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~ Conocimiento del wusuasriu

Si el usuzric no tiene idez bien clar. de Yo gue  @urere .
cambiaz conlirnuamenle las esrecificecionec: o o o)l e, one
radicals en cambior s1 el wusuario cabe con Fracy Lo T b

auieres antente el diwefio comi<leto.

- FPresiones de tiemro

i se estd bado rresionzes de tiemro #era producir resultado-

tandibles réradementer uwse el enfouue radical.

- Calendarios rrecisos

S1 se reauiere cumrlir con calendarios rreciscs w retsllario:
de wtilizacidn de recurcossy deberz ortarse ror el enfooue
conservador, e otre manercy con el enfoeue vtadicel aeria
wuy difliecil determinar con precisidn el Liemrpo de duracidan
los costos del sistema <sin ni siquiere conoce cuantow

médulos va a contener el srodrama.

Inderendientemente del enfoaue eledidos los mdbddulos de un
programa deben ser codificados. Fiuisten dos estratedias

rrincirales rara codificar estos médulos?
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- Codificacion descendente (TOF-TIOWH FROGREAMMING)

- Codificacidn ascedente (ROTTOM-UF FROGFAMMING)

ambas estratedias son correclesr s1n embardo la codificovidn
ascendenle rormite alacar luw mwodulo, de lps s niveles
Jerérauicoa mas bados rFrimero. Estos conlienen la=
oreraciones rrimitivas) y rermiten de ahi construir las
operaciones mis comrledas., Una sedunds ventsua de wutilircer
la codificzacidn asscendente es que 12 intedracidn de los
modulos v las casos de prueba son disefiados Q realicado.
siguiendo la misma secuencizs como lo muestran 186 sidurenie.

secclones.

"Todos aauellos‘mddulos aite han sido probados rasen 2 TfTormer
rarte de la ‘EBiblicteca de Sororte de Frosremas"» {(FESEFY uns
herramienta autumdlica que serd descrits en la seccidin 3.3
de este libro, Este baiblioteca tiene como funcidn el
almacenamiento de todos seuellos mGdulos cue hazen sida
srrobadoss ¥ aue cumelsn con los reuerimientos del usuairis
establecidos en el RFC ¢ verificadosn #or contrnl de calidad
de acuerdo a3 lzs normas (caritulo 4) estairlecaidass., Estos
méduloss de shorz en adelanter se definirdn como ‘*mddulo,
reysables*. La funcién de verificaciénn ror control de
calidad se conoce con el nombre de “Auditoris® 9 se ruede

realizar con wuna segunda herramienta sutomdlice conocida
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como "Auditor Jde codidgo®., En la seccidn 4,3 ¢ describe 1a

funcidn de un zuditor de cddido vetético.

Los reuszblew no son los dnicos wroductus finzles de ests
etara., Ademées de estos madulos de caodido fuente i1msertados
en la BESF existen listados de imeresorar médulos obdoelos

rrocedimientos catzlodatosy resultado- de las esrijshas 43

™
'~
N

=r

finalmenlesy 4 en caco nececaricor los versaones actuslicsa

de los documentos FFCy BFC v Flanece de Frucho,

Resumiendos 1z etars de codificevidtn no deberd de  inlcrzrae
antes de com~letar 13 FRevisidn del Disofic del rrodgraems o
codificar, Estor sin embardor no si13nifica éue s necesite
tener todo el sistema disefado ¢ 1evisados wara emnrezar 1o
codificacidn. Las normas de codificecidn u lsgs herremient..

autométicas rera el control de este progiemacidir soarn

indisrensantlec Fara esta etare.,
Los rroductos de esta etere del Frocesno de  srodgramicihin

auedan rlasmadas en 1l documentacitin cue se obtiene ded

cadido fuente denerado (C0OD0).,

39



41

2,4,2 Intedracirén -

El obuetivo wrinciral de este etara e©s la intedraeido
funcional de los wmédulos de wun  srogreme de comerublador:
asustandolos a8 las rarbicularidades gel sislems e

.

urlotzcidn de cdmpulto.

En estzs etarz de Intedracian deben tomerse en cuenlz dos
asrectos tomeortantest 1 manere vcomn se  combinan los
méduloes para formasr rrodramss v el dioefo de  frruevbhas Que

permiten identificar errorvs de codificacidn.

Pueden seguirse doe rrocedimientos?
Intedracidén no incrementsl - Yalidaoidn de rsrogsramss de
comrntedors a sartir  de

Fruebas modulares inderec-

dientes.
Intedracidn incremental - Validocidn de nuevos aGdulo:
(o rrobados)agreséndole .

modulos va prohados e intedrs-

dos.

Sobre estos rrocedimientos ruede comentarce:?
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El rroceso de intedrascidn no incremental recuicre de  dn
mavor estftuer-o. Consideremnss rare fines tluslralivoss el
diadrama de esiructura del rrogiama de comruladorz de 1z

fidura 2.4.1,

Frormmmm o +
a !
| A :
| |
R fommt
|
[
l -
e Forrr o e e e +
{ ! !
| ! [
| ! |
[ | |
pomm—fo-——t et BET ¥ et e +
i ! | | !
B ! l c | | D !
| | | - ! !
————————— $ pommmmmmm ot Tt |

Fig, 2,4.,1.
ESTRUCTURA DE UH SISTEMA EN FROCESO UE INTEGRACION

For edemrloy bauvo la variante de intedracidn o incremental:y
rara srobar el w@médulo '"B' es nececario dizefsr ¢ssos de
Frueha v alimentarlos & través de un mddulo *direccionador”®y
aue 3 su vezr desrliesue los resultados obtenidos en "B Fara
probar el mddulo "&' deberén existir 7 mddulos "ciedos" aue

simulen las funciornes de "K'y "C'» v "D°*,

Al utilizar la Ltécnicas incremental es necessrio un menor
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esfuerzor oF] aue For eJemrlos una ver Frotiados
individualmente los médulos *RB*y *C* o "DO"y rodridn zew
utilizados en la wvalidacidn del médulo srifpciral “A&*,
evitando asi el trabadjo de elaborar los mddulos “ciedos’

"Bty 'C'y w "LII*.,

Intedracion incrementel rermite deteclcr antes los errores
de rFrodramscidn relacionados conm la intercomunicacidn entre
los mdbdulos, Al intedrar un nﬁevo médulo w2 rrobado
rndividualmente 3 un condunto aue =23 también fue validadns
un error rFodrad asitribuirse en Frimera _instancia E! la
intercone:idn., El esauems de intedracidn no incremental no
Froricia esta coordinqg}én sino hasts el término del rroceso

mismo.

Intedracidén incremental rermite identificor errores en  los
médulos del PTOSTEm3 de comrutadors adicionados mas
recientemente., Intedracidén no incremental eliminag esis
identificacidny w2 aue los errores en este casos emarsuerian
hasta aue todos 1los médulos hubierdn sido ensamblsdo:-d
estos errores rodrian estar en cualauler méddulo del rrodrams

de comrutadors volvidéndose muw diflcil ls identificacion dJdo

los comronentes 1ncorrectos.

Dladas l1a3s tendencias en 1los sistemas de cémruto {costos

decrecientes del equiro ¥ crecientes en la erodramacidn) los
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errores de rrodramacidn contribuven 2 endrosar los coustos de
prodramac tGng detectarlous ofrortunamenle coadguve parg
disminuir el rrecio de la #Frodramac1dn. la veriante no
incremental favorece rrecirsamente esta detoccran orortunc Jde

erroresy For lo cuzl suserimos rereferentements su cemrlern.

Ee rertinente mencironar aque el LT O g het remientan
zutomdticas rpuede cimrlifTicar el proceso de 1ntedracidn 3]
eliminarsy ror edemrlo la necesidad de construrr mddulod
*direccionadores’ (MYE 7?2, Euicten herramientas  aue
gnalizan 81 fludo de wn srodgramze a8 fin de  encontrzr
instrucciones @ue nuncs Podrlén ser edecutadzs g encuentrean
en aue una variable es uwlilizasda antes de serle aci<nsdo  un
valor., En lz seccidén 4.3 de este libro se abunda sobre vl

temz [HAR 823

2.,4.3 "Fruebss De Alto Nivel -

Desrués de 1la faze de intedracion en la o©ue se han
identificado los errces de codificacidns auerilen ror
detectarse los de znalisiss esrecificacidn 9 diocefiv.

Bado el nombre de errores de asn&lisis se conoacenn f2lles rno
detectadas en 13 etara de Anslisis de la fase de DefTimicaron

de Reaguerimientoss cue imriden satisfscer las nrecesidades
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del usuario.

Errores de esrecificacidn causados ror ecpecificaciones
incomeletas o imrrecisas dan ludar 3 une interrretoc:an

eauivocada de las miasmas.

Un disefto imrosible de 1melemenlarese en el ambiente del
equiro de eurlolacidn de cdmeruto cue se rretende utilicar: o
incaraz de satisfacer los reauerimiontoz del rrogrsms s 1a

causa de les denowinados errores de dicefio.

El ndmero de errores aue se llegan a rresentsr en 13 etara
de integracidn ruede ser minimizado si se revise el rroducto
gl final o durante el desarrollec de cade etars en 13
evolucidn del rFrograma. 8in embeardgo la eurerienciz ne
demostrados aue s1 bien las revisiones reducen drésticamente
el ndmero de erroress son insuficientes rara identaific.:
todos loc ~wmroblemsas. Es ror esta rezdn . que se hare
necesaric someter el cddidgo a8 rruebas essreocificass re a3lto
nivel a fin de identificar el mavor ndmere de errores owue
hasan rasado desarercibidos durante e@! desarrnllo de 1.

Programacidn,

Se denominan °*Pruebss de slto nivel"s 3 sauellas aue tienen
como ob.etivo identificary no los errores de codificacidn uz

encontrados en la etars de integracidr sito  los de
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andlisiss esrecificecidn u disefio.

Entre estzs rruebas les mao imrortentes son las sidguientes:

Pritebas funcionales

Fruehaes de imrlantacidn

Pruebass do sistena

Fruebzss de acerlacion

2,4,3.1 Pruebas Funciongles -

E1 obJetiva de estas eruebes es encontrer errores de
andlisis « de esrecificacitn cometidos en laz etaruas de

andlisis uw esrecificacion de requerimientos.

Los casos rara este tiro de rruehs  ~an “doner 2 lmente
rroducidoe nmediante téenreas de andlicas e ol sda-c el on
(secci1dn J3.6). Fara este tLiro de técnicas lo 103ica 1nterns

del Frodrams es irrelevonte.

Al realicar una epruebsa funcionals los documenios *RA" “2

*RFC® son anslizados rars cue apartir de estos oe disefien

u

seleccionen los casos de rrueba.
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La busauedz de errores de corncerto % de esrecificocrdn  cdebe

ser ordanizasda. Feara ello debersn dicofarse las Fruehas
funicionalee yuerarauirasando 1os cowronenles a2 Frotat T
distintos niveles de abstraccidn, Serd convenlente ror

edemrlor disefiar cacos de rruebas rars raries de dimensiones
féciles de denominars tales como? tearesss funciones o

asrecltos interfzz hombre-~afnuinag.

Iurante esta etarz se sroducenrs bascda en lzs rormacs
descritezs en 4.2.4 g  4,2,48, los documentos de rlanes u

rrocedimientos de rruebiz (FLIY 9 (FRI)Y.

2.4.3.2 Fruebass De Imelentzci1dn -

Generalmenter los rrodramas de cémruto sarn sometidos 3
Fruebas modulares de construccién v funciconales en ur.

sistema distinto 2l que serin finalmente intedradous.

Las rruebss de intedracidn tienen como obJelivo encontiar
errores de esrecificacions concerto u discKo en el ambiente

real (eauiros sistema orerstivos interfacess ote.) donde 13

Prodramas serdn fimalmente integrados.

Una prictica recomendads es volver a utilizar las ¥rruebas

funcionales rara este rrordsito.
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2.4,3,3 Fruebes Ne Sistema -

Este eruebs 1o consiste en valver a rrobar  todae las
funciones o0 rrodramas de un siclenar sroceso aue se llevd s

caho durante lz2 etarz de rruehes Trncionales.

La fuente de infurmocidn aue —wirve de hase rare el digefio Ao
estas Fruehzs es el)] documento oridinel] d2 ohdetivos on que

se baod el desarrollo del sisteme de chmeuto (NOF).,

Lz revisiodn exhsustive del *Marwasl de Usuzrio® (MUG? &0
rarte intedral del eroceco de rruches del sictomss v £6 13
Princisral razon rara realazer le Frucbas El1 beneficio né-
imrortante (MUS) de esta w#rueba e% la reviowidn de 13
documentacidén de wusuario a8 fin de corredgirls en caso
necesario. Este manual aque se elzbord en waralelo con I
realizaci6n de estss pruebas de sistema es la documentacidn
de carzcter orerativos aue rermite 31 usuario Al 1o

Frogrzmacidn su correcta exrlorscidn.

Cabe aclarer aue 13 rrueha de sistems no solo es  relevanle
Fara sistemss de errogramcs de comeito cino aue tambidn e
arlicable a3l raso de prosgramas a21slaifos, El1 mrimer conlacto
entre muchos ususrios ¥ los srodramss con los manuales. Un
buen manuals facilmente entendible v sin errces facilitas o

soglo el emrleo del srrodrecmz ror rarte del wsuarics sino a
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vecesr inclusiver su zcertacidn ror  dentces reoeérticas ol

empleo de estos medios de menedo de informactidn.

2,4.3.4 Fruebas [ie Acericcion -

Las rruehas de acertacidn tienen como obdelivo comparar ]

producto de cédmruto finesl con el contralo criginzl.

Generalmente es el usuaric el resronsahle de - geta  rFrruebo,
En el caso de sistemas s=randes w comrledosy es prictice
recomendeda deledar l: resronsabilidad de ests sruche 2 unn
tercers instatucidriy distinta del usuario v de las
ordanizacidn aue dessrrolla el eroducto. Tanto durante 1la
fase anterior de ‘IDlisefio” con lz eresente de "Desarrcllo® se
llevan & ¢abo 3cciones diversze aue darantizan gue 1

Pprodgramacioén sea rrobable {(caracteristica 7)

2.9 Fase [e Oreracitn Y Mantenimiento

Ests dltima de las fases del rsroceso de .Pr03r3mac16n el
donde se refledan los sciertos o los errores de 1as faseso
Frrevias. Se identificarsn cciertos en 13 medide en 1z  quo
los reauerimientos de los Fradramss de comFutasdors

satisfacen las necesidades del uswarios la arceuitectura u
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los disctios se asocien a las carecteristicss esreci{fireas del
sistema de exrlotacidn de coHmruto ¢ en senerals 1z
discirline aue hubiere sido emrlesds s2ra 13 construccidn
del cddigo sea formal., Asimismor <ran rerte del éuito de 1la
Frodgramacidn radica en la metodolodia aue se emrlee rarag
controlar los cambios aue se tensgan cue reaslirar & los
Frodrames desrués de lag srimera 1nsbalacidny conlrolar las
diferentes versiones del cddigo redunda en un  beneficio

inmediato rars el ususrio.

For otra rarters es ésta la fase en donde swelen escucharse

frases como lz sidguiente!

~ El prodrama trabada mue biens rero esto wo et o cue 4o

.

deseaba!!,

- Los rrodramas sislados funcionan rerfectazmenter rero el

sistema de rrodramacidn po trabadat!,

- El cddido aue nos fue entrezgado 1nicialmente funcicnsheod
ahorsa desconocemos aue ha sucedidoy FETO Y& LO

funcional!.,

Todas estas observaciones sefialan aue 1la melodolosi{a
utilizads en el desarrollo de esa rrodgramacidn fue
deficiente! 1niciesndo con los reauerimientosr estos ros
satisfacen las necesidades del usuzriol el ne

establecimiento de una documentacidn de interfax entre lous
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diferentes rFrodramas del sistema de cdmrulo oridinaron

desa.dustes aue evitan el éiito en la integracidn de 1a

rrodramacidni una documentacidn deficiente Y una
administracidn no arroriada de 1la Prodramacidns oblidgen 2
itnvertir grandes cantidades de recursos  HUMIROS P31

restaurar la rrodramscion.

Le fase de orFrerecidn de la rrofZramascidn se inlcia 'con la
Primerai instalecidn del sistema de rrodramacién intedrado.
una vezr aue la rrogramacidn he sido zcertads ror el rclients
en base 8 los documentos de los Flanes de Prucba (FLF) v 1lps
Frocedimientos de Fruebas (FRF) descrito en el caritule
4.,2.,4, ¢ 4,2.5. L& docunentacidn del usuarior normalmente
i1lamada Manual de Ususrio (MUS) rermite a los nrerarios de
la errodramacidn utilizarlas cabal 9 eficientemente sedgdn leas
esrecificaciones del ususrin vertidss en el documnento de
requerimiento de la rFrodgramacidén LRFCI. & ravrtir de esto
momento en adelantes se inicia un eproceso de arrendizzde rFor
rarte de lous orerarios de lz rrodramascidn. Es a3si como lc

creatividadr el inderio v los deseos de curerascidn del

crerario oblidgan a2l mantenimiento de cédidu.

2.,3.1 Mantenimiento -

Dentro del campo de rprogramacidén es necesario aclsrar el

término mantenimientos ave s denerslmente utilizado sara
v
describair todos aauellos camhios hechos 3 la serogramacién
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después de au  primera instalacidn, For ello difiere
significativamente de su concerto dencrzls que describe 1la
restauracidn de wun sistemz o comeonente 3 su  estado
original. El deterioro aue ha ccurride come wum  resulilada
del wuso o del raso del tiempo es corredi1do ¢ trzvés de una
reraracidn o de wuna sustitucidn. FProgramacidn  no oe
deteriora esronténesmenle ror una interzecidan con el medic.
Lz programacidn oo camhia 3 menos de rue el rersonal la hoda
camhiaf: como resultado de un deceo del wcuzrio de eliminay

erroress o de un funcionemiento inarroriado o 1estrimgido.

En eauiros Llérmino wtilirado raraz hascer referenciz a las
comronente Tisicas de un sistemsar cambios mavores s un
rroducto son lodredos a través de un redisefio o' & través de
una nuevs construccidn del modelo. En rrodramecidnr medorss
¢ adartaciones son consumades a través de elimingcion2s o
extensiones sl cddigo existente. Nuevas caracteristicas
comdnmente no sefizladas durante 1ss fases iniciasles del
provector se 1mroOnen 2 l2 erodramacidn original sin un

redisefio totsl del sistemaz.

En un documento recienler |ientz v Swanson (LIE 82),
mostraron oaue ra3ra siztemes de rroceszmiento de datos
adainistrativos los costos de mantermimiento exnceden a3 1los
costos de desarrollo. De &zcuerdo curn Swaonsonr los recursos
rara mentener »rodramzeidn son generalmente arlicados a3 tres

clases de esfuerros!
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a) Correccldn de rrobhldemas lseslentes

bh) Perfeccionamiento de Frrodramas Y meJorass en 1z

documentacidn

¢} UCambios adarlivos al medio azmbienle de lz rrodgramecidn.

Lientz 4 Swansaon distribuven los esfucr-os de manlenimiente

arroximademente en la siduienle forma?

1) Corrececidn de rroblemzs . 22%
2) Reformas 38 rrodremacidon ¢ documentacidn S1Z%
3) Cambios 4 asdartaciones 27%

A continuacidén se rresentan zldunas acclones nue rueden ser
imrlenmentadas en las fases de Definicidn de Reauerimientos «
de Desarrollo v aue redundardn finalmente en 1z eliminacidn

‘rarcial o total de algunos de los rrircirales problemas aque

se rresentan en el mantenimiento de srodgramscidn.

bl
2¢9:.1.,1 Acciones Correctivas -
1., Frobar cads instruccidon w cada rama de Frogramaci1On

durante la integracidén de los médulos {(seccidn 3,4+«2.),

2. Rastrear w wverificar 1la demostracidn de todos los
reauerimientos en 23lduna etara de lss Pruebas, Estu
ruede lodrarse mediznte una "Hatriz de Recuerimientos®s

{4.,1.,4) oque vilida dentro de los Flanes de Prueba cadz

[ %]
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uno de los recuerimientos sefalados en el documento

9+1,2 Acciones Ferfectivas -

REC,

Muchos zreblemas ocurren debido 3 aue la esreclficacida

de los requerimlentos fue incomrlets v rFrOoCo clarved
necesario busc3ar rotenciales omisiones on

esrecificacién.,

Froroner a3l wsuzarior tan pronto sea rosible - dentro

e

1a

del

Froceso de rFrogramscidns las fecilidades de interfar

hombre-mdruina sue tendrd en el sistemasd comdrimente son

neceszarias meJdoras en ecsta Srea.

5.1.3 Accionez Adertivas -

£s indisrensable desarrollar cddigo mantenible

utilice NGrmas de documentzcidn Y codifice

estructurada.

aue

cidn

Desarrollar céddido mbdulary simrlificando interfoces g

limitando el rndmeroc de instrucciones eJdecutebles en

s

subrutins.,

cadys
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3. Actualizer 1z documentacidny no entredando nuevas
versiones de cédido sino hasta aue todas la documentucian

esté comrleta.,

4, Mantener el mismo nivel de control en lz hace de datos u
en el codidos utilizar control automatico L

centralizedo cuando esto ses rosibrle,

2.6 Resumen

En este caritulo ce ha exruesto cémo el enfoaue sistémico
rermite desarroller programacidn comrleda aue cumrle con los
recauerimientos del usuario. La metodolog{a imrlics
subdividir el eroceso en bases 9w etarass bien documentsdac

aue se resumen en lz tabls 2.46.1. .

Los earrafos iniciales resaltaron 1los altos castos e
desarrollo ¥ mantenimiento de 13 prosramacidn aue el enforue
exruesto rermite minimizar. AYn lodrédndolas abatirry éstos
seduiran siendo altosy pero los beneficiros econdmicos de las
arplicaciones rotencizles de las comrutadoraes son tan altoss
aue estos niveles de costo ¢son en muchos caéos rerfectamenle
scertables de rprodramacidn., Es de esrerarse vin embargor
aue 1a investidaci6n en el camro de desarrolle de

programacidén (1.3.2.) siga no solo dismiruvendo el coste

relativo de su construcciénr sino también rermitsz que cada

54



26

vez satisfada en mavor drado l1a3s caracteristicas enuncisdas
al erincirio de este caritulo., A medida aue la humanidzd
derende mds v més de la wrogramacidn aque conirola  la«
comrutadoras 9 aque como consecuencia controla la csociedads
se wvuelve indisrenszble aue los HEUESrios controlen
agbsolutamente 12 rrodramacidn v los rrocesos a traveés de low
cuales se denerg el céddido. FPasra lodgar esto se roegquiere
toda una teorias modelos: metodolog] 2 téonicss
herramientasf en fin uwna discirlinagy vertida en ol concerto

de laz indgenieria del rroceso de rrogrzmaciodn,.

4]
an
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STANDARES
LUTOR: RICHMAN CLAVE: RF-1
TITULO: THE STANDARS MANUAL
IDIOMA: INGLES TIPO DOC.: INFORME
REF. : AUERBACH STANDARS AND PRACTICES

The Standards Manual

PAYOFI IDEA One of the maor weaknesses of Jdata proces-
sing as a profession, arr forn, or business 15 s lack of consis-
tency and dlariv This 1 bue drom the siewpoint of wiers
managers, and the techmiral “profesnionals” who wrie programs,
design sysiems, and generally “pracuce” daia processing Thrs
problem has recently led to anempts (0 have daia processors
heensed by povernmenial agencics m order 1o inpose ordor an
a paichwork of confusing pracuees which have been construed as
dangerous 1o many grgamzations and even 1o soCICIy The pur
pose of this porriolio 15 10 pont vut another paih, ane which 15
both easter 1o follow and more arfarnable witfun vour vrganiza-
non consistent standards for all daia processing acinies

PROBLEMS ADDRESSED

Instead of 10leratng the vague munnons and bad traiming wiich data
processing people often display in the development of a computer sys-
tem, your orgamzation can quickly and panlessly impose ordes, and
then obtain mary significant benefits by creaung a concise standards
manual

Characlernistics of a Well-Run Data Processing Shop

Fundementally, a4 successful DP oreamzanon s well managed  Ex-
ternally, wsers are satisfied becausc they are getung useful compuete,
accurate nformation which enables them 1o do their jobs effcctvely
Their requests for chanees  addions, and  delenons  are handled
promptiy and accuratels When problems occur there are yond controls
1o gquickly wdenufy the problem rolate e and apply curreetive measures
Semor manay o it secs order mstead of chaps and it eets resuity from
momes alucat d nsteard of requesis for greaten allocations without 2lear
(to them) uaificanon Quisiders such av customerns and povernmunt
apencies see nformanien beme handled responsihiy wath henchionl
eflecis 1o then as individuals and 1o societs as a whoel
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Internally, systems and programmmng persennel have ciear gurdelines
as to what 15 cxpecied of them and how to ;- .cecd 10 the tansacuons
which comprise their jobs Computer operaiors have clearly dzfined
responsibilies and 1otally clean, usazble decumentanon to quichh
id«nufy and correct defects due te hardware mualfunctions, sofiware
bugs, user-penerated data enjors, or operator ¢rrors

Al sudit trails are clewh defined and are docvrnemed neatly and
lopically Every program w consistently codad, documented, tested  and
pratected thraugh systematic secunty back-up proceduies  desprie the
vanety of programmess, systéms analysis, and’ procct nueecs wia
have participuted i theys duclnpuwnl ']lu: ellecty of vaned emalosee
bachprounds, tiaming atitudes and apudes are nepheible as work
1 productively Tuaneled thiourh o procesy wineh ¢ ases the resulis 1o
mect aconsisiont sl of srandurds for ali actiniis

How s this process accamphshed? There ate severa! ways One s o
have a very iouch, hard-drnving management team whizh will nof sertle
for anything-less Another s to have a data procusane sioff winh home-
geneous shilis, atbtudes and backgrounds plus 4 strone will to achioe
the 1esulls juer desenibed A third, and most realisbc vav s 1o have 2
manapement ool which csuses diverse people 1o prriorm consistenily
undcr changmng condions Such a 10al 15 3 geod stzndards manual ]

Need for Standards in Systems and Programming -

Recognized procedures and standurds are fundamental to the smocth
controlizd operation of a data processing creameation The reasen for
this 15 that dara processing ,when 1t 1y managed pioperly, 13 ¢ very pre-
cise ser of atirvittes that resulls 1 & rather exact response 1o the users
requirements  Unfortunately, people Comprunicgie mprecisel, so the
tesuling systems do not always comeé ciose to what the user thouydn
he requested

e best sliusiranon of this 1s Freure |, the set of cartoons desenibing
“The New System”, which shows a variety of approaches to producing 2
swinp rd 10 8 tee The fundameatal messase 13 that the swing was
defined itaprecsely by the user, then other parnes, who-did rot under
stand the wse of the swing purpetuated the vagne guabies mitn designs
which were weess or ven nnipracical In the real world, where s rs
askh for systems wineh are mare difbeult 1o doseritn than swings. the Tack
of clanly can become even preater by the tme the svstem has buen
designed and implemented Moteover, the resutting frusteatron and
anger which alf parties feel can be cnormous The purpose of this port-
folo 15 10 define o methodolomy that would msmimire gross ersors 1n
communication and lescen the probabilites of  huge * solutions 1o vita!
svstemns problems

TYFICAL SYSIEMS AND PROGRAMMING STANDARDS

v

There are four major arcas which require detanled  standardized
specificatiems in order for sastens (o be refably descloped
1

f
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REQUESTID 1T ' PROJECT REGULURL

.
L

3. AS DESIGNRTDR LY THE 4 AS PRODUCTDR BY THE
SEMNIOR ANALYST PROGRAMMERS

6, TWHAT THE UBER WANTED

5. AS INSTALLLCD

Figure 1, The Haw Syslem .

Syslcm‘ Requirements

‘These nceds must be thoroughly documented by the user and the
systems analvst The standards defined m this poruon of the manual
musi provide for three major activilies First, the user s stalements about
his requirements must be thoroughls and, formally defined Secona the
systems department’s survey of the users needs must be fully docu-
mented and. m all wavs, found thérough and consistent 1egardluss of the
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individual’s pereonal style and apj:oach to a probiesn Thard, the " re-
quirements”™ or prehminary plan must be formulsted ss a sesult of the
jotnt eflorts of the user and the svstems analyst 1o communicate sih ;
each other and, through this document wath the rest of the organization

A data svstems request form such as the sample m Figures 2 and 3,
should be required so that user stateinents Love a homogenzous format
which assumes completeness m their thourht process=s prior o the
investment of sustoms maspower 10 the request Fae sastems depart-
ment should sespond to every user request with a viendardized foom
similar (0 the one i Fipute 4, wluch apprasses the gualonve ond quan-
titatve clements of the request and recommends a couse of nznon, N

. DATA SYSTEMS REQULET (A)

A0 DT OR L1220 LOCaT DN

—_- - -
aiwnsten) cavce 3 2L RS

L ——————

SYSTEM NAME

RESCKRIBE RLDUf3T

EE IMEC M EMINTATIG  Gol s e L NATLMY

LY ISR

rersrtrea

Figure 2, Dala Systems Request Form (tront)

If there is a rccommendation 1o proceed, the survey of user needs
must be carefully presenbed to mclude a detailed anahsis of the present
system 21l functions, objecines, mputs, outputs, files pertinent 1ashs,
manual and machine operations, formutas, tables controls, and inter-
faces with other systems The proposed svstem must be defined 1n a
similar manner but should alse nclude such elements as deiatled de-
scripuions of the cnanees between the present and the proposed systems
all aliernatives which could sausfy the objecuves of the proposed sve-
tem consiramts which are inherent so the proposed svsiem (e g, special-

. i7ed hardware avalability of input etc ), plus user eriternia and justibca-
tton for the new system )
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Figure 3. Data Systems Aegues! Form (back}

Functional Specnhéahons

These specs must be developed 19 armve at a ime manpower. and
cost esumate of the proposed system before there s a further com-
mitment of resources to the project This activity must include very pre- ¢
cise and exacung analyses of all the elements previously defined Such
analyses could be baseu on systems fiowcharts record lavouts repart

. 1avouls, file and lable lavows. detaited definmons of all calculauons, and
svstem algorithms  From these will come workload projections man-
power estimates, machine cost estimales and other cconomie considera-
uons which should be reporied m a format smila; 1o those shown 1n
Figures 5 and 6
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DATA SYSTEi4S REQUEST (3)

Samreren ang
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gaocad

A

§amived i

Flgure 4, Dale Systems Response Form

These funcuonal specsfications will allow a final analysis of the
“feastbiity” of the proposed system ity posental benefits, s inherent
lnmtations ite cosls s ume frame. and its total simphaty or com-
plevity Most umportant they provide a final sign-oif document which
forces the wser 1o venifv that eveny concensable base has been fouched
wn an eflort 1o undeistand bus request and commumicale the conscquences
of that tequest to hum and tne 1est of the orgamzauon before work s
begun

-



BB AN
EX5iH

-

LR

'

»

Systems Specificabions

These specs must be fully defined. as described in the preceding para-
graph However, there must be an eve loward the efficiency of the pro-
posed system rather than is economics There must be standards for all
flowecharuing techmiques and symbols, programming language selection,
data file destens, manual procedures (i the systems development and
syslem OpCratinn Procusses), svelem contiule processing Jogie, as wetl
a5 test files and procedures All these s1andards produce the finad dexign
of the system as @ whole

ECONOMIC EVALUATION SUM MARY

drmga C23TE ?

OO SCAP Tk Yor YL e TEAR Wy vLaR

NQueEDP SELANT N2 RELATLS (33 ]

HOW-[ DR O nE® £OSTE

DS PROSLEDING LORTS

[OF QLDICETED RaewdnT fosfi

(O pala SATFARATION [4-1 281

DIw[® LOF CO5TS

PRESINE SYSTEN

Q3T OF #RESIHT 3TITEM

wOn-TDF SALARY AND RILAZIOCBIE

wow (e QYura cosid l

MOw- [DF Wt DMt i [N A R ]

Tup PAGTEAING COTS
- -
EDP BEOEATED FOJWMINT COSTH

(OF 0816 FREFPRHANON £071%

[oF GLviLOsMERT (018 i

PADFSIED SYITIM

oTalm (6P [O3E3

EasT OF PRJMOSIO ATEIFN

L WET SaviHGY D& ICHERSED Sl t

Figure 5. Economec Evaluation Form
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 Program Specifications

“Though all program specs must be standardized, this area offers the
fewest cffecuve tools Every expencnced manager i data processng
eventuaily acknowledges that the majoruy of his problems could be
ehminated 1f he had adequate programmng standards 1o smpose on his
organmization

The purpose of programmung standards 15 1o apply detailed restric-
tons and guidelines o the process of programming Standards should
include the languages which may or may not be used the allowable vses

. , JOB COST ESTIMATE
* L85 SECTE T . LS® mD
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of various faciiies such as the console 1ypewriler. requised data vahda-
tion sieps, bloching factors, documentation factors {dote wm juhan or
other format required month, day, last business day. number of days in
month, other fillers) owidelines for spochng checkposnt.restart, parh-
ton sizes. and use of return codes Addiional standards must speciy
such topics as printed oulput formais for controls headings and speoial
forms In the Job Contiol Language (JCL) there must be clearly de-
fined nammng siandards for job. siep medule, data set. and the other
breahdowns, and cading must be standard for volumes, nput/output
class asssgnments and priorites, job class assigaments tape labels. and
other arcas

There musi be standards for program documentaiion used subsequent
to the propramming achivity (e g. for maiplenance, mod:fications, and
conversions) Such documentation should be standardized with regard
1o a narrative which includes program identficauon, purpose special
features, special requirements, and controls Loge fowcharts should be
complete, consistent and cross-reforenced 1o the source lunguage pro-
gram  All techmques and 1ables should be clearly_specified and nhus-
trated, ncluding randomizing formulas scarch techniques, complex
1able styuctures, as well as eaternal and internal logic switches  All
imput/outpur layouls must Le specified. indexes and control fields
desertbed, sort sequences specified, and other nems dehncated Espe-
cially 1mportant s the need for clear deseriptions of files which are used
in muluiple programe ol applicanons These files must be clearlv defined
within the apphcation as bong inpul or output for each individual pro-
gram Source and object hstmes must be complete wauh data division and
procedure division maps, .comments, cross-references and JCL cards
{including / /LBLTYP VOL, DLAB, XTENT, and TPLAB cards) m
80-80 hsung.

Lasi and most important, detalled information about controls 15 fe-
qured This matenial musi include information on dala preparation,
transmission {rom user to DP depariment. conversion of data to
machine-readable form, creauion and updating of master files. transmus-
sion of data from program lo program, and handhing of errors and
exceptions Standards should requne conirols to be consistent. expheit,
and easily audnable A run book shouid be defined wn siandardized
‘format with operaung procedures and gundehnes, testing data and pro-
cedures, and all live and dummed data files which were used 10 test the
program

Figures 7. 8. and 9 are good examples of sandard documenitation
forms for the vanioeus steps mentioned

As an aid 1o creahing systems and programming standards, Hierarchy
pluy Input, Process and Qutprt (HI1PQ) (see portiohu 4-01-05) docu-
mentation shoukd be developed to relate various programs to cach other
withun cach system Such standards are usually 1gnored beciause of time
constratnts and lack of knowledee regarding their vatue 11 properly
done. HIPO standards and all the previously descnibed system design
and development standmds become sypanymaus. and duntnish the en-
wie problem of develoming standards that people will undersiand and
follow
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Briefly, HIPO mvolves a Visual Table of Conterits (VTOC), which
shows the functional structure of the system, the relationship of all
diagrams, and the contents of each dagram There are overview dia-
grams to infroduce vanous funcuons listed in the VTOC, and thrre are
dircctions for detail diagrains to expiain ihe process supporung cach
funcuon, the inputs and outputs relaung to that process, and cross- .
reference 1o tounines, labels, and fiowcharty wihin the sysiem
H1PQ takes what can be a confusing process of tables, charts, and
Jayouts, and biends the parts into an mieresting. logical story about the

. DOCUMENTATION CHECK 18T
PO R AW WD L L P TIR T —
AREOERTION e e e et i e
A1aCR(D 1S 1ML OLLOWMNE DOLUmENLaTION R
WARRANIwE DLMEMIFLION
S¥ETIN FLOw CrmpAT b ) wal®Q (D FLCwlwalY

ug

BIEIITON TABLL wIERD LOCL FLDwimadl
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SOUALE PROGNAM LISTiNG '

GLIICT FRDCALW LISTING CONPILATION BATE e

JOU COWEROE LISTING

0iocO|gooo

CONTADL swfORMatrEN - D IePyT Larout

. . D fauril oUTAUl
E] SRImAT NG NI TALE T oM # .
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Figure 7 Documeniaiton Check List Form
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systen The HIPO techmque can be vatuable 1n ‘teaching the D¥ staff
about an exsting system, in helping them design and develop new sys-
tems, and helping manzgement momtor & stems design and program-
ming actvities, estimating worlloads marc accuratelv, simplify tesung,
clanly interfaces, and ad i program and sysiems mamienance

. PRTS AT
s SoliCr ChARi
PHOLARY HO comae o cmraes = L PASLALY MPM e —mee T T -
PR 0 e T T T e e ST T i
frTim maml p T w $TROE Tkl l i T a asiG A | WaL.l tURCE

»

- J—
R ”T""'"".'._—{

1 ——

AT e e e e e PO TT IRt e

Figure 8. Swiich Chart Form
OPERATIONS STANDARDS

Operations has the most difficult job 1n the data processing organiza-
tjon because it must show tae results of all the acuvity which preceded
“lyve processing” When tlungs go wrong Operations 1s the visible tip of
the iceberg. sa the user and upper management first attack there 17
enouph pressure 1s applied operauons mdy end up solving systems and
programming eIrors (as i the caroon Mustranon of 1he swing}
Standaids for computer operations 3. therefore, the last hne of defense
before a system s “completed” and it 1s especially wnportant thai there
be clear standards for a vancty of acuvilies 1n this department
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Operahional Features Checkiist

This requirement, which should be fuifilled by the piegramming de-
pariment, ans<wers the {ollowing questiors
(1) Is all vanabic wiormation passed o "he program through the
JCL so that operzlor dectsions are not required”
{2} Do programs that process soried data chech for sequence”?
{3} Are conirol totals provided for each step”
{4) Is control informatien passed from pregram to program?
(5) Do the programs mamntain and venfy batch totals and record
counts”
(6) Are all programs 80K byics or Jess?
(1) Are overlay structures used to teduce core requurements”
{8) Do the programs accommodate changes or expanwons without
requirmg recompiiation”
(9) 1f more than anc en-hne date o1 contrel card 1s necessany, s
entry resineted o one anen step?”
(10) Do all master file records have expansion byies?
(1) Whll all tapes be Limsted 1o one gita set per reel?
(12) Are printed seports desirned for standard form paper and
standard carrage tape”?
(13) Do all repont headings have a piage number, meemingful title, Lo
and DSNAME?
{14) Is a pnint data ‘vt that 1s desuned {or spesmai-form paper pre-
ceded by several “dummy” pages for case w form abgamant”?
(15) Is mvald data rejected or flagged and an error report produced”
(16) 1s input data vahdated for numencs il anthmetic operations
are 10 be performed on them?
(17} Are any output data sets intended 25 input for another system?
(18) Are there any private disc packs mantamed by another systen?
.19) 1s the esumated execution time per job stream less than 60
minutes?
(20) Is the checkpomt facility used in programs than run =15
minutes and/or process == 1 reef of tape”
{21) 1s the data retennon specification adequate 1o allow the re-
running of the last two cycles of any procedure at any ume”
{22) Aru restarl procedures clearly documented for each job step”
(23) Does cach AREND operale upon detection of an error, and s
i fully documented n the run bool.”
(24} Arc return codes used?
{25) Arc catdloged juncedures used wherever possible?
(26) Are standard Jabels used 10 ensute data set integnty and date
protection?

1

Standard Computer Operator Documentation

Doacumentation purdehnes should include

o Run hooks with proper standards

» Sysiems flowcharis

o Liis of cource pregsams object programs and load modules
« Lists of any private disc contents
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OPEGATING INSTRUCTIONS
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Figure 9 Operabng instruclions Form

Space requirements ‘o non-private disc packs

Lists of all tapes »nd theyr retention periods

Lists of all programs with special core requirements

Summary of distribution of all reports

Bach-up and trouble-shooung procedures

Explenattons of the wse of temporary and passed data sets and

uthty programs used (for restart)

e File orpamzation desenipnion for each data set .
» Samples of diapnostic messages with explanations

« Full explanation of aft special date and control cards

[ IR I I
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Acceptance Crileria

Acceptance of the run book, 1¢, documenting a job stream of more
than one progrom, must be contmpent wpon a well-defined set of
criteniz. This book provides ninstruciu w« for operations personnel
scheduling, <ettng up, and runming 0 .0 job while the pregrammer
has resporaibility for scimg it up and ©oamtaming 1t The programme: s
gwidehnes for dovumentation standacds were covered previoushy, how-
ever, the opersttons manarar has final responsibility for accepting of
rejching the tun baok produced, and nos vuwal that he have righ
standards for thys mnportant docunent

Briefty, the run boak «hould have the following major wechions

= Job Desciiption -— mcdudes alt funcnions, tmachine conhigurations
*and flowehanis

» Opecration Sheet — for use under the operatng svdem, 10 track
changes fiom run 1o run

+ Job Stream Management — explams JCL eards and JCL legmec

= Card Layouts --= for alt JCL cards

s Chechpoint/Restan — lor use n ABEND at each siep wn the
system

« Unn Record Data Sets -—'for contro! use if unit record sleps are
involved

. »

* Input/Out Samples — detailed explaration of all mput and ouiput
Card 1nput must be hmned to 2 G600 cards before a carg-lo-tape run
should be required

There should be an elaborate checkhist which forees the operatiens
manager or Job acceptance specislist to cnticaily scrunmze cach run
book for completencess, coherence, usabiluv undzr duress. and clarity 1o
posterty  The run book s the ulumate documentation for cvery sysiem,
thus, only to the extent that ut o thosough 15 system documentation
compicle .

Jab Acceptance and Turnover

It should go without saving that every facet of ‘the run bool shoyld
Le systematically tested by operations before bemg accepted as vald
Durng the testing phase of sysiems development, programmers are
loohing for bups v cach program and the overall system At this time,
operavons shouid be vahdanng all the documentation and determinng
whether the sysicm vy acceptable,

When the Job Acceplance run 1s scheduled. the job is ready for final
review by operations personnel. and there should be carefully defined
procedures for the critena st must meet For example, a job accepiance
speciabist should be present together with an 17O controller 2nd repre-
seatatves from operanons systems. and programming The run book
must b: employed, and all “redo™ and ‘restan” procedures must be
tested by operations personnel not programmers

Job Furnover should be defined as a formal procedure after successiul
completion of a Job Acceptance run. :
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USER STANDARDS

Besides having documentation for use by programmers and opcrations
personnel, the sysiem must also include documentation and support
materials lo assist the user The Standards Manual must thercfore, 1n-
clude tuional, mstrucnonal, or reference matenals specaifically designed
for the non-data processing people who will interface with the syslem
Without standards for these documents, an otherwise weil-designed <ys-
tem may fail because lhe user cannal provide clean dala or effectively
interact in some other way with the data processing department The
documents required by users can be similar 10 those alresdy mentioned
(e g, card and file layouls, ertor conditions, flowcharts, or action
sequerces, explanaiions of forms, and proofs avd controls)

Some documents must tnclude istructions on how ta Al out forms
or how 1o complete a transaction within the system. Users also need 1ask
descriptions, i a step-bv-siep format, complete with illusirations In
addihon, there must be manayers’ manuals which specify all funcuons,
relationships with other Proups, cmergency procedures, and audut trats
All these clements must be specified by defimte standards Included may
be job descriptions of various funchons within dala processing so that
users will better undersiand the responsibilities of those with whom
they must commutncale effecusely .

STANDARDS MANUAL ORGANIZATION AND IMPLEMENTATION

There are probably an infinite number of ways to orgamze a good
standards manual Every reader of this portfolio should plan a format
that 1s most suitable 1o his organization 1n essence, pick a plan that 15
most hkely 1o harmomze with the personahties who are expected 10 use
the manuval because effecrveness 15 more important than elegance

Every manual needs a format Manuals which are likely to be fre-
quently updaled should be looseleaf, and have page and sccuion num-
bering schemes which enable casy addiuons and deletions Tts also a
good idea {or each page 10 have the organization name, 1ssue dale, re-
wvision date, chapter number, section number, ang pare numbes

The orgamzation of the manual wsell should be simple <ince, 10 many
ways, s contents will contain many complexities At the least it should
have a table of conients, an mtroduciory seclion (on purpose, method
of usage, span of coverage, philosuphical onientation, and other such
topics ), a section for sysiems and programming, 2 section for computer
operations, and a section for non-daty processing users and managers It
w also helpful o elaborate with other sections on controly and input
preparation: a plossary of 1erms wilt ncrease effecuveness and usabiliy

Most orgunizalions have some existing standards  Therefore. when
planning a standards manual build 1 around whatever exists so that it
15 not totally new and different Too great an upheaval will ncutrahze
any contemplated benefits from a standards manual because there may
be hostihty and a long learming process for gvervane m the organizaton
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RECOMMECNDED COURSE OF ACTION

. At the outset, analyze the problems i vour orgamization and v to
determuine, in outhue furm the specihc vanances belween your en-
. visonment as it s and the ideal situabon vou emvision Whii would o
take 10 give your orsameation al of e charactensucs of a wellqun data
processing shop? Noxt, comple all of the standards which abeady exiv
m oany forny, (rood and bad} Third, veaien a general puthne of the .
stundards manul you thnk should be usd (e, wnite the able of
contents) and then group your exniing standards aceording o that owt-
line This will prve vou a buwnming framework for each section
Finally, treat cach section (or chapter) 1< an indimdual manval umo
. itself, and proceed to develop comprehensne standerds i coordinabion
with experts from each depaitment or functional area Build on what s
recognized 1o be good and discard what s bad Try 1o heep the formats
among sections consistent even though mamy different peopie will be

coniributing
Once complete, the manual must be accepled by managers in cach of
the functional arcas it purports to standardize, and the aew rules or .

formai protocols must be imposed on all new work done as of a
specific date The standards should be sufiiciently flevible so that ne
vanance will be tolerated by seruor DY management

Provision for updating (where consistent pressure for vanance indi-
cates the need for modification) must be defined, and each funcuonal
arca must be required 1o review its portion prior 1o a penodic revision

. process In ths wdy, the standards manual will always be practcal, 1
wil also be in close touch with reality and the immediate needs and
. abihties of the orgamzauon

R
Thia portfelin was written by Laweence Rirtman
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UTOR: L. WILSON CLAVE: RF-2 ]
PITULD: THE DOS AND DON'TS OF DOCUMENTATION

REF.: DATAMATION SEPT. 81

by Lindsay Wilson

The meetung had just started and already the
man was the pcture of despur

“That’s 1t""" hie said, poinling accus-
ingly at a four-foot high stack of prntout
““That's the documentation the softw are com-
pany sent when we bought us package four
years ago  You think anybody s ever read 17
You think anybody’s eser thed?”

The man was an exccutive for a major
film corporatian and was fesponsible fer
Leeping tabs on worldwide film distnbunion
He had no quartel with the sofiware pachage
wsell. The semior programmers had been
makang guick, successful modifications o it
ever sinte 1 hod been inteprated inio the sys-
tem The pachage had delivered what had
been promused, and the programmers had
been able 1o expand and manpulate 16 without
stumbling over the software.

But the corporation s department
Iines had been redrawn  Now that each Luto-
pean branch was to b» 12aponsible for s own
distnbution, the executive had 10 ship large
sections of the home based dp system aver-
seas, with explanations of course

Send the Europeans that stfl, ™ the
sepot programmers said, refermng o the
man-sized pile of paper The programmers
could not be coerced :nto further docunent-
g the system The 175 pounds of ¢vplana-
tions had been on shebves in the data ceater.
had been mosed to a side room, had migrated
unused through severat fioers and had finally
conie to rest 1n the conference room

* The new software marketing firm had
lots of office space and four pieces of furm-
ture But 165 contracts weie 1n order because 1t
had customers who had already paid for the
firm s scounting pachage The authors i the
system presenied a thoroughly dosumented
flow of programs that masched through gen-
eral ledger accounts tecesvable, accounts
payable, and cost accounting and produccd
summancs ng repors along the way

“If the docwmentdtion doesn b oover
. smd one author of the pachaye ' my
pariner of I can cxplan my couting tn Any
mudule vou pick out " They knew thew mate
nal cold

L

“The tume pennd accounung people
have been scrcaming fof years, " the sysiems
designer at the lefevision news corporation
said  “Their data processing was set up in—
get tns—1966, and the system always
worked 1t requues almost no mauntenance
But the way things were done :n “66 has
gotlen so ime and core conwumung that rede-
signing that system 1s new 1y top pnonty

The COROL system 1 question inchud-

“ed such quaint touches as having dady edit
and audit repons sent haifway across the city
to be hand comected by the accounuing depan-
ment The hand cotrected copies were sent
baek to the data center, cards with corrections
were punihed and the edivsudit was run
agamn and agan unul de an was emor-free

The classic defimbon of  documenta-
on”"—1) supplving of documents of sup-
porung references use of decumentary evi-
dence. 2) the documents or refurences thus
supplied 31 the collecung, abstracung, and
coding of pnnied or wanen information for
future reference—-wauld cover computer fan-
guage reference books, most wotten explana-
tions accompanying hargware, almost any
book that (BM puts out, preen and yellow
cards dicuonsnes of dp terminglogy, and in
short, everything dp people use lor reference
that they do not generate themselves

What abouet the documentatson com-
pames produce themselyes? Jusca mention of
the word brings groans of borcdom

The eustence and oroamzaven of
documentation vanes chormously from cor
poraton 10 corporation and olien from depart-
ment 1o depantment But the Jarger ind more
complex a systent 35 the brgeer the job |
consider any documentaion produced n-
house 1o be "hive,” that 15 subject tp the
same snantenance revisions and even fe-
desigming that the sysien nself goes through
Documentation comemng i from the outside,
such as PL/ |, language book s, cic s “reter
ence '’

1If “‘referencc’  documentatian 18
long overly dotaled and somewhal heavy,
that 15 not une specied LEn sumew hat o the
nature of Pl lanpeage books to e hosng
ang far s wfew are minuals (o be orcruciat
igly detabed  "Lave’" documentstiun, how

ever, 1s meant to be wsed, not simply refer-
enced If n s cumbersame or difficuit, 1i's no
good Some types of 'Ine” documentation
wil! pet used [ar more often than others, but
the pninciple remains the same dog-eared is
beautiful

HOW TO Documentation  produced
DOCUMENT  'nhouse may include vari-
IN-HOUSE ations on the {ollowing

Svsrem doc nmemigiten
specificanons, modular flowch.r ». file lay-
outs, report log and report sar. fes Sysiom
narratives, ICL fogs, program “worar logs
Pravram documentation source Jocuments,
souree Tivtngs Program nIratnes, summa-
nes of program lowic, hsungs of program
subTOULEAES, IISET PUIdes
Operanipas decumeniunion” run books. fun
logs, file Iibranes *-.stuctions on reporn bal
anting
Softwure subrouitnes processmg summartes
catalogs

It would be 1deal [ 2] categones wer:
covered in a corporation’s dp division and 1{ 2
permanent staff were assigned (0 heep up with
the maintenance of the documentation No
more and 1o iess 15 required, butn this still
unenlightencd Jecade  Sigaphic corporations
try 10 make do with one documentation cea-
subtant or a small starf of technical wnters

Gaing back to the film executive with
ihe unwieldy software documentauen who-
ever bought the onginal package was doubt-
icss impressed by 1ts sheer pouncage It was
probablv assumed that there would never be
any problems

Afier having established that he had
been sending put portions of the film distniba-
won sysiem in modules of five 10 10 pro
gruns for an on-hine system, we told im 10
forget his euisting documentation and (o shick
with user guwdes Like many dp mianagers, he
did nov realize that there are manv wavs o
document and that a standard user gurde mini-
mrzes length and detarl

Fot his purposes users by delimtion
disd mut have to hnow anvttung about sollwase
of proeramming logic Since systems and
progs g authony remauned i New
Yurk the Europesn accoumants audwing the
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film distribution would be performing eastly
contrelled updanng and balancing

Whas are the points tlucualed by ths
scenano?

1. **Documentation’

18 extremely
vaned

2 Size means nothing  Examme
closely any documemation for hardware of
software 3f you can tfollow i, be o in mind
that vou Nhave 1o bave itrewntientf youever
need 1o explamn the sysiem n desarl to amvone

3 Keep vack of modificatons and
1dd them 15 the exisong docuinentation I
you ever have to explaim the syslent LG «ny One
and the mamienance programimers aie no kon-
ger here, you re in trouble *

4 Stop escrything and shop aroundf |
confromied with 175 pounds of papes

USER The budding software

GUIDES =~ <ompany haew  cxactly
what 1t needed for s sys-

AND MAPS tem 2 user pusde The
company described its 1ypical user very pre-
asely and demonstrated that 11 didn 1 need
program documentanion comments, file Jay-
nuts, cross-referencing of rouunes, repon
layouts, and narratives were allin place for 50
interloching modules The company wanied a
wrier 1o exiract evenything that would direct-
ly concemn a wser ata lermenal, and 1o put 11 all
into manual format for marketing
Compantes 10 this situation should be
aware of Nive rules when soliciung a wnter
"1 Ash to see samples of his work
2 Deline the user's needs exactly and
avord wasting ume by goung off on a tanpent
(Is the user puide also a vammng manual ! If
0. more dewal is called for, and this must be

| ]

If given a weed s ume could you ansaer
these questons on systems und program-
ming”?

1 How many systems do you have?
How many programs in each system?

2 What languapes and hardware are
involved? , . .

3 How many off-hnc jabs ol stieams/
production nuns are executed per day, per
wioh for cach sysiem”

4 How mamv repons ar produced?
How many of these ¢an be ¢« 1ited?

5 Wathaut nouce, €an you Jomonsirate
(with chants and reports, of on Lae) any and
all of your sysiemis 10 o op excrulve from
wy outside division”

G 1f the audnors show up teday, are You
ready”

SAMPLE ACID TEST FOR DP MANAGERS

.7 is your.System affected by obsolete
methods or matenal which can be chmiral-
ed from processing?

8 Do jou know when all the fies 1r
vour *ysiem are updated?

9 Do vow hnow, at lzast an paragmact
form  what cach program in sour svs'em
does” :

10 Do ou lnow what cach of sew
programunces did teda or s wesk™ b
anyune keeping wack”

If you can 1 answer at lonet haif the
queshons positinely, you are headed o
problems Up-to-date dacumentanen 1s ¢
ery svstem’s safeny net Dun’t war enu
sou'ie buned i paper, relveg heavily of
manlen ince progmummers 1 835 o o
vou're prven 3 dradhne by the avduors

decided on at the begnmy )

3 Estabhish the level of deal 'you
want For example will all pessible emor
thessapes be listed or only those to which the
user can respond”?

4 Esiablish the tone or siyle of wi-
g

5 Don'tcount en the w mier Jor details
such a3y fotmaming and patagrephwng these
are usually done by a typesetier

In the third scenano, that of the sys-
tems apalyst required 1o redesign the ancient
time perind accounting sy siem, the need was
for “temporary * documental:on, compro-
mise 1n favor of ume and efforr Normally,
we would go through each hsuing, producting
summanes of pragram logic and hsung the
subrowtines and 1he use of any in house soft-

ware rounnes We would bave seuree ax
ments ond report sampies for wach pregsa
and we would provide Dle lavours, namany:
and, finally, a flowcnant showing the wh
sysiem :

But wanting 10 avoud unnecessary ¢
1@k of amy hind, we staned with o map of .
system that underaned cvery 1epsuUve a5
of processing every laboncus card-in ta
procedure, every old <ort-eng-mergs D
gram ‘e concemiraied on re.caling mve
thing that appeared tedundant or @ erly 10
and involved Mostof e lape Ares nad vir
=ally identical formats. and eawacied five |
Jayouts instead of 18 Samples of all 42
ports, but not the program legic that progu.
them, were prosaded (The svstenm had una
gone Mimmai mauntenance and we asser
that endless move W07 statemenis were |
of interest } The svstemns analvst was i
able 1o pnpomt anv gquestions he had,
further documentation consisied of nsung
calculanony made v the repons wd oot
when and shere updiung ocLured

A nole on 1edesigning 3 sy Iem Wi
out docuinentation many corporanons h.
sleeping sysiems——no MAMICD mwce, /O U
ble, no documentauon just oid The disc
ery that nothing 15 wnuen need nat be rea
for pamc, but a techmcal writer wilh s0
systems background 15 probably frequu
The prionties are to heep a broad view of
systern and 1o avard most deal

In deciding whether or not vour s
temns need documentavon, there 15 more
volved then trying 1o export, markel orre
sign segments of processing

Lindsay Wison s the no™ de plume
of the manager of a team of docur
tation specialists ang sysiems analy:
who work unger contract lor sevf:ﬂ
majs corporalicns n e nonhoas
us
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Some Practical Experience with a Software
Quality Assurance Program

G. G. Gustafson and Roberta J. Kerr

1. Introduction

The typical production' environ-
ment has certain charactenstics
which may negatively ctcht software
quality:

—Personnel of widely varying
levels of skill. )

—-Small (usually one-man) proj-
ect stafTs that consequently increase
the span of thc prolccl manager’s
control

— Software-naive customers who
are usually unterested only in soft-

re output.

—Poorly defined but often
highly complex customer objectives.

—A high turnover rate for per-

- sonnel, resulting in the continual re-
view of existing software and high
training costs.

CR Categones and Subject Descripiors D29
[Software  Engineeringl:  Management—
software quality assurance, J. 1. |Computer
Applications). Admumusirative Data Process-
wg-rmuluar
General
ment
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tary standards
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puter Sciences Corp, 4045 Hancock Street,
San Diego, CA 52110
Pernussion to copy without fee all or pant of
this maicnal 13 granted provided that the cop-
ics are not made or distributed for direct
commerciat advantage, the ACM copynght
nouce and the utle of the publication and its
date appear, and notice 13 given that copyng
18 by permussion of the Association for Com-
wng Machinery To copy otherwise, or to
sblish, requires a fee and/or specific per-
mission
© 1982 ACMO01-0782/82/0100-0004 75¢.

erma  Standardization, Manage-
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Computer Sciences Corporation

.

SUMMARY: Within a production programming environment,
a software quality assurance program (QAP) was instituted to
produce standards, conventions, and methodologies for all
phases of the software development process. Software lan-
guage standards and several support processors, in turn,
developed. The authors offer a plan which may help others
avoid some of the pitfalls they experienced while attempting
to construct a meaningful software QAP.

—Externally or internally gener-
ated constraints (¢.g., cost, ime, and
manpower limitations).

—Hardware complexities which
occasionally . force the applications
programmer to operate as a systems
programmer, not directly working
toward the actual goals cutlined by
the customer.

—Poor quality of existing pro-
grams that were produced without
the benefit of coding standards, con-
figuration management techniques,
or proper documentation. Many
such programs require frequent
modification, are costly to exercise,
and result in serious difficulties in
maintainability, reliability, and in-
ternal consistency.

'We use the term “production™ as an
adjective, as in “production environment” or
“production programming " With it, we arc
distinguishing  between programmang  per-
formed under cost and time constraints for &
customer who 18 usually a nonprogrammer
and all other forms of programming (e g,
hobbyists, research, cte).

( ommunications

A software quality assurance pro-
gram (QAP) cannot attempt to re-
solve all of these problems at once;
rather, resolution of the problems
with the greatest impact should be its
immediate objective. Regardless of
its long-term goals, a successful QAP
must at least have the following char-
acteristics:

Feasibility: The program must be
both technically and managenally
feasibic. It must appeal to the in-
suncts of the technical staff and ad-
dress management’s immediate time-
and cost-refated concerns.

Currency. The program must be
based upon current methodologies.
It must not be allowed to become
outdated, no matter how good the
staff perceives the original version to
be.

Extensibility: The program must
be casily extended to include new
software methodologies.

In a production programming en-
vironment (sc¢ Figure | for an 1dea
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Fig. 1. Interrelationships Within an Ideal Production Environment.

of the interrelationships involved), a
QAP must support the development
of software thal meets, or exceeds,
the customer’s expectations, is easily
maintained; and is delivered on time
and within cost. Furthermore, even
a well-intentioned software QAP will
fail unless pursued tenaciously. It is
imperative that a software QAP be
sufficiently staffed with the most
highly qualified technical personnel
available. Because of the nepative
ramifications of failure, it is better to
rely upon existing programming
methodologies than to initiate an in-
adequately staffed and/or funded
QAP.

2. Establishment of a Realistic
Quality Assurance Program

At the very first, the QAP must
be documented. This document
should focus on the intended scope
of the program. Quality assurance
implies many things to many people.
A program plan should be bounded
by the areas of concern and defined
goals. Our program plan addressed
many issues, including organization,
procedures of operation, and a very

ambitious list of planned QA actm- )

ties.

Managers contemplating the es-
tablishment of a QAP must be aware
of one potentially significant inter-

5

ference. If the recommended staffing
is followed, the QAP will draw the
very best personnel into the program
itself. Obviously, these senior tech-
nicians will be in high demand for
“firefighting”; however, as members
of the QAP, they should not be reas-
signed, even for a relatively shon
duration. QAP members should only
be considered an available consult-
ing staff. Although a portion of their
time will be spent in consultation not
directly supporting the QAP, staff
members will become familiar with
a wide range of software develop-
ment problems (some of which may
be correctable through their efforts
in quality assurance).

With these highly quahﬁed indi-
viduals playing the dual rote of qual-
ity assurance technicians and general
consultants, the organization gains
two benefits. First, a techmcally
sound QAP exists, supported by per-
sonnel who are not totally removed
from the production environment.
Second, consultation activities pro-
vide QAP staff members with a cer-
taint satisfaction otherwise missing in
their line of work.

The Chief of Software Quality
Assurance
Considerable thought should be
given to the choice of a chief of

Communicauons
of

G o~ A

sonware qunmy assurance. ...
gest that the candidai¢ posse
following qualifications and «
teristics:

Technical experience: Sinc

QAP chief will interface with a

variety of project types withi
production programming en
ment, he should be a senior
member who has had technic
opposed to administrative)
management experience,
Technical currency: He mus
successfully used current pro
ming methodologies (¢.g., stru
programming, top-down desig

. implcmentation, egoless pro

ming, eLc.).

Willingness. Because a
large amount of time will be
managing a8 leam of other
technicians, the chief must be
ing leader (i.e., the favored can

-should first be invited to consic

job before he is actually chos
the position).

Communications skills. Sin
QAP chief must deal with m:
ment, sometimes forcefully, he
have verbal prowess; becau:
quality assurance staff will p:
written standards, policies an
cedures, the chief must bave
writing skills.

Once a chief of software ¢
assurance has been selected. th
of program development and
agement should become his r
sibilities.

Initial Tasks Within the Pr

There are five preparatory
which should be performed |
chief of software quality ass
and can be accomplished withe
ditional staffing The resulis o
initial tasks must be approve
wholly supported by manag
for they form the basis of the
quent QAP Failure 1o elci
management support will un
edly result in the failure of th,
itself.

The first_task to be unde
by the QAP chief is the rev
existing software quality ass
programs within his own org
tion and others. Unlike man)
areas, the software quality ass

January 1982
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prams of most organizations are

" * open to scrutiny by competitors. This

review will provide a measure
against which the chief of softiware
" quality assurance can assess his own
projected organization. Two such
programs include those conducted at
the Jet Propulsion Laboratory [4]
and the Naval Ocean Systems Center
[3] Although the literature on QAPs
is stull far from extensive, [2] may be
of particular interest.

Second, it is essential to definc
the development life cycle used (or
preferred) within the organization
sponsoring 2 new quality assurance
program, based upon the type of
software services performed. A soft-
ware development organization dif-
fers from a software maintenance or-
; anization not only in the end prod-
1 ot, but also in the development cy-
cles required to complete a task. It
rnay be necessary for an organization
t~ adopt two or more “standard”
(e Jopment life cycles if it contains
both development and maintenance
within its contract base.

Third, once a software develop-
ment life cycle has been chosen, the
deliverables for each phase must be
identified. In a multi-life-cycle envi-
ronment, each life cycle has its own
deliverables and should be consid-
ered as if the other cycles did not
exist. The deliverables for a five-
phase software development life cy-
cle might be those displayed in Fig-

ure 2. Although additional delivera-

bles may be required, these are gen-
crally sufficient in projects which
strictly adhere to top-down design
and implementation.

Job titles within a given argani-
zation generally reflect levels of com-
petence. As his fourth fourth task, the chief
of software quality assurance must
determine which titles are associated
with which lifecycle phases (again
see Figure 2). New titles rather than
traditional ones may be needed to
more fully describe an individual’s

_role—"systems architect” or “chief

programmer™ as opposed to “senior
computer scientist” or “senior mem-
ber of the technical staff.” As a rule
of thumb, we have found that the
earlier phases of software develop-
ment require far more expertise than

" the later ones. That is, greater com-

petence is required as one moves
from implementation (coding)'to de-

sign, and likewise from design to def-
inition.

Finally, before proceeding fur-
ther, the chief of software quality
assurance must receive management
approval of the suggested develop-
ment cycles, their associated deliv-
erables and proposed staffing.

Setting up a Quality
Assurance Plan

Ounce the QAP chief has com-
pleted those five initial tasks listed
above, two new members should be
added to the staff: a senior technician
who can assume the responsibilities
of the program chief if necessary,
and a clerk who is experienced in
technical writing, word processing,
or computer terminal operations.
Next, internal procedures for the re-
view and development of standards
must be established. This problem
may be resolved by forming two ad-
junct organizations: 'a technical re-
view group (TRG) and a manage-
ment review group (MRG).

The TRG whose members are
drawn from the technical staff ad-
vises the chief of software quality
assurance on technical matters, re-
views proposed standards, and rep-
rescnts the technical staff itself. We

* have found that technical staff mem-

Software Development Phase
Personnel’ Conceptual Definition Design implementation] Maintenance
Architect — e - —
Designer | =  |[—=—— — =] = ———
chiet | 1 e e e e e e
Programmar .
CQuality P VR JE -
Aspurance
Iy A Y - A
Functional Users Database Computer Revised
Description Manus! Deslgn Software Documentation
4 -
Products Definition A Intartace Mainlenance
. Decument Specifications Manual
A
¢ T Soltware
Design
Document

I?h"z Peroonnel nnd Products In » Production Environment (primary responaibllity ——
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tiers'who are interested in jouning &

E TRG usually contact the quality as-

surance stafl on their own. A TRG
should be composed of at least four,
but no more than ten members. The
pnumber of TRGs established de-
pends on the long-range goals of the
QAP. The language TRGs (i.c., one

" TRG for each programming lan-

guage used within an organization)
are the most easily discernible. The
number of documentation TRGs de-
pends on the life cycle(s) and corre-
sponding deliverables. The chief of
software quality assurance should be
the chairman of each TRG.

The MRG, whose members arc
selected from management person-
nel, acts as an internal reviewer for
all TRG work products; it ensures
that proposed standards are accept-
able to both the company and the
customer. The manager of the orga-
nization sponsoring the QAP should
be the MRG's chairman, and he
should select all members. The chief
of software quality assurance and his
assistant should autématically serve
on the MRG. o

The members of both the MRG
and TRG benefit through a feeling
of personal involvement in the stan-
dards-making process. If technicians
feel that they have had some say in
what standards are developed, they

" are more likely to support those stan-

dards in discussions with their peers.
Likewise, if managers actively partic-
ipate in standards review, they can
better represent thosc standards to
their customers who must eventually
pay for their establishment.

Afier internal procedures have
been agreed upon, the quality assur-
ance staff should prepare a charter.
It should descnbe the organization

. of the QAP and the responsibilities
" of each of its components; the inter-

pal procedures to be followed (in-
cluding auditing and waiver proce-
dures), planned arcas of QAP in-
volvement along with a tentative
schedule, and the QAP's implemen-
1ation notice. The senior manager of
the sponsoring orgamzation (ie,

" chairman of the MRG) should sign

such a notice, the date on which the
QAP organization will come into ex-

:

1stence must also be speailied. i ne
plan should be reviewed at least
quarterly by the TRG and MRG to
ensure that organizational misalign-
ments and errors do not occur,

The QAP Effort and Resulting
Products

The rcquir'ed skills of team mem-
bers decrease as a software project
passes from its first 10 last phase. it

4is our recommendation, thercfore,

that a QAP's initial efforts be di-
rected toward the last sofiware de-
velopment life-cycle phase (usually
implementation), while striving to
increase the staff’s basic technical
competence. Once the coding phase
shows marked improvement, the
next preceding phase can be consid-
ered. In this way, a QAP’s real im-
pact is more readily ascertained. As
maintainability increases, so 00
should productivity—although there
may be times when it seems produc-
tivity is slipping.

A QAP’s activities differ from or-
ganization to organization. They
usually involve the review, rewriting,
and enforcement of existing stan-
dards or conventions which affect
deliverables. Sometimes, these stan-
dards must be compared on a line-
by-line basis; any differences in con-
tent should be carefully noted be-
cause the quality assurance staff
must produce revised standards
when inconsistencies'exist. Current
standards are generally static and
represent the state of the an at some
past time. Perhaps the most disturb-
ing result of revicwing existing stan-
dards is the obscrvation that often
standards are not only outdated, but
also in direct conflict with one an-
other. W¢ have observed a growing
realization within government agen-
cies that myriad standards do not
achieve their avowed purpose, and
may in fact be the cause of a large
number of unacceptable software
systems. However, rivalrics hamper
the consolidation of standards. A re-
cent government conference on qual-

"1ty assurance (no proceedings avail-

able) recognized that acceptable soft-
ware standards often evolve from
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good, maintainable software.
have found that organizations v
issue  standards are casily
proached and are usually quite
ing to modify their standards to
more rigorous requirements.
Although standards and cor
tions development is custon
looked upon with some disple
by a quality assurance staff, it
single most important and visib
sult of a QAP. It is therefore ir
ative that the standards and cox
tions be acceptable to the teck
stafl, management, and the
tomer. The acceptability of pro;
standards is casily measured t
ease with which they pass th
review by both the TRG and }
It may also be wise during the
dards development process to
in mind a principle formulated
Ambrose of CSC: If a distinct a
tage over current practice c:
shown, then the standard shot

C%EEL___.‘“M if nc
advantage exists or if a suffic

large enough return is not re:
then the standard shouid not t
ther considered. Since the wnt
a standard is insufficient as a
sure of its value, the ability (c
bility) 1o enforce the standa:
automation can be used as a

mate of its worth. Standards

are unenforceable by aut
means are usually not follo
practice; this generally elim
a large number of otherwise
intended, but unessential
dards. Only in very few cases
a standard, unenforceable by
mation, be allowed to remai
this test.

Finally, the tools whic
needed 10 make existing stand
adaptable to automation as p
must be developed. The fail
develop such tools is the major
of most current QAPs, and m
ten results not from a Jack of i
but from a dearth of adequa
gram staffing. Therefore, add
technical personnel (whose s
sponsibility is the developm
software tools) must be addec
quality assurance staff.
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Costs of a Software QAP

~. The costs of a software QAP well

exceed the direct labor costs of the
quality assurance staff and the usual
ODC, G&A, and overhead expenses.
! We estimate that once quality assur-
ance requirements are imposed, the
cost of an ongoing project can dou-
ble. This increase stems primarily
from the expense of project docu-
mentation: the direct labor costs for
personnel to wnite the documenta-
ton and the direct labor and ODC
costs for final delivery. Many cus-
tomers are unwilling to pay the price
of quality assurance regardless of the
benefits. However, once a QAP is
established, ptojects operating un-
der quality assurance requirements
should show a marked decrease in
maintenance costs, now ¢stimated to
often be as much as 70% of the total
project effort [S].

There are also other costs to con-
sider. One such expense is training,.
Mo matter how obvious standards
“ue-Y SCCM, a certain amount of train-
ing will be required to familiarize
personnel with them. Dunng the
time between their initial promulga-
tion and eventual acceptance (or en-
forcement, if required), language
standards are usually not followed.
Some code must therefore be rewrit-
ten to meet the language standard.
This problem may be alleviated by
publishing the standard well in ad-
vance of its date of effectiveness.

The customer must not only be
convinced that the benefits associ-
ated with a QAP are worth the cost,
he must also feel that the QAP will
provide him with real long-term sav-
ings. Accordingly, management must
be willing to spend time with a cus-
tomer providing convincing argu-
ments and be prepared for the con-
sequent loss of time and correspond-
ing expense.

3. Reusable Software
Quality soflware, once written, is
#valuable and reusable resource.

Too often much ume 1s spent rede-
veloping existing sofiware because its
availability is not common knowl-
edge If qualny sofiware does exist
and. in many cases, is reusable, then
such software ought to be collected
in lbraries. The promulgation of
reusable software policies and pro-
cedures is a means of achieving the
goals of a QAP with the least cost
and time expenditure. The burden
this places on the QAP organization
should not be undersiated. There is
a great amount of work involved in
both the establishment and mainte-
nance of reusable software,libraries.
Furthermore, tools are required to
aid programmers who are not mem-
bers of the quality assurance staff in
determining if software that meets.
their needs already exists. If a truly
workable reusable software policy is
to be added to a QAP, it is manda-
tory that the quality assurance staff

"be increased by at Icast one technical

member.
There appear to be two inexpen-
sive ways of identifying sources of

_ reusable software within an organi-

zation: reviewing existent libraries
which are used by many program-
mers and formulaung and processing
a questionnaire that asks program-
mers to submit useful routines to the
QAP. The review of existent libraries
is best conducted tn relatively large,

multiprogrammer environments..
Due to the discipline required in
larger projects, there is always an
extensive, albeit mandatory, collec-
tion of useful subprograms. Whether
or not large projecis are ongoing
within an organization, much reusa-
ble software 1s probably kept individ-
vally by many programmers. It is
therefore beneficial to solicit reusa-
ble software from all of the program-
mers within an organization through
the use of a questionnaire.

Once reusable software is se-
lected for a library, supporting doc-
umentation must be prepared. We
suggest that the documentation take
two forms: internal subprogram doc-
umentation embedded within the
subprogram as comments, and a
short abstract describing the function
of each hibrary subroutine. All doc-
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umentation should be retained in
machine-readable form. If language
TRGs exist, the format of the in-
ternal subprogram documentation
should be their decision. The follow-
ing ems are considered minimal:

Use: An example of the method
of invocation inciuding a suitable set
of formal arguments. )

Purpose: A short explanation of
the purpose of the subprogram utiliz-
ing the formal arguments of the use
example.

Limuations: The assumptions
which must be true at invocation so
that the subprogram’s correctness is
assured

Warnings: Any unreasonable de-
mands upon resources; documenta-
tion of a known, but as of yet unre-
paired, error.

Reguired subroutines: Any sub-
routines which must be available to
the subprogram upon invocation.

Argumenis: For each formal ar-
gument given in the use example, a
statement regarding its type and pur-
pose.

Notes: General comments apph-
cable 10 the subprogram or the in-
voking program; equipment limita-
tions; special formulation require-
ments against specific arguments.

Programmer: The name and
organization of the programmer
who developed the ongmal sousce
code.

Algorithm: If the algorithm is un-
usual or complex, a brief description
of it or a citation of its source.

Record of Modifications: For
each modification made to the source
code, the name of the programmer
who made the change, his organiza-
tion, the date and purpose of the
modification.

The subprogram abstract should,
be a single paragraph combining
most of the information contained in

.the subprogram comments into a

terse reference. Usually, it is unnec-
essary to refer to much more than
the purpose, limitations, warnings,
and algorithm -internal subprogram .
oommems since complete comments
are readily available to the program-
mer who becomes interested in a par-
ticular routine.
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* . ' The first reusable soflware 100l is

" the subprogram libraries which con-

45 tain the source and object codes for

already identified reusable sofiware.
Both codes should be distinct but
they must also be available to the
- programmer. The second, and rela-
tively inexpensive, tool is an index to
gmde the programmer in determin-
ing the availability of a required sub-
program. If considered cost-effective,
an sutomatic retrieval system might

be built by.the quality: assurance

staff.

There is only one way in which
newly developed sofiware can be
identified for possible inclusion in
reusable software libraries: a policy

that prohibits the dcvclopmcnl of

software without ‘prior approval by~

the QAP. No matter how much extra’

work such a procedure results in. it
guarantees that an effective reusable
software policy is established and en-
forced. Of course, mechanisms that
provide for both project-wide waiv-
ers as well as an appeals process must
be included. Two benefits arise from

- the imposition of a prohibitive soft-
ware development policy:

w (1) identification of truly reusable

software which was inadver-
tently overlooked during the in-
itial identification period;

'(2) production of pew reusable
software to be added wo the li-
branes. -

Prior to issuing a reusable soft-

ware policy, the chief of software
quality assurance must establish pro-
cedures whereby his staff receives and
processes requests for software devel-
opment waivers. Although the quality
assurance staff may be inundated by
such requests at first, programmers
will eventually request waivers oaly
for software that does not appear in
the reusable software library docu-
mentation, In establishing a reusable
software policy, it would also be pru-
dent to consider setting up a reusable
software TRG. This TRG would as-
sist the QAP chief in determining the
criteria for accepting and rejecting
proposed reusable software. Prior to
the actual formulation of a reusable
software standard, this TRG would
additionally aid in the establishment
of procedures to be followed by the
quality assurance staff. '

4. The COSR/SES Experiment

In December 1978, management
within the Computer Oriented Sci-
entific Rescarch and System Engi-
neering Support (COSR/SES) Proj-
ect decided to establish a formal soft-

~ware QAP. The QAP's immediate
goal was to increase source code
maintainability. This objective was
arrived at afler project management
discussions indicated that it would
produce the greatest payoff most
quickly; see Figure 3 for an idea of
the quality assurance interfaces
within a software development life
cycle. Our discussions centered on

the nature of the work perfor
within the project:

-—The customer was a rese
oniented organization with prog:
that required frequent modificat

—Varying degrees of qualit)
isted in both customer- and con
tor-produced programs, . .,
+ —Personnel employed withir
project had varying levels of skill
were organized into one- or two-
teams. .

.—Most pro;ecl time was s
rewriting old programs (o sup
new customer research. Some of
customer’s programs, developed
ing the previous five (o ten y
had been written with httle o
concern for maintainability. M
software modifications “ripy
through the extremely com
models, making it impossible
ercise the revised model until ¢ac
the affected modules was ident
and repaired, one at a time.
costliness of this approach

deemed unacceptable.

Establishment of the QAP

In 1977, a relational data m
accessing method, BIODAB [},
instituted at CSC; it resulted ir
tremely low maintenance costs. /
that year, only six errors had
detected in over 17,000 line
source code; the cost 10 repair |
errors was less than 0.7% of the |
ect’s total man-hour cost. CO
SES management decided to us
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lessons learned during the BIODAB -

project in developing its new QAP.
The BIODAB chief programmer was
invited to assume the position of
QAP chuef. It soon became apparent
that establishing the QAP was a large
enough task to require additional
personnel. However, the nature of
our contract would not permit addi-
tional direct labor costs to be appor-
tioned to overhead, and so the QAP
chief alone madé up the entire qual-
ity assurance staff. Unknown at the
time, this was a serious error!

The QAP chief’s first task was
wnung a charter. In final form, it
was perhaps overly optimistic, al-
though essentially reasonable and
acceptable in philosophy. The goal
of reducing maintenance costs drove
the QAP project into the last phase
of software development (coding). It
was felt that although a great deal of
software already existed, the project

uld not realistically expect 10 con-
tend with a total rewrite of hundreds
of thousands of lines of source code
{mostly UNIVAC Fortran V but
with throwbacks to the older Fortran
1I). It was also unhkely that the cus-
tomer would approve high rewrite
expenditures Accordingly, the QAP
plan focused on new software devel-
opment with the hope that produc-
tivity as well as maintainability
would, in turn, increase. In February
1979, the COSR/SES QAP Project
was officially implemented. The
QAP chief was to report directly to
the COSR/SES project manager. All
quality assurance-related programs
were reassigned under the QAP.

Coding Standards Development
Efforts -

Once implemented, QAP initially
sought to propose the coding stan-
dards for those languages most com-
monly used within the project (For-
‘ran, Pascal, and Assembly). The
first language chosen for standardi-
zation was Fortran. Although a For-

1]

s

. tran 77 compiler was available. most

of the project code was wnitten in the
older UNIVAC Fortran V dialect
This caused the QAP chief to look
very closely at that dialect and

wholly ignore the other Fortran dia-.

lects in use throughout the project.
The Fortran language coding
standard was intended to control the
formiatting of the source code and, to
whatever extent was possible, to re-
duce program complexity. As a re-
sult, the following areas were ad-

. dressed:

—single entry, single exit, and single
function;

—naming and typing conventions
for the source code repositories;
—Ilength of programs, subprograms,
and modules, ,
—label values and their positioning

and attachment;
—*standard” preamble comments;

—explicit variable typing, specific
ordening of type statements, and
unambiguous variable names;

—statement continuation and con-
struct indentation rules;

—making coMMON use somewhat
more difficult;

—prohibiting AsSSIGNS, ASSIGN'ed
GOTOs, mixed mode expressions,
and duplicate or null branch arith-
melic IF staternents.

The coding standard was then

reviewed by the COSR/SES techni-

cal staff (eventvally the Fortran
TRG) and project managers (¢ven-
tually the MRG). To provide the

project’s technical members with an -

opportunity for comment, copies of
the proposed coding standards were
distnbuted to them prior to adoption.
The coding standards were even-
tually approved in May 1979. It soon
became apparent that the coding
standards were deficient in address-
ing the large number of dialects of
Fortran used within the project.
Three new members were added to
the Fortran TRG and each member
was asked to provide one or two

. dialect-specific coding standards for

those dialects in which he was expert.
After one year of almost constant
rewnting, the new Fortran coding
standards became effective in April
1980.

Our experience with the Fortran

Communications

coding standards indicated that the
development of the coding standard
for Pascal should proceed very care-
fully Although the onginal plan was
to develop a set of universal Pascal
coding standards, it became obviow
that Pascal implementations differec
sufficiently, enough so to warrant in-
dividual coding standards for eact
dialect. A Pascal TRG completed it
work 1n the summer of 1979 but the
coding standard suffered from the
same deficiencies as did those for
Fortran. Since the COSR/SES proj:
ect only used Pascal on UNIVAC
equipment and all Pascal program:
were wntten 1n “Navy Pascal,” th
general coding standard was rewnt
ten and limited to that dialect The
Pascal coding standard became ef
fective in April 1980, Finally. Assem:
bly coding standards for the UNI
VAC-1100 Assembler were com
pleted. As with the two preceding
coding standards, the Assembly stan
dards stress maintainability throug}
readability. i
Review of Existing Standards

Although the COSR/SES proj
ect’s customers were primanly u
volved in research and developmen
thereby eliminating the majonty o
software standards development ef
forts within the government. a por
tion of our soflware fell directly un
der military standards. However
only the standards which potentiall
affected contract work came unde
the scrutiny of the QAP. Generally
problems could be resolved by con
tacung the standard issuing orgam
zation and describing our concerns
(In one case, such a call was partiall
responsible for the eventual replace
ment of an offending standard b
one which is far more stringent in 1t
requirements and up-to-date in it
approach.)

Technical Audits of Existing
Systems

Since our QAP chief had bee
involved in complex systems devel
opment, it was proposed that h
oversec a technical audit of an e
tremely complex and costly softwar
model. A plan was approved whicl
provided for an audit that could b
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. model.-was reduced by 60% and the

completed within 3 weels by one,
highly competent scientific program-
mer. Because neither the QAP nor
the programmer had any experience
with the system prior to the audit, we
believed that the agreed upon ap-
proach would result in an objective
evalution of the system.

The first order of business was
talking with end-users and the sole
programmer responsible for the sys-
tem's maintenance. These discus-

sions soon indicated that the system -

had grown beyond control. As with
many simulation models, the ripple
effects of a relatively minor change
were magnificd by the indiscrimi-
nate use of Fortran common and
COMMON EQUIVALENCEing. Small
changes required to perform a par-
ticular new function would result in
a whole system’s going down. One
program within the program suite
was chosen for detailed study. It was
esumated that, due to convoluted
code, it would iake almost six months
to perform a complete audit (includ-
ing full comprehension of the code).
The customer could not afford this
kind of in-depth study and settled
for a simplified report on the mod-
ule.

The final report included a num-
ber of recommendations that were
mostly cosmetic in nature. When

formahzed and maintenance was
only performed as time permitted.
Additionally, COSR/SES project
management was initially reluctant
to support continued library devel-
opment (a reluctance which was jus-
tified, in part, by the high costs of
subroutine documentation and
maintenance). Due to one project’s
slow start-up, though, two program-
mers became available as temporary
quality assurance staff members,
Their skills were applied to the doc-
umentation of a Fortran V subrou-
tine library consisting of 45 routines.
Within two man-months, this docu-
mentation was complete, and cur-
rently, the Fortran V subroutine li-
brary is being referenced by a num-
ber of projects on the average of 50
times per, week. (The library which
sees the highest use, an estimated 500
accesses per week, is an editor pro-
cedure library that was developed
to support the University of Mary-
land text editor user. Its documen-
tation ‘'was also completed as time
allowed.) .-~ -~ - -
/" Performing maintenance only as

.| time permits results 1n senous defi-

/

these recommendations were ef-

fected, the cost of executing the

execution time slashed by 77% Asa
result of these sigmificant savings, the
customer is now considering a rede-
sign of its system. Furthermore, the
customer purchased a software con-
figuration management tool 10 as-
sure that uncontrolled modification
15 not repeated m the future This
indicates how a QA'P. although
merely monitoring a technical audut,
can generale revenue

Reusable Software Libraries

Prior to QAP's anception, the
BIODAB project had collected use-
ful subroutines from a number of

diverse sources By the ime our QAP |

was actually orgamized. four ibraries
had been developed However, ac-
quisinon of new routines was not

1

ciencies. One project, operating un-
der very tight time constrants, te-
quired the services of the Fortran v
brary A routine of paricular im-
portance to the project was found to
be 1n ertor (1t had been for over one
year). Unforiunately, without a reus-
able software policy, no notice was
given to the QAP. The result was
that four days of potential productiv-
iy were lost as the rouvline was re-
written Had a reusable software pol-

icy been in effect, the programmer’

who discovered the crror a year be-
fore would have been forced to re-

port it Now apparent, due to the,

success of the two documented hi-
branes, is the fact that reusable soft-
ware can significantly increase pro-
grammer productivity AS a result,
the COSR/SES QAP has imple-
mented a full-scale documentation
and mainicnance project for the two
remmmnming  lhibranes (Pascal and
UNIVAC Fortran 77), as well as
developing a new Fortran hbrary for
the DEC VAX-117780 Upon com-
pleton of these tasks. a formal,

Commupications
of
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much-nceded reusanic sMine,
icy can be implemented p
/
Software Development Consull
One facet of the QAP pre
plan never considered during .
velopment was the adverse
that would be felt if the QAP
in addition to performing its g
assurance duties, had to advise
projects. Almost daily, the QA
was consulted on various asps
softwarc development and enj
ing. The result was a series ¢
cational programs, consul
with managers of projects tha
in serious difficulty, and occas
lemporary ressignments to p
requiring the immediate ex
and guidance of a semor pre
mer. Providing these services
the QAP to actually forego p
tive quality assurance develoy

5. Conclusions

The effectiveness of 2 s
QAP is directly related toats f
and staffing support and the t
with which management purs
program’s objectives If a s
QAP is going to be truly efle
must be staffed with a su
number of technically cor
personnel Once staffed, th
should not be disrupted by
temporary reassignment of 1t
bers

In light of our expenenc
the COSR/SES Project, we
that the halimark of a su
QAP 15 the ease with which s
products, produced emplo
tenets, can be maintained. A
there may be a relatively stee
learning curve, the productiy
orpanization with an est
QAP will gradually surpass
an organization lacking one

Acknowledgments

We wish to thank our co
G S Keyand T.A John-on
commenis on this manuscr
evolved We would alse hik
press our appreciation to Ul
bers of the COSR/SES Pr
their forebearance as the (
periment proceeded

January 1982
Volume 25
Number ]



- INSIDE. :  34-02-06

Mructured Walkthroughs — Concept and

Purpose, Mechanics of the Method, PROJECT MANAGEMENT
Problems with Structured .
Wulkthroughy, Management and Project Scheduling and Control

Orgunizanvnal Support and
FParncipation

28

Structured Walkthroughs

PAYOFF IDEA. Detecting software errors and modifying pro-
grams are difficult tashs because of the way in which programs
are constructed. Tools, techmques, and guidelines that address
these problems are being developed. One such technique is the
use of structured walkthroughs to “'proof’’ program design,
detect errors, and control structure. There is evidence that us-
ing structured walkthroughs can improve programmer produc-
tivity  Thus portfolio discusses the concept of structured
walkthroughs, how this technique can be apphed, and what it
can do for your orgamzrmon

PROBLEMS ADDRESSED

Before starting to construct any system, program, or module, it is
advisable to ensure that the construction will be suitable. This is the
purpose of a structured walkthrough A structured walkthrough is sim-
ply a review of a system or a software product by people involved in or
allied with the development effort, 1n other words, people at the same
level in the hierarchy review a development effort together to find areas
where improvements should be made.

Typically, structured walkthroughs are associated with programmmg
and software construction. Such walkthroughs are aimed at uncovering
errors in code But this 1s only one way to use walkthroughs; they are
also useful'for design reviews. A team can review such design particu-
lars as file types, access methods. data base design, planned coding
schemes, and so on. Similar reviews can be undertaken at the require-
ments analysis stage so that any omissions, misunderstandings, poor
decisions, or vague areas can be given attention before additional time
and resources are committed to the effort.

The Needfor Structured Review. Software systems are the lifeblood of
the modern computer system. It is no secret that although hardware

© AUERBACH Publishers Inc, Sysiems Development Management
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costs are decreasing rapidly, software-related expenses are rising at a
rate that s totally out of control Furthermore. even with the high costof
] 3 building or acquinng programs. it 15 difficult to obtan high-quality soft-
z ware Even purchased software suffers from lack of quality. For exam-
ple, the IBM OS operating sysiem contained many errors; this was true
even 1n laler versions, which had been used at hundreds of field sites.

This problem is not uncommon.

Although the industry has not yet devised a way to estimate software
construction time accurately, it is clear that development time 15 often
excessive. A goal of virtually all organizations is to obtain high-quality
software more quickly, especially if this can be done at a lower cost than
that currently being incurred. Structured walkthroughs can help achieve
this goal ’

After software systems are built and installed, they are often used for
many years, during which time they undergo changes. Some changes
correct errors; othérs add new functions or enhancements. In addition,
maintenance 1s performed to rewrite sections of code so that a program
is more efficient (see Table 1).

Unfortunately, even experienced programmers often do not write
software that is easily maintained. Possible modifications are not con-
sidered during the design and programming activities; thus, ease of
maintenance is not designed into the code. By calling attention to this
area of activity during design reviews, walkthroughs can aid in formulat-

. ing design methods and coding standards that make program mainte-
nance and enhancement easier. In addition, because proper use of
walkthroughs can reduce the number of programming errors, the need

. for corrective maintenance can be reduced. Each of these advantages
will become more apparent when the discussion examines ways to con-
duct sofiware reviews ‘

The Purpose of Structured Walkthroughs. When conducung a
walkthrough, the goal 1s simple. to find errors or-problems. Note that no
attempt is made to correct these difficulties at the time they are found

. For reasons that will become more evident fater, this is done sometime™
. after the review 1s concluded

Table 1. Mailntenance Activities Associated with Soﬁw:nre Systems
Mezintenance Type Description

- Repair and Correction To correct operating deficiencres, errors

- T - , . and bugs that have been detected or are
known to exist in the software or process-
ing system orin the overall applicatton de-
s1gn

Revision To install mandated changes due to business
or environmental (e 9 . government)inputs
that require modification of the system,
also includes changes 1o improve job or
program efficiency

Enhancements Modifytng an exasting system or application
. to do addhvhional processing or reporting or
to do additional functions

>
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Project Scheduling and Control

It is also important to emphasize that structured walkthroughs are not
intended to find fault with or blame any individuals. The design or the
software, not the designers or programmers, is the focal point of the
review. The emphasis of the discussion must be on improving the prod-
uct, not on assessing individuals. If this strategy is violated or aban-
doned, structured walkthroughs lose their meanng and value. In addi-
tion, involved personnel will begin to consider a required walkthrough
an obstacle to be avoided rather thana helpful, cost-saving tool.

Relation to Tralning Programa. Training for people who are new to the
department or new to a certain job is often neglected. Many organiza-
tions rely on some outside organization (e.g., a college or university or
another business) or on attendance at professional seminars or work-
shops for training Although each is useful, they are not adequate be-
cause actual in-house methods and situations cannot be addressed.

A common way of introducing new programmers to a job environ-
ment is to put them on a large-scale software maintenance project and
have themiclean up or adapt asoftware system to meetstated operation
and quality specifications. Such progects are usually one to six months in
duration. The rationale is that by correcting and/or enhancing someone
else’s work, they can obtain skills and techniques while learning about
common mistakes and how to avoid them

Participating in structured walkthroughs extends such training
methods. Walkthroughs can focus on live, in-house development or
maintenance projects, at various stages of development, suchas specifi-
cation, design, and programming. Walkthroughs not only focus on prob-
lems and errors, but also can show ways 10 detect and avoid these kinds
of difficulties or inefficiencies.

Structured walkthroughs also offer training in a different sense. Each
member of a walkthrough team must be an active participant, not a
casual observer. While making contributions, they learn methods and.
gain insights from other people on the team. Thus, both junior and
seasoned programmers learn and advance.

CONDUCTING STRUCTURED WALKTHROUGHS

The manner in which structured walkthroughs are conducted can
largely determine their usefulness. In this section, the way to get the
most out of this technique 15 discussed. The focus is on when to use the
method, how to select appropriate participants, what procedures to
follow, and what the result shouid be. ; .

When To Do Structured Walkthroughs. Because walkthroughs are
aimed at producing more reliable and cost-effective software products,
there are several points in the software life cycle where walkthroughs
can be applied: after the analysis stage, following design, and after pro-
gramming. These reviews seem to be of equat value (see Table 2).

Requirements Review

Following investigation and determination of the information and
processing requirements that the proposed design should satisfy, 1t is
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Table 2. Types of Reviews Where Waikthrough Methodology Can Be Used

Type of Review Dascription
Requiremants Raview Performed after a preliminary systems inves.
(Specification Review) tigation has been completed in order to de-

termine which functions and activities can
or shouid be handled by the proposed ap-
- plication system Aiso aimed at identifying
misunderstandings, inaccuracies i speci-
tications, or misteading assumptions on
the par of either systems personnal or
users

Design Review Performed to examine the logical design of
the apphcations software Assessment of
the system blueprint 8s it has been estab-
nished to determine whether the design will
meet the onginal design specifications

Code Review Aimed at detecting problems (n the coded
software stemming from errors, misunder-
standings, or poor adherence to program-
ming standards The review should ensure
that the code meets the original design
specifications (Applesto both new devel-
opments and maintenance projects )

Testing Reviews Perfarmed to ensure that the testing strategy
. being used for an apphcation ts sufhicient
to detect the most signifrcant errors or
bugs 1n an application pregram Inciudes
review of test data to be used

often useful to walk through the requirements specifications. This re-
view, which 1s called either a requirements review or a specification
review. 1s directed at examining the functions. activities, and processes
to be handled by the forthcoming system. Any inconsistencies in the
requirements stated by the users or identified by the analysts should be
uncovered, as should any areas in the specifications that are vague or
unclear. Inaccurate statements and assumplions should also be de-
tected.

. Hisgenerally suggested that a requirements review focusonawritten
document that can be studied pnior 1o the review session. Narrative
descriptions that explain the context of the system are commonly used
for requirements walkthroughs. These descriptions should spell out the
different activities in the system area under investigation. Narrative
descriptions should also identify key people and components and how
they relate to one another. Sources and uses of information should also
be identified. :

Some shops use flowcharts that relate processes, contro} points, and
data flow, or they use decision tables oreven data dictionanes in place of
narratives. The particular form of the description 1s unimportant as long
as it 15 useful and understandable to those involved in the requirements
review.

Design Rewew

As its name implies, a design review is a structured walkthrough to
examine the logical design selected to deal with the information and
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Project Scheduling and Contro!

processing requirements that were identified in the systems analysis
stage. This review attempts to determine whether the proposed design is
a valid one and if it will meet the specifications. The walkthrough can be
conducted by examining a design presented using any one of anumber of
documentation/presentation methods such as HIPQO and pseudo code.

Code Reviews

The type of review that is uasually associated with structured
walkthroughs is the code review. Most organizations and staff members
begin using the walkthrough methodology with this form of review.
Quite simply, a code walkthrough is an assessmeant of program code.

For new. development projects, participants may review the entire
software set as a complete package, comparing it to the original design
or requirements specifications. Discovering that a portion of the code
does not agree with the original specifications or finding problems or
mistakes that onginated with the earlier requirements analysis is not
uncommon. Although having to modify the design or change the code at
this point can be frustrating, it is easier and less costly than waiting untal
the software 1s installed. ~

As indicated earlier, code reviews should not be limited to new devel-
opment projects; maintenance activities can also benefit from struc-
tured walkthroughs. The method is the same and the benefits equally
significant. Maintenance projects have all the attributes and problems of
a new development activity, except that in maintenance projects some
of the code and part of the documentation is already completed when the
work starts (note that this can be an advantage or a disadvantage).

Testing Reviews

Many organizations overlook the advantages of using the
walkthrough methodology to review testing, yet the same benefits of
peer review can be realized at this life cycle stage also In fact, errors
undetected during the testing stage will likely remain with the system
when it is implemented, and it is these errors that cause nightmares for
users and programmers alike.

Participants in testing reviews do not actua}ly examine the output
from test runs or search for errors that have been detected using a set of
test data. Rather, they focus on the testing strategy to be used and
determine whether 1t is adequate to catch critical errors. These people
also assist in developing test data that can detect design or software
errors. The purpose of testing 1s to find errors, not to prove program
correctness: therefore, an effective testing strategy is one that is likely to
find the most serious errors. .

THE PARTICIPANTS

One of the first questions to arise with structured walkthrough meth-
odology concerns selection of participants. This issue and how it 1§
handled can sigmficantly affect the usefulness ol the review strategy
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Although programming and systems development have generally
been considered solitary activities, this notion 1s changing. The concept
of programming teams has become a topic of frequent dlSCIJSSl(;)n ]1;1
many organizations. Through the team approach, more timely and reli-
able code is expected. ) .

The use of structured walkthroughs is related to team programming.,
not just because they are based on similar objectives, but also because
the walkthrough concept recognizes that systems and program deveiop-
ment may involve several people for each step. Stfu.ctured
walkthroughs, then, are team-like activities. Furthermore, participants,
with the possible exception of representatives from user departments,
are individuals who are actually involved in developing software or
applications,

The individual(s) who formulated the design specifications or wrote
the code being reviewed, as well as a number of other people’ the
walkthrough should participate. Often a moderator is chosen to oversee
the walkthrough and keep the group focused on the discussion topic,
(e.g., finding, not correcting, errors ang problems}. The moderator does
not necessarily have to lead the review; many organizations prefer to
have the programmer or developers do this because they are the people
most familiar with the details of their project. (On the other hand, this
famuliarity can be a problem by introducing strong biases oOr persuasive

The Role of Programmers/Designers

~ capabilities and causing reviewers to overlook problems inadvertently.)

It is imperative that the information produced during review sessions
be captured compietely and accurately. The leader of the session is
occupied with ensuring that the appropriate concerns are discussed. and
therefore he or she may not be able to jot down all of the points aired by
participants. The programmer or developer may not record 1deas in the
same manner.in which they are discussed by reviewers. Therefore, it is
advisable to appoint a recorder for each walkthrough session, inorder to
have all relevant details recorded compietely and objectively. The inten-
tion 1s not, of course, to get a highly detailed record of who said what,
but rather to record the important points made. During the review.
comments and suggestions may be made in rapid succession. Thus, the
recorder must be constantly attentive. In many sessions, recorders are
so busy taking notes that they cannot participate.

Experienced data processing organizations are finding that standards
for data names, module determination, field type and size, and so on are
desirable This 1s most often discussed in relation to data base environ-
ments, although it 1s equally important in non-data-base environments.
1n any case, the time to start enforcing these standards s at the design
stage. They therefore can be discussed dunng the walkthrough sessions.
This discussion can be led by the moderator or by a representative of the
standards or data administration group. -

Maintenance considerations should also be addressed during the
structured walkthroughs, such concerns include codmg standards, mo-
dularity, documentation, and parameterization. 1t is increasingly com-
mon to find orgahizations that will not accept new software for installa-
tion until 1t has been approved by software maintenance teams. In such
an organization, a maintenance representative should be included in the
review team.
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Project Scheduling and Control

Role of Management ,

Generally, management should not play a. direct part in a
walkthrough. Doing so would jeopardize the intent of the review, Re-
views are aimed at helping in-’ viduals improve their design or product
and, at the same time, creatirg ocost-effective software product for the
organization. This discussior fas characterized walkthroughs as occur-
nng in an open, give-and-take atmosphere. Unfortunately, if manage-
ment takes an active role in walkthroughs, it1s likely that the true spint
of the review will dissolve

Too often, management involvement is taken to mean evaluation.
Many times, the result is that individuals attempt Lo perfect their product
before the review session so that they look good in the eyes of manage-
ment. Managers may feel that a high number of questions, mistakes, or
changes indicates that the individual whose work is under review is
incompetent. In brief, when management attends walkthrough sessions,
the aimosphere changes significantly, resulting 1n less constructive re-
sults for the organization and the other participants.

Management may ask for reports summarizing the review sessions.
Some types of reports, however, should not be produced. The only
information that really need be passed on to management is that a review
has been done, which project or product was discussed, and who at-
tended or participated. Re: 74 hould not summarize the errors de-
tected, modifications sugg: 5‘1{5 p7 -evisions needed. If participants
know this information is cor... «ed, it will have the same effect as
management actually observing. An appropriate sample evaluation
summary is shown in Figure 1. This could be augmented with a one- or
two-page memo giving a bit more detail.

Although it may seem unrealistic that management should not be
involved n structured walkthroughs, most managers indicate that they
prefer not to attend these sessions. They recognize that the walkthrough
15 a work session rather than a time to evaluate staff members. They also
realize that because the sessions can be quite technical and clearly re-
quire a detailed knowledge of the product being reviewed, they would
not be able 1o contribute much to the discussion. Moreover, managers
are usually aware that their attendance canchange the atmosphere of the
sessions, thus inhibiting progress.

Size of Walkthrough Team

The members of the walkthrough team should be carefully selected so
that the various roles are filled by competent and contributing people.
Care must also be taken to ensure that the size of the team is appropriate
for the project under review. Ata minimum, the team should include the
individual(s) who actually designed or coded the project, a recorder, and
a leader.

In some organizations it is felt that having more persons involved in
the examination increases the chances of locating problem areas. The
group should not be so large, however, that lengthy discussions are
needed, review sessions should not exceed 90 minutes. Considering the
time constrnt and general purpose of the review sessions, it 15 sug-
gested that an upper bound of about seven persons be set for uny‘

walkthrough N
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Figure 1. Sample Form for Repoeating Results of Walkt'hruugh Sesslon

Organizationnl Support and Participation

Althoueh DU wianagement should not have any direct role in
walkthtough sessions, users should participate in such no rntechmical
walkthronghs as those conducted to eaamine specifications or func-
tional requuements. Users can be extremely helpful in recognizing

problems m system design attributes.
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Project Scheduling and Control

" Some users may criticize walkthroughs as too time-consuming for the
results they produce. This occurs when the users do not fully understand
the purpose and method of reviews or because they have had poor
expenence with structured reviews. In these cases the problem is not
the review method, but rather the way it has been implemented. In
general, when structured walkthroughs are properly introduced and ad-
ministered, the results are apparent to systems persons and users alike :
because more timely and correct systems are obtained. ;

PROCEDURES
Walkthroughs depend on fully informed participants, thus, those in-
volved must come prepared. The individual requesting the walkthrough
(1.e., the designer or programmer whose work is to be reviewed) should
noufy participants far enough in advance that they can study the mate-
rials to be examined. Generally, two to three days notice 1s adequate.
Which materials should be distributed depends on the type of
walkthrough to be conducted. Copies of the documents or code to be
walked through should be distributed, along with summaries of inter-
views, sample forms, and so on for a requirements review or system
e descriptions, input/output charts, and macro flowcharts for a design
' review. Code and test reviews usually require program listings and test
data plans.
It has already been pointed out that walkthroughs should not be too
lengthy. Because time and concentration limits preclude a single-
- “session review of, for example, a 10,000-line COBOL program, it is
obvious that this amount of code should not be distributed. Rather, only
the modules actually being examined should be distributed. f this can-
not be done easily, it may be an indication that the design is not suffi-
ciently modulanzed. -

It 15 essential that the participants in a walkthrough have the time,
interest, and willingness to do the required preparation. If they cannot or
will not prepare adequately, they will not be able to contribute to the
walkthrough Itis better to have others replace them on the team so that
maximum benefit can be realized. Note that if participants are expected
to spend five or six hours in preparatnon they may bejustit'ed in claim-
ing they are too busy In this case, it 1s probable that the session 1s not
organized or limited properly. The objective of the session must be
reformulated.

Starting the Walkthrough

There is more than one way to handle the mechanics of the
walkthrough: the best approach depends on the organization, the nature
of the people on the review team, and perhaps even the type of project
bcmg examined. It 1s generally suggested that the moderator for the
session, rather than the programmer or designer, stirt the session and
introduce the plan of action. The moderator may prefer to have the
programmer or designer then give an overview of the project, presenting

J the important attnibutes of the design, code, and so on. [t 1s recom-
mended that the moderator ensure that this be an objective presentation
that teils the what and how of the segment to be reviewed rather than the
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3 ‘7 why. The presentation should not be a defense given before the wolves
start in with their cross-examination. 1f the review involves a project
with which the participants are already famihar from previous

" walkthroughs, it may be unnecessary to begin with a formal introduction

or overview.

How to ?roceeq

Depending on the type of review and whether or not it is the initial
one, the actual walkthrough activities may vary For first reviews of a
project, attention should be givento determining what the logic or speci-
fications are 1n comparison to what they were inte nded to be. Forexam-
ple, if processing logic does not perform all required validation checks,
the team should discover this. As difficulties or misunderstandings are
uncovered, they should be noted by the recorder so that they can be
. dealt with later.
' If design specifications are being reviewed, participants should con-
sider whether the proposed design will do the intended job and if it will
- o -do it efficiently. Answering these questions necessitates knowing about
; such items as file and transaction volumes, update frequencies, process-
) ing modes, access methods, keys, and the like. In addition, participants
£ - must know something about how the output from the system will actu-
. ally be used; they should also be informed about the type of people who
2 will use the system so that interface methods and protocols can be
scrutinized. )
) ) When programs are reviewed, the participants also have to be sensi-
- B tive to execution efficiency, use of standard data names and modules.
* and program bugs. Appropriate comments and documentation permi
this level of scrutiny. Obvious errors, such as syntax errors and blatant
logic errors can even be jotted down ahead of time by team members and
. submutted to the recorder, thereby saving meeting time. Other errors
N X Con may merit discussion and examination during the review. Figure 2
ror - H shows a section of a checklist that might be used for noting problems and
i their severity ) .
- If the review session is not the first one, there is **old business”™ 1o
handle; that 1s, problems, suggestions, and'comments mentioned during
the previous walkthrough must be resolved. The designer or program-
L ‘ mer should indicate how problems were solved, which suggestions were
% : .~ taken, and which were not taken, along with the reason(s) for choosing
W . - alternative solutions. There may be very good reasons for not making
changes as suggested, but they must be communicated to and agreed
‘ 2 : upon by other participants. When all of the old business is cleared, other
o ; areas may be reviewed.

Approval

In many organizations, the team assigned to do structured
walkthroughs qn a particular project has final approvat authonty on the

L project. In other words, the team must approve the specifications, de-
sign, code, and test plan before the project can proceed to the next stage.

In some cases, a project with problems that are corrected need not be
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Waikthrough/Review Checklist

P ct/Contract No
Pr ,:ct Name '

Problem Detected
(check ail that apply)
Review Category Absent Unnec  Error Major*

Backup procedures

Error messages .

Execution ima

External documentation - *

tnternal documentation .

input valrdation

Interface mechanism
Procedurat logic

Passing of data T
e

| M is design specifications
Meets user/problem specifications
Meets coding standards

Meets data standards
Maintainabulity

Storage use

Test gata

Test procedure

Test for end conditions

Test for all possible conditions
e drop through

.

Transtar of control
Visible structure

* Majar error that will cause faliure or crash

Figure 2. Sample Checklist for Gulding Review Actlivities

returned to the team for a final review prior to its acceptance When
critical changes are involved, the team may decide that review of the
modified program or design is required before acceptance is granted.

Some organizations have set up formal voting rules stating that unani-
mous agreement must be reached for acceptance. In others, a simple
majority is necessary. In still others, the formality depends on the nature
of the problem or change suggested; design questions may require full
team approval while questions of programming taste or execution effi-
ciency may be settled with the approval of only a majority of team
members. .

PROBLEMS AND PITFALLS

As previously noted, problems can develop if management becomes
directly involved in walkthrough work sessions o1 if patucipants do not
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adequately prepare for reviews. There are, however, other ways in
which problems can develop.

If there is a tendency to try to complete a walkthrough too quickly
(perhaps because the participants have some other meeting' or project
that is demanding their time), the walkthrough will not be fully success-
ful; in the rush, problems or weaknesses in the product can easily be
overlooked. It is generally better to postpone a walkthrough until the
participants are able to devote the necessary time to do it.

Some walkthrough teams get enmeshed in discussions of program-
ming style. Although adherence toorganization standards for such items
as data names, field length, and type is important, inflexibility with
regard to style can be counterproductive, especially if it is based on
personal preference. Avoiding this type of difficulty is the task of the
leader or moderator.

A similar concern regards individuals who feel they have the answer
to a particular problem or situation. One of the objectives of structured

‘walkthroughs is to set ego problems aside; however, an individual push-

ing a single correct approach is bound to occur. The participants and
leader are responsible for recognizing and subduing such a person, even
if it means openly ignoring his or her suggestions.

Egos are manifested in other ways also. For example, some people
enjoy making others look bad. They therefore attempt to find ‘‘just one
more error”” or discuss an approach as being **the worst way to do it.”
Unfortunately, these problems are all too common.

Some pitfalls and problems are more subtle than the ones previously
mentioned. The individual who is always late or the person who is in too
many walkthroughs cannot do justice to any of them; such a person
needs to be better managed. Similarly, participants who fake it by mak-
ing aleader or developer render extra detail as a way of covering up their
unpreparedness do not contribute tothe team. Those who are not willing
or able to face the real problems with a design, for example, and attempt
to sidestep such problems by blaming the situation on standards or users
represent a different kind of problem.

RECOMMENDED COURSE OF ACTION

Merely having a structured walkthrough for a program or project does
not guarantee that the final product will be better than if no walkthrough
had been held: the approach is an effective one only if used properly. To
ensure success, the walkthrough must be properly managed and con-
ducted in accordance with the guidelines outlined in this portfolio.

This portfolio was written by James A. Senn, Associate Professor of MIS at
the School of Management, State University of New York, Binghamton.
Raference

Fagao, M E * Design and Coda lospections o Heduce Errors in Program Development ' 1BA Sysiems Journal, Vol.
13, Na 3, 1976, pp. 1 R2-211
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CAPITULO 1

! Qué es la Planeacibn ?

1.1 La Planeacifn y sus conceptos fundamentales :

‘ Empezaré por situar, en base a una primera definicion de la Planeacidn,--
el contexto general de discusidén : una definicidn de Planeacdilit, nos -==-
dice que " es un proceso de Toma de Decisdones antes de que fa aceidn -

‘42 nealice, *en dende fas altcuiativas pata aleanzat el cbfetive son va-<-

e

o nias e interdependientes " { 44 ). Al ser un proceso de Toma de Deci-

siones ‘debe estar enmarcado en una situagion problemdtica ccmpleja, en --
- ,

doghe se detectan un conjunto de preblemas interdepandientes ( urne ralla
- de problemas ) cuyo objetivo es resolverse en forma glcbal de acuzrdo a -

los objetivos propuestos. En esé sentido, es un precese { 1} - en tér

minos mds estrictos - pues existe una diacronizacion de problenas en la -

malla y se define etapas y-estades de la resolucidn. Mas ain, es un pro-- e
ceso de evaluacidn y orientacidn constante que debe considerar -necesaria
‘mente - la implementacion ( W% los efectos de ésta ) de cada alternativa.
Dicha primera definicidn aunque incompleta nos provee de elementos genera

les de discusidn que se pueden reflejar en el siguiente diagrama :
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Como se observa en el diagrama anterior se ha considerado un modelo de ;-—
decisidén estructurado - lo cual no siempre sucede en la prdactica, aungue

con algunos supuestos adicionales se puede 1legar a é1'- ( 2 "}. De to--
das formas, exhibe el resultado de que en todo proceso existe una sucesidn
de acciones ( por lo que en todo proceso de decisién se toman decisjones

sucesivas ) y que todo proceso de decision es Teleol6gice ( 37 ) y asi,
se puede obtener una analogia entre la planeacién y el diseio si el proce

so de Toma de Decisiones es un proceso que satisfaga el contencr

ii )} un componente de ajuste entre las aliernativas sucesi-

. vas y el conjunto de netas especificadas ( de Evalua-
e

cign )
{ iii )} un componente de comunicacidn ( que cubra los proble-
mas de no tener un codigo comin y las dificultadés.de
, implementacion que se deduce de ello, etc. }
. ( iv ) un aspecto estructural general - en el sentido de que

— — i A et mmw S —

pues se condidera que todo problema es en si mismo --
distinto. En otras palabras, que la Teoria Filosgiica
de apoyo y la metodologia de estudio sea comdn, aungue

A e e ——— — pte S — —— o m—

dades propias.
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Ahora bien, si la planeaciln es Tc£zo£65£éa, ¢ cudles serdn sus objetivos ?
Una definicién ( 1 ) nos indica que la plancacibn es " tener fa mayow -
certeza posible de.Lo que suceda en el futuro, de acuerdo a Los objetives -
establecidos y no de cualquien otra matera " . Esa Gltima definicitn es --
criticable, pues considera ajeno a la plancacifn el establecer los objeti--
vos en el Sistema © gn la Organizacion ( 4 ), aque debe - en mi opiniln
ser una de las actividades del planeador ( sobre tode en su participacidn

" mayex centea --

con la comunidad en estudio ). Por otro lado, ¢l tener
posible de Z% que suceda en ef futuro " serd un aspecto de la planeacddn -
(" La Previsdilén ), y que confundir con el aspecto global de Y2 misma, serad
up;grror muy costoso ( por ejemplo, prover las necesidadzs de gieryn s¢v --

tor et €] FUTLeD 53 N0 S8 Luwwn e ivngs o welidivasd ¢ Sera rawidalan f

e

Otro autor - Ackoff - nos dice lo siguiente : " Planear es efectuat ura
toma de deocisiones anticdpada.Dichas decdsiones consddenadas Jouman un ---
Sistema de partes interdependientes. Ya que el Sistema es demas.ado granae
y complejo para maiejawrilo glubatmente a £a vez, fa planeacibn debe roali-
zanse en partes y cada parte debe ser evaluada a fa fuz de noxn £c menos --
otra pante " { 3 ), " Planean es el proceso de buscar sofuciones a wi
conjunto de preblemas interdependientes " (6 ), " La planeacibn e’ --
"

proyectar un futuro deseado y Los mediod efectivos para conseguirnfos V' ---

( 2 ). Asi el objetive de la plricacil puece representarse coo
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a ) la bisqueda de soluciones ( por lo tanto ha de resolver un pro-
blema complcjo constituido por problemas interdependientes ).

b ) la de proyectar { y de obtener ) un futuro deseado . Por lo --
qué, se pueden exhibir globalmenté dichos dos objetivos enuncia-
dos de la manera siguiente : La Planeacidn tiene como objetivo -
el de buscar un futuro deseado en un Sistema Social y resolver -

asi un conjunto de problemas interdependientes.

.

De esa fOrﬁgky coincidente con la definicidn mostrada ( 44’) al indicar
que " fa planeaciln consiste en detorminen Lo que se deba hacer, cémo de-
be hacerse, qué aceibn debe tomaisé, quidn es aesponsable y por qué M, ==

se abtienen los siguientes puntos minimos :

1.1.1. I ) Lla Planeacifn es una actividad Teleotdgica { relacionada
con el Diseiio )
. II ) 1la Plapeacifn es una actividad anticipativa ;
I11 ) La Plancacitn envuelve la resolucion de problemas comple
jos en Sistemas, donde los preblemas son interdependien-
~ tess { por lo que todo tipo de decisiones estd inter--
relacionado a las decisiones previas y a las futuras ) 3
IV ) Lla Planeacifn se realiza en Sistenas Socfates ( que son
abjertos y dinamicos ( 5 ) )} ; por lo tanto y siguien
do ese enfoque una discusidn mas formal tomaria, entonces

el siguiente procedimiento :
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- a ) Especificar qué es un problema de PLaneac(n.

b } Identificar qué se entiende por PLanea2ién.

¢ ) Definir qué es un Plan.

d ) ¢ Cémo se debe PLancatr ? ( E1 aspecto normativo de la PLa---

neacibn ).

L tasan ol
r- 3

Al proseguir la discusion, se especificardn, con mayor profundidad, algunos

.,',
a1
: -

de esos puntos minimos y ,otros que, mediante aportaciones de expertos o --

debido al procedimiento de discusidn, sean importantes.

Si la Planeac{dn estd en un esquema de Toma de Decisiones, debe deducirse -

] .‘r N
evidentemente, oue existe problemas o situaciones problemdticas propiamants

B "
PO
E. -

de PLaneacifn.

?"ig Para formalizar la proposicidon anterior, se propondrd el siguiente esquema

de discusion :
1.1.2 Problemas de Planeacilin .

?”Ea - Las siguientes, se postula - al estilo de Ackoff - como condiciones mini-

mas pafa que exista un probiema de Pfaneacibn :

’ L a ) Un individuo o una Organizacién que tiene el probiema : el -

4] N:E
o | o Tomadon de Decisiones ( T. de D. }
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b ) Por 1o menos, un objetivo que €} T. de D. desea satisfacer.

¢ } Por 1o menos, dos alternativas que ptedan satisfacer, el ---

( los ) objetivo (s) .

d ) Un estado de duda “ a priori " de parte del! T. de D. sobre
A cual alternativa es la mejor.
e ).Un Ambicnte o contexto del problema. { E1 ambiente consiste
en todos los faclores que pueden afectar la consecucién del
objetivo y que no estén bajo el control dcl Tomador de Deci-

siones ).

Es decir, mediante las condiciones anteriores, lo que se estd exhibiendo -

Lroun Sroble-

[ %]

- ante tede -~ es que cualgquier problera ¢z Planw.cdln debe

. T

ma { en el sentido que define Ackoff ( 1 ) ).. Pero, aGn existen varios
puntos adicionales que los caracterizan como un preblema ae Peateacddn, --

como 1os que se presentan a continuacién :

f ) Todo problema de Planeacién estd embebido en un Sistema, por
lo que, los problemas deben resolverse segin un enfoque Sis-
témico. Asi, dado que Tos componentes del Sistema estdn in--
terrelacicnados, las decisiones y las alternativas de solu -
cidn son interdependientes.

Cada grupo de alternativas de decisién tiene una diacroniza-
cidn, ya que se plantean en forma sucesiva, y, nor lo tanto,
-cada sucesién de alternativas elegidas, estructura una Estra

’ .y ) S
Ady el G2 Geulbivad,

- e et gy m— e ———
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g ) En otras palabras, se presenta una sucesidn de problemas {n~
terdependientes, y para cada uno de ellos se propone distin-
tas alternativas de solucidn que configuran una estrétegia -
general de solucién ( por ejemplo, ver diagrama 1 )

h ) Todo problema de Planeacifn pertenece - por su propia defi-
nicidén - a un Sistema Abierto y Dindmico. Por lo que el ---
tiempo y el horizonte de PLaneacién elegido tienen una gran

importancia en el planteamiento y sobre todo, en la imple---

mentacidn de la solucidn

i ) Como se menciohaba ya anteriormente, el tipo de Sistema o --
Cominidad donde se aplica la Planeacidn, tiene también carac
ter§iticas importantes, puesto gue - como se verd posterior

]

mente - una Taxonomia de 10s problemas de Planeacidn debe -

incluir el marco de aplicacién.

Alin mds, Yos problemas de Planeacibn ejemplifican las dificultades que men
ciona Ackoff ( 1 ), ya que, por ejemplo, existe mds de un Tomador de De
ciones ; los Tomadores de Dec?siones son distintos de los beneficiarios ;

Tos Tomadores de Decisones no implementan -~ en algunas condiciones - las
estrategias elegidas y siempre existen reacciones y contracciones en ol --
Sistema ; asimismo puede considerarse no sélo un objetivo sino un conjunto

de ellos que no necesaricreste.es.coasistente.



10 9

En el anterior plantéamiento, se han mencionado algunas palabras bdsicas, .-

4

algunas de ellas se aclaran en las notas al final de la tesis y, otras, por

conveniencia, se definirdn a continuacidn.

Mtonativas ¢ Son cursos de accion que. puede elegir el T. de D.

para cada problema interdependiente.

:
E.

£s el conjunto de alternativas que se eligen, con
. siderando, hasta cierto instante de tiempo, a una

E coleccidn de problemas interdependientes.

S
$§:
&

Se refiere a las estrategias de solucidn 'en situa
- ciones estaticas. .
.
PLasies : Un plan identificard la seleccion de estrategias
en casos dinamicos.

Podria parecer fuera de contexio esas dos filtimas definiciones, si el lec--
.tor recuerda 1o ya mencionado anteriormente : " oque todo problema de Planed
elbn aéiﬁ e wr Sistema Abderto y Dindmico " , luego, siempre se tendrizn -
Planes y nunca Politicas. Pero, mis bien, la distincidn entre Plan y Poli -
tica obedece a la forma comop se visualizé el problema y a los elementos en
el horizonte de Planeacidén que se consideran. Por ejemplo, una Planeacitn a
corto plazo ( 1! ), que considere ai Sistema como estable y casi estacig
nario, estaria utilizando Politicas y no Planes. Como la proposicidn ante--
rior puede ser ( y de hecho es ) muy dudosa y refutable - aunque tenga

sus ventajas practicas -, lo ideal es sicmpre visualizar al Sistema y a la



™

an

] 11 | 10
== Planeaci6n en forma Dindmica. Esto es, mediante Planes. A partir de --

aqui, en el desarrollo de esta tesis, siempre se utilizardn la palabra --

Plan o Planes.

1.1.3. " Asi, se recalca - en este contexto - que basicamente PRancar ’
e4 escoger un Plan de acuende a clewto conjunto de espeedlflcacicies o cic-
tenios. Es decin, fa actividad de PLanear es "andfega a 2a de Aesofver un -

problema 1.

Ahéra bien, el enfoque de Planeac{fn depende de las especif{caciones o Crl
terios que se escojan, y , de entre los enfoques més uti?izaﬁos los tres -
mds relevantes son 10s siguientes :
| La Plaseacién Satlsjuclente
La Planeacidn épzxma y
La Plancacién Adapiativa

Pero, antes de detallarlos, estudiaremos la Naturaleza de la Planeacidn.

! nis formalmente, Planear 'es seleccionar un estrategia Ei = ( ai , ai ’
i 2

B, 4 eee s By ) en una malla de problemas. Donde la seleccidn se efectd

0

por medio de una evaluacidn de los Eg de acuerdo al conjunto de criteri

elegido.
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1.2 Naturaleza de la Planeacidn.

Como se ha mencionado, 1a Planeacidn es un procese de Toma de Decisiones
pero, no siempre una Toma de. Decisiones es una Planeac{it. Su pecularidad
- tal como lo define Ackoff ( 9 ) - ‘se establece en tres sentidos

1. Es una Toma de Decisiones anticipada.

2. Es un Sistema de Decisiones.

3. Es un proceso que se dirige hacia la orodiccibn de uno 0 "E35

estados futuros dzscables y que no Be protes.¢ .2 90Ud - -

rernes -.z oI o5z o170 al szIoocis.

Puntos que se complementan con la definicidn de problema de Planeaciln 3u

se exhibe en 1.1.1.

Antes de continuar con este ahalisis, se mencionardn algunos posibles tipos

9
de Plancacifn , para asi detectar mis elementos aclaratorios.

1.2.1. Tipos de PZanecacidn segfin su horizonte

e A

Es comin que se mangjen ias ctiquetas de Prutedeldn Tootics v Tloaanzil,

Estratégica, pero estos conceptos rara vez se definen. Ackoff ( 9 )
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-~ nos provee de una definicion mds operativa y clara :

" las distinciones entre P£ancac£3n Estratégica y PLaneacidn Tdetica son -
mis nelotivas que absolutas, esto es depende de La sifuacifn en particular
puesto que mientras mds fLarngo e ihrreversible seal el efecto de un Pfan, --
mds estratégico send ; miznthas mas funciones de Las actividades de una

Onganizaci6n sean afectadas pon un Plan, mds esiratégica serd. Si la Pla--

neacibn se orienta mds a Los " fines " que a £os " medics " mds estra-

2égica sexd. En cualquier otro caso send mds Tdetica .

Aunque dicha propoesicidn de definicidn es mas c]éra gue la mayeria de las
EXpuUestas, contiene, iamaién, nuchos e]qménuus L@ AWDiguedad, Cul Geden =.
pecificarse ¢ WLaa forma Cperiiini y CONVanen.l R S S S

Planeacifn Estiatéigica ¢ ia Tiateaciun Taciiea - CONSIGRrar Separacaids.s
Son complementarias. Se necesita tanto la Planeacibn Esiwrtigica como la -
Téetica para visualizar mds adecuadamente - con miximo benefibiq - toco
el proceso, puesto que, considerarlas separadamente da lugar a los siguier

tes problemas y caracteristicas :
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PLaneacibn Tdetica
‘EFECTbé DE Mas cortos y rever-
UN PLAN

sibles

INFLUENCTAS

EN LAS COM- Mencres y de pers-
PONENTES DE
LA ORGANI~

pectivas mds limi-

ZACION tadas.

HORIZONTE Mds a " corto "

DE plazo, i.e. més efl

PLANEACION ciente en un hori -
~__zonte de 'Planeacién
*Eis limitado.

OBJETIVOS Considera medios, -

fines, principalmen
” -ﬂr :

te.

£as0S PRO-
DLLHHTICGD

Plargacifn apreniad-

- —--.-, -
R P ———

E‘iFOQLL Su

plu/O, telecldpica a

PARADO corto plazo

«CATEGORIZA Corresponde a un se-
gundo nivel de la red

CION. i.e., determina las

actividades para iz~
plementar una estra-
tegia.

para el corto [1=zo,

13
14
PLanecacibn Estnatlgica '
Mas largos, duraderos

e irreversibles

Mayores y de perspectivas

- )
mas amplias.

Mias a " large " plazo.

Considera metas y fines.

-~

3

wt

Ul manane~d

A1 anropiad- -
&L .urge plazo, perv .

1 .,..‘1,..‘.._

- %=

leologlca a largo plazo.

Corresponde a un primer
nivel de la red. Estudia
vy especifica las caracte-
risticas de las estrate -
gias para alcanzar el con
junto seleccionado de me-
tas.

CARMCTERISTICAS [F LA PLYEACICH TACTICY
Y DE LA PLAEACICH ESTRATEGICA

Cuanro 1



CRITER10S DE CoPROZACIGN.
PLANEACICN ESTRATEGICA
HORIZONTE DE PLANEACION :”
Miximo periodo relevante
iNCERTIDUMBRE :

Mayor incertidumbre en el
horizonte de Planeacidn.

PERIODO DE EFICIENCIA
Se configura la eficiencia

de las alternativas imple-
mentadas en un horizonte

.de Planeacidn.

Si la relacidn de los ele-
mentos del ambilente es con
flictiva u hostil la posi-

bilidad de implementacidn

del plan disminujye.
Sus cosgtos directos son ma-
yores.

v

14
15

PLANEACION TACTICA

HORIZONTE DE PLANTACION :
Minimo periodo relevante.
INCERTIDUMBRE ¢

Menor incertidumbre en el
en el horizonte de Planeacidm.

PERIODO DE EFICIENCIA @

No necesariamente se configura
la eficiencia de las alternativas
implementadas mds alld del hori-
zonte de Planeacidn.

Puede ser mas {dcilmente corregi-
ble dentre del norizente de Pla -
neacidn. En el caso en que la so-
lucidn sea dptima en el horizonte
de Planeacida, pero que mis alla
gea incluso no factible, la posi-
bilidad de solucidn disminuve.

31 no se revisa continuamente -
puede producir soluciones ' par
ches " , que irian en contra del
enfoque Sistémico.

Tiende a producir un costo de -
oportunidad global mis importan-
te.

§i hubo error de identificacidn
en los clientes, muy probablemen
te 1la organizacidn estd en una -
gituacidn " wis confusa " que
antes de haberla aplicado.

Si hubo falla en la deteccién del
periodo relevante y &ste es menor
de lo gque convendria, es posible
que se¢ sobrestime el valor de la
alternativa de solucidn elegida.

) Cutbro 2 . .
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En suma, en mi opinibn, para evitar los errores de considerarlos separada-
mente, se debe especificar que no son dos tipos de Plancacidn distintas, -

sino de dos componentes del marco de PLaneacifn.

En esa forma, podemos concluir gque toda Planeacidn debe ser Estrhatég.dea y
Téetica a la vez, y que se deben delimitar adecuadamente un conjunto de as

pectos de PLaneaciln, como los siguientes :

s @) fonizonte de PLancacidn.
b ) Unidades de Pﬂaneaciﬂn. : ‘
o ¢ ) Fines. Especificando metas, objetivos e ideales ( pig.s¢

- d ) Medios. ¥leccidn He politicas, subplanes, estrategias,
programas, procedimientos y pfécticas con las
qué habran de alcanzarse 105 5bjetivos.

es) RecﬁAAoé. Déterminacién de tipos, cantidades, caractefig
ticas de 10s recursos que se. necesitan, ﬁe%i -
niendo como se habran ée asignarse a las acti-
vjdades.

f )} .Reatizacifn. Disefar los procedimientos para la Toma de De-
cisiones, considerando la coordinacidn inte -
gral sobre la implementacion. '

g ) Control. Procedimiento para prever o detectar los erro-
res o las faltas de la Plancacidn, asi como -

para prevenirlos o corregirlos sobre una base

de continuilad.
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De esa forma, para scleccionar un plan de acuerdo a los elementos de tra-
bajo anteriores, se necesita estudiar las escuelas de PLaneacidn, gue soOn
combinacidn de enfoques que pueden representarse - segun Ackoff - como
la Planeacifn Satisgacicnte, PLaneacibn 6ptﬁma y Planeacidn Adaptative -
(2 ).

1.3 Los ENFOCUES DE PLANEACION

1.3.1., LK. PLANEACTON SATISFACIENTE

. " UN PLAV FACTIBLE, AUNQUE .\'9 SEA EL MEJCR, ES MEIOR OUE (N
- PLAN OFTTIO) PIR TRWFALIZATLE "
Catigiicar, 23 hacer algo ¥ astavie bloa ", merg 0 necesavitTInie
mejon que se pueda ". El nivel de realizacién - o la medida de " satis
faccidn ' - la establece quien toma ia decisidn ( T. deD. ). (ver " L
Concepto de Plancacién de Empresas “  Ackoff, R.L. )

. _
En este tipo de PLaneacifn se declaran 1os objefivos y metas ( formula
das ) en términos ae medidas de rendimiento. No sc busca estaclecerlas
m tan aftas " como sea posible, sino simplcmente n suficientonente ab -
tas " y sblo se revisardn gi resultan inaccesibles “( en la implementa-
cidon ). Al fijar los objetivos y metas, SC busca 5616 un medio aceptable

y factible para alcanzarlos ( no necesariamente el mejor medio posibie
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E1 Planificador Satisfaciente parece operar sobre &) proncipio de que si -

uno puede medir 1o que se quiere, deberia, o bien desea Gnicamente lo que

puede medir, o no tratar de' medir.

Trata de " maximizar " su factibilidad - pocas veces definida explici -

tamente - por medio de :

a ) Minimizar el ndmero y la magnitud de desviaciones de las .-
practicas y politicas en vigor,
b ) Especificar, a los sumo, modestos incrementos en 1a nece -

sidad de recursos, ¥

c ) Efectuar cambio minimos en l1a estructura de la Organizaci‘n.

Debido a lo anterior { especialmente por ( b)) se presupone la consi-

deracién de los componentes de Planeacién como relacionados " moderada -

» 4 N .
mente " , aunque algunas veces no especifiquen las relaciones de una ma

nera explicita. Por ejemplo, el caso de un paciente que tiene varias do

1

lencias y el médico procura ajustar se sstado de salud de tal forma que
uno de sus padecimientos ( digamos, el mis grave ) quede cubierto dentro.
de o mis posible, y le recomienda seguir al pie de Ta letra las indica -

ciones previas ( dietas, acondicionamiento fisico, repeso, etc. ).
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En cierta forma la mantiene en un estado que, si bien no es de salud 6pt

ma, si es de " mejoramiento *.

3 problema que se desprende es que si no existe control y una constante
evaluacidn del estado de salud del enfermo, el mejoramiento es sdlo tem -

poral y la recaida puede ser peor. ( por muchas razones. entre ellas Gue

el tiempo perdido hace que la posible recuperacién sea mis tardada ).

Por otra parte, si se desea efectuar tal sdélo cambios minimos en la Orga:
" nizacién { i.e. en este caso, en el régimen de vida y conducta ), se

presupone una garentfa de cenfiabilidad en la Organizacidn previa que -

- ‘s L
l

seria discutible. Awora tien, si esoz aspectos s zonsideca s2ic.ables
- eleccidon <z vzpende del criterio del Planesaor - se llegaria a un --
reacondicicnariento mejor ( mds integral ). y muy posiblenente mds cu-

radero.

Ademds, presupone que la garantia de confiabilidad ( y la de estabili -
dad ) de la Organizacién enelo futuro se mantiene. La Plaiieaccdn Satis-
_gacdiente no produce cambios radicales a lo ya existente. Tal comp mencio-
na Ackoff ( ¢ ) " nommalmente es el &eéﬁejo de planes conservadores
.que condindan clmodamente cen La mayor patte de Loy politicas en uso,
corrigiende solamente deflciencias notorias ". Cuando el estudio y evalu:
cidn de csas deficicncies no se establecen en forma Siste~itica, se corr

el riesgo de que se resuclva solamente en situaciones criticas para la -

Supervivencia de ra urganizacion (Y nd s viwnd, ¢nbldnces, COmio 0DJull-
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-~ vo el preguntarse por el desarrollo y crecimiento, tal como 1o hacen -

otros tipos de PLancacidn }; en cse sentido, 12 Plancacibn Satisgaclente

considera implicitamente :

1.3.1.1.

(1)

(2)

Un nivel de estabilidad de la Organizacién y del ambien

te en donde estd embebida,

Un enfooue optimista en donde se supone que al contar con

un recurso principal { cominmente suficienties recursos
monetarios ) cualquier otro tipo de recurso podrd adqui

rirsecuando se necesite,

Que es preferibie no modificar la estructura de la Orga-

nizacién, pues toda solucidn al problema de PLaseacdéin

debe ser " sencilla

e et

Esos puntos despiertan las criticas bdsicas de 13 Vlaneacidn Satisfaclerii:

1.3.1.2.

(i )

4

si el Sistema es altarente dindmico o su comportamiente -
estd afectado por una sucesiéh,dé cambios relevantes mJay
ripidos y de cierto nivel de intensidad, la Plancaciln -
Satisfaciente, desafortunadamente muy usada sin descrimi
nacién en nuestro pais, ocasion;'las soluciones " par -
ches " que, en el mediano o largo plazo. puede ser extre

madamente ineficientes.



(3 )

(iii)
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Otro problema consiste en la falta de discriminacion y -
evaluacjén de objetivos cuya censistencia sdlo se.descu-
bre-al implementar la solucion, donde, nuevamente, puede
ser tardia.

Desde ]uego,‘dichas actividades de Planeacifn implican -
un costo mayo} y el no realizarias directamente £3usa --
que los costos directos sean menores y la Pianeacilin £
tisdaciende sea mds harata { con el eriterio de insurss
principalmente ), @&sla es una de las razones de que 52
preferida. Aln mds, si la rcsponsabilidad en el Procce
de PLancaciCu se diluye, entre olras razdres por efactc
politicos del S.sue.d, O POrgue @sldoicis: <& o 0> Eh

practicas rzalizlIis con anterioridac, I3 coivgross 2o

la Planeacidn Satisjsaciente es mds que obvia.

E} problema del Control : Dada la suposicion de que si
surge lo in€¢sperado, 1a Organizacion scrd capaz de rese
verlo, al usar este enfogue pocas_veces se disefan Sist
mas_formales para controlar un Plan después ce haberse

implantade, con lo que se confirmard, en los casos en -

donde no existe control, que no existe Plancaceén, sino

simplenante algunos aspectos ¢e £oi3 g.g, inzze
aumentan la inversifn y ocasionan erogaciones { altas,
aunque sean pequenas en ¢l cortd piazo ) Gue Pucaln b
ser siquiera paliativos de los problemas en el Sistema.

Sn~ial.
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1.3.2. LA PLANEACION OPTIMA.

" SE HACE UN ESFULRZIO POR HACER LAS COSAS NO SOLO SUFICIENTE -
MENTE BIEN, SINO POR HACERLAS L0 MCJOR POSTGLE "

£l Planificador Optimizador trata de formular metas en térininos cuantita-
tivos y de combinarios en una medida Gnica de rendimiento para toda la --
Organizacidn. Algunas veces puede transformar una variedad de metas en -
medidas en una escala dnica '( generalmente monetaria Y, vy, por lo tanto
puede combinarlas en una medida gencral de cficiencia; por elle, general-
mente se cae en el error de pasar por e)to'1as metas que no puede cuanti-
ficar 2. '
Casi sizmpre, 1os'intentos por optimizar la estructura reqhieren N UST -
extensivo de juicios cualitativos y de su transformacidn en medidas cuan-
titativas, ocasionando interferencias, puesto que, la matematizacion pue-
de ser muy subjetiva y por lo tanto restrictiva.

¢ '
Los Optimizadores elaboran Sistemas de control que puedan detectar y cor-
regir los errores vistos con anticipacion { con reépecno a la represéen-

taci6n de la realidad escogida ).

2 Asi produciendo un Modelo que es, entonces, una representacidn

limitsda v parcial de la rcalidad social cen todas las implica-

ciones que eso conlleva.
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Dichos Planificadores buscan los mejores planes, programas, procedimientos
y pricticas posibles por medio del uso de Modelos Matemdticos. Sus éxitos
dependen de que el Madelo sea una nepresentaciin Lo mds complela y §iel -
del Sistema, y Las sofuciones del Modefo sean factibles, una vez que &ste

s8¢ ha elabonado.

Los esfuerzos por desarrollar Planes Optimos casi siempre producen un re-
. sultado valioso, ( aun los esfuerzos sin éxito } y una comprension més
completa del Sistema para el cual se Planea.

.

ﬁerptimizador trata de : S

a )} MNinimizar los recursos que se necesitan para obtener un

nivel especifico de rendimiento,

b ) Maximizar el rendimiento que se puede conseguir con recur
sos disponibles ( o que se'espera que lo sean } o,
R 4
¢ )} Tener el mejor equilibrio entre los costos ( recursos -
consumido ) y los beneficios { resultados }. Por ejem-

plo, el enfoque de Costo- Beneficio.



- 24 * 23
Los Planificadores Optimizadores, no syelen tratar explicitamente la Es -
tructura de la Organizacidn *, porque apenas se ha coménzado a desarrollar
los Modelos que se.refieren a ella. ( E1 objetivo de ta PLancaciln de 1a

Organizacidon es crear una Organizacidon que pueda lograr de manera efectiva

objetivos generales y, especificamente, realizar los Planes que produzcan).

Sin embargo, la realizacidn de un Plan nunca debe ser mecanicista, puesto

que, depende de la buena voluntad y cooperacisn de los individuos y gru -
pos en la {rganizacibn, y entonces s& presenta una falla del enfogue de -
Planeacidn 6pt¢ma, cobre todo porque una mala identificacidn de la Orga -
nizacién 1levaria a un Modelo cuya solucién optima no es " realmente "
solucidn.

las técnicas de Optimizacidn han sido mas utiles en la-Pzaneacéén Tdetica
que en la Planeacifn Estratégica ( por las dificultades de evaluar futu-
.ros lejancs y los efectos a largo plazo ), aunque puede ser sumamente ---

Gtil 1a Plangacidn que cptimiza las partes de un Plan y las inteagra con -

las demds partes que se han {ratado con otras técnicas que no son de Opti
mizacién ; dicho de otra manera, un procedimiento de Plancacibn Cualita -
tiva Satisjaciente - Integhal ¢ Sistémico - probéblemente produzta mejo-
res resultados gue los que pueden-a]cénzar la Satisfaciente o la Optimd -

zadona en forma aislada. : i

+

3 Estructura de la Organizacidn; se entenderd como la forma en que se di-
vide el trabajo que descmpeia una Organizacidn ( es decir, por fumcio-
nes, como Produccidn, Repidn Geografaca, Mercadotecnia ) y cdmo se asig

na cl trabajo a las componuvnies de la Orpanizacifn.

1
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En cuanto a la relacidn del Planificador con la Estructura Organizacional
se insistird que el Planificador Optimizador, gencralmente, da por supues
" ta la estructura del Sistema y busca una estrategia que.mejor resuleva el

problema.

Para poder captar de manera mds clara los puntos de la Planeacifn Optima
y compararla con la Planeacibn Satisfaciente, se propondrd el siguiente

ejemplo :

El mismo paciente ﬁue antés‘mencionamos acude a un Centro de Deteccidn -=
Médica - v.gr. a un Centro Médico Computarizado - 'a través de los ins-
trumentos de diagndstico se le completa su cuadro clinico { que es de -
todas forma parcial, pues algunas funciones relevantes no son todavia -
mensurables ) y se identifica su entermedad secln clasificécién previa,
con cierta tipologia. De acuerdo con la analoéia y experiencia, se le ca
'tratamiento, pero, si las funciones relevantes no detectadas no fueron -
consideradas *( por ejemplo, aspectos psicolégicos ) 1la eficiencia del
Modelo - y del tratamiento- rio es tan efectiva como se considera. Aungue
en esta ilustracién. el lodelo de Optimizacidén no corresponde estricta -
menté a un Modelo Matemdtico, coincide con los supuestos subyacentes del
Enfoque de Plancacibn 5p¢0na y sirve para representar la " debilidad "

de la cuantificacidén en aspectos no claramente cuantificables.
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pdémas, exhibe el hecho que se mencionaba, ya sea, que podria ocurrir qué -
la Planeacidn Satisfaciente ( o un Plan Satisfaciente ) sea mejor que la -

1a Planeacdidn Optima { o que un Plan Optimo ), tal como se observa en los

siguientes graficas :

Grarica 1 ;
EFICIENCIA SEGUN EL 10DELO

{

Plan Satisfaciente

— — — Plan Optimo

==——— Bandas de Factibilidad

JrarFIca 2
FFICIENCIA FEAL

4 e Plan Satisfaciente

— — -~ Plan Optimo

]

“ fodo porque la informacidn del Plan Satisfaciente sobre la Organiracion
-

es mis relcvante y adecuvada que la utilizada por el Plan Optimo.
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Por otro lado, se preguntard el que si el Planificador Optimizador general
mente da por supuesta la Estructura del Sistema y solamente busca una es -
trategia que mejér resuelva el problema, existird la opcidn a que se cues-
tione sobre la validez de la Estructura y de las funciones correspondien -
tes, por ejemplo, en el caso de la Plancacidon Nacional ¢ Existird la op -
cién &e que se pregunte si el gobierno es capaz de crear suficientes fuen-
tes de trabajo, que produzcan riqueza y sirvan de vehiculo para distribuir
la 7 o tan sdlo ¢ formulard un Modelo que estudie el beneficio social o

la utilidad y asi escogerd una estrategia que lo maximice 7.

{ i.e. inquirird sobre premisas bdsicas de Estructura y finalidad o sola-

mente optimizard el funcionamiento de un2 estruciura deda ?
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GraFicA 3
” -~

Foouera D= it Peopt i 0f PROGRAMACION TATEMATICA
( caso de dos variables de Decision )

& y
donde, 1
Las Ck. derotan contcrnos de la funcidn objetivo.

J

Las «a, indican el Hiperplano soporte de cada una de ias restricciones.

a) Cj indicarfa 1a solucién Gptima ( Criterio de Optimalidad iatemd -
tica ) °®

4
b ) Ck ’ Cf indican algunos factibles.

 En el contexto de que un punto Optimo es neccesariamente factible,

~i.e. 0 ¢ F { Optimas ¢ Factibles )
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" CovpaRACION DE CRITERIDS
{ Por Diagramas )
GrarFica 4
Caso 1 [ilnpep lijver SATISFACTORIO
X, + " Nivel de suficiencia elegido
. / por el T. de D.
o - e Desechables
— v\
1
CoaFIcA 5
- T - -~ oy r:'- At e AT — ¢
- ——— —_—— o S - ...-.I'\I‘I“‘-C; .4: - l"\I-I..A\:I:\\;lLut

-

Plan Optimo

Plan Factible : Incluyedo
otros criterios adicicnal

SR
1

—————

2
{ 1 ) En el mimmo nivel satistactorio segun el esquema pesimista se Qe
termina un nivel miximo donde se puede llegar fijado por criterio

adicionales ({ politicos, sociales, ideoldgicos, etc ),

( 2 ) Maximo nivel de Satisfaccidn factible.
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w

Axioma Ackoff

" £y mejon fa soluciln aptoximada de un PLan Optino realiza-

n
B

ble que La solucibn exacta de un Plan factible

- GraFica & -

- ——— - -~
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1.3.3. 1A Praeacidu AonPTATIVAL

" EL PROGRESO ES NUESTRO PRODUCTO M;S 1MPORTANTE "

la Planeacibn Adaptotiva o Innovadona. Los Planes de este tipo se pueden di-
sefiar en las Organizaciongs en un grado mds amplio de lo que se pudiera pen-

sar por las précticas actuales.
Tiene tres bases :

1. Se basa en la creencia de oue el valer orincizal de la 2L -
TR L Eedndd v rew T me mew B8 Blneeee 4 o0l

£ oD ... C3 ooroguLTicg,
( La rdwciddt efectiva no pugce nacers2 fara woe LrGENIIL-

cién, sino que debe hacerse por la gente que la forma ).

2. La necesidad real de la Planeacdidr obedece a la falta de ad-"
ministracion y cBntroles efectivos. E1 principal objetivo de
la Planeacién deberia ser la proyeccidn de una Organizacidn
y un Sistema de Administraciﬁn que minimice la necesidad fu-
tura de la Planeacidn Retrospectiva - esto es, la Planea--
cibn encaminada a corregir las deficiencias producidas por -
decisiones hrcsas antericsrente -y lograrle reducieaco 1:c

posibilidades de que ocurran tales deficiencias. E1 objetivo
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es considerar relevantemente la PZancacifn Prospectiva :

. 32 .

Lo Plapeacifn que se dirige a crear un futuro deseado.

E1 conocimiento que tenemos del futuro se puede clasificar

en : Centeza, Riego e Incentidunbre ( 1+ ) cada uno de

ellos requiere un tipo distinto de PLancacién de Compremdso

0 Centeza, Contingencin y Sensibilided.

Centeza. [xisten ciertos aspeclos del futuro sobre los
que se puede tener una virtual certeza, y po-

demos establecer una E;anencién de Compromise. Aun aqui

b 2e daimprm ma ommeridasyet o
. H z arn

h] . -
Por 1is, - -

ar

&

- - N el
[ R .

quiere ia actuali.acibn conuinua de 1&s5 <307

-l wT
1os que es inevitable o invariable. La prudencia nos in
dica que para alcanzar el objetivo deseado, no se deben
contraer compromisos antes de 10 indispensable.

Asf, la Planeacidn que potencialmente produce mejores -
resultados a largo plazo, considera

1. Descubrir 1o inevitable ;

2. Determinar como explotario y enfrentario ; ¥y

3. Acreditario a quien asi lo haya hecho.
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b. Riesgo. Existen ciertos aspectos del futuro sobre los --
cuales no podemos estar relativamente seguros, -

pero podemos asegurarnos razonablemente de cudles son sus
probabilidades. Se necesita una Planeacdn Contingente ;

es decir, deberiamcs preparar un Plan por cada probabili-
dad, para asi poder aprovechar rdpidamente las oportuni-

dades que se presenten cuando " se decdda ¢l Jutute " 5,

. Incentidumbre. Existen ciertos aspectos del futuro que n

podemos prever ; por ejemplo, las catastin

fes naturales o politicas o los avances tscnoldgicos. Fo

dgmoe praciqarass para elle de ~=-ora dndirectz 2or medn
- - hadur fmg . D n ; ‘s P PR =

d2 LNa Todndnolln Reactiva, Que =312 eniii™ i Ll

diseny Ge una JrganiZacién y <2 un 3iSdsi s Joaoo ef L3I0

tar desviaciones de la ruta asignada y poder reaccionar

ante ellas de manera efectiva.

La adaptacion es una respuestd a un cambic ( estimulo }, que reduce real-

y potencialmente la eficiencia de Ta conducta de un Sistema; una respuesta

que evita que ocurra tal reduccion. El cambio, puede ser interno | ceniro

del Sistema )

o externo { en su ambiente ).

¢ y donde se pueden utilizar los llamados Escenarios ( ver pag.39 )
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Existen dos tipos de reacciones adaptativas : lLa Adaplacidn Pasiva, en la -
cual el Sistema cambia su conducta mejorando su rendimiento en su medio cam
biante, y 1a Adaptacién Activa, en la cual el Sistema modifica su ambiente,

de manera que, su propia conducta ( presente o futura ) sea mds eficiente.

_El Planificador Adaptador, trata de cambiar el Sistema de manera que la con

ducta mis eficaz aparezca " naturafmente " .

Dicho tipo de P7ineacifn nos permite un medio efectivo de manejar las varia

ciones del Sistema a largo plazo como a corto plazo.
V4

‘\"‘
1.3.4. Siempre se buscara el disenar una Plaseacifn Tufeasee, .~ J.r.idd-

edbn Eficierte, v Piineacdln Derecclenada.

Las etiquetas pueden ser muy variadas, y pueden existir diversas diferen -~
cias entre un concepto de Planeacifn y otro. Por ejemplo, la Plancacdién In-

tegnal, que tendria como componentes a la Planeacifn Estratégica y La .Pla -
-4
neacifn Tdotica, tiene, en teoria, una satisfaccidén Tefeollgica tanto a lar

-

co como a-corto plazo; se le coloca mecsni~~as da control vy rexdizaciéng se

da un proceso de evaluacion; se utilizan técnicas de previsidn; y se espera

formular un mecanismo de coordinacién integrada.
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‘

Si bien es cierto que la Planeacidn Adaptativa estd adn en sus inicios, ---

presenta las siguientes ventajas :

-

<

(1) Define y aclara el concepto de Adaptacidn;

( 2 ) Distingue entre la adaptacién pasiva =~ propia de Sistemas

que son flexibles - que es inherente al Sistema en térmi-
nos de la modificacién de su conducta y funciones, mejo --

randolas como respuesta a estimulos cambiantes nrovenien--

tes del Ambiente 7 ; por ejemplo, en el caso de una empre-
sa que modifica los precios o el tipo de sus productos de-
bido a la compétencia e un Sistema capitalista o a efec -
tos de la demanda del producto { aunque esta situacion --
puede presentar una combinacién de los tipos de aacaptacidu
caracterizauos_), como también en el caso del paciente ﬁue
decide cambiar dietas a2limenticias por influencia del rédi
co o de la familia o su manera de pensar hacia los médicos
por efecto del trato favorable de alguno, de elles. Por ---

4 - . . .
otra parte.en la adaptacidn activa el Sistema cambia su --

ambiente de manera que $u propia conducta presente o futu-
ra sea mis eficiente. Por ejemplo, el caso del paciente --
que decide cambiar su ocupacidn para ajustarse a las nece-
sidades de su enfermedad; o el de la empresa que se dirige

a otro tipo de clientes cambiando su mercado. tn otro ----

relacicnoda cor ob Jlocto ol APCtdL S 0,
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contexto, el campesino que decide incorporarse a una Orga-
nizacién colectiva en la produccidn agropecuaria ante la -
presién del capital o los grandes terratenientes y asi evi

tar la depauperizacidn, estd intentando cambiar su ambiente.

Desde Tuego, las adaptaciones de la Organanizacién se presentan muchas ve -
ces mezcladas y, deslindarlas puede ser, en algunas de ellas, algo muy com-
plicado, ( puesto que, en algunas ocasiones, aunque la intenciin original

sea modificar la conducta del Sistema, el ambiente se modifica ).

En l; Praneccidn se necesita de mecanismos de identificacidn parz haller e
respuesld adeluuid, y, de control, wpara regular ra INTENSIGEZ .. .o @Izbc

Tal carac-zrisiica requiere do Tlexibibiced, guizd lz proprL L. LI AT

tante en las Orgahizac1ones y descarta ia rigiuez como propia de Sitianns -
en los que estimulos de bajo nivel e intensidad no son aceptades { i.e. --
" rebotan " ) en el Sistema y son casi nulas las reacciones de 1os compo--
nentes hacia el Ambiente. Asi lo confirman Erery { 31 )y, en el caso de
los Sistemas po]itfcbs tanto Easton ( 30 ), como Young ( 65 ). Algu -
nas ocasiones, la Plarcaciln Adaptativa se ha descrito como un " un proce
80 evolutivo que empieza con especd flcaciones parciales sucescvas que AC --
van adoptando mediante articulacdln progresiva, revisibin ¢ ajuste a fas s4-

tuaciones cambiantes del ambiente " ( 55 ). De esta forma, las adaptacio-

nes, tanto pasivis Coio detiuvds, 5@ regulan dentrd dolomizss R

medio de " aaujas " { dispositivos ) de deteccion. Un ejomplo, se cspera,

i

aclara la situacion ;
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Supéngase €1 mismo caso del paciente anteriormente mencionado, en el que el
diagnostico médico ha detectado problemas en ¢l higado, corazdn, riiiones y
problemas en la digestién, entonces, opta por adecuar al tratamiento todos
los rganos ( las funciones ) en forma Integral, pero rehabiliténdolos ta
répido como se pueda, buscando 1ogtar que, mediante el tratamiento, los or-
ganos digestivos vayan aceptando sustancias ( cada vez mds poderosas ) nz-
cesarias para el funcionamiento del corazdn ( i.e. estd presuponienco que
existc una interaccidn entre todos los componentes Y. Asi, avanzd pro

res-

(i
Ut

vamenie : realiza examenes médicos ( evaluzciones ) constantes para obser-
var el efecto de su medicacion v, ce esa forma, poder detener y cambiar, si

es el caso, la direccion de mejora en aigin érgano. Bien puede ser, des:

(40

luzgo, gnz 2visten Tallas importentes en 21 Tuncionarienis de & run Oraan:

por @3izmels o) hiszzs, 2es actari

14

n m21ge Dosicidn nara restosclos. i
do que no existe aln, desafortunadamente, e] medicamenio universal y 12 ex

1

tirpacion, no es " la sglucidn este procedimiento - ejemplo de la Piz
neaciln Adaptativa - se dirige a :
{ a) ganar tiempo fn la detencidn de la red de causas e inter-
relaciones de la enfermedad, _ .
(b)) awrzfoar { ripidarante Y por nivelss 125 ¥ om-focls f
6rgancs ) del paciente sin descuidar aliguna. ts obvio qu
la mejoria en varias direcciones no tendrd la misma velo-
cidad, pero el tratamiento ( y éste puede ser modificabl

i.e. flexible ) podré llegar al punto en que sea el Org

nismo completo el que avance hasta su recuperacion.
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A cada componente de 1a Organizacion corresponderd una aguja detectora que

formara la ned de Planeacifn. Dicha red necesita especificarse en forma -~

Integral.

Definir la Planeacidn Integral en términos generales tropieza con el hecho
de que - por la existencia de varias escuelas y muchas versiones - exis-
ten numerosas definicicnes sin nada en comin; mds ain, se ha definido 1a -
PRaneacidn Integiaﬂ de la Educacion ( 52 ), de los Transportes, etc. que
segun la Te;iia de 'Sisteras serian todo, menos integrales, v.gr. en el caso
de la planeacidn educativa se toman en cuenta - grandes rasoos - f 1)
la futura desanda de vacGntes, considerafdo las tendenc1as demogréficas y
sociales; ' 2 } se esteblece la relacidn de 1a educacidén con la economia;

{ 3 se evé,uan 105 SECTOres ProduLctivos que 0ajo Tas 2L01710us Go Gesa-
rrotlo rindan més. Aun en los paises socialistas conde se busca, al menos
teéricamente, distribuir mds prudente y equitativamente 10s recursos huma-
nos y materiaies, la peaneacién " Integraf ". de la edugacion no es toda-
via'integra1: los efectos sociales, el desarrollo demogrdi:co y los asen -
" tamientos humanos, la movilid;h social y la estructura politica, etc. no
son nada mas causas o efectos de la educacién, sino cue existen ir*erac --
ciones dobles y, desde luego, indirectas. La acepcion scleccionada de Pla-
neacin Integral es cquivalente a “Sistémica - i.e. usando la Teondia de
Sistemas - deben considerar todos los componentes del Sistema y su re]a;M
cién con el Suprasisiema. la Planeacidn Litegaal, asimisng, es nterdiscy

plinaria; en forma: profunda, actia en el marco del Método Cientifico y es,

por 1o tanto, el arca de accién de la Investigacién de QOperaciones { ver
24 Y, '
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En cuanto a la coleccién de problemas de plancacidn ( i.e. en la parte --

prospectiva ) se tiene, segln se menciona anteriormente, tres tipos de la

misma

{ 1) de Certeza - que Ackoff denomina de Compromiso ( 1}

( 2 ) Contingente

( 3 ) Reactiva

Esa clasificacidn es una analogia con la que se establece en cuanto a las

situaciones probleméticas segin la relacidn entre alternativas ¢ 2

y resultados

e~y

0. ;.
J

L)

Ca

( Problemas de (1 ) certeza, (2 ) riesgoe ( 3) incertiduncre i.

{ 1) Cuando.se modelan ciertos aspectos del futuro como casi -

ciertos ( con certeza virtual }, se tiene una plancac(fn
| 4
de compromiso, por ejemplo, cuando en una poblacién esta-

ble so “uscan estimecicnag ¢ohvre @1 ni-awe de gavsoras

Ly

h33

ciertas edades, se pueden formular con gran precisién. Na
turalmente que, aunque en términos de los Modelos de pla-
neacién { especialmente utilizando la planeacidn Optora |
la facilidad de manmipulacion sea mayor, las lumtaciones -
que surjan de analizar situaciones dinémicas ( e incier-
tas ) como casi seguras, crean compromisos con las pre -

visiones que, se divergen significativamente con la reall
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-- dad, ocasionan que los planes propuesios sean ineficien-

tes.

( 2 ) Cuando el futuro presenta eventos de los cuales no podemos
evaluar las probabilidades de ocurrencia de los posibles -
resultados, se emplea una Plancacidn Contingente, por lo -
gue, se prepara un plan para cada posibilidad y asi permi-
te aprovechar rdpidamente las oportunjﬁadeé‘en 1o futuro.

Esta pfaneacién trata de abarcar todas las posibilidades -

anticipadarente nara decidir tan pronio una posibilidad --

o ( o resuliado j se confxerte en ¢.aiicac. En &sta teals -

se hace sirncanid op la qran 11717 L de 3 HT L . -
Elnaente ¥ 08 105 CICENACIDY Cove aese e SRR

. previsidn y, consecuentemente, de la planeac{dit.

Escenarios. " The imaginative construction into the future of a logical

sequence of Bvents based on specified assumptions and --
initial conditions in a given problem area ".

Un enfogua acectwdo pora adivinet el Coesensace Ce und silJUdIIln wewd Fo-
ria lograr el disefio de Escenarios, o sea posibles capitulos de " histo-
ria futura " ; un egcenario no es en si mismo un prondstico de los que

acontecera en la realihad, sino, mis bien, un elemecnto de apoyo para vi-
sualizar los problemas con mayor nitidez, a fin de poder adaptar las de-

cisiones mis acertadas.

los escenarios frecuentemente se antojan inverosimiles por pintar acon-

LUCAMACNEOS enpucililCos, cuyd PLOLIDLLIuau b Feddlidilon os inLiuLtd -
mente pequedia, pero la historia estd hecha de una cadena de acontecimien

tos que pocos afnos hubieran parccido poco probables.
- I

LI
"
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( 3 ) Flna?mente existen aspectos del futuro por co:p1eto 1mpre-

visibles { casi todos en el largo plazo ), i.e. 1nc1ertos
a los.que se enfrenta el Sistema de una forma 1nd1recta, -
ése es el caso de ]a llamada Pﬂauean(du Reaét&ua. que se .
dirige hacia el disesio dL wia Oaganxzac46n i de 205 Lnsbv
mentos de contnol y regularizacién. En este .caso, la retro:
alimentacién es indispensabie y 1a red de agujas de detec S
“éién asi 1o hace ver. La diferencia mds notakble eniée las -
tres regide en que, c¢bviamente, toda previsién puede hacar-
se de manera reactiva, ganando en informacién retevante ---
( mediante costos adicionaies ) se puede fréhs%drmér'en -
“Planeacibn 5cutédganze ( como cuando se pas% fe:yn_céc:{e-

ma de Inror*14wwbrn en uno; deo Risgon ) ¥ Que, en C3sos my
Y.

- raros, cuando el futuro relevante es casi comp]etawente pre ‘ﬁ;
visible, se usa la Planeacidn de Cos ez de manera natyral,
existirfa una posibilidad mayor para la “ulnyﬂutvﬂ-de ces -
Leza cuando €1 horizonte de planeaci¢n es a corto pfazo. -
Sin embargo, ;un en este caso hay que medir la posib%lidad
de error e el Modelo de Plomaacidn, 10 cual pu€dé ser bag’

tante difici]. . '

En particular, en 1a plancacién socinl se sugiere ‘conside -~
rar exclusivamente la planeacidn cont&ngcute 0 £a planca --
e{bn neactiva, y asi se ilustrard cn el caso de 1as comuni-

dades en estudio, . .
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Finalmente, existen dos conceptos adicionales que son necesarioa para la --
discusidén posterior :

1.3.5. La Vamada Pfancacifn Dialéetica, que consiste en la generacién de

los " mejores ¥ planes contradictorios que representan valores y puntos de,

yista conflictivos, los que se presentan a un debate estructurado, usando --
los mismos datos iniciales para cada vision en discusidn o debate exhausti -
vo. ( Por ejempio, el enfoque de Mitroff ( 47 ), en el caso de la Pla -

neaciln Dialéetica Estrnatéglea ).

la Planescin Nowmative, que también se denomina Planeacidn Telecldgdca, en
la que se examina criticamente los juicios de valor fundamentales subyacen -

tes en las metas y objetivos de planeacidn.’

De ahi que se propone el siguiente esquema general de trabajo por n%vg]es :

]

9 ta cual tiene como componentes !

1

(1) La Planeacifn Estratégica : con referencia a metas especi-
ficas; ¥y ‘

( 2) La Flaneacidn Tdctica que se dirige a preparar la obten -~

cidn de las metas previamente definidas.
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- Diacran 2 -

I——» ( 1) Puaneaciby DiaLECTICA

Objetivo : Sugerir los objetivos generales estratégicos de

los planes.

(( 2 ) Puaneacidn NorMATIVA INTEGRAL

( 3 ) Puaneacidn PpapTaTivA - CONTINGENTE - REACTIVA

T e TN OO

L ( 4) Teorlas CovuniTaRIAS

T (M DN O TI20

=

No obstante, no se puede perder de vista, como ya se menciond anteriormente,
que el enfoque de Planeacidn estd referido a una sucesidn de problemas.!’
Todo enfoque de PLaneaci6n debe declarar los principios ideoldgicos que lo
sostiene, cuestionar si es legitimo - y por qué - ayudar a los beneficia-
rios propuestos, cuales serian'sus responsabilidades e identificar si la -~
aplicacion de la solucidn llevard, nuevamente, a una manipulacidn interesa-
da e impuesta de la Comunidad o a imponer soluciones a problemas que no re-
flejan Ta problemdtica real de la misma ( y asi cometer el error tipo III:
" xesolver el problema equivocado " (47 ). Ningdn aspeclo de 165 ante -

riores debe soslayarse y el papel del plancador, con referencia a su medio

1 r1 tipo de problema, Ia Orpanizacifn que se estudia, la clase de clien-
Las 0 benellciucies v ool rol col Planificadar son algunas de las vl
tes posibles. ' ~
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social debe, necesariamente, ser analizado. En conclusidn, como se examinard
..despuds, seguin ef Enfoque de Planeacltdn os necesario, pero no dufictente --

.

para 2a actividad de PlaneaciGn.

Y
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The Analysis Phase

Struct‘u red Systems
Planning

PAYOFF IDEA. Because of the steadiiy rising cost of infurma-
tion systems, interest in systems planning is increasing. A tre-
mendous amount of effort can be wasted in developing a sys-
tems plan, especially of the effort is haphazard or if the desired
output documents are not predetermined. This portfolio dis-
cusses a systematic approach to systems planning and
presents a case study of the development of a systems plan-
ning methodology.

PROBLEMS ADDRESSED

There is some similarity between the systems planning procedure
discussed in this portfolio and that used to build the often disastrous
mammoth MIS systems of the late sixties. Reactions 1o those failures
included the abandonment of planming and the growth of interest 1n
decision-support systems and in relational data bases. If the sixties
were overly optimistic, the seventies leaned toward resignation.

However, the development and maintenance of information systems
has become too expensive for these approaches 10 be completely effec-
tive. Many systems that take more than five years to develop are dated
before they are implemented. Large, expensive data bases contain far
more data than necessary, not because of poor design but because the
link to corporate needs is unclear. The design practices of the sixties
that compelled system .designers to leave blank fields in records for
future enhancements have evolved into the current praciice of adding
extra data that may be needed at some time in the future. This is easy
to rationahze bedause the data base system can handle the additional
data.
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Tools that focus data processing efforts help resolve these problems.
The planning process described in this portfolio helps bridge the gap
between information systems expectations and results. This procedure
can substantially reduce systems development time and reduce the
credibility gap between the DP and user departments.

PLANNING MODELS '

Most planning methodologies develop a modg] qf an organ'lzalion's
information systems. Problems are encountered in implementing these
models because:

» They are time-consuming to develop.

» It is difficult to translate the modets into definitions for systems

applications. )
They may not directly relate to business plans.
It is hard to maintain the documentation; thus, the models fail to
evolve,
Nonctheless, developing good models is vital to translating strategic
plans into operating plans.

Two types of models, each equally important, must emerge from the
planning process: a function or process model, which describes major
functional responsibilities, and data models, which describe significant
data hierarchies.

Several types and levels of models should be used in the successive
refinement of stratcgic plans into executable application projects.
Three levels are discussed in this portfolio, although in practice the
number of levels depends on the needs of the orgamization. The three
levels discussed are:

¢ Strategic models

* Application group models

s Application systems models

-

At the strategic level, a general model is needed to provide a high-
level framework. “"The network should provide a visual depiction of
the strategic long-range objective of the information systems plan The
network is the logical relationship of information systems (and their
external interfaces) deemed necessarv to <upport the information re-
quirements of the organization [3] ™ i illustrates an information
resource model developed for Oglethor,  vwer Corporation. Much of
this porifolio is based on expcriences at Oglethorpe (sce case study
later).

Although this high-level network mode! is importanl. it needs to be
supplemented, even at the strategic-planning level, with additional de-

" tail. These details are shown in:

* An entity or context diagram that defines the major external or-
ganizatianal interfaces (see Figure 2)

2 £
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Reporting Facility Ontine Data
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Oparanons
Extarnal Power Supply Objectives
Enblies Operatons

Figure 1. Oglethorpe Power Corporation Information Resource Model

« A more detailed diagram that expands each of the network’s ma-
jor functions into subfunctions and data bases (see Figure 3)
Preparing these diagrams enables the planner to focus on key business
functions and types of information.”Although very high level, they pro--
vide a framework for further analysis. Two points to concentrate on
during this initial work are the functional rather than the organizational
breakdowns (not always easy) and any anticipated new business areas.

Figure 3 is a diagram that was developed at Oglethorpe in 1979.
Showing only major functions and data bases, this type of diagram is a
particularly valuable device for communicating with management and
DP steering committee personnel. Although important in terms of a
contextual picture, such dingrams are time-consuming to draw and
maintain, and they tend to obscure important function and data rela-
tionships. Therefore, it may be better to develop more detailed models
using Warnier/Orr charts (see Figure 4) for analysis of both functions
and data. Such charts are uscful because they:

.+ Can depict the significant business functions and data hierarchy

« Are reasonably easy to develop and maintain

» Communicate well with nontechnical personnel

o Provide an easier way to Uexplode’™ the models into more detail

VAN 3
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Rursl
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Admanig-
tration

Ogletharpe
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Figure 2. Simple Entity Diagram
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Fretity Oata Base

Facuity
Planmng

Figuro 3. Major Functions and Data Bases

The function model shown in Figure 4 was developed by analyzing
the major objectives, responsibilities, functions, and tasks of each or-
ganizational unit and arranging them in a functional hicrarchy. This
model concentrates on high-level functional tasks. although further de-
composition 'defining lower-lcvel tasks is part of the next planning

phase. . .
During the: development of the function model(s), the raw data for

_ __the data models begins to accumulate. ‘Although the usual sequence is
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to analyze the functions first and then the information requirements,
any analytical task—particularly planning—can be terative.

As each function in the model is determined, the information re-
quired to perform that function and the resultant output or action are
analyzed. This information forms the basis of the data models. The
data to support higher-level managerial functions is usually unstruc-
tured and external to the organization; it should, therefore. be identi-
fied in broad generic terms. As the examined functions become more
specific, the data analysis becomes more detailed.

As the information required to perform the identified functions is
determined, data hierarchies begin to emerge. Unfortunately, m 'tiple
hierarchies emerge; since they often contain the same basic du... ele-
ments, confusion and complexily soon reign.

One way to attack this confusion is to build network data models
(see Figure 5); however, even though such data models may have good
visual impact, they are difficult to decompose into more detailed ele-
ments. It is obvious that each box couid itself contain a hierarchy of
detail data.

Budget
Data
Plant
~1 Accounting \ .
f:gsg' W Materals
M
\ Construchon /
, Work
in Progress
Payrall Purchasing
Accounts /
Payable
4

Figure 5. Network Data Hierarchy

In data analysis, network representations are difficult to understand
except on a high level, and access paths between elements tend to be
obscure. When hierarchical data structures instead of network struc-
tures are developed to support each major function. it is easier tu com-
municate and therefore to incorporate more detail into the model.
These data structures meet the dual objectives of communicating both
business needs and technical requirements.

Figure 6 shaws sample data structures that support a financial state-
ment preparation function. Although this figure is uncompiicated, it
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Flgure 6. Sample Data Structures Supporiing Financial Statement Preparation
Function J .

conveys a significant amount of information. Project managers can an-
alyze their data necds by examining one structure, accountants the
other. 1t is then a technical task Lo combine structures into appropriate
data bases.

Strategic Analysis Output Documents. The products produced dur- ‘

ing the strategic analysis described in this section are:

* A high-level network model showing the major business opera-
tions

s An entity diagram showing external relationships

* A function flow diagram showing major lfunctions and data bases

+ A function model showing a hierarchy of functions and subfunc-
tions :

¢ Data models that begin to identify and structute business infor-
mation nceds

Operational Models

The transition from the defined strategic analytical products to the
definition of the right application project(s) which is the goal of the
systems planmng process, involves the following steps:

« Aggregation of functions into application group function models

e Definition of application group data models

+ Analysis of function and data relationships —including develop-

. ment of a time-cycle chant
¢ Definttion of application project function and data models

Functional arcas that have some business relationship are combined
into application groups. The strategic function model aggregates func-
tions into a logical busineas merarchy. The detinion of apphication
group models 1s a process of reaggregating these {unctions.

Aybigs »
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1

These groups can closcly parallel the major functions identified in
the overall systems network and provide a basis for further decomposi-
tion of the functions. The decomposition process has the same purpose
as any other analytical task —to break a situation into components that
can be managed conceptually.

An application group can be a financial group or an international
banking group; an application system can be an accounts payable sys-
tem or a letter of credit system. The number of levels and the scope of
an application group depend on the size. type, and diversity of an or-
ganizatton. An application group can be developed for each division in
a highly decentralized corporation or for an entire small corperation.
Application groups are then further subdivided into tndividual, imple-
mentable application system projects.

Experience should be the starting point for developing application
group models; a struciured planning process does not start from
scratch but provides tools that enhance prior knowledge. Application
groups can include financial, marketing, manufacturing, facility plan-
ning, and administrative systems. These can be further divided into
general ledger, accounts payable, sales forecasting. and order process-
ing applications systems. Although this division may appear somcwhat
trivial, by allocating to these application groupings both the functions
identificd in the strategic function model and the data and information
needs identified in the data models, the scope of individua! application

- systems begins to become clear.

In the process of developing group and system models, two addi-
tional types of information must be incorporated: feedback and control
mechanisms and function and data relationships.

Feedback and Control Mechanlsms. Feedback and control are cru-
cial to defining the requirements for a system:

True systems are distinguished by their attributes. From a logical stand-
point, true systems are: self-controlling. selfcomecting. geal directed, and -
persistent . .. Management information systems can be developed cmpin-
cally by surveying managers and ashing them what they want to know,, or they
can be developed based on a scientific analysis of the business (functional)
system it supports and the feedback /control required to ensure its successiul
operations. In the first case. the gualty of the system developed 1s stnctly
liruted by the skills and perceptions of a given set of managers and uscrs al a
speeific ume  In the second case, the qualin of the sysiem a5 based on the
fundamental business functions(6).

In systems planning, each of the major functions identified in the
models should be cxamined for control requirements. For example, the
control for various accounting functions may be an internal avditing
function. In addition, the frequency with which functions and controls
are performed may involve additional systems requirements. Figure 7
shows a time-cycle chart that can be used 1o visualize the timing or
frequency of system activities.

Besides providing new function and data requirements, feedback
and control analysss is also useful in setting priorities and establishing
application system performance criteria.
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Figure 7. Time-Cycle Chart

Function Relationships. In addition to defining the scope of individ-
ual projects, the analysis of function and data relationships brings the
sequence of implementation and the linkages to past and future sys-
tems into focus. Which functions should be automated first and the
optimal implementation sequence become clear based on priorities ex-
pressed in the corporate plan and in projected implementation parame-
ters (e.g., schedule and resource utilization).

Optimal implementation sequence is determined by analyzing the
function flow (i.e., the sequence in which the functions should be per-
formed). This function flow analysis can be done with high-level data
fiow diagrams or, as shown in Figure 8, a specialized Warnier/Ormr
chart called a functional flow chart.

Obviously, the prionty sequence and the optimal implementation

sequence often conflict. By recognizing this conflict during the plan-

ning process and assessing its impact, the project implementation se-
quence can balance these conflicting objectives. The greater the con-
flict between these two sequences, the more thorough and detailed the
planning effort must be.

The scope of an application project. that is, the specific functions
incorporated into that project, must also be determined. Conflicting
objectives between projects of greater and lesser scope must be recog-
nized and accommodated in the planning process.

Data Relationships. An analysis of the data relationships provides
two types of information:
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« An indication of a project’s scope. since more data usually im-
plics an cxpanded system
+ The key hinkage iformation between syslems

Perhaps no other piece of planning information is as important, or as
frequently missing, as that concerning finkages between current sys-
tems, those under development, and future systems. A briefl example
illustrates the point. If a payroll system is being designed as part of a
financial application group implementation, the data hierarchy might
Jook like the one 1n Figure 9. A project control system is also antici-
pated, but with low prionty, so implementation is scheduied scveral
years hence. Since the payroll system designers know the project con-
trol system is planned, they might allow for “Project Number'™ in their
labor distribution design. The problem ariscs when the project contro}
system design requires salary cost by project and task. If a data struc-
ture is developed for the project control system in a systems plan, spe-
cific linkages (access paths) can be better anticipated and allowances
can be made in the design.

Scope (or boundary conditions) and linkages are directly related,
because expanding the scope (functions) increases the information
needs, which in turn changes the data linkage points {for a specific
system). A good way to think of this is: as the number of functions
included in the project scope increases, the number of data linkages
decreases, and the implementation period approaches infinity.
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Figure 9. Data Modal Linkages

~ Model Maintenance

Each application system project emerges from the planning process
defined as a set of models. During each successive implementation
stage —functional specification, technical design, installation, and op-
eration —the system changes to reflect increased knowledge. Systems
planning should be a continuous process. Although they are heavily
emphasized only during the annual planning cycle, systems plans

10 -
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should not be rushed through once a year and then put on the shelf.
The models should be used constantly as reference pomts during sys-
tems development and ongoing planning.

The degree of detail maintained in the planning models depends on
the organization’s needs. Because the key elements of the operations
or project definition phase of planning are scope and linkages, these
must be updated often so that subsequent planning does not proceed
from an crroncous base. As more detailed planming and development
work is done, the information about functions and data may show that
a restructuring of the high levels is required.

EVOLUTION OF SYSTEMS PLANNING AT OGLETHORPE: A
CASE STUDY

This section contains a bnef chronology of the evolution of the plan-
ning process at Oglethorpe Power Corporation. Systems planning at
Oglethorpe begins with the annual corporate business plan, a five-year
plan that concentrates on the upcoming year. In 1979 and 1980. much
effort was put into more closely integrating the corporate and syslcms
planning processes.

After the managers develop their business objectives, the DP re-
quirements to assist in meeting those objectives are identified. The pri-
onty of DP projects then closely parallels corporate priorities. The DP
steering committee’ sels priority, scheduling, and personnel levels
based on DP’'s estimate for each project.

Past Methodology

During the 1979 planning cycle, management decided that a frame-
work to aid communications between user department heads and the
steering committee and to provide DP with a plan that transcended
individual apphcation systems was needed. The result was the Infor-
mation Resource Model shown in Figure 1. The model was constructed
from 1BM's Business Systems Planning modified data flow diagrams
{3} and very bnef high-level data base descriptions. It was developed
for these reasons:

+ To facilitate communications between the DP and client depart-
meants
To offer another perspective on organizational relationships
To assist in determining systems development priorities
To assist in determining the optimal development sequence
To facihitate development of multi-use data bases

« To provide a plan for linking systems together
Requirements for the model included minimizing technical terminol-
ogy, maximizing visual impact, and providing a tool to be used at all
organizational levels.

The information resource model, the more detailed functional flow
modcis. and the brief data base descriptions became the framework on

.
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which individual projects were based. This frameworh proved useful
throughout 1979 dunng development projects and in commumicating
with users about the context of new systems ideas.

Enhancements to the 1979 Process

During 1979 Oglethorpe undertook a study to determine which of the
various structured development methodologics to implement. It was
decided to:

+ Implement Warnies/Orr structured development techniques

« Install Method/1 Systems Development Practices

¢ Install Langston, Kitch and Associates” STRUCTURE(S) soft-

ware package as a structured documentation tool
These tools enhanced the 1980 planning process.

The primary systems planning focus in 1980 was to complete an ex-
tensive application group plan for the development of corporate finan-
cial systems. Extensive requirements in this area for the next 14 ycars
dictated a careful approach to establish the system's proper scope and
avoid duplicate effort, conflicting data, and systems rework.

Qutput from this plan included:

A financial application group function model

Financial application group data models

A financial application group time-cycle model

Identification, description, and priontization of systems projects
General requirements for all systems in this systems group
Implementation alternatives including overall software strategy

Structured techniques and tools were used, where appropriate, 10
complete this ptan. The function and data models were illustrated with
Warnier/Orr charts (see Figure 10), and entity or context diagrams
showed major corporate interfaces with other organizations and inter-
faces among internal departments (see’ Figure t1). The
STRUCTURE(S) package facilitated modification of the models during
the planning stage, provided permanent docume ntation. and will allow
maintenance of the models as actual projects are undertaken.

The systems planning and functional specification sections of
Method/1 identified and organized the tasks for consideration: these
practices were supplemented with structured techniques for actually
accomplishing the tasks.

During the 1980 planning process, Oglethorpe began developing an
overall function model for the organization, alt hough ume constraints
limited detail outside the financial area. .

Future Plans

Future plans call for refining the techniques currently in use and
expanding the models while increasing the level of detail. The optimum
- amount of detai! will be determined by experience. Balancing the need
for sufficient detail for adequate planning against the accumulation of

12 iy
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Figure 10. Financial Plan Funcilonal Model

excessive detail, which can hamper analysis, is a continuing effort.
Note that as these models are developed, they become increasingly
important to application system specification and design.

RECOMMENDED COURSE OF ACTION

1t is presumptuous to draw hard and fast conclusions in the some-
what ethereal reatm of planning. particularly systcms planning. Infor-
mation systems literature abaunds with predictions of future trends in
hardware, software. office automation. the demise of programmers,
and the rise of user-fricndly systems. Although some of the following
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Figure 11. Financtal Systems Plan: Entity Diagram for Consptruction Work ln
Progress

statements may sound like those predictions, they are actually reflec-
tions on experience at Oglethorpe.

Since some of the techniques discussed in this portfolio are in the
experimental stages of development and use at Oglethorpe. quantifi-
able results are lacking. The intangible results. however. point toward
a better vehicle for communication with user management and the DP
steering committee and toward a better definition of systems projects.

The benefits of structured syst planning, therefore. are poten-
tially significant. Realizing the ‘< requires the development of a
viable, detailed, and structurce ope.. s} plan that bridges the gap
between strategic DP planning and the imuation of specific application
systems projects.

The risk of future intcgration problems increases in direct propor-
tion to the decrease in the scope of each development phase. particu-
larly the planning phase This risk and the overall development time
can be reduced by the development and maintenance of detailed func-
tion and data models as part of operational planning and implementa-
tion processes. Whether structured systems planning can assist DP or-
ganizations 1n bringing increased technical sophistication to bear more
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effectively on corporate objectives is a question that rerains to be an-
swered.

This porttoiio was wrtten by Jim Highsmith, Ken Orr and AssoCiaies,
Tupeka KS, formerly of Oglethorpe Power Company, Atlanta GA.
1+, ' ¢ sed by permussion fr “tructured Systems Planning,” by '™
:. aith, MIS Quarterl l/o{u"le 5, Number 3 [5:ptember 1981).
~ »-ubt 1981 by ite So¢ -, fanagement informatior Systems and
w iew coment Informatio 5,5{M$R-=.search Center.
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Performing
Cost/Be_nefit Analysis ~ -
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PAYOFF IDEA. Like political rhetoric after the election, the
Cost/Benefit Analsis (CBA) may be forgorten after the project
iriplementation begirs. However, it is an extrcmely imporiant
document because it has been the vehicle by which management
gpproval was obtamed. It is time for systems development
personnel to be serious in mecting the projections set forth in the
CBA, toth 10 jusuy mancgement’'s confidence and to meet
persoacl goals of systems implementation.

PROBLEMS ADDRESSED™ — © ..

“There is probably no more influential segment in e feasibility study
for a potential application than the cost/bencfit analysis. Indeed, in
meost instances the future of the proposed project will be decided by the
tesults of this analysis. Once technical feasibility has been assured,
management’s decision Lo abort or proceed with the project will usually
be made on the same basis as with any other mvestment - the ade-
quacy of the return on the investment as compared with other demands
for the crganization's funds,

~ This portlolio addsesses three topics that provide a backpround to
C/B analysis: the value of information, the analysis of costs, and the
analysis of benefits.

Before procecding. a word of caution is necessary. Cost/benefit
analyses cost money and ume. Naturally, the more that is spent, the
more refined will be the analysis, and (hopefully) the morc accurate
uill be the conclustons An cxtensive study can reduce the uncertainty
of the ronclusions. As in considermg any other investment, one would

_not wrsh to spead mency out of proportion to the expeeted return, On
2 small project, or one for which the payofl 1s fairly obvious, it would
be wastefud W perforny o comprdiensave s ilysis -
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INFORMATION SYSTEMS ANALYSIS

DETERMINING THE VALUE OF INFORMATION

In addressing the value of information, the authors Gregory and
Van Hotn have focused upon such clements as accuracy, quantity, time-
lincss, relevance, and the conscquences of wformatien.t All of these
mught be summarized in the term “quabty,” which can be conceptualized

- as the balauce between vatue and cost.

Cost and Quality

One might nitially asseme that the vatue of information increases in
direct proporttion to the quality. But there are some cases in which this
is not true. For example, if the guality is improved by speed, does it
pay to implement an on-line fixed assets deprecianion sysiem with ine
quiry capability when depreaiation is reported monthty? This extreme
example shows that, beyond a certain point, the value of information
becomes less responsive to ncreases in quality. {Sce Figure 1.}

o -
-
,”
rd
l’
Value /
I4
Fd
Fa
[ e e = -
rd
ey R .
Py
Quatity of Information

Figuro 1. Yalues as 8 Function of information Cuallty

Similarly, the telationship of quality and cost is not constant. At the
fower level, relatively small investments can gain substantial improve-
ments in information quahty. In complex, highly sophisticated systeins,
on the other hand, large sums spent on further improvement may result
in relatively small increments of quality gained.

Each level of qualiy represents a different sct of specifications. Given
an available technology, the most eflicient set of specifications would
product a curve such as that shown in Figure 2. Information is obtaincd
from a specsfic svstem. Allernative systems vary in their efficiency, and
so the cost of a given gualty ol information depends on the efficiency
of the design used. The efficiency frontier represents the set of systems
that provide cach tevel of qualiy at the lowest cost. For a given level of
efliciency, cost rises with increased guahty.

"Lhese curves ate, of course, gencralizations I would be difficult 10
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Selecting and Analyzing Alternatives

assure the validity of such curves based on estimates for 2 proposed
apphication. However, they do serve to illustrate the concepts.

These curves comparing value to guality, and cost to quahty, are
superimposed in Figure 3 to find the range of optimum quality. The

point where incremental value matches incremental Cost is also the
point wentfying the design cenfiguration for a system that maximizes
net benefits. Obaiausly, the optimum sysiem daes not provide all useful
informaticn; there will always remain unfulfilled information “require-
ments” that cost more 10 satisfy than they contnbute in benefits,

thcnen(;y 2 ) =
me-er/
4 tnefficient Desgn - -
¢ Fifarw os
" ? ,
5 S~ - b
f
a _ R 1] 1 Efficiant Dengn
b t e ot - T%
I b - T
H 1 0T T Rl
. i " —aeee .
) 1 [T
1 1 - .-
- Quahity of Information .

-— .

Figure 2. Cost s a Function of Information Quality - _ - _
i : st . u¥

Cost and Technological Advances? .

Consideration should also be given to the fact that costs are respon-
sive to advances in techneiogy. Experience over the last 20 years of data
processing shows that each generation of computers has rkpeatedly
reduced the cost per elemen: of data processed. Both hardware and
software advances have not only lowered the cost of information
processing, but have provided new levdis of capability and capacity.

Responses lo the advances of technology can tahe severa) forms In
the simplest approach, some organizatiuns may tahe advantage of new
technology to fower the cost of processing only. This could be dune
by a straightforward comsersion of the preseat sysiem o the new
technology. In terms of our cost/value concept, this would shift the
cost curve 1o the right, leaving the value cune in plice {assuming that,
since no changes are made to the system, the value of the information
remaing constant ).

On the other hand, the system could be redesigned to take advaniage
of new capabiliues provided by the new tectinology This might enhance
the information vajuc as well as redvce the cost of processing The re-
sulting optiminey < stem desion fthe point at which net benetits are
maxunuzed ) would be 2t a higher I ol yuality,

- -a . .
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Accuracy of Informatio

One common justification of DP systems has been accuracy of in-

__formation. Accuracy cannol be viewed as a binary function; it has
-~ various deprees. In addition, mereasing accuracy implies increasing the

cost of operatmg a system. These increased costs appear in such
areas as:
« Error detection routines in programs.
o Collcction and maintenance of redundant information for error
detection and correction.
Externally maintained controls.
Hardware devices for increasing input accuracy.
Internal procram-to-program run controls.
Redundant processing
Extensive prograim testing and valhdation
Rigid and extensive program-change control procedures.
The amount spent on cach of these acuvitics shouid be consistent with

" the leve! of sccuracy demanded by the system. Accuracy has different

valugs for Jifferent purposes.
Establishing a program for computing results to three decimal places

- is fulile if the input data 1s rehable only 1o one decimal place. Tt could

be danpeeously misicading if the user assumies the vahdity of the ap-
parent level of accuracy. Available input rehability should dictate the
tevel of accuracy dosigned into the procesang functians, in no case

~ shoulkd teparts unply an accuracy that duss not exist,

A
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Selecting and Analyzing Alternatives

Accuracy, therefore, ideally consists of presenting the closest pos-
sible picture of reality. Decisions based upon information presented to
a user may be more cr less optimal, based on how closely that informa-
tion conforms to reality. .

Organizationally, the operating activities generally require higher
fevels of accuracy than administrative activities, One need only consider
the difference batween a few dotlars in the wrong account on a month-
end closing statemrent and that same amount of error on 2 paycheck.
High levels of accuracy are demanded by such apphications as payrell,
check reconciliation, purchasing, invowing, ete -

A certain tolerance for error is expected in some systems such as in-
ventory, shop foor control, and those for which periodic verification,
such as physical tnventory or replanning of the work flow, 15 a part of

the ongoing system and results in regular replacement or validation of -

the files.
Another level of accuracy is permutied in monthly reports to top man-

agement which are often summarized and rounded . to the nearest -
thousand doMars. Sull another level should be anticipated for demo- -

graphic studi¢s such as marhet surveys, opinion polls, and censuses.
The rule for accuracy, then. is that the cost of operating a syste

will be unnecessarily increased by specifying Ievels of accuracy beyond

those octuelly valid or uschble. . .

. r
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Quantity of information T
- It sezms obvious that the cost of processing data correlates to the-
volume of data processed. But an examinauen of the reasons for large
quantities of data may also provide avenues for reducing both volume
and cost. . .

Again, let us consider the va'ue of information This value is directly

proportional 1o its “surprise™ content. That is, information that you al- .

ready hnow 15 categonzed as redundant and worthless, information that
confirms expectations has increasing value, but information that ilu-.
minates the unexpecied or previously unknown has the highest possible
value Of course, the underlying assumption here is that the information
is relevant 1o the operatenal and decwsion-making needs of the firm,

Timehness of Information .

The element of speed in data processing has two aspects. The first is
the speed or frequency of updatng the information, and the second is
the speed of respunse to user needs or the frequency of reporting It
would be costly to assume that these two are automatically hinked. Ap-
plications may require guich update and retieval, quick retricval only,
or newher In some appiicatwns, the need for on-line update and
sesponsc 15 readily justifiable Examples mciude airhine reservation sys-
tems, process control systems, etc

Some imentory and production conirol applicatians dealing with very
high volumes myoy gusufy on-line vpdate and response in turms of avoid-
ing stuch-vets whole mesiaizng the swe of the inventory carried In
PRy sLoi o TR N e e et R vl apadadn el
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on-ting inquiry or overnight updating and reporting. Spc!:d of response
dictates that the processing method chosen may vary in cost. Tape-
oriented batch processing may be least costly, but with a dcrr_\:md fo'r
faster response time and an ncreased frequency of processing. this
method can become burdensome and costly. The next step would be
disc-oriented indeved sequenttal processing Fl!‘!.ll])‘.. if respanse fime 15
refuced to the mimumum (immediate, Or on-line inquiry), & random
processing apptoach becomes most econonmcat. The comparnison of the
casts of these mcthods 1s illustrated by Figure 4.2

2000 k-
\!
A
\
\
1,600 -\
v\ .
. \\\ Random Processing
8 soof ‘;‘*-.._ .
- \ -
= .
S 2 - \.\
H N
S ~ .
100 = Indexcd/\ ™. v i
Sequential -~
Processing
- - T — -
.. - Tape Sequentia
) Processing
- 1
-0 - | i 1 t 1
©t Sec © Min Hour Day Week Month
- Aesponse Time

- -- Figuro 4. Cost 83 a Funclicn of Responsa Time

F:nent of Autemating Data Processing

A final consideration in the cost/value trade-off is to det-em'unc how
much of an zpplication should be automated An old marketing observa-
tion is 1hat 80 percent of the business is done with 20 pereent of the
clientele. This “B0/20" rulc has been found to be applicable to many

her areas, ~
* In appiuation design, we may find that 80 percent qf the benefit can
be gained from spending 20 percent of 1_!)0 cost, while to obtain the
remaining 20 percent of beneiit will reguire 80 percent of the pm;qct
cost The proponions, in practice, may be diffcrent, l_)ut the rule carrics
{he sense that automation should stop at 2 point within the real ascas of

+
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Generally, simple decision-making that follows clearly defined and Since the objective of a new or madified 2pplication is often 1o affect
- tai-ly constant parameters can be automated. Complex decision-making the Yevel of fixed cost, the firm's usual defimtions cannot be used in the
in 2n area of fexible and ill-defined goals is the forte of humans analysis Insicad, the analyst must carcfully identify those cost elements
Each process in the proposed gpplication should be exarured for that will be mpactud by the new appheation, defining alt others as fixed
allocation to either machine or human processing The only reason to . cost. A statement of fined cost clemenis should be contained in the
include 2 tash that could be done more efficwently by a human in the analysts, specificaily excluding them from consideration,
zutomated portion of a system 1sf the resulis of that task are wntegrat - -
to the further processing of information by the total application. - | - Cost of the Present System
' T o T e The cost elements described in the following are treated as marginal
ANALYSIS OF COSTS - . ) o i costs unless otherwise identificd Restncung fixed cost clements to those
Anzhsis of costs contzins three major “elements, which will be o that are postiively wiznuified provides the widest Jattude for explonng
examinsd in the follgwing scction . ) ' cosi/benefit
b

e Present operating costs and their projection. ettt L

e Operating costs of propesed alternatives. A A -~ Operating Personnel. Stafl costs frequently represent the major ex-

o Imgizmeniation costs of the aliernative system. o7 . pense of the custing system Using the documented analysis of the

There are two overall cons:deranons regarding cost/benefit analysis Po- -.existing svstem that should have been completed prior o this phase of

that shoeld be noied before procecding Since the decision to develop  _, * 7" the study, the activities of all personnel in the user area can be readily

- - ard implemert 2 now sysiem iavolves 2 one-time investraent, the identificd Those people invohved in acinties relating o the proposed

--=. apphzation form the operating personnel base. 1T administraine person-

azal,so of coats ard benefits tust first be projected over suficient time _
netl are directly involved in the appicaion and of thewr numbers may be

fnto the future to amortuze the intial savestment Corporate investment

i

- gurdelnes can usuzlly be obtained from the Accounting Cepartment, © . - afficcted by the change, they shouid mso be iacluded. Simdarly, person-
These gadeuncs may indicate thal corporate management expects a =" - net who work pert-time on the apphicstien should be included to the '
R pasback on ivestments in 1, 2, 3, or 5 years (in some cases even ~ - T-"extentof the ime dedicated.
7 lorser}y. With this guideline, the projection should not be carried much 707 CIf possible, avoid using average rates for personnel, and use actual
Fer furthzr than the stated payback objective since any proposai that dces (*--  salaries or hourly rates. In the beneht analysis, the user will be ashed to - _;
. ", -mot neet the ernteria within that period would be ecanomically un- ! ideatify personnel savings and these should be consistent with the cots T
"7 feasble. oo stated. = ° o
One oher purdeline should limit projections — the anticipated hie of Pt At a detailed level, it may be wise to identify personnel costs by
' the system If the anticipated Fife of the new system is estimated at 3 .- function within the application, since the new system may affect each
years (for example), after which replacement or ma,or mod:fication i functional area in a diffcrent manner .
would be required, this period should limit the projection regardless of -} - . .
pa:back entera Anticipated minor irodifications within the hi€ of the to- Overhead. Floor space, utilities, telephone costs, etc. should be in-
systcm may simply appear as casts within the projection o ** eluded oly if they may change 2s a result of the new system. Otherwise !
The second overali consideraton 15 the type of cost to be tised — . they shouid be classed as fixed cosis. Employee benefits, however,”
fixed znd/or marginal Generally, fixed costs may be defined as those | should always be considercd a part of the marginal cost. A rate for ap- ¢
that do ret vary with velume, while marginal costs are those that change * plicaticn to base salaries 15 used by most compaaies {or budgeting em-
. as volume changes. : pluyce bencfits and can be obia.std from the Accounting Department.
' Fixed costs may include such items as building rent, property taxes, . )
business licenses, If they remain faiely constant despite volume changes, Computer Costs. I the exishing system is an automated system, com-
some other areas are often included These may be power supply, tele- \* puter costs must be included Several considerations make this a com-
) phons, 20d ¢ven such functional areas as purchasing, inventory control, b * plex area to esumate, First, f the new 2ppheation wiil not create a need
payroll operauny expense, and management, ' " for addiuonal computer hardware of operating persanncl, is it reason- 7
Marginal costs would include raw muaterals, labor, supplies, tools, . able ta consider this cost as marginal? kn this event, should supples be
ete. 1f a figed level of personnet is required regardless of volume, then the only camputer-related marginal cost? '
oaly that porticn that would change due to the volume of wark would Second, although the new application may not, of itself, force the
ke correctiy conndered to be marginal, acquisinon of new erquipment, 1t may hiasien the time when the total
Perforn: ag an analysss using both fived and marginal cosis leads to . workload exceeds capaciiy As a ressht, wonic other, unrclated apphca-
an unneces<ary amount of work, Thorcfore, unless thie orgenization’s L, tion ntay tequire an vnw.irranted amount of pstfication
manager .~ fequirss the anzlyus 0 contan both, the analyst is w"'“f’?’m Tihe cost analysis should address olf of these The elements of DP

adviced 10 oimpliv the task. Mo cost that will change should be identificd and shown as a part of e
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marginal cost. These could include supplics, data entry personnel, data
entry equipment, and data storage meda, H an extra shift of computer
operators must be added, this cast may be included. -

The cost in terms of computer capgcity should be recognized in a
separate scction from the computation of marginal cost 1( an internal
rate exists for campater time, this may be multiphed by the time used for
the apphcation. If no iniernal rate 15 used, the ume vulized by the ap-
phcanon should be noted and Tatzr compared with the time wtilization
expected by the proposed alternative methods  This approach will
permit management to judge the aliernative methads of allocating the
existing computer resource -

Inctuded in this statement should be a measure of the limitation of
the computer resource The computer has a refatively fixed cost that s
responsive to valume charges in fined increments. Exceeding computer
capacity by a small amount may trigger a substantial increase in cast to
obtain the next mncremental lavel of capacity. Therefore, management’s
clear understanding can only be obtained by showiag the present level
ol computer use (erther as a percent of total available time or as a
number of hours per month or day compared with the hours avadable
for 1he same period). This would be compared with the level anticipated
by 111: proposed apphicatien.

Mainlenance Costs. This is another factor of existing system costs
and may relate to the maintenance of office equipment or facilities.
Maintenance costs may also include the systems and programming effort
devoted to mamtaning the effectnveness of the existing system. Com-
puter time for this actnvity should also be included on the same basis as
run tme

Supplies. This cost may include special forms, cards, magnetic tape,
and simular computer or general office supphes If available accounting
records do not permit analysis for the particular apphcatton, estimates

of use may be oblained from user personacl, verified by user manage--

ment, and priced by consultation with tke Purchasing Department as to
average prices or by reference 1o the company’s “internal supplies
catalog.”

Amartizatian. If the existing system is automated and the firm has a
policy of capitalizing system development, has the existing system
been amortized? 1f not, what potiion of the capitalized cost must be
written ofl as expense at the time the new system s inplemented? (Even
without a policy of capitatizing such ¢xpenses, management may want to
know how elfective tins applicaton arca has beed in achicving its
previous paals.)

Oflice equipment and other capitazed wems may carry amortization
_ charges to the apphication arca. These charges should be comidered
if equipment will be climinated or chunged. Note that these charges will
not be elimunated if the company dlects 1o warchowse the equipment for
an andefinute pered Bt they wail be elimeated if the equipment can be
used witlin a ressonable ume to avond the purchase of such equipment
in another area, orif sold
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INFORMATION SYSTEMS ANALYSIS
Projecting the Present System's Costs

As previously indicated, thé costs of the present system should be
projected for sufficient time to cover the life expectancy of the ncw
sysicm or the payback peniod, whichever is least.

In some mstances, the expected increase 1o cost duc to ¢ontinued
use of the present system compared with its replacement would be
most Jramatically demonstraied over a longer period. Simlarly, when
the benefits obtained {rom replacement would be most signilicant near
the end of the, paybhack period, it may be appropriate to extend the time
pertad analyred.

The foliowng lictors should be considered when projecting the costs
of the custing system:

Operating Personnel

. . Impact of incrcases or decreases in business velume an number

and typc of personnel,

» Imjgact of recuiar salary increases and inflation.

e Impact of labor market for the type of personnel required, and
consequent salary ranges.

_' Overhead

¢ Potential increases in employee benefits resulting from inflation,
and exsting or pending lepislation.
. & Charnges resuiting in increases or decreases to floor space, utilities,

+.. +=_ . telephones, ete. from increases or decreases in business volume.

": Computer Costs
s Inflation.

_~ » Impact of increases of transaction volume oa computer utilization

and cquipment requirements.

o Increases or dscreases of marginal cost as affected by changes in

volume.

Maintenance -

o Increasing cost of mamntenance 2s a function of system age.

o Increasing cost of equipment maimtenance due to inflation and age.

o Cost ol replacing worn-out equipment.

Supplies .

s Inftation.

Amortization

.» Normally will not change unless cquipment must be replaced,
addzd to, or sold as a result of obsolescence or increases or de-
creases in business volume, .

Other Considerations

s Business volume may be constrained by the nature of the existing

_system. This may either be shown as a cost of continuing the

present sysicm or as 2 benefit of the new system.

A key factor :n making projections is the recognition that business
volume may cither sncrease or decrease in the future. The author has
witnessed decisions to implement new systems in two different situations
that fesulted 1n substanual cost 10 the companics mvolved when busi-
ness volume declined and the cost of the new systems was 100 high. This

“is the result of converston Lo systems with 3 higher fixed cost buse than

previously existed

. f\
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Selecting and Analyzing Alternatives

By projecting costs for both likely increases and likely decreases in
business volume, this potentizl trap can be avoided.

Projecting Proposed Alternative Systems' Costs .

Projecting costs on the basis of propesed functional specifications for
2 system is, 10 2 great extent, a guessing game. Tt 18 & challenge to the
analyst to arrive at the best possible guesses for the_cxpected aperating .. !
costs. Yer, in order to suppurt the best possibie- managerial decision, ===
every atlempt must be made to reduce the unknowns and the nisk n the -——
decision-makIng process. " -

The clements of operating cost to be estmated are substantially the — —-
same as those determined for the existing system. Differences, if any, are = -
roted 11 the following - :

* Operating Personnd! - .

e Methods of calculation are the same.

s Adjust headeount for personnel who will betermunated or trans—
ferred from the application arca.

s Ad,ust fur changes 10 the type of skills or the job classifications of—
personnel who will be needed to operate the new system.

Orerhead M -

o Calculations are the same. T

Computer Costs

» Calculztion methods are the same. - .

e Include any additional penpherals or special equipment that will -
be dedicated to the new sysiem. For example, if normal growth
would require the addition of two disc drives during the next year, -
but four will be required as a consequence of implementing the
new system. then it is reasonable to attriburé the cost of the two
drives to the new systen

e Fol'ow company pracuce n capualizing items over the defined .
dollar value The amortization of these purchased items Is shown .
&s operanng cost for the system.

s Expense ftems acquircd during the implementation period may be
charged to the cost of development and implementation. Expense
ttems acquired later shouid be shown as oprrating costs.

Maintenance

» Even a new system will require mantenance. This point should be
stressed to user management to averd disappointment. Maintenance
duning the first 6 months of a major system may be conwudered as
either operaring cost or a part of implementation cost. Thereafter,
anticipated maintennee costs shoufd be treated as operating cost.

o Calculation methods are the same

Supplics

o Calculsions are the same.

Anmnrtization

« Caleulation methods for new equipment are the same.

e Ewven il carporate pobicy does not require capitalization of system
implomentaiion cost, 2 vald cost/henefit study demands such
fizures in the comparison The implementation cost of the new

AL
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system should be amortized over the expected life of the system
and shown as operating cost, -

Other Con=iderationa ‘

e The ncw system may provide capabilities that did not previously

extst The vatue of such capabilities can be estimated by u<er man-
agement an teoms of thor contribution to net profit before taxes
and shown as earmunes resulting from the new system,

In adduion to a simple conuderation of the precedmg elements of
cosl, 1t is necessary to provade management with 2 view of the availuble
atternatives and somge sense of the sk of the estimating process. A
comprchensive evaluation would conuder these factors by developing,
for each alternative propoased, a structure of operatmg costs such as that
tllustrated n Figure 5.

For each alternative (including, as previously stated, the existing sys-
tem). develop optinustic, most lthely, and pessimistic estimates of
operaling cost for the range of possible business volumes (as defined by
lowest possible, anticipated, and highest possible rolumes).

- BUSINESS VOLUME ESTIMATES
Lowest Fossible i Antucipated® I Highest Posuible
Estmated Est:masted Esnmated
QOoerating Dperaning Oceraung
Costs Costs Costs
Optimistic

—r.'un Likely

Most Likely

*Ag projatied by corporsts business glans ang budgets.

hpst Likely

Pessrmitic

Figure 5. Eslimating Cosis lor Vatume Levels

This approach will iHlustrate for management the fixed cost base, the
maximum costs, and the anticipated cuosis for each alternative with an
insight into the ricks of each of these estimatces Later, when benefits are
matched, the resufting charts will indicate the expected feasibility of the
system al various business levels.

It is nor recomniended that all this detail be presented to manage-
ment. This is working documentation. Estimates may be summarized for
presentation to management by! i

« Averoging optimistic, most hikely, and pessimistic estimates.

» Weiglied averoping

o Expressing confidence faclors or ranges {in terms of plus and

nunus percentages) to the most likely estimate or to an dverage.

s Applying probabity theory ealeuluions during the estimating

progoss o areive at a sigle estime carrying an expressed level
of probalality, Tius method has heen used by some large com-
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estimates is significantly better than other methods is not con-
clusive. ’ L
No analysis can be considercd complete unless it includes the
previous estmates projected vver some time into the future, Unless all
impiementation costs may be recovered within the new system's first
year of operation, estimates should cover scveral years. Apain, the
gutde 15 the esumated hfe of the system or the time necessary for pay-"

back af the implementanon cosi, whichever is less.

Fagure 6 illustrates an operating cost worksheet format that may be !
psed for assembling estimates,’ while Figure 7 shows a summary of .
operating cost estimates over a 5-vear period.* | o

- . - '

1
LTI

- e

_Project Development and Implementation Costs
A detailed examunation of techniques [of estimatiag the costs of ap-
plication development and implemcntation is présented in two other,
portfoltos, 34-01-05 and 34-01-06. This sccuon will therefore be 2
bricf summary of the content of the cstig:_\ate___and “methods of ____
preseniation, -
The following major areas of implementation cost must be con-
sidered -

o Systems design and programming ¢ffort through final systems test, :
Note that it may be desirable to include in this cost the main- ~
tenance effort required for the first few months of operauon, since
this is the “debueging” phase of the project.- -~ % .

s System modifications are treated as 2 separate item for those '
instances where the altcrnative is to purchase a software package. =T

« Preparation for conversion, which includes review and cleanup of
cxisting files (manual and automoted}. This may also inciude -
planming for preamzatonal change or acquisition of temporary help
for the conversion penod. )

» Devalopment and publicatien of new and revised policics, job '
descriptons, and operaions manuals for user personnel.

e Conversion of manual files 10 machine-readable form.or conver-
sion and reformatting of existing computenzed files. .

o Traimng of the peesonnel who will utilize the systent, Special teain-

ing of analysts or programmers may be ncluded ws h design and

development cost,

Pilot operation of the new system of parallel opcration of the new

system concurrently with the old.

o Miscelluncous project tasks I e

e Capial expenditures for cquipment, software, of - speciahized

{fornns for conveosion, ¢tc.

Figure & presenis @ sample worksheet for a project on which a pack-
gge was used 1o implement 2 new application.* These casts may be
summarized and spread over the hfc of the project to provide manage-
ment with 2 view ol how the projedt wil! be budgeted. .

Figure 9 shuws two ways of summarizing project cost.’? The sum-
mary of total costs includes computer time charges at the in-housc rate
and appronemately half of the project pnagement Cons (which would
simply be othersise alloeated 1f this project were nat donie), This chart
is intended o ephance the comparnon between alternatives for use of
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Selecung and Aﬁalyzing Alternatives

Altarnative Systam

Pausimbstie

Amount
$ 978911

1,003 224

1,083,487
1,170,160
1,263,273
£5,449 550

Employes

3
9

94

89
1059

123
1131
1194

Most Likely

Amount

§ RB51,538

904,801
959,089
1010,635 .

1,017,633

$4.811,744

Employset

ng 3
9

18

9L 5

903
10223
1043

Optimiatle

Amount

4 783,255

022,418

863,539
906,715
1,045 136
$4,421,263

Employams

188

B8t 9

BY 2

58 6

az22

Presant Systam

Amounl

51,126,942

Y 298 516

1,364,380
1,494 28
1.6<8 401
£54d72.586

Employee

102 7

1135
1314

194 5

9
199

Year

Toizt

1
!
!
|
1
!

$EB8,000

Capital Expenditure

Figure 7. Operating Cost Summary

-
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INFORMATION SYSTEMS ANALYSIS

the resources available, The sccond chart is a summary of marginat or
out-of-packet conts which eacludes allocated costs and is ued 1o
determune the cconanue feastbility of the project.

The implementwion costs appearing in the out-of-pocket cost sum-
mary will be uaad (o génerate summary figures {by avcraping, ete.) for
anwrlziag project cost on the operating €ost worksheet, for cash flow
analysis, and for paybach anadysss.

ANALYSIS OF BENEFITS

.= - Benefits are usually classdied as tangible and intangible. There is a
furiher “pray area” m wiuch intangible benefits may be given some
tanzible coloring. These three forms of benefits can be determined and
presented as described 10 the following,

" = _Tang:ble Benefits -

Tangible benefits are denved from two sources — cost reduction in
operations and profit improvement by access to new sources of revenuc.
! Caost reductions i operations are readily identfiable during the process
——-of projecting the cost of alternauve systems for an appheation. Profil
T impronement may resull from creatng new revenues.
.~ Somecxamyles of these sources of revenue are”
' o Creating the capacity for handling increased volumes of busincss
that are readily avalable
=—==—"%"Creating saisble by-products of information generated by the sys-
: tem (ram> and address Distings, property transactions, eic.).
» Creaiing salable software as a result of developing the system,
. » Improving cash management.to enable a program of short-term
——— -investment (this can be done by improving cash flow, as with a
. neinvoicing sy stem; o conserving cash, as with a new imventory
\ control exstem thal improves inventory trnover).
' These kinds of benefits are tangible enough to have been identificd
e and sncluded 10 the previous operating cost analyses as “earmings.”

On this basis, the tangible hencfits of proposed aliernatives can be
determined by conparing the prejecied cosis of the present sysiem with
projected costs of implementing and operating the alternative system

——aover a penind af ime
- Together, these figures may be used to construct a cash flow analysis
companng the ahwrnatnes as llusirated by Figure 10 (Nole that the
cost of continuctd operation of the present system 1s 2 part of 1he cash
4 flow of the alicruative until the new system has been mmpiemenicd) *
- As this examplc ‘ndicates, the tangible benefit of this alternatne is
$1,765.901 ower a S-vear perniod When the benefit amourts are lirge
enough, this type of analysis may be <ufficient However, when the
benefits determined are smaller in contrast to the invesiment, s0 that
~-=-an adequite reten on the intestment 1sn question, or when the pal-
tern of eash fow botween alicrnainges is diflerent but the resuling

3};&-&, benefils sumsmanise 1o near the same amount, a techimge catled “present
;H‘i?ﬁ{;u value analy w7 should be upplied - This technique, wlich uses an m-

*L " ernn! rate of return to mahe Tutiee cash flows comparable in terms of
'

e it s enhwetential difetences betweeon alcinaines

29
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" Minally, a payback analysis should be made. The payback period is

Coist Elements

.t

89

gie| o lelel 2 lgin - ; determined by {_i:c paint at winuch thf: cumulative savings (loss) amount
; Bla & [3l6 & |82 § 2 becomes 3 positive figure, Figure 11 is an example.
3 il e [zl 9 121918 |3 l ) '
2 wla —_ o o —— [ Intangible Benefits
. Truly intangble benefits, which may include such items as improved
—a 2z 2 : decision-making, more accurate information, unproved legtbility of re-
E_‘E':.' L ] i ports, betier emptoyee morale, elc. should be recognized and presented
£ £ ‘laial ~ la : to manapement 1 a separate section of the cost/benefit analysis. This
— A VY I same section shouid address uther ntangibles such as potential risks to
- g1 2 lalgl g . o e - the success of the project, the impact of potential project personncl
o+ a| & (A8 T7f - [a] “(&] ~= """ "turnovcr, the management guidance necessary to project persornel to
83 - Mol - o o N N b Y prej
St & a 2 --7 -~ ——- assure success, and other such {actors,
-9
; '§' 5‘ 8 g g g =" g - § e Summary of Total Costs
353 1 la al — .. Firrt | Second § Third | Fourth | Fifth
< —_1 - - —————— Quacter | Quarter | Quarter Quarter Quarter Totat
- ST """ | optimistie | $29521 | 533632 | $31.348 | s36.328 | $27.4%0 | S163.705
3% 8 3 8 3 Mont Likely | 45600 | 38704 | 36044 ] 43927 | 20120 199 704
=3 ‘ 3 = A ~
355 ] g ] g ] Pessimistie 52,736 | 44544 41,450 | 525821 34050) 22542t
~ go T . Summary of Qut-of Pocket Costs
I~ -— e - -
e g 8 g . - Fist | Second ] Third | Fourth | Futh
§ Fy - s = 8 - Quartar | Quartar | Quartsr | Querter | Quarter Totzl
3
wa v 12 "
é Opumsuc | $31.345 | $27,670 | 519,555 § $32.945 | $21,165 | $133,180
s 2 (g 2 g 0 0 -g Most Likely | 28 221 | 31 820 22,844 | 37.887 | 22340 | 153172
E} &l S 5 ~ ~ E Pesyimistic 41723 | 35,533 26,2701 41570 | 27591 | 176147
- ™~ r~ -
£ " - o “ 2 - -
© . = . Figure 9, Imptementation Costs
i .
' g al-
85 g g1 &1 131 8¢ : .
%3 - @ o o > Borderline Benefits
" ) - -

The term “borderline benefits™ is apphed here to those benefits that
£ g 8 (8 g/8 8l . are sccrmungly intangible, but for which a tangible value with some fevel
52 P ~ =g |w of reliability can be determined with sufficient eflort. Evaluating these

~ — W . . v 3 »
< “w o “ benefits may be as simple as identifying areas of potential cost avoidance
; ~'T 7% or complex cnough {o requite operations research technques.
p 2 q P
E: 2 2 [&e 2 8 - One of the better techniqups (which has the added convenience of
£ - o |ol= g 2 . being easy to use) 15 Davesian analysis. In this approach, if the decision-
aq " a A maker is unceriain “about the value of 3 parameter, he or she should:
- ¢ Corsider the set of possible values the perameter may take on for
ge |2 < < - the periad(s) wn question
- = - =4 - - - — - - . .
(28 | |eCleazi: A2 {3l g2 ® Astign aTsubjective probability. weight to cach of the possible
s |38 E . ?32 553 P g8 g ] § 5 values of the paramcter. (Remember that the 1otal probabitity for
NI N HH S1EglE] - the occurrence of all §-natble cvents in a set {universe is 1.)
2| SSElSo| 3 2aa(2|2225|25)"|ax o Caiculate the expected value of the parameter and use this ox-
8 Jw U e wrfa [¢] 3 :
- pectatiun ay the cstumate,
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Altsrnative System
Present hnple

Year Systam mentation | Operation Earmingy Total

1 $1,125942 | $164.584 | 51,125 942 - $1,290.526

2 1,123,536 30,120 921.876( § (6000) 945,796

3 1,362,309 - 891,993 {28,000 853978

£ 1,498 678 - 945517 {33,0C0) 912517

% 1,648 47 - 1.002 248 {37 004l 865 248
Total | $6 7639036 | $194 704 | $4 887 381 | 4410200011 $4,978,035

Figure 10. Cash Flow Analysls

In practice, suppose that we arc trying to derive an estimate for the
effect on profit that will result from improved information used in
decision-making. The user may feel that three values are possible — no
improvement in profit having a probabily of 003, $30,000 improve-
ment with 2 probability of 0.80, and $50,000 with a probability of
0.15. The estimate would be the result of summing the products of cach

value multiplicd by 1ts assigned probability, - ..
Expected - - -
Increase Probabillty Expected
In profit ot - raturn .
3 ocourence %
0 o5, o 0 _'
30000 43D . - 24 000 . =
50,000 015 _1_!'392 --
100 - 31,500 Estimaie

I several users are to be consulted on the same estimate, the results
from the Bayesian analysis can be averaged (5o long as the report makes
clear the process used to construct the estimate).

* Alternative Syster
- - - Curm,
Prasant Yotal Saving Saving
Year Sys1am Cost o3} {lossi’
1 $1,125842 $1,290,526 $1164 584) $0164,584)
2 $1,228,536 $ 945796 $ 292,740 $ 128,156

Figure 11. Payback Analysis

Individual estimdtes can” be further tefined (as part of a group of

" estimates) by using the Detphi technique, which consists of an itérative

series of responses from members of the group being interviewed. After
the frst estimates are obtuined, they are collated, and the _extremes
(range) and mean are deterruned A second round of intervicws is
conducted in which each member of the group s separately informed of
the collated results obtamned in the first round and ashed for a now
estimate. It has been found that three or four such nerations will result
in an increasngly congruent sct of responses that have 2 high degree of
probabidity based on the vaned hnowledge- and viewpoints of the

indiiduals parneipating. whg,

. - by
The estuntes created by the foregoing mcthods (when pmpurlysgf;‘:{

[t

noted as to source amd content} may be included as “earnings™ or-%-
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"GETTING IT TOGETHER

Presentation of she cost/benefit analysis should be made in a concise
formal oricnted toward degision-making. -
The following structure is suggesied:

(1) Summary.

The summary should be a one- to three-page section that in-
cludes, for all desirable aliernatives and the continuation of the
present sysiem, a cash flow analysis, and computation of the
payback period and return on investment (savings plus carnings
dinided by implementation cost for each year of the prejected
pertod) for the proposed new sysiems alternanves. ’

(2) Cost/Benefit Analysis.

This section should contain the supporting detail for:
e Present system aperaling cost projection.
~ _ _e Alicrnalive sysiems operaung cost projection.
1" _ e Implemeniation cost for alternatives.
_ o Earnings projected (tangible and “borderline™).
- « Savings projected.
~ = = & Sources of information.

(3) Intangible Benelits.

The intangible benefits determined for the aliernatives should be
noted separately for each alicrnative and the sources of such

a———in{ormation indicated.-1f-some of the intangible benefits are key
to the proposal, they may be indicated in the summary section
and repeated here with supporting detail.

-—

.

RECOMMENDED COURSE OF ACTION

The cost/benehit analysis is usually the single most important de-
terminant in the project seiection and priorty setting process. A com-
prehenssve approach to cost/benefit analysis can and should influence
design considerations, selection of realistic alternatives, and the final
management decision-making process. ’

While technical feasibihity and design of the alternatives are usually
——the province of the snalyst and the DP function, it is in the area of the
cost/benefit analysis that company management has the opporiuniiy 10
exercise its hnowludpe of corporate goals and objectives and its decision-
mahing powers for the gnod of the overall erganization. i

—-.—ﬂ-l-—l——
Ths partfolic was weitten by Louis Fried eonsultant.
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INSIDE:

S Objeciver, Requirements, Uze of
Preprinced Furms A'lernchive
Appennkes, Elementsof a Feasbiliry
Sruds Propotal

Selecting and Analyzing
Alternatives

. Conducting the Feasibility

Study .- ' _

. - - - =~ - -

- - e Tie

PAYOFF IDEA. Conducting a feastbilty study and producing
the feasibiluy report are complex tasks that can provide man-
agement wuftirfarmeion astowhethera potential project will
be of real benefit to the argonzanan, A thorough sty can
prevont a sy§iens H:m'::';c'rj}r'.n recaommending development
of @ svstem thot 13 impossinle to implement or too costh fo be
gustfied. Tuis pordolio discusses wdennficanon, gualification

. fre. recopmzng anpraciical development soluiions and dis-
cnrding them}, end guanuficetion (t e, deterntining scope} of
preposed systens developn eat projects

PROBLEMS ADDRESSED ; .

A feasibulity siudy defines the objectives of a development effort, the
alternate paths that effurnt might 1zke, 2nd the costs and bencefits the
orgamzation sheuid reabze of the project s continued, -

Itis impuriant to the success of any project. butespecially 1o a project
that tns olves consaloracts expe rse. many participants, and/or murgipal
benefits, th it the feawbeliy stady br giien proper otlention: howszver,
there 1s a tendercy dirong DI users Lo seek smmediate solutions without
really definirg the problems to be selved A tharough feasibility study,
on= that explicuiy Cefines proflems and feauible solutions, ¢an save
menths or years of prorect iune and asert the professivnal embarrass-
ment of vn aborted projeet that was il concerved from the start.

Esseninal 10 anadeguate and theresph feastbidity study isthe prepara-
tion of a feembitny study report b cendacnng the feasibility stuady, the
PrOJSCE ML ger o systetrs wraiyat b supposcdly gained an under-
standing of the problems to be salved and of 1he nature nd cost of
pussble soletioas Inaddriion some conclision has been diawn abont
the feastbidity of vack ol thase sulutions Thatinfonmation must be com-
municated to m otz mient, the users, and the other partoiparids o the
projeed

—
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INFORMATION SYSTEMS ANALYSIS
FEASIBILITY STUDY OBJECTIVES

In response (o the question, * Why conduct a feasibility study?™ one
corpurate president answered suceinctly, 1 don't step into a kot bath
without testing the water with my toes first?™” From a corpornate level,
thiy iv a Twr response, however, fiom the viewpont of the systems
developoient moan wer, the unswer is more complex.,
Since the restitis of a feasibadity study ere wsually reported to corpo-
rate m wnarement for a deciston on whether to proceed with a progect,
the feasibiity stady should determine whether the projects justilic .
Although most requests for systems development or redesign are gent-
ine, the s3stemy development manager should probe behind the obsious
request for any hidden reasons, Such a probe can unburden an over-
loaded systers department and assist i estabhishing implementaiion
prioriies. Whatever the roquest, tha systems development maroger
must ke carcful 1o avoud some of the not-so-obvious putfali He w.'l
encounier user/nianarers who fzel that every department has a bt 1o
use the computer or whose departments have their own operationial
deficiencies and who want (o carrect them by some nzw compuigr sys-
tem desiga. In addition, theie ase those managers whe wish (o exiend
their sphere ¢f infiwence by tpressing manegement with thair ““techni-
cal currency.” These and others may be reasons for niew systems, but
they are rot necessaniy ustificaron for them, Justification may be de-
monstratzd on the basis of e or moie of the fellowing considerations:
« Pavhach — Retumon the investment of development and imrie-
mentatton expenses should be adayuale to warrant proces g
with the sysiem as an afternahive io other potential investments of
2 company’s nioney

« External pressare — Some development or modifica o effotts
are imposed bt external cuthornity and become a requisite of i2-
. ringanihie business These demer i oy come from povern-
ment tepulatory apencies, external aue “orfs, supporting barks,
insurance ¢ ~~on o, and the ike,

»  No reasorao.e aliernaine to the compulter exists — Typically,
such projects may involve heavy computahienal loads — for ex-
ample, analysisafwzather daia or statistical ann™ ses of larpe data
samples A secund consideration may be response tume, While
thare are a number of ways to perform a task, only a compuier
solution ean provide the rosdis 1o ime to be useful. Sorme t.zh
technology rrocess contrel v mocaions fit this description, sutat
can also apply to some clerico! opcrations .

s Corpoiate directive - Realistically, not all computer applications
may be “justfied™ in the objective sense Some ars the result of
corpciats policy changes or the directives of management. It
should be noted that tn spite of the apparent mandatory nature ef
these “‘requests,” the feasibility study stiff can have substanial
valuz Polieies have boen changed or directives rescinded when
the prom b otos hecame aware of the tolal cost-and the oiter
effects of tnuir orig nobdecons
Based on the preceding Line primary ohjectives of a feasibility study

are 1o cosuie that the prorect solses a real proolem (as conlrasted o a

managrment whim) and to ensurc that the problem s worth solving wiih
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Selecting and Analyzing Alternalives

the use of a computer (i.e., that there is sufficient returnon investment}).
Addiuonal objectives are:

+ To provide management with 4 basis for allocating corpornte in-
vestrent and DP resources among competing demands and thus
provide information for setung & priofity for the project.

e To ensure that the proposcd project is consntent withcorporate
objectives and goatsand with colporate and PP fong-range plans [

i

{20y incoasistencies shouhl be resolved by managementy T T oo
s To acquzint management with any potentia! risks of the progect,
These rishs may involse unhnown clements 1a the concepiual
design of the system, estimaics of the cost and duratien of the .
project, introduction of new software: acquisition of appropiaie——
development personnel, and the capacily of existing or proposed——— _
hardware to support the application _ ~ 7 T -
e To provide, when possible, more thanone. alternative (0 e ci-
rent methods used inthe apphcation area(in arder togive manage- __ .
nent aw. Jerrange of choices).

C K

INFORMATION SYSTEMS ANALYSIS

schedule for providing a proposal for a feasibility study
should be cstublished.}

Request for Systems Development

Figure 1 shows a typical request form used for requesting syslems
development service The most important aspect of this form 1s that
forces the reque stor to set down in writing the reason for the request and
the objecis es and resulis he wants to obtain.

1t further requuies ham to think about the other depariments, scctions,
reports, and forms that may orw it be aftecied by the requested change.
n additjon, the form requuies department-head approval This ensures
that the request has beenseenand aceepted by the department head and
is not just a wium of some lower level employee.

ONICINSTInG OLPanTHEnT

|D-l'll -de fav wia®
L Lol

illmnlln [

s To demonstrate the abiuy of the DP organization to developand — .. LD —
implement the application successfully. This obyective may be --— . 4"t O L. B 0. l OO
achieved by having a thorough knowledge of the spphication areal . Tevencr
a gaod grasp of the hardware and software consulerations, the 7. [rrovin o s souves @y ot sision ror i ttowtin
informed parucipation and consent of the user. atentative planfor == 7.2
provuding the appropriit experine to the projecticam, and ahigh 7~ :'
quality of the feastbility study report___ T T .

(- =
REGQUIREMENTS e s s T - i :
?

Before a feasibility study can begin, several management Fofditidns” L.
should be mei within the organization. Both sysiems dévélopmentand T L]
user management should agree that a problent needing a computer solygzr ==

CrrapTer kT3 AND SIETHIGNS APFFILTED *
Siradruiw? H{Tom

tion exi>ts and that solving 1t appears warthwhiles Projects preposed by —- .
systems Jeselopment alone, without user consent and support, rarely_____°

succeed e e .
Since feasibility studies themselves cost money, there sheuld be a :

compaay policy supporting feasibility studies for given levels of project —rariioie mT—— e
work. The usual pregression of events leading to a feasibility studyas: oo
(11 Recoguien uf the probler. \ . e ———— e -
{2} Reguest for systems duevelepment service e - - — = ——-
(3) Bf‘-ﬁr C\-".:I'U.'!“Oﬂ uf [hl: n.'q“cbl. -l his-pmcess-is mc"-‘"Y']C” s 77 R10LL1T CIMLA YHAN FLARBRITY 6TUDY CivE Tad SOLLEMMG if arLiCasLl
thaa one weck of effort 1t s designed to screen requests for . . . - R 2 [———— 1
sty w0 RISETD 1] — MAET RivindE [ -]

feasbility and approvimate the eftort requiicd to meet the re-
quest Sl :
(8} Reypomne to requestor, This short report to the requestor con-

tatns four poswblo answery:

e Thereguest s not practical or s denied for other reasons.

¢ The request 1s satail, feasible, and will be scheduled if the
attached ostimate iy approved. }

s The proposed project ts muendatory and a cost estimate and
sehedu'e are buing devéluped, R

e Thaeque st wppsars wloofawze or complexty that-nest
quires a feamiality study, (I thas tespanse 1y applicable, a%

mom  Hat A - Cav Tesd

RIGUELTIO COMPLETON D4 TE N N N *rouE TR START DATE . " "

2ACAGROYND INFURNATION IWCTIITIONT AND ManTTwiA AVAILARLL #R0OW B LOUEITING DRPAS “wiwT

[P

CfPARTWEN] MIAD APTAOVAL oATL

e A ol ity Curelanrme Demdart Demuaael Earm

L ¥2



Selecting and Analyzing Alternatives

Request forms will rarety be complete when received, but they usu-
ally provide  good start The form,if mncomplete, cah be fiiled inat the
first interview withthe requestor. 1f major changes are necessary, anew
request should be writien and submutted to the department head for
approval

Figure 2 shows a lypical form used to evaluate the systems develop-
ment request, 1o obtain approvat for a feasibility study, and to esumate
the costs fo- svstems des.gn programmung, and implementation. This
evaluation ts nittated by the sysiems group, the form s used by that
graup or by tne feastbility study team to document concisely, wdeally on
one sheet of paper, the projecied zosts of the system -~ hothonginal or
nonrecurring costs and the recurrmg costs of the system plus the pro-
jected savings Further, and mrore wrportant. the evaluation form serves
as a checklist on the covsroge of many items, such as procedures, docu-
mentation, user tralming, and follow-up that are frequently emutted tna
feasibility study.

Although preprinted forms are net required for feasibility study re-
quests or evaluations, they hels mehe the job easier and more compre-
Bensive Forms do not, howsaver. replace a feasibility report. They must
be backed up by the detail costs and methods of computation, advan-
tages and disadvantages, imtangibie values, and so on They do, how-
ever, provide a capsile look at the economics of the proposed project
and serve as a sign-ofl sheet forapproval.

Four Basic Approaches ”»

r

As the systems group considers a feasibility study, there are four
basic alternatives to the reguest for s, stem implementation:

e Developacompuler sysiem. -

¢ Developamarual sysiem. .

o Developanintegrated manual and computer system.

« Do not change the curreat method. .

Develop a Computer System.n these daysof fasterandless expensive
processors, virtual storage, farge dish, files, muluprogramming, distrib-
uted processing, and improved programming techniques, a computer
may be the most obvious {aliheuyh not necessaniy the best) solution.
Generally the cequest for asystem s prenosed on the assumption that a
computer system wili be designed and imglemented

Develop a Manual System When a new system must be designed. itis
often less expensive and sunplerio deveiopa nranual system and oper-
ate it a1 least until il is error free. I addwion, performing the job manu-
ally allows the usertoderelopabeiter understanding of what the system
entals Histoncal mformation can be cccuemulated, and the imteal data
base can be developed. Later sutomation of the system, as experence
and volunie giow, may ofler the most efficient solution

Systems people should not be bliadud by the computer, Somelimes
modifivations 1o 2 manual systein can accomplizh corporaie purposes.

Il
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Figure 2. Féasihility Study: Systems Project Request Evalustlon Ferm

Deselop an Integraled Manual and Computer System as a Solution.
With any computer sysicm, there (s some manual effort in sts imual
processes, but it may be determined that other intermediate steps or
vatidation techniyues could be performed more economicaily.

Cecactanally whes compuienzing a system one small part may re-
quire an mordnate anaunt of tme for programming and testinger an
nordinate amotnt of Lardware resources. Manual implementation may
then be a betier solutton,

Fur example. acomputer system that processes over 500,000 nem-a
day muy have 137 with preuliar eharactenstics. These 137 nems meght
require three weehs of extra syclems design, one and a hall montis uof
progicmnnng, 20000 by les of core memory, and numerous tn e
cycles The payback porod of autenating ths part of the job weuld be
more than B years, wincli 1s, 16 mosleases, unjustifiable "o
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Selecting and Analyzing Alternatives

Do Not Change the Current Methad. Frequently a manual sysicm or a
manual/computer system cannot be improved enough to justify the ex-
pense involved in the change A system should not be changed simply
for the sahe of change. - - .

If the systems Jevelopment manager is to fulfill his respensitulity, itis
important that he seiect or recommend the method that is most benefi-
viat 1o the company, whether it be computer, manual, ora combination

- thercof. This cannot be done by viewing only cost savings as the deter-

miner; other factors must also be considered.

ELEMENTS OF A FEASIBILITY STUDY PROPOSAL

A feasibiliy study is a project in itself. The proposal for a feasibility

stedy should contain the following elements: -

« Objectives — A list and tnef explanation of the objectives of the
feasibrlity study, the subjects to be covered, major questions to be
answered, and why they are important to the design of the system.

« Mecthods — A descniption of how the major questions will be_
answered interms of the procedures to be used, observations, and
units of measure (if the data is objeclive and quantfiable). If the
data 15 subjective and qualitative, an indication of who will be
intervicwed (level, title, function) and what processes will be ob-
served should be included.

s Schedule — Where and when the survey will take piace.

s Persannel requirements — The number of people required for the
feasibility study, their work classifications or ttles. and the area
from which they will be provided (systems development user de-
partment, consultant, other) C

e Shills and traiing — For eachof the above personnel, the skillsor
knowledge reqinred and/or any tramng necessury to make up
deficiencies If possible, atraining schedule should show any out-
side costs and who would do the triuimng

o Estunated tme and cost — Schedules and cost estimates covering |

dircet labor, travel expenses, any data reduction (processing and
analysis), and report preparation. .

» User partscipation — The user’s role in consulting with and fami-
Hanzing systems development analysts with the business opera-
tion Otfices, files, and mloinution to which (he study team must
have access should be listed Any other support that will be ¢x-
pected of the user and a tentative schedule of user personnel time
requirements should be provided. If the user will be involved in
special dat-gathering efforts, a sample of the reporting formut(s)
shouh! be included. ’

After the user approves the feawbility study. it should go to top
managenient of a slecning commitiee for approval before work can be-
gin.

As with any ather progect, consuderation must be given ta project
team orgamzation, project planning, and control. Concluding the study
wiihin estimated ime and cost helps creute credibdity in fater project-
development wark . -

.
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INFORI\TATION SYSTEMS ANALYSIS

CONDUCTING THE STUDY

A farge part of conducting the feasibility study depends on the gather-
ing of information, This information is crucial 1o the activities invoived
in conducung the study. In 2ddition, the information is uscful for Liter
documentition and preparation of the feasibility report. Although per-
conal abservation of current methods and general research can provide
some of this infermanien, more in-depth information can be obtainud by
such methods as round-table discussions (including brain-stormang ses-
sions among members of the study team), interviews with infurm «tion
sources in the company, discussions with equipment manufacterers,
consultations with outside speciahists, and discussions with sofiware
firms. Also of value is information provided by the user department and
its study team representatives,

The activities and questicns involved inconducting a feasibilily siudy
are: :

(1) Traimng and onentation of project personnel, inciuding setting
up the project team aad project control mechantsms.

(2) Refinnpthe objectives of the study by projecting the objectives
of the proposed system; spelling out exactly what is to be ac-
complished by solving the problem or completing the project.
Some objectives of anew system mightinclude: -

e  Afaster process (e g., earher reports, blls, and refunds)

« A more effective operation (e.g., giving supervisors more
time for supervising by requiring less of theirtime tocorrect
defects)

e A better end product {e.g., the same quality at less cost,

] beiter quality at the same cost, or betier quality atless cosl)

(3) Coliecting present system documentation, if any.

(4) Observing and documenting present system flow, job steps,
decision elements, inputs and outputs.

(5} ldentilying the cost of the present operation, the effects of
busincss volume on costs, the effects of inflatron on costs. and
soon. .

{6) Projecting the costs of continusd operation of the present sys-
tem, including any costs of adverse impact on the bustness from
its continued operation. Prescnt and projected costs should
include the foliowing:

Qperating personnel

Qverhead

Computer costs (if any)

Maintenance costs

Supplies
Amortization

L ]
L ]
L ]
»
-
. .
. + Businesscosis
(7). Determuning the information requirements by establishing the
. requiremenis for processing, decision making, and reporting.
(8) Detcrmining any constraints on the system design (such as legal
requirements, 1¢sponse time requirements, data inquiry necds,
elc.).
{9 Defining file content requirementa (Jata ¢lements, tentative file
orpasnization And access methads, etc.)

4



.Sclecting and Analyzing Altarnatives

(10) Devcloping alternative system corcepts and providing a nara-~
tive synopsis and flawchart of each.

(1) ldenufying ard definipg prelunanary hurdware and software
require mants for ench alternaive

{12) Esumating the costs ad possitie schedules for cach alterna-
tve The following magor areas efimplementation cost must be
constdered -

+  Systems design and programming cffort through the ﬁn.:!l
systems test Note that wmay be desirable to mnclude in this
cost the maintenance eitot required for the lirst few monlh.s
of operation, since this is the debugging phase of the proj-

ct

. cS)stem modsficztions, if the alternative is to purchase a
software package. ‘

e Preparation for conversion, which inciudes review and
cleanup of custing marual er automated files. This may
also iociude plannung for orgamzetional changes or ac-
quinng temporary help for the conversion period, o

» Daveloping and publishing new and revised policies, job
descriptions, and operations manuals for user personnel.

e Converting manual files te machine-readable form, or con-
verting and reformatiing cxisting computenized files.

s+ Training the personnel who will use the system. Spec331
trarning for analysts Or prografimers may be included with
design and development cost. .

s Pilat eperation of the new system 0f paralicl opcration of
the ofd and new systemas.

s Mscellaneous project tasks. .

» Capual expenditures for equipment, software, of special-
jzed forms for conrersien, elc .

(13) Estimating the operatirg costs of the proposed al'!crr}atwes,
including all elements 1 irem 6. frr addition, considering any
business benefits that will resuit from implementing the new
system . -

{14) Documenting the mtanmble benefitsofcach allernalive and the
rishs of each appreach,

(15) Prepanngthe feasibiluy repont -

(16) Reviewng the report with the user and making any necessary

TEVISICNS.

{17) Presenting the feastbiiity repoct for management approval.

DOCUMENTING THE FEASIBILITY STUDY

All the data gathered in the fuasibility study would be ovcrwhc!mmg‘ef
presented in the final report, howeser. it does have considerable value if
the proposcd project is approved  All project ducumentabion should,
therefore, be well orgamzed and filed at the conclusion of the study.

Systems analysts are usually responstble for documenting the feast-
biluy study, The report should contan 41 the facts relating to the pro-
ceys of cxvannmiyg the sysiems weienton Thorc is no ahsolute pumber of
papesinthe repott., rather, the magminde of the project dictates the sze

of the repust

INFOUMATION SYSTEMS ANALYSIS

A number of factors should be hept in mind when considering the
report style. Report compters should strive for brevity and economy.
_With thiy in mind, all inctustons should be fully treated and care should
be exercincd to avord #ems that are not praperly defined. Although this
is a technical report, unnsual _techrual language and abbreviations
should he aroided, since the report wall be circulated to people with
varying dugrees of technicat competency. The miormation on the report
will come from many putsof the i m and consequentiy the responsibel-
ity for asseribling the docvments, recording the acliviizes, and formaliz.
ing the finud report should be xsugned Lo a person who has broad hnowl-
edye in related arcas
Report preparaboncanbe greatly improved by having the rough draft
edited If an editor er tes awal wiiter 1s not avinlable, a member of the
development staff or 3 manager with pood witing shills can serve thes

e o o e h A SRR —— e = bt

: purpose. Many fuctual, Resurate. and tharovgh reporis bave beenginen
) short shrilt because of poor grommar, incoasisient witting style, and/or
H 15: cxcessive, confusirn. or ambiguous use of personal pronouns. ln

-, addition, an edilors usuaits aware of the proper perspective from wiich
i the document shouid be writicn and thus chnges first-person singular
end future-lense presenta’son.,

;'- "~ The Reporl. The feasibrl ty report itself should consist of three majer
| .sections: . ’
! e A biief maragement summary of the conclusions of the siudy,

asve~ This seetion shou'd be as short as poss:ble yet should convey the
| major objectives ef the proposed sysiem. the conclusions, and the
AEE key reasons for reaching those conclusions. Ideally this section 15
. one to five pazes long and preceded by an approval page for

.- -appropriate signcolures
» The bady ol the report
l--_ s Anyappendixes to the report.
S The body of the repert centaias the supporting documentation for the

. . management sumriary. I, teo, should be as concise as possible, but its

4

_lengthis a function of the scope and complexity of the system, and the
number of alternatives cazmined A consistent format should be used _
i throughout for casicr rezding Alternalives should be presented in see-
tions identically orpanized s¢ that they can be compared readily Charts
or graphs descnibing simplar data or eveuts should use the same formats
for ease of campanson,
The body of the report chould contain the secuens described below.
.« Introduction — Tins section bricfly outlines the genesis of the
i study, wWenules the requestos(s), and dehimeates the imtial objec-
. tives, ,
..« Proilem statement — This section bneflly outlines the problem
that the pioposed system istosolve
s Constrmnls — 1 kis section gescaibes any constraints on the com-
- - pany or on systems developnent that influcnce the system design
sllernatives. Thzee constraints may be legal, techmceal, corporate
policy, or business (e g, hantuitons on capital investment, fimits
un manpower budpeis, tax conmsderations, present hardware or
sofltware capaidnizies].
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Selecting and Analyzing Altarnatives \

Scope of the system — This section specifies the functional areas
the system addresses, whether thisis anew applicationora modi-
fication, and which depanme ats wiil be affected and in what man-
ner. In addition, aay chanpes in corponite policy or procedures
necessitatzd by the implementation of the sysiem should be n-
cluded, as should the approvals required to procecd with the proj-
ect. .
Desired results — In general, this section describes the results
desired by the user. It includes such considerations as response
time, service levels, size ofuser stafl. netchange inuseroperating
costs, increased information visibility, and s0 on. 1t should be
noted that thes section deserites theuser desires valy, notthe finat
results of each alternative, 5 these may represent SOMme Compro-
muse with desired results.

Alternatives — The following seclions should be repeated for

each alfernaltve presented. They should be acranged so that each

alternative is presented a5 2 complete picture, from concept to
tentative schedule.

— Solution concept. This is a bricf (one- Lo three-page) descrip-
tion of the major features of this alternative solution. It 1dentt-
fics both manual and automated processes and the gencral
flow of the sysiem If necessary, a top-level flowchart may
sccompany this sechion. :

— Cost/penefit anzlysis, For a complete view of the conlents of

this section, refec (@ portfolio 32.G3-04, **Performing Cest/

Benefit Analysis.”” This seclion contains such supporung de-

tall as implementatiod cost of the alternative, conversion
costs, opcmimgcost projections, any earmings pmjcctcd, sav-
ings projected, and ntangibic benefits. -

— Handware and software impact This section describes the ef
fectir the present configuration of hardware and software. For
example, any additonal equipment of required additions of
modificntions (o sysiems SJhomld be histzd withan explanation

. s lohow they would be provided.

— Conformity with corpurate pluns. This scction indicates
whether the proposed alternanive conforms to corporate goals
and long-range plans 1f the aligrnative Jdoes not conform,
short- and long-term effects of this alternative should be histed.

— Schedules and stathag. A tentative ymplement.ation schedule
for the aliernative and how the project teun would be staffed
should be organized using bar chart or similar Miustration.

— Rush. Any fishs savelved in thus alternative, mcludivg those

perining to schedule esumated cost, sysiems softw.are mod-

ification, and hardware yeliabiiity or Hmatations, should be dev
scnbed .
— User pagticipation This section describes invelved user per-
sonnel aml the extent 1@ which they must contribule 10 ensure
the projgci’s stccess .
Sumunary and recommend ation — This scetion sy parises forall

alleenatives presented and for the contintation of the present syss S
- fem: a cash fow analy sis, compulation of the payback pcriod,"‘.de? A
o Ll -
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INFORMATION SYSTEMS ANALYSIS

paragraph should indicate the project manager's recommendation
as to the apprapriate course of action.

o Appentit — This section should containany technical or financial
detail that supports the feusibility study report.

BECOMME-NDED COURSE OF ACTION

A fcas}ba!ity jludy is a vital part of the systems life cycle. its primary
purposs 1S {e] elu_nm.\tc unwanted surptises for company manapement.
In this conteat, it may be viewed as an insurance pohicy; however, it

must be nsed with Jiscretion and 10 such a manner that the premiums

T {the cost of the feastility study) do not exceed the potential [oss

The feasibiity study should te acarcful analysis and progection of the
future e{fort. When conducting a feasibility study, the bachground infor-
mation must be fully descnbed, advantages and disadvantages of the
proposed alternatives should be given, and the audit and control funac-
gions sheuld be considered 1n corjunction with each alternative. This
infermation, when documenied and presentedin @ weil-organized and
well-written feasibility report, helps dircct the proj ect toward successful
compieticn.

——

This portfolio was writlen py the AUERBACH Editonal staff. It is partially

grz:.un from onginal matenal submitted by kouls Fried and Jonathan
atmer.
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Los Enfoques de Planeactién.

3. Las diferentes concepciones de la Plnneaciéu se pucden
resumiT en las siguitcntes lincas: (1) La Planeaeddn como un
proceso ge toma de decistones, (2) La Planeacidn como un
Sistema Conceptuai, (3) La Plareacidn COmMo umd actividad de
intervencién en la realidad secial, (4) la Pfaneacién cono
un instrumento de la Pplftica Leonbmica, (5) ta-Plaascacadn
come un corponente de la Cemunscacedn Secstal, consccuente-

mente, como un cenponente de un proyecto pulitice,

Cada concepcibn citada de 1a Planeacidn se deriva (1)
de una orientacidn ideoléfgica especifica ¥ {1:) dec una visuz
o lizacifin parcial de 1a realidad: de una dimensidn particu-
lar  Factores y razomes histbrico-pelftico-culturales sui-
yacen en las concepciones referidus. Como.;o eviste, afin,
una teoria” zcabadz dec la Planeaci6n sc obscrva un altoe gran
- de confusibn; en muchos cusos es atribuible a la terminolo-
gia; en otres se debe a la mpresién que en cada actividad
‘ - profesicnal dejan “sus pacpios Zextos™. ~“No es amprobable
hailar cquivalencias entre (a) Plancacidn y prCSUpqu[;Cléﬁ}

(b} Planeacién y Programacibn; (c) Plancacidn y Adminictra-

cifr; €d) Planecacién v Pronfstico; e) Planeacifn y Provevie

W e YT
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Econfmico. -Las tres primeras cquivalencias s¢ encuentran mas
difundidas entre los especialistas de las fireas administrati-

vas; cl incise {d) en las matemiticas aplicadas; la Gltaima co

rrespende a algunas escuelas de economia. En cada caso la

equivalencis es errfnea: la correspondencia eliminaria mu-

chos aspectos importantes que contiene la Planeacién. Tal'y

como se discute posteriormente. ’ . ) - i

Paralclamente, la Planeacifn resulta ser, tanmbién, un

.concepto “comodin' o de usos mfiltiples para fines diversos.

v —— R et d—— -

Dentro de la vida cotidiana sc¢ escuchan comentarios scobre fa
lias o deficiencias en ciertas actividades debido;r (1) a3 la
~ omisidn de tareas de planeacién, (2) a2 la planeacifn incom- -

.pleta o incficientc, (3) a la falta de articulacifn entre un

[

plan y la oncracifn del mismo, etc. .En algunos casos se des

prenden dichos comentarios de manera superficial: bdsqueda

de-un o varios factores a los que se les desea involucrar per - .
] - } ) -~

H ser candidatos descables para ser "culpabtles*, En otros ca-

-~ sos, se derivan de.un.desco  por_nracionalizan la actividad -
R -‘;??huménan Por ejemplo, por contrclar hayormente un determina; -

- T do praceso ° acti@idad. Tamb1én se prescnta como una actitud

. e defen51va v/o pa51va ante actos de otras’ personas, institucxo N

~

nes, organizac1oncs o tomadores de dccisi&n. Los elementos-

£ st cxtados son sflo._una muestra pequeﬁn dc Ios factores que tra '

_zan una explxcacxdn pero revelan una caractcristica crucinl.
T ,1 L. lLa Ptancaccdn‘4ﬁic<de en el SLatema Socdial y asecta g diver- -
"5 . ~ . P,

-2 -

;uz'&gt;tea“ﬁt_ga vida docial. Coﬁsecuenteneﬁtg, contiene n’
siempre un elemento poltt}co.‘ gh importancia de este punto ;
se describe y ratifica en'el contenido de los dos pri?crog ' e T
capitulos dc esta tesis. . 3y

; 3
2. lLa Planeacibn come proceso de toma_de decisiones. ; )

La extensién de la Teorfa de Decisiones al campo de lz )

Planeacxﬁn se manifiesta por una definicién de Ackoff: "es ;;
una toma de decisiones anticipada®. 1 Aunque el propioc 'F_

Ackoff ha propﬁestu definiciones mis completas la acepcibn

anterior ha atralde, guizd por su simplicidad, 2 un nGmere

muy vasto de personas interesadas en el tema. Se debe indi-

car aqui que toda toma de decisiones ‘es anticipada; ¢4 pre-

via g La acciduf‘acfctud, disposdicadn,que s¢ sefeccione: Por

1o tanto, el punto crucial es ¢l que se refisre al periodo

de aﬁtic1pac16n. La discusién aqui, sin mis elementos de

1nformac16n sob'e el objeto y el sujeto de la Planeacxdn. se
presenta como de indole casu[stica. Hay necesidad de atadir

étros_aspectos'para-qug la reflexibn sea mﬁslfructifeya. Per

ejemplo, el tiempo én que se tarde tomar una decisxdq; ie.

escoger un cursa“de accxﬁn sl iemgo de preparacxﬁn para
llevarla 1 cabo el tiem 2 rcqucrido para evalunr los resul-

.tndos correspond1ent"s.,ctc. En suma, tal y como lo seﬁnla

White ‘2’ la qrcpuesta oS amblgu1 y/o rclatlvn al caso es-

ﬂ.m-- -

Quiz& Ackoff no fue tan cxplic1to

pecIfico que nos ocnpe.

- - " P -
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debido al entendimiento técito de que ¢l término “anticipada’

es relativo al contexte donde sc aplique.

Oiro ounte que ilama la atencién reside en que la toma

de dec.si8n pueda ser singular ¢ Gnica. La Planeacién, corri-

¢ié despufs el promuo Ackoff, "es un sistema de decisiones

yterdependientes eatre s{ que se dirigen a coproducit un fu
. 1] - -

ture descobie” ! En este enfoque se hace asi evidente el

w2z la Planeacifn° como Sistema y COMD preceso.

caricter Zual

De hecho, 1a Plareac16n se realiza en una imagen de la
realidad {sistena cenceptuzl}® en donde se toman decisiones
en forma de precesc. Dichas decisiones se traducen emq ICT1C

el objete de la Flaneac:dn. el que ha si-

nas woe inoiien el
do modeladn como sistena, Cemo ¢s chbvie esperar no necesas
riame~te -coisc.den la decisién y la accién concreta que s2

ileva a caro. Una de lis razones per 1l gque no se da la coin

cidenc:a es 1a naturaleza dastinta del espacio de referencia.
En otres térr.nos. el iengua)e y su naturaleza es distinto
Afectan elementos denotatives y connotatives
{5}

Tasc.

én cada

que se expresan, p. €j., come variables linguisticas.

En el sistema conceptual, el procese de decisidn es ca-

racterizado por {x{®)i_.

en la intervenclén en lz rezlidac

se obtiene {y(t}}_ dende

* gue algunos autores denopinan Yeconstructo®. Ver por ejem-

plo a SGolzan.

— o g LT A Ry

(x{e)} b, {y(t)}_; A actfia como un operador que
T <
(6}

sipgulariza 1a acci18n correspondiente Como sc pucde su

poner X{t} indice la accaén seleccionada por el decisor (o

]
tomador de decisiomes} en el t1empo 1. S1 el proceso de dg

cisi6n tiene un espacio paranctral fimto © numerable se

puede modelar por [xn(t)}n. \gui hay que netar quc fus pe-

riodos sucesivos de 12 decisifn no tlencn porgue ser 1gua-

1e5, Los valores de Xn{t) pueden concceptualizarse de diver-

sas formas:

Coma varizbles aleatorias - cn el cspacid de resultados.

(a}

Consecuentemente dan lugar a un proceso estocdstivo;

Esto ecs como funciones

(b) Como var:iables determinisias.

X :f£:4 + A, Del conjunto dc curses de accién en si mis-
n

no.

(¢) Como variables deterministas sumergidas en un conjunto

A que pucde cambiar de ctapa a etapa. En otros términos, A

s&lo ostd delimitado en el corto plazo pudiendo modificar-

se - por ejemplo, por ia tecnclogia o por la amplitud del

espacio de accibn en cada ciapa-

2,1 El primer caso {a) corresponde a la cbservacifn de un

agente externo al proceso de decisién.  Tal es el-caso de

un observador (investigador) que plede tener como elemento

de informacibn: (1) el conjunte de cursos de accifn A de

;

.
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indecisor que se considera invariante en cads etapa; {ii) se
conocen -0 si no se conocen con irrelevantes- las etapas en

donde se selecciona un curso de accidén. Un ejemplo sencille

v me—mn A A

es el caso que A={a,b,c} en cada etapa la seleccién tiene

que ser cuslquiera de los tres cursos de accibn comprendidos
-

El
en A. La regia de decisién’ en cada caso’ (aunque no sea
explicita) permite evaloar, etapa por etapa y glebalmente,
cusl es la "mejor accifn'. Si el cbservador citado no tiene

otros elementos d¢ 1nformacién adicionales pedria preponer

Sl b e . A

-y comprobar- diversos criterios de decisifn que le permitan

jdentificar cufl es el procese subyacente del decisor al que

“estdi 1nvestigando,

En cste enfogue existe un parad1gma(7) implicito: "tedo

. - —

. preceso de decisifn tiene unz determinada racienaladad y es

ta cs descubrible”. En la prict.ca es comin encontrar gue

el investigador hace uso de un paradigma (o una visi16n del
-mundo™) distinto para explicar -y criticar- el proceso de

Actualmente se observan muchos =jemplos

decisifn-examinade.

- de lo citado:

(i)

la dependencia o desde el zodelé necocldsico, el gohierno del

examinar desde el enfoque marxista, desde 1a teorfa de

Prosidente L6épez Portillc con el campo econdémio,

(ii) examinar seafin las escucias funcinnalista, estructuralzg

T U e U R 1

el LS ety

(11i} examinar desde diferentes perspectivas las apciones Jde

comercio €YLerior.

El tipo de observacifn es distinto si se aplica en for-

ma 1ztaaapactiua {EX POST] que si SC aplica en forma prespec

feve [EX ANTEY. Los eiemplos (i) a {1i1) coinciden en la

evaluacitn EX PDST. 1na ilustracifn del tipo EX-ANTL correg

del procese de decisién de un deci

ponderfa 2 la prediccién

sor ajenc al investigadar.

Por otra parte, la forra citada sugiere que el investi-

gador tiene -© prefiere tener- una disposicién pasiva ©

Este
a(B)

inactiv ante el precesc de dec1s16n que gbserva.

caso no serd estudiado pues no corresponde al enfoque de la

un enfoque desde 1a perspectiva del .

tesis. Es cierio gue €S

esnactador 0 irvestigador acadfmico, FOT €50 misrpo tendria

otro titule y corresponderia a otro lugar su discusibn.

2.7 & caso {c) es el més apegado 2 la realidad. En varias

ocasiones, bisicamente debido a. (1) innpovaciones tecnolfgy-

cas, f11) discontinuicades abruptas en cl campo puiftico o

que conduce a en-

claro que se re-

econGmco’, {111} ganancie de informacddr

. iiquzcez A. En cada ctzpa de decisibn es

© aulere conocer el'conten;§o de A pero, on etapas previas no

nece.ariamente cs asf. I'n otros términos x;(t) - An cono-

’ < >n) aunqgue
] ci1te para m>n. De hecho A CA (m nj g

pare lm £ An

el valor o Es-

1a utilidad de cadn curso de acc1bn cambie.

W9
* lo que schala Trist coma "turbulencias .

~J
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te enfoque tiene afn nis caracteristicas de las sefialadas-

(a) perm:te combinar la dualidad “evaluativa-de desarrolle™;t'®?

Asi se puedan desarreilar los métodes de Kaufmann(11), algu-

-nas técnicas cuairtativas ad hoc,{lz)

ate.

(b) permite aralizar e} henef:cio/costo esperado de ia inves-

tigacitn cientifico - tecnelfzicq.

{c} Cualquier problema de decisién, conforme se amplia su ho-
rizents de plareacifn, se convierte en un problema no estruc-
(13

turade Con lo cuval, los dzfensores del principio de igno

rancia Completa confirmarian la validez de su supuesto.

(d) pesibilita l1a identificacifn de factares actives en 1z
Flaneacidén, al establecer que 4 depende de la 1ntervencifn
de distintoes miveles de accisn.  Se comsolada ¢l irpacto de

la veluntad humana.

2.3, La ceonceptualizacién =ds comln, hasta ahora, es la re-
prescntada por el caseo {b} Se presupene aquf que existe un
orden de preferencias ertre las cursos de accién que obedece
a un criterio de cecisifn. Come se puede directamente obser
var existen dos grandes caainos en este caso: (1) acudir a

la tecria cel Yalor o de Ia2 ¥-ilidad para evaluar numérica-

mente todo curso de acciin y en cada etapa; (2) restringir
la aplicaci6n para diserimirar cada curso de acci6n en térmi

nos ordinales (con uma preferencia o valor Implicite}. A (1)

b gty S ool e B - o

' IR W - LT WIN X

. e,

fa " " a (2) teoria
se le denomina i Decisiones, teoria fuerte” ¥ {

: da una.
~déh11l" debido a 1as eX1gencias gque contrenc ca

i nsién de
Este es ¢l caso mis representativo de la cxte g

i i se puede ob-
13 tecr:a de decisioncs mds trad;cxonali Como ol

- ‘13
servar la correspondenciz entre esta conceptualizacidn y

.
i dinfimica, teoria de
modelacién ratowitica {via programac16n ! .

3 -¢ es
redes o progranacién multi-obretivos o mult: criteries)

robusta.

2.4 A esta altura de la discusifn es importante hacer notar

"Len-
gue existe un ingrediente que afecta relevantemente la

isiones 1nterre-
sune” de este enfoque. En un proces? de decis

] - TS0
lacionacas sntre si, en cada etapa la seleccifin de un CuTs

per las selecciones pre-
(14)

ve aLciar esrescifico estéd afectado

vias ¥_poOTr Sus  COnsecucnciis. Los Sistemas Sociales,
* * - sy -

i os. Por
deonde sc realiza ia Planeacidn, son gystenas Abiert

io tanto, influye el Medio Ambiente o Entorno del Sastema. .

y hle
ne agui que 11 seleccionar un curso deo accifn ng ¢S posl

r . En-
determinary ¢on certeza a que resultado se va a liesar

sonces. 1a decisién se da, por efecto de la relacidn entre
,

6 ¢ riecsgo o de
cursos e accién y resultados, en un marco d g

ingertidunbre,
3 -
Asi se conccde(15 que en cl corto plazo s¢ pucca pla
lo
near Lnjo condiciones de riesgo ¥, en el largo rlazo s

bajo 1ncertidumbre.

¢
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.de un grupe, red o clase social

b

o)

a
ey

iC8mo es, entonces, aque la Planeacifn pueda gencrar elce-
mentos de accidn social?. (Es s8lo un espejismo? La defensa

de la urtiidad, en ese sentido, de 1la Planeacibn radica en

el enfoque proactivo y en la voluntad de intervenir en la
real:dac scvial hasta alcpnzar un resultado desechc. Como es

tizre advertir, asi, el ciercicic de la vejuntad individual,

enfrenta voluntades que le

son favorabies, (alianzas), opuestas (¢oaliciones) y antagé-

niza2s f{cenflictos). Se estd, entonces, en el esnhacio del po-
ler, en la faceta polftica indispensable e

inkercnte 2 la pla

neacidn como tal.

De esa forma aparecen varias escuelas de plancacién se-

1

gn la modalidad o papel gue le asignan al aspecto politice:

les

(3]

hie-

(18]

(1) E! aspectc politico s8lo estd presente en

ives (¥:ines, Metas, Ideales) que se seleccionan y persigan.

r

{2 Ei aspecto pclitico se configura por las r¢laciones

de pccer erntre decisores, bencficiarios™ y planificadares.

Obletiveos, cursos de accidn y actividades de opeoracién son,

exclusivamente, consecuencia de los resultados de las rela-
R 7
ciones do po::i-:‘r.‘.1 !

{3} Lo pelitico estd presente con todos los aspectos con-

sustanciales al proceso de plandacibn. Aguf hay tres ver-

tientes generales:

. : N 19)
* Incluyen azuf les beneficrarios ntectadores.(

i
(e

AL s

Lot R

1.

{a) La politica domina, como eje, 1as actividades de¢ la

planeacién; no <610 como clemento biisico contenide en cual-

i i i tado
quier "plan de acciones"™ sino comno transfornacién de es

(bGsqueda de propdsitos): aspiracifn de cambics ¢ §cfcnsn del

status que. Fundamentalmente SC revela el contenido ideoloal

co: 'la manipulacién d= los valores en la a¢cidn humanaj

{b) La planeac:ién es un instrumento de la politica, mis

explicitamente, la planeacidn es un cenponente de la partici-

nacibn v &sta de la domirmacifn {que, a su vez, lo es de 1la
hegemenial;

(c) La nlaneaﬁién s6le tierne sentido por I1a accibn a 1a

que conduce, Cualquier accifn se tnseribe en un marco de T3

cionalidad en un contexto de conflicto: el que cerresponde

M RS R FE 1 -!_
al anfrentamiento de clasz=: sociales antagfnicas: Fara cieyr

tas cscueclas sociolfgicas sc dardn interrclaciones entre cia

scs dominantes y subalternas de pafses hegemdnicos y/c depen

dientes (como Touraine). £Ln el enfogue Marxista el conflic-

. . iedad
ta s¢ dirime, ¢omo ¢a sabido, en la lucha por la prepic

de los medios dc produccifbn.

Ne csa mancra, se pueden considerar -y clqsif;car- los
enfoques de?pinncaciGn ncrT niveles seghn los auteres princi-

pales que los sustentan y definen:
(i)Y L1 primer nivel que corresponde a la discusifn so-

hre ohjetivos:

" ——
o T e i La e

18
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{3i} El segunde nivel cerresponde a la especificac

determinacién de las relacioncs de poder;

fiid M - 1 i
fii1) El tercer nivel tienc tres vértices les ¢orr
tes a los incises (a), (b} y {c}.

Se representan, a continuacién,

cidns

CUADRO 1

cspc dien

airuros enfogques cone-

gue se enmarcan crn el planteamiente nenciorado

- £ ' .
Caza f2Y --rrmmmmemmmmemmmem Touraine; nco-marxist
.
La revisifn de lo nue es la Planeacifn -de su
aueds realizarse bajo nuzhos enfoques. Ura pos sible

12 visualizecifn de los aspegtes noreatd

amevative, L1

ia Planezcidn;

estaztfaico se rclaciona con 1o que

hacia donde s¢ dirige (fines, metus,

pera consegu:irio.

as

contenido-

ey
M

necto normalive se refiere a 13 es-

v reglas légicas {formas de construccibn de propssi-

la Pianea

abjesivas],

T R PP

Finalmente, =l asnecto epenat(vo corresponce o 1a feorma

comno se seleccionan, inpiantan ¥ centrelan las acciones Con-

ﬂ'gv."-'.v-':"‘“"‘"ﬂm‘vrtﬂ-

sideradas.
r
Como se esperaria, existen trabajos especifices out sC §
4
eniocaﬂ a desentrafiar tos nvcb‘chzs de cada aspeccto. Asf, %
por ejemplo, 5¢ ha estudiado -on Luunto al aspecto estraté- ;
gico- (i) cbmo derivar objetrives; {(ii) vomo evaluarlos, ?
(iii) come establecer redes <2 hietivos. Similarmente ha ?
sido importante 1a contribuciéa en el aspecto opurative: £i) ;
casos y causas de las deficiencias en lievar a cabo planes, %

=,

programas o proyectos; {ii} elementos de rTegulacidn y con-

actividadns; f1ii} esquonds de correspendencia

trel do las

o :ar:xcxnan en los aspec-

—en

entre los asentes de planeacs

5.

+gs estraténico v greTative, o

cuandeé se han referide nreguntas al porqué y al pard

g I (T TP AR

una ambigiicdad cn i3 insercién

gué de la plangacifn existe

apropiads. Parecerin seT, cnptonces, Que ¢l para qué de Ia

e m

Plancacibn estd vinculade al aspecid eatratégice. Mo ohstan-

L

te, ¢l poa qué no tiene ubicacién precisa. F
k.

Aqui sc presentan dos preguntas relevantes: (a) & groui g
plancar?. (b} imeor qué se¢ pianea de una determinadn rhneT: E
i 1

.

eminado? El primer incise {a) tienc

o scpln un enfoque dete
adheridas las siguicntes interrogantes: pard qué plancar?

ipara quién planear?,




PO

i p—————

Todo este grupo de preguntas ¥ otras reizcionadas parc-

cen ser, =n mi opinién, de importancia susiantiva. Sin embar

go se dejan de lade o se omiten casi siempre. Hay razones

que explican esta circunstancia. El lecctor puede reflexio-

nartr

desde su concepcifn persenal, acerca de varias de cllas.

ta narticular, les aspectos, politices ¢ idedldgicoes justifi

o rebatirdn su pretendida omisién. Se afirma que di-

carin

3a onisifn es pretendida y no gs cbjetriva -puestt que expli

n

cita ¢ implicitamente , dichas preguntaé estin presentes. En
2ste trabajo, v en otros anteriores, .se ceonsidera su res-
suesta come {rdispensabfe. Bdsicamente porque cualiquier vro

ceso, sistemz yfo actividad de Peanzscién  Implica un cempro-

miso. Comrromiso de tipo social que est4d frntimanente ligado
cen los resultados o impresiones sociales de la Plancacifn.

iQuidn nlanea?: Planea guifn tiene &g caracidad dc hazer

1o. Planea quién tiene el prdia para hacerlao. De-ajul que se
S

. requiera cl saber v el poder. Er este sentido, tan*to ¢l &0+
tav cors el poader se dan dermal o infesralmante, E1 grupe

es propietario del saber formal ¥ ejerce. 2l poder

Los grupos subalternos o dominados, si acasc, S¢n

farnsil

.
.
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CUADRO II 2
injerenciz €a ‘ posicibn (en alternativa waradigrd
ia planeacifn generalj tica comsistents al
t gToe . 3
Grumo hegemSnice  wi alta Control social Fupadoraidsre: "iunands 3
’ conscrvacion  |re” !
del status quo) ) {
= . [
Grupos dominantes mediang Carbio parcial |Vatiabfe
{variable) . :
rupas subalter- moy bajo Cambio Hanxisme; Ana;québnﬁ i
gos dical) Enfenurs "Aniichaanis ;
(radica zaiives . i

¢e hace evidente que el cuadrc anterior im-

En general,

plica una consideracibn de racionalidad que pudiese no estar
presente., Leos paradignas racionales asociados a les gTUpos

- L.} PR .
hegeménico ¥ domxnantes" } dardn realce a la conciliacibn.

£8. -

upos subalternos interesa revelar en

El cambie, para ics gT

toda su dimensifn, al conflicto., No poT esig =< rujcre men-

subalterno pfoponga -y defionda- co-

¢cionar que todo grupo

rricntes de conflicts social, El grade de asimilacién de

ternos mediante, p. oci.; 12 participacibn

B e ARl o

ciertes grupos subal

T

[

formal o la infermal es posible que, dadas otras condiciones,

sca muy alto. La discusifn de estc punto es compleja y am-
plin: dicha amplitud requeriria, al mcnos, la gxtensiﬁn to-

tal de esta tesis.

v ontn clasificacifn, alGn no completa, se derivd de una d}scusién con

- pafil nardufic. Subyace aqul una correspondencia con las Ecor:as 11342
15gicas prinsipzles.’ Sce reconora, entonces, la inclues:ion ds 1; Fla-
urarcidn comn "elemantat de ln whoria social, Lo clasificazion Cér grg
et arsiende lx Augerita por Aramscll La clasificacidn Ge la "pos5icidn”
wa refirre a Loz pelisen Capltaliutoes dnminantes o dependiente s <la

o s26n 2

- e
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‘ PSL/PSA A Computer-Aided Technigue: | :
: for Structured Documcnlatmn and Analyqns
of Informatlon Processing Svst ms E

oL ... " L’Imtreduction -~ . .. . ™ u
H! Orgammuons now dcpcnd on computer-based mfor-.
) mation processing systems for many of the tasks involv.
- ) : ing data (recording, storing,” retrieving, processin«. elc. ).
"~ Such systems are man-made, the. process consists of a
. : . number of activities: perceiving a need for a sy:.lu‘n.
R dctcrmmmg what it should do for the organization.
' ' designing it, constructing and assembling the "com-
ponents, and finally testing the system prior to installing
it. The process requires a great deal of cffort, usuatiy
" over a considerable period of time.

Throughom the life of a system it exists in several
different “‘forms.” Initially, the system exists as a concept
or a propasal at a very high level of abstraction. At the
‘point where it becomes operational it exists as a collection ,

. . of rules and executable obicct programs in a particular
computing environment. This environment consists of
hardware and hard software such as the operating system.
plus other components such as proccdures which are car-
ried out manually. In between the SYstem exisis in vari-
‘ous intermediary forms.

The process by which the initial concept evolves
‘into an operatipnal system consists of a number of activi-
tics each of which makes the concept more concrete.
Each activity takes the results of some of the previous ac-
tivitics and produces new results so that the prowrossion
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i eventually results in an operational system. Most of the activities are data pro- -
i * ‘cessing activitics, in that they use.data and information to-produce other data

] and information. Each activity can be regarded as receiving specifications or re-
. quirements from preceding activities and producing data which are regarded as
: © specifications-or requirenments by one or more succeeding activities. B
C Lo 3 . : T .

‘I' . P O ' ‘ . ‘, 4 " . b -
-+ Since many ‘individuals ' may be involved in_the system development pro-

cess. over considerable periods ‘of time and these or other individuals have to

maintain the systcm once it is operating, it is necessary to record dascriptions of ¢

", 7 “the system as it evolves. This is usually referred to as “‘documentation.”
B . . N . .
- : . g .r

‘ In prictice, the emphasis in documentation is on deéscribing the'system n
*the final form so that it can be maintained. Adcally, “however, cach activity

. i should be documented so that the results it produces become the specification

. ifor. succeeding activities. This doesnot happen in.practice because the com-
§ . . N . e ' . boew . . .
.. ‘munications from one activity to succceding acuvilies Is accomplished either by

among individuals in a project, or by notes which ae discarded after their initial
use. : ‘ * T ] -

. r N .
PR L ) .- ‘. . .

-

4

“This results! i projects which procced without' any. real possibitity for.

‘manasement review andtcontrol.,. The systems arc not ready vhen promised. -

_do not perform the function the users expected, and cost more thgn,bucigéled.

1‘ ~ Most organizations, therefore. mandaie that'the sysiem development pro-,
- - cess.be divided into phases and that certain documentation be produced by the;
1 - -end of cacﬁi,p‘hasvc so that progress can be' monitoréd and'-corrections mude:
4 .+ . when necessary. Thése attempts; however. leave inuch to be.desired and most’
[ organizations arc atlempting to improve the methods by which-they manage.

e o et — b ae e

- - ——

their system deveiopment 20, 6.~ = ~ f SR J

“This paper is concerncd -with one approach to improving systems develop-.
ment. .The approach is based on thice premises. The first is that’ more effory
and attention should be devoted to the front end of the process where a prov
posed system is being described from the user's point of view (2. 14, 3]. The
. sccond prenise is that ihe computer should be used in the devclopment pro-.

: cess since systems development involves large amounts of infoimation process-
ing. Thé third, premise is that a computer-aided approach, io systénis develop-
ment must start with ‘‘documentation.™ e ' . )
. “This paper describes,a computer-aided technique for documentation which
{ consists of the fotlowing: - - R TR ' :

'
[

' ~ .

-1} The resuits of cach of the ‘activities in the system development
-process dre-recorided in computer processible form as they are (
produced. .

t

L S LN

‘having the samc person _cu’rryin'g out the activitics,- by oral communication
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2) A compdlcrircd data base is used to maintain all the basic data »
sa w4 about the system. ' ' :

L3 eyt

’3,)' The computeris uscd 10. producc hard .COpY . documentatlon
when rcqmrcd v . . S -

4 ) - 1

N "

0

The part of the t(:(.hnlque wlmh is now opcmuonal 15 known as PSI./PSA.
Scctaon 11 is devoted to a brief description of system dcvclopmcm as a frame-
work in’ which' 1o dompdre -manual and computer-aided documgntation methods.
_Thc Problem Slalemcm Language - (PSL) is+described in Scction [11.. The re-
ports which can“be pmdu»cd by the Problem Siatement Analvzer (PbA) are
described in Section 1V..!The status of the system, rcsultq or cxpenence o
. date, :U‘ld pidnned developmcnls arc outlined in Section V.

st + I . T . T

i

L)

1. - L JUJ ! -
. . .. .
’II Logi cal systems dcsngn - L T T

tl 4

=" 1 The computer: 'ndﬂd documcnlal:on S)slem dcsulhcd m Secuons HI and

21V of this paper is dcsuuud to play an mlcgral rolu durms, lht muml slages in

‘the system development, process.. A genemhzcd modcl of \he' whoic system
development process is given in Sccuon-ll A. ’Thc hnal requll of* the initiz!
! slage is a document which here will be called the Svstem Duﬂmuon Repohi.
. The desired contents of this document are discussed in Section 1I-B: The ac-
tivitiesréquired to’ proditce this document, manually..are dcscrtbed in Scclion

44 Couflined'in Section H:Dov s o 0 T g s et N
) R

v ATA mr’)dpl of the sysmm devélopmem process. -, .

4 . .
' . 5 : o L
. . ) et .

TR B The -basic - ,stc:ps in lhc hl'e cyclc of mformat on systems “(initiation,

N - Nl ¥ . ) = . N B . -
e — PR O YT EAIY T L v PITIT YT TY AR T AP TR T

o Wroeanalysis, design;, construcuon,,lest,ﬂnstailauon opcratlon and tcmm:mnon) ap-

- i-ic cpeared: in the earliest .dpphcatmm of - computers 10 orgamrahoml problcmq (s

for example, {17, 1, 4, . The nced for more form al and comprchensn\m pro-
cedures for carrying out the fife cycle was recogmzcd Cdfl\’ examples are. the

! ‘o« IBM-SOP publications[5),  the Philips=ARDI method (81, and lhe SDC method

B 2310 In the last few-ycars,.a hrg,c number of booi\s and p'lpCl'S on llns subject
Y7 : have boen pubhthd {11, 19]. G e .

- .4 1y
I

N

. 1-C and the chanpes powb!c lhrough the use of compulcr. mdcd mclhon‘ s uie

lmmmalmn of these and my other puhhmuonq indicate that there is

no general agreement on”what ph.ms the de\dopm nt-process should be divid-

c cd into, what dnmmunmuon should be produced at each phase’ what it should
com'un or what farm it $houtd be pru;c,ntcd m “ich- org:\nlz.mon dcvctops is
own methods and standards. SR R 4 "

“In this section o [,cncraliud system development process: -will be described
as it might be conducted in an diganization which hasa S)slcms Department
rc‘;ponsuhlL for developing, operating, and m.nnm:mng computer based mlo.
‘ manonv processing systems. . The System -Dcpartment belongs 1o some highe
T unitin the organization and ltSCIf"hdS‘SOlnmSubunlls, ,cach with ceriain 1um-

Y
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. . tions’ (sec for example, {24])..- The System. Department has a system develop-
'+ 7" ment standard procedure which-includes a project mapageément system and doc-
" umentation standards. - SR ‘

‘
’ [ LN I . v *
Vo L. .

L . A rc'qucg;t for a new system.is initiated-by some-unit in.the organization
v or the system may be proposed by the.-System Department. An initial docu- |
cor 'h‘gc‘}itlis prepared which contains information about whya new system is necded
.. and outlines its major functions. This document,is: reviewed and, if approved.
a senior-analyst is assigned 'to prepare a more. detaileddocument. The analy'st
collects data by interviewing users and studying the present system. , He then
~t produces a report describing his proposed system :zm'd‘ showing how it will satis-
fy the. requirements.. The report will also ’conulin,'lhc‘implcmcnimion nlan. :
benefit/cost analysis, and. his recommendations.., The .report isreviewed by the
© Various ‘organizational units involved. If it passes. this-review it is then included
twith othér requests for the resources of the System Department and given a .
~ipriority. Up to’this point the invéstment in the propgsed system is relmivcl)ﬁ‘.
i, smalls ; e :

+
*

(& ! L, B ' = Y [ 5 te T H

13

At some point a project' tcam is formcd,-a-brojcét vlcadér"an,d team

members are assigned, and given authority (o proceed with the dgvelgpmem of

: the system. A sleering group may also’ be formed. The project is assigned a -
' . Schedule in accordance with the project management system, and given a bud- -
get. The schednle will ‘incliide ‘one or. more lnrgci,dglgs._,The finaltarget date .

* will be the date the system ™ot 'its first part if.it is being done in.parts) is to be

" aoperational.” There: may also be ‘additional tyrgef dates such as beginning of sys- *

., .

. .o L .
- " ltem test, beginning of programming, ctc,. . T .0 .7

. [T TS ‘ ‘v L

. ki . . -‘ I‘ ' - " I ‘ ) . i ' N ~
B. Logical sysiem design documentation - . . B

M m L e s A s mm——

<" In this papér, it is assumed that the system development procedure re-
guires that the proposed system be reviewed bcfo_rc'a major investment is made
in system construction. There will ‘therelofe be another target date at which
. the."logical” design of the proposcd svstem is teviewed. "On the basis of this
.- Feview the decision may-be to proceed with the physical desien and construc-
.. tion, 1o revise the proposed system, or to terminate the p‘rojcct.

The review is usually based on a document prepared by ‘the project team.
. Sometimes it may consist of more than one separate document: for example. in
' . the systems development ‘methodology used by the U.S. Department .of De-
fense [21] for non-weapons systems, developrient of ‘the life cyele is divided
into phases. Two documents are, produced at the end of -the Definition sub-
phase of the Development phase: a- Functional Description, and a Data Re-
quirements Dociimént, | o L ~ e

. . i
A PRI o .o -k
o

Examination: of these and 'many documeritation ‘requirements show that a-
Systems Definition Report contains five major types of information:

! . : "
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1 SR v
lop- . ' . 1) a dCSCI’IDllOﬂ of the or;,nmzatmn and where lhe proposcd 5Vs-
doc- o . L e tem will fitg showing how'the proposcd systcm will lmprovc the
o . i+ . .. functioning of:the organization or olhcrwusc meet the needs ]
. S "~ .. _ which lead to the project; P
tion ) L
ocu- . v i ywh2). a description ol‘ the opcr'mon of the' proposed systcm in" "~
ded ' N I . .sufficient detdil 1o allow the' uscrs !o vcnf) thal il \nll in fact
ved, R STERE TE R LSV ICT: accomphsh its objcctlvcs‘ and 10 serve as "the spenhmuon for
1lyst . ¢ . ' the design dnd construction ‘of thc DI'OPOSLd system il 1hc pro-
hen - cobv o, v ject'continuation is .luthonzc:d -_ ‘ .
atis- e Y a descnpuon or ns )proposui svstem :mplemcnlauon in
'!f:é ' o b :"" ' . sumacnl dt..lclll lO LSlIIﬂdlC the time and ms: required:. ’
. Pak R B R TN l- ' . .
ded - LTI 4) “the. nnp]cmenmnon phn m Sulliciene dua:l to cstlmau lhp cost
na. weoc gt o rofrthe proposcd systemand: the {inic il Wlll‘bC .Jvml.lblc
‘ . LEE PRSP ‘..l‘.‘ia-'i_. e .
vely - S '_"5)“‘ e hcncﬁl/cost an.llysw driullrcmnm‘neml ations. « e,
of Vo LT —
eam In addition, the report usually also comams olhcr mnscellancous mlorm.umn
tof - -, such as glossaries, ete. -, > ., .. L L
da. no PV A “‘J_ et ‘, S
ud- S ‘_HCU C'urrcm Im,r:m! sysrem design process, S RN R N { t ) N
date N BRI Durlng the initial’ stm'es ol lhr., PIOjCCl !hcchforls of,.lh’c Acamy are dirceted:
0 be T e towards procluc:ng ‘the’ S}slcms Deﬁmuon RLport Stmc.the majoi il-..m this re- .
Sys- S S ‘port contains is the description of lhe'proposcd qyslcm from lhz, user or logital
- - M7 pointoof view:y” lhc activilics rcqumd 10 producc lhc leOl‘I are L.\ll;d the logical.
sysicm dcsu,n process. The project” iéam-will start with the information aready
available and then perform a set of activities. Thesc may be group..d into five
major categorics. B O A PR ,
e 1 Dnm co!k’u:on Information about the.information flow in the
1a.de : EETLERE S prcscnl syslcm uscr (fum.b for new 1:1F0r:m1110n potential
':';_h S s gy qysu,m orp: m;muon Lll. o I8 collcclcd and rc&ordui -
. oo o 1
ru:-'» ) I A:mhm .The data lh.ll h.nc been collceted ate ‘sumnmrlhd
L e ‘and..a'na!w.cd._ Errors, omissions. and ambiguitics-art idenfified
: . and.corrected. Redundancics are .identificd” - The resulis are
am. ) prc;mn_d for rcvn,w by .lppl’Op!ldl&. groups ST '
>, in - .
f)::_. ‘ ; "3, Loc:m! desmn, . Functions to.be p;rformcd by "the systeinare
ided : . " .. sclected. » Alternatives for a ncwosystem or. madification of the.
ub- © . L. ... present system.are. dcvdopcd and examincd! The “aew’! sys-
Re- G . temisdeseribed. . - R AT
. 4). . Fvaluation. The b;ngﬁts andl “costs of the propos;d §\slcm are
ata a deicrmined to a suitable level of accuricy, The opu illOI'l.ll and
.t o 1, .- functional feasivility. of the, systemware’. t...\dll‘llnn.d and
I c ’:llq;II_Cd. R oS S T SR U LTI ut]hl' o, -
» ]
. ' ‘ ’ .
G e & L i - —— v R e o
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) Improwmc’nrs Usually a5 a fésull- of the cvwlu.ulon a numbcr
of deficiencizs in the proposed system will be discovered. Al-
ternatives for improvement are identifled and, evaluated until
“furthér possible:improvements arc not. judged to be worth ad- .
ditional effort, I major changes are madg, the cvilu.umn step
may be rcpuncd furlhr.r dald collection and anal)ms may also
bc nccessary . T T ’_*' '

ER

- L f} R .

.

ln practice ‘ihe l)’pe of aclwmcs nulhncd above may not be, clearly dis-

tinguished dnd may be carried ‘out in purallel or iterativelywith, increasing level -

of detail; Fhruus,hcml lin process, howcvcr it.is carmd out,.results.are record-
ed and documented. - 1 e R SO T

. - o

s widely accepted that documunanon is a \\cal\ fink in system dc'\cl(m-'
ment in general and in logical system dwwn in p.nucu] i, The-representation

in the documentation that is produccd with present manual mcthods is limited |

‘0;‘- ‘ L l: . ' o ¢
o . r : RSl - 1. R o L . . ,.'i. . :
1} . .text in a natural language, .~ .. ., .., . .7
2)  lists, tables, arrays, cross references; .0 no LG L. :

3) graphm! rcprescnlauon ﬁg,urcb, ﬂowcharls

. f .
A '4

Analysis of two reports showéd lhc following numbcr of pages for each t)pg of

mfornmlmn vt w :
. Form Report A Report B
text o s0 o ”.il'I -
lists and tables 207 ! “165 -
) w'oce o - charts and figures - .. 28 0y 34
total Lot 335 e 336
o

LI ('] 1
wat vy

Thc svstems bum, dncumcmcd are \ery Lomplcx .md thw., methods of

representation are not capable of adeguately (lcemh.m'. all the nedessary aspects

of a system for-all those who must, or should, use. the documentation: Conse-
quently, documentition is . ’

% R | o
f

.. ) . t v \L o . N -~
1) ambigvous: natural lapguages are not precise enough 1o
‘ describe systems.and differont readers may interpret a sen-

v L e '

- R A

2)  incomsistent: since systems ar¢ laree’ the documeiitation is

: large and it is very ditTicult to ensure that the documentation is
consistent;

Ry W WINPT TS A L,
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3)  incomplete: there is usually not a sufficient amount of time to
devote 1o documentation and with a large complex system it is
. - difficult to determine what information is missing. '

v

: ' - - N . . " .. . ' ‘ . b ! i i : .
- The deficiencies of: manual documentation are compounded by the fact
* that systems are continually changing and it.is_very difficult 10 kcep the docu-
- mentation-up-to-date. -t . L,

‘. v

Recently there have been attempts to improve manual documentation by
developing more formal methodologies [16, 12,713, 22, -15, 25]. These’
methods, even though'they are designed 1o be used manually, have a formal
i-language or representation scheme that is designed 1o allcwiate, the difficultzs

‘tisted above. To make.the documentation more useful ,for, ‘human beings,
many of these methods use a graphical language. L B g Le

+

o . .

1
St [ T .

S ey ‘ R fan . . . .-
In computer-aided logical system design the objective, as in the manual
process, is to produce the System Definition Report and ihe’process followed i3
essentially similar to that described abdve. The computeriaided design sysiem

has the following capabilities:< .- .. . . 1., . -

L . s,

- oy -

1) capability to describe information systems, whether ‘manual or-

,’ .. " computerized, whether existing of proposed, ;cgardic_s_gqf ap-

. plication area; ) L T

2). ability to record-such dcscriptidn in a computerized data base;

'.I' " L "‘.: * s N .

3)  ability” to ing:cmentaily add to; modify, or delete from the
“description in the data base; 77 : :

C e

4)  ability to produce ‘‘hard topy’’ ddcumentation for use by the
analyst or the other users. it

-

) The capability to describc systems in computer processible form resuits

* from the usc of the systeny doscription -fanguage called PSL. The abiiity 1o

fecord such description in 2 data base, incrementally modilyit, and-on demand

perform analysis and “producc reports comes from the software packaxe caitzd

the Problem Statement Analyzer.(PSA). The Analyzer.is,controlled-by a Com-
_mand Language which_is described in.detail in (9] (Fig. 1).. ‘

. I . . D tr T

- 2 The Problem Statement Linfudge is outlined in Section I and described

in detail in {10]. The use of PSL/PSA in computer-aided logical systcm desian

.is described in detail in (18 , - '

,'." ) L R Fh P P chy

'/ '. , P IR i N P . NS T
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T T S N S AT L U A
! ‘. . P . ' i oLt . - VL Fpeoowr
AT Y A Lo ‘ ' ’
. . ] - COMMANDS, . _
g ) - ' : a' ' M - ‘N - ’. 7 ) i v"
' T COMMAND . 7
) LANGUAGE :
K - . L Ty . . - o B .
. ) L OPERATING - SYSTEM) .
S L STATEMENTS N N e
‘ CINTHE. - - L = ] IREPORTS
PROBLFAY  ———1+ | pPROBIEM AND
, STATEMENT STATEMENT Co ] ] MPSSAGES
oot Tt LANGUAGE - ANALYZER . ' PR
s JPSLy. T VpAPSAY T L B
- ; ' - YIS . rt A A
L .&. ‘. I n —1 - . ! . : 5 C'_'i
. 'e o . o - ‘
ce St L ANALYZER R ‘
T DATA -« - ¥
) BASE .
v .; t K ,E'. -
' : < o ey {u
[ ' o ' .
© s ...+ . Figurél. The problem statement anxlyzer, ‘ t

. ' R .

Lot P ’ ' : :

. The use of PSL/PSA does not depend on any particular structure of the
system’ development process or any. standards on the format and contcnt of
hard copy documentation. It is therefore l“ullyucdmpa;iblc with current pro-
ccdurcs in most’ organizations that are developing and.-maintaining systems.
Using this systen, the data collected or déveloped during all five of the activi-
tics are recorded in machine-readable form and eriered into the computer as it
is coliccted. A data base is built during' the process. These data’ can be

_analyzed by computer programs and intermediate ‘dqcumen‘lu‘tion ‘prepared on
. request.” The 'Systems Definition Rejort then includes a large amount of ma-
* lerial produced automatically from the data base. Lo ——

. ‘ L .
The activities in logical system “design are modificd whew 'PSL/PSA is

“ *
[}

. .ot .o . aprt -
1) Data collection: sincé most of the datai must be 6bllnincd
~ - through personal contact, inierviews will still be_required. The
data’collected ‘are recorded in machiné-readable form’ The in-
termediate outputs ‘of PSA also, ﬁrpvidc'con\'c‘nieﬁl checklists
for deciding what additional information is nceded and for
', recording it for input - - . o e

1 .

. . . . . L .“-"‘ LA s " . ! R -
L2} Analysis: ‘a number of different kinds_of analysis can be per-,
* formed on demand by PSA,.'ar}d_ therefore ;necd .no longer be

done manually. - : |

- e ..

-
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3) Dcsugn des;gn is csscnna!ly a crcatwe process and cannot be -
automated.- However; PSA can make more data available .to
.the designer and allow him to mampula_lc it more extensively,
- The results of his decisions are also entered into the dala base.

" 4)  Evaluation: PSA provides some.rudimentary facilities for com-
puting volume or work mcasures from the-data in the problem
stalement. K )

- 5} . Improvements: identification’ of arcas for possible improve-

. .-ments is also a creative task: however, PSA output, particularly

, .from the cvalualion- 'phase may bc useful to lhc analyst.

‘T.Ige Systcm Definition Repora -will contain. ‘the same material as tim
described since the documentation, must scrve ‘the: same purpose. Furlhx,r-
more, the same general format and representation is desirable. '

1)  Narrative information is_necessary for human readability. This

' is stored as part of the data but is not anaiyzed by the comput-

er program. However, the fact that it is displayed next to, or
in conjunction with, the final description iniproves the ability
of the analyst to detecl discrepancies and inconsistencies.

2) Lists, tables, arrays, .matriccs; Thesé representations are
" prepared from the dala base. They are up-to-date and can be
~ more easily réarranged in.any desired order.*i - i

7 3) Dlagrams and chalts Fhe ‘information l'lom Ihe dald ba:.u can -
;" be représentéd in various gmphmal forms lo dmpiay lhe n,h-'

T llOIlShlPS between ObjGClS . e
ot . :' neooe L S T D
ot L - , ‘e ) [ . ] . ! L Lt . '

IIIL PSL, a problem statcment laugunged Le o ; e,

PSL i$ a “language for descr:bmg systems Smcc lt is. m!cnded lo be used
“to rdescribe *‘proposéd™ sy stems it qu c.mcd a Prob!pm bmtemcni L'm"u::s:c
because the description of a proposcd system can be considered a probh,m

-,be solved by the system designers and implementorss L -

PSL is intended to be used in situations in which ana])'sts néw describe
systems. . The descriptions of systcms produced usmf, PSL are used for the
same purpose as that produced mdnu ally. PSL ma) be used bolh in batch and
mlcraclne cnv:ronmcnts. :md therclore only ° b.nsu, mformahon about the
systv.m need to be stated in PSL. All “duwcd" ml'ormduon can be produced
in' hard copy form as rcqmn,d ‘ o ,

The modd on which PSL is blxcd is d‘.scnhcd in. Sucnon IN-A. A gen-

. eral description of the system and semantics of PSL is then given-in Scction

1Hi-B to illustrate the brmd scope of system aspects that’ L.m be dLSLl’lde using
PSL. Thc delaited syntax of PSL in given in {10].

LA

-




- " o o] ‘ . ‘. . T :
- A. Model of ."nﬂamm!fon systems

L

- . L
T

e e P L RS et

M Au.....x ».AA.‘MM.-_M .u.....a..w..u...u.u s ¢ ittt Kot .&mm s arias it e i
-

.11

398 CLASSICS IN Sbl’TWARE ENGINELRING

. .

s N . .

. . . . RN ] !
f

v

The Problem Slatcmcnt lanouage is bascd Frsl on a mode! of a general

-system, and secondly on- the specializaiion of lhc model 1o a particular ciass of
syalcms namcl},r mformahon syslcms ¢ L )
P z by

The modcl of a gcneral syslem is rclalwcly Slmp]e ll merely states that a‘
syslcm consists of thmgs Wthh are cailed OBJECTS. Theec objects may have
“PROPERTIES and cach of ‘thése Pl\OPERTILS may hav PRUPLRT Y VALUES. The
ObjCClS mdy be conncucd or mtcrrclalcd in vanous ways.
are ca!h.d RI—LATIO\SHIPS Ca ) L _

The general mth,l is speuahzt.d for an mform wion. system- by allowine

_the use of only a limited numer of prcdcﬁm.d ohju.l proj erties, and relation-
sh:ps

Lo ' . l' .

B: An.overview. of .fhc prob!e.-n s‘mtﬂmwt !anguagv s mm\ mm’ svnmnm 5

. The ochcnvc of PSL is Io bt. able to cxpress in syntactical'y ana! \zable

form as much of lhc mformatmn which (‘ommonl) appears in System Definition
Re’worls as posmblc

'

. ca o, RS TR B . -
System Dpscrmuons may’' bc dw:ded'mlo cuqht majm' asp cts: u T !
1) System Input/Output Flow, .., . =~ s
..~ 2} System Structure; . . S AR
“'3)! 'Dita Structure, R " ' . o ) ,
4) Data Derivation, ~ =~ . o
5)  System Size and Volume, S _
~6)  System Dynamics, | R ,
7)  System l’top\.rues, , . P :
. 8) .'PfO_]C(l Mﬂl'ld[‘unt.l'll W v

+

PSl contains a, numh r of types of oh_:cus and |cl.:t:onsh|ps which 'permit these
diffcrent .:spuclq to be deseribed.

The .Srs:cm Input!Owpur F low as;vcu of the’ svﬂcm deals wnh the in-
teraction bz,twcm the target system and its cm:ronmcnl

System Structure is concerned with the thl’ﬂthICS among objcm in a
system, Structures may also be introduced o f.lLl]lldiL a particular
" design ‘approach such as “top down.”" All inforni: umn may initially
_be grouped together and called by one name at ﬂu “highest level,
" and then successively subdmd;d S)w..m slructuru an represent

high-level Imr.m hics w hich m.z) not nuu.xl!y cxlst in the sy slcm as
well as those that do.

Thcs_c conncctions -

e L T
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PSL’and entered into a data bags using the Problem Statement' Anatyvzer.
’ any time standard outputs or reports may be produced on request.
- reports can be classificd’ onilhc basis of thc purposcs wh:ch they' sene

~
s

o I e e e s el N e Wi A " A ps e s '
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Thc Data Structure aspect of system descnpuon tncludcs all the rela-
tnonshlps which exist: among data used and/or mampulatcd by the

system as seen by the “‘users’ of the system.
Thc Dam Demrmon aspect of the sys!cm dcscnpnon spec:ﬁes which

"data ObJCLlS are mvolvcd in part:cular PROCtssl:S in_the system. Tt is-
. concerned with what information is used., updated, and/or dcnved

-

how thls is donc and by which prowsses YT v
Lot

Data Dcnval:on rclauonsh:ps are mterna! in lhe syslem whnle S\s-
_lem Inpul/Oulpul Flow re!auonsh:ps clcsmbc the, svstcm boun-
" daries. A wilh other PSL facilitiés Svstcm lnpul/Oumul Flow need
not be used. A system can bc cons:clcrcd as h‘wmg, no boundary

PR

[
“Thé .Syszc’m Sizé’ and Volume aspcct is Lomcrncd mlh thc q:ze of the
-system and those fuciors which mﬂu»nu. ‘the volume of pmcmsm;,'

which wul! be required.

. The Sysrm: Dynamics , aspect: - -of. syxlcm dCSCl'I]JllOI‘I prescms; the
manner in which the largel system ' bch.n cs' over ume

‘Al ObjCCiS (of a pdl’llCUIar typc) uscd lo dcscnbp lhe target system
havé ‘characteristics"Which distinguish them from olher ObJCCtS of the
same type. Therefore, the PROPERTIES of parllcular objecls in the

syslcm ‘must be, described. - The PRORERTIES themselves-are ObjCClS'

and glven umquc names. !

The Project Management aspcct reqliires' that.- in’ édditién to the
description of the target system being: demgned ,.documentation of
. the project designing (or documentmg) the target ;system be given:

This involves identification of people mvo!vcd and thelr n.spons:bm-

ties, schedules, ctc. _ .

9:"“ FEATE E AL A M £
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As information :about a particular system is obtained. it is expressed in

1‘!“‘ Il

- 3

1) Data Basc' Modification Rc_norts Thesc constnute a record of

Lol

changcs thal havc bcen madg, toguhs,r mlh dns.nosucs and

“warnings. They tonstilute a rucord of changcs for error correc-

1o cotionand recovery, .t oL w0 T

© 2)- ~ Referente Reporis: Thcsc present the’ mformanon ;in the data
LI base in various form.ns For C\Jmplc thc Narm Lxsl ‘Report
st . prcscnts all the ObjCC!S in 1h; d.m ’onﬁe wuh thcu type ‘and

+ date oflast cham,n. Th;. F orm.nn,d Probl..m Sx.m.mmt Report
" shows all propcrucs and rclauonshms for' a parmular object

At

The various

Fve <GP
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3)

4)

BExS

3

.

(Fsg 2). The D|ct|onary chorl gives only data dictionary type
information.

!umun: \D!--r_ﬂm!'N.mz-huurly-upluyn-proeuﬂn' NOINDEX NOPNCPFED-NAMES  PRINT DOTY R
HOFUNCE  C¥ARZ+3 LRG0 AMARC-10  34ARC=23 IOMRGST) (Mafcel WMal0es)  RODELTONAIE T
SEVERAL-PER-LINE DEFINE  COMMRNT  NONEW PACL  WONES-LINE  NOALL- sr.\.“ca-':s

T CQMPLEMENTARY-STATIMINTS LINE-NIMETRS rnlﬂ!ﬂt SLC~COOENT "

1 PROCESS ' out ly-enployse-procassing;
/% DATE CF LaAST CHA.I'G! - JUN 26, Iﬁ?‘, 1Y:56:44 0/

3, prscarrricy;
4 this pre.ass perforas thcu getions aeecded to fnterpret '
S, " tios  catds’ (e produte 4 pay sratesent for each hourly o
[ 28 taployee.; i .
b EFYWCRDS lad:pond!nt‘.
[} ATTRIEUTES ARL; oo
] cosplexity-level’ .
10 T high;
"M . CEMERATES: | pay-statensnt, -tror-lh:ing.
32 " hourly enployer~tesore; . .
13 WECEIVES: tine-card; .
D) SUBPARTS ARE:  hourly-paycheck-validittion, hourl.r-nnp-—updau.
15 . - h-rcpurt-nn:rv-unun1.un, .
1é ST bedtly-paycheckepc: ducuom
17 PARY OFy pavioll-proceseans;
.18 DEXIVES: L« PAY-statement ' .
i USTING L tigm=card, hourlv-oa2lo ree=record;
1] DERIVES: hourly-esplojre-rroute . . ’
21 OSING: . tice-card. howrly<enployee—record; *
212 BERIVES: . errer=llscing -
2. 113 i tire—card, hourl:r-enployn-n:nrd.
w PROCEDUNE ;
13 ' 1. ¢o=puta grass pay-from tire card dats.
26 1. corpute tax from jross pavy. ,
17 3. subtrace tax {rom gross pay to obtain net pay.
s . & update hourly eaployee recerd accoréiagly.
29 5. vpdate deparizenc cecord aciardiogly. . o
30 . &. gencrate paycheck.
i mote: if sratus code specifics that the f:ployen 814 pot work , -z
32 this vetk, no processing vill be aema for this emplovee.; [
3] EARPEVIS: P L
N guzber-cf-pavments TIMLS=PIR paveperiod;
3 TRICCERED 37: heyrly—vap-processing-evear;
6 TERMINAT JCH-CAUSES:
n - " neveesployee-procersing=evant; , 2
38 | SECURITY IS: | company-only;
2%

40 EOF LOF EOF EOF -LOF

Figure 2. Example of a FORMATTED PROBLEM STATIEMENT for one PROCESS.

Stmmary Reports: These present collections of information in :

‘summary from, or gathered from several different relation-

ships. For example, the Data Base Summary Repc{rt provides
project managenent information by showing the totals of vari-
ous types. of objects and*iiow much has been said about them.
Thé Structure Report shows complete ar partial hierarchies.

The Extendcd -Picture Report shows the d.n.t flows m a graphi-
cal form. :

Analysis Reports: These provide various types of analysis of the
information in the data basc., For example, the Contents
Comparison Report analyzes S|m1lar|lv of Inputs and Outpuls.

“The Data Process Interaction Report (Fig. 3) can be used 1o

detect gaps in the information flow, or unused data. -objccts.

The Procéés Chain Report shows the dynamic behavior of the:
system (Fig. 4).
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i Figure 3. Example of part-of'a Data Process Interaction Report.
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V.. Concluding remarks . -

- aresult of the developments.to date are given in Section V-E.

A, Current status = - R T e e

* latively hinh level almidst all &f the'system-is written'in ANSI Fortran.
h ' P . ' . [ -t
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P -z -' ' . , . . 1 ! ', e | R - ' ’ - '
* "After the requircnients have been compléted, the final documentation re-

quired” by 'ihc;org.’lriiiati(‘mhcan'__bb‘ produccd’ s¢miautomatically 10°a presented
. format; eg., the format required for the Functional Déscription-and Data Re-’
© quirenients in [21].7° R t " L

ey, . . s

e ? . e T ;
. ) A
. - - "o e .- hd

t " L T . .

.~ The current status of PSL/PSA is ds'e'scriticdf bricfly in. Section V-A. The
benefits that should ‘accruc to users of PSL/PSA arc “discussed in Section \-B.
The information on benefits actually obtained by users is gived in Section V-C.
Planned-extensians are outlined in- Scction-.V-D- Some conclusions reached as

eyt

. .
e, Vel B

r

P - . ' . ]
( . ! LRI i R 3 [ '

- The-PSL/PSA systern described in this paper is' operational’ori most laiger

* computing entiroriments which support - intéractive- use, including IBM 370

series (OS/VS/TSO/CMS), Univac 1100 seics - (EXEC-8),"CDC 6000/7000
seri¢s (SCOPE, TSS): Honeywell -60076000 series (MULTICS, GCOS), AM-

" DAHL 470/VS (MTS), and PDP-10 (TOPS-10). Portability is achieved at a rc-

i '

PSL/PSA is .currcnﬂy being used by a number of‘_organizaii‘ons inc]uu‘ing
- AT&T Long Lines, Chase Manhattan ‘Bank, Mobit Oil, -British Railways,

Petroleos Mexicanos, TRW Inc., the U.S. Air Force and others for document-

ing systems. 1t is also being used by academic institutions for education and

rescarch. '
& e

. .
y o M ] - e

r . 13 - ‘-i
i _ R 1 :

i . ' R . LA B : * FERIR R P ! . J. . ‘v;t . '.‘.’ -
B. Bencfitcost analysis of,computer-aided documentation . :

" The major benefits claiméd for computer-aided documentation are that
the .“quality” -of the' documentation is improved and thai the cost of desiun,
implementation, and mairfitenance -will be reduced. The *‘quality™ of the dovu-
mentation, measured in terins of preciseness. consistericy, -andtcompletencss is
increased becuvse the analysts must be more precise, the softwire performs
checking; and the output reports can be revicwed: for remaining ambiguitics, in-

consistencies, and omissions.  Whilc completéness caii never  be fuliy

© guaranteed, one important féalum of the computei-aided method is that all the

docuinentation’ that “exists™ is the ‘data basc. and therefore the gaps and omis-
sions aret more obvious. Consequently, the orpanization' knows what data it
has, and docs not have.to depend on individuals who may not be avaitable
when a specific item of data.about a system is needed.  Any analysis performed

anfd reports produced are up-to‘date as of the time it'is performed. - The coordi-

' I oy . ipn [ .
- nation among analysts iy’ greatly simplificd since cach can work in his own arca

and still have the system specitications be consistent, .

eyt

.
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. would attempt to ‘quantify ihe benelits,

-, .with an evaluation_nroject.

" 1y are.not discovered _ '
‘recognized-that onc 1eason for the high' cost .of systems

L3

1 !

i X
1

.ment cosls, is available. . One recason
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because errors, which usual- .
have been minimized. [tis
developmeént is ‘the fact
that errors; inconsistencics, and omissions in specifications are. frequently nat
detected until later stages of development: in design, programming, systems
tests, or cven operation. The use of PSL/_PSA’ during lhg.speciﬁcalion_stage
reduces the number of erfors which will have 1o be’corrected later. Mainte-
nance costs.arc consicerably reduced because the effect of a proposed changs
can easily be isolated,, t_iie’reby rc;dhcjng the probability that an co/rrcclion will
cause othef errors. |, | oo s e

. Development will take less time and cost less
until programming or testing,

. . IEPTER PO e ot
« . Thecost of.using’a computcr-aidcdunclhdd.during logical system desien
must be compared with the cost of . performing . the. opefations: manually. In
practice the cost of the various analyst functions of interviewing, rccording.
analyzing, clc., are not recorded separately. Howeyver, it can_ be argued that
direct cost of documenting specifications for a.proposed system using PSL/PSA
should,,be approximately equal Jlo-the cost of producing,the documentaticn
manually. The cost -of typing .manual documentation is -roughly cqual to 1.2
cost-of entering:-PSL staternenis iq(q‘_the‘,con1puu_:f.- The computer-cost of usirs
PSA,sshouldinot be;n}orci‘than_;lhc,c‘b.st,ofia.nal_ys.l lime dn;carrying out the ans
yses manually. . (Computen costs? however, are. much More: visible than analys:
.costs.) Even though the total cost. of logical system -design is not reduced by s
ing computer-aided methods, the clapsed time should be reduced because 1w
campulter ¢an’ perforin clerical tasks in aishorter time thé\'ﬁ"ah?{i?ms require.
. SO T e LR A A i AT .

o,

t V. tou

h.'A

o i [

. " N -a'“ - ! - - '.i!
Bendfitslcosts cvaludtion in practice” . _
Y P R Lt L (PR R SR LA I v

kdeally the. adoption of a new methodology such as that’fcpresented by
PSL/PSA should be based on quantitative evaluation of the be_'ncﬁ_:s and cosis.

In practice.this is s¢ldom possible; PSL/PSAvis no ‘eXception: *

.« Very little quantitative ;-information - about the ;experience in using
PSL/PSA, -especiallyrconcerning manpower Jequirements;and system develop-
for-this Jack of. data-is that.ah¢ project has
‘been concerned with,develpping;dhe micthodotogy and has not felt it necessary
“or. worthwhile to-dnvestsresources in carrying out contiolled experiments which’
Furthermorg, commercial and govern-
-ment organizations wlich have - investigated PSL/PSA have, in some “cases.
started 10 use it without a formal evaluation: in other cascs, they have started
However, wonce ‘the evatuation project is completed
- and the. decision is madg to use the, PSL/PSA, there is liule time-or motivation
., to document the reasons in detail.s . . T . '

K . ; ' R .,,,,-::“, e e L .
- Organizations carrying out cvaluupon’s normally do nét have'the compara-

- bl¢ data for prescnt methods available and so far none have {clt it necessary to

" tun confrolled cxﬁegim::'nts‘with ‘boih methods being used in’ parallel. Even
: N Lt 4 -., ' IR [ e N ‘ LY .
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pro;ccl because the, ormmmnons regard the data as proprictary.

it . The cndulcc that the PSL/PSA s worthwhile .is that! almost without ex-

o ccpllon the org: inizations w hich hitve scriously., COI‘IbldLi’Cd .using it have decided

[

K

[

~+ sganizations which started .lo use PSL/PSA are. conunums. their use (the excep-
tions have been CdUSLd by factors other than PSL/PSA nisetl) and in organiza-
‘tions whu.h have adoplcd it, usage has incrcased. , y

B . - . [ Vo Y e . .

-
P . - . -
i [l - a . . [

D I’Iamwd dmr'lnpmrnts Sl wo e TR
rl .

-

K . L ¢ Lo 2 ° - N
O R . la T P S . . .
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“that 1hé logical view of a proposed information’ svstcm tould be described. ie.,
tcould be stated. On the other hand, the: language should not be so complicared
‘that. it would be difficuli, for analysts to use. ,Also, deliberately omitted from
the language was any ability 1o provide procedural-‘icode™ so that analysis

<. .would be encouraged .10 .concentrate_on, the requirements rather than on Im\-
+ level Nlow charts, It is clear, However, lh.]l PSL must ;b¢ extended to H'I\ILdL
‘.more ;precise statecments aboult logical and procedural information. ’

‘R:. 0 \Proh by e ost important inprove cment in PSA is 1o make it cusier to
-use.. This .includes providing more .cffective and simple data ey and

N ';',quiﬁcution:connﬁunds_zmd.providing more help to the users. A second mujor
. consideration is . performance.. As the data base grows:in. size and the number

. of users increases, performunce becomes more important. Performance is very
- heavily influenced: by factors. in-the, computing, environment \-.huh are outside
the control of PSA developinent.  Nevertheless, - lh:.rc are improvemenits that
can hc nmdL . S heyter :

PSL/PS\ is c!c.irI) only. one step in using computer- a:du.d methods”in

developing,. operating, and maintaining informution processing systems. The

- results achieved to date support the premise that the same fenefal approach ¢an

successfully be applied to the rest of the system life cyele and that the datd hase

concept can be used to document the results of the other activities in'the sys-

- tem life cycle. The resulting data bases can be the basis for development of
methodology, generalized systems, cducation, and rescarch.

E. Conclusions
The conclusions reached from the db \'clopm-cnl of PSL/PSA to date and

fromy the ceflort in having it used operatiorally may be pmupv.d into five m.uor
catcgorics.

whcn,cv.nluauons .Jrc m'ldt...lhe resulls hm.'c nol bccn made ava:l.lblc to. lhc-

140 adopt it cither with or mlhoul an evaluation.. I urlhumon pramull\ all oe-

" PSL as'a’system (!LSLFIPIIOI'I Imguas‘c wus mlcndu! to be “complete’™ in )

aII ‘the informdtion necessary for* finctional requireiments and specifications

R
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eto the = 1 Thc determination and documentation of requirements and
: functional specifications can be Impm\ ed by nmkmg use of the
‘lt;ul'cx . S comptiter for recording and .m.ul\nm. the ‘.ollcctcd data and,
e AT ts abou ae . e .
decided . statements aboul the propostd systemy” .
ly alt or- - 2) Computcr-ardcd documentation is isedf a system of which the
2 excep-. : 5. software is only a part. If the system iy to’be used, adequate
rganiza- Coad <'; w7 allention must ‘be given to the whole ‘methodology. including:
o 7+ user documcentation, IOLi\liCS and’ méchanices of usculraining.-
Leoe e me(hodoiou:cal supporl, and m.ln.wum.m cncoumgcmcnt
3) The deIC struciure of PSL and DPSA is corect, A system
lete™ in description language should be of. the r;Lmonal tvpe, in which a
od 1; description conslsls of ld..nnf\lm and naming Ob_]t.Ciﬁ and rela- o
5C';tions I LS PR . tionships, among them.| The software system should be data- .
1 !‘imled A ' base oriented, . the dam entry und. mndlﬁcauon procedures
r:j f‘rorn AR P ISP shoulcl be scparalcd ﬁom th. outpul, erorl and anal,\, 5is faciti-
- ' B ' . |‘J - L '
analysts ~ : LT "cq . T A P S
on low- . I 4)'_ The approach followed in theé’ ISDOS"pmJLcl has succeeded in
include A ! brmgmg PSL/PSA -into opdrationaluse: ' Thet sante -approach
- ' B e T o canbe applicd 1o the rest-of the sy lem life cycles A particu-
asier o . i -"—"—f"-"’- “larly important part of this approa h s 16 concmlralc first on .
: ’ i "7 the documentation and then on’ thé methoddlogy.: -74 ™
ry and ; 3 .
d major. Colen [ S 5) The .decision to-use a computer-aided documentation melhod
- Y s . - 1.
number : F.oov = ' is only partly influenced. by the L.IpdbllllICS of the system.
IS very } : + Much more 'important' are factors-relating to therorganization
outside i s - tsell and” system “development procediires.  Therefore, even
nis 1hat e A -though. computer-mdcd documentation is .operational in some
: -; T ‘organizations, that-doecs ‘not mcan that all‘organizations are
hods'in' i £ ready to immediately adopt it as pirt.’of their system life cvele
' ’ ] ‘methodolo o4
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 INTRODUCTION" .

. PR A B
. e .y

- 'DeMarco’s: “*Structured Analys:s and’ S} stcm Spec:ﬁcauon is

the ﬁnal paper chosen for :nclus:on in this bonk of classic articles on

L : the structuréd revolution.” It is last” of ‘three on’ the subject of -
' ' ' analysis,

L .. Teichroew/liershey {Paper- 23], provides a good idca of the direction
o - that. slruclurcd dl1'1|)SlS will be taking in the .next few years.

and, together with Ross/Schoman: [Paper 22] and

Any compctcnl systcms analyst undoubl;dly couid produce a '

five-page cssay on “‘What's Wrong with Convenhonal Analysis.™
© v DeMarco, being an ex-analyst, docs SO w:lh pllhy remarks describ-
mg convenuonal analyms as follows C

N : B ;!'_

“Instcad of'a mcamngful interaction, between
aml)ql and user, there 'is' often-a period of.
_fencing followed by the two partics’ studiousty
1gnor1ng each other. | . The cost- bencfit study:

.. is pcrl'ormed b%kwards by - deriving « the

devclopment budget as a lunction of expected
savings. {Expeccted savings were calculated by
prorating cost reduction targets handed down
from On High.)" , , -

L]

In addition 1o providing refreshing prose, DcMarco's approhch
, dificrs somewhat -~ in terms of emphasis — from that of
'; Teichroew/Hershey and of Ross/Schoman. Unlike his colleagues,

“DeMarco stresses  the impmhmc'c of the maimainabiline of the
specification.. Take, for instance, the case of onc system consisting

Y ' of six miflion lines of COBOL and written over a period of ten years
’ o by emplovecs no longer with the organization. Today, nobody knows
what the system does! Not only have the program listings and source -
code been lost — a relatively minor disaster that we all have seen
100 often — but the specifications are completely out of datc. More-
over, the system has grown so large that ncither the users nor the
data processing ‘people have the faintest idea of whar the system is
supposed to be doing. let alone Aow the mysterious job is being ac-
complished! The example is far from hypothetical, for this is the

409
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410 CLASSICS IN SOFTWARC ENGINEERING ' :
fate that all large systems ceventually will suffer. unless steps are tak- .
en to keep the specifications both current and understandable aCross o

‘generations of usars.

The gpprouch{ha‘tDcMnrco suggests — an approach generally ‘ . :
known today s structured analvsis — is simifar in form to.that pro- ’
posed by Ross and Schoman, and emphasizes 4 top-down, parti-.
tioncd, graphic model of the system-to-be. However, in contrast to
Ross and, Schomai.,; DeMarco also stresses the, important role of a

data_dictionary and the role of scaled-down specifications, or, mini-

~ .. specs, 10 be written in a rigorous subsct;of the English language
- known as Swructured English. . .~ . T

: - PeMarco also ‘explains -carefully how the: anil¥st proceeds trom

a physical description of the {iser’s c¢urrent system, ‘through a logical

- description _of. that same system, and eventually into a logical
, El(;scripl‘ion of the new system’ Ihat the. user wants. - Intercstingly,
DeMarco uses top;down, partitioned dataflow diagrams- 1o illustrate '
this part of the so~cn|lédﬂl}’j'pjcc‘l Life Cycle — thus _confirming thal

such a graphic model can be used to portray virtually any system.

.+ As in other short’ papéers én the 'subject, the details necessary
for carr.ying'-‘nn!-I_)c‘.\fi"arr‘:o‘s appfoa(‘ﬁ_"'ﬁ'rc missing or arc dealt with in’ o
a superficial mianner. Fortunately, the détails'ican be found: Listed -
at-the end of the paper are referendes to thrée full-length books and

PR,

onc vidcotape training course, all- dealing with the kind of analysis :
approach recommended by DeMarco. © © @ - ‘
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A ' " When Ld Yourdon first-coined thé term.Structursd
I S " . Analysis {1], the idea was largely speculative.- He had a6
L ' : actual results of completed projects to report upon. lHis
. . paper was based on the simple observation that some cf
, ’! the principlcs of top- down parlitioning used by dr.swnars
i could be made dpphcablc to the Analysis Phase. He re-
y y porled some success in helping. users to work out system
s l ' dclmls using the grdphlcs characlenstlc of structured tech-
: - B " niques. . L R :
" ‘ R _ "Since that time; there has been a-revolution. in the
f 7V mcthodology of analysis.”, More than 2000 companiss
.+ have sent employees to-Structared Analysis training sem-
‘ o o L inars at YOURIDN alone. There are numerous working
! . R " texts ‘and papeTs on. the subject 12, 3.4, 51 In response
St ! T - “to the YOURIDN 1977 ‘Productivity Survey (6, 7], more
: ‘ P ‘ " "7~ than onc quarter-of the respondents answered that they
] were making some use of Structured Analysis. Thc 1978
| K survey (8]} shows a clear incnjcasc in that trend.
’ wer o+ - . v In this paper, I shall make a capsule presentation of
'z oo o the subject of Structured” Analysis and its effect on the
o P N - . business of writing specifications of 10- bc devclopc.d Sys-
LT T vt rtems.: | begin wnh a’ sct of dt.ﬁnmons e
' P ;- R TL R I I S ih v oaers Vs, Y, B
¢ L I LS | * ¥ &
’ o . ! ! why S ORI I P - IR T
a’ )
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-1 Wl;at is analysis?

. a-.-

' PROTE
CHPARTET,
= -
- ST ‘:’:1’1" nm NG, -
Creeerins ‘ F;r;c‘mmc’q
LV T

The analysis transformation,

Analysis is the process of transforming a stream of information about
current operations and new requirements inlo some sort of rigorous description

of a systcm to be built. That dLSCrtplIOn 15 often calied a Funclloml Spn,cmm-'

tion or Svstgm Spccnﬁcanon o et .
f . ! T . |vi y -
: o - [T
¢ - f LIRS . L 5
’ ’ ‘ PINUICAL CONSIaTY "
I “ N = PRI
.o BORE ST § ¥ 1-YV 1 V) ook
L 7] IR TR,
' DLAET
CETRMHNTS

' CINTTNT CPFRATCNS "4

A “aron Lo : Y
oWt o+ . .. ' ot L]
. . o2, - The Anal_\six Phase in r01|;c\| of the project life evele.
, — ', " . [

In the mnlg\i ol he prmccl I:Ic u'ak for system dwclopmmt. .H'l.l'\\ib
.lkn ]'ll.lu. near the be vinning.  Ieis preceded only by @' Survey or Fe casility
Study, during which. a project charter (statement ol ch: nges to be considered,
constraints goverming development, ete.) is gencrated. The Analysis Phase is
principally concerned with generating a specification of the sysicm 1o be built,
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But there are numerous required -by- products of the ph.tsc. mcludzng budget
schedule and physical requirements information. The spccxﬁcauon task is com-
poundcd of the lollnwmg kinds of activities:

. . : ‘ ,
®  user inl‘c_:raclion. ) o _ o : ,?. -
'®  study of the current environment, _‘ o
° ,,ncgotiauon IR T S
® external deSIgn of' thc new systcm ‘ A.:-’cl;._'
o “1/0 format design, ' ' :
e . cost-bencfit study, L T Lo
o5 spééificatibn:w‘riting, and T o ' . S
.

“estimating.”

Well, that’s how it works when it works. In' practice, some of-thcse ac-

 tivitics are somewhat shortchanged. After all, everyone, is eager to get-on 10

the real work of ihe project (writing code). Instead of a nn_emngl'ul interaction
between analyst and user, there is often a period of fenging, l'o!IO\»cd by the twa'
partics® studiously ignoritg éach’ othes. The study of currem opumuons s fre-
quently bypassed. (‘“*“Wc're poing to change all lhdl. anyw m." » ) Mdm HTRITPRE

. tions have given Op cntirely on writing spcuﬂnauon\ 'Iiu. cost bem.fu study is

performed backwards by deriving the development budf:d as’a’ fiinction of ex--
pected savings. (Expected savings were calculated by pror'mng cost reduction

targets handed down frfom On High.) And' tlie difficult’ estimating pro ¢§S can.

be convememl)r replaced by simple regurgitation .of management’s proposad.
ﬁgures So the Analysis Phasc often turns put to be a set of largely disconnect-
ed and sometimes fictitious processes with laulc or no input from the user:

[T
) S !
[]
i
1
! v or r .i" , 1.* ‘:' t ¢
ot ' ' ; PO bt T )
s I + 3 tarl LI "J;f
Analysis Phase activities, L AU R Y1

TS i i e e g T § R g eem Wt v o e Tyl P

T e b e e i gk o ol
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“tions into outputs of budget,
wred Specification). Let's now Iool\ at the details of lh.n process:

c ~r . ¥ P | e . Wy

E REBm enmnirs
SSUIRTMENTS
: ) CUERENT
! : CRERATIONG .
i P
, : i ’
; 1
! . N -
‘ i H : v ) - N A" L. T Ty
P- ; Figure 0: Structured Analysis ln conlcxl of the project life eycle.
i O T ’ ! "1, - Wt Y. v
- “] .‘
l

Struclurcd Analy31s is a’ mbdern d:scm.:m. for conduct of the Analysis
Phase ln the context of lhe prmect life cycle, its major apparent. difference is
|its, Jncw prmcapal product called a Slructuncd Specification. 'lhlS. new kind of

speclﬁcatson has lhcse characlenslus K

f
. i L
. ' . M
.

f )6, : It is gmpluc made up most!y of d:abrams

.-
s
LN t IR O

: lt is partitioned, not a single specnﬁcatlon but a nelwork of con-
nectéd ‘‘mini- spcc1ﬁcallons' '

. -
. v !
.

°. It is fop-down,” prcsenlcd in a lnerarciucal fashxon wnh a

smooth progression from the most abstract upper level to lhe
" most detmlcd bottom level,

It is maintainable, a specaﬁcahon that can be. updated to reflect
changc in the requirement. - - ;
Itis a paper model of the’ snsmm -10* bc lht.. user can wml\ with

“.the mode! 1o perfect his vision of busmcss opemuons as thcy
will be \s:lh the new c)stem in plna e

.

L

., I’'ll have: ‘more to sa) about the Struclurcd Spbuﬁcauon m a later section.

In the prcc'edmg figure, I have reprns;nud Structured Analysis as a single
process (transformation of the project chirter and description of current opera-

scheduie, physical rcqmn.xmms and the Slruc~
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;-alysis ! - Note that-Figure 2 portrays exactly the same transiormittion as Bubbic Zol
ence 1s ! the previous figurc (same inputs, same outputs). . But it shows that transforoi- -

: 1C Pre ! ! h

nd . Lo tiérg in considerably morc detait. Tt declares the CONIPONCNL processes i
make up the whole, as well as the information flows among them. '

. Y
l -+ Twon'l insul‘l.yo,ur‘in_t;;l_!igcnbc by giving you the thousand words thai the
. , c picture in Figure 2 is worth. Rather than discuss it directly, I'll let it speax tor
- © L. itself. Allthatis required to complement the figure is a definition of the com-
. _ . ponent processes and information flows that it declares: '
4 ; ' L Tl . : i -t
N - . e oo Process 2.1, ‘Model 'the current system: There is almost always a
1e current system (syste_m“= integrated sét of manual-and perhaps au-
' L © tomated processes, used (0 accomplish somerbusiness aim). Itis the
I PR L eavironment that the new sysicm wil‘l be.dropped into. Structured -
.+ . :-~Analysis- would have; us build a paper model of the current systemy
) ‘ T ... and use. it to perfect our_understanding of the présent-environment.
R . . ‘17,0 1 1 term this model “phy’sical;‘_ in that it makes use of the user’s
Ty , o terms, procedures, locations, personnel names and particular ways of
carrying out busincss policy. The justification for the physical nature
i . of this first model is that ils purposc is 1o be a verifiable representa-
:', S o ‘ tion of current operations, so it must be casily understood! by user
T . .ostaff., L o S :
_isingle " 2 . Process 2.2. Derive logical equivalent: The logical equivalent of the
it opera- . . .. physical model s ‘onc,.lha_l'. is’ divorécd from -the “‘hows' of the
: Struc- ' _ . curreat.operation, It concentrates instead on the **whats.” " In place
.- of a description of a way to carry out’ policy," it strives' 1o be a
. description of the policy itself. s A
j. . .
y .

r"‘ " t . J. - - - ' . 2 u ) -
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3. What-is a model? " .
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Process 2.3. Model the new system: This is where the major work of .
the Analysis Phase. the “invention™ of the new system, takes place.
The project charter records the differences and potential differences -
" betwecn the current ¢nvironment and - the new. " Using this charter
"and the logical model of the existing system, the analyst builds a
new model. one that documents operations of the futurc gnviron-
. ment (with the new system in place), just as the currcm model doc-
umenis the present. The new model prescms the systém-10-bc as a
partitioned” set of- ‘elemental processes!  The “details of ‘these
processcs arc now sp;mﬁed one mini- spcc per process.

' [N

Proccss 2 4. Constrain the modm’ - The new. Iogtcﬂ model is 100 Ioucal

for our puiposes, since it does- rlOlLC\ en eslabhsh how much of the R
dcclared work is donc inside and how- much outslch, the machine.
(That is physical information, and thus not parl “of a logical model.)
At this. point, the. anai)st esldbllshcs the man-machine boundary.
and hence the scope of automaiion. “tie/sherypically does this more .
than oncc in order to.create meaningful alternatives for the selection
proccs's The ph)sml consndcmuons ‘arc added to xhe modcl as an-

nclauons c S I I LRI I AT

. .1 .al-

Pror‘(-ss 2.5 Measure cm.smnd h('mfrs, .‘\ cnsl buu. ﬁl qmd\ i now
-, performcd on cach of the options. Each of 1he tentativ cly physical-
ized models, xogcthcr with its associntéd ‘COS1- buncﬁlap’urmmlcrs\ is
passcd on in.the gmsc ol' a “Quanltﬁc.d Opuon RO .n,,- :

' NIETEN

Proccss 2.6, Select opnon The Quanllﬁcd Options are now dndl\ zed
and-one is SﬂlCLlLd as the best. The quanta, associated with the op-
 tion are:formalized as budga.l schcduic and ph)‘;ucai rt.qmrcnums

. and arc pa.sscd back to management. * e

S ,
+ 4 O Rt oy

e

r

'JJ‘
: Process '2.7. PacAm;e the 'specification: Now "all “the elements of the .
Structured, S;mcuﬁmlmn are assembled and packaged- together. The
rcsult consists of the ‘;L!CCtC‘d new physical model, the integrated st
"~ of mini-specs md perh.aps some mcrhead (table of ‘contents, short

. abstract, ctc) T

PRI

The models that 1 have been refereing to lhrmn-houl are paper represen-
lauons of systems. A system i§ a sgt- of ‘manual and automated procedures
used to eflect some ‘busingss poal.” In‘the convention of Structurcd Analysis, a
model is mad;. up of Data Flow Dmxzmnn and a Data Dictionary. My definitions
of these twd terms foliow: - o b ag gt -

o L . .
R " . .1 " “',[—-’ '
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L cen A Data -Flow. Diagram is.a network representation of a .system. It

LTy SRl presents the .system in terms of its cémponnt processes, and de-

B SR wto e clarestall the interfaces among the ‘components. Al of the figurcs
' used so far in l'hi's‘pnp'cr have been Data Flow Diagrams.

L - .. A Datd Dictionary is a sct of definitions of. interfaces declared on
A . Data Fiow’ Diagrams. 1t defines cach of these iptér[uc@s (dataflows)
i terms of its components. 11 had supplicd an eniire model of the
project life cycla-(instead of justan, incomplete, Data Flow Diagram
, : A . portion), you would iurn 1o the Data Dictionary of that model 10
* o ., answer any questions that might have arisen in your study, of. Figure
' *, . 0 and, Figuie 2 above. For instance, if you had. puzzled; over what
. the Data j-‘lo’w.,Dingram referred 1o as-a Quantificd 0p;ion.‘_y'nu
. ‘ would look it up in the Data Dictionary. There you ‘xyopld_ﬁn_d that
T Quantified Option was made up of the physicatized Data Fiow Di-
i agram, 1Jata Dictionary, purchase cosl of equipmcnl'. scheduld and
budget for development! monthly operating cost. risk fa_czp_rs; etc.

-
-

ek Cemm s
.

' REERE . . ..Data Flow Diagrams arc-often constructed in leveled sets, This allows a
top-down partitioning: The system’is divided.into subsystems, with a top-icvel
‘Data Flow Diagram; the subsystems .are divid‘cd,‘inlo,:sub-l’supsys(@ms wiih
. . second-level Data Flow ‘Diagrams, ’ and_ so on:  -The Dawa Flow Diazrams

: : “describing the project life cycle were presented as. part of. 3 feveled st Figur
N was the parent (top of the ‘hierarchy), and Figure 2. a child. If the moedei,

1 were complete, there would be other child figures as well, siblings of. Figure 2.

. .., - Figure 2 might have some children of.its own’ {(Figure 2.1,, describing the pro-
. . : ... cess of inodcti_né‘lhc current system.in more detail; Figdre}.—?,"dgscribing.t. ¢
derivation of logical equivalents,-ete).. - . Do

R

o + The system model plays a number of diffcient roles +in, Structurad
Analysis: 0 f L n AR

."‘ [

- ‘ o ' Il is a communication tool. Since user and analyst have a long-

- _ ) , standing history of failure to communicale, i'l’is cssential that

' their discussions be conducied over some workable négotiating

‘ , ‘ instrument, somcthing {o point to as they fabor to reach 2
) o ... .‘common understanding. Their discussion concerns isystems,
' N ' both past and’ preseit, so'a uscful system \n)odc,lk_iis the most’
. . , “important aid to comimunication. "+ e gy .

=

IR

o . i @ o Jris a framework for s,ncbfﬁ?d!ion. The mode! declares the com-
resen- . C- ponent pieces of the éystem, and the pieces of those picces. all
_dures ) R the way down to the botiom. All that remains’is to speeily the
1;’;‘;“‘; ' R bottpm-level processcs (those that’arc not fqr'l.hcr‘subdividcd).
. ’ . ‘ ., .This s accomplished  by. writing one mini-spec for cach

BERIR . " botiom-level grocess. P .

. 4
Lr

—ii
. . .
N I

L H . T N
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o l! is a-starting pom.' for design. To the exient that the model is

the. most cloquent, stitcment of requirement. -it’ his "a strong
' shaping influence on work of the Design Phase. To the extent -
-, that the resultant d;su_..n reflects the. shape of the model. it will ‘

‘. be conccplualh easy 1o understand for maintaingrs and user

* stafl. - The, natural relationship: between the And!)sas Phase

" model and the' design: of the_system (its 1mcrn.al slructurc) is

akm to lhc idea that “form ever follows l'uncuon. R

“

So I'ar‘ all I vc d(me is dcﬁnc terms. tums rcicvam to the qmlysm Process

and to Structured "Analysis in particular. With these terms defincd. we can turn

" our ancnuon o two smml questions: What has betn wrong \\uh our approach

.

-

St

.2

.

I

‘to computer systems analysis .in_the past? and How wﬂl .'>1ru-.‘lun.d Analysis
hclp" L Tt C P : '
St . N - . -t - e i, ,‘,"!\:;)
1. - .

CEE .”“‘"

F Y

4. W‘mt is wrong mth classical .unl)sm" .
Without gomg into.a long tirade against classical methods, the major prob-
1cm of analysis has been this:: Analysts and users, have not manatged to com-
munlcalc well cnoughA— the systems delivered too of'ten h'nc, not been the
ystcms the users wanted. ™ ‘Since. analysis . -establishies’ dculopmem L.oa!a.
I"ntures of ..n"'vm €2t nrojectSTmoving in wrong, drrccuonq lhc fong-standina
rcsponsas of manageément to all dcvelopmcm d:ﬂncullu.s (dcclamuon of ihe
70-hour work week. etc.} doinot help.  They. only },Odd a pl'O_]LCl ‘into moving

L}

" ‘more_ qmckl still in thé wrong direction., The more m'mpcmcr and dedication
_ added, the further the project will move away from its ‘frue gm}s* Progress

made is just more work to be undone Ialcr Thcre is a word ‘that aptly

describes such a prmcct one that is sct oft in the wrong direciion’ by early crror

and cannot be “rescucd bv doubling and redoubling- effort. The word is
‘“‘doomcd.” Most of the Great I)na.murx of EDP were projects. doomed by
cvcntq and’ decisions of the Analysis Phase, . Al the enc,ruu: and mlcma EX-
pcnded 1hc1eal‘lcr were for naught, '

] aa - '
{

Thc major, fnlurc:. of classical aniilysis have’ been fanlurv.,s of the
specification process. 1 cite lhcs;. : -

“The monolithi¢ appreach. C|-1<S|Cd] Funchom! SPCCIﬁLJUOﬂS read -like
Victorian novels: heavy, dull and cndlcss ‘No pu.u has any mean-
+  inp by itself. The document can only be read St.rm") from front to
back. No one cver rcads the whok lh:m, (So no one reads the
cend) - T T - .o
- The pom:d—m -concrele c[h'u Funcuon.ﬂ ‘spcmﬁcattons are impossible
to upd.m.. (1 actually had onc nnal\:,l tell mé that the change’we
were considering could be mao-¢, .mlv mide to the system itself,
when it was finally duhur;.d than 1o the smcnﬁc.umn ) Since they,
can’t be updated, they are alwais out of date. :

.
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The lack of feedback. Since pieces of Functiohal Specifications are
unintelligible by themselves, we have nothing to show the user until
the end of analysis. Our author-reader cycle may-be as much as a
. year. There is no possibility of itération (that’is, frequently repeated
- ... atlempts to, tefine and perfect -the produgt). .For  most of the
. Analysis Phasc, thcrc is no product lo iterate. The famous usecr-
analyst dldloguc is no dlaloguc at ail, but a4 serics of monologucs.

L !

The Clas';lcal Funruonal Specification is an, unm'unlamablc rnonolith,

h\.
result of ‘‘communication™ wnhoul banm ol fu,(lb.:ck No wonder it is #e her .
“functional nor specific. e ' : E
N o S . ’ :

.5, Ylow does Structured Analysis help? -
. " - - [P | . i, 4 Ty, .
et Lo . v, \':--,-,‘ T vy e .

I'woild not be writing ‘this if*1 did not' belicve ‘strongly in the valuz of
Structured Analysis; | have been known to wax Joquacious on its many virii2s.
But in a few words, these are the main ways in wlnch Slrucu,rcd Analysis h2ips
o rcsolve Ana!ysw Phase probh,ms

ot

L It auacks thc problcm of Iargcncss b\ parnnomuq cT -
. [ “

PR

e It allacks lhc many problems of Lommunlc.mon bc{wecn user
. - .and analyst by _irerative commmicaiion -and: an, fnversion q}
- vewpoint. . B L e
.
o . It attacks the problem of sp mhcauon mmnlcnancc by hm.vwd

X . redundancy. _ o o e
- T : Tt " PR . A

Since all of these ideas arc rather new in their 1pphc.mon to anal)ms I provide
some-commentary. on each: - Coo L L

i

-

"The, conccpt of parrmmune or “runcho:ml dacomponhon may b¢ lamiiar
to dcslg,ncrs as the first step in creating' a struciuréd design. s poluuml value
in analysis was evident from the’ beginning — c¢learly, large systems cannoi 2e
analyzed without some form of concurrent partitioning. ‘But the direct applica-
tion of Design Phase funcuoml deconipasition  lools (structure charts apd
HIPO) caused more ptob!cms than it solved. \fu.r soine' early successful 2x-
penmemb (9], neg,dlwc user attitudes toward the use'of hicrarchies became 2p-
‘parent, and the approach s largely abandoned. *Structired Analysis teaches
use of leveled Data Flow Diapgrams f'or parlmonmb. in place of the hierarchy.
The advanlngcs are several: N K

-+

e The appearance, of a Dam Flow Diagram is nol at a!l frwhtcn-'
.. inp. 1t scems.to.be simply a picture of the subject mau._r be- -

+ ing discussed. You never have.to © caplain an .1rlmmr\ conven-
tion 1o, the user — you don’t explain anything at .\II You sim-

ply usc the dmbmms 1 {hd pn.uml) ih:ll with you in 1h|~. pa-

A i 5 ‘
.y . L -
Lol . ! ¢ -t ' Y . T . ' oa. ! + '

;:“'t M

I ey

""‘_‘_’.‘W‘[’«m N -—-u--u--.q..--—-
- e T o R e e

et I T




5
o

1

’ Va e, T . . R A aa L

,,,,,

-
e

ot

toet b o

A
- s bt it i

R Lo I

K

L) -
SR EL AR

i

W Y} e BT

3

. - . Fl ‘\ -l . e :': .'_ -
Ml L I skt et B TIPS N AN LR Tt T e o PN B SR S IO, I i

..

o

y analysl mlcrf ace.

L e e et e bk, .t ok el s ﬁnﬂﬁ'ﬂwu.‘.w-mmm

32

420 CLASSICS IN SOFTWARE ENGINEERING

+

- -

. - . ' - \ '
Ty T, g . Y . 7
- . .y .
! . -

. pcr I used Dala Fiow Dlagrams as a descnpt:ve too! long be-_ "
, .+ forelhad even -defined the term. .

© @ Netwoik ‘models, like the ones we build with Dita Flow Di-
aprams, arc already familiar ‘1o 'some users. Users may have
different names for the various tools used — Petri Networks or
Paper Flow Charts or Documcnl llow Dlag,rams — but the
K conccpls are sumlar ’

. ® The act of parlltromng wnh a Data Ftow Dmgram calls allen-_.
tion to the interfaces that result from the partitioning. 1 be- .
lieve this is |mportdnt because the complexity of interfages is

: a valuable indicator of the quallty of the partitioning effort:

.. .. the simpler the 1n;erfaces._ the better the partitioning.

. . L . ' -
§ P cof .. , W c e gt
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' I use thé term fterative communication to describe the rapid'two-way inter-
change of information that is characteristic of the most productive work .ses-
sions. The user-analyst dialogue has got 'to bc a dialoguc. The period over

which commumcauon is turned around (called thé author- -reviewer cycle) needs

- to be reduced from. months te minutes. 1. quite diterally mean that fifteen

mintes into the first meeting between user and analyst, there should be some:

feedback. If the task at hand requires the user to describe his current opera-

. tion, then fiftcen minutes into that session is not too equy for the analvst to try

tcl]mg the user what he has learned. “Ol\ le» me sce if T've got it right. Pve
drawn up this little picture of what you’ vc jusl explained 10 me and I'l-explain
n back o you. Stop me whcn I 89 wrong.’

. ‘: -
Of course, !hc carly understandmg, is’ always |mp\.rfect But a careful and
precise declaration of an |mperfcct understanding is the best tool for refinement
and correction. The most 1mportant eariy product on the way 1o developing a

. good product is an lmp\.rfcu vers;on " The human ‘mind is an iterative proces-

sor.. It never does anything prec:sely nahl the first time. Whal rl does consum-

= mately well is to make a ‘slight lmprovcmem to a flawed producl This it can do
. again and again. The idea of dg.\clopmg a ﬂawcd early vers:on and then
- _refining and :eﬁmng o makc it nghl isa very old one. It 1s mllcd _engineering.

What 1| am, propo;mg is an engmcenng apprmch to analys;s and to the user-

’

The product that is ncratcd is 1hc emerging system model.” When the
user first sees it, it is no more than a rough drawing made right in front of him
during  the discussion. At the end,. it fis an integral part of the. Structured
Specification. By the time- he sees the «final speciflication, each and every page
of it should have bcen across his desk a half domn times or more.

“a

H mcnllom.d lh.u Slruuun.d Anal) $is c.llls for an inversion of weupomt
This point may scem obscure because it is'not at all obv:ous what the viewpoint
of classical analysis has been, 'From my reading of hundreds of Classical Func-

K}
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SR - tlonal Specnﬁcauons ovcr |he past fiftcen - years, I have come to:thc conclusic
e .. .. that their vicwpoint is most often that of "the computeriy. The classic
gy - . spcmﬁcauon describes what thc computcr dozs, in-theorder that-it does it u
* i - . ing terms lhat are rclcv‘\m to computers and compmer pcople. It frequent
EE - . limits itseif (o a discussion ‘of processing msndc the': machine and. do
,_«_‘"; i o ~ transferred in and out. Almost never does it specify anything thay happens ot
T e o "« " side thesman-machine boundary. - e .
Y : : s The machine's. Viewpomt is natural and um.ful for thosc whose concer
P . . .- lxe |n5|dc (lhc developmcm stafT). and 10['1!1) fomgn 1o lhose whose copcer
o - o e outsndc (lhe user, and his smiT) Slru:.u.n.d "Analysis adopts a differe
i © - . 5 viewpoint, lhal of lhe ddla A 'Data Flow" Dl.n,mm follows the data paths wii
; -.- . - ‘ ever ‘1hey, Iead.,lhrough 1mnual as well as automatéd procedure. A correc
EE s+ drawn system model deseribes’ “the “olitside; as well as the inside of the autom:
L% . ed. portion.’,In Tact, it descnbcs the dulomntcd pornon in rlae context of the co
g .. . plete system. The.vicwpoint of the d'm has 1\\0 n'nporlam 'xdvanlagcs over tf
. . Ses- : . - & . . of any of the processors: . L : ‘_ N
: . ) - I .- . e A
s N . : - RS
- ficen ( .~ @ . The.data Boes cveryth[c, SO _ils \'icw is all—inc!usivc. R
sc e - IR Cat P '
.;',,',. t- , . 2.  ® . The wcwpomt of ‘the' data is common to thiose' concerned with
- 10 11y N e em lhc inside as well as tho;c mnc‘.rncd with the' outside of the
Pere : e - - ...man-machine, bound.m .—', . ! " R " .
(p:' n - o “‘ . < oo - . . L “"."- L .g. e L1t
Lok . Thc use of limited rcdundann to creaie a hwhly maml'umble preduct
d. d . . not new. Any pragrammer worlh his salt knows that a parameler that is lik
STt ! 1o be changed ought tobe dcﬁn‘.d in onc place and one place only. What
ving a : . new in Sll’llClUft,d Anai)sm |s the idea lh.ll the Specification ought to be me
oy §e . tainable at ail After all, arenl we' ;,cmg to frecze™ 11?7 I we have learn
ISt 1- . anything over the, past tw enty ‘vears, it is lh.u the concept of freezi
an do . -specifications is one of the greal pipe dreams of our profession. Change cani
"4 , . .be forestalled. only ignoréd. Ignoring change as; sures the building of a*prod
ﬂ‘_’g. . that is out of date and unacceptable 1o the'user. We may endeavor 10 hold
user- . selected changes to* avoid disruption of the development, effort, but we can
L 7. longer tolerate being obliged to ignore change just because our specification
o " imipossible to update. dt.is.equitly intolerable to accept the change, without 1
nwe © P dating the specification. “The specitication is our mechanism for kecping |
I him : -+ 7 project ‘on target, tracking armoving goal. Fatlure 1o keep uk specification up
Rt xd ’ ‘date is like firing away at a moving tarpct \\nh your-eves, clcw. d. A key cong
s ‘ of Structured Analysis-is dauloptmut of a 3p¢ uh\‘mon \\uh little or no redy
. ' dancy. This is & sertous. departure from the classical -method that . calls
Pt . specification of everything at least . ¢leven umes in eleven places. Reduc
- -'pomt redundancy, as a by-product, mikes the resultant smulu.u:on COﬂbldLl"J

N r!"*c- oo MOre Concise.
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6. Whal is a Structured Specification?

Slruc‘tun.d Analysr; is 2 discipline for conduct of the Analysis Phase It
includes procedures, technigues, documenntma aids, fogic and policy descrip-
tion tools,..estimating hcurlsucs m:lcsl()ncs chcckpomt‘; 'md by-producis.
Some of these are important, and’ lhc rest mercely conv cmcm “What is most

. important is this.simple ideat. Structumd Analysis: mvol»c‘; building a new kind
. of- S[)CCEﬁLd(lOn.;d Struclurcd Sp‘.mﬁcauon m'xdu. up of Data FIO\\ Diagrams,

» -
v - \

. The roles of the constnucm parts of the Structurcd Spcuﬁnnon are
presentcd below

Thc Dam How Dm;’mms serve (o mrimon ihe *z)stcm The system
thal is trcatcd by the Dﬂtd JFlow Diagram m'1y include numual as

:\vcll as au{omdl 'd” pants, bul the " same pdruuomm, tool is used
lhroughout The purpose of the Data Flow’ Diagram i§ hot to speci-
_fy, bui 1o dulau It d;cl.xrcs componcnl processes that make up
lhc wholc, and it du.Lucs interfaces .nnom, the components. Where
the t :ugct wslcm 05 Llry 2, qcvcul <;ucusc|vc partitionings may be re-
quired.” This is acmmpltshed by lower-level-Data ‘TFlow Digrams of
finer and finer detail.  All the levels'are Lomb:m,d- into a lL\'Cl\.d
DFD sct.

- Tlm Dam Df(‘n(m(‘n‘ dcﬁnes the interfaces lhat were dectared on the
Data Flow Diagrams. 1t does this with a notational convention that

allows rgprgamlauon of da taﬂows and stores in terms of their com-
poncnls (The componnnts of a dataflow or store’ may be lower-level
datafiows, or they may be data clements.) Before the Slruclurcd
Specification can be called complete. there must be one definition in
the Data Dictionary for each dataflow or data store declared ‘on any

of lhe Ddld Flow Diagrams: SR S

The mun s-p('c'c define ‘the eleniental proc:.sscs ‘declared on‘the Dam
-+ Flow Dmgrams A process is consuhud clementat {or “*primitive™)
when it is nol fur'hcr dunmpo“.d into a lower- level Data Flow Di-
Capram. Before lhc. Slruuurul qullu. ion can be called “complete.
there must be one mini-spec for L.lch prumm'c prowss declared on

[

, any ol lhc Data I low Diagrams.

The YOU ldD\l Structured Amh‘::s conuntmn includes a set of
rules and mcihods for writing mini-specs using Structured English,
" decision tables and trees and certain non-linguistic -technigues for
specification: For the purposes of this paper, such, conside r.mon\ are
- atthe detail leve! — once you have partitioned 10 the pmm at which

cach' ‘of ihe mini-specs can be written in a page-or less, it doesn’t
g n}allér 100 terribly much how you write them. . Lol
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B . T © - 7. What does it all mean?, s . :

e : . Structured /\nal}s‘is is here to stay. | estimate lhdt its serious uscr con

. mumly now. includes more than 800 compamcs worldwide, Uscrs as far aws
" as Atstratia and “or\mv have pllbhbhl.d rgsu!ls of lh«. apphmtaon of Slruclurn.
. Analysis 1cchmquw to real:world ‘projects [10 Il] Thcrc are courses. tex:
;b oand evena video-tape series [12] on the. subjut There are automated suppo
, _ _1ools for use in Structured Analysis [13).. There'are tival‘notations and s¥mbo
Dy oo OgILS [3 14, 15] Working | sessions hav been mep:m. up. at GUIDE, NC(C

.

B "AMA dnd the DPMA; ]hcrc arc uscr groups {mel an and T-shirts.
' - ‘ _The, fundam;m.xls oF Struclurnd \m!\sxs re not new. \10§t of tha !('t.a
da - .
v havc been’ uscd p:menm.ll for’ \c.\rr:,[ What s ncw lS thg emerging di\uphm
‘ " The' advmtdpus of "this’ dlsuphng fré” sibstantial, Thcv include @ much mor
© e V0 methiodical approachiito’ specification, a ‘more- usablés 'md maintainable produ
wand fewer surprises, when: the: rmew system is- instalied. “Rhese aré c;pumll\ i
tractive whcn .compared to the dd\’dnldﬁ.s of the LLISSthl dlelpilnc for an y'si
’ Thcrc were no .uivann“cs There was ad dmupl.m ,
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PAYOFF H)!-A ‘Bertrand meH has w mtmr H'mr “a pood

-Hotation has u, subrh’n' and suggestiveness which at rimes

.nml\m it seem almost like a live rem her...a perfect wmotation

" unh! he u substitute for thought.” uﬁu are designers need o

, cone epmul and Hotational framen orA Jor capreasing, evaluat-

ing, camparing,, and (hnmme among design allernatives.

SADT as a hmgrmue :md ax « methodology directs und Jdisci-

» oplines U'u' mml\ sis and design of systems, This portfolio survevs
'Hu* process ufdtﬂnms: a systemousing SADT. :

INTRODUCTION' cohy

SA‘I)I‘“ (Structured Analysis and Dexign 'Igchmquel 13 bhot)
Ll".ipth language for describing systems and a methodology for prod
ing such.descriptions: A system can be viewed as consisting of thi
(objects, documents; or data). happenings tactivities performed by p
sple, machines, or soflware). and their interrelationships, This fun
mental starting point accounts for SADT s broad apphicabilitv: it car
used. for example, for the*definition of system-requirements iwith
‘necessarily speufying whether they are to be achieved by pmpk
software, or by machines), a structured software design. and eve
manual procedure. '

The use of SADT for the definition of reqmrem;nls has been
scribed in other articles-(see | 2. 13,14 }). This portfolio focuses on
' features,of the graphic languige th.u provide a vocabulary well suites
- deser |th. design. SADT also inciudes steps for cnsuring adequate
.sign review and effective use of design zlkthrou;_.hﬁ these methods
slmll.n to those descrlhcd for use during analysis| 2, 14 |..

Y 'MD‘I in regl\lered trsdemark, of %ﬂech Inc -

-

'€ AUERBACH Publishers Inc. - kSyslems Development Ménag'e
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SADT was c!cvg!upc:l initiafly by Doiglus T. Ross Juring the
from 1969 to 1973, 1t has been further developed and 1efined at SotTech
"4 a result of extensive use since 1973 SART has_been sucessfully
applicd to a varicty of complex system problemy ranging from realtime
telephonic communications design| 16 ] and computér-aided-manufac-
twiing [ 18 ] to military policy planning { 8 }. ‘The largest soflware sys-
_tem designed with SADT is a micro’procc550r-bu_sqn_.!"§§_\BX telephonic |

PR [

.sy'gtcmdcvclopcdby IT&T{ i10]. . e A

A |
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_ An SADT system description is & set of dingrams, cach depicting only’

a limited amount of detail, The didgrams exposea system structure, a
. picce at a'time, from the top down. Quite literally, SADT supports the
principlé that ‘‘to divide is to conquer,” provided we know how the
‘divided pieces are combined to constitute the whole, This proviso ap-
plies to the diagram contents as well as to the 1clationships-among dia-
-grams. The rules of language usage encourage and even enforee unfold-
ing a System description in intellectuatly managéable information units.

_ At ali tinies, the'system structure and hence the relationship of any part
" tothe whole'is giaphically visible. oL i -
-+ The ‘yntactic: ndtation of SADT has been described in detail clse-
where |12 ]: diagrams ¢onsist principally of boxes {representing parts of
“awhole) interconnected by arrows (representing interfaces between the

" parts), cuch suitably labeled with nouns (for things) or verb phrases (for -

‘happenings). Each box on a diagram (representing, for example. a sys-

fo 7Y tem activity) can be fuither Jdetailed on a separate diagram with more

interconnected boxes and arrows. The notation requiires that a box and

.. the corresponding dingrum detailing it represent exactly the same part of

)pcrh\d !

a_system. In particular, the external interfaces in ll'i? form of inputs,

outputs, and controls must match. . .

Given the precedingtharacteristics, the dingrams inan SADT system
description can be placed directly into a tree-like hierarchy: indexing
information is encodedtso that the appropriate t;omcxl'for any dingram

«can be immediately dclclj_mihcd. Figure 1 depictstwo diggrams; abox on
..., the first diagram is.detailed by the second diugram. : e

- The features-of any language encourage certain paltefns of thought. -

With SADTy the inputs, outputs, and controls of the system under study
+ are.determined first.-The purpose dnd viewpoint for the analysisare then
_identified. This logical progression focuses the effort so that extraneous
«considerations can be.avoided. ‘

4 EE

Modeling.froma Viewpdint fo[é Purpose

Often, multiple models of a system from differing viewpoints are
required for gm_adequalc:undcrstanding. An SADT model can provide a
context for other relevant material such as eaplanatory lext. supporing
documents. and forms: An SADT design model can thus actually, be a
groupiof models.-each representing an important desin decision that
was isolated. Figure 2 shows two models (i.e.. system Jescriptions with

different viewpoints) sharing 'common detail. Consistency can be
il o Lo by, . .
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. Flgure1 AD;agram Deta!!mgthc Box of Anothds Coe
’ fal 1 .

“checked'by “tying” together the different models ﬁn..t,syst enm, lhdl i$,

by making thw inte I‘l&.‘]dll(]n\hl[“\ cxplicit, e i,

i 4

REPRESENTING A DESIGHN WITH SADT o ‘

SADT does not assume the designes is using one pinticnby design
methodology . The refutionship of SADT 1o several widely used design
mct hndu!ngics is briefly discussed laterin this portfolio.

Mecha nidm : .
An important aspect ol the desipn vodabuliry is the concept of an
SADT mdchanism, A mechinisi is o distinet mode? that has been iso-
Lated for reasons of shupeahility and chaneeability. As such, frechi
SNy are natully stited tothe informeation-hiding approaches (e.g..
L abstract datuctypes, maitors, st lovets of abstraction). Najor desizn

[

s ) .o




.

£ g SYDIEMDUEINGN, e .
f JRITaE e L - ' - T . o ' " ]
2 b Wt BT -

VY R

e . e .
R < . . vom
" U .o N, R - _a'.-‘
R IR f
' N ESS LR
’ 2
A s
* [
¢ - e
A .
L b.f ‘-
‘L L
. !i. .
{ 3,
. »
RO TR .
” ' L . .
;- R
«"Hote: . : ) , t
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i' Figure 2. Two Interconnected Models of a System from Ditferent * o '
{ F . : Viewpoints ' i L '
1 - ': [

R . ! . \
' decisions can be encapsulated within a mechani$m- for greater modi-
S fiability, T T Lo T ; _
.+ ; The SADT call_notation corresponds very closely. to the subroutine * . * -
" call'concept of programming languages. In Figure 3A, the “notation
shown o the diagram of Model X indicates that decomposition from the
Model X viewpoint is cor_ninucél_in Model'Y from the Model Y viewpoint
at the box idcntifed as C. Model .Y is said 1o support:Model'X. and thisis
shown graphically in Figure-3B; Figure 3C shows a box.in"Model X

calling a box 'in Model Y, which cojtesponds to the situation -shown
schematically in Figure 2.°; -~ ° * . own

1 .

. - The call reference éxpression may, in fact, be conditional, givieg ™"
", severaldifférent called boxes, each oné flagged with a condition specify- ¥
27 ingthe particular box to be called to supply detailing. Similarly.a mech- *
..*, anisi may support many different maodels. and from any_one of those
‘oo models an ordinary or aconditional call.cun be made. Thus, o node can
. be shared among many models (s is répresented inFigure 4). These
provisions.allow precise répresentation withina single overill design of - ?
; aliérnative design approaches iln uddition, commonildities of any sort -, (-
' . canbe modeled once and upplied in many, places. . i b e

Tt - - e = . -

- ) . . )
* . v b .
. , :
. . .
-y ‘ A
4 . .
AL ’
¥ .
L s g LT
[ i [P | Vs
¥ . #+
. i SPEppeS SR g, o] e
so erags s e (R g g e
. e -
; r e DRSS o
Lo e
A ; i
A L] o
- .
A ':‘I‘?i w Jet
oy o k
o M N
o
e
u =
A '
P
o, 5 .
B
won ‘ . 3
- ] .
! . . i
. B 3
" . ..\ s
¥ . ., L
e " -
£ !
N s




P
Whn
0
ty
N
.,
W4
M
i
'
i
' . LR e
»” e Ty e
voorE T,
R
o :
- f
. , .
H
‘ .
" Ll
:
R
r
r
£
.
H
4
¥

i
|
.
1
r
A
'
'
.
v

) Figure 3.0 V0 il athen :

AL S et et 4_.....;...'..'..,....'_..‘..- S :
. . ] ] J
i ‘ - . , N - 13
.o : Design Methods and Tools
' . ' . i - :
. t
. Control _—
- - P
) . . ‘ - PR . i
: . s~ @ -
i - r"_ \
M‘ ‘_ E
. ™ if’
L
o Inputl =t i
. . - e e mmn — H
. v " L N [
! L
. . L ¥/ C R .
. o < 1, e '
. Detomposition continues in Modal.Y at Box G . . o
. - o v AN A
S . - N AEFEN , LT . T
- syt o AT A, Lt
' , . i P * TN Tlere .
' ."' . i : L . .1“! . 1 R N
: s + Model X )
¢ ] LN e s .' . . .\ " i
- S| et e |
< - A - : ar S I
f . B T i G e s,
\ . . ! rr . . ‘- s 1.
R . ‘ . < e -
h ' : et . . TN
_ . Cox S A L
Fome— " MNodel ¥* CoE
S i K . ,
, : - L—.....h ] ' ‘ ‘ B
] \ 1 bl -
DR , \ \ . ) 1 . ey N
.2 © Madel Y supports Model X0 ' . P
N P - R i i L C . S . !
) - AR C) o ¥ iy ‘l:‘j
. [ *
i Calling box LINRLE S
. R
: ' — == =4 Model X '
. . ] [oF:11 BN . ' Lo
RN . . . i
- B 1 - LI
‘ - Called box
, i Cc ) ‘
g - = f————t-podnl Y
A Model X box calling a bos e Madt Y
e e e




AR J ., o
R SYSTEMS DESIGN ' '
y ' ' . P Model X -
. i e . ) ) .
’ 7 ) ‘ . . /'/ . Conditicnal call . . (
. 42 Models support ' 4 ’ . allows changa L
< models ’ LS . ’ et
. Ve ; g L
. K V/G Z/E
. N ’[ . Y‘C i -
, . ™~y
. (R }’ A 3 /
- ’
. Fi
: ; / / .
' Y IR ~ ./ . Boxescaliboxes
! ’ . e - - -
, ! < . .
! 1 w4
" .t S
toX LI s .
t . I o . ’ . . .
oV R Multple support puths allow
Y e sharing ol
- .
. ., Model Y -7 i
; e nns -Called hox (node) in Model ¥ -
. ) [ -t '
M ' i 1 ' t *

¢ Figure 4. Change and Shéring Through Calls

i

: L I e :

The example in Figure 5 illustrates the use of a mechanism thut (
models a monitor [ 4] = a’system-structuring concept that provides -

safe access o a resource. The example. drawn from Brinch Hansen
L] is a real-time piir of concurrent processes. RECORD measures a
parameterand periodicully, as controifed by Clock A, updatesa cumula-
tive total. OUTPUT pcrio’diéu!]y. as controlled by Clock B. reads the
total, rescts it to zérol und prints the sum, which.is computed hised on
the total. The velationship between the two functions is shown in Figure
S'A. Ascian be seen by the splitting and joining yrrow TOTAL. a shured-
access problem to TOTAL exists and, if not hundled properiy. the two
processes will not work together accurately . .

A monitor for TOTAL is introduced to solve the problem (see Figuye
5B). TOTAL is now internal data to the manitor and, therefore, the
representation of TOTAL is known only to the monitor. .

! The monitor is represented by @ separate SADT model: the top-level
diagram in the monitor model is shown in Figiire SC. Decomposition of
RECORD and OUTPUT. which make cills to the monitor, is shown in
Figures 5D and SE. Figure 5D shows that the TALLY operation of the
RECORD function is realized by the monitos operation UPDATE TO-
T.AL specified by the downward CALL arrow. To perform TALLY. the -

: - C

_ mopitor must:

s 7, 1. Activaie GETTOTAL to supply TOTALto UPDATE TOTAL.
- t 2. Activate UPDATE;TOTAL to yield the new total value. c e
3. Activate STORE N‘EW-TOTAL to store the updated total, (
Y i In reviewing the figures, note.that some arTow fabels on Figure SCdo - "N
not match those on Figures SD and SE. This is allowed since SADT-:
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iterfuce-matching s bived” on  ICOM ...., ui control- output-

mechanisms) codes (see, for examiple, artows CF, L O B, et in

Figwre 6):not on spelling. Similarly, the hetivity paen s in Figure SC do

not mateh those of the Lallmg activitiesin Fignrey sS4 and SE. The S: AT
call reference expression writtent beside the calt wiow (& MON/A2)
uniquely identifies the called activity inthe mechanism model.

4

Nole Th:s duagram is quwalenl to, lhe followmg achvallon rule:
A3/t C1 c2r ) :
.. 010203 011 ) lcz
! ' ¥ A
oo - R ¥ S, |
b ‘ M e T | 402
' . . n 03 +
A3 b 1, ‘
! ¢
r !. < a R i .
: Flgure 6. Actlvlly Box and Activation F!ulei ne .
1 S N . I‘ - l‘ . LI
e ' vt . t
Traceabllity Betwecn Mudels ! o ; '

SAD T modds representing dlfﬂ.rc nl vie wpomls are not mdcm ndent;
their rel: monshlp must be demomtrdu.d to be mn\mcnl The SADT
lymg process is used to documem the rel.monsh:p% l\.mc.en models.
that is, to show that all of'the functions shown ina funcuon.\l muodel are
carricd out by the design model. The tying process uses the! SADT.

" reference language | 12 ] and'concept of mechanisms:in order to show
éxplicitly the interconnection:between models.
. Each design model is built from the previous f'uncuonal model and‘
must be tied back to jis predecessor (o ensure. (he correctness of lhe
design step{ 11 1. anmrementslraceab;ht) fol!o“mmmedmklv since!
requirements definition initiates the process, “In other words: require-
"ments definition produces a functional modél depicting precnst.l} w hat
! ihe system must do, as well as such system design constraints as perfor-
«mdnce criteria; the need for robUstness and recovery. target machine(s).
and implementation language(s). Analysis determines what functions
, must be performed: design structures these functions for optimal under.
ﬁldﬂd.lbihty. modifisbility, and maintainability: specification then se-
Jlects algorithms to realize the key functions. Hence. an algorithm in a
_ specification model ties back (realizes, implements) into a*design mod:

‘ ulelhdt mturn tlesmafunctmn inthe requucments modei

o ¢ : , i
. S ' .
Sequencing s YL . -
? Ve oea . LT ! 4
A]FOW‘E in Slruuuud ‘\na]} si$ represent constraining relationships,
not controf ﬂow Nwerlheless because a box at the beginning of an
arrow must in some se nse precede the box at the end of the arrow, these

precedence relatlons (nol necessan]y sequemlal but ;mplymg many
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o[ SATIE Mezhéds and Tools.

" potential Pdm”-.an ldu inpone o bind of sequencing on the dmgmms

of a model. SAD T diagrams represent all the par allelism :mphcn in the

design until the Jdesigner decides to inpose explicit sequenging con-
¥ T4 M

straints, . . . . - .
’. ' . ' . S ) H . ’ !
Activation,Rules, The SATIT notation for activition rules provides a
way ol communicatiiy both informatian that would be shown by more
detailing of the model and sequencing constraints that the designer

wishes'to add to the madel, Activation rules employ logic and finite state -

machine notation supcrimposed on the disgrams, inorder to indicate in
human-readahle fora the seque m.mg mfm m mnn know i to a designer.
They e of the general form,

-

< b0\ - d “*/‘» ruh. # < pn: mndmons - t pO'st Londmons,

wheri. hm‘ (i, > is lhe name of lhc box to which the rule applica,

< rule-# >-isa sequcnltdl nun.humgof[hc rules. <pre-conditions > is
.the sct of conditions nece:-ary forthis activation of the bO\c, and <posr

conditions > is the set of»ond.mon:. produced by this dctivation. Acti-.

vation rules can be used to provide information to the reader who would
otherwise assume the standard-rule for mterpictmg an SADT activity
box. The standard rule states that an activity box is constrained from
producing its outputs by the absence of the contents of any one of its

input or control arrows; only when all are present does it produce its.

outputs, and then it produces all of its outputs.

The situation often arises that some subset of the |npuls and controls
is sufficicnt to produce some subset of the outputs, for eximple, in
Figure 6if the presence of 1 and Cl were sufficicnt to produce 02, and 11

- and C2 weré sufficient to produce 01'and 03. This is information about

the contents of A3and therefore belongs in the du.nlmg ofit (sec Fi igure

o e .
. - 'Oi ‘ . "‘ .

R A3 03 ‘1‘ ' -
- ;l -I-—~——+-'62
A32 .

Figure 7. Detailing of Acﬁui{y Box A3
In the absence of this dcl‘ulmg, the following AC[IVd[EUH rules can be

used to relate the out »uts to the inputs and controls:

Y1:11Cle02
3/2:11 C24 0103

Note thut the pre-conditions list for .un]v Ly spev ify the alsenee of an
inpot o control rather thag s pu. sence. Sechpepationss indicated by a

bat overthe appiopriate pre ar post “,ml;.wn, )

(A.. .:- .‘

.
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Y nCrcgm -
212, 01m 46
Activation of a box gap sesultin the cancelation of one of the pre-
conditians: that is, pat of the post-condition is that. one of the pre- \ "
-conditions has beennegated. Thisis indicated by putting the appropriate ’
K , teimin the post-conditions with a negation bar:

3/2:11CIC28 010311

I such case, we say-that H has been consumed. Figure & illustrates the
consumption of an input and a post-condition indicating thit one or the
other of two vutputs is produced,

= . .

KNOWN ERRORS

S .l U T o
‘MUDULE-A{EQU:FY.. c . TESTS

' MODULE , :
. _ Q&ﬂ;_———- e U TESTED
. o Ao L T!MODUL:E L

: CORRECT
L ) : , . o F | MODULE
o S IS S S i | TEST ‘E—G{I/ *
o | | . e T T . AU MODULE 52> LAy
‘f " , ' R ) | Fiior DG »ogts
l Figure 8. Consumption of an Input- . o
‘The detmbed desigo dingram shown in Figure 9 4s an cxample of an ' e
v Tty . . 4 b s [ ape . 5 - g
SADYT dizgeiim containing potential paraltélisim. The function CREA 'k (
ENTRY conld be peyformed in parallel with DETERMINE PRIORITY. e

Althosgh the notitien nizthes the putch!i:il'p:u'nlicli.\*:n\c.\pllicit. ther des-
igner Cun casiby TImpase o sequence on the dingram. For exiimple. to
T . T - - ey - . .

indicate thit DETERNINE PRIORITY ‘must bé petformed befire

JCREA‘ 't IiH\J'I‘RY. the following two activation ralel e used: ' - o
Iy . N .

. P N N R r -
-~ LT o . 4/15: DKIQ \}1 .- B T A U - L B A% S R
: : . CIAVISEGESH - e s o T e

In this rule. S i: ~hown as ap artificial ouipul &1 DELERMINE PRIOR-
ITY that indicates that the function has been performed. S is then Con-
o wmed by CREATE ENTRY. The artificial output. which was crented
S apnly toampose sequence. issshownasa dotted line on the diagram.

: .. Activation rules must he consistent throughout a model, and itis
wpessible to verify that all the activation rules on a diagram correspond 10

ihe activation rules of the parent box. oL o .
Detailed design dingrams. annotated with activation rules and quanti-
tative infos mation_about the characteristics of data and activities. pro-
*.\vide the basis for producing module specifications from which code cun
be generated. A variety of specification methods hiive been vsed with
SADT to bridge the detailed SADT design dinigrams to the codes Gener-
ally, module specifications are used when the details of the proceysing
Sieps are the mostimportant thing temaining to be specified. "Lhe S5ADT (

. activity model shows the design stroctore, the tnterfaces between com- w
i ponents and the sequenge in which components would he executed. The
- } J DR .
:t . . - .
; . : B /\ . N
: T Tharsae T -
[ v e S et e e o e T e e i st
- R Lol ot o ;‘:‘Ii.,, . b
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Figure 9. Detailzd Design Dzagram with Seqaenco Spec:lied .
.
module specifications would n()l'l‘.l’ld”}’ 5h0w the dchulcd pmumnn
1oma and the dum definitions that would be used in mmng_, the program

" RELATIONSHIP OF SADT TO comempomnv DESIGN';
METHODOLOGIES , B

A design mclhnuo!ogy should specify: RS

« Howiorecognize ugood design -~ _

» -How tocreate o good design - -

*  How to communicate u good design
Here, good depends onamethod’s purpose or goals thut; in turn, largely
determine-how ““good’ modules will be selected dnd connected. 'Ihc
following definition for modularity has'been given { lS I

) Modularity deuls with how the struc-me of ap object can
make the attainment of some purposc casicr. Mudularily is
purposciul structuring. ;

© We might Lhammuuc thc purposCs oflhru w:dcly puhhu?ed ap-
proaches as: .

+»  Structurcd Dcﬁlbrli 17 ] — mehmut fum.luum!duumpmltmn

« Jackson Approach (see portfulio 35-05- 02) ~ Piogiam stm(nm"

should mirior the problem structwie

“e Parnas Approach [ 9] — Hide dcsnbn dutsmns {c.p.. dat 1 snm-
. ture representations),
All.three methods are wmp.ml Ie \wh using "\I)T as the vehicle for
“communicating design. Each of the thiee design methodologies |7
inciudes its own design documentation concepts, but they are not inte-.
Ll if to the aspects of the design methodolog: concerned with secognis-
ing and creating @ good design, This mahes it j‘t\\\l“lt‘ to explait the
design guridetines ol cuch uul!un »lm\ withon 1l conmmen Mimew oL

-t
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. Stractuied Design concepts, for example, biave provento be uscfulin
puiding SADT authors in the choice wmong aternative decompositions
{3 ). In particular, the concept of cottpling has been used to judge
whether the drrows that connect diagrams are unacceplably complex.
The concept of cohesion has helfped atthors judpe whether activitics are
relited closely enough to belong onone diggram. .

“The Jackson methodology documents the structure of input and out-
put data with a graphic notation that represents a part of the information

~ contained in SADT duta models. SADT also altows natural extension of

the Jackson method Lo those cases in which design structure should not
follow the give n data structure exactly. ‘ -
The SADT mechanism notation alse provides a concrete way of re-
presenting Parnay’ information-hiding modules, as well us such ubstrigc-
tions as virtual machines, monitors, abstract dati types, and other use-
ful design constructs. Halso provites ready expression and control over-
svirtually all of the aspects of software engineering that have been found
to be of-practical significance L 15 J. . . R
[n summary. SADT does not force the designer to accept a new, OF
even any particular, design methodology. Rather, it disciplines and di-

_rects a designer's thinking while enabling ene directly to diaw, see,

compie, and apply design alternatives inany sationad way that stiits the
specific design conditions. . . -
Finally, and perhaps most important, the rigor of SADT. which is
cnubled by the graphic language syntax and semantics and enforced by
the disciplined routine of the reader/author critigue and correction ¢y-
cle. allows full progress tracking throughout the Jdesign and implementa-
tion process. Visibility, understandability, and confirmation of details
throughout the process enable effective project management. '

,

This portfolio is an-edited version of an article, written by D.T. Ross. M.E.
Dickover, and C McGowan, of ScfTech Inc, that appeared in Proceedings
of ACM ‘77. & 1977, Association for Computing Machinery inc. Reprinted
with permission, N - -
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- Absiract—The field of software development, has undeérgone some of
its most profound changes in the last ten years. Much of this change
has been in response to ever increasing demands on software systems
in terms of their complexity,’ reliability, and resificncy. Symplomatic
of such rapid evolution is the proliferation of methods and techniques
intended to solve *‘the”
ware design: praoblems often exhibit characteristics that make them
unigque. This forces the software engineer to scck allernative ways of
composing and documenting a design. This paper describes a sampling
of the afternatives and directs the 1eader to sources of muote detailed
information regarding their use as well as 2 Izrgcr survey of this rapidly
changing feld.
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in several ways.  Unlhke many other helds, systems of
software will not be mass produced. « This divorces the
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software engfnger from many problems associated with ma
facturing. However, since he is dealing with logic—the abstr
—the results of his labor are difficult to identify with. Sc
ware operates on a time scale and reference frame which is
comprehen51blc by ‘human standards, These factors, and
lack {(for the most part) ‘of an engineering background on
part of software dcvelopem have led to the nauve view
software design is unigue and that its problems are exclusiv
those of software. The software engineer also has the le
guidance of any technical field rq,ardin'g the scope of his pr
lem or the accepiability of his solution. For example, in .
i crafl design, @ sel of strctly adhered to parameters calle
dc51gn envclopc are established early in the design effort.
task of the aircraft design team is to create a design wh
meets the requirements and falls within the envelope. Fact
included in the cnvelope limy include size, weight (dry :
maximum takeoff), range, and other parameters qiclatcd
marketing and manufacturing considerations. In such hardw
oriented efforts, design envelopes are the result of experier
- common practice, economics, and production capabilities.
the case of software, a concept such as the t{csign envelop

1 . - r
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less stra:ghtfonvard —a large experience base related to a par-
trcular type of software is not avallable economics is a matter
of *black magic,” and there is no common practice or disci-
pline, This is particularly true in the case of software design
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That is, Wwﬂmﬂ hrs desizn
abiO eommumcate it Ao felow. warkesmand. the- ~customer
Arcmtects can use sketches and the customer s everyday e»
penences with physrcal surroundmgs ‘to capture the overa

* documcntauon w.dcagnerhas little-or no . ..eharactenstics of a proposed building, But software is not

mridance in-the execution-of histask(s).
. Several authors have attempted to rescue the software engi-'
neer from this dilemma by publishing a wide-verioty-ofdacties
agdrgtrategies with which to address software development.
Each author relates the efﬁcacy of his approach to their own
experience usually in some limited area of application. Each
uhilizepmregystemmol-sapresentation=techniquosn designed to
transmit the attributes of the design considered important
*by such authors. We will examine; representatrve examples’
_of these, comment ‘on their source and utility, and finally
" describe current trends and what they sngnal for future tech-
nological deveIopments )

.

+ - 1. BACKGROUND T

The emphasis in early software development was on obtaining
a programf which worked. That is, it gave answers whichagreed
with accepted values or, where accepted values did not exist,
saved large amounts of manual labor. For example, Gustav
Mie [1] solved Maxwell’s equations for the case of electromag-
netic waves passing through a colloidal suspension containing
dielectric spheres in about 1905, In the 1930’, using comp-
tometers and a lot of manual labor, less than a few dozen of .
these coefficients useful in estimating 1nt‘ormatlon loss in infra-
red, microwave, and laser transmls'non had been computed.,
By the mid-1960's, several thousand values could be computed
in a matter of seconds [2}. But by the 1960, other more!
challenging problems were being attempted. Instead of devel-
oping single programs or small sets of programs, large assem-
blages of programs were being attempted. This ushered out
the age of functional programming and ushered in the age of
structure onented programming, The problems created by
attempting to control satellites or air traffic with these large
systems highlighted the need for some sort of phl]osophlcal
viewpoint which would enable software desrgners to create
systems (not just single programs) that worked; systems whose
construction was aided by the _design and not encumbered by
it. . During this t1me many concepts were ‘“discovered™ i
software such as the difference between lquc,alvdeslgu iz,
abstract, conceptual) arﬁ! Physical design (i.e. hluepnnt one-*
for one correspondence to what will he bur]l) ph:ﬂosopluu nf
des:gn (e.g., lop down) and the. use ofp;otot‘ype‘i from which '
_ to learn and prott.ct an investment. Much of this ferment
peaked in the late 1960°s and early 1970's with {le advent of
some specific methods and approaches to the problem of soft-
ware design rcpresenlat:ons These secmed to address structure
problems and some were adopted qurte widely However, they .
have been found to be in need” of some support in order to
. solve *real wor!d" pmbtems This has resulted in yet another

‘wave of appro'aehes This body of help now available to the'

TPt 3

software engineer falls into two classes— Elcth‘gds‘(st.rategre;,
' reaommcndatrons‘or guidelines:based on a philésophical view)

and @_@ques (tacticsrorswellradvised 2 trick§ T the- tradr.")

Both classes are descnbed in the rema.mder of this-paper to-

gether with a look at where much of this may be leading.

1I1. REPRESENT!NG SOFTWARI-. DESIGNS

. One of the earliest techniques to be developed is that of soft-
. ware design representatron The problem isa fundamental one,

dlrectly expenenced product. s P

There are several issues: related to'the portrayal of a sof
ware design [3} These can be orgamzed into the followm
catcgones

1) MThe deprctlon of the relatronshrps whic
exist between major system elements and between the softwar
system and the outside, world (user terminals, etc. ).

2) Sgxmotugel—The, deplct:on of relatronshrps between di
tinguishable systemrelements This Is a static, view of th

system. ' o e

. 3) Behaviordl — The dep)ctlon of 1nteractrons among syster
elements. This is a dynamic view of the system,

-4) klfurmatm‘alm'rhe conceptual orgamzatlon of the dat
used by the system - r

The sensitivity of projéct success to these tssues has increase
as the complexity of the software system being attempted h:
increased. The role of software representation techniques h:
shifted from documenting what the design contains to th:
of playing an active part in the evolution of the design. Th
evolution is the result of increased communication among th
designer, user, customer, and program implementation pe
sonnel. Some design representation techniques can be used t
describe system level concepts while others are at a more loc
level often closely tred to a'specific subset of issues. Howeve
all are directed at reducing and controllmg the amount ¢
complexity exhibited by these abstract models of the systen

- We will examine some of the approaches that are available f

archltectural structural, and behavioral classes of mformatror

Wegﬁqgw:!?c{ymﬁ@m’@

Only recently has this important aspect of software desm
representation been addressed in the literature [4). Perhag
this is because it is easter to address local, simple, and compr
hensrble aspects “of an overall system than to deal with the:
“global" issues, The prospect can be ovemhe!mmg

The Lerghton'dragrarm is mtended to address the problel

“of depicting software system architecture in an.easy, to res

and understandahle format. The approach taken tends

,avord many of' the p.oblems associated with empl.n ing hie
-archy dlagr.lms while dlsplaymg the sounec of inputs, pr

levels, p:credence 1elat|onsh1ps und

cessing \!g stinatios

- of outputs. i Lo 0

Leighton diagrams were ongm.ll'ly developed to \erve a fun
tion analogous to 1hnt of the artist’s concept in engineerin
This dizgiammatic form is intended to satisfy its author's pe

(.LPUO!‘.I of the nced to be fulfllled o :
-

I ) @nploy some of lhe charactenmeaof treelike structur e:
2) ciearly depict sources of input and dest.mauons of ouipmt
3) Be-casy-to present-and=Copy-—usifng 85 X 11-in. forr
and allow sequential’ presentatron to, avord repet ti
backtracking; ,
aieuly-udepwt-tho-eomplemw-assomted—wnh -what
being presented_ and_..th:__occurrence,’use of comm
routines;

5) permit-the mcorpomhon of—textualm{g,rmauon

6) b&eIEEtive Ontd Broad spéctrum-of system 1y pes;

7) be cost effectively automatable

4)

"
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:An e:_(a'mple of a Leighton dingram. | .

The primary-gdal in dcvéloping this diagrammatic technique
was to enhance the communication beiween customers, users,

software’ architects,'and software development personnel-cen- -

cerning design (and development) issues.
This-first ‘of many different software design representation

schemas for depicting system architecture is presented in Fig. 1.,

Note how the essential elements (e.g., external interfaces,

interactions .among major software components, and overall .

priority or precedence relationships) are all that is depicted.
The flavor .of what the system is like is retained without the
introduction of unnecessarir detail. In the sense that software

" design representation began with descriptions of individual’

programs and only recently_ turmned to describing overall sys-
tems, this process has been bottom up in nature,

B. &mpigring‘Stqg_cm‘rdf-Cbararreﬁsﬁr.t, .
Portraying the structure of a sofiware syslern involves the

taking of a “snapshol" of the relationships between internal_

system elements, 1t is a static view of what the system is like.
We will first look at an approach which was common to
engineering at least a couple of thousand years before it was
“discavered”™ as part of top-down structured programming
approaches. The other representation schemes {methods} in
the remainder of this article utilize the deS|gn tree concept
together with some other l'eatures

1) Y¥&# Design-Tree: This approach [5] to depicting design
structure is directed at externalizing: the composition of a
system. It is based on concép'ts in mathematics which have
been used in top-down desxgn "

. Those utilizing the des:gn tree concept employ one of. two
mutually exclusive concepts.
the-factr—that-a“concept inicludés {or contains) other concepts.
For example,

of propulsion system, body, wing, and tail. ' The-secomd,

" hierarchy-explicitly - portrays--concepts “as” being subordinate

to one anothes. That is, not just including other lesser con-
cepts, but being grealer or higher on a scalc in some way.

This means of ordcring systems has bren used since the time |
‘The' approach ' proposed by Constantine utilizes’ threc b
T LRy X . ) e .o Pt

of the f'gyptlans (and possibly carlu:)

Tt is inbrent to _lhc

the concept of airplane includes the concepts

The {first;containment;refers <0,

. PROCESSES .
Get vahd master fle o ~y
Gﬂmw

Vddale lnnntlm !
Upd.ale master At

v . +n

‘w0

Fig 2. An example of a design tree. f .

Update [
rmaster filke I

Vahdate
lransalion

Get vahd

master file transacion

f
NOTES - Yo :
Cistomer m:s:er Ble ¢

Valw master ﬁk

Transaction o

Transacuon “OK™ flag | . ’ LT,
Validated transactionds) .
Updased masier fike

b

L I R A

Fig.3. A structure chart. ~ o
R ¢ v L :‘ -
concept of tep-down--design-and.- analysis: Thus the de
tree supports top-down decomposmon both conceptu
,and graphlcal}y (Fig. 2).

The design tree uses a simple flexible notatlonal schemc
is t:nmple in that only two basic graphics elements are use
_straight line and a node symbol. Examples’ of commonly v
node symbols include circles, squares, and rcctang]es Eact
these will contain textual information! The user of this sch
can employ any node symbol that is convenient or may che
not to enclose the text associated-with each node “This sch
is also flexible in that it can be used to deplct complex
simple systems to the'desutd level of decomposition. -

2) Structure=Charts’ Structure charts were originally de
oped by Constantine et al. [6] to specify modular characte
tics of software during design. They are an mtegral part of
structured design method 17], [8].

The basis for the structure chart is a treelike structure wl
depicts hlerarchlcal relationships. However, the basic nota
. of the design tree has'been enhanced to extemahze rnodult
lauonshlps A module is defined as a set oflemcally contigy
program slatcmenls which can be referred to by name,

" relationships and mte.raclmns whlch are dcp:cted mcludca
flow, activation; ‘and communication of control” paramci
Note that the design tree can relate conccptq Or processes .
comprise the system. This scheme épcciﬁ'cally identifies n
ule’s that will comprise the software system.

Structure charts can: he. . drawn m sevcral chﬂ'erem w

“o
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_graphical forr.ns

-

COMPANY FOLICTES

1) the rectangle, used to contain a module or module )
- - B SALES STANDARDE -

descriptor; L
2) the vector, used to highlight in_tcra'clion between modules

(usually a call); - o
3)" the arrow with circular tail, used to depict the transfer of

data and control petween modules. .

SALEN
THANSAUTIONY
Fut

Together, these comprise the structure chart as shown in
Fig. 3. In this case, the system level.is a master file update RO
. processor which has several §\_1bqrdi§fa’ge functions. The master -
. file is passed to the edit module which returms errors and valid o
: - entries and so on. Note that control elements are identified by o
having the circles on their tails filled in.
3} Sdaw:ured.dnalymand Deésign-Technique: This approach
is usuaily referred to as SADT®. It was originated and trade-
marked by SofTech Inc. 191. It was derived from work done
py Hod {10], and as & result of experience with computer- T,
aided manufacturing studies. L : .
This representation scheme utilizcs't‘wo forms. One is & tree-
: like structure (a design Aree) which acts as a roadmap to the  decisions, and cntry and termination points. - There are no
system model.” The other form'is the activity chart. The sys- specific requirements that some specific set of constructs be

tem model.can be used to dCSCTibE;._ﬂ‘Si,{IE,IC program or group employed. Hence, any type of control transfer supported by
of programs. It is composed ‘of one ‘or mote activity chartsor ' a programming language o algorithm may be represented via
more simply diagrams. The basic idea here is to provide the T the flowchart. - ! Lo v .

user of the technique with a means of _gmp'l}ically portraying ’ Primarily this scheme uses three symbois: the rectangle, the
whatever his analysis of an existing system reveals or his per- rhombus {of dian':ond)', ar}d a directed iine.' Other symbols are
ception of a system under design. - - . used to depict manual operatiofis and'external/hardware intet-

This method also uses labeled rectangular boxes and arrows. faces. The rectangle is used to jepresent arithmetric operations

SalES HISTORY FLE,

Fig. 4. AR SADT @ disgram.__.

Several distinctions are made both in what is represented and &r processes: F,xampfes of ihese include wp=p+i,)]x = ab,”’
how it i represented. For example, the basic distinctiofl and. reset end of file flag, etc. The diamond shape is used to”
between data flow’ and “activities is made but data flows are 'represent decision points. Examples of these include end of
-, ‘g:_la.ssiﬁed as being input, output, or control (Fig. 4). However, file flag set, “'n = 0,” and “x - ab." The directed line indicates,
Y execution sgqﬁences'aré not explicitly shown. . + _the flow of-control or prgp_edénce ina flow sequence. AR €X-
R A e o * ample of an ANSI flowchart is presented in Fig. 5. . -
= ﬂeprcfenting Behavioral Fearurs - ! ,3 - 2) DecisioBalibies: The decision taple-hds’-been used to
,The iss‘ués related to the fepresentation of 'the'ac‘:tua! behav- analyze and describe dcsermi'nist';é"sytstéhs and: to sort out
. ior. Of "executiofl” of 'the-software.are among those first. ad- confusing decision making problems. Their use in program-
' dressed in gﬁe_eariy days of software design. These involved ming is not new an dates back to the days of wired logic and
,~  the detailed and explicil documentation of precisely what the lelephone switching problems and beyond [zl R
. (eventual) pro‘gr.lim would do when.it was constructed, One of - Decision’tables can take rf};my different forms {1731, Thest
" t\hc,ﬁrsi of these scheines; the flowchart, typificd lhfc atlitudes ' all stem from the same basic notion that'for each of the pos
Land concerns of the times.” Namely, will the p_m'[;raih work sible combinations of sill[ua’tioné that a system {or program
and if s_q,how'? ’ PP 2 ' . -ican encounter, the sysl‘c‘m‘s response is known. These situd
r L quay,‘attitudcs h:?ve changed. The concern is focused more lions are referred tQ as gqn}i'iiions while system responses af

R on the:organizational‘cha;acter.of the program than on the de! referred to as actions. For every condition or set of cpndilion

.. . tails of execution, Problems<with program maintenance and?* which can oceur, one.and only one action or set of actons €2
development have crqphasized the need for SOMmE réordered  occul. The response of the system is known with certainty.

priorities. , The approaches ‘presented here aré ar'relp‘resenta- The basic decision table consists of two portions—the cond
o tiv&?,s_amplin'g‘pf a-much larger. set of schemeswfrom which to tion stub and the action stub. Conditions are collected ar
.. - choose .- - ) s - (optionally) 1abeled into the condition stub while actio

-y 1} ‘Thé:;.'ﬁ'lawchar;: The flowchart s proﬁably the most aré collected and (optionally) labeled in the action stub. Cc
., widely used, misused, and misunderstood software representa- ditions and actions are most often described horizontal

o om oy tion schemes in use today. It has resuited in m‘ariy derivatives. Vertical- columns in the conditién stub aré used to ident
., Jtwas originally developed by von,/MNeumann who intended it’ which. conditions apply in a given instance. A correspond

«.. ., to be an ceurate means of idocumenting 2 program after ict - column. in.the action ‘stub’ describes the -system’s respo!
, . was written dot as a’ design’representation scheme. The use (Fig. 6)- .. - . _ . . '
of the ﬂow_chart' haé been somewhat 5landardizéd'lh'rough‘the 3} Hamilton and Zeldin Approach: T
efforts of the_'Ameriéan" National Standards Instituté (ANSI}  inally . devised in support of thei National Acronautic
[12]. What is grc_sehted‘herc employs the ANSI format. - Space Administration (NASA) space shuttle software deve)
The ANSI flowchari depicts the details of control flow.» ment [14]. Itgs a response to the need Lo simplifying

Fhic ie accomplished by using different =y mbcls,fu's processes, clarfyingthe (1flcn':3\’¢;1'\irhclniiiig detail present in flowchs

his' scheme was @

H
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"Fig. 5. An ANSI flowchart,

The Hamilton and Zeldin design representahorf scheme has -

been further refined and enhanced and is now supported by
an automated flowchartmg tool [15] )
are called structured de51gn diagrams (not to be confused with

. the “‘structured design method,” Sectlon Iv). o !
The original mtent of th1s scheme wa \u{\support theluse of
- higher level languages However it could employedm other

apphcatlons The ObjeChVCS of th:s scheme mclude o e
i)

]) explicitly depicting the levels of. nestmg (and hence, com:

»

plexity) mherent in the design structure; - ‘ s

12

'2) depnctlng all processes in - an algonthmlc rmanner (as.

. opposed to employing textual material); v+ ,»
3 demonstratmg the extent or.scope-of controf/effect of

Call loop‘s. ‘ T O T
4) supporting and encouraging the use of the hasic constructs °
and their allcrnalwe forms RTE : '

The basic effect of this scheme is that the soflw.are dcsigner
and customer can follow sequences of cquahonsto delermme
whether or not they are appropriate whtle gammg an apprec1a-
tion for the relatlonshrp(s) between d:fferent parts of 'a soft-
ware system. -, !

Structured design dlagrams are composed of rectangles di-
rected lines, and a pentagonal combination of a rectangle and |
triangle. -Execution is generally, from top to bottom ‘on the
diagram with the exception of IF tests and’ .bo loops which’
proceed from left to right with each occurrence This' clearly
shows the level of nesting. Each of the graphic. forms contams
an algebraic statement or test; as appropnate An example of
this technique is presented.in Fig. 7. g .

. 4}. Nassi and .Shneiderman Approarh Thls approach was’

introduced as a means of syntactically cnforcmg use of three -

Dragrams of this’ type, -

‘ arranged-so as to define process flow (Fig. 8).

't
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Fig. 6. A decision table representation of an algorithm.
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basic' program-constructs:, sequence decrsron and’ loop S
its introduction {16} 1tLhas been modrﬁed [17] [18] and
been incorporated. into.an mteractwe grap}ucs system to
software design [19].

Nasm-Shneldermanrdlagrams are: a.departurc l'rom flowct
based- tcchmques They aid 151 the adherence to the use of
gramming structures other than the GO 1;0 (an uncondrtn
transfer of control). A smg!e pracess lS completely comal
within a rectangular hox The box is subdwlded mto secn
“Each sectronidenotes a specrﬁc suhprocessq(e £, .m ass1gnm
+decision). - A hierarchy of such dtagrams can he’ cstabllshed
maintained viatthe use, of l‘()lltll’l& calls or dummy proce
which refer to other dragrams The, rangc of a lonp, the ¥
and cffect of a decision, and the gcneral sequence of the’
cess flow are ali explicit in this scheme. - '

These diagrams consist -of’ rectangles, and tnangles ¢
contammg a stalement of the operation performed .and

T M N
. . [ L] [l

L

.»D Comments Regardmg Sofrware De.r:gn Represematzon
.t There are well over a dozen d1fferent approaches to softw

. *design representatlon Many of, these also have denvat
making the total namber in ,use today much hrgher (111
documenting a software dcs:gn, three 1ssues must be addre
regardless of what representation.scheme is used,;

RS
N 1) what mformal:on should be- commumcatecl"*

N 2) who'is the'audience?. 5. .+ " .
’%) whit afe (heé concerns of: the audrence" te

-'n'l'.

e - *
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Since there are r_nlany,giffércnt types of reviewers, it is unlikely :

that a single representation scheme will'satisfy the needs of all

, of th;q. Raty_er,.i_t‘is more likely that selection criteria andr design [8)
. ,problem chargcté}izﬁ;idn parameters could be.applied f11lin™" 4o 4 S

order to “engineer” a ‘représentation system composed of
many different classes 'of représefitation schemes._“3.° & o
) Yoy

. - " L - H 1 . '
.3 1" TV. CoMPOSITION OF SOFTWARE ., *

e | sl 5o o4 V. e .

- As challenging %s the software design representation problem
may seem, the problem of composing or creating the software

.
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..the system. . _A ‘wuicly used “approach’is that of strizctured
- Fl [ . M o 0 goa o

* This approach ytilizes ‘a network oriented design represen-

tation called a ‘data-flow diagram and stricture chartsi(see
‘Septipp'_|l}l)lf", :_l'logetﬁ’é?qgh'_éx form an integral part of a sys-
tem of design représ;rlt}ition di'rected_at"capitalizilig on these *
depicted propertiés. ~Structured design’s notational system

““depicts structural and behavioral characteristics separately and
includes objective evaluations of design quality. These evalua-

. . . FIERERE e a .
in the first place i§ even'inore s6.' Many articles have been Pub-.: tions are aimed at-identifying the level of system strength and

lished which ‘describe to the ‘reader how software may be de-
. rived beginning “with' a¥few given- pieces of information. Each
méthod utilizes a' design rep'res_éntatiémscheme or.system of
. schemes in order to' acc'.on'iplish' its 'goal(s). 'One approach

. l]|organize§‘the§e approaches into three categories
4 e 13 3 - .t

N T - PR .

1) data-floW oriented methods L. , .
2)-8ata structure methods, . R
3) prescriptive. methods. oty o

The naming of these calég’ofié’s is related 1o the information
they utilize as being given (c.g., a data-flow model) or the na-
“ture of the approach {e.&.. prescriptive). Rather than describe’
the-use of each of thé“more thanfone dozen.major methods
[1t] _curse'nl'lj doctt:ncnl?cd‘ih the litefature, a!rcprescntativé
:ei(alr{mplje f?f eacl_\ ‘g.f the c'a_u:’gories will by synopsized here.

. ' [ N a4 . . LS .

A wData:FiowOriented Methods' >« * . 2% .3

Data-flow oriented. methods proﬁide the software engineer
with guidance on how to define _software given, that .he has

a model of the data flow which will (eventually) occur in

. "tions qallqd slruc}urdd analysis [20]." ’

flexibility (coupling).as. well as the level of,jhternal strength
© possessed by. each:model. These concepts can‘fie applied to
any software design and constitute what well 'f'r_l'a_)c&bé a “‘natural
Jaw™ of software composition,, They need not be t_hought of

- " as being strictly applicable to designs arrived at using the struc-

tured design method. The use of this method is complemented
by ,ihe existence of_a method for defining system specifica-
i
Structurgd‘ design views systems in two complementary ways,
Oné is the flow” or movement’ of dita while the other is the
lransfonnpiinn(s) which such data flow undergoes to be trans-
fq}ﬁxed [rom i;ipl_n'l"if\lts gutput, Together they form a net-
work model of a system, ' Data énter as input, ‘undergo trans-
,formations, converge, diverge, get'stored with other data, and

M . . ) ey i .
_'become output. This' view of software may sound simple and

perhaps dull, but it generatés’ several interesting side effects.

"~ Among these are the following. e o

1) Absence of time~in the ‘data-flow ‘representation—Since
, movement and transformiation of data are the only character-
diagram, the concept of the

L Mo

" istics represented by the data-flow
! AN St L
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, authored by Jackson {22].

PETERS: REPRESENTATION AND COMPOSITION TECHNIQUES

passage of time along any single or several data-ﬂow path{s} is
not, present (Fig. 9). The software " engineer is free to concen-

. trate on the estabhshment ‘of a_clear understandmg of what

major/minor transformations must occur in'order for the

* jnput data. to be mcrementally and correctly transtrmed

mto output,.

2) Lack of classical functional decomposmon—-Top -down
design has been described as showing'only one path in'a tree-
like structure because it assumes that there is only one prob-
lem to be solved [5]. “The use of the “dataflow vrewpomt
reduces the effect(s) which the desngner s expenen_ce and
biases will have on the results, This allows the “shape” or
structure of the system to be retained. Further on in the struc-
tured design process, these * natural aggregates" of transforma-
tions and data flows play a vxtal role in the 1dent1ﬁcatron and

organization of modules in the construetron plan or physical

structure of the system.
A serious problem for software engineers is lhe control of
complexrty Much of this complexzty is caused by concern over

‘s solving the problem conceptually wlule aliowing |mplementa--

tion issues to distort this abstract view. "The software engineer
finds himself pulled in two drrectrons ‘at once, Hence, his

. attention is focused allematwely on'high level, abstract prob-
.lem issues and low level detail lmplementation ones,

This
shuttlmg between two somewhat incompatible sets of issues’
creates an unstable envrronment in, which mistakes will ‘be
made. Some key issue or subtle nuance regarding the problem
may be overlooked. Structured design recomimends a disci’
plined distinction between abstract or logical design and phys-*
ical or packaged dcs;gn This enables the software engineer to

_proceed much as the architect proceeds by first establishing a

concep'tual solution then adjusting it to the.intended operating
environment {making it practical).:

The basic ploy used in structured design is to identify the
data flow(s) apparent in the problem and to'build in both de-
tait and structure in an iterative fashion. It is assumed that a
system spec1frcalron exists béfore design begins, This specifi-'-

the functional aspects of the system. The specrﬁcatxon is used
as a basis for the graphical depiction of the inherent data flows
and data transformations. This graphlcal depiction’ is called a
data-flow diagram. From the dafa-flow diagrams, natural aggre-
gates of these transformations and data flows:are identified.’
This eventually leads to the definition and depiction of the
modules and their relationship to one another and various sys-
tem elements called”a structure chart, The system specifica-

tion is recxamined,” errors and omissions remedied, and the -

Not all steps are repeated, only*
An over-

process cycled through again.
those deemed necessary by the soflware enpineer,
view of this prou,ss is shown in I ig. 10. !

.1

8. J)ata.s.rruclu.re Qam;cd_Merdg
Dala structure oriented mcthods give the software designer-a*

data that will be processed by the software is'known. In this
case, structure refers to-the loglcal relauonshlp(s) which exist
between data elements and not to the: physneal format of data.
The basic premise; in this case is that ‘the structure ‘of the data

" and the structure of the program must be compatlble ;The data

stfuctured approach we will examinerhere js that of Warnier

“ [21]. it shares the data structure 'v:ew with an approach-
They are w:dely popular in Europe |

+ .
4

 cation identifies inputs, desrred outputs, and a description of - -input-and v‘, R

e
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and growing in popularity in the U.S. but utilizé fundament
different approaches to design representatlon

Conceptually it is assumed that the mherem kstructurl

cutput data is o

e - ! vt ’ 1 'y
1) discernible; . . . A L
2) use{ul as a driving force in software development

3) msurance "that a prudently structured program w xll Te!

' Ths method employs the followmg four dlfferem llesrgn
resentatmn schemes '

1) dala orgam?atlon diagram; =+

2) logucal qum nce dlagram I . e
. 3) instruction list; : C ‘ .
4) pseudocode (a design oriented,. codelike lmguagr \
) lmnled synlaclle and semantu restrictive [23] or cod

e
The pmcedure for developmg ‘a soflware desrgn USmg
method is rclatnvely simple.

-1} ldentify all input.data entities. Thcu‘ format is a séc

. means of proceeding to a design given that the structure of the . .ary issue to that of the relatronshlp they have to one anoth

2}.Organize the input data into a, h:erarchy

3) Assign a description of each enmy in the mput file
. note the number of times 1t occurs (e, g 1 employee fi
employees, each, employee record contams 5 entnes Si
security number, hn'e date, employee number com;
addressflocation,-and home address) . -t

* v4)/Perform the .same process as m l) 3) above but
output data. - - e e e e

‘ e
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' solutions. -This r};gkes for a more prudent and cost-cffective
1 expenditure of resources. : )

vy , * 5, . Finally, thg‘,reﬁng,mcnt' discipline is directed at postponing

o , . implementation Eg_eclision,s until the appropriate level of detail

;o . hasbeenreached. ", . . " ‘ - e

; This technique begins with the (presumed) existence of an

. .exact stable problem definition. Given that such an expression

/ _of the problem exists, the ij.t%t_'step 'is to cofmpose a simple

; statement of the solution to the problem. Next, several solu-

] oration 1dentler - tions are generated. 'Each of these is of thé same level of detail

cfmerment Level Number , as the others but cach’ is more detailed than- the initial one.
. Each set of equjvqlent_qolutions'consﬁfﬁte a level of refine-
ment. The “best” of. these solutions is selected, It is now -
..treated in ‘the 'same manner as the initial solution. :That is,
. .. ) ., several e‘quivélgér:it solutionsrdf more detail are generated, and

, ' Toas,, 5,, so forth. The process énds ‘when!'a level "of refinement is

‘ . Fig. 13, An overview of iterative stepwise refinement. reached which can be directly implemented in|to the intended

: R ] ‘ . prog'rzrzmming language (Fig. 12). ‘ e

: . . ‘ . - L A S T o .

5) Specify - functipnaf characteristics of the program by_‘l ) gfieamdignrs' Reéa::dir}:gﬁaﬁwam‘ Camposition™ .-+ _
defining the instructions (by type) which will occur in the, | ,-Egch,of 'tpe' methods available _th'g:dgy relies heavily on a spe-’
program, These aré’ defined by type of instruction in the, cific, somewhat _infléxible model of software development.
following order: read instructions, branch. (and elated) in:  Often, the model is localized in character in that'it addresses’
structions, computations, outputs, and calls to subroutines. implementation rather than architectural problems. However,

6) Using a modified flowchart, display the jogical sequence  the,overall effect of ihe availability of methods in'software de-
of instructions using symbols té represent begin process, end . sign has been quite beneficial. Qiscjpum:romnizﬁﬁon‘and
process, brinching, and nesting. . . aneo enness,-in"fleve?npméntﬁm;n.ﬁu::éf_!um_pbsitiv:.trends '

7) Number cach element of the logical sequence and expand egpuiencch'thus-}‘aﬁ " oL L "

_ it (where possible) -using combinations of the basic set of in- C . o ot - :

i structions defined in 6) above. o L - . * V.. CONCLUSIONS, T }
‘.Wamircr provides a number of other mare dc.tailed instruc- ., goftware design is a t_);z;nc!: of software engineering which

*ﬂg" {ions for the composition of programs using this method but : just beginning to shqw',_recognitio‘r':'bfitéipommonality with

these are no-t germane'to our ‘!‘“‘fss“’“' The development o7 design efforts dating back to, antiquity. The lack of a
flow using this method is shown in Fig. 11. b ; 3t 3

‘ . . standardized approach to depicting softwaré design can be

. .. ' (% . both an:asset and a liability. It is an asset in that the means

o c P{gcnPgi?_e A'Jerhm'if - . D e ,1' - .- of depicting a desigp can be tailored to thé_audience and the
This category contains ‘most of the software composition - type . of probiems .being considered. It is a liability in ‘that
‘methods currently available {11]. These methods are based much of this, potential is tost due to l‘oca],'fac"tipnali‘zéd views

1

conceptual framework. They are the result of._vél;.l__ébkc expe-. .ware: Hopefully, the trend to‘p)gp;nd local,' program-oriented

N o . . IF o . A . - . P .y

i nence _‘md a~%?°d deal:of cmpmﬁ:sm.., Many of them are @  thinking into a global or systematized approach will accelerate

' . _coliection of “good things to do while others put forward  progress toward viewing softwarc design as a sysfem of con-
3 an overall approach to solving *softwaré' design+ problems:  cepts and techniques, and not a secret. o

i Most have adopted somé specific set of design representation s, - , : T
. . " . ! * ' * L. 4. .

i schemes. META stepwise refinement [24] does not contain . .. . REFERENCES '

‘ ific design representation scheme but doe ‘provide an ) ' T e ) .

; 2 specmc sign P : S T $.P ) Gl Mieg “Contributions to the-oplics of turbid media. esprcially
X overal} approach to problem solving. It consn‘sts of thrg:e con- v, colloidalt metal solutions,” Ann. Phys., val. 25, p- 377, 1908
] T LI . Al . g vy - o A '

gl + ‘cepts: disciptined (or. structured) programming,. problem ‘l {in German). ' ¢ . o . .

1 . PR . P et I [2] L. W. Carrier, G. A. ato, and K. J7 von Essen, "The backscatter-
!'l solving by lterdllc?n, an'd return on 1nycslmcng/costl cffc{‘:uve *oing and?extinction of visibie and infrared radiation by selected
‘1, ness, The way in’ which each of these concepts manifests major cloud models,” Appl, Opt., vol. 6, p. 1029, 1967.

4 itself in this épp"mach is described below.’ ‘ ;- IA; L. ). Peters and L. L. Tripp, “Design re;_)rescnla!ion s::hcmc:,"

{ i ) . L e h presented at the Microware Research Institute Symp. Compuler
"t Y 1) P’SC.‘Pll‘.?P.‘L-P.[?&!'_‘f.n..'.‘!’..“l’»i? his ’rercrs to hoth the process Software Enginecring, Néw York, Apr. 1976. . [

of decomposing the solution’space in'order to identify'alterna- . |41 1. R.sScott, “An enginecring methodology for presenting soft-
'S H ekl a oive . .. ware functionasl architecture,” ‘in Proc. Ird Int. Conf Software
. .tlvc s'olutu)ns.and to ,lhf: hyca_kmg chwn of a gm-,r.x s?!ulmn. - Yomgineering (Aflsnta, GA), May 1978. ‘

' into’"its constituent gttribule. 1t ts not decomposition in ;he +'[5] L. C. Curpenter, A. 5. Kawaguchi, L. J. Peters, and L' L. Trpp.
classic sense of the ‘.v'ordv, as we shall see. "~ - ©. A “Systematic development of automated e'r!ginecring systems,”
e Tea Y. . . . . presented at the 2nd Japan-1J.5. A Sympasium Automated En-

2) ‘,’IQ‘?IELB_—_S_QI}LM:-?%&}EIM:‘Q"._Herev this refers to both ~* gineering Systems, Aug. 1975.- . .. ’
... the process of fépetitively solving a design problem and to the . 16] L. L. Constantine, 'Structure "charts— A guide,” coursé handout

et H $otail i Y PAT . . . from “Structured design course,” conducted Nov. 1974.°

v practice of_addmg detal]l wlth.gac.h iteration. i ) . I'7] W. P. Stevens, G. J.aMyers, and L. L. Constantine, "*Structured
i 3) R‘B!.ﬂ'm"qnagveslment‘and -cqét.:effecuveﬁess—The time ;. * design,”, IBM Syst, J., vol. 2, pp. 115-139, 1974,
by and energy necessary to apply the other two concepts are 18] 5 r: ‘l;'ourddon a;gd L'gl:j Coqslantilge.Srmcmred De{fgn. New

: PR y ; : : ork: Yourden Inc., 975, S e W
brougl’}t into sharp focus via this one. In this case, further re- [9} SSfTech Ine., “How to increase programmer productivity through

. finement is only done on the most promising of the alternative software engineering using PL/1" (course notes), Sof Tech, Wal-

on the experience(s) of their authors and lack some unifying . or requirements on how “best” to portray software—any soft-"
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Chai:ter 1: Structured Programming:,

Traditionally, each programmer has applied his own
set of rules to the construction of the logic of his
program. He starts with this logic structure and, as

" he encounters additional combinations of conditions

to be met, he adds them as afterthoughts rather than
revising the logic of the program. The resultant
control code might look like that shown in the left
(Unstructured) column of Figure 1. Thig code con-
tains a large number of GO TO Statements and labels
and its logic is not casy to follow. During subse-
quent unit and integration testing, disintegration of

2

the programmer's original structure OCCUrs as new
constraints and conditions are imposed upon
it—leading to more GO 10 flatements, more labels,
and a fina! program whose original fogic may be
completely obscured. Reading, understanding, and
testing such programs is difficuit. The diegrec of
confidence in their quality or correctness tends to be
low. In addition, such programs tend tobe difficult
to maintain and modify. o 1

i

GOTO label k
iF q GOTO label t
A function "
B function,
Cc functlon
label r LF HOT r GOTO label o
D function
GOTO label r
IF s GOTO label f
I function . :
1abel v IF NOT v GOTO label k
J function
K functlon
END function
F function
GOTO label v )
IF 't GOTO label 2
A function
B function
COTO label w
label a A function
- B function
G function
1abel u IF NOT u GOTO label w
. H function
GOTO label u
1F NOT t GOTO. label ¥y
I functlon :
IF NOT v GOTO label k
J functlon
GOTO label k

label g

label s

label K
lable f

label ¢

label w

lahel y

UHSTRUCTURED - b STRUCTURED

IF p GOTO label g Q) 1F p THEN

IF w GOTO label m . p function

I, functlon B functlon

GOTQ label K ®@1F q THEN
label m M function "~ (@IF t THEN

G function
(@) DOWHILE u
H function
(@ ENDDO
"I function
OO
(R)ENDLF
@ELSE
C function
(GDOWHILE r
D function .
®ENDDO
(dIF s-THEN
.. F functlon
@ELSE
I function
(G)ENDIF
(@ENDIF
- (@IF v THEN
J function’
E%(ELSE)
ENDIF
(DELSE
@ 1F w THEN
M function
@rLsE
L. function
@ENDIF
(DENDIF
K function
END function

Frgure 1. A compa ison of structured and unstroetuied code
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Research by computer scientists and mathemati-
cians indicates that an alternative method of pro-
gramming known as structurcd programming can
help solve these problems. This technique involves
coding programs using a fimited number of control
logic structures to form highly structured units of
code that are more readabic, and therefore more
easily tested, maintained and modified.

Structured Programming Theory
Structured programming is based on a1 mathematical-
Iy proven structure theorem' which states thatany
program can be written using only the three control
logic structures illustrated in- Figure 2:
»Sequence of two or inore operations
(MOVE,ADID...)
= Conditional branch to one of two operations and
return (the IF p THEN C ELSE D of Figure 2)
«Repetition of an operation while a condition is
true (the DO E WHILE q of Figure 2)

Sequence of two operations ' )

IFTHENELSE: Conditional branch to one of
. two operations and return

DOWHILE: Operation repeated while a condition is true

Figure 2. The three elementai fogic structures of structured
programming

3.

Any program may he developed by the appropri-
ale iteration and nesting ol these three basic struc-
tures. Each of the three structures has only one
cntry and one exit. A program consisting solely of
these structures is o proper program, a program with
one entry and one exit. As illustrated in the struc-
tured code (right column) of Figure 1, it always pro-
ceeds from the beginning to the end without arbi-
trary branching. In riL/1, lor instance, no GO TO
statements are necessary. Proving the logical cor-
rectness of structured code is more feasible. The
logic is easier to follow, permitting functions to be
isolated, understood, and tested.

The.use of the three control logic structures in

structured programming is analogous to the hard-

ware design practice of forming complex logic cir-
cuits from AND.OR, and NOT gates. This practice is
based on a theorem in Boolean algebra which states
that arbitrarily complex logic functions'can be ex-
pressed in terms of basic AND. OR, and NOT opera-
tions. The use of three cantrol logic structures in
structured programming is similarly based on a solid
theoretical foundation.

Exiensions to the three basic logic structures are
permitted as tong as they retain the one-cntry, one-
exit property. An example of such an extension is
the DOUNTIL structure (Figure 3), which provides
for the execution of the function F umil a condition
is true.

DOUNTIL: Operation repeated until a condition is true

Figure 3. The DOUNTIL structure

Structured Programming Practices

Certain practices ur¢ {ollowed to support the objec-
tive of producing readable, understandable steue-
turcd programs—progiams in which the writers can
have a'high degree ol contidence.

Indenting within control structure blocks to reflect
the logﬁc of the program unit is one of these prac-
tices, as shown in the example of structured code in
Figure 1. Asillustrated by the number to the left of
the statements, each logic structure nested within
another is indented within it. All parts of a logic
structure carry the same indentation level, and func-
tions performed within a logic structure are indented
within that structure. This practice highlights the
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_logic of the unit for the writer and the reader and

thus contributes to the goal of more readable pro-
grams.

+ Limiting a unit of source code to a specificd
size-—often one listed page, or fifty lines, permits the
programmer to read and understand an entire logical

expression or function without referring to multiple

(S

IF p THEN

A function

B function

IF q THEN ‘ =T
INCLUDE t-test<”™

ELSE N
C function ~
DOWHILE r >

D function

ENDDO

! CALL

ENDIF ‘ :
IF v THEN '
J function <
.ELSE . )
ENDIF :
ELSE ,
IF w THEN "
M function
ELSE
L function
ENDIF
ENDIF
K function . R

Figurc 4. Segmentation

A graphic example of a prégram constructed of such
units is shown in Figure 5. At the top are the job

o "ONtrol and linkage editor statements that define the

environment and major functions of the program.
Subordinate to them is the hierarchy, or calling se-
quence, of the supporting units of code. Fach unit
specifies the invocation of the units immediately
ssbordinate to it. Thus unit A would invoke units B
and I, using COPY, CALL, PERFORM or % INCLUDF

\ .
N ELS
. MENDIF

"4
pages or relying on his memory. Should the com-
plete logical expression require more than 50 lines of °
source code, the progrizanmer con segment the code
through the use of such statements.as Y INCLUDE
(irt PL/D) or COPY (in COROL) to specifly the inclu-
sion of another unit of code (sce Figure 4).

t-test

- -I1F £ THEN
G function
DOWHILE u

H function

ENDDO
I function

statements; unit B would invoke C and F; unit C
would invoke D and E; etc. The next technique to
be described, top-down program development, as-
sumes such a hierarchical structure.

' Rohm. C.. and Jacopini. G.. "Flow Diagrams, Turing

Machines and Languages wiath Onlv T'wo Formation
Rules.” Conumunicanions of whe ACM 9, Noo 3 (May
1966), 366-371.
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Chapter 1: 'An_Overview of Structured Programming

" Introduction

Definitions °

This chapter contains various items of background information about structured

programming that shouid be useful. The topics include:

Definitions :

A summary of the potential advantages of structured programming

The relationship of structured programming to other improved programming
technologies i

A sketch of the theoretical foundation of structured progﬁamming

The basic control logic structures ; |

Additional control logic structures '

The GO TO question

Segmentation i

Indentation : ' :

Documentation considerations ‘ '

Efficiency considerations \

Getting started in structured progransming .

i
{
!

After you have read the material in this overview, you will be ready to study the
reference material in Chapter 2 to see how structured programming can be done in
cosoL, and to see some of the ideas illustrated in two samiple programs in
Chapter 3.

Structured programming is 1 style of programming in which the structure of a
program (that is, the interrelationship of its parts) is made as clear as possible by
restricting control logic (o just three structures:

I. Simple sequence of lunctions

2. Sefection of functions (I THENELSE) T

3. Loop vontrol, or iteration

These three types of control logic structures may be combined to produce programs
to handle any information processing task. Statements controlled by the sclection
and loop structures are indented to make obvious the scope of influence of the
structure. :

A structured program is composed of segments, which may range from a few
statements up to about a page of code. Lach scgment is allowed to have just one -
entry and one exit. Such a sepment, assuming it has no infinite loops end no
wnreachable code. is called a proper program. When proper programs are combined
using the three basic control logic structures (sequenee, selection, and tteation),
the result is also a proper program,

Animportant characteristic of a structured progeam is that it can be read in
sequence, from top to bottom, without a great deal of the “skipping around”
through the program that is typical of other programming styles. This is important

because it is much easier to comprehend fully what a tunction does 1f all the

statements that influence its action are physically close by. Top-down readability is
one consequence of using only three contiol Jogic structures, and of avoiding the
GO TO statement except in very special circumstances, such as the simulation of a

control togic structure in a programunng language that lacks it

A program written according to these principles not ouly has a structure, il clemly
exhibits it.
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A program writicn in this style tends to be much casier to understand than
programs written in other styles. Fasicr understandability facilitates code checking

and thus may reduce the program testing and debupging time. This is true partly

because structured programming concentrates on one of the most error-prone
factors in programming, the logic.

A program that is easy to read and which is composed of well-defined seginents

-tends to be simpler, faster, and less expensive to maintain, These benefits derive in

part from the fact that since the progeam is to a significant extent ils own docu-
mentation. the documeniation is always up to datc; this is seldont tiue with 1
conventional methods, :

: i
Structured programming offers these benefits, but it should not be !houghl ofasa
panacea. Program development is still a demandmg task requiring sklll effort, and
creativity.

¥

Structured programming is com patible with, and supportive of, other improved
programuting technologies, although distinct from them. Other technologies and
the relationship of structured programming to them may be sketched briefly.

Top-down program developrrens involves weiting and teshing the Inghest-level

sepments of o progam first, in contrast to the more convmon method in the past,
bottem-up developotent. Vs appoach has the beaclits ol giving the critical top
segments the most testing, of giving catlier warning of problems with the interfaces
between segments, and of sprcadmb the debugging dl'ld lulmb over a ;,rcatcr part of

.the dcvelopmenl “cycle.

-

Stiuetmed progransning and top-down program developiment both emphasize the
iportastee ol segients that interact in precsely understood ways. Botl {nvolee
looking at a program as a hicrarchy of segments that are‘related to each otherina
tree-like Tashion.

Hicrarchy plus Input-Process-Output (HIPQ ) is an approach to functional specifica-

tion and documentation of programs. Each functionis designed using a HIPO

di: gram, in which inputs and outputs are listed and the processing that is to be
carricd out is specificd. A visual table of contents diagram powsts to the HIPO

diagrams in the package’and therefore shows the functions and subfunctions to be

carried out by the various paits of a program, and the selationship between them,

- At the detailed design level, it also shows the hierarchy of scgments,

Stuctured programmmng, as the term is used in this publication, 1efers primatily

tor the conding phase rather than the desipn phase of the proguam development evele,
11O s one pood way to approach the design task, and one that s complementary
to structured programming, ’

A strietured walkthrongh is a review session in which the originator of program
dosspn maderial o code explains it to colleagues. The intent is {o detect esors

(which ase conected after the walkthrough) as carly in the process as possible,
when they are least eapensive to conect,

Structured programming, with its emphasis on easy readability of programs,

‘increases the effectiveness of structured walkthroughs.
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A development support library consists of a machine-readable library which con-
tains the current versions of all pmject programming data. It also consists of

external library binders which contain curient listings of all library members and
archives consisting of recently superseded listings. Besides providing easy
accossibility of materials, this helps assure that the latest versions of programs ar¢
always uscd. :

Structured programming, with its insistence on segmentation of programs, fits in
well with development support libraries, although such libraries are useful with any
style of programming.

. The chief programmer team concept involves progrémm'mg'; with teams of at least |

three members: chief programmer, backup programmer, and program librarian. !

The team may also include other prograumers, nonprogramming analysts, and end

. users. The chief programmer is responsible for the design and coding of all programs

pmdm,cﬂ by the team, cither writing o1 personadly checking every picce ol a.udc
The progtam librarian maintairrs the development support library.

" Structured programming is weli'suited to chief programmer team methods, since it

facililates one key element, that of code review by the chiel programuner.

s +

The structure theorem states that any pfoper program can be written using only the
contiol logic structures of sequence, selection (IFTHEN ELSE). and iteration.
. te
A proper prngrmn is'defined as one lat nicets the lulluwmg two uqnm-munl\
1. It has exactly one enlry point dl’ld exactly one exit point for program control

2. There are paths from the enlry to the exit that lead thiough every part of the

program, . this means that there are no infinite loops and no unreachable code.
This requirement is, of coutse, no restriction, but simply a statement that the
structure theorem applies only to meamngful programs

" The three basic cor_\lrol togic str_uclurcs are defined as follows:

v

Seqm'nce is snmpiy a formalu.mun of the 1d<,a that unless otherwise stated, program
stateients are executed in the order in which they appear in the program. Thisis’
true of all commonly used programming languages: it is not always realized that
sequence is in fact a control logic structure. In flowchart terms, sequence is
reprcsented by one function after the mher as shown in Flgurc L.

_‘___" ' A _._......_’. B o

'
Figure {. Flowchart for the control logic structure sequence

A and B m: anything from single statements up to complete modules; the concern
is nnly with the abstract idea of & proper program, regardless of its size “and internal

_complexity. A and B must both be proper progrms in thic sense just defined {one

entry and one exit). The combination of 4 followed by 8 is also a proper program,
since it 1o has one entry and one exit. Tlhis can be shown pictorially, as in Figure 2,
where the outer box is meant to supgest that the combination of 4 followed by &
can be treated as a single unit for control purposes.
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Figure 2. Two proper programs in sequence T |
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Selection is the choice belwecn two! actlons based on a predicate; ths is called the

IFTHENELSE structure. In COBOL it is implemented with the iF statement. and
the predicate is calicd the condition. The usual flowchart notation for sclection is
shown in Figine 3, where p is the predicate and 4 and B are the two {unctions.

w

Figure 3. Flowchart for the control logic structure selection

1 ¢ - Y

The iteration structure, used for repeated execution of code while a condition is

“true (also called loop contiol), is the POWHILE: n the Mowchart in Figure 4, p is
~ the predicate and A is the controlled code. In COBOL, the DOWIIILE is imple-

mented with the PLREORM .. . UNTIL, as discussed in Chapter 2.

-

Figure 4. Flowchart for the control logic structure ireration, the DOWHILE
. . TR . .



FEN A 10

Cem e T ‘ .. . A fundamental idea is that anywhere a I'unctmn box appears, any of the three basic
LS e structures may be substituted and still have a proper program.” For example, the
. Gl . function box in Figure 4 could be replaced with selection, producing the flowchart
< R TEEEA T S N o of Figure 5. The dotted lines show where another structure has been substituted
v L for a function. Or, one function in a selection might be replaced with three
f unctions in sequence, and the other replaced with an iteration, producing the
ﬁowcharl of Figure 6. Flowcharts of arbitrary complexity can be built up in this
way.” Figure 7 shows a flowchart with several control logic sfructures, drawn this
. time in top-to-bottom fashion. Two other examples appear In Chapter 3.

v

~ . =

r— =

— .

l
|
|
|

I-lgmc 5 An exampu ol‘ the combination of two umtrol Iogic siructures, in which the function
- controllcd by 2 DOWHILE is an IFTHENELSE - -
. oo | .
R M N Ly v A ’
-+ The .|h|l||y to auhmlu(c wnlrul Ingu. “nu nuc: lur Iumlmn\ md slnll have a proper’ .
progratn is basic o structused programming. This uuy also be catled the nesting of

- .'structurcs .

'Additional Control Logic ,Allhou;.h all programs.can be written using only the lhru. basic structures, it is

Structures , somcumcs helpl‘ul 10 utilize a few others, .

The DOUNTIL Slmt‘mrc © The basic iteration %tnu.lurc ic the DOWHILE, but there is a closely nl.nlctl

structuré, DOUNTIL, that is sometimes used, depending on “the procedure that is to
P be.expressed and 'on availability of appropriate {anguage features. The flowchart is’
o shown m Flgure 8 . )
Thc dlffcrcnce between the DOWHILE and DOUNTIL structures is that with the

: , . o . DOWHILE the predicate is tested before executing the function: if the predicate is

) B} . falsc, the function is not executed at al With the DOUNTIE . the predicate is tested

oL T ) . - after executing the function; the function will always be exec uted al leasl onee,

s ' repardiess of whether thé predicate is truc or Talse. :

v . L - P . - . R . .
. v v . T - T - - il M

' P 5 s . . ' s . . .. . .
_;_f:-l LR . " Ll P S, N " . v
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Figure 6. An example of the combination of control bogic structures in which a sequence and a iferation are controlled by a selection

The CASE Structure It is sometimes helpful — from both readability and efficiency standpoints — to
have some way to express a multiway hranch, cmnf)mnly referred lo as the CASE

- structure, For example, if i1 is necessary o execule appropriate routines based on a
two-digit decimal code, it certainly is possible to write 100 17 statemients, or a
compound statement with 99 ELSE 11 s, but conmaon sease sigpests that there is
no reason 1o adhiere so rigidly to the thiee basic structures. .

The CASE structure uses the value of a variable 1o determine which of scveral
toutines is fo he executed. The flowchart 1s shown in Figure 9, Observe that
DOUNTIL and CAS). are both proper prograims.

Efficiency and convenicence dictate reasonable use of language elements thal may
canty out logic functions in ways slightly different from those of the three husic

structures. COBOL examples include the PERFORM ... VARYING verb form.
This verb is discussed in Chapter 2 under “DOWHILE".

Labels and GO TO . Structuzed programming has occasionally been referred to as "GO 10 less pro-
Statements gramming”. Although it is true that well-structured programs have few if any GO
: TO statements, assuming an appropriate programming language, the absence of
GO TO's can be misinterpreted. 1t may be well to pause for a moment to put this
issue in context. C

6 o . . .
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Figure 7. Another example of the combination of control logic structures



Figure 8.

Figure 9. Flowchart for the CASE control logic structure

A well-structured program gains an important part of its casy readability from the
fact that it can be read in scquence, without “skipping around™ from one part of
the program to another, This characteristic is a consequence of the use of only the
standtard,control logic structures (GO TO is not a standard control togic stiuctne),
This "sequential readability ", o “top-down rcadability™, is beneficial because
there is o definite limit to how much detal the hiuman mind can encompass at vuoce.,
It is fur casicr to grasp completely what a statement does it its function can be -
understood in terms of just a few other statements, all of which are physically close
by. The trouble with GO TO statements is that they geneially defeat this purpose;
in extieine cases they can make a program essentially incomprehensible.
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No special effort is required to “eliminate GO TO's”, which has sometimes been
misunderstood as the goal of structured programaning. There are indeed good
reasons for not wanting to use them, but no extra etTorl is required to “avoid”
thém: they just never occur when the standard control logic structures are used.
Naturally, if the chosen propramming langoage lacks essential control logic
structures, they have 1o be simulated, and that involves GO TO’s. But even this
can be done in carefully controlled ways,”

There are uncomon situations where the use of GO TO's may improve readability
compared with other ways of expressing a procedure. Such examples are excep-
tional, however, and do not usually occur in everyday programming. The impact of
deviations from installation guidclines, such as using GO TQ’s in other than
prescribed ways, should be given careful wm:dcmllon before such deviations are
permitted,

Easy program readability requires that it not he necessary to turn a lot of pages to
understand how something works A practical rule is that a segment should not
exceed a pape of code, about 50 lines. 1n COROL terms 2 segment can be a para-

. graph, section, subroutine, or code incorporated with 2 COPY. (The term segment

as used here has nothing to do with the diffetent meanings of the term in connection -
with the functions of the operating syslcm )

But segmentation is more than just breaking a program into page-size pieces. What

characterizes good program scgmentation? Three features can be identified:

1. The segmentation should reflect the division of the program into pieces that
relate to cach other in a hicrarchy, that is, a tree structure. This organization,
which may be displayed with a HIPO hierarchy chart, makes it simpler to
understand how the segments relate to each other. Further, the segments at the
top of the hierarchy should contain hlgh-l_evel control functions; whereas the
segments at the bottom should contain detailed functions.

2. A well-designed segment carries out funétions that are closely related to each

- other. This makes it easier to understand and therefore easier to assure that it
+does what it is meant to do. 1t also means that when changes have to be made,
either during original programmiiig or in maintenance, there is less chance of
disturbing portions of the program that do not change.

3. A well-designed segment commuaicates with other segments only in carefully
controlled ways. Some proponents of structured programming urge that scg-
ments always consist of subroutines, so that (he only possible communication
between segments is through the subroutine parameter list (the USING clause,
in COBOL); this reduces the chance that segments will interact in unintended and
undesirable ways, This is too restrictive for general use in COBOL programming,
where segments will also consist of paragraphs, sections. or code incorporated
through a COPY. Such segiments communicate through the mechanism of using
the same data items in the Data Division.

The use of indentation is important because consistent indentation enhances

readability so that the finished program exhibits in a pictorial way the relationships

-among statements. The basic wdca is that all the statements controlied by a control

logic structure should be indented by a consistent amount, to show the scope of
control of the structure, In COBOL this means'that the statements between the IF

" and the ELSE should be indented a consistent amdount, and similacly for the state-

ments between the ELSE and the next sentence. in COBOL there is no language
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element for iteration that peimits the controlled code to be inline. The paragraph
controtled by a PERFORM miust be placed out of line from the paragraph i which
the PERFORM appears. '

Indentation can be a major henefit, as the skeleton programs in Figure 10 show,
Both de the smime processing, but the second ts far casicr to understand and, there-
fore, to verify for correctness.

IF P . iF P

ADD A TOB . ¢ ADD A TO B

IF Q IF Q

MOVE 12 TO C MOVE 12-TO C

mLSE FLSH S

MOVE 36 TO C . . MOVE 36 TO €

1F R . 1P ke

ADD X TO Y ALD X TO Y

KLSE ELSE

ADD X TO 2 T ADD X TO Z

ﬁLgE ELSE

ADD B TO A. ADD B TO A. .
-

Figure 10. A nested IF statement, with and wi!hput indent'ation

Guidelines for indentation in COBOL programs are suggested in Chapter 2. 1t should
be understood, however, that these are only guidelines. Each installation will need
to establish local conventions; variation from the suggested guidelines is not
important, so long as the installation conventions are followed consistently. For
example, it is not of fundamental importance whether the statements controlled by
an IF are indented four spaces, or three, or two. Arguments can be made for each,

-but there is no one way that is absolutelg} right. Within any one installation, how-

ever, some set of rules should be followed, or the value of indentation will be lost.

Structured programming, as the term is used in this publication, refers to the coding
portion of the total program development cycle. It may help to sketch the cycle,
indicating how structured programming relates to cach phase.

The program development process can begin when, in response to a statement of
requirements, a specification is developed that states the objectives of the applica-
tion. Then, initial design takes place, during which cach major function is
identified and then subdivided into lower level functions. HIPO dizgrams are a
dcsigri aid and documentation tool in this stage. It is important in initial design not
to become enmeshed in low level details: the strategy is to manage complexity by
attacking the problem one level of detail at a time.

It is not to be expected that program design will proceed in a straight-line fashion.
The HIPO hierarchy chart may have to be drawn several times, as the expected
segment size or the implications of logic flow become clearer. The basic idea is to
begin with a top-level attack, with little detail, then fill in the successive levels,
refining original plans as necessary until the design is complete.
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Once the lnltxal demgn is complete, programmers refine the design to add the
details necessary for the coding process. In detailed program design, additional
HIPO diagrams are created to specify further detail about each process. If flow-
charts are used to express logic flow, they should include only the basic structures.
Another technique used in the detailed design phase is pseudocode, an informal
means of expressing logic. Although HIPO diagrams can reduce the need for ather
documentation of logic {low, flowcharts and pseudocode can be used with HIPO
diagrams.*

In pseudocode, the basic control logic structures and indentation are used in a

carefully controlled way, but everything else is at the discretion of the programmer:
elements of programming languages may be utilized, or mathematical notation if it

. is appropriate to the application, etc. Pseudocode is similar to a programming

language, but it is not compilable, and it is not bound by formal syntactical rules.
Pseudocode is used to depict detailed logic while avoiding the distractions of the
details of programming language requirements; it is easier to modify than pro-
gramming language statements. When detailed program design is finished, the
translation f rom pseudocode to the chosen-programming language is straightforward,
since the most difficult part (the logic) is finished. An example of pseudocode

' appears in an illustrative program in Chapter 3.

In ,the'codfng-r stage of program development, the techniques that have become 'R
identified with structured programming, as the term is used here, come into

greatest prominence. Program statements implementing control logic structures are
used, and they are indented to show the scope of influence of the structures: thus,
the details of code are clearly related to the structure of the design. For ease of
understanding, no structure is allowed to extend over a page boundary. Meaningful
data and paragraph names are used, perhaps following conventions that suggest the

" functions of the data and paragraphs. Program segments are proper programs (one
entry, one exit), and can be read in sequence from top to bottom. '

It is becoming increasingly common for completed code to be checked by another
programmer, either in a structured walkthrough or in some other kind of code

‘reading process. During fest program errors are located and it is verified that the

program performs according to specifications. - With structured programs this
stage may tend to take less time than before because errors can be located and
corrected more rapidly in the more readable structured code.

Finally, the program has to be maintained over the period of its use. Specifications
change, equnpment configurations are modified, and coding errors are discovered;
these may require program modifications. Over the life of a major program, mainte-
nance often requires more effort than the original program development.

Structured programming facilitates program maintenance for much the same reason
that it facilitates program testing: the programi is easier to understand. Whether

the original programmer or a different maintenance programmer is involved, chanpes
are easier 10 make and are less likely to cause undesned effects elsewhere in the
program.

In summary, program development consists of requirements, specification, initial
design, detailed design, coding, test, and maintenance, The most difficult task is
design, which properly should receive the most attention and effort, since errors

4 o
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How much documentation of a program’s logic is needed in addition to the program
itsell? In the past it has sometimes been argued that the logic of a program should
be documented with a.complete set of flowcharts. This contention may need to be
reevaluated for structured programs, which display their own logic better than
conventional prograims. o

To reduce the need for documentation of logic. 'the code should follow certain
guidelines of good proéramming practice that for many years have been character-
istic of the best programmers. Data names and labels should be as indicative as
possible of the functions of the data items and program clements, even if this tends’
to lengthen the names. “Tricky” coding should always be avoided. )

_ When these and other common-sense principles have been followed. and the pro-

gram has been written according to the principles of structured programming {only
a few control logic structures, indentation, top-down feadabibity). there will be
little need for documentation of the logic flowchart type. (The need for documen-
tation of function provided. by HIPO hierarchy charts and HIPO diagrams, such
traditional documentation as'data layout charts, as well as data preparation
instructions, etc., is not affected by structured programming.) '

I’rograrlnmers are sometimes concerned that structured programming techniques

may lead to object programs which run slowly or which create problems in a virtual .
storage system. There is nothing inherent in the structured progranuning approach
that leads to inefficiency; the use of a restricted set of control logic structures and

of segmentation does not automatically carry aty time or space pemilty.

Although'no systerﬁatic study of many users has been made, some users have
reported that structured programming technigues usually lead to no performance
penalties. In a particular language there may be some overhead, however, as in
COBOL with the heavy use of the PERFORM verb that is normal with structured
programming. Problems, when and if they occur, should be seen in context of the
full range of considerations that determine the effectiveness of a data processing

- operation. For instance, the ability to create programs on time may be much more

important than a small object program speed penalty.. Or, it may be noted that a
“highly efficient” program that is very difficult to maintain is not really efficient
in the context of total cost. Finally, efficiency always relates to a specific environ-
ment of compilers, hardware, and user code. ‘

If ob}ect program speed does become a problem, however, the following apprdaches
‘may be considered. . “ :

Identify those portions of the program that are most heavily used; various analysis
programs iay be helptul in doing so, such as by providing counts of verb
exccutions. it will usually be found that a rather small part of the program has a
large influence on speed.” Concentrate an those fow segments. {t may be necessary
to recode PER FORM statements to inline code, or to “unwind’" short, heavily
used loops. Attention should be given to the pussibility of avoiding certain data
conversions or Janguage {eatures that may adversely affect performance. Since
usually only a small part of the program needs to be modified, this modification
will ordinarily not take a great deal of effort, '
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If excessive pngiug‘i‘n a viitual storage system is w problem, the baste solntion is to
place in the smue virtual steisge page code segments Gut me used together, This

means rearcanging paragraphs in the source program. Again, analysis programs can
be a help. Structured programining can actually be a benefit in this kind of tuning,

' ) since segments are never entered except by a reference to their names (this makes
! : . _ it easy to move segments in the source program). Further, performance problems,

| - whatever coding techniques e used, can seldon be predicted b advince. Because

. C i of the ease of maintaining (changing) structured programs, the likelihood is that
: ' performance problems can be more easily corrected, ‘

+ Getting Started in * One way to evatuate structured programiming in an installati an is the following:
~ Structured Programming ® Management authorizes the wse of structured programming in a project. The
Airst structured programming project should be neither trivial nor extremely
difficult, but rather one that would be considered of normal size and level of
difficulty. At lcast two programmers should be assigned to the project so that
they can check cach other's code. :

) i ‘e I’mgru:muc_'rs assigned to the project familiarize thenmsehes with the sub-
: : ject. Some installations have implemented structured programming on their
' uwn; others have found that attending a class was necessary. Experienced
COBOL programmers may he unfamiliae with or reluctant o use the following
cosoL language facilities required of permitted in stivctured COROL
. programs: ' ‘
— Nested 117's
— PERFORM UNTIL )
- Compound conditions for nested 11°'s and PERFORM UNTIL

. Therefore, it may be advisable for programmers implementing structured pro-
gramiming in COBOL withont attending a class to review these COBOL state-
ments in the appropriate reference manual.

. ® A sct of guidelines for the initial effor1 shoold hc'cs!ahlishcd‘. Those in Chapter 2
011 COBOL implementativa vould be used. many installations will.preter to ‘
establish their own, The guidelines for the first project should avoid extending
the permissible control logic structures; uncontrolled extensions can easily
destroy the value of structured programuning. Some programmers find it helpful
to summarize the guidelines in the form of a checklist or a simple illustrative

T program. -

& After creating the HIPo dingrams and visual table of contents, pseudocode or
flowcharts can be used for detailed logic, if appropriate. The code is then written
and the program tested.

- . b

The evaluation process van be repealed and the guidelines modified untl the

programmers have sufficient experience with structured programming. At this

time structured programming guidelines can be incorpmated into the
installation’s standards.
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.iChapter 2: Implementing Structured Progr:nnﬁﬁng in COBOL

ilntroduciion

‘Basic Control Logic
-Structures

w""":'SEQ UENCE

IFTHENELSE

Once the principles of structured programming are understood, writing structured
programs in COBOL is a matter of habitually following a few simple rules. All :
control logic stru¢turcs can be expressed in COBOL, although in some cases not
directly. ’ .
The subject can be approached in terms of three major considerations: i
L conot inplementation of the control logic structuees, both baste and extended
2. Organization of a structured COBOL program o i ’
3. Indentation conventions i i
|

Also of interest are some pointers on naming conventions, use of cog’nments,
the ALTE_R statement, apd special conditions. s I

Sequencing is implemented in the COBOL language simply by writing statements
in succession. .

The IFTHENELSE structure tests a predicate to determine which of two function
blocks will be executed. .

The flowchart.of the IFTHENELSE structure is shown in Figure 11,

1.

Ve
statement-1

LR

statement-2 -

Figure L1, Flowchart for the IFTHENELSE



- ENDIF

The pseudocode of the IFTHENELSE is:
IF condition~p
THEN

statement-1

ELSE

statement-2 :
|
[

:

. ’ ‘ i M ’ l o ;
The COBOL IF statement format fot the IFTHEN ELSE is' l
IF condition-p

THEN

statement-1

_ELSE .

statemenﬁ—z.

‘Statements controlled by the THEN and FLSF parts of the IF are indented to
exhibit the span of contiob of the stricture, The THEN and 181 are siatted i
the same column as the 1. The word THEN is an optional 18M extension of the
American National Standard COBOL, X3.23-1968 (formerly known as USA
Standard COBOL). '

The only COBOL equivalent of the ENDIF operator is the period at the end of the
sentence. This means that in a nested IF there is no ENDIF operator for the inner

1¥ statement. Two colvmon control logic structures accordingly require special
handling. :

A null £L.SE within a nested 1F, dcbicled in Figure 12, has the following
pseudocode: . ‘

IF p
THEN
IF q .
THEN
Fl
. ENDIF
ELSE
‘ F2

ENDIF
) 15
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!

: Figure 12. A control logic structure with a aull ELSE path witltin a nested IF .
-Since an l-:LS.F.'in COBOL is paired with the most recent IF without a carrespond- .
ing ELSE, a direct COBOL implementation of the psecudocode would place F2 on
the ELSE branch of ¢, and give p a null ELSE. In this and subsequent examples,

. “pand g will be used as names of conditions, The problem is readily handled
with the NEXT SENTENCE clause: a
IF p
THEN

' IF q

. THEN
o
Fl
ELSE

i NEXT SENTENCE
ELSE

: F2.
A Tunchion following a nested 11, statement-3 in Figure 13, presents a special

. problem. :

16/

e
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statement-1

staternent-3'

statement-2

“
i —

|
|

Figure 13. A control fogic structu

P statement-4

re that cannot be directly implemented with a COBOL nested ¥

* . The pseudo code for .a lnesled IF- is z;s fol_lowsl: -
1 p |
THEN
IF g
THEN
statement-1
ELSE
statement~2
ENDIF
statement-3
ELSE
statement-4

ENDIF

PO,

17
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. o i In COBOL, lacking an ENDIF to terininate the inner IF, a difect :mplemcntauon
‘ would place statement-3 on the ELSE path of the inner IF, rather than making it
independent of the inner 1F as desired. The smlpk,st so]utlon is to perform the

: ' . . inner iF:

| E IF p

; - THEN - H :

3. . PERFORM inner-if 1
%»: " % ' C - ‘ statemeﬁt43 i
| ' 'ELSE’

statement —4
ij :'E o :’ " inner-if

: gﬁv ‘ | - R 1F q
o :  THEN
‘E ' stgtement-l
ELSE |
i; | v ’ : statement-2.

kY

DOWHILE | The DOWIILE structure tests a predicate and executes a function so long as the
g predicate is true. The flowchart is shown in ‘Figure 14.

[ : J . . 1 . : et - o -

function

Figure 14, Flowchart for the DOWHILE

The pscudocode for the DOWHILE is:

' : ‘ " DOWHILE p '
| ' funqtion
ENDDO

l

| ' .

: The COROL implementation of the DOWHILE involves the PERFORM verb with an

| : ‘ UNTIL phrase. “
; .

I

|

|

|

|

i 2 : 'PERFORM paragraph-name

! ) ' UNTIL (NOT p)
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The flowchart for the COBOL implementatiori of the DOWHILE is shown in
Figure 15. Since the PERFORM ... UNTIL repeats exccution of the named
procedure until the condition is true, the oppaosite condition is tested, and the true
and false labels on the predicate are reversed from the flowchart of the DOWHILE
shown in Figure 15. In actual practice, it may be preferable to code the inverse
operators. For example, if pis(A 1S EQUAL TO B), the inverse (A IS NOT EQUAL .
TO B) is used rather than (NOT (A 18 EQUAL TO B)).

function

Figure 15. Flowchart representation of the DOWIIILE control logic structure as implemented
by the PERFORM . .. UNTIL in COROL

The following form may be used for pseudocode:

PERFORM UNTIL (NOT p)
function ,

ENDPERFORM, ;

COBOL, of course, does not permiit the function controtled by the PERFORM to
be written inling in this way, but allowing it in pscuducode can help to clarify
relationships. '

I should be cmphasized that the PERFORM ... UNTLL carries out the test of the
predicate before executing the controlled function. If the condition in the UNTIL
phrase is true when first encountered, the paragraph or section named in the

PERFORM is not executed at all. :

.
'

If indexing is used, the DlellLli structure may be coded as follows:
PEﬁFORM procedure-name
VARYING identifier-1 FROM identifiex-2 BY
identifie£—3

UNTIL condition-1.
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DUNTIL | The DOUNTIL structure exccules a function and then tests a predivate’to deter.
N ; - mine whether to repeat it again. The flowchart is shown in Figure 16, .
oo ! :
& i '
!
i
" 1-
b § function
-e:‘ :
! et : ) Figure 16, Flowchart for the DDUNTSL
R | -
e The pseudo code for the DOUNTIL is:
I S ’ '
R : 'DOUNTIL p ,
. ’ function ,
P : ENDDO
; E , COROL i o direct equvalent of the DOUNTIE, but it is wather casily bople-
‘. o ) : mented with the PERFORM, in cither of two ways. The first way simply stagts with
o an unconditional PERFORM to guarantee that the-funclion is carried out at least
b L onee; '
P , .
e PERFORM paragraph-name.
A . PERFORM paragraph-name
A UNTIL p.
: . The second. more cumbersome way is to set a flag to a value before executing the
PERFORM, and then conditionally change it within the named paragraph:
‘_ . MOVE 'NO' TO FLAG.
1 . . . B B
L ' ' PERFORM paragraph-name N '
! , ' . UNTLL FLAG = 'YES'.
i
: - T
: paragraph-name.
i
i
i
|

20



CASE

Program Organization

R O P e “ x

‘processing statements.

+1IF condition

THEN

MOVE. 'YES' TO FLAG.

The CASE structure selects one of a set of functions for ex:lecution, based on the
value of a parameter. The flowchart notation is shown in the example of Figure 17.
COBOL offers no direct implementation of CASE, but it may be simulated using

a combination of the PERFORM and the GO TO . o DEPENDING ON statements,
Figure 18 shows the COBOL coding for Figure 7. Notice that the PERFORM must
be written with the THR U option because the p'arag'raphs that carry out the indi-
vidual functions all end with a GO TO paragraph-EXIT; without the THRU, this
EXIT paragraph would not be correctly interpreted. Observe that the statements
following he GO TO ... DEPENDING ON dre to handle the case where ACCOUNT-
CODE has a value ess than one or greater than the number of paragraphs named.
Finally, where “processing statements™ are shown, it would also be quite possiblie

to have PER FORM statements invoking out-of-line segments to do the processing.

The CASE statement cannot be implemented in COBOL without using the GO TO
statement, but the problems associated with the GO TO are minimized by using it
only in a highly controlled way. Somcone reading this implementation of the CASE
structure can be assured that transfer will be limited to paragraphs within this
structure and the processing paragraphs all transfer to the CASE EXIT. The
problems associated with “skipping around” while reading the program are thereby
avoided. '

A strictured COBOL program is organized inlo segments. (This usage of the word
“segments” has no relation to the meaning of the COBOL reserved word
SEGMENT, or to the uses of the word in connection with the operating system.)
The first segment of the program consists of the Identification and Environment
Divisions. The second consists of the Data Division; this is the only segment in the
program that may exceed onc page in the source program listing, about 50 lines,
including blank hnes. The Procedure Division is made up of segments consisting of
sections and paragraphs. ‘ : :

The first segment of the Procedure Division is the mainline routine. Lt is the only
section or paragraph in the program that is entered other than through the CALL or
PERFORM mechanisms (with the exception of the simulation of the CASE
structure).

A Procedure Division segment, as the teem is used here, cogsists of one or more
paragraphs or scctions, or of an entire subroutine. A Proccdure Division segment
may be invoked with a PERFORM:a scgment may be part of a subroutine library
and invoked with a CALL: a segment may be included in Lthe program using a COPY.
The decision of which to use depends on such [actors as 1he availability of precoded
routines, performance considerations, and the system being vsed.

A scgmen! may consist of more than ene paragraph when a subordinate paragraph
exists only to implement a control logic structure in COBoL. For cxample, if the
only reason for putting a READ inloa separale paragraph is to place it under the

“control of 4 PERFORM ... UNTIL, the separate paragraph may be considered part

of the segment that invokes it.

21



in-house

Contract
\

Subcontract

New-business

Shop-order

Figure 17, Flowchact for the CASE contrel tugic structure

€

The EJECT statement can be used to place each segment on a separate page of the
program listing. If a program contains many short segments, paper conservation
becomes a consideration, and it may be piefcrable to use the SKIP statement to
place a few blank lines between the segments tather than putting cach one on a
G’ separate page. A segment should still not extend over a page boundary.

The segments of the Procedure Division should appear in some logical sequence,
such as the order in which they ate invoked. or a sequence that reflects their
position in the logical hicrarchy of the program. 1t may be desirable in some cases
to affix prefixes to paragraph names so that the names are in sequence by prefix;
this makes localing a paragraph in a long program much’casier.

L When segments are included with a COPY, the source listing does not show the

5 . - code. which is obtained from a library during compilation, The program is
compiled as though the included code were inline at the point of the COPY. A
COBOL restriction is that the code obtained with a COPY may not itsclf contain a
COPY; that is, COPY statements may not be nested.
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PERFORM ACCOUNT-PROCESSING THRU(ACCOUNT-PROCESSING-EXIT.

ACCOUNT-PROCESSING.

GO TO

IN-HOUSE

CONTRACT

SUB-CONTRACT

NEW-BUSINESS

SHOP-ORDER -

DEPENDING ON ACCOUNT-CODE.

error case processing statements.
GO TO ACCOUNT-PROEESSING-EXIT.

IN-HOUSE.
processing statements.
GO TO ACCOUNT-PROCESSING-EXIT.

CONTRACT. .
processing statements.
GO TO ACCOUNT-PROCESSING-FXIT-

SHOP -ORDER.
processing statements. .
GO TO ACCOUNT=-IROCESSING-EXIT.

ACCOUNT - PROCESSING-EXIT.
EXIT.

Fi‘gure‘lﬂ. A skeleton program illustrating the implementation of CASE in COBOL

»

(2]
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“The following are only suggestions. No standardization of indentation conventions

has developed so far, and there seems to be little pressure for if so long as consistent
standards are followed within any one ogganimtion.: The reasons given for the
suggestions that follow wili be a guide in developing instaltation standards. The
sample programs in Chapter 3 illustrate many of the guidelines.

The key idea in devising helptul indentation guidelines is the production of

- programs in which the visugl layout of the program elements aids the reader in

understanding program relationships and functioning.

Following are some ways this may be done in the Data Division: ; |
@ If ail level 01 and level 77 (if any) entrics have their level numbers in columns
. 8-0 and thesr names starling in column 12, it is casier to 8¢ where g‘ltuupings

begin and end. ' ) ] i -
b . ‘ 5
S v g
e Entrics arc much easier to compaic, and record layouts are more rcadily com-
prehended, if all PICTURE clauses begin in the same column and are thus
vertically aligned. The choice of tolumn depends on the length of the longest:
data name and on the depth of the level structure; statting all PICTURE clauses
somewhere in the area of columns 32-45 would be reasonable.

e When more than one line is nceded for a Data Division entry, the fact that the
lines after the first are part of the same enlry is made clearer if the continuation
lines arc indented. The number of spaces of indentation is not crucial, so long
as it is consistent; four spaccs wight be suitable. ’

& Record structure is highlighted by indenting cach successive level by some
standard amonnt, such a5 two ot four spaces.

o The purpose of individual data items (that is, those not part of records) is made
clearer hy grouping them under lovel 01 entrics with desciiptive names, such as
SUBSCRIPT-ITEMS of ERROR-MESSAGES, rather than making level 77 eatries

“of them, .

@ The free use of blank lines can exhibit more clearly that relationships exist among

jitems so grouped.

Here are some possibilities for the Procedure Division: ) L

® Paragiaph and scetion nanies are casier to locate if ihty ate always written on a
sepaiate line, that s, if the first statement foltowiug a name begins on the next '
line. '

e The statements controlled by the THEN and ELSE parts of an IF statement -
are shown to be subordinate to the logic by indenting these statements bya
consistent amount. If one tends to use nested 117 statements sparingly, an ‘
indentation unit of Four spaces would be reasonable. 1 one writes decply .
nested 1F statements, howevet, the indentation would need to be three or
two positions, to avoid running out of space in the line.

e Verbs are casict o locate, and progams aie casier 1o cotrect and modify, if .
two statements are never written on the same line. :

e Statemenls are casiet (o pick oul il second and [ollowing tines ol a conlinued -
statement are indented by some consistent amount, such as four spaces.
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® [mport

ant clauses ofcerlam COBOL verbs are better set of  if they are

writicn on scparatc lincs; indénted by whatever amount is chosen as the
“ standard for continuation lines. For example, when the UNTIL and/or
VARYING opthns are used with the PERFORM s, they can be written on _ .

separal

PERF

e lines'and indented:
ORM LINE-OUT
VARYING LINE-NUMBER FROM l‘qY 1

UNTIL LINE-NUMBER IS GREATER 'THAN- 50.

The VARYING, AT END, and WHEN clauscs of a]ShARCH can be written on
separate lines and indented:

SEAR

éH RATE-TABLE

VARYING LINE-IDENTIFICATION

AT END MOVE S TO NO-FIND-SW

WHEN MF-RATE = RATE~TABLE {RATE;INDEX)

NEXT SENTENCE. . !

® Various statements are casicr (0 read if appropriate portions of the statements

are alig

QPN

MOVE
MOVE
.MOVE

MOVE

MOVE'

ned vertically:
INPUT © TRANSACTLON=K L LE
OLD-MASTER-FILE -
OUTPUT EXCEPTION-FILE -
NEW-MASTER-FILE

REPORT-FILE.

T~ACCOUNT~NUMBER TO R-ACCOUNT-NUMBER.
T-HOURS-WORKED  TO R-HOURS—-WORKED.
T-PAYRATE TO R-PAYRATE.
W-GROSSPAY . TO R-GROSSPAY.

W-NETPAY TO R-NETDPAY.,

25
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N 1t is necessary to be carelul wilh.'indcntulion, since it Is puss;iblc to mask
mistakes. Ifor example, suppose one wrote this:
IF SIZE-CODE = 'K'
THEN
" IF TOTAL-PRICE IS GREATER THAN 500 |

THEN

MOVh. CHECK-PRICE- MESSAGE TO OUTPUT LINE

!
1
H
L

PERFORM LINE-OUT

¥

ELSE : s
MOVE BAD-SIZE-CODE MESSAGE TO OUTPUT~LINE

PERFORM LINE-OUT.

.\

The lIIdCIll.lllUl‘l conveys a prcwmcd mtcnlmn to make the FLSE match the first
IF — but the COBOL compiler does not recognize indeniation conventions, and
will match the ELSE with the second iF. (Inserting an ELSE NEXT SENTENCE
to complete the inner LF will give the action represented by the indentation.)

. Considerable carc should be exercised in devising names for data, paragraphs, and

sections to make them as helpld as pnwhlv to the reader m understanding the
function and struclure of the parts of the progriam. Theeelore, installations should
consider adopting conventions that encourage the use of meaningful names. An
example of such a convention would be to preficthe names of nansaction file
itetns with T, old master [e items with M, asd new nastet file items with NM.
Another possible convention, not consistent with the first, is that data name
qualification be used consistently to convey information about data organization.
Another would be that file names must contain the word FILE and record namics
the word RECORD or perhaps REC. A possible convention {or paragraph naming
would be to rcquiré that all paragraph names state the paragraph function and
bégin with numbers denoting sequence or hierarchy in the program. Many other
such conventions are possible. Once learned, their use involves very little extra
effort. -

Expericnce has shown that well-structured COBOL code can be lnu I) self-
doctimenting, assuming the use of descriptive data and pwagraph names llis
recommended thal an atiempt be made to write programs without comments. If
comments are used, however, they should be entered 1 the form of comment lines
with an asterisk in column 7. The NOTE statement should be avoided, since mmor
crrors it writing it frequently lead to progaams that cannot be correctiy compiled.
193t is fonnd necessiny fo nse comments, they should be organized and Tormatted
<o that 1|wv da not inlertere with the readability of the progaam. Free use of
blank lines will make comments stand out from assochiled code,
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The ALTER Statement Many expeticuced COROE Frogrimnidts suggest that use ot the AL TER statement
in connection with the GO TO is so difficult-to dodument adequately. and so likely
to lead to serious difficulties in program test and maintenance, that the ALTER "

should never be used under any circumstances. To accomplish the same purpose,
there are altefnative ways which are casicr 1o understand and simpler to maintain.

Special Conditions Most programming enviroaments allow for specified unusual conditions to
interrupt the normal flow of processing and activate exception-handling routines.
Common examples are end-of-file conditions and arithmetic overflow. Whether the
structure theorem applies to programs containing such clements depends on
whether they violate the one-cntry, onc-exit principle andithus {ail to be proper
programs. Certain types of interrupts always break the nonnal flow; others may
or may not, depending on how the program is Wriu;cn.

The COBOL Declaratives Section can be used to specify the desired processing for,
cettain events that cannot normally be tested for by the programmer. Examples ;
include label processing. inputfoutput errer outines, and certain functions of the
report wiiter, The Dechuatves Section, i present, must appear at the start of the
Procedure Divison: il cannot be entered other than by the vecurrence of the event
that the code is designed to handle. Since these blocks ef code are out of line, they
involve a transfer of control, cven it it is (ranspatent to the programmer. Such
internuptions of sequentiat contiol me nsally considered undesitable in structwed
programming. However, becanse of the utdity ol the Declaratives Section and the
difficulty or impossibility of carrying out the functions any other way in COBOL,
no attempt has been made to restrict usage of the feature. The problem is lessened
somewhat by the operation of the interrupt in COBOL: control automatically
returns to the statement following the one that caused the interrupt.

A conditional statement in COBOJ: contains a condition that is tested within a
phrase to determine which of the alternate paths of program flow is to be taken.
Examples are the READ which always has gither an AT END phrase or an

INVALID KEY phrase: arithmetic verbs which may include an ON SIZE ERROR
phrase; the SEARCH verb which contatns one or more WHEN phrases and may con-
tain an AT END phrase, In each casc it is permissible to write one or more ilmperative
statements which are exceuted if the astociated condition ts frue. For example,

there may be @ PERFORM statement used within the set of imperative statements,
or NEXT SENTENCE may be used, In alimost every case, control should be given to
the imperative statement following the conditional statement.

Occasionally, it 18 not feasible 1o handle certain conditions within a series of
statenments. This situation may atise cither within conditional statements or during
normal processing, for example, when errors arc.detected in data editing which
prevent further processing. The programmer has at feast two methods of handling
such situations. One is 1o set  Nag and then tetum contiol to the next-tugher level
Coutine for further action. This technique usually works weil, and theie ae no

_ violations of structured progranuning conventions. 1f, however, the ereor is
detected within tie wncimost level of many nested levels, many tests may be
required (one at each level) to return control up through the nested structures to
the point where the error can be handled. Another alternative is to aliow the use of
GO TO tor such disabling error routines. Good judgmient should be used to
determine whether the maintainability of the program is improved by using a few

+ GO TO’s in this case.
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En el D;seﬁo de. Sistemas Estructurados, nos uprovechcmos de un nimero de he-:

- . e I
TTeN el A " .

rrumiéntas y éoncepfos que han sido desarrollcdos espech comenfe para oyudcr-

nos a pensar acerca del monejorde informacién. Las més .de -estas herramientas
.

son simples de entender, pero ellos no son siempre simples de usar, al menos ~

no, inicialmente, ’ B

A medida que llegue a entender la Teoria que estd detras, usted encontrard su

£ ,“J‘,';l' LT
aphcqcuon més natural.

S S NI . -

El Disefio de Sistemas Estructurados es un enfoque bosodo sobre un Modelo de -

.‘\‘-‘,1\/-'\4 ’

' av o,
x LS PO
.

Sistemas mas bien sm\ple. Aquel modelo se fundcmenfa ‘en el hecho' ‘de que -
olquner Sistema ( de Informacién ), puede ser considerado como. conshfundo -

de tres partes bésicas :

L B : . . . : . .
. N - * e e 4 . .
l. SO'lda. .:‘ o [ v Ll Y
Lo . L. k.,
2, Una Cala Negra que produce o Sallda y, '
™o . . n...*
3. . . Entrodo de lo cual la Ca|a Negro produce lo Sohdc. ( Esto podria
LI AT | . - . . . -
’ re - wh e "
verse como ung monera pecul:ur de decu que un Sistema estéd hecho
. - N ~ !
Entrudas, una Cu;a Negra y Salldas, sin embargo, usted verd el -pun.
. to més fcrde). " Una versién gréfica del concepto se sef‘ioiu a —
CaE L SR . .
T e - R : T
, I R .
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FIG. 2.1. Disefio de Sistemas Estructurudos, bcsodo en un - -
' P A R !
Modelo de Tres - Partes. '
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- ~Al -desarrollar un Sistema, el Anahsia de Slsfemas nécesita un Modelo Mental.
. ! ' 4 Lot $ooSn 1‘_",*: P""i Nl
- Este'diene, ciertas ventajos = . o L o
R s, AL — . _»}\;4 -~ -.J-L, o
1. Es Simple. S . £ IR L
2. Es tan-claro como muchos de los Sistemas, que usted estéd opto paru -
- )\| t
encontrar en el mundo reol Yo
- ’ T LSS PR S N - ML 1"
3. L Lleva a cosas mas grcmdes y me|ores. Pero antes de hablar acerca -
’ - - E." _‘} S ."'..1'2‘
: de oquellos cosas mds grandes y mejores, necesitamos refinar Auestro
‘ T A .
P Modelo un poquito. ' '
-t . . Lo Cey < w3
L - ] YR T Y “ = !
. ST sl i e e mEve g

.Supongo que empezamos por listar las coses que sobemos debemos tenér, o que

se ha dicho que necesitamos, en un Sistema.



"Prlmero, necesifaremos Saludcs, ‘dadosque ellas son_ lo- rozdn rmcn al , de desa—-'
q
rrollar cualquier Sistema; y para producir Salidas, probablemente necesitaremos
Entrades.  Perd ¢ qué queremos decir exactemente ;con Salidas y Entradas ?, -
y ) [y ' . ’4 - - - - - ) - ‘
- por ejefiplo, ¢ queremos decir reportes & darchivos, o' piezas-de popel. o bits so
* bre und 'lined telefénica?.” .En:general,,por-Salides .quesemos decir solamente

“aquéllas coses. ‘con los: cuales el cliénté del Sistema, trata .actuglménte,s

Ejemplo: ) LT e

Una Salida puede ser un Reporte, una Panta!lc sobre una Termina! ~-..

e - FIT L A ]

T n ;.i. KR e -

- o
4o " 4 4 b A “

" de Video, o una Respuesta Audmvo sobre un Teléfono. Uﬁu Entrcdo

e f -t

AR ae! ".;."1‘

.
L "_‘

puede significar una forma de transaccmn, un cheque sin fondos o --

_una llamada telefénica. .

. - . .
. . ; ' . C s FE R

- . "n e T
'Eﬁ‘generbl,'r‘;‘i_el término :quiere decir 'Ibifs‘ electrénicos’ sobre‘upc Cinta.o Disco,
o un réporte de Auditoria-interna.-' ( Estasi.cosas. son importantes,pero. ellgs re-- -A
presentan datof intémcs =.diremds - més acerca dejellas més tarde ).
P . : e

- .. ot N

En el Disefio de Sistemas estructurados, los Salidas y Entrodes ( -junto,.con’ ciertos
aspectos de fo Caja Negra ), caen dentro de una categorio llamade Requisistos - .

‘del Sistemo. - ‘Mientras tratamos con un nimero . de :elementos, los Requisitos del

Sistema estén relacionados primariamente con las Salides y las reglas Jégicas para

su'derivacién, " T . Ty LS e IO AR

we  LENC
Algo sorpresivamente, desde el punto de vista de los requisitos, estomos mucho -

menos relocionados con Entradas que con Salidas.
. . 1 . 4 .

‘ g
v . ' . A
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La rozén de asf;:a, ‘Negaré'a ser més ¢lara postanormente. o .1; e
D S ML s T T YRR
5i un cambio es* hecho a-un .~5iste_fnc| 'y si-.afecta. la Salida, entonces es up corﬁ
“ blo .u‘losfrequivs'ito‘s del- Sistem;:.‘ Si por otra porte, usfea convjerte_ugﬁiste;_na

“de un’ Slstemu Oparutwo de’ Computodoro g otro, o si-, cambia la. secqenciu de

éperociones; sin ufectdr ld Salidc ptoducida: por el Slstema,\;enfonces cquel cam

bio esth envuelto con la Arguitectura de los Slstemus.

AT I e " .

. . - - -
* ' SN

Lu Arquhecturo de los Sisremos osth compromahdo con ol truyecto de Schdo, -

0. L ORI 2 LUY ¥ EESRR TR oA Whe S S S

-' I

que es produc!do en Io Entroda. . "

L f. AL R S

« .
ML N "-vi

Mientras Ios Requisntas de los Sistemas prlmorinmente envuelven Salldus Yy susde-
tivagiones, ~lu-Arqunectura del Smema esté en gran, medida. relocnonado con la
eomposncién de . la Ca;a Negra, eno es, la organixacién. de los piezos del’ Slsie
ma. La Informacién es regisrmdo, procesada,. almacenado -y pubhcada. La Ar— ,
quitectura del Sistema ettd relacionada como oste proceso producuo los Resulta~
* “'dos ‘cotrectos. S r ; T P
e Sl ' - .o Ct L - cout N s s
Cuando empemmos o desarroliar un sistema (-basado sobre nuestro experlencm -
" potodo), hecamos freme a” algunos -problemos serlos da entender que “vafn?; a -
conttrult, Codo uno de nosotros Ilevo en su cabezo un Modelo de, Io que, vamos

.a producit; y verdaderamente, st no lo llevomos, nunca realizariomos n_oda.

L4 Kl * ' s - P |.|I b - . e " . '
] ' . . - R (RS b MORRPRNREE AL B
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Sm embcrgo, si nuestro Modelo es erroneo, ‘6 'si nos Tieva ‘a hucer ‘el” hpo de

-

- cosas erroneus, oquel N‘odelo Mental puede hqcer un’; de por- §7 “trabajo’ diffeil

yox TEe

N '-. L e [ - et . . N
. , . . ] C e e o e o
en |mpos|ble.
[ I S A P -
S . .
: ;
[ER .""“‘; -t lk’ vt ” *

As?, nuestro Modelo estd bcsado sobre |as observacsones de” que’ el rusgo dnico

més importante de un Sistema es su Salida, y que el Comii:ié ‘més’ Facil de de-

terminar Io efechwdad de un Sistema, es si este siempre produce la Salida co

Yo . P .

i [¥3 *,'.:‘[s' + ‘w‘!“ 1

r

rrecta desecda. Sir no es asi, usted no habré fenido exuto—e’ri«consfrun'uq Sis .

IR ¢ . L .
ML S R - ey . R

tema correcto, no lmporta que tan rcp:do Corrc + o que Entrodcs ocepte.-*

P % o, . » -
£ . L. "',.- * I e L a L . - o

s L e E S . 'l."l"'“ - RIS, b

H

Miremos un Sistema desde otro punto de vista Iigercmente»difgreﬁf‘é.' Los Sali_

das y Enfrudos pueden ser pensadas como " Con|unto de Dctos Por 'eiemplo,

% . . - e s f
. » [

un Reporte de Nomlnu puede ser conslderado corno un con|unfo de datos acer—

L
. - - ) -'-l 4' -

ca de los empleodos. Por lo tanto, |a Cc|a Negra en nues‘tro Models™ conhe
ot - .‘ A - .' + ‘"

A

ne coniun%os de dctos; pero iombién conﬁene otfa cosai " Cohiuﬁto de* Accio- .

. 1

"nes ", ( v operaciones ). Entonces, un Sistema correcto es uno en el cudl

1

. los conjuntos correctos de acciones son ejecutados sobre los conjuntos de datos

o e P -~ P L e . .
. - A - oo ¥ Lo . ¢ oo ¥

. . 4 T DA "
correctos en tiempos correctos.

. oy, . - I - . -

-0 AR T A S ) s

S: el Con|unto correcto de acciones mensuoles ( llamados Programas de’ Repor—

Secid Tt % -

te ), son hechos sobre los con|untos de dotos correctos, ( llamc:dos Archrvos -

"‘ \"" .'-t 1

de Némina ), en el hempo correcto (llamcdo Contcbtlldad de Fm de’ Mes),
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" entonces usted producaro lc Sahdu correcta tendru un Slsfemo correcto. Un_

SE R

' . T 1 -

Slstema correcto es, el criterio mlmmo para hucer trubu]o de Sistemos, Sin -
' T, ’ ) T ‘.. s T4
embargo , ademé&s de producir la Sclida correctu, usted hplcumente 1amblen ten
LY TS

dru que producir aquélla Salida o un cierto costo y dentro de un esquemu de

-tiempp dado, prescrito por el gerel?te,| Pero primero, usted debe produc:r Ic:s -
N L - -, A ] . AT R T N

L . - ".'
¥ N I B R VI T
., Salides: correctase - . : L.
. ittt ol 's . . .
. ‘.\..".; R 5 Doy T I !" o 1 ‘r.. ‘;‘l‘
. vy ot '
F] {1 - - -
. I R } . . :
. " - - H o g_, ‘.- .i'“i“' -! .« e . ‘-J

R Pero & cua[es son Ias Sulldas correctc:s ?, pues bien, |denhf‘ccrlcs es la mited

.. . . w. ¥ "1'* 2 1 : -
- AL 'J. LN A
‘del frcbcio del An'olista de Sisfemcs., Ef.to es por lo que, en nuestro Modelo -
P N T L gY N ot . .
“ it e e V3 v ot

ngmol los Esquemas para la Sdlida, la Cu[u Negra y los Entrndus fueron -=

-

tan borrosos. |
) - . 2

IR "'\,h_
. y ' J N ~ .y - L . -
L P o '. " . . . .
" - I MU . ., oy L Lot -
f A # RPN - R S ] ‘_“M 'y § v eyt

Y

En muchos ¢asos, nosofros slmplemente no conocemos al- pﬂnmplo , nual es la =
> R ui’-g-'({ ,‘.‘n{r .’-’jiqk;,:.,

-

(o r&spuesta ccm'ec:h::.I Un gerente puede conocer que £l o ello necesito tener in

- ’ ot ool EETURR S B P Y e -
formacaon mus oportuna o necesita proteger el inventorin pero no con mucho -

e ot e | A T rt “..'_L' -.0;' %y

detalle. ) . :

VI e L e e e T o el an b e

. o2 WY e f AR ]r*,. R - "j'.___"’b ) ___"_‘._f‘? .:.‘ '10'. ‘.
Esto no s:gmﬁca que usted nunca convencerd @ un clierte ¢ ser especffico -

LR et T g

acerca de lo que el quiere.  En efecto, cigunﬁs clnerrte.s pueden ser bustanre'

especnf‘ icoss Pero usted debe entender que en ﬁu my@rln de xlus cemas, usted -

td ; LR O Lote L. LT S : e
tendra que. cyudar al cllente 0 pensar ocerca de su problemo 'y prasantarse -
L0 ‘:. -7 PR S  fat _,l o5
- €on_un. Slstema .que le ayude a hocer un mejor trabojo.
N . :-} . q' - "|‘5-\"|‘a"



En general, “al desarrollar unsistema; mi trabajo con ‘clientes:hassidoun proce-
so' de refindmiento continuo (*y redefinicién) del problema, para.producir una -

solucién. ‘Muches veces |6 ‘que el usuario dice es el problema. que “viene ra. re=

. Vot H e, ek - o | Loa
1y . Y o the o At e i o 3
4 .

sultar. s6loun’ sintoma.

Como’ BUen ‘doctor; un buen' analista ‘de sistemas-debe tener.un punto de vistd -

e - . . s .
4 ey .- 3 oyt A - - - -
P ST R 4 LTy Pt AR o I A YL SR TR B o R S A |

Usualmente, en los primeros pésos de’-‘lostroy&cto‘s“de‘Sisi"emos',‘:splo unos cuan=
1

tos reqmsufos fundamenfqles de Snstemos son ubsolufamente cuertos, a menos, por

o,

supuesto,. que usted haya hecho exactamente el mismo sistema cnte‘s-,,.y adn osf,
. ! :1' '}l"‘ 4.) ‘I}‘A v’ll ] .#
usfed hene que. ser cuidadoso. En un susfema de némina;., por e|emp|o ( ver =

'
- . 4

L e .

FIG 2. 2. ), sobernos que ténemos que producir cheques de pago y c:erfos -

' . B 'v'i .’\( N (' 1 c f;m . 5.;‘: "f"‘ ‘h

Reportes para el Gobaerno. I ‘

e i : Y
4
_ . INFORMACION ANUAL DE [ | | = HOJAS DE™ ENTRADA
- NOMINA, - TIEMPO ' "\
| _FORMAS W-2's -
, - SALIDAS

-

' CHEQUES

FIG, 2.2. Requusutos fundamentoles de Ios Slstemas.
L IO TN T “:, TS ;'. .r,*" :‘_- :, .‘1.1 a¥
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A medida 'que dpréndamos'm(zs -acerca de lo que estgmos;;trgtot.wdq de sistemati-
zor, enconfraremos més reportes que son obligatorios, en ofras polabras, Repor
t&-s para el Gobiemo Local y Estatal :o.-Repo‘rfes .de Cuentas Bésicas, solicita--
dos por el Depc;tarhento de Cuentas de la Firma C.P.A., mi entras p_ﬁgc!cx ha-
bler ‘muchos “de: tales requisitos,:talfvez, ello;’son la.porte. més f&ci[lg{e_'u‘rﬁ;_Sii
tema con los cuulés frcfor‘;' porque ellos es*én u.;.ualmente“bien definidoss El -

' ,.U‘suario conoce lo que ellos deben contener y como ellos se deben mirar. En

[ T o P

i esta etapa nuestro sistema estd empezando a tomar forma.. ™

INFORMACION DE
> PAGO ANUAL,’

'
]

. IR TR

- PRODUCE W-2's

o .
r“va { .

' PRODUCE CHEQUES.

PRODUCE REPORTES
TRIMESTRALES; -

S

REPORTES TRIMESTRALES

REPORTES W-2

CHEQUES, PAGOS
Tt T A.-a 'n_",j"!lﬂ

- ' "~ SALIDAS _, -

" ot oL B TR
. FIG. 2.3. Requisitos Adicionales de los Sistemas.

)
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En cada peso de refinamiento, aprendemos . més acerca de los conjuntos’de datos

R

‘la complejidad’ de cientos de detolless . S

- - ) . . . , R T "t‘

LN . - 1 - - - . -
y conjuntos de acciones de los sns'femcs |nte|ectua|mente, para trcfor con todos

-

estos datos, el onuhsfo tiene que sumorlzur o claslf'cc:r esta mforch:on en es=-

i
* .

fructures que puedcn ser monipuladas f&cilmente'. Por e|emp|o, el uncl:sfc de-

+ (.

be empezor a hablar ocercu ) de reportes semanales o de reportes mensuales como

. . * \
ur‘;""grupoo O el puede categonzarlcﬁ como obllgqfonas u opcionales, o federa-
o e . A :

: e . e E
0 1" — P ' , Wt o . >
les o dela compafiic. " ; ‘ . A
' RO U A .
- ’ . " N Al
*- - y Tt .- - ~ = : ‘

. .
. Lo Y I ES . . .-
. . . - *

Cada método de agruparlas puede ser otil, pdrque"ayuda al andlista a trotar con ‘

3

. A
En efecto, sin alguna.manera de organizar la informacién para encontrcr el grcn

.eSquema, es altamente |mprobcb|e que usted puedo partir. Muchos esfuerzos en

_slstemos fullcn sumplemenfe porque el cnallsh:: se hundid en -un mar de detalles.

Tt pro -
d voh2 Lt AT T - . . .
. -, a [ 0 R R 3 "4

P -

1

R TORAE N . o .
Debemos esforzornos por ev:tcr esta falla.-+Otra.vez ,: nuestro,_ modelo puede ayy

. .

hE X AN S -
- N * N - -

Jﬂru ’ b

. 3
smedet e

Dijimos anteriormente que la porte de lo Caja Negraide’ nuestro Sistema, -puede

ser considerado como conjuntos de acciones o conjuntos de datos. -
. O T T . ' L ..

Mostraremos eso groficomente a continuacion : SO

e ow L .
A RARLET RS
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ACCIONES
- ( PROCESOS ).

. DATOS
1 (*SALIDAS:):

. ..
NS H “ v 'i:;."; PR ¥ - . '_“‘_
ta .
) - v SALIDAS
M [ ]J'; .(' M Y
. CAJA NEGRA
I~ 4 i"_‘a"“l.‘_,'\.‘v,' B -, I E
- - ~ L .. L e
i ' Lol e . PR 1
{ 3 1 T - t
b P X ! ARV ¥z N L .
SRR T TINEE
. v

+ L YRR )
£

l - s ' ) o » s :‘ L - f(--l tl: “-1 “ -."‘:f .‘-:v Sy )
Este refinamiento de nuestro modelo de sistemas, fiene agregado "uria esfructira

. \" adicional /-para éste,” muestra;como los- piezes \bésicas)gclucimente se relacio=-

LIS - R
[ T

nan con otra. Ahora, podemos pensar en un sistema en términos de lo relacién

™

] . .-
- - . ..“..l . A roen

- BARIRS S AR ] i

+  entre conjintos, de acciones.y conjuntos de datos.

- e

Tombiém podemos dar nombres a los ‘elementos principales @ = "ot s

- L SOI idas

- - Proceso.
: _ N )
- Base de Datos.
- Entrada. _ '

Conceptualmente, nuestro sistema parece que s gjusta a-nuestras idecs del mundo

~ SO

T



" tural de pensar dcerca de un problemc envuelve, Entrada, Proceso, Salida.

BT - .

e
real. anero, co!eccnoncremos mformacnon ( Entradas );. entonces procesumos

el

la mformac:on ( Proceso ), colocumos olgo ' de,la lnformacmn procesodo en for
] B

)

L

ma de reportes ( Salides ); y algo de ella la ulmccenamos para uso futuro ==

( Base de Datos ). “Pero tenemos. que-:ser cuidadosos_porque la manera més na

.

- v T

v T .. .

hd - ot .k el .. .

’ IR Iy . . .

- R RN STRILS
. ~ FUR N R T

Ciertamente , ese es el camino con el cual estomos optos para procesar los da
- . L ) —

[

A

* tos cuando el sistema se este construyendo, pero no es el orden en el cual =

- .

- ;." N . L s ¢ . . . o .
consideraremos las cosas cuando disefiemos un sistemas © ., .. -, o
. P S R
ot -, - e »*

e e et
- - N T AN

Para disefiar un sistema; partimos con la Salida y trabajomos hacia atrds por.~

todo el sistema, hosta” que usted finalmente llegue.a-los pasos de .procesamien-

DR e b . .t . ‘ ’
to que son requeridos, lo bose de datos que'usted. necesita y finalmente .|os En

-

h‘ados que usted tiene gue colectafs” A primerd vista, en sistemas..el trabajo -

) li, - - . .
hac:u atrés se ve no = naturale Ld razén es simplemente que partimos por el -

r

[
-r..';

principio, iveo, con las’ Entradas, y vamos hacia ‘ddelonte .no trabajando muy =~

t.
;o1

bien. ‘ B S

L

Es como tratar de ir en un viaje sin primero haber decidido donde vamos a ire
¢ Como sabemos que empacar ?;: dado que’usted no ‘conoce donde va a ir, us

ted no conoce el clima que habrd, y por’ loi tanto, usted .probablemente empaca

ré& mucha ropa, justo para cada casoe "7 - - s - oy

3 o _l" 1

—
B
.
.
+
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.

Su siguiente problema se ehcuentra en el ‘momento .que usted abondone la co-

rretera, ¢ Cuél camino debe tomar 7.

. hY - . 4 1 fl

Lo importancia de fenér metos u objetivos‘es claro, en cualquier cosa que =

k.
'

) ’: il - ' L] ' - ) - . LY &4
hagomos.  Pero” porque, si toda persona paga.-jorabe de pico para planificar,
) - . ' ‘ . i
encontrar metas y asi por el estilo, nosotros a menudo remendamos chapucera

N T, A - .
mente nuestro trabajo’ dé sistemas. . -

L. PR I . e

Una razén es porque simplemen'f'e ‘nosotros no estamos opropuoda y sufncnente--
. . S

- .

mente orientados - a - Salida. Més tarde, veremos que partiendo en ic: En-

trada, en lb'gor‘de-_Sc;Ii_dc,' es a menudo por | |o .que foilcmos para qompletar"-

-~ - -

-exitosamente ‘muchos -esfuerzos en Sistemos. El Disefo de, Slstemus por lc:s En

. vos
.- . 1,
had . .. -

tradas, se.osemeja ‘en, mucho cuando al. pmtar se de|a usied mlsmo encerrcdo -

= -

B R
[ .

- - . " ope .
eri 'uno esquina. - Piense en ésto : - .. .Estd en el lugar correcto cuando termi-- .

na' de pintdr un’piso {i.e..en la puerta ), usted tiene que trobajor hacio atras
de la puerta, a la: .posicién de Salida, donde usted estuvo al partir. _No- hay

I

nada compllccdo acerca de este enfoque, pero es mds duro de aplicar al dise
[ - s 1 .

fio de Sistemcs de lo que usted podria- pensor.

-

. .. e -~ v

- o El
. .

Un nimero de beneficios resultan- de trabajor hacia ofrds. Un enef:cuo prin

“¢lpal es que en el caso ideal ( lo cual probablemente nunca sucederd ), us—=

' i
ted no coleccionard 0 almacenara datos que usted no use - un foctor cierto -

que"tiene un efecto pnncnpal en el costo y lo comp|e||dad del producto termi

nodo - };ihguna mencién sobre preguntas de seguridad de datos y prwacudad.

o
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Otvos beneficios seran discutidos, asi como sean descubiertos.
. vl i O

¥ oL . - '
LR R R T F N

Yoo - - M I

[

El Disefic de Sistemas Estructurados, ayuda dprbdqr;ir Sisfemos Minimos. En -

esta etapa de Sistemas Flexibles, Generales y Poderosos, queremos disefiar algo

que sea minimo. G e )

! . . ..
g B PR
. . . oA, . . - \
v 4 Tt .-

¢ Qué hace a un Sistema. Minimo_?, ¢ Cémo lo definirias R

LA I -

“Un: Sistema’ Minimo hoce el minimo absoluto para producir las Salidas deseadas.
' - .o e .

Tal Sistema sélo captura datos que aparecen como. Salidas o que afecta algo que
" toae - . o Co

~

llega a salir.

. + M o » s
. [ T

+
H

! . o vl L L

Oftro.camino de mirar nuestro definicién es pensor en usted mismo como un Ma

[ "

temdtico que ha derivado. una férmula perfecta para producir ua Disefio de Sis

’

temas correcto cado vez. En tal férmula matemdtica, si se da un conjunto de
. e, . t

N Le b

volores para las variables independientes, entonces todas las variables depen--

dientes. pueden. ser mecdnicamente computados. . ¢ Pero cudles son exactamente

Hos varidbi¢s~:independientes en el Disefio de Sistemas -? . Ellos serian aqué—

los elementos que determinan cualquier cosa ¢ No es.verdad ?, ¢ Qué cate-
goria de cosos con las que tratomos en el trabajo de Sistemas se ajuston o ésa

deseripcion 7. Por supuesto, las Salidaes.

P I

. .
. Y o .- ] N N
- L .ol it ) .
' 3

Wl
Si cambiamos los requisitos de Salida, cualquier otra cosa ﬁeng que c;:rqbiur -
en el Disefio de Sistemas para acomodarlo. Si la, Salida  cambia minimamente,
deberﬁo; cambiar el proceso y si nosotros no tenemos los ‘do-tos del cual la nueva

“Salida se deriva, entonces el cambic afectard la Base de Datos y también las

'y
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! H col ’ FO H

Entradas. Por fo ‘tanto, los requisitos de Salida pueden ser pensados.como -

variables independientes del proceso de sistemoas.

.

Nuesfro modelo tiene cuctro partes’ fundamentoles, olgunus de las cuoles son
més importantes que ofras. En general, queremos concentrarnos sobre las Sa

lidas y entonces trabajar nuestro camino hacia afrds, pdra determinar que -
)

proceso, que base de datos' y que entrodas serdn necesarios porc producir -

éllcs Solldas. Hosto aquf todo’ estd bien. Tenemos un modelo, y conoce

i

mos con cual fin del problema partir. ™

.

En teoria, trabajar hacia atrds de la Saolida, se ve razonable; y lo més que

pensam acerca de él, de lo .més que usted ‘se daré cuénta, es que es el Oni

e ! = !

co enfoque razonoble. Sin embargo, én la” prochco trcbclar hacia- otras, -

'4 * e . ) -) * . L * 0 ' 4'1 )
es d‘lfi‘CI! de cplscur. : ' . ‘.
% b 1 _\ X B ’ .

Una de lus razones principales s que pensar-en Salidas es:un. trabcuo duro.
,.Iieqtnere que usted estoblezcc metas y objefivos y que usted haga decisiones
fuertes toles como ¢ ¢’ Porque necesitamos esta informacidn 2, ¢ Cémo quie-
ro ordenor mi |nformocmn ?. Por ofra pcrte, es m;Jcho mdas fc:c:l hablor de-
. Entradas, las cueshones dlflmles siempre pweden ser de]odas para mcls tarde;
ustedApuede si'rpplérr;ente decir que no tiene que ser demasiado ‘espe cifico -

acerca de como usard la informacién. o .



rar lo definicién de Entradas ‘fuerc de secuencia.
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Debemos coleccionarlo porque algin dia puede ser necesitado.
i, Vot . a1 R Lo X PR -

T [ . . . .- \ i

. Lo’ mayorfa de los enfoques del posado han indicado que una de las primeras

tareas de Sistemas ( justo después de especificar las Salidas, es definir las -

Entradas con el usuario. Existe un ndmero de presiones fuertes para conside
- . 1 N . 4 * i3 7 . . - ’ v VoL -'.-

+ T
. - .

# ¢ .

Lx] .
3

En el siguiente Capitulo, discutiremos los conceptos de Anéli;»is y Sintesis co
mo herramientas en el proceso de construceién de Si-stemcs;- y después de de;-
crik;ir algunas de fas herramientas que pﬁeden ser usadas en el disefo de Sis-;
temas Estructurados, refornaremos a nuestro modelc; de un Sistema y‘empezure---

mos a ver como aplicar lo que ya conocemos para construit Sistemas.

Hasta aqui, hemos hablodo casi en generalidades, pero estamos asentando la in--
fraestructura para otras cosas.
En particular, estamos intentando ayudorlo, ol analista, viendo como un Sistema

crece de la idea a uno operacidn tangible. El Disefio es un trobajo dificil, -

pero divertido; sin embargo, facilmente puede. salirse de la mano.

Tombién o menudo, promovemos gente en responscbilidades de Andlisis de Siste

mas, sin ensefiarles como hacer andlisis o Disefio de Sistemas.

+

Esto puede resultar.en un error principol. Como con cualquier actividod hay
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caminos correctos paa atacar el disefio e implementaciénide un Sistema y -
hay caminos incorrectos. Aprendemos que muchas de las guios antiguas acer

ca de la construccién de Sistemas son en realidad sélo Mitos.

'
»

Por algin tiempo, hemos necesitado un nuevo modelo mejorado. Ahora .que

tenemos uno, empezaremos a ver los resultados de téner un modelo ‘mejor con

el cual trabajar.

v N .
¢ N -
. . 1 . -
™~ . R Y YR
< » \
* § - .
' L4 v - 1 e
- N .
' f
N
Ml
, v
R
N
i
i
- AT +

PR ——
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o

_ANALISIS, SINTESIS ¥ FLUJO DE PROCESOS.

En el Sltimo Capitulo, empezamos o desarrollar un modelo intelectual para un

v

sistema de informacién. Nosotros retornaremos o oquél modelo después que -

hoyamos mirado como algunos enfoques tradicionales son usodos para onalizar -
y-disefar sistemas. El propésito de introducir enfoques tradicionales en este -

punto es la de darnos pricticas en el trabajo de sistemas antes de que debamos

usar nuestro conocimiento en un ambiente estructurado.

L] v N

. - ' . .

El modelo del Gltimo capitulo sirvic @ una funcion muy importonte: - Nos did

: - . .

un armazén conceptual o feoria.

‘

4

‘Nosotros recogeremos mas teoria, asi como prosigamos.
[ ge ’

Muchos de nosofros vamos por la vida entera, sin reconocer la importancia de
la teorio en cualquier cosa que hacemos, primariamente porque las teorias =
se ven demosiado abstractas y.remotas para ser de mucho uso. Las personas -

en profesiones nyevos ‘a menudo estan demasiado ocupados haciendo reflejar -

lo que ellos estdn heciendo o como se relacionan con otras cosas. -

Tomemos la programacién de las computadoras como un ejemplo. Por afos, -

los personas desarrollaron progroma tros programa, usando una variedod de  --

maquinas y lenguojes, convencides que la programacién era, a lo més, un ar

?3-
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La moyoria de los programadores sentian que mientras aprendfon a programar,

1

no habfa caminos cientificos para escribir un programa correcto.  Un buen -,

programa era simplemente un programa que trabajaba, y el Onico camino de-

conocer en o actualidad si un programa trabajaba, era probar y probar y pro

bar. Adn entonces, usted no podria estar absolutamente seguro si siempre --

trabajaria.

"t

Hoy, sabemos que existen caminos mejorés de desarrollar programas correctos.

: - . , Yy L .
Conocemos, por ejemplo, que si légicamente entendemos lo que queremos ha_

cer, podemos construir un programa correcto para hacerlo. Por otra parte,

estamos bien seguros que podemos hacer que nuestros programas trabajen, si -
no lo primera vez, al menos en unos cuantos ensayos. -4 Cdémo ha surgido. =

esta transicién de la duda o la certeza en la programacién-en fon- corto ——=

tiempo 7.

- s . .
. - I

Lo respuesta simple es que ‘dhora tenemos una teorio para guiar nuestras acti—
vidades - una teorfa para programar. Ahora conocemos que si resolvemos to-

dos las posibilidades I8gicas endetalle y construimos” nuestro programa de una

manera més légica jerdrquica, trabajard.

Tumbién conocemos que podemos usor la estructura de 'los-datos como. una guia

para la construccién de nuestros programas , eliminando de tal modo: muchas -

"I ' 4
+ ! . .
. i .
‘ Laf .
B F . v
.

e ]
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. decisiones dificiles, una.vez que nos enfrentamos con la organizacion.y estruc

tura de nuestros programos.

Si oplicamos. esta misma técnica de analisis légico. jerdrquico a un sistema to-

_tal, incrementalmente podemos llegar a estor seguros que desarroliaremos un =~

sistema correcto, i. e., uno que realice el conjunto correcto de acciones so-

s

‘bre losconjuntos correctos de datos en tiempos correctos. Sin embargo, hay

un ndmero de diferencias entre el disefio y construcciéh de un programa y el
disefio y construccién de un sistema completo.
Por un lado, el programador ordinario tiene menos preocupaciones que las que

tiene el analista de sistemas. A menudo un anclista o cualquier otra persona

" ya hon definido las salidas, los entradas y el procAeso basico para el programa

dor. Asi, mientras que el programador tiené que descifrar muchos detalles, -
' ' i - . X [ -

L 4 ol

el no tiene que definir pardmetros basicos.

Por otra éurte, el andlista esté en una situacién diferente: El no sélo tiene -
que descifrar que necesita tener ql:Je hacer, 'el tiene que hocer_lo bielh. Ningu
na ofra coso excepto el problema le es duclio al analista. El tieﬁe que sumor -
sus propias ideas a los deseos de las varios 'plers?rjna_s. qt.;e dei:en interactuar con

¢l sistema para definir la extensién del problema. Esto flega o ser el porqué

y el qué del sistema.

v ‘- : ‘ . - ./.



"Andlisis : " “Resolucion dentro de elementos ‘simples. - -
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- ! .
Entonces el tiene que descifrar un camino por el cual hacer estas’ cosos -

el como y cuando del sistema. _ -t ' ,

! ¥
1 i

Resolver esta relacién es integral al proceso ‘del disefo.- Claramente, la deter

. . .‘a . . p' R Fa » ‘. l " -t
minocién ‘del porqué y qué y del cdmo y cudndo estdn relacionadas. En un -

sentido clésico, estamos hablando acerca de dos actividades: andlisis y -sinte—

sis. Por 16 tanto, miraremos el ondlisis y la sintesis de sistemas ( también =~
llamadas disefio o integracién ), y veremos como se relacionan al proceso redl

de disefiar un sistema. ' R S Co

T - Webster's Unabridged Dictionary.

Andlisis es una palabra antigua que significa romper algo en sus piezas fundo--
mentales. ' Esa definicién es verdadera, ya sea que se refiera ol andlisis quimi

to, al andlisis linguistico o al andlisis de sistemas. En el anélisis de sistemas,

L ¥

" estamos relacionadas con romper un sistema en piezas y con los hetramientas ==

- 1

gue nos sirven para hacerlo.

' ' v . Loaerr

. : . ’ .o PN .
En general, existe un enfoque jerdrquico caracteristico de todos los tipos de -~

andlisis; esto es, romper algo grande en -piezas sucesivamente mds pequedas, --=

hasta que no exista posibilidod de subdividir posteriormente i:i.acliqbiéro de los -



archivo maestro { 6 base de dotos

piezas, Cdda nueva pieza estd subordinada’ a la pieza anterior.

M » h

¢ Cémo trabaja en la octualidad el proceso del ‘andlisis jerorquico ?, tome-

P I

Y B

mos un ejemplo: ‘suponga que tiene asignado el problema de desarrollar vn - - -

—

- sistema para producir un reporte estadistico mensual, como es representado --

abajo: a S

v
1 .- . [ —

| SISTEMA.DE REPORTE -, .
| ESTADISTICO -MENSUAL - R

. - - e

Figura 3.1, Problema para producic reportes menssales. Y

+ v
- . . - f . K

'

En el anélisis jerdrquico preguntamos, ¢ Cémo podemos separar esta tarea en

una série de partes mas simples 2. Un comino es pensar en glgunos de las =

L 4 . -

partes basicas del problema que podia creeerse se encuentran en el problema

-

,de la definicidn original. En este caso, nuestra meta es desarrollar un siste.

1 el 1 coan .

ma que produzca un reporte estadistico mensual, -
P » i -

- i - e [N

. - . - -
LI . .ot -

De experiencio pasada, podriamos esperar ( al menos del lado de la ‘computa-
doro ) producir aquél reporte mensual en un nimero de pasos: Por ejemplo, -

uno parte del sistema produciria el reporte, otra parte podria octualizar el -

. .

), del cual los reportes seran’ producidos —

‘ . . Ve

.‘/.



y otra mds podria inicialmente revisar los datos de entrada para excluir cual-

quier valor erréneo. El método tipico de mostrar esta relacién es dibujando -

algo parecido ‘@ un diagrama organizacional :

.

SISTEMA DE REPORTE .,
ESTADISTICO MENSUAL ‘

= ] - ‘ -
| 1 1
. CREVISION DE - - || .. AGTUALIZAR -. || PRODUCR
- DATOS ... ARCHIVO 'l [RePORTE ESTADISTICO
MAESTRO . || MENSUAL

- - a “ v
ot . . - . Ao

Figura 3.2. El andlisis jerérquico requiere romper el problema,

-
[t

1

. l - 4 ‘ .-‘ L T . " ae -t * e [N ' I\ . " P
Un anélisis jerGrquico similar se manejo en casi cualquier tarea de sistemas y,
N .. - - . ~ N * ' . LT e ¢ * ’ LT
en efecto, es tan comin y natural que muchos andlistas no se molestan en --
%

' P . N .. oo ! R 4 "L '. y ' - »
_escribirlo.  Ellos simplemente osumen que cualquiera éntiende como se llegé -
' . I ] . LA A B " o -
a su disefo. A menudo, este no es el coso y, es importante para aquétlos —-

que implementarén, montendrén u operardn el sistema entender también como -

-

" fue construido.

gt . . . . * ) . -

' ’ '

N .y ~..:- o T - "\ T ot t . .
El ‘andlisis de un problema en partes es'un proceso Otil y es mas efectivo si -

- o . . EL T . ' ' .. . 0
sistemdticamente se continba oplicando el mismo proceso- de dividir y vencer -

e
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" cada parte del probl ema.

s
+

Por ejemplo, podriamos subdividir ( o analizar ), la parte llamada PRODUCIR
REPORTE ESTADISTICO MENSUAL en varias partes:. una para leer el archivo
maoeitro, una para sumarizar los datos y una ‘para diseﬁc‘:r e imprimir el repor—

fe como sigue : ) ; '

PRODUCIR -
REPORTE ESTADISTICO'
MENSUAL
- LECTURA DEL SUMARIZAR LOS DISENAR E
ARCHIVO -MAESTRO DATOS . IMPRIMIR REPORTE

Figgrd 3.3. Ruptura del problémﬁ en pasos mas detallados.

-

" Verdaderamente, podriamos hacer lo mismo con todas las demés piezas del -

rompecabezas :



‘ SISTEMA DE
REPORTE ESTADISTICO

MENSUAL
)
QN |
REVISION DE " ACTUALIZAR PRODUCIR
DATOS ARCHIVO' MAESTRO. REPORTE ESTADISTICO
: : - .. MENSUAL
LECTURA DE| {VALIDACION| | PRODUCIR | [LECTURA DE| | ACCESAR| | ESCRIBIR | |LECTURA | [SUMARI| | DISERAR E -
DATOS DE DATOS |- [REPORTE DE| | DATOS DE| |REGISTRO| | NUEvO Re-| | DEL  ||zAR =| | imPRIMIR]. -
' REVISION DETALLE MAESTRO GISTRO --4 [ARCHIVO LOS ' '
' ' MAESTRO. | |MAESTRO| {DATOS

L.
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En un andlisis comp|ero, este proceso continda hosta que cada una de Ias -

1

piezas es fan simple que no hay necesidad de hacer dlwslones posterlores.

'

_Si se realiza sistemdticomente, el andlisis es-una herramienta extremadamente

poderosa. Cuando termine, usted tendré una idea completa de gue nécesita
. N t - . .. ’ . ’ i ]
tener que hacer y como hacerlo. ' ‘

T T

! *

Conceptualmenre, el andlisis es una técnica simple que trubomra todo el -

hempo. Atraves del hempo, casi cuolquner analista de sistemas de &xito ha

empleudo una.u otra forma del anélisis ;erarquuco.

DR
.

Actuulmente, el anolms estd dlsfrutcndo nueva popularidad bajo el nombre -

de disefo de ornbo - a - abajo fop-down ), ‘el cual recomienda que cada

s
‘

problema sea anufizcdo paso por pcso, hasta que ‘esté completamente resuelto.

[
¢

-

La metodologia HIPO ( Hierarchical=Input=Process-Output ), utiliza muy exten

sivamente el andlisis jerarquico.

Si el andlisis jerérquico es tan natural y tan populer, usted podria asombrarse

porque no lo hemos usado con mayor frecuencia. Existe un nOmero de razones

’ - o ; : 1 .
una es que se ve COmo una gran cantidad de trabajo, especialmente en los ni

3

veles més bajos.” Por otra parte, requiere que usted tenga olguna idea de la

/.



- cima del.sistema y de laos piezas principales en cada paso. Finalmente, el

anélisis jerérquico plantea la cuestién: En primer lugar, ¢ Cémo conocemos

en que piezas descomponer el Sistema 7.,

.
W

- Este problema es dlfIC|| El ejemplo anferlor del sistema de reporte. mensul

1
-

nho era comphcudo, pero suponga que tenemos que construnr un s:stemo com-

pleto de mformc:cnon a la gerencia. Cleriumente, el problema seria mds =~

comp|e|o, y el analusss de ombo-o—obmo, normalmente seria muy dificil de

.- - . -

real izur. Por esa razén, el anallsls |eruqu|co no ‘habia sido reconocido co

mo una herramienta fundumentcl en el trabcuo de snstemas, solo hasta muy -

recientemente o consecuencia‘de su uso comin.

“

El andlisis tiene un importante producto: hace que los sistemas sean jerarqui-

cos y modulores. Es!o es extremadamenfe impor fante, nuestra experiencia --

* . .
1

sugiere que todos los sistemas buenos son |eruqu|cos y modulores.

¥

L o J:'

" Sin embargo, el andlisis no trata con una cuestién fundomental del disefo: ~

¢ Cémo sé relacionan las piezas ( mddulos ), de la jerarquic una con otra ?

Esta- cuestidn concierne principaimente o la sintesis.

L

Sin el ondlisis estd relacionado con descomponer un problema en partes, enton

ces, la sintesis estd relacionada con colocar juntos los piezas de un sistema .

P

/.
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En efecto, un !ermmo que se usa a menudo parc: sugmflcar stntesis es "inte-

gracién”, la smtesls esté reloclonado con el orden y con el hempo.

Si el andlisis estd relacionado con el qué y el porqué, entonces la. sintesis

esfo relacionada con- el cémo y cuundo.

En el disefio vemos dos fases: descomponer y ajustar juntas. En nuestro ejem

plo, el sistema se descompu'so ‘an un nOmero de partes: una que revisaba las
transcoccmnes, otra que actualizaba el orchwo mc:esrro @l'ro ue roducio
q

el .repo'rte _'m_ensua!. Pero nosotros podemos arreglar aquellos puezos denvadas

"

del poso del andlisis en un nimero- de caminos dlferenies. Por e;emplo, los

- dos snstemus de lo flguru 3. 5 tienen las mismos piezas.

P

"El analista de sistemas experimentado reconocerd que la figura 3.5.b. es una '

solucién 'més redlista que la 3.5.a. Aunque los piezas principales son los -

‘mismas, la cuestién del cvéndo y cémo, han sido consideradas con mayor de

talle.

: - +

También, una pieza adicional ha sido deséubierta y quefué posada por alto -

en nuestro primer andlisis (.o inclufda en'nu&stra definicién de REVISION DE

DATOS) AI ajustar |untcs las piezas otra vez, o menudo enconfrumos que -

hemos omthdo ulgunus consuderccuones bosncc:s 6 incluido olgo extroﬁo. Cuan_

do esto ocurre, hemos.repetido el proceso de anolisis. En nuestro ejemplo =~

e



_— decndlmos mcluur la pieza ENCONTRAR Y CORREGIR ERRORES ( Parece -
improbable que nosotros no podornos ), tendremos. que anal:zar esa relacmn -

en sus piezos apropladds. ( ver figura 3.6.)

N
V T L

PARTIR o : o ' PARTIR

REVISION DE - L | . REVISION DE

DATOS . ) ' o DATOS

y_ T | No

ACTUALIZAR A

<DATO CORRECTQ

ARCHIVO |

MAESTRO g o . Si

' ¢ : . ENCONTRAR Y ACTUALIZAR ARCHIVO
" PRODUCIR- - ' ERRORES -

REPORTE | ~~ | ‘ & . -

. Eﬂ?ﬁ;ﬂfo PRODUCIR REPORTE
' ESTADISTICO

MENSUAL

Q.

b.

‘Figura 3,5. Comparando dos sistemas (o, b), con portes idénti-
) Cas, - '

Antenormenfe, mencuonoremos brevemente la diferencm entre el dlseﬁo y el -
proceso de dlseno. " Ahora, nuestras palabros ||egoron o ser mas clarcs. Por

una porfe, despues de colocar |untas Ios plezos orro vez se ho termmado el

/.



diseflo, o ol menos mejoraremos el que teniomos inicialmente,

REPORTE
REPORTE ESTADISTICO
MENSUAL

T L T L ¥
f ‘ H ) ! : i S
. REVISION - ENCONTRAR ;Y ACTUALIZAR PRODUCIR REPC
DE DATOS CORREGIR ERRORES| - JARCHIVO MAESTRO ESTADISTICO -

MENSUAL

) -0-
PARTIR )

. REVISION DE
s C o . DATOS.

" ENCONTRAR Y.
CORREGIR
" ERRORES

Sl

. ERRORES -

ACTUALIZAR
ARCHIVO
MAESTRO

PRODUCIR

_ REPORTE

ESTADISTICO
MENSUAL

1

FIGURA,'.3.:.6.F Diuann_no de Esfructura con comandos-adicionales (@ ) v, Andlisis de aauéll.
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A menos que el, Iector de tal dlugramc tengo una copio de iodos Ios posos y -

diagromas del analnsns sntermedto usados para desarrollor este disefio, el puede

estar inclinado o pensar que llegamos con el disefio final la primera vez,

Muchas veces, los onallstas que empiezan se frustran por el proceso de onoh—

zar, integrar, onallzor, mfegror, etc. E!los menten que deben estar hacnendo‘

‘ .

clgo erréneo, porque miron a ofras personas terminar disefios y suponen gue no
tuviefon que ir p01; periodos de ensayo y e;'ror. Estos onalistas érincipidnte; -
simplemente cn;nfunden el disefo con el pfpceso de disefiar. Hacer errores no
es pecado; sin emBargo ;- fallor ol rgconocerlos y -t;'utor con ellés puede ser fa-

tal.

3

Resientemente, hemos visto el proceso del anc’nlisis e integracic’m ( o sintesis ),

combrnodos en un enfoque sumple Ilamado desarrollo de arr:ba-c-obmo. Como

olgo d:shnto del disefio de arnba-—a-cbqo, el desarrollo de arriba-a-cbajo re-

qulere no solo que su problema sea analizado en piezas, sino tombién que aqué

Has piezos sedn. construidos y probudos juntas como ung estructura de lo solu--
v e } : - . p - . . . ' :

_¢idn antes de que cualquiera de las piezas sean analizadas con gran detalle.
A fuerza de la integracién continua, el desarrollo de arribo-a-abojo, se esfuer
za por evitar muchos de los problemas més serios que hon limitado el uso del -

,he » . o - y ’
andlisis jerarquico_en el pasado.



'

"En lo que se lleva de esta seccién, o propdsito hemos tratado de evitar dis-
. oon .. A .

1

cusiones acerca de {a estructura de los procesos de los sistemas o de usar el

modelo explicado en el capitulo anterior. -Quisimos concentrarnos en los ma

neras como disefiomos sistemas hoy en dia, porque el disefio de sistemas es—--

¢ - -~ L] .

tructurados tiene mucho en comin con los mfodos tradicionales.

En lo mayor parte, lo diferencia estd en términos de énfasis y enfoque. Por

lo tanto, antes de introducir cualquier. estructura formal, ‘quiero que el lector

%

- ! ) . - 3 ] . '
entienda los conceptos tradicionates de andlisis -y sintesis [como es aplicado a

lo construccidn de sistémés.
3
.Trodicionuln;ente , el andlisis y sintesis de sistemas se han usado junto con —
otra fécnic;; Ilamc;lu " Flujo de Procesos ". Al m'irar‘,ld_s cosas desde el punto
de vista del fluid de procesos, usualmente intentamos averiguar cﬁohdo sucede

. L . B L '

qué. . o C e

Al analizar un problema, usamos los pasos del procesamiento ‘corriente.como -

un indicio que nos dice que rompomos nuestro problema en piezos.

0
Traa

En la sintesis o integracién, visualizamos que los ‘pasos del proceéso tendran ~-.

que tener que hacer el trabajo total.

R
o - .
Lot - e

1

-~



PARTIR

LECTURA DE
- DATOS

PROCESO DE
DATOS

ESCRITURA
" DE LA
SALIDA

FIGURA 3.7. Modelo de Progrurﬁacién' Basico.

~ Los.programadores han usado el método de flujo de procesos como el ‘medio -
primario para disefiar sus programas. En efecto, los diagramas de sistemas o
diagramas de flujo de programas son todavia la herramienta de doc umentacion

de uso mds comin en cualquier parte. .

Lo Figura 3.7. es tal vez el modelo de programacién mas comin expresado ~
en términos de un diograma de flujo simple.
El flujo de procesos es un enfoque de diseflo natural y. forzoso, porque usted -

purté del principio y procedé hasta el finaol.
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A Mbe‘s&fértimadomentg, también tiene muchos defectoss ~Una c-ésd‘;{qé' lleva o
ohc;, p-ézro b}ocediéﬁdo de un diagrama de flujo ;ie-ﬁ‘:proce'."sos general a uno -
mas aétcllado, }Suedg ”évcf?lij a d‘iéeﬁc‘rvproblenids;: Por ei‘emplo, en el pro
grama s.i.mp'l'e -.dado en Io‘Hoio anterior,- existe t;una iteracién il'r.afinitu', 0 ;error, :
‘dado qué el pfogrumu falla ol procurar un mecl:lio de parar, i. e,,,sirhp[emen_
‘t'é parece ignordr la sefial de salida de Io's'ddtos;.' Para' hacer esté modelo =-- |

" trabajable,. se requiere -entonces la siguiente significacién :

PARTIR J* =~ - S

-y ?.- N ‘.‘ .. ° . ".‘ . ’ '7.1

| LecTURA DE | ~
* - |_DATOS T e e

| _ - ANDEL" | N\
FIN S PROCESO DE[ ¥ STOP
LA TAREA

NO

PROCESO DE L
DATOS - :

I

ESCRITURA
 DE LA
SALIDA

? .
1

FIGURA 3.8, N'_;odelo de programacién Bésico Corregido.
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Es una, caracteristica inevitable del flujo, de. procesos, - disefior aquélla, con -,
nuevas condiciones Iégicas que se manifiestan ‘inesperadamente ( laméndolas -

_excepciones), el flujo de procesos bdsico total llega a ser mds dificil de reco

.

)

nocer.

| } ' . ' - e ; : bl ' - - AT
Asi como aprendamos més acerca del desarrollo de programas, .encontramos me
nos atractivo el flujo. de procesos como un método de disefiar, ya sea un pro

grama o un sistema.

Debido a que el disefio de flujo de procesos llega o ser extremadamente com-

plejo, y dado que disefiar con flujo de procesos es_fundamentalmente 'un-méto

do de ensayo y error, usualmente terminaremos con mucho mds error del que

+

'

es permitido.

] . 1 . ,
f o - '

Pero na importa lo que nuestros senffmientos ’sﬁent'ren écercq del disefio de flu
jo de éistemas, cuolqbié( sistema terminado debe oségurar que io:; proce'sos' -
conveniéntes suced'ieron en los tiempos correctos ;den.rro de:up sistema.  Afor
tunadomente, la;:_éstrucfurc jerdrquica hace esto posible por caminos r;un_co -

-

sospechados unos cuantos afios antes. Al mismo tiempo, elimina mucha' de -

-

la ._&:onfusiér‘r y complejidad del flujo de procesos del disefio de sistemas de =

¥ e : VY

los primeros tiempos. L e - '

./.
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Hemos visto unds cuantas de los herramientas principales del disefio de sistemas

tradicional: andlisis, sintesis ( o integracién ) y, flujo de procesos de sistemas.

Colocamos estos elementos juntos en und nueva forma a la cual se le'refirié -
al priné:ipio como disefio de sistemas e;frucfurd&oé. P'or.ot-ra porie, es.re'm-e:-rc-:_‘.
do nos ‘permite corr’ul.oin'cr.!cs herramientas del andlisic, integracién. y fluiQ de |

procesos de una manera légica 'y ;:pro'\rechal:s;e de ﬁuestro modelo bdsico de ==,

un sistema.

,-.—"'
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Software design has evolved to the stage whére

methodologies for handling

classes of problems are proliferating. But just how helpfu! are they?

In progressing from infancy to adult-
hood, 2 human’s approach to problem
solving shifts dramatically. In infancy,
a challenge such as locomotion is
treated 2s new and different cach time
it is faced. After a while, it is recog-
nized that a certain class of challenges
can be met using the same approach.
Similarly in software we have grown
from treating each new development
cfiort as unique to recognizing certain
classes can be.met by a specific ap-
_proach. ‘This type of evolutionary pro-
cess quite evidently has already oc-
cureed in other professions such as ar-
chitecture and engineering,

The last ten years in the software
“jndustry. have been marked by a pro-

cession of now approaches to software

design probiems. The czuse of this in-
flux of software design methods is un-

=ertain. Perkaps it is part of evolution

or it may be due to the increasing
complexity of the problems being ad-
dressed. In any event, the availability
of so many approaches has left many
wondering  which—if any—they
should adopt, which ones fit which
classss of problems. -

We've asked ourselves that question
We've studied several of the more
promising or more popular ap-
proaches. And we think we cav pro-
vide at lcast a partial answer,

Where da'] begin? Now that I have
begun, ke do I measure my progress?
How will 1 know when I am done?
These questions have always tormented
designers. Designers are also vexed by
having to think infuitively, rationally,

and procedurally at the same time dur.

ing a design cifort, As the cffort pro-
“gresses, the emphasis shifis, but all
_three modes often arc involved simui-
taacously. At the eutlset, the designzr
initiates some idea or “spark™ which
scls 3 design fnto motion, He has an
mtnitive feel {or the solution to the
problem  but suspects he may be
wrong. So he seruiinizes his idea and
then docunionts the conclustons, This
©process has been characterized s di-
vefpenve, tramformation, and conver-
gence, in that order. The g problem
15 brohen down into smatier problems,
Kivined With Permmion of OATAMA TION
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they are solved, and then reassembled
into the solution. Simple isn't it?

Not so, say those who have at-
tempted to develop non-trivial desizns.
Some even conj:cture that software
designing is somewhat diabelical. On
examining the prozess of design, it be-
comes apparent that there - no agree-
men! on how to describy tfatl process
and/or its products. The icilowing defi-
nition m.v be a helpful start; at least it
works fo: yeverst individual methods in
the latest procession: A saftware devi.on
method (s a collection of technigues
based upon a concept.

Many forms of this notion are being
chunspioned. A representative list in-
cludes: ™ - wte e

Structured Design ' | Lo
The Jackson Methodelogy
Logical Construction of Programs
METAStepwise Refinement iMSRi
Higher Order Software (1103}

S & B s

‘= The author of each such software
design method has structured his solu-
tion to address the design issue(s) he
views as germane. Quite! Understand-
ably, each holds a differeat opinion.
Those that advocate “Structured D=-
sign” declare that the Ley to a seecess-
“ful software design is_the_identification
of the data_flow through the system

and the transformation(sy thatthe in:

put data Gﬁd;rig_:_m the process_of
TBicoming-ouiput.
A view held by those who adve:ate

il

cithet the “Jackson Methodology™ or

the “Logical Construction of Pro-
grams” (the “Warnier Methodolopy™)
is that the wdentification.efthe inherent

data structurc isaital, and the structure’

of the. data (inpug_and_output) gan_be
used to dyrive the structure {and some
details) ofthe propram.

Advocaigs ol 3e T Stepwise Refine-

ment (MSR) state that sugeess is as-
“sured if the problem is solved several
times, cach solution being more de-
tailed and complete than its predeces-
SOr.

Last, supporters for Higher Order
Sofiware (10s) provide a set of axi-
oms which must be used 10 atiain sue-
cUoss, . .

n addition to making certain as-

magazine, ¢ Copghi by
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sumptions, each of the representative
methods also prescribes a set of activi-
ties and techniques intended Lo ensure
wuccessful software Jdesigo.

Structured design

Structured Nosign is based en con-
cepts originate '.by Larry L. Constan-
tine and later pubtished by him s aile
working with Ed Yourdon, and by
Glenford J. Myers. (See Bibliography
for exact refercnces.)

The method consists of cengepls,
measures, analysis techniques, guide-

_lines, rules-of-thumb, notation, and

terminslogy. Reliance is placed upon
following the fiow of data through the
system 10 formulate program design.

The data flow is depicted thiough a

special notationzl scheme which idznti-
fies each data transformativp, trans-
forming process, and the order of their
OCCUrIence. '
*The interpretation of the sysiem
specification is used to produce ths
data flow diagram, the diagram used ia
develop the structure chart, the struz.
ture chart to develop the data strul-
ture, and al! of the resuits used to rein-
terpret the system specification. While
the design process is itcrative, the or-
der of iteration is not rigid.

The process seems decepiively sim-
ple; but when attempts are made to use
it, difficulties are encountered. For ex- |

ample, consistently identifying trans.

{formations of data is not easy 1o do. it
is possible to be overly detailed in one
part of the data flow and much less so
in another. No formula is avaitabie to
deteet this condition.

Also, identifying affcrent (incom-
ing) and cflerent (outgoing) flow
boundaries plays an important role in
the definition of the modules am! their
relationships. However, the bouadarics
of the modules can be moved alriost
arhitranily, Ieading to different system

© structurcs. Again, no formal guids is

provided. ‘

Usc of the structured design mzthed
docs aid in.the rapid definition and
refinement of the data lows. The verifi-

-cation of the. consistency, of one data
Now wiih its less d=tailed predecessor is
“erucial to this, but how to do the verif
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. cation is not sn!:sfaclnnly addressed. *
Admittedly, this activity has been ad-
dressed for 2 rniltaty command and
contro) application we learned of, but
the technique used there is not.zn in-
lt‘gral part of the structured design

method. We find that this method and -

particularly its graphics do reveal pre-
viously unknown properties of some
systems, though, such as the penera-
tion of information already contained
elsewhere in the system.

This méthod turns out to be well
suited to design prcblems where'a well-
defined data flow can be derived from
the problem specifications. We found

. that some of the characteristics that

" make a data flow "“well-defined™ are

that input ‘and* output are clearly dis-.

tinguishsd from eich other, and that
transformations of datz are donc in

- incremental steps——that is, single trans-

formations do-..not produce. major
changes in the character of the data,

b . .

Jackson methodolopy -

~ data structurc 2% 3 l[l’l\v‘lﬂb Jf(m:t: *lo
successful software desipn, The méthod
was’ popularized in linglund through
the ¢f*orts of Michael Jackson, hence
its neme, and more recently through
cflorts of Infotech Information’Lid.

In this mclhodology a program is
viewed as the meaos by which input
data are transformed into output data.
An explicit assumption is that parallel-
ing the structure of the tnpul (data)
and output {report) will ensure a qual-

-« ity design. One implicit assumption is

{that the fesulting data structure will
be compatible with rationai program.
structure. Other implicit assumptions’
. include that only serial files will be
" involved and that the user of t'.« meth.
od knows how to structure dat..
' Some clanmed chara::unsucc R t‘us
method includé: *
¢ ltis not dependént on.an -n, Jest's”
expcncnce or crealivity. .

® It is not difticult 10 learn and use
corsectly, €56 if given the siame
problem, two designers woiking
independently  would arrive  al
- wery nearly the same design.)

& It resulty'in designs which are casy
and practical to implement. '
Again, the process seems sunple. But
when we aticmplLd to employ this
technique, s:xc ral difliculties were en-:
countered: Ofte was with the supporls”
ing documentation” {Juckson’s hook)
. which is laden with cxamplestand 100
, Tew -explanatory notes; We also en-
<runtered proh!cms with the practicat- .
iy ‘of the method and began to ques-
tion its basic premiszs. To lllus!razt.'

L CTTOT process1n° had tv uc wcd'n ot

as erroneous data €o not exist in a
structural sense. Also, various file
"¢essing and manipulation schemes tock ,
" their toll. For instance, much cata -
slruclunn.. is dnct::cd by the? d;h:\ base
manaqcmun S\slcm :mp o;.ed 'lhus.,
whether the dala '|re tree- stnmur..i ‘or .

a2-,

-

* it is based on principles h) - -u.h g hot, we sull may end up.with an unin-

each desngn slcp can.be veoiied.

4 p!emcnlable pro»ram becausc th:rc
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Fig. 1. Advocates of Structured Design hotd that the flow of
datn through a system is the key to prdgram design” The sys.
tem specification is used to produce the dota ticw diagram, -
the dwagram 1o develdp the data structure chart, the.chart'to  to follow. steps.
devalop tha dald structure, and alt of the puces to remte:pret e

1 1

the system specification.
As might be expected, the methodology works host where
input data are transtarmazdtinte cutpu! in incremeantal, easy’
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Fig. 2. The Jackson Methodology, assumes that rrrakmg lhe ' rnay be practncally hrml-d 1o serial h[es Also unfortunate!y, &
output dala structuré paraliel io the structure of the inpul  there may be r.o cavusal link between data struclu:e an d pro-
data will Jead to a “rood” gesign. (Some of the other method- | gram q all‘y e T
ologies share lhls assumphon too} Unfortunate!y, the method vt o L L et .
cresn T — -t
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does not appcar !o bc a casval link

between data structure ‘and program
quality; the basic assumplion is invalid.’

Logical construction
of programs

LCP is a mcthod similar in nature to
Jackson's design methodology in that it
#ls0 assumes dala structure is the key
to successful software design. How-
ever, this method is more. procedural-

‘ized in its 2pproach to program design

than the Jackson' method. Originated
by Jean-Dominique Warnijer.in France,
it has become popular outside the
United States.’
opporfunity to become popular. with
English-speaking designers as English

It will now have its

are now available and the method has

¢ been incorporated into training offired

by Infotech.

-

-= The Lcp method is as follows:

1. Identify all input data to the

software and organize in a bier-

arch:cal manner (files, records,
entries, items). The exact for.
> mat is not of concern here, but
rather how the various parts of

. the input file ate related 1o onc

. another.

2. Deline and note the number of
times éach element of the input
file occurs, vsing variable pames
to relate the ratio of occurrences

. (such as; ooe active customer

file, N customer records, cach
customer record has four cnln-s.

' addtess, most recemt payment,-

_tions  using

current balance, new char;-s).

Do step 1 and step 2 abou for

the desired output. - —- -
Obtain the dcetails of the pro-

[

gram by identifying the types of

instructions contained in the de-

,:gn in a_specific order: read in- ,
_su’ucuons.

rreparation and ex-
ecution of branches, czlouvlas
tions, outpu.s.
calls.

In. ﬂowcharl like fashuon. dcplct
the loglcal sequence of instrue- .
“Begin |, Process,”
*End Process,” “Branch,” and
“Nesting” indicators. z.

Number the clements of the,log-

and subroulinc ;

translations of the original French text

 THE LOGICAL CONSTRUCTION OF PROGRAMS z
f Lorem ” nls 3 'r.l"l - -
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. ey pacch pavia. t N
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mate papular outside of the LLS, than within its barders,, pos-
sibly due to the lack of pood Englinh lansuase documentation.
Yhe method again involves suu:!unng lhc input angd cutpul

fig. 3. The “Logical Construction of Proarams” has become |

data, us:ng its own- graphic conventions (Warnier dmgramS)
but adds a set of sequencirg protedures and instruction types
to translate the logical arrangement into pseudocode.

L . -

o - .. L - [

ical sequence and expand cach .-
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!ilrour,-h the instructions. identi-

ficd in Step 4. (ThHere cxist seve -

eral other guidelines regardiog
how-data structure conflicts are
involved, but they are nol perti-
nent to our discussion. )- ~
Many of the difticulties associated
with the use of this method are similar
to those cncouatered in using the Jack-
- sofn Methodology. For instance, some
problems force us o contrive a hier.-
archical data structure where none was
previously apparent. Also, this method
_is somewhat misnamed in thal it deals,
with program design issues and - not
construction issues (such as packaging,
ren environment, filte access methods,
ete). Although for.a problem with a.
readily apparent hierarchical data .
structure we get to a pséudocode state-

‘ment of the program .very rapidly, .

‘closer inspection’ often reveals that the’
resulting programn is not whal wc
would havethosen. . -

This method appears to be well
suited 10 problems involving one mod-
ule or-only-a few modules, and where
the data are treé- structured. The. latter
lcaves it susceptible 10 the same kind of

: problems as the J ackson Mcthodology

M *.

Meta stepw:se refmement

Mseis based on the premise that the
more times you do-something, the bel-
ter the Final results. Tt allows the de-
signer to assume a simple solution to a _
problem and-graduaily. build in more
and more detail until the complelc.
detailed solution is derived. chcral re-
fincments, all at the same level of de-
tail, are conjured up by the designer
each time additional defait is desured
The “best” of these is selected, more
detailed versions proposed, l‘h‘c best of
these selected, and s0 on. Only the best
solution is refined at.cach level of de-
tail. Spcciﬁc»anributes of.this method
include:

1. It requires an exact ﬁxcd prob-
lem definition.

It is programming.language in-
dcpcndcnt in carly stages.
Design is by levels.

Delails are postponed to lower
levels.

Correctness ls cnsured al cach
level.

The dcsvgn s succcsswely re-
fined.

M5R was aulhored by Henry Led-
gard and Iatér given this name by Ben
Schueiderman. It is' a synergism of
Mill's- top-down notions,. Wirth's’ step-
wise refinement, .and ° I)Ijkﬂms‘lcvcl
steucturing. 1 produces a level-struc-
tureyd, tree-structired program, ' \‘

Jt is well known that by proper pro-
gram’organization it is passible to sep-
arate functionally indepéndent levels

2
3.
4,
s.
6

i 1

B R il il

L TREE—STRUCTURED 5 GHAM |

L . iR e,
3 1 h e -

\t'

lmwmuﬂMWhnM~sM-n‘MdJMmm il a_!.;.-....

T,

Flg 4a. In a tree- structurad program, the' “root” moduie contains an outline of

' general image of the program, while the lower levels contain mcrea.,ed amwnts

+ of, imptementation detail.

P

f B T
i ...i.rx.r.u...&-......u_J..-.—-....f.«. .

LI"VE.L-—STRUCTURED Pfuf 3 IA'.!

Fig. 4. The basic rule of orgamzatlon m a tevel-structured program is thzt rrod
ules at one spacitic level invoke only modu.es at the next fower level and neJer |
the reverse, Y e .

1

Fig. 5. In using Meld Slvpmse;ﬁ‘e.fmement the desnpner starls with a simple,
general sotutian and buikds in increasing amounts of ‘detail at tower levels i thes,
desrn. MSR ‘fequares that the desigoer actuotly develop several potential sotu-
tions at cach fevel, discarding all but the bc.sl ot the'xe. it may take 3 sp:.t'.ial k"l’J
of frrs0n o do this,

e e e e b v e e o = St e ¢ i ) — - i =S S
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of layers in programs (as is Hlustrated

“in Figs- 42 and 4b). The higher levels

reflect the’ problem statement while-
the lower ones have increasing amounts
of implem:nlalion detail. The basic”
yule is that modules at a specific level .
jnvoke only modules at the next lower
tevel, 2nd never the reverse, This is how
MsR works. ] L .
Although the .method's..th"eory
sounds good, the, practice leaves-a lot

10 be desired. For example, in reat life,.~ -

pon-trivial problems undergo constant
teinterpretation, * reevatuation, “and
modification. They are not stable. 1
they were, this method would .not be
peeded. Since’ the solution at any one .
level depends on prior (higher) levels,
and siace any change in the problem
statement affects prior levels, our abil-"
ity to produce 2 solution at any level is
undermined until the changes are made.
Onc approach is to refuse changes

. until the design’is complete, This re-

sults in the solution and” the require-
ments being unsynchronizcd. The pro-
duction of mulliple solutions is another
difficclty. Coming up with fundamen-
tally different solutions to a problem is -
not a likely occurrence for an individ-

-, zl-covefed but no subslantive guidalines ofieted

et i 4 e = wm e T

- -
- .

. pal. Also; how to decide which solu-
tion is “best’ is not addressed by s
method. e

Due to the number of times the *

_ problem is going to be solved, this ap-
proach works best on small problems,
perhaps those involving only a single .
raodule. It is particularly useful where ~
the problem specifications are fixed

+ and an elegant solution is pqui:‘ed. as
in developing an executive for an oper-
ating system. v )

*
.

Higher order software
Hos initially was developed and pro:
moted by Margaret Hamilion and Say:

- dean Zeldin while working. on NASA
projects at MIT. The method was in-
vented tn fesponse to the need for a .
formal-means of defining reliable, large
scale, multiprogrammed, multiproces- ©
sor systems. s basic elements include:

}. asetof formal laws i
2. a specification language ’

3. anautomated analysis of the sys-- -

~ teminterfaces
4, layers of system architecture pro-
duced from the analyzer outpa
. & transparent hardware
~This design method is based on axioms

Lo .

. “ . e -
it : i’m i
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1
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‘, Fig. 6. Hipher Order Software Design Jinvolves the use of 3 set of axioms:-to ,e:-‘

{ plicitly geline the hierarchy of -software

: programs winch check the design solution as expiessed in HOS' own metalanguane.
: Dx;v-cic_\rcd for larpe scale NASA projects, th? methddotesy may be well wuiteq for
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controt, 1t has been used with analyzer

but it does nol Jddress the str:Cture of

3 msupported by sutomated processor(s) piank =cdoes not'cover.
. o ank mgges 7

v

¥ PR

.

which explicitly-define.2 hierarchy of .,

software conirol, wherein control is a

formalty specified . effect of- one.soft-

:ware object on another:s '

Axiom 1: A piven module controls the
in'vocalioh of the set.of valid funs- .
tions on its immediate, and only, i's

Cjinmediate, lowerlevel. - .

Axiom 2: A piven module-is- esponsi-

=" ble for elenients of only its own out.. .

pul space. TTee e . P
Axiom 3: A given module contrals the

access Tights to each sel of variables .

‘whose values define the elements of
. the output space for cach immediate,: .

and only ecach jmmediate, lower .
_ level functicn. > :
Axiom 4: A given'module controls the

access fights to’cach set ‘of variables ., -

whose values define the elements of

the input space for _ach immediate,

and only cach immicdiate, lower Jev- 1.

el function. T

Axiom 5: A given ‘module’ can reject. -

invalid cle
jts own, input'set. . ot
Axiom 6: A given module controls the
- ordering of cach tree for the imme-
diate, and only the immediate, lower.’
levels. R _—
'In practice, HOS has heen used with ~ -
‘an automated analyzer program‘.which :
checks the solution desizn as expressed

mentsol its own, and ooly
)

“in Wos® own metalanginne. The nced

for the analyrer is nut inherent in‘the
methodology, howevet, ol oin fact we-
used pscudocode [ ¢ . unining the

" method since the amaniel was not
' Lo .

pvailable to us. O

© L Our evaluation is that nos is an assct

iin applications' where the accuracy and

. particularly auditability of the ,algo-

rithm arc the primary concerns, appli-
cations such as scientific problems’ and
| detailed financial computations.

1 Our exposire to this methedology 1%

limited, due in part’te its very nature.

' jts ‘séate. We' did use it enough to find
some 'o[’its'-chiractcri«lics. howevef.
For ‘examplel onc-* objective of HOS
scems to he to ensufe correctness and
consirtendy by interface Jdefimiion and
stiention 1o detil [t was this-cmphany
on the detmlsoal system exccution

¥ OAmE A lentivnD ona

v
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i’raclidn of -the software design prob-
lem: we-found that the issuc of data -
base design was, at best, addressed im-

-plicitly, with the structure of the code

appeating to Le the primary problem
Qror caperience with large systermn has

- taught us that the design of code znd
* data base must be synchronous. -

Now what do we know? -

Now that we've gonc through all
the experimentation, what hzve we
learned? - . .

The preceding remarks are hased on.-
our experiences and r-flect personal
biases, but four observaticns shouid be
2pparent by now. The first is that po

_singie method exists which would be ap

asset -in every. dc.sn_,n problem. That's
no surprise. The second observation is
that the assumptions made by ecach -
method are just that—-thires 1aken for
granted and not prowable. The third is
that methods czn onty contribuie so
much to the design efiort. .Designers
produce designs, methods do not, A de-

- sign problem, 2ithough well suited to

a particular technique, will always
have some quirk which makes it
unique. Software dmgn methods meve-
Iy assist in solving routine aspects of a
problem. Using a''methoddiogy only
reveals the critical issues in 2 design”
effort and gives us more time to ad-

_dress them.

The fina} observation is thal desiyn.

ing is prob!em selving—a fundemen-

tal, personal issue. To mony, desipn

.methods are something of an afiromt

and are resisted if imposed. Adoplioa
of a method or 'methods requires a .
behavioral change, an alteration in how
problems (of a cortain class) are solvad.
And accomplishing the desired behav- -
ioral change can be a very diflzcult
undertaking.”

Methods are unporr;mt but their
successiul apphcatmn cccurs. only- in

© spportive cnvironients, Speafically.

]
the necessary manageroeul clements

‘Hamilton, M., and Z,cldm S

*Schaeidermman, Beo. “A

(planning, scheduling. control systems,

“etc.) must all be present and effective.

The larger the system, the more impor-
tant these “non-technical™ factors: The
balance between methods and environ-
ments is a delicate one. The'merging of
these may very well be the next evolu-

, tiopary step. ) .
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grane. This guided rour ey Amines some of the concepms,
techniques, and picthodoloyies that van aidin this tash,

During this vu-du} tour, the solftware pmnlc-n atud the
~attempts at its solution are briefly du.;nhcd f~,nltv«.m
cngm;crms. technugues are classificd mte Three cre up~
those that pnm.mh' wmpagct the program stiucture, the
development process, and the- development  suppogl
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theirmajor impact at the e level, lhcmmluk Tesel and
the system level, Then, tour of the major proerany dg\l"'l
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- mingeale ulm Jte du« ribed: ..h.;r.;..lum.d. ambarplicd to
" speific evmnple: '

While no ong desent [l\c.tl oddaliey van e siow o Loy

v

'.’ .
»

et Tor .|i| npesof nml letiny, these et mcthedol

COPIEN CAN COAVET v anely ot apphicalivis, Biatis
lcnm .‘l[‘[‘l n.u 11 lm e Lot e \l"u. I PHANDL s 1y SR

1

qulh:r 981

’

Ml I

[

[T HT R M Y ll'l!hl'l"-il .".\:'
v ery . s

Tan e

]

o oam 2

right’. rmm/m(! appf'ars

S s
e it

-1

aprly un,,,cmnpum.,, amﬁcvahmung fmu ma/or .
erl tour concludéswith rm iriteriny p/occdu;e

¢.,.

R
VT

PR
BRI
s

C - - :
5.

o A0S

T IS
3 I
H L
S I
[ - LT
Ny L
Y- T
£ v
- '3 :,', e
i ¥
as 1]
. 3 it
v e, .. i s
e yooron
L et A - . i
. YL EEEE . . I,
EA I s U ] A .!, oot
_Yested that’ may be n.\clul until an 1\.chtcd "mrr-.d Wl
.nmhodoiﬂg\ comes atong, S I N
\il,‘ . ' oo e e
v . -l ° .
Mutivation. T he or nmm.zhon for l'\(\k:m: ai prn-" .
sram desien mevipdduolovies ivthe desire 1 redug Llh\ ms\ ’ -
. T
of pmduum, and m.\ml.nnuw mll\\.m Uu ;Iupmn. pro- e
B U
,trams th dfe rch.\blc enoug h 1o summn m)mtop conr- o
- ERLS
pUicr sy Teims, ;.m <umcnmc~. be a, \CLL‘I]dJl‘\ motiy .mun -
but these.applications scein to be m,uu m morm L ot
A . —:'f.: . .. _—
. v \ . . T
el 3
3 -
Lot .o
k) "‘!-
. O I )
3 aht
.4 R -
: T
* i f "
i'lyuia i "oy Mgt b e -, g regteTio - ;o .
or, - vy R - - ot . .
RITEE o .. L 13



B L R

T T R TR R TEWT W LT OTE RATRT T R

e R TR TR

R e T

Al

=TT AR T TR N il WR LN AR R ST TR T TR R wmn

A Dot ot clums in techutical j wurn s, CORLCTEE pro.,
“eeedingy S and o coune advertisements herald the vir-
fues of new duxl, n l'lhth(\;llbillylcs -gl tims sachoas 1910 I
Cingtewse in pruduunm I pcmul avigsin prv; r un«

* nting o mt:. wpcuumru!u.lmumhu;\ vt Ilmrmmn-
\I\ILI!LIL‘\ \uy“ut that without o !_und Wl o nu_inu vou
cun plmc.m\tlmw\'nu want. Allcraatingdy, soltware devel

. npmcnl is soancefivient thist almost Jtl\l!lmb Can improne it

il ofewere o t.:kc these chumis at fade value, it would
sevi thit zt least some of the problentsof producing ines-
Cpetisive, refiable soltware have heen solved, Unfortunate-
I\ the benétits of structured programming, softwire en-
gmunup techniques, or \\h.:rcur have remained cither
m.bulous or |ilumc to many pu)ph. Even thourh strug
!urcd programming has been with us for more than a de-
“cade, we are still far from | having all the answers or; for that
matter, éven all 6f the'questions. While it is clear that prog-

. ress has been made, there is still much 10 be done,

. ' . ' v,

Historical pérspective. ‘During the '1950's, program?
miny was in its golden age. The approach wus to take a
smail group of highly qualified people and solve a problem
by writinyg fargely unduumnnlcd mdc maintamed by the
people who wrole it. The result was inflenible and inexten-
sible code, but it w as adequate to the de mands of the time.
Bu\lon called this "mn.tgc industry" prt.n.rammmg

The softward crisis hit in the 1960"s. The probleins gol
two orders of inagnitude harder, and we were introduced
tothe problems of having many people work on largepro-
gramsthatwere coatinually L]mnynn Th:s wasthe begin-
ning of “heavy industry** programminyg, !

* The structurcd programming of the-1978"s was primari-
;. ly an attempt to address the problems of heavy mdu\lr)
pro-,rduuurnb. This quest for a betier way wasstarted i in
fesponsé 10 rapidly rising costs—meore than one pereent -
of the gross national product was being spent onsoftware
in the US—and the fecling that change was technically
feasible. Thus started avariety ofappmmhesth.u arccul-’
lectively known as siructured programming.

fcchniquea hierarchy. Software engincering has been
defined by Parnas ns muliiperson constection of muiti-
version programs.? A such, there is much emphasis on 77
the deselopment process, iteattendant se AT tanls, atid
the basic structure of 3 program, Many of the concepis
whizh people tend 10 apply first—like teams, design

A *

PROCESS |

. STRUCTURE

Figure 2. Saltwara anginecring techniguas hierarcny,

B . . . . 5
reviews, amd orowesn Nbearinnd.. fhani'y an.ehe
‘wh: m;.lnr the Wde nln;-nn-m praess, Vissol hy .lm.r
unmi lllt\( techniguey a dedbing with prigcdaamer

’ “lrowd couiol W h|lc they canhe imnieriemed

rcl.luul\ TN !\ their major beictit, vin onls D real.

ired m the contdst o'y weltedructured program.”T hose
technigques deabng with program Structare fonn the focn.
dition o which the other technigues sheyild b s applisa®
tsee Frpure 21 Adiittediv, the support tooh and the
devetopment process stronghy influence the strecture of
the program; howdver, the 100k ~hould be adapied 10
suppart the desired SITUCITNC, DO VIce versa, ' '
While there are many design muhodolmm around,
only a few of them have beén cxiendively,tésted. Four
mcthndo]oblu used or discussed more lhan mo:tiare

.

. funumnnldc\:ompout-nn .
¢ data fow Josien, ’ "

* data struciure nglQl‘l and
. prbgrammmg caleulus.

[ . e

i believe that the quality of the program Lucture re-
sulting from a design methodolowy is the single most im-
portant” determinant -of rthe hfe-cvele costs for the
remlting software system, Thus, before discussiayg the
methodologies in detail, it scems worthwhile (0 discuss

soimne of the concepts that play a.role in evaluati ag the

structurc of a program.:, . -
+ * : Yo P .
-t ’ - ‘ o LI ..
Structural analysis concepis o

W h1|c most-structural andlysis concepls applv at more
thun one level of o software svstem, it i convenicnt in this
discussion to separate them ino threz caicparies. € oRcepts
are discussed that have their major isipactat the I.OL]L mcl
the module level, and thie soltaare systerm Ig.-.l

Code-level concepts. Concepts ha\mg tkeir maior im-
pact at this level include abstraction, communication, |
clarity, and controt flow constiucts, = :

" Abstracnion. Abstraction is dofined as the convidera-

“tion of a quality wpudt STom a particuliar wstange, tn pro-

granuning, the application of als tracon ranks s one of
the fost importats wdinces that has oecieed in the last
20 vears. 1t s e baras for hivh-teved Linguages, vittaal
machisies, virtual |17 devices, data abstractions, nlus

both toptdown and bottom-up design.

The'whule coicept of battomaag desizn comsists of

buikhing up Iy ¢rs oF abstract machanes that pet nisre amd
more powerful unt:l enly one insditection iy peeded
sohve the problem. While people usualis Lo tar stert of
tlcl'inim:'lhul ong \umr"o\urfnl indruction, "they
‘-'p:lltlg.tt‘..!\ et e cmuunnunl e hich they e
10 program. Device diivers, opetating S} Aem prInR s,
/O routines, and user-detined macros are puiit v the
- coneept of abaraction. Aliof them rane thelevelai whinh
the programmer tunks and programs.:

Often, the obiective is 1o shatract many of the com-

plicated tteractieons that can ocvur when nARY users of

e proeri e At T s fowctibied b aonindy ins
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stances, a virtual machine is created 1o hide the idiosyn-

crasies of a particulur machine from the vt s@ that the
resulting program will be more IN\H.I]."L

When the modular prog .umnm[‘ T bcr'\n in the

1960's, many people Imprrl that hundudx of reusable
bmldu\g- block programs could be ah\lrmlul and .xdduj
Je 1o thei progrmnm:m, librarics so that they could finally
Jbegin 1o “build on the work of others.” Unlortunatély,
__as Weinherg noted, .
everyone wants 10 pul somuhuu, in hut no one v.ants 1o
take an)zhmg out.’

-

' Commumcar'on A procram communu ates v.uh ‘both
people and machincs. The etfect of comments can be pro-

¢+ . found. A ten-ycar-old program 've scen that has the
. comment “subtle™ in it i still left alupe at all.costs.
_Although the person who wrote the progran is long gone,

he haslefi alegacy of pmbl.ms 1!!.1( w |ll l.ht as longas thc_

" program,

Anoiher program c-ml.uncd the commcnt “They
made me do it!" Thi comment was undoublcdly an
apology for corrupting the structure 'of the program to
provide an c\ptdncnt fis 1o a pressing probiem. Clcarlv.

© the program-is a little harder to. undersiand.and moduy
T now. Thlsl)'pcnfchan"eﬁ not unusual. It’s the apology

lhat sunusual; vt
- Inthe long run, changes tend o obsrurc the suucmrc of

. a program, thus making the processes of error corrccuon

1

and feature addition ditficult and danperous. A well-
written and well-maintained program is meant Lo Lommu— .

nicate its structure to the programmer as well asto give in-

structions (o the machine. ] believe that thelife-cvelecostof |

operating a program usually depends far more op how well
it mmmunuate; with r;op!" than on how fast it initially
runs., ‘

v

-

by A »

- C!amy oIt has bccn s.nd thal a pcrson v«ho \\rllCS

- English ¢ clearly can write-a pmg__mm clearly. In slud\mg
English, weare laughl first 1o read and then to write, rlus

seems to work welll In progiamming, however, we are
-usually taught only to write. | think we mm sotnething by
not lcarning to read pwu..ms first. At one time it was

even considdered fashionable 1o write unreadable pro-,

grams. 1t got 50 bad that one fanguage, famous for its

.- “onc-liners,” was dubbed a, “write.only® ianguage.
The structure? nf:m artjchy,
portant in cl‘..;rl\ LOI'(t..'llll'lh.a'lﬂ', i

. the alzarithm and the contentola problem solution. This
. pstructure should be apparent when one reuds a program.
Clarity of program structure was ol iousty, not the
primary convern of the peeson who wrote, the prm.mm
< pepresented in Frpure 3. This program h'l- Teen runiing
for mor: than 10 years. Fornately, few changes of
feuture enhanevinents hase been required, Inanattempt
.+ tounderstand how, ll.;pwt.r.unuurku! tln-.ult.q-r.uu\s.ls
~drawn by the lasg pumu who lad to chanpe it
The Pstructuredness’ of thin progiun -—.md lur th: u
.matter, ofany purg_r.un-—-hnu! mll detined. Therc isstilt

AN gate But Aot unpm.l d\.lunuun ok “shcture ™ is Uthe an m.,..
[T .nlcrn.lalmu O ghiths as At By L yuuul ;h Vatur a1l
whole,”™ ' . .

' 3 - . L

“I"rm_,r.lm libratics,.ate muquc'

peper, ac book s very in-,
ideas, The <lruulurc of |
a program is equally important in commugticati ug bolhl

A

no pencrully ..lLu.ph.d metric I'or LI‘..II’“C[C!’!ZH‘Ig the merit
-of a program structure. The unay ailability of such a met-
T rcsults in some strange phunomt—m For example, du

you kuow sumwnc who \\rm.\ LOH\P;IL.NL(' and unintel-

ll"'lb'l. codc. who tpxllds Iong hgurs and late mbm:-,r:on it,
fisi: ﬂl\ mumg i “clonc" just before the ‘dc"dh‘nc-—-all the
\\h'xlc lumr ov cr)un'- kunw hnm dllﬁuﬂt Im task is and
what & hero he is for h.u.mn- l-oncn it done Juu in umc"
Incontrast, (.UINI\!\.HIIL‘ neat’ well- orl_aumgp‘ro;ram-
mcr uho l1lus care 10 plin ahead, dv'a proper desigt,
documcm I:cr w url . :md ul done m:l! ahcad of the dead-
line, with no orte cyCT aw are that she was involved. How
often haye you thonrhl “Boy, John h.u ccrlmnl) ‘carned
hjs wings w uh that Aifficult progr.un \»hulc Jam: hasn 1
Ind a clmncc m prove herself.” )

In the bcs: of altw orld; the ‘.mcnun of chruvcould be

applu.d quﬂnlm\cl) Laukmg “that, m.’ll hine o stick

wall.ll'roughs Lo cnxurc lhc \.l lnI\ of tl\; [m.xl r\roduct

(’Smmi ﬂaw vmi'\-.rrm'r} The cdm‘v}it’éf limiting the

number and H1ype or control ﬂo\\ construcls 10 Mol
clnrl) expross, 1I|-nru1‘ms i vo“ prem' ccnemll\ ag-
.ccplt‘d Tlu nnt.luun rcmmmcndud b\ \hch:\cl Jm.kson
is \llo“n in hk,ure 4.

The .seqm'me and se!ecrfon COI\SII’}I"IS shov.n m this
l'murc can be gcncra]nud in the obvious way toa sequum
or :.Llccuon of Nitems, I'cr arburary N hc uerarm.r: stands
for “7cro oF MOF ¢ program cwcuuons The ad\ antage of

ro [ ht ‘

\\uh peer pressure;: 1pphcd in dcsu.n reviews and, code

S o 2. o
Eg -Ch--ﬁ o
r (u-..r '/ ’“"/

- - ”""‘)

' T .'..-r .--')Iu—"j

at -

Figute 3. A clearly presentéd program structure?
oo N e
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Flgum 4:The three basic control llow-constructs.
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e CONMMITuCis s et ilw_v tend lo-prosive aman of the

" . i‘rn}:rmn '.l,:ucllurc father than anionerary of sk, )
“Ehetranaormation of a program Dt naes thesepriphe

il constructs e struciure rex Gilso shown in Fiprice dyis
renarhably siraghitorwird, as iv the farer transforma:

1ion to g wpecific progeamming languayg

e ]

. -+ [ . . .

Module-level concepts. Cohedien, eoupling, corbiplexi-
ty, correvtness, and correspondence are concepts with
© major impact at the module level, . T
' ' : 1

Cohesion, Cohesion is the **gluc™ that holds'a module

together. It can alo be thouehi of as the e of ascia-

tion among the component tlements of a module. Gyen-

crally, one'wants tho bighest level of cohiesion possilile,

- Wl Ro quantitativ e ineaure of vobesmn et agual-

fative set ofilevel for cohesion s been suegested By

C'unslumin_c." and moditicd by Myers.Y Lhe fevels pro-
posed.by Constantine are shown in Fivure §. B

! (.'ning.'_ic_i_cg_nﬁ;l_g_nhgw)_w Comtantine's lowest level of

’ «eohesion, Here, the component Pt ol a.macdule are

thc:c‘un!') by cainvidence. No significam relattanship ex.

- ists among them. P : t .
. Logical colhesion is present when a module performs

onc of a it 0 uﬁ_catl_v related functions, An evanmple

“would be a module composed of {0 ditferent types of

prini routines. The routines do not.wark tagether or pass

work to each other but logically perform the sunie tune-
e tion of printing, . .

Temporal cohesion is present when a module performs
asctof functions reiuted intune Ananitslization module
performs a set of oporanons at the besinning of a pro-
gram. The only conncction between these Opertions is
that they are all pertormed at essentially the same time,

’ © Procedural cohesion vccurs when a inedule consists of

functions relaicd 10 <he procedural processessin a pro-
- - gram, Functions that can be weltrepresented together un
a flowchart are often erouped together in a module with
procedural strepuih. Conversely, tmhen o program s
desiyned by using a Now chart, the result ine module aften
has procedural cohesion, ‘ !

_(;_qizlzr|larxfcal|<1111L££\1nu&i«1n_ results- when functions
- thatoperate on common diia are grovped rosether. ‘A

data abstraction, or data cluster, %y 4 £ood example of a

-

ssquential,-and fanctional coh

v

: ]Su.'-qtiun'tiul cehevion ofien rosulivivien 3 WIS Tepre.
NN portion of a duta fhow diseranm, Ty pcaih? the
oduies vo tonned aceept duta o one module, niedity

S transfomm i, and then pass it on to another module,
Clunctonal cobiesion pesults w ben every tunctionwithin -
thé'module confributes difectly 1o performing one single

" function, 't he muodule ofien transtorms g singléinput into .
a singic output, Ancesample olien cited is SGuaAre raol.
Tltis is the hichest level of cohesion ip the hierarchy, Ag
such, itis desirable whenever it can be achieved.

A program of ;ni_\"rcumnahh.\i'zc will wsually contain
modules of several ditlerent levels of cohesion. Many
modules simultancously exhitsi charactéristics of a mu)--
tiphcity of levels, Where rossible, hmc!ion:lll‘.’.x"eqtmﬂial.
and communicational strength' modditles \hould be shen'
preference over modutes with fower levels.of ceh

L4 N
Onascaleof 0to 10, Yourdon®rates coeidental, locical,
and'temporal cohesion s O, Lramd 3, respeeiin ¢y Pro-
cectural cohesion would seore 3. Commurnicational, se-
csion would score 7, 9, and”
©O10, respectively, S B .
While Jevels of cohesion canrbeuselul gunlés in oval-
vating the structuie of 3 program, they don’t provide a
clear-cut method ‘for-attaiming hish levels of coheston,
Furthermore, levels of cohesion do not allow us 1o say
<*that prbgrarn Alisniehtand procraim Ris wrong..They do,
however, reprosent a definite step forward. Before levels
of cohesion were introduced. there' was no recoyiized
basis for comparison. Now, at 'east onecan saythat struc-
ture A is probably better than structure B, -+

[ -
]

- Coupling. Coupling is 2 measure of the stzength of in-
tereonnechion (.e., the com{nunicmion-handmdrh)'be-» ’
tween modules. In Figure 6, two program siructurey are
represented that would result 'in-significantdy: ditterent
*degrees of coupling. AR .
Highcoupling among program-madules resuits when a
“problem is partitioned in an arbitrary way such as cutting
off sections of a flowchart. This method of choppingupa
Jarge program oftcn complicates the total jdb becanse of
theresultant tighl couplingbetwezn the pieces: This latter
t¥pe of partitioning leads 1o "*mostic 't modulariiy. !t
:The other estreme in SUHCtuting. a1 program is to con-
SIdCC Oy pure tree stiuctures, Lirese Structures give rise
* to the concept ot hienichieal modularny and provide

module with communicational colicsion. L © many advantages for abstraction, testing, and later mod-
; . . . . . ‘ o
" = HIERARCHICAL . ) MOSAIC
o : Q&3 MODULASTY © ' VS MOBULARITY

~

oI " LEVELS OF conEsion S

[

£ oFUNCTIONAL
» SLCUFNTIAL

Intecral .
Udla how
ccnmen data

high 1 . COM!‘.RIN:'.'!\[IDNAI. -
: * PROCE DURAL ~ oy .
low 1 o TEMPURAL ~ -~ T same e T "
* LOGICAL - samilar funchion
. .- +-CONCIDENTAL - tandom - .
. Foor - r - (ALY
- Levels of cohesion,

1

Figure 5

1

Co b

6. Pariitiuning wntiied sifects level of coupling.
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i Dijkstra has said that. *'the sooner wé learn tn.limit  gram and recognized thatit could be partitioned into lwo
' ourscl\'cslohicrurchic:ﬂ_pro{;ram constructs the faster we-  independent madules 13 and C, whiclohave low conncc'-
b will progress.”' tivity and coupling, your testing job could be reduced. To
E ’ Modular programs can be characterized 25 © r testboth oflhcm.? u_mduh:\ \cpanu(_:ly requires that you on-
? . o . Co Iy west the one million umque paths through each module.
! ¢ implementing 2 single independent fungtion, At one millisecond per test, these tests would take a total
P . pv;'rfgfming a single logical tash, . of only 17 minutes. .
* having a single entry and exitpoint, .In this particular example, from a testing viewpoint, it
* b*f'}’é scp:'srmcly ‘lc.\.tablc_. and ! . . .. is.clearly worlh'lrying to partition the problem so that
* being entirely construcicd of modules. . gmall, independently testable modules can be deali with

[ R

e )

ciemm Tap s =

ification. Jackson would accuse you of *‘arboricide’ {the hlclcly test this pr'og:‘mu by exccuting each unique pait_l.
killing of trees) wheneser you deviate from i pure Biecrar- Inthe cxump!c_slim\jn. thete arc approximately 25(allion
chical tree structure. Brooks had said, ‘fam persuaded  unigue pat hs through thiy module. IT you were.capable of
that top-down design (incorporating hicrarchy, ,mod- perlorming one test_cach millisecond, it would take you
' ularity, and stepwise refinement) js the most impoTtant - cight years to compleicly test all of the unigue paths. If,
.REW programming formalization of the decade.” ' And. however, you had knowledpe of what was inside the pro-

When these rules are followed, a set of nested modules : instead ofyjust the input and butput of a Jarge program,

result that can be connecicd in a hierarchy to fcrm large - Unfertunately, pn'riilioning'.'m(v'r.t* programs into inde-

" programs. In an attitude survey, ! users-perceived that - pendently testable’ nodules requires much.amore work

modular programs were casier 1o maintain and.change, ::than simply drawing small citeles around portions of the
easier to test, and more reliable, The major. perceived  flowchart. - . . . . o,

disadvantage was the fecling that the final program was:'. * It shiould-also be clear from this example that thetosting

. less efficient than it could have been. - + . problem is best solv ed during the design sm_m?. {tis impos-

When. modularity is used without hierarchy; one can sible to exhaustiscly test any program of significant size.

only implement independent functions tlit can bé ex-  Testing is experimental evidence.’ It does not verily cor-

ecuted in sequence,.which corresponds to drawing circles . reciness. 1t simply raises your cor_\ﬁdcnc'e. el

around portions of a flowchart. Although this approach - . 1 - . Ll R
. tendstowork on small programs, it can seldom be applied Correctness. A *'correct”” programisone that accurately
©, to complex programs without seriously compromising  implements the specification. A’ *corréet” programyoften
.module independenie, connectivity, and testability :Only-  has limited value since the specifications are'in: crror.
when the coneepts of modular programming arccombined  Agiin, correctness cannot be veritied by testing, Searching
with the concepts of hicrarchical program struciure €an ,for errors is like searching for mermaids._ Jitst because you
. one implement arbitraiily complcx,functioné and still . haven't seen one dogsn't mean they don’t exisu .
maintain module integrity, -+ C R 1t is also unfortunate that, for most probicems fmath-
Modularity can. be applicd without hieraschy-in cases  emnatical proofs of correctness are as difficult to.produce
that lend themselves naturally tothe efficient use of avery asa correct program. Somé prople can write and prove
high level language, Very high level lanpuage statements’ their program simultaneousty. For mostof us, however,
are examiples of functions that can be impicmented rela- ..day-to-tlay proving of programs is still.a long wav off.
. tively independent, of cach other bt still be: strung .. The most promising approach fos the near fature may
together.sequentiaily in a useful form. Untortunately for: Yiein finding a'constructive proofof correctness: We will
most applications, the design of a convenient.and effi- - really: have something if a - design method
.+ cient very high level language is difficult. . A1 . oLt ot
Hierarchical modularity forms an extremely attractive : cont ol e

ology can. be
' 3

. foundation for,most of the other software engincering
‘techniques. While some ofithese techmques ¢an be used
;r..\\'iihout having a hieratchical -program structure, the
« -primary benefit can only be gained when the techniguey
are used as a unit and build on cach other. Specificatly, a
hicrarchical modular program structure enhanees top-
_ down development., programming teams, modular pro-
gramming, design walkthroughs, and qthcf techmiques
that deal with improving the deselopment process.

=8
TIMES

-

Complexity. The controt of program cOmplexity is the '
underlying ubjestive of most of the sottware CHPincesing
techniques, The concept of srdivide and conguer*t 1 i
POTIANL jis AR ANsWer (o complesity, provided it is done !
correctly, When a proyram can be divided e two in-

: " dependent patts, complenity iy reduced drasiineativ, as

« 8
HIMES

shows in Figdie 7. ' : ' B T LT

. - !
 Consider program A, where vou have aceessto onty the
inputand the output.” A noble paitl woud be th com-' Figuie 7. Cunitol of complonity.,

P

. - i)
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17



L

L]

PR AT RN PP S I ST

Singntely 8

foend that 'oads onc through ihe desiy o prodoss siep-iy.
step and puarantees the correciness of {he fialprogramif

13 i

. ’
rLoih v :

there 1s na one comsistentdy obrainable volnton, Inatead,
designers seerr to pull unigue solutions vut of e anr.

.cach of the steps has been done correcthy, While't dun'(u.’ Conwquently, there is never diseysaon of g solubion being

sooremember that 321 % 25 4 8025, 1 du reméniber that

o 3 X = Sand S %2 = 10,andS x 3 = IS, ete. Knowing

. these values and the Sieps of multiplication, | can rest

assured that 8025 iy indeed the correct answers If only a,

program design process existed that win as foolproul and
" easy toapply. v A T

Without such a process, we mu live with a fimitless .
capacity for producing crror. Weinberg once pointed out
tha errors can be produced in arhitrarily large numbers |

" foran arbitr'ai'ilﬁ low cost. L :

v o ! Correspondernce. lrfJaqkson'g view, p.'crhaps the most
* eritical factor i determiining 1he life-cycle cost of a pro-
gram s the degrecto )\'hj‘:‘h it .f:lll_hfull_\' models the proh.
lem environment™—that is, the degree to which the pro-
gram model corresponds 10 the real world® All 1o ofien,
asmaltlocal change in the problem environment results in
. alarge diffuse change i the program,
I‘_ . The world is always bigger than the program specifica-

tionsaysitis, buta specification can always be extended if

it conjr;:qungs to reality. Since users tend to be grad-
ualists, the ch‘arny.e‘s in a realisiic problem model will tend
to be gra’dﬁ.’l!. It the program structure is formed around
the static instead of the dynamic propertics of the prob-
lem, it should prose to be more resilient o changes.

plete, it must al least be usefut and true, I these critena
are mel, many maintenance and feature enhancement

. problems will be g\'oihf:d in the future, ’

3 -

. ] ) [N
Sastem-level concepts. Concepts of major impact at

this fevel'include consistency, conngctivity, continuity, -

change,.chaos, optimization and packaging. - .

B .
. ' i
.

N Consisreqcy-. .'A\n‘i_mponam objective of a good design
methodology is that it should produce a consistent pro-

"g_r'am structure -independent of whocver is applying it.

- Three different programs—created by using the same
dcsign_mclhqdo]ogy to model the same problem environ-
ment—should have the same basic structure. Unless con-

sistent designs can be achieved, there can never be a true

. night or wrong structure for a given problem solution. -

.One problem with most design methodologies is that

HIGHLY CONNECTED SYSTEM PARTITIONCD SYSTEM
t23.. .. . N 123 .. . .. N
I EREE RN T,

4 I I 0 I R I O IR KR A 2119,
Mtrrrrtrrr It g
P11ty 111112 1
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P11 1110111 11

11U 11111 . . O

R I O I TR 2 I B 111 .
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NEtt 11ty 0 N 111

While a program’s model of the world cannot be com- -

i

¢ rHight or wrong—only-discussion. of my siylens ersus.your

P E—

aMyle s ey w R T

|?|g.. D e ’ o W LI
i Conncetiviry, The harmful effects ofhigh connectiviry
Jonsystem modjtiabilicy can bc:d-hciilt_mrulcd by usingan

- analogy 18 o . :

. Cc}-nsidcr.n system cormpased of 100 light bulhs. Each
lightin the system can either be on or off. Cennectionsare
ljgadc between the Heht bulbs <o that if the Hghtis on, it
has a 50 pereent thance of gpoing offin the nest'second. If
Mhelipht bulbis off, at has a SO percent chance of going on
in the neat sccond—provided one of the lights to which it
is connected in on. If hane of the lights connected to it ks
con, thelight says of f. Suoaer on Liter. ths sstemor light
Dbullyy \\;ii!.rcach an equilibrium state in which all of the
. lights go off and sray off, - .o o
The average length of time required for this AYStem o
reach equilibriumt is solely 2 function of theinterconnge-
tion.patiern ofthe hghts. In the most trivsal interconnec-
tion pattern, allof the lights operate independently None
of them is connected to any of its neighbors, Here, the
average time for the system 1o reach equilibrivm’is a

.proximately.the time required for any given light to go
off—about two seconds. Thus, the system can be ex-
pected 1o reach equilibrium in a marer of seconds. ..

At the other extreme, consider the case when each light
in the areay is fully connected to all other lichts in the ar-
ray—Ithat is, assume that thereisa connectivity matrix for
ihe lights simiar 10 the program conncctivity matrix
shown on the lefi side of Figure 8, where Nis equalto 100,

- The array onithe left side of the figure then deseribes the
conncciivuy matrix of the lights and shows that every hieht
is connected to every other light. in this caie, the leneth of,
time required for the system o reach-equilibrivm 1 1052
years. This i‘;a‘vcry-lung time when vou constder that the
current age of the unverse is only 10! vears. ‘

Now, consider one final intercannection pattern in

‘which the set of 100 lights is partitioned into 10 seis of 10
tights each, with no connections beiween the sets, but
with full interconnection within cach set. In this case, the
time required for the svstem ol lighis1o reach equilibrinmr
is about 17 minuses. This example dramatically shows the
effect of connectivty. In terms of the concepts presented
carlier, this cxample corresponds to high cobesion withiin
each module and fow conpling Letween modules, .-

Much,as proper physical partitioning candramatically
reduce the time regquired for the system of lights to reach
equilibriun:, proper functional partitioning can drumati-

. . ‘. . .. R ™ ES f-.

L <

‘LAW OF CONTINUING CHANGE: A SYSTEMATHAT 1S USED
UNLLRGOES CONTINUING CHANGE UMTIL TS J'I0GED -
I\‘!OI’!F COSF-EFFECTIVE TO FREEZE AND HECREATE T,

LAW OF'INCREASING UNSTRUCTUREDHESS: IHE ENTROPY
(DISCRDLA) OF A SYSTEL ILCREASES WITH IME UNLESS -
- SPLCFIC.WORK'IS EXECUTED 1O MAINTAIN OR REDUCEIT.

Figure 8. Low connectivily implies low maintenanca costs.

18
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Figure 9. Conlinuilwchangafchaos.
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cally reduce the time required for a program that is being
debugged o rcach stability. e a

. 3 ' f oy
1 C‘oulmmn fehange/chaos. As noted by Beludy- .md
:Lehman" a arpe program often secms to livealite of i ns
own, lndcpcndm( of the noble mlumom ot llwsc lrwm_.

4

1o conirol it. Two amporldm nh%crv.umn-. are summa-
-rized in the Lawof C‘omummg( hanzeand the Liwol In-

creasing Unstruciurcdness shown in Figure 9.
These laws (ll.illlaillf the key rote ]')l.l)l.d by the pro-

_ gram structure during the hife L\L]L‘ of software sysiems,
. The nalural orderof l|IIllg‘; is 10 produve disorder. I the

program structure is unclear from the beginning, things’
will anly get worse later. These two laws coupled with 3
poor program structure have produced many orthe main-
tenance-cost horror stcncs . "

1%,

Opfifm'zmbn and packaging. All too often, péople

" .confuse packaging and design. Design is the process of

- ules, and [

partitioning 'a problem and its solution into significant

" picces. Optimization and pachacing consist of clustering

pieves of 2 problan solution inte compurer load niodules
that run withis system space and time requiremsnis swith-

.l.q " ‘>' - N

I)esi;,n slratrg) The design process can be div |de mto
the I'oﬂu\\mg sups W o R
) (lmr[) stule tln. intended: lunumn ;
reeapressing it as an equivalent structure of properly
. . connccted subfunctions, each solving part of the

\ problem. Bk ot

{3) Divide, connect, aml check cach subfunction far

enouph to feet comiortable.

* In following this procedure, the key to su'uér{sl’ul pro-
gram design is rewriting followed by more.rewriting,
Every effort should be made at each’ 'il(.‘p to Lonccnc and
evaluate alternate designs, :

A usciul mind set is'to pretend that you are program-
ming on a machine that hasa lmd_.,um.c pO\\ crful enouch
tosolve your probh min on!y Ahandful of comniands. in
your level 1 dc..nmpcmnon "you simply write do“n that
'hand{ulof mmm.mm and vou h.i\c acompicte prtu_r'\nl
Clnyoun bevel 2 d;..nmpmmon you 1ry to reline c.u.h of
“your tevel 1 mslruum:h intoasetofr 1:\\ pn\urful instrue-
tions. Hy mn:mumg to suceessively n’hm (*1\ tri |n<lruc|mn
onelevelita time; yolr'eventdidly getion proge m'nhau.m

oul unduly compromising tlic integrity of the ériginal ! beexceuted on your ow i'redl computdr, ll‘IL.:rr\llmﬂllllhl\

e K . L

dcs:gn 8
At least.thiree Jifferent types of modulzs must bé con-
sidered-in programming—funchional modules, data mod-

placiug. fuuuno:ml modules and dala modules into physical
modules. In p'\d agingapiogram. severil of these piccesof
the program moy be put together as one load module‘or,
may even be written together asone program. :

It is in the packzging phase of a design that optimiza-

- tion sheuld be considered Tor the tirst time. This phase is

) -don. attheend, and great care should be takentopresérve

lllc pragrar structuee that you have worked so hard to -
create. In-Jackson’s.words, It iscasy tomake aprogram
lhatnn;,hl faster, ltlsdlftu.ulllom.lke.lprogramlh.u is

- fast, right.*” Once an optimization has been cast in tode, .

it" 's Iukc concrete. It :s\er) ditficult to undo.

' - S S

’, , N LI

Funcﬂonaldecomposutlon Co S

Fum.uoml duomposmon is sunpty the divide-and-
conquer technigue applicd to programming, as shown in
Figure 10, Vatious forns ol functional- decomposition

- have been populuized-by a host of people including

Dijkstra, Wirth; Parnas, Liskhov, Mills, and Baker, !>
. By viewing the stepwise decomposition of the problem
and the simultaneous deselopment and refinement otithe
program as & gradual progression to levels of greater and
greater detail, we can chasaeterize functional decoinposi-
tien as a fop-dow-approach to problem-obine Con-
versely, we can form and Liver groups of instruction se-
quences (ogether inty “action chisters,” snuin} at the.
atomic machine instraction Jevel and workiig our was up',
to llu_- Tomplene wlu'nnn
botten:up method 2! " \
OFften, the pretenied stritepy istaahint h.uL and Inrth
betvetn top- duw - functiona! decotnpasition and the:
hnllom up detinini of as wiual machuwe eavironment,

1 ' '

Qclobor 1981

Thiv approach beads 1ooa
LI

“process, you will have decomposed the prol\l«.m mlo its
constituemt funciions by *“stepwise redinenient.’
4There are several-problems m\ol\ ed in app!nng “this

hysical modules, Packaging is concerned with - technique, First, the method ~pec:f|c< that a fumuonal

decomposition be performed;<but it docs not say “hm
you ate decompnsing with respedi to. One ¢an duomposc
with respect 10 time order, data flow, logical groupings,
acccssmacommon resource! contro[ﬂo“ Or somco:hcr

have o strucinre. \\llh lcmpom! v..ohcmon ll' \ou LluSlL-l'
funclmm that access a shared data base, vou have m'lde a
start toward defining abstract data types and will getcom-
mu:m.monal cohcsnon If you decompose using a, dn!a
flow chart; you may end up with scqmmui céhesion, H
youdecompose around a Mowchart; youwilloften’ endup

. _with logical cohesian, The choice of *‘What'te dcwmposc

with respect to* has amajor effect on the * ‘Roodnzss” of
the resulting program and s therefore the suhp. u of much
COnLroVersy.. bt )

"Themajor nd\nnl.\! cof functional decompositionisits .

gereral apphicability. 1thas abo beén used by more people

longer than any el the other methods' discussed. The dis- -

DIVIDE AND CONOUER

STEPWISE REFINEMENT

Figuro 10. Functional decomposiilon.

R . . N

£2). Divide, connect; and cheek the intended fumnun by

19
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5

“advantapes are m \-npru':f '.lhllny st
ch.mu: of prnpr.nnnwrs indepeidently solving o
gncn problent i thic sanic way sire pr.ulrullv nil, Thus, -

. t‘-lth NEW_Persen upuwd (0 a propram statis by siying,
Ty § Isn 't the way I would have done i, b,

" To
" some citent, this problem can'be rcdmcd by u-.mb fum.-
tiomnal duompmmun in combination with some other
lcdmlquc that duiermines what cach function \hould be
cmnpusc.d \uth respect to, '
=W * r

‘McDonald’s example, The MeDonald*s funcnon.ll de-
composmon solution, presented hLIt)\\ ispaiterned (with
pcrmmmn) after a story called “(:unng it Wrong' that
"has been related by Ntichael Juckson on: MIMCrous occa-
sions in his short courses and seminars, The MeDonald® 5

PR

variablity, Tlu:"

alfedted, < ThesE Stransaction cards are sorted by another
progrum amgd ‘xppn ar grouped in alphibetivad order by iem
namne. Anxmagement report ;Showing the netchaneeinin.
n:murv Ol cach e, is produced onge i \uck 'lhcmpul
file and! oupulepon formits are shown'inFigure e
. ' o

- D:-sign Phase. The hero who originally chigncd this
progrn s mamed Tvan. lvanis a véry “with it Tellow,
Hé swore off GO-TO years age, His'code is structured
“1ike the Fitfel Tower. He can w hip out a neatly indented
structured progrim in nmth fat. In doing his design,
van was cateluf 1o do the five-fey el, hicrarchical, fune.
llonal decomposition shown inFigure 12, -,

ln this figure, PRODUCE REPORT is cho-.\n to be a
sequénce of PRODUCEA{EADING followed by PRO-

frozen-food warchouse problcm':s ot course, cnnn.ly fie- < DUCL BODY ‘followed by PRODUCE SUMM ARY.

titious, - "t 4 oL
) . ;o 1 [ K
. Problem specification. McDonald's froseu-food ware.
house receives and distributes food items. Each shipment
received or distributed is fecorded on o punched card that
" contains the naure of the item, the type of shipment (R for

received, D fer dtstnbutcd) and lhe quantity of cach item ~

]

20 .

- | soaten EOF.  RARACLMLST AT FOR
U ,
‘ ITEM NET CHANGE
.| cRoups ° _ P a
I, FRER -2
HAMB + 300
OPAD -bh
/ RECORDS NUMBER CHAMGED = 4
B L
ITEMR/DQTY '
PRODUCE "
REFOAT w
LA )
Figure 11. McDonaid's warehouse /O formals
'
LEvEL? et '
— I N
CEVEL 2 FRIDUCE ’ PHUFUCE - PROIYEE
MEADING, [?0.‘1' _ L SUMYAKY
ey : + . oA *
LEVIL Y YPROCLSS
. Cand
+ / \ .
PR ENS ' D . H
LEVIL S LILANW L] Sty
Ih LR . [ LIS T
PEUCLAS K% Aian| L PR L T TR N
Livit s OF By § X VAN Y
- Cavud [T 4 LA
: = hlplintinale - - - . .
Figure 12, A five-levol tunctional decomposition, - - © " -+ ..

A

PRODUCE -BODY i shown to be dn iteraiion of PRO-
DUCE CARD that is a sclection between PROCESS
FIRST CARD IN GROUP and !’l\OCLbS SUBSE- *
QUENT CARDIN GROUP. E
Clﬂ.u']\ rccobnwnl, the hm Lard of cach itemgroup s
|mp0nnnt Onccthis card i |s fmmd cwcryahnu clse falls
“into place. ' : Lt

At this point, it ma) be worth examining the structure
of Ivan's program. The obvious question is, ‘*Is'this a
good decomposition?'” The ob\mus replyis, "Good with
respeci to whag?'” -~ = Cog e '

If we apply the concept of cohesion to this structure, it
might seem that tlic level | PRODUCE REPORT module
has temporal cohcsion sinve the PRODUCE HEADING
module is something liké an initializdtion moduleand the -
PRODUCE SUMMARY module is something like a ter-
minate module, On ihe other haiid, one could arguc that
the hcadmg. body, and summary are such integeai pacts
of the report that this is really functional vohesion.

Likewise, the BROCESS CARD module scems to have
been partitioned along temporal lines as well, On the
other hand, PROCESS CARD:seems to be an mteyal
part of the PRODUCE RODY" modulc $0 maybe PRO-
DUCE BODY.is also funmonall; cohesive, )

As you can tell by the preceding examination, while
levels of cohesion may constitute an improvement over

-having no basis for Lomparimn Jhey are still difficult to
apply Cnﬂblslﬁ.lllh in casés where more than one type of
cohesion scem to be present, the ru!"‘hsmassum; thatit IS
really the higher of the two levels, :

lvan wrote the level 1, 2,'and 3 programs shown in
Figure 13. The level 4 decomposition shown in Figure 14
started to look like  finished prodict, Thelevel § decom-
position showa in Fisure 15 was the finishied produoct

Inhis notmalthoroughmanner, tvan volume-tested his
program and tuined it uver lothc user. 1t was perfect ex-
cept for one smadd gliteh, You see, the' SYSICMs Programes
ers were stitl phning with-the wmpn[cr ‘and obyicunly
hadn'i fised allthie ersors. As aresudt, the program worked
fine, i some parbage appeared on the flrsl line of the
outputimmediately afrer the headings.  wis believed, of
coune, that this would disappear as svon as they fived
that 9ok 7" > anptlcr. .

T e e

frrc'mﬂr mrr;'hcm- No“ Ron:\ld McUser isa I'rn.udly
sort ot persof: Sincd hewas tn i hurey to usy the prow.lm..

¢ P otV - gt
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e : +~PROCESS CARD.
READ SiF.
u . . . END;
PRODUCE SUMMARY. | :
! ‘ STOP, e

\ *

T

he did not complain about the small glitch that would, of .

course, disuppear very soou. Ronald’s. boss,, By Mac,

- .. however, failed 1o sce the humor of it all. ‘Flie compiler
and the manage- .

.. had been fined for three monilis now,
mentreport that went1o the board of dircclors still had
that garbage in it

,++ Finally, one day, Ronald could stand it no longer. The

program farl 10 be fixed. When Ronald arrived, lvan was

_in-his cubicle, listening to an audio cassette of Dijksira’s

" Turing lecture. He, of coursc, didn't' kearn anything;
that’s the-way
..:showed Ivan a printout. y

After o i

Ahe output v.us just random data s The solution (0 any
. . first-time-through problem is;af course, obvious. Add a
. first-lime switch (see Figure 16). PRI

fic had always done his designs. Ronald

few MMAMs:.and AAAHHHIG and |
. AAAHHHAAAS, he saw the problem. This {irst time |
through the program, there was no previous group. Thus, -,

) 4 s . .
Maintenance phase. 3ix months later, our hero wasin ;

. McDonald's *“think room” when Ronald McUser came
« in and said, *1 put BO transactions in last week and

x

nothing came out!"* Qur hero tooked at the printout and

" saw that, indeed, only the heading had cotae out,

- «,p-Jvan knew immediately v hat the pro_bicm wis. Jt must
. be a hardware problem. After all, his program had been

running ncarly a year now with only onc smail complwint, ~

M N . e

1.

LEVEL 1>  P: PRODUCE REPORT: . = = ¢
. o STOP; . N
LEVEL 2 P PRODUCE HLADING. "~
Co PRODUCE BODY:
PRODUCE. SUMMARY: =
- Co STOP . S

—_ Wt

TS N ’
LEVEL3 P PRODUCE HEADING..
x £+ READ ST, e
¥ DO WHILE (NOT £0F-STFI™ - "1

v a " -
S + ¢ y *

_ Figure 13. Steps in lunci}onal decc;rﬁposilion.

+ Ve - - .

P! PRODUCE HEADING: * * - Lo
b3 . ' . .
RLAD STF: - - . .
DU WHIL - (NOT EQF —51F)
IF FIRST CARD IN GHOUP THIN -

' PROCESS FIRST CARL IN LROUT,

16

Ivanspent nost ofthenizht running i d\\-u[gdi:lgm{s-
tics unti} Steve Saintdy. a kevpunch operator, wandered
by and said, “That nations iche special on Big Maes fast
week was afl we Bandled, Ty -.::_\‘ll\'m‘\;"g'lac']m'd to wait,"’

A little bater, Sally Saintly came, by and s, “lan'tit
about time you included those new Zebra mda-. i the
manayement report?”, L ST '

By ths time, fvan was very disco‘m'ngbq .“.i‘,!‘,!‘i'? ding-
nostics, so he followed Tast weck s inpuls through the
code. “torrors! There was only one iteny group processed
last weck—Big Macs!™ e R '

As Ivan soon discovered, the last item group.was never

.processed. Bmee only one item group win processed all

weeh, nothing was output. Up until this Ii_rilc. only Zebra
sodas had been skipped. Since they werenota bigw inner,
it seems that no one had cren cared that they had'hcc'n lett
off. In fact, everyone assumed they w cre being leftotfon’
purposc. Ivan’s solution is shown in Figare 17,

L P S
[ " f s n! " 4
' 2 '
. e ! - 1
b PRODUCEMEADING: T ¢ T
READSTF. . '
DO WHILE (NOT EQF—STFY
\f FIRST CARD IN GROUP THEN ~ - - -
0O, : :
T ' PROCESS END OF PREVIOUS GROUP:-
! . . . C LI}
PROCESS START OF NEW GROUP: . -
_ PROCESS CARD: - [ ¢
- +
ENDL s ’ ).
ELSE DO PROCESS CARD: -7 i
o, CENDL LT
READ S1F: . '
END, | R
- PRODUCE SUMMARY: ST s -
si0P;, . - ' L .
‘ 1 L B . .

. Figure 15. The.final tunctional decomposition.

4 ‘ - -

- - - -

P: PRONDUCE HEADING:
Ly -0 ,
READSTF: .
00 WHILE {307 EOF - STFY .
If FIRST CARD M GROUP THEN T+ =©

DO, 1F W+ 1 indN - )
0. PROCESS END OfF PREVIOUS CROUF:
TENMD, SWY L -0

PIOCE S START OF NEW GROUP;
PROCESS CARD:

END; -0 -
ELSE DO: PROCESS CARD. v

4 . ELSE PROCESS SUBSTOUENT CARD w Group. | | ™ 1T . -
af READ STF. : . . READ STF: - o e
. END‘ R Ny . .‘ " ot END, o - - ’ ‘
PRODUCE SUMMARY: : - PRODUCE SUMMARY. T
S1oP, i - < STOf. coe
.’ Figure 14, Level 4 functional decomposition. - . e by

" Octobor 1681 . .

Figure 16. Quick lix no. %.. .. . 7
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Mcanwhile, Sally S: iintly asked; “*Why didn’t von sée -
that dwing all the volume-testing you' did? You tied ap

the machine tor most of a day."« .+« « 7 e,

“The wnsier aemn is obvious, In volume- -testing, yon -

put in thousands of inpurs bt dun tlouk @t the cutput.

Passtm,' the burrm "Six months I.ucr I\.m woy lu.lm;
pretty pleased with himseld, Fle had Just turned the pro-
Eram over10.a new hire. There would still be seme train-
ing, but cw..nlhm[. should go well. After ‘HI hada't the
prograny run for nearly a vear and i halt w ithonlya cou-

-ple of small probh.m\" Suddendy, Ronald burst in, *'{
thoug,hl you' fixed this ﬁrsl line pmbluu Hcrc it is-*apply again (see Figure 18), » . ¢ Lt

again.’

Ivan knew immediately w hat tllc problcm wis, The new
program librarian they had forced him to use had putin
an old version of the program without his tirst patch.

- - . - L | B

+

P: PRCDUCE HEADING: '
SW1i=0; ‘ oo
READSTF; h
DO WHILE (NOT EOF--STF): .
IF FIRST CARD N GROUP THEN
DO: IF SWt=1THEN
. DO: PROCESS END OF PREVIOUS GROUP;
FOEND SWiist, . .
T PROCESS START OF NEW GROUP
“PROCESS CARD:

. o
'

- END:
: . ELSE 00; PROCESS CARD ,
EMD; .- -
.READ STF; =
END;

PROCESS END OF LAST GROUP.
" PRODUCE SUMMARY, ~  _. . )
STOP; " '

Figure 17. Quick tix no, 2, R

) new one, (ch Figure 19y

[

After many heated commanty, rlus 2 core d

tlook at the input data and -tound ot there wasa't any:

that they would run the program with no inputs!

* The problem, as it turns out, was that the néw PRO-
Cl HS END Ol LAST G ROU module needed protee-
tmn just like the PROCESS END OF PREVIOUS
GROUP module had before. Since that first. time switch
had worked «o nicely earlier, it was clearly the solution to

“Weall know that lvan's.troubles are over now. Otare . .

they? Two monthy fater, Sally Saintly came in and said,

. "Where are the Zippe sundwiches? They were in for two
months but now they ve suddenly disappeared from the

report.’ .

"After complaining thar the new hire was supposedtobe
* maintaining that program now, han looked ar ‘the input
data and noticed that only one order per item had bcm
issued during-the whole run.

SrWhat happencd?’ he eaclaimed. . .

It seems that a new manager, Mary Starr, had started 3
new policy to try to'get things betier organized. She had

ashed cach of the stores to place only one order adayin.,

stead of plactng orders al random. She had atsasaid that it
would be nice if they could schedule things so that the
“warchouse had 10 be concerned only with-receiving one
particular item-on one day and with distributing that item

the neat day. .In addition, she wanted,the managentent -

report program run onee a dav.from now on. The effect on
Ivan’s program was that.Zippo sandwiches was dropped.,

Instead of moving the set for, W2, the safest thing to
do-—according 10 the principles of defensive progrant-

- ming—is to add an eatra set. Since vou don’t Anow whal

" you're doing, you never Louch a previous Inc—jusl add a

Now we can all rest assured that l\an 3 program \\orks,
_right? e -

P: PRODUCE HEADING:
SWii=0, GW2 =0,
READSTF,
DO WHILE (NOT EOF—STF); - -
1F FIRST CARD IN GROUP THEN

" DO: IF SWI =1 THEN o -
DO: PROCESS END OF PREVIOUS GROUP'
END. SW1: =1;
PROCESS START OF NEW GROUP
PﬂOCESS CARD;
END; :
ELSE DO: PROCESS CAIi