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CCNCEFTC DE CCMPUTADCRA

CBJETC :
El objeto de esto kreve resefia sobre las computadores elezirénicas y sus
- . « L. . . - B " -~ el
miltiples  aplicdciones ol servicio del hombre, es trensmitir al lector una completa vi-
sién de conjunto, medionte un lerguscie sencillo que permita comprender conceptual-

mente los temas tratades, sin necesided de conocimientos previos en la materia.

Esperamos que estas pdginas, muy simplas en apariencio pero con profundo
contenido, permitan, a quienes las lear, ingresar ol maravilloso mundo de las méquinas

cutométicas,

lenrrang] - 1 sALIDA

Este sefior se lloma Contrel. Trabzjo er unc pequefia habita -
cién. Tiene a su dnsoosncmn una méquina de calcular que su ~
ma, resta, multiplica y divide. Tiene también el sefior Control
_un archivo parecido ol casillero que existe en los trenes pora=
. clasificacion postal,
Pcy, ademds, en lc hokitacion, dos ventamllas ndenhfucados ‘
con sendos carteles: “Entrada” y "Solide” o
£l sefior Control tiene un maonual sue le.indica cémo debe-
desenvolverse cor estos elementos, si clgmer le prde que = ~
haga un trabojo. :

1,

L.iu:mi

Una persona quiere saber el resultado de un complicado célculs.
Para ello, escribe ordenada, precisa y detalladamente, cada una
de los operaciones que, en conjunto, integran ese céleulo, anota
cada instruccién elemental en una hojo de popel y coloca todes -
las hojas en orden en la ventonillo "Entrada®.

El sefior Control al ver los hojas, lee en su manual que debe to

_mar esas hojas con instrucciones, una por una, y colocarlas corre

lotivamente en su archivo. Y asi lo hace.
x
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Unao vez ubicodas todas fas instrucciones en el archivo, el sefior
Control consulia nuevamente el manual. Allf se le indica que, -
a continuacién, debe tomar la instruccidn de la casilia 1 y ejecu
tarla luego, la de la cassilla 2y ejecutarla, y osi sucesivomente
hoste ejecutar la Gltime instruccidn. Algunas instrucciones indi -
cordn que hay que sumar una contided a ofra ( instrucciones - -
aritméticas ); otras, que -el sefor Control debe ir a 1o ventanilla
“Entrade” pare buscar algdn dato que intervenga en el célculo --
(instruccicnes de "enfrada/salide” ), dato que la persona que le
formulé el problemo habré colocedo yo en dicha venmmlla, en-
otra hejo de papel.

Finalmente,. otras instrucciones indicardn que debe elegirse una
de entre dos clternativas ( insirucciones 1&gices ): por ejemplo, -
supongamos que una parte del céleulo - desde la instriccidn que
estd en lo cosilla 5 del archivo hosta la que estd en la casilla 9
debe ejecuterse 15 veces porque el caculo asi lo exige .

En tal cese, lo instruccidn que estd en la casilla 10 indicaré que,
si los posos 5 a 9 se han ejecutodo menos de 15 veces, se debe -
volver al poso 5. Cuando se hayan realizede los 15 repeticiones
y no antes; el sefor Conirol seguirS-con la instruecidn de la co-

silla 11,
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Después de ejecutar todes las insiruccicnes del archivo, haciendo-
cen la mequing de caiculer las operaciones en elles indicadas, !~
sefior Control entrege, o trovés de la ventanilla "Solida", fos resul-
fados obtenides . . . y se sienta a esgerar ur nuevo trabajo
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Obsérvese que e actuocidn del sefior Contro! es puramente mecdnica:
séle sigue ies indicaciones de su .+ ycumple de ocuerde con-

ellas lus instrucciones que recibe ¢ trovés de fo ventenilio “Entrede”.

anfacuands se le senclon los clternativas
10 debe eleaic uns de elias.

w05 cuclquier probiems, por complica
debemnas indicorie posoa posa, en fa-
‘o que debe hacer pare vescl -
do porgue, an anz cose, el se

ertal,y deb

preblens gualguiers de mo-
wde acerco de ese problems

N
Vers GUE en g

E! esq;:uemo que acchamos de representar mediante el sefior Control y sus ele -
mentos de trabuje, corresponde exoctamente al esquema de funcionomiento de uno com=
putedoro electrénica.

A conr_'muccién presenrqreqwo§ unc breve descripcidn de fos elementos de la com
putadora que corresponden a los elementos de trabajo del ser;\cr Control.

Los unidodes de Entrada ( representadas por la ventanilla "Entrade” ) :

Son en la computadora, dispositives capaces de leer informecidn { Instrucciones
o Datos ) con el objeto de procesaria, Existen una gran varieded de  elementos de entra
dc', entre los cucies tenemos : -

Tarjetas de Cartulina y Cintos de Popel:Que son perforades de manero

que cado perforacién representa un ndmero, wna letra & un simbolo es -
pacicl de ocuerdo con un cédigo\predererminado.

Cintgs mognetices: Conncidas como'memerias externas” tienen o ven
taja de permitir oimccencr’ la informacidn en forme mas concentradz —
{ & razén de 80 o 2400 caracteres por pulgade de longitud ) y deser -
mos veloces, yo que pueden enviar o recibir informacién a fo unided -
de coﬁfrol y velocidades que van de 10,000 o 680,000 carocteres por ~

segundo. Pueden llegar a tener hasta 730 m.de longitud.

’ Disco Maagnético : Tembién conocidos como “Memoria externa” en ge~

neral tienen un didmetroaproximado de 30 cms. y pueden grobar hasta~
400,000 letras , numen‘is., Y coracteres especioies, formando polobres, -
cifres, S registros completos se pueden grabar o leer o razén de 77,000'
a 312,000 coracteres por segundo ¥ su tiempo de acceso a un registro

aleanze un promedio de 60 mili-segundes.

cet tmccéwn



Una diferencic importante entre las .cim‘as y lo.s discos es la siguiente:
En los cintes los registros se groben o leen secuencialmente.

En vloi discos se tiene “Libre Accesc” a un registro cuolq.uier_o, en for-
mo ?nmedio_fo‘, pues cuda registro se locoliza por su posicién fisica den-

tro del disco.

Lectorc Optica de Corccteres Impresos : Puede leer un documento im -
preso por una magquine de escribir, o por una méquina de contobilided
o por la impresora de ura computadora a uno velocidad de 30,000 corac

feras por minuto .

Unidod de Representacién Visuel

ve para hacer consultas a la.computadora, por medio de un teclado de
méguino de escribir, y obtener la respuesta refléjoda en una pequefia -
paniallc de televisién.

Lo imagen esté formada por hasta 12 renglones de hosta 80 cardcieres -

( letra, numeros, & signes especiales ) cada uno.

Vemos oqui oirc Unidad de Representccion Visual, mas evelucionade cue
la anterior, la.comunicacion hombre-méquing suede estoblecerse en ella
por medio de gréfices, es decir cue le entrade y la salide de dates se he

cen por medio de imdgenes.

Esta unidad de entrada/salido sir

Cuenta estc unided parc ello con un dispositivo con farma de lépiz, que
tiene en su punto una célula fotoelécfrI.cc. Un Adelgcdo hoz de luz parte
en determi;wcdo momento de un punto de la pantalla y la recorre en for -
ma de zig-zag. Si se apoyo el'"l.épiz“ en cualquier posicién de lo pan -

talla, su célulo fotoeléctrica detectard en algln momento el haz de Juz

‘Por el tiempo transcurrido desde que el haz de luz comenzé su “barri.in"

. hosta que fue detectado, la computedora determina en qué punte de la -

pantalla se encuentra apoyedo el "iGpiz”.

Como el barrido dura una fraccién de segundo y se realizan muchos ba =
rridos por segundo, se puede “escribir” con el "lapiz" sobre la pcnl:c“c
y el dibujo "ingresa” en lo memoria deT la compuiadora como uno suce =
sién de puntos codificodos.

Lo pentalla estd fmoigvinbriomenvfe dividido en 1.040.576 puntos, de ma-
nera que los trazos que se cbtienen son practicemente continuos.

Pueden dibujarse asi curvas, estructuras, lefrcs,-nﬁmeros y cuelquier i
;;o de gréﬁcc;, y esa informacién ingresa autemdticamente o la computa
dora.

Por otra parte, los'resultddos'obfenidos'pqr le computedora son represen
tados en lo pontol'm'tcmbié:n cdmo curva, letros, etc., bajo control - ~
del progremo clmacencdo en le memoria.

Lectora Opiica de Manuscritos : Salvo elgunas pequefics resiricciones en

. " 0oy
cuanto ol formato de los ‘carosieres, estc unidad puede leer” documen

[
tos escritos por cuclquier persona y con cualquier ejemplo o una velocided

aproximada de 20,000 carocteres por minute.



E! registrador /ohalizedor Fotogrifico es unc Unided de Enirada “Satida

Los Anilics Mognetizontes : Estos pueden magneiizarse en un

datos jue resliza ios siguientes funci . ey . . e e .
de datos jue 20 12 sigulentes funciones sentido & en otro "Recordande” asi'un 1 o un O respectiva -
i i 10 ] T . . -, ' .
) Registre los resuliodos de o computadoro sobie mi rofato mente. Con 8 de &stos anillos se forma uno pasicidn de meme
’ |
jont b s5dicon inci- . . o ‘ S
grafios, medionte un fubo de royes catédicer, que inci ria, en fa cuol puede registrarse una letra, un digito & un co
den sobre uno pelfeule fofogréfica, y cuyo haz electd - - . P L s o
: i ’ e récter aspecial ,segln las distintas combinaciones de anillas-
nico actés gobernedo por ef Progroma Almocenado. La - ‘ "En 1 %y "En 0%, de cauerdo o un cédigo predeterminado .
- > Lo -
_pelicula se revele cutemédticamente dentro de lo unidad . Los Memerias de Fiip ~ Fiops
48 segundos despuds esté s ta paro ser proyectoda.
g Y

Las Cintos AMagneticas :
!
"y the: ferofote - . . [ ’
2} Proyects sobre une pontalla tronstlcide fas microfoto . Les Discas Magnaticos
- : ) ) |
grafins segistradas. -

3} Anoliza imdgenss repraducidas en negativo sobre pelicy

i . .
£l elispositivn aritmétice { represeniodo por fo miguina de cleotar §

i rronsparenve, los digitalize v las  transmite o fo Uni- realize tor cuoka oDerdniones aritradtices . '
> 5 TUOHG QDB Hrnd . :
. ‘
Cand D nmesem] . . ‘ H P y ! . .
dod Ceniraf de Procescmiento. Los wunidades de salido ( representadas por fa ventanitle ®Salida® }
. ! ' !
ks timne 30,5 milimetros de oncho y 320 melros de ~

2ug P‘Jﬁd&"ﬂ ST 2

Lo pelicule uff ;
;

. o e oy - - e i ._ s " JEpT) -

iongired. La Entrada o Salide de imGgenas puede consistir en letras, nG Impresor s

<

gréfices, mapes , curvas, etc. B una micro . Maguines de Escribir { Teletipes )
fotagrafio de 30,5 mm X 30,5 mm pueden registrarse hasta 30,600 le- Grobed de Cintas Magnéticas ;
" tras y ndmares, o hosta 16.777.216 puntes correspondientes. ¢ ImGgenes. Grobodaras de Discas Magnétices

A veloci ; ; i5m 7 Andlis 006 o - . R : .
Lo velocidad de Reglsrmmtr, Andlisis es de 40.00C letros, nlmeros y - Unidad de Representacidn Visual
simbolas por segundo, o su equivelente sise troto.de imdgenes. Renistrador Analizader Fotogrfice ‘
LY Feridinie { Salatina 3 24 s ool Aomi . ! -
!\ﬁ_.\?umc de Bsertir { Teletipe | . Los u-mdodws de elmacencmienio o m_g Unidad de Respuesta Qvest con ta cunl fo Com puladora puede
hablar en todo el sentido de iy palsbea.

Centiene vne Cinta mognetafénico en fo cuad un focuter he

grabwsde un of

seionurle de uns gran variedad de palabros, en

. S ’ : ’ g
. euslguier idiomo . L



Finalmente, un dispesitivo elecirdnico de control({ repres entad ef ‘
. P ( 'P ntado por el sefior Hemos hoblado hasta este momento de la computadore electénica desde e! pim -

control )cyuchdo de un programa especial o sistema operativo ( representado por el ma-

N to de vista conceptual. Durante las dos Gltimas décodas se han producids avances tecnold

nusl del sefior Control }, gobiemc todas las operaciones de todas los uni - . N . .. .
s ! P > os unidodes que gicos tan extroordinarios en materia de electrdnico que la computedorg he sufrido enormes

componen la computodora. . p . see . ..
P P transformaciones. Veremos choro cémo se ha ido modificando la idea original hasta legar

Habiendo descrito los partes que componen la computadora podemos a los mds modernos sistemas de procesamiento de datos .

mostrar el siguiente esquemc que o representa :

Las primeras computadoras tenian circuitos con vdlvulas de vacio. Los -

. o . o e
tiempos de operacidn se medicn en ellas en milisegundos { mil&simos de

e _

/f'égwra segundo ) . Cuondo aparecieron los tronsistores, el disefio de los circui-
uMLAD T _t UN/DAD tos se mejord notablement la d i6n de | i ! -
‘2‘ _+ 2ONTROL ___’ g I T n e y a Uracion de ias opercciones en s com

ENTRADA E4L1DA
4 T — putadoras que utilizaban esta-“Tecnologia de Estado S3lido " se midio -
SPISITING
ARITHETIEG en microsegundos ( mitlondsimas de segundo ) .

El hecho de que las nuevas méquinas fueran miles de veces més répides -

'O en forma més resumid que los onieriores trajo oparejada la creacién de unidades de entrada, sa
¥ B 1cc -

°lida y memorio externa mucho més veloces.

Lo invencidn de un nuevo tipo de transistor { “chip” ) provocd unc verda

UNIDAD 2
ENTRADA

WIDAD UMIDAD e
mﬂ z -

CENTRAL S4L/104 dera revolucién en tos circuites electrénicos y sus procesos de fobricocion

el nuevo el emento es ten pequefio que en un dedal de costurc ceben mas
de 50,000 chips. Puede chservarse en  la figura, morcado con un circui-

lo, un circuito completc bosodo en esta nueva "Tecnologio de Ligica ~

ALMACEN £ mte 5w . . . . . .« . .
ALMACENAMIENTO Sélide". Debido o su temahe, se los denomina circuitos microminiafurizades
UNIDAD .
r .
~ONTROL o microcircuitos. Los tiempos de operacion se miden chora en nancsegun

CENTRAL
\ DISPOSITIVO ARITMETICO

dos { milmillenésimos de segunds ) . Ha nocido en esta forma lo tercero-
generocidn de computedoros, y las alfas velocidades alcanzedes posibili

toron un nuevs enfoque en el disefio de los sistemas de procesamiento de

feforfe N



Enunciaremos brevemente los adelontos que esta tercerc generacidn

ha introducido con respecto o la tecnologia anterior :

. Lo computoders se outogobierna y troboja sin detenerse, pasondo

de un trabejo o otro sin demorc alguna,

. El Operodor interviene sdlo cuando algin problema excepcional -
ocurre. Le comunicacin entre hombre y mdquina se realizo sélo so~

bre lo base de "Informes por Excepcidn

ceurre unc fatia en {os circuifos o en la parte eleciromecdnica

e méquing reclizo un outediogndstice e indica cudl es lo anomelia.

Lo velociZad da Eatrodo-Procesn-Szlida se he incrementado extro

erdinaricmente.
. Yedss las operaciones del sistema se realizan en forma simulténesn.
. Les lenguojes de programecidn han evolucionado de manera notable.

. El cutaconirol y e dutoverificacidn de operaciones hon clconzado

niveies H"t‘it}Sp(f' hudos.

dmo rendimiente, variss frabojos distine

sizauliénaamente.

N
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Heoste ahors hemos visto 'nug.hus unidades que, en
distintas combinaciones, configuren computadoros =

electrdnicas pore las més variodes aplicaciones. Aho-
ra ncs detendremos pora onalizer el manejo de di -
chos sistemas.
5
El Programa de Insrrucc‘lones almacenade en o
Lnidad Central de Pro:esomgenfo, constc de unc se-
cuencio de &rdenes y camandos, expresados segln -
una codificacidn especial depomineda “Lenguoje Ab-
soluto de Mdguino”. los primeres computedores se -
' progromchen”  en este complejo lenguoje. Hebic e
tonces uno enorme diferenciol entre nuestre idiomo y-
oguél segin el cuél debfamds comunicarnos con lo
méguino. Esto obligoba o un gren esfuerzo comdn -
enrre el anolistc que conocio el problems, y ef -
progromador  que conocio lu domputadors, pues ambos
hiobiubun del mismo proceso perc en distintos lengua




Se creoron, pora solucionar el problema, len -
guajes intermedios coda vez m&s parecidos @ nues .
tro idioma. .Es decir. que cada nuevo lenguaje in
iermedio se oceicaba mas ol problema y se ole,c-
ba mas de lg moguina. Para coda uno de estos -
lenguojes se cred un programa troductor llamado -
"Co‘wpoginodor" o "Compilador®, que tenfa la mi -
sién de traducir el lenguaje intermedio ol obsoluto
de méquina. Ahora, e} analista y el programador -
"hablen ‘un mismo idioma* :
ambos conocen el problema y la solucidn.

Pero la computadora segufa desarrolldndese, y pron=
to los lenguajes intermedios fueron insuficientes para
formular intrincodos problemas cientificos o comercia-
les. Nacieron, entonces, lenguajes especializades: dos
de ellos, el FORTRAN y el ALGOL, permiten’ pro-
gramar problemas cientificos -t8cnicas utilizondo una
notacidn casi idénticc o lo notocida mctemética co-
min.. |l COBOL es un lenguaje comercial cuyos sen-
tencias configuran oraciones y froses en forma tal que
una persona que no scbe qué e una computedora, -
puede leer un programa y entender perfectamente qué
es lo que hord la méquina cuando lo tenge olmace-
nada.

"Cada uno de estos lenguajes tiene un programa Com -
pilador para cada tipo distinto de computadora copaz
de procesarlo. Esto significe que un programador que
scbe FORTRAN, por ejemplo, puede programor una com-
putadora ailn sin conocerla. Es decir que estos tres ~
lenguajes constituyen un “esperanto" de lus mdquines .-

Lo tercera generacién de compuiadores permitié obor-
dar complejos problemas que inclufon, entre ofros, aspec
tos comerciales y cientificos. No hebio un lenguaje que
abarcara todas los especiolidades.

Entonces se reunieron todos los lenguajes conocidos en un
superienguoje llamodo PL/I, cuyo compilador e tan po ~
derosa que posibilito  la sectorizacién de la progromacidn
en la forma gue muestra el dibujo: varios programcdores
pueden programar distintos portes del proceso, incluso en
diferentes lenguajes, y el programa compiledor entregard

como resultodo las instrucciones del proceso completo, en -

tengucie Akscluto de Mdquina.

Hemes llegodo o7 o que lo computedora nos "entienda®,
en lugar de -gue -se Yimite a .recibir &rdenes en sy idio-
A .
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Elements of computer problem
- solving.

Algorithms and computers

Computers arouse curiosity in most of us. Articles in popular
magazines and newspapers, current books, and TV shows
heighten this curiosity, but such sources cannot be expected
to present information in the carefully ordered sequences that
is possible in 2 book like this. Whether you are drawn by

: curiosity alone, or economic necessity, or both, conscientious

study of ‘this book will help you to break through to a new
level of underqmndmg about computers, thux uses, and thetr

COHSLQUCHCLS

Computer science deals with people who have problems
to solverand with algorithms, the solutions to these problems.
The solutions arc ‘expressed in special languages that represent
stored data and communicate to machines the nmmpulauons
that are to be carried out on that data. ' :

‘Each of these four elements (problem solver,-algorithm,
language, and machine) affects the others in interesting ways.
For example, depending on its richness, a language can either
limit or extend our ability to express complex plans of action
effectively. And, depending on its capabilities (i.e., its archi-

~ tecture), a machine can execute some plans of action on certain

data representations more effectively than on others. The loop
of interaction closes when the problem solver changes the plan

of action, the language, or the machine architecture to suit his

purposc. -

This book introduces all four components of this inter-
action. Every chapter takes you around this “four-cornered race
track” and, with every circumnavigation, you gain a decper

~and clearer understanding of the interplay among the four
elements. You, of course, play the problem solver using a
computer. To get the most out of this cxpcri‘cnce‘, laboratory

practice is almost indispensable. But, even if you can’t have
actual 'compurcr experience, a caretul reading: of this book
should illuminawe the computer science scene far better and
far beyond \\flhat_you have previously perceived.
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What is an algorithm? An algorithm is a list of instructions
for carrying out some process step by step. A recipe in @ cook-
book is an excellent example of an algorithm. The preparation
of a complicated dish is broken down into simple steps that
every person experienced in cooking can understand. Another
good example of an algorithm is the chorcography for a classical
ballet. An intricate dance is broken down into a succession of
basic steps and positions of ballet. The number of these basic
steps and positions is very small bur, by putting them together
in different ways, an endless variety of dances can be devised.
In the same way, algorithms executed by a computer ean
combine milions of elementary steps, such as additions and
subtractions, into a complicated mathematical calculation. Alse
by means of algorithms, a-computer can control a manufac-
turing process or coordinate the reservations of an airline as
they are recetved from ticket offices all- over the country.’
Algorithms for such large-scale processes are, of course, very
complex, but they are built up from pieces, as 1n the example
we will new consider. A -

If we can devise an algorithm for a process, we can usuully
do so in many different ways. Here is one algorithm for the
everyday process of changing a flat tire.

1. Jack up the car.

2. Unscrew the lugs.
3. Remove the wheel.
4. Put on the spare.
5. Screw on the lugs.
6. ]ack the car down.’

We could add many more details to this algorithm. We
could include getting the materials out of the trunk, :
the jack, removing the hubcaps, and loosening the hugs
jacking up the car, for example. For algorithms descrs
mechanical processes, it is generally best to' deaid
detail to include. Stll, the steps we have Hsted will be sdeguat
10 convey the idea of an algorithm. When we get to ma
matical aigcsri‘thms, we will have to be much more precize.

o

[ EERAS
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A flowchart is a diagram representing an algorithm. In
Figure -1 we see a flowchart for the flat-tire algorithm.

The . START ) and

in the ﬂéwchart remind us of the buttons used to start and -
stop a piece of machinery. Each instruction in the flowchart -
is enclosed in a frame or “box.” As we will soon see, the shape
of the frame indicates the kind of instruction written inside.
A rectangular frame indicates a command to take some action.
To carry out the task described by the flowchart, we begin
at the start button and follow the arrows from box to box,
executing the instructions as we come to them. :
After drawing a flowchart, we always look to see whether
we can improve it. For instance, in the flat-tire flowchart we .
neglected to check whether the spare was flat. If the spare is
flat, we will not change the tire; we will call'a garage instead.
- This calls for a decision between two courses of action: For
this purpose we introduce a new shape of frame into our flow-"
chart. - '

Inside this oval frame we will write an assertion instecad of
a command. ' : '

o Thie spardis fat

This is called a_d;ci;z'(m box and will have rwo exits, lubeled
T (for triic) and I¥ (for talse). After checking the truth or falsity
of the assertion, we choose the appropriate exit and proceed
to the indicated activity. Tncorporating the flowchart fragment -
on the let into Figure 1-1, we obtain the flowchart in Figure
1.2, : '

There is another instructive improvement possible: The
instruction in box 2 of our flowchart actually stands for a
< number ‘of repetitions of the same task. To show the additiona]
v detail we could replace box 2 by a step for cach lug: '

Y ’ 3

{f‘h.mg;c the tire Call o paruge
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'" »

T A

Uicrew a lay

v

Uascrew u fug

4 - the tire J .
N ~

—

Unnerew u lug .

¥

Linscrew a lug.

\2

Unscrew a fug

‘

: 4 o ~ ‘The awkwardness of this repeatcd instruction can be elirni-
Unserew adug | - nated by mtloducmp a loop

As we leave the box, we find that the arrow leads us right
back to repeat the task again. However, we are caught in an
. endless loop, since we have provided no way to get out and
) © . goon with the next task. To correct this situation, we req uuﬂ
another decision box, as shown on the left.,

v

Unserew u lug

v

-——;{\H the tugs have been 'unscrc‘,ch

[T
v

)

Replacing box 2 of our flowchart with this mcchanmn nd
making a similar replacement for box 5, we get ihe final result
shown in Tigure 1+3, .

Now thar you have followed the developrment of the
tire flowchart, try te devise one of your own. In ?:hc algo

~of the following exercise, you will probably discover some

decisions and loops. There are many different ways of flow

charting this algorithm, so many different-looking ficwehares
Il be created.
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EXERCISE 1-1 1. Drepare a tlowchart representing the following recipe.
Mrs. Good’s Rocky Road
Ingredients:

1 cup chopped walnuts
4 pound block of baker's chocolate
4 pound of marshmallows
cut in halves
3 cups sugar

cup cvaporated milk
cup’corn syrup
teaspoon of vani!l;g
pound of butter
teaspoon of salt

PObm ol s Bt B it

Place milk, corn syrup, sugar, chocolate, and salt in a four-guarg -
pan, and cook over a high flame, stirring constantly until the mixture
boils. Reduce to medium flame and continue boiling and stirring uptit
a drop of syrup forms a soft ball in a glass of cold water. Remave
from the flame and allow to cool for 10 minutes. Beat in butter and
vanilla untl thoroughly blended. Stir in walnuts. Distribute marsh-
mallow haives over the botrom of a 10-inch square, burtered baking
pan. Pour syrup over the marshmallows. Allow to coo! for 10 minutes.
Cut in squares and serve.

12 Now we are ready to examine an algorithm for a mathematical
A numerical calculation. As a first example, we consider the problem of
algorithm ‘ finding terms of the Fibonacci sequence:

0,1,1,2 3,5,8, 13, 21, 34, 55, .. .

In this sequence, or list of numbers, the first two terms given
are 0 and 1. After that, the terms are constructed according
to the rule that each number in the list is the sura of the two
preceding ones. Check that this is the case, Thus, the next term
after the last one listed above is

34 + 55 = 89

Clearly, we can keep on generating the terms of the sequence,
one after another, for as long as we like. But, in order to write
an algorithm for the process (so that a computer couid exécute
it, for example), we have to be much more explicit in our
instructions.

Before subjecting this process-to closer scrutiny, lei us
review a little of the interesting history of this sequence. T
‘was introduced in 1202 AD. by the Italian mathematician,
Fibonacei, to provide a model of population growth in rabhits, .



TABLE 1-1
Rabbit Population

ALGORITHMS AND CbMPUTERS

His assumptions were: (1) it takes rabbits one month from

“birth to reach-maturity; (2) one month after reaching maturity,
. and every month thereafter, each pair of mature rabbits will

produce another pair of rabbits; and (3) rabbits never die.

~ One senses that this model is not completely realistic. But-
the essence of mathematical modeling is to start with a crude
model that"emphasizes the important aspects of the situation
and suppresses less important” information. A more refined

" model can be developed later, profiting from the experience

with the crude model. Thus we might eventually improve the
Fibonacci model by obtaining more accurate figures on the
birth rate, taking mortality into account,.considering the limita-
tions of food supply, the effects of predators, disease, and
overcrowding, and the like. :

In spite of its frivolous origins, the Fibonacci sequence
has many fascinating properties and plays a role in the solution

-of a number of seemingly unrelated mathematical problems,

There is currently a published quarterly journal entirely de-
voted to the properties and applications of the Fibonacei se-
quence. - _ A

After this long digression, let’s see how the rabbit-pair

population model gives rise to the Fibonacci sequence.

Fibonacci starts with one pair of newborn rabbits at the begin-
ning of month one, and he then lets natre take its course.

‘This is shown in Table 1-1, which we now explain.

Beginning of - .
Aonth I 2 3 4 5.0 6 7 8

Infant rabbit pairs 1 0 /.vl/vl w2 _e3 _®5 8
Mature rabbit pairs o 1 7 27 37 577 87 13
* Toul rabbit pairs 11 2 3 5 8 13 2

Look at the arrows in the table. The numbu of pairs
of infant rabbits in any month (after the first) is equal to the
number of pairs of mature rabbits in the preceding mongh
c\ondltlon 2 in the Fibonacci model). This explains the green |
arrows. In each month after the first, the numbu of pairs of
mature rabbits will equal the toral number of rabbit paiys in
the preceding month (condition 1 in the Fibonacci model). This
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explains the gray arrows. Following the arrows, we sco that,
from the third month onward, the total in any month is the
sum of the totals in the two preceding months. Thus the rabbit
population model generates the Fibonacci sequence except for
the initial zero, which can be raken as the total aumber of
rabbits in month zero.

. Eliminating the reference to rabbits, we can tabulate the
calculation of the terms of the Fibonacci sequence in Table
1.2, '

Fnitially take the nexi-
lutestterm 1o be 0
und the latest term Lo
be i

o
s
Find the sum of the latest
term and the next-Jatest
term

[

¥

: 3
Tbis sum is greater \ T )
\_ than 1000 - ] )

I .
¥ <4 L8
Now e Tates - Write duwa

0\; .!Lmo(ert u.. atest term the value
to the role of next- of this sum
latest tenn

Vi S
‘Now let the sum just

cafeututed be designated
as the litest term

.

FIGURE 1-4 i
Flowchart for Fibonaccl
sequence.
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H

TABLE |+2 Next Latest Latest
Term Term

g 13«""8*1/1?:/21

We can see that in each step the latest term gets “de-
moted” to the role of next latest term and the sum becomds
the new latest term.

Let’s construct a flowchart for finding the first term to -
exceed 1000 in the Fibonacci sequence (Figure 1-4).

After going through the loop of flowchart boxes numbered - ..

2 to 5 enough times (it happens to be 15 times), we eventually -
emerge from box 3 at the T exit and proceed to box 6. This
box is seen to have a different shape because it calls for a
different kind of activity—that of writing down our answer.
The shape is chosen so as to.suggest a page torn off a line
~printer, once the most common of computer output devices.

EXERCISES | -2 1. (a) Suppose in the rabbit problem we had started i month one with
: ' one pair of infant rabbits and three pairs of muture rabbirs. Auke
a table similar to "Table 1+1 to show the state of the population

over the first cight months.
(b) How would you modify the ﬂowchm of Figure b+ 4 5o us to
, generate the first term of this-modified sequence greater than

10002 ‘
2. Repeat Problem 1 with three pairs of infant rabbits and one pair of
mature rabbits.
3. () Tor the Fibonacci sequence in Table 1.1, calculate from month

two through month twelve the ratio, 1, of the total number of
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rabbits in the current month w that in the preceding month,
Express each ratio as a decimal and carry out the calculation to
~ the nearest thousandth,

{(b) Express in your own words what seems to be happening to these
ratios. _ '

(¢) Find the reciprocals of cach of the ratios in Problem 3a.

(d) What relationship between the ratio r and its reciprocal 1/r seems
to be becoming more and more true? Express this relationship

~as an equation.

(e) If this relationship held exactly, what would be the exact value
of r? That is, solve the equation for r.

Repear P;“oblem 3 using:
(a) The rable in Problem 1.

(b) The rable in Problem 2. -

The algorithm of the preceding section can be expressed in

- much simpler notation that is, at the same time, more nearly
~ acceptable by a computer as a set of instructions. To do this

we must introduce a conceptual model of how a computer
works. This conceptual model is so extraordinarily simple that
we will call it the SIMPLOS computer. It is amazing, but true,
that such a simple view of how a computer works is completely
adequate for this entire course. We will present a more realistic
picture of a computer in later sections of this chapter.

In computing work, a variable is a letter or a string of letters
used to stand for something. For now, this “something” that
a variable stands for will always be a number. (As we progress

through this book, we will take an ever broadening view of

the sort of thing a variable can stand for.) In the formula
A=LXW | |

the letfers A, L, and W are variables. En}n the formula
DIST ‘: SRATE X TIME

{‘E
DIST, RATE, and TIME are variables.

At any particular time, a variable will stand for one partic-
ular number, called the value of the variable, which may
change from time to time during a computing process. Lhe
value of a variable may change millions of times during the
execution of a single algorithm. '

In our conceprual model of a computer we assuciate with
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FIGURE 15
Storage.

FIGURE 1-6

View of a SIMPLOS system
as a set of interconnected
modules,
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each variable a storage box. On the top of each box there is
a removable gummed sticker with the associated variable in-

‘scribed on it, and inside the box there is a strip of paper with

the present value (or current value) of the variable written on

-it. The variable 1s a name for the number that currently appears

inside.

Each box has a lid that may be removed when we wish
to assign a new value to the variable. Each box has a window-
in the side so that we may read the value of a variable with
no danger of altering its value. These boxes constitute the
storage of our computer. In Figure 1-5 we see one stage in
the execurion of the Fibonacci sequence algorithm of the pre-
ceding section. Here NEXT stands for “next latest term” and
LATEST stands for “latest term.”

To summarize, the data storage of a computer is to be
thought of as subdividable into a number of information con-
tainers or boxes. Each such storage box may be given a mean- -
ingful name (sticker), and each may be given (assigned) a value.

Some people view a computer as an electronic and me-
chanical system having a data storage similar to that just de-
scribed, along with a number of other interconnected units or
modules, each with a special set of functions that, when acti-

‘'vated appropriately, carry out algorithms. Figure 1-6 is one

way to depict the organization of such a' computer system. If
we were to pursue the explanation of this system according
to the module view, it would be necessary to define the func-
tions of each module and explain the significance of the ar-
rowed lines into and out of each box. But it would also be .

Program storage

: 4.
R 'y
. °
Control
> and )
processing ’ Y
Input unit f S ' Qutput unit
Sticker Reader Assigner
Allixer unit unit -
unit

b 4
Y :

Data storage’
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How It Works

FIGURE 1-7
The Master Computer and hlS
staff.
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necessary to bring the diagram to life by explaining the action
sequences that occur in which each module serves the needs
of the others so that the overall effect is to process information
(i.e., to compute) in the desired fashion, ’

A second way to view a comi:)utcr is to picture the active

~modules as robots working as a team. The actions of each robot
~always follow a fixed pattern, according to a set of relatively

simple rules. We shall take this view in our conceptual model,
SIMPLOS. '

We visualize a computer as a number of storage boxes together
with a staff of four robots—the Master Computer and three
assistants, the Assigner, the Reader, and the Sticker Affixer. All
these components are quartered in one room, isolated fmm
those who will use the computer. :

The Master Computer corresponds to the control and
processing unit in Figure 1-6. He has a flowchart on his desk
that.sets forth the instructions according to which he delegates
certain tasks to his assistants (Figure 1-7). “Note that the flow-

chart corresponds to the information I\ept in th(. program storage
module of SIMPLOS.”

Master Computer Assigner Reuder Sticker
Affixer

To see how this team operates, let us suppose the com-
puter”is in the midst of executing the Fibonacei sequence
algorithm of Figure 1-4. One of the instructions in this, algo-
rithm was: ‘ ‘L

5
-

Find the sum of the
latest term and the
next-hitest term

;
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In a simplified flowchart notation, this instruction will take the
fornm:

SUM « LATEST + NEXT

Inside this flowchart box we find an assignment statem:ne.
Reading this statement aloud, we would say, “Assign to SUM
the value of LATEST plus NEXT,” or more simply, “Assign
LATEST + NEXT to SUM.” The arrow pointing left is
called the assignment operator and is to be thought of as an
order or a command. Rectangular boxes in our flowchart lan-"
guage will always contain assignment steps and will therefore

2

- be called assignment boxes.

To see what takes place when the Master Computer comes
to the above statement in the flowchart, let us assume that the
variables LATEST and NEXT (but not SUM) have the values
seen in Figure 1-5. The computation called for in the assign-
ment statement is spelled out on the right-hand side of the
arrow, so the Master Computer looks there first. '

SUM « LATEST + NEXT

He realizes that he needs to know the values of the varia-
bles LATEST and NEXT, so he sends the Reader out to fetch
copies of these values from storage.

The Reader then goes and finds the storage boxes labeled

Rewmler

‘&

.' &
W '
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peut
o

LATEST and NEXT. He reads the values of these variables
through the windows (Figure 1:8), jots down the values, and
carries them back o the Master Computer (Figure 1:9).

ny h

Master Computer Reader Assigner Sticker Affixer
FIGURE 19 ) .

"The Master Computer receives - The Master Computer computes the value of
the copy. LATEST + NEXT using  the values of these. variables
brought to him by the Reader:

8+ 13 = 21

What does he do with this value?
The Master Computer now looks to the left of the assigne .
ment arrow in his instruction.

SUM « LATEST + NEXT

He sees that he must assign the computed value of '
LATEST + NEXT, namely, 21, to SUM so he writes “2 2170
on a slip of paper, calls the Assxgner, and instructs him o
assign this value to the variable SUM. ‘

The Assigner goes to storage, finds the box labeled SUM,.
and dumps out its contents (Figure 1-10). Then he places in
the box the slip of paper containing the new value, closes th
lid, and returns to the Master Computer for a new task, .

In other words, assignment is the process of giving a value
to a variable. We say that assignment is destructive because it
displaces the former value of the variable. Reading is won-
destructive because the process in no-way altu‘a the vaiues of
any of the variables in storage. '

“
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>

Assigner

FIGURE 1-10
The Assigner émptying a

storage box and refilling it,

A, B, C, DIST

In Figure 1-11 we present the entire flowchart of Figure

1+4 in simplified flowchart language. The old and new flow-
charts are placed side by side for easy comparison.
- The wanslation requires very little explanation. It should
be obvious that the statement in box 1 on the left is equxvalent
to the two statements in box ! on the right. The new version
of box 2 has been discussed in detail.

We see that the two statements in boxes 4 and 5 of the
old flowchart are compressed into one box, box 4 of the new
flowchart. This 1s permissible whenever we have a number of
assignment statements with no other steps in between. How-
ever, it is very important to understand that these assignment
statements must be executed in order from top to bottom, not
in the opposite order and not simultaneously. The order in
which things are done may be extremely important.

You can sce that the statements in box 4 involve no com-
putation but merely change the-values in certain storage boxes. |
This sort of activity occurs frequently in flowcharts.

In box 6 of the flowchart we see only the word SUM.
The shape of the box (called an owtput box) tells us thar the

“value of the variable SUM is to be written down or displayed.

If, in some other algorithm, we wished to write down the values.
of several variables, we would list these variables in an output
box separated by commas, as illustrated on the left.

We will ‘now describe the duties .of the Sticker Aflixer.
We consider that the computation is begun by the transmittal

of a flowchart to the Master Computer. The first thing the

Master Computer does 1s to scan the flowchart, making a list
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ity ke llhv (I:\'.\b ' NEXT - 0
ltest term t be Ohand LATEST « 1
The Latest term to be

Y

" 2 ) y 2

Find the sim of the Litest
term und the nextfatest
term

SUM ~ LATEST + NEXT

l

a. A 3 3
This-sum § ' . T.
< than 1000 SUM > 1000

Now .duxn:ulcflll::’lul‘csf term NEXT = LATEST
10 the role of next-latest LATEST  « SUM
ferm

F

4

. v ) R
Now let the sum just
culculuated be designated
as the lutest term

Write down
' the value of
: . this sum

FIGURE 111 .
Translation of Fibonacci
sequence flowchart into formal
flowchart language.

() Old. . | .' () New.

of all the variables used. In the case.of the Fibanacci sequence
flowchart of Figure 1+115, this list-would have the form

NEXT B - _
LATEST |
- SUM

The Master Computer hands this list to the Sticker Affixer,
‘who now springs into action. He inscribes each of these varia-
bles on a sticker, goes to a bin of unlabeled storage boxes, and
slaps one of these stickers on each of three boxes (Figure 1«12).
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Sticker
\, Affixer

FIGURE 1-12
Sticker Affixer at work,

Tracing the Flowchart

"Now the instructions in the {lowchart are executed until the

instruction is reached. At this juncture, the Master

Computer directs the Affixer to unpeel all the labels and throw
them into a recycle bin.-

To understand better what our flowchart in Figure 1+ 115 does,
let us trace through it, executing the steps as the Master Com-’
puter and his assistants do them (sce Table 1-3).

In this trace, for ease of reading, the values of the variables
are reproduced only when assignments are made to them. In -
between such steps, the values of the variables do not change
and therefore have the most recently recorded values. IFor
example, in step 33, where a test is performed, the values of
the variables are '

NEXT = 55, LATEST = 89, -SUM = 144
In step' 34 -the values are

NEXT = 89, LATEST = 144, SUM 144

You can see that in step 48 in the execution of our algo-
rithm we finally leave box 3 by the frue exit and pass on to
box 6, where we output the answer, 1597, and stop.

The utter simplicity. of our conceprual model avoids and
removes certain pitfalls. There is an ever-present danger of
thinking of assignment as cquality or substitution. (We will say
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Tracing of the Flowchart of Figure 1-115

Step
Number

O 00 =3 O Wb D e

Flowchart
Box
Number

W R LN —

£
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NEXT
0

21
34
55
gg
144
233
377

610

Values of Varlables

CLATEST

1

f3 )

13

21

34

55

89

144

233

377

610

087

SUM

21
34
55
89
144
233
377
610
087

1597

11597

Test

21 >
34 >
55 >
80 >
144 >
233 >
377 >
610 >
987 >

1597 >

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

1000

1000 -

1000
1000
1000

1000°

True
or
IFalse

F
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more about this later.) This and other poter:ial sources of
confusion, such as the effect of a certain sequence of flowchart
statements, can be cleared up by thinking in terms of the -
SIMPLOS model, which will always give the right answers.

In fact, an excellent way to understand these ideas of
reading and assigning values to variables is to make some
storage boxes and, with some friends, work through several
algorithms as described in this section.

EXERCISES 1-3 1. 'What is the effect of changing the order of the two assignment state-
ments in box 4 of Figure 1+ 115 so as to appedr as seen below?

&

- LATEST « SUM
NEXT « LATEST

)

Trace through the flowchart with this modification until you find the
answer, ' :

2. (a) To compare the effects of the assignment statéments

A+ B and B+« A

find the missing numbers in the table below.

Values Before Assignment Values After
Execution of To Be Execution of
Assignment Executed Assigimment

A B ’ A B

7 13

: o - (b) In which of the two cases is it true that A = B after assignmaui?

(c) Are the eflects of the two assignment statements the same or
different? ’ :

3. Modify the lowchart in Figure 1+ 115 so as te carry out the algorithm
of Problem 1, Excrcises 1-2. '
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_Modity the flowchart of Figure 1-11b so as to cutput each term of
the Fibonace! sequence starting with Lhc third (i.e., omit the initial
0, and '1).

Revise the flowchart of Problem 4 to calculate the ratio, r, of LATEST
to NEXT (as caleulated in Problem 3a, Exercises 1-2) and output
this ratio (as well as LATEST) at each step.

Revise the flowchart of Problem 5 to calculate at each step the rucxp-
rocal of r. Add this value to the outpur list.

Imagine that you are a bookkeeper in a large factory. You have
records of the hourly rate of pay and the number of hours
worked for each employee, and you have to calculate the week’s
wages. Of course, this can be done by hand, but assume there
are nearly 1000 workers in the plant, so that the job would
be quite tedious. Naturally you prefer to have the computer
execute this task for you, but you will have to devise a flowchart

1o convey the instructions to the computer.

Tow will the hourly wages and the hours worked come
into our computation? Must each new value of RATE and
TIME be represented by a separate assignment box? This is
certainly a possibility, but it would require thousands of flow-
chart boxes—a most undesirable state of affairs, This unpleas-
ant necessity can be eliminated by using the concept of wnpur.

We now introduce a new shape of frame, the input box,
into the flowchart language. The input box has-this shape to

‘suggest a “punch card” (a frequently used input medium, but

not the only one). Inside the box will appear a single variable

. or a list of variables separated by commas. -

What happens in our SIMPLOS model when the Master
Computer encounters such an instruction? To answer this
question, we must endow the SIMPLOS model with an addi-
tional feature not previously needed (Figure 1-13). SIMPLOS
has a conveyer belt (called the input belf) that carries slips of
paper from outside the room into the environment of the com-
puting staff. On the outside end of the beir the “user” or
“programmer” (who 1s not a member of the computey staff)
places these slips of paper, with values written on hmz,- on
the conveyer belt in the order in which he wants thers 1o be
used, :
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Master
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40.0

Input
conveyer
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Treadle

FIGURE 1-13 :
SIMPLOS with Input belt,

When the Master Computer comes to the input instruction
he does the following.

1. Steps on a treadle running the conveyer belt until the next

RATE, TIME slip of paper comes within reach.

2. Remove his foot from the treadle, stopping the belt.

3. Takes a slip of paper from the belt and hands it to the-
Assigner with instructions to assign the value thereon to the
variable, RATEL. ' .

" When the Assigner rerurns from this task, the Master
Computer repcats the above process, but this time tells the
Assigner to assign the new value to TIME. When this is done,
the Master Computer follows the arrow in his flowchart to the
next instruction. : V

We see that an input box is a command to make assign-
ments, but this command is essentially ditlcrent from that in
an assignment box. In an assignment box the values o be
assigned are to be found in computer storage or are computed
from values alrcady stored, whereas with an input box the
values to be ussigned are obtained from outside the computer.
No calculation is c¢alled for in an input box. Moreover, the
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walues to be input never appear in the flowchart itself. Only

the wariables to which these values are to be assigned appear

in the input boxes of the flowchart. . '
In an actual computer (not our conceptual one) the dis-

tinction between the two kinds of assignment need not be so

" sharp. Assignments called for in an input box usually involve
- some mechanical motion such as transporting a punched card

or other unit of recorded information past a reading station
where the coded contents may be copied. But to gain speed
the data often are transported into a special section of ‘storags:

_-called an imput buffer, well before the data are acrually needed
_by the executing algorithm. In this case, when the input step

is executed, what acrually happens is that data values are simply
copied at electronic speed from storage boxes of the input
buffer to storage boxes of the variables that are specxﬁed in
the input step of the algorithm. -~

Now let’s see how to use the input box in our hourly rate
and payroll problem. Should we input the data from all the cards
before we start our calculations? If so, we would need a great
many storage boses in which to store all these data. Instead,
we will calculate the wages after each data set is read. A
description of our method is as follows

1. Input one value of RATE and one value of TIME by the
process described above.

2. Multiply the RATE by the TIME to get the WAGE.
3. " Output the values of RATE, TIME, and WAGE.

4. Return to step L.

In the flowchart of Figure 1-14 cach’of the first three steps
of the above list appears in a similarly numbered box. Step
1s represented by the arrow returning from box 3 to box 1.

You may. wonder why the flowchart does not have a stop
button. SIMPLOS always terminates execution of an algorithm
when an input step is being-executed, and the input belt con-
tains too few values to match the variables in the input box.
Execution of the payroll algorithm will therefore always halt
after the last rate, fime pair of data values has been processed
and control once again reaches box 1, where it is discovered
that the inpurt belt is empty.

It will also be ustul to visualize outpui in a similar way.
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SIMPLOS showing both belts.

Inpul belt

"~ We endow SIMPLOS with a second conveyer belt, the output

belt. This belt runs out instead of in and runs continuously-—it
needs no treadle.-Each time the flowchart calls for output, the
Master Computer writes the proper value on a slip of paper

and drops it on the output belt, which carries the slip through

Records Yersus Streams

the wall to the oursideé environment of the user. A view of this
situation from the top is seen in Figure 1-15.

Our conveyer belt model of input-output suggests that data
values move as a stream into and out of a computer systern.
Althbugh in actual computers this 15 not always strictly the
case, the analogy nevertheless is quite close. To pursue this
idea let us consider the punched card reader, one of the most
common input devices on actual computers. Iirsty a sequence:
of data values is punched on cards. The cards are then placed
in proper order 1n the mput hopper of the card reading device.

v
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Usually the eard deck is placed face down so that the bottom

‘(first) card in the deck is the first one to be read. Euch time

more input data are required, another card is drawn from the
bottom of the deck and its contents are read, either clectro- '
mechanically or photo-optically. Once read, the card is dropped

1nto an output stacker and thus discarded.

Cord deck ~y
Reading :
/ unit Output
stacker
ot (D —p [

I\

Input hopper

The information contained on a single punched card
need not in principle be limited to one value. For example,
depending on what a program is designed to expect,.an-80- ~col-
umn card may contain up to cight_10-digit mfef'ers or up to
twenty 4- dl"l[ integers.
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When preparing data cards one is. always faced with the
decision of whether to utilize their capacity fully or to punch
on each only the values required for the execution of one input
step in the algorithm. The latter choice, although bO!TIf‘V,I'!
wasteful of card space, makes the data cards easier to. check.

. Our payroll problem provides us with. a case in point. Et)
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for convenience in locating data preparation errors, we restricl
the contents of each card to one rate, time pair, then each ume
box 1 1s executed, one and only one data card will be drawn

off the input deck, read, and discarded. We could be more
wasteful and punch only one data value on each card. Then
successive cards would contain first a rate value, then a fime
value, and so on. In this case, each execution of box 1 must
cause fwo data cards to be drawn from the deck and read, and
the analogy between the inpurt conveyer belt and the card read-

~ ing activity is very close indeed. That is, when the Master

Computer hits the foot treadle to bring in onc data value, the
actual computer will signal the card reader to draw off one
card and read it. .

The analogy is less apparent if we allow the data cards
to contain more than one rafe, fine pair and if we expect the
pairs to be considered in turn during successive exXecutions of
box 1. In this case, box ! can no longer mean “read a card”

. but, instead, “assign respectively to rate and fime values from

the next data pair in the deck. If the next pair cannot both
come from the current data card, then draw off another cardl

from the deck and read it. If, on the other hand, there is at

least one more data pair yet to be processed from the most
recently read card, then process that data pair.” This inter-
pretation assumes that an input buffer-is filled (and refilled)
with data from each newly read data card and that values are
assigned to rate and time by simply copying information from
this buffer into the respective program variables, always re-
membering for future use which items in the buffer have not
yet been copied. ) '

We see, therefore, that using an input buffer guarantees
that cacht dara pair in the sequence will be processed in turn,
no matter how many pairs are punched on each data card. None
will be missed or skipped over. It 1s in this sense that the stream
analogy 1s preserved even’ thou"h the sequence of data trems
1s grouped into arbitrary-sized card records.

The SIMPLOS model 1s a primitive machine. Tt has only
stream-oriented input and output. Aflter values are placed on
the-conveyer belt to be output and are carried to the outside
environment of the user, how are they displaved? We certamnly
are aware that in actual computer systems all values are printed

or-displayed on a screen in some Sort.of “forrnat” with a
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particular number of columns, but the only fact we are inter-
ested n with respect to SIMPLOS is that the values are output.

When it comes to interpreting output boxes of a flowchart,
the situation i1s somewhat different. The output box on the left
1s considered to be a command to print the current values of
the three variables, RATE, TIME, and WAGE on one line.
(If the list.-won’t fit on one print line, more lines are used.)
Furthermore, if the same output box is executed again, the next
set of three values will appear on a new line below the first
set. If the three variables appeared in three individual boxes
instead of in one siﬁgle box, then each would be printed on
.a separate line. Thus cach execution of an output box is con-
sidered 1o begin printing a new line. - '

"No doubt -you have wondered -why, at the very start of our -

study, so much attention has been given to a conceptual modei

- of a computer and its details. Can any model, especially this

one, which seems so simple and at the kindergarten level for
some readers, be that important or that valuable to us? You
may develop similar doubts about the value of flowcharts as
you proceed further.

"The model and the flowcharts we develop are abstractions
of real machines and of real computer programs. Once we sce .
the connection between an abstraction and the concreiz or real:
thing, we can often gain more understanding of the real thing
by studying and manipulating its abstract counterpart. So, high

on our list of prioritics should be an attempt to understand

and appreciate the connections between the abstract and the
concrete. For example, in the nexst sections of this chapter we
examine how an actual compurer is organized and how it
works. Thereafter, it will be casier to see why the conceptual
model, no matter how silly it may have first appeared; is a
very useful, simplified view of a real computer. Likewise, just
as soon as we try to write and test actual computer programs,
we shall see that the flowchart gives us a simpler but more
revealing way to think about computer programs for most
purposes. o
Experience has taughr us that problem solving with com-
puters 1s very effective if we can work first with a simplified
model of a machine and a simple descriptive algorichmic lan-
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guage in which to expréss our problem solutions. Then it is

‘comparatively easy to map these solutions over to programs

' written in some convenient programming language such as

BASIC, FORTRAN, ALGOL, or COBOL, so that the pro-
grams can be excecuted on some real, convenient computer.

Modity the flowchart of Figure 1-14 to provide for an overtime
feature. All hours in excess of 40 are to be paid at time and a half,
You will have to place a decision box somewhere in the flowchart
to determine whether the worker acrually put in any overtime. The
formula by which his wages are computed will depend on the outcome
of this test.

Now we are ready to examine how our conceptual mode! of
a computer can be realized in an actual machine. For the first

" 25 years of modern computer history (1949 to 1974), nearly
all actual machines were built following a morce or less stereo-

typed pattern suggested by John Von Newmann (1903-1957).
A prototype machine following this pattern is discussed in this
and following sections. We will call it SAMOS. SAMOS 15
a very simple machine; that is, it 1s stripped down to the bare
essentials. Some features of its operation are described in con-
siderable detail, while others are glossed over. The program-
'ming of SAMOS 1s described briefly in Section 1+6 and in
more detail in the Appendix, the purpose of which is to help
the reader see a closer connection between language for ex-
pressing algorithms and machines that execute them, -
It would be foolhardy to assume that SAMOS-like ma-
chines are the “be all and end all of computers,” since the
architecture of computers is still undergoing rapid change. For -
this reason, aspects of two other machines are discussed brieily
in this book. One machine, called BITOS, appears later in this.
chapter; the other, called POSTOS, is considered in Chapter
8. Each of the three machines exhibits certain distinet charac-
teristics for the implementation of our conceptual maodel, SIAL-

PLOS.

COSIMPLOS T R e Coneepluad model

~ ‘ ~
SAMOS . RITOS POSTOS € e Avittul muichines
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Where two wires cross.
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In order to study this book it is useful, although not essen-
tial, to gain a good understanding of how an actual computer
works. We suggest that you read once through the material of
the next two sections without attempting to master it. As you
work exercises that relate to SAMOS, or have occasion to study
SAMOS in the Appendix, you will no doubt come back to

‘the next two sections for a more careful study.

How are all those storage boxes of SIMPLOS rualized ir

actual pracnice? The storage of actual computers is buily of

electronic components in a variety of ways and with a variety
of materials. Here we descrxbu one way that a SAMOS storage
can be built.

SAMOS storage, packaged in a rectangular box, is an arrangs-
ment of tiny magnetic doughnuts as small as 1/40 of an inch
in diameter. These doughnuts are called cores (Figure 1-16).
The cores are laid out in 61 horizontal layers or trays called
core planes. On each of these layers, wircs are strung evenly
in two directions like the lines on a sheet of graph paper. There
are 100 wires in each direction. At each point where two wires
cross, the wires are threaded thrdugh a core, like the thread
passing through the eye of a needle (Figure 1-17). (Suill other
wires are threaded diagonally through cach core within each
plane. Their function is not important to the discussion that
follows; and they are thercfore ignored.) '

Figure 1-18 is a picture of a core plane from an actual
computer built in the mid-1960s. Since there are 100 X 100
crossings in each SAMOS core layer, we see that there
are 10,000 cores in each core plane and hence
61 X 10,000 = 610,000 cores in the entire SAMQS store
(storage). V

These cores are capable of being matynptngd in etther the
clockwise or the counterclockwise sense (Figure 1-19). Because
of this a core can store information.,We could think 6f clock-
wise maoneuzamon as meaning “yes” and counterclockwise zs
meaning ‘“no.” We will instead think of clockwise as starsdmg
for “0” and counterclockwise for “1.” In any event, the infor-
mation contained in the magnetization of a core is the smal‘lgst
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unit of information and is called a bit.of information, We sce

that one core can store one binary digit, O or 1, bur a collection

. » ' of cores can store a very large number of bits. We will discuss

this-idea later, after a digression on how the cores get their
/\\ L N magnetism. ' -

' @N . N O/ é ~ First, you must know that a pulse of electric current

moving along a wire generates a magnetic field running around

- the wire, as shown n Figure 1-20. The strengrh of the mag-

FIGURE 1-19 : : - netic field is strongest near the wire and dies away as we move
Magnetization of cores, further from the wire, ' '

FIGURE 1:20
A magnetie field resulting from
a pulse of clecric current.

If the direction of the current is reversed, the direction
of the magnetic ficld 1s also reversed (Figure 1-21).



Figure 1-21
Reversing the direction of the
magnetic field.

FIGURE 1:22
A core in a magnetic field.

"FIGURE 1-23
A row of cores in a magnetic
field.
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Thus, when a pulse of current passes through a core, the
core will become magnetized in one direction or the other,
depending on the direction of the current (Figure 1.22).

But how can we manage to magnetize just one core instead
of the whole string of cores (Figure 1-23) through which the
pulse passes? The answer lies in the magnetic properties of
the material from which the core is made. In this material,

if the pulse is too weak, the direction of magnetization of the
core is only temporarily altered, and after the pulse of current
has passed by, the core merely returns to its former magnetic
condition, whatever that was.

On the other hand, if the current is strong enough, the
core remains magnetized in the sensc established by the direc:
tion of the current, regardless of the former magnetic condizion
of the core. The situation is analogous to wying o throw g
ball from the ground to the flat roof of a building. If you hgve
enough power in your throw, the ball will land on the roof;
otherwise it will bounce against the wall and fail back to che

ground.
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The strength of the pulses is carefully regulated so that
one pulse is not sufficient to permanently magnctize a core,
but two pulses acting simultaneously will exceed the threshold

strength and result in permanent magnetization. Thus, pulses

passing along two of the wires (Figure 1-24) will permanently
magnetize just the one core that is located where the wires
Cross. ' :

Let’s leave the individual core plances and consider the entire
store of the SAMOS computer, composed of the 61 core planes
(Figure 1-25). Bach vertical column of 61 cores constitutes a
computer word. Thus, the storage of the computer is composed
vdf 10,000 words. These words have addresses that are four-cigit

“numbers from -0000 to 9999 and, like house numbers, the

addresses identify the words. Each of the 10,000 dots suggested
on the top of the box is the top of a vertical column of 61
cores (or a word). The method of assigning the addresses s
indicated in the figure. :

- "Each of these words corresponds to a su,vreigé box in our
conceptual SIMPLOS model. For each variable in the flow-



FIGURE [:25
Cores of one computer
word.
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address 0002 '

chart there is a SAMOS word with a definite address. The
word contains a certain pattern of bits determined by the direc-
tions of magnetization of its cores and representing the value
of that variable. “Assigning a value to a variable” is effected
by putting a certain pattern of bits into a word (Figure 1-26).

When we say “the Master Computer tells the Assigner
to assign the value 1597 to the variable SUAM,” what actally
takes place is this. The variable SUM is represented inside
the machine by means of its address; suppose it is 0103, Now
all the 61 X 2 = 122 wires passing through cores in the word,
addressed 0103 are energized with pulses of current mn the
proper directions so as to achieve the pattern of bits represeni-
ing the number 1597, In a modern computer this assignment
process can be performed in a fraction of a microsecond; a
microsecond is a millionth of a second.

In the binary system of representation, a number such as 1547
is coded as a string of !'s and O’s, for example:

11000111101
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A bit pattern is assigned to a

- computer ‘word by
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For SAMOS any striz g would be preceded by a string of zeros
to fill out all the bit positions of the word of storage. While
numbers are coded in binary form in many computers, binary
is certainly not the only choice. In a machine such as SAMOS,
for instance, computation is carried out in the decimal system,
which means that bit parterns in a word of storage must be
coded to represent decimal digits instcad of binary digits.
Moreover, we want to store letters as well as decimal digits.
For. this reason, we subdivide our 61-bit SAMOS words inro
11 character positions as shown below.

[

o bits 6 bits

/7_/ Ebits 6bils obits L

/
 bit

6 bits 6 bits

~ The first position (one bit only) is reserved for a code that
designates the sign, -+ or —. Here 0 is suflicient to represent
the -+ character and |1 significs the — character. Eiich of the
other positions consists of six bits and can be used to store
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FIGURE 1-28

Detailed bit patterns for two

' computer words.

Character Code Character Caode Character Code Character Code
| 1 - !
0 00;0000 3 { o 1110000
1 - 00!000! A 01,0001 ] 1010001 !
-2 00,0010 B 0110010 K lOfOOJO S 11,0010
3 0010011 C 01:0011 ' L 100011 T 110011
4 000100 D 01,0100 M 1010100 & 11,0100
5 00,0101 E 0110101 N 1070101 \Y% 1110101
6 0010110 F 0110110 0 1010110 - \Y 1170110
7 o0lorn G 01,0111 r 10{0111 X 10111 -
8 0011000 H 0111000 -Q 10,1000 Y 111600
9 001001 I orf1001 R 1011001 ya 111001
> "v.un';nw s l FRpe u-«..uvl i
FIGureg 1.27
e Character code
1} 4] s
i ] . . . . L
Ty Ly, a digit or a letter; that 1s, character, according to the code shown
2 .
L i in Figure 127,
T I For each group of six bits, 2° or 64 distinct combinations
Ty Iy of zeros and ones are possible. In Figure 1:27 we have used
° g up only 37 of the 64 combinations possible with a six-bit code.
] (4] p
- & This leaves 27 additional combinations for other special sym-
Ly L bols such as -+, >, and the like. One of the 37 combinations
L -+ of special interest is the blank space, [J, which is coded as
i 0 . . . _
T, T ) 110000
R S ' _
i T With this code you can see that the two 61-bit computer
i o words displayed vertically in Figure 1-28 turn out to be
e T ~
X T
T v | B uilvy ] ol e | o E | G G 5
I G
T 0
4 X and
o )
! (]
- N 1
0 . [{]
Tt af ~lo o} 3] 9ol 7} s o0 1 2 s |
i a ;
1 [ !
T
i 4] )
s & ’ From now on we shall represent our SAMOS compurer
-z g words as strings of 11 characters instead of strings of 61 bits.
L K In a number of conventional computers of similar design eight
L6 Lo instead of six bits are grouped to represent character codes,
T3 making it possible to distinguish among a considerably larger
+ - set of characters than is the case in SAMOS. This distinction,
Ts ks however, has absolutely no etfect on the principles of character
7 5 representation and mantpulation that occur in ensuing chapters.

The construction of the main storage for any actual corm-
o .
uter is of great interest mainly to computer engineers and
t )
designers. Storage components currently are built from various
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SAMOS Processing Unit

FIGURE 1-29
The principal componeats of
SAMOS. ¢
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types of physical devices and materials, including magnetic
cores, magnetic thin films, and transistor flipflops. There is
considerable variety in the circuitry used to organize and utilize
such components and in the methods of packaging and minia-
turizing them. Their physical characteristics, such as size,

- speed of access for storing and retrieving information, energy
“requirements to operate them, and cost of fabrication, vary also.

Nevertheless, schemes similar to that used in the word-
organized core storage of SAMOS have been used to assemble
and incorporate all of these types of storage units into conven-
tional coniputer systems. You might be surprised at how much
understanding of this subject you can gain with a relatively
small investment of study time. (See, for example, one of the
references on this topic in the reading list at the end of this
book.) )

Now that we-have seen how the SAMOS storage is structured,
we will consider how the storage is used in executing an algo-
rithm. '

Our computer has several other components besides the
store. These are shown in Figure 1-29.

CONTROL UNIT - =

. |

! & ; AT f

! } b

I |

! ' o

| . : !

| PROCESSING UNiT| |1 |

| ’ | |

i | [

! & I

| i |

‘? ) 4 : y

INPUT bt | ourruY

{curd or o STORE < —] {typewriter or
tupe reirder) : B dine printer)

 The solid Jines indicate the directions in which values or

instructions may be transterred. The dashed lines indicate the

exercise of control. The control unit and the processing unit

perform the duties of the “Master Computer” and his helpers.

An important part of the processing unit is the accumula-

tor. This special computer word holds the result of cach arith-
metic operation,
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Furthermore, a simple assignment such as

!

LATEST « SUM

!

is carried our by first obtaining a copy of the value of SUM, °
placing it in the accumulator, and then copying the value b
the accumulator into the computer word belonging to the vari-
able LATEST. The value of SUM is unchanged in this proc-
ess. Notice, however, that values to be input or output do not

- pass through the SAMOS accumulator but go directly into and

out of storage.

When the control unit receives and interprets an ovder,
some computer operation is activated. The orders are in the
form of coded instructions stored in the computer; we will see
about them presently. ‘ ’

Getting an algorithm into a form a machine can execute involves
several translations that we can represent as follows:

(D FLOWCHART @ PROCULUUAL _9>|{ MACHINE
o FANGUAGE

ENGLISH LANGUAGE LANGL AC

You have already had a little expericnce with the first
translation step. The second translation step is the process of
converting a flow chart into a procedural language such as
FORTRAN, ALGOL, COBOL, or PL /1. You lcarn how tp
do this in your language manual. If approached properly, this
translation step is quite mechanical and can be performed by
a person (or by a machine) who has no idea what the algorithim
is all about. . ' _

In many computers of advanced design, the third transla-
tion process can be omitted because the machine’s Ianguage -
and the procedural language are effectively identical. When the
third translation step is necessary, and it is for a computer such
as SAMOS, the process is completely mechanical and is nor-
mally done by the computer itself. This process is called com-
piling.
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L

SUM « LATEST + NEXT

!

FIGURE 1930
A flowchagt box.
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the Fibonacei sequence flowchart (Figure
in Figure 1-30.
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It is not necessary right now to know how compiling is
done; but.ir may be interesting to know the reason for doing
it. Each make and style of computer has its own language—thar
is, its own set of instructions that it can understand. Use of
a procedural language allows us to avoid a tower of Babel in
which a programmer would have to learn a new language for

~each machine he wishes to use. A procedural language consti-
-tutes a kind of “Lsperanto” that ‘enables a programmer to

cominunicate with many different machines in the sarhe lan-
guage. Moreover, a procedural language is generally much
easier to learn to use than machine language. The programmer
merely prepares, say, a FORTRAN program on punched cards
and feeds it into the computer, which “compiles” a sequence
of machine language instructions. This sequence, called a ma-

" chine language program, is then placed in the computer storage.

In many systems the programmer may transmit his program
to the computer storage by typing 1t a line at a_ume, using
a typewriter ‘or other keyboard instrument to serve as the input -
device of the computer system. ‘

Successive SAMOS instructions are placed in consecutively

- addressed storage locations emmno with 0000, After the ‘com-

puter has executed an instruction, the control unit will always
take the next instruction from the next address, unless there -
18 a branching instruction providing a dlchrem address {rom
which to take the next instruction.

To see how this works, onsxdu the mstrumon taken from
- 118), shown herc

“The procedural language equivalent will not.Jook much

~ different. Thus, in FORTRAN this instruction would appear as

: SUM = LATEST - NEX'T
and in ALGOL as ' L K
SUM. 3= LLATE?S’L‘ + NEXT -
and in APL as S ' o
' - SUM - LATEST -+ NEXT

and in BASIC as
: LET Sii=LAY. o0 4 NLL
and in COBOL s '

COMPUTE SUM EQU

ALS LATEST
PLUS NEXT



+ LDA - 000
.4+ ADD 000
+ STO 000

FIGURE 131
SAMOS instructions for
Figure 1-30.

A omplete SAMOS
Program

0101
0100

0102

. Fibonacci sequence algorithm (repeated here in Figure 1o
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In the SAMOS machine language, a variable cannot be
referred to by name but enly by the address in storage associated
with the variable. Suppose that NEXT, LATEST, and SUM
have been given, respectively, locations 0100, 0101, and 0102,
Then in the SAMOS language, the flowchart instruction trans-
lates to a sequence of three machine instructions, as shown in

‘ _lwure Il 31

These instructions have the form of 1 1-character words,
although the first character is unimportant and the fifth, sixth,
and seventh are of no interest to us here. The type of operation
to be performed is coded using the three letters in positions
two, three, and four, and the four-digit numeral at the right
is the address associated with that operation.

The letters LDA stand for “LoaD the Accumulator.” The
whole instruction

+ LDA 000 0101

means, “Make a copy of the value stored in address 0101
without altering the original, and store the copy in the accumu-
lator.” Clearly, this is the function of the Reader in our con-
ceptual model. We will not go into the details of the electronics
involved in carrying out this instruction. It is sufficient to know
that when a copy of that instruction is brought to the control
unit, certain switches are set by the control unit that aﬂc‘v a
pulse current to pass through the cores of the word 0101. The
magnetized cores cause a change in the current that, in mrn>
allows a copy to be made. . _

The second instruction in Figure 131 means, “ADD the
value in the word addressed 0100 to the value already in the
accumulator and place the result in the accumulator.” The
third- instruction means, “Copy (or STOre) the value in the
accumularor intfo the word addressed 0102. Exccuting a §TC
instruction is analogous to the work of the Assigner in our
conceptual model. Speeds vary from machfnc 10 machine, but

_in modern computers, the time required (o carry out such

instructions is usually on the order of a millionth of a second.

We are almost able to translate the entire flowchart for

into SAMOS language. First note, however, that constants
never appear e¢xplicitly in SAMOS instructions. Instead,
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\ 1

NEXT +« 0
LATEST « |

L RN

\ 2

SUM « LATEST + NEXT

- NEXT « LATEST
! LATEST .« SUM-
; .

FIGURE 1-32
Fibonacci seauence algorithin.

FIGURE 1-33

Fibonacer sequence algorithm.
The = column and columns
5, 6, and 7 may be left empey
on lines containing
inseructions.
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instruction to fetch a constant must refer to the storage address
where the desired value may be found. Of course, this also
applies to variables. Thus part of the compiling process in-
volves providing storage addresses for the constants (as well
as for the variables) appearing in the program. We allocate the .

~ locations 0017, 0018, and 0019 for the constants 0, 1, and 1000

appearing in the flowchart and specify the proper values for
these words. Lo '
We assume that the storage locations 0100, 0101, and 0102

.have been allocated for the variables NEXT, LATEST, and

SUM, but that no values have been placed in these words. As
execution of the SAMOS program for the Fibonacci algorithm
starts, the state of storage is shown in Figure 1-33, This figure

Storage Operation Flowchart
Location | £} Code Address Equivalent
(Address) [ 12 3 415 6 718 9 10 11t
0000 (.|t baloooloo 1 7 L2
0001 S T OO0 0 O 0Ot 0.0 NEXT « 0
, < — b
00.02 LB AlO 0O0]oo 1 8
0003 S T O[O0 0 0jo 1 01 LATEST « |
- .0
0004 A0 0 vio 01 - -
00405 Abwplo o ule oy o0 g e .
SUM LATEST .+ NEXT
0006| |sToloo oo o 2 - |
3
0007 L B AYD O 0f0O0 1t 9
Q008 | . js UBlIog O 0700 100 2 SUM > 1000
00009 B M 1100 0loot 3
00190 L A0 o0 glor o 1
A A R R NEXT o LATEST
. . - 4D
0012 L oajo o ofat g 2
0p1 3 St oy 0 ola oo 1 LATEST ~ SUM
oo 1H BORLIG D 00 00 Arrow from flowchart
- ' box 4 to box 2
. 5
Dotls Wwplyg o olbo g 2
I SUM |
001 o Lo o0 uloon o @
001 7 s+l o dto o ]l 0 0 0 The constant 0

001 8 The constant |
001 Y The constant QU0
L

: '\"’/—T* N[—\-—-’\_ e e, /ﬁ

G100
0101
010:2 . v

Fhe varuble NEXT

The variable LATEST

The variable SUNM
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Iso- illustrates a “coding form” on which one might have
written the SAMOS program (gray-colored information). You

~will notice several new SAMOS operations not previously seen.

These are explained in the following discussion.’

The instructions in storage addresses 0004, 0005, and 0006

have already been discussed. Before looking at the other in-

structions, remember that the variables are in storage locations
0100 through 0102.

From previous discussions you should see that the instruc-
tion found ar 0000 will, when executed, copy the value in OOI i
(r.e., the number 0} intp the accumulator. Next, the instruction
in 0001 cepies the value in the accumulator into the word at
address 0100. Together these steps are equivalent to assigning
0 to the variable NEXT. Similarly, the instructions in addresses
0002 and 0003 are equivalent to assigning the value 1 to the
variable LATEST. '

Remember that the control unit executes the instructions
in order until it comes to a branching instruction. The first
branching instruction is found in address 0009, reading

W

B M 1 0 o 0 0 0 i

The code BMI stands for “Branch on a MInus.” The whole
instruction means, “If the value in the accumulator is negative,
go to address 0015 for the next instruction; otherwise, go on
as usual to the next numbered address (0010).” We will sce
shortly that the value in the accumulator at this time is just

1000 — SUM

so that the value in the accumulator will be negative only in
the case that

SUM > 1000

is true. In this case, the branching instruction sends us 1o ad-
dress 0015, where we see the instruction

o

w | W | D 0 0 0 0 I
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which means, “Write the WorD in address 0102.” This
amounts to printing out the value of SUM. '

‘Now why is it thar when the instruction in address 0009
is reached, the number in the accumulator is

1000 — .SUM

Well, on looking at the instruction in address 0007, we see that
it instructs us to load the accumulator with the contents of
address 0019, that is, to put the number 1000 in the accumu-
lator. The next instruction, the one in 0008, tells us to “subtract
the contents of address 0102 from the accumulator and put the -
result 1 the accumulator.” Smce the contents of 0102 are just
the value of SUM, this-amounts to the placing of

1000 — SUM

in the accumulator. :
 You should be able to verify for yourself that the instruc-
tions-in addresses 0010 through 0013 accomptlish the assign- -
ments indicated in the right-hand column of Figure 1-33.
The instruction in address 0014 needs to be described.

B R U 0 0 0 1 0 O 4

]

’.

BRU stands for “BRanch Unconditionally.” The meaning of
the entire instruction is, “Go back to address 0004 for the next
instruction and continue in order from there.” You can see that
this corresponds to the arrow from flowchart box 4 leading back
to flowchart box 2, where we repeat the summing step.

The instruction in 0016, of course, stands for HaL.'T and
amounts to stopping the computing process.

You can best understand all this by tracing through the
SAMOS program by hand, keeping a record of thé following
details. a
1. Which instruction 1s being executed.

2. The value in the accumulator.

3. The values in the addresses OIOO, Ojﬂ.‘, and 0102 (the
values of NEXT, LATEST, and SUM).

Notice that the instructions in addresses 0000 through
0016 are never altered, nor are the contents of the locatior
0017 through 0019 (the constants 0, 1, and 1000).
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Construct a list of SAMOS instructions for the flowchart in Figure
1+ 14. You will nced two additional types of instructions. The first
is :

OPERATION ADDRUESS
! 2 3 3 3 o 7 R v 1

TR W n 0 0 0 | 0 | o s

which is an instruction to read a value from a card into the computer
word addressed 1005.
- The second is

’

which'is an instruction to multiply the value in the accumulator bg/-
the value in address 1023 and put the result in the accumulater. (OFf
course, in the address part of these instructions, we may put any
address we wish.)

This question relates to the flowchart fragment and proposed SAMOS

translation of it shown below. For each of your answers the asswned
objective is to make the proposed SAMOS fragment consistent with

“the given flowchart fragment.

Loc Opcode Addr
I
B> . . . [
5 |
z+«2x X 0018| LDA ooo!osoo
‘ 0019 MPY 110351
{ 002G MPY | 0351
© 0021} STO L0451
2 0022 | WWD 0451
0023, LDA 10351
0024 SUB F0401
0025 003G
00261 LDA 0331
0027| SUB 050
0028 STO 0355
0029 BRU v
0030
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~(a) "With what memory location must the variable X be associated?
(b) What operand address is needed for the BRU instruction that is
shown at location 0029?
{(c) What should be [hL operation code for the instruction at location
0025?
(d) What operation code is needed for the instruction located at 00302

3. This question relates to the flowchart fragment and proposed SAMOS

© translation of it shown below. For each of your answers, assume

‘the objective is to make the proposed SAMOS fragment consistent
with the given ﬁowdmt fragment.

Loc OQOpcode - Addr
L
, T . _
N B 0017{ LDA |000/0100
A,F 5 y . 0018| SUB {000{0200 .
, . 0019| BMI |000|0024
Y - RxP Y~ v " 0020| LDA |000:!0105
_ 0021 | MPY |000/0107 "
- ..0022! STO | 000
\ 4 : 0023| BRU {000
0024 | LDA |0000100
Y : ' 0025| STO |000[0201
\{“ ‘ 0026! WwD |[000|0201

Y
k]

(a) With what location must the variable X be associated?

(b) What i is the operand address that should be ﬁlled in for the BRU
instruction shown at location 0023?

(c) What should be the value of the address field for the STO instruc-

" tion at location 0022?

(d) If at location 0022 the STO were rephced by a BRU operauon
code, what then v.ould be the approprxau value for the address
field?

-t

.4, This question relates to the following SAMOS program and the four
data cards displayed to the right of it; you are to assume-that the
given SAMOS program executes with the data cards shown. The DIV
(divide) instruction produces an infeger quotient (see Appendix A).



? 8 CdMPUTER SCIENCE: A FIRST COURSE

[

0000 RWD 000 0012
0001  RWD 000 0013
0002  LDA 000 0012
0003 DIV 000 0013
0004 - MPY . 000 0013
0005  STO 000 0014
0006  LDA 000 0012
_ 0007  SUB 000 0014
0008 STO 000 0014 : 7
0009  WWwD 000 0014 Data cards
0010  BRU 000 0000

0011  HLT 000 0000 -

SAMOS program

(a) Which of the following is a false statement?
(1) The instruction at 0011 will never be reached.
(2) Only two values will be printed.
(3) All four data cards will be read.
(4) The first value printed will be 3.
(5) Three values will be printed.
(b) Which of the following is a true statement?
(1) The program will halt whenever the result of a division is
2€r0.
(2) The- instruction at 0011 would be exccuted using the given
set of data if the mstrucnon at 0010 were revised to BMI
000 0000.
(3) This program inputs two numbers, selects the larger, and
prints its value.
(4) All three of the above statements are false.

Problems 5 through 7. The following three problems involve pro-
grams to be written in SAMOS machine language and run on
a computer using a SAMOS simulator. If you do not have a
computer available, your final result will be a SAMOS coding
form showing your program.

5. Draw a flowchart and write and run a SAMOS program to find the
arcas (to the nearest integer) of circles with each of the following
radit: 0, 1, 2, 3, ..., 10, 11, 12. Use # = 22/7. The output is

to consist of each radius value followed by the associated area, that

is, : K

0 2 ___—— First radius
0 €2 . First area
I €———n_ - Sccond radius

3 ¢———2__ —— Second area

12
452
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This SAMOS program should not execute any fuput steps. Storage
focations will be required for instructions and for all constants, in-
cluding 22, 7, the current radius, 1 {to increment the radius to the
next vatue), and a number (11, 12, or 13, depending on your particular .

flow chart) to test against to determine when o branch.to halr.

Quasr’z’on Will SAMOS give the same result when you compute
22 /7y X r? as when you compute (22 X r?)/° 79 If not, which gives
a buter result? Why> '

Draw a flowchart and write and run a SAMOS program to do the
following:

- 4 ) . . . ' .
For the values from 1 to: 10 inclusive (ie, 1 < X < 10),
evaluate the following mathematical expression: '

F=5X2+10X +6

Print out the value for X and F after each evaluation.

Example The first value of X will be 1. For this valﬁe,
F = 5(1) + 10(1) + 6 '
F=5+10+6=

Thus the numbers 1 and 21 will be printed out, and F will then
be cvaluated for X = 2, 3, ..., 10. The complete output will
consm of 20 numbers:

&««—’/"CI:ET)TV.JIW ’

ll’&\m 21 is the F vall value
46 .

10
606

Note Additional Information for Problem 6

1. No data cards will be needed for this program.-

2. The values from ! to 10 need not all be stored at the beginning
of the program.

3. You musr include some way to terminate your program after the
final value has been processed and printed.

Draw a flowchart using variables C, X, TALLY, SUM, and AVG,
and write and run a SAMOS program-to do the following:

(a) Read a value for the variable C.

(b) Read a value for the variable X,

(c) Check to see whether X equals 9999. If X does not equal 9999
then check whether X equals C. If X equals C, then return to
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step (b). If X does not equal C, then add one to a counter called
TALLY and add X to the variable SUM and then return to step -
(b). : .
If X equals 9999, then no more data cards are to be read. At
this point print out the values of TALLY and SUM. Compute
AVG, the quotient of SUM and TALLY (AVG = SUM/
TALLY). Print the value of AVG. "

Note Additional Information for Problem 7

. In your flowchart the average will be a variable AVG. The variable
TALLY will hold a count of how many values of X are nor equal
to C. The assignment

TALLY « TALLY + 1

will be needed. The sum of the values of X not equal to C will be
called SUM. What should be the initial values of TALLY and SUM?

2. The value 9999 is called a sentinel value. Its purpose is o indicate.
that all the values of X have been read and processed. (In computer .
language a sentinel value is said to represent the end Of-file, i.e., the
end of data.) Therelore, your data deck will consist of a value for
C, the given values for X, and the value 9999, (See Section 2 - 2 for
additional discussion of sentinels.)

3. In SAMOS the only conditional branch instruction is BMI (Branch
On Minus). The programmer faces a problem when he needs to check
whether the values of two variables are equal or whether the value

~of a variable is equal to some constant value. The following is one

method of determining whether the values of the variables A and B
are equal, First, subtract the value of B from the value of A and,
if the result is not negative, subtract the value of A from the value
of B. If this result is not negative, we <an conclude that the values
of A und B are equal.

Examples
(d A =6 and B =9
A—-B=6—-9= -3

Result: A # B since A — B is a negative number.

A =35 and B=35 L

A-B=5-5=0

B-A=5-5=0

Result A = B since neither subtraction produced a negative
number,

(c) A =4 and B =3
A—B =4-3=1
B-A=3—-4= —1
Result: A # B since B — A is ¢ negative number.
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4. The data for Problem 7 are as follows:

B R ey BN This is the value for the variabie C.

5 ‘ e |

20 e e i i e

a - - T T e N

21 The remuining data values are for the variable X.
3 N :

10

15 ..

12

7

9999

Most of the storage capacity of a 61-bit SAMOS word goes
unused-when a small intéger, for instance, 2, is represented.
Conversely, even though a number is known to very great
precision, a 61-bit word has a fixed capacity to represent digits.
Character strings, such as names and addresses, for instance,
vary greatly in length. In general, information comes in many
sizes and lengths, and it would be exceedingly convenient to
have computer storage responsive to this fact.

The SAMOS language is heavily influenced (i.e., con-
strained) by 1ts word-organized storage system. We briefly men-
tion here another kind of -computer storage called BITOS
(BIT-Organized SAMOS), whose storage is structured in a
more flexible and natural way—natural for the processing of
different types of information. The BITOS storage is best
thought of as a single sequence of bits instead of a single
sequence of words that are, in turn, sequences of bits. For
example, a BITOS store roughly equivalent to the SAMOS

- store contains 610,000 bits whose addresses are 0 through

609,999 respectively. To fetch a unit of information of some
known length, orfe must specify the “bit address” of the begin-
ning of the desired information unit together ‘with its “bit
length.” Thus,

op céde  address | length
LDA 24972 39

1s the way one might write out a BITOS instruction to load
the accumulator with a data value'39 bits long beginning. at
bit location 24972, _

The information containers in a BITOS machine resemble
the storage boxes of the conceptual model SIMPLOS in that
the capacity of the containers is arbitrary.
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There is a second important way in which the containers
of SIMPL.OS and BITOS resemble one another. In both cases,
values storcd in these containers are self-describing. Note that
the SIMPLOS Reader is able to deduce that a storage box
contains a character string value as opposed, say, to a numerical
value, because he is able to see the quotation marks. The
ferching mechanism of BITOS can convey the same type of
information to its processing unit because the data object in

each container consists of two parts: a code that describes the

type or nature of the value and the dara value irself. For
example, suppose the container associated with X is located
at bit address 3901, and suppose character coding for the
BITOS store employs the same 6-bit representation used in
SAMOS. We might expect to see at that location: '

S PAUL
Single,/A h\ Data
letter—type value

code

where the type code S stands for string. Then, to represent
a string of 4 characters would require 24 bits for the siring
itself and 6 more bits (for the letter S) to identify the 24 bits
as a string. For a string of 91 characters, 546 bits are needed
for the string and 6 more for the type code—or 552 bits in
all. If a nonnegative integer variable, AGE, never requires
more than three digits we can picture the corresponding
BITOS container as

for a data value of 52. Here the type code I denotes integer.

To recapitulate, in BITOS one defines the size of the
container to fit the need. That is, the store is divided up into
containers that reflect their actual use: Every reference to a
container consists of the bit address of the container and iis
length. The container itself holds as part of the data object

a code that makes the remainder of the information @ the

container sclf-describing. Each time a new container 13 needed,
a section of the store large enough to hold the required number
of bits is “partitioned” for this purpose. When this containey
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is no longer needed, that section of store and others like it are
repartitioned, that is, reused, typically in different container
sizes, to suit new needs. To make an analogy with SIMPLOS,
imagine that all storage boxes are constructed to fit dimensions
of the data values they are to contain. (The Athxer who pastes
the sticker on the storage box can also adjust the size of the
box if necessary)

Only a few of the -ideas, about SAMOS and BITOS need tec -
be remembered. One of the important ideas is the sequential
manner in which the computer works, that is, the step-by-step -
way in which the computer performs its tasks. The order in
which the tasks are performed is just as important as what is
accomplished. :
Another property of computers that we must understand
is the finite word length. We have seen that SAMOS words
consist of 10 characters and a sign, so that the.largest number

 representable in this coding system is

+9,999,999,999

a rather large number, but still finite. Although BITOS store
may use very “long” containers, they are still finite, so the
limitation on what can be represented, although less con-

stricting, still exists in principle. From a practical viewpoint,

integer containers, whether in a SAMOS-like or in a BITOS-
like store, are sometimes very unsuitable. Consider a variable
that, from time to time, has various values assigned to it, some-
times very small integers and at other times very large integers.
The storage container for such a variable caninot always be used
efficiently if it must be large enough for the largest possible
integer value that will be assigned to it. i
To cover this situation there are other ways of codmg
numbers that not only solve this problem but also allow us
to work with real numbers as well as integers. One of the mos:,
common of these alternate codings is floating-point form, whicl -

_ is related to the so-called “scientific notation.”

- To see how this works, recall that any decimal nume*'x!
such as

— 382.519



FIGURE 1-34

Anatomy of a floating-point
number for a fixed-word size
store.

FIGURE 1-35

Floating-point coding of
numbers in a fixed word-sized
store,

Y
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- can be expressed as

-.382519 X 103

in which there’is a decimal point (just after the sign, if any)
followed by a string of digits {ithe first not zero) and multiptied
by a suitable power of 10. We can code numbers in this way
by reserving three character positions for the exponent. The
result is shown 1n Figure 1-34 for —382.519,

Sign of . Signof

number exponent
%, Rl
i ‘l\< .
- i+ 0.3|\3825!9-0J
} . 'ox [ A
Exponent © Precision
part part

. Some examples of how to code numbers including integers
in this system are given in Figure 1-35. In this figuré, we
see that the 8-digit representation of =, as given in the first
column of the third entry, has to be chopped to 7 digits of
precision because of space requirements. The same holds true
for 1/3 and 11/7 at the bottom of the table. Thus we see
that in a computer even a simple fraction such as 1/3 cannot

‘be-represented exactly, but only to a close approximation, This
~ characteristic of “finite word length” presents important prob-

Number Floating-Point Form - Coding of

' ‘ Fleating-Point Form
4 4 X 10! + 4014000000
999999000 999999 X 10° 4099995990
Tsla15926 31415026 X 100 + 4013141592
e S o s
0008761 8761 X 1073 4+~ 038761000
73 ' 73X 10° + 4007300000
} 1333333333 X 10° + +003333333
1 157142857 X 10} ++041571428
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. lems that will be discussed in various places in this text, espe-
cially Chapter 11.

In floating-point form we can represent large numbers,
but for computers such as SAMOS with fixed-word size stores
the price we pay is giving up three places of precision. Were
SAMOS to use floating-point numbers, the largest number
representable m floating-point form would be: A

which represents the number

999,999,900,000,000,000,000,000,000
000,000,000,000,000,000,000,000,000 -
000,000,000,000,000,000,000,000,000
000,000,000,000, OOO 000-

‘Similarly, there 1s a smallest. posmve number that could be
represented:

.000 000 000 000 000 000 000 000 000

000 000000 000000 000 000 000 000
000 000 000 000 ‘000 000 000 000 000
000 OOO 000 000 000 000 1

which is very small, indeed.

Coding in floating-point form for a BITOS- like machine
“could be quite similar to the scheme shown in Figure 1-35.
Or the other hand, since the size of the container, may be
chosen to fit the particular “needs” of a given variable, the.
size of the precision part could easily be permitted to vary as
required. For that matter, the size of the exponeht part could
also be expanded or contracted to fit the need.

In summary, both SAMOS-like and BITOS-like ma-
chines are often built to operate on numbers coded in floating-
point form. However, in our discussions of SAMOS, in partic-
ular in the description given in the Appendix, the machine is
initially described as if it were not capable of dealing with
numbers coded in floating-poirt {orm, but only wxrh numbers
coded as intégers.



EXERCISE 1-8 1. Several million pocket=sized clectronic calculators are now beinyg
produced annually. They are becoming relauvelv accessible to the
average student. AMany of these caleulators, such as the one shown
mn Figure |- 36, use tloating point arithmetic.

7 8 9
. i 2 3
) e e i
0 v+
FIGURE 1-30 h e et i A St G S

A popular hand-held
_ caleulator,

(a) Locate an electronic calculator and compare the method it uses
to represent floating-point numbers with the method used

SAMOS.
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. Introduccién al lengudje FPRTRAN

E1 lenguaje FARTRAN, cuyo nombre corresponde’a las primeras

lTetras de.1as}palabnasuing1esasvFORmula,(férmula).yhTRANsIation;

(traduccwon),,es un lenguaje de. programacién orientado a proble-

L watewmaticos

_mas y se. emp]ea en cas1 todas las computadoras del mundo. Debido

:\_a sy, parecwdo con el 1engua3e aritmético comin, el FPRTRAN simpli-

f1ca 1a preparac1on de problemas que pueden reso1verse medwante
una computadora. Los datos, e 1nstrucc1ones se-pueden’ organ1zar
mediante una secuencia de enunciados fortran; estos constituyen
' '

el 11amado Programa Fuente. .. -

Todas las computadoras: que "entienden" el 1enguaje FARTRAN,

tienen 1o que se 11ama=un Compi]ador'Fortran, 11amado también tra—'

ductor o 1nterprete, el cua] analiza Jos enunciados fortran y los

traduce aun Programa ObJEtO, el cual ‘queda. en Lenguaje de Maqui-
na. |

Un programa escrito en lenguaje FPRTRAN se puéde procésar

en cualquier maquina que tenga un Compilador Fortran. Esto nos in-

dica que el lenguaje es independiente para cada mdquina, o0 sea que

,e1‘cpmpiJador §gﬁdebe_prepargr-en.cada caso. teniendo en cuenta la
wmqu1na que ha de .usarse en. part1cu1ar, puesto-.que las maquinas

d1f1eren en su organ1zac1on 1nterna, se-ha desarro?]ado un nime-

ro de “d1a]ecto¢" del Lenguaje FPRTRAN, cada uno de los cuales es

apropiado para -una.clase de miquinas. Las diferencias entre los



varios dialectos son minimas y se ajustan el unc al otro facilmen

te.
1.1 El1 alfabeto

E1 alfabeto FPRTRAN esta constituido de caracteres que son'

.

simbolas familiares de escritura y de teciados de miquinas de @

[°g)

w

cribir, asi como de dispositives especiales de perforacion; dichos

caracteres son:
Al fahéticos: ABCDEFGH
TJIKLMN

e AP RS T UV WX YL T
Numéricos: 0123456789,
‘S?mboios: e ® =0, ( ) ! @

‘nes y enunciados que se utilizan en el lenguaje FﬁRTRﬁNE
2.~  Nimeros

¥

Los niimeros pueden representarse en diferentes formas, lag

cuales se asemejan a los simbolos de Ya aritméiica generali vers
debido a Ta estructurea interna de Vas computadovas

1as convenciones de: Punte Fijo y Punto Fletanie gus pro

facilidades para su manejo en FURTRAN. Los simboioe e

* La Tetra 0 la expresaremss como § pava diféerencisvia del ¥° coee,




" “se ‘usaran solamente Coh ndmeros enteros y 1bsnc51;u1os.asociados
*‘se’ denominardn aritmética de los enteros o modo entero; mientras
que 13 ‘aritmética de Tos nimeros reales se haréa én ia Forma de pun-
to. f]otante y se 1namara ar1tmet1ca de 105 rea1es o modo real. De—’
"5b1do a que tamb1en es necesar1o d1st1ngu1r Tas constantes (nume—'

" ros que no cambian durante toda la. e3ecuc1on de un programa) de
las var1ab1es (numeros que pueden camb1ar), surgen cuatro clases

de simbolos para los niimeros. .

2.1 . Constantes_enteras.

, Depgqqienqp.de]:tjpogdé_computadbra»ée podran representar
"*qu unﬂqieyto;nﬁmgtoneﬁdigitos, asi para IBM-1130 se represéntan
hediante cinco'digitos sin el punto decimal. Si el entero es nega-
t1vo, Tos d1g1tos deberdn ser. precedwdos de] s1gno menos, s1 e1

" entero .es .positivo el signo es opcional.

. Ejem.. . .ijmhoJos_para;?QU?fantesuenteras.pueden ser.entre:
°t”as L L B \
‘1'9'7.6'7".*:' S| 0 +1976 ' ‘:;19‘76-- o .

r.<S1mbo1os que-‘no--se aceptan para constantes enteras:
. 7483282. (mas de cinco d1g1tos)

1976. - (el punto dec1ma1 no; se permite)

2.2 Constantes rea]es"
Dependwendo del t1p0 de computadora, 1as consiantes reales

b}

se podran representar por varios dwg1tos, pero “en el caso de la



IBM-1130 5610 se admiten siete digitos con punto decimal pudiendo-

se colocar al principio. de los digitos, al final o entre dos digi-

tos cualesquiera. Cuando aparece un punto en una constante su tra-

tamiento serd de punte flotante. Si la constante real es precedi-.
da de un signo menos, 'se¢ indicard que es negativa, si es. positive
el sigho-es dpéionaﬁa
Ejem. Simboios para constantes reales pueden ser entve o-
tras:
1976. -, 00001876 - +12, 345 «12.345
-.007 007 . 5.348 - . - 0.3

“STmboTos que no se aceptan para. constantes reales:

123456789.32  (mds de siete digitos $ignificati-
| vos ) A\ '

5343 (fa?té el punto decimal)

Para representar las constantes reales axiste tambidn la Vlewada

forma exponencial; esta la podemos representar mediante una letra

E v una constante entera de uno o dos digifos, positive o pegs
Esta constante entera es un exponente del nimers diez: 21 signo

menos es para 1os exponentes negatives y para los positivos, &)

signo es opcional. En FERTRAN, Ta presericia del expbrante hate

el uso del punto decimal sea opcional.

°

Ejem, Forma exponencial.  Forma mo expen
1.32862 i3z

1.328E02




1328600 | ,f' "132;3'»
A'*k;72hE-03 C L ook72k

s7.6083 760,

643263 -6.432

Lo

2.3 Vafiables enteras

” Estas se ré#resentan por combnnécnones de una a Elnco letras
Uy d:grtos (IBM 1130) no se permltén otros caracteres y el primer
caracter debera ser una.de las ]etras l, J K L, M o N. El prl—
mer caracter dé'una varlablé és”el ﬁue lndlca si es entera o real.
”7Durante la eJecucuon dé“QH p;ogkamé,;las variables entéras deberan

“restringirse a valores enteros.

Ejem. " Simbolos péfa variab]eégéﬁferasupueden ser, entre
otros: . A S
NUMCT . KILO NI N2 MIO KONT
C1IALE S JCLAV MARY KONTT' L1976 -

‘SfmboﬁbS"Hbléééptébles p&ra variables enterésf‘
“:CUENT”   ”(&].Priﬁer'céracte ?debe ser |, id; K,
L, M6 N o |
.»KONTADOR: (demasiados caracteres)
12.34 . (so!o se aceptan 1etras y numeros)
2.4 '-V;fﬁablés reaJeS?"
F%fés'sejrépreseﬁtan por combinacibﬁés‘aélﬁﬁa ; cfﬁco 1etr§s

y digitos (1BM-1130), n0 $e”pefmi€eh ot?bstcaractere& y el primer



(&0}

caracter tiene que ser necasariamente una letra. diferente a |, J,

K, L, M8 N.

Durante la ejecucidn de un programa dichas variables

se deben restringir a valores reales,

Elem.

Simbolos para variabies-rea?e§,pueden ser, entre otros:
FUERZ VELOC 'ﬁCEL] CUENT Al A2 |

ALFA  VIELA  RAWZ X1 . PROD SUMA .
Simbolos no aceptab?esvpara variabies reales:

A3.8 '(éi @untc no es letra o niimerc)

CORRIEN (demasiados caracteres) - . .

3 BASO  (e) primer caracter debe ser una Tetra)

MUMET (el primer caracter no puede.ser M)

3.- Operaciones aritméticas'

Las operaciones aritméticas vy los simbolos que se utilizan

en FORTRAN ‘son

Adicidn
Sustraccion
Multiplicaciodn
Divisidn

Exponenciacidn

. Expresiones ar

En base a Yo expuesto ahferiormente podes

Ejem. . Algebra FORTRAN
+ S g e b A ow
- ' T aebd A= B
* a b AR 7
=
/ b 7B
ddk ai &*L ¥
at A% 7

ftméticas

23}




expresiqnes'aritmétiéaé“eh“]ehguéjé:%ﬁRTRAN y bog daremos cuents
ﬂﬁgqueasqﬁ;muv similares ‘a las éxpfégibnés aritméticés del algebra
-iiéomﬁn;f;f‘ V
4:;Expresioﬂé5l?dﬁfRAN B ‘Egprési;negvpomunes
CAREQ-BRAD Co ;.Iazf.t"é\
) coon L BRR2~LRARC i k o .bz-ﬁac

o 1

2"'K-J+N e, e TR 2k-_;+n
CooeBezm T T cabi3a
h.i;;v§é91353PéréﬁlaSIEXp?é§f0hes'éritmétftas.
JxLégtésﬁré@ﬁéS*a”ﬂés'QDé7débémbéfshjéféf iaé exﬁrésf&nes‘aﬁithé-
ticgs?spn“heCeéariasﬁdédeé5a“1a*éétructuré‘de‘las computadoras y
‘al observarlas tendremos un ahorro eri el t?émpb de;ejecucién de un
"programa.
'Regla f . Sf'nqs fijamdézéﬁnlés'éxprésibnes.FﬂkfRAN anteriores
L s ”ﬁds‘damo§3£héhfa”dﬁéé To8§sTJés constantes y variables
"?f?ﬁﬁUha‘egﬁ;é;féﬁiaébéh‘égfar;éﬁfelfﬁiSmo modo, esto
 eS; tod$§;HéBeﬁ §éF1enféF;§-oufbdé§'ﬁeben ser reales.
’ﬂﬁ(CQmo%tﬁdaﬁrégTé'éngfé‘;ﬁ'égcépcién que mencionare-
-mos mas-adelante). B A
" Es neegsarid*céhsﬁ}tér'lbgtEénuales de cada m3quina,
ya que como hemos mencibhadé énteriormente dependerd
3?esfa’régféfd€f5ﬁipp:dé“ééhpdtadora. _Por lo pronto

la consideraremos como se ha indicado.

.. 10



Regla 2 | Ax%] | %% y A%ME son expomehciaciones‘permitfdas.
En el caso A**| se mezclan los modos y eslia'excepF
cién a la Regla 1, peré sabemos que esta equnencia-
cioén siénifica mu]tipl}céciones sucesivas {asf BA#3=
B*B*B) , mientras que las potencias no enteras implis

' can cileulos més sofisticados. Nos damos chenta que

1%%A, no es forma de éxponeﬁciécién permitida (en
algunas miquinas si se permite).

Reala 3 Debers tenerse en cuenta que las operaciones se eje-

cutaradn con las siguientes prioridades:

dicadas dentro de los parén-

1) tLas operaciones.in

tesis mis internos se ejecutan en primer lugar.
2) Exponenciacidn.

e < w

3) Multiplicacidn y divisidn.
4) . Adicidn y syé;rac;fén, o
Entre Ya#'oﬁeraéi@weé de'iéuai.bfiééfé;d, el QE&&&M
de ejecucion es de izddierda@% ?grechao

Ejem. . Si A=5,, B=8, y (=2,

A+B=3.*C se calculard en el sigu

3.%2.26, . - 548,213, 13.-8.=7,
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| s| A=5 L, '328',__', C=2. y D=1.6
Eﬁtontéﬁj(A#B)/ﬁ‘sc ﬁéléq]a en el siguien-
_ite ordQQ:_ | A . .' |
R R 5
"» 1gienf}§§;que A#ﬁ/ste'céiéu1é'eh el siguien-
teordens
8f/27%93h% _*‘5:f5-f§1a3—~
 Ahora si deseanos calcular (AFC)42 condu-
sa2ie7. o owashy,
 Mientras que A+CH2 conducird ai-
uwesh. Sabms
Ahora si: (A%B)/(C*D)=k0./3.2=12.5 .

Entonces: A*B/C*D=40,/C*D=20.%D=32; -

S 0wl Finalmente.sitenemos paréntesis-dentro de’. -

6tr6§‘baféhte§f§ se tiene: | _
(A% (B4C)) ¥2m (A10.%%2=50. #%2=2500.
B+C tiene lavmés a1ta.prioridéd£p§k éhcdh;; ‘“
“trarse ég?élfpé;énte;is{més'fnterno.
| (AKBHC) 522 (10, 42) #42=h2 *.*_2=1 76k,

A% (B+C) ##2=A%10, %42=A#100,=500.

ARBACE#2=ARBHL =40 4k =b)

Debemos tener cuidado en expresar lo que

deseamos realizar.

.12



Reg\é 4

‘1206

Nc deberemos colocar un signo de operacidn antes

de un signc m3s o menos, esto es, no deberemos po-’

ner dos signos de operacién juntos.

Ejem. A#=-5

M=4N -

Estas expresiones deberan sustituirse por:

CAR(=B)  1+(=d)  Me(#N) AJ(-B)

4,2  Funciones predefinidas en lenguaje FERTRAN

Estas funciones predefinidas que proporciona ei lenguaje

FORTRAN son de tipo de biblioteca. Para utilizarlas usaremos el

nombre de 1a funcién sequido de un argumento que deberd estar. en-

|
|
L]
|

'Z:tre”paréntesﬁs,j”Dichos’E?Quﬁéntd?’piéaen“iefcigﬁ{SBTé§ZS7E$Ye

5.0

con subTndices,-constantes, expresiones aritméticas u otras fun-~

ciones predefinidas en FHRTRAN.

Para ﬁBM - 1130 tenemos:.

TiPO DE

L oyiee pe

A NUM. DE

'NOMBRE " FUNCION EJECUTADA  ARGUMENTOS ~ ARGUMENTO(S). - . FURCION
SiN Seno trigonométrico ‘

(argumento en radia- o

nes) i Real Real
Cos Coseno trigonométrico
' ' (argumento en radia-

nes) ‘ ] Real Feagd
ALOG Logaritmo natural i Real Real
EXP Argumento de potencia -

de 1 nimero e. 1 R@a i Pz
SORT  RaTz cuadrada i Real Feal
ATARN Areo tangente i Real K

REAL
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ABS . Valor absoluto - 1  Real | Rea!
“LABS ’Valéf'abSG]dto B "~ Entero  Enterc
FLOAT | - Convertir argumento de . : o
entero a real - . Entero Real
PFiX Convertlr argumento de - . .
- real a entero ‘ ‘<_J .+ Real .' Entero
S!éNf Traagfefencia'dé'sig;
no. (Arg.y recibe sig=- - o
“no - de Arg 2) , .2 » Real o Beal
iS!GNJTM;,TranSFerenCIa de srg- v~ . | : A ‘
- " no (Arg.; recibe sig- Coe e
~no de Arg. 3y, 2 | Entero »Ehtero
‘TANH:.qM _féﬁgente Hiperbé1{ca ‘ f . ‘ ‘f Rea] A ﬁeal
Ejéhk :;A . SQRT (B#*Z-A.#A{*A%C) indfca'que a lo que se ‘encuen=
~ tfa.eﬁtrﬁ'Paréﬁtesis.se.le-Sacaré la rafz cuadra@a;
SiN (BETA).indica que se optendré el seno trigono-
- ‘métrico.de el valor de la.Variable BETA.
o | Los enunciados son las unidades: bas1cas con las cuales se
construyen los’ programas FﬁRTRAN Podemosvclasiflcarlos de acuer-
do a_;u_fgngjon“gn,grQQQSTCQmQ:
) | 1.- “i-uAritméiiéqs-denasighéciéd
w 2. ; '5e contro]
3.- De entrada y salida.
‘141._'4. - De éspﬁci.f.icac.ién, S
”w;ﬁ;]:_aL?§ ;hQQci§d9§‘arigmégicqs.de asignacion - -

_Se forman con las expresiones presentadas anteriormente vy

L4
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nos indican los célculq§ particulares que deben hacerée,"éu for-
ma es: |
Variable = Expresian aritmética
El significado del signo = es el de asigﬁacién9 estu €5,

que deberd calcularse el valor de la expresidn a la derecha del

signo = y‘su valor se asignard a 18 variable que se encueﬁt}é‘éﬁivq
la izquierda deT'si’gmﬁg Ya cual tiens uma.ioca!idad en ¥a'memo*,_
gia de 1a computadora. | b
Ejem. | | Si:A=5., .B=8., C=2. - vy D=1.6.
X=(AB)/C se le ssignars a la X el valor 6.5 . .

ALO=(A+B)#42 se le asignard a ALO el valor 169.
RAI=SQRT(B*C) se le asignard a RAI el valor 4.

‘AlgoAdi?erente al algebra normal €s el enunciads

a la localidad de memoria con ei_hombre‘é se le aéég%
"nard el nuevo valor A%3. eStpﬁes:

Si A=5. y:A=A+3; entoneces: |

A=5.43, A=8., o sea que la variable A se j& asTo-
‘na el valor de 8. y el valor anteriéf que fFué ;ﬁiéé
pierde.

5.2 Los enunciados de control

Debido a que los,enunciados -de un programa FARTRAN se

transferiv la ejecucidn a otros enunciados si se

A=A+3, e]';ual no debe alarmarnos ya due'indicé éﬁ@'”
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cierta condic:6n, FPRTRAN nos permite numérar dichos enunciados.
" Un nimero de enunciado debe ser una constante entera de uno a cin-

co caracteres.sin el signo mds o menos; el ndmero se coloca a la

izquierda del enunciado.

]

Ejem. '3 CONT = CONT+1.

C 2 RAIZ

o : SQRTf(A**2+B*¢z)“;§;~;

'5:2;f El gnuneiaAO’éﬁ Tb‘ |

= '*égﬁé_tqmal]a;féfméfGﬂ_Tﬂ ﬁ en qondé N es un nﬁme:6
de enunc?adpf'd:
) éi:Gﬂ Tﬁ;prodUCe un salto incén@jciona]; asT G¢ T8

.‘ H3féﬁ§?§1i% ejecu;ién §1 enﬁn¢i§do ndmero 3 que,puede ser

\;éhfngé}ﬁcc}Snzdé‘§ont¢§ de]vejempYO_éﬁterior. G@ T8 24 pa-
}?' §§ e]“coptro1‘aluén9hciadq'iﬁbqge puede ser el del ejemplo

G

Ejem. Supongamos que unos de los enunciados de un progra-

:f> majsoﬁ;if
l'= {:€f‘fJf*’j3 Estolnos fe¢Eesénta*]a;sqma de .
ISUM = 0 los nimeros enteros, desde luego

Ty ISUM %‘lSUM+1 ~ 'es necesario ponerle otros enuncia-

1=l " dos. pero 'pd'f el momento nos aclara
B cgTE 1 ‘°=‘”d?°?§°;
. DlS;i;é El engnciaao IF |

dut i “Debidoga-due:YASACQmPptaeréS estanvdigeﬁadas'a ba-

L ~ se de'circuitosglégicpsﬂy el ‘pensamiento del ser humano debe

.. 16



ser dg,esté f&po, nos toncketaremos el IF 16gico, ademds de que
el alumno ya tiene elementos de algunos opéradorés de relacion
como OR, AND nyOT.
E]>!F 16gico es de la forma:
| IF (L) s

expresidn 1og!ca que puede tener dos valores: Veroadero

-~
]

o Faliso.
§= cga]quier enunciado FPRTRAN diferente de: un DB, un enun-
ciado-de especificacién o de otro IF T6gice.

Si L es falso (.FALSE.) entonces se ignora S vy la computa-

~ €i6n €on t'ﬁﬁézﬁl’?igﬁTEnYELeEEﬁCfédé:ﬁgn L es verdadero 1.y T;:j
el enunciado‘S se ejecuta en seguida.

Resulta interesante hacer nétar que si L es relativamante
" complicada, éste IF puede ser el equivalente.de Vérias‘ﬁF-a}Etmév
ticos.

Péra'formgr Ias expres!énes 16gicas (L) utilizaremos ?ésA
opéradorés.déz;omparaciSn y los de re?aciég;' |

. Dperadores. de comparacidn:

Stmbolo | Simbslo . Significads
Matemd3tico S gnlfigggg o 'FERTRAN ”. . __logids
< " Menor que . .,QLTPA Less than
> Mavor que BT, than
< "Menor o igual a WwLE,
> Hayor o Jgual & <BE.

v
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= o lgual a - .EQ. .. . Equal
7 - Diférente a . , . .
-6 No'igpal a WNE. . Not equal!
. Operadores de relacion:
V ' .~ Unién ., - | .OR; 6 ("o inclusive)
N - " ‘Interseccidn - -~ .AND. Ty (fad mi smo tiempo).

R ERE © 7 Complemento .NOT. no

Para valuar una expresién 16gica se. hard con las -siguien-

" fos prioridades:

1.- Expresiores entré-parénteéis
2.- 30beradores aritméticos
3.~ Operadores de comparacién (.LT., .GT., .LE., .GE.,

EQ. y .NE.)

b= NOT.
5.- " LAND.
6.~ .OR.

En caso de igual jerarqufa la“evaluacién serad de ezquier-
da a derecha. = =

Ejem. (1) X

5. y=0.5 4
'rr'(x;GTﬁ3:.ANu.“y LE.2Y) ZeXRAeXRY
Csignifics que 5103,y (sl mismo tienpo) y<2.
Se'aSigdéfé'a‘Z<éF'valor”qué’se obtenga al cal-
.éurér‘X3¥XY, ésto*es'2m125,+2_5;127~5
c(2) '1F"ﬁAyLE.X:AND.EJGE;'Y .OR.C.GT.Z) G T8 12

“ 'Significa que si"A<X 'y (al mismo tiempo) B>Y es

.18
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verdadero & C>Z es verdadero & ambos, entonces

se transfiere el control al enunciado 12.

(3) =1
ISUM = 0 ‘ Esto nos indica
T ISUM = [SUM+I que s6lo sumare-
P = §+7 , “mos los nimeros
'F (1.LE.100) 68 T6 1 - =nteros del 1 al 100
sTOP | | | | o

'5.2.3 El enunciado Df

Este toma la forma:

L, M, N

e T e T n“;'DﬁfT(“if

L, M

D@ K !}
La segundaﬁforma sélo se aplica cuando NQY” io

que es bastante frecuente.

-

" K representa un nimero de enunciado

| representa una variable entera

L, M, N son variables enteras J constantes sin
signo. |
‘ -E1--Df-produce la ejecucidn repetida de todos los

enunciados que le siguen, hasta el enunciade nimerc K.

La primera vez que se-ejecutan estos enunciados ta varia-

ble 1 w5 fgual -a-L, -en cada paso subsiguiente | se i
menta en la cantidad N, hasta hacerse mayor & fgual & M

en el paso final; en este momento se termina el | Vamszdo
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lazo DP y e: confro] pasa al enunciado que esté a conti-
nuacidn del engn;iaﬂo K. AsT, L es el vaior inicial de
la variabléri‘Q H su yalbr'final. ! se 1lama el Tndjce
del enuﬁcfado DB y su valor corriente se puede usar en
célculos durante la ejécucién.def Tazo. Todos‘los enun-
cfados qué'le.siéuen’al D@ hégta el nGmero K inclusi?e
constltuyen el rango de! ‘DP. También es posnb]e que lé‘
vaflable“; no se encuentre en nlngﬁno de los enunc1ados
. del rango ael D y esto nos indica que se realiée la eje- -
mcdéiéh dé’fddo§'i05 eﬁdgéfadog del! rango dé1‘D¢vH_eﬁtre
NtVecésnga'ﬁéFté,eﬁféfé de eéte cociente M/N). Debere-
‘ios” tomar “en cuenta qhéfAéi ndice | ge incrementa secuen-
‘CFaY”yﬁéufdméticqheﬁfe’du}éﬁte la ejecucidn del Waéo-y

que se puedé, en esfos moméﬁtbs; tratar como cualquier
variable entera;¢el Tndiée | queda &ndef{nido'después dé-

(termlnado el Iazo del Dﬁ 'y puede ut|1izarse para cualquuer

- uso general E] enunclado K no debe 5er un enunctado de

Aespecufncacnon n;Auna transferencua de control'esto :nclﬁ—
. ye’ cosas como GﬂATﬂ,.!F y Dﬁ, asn ‘como FORMAT END y al-
gunos otros. Debemos constderar que no se puede desde nin-
» gun pﬁrto dé} p;o amé'jTégafxé Un énunciado—ﬁentro del
rango de un Dﬁ Y que la entrada a un Dﬁ debera hacersé
Vﬁa traves de] enuncnado Dﬁ Y por ultlmo e§ muy f:ecuente

que un Dﬂ este completamente dentro de otro



llusirando graficamente tenemos:

Correcto

.Dg Dg

D
bg

o
Ejem.

mente,

I1SUM = .0

if

Dg 11 = 1,100

1 IéUM = [SUMH+]

sTOP

5.2.4 El enunéfado ST@P

Incorrecto

Dg. DY
DF.  DF
Do .

Utilizaremos un Df para sumar los nimeros entercs

del 1 al 100, ejemplo que ya hemos visto anterior=

Nos damos . cuenta que el DU tie-

ne la misma funcidn que.un I8, .  —  —

un G# TH y un contador; como po-
dra observarse con el ejemplo an-

terior. .

Este aparece sfmplementejcomo STﬁP.y es el que

nos indica que ha terminado la ejecucién y-en el .caso de

. o ) o .
IBM - 1130 la computadora se detiene y el operador tendri

lque'hacer que contihﬁeftrabajando. Debido a ello se reco-

"mienda que se utilice el enunciado CALL EXIT, el .cual pa-

sa el control a un programa monitor gue hace que ls com-

putadora continfie ejecutando los otros programas que $i-

guen a continuacidn,

Tanto el STEP comoc el CALL EXIT podrdn sparecer

después de cuslguier enunciado.

¢
<

[N
-~
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5.3 Los enunciados de entrada y salida

‘Estos, como su nombre lo indica, sirven para introducir

-y.sacar informacién de la computadora.

"."_‘5.3,1..

~

El enunciado. READ

_ Este enunciado tiene la forma READ (1, N) LiSTA

1 y N son enteros-sin-signb y LISTA'répreSenta una lista

.de nombres de variables para las cuales se leeradn valores.

| -designa-el .tipo de periférico de entrada que se utilice

(lectora de tarjetas, consola;fetc;). N es el nimero de

un enuncuado FARMAT asoc1ado al READ.

;;Ejem.

j 5.3.2.

El.enuncuado READS(Z 101) J H

.~ Producird la lectura de tres nimeros: un-entero y
‘dos reales -y se almacenaran en las localidades de

- 1a' memoria de la computadora designadas con las

variables J,y B y Hen su-orden; Las comas que se-

paran estos nombres de varTabﬁeSAen el READ son

;nndlspensables 2 es la untdaﬂ dm entrada y 101

un FQRHAT

,El enuncnado WRITF

:Este Llene 1a forme WRlTE (l "N) LISTA i y‘ston

" anteros sln sIgno Y L!STA representa una lista de varia-

b1es_para laSrcuales.se |mprtmen valores. 1'deanna‘el

T tlpo de, perlferlco de sallda que se ‘utilice (Impresora,

‘cinta, ete. ) N es el nimero de un enuncuado FBRMAT aso-'

..22



e o Es te~tipo-de—enunciados no—inician por si

en tarjetas de datos, los cuales son {ndependientss dei progr

ciado al WRITE.
Ejem. El enunciado WRITE (3, 108) L, X, Y

Produciré que se impriman los valores de las va-

riables L, X y Y que se encuentren en las loca!§~.

dades de meworia coﬁ esosAnombres, en el forma;o
especiffcédo por el enunciado nimerc 108 y porl
la unidad de s;?ida nimero 3; las comas qué sepa=
ran é€stos nombres de variéblgs en el WRITE son
indispensables.

o
5.4 Los enunciados de especificacidn:

. ° I

culos, no producen transferencia de contirol ni estimulan el flu-

jo de informacién, pero proveen al compilador FERTRAN de los

detalles esenciales para~1a traduccidn del programa fuente &h

FBRTRAN al ‘programa objeto en lenguaje de méquina & pars = con-

versién de datog?aAIa entrada 0.1a salida.

Si qﬁéré&gg-éﬁt;oducir datos a‘la coﬁgutada%& 1o pade@sz
hacer medianté un enun;fado qqeve§té deﬁtr@ dei programa, como
A= 3.1&16,-ésto’es lo que pdérfémos.YTamar infeializar una va-
riable; y el programas se C@mpiﬂar?a.cada;vez que Quiﬁiéfaﬁégs
darie un Vaiér diferente & &, Yo cual resulta mQy CUSt@gd; v

que las compilaciones son laborioses. Para evitar esto se uia

el enunciado READ y los valores que se le dew

A
b2t
hwi
(I
o

S

£

)

¢

U

ot

- O
=5




“ma fuente,

5.4.1

El enunciado FORMAT

Este tiene la forma: N FERMAT ( , , , ...) en

.. la'cual-N-es-el -nimero dek~enunc4ado«FﬂRMATmy~correspon-

'%/;Tde al N de los enunciados' READ y WRITE. Los espacios en-

tre las comas estdn disponibles para las especificaciones
. 1 .

del tipo que se describen mis adelante, siendo el nimero

‘de espacios uno o mas, de-acuerdo a las necesidades del

programador. . .

5.k La ‘especificacién I:lw

AquT | indica un valor entero y W es

~un entero que indica el nimero de columnas o an-

. cho de .campo, que ocupa ese valor-en la tarjeta

de entrada o en el papel de impresion. El nimero

w deberd inclufr un lugar para el signo de ese

valor, siendo + opcional.

) '»:EJ"em.f‘ - ;_?-va_lo‘i— -de "l'os'datdsf..-f

de entrada o salida: 1130 +1620 -370 0 +ik

b EspecifitaciSn:-, R 15 th

L‘S,b.l;za;%Laaggpecificac%ﬁn“F:Fw;d

T

Aqui F .indica un valor reail, w indica

el ndmero de columnas que ocupard el valor en la

1

tarjeta de entrada o en el papel de impresiGn; d

© - . indica el nimero de cifras que se encontraran des-~

13
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pués del punto decimal. w deberé incluir un luggr
paré el signo y otro .para el punto decimal. )
Ejem. >Valof de los datos de |
~ entrada 6°salida: 327787 —;007“’1130? #3;?@

E;pecifécacién: F6.3 . F5.3 F5.0 FS;?
5.4.1.3 La especihcacis'n E:Ew.d |

Aqui E Endicé Qn valor real! en forma
exponencial y w ?ndiﬁa la anchura de campo para
ese‘valor y debe de incluir el signp, éi lo hayﬁ‘

el punto decimal, el lugar para la letra £, un

si .es negati~

lugar para el signo del exponente,
vo, y dos lugares .para-el exponente; d indica e}
.nGmerdAae'dTgitos a la derecha del punto decimal.

Ejem.. . Valor de.los dates - °

deAentrada o salidaé';14835@%A'wn?€w92 L1k

\

.Especificacién: -~ 'E8.4 - E7.1 £3.4

- Es’ conveniente que guando deseamos sacay
informacion de la computadora, tomemos -gn cuenta
; . , §

para elfancho del campo To-siguiente:

1.-- ' "~ El-signo, aln cvando el++ gencralmente

i

e -se impriwme.

2.~ " El punto decimal psra las especidicacior
nes F y E.
3.- Por 1o menos un digito & Ja



ZS--.

‘del punto decimal, puesto que muchas

maquinas imprimirdn alli un éero si. o~
fro digito no ocurre. .
Suficientes lugares para todos los di-
gitos significéti?os deseados, debido
a que para los dfgitos que no se les
deja espacio sé truncan o redondean.
Cuatro 1ugares~ﬁara el exponente de la

especificacidon E.

E} primer lugar se deja er blanco para

el control de carro,

5.4.2 El enunciado END

Este se lee simplemente END e informa al compila-

B

dor que el programa fuente ha terminado y debe ser el Ql-

timo enunciado de cualquier programaeﬁﬂRTRAN.

.Atreglos

Frecuentemente tratamos con un -grupo -de variables qu= for-

an 6 pertenecen a
forman un conjunto

por la notacién de

como arreglo y las

una clase o coleccidn.. Cuando las variables
ordenado, pueden relacicnarse unas con otras
subindices; entonces designamos esa coleccion

variables..que pertenecen a ésta serie son

los elementos del arrecio. A veces se emplea como sinémimo de

..26
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arreglo el homb}e de matriz y, en conéecdencia, hablamoslde ele-
mentos de la matrfz.
6.1  Variables con subindices

Un-conjunto.-de -nimeros-que .pueda..arreglarse_en..un.rengldn
6 columna se éonside}a como un arreglo lineal 6 unidimensional,
Y ésta série puede llamarse véctor;‘!dentificamoé fos e?@méntbs
de un vector rengldn 8 columna por un sélo subTndice.
Ejem. . La‘coiumnavde ﬁﬁmeros dgl‘vécter i Vamado Ab'con*

siste de Tos elementos A, hasté‘An.inciusjvé y

se representa como sigue:

s o m = =Notac idnasoctumbradaT “thﬁ?ﬁﬁn'FﬁkTRﬁN*”rzr”
LAY A (1)
A, A.{2)
A3 A-(3)
P i
AN ]
| e - i
Ai A L)
1 . (,]
An ) A (i

<
Y
=
[543
a.
(n
e
&
“2:

Lada una de estas A{l), en ac.ce |
'son el nombre de una variable, el conjunto de to-
‘das .ellas es 1o que 1lamamos arregio.,

51 se usan.dos subindices para Tdentificar lus elessntes

de un arreglo se considera éste como un arregle bidime

p

Los cuadros de un tablerc de ajedrez, pueden considersr:

un arreglo bidiminsional. Y si Vlamsmos a cualquiers de Yos

ERE AR



27..

dros ;on.la vafiable CTAJ tendremos 64 Qariables; pero como el
'tab]ero t}ene 8 rehglones y 8 columngs, podemos ;eferirnos al
.cuadro ﬁue se encuentra en el renglon 3 y la coiumna 5 con la
variahle CTAJ-(3,5).

. Dependiendo del tipo de computadoré serd el nimero de sub-
,Tndices.qué podremo$ asignarle a un arreglo; en I1BM -~ 1130 sélo
se admiten arreglos cén un maximo de tres subindices.

Las variables que se<utilicen’pafa Hesignar arreglos de-

" peran observar. las reglas que se dieron anteriormente al hablar
de variables enteras y reéles considerando que para los éiﬁco |
caracteres alfénuméficos son independiehtes de los indices que

se encuentran entre paréntesis.

6.1.1. Rég]as para los subTndices.

Regla 1  Un subTndice debe ser. un enfero, bﬁede»Ser
éonsxante, variable & uné de las expresiones
aritméticas siguientes:
A%+ b A%V -b :

én donde v es una variable entéra y ay b son
constantes énteras sin signo.
Ziem. Algunos subindices pueden sef:
11972 T10%KONT Z*I: J
1976*N-8  2%1-4 2%1+3
No se pueden.usar.como subindice:

1+1 =1 2-10%CONT - -1932  -KILD

..28
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Regla 2 Un sﬁb?ndice sGlo debe tomar valores positivos. -
Regla 3  Un subindice en sT no debe ser una variabie con

subfndicés{ AsT X(1{2)) no es permitido.

Regla & Un sfﬁbolo que representa un arreglo, una va-
riable con subindice, no debe usarse sin sub-
Tndices para representar otra variable diferen-
te en el mismo programa. Esto es A(l) 9 A no
deben referirse é varfables dife;enteﬁ. Como
siempre hay una excepcién que por ahora no

tocaremos.

;ubfndices podrfan.inc¥uir:
X(1)  SUM(k+2)  A(1, 280#1)  B(INT)
Péra variables ‘enteras con sUbFédices
bodemés tener:
CANT(MLN) 1(3) - 1ETACS,2%1)
6.2 El enunciado DIMENSIDN o
_Siempre que en Qn.programa utilicemos variables con sub-
Indices deberemos poner-como primer enunciado é] 61MENS!¢N, el
cual indica al compiiado} qué,gaﬁin.eséa@ie«de-memeria-se debe
reservar para las variables con sub?ndicese Su forma es:
DIMENSIBN u, v, W, ...
Donde u, v, W, ....son nombres de variabi@ég cada una de

las cuales va seguida por el miximo nimero de elementos en el

2
k“i}

. Ejem. Los simbolos_para.variables . reales .con -



arreglo correspondiente. Deberan observarse las siguientes reglas:

Bpgla 1 ‘

Regla 2

*la 3

ﬁegla“ﬁ

treS'sublndlces cada una.

Cada variable con subfndices se debe mencionar en
un enunciado DIM ENSjﬁN antes de su.primer uso en
el- programa. |
Los simbolos rgpresentados'anteriormente por u, v,
w, ... deben teﬁer la forma:
nombre de variable (maximo nimero de ele-

. mentos)
el ndmgro entre béréntesis debe ser una constante.
entera sin signo.

Ejem.”  DIMENSION A(20), B(4,8), CARR(5,3,4)

" Esto indica'que el compilador reservarda 20 loca-
lidades para el arreglo A, sus veinte variables se-

\ran A(1) A(2) ..., A(20) al mishbitiempé se reser-.

varan: 32 (4x8) localidades para las variables B(l 1)
3(1,2),.5(1,3),...., B(1,8), (2 1) B(Z 2) ey
B(2,8), B(3,1),8(3,2), .., a(3 8, B(4,1), B(4,2),
B(h 8) y por u?&cmo se reservaran 60 (Sx3xh)
localldades para las varlables del arreglo CAR, ~cor

{

E! arreglo que se use en particular, dentro del pro-
4 i

‘ N . b
grama podr3 tener menos elementos que los especifi-

cados ‘en la magnitud del enunciado DIMENSION , pero

no mas.

La variable tal como aparece en el enunciado DIMEN=- -

S1PN-debe -tener .exactamente el mismo niumero de sub-

—

indices que en cualquier otra parte del programa.

&

~af

iﬁ}'

o
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7.~ SUBPROGRAMAS.
Los subprogramas, también 1lamados subrutinas, son programas que pueden

ser puestos en uso por otros programas cuando sea necesario.

Las funciones de biblicteca 0 funciones del'sisteha constituyen una va =
riedad d& subprogramas. '
7.1- FUNCIONES .
Cuando-e1-valor de una variable depende de una .6 m8s variables § constan-
tes y ademas de una serie de cdlculos,y dicha variable ha de calcularse repe-
tidamente y en diferentes puntos de un programa, es posible definiria como —=
‘una Funcidn. En otras palabras, Ademas de las funciones con que cuenta la bl =
lioteca del sistema, el usuario puede escribir sds'propias funciones vars wuvso
especifico de su programa. | '

Tomamos un ejemplo para visuwalizar lo anterior:

‘Supongamos que _para_un.programa-en -especial; en &l cual trabajamos con grados

en lugar de radianes, deseamos calcular continuamente SENG (X}, sin &l uso -
de funciones serTa necesario transformar e! argumento deseado de gradoz a ra-
dianes y después llamar .a la funcién del sistema SIN (X). A continuacién pre-

sentaros una funcidn que calculard SENO (X), (X éhlérados) :

FUNCTION SENG ( X ) =.@ -
X = X * 3,14 15 92/180.
SENG ="SIN . (X)

RETURN '

“END

gue es |lamada desdeei progtama com:
- GRAD= -SENG -{GRADET)

"En base a éste ejemplo podemos generalizar el use de la proposicién
FUHCT FON - ‘ |

al Debe ser codificada en forma independiente del proorama
que la usara, es decir, no debe aparecer 'dentre’ del programaz.

b) Debe empezar con Ya palabra FUNCTIEN
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- FUNCTION nombre -(pardmetro )
c) A continuacién se escribe el nombre con que serd 1lamada.
d) Después, entre paréntesisly separados por comas, aparecen los argu -

mentos .

7.1.1 'EJEMPLOS.-

FUNCTION RAIZ 1 (A,B,C ) .
RAIZ1= (-B + SQRT (B **2 ~ 4, * A *x C)) / (2,%*A)
RETURN '

END

FUNCTI®N RAIZ2 ( A, B, C ) .
RA1Z2 = ( -B - SQRT (B**2. 4. * A *xC)) / (2.*% A )
RETURN " ‘

END

C EC. SEGUND® GRAD®

READ ( 2,100) A, B, C
100 CFORMAT ( 3F10.5)
X1 = RAIZT (A,B,C) -,
X2 = RAIZ2 (A,B,C)
B - WRITE (3,200) A,B,C, X1,XZ
200 . FORMAT ( 5 {1,F10,5%) .
| CALL EXIT
END ‘ _ _
Este ejemplo es solamznte pafa'mostrar-el @5o~dé la ﬁroposicién,'

»FUNCTiﬂN Y no cbntempia algunas situaciones como rafces complejas, etc.

7.2 'SUBRUTINAS -

Como es facil notar; la proposicién FUNCTI@N nos "regresa'' un sbdlo va -
lor vy lo hgce a través de su nombre. En muchos casos es conveniente. 6 -
necesario que se nos regrese mas de un valor, para éstos casos usamos Ja
proposicién o enunciado?® '

SUBRBUTINE. ,
" Una subrutina es un subprograma que puede "recibir" cué}au%ef'nﬁnﬁfo"~
de parametros ( desdé‘cero7hasta un nimero dgterminado por el tipo de com-

- nilador) y puede ''regresar' diferentes valores calculados.

33



Veama; algunos ejempios
Supongamos que al imprimir resdl tados de ‘un cierto programa tenemos que =
“escribir aigun tftulo usando .los. primeros renglones de la hoja. En tal caso po-

dewos hacer uso de una subrutlna como sigue:

SUBRAUTINE ENCA
WRITE (3,200) .
208 - - FBRMAT--(/ ,1X,- *REPORTE- SEMANAL'- , /)
~RETURN
END

Como vemos no hemos pasado ningiin pardmetro 6 valor a la subrutina. Para -~
aue se ejecute ésta se debe hacer uso de la proposicién CALL, de la siguiente for

ma:

CCALLENCA . f,,,gﬁ%¢%wJ%ﬂbAu;%ﬁfﬁ,,”T,,:¢fﬁ
dentro del programa y en el lugar donde_deseemos que.ocurra 1a impresion.

Dngutamos ahora un eJemplo muy snmple para eJempllfxcar ‘el uso de pﬂrgmevsngb
Hagames una subrutina gque’ recnba“ ‘como entrada dos nimeros, Jos_sumu y el reguyl =
“tado lo ''regrese'' en otra varlable Sean Ay B los numeros a sumar, y C ta varis «

bie en donde se pondra el resultado.

SUBROUTINE -SUMA (A,B,¢ )
C=A+48
'RETURN
END A |
kEs importante detenerse a. ver el significads de !os‘parémetras pars fas sub -
rutinas® | '

La subrutina anterior SUMA puede ser 1lamade de diversas formss:

CALL - SUMA (AA,BB,CC)
CALL SUMA (4, 7, X )
1Y

etc.

Como vaemos, las variables A,B C gue aparecen en la subrutina son varisbles
¥
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mudas o dormidqs y solo tienen sentido dentro de la subrutina. Veamos lo -

anterior:

Supbngase el siguiente programa:

X1="3.
X2= &,
CALL SUMA ( X1,X2,X3)
SUM= X3
WRITE (3,200) X1,X2,X3, SUM
200 FBRMAT (4 F10.5)
CALL EXIT
END ©

. Se. propone como ejercicio al lector que haga las veces de la mayuina y es -
cri iba lo- que esta |mpr:m|rla

La miquina :mprlmlra :

3.0 4.0 7.0 7.0
. - so¥
- Una de las facilidades-mas-utiles en subrutinas es la de’<;rreg1os como

parametros, ej?

SUBRPUTINE MAXIM! (A, MAX )
K”DiMENSION 5. A(10)

RETURN
END

Supdngase que ésta subrﬁt%na encuentra el elemento del arreglo A (10) con
mayor vaior y lo regresa a través de la variable MAX. Es importante notar que
si pasamos como parametro uno 6 mas arreglos hay que dlmenSIonarIos otra vez
dentro -de la subrutina, lo cual se puede hacer de al menos dos formas: 1)

r

poniendo 1a dimensi6n que aparece en el programa que lo 1lamay .
2) Poniéndolée dimensidn i (uno)

Ejemplo: .
..35



DIMENSION & (10}, 8 (20).

e cree T cmeps  Deams  eom awms

— v s mee wewe s

CALL BRDEN  (A)
CALL.MAXIM  (B)
CALL MAXIM  (A)

P T "

CALL EXIT
END

RN e T 4 e

Caso 1:

SUBRBUTINE PRDEN  (X)
DIMENSION X (10)

R wmme e e . » i L
— s S T

—_ e

m— e e

'RETURN , ,
END 5 : : . , L o S

Caso 23

- SUBRPUTINE MAXIM (y] - S
“DIMENSION Y (1) o ’
~ RETURN . ,

END . ;
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7-%Z.1  COMMON. -

Comers posibie viswalizar en los pérrafos.antériores, lgs varicoles
wsadas en las subrutinas, v wejor dicho, dentro de las subrutinas, son total -
nente independientes a las variables usadas en el programa prinéipq]. Muchas -
veces es conveniente que tanto las subrutinas como el programa qqe‘las ilama -

~tengan--variables-en -COMUN. Péra~logﬁar~ésto—existe~4a~declaracién
~ COMMON

j La forma general de ésta proposacnon es:
_ v COMMON lista de variables
.; +donde “lrsta de varlables“ es un conjunto de variables y/o arreglo~ separxdos
- por comas a ]as cuales queremos adJudlcarles la propvedad anterior, es. decir, '
sean comunes a wvarios $ubprogramas '
By . o :
) ‘COMMON AB. " X (10), AB .(30)

Esta declaracron debe aparecer al prnncnplo de cualquier programa o sub-

sutina en que se- desee usar. Veamos ‘un ejemplo:

¢ SUMA DE.DOS NUMERG*

COMMON " A, B, ©
A= 3

8=_.7
“ CALL SUMA

Z=2¢

WRITE (3, 200) A, B,
200  FERMAT( 4 F10.% )

CALL EXIT

END.

.37
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SUBROUTINE $UMA - , R ' e

" COMMON A, B, €
. C=A+B

RETURN
END

Este programa debe imprimir :
3.0 7.0 °10.0 10.0

Una propvedad tmportante de! COMMON es que s un arreglo es especafubado

- en COMMON que da automattcamente dimensionado, es dec:r, no hay que etpecafu -

car dicho arreglo a través de la declaracién DiMENSJON

En ias siguientes paginas se muestran veintidn programas, que incluyen sus_? '
dlagramas de flujo, codlfncacnones, datos y resultados, -el—objeto-es- que’ t}
~Vector pueda complementar la parte teorlca con la practlca9 amén de gue aebe

réa hacer los prop;os RY procesarlos en una computadora a su aluanre
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THCONVERSION DE GRADOS CENTIGRADOS A

GRADOS FARENHEIT" -

e

) CEN= 37.45 }

EAREN=CEN x 9./5.+32.

PRO G -



/7 JOB
/7 FOR
@« IST
#ONE W
©10CS ¢

T

SOURCE PROGRAM
ORD INTEGERS
CARD91132 PRINTER)-

Commmmmtmcncncl N Ormecmececes

c
C
‘100

/7 XEQ

VA

"CONVERSION DE GRADOS CENTIGRADOS A

GRADOS FARENHEIT - -~
FORMAT(F10.4)

IMP=3

CEN=37.45
FAREN=CEN%9,/5,432,
WRITE(IMPs100)FAREN
CALL EXIT o
END '

RESULTADOS -




FCOMVERSION DE GRADOS FARENH
CENTIC S.

ENHET A GRADOS
GRADOS" -

t

PROG -



4/ JOB T

// FOR

#LIST SOURCE PROGRAM
#ONE .WORD INTEGERS
#JOCS(CARD,1132 PRINTER)

C-em=c=cecacecD 0 S=c--= ——oe I '
c CONVERSION DE GRADOS FARENHEIT A
c GRADOS CENTIGRADOS

100 FORMAT(F10.4) ' - :
101 FORMAT(F10.4,22H GRADOS FARENHEIT SON oF10.4920H GRADOS CENTIGRADO -
lso) :
LEE=2
IMP=3
200 READ(LEE»]OO)FAR
£ . FAR IGUAL CERO INDICA TERMINO DE DATOS.’
' IF(FAR) 210922049210 ‘
210 CENTI=(FAR=32,)%5,/9, _
: WRITE(IMPy101)FAR,CENTI
GO TO 200
220 CALL EXIT
END

o

- // XEQ

: 1260000

‘126, '

. “1.40
18.26

0.0
/e

RESULTADOS

P a— e e e cn— e A Sy - et ra e

"PROG -2



SCONVERSION ENTRE GRADOS rARE:NHEJT Y GRADOS
' CENTIGRABDS"

¥

,iCEZiT ~(GRAD-32. b 5. /9.

FAREN=GRADx9./5. +.32.

i
.2 | S | S GRAD CERFB%.
| GRAD,FAREN| na
3
| ]
¥
PROTG -

. un



" // JOB T

// FOR

#LIST SOURCE PROGRAM
#ONE WORD INTEGERS ..
#10CS(CARDs1132 PRINTER).

Commmm=mm eieo=T R E Smemmmmeme ™ "
c. CUNVERSION ENTRE GRADOS FARENHEIT‘

C. Y GRADOS .CENTIGRADOS
100 FORMAT (1H1) a7
~101 FORMAT(I10F10,3) . ' . ,
102 FORMAT(F10.2915H FARENHEIT SON $F11,3913H CENTIGRADOS.)
'"}03 FORMAT(F1l0.2917H CENTIGRADOS 'SON ¢F9,3511H FARENHEIT,)
LEE=2 '
IMP=3
, WRITE (IMP,4100) '
200 READ(LEEo101,END= 220)1NDI»GRAD
IF(INDIGEQ.1)GO TO 210
c INDI DIFERENTE DE 1 DATO 'EN GRADOS FARFNHEIT
[o SE "CONVIERTE A CENTIGRADOS,
: . C CENTI=(GRAD=32,)%5,/9,
WRITE(IMP’IOZ)GRADoCENTI
60 TO 200
»210“00NTINUE
-:EL DATO ES EN GRADO CENTIGRADO
'SE CONVIERTE A FARENHEIT,
- -FAREN=GRAD#9,/5,+32, . o
WRITE (IMP,103)GRADsFAREN"" o S ’
GO TO 200 : :
220 CALL EXIT
END

OO,

R ES U L1'A DOS

,...a .S St WA S e 5y e —— e —__.,,__‘_ ;,‘"_ - s e e oo e e

[Ty . —_— . Wel R . .. T SOV S

PROG - 3
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CLUNVERSION DE GRADDS A RADIANES®

L&D
O

GRAD

» "FIN DEL PRO
| GRAMA" ~

GRAD=-(GRAD =150}

}
\erecemnmy rrmamasc

]




T ORTY
/7 :FOR

" @L1ST SOURCE PROGRAM
©ONE WORD INTEGERS
#10CS(CARDy1132 PRINTER):
CewemmcecccaceC U A T R O=oues"

c
101
C102°
103
LEE=

IMP=

200
210

2
3

READ (LEE+101,END=230) GRAD
IF (GRAD.LT.360)G0 TO 220
~ EL DATO -E5 IGUAL 0O SOBREPASA LOS 360 GRADOS1SE AJUSTA}em
GRAD=GRAD=360,
GO TO 210
CONTINUE.
SE TRABAJA ENTRE +180 Y =180 GRADOS,

9F6a 3.10H“RADIANES.’_

".CONVERSION DE GRADOS A RADIANES.
FORMAT (F8,3)
FORMAT (F9,3912H GRADOS SON
FORMAT(///@]OXeleFIN DEL PROGRAMA)

1

-~ JF(GRAD+GE.180.)GRAD==(GRAD=180,)
- RAD=GRAD#3,1415926/180, '
.'WRITE(IMP@IOZ)GRADoRAD

=60 TO 200
230 WRITE (IMP,103)
' CALL EXIT

‘END
// XEQ

L

RESULTADOS

. 8
gre tr
~Hw

g N
‘el OO
NORIUNOOD OO

socle 6bo o

VENOOOLON

L]
X> 23 I 2

s e

TETZ

—
-l

b al.

aniasiniinstngralas op:
NN LO N NN N

b o ole »p & o ¢

L LAY SR -
T L
. L an HCR - 0
R 3 P 5 R
5 5 i o .
. & 4. 41 : ) :
. L S T
. BASA H (RN R
. . s HN
v - K3 ! .
- . : . 5
A4 v . 3 4
. . - . .
A . D . o

g

FIN DEL pROGRAMA

s

T AT

PROG - 4



s ETERMINACION DF NUMERGS PARES € IMPARES™

“ES PAR"

b |
NUM :
“ES [MPAR™'

\‘szﬁ‘/
1 N N

A
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o =
( EIR \;)

7
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/7 JOB T
// FOR
#IST SOURCE PROGRAM -
#ONE WORD INTEGERS .
#JUCS(CARDy1132 PRINTER)
Crcomomcccs=s=C I N  Occce=c=="
C DETERMINACION DE NUMEROS PARES
c E IMPARES
‘100 FORMAT (13) ‘
101 FORMAT (I498H ES PAR,)
102 FORMAT(I4.10H ES IMPAR.)
© U LEE=2
IMP=3
REAB(LEEs100)NTARY

C - NTARU INDICA NO, DE TARJETAS‘CON DATOS .

DO 202 1=1¢NTARJ
READ (LEEs100)NUM
CIND=(=1)®#NUM
IF(IND,LT,0)GO TO 200
" C - EL NUMERO ES PAR.
e . WRITE(IMP,101)NUM
‘ : GO TO 201
. 200 CONTINUE .

“C - EL NUMERO" ES "IMPAR,
¢ g wRITE(IMP9102)NU
201 CONTINUE
202 CTONTINUE

CALL EXIT
END
/77 XEQ
005 . .
17 ', ’ — 8 :
Sy e e .
14 S
291" R R ‘ _
8 e .wifrffjfﬁwtmmwMMAﬁ - e
/7% ' R TR

B U

RESULTADOS

ﬁ*-m— sy i

et e

)

J 1T E£SITNPARS
RT3
o PR s IR
N D

PROG

-5



SHETERMINACION DE MULTIPLOS DE UN NUMERO "

e

IDIV= NUM/IBASE
RNUM= NU M

RDIV= RNUM/IBASE

' NO MULT.' . T

iy

UM, IBASE

Foo 5@\/-&3@@\ T

A

N P
\\\/ ”

en

A 8u o "
AR e
IS B R o

]
i R
Il W




/7 J0B T

7/ FOR

#LISY 'SOURCE* PROGRAM,
#ONE WORD INTEGERS
‘#JOCS (CARD51132° PRINTER)

Commcancacceaas [ ] Seamsndoea™ "
c '‘DETERMINACION DE MULTIPLOS
C. DE UN NUMERO -

100 FORMAT(13) .

101 FORMAT (34HINUMERO-MULTIPLO DE=NO -MULTIPLO DE)

102 FORMAT(2XeI1397Xs13)
- 103. FORMAT(2X913921X913)
LEE=2 -
IMP=3 ~
_ wRITE(IMPolOl)
200 READ(LEE#s100.END= 240)IBASE
READ(LEEy100)NTARJY
DO 230 I=14NTARJ B
READ(LEEs100)NUM
IDIV=NUM/IBASE
RNUM=NUM
RDIV=RNUM/ IBASE
IF(RDIV.EQ. IDIVIGO TO 210

- C "7 'NUM NO ES MULTIPLO DE IBASE,
' NRITE(IMP9103)NUM918ASE
GO TO0 220
210 -~ CONTINUE ) N
C. _ NUM SI ES MULTIPLO DE 1BASE.

NRITE(IMPolOZ)NUMoIBASE
220~ CONTINUE
230 CONTINUE

GO TO 200 | - :
240 CALL EX.I T ..)__, e | e e e e e
END - APRDT
/7 XEQ© S o e
001 e -,..»-.....,.,. — ~...'._. [ e e e
291 T '
8 - e v e . I S
003
002 , . -
9 ° e - C e S
11 o
005 ' ' i
001 RESULTADOS
009 e g+ e ey e e e
/&

-1 - 2
‘ 14, = 2 :

: Z

11 3

9 5

PROG - 6



" NUMERDS PRIMOS *

N

. _ Z"PRIMO"» .
T NUM -

{

NUM

.mm
Z
Q
5
2=
=
=
2
|

i

i

S L




# NUMEROS PRIMOS " | . 2a.

IMAX= NUM/2. |

é

;

IDIV=NUM/I

RNUM= NUM ..

RDIV=RNUM/I

£ -

"PRIMQ'

'NO PRIM'
© NUM

NUM -

o




/¢ JSOB ¥
;7 FOR

GLIST SUURCE PRUGRAM . T

CoONE WORD INTEGERS i A - : ‘ ,
- wlOCSICARD: 1132 PRINTER) - o - L e e

Commamtionoaoes | E T Bosemese 0

£ RUMEROS PRIMOS . B ,
1B e FORMAT (I3) g C R
©.10) FORMAT(19HIPRIMOS ~NO PRIMUS) -

102 FORMAT(2X013)

152103 FORMAT(14Xe13) . . T ‘;;@;;TT4:
¢ LEE=2 " v ; S
IMP=3

- WRITE(IMP,101) '
200 READ(LEEo100+END=290) NUM

o IF(NUMLGT.3)G0 TO 210 ; - o
G NUM ES MENOR 0 JGUAL A 3(7000 NUMERO NATURAL MENOR O .JGUAL
THRITE (IMPo102) NUM - o
S50 70 280

216 CONTINUE

[

NUM ES MAYOR QUE. 3,
IND= (=1 #2#NUM
.. IF{INDoLT-0)60-Y0 220
s NUM ES PAR(TOUDO NUMERG PAR MAYOR QUE 3 NO ES PﬂIMQbJ»
HRITE (IMP3103)NUM
. GO TO 270 :
220  CONTINUE - B ‘
c NUM ES IMPAR(SE: INICIA PROCESO DE PRIMO O NU=PRINMG),
’ IMAX=NUM/2 .““.MTMM”M e e g
- . i=3. . L ’ e ,,4;,,1%ﬁ;L;4:::_;:;;77 ——ie
230 . IF(1.GT.IMAX)GO TO 240 oo
c . SE OBTIENEN LAS DIVISIONES ENTERA Y RE4L DE NUMsY
C ' CON 1 DE 3 HASTA NUM/2o. ... . . . .
IDIVENUM/L: . o e
. RNUM=NUM w"mm;i,.uLmW@_ﬁw“T___MM;W..
~RDIV=RNUM/I - ' : e

‘ : IF(RDIV,EQ.IDIV)I= 9999 R : .
£ . ;Nﬂ;.lm9999.INDICA QUt NUM ES. PRKMOe N

. T £-3 & 3 W e e . oot
. . L. 60 TO. 230 S :.‘ .,:", L
240 . . CONTINUE. o’ L
L IF(1.L7.9999)60 TO aso ‘ o IR
c _ NUM NO ES PRIMO, : : SRR , .

WRITE(IMPo103)NUM
60 TO 260 ... ..

NV
Ui

) Y CONT INUE S . L
c . NUM ES PRIMOs .. ....... ' O
HRXTE(EMP@IOZ)NUM e
CONTINUE ‘

CONT INUE
T CONYINUE
GO TO 200 L ‘
290 CalL EXIT e
END - . :

M e Ry
©©@

77 KEG

=N
<
=
@
G

5



10
11
12
13
15
17
‘19
21
/%

y

RESULTADOS

SY

—PRIFOS WO PRIVOS —
. Y 4 e :
9 .
3 .
4
5 .
. 6
7 .
; 7 ;
G :
ig j
A1 g
.'1-5 12 i
B ) 15 N
17 - . o
19 .

PROG - 7



SLEBL

FIBOMN AL

MM, Nmt

NUEVO=N M1+NM2

Vi

NMZ= NM1

NMI= NUEVO




ek Baaa et e E i ot e

TTT//2740B T
7/ FOR

#L1ST SOURCE PROGRAM = N

#ONE WORD INTEGERS - =~ . ST s
#JOCS(CARDy1132 PRINTER) : :
T T Cmmmamseccncce) C.H Omoomoaoes’
- C .. SERIE DE. FIBONACCI
©.100 FORMAT(13) o ,
101 FORMAT(I4s3Xo15) . = . ' ~
. LEE=2 o
IMP=3 ' S ‘
ST READ(LEEolOO)NTERM e
C - NTERM REPRESENTA EL NUMERO DESEADO DE TERMINOS
NM1=] _ . : -
NM2=0 ' ‘ -
WRITE(IMP,101)NM1oNM]
DO 200 I=2+NTERM
NUEVO=NM] + NM2 -
NM2=NM1 -
, . NM1=NUEVO C
" C ~*““'SE IMPRIME LA POSICION Y EL VALOR DEL TERMINO
S wRITE(IMP.IOI)IaNUEVO .
200 CONTINUE . -

CALL ‘EXIT.
END
. /7 XEQ _
015 .
VA
"RESULTADOS
151" T L
- v 1
. S, 1 2 N U
' 4 o '3 "
- 5 ~
. [*]
‘ ¥ 13
o B j?%ﬂ
; U - o
i S VA 144
ST I
15 ’.,310 -
- . L
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- // JOB‘ T O " L 4» B e e et e e e i e ‘. e e e 5_'5/)

" // FOR

@L1ST SOURCE PROGRAM . . A |

#ONE WORD INTEGERS - - e
#JOCS(CARDs1132 PRINTER) ' ‘ § '
CormvcanonsaneaN U E V Eewomoos
(o} -FACTORIAL

. 100 FORMAT(2I1)

101 FORMAT(I2) =

1102 FORMAT (I3,3Xs15)

C SE LEEN. LAS UNIDADES LOGICAS DE LECTURA E IMPRESIONN .

. READ(25100)LEE,IMP
200 READ (LEE»101,END=220) NUM
IFAC=1 . .
DO 210 I=2+NUM" _ S
IFAC=IFAC®T : o
210 CONTINUE .
| IF (NUM,EQ,0) IFAC=]
IF (NUM.EQ.1) IFAC=1

c - 'SE IMPRIME EL. NUMERO Y SU. FACTORIAL

WRITE (IMPy102) NUMyIFAC T
© GO0 TO 200 - - o T L
220 CALL EXIT = = o o |
END R

/7 XEQ

23 : ' ‘ o
23 R S
02 . e -
03 | - S
04 | oL ToITT s e

oo ' o o

-,W,-.._R E s. U_L T AD.O s e

e erw-v'/ —\ﬂ""f’v ',"','"W'
“re

B LTS ST e

R R . ey e ._'-___Tw,..-.’ e

" PROG - 9



CAMBIC DE BASE , DE DECIMAL A BINARIA * lo.
~ 57
an o '
. INICIO -
O

'EN BASE 10
- NUM

NE2=NUM/ 2 .

| NB = NUM-NE2 x2

NUM = NEZ -

!




/7 JoB T

// FOR
#LIST SOURCE" PROGRAM ‘ o .
*ONE WORD INTEGERS . =~ . T U
#JOCS(CARDs1132 PRINTER) .
oo mm D "] E 7t T e
.C - 'CAMBIO DE BASE DECIMAL A BINARIA
100 FORMAT(IS) .
7 7.101 FORMAT(1XsIS419H EN BASE DECIMAL ES)
" 102 FORMAT(1Xe11)
103 FORMAT(17H EN BASE BINARIAQ)
LEE=2 '
IMP=3
200 READ(LEEs100,END=250)NUM
WRITE(IMPo101)NUM . 7
. 210 IF(NUM.,LE.1)GO TO 220 T
c NUM ES MAYOR QUE UNOv SE SIGUE DESCOMPONIENDO
~ 'NE2=NUM/2 ' o o :
. NB=NUM=~NE2#2 , EE CLED
c . NB ES UNO O CERO o
o WRITE(IMP,102)NB
NUM=NE2 e
S GO TO 210 .
220 CONTINUE e S
IF (NUM.EQ.1)GO TO 230 S R :
C SE IMPRIME EL ULTIMO CERO EN LA REPRESENTACION BINARIA
- =0 Wk TR R
CWRITE(IMP,102)1
. GO0 TO 240 - : T
230 CONTINUE P et - o
c - SE -IMPRIME: EL ULTIMO 1 ENVLAmREPRESENTACION BINARIA -~
' 1=1 - -

, T WRITE (IMPeY 02) I [ \ call _* ol
240 CONTINUE =~ e - .

WRITE(IMPoIOB) oo T
. . GO TO 200 v -’-- ?-.‘-::4_..‘_,_ et a e e o e . . -,__7‘....1,__,‘,‘ - -..}..., . .
250 CALL EXIT - | : .
. END BT : o T
// __.XEQ - ] K (RO .',‘.u.‘..._,...,._“.-.l._.-.., e et ———— v\..v, ‘; ~ _‘.. PR ~
12 N L e e e N
163 L T
ey Qi T e e e N
00001
011
-131 -
0 .
1
| 13 - - R X I S
¥ /.ﬂ,.. R .
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e
Lo

é

S —

RESULTADOS . .

-
f

12 EN BASE DECTMAL gs

0
0

163 EN BASE DECTMAL ES

‘ {
——f

{

i

En BASE BINARIAW

YO EW BASE DECTWAL €5

0
|

0
1

’_;;—EN”B*SE—BTNAR{%W——’—_é;;;*%;;f“A

1 .EN BASEt DECIMAL -Es
BYNARTAS

BASL , )
11 .EN BASE DECIMAL Es

{ .
EN

NARIA
ASt D

I
B
1

E B
EN-

BAS
a1

ty

_.1.._011—.—-_ .

ECIMAL ES

0
-EN ‘BASE B

NARIAs R
ASETDECTMAL-ES ...

B

N ) I T
* ENBASE..
4

Il
|

B,

LN

. ..( : |

., e e e e s = g
v - R 4 T

DA
- ety v T—
vt T :

f
~ymes

PROG - 10
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B CAMBIO DE BASE , BINARIO A DECIMAL®

Core)
INICIO j

&

13,12,11

1 IDEC =0

J=1
IDEC=IDEC+J x |1

J=2x J
IDEC= IDEC +J x 13 ..

4

"en BINARIOY , =

13,12, 11

|"ENDECIMAL}

_IDEC

~

@

G



/7 J0B T
// FOR
#LIST SOURCE PROGRAM )
#*ONE WORD INTEGERS . . |
#10CS(CARDs1132 PRINTER)

e mm————— 0N C Ecmmmimima ™ =7
C. . CAMBIO DE BASE ¥ BINARIA A DECIMAL
100 FORMAT(311) : S
"7i101 FORMAT(1Xs 311,19H EN BASE BINARIA ES) "
2102 FORMAT(1X915,17H EN BASE DECIMAL,)
LEE= 2
ZOO.READ(ZvloooEND 210)13912e11
IDEC=0 . .
C J CONTIENE LAS POTENCIAS DE 29,-
O E S Rt - . o
f,IDEC IDEC+J“II e ',_
o ‘ﬁJIDEc IDECHJIS12 | - R
: J=2# | I R
- IDEC=IDEC+J®13 " K f”QnI._,f
: HRITE(IMP9101)13,12911 ‘ o C
c . IDEC CONTIENE LA REPRESENTACION DECIMAL DEL NUMERO
WRITE(IMP9102)IDEC :
GO TO 200
210 CALL EXIT
. END
// XEQ
.001
010 | - . .
011
100 :
7101 - \ -
110 o
111 g
i ga - e
- - R E_S U LT A_DO S R 'V...\:;-u_.;w... o« v s
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"CAMSBIO DE BASE, BINARIA A DEf‘ MAL UBAN‘DQ ARRE&:LOS‘“

Q "“'O)

~ IDEC=IDEC+I(L)xJ

o

I
"EN BINARIO" - C
W) =1, 10 N

“EN DECIMAL

IDEC

5
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s/TIJOBTY

/77 FOR

#_IST SOURCE PROGRAM
#ONE WORD INTEGERS
#JOCS(CARDs»1132 PRINTER)

Cmemmmnncncans DO C Eccdannnan
c CAMBIO DE BASE § BINARIA A DECIMAL
G USANDO ARREGLOS -
DIMENSION I(10) | :
100 FORMAT(1011) ' ’

101 FORMAT(1X910I1519H EN BASE BINARIA ES)
102 FORMAT(1X9I5517H EN BASE DECIMAL )

LEE=2
IMP=3 L . ,
200 READ(Z:IOOoEND 220)1 P s
IDEC=0 - - : C
CJU=1 . L o i
" DO 210 K=1y10 : ‘ v ‘
c . SE ANALIZA EL- VECTOR 1 DE DERECHA A IZQUIERDA
SeL=ElTeKY :

| IDEC=IDECSI(L)#J"
C  * J CONTIENE LAS‘POTENCIAS DE 2
g J=Jep |
210 CONTINUE S i
T WRITE(IMP»101) (1(J)sd=1+10)
WRITE (IMP4102) IDEC

- 60 TO 200 , T ':" T
.220 CALL EXIT ; . ’ S
END
4/ XEQ oy
11 T 3 b - : - . . . v . 'y
.»1000100010 e _..,"thfrw_u:..wuﬂxf-: S Sl
1 R A E T s
1 1. . o - O
1001001 ,‘_‘W”.ﬂwmYt?TTWT&WhHWMTfWWmeﬁ
_ ) 00 . P ’ e .
. /“

BENARTK’ES

MAL o
BINARIA ES

CIiM
£
£ NARIA Es
E
IM
T
SE.
Tt

EhARTA ES

rnAnTA_Fc

o

ENTBA

= T =
A-):CD> m>cr:'>tn>
rm rmq

000000000 EN ;NARIA Es

PROG - 12



¥ CALCULO DEL NUMERQ DE BILLETES ®

5

NM=0
NGQ =0
N103= 0
M50 =0

N20 =0
ND =0
N5 =0

[NU=.0.- |

@

'"ENCABEZADO'
NUM

A

r

i'gw,-—»NMH-

INUM=NUM-

:s '.
1600

4,

,‘k :

¢ NUM

NG

.

a2

S
Z 500

ind

A

la,

M@=
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“CALCULO DEL NUMERO DE BILLETES" ““2a, Co

N100= N100 + 1 o ‘;;

“NUM= NUM - 100 -
¥

"NUM<£50

N50 =1

NUM= NUM - 50

o NVE NV

N

C ] 7] NUM=NUM - 20

ND =1

NUM = NUM - 10 | rroG - i3

IR




. % CALCULO DEL MNUMERO DE BILLETES" - Jda.

N5=.1 -
NUM = NUM - 5

L

WU = NU+

NUM = NUM -1

&
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a

74 o8B ¥
/7 FOR )
*5E$T SOURCE PROGRA
CONE WORD INTEGERS
¢JOCS(CARD 1132 PRINTER)
Cwmmwaznmma,,w@‘l‘* R E C Foosasocos
€ CLCALCULO DEL NUMERD OE BILLETES
100 FORMAT(IG) ~ '
DR FORMAT(/ellH EL WiMEQQBﬁi@o?éH OomPUEDE DESGLOSAR&F EN)
162 FORMAT (IS5, DE MIL)
, 103 FORMAT(ISolaH DE QUINIENTOS)
~104 FORMAT{(I50 8H DE CIEN)
105 FORMAT(IS5013H DE CINCUENTA)
106 FORMAT(IS,10H DE VEINTE)
107 FORMAT(ISs 8H DE DIEZ)
108 FORMAT(I5, 9H DE CINCO)
109 FORMAT{15, 7TH DE UND)
' LEE=2
’ TMP=3 ,
200 READ(LEE-100.END=330)NUM
NM=0 '
NQ=0
N10OO=0
NS0=0
NY=0
ND=0
T NS=0
NU=0
MRXTEQIMPoIOIDNUM o -
IS {NUMoLE.1000)G0 TO 220 ... 7% .leie - e T
T MUM ES MAYOR QUE 1000 : ‘ A '
“NM=NMo 1. : - : C T :
NUM=NUM=1000 PR TN T e
: GO T0 210 S P U
220 CONTVINUE ’ o S 1fv‘sg' :
: IF(NUMLE 500060 TO"230 "~ ~ g wo

|,
j o=
L=

c NUM ES MAYOR -QUE 500 " (MAXIMO UN BILLETE DE £00)

NQ 1 | L
NUM NUM?SOO ' ., P . ‘.A. .= Cpm s e .........:..‘ e e
230 CONTINUE | = ~ .77 . = TR
240 ﬂF(MUMoLE 1003 GO T@’ESO

C NUM ES- MAYOR QUEmﬂOO”— "mg'ﬂuiﬂwiwﬁéﬁfafiﬁhtff?

NI00=N100¢]

NUMsNUM=100 .

60 TO 240 -~ T
250 CONTINUE '

, IF INUMLLE 50960 YO 260 SRR
c - NUM ES MAYOR QUE 50 (MAXIMO UN BILLETE "DE S6)
, NS D=1 ' . R

NUMaNUM=50
265 CONTYNUE '
270 IFINUM.LE 200960 70 28¢
e - NUM ES MAYOR QUE 20
Ny=NWYo }
NUM=NUM=20
6D TO 270
280 CONTINUE S
IF (UM LE 10060 YO 290

C MUM £S5 MATOR QUE 10 (MAXYKO UR SULLETE DF 103 o
Nﬁ“i‘ﬂ . P TR A e
NUMzUM=Y 0 , 4 - PROG.

290 COMTINWUE - _
I (MUMALE.SYB0 TG 206



300
310

b

- 320

NUM ES MAYOR QUE 5

N5=1 : _
NUM=NUM=5

CONTINUE

(MAXIMO UN BILLETE DE 5)

IF (NUM.LE.0)GO TO .320

NUM ES MAYOR QUE 1

NU=NU+1

NUM=NUM=1]}

"GO TO 310
CONTINUE -
WRITE (IMPo102)NM
WRITE (IMP9103)NQ
WRITE(IMP4104)N1O0O.
WRITE (IMP+105)N50
WRITE(IMP,106)NV

CWRITECIMP9107)ND

330

WRITE(IMPL,10RB)INS

GO0 TO 200
CALL:EXIT-- -
END s

77 XEQ o

9000
1314
6893
1000

500 -

13
7%

PROG - 13 ,_,.
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" ORDENAMIENTO ASCENDENTE DE-UN VECTOR "

-

"VECTOR
LEIDO™"

la.

Ve d

PROG - 14



" ORDENAMIENTO ASCENDENTE DE UN VECTORY

.:'{/3; -

CATEMP = AK)
| A =at)

A(l) = ATEMP
Y >

D
"WECTOR
ORDENAD O




/7 JOB T ,
4/ FOR .~ !
#L1ST SOURCE PROGRAM
" #CNE WORD INTEGERS
 #70CS(CARDy1132 PRINTER) _
Ce--~mecmecmaceeC A T 0 R C E===
C "ORDENAMIENTO ASCENDENTE DE UN VECTOR
: "DIMENSION A(100) -
in0 FORMAT(12)
101 FORMAT(8F10,0)
102 FORMAT(13H VECTOR LEIDO0s//)
103 FORMAT(10(1XsF11,64))
104 FORMAT(16H VECTOR ORDENADO://)

LEE=2
. IMP=3
200 ‘READ (LEEs100sEND=240) N '
'C - N REPRESENTA EL NUMERO DE ELEMENTOS A ORDENAR

~READ(LEE«101) (A(I) 41= lvN)
WRITE(IMP,102) o
- WRITE (IMP3Y03) (A(I) e I=1sN)
LIM=N=1 . '
DO 230712 chIM
S NESS N
CC SE’ASUME QUE A(I) ES EL MENOR
S DO 220 K=JsN
Lt CIF(A(T) oLE.A(K))IGO TO 210
“C . : - A(I) FUE MAYOR QUE A(K)
R TATEMP=A (K)
A(KY=A(I)
o “ACIYZATEMP
219 . CONTINUE
- CONTINUE ‘
C- AHORA SE TIENE EN A(I) EL MENOR
- 230 'CONTINUE o
S WRITE (IMP4104)
St WRITE(IMP, 103)(A(I)9I~1oN)

. GO T0 200
240 CALL EXIT -
- END ; ' e )
// XEQ ' ’ C '
04 ' o '
a3 ‘ ) -3 17
0. ° =287, 32,
04 v ; ,
"28.' “‘320 110 : 09‘
/% = )

PROG - 14
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VECTOR TETDO e —

SUTHO0T —TTEEUT =¥5G000 IV 0006 T
VECTOR pRDENADO -~ - - .
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VECTORLETDU : - — — ,

0

0000 =287e000L . 32.0000°
VECYOR ORDENADOD - o

32§Zf0
R

g0 :0°000U 3290000_UA*k,vrl;;ﬁfqﬁy#;ﬁ~;;%é,% o
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" MAXIMO COMUN MULTIPLO ALGORITMO

EUCLIDES *

o

)

RN =N
RDIV = M / RN

DE

™Yo
>\(

AT

M = N

T= (RDIV-IDIV) x N

N= IFIX (T)
DIV =M /N,

RN =N
RDIV = M /RN

FIN

PROG - 15



7/ JOB T

7/ FOR

ol

IsT

SOURCE PROGRAM

9ONE WORD INTEGERS . S
#J0CS(CARD 1132  PRINTER) .

C

-~

-

160
101

~loe2

200

210

220

MAXIMO COMUN MULTIPLO

ALGORITHO DE EUCLIDES
FORMAT (213) |
FORMAT (3H N=oI3,3H M=.13)
FORMAT (8H MoCoDo=5130//)

LEE=?

IMP=3 :

READ (LEE »100END=230) NoM
SE_CALCULA EL RESIDUO
IDIV=M/N

RN=N

RDIV=M/RN :
IF(IDIV.EQ.RDIV)GO TD‘?Eﬁ

M=N

T-(RDIV=IDXV)§N ‘

=IFIX(T) '

IDIV=M/N

RN=N )

RDIv=M/RN

G0 70 210
CONTINUE
N REPRESENTA EL MARYMO COMUN DIVISOR
WRITE(IMP,102)N

-8 16

11 ¢8
16 24
812

/e

60 . 70.200. e . _J;m;,ﬁk#:-;T,Av, e e
cablL EXIT : . . , .
CEND -
RESULTADOS
g tﬁ:"’." Rl PRI . - iy ;\c' .‘-.
“: P:\A T ity o ..-;-*», = “";" ,«# {w -
} gh-_\",vf o :-".: ‘
i [
'y MeColo® 1T
MoCbDag ,3
MaCoDo= 8
MoCoflo® i ’

MDCQEQ‘Q f}

anaﬂﬂvg & . !

PROG - V3



“ GRAFICA DE SEN (X ) *

2a.
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"GRAFICA DE SEN { X ) ®

IX , 1Y , IAST , IBLAN

v

DELX = 6.28318 / 56

X ==3.14159

LIN (50)= 1X

3= 49 x SIN (X)

LIN (J) = IAST"

[
10 LIN
w/&w PROG
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/4 J0B Y
77 FOR
®LIST SOURCE PROGRAM
#0NE WORD INTEGERS
21085 (CARDo1132 PRINTER]) -
Cusfcnsovcnsce) [ E € 1 § F | Scoconncns
r GRAFICA DE SEN(X)
: DIMENSION LIN(100)
‘100 FORMAT (4A1)
101 FORMAT(10Xs100A1)
LEE=2
IMP=3
READ(LEEolOO)IXeIYoIASToIBLAN
DELX=6.28318/56
X ==3,14159
DO 200 I=15100
LIN(I)=IBLAN
205 CONTINUE
- DO 240 I=1956
LIN(S50)=1IX
J=49#SIN(X)+50
LIN(J)=IAST '
IF(I.NE,28)YG0 YO 220
DO 210 JU=15100 ' I R
c : I FUE IGUAL A 28, SE IMPRIME EL EJE Y
_ LIN(JY=TY . : o
210 CONTINUE
- 220 CONT INUE
WRITE(IBPgloI)LIN
" DO 230 J=10100
, ~ LIN(J)=IBLAN
230 CONTINUE » _ . ,
o X=X+DELX . N R
2640 CONTINUE ' _ I
CALL EXIT . o

// XEQ
Xy
/®

—



7/ JOB Y oYYy
7/ FOR 3 : . | C =
" #LIST SOURCE PROGRAM

#]OCS(CARDs1132 PRINTER)

#0ONE WORD INTEGERS

Commeeccccannna) [ EC I S E T Excass

C ESTE PROGRAMA CALCULA EL NUMERO DE GRANOS DE MAIZ OUE COBHO tL
c "INVENTOR DE AJEDRES - :
Cc FILES
B LEE=2
_ IMP=3 .
C FORMATOS ’

100 FORMAT (10X 46HCUADRO ¢OX o 4HSUMA//) -
101 FORMAT(3Xs1252E15.7)
102 FORMAT(Y7//) ' ,
103 FORMAT(S3Xy]l1Hoeuntonaann) ’
104 FORMAT(S3Xs11H#% FIN )
WRITE(IMP+100) '
SUM=0,0 o _ ,
DO 200 I=lo64 .
CUA=2,0%#% (I=1) ‘
SUM=SUMe+CUA
WRITE(IMPolol)IoCUAvSUM
200 CONTINUE ,
NRITE(IMPoIOZ),
WRITE (IMP,103)
WRITE (IMP4104)
WRITE (IMP3103)
CALL EXIT
END
// XEQ
/9

© PROG - 17
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"No. DE GRANOS DE MAIZ GANADOS POR EL hNVENTOR

DEL AJ EDRES *

[ iNicIo

(1-1)
CUA=2.0

SUM = SUM + CUA
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" SUMA DE DOS MATRICES , AyB "
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" SUMA DE DOS MATRICES, Ay B @

r

| "MATRIZ A"

a0, J:‘s,mul Y

@

2 lB,9),0=1 . N_,L', 'S

CO

["MATRIZ SU

.ﬂ'

MAII

2a.

PROG



LR AR LR R

CCALL EXIT A
END ‘ /0
/7 XEQ
221
5.9 . 000
12,2 B Y
"407 2 1
0,0 “1,2
221 ... -
:_90 15 ,aajgaztf:«p
5,478 T 12,22
" =90,15 87.02
“~5.478 =12,22
220 .
ol RESULTADOS .
MATRTZ Ax§
° 0- - 0 o '
13:808 3:180¢ !
T ;
f{
WATRIZ Bt :
=44700 2+100
0.000 : -=1.206
|
TK WATRYZ SUNA ESY
.
30 24100
13 08 5:380
T-IATRIZ KT "
p » 50 -
"Rt | BT
|
] WATRIZ B ]
=900150 87020 ; o0 - 18
~S.478  =126220 1 PROG - |
TR FATRTZ SUWA EST e —
w000 . 0e00QU
- 3:808 - ailfe e
® FIN #
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vy BB T L . B . T | |
7/ FOR ‘ S = 7/
#JOCS(CARDo1132 PRINTER)

20NE WORD INTEGERS . - S
“L1ST SOURCE PROGRAM - o . ‘
Cormeswesensscs) | £ C I 0 € K O-=moscese < ~

c SUMA DE DOS MATRICES: A Y B
c- EL PROGRAMA ESTA HECHO PARA SUMAR DOS MATRICES DE 10X 10 M&XIMU@
c SE RESERVAN LUGARES EN LA MEMORIA PARA LAS MATRICES A SUMAR 'Y PARA
" C i.LA MATRIZ SUMA, .
DIMENSION A(lO-lO)98(10910)95(109103
c FILES
{EE=2
IMP=3

¢ F ORMATOS
"~ 100 FORMAT(312)
101 FORMAT(10F8,3)
102 FORMAT(///95Ke9HMATRIZ Ato//)Y & .
103 FORMAT(SX910(FBo302X)o/) -
1046 FORMAT(///95XKs9HMATRIZ B2o//)
105 FORMAT(///95Xs18HLA MATRIZ SUMA ES3o//)
106 FORMAT(53Xs]1Hessansusvna) '
107 FORMAT(53XollH® FIN @) ‘ ‘ _
LECTURA DEL NUMERO DE RENGLONES DE LAS MATRICES (NUREN) V DEL NUNE
RO DE COLUMNAS (NUCO).Y DE .UN DETECTOR (NUFIN) : ’
399 READ(LEE+100)NURENoNUCOsNUFIN
C ANALISIS DE NUFIN, SI VALE CERD YA NO . SE EJECUYA EL PROGN&M%gQ& LO
C CONTRARIO SI, _ .
IF (NUFIN.EG,0) GO TO 1000 ' o - B
¢ _LECTURA POR _RENGLONES. DE LA MATRIZ R e e e T
DO 200 I=1sNUREN B ' ‘
READ(LEEalOl)(A(Ied)odmloNUCO)
200 CONTINUE ; T
C LECTURA POR: RENGLONES DE LA MATRIZ 8°
DO 201 I=1,NUREN
READ(LEE@IOI)(B(IeJ)oJ 14Nuco>
201 CONTINUE
c SE HARA LA SUMA ELEMENTO A FLEMENTO -
: DO 203 I= leNUREN - i
DO 202 JslgNUCO
o S(IoJD=A(Iﬁi3¢3(19J3
‘202  CONTINUE ' T
203 CONTINUE ; '
c IMPRESION DE .LA MATRIZ A POR RENGLONES
WRITE(IMPo102) ~ .
DO 204 I=)19NUREN : .
~ WHITE«IMPeEO3)iA(Ied)vJ«ioNUCOﬁ :
.. 206 CONTINUE ! oo
c IMPRESION DE LA MATRIZ B8 POR RENGLONES
WRITE(IMPo104)
DO 205 I=1,NUREN
: CHRITE(IMP.103) (B(loJ}sd=lonNUCO)
205 CONTINUE y
c IMPRESION DE LA MATRIZ S POR RENGLOWES -
: "HRITE(IMPo105)
DO 206 I=1eNUREN
WRITE(IMPs103) (S(Iod)sJd=1oNUCO) .
206 - CONTINUE
o GO TO 199
1000 CONTINUE , .
CWRITE(IMP.106) ‘ , COPROIG - 18
WRITE(IMPo107) - .

LAY P 2 T ALY T AL N
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PAREI= =B /(2.0 x A)

 PARE2= PARE] I

PAIMI= (-DIS) / (2.0 x A)
PAIM2= PAIM]

""Dlsc NEGAT. %
RAICES COMPLEJAS'

PARE! , PAIMI , ~
.PARE2 , PAIM2

I

PROG - 19



" SOLUCION DE ECUACIDNES CUADRATICAS » |

o

"ENCABEZA-
DO bl

DiIS= B

1 Aa,B,c |
2

-4.0x AxC '

RA1= (-B+

RA2= (-B-

DIS ) /(2.0x A}

DIS )/ (2.0x A)

¥

“DISC. POSIY

s

"

¢

¥

RAT , RA2

la.
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1

Los COEFIcItNTEs DE LA ECUACION SOp»

A= 100000 = f 2.ooooo ce 3400000

EL DISCRIMINANTE Es NEgATIVOoPOR TAth RAICES CDMPLEJAS

181421 yMa

xxs ,1.00000 4+ 1, 41421 IMA X2=  =1,00000 =

105 COEFTCIE,TES DE LA ECUACTON Sons

A= 5,00000 g= - 10,00000 C=  .5.00000
@ v N . .

'EL DISCRIMINANTE .ES NULOsPOR TANTOD RAICES I1GUALES

o Xi= =1+00000 X2=  =q,00000

)
i
i
{
Z

LOS LUEFICIENTES DE LA ECUACIDN SON»

e 1,00000 B= §~ 10,00000 €= 27.00000 '

CEL DISCRIMINANTE ES NEGATIVUfPDR TANTR RAICES COMPLEdAs .

1,41421 1Ma

"X1=  .=5.00000 -+ . 1,41421 IMA R @5 00000 -=

‘. i

%
i CR

LOS COEFICIENTES DE LA ECUACION SOpe

A= 3,00000 B= 20500000 C=  1.00000

EL DISCRIMINANTE Es POSITIVO,POR TanTp RAICES REALES

T %1 "0:5038  X2® 6461629

PROG =~ 19
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7y YoB ¥ , | Y
77 FOR - ' : 75
2L.1ST SOURCE PROGRAM o ' : =
“0ONE YORD INTEGERS
“{OCS(CARD,1132 PRINTER)
CusewscwncoseeD I'E C T N U £ V Eoveseuwa 7
€. SOLUCION DE ECUACIONES CUADRATI CAS.
120 FORMAT(3F11.5) ‘ g
v16) FORMAT(///+2%X+36HLOS COEFICIENTES DE .LA Ecuncxow 'SONoo//).
102 FORMAT(2Xo3HA= 4F11.592X93HB= oF116592Xe3HC= oF11,597/) : f
103 FORMAT(ZXoSZHEL DISCRIMINANTE ES POSITIVOoPOR TANTO RAICES ‘REALES =
o Y1) -
104 FORMAT (5Xo3HX1S,F1105510Xs3HX229F11,59//7)
105 FORMAT (2Xo49HEL - DISCRIMINANTE ES NULOPOR TANTO . RAICES IGU&LES@/I?
106" FORMAT(SX93HA1=4F1105010Xe3HX2=5F11359/77) i
107 "FORMAT (2X955HEL DISCRIMINANYE ES NEGATIVO,POR TANTO RAICES EDMPLEJ
1ASe//) ' :
108 FORMAT(5Xo3HX1=5F11,502H ®9F31e59éH IMAanoxesﬂxzueFﬁn 502H S5F11,.%
lobH IMA@///)j
LEE=2 | |
1MP=3 o

- € LEE LOS COEFICIENTES

200 READ{LEEc100,END=240)AsBoC
€ . IMPRIME LA ECUACION :
WRITE(IMP5101)
A WRITE (IMPo102)AsBoC
'€ CALCULO DEL DISCRIMINANTE
: DIS=Re®2=4 ,0%A%C
IF(DIS.LE, 0,0)GO TO 210 : : :
c . RAICES REALES DIFERENTES - S o ‘
RA1=(=B¢+SORT(DIS) ) /(2.0 ) ‘ -
" RA2=(=B= SQRT(DIS)»/(E 0%4) .
WRITE(IMP,103) - ‘ Lo DR
WRITE (IMPo104)RA1oRAZ S
: GO TO 230
© TU210 .CONTINVE  ~ = =~
' -~ IF({DIS.NE,0.0)G0 TO zac
c - . RAICES REALES: IGUALES
a iRAl»oB/(Z 0%8)" ‘
RA2=RA1 -
WRITE CIMPo105) .
WRITE(IMP106YRAI,RAZ ~ -~ o '
60 T0 230 ST R
220  CONTINUE o ' , . _
e RAICES COMPLEJAS ' . i
- PARE1==B/(2,0%A) ~ - L
PARE2=PAREl -
PAIM1= SQRT(@DIS%/(2s0&A9
PAIM2=PATIMY
WRITE(IMP,107)
leTEtXMPoiﬂa)PAREIoPAKMloPAﬂkéePAZM
G0 TO 230 .
c ENDIF ~ ‘ '
€ = ENDIF _ . . : :
CONTINUE : . ‘ B -
GO TO 200 o
CONT I NUE
CaLL EXIT
END
/7 REQ _
1.0 e : . 3.0 l'a : Y Te RS
5,0 10,0 5,0 1, - PROG - 19
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 ppODUCTO DE DOS MATRICES © Ta.

S { Nicio N
o

—
ARURET, NUCOT,
NURE2, NUCO?2,
NUFIN ‘

c|B@,d),5=1, NUCO2

3

&

R T e oA



/7 JOB' T ' ' s
// FOR ‘ : ' - f/g :
@#LIST SOURCE PROGRAM
#0ONE WORD INTEGERS, - ‘ " ’ s
#JOCS(CARD»1132 PRINTER) : . _ . o _;‘,
Cocomnmcanane=y £ ] N T [ ccomnesoncacmon
EL PROGRAMA REALIZA EL PRODUCTO D& DOS MATRICES DE 10 X 10 Maxxmo@,
UNA ES LA MATRIZ A(NURE]NUCO1l), :
LA OTRA ES LA MATRIZ B(NUREZ2,NUCO2) » '
SE RESERVAN LUGARES EN LA MEMORIA PARA LAS MATRICES "QUE SE VAN A
MULTIPLICAR Y PARA LA MATRIZ PRODUCTO,
DIMENSION A(,WDIO)QB(IOOIO)OP(IOVIO)
FILES
LEE=2
IMP=3 - ;
c FORMATOS oy,
100 FORMAT(512). o : S
"101 FORMAT(10FB,3; - ’ ' .
102 FORMAT(///95X:9HMETRIZ Ase//)
103 FORMAT(5X910(F8e392X)e/)
104 FORMAT(///+5Xs9HMATRIZ B3o//)
105. FORMAT(///¢5Xe22HLA MATRIZ PRODUCTO EA»Q//)
106 FORMAT(SXe10E150,79/).
© 107 FORMAT(///+5X,T6HEL PRODUCTD NO SE PUEDE LLEVAR A CABO YA QUE LAS,
: 1MATRICES ‘NO SON CONFORMABLES@///) ‘
108 FORMAT(///) ' ST
109  FORMAT(S3XsliHoanaonuusan) ‘ T
110 FORMAT(53X,)1H® FIN = &) ' T
c . LECTURA DE LOS NUMEROS DE RENGLONES Y DE COLUMNAS DE CADA MATRIZ
C Y DEL- DETECTOR NUFIN, N
199 READ(LEE»IOO)NUREIoNUCOloNUREZoNUCOZvNUFIN - b ' :
c ANALISIS DEL: VALOR DE NUFIN. SI VALE CERO EL. PROGRAMA ND SE LLEVA
C A CABOs DE LO CONTRARIO SI,
: IF (NUFINLEQ.D)GO TO 1000 '
c SE VE SI LAS MATRICES SON CONFORMABLESa L T
IF (NUCO1.NE,NURE2)GO TO 900 = = e
c LECTURA POR RENGLONES DE LA MATRIZ A.. ‘
DO 200 I=1,NURE]
- T READ(LEE¢101) (A(IsJ) pJ= IeNUCOI)
200 CONTINUE:
C ' LECTURA POR. RENGLONES DE LA MATRIZ Te
- DO 201 1=1,NUREZ ’ o7
READ(LEE»101) (B(1leJ) o= quucoz> '
201 . CONTINUE;
C SE REALIZA EL PRODUCTO
DO 204 I=1,NURE]
DO 203 d‘loNUCOZ
I Plled)=0
DO 202 K loNUCOI
. P(loed)= P(Iod)oA(IoK)“B(KoJ)
202 CONTINUE
203 : CONTINUE
204 CONTINUE
c ’ IMPRESION DE LA MATRIZ A POR RENGLONES -
C WRITE(IMP,102)
DO 205 I=1.NURE]
A NRITE(IMP9103)(A(19J)9J 1oNUCO1) -
205 CONTINUE
c . ~ IMPRESION DE LA MATRIZ B- POR RENGLONES,
o - HRITE (IMP,104) '
DO 206 I=1oNURE2
: CWRITE(IMP,103)(B(Isd)od= leUCOl) » PROG - 20
206 CONTINUE

O O0O00O000



" PRODUCTO DE BOS MATRICES * .
¥ L ~

"MATRIZ B *

Af IB(I,J'),,.J='i,t\wcox‘?f ~

% .

" MATRIZ = |
PRODUCTG

& P(i,J),d= 'i,NucoF

PROG « 20



" MULTIPLICACION DE DOS NUMEROS UTILIZANDO - Za. |
EXCLUSIVAMENTE MULTIP. Y DIVISION POR 2" el

b

B=B/2

“=R+A

e P

.....

PROG - 21



e T IMPRESIONTDE LA MATRIZ i POR RENGLONES, ™™™ '~ = . /01
© WRITE(IMP,105) L
DO 207 I=]oNURE}

MRITEQIHPolﬁﬁﬁ@P(EoJ)QJEEQNUC0£3 oL
207 CONT INUE - A ' o ‘
R N e T e e e
90¢  CONTINUE A
WRITE(IMPo1OT) - °
60 TO 199 :

10600 CONTINUE
WRITE(IMPo108)

WRITE (IMP5109) | | e
 WRITE(IMPo110) - . Lo
- WRITE (IMP+109) I RIS
CALL EXIT ‘ N |
>END o : . Cee . e
/7 XEQ . S . .
g 22210

E§o5é ”&2007'
=] 22 00
" 0,003 5.0

2 2 2 210
@g( ' 98075

‘wlﬂ 5 32,52
1000,01 060

. =152 15,51

2 3 2 210

222 200 ‘ e |

/® ‘ o oo T o 5

— ~ .1 -
i
CE
s
\
N
- - o e nem psrmm e Sl e e
ﬂ‘ '
-

PROG - 20
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RESULTADOS

. ..:M .__.;;._m....\; - e /ﬂﬁ

. . : e et e . . g
MATRIi A |
T
FATRIZ B1 'é
T i |

LA MATRIZ

PROpDUCTD ESt

e3p031461E+05

= 3
=a1220000F=02 =26100000F

3968300E%03
100000F +81

DMATRXZ Af

04200 984750 | . |
04500 =13:580
MATRIZ B I

1009:040

' 192998 é‘

LA MATRIZ PRODUCTO ES? PR &

+4990200E+02  +1531613E+04

01000000F+p2 =¢1938750E%03

EL PRODUCTO Np SE PUEDE LLEVAR 5 CABO YA QUE LASMATRICES ND SON CONFORMABLES

FrAp Rt A gtk
T FIN *
LA X R TR 22

. i

e S, e

PROG - 2
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/77 FOR.

" @L.IST SOURCE PROGRA#H
#ONE ‘WORD INTEGERS .
930CS(CARD@1132 PRKN?ERD

c .
C,
oo C l

101
102

- 200
‘100

210

220
230

240

- C=A+R S o ;
WRITE (35103) AAsBBoC -~ '~ T

103

260

¢/ XEQ o s
60 80 ) LV . - . . e 1M e

MULYEPLICACHON DE DOS NUMEROS

UTILIZANDO SOLO MULTIPLICACIONES Y -

DIVISIONES POR 2
INTEGER; A9BoCoRoAA,BB
WRITE (3,101}

FORMAT (1H1)
WRITE (30102)

FORMAT (9X91HA93X01HX94X91H894X91H=9éX91HC)

READ (2+1005END=260)A,B
FORMAT (213)
R=0 i
AA=4 :
BB8=B { )
IF(B.EQ,1) GO TO 240
B1=B/2 :
Bz=B1#2 ' _ , Y
IF{B2.EQ.,B) GO TO 220 ’
£S IMPAR _ ’ .
B=({B=1)/2
R=R+A
GO TO 230
CONTINUE .
ES PAR
B8=8/2
CONTINUE
A:A?Z ' .
0 70 210 -
CONTINUE -

FORMAT (3110)
GO TO 200

END

19 17
68 35
40 11
77 99

© RESULTADOS

e o i i 2 ¢ St S = e * P a8t 4009 R g itk Maim e Lo M 4w w e

CALL EXI ,‘. : ..; .. Fo e . . - _ - ...-‘,4\._ A.;, PRI

£

NombAR

2 Qe taysts 0 T
Yo U 3
N
£ Ll GO
jicE-l+d e T el
BT Yol KYS

TN By OV
2

MRS 3

PROG - 21



"MULTIPLICACION DE DOS.NUMEROS UTILIZANDO EXCLUSIVA-  1la.
' ~ MENTE MULTIPLICACION Y DIVISION POR 2" J0Y

-\ INICIO ‘

PSALTO-HOJA

PROG - 21



T4 J0B ¥ Y 105

F7 FOR o o A
oL IS8T SOURCE PROGRAM , . e . AT
SONE WORD INTEGERS . L AN - ’
®J0CS{CARD,1132 PRINYER) e

ecsoemsnscessy E I N T I UNQD cccnsnon
oo MULTIPLICACION DE DOS NUMERUS
o UTILIZANDO SOLO MULTIPLICACIONES Y °

£ © . DIVISIONES POR 2 | | | ~
o . INTEGER AonCeReAAaBB o . .
S O WRITE (30101)

101 FORMAY (1H1)

, WRITE (3,102} ' .

102 FORMAT (9X¢1HA93X91HX9¢X91H89&X91H394X91HC?

200 READ (2+100+END= 260)AOB .
. 100 FORMAY (213} -

R=0 :
Ab=A |
' BB=8 ' ! o
10 IF(BLED, ﬂ) GO TO 24@ : o
~ Bl=Bs2 ‘ .
R2=B8)22 - L
L IF(BZ.EQ.B) GO TO 220 ‘
g ES IMPAR :
: . B={Be=l)/2
R=Re¢A
. G0 YO 230 T
. 220 CONTINUE
c ES an ’
- + B=B/2 _ -
230 CONTINUE ‘ ‘ i
A=AE2 - . v
C o GO TO 210 . e
240 CONTINUE , - : N S
C=A+R i - b
 WRITE (30103%° AAJBBoC i T
3103 FORMAT (3130) e e
GO TO 2060 |. A ‘ -
260 CALL EXIT ' — = - - S S
END . i ) . oot ) )
24 XEQ Y -
‘60 80 - - bt Tt
19 17
68 35
40 11 £ . .
77 99 ‘ ‘ R
g | o e AR .
o | RESULTADOS =~ .7
. _ o ,
TR e B B [Paanae
B a0 2899
6& ) gg 5380
450 11 L
khs A
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" MULTIPLICACION DE DOS NUMEROS UTILIZANDO
EXCLUSIVAMENTE MULTIP. Y DIVISION POR 2*

B=B/2
TB={B--1)/2°
R=R+A A vy
| 2
A=Ax2
)

PRO (3 - 2]
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TARJETAS PARA USAR EL PROGRAMA GRANM

Columna 1

Tarjeta 1 //JPBT
Tarjeta 2 // XEQ GRANM 1
Tarjeta 3 *L@CALINIT PIV®T, TABNU, RM¢VE CLEAN, TABPR

- Torjetos de datos (Ver pégina 3)

Tarjeta /*

final

NOTAS:

- Este programa esté listo para usarse en la computadora [BM 1130 de CE.CAFII,
- Ld vfc.rie’rc 1 esla tarjeta c'md'r'aﬁicdo‘ﬁob:feh?ad del ‘VVCECAFI:,

- = El ndmero 1 que aparece en l'o“"?id;ii-fbf-ief;:”ée.per:f‘orc eh'lﬂa coldmnd 17.

R 3 progrcmc en la IBM ‘tiene und copccndcd de 10 restricciones y 15 \arlables inclu=-
yendo de holgura'y arhfucnoles.

~ Este programa también se encuentra disponible en ‘la Burroughs del CKMASS bajo el
‘hombre de 11/SIMPLEX . Las instrucciones para correrlo en el CIMASS aparecen en
la siguiente hoja. Este admite una capacided mayor sobre el nimero de restricciones
y variables como se indica en la segunda hoja.

- Este programa utiliza el método de la gran M, -



AN

TARJETAS PARA USAR £ PROGRAMA I1/SIMPLEX

Columna !
Torjeta | # USER clave /
Tarjeta2  * RUN (JR82) H/SIMPLE X

Tarjeta 3 # DATA FILE 5
- Tarjetas de datos {Ver pdgina 3)

Tarjeta = ?END
final -

NOTAS:
- . = Este programa esté listo .parc uéqrse en la computadora B 6700 de CIMAS/CSC,
- Lla tarjeta 1 es la tarjeta roja obtenida del CIMAS-S,,

- El simbolo "#" significa un carécter invélido. Este se obtiene presionande los te~
- clas MULTIPUNCH Y NUMERIC simulténeamente y perforande los nimeres 1, 2, &,
4. ' ‘
)
- - Este programa tiene una capacidad de 30 restricciones y 40 veriablas insloyands de
holgura y artificiales,



1
A

TARJETAS DE DATOS PARA EL PROGRAMA GRANM O I1/SIMPLEX

La siguiente informacién deberd porporCIoncrse enlo que se mdlcc como tarjetas de
dcxtos en las holos onfenores.

TARJETA DE IDENTIFICACION DEL PROBLEMA ,

En esta fcrle’ra puede usar desde la columnc 1 a lo 70 para poder dar cuclqu:er identi-
flcccwn que desee dcr asu, problema. ' :

TARJETA DE DIMENSION Y ETIQUETACION DEL PROBLEMA Y CONTROL PARA CO-
: RRER MAS DE UN PROBLEMA :

EI usuario debe dar cuatro numeros enferos con formato (4!10) en la suguuenfe forma

Columnas 1-10:  Ndmero de renglones del problemc.‘:

Columnas 11-—20‘"' :'Numero de columnc:s del problemc _—

Columno 30 . Escriba el nimero: 1 si desea poner ehquetas a los renglones y a las
L “columnas. . T
'Escrlba el 1 numero O en caso contrario.

- Columna 40 : Escrubc un 1 si desea correr un problema adicional .
' - Escriba un-0-en caso contrario.’
. NOTAS: |

- El ndmero de renglones no incluye la funcién objetivo,

51 escrlbe un 1 en la: columno 30; el usuario, después de la tarjeta deberé dar el grupo
de tarjetas para etiquetas de’ renglones y el grupo de tarjetas para etiquetas de columnas.

- St en lugar de.un 1 escribe cero deberdomitir este’ grupo de tarjetas y pasar a las tarje-~
 tas de coeflmenfes de. las variables-artificidies en la funcién objetivo.

Si escribe un 1 en la tarjeta 40 vea los notas generales.

TARJETAS PARA ETIQUETAS DE RENGLONES

Las etiquetas para ldenhﬁccr a los renglones de las restricciones, pueden tener como ma
ximo 6 caracteres de cualquier tipo.

En una tarjeta puede escribir hasta 7 etiquetas, Estas eﬁépefas dehen ir en los columnas
1-6, ”’16' 21-26, 31-36, 41-46, 51-56, 61-66,



T S SRR Y AL PNE NI U RARTAS A ATTARL ECY
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'Las terjetas para identificar o los columnas o sea o las variables involucradas en el
sroblems (incluyendo de halgura y arfificiales) deberdn eseribirse de oeverdo a los
‘reglos anteriores paro etiquetar renglones,

“TARJETAS DE COEFICIENTES DE LAS VARIABLES ARTIFICIALES EN LA FUNCION
QBJETIVO,

A cada variable artificial asignele un 1 y a las variables no artificiales asignele un

0. Estos ngmeros escribalos en las columnas 10, 20, 30, 40, 50, 60, 70, de acuer=
do al orden en que etiquetd a sus variables (coiumncs)

IMPORTANTE, Esta tarjeta es requeride adn SE el problemc no tiene: vonables Car=
tificiales. o -

TARJETAS DE COEFICIENTES DE LAS VARIABLES NO ARTIFICIALES EN LA FUNCION
OBJETIVO,

Escriba los coeficientes de la funcién ohjetivo con el formate (7 F 10.0), Estos coefi-
cientes debe escribirlos de acuerdo al orden en que etiquets sus vericbles (columnas},
Los coeficientes de las varmbles de holgura y artificiales deberé ser cero,

IMPORTANTE : Los coeficientes de la funcién objetivo deben corresponder ai probiema
de minimizar, Por lo tanto, si su problema es de maximizar multinlique por =t y consi=
dere los coeficientes que resultan como los datos de entrada en este progrome .

TARJETAS DE LOS COEFICIE NTES DE LA MATR!Z DE RESTRICCSONES

Cada renglén de restnccnones va' en una o varias fgrqetas escrabsenoo io :
" cesivomente en una tarjeta con un formats (7 F 10, O) Cada vez que Prc)pc, one Un nue
vo renglén debe empezarlo en otra torjeta. ‘ - ‘

TARJETAS DE LOS LADOS DERECHOS DE LAS RESTRICCIONEIS .

4
Los coeficientes del lado derecho de restricciones se proporcionan sucesi
tarjeta o en caso de ser insuficiente use otra tarjeta, El formato es {7 ¢

TARJETAS PARA INDICAR EL CONJUNTG INICIAL DE VARIABLES BASICAS

En una tarjeta programe sucesivamente los ndmeres de los eolumnas que var o«
eoms columnas {variables) bésicas iniciales, Use fermato {7 1 10, '



NOTAS GENERALES:

1.
2,

El orden de las tarjetas debe ser como el indicado.

Si en la TARJETA DE DIMENSION Y ETIQUETACION eseribié un 1 en la colum-
na 40 entonces su nuevo problema debe ir después de la TARJETA PARA INDICAR
EL CONJUNTO INICIAL DE VARIABLES ARTIFICIALES, Es importante que en el
nuevo problema empiece con la TARJETA DE IDENTIFICACION DEL PROBLEMA,



N

EJEMBLO 1, Considers &l problama Hneal
max z = Xy = X ' : _ . " i
$.8.,
- >
2x2 X3 xgtxg 0
=2x] +2x3=x4 Tx5 2 0 )
- -y > 0
X1 2x2 X4 + X5 2z
x1+ xp + x3 =1
x. >0 .

Deberemos multiplicar la funcién oblehvo por = 1 para que el problema sea de minimizd-
cién y también agregar voriables de holgura a les pnmeros tres restricciones parg que ==
lleguen a szr igusidades. Con estas chservaciones el programa lineal estaré en rorma estan
dard, lo cual es una condicién para aplicar el programa GRAN M. Si defintmos 2'==z, ~
nuestro problema en forma estandard &s ' -

min 2’ = -xg4+t - x5

.-_2_x2+ X3t xg - x5Fsy -0
2xy féx3 txg = x5 T . =0
“x T2xy +x4-x5 ts3 =0 : S 4
X txg tox3 =1 '

xi_>_.0; i=1,2} wo,.5

ss=0;  j=1,2,3

—

Obsérvese que aunque el programa |mec| ya esté en forma - estandard, fodovic nole
para empezar el algoritmo de la Gran M porque en la Gltima restricelén no ;
ble que aparezca en esta restriccidn pero no se encuentre en los ofres restrine
se tiene una solucién bésica factible inmediata), Por lo tanto, deberames =
ble artificial que llamaremos t1, a la cuarta restriceidn para-asi completar nuestia
bésica fqctible en la cual se inicio el algoritma. Sin embargo, af 'in?mduﬁif ﬁs%d‘ variobls -
artificial en lo restriccién deberemos agregoria en la funcién objetive rau fripis
cantidod. positiva M muy grande, Asi nuestro problema resulta ser:

..-«
s.

hin 2" = - x4 Txgt Mbs

L) + p + = e + . o
| ?xQ xg ¥ xg = xgt sy 0
%) + 2% txy = x5 H5y =0

+ + ' by

B A v
2 (g P, 2, e, 9
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Es conveniente _represenfcr el programa lineal en un tablero (o tableau), ‘para poder enten~
. der més fécilmente la informacién que deberemos proporcionar al 'programa de ¢omputadora
GRAN M.6 II/SIMPLEX, Esta representacién aparece abajo

| S T T N N M I O
- Funcién Obj. (F.O) jo "0 o0:-1 1 0 0 O M} 2z
Renglén 1 (R.1) ) 0°-22- 1 1 <1 1.0 0 0] 0
Rengién 2 (R. 2) 2 0 2 1 -1.0 -0 o0} o0
Renglén3 (®.3) - |1 2° 0 1. -1 0 0 1 0] 0
- .Renglon4 R. 4)- B I I I 0 0 0 0 0 1| 1.
=% * * \.;k/.l
Var.Holgu= Var.
‘ “ ra- - Art,
A . T - Solucién inicial
PR o : : - bé&sica factible

Este tablero .contiene toda la informacién necesaria y la notacién apropiada para correr el
programa. GRAN M6 el H/SIMPLEX, A continuacién se presenta su codificacién para el
GRAN M, Para correr el |l/SIMPLEX la codificacién es idéntica excepto por las tarjetas

. de com‘rol como se menciond en la e><p||ccc10n de estos progrcmas
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 EJEMPLO2
max z = SR,
s.a.
S| +_><2 i_]
X +txy 21
.->.(] + %o g
% 20

o EXpresando la funcisn objetivo en términos de minimizacién e introduciendo variables
B ._.de holgurc ar'r|F|c10|e5° el problema es equ:vclenfe a: ‘

_ mln(-z)=-x]—x2+Mf]

Xy txg =5y ot =t
*]fX2 +52 ’ =]

X txg o tsy o =D

e En forma de ’rdbilééd:

- - X] . x24-s] :f] 5 s3-
Func. Obl. (F O ) . _‘ O M 0 '
“Renglénl (R1) - [71 L1711 0
 Renglén2 (R.2) = |V A1 00
'VRAen‘gl_én 3 (R,3) | R s 00

- O
— & olo
P 3

0
%

" Solucién bé~
‘ sica factible
“inicial. .

N\
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EJEMFSLO 3 vResoll'ver. el dual del siguiente par de problemas primal - dual,
" Primall - - min z =2x; = 3%

| - xpmg 23
x] = X9 +_><3j——_2

X. 20 . .

p—

o Dual o max w=3 Ay 2 Ay

2

-3 At }2 >3

myey
_)\] R }\2
DR )
IR ¥

:

h oA

jAr

o

o
E;f; :;_'duc}l es elqu%vc.l‘enfe a o
 F”i} man=;3mT-2A2+Mn
SRR ‘:!2}\]’_%}'2_?_5] . o=
Aty mmpotry =3
Aty o ts
.En?‘for‘ma%del_.’fcbleduil' el dual estd dodo por

e FO -3 =2 0.
R1T© {2 1 0
R2 11
R3.  |-1 1 0

~W

o
oz
-0 olols

;.O o —
o —

*
*
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E;EMP.LOA, S

max z =x) = x9 t x3 =3xy "fx5'-’x6 - 3x7

~S..Ot,
g txstx
gt 2x3 - x4
xp- g
| x3 . txgtxy
» _xi‘_ZO |

- m.i_n. (-z) = -'Xy +txy - X3 + 3X4 - X5 + Xg + 3x7

s.a. -
~ 3x3 + x5t xg =6
X9 +.2xg - X4 | ’ =10
XY =Xy =
o ety =
. En forma de Tubléqu%'
» '”~x],. X9 | x3 .>.<4 x5 xg X7
FO. [91 1 a1 3 4 1 3 | =
RT- Jo o 3 o 1 1 o0 [ 6
R2 0 1.2 «1:-0 0 0 10
R3° |1 0.0 00 -1 0 | 0
R4 {0 0 1 0 0 11 | 6
* * * *
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2, ALGEBRA MATRICIAL

2.1 Introduceidn .

Una matrniz es un arneglo rectangulan de elementos distni-

buidos en

y de La "j4- Esdma”

"m" nenglones y "n" columnas,
nota pon La Letha A,

3L a Ra matniz se Le de-

entonces al elemento def "{-Esimo" renglén

columna se Le nepneéentand pon el 44mbo£o a.

if°
Generalmente una matrniz e nepresdenta mediante pa&éﬂaeé&b cua-
dnado; como e muestra a continuacddn: '
N : -
() ay eeneag,
o1 %22 ..... %2n|
A= | : (2.1)
R U |
__ mn

- Los elementos que componen una mat&&z pueden sen de diven-
4048 tipos: nudmeros reales,
dominio del tiempo,

nimenos compzejoA, funciones en el
ete..
AL sen una matrniz un arneglo ordenado de elementos,

mite que af apl&ca& cienta metodologla a dicho arreglo se obten-

pen-

ga una denie de nesultados que responden a Las intenrogantes pon
Las que e oniginé ezlannegzo; entrhe algunos de Los procesos en

Los que se utilizan arneglos matn&c&aﬁeé sde Liene:
edbn de act&v&dadeb,

ferarquiza-- .
afmacenamiento de datoA &nventd&iob ké- '
presentacién de sistemas dindmicosd, 848 temas de ecuaciones, etc..
T Exdsten clentas distrnibuciones ILchaé de Los aﬂementoA de
wna matriz y de acuendo a eflas e clasifica a Las matn&ceb en
diferentes tipos, entre Los que se tienen:
| Matriz Cuadradd | | |
CEs una matriz en La que e ndmero de renglones e Lgaaﬂa
es decdin, '

~al ndmenro de columnas, m=n..Pon efemplo:

A - L | (2.2)
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- Matniz Nuﬁa o L
Q“EA una matriz de onden cualquiera, en La que 19#04 £oZ‘Qe
Lementos son nulod; por ejemplo: ' §

o o] . o
B =0 of N 2%

8¢ acostumbra denotarfa por el simbolo 0.
Matriz Identidad | |
Es una matriz cuadrada en £4 cual Los elfementos de La dia-
gonal principal son unitarios y el nesto son nules, es decin:

8..::0 "'L-#j
44 1, =

Se sukle denotarla como 1, donde "n" Andica el orden de La matniz
y al simbolo ¢§ . Ae Le conoce como delta de K&onecken° Ponr ejem

Lf
plo: .
_ 1 0 0 _
£3’= o 1 0p S ‘ 5254}

=)
-
—t

Matnéz Diagbndﬁ

Es una matniz cuadrada en La que £os elementos que no pan«

tenecen a La didgonal ph&nc&pa& son nulod es ‘decins

i 0 44 4 F g : | (2;5}
Un ejampzo de este tipo de matriz 66&&& o - '
3.0 0 | ‘ )
A= o 10 0| (2.6
0 0 sent)

" Matniz Tnanépueéta .

Es una matniz cuadrada que 4se obt&ene a nanz&& de una ma-

tnaz dada A intercambiando nenglones con cvﬁimnaé Se Ze denoia
con el slmbolo AT y se cumple ques '

“uI. s a,, ‘ ’ (2.7}

s Lf 44
Matrniz Simé€trnica
E4 una matrniz cuadrada B para La que se cumples

s
jand
@

Y :
v

B =gl
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F"—Q 2.1 Diagrama de bloques para-
el programa principal '#Lg.z.z Diaghama de blLoques pahra

La subxutina  SUMAT

' Leer: hacent ()
: - Cl1,7)=A(1.3) +
L s B(1,]) pana toda
. J .

I=1+1 : N
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£ MECANTIOAD DE COLU'NLS DE 1,43 MATHICES. o« @ ool e e e e
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N .
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€
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£

HRYYE (69 200)

-, Dg & 1¥
3 nvat'ngSn; es{xgsggjugaas
WRITEL6,300)
I 1 I B € 1L B e e
T R TE{6,350) (Bl dienloH)

LLANADN NE SUBRUTINA pifd EFECTUAR LA SHMA’

EALL SUMATEALE,C, M, NI

INPRESJOH DE RESULVALOS
WRTY E{$0350)

R e i e P
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5 I
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186 FORNATCEYS)
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2090 FOHPAT(IHI-Sf/:;Ion'LAS MATRICES PGR SyMAR aawsaseggﬁgquﬂggzﬁﬁg“

850 FovJﬁchfliaio” iMATRIE sd“@ i
Knn

Fig. 2.3 Listado del programa prineipal

SUBRPUYINE SUMATCA, B0 o000 :
€ sUBRUTTNA PArg 3Utap MATRICES
e B2 e .SXf‘-”?F‘iC"&DO DE LA VARIARLES EVPLEADAS . e s
¢ A ¥V PeeiTRICES QUE SE PESER SUMAR
[ MeCAnTipAn pE RENCLOMES pE (A5 HEYwiCEY :
B BeCANTIDAD VE COLUNMIAS DE. LA&S HMAZ HC"‘ ; e vttt

DIFENGEON 2C10,86),8718. Ln) Jg“ vxﬂ:.m.‘wmzwmA REE—-

o0 4 IsioM R S

e e e ﬁc] ﬁ JBE ol 5 . . i e e £ Bt
P E{.d)=a(E, 59 ¢ B8lT,u) §
wﬁ?Ugn -8

USRI (2 /| ¢ SO OO, — . R

fL, hoa
Fr AR A&b’c,

29
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2.2.4 Ejemplo

En una tienda de arntlculos ellctricos se venden nesisten-
- edas eléctnicas de 1/4, 1/2 y 1 Watt de potencia en sedls dife--
nentes valornes nresistivos.

-S4 Las exdistencdias un viernes pon'ﬂavtande son:

1/4 1/2 - !

100 o [z00 380 275

150 & |400 - 250 275

1.0. K 500 175 315
21.5 K §00 225 150
10.0 K 600 - 380 180

15.0 K | 550 250 220

y el sibado se necibe una nemesa con Las siguientes caractenis-
ticas: ‘
1/4 o 1/2 1

100 50 90 | 50
150 @ 96 100 55
1.0 K 75 90 60
1.5 K 65 95 55
10.0 K §0 100 - 60
15.0 K 75 110 60

Detenmine Las hesistencias que tendrd en LAnventario el
establecimiento el funes por La mafana dade que ni el sdbado

ni el domingo hubo ventas.

* SOLUCION

TABLA 2.1 Datos. para el problema del efemplo 2.2.4

“N=6 . -
M=3
> -~y
1200 350 2751
400 250 275
500 175 3751
A = §00 225 150
- 600 380 180
| 550 250 220




\

20 90 50
90 100 55
g . |75 90 60
B =145 95 55
' §0 100 60
l75 110 6]

TABLA 2.7 Resultados delf problema del. ejemplo 2.2.4

LAS MATRICES POR SUMAR SQN

T navesz A T T
2006403 380E€03 . 275E4n3

JHOCESOX

T AB00EMRI__ oATSEG0S ... ,325E403.___
* .800E483 T _225e403 o130Ee03

o oSSOE$03. . J2SUE403.__ 2208483 ___
TTTTTTWEYRRER LT T

MR J900E202 T .S00E¢02
e ST00E%02 L MO0ES03___ ,SSgEe02
T aTSOE¥02 T 9008402 L600€002 _
T ABUE 02 T T 0SpE 08 T T ISS0E 002 T

L +BOOE®02 __ ,100E903 __ 1600EF02_

TUTTTTLI508002 T L3i0Ee03 T j600Ee02 . . ..

et s S 12 5w b $ e crn 0 s e + e o e St
~
s v o por i s T oata et ar % o etameA i s e s

. MATRIZ Suma

____';gao,e<>o;s__*___.,q7oz%q;_____._,3255«’0;___‘___
JB90E403  ,3S0E.03  330E,03
RIS TY-T VTS S SYBSELE3 T
. oB6SESQ3 3208903 (203983

TTUTT G6B0E403  [4B0Es3 T T 2807403
6258063 T 3608603 T ER0E¢83 T

31



2.3 Muttiplicacibn Matricial

2.3.1 Objeto . o
Dadas dos matrices A y B, obtenen el producto matricial
C de La forma: ' :

(2.13)

o
[}
| >
P
o)

i.3.2 Método |
Para efectuar el producto entre dos matrices (AxB) se nre-

quiene que Las matrices sean conformables para La mulitiplicaciin,

Lo que equivale a que el ndmero de columnas de La matniz premuf-
Lplicadora (A) sea Ligual al nimero de nenglones de £a poAtmuﬂ-
tiplicadora (B), es decin:
84 Aves de ornden (mxn)
| y B es de onden (nxé) .
el pnoducto mairicial AB send pos.ible Aozo 4L n=n y el onden de
La matniz producto sexa [(mxs). '

S{ La matrniz C nrepresenta La mairiz nesultante del produc-

Zo matnicial AB, entonces el elemento céj es4td dado pon:
T n

=2 b zj , = ; (2.14)
z I j- ’uo-,b .
Es Aimportante hacer notar que el producto matrnicial no es
conmutativo, esto es: ‘

AxB /B XA

2.3, 3 Descnipedén del Programa
a)Subrutinas requenidas: -
SUBROUTINE MULTMA(A,B,N,M,L,X), esta wbmuna efectua

el producto matricial ixg.EZ pnognama principal se
emplea para La Lectura de datos e impresidn de nesul -
tados . | ‘

b) Descripeidn de Las varniables:
Para fa subrutina MULTMA:
A(T,J) matriz premulitiplicadora de orden NxM
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- BiY,J] matidiz poslmulitiplicadora de orden Mxl
-X(Z 7l | matniz producto de orden NxL
Para el pnognama princelpal:
AlT, J) mainiz premulitiplicadora de ondan NxM
B{1,J) Cmatriz posimuliiplicadora de orden MxlL
X(1,7) matriz pmcducto de orden NxL

c)Dimensiones:
La proposdcién DIMENSION deberd sen modaﬁ&cada tanto
en ed programa principal como en La subrutiva cuando:
N > 10 ylo M > 10 ylo L > 10

d) Formatos para Los datos de entrada:

O TARJETAS FORMATO INFORMACION
g (315Y M, M,L |
Z (6Fip.0) A{I,J), Los elemenfod de
. La metradz se dan nenglin
‘ por nengldén.Emplear La cdn
. , : tidad de farnjeias que sea
. neces aria., '
3 (8F10.0) BII,J), &guaf que an ¢l ea
. 40 anfendion. '

o ey on Ghee €r o Mm € £ 08 £ e’ A8 OF U €3 OB Ge e» ew T £ OF O G e o e

" | TARJETA EN BLANCO, &f 34
' nalizar toda La Lafoimo-
A eién |
é)Diagrama de bLogued:
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‘Fig. 2.5 Diagrama de blogques parc Fig. 2.6 Diagndmd de blLoques para

C el programa p/u'_nci.pal_ . ' .

La Aubnutina;MULTMAi.

Zo
| sTOP
o .
( S, ) ) hacex:
Al1,3) | Xk, 3)=0
\ 3
feens ’ K ) 4
B{1,7) : : hacer: XIK,J)e
. J - ' X{x,J} + Al 1)®
: : *8(1,J] :

Leamar subau-
na A
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Fig.2.7 Lisztado del programa principaf

SUBRBUTIHRE BULTEACAI YouosHat aX) . .

SLUBNUTINA paRD MULTIPLIGAR COS “ATRICES °

LL STGYIFICADC LE LAS vaRlAGLES ENPLEADAS B
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SvaTATZ POSYFULYIFLICO00RA OF OHDDN M .
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Keoddonikodd ¢ DAL ETaBLN Y
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E£4%0
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1.8 Liatadn de Fa hubaufiac HULTHA



2.3.4 Efemplo

37 /¢

Cuatrno componentes de un automévil requieren como materia

prima de hule, aluminio y acero. Las unidades que se requiehren
de cada material para formar una unidad de cada componente ded
automdvil se proporcdonan a continuacidn:

‘ hule aluminio acenro
r— .
comp. 1 5§ 5 : 3
comp. 2 3 4 5 5
comp. 3 20 2 4
comp. 4 | R R 10
t4 Los costos unitardios de cada maternial son: -
$
hule 25,00
alumindo | 30.00
aceno 40.00

Determine el costo total de cada componente debido a fa
matenia prima de que estd compuesto. ‘

*SOLUCION

TABLA 2.3 Datos para el problema del efemplo 2.3.4

N=4
M=3
L=1 |
s 5 3]
P B
- 20 72 4
| 1 o& 10|
25
B = | 30
40
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TABLA 2.4 Resultados def problema del ejemplo 2.3.4

HATR1Z A

* 2800£401

- 0300E901
0200£907
+£GOE+Q1

HMATREZ &

0230E442
0 300E 03
0 800E¢(02

0360€001
0400EVGL
2200E903
c800E0BY

-~#ATRIZ PRODULCTO

470E40)
0395£902
0720£¢03
0685E403

+300€°0¢
0500E¢€0 ¢

0800E01]
0100£002

7
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2.4A1hvenALJn dé;MaIniceA

2.4.1 Objeto |
Dada una mazriz cuadrada A sblenen su matriz Lnvenrsa A-I.

"2.4.2 MEtodo :

La matniz inversa de una mairiz cuadrada A'eélozna matniz
cuadrada que se nepneéenta por A"l Yy que cumpze La A&gu&ente pro
piedad 84 La matriz A es de onden (n x 'n):

T (2.15)

Se define a La mathiz Lnversa comg:

LY ' o

- (2.16)

| IA] , |

donde KT'AQ conoce como La matriz adjunta de La maii&z Ay ‘As
nepnebenta el determinante de La matrniz A. |

De La ecuacifn(2.16) se infiere que para que exidta La in-
vernsa de una matriz 4e &QquLQdQ que |A| £ 0, es deecdin, que fLa ma~
thiz sea no A&nguﬂan.

Pana La obtencibn numérica de La matrhiz inversa es necesa-
nio acudir al método de Gauss-Jordan modificado. EsZo 4se hace de
bido a que para obtener 5_7 en una computadora digital mediante
La ecuacibn [(2.16) se requiere una gnan»cahiidad'dé operaciones
y condecuentemente de Liempo. Para obfeneir La inversa de una ma-
triz (10x10) se nequLQnen mds de 340 m&ﬂﬂoneé de opeéraciones con
el método dinrecto. ' . '

EL método de Gauss-Jorndan es un método de eldiminaciln s4is-
%emdtica mediante el cual se Zransforma La matriz original A en
una matriz Ldentidad Lﬂ y al mismo tiempo esta aliima se trans-
jorma en La matriz Lnversa Af’ , ¢4 decin, partiendo del arreglo:

[éﬂ ! ln] o C2.17)

y aplicando algwias de Las siguientes transfonnaciones al arreglo (2.17):
—interncambio de nenglones, | |
-multipllcacdidn de un hengﬁdn'pon un escalan )\# 0,

-suma de equimdltiplLos de un renglin a otro henglin.

se LLega af sdiguiente arneglo:



[} : Afij' ' (2.18)
. uﬂ Fs ,,:)' /t B .
a, .

EL mEtodo parte de La . suposiciln de que A es una matriz
no singulan, Lo cual implica que sus columnas son vectored Li-
nealmenie independientes, en caso de no serlo el método Lo pue-
de detectan; en dicha sifuacidn s¢ presenta que todos Los ele-
mentos de un henglin de La matniz A o de sus matrnices thransfor-
madas, son Hulos . :

A fin de minimizarn Los ernores de redondeo, La elimina--
eldn de elementos s¢ efeciua pivotfeando sobre L0s mayores ele-
mentos que qaadan en La matidiz A o en Las matrices obilendidas a
partin de edia G2t Lma poi Transformacddn; debe Zenense culidade
de no emplean coro pdvotes elementos de nenglones gque ya hayan
sddovutilizados como plvotes.

2.4.3 Descripedbn del Proghrama
a)Subrutinas requernidas:

SUBROUTINE MATINV{A,N,EPS,DET), obtiene La mairiz invenr-

sa de fLa matrniz A. EL programa principal se ezmplea
para La &edtuna de datos a.impnzéién de nesuliados.
b} Descendipedldn de Las variables: |

Para Ra subrutina MATINV:

Al1,T) . matriz de La que &¢ bus card &a'éﬁbeéé@p
duranite el procedo se conviente on Pa mi-
indlz invensa.

N - orden de La matniz A

EPS crilendo poaia deferminarn 84 el defeami-
nante de fLa matiiz ed nulo

DET parfmetro que indica 54 el determindanie

 de fa mairiz es nule

clir, g mainiz identidad que se er“«@a pand b
nen Lo watiiz inverie ‘

M”R{I% Y confadoned gue indican cudles henglones

MUC(T) '

y cudles colummas de £a wmnfaiz A g |

Aon ewmpleados come piveiss
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RAMAX mayorn elemento de La matriz A o de sus

: ' Ikanéﬁodmaa&oneé que se empﬂea como eze-
mento pivo te

TEMP vaniable de Localizacibn tampoaaﬁ

Para el programa prinelpal:

AT, T) matriz de La que se -busca La invensa, du-
nante el proceso se convierate en La

. matriz inversa '

N ohden de La matrniz A

EPS erniternio parna determinar 84 e£ deteaminan
te de £La matrniz A es nulo. o

DET . variable que indica &4 el detenmindnte'de

A es 0 no nulo
c)Dimensiones:
- La pnopOALQLJn DIMENSION del programa principal y de
La subrutina deberd sen mod&ﬁ&cada cuando‘

N > 10
d) Formatos para-Los datos de entrada:
SEC.TARJETAS FORMATO . INFORMACION
1 (15) N
2 | [§F10.0) Al1,]), se proporcio-
) nan Los elementos de
La matrhiz renglén.-pon
. o o , - hengldén.Emplear tantas

tarnfetas como se hrequie
nan.

P T e T T s T I PRI S W,

othos paquetes de dafos (opcionaZ)

n | TARJETA EN BLANCO, al
finalizan toda La Lnfor
macidn.

e) Diagrama de bLoques:



Filg., 2.9 Diagrama de blogues
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) Lis tado:

¢ . PROGP!"A PARA THVERTIR "MTRICES Pgp Ef HETODO DE GﬂueanORnAN .
~.B. __ SIGUIFICADO.DE LAS VARIABLES_EMPLEADAS —
.C——.._NZORDEI' DE LA MATRIZ A .. . : S
€ . __AS"ATRIZ 0f (A OUE SE RUSCA Sy INMVERSA ...

- Co . _EFS3 CRITERID. PARA_DETEPNINAR. ST EISTE 0 1O _LA_JHYERSA DE LA NATRL 2

(S CETaPAPANETRN QUE INDICA 8@ EXISTE O MO LA INVERSA DE LA HATRIZ

—_— pIMLHsION. A(lo,IO).Ctloolo\ -

. imss. .. A
—_— e LS L
 EP836,020001
¢ - LECTURA DE DATOS
e ZLREAD IRV 19 N
_xm___xr(n)z.h, e e — e e e e o
L2 CALL Exxr e e e
._-_..._3 DC .4 I=1,0 ... [ L
8 READCIR,20) (A(I:J) J=1 MY '
4 1:PELSTON DE oAros .

e e CARTTE QTN 1) e e e . . .
e DOOS I3, T vyds e e
....5 dPITF(IJ.ZE) (a1, J),J 1, 1) e '
€. LLANEDN DT SUPSUTI'IA PARA_QBTENER_LA MATRIZ INVERSA = T
CALL NATIOV(A, 'I,EPS,DET) RS Lo
IF(CET,GT,EPY) GN TO 7 , coe T o
e = HRITE(1H|23)_..~, . ‘ : o o T e
e . GO TO VU U SR .
1 WRITE(T'1,24) . . e e o '
U U U {= ll.‘-__,-_ .rt LY .
8 WATTE(11,22) (AlT,33,3=1,10) ] , - R
G0 TN 1 e
L. FOPIATNS DE LECTURA € TMPRESION
- A9 FoREAT(IS) L T Co e g v y o
T 20 FoPMAT(BFL0,0) Syt AR SRS
21 _FORNATU(/),SX,1MATRTZ A',//) ) L
TR ronnxrc/.‘x,10([!0.3,1x)) :
23 For''AT(A(/),SX,'np EXISTE LA MATRIZ INVLRSA')
R 10 FORMAHU)_LSX.'INVERSA DE LA _MATRIZ A')
_ END

Fig. 2.11 Listado del programa principal
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2.4.4 Ejemplo

Obtener La Linvernsa de La mathiz:

~— -
1 2 3 -1
1 -20 -1 3
A = 1T 1 =10 2
2 -1 -1 30
e .
*SOLUCION
TABLA 2.5 Datos para el problema del ejemplo 2.4.4
N=4 : ‘
-
- Ti0 2 3 -1
h ) 1.-20 -1 3
| A = 1 1-10 2
. . S L_'2 -1 -1 30

TABLA 2.6 Resultados del problema del ejemplo 2.4.4

wATRIZ A
_____ L100E%32 _ ,2C0E+01_. . . 3000401 = 10gE#0L

JHIO0CES01 =,2007e02 =, 100€4C1  ,304E+0L
L I00E4GT . ,190E401 =, 1006402 - ,200E401 _ __

L J2OESOL. 100840l w 100E40L 3000402

T RdeRsE DL LA MATRIZ A
_““:68i535|t Jitufeal L 277E=g1  ,25aF=03
..A__,\san-az S 4%uEa) ,S53L=02 . LaTiE=0d .
T LBTbE=y2 = u37E=02 o=, 977Eeqy T24E=02 .
T 600L=02 =, 253Tm02 =,49zE=g2  ,337E=0y
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3. SOLUCION DE SISTEMAS DE. ECUACIONES LINEALES
3.1 Introduccidn

Por sistemas de ecuaciones Lineales se ant&ende un gnupo
de ecuaciones que presentan La ALQuLQnte estructura: '

N e I VL SR R A T
@ggXyp + QyoXy * weudag x, = by

° ° } (5.1)
m,x, + a m2 %2 R amnxn = bm

dohde a. if Y b son constantes y Las 4Lnc 6gn¢ta4 deﬂ ¢4¢tema s0n
Los valonres x 7 donde 1€ .i¥En.

Dichos ALéiemaA se pueden nepneéentan en 2a 5onma

AX=8 R

donde A se conoce como La matriz de coeé&c&enteb deﬂ ALéiema -
B como vector de ténminos independientes g X como uecion de in
chgnitas. o

- SL el vector de términos LndependLQnteA es dLéQ&QHIQ de .
ceno se habla de sistemas de ecuaciones no homogéneaA y en ca—
s0 contrandio de sLstemas homogéneoa .

Antes de proceder a resolvenr un sistema de ecaaéidheé'eA
necesanio detemminan s4 dicho sistema tiene solucdlén y en casdo
de tenenla, cudntas pOALbZeA s0luciones tiene. En base a Lo --
antenion se tiene La siguiente cladificacibni

, : .

| compatible deteaminado

no homogéneo ' indeterminado
Lneompatible I
Sistema de
ecuacdLones
Lineales

-detenminado
(Sok. trdiviak]

homogéneo {cohpatéb£e 
g L ‘ :

EMN{ndétenminado




Sistema compafiblfe o4 aquil que &L tiene s0Lucidn i para

que esio se cumpla ie reguiehre: .

rango [A} rnango [A;B] ¥ {3.3)

. . = t :
donde a La matriz EA;B] se fLe gonoce como La matrdiz ampliada
def. &istem.. ' :

Sistema mncompatxbfe ed aqué£ que ne t&ene Aoiuc&én y be

cumple que: v , . ,
o RanGo [A;}<< nango [}Eé]. ‘ (3.4}

49 2

Sistema defeaminado es un sistema compatible que presesn-

ta s40bucidn dnice y 4e verigica que:

A

ngo LA:} = nrmene de Lncbgniias (3.5}

. Cuando se presents esia siluacibn en sLisftemas homogéneos
se habla de svfucifn tnivial, ya que X = 0.
UA'éjéi@ma compaiible que presenita &né&n&dad de so0lucis=

nes se conoce como 5¢étama Lndetanm&nado y se caractendiza pon:

rango [AL]‘< ndmero de Ancégnitas 13.6]

Pona £a solucibn de sistemas de ecuaciones &incales XS

ten déversos métodos de Los- cuales s0lo se thatandn: MEivdo de
Gauss-Jondan modificado y el Mélodo de Gauss-Sedidel.

3.2 MEtodo de Gauss-Joadan modificado.
3.2.1 Objeto

Obtenern La so0lucidn de sisttemas de ecuaciones Eineafes -

de La fommas

o
>%
i
1o
e
<
ek,

'3.2.% Método
Dado of sistema de ecuanionesd:

Lum
>
%
res
o
Lok
o
@
Lo

santidad de vectones linealmenie lndepen-

st de vactores cofumna que foaman Lo ma--




el método consdiste en trabajar con La matriz de coegicientes y -
el vecton de ténanOA independientes, es decdirn, con La matriz
ampﬂ&ada del sisiema: : : -

[ ig] - (3.9)

A dicha matriz se Le aplican una serdie de thansformacdo-
nes que conducen a obtenern otra matriz ampliada equivalente:

C [ .c:I | (3.10)

donde C kepneéenta Ka s0lucibn de cada una de Las LnCJQanaA
del sistema.

EL pnnLeéo aqu&vake a premultiplican Ka ecuaciin (3. 9) -
-1

.-pon A7, es decin, el método de La matnrdiz Linvensa, AOZO que e4 .

. Xe método consiste en una eliminacidn Aaétemdt¢ca de valones.
La tnanééoamachn de ZLa matnkz (3.9) en La matniz {3. 10)
se eéectua basdndose en thes operacdionesd que no aliteran el yey
tema de ecuaciones 44ino que proporcionan s4istemas de ecuac(oneé’
equ&vaﬂenteé etlas son: | -
- intencambio de dos nengﬁoneb Lo cual equivale a Lnten
cambiar dos ecuaciones. I
- muliiplicacidn de un rengldn por un escalar diferente
de ceno, Lo cual equivale a multiplicar ambos miembrds
de una ecuacibn por La misma constante.
- suma de equimidltiplos de un renglén a otro renglén, es
decin, multiplicar una ecuacidn por una condtante "K"
y dumanla a otha ecuacdin. ‘ ‘ .
Panra apﬂ&can Eaé openac&oneé antenLoneA se pnccede en La
ALguLQHIQ forma:

' <:)Se£echonaa un nengﬂdn pivote 'y un elemento pivote den
trho de dicho renglin.
<:>No&ma£4zam el eﬁemento pivote,es dean conuent¢&@o en
- undtanrio. o ,
<:>Cance£an eﬂementOA que se encuentren en Ka columna arhi
' ba y/o abajo del eﬂemento pivote med&antu La suma de.
equimdltiplos. _ S : ,
Regn’eaan al paso @ y asl sucesdivamente hasta que se -
trnans fornma La matriz de coefdlcientes A en una matriz --



(95
ot

id emniidad ‘i‘/’l‘ s

Pebido a que duraniec ¢l procedo se ph@ ntan erRAOAES Lo
nedondeo, La §oama 5pixma de escogen Los a&emento& pivote es.
seleccionando el Mayon elemenio que quede en La matrniz A ¢ en

W

448 trans formaciones. Hay que ZLenen phesente gue Lod eLementos de

un rengldn que ya 5u£ seleccionado como Linea pdlvofe no sa pue
den usar como plvotes, adn cuando el mayor elemento quede colg

4

cado en dicho &engﬂ&n. ‘ ,

AL selecedlonar Los pivoites en La {orma anteé mencionada
ed dnnon se neduce af minivio y, debido a que puede guedar una -
mainiz wo ideniided af iféamino de Las L{Zeraciones, ¢4 meensdands
efecluarn a'\énigﬁgamééo de Ldnzas hesia obtener i .

Cobe mencdonai que el pacsenfe miiodo ed un méifods dinec-

£o de solucidn gue no fregudere gque sé defermine con anterioni

g
54 el sisiema es pompoiible y A
proeesdo proporciona dickae infoiweeddn. ,
Si el sdisteme es compatible y deteaminado, ¢f piroceddmivy
Lo descadlio de pueda Llevar a cabo sdn .ont&aiéempcé nhosia Lie-

'
Gii o E'V G} .
- f{._, 1 cg
&4

i
[]
i
SiL el
ampliode @dqmiﬂ&&f La configuracidn:

tema s compatible pens indeterminads, La w

! § i

i 4 j} i . 4
E.mbgnu:x*:' o= ‘1
g 0 b

es decdr, un mgqudn &tﬂf nufo; en esfa situaciln iz cbilinen -

ia@'vcuawfonﬁaéndepéwiieniaé gz heatan

2n

s £ meiodofogia cornespondisnia

Af'~

Aneomoaiiof

v,
N s
P it g e P
oo fs, 7 e £ L 3 SR .

feaminado, ef méiods duranie of.



a}Subrutinas hequernidas:

SUBROUTINE GAUTOR (A, B, N, EPS, DET), esta subrutina
obtiene La s0lucibn del sistema de ecuaciones por -

el método de Gauss-Jordan modificado, el programa -

paincipal Aoﬂo sdinve para entrada y Aaﬂ&da de datos.

b)Desendipedibn de Las variables:
Para La subrutina GAUTOR:

AlT,J)

B(T)

N
RAMAX

MUR(T) y

Mve (1)
EPS

DET
LR y LC

TEMP-

matrniz de coeficientes del sistema de -

ecuaclones.
~veeton de ténminos Lindependientes del -
. sdstema de ecuaciones, durante el proce

40 e trhansgornma en La solucddn,
onden del sistema de ecuacdones.

. mayon elemento de La matnaz A que se -~

emplea - como pivote.

contadores que 4Lndican qué rengldn y co

Lumnas ya fueron empleados.

enitenio para determinar 44 el determmi-
nante de La matniz A es nulo.

pardmetro que indica s4 el determinante
de A es nulo.

“indicadores del renglén y columna que -

sde utilizan.
variable de Rocalizacdibn temporal.

Panra el programa princdpal:

AlT,T)
B(I)
N .

EPS

DET

c)Dimensdones:

matriz de coeficientes del sistema de -

ecuaciones. N
vecton de tEAminos independientes.
ornden del sistema de ecuaciones.
criterio para detemminar 84 el deteami-
nante de A es nuﬂo

pardmetro que indica 84 e£ detenmanantc
de A es nulo.

La proposicidn DINENSION del programa annQLpaZ y -

de La subrutina se debendn modificar.en el caso de

que:

N> 10
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33 | .
Fig. ._3._1 Diagrama de bloques Fig. 3:2 Diagrama de blogques
~ det programa princedpat. ‘ - de la subrutina GAUTOR.
dubrutina
GAUTOR
asignar va~
Lon a EPS hacenr:
M/R{T) =0
MC(T}=0

intercambian
renglones

indagan qué nen-
glones nc han 84
do enplendos

Y
buscar RAVAX
en dichos aen

0ET=0

RETURN ~

2os anriba y aba
fo de RAMAX
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OO DO TTOODOOOHODODOOON

[z X X 2]

SURRRUTINE GAUTGR(AnQ-NnEPSoDET)

SUBRUTINA PaRA RESCLYCR UN SISTEWMA DE ECUACIONES Pon EL "ETrDU ot
GAUSS=JCROAN MCUIFICANC | .

EL SIGNIFICANC LE ‘LAS VaRIABLES EMPLEADRS ES

ASVATRY? CE COEFICIEITES OFL SISTEMA DF ECUACIONES

BeVECTUR CE TERMINCS INDEPENDIENTES QUE DURANTE EL PROCESO S[

TRANSFORME EN LA SILUCION DEL SISTEMA DE ECUACIQNES

NYOALEY NEL SISTEMA NE ECUACIQNES

RArgw=uaYCR CLEMENTO DFE LA PATIIZ A QUE SE USA -CGHO PIVQTE

MVR Y ""WCaCCNTACORES QUE INDICAN QUE RENGLON Y QUE COLUMNA Y& FU:
RON UTILIZADCS

EPSaCRITERIQ PARA CETERMINAR S EL DETERMINANTE DE LA MATRIZ A €S
NyLO

UETavaALOR ABSOLYTO DEL DET[RN!NANTE DE LA MATRIZ &

DINENSTON AC10510),8(10)5VRC10)PHVEL10)

ACTUALTZACION DE VALORES PARA INICIAR EL PROCESQ

O R

FL

HVCCD)ee

DC 1 togen
HVR(T)ag

. 1
SQLUCINN DEL SISTENA OF ECUACIONES

DC 9 KegsN

RAVAY20,0

LC»g

LRz

U0C 3 I%1s0 .

IFCuVR{T1)EQel) GO TO Y

U0 2 Jelsn

IF(WVC(U)eESed) GO T9 2
IFCa9SERANAX)CEAARSLACLSJdY)) 00 10 2
RAMAYBA(TsJ)

LR=21

LCc=y

CONTINIE

CONTINUE

DET=1BSCRAUAXY

IFLCETSLECEPS) GO TO 30

IFCLASFL«LC) GO T0 S

GO0 3 1=tsN

TEMpaalLN»])

ACLRST)YaACLEP])

ACLCoI)aTENP

TEVYPIR(LR)

BeLr)=a(Le)

plLcYsTENP

Ud 6 I=1sn

ACLC I D aACLCPT)/RAAY -
BOLCIaR(LC)I/RANAX

uC 8 I1tXN -

IFCIeFN L) "GO TO 8 . . . B o
TEWp2ACTaLC) o L
LCOT)YeBCI)Y = TENP*B(LE) o
UC 7 Jatsn .
A(l,J)88(1,J) = TEPPoA(LCoJ)

CONTINUE

KVR(LC)eLC

HVC(LC)elC

CCNTINUE.

RETURN

END

g. 3.4 Listado de La subrutina GAUTOR

P—
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3.2.4 Eiemplo

Empleando Las Leyes de Kirnchhoff (ver neferencia 2),'5a’

58

aobtuvienon Las siguientes ecuaciones Lineales para el cireulto

modtrado en La figura 3.5:

Le = L4 - IA = 0

L4 + £5 + IA - L, ~_L3 = (
Ay = dg = Ig =t

Ly * EB + is Ay, -'L7 =
Zc - ib - ig T dg =
R?i7 + Rzia - R343 =
R4¢4 Rgdy + Rgig = ¢
Rgég + RSLZ ~ Réié = {
Rééé.% R7L? - R§i9 = 0

. ;.\ | égﬁgk B PN
s N\ ; . & ;:‘:"f:a"\ .
s Z%;% AN ‘g 5fg§'

7

N\ +4 /\;ﬁf —
._ ,.e\ % 5 #f}
\\\\§ //Wi ,}fﬁ

g, et
\~\;§é§f¢w T
- [N
S §

Fig. 3.5 Cilacuite def efjemple 3.7.4
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TABLA 3.1 Datos para eﬂ'pnobﬁema‘dez ejenplo 3.2.4

N

9

p—

0 0 0
10 -1
1 -1 0
01
0 0 0
272 -6
0 0 0
0 06
00 0
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TARLA 3,7 Resuliades. def problema del efemplo
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3.3 Método de Gaubé~3eide£.,

3.3.1 Objeto A
Obtener La s0lucibn de sistemas de ecuaciones Linealed --
con La configuracidn: ‘

1]
o~

a”xl + a12X2 oo, alnxn 1

[}
o

Agrky F GgpXg F o P g%y T 0y
. B . (3.13)

a .x, + a o+ R = b
nl™1 m2x2 annxn n

empleando el métodq de GaubZ-SeLdeﬂ.

3.3.2 M&todo - .

EL método de Gauss-Seided es un método de tipo Literativo
que sirve para La solucifn de sistemas de ecuaciones Lineales
del tipo: | ' | '

AX=B8 | (3.74)

cuando Los valores numéricos de Los elementos de La diagonal -
principal son mayoneé-quaiﬁbb'demdb de su cbnneépondiénte nes-
glén. ‘ S o

Para aseguran. La convergencia del método,gg néquéenQZng;

a) Los elementos wo nulos de Lda matriz de caeﬁédiéniéé“(ﬁf
de acumulen en La diagonal pnincépaﬂ.”

b) Los gﬂemen104“de3£a‘d{agqnaﬂjpﬁincipaﬁjde La matriz de
coeficientes [A) sean mayores en valor absoluto qae La
sumatonia de Los uaﬁo&ea absolutos de Los elementos --
rnestanies del nenglin conneahondiente, es decdhr:

a,. " qa.. L= 1- 2, . n
LA > Z ’ /(.j’ .’ | .) 3 s ey
i |

iti o (3.15)

Para aplicarn el método se procede a despefar wna Lncdgni
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- Pana arnancan ef método se 28

aial X,z
4 =0

4

o
@
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Cta de cada ecuacifn del axneglo {3.13), es decdin, despefar La
inedgnita X de fa "{-&sima" ecuacibn, o Seas '
S A : | -ﬁ
- d a-v‘ - e & 8 -
P IR IR P SRR Kt B TS
1L .
e ey
- a - @ = s a8 -
x, sed|Pg T Ggg¥gp T fgs¥Xz 7 oe 2n*n
Y
® £ f(go 75)
| '—g:‘: “ 1 = L - % 0 o = ?(“'! e §
, &7lwﬂbn “ar*y Fn1*e RS I
n i | .
: nn ..
¥ be esiablecen Las silgulenies ecuacionesd {feraiivas:
== : . et
7 - §i e
Y ) . L2 vlk} .. (AR
1:¢T?)=wim b? “12%2 “r3%y %10
i 5 ., 4
| “ #1) (k) B
(o g 9 bt - X, = s e = A '
ot L by = ayy 25%3 “2n*n
) S22 .
& qj’e ??j
° | k+1) (k+1) uwih?
")’#N a ( - N e a
xiL ol bn nt*i n1*2 non=1%n-1
7 [/ .
nn et
donde xjhfi) indica el valon de La "i-faima® inebgnita en la -
Ltenacddn "k o+ TV

1a Aolucidn Lni- -

s
£
o

B
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- dichos valones se sustituyen en ef Lado derecho de. la ecuacibn - -

(3.17) para obtener La siguiente s0fuciln aproximada:

- =
(1)
X1
1)
| x| |
10
- R
Yy asil sucesivamente haata que
fif' S n "< (3.20)

Paaa poden empﬁean este m€todo es necesario uen45Lcaﬁ con
anterioridad que el ALAiemaAea compatible y determinado; ademds
de que cumpla con Las condicdones de convergencia del méztodo. -
Aéantunadamente Ka magoaLa de Los phroblemas de tipo 4ngen¢@44£
cumpzen Los nequ¢é¢105 mencionadod . , _

“Cientos sistemas que a primera visita no cumplen Los requd-
sitos del méxtodo pueden Llenan Los requdisitos med&ante un 8Lim--
ple Lnte&cambLo en La poA&c&Jn de Las ecuaciones.

3.3.3 Descnipeibn del proghama
a)Subrutinas nequaﬁidab:
Ninguna.
b) Descrnipeibn de Las variable:.

AiI,J)  matriz de coeficlentes delf sistema

B(T) vector de ténméno$ independientes

N onden del sistema de ecuaciones

X{1)  valon iniciaf de Las inclgnitas ded s4is

‘ tema y variable de Localizacldn tempo--

nal . . )

y{T) valorn de Las Lincdgnitas en La Lteracddn
"n" .

XN(T) | valor de Las Lnadgniiaé'én La iteracibn

”n + 7"

{\;
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mdximo ndmerco de {teraciones a efectuar
critenio de convergencid |
cecontadon de {teracdones efectuadas
sumador '

o) Dimensiones

La pnop054040n PIMbNbIUN deberd modiflcarse cuando
42 presente el caso de que N> 29,

d) Foamatos para Los datos de entrada:

2w aa ae

SEC.TARJETAS FORMATO

INFORMACION

1
2

DER R

(215,F10.0)N, M, E
{10F8.0}  AIT,J), 204 elementos de
Lo metniz A se dan ren-=
gL8n pon nensfén empilean
do La cantided de tarjes
- fab decesaiia  pasa cada
v rengldn. o
(?0?550;. B{1) el vecton de I &man
cnos independientes se 43
en wna taijeta o mis se- i‘
. gin el onden del asisziema.
{i0F8.0) X{1}, La so0luciin wn&ﬁ “
arrancar el método sz da
en una taijef& ¢ M¢é‘éaé‘
giin sea ai tamaiic de #:‘

aquefaé Ha datos {opedonad)

Pizan toda Lo dafoimacd S

oLogues:
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Anician
R A hacen: : | '
XN(T]=X(T} )
‘ Y{I}=X{1) .
=

Leen :
N, E, M ;
7 N £ | obtener Los
- k - STOP nuevos valored -

XN(T)

{neaenentan
contador de

Fig. 3.6 Diagrama de bloques para el programa



2

IO G

§} Liszado:

PROGHANA PARR asscgvra SISTERAS DE ECUACTIGNES POR EL HEYGOD pe"

GAUSS=SEILEL

SIGNEFTCADC DE LAS VARTA9LES EVPLEADAS °

ABMATRIZ CE-COEFICIENTES DEL SISTEWA DE tcuacxnats

BIVEETAR CE TERPINDS IKDEPENDICNTES

Xoyat6e IXICIAL DE LA $QLUCION DEL SISTEMA

XhagCLUCICN DEL SISTEM: DE ECUACIONES EN LA SIOUIENTE T7€RActon

N9ORDEN DEL SISTEMA

YaVALOR os LA SGLUCIIGN QEL SISTENA DE ECUACIONES EN LA IVERACION
ANTERIQR

HowaAXIMe NUMERQ DE ITERACIONES

E=CRITERIO OE CONVERGENCIA

DIMENSION A(200203,8€203031420)oY¢(20)5XNE20)
LECTURA CE pATOS
1 READ(S5e203) Nohat
IF(NY 252:)
2 CaLy EXIT
3-00-9 1312K
4 REAL(S53C3) (382edln doiaN)
REBL(5-,3063 (8{1)olniahy
READCSo38G) (X{QInlulon)
IPPRESICN DE DAYOS
HAITEL80400)
00 5 IslaN
9 HRITECE:5C0) (A€ToddsduiskiaBLLY .
HRITE(R 4000 Cx(3)olinmlon) |
SE INDAGA 81 £L SISTEMA CUWPLE Lp CONDBRCION SUFISIENTYE ﬁE gagrveRe
GENCT2 .
B 7 IeieN
DC- & Juloh
IFCABSIACIATI) @ ABSEACTod3Y) 8s408
LECNTINUE
CONTINUE
68 7C *°
8 WRITE(62700) Jrdsolni
6 1c t '
UBYENCICN DEL VALOR 0F LAS !NCOONE?A&
9§ nitnst
0o “yoIw N
K l1¥sX( )
10 YCIy=n(1)
11 bg 13 #nliR
Suv=Q.
LC 13 TaleN
CIF(KeT1Y 12513012
82 Styasyd ¢ AC(KsJJeXNER)
13 COMTINGE
XhCK) e (R (N )oSUMIZA(KSK)
18 COMTINUE
Ug 18 Teiry
SE VERIFILA SI-¥Y2 CUNVEAGIS &L NEYGRDO
IFCABSEXNLTI=Y(IIdE) !5vidﬁ96
19 CONTINUE
1BRRESTEN DE RESULT A0S
HRTTECA:800) Qan{l1dal3t,N)
HRITECA-955) NICW
@d 10 ¢
nCGNaNCCN o L
1FENCON=Y) 18017017
4? WRITE(8,9.0) CanlidelmgaN)
HRITECE5952) MEUN
50 10 ¢
18 DG 16 T=taN
39 v(p)yexuil
(SN FA B
ForMATOS OF LEFr!ﬂA 3 thﬁaﬁiﬂc
289 FCAMAT (215-FL18.0)
H] FLauaT (17353
Zgg F%«uﬂT(lHlnS(/} lSXn'“ﬁ?zil,éua-?waV‘
TG &Y (/e1SAsiG{Fte3o3Y))
?33 iggﬂnr&4(/§‘1=x;'r’ter o APEONY4ACTds DE LA SoLuduantsss e tgustoll
L3 ]
yﬁﬂgieigliki\/}nlji"'EL YETN0N PUESE KNO LUﬂV€ﬂ“§ﬂ $5408 3L YT T PLPAS
o120 825 °) ES vaYQF JUE 1:' elZets? “z?éﬁgejj AT 5
2 $3x A OSELULEICN DEL SisvEn it 258040 ; :‘
gég PEﬁ::i?fcfgiith°t~ L LLéZ A LA SJLuttln® e A/s 83K dLrEﬂA F3]
GUTIMACTEN ENCLRTRACE FLE' 327255 8{E32,%620)0
8590 fCRMFTfﬂf’)sl 2o VITENALIONES REALIEALASS 5140
END

~0 e

o
o

i 2 9 AdSadtadn Aol nwonhams
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3.3.4 Efemplo

Para el circuito eléetrnico de 2a f£g. 3.8 se Aabe'que ---

= ?A, R, = R, = R, = R, = R5 = Ré = ] £L .

I, = 1A ¢ 1T

1 2 4 2 -3 4

) S
[l
-

Fig. 3.8 CanuLto eZéctn&ao det pnobﬂema de£ ejempto

Se deéea obtenen e£ voﬂtaje de” 204 ‘nodos - Vl‘ VZ Y V3
Aplicando andﬂ&é&é noda£ a£ ancuLto Ae obtiene:

3U, - VZ 3*='7
AR B A
_ .-.IFV] - UZ +.“_3,‘:.U3= 2 :

~anneglo que es un sistema de ecuacdones Lineales con todas Las
caractenisticas propias para aplicar el método de Gauss-Seidel.




Se selecedionard como solucidn indicial al siguiente

S - ey
v, 0.5
- vy = |05
(4]
3 0.5
. h cac e

* SOLUCTON

P
L
G

‘ - EPS = 0.6001
[ 3'
-1 3
=7 . =7
= -

i
2

0.5 ]
0.5

TERR

0.5

3

f o

qa#
b=
[#5]
[d
P

MATRIY ampLEs%a
' 3,006 S TLEL]
“1.468 Fodod

804088 =¥ o GaE

P BB £

@o48

LA 8

038§G8Ecay oiggﬁﬁi?éb

~EEANERONEY 22LI2aNnis

AERTIRHLERON Be Lo &

problema ded

4 Resuliados del problema

{00y
24,0604

Je 894G

Bogy

S04

efemple 3.3.4

def

10600
G2G66

HeOHE

BELAR

ed550eEvag

521

veetlon:

/s
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1)

7. APROXIMACION POLINOMIAL ¥V COEFICIENTE DE CORRELACION

7.1 Ingtreduceddn -

En muchas ocasiones « pantém de una senie de vafores nites
t&aVLA aonde exdiste una variable dependliente y una o varias --
'ua&xabﬂeé 4ndapend4anteé, es necesarndio ajustan dichos puntos --
poh una cu&va tal que permita determinar el valor de La varia--
ble depgndLgnte para cualquien valor de fLas vartables indepen--
dientes. Lo cuava de ajuste por el wétodo de Los minimos Auadid
dos puede ser un polinomio de grads Mat o una funcibn de Tipo Lo
aamfrmicé;,etce; dicha cunrva se escoge de acaa&dé_é ta disinibu
idn de Los puntos mucstfralazs g en foama Zal que se wminimice fa
jumg, de £0A cuadrados de Los ennghes. En 0&0d€£05'eéiaﬂ€5iiaﬁé

“ ¢£ f%pﬂ de ajusite se Le denowina d&gﬂaé&on sdinple o mdﬂﬁi“*w
”1¢ La v&%&a&ﬁe dependiente sdobre Las variables Lndependienies .
;tﬂgmadq i; relacifn existente cntre La va&&abie dependiente i
- 2d. Ehdnidwdéente se denomina cornelacidn y a La medida deo el
A”@LJCL’A se Le Llama coeficiente de COR&QE”QLfﬂ el cual s2 sug
y ‘.,wn:aa eon e& simbolo g' ) ’£7(2 3°u°n9 Donde:

% Variacibn explicada

g E Variacibn total {7
84 se considena a V como La variable dependiente, fo4 - -

variaciones se definen en La siguiente §o/umac:

4 ua&;mgida.toia£.= f iy - V)Z ¥ . 17.21
‘vaéiaaiﬁn explicada = E(V@gi . ?)z : 17,8
vatiacddn ne explicada = TV - Veéi)z ,‘ 17.4%
;gwféﬁﬁ's'uvwﬁﬁ-m?+ BV - Veszt

:
N ovunfod smestrales
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Crdficamente, para el caso de reghesdidn simple se tendnd:

A curva de
y . rhegresdiin
2 R S
2> Yy - yeéf) - . E .
'yo ebt.C"“"“""“’““"'“‘“’]
" . V) |
. : :
8 X
'
i
1
| .
XO

7.2 'Métddo deiﬂdz'MihzmobuCuad@ddOA

7.2.1 0Objeto v

Eﬂectuaa La neg&eb&én Lineal ~o- expOnanQLaZ szmpﬂe“o‘Mag_A,
tiple, de £a uaALabﬂe X, so0bxe Lals) variablels) - Xy ;};,,Xh*a?ﬁﬁ
partin de una tabza de’ ﬁ punIOA mues trales con La-siguiente
coné&gu&ac&dn

Punto
o

.

m

- Para efectuan et“ajuzte'5é“emp£€ﬁ“é2"MEiﬁdo'dé ZOA“MEhéif'T
mod cuadrados. Ademds, sc proporciona el COGé(C&QHIQ de conne-
Lacilbén y Las desviaciones estdndar de Los pardmetros de fa cur



ciuste sendn ded Lipo:

761

v = A . K / s Vl“'? . '
FaY r{.? # Afx?‘ "' A3 )\Z '~ s o 0 ‘?' ié\.nxg ) !?c?,}

solo se neguerdind efectuar ef sigudenie camblo de vatiabie:

S
£
=

\
1
<

-] -
X = xt L
S (7.2

e el momenio de oroporclonar £0s datos.

7.2.2 Méilodo »
Dadas wn conjunto de "m" obdenvacdoned de La vaniable

dependiente X, s0bre una o varias variables independienies x;i

ooy Xn se busea ajustar L6s datod mediante la sdgudenie Puhv“%

Ef walon de La varndable dependienie cu&&@apﬁmaﬁgni& af -

valor de Zas vendlabfas in

=, J, 4
= & . LA d A0 14
€. T Ag 7 A X, sV OALA, Jtee T . A I :
i J 2 2,4 5 2,4 n i, 4 I, 4 §7 a0
W A ‘
J/Q‘fl : = s Pk Rt T Ao N4
A = Whlok eAlamddg de A 5
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y La suma de:£o4 cuadmado& de Fos enrores consdderando todos -
Los puntos mueAtnaﬂea aA

- Z_*‘ﬁ PAKg AR o e P AR o K J

(7.12)
para obtanen et minimo de La suma de Los cuadnadOé de Los erno

£=1

nes se deniva La expresdidn (7.12) con nespecto a Los pardmeiros

Aj‘y°caaa una. de fas derivadas se iguata a cero.'para toda :

¢. MS

m - ' ‘ v o - ;-
] 3 : X VAR R
a—.—;— Z T [Alqthwa »('._+ f"Ah)fn’,'I.‘ ~ XI,L] -

. 0 1 f
m o
-z § X
L=1 2 AI ! AZXZ;L g * An n,4 1 pe j L
=0 (7 13)
Lo cual se cumpzéAZOZdwéiz
m m o m
1 =1 44 ' 1“2511 Z, 4 j, _; : ry%é%:n,f 1,4
oo
=_§3 .xr’i X ,,L7 14}
| o =1
al evaluan (7.14) para toda'"j“~ée_££ené:
n A’ g 'AZZ‘X‘Z +: A32X3 .+ S . + Anzxn _ = £‘)(1 :
S TS U A
AjEX, o+ Azzsza.f ;Agzxsx2 T Anzxnxz ”f?XI*z
s
ApEX, + ALIX X+ AZX X e et ALEX * >Z;X;X:‘n,



prpresando en fonma

L}
[N
Pt

Fa I

[R5
My

Al - aesolver el sidiezma

ma Lol s

9 Zx
n

EX L

IR E

L X

* ° s
° ° °
o ° @

o

2AUACLORES

Lok paﬁimai&a& A. de La cuava de regresdon,

Ventro det programa se plantfea el sistema de ecuaciones

eiiendo La sumaloria de Loz

kigble, para el cuadiado de La
chuzados, EL

de Gauds«Jordan moddficado,

EL voefiedlente de cornefacisn se obiiene de La sdigulenie

§onmn s

puntfos muedtraled para cadd va=

variable ' y para L0s producitos -
sisiema de ecuaciones se resuelve por el méiodo -

S o ) ) i
" - varfacibn explicada
“1(23...n) vaniacion total
. 2 R
Tx
- \ o 7f?3ku”) @ TS
= 2 4 oo ¥ o
LX
Y
donde:
¢ ? i
Ly, = “X Ex .. G g
"7 “*1,23, T N R S 17,18}
vari. Lofal var.no azpwwcﬂdn var, expiicada
Las compone de. £a ecuacion (7.78] esidn dadad von:
L BRI T 4 - 7
%14 ? 3 bt ) W v g &
EES IR RTINS T IL e
i= ] ¢ VLR B A S {7,849
i
v = K - X
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“1(23...0)7 "2 27 %3 RTs T o R 25N (7.20)
: DX X, - IX
X.1X2 , .
o IX K, .- EX, X
Lxyxg = :

I e TR B =

A Los Zénminos de Las ecuaciones (7.19)y (7. 27) se Eeé

Ix

=5

denoniind elementos de variaeidn y couan&actdn &eép@ct&vamenie e
ja que x. = X - X y £a vaniancia y COUah&aHCLa Ae deﬂ&nen coma{_.”

t

E ]-x-Y:H:v-v] o q7.23)

A continuacdidn Ae deaanbe Za obtenc&dn de Za deéu&ac&dn
estdndarn de Los pandmetnoa Aj o .
AJSe;deé&ne:a Los productos 45'5' y“g'ziédmo{

2 G0Vxy

- S —

LEAT L o e rxz;r~v<'~xﬂ:’(i°

1 Kz K e ,f!er:%XZ;m*’i”ixn)Tj;ff:

T, a0

5K X IX . zxz' l

'” if{;:é4)g f:
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¢
i s e e I Xy ZX]
}‘{ 7 & 3 @ )(: o }:: ‘ 9
2,0 Z,m 1,2 XX?XZ'
Wyl y T ) (7.25]
X ,
° o ° ) E
nyl xn,m . X?,m Xlxn

Sea A ek vecton de Los pahawafaao de 2a ecuaeldn

gheadbn, of tistema de ecucclounes {7.716) se paaae donotan en

base d Lo anterfor comos
XKL XY

Y nepresenia el vecton de valores mueatnaiaé de

tie d”p?ﬂd&eﬂJCo Poa Lo tanto:

Ve XA ¢ e F

=1

f2<

A= (X°XIT'X'Y | T
Se asume que La ecuacidn de &ng@é& on es de ?a donme e

Xeg + F

— i

1'=

{7.29)

A pantin de Las expresiones anteriores se puede demos frar
lver nef. 1) que La varniancia de 20s pamam@{haé A es £d dade po
Z ‘ ‘
E (A - (A -k =g ilxx] o 17.36
2 vator de % se obtiene medianie La expresdin:
S ) | _
7 7 Tx
T = 7 o v o ¥ ;o < a
o -37.23 wos A .3:°3 L {7.31)

. : ) ’ )

e 7 i il
Sonde 73!

representa La cantidad de puniod muesirales iy "n" Za
candidad de veafables Andependlenies.

Pann plectos de negresddn exponencial del Fdpo:

e ¢ es el veodon de diferencdas eniae Los valored ¢ i
Fos valones neafes,

{r

A
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el prec jrama apf&ca el operadon "Ln" en ambos Léaminos de La ecua
cibn (7.32) con Lo que dicha expresion se Linealiza y esta ex--
p&ééif; ﬂ&nea£¢zada es La que se ut&ﬂ&za para La obrenchn de
Los pazametno¢ AJ

7.2;3.Delci£pci5n det Programa
a)SabnuILnaA neunALdaA o
| SUBROUTINE SISTOR(N,M,C,A,B), plantea el sistema de e--
cuaelones. - &Qqu@&&da para La obtenchn de Los pandme-
tros de 2a cunva de regresdin.
_‘SUBROUTINE GAUTOR(A B,M,EPS,DET), obtiene £a Aoﬁucadn
del ALéiema de ecuac&aneé mediante el métoda de Gauwss -
o Jandan.iConéuﬂtan el capltuto 3. SR .
 :SuBROUTINE MULTHA(A,B,N, M, L, X), eﬁectua pnoduatoa maIAL _
' c&aleé Consultar eﬂ cap&tuzo 2.
:SUBROUTINE MATINV(A N, EPS DET) obtiene La 4nuenéa de u-~
. hna matan po& eﬂ método de GauAA.Joadanﬂ_CanAuﬂtan el
cap&tuﬂo 2. B CL o
" SUBROUTINE GRAFI (A, WMy obzzéné 2a gndﬁica de Los valo-
nes mueétnateé y de ﬂoA vaﬁoneé eAi&mad04 Cdnéuﬂtan
el capltulo g , ' o
b)DeAcd&pc&dn de £a4 vanLabzeA
Para La Aubhut&na SISTOR o
N ' cant&dad de pu;ﬁoé mueb&aaﬂeé

Moo cant&dad de va&&abﬁeA Fanzujendo Ea de
o A-pend&ente - R
e C(T,JXﬁTf-A4uann de ‘fa. uan¢ab£e Xj pana e£ punto -
o o mueéinat "L" _ e Cn _
'7Allfjfhid"ﬁ'maznchde coeé&c&enteé de£ A&Atema de-e~ -
. cuacdones .. e ,
~?BIIY7fffiﬁﬁfvecto& de iénanOA LndependLQnteA de£ 544

ﬂﬂtema de ecuac&oneé

Lsum T *“»‘_uaALabﬁe que guarda La Aumato&&a de Kob

puntaé mued thales - o
"Pana eL Uﬂ@gnama pn&nc4pa£ .
N © cantidad de. puintos mueétnaﬂeé'
M | caintidad de van&abﬁeé‘¢nc£ujendo Za de-~




NTIFPO

PROD(T)
CM LT, T)

XTR(1,J)

41
VAR
BUAR(T)

ATEMP (1)

o) Dimensiones ¢
EL programa es td e&imuciu&ado para trabajai
ximo con elnco vaALbJ
eibn DIMENST

pendienis

variahte gque fndica el Zdpo de &aghz&i&m

o efectunx | .

valohr de Lh vx%4ao£e Xj parc el punta -

mubéiAaL L

matriz de coeficientes det 6Lbiema de 2

cuacioned

vector de Lérminos &ndepend¢vnteu del 844

tema de ecuacmoraé

anifenio para determinan i el deteamindn

e de A 24 nulo

variable oue indica 84 el defeamdinanie dé

La matriz A es o no nulo

sumatondas de Los productos chuzados ijé
A

maitniz modi{icada de La mataiz C C dond

CMI{T, 1j=1 ’

mathiz Lthanspuesia de La matrniz CM

mdi&éz invensa del producito mataicial

(XTR {CM} '

coeficiente de comteiaC46n

variancia no explicada

desviacidn estdndar de Lo4 paidmaxiﬁé de

La cunva de negresdon |

ua&iabﬁardééﬁagmpfdéa

&

24 - LndephndLenteén La

ON debend moﬁaﬁ&cﬂnAa en el cado de

La canididad de punios mues fiales sea magor de 39,

di ifeamatos para Los datos de ant&ada:
EC.TARJETAS

Foi J»M_TO o INFORMACT N

H

(215,A4]

&

N, M,NTIPO, para Za vakio-
%)n"i "' - PJ S ! i
rRan LINE en ol casip de sz~

. sot i fu Bl :
Lpiessln Lonent gy ¥

7. PR LYY ; H
ERELALON EXNINENLLaL



2 [§F10.0) C(1,7), Los elementos de

A o La matriz se dan columna.
pg¢‘60£4mn4x‘EMp£aan tan-
tas tanjgiaé como sean ne
dééa@iaé. - |
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§) Listado:

PRCGRAYA PagA EFECTUAR REARESTOY LINEAL O EXPONENCIAL MULTIPLE
EL STGNIFICADC OF LAS vARTABLES EMPLLADAS ES
W3CANTICALD CFE PUNTCS VLESTHALES
MBCANTIPAC OF VARITALESCINCLUYE'IDO LA V.DEPENDIENTE)
NTIPC=VaRIAILE QUE lJDlCA £L TIPO DE HEGRESION A EFECTUAR(EXPO Q
LINE)
C(I,J)avALOn CE LA VARTAILE X(JY PARA EL PUNTO MUESYRAL !
C{T, 0= ARTARLE DEPENDIENTE
A2V ATRIZ 0L CCEFICIEYHTES DEL. 3ISYEMA DE ECUACIONES® QUE SIRVEN Pae
R EMCONTRAR LOS PARAVETROS DE LA FUNCION DE nEGnESIGN
. - BRPARBVETARCS DE LA FUNCION CE REGRESION
L LLPSIVALLR CQN EL QUE SE CGNSIDERA NyLU EL OETERNINANTE (1] 2 LA Hae
. TRIZ &
DETevALCR A2SOLLTC OFL CEVERMINANTE CE LA MATRIZ A
- PRCDS"ATORTAS OE LIS PACCUCTOS CRUZADOS CON La V. OEP[NDIENYE
CP2paTal? VOOIFICADA DE LA MATRIZ ¢ COMOE CV(]»I)“i
XTRATRANSPLESTA- DE LA VeTRIZ CN .
XI3waTo[Z INVERSA DEL PRODUCTO MATRICIAL XTReCH
. BVAREDESYIACION ESTANDAR CE-LOS PARAKETROS B
© -VARoYAQIACIQON MG EXPLICADA .
:gAl=c0EFICIENTE CE CORRELACION

LA FUNCICH DE REGRESTON €S OEL STGUIENTE TIPQ -
XCE)SBOI) ¢ 8C2)XC2) ¢ BUIIX(I) 4 aau + BCHINCHY

OO OMOMOONAOONOOOO0OAN00A0OOe

GIMENSTONES PARA OBTENER LOS PARAMETROS OF LA FUNCION DE REGRESION

DIMENSION CC3010),X(10)s8(1025AC10,10)2ATENPCI0)

c DIVENSTCNES PARA GBTENER LA DESVIACION ESTANDAR DE B(T)
’ 'DINEhSICN PROQ(IO);C%(30»10)»X1R(10:30):Xl(IO'IO)pBVARCIO)'

DATA X/OF!(l)t4HX(2\DCHX(3);4Hl(4):4HX(5’14HX(6)'3HX~7)r&HX(B)odN\
l(9)ﬁ5H((lO)/

(e Xy ¥

LECTURA DE CATOS .. . .. -

£PS3040000091
READ(S5+5C) N'NJNTIPO

-

IFCN) 2424)

CALL EXIT -

00 4 J=i,v

READ(SS1). (C(1,d)slalsN)
LINsAMLINE

o w N

IHPRESICN DE

e Xy N2

WRITE(452) Ksp
MRITEC6:+53) (X(I);IHI;H)
VO 5 I=lsN -

- NRXYE(&;SA) (C(I'J);Jﬂl M) .

LLAMADD DE -SUBRUTINA PARA FORMAR EL SISTEMA DE ECUACIONES

eco

IF(NTIPCSEQ.LIN) GO TO 26
UC 25 Istsn
. ATEMP(I)aC(Ts1)
25 C{I,tdmalCaic(I 1))
26 CALL SISTGR(N:F:C:A;R)

o 'IHPR[SIFN DEL SISTENA OE ECUACIONES

[ X X I

NR!TE(A;SSI)
. bC ¢ Iugs¥
"6 WRITE(6,550) (A(I:J)pJﬂl:M)nB(I)

LLArADD DE SUBRUY!NA PARA RESOLVER EL SXSTEHA BE CCUAC!ONES

R = X e Ny

CALL CAUTCR(A»BIMHEPSIDET)
IFCDETLEJEPS) GO 10 8

TVPRESICH DE REsUL1néos

[ Xe W oY

WRITE(ALS55) .
VDO 7 Lag,y .

T HRITE(4,56) 1,8(1)
HR[T[(6»552) NTIPQ

uelcnclcw DE SUMx(l)nAl

22X

"V ALe040
OC 9 1sy,n
S9 Al=al ¢ C{Is1)
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OBTENCICK DE VARe NG EXPLECADA ¥ DEL COEFs DE €PARCLACION

VARuG,.0 . -
PO 312 Tazsy

Varsyar ¢ g(R)eprOGIL)
ALSsgGRTI(VAR/ZPROL(SY)

VARIPRQAN{1) & VAR
VAR=VAR/FLOATON®N?

NH!YE(dnSQ) VAR

GOTENCICH £ LA WETREZ 4QG3FICA0A O YALORES HUESYRALES

06 §5 Ieisi

DO 18 Jetsk _
IFSjefa.ti 88 ¢ 43
CH{fodIuC{fsdd

G0 YU 19
Cuiyodiuniog

CONY IRUEL

CONTYTHIE

BEYENCIPR DE EV TAANSFUES§TA

B0 §8 Youisy - . .
DG 16 Juiei . . ] -
XYREe Y yeCnilnd?

LLaKepn GE SUBRUTIRA viara EFECTUAR PRODUCTD ﬁé?REC!AL
CALL VULYPALUTRoCNOHaNsbe Y]
LLAPADLD BE SUBRUTINA Pand DBVENER L4 HAVREE IHVERSA

CALL PATIRGCNTSpMIERSIDET)
IFCDETLEEPS) GO TO 16

DO 261 I8¢,¥

WRITEC6s34) tXX(!pJ!nJanoM3

UBTENCION DE LA DESVIACUION ESTANDAR DE LOS FARAMETAGS

G0 17 goioM
BYARCIIoVAReHI(Lo0)
BYAREII®SGRYIBYARIEDD

IYPRESTCN DE CCEFISIENYES ¥ DESVIACIONES ESTANDAR

WRIYE(d,88)

DO g8 (=fr¥

WREITE(A559) E(X)rBVA%{X§

HRITEC@o 60 4%

REACCHALD 0E--CAYLS FARS GRATICAR VALgﬁ § afalts v vzbﬂdé‘
UOS COn L2 FUNCION DE REINCSIgH

G

EF(uViB0ohELLINY €0 Yo 27

DO 28 Tols

(IS TRREIAN TR AR &
EV{Ys27°C08e8 )

T SU¥Elol

28

&v

oup
ST

-0

00 20 duZsp

SLiasyy ¢ ¢lsdlegidy
CHEYoyloblty ¢ SUH
CONYINUE

w6 TC 3¢

L0 29 fsisn
CMEToiderLCaYly)
{viyod¥eavoyetys
SubeLyeBiiy)

DO 48 sviup

SUw=sUHEvpLlEdioddanldyy
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SUBROUTINE SISTCR{Ns'tsCsAsp)

¢ A
€ SURRUTINA PARA PLANTERR EL SISTENA Of ECUACIONES 0uc Ptnulrr oart-
C; € HER LCS PARAVETHOS OC LwA FUNCION Df REGRESION L1ncaL NUL“
4 ¢ EL STGVITICADC CE LAS VARISSLES CMPLEADAS £
i 4 WECANTICAD DE PULNTCS VLESTRALES
¢ KRCANTICAD DE VARIASLESCINCLUYENDO LA DEPENCIENTE) :
c COI,J)ovALOR DE LA VARTSBLE X(J) PARA EL PUNTD MUESTRAL 1
¢ AVATRIZ CE COEFICIENTES DEL SISTEMA DE ECUACIONES :
c BEVECTNR DE TERVINGS INDEPENDIENTES DEL SISTEMA OF ECuACTonES
(4
¢ EL PLAWTEANIENTO APROVECHA LAS CARACTERISTICAS DE SIMETRIA DI 14
c HATRIZ a . ’ ’
. ¢ : . .
o DIVENSION €(30,10),AC10,10)5B(10)
§ LLANIPO DE SUBRUYIKA PARA QgRATICAR ¢ :
¢ . s FICCH 5,33 - ) € O8TENCION DEL SISTEMA DE tcunrvonzs
30 CALL § 2iis : : - £ .
6C 10 1. o C(x.:)un
8 NRH[H;E:’} 0 8 121,¥
GC 10 1 IFCI«NEL1Y O 10 4
© 49 WRITE(H,81) SUM¥=0.0
60 10 t L0 1 Jsy,x
c » _ 1 Suvasyd ¢ g(daty
e FORveTDg CE LECTURA E IVPRESION ; ¥(x)=s¥v
£ _ i Piafet.
(S :
50 FCRVAT(315,48) ggp:gJ;XPhV
FCRYAT(EF12.0) \ 120,
:; rggval(lPl.s(l)-Sx;SSHLA CaNTIOAD DE. PgNTQS "uEsTRlLES ES 15,30/ Do 2 xap,n
X, 284 A CANTICAD DS VARIASLES €S »1IS : 2 SuUvESUY ¢ C(Rsg?
531;3p311(5//.5(/).101,avaos VALORES MULSTRALES S0Ns /17558245, 90TX, 8 ALL,J)asym
153277) . » AL Dagy
4 FOR¥AT( /22X 18(1PE1L4841X)) i 3 .CONTINIE
:s ;CRPAT(I;I;:(I)'lCl:47PLJS COEFICIENTES o: LA FUNCION DE REGRESXOh 0 70 A
1 scNolI;AAanPl:17K:1H°(I7’;’ 4 83"50301 X
RudT{/s85%s12,10¢51PEYS0R 2ty
g: :gnen1(=;/),5quszL STSTENA DE'ECUACIONES KO TIENE SDLUCIGN’ S SUNISUM & C(Jrtdects
58 FCRVATOIN1,3C/), 10X, 49KLAS DESYIaCIONES ESTANDAR DE Los COEFICICN? BUI)=syv
1ES SCN;//-‘MX-N‘F(I);?lX:QFDeS.?III ) . Do TOJ;I,y
wAT(/,80%s2CIPEI548510%)) SU¥s=g
23 iSSL.1<a2/§,5x.3a§:L CGEFICIENTE OF CORRELACION ES ;19515.8)P . ‘00 6 Kuysh
61 FCRYAT(S(/)»5%X,B82KND- EXISTE LA INVERSA DE LA HATRIZ EHPLEADA PARA. 6 SUMaSUM 4 C(KsT)eClKsd)
1CALCULAR LAS DESVIACIONES E£STANDAR) AT, 1) asyy
550 FORNAT(/s2%,1PEI0e3s10CIXP1PES043)) ' ACJ,1)=sUM
851 FORVATCIH1,5¢/2,5Xs27THEL STSTEMA DE ECUACIONES :S‘li 7 CONTINUE }
€52 FORMAT(//+5x221HTIFD OE REGRESION rAR} 8*:2:115ur.
N U»“.'TT L
£ND IND
Fig. 7.3 Listado del proghasia principal
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.4 Eiemplo -
Loa vafornes obrervados naza ta damnnda de eno'ii' elécini

ea en ef secfon nesidencdiak desde 1967 hasta 1973 sons

ANO  DEMANDA RESTDENCTAL (Huwil)
1962 1418.757
1963  1576.572
1964 1816.236
1965 1970.987
1946 2856.214
1947 1548 05
1968 78503,79
1959 3152.095
1970 358,548
1971 3979.667
1972 4431655
1973 4

Si e sabe que La demanda de ¢rﬂnr&a elécinica be eniuen~
tra esdtnechamente relacionada cun el i&ampa, el PNB, la. pobfa~-
wifn y el producto bauto del secton eléctrico del aiig anieidor.
Jbrenga una curva de tipo Lineal y otra de tipo exponencial qic
42 afuste Lo mejorn posible a Los valones muestrales de La dems
da aesddenciel de enengfa eléctrica.

¥ SOLUCION
TABL‘ 7.1 Dafaé ded problema de£ ajempéa 7.72.4 .

' N = 12

M= 4

NTIPO

i

LINE & EXPO.



POBLACION PB CFE

PNB

< TTEMPO

LEVANDA RESTD.

1609.
1753,
2170,
2529,
2769.

62. - 165310. 37439,

1418.757

38727, cn

63.
64.

“1578.572

176516.
199390,

40059.

1616.236
1970.987

Azfzszo{
227037,

41437,

65.

66.

67.
.68,

2256.216
7548.05

42863,

3157.
3533,
422%.
4812,

44338,

241272.

260901.

45863,

2503.79
3152.095

47441,

277400,
296600.

69.
- 70.

3582.568

49031,

306500,

71;‘;Hf
72.

5357,
5784,
6297.

5077¢.

329100,

3979.667

52539,

4431.655

54560,

354100.

:73.7

4930.197
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viy SOLUCION ECUACIONES DIFERENTIALES ORDINARIAS ,

K}
¥

Las ecuaciones diferenciales ordinarias son aquellas en fas que la vario-

ble dependiente es funcién de una sola varicble independiente s

® Y(“’z(x,.v, Y Y("T“) |

a) Método de Euler

o & » t R = - £l o . e - < MP’ .
Ss tratard =l cose de scunciones diferencialss ording i de primer orden ¢

dy =y" dx

Substituyends por fos incramentos en la expresién anterior se tiene ¢

Dy=y Ax (Vi.0)

Tomando un punts inicial para arrancar y conservande un incramenie Zong

tante Lx se obtiene la siguiente férmula iterativa ¢

Yi=Y, + Y | Lk

{XO' Y@}
Y? “Y‘g +Y* r::/_:.\_sx




La e,cuocién V1.1 nos da la férmula recursiva de Euler. Para oplicer
el método se requ1ere que Ax sea pequefio y ademés contar con un purts 4

inicio (X Y ) El error producudo es del orden de AX2 '

b) Euler modificado . = -

El procedimiento bésico es el mismo solo que para cada Y; 41 se bece
una serie de iteraciones con los valores obtenidos sucesivamente de Yiia-
~ fin de obtener el valor més exacto de Yigg oo o

AI tener

se c:Feé,fGan.lds siguientes iteraciones :

B

Yu-q- :F(X\,-H; ui)

-~\ tH = Y + ﬁ\( \ Y,’\'m_) A -

y osT sucesivamente. hasta que &

o

{\"l. )

S <
7
l YL“ - ‘L'H ’ <



'?8’1;“

s,

al cumplirse se procede & obtener Y; 1o y asl sucesivamente.

Al igual que en el método anterior es necesario emplear incremen~

¢

os | _{S x) pequefios. Ei error prod{;cido es del orden AXE

¢y Método de Runge = Kuite

o Bste métode utilize tas formulds de integracién antes vista para Hega
lc"

A
0 o g ) e o e . v N o L
a o obtencion de su propia frmula recursiva.  Dicho proceso 6t bastante

{aborioso por lo que no se fratard.

La solucién para una ecuacién diferanciol de primer orden

estd dada por @

Yn+] =Yn + AYn

_donde @

=/

(Mo 2Ky 421 +¥Cs)
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La férmula anterior es la de Runge-Kutta de 4o. orden, hay otras -

férmulas con mayor cantidad de términos que se obtienen empleando diferen

cias de mcyar orden dl dédﬁci'r lvc"‘{ .fé‘r;'hUIG .

Los parémetros K; revpresentan la pendiente de la funcién-en los ==
puntos en que se estd evaluando. El método da un error del orden de AXS

y es uno de los:més precisos.

S emplo

SO ',‘,,,thvfener‘ la solucién de la ?;cﬁccién diferencial Y'= 1-X+4y para -
5 puntos cons’_ecu-tivos empl eando los,méfodos det Euler, Eule.r. r.neikorcdo y RQn-—
ge - Kutta usando un mcremenfo Ax= 01 ‘.¢;rnpcrcx.rﬁc.li_ch.os 'vclo.res conla
R solucnén r‘;a.c::l. si Xo = O, Yo - 1. o | -

.So|..

La solucién ‘ékcéf&-,és;é.dcdc por :

Y7“4 Y ._._ I "X

76



fes solucionas se muestron en to siguienie 1obles

jas férmulas de solucién para los métodos son @

\{n ?Yﬂwh + Y,S]‘_ﬁ:% &‘}{  (Euler)

ol

; . /5 . J .

¢

<
23
3
.{5
m{x
.‘,r_ﬂ
N}
&
(]
&
\
géa
=
b



K| X | Euler | .E.Mej. | R.Kutta | Real

ol o | 1. | . L 1,

101 | 1.5 1.595 1.608 1.609

2 102 ] 2.9 _2.4‘63, 2.505 | 2.505
3|03 | 346 | 3.737 | 3.829 | 3.830
404 | 4774 | 5.609 "_'5.792 5.794

5| o 6324 | 8369 | 8709 | 8.712 ,

d) Diferehéias finitas

Este método se emplea cuando se tienen problemas con valores en la- .

frontera.

El procedimiento consiste en lo'siguiente : dividir el intervalo de in
[ 1}

tegracién en "n" espacios iguales, emplear las férmulas de derivacién de

diferencias finitas en la ecuacién.-diferencial (todas las diferencias deben -

ser del mismo orden), substituir las condiciones de frontera y por Gltimo re-

solver el sistema de ecuaciones planteado.” Se tiene que aplicar el opera=-

cor diferencial -a todos los pivotes del intervalo.

Ejemplo

Resolver la ecuacién diferencial 42 Y7 =¥ =0, en el intervalo (0, 1)

dxXZT
si y(0) =0, y(1) =1
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Se divide &l infervalo en "n" partes iguales, sean 4 en este case ¢

pi

75

va‘s 95
empleondo diferencias de 20. orden : _ o o

oplicendo Vi.4 en los pivotes ¢



‘X1 " 0.25
Yo - 2.0625Y; +Yp =0
- 2.0625Y) +Yy=0
Yy -2.0625Y +Y3=0
X3=0.75
Yo -2.0625Y3+Yy=0

Yo -2.0625 Y5 = -1

el sistema de ecuaciones es :

0@ Yiry, =0

0 ¥122.062 Yt Yy = 0

'VYQ,

- 2.062 Y3 ==

de donde : ' ' : .
Y =0.216 |
Y, =0.445

Y3 =0.701

1

(V1.5)

(V1.6)

V1.7

83.- ¢

NOTA: Cuando se trata de ecuaciones diferenciales de mayor orden y se -

cuenta como condiciones y" =0, etc., hay que substituir en dichas ecuacio.

- nes las férmulas de diferencias'y despejar de ahi' 'as condiciones de frontera =

desconocidas.



10.4 Sotucidn de Sistemas de

No Hnmadénuao de Prime

10.4.1 0bjoto

Obtenet
Les no homogéneas,
de VQ&LQ”LUH de Pandmetros.

fa s0fucdbn de
Zutea?,us ,

lu aﬂp&eéenfactdn en §o
dLstemas de °cuac¢af04 difere

Xie) = A Xiz) o+
% % e
alxgi = X

donde "Ui(+t}
bla de sistemus

rapresenia
K'\a'—v’(;“é’éo
Debido a que cuando 82

Las salidas no diempre cornresponden a Las variabZes
v Las ecuaciones diferencdiales, en esie programa se
fa &Qp&eﬁantag&ﬁm completa mediante variables de

sistema Lineal, La cual es:

el vecton

235 (:-t,-‘ /

3

Ecuandlones Diferenciales Lineales

Onden

distemas de ecuacdones digerencid-

de paimer ciden mediante el mezo de

hmd matriclal pa&a esio Lipos de

noadales es:

AN | ‘ (70,14}
de entradas extennas 54 5e ha-

o delan éiof&m&q dLﬂuW&»UO Lineales

empleadas
condLdena

X{t)= A X(%] + BU[2) «
yitl= CXlzl + DUlZ] } 196 77
! i =
7
on de salidas del &istfems.

drnde V(&) nepresenta el vect

10.4.2

MéAtode
£f méiodo de vaniacifn

Lueidn del &isiema de ceuasis

tiene pon solucifn:

X

&

’&LMLWQOA PHLNAD

de a;,j .
ea diferenciates Liuneales
¢4
o “;‘\ ﬂg{“diﬁ TS /i
R W 8 Ulejde ik
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donde La mathiz eA(t -

0) es La matniz de znanqiaédn.deﬁénida
en La secedén 10.3.2. | |

Por Lo tanto La Aoﬂuc&én total Aend La suma. de La hespues
ta debida a Las condiciones indedales mdA La nespuesta debida
a Las eiciiacioneb extennas. Para La primera parfe de La s0lu-
c&én se discutid su obtenc¢6n en La seccddn 10.3.2,

_ Dado que el anmen énmino de La s0lucibn se evalia me=-
diante una evolucilin de estados a Lincrementos Lguales de tiempo,
La segunda parte de La s0fucidn:
£

Alt

At -9)g yroygo (10.19)

Zambééﬁ $e evazuand a annemenz04 Lguales de tiempo. ) . y
o Para poden evaluar La expresddn {10, 19) med{ante fa compu-A
fadora se &Qqu&@&@ d&Ac&at&zan el vecton de entradas uit), a--
pnoximdndo cada enznada ult) mediante . pulsos 0 neézaé

como Ae mueét&% a cont&nuac&dn

;Atdtf T o f ‘ | A wiz)

—~q S Pt

“ ol oat] o atloat]c ot © o oat] at] at
el e S ‘ il :zL o
t, ot t, T, 4 4, 1
{a) 0_ Tz 3 (b) 0

Fig. 10 10 AP&OXLMQCLén de una funcidn med&ante
| a) puﬂAoA : b)rectas

_ En el -programa se apnox&ma £a 5unc&6n ulz) med&ante rec-
tas, "Las-ceuaciones necesarias pana La evaﬂuac&én de (10 19) se
dcsa&&oﬂzan a contlnuacdibn.

Sea La funcidn u(tf mos trhada en La gigura 10,11



237 &~ -
Blgs
MY ultrar]
u{vU) »ﬁ_ﬁg‘,‘, \wu(t;
[_ ! .
H
' .
- : . i
i S
Z o -
/ta o .tﬁ + AL ‘
Fig, 10.11 Funcibn ult) y su aproximaeién medianie
o una reeku en el inteavale t, a Ly v &
Se desea evaluan-La expresidn (10.719) peno:
£ ‘ L
: - . A - AC . L
Al -9g ypoyas - o2 T ulerde’  (10.70]
0 . ’tg
evaluando de ..to d.to'*' a4 £ ' .
b2 - gt 0
- : A Ar N -
A~Q’iu G’éy_(c.)do_zgf‘. Ly aéug B Uiojde {iv.27}
1o La {igura 10.11.8e observa que:
wla} 2 v A -’ +u($0) fio.24]
A X
~"’1béﬁiétiayeizdo (10.22) en [10.27):
~ar Y N
s\ LA ,{ A ;:\.,tg LAC | Ui, hp! -
Vet B Ulo ) o= »-Le,'«- \ e:—ev’dvj . B g T
« . Ve oo C ar
0 st q‘ 55
_:gjj;gjw“ - {Qﬁ 8L Qué—g L»UJ _Bm i(tgj g?‘f}\h’.,



'wsy/

empleando La 5¢guiente relacibn:
e = =1 -Ac +A" o0 - AT et oL {10.24)

en Los tEnminos entre corchetes se LLega a:

AL . _ | .
Q_-A— AIS.Q_A—O odo = T| At)z + . L+ A”(At)’”z +... (10.25)
' 0 ' Z. - (n+2]) 1 _
At |
O R PR I 8t) + ... + A" (& z)‘”*” ...(10 26)

0 | , (Yl+1T'

| Para_fa evatuacibn de Las senies [10.25) y (10.26) La can-
tidad. de téaminos. a empzaan dependend de La exact&tud deseada.

Se fija. un: anIen4o de convergencda 8 tal que &4 I nepresenia

a ta matriz de La senie (10.25) y W a La matriz de La sendie
(10.26),  se cumpﬂagquer ' ’

i’}*-’-’ (n)'< £, para toda if o
| St (10.27)
£?+7) o (n) < 8 , para toda if L

Cbmo'kdé‘éeniea (10.25) y (10.26) .40Lo dependen del espa-
'v&am&enzo se fendrdn que evaluar una sola vez, '

En ef programa para obtenern La naﬂac&én (10.24) hag que
cvafuar el vectorn de entradas g(t) en  cada uno de £os puHIOA
en cue se subdivide el intervalo de Lntegnac&én

En: términos - genernales el phoceso:a Aegu&& es:

' A
. euazuan La maﬂtuz de Z&ané&ccdn eA( z)

. e batuan Las AQ/L,LQA de Zcus ecuacdones ("10.25') y (10.
R R -
obtenei fa keépuasta deb&da a Las cond&caoweé indeda
- Les pana I - '

hﬂ

LJ nephresenita el eﬂemanto z.. de La matMLz 1 compuesta por

La sumatoria de "n" i:é/un( 04

©



-1
Ay
~O

Sy

(g) evalualr ﬁf#) en i@ Y £L+?

(E) gbtenen La neépuoéfa debida’ a Las excizaéiouaa ex~
tenanas mediante La ﬁaﬂac&dn (70 ¢23) ‘ -
(g) hacern L=4+1 -y regresarn al paso (:) haéxa bannern Lo~
| do el intervalo de integracibn. -

j0.4.3 Desenipedidn del Programa
a}Subnut&ndA nequenddas: ,

SUBROUTINE EXPMA{@ELTg&;A EXPO), obtiene Lu matriz de
ftnansledldn. Condulan secelbn 10.3.3, '

SUBROUTINE INTPE(DELT, M, A, SUMA}, obiiene La matriz de

2a sende (?0.26};Aasia expresidn e emplea pana ayi-

Luar La heépueétd debida ¢ 2as exeltacdiones externus

SUBROUTINE INTRE([DELT,M,A,RECTA], evalua &a expresidn
dada pox La senic de 2a ecudcién (10.25}; ecsta ex=~ -
presibn se utiliza pana caleulan 2a nespueste debida
a Las excitaciones exiernds. ' '

SUBROUTINE MULTMA(A,B,N,HM,L,X);, obZiene ek p&ad¢ clo ma-
thicial AB. Consulian el cap&tuio 2. . '

SUBROUTINE GRAFT (A, N, M), grafica £as soluciones de Las

. variables dependientes y de Las respuesias dez 848+

‘ tema. Consultan el c“pLquv 1,
SUBROUTINE EXCI]A(T,F)y evaﬂua el ueutaﬁ de entradas. -
U{t] en el Lnsianie iy
b)Ue&c&xpu&dn de Las van4ab£e5-»

Panra La dubrutina INTPE:

DELT : espacifamiento entre foé uaﬂaﬁcé d@ La
" variabfe independicnie

M cantidad de ecuaciones diﬁedamﬁémﬁa&
A(I,J{ matniz de coeficlentes constanies ded

o bdstema de ecuaclones i{feﬁbnc aled
EPS erltendc de convergencla
SUMA(T, J) - matrdiz nedulianie de evaluar La seaie
CN contadon de iteracionesd
Div Cfactonial dividon
Toew incnemento de £a variable {ndependienie

14

elevado a Lo potencia "n”

CHMALT, T) - matndiz 4den tidad:

[\

905



B(1,7]
X(1,7]

240 Y5

 matniz A eﬂevada a za potanc&a "n"

maEniz &eéuﬁianie del pnoducto AB

Para La subrutina INTRE

- DELT

M-  _
ALT, J)

RECTA(TI, J)
CMA(T,J)
"B(I,J)
X{(1,7)
EPS -
TNEW

JCN:, 
DIV

-aépac¢amLento enthe Los . uaﬂoneé de La
- varfable Lindependiente

cantidad de ecuaciones diferenciales
matniz derc0eﬁicient23 del sistema de -
ecuaciones difernenciales “
matniz nesultante de evaluar La ‘senie
matniz Ldentidad

matriz A elevada a 2a potencia "n".

matniz neAuKiante<de£ producto AB
C&LiQ&LO de- conuengenc¢a

annemento de La variable Lndepend enite
elevado a La pot@nc&a "n"

contadon
- factorial divison

Para La 4ubnut¢na EXCITA

T -
Ft1,1)
%pz,;)
F(3,1)
- F(4,1)

valor del instante de tiempo en el n%az

se desea evaluar La expresién U{z)
valor del primern rengllén de La expresién

CUfz] en el Anstante £,
“valfor def segundo nenglbn de La.expresidn

Uf{z) en el instante t

-~ valorn delf tencexn &engzdn de La expresidn

Ulzt) en el Lnstante t

.vaﬂo& del cuarto nengzdn de La exp&eA&dn
U(t) en el instante .

valor del quinto nengﬂﬁn de La expncA&dn

ufx) en el instante t

. Panra eC proghama princdipals

M
N

‘NS
N
PERIO

. cantidad de ccuaciones diferenciales
;,canzédad de subintervalos en que se¢ dL{vdi-
“de el intervalo de Lniegnacidn

cantidad de salidas del sistema
~cant¢dad de entradas del s4stema

Lnie&uaﬁo de 4ntegnac&6n



DELT

Al1,7)
B(I,7)
c(1,7)
0{1,7)
X1, 1)

X(1,7)
X{1,7)

vy (1,J)

RECTA(T, J)

SHOMIT,J)

yi1,7
PEND(I,T)

RE(1, )
F{1,7J)

el Dimensiones :
La proposicidn
Las subrutinas
y/o

N> 100

41 gy

magniiud de Los subintervalos de integra-
cidn '

matm4¢ ceuaciones

i

del sdistema de
del Adistema de
del sistema de
del s.4stema de
condicibn inicial de fa
diente '

mathiz ecuaciones

matndiz eeuaciLones

mathiz ecuaciones

I jo> jo

varniable L{ndepen-

condiciones iniciales para cada una de

2as vari

adles dependientes, I 10

Cdo0lucibn del sistema de ecuaciones
valon de Las safidas del aisitoma

Lniagﬁaﬁ del Lénmino consdtante de Lo e-
cuacifn de Lo necta empleada pa&a aO&OX¢*
mar La entrada ‘
Antegnal del Zénmino variable de 2a ecug-
eibn de fLa necta empleada para aproxi-
mar La entrada '
s0lucidn del s.istema deb&da a ﬁa& eXCL =
“taciones externas -
valon de fa entrada en el Lfustanie @ oy
pendiente de La reeta empleada para apro-

ximar La entroda

variable de reemplazo

varniable de neemplazo

DIMENSTON del phrograwma prineipal y de
depend wodificarnse cuando:
M > 5 yio NS > 5 ylo NU >

S4 se modifdica La extensdibn de M, deberndn o dd§ Lo -
de Los akhgumentos dz La subrutina EXCITA,

G‘Fa&mato¢ para Los datos de enfrada:
SEC. TARJETAS

 FORMAT?O INFORMACTON

i
4

? Niu, PERIQ
A{T, TV, Zos elemerntosr de

La matniz se dan aen

(415,F10.0) M, N, NS,
(6F10,0)

pon &&mgiﬁn,,fmyﬁaa& Lagn -



tas tanjetas como sean ne

cesanias
3. [8F10.0) B(1,J]), 4gual que para La
o " matriz A
4 (§F10.0) C(I1,7J), 4iguat que para La
. N matrniz A
5 (6F10.0) D(1,7J), Lgual que para La
S matniz A
6 (8F10.0) X(1,3), el primen valoxr de

be corresponder a La condi
elbn indcial de La vania--
ble independiente.

e et e i v e e e e -

noo L TARJETA EN BLANCO, al féna
. v - Lizan toda La informacién.
e)Diagrama de bloques: '



. oy T
- . v . .
Fig. 710.12 Diagrama de blogues (e
: R - e, . . Fig, 10,14 I o L
def progirama pr«LHCL}Daf, gq C’;}C?’ 3 1. 14 D'i"”"f;f"l,a%g{ do b.ﬁr)qué
| ) _ Fig. 10.73 Diagrama de blogues de La subrutina INTR
4 3 . N - :
T : L de 2a subnutina TNTPE
Liames subt- cblener La soll :
Lina .. pua fas safiday subhufina ‘
EXrsd [ def &40 toma 3
L_V_g.- , © INTPE 3
Leaman subnu- { O -4 \3’ o
tina oprimin Re- asignan valor
INTPE sultades de 3
var. de edo a Eps
£Le . : . . gereaas ma-
S sT0P \;, iz identi-
) dad
generas ma-
: : - Luiz ddenti-
/" Leea: Leaman subnru- {3 dad
Aii, 71 Lnt orarr B
S
7 teens :"‘-)L. - gencios Aug-
i % ARPALMN Re - vo Ldmins
§11, 3] suftados de {de & seue
““"‘—"‘r‘”‘—"‘ _ t28 safidas . genesdl mue-
A C hewea. de Pas vo teuwine :
PR, . -y ke 3,,u :d& de £a senie . : Y
& Poene vat, de edo. )
. . T GgRCIWM rueve
€1, 5 W , ~ . = Lunino a ta
----- R e bienen £ “ . ; ; sende
is obtanen b 4ot Ltamun subiu- aghegan nueve : . $
. parr Le porie toa ] .
T eeene ) hemog. de tas o GrAFT ‘ Unwriro a &g § . _ 4 :
’ e var. de edo. i sende o :
21 . T . : = ua
L SUVERSRIE ) - & ‘ Tonvergid {
S g obinen £a Athe ) 13 seie
/——‘y Y . P puesle fofal pa i .
& Aeess <V ag fas van. de
. q 255 S t(")f:ﬁ.’&.‘lpﬁ
’ ,
Lrprimis




§) Listado:

C PROGPL ™ PARS SToguar a[nT0ng pTusntCns LINCALCS £ ytA CnHPU‘A~
[T S DOPA CIGTITAL . .EuIA'Yr FLLETnLe . vAaRIACLo. UE.PARA“EYROQ.M.
C .. SIGUIFICADY tE LA3 VrpTavLfd DPLLaiag .
. C N3CAUTIDAD DF ECUACTICHES DIFCRELCIALES
R TR S MY sELMARTES Lyl st JuuGIVIuE_tLﬁluJERVALD pE_INTEGRA= . .
Cc crun
C HSSCANTINAN DC SALTIDAS
U S VL] ct:rxona DL EYTPACAT. . . .
. PEPINETAGAITH) DEL INTERVALY OF IuTEGRACIOH e e e s
CODELTENAGHITYN AE LG S1BYLTEPYALDS . S
e GASUATELZOA DEL SISTLYN [E FCUACIMLED . ———
Q=2ATRIT B OFL STSTIOVA LE FCUACIDLES ‘
C="ATRIZ C nEL SISTLA pf £CHACINGES ’ :
o DITATTL D OOLLSISTLMA uC ECUACIIES.. ) NN
S S VR P I NI (S S 1T & IEIAL YE LA vﬂnIAﬂLE IIDLPEHD!E"TE .
X(t,J)sCnunnl1olEs 1UiCIALES - -
LXEHOLLCINY para LA” YARTALLES OC EST&D"
YYSVYALNY DE LAS SALINAS 0
SHA'ERCSPUFSTA CEUTCL A A3 EXCITACIONS 3 EXTERNAS .
— EXPO=ATAIZ RE TPAUIICIOM
i suwA=IHT‘GnA\ PE L% MARTE - COMSTAYTE DE T rcuAcInN oF LA RECYA
CRECTASTILTLORAL CEL 7rp“x|o VERTAME € Lr FCUACION DE LA RECTA
: Y:VAIO" DE LA ENTRADA FY ‘L TLHSTAGTE T(1al)
TEEVALOY DL LA ERTHADA D U TLSTALTE TCID
PEHDELFPTELYE DF (A RELLA . ) .
_L MR ECARTIDAD DE CCOLYring (B, APRELLO MATRIGCIAL X
DESYAINGY AL (TP Ay

N
R
’.‘nnnﬁnnhnnnnnnﬂnr\ﬂn

4
i
i

K
)

= piitnsiin A(ﬁ,b).a«o ()1 C(678), o(o.o),:(:on.6),ern(s,e;.Ptcraco.o
128U AL, 6)Y 304 06,6),Y(b,6),PEHD(b,0), PE(b,b),F(b,o),vy(xox,o)
LIRS . e et e
o Ius=e ———— ‘ '
€. . LECTURA DL DATOS
1 READCIP,10D) !,0,HS, U, PERTQ
1FON 2,2,3
2 CALL [Y17
IR B RN e e e e e —— e ey
DO 4 = v o '
‘q ncno(xn 150) (A(x.l),J=1.n)
no. I=p,n . B
s pEfUtru,:;ﬁ) fn(r,J),J-x,ou
IFUn,C1,2) R T2 7Y
R 1 B 3 PR
6 REAL lxn,xJn) (r(x,l) J 1y
DO 7 Isf,n5
7 pEagtin, 158) (nl1, 1), Jet ) 7 I
TV meavtio aen) Ux Ui, ), Jap T ) : T
C IMERE3TO DE DATODS T o :
CMRITE (1i0,200) .
I AT ES A
B WRITECTG,250) (AL, g9z M). e -
______MHYF(I\I 300) . . ) e
009 1=y,4 ’ =
9 NRIIE(IU,ZSO) (B(I,J)Jdx1t, HUJ
IFIS,E1,3) 62 10 72
WRITC 0y 359)
' ©C 10 131,75 : , :
e 30 MEITE(1u1, 2500 (C L), 051,40 2 : .
FRUTE(]:,450)
oy 11 r*:ui,'

e A Y O HRITE( L, 2502 (DL, Jal NUY.- ——
72 MRITE(T i, 45 o e ee e i it e v s it e e
- L MRITECL, 259 (X{L1,J),0358, pr)-.._._,~__~__.___-"_“_umﬂ_-_n-.w‘
e wmee e TFCUSL,E,0). GOLTOL 73.-;.~u :
C Tinanie 51 LA NATRIZ D ES NULA
00 12 121,45 .
[EOUT ATV IS - £ I Y P . . e
TF(U(I,2).E0,2,0) GO 1O xz e e E i e e
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INSYS

exsrcisa

" an inventory system model
computes inventory levels and factory output for
a factory-wholesaler-retailer inventory system.

Inventory replenishment and lead time policies

may be changed in order to test the effect of .
these policies on the performance of the owerall ' ) : . .

Sys {em.

The purpose of an inventory is to provide a separation in time or location
between the production of goods and the consumption of goods. In our
specialized economy -a man is no longer his own butcher, baker, and
candlestick-maker, Rather, we have production centers (factories) which are
specialized, centrally iocated, and have high production rates. There is a
great gain in production efficiency from this specialization, but it also
requires a large increase in inventories to separate the centralized factory
from ‘the ultimate consumer.-No longer do we follow the example of the
little red hen who planted, reaped, milled, baked, and ate {without the help
of the pig, cow, rabbit, or duck) her own loaf of bread.

The most common inventory system in our economy is the factory-
wholesaler-retailer system. The wholesaler provides a time decoupling service
between the factory and the retailer, in that he holds the factory output until
ordered by the retailer. The wholesaler also provides a location decoupling,
in that he generally ships goods over a wide geographic area. Similarly, the
retailer provides a decoupling service between the wholesaler and the con-

. sumer, in ‘that he maintains an inventory of goods on display foj sale to

customers. ‘ , :

' The purpose of this exercise is to provide an illustration of the
dynamic nature of the factory-wholesaler-retailer inventory system. A com-
puter model is used to calculate week by week -how the retail inventory, the
wholesale inventory, and the factory output rate change in response to retail

-sales. The model user may. make changes in retail and wholesale inventory
policy in an attempt to control the overall inventory system.

25
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Wholesaler

Reiailer ' _ ' Factory

B ~ Goods

i
d

O—(}-'Q'*Ob, Orders T~ YT T-IT
Figure 2.3 The factory-wholesaler-retailer systemn,

Section 2.1 explains the normal inventory systems and the rules for
maintaining inventory levels. The following sections present three illustrated
" computer problems for maintaining and controllmg the mvemory system.

2.4 FACTORY-WHOLESALER-RETAILER MODEL :
The normal system for the production and distribution of goeds in
our economy is through the factory-wholesaler-retailer system. A visuab.
conceptualization of this system is shown in Figure 2-1, The functnon of the

retailer in thrs system is to .

' —take orders from customers "y =

; —dehver goods 1o customers from on- the-’s'lie'lf mventory
—reorder goods from the, wholesaler - -

—-recelve shlpments from the wholesaler L

) ' The funcnon of thié wholesaler* is slmilar to the retarler except that
the wholesaler s customer is the: retarler and there i |s a trme lag between the
ordering and the delwery of goods The wholesaler must

~receive orders from the retarler
~ship goods from the warehouse. mventory

) . [
—reorder goods from the; factory i o0 e

s

' : . —recewe shlpments from the, factory "

Finally; the' factory Tust produce the goods whrch are ultimately

' cu sold to the-customers:- ‘The factory 'may or may not hold-inventories..in the
L : current-model the factory does not mamtam any mventory so that its only
o functions are’to; SR O
- .

—produce goods at some rate - i .
: —change productlon rate as requested by wholesaler

Iy

The model just descrubed isa srmple abstractlon of that which is

found m thesindustrial: syster’: Dutable’ goods such as. applicances, more or
. less. follow the system described: There are’ vanatnor}rs in that some large -
" retailers , ,order: drrectly from ‘the” factory, or the factory may ‘maintain a




Retailer
Model
Formulas

‘ to 100 units. Thus

INS ysj

showroom and make diréct retanl sales. In other cases, the factory maintains
large inventories and performs the function of the wholesaler. In all of these

*_modifications, however, there is a dynamic interplay of sales with the

inventories maintained and the factory rate as illustrated in this model.

The parameters and formulas for the actual computer model of the retailer

.are presented in this section, These formulas are a mathematical statement of

the verbal model description above. We also present some sample compu-
tations using the retail formulas, 2
Retail sales are controlled by the customer. They are part of the
input to the program by the reader. Retail sales i in the past have been about
100 units per week.
Retail receipts are the units received from the wholesaler each
Monday morning that were ordered Friday one week (10 days) prior.

Retail inventory level is the number of units on hand Friday after-

_noon at the close of business. The mventory level varies thraugh the week as -

shown in-Figure 2-2. The formula for determining the inventory level is
Inventory level = prior inventory level + retail receipts'— retail sales

Retail orders are placed with the wholesaler each Friday afternoon
after determining the in'vento'ry level, The order- policy is to order the retail
sales for the week plus or minus enough units to return the base stock level
_ Retall order— retail sales + (100 — inventory level)

The effects of these formulas on inventory level and the retail order
can be seen in the foIIowmg sample’computation. -

Ina normal week )
- Retail sales = 100
' Retail receipts = 100
Retail inventory’ level =100+ 100-100 . e
i =100 a
Retail order = 100 + (100 100)
=100

No. of -

units
200 )
o ) Base
100 4-= "~ stock
: time

F M Tu W Th F M Tu W Th F-

Figure 2-2. Retail inventory level.
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Whiolesaler
Model
Formulas

s

In a week in which sales increase
Retail sales = 110
- Retail receipts = 100
Ratait inventory level = 100+ 100 = IHO
= 80
Rwaul order = 110 + (100 = 90)
=120

In a week in which-sales decrease
Retail sales = 90
Retail receipts = 100
' R’éi’adlﬂ inventory level = 100+ 100 = 90
C =110 :
Rcml order = s 90 + (100 =110}
= §0

The wholesaler's policies for maintaining inventory and reordering from the
factory are similar to the retailer’s policies. The formulas for the wholesaler
and sample compuiations are now presented. :

Whoiesale shipmenis ate dispatched each Wedaesday from orders
submitted by the retailer on- the prior Friday. These orders arrive at the
retailer’s on the following Monday.

Wholesale khspmem rewuﬂ order (pnor week)

Wholesale receipts is the faczory productmn of the [@f@vn@us week

which i is received each Monday morning.-

+Wholesale" receapts*“ factory productuon (pru@r W@@k,}

Wholesale mveniory /evel |s “the number of units on hand Friday

‘afternoon at ‘the close of business! The mventory level actually varies -

through the week as shown in Figure 2:3. )
The formula for' determmlng ithe Friday axf@amwn inventory tevel .

is as follows: Lot it b
No.of - . = e , .
- units’ o ‘
300 -
Base
200 stock
100 |~ | I A
- L T —— v Time
~Fr M- Tu "W Th™ F M _Tu ‘W Th Fo _
I T

Figare 23. Wholesale inventory:~" *~ -
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Production
"Rate
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' Wholesa!e mventory Ievel = prior mventory Ievel + wholesale recelpts
: - wholesale shipments

Wholesale ordérs are placed wnth the factory each Friday afternoon .
after taking inventory. The factory, however, requires a week to change the

production rate, so two weeks pass before the wholesaler receives the actual

order.. The polucy is‘to order the current week's shipments plus enough units

to return the base stock toa normal level of 200. units. The formula is

Wholesale order = wholesale shipments
+ (200~ mventory level)

The effects of the wholesaler’s: pohc:es can be seen in the followmg sample

computatuon

In a normal week:
"Wholesale shipments = 100
- Wholesalé receipts = 100 ' o SRR
Wholesale mventory ‘level =200+ 100 - 100
g =200 '
Wholesale order =100 + {200 ~ 200)
B =100

ina week in which.shipments. mcrease :
Wholesale shipments = 110
Wholesale receipts = 100~ . _
Wholesale inventory level =200+ 100- 110
: . =190
Wholesale order = 1 10+ (200 - 190)
=120

Ina week in whnch shipments decrease’ '
: Wholesale shipments =90 -
Wholesale receipts=100, = . .
Wholesale inventory level = 200 + 100 =90
=210 :
' Wholesale order =90+ (200 210) ’
=80 :

‘ It shou!d be noled that in the present snmpllfued model the wholesaler only

services one retailer. This is an obvious oversxmphflcatlon from the real
world and allows the analysus to isolate the effect of a single retailer in the
entire system,

In thls model, the factory maintains no mventory The factory produces at
the rate specified by the wholesale order. There is, however, ‘a one-week

. delay when. changing the production rate and a one-week delay for shipping.

The net effect is that the wholesaler receives the actual order two weeks

- after it is placed with the factory. ‘Thus, for example one mlght ‘have the:

situation shown in F|gure 2-4
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22 NORMAL INVENTORY POLICY

5y
e

. Week - Wholesale Factory Wholesale .

nimber - ordzer o rone receipts
1 100 100 160
2 120 100 160
3 ~ 80 100 - 100
4 100 120 100
5 100 80 120
& 100 100 §0

Figure 24 Changing factory production rats.

This section présents the results of following a normal Inventory

policy. By “normal” we mean that the retailer and wholesaler foilow the

rules described in the preccdmg sections. The most significant azle, which-
will be analyzed in detail later, is the reorder rule. The nermal reorder rule
which is fallowed in the currem problem is .

Gwér the cuireni week’s sales plus or mints enough 1o bring the base
stock back to its normal fevel.

Following this reorder rule and the othér inventory policies outlined
in Section 2.1, one can compute over a number of weeks the inventory level
and orders in response to retail sales. For example, if retail sales arc ﬂ 00 in
weeks 1 and 2, then increase to 110 in weeks 4, 5, 6 and 7, results wit @wu
as shown in Figure 2-5.

These . results ‘are arrived at by followmg the computatlon formalas
given in the preceding section. For example the formula for the retail order
each weelt is as follows :

Retail order = weekly salcs + {100 - inventory ievel)
The retail order in week 5 is 120 umts derived from the a’.b@ve for-
mula as follows: Y ‘

Retail order =11 0+ (-1 00 - ©0)

=120
Week _ Retail L e Wholesa/e"" Factory
_No. Sales . Rec Inv - Order -Ship - 'Re&:' Order Rate
-1 100 100 100 1006 100 100 200 100 100
2 100 100 100 100 100 100 .200: 30004300
3 -110.-100°° 90 120 - 100 . 100 . 200 100060
4 110 100 - 80 130 120 100  180:::1140°%7{g0
S 110 120 90 120 130 " 100, ].50_,,“_180 100
6 10 130 110 100 . 120 .100. :130.::190 140
©7 110 120 120 90 106 140 ..170,.130 180

Figure 2.8 “Normal” invertory policy.
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lt is qunte poss:ble to compute the results’ by hand for as many weeks.

of operition as desired. Fortunately, the computer program will do the

tedious calculations. We next consider briefly the data cards required to run

the computer program and then we will analyze twenty-five weeks of
operation by using the computer model.

" Computer This section presents the data cards required as input to ‘the computer pro—
Input  gram. The program listing is found in Section 2.6.

. User name card is the first card in the data deck. It is used to identify

twho is making the analysis and any other identification desired. This card is

‘free fleld, in that any |nformat|on may be keypunched in columns 1 to 40.

EXERCISE ONE BY ROY. HRRRIS

000000000000000000000000080000 UDUE 9000
ERL)

a0
LR |unuuunuunﬂnnnnnnznnuunu u unuauuuu

“Control card is the second card in the data deck. This card contains
the number of weeks to be analyzed, which is punched-in columns 1 and 2.

.83

00000000000000000000000000000000 00000
AT CSET NN NN NI AN AR N B A RN VDU EY B

Weekly sa/es cards contain the week number and thé retail salcs for

" that week. There is one card per week and the total number of cards must be’

o exactly the number specnfued by the control card. The ‘week number is
': 'j"'keypunched |n_columns 1 and 2. The retail sales for thg,week are in columns
R 12, and 13, right Justified (that is, the last digit is always in column 13).

109~

OD000000000000000000000000 oo nunn ]
ALLRISAN RN L VRS TR E R PR DL DR LR T

]
Py

0o
“

“The complete data deck setup for problem one is shown in Figure
_ 2-6. Each typewritten line in-the figure corresponds to one keypunched data
card. .

Computer The co‘mputerl printout resulting fromthe normal reorder policy is depicted
Output Cin Figure 2-7. The first line in the computer output is a reproduction of the
information keypunched on the first data card. The last-line of the computer

output 'is information from the second data card, the control card. The

notation 25 WEEKS RUN is a reminder that the control card specified that
. 25 weeks of data were to be run. If there is too little weekly sales data or if
the weekly sales data is out of order the computer will print the message
"SOMETHING WRONG WITH YOUR DATA and stop processmg the pro-
gram,

0000‘
suauan
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EALBCISE Owk &Y B0V NAARIS .
25 .

3 iad

[ lug

6 11y

[ . L¥e

0% biy

oo i30

67 EXo

a6 : i1g

oy tiv

ig 39

13 1i¢0

2 Lia

13 ite

1% R 9 Y

1% Liv

16 iio

7 Ekp

) §- i1e

19 i34 .
29 139 S
21 £10

32 ﬁﬂﬁ

23 : Lin

2% L]

25 Lin

Figure 2-8 Computer input—normsl policy.

PROGRAM INSYS FUR EXERC]SE OME BY HOY MARRYS

‘HEEH cevesseRETAllLscovcozcs eeo0oYHOLESALEODECOOOT Facyory
MO,. SA‘&LE_S REC  InV OHROER SKIP REC NV  ORDER KAVE

L 3ed - 100 oo ieo 100 . 106 208 lep 100
2 100 100 100 189 100 - 100 200 100 iud
3 110 100, %0 120 0o lom - 200 lde  fue
4 1310 100 R0 130 126 165 180 140 100
$ 110 120 90 120 1306, 160 1S0  18¢ 160
& 136 130 116 166 2o 160 . 130 190 199
7 116 3120 120 99 . 306 140 170 A3 L&Y
8 110 100 119 ig¢ 96. 180 280 3o 1Y
9 110 99 96 120 100 190 ~ 350 ¢ . 130
10 - 110 100 40 130 120 138 380 o 3%
11 110 220 90 120 130 3¢ 266 - v @
12 110 130 110 - leo 120 o 140 18¢ e
12 110 120 120 ' e 196 = o &0 260 E
ie 110 100 18 lgo 90 70 20 270 140

15 ilo0 90 20 120 ~ 100" 180 160 200 260
16 110 100 a0 130 120 260 240 8¢ 27y

17 110 120 90 120 136 270 380 0 200
18 110 130 116 loo 120 200 460 [ F
19 110 120 120 99 120 . 80 . 640 .y 'y
20, 310 100 llo 190 96 e 350 n o
21 110 90 90" 120 100 .6 250 Sn ®
22 110 100 80 130 _ 126 ¢ 130, 190 0
23 110 120 90 120 130 o 0 33 50
26 110 130 110 10 - 120 S0 ° 0 320 £90

25 11v 120 120 - 90 - 100 190 90 19 339
. X 2
25 wEEKS RyN 0 6 0 0 -

Figurg 2.7 Computer output»«no}mal policy.
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" Analysis It is quite evident that the so-called normal rnventory policy is not a very
. of the :'smart policy: A'simple increase in retail sales to a new level 10 percent higher *

~ Normal . than before. has set’ off uncontrollable fiuctuations in the wholesale inven-

~ Inventory tory and in the factory rate. Even though the factory services only one

Policy wholesaler-and one retailer these uncontrollable swings cause the factory to

‘**completely shut down by week 11. Negative inventories, orders or factory

- rates are'not allowed.

By week 25 the situation is stlll not in control. The retailér has not
stabilized his inventory level back to 100 units, the wholesaler has not
stabilized, and the factory is going from boom to bust. This cyclic behavior
in the system is.the result of the lead times in the system and the *blind”

, ordering policies of the retailer and the wholesaler. The next two sections
- . -consider some methods for bringing this situation under-control.

Bl

23 CONTROLLING THE REPLINISHMENT RATE :

. This section considers the problem of controlhng fluctuatnon in the
'lnventory system through a change inthe reorder policies of the retailer and
the wholesaler. The basic concept applied is that of dampening the ampll-
tude of change This concept is implemented by changmg the reorder policy
'to decrease the amount of replenishment of the base stock. The new poiicy,
the computer output,.and an analysrs of the results are presented here.

The According to the old policy, thevreorder"formula for the retailer is
Replenishment ™~ =~ . o -
Concept - ° Retall order = retail sales + (100 mventory level) -
- This* pohcy says in effect that the retaller wants to. replemsh the stock he has
“. actually sold during the week. In addition, if sales are.above or below the
_+-, base stock.level of 100 units he wants to mamtam he wrll order enough to
bring the basestock to 100. .
-+ This policy appears reasonable enough but it is based on the rather
L nears:ghted assumptions that .-

'

ifutdre sales W|II be the same as th|s week s
—stock replenlshment is instantaneous

o _ The first assumption is obviously risky for almost any” retail opera-
L tion. The second assumption is obviously not fulfilled in the present system,
"The retaller orders.on Friday, the goods are shipped on ‘the next Wednesday
and received the following Monday. Each Frlday, the retailer orders enough
“to bring the base stock back to normal” even though’the goods he ordered
the prior Friday to.bring the base stock back to normal still have not arrived.
"When the order does arrive the retailer overreacts by -ordering too ljttle-the
‘next time. The net result, as seen in Section 2.2, is that the retailer is never’
able 'to stabilize his order or xnvcntory Ievel Busmess cycles may be caused

'by just this kind of behavror ,
x “~Oné’way ‘to dampen the swmgs is to change the replenishment pohcy
_.oto:specify.. that only a percentage. of the base stock drfference is to be
’ ’?ordered Thus we change the formulaitoi«z - = 7

Retail‘order & retail sale§+ (100 .’ri\/e'ﬁibfy iévél)'(‘A%)
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If we set 4 at 50 percent and thus try fo make up only one-half the

difference, then we can comwre the cetail mdccr whien ;aﬂes are up to HO

units.
Old Policy New Policy
Retail order = 110+ {10090}  Retail order = 110+ [(100 - 90) X 0.5] -
=110+ 10 =110+5 .
=120 =115
When sales are down to 90 units !he resuit is
Old Folicy New Policy o
Retail order= 90 + (100 =~ 110 Retail order = 90 + {(100— 17 0} X 0.5}
=90-10 . =90=5
=80 =85

© The overall effect of the new policy is that the retailer only partly reacts to

increases or decreases in the base stock and allows some time for inventories
1o return 1o normal, The wholzsaler may follow a similar policy in ordering

_ from the factory by including & percent in the wholesale order formula,

User name card remains unchanged. The new reorder policy is implemented
by specifying on the control card ihe percentage value for A4 {retailer) in

- columns 17 and 12, and 8 (wholesaler) in columns 21 and 22,

23 59 S0

If the field is left b!ank the value for A or B is set to 100 percent. Otherwns& o
A or & may be set from 01 to 99 by the user.

Weekly sales cards are keypunched as in Section 2.2,

A complete data deck listing for the new policy is shown in Figure
2-8. The retailer and the wholesaler only try to make up 50 percent of s
difference in base stock under the new policy.

The computer printout for the new 50 percent recrdering level policy which
is generated from these data cards is shown in Figure 2-9. Note that the last
line of the printout includes the input values for 4 and 8 specafled in the
control card.

The overall result of the new reordering policy is a dramauc tmpmvemmt it
the performance of the inventory system.

Retail reorders match the new sales.level within eleven weeksa ,
Wholesale reorders match the new sales level within twelve weeks.
- Factory rate is not yet stable, but appears io be dampening out.

Most s:gn'ificantly, the system is no loniger cut of control, i.e., caught
up in uncontroliable fluctuation. The fluctuations have been dampewwdy out
and the system slablhzes itself to the new sales level.
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EXERCISE TwO BY ROY HARRIS

25 . S¢ 50
0l 100
0e - 1C0
03 11¢
04 110
L - 110
06 oolle
1A P Y
08 S U ‘.
- 409 110
10 110 -
11 o
12 11lv
13 ) 11¢
16 - 113
15 1l
16 : i1
17 . 11
18 iln
19 11
r4" - 3 Xk
21 11,
28 11:
S23 il .
. 2% ) il

r4-] il

: Figufe 2-8 ‘Cqmputéi input—replenishment rate.

'PRUGRAM INSYS FOR EXERCISE TWO BY.-ROY HARRIS

- WEEK weecoreeRETA[Lerercccce scaeoWHOLESALE®onasees FACTURY
NOe SALES REC  Inv ORDER SHIP - REC  INV -OHDER  RATE
-4 7l00 100 00 100 100 100 200 -i:L0e 100
2 -°100 100 1lyo l100- 100 - 100 200 100 vl
3 1l 100 90 1% lov 100 200 100 1u0
4 110 100 W0 120 115 100 185 123 1v0

"5 110 118 .45 118 120. 100 165 134 1vo
6 110 120 . 95 113 118 . 100 148 144 123
7 110 - 118 13 109 113 . 123 158 134" 13s
8 110 113 135. 108 109 138 186 116 144
9

. 110 109 " lué los  loe 144 223 9 134
10 11v "los 1ol 109 108 134 248 84 116

1} 110 108 ° 99 119 - 109 “lle 25&. 82 . Yo

12 110 109 99 © 111 110 96 240 9r B4

13 1l 1lo 99 1l . 111 84 . 214 . 104 ~ ®2
Sle 1100 11T Clae 110 110 82 185 118 . 9y .

15 110- 110 - lvo- - 110 _ 110 90 165 127  lve.

l6 110 110  lno 110 110 © 106 159 3n ls

© 170 100 1100 w0 110 110 118 167 126 127

©18 10 110 loo 11¢ 110 127 185 118  13dv

19 110 110 10 110 110 130 205 107 . .126

20 110 1100 1a0 110 . 110 126 221 99 v
S 2l e 110 lav 110 110 11 2290 96 vl
- 22 .1lo 110 loo  1lo 110 107 226 97 . 99

23 1lu 110 leo 1lo0 110 99 216 102 Yo
26 .-.110. 110 100 119 . 110. 96 201 109 - 97

25 1100 1100 luo. 110 110 97 188 1le  1v2
" 29 WEEKS RUN S0 50 0 o - e

Figure 2.9 Computer output—replenishment rate.
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- Fowever, all is still not perfect, There is still a'long time lag before
the factory “catches on” to the new rate. Moreover, a.simple 10 percent
increase in saies still causes a2 20 percent change in the wholesale shipments
ard 3 44 percent change in the factory rate. Section 2.4 considers additional
control measures for bringing the inventory system under even tighter
controf.

2.4 CONTROL OF ?‘L. EAD TIME
This section considers the problem of conzmlhng fluctuations in the
inventory system through a decrease in the lead time netween the order and
the receipt of goods, The basic concept is to change the lead time required to
sespond to changes in the sysiem. This concept is implemented by testing
the effect of faster delivery from the wholesaler and faster changsover to a
new production rate by the factory. -
Lewd  Under the “normal” system setup the two basic lead tithes in the systen
Timie  were (1) between the order and receipt of ‘goods by the reailer, and {2}

Concept between the order and receipt of goods from the factory. Thess were as
‘ follows: ~ . o
Retailer normal leod time & i
o .. Qrderon...... -
. T Friday wéék Tl
ord . : Wholewler normal /ead ?ifne g
... :,.0Ordegon . - Change ratewp Dpjgv;r gmms
e Friday week 1 - WeeL £ Ve Mcmday wwk 4
\;/‘,, v e 3 wih 008 LT
B . . The ef]‘euts ‘of, thest;vh,ad tumes are cfearly seen in Seci;mn 2.2 when

the retader reorders _every Fnday t.q make up gobds that have proviously
© beerd ordercd, In effect he makes a.doubld} corde%*gfor me same goods. In
’add.tlon, the factory takes seven weeks to‘begm 355 spon.d to 2 change i
" retail sales. ‘ R fig  uiL 8

in the current example we WJ!,! u,onssder theteffects vf decreasing this

lead time. The new polncy is:to workithe wh Iesaler’on Satuagay in order to

3

. deliver. Fnday-afternoon orders the very nexg t}fi‘ondayg Thus‘ .
: i L '
Retailer decreased /eadwme {C ‘ ?5 : Z’ 1§ Ny
Orderon *'* Delwesedo 6Lt ‘”l; ‘;‘;
Friday week 1. Monday week 2 zl ’ ”
21 Gok e )
\ S;mllarly the Iead time: for itheé whoiesa!er'usé,y ba,ehanged ¥ the

) .
: factory can shift tova new pmducuoﬁ rate,ﬁuthoug a weeltslag and if the
o .,factorymshlps‘over the weekend %A,,y 11 - 8 ©bs :

1
STRN T '
Wholesa/er de .eased /ead t/me i -
Order on ;.. Change rate P
‘ ‘% Friday weekil rdek 2904 ‘

‘ozk D
fi i [

@1 FLING 1
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The usér name card is the same as that in Section 2.2. The change in
the lead times is implemented in the computer model by two fields in the
control card. A speedup of one week in the wholesaler deliveries is accom-
plished by placing a 1 in column 31 of the control card. A speedup of one
week in the changeover of the factory is accomplished by placing a 1 in
column 41 of the control card. .

The control card now reads

23 30 1) Sl 1

The weekly sales cards retain the same forma}.‘. )
~ The complete data deck setup to test the effects of the decreased
lead time is shown in Figure 2-10.

The computer printout with lead time decreased is shown in Figure 2-11. ,

The result of the new lead time policy is a further improvement in the
overall performance of the inventory system,

Retail orders match the new sales rate within five weeks.

EXERCISE ThREE BY ROY HARRIS :
25 j :

50 S0 1 1

0l o '
0e loo

03 110

0é ' 11p

05 o 1e

06 il

07 11y

08 . 110

09 1le

10 110 ‘ : St
11 11~

1 il

13 11~

14 i1r

15 ll:

16 11

17 11

18 lie

19 - 11

20 Ly

21 i

2eé 11v

23 11n

2% 11

r4-} 1l

Figure 210 Computer input—lead times.
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PEOGAAR INSYS FOR  ¢XpRE1Sg THREp HY ROV WARRIS

{ wosecaepf AL ccwrsacos  sesendHOLESALECocossse FACTORY
$aLES REC InY  aRpEn  SHI®  REC INY ORDER  RATE
ioe 196 . 1ot 1o 160 100 200 100 L6O
169 200 1yo 100 108 100 209 100 1ue
110 100 a0 118 11% 100 185 123 00
11y 118 95 113 113 100 173 126 123
130, 113 98 1§ 111 123 186 119 126

-

&

B R e O O D s R QA

o
e

i 11 9% 11 11} 126 1%9 111 119
11y 11 99 118 10 139 208 . 106 141
1i¢ 110 lod 1o LB RS § B 209 LS g
19 . 110 160 Yig 19 106 205 L7 jGe

% 1§ 110 100 1le 318 1895 201 ple Lo
1%9 0 is0 . 11¢ 110 167 198 311
118 110 100 11e 110 110 198 134
15y 150 166 ii0 16 1kt 199 113
114 150 10 116 k1o 13- 208 ke
112 iie in6 116 110 ity 200 ile

= lin 119 190 116 119~ tie 201 11w

37 1@ 130 - fug Vo 119 i1o 200 pie

iy 1k 110 ioo E 110 110 200 1y

1% 118 116 Toa 180 (R Y] 12 206 0 2i0

28 139 110 150 116 1y ile 204 1io

&5 1i¢ 110 100 130 119 110 200 iic.

22 136 180 . 3go 110 110 1o 200 ily

23 110 110 lap 116 110 1107 200 11c

2% 1io 110 190 110 110 110 20606 110

2% £19 i ioo 116 110 1o 200 116

% WEEKS RUN 50 50 3 1

-

Figure 2-11 Computer output—léad times.

Wholesaler orders maich the new sales rate within eight weeks.
Factory rate is set to the new saleslevel in nine weeks.

in addition to cutting response lags down, there is less fluctuation i
the inventory levels.

A simple increase in sales of 10 percent causes a 15 percent change in
wholesale shipments, down from the prior 20 percent change. Also, the
factory rate changes 20 percent, down from the prior 44 percent, Thus, in

~general, it may be said that the inventory system is-now in better control.

There are, however, many complications one could add to the mode!
before it would approximate the real world. For example, customers are
never so kind as to provide such nice uniform retail sales, Hence, the user.
might want to try his hand at controlling the inventory system if retail sales
were to randomly ﬂuctua}e between, say, 80 units and 120 units in any
given week. '

Ansoff, H. I, and D. Slevin, “An Appreciation of !ndustrial Dynamics,” Managemerit

Science, vol. 14, no. 7 (March 1968), pp. 398-415. !
Buffa, £, S., Modern Production Management, New York: Wiley, 1969,
wsmne—  Models for Production and Operstions Management, New York: Wiley, 1963,
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*Gavett, J. W., Production and Operations Management, New York: Harcourt, Brace &
World, 1968.
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2.5 INSYS DATA DECK STRUCTURE

P
=
ya
V4
/
! f Additional data sets
ya
W A— =
P
1,2 1
.. week : Sales
, ) Weekly sales card

/ Control card

User name card

Control

Card
Card columns  Format® = lItem
1,2 12 " No. of weeks
11,12 12 Percentage value for retailer
21,22 12 Percentage valuefor wholesaler
31 11 Wholesaler lead time
41 b1 Factory lead time
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®wl = 5 :
RO B B o

HEAD (MIo26) ALPMA

mRKTa (H0027) ALPHA

P&db COhfdﬂL CARD aAND INITIALI(E
HEAL {MI,28) Ny I[Ro Idy LWs LF
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G0 TO &
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¥ R 30&9&
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0 0 7
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Ko & Jeps

sibh 8 Jyfte

wh % Zafe

wlz 3 1¢§e

wOl = 3006

PR = Je0s

PRINMT HEADINGS FOR uwEEKLY GUTPUT
wIVe (MGe29)
wR1Th (KO 39)

5TaRT GF L0 LOOP THROUGH WEEKLY CUMPU?ATIONS
DO 2% I & 1o W - .

HEAD ARD CHECK DATA CARD CONTAINING wEEKLY SALES
READ (M2031) KWEEKS SALES

1# {i=RUEER) 8598

aii T (#M0e32)

vk Ty 28

COMPUTE RETAIL INVENTORY LEVEL AnL ORDER -
KREC = u$

HINV = RIeRREC=SLLES

IF (RINV) 1Gel00)] ° .

RINY 2 08 e
RURD = SALESe({15i.=HINV)®AY

IF (RORDJ 12412913 : ¢

RURD = Qeb ’

SET anDLESALE DELIVERY RATE FROM CONIROL CﬂRD
IF (Ly=}) 15'16v15

wSHIP¥ = ROPU

ol TU 16

wSHIP 2 RO

CUMPUTE whOLIZSALE INVENTURY LEVEL AND ORDER
wHEC = FR

WINY = WISWREC-HSH]IP
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17 WINV = 060 A 69
18 WURD = WSHIP+((200,-WINV)#H) A b4
IF (wWORD) 19,19,20 ‘A 65

19  WURD = 040 A 66
A 6!

SET FACTORY RATE FROM CONTROL CARD. A 68

20 IF (LF=1) 22,21422 A 69
.21  FRATE = w0} a T
' 60 TO 23 A 71
22 FRATE = w02 A T¢
A T3

PRINT OUT CURRENT wEEK RESULTS a T4

23  wWRITE (M0+33) I, SALESy RREC, RINV, RORD. WwSHIP, ukec. WINV, uono. A 7>
1 FRATE A To
UPDATE ORDERING AND FACTORY RATE FOR NEXT wEEK . : A T

Rl = RINV A 78

KO "= RORD . AT

‘WS ®m WSHIP A 8v

wl = wINV A 8l

“W02 = wO0) A 8¢

w0l = WORD A 83

FR = FRATE A B4

24  CONTINUE A 85
: A Bb

. PRIN1 CONTROL- CARD VALUES N A 817
WRITE (MOy34) Ny IRy IWe LWy LF ‘A 88

25  CONTINUE ' A BY
GO0 TO } A Qv

: A 91

. A 9¢
A 93

26 ' FURMAT (luas) i . A Q4
27  FURMAT (1H1918HPROGRAM INSYS FOR ,10A4) A 95
28 FURMaT (12+9X9J298X91298Xs1199X911) ’ ' A 96
29  FORMAT (3UHOWEEK me=ewece=RETAl| ~mscecncs » A 97
1 SyHe#eoeWHOLESALEavaansee FACTORY) A 9B

30  FURMAT . (In +3bHNO, SALES REC INV ORDER  SHIP A 9Y
1 23HREC  INV ORDER  RATE) . v A 10v

31 FURMAT-  (1298XyF3..) A lcl
32  FURMAT {3in SOMETHING WRONG WITH YOUR DATA) A 102
33 FOURMAT (IH 31204F6.09F7.013F6.00F700) : A 103
34 FOURMAT (1HusI2910H WEEKS RUNy4I3) A 104
END - ) A 105~
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A peimary purpose of inventeries is to decouple production from consump-
tion. Inventories are goods which may be used as a hedge against u(enamly
in demand or as a buffer for production fluctuations.
The replenishment of inventories is the topic of this excec
“describe an elementary, bui fundamental, inventory replenishment mcdel:
the Economic Order Quantity (EOQ) model. In Section 3.1, the develop-
ment of the basic EOQ modei is given. In $ection 3.2, the basic EGQ model
is extended to include a real world phenomenon: quantity price disccunts.
in Section 3.3, the basic modci is modified to incorporate shortage costs.
Censideration of storage limitations and their effects upon the order guan-
tity decision are the subject of Section 3.4. S
"The rational basis for deciding how much, if any, inventory io hold,

ise., We

°

and to order, is an economic basis. There are costs associated with holding

inventory in stock, e.g., insurance, taxes, interest on capital, and o ¢
Conversely, there are costs related to not holding inventory, e.g., lost sales
frequent purchase orders, production delays, etc. There is also the cost of
purchasing the replenishment for inventories, e.g., paperwork and materiai
handling. '

The intent of this exercise is to allow the user an opportunity i gt

a feel for the effects of changing parametric values in the basic economic
order quantity formulas. Hence, the reader is encouraged to conduct sers-
itivity analysis on each parameter in the EOQ formula.

ECONOMIC ORDER QUANTITY

This section introduces the basic Economic Order Quantity (EOQ)
model. It also describes in detail the data cards required for the accompany-
ing computer program, and the computer output,

43
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'\
\;\X

Maximum 7T
inventory .
Qo . chrdcr
point A .
i Az . Average  _
4. inventory Qn
0 - time
‘Lend m

B

The
Economic
Order
Quantity
Inventory
Model

Figure 3-1- Inventory level and usage pattern for EOQ model.

A basic assumption of the EOQ model is that the consumption of the
inventory is constant over time and that it is possible to replenish the
inventory on very short notice. The quantity in inventory at any point in
time, for this circumstance, is shown in Figure 3-1. The basic EOQ model
also assumes no quantity price discounts and no backorders,

In this “sawtooth’” usage pattern the inventory is consumed over
time until it is depleted. It s then instantly replenished (straight vertical

’lme), and the usage continued.

Inventory .
Cost

The rational basis for determining 'inventory levels is to balance the cost of

holding inventory against the cost of not holding inventory. In the consump-

tion situation described above, the types of cost for holding the inventory
are fairly abvious. Storage must be provided for the inventory and the
inventory must be financed.

The cost of not holding inventory may not be so obwous Since it |
was assumed that the inventory was easily and instantaneously obtainabie,
then there is no cost attached to being caught short. However, like a
housewife who goes to the grocery store three times each day to purchase a
single meal, there is a cost attached to procurement of the inventory. Not
holding inventory may lead to very high procurement cost,

"The issue in the economic order quantity model is to determine how
much mventory to order each- time. The cost of procurement per unit goes
down if more is ordered each time, but the cost of holding inventory goes
up. Figure 3-2 shows a graphic representation of these costs as they vary
with the size of the order. The total incremental cost of inventory is shown
as the top curve on the graph in the figure.

Total incremental cost = holding cost + ordering cost

The best inventory policy is to order the amount of inventory each time
which yields the minimum total cost.-This ‘‘correct quantity’ to order is
called the economic order quantity (EOQ). -

The following definitions and variables will be used in deriving a
mathematical expression for the EOQ.
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Total mcremenzal
cost

Cost of holding
i_nventory

Cost of ordering

T ’ \\%”%“.M-&\" pwventon Yy

: ; .
{ . Uy . Units -

Fagua 3-2 Costs of holding and ordering w,a‘en*ou ¥

Holding cost = {average inventory } X {unit inventory holding .
cost per year) o
= .{f}';’;‘i) X AP XFH)
whers = quantity-ordsred
F pnce per unit
£H = annual unit holding cosi as percentage of the unit price

Order cost = (number of orders per year) X (cost per order)

- (ﬁ}x {Cp)
R
where R = annual requirements in units, level demand
Cp = procurement ‘cost (xmludes costs of paperwork
" handling, etc.} - - .
Cost of inventory = (unit price) X (annual requnrements)
= () X (R)
Total cost = holding cost + order ¢cost + cost of inventory
QXPXFH RXC(Cp

it

Total cost = 5 +=G F PXR
o . XPX FH X.C
Total incremental cost = Q 5 + R 0 d

Solving for the economic order quantity Q, by algebra: the minimum peint
on the total incremental cost curve is where the inventory holding cost and
the procurement cost curves intersect. Where they- |ntersect they mu»l be
equai Therefore at Qp:

-5 (P X FH) 5(5) Cp -
Clsaring denominators:
Q)P X FH) = 2(R)Cp S :
2RCp. S : :
2 = T o : )
Q= PxFH | -
- [2RCp.
© Q@ EREH
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" Sample

Problem
One

Computer .

Input
—Problem
One

Solving for Q by calculus: the minimum point on the total incremental cost
curve is where the first derivative equals zero, Taking the first deri |val|ve with
respcct to Q and semn;, it equal to zero:

) (PX FH)/2 (Rloz)Cp
(Px FH) . RCp
2 Q2
— 2RCp .
_02 PXFH

2RCp.
PXFH:

Q

It is a straightforward matter to find the economic order quantity (EOQ)
“and the total inventory cost. (7C), when the values for R, Cp, P, and FH are

known. For example, if

R = 1600 units (total annual usage)
Cp = $5.00 (cost of one procurement)
P =$1.00 (unit price of product)
FH=0.10 (unit holding cost per year as percentage of prlce), then

,_\/zx 1600 X 5.00

1.00 X 0.1
Q=400 units
Total cost (TC) = 400 X 1.00 X 0.1 Y 1600 X 5.00 +1.00 X 1600
. 2 400
7C =20.00 + 20.00 "+ 1600.00
7C = $1640.00 N

This computation is not too tedious to do, if there is only one.-

However, when there are many alternatives to test and when more compli-

cated formulas are required, then a computer program is a great computa-
tional aid. The next section introduces the data input and computer output
for the simple example shown above. In following sections ghore complicated
problems illustrating the use of the computer program will be preserited.

‘Before describing the data cards, several comments will be made pertaining

to the program itself. The user-should keep lhese comments in mind when
using the program. .

The program is applicable only to a fixed-order- -quantity inventory
system, and all quantitiés in the program are e€xpressed in annual amounts or
rates. In the case of R (anaual inventory requirement), a level usage rate is
assumed throughout the year. in order to convert the program for monthly
or seasonal calculations one would have to adjust the imputs to the same
time scale. _

Althéugh the figufe available for inventory holding costs is often
stated as an annual cost per uinit, this program requires that holding costs be
expressed as-a percentage of the unit value of inventory.

To run the economic order quantity computer model, only two cards
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One

3.2 PRICE DISCOUNTS

are required: (1) the user name ¢ard, and {2} the “data” card. When multiple
problems are batched rogether, a new name card is required for each
probler.

The wser nome card may contair any identifying information (such
as the usei's name) which is desired. This identifying information is key-
punched in the first forty columns.
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The data card contzins the numerical dasa for the economic order
quantity computation. Columns 1-5 contain the annual usage requiremén,
and the ordaring cost is punched in columns 6-10. The holding cost,

expressed as a percentage of the unit price, is keypunched in columns 11435,
ang the unit price is punched in columis 16-20,
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The user name card and the data card are the only two cards
reauired. A listing of the two cards which produced the output shown in the
aexi section is shown in Figure 3-3,
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Figure 3-3 -Computer input—Problem Ona, .

The computer output (Figure 3-4) includes the identification information
from the user name card and. the information specified on the data card.
Below this, the program prints out the quantities calculated in the program
These are (1) the optimum order quantity, (2) the total inventory cest, (3)
the number of orders to be placed annually, and (4) the unit price at the
arder’ quantny determined.

When discussing the economic order quantity model in Section 3.7,
it was noted that the basic model assumes na quantity price discounts.
However, the basic EOQ model may be extended to include price discounts

PHOGRAM EOU FOR MAGGARD EOQ PROBLEM ONE
INPUT DATA |5 bendecvisay : -
R cp FH Pl s 81 B2 Az P3 u

1600 5:00 <10 1,00 0 0o 0 o o - @
ANALYSIS RESULTS ARE soeo :
OPTIMUM ORDER GUANTITY IS . - : 600000
AT A PRICE PER ITEM OF : 1000
YIELDING A TOTAL INVENTORY COST OF 1660000
wﬁFRE THE NUMHER UF OROER CYC