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. El objeto de esta treve -ese”c sobreslas computaderas ele=.idr’cas y sus

myltiples. oplicaciones al servic’o del homire, es trensmitir al lecter una completa vi-

_ sién da conjunto, mediarta un lengucie sencilla.que permita comgrender.conceptual-

: . mente log temas trotedos, 'sin necesidcd Je conocimientas previos en lc materia.

-

. . Esperamos.que estas £éginas, muy simplas en cpariencia pero con protundo

contenido, permitan, a quienes las lean, ingresaral maravilloss mundo de las mdguinas

. autemdticos,

]

i SALIDA [

F

to ‘-94 , Esre, sofor . se ltems Contrel. ,Trubc[q en . una ‘pequefia habita ~
N ,‘»,:,_,’ #, eién. Tneno o.5v dlsposncuon una mdquina - de calculer que su -
S g - RE, FOSG, ‘mulhphcs v, divide. Tiene también el safor Control
v+ »  unarchivo® purcc:io =l ecsillero que existe en: los trenes porc=
i .. clasificacion postal.
., .Hay, ademss,. en Iz actitacion, iaos ventanillas identificadas
BRI ".\ can sendos carteles: “Entrade” y:"Salida”.
o 'El seftor Control tiere .un manual jue .le indica eémo debe-
s ,. - doenvolverse. con estes elementos, i clguien le pide que - - ‘
.- . huga un trabajo.
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-~ Una persana quiere saber ‘e}-resultade de un corslicado cdleu!=
- Pasa elle, escribe ordenada, precisc y detallc dc:-eme, esen Jng

-+ da los operacicnes que,‘en conp.mfo, integren ese ciculo, snzta
“eada instruccién elemental’en unc hoje de pepel y coloca tedes -
~igs'hojas en orden én la ventmilla "Enrradu"

" 'El sefior-Control, al-‘ver los’ ho(cs, jse en sU manicl que debe to ‘

" mar asos hojos ccn msrru.::ncnes, vha per wng, ¥ colocarlas ccrre
 lativamenta en'su'archiva. Y asi lo hcce.

AN = ___
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v
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Uno vez ubicadas todas fas instrucéiones en el archivo, el sefior
* Control consulta nuevamente el manual. All7 se le indica que, -
a continuccidn, debe tomer la instruccidn de la casilla 1 y ejecy
" tarla lvego, la de la casiilla '2 y gjecutorla, y o7 sucesivamente
hasta ejecutar la Gltima instruccién’ Algunos instrucciones indi -
cardn Que hay que sumar uria cantidad ‘' oira { instrucciones ~ -
mhﬂdlccs ); ‘otras, que elsedor Control debe ir a la ventanilla
- “Eatrada® para buscar algin dato que intervenga en ol célculo —
{ instrucciones de "entrada/sclida® ), dato que la persena quo le
fermulS of preblema haked colodado ya' en dicha ventanilla, en-
- otve hoja de popel.

Finalmente, otres instrucciones indicardn que debe elegirte una
do antra dos altemativas ( instrucciones !oglccs ): ‘por ejemple, -

- supangames que una porté del céleulo - dsde la” n-sfruccnon que
"estd en la' casilla § del archivo hasta la que estd en la casilla 9
dobo ejecutarse 15 véces porque el’ caculo o i lo exige .
£ tal cmo, la instruccidn qua cstd’ en lo casnlla 10 indicard que,
sf lea pasos 5 a9 se han e|ecutedo mencs de 15 vecns, se debe -
volver al peio 5. Cuéndo se hcycm reqluzcdo fos 15 repeticiones

y no antes, al sefior Control seguird cen lo insiruccidn de lo ca-
silla 11,



Daspuis de sjecutar todas las instrucciones del archivo, haciendo=
ean la moduing de calcular las operaciones en ellas indicadas, el -
seficr Cantrol entrega, a través de ia ventanilla “Solida", los resul-
tadas obtenides . . . y se sienta a esperar ur nuave trabajo

I 413131415617 a]9
11 |ro_$f11228 ¢ 15,6 17,18
99 22737 2323 19 25 38.27

2§ 2913 =7 31 35,97 35 84; |p=—p——=
37 $3.39,50 9f 93|€F .40 45!
J LCA

Qisdcvese que la actuccidn del safler Control es puramente meciniza:
shle sigue las indicaciones do su . .+ y cumple de acuerde con=
elfes las instrucciones que recibe o través de la sentenilia “Entrada”.
Joma decisiones, pero solamentecuando se le sefalan los alternatives
que sxisten y con qué criterio debe olegir una de ellas.

safior Control puade reselvernes cualquier problema, por complica
do yuc &ste sea. Pero para ello debemas indicorle pasoa paso, en la~
farma mas elemental y detallada, todo lo que debe hacer paro resol -
verlo, sin olvidarnos absolutamente nada porque, en ese caso, el se
Ree Control no sabrin continuar por s: mismo. -
Hoga ol ..+ . la prusba de formular un problema cualcuierc de mo-
do tal que una pericna que no conozca nada acerca de ese problemo
pueda resolverlo sin nesesidad da hacer consultas. Vars que e una-
experiencia interesantisima .

El esquema que acabamos de representar medianta el seflor Centrol y sus ale =
mentes de trabojo, corresponde exactamente ol esquema de funcionomiznte de una com-
putadora elechrénica. B
A cantinuacidn presentaremes una breve descripeidn de los elementos de fa com .
putadora que corresponden a los efementos  de trabajo del sefior Control.
Les unidodes de Entreda ( reprasentodos per la ventunitla “Entroda® ) :
Sen en la computadera, dispesitivas capoces de leer informacidn { Instruccionss
@ Datos ) con of ebjeto de procesarla. Existen wna gren variodsd de  elemen}os da enira
da, antre lcs cuales tenemos :

Jorietes de Cartuling_y Cintas de Papel:Que scnr perferadas de moriers

que‘cadu perforacién representa un ndmero, una letra 6 un simbolo e~

pecial do acverds con wn eddigo predaterminada.

Cintes magnsticas: Conocidks como'memorios extenas” tienen le ven

taja da permitir almacenar lo infarmacidn en forma mes concenirade —

( e rozén da 8C ¢ 2400 ceracteres por pulgada de longitud } y da ser -
- maos valoces, ya qua puaden cnviar o recibir infarmacién g la wnidad -

do control y velocidades qus van de 10,000 a 430,000 coructares por -

segundo. Pusden llegar a tener hasta 730 m.de langitud.

Disgo Magnético : También cenocides como “Memoria extemna” en ge -

x4

neval tenen un didmetroaproximodo de 30 cms. y pueden grobor haste=
400,000 lotros , numerces, Y caracteres especiales, formando palabras,~
cifras, & registres completcs se pueden grabar o leer a razén de 77,000
@ 312,000 caracteres por segundo y su tiempo de~accaso a un registro

aleanza un promedio de 60 mili-segundos. B



Una diferencia importantz entra las cintas y los disccs es la siguienre:

En las cintas los registres se graben o leen secuencialmente.

En los discos se tiene “Libre Acceso ' a w registro cuclquiera, en for-
ma inmediota, pues ccda registro se localiza por su pasicién fisica den-
tro dol disco.

Lectora Optica da Corccteres Imprasos : Puede leer un documento im ~

greso pos una méquina de escribir, o por una méouina da cantubilicad
a por la impresara de una computedara e una velocidad de 30,000 coroc
teres por minuto .

Unidod de Representacin Visual : Esta unidad de entrado/salido sir-

va para hacer consultas a la computadora, por medio de un teciodo de

o

maguing de escribir, y sbtener la respuesta reflejoda en una pequefia =
pantatla de televisicn.

Lo imagen estd formada par hasta 12 renglones de hasta 80 caracteres -

{ letra, numerds, & signes especioles } cado uno.

“ema oqui otra Unidad de Representacion Visual, mds evolucionada cue
lg anterior, la comunizacion hombre-méguina puede estoblecerse en ella
* por medio de grdficos, es decir que la entrads y la salids da datas se ka

cen por medio de imdgenes.

Cuente esta unidad pars eflo con un disgaSitiva con forma dé 16piz, qua
tiena en su punta unc célula foteeléetrica. Ln delgado Faz de luz perte
en determinado momants de un punto de la pontelle y la recorre en for =
me de zig-zag. Si se Gpoya el 'iépiz" &n cwlquicr pasicién de la pan -
talia, su célula foteelécrrice datectaré en algin momenta el haz de luz
Por al tempo transcurrido desde que el haz de luz cemenzo su “barri . >®
hasta que fue detectade, la computadara detenring en qué punte de la -~
pantalla se encuentrs opoyedo el "Idpiz® .

Camo ol barride dura una fraceién de segundo y se realizen muches ba -
rmridos por segundo, se puede “escribir® con el “lépiz” sobre la pontalla
y ol dlbujo “"ingresa” en la memoria de la computaderz cuno Lna suce =
sién de puntas codificades.

La pantalle estd imaginariomente dividida en 1.040.576 puntcs, de mo -
nera quo fos trazos que so obtienen son précticomente continues.

Pueden dibujarse osi curvas, estructures, letras, nlmeros y cualquier ti
go da grifico, y esa informacién ingresa automdticamente a la computa
dera. i

Per otra parte, los resultados obtenides por la camputcdora son represen
tades en la pontalla también como curva, letras, etc., oajo control - -
dal programa almacenadn en la memoria.

Loctora Optica dé Manuscrites : Salvo afgunas pequeiis restricciones en

cuanto ¢! formato de los caracteres, esta unidad pueds “leer® documos
[+] . . .
tos escritas por cualquiar persena y con cualquier ejemplo @ una velocided

aproximada de 30,000 carecteres por minuta.

e i aw e s e s



El registrador/analizedor Fotogrifico es una Unided ae Entrade,Satide

de datos que recliza 13s siguientes funciones.

1)  Registra los resultodes de lo computadero sobre mizrofato
grafias, mediante un tubo de royos catédices, que inci=
den sobre una pelicula forogréfica, y cuyo haz electid -
nico actla gobernado por el Programa Almacenado. Lo =

_pelicula se revela avtomdticamente dentro de la unidad
y 48 segundos después estd lista paro ser proyectada.

2)  Proyecta sobre una pontalla translicido las microfoto = -
grofics registradas.

3) Ancliza imdgenes reproducidas en negativa sobre pslicy

~ Is trensporento, los digitaliza y las  transmito a la Uni =
dad Central de Pracesamiento.

Lo policula utilizada tiene 30,5 milimetros de ancho y 120 metres do -
lengitud. Lo Entrada o Salida de imdgenes puede consistir en letres, n
mares, $imbolas, dibu!'os, grdficos, mapas, curvas, etc. fn une micra_
feregrofio de 30,5 mm_ X 30,5 mm puedan registrarse hasta 30,600 le~
tres y nmercs, o hasta 16.777.216 puntas correspendientes ¢ imdgenes.
L valocidad de Registracidn/Anélisis es de 40.00C letros, nimeros y =
gfmboles por segundo, o su equivalente si se trata de imdgenes.

__Maq_m'nu de %f:{ibir 1 Telef?pc_) . L?z_u_niduds de almacenamiente o ms

marias (Representadas por el archive del sefior Control ; permiten re -

glstrar las instruccionss y los datos para rasclver un problema; entre es~

fGs so tienen.,

Les Anilics Magnetizantes : Estos pueden magnetizere en un

sentido 6 en ohvo "Recordando” osi un | o un O reapaciiva -
rients. Can 8 de .ésros anilles se forma una pesicidn de mome
'3, en 9 cual puede registrarse una letra, wn digite 6 un ca
wieter eapacial ,zog0n los distintas combinaciones de anill=s-
“®@ 1 %y "n 0°, de ccusrdo a un cidigo predotaminado .
Les Cintos Magneticos

Los Dhces Magneticos

&l Esprsitive aritindtico ( representado por la maquina da cileular )

sealim los cuatro cperaciones aritméticos.

- Lo3 widades do solide ( represantades por la ventanille “Salida® ),

que puaden ser :

lmgraser o3

Moquinas de Bicribir ( Telctipess )
Graboderas do Cintes Magn étices
Grebodoras de Discas Magnéticos
Unidad do Represontacidn Visual
Registredor Analizados Fotogrifico

Unidod da Raspuesta Oral con la cual 1o Computadare pusde
hablar en todo el sentido de la palabra.

Cantieno una Cinta magnetofdnica en lo cual un lecuter ha
grabado un diccicnario de uno gron veriedad de palabros, on

cwiguisr idioma.



Finalmente, un dispesitivo elestrénico  de control( repres entado por el sefior
cantrol ) ayudado de un programa especial o sistema operativo ( representada por el ma-
nual del sefior Control ), gobiema todes las operaciones de todas Ias unidades que =
esmpenen la computadora.

Habiando descrito las portes que componen la computadera podamos

mestror ol siguiente asquema que lo reprusenta :

" MLHACE-
HAMIENTO

F L
evioap oAIDaD
NToADA —} M iroa
DISDASITIVO
ARITNETTCO

Q an forma mss recumido :

UnDAD 4 | o | OWIDAD ! uMIDAD
avrrapa | T cenTRAL| V| SAL/OA

Stlendo :

; ALMACENAMIENTO
UNIDAD |

\ CONTROL
CENTRAL |

{ DISPOSITIVO ARITMETICO

~

P P,

Hamas'tablado'hasd ‘este momenito™ de 15 cemputatira electéhica desde el pun -
10 do vista conceptugl. Durante las dos O tiras décades se han producide avances tecnold
gicos tan extroordinarics en materia de electrénice qua lo computadora ha sufrido enomes
tronsfermaciones. Veremes ahore cémo se ha  Tdo medificends la idea origing! hosts llegar

G loz més modemas sistemos de procesamiento de datos .

Las primeras ¢ompuiadoras tenian circuites can vilvulas de vacio. Los -
ticmpas do operacidn 3o median en ellas en milisegundos ( milésimas de
sogunda } . Cuando aparecieron los transistores, el diseto de los circui=
tes se mejard notablemente y la duracién do los operaciones en las com-
putadoras que utilizaben esta “Tecnologia de Estado Sélido * se midio -
en micrasegundas (mi!imé:;mm de :eg\;ndo ).

E{ hecho de gue los nuevas méquinas fueran miles de veces més rapidas -
que las antericres trajo cparejoda la creacién de unidades de entrada, sa
liday memoria extema mucho més valoces.

Lo invencién de un nuevo tipo de transistor { “chip ” ) provocd una verda
dera ravalucidn en los circuites electrénices y sus proceses de fabricacidn
el nueve el emento es tan pequefio que en un dedal de costura caben mds
da 50,000 chips. Puede observerse en la figura, marcado cen wn circu =
le, un circuito completo basade en esta nueva “Tacnologia de Légica -
$8lida®. Debido o su tamaile, se/lcs denomina circuitas microminiaturizades
o micrecircuites. Los tiempos de operccidn se miden chora en nencsegun
des ( milmillonésimas da segundo ) . He nacido en esto forma la tercero=
ganerccidn de'computadoras, y lez altas velocidedes aleanzades posibili
taren un nuevo enfoqua en el disedo de los sistemas de procesamients de

datos.
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Enunclaremas brevementa los cdeluntes que esha rercera generacion

ha introducido con respecto a la  tecnologis anterior ;

« L@ computadora se autagobiema y trabaja sin detenerse, pasando

da un trabajo @ ofro sin demcra alguna.

« El Qperader interviene séio cuando algin problema excepcionct -

hd ° . ” - -
ecurre. Lo comunicacién entre hombre y méquina se realiza sélo so~

bra la base de “Informes por Excepcién” .

. $1 ceure wa falla en [ eircuites © en la parte slectromecénica

lo méquina realiza un autodiegndstico e indica cuél es la anomalia.

« la velocided do Entruda-Proceso=5c "*da se ha incrementado extra

ordineriamento. !

»

. Yedos las operaciencs dol sistema so realizan en forma simulténea.

« bes fenguajes da programacidn han evolucionado de manera natablo.

- o Ei avtocontrol y la autoverificocidn de operaciones han alcanzado

nivoles insospechedes.

+ Pueden reclizarse, con mdxims rendimiente, vorics trabajos distin-

ter simuiténcomente.,

PROCRINA SESTGTD

e
Heste ahora hemos viste muchas unidedes que, en
distintas combinaciones, configuran cemputadores «

" alectrénicas para fas mds variadas aplicaciones. Aho-

g nes detendremes para analizar el monejo de di -
ches sistemas.

€l Programa de Instrucciones olmacenado en la
Lnidad Central do Procesamiento, consta de uno so-
cuencia de Srdenas y comandes, expresados segin -
una codificacién wspecial denomincda “Lengusje Ab-
solute de Méquina®. Llos primeras computaderos sa =
* programaban” en este complejo lenguaje. Habic en-
fances una encrme diferencia entre nuestro idioma y
aquél segin ol cudl debiames comunicames con lo
mdquina. Esto obligabo o un gren esfuerze comin -
entra el cnalista que conoccia el problema, y el -
pragramador que conocio lo computadora, pues ambos
hableban del mismo proceso pero en distintes lengua
jes.



$9 croaren, pora selucionor el croblema, len -

guojes intermedics coda vez m& perecidas o nues
7o idiema. B decir que cada nuevo lenguaje in
termedio 36 acercaba més gl probleme y sa alejo-
ko m& de ia mé&guina. Para cads uno de estes -
lenguajes se cred un progroma traductor flamedo -
Compoginador® o “Compilador®, que teaia la mi -
slén do troducir el lenguaje intermedio al oisoluto
do méquina. Ahora, el analista y el progromadar -
“akfon un mismo idiome™ :

ambes conocen ol problema y la selwién.

Pevo la computadera seguia desarrolléndcse, y prom=
to les langusjes intermediea fueron insuficientes pora
fosmulor intrincados problemas cientifices o comercio-
fen. MNacieren, entonces, lenguajes especializades: dos
do ellss, ol FORTRAN y el ALGOL, permiten mo~
grener poblemes cientificos =téenicas utilizenda wna
noteclén cosi iddntice o lo nctccién motemética co-
. min. &l COBOL e wn lsnguaje comercicl cuys sen-
tencias configuran oraciones y froues en forma tfei gua
wa persona gue nd sabe qUé = una computcdeen, -
puede leer un programs y entender perfectamenie qué
s o que hard lo méquina cueads lo tenga aimese-
nado. -

Cada wne do ests lengusjes tieme un progromae Com =
plleder para codo fipo distinto de computadore capaz
do procesarlo. Bto significa que un programador que
saeba FORTRAN, por ejempla, puede programar uno com=
putcdora aln sin conocerla. B decir que estes tres -
langugjos ecnstituyen un “esperantc® de les méquines .-

la tercera generocién de computadoros permitié abar-
dar complejos problemes que incluian, entre ofres, aspec
tes comerciales y cientificos. No habio wn lenguaje que
abarcara todas los especialidades.
Enfonces se reunieron todos los lenguajes conocidos en un
sspzricaguaie Jiomado PLA, cuys compilador e tan po -
dareso quo posibilite o sectorizacién de la programacién
on la forma que muestra e! dibujo: varios programadores
puaden programar dlstintas portes del preceso, incluso en
difaentes lenguajes, y el programa compilador entregard
eaxmo resultedo los instrucciones dal prosess completo, en
tanguaje Absoluto de Maguina.
Hemos tlegodo o7 a que le computedora nos “entionda®,
en Jugar de que se limite a recibir drdenes en su idio=
wa.

PROERAMGLOR CIENTFICO
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Problem solver

Machine I Algorithm

Language

Elements of computer probiem
solving.

Algorithms and computers

Computers arousc curiesity in most of us. Articles in popular

magazines and newrpapers, carrent 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 » book like this. Whether you are drawn by

curiosity afone, or economic necessity, or both, conscientious

study of this book will help you to break through to a new -
ieve! of understanding about computers, their uscs, and their

CoNsequences.

Computer science deals with pcople who have problcmns
to solve and with algorithms, the solutions to these problems.
The solutions are expressed in special fanguages that represent
stored data and communicate to machines the manipulations
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 chapteyr takes you around this “four-cornered race
track” and, with every circumnavigation, you gain a deceper
and clearer understanding of the interplay among the four
elements. You, of course, play the problem solver using a
computer. 70 get the most out of this experience, laboratory
practicc is almost indispensable. But, cven if you can't have
actual computer experience, a carcful reading of this book
should ifluminate the computer scicnce scene far better and
far beyond what you have previously perceived.
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What is an algorithm? An algorithm is a list of instrictions
for carrying out somce process step by step. A recipe in a 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 aud positions of baliet. The number of these basic
steps and positions is very small but, by putting them together
in different ways, an endless variety of dances can be devised.
_In the same way, algorithms exccuted by a computer can
cembine millions of elementary steps, such as additions and
subtractions, into a complicated mathematical calculation./Also
by mcans of algorithms, a computer can control a manufac-
turing process or coordinate the reservations of an airline as
they are received 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 in the example
we will now consider.
If we can devise an algorithm for a process, we can usually
do so in many different ways. Here is one algorithm for the
everyday process of changing a flat tire.

5=

. Jack up the car.
Unscrew the lugs.
Remove the wheel.
Put on the spare.

Screw on the lugs.

S e W

Jack the car down.

We could add many more details to this algorithm. We
could include getting the materials out of the trunk, positioning
the jack, removing the hubcaps, and loosening the lugs before
jacking up the car, for example. For algorithms describing
mechanical processes, it is generally best to decide how much
detail to include. Still, the steps we have listed will be adequate
to convey the jdes of en algorithm. When we get to mathe-
matical algorithms, we will have to be much more precise.
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” A flovschore is a diagram representing an algorithm. In
Figure 11 we sce a Rowchart for the flat-tire algorithm.

/o
The { START | end { STOP

¢
>

in the flowchart temind us of the buttons used to start and
stop a picce of machinery. Each instruction in the flowchart
is enclosca i a trance o “box.” As we will soon sce, the shape
§ of tae frame indicutes die kind of instruction written inside.
A rectangulor fiame indicates a command to take some action.

To carvy out the ask described by the flowchart, we begin
21 the sicrt button and follow the arrows from box to box,
executing the instruciions 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 lowchart we
neglected to check whether the spare was flat. If the spare s
fiat, 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.

T
>

Inside this oval frame we will write an assertion instead of
& command.

< The spareas flat >

This 1s called @ decision box and will have two exits, labeled
T (for truc) and F (for false). After checking the truth or falsity
of the assertion, we choose the appropriate exjt and procced
to the indicated activity. Incorporating the fiowchart fragment
on the left into FFigure 1+1, we obtain the flowchart in Figurce
1.2

There is another instructive improvement possitle. The
instruction in box 2 of our flowchart actually stunds foe a
] " pumber 'of repetitions of the same task. To show the additional

detail we could replace box 2 by a step for each lug:

5

Chunge the tre Call o porage

[
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$

Uninceew @ hig

A ma m — m——

Una LOC RIHH
J‘ change
the tire
Do Sinserew o fug
[ .

1

Lnwerowalog

¥

Unscrew a lug
The awkwardness of this repeated instruction can be elimi-
nated by introducing 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
g0 on with the next task. To correct this situation, we require
another decision box, as shown on the left.

Replacing box 2 of our flowchart with this mechanism and
making a similar replacement for box 5, we get the final result
shown in Figure 1.3. .

Now that you have followed the development, of the flat-
tire flowchart, try to devise one of your own. In the algorithm
of the following exercise, you will probably disgover some
decisions and loops. There are many different wgys of flow-
charting this algorithm, so many diffcrent-looking fiowcharts:
will be created.
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FIGURE 12

Second flat-tire flowchart,
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f. - Preparc a flowchart representing the following recipe.

Mrs. Good’s Rockv Road

Ingredicnts:
1 cup chopped walnuts } cup cvaporated milk
4 round block of baker'’s chocolate  § cup corn syrup
{ pound of marshmallows . ! teaspoon of vanilla
cut in halves i pound of butter
3 cups sugar } teaspoon of salt

Place mitk, corn syrup, sugar, chocolate, and salt in a fors-quart
pan, and cook over a high flame, stirring constantly until the mixture
boils. Reduce to medium flame and continue boiling and stirring untik
a drop of syrup forms a soft ball in a glass of cold water. Rzmove
frem the flame and allow to cool for 10 minutes. Beat in butter and
vanilla until thoroughly blended. Stir in walnuts. Distribute marsh-
mallow halves over thc bottom of a 10-inch square, buttercd baking
pan. Pour syrup over the marshmallows. Allow to cool for 10 minutes:
Cut in squares and serve.

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

011,235,813, 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
) the rule that each number in the list is the sum of the two
oreceding ones. Check that this is the case. Thus, the next term
aiter the last onc fisted above is

34 + 55 = 89

t

Ciearly, we can kecp on generating the terms of the sequence,
cie after another, for as long as we like. But, in orgder to write
an algorithm for the process (so that a computer cquid exccute
ir, for example), we have to be much more explicit in our
instructions. '
Before subjecting this process to closer scrytiny, let us
review a litle of the interesting history of this gequence. It
was introduced in 1202 A.p. by the Italian maghematician,
Fibonacci, to provide a model of population growts: in rabbits.



TABLE “-!
Rubbit Population
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His assumptions were: (1} it takes rabbits one month from
birth to reach maturity; (2) one month after reaching maturity,
and cvery month thereafter, each pair of mature rabbits will
produce another pair of rabbits; and (3} rabbits never dic.

One scnses that this model is not completely realistic. But
the essence of mathematical modcling is to start with a crude
model that*emphasizes the important aspects of the situation
and suppresses less imipoartani” information. A more refined
modcl can be developed later, profiting from the experience
with the crude model. Thus we might eventually improve the
Fibonacei medel by obtainiug inore accurate figurcs on the
birth rate, taking mortaiity intc account, considering the limita-
vons of food supply, ilie eificts of predators, discase, and
overcrowding, and the like.

In spitc of its frivolous origins, the Fibonacci sequence
has many fascinating properties and plays a role in the solution
of a number of scemingly unrelated mathematical problems.
There is currently a published quarterly journal entirely de-
voted to the properties and applications of the Fibonacci se-
quence. ,

. 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 mature take its course.
This is shown in Table 11, which we now explain. '

Beginning of
Month 1 2 3 4 5 6 7 8

Infant rabbit pairs 1 e0 ol w)l 92 23 »5 _o8
Mature rabbit pairs 07 1 ‘

Total rabbit pairs 1t 2 3 5 8 13 2

Look at thc arrows in the table. The numbgr of pairs
of infant rabbits in any month (after the first) is equal to the

- «umber of pairs of mature rabbits in the precedjng month

(qondition 2 in the Fibonacci model). This explaing the green
arrows, In eack month after the first, the aumber Pf pairs of
mature rabbits will cqual the total number of rabbit pairs in
tize preceding month (condition } in the Fibonacci de‘:/l). This
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cxplains the gray arrows. Following the arrows, we sec 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 Fibonacei sequence except for
the initial zero, which can be taken as the total number of
rabbits in month zcro,

Eliminating the reference to rabbits, we can tabulate the
calculation of the terms of the Fibonacci scquence in Table
i-2

! Imtially take the next-
latest term to be O
and the Jatest teim o
he l

”
T

4 2
Find the sum of the latest
term and the next-latest

term

This sum 1s greater
than 1000

Write down
the value
of this sum

Now demote the latest term
to the role of next-
fatest term

\ S

Now lct the sum just
calcuited be desigrated.
as the latest terim

FIGURE 14
Flowchart for Fibonacci

sequence.
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TABLE 1+2 " Next Latest  Lates:

Sum
Term Term =

o -1 D45 = |
i’//a,ﬂw——"ﬁﬁﬁ
P ZdP“”’folig;ji“;

!

2 L 3=TIR = 5

37 se="FF35 = 8
- R

547 -89 FEE = 13

e s

Pl 11eEF 1 = 2

We can sce that in each step the latest term gets “de-
moted" to the roic of next latest term and the sum becomes
the new latest term.

Let’s construct a fliowchart for finding the first term to
exceed 1000 in the Fibonacer sequence (Figure 1+4).

After going through the loop of flowchart boxes numbercd
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 secn to have a different shape because it calls for a2
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.

- =4
||597

EXERCISES ]2 1. (a) Suppose in the rabbit problem we had started in month one with
) one pair of infant rabbits and three pairs of mature rabbits. Make
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 flowchart of Figure 1-4 so as to
generate the first term of this modified sequencc greater than
1000?

' 2. Repeat Problem 1 with three pairs of infant rabbits and one pair of
mature rabbits.

~

3. (a) For the Fibonacci sequence in Table 1-1, calculate from month
two through month twelve the ratio, r, of the tqtal number of

v



1-3
SIMPLOS, a

conceptual mode! .

of a computer

Variables

10

4,

COMPUTER SCIENCE: A FIRST' COURSE

rabbits in the current month to that in the preceding month.
Express cach ratio as @ decimal and carry out the calculation to
the ncarest thousandth.

(b) Express in your own words what scems to be happening to these
ratios.

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

(d) What rclationship hetween the ratio r and its reciprocal 1/r scems
to be becoming more and mnore true? Express this rclationship
as an cquation.

(c) If this rclationship held exactly, what would be the exact value
of r? That is, solve the equation for ¢,

Repeat Problem 3 vsing:

(a) The table in Problem 1.
{b) The table in Problem 2,

The algorithm of the preccding 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 formuia

A =LXW
the letters A, L., and W are variables. In the formula
DIST = RATE X TIME

DIST, RATE, and TIME arc variables.

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

In our conceptual model of a computer we associate with
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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 is 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 aitering its value. These boxes constitute the
storage of our compuier. In Figure 1:5 we sce onc stage in
the execution of the Fibonacci sequence algorithm of the pre-
FIGURE 1+3 : ceding section. Here NEXT stands for “next latest term” and
Sterage. LATEST stands for “latest term.” ‘
-Yo 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

- y

‘ Control
g and -
L processng %
input unit . f ‘f ! Output unit
' Sticker
Reader Assigner
A"N"_ unit umt
it

FIGURE 16 8 .
View of a SIMPLOS system ¥ ; (
as a sct of interconnccted Data storage :
modules,




The Model and
How It Works

FIGURE 17
The Master Computer and his
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 nceds
of the others so that the overall cffect is to process information
(i-e., to compute) in the desired fashion.

A sccond way to view a computer is to picture the active
modules as robots working as a team. The actions of cach 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 AMaster Computer and threc
assistants, the Assigner, the Reader, and the Sticker Affixer. All
these components are quartered in one room, isolated from
those who will usc 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 kept in the program storage
module of SIMPLOS.”

Master Computer Assigner Reader Sticker
. Afixer

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

‘ 2

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

v
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In a simplified flowchart notation, this instruction will take the
form: ‘ ‘
! :

SUM + LATEST + NEXT

é

Inside this flowchart box we find an assignment statement.
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 operaior and is to be thought of as an
order or a command. Rectanguiar boxes in our flowchart lan-"
guage will always contain assignment steps and will therefore
be called assignmient 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 assigp-
ment statement is spelled out on the right-hand side of @e
arrow, so the Master Computer looks there first.

SUM « LATEST + NEXT

Hc reaiizes that he needs to know the valucs of the varia-
bles LATEST and NEXT, so he sends the Reader out to {etch
copies of thesc values from storage. ‘

The Reader then goes and finds the storage boxes labcled




14 COMPUIER SCILNCE! A FIRST COURSE

LATEST and NEXT. Hc reads the values of these variables
through the windows (Figure i+8), jots down the values, and
carrics them back to the Master Computer (Figure 1+9).

Master Computer Reader Assipner Sticker Affixer
FIGURE 19 |
The Master Computer receives The Master Computer computes the value of
the copy. LATESYT + 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 assign-
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 “21”
on a slip of paper, calls the Assigner, and instructs him to
assign this value to the variable SUM.

» The Assigner goes to storage, finds the box Ipbeled SUM,
and dumps out its contents (Figure 1+10). Then he places in
the box the slip of paper containing the new valpe, closes the
lid, and retyrns to the Master Computer for a new task.

In othey words, assignment is the process of giving a valuc
to a variable. We say that assignment is destructive because it
displaces the former valuc of the variable. Repding is non-
destructive because the process in no way alters the valucs of
any of the variables in storage.
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I Assigner

FIGURE 1-10
The Assigner émptying a
storage box and refilling i

A, B, C, DIST

In Figure 111 we present the entire flowchart of Figure
t+4 ir simplified flowchart language. The old and new flow-
charts are placed side by side for easy comparison.

The translation requires very little explanation. It should
be obvious that the statement in box I on the left is equivalent
to the two statements in box 1 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 is 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 sec 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 scc only the word SUM.
The shape of the kox (called an ouzput box) tclls us that 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 cutput
box separated by commas, as illustrated on the left.

We will now describe the dutics of the Sticker Affixer,

We consider that rhe computation is begun by the transmiteal

of a flowchart to the Master Compuier. The first thing the
Master Computer docs is to scan the flowchart, making a list
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Initially take the next- NN ) -0
Latest terin o de Qand Mer o
the Litost termy o be ) LATEST !
4 N v 2
il the sum of thie latest
termy and e next-litest SUM « LAT!I ST ¢ MEXT
fern
Y 3 N S
Vhee sumoas greater \T < T
. < than I()()(}‘ < SUM > 1600 ‘
\ O - F 1 !:
¥ 4 k 4
Now demote the latest term NEXT ~ LATEST
to the role of next-fatest LATEST « SUM
term
¢ 5
Now ict the sum just
calculated be dessgnated .
as the latest term

Wnte down
the value of
this sum

FIGURE 1-11

Tran<lation of Fibonacci
scquence flowchart into formal
flowchart language.

| (a) Old. " (8) New.

of all the variables used. In the case.of the Fibanacci sequence
flowchart of Figure 1-11b, this list would have the form

NEXT )
LATEST
: SUM .

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



FIGURE 1412
Sticker Affixer at work.

Tracing the Flowchart
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Sticker
Affixer

"Now the insiructions in the ﬂowc‘mrt are exccuted unfil ihe

@ instruction is reached. At this juncture, the Master

Computer directs the Affixer to unpeelall 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, cxecuting the steps as the Master Cormn-
puter and his assistants do them (see Table 1-3). '

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

NEXT = 55, LATEST = 89, SUM = 144

it

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

- You can sce that in step 48 in the execution pf our algo-

_ rithm we finally lcave box 3 by the true exit and pass on to

box 0, where we output the answer, 1597, and stgp.

The utter simplicity of our conceptual modct avoids and
removes certain pitfalls. There is an cver-present danger of
thinking of assignment as equality or substitution. (We will say

i
i
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71

TARLE 143

Tracing of the Flowchart of Figure 1+115
Step - Flowchart Values of Variables . . True
Number B'ox - - Yest - o
' Number NEXT L\A FEST | SUM ) Falee
1 1 0 |
2 2 1
3 3 1 > 1000 g
4 4 1 1
5 2 2
o 3 2 > 1000 ¥
7 4 i 2 ,
8 2 3 :
9 ' 3 3 > 1000 F
10 4 2 3
¥ 2 . 5
12 3 5 > 1000 F
13 4 3 5
4 2 8
15 3 8 > 1000 F
16 4 5 8
17 2 13 .
18 3 13 > 1000 F
19 4 8 13 .-
20 2 21
21 3 ‘ 21 > 1000 F
22 4 13 2]
23 2 34
24 3 34 > 1000 F
25 4 21 34
26 2 55
27 3 55 > 1000 F
28 4 34 55
29 2 89’
30 3 . 89 > 1000 F
31 4 55 89
32 2 ' 144 :
33 3 ' : 144 > 1000 F
34 4 89 144
35 2 233
36 3 233 > 1000 F
37 4 144 233
38 2 377
39 3 3771 > 1000 F
40 4 233 n :
41 2 610
42 3 ° : 610 > 1000 F
43 4 3 610 -
44 2 987 R
45 3 987 > 1000 F
46 4 610 987
4 g 1597 > 100"
8 1597 i T
49 ] Il?l I
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more about this later.) This and other potential sources of

confusion, such as the effect of a certain scquence of flowchart

statements, can be cleared up by thinking in terms of the

: SIMPLOS model, which will always give the right answers.

In fact, #n 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.

& i3 . .
EXERCISES 1-3 B, What is the effect of changing the order of the two assignment state-
menis inn box 4 of Figure 1+11b so as to appear as seen below?

!

: ( LATEST « SUM
NEXT < LATEST

!

Trace through the flowchart with this modification until you find the
answer.

2. {(a) To compare the effccts of the assignment statements

- 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 Assignment
. A B A B

7 13  |A<«—B ? ?

.
R Y et oLk ] T IS T 4 ST

713 E?A]? ?

A CCAINDr T BN BN & L B N P S GTTINNT

@

.

- (b) In which of the two cases is it true that A = B after assignment?
{c) Are the effects of the two assignment statements the same or
different? -

3. Modify the flowchart in Figure 1115 50 as to carry out the algorithm
of Problem 1, Exercises 1-2.
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Modity the flowchart of Figure 1-115 so as to output cach term of
the Fibonacci sequence starting with thc third (i.c., omit the initial
0, and 1).

Revise the flowchart of Problem 4 to calculate the ratio, r, of LATEST
to NEXT (as calculated 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 recip-
rocal of r. Add this value to the output 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 employce, and you have to calculate the week’s
wages. Of course, this can be done by hand, but assume theze
are ncarly 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
to convey the instructions to the computer.

How 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 nccessity can be eliminated by using the concept of input.
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 singje variable

.or a list of vartables scparated 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 pre viously needed (Figure 1-13). SIMPLOS
has a conveyer belt (called the nput belf) that carrjes slips of
paper from outside the room into the environment gf the com-
puting staff. On the outside end of the belt the “user” or
“programmer” (who is not a member of the computer staff)
places these slips of paper, with vglues written on them, on
the conveyer belt in the order in which he wants them to be
used.
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FIGURE 1-13 !
SIMPLOS with Input belt.

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

‘L 1. Steps on a treadle running the conveyer belt until the next
RATL, 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, RATE.

When the Assigner returns from this task, the Master
Computer repeats the above process, but this time tells the -
Assigner to assign the new value to TIME. When this is done,
the Mastcr Computer follows the arrow in his flowchart to the
next instruction.

We sce that an input box is a command to make assign-
ments, but this command is essentially different from that in
an assignment box. In an assignment box the values to be
assigned are to be found in computer storage or gre computed
from valucs already stored, whereas with an input box the
values to be assigned arc obtained from outside the computer.
No calculation is called for in an input box. Morzover, the
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values to be input never appear in the flowchart itself. Only
the variables to which these values are to be assigned appear
in the input boxcs of the flowchart.

In an actual computer (not our conceptual onc) the dis-
tinction between the two kinds of assignment need not be so

~ sharp. Assignments called for in an input box wswally involve

some mechanical motion such as transporting a punched card
or other unit of rccorded information past a reading station
wherc the coded contents may be copied. But to gain speed
the data often: are transported into a special scction of storage
called an input buffer, well before the data are actually aceded
by the executing algorithm. In this case, when the input step
is executed, what actually happens is that data values arc simply
copied at clectronic speed from storage boxes of the input
buffer to storage boxes of the variables that are specificd in
the input step of the algorithm. :

Now let’s scc how to use the input box in our hourly rate
and payroll problem. Should we input the data fromvall the caeds
before we start our calculations? If so, we would necd a great
many storage boxes in which to storc alt these data. Instead,
we will calculatc the wages after ‘each. data set is read. A
description of our method is as follows..

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

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

4. Return to step 1.

In the flowchart of Figure 1- 14 cach’of the first three steps

. of the above list appears in a similarly numbered box. Step 4

is represented by the arrow returning from box 3 to box .
You may wonder why the flowchart does nof have a stop.
button. SIMPLOS always terminates exccution of an algorithm

. when an input step is being executed; and the input belt eon-

tains too few values to match the variables in the input box.
Execution of the payroll algorithm will therefore always halt
afte the last rate, time pair of data vaiues has bgen processed
and control once again reaches box 1, where it is discovered
that the input belt is empty. -

It will also be useful to visualize output in § similar way.
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FIGURE 1:15
SIMPLOS showing both belts.

" We endow SIMPLOS with a sccond conveyer belt, the oueput

Records versus Streams

belt. This belt runs out instead of in and runs continuously—-it
necds 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
the wall to the outside 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 compyter system.
Although in actual computers this is not always strictly the
casc, the analpgy ncvertheless is quite close. To pursue this
idea let us consider the punched card reader, one of the most
common input devices on actual computers. First, a sequence
of data values is punched on cards. The cards are thea placed
in proper order in the input hopper of the card reading device.
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Usually the card deck is placed face down so that the bottom

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

more input data arc required, another card is drawn from the

bottom of the deck and its contents are read, either electro- |

mechanically or photo-opticaily. Once read, the card is dropped
' into an output staiker and thus discarded. , '

Card dcck\ .
Reading

{ unit Output
stacker .

| I ——@Q-—-—a
\lnpul hopper

The information contained on a single punched card
nced not in principle be limited to ene value. For exnmpjc,
depending on what a program is designed to expect, an 80-col-
umn card may contain up to cight 10-digit integers or up to
twenty 4-digit integers.
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When preparing data cards one is always faged 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 somewhat
wasteful of card space, makes the data cards eagier to.check.

Our payroll problem provides us with a casg in point. If,
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for coavenicnce in locating ders preparation errors, we restrict
the contenis of each card to oue'rate, fime pair, then cach time
box 1 is executed, one and ounly one data card will be drawn
ofl 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 time
value, and so on. In this case, each execution of box 1 must
cause fzvo data cards to be drawn {roin the deck and read, and
the analogy betwezn the fupur conveyer belt and the card read-

" ing acuvity is very ciose indeed. That is, whea the Master

Computer hits the foot treadle to bring in one data value, the
actual computer will signal the card reader to draw off one
care? and rzad it

The analogy is less apparent if we allow the data cards
to contain more than one rate, time pair and if we 2xpect the
peirs 10 be considered 1n turn during successive executions of
box 1. Tn this case, box 1 can no longer mean “read a card”

. bui, instead, “assign respectively to rate and time values from

the nest data pair in the deck. If the next pair cannot both

come irom the current data card, then draw off another card

from the deck and read it. If, on the other hand, there is at®
least one more data pair vet 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, thercfore, that using an input buffer guaraniees
that each data pair in the sequence will be processed in rurs,
no matter how many pairs are punched on each data card. None
will be missed or skipped over. It is in this sense that the stream
analogy 1s preserved even though the sequence of data items
is grouped into arbitrary-sized card records.

The SIMPLOS model is a primitive machine. t has only
stream-oricnted input and output. After values are placed on
the conveyer belt to be output and are carried to the outside
environment of the user, how are they displayed? We certainly
are aware that in actual computer systems all valucs are printed
or displayed on a screen in some sort of “formgt” with a

I
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particular number of columns, but the only fact we are inter-
ested in with respect to SIMPLOS is that the values are output.

When it comes to interpreting output boxes of a flowchart, -
the situation is somewhat different. The output box on the left
is considercd to be a command to print the current vatues of
the three variables, RATE, TIME, and WAGE on orze line.
(If the list won't fit on one print linc, more lincs are used.)
Furthermore, if the same output box is cxccuted again, the acxt
sct of three values will appcar on a ncw line below the first
set. If the ihree variables appeared in threzs individual boxes
instead of in one single box, then cach would be printed on

.a scparate line. Thus cach execution of an output box is.con-

sidered to begin printing a new line.

No doubt you have wondered why, at the very start of cur -
study, so much attention has been given to a conceptual model
of a computer and its details. Can any model, cspecially ‘this
one, which scems so simple and at the kindergarten level for
some rcaders, be that important or that valuable to us? You
may devclop similar doubts about the value of flowcharts as
you proceed further.

The model and the flowcharts we develop are abstractions
of rcal machines and of real computer programs. Once we see
the connection between an abstraction and the concrefe 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 priorities should be an attempt to understand
and appreciate the connections between the abstract and the
concrete. For example, in the next sections of this chapter we
examine how an actual computer 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 gppeared, is a
very useful, simplified view of a real computer. Likewise, just
as soon as we try to write and test actual compyter 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 taught us that problem solving with com-
puters is very effective if we can work first with a simplified
model of a machine and a simple descriptive algorithmic lan-
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guage in which 1o exprees our problem solutions. Then it is
comparatively casy 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 executed on some real, convenient computer.

Modify 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 woreker actually put in any overtime. The
formula by which his wages ave computed wiil depend on the cutcome
of this test.

Now we are ready to examine how our conceptual model of
a computer can be realized in an actual machine. For the first
25 years of modern computer history (1949 to 1974), ncarly
2ll actual machines were built following a morc or less stereo-
typed pattern suggested by John Vor Neumann (1903-1957).
A prototype machine following this pattern is discussed in this
and following sections. We will call it SAMOS. SAMOS is
a very simple machinc; that is, it is stripped down to the bare
esscntials. Some {carures of its operation are described in con-

* siderable detail, while others are glossed over. The program-

ming of SAMOS is described briefly in Section 1-6 and in
more detail in the Appendix, the purpose of which is to help
the reader sce a closer connection between janguage 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
archijtecturc of computers is still undcrgoing rapid change. For
this reason, aspccts of two other machines are discussed briefly
in this book. Onc machine, called BITOS, appears later in this
chapter; the other, called POSTOS, is considered ia Chapter
8. Each of the thice machines exhibits certain distinct charac-
teristics for the implementation of cur conceptual modcl, SIM-
PLOS.

SIMIPLOS T T e — Coneepinel moded

/

SAMOS A0S POSTOS +—2— Actual moachines
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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 excrcises that relate to SAMOS, or have occasion to study
SAMOS in the Appendix, you will no doubt come back to
the next two scctions for a more careful study.

How arc all those storage boxes of SIMPLOS realized in

actual practice? The storage of actval computers is built of

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

SAMOS storage, packaged in a rectangular box, is an arrange-
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 arc laid out in 61 horizontal layers or trays called
core plancs. On each of these layers, wircs are strung cvenly
in two dircctions like the lines on a sheet of graph paper. There
arc 100 wires in each direction. At cach point where two wires
cross, the wires are threaded through a core, like the thread
passing through the eye of a ncedle (FFigure 1-17). (Still other
wires are thrcaded diagonally through each core within cach
plane, Their function is not important to the discussion that
follows, and they are therefore 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 sec that therc
are 10,000 cores in each core plane and hence
61 X 10,000 = 610,000 cores in the entire SAMOS store
(storage).

These cores are capable of being magnetized in either the
clockwise or the counterclockwise sense (Figure 1-19). Because
of this a core can store information. We could thipk of clock-
wise magnerizatién as meaning “yes” and coynterclockwise as
meaning ‘“no.” We will instead think of clockwise as standing
for “0” and counterclockwise for “1.” In any event, the infor-
mation contained in the magnetization of a core is the smallest
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unit of information and is called a bi¢ of information. We sce
that onc core can store onc binary digit, 0 or 1, but a colicction
of cores can store a very large nuniber of bits. We will discuss
this idca later, after a digression on how the cores get their

m . /—\ " magnetism.
s M N O s First, you must know that a puise of elcctric current-

moving along a wire generates a magnetic ficld running around

the wire, as shown in Figure 1:20. The strength of the mag-
FIGURF 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 magnetic ficld resulting from
a pulse of electric current.

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

FIGURE 1+22
A core in a magnetic ficld.

FIGURE 123
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 $422).

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 magnctic properties of
the material from which the core is made. In this material,

-0-0-0-0-0-0-

-

if the pulsc is too weak, the direction of magnetization. of the
core is only temporartly altered, and after the pulsc of current
has passed by, the corc merely returns to its forme{ magnetic
condition, whatever that was. .

On the other hand, if the current is strong enough, the
core remains magnetized in the sense established by the direc-
tion of the current, regardless of the former magpetic condition
of the ‘corc. The situation is analogous to trying to throw a
ball from the ground to the flat roof of a building. If you have
cnough powcer in your throw, the ball will land on the roof;
otherwise {t will bounce against the wall and fall back to the
ground. \
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Doubiing the magnetic field at
the wire crossing.

The strength of the pulses is carefully regulated so that
one pulse is not sufficient to permanently magnetize a core,
but two pulses acting simultanecusly will exceed the threshold
strength and result in permanent magnetization. Thus, pulses
passing aleng two of the wires (Figure 1-24) will permanently
magnetize just the one core that is located where the wires

Cross. '
SIMPLOS and SAMOS Let’s leave the individual core plancs and consider the erntire
Stores Compared store of the SAMOS computer, composed of the 61 core planes

(Figure 1-25). Each vertical column of 61 cores constitutes a
computer word. Thus, the storage of the computer is composed
of 10,000 words. These words have addresses that ave four-digit
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 assxgmng the addresses 1s
indicated in the fignre. .
Each of these words cor:esponds to a storaﬂe box in our
conceptuzl SIMPLOS model. For each variable in the flow-
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FIGURE 125 : address 0002

Cores-of one computer ™o~ "« A
word. ' . ' '
chart there is a SAMOS word with a definite address. The

word contains a certain pattern of bits determined by the.dircc-
tions of magnetization of its cores and representing the value
of that variable. “Assigning a value to a variable” \is ¢éffected
by putting a certain pattern of -bits into a word (Figurc 1-26).
. When we say “the Master Computer tells the Assigner
. to assign the value 1597 to.the variable SUM,” svhat actually
takes place is this. The variable SUM s represcnted inside
the machine by mcans of its address; suppose .it«ds 0103. Now
all the 61 X2 = 122 wires.passing through cores in the word
addressed 0103 are energized with -pulses of current in the
proper directions so as to achieve the pattern of bits represent-
ing the number 1597. In a modern computer .this assignnent
pprocess can be performed in a fraction of a microsecond; a
‘microsecond is a millionth -of a second.

Characters In the binary system of representation, a number such as 1597
is coded as a string of 1’s and -0’s, for -example;

11000111101



FIGURE 1°26

A bit patrerin 15 assigoed vy 2
computer word by
appropriately magnetizing cach
of the cores for that word A
core is manctized by passing
an elecironic pulse through
each of the two wires that
miersect at that core. The
diagram identifies the wire
pairs that must be selected to
assign a bit pattern for the
word at address 0103.
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For SAMOS any string would be preceded by a string of zeros
to fill cut all the bit positions of the word of storage. Whilc
numbers are coded in binary form in many computers, binary
is certainly not the only choice. In a machine such as SAMOS,
for.insiznce, computation is carried out in the decimal éystcm,
which means that bit patterns 1 a word of storage must be
coded to rcpresent decimal digits instead of binary digits.
Moreover, we want to store letters as well as decimal digits.
For this reason, we subdivide our 61-bit SAMOS words into
11 character positions 2s shown below.

L
., Gbits Gl

LR Y S

/1/ 6 bits 6 bits ‘6 bits

! bt

The §irst position (one bit only) is reserved for a code that
designates the sign, + or -~. Here 0 is suflicient fo represent
the < character and 1 significs the — character. Each of the
other positions consists of six bits and can be uped to store



Character Code

Character Code Character Caode Character Codc,

cloio|aj=|=

| 1 !
0 00;0000 | { ] 1110000
! 00'0001 A 01}0001 J 1010001 !
2 00,0010 B 0110010 K 10/0010 S 11y 0010
3 Q00011 C Ol:()OII L 10,0011 T ll:()OlI
4 0010100 D 01,0100 M 1010100 U i1, 0100
5 0010101 £ 0110101 N 10,0101 v 1110101
6 00!0110 ¥ 0110110 0 1010110 W 110110
7 00:01!! G ot ottt | lO;Olll X 110111
8 0011000 H 0111000 Q 104 1000 Y 11 1000
9 00} 1001 1 01! 1001 R 10/ 1001 z 11,5001
FIGURE 127
— T Character code
[0 [0
f a . : :
T, 8 a digit or a lctter, that is, character, according to the cede shown
o} 5 T
1 5 . in Figure 1-27.
I ¥ For each group of six bits, 2° or 64 distinct combinations
l‘i v % v of zeros and ones are possible. In Figure 1:27 we have used
3 ol _up oniy 37 of the 64 combinations possible with a six-bit code.
+ + This leaves 27 additional combinations for other special sym-
_nl_ v g3 bols such as +, >, and the like. One¢ of the 37 combinations
= T of special interest is the blank space, O, which is coded as
4]
T
T 110000
] '(_lT_ 9 .
T With this code you can sce that the two 61-bit computer
3 s words displayed vertically in Figure 128 turn out to be
Te i
I I
— T s+l luv|{yvy|o|lel|lo|[EeE)lc]|c]s
1 0
-E— o —‘i s .
[1}
2 X and
g [0
] 0
2 E ) 0 -
é % - 0 0 3 9 7 5 0 1 2 &
S o
[i] i
I
L. & From now on we shall represent our SAMOS coniputer
I T words as strings of 11 characters instead of strings of 61 bits.
3 5 In a number of conventional computers of similar design eight
76 22 instead of six bits are grouped to represent character codes,
+ T making it possible to distinguish among a considerably larger
+ —‘é set of characters than i3 the case in SAMOS. This distinction,
s g8 however, has absolutely no effect on the principles of character

1zl-lelsf
lot

|
|

" FIGURE 1-28
Dcuailed bit patterns for two
computer words.

representation and maripulation that occur in ensying chapters.

The construction of the main storage for any actual coni-
puter is of great interest mainly to compuicr epgincers and
designers. Storage components currently are built from various



SAMOS Processing Unit

FIGURE 1+29
The principal components of
SAMOS. ‘

&
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types of physical devices and materials, including magnetic
cores, magnetic thin films, and transistor flipflops. There is
considerable varicty in the circuizry used to organize and utilize
such components and in the methods of packaging and minia-
vurizing themn, Their physical characteristics, such as size,
speed of access for storing and retrieving information, energy
requirements to operats 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 incorporatc all of these types of storage units into conven-
tional computer systems. You might be surprised at how much
undcrstanding of this subfect you can gain with a relatively
small investment of study time. (See, for example, one of the
references on this iopic in the reading list at the end of this
book.)

NMow that we have scen how the SAMOS storage is structured,
we will consider how the storage is used in executing an alge-
ighm. .

Our computer has several other components besides the
#iore, These are shown in Figure 1429,

CONTROL UNIT -

Tg K
{
¥

PROCESSING UNIT

INPUT ‘,|7 | ._J

O |

Q“—-.___-_—.‘_‘r’-—-"*g

OUTPUT
. (cardor &> STORE o (typewnter ar
tape reader) 1 line printer) -

The solid lincs indicate the directions in which values or
instructions may be transferred. The dashed lings indicate the
exercise of control. The control unit and the processing unit
perform the dutics of the “Master Computer” apd his heipers.

An important part of the processing unit is the accumila-
tor. This special compuier word holds the result of each arith-
metic opergtion, ‘
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Furthermore, a simple assignment such as

!

LATIST = SUM

!

is carricd out by first obtaining a copy of the value of SUM,
placing it in the accumulator, and then copying the vaiue in
the accumulator into the computer word belonging to the vari-
able LATEST. The value of SUM is unchanged in this proc-
css. Notice, however, that vaiues to be input or outpuit o not
pass through the SAMOS accumulator but go directiy into and
out of storage.

When the control unit receives and-interprets an order,
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:

1
ENGLISH Q FLOWCHART Q PROCEDURAL @ MACHINE
- LANGUAGL > 1 ANGUAGL 1 LANGLAGE

You have already had a little experience 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 to
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 1dea what the algorithm
is all about.

In many computers of advanced design, the third transla-
tion process can be omitted because the maching’s language
angd 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 ig called coni-

piling.



~ Sequencing of
Computer Instructions

!

SUM « LATLST ¢ NEXT

!

FIGURE 1+30
A flowchart box.
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. It is not necessary right now to know how compiling is
done, but it may be interesting to know the reason for doing
it. Each make and style of computer has its own language—that
is, its own set of instructions that it can undcrstand. Use of
a procedural language allows us to avoid a tower of Babel in
which a progtammer would have to learn a new language for
each machine he wishces to use. A proccdural language consti-
tutes a kind of “Esperanto” that cnables a programmer to
communicate with many different machines in the same lan-
guage. Morcover, a procedural language is generally much
casicr. to lcarn to usc than machine language. The programmer
mercly preparces, say, a FORTRAN program on punched cards
and feeds it into the computer, which “compiles” a sequence
of machinc language instructions. This sequence, called a ma-
chine language program, is then placed in the computer storage.
In many systems the prdgrammer may transmit his program
to the computer storage by typing it a line at a time, 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 starting with 0000. After the ‘com-
puter has executed an instruction, the contrpl unit will always
take the next instruction from the next address, unless there
is a branching instruction providing a different address from
which to take the next instruction.

To see how this works, consider the instructipn taken from
the Fibonacci sequence flowchart (Figure 1+1 1), shown here
in Figure 1:30. ,

The procedural language equivalent will npt look much
diffetent. Thus, in FORTRAN this instruction would appear as

SUM = LATEST + NEXT
and in ALGOL as .
SUM := LATEST + NBEXT

SUM e« LATEST + NEXT

and in BASIC as ‘ .

LET SUil = LATiST + NEXT,

and in COBOL as

COMPUTE SUM EQUALS LATEST
PLUS NEXT



+ LDA 000
+ ADD 000
+ STO 000

FIGURE 1°+3}
SAMOS instructions for
" Figore 1-30.

A Complete SAMOS
Program

YR

[P

0101
0100
0102
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In the SAMOS machine language, a variable cannot be
referred to by name but only by the address in storage associated
with the vanable. 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 scquence of three machine instructions, as shown in
Figure 1-3L.

These instructions have the form of 11-characier words,
although the first character is unimportant and the fifth, sixth,
and seventh are of no interest to us here. The type of gperation
to be performed is coded using the three Jeiters in positions
two, three, and four, and the four-digit numeral 2 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 clectronics
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 un:t that allow a
pulse current to pass through the cores of the word 0101. The
magnetized cores cause a change in the current that, in turn,
allows a copy to be made.

The second instruction in Figure 1-31 mcans, “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
accumulator ¢nfo the word addressed 0102.” Executing a STO
instruction is analogous to the work of the Assigner in our
conceptual modef. Speeds vary from machine to machine, but
in modern computers, the time required to 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 the
Fibonacci sequence algorithm (repeated here in Figure 1-32)
into SAMOS language. First note, however, that constants
never appear explicitly in SAMOS instructipns. Instead, an
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L)

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

NEXT  + 0 as for the variables) appearing in the program. We allocate the
LATLST ~ | locations 0017, 0018, and 0019 for the constants 0, 1, and 1000
appearing in the flowchart and specify the proper values for

] v ,  these words.

We assume that the storage locations 0100, 0101, and 0102
have been allocated for the variables NEXT, LATEST, and
I SUM, but that no values have been placed in these words. As
@ 00 )T . execution of the SAMOS program for the Fibonacci algorithm

starts, the state of storage is shown in Figure !:33. This figure

SUM < LATLST + NEXT

F
S
NENT + LATFEST :

v | LATEST <+ SUM Storage Operation Flow chart
Location [t} Code Address Equnvalent
. (Address) [ U2 3 415 6 7(8 9 10 (it
oocoi.lt pajlooojoo 1 7 12
0001 S TOj0O O G|J]O1l 0O NEXT ~ 0
ib
0002 LbaAajo e 0joOoO 8
0003 S TO]|]O O O]JO1Y O 1 LAT.EST‘;|
: b]
0004 L bA 0 0f0o 01 =
0005 ADbDloO OO O Q . S .
SUM « LATEST + NEXT
0006 s 10100 0{01YY 0 2
0007 L DA[DO ODjJOO Tt 9
0008 s UBi{no 0{0VV O 2
0009 B Mtjoo olovoo 1 S
0010} fL DA|[DOOJG 1 O 1
FIGURE 132 oot iy s 1ofoo00j01 00 NEXT « LATEST
3 o . 4p
Fibonacci soquence algorithm. 0012 Lboaloooloro 2
0014 B RUITD O 00 0 0 4 Arrow from flowchart
box 4 to box 2
5
00tSs W wilo o ojoy o 2
. -suy
0016 Wweirfoovuviooo o
{ 0 0 v e N
FIGURE 133 001 7+ 0O g v 00 O The L‘»j\~:i:\lo
Fibonacci sequence algorithm, AL B S S S The comtynt |
The = column and columns L‘w A0 o]l 0 0t 00 0 The consynt 1000
5, 6, and 7 may be left empty r—T T T -
on lines containing 0100 Yhe s srable NEXT
instructions. 0101 The sarable LATEST
. 04V 02 The vanahle SUM

s
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also illustrates a “coding form™ on which onc might have
written the SAMOS program (gray-colored information). You
will notice several new SAMOS operations not previously scen.
These are cxplained in the following discussion,

The instructions in storage addresses 0004, 0005, and 0006

ave already been discussed. Before looking at the sther in-

structions, remember that the variables are in storage locations
0100 through 01C2. .

From previous discussions you should sce that the instruc-
tion found at 0000 will, when exccuted, copy the vajie in 0017
(i.c., the number 0) into the ‘accumulator. Next, the mstruction
in 0001 copics 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

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; otherwisc, go on
as usual to the next numbered address (0010).” We will sec
shortly that the value in the accumulator at this time is just

100¢ —~ SUM

so that the value in the accumulator will be n¢gative only in
the case that

' SUM > 1000

is true. In this case, the branching instruction sends us to ad-
dress 0015, where we see the instruction
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which means, “Write the WorD in" address 0102 This
amounts to printing out the valuc of SUM,

Now why is it that 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 accumuiator 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 in the accumulator.” Since 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 accomplish 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 0 o | 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 instriction 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. :

1. Which instruction is being executed.
2. The value in the accymulator. ' .

3. The values in the addresses 0100, 0101, and 0102 (the
values of NEXT, LATEST, and SUM).

Notice that the instructions in addresses 0600 through
0016 are never altered, nor arc the contents of the locations
0017 through 0019 (the constants 0, 1, and 1000).
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Construct a Jist of SAMOS instructions for the flowchart in Figure
1+ 14. You will nced two additional types of instructions. The first
is

OPLERATION ADDRESS
{ N 1 4 5 [} 7 £ 0 i i1
® W n o 0 6 l ! v o} oe 5
' t ¢

which is an instruction to read a valuc rom a card into the computer
word addressed 1005.
The sccond is

whichis an instruction to multiply the value in the accumulator by
the value in address 1023 and put the result in the accumulator. (Of
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 assumed
objective is to make the proposed SAMOS fragnent consistent with
the given flowchart fragment.

Loc Opcode -Addr
K
z+~2xx 0018| LDA {000;0500
0019{ MPY 0351
¥ 0030| MPY 0351
0021| STO | |, 10451
z 0022} WWD 10451
o O0R3| LDA ., 10351
0024 " SUB. 0401 .
0425 0030
sTOP I x<u 0026 LDA ' 10351
I 0027 SUB .| | |050:
/ 0p28| STB 035:
v 0p29| BRY | V
Yoo Xt 0030
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(a) With what memory location must the variable X be associated?

(b) What operand address is needed for the BRLI instruction that is
shown at location 0029?

(c) What should be the operation code for the instruction at location
0025? .

(d). What opcration code is needed for the instruction located at 00302

Fhis question relates to the flowchart fragment and proposed SAMOS
translation of it shown below. For cach of your answers, assume
the objective is to make the propesed SAMOS fragment consister.:
with the given flowchart (ragment.

Lo¢ Opcode \'Addr

0017| LDA |000{010C
0018| SUB |000|020C
0019| BM1 |000!0024
0020| LDA {000 '0105
0021| MPY (0000107
< | .0022| STO |000
\ 4 . 0023 BRU [000
0024 LDA |{000]|0100

v . 0025 STO |000|0201
L{ 0026 WWD |000|0201

’
9

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

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

() What should be the value of the address ficld for the STO instruc-
tion at location 0022?

{d) If at location 0022 the STO were replaced by a BRU operation
code, what then would be the appropriate value for the address
ficld? -

1

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).
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0000 RWD 000 0012
0001 %D 000 0013
0002 LDA 000 0012
0003 DIV 000 0013
0004  LPY 000 0013
0005  STO -000 0014
0006 LDA 000 00i2
0007 SUB 00C 00i4
0008 STO 000 0014
00069  WWD 000 0014 Data cards
0010  BRU 000 0000

0011  HLT 000 0000

SAMOS program

(a) Which of the following is a fulse statement?
(1) The instruction at 0011 will never be reached.
(2) Only twe values will be printed.
; (3) All four dara 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 tric statement?
(1) The program will hali whencver the result of a division is
zero.
(2) The instruction at 001! would be executed using the given
sct of data if the instruction at 0010 were revised to BMI
000 0000.
(3) This program inputs two numbers, selects the larger, and
priats its value,
{$) All thice 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.
8. Draw a fiowchart and write and run a SAMOS program to find the
arcas (to the npearest integer) of circles with each of the following
radic 0, 1, 2, 3, ..., 10, 11, 12. Use 7 = 22/7. The qutput is
to consist of each rpdius value followed by the associeted area, that
is’ 1
0 «—2_ . Fust radius
0 ¢———2 . First area

| &———p__ . — Second radius
3 ¢~———p - Second area
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This SAMOS program should not execute any input steps. Storage
locations will be required for instructions and for all constants, in-
cluding 22, 7, the current radius, 1 (to increment the radius to the
next value), and a number (11, 12, or 13, depending on your particular .
flow chart) to test against to determine when to branch to /halt,

Question Will SAMOS give the same result when you compute
(22/7) X r? as when you compute (22 X r2) / 7? If noi, which gives
a better result? Why?

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

For the values from 1 to 10 inclusive (ie,, | € X < 10),
evalate the following mathematical expression: '

F ="5X2+ IO\ + 6

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

Example The first value of X will be 1. For this value,
F = 5(1) + 10(1) + 6
F=5+10+6 = 21

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
consist of 20 numbers:

|
:1 _21is the F 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 must include some way to terminate your program after the
final value has been proccssed and printed.

Draw a flowchart using variaties 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 variabie 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). HOX 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 vaulues of TALLY and SUM. Compute
AVG, the quotient of SUM and, TALLY (AVG = SUM/
TALLY). Print the value of AVG.

Note  Additional Information for Problest 7

1. In your flowchart the average will be a variable AVG. The variable
TALLY will hold a count of how many values of X are nnt equal
to C. The assignment

TALLY « TALLY -

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

2. The value 9999 is called a scnrinel value. Its purpose is to 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, e, the
end of data.} Therefore, your data deck will consist of a value for
C, the given values for X, and the value 9999. {Sce Section 2+ 2 for
additional discussion of sentincls.)

3. In SAMOS the only conditional branch instruction is BMI (Branch
On Mings). The programmer faces 2 problem when he nceds to check
whether the values of two:variables arc equal or whether the value
of a variable 1s equal to some constant valuc. The following is one
method of determining whether the vailues of the variables A and B
are cqudl. 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 resuit is not negative, wz can conclude that the vaiues
of A und B are cqual,

Examples
(a) A=6 and B = 9
A-B=6-9= -3

Result: A # B since A ~ B is a negative number.
MA=5amd B=25
A-B=5~-5=20
B~-A=5~5=0 ,
Result: A = B since neither subtraction produced g negative
number. '
(c) A =4 3and B =3
A-B=4-13 ! N
B—-A = 3-4 = -]
Result: A # B since B — A is a negative number.

b
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4. The data for Problcm 7 arc as follows:

e e e
15 by This is the value for the vanable O
5 et e ™ e e e e
N
‘.'O e s
<l The remaining duta values are for the varhible X, ;
3 I\,-—WW«
10
15
12
17
9999

Most of the storage capacity of a 61-bit SAMOS word goes
unused when a small integer, for instance, 2, is represented.
Conversely, even though a number is kncwn 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 mﬂuenced (i.e., con-
strained) by its 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 fort the processmg of
different types of information. The BITQ_S storage is best
thought of as a single scquence of bits instead of a single
sequence of words that are, in turn, sequé’mc_c_s_ ‘of bits. For
cxample, a BITOS store roughly equivalerit to the SAMOS
store contains 610,000 bits ‘whose addrcss-.s are 0 through
609,999 respectively. To fetch a unit of informatien of somce
known lcngth, orfie must specify the “b_n‘g address” of the bcgm-
ning of the desired information unit together "with its “bit
length.” Thus,

op code address length
LDA 24972 39

is the way one might write out a BITOS instrjction to load
the accumulator with a data valuc 39 bits ! .onq begmmng at
bit location 24972.

The information containers in a BITOS maqhme resemble
the storage boxces of the conceptual model SIMPLOS in that
the capacity of the containers is arbitrary.
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There is a sccond important way in which the containers
of SIMPLQS ana BITOS resemble onc another. In both cascs,
values stored in these containers are self~deseribing, 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 sce the quotavon maits, The
fetching mechanism of BITOS can convey the same type of
information te its’ processing unir because the data object in
each container consists of two parts: a code that describes the
type or nature of the value and the Jua value imelf. For
example, suppose: the container asseciated with X s located

‘at bit” address 3201, and suppose character -codding for the

BITOS 'store employs the same 6-bit representation used in
SAMOS. We might cxpect to sce at that location: '

S PAUL
Single j \ 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 string
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 gequires

more than three digits we can picturc the corrcsponding
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 dfvided up into

contairers that reflect their actual use. Every reference to a
container consists of the bit address of the container and -its
length. The container itself holds as part of the data object
a code that makes the remainder of the information  the
container s¢lf-describing. Each time a new container is needed,
a section of the store large enough to hold the required number
of bits is “partitioned” for this purpcse. When this container
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- : is no longer nceded, that section of store and others like it are
repartitioned, that is, reused, typically in different container
sizcs, to suit new-needs. To make an analogy with SIMPLOS,
imaginc that all storage boxes are constructed to fit dimensions
of the data valucs they are to contain. (The Aifixer who pastes
the sticker on the storage box can aiso adjust the cize of the
box if necessary.)

1.8 Only a few of thc ideas about SAMOS and BITOS need to
Floatiag-point . be rememhered. One of the important ideas is the sequential
represen Liton manner in which the computer works, that is, the step-by-step

way in which thc computer performs its tasks. The order in
which the tasks are performca is just as important as what is
accomplished. R
~ Another property of computers that we must understand
18 the finite word length. We have seen that SANMOS words
consist of 10 characters and a sign, sc that the largest number
represcniable 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 repiceented although less con-
stricting, still exists in principle. From a practical viewpoint,
integer containers, whether in a SAMOS-like br 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 cannot always be used
efficiently if it must be large enough for the largest possible
integer value that will be assigned to it. .

To cover this situaticn 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 most
common of these alternate codings is ﬂaatmg-pomt form, which
is related to the so-called “scientific notation.”

To see how this.works, recall that any d =cimal numers!
such as o

—~ 382.519
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[ R
can be cxpressed as

—.382519 X 103

in which there is a decimal point (just after the sign, if any)
followed by a string of digits {the first not zero) and multiplicd
by a suitable power of 10. We can code numbers in this way
by reserving three character positions for the exponeat. The
result is shown in Figure 134 for —382.519.

Sign of Siges of :

number exponent
. 4 /
N - ' (\.‘ LS, Y
- 3¢ 0 ¥ 9
\ . I3'|¥3~8.S‘|"'0}

rlaury 1434 . .
Anatomy of @ floating-point £ Bxponent 7 Precision
number for a fixed-word size Loopart part
store. Sttt

Some examplesof how to code numbers including integers
in this system are given in Figure 1-35. In this figuré, we
sce that the 8-digit representation of =, as given in (ke first
column of the third entry, has to be chopped to 7 digits of
precision because of space requircments. The same holds true
for 1/3 and 11/7 at the bottom of the table. Thus we sce
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
: Ileatmg-Point Form
4 4 X 10 : + +014000000
© —999999000 999999 X 10° 1099999990
M2 SLISO26X 100 % 4013141592
T —amuxaet, = 40327 3140 o
0008761 8761 X 10~ + ~038761000
| 3 73X 10° ' + +007300000
;'lg’a‘::‘;;mﬁ coding of } : 1333333333 X 10° + 43 003333333
numbcrs in a fixed word-sized 3 .157142857 X 10t + 4041571428

store. . sroce0
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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 in floating-point form would be:

= - N ’
+ + 9 9 W I 9 9’ 9 9 Q

which represcents 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
000,000,000,000,000,000

Similarly, there is a smallest positive number that could be
rcpresented:

-

+ - 9 9 t 0 0 o 0 0 u

.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
000 000 000 000 000 000 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.
Ori 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 casily be permitted -to vary as
required. For that matter, the size of the exponeit 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 flgating-
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-poinit form, but only with numbers
coded as integers.
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EXERCISE 148 f. Scveral million pocket-sized clectrome calculators are now being
produced annually. They are becoming relatively accessibic to the
average student. Many of these calculators, such as the one shown
in Fagure 1+ 36, use floating point arithmetic. ,
{
X b
l ;
x A
! i' v . . . !‘ ;
3 Hod
dot 3
' : n o h
i .
PR ¢
i‘
il
r i| sl . iy ,' A
-7 8 | 9 |
b ” s
- o
. ‘ A 5 6 :
' :! i
\ | !
TR i 2 3
4 l‘ = Y
i
N i - o
! i !
. | - 0 o ! I+ ' ..
Vo ’
bt -
\ X - -
FIGURE 136 oAb e PP id
A popular hand-held
calculator. T :

(a) Locate an electronic calculator and compare the method it uses
to represent floating-point numbers with the method used in
- SAMOS. . . \
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(b) Which form do you prefer and why?
(c) Run several simple computations on the pocket calculator, such
as a + b, to obtain ¢ .

or a X b, to obtain d, etc.
where a and b are keved in manually as real numbers in ordinary
decimal notation, tor cxample, — 382.519. Determine under what
conditions results ¢ and d are displayed in floating-point form.
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Introducci6n al lenguaje FPRTRAN

E1 Tenguaje FPRTRAN, cuyo nombre corrvesponde'a las primeras
letras de las palabras .inglesas.FORmula. (férmula) y-TRANslation

(traduccidn), es un lenguaje de programacién orientado a proble-
o ynatewaticos

" mas’y se emplea en casi todas las computadoras del mundo. Debjdb

a su parécido con el lenguaje aritmético comin, el FARTRAN simpli-
fica 1a preparacién de problemas que pueden resolverse mediante
una computadora. Los datos e instrucciones se pueden organizar
medignte una secuencia de enunciados fortran; estos constituyen

el 1lamado Progrﬁma Fuente.

Todas las computadoras que “"entienden”" el lenguaje F@RTRAN, -
tienen lo que se 1lama un Compilador Fortran, 1lamaco también tra-
ductor o interprete, el cual analiza los enunciados fortran y los
traduce a 'un Programa Objeto, el cual queda en Lenguaje de Miqui-

Un programa escrito en lenguaje 'FPRTRAN se puede procesar
= e 4

‘en. cualquier miquina que tenga un Cp@pilador‘FQrtnan..Fsto nos in-

dica que el lenéudje.es independiente panancada.méqginf. 0 sea que
el compilador se debe preparar en cada ca;o teniendo er cuenta la
miquina que ha de usarse en particular; puesto que las maquinas
difieren,enhsu,orgaﬁjZaciﬁn interna, se ha desarroIiadP un nime-
ro de ﬁdip]éqtosfudel Lenguaje FPRTRAN, cada uno de lop cuales es

apropiado para pq@,c]ase de miquinas. Las diferencias Fntre los

.4
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varios dialectos: son minimas'y se ajustan el uno al otro facilmen-

te.

t
s

1.1 El alfabeto ™

E1 alfabeto, FARTRAN gsta constituido de caracteﬁes que son
simbotos fami}iares de é5critura$y de teclados de méq@jnas de es--
cribir, asi como de dispositivos especiales de perforaci6n;. dichos
caracteres son: ‘
Alfabéticos: .ABCD.EFGH

LKL M

FOPQRSTUVHXYZ. -
Numéricos: .0 123456789
De este a]féng9q§gﬁ§§ﬁstruyen todos qpestrpslsimboloﬁ, Expresjo-
nes y enungiados ﬁuere,yti]jzan en el lenguaje FQRTRANQ”f
Nimeros |

... Los niimeros; pueden representarse en diferentes formas, las

cuales se asbmgjaﬁ a }os‘simbolos de la aritmética geperal; pero

debido a la estructura intemna de las computadoras se establecen

faci]idades~par§”§ﬁhh§hejo gn FPRTRAN. Los simbolos dé punto fijo

PR N . . .
o

[

* La letra Oz]a”exprgsargmos como @ para diferehciafja,dgl N°® cero.

«.5



se usaréq solamente con nimeros enteros y los cé]gulos asociados -
se dqnpm{péﬁﬁnr§ritméticq de los epteros o modo’entero; mientras
que la aritmética de los nimeros reales se hard en la forma de pun-
co flotante y se 1lamard aritmética de los reales o modo real. De-
bido ‘a q?e tamPién es necesario distinguir las constantes (nime-
ros queJﬁo cambian durante toda la ejecucidn dé un programa) de

las varfgbles (nimeros que pueden cambiar), Surgen cuatro clases

de sfmbolos para los nimeros.

2.1 Constantes enteras.

Depend1endo deI t1po de computadora se ‘podrén representar
por un c1erto numero de d1gltos9 asi para IBM—1130 se representan
medlante c1ncq'digltos sin.el pun;o decimal. Si’ ellentero es hega-
. tivo, 1oéﬁdfgitos‘debérén ser precédidos de1'§igno menos; si el
entero eé‘positivé“el signo es opcioral. “

Ejem. Simbo]oﬁ'hara!éonétantes enteras pueden ser phtre

' " otras: | '
1976 %1 . 0 - +1976 #:':'-1976
‘usfﬁbo%os,qde no se aceptan ‘para constantes epteras:

" 17483282 '(mis de cinco dfgites) -

2F331915;§(ef punto decima1.no{séﬁﬁé%mite)'

Y

2.2 Constantes reales | .

R

Depend1endo del tupo de computadora9 1as constantes reales

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



1BM-1130 sélo ge admiten siete digitos ggg.bunto‘decima]'pudiendo-
se co]opé} al ﬁrincipio de los digitos, ;1 final o entre dos digi-
.tos cua]é@quiera. duandgﬁgpgrece up\guptg en una constante su tra-
tamiento serd de punto flotante. Si la constante real es. precedi-
da de un signo.menos, se indicard que es negativa, si es positiva

el signc es opcional.

Ejem.'- o Simbo]os para: constantes reales pueden. ser entre 0-
tra5°" ‘
1976. -.00001976 . +12,345 ... -12.345
- 007 . .007 5,348 . Q.3

l ‘

cTmbo1os que no se aceptan para constantes reales:
. 123455789,32 | (més de siete digitos .significati-
vog) '
. 5383 ., (falta el punt{; decimal).
Para represen;ar:la% cqh$tahies‘reales eXiste también 15 11amada
forWh exponen¢iﬁ1§4ég¥§{ﬂa‘@odemos‘re?resen;an”medjqp;ezqqa,letra
Ey unalcongtgqggxgqﬁgna.QQ uno o dos digigos, positiva o negativa.
Esta éonstadtéfgq;§r§,§§Jgp,exponenteldgl,nﬁmero.diez;'el signo
menos es para‘1os éxponentes negativos y para ]os positivqs; él
. signo es Opcionq] ”En FQRTRAN la presencia del exponqnte haqe que

el uso del puqto d¢c1ma1 sea ppc1ona1

Ejem. ’ Forma exponencial Forma]no exponencial
1. 328E2 ) . 132.8

-1.328E02 - 132.8



1.328E00 132.8
-4.724E-03 -.00472<«
+7.61E3 7610. |
* -6L32E-3 -6.432

2.3 Variables éntéﬂas

Estas segrépréééntah por combinaciones de una a cinco letras
y digitos (féMv1?365¥ﬁno se permiten otros caracteres y el primer
caracter deberd ser'una de las letras §, Jy, K, L, Mo N. E} pri-
mer carac;gf?aeﬁﬁﬁa*Var}éBié'es e]lﬁug Endiqa si es entera afrea).
Durante Ia‘ejééuciéﬁ de wn programa, las variables enteras deber3dn

restringirse a valores eniteros.

. {
Ejem. Simbolos para variables enteras pueden ser, entre
“otros: ‘ ’ :
v NUMET, KILO NE N2 M10 KONT

.ﬁ;ﬁ;gﬁ- JCLAV.  MARY _KONT1, L1976 -

:ts[ﬁbbios“no_ﬁcgptable§ p;ra vérjéb]es,gnxgrgs:

| CUENT- - (el primer:caractefd%ebelser l;'J, K,
4. M & N), , ,
 KONTADOR (demasiados caracteres);

12,34 {sblo se aceptan letras y nimeras)

2.b  varlables reales
Fstas se representan. por combinacioneg de una a cincp letras

y digitos (IBMSJiBOD,Hno se ‘permiten otros caracteres y el primer

..8
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caracte:‘tiene,que 5ef'necesariamente una letra diferente a:I,iJ,
X, L, M8 N. :Ouvante la ejecuc!dn de un programa dichas variables
se deben restyingir a valores réales. |
Ejem. Stmbolos para variables rea]es’pdeden-sern entre otros:
. FUERZ VELOL ACELT CUENT - A1 A2
_A‘msm. VIELA  RAL2 .3‘1.. PROD SUMA
Jqﬁmbqlps no aceptables para variables reales:.
1 A3:.8" (el éunto no es létra o nidmero) :
CORRIEN  (demasiados caracteres)..
"3, BASO ,;(gl primer carac;gr:gebg sérqua‘lqtra)
,&ymgﬁ a.‘{gf,primer'carac;gn‘@gigqede_ser M).: k
peraciones . aritméticas®
Las~opbréciddés aritméticasty‘los simbolos que se utilizan
en FWRTRAN sonm " } | |
. Ejem. Algebra .- FORTRAN - -
Adicidn' + 'aa:&ASJr%*‘ ' ,A‘#qu
Sustracciéhﬁ . ' a-b A -‘qM
Hultipiicacién * - - _i a b A * 8
Divisisn < B A /?
Exponené%écﬁéﬁ&%@fﬁ ' : N agf - ;Af%{#.- -
~ o , g2’ -‘A,‘;;,‘i} |
Expresicnes sritiéticas - iy T 7

i PR ;' . VA . .fu i 3 3 . 5 :
En basé‘a‘lo_egPUQSQO apter iormente 'podemss ahora fﬁrmular
- ’ 4} 1

N

°e9 .



expresiones aritméticas en lenguaje FORTRAN y nos daremos cuenta

gue son muy similares a las sxpresiones aritméticas del algebra

Il

comin. ~
Expresiones :FARTRAN Expresipﬁes Comunes
AXKD-BARZ . a2-p?
B**?'“:*A*C b2-kac
(MB)/Z‘ %‘(a;.,b)
| | lz*x-mg | o ‘Zk-j-m”"
C+B-3.*A : .4. c+b-3a;

by Reglé; é?f§ las expresiones aritméticas_
Las reglés a Ias»qge debemos sujetar las expresiones aritmé-
cicas son necesarias debido a la estfuctura de ias computadoras y
al observarlas’fendremos:yﬁ ahorro en el tiempo de ejecuzign de un
programa.
Regla 1 | Si,;os fijamos en las expresiones FARTRAN anteriores
| | ﬁ&s'ﬁéﬁos'éuenta que: Toéas la§ constantes y variables
Ilen una expresion deben estarean el mlsmo modq, esto
es, todas deben ser enteras o todas deber sewr reales.
(Como,;oda reg]a existe ;9 excepcién que mengionare-
mos mé; adelante).
Es neéésérip ;pnsultar los manuales de cada maquina,
f ya.égd coﬁq.hemo$ mencionado anteriormente dgpenderé

esta roegla del tipo de computadora. Por 1o prontc

B la consideraremos como se ha indicado.

o 10



Regla 2

I )

Regla 3
A C—"

‘e ejecucion es de izquierda g derecha.

Akrxl ) 9'A**B son exponenciaciones permitidas.
En el caso A**| se mezcian los modos y es la excep-
cidn a 1a Regla 1, pero sabemos que esta exponencia-
cidén significa multiplicaciones sucesivas (asf B*#*3=
B%B*B), mientras que lqs potencias no enteras impli=
can céleculos més sofisticados. Nos damos cuenta que
1%%A, no es forma de exponenciacién permitida (en
aigunas miquinas si se permite).
Déberé tenerse en cuenta que las operaciones se eje~
éﬁta;én tonﬁias siguientes prioridades:
1) qu operacignes indicadas dentro de los parén- ~
.tesiﬁ‘més‘internos se ejecutan en primer lugar.
2). Exponenciacion. |
3) .. Multiplicacibn y divisién.

Q) -Adicidn y sustraccion.

-Entre Ja; operaciones de ‘igual prioridad, el prden

tjem. . . Si A=5,, B=8. y C=2,
| : A#Be3l#£¢se caicularé'en ei,siguieqte orden:

3.%2.26.  :5.48.=13.  13.-6.=7.

B#*2-b . *A*C se calcula en el siguignte
orqen:,
8.#%2=pk,  4,%5.=20. . 20.%2.=40,

64, ~40,=24,



it..

S| A=5., B=8., C=2, y D=1.6

Entoncas {A+B)/C se calcula en el slg&iena
te orden:

5.48.=13, 13./2.=6.5

Mientras que A+B/C se calcula en el siguien=
te orden:

8./2.=k, 5.+h.=9,

Ahora si deseamos calcular (A#C)**2 condu-
cira a: |
5.42.27. 7.%%2=h9,

Mientraslque A+t**2 conducird a.

2.%42=h, ' 5 4h,=9 |

Ahora si: (A*B)/(C*D)=40./3.2=12.5 .
Entonces: A*B/C*D=40./C*D=20,*D=32,
Finalmente sf tenemos paréntesis dentro de
otros paréntesfs se tiene: .

(A*(B+C) ) #42= (A*10.P**2=50, **2=2500.l

B+C tiene la mias alta‘prioridad por encon-
trarse enlgl paréntesis més interno. :
(A%B+C) #i2= (40, +2) ¥42=h2  #22=1764,

A% (B+C) %*2aA%1(, **2=A%100,=500.
AXB+CH4A2uA%B+h =40 44 =l

Debemos tener culdado en expresar lo que

deseamos realizar.

0e12
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kegla L No debaremos colocar un signo de operacidn antes
de un signo mis ¢ menos, esto es, no deberemos p6=
ner dos signos de operacidén juntos.
Ejem. A*-§" I+=J " M-+N  --A/-B
| Estas expresiones deberan sustituirse por:
ax(-B)  14(-d)  M-(+N)  A/(-B)
4.2 Funciones predefinidas en lenguaje FBRTRAN '
Estas fdncibnes predefinidas que proporciona el lenguaje
FARTRAN son de iipo de biblioteca. Para utilizarlas usaremos gl
nombre de la funcién seguido de un argumento que deberd estar en-
tre paréntesis. Dichoﬁ‘argumentos pueden ser variables simples &
con subindices, constantes, expresiones aritméticas u:qtfas fun-
ciones predefinidas en: FERTRAN,

Para IBM - 1130 tenemos:

NUM, DE .  TIPO DE - ,TIPC DE
NOMBRE FUNCION EJECUTADA ARGUMENTOS ~ ARGUMENTO(S) . FUNCION
SIN Seno trigonométrico . ‘ : ':L
(argumento en radia-. o o
nes) 1 . Real A ‘Real
(141 Coseno trigonométrico '
_(argumento en radia--. Co |
.nes) 1 . Real | Real
]
ALOG ~Logaritmo—natural—- , }k ~ “~Real }“Reai
EXP Argumento de pétencia b
del ndmero ‘e;: - ' 1 Real i Real
SQRT Rafz cuadrada . . . 1 . Real %”Real
o : [
ATAN Arco tangenteﬁ“ ‘ 3. " Real- i Real -

3

] v g
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ABS
{ABS

FLOAT
IFIX

SIGN

1SIGN

TANH

13..

valor absoluto 1 Real Real
Valor absoluto 1 Entero Entero

Convertir argumento de
entero a real 1 Entero Real

Convertir argumento de
‘real a entero | Real Entero

Transferencia de sig-
no (Arg.; recibe sig-
no de Arg.z) 2 Real Real
Transferencia de sig-
no (Arg.; recibe sig-

no de Arg.3) 2 Entero Entero
Tangente Hiperbdlica 1 Real Real
Zjem. SQRT (B**2-4 %4 *A*C) indica que a lo que se encuen-

tra entre'baréntesis se le sacar3 la rafz cuadrada.
SIN (BETA) indica que se obtendra el seno trigono-
métrico de el valor de la varlable BETA.
Enunciados
Los enuncliados son las unidades basicas con las cyales se

construyen 10s programas FORTRAN. Podemos c!asificarlos de acuer-

L ' b

do & su funcidn en grupos como:

1.4: " Aritméticos de asignacién‘
2.~ De control

3.~ De entrada y salida

4,- De especificacion

5.1 Los enunciados aritméticos de asignacion

Se forman con las expresfones presentadas anteriormente v

L1k
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nos indican los cdlculos particulares que deben hacerse. Su for-
ma es:
Variable = E#presién aritmética
El significado del sfgno = es ei de asigﬁacién, esto es,
que deberd calcularse el valor de 1a expresidon a la derecha del
signo = y su vaior se asignard a la variable que se encuentre a
la izquierda del signo, la cﬁal tiene una localidad en {a memo~-

ria de-la computadora. .

£jem. Si>A=5., B=8., c=2. y D=1.6 U

X=(A+B)/C se le asignara a la X el valor 6.5

ALO=(A+B)**2 se le asignard a ALO el valor 169.

RA1=SQRT(B*C) se le asignard a RAl el valor h.

Algo diferente al algesra normal es el enunciado

A=A+3.‘epwcdél‘no debe alarmarnos ;a &ue indicaique

a la‘focalidad dé'memoria con el_nohbr; A se leg asig-

naré el huevo valor A+3. esto es: _

Si AQS; §3A5A+3?-entonces:

A=5.43, r'A=8n .0 sea que la variable A se le asig-
“na él.véior de 8. ylel valor anterior que fué 5. se

pler&é%' |

5.2 Los enunciados :de control '

Debido a que ‘las,enunciados de un programa FORTRAN se eje-
cutan en el orden que aparépén Y que en muchas ocasiones queremos

transferir la ejecucién a otros enunciados si se satisface una

c.15
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¢ eérta condicion, FﬂRTkAN nos permite numerar dichos enunciados.
.2 nimero de enunciado debe ser una constanée entera de uno a cin-
¢co caracteres.sin el signo mis o menos; él nimero se coloca‘a ia
izeauierda del enunciado.
Ejem. 3 CONT = CONT+1.
24 RAIZ = SQRT (A*#*2+3*%2)
5.2.1 El enunciado G@ T@
Este toma la forms G# TP N en donde N es un nimero
de enunciado.
EV 'GP TP produce un salto incondicional; asf GO T&

3 envia la ejecucién al enunciado nimero 3 que puede sgr

la instruccidén de conteo del ejemplo anterior. G# TA 24 pa-

sa el control al enunclado 24 que puede ser el del ejemplo

anterior. | |

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

ma son:
] = Esto nos regresenta la suma de
ISUM = O 1os nimeros enteros, desde ;uego

1 ISUM = |SUM1 ‘ es necesarlio poner]e otros gnuncla-
§ f£]+1 ‘. dos pero por el momento nos’aclarg
GE T8 1 lo indicado.

5.2.2 E} enunciado IF
Debido @ que las computadoras estan diseiladas a ba-

s2 de circuitos 18gicos y el pensamiento del ser humano debe

,+16
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ser de este tipo, nos concretaremos el IF 16gico, ademds de que
el alumno ya t(ene elementos de algunos operadores de relacidn
comc OR, AND y NOT. |
El IF 16gico es de la forma:
IF (L} s
L= expresion iégica que puede tener dos valores: Verdadero
o Falso.

S

cualiquier enunciado FPRTRAN diferente de: un D@, un enun-

ciado de especificacién o de otro IF lé6gico.

Si L es falso (.FALSE.) entonces se ignora S y la computa-
cidn continda al. sjauiente enunciado. Si L es verdadero (.TRUE.)
el enunciado S se.ejecuta en seguida.

Resu]té;intere;antg,hacerrﬁbtar que si L es relativamente

complicada, &ste:lF puede ser el equivalente de varios IF aritmé-

ticos.

Para formar las expresiones 16gicas (L) utllizgremosglos

!

operadorésidewcompa(agién,y los' de .relacidn,

Operadores, de comparacicén:

Simbolo ‘ s . Simbolo Signifgcado
Matematicc Significado - - FERTRAN Inglés
- < - Menor gue | .LT; hLess than
> ' Jﬂqun,qpe y -GT. ‘ Greatey than
< . o :&Menqr\o igpa} % ;LE.A ‘.Less ofr equal
3_1' Mayor o Igual a " .GE. Greéter\or equal

ool
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Oﬁeradores-de
U
n

Para val

Igual é -EQ. Equal
Diferente a | |
6 No igual a .NE. Not equal
reiacién:
"HAién | WOR. 6 (Yo inclusive)
' in&érgeccién AND, y {"al mismo tiempo;
koﬁplemento ' .NOT. no

uar una expresion i6gica se hard con las siguien~

*es prioridades:

fo=
2.~

4, -
. 5=-
6.
.En caso -
da a derecha.

Ejem. (1)

Y=5." y=0.5

E&p;é;iébgs entie Parénteéis
Opeéadoregléritméticos
Operadores de comparacién (.Lf.,ﬁ.Gfg,j;LEL; .GE.,
EQ. y “oNE.) -
NOT,

.'AN'D_';?

R,

- o i’ 1 . ‘ i
defigbéldjerarqufe la evaluaclién ser§ de ezquler-

|
[

IF (X.GT.3..AND. & .LE.2.) - ZeX*#3+X#y

. ‘Significa que si X»3. y (al mismo tiempo) y<2..

(2)

se asighard a Z el valo} que se obtenga al calr

cular X%4+XV, esto gs Z=125.+2,.5=127.5

lF' (AoLEex.ANDQBnGE. Y OOR.C.GT.Z) Gﬂ T” 12

Significa que si A<X y (al mismo tiempo) B>Y ep

;.18
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verdadero & £>1 es verdadero 6 ambos, entonces

}

se transfiere ¢! control al enunciado 12.

(3) P= 1
ISUM = ©
.1 ISUM = SUM+I
f = 141
IF (1.LE.300) G& TH 1
STOP

5.2.3 El ehunﬁféﬁo‘Dﬁ

Esto nos indica
que sd6lo sumare-
mos los nimeros

enteros del 1 al 100

Este toma la forma:

DB K I =1L, M, N

DA KI =1L, M

‘ La'éegunﬂa forma sélo se aplica cuando N=l,'lo -

que es bastante - frecuente.

K rebresénta un ndmero de enunciade

| ‘representa una variable entera

‘L, M, N son variables enteras 3 constantes sin

signo.

El D@ produceiia'ejecucién repetida de todos los

enunciados que lé siguen, hasta el enunciado numero K.

La primera vez que se. ejecutan estos enunciados_la_varig=

, bie | es,IQUaf a.L, en cada paso subsiguiente | se incre-

menta en la cantidad. N, hasta hacerse mayor 6 igual a2 M

en el paso final} en este momento se termina el 1lamado

\
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lazo DB y el control pasa al enunciado que estd 2 conti-
nuacion del enunciado K. Asf, L es el valor inicial de

la variable | y M su valor final. | se liama el Fndice

del enunciado D@ y su valor corriente se puede usar emn
cdlculos durante la éjendcién del lazo. Todos los enun-
ciados*que*ié ;ijuen'alibﬂ hasta el numero K inclusi;e
constituyen. el, rango del DP. También g5vbosible que la
variable F*ﬁbf§eﬂencuentre en ninguno de' los enunciados
del rangovdel‘DD y esto nos indica que 'se realice la eje~
cucién.de todos los enunciados del rango del D@ M entre

N vgces~(la parteléntera de estezcociente M/N). Debere-
. mos tomaf‘éh%éuentaxque-'el fndice I'se increﬁenta-secuenr
cial y automatscamente durante la eJecucion del lazo y
queise puede en estos momentos, tratar como cualquoer
varlable\enfera; el Tndice | queda indeflnido de5pues ce
.termunadc el lazp del DO Y puede utiluzarse para cualquEe.
T ) geneﬂaﬂ, El enuncnado K no debe ser~un enuncuado de
especificacidn ni una transferencia de control esto inclu-
ye cosas como .Gf Tﬁ,.lF y Dﬂ casT como. FORMAT, END y ai~
gunos. otros. Debemos conslderar que no se puede desdq nin-
glin puntb;delhprpgrama,llegar a ungenunciado dentro Qel \
rango de' un, Dﬁ. Y que la entrada a un Dﬂ deberé hacewse

a través del enunciado D@..Y por ultimo es muy frecugnte

que un Dfj esté completamente dentro de otro.

., 29
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}lustrando graficamente tenemos:

Correcto Incorrecto
DB Do | _08. . DB
D g ' .0 DB
D D@

Ejem., Utilizaremos un DP para sumar los nimeros enteros

de! 1 al 100, ejemplo que ya hemos visto anterior-

mente. o
ISUM = 0 Nos damos cuenta que el DJ tie-
DB 11 = 1,100 ne la misma funcidn que un IF,
1 ISUM = ISUM+1 un G# TP y un contador; como po-
. STbP : dr3 observarse con el ejemplp an-

terior.
3.2.4 | El enunciado ST@P
Este aparece simplemente como STAP y es el que
nos indléélque ha terﬁinado”ia ejecuciéﬁ'y;eh e]@césd.de
I1BM - 1130‘fad;ompﬁtadora se detiened;'eliapéradérmtendré
" oue hacer §Ue continde trabajanio. Debido a ello se raco~

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

sa el control a un proarams monitor que hace.que la com-

putadora continte ejecutando los otros programas que Si-
guen a continuacién.
Tanto el STPP como el CALL EXIT podrén aparecer

después de cualquier enunciado.

eozl '
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5.3 Los enunciados de entrada y sallda

Estos, como Su nombre lo Bndica, sirven para ontroduclr

oo

y sacar lnformaC|on de ia computaoora.

5.3.1

EI enuncnado READ

Este enunC|ado tiene la forma READ- (i, N) LiSTA

l Y N son enteros sin sngno y LISTA representa una lista

de nombres de varsables para las cuaies se leeran valores.

§

| desngna‘el tlpo de periferico denentrada que se utilice

(lectora de'iarjetas. consola, etc.). N.es el nimero de

un enunciado FARMAT asociado al READ.

. Ejem,

5.3.2

E1 enunciado READ (2, 101) J, B, K.

Producirs la lectura de tres niimeros: un entero y

/o \ . (N

A}

dos reales y se almacenaran ‘en lds localldades de

ﬂa memoria de la computadora desognadas con l@s

\ i
'

varuables J B y H en su orden. Las comas que se-

[

paran éstos nombres de variables en el READ s¢n

e

klndnspensables,‘z es la unidad de entrada y 1@1

un FORMAT .

- Bl enunciado WRITE

. Este tiene la forma WRITE (1, N) LISTA I y N fon

enteros sin slgno y LISTA representa una llsta de varfa~

bles para las. cuales se lmprimen va]ores. i ‘designa el

tipo de periférico de salida que se utfiice.(impresorp,

cinta, etc.). N ec el nimero de un enunciado FBRMAT aso-

. p2
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ciado al WRITE,

Ejem. E} enunciado WRITE (3, 108) L, X, Y
Producird que se impriman los valores de las va-
riables L, X y Y que se encuentren en las locéii-
dades de memoria con esos nombres, en el formato
especificado por e]—enunciado nimero 108 y por-
la unidad de salida ndmero 3; las comas que sepa-
ran €stos ncmbres de variables en el WRITE son
indispensables.

.4 Los enunciados de especifiééciéni o

Este tipo de enunciados no inician por si mismos ios cal-
culos, no producen transferencia de control ni estimulan el flu-
" jo de informacién, pero proveen af\compilador FORTRAN de los
'deta]les'esenciales para’la traduccion del programa fuente en
FDRTBAN al programa objeto en lenguaje de miaquina 6 para ‘la con-
versién de datos.a la entrada o.la salida..

Si queremos'int;oducir datos a la cpﬁautadora lo podemos
hacer mediante un enunF{;do que esté dentro.del programa, como
A= 31416, ésto es lo que po&rfamos llamar inicializar yna va-
riable; y el programa se ;ompilaffa.céda Qez que quisieramos"

darle un valor diferente a A, 10 cual resulta muy custosp, Yd

que las compilaciones son laboriosas. Para evitar esto sg usa
el enunciado READ v los valores que se le den a A podrdn estar

en tarjetas de datos, los cuales son independientes del progra=

..23



ma fuente.
5.4.i El enunciado FERMAT
Este tiene la forma: N FARMAT ( , , , ...) en
la cual "N-es-el nimero del-enunciado FERMAT-y- correspon-
de al N de los enunciados’ READ y WRITE. Los espacios en-
tre las comas estdn disponibles para las especificaciones
del tipo que se describen m3s adelante, siendo el nimerc
de espacios uno o mas, de Scuerdo S las necesidadec ‘el
programador.
5.4.1.1 La especificacion I:iw
Aqui | indica un valor entero y W es
un entero que indica el ndmero Ae columnas o an-
cho de campo, que ocﬂpa ese valor en la tarjeta
de entrada o en el papel de impresién. El ﬁﬁmerc
w 'deberad incluir un lugar par#'el siano de ese
valor,'siendo + opcional.

Ejem. ‘Valor de los datos

de entrada o salida: 1130 -+1620 -370 ©

Especificacidn: 4 15 4 1
5.4.1.2 :wLa'éSpecificacién F:Fw.d |

Aqui F indicaun valor reay, w indiga
el nimero de columnas que ocupard el valor en la
tarjeta de entrada o en el éapel de impresidny; d

indica el ndmero de cifras que se encontrardn des-

-l

+1h
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pués del'punio decimal. w deberd incluir un lugar
para el signo y otro para el punto decimal.

Ejem. Valor de los datos de

" entrada 6 salida: 327787 -.007 11307 +3.70

Especificacidn: F6.3 FS5.3 F5.0 F5.2

5.4.1.3 \La especificacién E:Ew.d
Aqui E indics un valor real en forma

exponenciat v w indica la anchura de campo para
=zse valor y debe de incluir el signo, si lo hay,
él punto decimal, el !uggr para 1a letra E, un
lugar para el signo del exponente, si es negati-
vo, y dos lugares para:elvexponente; & indica el
ndmero de 'digitos a \a derecha del.pun;p decimal.

Ejem. ‘Valor de los datos

de entrada o sallda:\.1403£0h —.7;-02 TLL2E+04

1Especificacién: »E8.b.;? :;E7.13’i.E9.4

\Es~conveniente que'gﬁaédo deseem6§'$acar
Inforniacibn de Ié‘coﬁputadsra,‘témemos:en cbenta
.para'ej a?cho de!‘caapo lo éiguiepte:~ \
1.7‘ . El;signo,-;ﬁﬁnéuéndo el;+;gé6eralmenfe‘

no se imprime. _-

2,- Bl pdnto decimal para las especificacio-
nes F yE.
3.- Por 1o menos un digito a la lzquierda

.25
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del punto decimal, puesto que muchas
maquinas imprimirdn alli un cero si o=
fro digito no ocurre.

b, Suficientes lugares para todos ios di-

gitos significativos deseados, debido
ﬁ a que para los digitos que no sz les
- deja espacio sé truncan o redondean.
5.~ " Cuatro lugares.bara el exponente de la
especi%icacién E. ’

*

6.- E) primer lugar se'deja en blanco para

el control de carro,

5.4.2 El enunciado ‘END
Este se lee simplemente END e~fnforma_al coﬁpila-
dor que el programa fuente ha te}hlnaao y debe ser gl ol-

timoc enunciado de cualquier programa SORTRAN,

€.~ Arreglos

Frecuentemente cratamos con un39fupo-de variables que for-
man 6-pertenqcen'a-una'élase [ coleceléﬁ.;Cuandp ‘las variables
forman un conjunfo ordenado, pueden‘rélacionarse unas <on otras
por'la notaciﬁn de susfndices; entonces designamos esa colecciér
como arreglo y las variabies-qué pertenecen a ésta serie son

’

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

..26
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arregio el nombre de matriz y, en consecuencia, hablamos de ele~
mentos de la matriz. *

6.1 Variables con subindices

Un .conjunto de-nimeros-que pueda arreglarse_en . un-renglon. .

0 columna se considera como un arreglo lineal S8 unidimensional,

y ésta serie puede llamarse vector. ldentificamos los elementos

de un vector renglén 6 columna por un sélo subindice.

Ejem. La columna de nimeros deltvector llamado A, con-
siste de los elementos A, hasta AnAénclusive y

se representa como Sigue:

Notacidén asoctumbrada . Notac id6r FBRTRAN
Al ~ (1)
Ay ) A (2)
A O AL(3,
] . I |
L ] . ]

[} 1 .
Ai A ()
] ]
] -8
' R
An S AN

‘Cada una de -estas A(1), en donde | varfa.de i a N,

‘son el nombre de una variable, el conjunto de to-

das ellas es‘lO“due llamamos'arreglol

Si se usan dos subindices para identificar los elementos

S

de un arreglo se considera éste como un arreglo bidimensional~
Los cuadros de un tablero.de ajedrez, pueden considerarse como

4

un arreglo bidiminsional. Y si llamamcs a cualquiera de los (ha-

oo 27
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dros con la variable CTAJ tendremos 64 variables; pero como el
tablero tiene 8 renglones y 8 columnas, podemos referirnos al
cuadro que se encuenfra en el renglén 3 y la columna 5 con la
variable CTAJ-(3,5).

Dependiendo del tipo de computadora sera el namero de sub-
indices que podremos asignarle a un.arreglo; en IBM - 1130 sdlo
se admiten arreglos con un maximo de tres subindices.

Las variables que se utilicen para designar arregios de-
beran observar las reglas que se dieron anteriormente al hablar
de variables enteras y reales considerando que para los cinco
caracteres alfanuméricos son independientes de los indices que
se encuentran entre paréntesis.

6.1.1 Reglas para los subindices.

Regla 1 Un subindice debe ser un entero, puede ser

constante, vaéiable 6 una de las expresipnes
.aritméticas siguienfes:
A*x YV ; b A*V-=-p»H
en donde v es una variable entefa y'a\y'b soﬁ
- constantes enteras sin signo. | |
Ejem. -Algunos subfndices pueden ser:
1 1972 10*KONT ~ 2% J f
1976*N-8  2*j-4 2%{+3
No se pueden usa% como subindice:

1+l =}  2-10%CONT ~1932 =KILO

L] .28
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Regla 2 Un subfndice sblo debe tomar valores positivos.
Regla 3 - Un subfndice en s7 no debe ser una variable con

subindices. As7? X(1(2)) no es permitido.
Regla 4 Un simbolo que representa un arreglo, una va-
riable con subfndice, no debe usarse sin sub-
Tndices para representar otra variable diferen-
te en el mismo programa. Esto es A{l) y A no
deben referirse a variables diferentes. Como
siempre hay una excepcibp que por anora no
tocaremos. ‘ |
Ejem. Los sTmbolos para variables reales con
'iSubfndices podrian incluir;
S x(1)  SuM(k#2)  A(1, 2%J+1)  B(INT)
_Para variables enteras con subfndices‘
podemos tener:
INT(M,N)  1(J)  1CTA(J,2%1)
6.2 El enunciado DIMENSI@N
Siempre que en un programa utilicemos variables con syb-
fndi;es deberemos poner como prdmer enuncia&o el DIMENSIEN,.eI
cual indica al compilador qué tanto espacio de memoria se debe

reservar para las variables con subindices. .Su forma es:

c(u.{}

DIMENSION u, v, W, a..
Donde u, v, w, ... son nombres de variables, cada una de

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

.29
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arreglo correspondiepte. Deberdn observarse las siguientes reglas:
Regla i Cada variable con subindices se debe mencionar en
(un enunciado DIMENSIPN antes de su'primer uso en
el--programa.
Regla 2 Los ;Tmbolos representados anteriormente por 4, v,
W, .... deben tener la forma:
nombre de variable (mdximo nimero de ele-
mentos)
el nimero entre paréntesis debe ser una constante
entera sinlsigno. _
Ejem. DIM ENSION A(20), B(4,8), CARR(5,3,4)
:EstP indica'que\el compilédor‘reservaré 20 loca-
lidades para el arreglo A,;sa; veinte variables se-
ran A(1), A(2), ..., A(ZO)‘aI mismo. tiempo se reser-
varén}éz (4x8) localidades para las variables B(1,3),
B(1,2), B(1,3), ..., B(1:8), 8(2,1), 8(2,2), ...,
8(2,8), 8(3,1), B(3,2), -... B(3,8), B(4,1), B(4,2)
eee, B(4,8) y por Gitimo se reservardn 60 (5x3xk)

-

localidades para‘las variablesyﬂel:arreglo CAR, con
.tres subindices caéa una. ,f
!?51&1;1 El arreglo que se use en particular, dentro ael pro=-
grama psdré tener menos elementos que los especifi-

cados en la magnitud del enunciado DIM ENSION , perc

no mas.

0‘030
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La variable tal como aparece en el enunciado DIMEN-

SIPN debe tener exactamente el mismo nimero de sub-

Tndices que en cualquier otra parte del programa.

oe3
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SUBPROGRAMAS.
Los subprogramas, también )lamados subrutinas, son programas que pueden

ser puestos en uso por otros programas cuando sea necesario.

Las funciones de biblioteca 6 funciones del sistema constituyen una va -

riedad d& subprogramas.

FUNCIONES
Cuando el ‘valor de una variable depende de una & m3s variables 6 constan-

tes y ademas de una serie de calculos,y dicha variable ha de caicularse repe-
tidamente y en diferentes puntos de un programa, es posible definirla como =--
una Funcion. En otras palabras, Ademds de las funciones con que cuenta la bi -
blioteca del sistema, el usuario puede escribir sus propias funciones para uso
especifico de su programa.

Tomemos un ejemplioc para visualizar lo anterior:

Supongamos que para un programa en espécial, en el cual trabajamos con grados
en lugar de radianes, deseamos calcular continuamente SEN@ \(X), sin el uso -
de funciones serfa necesaric transformar el argumento deseado de grados a ra-
dianes y después llamar a la funci6n del sistema SIN (X). A continuacién pre-

sentamos una funcién que calcularad SENO (X), (X en grados) :

FUNCTION SENG ( X )

X =X%* 3,14 15 92/180.
‘SENG = SIN (X)

"RETURN

END

que es liamada geSdee} programa como:

GRAD= SENB (GRADAS)

En base a éste ejemplo podemos generalizar el uso de la proposicion
FUNCTION .
a) Deb: ser codificada en forma independiente del programa

‘que la usard, es decir, no debe aparecer ‘‘dentro' del programa.

b) Debe empezar con la palabra FUNCTION
0032
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. FUNCTION nombre (parametro )

c) A continuacién se escribe el nombre con que serd 1lamada.

d)  Después, entre paréntesis y separados por comas, aparecen los argu -

mentos.

EJEMPLOS. -

FUNCTION RAIZ 1 (A,B,C )
RAIZ1= (~B + SQRT (B #%2 - h, * A% C)) / (2,%2A)
RETURN

END

FUNCTIZN RAIZ2 { A, B, C )
RAIZ2 = ( =B = SQRT (B**2.h.* A % C)) / (2.% A )
RETURN

END

100

200

EC. SEGUNDZ GRAD®
READ ( 2,100) A, B, C

FORMAT ( 3F10.5)

X1 = RAIZ1 (A,B,C)

X2 = RAIZ2 (A,B,C)

WRITE (3,200) A,B,C, X1,X2
FORMAT ( 5 {i1F10,5")

CALL EXIT

END

Este ejemplo es solamente para mostrar el yso de la proposicidn

FUNCTIBN y no contempla algunas situaciones como raices complejas, . =

SUBRUTINAS
Como es facil notar, ia proposicién FUNCTIfBN nos '‘regresa’ un solo va -

lor y lo hace a través de su nombre. En muchos casos es cpnveniente & =

necesario que se nOS regrese mas de un valor, para és5tos casos usamos |a
proposicion o enunciado$ .
SUBRBUTINE.

Una subrutina es un subprograma que puede ‘'recibir’ cualquier ninero -
de parametros ( desde‘cero hasta un namero determinado par el tipo de com

pilado;) y puede '‘regresar'’ diferentes valores calculados.

.33



33..

Veamos algunos ejemplos:

Supongamos que al imprimir resultados de un clerto programa tenemos qus =
.escribir algln titulo usando los primeros renglones de la hoja. En tal caso po-
demos hacer uso de una subruéina como sigue:

SUBROUTINE ENCA
WRITE (3,200)
200 - FORMAT--(/,1X,- 'REPORTE- SEMANAL® , / } -
RETURN
END

" Como vemos no hemos pasado ningin parametro 6 valor a la subrutina. Para -
que se ejecute ésta se debe hacer usc de la proposicion CALL,’de‘la siguiente for

ma:

CALL ENCA

dentro del programa y en el lugar donde deseemos que ocurra la impresidn.
DiSQufamos ahora un ejemplo muy simple para ejemplificar el uso de parémetros.

Hagamos una subrutina que "'reciba' como entrada dos numeros, los sume y el resul -

tado lo ''regrese' en otra varlable. Sean Ay B los numeros -a sumar, y C la varia -

ble en donde se pondré el resultado.

.SUBROUTINE SUMA (A,B,C )
C=A+8B
RETURN
END
Es importante detenerse a ver el significado de loshparémetrosApara las sub -
rutinas: , ' j
La subrutina anterior SUMA puede ser 1lamada de diversas forma;:
CALL ' SUMA (AA,BB,CC)
- CALL ~SUMA (h3 7, X)

etc.

Como vemos, las variables A,B y € que aparecen en la subrutina son variables
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mudas o dormidas y solo tienen sentido dentro de 1a subrutina. Veamos lo -
anterior:

Supdngase el siguiente programa:

X1= 3.
X2= 4,
CALL - SUMA ( X1,X2,X3)
SUM= X3
WRITE (3,200) X1,X2,X3, SUM
200 FORMAT (4 F10.5)
CALL EXIT
END
Se propone como ejercicio al lector que haga las veces de la maquinag y es -
criba lo que €sta imprimiria.

La maquina imprimira :

3.0 L.o 7.0 7.0

saY
Una de las facilidades m3s .utiles en Ssubrutinas es la de‘ﬂgrreglos como

parametros, ej®

SUBRAUTINE MAXIM (A, MAX )
DI MENS iON A ( 10)

RETURN
END

Supdngase_que_ésta_subrutina encuentra el elemento del arreglp A (10) con

mayor valor y lo regresa a través de la variable MAX. Es importapte notar que
si pasamos como parametro uno 6 mds arreglos hay que dimensionarlos otra vez
dentro de la subrutina, lo cual se puede hacer de -al menos dos formas: 1)

poniendo la dimensién que aparece en el programa que lo llamas

2) Poniéndole dimensidn 1 (vwe)

.Ejemplo:
«.35
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OIMENS(ON A (10).,

-— b Gum mae wam
—n e ees e e e

CALL PRDEN  (A)
CALL.MAXIM  (B)
'CALL MAXIM  (A)

A e ks e e

CALL EXIT
END

B (20).

35..

A9}

Caso 1:

SUBRBUTINE GRDEN (X)

D{MENS LON

END

X (10)

Caso 2:

SUBRPUTINE MAXIM

"DIMENS [ON X

RETURN
END

i

)

..36
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7.2.1 COMMON, -

Como es posible visualizar en los parrafos anteriores, las variables
usadas en las subrutinas, o mejor dicho, dentro de las subrutinas, son totai -
‘mente independientes a las variables usadas en el programa principal. Muchas -
veces es conveniente que tanto las subrutinas como el programa que ‘las llamas -
tengan--variables -en GOMUN. Para;lognar—éstouaxiste-la declaracion
/

COMMON

La forma general de ésta proposicion es:
| COMMON lista de variables
donde ''lista de variables' es un conjunto de variables y/o arreglos separados
por comas a las cuales queremos adjudicarles la-propiedad antefior, es decir,
sean comunes a wvarios subprogramas. ‘ )
Ej.
COMMON A,B, X (10), AB (30)

Esta declaracién debe aparecer al principio de cualquier programa o sub-

.rutina en que se desee usar. Veamos un ejemplo:

“
\

c SUMA DE DOS NUMEROS
COMMON A, B, ©
A= 3 -
B= 7 ‘ : -
CALL SUMA
2=2¢C

WRITE (3,200) A, B, C, Z
200 FPRMAT( 4 F10.5 )
CALL EXIT

END |
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SUBROUTINE SUMA

COMMON A, B, C
C=A+B
RETURN

END

Este programa debe imprimir :
3.0 7.0 10.0 10.0

Una propiedad importante del COMMON es que si un arreglio es especificado
en COMMON que d3 automiticamente dimensionado, es decir, no hay que especifi -

car dicho arreglo a través de la declaracion DIMENSION .

En las siguientes p8ginas se muestran veintiin programas, que incluyen sus -
diagramas de flujo, codificaciones, datos y resultados; el objeto es que el -
‘lector pueda complementar la parte teSrica con la prictica, amén de que debe

(]
ra hacer los propios y procesarlos en una computadora a su alcance,
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"CONVERSION DE GRADOS CENTIGRADOS A
SRADOS FARENHEIT® -

INICIO

l

| CEN=37.45

L

7

FAREN=CEN x 9./5.4+32.




S/ JOB T

// FOR

#*LIST SOURCE PROGRAM
eONE WORD INTEGERS
@JOCS(CARD.1132 PRINTER)

Cwﬂm--ﬂ- ﬂ-m—mﬁau N Ommmemmnmaﬂm

c CONVERSION DE GRADOS CFNTIGhADGS A
c GRADOS FARENHEIT |
100" FORMATI(F10,4)
IiMP=3
CEN=37045

FAREN=CEN®G,/5,432,
WRITE(IMPo100)FAREN
CALL EXIT
END

/7 XEQ

/%

RESULTADOS

’ -QW‘UV.

FROG . 1



"CONVERSION DE GRADOS FARENHEBET A GRABOS
CENTIGRADOS"

iNIClO
/
*;:J'
rm
i
v //F/A;

<

CENTI=(FAR-32.) x5./9.

FAR, CENT!

C FIN \'



/7 JOi T

/7 FOR

#LIST SOURCE PROGRAM
“0ONE WORD INTEGERS
@JOCS(CARD.1132 PRINTER)

Cocommmemwanne]) ) Se-ec-mcccce
C CONVERSION DE GRADGS FARENHEIT A

C GRADGCS CENTIGRADOS

100 FORMAT(F10.4) ’ ' )

101 FORMAT(Fl10o04%022H GRADOS FARENHEIT SON oF1004920H GRADOS CENTIGRADO

iS.)
LEE=2
IMP=3

200 READ (LEEL100)YFAR

c FAR TGUAL CERO INDICA TERMINO DE DATOSo
IF(FARYZ100220:210
210 CENTI=({FAR=32,1%5,/9,
WRITE(IMP,101)FARLCENTI
GO TO 200
220 Cali EAFT
i.ND
77 XEQ
1260000

126.

=],

18.2¢

0.0
/78

RESULTADOS

-4261000o—twﬂnns‘rﬂﬁtﬁﬁtTT—SﬁN— 522222 GRADUS CENT [GRADOS

12640 GRADOS FARENREIT SON 5262222 .GRADDS CEh-IGRADOso
L SRR
tat2600GRAD N A AT CENTTERADR

PROG - 2



"CONVERSION ENTRE GRADOS FARENHEIT Y GRADCS
CENTIGRABDS ¥

CN!C!O )
:

'SALTO-HOJ A:l

of

FIN
v .
jz
FARENﬁGRADx?./S. + 32, {c:er;w(cnw-sz. * 5./9.
) B
| GRAD, CENT!
GRAD, FAREN
| | —

PROG - 3



/7/ JOB 7T

// FOR

#LIST SGURCE PROGRAM
#ONE WORD INTECERS
*IOCS(CARDy1132 PRINTER)

Cormocmmmnm— TR E Sommmmnnc=
c CUNVERSION ENTRE GRAGOS FARENHEIT
c. Y GRADOS CENTIGRADOS

3100 FORMAT (1H1Y)
101 FORMAT(I1:F10,3)
102 FORMAT(Fl002215K FARENHEIT SON 2F11.3s13H CENTIGRADOS,)
103 FORMAT(F10.2517H CENTIGRADOS SON oF92:39¢11H FARENHEIT,)
LEE=2 '
IMP=3
HRITE{IMP100)
200 HREAD(LEE«101oEND=220)INDIoHGRAD
IF{INDILEQ-13GD TO 210
C 18D DIFERENTE DE 1} DATO EN GRADDS FARENHEIT.
c SE CONVIERTE A CENTIGRADOS,
CENTI={GHAD=32,1%5,/9, -
WRITE{(TMPo102)GRADCENTI
GO TO 200
210 CONTINUE
£L DATO ES EN GRADO CENTIGRADO.
SE CONVIERTE & FARENHEIT.
FAREN=GRADQ90f50°329 ]
WRITE(IMP,103)GRADFAREN
GO TO 200
220 CALL EXIT
END
// XEQ
1 12000
0 1148
1 0,
2 32,00
1
1
/

¢ Ne

°l66"
18,

RESULTADOS

‘ —12wU0“tENT1EEﬂQus‘ﬁﬁw-———ﬁﬁTBﬁO“?ﬂpfwntTT% =
11248 FARENHEIT SUis 211,400 ctNTIG§A§05°
0s] - 50N 32.00 ) O

'“32*ﬂ0 f ARE EEIQDEUN 09088-%ékglcﬂ?905°
CENTIGRA 3 EYXTe "
8854 00— ARENH EITFo— -

0200 FARENH

PROG - 3



"CONVERSION DE GRADOS A EADIANES"

[PONISE ST S

iNIiCIO /}

f>
H
| T [/GRAD J
DE r
\ DATOS AT

©

-
RN D EL PR__O
GRAMAY

L“w/"m

-,

et GRADCIS0 >

-

GRAD= GRAD- 360 J l

1 |

i —
L. ———$< GRAD 2180 T
/ ]
<&
F ‘ 7
'I GRAD=-(GRAD-180) J
1 I

37

RAD=GRADx 3.145926/180. t
g -

|

‘GRAD,RAD i




/7 J0n T
// FOR
1 1ST SOURCE PROGRAM
SONE WORD INTEGERS
“JOCS(CARD»s1132 PRINTVER)
CommancmcmmenaC U A T R Jmeme..
C CONVERSION DE GRADOS A PADIANES
101 FORMAT (F8,3) '
102 FORMAT(F9o3512H GRADOS SON oF603+10H RADIANES.)
103 FORMAT(///0)10X:16HFIN DEL, PROGRAMA)
: LEE=2
IMP=3
200 READ(LEEs)101.END=230)GRAD
210 IF(GRAD.LT.360160 TO0 220

c EL DATO ES IGUAL O SOBREPASA LOS 360 GRADOS(SE "AUUSTA} "
GRAD=GRAD=360.
GG TO 210
220 CONTINUE 7
c SE TRABAJA ENTRE <180 Y =180 GRADOS.

IF(GRADGE o 110 ) GRAD== (LRAD=180.)
RLD=CRAD®2.1415%267180, ’
WRITE(IMP o102 GRADRAD
60 70 200
230 WRITE(IMPo103)
CaLl EXIT
; END
/7 XEG
90000
<090,
36006
=380
000 !
185,27
132.4
79,9
/% '

RESULTADOS

900 A0S SpN 15 RADTA ®
| oUSs Bait -1 b
- Do000—GRADD A V0D ARES
l ©3800000 GRADéS SSN‘"60652“£531A3E5,
5008 Cats Sl 2650 iINES:
2] # 2—RA ) IATES s
, 1320400 GRADOS SON 203} RAD%AQE%O
=79:900 GRADQS Sal '"ie3%5 RADIANES, .

a FIN DEL PROGRAHA

[\

o

PROG - 4
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-

FARES E

NiC!C\\

/

\\

S

&5
T

E IMPARES™
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/7 OB 7

// FOR

#LIST SOUKCE PROGRAM
#ONE WORD INTEGERS :
2J0CS(CARDs 1132 PRINTER])

Commanmnmema==C | N £ Doecne=m
C DETERMINACION DE NUMIROS PARES
c E IMPARES

1cn FORMAT(I3)
101 FORMAT (14o8H ES PAR.)
102 FORMAT(34010H ES IMPARG)
- LEE=2
1P =3
READ(LEEs100)NTARY
c NTARJ INDICA NO. DE TARJETAS CON DATOS.
DO 202 I=1NTARJ
READ (LEE+100) NUM
IND=(=1) ##NUM
IF(INDoLT.0)GO TG 200

C Eil. NUMERO ES AR,
' Wi TTE(IMP 101 ) NUM
GO T6 201
200 CONTINUE
c EL NUMERO ES IMPAR.

WRITE(IMPo 102} NUM
201 CONTINUE
202 CONTINUE
CALL EXIT
END
//7 KEQ
005
17
1
14
291
8
/%

RESULTADOS

L§ Eg THPARS
14 ES MPAR
291 £5 IMPAR
8 £ PARe ;

PROG -5



"DETERMINACION DE MULTIPLOS DE UN NUMERO~

b g o()
S 1 FIN -
k £IN DE
DATOS
A
IF
-
© NTARJ
4 ;’
it e >y "-"l,NTAR:\ - ‘
; NUM ,'
& IDIV= NUM/IBASE
RNUM= NUM
. RDIV= RN UM/IBASE
‘ ' NO MULY, ey .
’ | MULT ¢
i NUM/IBASE F o ABVEDIVY NUM, 1BASE

PROG -4



s/ JOR T

// FOR

8L 1ST ‘SUURCE PROGRAM
@ONE WORD INiILGERS
#JOCS(CARD, 1132 PRINTER)

" Commmemmm e S £.] Semvemme—n
c DETERMINACION DE MULTVIPLOS
C DE UN NUMERO

100 FORMAT(IZ)
101 FORMAT (34HINUMERO- MUQTKPLO DEDMQ MULTLIPLO DE;
102 FORMAT(2XeI30THeI3)
193 FORMAT(2x013921XoI3)
LEE=2
IMP=3 :
WRITE(IMP:101)
200 READ(LEE.)00-END=240) IBASE
READ(LEE+100)INTARY
D0 230 I=1sNTARJ
READ(LEE2100) NUM
ID;V=NUMZ IBASE
Ko =NUM
HDIV=RNLM/IHASE
iF(KRDIV.EQ.IDIVIGO TO 210
> " NUM NO ES MULTIPLO DE IBASE.
WRITE(IMPs103)NUMs IBASE
GO TO 220
21¢ ZONTINUE .
NUM SI ES MULTIPLO DE IBASE.
wRITE(IMPolﬂziNUMoIBASE ’
220 CONT Y °
?’? s

(i)

chu CALL EXTT
END

// XEQ
002

005

17

001

14
291

. 8 - N 2
003

002
-9

11
205 .
01 RESULTADOS-
09

(1}

e s . e ——— s
|

5____&U%;ag:quIAgLn.ngzﬁo_@uyilgLﬂ_ﬂﬂ_w__ﬁ_.
! 13 e 2 2 ‘
; 291 : -2 ‘
. . g ,g
i3 3 ,
9 5

T S PROG - 6



¢ NUMEROS PRIMOS *

CINICIOﬁ\'
L /

'ENCABEZAD(C

o & 2

- [rRimor
I Y

g 'NO PRIMO
NUM . PROG = 7



" NUMEROS PRIMOQS ® 2a.,

®

!
IMAX= NUM/2. l

l} |
@

;>4Mf;// P-
, v |
1IDIV= NUM/I
| <9999 .
RNUM= NUM
RDIV=RNUM/I

‘NO PRIM' ‘- 'PRIMO"

NUM NUM
A "

B i

(e

PROG -7



s/ JOB T
// FOR ,
#IST SOURCE PROGRAM
SONE WORD INTEGERS
“IOCS(CARDo1132 PRINTER)
Comecmenosuwces | £ T Excencnsw
c NUMEROS PRIMOY
1,100 FORMAT(I3) )
101 FORMAT (19H1IPRIMOS ~NO PRIMOS)
102 FOHMAT(2Xe13)
103 FURMAT{14Ks13)
LEE=2 "
IMp=3
CWRITE(IMP,101)
200 READ(LEEs106<END=290) NUM
IF {NUM.GTo316G0 TU 210 -

c . NUM E£S MENUR O JoUAL A 3(TODO NUMEkO NATURAL HENOR 0 IGUAL A 3 L%
WRITECIMPo102)NUM |
_ GO TO 280
210 COUNTINUE
c NUIM £S5 MAYOR WUE 3.

IND= {=1) %9NUM
IFLIND.LY.0)6U TC 2206

C NUM ES PAR{TODO NUMERO PAR MAYOR QUE 3 NO ES PRIMOQ,) o
WRITECIMPL103) NUM
i GO 70 270
220 CONTINUE ‘ '
c NUM ES IMPAR(SE INICIA PROCESO DE PRIMO O NO=PRIiMO),
JIMAX=NUM/2 i
. . I=3
230 IF{I1.GT.IMAX)}GO T0 240
C E OBTIENEN LAS DIVISIONES ENTERA Y REAL DE NUM/I
C CON 1 DE 3 HASTA NuM/Z2.'
T IDIV=NUM/SI
RNUMSNUM

RDIV=RNUM/ |
IF(RDIVL,EQ.IDIV) I1=9999
c i=9999 INDICA QUE NUM _ES:PRIMO.
I=1¢1
: GO TU 230 . o i
240 CONTINUE
IF(1.LT.9999)G0 TO 25%
c NUM NO ES PRIMO,
WRITE(IMPo103) NUM
60 TO 260
250 CONT INUE
c NUM ES PRIMO.
WRITE (IMP.s 102} NUM
260 CUNTINUE
270  CONTINUC
280 CONTINUE

6O TO 200
290 CALL EAIT
END
7/ XEW

PROG -7
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10
11
12
13
15
17
19
23

TESULTADOS

- - - . —— e — —

L e ek e et et Wiv—eemt ¢ 8 B T R W,

tdoa  pla
V. B W e

——— e —

PROG =7



k,l-N ICIO‘

-~

NTERM

NMI1=
NM2= 0

|

NMI, NMmI

I=2,NTRRM )%

j NUEVO=NM1+NM2

NM2= NM!

NMI= NUEVO

FIN

PRCGG -~ 5



/7 JO5 T
./ FOR t
«LIST SOURCE PROGRAM
+ONE WORD INTEGERS
~JOCS(CARD1132 PRINTER)
Cormmnmnanone=d C H Qeconocaas
c . 5ERIE DE FIBONACCI
100 FORMAT(I3)
101 FORMAT(I4353X015)
LEE=2
IMP=3
READ(LEEo100)NTERM
c NTERM REPRESENTA EL NUMERO DESEADO 'DE TERMINOS ~
NMi=1
NM2=0
WRITE(IMPo101)NM1gNMY
DO 200 I=2,NTERM
NUEVO=NM] o NM2
NM2=NM)
NM1=NUEVO
SE IMPRIME LA POSICION Y Fi. VALOR DEL TERMINO
WRITE(IMP-101) IoNUEVO
200 CONTINUE

I

CALL EXIT
END

// XEQ

"015

/o --- - -

RESULTADOS

1
]

RA___l_T,;_.

% 1
’ i
3 2
4 a 3
5 5
7 T 13
8 211‘
VI - | u
i : '144
EI
i5 330

PROG -8



" FACTORIAL

(o)
4,

_~

LEE

IMP

v

v

NUM, IFAC

FIN

IFAC =1 .

IFAC =1

—

PROG - 9



/7 JUR
/7 FOR
&L IST

#ONE W
¢310CS¢

T

SOURCE PROGRAM
O0RD INTEGERS
CARD91132 PRINTER)

Cormmmmmmenme=N U E V Erecoo=e

~
-

100
iol
102

200

210

(¥

220

/7 XEQ
23
01
02
03
04
15
.0

@

FACTORIAL
FORMAT(21I1)
FORMAT (I2)
FORMAT(I3s3X5 15,

SE LEEN LAS UNIDADES LOGICAS DF LECTURA E IMDRESIONN

READ(20100)LEE s I MP
READ(LEEc101END=220)NUM
IFAC=1
DO 210 I=2sNUM
IFAC=IFACH]
CONTINUE
IF {NUMLEQ,D)IFAC=] -
IFINUMEG.1) IFAC=] '
SE IMPRIME EL NUMERO Y SU FACTORIA.
WRITE(IMP102YNUM:IFAC

GO TO 200
CaLL gXIT
ENP

-RESULTADOS

e e A pem———— . R SRy S ey -

e - IR CRpSORP U P

b 2> PARD 04

PROG - 9



"CAMBIO DE BASE , DE DECiMAL A BINARIA *®

o D

le.

NUM

'EN BASE 10"
NuUM’

NE2= NUM/ 2 -

3 NB = NUM=-NE2 x 2
| " NB i
| ‘1éso0

d

; NUM = NE2

;

nmin s amimeed
-

»

PROG - 10



// JOB T

/7/ FOR

®LIST

SOURCE PROGRAM

«0ONE WORD INTEGERS
#JOCS(CARD31132 PRINVER)

Commonmemcnne Dl E Zewomoueas :

C
100
101
102
103

200

210

220

240

2590

CAMBIO DE BASE 3 DECIMAL A BINARIA
FORMAT}IS) .
FORMAT(1X0I5319H EN BASE DECIMAL ES)
FORMAT(1Xo11)
FORMAT (17H EN BASE 3INARIAo:
LEE=2 ’
IiMP=3
READ(LEE2100,END=250) NUM
WRITE(IMPo101)NUM
IF(NUMLLE.1)GO TO 220
NUM ES MAYOR QUE UNOs SE SIGUE DESCOMPORIENDO
NEZ=NUM/2
Ne=NUM=NE2#2
NB ES UNO O CERO
WRITE(IMPo102)NB
NUM=NEZ
GO T0 210
CONTINUE
IFINUMLEQ.1)GO TG 230 .
SE IMPRIME EL ULTIMO CERO EN LA REPRESENTACION BINARIA
1=0
WRITE(IMP,102) 1
G0 TO 240
CONT INUE
SE IMPRIME EL ULTIMO 1 EN LA wEPRESENTACION BINARIA
I=1 . ’
WRITE(IMPs102) ]
CONTINUE
WRITE(IMPole?
GO 'TO ‘200 -
CALL EXIT
END

// XEQ

12
.63
i0
00001
011

=131

0
1
13
/e

PROG - 10




* CAMBIO DE BASE DE DECIMAL A BINARIO *

o—]

"EN BASE BI-
NARIA"

2a.

PROG - 10

a3



ASE DECIMAL ES

{2 EN BASE DEUTMALTES

RESULTADOS |

P

PRGG ~ 10"
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* CAMBIO DE BASE , BINARIO A DECIMAL*®

O——=

13,12,11

IDEC =0

J=1

IDEC=IDECHJ x I1
J=2x J

IDEC= IDEC + J x I3

"en BINARIO'
13,12, 1

)

4

l IDEC

"EN DECIMALY

PROG - 11



/7 JOB T
//7 FOR
€L IST SOURCE PROGRAM
#ONE WORD INTEGERS . N
“JOCS(CARD1132 PRINTER)
T Coomonemecocmes ) N C Erococoaca 7
C CAMNUIO DE BASE ¢ BINARIA A DECIMAL
100 FORMATI3ZI)
101 FORMAT(IXe 3I1519H EN BASE BINARIA ES)'
102 FORMATI1XsISo17TH EN BASE DECIMAL,.)
LEE=p?
IMP=3 -
200 READ(2:100:END= 210)13012911
IDEC=0 )
C J CONTIENE LAS POTENCXAS DE 2.
J=13
IDEC=IDEC+J®]}
NEY LN
IDEC=IDECed®i2
- J=2#
T IDEC=IDECeu®mI3
WRITE(IMPS101)1I3512511

c IDEC CONTIENE LA REPRESENTACION DECIMAL DEL NUMERO BINARIC,
WRITE(IMPo102) IDEC )
GO TO 200
210 CALL EXIT
. END .
/7 XEQ .
001 - '
010 : ’ - . -
011
100 . S
101 - , e - N .
110 - E
111
/79 al e s

"RESULTADOS ~ = -~~~

——— Y m e e
00T EN BA<E OTI
0L EN R SasE bebifalS
0§ O E N BAG EB TN AR A E Soememreioe] .
; 2 EN BASE DECIMAL e T
011 EN BASE BINARTA ES ‘
~Eg—§esb*ﬂEC?ﬂAET——~——*—
00 ENEN BhsEinRRIA S -
1T ER BACE: Bigéﬁlﬁ&is -
N ASE C}MAL °
-—-—-——iéﬂ—-ENWBA E_BINARJALS
T4y b EgAgASE DECTMALe . \
13 NE_ shcEINART _Es —

i
1
]
+

syr R e =~ -, g, - -

\

PROG - 11



"CAMBIO DE BASE, BINARIA A DECIMAL USAND O ARREGLOS®

INICIO e
o
1(J), J=1,10

_—

A L=11-K

IDEC=IDEC+ I(L) x J

4

<

["EN BINARIO®
1) d=1,10

[ "EN DECIMAL

‘ " IDEC

PROG = 12



T4/ J08 T

/7 FOR

“LIST SOURCE PROGRAM . .
#ONE WORD INTEGLRS ‘ ~ . -
#I0CS(CARDo1132 PRINTER) C

Commmmmmm e m oo DO C Ercnmvncem= :
c CAMBIO DE BASE 3t BINARIA A DECIMaL
c . USANDO ARREGLOS '

o DIMENSION I(1Q)

100 FORMAT(1011) . ) :

101 FORMAT(1Xol0I1919H EN BASE BINARIA ES)
102 FORMAT(IXs1S:17H EN BASE DECIMAL,)
LEE=2 :
1MP=3 .
200 READ(2+100-END=220)1
IDEC=0
J=1
DO 210 K=1o10
c SE ANALIZA EL VECTOR 1 DE DERECHA A IZQUIERDA -
L=11=-K -
IDEC=1IDECeI (L)%
c J CONTIENE LAS POTENCIAS DE 2
J=Je2
210 CONTINUE ) :
WRITE(IMP o101 (I{J)oud=1010)
WRITE(IMP9102) IDEC ‘

. GO TO 200
220 CALL EXIT
. END
/7 KEQ .
1 o ‘ 2
11 ‘
~*1000100010 A -
] A .
R I
771001001 - — — et
00
/e

RESULTADOS

o e e A o —. s —— s o - - e o
T y N s v b naas ol

S T DAY
- .

COUOQUF U EI FRSE Y NARTA LS
o 000000 e o E ALY P
1p0910001g E SQ$E BINARIA ES

[

" _— f) 61 d
. : 100(3805508 EEB s;rjrélfﬁAﬁlA ES

~ | 5
TT0Q0Q0000L EN £ BINARTA ES
[

73 EN BASE D?g?ﬁﬁfﬁAﬂéﬁ

' 0000000000 EN BASE BINARIA ES
. - WAL .

i

PROG =~ 12




* CALCULO DEL NUMERO DE BILLETES * - la.

' (?Nmu>;>
A '

o
7

of

NUM

7
NM=0
NQ =0
N100= 0
N50 =0
| N20 =0 |
ND =0 :
N5 =0
‘NU =0
%

‘ENCABEZADQ’
NUM

NUMZ1000

NM=NM+1

NUM'= NUM - ] 000 i

NUM= 500

!

NQ =}
NUM= NUM - 500

Py |
9

>

f3) PROG - 13



"CALCULO DEL NUMERO DE BILLETES® 2a.
(p)
Ny

LN .
NUMi~u00> .
o

& i

N100=N100 +1

"~y

‘i
5
H
NUM= NUM - 100 !

e

it won ot et e o et i e et

‘J‘ 1

&<

, .
NUME 50 ™ &

N50 =1

NUM= NUM - 50

:; [

"NV =.NV 4!

NUM=NUM - 20

v

- NUM<=10

ND = 1

NUM = NUM - 10 PROG - 13

] o




“.CALCULO DEL NUMERO'DE.BILLETES“ 3a.

N§= 1
NUM =NUM =35

A e
NU = NU + 1
Y
NUM = NUM - ]
-
K~
NM

N100

(

N50

PROG - 13

o



" CALCULO DEL NUMERO - DE BILLEVES ¢ 4a.

(<)

e o

i

e =

N5

e

L

PROG - 13



7/ JOB T

/7 FOR

#LLIST SOURCE PROGRAM

#ONE WORD INTEGERS

*J0CS(EARD,1132 PRINTER)
CosemwennenesaT R E C Eeccencs

c CALCULO DEL NUMERO DE BILLETES

100 FORMAT(I4) . ‘

101 FORMAT(/911H EL NUMERO=514+24He00=PUEDE DESGLOSARSE. EN)
102 EORMAT(15, 7H DE MIL) : g R .
103 EORMAT(15014H DE QUINIENTOS) S
104’ FORMAT(I5, 8H DE CIEN) ‘ B
105 EORMAT (150130 DE CINCUENTA) :

106 EORMAT(1S,10H DE VEINTE)
107 EORMAT (15, 8H DE DIEZ)
108 EORMAT(ISs 9H DE CINCO)
109 FORMAT(ISe TH DE UNO)
" LEE=2
iMP=3
200 BEAD(LEEalOOoEND =330) NUM
NM=0
NQ=0
Nloo 0
NS0=0
Nv 0
‘ND 0
N5=0
NU=0 -
WRITE (IMP5101)NUM . .
210 ;F(NUM LE.1000)GO TO 220 S
¢ ’ NUM ES MAYOR QUE 1000 ' -
NM=NHe 1 ) a
NUM=NUM=1000 ‘ Tt T T e
GO 70 210 ST
220 CONTINUE o .
- ;F(NUM LE.500)60 707230 =~ - -7 77 R
c NUM ES MAYOR -QUE 500 (MAXIHO UN BILLETE DE 500)
NQ=1 .

- g NUM NUM”SOO e - cwt L b we teema o -i ..‘ .\...-,... - - - .--_.-‘—‘-'.:- ‘ ‘ p
230 CONTINUE T T ST T T T T
240 "IF (NUMoLE.100) 60 10 250 o e

"€ © . NUM ES MAYOR QUE 100 - ~ " TTTTTr L T
N100=N100<]) ‘ -
NUM=NUM=100 L '

GO TO 240 T . Sl .
250 CONTINUE C . B
1F (NUM, LE.50)G0 TO 260 I T
c " NUM ES MAYOR QUE 50 (MAXIMO UN- BILLETE DE"50)
- N5o0=1
NUM=NUM=50

260 CONTINUE
270 IF(NUM.LE.20)G0 TO 280

c - NUM ES MAYOR QUE 20
NV=NVe]

NUM=NUM=2 0

| GO TO 270
280 CONTINUE =
' IF(NUMJLE.10}GO TO 290

c NUM ES MAYOR QUE 10 (MAXIMO UN BILLETE DE 10)

ND=] -
NUM=NUM=10 _ PROG - 13
290 CONTINUE C
IF (NUMJLE«S)GO TO 300



C ’ NUM E£S MAYOR QUE 5 (MAXIMO uUN BLLLETE DE
NH=)
NUM=NUM=5
300 CONTINUE.
310 IF(NUMLLELO0)GO TO 329
o NUM ES MAYOR QUE 1}
NU=NUel
. NUM=NUM=1]
T GO TO 310
3206 CONTINUE
WRITE(IMPo102: NM
WRITE(IMP,103)NQ
WRITE(IMPgINSGINLOO
WRITE(IMPo108)INSQ
WRITE(IMP,106)NV
WRITE(IMPe10T7)IND
WRITE(IMP,108)INS
WRITE(IMPo109)NU
GO TO 200
330 CALL EXIT
END
/7 XE
9000 -
1314
6893
1600
500
13
VA

fe et e B e - c——

" PROG - 13 A

r



o am—ay ———————

G - vy e =

P

it el e e mmee amiy e

RESULTADOS

L

D

I NN

.EL NUMERQ=0000000=PUEUL DESGLUSARSE EN

\

Y
-

13300‘°Pul-:p&. DESGLUSARSE EN

500900°PUEPE DESGLOSARSE EN

oy v ) e
X < Q << o ¢ «<
= - (o~ - ot i
Y = =z = 4 x =z
Wl i W i d W
-] - = O - |- Y ] "o S
ZZOZNQ Z2Z0ZMNO ..\N 2ZNED FZOozNG
Oud =) Z— 1 2D LRl = © L &Z ) adFHLL L

0 20 0= 4410 ] 04 gt 27
= D2 CVJUCU

PRI EF NIRRT S INIR
oajfan = bDﬁUDTD zo DDWOD
t

12AU15 pracage O—iN | 200000 —Jg

B T
L) tad

RB?[

ITAAI uIHuvAolEvl.vl

VD OMCCVDC

m ﬁ =
otad

Ut
DE

(DOt

EL NUMERD=1000.00"Pygut DESGLOSARSE EN

MERD=1314.00°PuEDL DESGLUSARSE EN
EL E’UDERQILJ CO0"PUERDL DLOGLUSAR

P-r3

PROG - 13
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"ORDENAMIENTO ASCENDENTE DE UN VECTOR "

N

( INICIO

\ZJ

"VECTOR

LEIDO™"

\_’(a

A(l), I=1,.N

1

LiIM=N =1

FIN -

la.

PROG - 14



" ORDENAMIENTO ASCENDENTE DE UN VECTOR" 2q.

ATEMP = A(K)

A(K) = A(l)
A(l) = ATEMP

<3
7Y

"YECTOR
ORDENAD O"f

PROG - 14



/7 JOb ¥
A8 FOR
“LIST SUURCE PROGRAM
sONE WORD INTEGERS
#JOCS(CARD,1132 PRINTER)
(remonmennme=el A T O R  Ex=-
C ORDENAMIENTO ASCENDENTE DE UN VECTOR -
. DIMENSION A(100) -
“100 FORMAT(I2)
10) FORMAT(BF10.0)
102 FORMAT(13H VECTOR LEIDOe//)
103 FORMAT(10(1XoF1l1c4))
104 FORMAT(16H VYECTOR ORDENADO//)
LEE=2
IMP=3
200 READ(LEEo100.END=240)N
C N REPRYSENTA EL NUMERO DE ELEMENTOS A ORDENAR
READ(LEES 101} (A(IYoX=1oN) ’
WRITL{IMP,102)
WRITE(IMP2103) (ACI)cI=1oN)
LiM=N=1
DO 230 I=1oL1IM
J=lel
c SE ASUME QUE A{l) ES EL MENOR
DO 220 K=JeN
IF(ACI) LELA(K))GO TO 210
c . A(I) FUE MAYOR QUE A(K)
ATEMP=A (K)
A(K)=A(])
A(I)=ATEMP
210 CONTINUE
220 CONTINUE .
c- AHORA SE TIENE EN A(I) EL MENOR .
230 CONTINUE ‘
WRITE(IMPs104)
g WRITE(IMPo103)(A(I)oI=loN) o
6O Y0 200 o
240 Cicl EXIT
END o S
// XEQ S '
04 ' ' - "
Te=h o, le T L= 3, 17. ST ) L B
03
00 "2870 320 ¢ -
06 )
=28, =320 11, 0o
/%

PROG - 14



RESULTADOS

ma = e e =

. . e s . . ——————— e G—— A - g1 A

VECTOR—TTETDO

L6000 1eQQUL 230000 17000 !
VECTOR  ARDENADO -= 0 20006
=460000 *3.QQ0U 1,0000 17.000¢
UECIUR Lelug -
00000 =2870000L 3260000
VECTOR OQRDENADO - .
.2287:0000 000UV 32+0000
vaLTUR T EIU0U
“7ET000C S3750000 110000 00 ’
VECTOR ORDENADD ~<°0Y=2 °0000 020000
©3200000  =28¢000Y 020000 114000g

4

PROG - 14

14



" MAXIMO COMUN MULTIPLO ALGORITMO DE

i SV E
LA han s T2

TN,
INICIO >

®

z

IDIV = M /N
RN = N
RDIV = M / RN

By

~

IDIV=RDIV

M = N

T= RDIV-IDIV) x N

N= IFIX (T)
DIV =M/ N

RN =N
RDIV = M /RN

PROG = 15



// JOB T

7/ FOR

“L1ST SOURCE PROGRAM
“ONE WORD INTEGERS
#JOCS(CARD 1132 PRINTER)

T Comommmcanoe— Q UT N C Ewmme= -
c MAXIMO COMUN MULTIPLO
c ALGORITMO DE EUCLIDES

100 FORMAT(2I3) .
101 FORMAT(3H N=yI3¢3H M=,13) ' ~
102 FORMATI(8H M,CoDaez=013077) ‘ .
' LEE=2
IMP=3
200 READ(LEE21009END=230)N¢M
C SE CALCULA EL RESIDUO
IDIV=M/N 2
RNz=N :
RDIV=M/RN
210 IF(IDIVL,EQ.RDIV)GO TO 220
: M=N
T=(RDIV=IDIV)#N
N=IFIX(T)
IDIV=M/N
Rh=N
RDIV=M/RN
60 TO 210
220 CONTINUE
c <« N REPRESENTA EL MAXIMO COMUN DIVISOR -
WRITE(IMPo102)N ‘
GO TO 200
230 CALL EXIT
" END
/7 XEQ
s 7
3 6
816 T .
11 98
16 24 .
8 15 X ) ) —— e
/e . o "RESULTADOS

T oy

A}

t

- enas - .. R e e e L R R ks - [

— r—— b et

MoCOD:h 1

MsCoDe=z 3
MoCeDe= 8 .
MeCeDo® 1
. M,é,Dg= 8
MAcnbj= 4 )

PROG - 15



" GRAFICA DESEN (X ) ™

PTSEOTALY A A g
»

[ pucio )
gai\\
i

7

- i
IX . 1Y , IAST, aaLAr\j

la.

LIN (50)=IX

J = 49 x SIN (X)

LIN (3} = 1AST:

PROG -~ 16



" GRAFICA DE SEN (X )*® 2a.

LIN (J) = IBLAN Y
T
v

X = X +DELX
el

PROG -~ 16



/7 Jos ¥
/7 ¥QOR
#«L IST SCURCE PROGRAM
¢ONE HWORD 1INTEGERS 2
I0CS{CARDs 1132 PRINTER)
Commomnocesadas == I £ C I S F I Sevcoccsan
¢ GRAFICA DE SEN(X)
DIMENSION LIN(10O?
100 FORMAT{4AL)
101 FORMAT(LIOXo100A1)
LEE=2
IMP=3
READ(LEE 100 IXoIYoIASTSIBLAN
DELX=6.28318/56
X ==3,14159
DO 200 1=10100
LIN(I)=18LAN

200 CONTINUE _
‘ DO 240 i=1:586" -
LIN(S0Y=1X

J=49eSINIX} 450
LINGY)=TAST
IF(I.NEL28Y60 TO 229
DO 210 J=1+100 :
I FUE IGUAL A 28. SE IMPRIME EL EJE Y
LIN(JUY=]Y
210 CONTINUE
220 CONTINUE
WRITE(IMPo101)LIN
DO 230 J=15100
LIN(J)=IBLAN
. 230 CONTINUE
X=X<+DELX
240 CONTINUE
CALL EXIT
END
// XEQ ) '
Xy '

o

PROG - 16
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“No. DE GRANOS DE : 4i7 SANADOS POR EL INVENTOR

DEL AJLDTIS

| 3

“ ENCABEZAE}O

Y

SUM = 0.0

A A

—

|
/i 1, 64

A A
(6 -1)

CUA =2.0

A | SUM = SiJM + CUA ‘7

CUA , SUM

a——

0 *FIN % 1]

e SN
) ‘ \\amcsc

PROG - 17



/7 JOB T

// FOR

@ IST SOURCE PROGRAM

#JOCS(CARDo1132 PRINTER)

40ONE WORD INTEGERS

Comeseccccence=D) ] E-C ] S 1 E T Eccca=

c ESTE PROGRAMA CALCULA EL NUMERO DE GRANOS DE MAIZ OUE COBRO tL
c INVENTOR DE AJEDRES
c FILES
T LEE=2
T IMP=3
o FORMATOS

100 FORMAT (10Xs&HCUADRO 09X o4HSUMA//)

101 FORMAT(3X012:2E15.7)

102 FORMAT(///)

1 03 FORMAT (53)(9 1 iﬁbéﬂuﬂﬁaﬁﬁﬂo)

104 FORMAT({S3XsllH® FIN @)

: WRITE (IMPo100)

SUM=0,0 N

DO 200 i=1s64

CUA=2,0%% (I=1)

SUM=SUMeCUA -
WRITE (IMP0o101) I9CUAoSUM - :

200 CONTINUE ) ) : .
WRITE{(IMP+102) '
WRETE(IMP.103)

WRITE (IMP+104)
WRITE(IMP5103)
CALL EXIT
- END . Co -
/7 XEQ : ' . .
/“ . .- . ' -

J T T O - - — - et - B e

PROG =~ 17
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INICIO

NUREN,NUCO,
NUF IN

{NUFIN=0 2"

‘

Y

V

${1,J)= A(l,J) +B(, J) / @ PROG _ 18

2

s I



" SUMA DE D-OS MATRIZES,

AyB ™"

“MATRIZ B *

co -

L SRR
% B(I,J),J=1 , NL

o
¥
1

S e o

R

"MATRIZ SU-
MA"

PROG -~ 18



" SUMA DE DOS MATRICES , AyB"' 3a.

Y,
3 (74 ]
=
4 -
-
s
-

PROG - 18




7/ S0G3 T

// FOR

@JOCS(CARDo1132 PRINTER)

#ONE WORD INTEGERS

#LIST SOURCE PROGRAM

Cowmommmmmme==D 1 E C I 0 C H O==remesce

c

c
c
c
¢

V)

aon

el gl

[¢]

100
101}
102
163
104
105
106
107

199

200

201

-202
203

204

205

206

1000

SUMA DE D0O0S MATRICES: A Y B

EL PROGRAMA ESTA HECHO PARA SUMAR DOS MATRICES OE IOX i0 MAXIMO,
SE RESERVAN LUGARES EN LA MEMORIA PARA LAS MATRICES A SUMAR Y PARA
LA MATRIZ SUMA,

DIMENSION A(10010)9B(10910)sS{1001F;

FILES
LEE=2
iMP=3 .
FURMATOS
FORMAT(312)
FORMAT (10F8,.3)
FORMAT(///7¢5Xe9HMATRIZ Ate//)
FORMAT (5Xc10(F8.3¢2X) /)
FORMAT (///+5X9HMATRIZ B:e//)
FORMAT(///+%Xe18HLA MATRIZ SUMA ES:e//)
FORMAT (53h¢1lHoosoaatpane)
FORMAT (53X el1H® FIN #)
LECTURA DEL NUMERO DE RENGLONES DI LAS MATRICES (NURFMY Y DEL NUME
RO DE COLUMNAS (NUCO).Y DE -UN DETECTOR (NUF.IN)
READ(LEE+3i00)NURENoNUCOsNUFIN
ANALISIS DE NUFIN, SI VALE CERO YA NO SE EJECUTA EL PKROGRAMASDE LO
CONTRARIO S1. ‘ ; -
IF(NUFINLEG.,0)GO TO 1000
LECTURA POR RENGLONES DE LA MATRIZ Ao
DO 200 I=1-NUREN
READ(LEE.IOI)(A(IoJ)oJ loNUCO)
CONTINUE
LECTURA POR RLNGLONES DE LA MATRIZ Be
DO 201 1=1,NUREN
READ(LEE0101)(B(IedJ) oJ=1oNUCO)
CONTINUE '
SE HARA LA SUMA ELEMENTO ‘A ELEMENTG
DO 203 I=1-NUREN
DO 202 J=1,NUCO
S(Iod)-A(IvJ)#B(IoJ)
‘CONTINUE
CONTINUE
IMPRESION DE .LA MATRIZ A POR RENGLONES
WRITE(IMP¢102)
DO 204 I=19¢NUREN
WRITE(IMP, 103)(A(Iod)od-leNUCO)
CONTINUE
IMPRESION DE LA MATRIZ B POR RENGLONLS
WRITE(IMP4104)
DO 205 I=1,NUREN
WRITE(IMP103) (B(IoJ)ed=1aNUCO)
CONTINUL
IMPRESION DE LA MATRIZ S POR RENGLONES
WRITE(IMP,105) -
DO 206 I=1sNUREN
WRITE(IMPs 103)(S(Iod)wd loNUCO)
CONTINUE
GO T0 199
CONTINUE - - |
WRITE (IMP,106) PROG =153

WRITE(IMPo107)
WRITE (IMP106)



CALL EXIT
END

00
T 304
2ol
=]od

90015 “87902

5.478 12.22
“90:15 ’ 87902
=5,478 =120.22

RESULTADOS .

'
.
[EPENATY S DS [VEVINIUED SO SNSRI

220
7%
WRTRIZ A
« 00 0 0
13:968 33283
’ |
MATRTIZ B .
40700 2010Q0
0000 10200

TR WATRYZ SURATESY

. .

", 0030 20100
13720 52380 |
RATRIZ A3 |
9 870020
00478 - ~$5:836
MATRTZ BT
~90+15 74020 -
20:178  .35:%% PROG - 18
L | o -
LA {ATRYZ SUWAEST
2000 0+0QU
‘8e800 0;080 .
2 SU——
n FIN *

MG AR O d A

- 78 |



" SOLUCION DE ECUACIONES CUADRATICAS *

G

C;

"ENCABEZA-
DO n

DIS=B -4.0xAxC

DIS£0

-4
O

~

RAl= (-B+ -DIS ) /(2.0 x A)

RA2= (-B- DIS )/ (2.0x A)

-

i

"DISC. POSIY

RAl , RA2

la.

PROG - 19



" SOLUCION DE ECUACIOMES CUADRATICAS *» . 2a.

@

‘DIS £ 0 T

\'8

v F
RAT= -B/ (2.0 x A)

RA2 = RA1
!

i Y
OIS NULO® 1

g g

i

—

RA1 , RA2

b PAREI= =B /(2.0 x A)
PAREZ= PARE]

&

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

X "DISC.NEGAT. %
RAICES COMPLEJAS®

L-//

e

PARE! , PAIMI ,
PARE2 , PAIM?2

PROG - 19




// J0B T

7/ FOR

2L 157 SGURCE PROGRAM
“ONE HORD INTEGERS
«JGCS(CARD» 1132 PRINTELS

— e B P,

C-:-'Danaw “““““““ ""'““D K e:. C & '\) U E V E“"“"’""’""'H - !
C SOLUCION DE ECUACIUN&& CUADRATICAS, B
220 FORMAT(3F11,5) ., ) ot

'101 FORMATI(///92Xe36HLOS COEFICIENTES DE LA ECUACION SONs9//)

102 FORMAT (2Xo3HA= 9F11,502X03HB= sF1165s2Xe3HC= 9F11.59//) _ :

103 FORMAT(2Xe52HEL DISCRIMINANTE ES POSITIVO.POR TANTO RAICES RcALESy
3//7) )

104 FORMAT(S5Xo3HX1=9F11.5410X03HX2=9F21,50///)

105 FORMAT(2Xe4SHEL DISCRIMINANTE ES NULOsPOR TANTO RAICES IGUALESq//)

106 FORMAT(S5Xo3HX1=9F1l1o5010X03HX22:F11.50/7//) o i

107 FORMAT(2X,55HEL DISCRIMINANTYE ES NEGATIVO,POR TANTO RAICES COMPLEJ
1ASs//)

108 FORMAT(S5Xe3HX1I=3F11o502H °9F119594H IMACIOKo3HAZ2=9F116592H =oF 1165
1»4H ;NAo///>

LEE=.
IMP=4
C LEE LOS COCFICIENTES
200 READ(LEE o i OsEND=240)AeBoC
Cc IMPRIME LA £CUACION -

WRITE(IMP,101)
WRITS(IMPo102)A0BC
€ - - CALCULGC_DEL DISCRIMINANTE
DIS=Ro#2=4 ,08ARC
IF(DIS.LE. 0.03G0 TO 210
c RAICES REALES DIFERENTES
: RA1=(=0+SQRT(DIS) )}/ (2.0®A)
' RA2=(~B=SQRT(DIS) )/ (2.0%A)
VRITE(IMP,103) \
WRITE(IMPo104)RALoRA2
GO 70 230
210 CONTINUE T
IF(DIS.NE,0,0)G0 TO 220
c . RAICES REALES IGUALES -
- RAl1==B/(2,0®A)  ~ . I
RAZ=RAY - )
: YRITE(IMP.105) )
- T URITE(IMPo106)RA1RA2 - - °-
GO TO0 230 '
220 CONTINUE
c RAICES COMPLEJAS
PARE1==B/(2.0%A)
PARE2=PAREl '
PAIM1=SQRT (=DIS)/(2,0%A)
PAIM2=PAIMI]
WRITE(IMP,107)
JNRITE(IMPeIOB)PAREloPAIMloPAREZoPAXMZ
60 TO 230 .
c ENDIF ) ‘
c ENDIF
" 230 CONTINUE
GO TO 200 ,
260 CONTINUE \ \ -
CALL EXIT Y -
END
/7 XEQ '
* 100 ® 1@ ’
5,0 10,0 lo - PROG - 19
1.0 °

- o

RRURA
s & o
DO
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Dl e W e e aermesa—re sean A_..._.._‘-....-.R..E S_U L.TA D O_S cem e m ive s ae e e s R e T T Teetoon

e B i T S

L0S COEFIcItyTES DE LA ECUACION sQpe

AT 1.00000 = 2,00000 ¢= 300000 -

EL DISCRIMINANTF Es N?GATEVOPPOR TahTn RAICES éQMPLEJAS4

X1=  ©129000p % 1o41421 1MA X2®  =5,00000 © 1241421 1M

L0s COEFICIE)YEs DE LA LCUACION soye

e — e

AE 5.00000 g= - 10,00000 (= | 5.00000
o ,
EL DISCRIMINANTE Es NULO-FOR TANTO RAICES IguALESs ’ ;
X1=  =1000000 X228 =1,00000
L0s COEFICIENTES DE-LA ECUACION sOne
AC 1,00000 B= ~° 10,00000 C= ' 27.00000
‘ €L DISCRIMINANTE ES NEGATIVOsPOR “TANTA RAICES COMPLEJAS
: ﬁ ‘%= .usfcodoo.¢ ©1,41421 1Ma . “xgp' +a5,00000 -« 1041427 TMa

é
. : - e —
) :
;

L0S COEFICILbyTES DE LA ECUACION SOy

AR 3,60000 B= 20.00000 ¢= i.00000

EL DISCPIMINANTE Es POsITIVO,POR TaliTo RAICES -REALES
T 1= =0:0503s X2%  =6.61629 |

.- . - - 1 e s ww

PROG - 19



W PRODUCTO DE DCS MATRICES *

P T ¢ e r—,

/

Q' INICIO

2

.~KUREl, NUCOI,
NURE2, NUCO2,
NUFIN

A(l,1),J=1,NUCO]

Y

la.

\/ <

u*FlN*u :

Y

FIN

1

A . P
- &
. =1 ,NURE2 ‘

B(I,J),J=1, NUCO2

PE—"

v

—

®

PROG - 20



" PROGUCTO DEDOS MATRICES ¢ 2a.

2

P; -

| é
8T )

/‘“‘ "“"‘“’\ i,

h/Jr- 1, NUCO\‘* - ,

\ i

A P(,J)=0.0 J v

P{1,J)=p(,J)+ All,J) x B, J) -
I [ .a

. 8 B

' 'MATRIZ A"

Al l),0=1, NUCO]

T ;
| PROG - 20
— ®

l'.—-.




“ PRODUCTO DE DOL ~AATRICES ©

T

"MATRIZ B "

-
!

I= 1, NURE2

Y
& lsu.gy,a=1,Nucol Y
P <
z
" MATRIZ
PRODUCT(

3a.

PROG - 20



/

-

/7 JOB T
/7 FOR

2LIST SOURCE PROGRAM
“ONE WORD INTEGERS
“JOCS(CARDy 13132 PRINTER)

0O 00000

O

[

o0 OO0

100
3901
i02
103
104
105
i06
107

108
109
110

199

200

201

202
203
204

205

2046

--Cﬂﬂau;nnnuoaawuv tl I N T E B’-ﬂ_msﬂmﬁm‘ﬂ‘m’@ '

EL PROGRAMA REALIZA EL PRODUCTO DE DCS MATRICES
UNA ES LA MATRIZ A(NURE]1sNUCO1) .
LA OTRA ES LA MATRIZ B(NUREZ2.NUCOZ2) s

DE ia

X710 MAKIMO,

SE RESERVAN LUGARES EN LA MEMORIA PARA LAS MATRIC&S QUE SE VAN A

MULTIPLICAR Y PARA LA MATRIZ PRODUCTO,
DIMENSION A(10010)oB{10s10C)oP(10010)
FILES
LEE=2
IMP=3
FORMATOS /
FORMAT(S12)
FORMAT {:0F6:3)
FORMAT v/ 775X OHMATRIZ A3 o//)
FORMATI {5.210(F80362X) o/)
FORMAY {. /. 25X YHMATRIZ B32//)
FORMAT(///95X522HLA MATRIZ PRODUCTO ES:0/7)
FORMATISXs10E15670/)

FORMAT 1///7+5XsTOHEL PRODUCTO NO SE PUEDE LLEVAR A CABO Y QU; LAS

IMATRICES NO SON CONFORMABLESo///) .
FORMAT(///) ' o

FORMAT {(53RoljHREREDAG NG RE)
FORMAT (53X 11h® ~IN ®)

LECTURA DE Lu$S NUMLR0S DE HENGLONES Y DE COLUHNAS DE CaADA MAiRI!

Y DEL  DETECTOR NUFIN,
READ (LEE2100INUREL s NUCO) o NURE2 o NUCQBZ o NUFIN

ANALISIS DEL VALOR DE NUFIN, SI VALE-CERO EL PRQGRAMA NO SE LLEVA

A CABO» DE LO CONTRARIO SIo -
IF(NUFIN.EQ.,0)GO TO0 1000 )
SE VE SI LAS MATRICES SON CONFORMABLtSo
"IF(NUCO1.NE.NURE2)GO TO 900 -
LECTURA POR RENGLONES DE LA MAbRIZ A,
DO 200 I=1oNURE1}

“ READ(LEE101) (A{IvJ) o= IoNUCOI) ol

CONTINUE -
L ECTURA POR RENGLONES DE LA MATRIZ Bo 7
T-DO 201 I=1eNUREZ2 ™~ )
RFAD(LEEoIOI)(B(Iod)od“laNbCOZ)
CONTINUE _
SE REALIZA EL PRODUCTO _ L -
00 204 I=1,NURE] o
DO 203 J=)oNUCO2
P{loJ)=0a0
DO 202 K=1:NUCO)
P(IsJ)=P (10Ul «A(IpK)*B(KeJ)
CONT INUE o
CONTINUE T
CONTINUE ‘
IMPRESION DE LA MATRIZ A POR RENG’ONLJ'
WRITE(IMPG102) )
D0 205 I=1.NURE} .
WRITE(IMP1033(A(Iod)od=1eNUCOY) ~
CONY INUE
IMPRESION DE LA MATRIZ B POR RENGLONCS,
WRITE{IMP,104)
DO 206 I=1,NUREZ
WRITE (I8P 9303081 cd) od=1sNUCOL)
CONT INLIF

PROG - 26



C - 7 {MPRESION DE LA MATRIZ P POR RENGLONES.
HRITI IMP,105)
DO 207 I=1oNURE]
HRITE(IMPoLOA) (P (lodl ezl sNUCOR) ~
207 CONTINUE ' - :
SRR GO TO 199 -
900 CONT INUE
WRITE(IMPe107) - =
G0 TO 199 .
" .1000 CONTINUE
WRITE{(IMP-108)

WRITE (IMP9109) e

RITE(IMPo1LOY - ’ _— -
WRITE(IMP:109) ‘ - .
CALL EXIT )
END :
27 KEQ
2 22 210
15,56 =42.,07
91022 {iat
1950.,75 =i
0,001 a0

222 210
0.2 G o TH
=125 32.52
1000,01 0.0 ;
=],52 15,51
2 32 210
2 22 200
/#

PROG - 20
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e ' RESULTADOS
f = Tomen v wersee T v e cmmi ap | aeras s . e new e * - - S .
MATRIZ A8
150540  =4n.07 -
0980 "'%1228 : ’
~ hATRIZ B3
19500750  =12.0C0 <
04_801 ?M_OOO
LA WATRIZ PRODUCTD ESS
+3031461E+05 =+3968300E%03
=21220 Qrgz =o6100000F%01
L THATRIZ AS 7
06200 986750 \ :
0s400 _ =13.500 '
© MATRIZ B |
" 1000010 ) : \
. o?og%O 15og18 i : J
LA MATRIZ PROPUCTO EST T
, . 1090200E402  +1531613E%04 : P o
! 21900000F¢02 =01938750E%03 : R 2
EL PRODUCTO Np SE'PUEDE LLEVAR s CABO YA GUE LASMATRICES NG SON CONFORMaBLES
e TooTTe N ® i"j""" ot T ‘
L R R AL Rk:) |
CRINT e |
AR AR LR TR ; ,.
?
PROG - 20
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"MULi IPLUCACION DE DOS NUMEROS UT.Li/AaNuL EATILUSIVA- ia.
' MENTE MULTIPLICACION Y DaViSiOn: POQR 2"
CUINICHIO _// N '
J
SALTO-HOJA ‘

A, B

&

FIN

DE T
DATOS FIN
R=0
AA = A

PROG - 21



" MULTIPLICACION DEDOS NUMEROS UTILIZANDO

EXCLUSIVAMENTE MULTIP. Y DIVISION POR

w
]

R =

-8 -1)/ 2"
R+A

!

2“

PROG - 21
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T/ 808 T
// FOR
#LIST SOURCE PROGRAM
“ONE VORD INTEGERS
Commmmrnnmex ==V E I N 7

i

UN O comoowme

c MULTIPLICACION DE DGS NUMEROS

UTILIZANDG

DO

SOLO MULTIPLICACIONES Y
DIVISIONES POR -2

IiNTEGER A¢BoyCoRoAABB

WRITE (35,101)
FORMAT (1H1)
WRITE (3,102)
FORMAY
READ
FORMAT
R=0
ARA=A
Ba=8

101

102
200

100 (213)

210
Bi-on/2
Ap=lez

Ir(i2.EQ. B GO

ES IMPAR
B=(B=1}/2
R=ReA
G0 70 230
220 CONTINUEZ
< ES PAR
B=B/2
CONT i NUE
A=A%2 )
GO0 TO 210 -
CONTINUE )
C=A~<R

230

FORMAT (3110)
GO TO 200

CALL EXIT -
END ~

// XEQ

19 17
68 35
40 11
77 99
Vi,

JFiB.EUL. Y)Y GO TO 240

(9Xo1HAS3Xo1HX 94X 1HBo 4 Xp1H=04X o 1HC)
{2:100.END=260)AyB

T0 220

WRITE (35103) AAoBBsC "~ N

RESULTADOS

JPROG - 2]
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2, ALGEBRA MATRICIAL

2.1 Intrhoducedldn

Una mainiz es un arreglo rectangular de elementod disind-
buidos en "m" nenglones ¢ "n" columnas, s4 a La mainiz se Le de-
nota pon Ra fLetra A, enidnces al elemento del "<{-Esimo" nengldn
y de La "j-E4ima” cotumna.ae Le nepresentand porn el simbolo aij
Generalmente una mathdiz se nrepresenta mediante parénitesis cua-
drados como se muestra a continuacddn:

in
291 %22 ..... %

a'11 a’z ¢ o 6 00 a

A e . ’ . (2.1)

L °

aml amZ sesso QA

. mn | .

Los elementos que componen una mairiz pueden sen de divern-
408 tipos: ndmerod neales, nidmenod complefos, funclones en el
domindio del tiempo, etc..

AL sen una matrniz un arreglo orndenado de elementos, pen-
mite que af aplicar clerta metodologia a dicho arreglo se obten-
ga una senie de nesultados que responden a Las Antennogantes por
Las que se onigind el anneglo; eninrne algunos de Los procescs en
Los que se utiLizan arneglos matriciales se Liene: ferprqudiza~--
cidn de actividades, almacenamiento de datos, inventardlos, nre-
presentaciin de sistemas dindmicos, sLstemas de ecuacébneb,etc..

Existen clentas distribuciones tipicas de Los clementos de
una matriz y de acuendo a ellas se clasifica a Las mathices en
difernentes tipos, entre Los que se tienen:

Matniz Cuadrada

Es una matrniz en La que el nimero de nenglones es Lgual

al nidmeno de columnasd, es decir, m=n. Por efemplo:

i 2
A s . (2.2)
3 4
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Matrhiz Nula
Es una matriz de ornden cualquiera, en £a que todos Los e-
Lementos son nulos; ponr efemplo:

10 0
B_ L 0 0 (203)
0 0

Se acostumbra denotanla por el simbolo 0.

Matrniz Tdentidad

Es una matniz cuadrada en La cual Los elementos de La dia-
gonal principal son unitarnios y el nresto son nulos, es deedin:

8- . = 0 s L # j
SCA & R A A
Se suetle denotarla como 1, donde "n" Lndica el onden de £a matriz
y al simbolo Sij de Le conoce como delta de Kronecker. Por ejem

plo:

0 0
13 =10 1 0 (2.4)
- 0 0

~ Matrniz Diagonal
Es una matriz cuadrada en La que Los elementos que no per-
Zenecen a La diagonal pninqipaz son nulos, es decin:

@ =0 s4i4dif 4 (2.5)
Un ejemplo de este tipo de matrniz senfa: | :
3 0 0
A= J0 10 o0 (2.6)
0 0 sent j

Matniz Trnanspuesita
Es una matriz cuadrada que se obtiene a partin de una ma-
iniz dada A intercambiando nenglones con columnas. Se-fe denota

con el sdfmbolo AT y se cumple que: |

a.T e a

i i4
Matrniz Simétrnica |
Es una matriz cuadrada B pana La que se cumple: !
|

8«38 | " 2.8

(2.7)

I
|
|
!
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0 equivalentemente:

- bif = bji (2.9)
Entre Las matnices se definen dos operaciones bdsicas:
-suma o resta de matrices,

~muliiplicacddn matrnicdial.
2.2 Suma Matricial

2.2.1 Objeto ‘
Obteser La suma de dos matrnices de igual onden, ¢ 4ea:

~

C=A+B ) (2.10)

2.2.2' Método
Para poder efectuan La suma de dos matrices (A+Bj se re-

quiene que sean conﬁbnmabteb para La suma, Lo cual impﬂica que
el ornden de Las dos matrnices es Lgual. En otrad palabras:
84 A es de onrden (mxn)
y B es de onden (axs)
Rd suma C=A+B e posible 80£0 84 m=n y n=4.

Los elementos de La matriz suma estdn dados por La sigudien
te nelacdidn: ' '

céj = aLj + bLj (2.11)

EL nestan dos matnices equivale a cambiarn el signo de to-
- dos Los elementos de una de ellas y efectuar &a suma, esto ed:

WeX-Y=X+ (-Y) (2.12)

2.2.3 Descndpedibn del Programa
a)Subrutinas requenidas:

SUBROUTINE SUMAT(A,B,C,N,M), esta subrutina efectua La
suma matrnicial, el programa princdpal Lee e Lmprime
hesultados,

b)Descndpedidn de Las varlables:



Pana La subn
N

A(T,J)
B(I,J)
c(1,7)

Para el prog
N

M

AlT,J)
B(1,7J)
c(1,7)

‘e) Dimensiones:

La proposdicd
Lo en el pro

26

utina SUMAT: ,
cantidad de nenglones de cada una dé Las
matrhices que se desdea suman.

cantidad de columnas de cada una de Las
mathices que se¢ desdea suman, )
matiiz sumando de orden NxM

matniz sumando de orden NxM -

mainiz &uma

rnama phincipal:

cantidad de renglones de Las matrices
cantidad de columnas de Las matrnices
matriz sumando de ocrden NxM

matrniz sumando de orden NxM

matniz suma

On’ DIMENSTON debend sen modificada tanto
grama principal como en La subrutina cuan-

fo M > 10

d) Formatos para Los datos de entrada:

FORMATO INFORMACTON

do:
NS> 10 y
SEC.TARJETAS
1
2
3

(215) N, M
(8F10.0) A{1,J),8e dan Los elementos
de La matrniz nenglén ponr
henglén.tEmplean tantas Zarn
fetas como se hrequiena.
(8F10.0) B(1,J), Lgual que para La
| matriz A.

TARJETA EN BLANCO, al {i-
nalizan toda La Lnforma~
eLbn.,

e)Diagrama de bloques



| STOP

FLg. 2.1 Diagrama de bloques para el programa

principal

27



Subruting '1
SUMAT

haceats

ClT,7)eA(1.]) +

B(1,J) paa toda
J

HO

Fig.2.2 Diagrama de blLoques para La subrutina

SUMAT

Iole}

28



§) Listado:

¢ PanGrA*s FALA CFECTYAR LA §y'a pE NOS MATRICES

[4 EL SIGNIFICADO OF LAS VARIAQLES EnPLTADAS_ES ... : -

C HICANTIVAD DE QENGLOMES DE LAS MATRICEY . o v e amen et e svess e e

¢ HECANTIDAD DE COLU'MIAS DE A8 MATRICES . .o & et ceevmms o e
- C__ . A Y BanATRICES QUE SERAN SUNADAS

(4

C=1ATRIZ 8SUHA

\
i

Tbirenstion acio, 1o;.e¢10.1oa,c¢10.1o;-__ e e -

¢ LECTURA DE DATO3 - LT T Ll
— -
i PEAD(5,100) M N
Pty 2,2,3
— 2 CALL EXIT .
3 %0 4 I=f.Nn ;s = o——— e
8 READ(S,150) (A(T,J),081,N)
—— Pp 5 13,
3 QEAN(S,150) (B(1sJ)pdoi N}
g
. C__. . wpE3ion ot Havog __
¢

WRITE (6, 200)
Do & 1%}
b wHYYtte,55") (a1, ),d6i7N)
WRITE(b,300)
——. Dp 7 1=,
9 hR!TE(b,ESO) LIS PR PR ETYY S

LLAIADO NE SUBPUTI'A PARA EFECTUAR LA SUMA

CALL S1MAT(A,B,Coti, )
INPRESTON DE RESULTADOS

WRITE(H,350)
o 8 1oy,

8 WRITE(6,250) (C(Z,J)eJduloN)
G0 70 3 :

¢
¢ FORNATOS DE LECTURA £ TNPRESION ~
¢

to0 FomiaT(21s)y

150 FGPINT(TF10,0)
200 F?RV;I(lNloS(/)JIOxo'LAS MATPICES POR SUMAR BON®,3C/),101, 'MATRIZ

at,/

250 POPHAT(/,3X,10(E10,3,2x)) ~ ~ T TGS momem o o

390 FuATC3(/), lox,'nArwxz n'./)

= 330 ;Pg'ﬁt(5(/),|gx PALI ET T AN TAVLPY) I ~
. ]

Fig. 2.3 Listado del programa princdipal

SUBRPUTTINE SMATIA,B,Celty 1)
€ suUNKUTTRA Paga 5V 1AR MATRICES
— SIfUIrIcADO PE LAS VARIADLES CMPLEADAS
¢ & Y PEULATRICE3 QUE OF PESCA SUMAR
c H=CinTIpap pE PENGLOYES nE A3 NATRICES
@ MNSCA"TIDAC UE CULUNNIAS DE LAB MATRICES
pIreEngion A(lo:30)08(10010)9C(100101 e =

Do 1§ 1,0 - e - -
- .-D0 |} Jﬂl;“ 2
i (1, 0)8a05,9) ¢ BET, ) ;
RETUAN
U ¥ |+ S

Fig. 2.4 Listado de fLa subrutina SUMAT

29
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2.2.4 Ejemplo

En una tienda de antilculos elécitricos se venden nresisten-
clas eléctrnicas de 1/4, 1/2 y 1 Watt de potencia en sels dife--
hentes valores neddlstivos.

S{i Las exdstencias un viernes pon La tarde son:

14 1/2 1
100 @ 200 380 275
150 @ 400 250 275
1.0 K 500 175 325
1.5 K 800 275 150
10.0 K 600 380 180
15.0 K | 550 250 220

y el. sdbado se necibe una remesa con Las siguientes caracterisd-
Xicas: ‘

1/4 1/2 1
100 [ 80 90 ' 50 ]
150 @ 90 100 55
1.0 K 75 90 60
1.5 K, 65 95 55
10,0 K 80 100 60
15.0 K | 75 110 60 |

Determine Las nresdisdtencias que Lendrd en Lnventario el
esdtablecimiento el Lunes por La maiiana dado que ni el ddbado

ni el domingo hubo ventas .

* SOLUCION g

TABLA 2.1 Datos panra el problema del efemplo 2.2.4
N=6
M=3

200 360 275
400. 250 275
500 175 325
A = |800 225 150

600 360 160

550 250 220




80 90  50]
90 100 55
g - |75 90 80
= " les 95 55
80 100 60
75 110 60

TABLA 2.2 Resulitados del problLema del ejemplo 2.2.4

LAS MATRICES POR SUMAR 30N

———————vear =0 % eem- e mermmmen e et cat—

. MHATREZ A - -

——— -— . - = = e

0 20QE+63 0 380£03 «21SE#03
T 4M00E003 ,2S0£e03  ,275€e03
I oS00E#P3 ___ JUTSE403  ,325E403 .___

" 2800E903 T ,225£+03 «150Ee03

2600E003  © ,380€003  J1A0Ee03
oS5SOE¢03 ___ 2506403 __220E+03

MRz e

L800g%02 29006402 o500F02
Q00E+02 . 10QE*03

——o _a550E¢02 ____
JTSOE402 T 900E402 .600£¢02 .

+550€¢402

T L650E002 T T 950002
o 3BO0Fe02 __ ,100E403 a000E402 __
T e150e402 2110E+03 s600E202

MATRIZ sumMa

——— - - = ——

o _o2BOE03 _  ,UTOEe03 __  ,325[e03 _
c490ELN3 +350€403 03306403
T STSES03 T L 265E403 7T T 3858003 T
o _oBOSE03 __  320E¢03 __ ,205€403

T T a680E403 <aR0E+0Y 2280€¢03
T T ob25E60Y T T 3006003 T 2000003 T
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2,3 Multiplicacidn Matrhicial

2.3.1 Objgto .
Dadas dos matnices A y B, obtener el producto matricial
C de La fonrma: -

C=Ax38 (2.13)

2.3.2 Método

Para efectuar el producto enthe dos mairnices (AxB) se ne-
quienre que Las mairices sean conformables para La muliiplicacidn,
Lo quer equivale a que el nidmero de columnas de La matriz premul-
tiplicadora (A) sea Ligual al namero de renglones de La posimul-
tipLicadora (B), es decinr: '
44 Ates de ornden (mxn)
y~ B es de onden (nxs)
el producto matricial AB send posible so0lo 44 n=rn y el onden de
La matrniz producto sera [mxs).

Si La matniz C represenia La mairiz resultante del phroduc-
to matnicial AB, entonces el elemento Ly estd dado pon: ‘

n
et *Z augdyy Gl (214
‘a:, j" pooopé
Es Lmpontante hacer notanr que el producto matrnicial no ed
conmutativo, esto es:

AxBABXA

2.3.3 Deschipedbn del Programa
a)Subrutinas hequenidas:

SUBROUTINE MULTMA(A,B,N,M, L,X), esta subrutina efectua
el producto mathicial Axﬁ.Eﬂfpaogaama prinedipal se
emplea para La Lectura de datos e Lmpresidn de resul-
Zados.

b) Descripeibn de Las vaniables:
Para La subrutina MULTMA:
A(T,J) matriz premultiplicadora de onden NxM
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BI{I,J) matriz postmuliiplicadora de onden MxL
X{1,7) | matniz producto de onden NxlL ’
Parna el programa principal:

AlT,J) matriz premuliiplicadora de orden NxM
B(1,7) " matidz posimultiplicadora de orden Mxl
X(1,7) matriz producto de ornden NxL

c)Dimensiones:
La proposdicién DIMENSION debend ser modificada Ztanto
en el programa principal como en La subrutina cuando:
N > 10 ylo M > 10 ylo L > 10
d)FéamazOA para Los datos de entrnada:

SEC.TARJETAS FORMATO INFORMACION
o (315) N, M, L ' ‘
2 (8F10.0) A(1,J), Los elementos d
. La matniz s¢ dan renglbn
por renglén,Emplearn La can
. tidad de tarjetas que dea
necesania,
3 (8F10.0)‘ B(I,J), Lgual que en el ca

40 antenionr,

G e GO W e G W S M S e W S LM D Mn Ay e S G e B G W

n TARJETA EN BLANCO, ab §4i-
nalizan toda La Lugorma-
,eddn !
e)Diaghama de bloques: ;

i



54 STOP

L{mm subru-
ina i TiA

impw
Resultados

Fig. 2.5 Diagrnama de bloques para el programa
principal S



subreling
MULTHA

TV

\Y

hacets
X(K,J)=0

hacer: XK, J)e
X(k,J} + AlKT)®
*8(1, )

Fig. 2.6 Diagnama de bloques para La subrutina

MULTMA

KeKe+}

" LeLe?
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§) Listado:

PhCG“i"A PANA EFLCTUAN PUCIUCTYS MATHIGCTIALES
STALIFICACT NC LAS VARTAILES EWPLLADAS
A2wATRI7 PHEVULTIPLICANAKS OL 0308k {NXM)
LOVATRIY PCSTPLLTIPLIC2DIRA OF NRDEN (XL}
XowATAIZ2 PACOUCTO CE QROCN (nly)

DIvENSICN AC10,10)o8C1G1032XC300180)
IRasg

luog

LECTLRPA CE 0ATCS
HEACCTI2s3C) Nokol

IFCy) 2,24)

CALL EVIT

G 4 191

REBSCIO,15) (A{TodledzisN)
UG § Ivt»

REACCTIOS11) (RCL1rd)riotirl)
IrPaLSICh CE DATOS
BREITECTrs12)

D0 & T#1sN

KATTECTIwe13) (AClsd)odutod)
WEITE({wria)

LC 7 Loy

ARITECTAs1d) (BCIrs)odalol)

ARTTECIY 215)

LL8%4CA CE SUBRRLTINA PaaA EFECTUAR PRODVCTO HMAYRICIAL
CALL wiLTva(A,BsNsvelon)

IvPRESICM CE RESULTANDS
GC 2 [9len
ARITECTne1d) CXCTaydadnist)
uc 1c i
fFCAvaTNg ¢ LECTURA € IYPRESION
FLauaY (315)

FCowatTCEF10.0)

FCOwATCA(/)oSXs *VATALZ A% /)
FCRUATC/22X01C(C104351Y))
FCR¥ATCA(/)p3X,"FATREI2 B's/)
FGRYATCALZ)oSH, ' MATRLIZ PROOUCTO'S/)
END

F£g.2.7 Listado del proghama principal

4
[
¢
¢
<
¢
1
2
]
[
3
€
6
?
¢
€
8
[4
10
11
12
13
i4
15
c
[+
¢
¢
€
¢
¢

LY

SUSRCUTINE WULTHACASTsNaHaLaX) '

SLENUTING PaRA FULTIPLICAR DO “ATRICES

LL SIGHIFICADC CE LAS VARIABLES EMPLLCADAS €5
ACHRTRLZ PREVLLTIPLICACORA OE QROLCH (NoM)
BOVATRIZ POSTHLLTIPLICADOAA DE ORDEN (MoL)
XVATRIT PACOLUCTO

UIVENSTCN AC10,30358C10210)2%C10080)
LE 1 Jetal

DO y woion

FLPPRLITY

GO § lo1s¥

X(KoddaX(Kod) ¢ ACROJIEB(Isd)

RCTyRN

1Y

Fig. 2.8 Listado de La subrutina MULTMA
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2.3.4 Ejemplo

Cuathro componentes de un automévil requieren como materia
prima de hule, aluminio y acero. Las unidades que se requiekren
de cada material panra formar una unidad de cada componente del
automfvil se proporcionan a conitlinuacdbn:

. hute aluminio aceno
comp. 1 5 5 ' 3
comp. £ 3 4 5 |
eomp. 3 20 2 4
comp. 4 |1 -8 10
34 Los costoo unditarnios de cada matendial son: N
$
hule 25.00
aluminfo | 30.00
aceno 40.09

Determine el costo total de cada componente debido a La
maternia prima de que edté compuesto. ‘

¥SOLUCTON

TABLA 2.3 Datos para el problema del efemplp 2.3.4

Ned
Me 3
L1
5 5 3]
PR
20 2 4
18 10
| 25
B = | 30
40
}—.
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TABLA 2.4 Resulitados del problema del efemplo 2.3.4

HATRIZ &

a80Q0E*Q¢ 0500€¢01 0300£401
03GO0Ee0! <400E+0) 0500E€¢01
02000%92 9200€¢01 o 80NE*QY
0200E201 ¢8000E%08 o100E*02

NMATRIZ B

e o e230E002 _ - . [

0300E407
SQ0E<02

MATRIZ PROOUCTO

+970E+0]
0395€¢01 :
s720E20)
0865E¢0)
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2.4 Tnvernsidn de Matrices

2.4.1 Objedo
Dada una mainiz cuadrada A obienenr su matrndiz Lnvenrsa éf’.

2.4.2 M&todo

la matniz Lnvensa de una matriz cuadrada A es otra matriz
cuadrada que e representa pen A ! y que cumple La sigudlente pro
piedad 84 La mairniz A es de onden (n x n):

WAL S S i7.15)

-— — -4 e —

Se define a La matriz Linversa comd:
- ]
AT T | (2.16)
L4l
donde KT'Ae conoce como La mainiz adjunta de La matriz A y IA!
nepresenta el determinante de La matrndiz A.

De La ecuacidn{2.16) se Ainfierne que para que exisita La Ln-
versa de una matriz se¢ requiere que lﬁl # 0, es decin, que La ma-
niz sea no singulan, | ' ‘ 4

Para La obtencdibn numérica de La matriz Lnversa es necesa-
nio acudin al método de Gauss-Jordan modificado. Esto se hace de
bido a que para obtenem\ﬁﬁt en una computadora digital mediante
La ecuacidn (2;15)”Aq requiene una gran cantidad de operaciones
y consecuentemente de tiempo. Pana obtener La Lnversa de una ma-
tniz (10x10) se requieren mdA de 340 millones de openraciones con
el método dinecto.

EL método de Gduss-Jondan es un método de eliminacibén s4is-
temdtica mediante el cual se thansforma La mathiz original A en
una mairndz identidad I1 y al ?meo tiempo esta dLtima se trhans-
forma en La matniz Lnuenba A , ¢4 decdir, partiendo del anreglo:

[—ﬂ 3 -1 (2.17)
y aplicando alqwias de Las ALguLent¢A tuansfomaciones al arregle (2. 17)
-intencambio de rengloncs, !
-muttépticacééﬁ de un rengldén por un escalan )\# 0,
-suma de equimiltiplos de un renglén a otrho henglén.
se LLega al sdguicnte a&@egto:
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[z ! A—T] ' (2.18)
- ' =

EL método pante de La suposdicibn de que A es una matriz
no singulan, Lo cual implica que sus cofumnasd son vectores Li-
nealmente independientes, en caso de no senko el método Lo pue-
de detectan; en dicha situacddn se presenta que fodos Los ele-
mentos de un rengldén de La matniz A o de sus matrnices thansfonrn-
madas, son nilos. ‘

A §in de minimizan Los enronres de redondeo, La elimina--
cibén de elewmentos sz efectua plvoteando sobre Los mayonres ele-
mentos que quedan en £a matriiz A o en Las matrices obtenidas a
partin de esta dltima porn transformacidén; debe tenense culdado
de no emplean como pivotes elementecs de henglones que ya hayan

sidorutilizados como pAVOREE . T
2.4.3 Descadpeddn del Proghrama
a)Subrutinas nrequenidas:

SUBROUTINE MATINV{A,N,EPS,DET), obitiene La matrniz Lnven-
sa de La matniz A. EL programa principal se emplea
ﬁana La Lectura de datos e Lmpresdin de nesuliados.

b) Descenipeibn de Las variables:
Para La subrutina MATINV:
Al{1,7) matrniz de La que se buscard La inversa,
durante el phocesdo se conviente en fLa ma-
indiz Lnvensa. ‘

N onden de Ra watniz A
EPS cndfenio para determinar 44 el detemmdi-
nante de La matrniz es nulo ,
DET pardmetro que indica 84 e¢f determinanie
Co de La matrniz es nulo
C{1,7) matniz identidad que se emplea para obte-

nern La matrniz {inversa

MUR
Mve

contadones que Lndican cudles renglones
y cudles cclLumnas de 2a matadlz A ya fue-

€4

-——
— ot
——

g

non empleados como pLvoles
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RAMAX mayor elemento de La mathiz A o de sus
transformacdiones que se emplea como ele-
mento pivote '

TEMP variable de Localizacidn temporal
Para el programa principal: '
A(T,J) matriiz de La que se¢ busca La Lnvernsa, du-

rante el phroceso se convierte en La
matriz Lnversa

N ornden de La maindiz A

EPS endtenio para determinan 84 el deteaminan
te de La matniz A es nulo.

DET variable que Lndica 84 el determinante ‘de

A es 0 no nulo

¢)Dimensdiones:
La proposdicién DIMENSTION del programa principal y de
La subrutina debend sen modificada cuando:

N > 10
d) Formatos para Los datos de entrada:
SEC.TARJETAS FORMATO INFORMACION
1 (15) N
2 (8F10.0) Al1,J), se proponrcio-

nan Los elementos de

La matrniz renglbn -pon
nenglbn.Emplear tanias
tanjeias como se requie
ran.

---------------------------- -

0inhos paquetes de datos (opcelonal)

n TARJETA EN BLANCO, al
§inalizar toda Za infor
macidn. ' ’

e)Diaghama de bLoqued:
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indclan

Fig. 2.9 Diagrama de bﬂoqu@ ded proghama pfu'.nci.p\aﬂ



subw tina
MATINV

3
]

Limpian
WR{T) y
Weln)

A%

genciat mathd
l Ldentidad

buscatr aenglones
que ne han s.ide
empleades

PN
ob tenea mayon!
elemento de
2304 rcngloned

existe
La matrez 4t
veua

DET « 0

RET{RN )

elimuar ele-
mentod median
L pivoteo

Fig. 2.10 Diaghama de bloques de La subrutina MATINV
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§) Listado:

§ . PROGPIMA PARA THVERTIR MATRICES PyP FL NETODO DL CAUSI=JORDAN
- 0. SIGULFTICADO PE LS VARTAGLCA.CHPLEADAS ..o — ——
o Coee .. NSORNE™ DL LA “ATRIL A o e e e e e
L€ .. ATUATRIZ of LA OUE SE RUSCA SU INVFRSA }
€ EFSzrPITERLY PARA OCTEPNINAKR ST EISTE 0 110 LA .INYERSA DE LA MMBL.Z
c CETaPAPAMETAN QUE INDEICA 81 EXISTE O ND LA INVERSA DE LA MATRIZ

___:f_'Bf”c:;Téd‘l}]o.Ao;;Ctaoo101

- -~ =5 e e e e e+ e man . e .

[P x-l -0 o e m e -
£°330,n00090}

4 L LECTIT'A DE DATOS
e 3 RLACLIRG 1) N
- . 1RG0 2,2,3 . e e e = 4 e cete — = wmmnn b e ar ba e n e—— -

L2 CELL LYIT e et e e e
IS B AT PN e et g s

& pEan(In, ?2¢) U\(I.J) Jal N)

c 1'PLisra DE DATOS
e T ITL(I.W.H e e i 4 e ———————

e o DU S I, - ———————

.5 1"'!‘“'(11';2) ({1, 1, J'—'lr“)
_f_.__ LLAtmon nf 3upOUYIIA PANRA _OPTEMER_LA MATRIZ INVERSA
CALL MATTIV(A,"I;EPS,DET)
IF(CFT, 61,013} GN TO 7
WRITECIVe230 .. ..

.- Go 101 e e e e
. T NRITELTD :.atn
...___,_.-D’J 8 =i
8 waITFIL .za T e
Ga TN i
_C .. FOPI'ATONS DE LECTUFA € _IMPRESIQN .
T 1 rom ATl . - . ~ - T
LT 20 ForI'AT(BF10,0) .t Ty (.\;-. o
21 FOPHATLU(/) SX IMATRIZ &1,//) : LN

22 FommT(/.‘x.la(EiO 3, 1))
23 Fop"tAT(U(/),5%,'ng EXISTE LA MATRIZ INVER3AY)
24 _rom_l_A,_r_(q(r)_ls_x.gu!l:_ege,_qs_x.n BATRIZ A1)

——— - END___

Fig., 2.11 Listado del programa principal
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OO DO NAOODOODD

P~ L -

O W

&~

{0
i

12

13
14

F

SURRCUTINE WATINV(A»sEPSsCET)

SLBRLTTAA PARA CPTINFR LA INVEISA CL uNA MATRIZ

LL SIGVIFICANG CE LAS VAIH[AYLES EMPLEADAS ES o

ARKATARTZ 4 LA CLE 3€ ALSCARA Si INVERSA ¥ ALE 0uﬂANrE €L PRQCESQ
SC CNAVISSTE LN LA “aTHI? INYERSA

NBORCEY CE LA MATRIZ

EPSeCRTIIER]IC PaRA .Er:svlﬂan St €L aETCR"lﬂaNTE DE LA YATRIZ £5
NULd

LEToVALCR AJSCLLTC OEL nttrnulvanrt L€ L& MATRIZ

COMATRIZ TCCNTILAC QUE SE (TILIZA PaRaA CATENER LA MATRIZ INVERSA
POR EL ®LTCCC DE GAUSS=LCHDAN MODIFICANR]

HVR Y “yColOMTALORES QLE INCICA% CUALES RENGLGNES Y COLUMNAS YA
FUEROM uTIleAcos COov0 PIVOTES

DIVE&STCN A(IOIIO):C(lﬁo!ﬁ)ouVi(lO)»PVC(ld)

GATENCICH CE LA WATRIZ 10EnTIOAD Y AGTUALIZACXGQ 0E VALORES PARA
INIcIAR EL PRCCESC

0O t §3isn
MVRCT)=S

LT 48 LI

DO q I21sMN i
08 3 Jeisn .
IF(Is€EN.J) GO 1O 2
CCLrddeCel

(A

CCIrulntel
CCuTIMUIE

CONTINUE

DETENCION CE LA PATALZ [NVERSA

0C 2 Xalsh

ReMpAN2Q.C

LCsyg '

LReg .
0O & 131sA

IFCHVRETYIEQST) GC T 4

0C 5 JP1sN —~
IFCHVECL)WECed) GG T 8
ZF(APS(GA"gx)-GCuASS(A(I:J))) G0 T0 5
RAKAXSA(I2d), -

LRal '

Lqu f

CONTINUE ' .
CORTINUE ;o

DET=APS(RAVAY) .

IFCOETLESEPS) 4O TO 18

IFCLRFCsLC) GC T0 8

00 7 191N

TEvprA(LRs])

ACLRe D) =2CLC D)

ACLersdaTgrp

TEEP=C(LRIT)

ClLAarII=2CCLLA )

CCLCrT)aTENP .
DO 9 i7lsn

A(Lc»l):A(Lcnl)/ﬂAVAK

ClLesD)eClLCo LI /7RAPAY
CC 11 Intoe
IFC1«€0.LC) 6C 10 31
TErpoa (oL g)

0C 10 Jelon
All,d)08(isy) = T(”P-A(LCJJ)
ClT,pdd=ellsy) o TEVPOL(LCHY)
CCATINUE

MVRCLC)=LC

HyCCLC)el S

CCNTENIE

00 1) leisp .

00 13 'lll\ , .
A(lpd’“C(loJ)

hETYRA

‘LhD '

'

"g.. 2.12 Listado de La subrutina MATINV

[




2.4.4 Ejemplo

Obtenen La Lnversa

*SOLUCTON

o—s

10
1
z

| >
r

L_-Z
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de La matniz:

2 3 1]
-20 -1 3
1 =10 2
-1 -1 30

TABLA 2.5 Datos para el problema del ejemplo 2.4.4

N=4¢

{ >
]

70 2 3 -1
] -20 -1 3
;1 -10 2

9]

2 -1 -1 3
-

TABLA 2.6 Resuliados del problLema del ejemplo 2.4.4

MATRTL

U R

A

-

o 100£002 o« ,200E404_ _ (3000401 0o100Fe00

030CL*01

©,200r402  =,100E%08  ,300E+01

S - —— -
oJ00€2U1 _ J190E*0L =, f00E®02. . ,20Q0E90). .

. — o2CO0ES01. .=, LCOE#DL ., 100E401  300L202

RN OFIXEY.

RS

o 961E°n1

- —-e3alL=)2
.. o8T6L=y2

h°;6ool-a;

PL LA ATIIZ A

JluFeal  277Eeg1 | L253F=08
" 4%ul~a} 553892 , ,a74f0d .
°, 037202 ©,%77C=yy  ,T24E=02
»,2530r02 =,492E=02  ,337Em0)
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3., SOLUCTION DE,SISTEMAS DE ECUACTONES LINEALES

3.1 Intrnoduccibn
Pon sistemas de ecuaclones Lineales ¢e entiende un grupo

de ecuaciones que presentan La sigudlente estructuras

\
Qppxy * GyaXy + e toay x, = by
QgpXy * QgpXy * voe +a, X, = by
| ) (3.1)
amlxi * am2x2 MO amnxn “ bm
.

donde g Y bé son consiantes y Las Lnebdgnitas del sistema son
Los valonres x,, donde 1£ L&En.

Dichos sistemas se pueden nepresentar en La forma:

AX=B8 (3.2)

donde A se conoce como La matriz de coeficientes del sistema, -
B como vectorn de términos Lndependientes y X como vector de Lp
clgnitas.
- S{ el vectorn de Lérminos ALndependientes es diferente de
cero se habla de sisfemas de ecuacionesd no homogéneas y en ca-
40 contrandio de sListemas homogéneos.

Antes de proceder a resolver un sistema de ecuacdones es
necesardio deteaminar s4 décho sistema tiene solucidn y en casdo
de tenenla, cudntas posibles soluciones tiene. En base a Lo ~-

anterndiorn se tiene La sigudente cladificacidni
7

| compatible determinado
no homogéneo indeterminadg
incompatébﬂé o
Sistema de
ecuacionesd ¢ determdinado
Lineales {Sok. triviad)
homogéneo {compatibte

L ) :L{ndétenminadw
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Sistema compatible es aquél que 8L tlene solucibn i para
que esZo se cumpla se¢ nequiene:

rango [A] = AANgo [Aéﬁ] ¢ (3.3)

donde a La matniz [AiB] se Le conoce como La matniz ampliada
del sistema. '
S{stema incompatible es aquél que no tiene solucibn y se

cumple que: , ’ ’
~ hango [A] < nango [AEB:J (3.4}

Sistema determinado es un sistema compatible que presen-
ta s0lucidn dnica y se verifica que:

L hango [A:l E ndmero de Lncbgniias - (3.5)

Cuando de presenta esia sLfuacidn -en sistemasd homogéneos
se havla de s0lucdidn thivial, ya qqﬁ X = 0.
' Un -sistema compatible que presenta {nfinidad de solucio=
nes de conoce como distema indeterminado y se caracteniza ponr:

"aANgGo [AJ £ ndmero de Lnclgnitas {3.6)

Para La solucibn de sistemas de ecuacdioned Linealed exis
Zen divernsos métodos de Los cuales s0Lo se tratandn: Método de
Gauss-Jondan modificado y el Método de Gaudss-Sedidel.

3.2 Método de Gauss-Jordan.-modificado.
3.2.1 Obfeto o

Obztenen La so0lucdidn .de sLstemas. de ecuaciones Lineales -
de La §orma: .
| AX=E8 (3.7

3.2.2 M&todo
Dado el sistema de ecuacionesd:

A X =38 : (3.8)

* nango A ] es La cantidad de veectores Linealmente Lndepen-
dientes del. confunte de vectores columna que joaman (& ma--
thiz é_. '
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¢l método consdiste en trabajar con La matriz de coeficlentes y
el vecton de t€nminos Lndependientes, cs decdin, con La matrhiz

ampliada del siLstema: . '
[’iiﬁj (3.9)

A dicha maindz se Le aplican una senie de thansformacio-
nes que conducen a obifener oina matrhiz ampliada equivalente:

i
[Ln;q (3.10)

donde C “epresenta La solfucibn de cada una de Las Lncbgnitas
del sistema,
EL proceso equivale a premultiplicar La ecuacidn (3.9) -

1, es decin, el método de La matniz Linvernsa, s0L0 que es

por A~
e mélodo consdLste en una eliminacidn sistemdtica de valores.

La transformacién de La matriz (3.9)en La matriz (3.10)
se efectda basdndose en ires operaclones que no alieran el 444
Lema de ecuaciones 44ino que proporcionan sistemas de ecuacionesd
equivalentes, ellas son:

- {ntencambio de dos nenglones, Lo cual equivale a Lnienr
cambiar dos ecuacliones.

- nultiplicacibn de un rengldn por un escalar diferente
de cero, Lo cual equivale a multiplicar ambos miembros
de una ecuacibn porn La misma constanite. |

- suma de equimdlitiplos de un renglén a otro-nrenglbn, es
decin, multiplicar una ecuacidn por una constante "K"

y sumarla a otra ecuacidn.
Para aplicarn Las operacdones anteriores se. procede en La

digulente gorma: ,

<:>Se£écc£onan un nengldn pivote y un elfemento pivote den
tro de dicho rengldn. )
<:>Noimazizan el efemento pivote,es decdn, convertirlo en
undtanio. ‘ |
<:>Caﬂce£an elementos que se encuentren en La columpa arnt
ba'y/o abajo del elemento pivote mediante La duma de -
eqqéhdﬁz&pkdb.- - ‘
Regneba/z. al paso @ Yy asl sucesLvamenie hasta que se -
# thans forma La matriz de coeficdentes A en una matriz --
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Ldentidad 1“.

Debido a que durante ¢l proceso se presentan erncres por
nedondeo, La forma dptima de escogern Los elementos pivote es -
selecclonande el mayon eLemento que quede en La matiiz A ¢ en
sus trnans formacionas. Hay que tener phesente que Los elewentos de
un renglifn que ya fue selecclonado como Linea pivote no 32 puz
den usar como pivotes, adn cuando el mayor elemento quede colo
cado en dicho naﬁgﬁdn.

AL zeleccionarn Los pivotes en La forma antes mencionada
el enrnon se reduce al minimo y, debido a que puede quedar una -
matriiz o ddentidad al LEimino de Las Lieracdiones, es necedaiio
efeciuan un intercambio de Lineas hasta obtenen 1,

Cabe mencionar que el presente método es un método dinrec-
Lo de s0Zucibn que no requiere que s¢ detfeamine con anierdlonidad
54 el sdistema es compatible y deteaminado, ef método durante el
procesdo pnoboncéona'dicha Lnformacibn. e ‘

Si el sisiema es compatible y determinado, el procedimien
2o deac@itolbe pdade Zlevarn a cabo sin contratiempos haata'££e-
gan a [_zlngc:j . ;

SL el sisiema es compailible peno Lndeterminado, La mainiz
ampliada adquinind La configuracidn: ‘

10 2 1 1

|
0 1 2 13 (3.11)
00 T Ty

't

es decin, un renglin Aend-nuto; en esta situacién se obitiencn -
Las ecuacionesindependientes que restan en el sistema y se apli
ca La metodologla correspondiepte @ sisiemas Lndeteaminados.

Si el sistema es Lncompatible, dse presentard Lo sdigudentes:

i1rz :7
I'q°°%'°i"L g _____ ’ {3.12)
00 9 :X#o_]
[P A A AR A
o sea, 0 = )\ £ 0, Lo cual es una contradiccdbn.

3.2.3 Descadpeddn del Preghrama



a)Subrutinas requerdidas:
SUBROUTINE GAUTOR (A, B, N, EPS, DET/, esla subrutina
obtiene La s0lucdibn del sisztema de ecuaciones por -
el método de Gauss-Jorndan mcdificado, el programa -
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principal s0lo sirve para entrada y salida de datos.
b)Descnipeiin de Las variables:
Para Za subrutina GAUTOR:

AlT,J)
B{T)

N

RAMAX
MVR(TI) ¢
Myci{1}.
EPS

DET

LR y LC

TEMP

matndiz de coefdcientes del sistema de -
ecuacLones .,

vecton de t&aminos Lindependientes del -
sisiema de ecuaclones, durante el proce
40 se trnansforma en La so0luciin.

onden del sistema de ecuaciones.

mayorn elemento de La matriz A que se --
emplea como plvole.

contadones que Lndican qué rengldén 'y co
Lumnad ya fueron empleados.

cnitendio parna detferminar 84 el determd -
nante de La matriz A es nulo.

pardmetro que Lndica 44 el detenminante
de A es nulo.

indicadores del nenglén y columna que -
de utilizan,

variable de Localizacibn Lemporal.

Para el programa princdipalk:

Al1,J)

B(I)
N .
EPS

-

DET

c)Dimensiones:

matniz de coeficientes del sdlstema de -
ecuaciones.

vectorn de téaminos independientes.
onden del sistema de ecuaclonesd.
endtendio pana determinan 84 el deteami-
nante de A e4 nulo.

pardmetro que Lndlica 84 -el defguminante
de A es nulo.

La proposdicidn VIMENSION del programa phringipal y -
de La subrutina se deberdn modificarn en el caso de

que:

N 2> 10
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d} Formatos para Los datos de entrada:

SEC.TARJETAS FORMATO INFORMACION

1 (15) N

z (8F10.0) A(T,J), se dan Los elemen
. tos de A henglén pon ren-
. gloén, empleando tanitas --
. Tarnfetas como sean necesa

niad para cada renglén.

3 (§F10.0) BIT), el vectorn de ténmdi-

nos independientes se da
en una tarjeta o mds se--

~gdn La cantidad de elemen

Los.

G e e GG B e B wr e MDD D WD LD BN TGS G et s @ % D ED R O W D e e Gh WP am e @

0tros paqueies de datos [opcional)

e} Diagrama de bloques:

s Ve masan W e W o > e w o e e e-

TARJETA EN BLANCO, al {4
nalizan toda La Lnforma-
edldn.



‘»- {nicim )
asignar va- ; Leone HO , Amprimin
ora (Ps J B0l el 3Ll

de ecuaz,

svop

Fig. 3.1 Diagrama de blLoques del programa principal.

o



GAUTOR

e "“‘FS‘}
subritina ;

&

WR(I}=0
HUCIYj~¢

?

ndagar qud ren-
glonis no han 8¢
do erpleados

haron: ‘

.

/

wictr RAMAX
en dizhes aenf
glones

DETa0

RETURN ~

eliminar elomen-
£os arriba y aba !

Jo de RANAX , '

Fig.

5.2 Diagnama de bLoques de La subrutina GAUTOR.

55
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§) LLstado:

BROAOOOOOOOC

PRCGRava PA3A RISQLVER SISTCMAS DE ECUACIONES LINEALES POR EL Meit
PDC NE ~2YSSeJCRLAH

SUGYIFICACO OF LAS YA\QIAOLES E4PLEADAS

NOCROEYM CEL SISTEMA IF ECUACIQNES

AIWATRIZ 0C CCEFICIEITES DEL SISTEHA DE ECUACIONES

UavECTN- OC TERMIMCS INOEPENOIENTES, SE CONVIERTE EN LA SOLUCION
CRITERLIG PAQA DETERMINAR ST EL DETEAMINANTE DE A ES DIFERENTE OE O
DETaVARIAGLE GUE INDICA ST EL SISTEMA TIEKE O NQ SOLUCION

SOIVENSTION AC30,30308¢10)
L EEE
IW=g
LPSa0a0L0001
LECTLRA DE DATOS
§ HEAD(TO,20) N
IF(NY 25203
2 CALL E41T
300 3 [T12N
6 REBAD(T17,21) CALToad)e fota¥)
HEAQLT19,21) (BL[)slotenY
IverrsIi~N G OATOS
WRITE(Les22)
LO 5 T1°%1an
RRITFCIn,23) (a(Isd)adaten)sB(L)
LLAuach GE SUBAUYIVA PARA AESOLVER EL SISTEPA DE ECUACIONES
CALL GYLTCR(ErBIN-EPSSOET)
IF(CETSLECPS) GO YO P
IrenesicN DE RESULTANOS
nRITECTN»23)
DO & 131
6 WRITECT®225) 1s8C1)
e et
? RRITE(In228)
w0 TC i
Faepetne CE LECTURA € TMPRESTON
20 Fravar(rs) ’ y .
21 FCAVAT(AFIG.0)
22 FCRMATCaC/)s5%a'EL STSTENA DE ECUACIONES ES's/)
23 FCOvaT(/s2Xs1C(E1063910))
24 FCAvATCAC/),5%2 LA SALUCEION OEL SISTEHA OE EEVUACIONES ES°#//s3%0'3
1'oS5%X0 ' N(1)7) . '
25 FCRWAT(/o5%X»1204%X0E126%)
26 FCRYATCGC/)p3XoEL SISTEMA OE ECUACIONES NO TICNE $OLUCIOR®)
END

n

Fig. 3.3 Listado del programa phincipal



@GP HSEOMTOOOTHIONOOBOOO

e N

SURRNUTINE GAUTGR(A»9o8oEPSIOET)

SLBRUTINA PavA RESSLYCR UN SISTEYA OE ECUACIONES POR EL METODO pE

GAUSS=JCROAN MGUIFICANC

LL SIGNIFICANC LE LAS vARIABLES EMPLEADAS ES

AIVATRI? CE CCEFICIETITES OFL SE{STEMA DE ECUACIONES

BoVECTUa CE TERMINGS IANNEPENDIENTES QUE NURANTE EL PROCESQ SE
TRAMSFCORIA EXN LA SILUCIGA DEL SISTEMA DE ECUACIONES

HBQRREY NEL SISTEMA NE ECUACIENES

KAraY=wsYCR ELEVENTO NF L4 MATIT2 A QUE SE USA CGHO PIVGTE

HVR ¥ “yCoCCNTACORES AUE InOICAN QUE RENGLON V QUE COLUMNA Ya Fyge
RON UTILI28DCS

EPCaCRITER]Q PARA CETEAYINAR ST E£L DETERHMINANTE OE LA MATRIZ A E£3%
NULO '

UET2VALCR ARSALUTO DEL OGETERMINANTE OE LA HATRIZ A

LIMENSTQN AC10210)08C80)aEVRCE0IoNVCIEQ)
ACTUALIZACTION JE VALORES PARA INICIAR EL PROCESQ

0C 1 Istoh
HVR(T)Sg
HVC(ldac

SOLYCINN UEL JISYEAA OF ECuaClONES

UC 9 Kaysn

HavausQ Y

.09

LR2Q

06 ) T%10h

IFCHVREEILE002 GO0 TO 3

b0 2 Jalen

IFCuvElJdeESd) GO 19 2
1F¢838tRAvaRIGEaADSLALTRd))) 00 YO 2
Raviysa(loed)

LRag

Loy

CONTINIE

CONTIRNUS

DETsARSIRAVAY)
IFLDETLECERPS) GO YO 30
IFtLQefaolC) 6O 70 3

GO & t=1sN

TEwp2al e ])

ALLRs T Y2ATLCa])

ACLCe1d2TELPD

TEvpapLR)

UeLrIzs(Le)d

BeLCYSTLMP

ul § Iz '
ACLCel2aACLCs1)/RAYAY
LLE)anCLC)/RAPAX ‘ '
UC 8 I123+sh

15{1+F2,LC)Y GO 70 @
TevpaplieLc)

bli)=aC1Y o YEKUPeB(LC)

UGC 7 Jrten

ACL,d)3a(2pJ) o TEFPeA({LCod)
CONTINNE

HVR{LEC) i C

MVC{LE)sL

CONTINUE

RETURN

ENG "

Fig. 3.4 Listado de La subrutina GAUTOR
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3.2.4 Efempio

Empleando Las Leyes de Kirchhof§ {ver referencda 2), s2
cbiuvienon Las sdgulenites ecuacdones Lincales para el circulfto
mostrado en La gLgunra 3.5:

ig - z@ -1, =0

£4 + LS + IA - Ll - Ls =
iy =&y = Tg =0

Ay ¢ Tg v dg ¥ dg = dg o=
I, - dg = dg = 4y = 49 =
Rydy + Rpdy = Rgdg = 0
Rydy = Rgds *+ Rpdyg = 0
Rodg + Rody = Rody = 0
Rydy * Rydy = Rody = 0

Fig. 3.5 Cincudlto del ejemplo 3.2.4
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_ S4 el valon de Las fuentesd es IA = 24, IB = 6A, Ic = 4A
y el de Las hresdistencdias:

Rl = RZ =27 Q
R4 s Rg = 3 Q
Rg = R6 = 5Q
R7 = Rq = 4 Q
R3 = 6 Q

Obtenga Las corniientes de nrama LI, LZ, 43, L4, is, ié' -

Ly0 Lgr 4o
* SOLUCTON

TABLA 3.1 Datos panra el problema del ejemplo 3.2.4

N =9
——o 0 0 -1 0 0 0 1 Zﬂ
-1 0~1 1 1 0 0 0 0
11 0 0 0 0 0 0 0
A=]l0 1 1 0 0 1-1 0 0
o 0 0 o0 1 1 0 1 1
7 2 -6 0 0 0 0 070
0o 06 0 35 0 0 3 0
0 0 6 0 5-5 0 0 0
_;o 0 0 0 0 5 4 0 4{45
-,
-2
6
-6
B = 4
0
0
0
mo._l

59
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TABLA 3.2 Resultados del problewna def cjemplo 3.2.4

CL SIsTEva DE ECUACIINES ES

Qo Co Ce © 100690 0o [ Qo 2300E<+GY GCo 020QE*0:

©,100C401 Co 2,10CE4CY  -100£901  o100E%01 0o 0o 0o " Qe ©,200E40)
2100E901  =s100E%01  Go 0o 0o 0o 0o 0o 0o +600E01

[ o100€¢01  o10CE*01 0. 0. 0160E+01 ©.300E401 0o Se ©4600E403

0o Go 0e 0o «100E°01  o100E°0% 0. c100€9C1  o100EeC1  ,400E901
+200E901  +20CE%03 <.600£9C3 0, 0, 0o 0o 0. 0. e

0o o 0. JI0BE20L  ©.5008+0% 0o 0o 2300E981 0o o

Co o «c0EE201 Co +500£¢01 ©0500£901 0. 0s 0o o

0 o o 0o 0o a500€401  .400ce01 0. 20400€+01 ¢,

LA SJLUCTICh CEL SEISTEHA OE ECUACIORES ES

1 ey |
i 023721E90%

2 =.36230E401 .

) °.21556£400

a 2583596400

5 +52373£900

[ o?ﬂ‘l\hﬂf"Ol

? 0198a7E40}

3 013364E901

9 +20131€0601



3.3 Mézodo de Gauss-Seidel

> 1

3 3 1 Objeto
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Obiene& La so0lucibn de éthemab de ecuac&oneb L&neateé -~

can £a coné&gu&accdn
&ppXp * Gppky b e b agx 2 by

(1}
o~

Xy *olgptg Foeee tagx, 7 by

o (3.13)

4 P ees T
¥ T Yme*2 CanXy © By

emplecndo el método de Gauss-Seidel.
L R : - . Rk . .

3.3.2 Métado

‘ ER método de Gauss- SQLdQﬂ es .un método de tipo Lterativo:
que 4&nve para La so0lucibn de éLétemaé de ecuac&oneé £4nea£e45'
det t&po ‘ " ‘

AX=B8 - (3 14)

cuando fLos. valores numénicos de Los etemenIOA de La d&agonat o
pALnQLpaZ 500 mayonresd que Los demds de su coanApondLQnte aen-
gbén. = , T

’ Pana aseguranr La convengencia del método Ae aaquaene que:

a) 205 elementod no nulos de La matk&z de coe5¢c¢enteé (5)

se. acumulen en La d&agonaz pn¢nc¢pa£
b) Los elementos de La d&agonaﬁ pn4ncha£ de Zp matriz de

coeficientes {A) Aean mayoneé en valon absoRuto que 2a

Aumatok&a de 104 ualaneé abéOZutOd de £0é aﬂemenIOé <-
neétanteé del nenglén conuebpond4ente, ed dgc&& '

a n ‘ ‘& . = 1, 2 .
l f»’i\"?‘ Z [ if] A
i=1 |
i F i o f3.15)

Parna aplican el método se procede a despejar upa Lncdgni’
, g i . s R RS r".,"
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La io cada ecuacddn ded arnegle (3.i3), es woedih, dedpejarn La

Lnedgnita X; de La "L-Esima" ecuacibn, o <cea: \
i ) o ) -
4 =,al bz @9%, @y3Xg oo “1,.%
1L —
[~ —
x, ==—{02 " %1% 7 %z3%3 " %X
22 L —
: r3.16)
- - - - X
X, =El_-%§1 %p1*y Cp2*2 cee Can-1 ”'7:]
nn J
J de esiablecen Las sigulendes eccuacdones Llerativas:
. (k) (k) _ _ (k)
x$&+1)=a1 bJ 0%, a;gxg oo a1, %, -J
' N I
(k) (k).
k1l I 1by = 204 Ga3¥%3 T ree T Ggp¥y
22 |
(3.17)

' _ (+1) _ (k+1) | ° (R+1]
xBr1) 1 {En “ar*1 T *ng¥g BRI | —J

n a
nn

donde x£k+1) indica el valon de La "i-€sima" Lincdgnita en La -

Ltenacdibn "k + 1"

Para arhancar el métedo se establece una so0fucdbp ini---

clLal 50:
= s

(3.18;

£><
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dichos valores se susiituyen en el Lado derecho de. La ecuacdin
(3.17) para obtener La sigulente so0lucibn aproximada:

>
u

X, : | (3.19)

ek
»._xn -

Yy asi sucesivamenie nasta que

et T Jn

-

< £ (3.20)

Para poden emplear este método es necesario verdificar con
anternionidad que el sistema sea compalible y detenminado; ademds
de que cumpla con Las condiciones de convergencia del método. -
Aforntunadamente.-La mayoria de £os problemas de tipo inganienié
cumplen Los hequ&é&ZOA mencionados . '

Cientos sistemas que a primena u&Ata no cumplen Los nequL-
sitos del método pueden LLenan Los requisitos mediante un 8im--
ple intercambio en La posdicidn de Las ecuaciones. ‘

3.3.3 Descripedbn del programa

a)Subrutinad nequenidas
Ninguna. .
b)DeAcM&chﬁn de £a4 variables.

- A(1,7) matiiz de coeficdentes del s4stema

- B(I) ‘ veezon de IénanOA LndependLaneé

N onden del sLstema de ecuacdones

Xty valon inielal de Las &ucdgnc{aé acl 544
| Lema y vaALabﬂe de Zocat&zac46n tempo-=

nal .
V(1) | valon de fas inedgnitas en Lg iteracibn
‘ "n" ‘ o
" XN(T) valor de Las Lﬁcdgnéﬁaé'en Lq Lieracibn

"n + z”




64

M méximo ndmeno de Liilenaciones a efectuan
E cnitendio de convengencia

NCON contador de L{feracdiones efectuadas

SuM sumadon

c) DimensLonesd:
‘ La proposicidn DIMENSION deberd modificarse cuando
se presente el caso de que N2> 20.
d) Formatos para Los daftos de entrada:
SEC.TARJETAS  FORMATO  INFORMACTON

1 (215,F10.0}N, M, E
z (10F8.0)  AlI,J), Los elementos de
La matriz A se dan rhen--
. glén pon nengldn emplean
. ' do 2a cantidad de tarje-
tas necesania  para cada
henglin.
3 (10F8.0) B(I) el vector de ténmi-
. nod Andependientes se da
. . en una tarjeta o mds se-
-gin el onden del sistema.
4. ) (10F8.0) X[(1), La so0lucibn para -
. annancar el método se da
o en una tarjeta o mds se=
. gin sea el tamaio de N.

- A o A e G e N SN O Gy A G AP AR e R G TE W G Ym0 e as e ar A

otnos paquetes de datos {(opcional)

---------------- e S GV M e g MD WD AP Y e En e s W e e e Oe A e A

n TARJETA EN BLANCO,al §ina

Lizan toda La informacidn.

e) Diaghama de bloques:



hacen:
XN{T)eX{T)
Vil)eX(1)

J

! R E [ obtenen Los
sToP | nuevos valo
' W)

conveR -

de

acsultados

L /]
{eramentn
: contaden de |

{tenaciones’ .

RS

N

[y

Fig. 3.6 Diagrama de bloques para-el programg

'
' 1
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§) Listado:

OO0 O00

10
1t

12
13

14

13

16

1?

18
19

200
3a¢0
4aQ0
500
600

700

800
900

930

PRCCHAYA PAYTA RESCLVER SISTEMAS DE ECUACIQGNES PQR EL HETODO DE" -

GAUsSesEICEL

SIGNIFICARC NE LAS VARTAOLES E4CLEADAS

ASVATRIZ? CL CCEFICIENTES OEL SISTENA DE ECUACIONES

BIVECTNR CE TERMINDS IANDEPENDIENTES

Xaval0R INICTAL DE LA SOLUCION OEL SISTEMA

XhosCLUCICN CEL SISTCMa DE ECUACIONES EN LA SIQUIEKTE ITERACION

HuQRODEN DEL SISTEMA

YoyaLO® OE LA SCLUCIIN OEL SISTEMA OE ECUACIONES EN LA ITLRACION
ANTERIQR

MowaXIuo NUMERQ OE ITERACIQNES

EoCAITERIQC QE CONVERDERCIA

1

UIMENSTCN a(20,20)00¢20000{20%57620)02NC20)

LLCTURA GE QATOS

REAGCS+200) NoMsE

IF(HY 2s25)

CALE Ex1IT

VO a [o)eN

REEC(5+3C3) CACTed)s tutoN)

KE2C(5»3030) (B(i)sleisn)

REAQ(SsICC) (X(I)rledsn)

iPPRESICA DE DATOS

HRITEC(6,4C0)

03 5 Inlsn

WRITE(S,5C0) CACIodYeJdalsN)sB(])

HRITECA»660) (X(E)olulon)

SE INDAGA SI EL SESTEMa CUMPLE LA CONOZCION SUFIGIZNTE DE CONVER®

GEACTA . .

vl 7 InN

DC 6 Joloh

IFCASStaCInol)) = ABSCACTIOJ))) 80606

CCATINUE

CONTINUE

w0 TC 9

WRITEC6,T00) Jsdelrl

6 TC 1 :

UBTENCICN DEL VALOA OE LAS INCOGNITAS

HCCHel

U0 10 IvlsN .

xh(1dex¢l)

Y¢ry=x¢r) Lo

UC 14 KeuloN

SUval, '

L0 13 TafsN

1F(K"1) 12,13012

StwasyM ¢ AC(KHaIDaXNCT)

CCNTINVE

Xh(K)a(p(KYaSUMI/A(KLK)

CONTINUE

Ug 15 taten

SE VERIFICA SI YA CONVERQIO EL METODO '

IFCARSCXNCI)=Y(1))=E) 15234018

CCNTINUE :

IWPRESIAN OE AESULTANDS

WRITECA,2CL) (XA(IdslateN)

WRITEC6,952) NCCN

6o 1c

NCONeNCCN ¢

IF(NCCu=Y) 18217017

WAITECHs9ca) CXNCLDeT3LsN)

WRITECA,9523) MGuN

6o 10 !

CC 16 [3leN

YCIyaxuceId

Ga 7¢ 11 N :

FCRMATOs-CE LECTURA € [uPRESICY

FCR4AT (215+F1240)

FCRuAT C(luFded)

FCIuATCLHL,G(/7), 15X "VaTATZ AMALIACA")

: AT (/7015%X213(F84305¢))

;g:tar(:(/).le:'P%lWEnt APROX(HaCIOn OE LA SOLYCTIBN s /722 00Y 0 1CLF
. ‘

1?523;;2:(/).15!,'£L METQIC PUEIE NC CUNVERGER DaDD QUE's/7/p15%0 % AC

240122060 212+°) £S vAYCS JLE AL1,T20%0 50250

FCRUATCAC/7),15%, LY SCLLCICY CEL Si3Tid cs'.//.sx.ascxzfs‘zx))

FORMATCa2)a15Xs "hS SE LLESA & LA SJLUCION's//7515%5°LA LLTINA APR

LEXTHACTON ENCCNTRASA FLE'4//753109(E12+50200)

FCANATCa€/7)s1SX, "JTETACIONES RERLTZALASE 214D

END .

t/in 2.7 ({4Aatade del vnroarama
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3.3.4 Ejemplo

Para el circudlto eléctnico de La gig. 3.8 se sabe que ---

1, = 1Ael, = 24, R, = Ry = Ry = Ry = Ry = R, = 100 .

A

R, R {
v, 1 2 v’2 4 Lus
T VWAV —
.
e 3
I 1 R i R 5 ¢ R6 ! Z

Fig. 3.8 Cincudito elécirnico del problema del ejemplo
3.3.4

Se desea obtener el volitaje de Ros nodos U’; Vz Y V3'
Aplicando andl.isis nodal al cincudlto se obiiene:

i
-

3V, -V, -V

1. 2 3 -
-U, + 3V2 - V3= 0
-V, - Vz + 303— 2

arneglo que es un sdLisiema de ecuaciones Lineales con Zodas Las
caractenisticas propias pana aplicar el método de Gawss-Seldel.
\

A}
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Se selecedonand como solucibn indcedal al sdgulente vectonr:

- - - e
o
u1 0.5
VZ 0.5
o
Us 0.5

ase el o I

¥ SOLUCION

TABL. 3.3 Datos ded problema del ejemplo 3.3.4

N =3
M= 50
EPS = 0.0001

B |
A= |-1 3 -]
-1 -1 3
g
B = 0
L
X = .
| 0.5

“TABLA 3.4 Resultados del problema del ejemplo 3.3.4

MATRIZ AMPLIADA

v

34000 “14000 91,000 10000
21,000 Je000 <3000 3000
“1.000 21000 3:000 2,000

PRIMERA APRONIMACION DE LA SOLUCIZN
L J

0050 0030 [ X T]

LA SOLUCTION NEL SISTECMA €S
¢30000€+03 +73000E+¢0 012500€¢01

ETERACIONES RESLIZADASE Y]
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INIRDOUCTION 10 CCVPUTER SC ¢ 2.

F (A LE B) OR (3 GT C1 GO TO 43
cause a trans'er ¢! co-trol 0 the statement number 43?

(a) A=250B=:23C=155

(b) A=-250 B=232 C=155

() A=250.B=223.C=255

(d) A=60.B=2:7C=275 )

Modily the progr=~: in. Fig 10 15 9 Lhat razors are sent to families where the

answer to quest.on 3 is No and tnhere are two or more males in the family
Test your program - ]

Modity the progrz in Fig 10 18 so that razors are sent if the answer to ques-
tion 3 is Yes anc ‘cur hmes the number of males over 16 plus two times the
number of women over 16 is greater than 15

i

cLEVEN

NONNUMERICAL ALGORITHMS, FILES, AND DATA STRUCTURES

The use of computers extends through a'most every part of our modar

lives. The largest usage of computers is, however, in the worlds o! busingss
and government Keeping recoids (bookieeping) is always an impcriant
part of running a business, and this extends to the business of running tne
governmert. For that matter, one of the largest uses of computers by th2
military is in logistics, which 1s the controi of supplies Computers aisc
perform such functions as inventory control in factories and warenouses,
processing checks and calculating balances in banks, and maraging air-

* line and train reservations, and t:ey take par in just about every aspect of

business tecord maintenance Computers also play major roles in process
control and the aulemation of manufacturing, scheduling of preduction in
factories, monitoring patients zfier surgery, scheduling aircrait mainten-
ance, and assisting management in making decisions by gaihering and
Calculating statistics on wems of interest

Important applications in science inciude v.ork In psychology. biology,

‘medicing, and the social sciences in general Probably no other part ot the

computer business is growing as fast as the worn 1n these areas, and the
potential gain for mankind is truly staggering
Just as business management finds it aovantageous to be abie to

P
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process data and gatner statistics tn business tre "sactions medical -
searchers find an important application in gathering statistics on the eff.'s
of drugs when used n treating patients Similarly, b:ologists and cherasts
now use the data processing capabilities of cornputers to gather statis: ¢s
for their work and to mode! systems of interest. molecular structures for
instance

There s an important difference 1n the use of the computer in business
data processing and I1n most scientific applications This difference arises
from the fact that business data processing generaliy involves maintaining
large files of data while performing relatively few calculations on individual
data items In scientific computing the computer 1s generally called on to
perform many calculations on a relatively small number of input data.
Nevertheless, the same computers are used in both apphcation areas
(although some computers are better suited 1o scientific applications and
others to business data processing)

The Fortran language was not specifically designed for business data
processing applications, although it is often used for this purpose, parti-
cularly for smaller systems The Cobol language was designed especially
for data handling and has been the most widely used language of this type,
to date (An official ANSI Cobol is used by the government and many
businesses ) Cobol has very hmited computational abilities, however, and
is rarely used in science and 1n other applications where much numerical
work 1s called for A new language, PL/1. developed by I1BM, has both
business data processing features and a 1 riran-like ability to perform
numerical calculations (as well as some features for character string
handhng) The language PL/1 1S gaining 1n popularty, and some manu-
facturers other than 1BM are now providing PL/1 compilers (PL/11s a very
large language, and a complete compiler is of some size )

111 FILe MAINTENANCE
Since large businesses and governments tend to have large i'2s to main-
tain, large memories and sophisticated filing techniques are called for
Similarly, scientists who gather data sometimes establish large files of
data As an extreme example, constder the work in automnated libraries and
information retrieval systems which maintain bibliographic files containing
hundreds of milhons of items In these systems it 1s possible to search
millions of abstracts for key items in minutes It was, in fact, a need for
special types of files with extraordinary maintenance procedures which
led workers in the field of artificial intelligence to develiop certain of the
most interesting data structures, which will be described

When discussing file maimntenance, it is useful to define certain terms
more careiully An jtem is an individual piece of information A record is
composed of all the items in a file relating to the same object or indwvidual.
A collection of related items is called a file

L e N S N 2N L 5.

R 00
] L.ser e Mzre MName Strect A-tgr. cs Tren Soate
) 1r!'?~5?5 Puymania 122 3 F Jsnes 19 Carey A2 Weobun  Nass
Entnes 132727 W oy T T2 Jickhan 18 Kanll & Briraost Mass
in hile 473842 Corimr 12T 02 Frecen 163 ¥ St Corezig &'iss
972-187  Cadiias 1272 F A tMzayo 462 April Ave  Badiord  Mzss

Note Eachrow is a complete re- cons 3hng of seven items (1) the hicense number-{2) tre
make of the car (3; ing year of ma-_* 2 (4] the name of the owner (5) the ovrer'ssiree!
address, (6) the tosn 1n which the ~arz- rasides, (7) the siate in wh ch the oaner resides

Figure 11§ A seclon of a file

Examples will help clany *-252 defimtions An rtem might b2 a name,
such as "John M. Jones.” or en age, such as "29," or a maral status. such
as "M" or "S,” or an address such as "39 Rhodes Avenue. Newton, lowa "
A record would then be the-se! of all items for John M Jones which would
be John M. Jones, 29, M, 33 P2des Avenue, Newton, lowa A coilection of
tecords such as the above wcuid constitute a file Figure 11 1 shows a small
portion of a typical file for 2 2zs2rtment of motor vehicles

Large fites can consist ¢f from hundreds of thousands to mithons of
fecords, each record ceniz.- "~ several items Censider the hiles of the
'Bureau of Census or Inter~z: R2.2~ue Service or the files of any major
insurance company Because of tne s1z2 of these files, they must b2 rain-
!amed on such storage r=ss.z as magnetic tape or cards or evaen for
instance, on microfilm The mzintenance of these files requres consider.
able work, since they must 2 continually updated Furiner, in order for the
files to be really useful. t mus® b2 pessibie to acquire data of a specified
class from the files with mi~uma! search time

In order to maintain large f.es and to search them eflectively for spa-
ciied records or items in a particular class, these must be carefuily
designed vith regard to tha. crganization

The term data structure ref2;s to the method used for organizing c'ata
and the resulling interrelat.crs Saiween the data items and their addre sses
or identifiers so that an efficiznt computer implementation resulis Data
structures form an important zrza in computer science, as do the algonthms
for maintaining and using trem ' e

1.2 OPERATIONS ON FILES

Large files rust be conunuzily maintained This primartly cons'sts of
adding new records to the fiiz dzleting old records, and modifying records
already n the file In parforming these operations and in locating and
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processing data in the files, it 1s gencrally efficient to maintain the recerds
in the file in some prescnibed order rather than simply adding new items at
the end. ciosing up “holes™ whean items are deleted, eic.

In order to see tne need for 2rdering the items in a file, consider the way
we lind a nam~ in a telephone book If the names 1n a telephone book were
no! ordered, we vwould have to start at page 1 and search the book a name
at a ime Singe however, we know last names are arranged in alphabetic
order. we can guass a! the location of a name, open the book to that puing,
and see if we have made a good guess or if we need to move forward
or backward in the book. Contrast the small amount of hunting neces-
sary to locate a name in a telephone book with the effort required to find
a name in a novel or some other book where it is necessary to search
at random

Arranging a given file in a prescribed order 1s called sorting the file
Generally some particulfar item n each record is chosen (such as last
name, social security number, part numbar), and the file is sorted by ar-
ranging the records in the file so that the selected items are in the pre-
scribed order The selecled item is called a key, and the file is said to be
sorted on the key.

For pracucal purposes. sorting in a computer generally consists of
arranging the records by ordering the keys in ascending (or sometimes
descending) numerical order. When alphanumeric characters are used in
the key, each character will, in actua! practice, consist of several binary
digits, and the complete set of binary digits in a given key can be con-
sidered a binary number By then arranging the binary numbers for the
keys in numencally ascending order, we can “sorl on the key.” [The order
in which an alphanumeric code causes the characters in the code to be
arranged v'hen they are in ascending numerical (binary) ordef is called
the collating sequence for the code ]

Since sorting 18 such an important function in file maintenance, many
algorithms have Been invented for it and several of them are examined in
the foliowing sections.

Another important operatior s that of searching. When a particular
record or a set of records with some specific ‘characteristic in a file 1s
required, searching the file is necessary The simplest form of a search is
the /mnear search where the records are examined one at a time in order.
This s time-consuming for most memories but is natural for tape mem-
ories. If a file has been sorled, the most efficient binary search can be
used. Some aspecls of the search problem are examined in following
sections.

A most interesting and important aspect of files involves the ways in
which the data are stored in the file and the overall érganization of the file

structure, There are. in fact, many ways to organize a file in a memory, and
some are crarmned in the final sections of ths chapter.

113 SORIING ALD MERGING

An imporiant oncratisn in mamtaning business anc oher mlcrmation
sysiem files consists of sorting 2 lie on a seiacted key. AS v/as i1 cruonod
previously, the soriing places the recards in tne fle in an order so tngt ine
key items in the rero.ds are In nondescencing order I no two records 0
the tilg hiave the same value for the key (for msiance. if the keyvasa somial
securiyy Rumnbnt h a patsoansl 4ls), K3 fecords voould be arranged wi'n
the keys in ascending crder In an actual tile consisting of many recerd.-
gach containing severai ilems, soihing tne file would involve mosing the
entire records around (cr at Izast ponters to the records—as wiil he ais-
cussed later) The aclual sorting i1s generally done on an array of ine values
of the key, however, as this 1s more efficient. and the records can ba moved
after the new arrangement fof the keys has been found In fact, for most
large files it is necessary 16 Kéep the file on some mass slorage device
§u_ch as magnelic tape, and lo sort the filg in stages, moving portions of the
file from and into the mass storaje devices Our concern w:ll be with the
sorting process only, excellent descriptions of file mantenance proce-
dures for mass storage devices will be found in several of the references

Chapters 3 and 7 have already presented an algonthm and subprogram
for. corting an array so that the eiements are in nondescending order The
existence of this algonthm 1s assurance that we can sorl an array nio
nondescending order; the remaining quastions concern the efficiency of
the sorting technigue

In order to examine sorting techriigues we limit the problem to that of
sorling an array M winin integer values M(1).M(2), .. .M(N) so that M) 1s
less than or equal 1o M{J) when I is less than J

Perhaps the must natural or intuitive way to sort such at anuv 5 to
search through tie set of values in the airay aRd HRd {8 5mallasi value,
c:-'zll this value M(K], then place this value in M(1} by exi:hangmg this M(K)
wstltll M.(1) Next examine M{2).M(3). . ... M(N) and find the smaliest eloment,
gzd :C'l(j)element M(J). and place thus elemenit in M(2) by exchanging M(2)

These steps are repeated for M(3). M(4). and so on untit M{N - 1) and
M(N} are finally compared and ananged
) The above descripiion details the procedure generaliy used by peopie
when arranging a bridge hand or v.hen sorling a deck of index cards into
order. A fiow chast for the algontnm is shown in Fig. 11 2. and a Fortran sub-
program isin Fig 113 ’

Examination of ihe fiow chart and the program indicates that there is an
outer.and mner lgop in the algorithin For an array with N elements, tne outer
_loop is performed_N = 1 times, the hrst time the smallest of element M(1).
M(2), ... MiN) 1s found and movad iniy M{i}, the finai tima the smallest of
M(N — 1) and M{N) Is foung ang moved into M(N — 1;.

The inner faop in the aigorithm sequences through the set of elements
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START

NEW « N - 1
1«1

Return
from
subprogram

MIN = 1
Jel+d 1141
K+
Il"""’ .
I Kl = M)
| ML)« MIMIN)
MIMIN] & 1 <1
|
|
|
mgé: MIK) < MIMIN MIN = K
lonp
| J
i
|
l -
|
KeJ#+d
|
|
' J
| -
L e

Figure 112 Flow chort of a replacement sort An array colled M of N elements Is sorted

under considerat.on, determining the smallest of them, and moving this
element into the correct bosition

in order to evaluate the etficiency of this algonthm, we count the number
of passes which are made through the inner loop Let us set N equalto 10

L Ay 8 O R 1] 3~
SN have an e oot (AN TN ST
M2 MO0y fsg s ottt gl peaey 3
reqQUIres NINg passes throuyh thoirrer “cormpans i:0-
nthm examiries MA(2) M(3) M10) hinding the sn : nent wiach
involves eight passes through the inner ioop W IASIC [331-

v “
tern on the third pass through the outer 120p Sover pacses vl be martn

1%
through the innsricop, ontha fourth pass irrcugh the culer 29D hive pass
will be made through the inner loop, and on tne hinai nivn pass tnroug. e
outer loop one pass will be made through the inner loop Thus.lng aiqgo-
rithm requires 9 +8 + 7 + 6 + - - - + 2 + 1 passes through the inner lcoo
that 1s, 45 passes e

The general case is as folloxs To sort an array of N elémients, the
algorithm makes N — 1 passes through the outer loop The first pass re-
quires N — 1 passes through the inner l1oop, the second gass througn the
outer loop requires N — 2 passes through the inner lcop, and this pattern
continues until on the final or (N — 1)st pass through tre outer loop when
one pass 1s required through the inner loop Thus, we arrive at the {cliowing
sum for the number of passes through the inner loop (N — 1) + (N - 2) 4
ceedk 241

Then let us call P the value of the above sum Now.! P=N{N — 1}/2 or,
written another way,

N2—N
2

This sum grows very quickiy as N.becomes larger For insiance for N =
100 the value of P 1s 4.950, but for ¥ = 1,000 the vaiue of P 1s 499,500

P=

'Th'_s can be shown as follows The ayerage value mthesum (N = 1) « {({/ - 2 » +1is{(N - 1)~
152, which 1s also N2 and there are N — 1 lerms, so the sum has vatue A2 - A = 1 or [N(V - 0)}/2

SUBKNUTIVF SCFTLI(M.ND)
LIMENSION w00
NEJ=Y-1
0O 3 I=l,N 4
[ SFLFCT THAF FLEVMENT ™M(1)Y AS A POSSIELF SMALECY
MINal
[+ SFAKCH AFPAY BCH SMALLEST VALUR
Jalel 7
De S %=1,
IF (M(K) LT« MCMINY MIV=K
5 CONTINUF
c FACHANGE TdAF SMALLEST 2ITH MCI)
KI=M(1)
MCOII=M(MIN)
3 MEMINI=K]
RETURY
BNL

Figure 113 Subprogram lor replacement sort M (s the array to b »~=2 3 ara N 15 he numbot of
elements in the array M
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Ancthier sorling algenthm which resembles the above but which can be
more efiicient on the average 1s the “"bubble sort ” When the bubble sortis
used comparisons are made only between adjacent elements in the array,
and the elements are exchanged if they are out of order Inthe first passofa
bubble sort to sort an array M of N elements, M(1) is compared with M(2)
and il }(2) is smaller, they are exchanged Then M(2) 1s compared with
M(3). and the eiern2nts are swapped f they are out of order This 1s con-
tinued until M{N -- 1} is finally compared with M{N}, and a swap made it
necessary During th2 second pass the same general procedure 1s fol-
lowed except o'nly adjacent items from M(1) to M(N — 1) are ccnsidered, on
the third pass M(1) to M(N — 2) 1s considered. and on the final pass only
M(1) and M(2) are compared When this sort 1s used, larger items float
do~n and small items “bubble up,” hence the name A subprogram to
implement this sort is shown in Fig. 11.4.

The subprogram in Fig 114 has an additional feature, which can
improve its efficiency Each time a pass is made through the section of the
array being examined by the outer loop, a test is made, and if no exchanges
are made the program discontinues its sort, for the array 1s already in non-
descending order The test 1s made by setting the variable of "flag” Jto 0
each lime the outer loop 1s entered and then setting J equal to 1 1f an ex-
change :s made in the nner loop A test at the end of the outer loop deter-
mines «f an exchange has been made, if not, the program returns to the
calling programi; if an exchange is made, the program continues

In the worst case (when the array is onginally in descending order) it
can be shown that this program requires N(N — 1)/2 passes through the
inner loop. However, in the best case (if the array is already in the correct

SUPLOUTINE SCRIREM,N)
FIMFNST (Y “€100)
NFW =N-}
Le 10 §=1.VEW
Jav-1
c SET A FLAI 10 SFEF IF EXCHAVGES oCCUr
1A =0
Lo S A=lvd
Hi=ws}
IF (M(K) oLCe M{HIY) B30 10 S
c EXCHAYTF THE T40 FLFMENTS AVD SFT THE BLAG
UM hHE="CK]1Y
LIS ARES [§ 8]
MY =4S INE
{Fr.a3=1
s CrNTINUE R
c SEE LF PACHANIFS HAVE PEEY MATE Py TESTING [BLAG
1P CIFLAS oJFW. 0O 50 10 1%
1IN CMTILE
tS LITENUE
hEILEY
PNT

Figuig 114 Subprogram fur L hbin ot

b S PR SR T B S A0 2 SR S N 205

nrden) Ve o et O L fE - 1 asnes o eount e - urleop In
gereral thig program explods the teadercy of hsin's b2 alre . 1y semewhat
.ordered, thus, as a resu'l, for largs values of N the projgram tonds to be
more eflicient than the p.2vious algonitnm

The sorting of fiies 1s 50 1mportant in busirass and nlormalion process-
ing thal many s'vdies have beozn made of soring algorinms and many
algonthms - 1> beon invanied in programming languages sucn as Cooo!
there is & SURT operation on a file which 1s a subprogram In the system
just as SINE, COSINE, SOUARE RQOOT, and other functions are provided
in Fortran

The studies of file-sorting techniques show that the number of operations
required grows approyimately as N? divided by some constant for “inter-
change sorting algonthms™ such as those mentioned. More seprusticated
sorting techniques such as “radix soris” and "marge sorts” reguire NK
times some constant number of operations or N'S times some constant
operations, where N is the number of elements and K 1s the number of bits
in each element These sorting techniques require more comphcated pro-
grams, with the result that tnay are gensrally not used for small numbars of
elements

More detailed introguciions can be found in the hook by Flores and the
paper by W A Martin listea in the Bibliography

For a really comprehensive trealment of sorting techniques the reader is
referred to volume 3 in the series of books by Knuth which davotes nearly
400 pages to this subject It is very diffinult to evaluate mathematically
many of the more compiicated serting techmiques. and so quite often the
algorithms are programmed. sample arrays (or hsts) are soried. and the
results evaluated.! The book by Rich analyzes a number of the best sorting
techniques by programming and evaluating the tire required. storage re-
quired, and other factors for a number of sample problems.

Another important operation 1n maintaining files 1s that of merging Two
sets are said to be merged when they are combined into a single set. how-
ever, it the two sels have been ordered by sorting in ascending (or non-
descending) order, the resuiting sat of items must aiso be sorted in ascend-
ing (or nondescending) order.

In order to study the merging operation, we shall agam restrict outselves
to internal merging rather than merging files on iapes (the files could be
copied into the core memory. if they are not too large}. Let us consider twe
arrays of integers M1 and M2, with M1 having K1 elements and M2 having
K2 elements. Tne arrays M1 and M.2 are assumed to be soried 1n nondes-
cending order, and we :ish to develop an array M3 with K1 + K2 elements
which is sarted in nondescending order .

The first step in the algonthm is to compare M1{1) with M2{1) and place

'D 1/ s baok descnbes such sars {pving Foriran programs) as the “monkey puzsie se«*  vf the tous.
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VL% LIRS AL ALGORITNNAS FILES AND LATA 579 CTURES ?

SUPH CUTINE YFhI3FICTAS IR, 10, s Ra ™ N
LIMENSI(® TACICOY» IFCIOLIICL OO
MEN=VeN
1=}
Jd=1
¥ap
5 K=del
IF CIACI)Y «R1. TPC.H) GO 10 10
IC(K)=TACI)
1ale+d
IF (1 +LE. M) 30710 5
c AFPAY 1A 14 FAHALSTFD 4F LOAL 1HF pEsT NF IP
D015 LeaJdsN
K=K+}
15 IC(K)I=JPCL)
50 1¢ 20
10 I1CcxHI=1IPCY)
J=J+1)
IF (J «LFe NI 3C 10 S
Cc ARFAY IB I5 FXMAUSIED £0 THE hEYAINIFR OF 14 1§ COATEL
LC 25 L=1,M
KaKel
25 IC(KIaTACL)
20 COINTINUE
hETURN
END

Figure 116 Subprogram for mesge algo:ithm

the smaller of the two in M3(1). i the item M1(1) is se'zz'sd we then con-
sider M1(2) and M2(1), placing the smaller in M3(2), i 1.12(1) was selected
in the preceding step, we consider M1(1) and M2(2). pizcing the smallerin
M3(2) This basic process continues with Mi{l} being cc—pared with M2(J)
at each step untit we reach the end of either M1 or M2 [ihat i1s, we select
either M1(K1) or M2(K2)] When this occurs, the remain.~g elements in the
other array are simply copied Into the remainder of M3.

Figure 115 shows a flow chart for this algonthm zn2 Fig 116 shows
a Fortran subprogram to merge two arrays (Languzzzs such as Cobol
provide MERGE subprograms in their basic hbrary &~d a programmer
can simply wrile MERGE A AND B rather than wring hus own subpro-
gram})

The exercises at the end of the chapter investigate t=e efficiency of the
above program as well as show a short program for merging arrays with a
special STOP element in the last position.

A merge sort 1s a sorting algonthm which breaks s¢!s of elements into
subsets, sorts the subsets, and then merges these s:rted subsets By
dividing the oniginal set of elements into an appropr:z*z ~umber of subsets,
so that the sorting 1s efficient, and then deperding cor ir = natural efliciency
of merging, an efficient sorting algorithm can be ctizir=d The exercises
¢ ~elop this procedure Knuth's book as well as severz' ¢f the others inthe
Bibliography also treat this sorting procedure in cetail.
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11.4 SEARCHING A FILE

Probably the most frequently perforried operation in business or informa-
tion systems is that of searching the fiizs for elements which satisty some
specithed cond..on The condition specified ranges from equahity—for
instance, "Find the record af the perscn with sacial secunity number 972-
85-35."—to "Produce a list of the paris in our inventory which cost more
than $45" In anv case. a file must be szarched, and it is important that the
file be organized so that it can be efficiently searched 1t is also important
to have an efficient search algorithm so that too much computer time 1s not
expended on searching, “

The organizing of files and of search procedures are important topics in
systems design for data processing systems if large hies must be main-
tained in mass storage devices and if these files must be regularly main-
tained by adding new records and modifying and deleting old records, and
it it 1s further necessary to search the files frequently for records which
salisfy some specified critena, then a file organization must be found which
is not too expensive 0 update. which does not require too much storage
space, and wnich can be conveniently searched Designing a good data
structure for the file and programming efficient file maintenance and search
algonthms are interesting and stifl developing aspects of data processing
systems design

We shall first examine a particular aspect of file searching and main-
tenance, that of finding a specified element in an array This will include
showing how the search algorithrn can be greatly speeded up if the array
is sorted.

If a teble or array is searched for a given item, the séarch succeeds ifthe
item is found and fails if it 1s not tound If we store our table in an array
which we call ITEM. at a given time ITEM will contain N elements It these
elements are not ordered, in order to find a given itam in the a?ray the most
natural search zigonthm is to exarmine ITEM(1), ITEM(2), ITEM(3) and so on
up to ITEMIN). each time secing if the value 1s the desired one

In order to convert this procedure to llow chart form, we let the values in
ITEM be integers and call the value "o be found M A fiow chart of the re-
sulting search algorithm is shown in Fig 11.7a An integer vanable K is sot
to 0 if the search fails; otherwise it wiil have a value such that ITEM(K) =M

A Fortran subprogram implementing this algonthm s shown inFig 11.7b.

The questior now ansing is, “How efficient is this algonthm?” ltis clear
-that + -the-desired value is not in the array, N steps or passes through the
search loop will be requited. If, however, the item is in the array (and we are
notl required to find duphcate values in the array)., on the average N/2
passes through the array will be required

Now let us %mmem&mmyMSmmwmwdwanMemmwmamm
numerically ascending (or nondescending) order We now sequence
through the array, starling with ITEM(1) and proceeding through ITEM(2).
ITEM(3). etc . in turn as before However, at each step we alsotestto sce it

Pt WPETLA B AT LT T ke LI eA 1] 2T

¢ §-1

Return from
subprogram

Raruen trom

subprogram
Notz  Tris a'turinm searches an array fTEM of N eiements to find an
element M M {or some [ duss ITEL (1) = M then Lis p aced in the
vanable X, it far 6o Lo ITEM LD = M, then K15 gien the vitue 0

6]

SU3ROUTINE FINDLCM, ITEM,N,K)
DIMENSICH ITEM(100)
DO S [=1,N
IF CITEXCi)-M) 5,10,5
5 CONTINUE
K=0
RETURN
10 x=[
RETURN
END

)

Figure 1.7 Searchng o inear array {s) Lineot search algonthm (5) Subpregram to secrch o
linear anay
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agan element ITEM(1) 1s greater than MATCH, and if it is, the search 1s
immediately terminaled, since the element 1s not in the array This will
improve the efficiency of the search procedure since the entire pass
through the array will'not be required in cases where an element 1s not In
the array. (Also. if duphcales are required, the entire array need not be
searched ) A program for this algorithm is shown in Fig 118

An even more efficient algorthm for searching a sorted array i1s the
binary search algorithm. It closely follows the procedure used by most
people in trying to locate a name in a dictionary, index card file, or other
alphabetically ordered file. The file is opened to its middle, dividing it In
half, the middle entry 1s examined to see in which half the desired item

_would be, and that half 1s again opened to the middle, and an examina-
tion then indicates in which half the item hes, this process continues until
the particular item 1s focated

In order to make the above procedure more precise, we assume a table
of N items, and we shall refer to these as ITEM(1), ITEM(2). , ITEM(N).
If N 1s even, we can divide the table into two equal sets of N/2 items and
then determine in which half the value to be located might e if N is
odd, the table 1s "divided” into two sets, one with INT(N/2) and one with
INT(N/2) + 1 items. where INT is the “integer” function which takes a num-
ber X into the largest integer which 1s not greater than X {In Fortran IFIX(X)
is a "“compiier supplied” funchion which takes a real value X into the largest
integer not greater than X {f we wnite 1 = N/2, however, | will have the vaiue
we call INT(N/2) since the values of | will automatically be truncated, not
rounded, to an integer value ]

The largest element in the "lower half* of the table with the lowest
values 1s now examined to see 1n which part of the table the desired item
hes, this 1s done by seeing if the desired element has a value greater than
the largest element in the "lower half " If so, the upper half i1s selected; it
not, the lower half 1s selected Thus step continues until either the item 1s
found or the discovery 1s made that no such item is in the table Figure 119
shows a flow chart of this algonthm and Fig 11 10, a Fortran subprogram

In both the flow chart and the program, an array called ITEM containing
N elements is searched for an item called M An integer variable Kis setto
0 if the value M 1s not in the array. The variabie K is set so that ITEM(K) =M
if M 1s 1in the array

SUBRQUIINE FINL2C(M, I1EM,NHK)
DIMENSI M IT1EMCI00)
DO S I=1.N
1F CITEMCI)-Y) 5,10.5
S CONTINLUE
K=Q
RETLRN
10 Kal
KETURN
BAD Figura 1.8 Linear search of a sorted orray

IFIRST - t
fLAST = 8,

ILAST

&

IMIDL «
IFIRST +1LAST
2

Trun
ITEM (IFIRST)

K = 1FIRST K40
IFIRST ‘
‘; IMIDL + 1 ILAST it |
Return Roturn There s
ITEM(K) = M no value <aqual to -
M in the radles l
Note  This algonthm seorcie,. a *1bin cailc) ITEM with N entries  The alnnttan wearches for
an elemant rrled 24, and b e el2mant 1s 0 the table there Sis an int o vatue v K such

that ITEMIK) = &1 f no ol2ment In the table called 1TEM 15 equal to M, thea the valua D

s placed in K

Figure 119 Binary search algonthm

SUPRCUTINE FINLC3(M, ITEM,NLK)Y
CIMENSI (N [1EMC100)
IFIHSTal
ILAST=Y
60 10 &
10 IHILL=CIFIRST+ILAST) /2
IF €M .GT. 175MCIMILL)) GO TO IS
c ITEM IS IN LOJER HALF OF TABLE
ILAST=IMID.
. G0 T0 S
c ITEM IS IN UPPER HALF 0F TABLE
1S [FIRST=IXILLe1
5 IF CIFIKST .NE. ILAS1) 6O 10 10
IF (M +FG. ITEMCIFIRSTI) GO TO 20
K=0
RFTURN
20 K=IFIRsT
RETURN
END

Figure 1110  Subprogram for binary search algorthm



n2 INIRODYC ION TO CONPUTER SCIENTE

How efficient 1s the binary search algoritnm? The efficiency of the algo-
rithm 1s most easily evaluated for takles with N entries, where N = 2' for
some / (that is, tables with 2,4,8,16.32, efc., entries). for then the tabie is
reduced to one-half its original size the first step, one-fourth ils oniginal
size the second step. and so con until it 15 reduced to a single element,
which either is or is nol the item desired Since our rule is that after ; steps
the lable has been reduyced tg a subtable of size 27 x N, ard since N = 2/,
for some /, then wnen 27/ x 2' = 1, each of the two parts will contain a single
element and one of these must be the desired element Thus, for a table with
N elements, where N = 2! for some integer /, exactly / passes through the
basic loop are required to find an element using the program or fiow chart
which has been shown. This value is less than N for N greater than 2 and is
inuch less than N for large N

For any given N which is not a power of 2 (that 1s, not equal to 2' for
some /). we can determine the number of passes through the loop as fol-
lows Let K be the smallest integer such that 2% = N, then K passes through
the loop are required !

Can we improve on this algonthm? it might seem that before each pass
through the loop it would be a good idea to test whether the largest ele-
ment in the lower half is indeed the item desired and to terminate the search
if it 1s This would mean that sometimes the search could be terminated
early For instance, if we had a tabie with four elements which were the
integers 1,3,7.9-and we search it for the integer 3, then the table i1s divided
into two parts, 1,3 and 7.9. The greatest integer in the lower half, which s 3,
is selected, and. instead cf seeing if the desired item 3 is greater than 3. we
also test to see if it 1s equal to 3, and stop if it is In this caserit is the desired
element, and only cne pass through the major loop has been made, where-
as-the-previous-algerithm-required-two

It can be shown, however, that on the average the number of passes
through the major loop is decreased by only 1. That s, if L passes are
required on the average for the first binary search algornthm, then L — 1
passes are required for the second algorithm. It L is large, the additional
time required to test for equahty. which lengthens the basic loop, will
probably exceed the time required for a single pass through the loop, and
the original procedure will run faster on the average

The above analysis is typical of that performed on algorithms for system
use In many cases, it is impossible to completely and precisely analyze
subtle points, and it is either necessary o test the algorithms with a number

tin general. 1t wadehine fog,{M-to be afunitron with valge X such-itat 2* = N. then 1oy,{N) 1s called the
Lunary Icqanthm of N, and it X = log,{M) X wiit be some positive real number for each posilive integer N
Mow 0 the goneral case it cap be snoam that the number of passes required 1s exactly CEIL {log,{M).
where CEIL has value the sma'inut ntegar grges than or equal lo log,(M) This shows that the number of
Passcs thraugh the lo0p incecases at a loganthmic rala N
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of 125! ~a535 and compare resulls or to gererale simulated data. try the
algenthims on the simulated data, and compare results

1.5 ARRANGING ARRAYS AND IINEAR LISTS IN MEMORY
The structure of tne data which are p sug3s<3 in Business systems can be
guile sumplicater FuntRgr. - fieids -such as Inforination retrieval, the
quaniily of dzia used 1s quiie large. and the structure of the data 1s quite
compiex Tne manner of organizing the data 1n the compuier's memory
can be very 'mporiant when large volumes of data which are interrelated
in a complicated way must be processed

The simplest and most direct way to organize data in a computer me-
mory is by placing them in a one-dunensional array Consider a table or
array of dala consisting ot N items By using the name TABLE. the iterns can
be referred to as TABLE(1), TABLE(2). through TABLE(N). If the memory of
the computer is word-organized and each iiem in tne hist can htin a single
word in memory. then by assigning a starung address in memory for the
table, say B. we can find a given item TABLE({l) with index I by loocking a!
address B + | —~ 1.1n the memory. This organization is shown in Fig. 11.11a.

Example We assign the starting location B to location 4000 in memory.
Now if the items in tne array are referred to as TABLE(1), TABLE(2),
through TABLE(100). the vaiues in TABLE will be stored in locations
4000 through 4639 in memory, ana TABLE(1) will be atlocation B+ 1 — 1,
which wall be 4000 + 1 — 1 or 4200, TABLE(2) wi!l be at 4000 + 2 — 1,
which is 4001; TABLE(50) will be at the address 4000+ 50 — 1, etc

The basic idea of placing the words in an array or hinear list in conse-
cutive addresses in memory can be extended to ariays with two (or more)

Addrass Contents A e, Contrnis
mn "

memary e ey

3999 )

4000 £ 1) TAAT(E,
4001 T2} o0 LIATH
4002 Tar1e(2) €02 MAT(I,
4003 Fahin(a) 003 vaTiz,
4004 Tatteis 6004 NATY
4005 €04 MATED, 3)

€200
(2 ()

Figure 1111 Orgonizcton of one- ond two-dimensianol arrays in
memcry (a] Stonrg an anray wah five elements of con-
seculve addieszes in memaory (b} Sloang o 2-row, 3-
coiurma anay in memory (oy 1aw)



4 INTIRODUCTION TO COMPUIER SC'I". +

dimensions or indexes Consider an array called MAT with four rows a:id
three columns If each entry in MAT requires a single word in memory,
then 12 words will be required If we choose address 200 to be the address
of the MAT(1,1). then 211 will contain the last entry MAT(4,3) Tnere are
two ways to “lay in" the array, however, by rows or by cofumns Let us
use rows,! the elements will then appear in memory in this order MAT(1,1),
MAT(1.2).MAT(1 3) MAT(2,1),MAT(2,2) MAT(2,3)MAT(3.1), and so on untt
MAT(4.2) MAT(4 3) It MAT(1,1) 1s at address 200.MAT(1.2) will be at 201,
MAT(1.3) at 202. etc To find the address of an element MAT(L.J) 1n memory,
we calculate as follows. MAT(LJ) 1s at memory address 200 + 3(l — 1) +
(J — 1) Thus, to find MAT(3,2), we form 200 + 3{(3— 1) + (2 — 1}, which is 207

The general rule is* For an array with M rows and N columns with one
word per element n memory, and where the flrsljlement 1s to go in address
B. the element in the ith row and the Jth columii goes at address B + N(I —
1) + (J — 1) This organization 1s shown in Fig 11 11b.

Similar rules can be derived for arrays with more than two indexes and
for arrays where elements require more than a single word in memory.
Notice the ease with which an element can be located in an array stored in
the above manner. Arrays are very desirable data structures .

The tables or arrays which have been considered above have contained
items of fixed size Many data are alphanumeric, consisting of names,
addresses, written text, etc The individual items in this kind of data have
mixed lengths Forinslance, suppose we wish to store a list of names These
names will be of difiering numbers of alphanumenc characters, which
obviously compiicates the probiem. '

A simple solution is to allocate a numer of locations in memory suf-
ticient to hold the longest name and then to allocate each name that
amount of space.

Example A list of 200 names 1s to be kept in memory The computer,
an IBM System/370. stores one characler in a single address (a byte-
per-address) The longest name has 20 characters in it The list 1s to
begin at location 1000 We allocate 20 x 200 addresses in the memory
so the list will start at 1000, and the last character will be at location
4999 |f we czli the ist NAME. the kth efement in NAME {that 1s, NAME (k)]
will begin a1 1000 + 20k ~ 1 and end at 1000 + 20k + 19

if the names are of widely varying lengths, the above techmque causes
an inefficient use of memory Fortunately, several alternatives are possible
One is to have a special END OF ITEM character and to place this character
after each name® This 1s shown in Fig 11,12, Another is to keep a table of

"1t shouid be no*ed that by of'ciat decree Fortran arrays are slored by histing cotumns (rather than 10WS)
In conseculisg orger Thas 15 discussed in the exercises at the end of the chapter

This s a specal characier In this case it 1s used lor end of name The special character’s name just
tsps - be END OF ITEM

s, 0% _CUETICAL ALGOPRITHIAS, FiLES AND DATA STPUCIURES 15
e Croat 31
"
IR
4] et A
470 4
A n -
a2 H N
[1o%] ] .
4na SFrri
4G4 J
ane (0]
07 N
403 E
400 S
4i0 EQI
411 £
412 M
413 4
a14 L
415 \4
416 SPACE
417 S
433 b
413 i
220 T
421 H
a2 Ecv
423 R
424 A
425 L
4.0
477 "'\r~/~"‘| 1
Note  EOL 1, 1+ END OF JTEM (s by Figure 1112 Slonng character shings using
The memory storer one charactor ot cach 1! e o END OF IIEM charac.ers

the addresses at which each name begins This is shown in Fig 11 13a
Still another technigue is to have a starting address and a table conta'~ing
the number of characters in each name as shown in Fig 11 137 (We fr.en
find the location of element | by adding the lengths of ihe names preceoching
l at the starting address in the table)

Which technique should be used depends on the characternistics of the
data, the computer word length and the premium on memory space and
search time The las' techmgue (thatin Fig 11 13b) uses less memory. 1In
general, but requires more time to find an tem

Judgment as to which techmigue to use musl be made dependent on the
particular file charactenistics For example, an inventory conltrol system file
mught consist of a set of records, where each record consists of several
items Figure 11.1 shows a section of such a file, where each record con-
sists of tne license number, make, year. name of owner. street address of
owner, town in which owner resides, and state in which owner resides
Since these particular items are either numbers or alphanumernic strings of
limited vaniations in lengtn, it would be practical to store these records in a
fixed-length format with a fixed number of computer words 1n memdry for
each record g

s
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Adirss  Contonts Ad ey, -Content,
mn "n
memory .;-"’\_,1 memory H\—/"\-]
a 3 400 J
48‘,’ o) 401 o
402 H 402 H
403 N 403 N
SStwng 404 | SPACE |- Trem , 4049 -} SPAGE fc !
addeers a05 J 'e"ﬂlhf 405 J
- 406 o] 406 0
a0 497 N 497 N
419 428 E 408 £
421 409 s 4 S
a0 € 410 E
an M a1 M
412 \ 412 1
a3 L 413 L
a8 v 414 Y
a15 | space 415 | SPACE
416 s 416 s
a17 ] a7 M
413 ' 418 !
419 T 419 T
420 H 420 H
421 R a R
a2 A
LEET S L\,...\,,

) R (6)

figure 1113 Techniques for storlng lists with items of different lengths.

{a) Table with the address of first character In each item
{b) Table with tength ot each ltem

When lists of records with each record containing se\./eral items are
softed; they are-sorled-on a-key which-consists of one.ofthe items. Thus. the
file shown in Fig 11.1 might well be sorted with thg: license number as the
key. Then, to locate a particular record given thg license number, a 'bmary
search would be performed on the list 1f the list were sorted on license
number and we wished to search the file for some other altnbgtg. a seqqen'-'
tial search would be necessary (Sometimes tables or “dictionaries
which list attributes-versus-key or location in memory are used to cut down
the search time Files organized in this way are called mnverted files Reter
to the Bibliography for works giving details) For example, i .the file were
sorted using hcense numbers as a key and we wnghed to obtaur} the names
of all car owners with Cadillacs from some partncule::r town, it would be
necessary to search through the fie sequentially, looking at each record 1n
the file to see if the owner were from the town and owned ‘a-Cadxll'ac.

If a tile consisted of a set of records, with each recorq containing sen-
tences in the English language {as might be the, case in an information
retrieval system), the varying lengths of thes:e sentences would mat;e:ha
storage techniqug involving use of an END OF ITEM character or ong oi the
table techniques for keeping track of the ends of the senlences more
eofficient,

NV I CAL BGT 2
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1.6 STACKS, DEQUES, AND QUEUES

A useful data structure in computers, particularly in systems programs s
called a stack The name stack s denived from the fact tnat the data items
are arranged in a s'ack in memory which resembies a stack of plaies in a
caleteria In other words, the itams are sizcked one cn the oiner \ith a
stack the assumplion is mades (Fat orythie last item placed on the stackis
immedialely available, This snows iine resemblance lo a.stack of plates
Only the top pla‘e 15 immediate ly avarladle Similarly. iterns can be piaced
only on the'tep of the stack (Thss “fast-in first-oul” principle leads lo stacks
sometimes baing called LIFO I'sts ) Placing an iterm on top of & given stack
(that is. adding an eiement to the stack) is called pushing. and removing an
item from a stzck is called popping As an example, suppose we have the
set of terns 1,2.3.4.5.6 arrangad in order. a stack calred STACK, and two
operations on the stack PUSH anc POP. If each item s placed in order ina
new ordered set when it.s “popped”™ or removed from the stack then the
sequence of operations PUSH, PUSH. PUSH. POP, POP. PUSH POP,
PUSH, POP, PUSH, POP, POP wili resuit in 3 24.5.6 1 baing the crder in the
new ordered sel, Figure 11.14 shows examples of pushing and popping

Stacks are very usaiul in managing complicated sequences of interrupt
or other unpredictable operations Piacing information concerning program
stale on a stack where it can be later found 1s a conven.ent way to manage
task sequencing in sysiem programming Stacks are so convenient for
systems’ use that several compuiers have automatic stacking of interrupt
information.
A queuve 1s similar to a stack excepi that new items are added to the top

of the hst but items are removed trom tne betiom Thus, 2 queaue is operated
on afirst-in first-out (sometimes called FIFO) basis just like a waiting line

The e
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Top of stk o C ’ NG CRITE RITEY
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R v 7]

—— . § B

Bottom of stk o B 0f stacr ™ 3 H fe  tomaf 1,
Stak P wl Putiov, un
e fe, 0 e m ) ah
st e
Naw Inthy cgv bt vimtee st by 1 onge oo Tre e n Caetpr, st
rerords, e
The ponater eontaies e orddniss ol tte 1, 8 aad

Figuip 1114 Stock operclicns
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or queue lor a theatre Queues are useful 1n managing tasks when it 1s
desirable to service requests on a basis where “those who have waited
longest” get attention first.
A'deque is simply a hnear fisl where it 1s possible to add or remove
items from both ends
R Some applications for stacks are developed in the exercises al the o3~
of the chapter. The algonthms in Sec 117 use stacks

91.7 LINKED LISTS

The most natural and elficient method for maintaining data in a computer
memory 1s the one-dimensional array, which 1s often called a linear list by
those working with data structures There are problems, however, with
maintaining linear hsts when many additions and deletions are necessary
and the Iists must be maintained in order.

For instance, 1n some systems where textual data must be frequently
searchid and sinngs of characters must be added, modified, and deleted,
a data structure called a hinked list has been found to be useful Insertions
and deletions can be easily made in a linked hist, searches are moderately
efficient. but the data structure requires more storage space than in linear
hists

A linked hist essentially consists of a set of nodes Each node has two
parts' a pointer and a data item t The pointer gives the (beginning} address
of another node while the data item contains the actual data at th.e nodge.

*The term Jdata item s used here instead of simply rtem 10 help differentiate the data pant from the
pointer part

START
Adhress
m
) L_ _J oy mory
' Puritee ——o= 14 40
,( PWla
Nl Jtem¢ t M1 42
o 43
End oof iiem cherarter = FOL | a4
Poinlir ——=1 L1 a4
" A
ode .
ltem S a8
K 49
EQH | 60
Enet of st chyrgoter ————» £QL | 51
G 52
Bl B llcm{a o183
EQI | 54

Note  The widress in START qwm‘lhe wldress of the

firt item 0 the hist
E.n b pointer paints © o or gives the address
of e nect onds n the Bt figure 1115 Linked list arrangement in mermory
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This 1s showr in Fig 11 15 In altual practice the pointer vall probably not
contain the full address of the next node, out witl simply contain an index
into an array containing the acwal addresses or perhaps an amount to be
added to some beginning adcoress to form the actual address .« -

In order to inanage a hnked list two other things are necessary (1) The
address of the first node must be stored somewhere so we can enter the
hnked list (2) A special valua or eymboi wtuch we shall call EOL (for ©iD
OF LIST) must be placed in the pointer of the Izst node in the linked hst
(This could be a negative number or 0 if addresses or indexes are used as
pointers, since either value would indicate that this was not a valid poinler
to another node)

In order to represent a hinked list diagramatically. we use the techmique
shown in Fig 1116 Here cach node is shown as a rectangle containing
two parts. the data item and ponter The START box gives the address of
the first node (a special value in the START box will indicate that tnere are
no nodes in the hist) An arrow on the drawing indicates to which node the
pointer points

The addition or deletion of nodes is straightforward for a linked list, and
herein lies ther prirary advantage. To add a node. we simply place the
node in memory at some convenient unused address Then the pointer in
the node which s to precede ihe new node 1s changed to give the begin-
ning address in the new node, and the pointer in the new node 1s set to the
address of the node which 1s to follow it

The deletion of a node 1s also straightforward The pointer in the node
preceding it in the linked hist i1s simply changed to the address of tne node
which follows the node to be deleled Examples of add:ng ard deletirg
entries are shown in Fig 1117

A problem arises after many changes have been made to a linked list
If a number of nodes have been deleted there will be "holes™ i the aciua!
memory space used becalse entries which have been deleted w.il shil
reside in memory even though they are effectively “dead " In order to use
this space, sometimes "garbage collection” programs are written to collect

s v BN S

Figure 1116 Symbolic represeniahon of @ hneed hist
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10 yiv e+ 1S aurdress and plac nj the
address of the node cuntarnng MASK
m the pointer of the new node

by T+ ez alded b, choanepng the
‘ START wiLL ]f/pomlv v the node o mtunemg WHO

WHO [ o MASK | GO [EOL

()

STARY
witLL

VHO MASK EOL

\Thls nodde s drieted by changing the
pronter n the nods contarmng WILL
to puint t the nore contaming GO

th) ~

Figure 1117 Adding and deleting nodes in o linked Iist {a} The linked list in Fig 1116 with
. an added node (b} The linked ist in {a} with @ node deleled

lists of “free space” which can be used for new entries Similarly, some
systems mantain lists of free space continuously so that memory is not
wasted A particularly advantageous strategy consists of maintaining the
list of free space in a stack and pushing or popping nodes from the stack
as nodes are released from or added to the linked list, respectively More
details of these procadures can be found in the exercises and shill further
details in the works in the Bibliography.

Note that a linked list must be searched scquentially, even theugh it is
maintained in sorted order, because the entrie§ are not aciualiy in order in
the memory {Sepatate tables can be kept to facilitate searching. but this
involves using even more space in memory )

1.6 TREES ‘
As can be aedusead frorn the preceding descriptions of data structures and
the algonthms for searching and for deleting and inserting new items, the

s a0 onthm used 20 it o amount of memory requiraa

. S B I ST I L L a

Lsirunture empiayed R oa pootound Stlact rn - * siengy of the
;...-wcular ciass of
data structures callzd traes provides for reassnably ellc.s1 search algo-
ritnms and inseriton and deleticn aigerithms, with the panaty of additional
memeéry required for implefenting the structure

The teim tree denves from the name of the famdiar “woedy perennial
plant,™? but usage in compuler science apgpears to denve from a mathe-
matical structure in graph theory A dwrected graph is a coliection of nodes
and branches with each branch connecting two nodes Each branch in-
dicates a direction (an arrowhead is used at one erd of the branch in our
figures) * Figure 11 18 shows a drawing of a graph with several nodes and
branches. The positicn of the arrcws on the branches 1s unportant, for if two
nodes are connected by a branch, the node at the end of the branch with
no arrowhead is called the predacessor of the node at the end of the branch
to which the arrow poinis Further, If node A is the predecessor of node B,
then B 1s called the successor of A

In order for a set of nodes and branches composing a directed graph to
qualify as a tree, two other properiies are required

t There is a single node which has no predecessor This node s called the root

2 Every node ercepting the root 1s connected to the root by a umique path where a path
consists of the branches connecting a sequerce of nodes N, N, Ny where N, 1s the
predecessor of N,., for all ¢ from 1 1o M — 1 (Notice that there can be oniy one path between
two ncdes if the path 1s unique)

"Tris 1s from the defiulion in "Wabster 5 how Coliegiate Dictiorury G & € Marnam Co Spininghetd
rlass

$The graphs in Fig 1119 are all directe” graphs Undwected graphs tor 115t plan griphs) have no
direction to the branches Consider a road map The Cities are bke the nci=s and the roads are
itke branches for an und.recled‘q:aph since we can drive in gther direction

\\

Root nods
/ Y
R ;

K
& 2]
Figure {118 Treas T L
3
# y
A
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Figure 11.18 shows several trees For the tree in Fig 11 18a, a path
from the root node R to the node D follows the nodes R,AB8.0 Does this
satisfy requirement 2 above? Yes, for R is the predecessor of A, A s the
predecessor of 8. etc

There 1s a considerable literature in mathematics concerning trees
Several of the works tn the Bibliography cover this matenal

In computer usage, a most important kind of tree is called a binary tree
It has the characteristic that each node has at most two successors Figure
11.19 shows several binary trees

One reason that the binary tree 1s so useful as a data structure for com-
puters relates to the means of storning a tree structure in a computer mem-
ory. Let us assume that we are to store a number of data items in a memory
using a binary tree structure First we shall represent the data structure to
be used as the graph of a binary tree. Each data item will be stored at a
node on the binary tree. For convenience of description we shal! assume
the dala items to be simply English letters, ang we can then use each letter
as the name of a node Figure 11.19 shows this arrangement

We can now store this tree in memory by associating with each node on>

the graph several words in memory which contain (1) the data item at the
node and (2) two pointers, one to the leftmost successor node and the other
to the rightmost successor node on the graph A START pointer which gives
the address of the root node wiil be required so we can enter the tree, and a
special pointer value will also be required which can be placed in any
pointer and which indicates that no (leftmost or rightmost, whichever the
case may be) successor exists An exar..ple of this arrangement 1s shown
in Fig 11207

*As befare, the pointers may be simply indexes mto an array, values to be added to saine base value,
atc. thus saving memory space

R
~
\
€ y
c G4s  AY
A DF w oz
{a) (b}

Figure 1119 8Binary frees

e 2% "Tew TA, A AN vr b av LA T e 3

(%]
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—

«c.l

f
L

o »

Figure 1120 Datlo struziure tor bingry rea in fig #1193

InEl

As may be surmised, the storing of two pointers with each data itern is
somewhat uneconomical in the use of memory The compensaung tacters
lie in the ease with which itams can be enlared into or deleted ircm the
binary tree and the facility with which the tree can be searched {provided
the rnodes are correctly arranged)

Notice that the tree in Fig 1120 has the nodes ordeted’ in a specif ¢
fnanner The leftmos: successar node always precedes its predecessor
in alphabetical order, while the nghtmost successor always foliows its
predecessor in alphabetic order When a tree Is arranged In this way, it is
considered to be sorted

An important use of trees in the data siructures for files involves a tree
where each data entry is a single symbo! This structure s call a symbol
tree Figure 1121 shows a graph ofa symbol tree for severa! English words
At eaqh leaf In the tree the address of the record for the word which termi-
nates in the leaf is stored Thus, to find the record corresponding?&‘a given

'A leal n a symbol tree 15 a node al theend of awg ¢
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- m O

Addréss

A N 1 P o

N v TR %

1 M s . Y .
Address

Address ‘Addlgs Addrass

figure 1121 Symbol free

word, we search the tree for the word. and rf it is tound, 'the record for the
word would ‘be pomted o by the pointér in the tast symbol in the word *

‘An mportant pomt can be noled here. The tree in Frg 11 21 has several
nodes with fore than tWo successor ri6dés ‘and is 'therefdre not a bmary
tree The graph’can be slored as a binary tree however, as shown in Frg
11.22. (Nonce the 'method 'for ‘handling ‘nodes with ‘more ‘than two suc-
’cessors)

(The trees‘in Frgs 1121 -and 11 22 ‘could be.used ‘in’ a‘drrectory for an
inverted file. seé quesllons 6 and 7

In orderlto search tregs such-as those'in Frgs 11:21%nd 11.22."one can
‘use a vers-on of fe brnary search algonlhm The search 1S almost*as ‘effi-
crent 2s the' bmary search for linear lists or afrays The iNsertion’cr'deletion
ol a name ‘of word 'in’ lhese fi1&s is strarghllorward and efficient’ character-
lstrcs ithat ‘dompensate for ‘the additional ‘séafch ‘time for many files ‘of
lnlelest

In‘order lo bé‘s’e'arched ellrcnently a bmary ‘tree-must be mamtarned n
whal ‘lS called balanced ‘forim. The exercisés that’ follow mveslngate ithis
sutijecl along wrlh algonthrns ‘for balaricing lrees,.searchlng trees, d@nd‘in-
‘gefing and delsting ‘nddes from treés.

'A pos ible usn ls (T ha.n lhe words be thdse m a dlc!lonary ar\d the records be therr de.mrlrons Or
‘the § words mugm be'the D&% ey ’decimal notation Tor books i a hbrary and Ine records the descnphon of
the bodks

e mar -y

W R eCAL AGOBT Y B AL LT S - Sl sd

Adriress

PoAddrens
i .

'[Adrlress—l ‘l Address =|

'Figure 11.22 "Data stucture for symbo! tree

”‘ERCISES

1 For'fig 117 hist'the record refating-to F. R Jachson

-2 'A’good key for Fig 111 would be license number I we'use'name ‘of owner for
‘key, a’key may not be un:iqde ‘Why?

3 Give'the collating sequence for letiers and ‘numbers in the ANS! (or ASCIl)
‘code in Chap 2.

‘4 grve the-colldting seéquence for Teitérs and numbers for the EBCDIC code in

i hap.‘2

'S Discugs'sorting-a listof names in EBCDIC or ASCH using the numenical values
as numbersw(mlegers) In the sort routine

'6 To'search the file in Fig 11 1 for a'record given the license number we would
‘probably keep-the file sorted witn hicense number as & koy It many demands
were'made to'search the file for "name of owner." i would be convenient to
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The use of flowcharts to represent cigorithms has helped us
to recognize their underlying str: cture. Furthermore, atten-
tion paid to the structure of an algorithm usually results in
a better understanding of the computational process, and often
results in our recognizing alternatives and potential improve-
ments to the original design. Similar rewards result from atten-
tion paid to the structural rclationships among the components
of a sct of data.

Therc is, in fact, a close connection between the steps we
need to express an algorithm and the way we choose to think
about or represent the data that are to be transformed by that
algorithm. Experience in constructing algorithms fosters an
increascd appreciation of this interdependence. You will gain
some of this experience by studying the next several chapters.
Your ability to analyze the structure of a set'of data and how
alternate representations of it can affect algorithms using such
data, undoubtedly will improve. We have alrcady considered
two structural forms for data, lists and arrays. Another type
of structure is called a free (Figure 6-1). Tree structures are
important in representing certain types of data and, oddly
enough, the essential steps of a number of algorithms exhibit
a treelike structure. ) »

First we will give two simple examples of a process whose
strategy of execution (algorithm) can be pictured as a tree and
two examples of data that can be pictured as a wee. Later, we
will tackle three fescinating problems, the first onc at the end
of this chapter and the other two in Chapter 7. When we have
finished this study, we may claim the title tree expert.

Let us agree now, before we get too far along, that trees
in this chapter will be drawn upside down (Figure 6-2). We



0
N
s

4

Y
FIGURE 6°1

i ‘.unplt. 1.
Treelike X‘Tomhms

FIGURL 672
This is.an ypside-down tree.
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Thus is a tree. This 15 not a tree.

do this only because it is convenient. You have to be willing
to think of a tree growing toward the earth, its trunk “hanging”
from the sky.

Our first example shows how we can represent the 16 conclu-
sions to the well-known eight-coin problem as a “decision

" The problem isithis. You are given cight coins, a, b,
<, d, e, f, g, and h, and are -told that they .are all .of uniform
weight except one, which is either heavier or lighter than the
others. You are given an equal arm balance, but you may only

ause it three times for comparing coins or groups of coins. Your

job is to determine theunaverick coin and whether it is lighter

or heavicr than the rest.

Here is a strategy to use (sce Figure 6-3) for all possible

. Cascs,

1. Compare the weiglits of two subsets.of equal -numbers of
coins and consider the-significance of ‘the .tkree [possible ,out-
.comes. If the weights of the two subsets are\equal the coin
in which we are interested cannot bélong <to either of the
comparcd subscts. -

2. ‘Once ‘we have .isolated a -pair .contdining the “odd” ;coin
and'we want to know whether one of them is hedvy or. light,
we weigh one.of the two candidates :against-any othcr that is
known to be “standard’” |

-

There arc 16 possiblc .cases, cach of which .may :occur,

-given the cight labeled:coins. TThe algorithm shown'in Figure

6-3:has a treelike structure. Conclusions are reached by-follow-



Means h
e+f+p>atbte

Moans
b>e

FIGURE 6-3

Tree diagram of a strategy to
ideniify the odd coin,
Conclusions are subscripted:
subscript H means Aeavyy
subscript L means light
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ing a unique path (a sequence of three weighings) from the
top or root of the tree diagram to one of the terminal boxes
or leaves at the bottom.

For decision box 2 in Figure 6-3, explain why:

(a) If the relation a + ¢ > f + b is true, enc may conclude that
a > f

(b) If the relation a + e = f + b is true, onc may conclude that
c > g

(c) If the relation a + ¢ < f + b is true, onc may conclude that

.b>c.

Explain why b may be régarded as a “standard” coin at decision box
5 but not at decision box 7.

Suppose you are given 12 secmingly identical balls and are told that
onc ball is Acavier than the others, which are of the samic weight.
Draw the tree diagram algorithm to identify the heavy ball in three
wcighings.

Supposc you are given 12 scemingly identical balls and are told that
one ball is different in weight (cither heavier or lighter). Draw a tree
diagram algorithm to identify the odd ball and to determine whether
it is heavier or lighter in three weighings.

Arc all decision sequcnces tree structures? Consider the three flow-
charts below.

9
2]

w

® ©

(a) Which of these are tree structures?
(b) Consider the following attempt to define a tree strjcture.
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(1) A node having ne segments extending from it is a ferminal
oo node.
‘ (2) A nodce having one or more secgments extending from it is
a nonterminal node.
L (3) A tree suucture is a terminal node or a nonterminal node
whose segments consist either of terminal nodes or tree struc-
tures.

What corrections or additions, if any, are necded in the above defini-
tion so that, when applied 1o flowcharts a, b, and ¢, you will rcach
the same conclusions that you camic to in the answer to part a of
this problem?

Example 2. A more interesting type of decision tree, frequently referred

Game Trees to as a game tree, shows the moves made by the players. Each
time a player makes a move, he selects among the available
choices of “legal” moves. Each line segment of the tree repre-
scnts one choice by one player during the playing of one game.
Figure 6-4 1s a tree for the game of “Eight.” This two-player
game is so trivial you may not enjoy playing it very long. Its
tree 1s simple enough, however, that we can study it easily,
and 1t serves as a' good ulustration of similar but far more
coniplicated games.

The rules of “Eight” Each player takes a turn at picking a number from one to three,
adding this number to a running sum that is initially set at
zero. The first player has a free choice of numbers 1, 2, and
3. The choice in each play thereafter is restricted. A player
may not choose the opponent’s preceding selection. The player
who brings the running sum to a total of exactly eight wins
the game; a player exceeding cight loses. There is no draw
possible.

When we study the game tree, we can observe that a
complcte game from start to finish is represented by one path
(c.g., the colored linc) from the beginning or root of the tree
down to an cnd or terminal point. Player A always moves first.
Thus, on the greew line, A chooses 1 from among the three
initial choices. Then B chooses 3, then A chooses 1, and so
forth, until at the last move for A the running sum is 7, and
his choices are 1 and 3. So he chooses 1 to make the sum 8
and wins. Triangular-shaped endpoints denote a win for A.
Square-shaped endpoints denote a win for B.



Player A will move first
Player B will move next
Player A

Player B

Termma;)

FIGURE 6-4
Tree for the game of Eight.
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Board position at the
beginning of the game of Hex.
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Each time a player makes a move, you can imagine he
looks at three choices 1, 2, and 3. After the very first choice
he rules out one of these, as the game rules demand. [nad-
missible moves would not ordinarily appear in the tree because
they wend to clutter the diagram. We have shown them as dashed

lines for B’s first move only as a reminder.

(a) How many distinct games of “Eight” are there?

Imagine the game of Eight 1s played by children at the local
kindergarten in the following way. Player A twirls the arrow of a

three-part spinner, to sclect the initial move. There-

alter, cach plaver flips a eoin to decide among the wwo admissible
cioices. (hcads the smaller, tails the larger.)

(b) What percentage of gamwes played will follow the color line path
in Figure 6+4?

(c) What are A’s chances of winning? Express this result as the
number of games won for every 100 games played.

(d) If each player chooscs each move as shrewdly as possible, what
do you think are A’s chances of winning if A plays first> The
answer is 0 times out of 100. See if you can develop a proof of
this assertion. In Chapter 7 we will take another look at this
problem.

In cach of the next two excreises, you are given the rules
of a simple, two-player game. Your job in cach case is 1o show
part or all of the game trec with at least four complete games
disploved.

The game of Flex (or Hexapawn) uses a 3 by 3 checkerboard. Eact.
player begins the game with three picces on his base line, as shown
in Figure 6-5. Play alternates between green and gray. The rules of
the game arce as follows.

(a) Either green or gray, in his turn, can move forward one space
to an unoccupied position,

(b) Or he can move diagonally onc space to capture an opponent.
A captured piece 15 removed from the board.

(¢) The gzame is won by reaching the opponcent’s baseline.

(d) Or by lcaving the opponent without a move.

(¢) Or by capturing all opponent pieces.

Hint Each scgment of the tree should be labeled to indicate the move
it represents. One way would be to show the before and after row,
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column values of the picce that is moved. For example, on green’s
first play he has three choices: (3,1) = (2,1), or (3,2) = (2,2), or
(3,3) = (2,3). liach of these moves can be further abbreviated to
four~-dizis numbers without loss of information, that is, 3121, 3222,
and 3323, respectively,

Alternauvely, if we give the squares of the board the explicit
names shown as small digits in the Jower right corner of cach square
in Figure 6+5, then we can use a somewhat more compact repre-
sentation of a move. Instead of four-digit abbreviations (c.g., 3121,
3222, and 3323), we can usc two-digit abbreviations {c.g., 74, 83, and
96, respectively) with no risk of confusion.

The game of “31.” Take a die and roll it. The side that turns up gives
the running swm’s initial .value. Thereafter, cach player moves by
tilting the dic over on its side (one of four possible sides, of course,
and remcmber that opposite faces

[+ & Q 9 o o 0 <
© (] (4 o ;e
4 v C 2 ] [+ o 9

always add to seven). The side that wrns up after the tilt-over is
then added to the running sum. The game procecds tilt gfter tlt. A
player whose uilt brings the total to exacily 31 wins the game; a player
exceeding 31 loses. There are no draws.

Flowcharts of algorithms often have the characteristic treelike
structyre, but it is also interesting that data can be arranged
in a treelike structure. Here are two examples.

Suppose you are given a sequence (i.e., a list) of N numbers,
all guaranteed to be diffcrent. What is the longest monotone
subsequence in the given sequence? '

By a subscquence we mean the list that remains after
“crossing out” some numbers in the original list. If, for exam-
ple, the given list is

5096112372,

then oue of the 511 (2° ~ 1) possible subsequences of this
sequence is:

5096112372
that is, 9 6 12 3 2.
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The rcason for explaining this idea in terms of “crossing
out” is to make it absolutely clear that the order of the remain-
ing terms is not altered. By a monotone subsequence we mean
one in which either the valucs are increasing from left to right
or one in which they are decreasing. Thus the preceding sub-
sequence, ’

961232 :

is not monotone, but the following two are, the first being
increasing and the second decreasing.

5096112372
5096112372

You can check that the increasing subsequence is the long-
ast possible; that is, there is no increasing subscquence with
more than four elements. The decreasing one is not the longest
possible, since the subscquence

9632

is longer. . .

It is possible to develop an algorithm for determining
longest monotone subscquences of a given sequence. Our inter-
est here is a bit different. Suppose you are asked to picture
all the: possible monotone decreasing subsequences of our ex-
ample sequence,

5096112372

A hopeless task? Not if we think in terms of trecs! See the
answer' in Figure 6-6.

A most revealing discovery! We have taken a string of
numbers, posed a particular problem concerning that string,
and discovered that the problem’s answer could lie in inspect- |
ing a related tree. Notice that every monotone decreasing sub-
sequence in S can be represented as a path running from the
root S to one of the terminel squares. From now on, we'll
call these circles and squares nodes.

The longest of such subscquences is easy for the eye to
pick out once the tree is drawn. It is the one whose terminal
node is found at a level of the tree farthest from the root node.
In this example, only one path rcaches to icvel 4, so there 1s
only onc longest monotone decreasine subsequence.
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If a computer is to be used for this approach, we must
have an algorithm thay, in ¢lfect, systematically scans the entire
tree. This 1s the interesting part, which will be taken up starting
with the next scction.

Construct a tree that displays all monotone increasing subsequences
of the same sequence given in Figure 6-6.

Draw the tree that displays all monotone decreasing subsequences for
the sequence S defined as

S = {3,21,0)

Imagine you are a student registering at a university and you have
decided to enroll in a particular group of five courses. The five courscs,
together with the available scctions and the times each will be taught,
are listed in Figure 6:7. We presume these data are extracted from
the ofiicial class schedule. Notice that the time periods are letter coded
for convenience.

Course Open Sections

ENG 132- D (9-10 MWT)

E (10-11 MWF)

F (11-12 MWF)
FRE 141 F (11-12 MWF)

H (1-2 MWI9)

Q (10-11:30 TTII)
HIS 231 F (11-12 MWF)

H(1-2 MWTF)
MTH 172 D (9-10 MWF)

F (11-12 MWF)

Q (10-11:30 TTH)
CSC 131 F (11-12 MWF)

H (1-2 MWF)

Timcetable

3 Course é ) Letter Codes for Possible Sets %
"g i Nol : No.2 { N3 ; No.4 | No.5 |
b ENg i ! ‘ | § ! 2
¢ FREMI X P ;  _ ;
. Q 3 $ 3 {
T SR VN R D
| M2 ; | ; § %
et meee ot e o e i e - :
, oscis , i ] i

v

LR RIS N X AP R
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Does a possible set of nonconflicting sections {for the five courses
exist? That is, is it possible to select a set with no time conllicts?
I{ so, how many distinet feasible sets can be selected? To be distinet,
a sct need differ in no more than one section from other possible
scts. Complete a column of the nmetable shown in Figure 6-7 for
cach feasible set.

Hint This problem and others like it can be solved systematically
by constructing a tree of labeled nodes. The structure for the tree
could be such that the sct of nodes along any path emanating from
the root represents a set of nonconflicting course sections, For ex-
ample, labeled nodes at level 1 could represent the various available
scctions of ENG 132 (Iigure 6-8). Nodes at level 2 could correspond
to various scctions of I'RE 141, and so forth. Any path running from
the root to level 5 such that every node has a different label would
represent a feasible set of courses.

Level | (ENG 132)

Imagine you are a student registering at a university and assume that
you have decided to enroll in the following six courses:

Communications 267  (COM 267)

English 337 (ENG 337)
French 231 (FRE 231)
Geography 233 (GGY 233)
Mathematics 272 (MTH 272)
Music 120A (MUS 120A)

Below are data taken from the printed class schedule. Imagine that
when you reach the registration desk, you find that certain sections
of four of the desired courses are closed (as indicated). Prepare a tree
diagram that shows whether there arc one or more possible programs
open to you at this time, permitting you to caroll in all six of the
desired courses with po time eonflicts. If onc (or morc) program(s)
is (arc) available, prepare a filled-out timetable whose format is similar
to that given in Figure 6-7,

A student who was planning to work every afternoor (1-5 p.m.) for
the Athletics Department was also hoping to enroll in all of the
foliowing six courses: COM 267, MUS 120A, GGY 233, MTH 272,



COM 207
L"()Ul

MUS 120A
601
11602
I"603
Qo0+

GGY 233
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TV-FILAM SCENL AND LIGUT

17-KUHT
MUSICIANSIIP 1

129-E

129-E

129-E

101-E

230-1IAM TTH

WO-11AM WF
1-20M WF
9-10AM TTH
10-11AM TTH

COLLINS

MILI ER
MILLLER
HORVIT
BENJAMIN = =

WORLD REALMS

60l 101-AH 11-12 MWF HYER =—
1602 101-AH 1-2PM MWF PALMER \
S603 210-AH 1-2:30PM TTH SHERIDAN =—
U60t 101-AH 4-5:30PM TTH COFFMAN
MTH 272 CALCULUS IIT
D602 204-AH 9-10AM MWF RADER
603 216-AH 10-11AM MWF closed
H604 16-T 1-2PM MWF - . - sections
P607 7-AH 8:30-10AM TTH RADER ;
608 111-2 8:30-10AM TTH j
S610 211A-SR 1-2:30PM TTH I
FRE 231 INTERMEDIATE FRENCH /}
E601 303-AH 10-11AM MWF MCLENDON
F602 106-Z 11-12 MWF JANSSENS
1603 105-Z 1-2PM MWF
1604 105-Z 2-3PM MWF
Q605 111-Z 10-11:30AM TTH MCDERMOTT
S606 112-Z 1-2:30PM TTH HOWARD
ENG 337 SHAKESPEARE |
D601 105-C 9-10AM MWF HENDERSON A
E602 110-C 10-11AM MVW'F EAKER
P604 110-C 8:30-10AM TTH EAKER +——
S605 113-C 1-2:30PM TTH THOMAS
FRE 231, and ENG 337. He received special permission to register
carly (i.€., no closed sections to worry about). Flow many different
feasible programs could he scleat, given the printed schedule used
in Problem 4 (ignoring closed sections), and still take the afternoon
job without a time conllict?
Example 4. Suppose we are givea

Tree Representation
of Expressions

(@Xw+ b)yXw)12/(dXy)

It scems obvious that whoever first wrote this string of charac-
ters intended that it have a mathematical mcaning. By now,
you are quite expert at interpreting such strings. This inter-
pretation, remember, involved the application of a relatively
complicated sct of rules (Tables 2¢1 and 2-3). Figure 6-9
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.
axvel0

As a tree

fLevel’)

JLevell2

“Level 3

Jdavel d

‘FIGURE /649
A trec.representation «of -an shows_how"we can representithe same 'string;as.a tree and give
arithmetic expression. it the same interpretafion. We will .quickly discover that ‘the’
rules ffor evaluating ‘an .expression represcnted as @ trce are
muchsimpler to.state because part.of the:interpretatior is inher-
ent an the structure.of the tree.
‘Before ;proceeding with .this dine of sthought, 4t will .be
'hélpfil to -summarize :and :supplement -the stree 1erminology
:developed thus:far. This is.donewith :the.aid iof Figyre 6+10a.
‘We see-that-every .tree thas:a root :node from which .extend
:Segments -(one ;or moré) 10-other nodes, which in turn branch
to others, eventually ending :in -ferminal .or Jeaf :nodes. (Notice
that'a root :node .dlone is :not.a itree.) Every segment leads ‘o
the root-of :a subtree, "which ‘may ‘be .a terminal :node. Nodes




a0
ot

3

Lovel 1

Level 2

Level 3

Lovel 4

FIGURE 6°+10a
Tree ternunology.
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[’\\ m—
5T Koot node

Luretd E

5 Ordinary node of degree 3
(1t has 3 offspring)

S Termunal node

Offspring (two or more
ottspring of the same parent
are called siblizigs)

can be lecated (idenufied) by level, which is a node count along
a path from the root node to a terminal. The level we associate
with the root node is purely arbitrary, but we will usually take
it to be zero. The nodes along a path are often thought of as
having an ancestral relationship one to another. By analogy with
family trees, moving from a root toward a terminal, each node
is the parcut of its immediate successor nodes (offspring). Two
or more nodes having a common parent are sometimes called
stblings. Finally, we can say that the degree of a node is the
number of its immediate offspring.

A node may also be identified in terms of the path that
leads from the root to that node. How can we represent that
path? An answer comes to mind when we realize that represent-
ing a tree in two dimensions imposes an ordering on the seg-
ments that emanate from cach node. And we might as well
recognize this fact of life by numbering the segments in some
way, say from left to right or right to lett. IYor simplicity and
consistency we will generally number scgments from left o
right, as suggested in Figure 6-10b. These ordinal numbers
amount, in effect, to names for the segments.
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Now a node can be designated uniquely by listing the
names of all the segments in the path leading to that node. For
example, the light green node in Figure 6+10b may be desig-
nated by the list (1, 1, 1, 1, 2), the dark green node by the
list (3, 1), the gray node by the one-clement list (2), and the
black node by (1, 1, 1). (How would the root node be designated
in this scheme?) Distinct nodes have distinct paths and hence
distinct lists. ,

The expression tree, by its very structure, provides the key
to evaluating the expression that is represented. For example,
suppose values for the variables of our expression are:

a

fw B b d
t
32 2} -1
A subtree of the form shown in Figure 6-11, together with

the above table, can be understood to mean: Look up the values
of a and w, compute a Xw = 3X2 = 6, and replace the

y
7

Ve ¥ g s

subtree by the terminal node 6. Cos
Correspondingly, the subtree shown on the left can be
interpreted as: Computed Xy = —1X7 = — 7andreplace

the subtree by the terminal node — 7.
Figure 6+12 represents a sequence of meaningful substi-
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TREES

Gperand
terminal

Operand
terminal

tutions that, when carried out, will ultimately lead to the re-
placement of the whole trec, root node and all, by a single
terminal, which represents the value of the expression.
Proper evaluation is guaranteed if we follow one simple
replacement rule that says: ‘

Wihencver you find a subtree consisting of a root node leading
to three terminals (an operator and tico operands), replace
that subtrez by a single terminal value.

Thus the replacement sequence in Figure 6-13, although
different from that of Figure 6-12, leads us irrevocably to the

same valuc, :3—56- A computer performing either sequence
- . — 256 .
would evaluate the same indicated quotient — notwith-

standing the fact that computer operations on floating-point
numbers are nonassociative, a fact explained*in Chapter 11.
Another point to note from the figures is that the treeiike
representation of a complicated arithmetic expression allows
us to sce all the meaningful subexpressions (all the subtrecs)
at a glance.

Once an expression is rcpresented as a tree, evaluation
depends only on repeat -dly searching and finding subtrees that
arc subject to the replacement rule. At any given time, an
expression tree, if not already fully evaluated, will exhibit at
least one such subtree.

. A question that has no doubt been uppermost in the minds.
of some readers is: How should tree structures be represented
i storage? Linked lists, introduced in Chapter 4, suggest one
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Step
l'l']‘l.lu\‘

n

Step 2.
repuice

Step 3.

Step 4.
replace

Step S.
replace

FIGURE 6°12. .. _ .-.- St'c;;:6
A,ptcpwisc evaluation of a tr replace
-expression.

" by =2t

=1 ] =1
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Step 1.
repiace

Step 2
replace

Step 3,
replace

Step 5

eplace

()
lo “ B

Step 6

replace

FICURE 6-13

Alernative replacement
sequence for evaluaung the
tree expression.

by 156
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way. ‘With 'this .approach, -one storage representation for the
-expression

(laXw-+ b) X w)r2/4(dXy) «

. . . . ) ¢, ] iy e ,
1is shown in Figure :6~14. .A four-column tabie is used. Each

.row represents a‘node with row 1 representing -the sroot node.

Pttt SeRE i fad
- - ' )

| Rode  Wae 0 Links
p Numiber  ASEREY Ly Middle Right

1 fi: 10 o2 45 16

2 w0 13 113 14

3 D0 4 {mn 12

4 - 5049 110

5 { ‘L‘] . 6 B 17 '8

6 i oa £ e 1~ -

a :,3 > T —

8 qw - - -

9 o+ - - -

10 i 1 I - e ‘

14 BoX | G B A
i 2 Yow - — 4 o—-

n3 ot - = =

14 io2 -4 - -

15 Lo - - -

16 (g=! 17 3§ u8 19

17 ‘ d — 4 — g - !
P15 X il Il Dl
ooy - 4= ‘

I L A S @ g a2

FIGURE 6-14
Tabular representation of ‘an
expression trce,

"'A Peek at Sorﬁe
Future Models of SIMPLOS

"The first column holds the value -of the node if itis a:terminal
or some special mark, for example, i3, if the node is nonter-
minal. "The ‘remaining three ‘columjns thold .node ‘numbers that
designate the left, middle, -and rigltt ‘offspring. “These positions
may be left empty {(undefined) for 'Kerm‘iri:zil';ho'&'iés‘: "Node num-
bers in the left, middle, and right <columns ‘serve .as ‘finks o
other .nodes. ‘Other tabular descriptions ‘of ‘tree structure using
the linked list approach ‘are «discussed ‘in ‘Chapter 7.

3
' - . :

We noticed in the expression tree of Figure 6-12 that two
separate subtrees
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had only terminal nodes as offspricg. At the start of evaluation
we could invoke the replacement rule on cither of these sub-
trees. It was immatcrial which we picked first. This will always
be the case for subtrees whose root nodes arc siblings or the
oflspring of sibling nodcs (i.c., cousins once or more removed).
From the standpoint of expression cvaluation, such subtrecs
are wmutually independent.

Under what circumstances can a computer work on the
evaluation of two or more indcpendent subtrees at the same
ume? With our present SIMPLOS model the answer is never,
because at any one time there is only onc team of -personncl
(Master Computer, Aflixer, Reader, and Assigner) available to
do work. On the other hand, advanced models of computer
systcms having several, perhaps many teams of personnel, are
quite feasibie.

Although it may boggle the mind to think about it, onc
may anticipate that future computers will evaluate mutually
independent subtrees concurrently, that is, i parallel, when-
ever more than one team of personnel is available for the
purpose. In cases where speed is esscntial the capability of
concurrent computation offers the opportunity to solve prob-
lems that cannot be solved fast enough in any other way. Ex-
amples of such problems already abound in our technological
society. More can be found on this topic in advanced texts.

Evaluate the expression trees below, using the given values for the
variables.

(a)

-3
10
-60

apw .
o u
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2. Draw a wree represcntation for the expression
B2 —4XAXC

3. The following are two proposed tree representations for the expres-
sion

I -NXAN/D +OXU~T

Which, if either, of these trees, evaluated by the rcplé,«ccmcm rule,
yiclds a result computationally equivalent to the resuit we get by
following the evaluation rules laid down in Tables 2-1 and 2-3?
If the evaluauon of either one of the trees is not compatible with
these rules, describe the discrepancy.



4.

5.

Draw a trce representation for the expression

(a=b)X(c—d)/(eX(f+g)

Find which of the three trees given below correctly represents the
given expression and cxhibit the expression represented by ‘each of
the other trecs.

4—.2_y> )
y( 3 )Y
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3

Find the tree among the four given below that represents the given.
expression correctly and exhibit the expressions represented by cach
of the other trees. )

aXb<c+d/(f+ g
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Convert the trees below inio the corresponding arithmetic expressioii.
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Level |
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How would you draw the expression tree for the expression
A X (—B)? The problem here is to decide how one should represent
a unary operation. One possibility is shown n the tree on the left.
Here the subtree expression — B is treated as a root node having
a unary operator B and onc argument [_nj as offspring nodes. Onc
can deduce that the operator is unary by the fact that the (left-hand)
operand node is missing. Functions such as /', cos, and so forth,
can be thought of as unary opcrators. Using the above expression
scheme, or another of your own choosing, develop expression trees
for:
(a) A+ Vx
(b) cos (x2 + y?)

£
Which ef the fellowing staiements is false?
(3) A terminal node has onc ancestor node and no descendant nodes.
(b} A root node has no ancestor nodes and may have no descendant.
(9) A nenterminal node has no descendant nodcs.
(d) A nontermunal node may have only one ancestor node.
(¢) A terminal node can be connected to an ancestor.

Hint If you have any question as to the meaning of “ancestor” and
“descendant” just think of a family tree,

Any given two-dimensional matrix can be represented as a tree. For
example, the matrix

3 4 5 6
A=|8 3 2 9
1 17 4 6

can be expressed as the tree:

‘e ! i
(a) Given the representation above, the four nodes at Level 1 corre-
spond to {choose one):

(1) The four elements of the main ijiagonal of :the givén matrix.
(2) The four eiements of row 1 of the given matrix.
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{3) The four columns of the given matrix.

(4} The sums of the elemcnis in cach of the columns of the given
matrix.

(5) None of the above.

(b) Show at lcast one other way to represent the matrix A as a tree
structure,

Using list notation, give the paths for the nodes labeled E], ,
andl t I, in the second of the two trees referred to in Problem 3 of
this cxcercise sct.

Develop a schem to denote the saving in time that, in principle, is
possibic in a computer having multiple processing units that can
exccute coucuirently in the same expression. Show how your scheme
would work on the following cxprgssxons.

(a) a? + b? + ¢?
(b) (a = b) X{(c - d)/(‘x(f+ g)
(©) (VX + cosy)/z

In the text we have always shown the operator symbol of an expres-
sion tree as a terminal node, so cach nonterminal node of the tree
has three offspring if the operator has two operands, and two offspring
if the operator has one operand. Another way to draw the tree is to
place cach opcrator symbol a¢ its parent (nontermmal) node. For
example, the tree for the expression

A+BXC
may be drawn as

instead of as

d
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The new form, which we shall call a binary expression tree, has

fewer nodes but the same amount of information.

Refer to Frgure 6-14 and:

(1) Produce the binary expression tree equivaleni to the expression
tree given in the ngure.

(b) Show how the tree table in that figure can be changed in structure

«and in content to represent the binary iree you developed in part
a

(c) Which tree table would require less storage in a computer repre-
sentation?

1

We have now seen enough of trees to have observed their maia
structural characteristics; segments of a suburee always con-
nect to new nodes that form a continuauon of the same subtree;
there is no looping back to nodes closer 10 the root; and there
is no crossing or crisscrossing between subtrees.

There are many ways onc can construct and store a tree
structure. Depending on what use is to be made of the tree,
some representations (we will call these storage structures) are
better than others. Trecs are searched for one reason or another,
either to gain specific information, to reach a conclusion, or
to modify the tree in a certain way. A tree search lies at the
heart of a number of mathematical problems and a great num-
ber of games.

There is a systematic way to scan all the nodes of a wec that
is used frequently in solving problems. We call it natural-order

.searching. Although a squirrel may have better ways of finding

nuts in a tree, it will help us to understand natural-order scarch
if we imagine a nutseeking squirrel willing to follow these
rules.

1. Start at the trunk (reot) and don’t stop trying segments
until you reach a leaf (terminal node) unless you find a nut
and choose to stop at that point.

2. Upon reaching a terminal without finding a nut, back up
to the node you just passed, that is, to the parent node of this
terminal. :

3. Now, choose the next uniried segment, if any, and move
forward along it toward another leaf node.



YIGURE 6°15
Systematic (nutural-order)
scarch for a nut.

Algoriihm for Nawural-Order
Tree Scarch

TREES

4. If thaie are no uniried segments, crawl backward to the
predecessor (parenty node and repeat the process of wying to
zeach another leaf node.

5. If you ever find yourself back at the root having already
tried all segments from the root without finding a nut, you have
fimished searching the cntire tree in natural order and can report
a failure to find a nui.

Figurc -6+ 15 shows a natural-order search of a tree. The
numbers beside the nodes indicate the sequence in which they

arc first encountered (i.c., as thesquirrel sces them in its for-
ward progress). We picture one of these nodes as a nut. It is
the 23rd node encountered. Notice the systematic, left-to-right
sclection of segments at each node.

Now suppose we wish to construct a tree search algorihm that
gencrally follows the stated set of rules. One of our problems
is how to interpret rule 3, that is, how to choose ampng the
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remaining untried segments If we recall, however, that the
segmients enwansii.g rom cach node are, or always can be,
ordered, then a simple interpretation comes quickly to mind:
choose the segment, if any, whose ordinal number name is one
higher than that of the scgment previously tried.

To make this choice imiplies that the algorithm can always
identify the ancestor or parent node from which the “previously
tried” segment emanated. That is, the algorithm can only iden-
tfy additional segments in terms of the comnion parent. This
baciup capabinity is assurcd if the algorithm at all times has
an up-to-date record of where it is in the tree scarch and can
represent this data in the form of a path list. For example,
suppose it has been discoverca that the segments from the node
whose path designation is (1, 1, 2, 1) neced be examined no
further (Picture 1).

The node !
aamed (1, 1, 2,4)

PICTURE 1

What is the path name for the parent of that node? The answer
is (1, 1, 2).

How do we apply rule 3 1o this parent (1, 1, 2)? (Rule
3: choosc the next untried segment, if any, and move forward
along it toward another. leaf node.) The apswer is, if ithere s
a node whose path is (1, 1, 2, 1 + 1), try it (Picture 2).

In general, suppose we have tried the segment leading
from node (1, 1, 2) to node (1, 1, 2, i) and the subtréc whose
root is (1, 1, 2, 1) has failed to contain the nut ‘we arc looking
for. "To select the next untried segment, if any, of mode (1, 1,
2}, we have only to check whether there exists a valid node



(44

Root
N
AN
N\
N\
7/
7/
/
/7
a
/7
V'
/7
The node named (1, 1.2, 2)
to be tned atter (1, 1, 2, 1, tals

PICTURE 2

wiawose path is (1, 1, 2, 1 + 1). If so, select the scgment leading
to this node and if not, back up, and check whether there is
a valid node (1, 1, 2 + 1). If so, select the segment leading
to this node, but if not, back up again and see whether (I,
1 + 1) is vahd, and so on. ‘
We now sense that by starring out with a path list that
represents the root node (an empty list of segments), and by
continuing to update that list as we move through the tree to
reflect where we are in the scarch, then simple adjustments
to the path allow us to determine each new direction of search.
Figure 6-16 shows a systematic procedure, that is, an
algorithm for conducting natural-order tree scarch. The algo-
rithm is represented in top-down style, with Figure 6-16a
giving the topmost view. Any nccessary data are input in box
1 and the tree search begins at box 2. In Tree_Search, whose
detzils are given in Figure 6-165, there are two Key variables:
level and path. The value of level tells us the number of ele-
ments in path. Values of these two variables determine the
current node of the search. In a sense the current node is the
one we arc standing on while we try to find the next node to
move to. These variables arc initialized in box 1 of Figure
6+ 16b. Trec_Scarch sets some sort of switch to indicate success
or failure. (Recall that a root node, by itself docs not constitute
a tree. There must be at least one subtree. For this reason the
irst time box 2.2 is exgcuted the Yes oudet will be taken.)
Upon exit from Tree_Scarch, the main program, in cifect, tests
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that switch. If success 1s indicated, the path list is displayed,
idenuiying the location in the tree where the nut was found;
otherwise a failure message is displayed.

To simplify the details of Tree_Search, three of its boxes
are given in more detail in Figure 6-16¢, 6-16d, and 6-16e.
Notice that rule 3 is implemented in box 2.3 as 3 call to a
procedure, “Seek_Another_Segment,” whose details (Figure
6-16¢) include a test for admissibility of untried segments.
Although not shown in the level of detail given in Figure 6+ 16¢,
we imagine that some sort of switch is set by Seek_Another_
Segment, which can be tested upon return to Tree_Search so
that the former’s success or failure can be determined at box
2.4. If successful, there is a new node to which the search may
aduvarrce (details in Figure 6-16d). If unsuccessful, it is neces-
sary to refreat to the parent node, if any (Figure 6-16¢). (Re-
member that Seek_Another_Segment reports failure only after
all segments have been tested.)

The bookkeeping of the retreat operation (box 2.5.3) is a
two-step process. ’

1. Detach the last element of path, which is a segment num-
ber, and save it to usc the next time Scek_Another_Scegment
is called at box 2.3.

2. Decrement level by one to reflect the shortened length of
path.
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The segment number saved in step 1 iy needed 1 boxes
2.3.1 and 2.3.3. When a new segment number is sclected in
box 2.3.3, 1t in wrn is saved for use by Advance, the next time,
that procedure 1s called at box 2.6. Advance mncrements feve/
by one and appends the new segment number on to the end
of path. We leave to the reader the pleasure of reviewing these
details and convincing himsclf of their correctness. As a parting
remark, it is worth obscrving that the nature of the admissi-
buiity check hinted at i box 2.3.2 may be crucial to the success
of the search. As many inadmissible structures as possible must
be ruled out at cach stage. For example. the squirrel should
recognize cach dead Iimb and not scarch it. Otherwise, the -
proportion of uscless paths may grow rapidly, meaning that
the efficiency of the scarch method can plummet toward zero.
Next we examine several interesting problems that cmploy this
type of scarch in their algorithmic solution.

List the nodes of the tree below in the order in which they would
be encountered in a natural-order search.

Maps are colored to maike it casy to sce at a glance the extent
of each country. It is nccessary that neighboring countries (i.e.
countrics with a common boundary line) be assigned different
colors. Does the mapmaker then need more than four colors
to do his job? e doesn’t care, but we do. -
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~ This problem was one of the most cclebrated challenges
in mathematics. It 1s of great intcilectual interest and has in-
triguca many people from all paths of life. Actually, its solution
has little or nothing whatsocver to do with making maps. A
mapmaker is and always will be able to print maps using as
many different colors as he neceds.

A checkerboard is an example of a map that can be colored
with only fwo colors. The four-country map shown in Figure
617 requires four colors. Because each pair of countries is
adjacent, no two can have the same color.

It didn’t take us long to find a map requiring four colors.
Yet, in over 100 ycars of searching, no onc has succeeded in
finding a map requiring five! It is natural to conjecture that
every map can be colored with four colors, and many mathe-
maticians have racked their brains trying to prove this con-
jecture. The best they have been able to do so far is to show
that every map can be colored using no more than five colors.*

We are about to sce how computer methods can be applied
to the four-color problem. We will not usc the computer to
show that the four-color conjecture is true. Indeed, it is entircly
possible that no computer can ever prove this. However, true
or false, we can use the computer to determine whether @
particular map can be colored in only four colors. This is the
task for which we want to construct an algorithm.

Before starting on this algorithm, a few remarks concern-
ing the coloring of maps may be helpful. '

A nunimal frve-color map 1s a map requiring five colors,
so that every other map requiring five colors has at least as
many countrics. Of course, no minimal five-color map has ever
been found. But mathematicians have shown that if such maps
exist at all, then some of them satisfy these two conditions.

1. No point is a boundary point of more than three countries.
2. Each country is a neighbor of at least five others.

Morcover, it can be shown that every minimal map, if any exist,
must satisfy the second condition.

It is therefore customary to consider as candidates for
counterexamples to the four-color conjecture only maps ful-
filling these conditions.

*A simpic proot of the five-coior theorem custs. It may, be found, for example, in
What s Mathematics?, Oxtord Unmiversity Press (1941), by Courant and Robbins.
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Four-Coloring as a We can model the problem of four-coloring a given map, say,
Tree Scarch the one pictured in Figure 6-18, as one of traveling along a

path through a tree such as that shown in Figure 6-19. Each
segment represents a decision to color a country, with colors
1, 2, 3, or 4. The ith scgment in a path from the root corre-
sponds to the coloring of the ith country of the map.

“iGURE 6-18

AN
KAAD

]

(11N

Obsecrve that many paths through the tree turn out to
FIGURE 6-19 represent identical colorings of the map except for renaming
of the colors, and it is desirablc to avoid scarching througi
such duplicate patterns. (E.g., the two heavy-line paths in
Country no. Root node L iguire 6-20 represent the samie coloring patterns with different
(level) %(/ 4 names used for the colors.) One way to avoid the ynnecessary
1 search is 1o fix at the outset in a quite arbitrary way the colors
= A\ for neighboring countries 1, 2, and 3 and to begin the real
A\ search with the coloring of country 4. -
3 3

N
) 4\\ ble. Most of the time, however, as can be seen in Figure 6-22,
only one, two, or threc of thesc choices will be admissible.

In coloring all countries, from the fourth country .én, as
seen in Figure 6-21, we assume that all four choices are possi-
FIGURE 6-20 Sometimes even all four choices will be inadmissible, as ex-

£5
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5
2
3
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FIGURL 6-21]

Snowiny colering tree and one
path represenunz the coloring
of the first six countrics
(volored line).

Couminy 1o
(ievely 1

[

FIGURE 6-22

An cnure coloring tree
showing how to tour-color the
map of Igure 6-18,

EXERCISES 6-3, 1.
SLT A

Z{%.\’ AN
VAN

Note The small number to
the {eft of cach scgment

is a color code for the
country represented by the

next node.
| = gray
2 = hight green
3 = bluwk P

4 = durk green

10 Successes, murked by terming nodes of the form 5]

16 Falures, marked by termimnal podes of the form Ai

emplified by terminai nodes marked F in Figure 6:22. Only
10 paths lead to S (success) terminals.

Compute the theoretical maximum number of possible terminal nodes
for the ccloring trec of the 12-country map in Figure 6-18.

Hint Usc Figure 6-21 as a guide, .
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2. Assume that ot takes onlv, 1 microsecond to cheek another patia o
a termmal, and that the search of half of these paths is required before
the desited terminal iy reached. How long would the computer chug
away before it found what 1t was looking tor 1 a 39-country map?
Assume all segments to be admussible. Express your answer in units
of years. '

3. By renumbering the countrics on the map of Figure 618, show that
a colorng trce can have nodes with three and evea four permissible
segments ecmanaung from them. ‘

' . AT
4. Using a form simlar to that of Figure 622, draw a “coloring trec”
for the map shown below.

A Fgur—Coloring Let us see how to apply what we have just learned about tree
Algorithm search to an actual problem. It is one thing to .discuss a tree

' in the abstract and another to start with a ;plroblé@, define in

some detail the tree search that is involved, and then devclop

a detailed flowchart algorithm. In this case, we will take as

o our problem statenient; Develop a detailcd‘ﬂéwchdrt.algor.itlﬁn

for four-coloring .any n-country map. ... .. . .

The first step toward this objective ‘might .be to devise a

Yo, :

method to represent any n-country map. To.do this we need
a sample imap for study as, for example, .in Figurg6-23. The

o

ot
FIGURE 6-23
Examplc of map to .be
four-colored by a computer
algorithm.
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map consisis of 39 countrics, and the countries have been
numbered or indexed in the order that the algorithm will
atiempt to “color” them.

The efficiency of the algorithm will be greatly improved
if cach country borders on as many lower-numbered countries
a possible. We do not absolutely insist on this but, if you have
Jone Problem 3 of Exercise 6+3, you will appreciate why we
cecommend this approach. We do, however, require that the
first three countrics all be neighbors of cach other.

How do we represent the map in compuiter storage? One
way is to_construct a ‘“‘connection table,” listing after cach
cour.try all of its neighbors in increasing order. This is shown
for our example in Table 6-1.

- Qur algorithm should consult this table when deciding
itow o color a particular country. For example, if we were
coloring country 135, we could see in row 15 that countries 5,
6, and 14 arc ncighbors already colored. Our choice of color
for 15, then, depends solely on the currently chosen colors for
5, 6, and 14.

Knowing that country 15 also has neighbors numbered 16,
25, and 26 appears to be superfluous. This leads us to the idca
of a shaved-down table, which we will call the “reduced connec-

The Connection Table for the Map in Figure 6-23

Country

20.

Neighbors © Country  Neighbors

2 3 4 5 6 21. 10 11 20 22 31 32

1 3 6 7 8 9 22, I1 12 21 25 32 33¢
1 2 4 9 10 1 23, 12 13 22 24 33 3i

I 3.5 1 12 13 24, 13 14 23 25 34 35

I 4 6 13 4 15 23. I4 15 21 26 35 36
12 5 7 15 16 26. 15 lo 17 25 27 36

2 6 8 16 17 18 27. 17 26 28 36 37

2 7 9 i85 19 28. 17 18 27 29 37

2 3 8 10 19 2 29. 18 19 28 30 37 38

3 9 11 20 2i 30. 19 20 29 31 38

3 4 10 12 21 22 3l 20 21 30 32 38 -
4 11 13.22 23 32. 21 22 31 33 38 39

4 5 12 M 23 24 33. 22 23 32 34 39

5 13 15 24 25 34, 23 24 33 535 39

5 6. 14 16 25 26 35. 24 25 31 36 39

6 7 15 17 26 36. 25 26 27 35 37 39 '
7 16 18 26 27 28 37. 27 28 29 36 38 39

7 8 17 19 28 29 38. 20 30 31 32 37 ¥

8§ 9 18 20 29 30 39. 32 33 3t 35 36 37 33
9 10 19 21 30 3l
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Reduced Conneetion Table for the Map in Figure 623 -

Country
i

(oW /RN o NV I R W I 3 ey

Neighbors
CONN,;

10

12

—

14
15

—
OV UO LN~ OWIONDLWN

17
18
19

L=l BEN B B R RV I P N SE R SR Rl N
—

—

-

Width B Counirv Naighbors Width
w, 1 CONN, W,
0 o2l 10 11 20 3
1 2. o122 3
2 4 23 12 13 22 3
2 i 24 13 14 23 3
2 poo2 1415 24 3
3 2 15 16 17 25 4
2 Y] 17 26 2
2 W28 17 18 27 3
3 Lo 29 18 19 28 3
2 P30 19 20 29 . 3
3 v .20 21 30 3
2 ) 21 22 31 3
3 b33 22 23 32 3
2 I 23 24 33 3
3 b 35 24 25 34 3
3. B 36 25 26 27 35 4
2 Y 27 28 29 36 4
3 38 20 30 31 32 37 5
3 39 32 33 34 35 36 37 38 7
3 i‘

"

tion table.” It is constructed by striking out of each row in
the table all numbers greater than the nuinber of the row itself,
The reduced connection table for our example is scen in Table
6-2 and can be thought of in this case as a 39-row by 7-column
array called CONN. The number of nonnull elements in each
row is given by elements of an associated list w. Thus the
algorithm can search the first w; elements in the ith row

. of CONN to determine which neighbors have already been

colored.

If we are to apply our generalized tree search algorithm
(Figure 6-16) to the map-coloring problem, we must also de-
cide how to rcpresent the current node (i.e., how to represent
the variables path and level). The variable path is a list of
elements, each of which designates a segment choice. Our
decision to use color codes 1, 2, 3, and 4 for the four possible
color choices leads us directly to the decision that a scarch
from a node may be accomplished by sclecting (trying) the
segmcents in the same order, 1, 2, 3, and 4. The decision to
make this correspondence between the color ¢odes and the
segment order imposcs the required ordering on the segments
from cach node of our coloring tree. Morcover, the ith element
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of pcrn automatically identifics the color chosen {or the ith
country! This means that whenever we have becn able to
choose a valid color for the nth country, the current contents
of the path is'the desired list of colors for the n countrics of
the map. Nothing could be simpler. For this problem, let us
call the path list COLOR, since it is more suggestive of our
desired objective.

Figure 624 shows a flowchart algorithm incorporating the
foregoing concepts and details and following the identical top-
down structure given in the gencralized search (Figure 6-16).
It will be easy to verify the claimed similarity. If you have
any difficulty in following Figure 624, remember that boxes
with corresponding numbers in the generalized flowchart have
similar mcanings, Only Figure 6+24f the detail of the admissi-
bility test in box 2.3.2, is really new.

Box 1 of Figure 6-24 is a counterpart to box 1 of Figure o-16.
In the detailed algorithm we must input the data explicitly to
represent the map if we are going to deduce the actual structure
of the tree. In Figure 6240, 10 keep track of what tree level
has been reached, a level or path length counter k is needed.
This counter is initially set to 0 in box 2.1 to reflect the start
of the scarch at the root node. [The algorithm could be made

more cliicient by initalizing the level counter to 3 and path

to (1, 2, 3) to reflect coloring the first three countries with the
first three colors, as suggested in Figure 6-21.)
Success_Switch is a three-valued switch variable ‘that is
initially sct to “undecided” (at box 2.1), and then is set to cither
“Yes” if the tree scarch succeeds or to “No” if the scarch fails.
To sce why or where this switch is sct to cither “Yes” or o
“No,” you may have to descend to the next levels of detail.
Thus, whenever we discover that the scarch is about to back-
track to level zero, the scarch has failed (boxes 2.5.1 and 2.5.2

-of Retreat). If k — 1 = 0 in box 2.5.1, the current node is

at level 1. In other words we have backtracked to the first
country. The first country was colored with color 1 at the
beginning of the scarch. We have not tested colors 2, 3, or
4 on country 1. Should we? Not really, because we know that
any coloring we find will simply be a renaming of a previous
coloring (if any) when country 1 had color 1. We won’t find
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any new paterins, I1 we waag to search the complete wree,
however, including the four‘possib’k colors {oF 1hc first c’dum’ry;
\VL have ouly 1o chdnvc the test in Box0Z5: N 16" rdad” e

PN T . .
PR S R S

Whenever the level counter k is found to equa. n (::u\

2.7 and 2.8 of Tree Search), Succcss _Switch'is sét ro' “Yc:s

Tlu. variable ‘Scek _Switch'tested by Tru - Stare 1 an’ bO\ 2.4
i set 16 either “Yes” or “No” by'Seek_Another Surms.nt (I'rm
Urd 6+ ”4::) This procedure i in turr: rcpom sticcess: if a anid-6aly
if” the subproudurg AuﬂllSSlbluty_Cth\ rcports Success. This
Iattr.r procedur (Figure 6 ”4/) determines-whether’ any o.‘tlu.
prcvrousxv LOIOI’Ld newhbors (there are wy, 41 of’ tmm) have the

same’ color s the tentative color, tc, that-is b«.mf* conszdu d

for' the 1\ + l strcountry. If s0, Admxssrbxhty‘ Sw.;ch is set 10 .

“No” %G that, after’the RETUR\T to’ S;Ll\ “Another’ Segmem,
another ‘(thc nexty color "rrlay bé* tried. \Iotra ‘that~ only in
Admrss.brhty ‘Check is ‘therc"any’ refefence to* the map s reps
feséhitation: Thrs suggests ‘that detailéd: ﬂowch irts for* drﬁ’erent
natural order' trée’ séarch’ ploblems " wil} dn“f marrly m thc
dctarls'or this partictlar part’of the scarch’ alvorlth‘n Fouk b

Thc bookkcepmt7 of - Rctrgat and Advancein ‘Fxcfurc 6+24
uses auxrlrary varrablc, ic, tentative color! "This Variable s also
used ‘in’ SceL Another_Segmient dunng fthe ‘search’ ﬂ'ir ‘an ‘ads
missible segment’ and in"box 2.3.5,t¢ s mcrc.mun‘ud fihéievés
an madnxssrbh Segment'is found In Advinée; 'l\"rs‘h‘xtremc*rrgd
to’ represent thie longer’ successful colorm<r path‘ T’lre §mcessfui
tentativeé~color” is' §towed away‘im Colork and * the a‘uxxfrary
variable 'tc is reset* o 1. "(See box 2. 6:1))-Diring’ Petreat ‘the
current” colof choxce LOI' cotmtry “k*must be‘remeinbered 50
that the sedrch for“another sbvment of- country K's® pa.cm cah
resime”at®a valtie' of ‘1¢'that*i§ "one greater han the last one
tried* The savmgeof thxs -mformatmm is accomphshed lpy the
assrgnmeht step, s TR T

e -~ P Bhoe
RENURSY ERNE ORI SV S R FoN .'."_di‘ Lq AN EEY
""1- Tensiad :‘_‘:

tc «— Colork +1
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-

as sccn m box 2 ‘5 3, Then the path len"th k is shortened by 1.
e r”‘ ki s shoSiened By L

s
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EXERCISES 6-3, 1.
SET B
EREENES

FIGURE 625

A chessboard with two
Queens on wiffcrent rows,
columns, and diagonals.

TREES

In the problem oot that foilows, you are introduced to
several well-known problems involving tree scarch. Here is
your chance to apply our generalized natural-order tree search
method,

The Eight Queens Problem. A chessboard is an eight-by-eight array
of poutions. The Queen is the most powerful picce in the game of
chess in that it can capiure any other piece encountered on the same
row, column, or diagonal. The problem is to so place eight Queens
on the chessboard so that no Queen can capture another Queen.

If there is a solution to the Eight Queens Problem, it is cvident
that cach Qucen must be on a different row, column, and diagonal
of the chessboard (Figure 6-25). This suggests the necd for a system-
atic way of placing the eight Qucens on the board, one at a ume.
It 15 certainly immaterial where the first Queen should go but, to be
systematic, we can think of putting it somewhere in column 1 with
the object of piacing each successive Queen in a succeeding column.

In placing the first Queen in column one, there are eight choices,
cach of which eliminates some of the choices for placing a Queen
in column two. These cight choices may be represented by a iree
with eight segments cmanating from the root node. As one moves
down this tree of choices, there will be fewer and fewer admissible
branches. A solution to the Eight Queens Problem is represented by
a path through the trec reaching all the way to level eight

The natural-order tree search is suitable for scarching the tree,
but it is necessary to be explicit about the test to determine which
scgments of the tree are admissible. Although it is tempting to repre-
sent the chessboard as an eight-by-eight array, it is easy 1o see that
a single cight-element list, say {Q, 1 = 1(1)8}, will suflice, since
in the Q list we can store the row number for cach Quecen.

Suppose that k Queens have already been placed admissibly in
th: first k columns of the board. To determine whether the next Queen
can be placed in position j, k 4 1, at lcast two tests must be made.

(a) Is therc already a Queen in row j? That is, has the value j already
been assigned to an element of the Q list? If so, this position
(i» k + 1) is inadmissible.

(b) Is there already a Queen on one of the two diagonals that pass
through the new position? The first diagonal, which we will call
a “major” diagonal, slants from upper left to lower right. The
sccond one, a “miror” diagonal, slants from lower left to upper
right.

If the answers to all these tests are negative, the new position
is admissible. You should give thought to various ways of representing
thc needed data and performing the required tests. One way to record

he positions of the Queens (least amount of storage) is with a single
eng.xt-damunt list whose ith element is the row number of the ith
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7. APROXIMACION POLINOMIAL ¥ COEFICIENTE DE CORRELACION

. 7.1 Inthoducedbn A

. En muchas ocasiones a partin de una senie de valores mucsd
trates, donde exdiste una variable dependiente y una o0 varias --
variables independientes, es necesario ajusian dichos puntos --
por una cuiva tal que permita deteaminar el valor de La varia--
be dependiente para cualquier valon de Las vaniables Lindepen--
dientes. La curva de ajuste por el método de Los minimos euadra
dos puede sen un polinomio de grado "n", una funcidén de Lipo Lo
garitmico, ete.; dicha curva se escoge de acuerndo a La disznibu
.cidn'dg‘zé{ puntos muesdtrales y en fomma tal que se minimice La
suma ‘de Los cuadnados de Los ernoncs. En procesos estadisticos
Ja tal tipo de ajuste se Le denomina negnesidn simple o miltiple
de Za'vaqﬁabzé dependiente sobre Las variables independientes.
(EL gnado de nelacidn existente entre La vaniable dependiente y
bd independiente se denomina cornelacifn y a La medida de ial.
nelacibn se Le LLama coeficiente de connelacibn, el cual se sue

ZE:H¢4qfdu7§on el simbolo 3 6 M1(2.3...n). Donde:

- o oerae - . -

{
Vardiacidn explicada
g Vaniacdibn total {7.1)

8L se consdidera a Y como La vaniable dependiente, Las --
variaciones se definen en La siguiente f§orma: ’

variacibn total = I(y - 7)2 ¥ . (7.?)

vaa;aci6n explicada = E(Va;t - 7)2 (7.3)

variaecdidn no explicada = = L(Y - Veétlz (7.4)
g1V - 712 = z(vest - 1%+ x(y - vess)? (7.5)

’

£ i

.9

e
n

-~
M=
-_g

para N puittod muestrales

=
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Grdgicamente, para el caso de nregresdidn simple se tendrd:

curva de

negresdlon
o g

s f
o

0 famgmmmmme s ame e e

3 p
} (v - Vcbt)

3
T

E
I
S
E
3

>
v

7.2 Métodu de Los Minimos Cuadrados

7.2.1 Ovjeto

Efectuar La neg&ebién Lineal o exponzncial, sddimple o mal
Liple, de La varndiable X, sobnre Lals) variable(s) XZ’ e, Xn a
partin de una tabla de "m" punios muesitrales con La sLguienite
canﬁigundcé&n:'

Punto Xi x2 - Xn

W

Para efectuar el ajuste se¢ emplea el metodo de Los mind-
mos cuadrados. Ademds, se proporeiona el coefdcdienie de corkie-
lacibn y Las desviaciones estdndan de Los pandimeiros de La cuir
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va.
Las cunrvas de ajuste serndn del Xipo:

- N
Ky = Ayt Ay ¢ Ay e e ALK
6 . : ' ?

S{ se desea como curva de ajuste un polinomio de grado -
"{n-1)" o sea: ‘

X+ A X2 e e a xnld
2 n

X 3 %y 7 (7.7)

g = ALt A

s0L0 se nequenind efectuan el si{guiente cambio de variable:

\
X, = X,
X3 = X,
X, = X

n 2 Y ' (7.8)
e el momento de proporcdlonar Los datos.

7.2.2 Método

Dadas un conjunto de "m" observaciones de La variable --
dependiente X,
ey X 4 busca ajustar Los datos medianie La siguiente eurva:

sobre una o varias variables Lindependientes X,,

- ot =3 . . *
§IX) = Xy = Ap + A Xy + AKXy + Lo+ AKX (7.9)

EL valorn de La vardiable. dependiente conrespondiente al -
valon de £as variables Lindependientes en un punio muestral éi

es ‘XI i por Lo que el error send:
[ 4
e = X - Xy (7.10}
e. = A, + A X + A X +t...+ A X - X

i Y2 SV I AR W RS A (7.17)

A
Xz = valor estiviado de X'
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iy Lo swna de Los cuadrados de Los errones considerundo Lodis -
Los punios muestrales ed:

‘/I-.. - , ' | 2
%;, "*z“}—‘t‘ i o Ayt e AR T K, J

i (7.12)
pare obxcnea el mindmo de La suma de Los cuadrados de Los erno
nes sc dendiva La exprcsddn (7.12) con nrespecto a Los pardmetnos
A. y cada una de Las dendivadas se Lguala a cero para toda. j:

-

Ny

m 113 _.2
3 O £ -
2 > [:,«1 FhgKy e AKX ._J

=0 (7.13)
Lo cual se cumple s0L0 44:
m ’ - m
hy 2 Xiat A Z Ky i Xj ot et A2 K K
Lo1 = £=1
. . m
DN WS
£L=1 .
al evaluar (7.14) para toda "j" se tiene:
i A’ 3 AZZXZ, * A32X3 I AnEX = EX,
2 | ' S N ,
AjEX, + A IX + AgEXgX, + o v .+ AEX X, = IXX,
) ’ : (7.75
L] ’ © 2 i L]
AJIX, 4 AKX+ AEXX o+ o+ A IX X, X,



expresando en goma. matricial:

_ — o -

m EXZ . an A, vZX,
2
=1 X
ZXZ EXZ . o ZXZXn AZ X,XZ
, 2 |} '
2‘ Xu EAZXn . e ,Z_Xn An EXIXn
L—v R e wad b . el

(7.16)

Al nesolven el sistema dé‘ecuacéaneé (7.16) se obtienen

Los pandmetnes A. de La curva de regresdibn,

Dentro del programa se plantea el sistema de ecuaciones,

obien&cndo La sumatordia de Los punitos muesirales para cada va-

MLabﬂe, para el cuadrado de La variable ¢y para Los productos -
lcnuzadOA. EL sistema de ecuaclones Ae resuefve por el método -

de Gauss-Jorndan modificado.

.EL coe5¢c4ente de cornelacidn se obtiene de La siguiente

60&ma
. - variacibn explicada
1{23...n) \ variacion total
9 i
i PX1(23...0)  »
| Y
donde:
7 2 2
I 57,2500+ "*1(23...n)
var.total var.no explicada var. explicada

Las componentes de La ecuacidn [7.18) estdn dadas pon:

{7.17)

(7.18)

m 72 m m 2
X .= -’( T X .)
& LA *1,4 21 et (7.19]
m
* X._= X - 5(



e

. ) . A .
Lx i) A RXgX, A, Tx,x, + ... +,Aﬂ EX X (7.20)

1123...a) ez 2 3 173
X, X - £ X £ X \
Sx.x. = 172 1 VA
xl 2 m
. - ’ 4
Ex . 2X1X3 ZX1 243
173 .m

3
x
[

1"n ifi Exn

1% . PR ) (7.21)

A Los Xéxrminos de Las ccuaciones (7.19)y [7.21) se Les -
denomina elemenios de vardacidn y covardaciin respeciivamente,
ga que x = X - X ¢ La variancia y covariancia 8¢ dedinen comos

0y = E [x- ij (7.22)
covy, = E Fx - K][v ; V] C7.23)

A continuacdbn se describe La obtencibn de La-—desviacibn
esdldndar de Los parndmeitros Aj’
Se define a Los productos X'X y X'Y como:

— - . —_—
.X.'_x_ = 1 1 s o e 1 1 XZ z ° ° Xn 15
¥ » I
X
2,1 Xp 700 Xg.m 1 %
. . o
" PIPTEI S I Xp,m *+ Xam |
i XXZ . . txn
(7.24)
EX LN aX 2
!n 2 A 2
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R |
T X IX
| - 1,1 i
, xz,, ' ’ , l .‘ [ ] L] Xz’m x’,z Il EXTXZ
X'y=p ' = (7.25)
. x i
n,l o e . Xn " xi,m ZX,Xn

Ned A L

Sea A el vector de Los pardmetros de La ecuacidn de ne-
cresdldn, el sistema de ecuaciones (7.16) 4e puede denotan en
tase .a Lo anternior como:

[(X'XIA = X'Y (7.26)
cende Y nrepresenia el vecton de valones mueétnaﬂeé de La varia-

tle dependiente. Por Lo Zanito:
= X A + g“ * (7.27)

A= (X'X)T ' (7.28)
Se asume que La ecuaciin de negneALJn es de La formas

V= XX + £ (7.29)

A parntin de Las expresiones anfterndores se puede demostran
(ver nef. 1) que fLa variancia de Los pardmetrosd A, esid dada pohr:

E (A -0 (A -oQ)" -¢zMX)’ (7.30)
EL valon da(Tz se obtiene mediante Za prneALJH
- 2
2 .2 Ix
T = S;93 .., p% 123 ... (7.31)
m-n

donde "m" nepresdenta La cantidad de puntos muestrales y "n" La

czntidad de variables independientes.
Para efectos de nregresién exponencial del tipo:
AZXI A X

X, = ¢ le L. g i (7.32)

e i es el vector de diferencias entre Lo vaﬂonca estimados y
Los valonres aeazeA. .
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¢l phejrama-aplica el opercdor "Ln" cn ambdob Términos de La ecud
elda (7.32) con Lo que dicha expresitn se Linealiza y csta ex--
pkcaién Linealizada es La que se uidlliza para La oblencilén de
L04s partdmetros Aj'

7.2.3 Descrdpedbn del Programa
a)Subruilinas requenidas:

SUBROUTINE SISTOR(N,M,C,A,B}, plantea el si8tema de e--
cuacLoines requerdido paria La obtencdidn de Los pardme-
Ltros de La cutva de negresddn. —

SUBROUTINE GAUTOR(A,B,M,EPS,DET), obtiene Za soclucidn
del sistema de ccuaclones mediante el métode de Cawste-
Jondan. Consulztarn el capliulo 3.

SUBROUTINE MULTMA{A,B,N,M, L, X), efectua productos mairi
ciales. Consultan el capliulo 2.

SUBROUTINE MATINV{A,N,EPS,DET), obtiene La Lnversa de u-
na matriz por el método de Gauss-Jonrdan. Consultar el
capitulo 2.

SUBROUTINE GRAFI(A,N,M), obtiere La grdfica de Los valo-
&ab.mueétnaﬂeb y de Los valores esiimados. Consulztaxn
el capitulo 1.

b) Pescnipeidn de Las variables:
Para ta sdubrutina SISTOR:

N cantidad de puitos muedtrales

M cantidad de variables, incluyendo La dg
pendiente _

c(1,7) valor de La vardiable Xj para el punto -
mues tral L .

AlT,J) matrniz de coeficientes del sistema de e-

o cuaciones ‘

B(I) vector de i&rminos Lndependientes del 844

Zema de ecuacdonesd

SuM variable que guarda La sumatoria de 204
puntos muesitrales

Pana ek programa principal:

N cantidad de puntos nuesirales

M cantidad de variables <{ncluyeado La de-



NTTPO

¢{1,J)

DET

PROD (1)
CMIT,T)

XTR(1,J)
XI(1,7)

Al
VAR
BVAR(I)

ATEMP(T)
2)Dimensionesd:
"~ EL programa

122

peirdiente

variable que Lnddica el tipo de neghesil-
a efectuan

valor de La variable Xj para ef punto -
muestral "M

malniz de coegiclentes del sistema de. e-
cuacLones

veetor de téaminos Lndependicntes del 843
Lema de ceuaclonesd

cndtendo para detenminar 84 el deteamdnan
Ze de A es nulo

uan{abﬁc'que indica 44 el detenninanie de
La mathiz A es 0 no nulo

sumatoniasr de £o0s productos cruzados xixj
\

matniz modificada de £a matrniz C donde
CM(TI,1)=1

matriiz transpuesia de La mainiz CM
matniz Anvensa del phoducto matricial.
[XTR] [ CM) ) '
coeficlfente de cornelacddn

variancdla no explicada

desviacibn estdndan de Los parndmeitros de
La curva de regnesiién
variable de reemplazo

cstd estruciurado para trabajarn como m&-

ximo con edneo varndables independientes. La proposd-

cibn DIMENST
La cantidad

ON debeid modificarse en el caso de que
de punZos muestrales sea mayor de 30.

d)FokmatéA para Los datos de entrada:

FORMATO INFORMACTON

SEC.TARJETAS
i

{215,A4) N,M,NTIPO, para La varia-
ble NTIPO se¢ deberd pengo-
ran LINE cen el caso de xe-
gresdidn Lineal y EXPO panrc
regresdLbon exponencial.



—
~N
LX)

2 (6F10.0) CiT,Jd1, Los elementos de
La matrniz se dan columna
por columna. Emplear tan-
Las tanjeiab como sean ne
cesardas .,

- D e A e RS € e m A S S M G G e Ce D BR AY G0 O e AD

- s An A AR G e 6 Ge A G e e D O G R T R WS e G G e W

n TARIJCTA EN BLANCO, a< §i-
nalizar Loda La Lngforma--
edbn

e) Dicgrama de blLoques:



< {adcdar ) 3
N mprimon Llaran subru- ¥
cAequat vae sLstoma de ) tina
for a EPS cauacleones MTINV

SN A
Llaruy subru- ‘i

Lna

Uty U] )
CGAUTOR

l mensafe

H, KTIPO .

A &0
< ~>——“9 sTOP

. T w‘.'! .
ampraniid

menda je

\lU
ey . . ]
feon: Lpauma O
Cni . acgulindos J
' obtener desvia- !
\ \/ cifn estdndar ae !
‘ dnpronin Los pantinetros i
datos obtener componen-

¢4 var, no exp,
¥ coef. de corre-

oy _ i
Lacidn oy
A ceed. de co
. relaclén y
cbtenen matriz desv. estdin

modef1cada de

dan
valores nusira~-

£es
obtenex obtener ta ﬁ’fﬂm‘o:a&cmc
tunspuesta de = =
Lnfefr, 1)) . esa iz glo matricdal pa
na gm,{_écan

.| - |
=~ Llamar subhu- i) Leaman subnu~ ¢
i Una i | wa e E
Uamar subn |3 S 1

e sistor §, L l,
;J/
O,

Fig. 7.1 Diagrama de bloques para el programa prin-
| clpal
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subrut 2 ;

i SiSiR ’['
L

ebtener sunifo-
rias de vaa.
Lidependientes

]/

obtenen procuc-
{03 cruzades de
var, {ndepondien
Les .

4
obtenet swatoria
vasatbie depn--
diente

\4
obtener produc-
{od cruzados de
v, dep. con
var. {ndep,

/
obtenen Los coe
flclontes ded
sdstem de ecua
clones

/

obfeney veefor
de t&wninos dnde
pendeentes |

Fig. 7.2 Diagaama de bloques pare La subrutina
SISTOR,




§) Listado:

OO0 COO0O00SNOMNO0E

OO

[+ W 2 )

(e Xy Nl

[x X 23

K+ > 2

-

£ e I

25

26

v

—a
Ny
o

PHCGRAA PARA CFECTUAR FEAOFSIIY LILEAL O EXPGMENCIAL HULTIPLE

EL SIGNIFICAUC QOF LAS vART4BLES EMPLLADAS ES

HECANTIFAD CF PLATRS wL7iSTRALFS

NECANTIFAS CE VARIATLESCINCLUYESDO LA VeDEPCRDIENTE)

NTIPC=VanTA LT GUE 1uNICA EL T3P0 OE KEGRESION A EFECTUARCEXFO Q

LINE)

CC1,J)=yALIR CE LA vARTAILE X(J) PARA EL PUNTQ MUESTRAL I

CClpoidu ARTARLE CEPENDIENTE

AIVATRI2 OFL CCEFICIETITES DEL SISTEMA ul ECUACIONES» QUE SIAVEN PA=
RA FMCONTIAR LOS PARAVETSOS OF LA TUNCION DE REGRESION

B=PRRAVETACS OE LA FUNCIAN FE REGRESTUN

LPSaVALCR CON EL GUE SE CONSIDERA NyuLu EL DETERMINANTE OE LA MNAe
TRIZ &

DETEVALCR A2SOLUTC DEL BETSAYINANTE CE La HATRIZ A

PRCO®SUIVATEATAS DE LIS PRCCUCTAS SRU2ADOS CGM La Vo DEPENDIENTE

‘Cempatoll wGOIFICARA PE LA PATA{L C CQMOE cv(x;1>ﬂl

XTR2TRAENSPUESTA DT L& VATAIZ CN

A1avaTe[? (nVERSA CEL 9R00uCTO %ATRICIAL XTReCH

BVANspFSVIACTON ESTANDAR DE LOS PARARETROS B

VARaVAQLACIGN Ag EXPLICACA

ARSCCEFICIENTE CE CORRELACION

LA FUNCICN DT REGRESIAN ES DEL STIGUIENTE TIPQ
20108 CL) ¢ B{2)¥(Z) ¢ B013XCI) ¢ aue & DLHIXC(H)

DIVENSTCNES PARA QBTENER LOS FARAH[TROS OE LA FyNCIOHW OE REGRESIGN

DIMENSTON CCIUs200-%C10)28(10)24C10,30)24TENPCIQ)

DIFENSTCNES PARA OOTENER LA DESVIACION ESTANDAR DT B(I)
DIMENSICH PRODCI0ILCNCI0,10I6XTACI0,30)9X1C10010)20VARCLIC)

pATa x/awr(1).4Hx(2>aqhxt3)'nuxta) sAHXCS5) 2 4RXCE6) 2 4HXCP )2 GHX () s &KX
1C8),5H-(10)/

LECTURA DE DATOS

LPSaN040LAC00T

READ(S+SC) KNeHaNTIEG

IFLu) 2,243

CALL EXIT

00 4 Jei,w ,
READ(S5e51) (CCladdaluinn)

LINARLINE

JUPRESTICN OE

WRITEC6s52) KoV
HRITEC6:53) (XC[dslo1o¥)
U0 5 Tatsn

HRITEC6258) (C(LlrJd)odsiaN)

LUAMADN DE SUBRUTINA PARA FORMAR EL SISTEMA OE ECUACIONES

JFINTIPC.EQ.LINY GO TO 26
DC 25 Iemlsp
ATEMPLTYIZCL]1)

Cli 128l C6(C(1,1))

CALL SISTOR(NsHsCoAsR)

IHPRESICN DEL SISTEMA OF ECUACIONES

KRITELAs5S 1)

UC ¢ Iulsv

hWRITECA2550) ()(IDJ)JJ“IIN)'B(K)

LLAPADO DE SUDRUTINA PARA AESOLVER EL SISTENA DE ECUACIONES

CALL GAUTCRCASBIMIEPSHOET)
IFCDETLEEPS) GO T0 8

IYPRESICK OL RISULTANDS

HRAETE(AL55)
L7 Tatsy
HRITECRLS58) Ts0(1)
RATITE(A,552) NTLIPQ

UBTENCION DE SUMX(L)sAy
Al®Q.0

UC 9 IsisN
Ateal ¢ CUI,1)



[ Xz 2

[ N a X}

N

OO0 [ N g Ny [ KR4

€O

oo

[ XX s Nal

OATENCICN UE SUPIXCIYex(1) oA, SUKACII®AD

VARSI LR ¥

A27040

A330.0

L0 10 JaieN

47222 ¢ CUIp 100 )
10 A3sad ¢ C(J,1)

PRODCIInAZ = (ALOAID/FLOAT(NY
11 CCOnTiuug

KRITCCAsS58) C(PAGD(IdoTolsk)

OUTENC!CN‘DE Van. NO EXPLICADA V DEL COCFe OE CORRTLACIOM

VAR4G.0
Ve §2 §a2.0

i2 VAR=zyaw + p{l)epROD(T)
ALBSCRTIVAR/IPRCLILD)
VARaPRON{1) ® VAR
VARayen/FLCATIN V)
KRITCCA,52) VAR

QOTENCIrH CE LA YATTIZ MODIFICADA DS VALGAES HUESTRALYS

00 19 ivleN
UC 48 JoslsH
IFCJ€2.1) g0 Y 43
CHlTeddaCl]od)
uC 10 13

£3 CH(IrJdisleg

§8 CONTINUL

35 CONTINGE

DOTENCIPN GE C¥ TRAHSPUESTA

D0 16 13isK
DO L& Jelsn
16 XIRCGSsI)=CH(Tsd)

"LLAMALN DE SUBRLTINA PARA EFECTUAR PRODVCTO HATRICTAL
"CALL MULTWRA(XTRsCHIRANaW2XT)
LLAVADS GE SUBAULTINA PARA OBTENER LA WATRIZ INVERSA

CALL VMAYINV(XT,psEPSS0ET)
IFCCETLELEPS) GO TO 19
00 201 21,

201 HRITECH0548) (XIC(FrJddodafal)

GBTENCION DE LA OESVIACION ESTANDAR OE LDS PARAMETROS

U0 17 Ielay .
CDVARCIYaVAReXICIoT)
17 BYARCIIPSORT(BYARC]D)

"IVPRESTFN OC CCEFISIENTES Y DESVIACIGNES CSTANDAR

MRITECE,5E)
DG 12 I=1,v .

10 MRITC(A,59) BC1)sDYARCT)
CHRITE(Es65) 81

"REACCMNLO OE CATOS PARG QRAFTCAR VALGRES REALES Y VALORES ESY3wnie
UCS Cc LA FUNCION OFf REGRESIgN

IFCTIPONELLIN) GO YO 27
DO 21 IoisN
CHCIn1dErLCaTI])
CPE1»22°C(In1)
Syr¥u0,9
" DC 2C .Iv sy
20 sueasyv ¢ C(1,4)08(3)
't ENC103)a0C1) ¢ SUM
201 CONTINLY
S Wb 1C
27 UG 29 l=lsp
CHOIrs1deFLCAT(]
CHQs2) atEvP(]
"I suvegYe(p(1))
D0 28 Je2.y
28 SUwaSU“EYPLC(TaddaB(J))
CNCT23duSUN
29 CONTINUE

)
)

-
~1}
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¢ LLAXADO DC SUBRUYINA PARA QRAFICAR

&

30 CALL GRAFICCKINSI)
ot 10 4

8 WHITE(&)ST)
G 7C 1 -

19 WRITE(A,41)
G0 106 1t

FORwATNS CE LECTURA € IMPRESION

[ ¥z X =1

S0 FURVATUZ19,00)
54 FCRAT(aF13.0)
52 FCAYATOIP1,SC/30SKr34HLE CANTIOAD DE PUNTOS MUESTRALES E£5 #15s3(/)
§29Y,284LA CANTILAD DE VARIABLES £S5 157
§3 FCR2ATU/Z725072,100,26PL0S VALORES MUESTRALES SQNe/Z/7/05%0A5,9C7%,A
\2)072) ‘
54 FURUAT (202X, 1001PE114801%))
S EUREATEZ 22507, 10 0 Tk nS CNEFTCIENTES 0E LA FUNCION OC REGRLSION
L SCUe/ 72880 M1 T LARR(LY,7)
56 FURVET(/7,450012,10¢ 1PFYS4R)
57 FGRpaT(S(22»SX,420EL STSTENA DE ECUACIONES NO TIENE SOLUCION)
4 FCRvETOIH1L3C/7), 10X 49uLAS DESVIACIQNES ESTANDAR OE LOS COEFICIENTY
1ES SCN»Z2/7004%081R 13921 X081KNeSes/7)
SO FCRUVATC/285X02C01PE15.94+10X))
60 FCRVATCSC/) 5% J8HEL CCEFICIENTE DE CORRELACIGH ES  s1PEL548)
65 FCR¥AT(SC/),3Y,37HV0 EX{STE LA INVERSA DE LA HMATRIZ EMPLEADA PARA
1CALCULAR LAS DTSVIACIONES £STANDAR)
550 FORWAT(/22XstPL104)r,1001Xs1PEL03))
551 FCRPATEIHISS{/)o5%s27HEL SESTENA DE ECUACIONES £S07)
552 Egnuartt!:sx:21u11Po BE REGRESION sA8)
D

Fige 7.3 Lisitado del programa prdincedpal
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OO COGOOO00O0O0O0

(2 XX o)

Fig

SUNNGUTINE SISTUR(Ns (eCoArn)d

SUDRUTTAA PAAA PLANTFAR EL SISTEMA DT ECUACIONCS QUL PERMITE 0ATEe
NER LOS PapavlIn0S DL LNA FUNCIIN CE RIGRESICN LINCAL NuLTlPL.

LU SUGUITFTICADT ©F L% vallanlFs CHMPLLADAS ES

B3CANTILAD 0F PULNTGS NUFSTHALES

HECAMTINAND CE VARIAALESCINCLYYENDD LA QLPENCILNTL)

COlaJImvALCR 0C LA VARIADLE XCJ) PARA EL PUNTO wUESTRAL I

ASPATRIZ S€ COCIICTIRNTES DEL SISTLPA DE ECUACIONCS

BevElTng 0C TERPINOS IANDEPENDIENTES OCL SISTEMA OC CCUACTONE.

LL PLAWTEANTENTG APROVECHA LAS CARACTCRISTICAS DE SINFYRIA 0C L4
HATRIZ 4

DIVENSIAN CC30,102,AC16,30)20010)
UATENCION DEL SISTLME GE ECUACIQNES

A1) an

LD & Tmgew
IFCIenTol) GO 70 &
SUMaG.0

vl § J3lsN

SuU¥aspY ¢ C(dal)
pllstsyv

IPfaj+l .

00 3 JoiPisp
5UN=003

DO 2 Kajah

SupaSyUN v C(Kad)
ACLsd)asyy
AlJdrl)ssum
CONTIN'IE

G0 70 8

SUu=9,0

L0 5 JxieN

SuNasyt ¢ C(Jdet)oC{ual)
gllyesuw

0G 7 Jrls¥

SUHuc.O

DG ¢ K3jsh

SUHaslt ¢ C(KeI)eCIKod)
All,J)28yn
ACJsldosyy
CONTINUE

CONTIND.

RETURN

END

7.4 Listado de La subrutina SISTGR
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7.2.4 Liemplo
Loa walone: obsenvados para La demanda de enengla elécini
ca e ef sceton nesddencdal desde 1962 hasta 1973 son:

_ANO DEHANDA RESTDENCIAL [Mwil)

1962 1416.757
1963 1576.572
1964 1616.236
1965 1970.987
1966 2256.216
1967 2545.,05

196§ 2805.79

1969 3152.095
1970 5562.568
1971 ' 3979.667
1972 4431.655
1973 4930.197

S{ s¢ sabe que La demanda de cnengla elécirica se encuen-
tha estrechamente nelacionada con el tiempo, el PNB, La pobla--
elbn y el p&aducto bruto del sectorn elécinico deld aiio anterioi.
Obienga una curva de tipo Lineal y otra de tipo exponencial que
se ajuéta Lo meforn posdible a Los valores muestrales de La deman
da nesddencial de enengia.eléetrica.

¥ SMLUCTION )
TABlA 7.1 Datos del problema del ejemplo 7.2.4
N = 12
M= 4
NTIP0 = LINE 6§ EXPO



couANDA RESTD.  TIEMPD PNB PUOBLACION PB CFC

1
H

(SN
~a

1418.757 62. 165310. 37439, 1609.
1578.572 63. 176516, 36727, 1753,
1516.236 6d. 199390 . 46059, 2170,
1970.9§7 65. 212520, 11437, 2529 .
£266.216 66. 227037. 42863, 2769.
1545.05 67 241271, 44336 3157, .
2803.79 68, 260901. 45663, 3533,
5152.095 69, 277400, 47441, 4228,
5567.548 70. 296600, 49031, 4812.
5979.667 71. 306800, 50776, 5357,
$431.655 72, 329100, 52539, 5784.
4930,197 73, 354100, 54560. 6297.

TABLA 7.2 Resulitados del problema de. ejemplo 7.2.4



£L STSTEvA CL ECUACICHES €S

102500401 €o10GT%C2 3.089E€+04 S5445i09C5 448002904 Jea62040¢
€.190E9C2 8.06209C4 20757€%08 Jo7010407 3.033E406 243720406
3,045E406 2,682€900 84186€+11 14822E¢38 1.228E410 94510409
50050403 30701€907 1e422€411 24510£430 24097E90% 10634E409
8.6COE#08  34GIITO06 302258010 2.007€+09 1.697C000 44678008

L6S CCEFTCIENTES NE LA FUNCION DE REORESION §CW

. ' i B{1)
< 10255367608404
2 ©4060026709£402
5 ©7426920646E204
3 4061531007601
5 $476002042E=03

TiPC pE PEGALSICH Ling

LAS OCLSVIACIONES EST:NDAR DE LOS COEFICILCNTES SON

BeI) DeSs
142553678uC+33 2034876970E+6)
“3,60026709E402 5072569127£401
“7420920646E04 3495054007803
8461581007€=01 6076429802£-02
1476002062£=01 804834820602

EL COCFICIENTE OE CORRELACION E§ 9.997388102°0%
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€L SIsTEvA GE ECLACIONES ES

1.200C401
gelI0E402
3G67C08
S.651L9CS
£48C0L°04

Les

8a1GCECQ
Sed22b 04

2+08204008

3e701E%07
Je033E°0¢

COEFICIENTES OE LA FUNCIGN DE REGRESION SON

1iP0 D€ WEGRESION

Je0aG5434
200%2€408
e14¢EM]Y
Pet22¢911

142240410

€XPY

5e45{E+05
JoT0LE<GY
10422690118
2+510E¢30
2:.097E¢09

44400E404
3.033E4956
1e224C¢40
20097409
e 397E400

G484 ¢0Y
644050403
20432E007
4328E904
345428205

133

©Q4114305520=01
1033562695620
5055134606E207
©2480140415C=05
2000932652E=05,

LAS ODESVIACIONES ESTAKDAR OE LOS COEFICIENTES SON

EL COCFICITATE OE CORRELACION €3

8t

" ®4,114)0552E%04

1438567095E=0)

5455034606E207

©2,80430415E-05

2.00932652€=05
1]

Pe98763135€=014

Te91075704EC2
1092910641E°C2
1¢33460183EC6
2426054052E765
2¢0840149458°03



2 843850303 A.5)2060)
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33 34828297
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Vi >SOLUCION ECUACIONES DIFERENCIALES ORDINARIAS .

Las ecuaciones diferenciales ording ias son aquellas en las que la varia-

ble dependicnte es funcién de una sola variable independiente ¢

YO ok vy, L Y0

a) Método de Euler

Se tratar§ el caso de ecvaciones diferenciales ordinarias de primer orden :
dy = y' dx

‘ubstituyendo por los incrementos en a expresién anterior se tiene :

Dy=y' JAND (Vl|.0)

Tomando un punto inicial para arrancar y conservando un incremento cons

tante /Ax se obfiene la siguiente férmula itorotiva ¢

Y'|=Y°+Y' Ax

Xor Yo
Y2 = Y.l + Y; A X
o, (x{, Ye)

[
o

Yn{-]""Yn"'Y' Ax (Vi.1)

(xnr \',n }

* yln) — Li" Y

Tgxn



Ei procedimiento bésico es el misms solo que para cada Yi .41 se Feee
. . . A o " ' s
una sé. ;2 de iteraciones con los valores obienidos sucesivamente de Y 2] G~

N
fin dc obtener el valor més exactode Yy o

Al tener ¢

Yo=Y, + Y%%u,‘%ﬂf Cv2)

se efectGan las siguienies iteraciones @

- qu—gr- :F(XLM}YLH.)

\?L'H:'r YL . ( \{?\L "";jl{:u_‘_) A¥

/Y\? — -
“ Yin= ¥ (‘/(L.H)\{;’,HS

//t u/\' \
Yf'“:\x/; + YL s Y’\5+,)QX

’ ! 2
-
]

y usi sucesivamente hasta que

N A
v S

! \n'u.' b !< & ; L\'!-%B

& :
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al cumplivse,se procede ¢ obtener Y; 4o y asisucesivamente.

Al igual que en el método anterior es necesario emplear incremen=

tos ( [\ x} pequeiios. Ei error producido cs del orden Ax3.

c) Mdtodo de Runge ~ Kutta

Este método utiiiza las férmulas de integracién antes visrcepcm legar
o la obrencidn de su propia férmula recursiva.  Dicho proceso ¢s bastente

laborioso por lo que no se tratard.

La soluci6n para una ecvacién diferencial de primer orden .Y =f(x,y)

esté dada por ¢
Yor1 =Y, + AY,

donde :

CAYa= DX (Ker2K(+2Kg +1K3)

rammwman®

Ko = g ( XV)?Yw\

2
- /
Kz 5" 2 i + K.L%.Z‘

5 Yo + Kz.)

I, = ('()(n-?' [;_2{ )\/./;-i* W, ﬁX}
: 2

\

)

[} [
-y
r\’\
<
- %
>
> <

Ks“
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f.a f6rmula anterior es la de Runge-Kulia de 4o. orden, hay ofras -
férmulus con mayor caniidad de términos que se obtienen empleando-diferen

cias de mayor orden ol deducir la f&rmula.

Los parGmetros K; representan la pendiente de la funcién en los.=~
puntos en gue se estd evaluando. El método da un error del orden de AV E

y es uno de les més precisos.

i T\.'ll)fllo
e

Obicner la solucién de la ecuacién diferencial Y'= 1-X+4y paras=’
5 puntos conseculivos empleando los méiodos de Euler, Euler mejorado y Ran-
ge - Kl.;ffa usando un incremenio fx= 0.1, gonwpaa'or dichos valores con la
solucién real si Xg =0, Y, =1.

Sol.

La solucién exacta estd dada por :

Y- 4Y =Y
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. Tormulas de solucién pora los métodos son :

-
Nn = Yoy + \{?JM Ay (Euier)

Yn = \/Y\-i - \/ ?L\-\ Z.\\/

e e =

! Euier mcjorado

Q\q" ws - (\\ ]n»“‘\/l )A"’
2

Vs st e e

\]/.n‘.:.\(,1,'+_./;_\_~7_§_Y_K,+ p +2 Ky + Ka]
(xﬂ., (nery

Runge Kuit
K, = f:()(n_,-:-%z( ,Y,,,,, +~ ¥, A%’> uriee hone

ey

7
= § (Ko + L\>< [ \ . A\X)

= {' < Yn-\"" BX ,\,/rw—s + V’s A%)

ias soluciones se muestron en la siguiente tebla:
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X | Euler E. Mcj. | R.Kutta | Real |
o] o | 1. 1. 1. )|
i 10 1.5 1.595 1,608 1,409
2102 | 2.10 2 .463 2.505 | 2.505
31 03 | 3.146 3.737 3.829 3.830 |
A §
T 04 L 4774 5,609 5.792 5.794 |
I
51 0.5 | 6324 8.369 8.709 8.712

) Diferencias {initas

Este método se emplca cuando se ticnen problemas-con valores en la

“{rontera.

El proccdimiento consiste en lo'siguiente : dividir el intervalo de in
“legracién en "n" espacios iguales, emplear las férmulos de derivacién de
‘diferencias finitas.en la ecuacién diferencial (todas las diferencias deben*-
*ser del mismo orden), substituir fas condiciones de frontera y .por Gliimore~
solver el sistema de ecuaciones planieado. Sc tiene que aplicar cl opera=
‘dor diferencial -@ todos los pivotes del iniervalo.

Ejemplo

Resolver la ccuacién diferencial d? Y9 =¥ =0, en el intervalo (0,1)
¢ X2 ‘
st (01 =0, y(1) = |



[ &%)
Ny

o2 divide el intervalo en "n" paiies igudles, sean 4 en cste cuso ¢

Dx=i-0 =0.25

-

’ e NN L
i /" \““1-../1.

PN o

A

4 !

s H

{ |

|

§ / | |

|

! |

\l (03 - O 17 e I £ -r ERUR Ty ‘.-‘il"-rl—l'
'2"3 ¢ 5 o.’,"

un
t.‘\

.mpieando diferencias de 20, orden :

-—
4

4

Y~ 1 Yi1-2Y; t Y4
! X)2 [ =1 i i

Pt |
ts

-skstituyendo en la ecuacién diferencial :

AX? [Yl—] "2\4, +Y;+]1 -Yi=0

Yia = 2.0625 Y +Y, =0 | (V,.4)

las condiciones de frontera son
Yo=0

Y4=]

cplicando V1.4 en los pivotes :
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*y=0.25

Yo = 2.0625Y) +Yp =0

= 2.0625Y; +Y,=0 (V1.5)
Ko =0.5
Yy -2.0625Y+Y3=0 (Vi.6)
X3 =0.75

Vi = 2.0625 Y4+ Y4 =0

\3;2 - 2.0625 Y3 = ] (Vl 7

el sistema de ecuaciones es @
-2.062 Y; + Y, = g
Yy -2.062 Yot Y3 =

Y, =~2.062Y

2 3= -1

de donde :

Y] = 0.2]6
Y, = 0.445
‘:’3 =0.701

T . ° 3 L]
NOTA: Cuando se trata de ecuaciores diferenciales de mayor orden y sc -
cuenta como condiciones y" =0, etc., hay que substituir en dichas ecuacic

nes los farmulas de diferencias y despejar de ohi las condiciones de frontera -

desconocidas.
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10.4 Solucibn de Sistemas de Ecuaclones Dlfercaciales Lineales
No tlumogéneas de Prdlmen Onden

10.4.1 0bjeto

Obtenern Za solucddin de sddiemas de ecuaciones difercicia~
Les nu Gomoglreas, Lineales, de prdimen oiden mediaade el método
de Varicedidn de Pandnetnos.

La represenitacddn en fosrma maitricdal para este tipo de
si8Tomas de ecuaedones dijernenciales es:

Lt o= A X(&) o+ B U(2) (10.16)

3 -
.)l"to) - .)ig

doide U{z) nepresenta el vectorn de entradas exiernas 44 8¢ ha--

0La de sistemas [Lsdcos. ‘
DebdLdo a que cuando sc¢ modelan sd{siemas dindmlcos Lincalesd

Las salidas no siempre cornresponden a Las varniables empleadas

en Las ecuaclones diferencdiales, an esite proghama se condidexra

La nebmeAeniacéén completa medianie vaniables de esitado de un

tuslema Lineal, Ra cuald ed:

X(t)= A X1£) + BU[(2) )
y{el= CX{x) + DU(z) } (10.17)
X(t,) = X |
=t T 2 ‘
/

donde V(&) nepresenta el veecter de salidas del sistema.

lv.4.2 MEtodo-

EZ método de vardiacddn de pardimelros establece que {a $o-
Lucdba’ det sistema de ccuacLones difercnciades LLneales {i0.17)
tiene pen solucldn:

£
xia) = Al Ly N\ A9y yioiae (10.35)
\jio



. . A - Z .
donde Lo natrdiz e—ii ia’ es La matniz de Lthansdclln defindda

en La & ecdba 10.3.2.
Fon 2o Zanto La solucdbn Ltodlal send La suma de 2a Aespues
ta debida a 2as condiciones Lnlciales mds 2a respuesita debida
a Las exellacliones exlenncs. Para La primera parie de La s0lu-
cldn sc discutld su obiencddn en La scccdbn 10.3.2, _
Dado que el primer téamino de £a sofucién se evalda me=-
diante nuna evelucldn de esdades a Lncrenentos Lguales de Liempo,
La seguada pandte de La solucdiin:
. :
2T =g yrogdo (10.19)

¢ A
también se cvaluarnd a4 Lncremenios Lguales de tlempo.

Para poden evaluar La expresdin {(10.19) medianie & compu-
tadora se nequiere dischetizan el vecilor de entradas U{t), a--
proximande cada entrada w(t) mediarnte . pulsos 0 nrecias

como bde muestra a continuacldn:

; .
f\u(t) A w{t)
/ Sl . ,,f‘).-\\_\
7 RN / ~o
/C‘.. J \u‘ . / \:A
| |
\ ‘i E -
: !
e ry o' Azt Azt A»t ° o o - - 'y ! At Ai A/t . .
|| ol 2 - B it d B hcs -
2.t £, - . ., 2, t =
) ’ 2 73

Fig. 10.10 Aproximaeddn de una funcddn mediante:

a} pulsos b)recias

Cioed programa se aproxima 2a funcdldon wlx) medianie nee-
fas, Las ccuaclones necesarias para £a evaluacidn de {10.19) se

desarnrollan a contlnuacldn.

1 e
i .

Sca La guncddn w{l] wmesdrada en La §rguna 10.10
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Fig. 10,171 Fun eddn uid) y su aproximacdin median.te

s

una reeta cin ed Luntenvalo zo a 20 + Xz

Se desea evaluak La expresddn (10.19) penro:

C:c e

- % ~AG
J AlL U)Eg(c)do = (,_{\_—t-,a e,i_B_y_(")dU (10.20:
0 \-”-ilo
avaluando de zo a ta + At
R‘to +  Af ‘i—z
- L+ -
VAT g yoggo = AN AT g oyiodo (10.27)
N Jo o o
e La {iguna 10,17 se obsenva quer T T T T T ot
u(ta + Lt} - u(to)
w{o) 2 ) + u(to) [10.22;

A £

sbstituyendo (10.22) en {10.27):
O ag b

h e -
k PN 0 J ¥
PR
-ute,) o, \‘ LA Lt \\3 oA do,} B Ult,) (10,23}
L o ,



empleanco La sigudente relacdbn:

T P L L Y C AL A (10.24)
- q 7T —gT—

e Lod LEnmdnos entre coreneles se LLega as

P‘A,t'
cé-At e-é? ode = 1{ AILZ oL F ﬁnipi}”+2 +... [10.25)
: 7T (R+Z] 7

I}

e 10 hz) o+ L. AN ) N g )
0 (V“'ﬂj .

Para La cvaluacidn de Los sendes (10.25) y (10.26) La can-
Lidad de ténridros a emplearn dependerd de La exactitud descada.
“Se gija un eriiteric de convengencia & tal que A4 I reprsenta
a La matniz de La sexnde (10.25) y W a La matriz de La sexnie
(10.26), sec cumpla que:

z£?+1) - zi?)l<( £, para toda ij

¥ {10.27)

- wi?)‘<i'€ , para toda Ljf

|
Como Las senies (10.25) y (10.26) so0ko dependen del espa-
ciamientp, e tendridn que evaluai una s0fa vez. |
En el programa para obtener La nelfacidn (10.24) hay que
evaluar el vector de enirnadas U(£) en cada uno de Zos punios
en que se subdivide el intervalo de integhaciin.

Cin términos generaleds el proceso a segulr es:

. .. A
(Z) evaluat La matriz de trhansdedldn ai( 2

<:> evaiuan Las sendies de Las ecuacdones (10.25) y (10.
26)
(E) obtenen La respuesia debida a Las condicdones Ladedld

Les para £,
L

v (i) .
z,.' nepresenta el elewento z. . de La matadz I compuesia pon

L4 U -
’ La suwnaivnla de "n" Xémnitos.
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-\\.:‘/} (. va e ddsL :;\ . ) e ft/{; [ ’\-/‘;_‘,' 1

& cbienen La nespuesia dedida o Zas excdliacliones ex-
tennas medianie La nelacdidn {10,23)

/#\\ ! . . I r»:\‘ . [ -

Ki/ hacer L=L+1 ¢ regresarn al paso (3 haaXa 0aARNRR LO=

do el Lntervals de inlegracibn.

SUBROUTINE EXPH (TCLJ,.,M,C\PO obhtiene La matriz dc

Inansdeddn. Consulian scceidn 10.3.5.
INTPE{DELT, M, A, SUMA), obddene La matrniz de

La sende (10.26); esita cxpreddldn se emplea para eva-

Luak La respucsta debide a Las exellfaciones exterics

SUSRIUTINE INTRE(DELT,M,A,RECTA), evalua La expresdidn
dada pon La sexndice de La ecuacddn {(10.25); esia ex~-
presidn se uilliza para caleular La nespuesia dedlde

a Las excliacdones externas.

SUBROUTINE MULTMA({A,B,N,M,L,X}, obiiere el producte na-
indedal AD. ConauLman el capitulo 2.

SUGROUTINE GRAFI (A, N, M}, grafica Las soluclones de las
vaniables dependientes y de Las respuestas deld 844~
teia. Consuliar el caplLiulo 1.

SUBROUTINE EXCITA(T,F), evalua el vector de entradas -

U{z) en el Lnsiante t-

b)DhSC&&ﬂC&Jﬂ de Las van&abzeu-

Para La subrutina INTPE:

DELT espacLamiento entre Los valores de La
varniable Lndenenddonite

M cantidad de cecucciones diferencialdes

AT, T) matndiz de coecfdieientes constantes dod

sistema de ccuacdones diferncencdales

EPS cnliendlo de coivergencda
SUMA(T, J) matnlz resullante de evaluarh La senie
CN contadon de gracLones
DIV factonial divisorn
NEW Litenemeniv de fa vardable Ludepeadientc

L1 )

elevado a La potencdia “n

CUANT, T) matniz Ldenéldad



Lit1, 1)
X{1,J]

matrdiz A elevada a Za potencia "n"
waindiz hesultanie del producto AB

Pora La subrutina INTRE:

DeLT

CN
DIV

espaciamiento entre Los valones de La
variable Lndependicnte

candldad de eccuaclones diferenclales
mait/ilz de coeficlentes del sistema de
eccuacdiones diferenclalesd

matidlz rLesulianie de evaluarn La sende
matndz Ldentidad -

matrniz A elevada a La poteicda "n®
matniz nesulitante deld producto Ab
cndltenio de convergencda

Lnenemento de La vardiable Lndepeindieite
elevado a £a)poiancéa'”n"
contador '
factenial divison

Pana La subrutina EXCITA:

T

F(1,1)

F(2,1)

Fl3,1)

valor del Lnstante de Liempo en el cual
se desea evaluar La expresdidn U(L)

valor del primen renglén de La exphresdidn
Ufzt) en el instante tL

valor del segundo rengldn de La expresiln
Ufz) en el instanite IL

valorn del ftencer nengldn de La expresdidn
Ult) en el Lnstante 2, '
valon del cuanrto rnenglén de La expresidn
Ufz) en et instante Z;

valon ded quinto nenglén de Za exphresdddn
Uft) en el Lnstante IL

Pana el programa principal:

M
N

NS
NU .
PLwI0

caniidad de ecuaciones diferencilales
cantidad de subintervalos en que se divi-
de ¢l internvalo de integracibn

cantidad de salidas del sisitema

canitldad de entradas deld s4stema

Lintervalo de Lnilegracdin
/

'
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Lo Y

-

A

~

>
-——

—
~

>
—
- .
[

X{i,7J)
yy(1,7]
SUNA{T, T)

RECTA(T, J)

SHOM(I,J)

y{1,7)
PEND(T,T)

21 japj&‘t;j + 5

[

d { !

negrdiud de Zos subinienvalos de Lniegri-
cidn ‘

neth L A ded sislema de ecuacfones

madniz B ded s.isblema de ecuacdoncs

matriz C del sdistema de ccuaciones

madndiz D odel sislema de ecuacdlonesd
condledin Lndedal de La varniable indepan-

diente
condicdones dniciales para cada una de
J2> 1

del sisfema de ccuaclonesd

Las variaoles dependiendes,
svlucidn
valor de

£as salldas del sisitema

infegral delf Zénmino consianie de La e-
cuaedlbn de La recta empleada para apoxi-
imax La endrada

Lpdlegrnal del Eémumino varlable de La 2ecuc-
el de La recta empleada parna aphoxi-
marh La entrada

solucdidn del sasfema aebdiaa a Las exed-
exiesnras

valor de La entrada en el insianie ti_

taciones

vy

pendienie de La recta emplecds para a -

Lo

romah 2o oentvada

ganauh sl L Lomplazo

\)_:L,. A"/"\.‘\’_'('__ “,.\S l;\_)x‘\’ if\l(,/ -ll‘vi“\.):;\"'lf(\cr(.}l\ -
] (415,F10.0) 4, N, NS, Nu, PERIO
2 (§F10.0) A(1,J), Los elementos do

La maitniz se dan reagld.:
]

por nenglén. Emplear Zani-



fas tarnjetas como Lean e

cesanias

3 (EF10.0) B(1,51, ﬁguaﬁ que para Lo
matriz A

4 (F10.0) (1,7}, Lgual que para ta
matriz A

5 i §F10.0) P(1,J}, Lgual que para La

. matniz A

6 (§F106.0) X{i,7), el primer valor de

be ecorrnesponden a £a condi
eldn Lndedlal de La vandia--
ble Lndependienie.

- ew G e e hr e e e s e A G Al Er M me e S et s A B A e e

otros paquetes de datos [opclonal)

n , TARJETA EN BLANCO, al §ina
Lizan Xoda La informacddn.

) Diagramna de bLogues:
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Flz,1)= 0. 5%SiN[3.0"T,
F(3,1)= 0.
Fl4,11= 0.
F(5,1)= o.

FASLA 10.6 Resultados del problema del efzmplo 10.4.4
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The purpose of an inventory is to provide a separation in tune or location
between the production of goods and the consumption of goods. In our
specialized economy a man s no longer his own butcher, baker, and
candlestick-maker, Rather, we have production centers (factories) which are
speciahzed, centrally located, and have high production rates. There is a
great gain in production efficiency from this specialization, but 1t also
requires a large increase in inventorics 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 1nventory system in our cconomy is the factory-
wholesalcr-retailer system. The wholesaler provides a time decoupling service
between the factory and the retailer, inthat he holds the factory cutput until
ordered by the retailer. The wholcesaler also provides a locauion decoupling,
in that he generaily 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 for 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 15 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

/o% i

P
- i
Retailer sl Factory
L

i O"'O—O—O"-'"Orders O S S S U -
\Oi.\o
o

~f—————— Goods
Figure 2-1 The factory-wholesaler-retailer system,

—mina

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 controlling the inventory system.

2.1 FACTORY-WHOLESALER-RETAILER MODEL
The normal system for the production and distribution of goods in
our economy is through the factory-wholesaler-retailer system. A visual
conceptualization of this system is shown in Figure 2-1. The function of the
retailer in this systemis to

—take orders from customers :

~deler goods to customers from on-the-shelf inventory
—reorder goods from the wholesaler

—receive, shipments from the wholesaler

+ The function of the wholesaler is similar to the retailer except that
the wholesaler’s customer is the retailer and there is a time lag between the
ordering and the delivery of goods. The wholesaler must

—receive orders from the retailer

—ship goods from the warehouse inventory
- reonder goods from the factory

—receive shipmenis from the factory.

Finally, the factory must produce the goods which are ultimately
sold to the customcers. The factory may or may not hold inventories. In the
current modei the factory does not maintain any inventory so that its only
functions are to

—produce goods at some rate
~change produciion rate as requested by wholesaler

The model just described 1s a simple abstraction of that which is
found in the industrial system. Durable goods, such as applicances, more or
less follow the system described. There are variations in that some large
retailers order directly from the factory, or the factory may maintain a
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showroom and make direct retail salcs, !n other cases, the factory maintains
large inventories and pertorms the function of the wholesaler. In all ot these
modifications, however, there 1s a dynamic interplay of sales with the
invenionies maintained and the factory rate as illustrated in this model.

The parameters and formuias for the actual computer model of the retailer
are presented In this scction. These formulas are a mathematical statement of
the verbal mode! description above. We also prcscnt some sample compu-
tations using theietad Jormulas.

Retail sales arc controlled by the customer, They are part of the
input to the program by the ceadier. Retail sales in the past have beea sbout
100 units per week. 4

Retal reczipts are the umts received from the wheicsaler cach
Monday morning that were ordered Friday one week {10 days) prior,

Retail inverntor, level s ihe number of units on hand Friday after-
noon at inc close of business, The inventory level varics thiongh the weck as
shown in Figure 2-2. The formula for determining the inventody level is

Inventory level = prior inventory level + retail receipts = retzil sales

Retail oiders arc placed with the wholesaler each Friday afternoon
after determining the inventory level, The order policy is to order the retail
sales for the week plus or minus enough units to return the base stock Ievcl
to 100 units. Thus

Retai order = retail sales + (100 — inventory level)

The effects of these formulas on inventory level and the retail order
can be scen in the following sample computation,

In a normai week
Retail sales = 100
Rezail receipts = 100
Retail inveniory icvel =100+ 100- 100
' =100
Retail order = 100+ (160 — 100}
=100

No. of
units
200
... Base '
100 stock
t)me

F M Tu W Th F M Tu W Th F

Figura 2.2 Retad veniory levei,
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Wholesaler
Model
Formulas

In a week in which sales increase
Retail sales =110
Retail receipts = 100 )
Retail inventory level = 100+ 100-110
= 90
Retail order =110+ (100 ~ 90)
=120

In a week in which sales decrease
Retail sales = 90
Retail receipts = 100
Retail inventory level = 100 + 100~ 90
‘ =110
Retail order =90 + (100 - 110)
=80

The wholesaler's policies for maintaining inventory and reoidering from the
factory are similar to the retailet’s policics. The formuias for the wholesaler
and sample computations are now presented.

Wholesale shipments are dispatched each Wednesday from orders
submitted by the retailer on the prior Friday. These orders arrive at the
retailer's on the following Monday.

Wholesale shipments = retail order (prior wecek)

Wholesale receipts is the factory production of the previous week
which is reccived each Monday morning.

Wholesale receipts = factory production (prior weck)

Wholesale inventory level is the number of units on hand Friday
afternoon, at .the, closc of business. The inventory level actually varies
through the week as shown in Figure 2-3. )

! The formula for determining the Friday afternoon inventory level
is as follows:

No. of '
units ’ .
N T _____.L_.___:, Base
200 == —=—- stock
100 —|—
Time

F'M Tu W Tn F M*Tu W Th " F

Fiéure 2-3 Wholesale \nventory,
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Wholesale inventory level = prior inventory level + wholesale receipts
- wholesale shipments

Wholesale orders are placed with the factory cach Friday afterncon
after taking inventory. The factory, however, requires a week to change the
production rate, so two wceeks pass before the wholcsaler receives the actual
order. The policy is to order the current week's shipments plus encugh units
to return the base stock to a normal level of 200 units, The formalz s

Whelesale order = wholesaic shipments
+ {200 ~ inventory level)

The effects of the whoiesaler's policies can be scen in the follow:=y sample
computation,

in a normal week:
Wholesale shipments = 100
Wholesale receipts = 100
Wholesale inventory leyel = 200+ 100 - 100
=200
Wholesale order = 100 + {200 - 200)
=100 '

in a week in which shipments increase
Wholesaie shipments = 110
« Wholesale receipis = 100
Wholesale inventory level =200+ 100~ 110
=190
Wholcsale order = 110 + {200~ 190)
=120

In a week in which shipments decrease
Wholesale shipments = 90
Wholesale receipts = 100 .
Wholesale inventory levet = 200+ 100 — 90
=210
Wholesale order = 90 + {200 - 210}
=80

It should be noted that in the present simphified model, the wholesalar oniy
services one retailer. This 1s an obvious oversimplification from the real
woild and aliows the analysts io isolate the effect of a single retailer in the
cntire system.,

In this model, the factory maintains no inventory, The factory prqduces at
the rate specified by the wholesale order. There is, however, a gne-week
delay when changing the production rate and a one-week delay for ghipping.
The net ¢ffect is that the wholesaler receives the actual order twe weeks
after it is placed with the factory. Thus, for example, one might nave the
situation-shown in Figure 2+,
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Week Wholesale Factory Wholesale

number ordcr rate ' receipts
1 100 .. 100 100
2 120 160 100
3 80 100 100
4 100 120 100
5 100 80 120
6

100 100 80

Figure 2-4 Changing factory production rate.

2.2 NORMAL INVENTORY POLICY
This scction présenis the resufts of following a normal nventory
policy. By “normal”™ we¢ mean that the retailer and wholesaler follow the
rules described in the preceding sections. The most sigmificant rule, which
will be analyzed 10 do.iall later, is the reorder rule. The normal reorder rule
which is ivliowed in the current problem is

Order the current weck's sales plus or minus enough to bring the base
stock back to its normal level,

Following this reorder rule and the other inventory policies outlined
in Scction 2.1, one can compute over a number of weehs the inventory level
and orders in response to retail sales, For example, if retail saies are 100 in
weeks 1 and 2, then incrcase to 110 in weeks 4, 5, 6, and 7, results will occur
as shown in Figure 2-5,

These results are arrived at by following the computation fofmalas
given in the preceding section. For example, the formula for the retail order

-~ each wecek is as follows:

Retail order = weckly sales + {100 — inventory level)
The retail order in week 5 is 120 units, derived from the above for-
mula as follows:

Retail order = 110+ (100 — 90)
=120

We e}e Retall Wholesale Factory

No. Sales Rec Inv  Order Stip Rec Inv  Order Rate

100 100 100 100 100 100 200 100 100
100 100 100 100 100 100 200 100 100
110 100 90 120 100 - 100 200 100 100
116 100 80 130 120 100 180 140 100
110 120 90 120 130 100 150 180 100
110 130 110 100 120 100 130 199 140
« 110 120 120 90 100 140 170 130 180

v '

N D WA

Figure 2.5 “Normal” inventory policy.
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It is quite posubie to compute the results by hand for as many weeks

of operation as desned, 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 analyie twenty-five weeks of
opcration by using the computer model.

Computer  This section presents the data cards requucd as input to the computer pro-
Input  gram. The program listing 1s found in Seclion 2.6.

User name card s the first card in the data deck. 1t s used to identfy

swho is making the analysis and any other idenuification desired. This card v

free field, in that any information may be keypunched n columns 1 1o 40

¥

/ EARERLISE OWE BV KUt HARRLS
L 00000000CQGCCO0COO00CO0GOOU00NGCOO0RBRG00CANRIBYYC VDS
[ I DR I

WO RGHB U UDN ORI DIRL B NN P By

Control card is the second card in the data deck. This card contatns
the number of wecks to be analyzed, which is punched in columns 1 and 2.

i

ed

GOGOONGO000000000000CO00CC0C00D000QCACO0G000CR0CCD00
RS ERE] wna

fulaunpusonenippnuganndunnnsienuidosesnun

Weekly sales cards contain the week number and the rerail sales for
that week. There is one card per week.and the total number of cards must be
exactly the aumber specificd by the controi card.. The week number s
keypunched in columns 1 and 2, The retail sales for the week are in columns
11, 12, and 13, right justified (ihat is, the last d.git 1s aiways in column 13},

o1 10D

UBEGO0200ﬂﬂDﬂOD000BDOUUG00500&000306033000000&&90
SRR ESEEEAEUL LSRN LN LRI UL R LU bl

The complete data deck setup for problem one is shown in Fipure
2-6. Each typewntten line in the figure corresponds to one keypunched dcta
card.

Computer  The computer printout resuiting from the normal reorder policy is depigied
Output  jn Figure 2-7. The fust fine in the computer output is a reproduction of the
information keypunched on the firsi data card. The last linc of the computer
output is information hiom the second data card, the control card. The
notation 25 WEEKS RUN 1s a reminder that the control card specified that
25 weeks'of data weic 1o Le run. I there is Loo bittic weekly sales Jata gr if
the weekly sales data s out of order the computer will print the mesguge
SOMETHING WRONG WITH YOUR DATA and stop processing the pro-

gram. k
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EXERCISEL Onk BY ROY HARKRIS

25
0l
0e
03
04
0%
oo
07
08
oYy
10
11
12
13
le¢
15
16
17
|§-]
19
20
21
22
23
2%
25

iy0
lu0
1l0
110
Llo
il0
110
119
110
1984
l1¢

oY)

Lo
110
11lv
116G
lia
110
110
119
110
ile
il
1l
l1in

Figure 2-6 Computer input—normal policy.

PROGRAM INSYS FOR EXERCJSE OME BY ROY HARR]S

WEEK =ooee=cRETall-=sceenee

NOo

CO~NOTUMEWN—

10
11
12
13
1o
15
l6
17
18
19
20
2l
22
23
&
25

SALES
100
100

130

110
1 1 9\ A ‘3.\
110
110
110
110
110
110
110
110
110

110

110
110
110

110

110

110

110
110
110
110

REC
100
100
100

100

‘120
130
120
100

S0

" 100

120
130
120
100

90

“100

120
130
120
100

S0
100
120
130
120

Inv
100
100

30

AO

L1
110
120
1o

90

Ho

90
110
120
110

90

80

90
110
120
110

90

80

90
110
120

ORDER
100
100
120
130
120
1¢0

90
100
120
130
120
160

S0
100
120
130
120
100

S0
100
M4y
130
120
100

90

25 WEEKS RyN 0.0 0 0

SHIP
100
100
100
120
130
120
100
90
100
120
130
120
100
90
100
120
130
120
100
0
100
120

130 -

120
100

REC
100
100
100
100
100
100
140
184
199
130
30
0
-0
70
180
260
270
200
80
0

0

0

0
S0
190

INV
200
200
200
180
156
130
170
260
350
360
260
140
40
20
100
240
380
460
%60
350
250
130
0

0
90

ORDER
100
100
160
140
18v
190
13¢

3¢
C

0
T9
180
260
270
200
8¢

vaceoHOLESALE®Reouooe FACTORY

RATE
1uo
100
1vd
lug
100
140
14890
190
130
30
0
0
70
180
260
27v
2Vy

3

B Ly L \
Figure 27 'Computer output—normal policy.
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It is quite evident that the so called normai inventory policy is not a very
smart policy. A simpie .ncrease 10 1etail sales to a new level 10 percent higher
than belore has set off uncontrollable fluctuations in the wholesale inven-
tory and in the factory rate. Even though the factory services only onc
wholesalur and one retailer these uncontrofiable swings cause the factory to
compleicly shut down by week 17, Negative riaveniorics, orders, o¢ factory
rates dre not allowed.

By week 25 the situation is stil not in control. The rcteiie; has not
stabilized his wmventory level back to 100 units, tie whoicsaler bas not
stabilized, and the factory 1s going from boom to bust. This cyclic behavior
in the sysiem is the resuit of the fcad times o the system and the “bling”
ordcring policics of the retadler and the wholesafer. The next twa Llioas
consider some methods for bringing this situation under control,

2.3 CONTROLLING THE REPLINISHMENT RATE

The
Replenishment
Concept

This scetion considers the problem of contrulhng fluctuation in the
inventory system through a change in the rcordur policies of the retaiier and
the wholesaler, The basic concept appiied is ‘that of dampening the arapli-
tude of- changc ‘This concept is implemented by changing the reorder policy
to decrease the amount of replenishment of the base stock. The new palicy,
the coniputer oulput, and an analysis of the results are presented here,

According io the old policy, the ieorder formula for the retailer is .
Retail order = retail sales + {100 ~ inventory level)\

This policy says in effect that the reiailer wants to re‘pleﬁish the stock he has |
actually sold during the week. in addition, if sales arc above or Lelow the
base stock level of 100 units he wants to maintain, he wiil order enough to
bring the base stock to 100.

This policy appears reasonabie enough but it is based on the rather
nearsighted assumptions that

—future sales will be the same as this week’s
—stock replenishment s insiantancous

The first assumpuon is obviously risky for almost any tetail opera-
tion. The sccond assumption is obviously not fulfilted n the present system,
The retailer orders on Friday, the goods are shipped on the next Wednesday
and reccived the follewing Monday. Each Friday, the retailer oiders enough

“to bring the base stock back to normal’ even though the goods he ordeied
the prior Friday to bring the base stock back to normal sull have pot arrived.
When the order docs arrive the retailer overreacts by ordering too ijtile the
next time. The net result, as seen in Section 2.2, s that the retatler s never
able to sthbniizc,his order or inventory level, Business cyc!ca may bg caused
by just this kind of behavior.

* QOne way to darpen the swings is to change the replenishment polu.y
to spcmfy that only a percentage of the base stock difference is to be
ordered, Thus we cirange the formula to '

Ketail order = retail sales + (100 = inventory level) {495)
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If we scgA at 50 percent.and thus try to make up only onc-half the
difference, then we can compare the retail order when sales are up 10 110
units,

Old Policy New Policy
Retail order =110+ (100—-90)  Retall order = 110 + {{100 - 90) X 0.5]
=110+10 . o =110+5 .
=120 =115
When sales arc down, to 90 units the result is
Old Policy New Policy
Retail order =90+ (100-110)  Retail order =90+ {{100~110) X 0.5)
: =90-10 =90-5
=S0 =85

The overail 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
to return to normal. The wholesaler may follow a similar policy in ordering
from the factory by including 8 percent in the wholesale order formula.

User narne card rémains unchanged. The new reorder policy is implemented
by’ specufymsz on the control card the percentage value for A (retailer) in
columns 11 and 12, and 8 (wholesaier) in columns 21 and 22.

as 50 ‘ .

-
' Ao

.
60000000000000000CGA000000C002000N0B00000C0000000

Ill 38 llItll|Hl|lllll|’ll|ll”|ﬂ HI)HHHIHHXIXH!JIHHI lllll)l Cllllll!uﬂuﬂ

S50

If the t"eld is left blank the value for A or B8 is set to 100 percent. Otherwise,
A or B may be set from 01 to 99 by the user.

‘Weekly sales caras are kcypunched 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 the
difference in ‘base stock under the new policy.

The computer printout for the new 50 percent reordering level policy which
is generated from these data cards s shown in Figure 2-9, Note that the last
line of the printout includes the input values for A and B specified in the
control card.

The overall result of the new reordering policy is a dramatic improvement in
thc performance of the inventory system.

CoL Ret:ul rcorders match the new sales level within cleven weeks,
Wholesale reorders match the new sales [evel within twelve wruks.
Faclory rate is not yet stable, but appears 10 be dampening out,

Mast significantly, the system is no longer out of control, i.e,, ‘caught
up in uncontroliable fluctuation. The fluctuations have been dampened out
and the system stabilizes itscif to the new sales level,

b

e
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EAERCISE TwO BY ROY HARRIS

S0
100
ic0
L1l
110
g
110
Llu
i
Lio
£10
il
1lu
11¢
il
11
19 e
it
Lie
il
11a
il
41
11
i
i

S0

Figure 2-8 Computer input ~tepicrushiment rata.

PRUGRAM

"InbYS FOR

EXERCISE TWO WY RQY -ARRLS

WEEK wce=voacRETAlermoncans
SALES KNEC

NO o

—
OLE~N~C U &S W™

S
[ AR VR

— o
cuv s

b P
o~

N
nN -

n
e~

26 -

2%

109
106
v
130

16

1140
1ae
1lv
110
11y
110
11y
110

»11v

1l
1ie
19N’
1lv
llo
110
110
1lo0
v
ila
110

1¢0
100
100
100
115
120
118
113
169
109
108
1e9
1i0
il
ilo
il
210
110
110

110

1140
110
110
110
110

TNV
o0
iyo
VS0,
«Ho
23
95
13
9%
104
1ol
99
99
4o
1ap
luo
Ing
ing
1¢0
_100
ing
lug
160
logQ
lug
lug

ORDER
10¢
100
i1y
120
118
113
109
108
108
109
11y
111
1l
110
Y19
il
110
110
110
110
il
110
110
110
110

25 wiEEKS RUN 5% 50 0o 9

SHIPp
109
Joo0
1oV
i19%
120
118
113
109
i0b
lo8
109
ilo
111
il0
10
l1v
110
110
110
110
110
110
1i0
110
iiv

REC
100
100
100
100

100 °

100
123
13m
1a46
134
116

96

84

a2
99
104
118
127

130 .

126
1138
107
99
9h
37

INV
290
200
200
185
165
148
154
156
225
248
254
240
2.4
185
165
159
167
185
205
221
229
226
2lo
201
188

QNDCR
1g0
100
100
123
138
144
134
ile

Go
Bie
ae
9.
104
118
127
13n
1Zo
118
i07
39
96
9r
102
lu9
114

0eoudWHOLESALEpooenows FACTURY

RATE
1vg
lud
1ug
idu
luu
123
134
149
134
116
LA
Bé
B2
Yy
ive
iy
127
130
i26
1lb
iu?
&y
Yo
97
1v2

Figuro 2-8 Computer cutput—replenishment rata,
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However, all is still not perfect. There is still a long time lag before
the factory '‘catches on” to the new rate. Morcove,, o stmpie 10 percent
increase 1n sales still causes a 20 percent change in the wholesale shipments
and a 44 percent change in the factory rate. Section 2.4 considers additional
conirol measures for bringing the inventory system under even tighter
control,

Z.4 CONTROL OF LEAD TIME

Lead
Time
Concept

This section considers the problem of controlling fluctuations in the
inventory system through a decrease in the feas ume between the order and
the receipt of goods. The basic concept is to change the icad time required to
resporid to changes in the sysicm. This concept is implemented by testing
the effect of faster delivery from the wholesaler and faster changeover to a
new production rate by the factory.

Under the “normal”™ system setup the two basic lead times in the system
were (1) between the order and receipt of goods by the retailer, and (2)
between the order and receipt of goods from the faciory. These were as
follows:

Retailer normal lead time

Order on Delivered on
Friday week 1 Monday week 3
/ Wholesaler normal lead time
Orderon - Change rate Dciver gooas
Friday week 1 Week 3 Monday week 4

The effects of these lead times are clearly seen in Section 2.2 when
the retailer reorders every Friday to make up goods that have previously
been ordered. In effect, he makes a double reorder for the same goods. In
addition, the factory takes seven weeks to begin to respond to a change in
retail sales.

In the current example we will consider the effects of decreasing this
lead time. The new policy is to work the wholesaler on Saturday in order to
dehver Friday-afternoon orders the very next Monday. Thus

Retailer decreased lead time

Order on Delivered on
Friday week 1. Monday weck 2

Similarly the lcad time for the wholesaler may be changed if the
factory can shift to a new production rate without a week lag and if the
factory ships over the weckend.

Whole.%a/er decreased lead time

*Order on Change rate Delivered in
Friday week 1 week 2 week 3

1
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The user name card is the same as that in Section 2.2. The change in
the lead times 15 implemented in the computer modei by two fields in the
control card. A specdup of one week in the wholicsaier deliverics is accom-
plishcd by placing a 1 1n column 31 of the contirol card. A speedup of one
week in the changeover of the factory is accomplished by placmg alin
column 41 of the control card.

The control card now reads

[=4) 50 50 i i

P Y
-

00
K

6050C00C000R000000000800000008000303
t

Illll\llllllnll lH ]ll I 'Ilhlllllll?h nuuunuuqnu
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‘u
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tge
l_1'l

(AR}
L

The weekiy sales cards retain the same format,
The comiplete datu acei sctup to test the effects of the deciease
lead time is shown in Figuic 2-10.

The cemplter printout with jead time decreased 1s shown in Fi e 2411

The result of the new icad time policy is a further improvement in the
overall performance of the inventory system,

Retail ordets match the new saies rate within five weeks.

EXERCISE: THREE BY ROY HARRIS .
25 S0

50 1 1

01 100 : .
02 190 .
03 lln
04 . ilp
05 e
06 1o
07 lly
0B 11
09 ile
10 11y
11 11y
12 11
i3 ile,
14 i1r
15 1984
1% 11

IO Y

yooo
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REFERENCES

" PROGRAM INSYS FOR gXgRCISE THREg HY ROY HARRIS

HWEEK ===e=ceRETA( ~~eceroee goacadHOLESALEvonoooese FACTORY
NOo SALES REC INV  ORDEKW SHIP REC INV ORDER RATE

1 100 100 100 100 100 100 200 100 100
2 100 100 1v0 100 100 100 200 100 1v0
3 110 100 30 115 116 100 185 123 10
4 110 115 95 113 113 100 173 126 123
5 110 113 98 111 i1l 123 184 119 126
6 1l¢ 111 99 111 111 126 199 111 119
7 1lu 111 99 110 110 119 208 106 1:1
b 110 110 100 119 110 111 209 106 106
3 Tio 110 lo0  1ito 110 106 2065 107 166
16 110 110 l1a0 110 110 106 201 110 197
11 110 119 100 116 110 107 198 111 1iv
12 rlo 110 100 110 110 110 198 111 il
13 110 110 100 110 110 i1 199 111 11l
14 1lv 110 100 110 110 111 200 1o i1
15 110 110 lno 110 110 111 200 11 110
16 110 1io 100 110 110 110 201 11y 11
17 110 110 l1u0 110 110 110 200 11 110
16 110 110 100 110 110 110 200 1lu 1190
19 110 110 130 110 110 110 200 110 110
20 110 110 100 110 11v 110 200 110 110
21 11¢ ‘110 100 110 110 110 200 110 110
22 110 110 100 110 110 110 200 11¢v 11y
23  1lv 110 1lgo 110 110 130 200  1i¢ 110
24 1i0 110 100 110 110 110 200 110 110
25 1100 110 loo 110 10 110 200 1li¢ 110

25 WEEKS RUN 5C S0 1 1}

Figure 2-11 Computer output—fead t:imes.

Wholesalcr orders match the new sales rate within eight weeks.
Factory rate is set to the new sales fevel in nine weeks.

_In addition-to cutting response lags down, there is less fluctuation in
the inventory levels. !

A simple increase in sales of 10 percent causes a 15 percent cha. ;¢ i
wholcsale shipments, down {rom the prior 20 percent change. Also, the
factory rate changes 20 percent, down from the prior 44 percent. Thgs, 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 model
before it would approximate the real world. For example, customers are
never so kind as to provide such nice uniform retail safes. Hence, the user
might want to, try his hand at controlling the inventory system if ratail sales
were to randomly ﬂuctua}e between, say, 80 units and 120 units in any
given weck. - '

N
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2.5 INSYS DATA DECIC STRUCTURE

(93

Control Card’
Card  columins
1,2

11, 12

21,22

31

41

tory Control, Englewood Cliffs, N,}.: Prentice-

e puion
A
[
// Additional data sets
Ve o
e

V.2 1
wook Sales

Weekly sales card |

Control cord

Usar name card

Format

12
i2
H
i1
0l

ftem

No. of weeks . .
Peccentage vaiue for retailer
Percermiage value for wholesaler
Wholasaler tead time

Factory lead time
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INSYS PRCGRAM LISTING

. PROOKAM INSYS
INVENTORY SYSTEM CONTROL MODEL
COPYRIGHT 1969 BY ROY U HARRIS
THIS VERSION FOR IBM 360
UIMENSION ALPHA(10) '

READ AND PRInNT STUDENTS NAME CARD
Ml =5 '
MO = ¢
READ (MIv26) AQPHA
WhITe (H0.27§ ALPHA '
READ CONTROL CARD AND' INITIALI/E
HLAD (MI,28) Ne IRe IWy LWo LF
IF (1K) 24203

A B Lol

6O TU o

A = [R/7100.

IF tiw) Sebvo

B = el

60 70 7

b = IW/100¢

RI 100

RO 100
_®YS 100,

wi 2000

wi2 = 10U

w0l = 1000
FR = 1000

$unu

PRINT HEAUDINGS FOR wEEKLY' OUTPUT
BRITE (MOs28)
WRITE (M0539)

START OF VO LOOP THROUGH WEEKLY COMPUTATIONS
VO 24 1 = 1y N

HELAU AND'CHECK DATA CARD CONTAINING wEEKLY SALES
HEAD (MIv317 KWEEK» 'SALES

IF (I=KWEEK] #1848 > :

WITEL (MOe32) '

w0 TU 25

TUMPUTE RETAIL INVENTORY LEVEL AHU ORDER
KREC = WS

RINV = RI+RREC=SLLES

IF (KINV) 10410911

HINV = 000 !

KUORD = SALESs((13i.0=RINV)®A)

IF (HORD) 12+12¢}3 :

HURD = Qa0 '

SET wHOLESALE DELIVERY RATE FROM CONTROL CARD
IF (Lw=1) 15414915 .
wihilP = RORD '

LO'TU 16, '
wHHIP = IRO e BV

~CUMPUTE wHOLESALE INVENTURY LEVEL AND ORDER
WwREC = ER ‘

WINV = HI°HR5C1HSHIR
IF (WINV) 370174318

B n)

I1B#

18M

[

16M

.RBH

=

=3

=

D PP LB LR DD P P> DD

et P B

-3

PP

PP PEPDPIDPD DD D>

LI - C L O ~T U & -

L e

e v
o v s
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-

1¢
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4
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17 WINV = 0.0

i WwORD = WSHIP+((200.=WINV)¥B)
IF (WORD) 19,19020

1y HURD = Q.0

SET FACTORY RATE FROM CONTROL CARD
20 IF (LF=1) 22,2122
21 FRATE = w0}

50 T0 73
ée FRATE = wo2

PRINT OUT CURRENT yEEK RESULTS
23 WRITE (M0Oo33) e SALESy RREQ' RINVy; RORD; wWSHiP, wWREC, WUINVe WORD,

1 FRATE

UPDATE ORDLRING aND FACTORY RATE FOR NEXT wEER
hl = KINV

RO = RORD

LS 8 wGHIP

Wl = wWINY

w02 = wW0j

W] &8 WORD

FR = FRATE

26 CONTINUE

oo

PRINI CONTROL CARD VALUES ‘ :
WRITE (MO#34) No IRy IWe Luwe LF
25  CONTINUE ;

i}

L0 TJO )} ¢ . K

< : . M

c s

c .

26 FORMATY (10Ad)

27 FORMA T {IH19I8RPROGRAM INSYS FOR 51044)

24 FUSMAT (12e9X01298X01208XeT1+9Xs11)

29 FOMAT (3UHOWEEK e=ewvswRETA] enoesevea
1 3uHesoeoROLESALERDOOUR2S FACTORY) ’

30 FURMAT {IH +36HNO,  SALES REC INV  ORDER snip
1 23HREC INV |, OROER! ‘RATE)

31  FURMAT {1208X4F3, .0, )

32 FURMAT (38 COMETHING WRONG WITH YOUR DATA}

33 FORMAT (lH o1244F8,01F7.013F0+09F740) R

3o FORMAT (leigoice} 6N WEEKS RUNs4I3)
END . .

PR TP P> PD

P PBPRDDPD > BLBPDRPDEPEDLEDDL R
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a m‘ouu for inventory ordering policy -
compues the most economical inventory orcer cuantity under a
varicty of conciions, including price discountis, shortage cost and

storage hmitations.

—

A primary purpose of inventories is to decouple production from consump-
tion. Inventories arc goods WhICh ,may be used as a hedge against uncertainty
in demand or as a buffer for producuon fluctuations.

The. ‘replen/shment of inventories is the topic of th:s exercise. We

“describe an elementary, but fundamental, inventory 'replenishment model-

the Economic Order Quantity (EOQ) model. In Section 3.1, the develop-
ment of the basic EOQ model is given. In Section 3.2, the basic EOQ model
is extended to include a real world phenomenon: quantity price discounts,
In Section 3.3, the basic model is modified-to incorporate shortage costs.
Consideration of storage limitations and their effects upon the order quan-
tity dec'slon are the subject of Section 3.4. - - -

The rational basis for deciding how much, if any, inventory to hold,
and to order, is an economic basis There are costs associated with hoiding
inventory in stock, e.g., nsurance, taxes, interest on‘capital, and so on.
Converscly, there are COSI.S 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 inventorics, e.g., paperwork and material
handling.

The intent of lhns exercise is to allow the user an opportunity to get
a feel for the effects of changing paramctric values in the basic economic
order quantity .-formulas. Hence, the reader is encouraged to condugt sens-
itivity ana/y.ws on each parameter in the EOQ formula.
(Y

P
A NN

3.1 ECONOMIC ORDER QUANTITY‘ o

v

' This section introduces the basuc Economlc ‘Order Quantity, (EOQ)
model It'also describes in detail the data cards requied for the ac\,ompany
ing computcr program and the computer output.

43
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Figure 23-1 Inventory level and usage pattern for EOQ model.

A basic assumption of ihe EOQ modei s that the consumpiicn of the
mventory i1s constant over time and that it s possible to replenish the
mveniony on very short notice The quantity in inventory at any point in
timye, for this arcumstance, is shown in Figure 3-1. T he basic £0Q model
aiso 3v5Liey N0 quantity price disccants and no backorders.
; In this “sawtooth” usage pariern the inventory is consumed over
time unti it is deplcted, {1 is then wrruntly replenished {straight vertical
i line}, and the usage continued, ' -

The rational basis for determinming inventory levels is to balance the cost of
holding. inventory agamnst the cost of not holding inveatory. In'the consump-
tion situation described above, the types of cost for holding \Lthe inventory
are fairly abvious. Storage must be provided for the inventory and the
inventory raust be financed. , —

' The cost of not holding inventory may not be so ob\%lous. Since it
was assumed that the inventory was easily and instantaneously obtainable,
then there .is. no cost attached to being caught short. Ho{‘wcvpr, fike a
housewife who goes to the grocery store three tumes each day:16 purchase a
single meal, there is a cost attached to procurement of the inventory, Not
holding inventory may4cad to very high procurcment cost.

The issue in the economic order quantity model 1s to deterpune how
much inventory to order each tume. The cost of procurement: per umit goes
down if more is ordered cach time, but the cost of holding inventory goes
up. Figure 3-2 shows a graphic reyoc<entation of these costs as they vary

with the, size'of the order. The totai ¢, zimental cost of inventory s shown

as the top curve on the graph in the figure, . ,

‘Total incremental cost = holding cost + ordering cost

The best inventory policy 1s to order the amount of inventory each time
which yields the minimum total cost. This "correct quantity” to order is
.calied the economic order quantity (EOQ). g ’

The following definiions and variables will be used in deriving a
mathematical expression for the EOQ. '
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Cost $.
Total incremental
,cost

Cost of holding
inventory

: ' Cost of ordering
' inventory

: 3
Q0 Qo Units

Figure 3.2 Costs of holding and crdering inventory. '

Holdlng cost = (avcmgc inventory J X (unit inventory holding
— \cost'per year)
e =AY KAPKFH)
" where Q= Guahityordered
F = price per unit
FH = annual unit holdmg COst as percentage of the unii price

! Order cost = (numiber of orders pei yearj X (cost per oraer)

| ( )xwp)

where R= annual requirements in units, level demand -
Cp = procurement cost (includes costs of paperwork,
' handling, etc.)

Cost of inventory = (unit price) X (annual requirements)
oo L =(PX(R) ‘
Total cost = holding cost + crder cost + cost of inventory

QXPXFH RXCp

Total cost =

3 2 + PXR
. . XPXFH RXC
Total incremental cost = Q 2 + = QCp

Solving for the economic order quanuty Qo by algebra: the minimum ppint
on the total |ncremcntal cost curve is where the inventory holding cos: and

the, procurement cost curves intersect. Where ey m.c.scct they musg be
. equal Thcrcfore at Qg

3 (P X FH) =(§> cp -
Clearing denomanators
AP FH) = 2(RICp

!

i

P X FH Ny ;

‘ 2RCp .
2 ‘ /

=§' PXFH'

y Y
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Problem
One

Computer
Input
~—Problem
One

Solving for Q by calculus the minmuwm point on the total incremential cost
curve is where the fust derivative equals zero, Taking the first detivative with
respect 10 Q@ and setting «t ecqual to zero:

0 = (PXFH)2=(R|Q?)Cp
(P X FH) .. RCp :

'

It is a sirmghtforwaird matter 1o find the cconomic order quanuiy {(EOQQ)
and the totalunventory cest (7C), when the valuces for R, Cp, P, and FH are
known, For example,if

1y

oK. 1600 umits (total annual usage)

CCp =.$5.00 {cust of one procurement) .
#=3$1.00 {unit price of product)

FH =0 10 (umit holdmg cost per year as percentage of priee), then

o 2'7?636 X 5.00 .
Qe TEoxor
Q =‘4OO units .
K ‘ 400 X 1.00X 0.1 1600 X 5.00
Total cost(7C) = p + 200 + 1.00 X 1600
7C = 20.00 + 20.00 + 1600.00

' 1 o TC=4$1640.00

"This computatnon is not too tedious to do, if there.is only one.-
rlowever, when, there'are many alternratives to test and when more compli-
cated formula= are required, then a compujer program is a great gomputa-
tional aid. The'next section introduccs the data input and computer output
for the simple example shown above. In following secnons more complicated

problcms illustrating the use of the computer program will be prescnted.

Before dcscnbnrg the data cards, several comments will be made pertaining
to the program ntsclf The user should keep these comments in mind when
using the program.

The program is applicable only to a fixed-order-quantity inventory
system, and all quantitigs in the program are expressed in annual amounts or
rates. In the'case of R {annual 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 lmputs 1o the same
time scale,

Although 'the figure available for inventory holding costy is often
stated as an annual cost per unit, this program requires that holding costs be
expressed as a perceniage of the unit value of inventory.

To run the economic crder quantity computer model, only jwo cards
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are required: (1) the user name card, and {2) the “dara” card. When multiple
problems are batched together, a new name card is required for each
problem.

The wser name card may contain any identifying information {such
as the users ndmc) which s desired. This identifying information is key-
punched in the first forty columns.

_MAGGARD EO0 FROBELEN ONE

0000000ODGOUD00000OOUB'JUUOBUO'EO‘UG‘BUDGUUUGUGﬂ30000
R R e R R T L L A e D P VLR R

The data card contains the numerical data for the economic order
quantity computation. Columns 1-5 contain the.annual usage requirement,
and “the ordering cost is punched in columns 6-10. The holding cost,
expressed, as a percentage of the unit pricé, is keypunched in columns 11-15,
and the unit price is punched in columns 16-20.

/’loun 5,00 08,00 1,00

\

[ AR I AR O JHCJGUOJUUﬂONHJD‘JOOﬂﬂ00000000000

i
ll’ ll PRI RTIVIRE B I o E Y \.ll"l:;H"‘Alll4'"4I'll)“u‘l' *3 4y

-
-~ <2
-
- s

bt s me s — -

Tie user name 'card and the daia ¢ird are the only two ca:ds
requnred A tisting of the two casds winch produced the outpui shown in the
next secuon is shown in Figure 3-3. -

MALGARD “E0u PROULE 1 ONE
1oU0,5,V0 vo10 1,0u ;

.\"‘"‘.

anure 3- 3 Cmputer input—Probiem One.

Computer The computer outpu’ (Frgure 3-4) includes the idéntification information
Output  from the uscr name card and the information specified on the data card.
_Prob(l)em Below th;s, the program piints out the quantities calculated n the program
" These are (1) the optimum oider quantity, (2) the total‘inventory cost, (3)
the number of orders to be placed unnually, and (4) the unit pr:ce 3t the

order quanmy determmcd

' [N

3.2 PRICE DISCOUNTS '
: . When dlscussmg the economic order quan[uy modcl in Section 3.
it was notdd “that"the basic model 2ssumes no quam iy price duscoums

Howecver, thc basnc EOQ model may be C\tcndcd to inciude price dlscqunzs

PROGRAM EOu FOR MAGGARD E0Q PROBLEM ONE { T
INPUT U“ATA XS bootoawcena B
L YR ep £H Pl s 81 P2 82 P3 W
1600 5.00 e300 1,00 0 0 0 0 0 0
ANALYSIS RESULTS ARE oooa ’
UPTIMUM ORUER GUALTITY IS 40040
AT-A PRICE PER ITEM OF ‘ - w levo
vxeLDxNG A' TOTAL INVENTORY COST OF 1660500
WRERE THE NUMMER OF ORDER CYCLES PER YEAR IS 4edd .

Figure 3-4' Computer output~Problem One. .
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The

EOQ Model
-With
Price
Discounts

f

Sample
Problem
Two

Solution
for ECQ
with Two
Price
Breaks

this section,

Cost
s t
Total incremental cost
{two price breaks)
folding cost
' . , e (1wo price breaks)
/l// .
e Nedering cost
e { |
0 LU b2 Units
Figure 35  he cfiecis of price discournis on the economic order quantity.

Inasmich as price discounts do happen in reality, the

as mput varnanies,
extinsion ol tiie ZOG model (o include price discounts wiil be the supject of

3

T
1

the user shouit noie that in the derivation ¢/
the EOQ mode! ihe price oo uml (P affccis the holding cost (Qf2) X
(PXFi1), but not the oidening costs, Nevertheless, if pl;C(’ discounts are
introduced as varables, they will influence the total incremenial costs (7/C).
The effects of price discounts are graphically illustrated in Figure 3-5.

" The addition of ihe guantity discounts 1o the economic order quan-
iy model makes'it somewhat more difficult to obtain a $olution. It is not
possiole to find directly the lowest point on the Total Incremental Cost
(7/C) curve shown ia Figure 3-4. The generai approach used is to Invesiigate
the 'T/C curve at cach price break. in addition, the cuive must he analyzed at
different points near ine price breakgiving the iowest 7/C o see if an even
better soiution can be found. Problem Two ilustrates this general search

Referrmg o Seci

y

' solution when price discounts arc'to be considered.

*

following’ prsce d| connts if one OI’OC-S 0 lm sizns of 21! WQay = 3u0) ihie
price will be 5790 uail ‘—“,v, {one orucrs Guantisy 32 (332 = 2000), the
prises wady be 0 80 unen (). 5

1

Fiist e.alealate D LT T it s e than QH toen arect Qg I it is fees
tan Qe omen gsing O 3) s infeasibie,

Neae, cnculate @y using Py, IF Q; > Qg tnen ordcr Qs

If (/- 15 less than Qg, but greater than Qg,, i.e., Qg; < Q, <Q 51,
then compare 7C, with TCg,y.,

KTC, > TCy,, then order Qaa.

f
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If TC, < TCg,, then order Q. . g

If Q, isless than Qa1 calculate Q.

If Ql > le, then comipare 7Cg, with T7Csa.

if TCgy > TCy,, then order Qg,.

If TCq, < TCg,, then order Qg;.

If @, is less than Qg,, then compare 7C, with 7Cg,; with 7Cg,.
Order the quantity corresponding.to the minimum total cost.

2(1600)(5.00)

20200 = 447.2 (using P
3 0.80{0.10) (using P3)

Since Q; < Qg 3, calculate Q, using P,.

_ JEOSOER _
@ _W 421.6 {using P3)

~ Since Q, is less than Qs; {2000), but greater than Qg, {300), we
musi compare 7Cy with 7Cg4. '

_ (0.90)(0.10)(421.6] _ 1600(5.00).

7C, 5 26+ 1600(0.90)
= 18.99+ 18.99 + {140
=.$1477.98

1Cor 0.80(0.120)(2000) . 1628(()50.00) + 1600(0.80)

. = 80.00+ 4.00 + 1280.00

© = $1364.00

" TCj is greater than T'Cg,, therefore, order in quantities of 82(Qp,=
2000 uniis' @'$0.80/unit).

The user name card 1s the first card in the data deck. The deta card for this
example problem contains some additional information. Columns 1-20 arc
the same as described in Section 3.1. The minimum quantity that can be
ordered to:take advantage of the first price discount is punched in columns
26-30 and the unit price at the first price’ discount is punched in columns
31-35. Columns 36-40 and 41-45 contain the corresponding informatipn for
the second price discount. The data card is as shown:
O L1 - L P S AR L 00, .95 2000, 0.8

8000000005000 8G000,300008G0066020000060033205000079
RN L T A S TS R M B R LTS
. The complete computer input for this example probiem is exhibited
in Figure 3-6. v
1

MAGGARD EOU PROBLEM THOy PRICE DISCOUNTS. ,
16005000 uol0 1,00 0 3000 Ue90 2000c0em \

Tl .

Figure 36, 1‘(}ompuler input—Problem Two.
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PROGRAM EOU FOR MAGGARD EOU PROBLEM TwWOs PRICE DISCOUNTS
INPUT DATA IS %oecvovoaccve

. R P FH Py, cs 8 P2 b2 P3 W
' 1600 Sov0 «10 1,00 0 - 300 «50 2000 .80 0
ANALYSIS RESULTS ARE vowe ,
OPTIMUM ORDER UUANTITY IS - . @9V0.u0
AT A PRICE PER ITEM OF DR 080
YIELDING A TOTAL INVENTCRY COST OF . 13066200
WHERE THE NUMHER OF ORGER CYCLES PER YEAR IS ¢, 80

+
|

Figure 3-7 Computer output—Problem Two. L ‘ .

Compuzer Output  The computer printout resulting from the above data is shown i Figure 3-7.

—Proviem Two '

3.3 SHORTAGE COSTS ? .

Just as it is true that in the real ‘world quantity prlce discounts exist,
it is also true that backorders are a reallty By allowing backorders we are
saying that if'an order cannot be filled at this time due to stock >hortages
then as soon as inventoiy. is available p‘“cv:ou‘sly‘unflllcd orders, i.e., back-
orders, will be the first orders to be filled, However, in an inventory sysiem
allowing for backorders {scc Figure 3-8) a shortago. cost is usually input
relating to the backorder quantitics. Genesally, this shortage cost consists of
costs due to (1) possible lost sales due. to stockouts, (2) decreased customer
salnsfacnon (3) additional costs associated with rush shipments, and so on.

laven- |
tory
ieves
B {mex’ _--.—I r\
, ‘
‘ <
« LY
. ' * Positive \
nventory .
balances . o
0 \ , time
4 4 I ‘
Backoruer ' | ' ! !
quantitics )
t; = ume duning which 3 = time during which there
there are positive are inveniory shorlages

iventory balances

Figure 3-& An invent;rry system veith {Q — /.. ) backorders allowed.

'
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The basic EOQ formula may be modified to incorporate shortage
costs as follows:

1. Cp = procurement cost per order {(unchanged)

P X FH)I.
2. L—-M ¢, the holding cost of the posrtive inventory

2 balance during time ¢, (¢ is on an annual
basis, i.e., t = a fraction of a year).
Since £, = /o /R, this becomes:

(P X FH)I? max

2R
-/
3. Cs-(g—mair, = the shortage cost of the backorders during
' 2 tme ;. Q-1
- Since t, == % this becomes:
R
-/ 2
Cs Lq—-1di- where /o = maximum level of inven-
2R tory and

Cs = shortage cost.
Hence, the total incremental cost for one cycle, t; + z“,:, of an inventory
system which allows bachordes is

Co+ (PXFH) (P yux) + Cs (Q =/ max)?
2R T

The annual fotal incremental cost is now obtained by multiplying the above
equation through by the number of orders placed per year, R/Q:
e RXCo 4 (P XFH) (12 an) +Cs (Q = lonae)?
N 20 29
To determine optimal values for Q and Imax , take the partia

derivatives of the above equations with respect to Q and /pax , equate to
zero and obtain

_ [2RG [PXAN<Gs
Q=NBxXFH X G
/ _ [ 2RCp % [ Cs
max ‘\/PXFH . (P X FH) + Cs .

_ [2APXFHIRCp \/ Cs
ric. = * NPXETG

However, if either Q or /., is constrained, their respective values are
obtained as follows:

TIC

.

1. When Q is constrained, ‘or example, fixed at price discqunt
" quantities, then /o, 15 calculated as ‘

/= CsQ
max T CH+ CS
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2. When /i, is constramed, for example, limited by storage con-
straints (sce next section), then Qs calculated as

Q" \FCPR"(PXFH)’max+CSI:13X \I\

Cs g

Sample ' This problem is basicaily the same as Sample Problem One sxcept that
= Pmb}:cm shortage costs (Cs) arc included. In this problem Cs.=:$0.30.

Three 0
‘ . /(100.X 0.10) + Q. '
o =\/5T600) 500 o /"oo 010)* 039 _ 400(1.154)
/760 0,101 \ 030 |

= 451.88 units

'

- \/"} ’l 4 : X‘ :“ ". 0»36-‘
7/C = \/2(5.00) (1.00 %.10)1600 TO0X0T 030
T~ = 40(.866) = 34.64 |
7C (1.00) (1600) + 34.64 = $1634.64

-- 1

« The rcader should note that the cffect'of mcluding shortage costs is
to increase the size of Q. This is becausé the annua Vinveniogy holding costs
are smaller ‘due to the smaller average inventory. In addition, the total
incremental costs (7/C) are less than in ‘the classical modc} because both
holding costs and preparation costs are lower. {This may: be verified by
camparing the results of this analysis with those from Section’3. 1 )

Computer The data card - for this exampic problem. follows the.same general form
Input  outlined previously. One additional data ‘input is n»ccssary The shoriage
=Problem: 50 0f $0.30 15 punched in columns 21.25. '

Three o
/7 L600.S. 00 0Ll 1.00 0030 \
§ o N
. 0000000005050 802 uduunouonnonnnauuunuo 000600002
ll!l _I u.l_l_

a1
l— L] ll1|III|1I|lﬂllllllll})ﬂ"]ll1}75"""‘Hll””)‘ﬂu“u})lllllll)u

The complete computcr mput is shown in Figure 3-9,

MAGGARU EOu PROBLEM THREE, SHdwipeafdosr
160045000 UelO 1400 0030 .

. v .
N , o

%

Figure 3.9 Computermput--ProblemThree‘.‘ R )

The computer printout, using this mhut, is shown in Figure 3-10.

->—

PROGRAM EOW FOR MAGGARG EQQ PROBLEN THREE- SHOR.AGE cusT
INPUT DATA 1S ®veenvodnwe

R cp FH Ay cs Rl P2  ©2 P3 Y
1600 SIUOQ ‘e30 " 1400 30 0 9 0 1} [\
ANALYS1S RESULTS pré vooa - ' ,
OPTIHAUN OKDER QUANTITY IS, . 4b1+88
WlTH CPTIMUM. INVENTORY OF - Jades)
AT A PRICL PER ITEM OF 100
YIELGING A YOTAL INVENTORY COST OF 163404

WHERE THE NUHAER OF ORDER CYCLES PER YEAR IS Jeab

\

Flgui'e 3-10. Computer output—Problem Thtea‘.‘

i

L

T
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3.4 STORAGE LIMITATIONS

Sample
Problem
Four

Computer
input
—Problem
Four

Computer
Gutput
—Problem
Four

In this section, an additional constraint of maximum storage himita-
tions, either i in terms of available warehouse space or available caputal will be
placed - upon ithe basic EOQ model. This 'is intended to be gn illustrative
example of an additional type of constraint which may be {and in the real
world"is) impased upon the basic EOQ model, By incorporating this added
constraint the reader should get some additional insight into the problems
that face' management when determining what 'quantities to purchase from

suppliers.

This problem is basically 'the same as Sample Problem One except that the
additional ‘constraint of maximum warehouse space avatlable (W) has been
imposcd

In this problem, W = 100 units, From Sample Problem Onc, Q =400
units, but since W << Q, the order quantity must be Q = W = 100 units,
ln this problem, the cost of the limited storage constraint is 7Cpe0p 1

-TCW
e, = 100 (1. 00) (0.10) _ 1600(5.00) 1600(1.00)
2 ot 100 \
=5+80+ 1600 = $1685.00
Costy = TC - TCW—$164000 $1685.00 = $45.00

4
¢ ,

The data card of the above example preo: lem follows the same form as
outhined | prcwously, wurh one addison. The maximum warehouse space
available, expressed in units, is keypunched in columns 46-50, The data card
iooks;like this: ‘

Lo, 5. 00 0.1“ 1.DD I, e i, U, . 10w,

ﬂuﬂﬂﬂ»ﬂﬁ\u\]juﬁﬂﬂﬂﬂﬂﬂﬁ.’]ﬂcﬂﬂﬂUOUDL‘ﬂ000000000000000000

w‘\| 1 ey puR R HEBAREN N NEN !J?)lHH!IJi.JIYu‘ﬁllllllll“l!li”llll

The computer input for this example problem is shown in Figure
311 : k

! L AN

HAGGARUD EOW PROBLEM FOUR, STORAGE LIMITS
1600.5500 u.lO 1 00 0. 0o “Je 0, (18 l‘)OO

y\ul s

Figure 3-11 Computor nput~Praclem Four,

The computer output will indicate whether or not the warehouse constraint
has had an effect on the economic order quantity. if an economic order
quantity has been détermined which exceeds W, the output will indicate that
this has happened. -

,' Furthermore, on the output.will be a statement to the effect tha} if
the warehouse restrictions are operative, the order quantity determined may
not be optimal. Suggestions are madetor a method to determine the optlmal
quantity if this restraint is present. The computer output is shown in Figure
312,

J
2
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PROGRAM £0U FOR MAGGARD {00 PROBLEM FOURs STORAGE LIMITS
INPUT DATA [S euodcococcan .
R P FH Pl CS Ay P2 VB2 P3 W
1600 5,00 .10 1.00 0 0 0o 0 o 100

ANALYSTS RLSULTS ARg w2ow ;
BEFORE THE WAREHOUSE 'STORAGE LIMITATION IS APPLYED

OPTLIMUM GRUER QUANTITY IS 40000
AT 4 PRICt PER YTeM Of- ‘ 1«00
YIELOING A TOTAL INVENTORY COSY OF Lubled
wHEPE THE NlJHrJER OF ORLER CYCL"‘S PER YLAQ is 4+ 00

. THE ORUER (.‘UANTItY 15 LIMITED B8V THE WAREHOUST S°PHCE
. RESTRICTION AND 1S NOT AT AN OPTIMUM, LOOSEN O HE
RESTRICTION AND RUN AGAIN OBSERVING THE EFVFECT,
ANALYISIS RESULTS AR:Z @wde \

t o AFTER THE waFEROUSE STORAGE llMXTATION IS APPLILEL

0P TIMUM ORUER OU‘\NbllY IS , R EE ]

. AT A PRICEL PER \ITEM GF I 1.U0
; YIELOIWG'a’ 'TOTAL INVEWTORY GOST OF Y655.09
» MhERE THE NUMBER OF OROEIR CYCLLS PER YEZAR IS 16000

' 57 Inls ORDER QUANTITY IS AT THE MAXIMUM WAREHOUSE CAPAULITY

Frgure ;-12 : Computer cuiput—Problem: Four. l
" To conclude sur discussion of economic order quantiity inodeis and,

in pamcuur ihis computer model, we would point out:

- 1. that the model 15,.tn its ,)rcscnt form, hinited 1o only two price
breaks. .

2. the inclusion of shortage costs certamly complicates the storage
’ hmndt.on problem. In this model, when backordeis and storage
o hmitano.xs are Inciuded in the sar,; e problcm the assumption is made
that the backorders are instantancously filled and that the siorage
hmntauon 4V is a constraint upon Ima and not upon Q. The user
lﬂUSL remember thethf /mu 15 constramcd by i then neither Q nor

lmax will be optimal, ' "
. 0 3. this, model wilt solve p'obl»ms mdur’lng one or ail of the con-
! ‘ Uostraipts p:evnously duscrlbed‘m & sm"!e problern. appreciate this
' o fac[ thc-rcader may wish to <o.ve the foijowing prob em manually
- dRg then by the use of mc herem descuoed EOQ model.

. " Dota , .
- R Cp FH Py C Bl Py .82 Py W
+ 1600 5.00 0.10 1.00 €.30 300 0.90 500 0.80 350

. A
s

REFERENSES ' Bowrnan E "H., and R. B. Fetter, Anaiyvs for Productioh and Opﬂm.mns Management,
: © 3d.ed., Homewood, Hil.. hwin, 1967, - .
Buffa)'E:S.; Moder Production Management, 3d ed., New York: Wilev, 1959,
\meme yOverations Manggemcnt: Problems and Models, 2¢ ed., New York: Wiley, 1968 .
wmeeProdultion-lnventory  Systems: Flanning and Conirol, ilomewood, 1.t drwin,
© 1968,
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Eilon, S., Elements of Froductior: Manning and Control, New York: Macmitlan, 1962,

Faorycky, W. J., and P, E. Torrersen, Operatrons Economy  Industrial Applications of
Opcrations Rescarch, Englewood Chffs, N.J.: Prenuce-Hall, 1965.

Garrett, L. )., and M. Silver, Production Maragement Analysis, New York: Harcourt,

Brace & World, 1966. )

Hadley, G., and T. M. Whitin, Analysis of Inventory Systems, Engicwood Cliffs, N.J.:
Prentice-Hall, 1963, )

Hopeman, R.' }., Systems Analysis and Operations Management, Columbus, Ohio: Merrill,
1969. ‘

Magee, J. F., and D. M. Boodman, Production Planning and Inventory Control, 2d cd.,
New York: McGraw-Hill. 7907,

Naador, E., Inventory Systems, New York: Wiley, 1966.

Qlsen, R. A., Manufacturing Muriagement: A Quantitative Approach, Scranton, Pa.:
International Textbook Company, 1968.

Plossi, G. W., and O. W. Wrizht, Production and Inventory Control, Englewnod Chiffs,
N.J.t Prentice-Hall, 1967.

Riggs, J. L., Production’ Systems: Planning, Analysis and Control, New York, Wiley,
157G.

1

oo
( Data card

i, 1

User nama card

- 1
/ Additronal data sets “
!

‘I

pr—mr
-

Card
column Format Item
1-5 FS.0 arnnual usage requirement

6-10 FS5.0. ordering cost
1115 F5.0 holding cost
16-20 F5.0 unit price
21-25 F5.0 shortage cost
26-30 F5.0 minimum order quantity—first price discount
31-35 F5.0 unit price—first price discount )
36-40 FS.0 minimum order quantity—second price discount
41-45 F5.0 unit price—second price discount

46-50 \ F5.0 max:mum warchousc space avaiiable
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3.6 EOQ PROGRAM LISTING .

PROGRAM EOQ
ECONOMIC ORDER QUANTITY MODEL

C
Ceo
ce

ce

c
i

¢

c

<

COPYRIOHT ROY N HARRIS OCTOBER 1970

THIS

VEHSION FUR YHE IvM 360

R = ANNUAL USAGE REQUIREMENT. LEVEL DEMAND

cP s
FH
Pl
P2}
PL3}
Plu}

CITS,

Pits

CUST OF ONE PURCHASE ORLER .

ADLDING COST AS A PERCENTAGE OF UNIT PRICE .
5 PHICE OF EACH UNIT HEFORE DISCOUNT P(1)=P1 '
PRICE, OF EACH UNIT AT FIRST ULISCOUNT BREAK PUINT

PRICE' OF EACH UNIT AFTER FIRST DISCOUNT P(3) = P2

& PRICE OF EACH UNIT AT SECOND DISCOUNT BREAK POINY

s *RICt’ OF EACH UNIT AFTER SECOND DISCOUNT. P(5) = P3

]

‘2 e ]CE OF EACH UNIT AT WAREHOUSE CAPACITY RhSTRAINT

ECTHs ¢LONGMIC ORDCR QUANTITY. ' %

‘Hiys
Btz .
Cs =

% "JRST: DISCOUNT. ®WREAK POINT B(1) a B8] ' ‘
r SECOND PISTOURY DREAK POINT B{Z) = B2
51ORTAGE COST,

W = MAXRIMUM WAREHOUSE SPACE AVAILARLE

TCST
ON =

= TOTAUL COST AT EOQ .
'NUMBER: OF ORDEHS PER YEAR AT E04Q

(1) s E0Q AT R(lb

YIRS
50 ()

Q02)
Qi4)

= £0Q AT P31

= £0d dT PN

3 B et "
= (2w

Qled= w FORNCS={ Qle)=OPTIMUM ORDER AT ENV(6) = ¥ FUR CS NOT ¢
TCCIY = TOTAL COCSY ' .

M1,
MO;
REAU

READ (Hlv715 ALPHA o A

"TCil) = TOTAL COST AT OUI) AND EnV(D) FOR I =1 TO 6

ENVLI) = HOST ECONOMICAL INVENTORY LEVEL AT €0Q =ull) 1=} T0 s)
CENVIE) = o ‘ B
ENVT = OPTXMAL lNVENTOHY WHEN CS NOT 0

|

.
l
COQOOOQOOQOOVOQQﬂ9000'000909009009#0#0#000“0“000006“09909“QOGODDOOOQGOOO

DINtNSION P(b)o Q(e)\ ENV(o)o TC(M e BI(3)y ALPHALLU)

=5
g b’\‘” ! . . .
ANU FRINT NAHE CARD = @ 0o @« v =« =& o -i- et 0 e e oo oe

¢

WRITE (H0172) AUPHA | . [N [ 0

REAU

A deNT DA“A CARD o‘- @ - L ® bW o % o w " ae - ‘-. > © -

READ (MI+73) Ry Cpm\FHo P(l)o CS. B(l)e P{3}e B(2)9 P(S). W
WRITE (MOo7a).v ‘ K
wRITE ! (MQ:75) | : ) :
#RITE (HOyT6) Re CPs FHy P(l)o CSr:B{l)e Pi3)y di{2)y P(S)e W

- CHEGCK Ut Tﬂh DATﬁ - o ® 0 ® 00 e® e ® 0w e " e oo oo = -
1F | (R} 19p19'2 ' ' :

183
1F,
VIF
CIF
1F .
IF
1F,

(CP) 1%010

(FH) 1?o;9v#

(P(l))\.o 1965

910}, 1941406 , ' 7
(PL3)}.19519+7, . '
(gial)., l?'1698

(ﬁ{2)°8(1)) 19999

THO PRICE BREAKS = = = e« s s s e e e o e e ocwecoeoeseoe

NSEG = 3 st S

1F
If

: -

(P(S)1, 19919011
(#) 19912413 R - 5

w S 1.E25. ) f

B(3) = o ) s :

1F’

(CS) 19+20020

NO PRICE BREAKS = @ © @ © © @ o » o @« © 8 0o ® © » v & - m o ¢ © 0 @

N
o
X

PP PPLPEPPPERPERLEDIPPYI>ERELD P~ P>DPBP P XD S

——
c
P IL

> v PP ED>D >R SR

CQC ~T U &GN~



is

15

16
L7

18

19
2v
21
22
25
26

Ke-)
20

a7
r1

29
30

31

3

33

34
35

36

37
EY-]
k17
by
]
42
)

%6

NSEG = ]
B(l) = 1,825

IF (P{3)) 19,1519

P(3; = P11}

IF (B(2)) 194174919

ONE PRICE dREAK
NSEG =
8(2} =
1IF i1P(S
PL1S) =
GO TV 10

2
1.£25
)
p

(3)

ERROR IN DATA = ©o @ « = o @ ©« @« 8 o @ ®» o

WRITE (MQe7T7)

w0 Tu )
P(4) = P(S)
P(2) = P(3)

17 (P(5)=P(3))
Pigl) = P(3)
IF (P(3)=P({1))
P{2) = Pi})
Pls) = Pzl

- o O B O @ ® o o a0 DT Be W DT GO o W e o

) 19918019

22022921
2649241023

IF (n=H{1)) 28434425
iF (w=Bi2)) 27929026

P{o) = P(Y)
vl TOUO 3¢

B{s) = P(J3}
60 TV 38

Piel = PLLIY
60 TU 30

P} = P(6)
@i{2) = 8(1)
wia) = 8tl2)
wie) = B(3)

IF (C$) 31,31061 ,
SHORTAGES NOT 4LLOWED = = ®w = = = = == =o< > = o«

DO 32 I'= 19 3
o =B 2“[-1
CALCULATE w(l)

W(J) = SQRTL12.2CPeR/(FHeP (J)))

DU 35 1 = 1r 6
IF (W{I)=]1.E25])
CALCULATE TCtl),

I=193¢5

33934933
Is] Tu 6

TCHl) = (CPOR/Q(I)oP(I)OROP(])0F42Q{[)/20)

60 TU 35 .
TC{I) = 14£29
CONTINUE

WO 3061 =19 6
ENVII) = wil}

TEST FUR FEASIIULITY wITH KESPECT TO THE PRICE BREAKS

IF (Uil =Wi2))
TC(1l) = 1.E2%

IF (W(2)=9(3))
IF (ut3)=at(é4))
TC(3) = 1loE25"°
IF (ui(a)=ui5)})
IC(9) = l.€2%

FINU EUG WITh OUT -STORAGE LIMITATIONS

RFlLo = 1

TCST = TC())
LCOVY = QL))
enyT = ENV{L)

L eo I 2 195

39+39,38

409460040

42146204

o
44144943

[

- ® 3 ®™ ® ® o o

w D W D @ O s L oaa @ o o

B EDEPBIPBEEREBEDPD PR EREEFLEBELRLD DL PRPRRPLREPEED D> >D D

> o> P>

'A’ L“
7
3v
ai
8¢
&J

8

fote]
8o
g7
So
8y
G
9}
P4
94
94
9o
9o
g
98
9y
160

[

@



58

COMPUTER MODELS

IF (TCST=TC(I)) 46486945
45 TCST = TC(I)

“ELY = 1

JO0d 2 QU

LayT = ENVID)
&6 CONTINUE -

ON = R/ECOQ’
€ PRINT RESWLTS HEFORE STORAGE RESTRICTIONS
WRIIL

.IF‘

IF

uiliTh
WRITE

IF

51
IF

52
053
IF

54

\1-14125)
[ YEST FOi FEASIBILITY HITH RESPECT TO THE STORAGE RECUIREMINY
VO 53 1 =15 5

(ENV(I)=W) 53153052

TCUIT & 1l.E25

CUNTINUE

(TC(KFLB) =1i.E25). 56-55.5#
HRITE (MD984) !

60 10

< FIND EOQ WITH STORAGE LIMITATIONS
KFLB = )
TSST

S5

{404+ 78)

tre=] E25) Q7948967
wRITe
WRITL
(ts)
viRITE
WrRITE

(MO 79}
(HQs+80) ECOQ
4995 949,
(MOs90) ENVT
(MG¢81) PIKFLB)
(H0e82) TCST
iMd9863) ON.

5191951

TCay - . o

ECOGE Q) ;
LNVT = ENVILY ‘ '

LO 57 1 =

1IF
Se

(TesST-7CLiN
TCST

106
57¢5705b
TC(DH

Ecou= Q1)

KFLB

1 | v .

ENVT = ENV(L)

u

CONTfHUE

ON = R/ECOQ N
C  oPRINT RESULTS 4FTER STORAGE LIMITATIONS

WRITE

WRITE
wWRITt
WRITe
WRITe
WRITE

iF
58
59

WRITE

WRITE (MOsg2}
WRITE (H0983)
{(RFLB=6&1
uRITE
) 60 Tu 3

Cc SHORTAGES ALLOWED
INVI6) a, Qo) e '

1F
&0

61

{M0p85)
(M0 B6)
(MOs8T)
(MOv78):
{MOsg8)

(M09 801 ECOQ

(CS) SB8259955°
URITE (MOvg0)
CONTINUE '

ENVT

{H0s81): PIKFLB)
TCSTY
oN
19604}
{M0+89)

¢ "

.

up 62 1 u 195 2 '

EnVI(L)-

62
00 6%

- e o 9 D o o e o't o oo o

)
» B 0 W O U @ O D e W e -

O w B W W m B W N O @ W W o

aocnna---ncoau—u-m-noocau

,SGRT(?o*CP“RDCS/(FHJP(')°(FH°P(I)OCS))l

J o ge] '

Q1) = SQRT((ZODCPQRQ‘FHOP(II‘CS))/(FH”P(A)“CS"
1812

PrrrPp>»Per PPl PP PLIRRIPEPRPRPEREDPRDPLEDDRD OB > DD D>

125
120
127
128
12y
L3u
131
13¢,
133
13«
135
136
137
134
139
ity

142
1643
1464
145

17¢
173
174
L7s
176
177
178
179
1&6v
181
162
183
16é
132
186



63

66
o5

6o
67

Y]

69
70

(s X e Kol

8y

Sy

IF (wiJ)=1,E25) 64063064

Ny ()

= J,EZ2S

60 TV 65

ENnVIJ)

= (Q(J)®CSI /(P LUIFHCS)

CUNTINUE .
IF (LNVI6)=],E25) 66¢6T7s060

Wwie) =
Lo 7v

1

SQRT(t2.°CP°R-ENV(b)°°)°(LS‘P(6)°rH))/CS’
= 1+ 6

IF (G(I)~].E2S) eu.anbB

TCc(l) = (cP*H/Q(I)an“P(l)“FNV(I)°°£/(2.“Q(I))OH“P(1)°(CS°(QtI)‘cN
1V(I))°"a)/(2.°0(x))) . SR

6O Tu 70 ; '

TC(I) = 1.£25 ¢

CONTINUE '

6O Tu 37

TaBLE OF FORMATS Cos
DY '

FCRMA (4\,»\4)

nn*qnu { Tn.PROGRAM 500 FOR +104A4)

ru;MuT (xx-a.u) K

I‘MAT (20“ INPUT DQTA IS (K- X-X-X-X-F-X:- RN R ) A

FORHAT (ooh R cP FH Pi cs 81 P2 82 P3
1 ;- [T *

FORMAT (1RsFbN34F6.29F6¢005642+F5,01F5,25Fbay)

FURMAT (4eH  ERROR IN INPUT DATAy CHECK aAND RUN AGalN ,;

FORMAT (26HOANALYSIS RESULTS aRE #wos)

FORMAT (5¢H uEFORE !H' hARtHOUSE STORAGE LIMITATION IS APPLIED
1!

FORKMAT ( o7H OPTIMUM ORuER AUANTITY xs.eoxorlo.e)

FORMAT {25H AT A PRICE PER ITEM OF 422X1F10.2)

FURMAT. (37H YIELDING A TOTAL INVENTORY €OST OF »1JXeFl0.2)
FORAT {e7H  WHERE ‘ME NUMBER OF OROER CYCLES PER YEAR IS 9F10.2)
FURMAT (5]1H THE: WAREFOUSE LIMITATION HAD NO .EFFEC) ON THE EOQQ )
FORMAT (54H0 THE ORUDER QUANTITY IS LIMITED BY Tn& wAREHOUSE SPACE)
PORMAT (SonH RESTRICTION AND, I$ NO AT AN OPTIMUM LOOSEN THE

l) L Vi

FORMAT (54H RESTR:cTXON nND RUN AGAIN OBSERVINU THE EFFECT.

i) ' '

FORMAT (60K AFTER ThE JAREHOUSE STORAGE ULIMITATION IS APPLIED

1 )

FORMAT (ouH THIS ORDER‘QUANTITY IS AT Tei MAaXIMUM HAREHOUSE CAPAC
1ITY ) Co ’ :

FORMA®

ENO

(28H . WITH OPTIMUM INVENTORY OF +19XeF1902)

’
[
i

> PDEPLEE>BEEREE RO EEED MBS DD DD DD

.W
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OBJETIVO PINTPAL

' . '
ey L §

Los dix vao de uan proyecto adgiririxdn un enfocque =
. Tay vkl Y p1vc7HO cn CuuntO“COLJCUPOnQL los mctodos CIM Yy
PERT, (CRITICHAL PATH hurPOD Y PROXWUIIARLUATION AND REVLIFY
TECHNIQUD),  para’ plaanzuar Y controla pruvectos complcicn -
de gran lmDOltanCLu, permitiendoles comparax |y cvaluar de uvna
mmera vhpwd“ Y ci;ca; los distintos: pro*ramaq de traL.zJo°
Ademas de ploporcacnar los efectos’ dg* caaa,warnacvon o xcetra~
so en 1oz plancu adoptgdnq Yy con el]o identificar las opcera-
ciones qucrrequzcrch cambto e

' . . . "\, l\ ! \ -

Nou pﬁYmJthoq acoercar & Lodo los'§ue dircets o indi.-
rectamenic Llonen contacto con proycctbo vitales de alguna --
Impresa, Cun'cl qluﬂ de/dumhntur su, gﬁan potewcndl on cuanin
a la pldnlfICdClon, pro ;camacion y. contlol.de los mlsmo

N
i

Trataremos de dnl respuesta’ a preguntas, quo siempre -

suigen cnfre los dlrcct1vbs de un proydctoulw‘

N

P COTO 1dcnt1£1car las act1v1dades que se dhben te
nar do acuordo a lo planeaao ?. o ,

N
- .
) . ‘

S; ol proyccto compuc tqisé$vd?€¢£efminar.@c acuerdo
tamblcn al vrogtama r o :

1
v

(43

,A",L';u O :
Como - rev1npr los avances ael proyectO‘bobf?rmcfpasu
el’ thmpo 2. R '

(W

, L. R . ! N
! "/\",‘ . .«"r 5 .

Rogainos quc sx“nue stxo trabaJo hace nacer on ustcdcs -~
“upa inquiebud, 6e,cmit1ca siempre congtxuckqva, unJ gmou NnuC Se-
tres csfucrzes paraudar conLestac;on d lag" Jntexrogantcu qun
prcfcntarcna | ‘*‘f e

i



ODIETIVOS.. ESPECIFICOS . . -

[

N - £
"

Pu suma ‘el objctlvg gcneral antcs prftaadO es la con
junciodn de los qlgulcnteg objetlvos especafxc05°

l’\.
S . , C
Lo

1, - Informar sobre los antcceden%es del CPd v PERT.'

N . .
.«\ [EARYAY 1
' '

2o = Resaltar ﬂue la dlfPanCl& emtre CPM Y PBRT no
as uubtan01al solo de forma,lformato Y nonbre .

oL, TSN
y P R ‘; R . '

3Qja”\Valorar las ventajas gue nos proporclonaﬁ éstaq
metodou QPM Y. PERT._ L . -
' ' 1!- 5:‘«‘ ! -.l"lr]‘:’t‘lﬂ‘~( “ . B
4, - Ver.! que! elndlagrama de. GANTT PWegenLa serias di,
el ade .para los flnes~de controﬁ en cual~ =

uquler tlpo dc proycho.w o

l f i, [ ‘

N A ‘,, h L

. v ‘ -
S5. = Saber elaborar una tabla de ﬁecucncxas necesa-

‘rias para’ la coord1nac1on dewac&tVLdades dentxo
del proyucto. ‘ ' :
"6., - Dlagramar‘la\;ed 1oglca de actlv gﬁep, apoyan-
;dose en'tablas de- secuenclas.'\'ar\~ R

’e o L -

‘. : ‘ r
7. = Int@rprctar 1a programac10n de. un’ Prﬂgecto con
ayuda‘de CPM y PERT, | owi riov

‘e
' 1

8. - Calcular la‘sqluc1on de una red’ logscg,ﬂe éctif

\V1dades‘por 198 mptodos CPM y PLRToL i

|‘|yr,

1
vt

9. - Llevar al éxito todas las’ ‘etapas de up proycctﬁ
al utlllvar metodo" CPM Y PERT"

,‘ 1
[ " ‘ ¥

10. - Mejorar 1a planeac10n, ﬁrogﬁamnc10n 4 Cﬂntrol -
con-a juda de astas i:ecn:r..c:ab CPH y PERY.

(

i i
[ l



i u-R SSUMEN GEJEPAE Dr IOS MDTODDS EYISmETWFS FARA

A b

PLAN LACION PROCRAMACION X CONTROL DD P?OYTCTOS !

1.1 Diagrama: do Barras:

No es nada, nuevo el saber utilizar el!diagrama de ba- -
«-*» rras,o diagrama.de Gantt, para poder claborarprogramas dc -
trabajo y ejecutar un proyecto, ya que ‘se forma como siguc:

- 1
o e

1

a. - 8e’ determlpan cuales son las actividades 1mportan
tes .deun proyec.toe B  -“ P

-
t

b, = Se aSLgna una estimacidn devtiémpo para cada acti -
Vldaa, Lo e . l( REET ,

{ \ r ' Vo "',’ ' ";'.i-, R ' A
‘ i 'u LS N T )
C.o = Se representa cada act1v1dad par'una ‘recta hori--
zoptal acotada en tlempo° Ve
de = Se hace una. llsta de act1v1dades por cada renglon
y ¢on un c1erto ‘orden de egecucmon se colocan -

=1as barras segun el tlompo efetélvo,g

e, - Se’ convierten 'los tlempos efectldds a una escala
de fechas de’ calcndarlo, y se&hace doincidir el
lnlClO del proyecto con'- esta escala dn fechds ca=
lendarlo. Pl coe R

ST . ﬁ”gw,pwg

do = Se ajustan las posmc10nes € 1las barras repregcn~
tativesl dé'ias act1v1dades, ﬁdMQndo en puenta las
fedhas o, laborables (. dlas dé deucan 50, festivos,
vacac1ones)a‘: ‘ BRI , U

(I . N N -

1 () “. t

Un dlagrﬁma xesultante"sera el dem@stzado‘énfla,f4gurq
s;gu;cnte-“”jgﬁ‘\‘ ‘ !



CRIPCION
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'C.nmo 6

tommea o e

’ ! l i - L = t— -

ACTIV!DAD SR SIS 1 R 2 S y

ACTIVIDAD 2 4 R IR s I Pt Bh I S O
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}

)
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1.2 DEFICIENCIAS AL UTILIZAR UW DIAGRAXA DT GANTT, EN

PLANEACION PROGRANNCION Y CONTROL DE PROYLCTOS.

o

Qo= Existcn problemas para representar la coordina——
c1on loglca de actividades, acreCdnLundoue aun -
mas cuando el proyecto es carplejo.
Al final de cuentas no eslxmzble evaluar el pro
greso sin intervencion contlhua,de1 personal -
prlnc:l.palo ' '

bo=. No se logra por cste método dlferenc1ar 1a planea

,c;on \'g progrdmac1on, Y no es.posiblc ver clara- -

mente que actividades necesitan ser iniciadas al
‘termlno de alguna actividad en cuestidn.

Co= -No se detectan facilmente cualcs son las activi--
dades que en realidad controldn Ja duracidén del
proyecto, ya sea . gue aparentemente todas tienen -
la misma dmporxtancia, ¥, por consxqulente si se. -
(llega ‘a retrasar alguna principal, el proyecto su
fre una descompensacidén con respecito a la dura--
CLon de 1o anteriormente prcgramado sin pepder pre
dec1r este tipo de efectos, ;omandoue a ppco tiem
PO de iniciado un proyocto, medxdaa de acplera- -
cidén del mismo, para compensar e tas def.a.p:encuxs.=

d.- No es p051b1e asngural nlngvna fécha de tprmlna-—
‘c10n de ciertas athVLdades ya ‘que pueden ocurrir
retrasos : 1nev1tahles de condlciOnes de trpoajo, -
clima, etc., provocando muy seInOs problepas,

“—

al

@s= ES 1mportante tamblen hacer notar que el ﬂlagrama
da uantt, tampoco'es recomendahle para distribu--
~10n de recWrsos (materlal, parsonkl eguipo,capi-
tal, =t04 ¥ iy programaclon'de uw'proyecto.

i
J

l
1



1.3 VENTAJAS! Dm.. DIDGRAMA_DF (’I\NTT, .CHBHDO MULSTPA

LOq RESULT)\DO: Dl" CPM'

¢
1oy

Un dlagxann de Gantt que 1eprcoente 2 un ployecLo ‘con
el auxilio de.los métodos de ploqlahnc;Oﬁ, muestla ob;ctm
vamente las duracioncs, o sea lay fechas de- ipiciacidn vy
de terminacidn r051blms, y las holguraa para cada activi-
dad de quec consta el proyecto, a si como para dﬁterm1nar -
la distribucidn 'cn el’tiémpo,- de 1os recurvos necesarlo
para cl proyccto° oy ‘ ‘ '

!
tob oy L Vit

oo
B . L

l.4 ANTDCEDENTES DF‘LOS METODOS CPMxy PERT ( HMETODOS DE

1

)\,e\,

PLBNFACIO PROuRAHBCION:XVCONfPOL).

. i \
ultxmas fcahas se ;dearon dos netpdos pala 'la pla--
neacxon, progzamac1on y control: . . - ', A
. S L ‘ i .
A ! L B ‘ ;, R A
a.- Metodo de la ruta crltlca (cPM), duracxdn detex-

/
mlnlstlca. S o . R

i , ’ }

b.-f Metodo PERTm duracxon probah*llutlca.?

\
N . (4 0 7 \
' l;, s ! W NP o o oot
. Ct .A‘ . o . N
oo . : AT

:

Para efectos de nueétxo trabajo, hab]arcmOa Qe CPM y
PERT 1ndﬁstmntamente.\ St Y

- $,0 0 f . kY A b
- ! 2 q.,m. L k [.r !

El metodo de la ruLa crltlca fue desavrolladq en los
Estados’ Unldop, a prJnCJplOa de 1957. por el Sro Morgan R,

' Waldgr,‘en ese cntonces, mlcmblo del Departameqto de In~’
ggnieria de:la Compaiiia B: I. Duponhade Kemoux s % Co., Yy =
par el 6sr. Jamo~ E.'Kelley," Jr.. entnnces lnvest;gadom de
1 Companla Remlngton Rand. . . 1 . C

‘ !

. A partir de ello, el metodo cpm, 1o ntillzo }a compa—
fifa Dupont desde\1957 dedicandpse a construir: Yy moderni-
zar plantas qulmlcas con- excelentes tesultadosken la cta-
pas de planéacxon, programac;on Y control. (ver qeferen-~

cias blbllograflcas ).



~

, En México, el CPM se ha utilizado en diversos organis
nos:

En 1961, en la Direccidn Gencral dée Construccidn .de -
Edificios, 'y en la Secérctaria de Obras Pibklicas, En 1962 cn
.1a Comisidn Federal de Electricidad y después er el Combina-
"“do Industrial Suhagun, y en otras grandes compaiifas construc
toras del Pais. (

Bl método PERT, fue desarrollade en los Estados Uni--
dos en ¢l aiio Uc 1958, por un grapo de investigadores de 1la
Boos, Alicn y Tamilton de Chicago, & solicitud de la "Special
Projects Offlceb" de la Marina de los Estados Unidos,

Este métcedo permitid acortar la duracidn del proyecto
Polaris, en dos ailos.

i

1.5 BASES DE LOS MFTODOS DE PIANENCION _ PROCRAMACION Y.
CONTROL

Veremos a continuacidn en forma breve, los fundamen-
tos de los métodos CPM y PERT, y los andlisis gue pueden -~
efectuarse en ellos. . '

Sus Bascs son:

&. = Permitir la diferenciacidn entre planeacidn y -
programacion. :

b. - Reconocer.en la planeacidns
1) Actividades componentes dsl proyegto

2) Coordinacién de las actividades ep orden 19
gico.

c. = Presentar un proyecto cn diagrama de flechas.

d. = Aplgnar a las duraciones de cada actiwidad, en el
‘ Método PERT, tres ticmpos: . Mas plobable, Optimis
-ta, Pesimista, mediante: los cuales 'se. ajusta una
distribucidn convenxentc de probab;llﬁqd para la
duraC1on de la actividad. '

. I B
. !
f ' . )

7 = i




e. = Dar informacidn para hacer un andlisis, en rela-
cidon a cuanto se aminora .el costo de una aﬂk'vx—
dad si reducimos su duracién. ‘

£fo = Prbrorcxonar datos para analizar los recursos re '

'+ queridos, para cada duracion posible de cada ac-
tlbldad. K

<

g. ~ Apoyarse en métodos como la programacidn lineal.

he = Para el metodo PERT, se agxilia en métodos esta-~
’ dlothOSm;‘ '

o [P vy

i s i
1.6 ANALISIS BASICOSDE LOS METODOS CPM y PERT
Al tener' la presenta01on de un proyecto, _por medio de un
diagrama de f¢echas, .82 procede a la progranac1on ‘0 al andlisis
de tlem*oo..-.a ‘ - o . - L

En él dlagrama 1a longxtud defcada flecha es:: ' ; ﬁ

ac. = En el Método CPM, la:duraéion de la actividad.
B. = En al Metodo PFRT, la duracidn probable de la ac-
tividad corrcapondiente. ’

t

Con basera estasllongitudes, se consigue la duracidn dc
la ruta mas larga dfndonos la minLna duraciés del proyecto, -
proporcionandones asi, una ruta critica y. las actividades que
son excluyentes de las anterlores se consideran teney holcu:as-
las cuales son 1mportante° para plograma01on de recuyrsos, siem
pre y cuhngu no’se comsuman duraciones'mayores de lag parmliti-’
das y retrasen el proyeccto.

En el método PERT, .ademas as posible determinar las pro
babilidades de que se pueda terminar un determinado ¢rupo de -
actividades, del proyccio en coanjunto a un determinado tienpo.

)

1.7 GRAFICA ¥ AMALISIS QUE SE FUERDEN HACER HABRINNDD

UIIL.T?I‘.DC' LOS_METONCS CPil 'y PEF([‘

Hariendc utilizado en un proyecto, lcs métodos de CPi y
PERT, es posibla zlaborzr disagramas de Santt, gue nos represen



te todas y cada una do las achi Vldldeb con'holgura respectiva

‘decreciente, Basta llegar a holgura cexo, siendo ésta la acti.
‘vidad critica de un provecto. ILas holgurasg son parametros -
imporcantes en cuanto a elaborar con ellos gréficas tino re-—-
cursos regueridos vs. ticmpo, evaluando el excesc o faita deo
ciertos gecurscs pera poderlos distribuir Sptimamente a tra—-
vés de todo el proyecto. ' ’

i la ruta cwitica de un plO'GPLO, da fzchas mayores a
ia desenda, £e puzde recurrir a métodos de programacion lineal,
} 5 para la actividad on cuestidn un costo minimo a -
c . 1o nismd logrand> reunir estos pardmetros pa-
:;o= ée un proyccto, pomemov decidir alcanzar el
objetivo & un minimo costo y a un minimo tiempo.

+

i

1.8 AILICNACION NZI. CPM v PERT AL ('O‘VTROL« DE ESECUCTOR DB

b

UN_ PROYECTO

1

Los wetodcos CPM y PERT, perwdten determinar las activz
. 4 . -
dades criticas »olas que tienen holguras pequelias. Si el preo
“ .
yecto en cuestidn sufre retrasos, en algana.actzv**a& critl

-

t
estas tlcnicas nos »roporcionan inf formacidn sob 2l NUueve €S
tado del proyecto.

Queda al Censeje Directivo decidir el comprimir la
o dada la Imposibilidad d2 hacerlo, llevar a cako yn cooux
control de la nueva ruka critica y de las-actividades con pe-
queria holigura.
N . . - . ’ - -
Tambien la informacion .permite la asi gnacwuq Sptine de
‘recursos, conforme a los progresos alcanzades por ?* royaecto.

1.9 VENT.JAS DE LQOS METODOS CPM.y DERT

ao = Desglos ar un proyecto en todas sus activideQS =
componentes, el poder clazificar en orden 43 =
importancia y organizar la planeacidn, programa-

cidn y control de ejecucidn del mismo, bajc esas
mismas reglac. .- : : S -



£,

Coordinar de una manera eficicente a todos los or- -
ganlismos involucrados en el proyecto en las cta--,
pas dc plancacion, programarlon y control de eje-~
cu01on dcl.proyecto.

1
'

Ut1114ur la experiencia de un grupo dircctivo dq
distintos organismos responsables y ciaborar en -

;congun;o un proyecto maecstro gue enfogue todas -

las actividades del mismo. -

Determinar cuales son las actividades del proyeccto
gue controlan la duracidn (actividades_criticaéo,

¥ ldas holguras o margencs de tiempo disponibles -

para retrasaxy la terminacidn 'de las otzas activi-

dades, sin retrasar la temminacidén Gel proyecto.

Determinar de antemano y con toda precisidn lds -
recursos, (materiales, personal, equip>s capital,
etc.), néce,arlos en cualquier tiempo’ durante la
ejecuc10n del proyecto. ;

. ' !
Comparz: planes y programas a}ternatlvos pala el :
mismo proyecto, o -para una. de sus partes, y ajps-
tarse a las condiciones propnas de la emprc . en
cuestion.

. Analizar los efactos de cualquier 1Luac1on 1mmre

v;sta y de tomar las m=didas correctlvas ef1c1cn-
tes.: . . . 3 . {

Pcrmltlr que cl peruonal dlrectlvo de un ployec+o

' solo tcnga que intervenir cuando ocurro giguna osi

'tuaclon 1mplgvlsta.

Permitir el delegar respons ubllldad de lqs difc--
rentes organismos encargados de un proygqto o ai-
gunas de sus part es. ,
Poder . sustltulr perscnal d,rec‘lvo en cuqlquxc* -
momento, sin trastornar la ejecurlon del proycc~
to 0 de una parte del m*smo.
Encauzar la experiencia adquirida en la qjecucién
de proyectos productivos similares, por lo tanto,
la elaboracion de planes standard.

oo ,'19,;



1. = Compararx ordenadamcnte los datos estimados con -
. « * .
los valores de ejcecucion y determinar el efecto
<do lag Jdesviaciones. :

O

1.20 APLICACION DE COMPUTADORNS NLECTRONICAS EN LOS METODOS

CPI_y PERT.

calcular loz métodos CPM y PERT se puede hacer a mano,
sin ombarge, por 1o magnitud de los proyezcto se hace impres-
o o o - '
cindible le ayuda del computadoxr,

Tenemos 2 nuestro alcance computadoras de firmas como
Burrcueghs, IDM, CIC, BULL, UNIVAC, due proporcionan todos los
cdlculos pare la basge de programacidn, v expeditar progromas
de costos. .



2 TABIAS DE SECULNCIA

Al iniciar la planeacidén de un proyecto deberewos tomar
en consideracion sus diversas fases para lograr una base sdli-
da en la aplicacidn de los métodos de programacidn CPM y PLRT.

Sin embargo antes de iniciar la primera fase que serd -.
la de enumerar todas las actividades por -orden de importancia,
debemos de cumplir con tres reglas basicas:

'
t

8.~ Decbemos de tener coleboradores experimentados y -

., con, ampllos conoc1m1eutos en lJa parte especifice

: dey.proyecto, que les corresponde.

b.-' Se requiere ademas informacidn sobre los recursos
- disponibles como los humanos, econémicos,_equipo,‘

espacio para la realizacidn del proyecto.

c.- Hay que tomar en consideracidn fechas claves para
" el cumplimicnto de determinadas actividades y aung
do al medio ambicnte que influye en forma impor-
tan;e, en el desarrollo del proyecto. , ,

'
'

2.1 PRIMERN FASE FN LA PIANEACION DE UN
. PROYECTO.

La prlmo*a fage es la elaboracidn de una lista de ecti
vidades componentes: da un, proyecto en actividades de primer ox
den o principales, Y. subd1v1d1r cada una en actividadzs de so-
gundo orden y cbntlnuar asi suceslvamente

Esta lelSlon menc1onada anterlormente se puede repze—
sentar en la szgulcnte ilustyacidns

- 13 -



Numcro de Orxden de )
las Actividades. 1° } | 2° 30

-

Q

Al ° b
m

I PROYECTO ]

- 2.2 SEGUNDY FASE EN LA PLANEACION DE

UN_PROYECTO

En esta fosec se espgcifican el orden de secpencia do
ejecucicn de actividades del proyecto, para lo cual se to--
man en cuenta los requisitos del proyecto, ya sean condicig
nes necesarias de una persona O empresa.

i Para cumplir. esta fase de planeacién es receomendable
" preparar una tabla de secuencias,

La tabla de secuencias es una matriz cuadrada donde
se describen todas las actividades en los renglones y colun
nas, de manera que a cada actividad renglén le corresponde
una actividad columna. )

.'.am-a



~ Se siguen dos'reglas para formar una tabla de secuen-|
cias: | L ‘

‘ae .= Se analiza cada actividad corrcspondiente al -
’ rengldn cn turno y sc determinan cuales activi-
dadca se pueden hacer inmediatamente dcspaes, -
colocando una cruz en el casillero correspondicn
te.

)

bo. -'~Sc:anallzan las actividades columna y se chcr—'
‘m;nan cunles actividades se pueden hacer inme--
diatamente antes de dichas actividades, colocian
do una cruz en el casillero correspondiente.

'

La apllcac1on de las rceglas anteriores se pueden hacer
en cualquier orden, una vez determinada la tabla de socuen——i
c1ao deche: sexr revisada una y otra vez para.mejorar la planea-

/ eidén del proyecLo.

Esta tabla de secuencia es esencial para la ejecucicn
de . un proyecto mas no forma parte del métode CiM y PERT. So-.
lo es una: ihveéstigacidn de objetivos, 'métodos y elementos -~
disponiblas. . ‘

o ‘l : '

Toda esta etapa nos aclara si nuestro proyecto uatls-
face nuestros objetlvos y si es costeable su realizacidn.
Cuando a1sponcamag de un conocimiento de redes aunado a la -
tabla de secuencias, entonces podamos elaborar el qlagrama -
de red de'un’ p oyecto en pa;tlcular.

3 CREACION DE IA RED DE UN PROYEGTO
El primer paso para wtilizar los métodos de ruta cri-
tica es 1a 1dent1£1cac1on de todas la" actividades conteni--
das en cl. progccto, Y. la represcntaclon de estas actividades
por medio éc un dlagrama de flechus. .

\
%

Este paso es usualmente llam1d3~”fase de plancacidn®.
Aqui nos lirmitaremos a indicar las reglas baqlcas para hacer
un primer, axbu;o de una red.

1

')
in
1



Existen ciertas reglas vy convéncionalists gue deberan
seguirse cn-preparcr redes, ¢stas nos mostraran un alto grado
de conocimiento sobre el proyecto v todos los juicios 16gicos
gque hay guec consarvar. Por supuesto‘las reglas lejos de scr
rigidas son muy flexibles dependicndo del usuario, sobrec el -
conocimicnto de los conceptos y su experiencia en métodosode
CPM y PERT. ; :

Hay varias formas de dibujax una red. Acgui enfatiza--
remos cl convwnc*onu1f smO existente en el ramo industrial co-
mo la construscidn de usar en métodos de ruta critica, el Sis3
tema de activ:.dad en una Flecha ’

-1 TERIIINGS BASICOS
. e N . -
Varios de los mas comunes términos en trabajos de e~
des se definen a continuacion: . ‘

. . . £
Definicion:
Una actividad es una por

cidn de un proyecto que esta
confornz a los siguientes indicadores: Esta no puedse comen-—
zar a menos qu@ sus predeciscoras z2n orden 1dgico sean ‘tecrni
nadas., ‘

|4 ))

i
a

1,

ievwpre ticnen un principio y un' fin:

s a lac mismas, tiempos, recursos del
provocto. ‘Las actividales ce rep sentan graficamente por -~
flechas accmpaiiada de la des n.y el tiempo estimado d=
la nizma. ‘ ' '

Las actlvi
v pueden: cutar as

0
H
W
9]
l_l
O\

l ?’fm\\\ DILUJOS DE DNSAMBLES

[ N
—o—]
; ' , T
Figura 3 1
Definicila: / _ » .
Una flecha que sdle indica una depen?cnc1d de u@; acti.
vidad con otra, e€s una actividad ficticia. Una ficticlia tie-

- 16 -



X

ne duracidn de cero y se represcenta tan comunmente como una
flecha de linea interrumpida (Figura # 2), o una flecha sd- .
lida asociada con cero duracidn (figura # 3).

Figura '# 2 c Figura # 3

Dcfinicidn:
Los puntos iniciales y los finales de las aCLIVldd~—

des son ;Lamados EVENTIOS. o

nedricamente los cventos son puntos instantaneos en
el ticwpo,. Hay sindnimos comd> Nodos y Conectores. Si un -
evento reprcs"qt ‘la llegada final de mds de una actividad,
éste cs llHMudO evento Receptor. Si un evento .xrcpresenta, el
punto dc Pa““ldu de varias actividades se llama evento --
RadlunLco Un evento se presanta’a menudo como una figura
geomo tllca como esta a contlnuac1on en la figura # 4

|;'

i Figura'# 4 :

D

EVENTC | EVENTC RECEPTOR, ' EVENTO RADIANTE

\
i

Definicioa: ' . » ‘

Una red es una rcpresentdc10n graf:ca de la plancu-~ }
cidén de un preyecto, mogirdndo las interrelacioncs de varias
actividadces. Las redes pueden ser: llamadas "Diagramas de
Flechaz". | Ficura i# 5 cuando los resultadbs de lcs tiempos
estimados y compatadoq han sido agregados a la red, se pue-
de usaxr comoO piara programar un proyecto.

-17 -



.Figura # 6 -



.4 REGLAS DB LA RED

oo
Las pocas reglas para redes pueden ser clasificadas
cono todas comunes a todas las actividades de un diagrama
de flechas, y estas reglas son impuestas para cl uso de¢ =
_computadoras que manejen los métodos CPM y PERT. :

5

7

4.1 EC“(‘LI’\“ PASICAS f"m‘\ RED LOGICA

Regla l.=. Antes de iniciar una actividad, todas las acti -,
v1dadcs pleccacntcs deba1ée terminavse.

‘Regla 2.~ Las flechas sélo implican wna precedencia ldgi-
ca. La longitud de la flecha no tiene ningin -
significado. ' ( A menos gue se utilice la csca-
la tiempo para la red).

4.2 REGIAS IMPUESIAS. POR 'LOS COMPUTADORES O METODOS DE_CALCUT,

Regla 3.~  Dos eventos puaden dlrectamgnte conectar una so-
' Ja-actividad.

Regla 4.- Los num°rou de.los’ eventos no deben estar dupli-
cados. '
Reglaz.~ Las. Redes deben tener solc un evento ipicial que
e '~ no tenga predecesor), solo un evento final ( que
no tenga succsor).
Exmsten paquctns de computaﬂora que no tienen es
ta restrlccion.

4.3 - INTERPRETACION DE IAS REGLAS,

hd regla 1 y 2 pueden ser interpregtadas si COnOCEmos
la porcxon de una red de la figurd # 6.

De acucrd: a la regla 1, este diagrama establecc que’

antes 'dd gque la actividad D pueda iniciarse,- las actxvxda-u
des A, B, y C deden ser completadas..

=19 =



"Note que esta no implica que las actividades A, B y C
scan completameate simultdacas.

. :
Note que ademas que el evento 4 es un evenlto rccepw-

tor por que ahi terminan las actividades A, By C y comienza’
la actividad D.

4.4 ERRORNS COMUNES

[ g
L,os a2rrores mas comunes (ue se presentan son al no reg
petar la Regla 1.

Nos ilusirarcmos con la misma figuwa 6, supongainos -
que la actividad B, depende de haber terxminado la actividad =~
By C de solo una parte dela actividad A y completar la ce--
qunda parLe de A totalmente Jnd°pendienge El diacgroma que =
ilustra correctamconte esta SItuac1on es:

-y

Figura i 7

Donde la avL¢V1dad s2- divide en dos actividades A ia.
parte y A 2au narLc ademis de lntrodJCLI“una actividad flcti
cia, como vercmm en la figura # 7, la actividad figticia se
ha usado para corregixrx el problcma, o

- ' . 1

Otra condicidn s2 paede prehentar en una x@dq se ilus

tra en la figura # 8. -

: :‘ " N rlgd+a i JL

I



Lasg actnv1dadev B, C, D, forman un Loop, ¢l cual es —-
la indicacidén de un error cn la loglca de la red.

Bn la figura 8 la actividad B no puede iniciarse hasla
no compleiar la actividad D asimis 3190 la D no se imicia al no
terminarse laC y la C no principia porque no se ha LlLcrminado
la B y caemos €n un c1rcu1to cerrado que impide la Jdgica o
la red. o '

!
1

4.5 REGLAS PARA INTRODUCIR EI, PROBLEMA A

UN4_COMPUTA DORA

Las regles para redes la 3, 4 y 5 son los procedinien
tos para codi;icar redes para el analisis por computadora.
La regla 3 se viola cuarido ocurre lo demostrado en la figura

9.
# B

AR - 3 Figura # 9

Las actividades 'B 'y C puede llamarse actividades rd-
petidas; como la forma de dlstlngulr las actxv;dades son -
sus nodos

i
v

- 4\; Pd \ B )
Quedara asi: . - .

1

cédigo Computadora - | Descripeidn Actiyidad
1-2 o . Actividad B,
1 -2 - | : ,' Actividad C

Enconces teﬂemos gue recurrlr a las actxvx@adcu,f1c~
ticias para no caer en errvor de la regla 3, como se demues-
tra en la flgura # 10. , \
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Figura 3# 10

Ahora si se pueden distinguir lag dos actividades al
ser beutizadas de la siguiente manera:
égdigo Computadovra *_ - Descfipcign Actividad
1 -2 | - " Actividad B
1 -3 | Actividad C
2' -3 I Actividad Ficticia

4.6 EL USO DE IAS ACTIVII&[ES FICTICI&S

Algunas veces sz emplean actividades flCthlao en =
forma rcdundente como en la figura # 11.

Flgura R

Dondc ov1don;envnue para Jn1c1ar la act1v1dad L ecs
solo si,.se ha concluido la act1v1dad D, C y B por lo tanto
rcmarcar Que 1la actividad B es neccsaria para imiciax la
actividad &, vienc ‘siendo redundanté.

- 22 -



Otxo caso donde las act1v1dades flCthlaS no son ne-.
cesarias es la fzgura 12.

—(<)

Flgura % 12

A4

"BEn donde las act1v1dades 2-5 y 4-5 que al sex ficti
"cias no tlenen,duracxon si podemos prescindir de ellab Y
mOde1CamQS la figura 12 a la figura 13 siguiente:

Figurxa # 13

Otro usé. importante de las actividades ficticias es
ta ilustrado en este ejemolo. Supongamos en una parte de
un proyecto de la flgura 14 este se reallza

OO A
(OO0 =

F;gurq #ﬂl4 o ... L Pigura i 15 -

que’la actividqg B depende de la actividad A por tener en -
comin el mlemo recurso,.ya sea-una persona .en espacial o -
una mdqulua erﬂc1£1ca.h En'este caso B dgbe dilujarse ‘conwo

dependientée de A por el uso de una actividad ficticia figu-
ra 15.
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5 CAILCUIOS PA3TCOS PARA IA PROGRAMACION

- 2
s 3

Con base a los Tundamentos para disefiar la xed de un -
pro;ecto queda por calcular. los ticmpos aproxlnadou gue se’ -
asignaran, s cada una de lag aCthldudCu, y .as{ comenzar a pro
gramirlas'y calculur la ruta critica de la red: en el casod de
ki lizar cl moLodo e loa tiempos son determinigcticos o, cea
una sola duracwon por cada actividad; en el nétodo PEHRT los -
ticmpo son nrovabilisticos cn donde se asocian tres para co-
da una deilas actividades, salvo csta diferencia entre los mé
todos CIMM y PERT teodos los calculos que describiremos aqui -
son iddénticos poxa anbos .

ILa . programacion de un provecto comprende dos pasos ba-
sicos, el'prlmmlo gue hace un calculo hacia adelante y el se-
gundo es ¢l cilculo hacia atrds en la red.

’

Bas andOan en un tiempo de ocurrencia del nodo ln1c1a1
de red, cl ciléulo hacia adelante de la fecha dc inicio mé
temprano Y‘LerlO para cada actividad, e indircctamente e1 -
inicio masftcmprgno Y mas tardio para cada uno d2 los even--- i
tos. ' '

[l
\

f

8l
L

Los tiempos reales, se conocen, € 5610 dmspvns de huber _,
concluido Nurlas actividades y poder comparar contra los tlem
pos esperados, puedan’ diferir por la desv1ac:oncs entre los -
tiempos reales Y engmados de los tlemvos planeadou, para ca-
da acl1VLdau, '

' ‘ 3 H

Por‘la espuc1L1cac1on de los tiempos. de O”urﬁencia texr’
minales para lol eventos da una red el calculo haCLq atrds -
nos calculard la terminacidn mis temprana 'y tardia para cada
actividad e indirec amunte la terminacidn permitida de tiempo
para cada évcntoo _Vpucv de un cdlculo kacia adelante y ha-
cia atrds se ha realizado, queda por hacer el céalculo de” las
holguras para cada act1v1dad y determinar los arcos CrlthO
de una red, Cuando una actividad tienc ho‘gura hay nas tlem
po dlsponlble para hacer\lo gue csta a;tlvidad defed.

(

Casi 31emprc se adopta la unidad de trabajo de un dla«

Es muy coreniénte - planear los tiempos.. de las activi- =

dades en dius de trabajo, en las redes comenzando con un

v

ot o
+ t
s D .
n“ )



tiempo inicial de cero cn el evento inicial del proyecto.
La convbr51on de cstos calculos a fochas calendario reqaln‘
re de hacer un calendario que conLcmple sélo los dius de.
trabajo numc*ados.’ En quma\.e ﬂamprende que el proyccto -
ticne oolamcnte un eventod inicial. y terminal y que la tér-
minacidn pﬂamltlda patra el proyecto es lgual a la inicia--
cidn mas Lardia . cbtenida de los cdlculos hacia atrds. Es-
tas cons:dcxacxoncs,'sc agocian noxmalmente con ¢l nétodo
CIii, Pero no usualmnnuo para el wmétodo PERT. Flnalmanu,
se toma con consideracidn gue un dicgrama de flechas parin -~
rCPIOQLnLul un proyecito c¢s el gue se usa paxa lhlUlar con
los cdlculos mencionados.

5, 1 NOMENCIATURA

\

La: elgulente nomnnclatura se debera usar en 1a" for
nilas que dhscrlben lrs calcalos para la prograne01on.

o
RN .
: L

P
\ 1 ' N l

N = Conﬂunto de”todcs 103 eventos de un proybcto.

'
¢ \,H.

H

N3 Nodo que repreecnta el evento. 1 is= 1 oceom.
. Llamado tanbién. Nodo Inicial."
Nj =fNodo que reps -esenta el evento j g .= ﬁ soonn
Llamado tanbién Nodo Fihal. . .
Ao dunjunto'do tqdds laa aptiﬁidaﬂes de un proyecto
Aij = Es8 la act1v1dad quc se 1n1c1a en e] Nodo Inchal
i Y termlna en el Nodo Final 3. ‘
tiy = Durac1on dz la act1v1dad del Ni ‘al N o

ilx = K-e31ma Cadena que conduce del evento 1n;cxa1
al dvento £inal NJ. - -

s

“i

k = Numdro posible de cadzna que conectan el: evento

1n1c1al N al evcnto flnal Nj

t(iik) « Dura01on\total de la cadena llk.

ok :(ﬁk) 'étlj
Nije Lk

« by
[N
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Ei = Ticmpo de ocurrcncia mis temprana para cl evenlos -
inicial i.
] & . ’
Li = Ticmpo de 0;urrcnc14 was tardfa del cvento ind--

. Ldl i

— . . soe . - - T
ESij = Ticmpo de iniciacidn mds temprana para la activi.
‘ dad (i-3)

. ooyt . . ’ ’ T
LFij = Tiempo de TqerﬂaClén mas tardia para la activi-
) vidad{i-j).

EFij = Tiempo de terminucidn mds temprana de una activi-
dad "’"j °
LS;+ = Tiempo de iniciacidn mis taxdia pora la actividad
3. |
Sij = Folagura total para la echividad .7
FS; 5, = Holgura libre para la actividad i-j.
T$ = Tiempo progrimado paca la terminacidén de un proyecc

to o la ocurrencia d= eventos claves cn un proycc-~
;0.

LI e FACTA ADLETANTE

Como se wio anteriormante el cdleoulo hacia adelante cs
el cdlculo de la iniciacidn wis temprana’ y mas tardia para coa
da actividad en cl proyccto opoyado en un dia de tsabajo o
pecwf1co,' Complementando esto, el cialculo hacia adalante se
inicid en un tiempo cero gada una fccha base y todas las acc
vidades jsubsg ocuonuoa enplozan lo nias prooto posiblae, aconte-
ciendo todos: =u QVLntOg suces s, + De acuerdo a la ldgica =
de una fcd un cvento flnal ocurre cuando todas lps activida-
des pludcceuoraa se han terminado y entonces, el tiempo mis ~
tenrrand puxa qno ocurra un acvento as. Adgual- almayor Liempo o
inicineién taxdlamde todas' las acllv1dades que lleguen al -

T eventa on cucstlon. Estas considcraciones o rojylas CHEAN ol-
marizadds #0ai0. L



5.3 !REGIAS PARA R, CALCULO HAGIA DDELANTE

' . 1‘3»“ v '
l, - El ticrmpo de ocurrcncia del primex dvento inicial de
la rcd se‘considcra cero.nu=0 para el primcr evento.

2, = Cada achvxdad comicnza tan pronto como 2 posibic
.hasta (que ocurra su evento predecesoxr.

'
!

Yara wna actividad arbitraria (i—j)~se rucda escribix:
~ ' i

EG ij © El mayof EF dec las actiwvidades inmediatamence
precedenteg’de la actividad (1=3) =

l\(

b

3, - Bl tlcmpo io termlnacxon mas temprana aﬂ nna activi.-

dad es la.suma.de su tiempo de ir. ciacidon mis tempra-
na y la\duraq;on estimada por actividad. Para una -
actividad’ arbltrarla (1~3) esta se puede escrlhlr co-

mo: oL _ e

I A IR - -

pjf=‘Al,m§yor Qe EFjy = LSij-+ Tij

Ej = hdximo de los valorcs EFlJ de las QCL»VldadOb que
11egan al evento j. . ‘

. Ej = Mﬁ*’t (;Ik?i
Py gb E1)) = Max (EFg3) 3=2,3...m
i & B(J) | i €'B(i)
Donde | ‘ . ' . .
B(J) =" Es el conjunto de nodos que conectan con Nj -

Estas rcolas las pouemos represontaf conmo las moslrands on
la figuis.




i

Estas consideraciones o reglas se aplican a todo ti-
po de. redes como la demosirada en la figura

5.4 CATCULO HACTA ATRAS

El pLUISNito del calculo hacia atras es contabilizar
los tiempos s tardios paemitidos de inicio y de termina--—
eidn para cadu una de las actividades lo cuwal pormiticd gue
ccurra el cveato terminal en su ticmpo mids teinpruno espera-
do, como en el'LaLPn?o hacgia adelante,

3
-
'

Para completar esto; el calculo hacia atrds se ini--
cia en un solo evenco terminal del proyecto y arbluzarl e
te sc le asigna el m¢nmo tiempo de'ccurrencia mis Cenpr «na
y corresponde o lo miximo. permitido para-que ocurie. Szju¢en
do convencionaliswes, uno lo puede intexpretar comio el uien
po mas tardio de iniciacidn de una actividad, al darle cl —-
ticupo de inicio de una actividad gue puede ser retreasado —-
sin causar dircctamonte algdn incremente en el thmpO total
para complectar el proycecto. '

Cuando Ll = $’ se asigna para el evento terminal de una red,
retraso permltldo para que una acLLV1daa se inicie se CUlCd,
la como la subs traccién de la duracion de la actividad “l -
altimo tlempo fJnal rermitido. Finalmente, dc acuerdo & la
légica d= Ja red, un cvento deke ocurrir antes dz que ningu
na actividad sucesora comicnce. Por Jo tanto, el Ultimo -
ticmpo chm1t1d> para un evento os igual al menaor de 1os -
ticempos dc 1n1cxaolon tardla p~rmit1da de las actividadues

que salen: del cvento en cuestion., o

Estas consideﬁacibnés o reglas las ‘sumarizamos agui.

\

5.5 RéGLAsnPARA CATLEULO ['ACTA_ATRAS

Regla l.#t'El tlempo de tcrmlndc1on mas tardlc para elev~nu
' to‘ilnal del prpyecto (t)'es$ un conjunto wal
o0 menor que una fecha prograwadz para turmlnar -
el proyecfo,-Ts 2 debe ser 19ua1 a su Liempo de
‘ochrrencia mas ‘temprana calculada pox los calcu-
10§ hadia adela@te. ;}‘ ' -

i

'Ltg- TS 0 B¢
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Regla 2.~ Bl ticmpo de terminacidn mis tardiu para una ag:
© tividad ulbltrdrld (i-3) es igual a la mds pe-
cucﬁd, o nmas tcmprana, ¢z los ticmpos de inicig
cidén mis tardla ‘de sus actividades sucesoras.
LFj4 = Minimo de las IS de las actividades.
Directamente dirigidas a la actividad (i-j)

Regla 3.= El tiempo de iniciacidn mds tardia para una ac-
" tiviuéd albntr oria (i-j) es su, ticmpo de termi-
>naclon mis tardia menos la duracidu estimmda de’

1a qu..lVlduldaﬂ ¢

LFiy = Bl menox de LSjij§. para'un eveni:o con n ag
.tlvxdades que . salen.

¥

'B(i) = Conjunto de eventos..

. LSij = LFj =imy5

LF;y = min(LFiy - Tij) | \

Estas reglas se¢ presentan en la figurz.




5. 6 ' DEFINICION E INTERPRETACION DE HOLGURAMS

De muchos tipos de holguras definidos en literatura
sobre el tema, solo discutircawoss dos clases, la holgura to
al por actividad, o simplemente holgura total, y holgura
llblc por actividad,. o 51mplemente holgura libre, cada hol
gura tienc una interprétacidn Y apllc&czon difercnte como

los describiremos a continuacidn.

. 5.7 HOLGURN TCTAL POR ACTIVIDAD

Definicidn:

Holgura total por actividnd-es igual a la difcren--
cia entre lo mas temprano y lo mas tardio permitido cnire
el tiempo inicial o final para una actividad en cuestidn.
Entonces,. para la act1V1dad (i=j), la holgura total esta -
dada por:

Sij = LSjj - ESij
- & "
Sij. = LFjy = Eglj

5.8 -HOLGURA LIBRE POR ACTIVIDAD

Definicidn: ~

‘Holgura libre por actividad es iqual tiempo de ini
cio mdis teiprano de las acu1v1dades sucesoras menos el -
tlcmpo de terminacidn mds tenprana de la_actlv;dpd cn -
cucstlon. %ntonces, para la actJV1dad (1—3), la holgura
libre c ta- dada por ‘lo sigulcnte°

j - knmcstra a una, actlvidad sucesora a la actividad en
cues‘tn.on°

< PS4, = DSj) = EFy i3

.= 30 -



5.9 IDENTIFICACTON DE JA RUTA_CRITICH

Defini c1on-

- La ruta critica es “la curva con la mcnox ‘holgura -
'Eotal" '8i la hngula Coro Como’ W convenC1onallgmo LY pa-:
ra ¢l evnnLOrflnul de, 1n red prosuntada en ‘la ruta crltlcu ;
tendra holgurn cero; d* 10 contrario, la holgurn sobre unc
ruta critica puede sex poszitiva o nebatlva- © 81 la red tic-
ne un solo evento inicinl Y flnal, Y no existen fiechas pro-
gramadasxlmpuestaa & nodos intcumedios de la red, entonces
la zruta érltlca es tdmblen Ja mayor trayectorla dentro de -
la red. : ‘



6 USO i STUROLOS ESPECTALES EN.

wnLCULOS PROGRAMADOS.

Utilizarcmos unos simbolos para facilitar los cdlculos
de una RED. ha ilustracién es la siguiente:

HOLGURA ToraL
L OLGU'\A Lth» l

J.

1
LOMAS ;. LO MAS L0iAs LO LIAS
. TEUPRANO  TARDIO TE MPRANO TARDIC
Vb MPUQ |NIClALES Lo TIEMPOS FINALES
POR ACTIVIDAD(D-}) POR 'ACTlVl_DAD(i'-}‘}
BASOS. EN iLﬂw‘PROf‘PAMACIOﬂI 'USZ“NDO__SII\IBKOLO'S‘ 3

: ESPTCIALESPPARA ACTIVTD\D S Y EVFHTOD

oo 2347230 PASO ‘HACIA ADELANTE

(Y ! 4
Vo e «

Lo -

(32 -
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Para una actividad cualesquiera (18-19), sa ticmpo. de
s s . 2 ’ . h ,
iniciacion mas teomprano (digamos 23 en este caso) en ¢l cun-
drante de la izquierda del simbolo del evento.

Entonces agregarcmos su duracidn (7) a tiempo de ini-
. . » ¢ o . .

. @iacidén nis temprano y obtendremos su tiempo de terminacion

mas temprano (30) ., Kuceibirowos 30 on la punta e la flecla,

Supongamos qua tres:actividades llegan al Nodo 19 oo
anotard en el cuadrante de la izquierda al ma yor tiempo de
term1nac10n mas temprana.

PASO HACIA ATRAS

creed ) —— -
'  S—




El tiempo progrumado para el evento final de una acti-
vidad en cuestién (18-19) debera ser coloczdo a la derecha -
del simbolo del evento. Para otros’eventos se insertard el -
tiempo dc ocurrencia mas tardio. Para esite caso especial, .~
hay que subtraer su duracidn (7) del tiempo de terminacion =~
mis tardio (35) para obtener cl tiempo de iniciacidén mds tar-
dio (28), Debera cscribirse 28 al final de la flecha. -

K

Y

' Cuundo 'dos o mAs act1V1dades salen de un evento, se
debe colo.ur en cl cuadrante de la dcrecha el valor mds rc
queiio de los tiempos de 1n1c1ac1on mis tardia rara la acti
vidad. ,

PASOS EN EL,\\\CALC;ULO DE LAS f_{gL,GURAs




P

7 FJEMPLO ILUSTRATIVO

v

Hagsta el momento tencmos informacidn sobre las tablas,
de secucencias, las reglas para claborar una red vy a partir -
de ésta éfectuar los cdlculos bisicos.

Con esLOa elementos podcmoq obtener todos los datos -~
para planlflcar, programar y controlax cualquler proyecto.

Si ejewplificamos un determlnﬂdo proyccto que nos mues
tre las diferencias entre.un proyecLo que no utiliice las tcc-
nicas.CPM y PERT contra otro en el cual 8i se tomen c¢n consi
deracién;‘yerémos, la gran diferencia que se hizo resaltar -
con anterioridad. '

El método ;antiguo -solo dis ponla de Diagramas de Gau‘t
para coordinar proyectos, como el siguiente:
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En el diagrama anterior las actividades no ticnen nin-
guna relacidén entre si y es dificil investigarlo.

‘B cumplinicnto de un proygcto con las caracteristi--
cas mencionadas es una tarea muy ardua ya que el xcs ponwable
por actividad al no Lnnﬂr\lnformaCLOn dz otras actividades -
no cuents con datog para iniciar la suya propia y cen ciexta
medida tendré vun problemaa para termlnarla Y controlaz]a.

Hégumos)usondeiia 'fecnlc s .antes mencionadas e 1nter—
pretar correctamente lo visto hasLa ahora.

Primero sc disedia un listado de todas las actividad:as
o «
de nuestro proyecte, no importando el orxrden de colocacion.

'

Lista de Actividades

- Actividad 1
Actividad 2

Actividad 11

= 37 =



El siguiente pasd es elaborar la matriz de secucuncias,

ACT | , |
UL A O A T |
ﬁg,\; SIG.|AST. | ASTIACT | ACT. | ACT, |ACT. [ACT |ACT. [ACT.IACTACT.
',.\: 1234 |5 | 6| 7| 8}9]10]l
ANTERIO! &, :
‘ r <
ACT. & 25
ACT. 2 DG
ACT. 3 ol )it
ACT. 4 b2t
ACT. 5 pl4
AT 6 X
ACT 7 :‘\;
ACT. 8 h4
ACT 9 -
, , . / i . \V
ACT. 10 SRCEN I R O | LA
AT I ;

MATRIZ DE SECUENCIAS

- 38 ~



A partir de la matriz de secudncias se elobora la red
y se enumeran los nodos. T ’

- 35 -



Al tener lista la red se complementa con la informa-
« #
cion adecuada,

CODIGO DE '
DESCRIPCIO N IDENTIFICACION DURACION
ACTIVIDAD HODO NODO £ N
INICLAL | FINAL DIAS
ACT. i 0 1 2
ACT. 2 0 3 2
ACT. 3 0] 6 {
ACT. : 4 1 2 4
ACT. ) 2 5 it
ACT. - "6 3 4 5
ACT. 7 3 T 8
ACT ~ 8 4 5 G
A‘CT.U‘ o 5 8 3
acT. . 10 SR LT 3
acT. 1 7 3 5



con toda la inforxmacidn procedemos a calcular nueg
tro proyecto con los simbolos espacialces.




§
Red ilustrativa del proyecto utilizando los simbolos
ecpeciales, para los eventos, actividades y el paso hacia -
adclante.

2 :}‘~ 4 f.“ @. ‘:Z.;./'

/

s’

- . \_.. R ""’\\
(R S U -

) Q




Ejemplo que ilustra la red del proyecto utilizando los
simbolos. eupeciales para los eventos, actividades, los pasos
. o ’ . -
hacia adelante, hacia atras, las holguras total y libre.

- 43 -



. Podemos resumir todos los datos contenidos en cl proyecto

en la lista de abajo.

v :
Lo Mis Temprano Lo Mas Tavdio Holquua |Criticalidad
heoltividad =~ — - -
Al . - ey S, . \ 2 . TOt' 1
ESi S By | BT LS 5 LF;35 6 L3 <
Ticempo de | Tichpo de Yienpo de|Ticmpo de
Inicio. Terminac. Inicio. Terminac.
0-3 0 2 0 2 0 CRIY
e T e r " - d R 3
3-7 2 10 2 10 0 CRIT !
7-3 10 15 10 15 0 CRTT
3-4 2 7 | 3 . 8 1
4-5 7 11 8 12 1
. 5-8 11 14 12 15 1
0-1 0 2 5 7 5
55 6" 7 11 12 5
0-6 0. 1 ‘6 7 6 |
6-7 1 4 7 10 6 ; j
| |
[ 1-2 2 6 7 11 5 ;
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CONCLUSIONES

Ta utilizacidn de dichas tecnlcas €1y un proyecto en
el canl i .ervenga el lector, sera la experiencia mas pro-
vech: '%»’.‘031 su realjidad: y ‘que cons:n.dere este manual como -
una r:cmmc.nta gue se apoya en su propia mot:.vac:Lon°
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Tarjeta 1

Tofieto 2
Torjeta 3

Tarjeta
final

NOTAS:

TARJETAS PARA USAR EL PROGRAMA GRANM

Columna 1

// ISP T
// XEQ GRANM 1
*L@CALINIT, PIV@T, TABNU, RM@BVE, CLEAN, TABPR

- . Torjetas de dotos (Ver pégina 3) .- .

- Este programa esté listo para usorse en la computadora IBM 1130 de CECAFI,

~ Lo tarje’e 1 es lo tarjeta anaranjado obtenida del CECAFI,

. = El ndmero 1 que aporece en la 2a, tarjeta se perfora en la columna 17,

- El program6 en la 1BM, tiene una capacidad de 10 restricciones y 15 variables inclu~
yendo de holgura y artificiales. -

= Este programa también se encuentrg disponible en la Burroughs del QIMASS, bajo el
nombre de H/SIMPLEX. Las instrueciones para correrlo en el CIMASS aparecen en
ia siguiente hojo, Este admite una capacidod mayor sobre el nGmerp de restricciones
y variables como se indica en la segunda hoja. - i

= Este programa utiliza el método de la gran M,



Torjeta 1
Tarjeta 2
Tarjeta 3

Tarjeta
final

NOTAS:

- Este programa esté listo para usarse en la computadora B 6700 de Clg?v%AS/CSC,

TARJETAS PARA USAR EL PROGRAMA {1/SIMPLEX

Columna 1

7 USER clave /

f RUN (JR82)  H/SIMPLEX
# DATA FILE 5

-  Tarjetas de datos (Ver pégina 3)

f END

7

~ La tarjeta 1 es la tarjeta roja obtenida del CIMASS,

= El simbolo "#* significa un carécter invélido. Este se obtiene presipnando las te-
clos MULTIPUNCH Y NUMERIC simultGneamente y perforando los qﬁmeros 1, 2,3,

4,

= Este programa tiene una copocldad de 30 resmccuones y 40 variablgs incluyendo de

holgura y artifi cioies .



TARJETAS DE DATOS PARA EL PROGRAMA GRANM O {I/SIMPLEX

<

Lo siguiente informacién deberé porporcionarse en lo que se indica como tarjetas de
datos en Ias hojos anteriores.

TARJETA DE IDENTIFICACION DEL PROBLEMA,

En esto terjota puede usar desde o columna 1 @ la 70 para poder dar cualquier identi-
ficacién cua desee dor a su problema.

TARJETA DE DIMENSION Y ETIQUETACION DEL PROBLEMA Y CONTROL PARA CO-
RRER MAS DE UN PROBLEMA,

El usvario debe dar cuatro nGmeros enteros con formato (4110) en la siguiente forma :

Columnas 1= 10¢  Nimero de renglones del problema.
Columnas 13-20:  Ngmero de columnas del problema,

Columna 30 & ' Escribo el nGmero 1 si desea poner etiquetas a los renglones y a lus
columnes, :
Escriba el nimero 0 en caso contrario.’

Columna 40 ¢ Escribo un 1 si deseo correr un problema adicional.

 Escriba un 0 en coso contrario.
_NOTAS:
El nGmero de renglones no incluye la funcién objetivo.
~Si escribe un 1 en lo columna 30, el usuario, después de fa tarjeta deberé dor el grupo
de tor]efcs para etiquetos de renglones y el grupo de tarjetas para ehqqetcs de columnas,

Si en'lugar de un 1 escribe cero deberé omitir este grupo de tarjetas y fosor o los tarje~
tas dc cocficientes de las variables artificiales en la funcién objetivo .,

Si escribe un | en lo tarjeta 40 vea los notas generales .

TARJETAS PARA ETIQUETAS DE RENGLONES,

Los etiquetas para identificar a los renglones de los restricciones, pueden tener como mé
ximo 6 caracteres de cvalquier fipo,

En una tarjeta puede escribir hasta 7 etiquetas. Estas etiquetos deben ir en los columnas
1-6, 11-16, 21-26, 3136, 41-46, 51-56, 61-66.



TARJETAS PARA ETIQUETAS DE COLUMNAS (VARIABLES)

Las tarjctas para identificar a las columnas o sea a los variables involucradas en el
problema (incluyendo de holgura y artificiales) deberén escribirse de ocuerdo a los
reglos anteriores para etiquetar renglones.

TARJETAS DE COEFICIENTES DE LAS VARIABLES ARTIFICIALES EN LA FUNCION
QBJETIVO,

A coda variable artificial asignele un 1 y a las varicbles no artificiales asignele un
0. Estos nimeros escribalos en las columnas 10, 20, 30, 40, 50, 60, 70, de acuer=
do ol orden en que ctiqueté a sus variables (coiumncs)

IMPORTANTE, Esta torjeta es requerida adn si el problemo no tiene variables  ar-

ti ficiales.

TARJETAS DE COEFICIE NTES DE LAS VARIABLES NO ARTIFICIALES EN LA FUNCION
OBJETIVO, . .

Escriba los coeflcaentes de la funeién objetivo con el formato (7 F 10.0), Estos coefi=
cientes debe escribirlos de acuerdo al orden en que etiqueté sus veriobles (columnas) .
Los coclicientes de las variables do holgura y artificiales deberé ser cero,

IMPORTANITE : Los cocficientes de la funcién ob|ehv6 deben corresponder al problemca
de minimizar. Por lo tanto, si su problema es de moximizor multiplique por =1 y consi-
dere los coeficientes que resuhan como los datos de entrada en este programa.

TARJETAS DE LOS éo,,tncus NTES DE LA MATRIZ DE RESTRICCIONES,

Cada renglén de restricciones va' en yna o varias tarjetas, escribiendo los ¢lementos su~
cesivamente en una tarjeta con un formato (7 F 10,0). Cada vez que proporcione un nue
vo renglén debe empezarlo en dtro torjeta.

TARJETAS DE LOS LADOS DERECHOS DE LAS RESTRICCIONES ,

Los coeficientes del lado derecho de restricciones se proporcionan sucesivgmente en una
tarjeta o en coso de ser insuficiente use otra tarjeta, El formato es (7 F 10,0)

TARJETAS PARA INDIéAR EL CONJUNTO INICIAL DE VARJABLES BASICAS.

En una tarjeto programe sucesivamente los nimeros de las columnas que vap o ser usados
como columnas (vonables) bdslcas iniciales, Use formato.(7 1 10).

\



MOTAS GENERALES:

e
2,

1 orden de las tarjctas debe ser como el indicado.

Si en la TARJETA DE DIMENSION Y ETIQUETACION escribié un 1 en la colum-
na 4G nntonees su nuevo problema debe ir después de la. TARJETA PARA INDICAR
EL CONJUNTO INICIAL DE VARIABLES ARTIFICIALES, Es importante que en el

nueve problema empiece con lo TARJETA DE IDENTIFICACION DEL PROBLEMA,



PR,

e

EJEMPLO 1. Considere el problema lineal

maxz=x4=x5

$.0.
2x2“’X3-X4+x5.>_0 ‘
=2x +2x3= x4t x5 2 0
x=2x | =x4tx52 0
1

il

X1t x * xg

Deberemos multiplicar la funcién objetivo por = 1 para que el problema sea de minimiza~
cién y tumbién agregor voriai:ins de holgura a los primeras tres restricciones para que -
lleguen a ser igualdades. Con cslas observaciones el programa lineal estoré en forma estan

dord, lo cual es una condicién pora aplicor el programa GRAN M, Si definimos 2'=-z, -
nuestro problema en forma estandard es

min z' =wxq4t x5

“2xg ¥ x3t x4 - x5¥8y - =0
2xy . " 'l-=2x3+><4- x5 *s9 © =0
=y +2x% +x4l-= Xg sy =0
Xy + %y + x3 =1

x; 2 03 i=1,2, .00, §
s - 0p '

“o
-9
I
-
-
Ny
w

Obsérvese que ounque el programa lineal ya esté en forma  estandard, todavia no estd liste
para cmpezar el algoritmo de la Gran M porque en la Gltima restriccién ne existe una voria=
blc que aparczca en esta restriceién pero no se encuentre en las ofras restricciones. (ie., no
sc ticne yna solucién bésica factible inmadiata)., Por lo tanto, deberemos agregar una varia
ble artificial que liamaremos H,a la cuorta restriccién para asi’ completar nuestro solucién
bésica factible en la cual se inicia el algoritmo. Sin embargo, al introdugir este variuble =

artificial en la resfrnccién deberemos agregorla en la funcién objetivo mulilplvcado por una =
cantidad posmva M muy grande.  Asi nugstro problemo resulta sers

}

mmz =-X4+x5+Mh ‘ ) . |

"2X2+ X3 + X4 ol X5+ Sa ) =0
2;‘(‘ "‘%Xs + X4ru‘" Xs +S2 =:
=Xy +2X2 ‘ o "'24 = Rg +53 =
Xt ot ' ty =)
X3 20; i=1,2, ...,,:15
(Si ">“0; i=], 2, 3
. >
v] —Qn



Es conveniente representar el programa lineal en un tahlero (o tableau), para poder enten-
der més fécilmente la informacion que deberemos proporcionar al programa de eomputadora
GRAN M 6 I/SIMPLEX, Esta representacién aparece abajo

4

B Ty 2 W S T N 0 DO
Funcién Obj. F.O.)  |0- 0 0 =1 1 0.0 O M 2!
Renglén 1 (R. 1) 0 2 1 1 9 1.0 0 010
Rengién2 (R.2) |2 0 2 1 -1 0 1 0 00
Renglén 3 (R. 3} St 20 i -1 0 0 1V ¢ 0
Renglén 4 (R. 4} ‘v",‘»'»vl:‘ll‘l ¢ 0 0 0 0 ] ]
Y - 3 * * *

S
Var Holgu-  Var,
LI Art,

Solucién inicial
bésica factible

Este toblero contiéne toda lo informacién necesaria y la notacién apropiada para correr cl
programa GRAN M 6 el 1I/SIMPLEX, A continuacién se presenta su codificacién pora el
GRAN M, Para correr el H/SIMPLEX la codificacién es idéntica excepio por las farjetos
de control como se mencioné en la explicacién de estos programas,
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EJEMPLO 2

maxz=x‘+x2
$.Go
Xy + 3ty 23
Xy +xp 21
=X] + %y |
?xif.i‘o

Expresando o funcién chijetivo en 1érminos de minimizacién e introduciendo voriables
de holgura, artificioles; el problema es equivaiente a ¢

1

min (-z) = - xy ~xp + Mh‘

X txp =8 +?]=]
x] = %9 . +32 ’ ) -
-xl+x2 +33 =

En forma de tableay:

R TEE'O R | 18] $9' 3

Func, Obj. F.0). [=1 =1 0 M 0 0 [=
"Renglénl RJ) . | v 1 a1 1.0 0 |
Renglén2 (R, 2} T =t 0o 0 1 0 {1
Renglén 3 (R.3) A # p 0 0 1|1
; ® % | %
Solucién b=~

sica Eo\cﬁbie
inicial,
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EJEMPLO 3  Resolver el dual del siguiente por de prob!emos primal = dual,

Primal | ‘m‘ilh i=2xl = 3%y

) 2)(] o Xz = X3 Z- 3
%y = %ot xg = 22

xi z.q
Dual , max w =3 \A‘c‘*' 2. 32'
20+, <2 =
. xl L by oS -3 = 7',\‘ +{,12»: %3
~M-H 20
o, 20

Este dual es equwolenie a ..

ml‘n (-w)--=3 Ay «-2 3\2 +Mt]

21‘ \2 "’S'a ) ."'2
§ o -»,2 +H =3 |
Cagty vy =0

En forma de tableau; el dg;dl st dado por

A A L :

1.2 2 5 h 5
F.O. -3 2 0 0 M 0] -w
R 21 01 0 o] 2
R2 |1V . v .0y o0 3
R3 |-, 1 0 00 1| o

®
-
»
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EJEMPLO 4

max z =x) =xp *x3 =3x4 +x5,-lx6 = 3xy

s.o. ) .

S B . txg txg =6

s G SCR
ot xg g .

\‘-xjg' B + xg . =‘0
g txgtxy =6
‘ S 20 -

S

‘min (~z) = =Xy + %) = xq +3x4‘-x5~+‘x6 + 3%y
$.0, B "‘J o |
. 3)(3 n + x5 +'x6‘. ".‘ =4
X9 4_'.2x3 - X4 g S : - =10
xy - ) Co=xg 3 =0
RERE B txgtxy | =6

En forma de Tableay: '

X{ X2 X3 X4 X5 Xg l‘*:7 e

F.C. [~1 .
R1 0

R2 0
R3 |

- R4 0

L

o
#] = O0:0 Ol w

.2 oo..-"o p—
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MODELO 1
EL PROBLEMA DE LA DIETA Y SU DUAL

DEFINICION DEL PROBl:EMA DE LA DIETA,

Suponga que un dietista esté tratando de seleccionar una combinacién de cingo tipos
de alimentos (naranja, manzana, lechuga, chicharo y zanahoria) de manera que ef

" alimento resuliante de esta combinacién reuna ciertos requerimientos nutricionales y
tenga un costo minimo. Los requerimientos nutricionales que debe tener el alimento
resultante es de al menos 21 unidades de vitamina A y ol menos 12 unidades de vitg=

mino B. Las propiedades de los cinco elementos disponibles son:
ALIMENTO CONTENIDO DE CONTENIDO DE COSTO POR

VITAMINA A POR | VITAMINA B pPOR UNIDAD DE
UNIDAD DE ALI— UNIDAD DE ALl- ALIMENTO
MENTO, MENTO,

1 (Naranija) i 0 20 .

2 (Manzana) 0 1 20

3 (Lechuga) 1 2 31

4 (Chicharo) 1 i 1

5 (Zonahoria) 2 1 12

El problema a que se enfrenta el dietista se puede modelar como un problema de pro-
gramacién lineal (o programa lineal), de lo siguiente manera,

Sea x; la cantjdad de alimento i (i=1,2, ..., 5) que debe estar en el alimento resul-
tantc de la combinacién de los cinco alimentos., Por lo tanto, el costo de introducir

el alimenio i en la mezcla seré su costo unitario por la cantidad x; que esta presente en
la mezcla, El costo total de la combinacién de los cinco alimentos serg la suma de ios
cosios al combinar Xy, X9, ¢e0 Y X5 unidades de cada alimento, ie.si z es el costo total
enfonces

z = 20x] +20x) +31x3 + Vx4 + 12x4

Ya que el objetivo del dietista es minimizar este costo total, entances este objetivo se
puede representar a través de la siguiente funcién objetivo

min z=20x] +20>;2 +3]x3+]]x4+12x5 (1)

Los requerimicntos nutricionales de vitamina A se pueden representor en lao siguicm for-
ma. Si el climento nutricional i esté prescnte en una cantidad X; entences propord ifona
uha cantidad de vitoming A |gucx| al producto de vitamina A que contigne una unidad de
olimento por la cantidad x;. La cantidad total proporcionada por los cinco alimenios s
ré la sumao de vitamina A con que controbuye coda alimento y esta deberé ser mayor que el
contenido minimo requerido que es de 21 unidades, ie.

xq txgtxgtoxg 2 21 @)



Similormente, los requerimientos de vitaming B se pueden representar por

Xy +2xq + x4 xg > 12 ‘ (3)
Por Gltimo, otra restriccién que debe estar presentie en el problema dei dietista es que
fe contidad x; que interviene en la mezcla debe ser mayor ¢ igual a cero, ie.

XEZO a=.§92l°°“l5 (4)

Esto restriceidén és impuesto ya que no tiene sentido hoblar de que una cantidad nega-
tiva % estd@ formando perte de la combinacién de alimentos. -

En resumen el probiema del dietista es encontrar valores xy, %9, ..., X5 para los cua~

les la funcion objeiive (1) alconce su minimo y satisfagen los resiricciones (2), (3) y (4), :
Reescribiendo los ecuaciones del {1) of (4), el problema del dietista est6 simbélicamente
dado por ) -
‘min z =?10/x§ +20xp +3Ix3 + 'l’ix‘i +12x5 4 *)

xq txgtxgt2x5 2 21

(-Je-a-)
X Tixgtxgt x5 2 12 |

x5_>_0

La formulacién anterior, (*) y (**), se acostumbra representar en un tablero (llamado tom~
bién tableau) que upareceré obajo. Esta representacién es solo una dbreviacién de escri-
tura { o manero de una toquigrafio de programacién {ineal) que es Gtit en el olgoritmo de
solucién, en el proceso convencional al procesar el ‘problema por computadora y por ura =
gran claridad en la formulacién del problema dual que se presentaré después. La represen
tacidén de un programa lincal en forma de toblero consiste representor cada ecvacién o ‘desi
gualdad dnicamente por los coeficientes de las variables omitiendo la escriture de sus co~
irespondientes voriobles. Pora conocer @ que variable pertenece un coeficiente que apare~

2 zn este esquema se da la posicién del coeficiente, escribiéndolo en ia columna encake-
zado por {a variable que le corresponde,

Para nuestro problema (*) y (**), la sepresentacién o través de un tablero ests doda por

o I S . T
20 - 20 K} il 12 z {min)

i 0 1 1 2 |12 2

0 1 2. 1 1 12 32

i3



MODELGC 2

una compaiiia -tiene tres almacénes w],.wz, y w3, y dos tiendas de ventas al por mé-
nor, R], R,. Las demandas en las tiendas al por.menor y el iﬁventario en los alma~
cencs, se muestra en las respectivas cajas de ia siguiente figura. Los costos de
cwvio por tonelada también se muestran en la figura. La compaiiia desea determ{nar
‘@ manera de realizar los envios en forma tal que minimize los costos totales de

anvios, satisfaga las demandas de las tiendas de menudeo, y no excedan Jos inven-

tarios en los almacenes.




Sca-xij1as Loneladas del almacen wi a la tienda de menudeo Rj . Entonces Xgo TEPTE-

4

senta e} toneiaje enviado del almacen W; a 1a tienda de menudeo R,..

Si z representa el costo total de envios, entonces nuestro problema se puede formu-

tar por:
mic z = lx]] + 3xyp + 2x21 + 6%y, + 4x31.+ 5%3 (*)
sujeta a
Restriccicnes sobre X1 + X192 £ 20
disponibilidad de
almacenes X2y + X950 £ 30
L
X3y * %3y & 40
(**)
Restricciones sobre Xeq + Xoq + Xqq 2
la demanda e tiendas ?] el 3 40
A
de de menudeo X2 ¥ Xpo * Xy 2 50.

La formulacion anterior, (*) y (**), se acostumbra representar (por convenencia
del algoritmo de solucidon y del proceso convencional en el procesamiento en compu-

tadora) en la siguiente tabla:

o e a2 ' ;2

1 3 2 6 4 5 =z
: 1 o -0 0 0 1% 20
0 0 1 ] 0 0 Z 30
0 0 0 0 ] ] Z 40
bl 0 ' 1 0 1 0 A 40
0 1 0 1 0 1 3 50
{
l,




REPRESENTACION MATRICIAL. La formulacién (*) y (**), ‘se puede representar matricial-

mente como sigue:

min z = [ 13 3 6. 4 5] EX
%12
A2
X22
X371
| X32
sujeta a
] 1 0 0 0 0 Xqq 20
0 0 1 1 0. 0 |xp, 30
40
0 0 0 0 ] 1 A
L0
1 0 1 0 1 0 X .
. - 22 50
0 1 0 1 0 1] | xy -
Lx32..

COMENTARICS. E1 problema de programacion lineal anterior ocurre tan frecucntemente
en la practica, que se le ha dado un nombre especial: el problema de transporte.
Los prob]émas de transporte en geneal, tienen tablas ralas (o matrices ralas), lo
cual significa que la tabla tiene muchos ceros o sea pocos elementos distintos de
cero. Dantiig y otros han desarrollado métodos especiales para la solucidn rdpida

ide estos problemas.

Otro comentario importante, es la caracteristica que presentan cada una d¢e las co-

Tumnas de la matriz de restricciones: observe zue cada una tienc dos unos y los

7

demas cjementos son todos ceros.



MODELO 4

Un invaisionista tiene disponibles las actividades financieras Ay B, al comienzo de
cada uno de los siguientes cinco afios. Codo peso invertido en A, al comienzo desun
‘aifo, le regresa $ 1.40 (una ganancio de $ 0.40) dos afios més tarde (en ¢l momento

preciso pata una reinversién inmediata)l.  Cada peso invertido en B al comienzo de un

’

aiio, le regresa § 1.70 tres afios después.

Ademés coxisten dos actividades financieras C y D que estarén disponibles selamente una
vez en cl futuro.  Cada peso invertido en C en el comienzo del segundo ofio le regre=
sa $ 2.00 cuatre ofios més torde.  Cada peso invertido en D, en el comienzo del quinto
aiio le regresa $ 1.30 un afio més larde. ‘

El inversionista comienza con $ 10,000.00. El desea conocer que plan de inversién ma-=
ximiza la cantidad de dincro que ¢l puede ocumulor al comienzo del sexto afio.  Formu-
lc un modclo de progromacién lineal para esie probleme y también expréselo en forma fa-
bular.

SOLUCION,

Sca Xi' ta contidad de dinero invertida en o actividod i (i=A, B, C, D)enel aio j
(i =1, 5: 3, 4:@ 5)-

Las caiocteiTsticas dadas sobre las formas de inversién de cada una de las actividades ~=
A, B, Cy D pyeden mostrarse esqueméticamente como sigue.

CONDICIONES DE INVERSION EN LA ACTIVIDAD A,

X X X X :
I Al i Az A3 T Ad INVERSIONES
1 2 d 4 5 6 Afios (principio de
) l ! oito)
v . : RETORNO
]'4XAI ]'4XA2 1.4X 4 1,4XA4 ’

CONDICIONES DE INVERSION EN LA ACTIVIDAD B

3 A 6 Aivos {princi-
1 ! . L pio de afo)

VX WX 1.7Xg3

e P o}




CONDICIONES DE INVERSION EN LA ACTiVIDAD C:

Xc2

Anos (princi-

6
1 " pio de aiio)
2XC2
CONDICIONES DE INVERSION EN LA ACTIVIDAD D:
X

Io's

- ]
1 2 . 3 4 5 6 Afos (principio
de aio)

1.3).(05

La cantidad acumulada en el comienzo del scxto afio es la cantidad original (10000)
més la ganancia obtenida hasta esta fecha. Por lo tanto, el problema de moximizar
la cantidad acumulada de dinero es equivalente a minimizar la ganancia, ya que la
cantidad original disponible es una constante que no afecta el valor del dinero acu~
mulado a través de cialquier plan de inversidn que se siga.

Si Z es la ganancia total obtenida hasta el comienzo del sexto ofio, entonces la fun-
ci6n objelivo ser4:

x 2= )

Del enunciado del problema, se observa que las restricciones al problema estén dadas por
la cuntidad disponible para invertir en coda afio, -y por las caracteristicas de las activida-
des A, B, Cy D. Estas restricciones sobre los inversiones anuales se determinan como
sigue:

PRIMER ARIO:  La contidad de dinero invertida en el primer afio debe satisfacer :

Xap* X3y = 10000

Si Uy es una variable positiva o cero, que se adiciona o le desigualdad anterior, para gue



esta des”:.aidad llegue a ser una igualdad, entonces

+ X + uy = 10000 (1)

XAl B

U, 20

LulnS:
1. A Ta variable que se adiciona a una desigualdad para convertiria en igualdad
se la 1lama una variable de holgura. Entonces u, es una variable de hoigura.

2, Cbserve que Uy representa la cantidad de dinero no invertido en el'primer a-
" fie, y por lo "tanto también representa la cantidad disponible para invertir
en ¢7 scqunde afio.

SLOPNCO ANO: Las inversiones en este afio deben satisfacer (abserve en las fiqu-

ras anteriores en que actividades financieras podemos invertir para el segundo
ano): ,
+ + X <
*he T g2 T Rz = Y

Si introducimos una variable positiva u, para pasar la desigualdad anterior a
jgualdad, entonces

Xpo * Xga * Xgp * Up = Uy (2)
Uy 20

Observese que la variable u, es una varible de holgura que representa ia canti-
dad no invertida ‘en e1'segu%do afo.

TERCER ANO: En este anho la cantidad de dinero disponible para 1nvers1ones pro-

viene de tres fuentes:
i) cantidad no invertida en el segundo afo: Uy

i1) ganancia obtenida de inversiones anteriores: 0’4XA]

3i1) cantidad recuperada de inversiones anteriores: Al
u2+1 4XA]

Observando cada uno de los cuatro d1agramas mostrados anteriormente, se tiene
que para el tercer ano las inversiones deben satisfacer

Xp3 * Xg3 € Uy * 1Axy
introduciendo una variable de holgura Ug (u32:0). se tiene que
+ Xgy t Uy = u, f ].4XA] (3)
| U200
Otra vez notese que uy representa la cantidad no invertida en el tercer aio.

Xp3 7 Xp3

i

CUARTO ARQ: En forma similar al andlisis del tercer afio, se tienen tres fuentes
de dinero disponibles:

¢



1) cantidad no invertida en el tercer ano: uy

ii) ganancia’obtenida entre el tercer y cuarto 0.4xA2+G.7xé2

periocdo:
iti) = cantidad recuperada de inversiones anterio © Xx,, + Xgnq
res: ‘.. ‘ ' . : :
u3'i"1 o 4Xi\2+l o /XBl

Por lo tanto, las inversiones en el cuarto periodo deben satis-
facer : ' '

xA4 £ g, 1.4 xAz + 1.7 xBl

Introduciendo la variable de holgura positiva u,, se tiene:

R e
f

KA4 +‘u4 = u3 + 1.4 3 + 1.7 x

A2 B1 ( 4)
D
u, © 0
"QUINTO ANO: La cantidad disponible en este periodo proviecne
de: ' . .
i) cantidad no invertida en el cuarto ano: u,

ii) ganancia entre el tercero y el cuarto periodo: O.ZgA3+0.7xB2.

A3 B2
u4+1,4xA3+L.7x82

iii) cantidad recuperada entre el periodo '3 y 4to.: X + x

Por lo tanto,
" £

D5 u4 + 1.4 x + 1?7 X

A3 B2

Si ué es una variable de holgura, entonces

Por lo tanto, nuestro modelo de programacién lineal quedarfa
definido por la funcibn objetivo, dada anteriormente y el -

conjunto de restricciones definidas por la ecuacién del (1)

a la (5). -



weescraibiendo las ecuaciones anteriores, nuestro modelo de
programacidn linecal queda expresado por:

¥

max z= 0.4xA1+0,4xA2+0.43A3+0.4A4+0.7xBl+0.7xB2+O,7xB3+XC2+
0.3xq5 “ (0)

sujeto a ( s.a.).

Xpy* Xpyt Uy = 10. 000 (1)
Kt Xyt Koy t U, = ouy (2)
Xpy* ¥py T U, + 1.4 XAl | (3)
Xpat Uy =1.F3+,1.4XA2 + 1°7Xh1 ( 4)
Xpgt Vg =.'ﬁ4f lodxyg + 1.7%5, (5)

a5 2 0 ( 5= 1,2,3.,4 )

¥Bj » 0 ( §= 1,2,3, )

fc2- > o |

'xﬁs > 9

Ui > o (i= 1,2,...,5)

Este problema expresado en la forma particionada

b
0

e presenta a continuacibn:

*
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La Compania aérea Aeronaves del Pacifico, necesita decidir cuGrras cerc
mozas controtan y odiestran en los préximos 6 meses. Los requerlmuenfos -
expresados como horas-vuelo-aeromozo son:

80G0 en Enero; 9000 en Febrero; 7000 en Marzo, 10 000 en Abril, 9000 ~
.en Mayo; y Il 000 en Junio.

El entrenamiento para-que una acromoza dé servicio en un vuelo dura un
mes, por tanto coda muchacha debe contratarse por lo menos un mes anies
de ser necesitada.

E! enirenamiento requiere de 100 horas de supervisién de aeromozaus ya --
entrenadas por lo tanio disponemos de 100 horas-vu elo-aeromozo menos, dy
rante un mes por cada oeromozo en entrenamiento.

Cada acromoza entrenada puede trabajar hasta 150 horas en un mes y la-
-~ ol v . o o
compoaiiic ticne 60 ceromozas entrenadas al .principio de enero.

Si el maximo tiempo disponible de las aeromozas excede al requerido en
el mos (horas vuclo + supervisién) trabajorén menos de 150 horas y no es
despedida ningura. Pero en cada mes, oproximadamente el 10% de las -~
oeromoz_as con expericncia dejan el ~i‘robcqo por,mcfnmongo v olras razones.

Cada acromoza enhencdo cuesta a la compaiita $ 8000.00 al mes y coda -
aeromoza en entrenamiento $ 4000.00; fomando en cuenta salarios y ofros -
beneficios. .

1

macién lineal haciendo " x; el ndmero de aeromozas que principian su -
entrenamiento en el mes t, donde xg = 60 representa las aeromozas -
disponibies al principio de enero. Defina cualquier simbolo adicicnal ~
que necessfe para expresar jos variables de decisién

:

) Ed incisg anterior supone un horizonie de 6 meses. Suponga que se -~

a) Formule el problema de contratar y entrenar como un modelo de progra

" ogregan requernmnentOs de julio al modelq, por ejemplo 10000 horas, (Com-
siarle necesariomente la solucién para fos meses anteriores encentrade anterior
mente? Expliquelo.



Sea xy el ndmero de petsonas coniraladas que prmc:p:un su entrenamiento al inicio del mes t

(1=1,2,..., 6).

Sea y; el némcro de aeromozas experimentados al final del mest (t =1,2, ..., 6). Nétese
que Yt también representa la cantidad de ceromozos experimentadas al inicio del mest +1,

DISPONIBILIDAD DE AEROMOZAS EXPERIMENTADAS,

COhserve que el némero de ceromozas experimentadas y; al final del mes t, esté formado por
fas personas contrgtados al inicio de este mes(las cuales fueron entrenadas en el transcurso
del mes) més el 90% de las aeromozas experlmentoom que habia al final del mes anterior + -1
{0 sca ol inicio del mes t), ie: :

VTR L9 ¥ (t=1,2,...,6
con - *)
Yo = %o = 60
4 sea
Yy =X+ 9y =xy 9%, (1)
Yz = X2 + oq’)’] (2)
Y3 =x3 + .9y @3)
Ys=x4 T .93 4
)’5 = Xs + '9)/4 , (5)
Y6 =xg * .9y (6)

DEMANDAS DE HORAS DE TRABAJO (VUELOS COMERCIALES Y ENTRENAMIENTQO):

La demanda 1otal de horas de vuelo por mes corresponde ¢ la demanda de vuelos comerciales
mds la demanda de horas para entrenar a las nueves personas contratadas en el inicio del mes.
Para sotisfacer esta demanda total en el mes t (inicio del mes t); se dispone de Yi.] geromo-
zas con experiencia, las cuales pueden proporcionar 150 horas cada una de ellas.  Por lo tan

to, si Dt es la demanda de vuelos comerciales en el mes t, entonces:

t=1

) con Yo =

Demando en el mes t ¢ 150y . = Dt+100 X, (t=1,2, ...,6)

]

~troduciendo una variable de holgura a cada ecuacién, entonces

190y, ;) =D, +100x *u,  (F=1,2,...,6)
)’°=Xo ' h (**)
U'. 20



Cil- iy RN ATE RO

vsadas ul final del perfodo t,

Demanda en cf mes 1 :
"Demanda en el mes 2 :
Demanda en el mes 3 ¢

Demanda en el mes 4 :
Demanda en e! mes 5:
Demanda en el mes 6

FUNCION OBJETIVO:

Cwpresunde esta restriceion pora cada | se tiene que:

150yo = 8000 + 100 x; tu,
150yy°= 9000 + 100 x) +u,
150y, =80C0 + 100 x5 +ug
150y3 = 10000 + 100x,4 + Uy
150y4 = 9000 + 100 x5 + ug
150y5=12000+ 1_00x6+u6

v . - I -1
ov uno voriable Jde helauie qua roprrsonia of admero de horos disponidble no

Yo

"

Ya que cl objetive de la compaiifa es determinar cuantas aeromozos contratar cn los préximos

meses, -entonces {a funcién objetivo es minimizar los costos involucrados. Estos costos son los
cosios de las aeromozas experimentadas més los costos de las acromozaos que estén siendo entre
nodas. Por lo.tanto, la funcién objetivo esté dada por

min £ = 8000 {x°+y] +...+y6] +4OOO[XI % +---+x6]

ya que Xo =y,

min.Z=8000[ym+y1 + ... +,V6]- f4000[x] +x, + ...q"xé:l

2 (***)

Porlo tanto nuestro modelo de programacién lineal para el problema dado, esté definido por
(*), (**) y (***). La representacién de este probiema de programacién linea! en forma parti-
cionada (6 tableou 6 tablero) es la siguiente.

Yo Y3 Y4 V5 yg Xo X] X9 x3 X4 X5 Xg Uy Up Ug-Ugugu

£00 800 800 800 800 800 800 400 400 400 400 400 400 Z {min)
1 60
1 ~1 0
.9 1 -1 0
-9 1 =1 0
“a 9 ] ] 0
- 09 ] -i 'O
e .9 - ] -] ) O
- 09 ) ‘ -I O
150 =100 -1 8000
-150 ~100 -1 QU
150 =100 -1 8000
150 100 -1 10000
150 -100 =] 9000
. 150 -100 -1 12000

-[yoyl Yo Y3 Y475V %0 %1 %2 %3 X4 Y5 X Yy Yp vz Y, Vg "6‘] 2 0




1 Fp1 A2 *B2 *c2 Y2 *a3 *p3 Y3 *aq Y4 Tos5 Ys
- ( ¥ ] T | ]
4 .7 ) .4 7 1 L4 7 4 L3 = z (max)
» ) i [
i1 1! f : ! = 10 000
] ! '
-t 1 1 1 10 f ; = 0
| ' | r
~1.4 | -1+ 1 1 1. , = 0
L] / !
-1.7 ,-1.4 n -1 11, = 0
. ‘ ‘ |
; -1.7 ' o-1.4 - .17 1 1= 0
.' i !
x = [¥a1 ¥p1 U1 Xa3 Xpo Xop Yz Xa3 Xp3 U3 Xag Yy Xps usjlé 0
NOTA: Las restricciones del ( 1 ) al ( 5 ) pueden expresarse

sin variables de holgura, con objeto de expresar estasrestric
ciones como desigualdades en lugar de igualdades. El procedi
miento para,obtener estas igualdades es el siguiente: ’

Obviamente de la ecuacibén ( 1) se tiene

1l
- =
Xpaq + Xpy = 10 000 (.1 )
Sumando ( 1) y (2):
Xpap t Xgy * Xpp * Xgy * Xo, o, =--10 000
X,. + X% - 1
Al "Bl + Xpy t Xy t+ Xqy £ 10 000 ( 27 )
Sumando (1), ( 2)y (3 ) :
X a1y +.xBl + XAZ + Xpo +\xC2 +XA3 + Xp4 + uy = 10 000+l.4xA
a1t ¥t Faa T ¥m2 Y %2 P*a3 Y *3 £ 10 000 + 1.4x,, (3

Sunando (1)|, (2), (3) y (4) :

1

1

- v . - 1 . -1, -

kA1+hB1+xA2fx82+xc2+¥A3+xB3fo4Fu4 10 000+_,4xAl+1 4xA241 7§ul
, Z ’_ '

xA1+xBl+?(A2+xBZ+xc2+}fA3+xB3+xA4 f 19 000F114XA1+1“4XA2+117XBI +

H
1o4x,4 + 1J7%p,

1

(47)



s

Sumando (1), (2); (3), (4) vy (5):“

xA1+XBl+xAZ+xB2+xC2+xA3+xB3+xA4+xD5+u5 = 10 000+1‘4XA1+]‘4XA2

+ 1.7xél+ 1.4xA3+1.%xBZ |

xAl+xBl+xAé+XBZ+#C2+XA3+XB3+XA4+XDS 4 10 000+1°4XA1+1‘4XA2+1'7XBI
+1.4xA3+1.7x82 ( i | (51)

Por lo tanto, las desigualdades del (11) al (51) son las restric-
ciones a nuestro problema estas restricciones pueden obtencrse di
rectamcnte del contexto del problema sin la introduccidn de varja
bles de holgura, nu?stro problema expresado a través de las res-
tricciones de la (1%) a la (5%), queda representado en forma par-
ticionada como sigue: = . ' . '

*a1 ¥B1 *a2, ¥B2 *c2 *a3 *B3 *a4 *ps

s a7 “.45 RV Y P max ;1
101 £ 10 000
1101 11 € 10 000

-4 1 1 1 1 1 1 £10 000
~4 =7 -4 1, 1 1 1 1 £ 10 000
-4 -7 -.4-.7 1-.4 1 1 1 |£10 000

W
o

x = | *a1 ®B1 *az ¥p2 ¥c2 *a3 *p3 ¥ a4 xosj
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a modnl for queueing systems
isa simulation mode! for single-phase, multiple-channel
queueing systems. T he performance of one 1 nine
channels may be investigated under a variety of arrival
and service. parameiers and for a variety of associated

costs.

Queucs (waiting lines) are common, everyday occurrences. Queues occur in
grocery stores, in banks, in front of movie theaters, during university
registration, and so on. Qucucs build up as a result of an interaction between
customers arriving for service and a service facility. Almost everyone has

" experienced being frustrated by waiting in a line. The purpose of this

computer cxercise is to aliow the user to experiment with situations in
which qucues occur. The model is concerned with more than waiting time in
the "quecucs, however, It allows one to look at the entire system from the

‘operation manager's viewpoint, i.e., not only worrying about the customer

but also being concerned about the utilization of facilities and the total cost
of dperation.

" The first section provides background information on queucmﬁ con-
cepts and how these concepts may be used by the operations manager as an
aid for decision making,.

The following sections present a situation in which the computer
model may be used as a tcol for anaiysis of some possibie alternative
management decisions. These illustrative problems include complete insiruc-
tions on how to use the computer program QUESIM.

9.1 THE QUZUEING PROCESS

1"

This section contains an introduction to some ¢ 'ucing concepis. N
mathematical formulas are presented, although refecences are given for those
readers interested in a detailed presentation of queucing theory.

@]
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COMPUTER MODCLS

Deflinition
of
Queucing
Terms

Arrival
Patterns

The queueing process is cenwred arwund a service system which b, «ne or
more service channels, Customers (arivalsy are Jdiawn from an input source,
o population. in qucucing models, the customer arrivals from the input
source are generally characterized by a probability distrmibuiton. The symbol
commonly used to represent the mean arrival 1ate of custonicrs is the Greek
fetier fanibda (N}, Anv arrival entering thic system joins a quewe, or waiting
fine {a gucue may be of zero iength). The customer s selected Tiom the
queue for scrvice according o a quewe discipline ot a priotity rule. Usually,
service times follow some probability distiibution and the average service
rate s commionly iepresenied by the Greek letier mu (u). In order to have a
stabic queucing process the average service rate (u) must be greater than the
mecan arival rate- (A}, After service is completed the customer exity the
sysicim. Sce Figure 9-1,

Generally, a queueing system is characicrized by the following prop-
erties: -

i

How o

its arrival pattern.

Its service time distribution.
lts queue discipline. S
Its fayout, or customer-flow nattern.

The feature that makes some situations into quecueing situations and othe
situations non-queucing is the nature of the arrivals to the system. Arrivals
are the customers to tae service facility, since they are the people or things
that need to be processed.

In the situation where all arrivals are on hand, such as a farge stock of
‘taw materials, the service center may process arrivals at wiil, and there is no
reai qucueing problem as such. {n other situations wherc appoiniments are
made ahead of time, there is also no real, or at least visiblc, qucueing
problem.

The really interesting problems, those worthy of being siudied as
queueing systems, cxist when arrivals are not controlled or coniroliable by
‘the service center. The most common assumption made in these cases is that
the time intervals betveen consccutive arrivals are independcnt random
variables. Each arrival is considered to be unaffectied by the time at which

Setvice sysiem

R )
Input Arnvals Served
— (LTI T T L)

source | - CUslOMEE >
Cusiomers

1 in queue Seivice
' channcl

Figure 9-1 Single queue;-siraglo channel, singie-phase queucing process.



Scervice
Time
Distribuiions

~

Quecue
Disciplines

i

Layout

or
Customer-Flow
Patterns

177

i QUESIM

any other arrival occurs or by the number of arrivals whizh have alrcady

taken place. A good example is the placing of telephone calls when cach
customer does not 1cally know, or care, who elsc is placing a call.

Studics of queucing systems have revealed that the time intervals
between consccutive arrivals are often distributed according o the negative-
exponential distrib.:iion, (Longer time intervals have a lower probabitity of
occurrence.) In this case the numbcer of arrivals expected forms a Poissen
distribution. Other arrival distributions arc possible, but the Poisson distribue

tion is the most frequently occuiring distribution.

The simplest situation is that in which each airival requires the same time for
service as every other arrival. A vending machine, for example, is usually
asumed to have a constant scrvice iime. The most commonly assumed
service &ime density distribution, however, is the negative-exponential dis-
tribution. The service process may be further characterized as being single-
phase (one operation) of multiple-phase (a scries of operations).

~

The;'que‘ue discipline is the priority rule by whick waiting jobs are sclected

from, the queuc for scrvice. Because this represents a directly controliable
decision varigble, an extensive amount of rcsearch has been done in this area
of queueing theory.

. The most common priority rule is the first-come-first-served rule
(FCES). According to this rule, the first job to arrive in the queue wiil be the
first job to be serviced. In addition, the following priority ruies have reccived
much attention: (1) the random rule selects the job which has. the smallest
value of a random priority assigned at the time of its arrival, and (2) the
shortest operation time rule (SOT) selects from the quecuc the job which
requires the least processing time at th.atvé,ervice center.

The dayout or flow pattern of a queueing system is largely determined by the
specific servicing requirements of the arriving population, and by ihe physi-
cal limitations of the service facility. :

This factor of specific servicing requ;rements is irmportant when the
job’ must be processed through a specific service channel or through &
partrlcular sequence of operations. If the job has no specific routing require-
ments, however, this factor becomes negligible. If the job reguires several
operations, for example, it is possibie that the sequencing of these opeiaticns'
is of no conscquence.

 The physical limitations of the servuce facility are important, as they
affect the facility layout. These physical limitations impose an additionai
constraint when they tend to himit waiting areas for jobs. As an example, one
may. prefer to have a single-queue, multiple-channel service Tacility, but
adequate waiting space may not be available. The following arrangements are
some examples of system geometry or job-llow patterns: single queue--single
channe! (Figure 9-1), single queue—muitiple channels in parallel (Figure 9-2),
multiple queue—multiple crannels (Figure 9-3), seivice centers in tandem
{Figurc 9-4), and service centers in a network

1}
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Figure 9-2 Single quaue--multiple channel, single-phase.
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Figure 9-3 Multiple queue—multipie channel, single phase.

'

Scrvice channels

Customers I
In queue

Figure 9-4 Single queue—single channel, muiltiple-phase.

One of the primary purposes for studying queueing theory is its predictive
capabilities. In turn, this predictive ‘capability is refevant to the design and
control of operation systems. Some of the operational characteriszics of 2

‘ queueing system which may be of interest to a manager are the disiributions

of: '
1. Queue length. o
2. Customer waiting time (in queue and/or in the system).
3. Idle time of scrvice facilities.
4. Number of customers in the scrvice system.

These distributions may be described by their mean value, standard

S e

deviation, and the probabiiity that the variable exceeds a specific value. With
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information of this nature the qucucmg system could then be designed (or
altered) so that

1. The resulting opcrauonal charactcnsncs arc within acceptable
lxmlts

. An cconomic criterion such as cost (or profit) may oe minimized
(or maximized).

" An cconomic criterion may be established if one can associate dollar
values with arrivals and service. For example, if one knew the revenucs per
arrival and tho cost of service, it would be possible to set up a profit-
maximization objective. Or, if the cost of an arrival waiting in line (or in the
system) and the cost of scrvice arc known,, the measurc of effectivencss
couid be a cost-minimization function.

For solving operationai problems which may be characterized as a
quecueing process there are two methods avatlab’u~F|rst if the arrival and
service time distributions arc well- known mathdmatical distributions, it is
possnbie to derive formulas for describing the operational characteristics.

1 Secondly, even if thc quecueing process does not possess. properties of

well-known distributions, one can still .attempt to solve the problem by

.-means of Monte Carlo simulation. In this approach, empirical or assumed

data for arrival and service time distribuyiohs are used as bases for geneiating
a large number of arrivals and services, on paper. This may be done by hand,
but for a large simulation it is most often-done on a computer.

Sincc QUESIM is a computer simulation model for waiting lines, the
development of the analytical formulas for solving these problems will not
be p‘resentcd here. For readers intcrested in the mathematical development
of these formulas-see Hillier and Lieberman, Morse, and' Saaty, in the
references for this exercise.

In this section, a sample problem suitable for the application of the
computer model QUESIM will be prescrited. The QUESIM model itself will
{henf‘ be described. This description will point out to the user the types of
systé’ms for which QUESIM is applicable’and the control options available to
the user. Following the above, dt.taxled descriptions of both the computer
input and the computcr output for the samplc problem will be given.

john Entrepreneur, who is a scmor at the local college of business acminis-
tration, is going to open a campus ice cream shoppe. The store feaiures
seventy-eight virieties of ice cream {more than double the number of his
compcetitor), and pretty coed’s to serve them. Even though john's store will
have more (o offer than his competitor's store, called The Establishment, it
is hypothesized that in the first few months local business will be roughly
divided between:ooth stores.

John alo feels that the confection industry has a high index of
substitutability ‘and the improved availability of -ice cream due to the
opening of his shoppc in ‘the near future will marginally increase the gioss
sales of both shres, rather than mculy dividing the present saies market.
]ohn S markcn.u; research efiorts hnvc turned up the following information:

{

4
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the distribution of customer arrivals into nis shoppe wili most likely follow a
- Poisson distribution, with a mean arrival rate of 60 people per hour. john
has planned that upon arrival in nis shoppe cach customer will take a
scquential number and await his turn for service. This will facilitate h's
servicing of customers on a iirst-come-first-served basis.

john's preliminary analyses also show that onc server (whose wages
are $1.80 per hour) can be expected to service about 30 customers per hour,
following a negative-exponential distribution. Moreover, John's marketing
research shows that when the service rate is siower than ihe arrival rate
customers will leave rather than wait in a long line. John estirnalts that his
cost {possible opportunity cost) wiil be $C 05 for every minute that z
customer must wait.

Thus Tar, however,. John has not been abie to ascertain from his
research data the cptimum number of servers 1o have on duty. Logicaily, he
knows that more than one server is required, because the mean arrival rate is
twice the mean service raie. Furthermore, he rezlizes that these rates are
mean rates of probability distributions, not constant rates.

john recognizes that his problem is one of design, i.c., how many
service channels to provide in the above queueing sysiem in order to
minimize total costs. He could, in fact, actuaily operate his shoppe with one
server, two servers, three seivers, etc., each for a period of time, and
calculate his total costs. However, Jonn has an alternative, and that is to
simulate his ice cream shoppe operations in a compressed time period with
QUESIM. Using QUESIM, john could experiment with using one, two, three
servers, and so on, until the model indicates to john the optimum number of

“service channels to have in his service facility. Moreover, the simuiation can
be done in a short period of time, as opposed to waiting for weeks ot
cmpirical data from actual operations.

The QUESIM is a computer model deveioped for simulating single-queue, single-
Quesim  phase, parallel queueing systems, that is, the iype of sysiem proposed by
- Model John Entrepreneur. The mode! determines, trhrough an iterative process, the
optimal number of service channels to allocate to a service facility. The
configuration, or design, of the service facility is under the controi of the
user; hence, the user inust specify the foliowing characterisiics of the

queueing system to be studied:

o 1. The arrival disiribution, the mean arrival rate, ang e coshs

associated with arrivals waiting in Line,

S 2. The scrvice timce distribution, the mean service Time, NG i8¢ ¢y
of idle servers.
3. The simulation control limits, or the initial and maximum number
of service channels (up to ning) whick may be considered availabie 1o
the service facility during a simulation run, and the maximum lengid
of time for the-simuiation to run.

Loah e . . .. o mer

The above information on arrivals, services, and simulation vonue

limits comprises the input for the computer program, QUESIM. .
The computer output includes) at the top of the page, Thv uscis
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input data as a.means of identifying the uscr’s (problem) output. Following
this identification information, the first twenty simulated. arrivals and ser-
vices arc-printed in a tabular form The program then prints out statistics for
the number arrived, number serviced, actual simulation-run time, maximum

Jength of queue, mecan length of queue, mean waiting time in queue, percent

utilization of service facilities, waiting timc (in queue) costs, idleservice time
costs, and total costs of opcrations. This data is printed out for eachriterative
number of service channels and the simulation is terminated when either the
number of service channels has reached the maximum allowed or the totu
cost' of the system with N servers {channels) exceeds the total cost with NV =
1 seivers. )

An example of the application of program QUESIM 10 johin Entie-
preneur’s prodlem is given. next. .

Shown beclow are the input. data cards. requircd by QUESIM for solving
John’s-Ice Cream Shoppe.Problem. In all, four data cards are required tc run
program QUESIM; they are the user name card, the arrivai data card, the
scrvice- data card, and the simulation control card. .Each card will be de-

scribed in turn. .

User name card is the first card. This card may contain any. identify-
ing information (such as the user's name) which is desired. The identifying
information is keypunched in the first forty card columns.

MAGARED BLFSTR PRUBLENM ONF
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Arrival data card is the second data card. This card contains. the
arrival type (the arrival pattern) in column 1,.the mean arrival rate in
¢olumns 11-15, and the cost per unit of waiting time in columns 21-25. On
this and all data cards, the user must keypunch all decimal points. For John

,Entrepfencur's problem; this card is illustratéd below.

L.y . 1S

—

800006000G0CDOD000GC06C0000C0000000000000008C0080458

LI 2 I Y B I T N ) l)lllll!llllllllNZl‘J.]Ilﬂli‘lll" SESENN MW UM BRGNS

The 1 in card column one is'fcr arrwal type code. 1, which spegivics
the Poisson arrival distribution. The 1.0 in column 11 specifies a mean arrival
rate of 1.0 customers per time urit, and the .05 in column 21 represents the
cost per unit of waiting time per arrival in John's Ice Cream Shoppe.

Serwce data card is the third data card. This card contains the service
type (the service time distribution) in column 1, tne mean servicertime in
columns' 11-15, and the cost per umt of idle service. umc in'columns.2i-25.
For John Entreprencur’s problem, this daia is showi below

1 ! | "
e coli i
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The 2 an wobume o ow o, et mosaing cxponential serv.ce time
distribution, and the 2o o -+ Tt Lt osibe mean service time.

T sunlaiion o -t o nr e oo towithe data card, Tois card
Containg the beginning ron e o sore o Gdennelsin column 1, ihe maxi-
MU number of seivice \i‘.""'-"\ i e i1, and the simulation-run ame
in columny 21-25, For ol § nteg,oc s problem, the simulatioa control
€ard is shown below. The toe, Lo ot tme for this simulation gata is in
minutes. -
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The compicie disting of {he tow mpul data cards, one card per typewritien

iine, is shown in Figure 9-5.°
MAGGARD QULLIM PROML._. OAL
1 tod 05
2 o b 23

i 9 S0,

Figure 5-5 Computer input~Jonn's lce Cicam Shoppe.

Computer  Shown in Fizure 9-6 is il computer output for the first iteralion {one
Ouiput  channel) of john's lce Cream Shoppe Piobiem. At the top of the computer

»
‘Cgf,?‘[;:‘;’ cutput, the information input on the four data cards is printed out.
“ a . . - .
Shoppe Below the problem rdenufication information, the first twenty arriv-

als of the aciual simulaiion are tabulated. This does not mean ihat only
twenty customers arrived in 60 tme units. The computer program is desig!
e4 to print out a table Tor oniy the first twenty arrivals, regardless of the
smulation-run time speciniad,

in the simulaiion tiable ihe column headings are thc customers
arrival time and his departure time at his respective channel number. The
- -

~'o rams ecifics ihat the ﬁrst cuslomu always arrives at time zer Z.cr.ce i,
) 0

<
t.me for the Tfirst arrival was 2.6 time umx,s, thus, the first arrivai def*srie_d
om channel number § {in this case the only service channel) ao time 2.90.
Customer 2 also arrived 21 iime 0.0 and required 0.7 minutes of »rocessing

" time, thus exiting the sysicm at simulation Lime 2.3 The arrival ang

ture times printed out aic rounded off 10 the nearest one-tenin (O.)
unit. Consequently, this rounding off makes the arrival and de p FTLfe tanes
of some customers appear to occur at the same timce, for enamphe
number 4 in Figure 9-0.

Below the sample simulation datz, the summary queugis »nuiisies
and opcration costs, which are the infoirnation of most inieres:,
out. The Tirst line tells how many arrivals entered the system ana 0w inaay
were scrviced by the’enc of the specified simulation-run time. Tne numbe:
-of arrivals wili always exceed the number served, by at icast cae. This i
because in program QUESIM arrivals occur betore departures and Slagses
simulation time is checked only when departures occur. Nexi, the aaxiniad
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PROGRAN QUESIM FOR MAGGARD QUESIM PROBLEM ONE

ARNIVAL TYPE ) RATE = 1.00 <COST = 203
SERVICE TYRPE 2 TIME = 2600 COST = 003
N0o CHANKNELS STARY ] ®AX 9§

MAX YIWE o0

FIRSY TaENTY OCCURANCES FORr ©01@2SERVICE CHANNELS
ARRIVAL wmwwomeDEPARTURE TIME- AT CHANNEL MUNBER-weoo=
TiEmm= ONE TWO THREE FOUR FIVE SIX SEVEN EIGHT NINE

0 2,6
o0 3.3
ot 6,6
=P 5.1
Go9 5.5
6,0 8,6
(79 | 8,8
Q.4 9.4
11,2 12,7
A3 e” 12,8 7
1o,6 15,2
15,3 17,8
17,0 18,2
17,4 21,0
16,3 . 26,6
19,5 26,0

20,1 26,0
20,2 27,3
20,8 28,3
21,6 29.%

AFTER . S¢ ARRIVED 36 SERVED 60 TIME UNITS

QUEUE=MAXIMUM LENGTH = i
«MEAN LENGTH z 505
=MEAN WAIT TIME = God>

SERVICE UTILIZATION 89.4 PERCENT

COSTS=wAlT IN QUZUE 33101 UNITS AT $ o055 = 5 1655
IDLE SERVICE 6e2 UNITS AT S «03 3 5 olyg
TOTAL CGST OF OPERATIONS 5 ibe74

Figure 9-6 Computer output—Jonn’s ice Cream Shoppe.

lengih of the queuc, the mean number of customess in queue, and the mean
waiting time in the queue are printed out. Then, the percent utilization of
the service facilities is printed out. This is followed by the cost calculations.
First, the total waiting time cost, which is the totai waiting time of all
customers in the system multiplied by the cost per unit waiting time, is
arven, The next line gives idle time cost, caiculated as units of idle time (in
the service facility) multiplied by the cost per unit-of idle time.

j The last ling printed out is the total cost of operations, which is tne
idle time cost and the waiting time cost added togetaer. It is thiswaiue that
the simulator uses as & basis for comparing each iteration to the previous
iteration for the purpo.c of determining when to terminate the simuiation.
§ In the samplc problem, the basic issue facing John Entreprencur is
the number of service channels (servers) he should have in his ice cream
siioppe. The summary’:statistics for one channel (Fig‘g.,r'{:;f9-6) indicate that he

. v :
)

3}
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o JOHN'S iCE CREAM SHOPPE REVISITED . .| .

john's
New
Daia

should 2t 1east Auve mae than o e senae £, EhEaverage length of he W.. :
RESE TR R 10“”'30.” datone timdy, 4 -
CUMORITICES MILST Wall, 0N I wni e, , DTkt than 6 Lime units (rinuies: o,
In real dite, one would no; Carl s i SN0OPPE Ccustomers 1o by«
sUentl Morcover, as one would «\.::m: with S0 Many customicrs wailing, (e

[ U . - P
HAL 15 greater 1 fve cunton (oe o

SeEVer 15 Busy almost Y0 percent of ihy tine.
For the cost stiuciuie vien by P“mlcm' the waiting time cong o
the customers far excecds tiwe o e 1 me cost of the single server. The 1

cost Of $716.74 consists almsont entin v of waiting time costs.

The sitnulation control cand fon this probiem requested that progre-
QUESIM initizlly simulate john Lateprencus’s system with one servi
channel and coatinue 10 simulate his sytem, adding one additionai senvice
channel each rua, until e simulation teiminated. The simulation wal
werminate ertber when the i61al cost ot the system with N servers exceeds the
total cost with N = 1 servers o1 when the maximum number of allowabic
scrvice channels has been reached,

For john's problem, the effect of adding additional seivers in b
shoppe is shown below. The cost higuies in Figure 9-7 come direcily froer.
ihe computer priatouts for the solution 1o John's problem. Thuse figures,
like ali simulation resulis, are a funciion of a random number geacrata:
which may be different for each computer. Hence, these figures may
slightly different on different computers.

Number of Waiting Idle time Total cost
channels cost {$) cost ($) of operations ($)
i 16.55 0.19 16.74
2- 7.14 0.49 7.63
3 0.26 2.51 2.87
4 .0.96 3.71 4.67

Figure 9-7 The total cost of operations for one to four
service channels.

Gau.nﬂllx.. HN

Figure 9-7 shows that adding a second service channe!
reduces the cost of customer waiting from $16.55 to $7.14. Adding a thuw
ervice channei (server), continues to decrease waiting time cost ang s i
number of servers which minimizes the totai cost of operaticas. Thus 1
solution to John Entrepreneur’s preblem, as given by QUESIAL, is for Jobn
t0 provide three servers in his shoppe operating under his expected steady
state conditions. Keep in mind, however, that if we treat each simulilion

time unit as one minute, we have simulated or ..y onc hour of operations

Thus, john may want beiter data and/or a ronger simulation ruas befae

coming to a definite conclusion about his problem.

v

Grand Opening!! john Eat p.»ncur’s ice cream shoppe is now open
so excited aboui testing out his previous conclusions on the numo

S oareivdid

servers to have in his sho,,;;c that after observing only tha first fificea

©
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he rushes over o the local computer center to simulate QUESIM with his
‘. empirical data. In recording his data, John kept irack of buth the tiine that
~cach arrival entered the shoppe and the time it took to serve each customer.
To John's surprise, he found that all of the service times were a consiant,
three minutes. John now wants to usce program QUESIM with the data that
he has obtained. The required input and the resulting computer output for
John's new data are described next.

Computer  The user name card is always the first card in tie data deck.
input The arrival data card is the sccond card in the data deck. Fot this

Siveale .
—JOhiE'S  beoblem it reaas as follows:
Ice Cicanw

Sitroppe + ] .03 13,
Revisited.

e —— e - —— —— T So— — —— — —— — ——— —————— . —— S—— — it ot

Note that in column 1 of the arrival data card the code number is 4,
which specifies that all arrivai times are to be *‘read in" from additional data
+ cards. The cost of waiting is punched in columns 21-25. The number of
. arrivals to be read in is indicated by the value specified in columns 31-33.
Although this value was not required in the previous problem here it hasz2
specified value of 15.

Read-in arrivals are keypunched twelve per card and immediately
follow the arrival data card. Since John has fifteen data values he needs two
read-in arrival data cards, with twelve data points on the first card and three
on the second card. These two cards have a format of 12F5.0 andiare shown
below for Problem Two. Notice that it is the actual arrival times that are
recorded, not the elapsed time between arrivals.

0 G 13, 19. 34, 36. 37. I

|_ x
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§000C0000G000000200.0023000000G000006G0D0280.83,8005238°
1134360
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The service duta card follows the ar.xval data cards. johninoted that
each’ service required exactly three minutes, ie., a constant service time.
Code 3 keypunched in column 1 specifies a constant service: time. The
service data card now reads as foilows:

i

fiﬁ 3.0 03
C022300000000600006533500000300630605320G902:3006
I ) IR}

+
6 L L) $ ’1III [H )} ll Hl ll 1] I)Z n I.I‘I nu 21 BANVRRVUDB I A3 B L aallGga
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This card requests a constant service time of 3.0 time units per arrival -
; ac a cost of $0.03 for cach unit of idle service time.
A " The simulation control card is again the last card in the data dech.
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John now specifies a cun with J.um one 1o mine channels and 2 simwation
tune lini of 100 units. These paatactess are shown oclow,

/}, < L0,

i QLI00C000000068003333050600200800000056G6500C00008833531328
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FALGARY QUTSTE PROSLEM TwO

o v oUS lSQ .
v Se 13, 19: 3¢, 30e 370 3HBe 39, 42, 62, 3.
&S S 09,

3 KPRy oVU3

i Yo 20Je

Ficure 98-8 Computer input~John’s ice Cream Shoppe Revisiied.

PROGRELM QUESTIN FOR ®AGGARD QUESIM PROALEM &+ O
ARRIVAL TVPE < RATE = & COST = =
15 ARRIVALS READ In AS FOLLONS
v 9 13 19 3¢ 3 37 35 35 &2 e GS
65 65 &9
SERVICE 7??5 S5 T14E = 3,06 CO0s7 2G3 T
NCGe CHANNEL START 1 AKX ¢
MAR TINME 100 )

FiIRSY TaENTY OCCURANCE

& FoR ©0ivCSERYICE ChANRILS
ARRIyal wowwewBEPARTURE TIXE AT CHANNGL NUHBEReeww=w
TIHE=oe gwh TW0 THREE FOUR FIVE SIX SIVEN EIGHT NINE
] 3.0
Sed 1200
1300 i6a0
1960 2240
;‘:""390 570
3¢ae0 “$Go0
3760 4340
3300 “6ol
398 960
4260 09200
8240 5.0
5360 08,0
6% . 7l.0
650 74,0
©9.0 17,0

QRAGARNING®292QUT OF DATA wEFURI TIME LIMITowew

EFIER 17 ARRIVED 19 SERVED 100 TIME UNITS
QUEUE=HAanIrUM LENGTH = 3
-MEAN LENGTH = o
“MEAN WAIT TIME = 2.3
SERVICE UTILIZATION = 45,0 PERCENT
CUSTS=WALT IN QUEUE. 39,5 UNITS AT § e03 = C ]
IoLlE SERVICE 55,0 UNITS AT S U3 = 5 Lo
TOTAL COSY OF GPER.VIONS 5 Tedd

Figure 9 Computer output—John's ice Creaﬁg Snoppe Revisited.



Computer

Ontput

—johns lee Cream
Shoppe

) Novisiied

74

REFER NCES

. i87
- QUESIM

The complete input data deck, one card per typewritien line, now
appears as»sf‘nown in Figurc 9-8

Shown in Figure 9 9 ls/thc computer output for the results of this problem
for one channcl. On’the computer output, the identification information at
the top of the page is changee to reflect the changes in the input dgaia. The
arrival type, scrvice type, and simulation-run time are different from the
previouy situation, Furthermore, the simulation table is far only {ifteen

arrivals and scrvices, as thas is the 1otal number of arrivals read in. Notice
tifat on this output a warning message (F**WARNING*#++*OUT OF DATA
BEFORE TIME LIMIT**#¥%) has been printed out. This message is printed

" out by QUESIM because the last airival occurred at time 69, which was

before the simulation time limit of 100 units. Morcover, the scrvice iacility
was idle from time 77 to time 100; thus, the actual idie time in the service
facility is overstated in the summary statistics, When this message anpears,
the user of QUESIM must excrcise some care in the interpretation of the
results or go back and rerun with a lower, more realistic, time limit. The
summary statistics and cost information printed out below the simulation
table is the same for all computer printouts.
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S.4 QUESIM DATA DECKSTRUCTURE

Atina!
Cards

T Vet cand mast always be included
¢ o)
R Formar 7 Jtem

! H code* for distribution
:" :‘: : 2 8 mean arr xva_l rate per unit_ time
< cost per unit of waiting time
ol 3.0 no. of arrivals to be read in

_— PP
.

) 1aronal dats card is optional, depending upon :ne data. its

A ]
s 12E30, w0 that arrival times are punched, 12 1o a carg,
SOTDRVILITI I B i0,11- }5 16- ZU ctc.
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e T i
/ Aaditional Jotz o ki
/ Simulation contici cuta

i

)
y Service cota cord ;i' o
i , N
ST 1 i 5“"
Z b
: ;;‘,f’ L]
/ fead-n arcval data card {optional) i } I i
‘ R
Arrival Gata card ! ! | ;"—"
- ' ; ﬁd.
P
/ Uscr narne card b JJJ
. . |
| -
| L
| ]
i - -
'i J
i
3. Service data card must always be inciuded.
Card
columns Format Item
i i code* for distribution
11-15 F5.0 mear: service time
21-25 F5.0 cost per urit of idle time
31-33 3.0 no. of service times to be read in
4. Rcad-in service data card I1s optional, depencing upon he wala s
format is 12F5.0, so that service times are punchea, 12 ic a ¢ard,

in columns 1-5, 6-10, 11-15, 16-20, etc.

5. Control card must always be included.

Card
columns Format ltem
1 i beginning no. of scrvice channels
11 11 maximum no. of service channels

21-25 =50 simuiation run time

-*Ccace for distribution
i 1w Poisson distribution
2 itic negative-exponential Gistribution
3 aconstant raic
4 historical inpui data, read-in
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QUESiM PROGRAM LISTING
FROGRAM QUESIM
COPYRIGHT JUNE 197y ROY D HARRIS
THIS VERSION FOR THE 1HM/369
DICTIUNARY QOF VARIABLES

AlTiNMG THE HOURS OF SYSTEH TULE TIME =~ TOTAL

ANUM SNUM NUMBER OF READ IN ARRIVALS ANMD SERVICE
ER{SUU) At ARRAY OF READ IN ARRIVAL TIHES

ARR RT0ARR TM ThET ARRIVAL RATE AND MEarn TIME

Cr’ aN ARRAY OF ARRIVAL AND SERYVICE ON FIRST 20 CUSTOMERS
CIULE THE ¢OST OF SYSTEM IDLE TIME - TOTAL

CUMQUE (1003 aN ARRAY wHICH STORES IOLE CUSTOMER HGURS
c0s57s THE COST PER 7TIME UNIT OF IDLE SERVICE

CCSTA THE COST PER TIME UNIT OF IDLE CUSTOIMERS
CUSERYeXCUS THE NUMHER OF THE CUSTOMER BEING SERVEVD

Cealfd THE COST OF CUSTOMERS HOURS InN GQUIVE- TOTAL
QLP RIJDEIP THM THE SERVICE RATZ AND MEAN DURATION

MRONQ THE HOURS 'OF CUSTOMER TIME IN QUEUE= TOTAL
Ied THE CHANNEL NUMDER BEING PROCESSED

)P4 RUMBER OF ARRIVALS WHICH HAVE OCCURED

KuoKS " © UPTION CODES FOR ARRIVALS AND SERVICE

NoOMAXD HEGINNIMGoMAKR IMUM NUMBER CHANXELS

PLUTIL . THE PERCENT UTILIZATION OF THE SERVICE FACILITVY
GULUE L THE NUMBER OF CUSTOMERS INM CUEUT AT ANY POINT
SH{S3u) & ARRAY OF READ IN SERVICZ TIKES

TouOP THE YO0TalL COST OF THE SYSTEM

TIMES ITIME CLOCK TIMEsMAX SIMULATION TIME _

TNARY ) THE LATEST AHRIVAL TIME

TnOPR TRE DEPArTUREL TIME OF THE LATEST LDEPARTURE

. MAY BE SET ARTIFICALLY FOR PROGRAM EFFICIENCY

XoNTNo AMNT.X  »EAN WAIT TIMECMEAN NUMBER IN QUE

CUMMUN ALPHA(]l )o ANUMe AR(SU0)s ARRRT; ARRTMy TH 20¢ 10)¢ CUMGRUE(
11v0) 9 CUMUTL. CUSERVe DEFPRTe DEPTMe I, IUSERVe Ido Kapr KCUSe KSo N
29 NFLAGSWULUL sSNUMe SR(S5(0)e STATUSI(9)s .Te TIMEe TTIMEe TNARVe TND
FPREY;

NiN = €

NOUT = &

READ aMD PRINT STUDENT NAME CARD

HEAD (MNINg23) ALPHA

wRITe (NOUT9e. %) ALPHA

NEAD. AND PRINT- ARRIVAL DATA CaRD

READ (NINe25) KAo ARRATe COSTA, ANUM

niiTe (NOUTos-,b6) KAp ARRRI» COSTA

HEAD ARRIVAL STATISTICS

IF (ANUM JLE, o5) GU TO 2

NUM = aNUM ' ' -

ARRRT 3 [ o234

KA, S 4

READ (NINo2T7) (AR(I)e I = 310 NUB)

uRITE (NQUTo, 8) ANUM

mRITL (NOUT929) {aRilie I = 1o NuM)

SET aRRIVAL TIME AT INVENSE OF ARRIVAL RaATE

ARRTM - IQU/A\RRRT

FEAD AND PRINT SERVICE DATA (CARD

HoAD {NINoeS) KSe DEPTrMe COSYSe SNUM

ulTe (NQUTs3U) KSe DIZIPTMe COSTS

1IF (snue olEs 0e) GU TO 3

MUM T SNUM
D uePTM = 10236

Ky 2 & A

READ (NIN27) (SR(I¥e I & 18 RUM)

WRITE (NOUT231) NuM

)
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CRITE ARNOUT 20 {BRI1Ye I o3 I NUMS
LT SERVICL RATE AT INVIMSE @F 2Ryl T W1
UEPRT = 1.0/DEPTM

REARD S10ULATICN CONTROL CARD AND PRINTY
REAU (»1m°ae> N9 MAXSY TTIME

BRITE (NOUTwu33) Ne HMAXS

wnITe (NCUTenraly TTIME

CRECH SIHULATION RUN LIMITS

17 TARKRY oLfo (.0} GO 07

IF (DEPTM LS. Ge0) GO TOU 7

IF (ITINE oLEo pegr 6O 7O 7

IF (N EUG. y) GO T2 7

IF {MAXS LY, NY GO Y0 7

I-': (l\o’" oo )] [the] TO 7

IF (RA o6Te o) 80 TO0 7

I¥F {KS oEQs ) GO TO 7

I {(AS o6Te ) SO0 7O 7

IF TANUM oEQo L"oo} GO 70 5

IF (ANUM o0Te 500006) GO TO 7

MU = ANUH

DO & ! = 29 NUM

J = el

IF {AR{4) «GTe AR{l)) GO YO 7
CONTINUZ

IF (SNUM oCCe 0003 GO TO 8

IF (SNUY «8Te 00635 60 TO 7
NUM = SiiUs

DO 6 I = 1o NUM

IF {SR(I} okTe 000} GO T0 7
CONVINUE

60 TO &

PRINT SUT DATA ERROR MISSAGE
WRITE (NOUYVeaS)

HRITE (NOUT 36}

GO0 TO

END OF INPUT DATA CHECK

HCOOP = 999999,9 ]
SIMULATION OF 4 GIVEN NUMBER OF CHAERNILS
INITALIZE SYSTEM FOR NEXT SIMULATION RUN
TIME = Q.0 .

TNARY = 1060

QUEUE = 060

CUMUTL = 000

CUSERV .2 000

12 = u

KCUS = ¢

NFLAL = Q

IUSERY = ¢

8T = RAND{1234567)
LOTlu M = 1e 200
CURGUE(NI = 900

4

L0 14 L = 10 N
THUOPRIL) = 999999,9

STATUSIL) = (oG
LO 12 I s 1» 20
U0 12 J = 19 10
CHiloe J) = O [}
PRINT M
WRITL
wRIis (\CU??BS? N
WRITL (NGUT919)
wRITE (NOUTY4()

o
i

(N} BEGINS RERI

£

.
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16
17
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19
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T TIRET O ARRIVAL OCCURANCE AT TIME Z:R0
= Q

L 0= 1Z+«i ’

MAIN SIMULATION BRANCH PCINT

CRECAR EACH CHANNEL IN TURN FOR POSSIGLE DEPARTURE
IF ALL CHANNELS ARE IDLE {TNUPR = 9999959,9) THEN GU TO ARRIVE

CIF ALU CHANNELS ARE dUSY (TNARV IS oGE. TNUPR) THEN GO 70 ARRIVE

IF A CEPART IS NEXT (TNDPR IS ,GE. TNARY) THEN GO 7O DEPART

SET A IVALUE KEEP MULTIPLE DEPARTURES IN CORRECT TIME SEQUENGE
SET = E58u488,

O le I = 3v.N

IF (TSDPHI{I)' oGTo TNARV) GO T0 14

17 LT~0PR{I1) ,GT, SET) GO 70 14

SET = TNOFERID)

IvaLL:s 1

CONT{I‘\'U
1 =" Iva
IF ($zZ7
CALL. a3
LU TU !
CALL. 3:’,?—-\.‘{?‘

ON RETUA FROM DERPART CHECK SI<ULATION TIME tL_m~i7T
IF (TTIME. .GT:. TIMEY GO TC i3

END. UF SINM L\TION RUN---PRINT FIRST THENTY TRIALS
N{ = Mol

IFr (CuSThY nGEo 20.0) GO TO 16

NXX =t CUSERV: .
6L TO 17 g
NXX = 2. i
DO ta "= 1o MNXR
wRITE (80UTo4l) (CHI{le - Jio J = 19 N1
COMF_’UTE HOURS IN QUEUE FOR SUMMARY PRINTCUT
HRSMu = 9.0

MARWUE =

LO 2u. M = 29 100

IF (CU™QUE M) oEQo Qeu) GG TO 16

MAXGUE = M-}

AM = e}

HRSNuw = HRSNue¢ {AMRCUMQUE (M) )

IF {MAXQUE oLTe 69) GO TO 21

JRITE  (HQUTesp)

1F INFLAG oNE, T6) 6O TO 22

eRITE (NCUTe6 3)

NN ‘
LI1Z = Lz .
FRINT, SUMMARY STATISTICS FOR THIS NUMGER {N)} CHaNNZLS.
«ITe (NOUTH4e) [Zo CUSERVe TIME,

aXITew (NOUTe S} MAXQUE.

TANTA = HRSNU/TImE

arl T, (NCUTe . 6) XMNTX

AMNT™M. = ARSNW/RIZ

wRITE (NZULTs 7)) XHNTH

PCUTLIL = {{CUMUTL/TINE)?]J0.37iN

WRITE, (NQUT:e8) PCUTIL

CHAILT = mRSNQeCOSTA -

BRITE. (MOUT+ay) HHSNG9 CUOSTAY CWAIT

AlTIMe = (TIMESXN)-CUMUTL

ciobe = &4lTIME®COSTS

wRITE, 1NCUTesp) AITINES CO0S7Se CIDLE

TCCOr = CIDLECwAIT

WRITE. (MCUTs5)) TCOOP
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Wonow IF Teoce InC '\L_NS.JE(J FROM LAS RuN

i -

LEO{LOOP LGE, DCOOR) GO YO 1
S STOP 1 Ul IF MAXIMUM NUMBLR OF SERAVERS AZ:CnID
iF (v uGEs MAXS) GO TO
c UPDLTL NUMBER GF CHANNELS AND CURRENT TOTalL CO57
Nox e}
sC0UP = TLO0P
c RLTUN FUR NRXT RUN wITH KORE CHANNELS (N}
60 TC 9
<

23 FORMAS 4
24 FORM®T (30HLPhCG:AN QUESIK FOR s10ha)
o5 FORGATY I1o09XKeF 80098 sF5cUeSXKeF 300!

26 {165 Mu;;\AL TYPL siloeBN RATE = FBele&n COST
27 {12Fy

28 {1f oxﬁosz ARRIVALS READ IN AS FOLLOWS)

2y (1x 912?n°o> . L

30 (1B "STRVICE TaPL sIjehH Vinl = oFB8.pefrn  COST
21 . 19 %21 9149:0F SERVICLES RELD IN A4S FOLLOUS)

32 {I.:;?‘)Xt‘J.g99n9 Sa0)

33 i NDo CRANNFLS STARY oIl??ﬁ MAX sl

24 (10 MAX TIME ¢ How)

3% (38K @0eofRROR N CUESIM DATa CARDSVReY;

36 {358 eoclORRECT DATA AND TRY AGAIN“@wSR)

37 {10)

39 {31H FIRST Tut™MTY OCCURANCES FOR o9311elumv¥SEIR

o] FORIAT  (8H ARRIVALvuA0doH=wmo==NEPAR /URE TIME AT CHANX
e

40 FOR- AT (SN TiMEec=oeXo440hONE THWO THRZIE FOUR #3VE SIX S
1INy

&1 FORMAT (1M ¢FHs183K99F5al

mDFEOZ)
VICE CHANKNE
EL NUMBIRee

6 FORMNAT  (SORUOOORARNINGOvSQUE EXCELDED PROGRAM LIMIT OF 90wow)

3 FORLAT  (BH1QOOHRARNING®COE0UT OF DATA BIFORE YIMZ Ll

&4 FORMAT  (GHOAFTER91608H ARRIVED«F6o0yVH SERVEDSFOUellH
i)

45 FORMAT  123M GUEUGC=MAXIMUM LENGTH =¢L7)

Lo FORMALT  {paN -MEAN LENGTH =927l

&7 FORMLT  (p3X ~MEAN WALT TIME =ef7o1)

4“8 FORMAY {(p35 SERVICE UTILIZATION -v.ToLFGH PERCENT)

4y FORMAT (204 CTOSTS=WAIT IN QUEUEeFT.1s311H UNITS AT 8oF5
1 l"()cs.t -

S¢ FORMAT | (7Xo]3HIDLE SERVICE oF7.101:% UNITS AT 390Fb.25%4

51 FORMAT (7Xe24HTOTAL COST OF OPLRAaIOWSvIonlHSoP9{?7§
END . )

SUBRUUTING ARRIVE .

CC4MtUN ALPHA(IO)g ANUHMy AR{S003 2 ARRRTe ARRTMe Ch{2u, 1
110G)s CUMUTLe CUSERVe. DEPRTs DEPTMe Iy JUSERVs 12y KA
2 NFLACHIGUEUEeSNUMy SR(S00) s STATUS(9)e Te TIMEs TTIMES

Teood)
TIME UNITS

0204H = S

H o= $9F99?_;

03 s CUMQUE(
KCUSs KSo N
TNARYes TIND

GIN SERVICE

IPR(9) ‘
C THIS SUBRUUTINE CALLED WHEN AN ARRIVAL 1S THE NEXT OCCURANCE
C IT UXDATES THE TIME SPENT IN QUEUE
c IT UPUATES THE CLuCK TO THE TIME OF THE NEW ARRIVAL (PREVIOQUSLY
c SeLLCTED) .
C I7 CHECKS EACH CHANNEL Y0 SEE IF THE NSYW ARRIVAL CAN BE
Cc IF A CHANNEL IS avValiLABLE IT DCES ThE FIRST PART OF T=E
C DLPART PRUCESSING OTHER%ISE IT ADUS ONE Tu THRE UUZUE
< LASTLYs IT SELECTS THE TIML FGOR TrRL NEXT ARRIVAL 70 OCCUR
M = QUEUE
C CHECN LENGYH OF QUESUEe IF OVER 99 HOLD AT 99

IF 1M .LEs 99) GO TO 1
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Y= 99 :
UPDATE . 0yRS SPENT IN QuEyk

CUHMQUOE (. 2+1) = CUMQUE(Me 1) e TNARY=TIME

UPDATE CLOCK TIME TO NEXT ARRIVAL

TIME = TNMARY . " )
CHECR EACH CHANNELs IF STATUS = ¢ iT IS AvaILAWLE
DY 12 J 3 1e N .

IF {(STATUS(JY o6To §:0) GO TO i1

CO FIRSYT PART QF DEPaRT PROCESSING

STATUS (I} = ),¢

GO0 TO (2936465 )9 KS

FOISSUN SERVICE RATE

2 o= RAND(Q)

T = AB3WOLEPRYPALOGIRY)

oL YU 7

NEGATIVE EXPONENTIZL SERVICE TIME

R = RASWNDL)

T = a3 ULPTMSALOGIRY )

vl TOU 7

CONSTANT SERVICE TIME

T 3 UEPTH

L0 TU 7

READ=IN SERVICE TIM4E

IUSERY = RCUSe]

NUE = SNUH :

i¥f {(1USERY OLED NUM)Y GO YO 6

NFLAD = e

T = 66660660

LW Tu 7

T = SR{IUSTIRyY)

SEY TIWE OF NEXT DEPARTUKRE

INOPR{J) = TIMEoTY

STCRe FIRST TWENTY DEPARTURE TIMES IN Cr

RCUS = KCUuSs

IF (KCUS o6

Il = u»}

CRIRCUSe 11} = TNDPR{J)

cuonTLlnNuR

CHECA IF UUT OF sImupaTion TIME

IF (TTIME LT, TNOPRI(J)) GO TO 9
ACCUMULATE PROCESSING TIRE

CUNUTL = CUMUTLeT

CUSERY = CUSERV*160

6O TO 146 .

END UF SImULATION UPDATING

LAST DEPARTURE FORCZULU OUYT AT TTIME

TR = T=(TNDPR{J)=TTIME) .
IF (TR «GTe. wed) GO TO 1

TA = (.— :

TNDPR(JY = TTINME

CUHUTL & CUMUTL+TR

0d TO 18

IF (0 oGEo N} GO TQ :3
CONT INDE ‘ ‘
ALL CraMNELS ARE 8uSYe ADD ONE 70 THE QUEULE
WUEue = GUILL. e 2

SelbeT ARRIVAL TI®E (STOWE FIRSY TWENTY IN CRH)
QO TU (15:16021791081: XA

FOISION aRAIvAlL TIME DISTRIBUTIGN

R o WKAND (D) .
TNLTY = VUS{ARATHSALOG (R} )
TNARY 3 VRNARVeTVIME

<
Tor20) GO TO &
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12 o= 1ze} .
PR GL2 .6T. 20) 6O TO 20

Cwiley I 3 THARY

Gu Tu 20

NEGATIVE EXPQO ARRIWAL TIME 5
R a nanD{o)

YiaRkv = ABS(ARRRYCALCS(RYY
TRARY = TNARVeTIME

,.,
(73]
23
[
[

<
-1
>
<
g

1d 5 129}
IF (12 oGT. 223 GO VO 29
CR{ides 1) = THNARY

i
z OGTU 201! Ge 10 20 ¢
p 1) © TNARY

GO Tu 20 -

READ N ARRIvVAL TIMES

IL & 1291

NUM = alum .

17 (12 oblble HNUMI GO TO 19
AR(LZ) = T717770

NFLAG 76

TNARY AR{LZ)

iIf (32 «GTo 20) GO TO 29
CH(Ide 1} = TRARV

RETURN

&ND

(131

SUBRUUTINE DEPART
CUMMUN ALPHA(L0}), ANUM, AR(500), ARRRT, ARRTM, CH(2U, 10), CuMNQUE;
11u0) s CumMuUTLe CUSIZRVY DEPETs DEPTMs 9 JUSERVe I2¢ Kae KCUS® Sy N
29 NFLAGIGLIVI9SNUMy SR(S00) e STATUS(9)» Te TiMis TTIMEs TNARVe TND
IPR {9 , )
THIS SUSROUTINE PROCESSES THE DEPARTURE OF EVERY CUSTOMER
IT UPLATES, THE MCURS SPENT IN THE QUEUE g
iT UPDATES THE CLOCK TO ThE MEXT OEPARTURE TIME (PREVIOUSLY
SELEETED)
IT CHECKS THE LENGTH OF THE QUEUZ
IF NG ONE IN QUEUE IT SETS TRE CHANNLCL AT AN IDLE STATUE (THIS
ULPLETURE waAS PREVIOUSLY PARTIALLY PROCESSED EiTHER AT
ARRIVE OR BY A PRIOR PASS THROUGA DERPART)
IF A OQUTUE EXISTS THEN TAKE ONE FROM THE QUEUE: SET ITS DEPARTURE
TIMZ: SIT THE CHANNEL AT A BUSY STATUS AND RETURN
M = wUzZUS
CHECK LENGTH OF QUEUEs IF OVER 99 HOLD AT 99
IF (" +LE. (99) GO TO 1
(A

Ve = ")C}

UPDATE THE HuUURS SPENT IN QUEUE
CUMQUE (42 1) = CUMQUE (Ml ) eTNIPR(Ii=TIME
UPDATE ThE CLOCK TO NEXT DEPARTURE TiwsZ
TI#: = TNODPR(I}

IF {WULUEGGE. o) GO TO 2

THIS SECTION COHPLETES THE PROCESSING OF A CUSTUMER
uHEN NO ONE IS5 WAITING INn THE QUEUE -

STATUS{I} = ve0

TNOPRII) =.999999,9

RLTURN

THIS SECTION LOES THE DEPARY PROCESSIAG

wmEN ThE CHANNEL HAS BEEN BUSY

WUEUL = QUEUE = 1.0
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Oy Oy 7T

s TU 1294905085 K5
SELECT UAT UEPARTURE TIME
POIS50% SLRVICL RATE

DR o= RaO()

= APS{DEPRTOALOG(R) )
2 fu s
EGATIVI LXAPONENTIAL SERVICE TIME
B = RaxD{y)
& = AbSaUtPTMOALOG(R))
G
C
T

ANT SERVICE TIME

Au=IN SERVICE TimE
TUSIRY = RKCUSel
S NUM = SNUM
IF (IUSEAY oLE. NUm) 50 TO 7
NELAG = Tn
= 6665060
D TO s
1= SR{IUSERVY)
TNOPR(1) = TIMEeT
STORL FISST TYWENTY DEPARTURE TIMES IN CH
KCUS = ..CuS+,
IF {WCL® GGTQ 2\‘} GO i 9
il = I« ,
CHIKCUS. ii),= TNDPR (1)
CONTINUS
CHECK IF OUT OF SIMULATION TIME
IF TTTINE oLTe TNDPR{INY GO TO 1o
RESET STATUS BACK TO BUSY AND RETURN
CUBUTL = CUMUTLST
CUSERY = CUSERVe1.0
STATUS(L) & lob
RETURN , .
AUJUST T AND CUMUTL AT TERSINATION OF SIMULATION
LAST CUSTOMER FORCED TO GEFART AT TTIME
TK & T=(VNDPR{I)=~TTIHE)
IfF (T 4GTe 0e0) GO 70O 33
?K = 00
TINDPR([) = TTIME
CUMUTL = CJMUTLeTK
STATUS({1) = jou
. RETURN
END

FUNCTIGN RAMD (X}

MACHING ULPENLENT FANDOM NUMSER GENEZRATOR (0 7O 1)
THIS VERSION IS FO/R 32 BIT WORD (I8M 350)

K SET A7 POSITIVE ODO INTEGER TO INITALIZE

K S51 AT ZERO TO CONTINUS STRING OF RANDOM NUMBERS
SLE NAYLORsCOMPUTER SIMULATION TECHNIQUESHILEY ¢SUNS»1%00
IF (K) 22291

N u A

N = N216307

1F (W) 30498

N & N32167683647°1

AN = N

RAND & AN/21476830647.

Re TURN

END
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NAME

NAME

MNAME

NAME

NAME

YAME

NAME

NAME

NAME

NAME

NAME

NAME

NAME

NaME

< AL PREMIUIM TRULK
T 21867 2
196 1000, 0133
l. 40000
= A& NELUX TRUCK
- 1667 2
12 Lagoe 2167
i HNH0,
« A3 THO PREIUM TRUCKS
N «16687 2
15 1600. «133
é ADQON,
= pi NEW PREIUM TRACK
) 1667 2
Se B0, 210
1. ANQD,
= & ONE DELUX TRUCK
« 02 21687 2
12 1400 «167
le ‘60009 -
= B3 TWO NFwW PREIUM TRUC~S
oD 0:667 2
- 18e — — ... .B00s - - - 10
2 a060 .
=« L1 PREIUM /s & PER HQUR
S0l Y 2
156 1000, 0133
le 0000
= C& NDELUX / 4 PER HOUR
007 o 1667 2
120 106G s167
lc ﬁOCOO
= LJ TWO PREIUM , & PER HQOUR
o7 01657 2
iSe 1000, %133
a e 6000
= Us SCT
<03 21667 3
126 14006 o167
lo 60000
- Ud SQT
- s 1667 1
"1t 1060 0133
2 A030
- L3 07
E) 1667 3
150 anOO '0133
2 40000
- Ji QANDOM
S <1647 :
1%, 10gne e133
1. &000,
= u& QANDOM
0 NO a‘bé? -
i LGQone: 2133
1e D000,
= UJ RANDOM
s N9 o 1667 1
12 legne o167
10‘ ﬁOOOo

167



PRAGEAN WUEULS rur YOUT nas e _ g aeeldm TR on

AHDTVEL TYPL 4 AP = o't ST = 17 SCRIDLLE WULE P
(rCF sy
SEoVICE TYHE 72 fawmF =z RSN
Flacl el 5 Y1nngn, . VARTwWRLFE 08T 3 )
NO, CHANNELS Sisnl } may ) \vay TIME AOPU
FInST THENTY oCLumoliCES Fax 7 S23uiCF CraavELS
ARPTIVAL emmm e I PARTHRE TT F AT CunhNEL MiMaERmeme=-
TivFena UNE 4 aQ TorFFR Fagr FIVE 91X SFVEN FTGRT NINE
e 2.6
26,0 45 %
762 45w
afv & bb -
128 2 1937w
135,6 199,
e8¢ zha 1
1e5,0 20 1
1r¢ A 236 1
2r0,1 2474
221.3 63,1/
2723,0 265 0
243 ,3 280 ¢
244 4 281
6.7 202,k
249.7 245
£Q2.2 3c4 .0
3r6.8 33%.n
310,09 3381
3741 421 ,%
AFTER P76 ARRIVEN 770 RCAVEN A7nr TIME iNITS
CUEUE=MAXTMUN [ EivtaTid 7
=MEAN LENG]R 1.°
=MEAN wa LY tImT 51,
SEEVICE JUTILIzatitm 74.5 PFRUCENT
AVERPAGE ARRIVaLYD PR TTme gM]T - st GO
AVFRAGE SErviCE 1lag 163633
Ean MO N Trk 2YSTEM 1739
MEAN TIME Ity THe SVYSTen 17 .H 1R
COST INFORMATION u¥ QFFRLTIU <
COSTS=wAIY IN QueUs auv71 .5 LNTTS AT = 7= . 987017
SEpvICTE COST vamspnlE o29p.4 LNITS AT § e13 = % 36018
sEnyilF COs7 Fiacty Lunn oy wIgh 1 cHANNELG = &  1000.00
TOTAL COUST OF OPewATIONS & 2023.29



~ 0t GBEUES rUR YOUR namE

L lNAy Ty L orATE .
z8rviCE TYFE 2 jimF = 156
FIXEG Cual b won Ay

NO, CHANNELS STamil | MA¢

FIRST TwEATY uCuuxegEnCES ani

IEH

. nE“I
CHST = o7 SLHEUULE RULE
Ar-f:'-f"\
VARTRSLF CUsY v 217

TImg ~0G3

-
Gan X

SERYICE CrannelsS

LARRIVAL comwerE PARTHRE TIGE AT CHANNFL NIMMAER=we=ww
TIiME=== ONF v THREF FOUR FIVE STX SFVEN EIGHT NINE
G 2o
r &5 S
56,2 Lok
(,','15('1 50'0.
128,.2 i9s, v
13C .4 199w
1-}'2'00 EDH.I
14850 208,71
LR8.8 230, 4
a1 c47.v
221.3 2554/
TrEL0 265,10
25533 Wi
28k % ol
gat 7 Zo2 =
24¢,7 - 2uH ™
2q2,2 324 0
Srt .8 345 N
330,9 33814
374,1 42l »
AFTER 276 ARKLvEN 27?2 SERVEN 6030 TIME o NITS
QUF UL =tAX Tum §enuT 7
=MIAN LE et 1or
P AN WAL LS 214
stpvich UTILL/nisuw Ti.» PFRCFW
AVERAGE aRrIval o reiy TIwf pilly LD
AVERAGE SErVICE 1 TwG 1he3h33
#EAN NOo I THE 2YQTEM 1.73%4
MEAN TIME IN Tre SY3T78w 37 .04
COsY IMNECRAATION O QP RnT I ]
COSTOS=wAIT [I Gucus [921,.9 IINTTS AY § 17 & % 987 L2
SEpVICE COST vamasuu E 272, UNITS AT % Jln = § 2727
SEZuviCE COST rilaci Ana 06 wITH 1 ARANNELS = g 800,00
7TO07ab COST OF OrerdaTIOnS ¢ 181432
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ZSOGRAM

GUEUES rFPUrR YUK NASE _ C) NRETUM 4 4 0FR oy

sk IVAL TYPE 1 maTy = . "7 CnAsST = e 17 GCeemiiuz € &1,
{(FCFS)
TewVICE TYPE 2 (iar = 15,
CFIXED Cued b boowan VARTARLE CCST = o3
NO_ CHANNELS STanl 1 ™Ay | Maxy FimME 600¢

FRST TWENTY n(CunuwiaCcs Fn 1 SERYICE CraanELS

AHRIVAL mmee==E PARTHRE V] oF AT CHANNFL NMIER=ewemew
TIME===  ONF [a0 TuReE pous FIVE STX SFVEN E16HT 1INF
0 2.4
19,5 39 o
1996 391
Dok 49,y
2661 161enm
inled Jutead
1eL.9 176 6
110,.9 1767
138,5 2064 ¢
150,0 215, H
165,9 231,86
17,2 232.9
1R2.4 24b,)
1r3,2 249 0
184 ,9 250,7
iR7 .2 252,49
21940 284 8
2300 295,17
23301 298,18
280,5 346,43
AFTER 388 ARWiVEA 374 SEQVED &odn TIME INITS
QUEUE«MAXTIMUM LENGTH 17
~MEAN LENGIP 5.1
«MEAN WAIT 11lug 118
SERVICE UTILIZai4uwm 38 PFRCENT
AVERAGE ARRIVag> rFex TIMF oNIY L 647
AVERAGE SERVICE 1 ]~E 1577217
MEAN MO Ilv The oveTowm A3 4>
MEAN TIME IN Twe SYSTEW 37,481

COST INFORMATION UOF OFEROTIONS

COSTS~wAIT IN auveue  31725,, WINTTS AT 4 e17 = 3 H2BR.SD
SEDVICE COST vamdawls a74," ONTTS AT $ el3 = % 4Gel0
sEpyICE COST rlacy Lona, v WIgr U crRANNELS = & 1800,03
TOTAL COST OF QPcRATIONS G £6338,30



LS

Bogeas QUG Fur YouUr Naumb o D7 STy
LVAL TYME | RATFE = e 3% CNST = .17 SCHEDULE RULE 3
(SOT)
SEPVICE TYPU 2 1ive =z 12 'n
. Fieel QUOT S lann , ng VARTVASLF COST $ 017
NG, CHANNELS START | Mav 1 MAY TTME A000
FI9ST TWENTY OCCLREZMCES FOR 1 SERVTILE CranNELS
ARRIVAL semmem s HEPLRTIRE TIME AT CHANNFL ApMAER==ww—=—
TivEema UNF 3w THREIF FOUR FIVE St SFVER ZI1617 NING
0 2.
26,0 L
26,2 SR
40,6 Se e
28,2 TR v
135,6 105 2
148,0 puh A
i¢8,n R
1848 R
2n0,1 RS
221.3 2366
223 0 237 7
243 3 225 4
204 6 295 1
2467 257 .9
249,7 259,14
292.2 317,n
3"608 Babo“
310.,9  328,9
37“\*01 4125] '
AFTER 275 AwRIVEN 27?2 SERVED s&000 TIME uNITS
QUEUE «MAXIMUNM | £isG T 6
«MEAN CENG (N .a
«MEAN WALT | 1uE 1.8
SEpV:ICE UTILL/aldun 59 .4 PFRCENMT
AVERAGE Ap~lvals PER TIMF wNIT e NGHN
AYERAGE SERVICF 1 14E 13.100.
MEAN NOo IMN THr 2YQVEM i 1,097~
MEAN TIME IN TrRE SyYSTEM 23.8645
COgT INFOpMATION GF QPERLTIO IQ .
COSTS=wAIT 1M wuclis POARE NNITS AT «17 = ¢ 494,359
SEpVICE COST vawidunlE 27p2.7 NITS a7 % oly = & 45942
SEnyICE COST rixcen lann ny IR 1 cHANNILG = § 1400.00
TOTAL COST CUF OPeRrRaTIOWS § 1940,32
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P okAM WUEGES ruw YOUR MaaE o D) RARDOM

AR IVAL TYPE 1 ReTe = o1& COST = L7 SCREDULE RULE 3
b {RANDOM.
SIAVICE TYPE »2 1imF = G
FIAED Cusi 3 ly00, gy VARTABLF COST 3 o} 3
NO, CHANNELS STARNT ] #Av Hax TIME 5000
riRST TwWONTY uCCuRPENCES Far 1 SERVTICE CHANNELS
ARRIVAL ceme= e BEPARTIHRE TTwE AT CHANANFL NMBER=w=e—-
Tini==- Ui fan THREF FoUR FIVE SIX SFVEN EIGHT NinE
0 2.4%

25,0 45’5

:;33/2 45.(’1

an 56 ¢

1:ﬂ°g 19379 : ‘

'Ay:“.u‘-’,‘J '["‘!‘:4

oo ¢ Jus 1

A L0 2<0 .3

15 L 247 M

2au,l 2409

27ia3 2oz,

223,10 2i8,v

ChZ03 28141

24544 3i3,n N

2-‘4-697 311907

24,7 317.H4

ZQEGE 318.6

Srb08 329.6
3709  330,.9
"37':4'01 42149

AFTER 276 AHRLIVEN ~ 275 SERVED §000 TIME UNITS

QUEUE=MAXIMUM LENGTH 7
~MEAN LENGIR ) 1o
: -MEAN WALT 11ng : 223
SEavICE UTILIZaiduw 74 .8 PFRCENT -
AVERAGE ARRIVaLY PFR TIME udnlIT e NGEN
AVEFACE SERVICE 1t [uE 163207
MEAN NOo IN THE SYSTEM 17773
MEAN TIME IN THE SYSTEM I8.627¢

cOs; INFORMATION OF QPERATIO|UQ

COSTS~WAIT IN NUSUF  $159,5 "INITS AT § 017 = g 1026.81
SERVICE COST varmiaalE 27g.0 1INITS AT % elz = 5 3557
sEQuICEZ . COST Fi4RD 1o0a 09 ,IyH 1 CHANNELg = § 1000,00
TOTLL COST OF OrFeRATIONS ¢ 2063.37
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AALY IS OF WIS LLTE

[

The three alternatives available to Rio Valley Electrxic Co~op (her:o.n referred to as R1io)

Moan Variable Fixed cost/

nervieg cost/ simulation
alt, rate unit run vescription
A=1 15 $.13 $1G600 one premiuwm truck
-2 12 .17 1400 one cdeluxe truck
A=3 i5 . .13 2000 two premium trucks

FCFS prioritvy rule was used and the simulated runs were for

Tor all (he altornatives o
oud) manutos. The rewsults for the ruas are:

Mo Moo

loigth woLt J3orvice Cost var, Fix Total
Al Sl e Lime util. wal il cost cont cost
A-1 1.9 21,5 74,29 3987.12 §36.1u  §1000 $2023.29
A=2 .53 1.5 59,4 520,42 45,42 1400 1975.22
A~3 .1 1.1 37.2 51.25 36.441 2000 2087.89

tocal cost. Howover,

From the s o siould cheose alternative 2-2 as it nas tiae lowes
N ermative A=3 since

£ the Rio Compony 16 plamning to grow 1t might prefer to choose a
s alternatave has the lowest service utilizazion and thus would allow for the mosct
growth (notc the very low waiting cost as compared to alternatives A=l and A-2).

T

(%]

<

mium truck definitely changes the optimal cost alternative oZ

The lower cost of t.ae pre
questica 1. The alternatives now available are:
M2an Variable Fixed cost/
sarvice cost/ simulacion
Alt. rate unit run Description
E-1 15 $.10 $ 800 new premium truck
B-2 same as alternative A-2 .
B-3 15 .10 1600 two new premium trucks

The resalts from the computer runs are: '

Mean Mean
' length walit Service Cost’ Var. Fix Total
hlt. Quoue time” util. vait cost cost ' cost
3-1 1.0 21.5 74.2% $987.12  $27.12 § 800 $1814.32
B-2 .5 11.5 "59.4 529.42 45.42 1400  1975.72
-3 .1 1.1 37.2 51.25 27.40 1600  18678.65

e a azive. C-1, ¢-2, and C-3 are the samc a+ A-1, A-2,  and A-3. In these runs whe
arrival rate was tooreasod fron 3 to 4 per hour (Poisson). The rosults of the runs are as
£
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oan liean

lengea wait Service Cost r. . oLl
Hlz. Queve time util, wals e .
C-1 5.3 8l.8  98.0% $5288.35 Ji74  S1000 Suilh.C
c-2 1.3 lo.8 79.8 1285,83  04..2 1400 2720.6¢
c-3 .1 2.1 49,9 137.50 51.00 2000  2189.1v

e

Alternative C-3 is the best selection. This is cue, as was mentioned in part
act that the alternative C-3 had room for Capal.sion wille ic otiers ware ai
lghly utilized. There 1s still quite a Qifferunce between the waiting time ©os

"; (23

In this part we are asked to cempare the result of part 1 using the OLﬂLr twe priority

rules, SOT (D-153, D=2S, and D-35) and RANDOM (b-iR, D~2R, and D=3R). The results of the
compuier runs arce shown below:

s an Mean

length wait Service Cost Var. Fix Totau
Alt, Mioue time util. walt cost cost cost
A-1 1.0 21.5 74.2% $987.12 $36.18 $1000 $2023.29
D-15 .9 19.0 74.2 873.52 26.18 1000 1909.70
D-1R 1.0 R2.3 74,2 1026:80 36.57 1000 2063.37
A2 -3 il.S‘ 59.4 $529.42 $45.42 $1400 $1975.22
D=2S .5 10.8 59.4 494,89 45,42 1400 1940,.32
D-2R .5 10.7 59.4 493,38 45,42 1400 1938.81
A-3 .1 1.1 37.2 $ 51.25 $36.44 $2000 $2087.69
D-3S .1 L. 37.2 51.01 36.44 2000 2087.45
D-3R .1 ‘1.1 37.2 52.84 36.44 2000 2089.29

In the first set of alternatives, D-1S is the bes% selection. This 1s dae primarily‘to the
fact that the mean'waiting time 1s less for the SOT rule since the shorter jobs are worked
on first and gotten out of the system quackly.

The runs using the deluxe truck, D-2R gave the best result. Here the range was nct
nearly as wide as for the single premium truck. .

In the case of the two premium trucks (A-3, D-3S, and D-3R) the rua using the 50T
rule gave the best results. The best explanation for this 1s that pecause of the large
amount of slack in the system (35% utilization) it really doesn't make too much &ifference
which rule is used,

D-2R has the lowest cost of all nine runs. This indicates that under present :
the deluxe truck would be the best selection and that the RANDOM prioraity xule should ge
used. In actuality the company should probably select the deluxe truck and use a modified
SOT rule (such SOT between 8am and 8pm, all jobs in QUEUL at 8pm on FCFS until 8am fol-
lowing morning).

concitoons

CONCLUDING RZMARMS

From the results of the run, the following would be reconmmended to Rio:

1. If Rio expects the arrival rate of calls to remain about 3/hr, they shouid buy the deluna
truck, provided the premium is not available at the redaced rate.
2. If arraival racc 1s expacted to increase, buy the two premium tucks.
As is su g;cshud; the two prcmaum trucks are probebly “the best selection all around. Oae
major Ve:son for this would be that if onc¢ of the trucks broke down, tho other would still be
able to wmake scrvice calls,



ncan Mean

lencin wWalt Service Cest Var. T Tot s
tle, gyvere time util, wait o . .
c-1 5.3 81.8 38.0%  $526B.55 L4975, LIC0D $u3353.30
c-2 1.3 19.8 79.8 1285.83  ¢4.E3 1400 2750.62
C~3 -1 2.1 49.9 137.50 51,60 2000 218%.10
£lternatave C-3 1s the best selection. Thas is due, as was mentioned in part 1, to we
fact that the alternative €-3 had room for cnpunsicn whiie tue others ware already being
highly utilized. There is still quite a differcnce between the waiting time cost.

<. In this part we are asked to compare the result of part 1 using the other two priority

50T (D-1is, D~’S. and-D=35)—and—RANDON—(D<-1R; D=2R, and D=3R). The results—of-tae

rules,
corputer runs are shown belows

Maan Mecan

lengta walt Sexvice Cosc Var. Fix Total
Alt, Queue tire vril, wait COST cost cost
A=l 1.0 21.5 N 74.2% $007.12 $36.48 S1000 $2023.29
D-18 .9 18.0 74.2 873.53 36.18 1000 1509.70
D=-1R 1.0 22,3 74.2 1026.:80 36.57 1000 2063.37
A-2 .5 il.5 59.4 $529,42 $45.42 $140C $1975.22
5=25 .5 10.8 59.4 494,89 45,42 1400 1940.32
D~-2R .5 10.7 59.4 493.38 45.42 1400 1938.81
A-3 ok 1.1 37.2 $ 51.25 $36.44 $2000 $2087.69
D-3s oL 1.1 37.2 51.01 36.44 2000 2087.45
D-3R .1 1.1 37.2 52.84 36.44 2000 2089.28

In the first set of alternatives, D-1S is the best selection. This is due primarily to the
fact that the mean waiting time is less for the SOT rule since the shorter jobs are wo rxed
on first and gotten out of the system gquickly.

The runs using the deluxe truck, D-2R gave the best result. Here the range was not
neariy as wide as for the single premium truck.

In the case of the two premium trucks (A-3, D-3S, and D-3R) the run using Lhu soT
rule gave the best results. The best explanation for this is that because of the large
amount of slack in the system (35% utilization) it really doesn't make too much &ilference
which rule is used. . )

D-2R has the lowest cost of all nine runs. This indicates that under presant conditicas
the deluxe fruck would be the best selection ard that the RANDOM priority rule shouald be_
used. In actuality the company should probably select the deluxe truck and use a moai?ica
SOT rule {such SOT between 8am and 8pm, all jobs in QUEUE at &pm on FCFS until Bam Ioi-
lowing mornirng). ‘

¢ _NCLUDING REMARKS !

From the results of the run, the following would pe recommended to Rio:

If Rio expects the arrival rate of calls to remain about 3/hr, “ney should buy the deluxe
Truck, proviccd the _premium 1s not available at the reduced rate.

2. If arrival rate is exnected to increase, buy the iwo premium trucks.

. . ! . . . N N . IR . -
As is suggested, the two premium truchs are probebly ‘lhe best seclection all around. vne
x

- D
seuson for this would be that if one of the trucks broke down, the other would still be
1. make scrvize calls.

- ept,
iTq



OO0 0NOOGOCO00a0aN N0 0000000000 G000

11

.21

" GREAD

GRrOGRAM UnfUES

ARCH e MO MAGOLARD
TTHIS VI 4NTON FOR CUZ 3100
DICTIGhaxY OF VARIAZLES
ATTVINE THE HUURS OF SYSTEM LULE TIME = TOTAL
SANUMe Sz NUMHLH OF REAUS rN ARKIVALS AND SEKVICE
FAR (500, AN ARRAY OF READ IN arRIvalL TIMES
FARR RTI¢ xR TM THE aRKIVAL RATE anu TIME
JCH AN ANHAY OF ARRIVAL anD _SERVICE ON-FIRST 20 rUSAOPERS
CIVLE LTHME CUST OF EYCTEM IuLE TIME - VOTAL
SCUMGUE (iun) AN ARWAY WHICH STORES IDLE CUSTOMER RHOURS
COSTS THE CUST PER TIME UNLT OF IDLE SERVICE
CCOSTA THE CUST PER TIME UNLT OF IDLE CUSTOMERS

SCUSERVeR¢LIS
CCUAIT

SDEP RTeLEp TM THME SERVICE

sHRSNQ
Tod

ez

KA XS
ANeMaAXRS
FPCcuTlin
ZAUE
ISR{s0Q)
fYCOoP
TTIME e TTLimMF
FINARV
TINCPR

IXMNTNAMNTX
TAVARRA
MVSERY
WMNIS
AMTIS
NCOST
NCOSTS
‘FCOsT
‘FECOSTS
AISVET
KRULE
ZCOMMON
1 DerMs

2 “T1ME o7

3 VeusTy
4 GoveT !
SCOMMON .

MAY BEISET AR

[ THE NUMYER OF CUSTOMLRS BEING SERVED
THt CUST OF CUSTOMERS HOULRS IN QUEULE = TOT.AL
RATC ANU ME&N DURATION
THE HUURS OF CUSTOMEM TINME IN QUEUE =
THE CHANNEL NUMBER #eING PRUCESSED
CNUNMBER OF ARRIVALS WniICh HAVE OCCURED
“OPTIun CODES FOR aRR:VALS AND SERVIZE
POEGINNING e MAXIMUM NUMNER CHANNELS
CiHE PERCENY UTILIZATION OF ThHE SERVILZE FaClL:iT™
T, NUMRER OF CUSTOMERS IN QUEUE AT .ANY PCIWI
‘AN ANHAY OF ‘READ IN SpRVICT "TIMES
*THE TUTaL.COST GF THE SYSTEM
CLOUCK . TIME oMAX IMULATION TIME
TTHE LaTEST ARRIVAL TimE
~THE UEFPARTURE TIME Or THE LATEST DEFARTURE
TIFICALLY FOR PROGRAM EFFRICIZNCY
sMEAN NUMBER IN WQUE :
1 IME UNILY

T07aL

MEAN .wAlT TINE
AVERADE ARRIVALS PER
AVERAGLE SERVICE TIME
‘MEAN NC. IN THE SYSTeM

MEaAN TIME IN THE SVYSTEM

,TOIAL VARIABLE COST Utk OPERATIONS
VARIanlLE COST PER UNIET

TOTaL FIXED COST OF UPERATIONS

IFIXED, COST PER UNIT

"AN.AHRAY OF GUEUEN .SexVvICE TIMES

'SCHEULULE RULE COBE (1=RANDOM$2=FCFSs3=30T}

1LPAALL0) s anUMYARRRT s aRRTMo CH{20918) vCUMUTL 9 CUSERVSDEPRT e -

ToTUSERVeIZoKASKELUSsKSeNgMNELAG o SNUMGSTATUSI(9) 6Ty
TIME o INARV o TNDPR(9) yAVARRAGAVSERV AMNISGAMTIS,
VCOSTSeFCOSToFCOSTSHKNULE s IQUEyCUMQULE (L 41 ) 9

101} san(5V0) 9SR(S00)

JuaTas 1ENU

SDATA (LenD=4HSTOPY.

1ISTOP=Ien.
WIN=60
NOQUT=6]

1
ty

t

IREAD adu PRINT UScH NAME CARD

TCONTINUE

(Mjitvedl

WRITE
IF "(1LPna

(nUnTe32l)

17 fLHpA
tLPra

(1)0?_”0151")9) o0 TO 3ul

LEAD ARNU PRINT -AwwlvAL DAYA CARD anD sCHEOULE rULE CQDE

(NEIm 33
‘r"-

=READ
wRRITE

iTe3 )
_IF (r\u.Ln.l)

1) " RAu~NRT CCSTA KRULE gANUM
Aav A Te 17T A KRUL
O, T .’41

"IF inm 0Tes) LU Ta 291

IF farm LEqUTe1 000 1Y 263

IF tarm LE&HTe s ToZel
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CONT 2NUE
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X12=12
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J
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BCOCP=TLuNP

RETURN ru2 NEXT Rum WITH MORE CHANNELS (N)
GO TFu 101 7

PRINT OUi DATA ERROUR MESSAGE

COnT INUE i

WRITE (NuwTH671)

WRITE (nJiiTesBY)
CONT InUE !
WRITE (NOT2651)
FORMAT  (1044)
FORMAT  (POHLIPROGHAM QUSUES FOR 21uA%)
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FORMAT  iR6X 84 (RANDOM)
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FORMAT  (ih oI4s28H ARRIVALS READ IN As FQLLO®S)
FORMAT  (1H 12FS.u)
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1.0) -
FORMAT (31HQFIRST TWENTY CCCURREHUES FOR I1918H SERVICE CHANAE
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FORMAT  (,\HOAFTERvigo8r ARRIVEDIF6.097H SERVEUSFGeGe)1iA TIME UNITS
1) , ‘

FORMAT  (2ZH QUEUE=MAXIMUM LENGTH +¢8Xoi7)
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=RANU (Y9 g)
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RETURN

ADJUST & aND CUMUIL AT TERMINATION OF SIMULATION

LAST CUs. nMaR.FURCtD TO DEPART AT TTINML

CONTINUL

THR= GS”CI\1J~(TNDPH(I)“TTAPE)
IF {18 ,GTe0.0) G2 TC 61

TR=0o

CONTINULE

NUDR(TlnTTIMt

CUMUTL =CumMUTL+TK

STATUS ([ 1=1».v

RETURN ‘

END

I:UNCT}.{"‘» 1\‘|J '!‘,\"\ i

SACHINE U< FENUENT RanDOM MNUMBER GENERATSR (g 710 1)

THIS VEwzZ1ON (FOR Ccuc 3100
% 9ET AL PCSITIVE UL INTEGER TO LnITIALIZE

K SET Al ZERO TO CUNTINUE STRING UF RANDOM NUMBERS
+SONS91966

SEE NAYLUR,COMPUTER SIMULATION .TECHANIGUESWILEY
IF (n) 21521611
CONTINUZ I
N=K ‘
NN=K
NNN=E
CONTINUL
IF (KN) 31e3le6d
CONTINuE
NahN#2051 , -
iF (W) QlfSlel
CONTINUE v
N=N¢+B838uc 7+1
CONTINUL
XMN=N
RAND=XN/53 8607¢
RETURN
POSITIVe XK RUNS SECOND STRING OF RANDOM NUMBERS
CON5INLJC. |
IF (AK=50) Tlet¢ielCl
CONTINUE
NN=NN®2any
IF {wnnN) 8le91.9i
CONT INULL
NN=NN+3soNa0T7e]

CONTINUL

XNN=NN ,
RAND=XNN/2388677 .«
RETURN
KK OVER » RUNS THIRD STRING OF RanpQM NUMBERS
CCNT MUk
NNzNNNTZ-5]

I () F 11el1s121
CONTINuE
NN NN m~o?88607o;
CONTINUE
CNNNENNN
r{AND‘-:M\NN/B:St%8607u
AETURN
END
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