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1. iQué le pareci6 el ambiente en la Divisién de Educacién Contimua?

| MJY AGRADABLE ’ AGRADABLE | DESAGRADABLE

— \ |

2. Medio de comunicacidén por el que se enterd del curso:

PERIQDIOD EXCELSIOR PERIODICO NOVEDADES
ANUNCIO TITULADO DI ANINCIO TITULADO DI FOLLET) DEL CURSO
VISION DE EDUCACION VISION DE ETRICACION
OONTINUA CONTINUA
CAHTEL MENSUAL RADIO UNIVERSIDAD COMUNICACION CARTA,
TELEFONO, VERBAL,
ETC.
REVISTAS TECNICAS | FOLLETO ANUAL | CARTELERA UNAM “LOS GACETA
UNIVERSITARIOS HOY"' UNAM

3. Medic de transporte utilizado para venir al Palacio de Minerfa:

AUTOMDVIL METRO OTRD MEDIO
PARTICULAR .

4. ¢Qué cambios haria usted en el programa para tratar de perfeccionar el
curso?

5. {Recomendaria el curso a otras personas?

51 NO







10.

dQE cursos le gustaria que ofreciera 1a Divisifn de Educacidn Continua?

La coordinacifn académica fue:

EXCELENTE BUENA

REGULAR

51 esti interesado en tomar algln curso intensivo ;Cufl es el horario -
mis conveniente para usted?

LUNES A VIFRNES | LUNES A TUNES, MIERCOLES |

(RS Y OS]

DE9 A 1T3IH. Y VIERNES NE Y VIERNES DE DE 18 A 27 H.
DE 14 A 18 H. 17 A 21 H. 18 A-21 H.
(CON COMIDAS)
VIERNES DE 17 A 21 H.| VIERNES DE 17 A 21 H. OTRO
SABADOS DE 9 A 14 H. | SABADOS DE 9 A 13 Y

' DE 14 a2 18 H.

k

{Qué servicios adicionales desearia que tuviese la Divisién de Educacién
Continuz, para los asistentes?

Otras sugerencias:
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COMCERIC O COMPUTADORA

T | ohjeto on gsta boevw irweha sobre Loy computadens e'ecinénicn y 1

~ilnples oplicociones of wervic’o d¢} roma e, &1 ongmitil of lechor v corplelo vie

AEn ce 2onjunts, medioe  un larguc|s sencille que permita comprender conespioal=

rente |0 temas trolodee, sin necerided de conocimientes pravics en lg mareria,

Espiromos que sstas pAgino, muy dimple, en oporiendia paro can protunds

conlenido, parmilon, & criens bop lon, ingresa al morowil o ryuncp de o mdgquinom

S o e

Fite sefor 18 {lamo Contzol, Trabejo er una prquefa hobita -
cifn, Tiene g su fispericidn wna méquing de cofoular que s =
ma, reda, moltiplics y divide, Tiese tombidn ot whor Contral
un e chive porgci do 3 ) cond Haeee g enile wn Tow Wtnas pomo=

chanilicac ikm poalal .

Huy, odemds, pn lo hebilacion, oos weot sl lon idend (i codes

con wndon certeles: “Enirade” v "Salida®,

El wefiowr Control Hierm  wo monual  que e indics come debe-
dasnnvelvefss con gt alementos, 3] elguirr lo pide gue - =
hoga un trabojs,

x|
Tcoasd] [} o —
==

-l

x

Lina perstnt quiere b ¢l rejuliodo de in complicade edled o,
Pors #lo, oeribe svdenada, precise y detaflodaments, cada une
dr |5 operociones gwe, 0 conjunle, integran e cdloulo, anota
radn fnaleuet idn elemental on vne |t>|'ﬂ de pcp-!-. ¥E oloen 1 odm =
has hojmn e orden en la wentanilla "Entrada”.

£l whor Centrol, ol wer 1ot hojoa. lee en su morval Qua debs to
mor up hWOjEE con instreEciones, LNa per e, ¥ colttorlon came
bt ivomants gy qu orchivo. Y ol |8 hoce, -

|IA'F§*H4'

U vaz vbicodos todgs lon instruceiones wny gl orchlve, ol sehor
Control comtulte pueramenrg ol monuol, AT se 1a indico que —
o contineesion, debe 1omar Lo imtruceitn de (o cotilla 1 y sjece
tanlo leege, o de lo camille 7 ¥ ejecviarla, ¥ sl bucwelvaments
houto sjecioe |o G1imd lnstrpceian . Algunar imrrecsione ind -
corén que hay qus RanE una covtlded o otra { Insinatelone - -
orilmilicms }; otees, qwe e Lebor Control debe it o o ventonilh
"Entredn ® pora baacor algin Selo gue intervenga w0 el cilovie —
{ Insbrotziones de watraddSalido 1, doro que e perena que fa
foemul§ ab preblemo bhotrd eolocado yo en dicho vantoniila, en-
atra hoja de pq'_u:L

Finalmenre, ctros insruccione indicordn que debe elagine wna
da erire & alremotives [ T fruccionas 1gico ): por ajemplo, -
awponames que weo poria del cilevto - devda bo Taptreccidn gue
il an la casilla 5 dal archive hovto In gue wdd an lo casllla 7
debe ajscutone 15 vrcw porgus &l edculo ail lo exips .

Entol coma, ko inakweeldn qus erd = e comilla 19 Indicord que,
2l low pascs 5 o ¥ 1e hon a[ecutods menos de 15 vetar, e debe -
volver ol pme 5. Cuondd sa hayon tealizeda las 15 rapaticionet
yroontel, ol sefior Conreol beguirl com o instruce|dn de la co-
silla 11,



LET 1
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Duspnrly oy ajecitor lodsn b imstruecione del mchive, hocionda- -

tan Jo moduina de colecke by operoc o o alkm indicodm, af-
awwier Controd entrage, o travia dy 1o v&vtmille “Solida™, fa revl-
tadis obtanidat . . .y 10 simnto 8 S pEar ue npevo tabajo

Cmbrvesr qua lo actuscion del semer C_a-mnl m poromente mecanbcn:

+6lo viguw It indicocicnm ey - - cumply  de atuerdo con-

elim b inttruceionm que recibe o trowia cda by sekmmilio "Erdnpda®.

Toma deciricnes, pero solomentes vonds 5o 1 sehalan b ot e ol

qur exitten ¥ con qui critmio debe elagir una dg ullas.
" H sefer Contal purds revol. e tuzlquier preklama, por complien
db que fitw seo. Pero pmo elie debemor indicorle poa pAa, en -
lama mdi elameatol y datslodg, tode la Que doba hacer rarg rend -
warlo, vin olvidemes obo'vtamente nady PNTUE, Bk OO, &) B
fior Lombral no webria conlimwr gor 30 mismo_ -
taga al (.. do prebo e formbor wn probl eyt keuie de ma-
e il que una perens que no'concct nade seerra du me problema
piecks 1aalearls sin necwidod de hocer comylim . Vord que o wa-
cxpariancio inleveantisima ,

JEH mquama qus ocohom de represmiter mafionte ol setor Conmed ¥ ale -
mentad de trobaje, eorreipande cegolomente ol Byuemd de funcioeemiente da Wi Com-
puwradora ol egtrlinica,

A conlimutcion precaloner ol ung bryvs deer|peidn de o ¢ rmwnra de o eom
pUckes que correpnden 6 fal elemaniar  de rebajo del wedas Control.

Lot wnldades de Enivada { remssentedas por Iy wentand s “Entroda™ )

S wn ke computadora, divpositives copace do lesr inlermagion [ Inblrwtcioner
v:-r Dahe ) eon ol objeto de pocsals . Exislen uno gron vorfedod de  elemento d i ’
der, ootre bes cuole lanema -

Torjstm de Corhidina y Cinta de Pzl Ove ygn pet foroday de monsva

Qui coda perforocion repessento wm ndmero, wha letrg & un afmbolo -
pociol de ocusrdo con wn cidigo predeteminoda,

Cinte mognwticss:  Conotide come Tnemaorias exteno” tieen o van
tajo & porsitit ulmacenor ko informoecién o farmo mos concen mada —
{ @ rozdn de BD a 2400 coracters por pulgndo de longited )y de e =
moL velocet, yo que posden anvicr & recibit Iﬂfamihru e wiidad -
de contral ¢ velocidodes que von de 10,000 o £80, 000 comcterm por -
sagunda. Puaden Nagor o tenar harta 730 ande longlted .

Dhco Mopnétics @ Tambiln conocides come “Mumeria esctemnn™ on ge=
naol Heven un didmetrocprasimods de 30 cmi, ¢ pueden grobor hasta
400,000 letres , numares. ¥ corocteret epeciolm, formonde polabms, -
cHrow, & regizimos complates 39 pueden grober o lear @ mzéa da 77,00
e 12,000 coracterss por segundo ¥ W Femps da stcmio o o gegittra

aleanza un promedio de &0 mili-egundat.

dtm mTanma



Una difarencic imootams sntre I cirfaa y lor disces e ioaigdieares

[n =i cintm los regitrecs v greoan € f2an secvencioloome.

Er Iow disgem 4= timng “Libte Azeeie '@ ut regicto cottlavers, on For-
.m0 irredioto, puc coda eegisire e lecelisT po T 'pnl.li:i'ﬁ:l 1 der-
fro del dises.

Leetera Oeticn do Corpeterp frpeeoe 1 Prede beer un doown snfo im -

: pi'ﬂl:l por uno migquing de miciibif, o oor Mo maauing dé ¢or pelilidod
o par Ja impretara de weg computdors & unc velacidad de 3, boa earar
ird por minety L

" Unidod do  Esprasantocién Vikal @ Bizx unTdad da entiedos s lido Lir

va pare hacer :;Fulsn ol computadorn, por medic de un veclads e
g uing de eseribit, l]r alroew W respeeta reflejods o wng prqueha -
panial Ia.de Tefevinitn .

La imegen sité fnrrr:nd: por naug 17 recglones de howo B0 comeieres -

| letm, numercl, & signet specioles } cado wvne.

Vemos oqul ot binided de Bepsraniociée ual, mis svelucimade cue
la anteries, lo comumisrd inn homd e-oiguing peede mtoblecene a0 «lla
per media de qréficos, o doeir que la entroda y |o solida da dale e ko

con por medio de imdgune.

Cugntn eto unided parg ella con wn dispesitive con forme de gz, que
tiene en su punta wa ckluta lotealécrica, Ln delgede hot de le2 porre
n dﬂ:rninn:l; mortato e pumetor e lo ;:u-LI:lllu ¥ ta recome mn for -
ma d::?;—'_zng. Si.w:u;o;u.ii"ﬁp-T:' = cunk;u-'!r p«.:li:ivrfn d; ler prae—
1afle, o céluls ferosl Eetrlcn detecitnd a1 cloin moments el haz de Tuz
Por el tierpo Henseurrido deide que e For de buz comonzéae “harrd®
hasta gua fue def.ulndu, la cermputadara daterming en qué punte de o -
portallz su encvanire opeyede ol “lépiz® .
Come ol barida duont wee frozzitn de segondo ¥ s realizan mechol bo -
migas por sequndo, v s TR ik con gl Wz " solae be pontalle
y el dibujo Mingrwa” en 1o memarin de lo computadied cone v luce -
sifn de pintes codificado., .
La pontalla estd imaginoriommnte dividido an 1,040,578 po-toa, de ma -
aare que los frozes qua se obifenen aon practicamente continuw .
Puedin dibujone o3l cuvid, estruciues, berra, niamarot ¥ cunkquier B
po de mifico, y ma infomocifn ingres ¢ outomdlicoments o b compute
dewa.

.
Per ohra parte, los resul tade oblenidos por 16 comperodarg won repreern
vados an o pantalla 1ombldn eomo corva, letra, et bofa contrel - -
dol progrorm= olmm:udn = lo memoria.

Lectora Oprico de Monuacrilan 1 Solva algunos pegeafic I Ticcitn en

cuonte ol formata de S comncierm, ot unided pusds “leer” docuren
.
ion escrites por cuclgule peona y con cualgquisr wjemple o wa valocided

oproximads de 30,000 cannsteres por minuta-



E! registradorfomall 2edar Fatogrifice =1 uan Unidod o Enreda Tafidu Lox Fnillc Mognet[zantes : Estos puednn mognetizane en wn

dr dotn que realize fnosiguientes funcione . sanlide & an oo “Becardondo™ @i un 1 4 un 0 repective —
i) Regiyimo ke reiulicdos de ke zompuiodors wobie microloo mentr. Cor B da dave onilfos e formg una poaicidn de meme
grafim, medisne un lubo de rayos corbdice, que inci- rig, sn o cool pusda ragis ere une Irtro, un digite 5 un oo

der 3 obra una pelizubo forogrERien, ¥ ¢uye bz electrd - tactier mpecial angln las distintes combinaclones de onillo-

nica ochda gobwavde por £l Frograma Alracenads. Lo = “End "y "En 0%, de ocuerde o wn codipe predelwminodo |
_pelicula v revela automiticaments derira de lo wmidad Loa Mamarice de Flip - Flops
y 4 regunda despuis wia lis ko poen W Eepechoda. Les Goten Mognaton:

2)  Froyecho sobee wrw pontalic romlicido lan microfoty == L Diacos Magniticos

gralios reglybradin .

3 Anclizs Imbganas repsoducidan en magotive sobre pelicy £] disponitivs oritmitTeo { reprmentude por ln miquing da célcular )
la romporants, b Ggitalize y n honmite o la Uni- rwalim kn cucto opaaclonm orimmitico.
dad Cantrob de Proseomierto. 1 Lom wridades de 30lids { reprevontads por b ventanitha “Salida® ),
Lo pelicek wiiilzada Heve 35,5 milimetro de oncht ¥ TH matrms de » Quea ptn sar ©
Tengited. La Entrada o Salida de imdgene pusde comittin e letras, nk lpresoros
mtes, b imbelon, d:’wIm, gifices, mopa , fwres, He. 5 e miere Woquins de Berlbie | Telmipes )
forogmiia de X0, 5 mn X X3, 5 mn pucdan regitirane bots 20,4600 19 - Grobadarss da Cinka Magnitices
- bty oiwarae, o baeto 16777 214 puntcs Contr ko Bt £ @ ndganan . Grabod du Discon wio grticas
La vebocldod de Regltracian/andlisin & de 40.30C leirce, nimercs y = Unidod de Keprmentocin Visuol
simbolas por seguads, 01w oquivalente 1] 18 bt da imgenes, Registrador Anolizader Fobagriifi eo
Mquine de Beribic ( Telwtipe } . Loy wnidode de clmacencriento @ me Unidad de Revpusstn Om! con la cugl lo Computodera pueds

hobler en lado &l 1entide de b pakilbra,
weericn | Raprsvantodoy por #! archlvo del sehor Control § pacmiten o -

. Contiane wa Tinto mogratefinicn w kb cual un locutor b
g b dratruccione y 1o dolcs paro realve e problema; sntre m-

robode un dicclovario de Una gron varisded de palcbrm, wn

T e Hanan.

cuolquier idioma.



Finalmenie, un dispailive alecirdnica de emteol] reprmmtado por ol setor
tonirgl }apudads de wn progmma mpecial o sistema operetive | repreentada por wl mo-
roal dul anter Comtral J, gobivma 10ds ke opevasione de todmt by wmidodat Gue -
corponen bk computtdom.

hobiendo dmertio (ob paies que carpanen o compriadom podemea

misttar #l Biguienty gaquemo que lo epeenia
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G

Hames hablade hosto este mementa 22 lr computodars olechinica desds el pun -
14 g4 vitm cenceproal, Quronts bt dat GlHmo dicades 18 ben preducids avones tecnal
gicos tan extroordinarics en moferip da alectranice gue la corputadors ha wiide worme
fransformaciones. Varemos ohoro como s ha  ids modifieanda la lden wigingd hmto Hlegor

o Iov mias modares Ciremas de profmoricio de dotm

Low primers compitoderm tenion circuirm eon vilvulos de ;mcim hos -
Viempen de eparocidn 1 medion enocHas e milfiegundos { mil&ime ge
tagundy § . Cuondie aporetieron loi raraisiorss, ol dilana de lew cireLi=
tos vx mejors noroblemente y lo durncion de los aparociones en b com-
putadors que uilizeban ale TTeenalogia de Eitada S5lida “ae midia -
en microsegunda [ milondsimm de segonda ) .

El heche da que Ta Ausver maquinas Fueran miles de veoe m&l rbpidas —
que les onleriorm rojo oparejods 1o creoeifn de uni dadet dw entrada,
lids y memorio axtwna muchs md veloces.

Le invencitn de un nueea pa de trensisror { "chip ™ ) provecd uno verdo
dera revalucién en o chiculios ebecirénicem ¢ 18 proceios de Fobeicacidn
wl nueve &l emento s lon pequeRia que on wn dedal de covturg coben md
de 50,000 chim. Pusds chesrvane en o figura, mercode con wn circu—
le, wr cirguita complero boaads en wsto nueva "Taencloglo de Ligica —»
SElTAn™. Debide o 10 lobafn, 11 I dencming gireuiros micrambniaturi rodos
& macrocircuilos . Lot Hampol de opesociin 1e miden shora s noneegn
des { milmillondsimen da regunds § . Ha nacido an mta forma la tercecn=
gmeracican de computodorat, ¥ lai olto: veleeideder olcamzadar posibili
taren im nueva enfogque an &l diehn de o sisteman dy procaiomients die

detos.

T



Enunciotemat brevementy lea odelontes qua mim tere e gerarasion

ha mbtodueida ton repecio a lo teenclogla geterior

« Lo compuradora sa putagobhiema y trcbafo 3in dedoneme, pmande

de ue teabafo o odrgvin demoro elguna.

« El Cperodor Iaterefane 16la cuonds algln probleme exceprional ~

pruTe. Lo comunicntion mitre hordye ¥ mbquing 1 reglizn il po=

bre o bota de = ot por Excepeion” .

. 5T ccurre vne fallo n Igp circuitos 0 on la parhe wlectromecdnicg

Iz maquina reallra un sutediognistico ¢ Indiza cwdl m [0 onomalio,

. La velocided e Enrmdo-Procssc~Solida 1a kg incremaniada axita

ordinorinmente,
. Todm Ion opavocionwe del sisteme 3o reclizen on forma simultdnes,
. Lok lenguajes ca progromacian ha-'\ evpbuc fonado de momers notoble,

. E¥ ovioconied y ko awoverificociin de opemacions bon alconzodo

niveles ineos pechodos .

. Pucden reglizane, con mixime randimienta, vorics trobojor distins=

ton simulide samenl e,

o s FERE ) Ly o
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Hmio ohora hemos visle muche widode que, =
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Algorithms and computers

Computers arouse curiosity in most of us, Articles in popular

magazines and aewspapers, current books, and TV shows

herghten this curiosity, bur such sources cinnot be expecied

o present information in the carefully ordercd sequences thar

15 possible in a book like tus. Whether you are Jrawn by

curiosity alone, or economic necessity, or both, conscieations

study of this book will help you ta break through o a new
level of understanding abour coinputers, their uses, and their

CONLLLICIGS,

Computer science deals with people who have problems
to solve and with algorithms, the solutions to these problems.
The solutions are cxpressed in special languages that represent
stored daw and commuicate (o machines the manipulations
that are to be carried our on that data,

Each of these four elements (problem solver, algorithm,
language, and machine) afects the others in interesting ways.
For example, depending on its richness, a lannuage can either
Iimit or extend our ability to express complex plans of aciion
effectivelv, And, deperkling on it capubilities {Le., ts archi-
tecture), a machine can execute some plans o7 action on Certaia
data representations more offectively than o others. The lonp
of interaction etoses when the problem solver changes the plan
of actton, the language, vr the machine architecture o suit his
purpose.

This book ntracduces all four components of this inter-
action, Every chapter takes you around this “four-cornered race
track™ amd. with every circumaavigation, you gain a decper
and clearer understanding of the inierplay among the four
clements, You, of course, play e probiem solver wsing a
computer, o ger the most out of this experience, laboratory
pracuce is almost indispensable. But, even i vou cap't have
actial compuier expericnce, a carelul rewding of us book
should illtmimate the computer scieney secne fie better amd
far beyoad what you have previously pereeived.
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I*iest Hat-nire Aowchart,

COMPUTER SCIENCL: A FIRST COURSE
What 15 an alearithm? An afgerirfen 15 a list of instructions
for carvying out some process siep by step. A recipe o a cenk-,
book 15 an excellent example of an atgarithm, The preparation
of a compiicated dish is broken down into simple sieps that
cvery penon experionced in cooking can undestand. Anether
gooid example of an abporithm s the choveopnphy tor a classical
ballet. An inticate dance 15 broken down into a succession of
basic steps and positions ef ballet. The number of these Tagic
steps amd positions is very smull but, by putting theny together
m diflerent ways, an endless vaviery of dances can be dovised.
n the sumic way, alzorithing exectiad by a computer can
combine mitlions of elemestary steps, such as additions and
subtractions, 1o ¢ complicated mathematical ealeuletion. Also
by mwins of algortthny, a computer c2n contrel 8 manultue-
luring process ar ceopdinate the reservations of an airline as
they are received from ticket offices all, over the country.”
Algontlims for such large-scale processes arz, of course, very
compley, but they are butll up from pieces, as o the example
we will now consider, .
I$ we can devise an atgorithm for a process, we can usually
do so in many dilerent ways, Here is one alporithm for the
everyday process of changing a #lar rire.

1. Jack up the car.
o 2. Unmeres the lugs.

3. Remove the wheel.

B

Put on the spare.
3. Screw on the luus,

6. Jack the car down.

We could add many more details to this algorithm, We
could include getting the margrials out of the trunk, positioning
the jack, removing the hubcaps, and loosening the lugs before
jacking up the ear, for example. For zlgerithms dexcribing
mechanical processes, it is generally best to decide how much
detail o0 include, Still, the steps we have listed will be adequate
to gonvey the wdea of an algorihm. When we get lo mathe-
matical alzarithims, we will have 1o be much more precise.
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A flowchart is 8 diagram representing an algorithm. In
Figure 11 we s¢e a flowchart for the flar-ure algorithm.

Tht . and .

in the fowchart remind vs of the bunons used to starr and
stop a piece of machinery. Lach instruction in the flowchart -
is enclosed in a frame or “boex.” As we will soon sce, the shape
of the frame indicates the kind ol [nstruction written inside.
A rectangular frume indicates 1 command to take some action,

To carry out the task described by the flowchart, we begin
al the sart hutton and follow (the arrows from box to box,
cxecuting the nsiruclions as we come to them,

After drawing a lowchurt, we always ook 10 se¢ whether
we can improve it Fer imstance, in the flac-tire flowchart we
neglected o cheek whether the spare was flat, If the spare
Mat, we will not changa the tire; we will call 2 garage instead.
This calls for a decision between two courses ef action. For
this purpose we introduce a new shape of frame into our Mow-

chart.

Imside this oval frane we will write an asseryion instead of
a command.

The sfrare e Dt

This s called a deersfon box and wiil have two exits, labeied
T (for true) amt 17 (For taise). Alter ehecking the truth or falsity
of the assertion, we choose the appropriate exit and procued
to the indicated acuvity. lacorporating the Nowchan tragment
on the lett mte Figure 1-1, we obiain the Bowehart in Figure
1.2,

There is apother imstructive improvernent possible. The
instruetion in box 2 of our Nowchart gewolly stands for o
number of reputitions o the same task, To show the additionul
detasl we connld replace box 2 by a step for each lug:
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‘e awkwardness of this repeated instrucrion can be elimi-
nated by inteoducing a faep.

L]
1 .

As we leave the box, we find that the arrow leads us right
back to repear the rask again. [{owever, we are caught in an
endless Toop, since we have provided no way to get out and
po on with the next task. To correct this situation, we require
another decision box, 25 shown on the left

Replacing box 2 of our Aowchart with this mechanism and
making a similar replacement for box 3, we et the final result
shown in Figure 1.3,

Now that you have followed the development of the flat-
tire flowehart, try to devise one of your own. In the algorithm
of the following exercise, you will probably discover some
decisions and loops. There are many different ways of flow.
charting this algorithm, so many different-locking fowcharts
will be creawed.
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CENERGISL - 1. Prepare a flowchant representing the tollowing recipe,

M Goad’s Rocky Roud

[ngredicenss:
1 cup chopped walnuts i cugy evaporatod milk
Dpound bleck of baker’s choco'ute 4 cup corn syrup
L pound of marshnuitows 1 easpoon of vanilla
cut in halves 1 pound of butter
3 cups sugar | teaxpeon of salr

Mace milk, corn syrup, suger, chocolate, and salt in 3 four-quart
pan, anmd cook aver a high flame, sticring constandy untit the misiurs
boils, Reduce 1o medium fiame and continue boiling and stirriag untl
a drop of syrup formis a2 s0fT ball in 2 glass of cold warer. Remove
from the Hame and allew 1o cool tor 13 minutes, Beat in bumer and
vimilla unt! thorouphly blended, Sur in walnats, Disteibure nursh-
mallow habves over the batom of a 1W-inch square, titterad biking
pan. Pour syrup over the marshmallows. Allow to cool for 10 minutes.
Cut in squarcs and serve,

1.2 Now we are ready o examine an algorithm for a marhematical
A numcrical . calculation. As a lirst example, we consider the problem of
algortthm finding terms of the Fibonacei sequence:
' \ 0, L1, 2 358 13 21, 34,55, ...
' b

In this sequence, or list of numbers, the first two terms given
are 0 and 1. Atter that, the twerms are constmeted according
to the rule that each number in the list is the sum of the (wo
precechng ones. Check that this is the case. Thus, the next term
atter the last one listed above {3

: M+ 55 = 89

Clearly, we can keep on generating the terms of 1he sequence,
one after another, for as long as we like. But, in order to wrie
an algonthm for the process (so that a compurer could execute
it, for example), we have 1o be much more explicit m our
instructions.

Before subjecting this process to closer scrudiny, let us
review a linde of the inreresting history of this sequence. It
was introduced it 1202 apo by the Tnlian mathematician,
Fibonaced, to provide a3 model of population growih in rabbits,
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Fis assemptions were: (1) 11 takes rabbits ene month frem
birth 10 reach mawrity; (2) one moath after reaching maturity,
and every month thereafier, each pair of mamre rabbits will
produce another pair of rabbits; and {3} rabbils never die.

One senses thae this model is not completedy realistic. Bue
the cssence of mathemarical modeling is to start with a crude
model thatemphasizes the important aspecis of the situation
and suppresses less important’ infoermation. A more refined
model can be developed later, profiting from the experience
with the crude maodel, Thus we might eventually improve the
Iibonacci mwodel by obtaining more accurate figures w1 the
birth rate, taking mortality into account, considering the Hmisa-
tions of food supply, the effects of predators, discase, and
overcrowding, and the Like.

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

~of a number of scentingly vnrelated mathematical problems.

There s cureendy a published quarterly journal entirely de-
voted to the propertics and applications of the Fibonacci se-
quence. -

After this long digression, Jet’s see how the rabbit-pair
populazion model pives nse 1o the Fibonacel sequence.
Fibenacci steris with one pair of newborn rahbats ar the hegin-
ning ol month exe, and he then lets nature ke its course.
This is shown in Table 1+1, which we now explain, ’

Bevinning af

Mlaith ! 2 3 | 5 f 7 4

Tnfant rubbit pairs I _e0 vl el 42 _¢3 _«5 B
Marure rubtbit pairs a1 |/2/ g 5t T

Total rabbat pairs [ 1 2 3 5 3 13 2

Look at the mrows in the wable. The nuinber of pairs
af infunt rabbits in any month (after the first) is equal 10 the
number of pairs of manure rabbits in the preceding month
[c\und]l.'mn 2 in the Fibonacer model). This explains the green
arrows. In cach month after the Grst, the number of pairs of
mature rabbits will equal the twial number of rabbit pairs in
the preceding month (condition 1 in the Fibonacei model). This
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eaplains the gray arcows. Folluwing the arrows, we sec that,
from the third month onward, the total in any month is the
sum of the 1tals in the nwo preceding months. “Thus the rabbic
roepulation model generares the Fibonacci seaquence except {or
the initial zero, which can be wken as the toal ownber of
rabbils in montly zero,

Eliminaring the reference to rabbits, we can abulate the
caleulation of the terms of the Fibenacor sequence in Table
-2, .

IniLiafly tak 1T nexl- .
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MNet Latest Latest

Term Term Sum
0 el 0+ 1 =1
b 2 | +2 =
2 .3 7+1 =5
3."’!,,-5 T+5 =8
54,..-5-"'#3‘ +E._=—-53
e 13+5%13 = 2

We can see that in each siep the latest term gets “de-
moted” to the role of next luwest term and the sum becomes
the new iatest term,

Let's construct a tlowchart for finding the first term 1o
exceed 1000 in the Fibonacch sequenee (Figure 1-4),

After going through the foop of flowchart boxes numbered
2 10 5 enough times (it happens to be 15 times), we eventually
emerze from box 3 at the 1 exit and proceed w box 6. This
box is scen to have a dilferent sliape because it calls for a
different kind of acuvity—ihat of wriung down our answer,
The shape is chosen so as to suggest a page torn off 2 line
printer, onge the most common of computer output devices.

boSBOD
[-H--u-

{2} Suppese in the rabbit problem we had srarted in munth one wilth
one pair of infany rabbils and three pains of nuature rabbits. Muke
a table similar 1o Table 11 to show the state of the popuelanon
over the first vight munths.

(b) How would you medily the flowchan of Figure 1-4 50 25 to
penerale the first werm ol this modified sequence greater than
10003 -

Repeat Problem 1 with three pairs of infant rabbits and one pair af
mature rahbits.

{a) For the Fibonacet sequence in 1able L-1, calenlate from month
mwo throtsh month tvelve the ratio, ¢, of the wolal number of
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rabbits in the wurrent month 10 thal in the precedine month,
Express cuch ratio a5 a Jecinl and carry our the calcularion o
the neacest thotsimdth,

{b} Express in your own words what seems 1o be happening re these
ranios. | -

(<) Tind the reciprocals of cach of the ratios in Problem 3a,

{3 What relationship between the ratio rand s reciprocal 1/ seems
1o be becoming more and more rue? xpress this relationship
a5 an oquation.

{c} I this relaionship held exactly, what wonld be the exact valoe
of r? That is, sulve the equation for r,

Repeat Problem 3 using:

{a) The tablke in Problem 1.
{b} The table in Mroblem 2.

The algorithm of the preceding section can be expressed in
much simpler notation that is, ar the same time, more nearly

" acceprable by a computer as a ser of instructions. To do this

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

In computing work, a varjuble Iy a letter or a string of lciters
used 10 stand for something. For now, this “something” that
a variable stands for will always be a number. (As we progress
theough this book, we will take an ever broadening view of
the sort of thing a variable can stand for) In the formula

A= LXW
the lewers A, L, and W arc variables. In the formula
DIST = RATE X TIME T

DIST, RATE, and TIME are variables, .

' At'any particular tin;e, a variable will stand for one partic-
ular number, called the vafue of the variable, which may
change frem time 1o time during & computing process. The
value of 2 variable may change millions of times during the
execution of a single algorithm.

In our conceprual model of a computer we associate with
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each varizble a-storage box. On the wp of each bex there is
a removable gummed sticker with the associated variable in-
scribed on it, and inside the box there is a suip of paper with
the present talue (or current yalue) of the variable writien on
-it. "The variable 15 a pawme for the ermber that currently appears
insicie.

Euch box nas g lid that may be removed when we wish
10 assign a new value to the variable. Each box has 2 window
in the side so that we may read the value of a variable with
no danger of zltering its value. These boxes constitute the
storage of our computer. In Figure 1-3 we $ee one stage in
the execution of the Fibonacci sequence algorithm of the pre-
ceding section. Here NEX'T stands for “next Jmest werm” and
LATEST swands for “latest werm.”

To summarize, the Juty storage of a computer 1s 1o be
thought of as subdividable inte 2 number of informartion con-
tziners or boxes. Each such storage box may be given a mean-
ingful name {sticker), and cach may be given {assigned} a value,

Some people view a compuier as an electronic and me-
chanical system having a Jara storage similar to that just de-
scribed, along with a number of other intercunnecied unils or
modlules, cach with a special set of funetions that, when acti-
vated appropriately, curry out algorithms. Figure 146 1s onc
way 10 Jdepict the erganization of such a computer system. If
we were [0 pursue the explanation of this system according
ta the module view, it would be neccssary to define the func-
tions of cach module and explain the significance of the ar-
rowed lines.into and out of each box, But it would also be
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necessary o bring the diagram to life by explaining the action’
sequences that occur in which each module svrves the needs
of the ethors so thar the overall effect is 1o process information
{i.c., to compute) in the Jdesired fashion.

A sccond way o view a compurer is to picture the active
modules as robois working as a team, The actions of each robor
always follow a fixed pattern, accerding o a set of relatively
simple rules. W'e shall tzke this view in our conceptual model,
SIMPLOS, '

We visualize o computer as a number of storage boxes together
with a staff of four robots—the Alasrer Compurer and three
gssistants, the Assigner, the Reader, and the Sticker A fiver. All
these components are quartered in one room, isolated from
those who will use the computer. .

The Master Computer corresponds te the control and
processing-unit in Figure 1-6. He lias a flowchart on his desk
that sets forth the instructians according o which he Jdelegates
certain t2sks to his assistants (Figure 1-7). “INote that the itow-
chart correspondds (@ the informatien kept in the program storuge
module of SIMPLOS”

Mot Compu ber Amignar Rcilit Sikker
AlTwer

To see how this team operates, let us supposc the com-
puter”’is jn the midst of executing the Fibonacci sequence
algorithm of Figure 1.4, One of the instructions in this. algo-
rithm was: . l

. Y
- —

Finud the wom of the
latest termm b (ha
' rrexichitest e

| |
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In a simplified fowchart notation, this instruction will take the
form: -

SUM + LATEST + NEXT

l

Inside this flowchart bex we find an assiprment statement.
Reading this statement aloud, we would say, “Assign to SUAL
the value of LATEST plus NEXT,” or more simply, **Assign
LATEST + NEXT 1o SUM."™ The arrow pointing lett is
called the assignuent operator and is to be thought of as an
erder or a command. Reclangular boxes in our flowehart lan-
guage will always contain assignment steps and will therefore
be called assionmuent boves.

To see what 1akes place when the Master Computer comes
to the above statement in the flowchart, let us assume that the
variables LATEST and NENT (bt not SUM) have the values
scen in Figure 1.3, The computation called fur in the assign-
ment staiement is spelled out on the right-hand side of the
arrow, so the Master Coniputer looks there first.

SUM + LATFSY + MEXT

He realizes that he needs to know the values of the varia-
bles LATEST and NEXT, so he sends the Reader cul to fetch
copies of these values Irom slomge. )

The Reader then goes and finds 1the storage boxes labeled

4 ’ "
e i
- o @""-}

1\ 11

R nlet
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LATEST and NEXT. Te reads the values of these variables
throteh the windvws {(FFigere 1-8), fots down the values, and
carries them back ta the Master Computer (Figure 1-9),

wharler Comtiputer - Reader Ausigner Srcker Affiner
FIGUKE 1-9
The Muster Computer receives - The Master Computer compures the value of
" the copy. LATEST + NEXT using the values of these. variables
brought to him by the Reader:
8413 = 2t

What does he do with this valye?
The Alaster Computer now looks to the left of the assign-
ment arrow in his instruction.

UM - LATEET + NEXT

He "sees that he must assign the computed value of
LATEST + NLXT, namely, 21, 10 SUM se he writes “217.
on a ship of paper, calls the Assigner, and instructs him 1o

assign thrs valuyg to the variable SUM.

The Assigner goes to storage, finds the box labeled SUM,
and dumps out iis contents (Figure 1+10). Then he places in
the box the slip of paper containing the new value, closes the
Hd, and retuens to the Master Computer for a new 1ask,

1n other words, assignment is the process of giving a value
0 a variable. We say thar assignment is desrrwciroe because it
displaces e former value of rthe variable. Reading is non-
destructive becuuse the process in no way alters the values of
any of the variables in storage.



L .

vk
It

ALGORITHMS AND COMPUTERS .
’ Amigner
O

e

53 W
ot <
™ \"p-
4 H |

Flgtay 1+10
The Assigaer Sopiyving a
storage box and reniting i
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In Figure 1-11 we present the entire flowchart of Figure
1+4 in simplified flowchart language, The old and new flow-
charts are placed side by side for easy comparison,
~ The translation requires very lide explanarien. It should
be obvious that the statement in box | on the elt is equivalen:
to the 1wo starements in bex 1 on the right. The new version
of box 2 has been diseussed in detail.

We see that the nwo starements in boxes 4 and 5 of the
ald flowchart are compressed into one box, box 4 of the new
flowchart, This is permissible whenever we have a number of
assignment statenents with no other steps in between. How-
ever, it'ls very imporiant to uaderstand that these assignment
statements must be execuied in arder {rom rop 10 bottom, not
in the opposite order and not simultaneously, The order in
which things are done may be exuemely important.

You can sec that the statements in box 4 involve na com-
putation but merely change the values in ceriain storage boxes.
This sort ol acuvity accurs frequently in flowcharts.

In box 6 uf the flowchart we sec only the word SUAL
The shape of the box (valled an oweprt box) wells us thar the
value of the variable STUM iy 1o be written down or displaycd.
If, in somue ather slgonithin, we wished @ write down the valoes
of several variables, we would list these variables in an output
box separated by commiss, as illustrated on the lefi

We will now Jdescribe the dotivs of the Sticker Atlixer.
We consider that the computation is begun by the transmital '
of a flowchan to the Master Computer. The first thing the
Master Computer does is o scan the towchari, rnaking a list
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of all the variables used. In the case.of thcﬂf";'bl:inu_cci sequence
floweharr of Figure 1-118, this list would have the form

NEXT
LATEST
SUM

The Moaster Computer hands this list to the Sticker Affixer,
who now springs into action. He inseribes each of thess varia-
bles on o sticker, goes to a bin of unlabeled storaze boxes, and
slaps one of these stickers on each of three boxes (Figure 1+12).



FIGURL [+12
Seicker Aiser ol work,
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Shcher
Aliver

" Now the ipstructions it the fowchart are executed until the

instruction is reached. Ar this juncture, the Master

Compuier direcis the Affixer 10 unpeel all the labels and throw
them into a recy<le bin,

To understund bewer what our flowchart in-Vigure 1+ 114 does,
let us trace through i, executing the steps as the Master Com-
puter and his assistng Jo them (see Table 1:3)

I this trace, for cuse of reading, the values of the variables
are reproduced enly wlien assignments are made to them, In
between such steps, the values of the varizbles Jo not chanze
and therefore have the most recendy recorded values. For
example, in sicp 33, where a test is performed, the values of
the vanabtes are

NEXT = 55,  LATEST

il
1l

B9, SUM B8

In step 3t-the valoes ury
NEXT = EO, LATEST = 144, SUM = 11

You cun see that in siep 48 in the execurion of our algo-
rithm we finally leave box 3 by the trwe exa and pass on o
box &, where we outpul the answer, 1397, and stop,

The utter simplicity of our conceptual model avoids and
removes certuin pitlalls, There 1s an ever-present danger of
thinking ol gssigmment a5 cquality or substitoion. (We will say



1{; COMPBUTER SCIENCE. & FIi3T COURIE

TarrLe |-}
Traciny of the Flowchar of FVigure 1-118

Flowhie Values uf Variahles ) True
T I'est or

Numby WEXT LATLEST ST . False

Sh'p
wumber

] |

e
=¥

1> 1000

2 > 1000 F

ST G e O A W P

3> 1000 . F
o 5 > 1000 F
8 > 1000 F
13 > 1000 F

' 21 > 1000 F
13 21
34
M o> 1000 F.
21 3
55
55 > 1000 F
34 55
89"
: 69 > 1000 F
55 89
144 -
144 2> 1000 F
8% 144
233
233 > 1000 F
144 233 '

. T F 000 F
213 377 .
) . 610
- T 610 > 1000 F
377 810
087 .
987 > 1000 F
610 087 .
1597 "
1557 > 1000 T

[
(513
51&“&\.&”#““-&-\#”;Lﬂuhumhutqhmm.h.-i..uuhuu.;u”,hu;”:;u“;_uh};.u”hu”._.

gy -



19 ALGORITHMS AMND COMPUTERS

- more about this later.) This and other ‘potential sources of
confusion, such as the effect of a certain sequence of flowchan

. statements, can be cleared up by thinking in terms of the
SIMPLOS model, which will always give the right answers.

. In fact, an excellent way to understand these ideas of

‘ reading end assigning values to variables is 10 make some

storage boxes and, with some friends, work through several
algorithms as described in this section.

EXERCISES |- 3 1.  Whar is the effect of changing the order of the two assignment state-
' ments in box 4 of Figure 1-114 so as 1o appear as seen below?

l

LATEST =~ ELM
NEXT +~ LATEST

}

Trace throuph the flowchart with this modification until you find the
ANSWeT, <.

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

find the missing numbers in the table below,

Valued Delure Assiznment Values After
[Execution of o e Bxecurion of
Assignment Execured Assignment
A B _ a B
1o {ae—n] » 2
71 Ba—aA] 7 2

- rwr—

magam s - - CRCEEE

- [b) In whichfnf the two cases is it true that A = DB afrer assignment?
(¢} Are the effects of the two assignment statements the same or
differene?

3. Muedify the loschart in Figure 1+ 116 so as to carry out the algorithm
al Problem !, Exercises 142,

- - - mrm o
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Modily the flowchart of Figure I-115 so as to oatput each term of
the Fibonacti sequence starting with the thind {i.e,, omit the initial
0, and 1). -

Revise the Howehart of Problem 4 to caiculare the mtio, 6 of LATEST
to NEXT {23 calculated in Problem 3a, Lxercises 1+2) and outpur
this ratio {as well as LATEST) at cach step.

Revise the fuwchar 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 there
are nearly 1000 workers in the plant, so that the job would
be quite redious. Nawrally you prefer to have the computer
execute this task for you, but you will have to devise g flowchart
to convey the instructions to the computer,

How will the hourly wages and the hours worked come
inta our compuration? 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 How-
chart boxes-—a most undesirable state of affairs. This unpieas-
ant necessity can be eliminated Ly using the concept of iaput.

We now introduce a new shape of frame, the input box,
into the flowchart language. The ipput box has this shape 1o

‘sugpest a “"punch card” (3 frequently used input medium, but

not the only one), Inside the box will appear a single variable
ar a list of variables separated by commas.
What happens in our SIMPLOS mode! when the Master

‘Computer encounters such an inscuction? To answer this

question, we must endow the SINMPLOS model with an addi-
tiongl feature not previously needed (FFigure 1+13). SIMPLOS
has a conveyer belt (called the frput belf) that carries slips of
paper from outside the room into the environment of the com-
puting staffl. 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 values written on them, on
the conveyer belt in the order in which he wants them to be
used. '



FIGURE 1-i3
SIMPLOS with Input belr,
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When the Master Computer comes to the input instruction
he does the following.

1. Steps on a treadle running the conveyer belt until the next
slip of paper comes within reach. .

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

3. Tunce 2 slip of paper from the belt and hands it o the
Assigner with instructions to assign the valug thereon 1o the
variable, RATE,

When the Assipner returns from this task, the Master
Compurer repeats the above process, but this time tells the
Assigner to assign the new value o TIME. When this is done,
the Master Compater tollows the arrow in his flowchart 1o e
next insruction. .

We see that an input box is 2 command 10 make assign-
menty, but this command is essentially different from thar in
an assignment box. In an assignment box the values to be
assigned are 1o be found in computer storage or are compured
from values already stored, whereas with an input box the
values to be assigred are obtained from outside the computer,
No caleculation is cilled for in an input bex, Moreover, the



-
=
L

[HAIE, TINL

_WAGE + RATE ¥ TIME

] |
@l E, WALL

FIGURE |- i‘l
Payroll algoritho.

CUOMPUTER SCIENCE] A FIRST COURSE

valies to be input never appear in the flowchart itself, Only
the variebles to which these values are 1o be assioned appear
in the mpur boxes of the flowchart. 1
In an actmal compurer (not our concepruzl one) the dis-
tinction between the nwo kinds of assignment need not be so

" sliarp, Assignmems called for in an inpur box wsually involve

some mechanical motion such as transporing a punched card
or other umt of recurded information past a reading sttion
where the eoded conlents may be copied. But to gain speed
the duta often are transported into a special section of storage
called an iput buffer, well before the data are actually needed
by the executing algorithm, In this case, when the input step
is executed, what actually happens is that data values are simply
copied at electronic speed from storage boxes of the input
buffer to storage boxes of the variables that are specified in
the input step of the algorithm. - -

Now ler's see how to us¢ the input box in our hourly rate
und payroll prablem, Should we input the data frem all the cards
before we start our caleulations? If so, we would need a great
many storage boxes in which to store all these data. [nstead,
we will caleulate the wages after cach data set is read. A
description of our methed 15 as follows.

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

2. Muliiply the RATE by the TIME to get the WAGE.
3. Qutput the values of RATE, TIME, and WAGE.

4. Retwurn to step ),

In the flowchart of Figure 114 cach’of the first three steps
of the above list appears in a similarly numbered box. Step 4
is represented by the arrow feruening frem box 3 to box |1,

You may wonder why the flowchart does not have a stop
burton. SIMPLOS always terminates execution of an algorithm
when an inpur step is being exccuted, and the input belt con-
tains o few values to match the variables in the input box.
Execunion of the payroll algorithm will therefore always halt
after the last rare, time pair of daa values has been processed
and control once again reaches box 1, where it is discovered
that the input belt is empty.

It will also be useful 1o visvalize output in a similar way.

[ ]
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Records versus Streams

'
We endow SIMPLOS with a second conveyer belt, the ourpur
belt. This belt runs ont instead of in 2nd runs continvously—it
necds no (readle. Lach ume the flowchart calls for output, the
Master Computer writes the proper value on a slip of paper
and drops it on the ouipat belr, which carries the slip through
the wall to the ouside envicorunent of the user. A view of this
siluutiost 1rom the top 6 seen i Figure |- 15

Our conveyer belt mode] of input-outpur suppests diat data
values move as a streain into and out of a computer systent.
Although In actual conpuiers this 15 not always suictly the
case, the analogy nevertheless is quite close, 1o pursue this
ideu Ter us comider the punehed cand reader, ene of the moest
common input Jevices on actual computers. First, a sequence
of data values s punehied on cards, The cards are then pluced
in proper order 10 the fupee hepper of the card reading device,
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is

Usually the card deck s placed face Jdown so that the bustom
(first} card in the deck is the firsc one 0 be read, Boch time
more input Jutu are required, another card 15 drawn Itom the
bottom of the deck und ts contents are read, either electro-
mechanically or photo-oprically, Once read, the card is dropped
inte an orfpuer stacher and thas discacded.
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When preparing data cards one i$ always faced with the
decision of whether o utilize their capacity fully or o punch
on each only the values required for the execution of one input
step i the algorithm. The latter choice, although semowhat
wasteful of card space, makes the data cards easier to check,

Our payrol]l problem provides us with a case in pomt. If,
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for convenience in lucating dutu preparation errers, we restrict
the cantents of cach curd 10 one rate, tine pair, then each time
box 1 is executed, one and only one data card will be drawn
off the input deck, read, and discarded. We could be more
wastelu! and punch only one data value on each card. Then
successive cards would contain first 2 rare value, then a toue
value, and so on, In this case, cach exccution of box | must
cause reo data cards to be drawn from the deck and read, and
the analogy between the input conveyer belt and the card read-

" ing activity is very close indeed. Thar is, when the Master

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

The anzlogy is less upp':ln:m if we allow the data cards
to contain more than one raty, Hme pair and if we expect the
pairs to be considered in turn during successive executions of
box 1. In this ¢asy, box | can no lenger mean “read a card”

. but, instead, "assien respeclively to rate and timre values from
pH Pe b

the next daa pair in the deck. If the next pair cannot both
come frem the curcent data card, then draw ofl another card
fram the deck and read it If, on the other hand, there is ar
least one more data pair yet to be processed from the most
recently read card, then process that data pair.” This inter-
pretation assumes that an input bufTer is filled {and refilled)
with data from cach newly read data card and that values are
assigned 1o rate and te by simply copying information from
this buffer into the respective program variables, alwuys re-
membering for furure wse which items in the buffer have not
yet boen copied, .

We sec, therelore, that using an input buffer guarantees
that cach Jata pair in the sequence will be processed in non,
no matter how many pairs are punched on each data cord. None

will be imissedd or skipped over, Ttis in this sense that the stream:

analegy s proserved even though the sequence of daa fems
is grouped 1nto acbitrary-sized card records.

‘The SIMPLOS model is a primitive machine. Tt has only
stream-ariented input and ouiput, Ater values are placed on
the cenveyer belt wo be outpur and are carricd o the outside
eRvironment of the user, how are they displayed? We certainly
are awitre that i aciun! congpeter systems all values are printed
or displayved on u sereen in some sorr of “format™ with 2

Ty
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particuiar number of columns, but the only fact we are inter-
ested 0 with respedt te STMPLOS s hat the vialues ore sutput,

When iz comes t interpreting ourput boxes of a tlowchare,
the sitwation is somewha ditlerent. The output box on the left
i5 considered 1o be a command 1o print the current vatues of
the three vanables, RATE, TIME, and WAGE on one Iine.
(If the Yst won't it on one print line, more hines are used))
Furthermwore, if the same outpur box is executed again, the next
sct of three values will appear on a new line below the frst
set. 1f the three variables appeared in three maividual boxes
instea:d of in one single box, then each would be printed on

a geparate Yine, Thus cach enecution of an ourput box 1s con-

sidered 10 begin printing 2 new line.

No doubt yvou have wondered why, at the very start of our -
stucly, <0 much attention has been given 10 a conceprual mode!

of a computer and s detzils. Can any model, especially this

one, which secms so simple and at the kindergarten level for

some readers, be thae importane or that valuable o us? You

may develop sunilar doutss about the value of fuwchares as

you proceed further.

The mode] and the Howcharts we develop are abstractions
of real machines and of real computer programs. Once we see |
the connzction between an abstraction and the conorete or rel
thing, we ¢an oflen gain more undersianding of the real thing
by smdying and maniputatng its ubstract counterpart. So, high
an our list of prioefifes should be 2o atempt to understand
and appreciate the conncctions between the abstract and the
concrete. For exumyple, in the rext secuons of this chaprer we
examuine how an acual compuner 15 organiznd and how it
works. Thereafier, 1 will by easier 1o see why the conceptual
model, no matter how silly 1t may have first appeared, is a
very useful, simplificd view of 4 real compurer. Likewise, just
45 $00N as we iy o write and 1est actual compuier programs,
we shall see that the Aowcharr gives us a simpler bur more
revealing way to think about computer progrums for nlpst
pUrposes. T

Experience has taught us thac problem solving with com-
puters is very effective if we can work first with a simplifted
model of a machine and a simple descriprive algurithmic Lin-
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guage in which w express our problem solutions. Then it iy
comparatively casy to mup these solunons over to progrums
Wrillen In some convenicnt programming language such as
BASIC, FORTRAN, ALGOIL., or COBOL, so that the pro-
grams can be executed on some real, convenient compurer.

Modify the fowchant of Figure 1414 to provide Tor an overtime
feature, All hours in excess of 4% are 10 be puid at time and 2 halt
You will have to pluce a decision box somewlere in the lowchare
te determine whether the worker actually put in any overtime. The
fortnulz by which his wages are computed will depend an the oercome
of this mesr,

Now we are ready 1o examine how our conceptual model of
a computer can be realized 10 an actual machine, For he first
25 years of modern computer history (1949 10 1974, nearly
all actual machines were built following a mare or less slereo-
typued pattern suppested by John Von Neumann {1903-1957).
A prototype machine eliowing this patern 15 discussed in this
and following sections. We will call it SAMOS. SAMOS s
a very simple machine; that is, it is sinpped down 1o the bare
essentials. Some [catures of its operanon are described in con-
siderable detail, while others are glossed over. The program-
ming of SAMOS is describwd bricdly in Section 1-6 and in |
more detail in the Appendiy, the purpose of which is 10 help
the reader see a closer connection berween language for ex-
pressing algorithms and machines that esecute them,

It would be [oolhardy to assume thar SAMOS-like ma-
chines are the “be all and end all of computers,” since the
archjtecture of computers 15 s1ill undergoing rapid changee, IFor
this reason, aspects of two other machines are discussed brivily
it this hoolk. One muelune, called BITOS, appears Lier in this
chapter; the other, called I'OSTOS, is considered tn Chaprer
8. Each of the three machines exhibits certain distinct charae-
teristics for the implementation of our conceptual model, 1A\ -
PLOS,

SIFLIE T - Dl kel |
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In order (o study this book it is uselul, although not essen-
tal, to gain a good understanding of how an actuwad compater
works, Wi sugaest thar you read once through the maternial of
the next two sections wilhour JUEMPUINY 0 Masier it. As you
work excreises et relate o SAMOS, or huve oceasion to study
SAMOS in the Appendix, you will no deubt come back to
the neat {wo sections for a more careful study.

Huoww are olf those storage baxes of SIMPLOS n::tliz;'d i

actual practive? The storaye of acal computers iy builr of

elecironie conspenents in a variety of ways and with a variety
of materials, Here we deseribe one way that a SAMOS siorage
can be built

SAMOS sorape, packuged ina cectungular box, s an arcange-
mrent of tiny magnene doughiuts as simall as 1,40 of an inch
in diameter. These dowghnuts are called eores (Figure 1-16).
The cores are l2id cut in &} horizoneal layers or trays called
core phanes. On cach of these layers, wires are strung evenly
in twa dircctions like the libes on g sheet of graph paper. There
are 100 wires in éach direction. At each point where fwo wires
cruss, the wires are threaded through a core, like the rhread
passing through the eye of o needle (Figure 1-17). (Still other
wires are threaded diagonadly through each core within each
ptane, Their funciion is not impertant to the discussion that
tollows, aml they are therelore 1gnored.)

Figure 1-18 is u picrure of a core plane from an actual
computer buile in the ond-1960s. Since there are 100 X 100
crossings in each’ SAMOS core layer, we see that there
are 10,000 vcores in each core  plane  and  hence
61 X 10,000 = 410,000 cores in the entice SAMOS seore
{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 thiak &t clock-
wise magnetization as nieaning “yes” and counterclockwise as
meaning “'no,” We will instead think of clockwise as standing
for “0" und 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 mfermation and is called a &ir of information. We sce
thar one core cun store one binary digig, © or 1, but a collection
of cores can store a very large number of bits. We will discuss
this-idea later, after a digression on how the cares get their
magnelism.

First, you must know that 3 pulse of eleetric current
moving along o wire generates a magnetic field ronning mound
the wire, as shuwn in Figure 1.20. The suength of Lhe mug
netic held 15 stronpest near the wire and dies aw ay a8 We move
turther from the wire,

If the direction of the current is reversed, the direction
of the muguetic ficld is also reversed (Figure 1:21).
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Reversing the direction of the
magnctic ekl

Flauke 1-22
A cure in g mnEnetic Hhed.

FIGURE |-23
A row of cores it 3 magnetic
.
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Thuy, when a pulse of curcent passes through a care, the
core will become magneticcd in one divectien or the other,
depending on the direction of the curremt (Figure 1.22).
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Hut how can we manage 10 magnetize just one core instead
of the whale string of cores (Figure 1-23) through which the
pulse passes? The answer Yes in the magnetic properties of
the material from which the core 1s made. In this marerial,

-0-0 9-0-0-0-
if the pulse is tog weak, the direction of magoetization of rhe
core 15 only femporartly altered, and afier the pulse of curreat
has passed by, the core merely returns to its fermer magnertic
condition, whatever thar was, .

On the ether hand, if the current is swrong enough, the
core remains magnenzed i the sense established by the direc-
tion of the current, regurdless of the former magnetic condiuon
of the core. The simation is analogous 1o rying o throw a
ball from the ground to the flat roof of a building. If you have
cnaugh power in your throw, the ball will land on the roof;
otherwise 1t will bounce against the wall and f3)l back o the
ground.
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FIGURE -2
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The strength of the pulses is carefully regulated so that
erie pulse 15 not suflicient to permanently magnetize a2 core,
but two pulses acting simultanecusly will exceed the threeshold
strength and result in permanent magnetization. Thus, pulses
passing along two of the wires (Figure 1-2:4) will permanently
magnelize just the one core that is located where the wires
CTiEs. :

Let’s leave the inclividual core plancs and consider the entire
store of the SAMOS computer, composed of the 61 core planes
(Figare 1:23). Luch venical column of €1 cores constitutes a
computer word. Thus, the storage of the computer is composed
of 10,000 wurds. These words have addresses thau zee four-digit
numbers [rom 0000 1o 9999 and, hike house numbers, the
addresses identity the words. Each of the 10,000 dots suggested
on the top of the box is the twp of a vertical column of 61
cores {or a word), The mathod of assigning the addresses 15
indicated in the tgure,

- Lach of these words vorrespands 1o a storage box in vur
conceptual SIMPLOS model. For each variable in the fow-
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chart there is 2 SAMOS word with a definite oddress. The
word contains a certain paitern of bits dererrmined by the direc-
tions of magnetizatior of its cores and represencing the value
of thar variable, "Assizrung 2 value to a variable™ 15 effecred
by puiting a certain pattern of bits into a word {Figure 1:26).

When we say “the Master Computer tells the Assigner
to assign the value 1597 to the variable SUM,™ what actually

. takes place is 1lus. The variable SUM is represented inside

the machine by means of its address; suppase it is 0103 Now
all the 61 X 2 = 122 wires passing throush gores in the word
addressed Q103 are cnergized with pulses of current in the
proper directions so as 1o achieve the patern of bits represent-
ing the number 1597. In a modern computer this assignment
process can be performed in a fraction of a microsecond; a
microsccond is a nillionth of a second.

In the binary sysiem of reprcs:m;.tian, a number such as 1597
15 coded as a steing of 1's and O's, for example:

11000111101
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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. While
numbers are coded in binary form in many computers, binary
is certnindy not the only choice. In a machine such as SAMOS,
for instance, computation is carried our in the decimal system,
which mcans that it patterns in a word of storaye muost be
coded to represent decimwl digis instead of binury digits.
Moreover, we want o store letters as well as decimal digits.
For this reason, we subdivide our 6l-bit SAMOS words into
11 character positions as shown below.

R
B bals o bpis 1 lnds

[ —
thls bl

T1m

The fiest position {one bit only) is reserved for a ende 1hut
dusignates the sign, + or —, Here 0 15 suflicient to represent
the + churacier and | signifies the — characier. Each of the
other positions consists of six bits and can be used 1w swore
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FIGURE 1-27
Character code

a digit or a lenter, that is, chartcter, according 1o the code shown
in Figure 1-27,

For each group ol six bils, 2° or 61 distinct combinations
ol zeros and ones are possible. Tn Figure 1-27 we have used
up anly 37 of the 64 combinuions possible with a six-bit code.
This leaves 27 addinonal combinations for other special sym-
bols such as +, >, and the like. One of the 37 combinations
of special interest is the blank space, O, which is coded as

110000

With this code you can sce that the two 61-bit computer
words displayed vertically in Figure 1-28 urn out 1o be

and

From now on we shall represent our SAMOS computer
words as strings of 1] characiers instead of strings of 81 bits.
In a number of conventional computers of similar design eight
instead of six bits are grouped to represent character codes,
making it possible to distinguish among a considerably larger
set of characters than is the case in SAMOS, This distinction,
however, has absolutely no effect on the principles of character
representation and manipulation that occur in ensuing chapters.

The construction of the main storage for any actual com-
puter is of grear interest mainly te computer ¢ngineers and
designers, Storage components currenty are built {rom various
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FIGURE |-39
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types of physical devices and marerials, including magnenc
cores, magnetic thin films, and wansistor flipflops. There 15
considerable varivty in the circuitry used to erganize and uuliee
such components and in the methods of packaging and minia-
turiging them. Their physical characteristics, such as size,
speed of access for storing and retrieving information, energy
requirements to operate them, and cost of fabrication, vary also.
Mevertheless, schemes similar o that wsed in the word-
orpanized core storage of SAMOS have been used 1o assemble
and incorporate all of these types of storage units into conven-
tional computer sysiems. You might be surprised at how much
understanding of this subject you can gan with a relatively
small investment of study 1ime. (See, for example, one of the
references on this 1opic in the reading list at the end of thus
book.) '

Now that we hawe secn how the SAMOS storage is structured,
we will consider how the siorage s used in execuring an algo-
rithim. ' .

Our computer hus several other components besides the
store, These are shown in Figure 129,
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The solid lines indicae the directions in which values or
insteuctions may be ransferred. “The dashed lines indicate the
exergise of control, The control unit and the processing unit
perform the duties of the “Master Computer” und his helpers.

An imporant part of the processing unit is the accumreda-
tor. ‘This special computer wond holds the result vt each arith-
meric operation.
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FFurthermore, a simple assignment such as

:

LVILET = 5uM

I

¥
is carried our by f{irst obtaining a copy of the value of SUM,
placing it in the accumulator, and then copying the value n
tht accumulater into the computer word belonging to the vari-
able LATEST. The value of SUM is unchanged in this proc-.
ess. Notice, however, thut values to be input or ourput do not
pass through the SAMOS accumulator but go direetly into and
our of storage. .

When the control unit receives and interprets an order,

some compuier opsration is activated. The orders are in the
form of ¢oded instructions stored in the compurer; we will see
about them presently. .

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

(D FLOWLIIAR] @ [EE N TR ®._ MR

Tt va il USRI

EMGLISH o Ll At "

You have already had a littte 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 learn how 1o
do this in your language manual. If approached properly, this
rranslation step is quite mechanical and can be performed by
a person (or by a machine) who has no idea what the algorithm
is all about, .

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

pihng.



Sequencing of
Computer Instructions

L

T

SUM - Lalfsf + NEXT

;

FIGUKE [-3]
A huwchan Doy,

37

ALGOR[THMS AMD COMPUTERS

- It is not necessary right now to know how compiling is
done, but it may be interesting 1o know the reason for deing
it. Each make and style of computer has its own language—that
is, its own set of instructions that it ¢an understand. Use of
2 provedural language allows us to aveid a tower of Babel in
which a programmer would have to learn a new language for
each machine he wishes (o use. A procedural language cunsti-
rutes & kind of “Esperante” that enables a programmer to
communicate with many different machines in the same lan-
guage. Moreover, a procedural fanguage 1s generally much
easier to learn to use than machine language. The programmer
merely prepares, say, a FORTRAN program on punched cards
and feeds it into the computer, which “compiles™ a sequence
of machine languaye instructions. This sequence, called a wu-
chive language program, 15 then placed in the computer siorage.
In many systems the programmer may transmit his program
o the computer storage by typing it a line at a tume, wsing
a rypewriter'or other keyboard instrument to serve as the input
device of the compurer system. )

Successive SAMOS instructions are placed in consccutively
addressed storage locations starting with 0000. After the com-
puter has executed an instruction, the centrol unit will always
1ake the pext instrectoon from the next address, unleyss there
is @ branchiny siraction providing a different address from
which 1o take the nest mstruction.

To see how this works, consider the instruction taken rom
the Fibonaeci sequence flowehart (Figure 1-114), shown here
in Figure 1-30,

The procedural lanpuage equivalent will not look much
difTerent. Thus, in FORTRAN this instruction would appear s

SUM = LATEST + NEXT
and in ALGOI, as

SUM := LATEST + KEXT
and in APL as T
, SUi «— LATEST + KEXT
and in BASIC as

LET SO =LAVSET + KLAT
and in COHAL as

COMPUTE SUM EQUALS LATEST

PLUS HEXT
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[n the SAMOS machine language, @ variable cannot be
refeered to by s but anly by the addreis in storage associatod
with the variable. Suppese that NENT, LATEST, and SUM
have been given, respectively, locations 0100, 0101, and U102,
Then in the SAMOS tanguage, the Howghart instruction trans-
Jates 1o a sequence of three machine instructions, as shown 1n
Figure 1-3L

These instructions have the form ol 11-characier words,
althougl the first character 15 unimportant widd the firth, sixth,
ad seventh ace ol 0o incerest to us here. The type of eperation
to be performed is coded using the three letters in positons
nwo, three, and four, and the Four-digit numeral at the right
15 the adidress associated with that operation.

The leaers LDA stand for “Loald the Accumulator,” The
whole tnstruction

+ LbA 00O 0101

means, “Make 2 copy of the value stored in address 0101
without altering the original, and store the copy in the 2ccumu-
lator.” Clearly, this is the function of the Reader in our con-
ceptual model. We will not go into the details of the electronics
involved in carrying out this instuction. It is sullicient to know
that when 2 copy of that instruction is brought to the control
unit, ceriain switches are sct by the conrrol unic that allow a
pulse current 10 pass through the cores of the word 0101, The
magnetized cores cause a change in the current that, in murn,
allows a copy to be made. . T '

The second instruction in Figure 1+31 means, “ADRD the
value in the word addressed G100 o the value already in the
accumulator and place the result in the accumulator.” The
third instruction means, “Copy (or 5TOre) the value in the
accumulator frte the word addressed 0102." Executing & STO
imstruction is analogous to the work of the Assigner in our |
concepual model. Speeds vary from machine to machine, but
in modern computers, the time required o carry ot such
instructions is usually on the order of a milhionth of a second.

We are almost able 1© translute the entire flowchart for the
Fibenacei sequence algorithm {repeated here in Figure 1-32)
into SAMOS language. First note, however, that constants
never appesr explicitly in SAMOS instrucnons. Instead, an
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instruction to fetch a constant must refer to the storage address
where the desired value may be found. OF course, this also
applies 1o varizbles. Thus part of the compiling process in-
volves providing storage addresses for the constants {as well
as for the variables) appearing in the pragram. We allocae the
locations 0017, 0018, and 0019 for the constants 0, 1, and 1000
appearing in the flowchurt and specify the proper values for
these words.

We assume that the storage lecations 0100, 9101, and 0102
have been allocated for the variables NEXT, LATEST, and
SUM, but that no vilues have been placed in these words, As
execution of the SAMOS program for the Fibonacer algorithm
starts, the state of storage is shown in Figure 1-33. This figure .
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on which one mught huve
written the SAMOS program {gray-colored infonnation). You
will notice severil new SAMOS operations not previously seen,
"These are cxapliined in the following discussion.

The instructions in storage addresses 0004, 0003, and 0006
have atready heen discussed. Before locking at the other in-
structions, remember thut the variables are in storage locations
0100 through 0102, .

From previcus discussions yvou should see that the instruc-
tion found ar D000 will, when executed, copy the vatue in 0017
(i,¢., the number 0) nto the aecumulator. Next, the instruction
in 000} copies the valoe in the accurnulator into the word at
address Q100. Tagether these steps are equivalent 10 assigning
0 to the variable NEXT. Similarly, the instrucuons in addresses
0002 and 0003 are equivalent o assigning the value 1 1o the
variable LATLEST.

Remember that the control unit exccutes the instructions
in order unti! i comes 10 2 branching instruction. The first -
branching instruction s found in address 0009, reading

The code BMI stands for “Branch on a MInus.” The whole
instructivn means, “If the value in the accumulator s negative,
g0 to address 0015 for the next instruction; glhurwise, go on
ai usual ta the next numbered address (0010)™ We will see
shortly rhat the valve in the accumulator at this ume is just

1000 — SUM

so that the value in the accumulator will be negative only in
the case that
SUM > 1000

v

15 true. In this case, the branching instruction sends us 1w ad-
dress D015, where we see the instruction
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which means, “Wrie the WorDD i address 0102." This
amounts o printinyg oul the value off STIM.

Now why is it that when the nstruction in address 0009
is reached, the number in the accumulator 8

100 = SUM

Well, on looking at the instruction in address 0007, we see thar
it instructs us 1o load the accumulator with the conwats of
address 0019, that 15, to put the number 1000 in the accumu-
tator, The nexrinstrection, the one in 0008, tells us to “subrract
the contents of address 0102 [rom e aceunsulator and put the
result in the zccumularor.” Since the contents of 0102 are just
the value of SUM, this-amoums to the placing of

1000 — SUM : -

in the accumularor.

You should be able to verify for yoursell that the instrue-
tions 1n addresses 0010 through 0013 accomplish the assign- -
ments indicated in the right-hand column of Figure 1433,

The instruction in address 0014 necds 1o be described.

h R u a g 0 0 o 0 4

BRU stands for “BRanch Unconditionally.” The meaning of
the entire instruction is, (o back to atldress 0004 for the next
instruction and continue in order from there.” You can see that
this corresponds to the arcow from ttowcehart box -4 leading back
to {lowchart box 2, where we repeat the summing step.
TThe instruetion in 0016, of course, stands for HaL'T and
. amounts 10 stopping the computing process. -
You can best understand all this by tracing through the
SAMOS program by hand, keeping a record of the following

details. - -

I Which insuruction is being executed.

2. The value in the accumulator. .

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

Notice rthar the instructions in addresses 0000 through
0016 are never altered, nor are the conents ol the locations
Q017 through 0019 {the constants 0, 1, and 1000).

£

-
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Construct a list of SAMOS instrucnions for the flowchurt i Figure
1+ b You will geed wo adiditional types ol instruetions, The liest

I
Gl LRATION ABDHESS
1 X 1 1 5 " 7 % w o n 1
H w N 0 G 1] 1 m m 4

which is an instruction o read a value frum a card inco the compurer
word addressed 1003
The second s

B T ¥ o u o |1 | @ 3 J

. 4

which’is an instruction 1o multiply the valee in the accumulator by
the valoe in address 1023 and put the result in the accumulator. (O
course, in the address part of these insituctions, we may put ooy
adilress we wish.) -

This question relates 16 the Aowehare fragment and propased SAMOS
rranslarion of it showa below. For cach of your answers the asstuned
objective 13 o make the proposed SAMOS fragment consistent with
the given flowchart fragment,

T | -

.
- - 1 . +

\ Loc  Opcode Addr
. .i . |
F & oo18| LDA DGG! 0502
— 0019 MPY 10351
i 0020 MPY 0351
0021 STO 0451
Z . oozzlowwn. || joast
poR3| LDA 0251
po24| suB 0401
002% | 003
0026 LDA 0341
0027|” suB *1050L
0d28| sTO 035-
0026| BRU | ¥
(Flak]s;
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41 Wil what memory location must 1he variable X be associated?

(b} What uperand address is needed tor the BRU instruction that is
shenwn ur Tocation G029 -

(v} What shaudd be the operation coude tor the instruciion at location
00253

{d} Whar operation coade is needed for the instruction located at 00302

This sprestion reates 1o the lowchart fragment and propesed SAMOS
irenslation of i shown below. Fur cach of yoor answers, assusme
the objective is to make the proposed SAMOS fragment consistent
with the givea fowchart fragment.

Loc Opsode addr’

——

00i7| LDA |COD|0100
i 0018 | SUB 0000200 -

. Q019 BMI joooioo24
Y- RxP Y - v Q020) LbA “000}:0105
_ ool | ey foocoloilor
] | .0022| sto |ooo
4 0023| Bru | oGO
o034 LDA | OO0 Q100
¥ ' o025] srto {ooolozo1

_&T" 0026] wrp | coo{oz01

(a) With what location must the varialile X be associated?. |

(b} What is the operand address that should be hlled in for the BRU
instruction shdwn at location 00232 .

{€) What should be the value of the 2ddress field for the STO instruc-
ticn at location 00223

()" I ar location 0022 the STO were replaced by a BRU operation
code, what then would be the appropriate value for the address
fiehd? : ’ .

1

This question relates to the foltewing SAMOS program and the four
data cards displayed w the right of ir; you are to assume-thar the
given 5AMOS program executes with the data cards shown., The DIV
(divide) instruction produces an inreger quotient (sec Appendix A).
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Qoo
0601
0o02
WOD4
Q004
0005
0006
0007
ooos
0009
QoL
0311

H.lIIID
RD
LOA&
LIY
wPY
5TQ
LGA
SUB
sTo
WD
BERU
HLT

oo
oy
oo0
B0
&o0

000

000G
o00
aao
Qoo
1[0
Q0o

ool
001k
co12
G13
aoLd
0014
o012
cll4
0014
Q014
(s]ualy]
QOO0

SAMOS program

7

Ihada vards

{a) Which of the following is a fulse statement?
{13 The instruction at 0011 will never be reached

{2 Only rwo values will be printed,
{3} All four data cards will be read.
{1} The first value printed will be 3.
{3} Threw values will be printed.

{b) Which of the fullowing is 4 e statement?

(1) The program will halt whenever the resule of a diviston is

{33 The instriction at 0011 would be executed using the given
sct uf data il the instruction at 0010 were revised to BMI
000 0000,

{3} “This program inpuis 1wo numbcrs, sclects the larger, and
prines irs value.

A £t

{1y Ml theee of the above stalements are false.

Prablems 3 through 7. The fullowing thres problans invelve pro-
prums to be written in 3AMOS ynuchine language and run on
a computer using 2 SAMOS sinulator, I yau o nor huve 2
cumpier available, your fnal resude will be a SAMOS coding
lorn showing your program.

Draw a flowchart and write and run a SAMOS program o find the
arcas (to the nearest integer) of circles with each of the following
radii: 0, 1, 2 3, ..., 00, 11, 12 Use r = 22/7 The output is
to consist of each radius value followed by the associated arca, that

fs,

0+ —— s} tadns
Q dmm—ra = Firt amea

I = Saumd risd s
J a3 e Sccomd irca
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This SAMOS propram should nor execute any supnt steps. Storage
Yocations will be required for instructions and for all cunstams, in-
ctudine 22, 7, the cumrent radius, | (le increment the radius 10 the
next vatue), and a number (11, 12, or 13, depending on vour particular
How chart] 1o tast against o determing when 1o branch o balr.

Ouesrioe WHll SAMOS give the same result when YOL CUHIMpULE
(22 77y X ¥ us when you compute (22 X 18) 73 TF not, which gives
a borter resulr? Why?

Draw a flowcharr and write and run a SAMOS program te do the
following:

For the values frotm 1 to 10 inclusive (e, | < X < 10}
cvaluate the following mathematical expression:

F=5X+10X+6

Print out the value For X and T afier each evaluation.

Frample The first value of X will be 1. Tar this value,

F = 5(1) 4+ 100} + 6 . A

F=34+10+6 = 21

Thus the pumbers | and 21 will be printed out, and F will then
be cvaluated tor X = 2, 3, ..., 10 The complete output will

consist ol 20 numbers:

r___—".____d-d'{I:Ec_N ralue -i -

i
:; ‘M_hmlui
45
1 ' . w
[

D
'

Note Additional Information for Problom 6

. '{. No dara cards will be needed for this program.”_ i
3. The values from 1 to 10 néed not all be stored at the beginning

of the program.
3. You must include some way 1o terminate your program after the
final value has been processed and printed. *

Diraw a flowchart using variables C, X, TALLY, SUM, and AVG,
and write and run a2 SAMOS program 1o do the following:

{a) Read a value for the variable .

{0} Read a value for the variable X. .

{¢) Check to see whether X equals 9999, If X does not equal 9959
then check whether X equals €. If X equals C, then return to
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COMPUTER SCIENGE: A EIRST COURSE
'
step () 1 \ does mot equal G, then add one te o counter called
TALLY und add X wothe variable SUAL amd then renugn to step
(b).

IF X equals 9999, then no mure Jara curds are to be read. At
ibis point print out the values of TALLY und SUM. Compute
AVG, the quatiemt of SUM and TALLY (AVG = SUMS
TALLYY. Print the value ol AVG,

Note  Addisianal Infernaation for Problon 7
L. In vour tlowehart the average will be a variuble AVG, The variable
TALLY will pold g count of how many vulues of X are uat equal

to C. T'he assignment

TALLY — TALLY + 1

witl be needed. The sum of the values of X not egual to € will he
clled SUAL What should be the initial vatues of TALLY and SUA?

2, I'he value 9999 is called a senciet value. Its purpose is o indicate
that all the values af X have been read end processed, (In computer -
lunguage a sentinel value is said 10 represent the end of file, ie, the
el of data) Therefore, your data deck will consist of a value for
C, the given values for X, and the value 9999 (S Section 2+ 2 for
additional discussion of septinels.)

3. [n 5AMOS the only conditional brunch instruction is BMI (Branch
On Minus). The prog remmer laces a4 problem when he needs to check
whether the values of rwo variables are equal or whether the value
of u variable is equua! 0 sume constung value, The following is one
method of determining whether the values of the variables A and B
afe equal. First, subtract the value of B from the value of & and,
il the resule is not negative, subtract the value of A from the value
of . It 1his result is nor negative, we can conclude that the values
ol A aad B are equal. .

Ewmpn’u
(B A=6and B =29
A-B=6§~9= -3
Resule A # B since A — B is a negative number,
{}A=5and B =5
A~-B=5-53=0
B-A=5-5=70
Result A = B since neither subtraction produced a negative
number.
f)A=4 and B=1
A-B=4-31=1
B—A=3-—1 =1
Result: A 3 B since B — A is 2 negative number.

nan
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5
4. The data for Problem 7 are as follows:

—r T e —
-

e
15—  This v 10 waliw [ulm
[ —

0

N e e
* ‘: The remdaning data vahues oo fur e vamable &,
"—.—-'-*—-d--

14
15
12
- 17
SR

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 known to very great
precision, a 61-bar word has a fixed capaciry to represent digits.
Character strings, such as names and addresses, for instance,
vary greatly in length. In general, informarion comes in many
sizes and lengths, and it would be exceedingly convenient to
have compuler storage responsive to this fact.

The SAMOS language is heavily influenced (i.¢, con-
strained) by its wrord-erguniced storage system. We briefly men-
tion here another kind of computer storage called BITOS
{BIT-Organized SAMOS), whose storage is structured in z
more fAlexible and narural way—narural for the processing of
different types of informanen. The BITOS sterage is best
thought of as o single sequence of bits instead of a single
sequence of words that are, if turn, sequences of bits. For
example, a BITOS store roughly equivalent to the SAMOS
store contains 610,000 bits whose addresses are O through
609,999 respectively. To ferch a unit of informarion of some
known length, orle must specifly the “bit address” of the begin-
ning of the desired information unit togéther ‘with its "'hit
length™ Thus, :

op code ‘ -addrcss length
LDA 24972 39 ,

i3 the way one might write cut 2 BITOS instruction 1o load
the accumulator with a data value 39 bits leng beginming. at
bit location 24972,

The information containers in a BITOS machine resemble
the storage boxes of the conceptual model SIMPLOS in thar
the capacity of the containers is arbitrary.

[

e =l

] [
BITA
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There is a sevond important way 1n which the conlainers
of STMPLOS god BUTONS resemble one anather. [n both cascs,
values stared in these conminees are seff-leserdbing. Nuowe that
the SIMI'LOS Reader is able 1o deduce that a storage box
contains a character string value as opposed, say, to a numerical
value, becanse he is able 10 see the guotation marks. The
feiching mechagism of BITOS can convey the same type of
infermation to its processing unit because the data object in
each conainer consists of two parts: a code that deseribes the
type or nature ol the value and the dama value {self. For
example, suppose the container associated with X js located
at bit address 3901, and suppose characwer coding for the
BITQS store employs the same 6-bit representation used in
SAMOS, We might expect 10 see at that location: '

5 PalL
. Single ;} K Tan
Ietier -1y e value

code

where the type code S stands for string. Then, 1o represent
a string of 4 characters would require 24 bits for rhe string
itself and 6 more bits {for the lerter S) to identify the 24 bits
as a siring. For a siring of 9} characters, 546 bits are needed
for the string and 6 more for the ype code——or 532 bits in
all. If a nonnepative integer variable, AGE, never requires
more than three digits we can picmre the corresponding
BITOS container as '

for & data value of 32, Here the type code | denotes integer.

To recapitulate, in BI'TOS opne defines the size of the
container te fit the need, T'hat is, the store is divided vp inte
containers that reflect theie acmal use. Every reference 1o a
container consists of the bit address of the continer and its
length. The conuiner itself holds as part of the data object
a code that makes the remainder of the information in the
container self describing, Each ume a new container is needed,
a section of the store large enough to hold the required number
of hits is “partitioned" for this purpose. When this container

- sk me
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is no langer needad, that section of storz and others like it are
repartitioned, that 15, reused, typically in diferent container
§i208, 10 swit new needs. 1o make an anafouy with SIMPLOS,
bagine thut all storage buses are constructed w fie Jimensions
ol the Jdata values they s w contain. {The Atlixer who pastes
the stidler on the storage box can also adjust the size of the
box if necessary.)

Only a few of the ideas abour SAMOS and RITOS need 10
be remembered. One of the important ideas is the sequennal
manner in which the computer werks, that is, the step-by-step
wuy in which the compuier performs s tasks, "Ihe order in
which the tasks are perfurmed is just as inportaut as what is
accomplished.

Another properry of computers that we must undcrstand
is the finite wword length. We have szen that SAMOS words
consist of 10 characiers and a sign, so that the largest number
representable in this coding sysiem is

+9,999,999,950

a rather large number, but still finite. Although RI'TOS store
may use very “leng"” continers, they are still finite, so the
limitation on what ¢an be represented, although less con-
stricting, stil exists i3 principle. From a pracuca] viewpoint,
tnteger containers, whether ina SAMOS-like or in a BITOS-
like store, are sometimes very unsuifable, Consider 3 variable
thur, from time to time, has various values assigned 10 it, some-
times very smalt integers und at other vmes very large imegers.
The storage contuiner for such a variable capnot always be used
eMiciently if it must be large enough for the largest possible
inreger value thut will be assigned to it

To cover this situation there are other ways of ::mimg .
numbers that not only selve this problem but also allow us
to work with real numbers as well as integers. One of the most
common of these ahernate codings (s foatng-perni form, which
15 telated to the so-called “‘scientific notation.” o

To sce how this works, recall that any decimal numeral
such as

— 352.51%
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FIGURE T1'31

Anaiomy of a floaring-point
nuinibwr Tur o fixed-word size
AT0rE,

FIGURE L:35

Floaving-point coding of
numbers in g fixed word-sized”
store,

COMPMUTLER SCTEMNGE: & FIRST LOURSE

can be expressed as
—.382519 X 103

in which there'is o decimal puint {fust after the sign, if any)
followed by a <ring of degits {1 diest 501 zere) and altiplied
by a suitable power of 10, We can code numbers 1 this way
by reserving three characier positions or the exponent. The
resull is shown in Figure 131 for - 382519,

Sign of Sign nf
nambsar ) capunenl

Faponent Frecieon
pari par

Some examples of how to code numbers including integers
in this system are given in Figure 1+ 35, In this figore, we
see that the 8-digit representation of =, as given in the first
column of the third entry, has to he chopped to 7 Jigits of
precision because of space requirements. The same holds 1rue
for 1/3 and 11/7 at the bottom of the able. Thus we see
that in a computer cven @ simptle fraction such as 1/ 3 cannot

“be represented exactly, but only w a close approximation. This

characteristic of "finite word length” presents important prob-
gth p P 1

Number Floauin-Point Ferm - Cauediing of ,
. ULornalaint Foro

4 RN + + 013000000
009900000 —99999X 100 - +099999990
";141{;92;'“ - :3!”5926 x ]Dl. - + +013141 SI‘;'E‘:.'
":2?‘3:. l-'l‘ - .*H.é?il-'l X IU"‘.". o — -i- bDx2vd! J;'E;lfll i

008761 8%1%100 4 -038761000
-..;3 TH}(ID“ + + 007300000

i -:%;?HGXIU“ +-:dﬁ-[73333333
y CISBSTX 10+ 4041571428

- oam '
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lers that will be discussed in various places in this text, espe-
chally Chapter 11

[ Neadng-poine form wy can represent large numbers,
hut tor computers such as SAMOS with fised-word size stores
the price we pay is giving up three places of preciston, Were
SAMOS 1o use Hloating-point numbers, the largest number
representuble in oating-point form would be:

which represents the number

999 699 ,500,000,500,000,000 500 400
000,000,000,000,00,000,000,000,000
006,000,000,000,000,000,000,300,000
000,000,000,000,000,000

Similarly, therz 5 a smallest positive number that could.be
represented:
i l i

] - 4q q [ I | al l Al ]

D00 000 002 000 00J 000 000 000 400
000 000 000 000 000 Q00 030 000 000
000 000 000 000 000 000 000 000 000
000 000 0G0 0OG 000 000 1

which 35 very small, indeed.

Coding in Hoating-peint form for a BITOS-like machine
could be quite similar 1o the scheme shown in Figure 1135
Oit the other hand, stnce the size of the container may be
ehosen to fit the particular “necds” of a given variable, the
size of the precision part could easily be permitted to vary as
reguiired. [For that matter, the size of the exponeht part could
also be expanded or contracted to fit the need.

[n summary, both SAMOS-like and BITOS-like ma-
chines are often built to operat on numbers coded in floating-
point furm. However, in our discussions of SAMOS, in partie-
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-point form, but only with numbers
coded as inegers.
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ESEREISE 148 L. Severn) milkion pocker-sizod clecoronic valoitutors are now eing
pronduved annually, They are beduming relatively aceessibe o the
averase stpdunt, Many of these calvutators, sech as the une shown
in Fizure 1+ 3, use Nuating pwiint arithumetic.

i
!
§
L]
' i -
BT A
. ¥ o
' 1 A
- 1] " — —_—— -
1
0 . T+
FIGURE 1.3 :_1'-"1_ - ' i el
& popular hand-held
_calculator. -
_

{2) Locate an electronic calewlator and compare the method it uses
te represent floating-point nwmbers with the mnethod wsed in
- SAMOS. ,

T
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‘specilying ADD WORD (addressed by) A AND WoORD {addressed by) B;
PUT RESULT INTD merioRrY LOCATION [addresssd by} €. Put specifi-
calion of thret scparate addresses would make the instruction word 100
fong {esen for a larps digital computer, nol to speak of a minicompuler).

We can, howsver, implement the above operalion jn terms of several
simpler instructions cach referencing only a single memory 28dress;

LOAD INTO ACCUMLATOR (the word aderessed by) A
ADD INTO ACCUMULATOR {the word addressed by) 8
. STORE ACCUMULATOR (in memary location address=d by)

The “basic’ minicomputer discussed in this chapler, then, will be a singfe-

iddress machine whose instructions move data briween a sinple suitably -

addressed memory location and 2 speeified processor regisler, or possibly
between 1wo such registers.  There will 2lso be some instructions which do
nol reference memory at all (e.g., COMPLEMENT ACCUMULATOR), We
remark, however, that the possibility of using simplificd lwo-address
instructions and zero-address (stack) instructions in minicomputers is of the
greatest intcrest and will be discussed in connection wilh more advanced
designs in Chap. 6.

2.3, The "DBasic” Minicomputer, F:gure 2-1 Hlusirates the typical organi-
TAanon of a sman cigiia; campuler, ‘The machine has all the ingredients of
Secs, 1-610 [-13, vz, : '

1. Acore or semiconduciar memary, which will stere instructions and data
2. A sel of processor registers (Mip-Nap regisiers), viz,,
{a) Memory buffer register (memory dala register): contains the
instruction or data word currently leaving or entering the memory
() Memary address register: contains the address of the currently
addressed memaory location
(¢} Program counter: contains the address of the instruction 1o be
execulet’ _
td) Instruclion repister: contains the current instruction
{¢) General-purpose repister {accumnlator, arithmetic repisier) or
registers; and, possibly, an index repister (Sec. 2-7)
{f} One-bit registers ["flags”): indicates overflow, carry, sign bt etg,,
resulting [rom past or curren| aperations :
3. 'An arithmeticflopic unit: logic circuils 1o combine words [rom two
registers by addition, subtraction, bit-by-bit ANDing, cie., and 12
complement, shift, eic., single words
4. Centrol Jogic: decodes the Os and Is of the insiruction currently in the
instruction repister 1o generale togic levels and time puoltes, which:
fa) Gate [steer) words between pracessor regisiers
{4} Determine the fenctien of the arithmeticflogic circuits

-

1

Bus !

aa

Bus 2 v
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FROCESSOR OIRAATION 14
Regsyter=gaie conbipl
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Tn Fig. 2-1, there are thres buses for transfers belween registers, always via

the arithmeticflogic unit. This is a praclical compromise: spme exira

Arithmetigd
lgg 'q_b' I/0 dote

yiTem

Is0
conird

A Sign, over Piow,
el corry Tlagh

Fig. 2-1. Qrganization of a "3a3ik™ single-addeess minicompoler.

A

Furtlwen conlrol

register-to-regisier paths would permit more concurrent register ransfers

and logic, :
Finally, we must have input/out put conncetionsthrough the arithmetic ogic
unit or through register gates,

: and speed computation, but we would pay for more complex interconnections
L

2.4, [Processor Qperation.  (2) Instruction Ferching, If we ::'ssumcl-.lhal
a suitab's program and data 2re in memory, procsssar apecatian proceeds
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Introducci6n al lenguaje FPRTRAN

E1 lenguaje FPRTRAN, cuyo nombre corresponde’a las primeras
letras de las pa1ahr;s.1ng]EEasﬁFDRmula-{fﬁrmu1a}.y-TRﬂHslat1un_
[tradu:ciﬁﬁ}, es un lenguaje de programacidn orientado a probie-

mnd ematicos
mas”y se emplea en casi todas las computadoras del mundo. Debido
a su parecido con el lenguaje aritmético comin, el FRRTRAN simpli-
fica la preparacién de prub1emag que puedaen %esulverse mediante
una computadora. Los datos e instrucciones se pueden organizar
mediante una secuencia de enunciades fortran; estos cﬂnstithyen
el 1lamado Programa Fuente, .

Todas las c;mputaduraslque "entienden” e1-1enguaje FRRTRAN,
tienen lo que se 11ama un Compilador Furtr;ﬁ. 1lamado también tra-
ductor o interprete, é1 cual aratiza los enunciados fortran y 1us'
traduce a un Programa hhjetu, el cual queda en Lenguaje de Maqui-
na.

Un pregrama escrifte en lenguale FPRTRAN se puede procesar

L g

en cualgquier miguina que tenga un Cnmpi1?dnr'Furtran. Esto nps in-
dica que el lenguaje ;s‘fndependiente p;ra cada maguina, o sea que
el compilador se debe preparar en1cada':a£o teniendo en cuenta la
maqu1na qgue ha de usarse en particu1ar, pues.o que las mdquinas
difieren en $Su organizacidn interna, se ha desarrnl1adu un name-

ro de "dialectos" del Lenguaje FRPRTRAN, cada uno de los cuales es

apropiado para una clase de miguinas. Las diferencias entre los



varios dialectos son minimas y se ajustan €1 uno a1 otro facilmen-

te.
1.1 £1 alfabeta _ - . CRE

E1 alfabeto FBRTRAN estz constituido de caracteres gue son
simbolos familiares de escritura y de teclados de miquinas de es-
cribir, asi como de disppsitivos E;pecia1es de perforacidn; dichos
caracteres son: -
Alfab&ticos: ABCDEFGH

IJKLMN
*PPOQRSTUYMHXYZ
Numéricos: 01234567879
Sfmbolos: % e Y@

De este alfabeto se construyen todos nuestros sfmbolos, expresio—'

-

nes y enunciados gue se ptilizan en el Iénguaje FPRTRAN,

Nimeros .
v
Los nimeros pueden representarse en diferentes formas, las
cuales se asemejan 2 los sTmbolos de Ta aritmética genera1;‘peru
debido a la estructura interna de las computadoras se establecen

1as convenciones de: Punto Fijo y Punto Flotante gue prupnrc{nnan

facilidades para su mangjo en FARTRAN. Los sfmbotos de punte fijo
. N " L 3

* La Jetra 0 Ta expresaremos come § para diferenciarla del R° cero,



se usaran solamente con nimeros enteros y los cﬂ1;u1a$ asociados
sg denominardn aritmética de los enteros ¢ modo entero; mientras
que la aritmética de Jos ndmeros reales se har en la forma de pun-
to flotante ¥ se 1lamard aritmética de los reales o modo real. De-
hido 2 que también es necesaric distinguir las constantes {nime-
ros que Hu cambian durante toda la ejecucién de un programa) de
las variables {nﬁmeros que pueden cambiar), surgen cuatro clases

de simbolos para los ndmeros.

Ié.l Constantes enteras.

Dependiendo del tipo de computadorz se podrdn representar
pu} un cierto nimero de dfgitos, asi para IBM-1130 se representan
mediante c1ncn.dfgiF05 sin el punto decimal. S5i el entero es nega-
tivo, los Jfgitus deberdn ser p;e:edidus del signo menos; si el
entero es positivo &1 signo es opcional.

Ejem. Simbolos para conétantes‘enteras pueﬁen ser entre
otras:
1976 41 0 +l976 " ~1976
Simbolos que no se aceptan para constantes enteras:
7483282 (mis de cinco dfgitos)

1976. (el punto decimal no se permite)

2.2 Constantes reales

Dependiendo del tipo de computadora, las constantes rea2les

sz podrdn representar por varios digitos, pero en el casy Je la



1BM-1130 5810 se admiten siete digitos con punto decima1.pudienda-
se colocar al principio de les digites, al final o entre dos digi-
Los cualesquiera. Cuando aparece un punte #n unz constante su tra-
tamiento serd de punto flotante. 51 la constante real es precedi-
dz de un signo menos, se indicard que es negativa, si es positiva

el signo es opcional.

Ejem. Sfmbolos para constantes realas pueden ser entre o-
. tras:
1976. -.00001976 +12.345 -12.345
~.007 007 5. 348 0.3

Simboios que no se aceptan para constantes reales:
123456789, 32 (més de siete digitos significati-
vDs)

5343 {f;1t£ el punto decimal) -
Para representar Jas constantes reales existe también la 1lamada
forma exponencial; est2 la podemes representar mediante una letra
E f una constante entera de uno © dos digijkos, positiva o negativa,
Esta constante entera &s un exponente del nimero diez; el signo
Mmenos es.para 105 exponentes negativos y para los positivos, e}
signo es opcional. En FBRTRAN, 1a presencia del exponente hace que

el us¢ del punto decimal sea opcional.

Ejem. Forma exponencial . Forma no exponencial
1,328E2 132.8
1.328E02 132.8

! f-e):.\r‘! ' 0 o] '.1‘ -



1.328E00 _ 132.8
-4, 724E-01 -. 004724
+7.61E3 7514,
+ -6432E-3 " -b.432

2.3 vafiahius enteras
Estas se representan par :amhin;clpnes de una a cinco letras
y digites (1BM=1130), no se permiten otros caracteres y el primer
caracter deberd ser una de las letras |, J, K, L, & N. E) pri-
"mer caracter de una variable es el que Ind]:a si e; entera ¢ real,
Durante la e]ecucién de hn programa, las variables enteras deberin

restringirse a valores enteros.

Ejem. Simbolos para variables enteras pueden ser, entre
otros:
NUMCT  KILD N3 N2 MI0 KON

1IALC  JCLAY  MARY  KONT) L1976 .

v STmbolas no aceptables para variables enteras:
. CUENT © (el primer caracter¥debe ser 1, J, K,
L, # & N). -

. KONTADOR ({demasiados caracteres}:

12.3%  (s6)o se aceptan letras y nimeros}

2.5  Variasbles reales
Fstas se representan por combinacioned de una a cinco letras

y digitos (1BM=1130), no se parmiten otros caracteres y el primer

tl'B



caracter tiens gqua sar'ne:esariaménte una letra diferente a I, J,
K, L, M & N. Durante la e]ecucldn de un programa dichas variables
se deben restringlr a valores reales.
Ejem, STmbolos para variables reales pueden ser, entrs otros:
FUERZ VELOC ALELY CUENT At A2
ALFA  VIELA  RAW2 X1 " PROD  SUMA
Simbolos no aceptables para varlabies reales:
A3 - (el ﬁunto no es letra o nimero)
CORRIEN {demasiados caracteres)
3 BASO (=) primer caractar.debe ser una letra)

MUMCT (el primer caracter no pusde ser M)

" Operaciones arltméticas!

b

Las uperaciunés aritméticas v los sTmbolos que se utilizan

en FARTRAN son:

B Ej:m:‘__ Algebr; FERTRAN

Adfic18n P ; Z .' a‘+ b A+B.

"5u5tra;:l;lﬁn - a - b¥ - A-B
Hultlpllcacidn + . ) ab .A*H
Divisién / E . AZB
Exﬁanenciaciﬁn L) I. ai ) 'f=l A% A
a? Anx 2

Expred lones arltméticas

En base a ln‘expuestn anteriormente ppdemué ahora formular

'Fiﬂ



~3J

expreslones aritméticas en lenguaje FBRTRAN y nos daremos cuenta

gue son muy simllares a Yas expresiones arltméticas da! algebra

comin. -
Expresicnes FEATRAN Expresiones Comunas
AkAZ-Ba¥Zz - a%-b?
B#2-4, *AXC h2-Yac
{A+B) /2. _ If(a+b} |
FHK= J+N . - 2%-j+n
C+B=3.%A : c+b=3a '

4.1 Reqlas para las expresiones arfitmét/icas
}ls reglas a las gue debemos sujetar las expresiones arltmé-
ticas son necesarias debido a la estructuras de las computadoras vy

‘al nbsFrvarlas tendremos un ahorro en el tlempo de &fecuc1dn de un

prngrnmal - T
i Regla 1 51 nos fiJamos en las uxprasiépes FARTRAN anteriores

noes damos cuenta que: Todas. |as constantes y variables
L] - "*‘-..

en una sxpresién deben estar .'.!n ul-tﬁisﬁn"mdo. esto
es, todas deban ser enteras o todas deben ser reales.
{Como toda regls existe su excepcién gue mencionare-

L4

mos m&s adelanta).’ .
Es necesarlo consultar los manuales de cada miquina,
ya que como hemos mencionado anterfiormente dependerd

esta ragla de! tipe da computadora. Por lo prento

1a consideraremas como se ha indicada,



10.,

Regla 2 1 Adn] k] y AR%D s0n expanen;iac[unas permitidas.
En el caso A**[ se mezclan los modos v e85 13 =¥c=p-
cién a 1a Regla 1, pero sabemos que esta exp?nencia-
c16n significs multiplicacionas sucesivas {asT B¥#3a=
B%B%B), mientras que }as potencias no enteras Imp)[-
can cidlculos mis sofisticados. Hos dame$ cuenta que
[*#*4  no es forma de axponenciaclén permitida (en
algunas méqulinas si sa peﬁmlte].

Regla 3 L Deber3 tenerse en cuenta que las operacliones se e)e-

cutardn con las siguientes priéridades:

1) Las cperacicnes indicadas dentro de los parén-

tesis mis {nternos se ejecutan en primer Jugar.

2) Exponenciacién. '

3) Multiplicacidn y divisiﬁnt f I

L) Adicidn y sustracclén, -

Entre.las uﬁeraclnnes de'i;ual priu}id;d, el orden

de ajecuclén as de izﬁuierda‘p derecha.

Elem. SI Am5,, Bm8, y Cw2,

- ﬂ+B-3.*é se :u1culn}; en el sigulante arden:
3.%2.26, | 548,13,  13.-6.7,
Brk2=l *A*L se calcula en el s]gulente
- urqen: _
* | B.aazegl,  4,%5.m20,  20.%2.m=40.
6l ~bo =24, _ oar

1l



..

" ST A=5., Be8., {2, y D=1.6

Entonces (A+B)/C sa calcula en el slgdien-
te orden:

G.+B, =13, 13.72,=6.5

Mlentras que A+B/C se calcula en &l slguien-
te orden:

8.72.=4, S.+4 =9,

Ahors sI deseamos cateular (A+C)**2 condu-
clré a;

5.42,=7. - 7.kk2alg,

-Hlentras que A+C**2 conducird a:

2, hkdmby 5.4h =G,

Abora sI: (AXB)/(C#D)=40./3.2012.5

Entonces: A*Bft*D-hﬂ.fEtD-Zﬂ.*D—BE.
Finalmente s1 tenemos ﬁérénte;ls dentro de
‘otros parértesis se tlene: .
(AR (B+C) ) *k2m [A*T) JHX2uE], 4%2=2500,

B+C tiene 13 mis aita.priarldad por eacon-
trarse en el paréntesis mis interno.
{A*B+EJ**2-{#§.+2}**é-hz.#*2-!?6#.

AR (B4C) *h2=A%10, *h2apk] 00, =500,

. ARBFCHAImAKEHL wmhD +h whi)

Debemos tener cuidade &n expresar 1o gue

deseamas realizar.

12

/f



'Ragln [
Elem. AR-g-
" Ax(-B)
L.,2

;&

12..

No deberemos colocar un slgne de cperacidn antes

de’yun ifgna mds o menos, 'esto ez -no deberemos po-

ner dos sfgnos de operacién Juntos.

- Mol o -AS-B

'Estas expresiones deberian sustitulrse por:

Funclanes predefinidas en lenguaje FBRTRAN

M- {+N)

af{-B)

Estas funtiones predafinfdas que proporcicna el lenguaje

FBRTRAN son de Eiﬁn de blblioteca? ‘Para utilizarlas ustremos et

nombre de la funclén seguldo de un®arguments’ que deberb estar en-

tre paréntesis. Olchos argumentos pieden ser variables stmples &

con subindices, constantes, expresiones aritméticas u otras fun-

clones predefinidas en FERTAAN,

Para |BM - 1!3ﬁ tenemos:

_NOMBRE

"FUNCION EJECUTADA

TIPQ BE
ARGUMENTOS . ARGUMENTO(S)

" TiPD DE
FUNC | ON

SN

cos

ALDG

EXP

" SQRT
ATAN

Seno trigonométrico
(argumento en radis-
nes) .
Coseno trigonométrico
(argumento en radia-

.nes)

Logar(tmo natura) -

Argumentc de potencia
del nimere =,

-

Rafz cuadrada

Arco tangente

'clutlsuﬁnirﬂﬂ d

.
Real

Aeal

" .Real

Fﬂﬁl
Real

Aeal -

Real
Real
"Real

Real
Rea}

Raxl

.o 13



ABS
1ABS

FLOAT
IFLX

SIFH

1SI1GH

TANH

_ 13..

Valor abseluto ' 1 _ Real Real

Valor absoluto 1 Entera . Enteroc
. Convertir argumento de . .

entero a real 1 Entero Real

Convertir argumento ‘de

‘real a enterc 1 , Real Enterc

Transferancia de sij-

no {Arg.i recibe sig-

no de Arg.z} 2 Real Real

Transferencia de sig-

no {Arg.; recibe sig-

no de Arg.i) 2 Entero Enters

Tangeante Hiperbilica 1 . Real Rea?l -
Ejem. SQRT (Bw#2-4 L *A#C) Indica que & lo que s& encuen-

tra entre paréntesis se le sacara la ralz cuadrada,
SIN (BETA) indica que se obtendrad e) seno trigono-
métrico de &1 valor da la variabhle BETA.

Enunciadas

) Ln:-enﬁncladas 500 1a5.unldad=s-hasica5_cnn las cuales se

construyen los programas FﬁRTRAN. Podemos clas|ficarlos de acuer-—

L".

do & su funclén en grupns como:

A P Aritméticos de asigna¢l§n
2.~ De control
3.~ De entrada y sallda
' 4, - . De especlfita:iﬁn )

5.1 Los enunciados arltméticos de aslgnaclén

Se forman con las expresiones presentadas anterformente y

b

. P
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nos Indican los cllculos particulares que deben hacerse, S5u for-

iR

ma es:
Variable = Expres}ﬁn aritmética '

El significado del signo = es el de aslg;aclﬁn, esto as, .
qua deber3d calcutarse el valor de )a expreslédn a la derecha de!
sfgng = y.su valor se asignard s 'a variable gue se encuentre a
la izquierda del signo, la cua! tlene una_locnlldad en la memo-

ris de la computadora.

Ejem. . Slsam5,, “'Beg., E=2. y Be1.6

X={A+B)/C se te aslgnard a Ta X o} velor 6.5
ALO=(A+B)%%2 se le asignard a ALD ! valor 169.
RAI=SQRT(B*C} se 1= aslignard a RA| et valor &,
- Algo diferente a) nlgehra normal es el enunclado
AmA+3 e! quﬁl no debe alarmarnos ;a &ue indica que
a la tocalidad de memoria con u}_nomhre A.se le asfg-l -

-

"naré el nuevo valor A+3. esto es:

-

S| 5—5. v.A-A+3l entonces:
Am5.+3, 'A-?. .0 sea que la varfable A se le aslg-
‘na al valar de 8, v ;I valnq anterfor que fuk 5. se
plerda.
5.2  Los enunciados de control

Debido a que los,enunclados da un programa FIRTRAN se afe-
cutan.en el orden gue aparecen y que en muchas ocasiones gqueremos

transferir la ejecucién a otros enunciados 5f se satisface uns

.15
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clerta cundlckﬁn, FﬂRThAH nos permite numerar dichos enunclados.
Un nimerc de enunciado debe ser una canstanée entera de uno & cin-
co caracteres.sin el sligno mis o menos; ¢l nimero se coloca & la
izqulerda de) enunciado.
EJem. 3 CONT = CONT+T.
2% RAIZ = SOQAT [Awk24Bw42)
5.5.1 El enunclado &@ T@
Este toma la ?urma Gé T2 ﬁ en donde N as un nimaro
de enunclado,
E1 G# TA produce un salto incnnaicianal; asT G@ T@
3 envia Ia ejecucldn al enunciadec nimero 3 gue puede sar
1a instruccién de contec del ejemplo aﬁtﬂrior. GI T# 24 pa-
sa ¢) control al enunclado 24 que puede ser el del ejemplé

anterlor. ; - )

Ejem. Supongamos qué unos de los endnciados de un progra-

ma 3on: Lol ;
| =1 . :I'I Esto nos regresenta la suma de
[SUM = O los nimarcs enteros, desde Tuego

} I1S5UN = J1SUMHT es necesario ﬁnnerle otros enuncla-
[ = [+1 dos peru-pur el moqsﬁtn nos aclara
Lo T9 1 lo indicado.

5.2.2 El enunciado 1IF
Debido a que las computadoras estan disefadas a ba-

se de clreultos 18glcos y el pensamiento del ser bumano debe

-+
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ser de este tlpo, nos concretaremos el IF 18glco, ademds de que
¢l alumno ya tlene elementos de algunos operadores de relacldn

como DR, AND vy NOT.
El IF 16glco es de 1a forma:
IF (L) s

L= expreasidn lﬁgfca que puede tener dos valores: Verdadero

o Falso,

S« cualquier enunciado FBRTRAN diferente de: un D@, un enun-
ciado de especificacién o de otro IF 16gico.

$I L es false (.FALSE.} entonces se ignora 5 y la computa-
celdn eontinia al! sigufente enuncl;du. 5/ L es verdadero [.TRUE,)

el envncladeo 5 se ejecuta en seguida.

Resulta §nteresante hacer notar que sl | s relativamente
compl Icada, Este IF puede sar al aquivatente de varios IF aritmé-

ticos. .

Para formar Jas expresfones I8gleas (L) utilizaremos los

L ] B »

LI

operadores -de.comparacién y lo:_de.rnlacidqp-QH'

Operadores de comparacién:

$Tmbolo S$fabolo - Signlficado

.- MHatemStico Significado .., ;. FEATRAN . Inglés
< - Menor que | ....LT. Less than
> . Mavor que . LGT. . Greater than
x Menor o ifgual.a +LE, Less or.equnl
2 Mavor o Tgual a .GE, Greater or agual

L]

1-1?
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. ‘.{?-.
- , Tgual a +EQ, _ Equal
o Diferente a
~ 6 No lgusl a .KRE, Hot equal
Operadores de relacidn: !
U_ ' Uniéin .OR, & {"o inclusive}
0 ! . Intersecclén LAND, y ("al mismo tlempa) L

- Lomplamanto HOT. no

Para valuar una expresibn l&gica se hard con las slguien-

tes prioridades:

f.- Expresi?nel enEre parénteilﬁ
2.- Dperaderes arltméticos
o .- ‘ Operadores de comparacién {(.LT., .GT., .LE., .GE.,
.Eﬁ4 ¥ .NE.)
| Che-Lor, o
5.- . .aND. s
6, ) .GR.'h

| - i

LR LI - - - .
. '~:En caso de.fgual-Jerarqufa la evaluaclén serd de ezqular-
- - = L e

‘ da a derecha. N ’ b i
. ' Efem. (1) v Xw5, | y=0.5 ‘

UF {X.GT.3,.AND. & .LE.2.} . ZmXkk34Xhy -
Slgnifica que sl X>3. v (al mismo FI;Apo} y<2.
se asignard a Z el valor que se obtenga al cal-
"o cdlar 2y, ;:tn_es Z=125 .42 5=127.5

{2y 'F (A.LE.X.AND.B.GE. Y .OR.C.CT.Z} GF TP 12

Significa que si A<X y {8l mismo tiempo) B>Y es
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vardaderntd C>Z es verdadero § ambos, entonces

se transfiere el control al enunciade 12.

(3} P =1
ISUH = _Estn nos indlca
.l ISUM = | SUH+? que sdlo 5uﬁare-
[ o= 141 Y mos los hiime ros
{F (1.LE. 100} cB T8 1 enteros dat 1 al 100
STOP | - ‘

5.2.3 El enunciado D8 g
Este toma Ja forma:
Dq K1 =L, M/ N
D@ K | =L, M
- La segunda form; sﬁi; se aplica cuando N=1: 1o
. _ )
que es bastante frecuente. Q='r.£
akﬁ_K representa un niimero de enunﬁladé ':‘T o
: | representa una variab!e.entera

- -

.1.. M, N son variables enteras J con;_:tantg's'-:sln
slgné&' . I
M'El 0F produce la ejé:uciﬁn repetida df todos lnﬁ
enunciados que le siguen,. hasta el enunciad?.ﬁﬁﬁern K.
La primera vez que s& ejecutan estos enunciados‘la varia-
ble [ es iqual a L, en eada paso subsiguiente I se Incre-

menta en la cantidad N, hasta hacerse mayor & igual a M

en 1 paso final; #n este momento se tormina at )lamada
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lazo DB vy e) control pasa al enunciado que ests a conti-
nuacion del enunciade K. AsT, L es al vniur inicial de

1a variable | ¥ M su vator final, | se llama el Tndfce
del enunclado Df y su valar corriente se puede usar en
cileulos durante la ejecuclén del lazo, Todos los enun-
é{ndﬂs que le Eiéuen al 0f hasta el ndmerc K Iaclusl;e
constituyen el rango del 0@. También es posible gue la
variable | no se encusntre en ninguno de los enunclados
de) rango del OB y esto nos indica que se realice la eje-
cucitn de todos Yos enunciados de! rango del D@ M entre

N ve;es {a parte entera de aste coclente M/N). Deh%rc;
mos tomar en cuenta que: el Tndice | se (ncrementa secuen=-
cial y autombticamente dyrante la elecucibn del lazo ¥y
Que 5@ puede,?Fn esfos momentos, tratar como nua!qu}er

b . .
varfable entera; el indice | queda Indefinide después de

: terminado el .l1azo de} D@ y puedé utl)izarse para.cualquier

. uso general. El.enunclado K no dehe}arl run enunciado de

aspecificacién ni una transferencla de tont;ni asto Inclu-
ye cosas como GB T8,.IF y DB, as¥ como FORMAT, END vy al-
gunos otros., Debemos consldaerar quelnn se puede desde nin-
glin punto de! programa 1legar a un enunciado dentro de)
rango de un DB. Y que la entrada a Un OB deber$ hacerae

B traviés del enunciadq Of. ¥ por dlitimo es muy fratuénte

t
que un D@ esté completamente dentro de otro. :

id..
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1lustrando graficamente tenemos:

Correcto Incorrecto
. i .
04 DB . bR ... g,
' QH O[] .!'.Iﬂl1 og
D co D@

Ejem. gtilizaremos un D@ para sumar los nimaros enteros

del 1 al 100, ejemplo que va hemos vIstu_anterinr-

mente.
ISUH = O Nos damos cuenta éu: ei DP tie-
DE 1 | = 1,100 ne !a‘mESma Funtiﬁn'que un IF,

1 TéUH = |SUM+1 - un G TA y un contador: como po-
STOP _ . 2d;ﬁ ogservarse con el ejemplo an-'

g terlor.

: a7 -

5.2,% El enunciade ST@P

Este aparece simplemente como STEP y &3 el que

[ 1

.nés-inqlcn que ha térmlnadn'ia,eje:uciﬁn y-:ﬁ=¢14€3$51d=

e *
L

' J T .
I8M - 1138 la camputndnfa se¢ detlene v el .operador tendrd

que hacer que continke trabaJande. Debido a allo te reco-

mienda que se utllice 6! enunciado CALL EKIT,*al.cual_ﬁh—'
sa #1 control a un programa monltor que hace que la com

putadora continde e]ecutando los Otros programas que si-

-
»

guen a c¢contlnuacidn,

Tanto el STEP como el CALL EXIT podrln aparecer

después de cualquier eaunciado. - } .

s
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5.3 Los enunclados d; entrada y sallda
Estos, como su nombre o indica, sirven para Introducir
-y sacar informaclén de 1a :nmpytadara. -
5.3.1 El enunciado READ
Este enunclado tiene la forma READ (I, M) LISTA
1 L4 H son enteros sin slgnb y LISTA representa una lista
de nombres de vﬁrlahles par; las cuales sa leerEn_valures.'
I designa el:iipc de pariférico de entrads que se utilice
(lectora de tarjetas, consola, ete.). N es el nimero de
un enunclado FERMAT asoclado al READ.
EJem. El enunciado READ (2, 101) J, B, H
L . Produclrd la lecturaz de tres nitmeros: un entero vy
© dos reales ¥ se'alm;éenarin en Tas localidades de
v la memoria de l; computadora deiignadas cen las
variahlés J.'B.f-H &n sy nrdan:-Las COmas gue sa-

.  paran éstos nombres da v;rlahlaa*gn:al READ san

1 k] ' - ' .

: .Jﬂdispaniables,‘z es la unidad de entrada y 101

o

. -un FPRMAT.

5.3.2 El enunclado WRITE

Este tiens la forma WRITE {1, M)} LISTA 1y N son
antarod sin sfgno y LISTA reprasenta una )ista de varfa-
bles para las cusles se Imprimen valores. | dasigna el

. thpo qe perlfirico de saltlda que se utf?lc& {Impresora,

cinta, etc.). N es el nimero de un encnclado FARMAT aso-

.22



clado al WRITE.
Ejem, El mnunclado WRETE (3, 108) L, X, ¥

Producird gque se Impriman los valofes de las éa-

rfables L, X ¥y Y que se encuentren en las locali-

dades de memoria con esos nombres, en &1 formato

especificado por &) enunciado ndmero, 10B y por

la unidad de salida nimero 3: las comas que sepa-—

g

ran &stos nombres de variables en‘eﬁ;HRlTE SOR

' Indispensables. : e

5.4 Llos enunciades de e;pecifiéaciﬁn -, w:

LY -~ . " A
Este tipo de enunclados no Iniclan por *I*mismus los cil-
-tulos, no producen transfcrencla de contral nl esf:mulan el flu-

]
vy

jo de informacién, pere proveen al compilador FHRTHAH de los

L)

detalles esenciales para 1a traduecién de! prngrama fuente en

"‘l“-r_. |n-|.

FERTRAN al -programa obJeto en lenguaje de m&qulna ﬁ para Ia con-

x

versldn de datos.a Ia entrada o, Ta SElida . Ef

.:w

o " i

L] L, ‘1-' -u"

i quaremos Introdunlradatus a‘la cnmﬂutadura ln pndemos

hacer medlante un enuncfadu que est! dentro de!,prngrama COMmo

Aw 31416, &sto es o que podrfamns tlamar.{qi:igflzar-una1va-
riable; y ;l pragrama ss cﬁmpila}fa.:ada:vez ;:;::Ei;l;ramnsl
darle un valqr diferente a A, lﬁ-cual resu!g; @:;“E;stasn, ya
que las compllaciones son laboricsas, Para evitar esto se usgi

¢l enunciado RAEAD y los valores gue se 1& den ;'A'Pndrin estar

en tarjetas do datos, los cuales son Independientes del progra-

.. 23
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ma fuente.
5.4,1 El enunciado FBRMAT
Este tiene 1a forma: N FORMAT (, .. 'T'] en
]a'cuai'N-eS'al-nﬁmEfo-delue;unt{adu-FﬂRHAT-f-cnﬁrespnn-
de al N de 1os enunciados READ y WRITE. Los espacios en-
tre-las comas estén dispa&iylus'para las especificaciones
del tipo gue se describen mfs adelante, siendo el nimero |
de espaclos uno o mas, de acuerdo ﬁ las necesidades del
prngramadar.-
S.M.{.l La espe:if}caéfﬁn Vilw
Agul | Indica un vqlur enters y W £s
un entero gue infca ;T nﬁmern-ée columnas ¢ an-
cho de'campu.‘que ncbpa ese valor en la tafjeta
- e entrada o en el papal da-Impresf&nt El Hﬁmern
< w deberS Incluir un lugar piré'ql Signo:He Bse

. H
valor, slendo.+ opclonal. -

-

o L _' , I .-
‘Ejem, - <Valor'de /los-datos’ , "
de entrada o salida: 1130 -+1620 =370 0 +1k

! “Especiflicacién: - th 15 1k 1113

5.4.1.2 “wla:especi Flcaclsn F:Fw.d
Ath F tndlca un valor real, w Indfca
¢] nimero de columnas qua ocupard ai valor en la

tarjeta de entrada o en el paﬁtl de impresidn; d

Indica el nimero de clfras que'se encontrarén des-

] - -

L2k
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pufis deltpuntn decimal. w deberd Tnclulr un lug;r
para @) slfgno y otro .pera el punte decimal,
E]em, Valor de los datos de
" entrada 8 sallda: 327787 =-.007° 11307 +3.700 ~~
' Especiflcacién: F6.3 °F5.3 F5.0 F5.2
5.4,1.3 .La especiflicaciédn E:Ew.d . ;
CAgqul E Indlc;_ﬁn valor real en forma
exponanclal ¥y w fndica Iatanchura de campo para
ese valor y debe de inelulr el sigqn,-sl 1o hay,

el punto decimal, &' lugar para la letra E, un

lugar para &) signo dal exponente, si es negati-

-
L]

vo, ¥ dos lugares para el exponente; d Indica et

.niimero de dfgitus a. la derecha del punto dacimal.
, L] ) 1 . . .
Ejem. Halnr de los datos ' e
T

.oy da entrads o salida* .1hﬂ3Eﬂﬁ —E?E;DZ CTH42E404

r

1Espaclflcaclﬁn: EB.% e 'E? 1: :: EY. &

p Es ::on:ran luntu. qque :ptmr;du *dnisum; -.;ia;f:-nr At
tnformac [&n ﬁe In cnmputadnra..tamem:;-nninL:nta

" wpars ol ancho del :ampu lo: sIguienta.‘ v b

=" s N El*ﬁfgnﬂ. aﬁn :uanda el-+ﬁg;;;;nlmentu

;"

no se imprlmc.

2,- ' El pﬁnto decimal para las.ispecffi:acia-
nes F y E.
3.- " Por 1o menos un digitc a 1a lzqulerda

- 25
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del punto decima1,lpuestu que muchas
miquinas imprimirén alll un cero si o~
‘tnn digito no ocurre.

b, - Suficientes lugares para todos los di-
gltos significativos deseados, debideo
a que para los dTgitos que no Se Jes
deja espacic 5; truncan o redondean. ;

5.- Cuatro lugares ﬁara el expoﬁenfe de 1a
especificacidn E.

6.- El primer lugar se-deja eﬂ blanco ;ara

.el control de carro,

-

o

1 ' N T

£.4.2  El enunciado END . .
) ) - I,
]

) ! 1 [ 4 T o !

-dor qua &) programa fuente ha terminado y debe ser el dl--
‘e 1 N r v ot - l. LY .' P oo .I . . :. B L
-timn-enunclado‘dercualquidﬂ-programaifHRTRAN. . E

- '
J'.

- Arreglos - ' T

. Pl -
Frecuentemente tratamos con:un - grupo -de varlables quse for-

L
n,

‘man &-pertenecen.a-una clase o0.coleccién..Cuando 1as varfables

forman un eonjunto ordenado, pueden relacionarse uﬁas con otras

por ta notaclén de subindlces; entonces designamos esa coleccidn

como arreglo y*las variables qu; pertenecen a &sta serle son
+ . -~

" los elementos del arreglo. A veces se emplea como sinGmimo de
b T

iizs

. Este se les sioplemente ERD & infnrma;al*coﬁplla-_

2y
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arreglo &1 nombre de matriz y, en cunsecdﬁn:ia. hablamps de ele-

mentos de la matriz.

£.1 Variables con subindices
Un conjunto-de .niimeros-que .pueda.arreglarse.en_un-renglén ...

& columna se consldera como un arreglo lineal & unidimensicnal,

y £sta serie puede 1lamarse vector. ldentlflicamos dos elementos

de un vector renglén & columna por un sélo subindice.

L]
i

Ejem: . La ecolumna de nimeros del! vector !)amado A,. con-
siste de los elementos A, hasta An Inclusive y i

s& fepresenta como sigue:

Hotacién asoctumbrada. Notacién FERTRAH
. AY - A (1)
" Az A 'n..{zj
. o ...:” '._-l -
RN AT PR M SR 13}
N .- . .
] |
[} M L ..
..qil - - Aiti) 1
' - 1 ora
' % ) . ‘LA.n. ". i -\- SANNY - - .f.. - ;
L N T

4£adu una de estas A[I} en donde’l’ varra de 1aN,

50N aT numbre da una varfable, e conjunto de to-

v u‘ |" i .
‘das.ellas - e5a1arqu= Ilamamos arregln, - T

-
0 .

SI A& USan. dns Subfnﬂices para ldentlflcar 1ns~elem¢ntns
de un-arreg!n s¢ cnnsiyera &ste como un arrnglanrd1mensIonaT.
Los cuadros de un tablero.de ajedrez, pueﬂe; considerarse como
.un arreglo bldIimins[onal. Y s} Tlamamos a cuslquiera de los (na-

- L]

L)

«n 27
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dros cnnlia variable CTAJ tendremos Bk variables; pero como e1.
tablero tiene 8 renglones y 8 columnas, podemos referirnos al
.cuadro que se encuentra en el rengién 3 vy la columne 3 con la
variabte CTAJ-{3,5).

. Dependiendoc del tipo de computadora serd el nidmero de sub-
indices que podremos asignarle a un arreglo; en IBM = 1130 sdle
se admiten arreglos con un mdximo de tres subfndices.

Las varjables que se utilicen para designar arreglos de-
baran observar. 1as reglas que se dieron anteriormente al habiar
de variables enteras y reales considerando que para los cingo
caracteres plfanumEricos son independientes de las indices que
se encuentran entre paréntesis,

&.1.1 Reglas para los subindices.

Reqla 1 Un s;bfndice debe ser un entero, puede ser

. constante, variable & una de las expresiones
arltméticaslﬁ}guienfes:
.A *V+ b Ax Y - b.J
en donde v es una.variable ent;ra vy avy b son
censtantes enteras sin signo.
‘Ejem. Algunos subindices pucden ser:
1 1972 10#KONT 2%t
19764N4-B  2x1-4  24|+3
Ho se pueden u5ar.como subindice:

1+1 -1 2-10*%CONT - -7932 -KILG

.28
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Regla 2 Un subindlce sdlo debe tomar valores positivos.
Regla 3 -- Un subindice en 51 no debe ser una varizble can

subfndlces. AsT X{1(2)) no es permitida.

Aegla & Un stmbelo que representa un arreglo, una va-
rtable con subindice, no debe usarse sin sub-
fndices para representar otra varfable dfferen-
te en &l mismo programa. Esto &5 A{l) ¥ A no
deben referirse a variables dlferentes, Come
siempre hay una excepcién que por ahera no
tocaremos.

Eiem. Los simbolos para variables reales <on
subindices podrian inclulr:
i1 suM{K+2) A{I,'é*J+1}. B{INT)  C{1,J})
Para variabies enteras con subindices
podemos tener:
INT{MONY . 1{d)  1CTAlS, 2%1)
€.2 E} enunciado DIMENSIBN w
Siempre que en un programa utl!icemos variables con sub-
indices deberemos poner como primer enunciade el dIHEHS!EN. el
cual Indica al compilador qué tanto esﬁacio de memoria se debe
reservar para }'as variables con subindices, Su forma es:
DIMENSIPN u, v, w, ...
Ponde v, v, W, ... 500 nombres de varlables, cada una de

tas tuales va seguida por &1 maximo nimero de elementos en el

29
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arreglo correspondiente, Deberan observarse las sliguientes regtas:

Regla 1

Hegla 2

Reala 3

Regla L

Cada variable con subindices se debe mencionar en
un enunciado DIMENSION antes de su1primer usa en
el programa.
Los simbolos representados anteriarmente por u, v,
w, ... deben tener la forma:
rnombre de variable (m3ximo ndmerec de ele-
mentos )
el ndmerc entre paréntesis debe ser una constante
entera sin signo.

EJem. DIMENSION A{20), 8(4,8}, CARR(5,3,%)

"Esta indica'que el compilador reservara 20 loca-

lidades para &1 arreglo A, sus veinte wariables se-

rén Af1}, A(2), ..., A(20) &l mismo tiempﬁ se reser-

vardn 32 (hxh} localidades para las variables 5{1;1}.

B(1,2), 8(1,3}, ~.., B{1,8), B(2,1), B(2,2), ..,
B(2,8), B(3,1), 8(3,2), ..., B(3.8), B{s,1), B(h.2),
., B{4,B} v por dltimo se resarvaran 60 (Sx3xh)
localidades para las variables del arreglo CAR, con

tres subindices caéa una.

E]1 arreqio que se use en particular, deatre del pro-
grama pﬁdré tener menos elementos que los espacifi-
cadns'en la magnitud del enunciado DIMENSION , perc
no mis. o
La varfable tal como aparece en el enunciado O14EN-
S|8N debe tener exactamente el mismo ndmero de sub-

indices que en cualquier otra parte del programa.

29
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SUBRPROGRAMAS, 3
Los subprogramas;,  también 1lamados subrutinas, son programas gue pueden

s5ar puestos en uso por otros programas cuando sea necesario.

Las funciones de biblToteca & funciones del sistema constituyen una va -

riedad dé subprogramas,

FUNCIONES

Cuando el 'valor de una variable depende de una 0 mas variables & constan-
tes y ademas de una serie de cﬁlcﬁlos,y dicha varisbhle ha de calcularse repo-
tidamente y en diferentes puntos de un programa, es posible definfrla como --
una Funclén., En otras palabras, Ademis de las funciones con que cuenta la bi -
Blioteca del sistema, el usuarioc puede escribir sus prepias funciomes para uso
especifico de su programa.
Tomemos un ejemplio para visuallzar lo anterior:
Supongamos que para un programa en especial, en el cual trabajamos con grados
en lugar de radianes, deseamos calcular continuamente SENB (X)), sin el uso -
de funciones seria necesario transformar el argumento deseado de grados a ra-
dianes y después 1lamar a la funcidn de) sistema SIN {X). A contlnuacién pre-

sentamos una funcidn gue calculard SEND {X), (¥ en1gradus} :

FUNCTION SEMG | X )

X =¥ % 3,14 15 92/180.

SENE = SIN (X) o
RETURN

END

gue e5 llamada desdee] programa como:

GRAD= SEN? (GRADBES)

En base a éste ejemplo podemos generalizar el uso de la proposicion
FUHCTON
.
a) Debe ser codificada en forma independiente del programa
que la wsard, es decir, no debe aparecer '"dentro'' del programa.

Y Debwe empezar con la palabra FUNCTHEN
.32
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T3z,

. FUNCT1ON qombre {parédmetro )
A continuacidn se escribe el nombre con que serd 1lamada.
Después, entre paréntesis y separados por comas, aparscen los argu -

mentos.,

EJEMPLOS . -

FUNCTIDN RAIZ 1 (A,B,C }
RAIZI= (-B + SQRT (B ##2 - 4, * A *xC )} / { 2, A )
RE TURN
END
FUNCTIBN RA1ZZ ( A, B, C }
RATZ2 = { -B - SQRT {Bx#2. 4. * A ¥ C }) / (2.2 A}
" RETURN '
END

100

200

7.2

- i

EC. SEGUNDE GRADD

AEAD { 2,100) A, B, C

‘FORMAT { 3F10.5)

X1 = RAIZ1 (A,B,C)

%2 = RAIZ2 (A,B,C) ,
WRITE {3,200) A,B,C, X1,X2
FORMAT { 5 0, F10,5")

CALL EXIT

END

Este ajemplo es sclamente para mostrar e} yso de la proposicidén

FUNCTIBN ¥ no contempla algunas situaciones como raices complejas, etc.

SUBRUTIHAS

Come es facil notar, la proposicidn FUNCTIBH nos "regresa' un s&lo va -
lor vy 1o hace a través de su nombre. En muchos casos es conwvenisnte O -

necesario que se nos regrese mas de un valor, para éstos casos usamos la

proposicidn o enunciadol
SUBRAUTINE .

Lna subrutina es ur subprograma que puede “recibir” cualquiet nutero -

e

de parimetros ( desde‘cero hasta un nimero determinado por el tipo de com-

pitador) y puede "regresar' diferentes valores calculados.
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Ueamcs algunos ejemplos:
. 5upongaﬁns gue al imprimir resultadus de un clarto programa tenemos que -
.escribir algin titulo usando los primeros renglones de 1a haja. En tal! caso po-

demos hacer uso de ung 5ubrut|na como sigue:

SUBRAUTINE ENCA
WRITE {3,200)
200 - FARMAT--(/,1X, 'REPDRTE SEMANAL' , / )
RETURN
END

-

Como wemas no hemos pasado ningin parametrc & vaior a VYa subrutina. Para -
gue se gjecute ésta se debe hacer uso de la proposicidn CALL, de 1a siguiente for
!

CALL ENCA
dehtrp'del praograma ¥ en el lugar donde deseemos gque ocurra la impreq]an.

Oisgutamos ashora un ejemplc muy simple para ejemplificar el uso de pardmetros.
Hagamos una subrutina que '"reciba'" como entrada dos nimercs, los sume y el resul -
tado Jo "regrese' en otra variable. Sean A v B los pumeros a sumar, y L la varia -

. ble en donde se pondri el resultado.

_SUBROUTSNE SuMA (A,B,C )
{oA+8
RETURN '
END
Es impartante detenerse a ver e! significado de los harémetrcs para las sub -
rutinas?

ta subrutina anterior SUMA puede ser llamada de diversas formas:

CALL SUMA (AA,BS,CC)
CALL susAa (&, 7, X )

etc,

Como wvemos, las variables A,B vy C que aparecen en la subrutina son variablcs

.34
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mudas o dormidus y solo tienen sentido dentro de la subrutina. Veamos lo -
anterior: ) '

Supbngase el siguiente programa:

Xi= 3,

X2 1,

CaLL sumA ( x1,X2,X3)

SUM= X3

WRITE {3,200) X1,%2,X3, SuM
200 FERMAT{SY F10.5)

CALL EXIT

END

Se propone como ejercicic al lector que haga las veces de Ja miquina y es -
criba la que &sta imprimiria.

La miguina imprimird :

3.0 h.p 7.0 7.0

. saY
Una de las facilidades mis utiles en subrurinas es ta dﬁ‘/;rregtﬂﬁ comd

parametros, ej! '

SUBRBUTINE MAXIM (A, MAX )
D1 MEHS I ON A (1)

Ll . SN,

Ll

RETURN
END

Supfngase Que &sta subrutina encuentra el elemento del arreglo A (10) con
mayor walor ¥y lo regresa a través de la variable MAX. Es importante ngtar que
si pasamos como'paréme:r; uno § mas arreglos hay que dfmcnsinnarlos otra ver
dentrp de la subrutina, 1o cual se puede hacer de -al menos dos formas: 1)

poniendo ta dimensidn que sparece en e} programa que lo 1lamay

2) Ponidndole dimensidn 1 (vwo}

Ejemplo:
.35
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DIMEHSION A (1D)., B (20},

— i R oy
— ma " ma o —
— AR . = ma

_— — T ek wr

CALL BRDEN  {A)
CALL.MAXIM (R}
CALL MAXIM (A}

— e -
R o m— iy

e T s

R i S

CALL EX1T
EnD .

Casa 1:

SUBRBUTIHE @RDEN (X}
BIHENS I ON i {1q)

RETURH
ENp

Caso Z:

_ SUBRRUTINE HAXIM (v}
‘- DIMENS | ON ¥ {1}

—— —r — — )

T e o e

RETURM
END

Lo
r
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1 COMMON , -

36..

Como es posible visualizar en los parrafos anteriores, 'as varfables

usadas en las subrutinas, o mejor dicho, dentro de las subrutinas, soa total -

. mente Independientes a las variables usadas en el programa principal, Muchas -

veces &5 conveniente que tanto las subratinas como el programa que "las llama -

-tengan: variables-en COMUN. Para-lograr-&sto-existe -la. declaracidn

COMHON

La forma general de ésta proposicion es:
COMMON 1ista de variahles

donde *'1ista de variables' es un conjunto de variables y/o arregios separados

por comas 3 las cuales queremos adjudicarles la propiedad anterior, es decir,

sean comunes a varios subprogramas.

E].

COMMON A8, x (10}, AB (30)

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

rutina en que se desee usar. Veamos un eiemplo:

200

SUMA DE DOS NUMERDS
COMMON A, B, €
A= 3

B= 7

CALL SUMA

=10

WRITE (3,200} A, B, C, 2
FRRMAT( & F10,5 )

CALL EXIT

EHND

17
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SUBROUTINE SUMA

COMMON A, B, C
CmA+B
RETURN

EHD

Este programa debe imprimlr :
1.0 7.0 - 10.0 10.0

Una propiedad impartante del COMHON es que 5i un arreglo es especificado
en COMMON que d5 automidticamente dimensionado, es .decir, no hay que especif? -

car dicho arregle a través de la declaracion DIMENSION |

En las siguientes paginas se muestran veintiin programas, que incluyen sus -
dlagramas de flujo, codificaciones, datos v resultados; el objeto &5 gue el -
lector pueda complementar la parte teSrica con la prictica, amén de que debe

rd hacer los propics ¥y procesarlos en una computadora a su alcance.

-
[T
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"COMNVERSION DE GRADOS CENTIGRADOS A
GRADCQS FARENHEIT® °

Y

CEN= 37.45 )

A"

FAREN=CEN x 9./5,+32.

)

FAREN

FIN

FROG - 1



Fr JOR T

f/ FOR

« 15T SOURCE PROGRAM
#ONE WORD IRTLGERS
.®I0CStCARDs 1132 PRINTER)

- [ I} N Dremwreremcam-
c CONVERSIUON DE GRADOS CENTIGHADOS A
C GHaDDS FARENHEIT - °
-1o0 FORMATIFID, &)
1MP=3
CEN=2T.45

FAREN=CEN®9,/5,+32.
WHITE(TMPy 1001 FAREN
CALL EXIT
END

2/ XEQ

5

RESULTADOS

- - [ e — a— - ce———mw

- ——— e i -m & EFE mi mar e e e ———

e ma . u L - - - .- - .. H g ..._j- T-.

PROG, |



"CONVERSION DE GRADOS FAREN
CENTIGRADO

F AR

H
S

ET A GRADOS 2t

ol
CENTI=(FAR-32. ) x5./9.
W
A
EAR, CENTI
"" |




/ - '
77 JOR T " ?I‘
£7 FOR - . .
8] IST SOURCE PRUGRAHM ) . )
sNE WOHRD INTEGERS . . . SCURERIRIE
#JOCS{CARD,+1137 PRINTER}

C CONVERSION DE GRADOS FARENHEIT A
C GRADOS CENTIGRADOS
100 FORMAT(FI0a%] Lo ) '
101 FORMAT(F10+4+22H GRADOS FARENHEIT SON +F10.4+20H GRADOS CENTIGRADO
154)
LEE=Z?
[MP=3
200 HEAOU(LEE)DOIFAR :
C FAR 1GuAL CERO INDICA TERMIND DE DATOS, -
IFIFARIZ1I0+2204210 '
210 CENTI={FAR=32.)%5,/9.,
WHRITE(IMP4101)FAR,CENTI
GO TO 200
220 CALL EXIT
ENO

-AF XEQ
; 1260000
'lzﬁ-
Tomla,
1R.246

Qe
’e

PROG - 2



"CONVERSION ENTRE GRADOS FARENHEIT Y GRADOS
CENTIGRAEDS " '

INDI, GRAD

FiN .
OE
DATOS FIN

T
\s : ' : hY A
FAREN=GRADx9./5. + 32. ' CENTI=(GRAD-32.}x 5. /9. ‘
- 1o o
hv4

GRAD, CENT!

GRAD,FARE

PROG - 3



sr Jop T

7 FODR
THLIST SOURCE PROGRAM
2#0QNE WORD IHTEGERS . I
SIOCS5{CARDs 1132 PRINTER}
Cmmew——— - T RE S=-eeraca=
C CUMVERS]ION ENTHE GRADDS FARENHEIT

C. ¥ GHADDS CENTIGRADDS
“.100 FORMAT(IHLY .
.101 FORMAT(I)1+F106,3)

102 FORMAT(F10.2+15H FARENHEIT SON +F11.3,13H CENTIGRADOS.)
103 FORMAT(F10.2,17H CENTIGRADOS SON +F9.3+11H FARENHEIT,)

LEE=?

IMPz3

WHITE{IMP:100)

00 HEADILEE»1D]+ERD=2201 INDI +GRAD

IF(INGT ,EQ.1YB0 TC 210
c - INDT DIFERENTE BE 1 DATD EWN GRADOS FARENHEIT.
C SE CONVIERTE A CENTIGRADOS,

. CENTI=(5HAD-32,.125,/9,
WRITE (IMP»102) GRADWCENTI

GO TO 200
210 CONTINUE
C EL DATO ES En GRADD CENTI]GRADD, -
c SE CONVIERTE A FARENHEIT,

FAREN=GIRAD®O /5, +32,
WHITELIMP,103) GRAD+FAREN

. GO TO 200
220 CALL EXITY
END
Arf XEO0
1 12000
D 11.48
I n,
2 32,00 _
1 =16, - -
1 ! 14, ! .
/se -

RESULTADCS

e mFh 4k e i =~ a armE—— ar=s v ik AER A s e

— o e e — ————— —— = T— + = % [ e —am Ami - - EmEm TEE na E -

[P

ol amna =

"

T 12yTpUTER ATOS & H—ﬁ'j-a‘ﬂ'c—rn'ntwtrl-
' 15‘.:45 FARENE I.q 5UHU =-11,500 Lt TIGEA Os -

' 32:9 REN ?ﬂ ok n a0 LLNTIGEQQUS-
=16ip0 Hrtgnanns 30K 3,200 FAREN
15+ﬂ nﬁﬁ—aﬁr——~—£¢rqua—+sﬁ£HH&LLh~_____F

e ey -



"COMNVERSION DE GRADOS A RADIANESY
INICIO

o *
v

GRAD

"FIN DEL PRO)
GRAMA" ~

A

GRADL360

¥

GRADZIBO

’ ¥

FIN

| GrAD=-({GRAD-180)

=r

RAD=GRADx 3.145926/180,

r

h <

GRAD,RAD

-
™,

A
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TAATIOR Y S " o i S
/7 .FDR ' . ' )
" #L1ST SOURCE PROGRAM _ _ . ‘ —_—
_ ®DNE WORD INTEGERS - . s et
#10CS[CARD,1132 PRINTER) . -
Cmmmmmcmnme—= CUATR Queua=
( CONVERSION DE GRADOS A RADIANES
. 101 FORMAT{F&.3) '
"-102 FORMATIF2,3412H GRADOS S0N +F&.3210H RADIANES.}
103 FORHATI///7»10Xs16HFIN DEL PROGRAMA)
LEE=?
ITHP=7]
200 READ(LEE 201 +END=230) GRAD
210 IF(GRAD.LT.3601G0 TO 220 ' : '
C EL. DATO ES5 IGUAL O SOHREPASA LOS 360-GRADOSI(SE AJUSTAYY -

GRAD=GRAD-340,
GO TO 2to
220 CONTINUE ,
c SE TRAB&JA ENTRE +180 ¥ =180 GRADOS.

IF{GRAD.GE . 180. 1 GRAD==[GRAD=1RHD.,.1
RAD=GRAD®3, 14159267180,
WRITE (IMP,102)GRADRAD

GO TO Z00
230 WRITE(IMP,103) ) I
CALL EXITY
*END
s/ XEDQ
90000
""'?ﬂg .
3600, . v )
-EIHﬂa .
0.0 )
1A5,27 . . . T
132.4 e
-79,0 : e T
fﬂ ) . an . [T s . .‘ [T — "'"""'.—".: .
"RESULTADOS T
N 3 - e - :..'.".._:'."__.........:.2'....--.. e 41 """:.':. - ;..---—,—_—I.‘u—j [Prp———

90+«000 GFAUD T+% RA .
-347088 SUTRAY SN 1131 TAPTANEE:

— R -50N 00.-RADL 5
-aﬂg:unn"ERA035 sgn'-a.aéz*ﬁﬁniﬁﬁEﬁ-
Q«000 GR&DQS 50H 0«000 RADIANES,

"R 270 GRADQS~SpN—"0v0P2—HADTAIESS
122+4500 GRADDS SnM f-abl ﬁﬁn}huEs.
=79+900 GRADQS_Spn ~1s3%5 RADIANES.

''''' rIk DEL pROGRAMA
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i . . - PR I TR

. e

) INICIC

NTARJ

NU M
]
UM
IND=(-1)
il . :

L

NU M

F
N <.
NUM '
"ES PAR"
—4 .
! .

“ES IMPARY

" FIN

PROG -~ 2



A/ JOR T

s/ FOR
=L IST SOURCE PROGRAM . A
©ONE WORD INTEGERS . AN
@[OCS{CARD, 1132 PRINTER)

Commmr e C1NC Qmenmmm= - -
c DETERNMINACION DE NUMERQS PARES

C E THPLIES

100 FORMAT (I3}
101 FORMATI(I4+RAH ES PAR,}
107 FORMAT (I4¢10H ES JIMPAR.)
* " LEE=2
ITuP=3
READI{LEE+100NTARY _
C MTARJ INDICA NO. DE TARJEYAS CON CATOS.
’ DD 202 1=1«NTARJ
READILEE«10D0) NUM
CIND= (=1} oM
IF(THNDLLT,.0IGO TO 200

cC EL. HUMERDO ES PAR,
o WRITE{IMP, 101 NUM

_ GO 10 201

- 200 CONT INUE

C EL NUMERO ES TMPAR,

7 WRITEtIMP, 1023 Nuw
. 201 - CONTINUE
202 CONTINUE
CALL EXIT
END
77 XEQ
00S
17 : :
1 ; -
14 , .
. 291 . : s
L Il s . ) o

e

A kR - " - R

RESULTADDS T e T

! s mmma g iem oy ome-

PROG
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"DETERMINACION DE MULTIPLOS DE UN NUMERO™

INICIO

'ENCABEZ AD

-

~

'NO MULT.'

NUM ,IBASE

NMUM

:

IDIV= NUM/IBASE
RNUM= NUM

| RDIV= RNUM/IBASE

o
>
v
"MULY 1
NUM, IBASE

PROG ~96
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77 JDR

/7 FOR
“tI5Y
*ONE W

_ *10CS{

100
101
lo2
103

2ro

220
230

240

s/ XKEQ
aas
{05

17
an1

14
291

agp3
ong

11
005
00!
009
;e

T
SOURCE PROGRAM _
ORD INTEGERS - _ S
CARD+1132 PRINTEH)

-------- S E | §u=mmm——nme -

DETERMINACION DE HULTIPLDS
DE UN NUMERD :
FORMAT (I3} X : '
FGHHATIEQHIHUHEHG-MULTIPLG DE=NO "HULTIPLOD DEI
FORMATI2XsI1347Xs 13}
FORMAT{2XeI3+21X213)
LEE=¢2
I1MP=3
WRITE(IMP,101)
READILEE » 1DDEND= E#ﬂiIBASE
READILEES1GOINTARY
DO 230 I=1.NTAR
READ(LEE»100)NUM
IGtV=HNUM/THASE
" RNUH=NLIM
ROIV=RNUM/THASE
IF(RDIV.EQ.IDIVIGD TO 210
NUM NO ES MULTIPLO DE IBASE.
WHITE{IMP+]1031NUMs 18ASE
GO TO 220 '
CONTINUE _ ' B
NUM 51 £S5 HMULTIPLO DE !HASE.
WRITE(IMP,102INUMHM, IEASE
CONTINUE
CONT [NUE
GO YO 2po0 .
CALL EXIT .t . not
END -

L

R ES uLrT A D C}S o

- - -y = & amomam s - — " I

e o ———— A e — B ke ' A ma roEm o m o rraE— R R

e e wmm —— o . e omk . e - oa— = - moiE maan |
\

e HUYERO=KULTIRY, 0 Dp=u0 MuLYIBlO OF
: 2

|
..... 12 = 2 _
251 2
1% E 3 o
[ : =1

PROG - &



" NUMERDS PRIMOS

'ENCABEZAD

LH

NU

———P IND= (-1)

"PRIMD" .
NUM - ( )

'NQ PRIMCO '
© I

la.

PROG « 7

L



* NUMEROS PRIMOS “ _ . 2.

¥
- IMAX= NUM/2,

ID1IV= NUM/
| & 9999

RNUM= NUM

RDIV=RNUMA

¥
‘NO PRIM' 'PRIMO
NU M NU,T”'—_

PROG ~ 7



rr JoB T
. /¢ FUR
*LIST SUUKCE PHUGRAM -
*ONE WOKD INVEGEKWS
..... S10CS(CARDs1132 PRINTER) ; -

C NUMEROS "PRIMQS
100 FURMATLIZ) . .
101 FUHHMAT [19HIPRIMUS -~ ND PHIMUS)
102 FUHRMATIZA.131)
v lud FORMATIIGX.13) . -
LEL=2 '
1MF=3
WHITE(LMPy 1011
200 READILEE»100+END=Z290) NUM
1IFINUM.GT.3)GO U 210

c . NUM EL MENOH [ IGUAL A J{TORO NUHEHU HATURAL MENUR O IGUAL n 3 S
WHITELIMP, 1021 KHUM
_ U TU ZH0
210 CUMTINUL
C mUM FEs MAYORE QJUE 3,

EMll=i=1)2aNUM
[F{INDLLT.O Y TO 220

C NUM ES PAR(TODU NUMERU PAR MAYOR QUE 3 NG ES PHIMOL ).
WHITE (IMP 3031 NUM , _
GG TO 270 R 1
220 CUNTINUE' _
C HMuM £S5 IMPAKR(SE INICIA PROCESO OE ¥HRIMD O NU=PH1MO),
1MA X=HUM/ 2
1=4
230 ° IF(1.GT,IMAXIGO To 240
c SE OHTIENEN LAS DIVISIONES ENTERA Y REAL OE NUM/I
C CUN | DE 3 HASTA NUM/Z,
10 V=NUM/L .
. HNUMSNUH | .

] . RD1V=RNUM/ I
- , JF{RDIVL.EQ.IDIVI [=9999 ,
TR o 1=9999 INDICA QUE NUM £S5 PRIMO,. .. ..
L Inl+]. .- -1
! ' . TG0 Ty 230 . . o
! . 240 CONTINUE | o . ) .
' IF{].LT,9993}G0 7FO 250
C NUM NG ES FRIMO,
! WHITE(IMP L 203 NUM
GO TO 260
2510 CONT INUE
C NUH ES PHIMO, .
WHITE(IMP«1U2)HUM
260 - CONTINUE
270 CONTINUE )
260 CONTInuL . -
Go TO 2ob :
290 CALL EXx11
END
/7 XEUW

o T B L -

PROG ~ 7



10
11
le
13
15
17
19
2l

.{4‘

RESULTADOS

- - TEE a4 . e o a e r—mm— s

1
2
3
4
5 .
7 B ¢ |
E '
3
$¢
11 5 ;
..3 \
15
17 |
1
24 |
a #-— g

PROG - 7



“SERIE DE FIBOWNACLI ™

' INICIO

"1 =2, NTERM

NUEVO=NMI+NM2
' I
NM2= NM]

NMIl= NUEVDO -

FIN

PROG - B



" FACTORIAL

u

INICIO

LEE , IMP

X

"

I’

FIN

IFAC = 1

IFAC = 1

B e —

PROG - 7



T/ doB T oo h T e T T T T T P
/7. FOR :
.~#LIST SOURCE PROGRAM . . s v
"#ONE WORD INYEGERS e Tee e v T A e L :
~*TOCSICARD»1132 PRINTER) .- - e T i
T CR e R e R TN UE ¥ E::::::k"*f:‘"" e R T
E + .FACTORIAL - - -
£100 FORMAT(211) T e e

4._.--—

1p) FORMAT{I2) "~

b lnz FORMAT (133X, 151 ’ -
ﬂ-c'. SE LEEN LAS UNIDADES LOGICAS DE LEcTunn £ IHPRESIDNN :
T Y. T READ{24100)LEEsIMP °T
i Enn‘HEhD{LEEflﬂlnENn-EEnINUH-
. IFAC=] '
{ " DO 210 1=2.NUN- - e - ! Tt
I IFACEIFACST
210 CONT1INUE . Fal '
' IF {NUM,EQ.0) IFAC=] ~ "~ ~4 e
. IF (NUM,EOD, 1} IFAC=1> "' ¥
> SE IMPRIME EL. NUMERD Y SU FACTORIAL
S HRITEIIHP;iDElNUH.IFlC . = -
60 Yo -200 - U
S 220 CALL EXIT "0'. | ‘
R END T g = e
-2/ XEQ ! ' o \
23 - ' Lt
1Y - ST e e
62
03
....'.n& . ' ..-. r-u mmm o4 o4 oa LT -— -——p - -
, 05 :
- 0o - - -
L e e e e .- ——— e
I e — ,_._R.E_S U L'T_A D D 5.-_.,. e - -
) - _’ -t -.—--r”‘ —1*-'-‘-"*""-!'"— - <,
' an L " F=E1'.'-'.;' IL"*"M *L-‘ i \F.I;‘ - -.1'1-!!; In . e
e - Rt -...:-.L..auu RT-RPREI N - o i _r:
T T RPN oy
- - J I — ) : l.ll ." '-"lll == '
i - AT . I
. ) % é N I
1 24 . . )
- 5 129~ . :
L o4 i : - W
e s ¢
= o ; K
' ) \ .'{ L - Sl N ¥
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“CAMBIO DE BASE , DE DECIMAL A BINARIIA -
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T GO TO 210 © . - G e K

.Ezu EDNTINUE L T - - - * - - .-_.._........... . .
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"Lt 7230 "CONTINUE e B R .
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rd14] RE&D[E:IDG-ENDSEIDl1311211 .
IDEC=D . , :
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77 FOR _— _ R4
#_[ST SOURCE PROGRaM ~— . g . : R
®0ONE WORD INTEGERS . T S ' o, v
*IOCS({CARD,1132 PRINTER)
. Cersasmwnens==T R [ C [u=mamas= - ' T ot o
Ve 'CALCULD OEL NUMERO DE BILLETES : . Ct
; - :.100 FORMAT(14) ‘ Coer ran o L
11301 FORMAT(/e11M EL uunznu-.14.24n ﬂu-FUEDE DESGLDSAHSE EN} o
" ].102 FORMAT{ISs TH DE MIL} ; N L
103 FORMAT(IS.+14H DE QUINIENTOS)™ . -
104 FORMAT (IS BH DE CIEN) " ) ST e T
105 FORMAT(15,13H DE CINCUENTA} a .
[ 106 FORMAT(1S5+10H DE VEINTE) . . LI .
' 107 FORMAT{ISs BH DE DIEZ) - : - el .
108 FORMAT(ISs 9H DE CINCO}. IR AR L
.-109 FORMAT{15. TH DE UNO) , R te
I ' "LEE=p2 b - Ll .'._ 4‘:
IMP=3 Lo
200 HE#DILEE:IHD-END=33D}NUH o fe 0 7
NH'ﬁ i - ' "‘ “" ¥
NO=0 ' - " Tt
N1DO=0 - T L
NSO0=0D ' . '. ] b . L
NV=0 _ o a )
WD=0 ' -
- NG=( . : - f i L%
T NU=g | ; N
WRITE{IMP,101)NUM -
210 IF(NUM,LE.1000)GD TO-220 " S , o
c NUM ES MAYOR QUE - 1000 ' I o
HM=NHMe] . - o
NUM=NUM=1000 T A O
60 TO 210" - . o oo
220 CONTINUE e L o
IFINUML.LE,S00)60 TO 230 SR . o
C NUM .ES MAYOR -QUE -500 (MAXIMOD UN - EILLETE DE 500) .
Ne=1 - | o
NUMzNUMa&Og - == —- - - - J! ™ Th
230 COMTINUE- = - ‘ ' T, S ]
240 "1F (NUM.LES100) GO TO 250 o - IR
.E NUH Es HnTOR DUE-:-lun-— - - _..:_.:_- - -.: ’.r . _..,_ ________
N100=N1Q0+] i _ : .
NUM=NUM=1010 : .
GO TO 240: S '
250 CONTINUE
IF (NUM,LE,50}G0 TO 260
C NUM ES MAYOR QUE 50 (MAXIMOD UN ATLLETE DE 501
NSp=1 -
NUM=NUH=5
260 CONTINUE .
270 IF(NUM,LE.20060 10O 240 - -
c - NUM ES MAYOR QUE 20 '
NV=NV+]1 | “
NUM=NUM=2
60 TO 270 ,
) 2a0 CONTINUE -
£ {NUM,LE.10160 TO 290
c NUM ES MAYOR QUE 10 (MAXIHO UN BILLETE DE 10}
H=1
NUH=NUM=10 PROG - 12
290 CONTINUE

IF {NUM,LE,5} 60 T'El 0o
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AlKY=ALT) '
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210 CONTEINUE i
220 CONTINUE . '
. AMORA SE TIENE EN ALI) ELiHENDn -
230 CONTINUE N
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VT HRITE;!HP.luawtntllulnl.ul Tt
G0 TO z0p . _ : -
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: END . R T oo T
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v INICLO
B v

N, M

®

FIN

GE T
DATOS FIN

F

IDIV= M/N
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RDIV = M / RN

T
F
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/7 FOR
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100
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SOURCE PROGRAM

ORD INTEGERS . - . ' e ' T e

CARD+1132 PRINTER)
—mmowum=Q U T N E-=n=-

MAXIMO COMUN MULTIPLOD ' _ .

ALGOR]ITMD DE EUCL1DES
FORMAT (213} :
FORHAT{3H N=,13+3H M=,13)
FGRH;‘IT‘EH H-C.ﬂ.=|13-.ffi
LEE=?2

I4P=3

READILEE« 100.END=230)N+H
SE CaLCuLAa EL RESIDUD
IDIV=M/N

RN=HN

210

220

230

/7 XEQ
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-B 16
11 9g
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8 12
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ROIV=M/RN
IF(IDIV,EU.RDIVIGD TO 220
M=N
T=i{RDIV=1IDIVY=N
H=IF1XI(T)
IDI¥=M/N
RN=N
RDOI V=M/RN
GO TO 210
COMNTINUE
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WHITE{IMP,1G2IN

GO TO 200
CALL EXIJT
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IX, ¥ , 1AST , IBLAN
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LIN (J) = IAST
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sf JOB Y
7/ FOR
#LI5T SOURCE PROGRAM .
*ONE WORD INTEGERS - . " el s
*]10C5(CARD+1132 PRINTER) - .
Crm=cmmememceaDl [ E € 1 5 E ] Sem—ee—aa-
c GRAFICA DE SEN{X)
. DIMENSION LINtID0)
100 FORMAT [4£A))
101 FORMAT{10Xy»100A1)
LEE=2
IMP=3
READILEE 1001 IXa1YsI1AST,IALAN
DLLx=6,.2B8318/54
X ==3.,14159
OO 200 f=1:100
LIEM{IY=1BLAN
200 CONYINUE
DO 240 I=1.56
LIN(50I=1X
JEa9eSINIXI+50
LINCOI=IAST '

IF{] . KE.2B81G0 TO 220 ' : T
DO 210 J=1,100 ' . -
£ I FUE 1GUAL A 268+ SE IMPRIME EL EJE Y
LIN(JI=]1Y '
210 CONTINUE

- 220 CONT INUE -
WRITE(IMP+10]1)LIN
0o 230 Jel+100
LINtJ)=TIBLAN
230 CONT I NUE
L=X+DELX -- - o cie e
40 CONTIWUE o '
CALL EXIT
END
s/ REQ
Y+ . _
e : R
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/7 JOB T

7/ FOR : S
#L1ST SOURCE PROGRAM L S - o
*10CSICARDS 1132 PRINTER) . : v L o = -
#ONE WORD INTEGERS . : . K -
Cmmmmmmrsmm— w==D I ECISI1ET E-mmmm 5
C "ESTE PROGRAMA CALCULA EL NUMERO DE GHRANOS DE HﬁII QUE CUBHD hL
C INVYENTOR DE hJEDHES .

"¢ FILES

DL LEE=2

TuP=3 . ' :

C FORMATOS 7

100 FORMAT{]10Xs6HCUADRO 49X s &HSUMA 5/ /)
101 FORMAT(3X+12,2E15,7)
102 FORMAT(/77)
103 FORMAY(53Xe)1Hos0000000u0)
104 FOAMATI(S53X+11He FIN )
" WRITE{1MP4100)}
SUM=0,0 .
DO 200 I=1lsté : . o
CUA=2,0%2(]~1} R
SUM=SUM«CUA : , -
WRITE {IMP e 101) T4CUA,SUM . -
200 CONTINUE . , " ' '
WRETE {IMP+102)
WRITE {IMP+103)
" WRITE(IMP 4104}
WRITE(IMP,103)
CALL EXIT
END
7/ XED
/ﬁ
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'"ENCABEZAQO
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SUM = 5UM + CUA
A T N

CUA , SUM
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“SUMA DE DOS MATRICES, Ay B "

All, 1), J=1,NU -l Y

CO

L 2

“MATRIZ B "

=1, NUREN [

v

J‘
B, ,0= 1, Ny Y

4 [
-

v

"MATRIZ SU-
MA™

jo

CO
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"CALL EXILS

RESULTAD.GS _
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2%

— -

END
r/ XEQ
221 .
5.0 , 0.0 -
T 12k2 3.4 )
) -k T 2al
: 0.0 "102
Tz
90,1% ~AT,.02
5.478 12.22
-=90,15 BT.02
- 22 40
S
MRTRIZ X
« 04 0 y
131308 3:98%
MRTRIZR?
=~4.700 24 U
§:008  -1:3%0
A RATRTZ S(HK EST
- . ' - ﬂ 2' U
13:308 5386
HEATRIZ KT
-ETI Q0
?E:HB 12-3;5
WATRTZ B '
_ i
=Lpn.150 ara.pou b
-5.478  =12.23c ‘
—CARATRTZSGNK EST
600 O«00Y
81840 ﬂaugg
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s/ Joa
// FOR
*IDCS ¢

+ONE WORD INTEGERS : o } -

&L IST

c---- -

0 OO0 o

100
10}
" log
103
104
o5
106
107

0

199

1D

o]

" 200

201

"2n2
203

204
205

206

1000

T 7/

CARDe1132 PRINTERY : . '

SOUHCE PROGRAM _ ‘
wmemmm==D T E C 1 0 € H Qmmmmm=edd™ 7070 S
SiMa DE DOS MATRICESE A Y B . : S -
EL PROGRAMA ESTA HECHO PARA SUMAR DDS5 MATRICES DE 10X 10 MAXiwWO,

SE RESEWVAN LUGARES EN LA MEMDRIA PARA LAS MATRICES A SUMAR 'Y FARA

LA MATRIZ SUMA,

DIMENSION A(10+10)+BI10+s20) ¢Si)04+50)
FILES
LEE=2
IMP=7]
FORMATOS
FORMAT (312}
FORMAT (10FB,3}
FORMATL//7+SXKsSHMATRIZ Af /7]
FORMATIGXs JDU(FB,342X)4/) .
FORMAT{///7+SAeFHMATRIZ Bie//)
FORMAT [///4SXe1BHLA MATRIZ SUMA ES:i,s//)
FORMATIG3X, [ 1Hneevcasonna) )
FORMAT{S3X,11H® FIN @) .
LECTUHA OEL NUMERO DE RENGLONES DE LAS MATRICES (NUREN) ¥ DEL NUME
RO DE COLUMNAS (NUCO).Y OFE -UN DETECTOR (NUFIMN)
READ(LEE»1D0)HURENNUCO +NUFIN
ANALIS!S DE NUFIN. SI VALE CERD YA NO SE EJEEUTn EL PHGERAHA DE LO
CONTRARID Si.
IF {NUFIN.EQ.01GC TO 1000 :
LECTUNRA FOH RENGLOMNES DE LA MATRIZ A,
DO 200 I=1.NUREN
READ{LEES101) (A{Ted}yd= 1+ NUCD)
CONTINUE
LECTURA POR RENGLONES DE LA HhTRIZ H.
DO 2Dt I=1,NUREN '\ ’ L
" READ(LEE«101) (B(1y J}.J-I.NUCG} , s .
CONTINUE | T
SE HARA LA SUMA ELEMENTO -A ELEHENTU
DO 203 1=1,NUREN
DO 202 J=1,NUCD )
StIsdizalleddeBTod}
'CONYINUE T t o T
CONTINUE '
IMPRESION DE.LA MATRIZ A Pun RENGLONES
WRITE{IMP, 102}
DO 204 I=),NUREN .
WRITE(IMP,103) 1A LT+ 4= 1+ NUCO)
CONTINUE
-IMPRESIUN DE LA MATH1Z B POR RENGLONES .
WRITE{IHP,104) i
DO 205 I=1.NUREN o
WRITECIMPy 103} (BE{TIeJdls =1y NUCO)
CONT]NUE
IMPRESTON DE LA MATRIZ S5 POR RENGLONES -
WRITE (IMP, 105}
DO 206 I=1.KUREN
WRITCCIMP L1030 1S{TeJt s d=1+NUCO)
CONT JNUE
GO TD 194
CONT T HUE
WRITFE (IMP,106) ' PROG -18
wH]TE(IMPy1DTY
WRITELIMP 1 0m
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"SOLUCION DE ECULCIOMES CUADRATICAS © . . 2a, §a

_'.__
RAY= -8/ (2.0 x A}
RAZ = RA '
'DIS NULO" Y
Y
RA1 , RAZ _"@

[

«
R

PAREl= -B /(2.0 x A)
PAREZ= PARE]

PAIMI= (-DIS) / (2.0 x A)
PAIMZ= PAIMI :

£ . -
' ~

“DISC.NEGAT. .. :
RAICES COMPLEJAS®

[

PAREl , PAIM] ,
PARE? , PAIM2

PROG - 19



" 30LUCION DE ECUACIONES CUADRATICAS ™

( INICIO ) .

o

I“EN CABEZA-
DDII

DIS=B -4.0x AxC

A,B, C
X
2

1
RAl= (-B+ DIS ) /(2.0 x A)
RA2= (-B- DIS }/ (2.0x A)
|
" '

"DISC. POSIY

RA! , RAZ

___@

la.

PROG - 19
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3,07 T 7 20,877 rl.0 T 3. ” oo ‘ 4

o R E R e R e N ——— N —_ . i m— L P mE ga = . R = - S e mwm s e
+

L05 COEFICILyTES DE LA ECUACION SOps

A" 1.00000 p= 2,00000 C= 3.00000 . .

EL DISCRIMINANTE Eg HEGATIVOsPOR TakTh RAICES cOMPLESAS

X1F “l1290000 + 1,31821 1Mp X2F =1.00p00 - 31041821 1My
o J
10§ CDETITIE,TES .DE LA ECUAUION 50y ' ety
AF 5.,00000 pg= ¥ 10,00000 ¢= | 5.00000
— -] : NP

EL pISCRININANTE Es RyLC,PDR TAuTD palcfs IguALEs

X1=  =1:+09000p X2%  =y.00000

LDS COEFFCIELTES DE LA ECUACTION -50y» o ,

A0 1,00000 &= - 10,00000 €=  27.00000 ~

_EL DISCRIMINANTE £S5 NEGATIVOsPOp TANTH RAICES COMPLEJAS

‘X1=  5.00p00 -+  1,81421.1A . X3s  .=5,00000 ..  1,81421 IMj

" {05 cOET1cIEyTES DE LA ECUACIDN SOy» T

4= 3,00000 pB= 20,00000 (= 1.0G000

EL CISCPIMINAKTE Es PDsI1T1IVO,.FOp TanTp RATCES REALES
T ELT *0ipS038 2T =gag1629
[ R T

perer s — - A

PROG - 19
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/7 JOB T : _
/7 FOR C . : : . ¥s
2157 SOURCE PROGRAM N : e e
#ONE WORD INTEGERS ~ § S TR me e e me T
«JOCSICARD, 1132 PRINTER} N - : t
Cosmentmnmmme=D [ E € ] N U'E V Eommrmman 707 700 pemems o o
C . SOLUCICN DE E£CUACIONES cunnnnrxcas. oot -
120 FORMATI(3F11,5% T e
"101 FORMAT(///+2%+36HLOS COEFICIENTES DE LA ECUACION SONys//)
102 FORMAT(2Xy3HA=2 4F11,5+2Xv3HB=s «F11.5+2%X23HE2 sF11.54//)
103 FORMAT (2X+52HEL DISCRIMINANTE ES PDSITIVO,POR FTANTO RAICES HEaLta.'
1/7)
104 FORMATISX2IHX1I=4F11.5¢10Xe3MX2=4F11,5+///) :
105 FORMAT (2X249HEL DISCRIMINANTE E5 NULOsPOUR TANKTO RAICES IﬁuaLEs.zfl
106 FORMATI(SAsIHX1=aF 11,5 0X«IHX2=sF11:5¢7/7/)
107 FORMAT{2X+55HEL DISCRIMINANTE ES NEGATIVD,POR TANTO RAICES COMPLEJ
145, //7)
108 FORMAT(S5X+3HKI=,F1]1,542H «sF11. Se4H TMAS10Ke3HX2=4F11,542H <3F11.5
1e4H IHArfff}

LEE=2
IHP:B " . . - " " "
C LEE LDS COEFICIENTES
200 READI(LEE+IDD+END=240)1AB.+C
C IMPRIME L& ECUACION ’

WRITEC(IMP,1681])
WRITE({IMP+102) A 4H g
c CALCULD DEL DISCRIMINANTE
DIS=Hed2ai,0BASC
C RAICES REALES DIFERENTES .
RA]=(=»B+SQRTIDISH) /(2. 0%A)
| RAZ= (=B=SORT(DIS))/12,004)
WRITE(IMP.103}
WRITE{IMP,104)RA] RAZ
GO TO 230
210 CONTINUE
IF(D1S.NE.0.GIGO 10 220 °
C RAICES REALES !GUALES
RAl==B/{2.0%n) ' ; e
RAZ=RAl - ° )
WRITE{IMP+105} . ] o ' )
WRITE{IMP, 1061 RA1,RA2 e gt
GO TO 230 ' :
220 CONTINUE
¢ RAICES COMPLEJAS
PAREl==B/(2.0%4}
PAREZ=PARE]
PAIMI=SQRT [~DIS)/{2,0%A})
PAIM2=PATH] T
WRITECLIMP,L1O0T)
1HHITEtIHP.lDHJPhREerllHI-PAREE-PAIHE
G0 Y0 230
C ENDIF
C ENDIF
230 CONTINUE
GO 10 P00
240 CUNTINUE t -
CALL EXIT
END
77 XEOQ
1.9
5,0
1.0

PROG - 19
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"PROGUCTC DEDGSE MaATRICES ¢

P{t,J)= 0.0

PUL D)= p(r,J )+ AULJY x BT, J)

YL

All,J),3=1, NUCOI

2a.

PRCG - 20



" PRODUCTO DEDOS MATRICES * | le.

N 72
NECS RN

~KURE1, NUCOI,
NUREZ, NUCO2,
NUFIN

' FIN

|"NO CONFO
MABLES"

& 3 Y
Afl,1Y,)e 1,NUCO)

B(1,1),)=1, NUCOZ2

T .
!
@ PROG - 20
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/7 Jom’

/7 FOR
BLIST

T N 12

SOURCE PRODGRAM B S

#0ONE WORD INTEGERS : : - - T o '“.':"'_"f: “

*=I0CS{

CARD,1132 PHINTER)

m OO nn

1090
191
102
103
104
1045
108
147
1
108
109
110

199

0 o a0 ao

200

201

20z
203
204

205

EL PHDGHAMA REALIIn EL PRODUCTYQ DE DOS HﬁTRICES DE lﬂ X' 10 anlnﬂ.
UNA ES LA MATHIZ A(NURE1,NUCDLl), .
LA OTRA ES LA MATRIZ BINUREZ24NUCDZ) . )
SE RESERVAN LUGARES EN LA MEMORIA-PARA LAS HATRICES 4313 EE UAN F
MULTIPLICAR ¥ PARA LA MATRIZ PRODUCTOD,
DIMENSION A119+10)+B(10+10)+P{10+10)
FILES
LEE=2 . ) .
TME=3 - - e
FORMATOS ~ "y j
FORMAT [512) ;
FORMATI1I0FB,3)
FORMAT (/A /oS5 K e FHHMATRIZ AT+ /)
FORMAT (SXe Y0 IFB.342X) + /) _
FORMATA/AF// 285X 9HMATRIZ Bi//)
FORMATL///+5Xs22HLA HMATRIZ PRODUCTO Est.ff}
FORMAT(S5X+10E15.7¢7)
FORMAT { /775X, TOHEL PROOUCTO NO SE PUEDE LLEvhn A cnau YA DUE LAS
MATRICES ND S50H CONFORMABLES:// /) .
FORMAT (777} ' ¢
FORMATISIX ;11 HestuhaoaoHa) ' " s ’
FORMAT (53X, ]1]1He FIN @) ) T
LECTUHA DE LOS NUMERDS DE RENGLONES Y DE CDLUHNhS DE CabDa MATRIZ
¥ DEL-DETECTOR NUFIN,
HE#DILEE:]ﬂﬂlNUHE1¢NUC01.NUREE.NUCDE;NUF]N
ANALTISIS DEL VALOR DE NUFIN, §] UhLE CERCO EL PRDGRAH& NO SE LLEUh
A CABG. DE LO CONTRARIC SI.
IFI{NUFINLEQ,DYGD TO 1000 ) T . )
LE VE SI LAS MATRICES' SON CDNFGRHhHLEE. . " )
IF{RUCD] JNE.NUREZ)GD TO 200 ) ) '
LECTURA POR RENGLONES ‘DE’ LA HnTHII A,
DO 200 Ia]lyNURE]
READ!LEE:IDIl1#(1-J11J‘IoNUCDIJ
CONTINUE ) _ . R
LECTURA POR RENGLUNEE DE Lh MATRIZ g4, Ty ) -
DO 201-1I=1.NUREZ ” - T T S
READILEEs10)Y({Bi(I. Jl.d:l-ﬂucnzi o
CONTINUE
SE REALIZA EL PRODUCTO
DO 204 I=1.NURE] )
Do 203 J=1.NUCDZ
PIl+J¥=0.0
00 2072 k=1 .NUCO]
PiTaJI=Piled)+AI]l+KIMBIKsJ)
CONTINUE .
CONMTINUE . .
CONTINUE
IMPHESTION DE LA MATRIZ & POR RENGLOMES -
WRITEC(IMP. 102}
00 205 I=1«NUKE]
HRITE!IHP'ID31{At11JI¢J 1 NUCO1) -
CONTINUE
IMPHESION DE LA MATRIZ B PDR RENGLONES,
WRITELIMP, 104}
DO 206 1=14NUREZ
WHITEL{IHF 103X tHIT»J) s d=k +HLUCH]) PROG - 20



" PRODUCTO DE DOS MATRICES ™ : Ja.

-
-
. LY

"MATRIZ B *®

" MATRIZ
PRODUCT(]

PROG - 20



" MULTIPLICACION DE DS NUMEIGE UTILIZANDO
EXCLUSIVAMENTE MULTIP. Y DIVISION POR 2 ¢

2a.
/00

Bab /2
B a(B o)) 2]
R=R+A . y
* v

PROG - 21



ma ma ok 1 mmrs cw T - oawow

€~ 77T IMPRESION DE LA MATRIZ P POR RENGLONES,
WRITE{IMP,105) *° . . .
B0 207 I=]s+NURE] _ ‘
WRITE{IMP, 106} (P(Ied) pdm]l s NUCD2),
207 CONTINUE - R ,
T B0 TO RS T T T T Srmro O
900 CONTINUE , , ST e
WRITE(IMP,10T) - - .
, G0 YO 199 : L
71000 CONTINUE . :
WRITE(IMP,108}
MRITE({IMP+109)

WRITE{IMP,110}. . . e Lo
- WRITE (IMP,109} _ - o
CALL EXIT ’ o ; T
TEND . .. e ,
rr XEQ I ; .
2 2 2 210

15,54 =42,07'
i -‘1'22 ﬂ.ﬂ'

" 1950,75 =12.0 3
. b.00) 5.0 ,
222 210 ) ] s
0.2 98.75 T,
‘=]12.5 32.52 .
-1000,01 0.0 .
-~1.52 15.5% " ; )
232 210 L
e & 72 200 i a
r Lo F . T e
SO
" ‘
L PR -
L ;5 . R
- . _ ‘-1-;? .i D _*'_‘E_ L ’ . 4 p H
A e gt .
PROG - 20
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| -
L
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Ar——— e 3w e —— -

(e

C EEA o R R w2t T EmEm maer 4

RESULTADOS

. .n—l ST T e e e Taim -'.-*'w-.--r.'.‘ ]
e R . st
.I . 5 R
MATRIZ A! . s
igan " =82.070 -
12:388 "22:%58 —
“HATRIZ #1 ; N
o750 =12,000 ' '
2 1950731 2:880 1 Y
LA MAYRIZ PROpUCTD ESY ey
< 833988 1ES =+ 3958300E%03
L =11820000E233 -i2i8pacar+hs . _
H 1
© KATRIZ A® - -
' 00200 954750 } 1
nignﬂ -15:5uu ol —_
haTRIz B 7 o -
I . ’ ' § " : S
7 toppigad  gr008 ! .
L N RO
. o . # - - o
L& HATRIZ ‘PROQUCTD, EST "} 4 ' r R
T 42990290F+p2 . +1531613E%04 - T
e +3900000F+a2 =.1938750F%03 .
- .. Y ‘ ) .
EL PRODUCTO Np SE PUEDE LLEVAR 4 CABO YA OUE LASMAYRICES ND SON CONFDRMABLES
e o ERaatensh el -

13

FIN

LT T P PR

R Y1222 TT T N
n S

v T -

PROG - 20



A I

/¢ FOR . s :
eLIST SOURCE FROGRAM . L . ..
*ONE ‘WORD INTEGERS . ,--ﬂ.“y..( Mool ey e

+I10CS{CARD+1132 PRINTER)
" C-—mlu.-__-—-m-l-.-v-.---—-".t E 'I N T I u N n P —

C '~ MULTIPLICACION DE DO5 NUHEROS Dy
¢. UTILIZANDO SOLO MULTIPLICACIONES Y ° E
c ) DIVISIONES POR 2 ‘
S INTEGER A+ByCyRyAaA,AB I
. WRITE (3s181) " .
“101 FORMAT (1H1) " '
WRITE (34102} "

102 FORMAT {(9Xs1HA+3Xs1HE»4Xs1HBy 4 Xy 1HR+&X s 1HC)
200 -READ {Z»100.END=260)A.8 , -
100 FORMAT (213 ' L .
R=0 .
e AA=A L
BB=R . .
210 IF(B.EQ.1} GO TO 240 _
Bl1=B/2 ' ’ . ..
HZ=Dl+2 ) ‘ o
IFiB2.,EQ,.B1 GO YO 220. : -
C N ES IMPAR | - T
B=(B=1)/2
ReR+A
T GO TO 230
. 220 CONTINUE
C ES PAR
r B=R/2
230 CONTIHUE
T A=AW2 .. - t
: 60 TO 210 —. ~ . '
240 CONTINUE : LT
C=A«R -
WRITE 431103} AR.BESC - LT S
103 Fﬂnnny'tallul ' a ) SR
60 TO 200 . . . " T T
“ 260 CALL EXIT " oottt e - Sl L
' END o T : L : . .
f! XEQ : ) o A o
60 BO T T T T TR -
19 17 o - .
68 A5
40 11 -
T 99 ’

~
-

RESULTADOS e

. e P . E—— g T~ ———— e ¥ " ] sk T ¥ s o

- - = ma o= - a —

F-J

i
o s e
e Lodan's Lon ks
T
¥ bk Lol Oy RN

‘P amS o
Rried=tls]

-

bl P | a3
[+ ]
O s £

———

PROG - 21



“MULTIPLICACION DE GOS.NUMERDS UTILIZAND O EXCLUSIVA- Te.

© MENTE MULTIPLICACION Y DIVISION POR 2% 10°
. . - {
(nicio ) ; I Y
ko, L ) l -
. v v
' |SALTO-HOJA .

PROG - 21
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| B ' CL 105

=22 Jo0R T . ] ‘ &
/7 FOR o= : . o, _ _ . o +
#L15T SOURCE PROGRAM . ' ‘ .
#0ONE WORD INTEGERS . S T .
#«10CS{CARD,y 1132 PRINTER) - . - o

N C-'T‘"’------"-v EINTIUND D =eecennw ; R “_.l
c MULTIPLICACION DE DOS NUMEROS
c UTILIZANDO 50LO HuLTIPLchclnugs Y-

L | . BDIVISIONES POR -2 .

. IHTEGER AyBsCoRyAAWBE
S WRITE 13,101}
101, FORMAY (1H1)
) WRITE (3,102 ’ ) )
102 FORMAY (9Xs1HAsIX e tHX g4 XaIHB L Xy 1H=s & X o HT)
200 -READ (2+»100+END=260}A+B _
100 FORMAY (213)
R={
AAR A ' .
BB=R ' ) R
. 210 IF(B,EQ,1) GO TO 24n ' ' ‘. " ”
' : AlaB/2 ' - ' C
e R2=Bl#2 ) ' - .
o IFiB2.EQ.B}Y B0 TD zau L '
e, ES IMPAR ' oL -
' 'Ba(B=1) /2" o,
ReR+A . - o ' )
L * GO TO 230 ;
. 220 CONTINULE
c " ES PAR
. + B=B/2
230 CONTINUE . i .
AzAep . .
A 60 70 210 Lo
- 240 CONTINUE R _ , ‘
CoAeR ', ' L
WRITES (341031 AA+BB.C = - BtV
103 FORMAT (3110} v Lo T o
GO YD 200 . o a L.
260 CALL EXIT - T TERET T T,
: . END S £ T -t
/74 XEQ . . ) S
- *ﬁl.'! ag ) - TRemm s, ,' TTTT
19 17 .. Lo i ‘
&8 35 . e L
40 11 ' L Co
7T 99 ] ' S -
'fﬁ " " ' '1- . -
. RESULTADOS oo

e —er . L

-

=
Clm

)
TRt
HO Mo n

PROG - 21
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* MULTIPLICACION OE DOS NUMEROS UTILIZANDO - ~ 2a. -

EXCLUSIVAMENTE MULTIP, Y DIVISION POR 2 '7.- 5
-.. - " ) i
I
‘ .
!
.; " ' .
L] . ‘ ' 4
- " S * LIS '
* : & - vh
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2. ALGEBRA MATRICIAL

2.1 Ininaﬁuccién

Una mainiz es un arrealo aeciangulan de efemendos disird-

buidos en "m" renglones gy "n" columnas, 34 a Lo matniz ase Le de-
nota pot fa Letra A, entonces al elemenfo del "f-Eslmo” nengddn
¥ de La "j-Esima” coﬂumna_éa Lo nepaesdentand pon el sLmbofo aij'
Generalfmente ung mathiz se representa mediante panéniesis cua-

dradoy como se mugsina g coirdtlnuacidn:

P ]
aTJ a]i ..... aln
21 %92 ..., Zan
i’ a [} ’ [2.]}
a &
__wT HE  wuwen amﬂj

Los efementos que componen unc maialz pueden sen de dives-
408 Liped: ndmexrod reales, ndmenos complejos, funciones en el
dominie def tiempo, efe..

AL ser una matilz un arneglo ondenade de elementps, pex-
mite que AL aplican cienta metedolegia a diche anreglo se oblen-
ga una serie de nesultados que responden a Las interrogantes pon
Las que s¢ crigind el arreglo; entre algunos de fos procesdod en
£os gue se utilizan arneglos mataiciales s¢ tiene: jerargudiza--
eddn de actividades, afmacenamiente de datos, inventanios, re-
presentaci{dn do sistemas dindmicos, sdstomas de ceuacdones,elc,.

Existen cientas distaibuciones tipicas de Los efementos do
una ﬁa{aiz i de acucrdo a effas de clasif4ca a fas malaices en
diferentes tipos, entre £0s gue se Lienan:

Hatadz Cuadiada _

Es und matradiz en {a que ef ndmeno de renglones es {guad
. af ndmeno de columnas, es decix, w=r. Posx ejemplo:

i 2
A = (2.2)
- 3 4
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Matriz Nula-
Es una matriz de orden cualquietra, en La que fLodos Los e~
_Lementos.son nulos; pon ejemplo: '

0 ¢
B =10 0 (2.3)
0 0

Se acostumbra desotarla por ef simbelo 8.

Matriz Tdentidad

Es una matriz cuadrada en £a eual fLos elementos de Pz dia-
goaal principal son uniiarios y gﬂ kedto son nulbs, es decihr:

o Lo gy
04§ L L.

Se suele denotanla como I, donde "n" indica el onden de La matadl:
y af simbolo ‘Sij se Lo conoce como defia de Kacrneckex. Por ejem

plo:
. i ¢ 0
- I,=00 1 0 Co[2.4])
- 0 0 1 ‘
Matriz Diagonal
Es uita mairiz cuadrada en La que Los ¢lementos que ne peir-
Lenecen a La diagonal prdincdipal son nulos, ed decdn: .
_ @, ® 0 sdl L F (2.5]
Un ejemplo de cste tipo de matalz serla:
3 0 ¢
A= |0 1w 0 (2.6)
0 0 send

Matniz Thanapucsta
‘ B4 una matnlz cuadiada que se obiiene a paatin de und ma-
tniz dada A intencambiando nenglones cen columnas. Se Le denola
con el simbolo iT y se cumpfe gue:
| azj "2y : - ?E.?I
Mairhiz Siméinica
Es una matriz cuadrade B para £a que se cumple:

B - ET {2.%8)
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o equivalentemente:

L. o= b, 2.%1
. bti LR {

Entre Las matrices se definen dos .operacicones bldaieas:
~auma o resta de matrices,

emultdplicacifn matricsal,
2.7 Suma Mataicial

2.2.1 ﬂbjaio _
Obtepen £La suma de dos mairices de Lguak andan, g sedr

L« A+ B (2,10

2.2.2 Método

Paxra pedex Eﬁectuua Za suma de dos matrices (A+B) se ne-
quiese que dedn cunﬁunmabtea para fa suma, Lo cual implica que
el orden de fas dos mairices ¢s Lgual. En otrad pafabras:
4L A gs de onden [mxn) .
y B es de onden [xxs)
Pa swma CrA+B es posible solo 84 msn y nes.

Lus ‘clementos de £a matadlz suma edtdn dados por La sdiguien
te aelaecddn:

tii = aij + hij [2.11}
EL nestan dos matiices aquiuaia a cambian el si{gno de Lo-
- dos Les elewentos de una de ellfas y edectuar La duma, esfo ed:
W= X-Y =X+ (-¥1 [2.1%
2.2.3 Pesecaipeldn delf Progaama

ajSubrutinas nequenidas:

SUBROUTINE SUMAT(A,B,C, N, M, esta subrutina efectua fa
duma mairicial, el pnugaanﬁ prinelpatl fes ¢ Lapsime
nesullados.

bh)Desenipeddn de Las variabfes:



Pana La subhutina SUMAT:

N cantidad de nﬂnglanaa‘da cada una di Las
mafnices que se desed suman.

M cantidad de columnad de cada ura de Laa
matnices que de desead suman,

AfT, ) mataiz sumando de onden NxM

BiI,J) matriz sumande de orden NxM

cit, J} matadlz §uma

Pana el programa principal:

N cantidad de renglones de £as matrices

M caniidad de columnas de £as matriecs

AlT, T} matniz sumande de onden NxM

B{1,J) mairir sumande de onden NxM

ci1, J} mataiz &uma

‘e ) Dimensiones :
La proposicién DIMENSION debead sen modificade tanto
to en .ol programa paimcdpal como en La subruting cuan-
do: |
N> 10 yfo M > 10
~d)Fonmatos parna Los dates de entrada:

SEC.TARJETAS . FORMATO INFORMACTON
7 Torersy MM
? © O l&Fie.0) A{T,T),se dan Los elementos
) de £a mairdiz nenglln pon

renglén, Emplean Lantas Zan
jeias eomo se requicna,
3 [EFTa.0) B(1,J}, £{gual gue paxa fa

B o am mm o Em g o Er am EE R R o e b PE RN R R o o A R R EE o e o

— e o o S S O o o A M e B M T T o omm omm o owm W e

n TARJETA EN BLANCO, al {4~
| nalizan toda La Lnfomma-
cidin,

didiayrama de bfogues
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2.2.4 Efemply

Frn una tienda de arnticufos ecléctnicos se venden resisten- -
elas efécthicas de 1/4, 1/7 ¢ 1 Watt de polesncia en sels dife--
rentes valores reslativod,

- 84 Las exdstencdas un véeanes por La tande son:

174 1/¢ 1
160 0 200 380 275 |
156 Q 400 250 275
1.0, K 500 175 325.
.1.5 K §090 225 150
10.6 X 500 380 180
15.0 K 550 250 270

y el. sibado se xecdbe una nemesa con Las sigudlentes caractenls-
Licas:

1/4 142 1
160 9 [0 99 50
150 @ g0 100 55
1.0 X 75 90 60
1.5 K, 65 95 55

1o.0 X 80 100 50

5.0 K | 75 e 60 |

Determine fas resddtencics que tendrd en dnventanic ek
estabfeciniento el funes peor La madana dado que nd ef sdbade
ni el demingo hubo ventas .

* SOLUCTON

TABLA Z.1 PDatos pana el prcblema del efemplo 2.2.4
M4
k=3

200 380 275
400 250 275
500 175 325
A = |g00 22 150

600 380 P50
550 250 210




80 40 501
g9 100 55
75 90 40
55 95 55
g6 100 40
75 110 g0

TABLA 2.2 Resulrtades def problema cel ejemplo 2.2.4
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2.3 Hubtiplicacdbn Matrielal

2.3.1 Objedo L
Dadas dos matrices A y B, obilener el producto matidfcial
C de La foama:

-

12.13)

|
|
| 3=
-
| =

2.3.2 Método .

Para efectuar el producto entre des matnices [AxB] se xe-
guiexe que £ad matriced Sean conjoamabled para Ea muliiplicacidn,
fo0 que equivale.a gue ef nimero de cofumnas de fa mataiz premul-
tiplicadora {A] sea {gual al ndimero de aenglones de La posimul-
plicadora [B), es deeda:

4 Ates de orden {mxn)
¥y - Bes de onden [nxs]
ed producto mairiclal AB send pﬂd&bit solo 84 n=a gy el ornden de
La matniz produecto sera Imxs). '
5L Ea mataiz C nepresenta £a matriz aesultante del produc-

to matnicial AB, entonces el efemente Cej estd dado ponr:
‘ : . R
¢ -:E: aitbﬂj , g:;,...,m [2.14)
t‘] _f ,...,4

E4 Lmpontante haeet notaa que el pacduclo matalcial-no ¢a
conmutative, easto ed:

AxB/EXA

2.3.3 Pescadpediln del Programa
a)Subrutinas requenddasd:
SUBROUTTHE MULTHATA,B N, M, L, X], esta subrutina cfectua
el producto matricial i;E.Et paggrama prinedpal se
‘emplea para fa Lectura de datos e Ampresddn de nesdul-
tados.
bl Pusendpeiin de Lns vandables:
Para fa subrutina MULTMA: _
AlT, J) mittadz premuliiplicadora de oadea NxM
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gi1,J) . maixiz postmul tipiicadora de onden Mxl

X(1,75) matnlz producto de crden Nzl
Pasa el paograma paincdipal:

' A{T,J) matadz premultiplicadona de onden NxM
BlT,J) matrdiz posimultiplicadona de onden Mxl
X(1,7) matriz producio de onden Nxl

clDimens {ones:
La proposicidn PIMENSION debend sexn modificada ztanto
en el pacgrama principal como en 2a subruiina cuande:
N > 10 yto M > 10 ylo L > 10

leé&matoa para Los datos de entnada: |

SEC.TARJETAS FORMATO INFORMACTON
i (315) N, ML _
2 (EF10.0) AlT,J), £os elementos do
. fa matniz se dan aengllén

por renglén, Emplean La can

tidad de tarnjetas que asea

necgsandia, )

3 [BF10.06} B(I,J), {gual que en el ca
4¢ anfendon.

- v Em Em o Em E Em am EmEm Em am s Em AR o o oo ] e e e wr

o o e S A B — wm omr Er mmEr o Em Er Em Er Em e Emogm s e am oad am

" TARJETA EN BLANCO, af {i-
natilzanr toda £a {njorma-
eiLdin

e)Diagrame de bloques:
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Fig. 1.5 Diagrama de bfeques para Fig. 2.% Diagrama de bfogues para

ef programa principal
' 2a subrutina MULTMA
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2.3.4 Ejemplo

Cuatre componenies de un aulomfvil requieren cemo matenda
prima de hufe, aluminio y acero, las unidaded que se reguieren
de cada mateaial para formarn una unidad de cada componente del
automdvil se proponcionan a centinuacién:

\ hufe aluminio RCEAD
comp. 1 B g 5 3 ]
comp. 12 3 4 5
comp. 3 20 2 4
" eomp, 4 ] 3 10
84 Los costos unitaries de cada mateaial son: B
$
hule 25.00
atumindio | 30.00
. ACEND 40.00

Deteaming ek costo total de cada componente debide a ta
materdia prima de que eatd compuesto. '

*SOLUCTION’

TABLA 2.3 Daies para el probiema del ejamﬁio 2.3.4

Ned
M= 3
Lot
g 5 ]
Ao. |3 ¢
20 7 4
1 8 19
L
8 - | 30
40
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3

TABLA 2.4 Resulftadeos del paoblema del ejemplo 2.3.4

HaTHEZ &

aBApE*gL LT[R}
+10GE*AL W RQBE+DL
«2g0{+g2 w2l +01
L 114111 s(poEvni

MATHIZ B

rd30E*02
«IQ0E+¢2
wiopind

HITATZ Papgdlucta

wAtpEen:
«113E+8] .
wFloleod
«843E40]

«Magrdl
MEE*RL
sAraLidl
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7.4 Thvehaifn de Matrnices

2.4.1 Objeto I
Pada una matriz cuadrnada A cblenen 4u matadiz inversa A

2.4.2 MEtodr

La mataiz {nversa de una matxiz cuadrada A es oltrha mafiiz
cuadrada gue se nepiesenia por ﬁf’ iy que cumple fa siguiente pro
piedad 84 La mataiz A ¢s de caden {n x nl:

aal a1 <At g (7.15)
— — -4 — —
Se define o La matriz {nversa ecomo:
-1
A T A (2.16)
{4l

donde £¥742 coneee como La maraiz adfunia de £a matriz A y] il
aepaaadn;é el deteaminante de fLa matriz A,

De La ecuacifnl?.lé) se infiere que pard gue exisia £a Ln-_
vensd de una maiadlz se Aequdiere gue |£| # 0, es decin, gue fLa ma-
thiz sea ne singular. .

Para £a obtencidn numérica de La matriz {nversa £4 necesdd-
nie acudir al método de Gauss-Jondan modificade. Eafo 4e hace de
bide a gue para obtenen i'r e una compufadera digital mediante
Lo ecuacddn (2.14) se requiene una gran cantidad de eperaciones
iy eonsecuentemente de t{empo. Pakra obitener ta inversa de una ma-
tniz {10x10] se requieaen mds de 340 miflones de openraciones con
ef método dinrecto. ) )

EL métfode de Gauss-Jordan es un método de eliminacifin s{s-
temdtica mediante el cual se transforma fa mainiz ondiginal A en
una matriz Ldentidad lﬂ i alf Ti&mo tiempe esta d&timd de trans-
jorma en Ea wmataiz d{nveasa A ', es decda, partiendo ded anneglo:

* . [ﬁ“ : lﬂ] (2.17)
y aplicande algwis de fas siguientes Trutsformaciones al arvegle (2.17):
={fintercambio de rengfones,
-mubdiplinacddn de un rengldn por un edcalaxr )\f G,

~suma de equindfiipleos de un rangldén a otno nengfdin,
e Llegu uf 3igudivnts axiegloe: .



[r Pt (2.18)
10 A,

£L mitodo parte de fa supcadcifn de que A ed una matriz
no singular, Lo cual implica gue &ud.catumnaa don vectones Ei-
nealmente independientes, en case de no senfo ef métode Lo pue-
de detectar; en dicha dLfuacifn se presenta que todos f£o4 ele-
mentos de un nengldn de La mataiz A o de sus matrices thansfor-
madas, &on nutos.

A fin de minimizaa Los errores de redondeo, €a efimina--
cldn de elementos se efectua plvoteando sobre Los mayones efe-
mentas que quedan en fa matriz A o en fas matrices obitenidas a
pantin de esta ﬁttima'pai rans formacidn; debe tenense cuidado,
de no emplean como pivotes elementos de aenglones que ya hayan
aidotu;itizadaé como pivetes.

2.4.3 Fa&caipcién def Programa
a)Subrutinas requesadidas: ]
SUBROUTINE MATINVIA,N,EPS,PET|, cbiiene La mataiz inven-
sa de La matriz A, EL programa principel se¢ emplea
.pana £a Lectura de datos ¢ Limpresdidn de aesultados.
blﬂa&pnipciﬁu de fas variables:
Para La subrutina MATINY:
AlT,J) matrnizde La que de buscaad Pa {nveasa,
duranie el proceso se convieate en La ma-
triz {inversa.

N onden de £a matadiz A .

EPS erilenio parna dedleaminar 84 el deteami-
1 nante de la matniz es nule

PET pardmetro que Indica &4 el determinante

de €a matnriz os nulo
Ci1,J} mathiz identidad gue a¢ emplea paxa obtle-
nen £a malniz L{nversa
contadores que indican cudfes nenglones
y ecudled cclummas de £a mataiz A ya fue-

MUR
HC

—
Py
T St

ran empleados come pivodes



RAMAX mayorn elemenio de La matriz A ¢ de &us
trangpoamacionegs que se emplea como efe-
mento plvote

TEMP variable de Leocaliracidn temporal
Pare el programa principaf: )
AlI, T} mathiz de £a que s¢e busca L£a {nvensa, du-

nante el proceso se conviernte en La
matniz Lnvensa

N onden de £a matfriz A

EPS cailendio para determinan 84 el defeaminan
. te de fa maindiz A es nulo,

TET variable gue indiea 44 el defeaminante ‘de

A es o no nule
o] Dimensdlones:
La proposicidn DIMENSTON del programa paineipal y de
La  subrutina debend ser modificada cuando:

N > 1§ .
d) Formatas para Los daios de entrada:
SEC.TARJETAS FORMATY TNFORMACTON
! {15) M
7 {8F10.0) AlT,J), 42 proporcio-

.nan Lod elementos de

Fa matniz rengldn .pon
kengfdn.Emplear Laniad
tanjetas como se requie
han,

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

0iros paqueles de datos lepedlonal)
n TARJETA EN BLANCO, al
finalizar teda £a Lnfonr
maeLdn .
) Diagnrama de bloques:



FLg. 2.9 Piagrama de blZoques

def programa praincipal | Fig., 2.10 Diagrama de blogues de
Fra subiutina MATINVY
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2,4.4 Ejemplo

Obtenen £a invernsa

*SOLUCTON

TABLA 2.5

TABLA 2.6

| 2

e der m ae =
A l-n

Nrd

LIAL H A !

e lO0EN2 _

1050 01 =,

de Fa matniz:
10 2 3
1 20 -1
1 1 -10
? -1 -1

T
-20 -1
1110

KRG
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-1
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-
-

g

resultados del probfema del
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efemplo 2.4.4
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3. SOLUCTION DOF STISTEMAS DE ECUACTUNES LINEALES
3.1 Introduccddn

Pax sistemas de ecuaciones £inealfes ase entiende un grupe
de ecuaeclones que presenian fa sigudente estructura:

QrpXp P Aygpkg F oo F By x ¥

ail”‘! X, + ...+ &

: | . R o 15.1)

a + ...+ a . x = b

+ a
m? %2 T il -

meL

donde a;i ¥ b, son constantes y Las inedgnitas del sdistema son
Los valores x ., donde 1£ L&y, )

Dichos sisfemas se pueden represenfan en La foama:

AX=8 . 13.2)
donde A se conoce come La matniz de coeficientes del sistema,-
B como vector de téam{nos independientes y X como veeion de {n
chgnitas. '
- S${ el vector de téaminps independienteds es diferente de
cero se habla de saisfemas de ecuaciones no homogéneas y en ca-
40 contrandlo de sistemas homogdneos. ‘

Antes de proceden a nesofven un s{sfema de ecuacioned ed
necesanio defeaminar si décho sisfema tiene solucidn y en caso
de Ltenprla, cudnias posibfes solucdoned Ltiene. En base a Lo --

antendion ac¢ tiene La siguiente cladificacidni

' n{ ' d
compatible { edeaminado

no homogéneo indeteaminado

Lueomralible

Sistema de
geuacLones ¢ deteamdnaclo

Lineales i {Sok. Taivial)
) homogéneo {campaiibtz '

\. *:{nhé££ﬂm£uada
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el método consisle en trabajaxr con PLa matalz-de coeficientes y
ef veeton de tfaminos independientfes, es decin, con &a matriz
ampliada del sisiema:

[A_{ﬂ (3.9)

A dicha matriz se £e apllean una senie de thans joamacio-
ned que conducen a cbtener otha maitniz ampliada equivalente:

|
[?ﬂ:g:] (5.10

dende C "epresenta fa abtﬁc@dn de cada una de Las Lnedgnitas
del sisiema. ] '

EZ proceso equivafe a premulitiplican fLa ecuaeibn (3.9} -
panr ﬁf’, ed deedn, ef métode de La matadiz {nvernsa, solo gque ed
~te método consdate en una eliminacdbn sisftemdiica de valones.

La thansfoamacidén de £a matniz [3.9)en £a mataiz (3.10)
42 efecida basdndose en tres operaciones que no aftenan ef 448
tema de ecudciones 54inc que propeacionan s{stemzsd de ccuaciones
equivalentes, elfas seon: ,

< intencambio de dos xenglones, Lo cual equivale a inten

cambiar dos ecusclones. '

- multiplicacibn de un renglin por un escalan diferente

de cerne, Lo cual equivale a multiplicar ambeas miembros
de una ecuaciin pon fa misma consiante,

- suma de equimiliiplos de un renglin a otae aengldn, es

decin, multiplicar una ecudclfin por una constante "K”
y sumarfa a ofad ecuacidn. .
, Para aplicar Pas vperaciconc: anterionrnes se procede cn fa
- sLguiende foama: - T

"(:)Saﬂu:céunam un rengldn pivete y un efemente pilvete. dewn
tne de dicho rengldn.
(:)Hﬂnmatizam el efemento pluvete,es deedn, convertinfo en
un{tandio. o
@Cmt'ce.trm. clementos jue se¢ encuentren en £a columna anrnd
ba y/o abajo del elenente pivete mediante fa 4uwa de -
equimid L{pLos.
{E)Ecgneanu af paso (:) 4 asd sucesivamente hasta que se -
Ttany feama fa matniz de ceejdedlentes A en una maiicr --
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ideuiidad_iﬂ.
* Pebido a que dunante ef proceso de presenian erroies pox
nedondeo, La foama dptima de escoger Los elementos pivede g8, -
seleocclonando ¢l mayon elemento que quede en fLa mainiz A o en
sus transfoamaciones. Hay gue tenen presente que Los elementos de
un aenglén que ya fue sefeccionado como Linea plvetfe ne se pue
den wsar como piveted, adn cuando el mayon efemento quede colg
cado en diche nengldn.
AL sefecedlonan Los pivoies en fa foama antes mencionada
el ernen se reduce af minimo y, debide a gue puede guedar una -
mataiz no'identidad al Léamine de Las {leragcionesd, e4 Aecesanrio
aﬁzciuqh‘un intencambio de Lineas hastfa obtenex lﬂ.
- Cabe mencionar que ef presente méiodo es un mEfode diree-
2o de sofucibn que no tequiere que se detfewmine con anleatonidad
44 ol sistema e2s compatible y determinade, el método durante el
proceso proporciond dicha infoamacifn. '
S{ el sdsdema es compaiible y defeaminado, el procedimien
Lo descalito se puede LLevan a eabo sin contratiempos hasdta £Le-
gar a [T”:IC] . 1
S el sisiema es compatible pere indeteaminade, £a mataiz
anpliada adguirind La confiquracidn: :

I o 2 o 1
1 .
6 1 2 i 2 (3,77
e m om m Em E o oo i
0 "o e

es deecdr, un rengldn send hutﬂ; en esda sdtuacidn 4c obfienegn -
Las acuacianagindapandianzaa que aestan en el sfslema i se apli
ca fa metodologia coanedpondiente ¢ sistemas {ndeteaminados,

| S{ el sistfema g4 dncompatible, se presentand Lo sdigudiente:

11 2_: 1
0 2 3 2 13,72}

0 sea, 0. = )\ £ 0, to cual as una condrnadicedidn.

3.2, % Desendipeidn det Programa
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a)Subrutinas requenidas: . |
SUBROQUTINE GAUTOR [A, B, N, EPS, DET), esta subrutfinc
obtiene La sofucidn def sistema de ecuacionesd poxr -
el mEtode de Gauss-Joadan modijicade, el paograma -
principal solo sirve para enfrada y salida de datos.
b)Pescnipeiln de fas variables:
U Pana La subrutina GAUTOR:

AlT, T) matniz de coefdifcdentes del sfstema de -
) eoudcionds.
BiT1) vector de t&amines independi{ientes del -

sistema de ecuaciones, durante el proce
40 se thnanafonma en £a sofuedldn.

N onden del sistema de ecuacdones.

RAMAX maygor efemente de £a matadiz A gue 42 --
emplea como pivodle.

MYR(T) ¢ contadores que Lndican gué rengldn y co

MYCIT) Lumnas ya fueron empleadod .

-EPS eniterio para defeaminan &4 el defeami-
nande de fa matriz A es nulo.

DET pardmeino que indica s el delenminanie

, - de A es nufo,

LR y LC indiecadores del renglén y columna gque -
s¢ wiilizan,

TEMP vardiable de Localizaeidn Lemponal.

Para el progaama paincipak:

AT, matriz de coeficientes del sistema de -
ecuacioines. -t

Bi1) vector de Lénminos Lndependientes,

N _. ornden def sistema de ecudacioncs.

EPS enitendio vara defcaminar &4 el delermi-

nante de A es nulo.
PET pardmetre que Lindica a4 el deteaminanie
de A ed nule.
c) Dimensdiones: - ‘
La proposdieddn PINEMNSTION del pregrama principal y -
de £a subrutina se debeadn medifican en el casc de

gcs N :) Ip
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“d) Foamatos pana fLos dates de entrada:

INFORMACTON

SEC.TARJETAS FORMATO

! [T5) N

i {8F10.0) ﬁII,J], se dan Los elemen

. tos de A kenglfn pon ren-

. glLdn, empfeando lantas --
Tanjetas como sean necesq
nias para cada renglén.

3 - {&F10.0) BIT), ef vectoa de tami-

A M B e e mm omm omr mm mm omr w e mb B m Em am

nos independientes se da
en una tarnjeta o mds se--
giin fa cantidad de elemen
tos .

otres pagueites de dates {opeionaf)

omm mmam  mm oEm o oam gy m mmoam A m e M o o e o oW o e T

n

-

el Diagrama de blogques:

TARJETA EN BLANCO, af {4
nalizarn toda La Linfonma-
eldn,



3 3 . 39
Fig. 3.7 Diagrama de blogques, F49. 3.1 Diagrama de bloques

def paegnama paincipat, de fa subrafina GAUTOR,

Aublina
CAUTIR

k

haceatl
WE[[1=8
WO Y -2

indigas guf Aen-
alenes ne h2a 44
do empf endos

| S1CF

£od atriba y aba

fo de RAM
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3,2,4 Ejemplo -

‘Empleande £as Leyesr de Kinehhodd (vea nefenencia 2}, se
chtuvienon fas sdguientes ecuaciones Lineales paxra ef coneuddo
modtrado en £a fi{guna 3.5:

Rydy + RELE T
Ryd, = Rpdg + Rgdy v 0
' Redyg + Rydy ~ Rydy = 0
R,y + Rody - Rody = 0

Fig., 3.5 Circudto def ejemplo 3.7.4

5



S el valoxn de Las fuendes es I
y of de fas nesislencias:

E. = R = 720

)
"
)
L]
w4

f1
Re = R, = 5 R

R, = R, = 40

Jbitenga Las coriientesd de rama dgy gy £gy gy Ly Ly -

Lye tge 4o
* SOLUCTON

TABLA 3.1 Datos para el problema del ejemplo 3.1.4

N =9
(0 0 0 -1 0 0 0 1 .
-1 ¢-1 1 1 0 0 0 0
dr-1 0 ¢ 0 0 ¢ o0 0
A=]le 1 1 o & 1 -1 6 o
- g0 9 ¢ 1 1 ¢ 1 1
7 2 -4 ¢ 0 ¢80 070
6 0 ¢ 3 -5 ¢ 0 3 0
0 0 6 @ 5-5 0 0 ¢
90 6 ¢ 0 5 4 0 -4
-,
-2
&
-4
E = 4




TABLA 3.2 Resultados
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«L00C=nl

-

=.500C+p1L
LTI

Ba

def problfema

os

o

B
403001
3711 4431

o

8

=.300E+01
-iﬁﬂ[‘ﬁ]

=+ LARE ]

L1

L3

-

B
Y1811

del efemplo

1QOE+a}
L 1)
L L]
|-
T a100E+EL
d.
«duRL+El
[ 1)

&l

3.2.4

Q. «20aTe0
o "a200E 481
B M1l141]1
i = dD0L+0]

sia0f=g] L1t 1]
g, a.
L €
L -1
. aQfE+g1l &,
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3.3 Mitodo de Gauss-Sedidel - 3

3.3,1 Objeto
Obtenenr fa sofucdidn de sidtemas de ecuacionesd Lincafes ~-
econ £a configuracidn:

EITII + awxi. + ..t a

Qg Xy * dgpXy * oo v

2
. ’ {3.73})

@oqXy * A aKy F o v X b

ni nA R A

empleando ef método de Gauss-Sedidef.

3.3.2 MHéztodo

E2 método de Gauss-Sedidel es . un métedo de £ipo Lterativo
que sLave para La solucdidn de sisfemas de ecuaciones Linecales
def tipo:

AX=B (3,143

cuando Los valores numénicos de Los efementos de La diagonal -
principal son magohes quz'£06 demfs de su cornespondienite nen-
glén. '

Para asegurar fa convergencia del mitodo se requiete gue:

a) Los efementos mo nulos de fa mataiz de coeflelentes {A)
s¢ acwrulen en La diagonal princdipal.

Bl Los elementos de La diagonal pﬁincipni'de fa mataiz de
coeficientes (A} aean magorcs en valor absolute que fa
auﬁaiuaia de Los valotes absolutos de Los elementus --
nestantes del aengtdin correspondiente, es decdn:

n =
a, . ‘ > :E: laij| . £ I, 2, ..., n
i« 1
§# i ' ' [3.715)

Para apfican el métode s¢ precede a despefar una Lnedgni



ta de’ cada ecuacidn del axnegle (3.713), ed deelr, despejan L |

Ancfgnita x, de La "i-€5ima® ecuacifn, 0 seas

%y el by s agaxy - Agaxg e =Ry X,
' 11
-
% e I T 5! IRy LN
£
a2 |
1

- - - . X
X, =a—] En Tpr*r T %%y R N | “":l
. nn

g ¢ cafablecen Las siguientes ecuaciones Lteratlivas:

) (k) _ (R} _ (k]
TP SIS T 13%3 e T SRy
% L _
[ (k+1) (k] . -]
xék+1}’a1 b2 Ry g%y Gy3X3 .o ap, %,
' ' ] (B+1) _ (k+1] o
xik+71=a1 [E“ a 1% a, 9%, e a
ith )

donde x£h+l}
Ltenaeibn "R o+ I

indica ef vafonr de fLa "{i-&aima”

)

W3, 76)

s

[3.17].

LB 1]
nr".'lll n-1

inclgnita en fa -

Para arrancan el método s establece una so0fuciddn Lunl-=-~

aia£.§ﬂ=

L.

[3.18}
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dichos -vatores se éuatizugan en ¢£ Lado derecho de. fa ecvacddn-
[3,17) para obtener L& sigudente soluciln aproximada:
o =
{1)
1
(1]
g
X, = (3.19})

i asd sucesfvamenfe hasta que

-

Kot ™ i‘(_ﬁ_ (3.20)

Pana poder emplear este método es necesario verlfican con
anfenfonidad que el sistema sea compatible y defewminade; ademds
de qua'cumpﬁa con Las econdiclones ce convergencda def métode. -
Afontunadamente La mayonia de Lod problemas de tipo Lngenderdl
apmp fen Los requisitos menelonadosd. o

o s Clentos siastemas que a paimera vista no cumplen Los requd-
sitos det método pueden Lfenar Los Aequisitos mediante un &.im--
ple intercambio en La pa&{nién de £as ecuacdones.

3.3.3 Veascnipeddn def programa.
a) Subrutinas reguenidas:
Ninguna.

b) Pesenipeidn de fas vandiables,

éEI,J] mafriiz de coefici{entes del slstema
BiT) vecton de téamines {ndependientet
N orden del sisfcmn de gouacLones
AT vafor fnicial de fas incdgnitas del s4is
1 tema ¢ variable de focalizacddn tempo--
ratl :
'?1I}L ©vaien de Bas inedgnitas en Ealitahacién

H i ]

Xt1) valorn de Las Lncdgnitas en La Liexacidn

" "l = i‘ n
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H ‘ midximg nimene de ileaccionedsd a efectuan
E critenio de convergencin

NCON .- contadon de fteranciones efectuadas

SuM sumadon

c) Pimensiones: .
La proposicibn DIMENSTION deberd modificarse cuando
42 presente el caso de gue N2> 20.

dl Formafes para Los datos de enirada:
SEC.TARIETAS FORMATG INFORMACION

1 1215, F16.0IN, M, E
2z [10F8.0) AlT,J], Los elementes de
£a mainiz A 42 dan ren--
. . glén pon nenglin emplean
. do La cantidad de faraje-
Zas necedaria para cada

JAengldn.
- 3 [16FE.0) 8l1} el vecdtor de téami-
. ' nea independientes s¢ da
. ’ - en wuna faafelaz o mds se-.
. giurn el onden del sistema.
4. . {10F8.8) X1, La s0lucibn para -
. arrancan el método se da
. en una tarjeta o mhs ae-
. gin 4ea el tamado de N.

o wr w = e — r wr m o wr wr o TR e o R kb A R dn e B wr B NP M W A N R am mm o

- ommmr T o mr omr o T aw wm w wr Er EmTr Er Er B Er EmEr o W M o Em Er m omr o omm kb o e WO

" TARJETA EN BLANCO, al §ina

Eizar toda £a inﬁu&maciﬁnh

2 Diagrama de blogues:



o

hacen:
=i exgn
Fitl=xi1}

cufcner fold
nuevald vodore
T

dncsimcalat
coatadot fe
dtestesoned

NG

Fig. 3.6 Diaghama de bfogues para el programa
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Fig. 3.7 Listado del programa '



&7

3.3.4 Efempla

Parna el cinculto elfctrice de £a §49. 3.8 se¢ sabe que -

I, = 1Aed, =24, R » Ry = Ry = R, = R = R, » 1 .00 .

Fig. 3.8 Cireulo ellctrico delf problema def ejemplo
3.3.4

Se desea obienenr ef voliaje de £os nedos Vyo Yo ¥ US;
Aplicande andfisis nodal af cincudlo se obiiene:
3V, - U? - us = ]

+Ur + 3U2 3

I I P

arneyglo que ey un sistema de ecuacdenes Linealfes con Lodas fad

catacterlsticas propias pasa aplicar ef métedo de Gauss-Sedldef.



6B gf};*

ée seleceionand como solucifn indicial al siguiente vectoa:

[ _u 5_
v, :
, »
vy ¢.5
V3 0.5

* SOLUCTON

TABLA 3.3 Datos del problema def ejemplo 3.3.4

N =3
M= 50
EPS = 0,0001
B
A= -3 3 -3
-1 -1 3
i
B~ 1o
2
-
0.5
X = 6.5
0.5

TABLA 3.4 Resultados def problema def ejempfo 3.3.4

FLTAIZ AWPLTAOs

R PETT “l.000 ={.00¢ La00f
"l 008 1000 =1l.00g LFE-I-T)
=1.0040 LA T1 1.7 IR PO 2.009

FAIMINS aPNOX[walIge pE LA sELytlaw
-

LTE 1] 4.0 LILT ]

Lo sOLvchOs MEL SIyTewsd g5
+18000E ¢80} +79000E 124 NFLITIYY

Eremsgramts LI R FT 1§ ]
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7. APROXIMACION POLINOMIAL V COEFICTENTE DE CORRELACTON

_— . —

7.1 Inthoduccidn
' . En muchas ocasiones a pat£¢n de una serde de valores mues
,{Aazca! donde existe una variable dependiente y una o vardiad -
IﬁdhiabﬂééuiﬂdapEndianIE&, o8 nevcesario ajustan dichos puntos --
por una Siava fal que permita deerminar el vafor de La varia--
bLe dgﬁgﬁ&lgnxe para cualquier valor de Las vandiables Lindepen--
" dientes. ‘La curva de afusze pon el método de Los minimos tuadaa
_dos puede sen un poldiwmomio de gaado “a", una funcidn de tipo £g
gan{tm;ca, ete.; dicha canva se escoge de acueado a fa distndibu
jc&&n dz toa puntos muestrales Q en foama tal que 4¢ minimice fa
_¢umq_dz_£0q ‘cuadnados de Los erapncs. En processs estadiaticos
e tat tipo'de ajuste se Le denomina negresidn simple o mdltiple
:ﬂﬁ ta vanriable dependiente sobre fas vandabfes {ndependicntes.
_EL gnado de nelacifn existente cntre &a variable dependiente y
Ea xndEpandLante se denomina connclacifn ¥y a £a medida de tal.
natachn s¢ Lo Llama coeficiente da cornelacddn, el cual se due
£z danatqk cﬂn el simbolo 8 6 "i(2.3...n). Donde:

Varcacidn explicada

g Variacisn zotal {7.1)

.84 se considera a ¥ comp fa variable dependi{ente, las --
variacioned se definern en fa siguiente forma:

uanﬁncﬁﬁﬂ total = LY - ?J? * ﬁ (7.2)
vn&&acaﬁn explicada = IfVeasd - FJE ' [7.3)
Ud&&ﬂﬂ&fﬂ ne explicada = LY - Fa&t]z (7.4)
T N 2
zw; ijj_ = IfY¥est - ¥|" + EfY - Yesi [7.5]
. L *_
VeV n
&= 1, pana N ovunted puesdrales

N
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Grd {Leamente, pard ef caso de regaesibn simple so Lendrd:

A

0 -mgemmmm s mamm e e =@y

?0,¢a£.f"

- =

¥y -

Y

esl

- o W oo W - AT

Yy -V

curve o2

reghesldn
o eg F]

7.2 Métode de Zos Minimos Cuadrades

7.2.1 Objete

)'C---- - wmom

Efectuar La nregresddn Lineal o exponencial, simple v midl

tiple,

de £a vaalabfe X

!

sobre Laia)

variable[4) X

X oa
n

parntin de una Iabif de "m" puntos muestrafes con fa sdigulende

configuracdldn:
L

Pun.to

X

1

X

z

X

n

I

-

I

]

J

]

_

Para cfectuar ef ajusde se emplea el méiodo de Lod méni-
mod cuadrados, Ademds, s¢ phopercdona ef coeffeiente de corke-
laccdun y €ar desviacienes estdndan de Los pardmetrss de la cux



116 °

va,
Las cuavas de ajusite serdn del Lipo:

X, = AI + A XE + ﬁsx ..t Anxn

! 2 3

x. =e*1 efefr oM3%5 L. A C (7.6}

8¢ se dedea como curva de ajuste un pofinomio de grade -

"In-11" o sea:

2 n-1 ‘
"AT"'JHIK + A X "'-.."‘Anxf I?n?:'

X 2%q 3 %2

!

s080 se¢ nequenind efectuar of sdgudente. cambio de varniable:

X, = X, W

' -1
X = X"
no T - (7.2)

en el momento de paoporcionan Los datos.

7.2.2 Método

Dadas un confunte de "m" obsenvacdones de fa vardabie --
dependiente XI sobre wna 0 varias variables indapgndiantaq Xg'
X, 4¢ busca ajustar Zos datos mediante La siguiente eunva:

ey
(X)) =%, = A w ALK, + ALX 0 AKX ? {7.2)
t= ! ! 277 373 e nn '
EL vafer de 24 vardiabfe dependienie connespondiente al -

vaten de £as variables independientes en un punto muestral Ei
es X

1 o Por Lo que ef ennon send:
e om fIX) - % (7.70}"
e, " Ay v A L F ALK, bt ALK LS X

- 373,48 7 Ron,d 1,4 {7.71])

L ] . '
.XI = yalon estimade de X



7.

y La suma de Los cuadiados de Loa earores considenando todos -

fos puntos mupsirales es:

M . L ' 2
?,, & c %1 Ap v AgXg, et A%t e AR T x],a

: (7.12]
para obtener el minimo de La suma de los cuadrades de fLos erro
red e dendiva £a expresddidn [7.12) con respecto g Los parndmeinos
A; ¢ cada una de fas denivadas se {guala a cero paxa Zfoda j:

r 0 {7.13)
Lo cual se cumple so0fo s.4i:
] ’ 1] bl
A2 X, .+ A X, X, . % ... + A Xt =
Faer de4 2%1 2, 474,4 ”gmx“""i"
m -
= E:' XI,' xj,L[?']4}
L»]
al evaluan {7.14) paka toda "{" ac tiene:
rA AT, ¢ Aszxs o . * Anzxn - X,
p :
I A .
A, X? + tgrx? + AEIXSKE + . F AHEXHXE EKIX?
ot ' i7.15)

2
X + + c -
. = . ﬁnzx L'KIX
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expresande en foamg matrielak: *

p—— e = —" g
m EKE A zxﬂ &I zxr
g =| &
' 2
r X, EX K o e WEX An zx,xn (7.16}
- — b, e, —

AL nesolbven ef sistema de ecumciones (7.16) se obtienen
£os pandmetros Aj de £a curva de regresidn,

Dentro def programa s¢ plantea el si{stfema de ecuacianes,
obteniendo Lo sumatoria de Los puntos muestrales pana cada va-
riable, para el cuadrado de £a vardable y para Los productod -
cavzados. EL sistema de ecuaciones se nesuelve por el método -
de Gauss-Jondan modificado. '

. E& coeficiente de coarelacidn se¢ obiliene de £a’siguiente
foeama : ' .

. 1
, X . variacidn explicada
1{23...n) \ variacidin fofal
7 1
a
) “1(23...n) . (7.17]
\ £yt ' ,
- I
donde : T -
F) 2 Ced "
= 3
Exy Iy 23,00+ X123, . .n) (7.8

van,Zotal var.ne explicada var. explicada

tas componentes de La ecuaeidn (7.18) estdn dadas pox:

ST ox ot

m x? ) ? X
3 -
I ir1 1 {7.19)"

st ey e




2
IXjrp3. .7 Ay EXgXp t Ag Exgxgo tAL BN 1 20)
: . Exle - EXT EXE w
XyXg M
TLX X - X X
173 i 3
Ix,xs - M
‘ [ ]
EKIK - L X LX
ILx,x = n 1 n
1"n _ m (7.21)

/

A Los términos de Las ecuaciones [(7.19)y [7.21] se Les -
denomina elemenztos de vardiacddn y covardlaciln iedpectivamenis,
ya que x = X - X y fa variancdia y covarniancia se definen comg:

bri £ [x- @jz | (7.22)
_eovy, = E |:X . '.T:H:F - F"] o 17.23)

A continuacidn se descnibe la obtencidn de La desviacibn
estdndan de los pandmetnos Aj..
Se dedine a Los productos X'X y X'Y como:

X'x =11 ‘e oa .
oo . T J . I xE,I LY XH'I
X
2,1 XE,E"" X21"1 1
K“‘.I xn,ﬁ"' anm ! Xz,m xrl,m
n X LX
i n
= ?
L E E L
xf. Xf . XE KW
[7.24)
T 'y f L2
xn Fk? xﬂ . an
- —
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— —— Pt iy p— 'ﬁlﬁ
I
i I v ! Xl'} XI
I ¢ X
X3 .1 2,m 1,2 IX,X,
Xysf X o EE (7.25]
xn ! : X X LX. X
* " Tey,m I,m I"n
Sea A el vecton de Los pardmetros de Lla ecuacidn de xe-
treaibn, el sistema de ecuaciones [7.14) se puede denotar en
tase a Lo anterdior como:
- e e IXTKIA = XY (7.28]

dcnda'ﬁ_aapaaaentm ef vector de vafores muestrales de £a varig-
tZe dependiente. Por Lo Zanto:

Va X A + @ * ) {7.27}

v 1xx Xy . (7.28)
Se asume que £a ecuacddn de regresibn es de La forma:

E-’ x@ﬂ + Q {?.Eq}

A pahtin de £as expresiones anieniores se puede demostran
!UEA nef. T} que ta vaniencia de Lot parndmetnod A, es £& dada poa:

E (A-A - =a1xn (7.30)

EL valon da{fi se obtiene mediante La expresidn:

2
? 2 Ex
A Y T DU L IS + AP (7.31)

m-n

ionde "m* nepresenta La canfidad de puntosd muesirales y "n" La
Lindidad de varfables independienies.
Para egectos de negresdidn exponencial del Lipo:

A, ALX A X
X; = e Ie 2 ) n+1tn {7.32)

=

s 2l vecton de difjerencias entie Lod unio&zd es Limados o
Los valpires renlesd.

{-
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el prcjrama apfica el opeaadon "Ln" en ambos tamingd de £a ecua
eibn (7.32) con Lo gue dicha expaesibn se Linealiza y ecsia ex--
pné&i(a Linealizada ¢4 fa gque se uti{fiza para Pa obtencidn de

Lo pardmetnros Aj.

7.2.3 Pescadpediln del Progarama
al Subnutinas requerdidad:

SUBRQUTINE SISTOR[{N,M,C,4,8), plantea el sistema de e--
cuacdones requeaddo para La cbiencidn de Los pandme-
fros de fa cuava de nreghresdidn.

SUBROUTINE GAUTOR(A,B,M,EPS,DET], obtiene £a solucidn
del sdstema de ecuacdones mediante ef méElodo de Gauss-
Jondan, Consultan ef caﬁiiutb 3. |

SUBROUTINE MOLTMA[A,B N, M, L, X}, efectua pacducitos maind
ciales., Consultar el caplftufo 2,

SUBROUTINE MATINV{A N,EPS,DET), obtiene £a invernsa de u-
na mathiz pon ef métode de Gauss-Joadan. Consubiar el

.capituta 2. .

SUBROUTINE GRAFT[A,N, M), obtiene fa gadflca de Los valo-
red nueddrales y de Los vafores estimados. Caﬁauﬂzan
el capitulo 7. ' ' '

b]ﬂaacaipcidn de fas variablea:
Para fa subkutina SISTOR:

N caniidad de po ntos mua&tiaﬂea
M cantidad de vandiables, Lnecfuyende Ra d$
pendiente ]
cir,J) vafon de f£a vaniable xj pana el punteo -
Tomues taafd "LY
All,;2) nainiz de cocficientes ded sistema de e-
cuacLones

BT} veeter de t&amines independientes del s43
' . teoma de ecuacdones
SuM vasiabfe que guanda La sumatoria de 204
puntos muesinafed
Para ef pregaama paincipat:
N _ cantidad de puntos muestraled
M cantidad de vandabfes {nefuyende €a de-
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L

m:ﬂ '

NTTPO
e(r,J)
AL, T
Bi1]
EFPS
‘PET

PROD(T)
CM(T, J)

XTR(1, J)
X11r,7)

Al
VAR
© BVAR(T}

ATEMP(T)
e} Dimensiongs
EL programa

122

pendiende

vaniable que indica el Lipo de regresidn
a efectuar '

valoa de La vaxriable Xj para el puntlo -
mues tnal "LV .

matriz de cogficientes del sistema de e-
cpaciones

veelon de Léaminoes independientes del s.is
tema de ecuacioned o
ernitendioc para deteaminar &4 el deteaminan |
Le de A es nulo

uaniabtz.qua indica 84 el detfenminanie de
La matriz A ea o no nulo

sumatonias de Los productod cruzados xixj

matriz modificada de £a matriz C donde
CMIT, 1) =} -

matriz trandpuesta de La matriz CM

mALiiz invensa del producto matricial
[XTR} {CM) |
coeficiente de cornelacisfn-

variancda no explicgda, - o . e
desviacdién estdndan de Los pardmetros de
La cusva de rnegredibn

variable de reemplazo

estd esirueturade para trabafan coms md-
|

x{mo con edneo varl{ahfes Lindependientes. Lla proposdi-

cidn DPIMENST
fa cantidad

ON debead wodificarse en el caso de que
de puntos muedtrales sea mayor de 30,

d) Foamatos para Los datos de entrada:

SEC.TARJETAS

FORMATY INFORMACION

R

{215,A4) N, M NTIPO, para fLa varda-
ble NTIPO se debend penfo-
nan LINE en ef caso de xe-
gresddn Lineal y EXPY paia
regrasidn exponenedal.
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e) Piagrama de blogues:

123 -

C(1,J), los elementos de
La matriz se¢ dan columna
por COLumna. Impgeah tan-
fas tamjaiaa comp Jedn AL
cesanias. '

TARJETA EN BLANCO, al {i-
nalizan toda La Lafoama-- |
cddn

-



Fig. 7.1 Diaghrama de blogues paira Lo £
el phroghama pAincipal Fig. 7.2 Piagrama de bloques
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7.2.4 Efemple
Los valorcs observados para La demanda de energla eldeini

ca en el aaizoa residencial desde 1952 hasia 1973 son:

A ———T T

ARD DEMANDA RESTPENCIAL (Mu])

1962 1418,757
1953 1578.572
1964 1816.236
1965 1970.957
1964 2256.915
1967 2548.05

1965 2803,79

1969 3152.095
1970 3567.568
1971 3979.467
1972 4437.655
1973 4930.197

5S4 se sabe gue fa demanda de energfa eléctrlica se encuen-
tr1 esthechamente Aetacionada con ef tiaﬁpo, el PNB, fa pobla--
cidn y el producto bruio del secior eldéetrico del afio anterioa,
Obtenga una eurva de tipo Lineal y otra de tipo exponencial que
de ajusle Lo mefon posible a fLos valores mucatrales de £a deman
da nesdidencial de energia elfctrica.

* SOLUCTON
TABLA 7.1 Datos del pachlema del ejemplo 7.2.4
N = I2
B4 )
NTIPD = LINE & EXPC

[y
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64 .
&5,
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6%

38727,

178516.

1578.571

40059.

199390,
21e3ig.
227037.
2471272,
260901,
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41437,

1970.987

42563,

1.
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4228,
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06800,
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3152.095
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5357.
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71.

3979.667
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6297.
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354100,

4930.197
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THA e

V1) SOLUCION ECUACIONES DIFERENCIALES ORDINARIAS . -

ST LT ey ———

Los ecuaciones diferenciales ordinerios son aquelies en los que [a voria-

ble dependiente es funcién de una sola variable independiente :

i IR AL s

b,

o} Método de Eyler

Se trataré el coso de ecuociones diferenciales ordinorias de primer orden :
dy =y dx

Substituyendeo por los incrementos en lo expresién anterior se tiena :

ADy=y AX (V1.0)

Tomando un punto inicial pora orroncar y conservando un incremento cons

tante Ax se obtiene la siguiente Férmuls iterativa

Y]=Yﬁ+ ¥! Ax
. Xor Yo
¥y =Y'| +y' &K
- i {xt, Yi}
Yo+l =Y, + Y &x (VI.1)
[X'n.l Yﬂ]




La ecuneién V1.1 nos da fa férmula recursiva de Euler. Poro eplicy
el método se requiere que Ax sea pequeRio y ademfs contar ¢on un purs; 2.

inicio (X5, Y) . El error producido es del orden de .&XE-

L} Euler modificadoe

El procedimiento basico es el mismo solo que para coda Y41 seicee
una serie de iterociones con los volores obtenidos sucesivamente de Y, 4 o -
fin de obtener el volor més exacto de Y, ., |

Al tener @

_.Yt.-H = Yi. + Y’l[ﬂ&\’l’,}; | (v1.2)

se efectian los siguientes iteraciones :
y 1
- YEH = F ( iy ‘,Yi-ri)

?:H=YL+ (Y_,\L *Y,_L'J_L_. AN

2

Yﬂ’h'—' ‘J':.(:I'(E*-I;?L+'|3

(o

~ el
\(,_'“=Y; + (Y,h +Y;LH\1&X
yA

y os wicesivomente haste que @

-
N

Lt !

{ £ ::\*I.'*ﬁ

N ’
-
Y., -
(R4
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af cumplirse,se procede w ebtener Y; 42 y asf sucesivamente.

Al igual que en el método anterior es necesorio emplear Incramen-

tos &\ x) pequenas. El error producids es del orden &x3.

¢} Método de Runge - Kulto

© --Este métode utiliza las férmulas de integracién untes vIsh:bpuru Hegar
a le obtencién de su prepia fdmute recutsiva.  Dicho proceso es bostonte

laborioso por lo que no se trotard .

La sclucién para uno ecuacién diferenciol de primer orden Y'=f{x,y}

estd dada por @
Yn+'| = Yn + &YH
donde :

&Yn= _A_ﬁ,{_ { Ko+ ZK(+Z K, -i-]‘f?,)
6 .

I(n = l‘|:'- ( Xﬂ?\{ﬂ\ .
K,:‘;(%n-péﬁ:\(ﬂ-}- ‘rdc.&.x)
: Z 2

Kz

el

‘c(\-‘(rﬁ' %X;Yﬂ + 'l‘fqﬁx}j
2
F(¥as Ax, Yo+ K2)

1"t

Ks

)



La férmula cnterior es (o de Runge-Kutio de 4e. orden, hoy otros -
f6rmulas con mayor canlidod de términos que se obtienen empleande diferen

¢ios de mayor orden al deducir lo fémula.

Los pordmetros K; representan la pendiente de lo funcién en los --
punlos en que se estd evaluande . El método da un error del orden de A?{5

y €5 uno de los més precisos.

EEemElu

Cbtener la solucién detu ecuacién diferencicl ¥'= 1-X+4 y pora -
5 puntos consecutivos empleando los métodes dr,: Euler, Euvler mejorado y Run-
ge - Kutta vsando un Tnc;'ementn Ax=0.1, (I:OITEpﬂr{JT' dichos valo.res con To
solucidn raal si Xo =0, Yo=1.

Sol. : ]

Lo solucidn exocto esté dada por :

- 4Y = 4o
Ax

YF:: A+B)‘:
. -4}5\ -4_5)( = ’ll_x

Yh:_f.‘@

ft’\':"é,}.. 5 T':b:‘j.?;"
Yixy=ce™ o
) y L-__qX

Y{c)=4=C-4_
4
L =

Al
i
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Ay
Y(?{)-'-.@_ e -1 4

)
4 4-2T¥

los férmulas de solucién para fos métodos son 3

\(n =Yn-l + Y?]ﬂ_‘ A}( ~ (Euler)

Y‘r‘j =Yﬂ:—j + \{’.kn-'."&y |
- Euler mejorada

i?“ = I\{ﬁ_, 4 (‘\{’)r\-;‘*\(:l nj Dy
7 . .

\(ﬁ:\(n-j + _A_.?i Y_K, 4—2|<1+2K34'I{4]
¢
k'1.= ¢(Xn-1_,\{ﬂ‘1)

kg_ _ F(X,-.-, 'I'%L(‘?Yﬂ-l -I—IFKE_A%) Runge Kutta
K'ﬂ = 'g (an - _,ﬂ_\_z}.{. ,\{ﬂl-l + ,.]'%1; &?‘{)

KJ. = [:: (Yﬂ-l""— &X _,\l’n-'. + V‘E .QX)

las saluciones se muestran en la siguiente tabla:

¥
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KoL X Euler £. Mej. R.Kuttg Real
0f o 1 I I 1

1| 0.4 1.5 }.595 1,608 1,609
2 02 V209 2 443 2.505 2 .505
3103 | 3.4 | 5.737 3.829 3.830
4104 | 4.774 | 5.609 5.79 5.794
5105 | 6224 | 8369 | 8.709 8,712

d} Diferencips finitas

e e o —— — o —

Este método se emplea cuondo se tienen problemos con valores en la

frontera.

El prncn&imienro consiste en lo'siguiente : dividir el intervala de in
tegracidn en "'n" -espucim iguules,. empleur las férmulas de derivocién de
- diferencios finitas en la ecuacidn diferencial (todes las diferencios deben -
ser da! mismo arden), substituir las condiciones de frantera y por Gltimo re-
solver el sistema de ecucciones planteado. Se tiene que oplicor el opera-
dor diferencial o fodos los pivotes del intervale,

E'|EmE1o

Res:_:-lver la ecugcidn diferenciol a2 ¥2> -y =0, en el intervalo (0,1)

d X2
51 ?{G} =G.¢ }'“} =1



Sol .

Se divide el intervalo en "n" portes iguales, sean 4 en este caswo 3

Ax=1-0 =025

)
LY
B ()= 4
[
|
Yioy : - - 2
=0 %5 .5 35 - A Y

- empleando diferencios de Zo. orden :

Y.

-] -2V Y,
I—mg [Yl—.'i 2Y; '+l]

sbslituyenda en la ecuacidn diferencial ;

- [Yi-l-?""i“”m] - =0
Ax?

Yiy -2.0825 Y, +Y, | =0 (VI.4)

las condiciones de frontera son :
Yq=0

Y,

aplicanda V1.4 gn los pivotas ;



X} =0.25

Yo - 2.0525Y] tYq9 =0
- 2.0625Y) 4+Y,=0

X?=ﬂ..5

Yy «2.0825Y5+Yy=0

Xy =0.75

Yo - 2.0623¥q4+Yy=0

Yo -2,0625" Yy = -1

el sistema de ecvaciones es :

~2.062 Y+ Y,

Y1 -2.062 Yp+Y,

Y:_,‘

de donde :
Yy =0.216
YE‘ = 0,445

Y5 =0.701

-~ 2.062

tv1.5)

V1.6)

L7

83.-

NOTA; Cuoado se frute de ecuaciones diferenciales de mayor orden y se -

cuenta como condiciones y" =0, elc., hay que wbstituir en dichos ecuacio

nes las tarmulas de diferencias ¥ despelor de abi las condiciones de frontera -
£

desconocidas,
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{%Eﬂ.# Sefucdfn de Sistemas de Ecuaelnniy Difenenciales tincafes
.. Mo llomogéneat de Paimen Oxrden

vr-'_g,; i

Cbtenen 2a dvlucddn de sistemas de ccuacd{ones difencicia-
Laa ne homogfneas, £¢nen£aa de primer onden mediante ef métoedo

ﬁ“dc Varincidn de Pardmatnos.
‘\..

y ﬁ la xepresentacidn en formd matrdicial para esie Lipo de
h

gdLéiﬁmad de ecudcdoned diferenciales es:

X{t) = A X(2) + B ulz} ' {10,186}

dauda tu{z) mapta&cnta el veetor de entradas exieanas 54 50 ha--
v bta de slstemas fLsicos.
24
‘mtaa dalidas no siempre cornesponden a Las variables empleadas

+en Lad ecuaclones dijerencdafes, en este programa se conaldesa
ita aepaza¢u1ac¢6n completa mediante vandiables de ecatado da un
ﬂi&étama Lineal, Lo cual es:

TN
X(t)e A X(t) + BU(L]
viel= CXit) o+ DULE) ) {10.17)
Xity) = X,

/

gﬁf.J.E Wtodo
ﬁﬁ o BEL mftede de vardiacidn de paadmetrcs establece gue £ s0-
*Euc&ﬁu def s{siema de ecuacioncs d{ﬁﬂ&fuﬂ&ﬂﬂﬂé Eineales [10.17)
vtcone pox solueidu: '
. L

Al

x(e) “t’tu’xﬂ ‘ Alt - 9lg yords 10015

vy * ‘{;_ 2 3 5 ’

Debido a que cuando se modelan sistemas dindmicos Einealfes

f



donde fa matrniz e

236 7 2.

Al - ;g] es La matniz de trnansdfedldn definida

en fa aanciﬁn 1¢.3.2.

Ponr £o tante La sofucifn Lotal aemd La suma.de £a nespued
ta debida a Zas condiciones {nielales mds La hedpuedta debida
a Las excl{tacdones extennasd. Para La piimexra parte de £a solu-
"cibn se discutid su obtencién en fa seceibn 10.3.2.

Pado
dianite una
La segunda

tambidn de
) FParag
Ladcera se

que ¢l primen iéamine de fa so0fucifn se evafda mes-

evolucidn de estades a Lnenementos Lguales de Liempo,
paste de La sofucidn:

. _
S At -9 yia)do (10.19
t, ==

evafuand a incrementos L{guales de Liempo.
poden evaluax La expresdidn (10.7%) mediante &2 compu-
nequiene discretizar el vector de eniradas’ Uz}, a--

preximande cada entrade u{t) mediante _ pulsos ¢ rectas
como e muedtan a conltinpacddn: 3]
}\u{t] )E w(z)
=
2RI~ 7
-\‘—__"
at nxiat e o at | At| at *
e | oy | e e Pl .
. £ P - L x i, 4 =

Fig.

()

19.10 Aproximacibén de una funcidn medianie:
al pulseos blhectas

En el pavgrama se¢ aproxima fa {funcdén ul{t] mediante nec-
Las, Las ceouacdones necedarias para La evaluacibfa de (10.19) sc
desannollan a continuacidn.

Sea £a funcidn ult) mestrada en La figuna 10.11
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Y

Fig. 10,71 Fun edbn ult] ¢ su aproximacién mediante
und recda en el Infervalo i, a ta + 2

Se desea evaluan La expresidn [10.19) penro:

P - £
A N T e X8 uioido (10,20
) , | :
0 : Ia
evaluande de tﬂ a Iﬂ + 4 2
t, * At at
- As . -
e.i['t ulﬁg['ﬂid“'ﬂi £ ziﬂ B u{o)de {10.271)
Zg ; LA A

Te La figura 10.11 s2 observa que:
ult, + Bt} - ulty)

ufal & Tt ulg,l (10.22)
i O
“hatitayendo {10.22) en [10.21):
Ar ¥
S B B Uie | o= {ai Y A% go b B Ulzy, » 82} =
U .
0 At ¢ i 5
-utt,) (A st L. L B ule,) 110.23]
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empleando £a siguiente refaecdifn:
L L N A LA I (10.24) -
- Tt 3 "“?"‘

en fos téaminos entne co&chetea se flega a:

az
oA M'S e gdo - 1L an)? e v AR oL (10.25)
BELE

0 n+
t
2 2N oA o Lorpary e L e e TN 0,28
0 Tne il

Para fa evaluaciér de £as senies (10.25}) ¢ {(10.26) £a can-
Lidad de L&amines a empfeanr dependerd de fa exactitud desaada.
Se gija un caiteaic de cenvengencda € fal que 84 I neprzienta
a fa matniz de fa sendie [10.25) y W a La mataiz de La senie
[10.28), a2 cumplfa gue:

24{:?”} - I'FIJ]{ £, para toda ij
' _ *otr0.27)
| i:+71 - f”]’<: €, pana toda £

Como Las sendes (10.25] g (10.26) s02o dependen del espa-
clamiento, de tendrdn que evafuar una so0fa vez.

Eé el pnagiama pare obtenea la nelacibn [10.24) hay que
evafuar el vector de entzadas Uit) en cada unoe de Los punios
en que s subdivide ¢l inteavalo de integracdidn,

En téfaminos genekales el proceso a segulh ¢s:

Al &
(:) evafuar £a matniz de Zransicidn e— L8l

(:) evafuan Las sendes de £Lad ecuaciones (10.25) ¢ (10,
7¢) .
(:) oblener £a acspndsta debida a fas conddicdones Lnicdd

Les pana £.
£

» i;] scphresoenia ef eleomiente z.. de £a mathiz z compues ta pes
£a sumatoaia de "n" téamlidos.
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(:) evaluar U[L) en o040 L4y

(:) abtenen £a redpuesta debida a £ad excifaciones ex-
teanas mediante Ea'aaiaciﬁn [10.,23)
(:) hacer L=4+1 ¢ nreghesar af pado (:) hasta barren fo-
do el intenvalo de integhracifn.
Jo.4.3 ﬂaacaipciqn def Prggrama |
a)Subrutinas regquenidas:

SUBROUTINE EXPMA[DELT, M, A, EXPD), obtiene £a matriz de
transieidn, Consultar secadidn 10.3.3.

SUBROUTINE INTPE{DELT, M, A, SUMA), obtiene fa matriz de
La sende [lﬂ.?&];reata eipresdidn se emplea para eva-
Luanr Ea Aespuesia debida a Llas excdiaciones exieanas

SUBROUTINE INTRE(DELT,M,A,RECTA), evalua £a cxpresiln
dada por La senie de 2a ccuacibn (10.25); esta ex--
presdidn s uldiliza pana cazcutdn La respuesia debida
a Las exedtaciones extauuaa.'

SUBROUTINE MULTHMA{A,B,N,M,L, X}, obtiene el producto ma-
tricial AB. Consulian el capltulo 1. .

SUBROUTINE GRAFT (A, N, M), grafica fas sofuciones de £as
variables dependientes y de fLas respuestas del ais-
‘toma. Consultar el caplfiulo 1.

SUBROUTINE EXCITA(T,Fl, evalun ef vectfor de entradas -
Urz] en el instante L. '

bl Desenipeifn de Las variables:
Para Ea subrutina INTPE: .
VELT espaciamicento entre Pod valoted de ta
- vaxdable independiente
H y cantidad de ccuaciones diferenciales
AlT, J matniz de coeficientes constantes del
sLatemn de ecutcdones difenenciales

EPS caltendio de convergencda

SuMA{T, J) mataiz aeaultante de evaluah fa sende
CN contadoa de {feadciones

pIv factonial divison

TNER {neaemento de fa vaziable independicnte

elevade a La potencia "a"
chAlr, J) ma {1iz Ldentidad
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B(I,J} matriz A etevada a fa potencia "n

X{1,7 wataiz wesultante del producto AB

Para £a subarufina IHTRE:'

DELT zapaciamienta entne Los valores de La
vardiabfe independiente

M cantidad de ecuaciones diferenciales

ﬁiT,J} matriz de coeficientes ded sistema de

ccuaciones diferencialfes .
RECTALL, I} mafadz resulzanle de evaluar £a sdeadle

CHA(T, T) matndz Ldentidad
-8(1,7) matiiz A efevada a &a potencia "n"
X{I,J3} °  matniz xesultante del producto AB
EPS eriterio de conveagencia
TNLW {nenemente de £a vandlable independiente
edevado a La potencia "n”
N contadon |
DIV factendial divisox
Para la Aubrutina EXCITA:
T . vafon del instante de tiempo en el cual
2¢ desea evafuar fa zxpaesidn U(L)
Fti,1} valoa ded primer renglin de fa expresiin
. Uit} en el instante 2, | ‘
Frz, 1) valon del segundo aengldn de La expresddn
Ult) en el inslante £,
Fl3,1] valoa del tencex neﬁgiﬁn de £a sxpresdidn
' UlL) en el instante £,
Fl4,1) vaforn del cuarto rengldn de La expreadidn
Uit en el instante L
CFLS, 1) valon def guinte nenglén de £a expresldn

UrL) en el insiante £,
Para el programa paincipal:

M . cantidad de ecuaciones difjerenciales

N cantidad d¢ subintervalos en que s¢ divi-
de el indeavalo de {nteqracidn

NS cantidad de salidas del sistema

Nt candidad de entandas delf adstema

PERICO andervale de {nfegracddn
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Y

PELT megnitud de Los subintervatos de integra-
eifn - -

AlT,T) matniz A del sdistema de ecuacdones

3(I1,J) matadiz B del sistema d¢ ecudclones

c{1, 7}  matniz ¢ def sistema de ecudcloned

p(T, 7} mataiz P del sistema de ecuaciones

X{1,1} condicidn inicial de fa vardable indepen-
diente

X{i, Ji condiciones indfcfafes para cada wna de
Las vaniables dependientes, J> 1

(1,7} solucifn def sistema de ecuaciones

yyir, 1 valor de fas salidas delf sistema

SUMA[T, T} integral del téamino consdlante de La e-
- I -Euanidn de La necta empleadd para aproxi-
man la entrada
RECTA{I, Il integral del tdamine variable de £a ecua-
eién de La necia empleada para aproxd-
mai £a entrada

SHOM(I,J) solucifn del sistema debdida a Las excdi-
) Laciones extennas
vi{I,J] valon de fa entrada en el {insfante %, ,

PEND(I,J] pendiente de la recta empleada para apro-
: ximax Pa entaada
RE(T, T var{ablfe de nreemplazo
Ff1,J1 - variabfe de saeemplazo
clDimend Loited :
La proposdedidn DIMENSTON del programa principal ¢ de
Las subrutinas debead modiflcanse cuando:
N > 100 ylo M > 5 ylo NS S 5 yfo NU > 5
5{ s modigica La extensidén de M, debeadn moddificar-
se Los argumentos de La subrutina EXCITA.
d) Formatos pana Ros dates de entrada:
SEC. TARJIETAS FORMATO TNFORMACION
f [415,F10.0) M, N, NS, NU, PERID
2 o leF10.0) AlT, ), Lod etementod de
Z2a watadlz sc dan renglén

por xengldn, Emplear tan-
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el Diagrama de bRogues:
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tas taijetas como sean e
cesaniad

B{I,Jl, {gual que para £a
mathiz A

CI1,3), {gual que para fa
mathiz A

PIiI,)), Lgual que para £a
matniz A

X{1,J), el primen valor e
be econresaponden a La condd
cdfn indedlal de La varin--
bPe independiente.

TARJETA EN BLANCO, af gina

Lizar toda La Lnfoumacibn,
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del programa prineipal gg = Fig. 10.14 Diagrama de blogue:
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10.4.4 Liemplo

Parn el sdigudfenie circulie elfelnico:

L

l——" iyt gt ‘

L+ ~ 4
-:_"" .
=F M ° QD .

V(i)

——

Fig., 10,19 Cireudito efdetnico ded problema del Ejgm-
plo 10.4.4 e~ |

$4 s¢ consddexnan como sdfidas Ic,y-UR , du repaesentacidn me--
diante vardiables de estade e4:

. T '_" N r “ — -1 [ -
di,
L 0 -1/t 1, 171 0 Vit
dz.
= +
dv, t7e -yref | v 0 -1/c 11z)
de_|  [_ I _ I S
c -1/R IL 0 -1 vit)
= +
v, 0 7 v 0 0 T{t)

do



vigh » s 1) (w
T1¢) = 0.5seni3tlu_ (2] (A}
R = 100 ohms

C « 0.1 F
L = 1.0 H
Iﬂ! q:
Uﬂital

L, « {0 s
§ i

¥ SQLUCION

TABLA T0.5 Datods para el problema del ejemplo 10.4.4

= 2
Ity = 0.3 A

Vv

M= 2
N= 100
NS= ¢
NU= ¢
PERIO= 10
[0 -1 ]
A =
R EIART Y
! 0
R =
b -10
"1 -0.01 |
0 =
0 I
M 1
=
0 0

X{r,3y =t 0, 0.3, ¢

F{1, 1 =

5.*EXP(-4."T|
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APLICALCTIONESHS

HNO - MATEMATICAT®S

l.- CONCEPTOS BASICOS . TECHICAS BASICAS

NMUOMEROS Y CARACTERES

2.- ALGUNOS TIBS
' G RAPICACION
3.- BUSQUEDAS BUSQUEDAS FN TABLAS
CARACTERES Y PALABRAS
4.- ACOMODOS.

STACKS ¥ COIAS.

REFERENCTIAS:

GEREZ, GRIJALVA ""EL ENFOQUE DE SISTEMAS" (CAP IV) LIMUSA, MEXICO
PFALTZ "COMPUTER DATA STRUCTURES" MC GRAW HILL
KNUTH "1iE ART OF COMPUTER FROG. VOL I y III ARDISION WESCEY

FORS THE, ORGRENIC,. " TO CCKHPUTER SCIESCE" JOH: WILEY.



VAMDS A VER CASO0S CONCRETOS DE A'LICKRCICHES HO - MATEMATICAS,
"SUpOUEMOS" QUE LOS "ASISTLENIES YA PROCRAMAN EH FORTRAN MUY

BIEN

1.- USO DE BAMDERAS [ FLAGS) Y SWITCHES.
SE UTILIZAN BANDERAS O SWITCHES, PARA DETECTAR UN ESTA-
DO EN ALGUNA PARTR DEL PROGRAMA, LA BANDERA (FLG} PUEDE
TENER DOS ESTADOS FALSO {,FALSE.) Y VERDADERO (.TRUE.,},
Hﬁaﬁsqmno PUEDE SER SWICHEADQ
FLG = . NOT. FLAG
Y PODEMOS PROBAR EL ESTADO DE LA BANDERA

{TRUE}
IF (FLG ) GC TO 111

O TRA ALA'ERNATIVA ES UTILIYAR UNA VARIABLE ENTERA ([IFLG).
LOS VALORES 1 ¥ 2 SON USADOS ¥ EL SWITCH PUEDE TOMAR — -

CUALAQUIERA DE LOS DOS VALORES.
I Fl.g = 3 - I FLG COWN UH GO T

o mg (10, 20 ), IFLG.

SII PUEDE TAMBIEN PROBAR UN LOGP CON UN COLTADOR 1LICITA-

LIZANDO IFLAG, i.e. SUPODUGRMOS QUE IFIEG = 1,2,3,4,5,

1,2, ....
I FLC= 0
1 FLAG = IFLG + 1

IF [ I¥LG. &I'. 8) TFIG =1



no - LOOP'S.

‘_LDS 1L.OGP DHL=$D, PUEDEN SER IMPLEMENTADOS DE MANERA MUY
EFICIENTE EN FORTRAN, S5IN EMBARGO LA VARIABLE DELJINDICE -—
DERE DE SER ENTERA Y EL INCREMENTO BERE DE SER POSITIVO

EJEHPLOS: SE REQUIERE COXSTRUIR W ILOOP EN EL CUAL

J TOME VALORES DE - 43 a + 43

SI EN UN LOOP J TOMA VALORES ENTRE 1le Y 2 ( EL INCRE-

MENTO ES ~ 2) ESTO SE PUEDE HACER.

DO 13 I =2, 16, 2

J = 18 - I

UN LOOD QUE REQUIERE UN ‘INDICE REAL, A QUE TOME VALORES --
0. 1,0.8, 0.3 ..,. 1.0 SE PUEDE ESCRIBIR ASI :
Do 14 I=1, in
A = FLOAT (1}/ 10.0
EN ESE CASO A SE INICIALIZA CO¥ 0.0 y 0.1 ES SUMADO CADA
VEZ QUE EL CICLO SE EFECTUE.
SI SE QUIERE DOBLAR EL VALOR DE UNA VARIABLE, POR EJEMPLO

1, 2, 4,8, 16, 22, &4, 1¥8, 516, ETC EN CADA PRSO DEL CICLOD.



1DE OTRA FOIGAA

¢ QUE FOR4A ES MEJOR 7

EMPACANDO LUMEROS.
PLRA AHORRAR ESPACIO, ES MUY COMUN GUARDAR VARIDS NUMEROS
EN'EROS EN UNA VARIABLE ENTERA, SlEMPRE Y CUANDO ESTOS N ﬂEﬁos
NO SEA NEGATLVOS.
SI LOS ENTEROS TOMAN VALORES ENTRE O y N EL METODC CONSISTE
EN TRATARIOS COMO DIGITOS SUCESIVOS EN LA BASE N + L. ESTC SE ~
HACE ASIGHANDO ET. PRIMER ENTERO A IA VARIABLE, EUmepnzcaNnona POR
Nk 1; SUMANDO EL SFEGUNDBO ENTERO,
POR BJ. SI LOS ELEMENTOS 1 a 5 DEL VECTOR I DIG VALEN 6, 8, O, 3,
1, SE PUEDEN "EMPACAR" EN'UNA VARIABLE NUM COMO DIGITOS DE UN KU
MERO DECIMAL
NUM = 0
BO 17 I =2, 5
17 KUM = NUM 1¢ + IDIG {I)
DESPUES DE EJECUTADO EL PROGRAMA NUM = 68031 (10TA LO ALTERIOR ES
VALIDQ PARA NUMEROS BIRARIOS EN DONDE KL ::2}. HAY QUE TENHR PRO-
CAUCION DE NO EXCEDER EL POSITLVO MAYXIMO DE LA COMPUTADORA.
?nuﬂ nnsuﬁp#can L.OS NUMEROS SE UTILI%Z: LA FUNCION  MOD. EL ULTI-

{C ENTHRO EWMPACADO ES EL RESILUG, CURNDO LA VARIARLE S5 DIVIDE --

EHTRE H + 1



SI nuM = 68031 Y QUEREMOS OBTEN¥R 1.OS ORTGINALES DE IDIG
HACHEMOS 1.0 SIGUIENTE:

Bo 19 1°=1, 5

I DIc (J) = mOD {NUM, 10}
19 NUM = NUM/LD
NOTESE QUE SE UTILIZO UN INCREMENTO DE - 1, PARA DESEMPACAR

CORRECTAMEXTE { LIFO )

- TRADUCCIONI DE TABLAS.
MUCHAS VECES SE NECESITA MAP EAR UN CONJUNTO DE NUMEROS A OTROS,
EN FORMA IRREGULAR, LA CUAL NO PUEDE SER CCMPUTADA. SI EL PRI-
MER CONJUNTO DE NUMEROS CONTIENE ENTEROS, ESTOS SE PUEDEN TOMAR
COMO INDICES DE UN VECTOR QUE CONTIENE EL SEGUNDQ CONJUNTO DE
NUMEROS . |
SUPCHGA QUE MES CONTIENE ENTEROS ENTRE 1 Y 12 REPRESENTANDO
CADA MES DEL Ao, W DIAS CONIIENE KL NU“ERC DE DIARS EN EL MES.
SI SE TIENE UN VECTOR LMES DE LOHGITUD 12, SE PUEDE INICIALI-
ZAR CON EL VERBO
DATA LMES' / 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 /
Y EL KUMERO DE DIAS PUEDE SER COLGCALQ EN N DIAS

N NTRS = LMES { MES )
LO CURL ES MUCHO MAS EFICIENTE QUE IR & TPAVES DE 12 “IFS", O

UN GO TO COMPUTADO CON 12 RAMAS.



PRIM = 1 1.
OLTIHMD e H“

IS

= ———————————— ¢
* PRIM= ULTIMO P ul —_— .
: PRIM + UL (MQ!
MEDIO =
2
e . M.
K = PRIM. K = cﬂ | E[
Vo I i .
. REGRESA EL VALOR _ PRIM = T vrrivo =
NO EXISTE .
DE ELEM {K) =M EL VALOR' MERIQ + 1 MEDIOQ
BUSCADO e
1
1 2

BUZDUEDA BINARIA. ‘

51

:

ELEM ( 1)

ELFM [ K ) =M

:

ELEM { 2)

M ESTa EN EI. ARREGLOD.
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SUPONGAMOS QUE SE HECESITA UN LOOP EN EL CUAL EL INDICE TQMA

. i g, 09
VALORES DE 1.5, 2.0, 2.5 .... 4.0 Y LUEGQO 2.25, 6.5, 7.75

_,‘I:-_H“\ - . - .
AigFUD}lI.S'Y LUEGO 13.0, 14.5, 16.0 Y POR ULTIMOQ 20.
50/ d

L ANTERIOR REQUIERE 5 INCREMENTOS DE 0.5, SEIS DRE l.2§ THES
DE 1.5 Y UlI:\I IHCREMENTO DE 4.0, PARA HACER LO DESCRITO EN FOR
MA ELEGANTE GUARDEMOS EL INCREMENTO EN U}I ‘:TECTOR ¥ EH 10"1‘?(0 EL
NUMERO DH VECES QUE HAY QUE HACER EL INCREMENTO.

| DIMENSION AINC (4), NINC {4)

DATA A INC / 0.5, 1.25, 1.5, 4.0/, NINC

c /5,6, 3,2/

J = NINC (1)

DO 2 X=1, J

o r— = — = .
] a [

2 I}\.'-: A+ ZINC
1 CONTINUE.,

CLRLCTERES |

Eil! FORTRAN LOS CARACTEHRES PUEDEN SER ASIGHADOS A VARIASLES DRE
CURLAUIER TIPO, (EL HUMERQ DE CARACTERES Y EL %4 DE BITS EN UNA
PALARRA VARIAN DE MAQUINA A MROUIWA ) IEM 1130 ES DE 4.

ST WA PAL&ERAPPGEDE TENER AICERLCTEHES Y SE GUARDA EL CARACIEPR

A ESTO LUCE A5T:

-3

hl b1 hl bl




EN FORTRAN SE PUKDE RSIGUAR CARACTENRS A VARTABLES DE 3° FORMAS:

1 - -
e e '

. a . '
1,- LOS CARACTERES PUEDEN SER LEIDROS CON FORMATO A Q

_ L
-, o e _ .
2.- UTLLYIYANDO EL VERBO DATA CON UMA CONSTANTE HOLLERITH.
E .‘I °
. ]
DATA 1 /2HA8B/

DATA I AST / 1 ¢ /

o, | '

. o
3.~ LO5 CARAC'TERES PUEDEN SER COPIADOS HACIENDO UNA ASIGNACTION.
\ DATA PUNTO / I H. / C DATAGRLENE)/ 1 H /T
] - . 4
iy . A L ) . N t ! — - ¥
il '. L'K = PUNTO ' “ K . - .
v : : |
BUSQUEDA L]_N_E.H,L; ( SE VERA MAS TARDE CON DETALLE )
[ Rl e el h

IMUCH&S VECES S5E AESEH IDENTIFICAR UN VATLOR O ELEMENTO DE UMA LISTA.
LA FORMA MAS FRCIL E5 UTILIZAR UNA BUEQﬂEDA LINEAL, SE GUARDAN LGS
VALORES POSIBLES EN UN VECTOR, SE CCMPARA CADA ELEMENTO DEL VECTOR
CON EL“IUQNTIFIEEDOR" HASTA QUE SE ENCUENTRE,

EJ. SUPONGA QUE EL VECTOR HUM ES DE LOHNGITUD 10 ¥ CONTIENE D1GI-

TOS DECIMAL EN FORMA DE CARACTERES , LO ANTERIOR SE PUEDE HACER CON

bDATA NUM /1 HO, 2 HI, 1 H2, 1 B3, 1 H4, 1 £5, 116,

1 47, 1H8, 1 ne/

AHOIA SULOIEMOS QUE UN CARMCTER FUE LEIDO DE UR TRRIJETH CON FOPMA

T0 Al Y FUE CQLOCRPO EN



b

10

LA VARIABLE KAR , LAS SIGUIENTES INSTRUCCIONES DEBRERAN DESCU-

BRIR QUE DIGITO NUMERICO ESTA EN KAR.

PO 15 I =1, 10

IF [ KAR. EQ. HUM (1} } GO TO 24.

= .

15 CONTINUE

18 .

-

5I EL CONTROL PASA A 24;' 1 CONTIENE EL INDICE DPEL DIGITO NU-

MERICO IGUAL A KAR, SI EL CONTROL PASA A 18 KAR NO CONTIENE

UR DIGITO NUMERICO,

2.-

2.1

HUMEROS ¥ CARAETERE&f

WTIUTE LS LD T M et e e e

VAMOS A VER COMO CAMBIAR UnA CADENA DE CARACTERES A UN HU-
MERG ¥ VICEVERSA, ESTAS TECNICAS SON NECESARIAS CUANDO SE

LEEN NUMERQS EN FORMATO LIBRE, CUANDO SE MANIPULAMN FORMA-

TOS EN LA EJECUCION DE PROGRAMAS O CUANDO SE REQUIEREN -«

IMPRIMIR DATOS EN FORMA ESPECIAL PARE LO CUAL FORTRAN NO

FUE DISERADO. .

CONVERSTON DE CARACTERES A ENTEROS.

SI UNA CADENA DE CARACTERES REPRESENTA A UN NUMERO ENTERO,
SE PUEDE CONVERTIR A UNA FORMA NUMERICA UTILIZANDC ALGUMHA
TECNICA YA VISTA, SI EL NUM. TIENE SIGNO, SE DEBE HACER

UNA PRUEBA PARA EL SIGHO, CADA DIGITO ES IDENTIFICADO, UTI
LIZANDO UNA BUSQUEDA LINWEAL { LOS 10 DIGITOS)} Y EL RESULTA
DO PUEDE SER EMPACADQ EN UNA VARIABLE ENTERA.

UN NUMERO EN FORMATO LTBRE ES LEIDO, UW ESPACIO DEBE DARSE

PARA LEER LOS CARACTERES Y LOS DIGITOS DECIMALES EN LA ThR
JETA, LOS 2 CARACTERES CON SIGNO '

-
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Y EL BLAHCO DEBEN PRSVEERSE._ LO hﬁTERIDR SE HACE CON XLOS SIGUIRN-
TES umﬂﬁns:
DIMENSION Nuﬁ. (16), KARD ( BO }
DATA NM / 1 HO, 1 H1, 1 H2., 1 H3, 1 H4, 1 HS5, 1 HE,
e . 1 H?, 1 HB, 1 HS /
DATA I MAS, I MENO, I BL /1 H+, 1 B~, 1 H bl /
AHORA LOS CARACTERES SE LEEN EN KARD,

READ { S5, 2) KARD
2 FORMAT ( B0 AY )

TODOS LOS CARACTERES BLANCOS, DEL INICIO DE LA TARJETA SON

+

IGHNCRADDS

b0 10 Y =1, 80

IF { KARD (I). NE. IBL ) GO0 TO 2 O

10 CONTINUE

ST TERMINA EL LOOP DEL DO QUIERE DECIR QUE LA TARJETA
1LSTA EN BLANCO, SI EL CONTROL SE VA A 2 O KARD {I) CONTIENE EL
PRIMER CARECTER‘{_NO Bl ) UNA PRUEBA SE DEBE HACER Phﬁh EL 5IGNO,
PARA LG CUAL SE GUARDA RECORD EN ISGH, SI HAY UN SIGNﬁ, ENTONCES
I &E IN?REM&NTE EN UNOQ, ANTES DE QUE EL DIGITQ PUEDA SER iDEﬁTI;

FICADO.

20 ISGH = 1
IF ( KARD {I}. EQ. I MAS } GO TO 30
IF { KARD (1)}. BEQ. I MEND } GO TO 40
I sGN = - 1

30 I =71+1
IF { I. GT. B0 ) GO TO 999

EL CONTROL PASA A 999 SI LA TARJETA TENIA UN SIGHO EN LA COLUMHNA BO

ARHORA EL VALOR NUMERICO (APARTE DEL SIGNO} PUEDE CONSTRUIRSE EN INT



12

P
et

40 INT = @ .
DO 60 J = 1, B0
. KAR = KARD [ J)
DO 50 K= 1, 10
IF ( KAR. NE, NUM ( K ]} GO TO 50
c EL CARACTER ES IGUAL AL DIGITO NUMERICO.
d INT = INT * 10 + K - 1
GO TC 60
50 CONTLINUE i
55 G0 TG 20 q
60 CONTIRUE .
) ) f;{
c SI SE ENLNTRO UN MENOS CAMBIAR EL £F SIGNQ

4

70 \ IFr { ISGN. LT. 0 ) INT ) 1

7

- INT

ZL CONTROL PASA A LA ETIQUETA 70, S5I EL NUMERO EN LA TARJETA ESTA
EN LA COL 80, ( POR LA ETIQUETA 55 ) O SI UR CﬁRﬂCTEﬁ HO NUMERICO

FUE DETECTADO.

., b
2.2_~ CONVERSION DE UN ENTERO A UN CARACTER

- i
S5E VIERON LAS TECHNICAS PARA CONVERTIR UN NUMERD ASIGNADO A

C, .
UNA VARIABLE ENTERA A UNA CADENA DE CARACTERES. IL{OS DIGITOS DECIMA
1

LES SON DESEMPACADOS DEL ENTERC Y LOS CARACTERES APROPIADOS SON SE
LECCIONADOS UTILIZANDO UNA TABLA DE TRADUCCION, DE UN VECTOR QUE
CONTIENE LOS DIGITOS DECIMALES EN FORMA DE CARACTERES.. |

EL SIGHO ES VERIFICADO DE ANTEMANO, { VALOR POSITIVO )

LO5 HUMERDEIMUY GRANDES 50N DIFICILES DE LEER, PARA HACER ESTA LEC

TURA FACIL, UTILIZRMOS COMAS EJ 1, 3 14, 5 6 2, 1 3 4., LA SIGUIEN
TE SUBRUTINA CONVIERTE UN NUMERQO EITERD ASIGNADO A IDATUM A LN
CONJIUNTO DE CARACTERES INCLUYEHNDD COMAS, EL CUAL ES5 ASIGHADO A - -
IARRAY, VECTOR DE LONGITUD N. ESTA CADENA DE CARACTERES DEBE DE
EMPEZAR EN LA POSICION INIT DEL VECTOR Y SU LONGITUD |
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Y DEBE DE SER LARGQ EL # DI CAPACTERES.

SUBROUTINE COMAS (* IARRAY, N, INIT, LARGO, IDATUM)
1 " .

DIMENSION IARRRY (N), NUM- {10}
DATA NUM / 1HO, 1MY, 1H2, ..... 1 H9/
DATA MENOS, KOMA, IBL, 1AsT/ 1H-, 1H,, / H, 1 H%/

LA PQSTCION DEL FIN DEL CARACTER NEi.  VECTOR ES AHORA CALCULADA,

LA APROPIADA SECCION DEL VECTOR ES PUESTA CON BLANCO
-
']IFIH = INIT + LARGO - 1
’nn 1 I = INIT, YFIN
1 IARRAY (1) = IBL
c SE GUARDA EL VALOR ABSOLUTO DE DATO CON GUARA.

GUARA = IABS [ I DATO)
UN BLOQUE ﬁE 3 DIGITOS ES DESEMPA&ADD; ¥ LOS CARACTERES SOW GUARDADOCS
EN JARRAY.  IFIN SE UTILIZA PARA CUARDAR UN RECORD DEL SIG. LUGAR -
DISPONIBLE EN IARRAY, (TRABAJANDC DE DER. A IZ20. SI YA NO HAY DIGI-

TQS A DESEMPACAR IDATUM PASAR EL CONTROL A 40, 5I HNO HAY ESPACIO SU-

FICIENTE EL CONTROL SE VA A 20.

5 |'lmo 10 I =1, 1

J = MOD {KEEP, 10} + 1
IARRAY {IFIN)} = NUM {J)
KEEP = KEEQ/ 10

IF (KEEP. EQ. 10 ) GO TO 40

- IFIN = IFIN - 1
IF (IFIN. LT, INIT) GO TO 40
10 CONTINUE. .

51 EL LOOF TERMINA HDRMALMENTE,I3 DIGITOS 50N GUARDADOS EN IAHRMNY
Y YA NO HAY QUE DESEMPACAR. AIORR HAY OUE AGREGAR UNA COMA EL CON

TROL REGRESA A 5 PARA COLDCAR MAS {3} DIGITOS



L

f [ TARRAY { IFIN ) = KOMA
. IFIN = IFIN -1

i ’

IF { IFIN. GE. INIT }) GO TG 5 -

5I LA CdMA SE COLOCO EN LA ULTIMA POSICION EL CONTROL PASA A LA

-

SIGUIENTE PROPOSICION ( 20 )}, SI HAY ERROR IARRAY DEBE CONTENER
ASTERISCOS Y REGRESAR EL CONTROL.

20! | IFIN = INIT + LENGTH - 1
DO 30 ‘I = INIX, IF{W

i

30 IARRRY (I) = IAST

RETURN.

EL CDNTREL PASA A 40 CUANDOD TQDOS LOS DIGITOS DECIMALES HAN SIDO
DESEMPhéADDS, SI EL SIGNO ES POSITIVO EL CON?EOL SE REGRESA AL -
PRDGRHM#.DUE LLﬂﬁb -SI‘EE HEGATIVC, SE DEBE AGREGAR EL SIGNO, S5I

ES QUE HAY LUGAR.

+
;

40[{ IF ( IDATUM. GE. 0 } RETURN
! IF_(_IFIN. LE. INIT ) GO TO 20
I ARRAY { IFN - 1') = MENOS
i END.
.- GRA%IC%S.
L .

MUCPAS VECES SE REQUIERE IMPRIMIR GRAFICAS, Y NO SE TIELE
UN CKT O . UN¥ PLOYTER, A CONTINUACION VAMOS A VER ALGUNAS TECHICAS
PARA GRAFICAR, UTILIZANDO UNA IMPRESORA COMUN.

DE ANTEMANO HAY QUE SABER LAS CARACTERISTICAS DE LA IMPRESORA, NU
MERC DE COLUMNAS ( 120 o 132 CARACTERES) Y EL NUMERQ DE COLUMMAS

( 66 USUALMENTE)., SIN EMBARGO EL TAMARO DE GRAFICA PUEDE SER DE

CUALQUIER TAMANO.

LA TECNICA ESENCIAL A LA GRAFICACION EN UNA IMPRESORA ES LA DE =
THANSFORMAR T.A5 VALORES § I1CTIRT MO Sk T Y & oenne e
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1.- MULTIPLIQUE O D1VIDA, EL VALUR BOR CUALQUIER CANTIDAD PARA
v r L

TENER LA ESCALA (DISPERSION} DESFADA.

2.- SUME ( O RESTE} UNA CANTIDAD AL RESULTADO fﬁﬂh TENER LOS VA
LORES ‘EN EL*RANGO DESEADO. , - . _ o K
.- COMVERTIR LOS RESQLTRDDS ANTERIORES A UM ENTERO
- HISTOGRAMAS - -

LOS HISTOGRAMAS SE PUEDEN CONSTRUIR CON LAS -~
BARRAS HORTZONTALES O VERTICALES.
| SUPONGAMOS QUE TENEMOS UM VECTOR MARCA ( 10 ) QUE CONTIENE
ENTEROS POSITIVOS Y SE QUIEREN GRAFICAR COMO HISTOGRAMA.
DATA IAST /1 H = /
DO 5 I =1, 10
N = MRRCA {( I }

5| |WRITE { &, 4) ( IAST, d =1, N )

4| |FORMAT ( IX, 50 A 1)

* % ¥

wERwR
ook kR ok A ok
dkkhkdkkok
*rhkEkhkk ki hkxk

hwkokkhkAd -

Akkdhkk
SE OBTENDRA UN RESULTADO ASI

LER & B ]
* &k kk
LR

NOTESE QUE 1 < MaRCA < 50
LE CLAEE

SI SE TIENEN RESULTADOS DEMASIADO GRANDES, ES5TOS SE PUEDEN ESCALAR
DE LA SIGUIENTE FORMA:
l.- ESCALAR DEPENDIENDO DEL VALOR MAS GRAHDE.

2,- S8I LA LINEA A IMPRIMIR RESULTO DEMASIADO LARGA, ESCRIBIR UN
CARACTER ESPECIAL QUE LO DENOTE.



ES posiBLg CONGTRUIR ;ISTGGRAHAS VERTICALES  UTILIZANDO UN BUFFER ~
{nunnfxcuﬁnoni ¥ LAS BARRAS CUELGAN £OMO ESEALACTITAS} 0 CRECEN. EL
BUFFER DR%GINEIMENTE DEBE DE CONTENER BLANCOS, SE UTILIZA UN LOOP
CON CUENTA NEGATIVA, CADA CICLO EN ESTE LOOP SE PRUEBAN LOS DATOS,
SI UN DATO NO ES MENOR QUE EL INDICE DEL LOOP, EL LUGAR CORRESPON-
DIENTE EN LA LINEA DEL BUFFER ES ASTGNADO UN ASTERISCO. UNA VEZ QUE
FUERON PROBADOS TODOS LOS DATOS, SE ‘PROCEDE A LA IMPRESION.

DIMENSION MARCA'{lﬂ], LINE {10)

DATA LINE (10 « 1 H /, IAST / 1 H » /
DO 5 I =1, 25
‘ J =26 -1
DO 4 K=1, 10
IF . (MARCA (K). GE. J) LINE {K) = IAST
CONTINUE .
FORMAT ( IX, 10 ( Lx, Al) )
WRITE {6, 8) LINE

)

I-._.f",.I

SI SE IMPRIMIO UN ASTERISCO, TAMBIEN SE DEBERA DE IMPRIMIR UN ASTE-
RISCO DEBAJO DEL YA IMPRESQ, 51 SE QUIERE ENSANCHAR'LAS BARRAS SE HA
CE LO SIGUIENTE: (CAMBIAR MODIFICACION ANT).

WRITE (6, 8) ( (LINE ( X), L =1, 3}, K= 1, 10 )
FORMAT ( IX, 10 {2 x, 3al) )

5
8

| ‘m a em -

"LO CUAL PRODUCE BARRAS-CON 3 ASTERISCOS
SI SE QUIERE INCLUIR EJES {Y) EL FORMAT SE DEBERA ESCRIBIR ASI

v E} l FORMAT { 4X, ) HI, 10 (2 x, 3al}

AHOPA SI CADA 5 LINEAS SE QUIERE ESCRIBIR UN SIMBOLO LA LIKEA SE PUEDE

DIFERENCIAR DE LA SIG, FORMA:
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I.A QUINTA LINPA -SE IDENTICICA Col'ton (I, S) = O

EWRITE':E, g} r, ( ( LINE (K}, L =1, 3}, X= 1, 10}
9 | {FORMAT ( IX, 12, 2 U #, 1D {2X, 3 Al} )

b

HOTESE QUE EL SIGND + SE ESCRIBE CADA S RENGLONES, EL EJE X SE PUEDE

ESCRIBIR CON MENOS (SIGHQ)

'wriTE (6, 11) (1., I = 2, 10, '2) ,.
11 { | FORMAT (4X, IH %, 10 (JH ~== + -, ), 2H —-/ 4X,
5 1 10).

EL PROGRAMA ANTERIOR PRODUCE UNA FIGURA COMO LA SIGUIENTE:

* k&

LR LSk

* k% LE & 2

LS * K w * k%

Wk * k& * % &k

ko 4 &k * k&

& o i ok k& k¥ k

* Wk *kk Lk & *hk

* %% *,k & * %k * %k w ok

* oAk * ok * %k * &k L&
4 ko *kH * ki 4k i EhH o ol e — = —m

VEAMOS A CONTINUACION QTRO TIPO DE GRAFICAS.

cowsxnaﬂﬂyos UNA GRAFICA PARA DIBUJAR SEN (X)), COS (X), 5EN (X}+
cos (K) ¥ SEN (X} ~ C0S (X). QUERENOS GRAFICAR UNOS 120 PUNTOS PARA
LO QUE UTILIZAmés UN AMORTIGUADOR (BUFFER) DE LONGITUD DE 100 ELEMEN
%bs_ LOS VALORES DE SEN (X} Y CO5 (X) CSCILARAN ENTRE -~ 1.0 Y + 1.0
¥ LOS VALORES DE SEN (X) cas (X} NO PASARAN LOS VALORES DE + 2.0,

POR LO QUE VAMOS A ESCALAR LOS VALORES DE SEN (X) ¥ ¢O5 () MULTIRLI

CANDOLOS POR 2% Y SUMANDOLE 50,

PARAK PODER TENER “BOUITA" UNA GRAFICA SE HACE NECESARIO CORARER EL
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SE UAN - TMZAR 4 GMFICAS "1", l12|l' 11311’ Y u4u
DIMENSION LINE (100}, XaR (4)., VAL (4}
DATA 1BL/ IH/, KAR/ lHY, 1H2, 1H3, 1lH4/, LINE/ 100* 1H/
c EMPEZAR EN HOJA NUEVA
| FORMAT (1 H1)
F% Do 10 1 =1, 12C

X = FLOAT (I-1) * 0.09
VAL (1) = SIN (X)

1l

vAL (2) = cos (x)
vAL (3} = varL (1) + varn (2}
| ] VAL (4) = VAL (1) - VAL (2)

‘D0 5J =1, 4
‘| IND = vAaL (3) * 25.0 + s0O.

i
5 E LINE (IND) = KAR {J}

| WRITE (6, 7) LINE
FORMAT (5, X, 100 Al)
| DO 10 J = 1, 100

10 LINE (J) = IBL (?E HACEN BLANCOS

c DEJA -UNA HOJA AL FIN

i "WRITE (6, 11}
1 )

!« STCP

I
END

NOTESE QUE LOS VALOHRES SE GUARDAN EN UN VECTOR VAL, CON EL FIN

DE SER UTIL1ZADOS POR EL LOCP DEL DO
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CCMO BJFMPLO UTILIZAMOS UNA BUSQUEDA BINARIA PARA OBTENER EL NUME-

RO DE ELFMENTOS DE CADA INTERVALD DE CLASH PARRY, CDNS'&.‘RUIR UN HISTO-

-

GRAMA .

LA LONGITUD DE TABLA DEAE DE SER 2¢ 1, POR EJEMPLO 5I TEWEMOS 32
INTERVALOS, HABRA 31 PUNTOS DE .SEPARACION.

DIMENSION INTER ( 31)

IND X = 0
‘ INC = 16

1 IT = INDX + INC _
IF= {VAL, GT, INTER {IT) ) INDX =14%

INC = INC/ 2 .
IF { INC. GT. 0 ) GO TO 1

|

LGS VA‘LGRES DEBEN DE SER ASIGNADOS A INTER QUE I-LRR.CA' LOS LIMITES

DE LOS INTERVALOS, Y ESTOS VALORES DEBEN DE SER ASCENDENTES .

EL VALOR CENTRAL DEL INTERVALO ESTARA EN INTER (16 ) EL NUEVO

VALOR SERA AQIGNADO A VAL. INC TOMA VALORES 16, 8, 4, 2, 1, v O

51 MAL ES MAYCR QUE TOLOS LOS VALORES EN INTER, ENTONCES INDX TO-

MA SUCESIU&HEHTE.LDS VALORES 0, 186, 24, 28, 3u,ly 31, PERO SI
VALS INTER (1), INDX = O,

EL VALOR FINAL DE INDEX ESTARA ENTRE O ¥ 31, DADO EL LUGAR DEL -

INTERVALO EN EL CUAL CAE VAL
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IF[{aA LE B) OR (B .GT.CH GO 10 4]
tause 8 lransler of control to the slalement numbal 437
{a} A=250 A=300.Cm 155
(b] &4 =250 B= 230 C=155
o) A w50 B=210.Cm 255
) & =60 w260 C=275
hiochty Ihe programs wi Frg 1018 ¢ thal rarors are send i umiles whess the
answed 10 quastion J i Mo and thers a8 o OF more matas o e enily.
Tes! your peagram.” " -
Maod ty e program e Fg 10,18 20 tal razors ant Sent o T anywe 4o Quot-
ot 3 05 Yeu and dour Times ther numiba of mates v 16 phus two lemas e
rrumbar Ol wornen over 16 is grealsd than 15

NONNUMERCAL ALGORITHMS, FILES, AND DATA SIRUCTURES

The wse of compulers ortends thiough almost every part of ow modem
Irves. The Lrgesd vsage ol compiders s, however, in the worids of business
and goverenent Keeping records (bookkeeping) 15 atwaygs an mportant
pan ol unning a business, and this exlends 10 the busngss of ruaning the
govermnent For thatl malter, one ol the larges! uses of computers by Lhe
mildary is in Iogishcs, which is Iha contral of supphes, Compuiers also
perorm such lunclions a5 invenlory contol in Tactories and warehouses,
processing checks and cakculaling balances in banks, ang managing aw-
line and 'ain reservations, and Ihey take parl in jusl aboul gvery aspect of
business fecond mainlenance Compulers 2150 play Mapy roles in woCess
conlrd and the aulomalion of Manefzoctiuring. scheduling ol proaoction n
laciwies, mondoring palenls allel surgery, schedulng Rcrai mamien-
ance, and gssiding ManaQemenl i makng decsons by gathenng ard
cakulaling slanstics on ilems ol imerast

Impeant applications o SSI0NCe include work 1n gsychology, biology,
medicine, and ihe sodial $CNCES in general Probably na giher pan of the
COMUICT Business is growing 4% fast as the wark 10 {hese aaeas, and the
potential gain for manaind 15 by sEqoening.

Jusl 35 business managemesl inds o advanligeous w be abic ©
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process data and gather slalistics in busness lmnsactions. meduwzat o
searchars lind an imponant application in galhering sialrslCs on tng Blecis
of drugs when used in trealing patienta. Simiarly, biclogists and chemisis
now usa the daa processing capabdifies of compulers 19 gather slaustics
tor their work and lo mode! sysiems of ntaresl mo'eculi” Blruciures. [l
instance. -

There is an importard diffzrence in ihe use of the compular In bausiness

a processing and w mos! scierting applicanons This d.berence anses
Trom ine jact that Dusiness dala proCessing generally invidves mantaning
large Lies of gala while perdormng relatively Jew caiculahons on g vidual
data items. In scionbhe computing the computer is generally called on 1o
perorm many calgulalions on a retatively small number ol nput data
Hevertheiess, the came compulers are used in both application aneas
{aithough soma compulers are batter suited 1o scientific apphcalions and
ofhvers 1o business dala processing),

Tra Forran language was nol spec-ll'-cully degagred or bugmess dala
procESSing appliCatens, alihough A is olten used For this purposa, parti-
culary tor smailer systems. Tha Sobod language was designed especially
k¢t cizla handling and has been the moy widely used languege ol this fyps,
Ia date. {An othicial ANST Cobol iF used by Ihe government and rany
buginesses] Cobol has vary limvled compulalionz! abililies, koweyer, and
ts rarely used in stience and in other ppplications whers much rumerical
wrk i callad ke, A new lanquags. ML, develaped by XM, has bath
iwrsiness data procassing leatures and & Forran-lke abidy 40 perfaem
aumencal calculatxong {as well 35 some lcalures for characler S¥Eg
handling). The language PLT s gaining in populanty, ang Some anu-
facturers oihar than [BEM are now providing PLIT compilers {PLA i a very
large language, and a compigla compiler I pl some size )

15 FIE MAINTENANCE

Since large bustingsses and govemmantt tend K have Lyrge ek k main-
tain, farpe memores and sophisticated filing techriques are calked k.
Simdlarly, scientisis who gather data gometimes ectablish kirge filkes of
dala_As an exirerne gzample, congoar [ha work i avtomaled libranies and
informalion retripval systoms which maintam hibliographic likes contaming
hindreds off mollions of ilems. In thase cyslems il i5 possibla to search
mitlions ol abstracts lor key tems In minutes, I was, in lagt a need for
special Iypes of fies with extraordinary mainlenance rocedures whith
bed wovkers in the held ol anificial intalligence 10 develop certain of the
mas! nlenesting data stnuchres, which will be described.

. When giscussing Tile maintenance, # is uselu! b delne cenain TRmMS
mcre carelully. An idem is an individyal piece ol wiormalion A recond is
compozed of gll the ilems in a file relaling 1o the same obpecl or individual,
A cobtectan of relaled fems is caiked a file,

L L et TR BC LR | 11 S LR R N TP TS Eo
—_—— ————— e -
Ao e ) herwr =
) = =
[ 0 b ek Yeqr N - Sieay Adeirgsd . Toen BiB e

TG00k Fiymoutn 1068

friras 152731 wercuy 1973 F B jachgon 4B Knokr 5 belmort Mg,
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Examplas will ha!p clandfy tesa delinilions. An Jem might be 2 name.
SUCH AE TJoRn M, Jones.” of an @0e. guch a5 “29." or & mardal sialls. such
25 “M" of "5 o an address, suth &5 "29 Ancdes Avenue, Newlan lowa”
A record would then be he-sel o all dams for John M_Jones, yrhich wouald
be John M. Jonas, 29, M, 39 Rhodas Avenue, Mewlan, lowa, A catlivtion of
records soth as the above would conshlute a fite. Figure 11,1 ghows a small
podion of & lypicat file lor a deparlinent ol motor vehicles :

Lamge hlas can consist of oM hundreds of thousands o metiens of
tecodrds, ench record Conineng 3everal items Consgor e lzs of the
chiaau of Cansus of irtzrnal Rewatos Senvice of the liles ol ary Ao
ingrance cumnpany. Because ol 1he wze ol These Dlag thay mus = ma
liined ansuch glomge mediz 88 magrelic ape of Lands or esen, [
instanta, o0 microfilm. The mainténance of Inese files requres coTsider-
able work, smce they must be ceninyally uptaled. Further in grder lor the
files 1o b really useful it mus be possibvle to acquire dila ol & spc::lhe-d
tlazs from tha liles wilh mmimal safrch lim,

in oedder to maintain large file and ko search them nl!octwely lur sha-
citpd fecords of items in 3 panKylar Class Lhese st be cattully
designed with regard to thed crgBruzalion ~

The lerm daia sirvciune reles 1o the meihod used ke ofgamzing dals
and the rasuiting inlecrelations belween tha dala ilems and their addresses
or identifiars so that an efficien! Computer implemenlalion resnts. Dala
structuras forn an important area in computer science, ns do the alganlnms
kor meinthining and using .

1.2 OPERATIONS ON FILES
targa files must be continually mamntained. This pernarily consisis of

adding rew racords 10 ihe fle. delrting oid reconts, and maditying rezerd?

aiready in the fila. In perloming these operatons and an localing and

Il 19 Cauey fow Wopum  Bagg.,

™o
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processing data o the liles. it 15 generally elfwsient 1o mainlamn the records
a1 Ine file in some prescobed rder mthed han Semply aodung LEw lems &
the end, Ciosing up “holes™ when lems are defeled, eic

In crdeat to sea lhe peed lor o ening The ems in g hle, consider Ihe way
wa Lnd a nama in a lelephona baok. If the camas in a lelephone ook ware
nol ardared. we would have 10 Slad al page 1 and search the book a ngme
a1 a time Sincg, however, we know Last names are aranged in alphabetic
order. we Can guess al the kacalion of a name, open the Dook 10 1hat painl,
and see «f wa have made & good guess of il we nesd to move tonward
o backward n the book Contresl the small amount of bunling neces-
sary 1o locale a name in @ 1@lephone Bock with the effort i jurad 1o find
a name inoa novel or some olher book where il is mecessary 1o search
2l random

Arrangrg) a gewen lile in a prascribed order 15 Called sorng he hile.
Ganerally soma parttcular lem in agch record s chosen [such as 1asl
name, gocial security number, par numbaer), and the file ¥s sored by ar-
ranging the records in the e 5o Ihat the selecled iterns ara in the pré-
scribed grder. The selectod tem is called a koy, and the file is sad (o be
sivted on e koy,

Fod pracical purposes. sofling in a compuied generally consists of
arranging tha records by ordenng the keys in ascending (Of somelimes
descending) numaorical order, When alphanumenc characiars are used in
lhe key, each characler will, in actual practice, consist Of sevoral binady
digits, and Ihe complele sel of binary digits in a given key can be con-
siderad a binary number. By then armanguyg Ihe binary numbers kor-the
hays in rumencalty ascending order, we can “sort on Lhe key " [The order
in which an alphanumerc code cpuges the chaaclers 0 lhe code to be
arranged «hen thoy are w astcending AUIMEHCAI (binary} ordes s called
tha codlaling sequence fiar he coda |

Since zorling is such an impaortant funclion in file mainlenance. many
algonihins have been irvented for it and several of them are examined n
tha fallowing sectons

Anoihet imporlant operation is lhat of searchung. When a particular
recard of a =el of records with some Specilic characlerigtic in a file is
requirec, searching the file 15 necessary. The simplest 1o of a search i3
Ihe Lnear search where Lhe records are examined one at 3 tine i oder,
This is Irme.consuming 1or masl memodies but is nalural kor tape mems
ares If a hia has been soned. the mos) ethcient tinary sesich can be
usad. Some aspects of the saaich pmtﬂem ara cxaminged in following
seclions.

A most inleresting and imponant aspecl of Lins involves tha ways in
which Ihe data are ored in the hie ang the ovetall drganizal:on of the file
stnuciure. There are, in tacL many ways to oiganize a hie in a memory, and
Oma arg examinad o Lhe imar mclmns ol this chaptar,

[ T I ML SECTLUL R B LA B L A 1 1 i

113 SORTNG ARD MERGING

AN IRLAHIRl opLIAlGT N Maetaenng Business ang other nlormalign
sysienn fHes conseis of 5orling 2 Lie on a selected key, &s was mendigned
previously, the sortng places 1he records o e Lle ypan gmer 5o 1hat 1he
key items in the reco:O5 are In nondescending order N N (wo records N
the fils have Ihe same vilue toe the key (kW instance. (f Ihe iy was a socual
secunty number in a personnel Lie), the recorcs would ba arranged wilh
the keys In ascending order, fn an actual Lile consisting of many records
each containing several dams, soring Ihe lile would involve moving Ihe

eniire reGords asound (o Bl leas! ponters (o the records —as wifl be dis- -

cussed laler) The actual sorting is generaily dare gn an anay ol Iho values
of the key. howeaver, ag s 15 more elficien). angd he recofds can be maved
aler the new arangement for the keys has been Iound In fach for meos]
large 1:fes 1115 necessary 10 kecp dne file on soime mass slarage devica
such as megnenc fape. andt 10 501 1he lile in slages. moving portions of the
fle from and inlo the Mmass sloruge genices Qur concern will Be with tha
sorhng progess only . excelant nescriphons ol Hle Mamipnance proce-
dwes k¥ mass slorage devices will Se found in several ol the referencos

Chaplers 3 and 7 have already presentod an algorithm and subprogtam
for soning an array so Whal iha elemerts are in nondessending oder, The
existence ol lhis algorithm 15 assurance Ihat we can se an array inlo
nandescending ordar; the rumaining guesbions concern the ellicizney of
he soring technigque

In order 10 ecamine SoMinG lechniques. we himit the proklem (o thal of
sorling an drray Mowith nteger values M{TIMIZ). . . .. hA{H} =0 That M{ﬂ 5
less Ihan or equa! 1o MDD when | is fess 1han J.

Perhaps the most nalwral ot inluitive way Io sord such an arfay is to
search throwgh the sel of values .in e aray and find the smallesl value,
call [his value M{K), then plage this value in M{1] by exr.hangu-g this M{K]
wilh M(1). Nexl exarming M{2).M{3}. . . _ MIN) and find the smalles glement,
call this element MER, and place lh-s elemenl m M2} by e:clmngmg M{2}
and MiJ).

These steps arg repcated lor R4{3). M{4). and 50 on wnlil M{N - 11and
MiMY are finally compared angd aAtranged.

The above descriplion delails the procedwe gengrally used by people
when atranging a bridge hand o when sorling 3 decs of ndex cards o
order A flow chart \or the algonithm is sl‘m'm wiFg 11 2. and & Fonran sub-
program is i Fig 113,

Examinalion of the llow chirt and 1he piogram indicates that there 1§ an
auler gnd innet loop in the algorithm. For an array with N clementy. Ina ouler
0op is pergrmed N — 1 limes. Ihe Brsl lima the smalies] ol element M{5).
M2 ... MY 15 bound and moved inlo M1}, the nal e 1he smalest ol
MIN — 1] and MM is lound &cd moved nte M{N — 1).

The inner loop in the algordhm sequences thiough the set of elements
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uwnder consideration, determining the smatlest of themn. and mowving this
element into the comect position.

In orotet to evaluate Iha piliciency of this algorithm, we count the number
ol ppsses which are mada Ihrough the inner ioop Lt us sef N equal to 10

P O e . # PR I T Y i

L AR Rwp am g ) et Feerp gt o ;o tlR praunas M1
RAZE Ly MO Teding b wer g 5 A ptage e sdioe BACT) T
FeqUITES nirg pacsas thrguygh the e “Lompanson’ (oep Thea the alga-
nthm examines M{ZIRACY). . M010) g the smalbest ecemend, wiush
vclves eighl Dasscs Ihugugh the suset Wop We now Sce e RS Nal-
lem. on the ird pass Ihiough Ine Suler loop Seven Dusnes will b mang
Ihrough e inner [oop; on the tourh Eass Irgwgh the cuter loop. Tee e nses
will be made through thae inner [goR: &nd n tha linak nnln puss.mmug'-.'ﬂun
ouler ipop ona pass will be made iwough the inngd oop Thus. 1he B1G0-
nhun requirgs 3 + 8+ ¥ + 6 + - -+ + 2 + 1 passes Iough e iner oD,
1hal is, 45 passes.

The general case is as lollows To sorl an array of N elements. 1he
algonthrm makes N — 1 passes through the outer logp The lirst pass re-
guires N = 1 passes through the inner 10op; the second pass througn the
outer Inop requites N — 2 passes thvough the inner iocp: and this pattem
conhinues unhil on the fogl o (N — 118 pass hrough e culer loop, when
oNg pass is required thiough the ineed 0on, Thus, vwe atrive atine following
gum lor Ihe number ol passns Wrowgh the inner oo (W = 1)+ [IN = 2} +
e+ 24, ) .

Then bl us call £ the value of Ihe above som. Now,! P = NN — 142 or.
WikEn anothet way,

MW

This Gum grows very Quickly £5 M Decomes larger, For inslance, for N =

P

13 the value of & is 4950, but lor & = 1,000 the valug of F is 495500

"This Can B aborwm us bolitvn Tha geavage v ot I am B — 10+ W - s - - - 4 Tmlin=1r+
T2 which 1 RIBA M7 2o vl dre I — 1 Lepma B0 [Pl BT Ral valse W02 0 K - 1 ad [ARA =172
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Anather soring algorthm which resembles the abova bul which can be
more ellicient on ihe average is the "hubibie sorl " When the bebblo son is
used, comparisons arg made only between adjacen! alamenls in the army,
ared the glements are exchanged it they are out of order, Inlhe firsl pass of a
bubble sort to so0 an array M of N elements, M 1) is compared wilh M{2}
and f M{?) & smalled, they are exchanged. Then MIZ) 15 compa:ea wilh
M3} and e elements are swapped il thay aie oul of prder. This s con-
tinued unhl BN — 1!‘i5 lnzily comparpd with MIMN). and a swap magde o
necessary Dunng the second pass Ihe same general procedure is folk

Wwed ascept onty gdacent ilems rom M{1) to MM = 1) are consigared, on .

the third pass M) 2 MIN = 2% iz considored. and on the fina! pass only
M1} and 8L are compared. When his sor is ysed, laiger items 1loal
down and emall dems "hubble vp” hance lhe name A subprogram la
impleshan| Ihis sorl is shown in Fig. 11 4.

The subpregram 0 Fig 114 has an addibonal feature. which can
smprove its ethciency. Each lime a pass is made Lhrowgh the sechion of the
arfay being examined by Ihe outer ioop, & Lest is mada, and (o exchanges
are made, \he program disconlinues ils sorl, for tha anay is already in nen-
dezcending order, The test is made by setling the variable of “llag” J to 0
each time the outer l[oop is anlered and than setng J equal 1o 1 if an ex-
change is made in the inner loop. A tes? al lhe end of the outer loop deter-
muaies o an eacharnge has been made; il not, lke program retums o tha
calling program; it an exchange is mada, the program conlinues.,

In tha woars! case (when fthe amay 15 originally in dascending ovder) il
can be shown that this program requires M — 142 passes through the
inngr loop. However. in tha best case (if the aray is already in tha cormect
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[ [N A Frogrie rnuaes i, £ 1 praasr, 2 gt v ool In
yenntal s program Explouds the landency of 5! 10 Be alrew 7 siine bt
crdernd thus, w5 @ resull, lor large values ol & Ihe program lends 1o be
more efticiant [han the previcus algotihm

"™ Ire’soring of tles is 50 mponanl in business and INMAlON PIOC 2SS
ing 1hal many studies Kave been made ol sOMING 3igorihms snd many
algonihms hiava baennvenied In programmang lunguages such as Cobol
thore is a SORT operalion on a file which is 5 subpragram (1 Ihe system
jvst as SiNE, COSINE, SOUARE ROOQT. and oihir lunchons arg proviced
in Fortran

The siudies ol fite-sorting tachmques show thal 1he number of operalions
required Grows approsimately as MY dividad by $0Mme conslant 190 “mter-
change soriing algonthms”™ such as those mentioned. Mave sophislicated
sorhng lechnigqees Suth as “ragee sodts™” and “mMarge soms” require MK
Hmes same constanl nweber ol operations of M fimes some constant
opeIanons. where N is the number ol glemenls and & is The numbes of ils
v each elemenl Thesa sofhing lechniques requite mode comphcated pro-
grams, wilh the resull thal they are génnralh,r nol used for small numbars of
glaments

More detailed introauclions can be lound in the book by Floras anc the
papee by W_ A Marn listed in ihe Bibliography,

For 3 realty comprehensive reatmenl of sorting techmgues the reader is
refarred 1 woluyme 3 0 the seniag ol books by BEnuth which dawntps nearly
400 pagos to Ihis subjoct Il is very diflicul tp evaluale mathemalically
ntany of the more complicaing soring techrigues. and =0 guile glien lhe
algorithms are programmed. sample arays (or lisis) are sored. and he
resully evaluatad ' The book by Fich analyzes a nismber of the besl soting
techniques by programming and evaluating the hme required, storage re-
quired, and olher lactors for 8 number of sampla problems.

Anolher important operation in maintaining liles is that of merging Two
sals arg said lo be metged when Ihey Bre combined nto a single set; how-
aver, 1l the hwo 5215 have bean orldered by sorting i ascending (of non-
descending] onder. \he resutung sel ol lems mics! 8is¢ be soted in ascend-
ing [or nondescendngh order,

In ordar to sludy the merging operation, we shall again resioel oulselves
lo internal merging ralher lhan merging files on tapes Ghe liles could be
coped inio the cors memary, if they are not loo iarge). Let us consides two
ariays of ntegers M1 and M2, wiih M1 having K1 elements and M2 having
K2 elemerts. Thae arays M1 and M2 are agsumed 1o ba sofed i nondes-
cending order, and wa wish g develop an amay M3 wih K1 + K2 elements
whioh s sorted (0 nondeassending order,

Tiuy hirst siep in tha algodilbm g to compare M101) wilh M2(1) and place
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'he smaller of the twd in K31, 11 1Be item M1{1) i5 selected wa ihon nos-
sider M2} and M2[1), placing Iha smaller in M3[2): 1 FA2{ 1] was seleced
in the preceding siep. wa consader MA{1] and M. placing the gmgilor v
FA3{2) Thiz basic procezs continues with M) being compared «mn K2
at each cep until we reach the end of edher M1 or M2 [thal &, we seegl
gither M1} or M2{K2]]. Wren 1his occurs, the remamang elemants in ine
other array are simply copied into ithe remainder ol M3,

Figure 11.5 shows & ftiow chan for this algoritm. and Fig 116 shows
a Forran subprogram o merge two amays (Languages such as Cobol
provide MERGE subprograms in her basic libaary, and a progammer
can smply wile MEAGE A AND B rather lhan wriling his own subpre.
gram|

The exercises ul the end of the chapter investigale the elficiency ol the
above program as well as show a short program lor merging arays w.ih a
special STOP elemenl e the fas! position..

A marge S0 is a sorting aigorithm which broaks sels of eluments intg
subsets. sorts |he Bubsets, and [hon merges these scrted subsels, By
dividing the criginal set of elemen!s into an appropnale number of subsets.
50 1hal the soriing is efhcient, and then depending on the natural etficiency
of merging, an elficient soring algorithm can ba obtamed The exercises
develop this procedure. Knuth's botk as well as soveral of the oiherg inihe
Bibliography also real this sorng procedurs in aeiail,

o
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M4 LEARCHING A FILE
Probatiy the rmost reguenlly peiprmed operation m bosingss of inlorma-
Dirf By Stems 1% 1hat of searchung tha hles 4y elements which salisly some
foemhad conlil:on. The comdmon specilied ranges jrom equalily — ke
mslance, “Find ha record ol the person wilh s0C ) security nomber 972-
85 36."—10 "Produce a ligt of the parls i ow invenlory which cogl mone
than 345."7 In any case. a hle must be searched, and 1t 1z importar] that the
Ll be otganized 50 thal it can be gticently s2arched Il is also imporani
12 have an elficient search algonthm sQ thal loo muth computer hime 15 ol
expended on searching,
. The organizing of liles and of qualch proceduras ara imgortanl topics in
syslermns design lor data processmg syslems. | large files must be main-
laned w mass sieage devices and i thesa files mus) be regularty man-
lained by adding new racords and mod ibying and deleling old records, and
o 11 18 furlher necessary to scarch Ihe hies frequently for recards which
zalizhy soma speciiied grilenia. Lhan a e organization rust be lound whsch
is gl LoD sxpansive o updsle, which does nol reduire loo much storaga
Epace. and which £an be comveniently seaiched Designing a good dats
sinaciure Ior the lile and programming elfgianl e mainterance and search
algonihms are inlaresling and still devealoping aspecls of data wﬂcussmq
sysiems design

We shall lrsl examing a particwlar aspes! ol Lle Sesarching and manin-
lenance, 1ha! ol hnding a specihed alamanl in an array, Thes will includa
shawing how 1he saarch algonithm onn be greatly Sr‘feedud up il Ihe array
is sorigd,

[l & tatle or array is searched lor & gwan ilem, the séarch siecceeds H tha
ilam is lound and 205 il 3 is ot lound | I we s10%0 Our table noan aray
whrch we call 1TEM, at a given Lime FTEM wall conlam N elements 1l Ihese
elements are nol ordered, in ordel 10 Ikl a given dem in lhe array. the masl
nalural search algonthm is 1o examing ITEM{ 1) ITEMIZ), ITEMI3) and 5000
wp 1o ITEM{NY. each time seewmpg il Ihe value 15 1he desired ong,

In erder to conved this proceducg 1G o chart 1omm. we el the valugs in
ITEM be inlegers and call Ihe value to be found M. A fiow charl of the re-

sulling search algorithm is shown in Fig. 11.7a An indeger variable K is sot |

o 0 il Ihe search fails; otherwise it will have a vatus such that {TEM{K) = M.
& Forfran suhprogram implemanting Ihis algonibem is shown inFig 11.7h.
Tha guestion now arisng is, "How eifiienl is this algordtnm?™ Il g clear

thatl 1l the gesiod value is not in the array, N sleps or passes lheough tha

saarch loap will be requited. I, howeyer, Lhe tem is inthe array [and wa are
nol roquirgd 1o lind goplicate values in the arrayl, on the average N2
passes lhrough 1he amay will be required.

Now lgl us assume thenarray has been soned so that the e!emants are in
numecally ascendung {or nondescending} ofder, Yie now seQuence
throuwg™ e anay. siarkng win ITEM{1) and procestiing Iheonrgh ITERID.
ITEMLI. eic . in lurn as before. Howevar, 2! each 5le0 we al<g 1251 10 $0~ o
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again elemert ITEKN is gresier than MATCH, and if 4l is, the search is
mmedialaly {emngled, soce e elamen! s nl in the array, T will
improve the ctheiency of the search procedwre since the enluge pass
Brough Ihe array waill nol be required m cases whiere an element 4 ool in
lhe amay. {Alto. H duplicales are required, the eniire amay need nol be
-searched ) & program for this algodnttem is shewn in Fig. 118, 7

An evan mgro efhcient algonthm lgf searching a sored array is lhe
binary search algevithm, |t clasely lollows the procedure usesd by muost
peopla in irying to locate a namg in & diclionary. index card lile, ot ofher
alphabetically ordered tile. The (ile is opened o itz middie. dividing it in
fall, the middie eniry s examined t2 66 1 which hall the desiced item

_would be, and that half is again opened 1o the middle. and A1 Examina-
tion then wdicales in which hatll the dem lies; this process coatinues unlj)
the panwular ilém 1= located.

In grder lo make the above protedurg more precise, we agsume a lable
of M ilems, and we ghall reler 10 thesa a5 (TEM{I). ITEM[Z). , . ., ITEMIN].
H N i3 even, w8 can divide the {able inlo two equzal sels ol M2 ilermns and -
lhen detarmune in which halt 1he value o be located might lie, 1P N ig
odd, the table it "divided"” inlo (wo sats, one with INTIN/2) and one with
INTIN/E) + 1 items, where INT is the "mleger” funclion which hkes a num-
ber ¥ inlg the largest integer which i nel grealos than X [in Fortran [FIX{X)
ic a "compie: gupplied” unclion which 1akas 3 real value X 1nlo the largest
imeger ndl grgater iman X, I we wile {w= W2, hdvewer, | will nave o value
wa call MTIN/2), sinte the valoe of 1 will auldomelCally Da roncalsd, nol
rounded, 10 an mleger velue]

The la:rges! glement in tha “lower hail” of the tafle with e |owest
values it Aow examined 19 sea in which part ul]he tabte itha desired dem
fves; thig is done by seeing i tho desired elemant nas a valug greater an
the largest oloment in e “lower hail” I o, the upper hall is selecled; if
nol, the lower hall is selected. This siop conlinues untif oither the ilem s
lound of the discovery is madea thal na such llem is in Ine abla, Figure 11.8
shows a llow charl ol 1his algerithm and Fig, 11,10, a Fortran sebprogram,

In both the flow charl and 1he program. an amay called ITEM contaimng
M elements is searched for an ilem called M. An integer variable K is set to
O if (he value M i5 nol in the amay, The vasiable K is set 50 thal ITEM(K) = M
il M is in the array,
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Hew elficient is 1he binary search algovilkm™ The efliciancy of 1he alge-
rithm is mosl easily evaluaied lgr 1zbles with & endries, whera N = 2 {or
.some § [ihat is, tabhes wilh 24.8,16.32. etc. enlsins), lor then tha Lable is
reduced to one-halt its original size Ihe st slep, one-lourh ils original
sizg the second slep. and 8o on untit i i3 reduced to a single alamenl,
which eilher is o is not lhe item desired, SiInce our rula is 1hal aller j sleps
the tahle has been reduced 10 & sublable of 5i26 2 '« N ang since W = 2
1or somae f; then when 230 % 2' = { gach of 1ha two pars witl comain a sing la
elemenl and one of these must be 1he dagirad element. Thus lor A labie with
Hoelemeants, whera & = 2% for spme inleger |, exaclly f passes through The
basic loop are required 1o fing an elomanl Lsing 1he progiam of low chan
which has been shiown, This value 15 [28s than & 1gr A graatar Lhah 2 and is
much [ass than M Tor largo M.

For any given & which is nol a power of 2 {that is, not equal 1o 2 lor
sNTE fl. we Can delerming Ihe number ol passes through ihe loop as fol-
lows. Lel K be the smaltest imeger such thal 2% & &, then K passes Inrgugh
the loop are required.!

Can we improva on this algonthm? 1 mighl $eem 1hat balore each pass
through the fonp it would be 3 good idea Lo 1851 whather Lha largest ela-
merl in the lower hall 1S indeed the item desired and 1o terminala the saarch

il it is. This would mean thal spmelimes 1he Eearch could e Wrminaled -

galy, For instance. I} we had a table wih lout glements which wera the
inlegers 1.3.7.9 and we geacch il for tha integer 3, then the table is divided
imo two pans. 1.3 and 7.9 The grealeslinteger in the lowgr hall whichis 3,
is seleclad, and, instedd of seeing i the dasired itern 215 grealar than 3, wa
also lest la see il i is equal 1o 3, and stop il is. In itms casm L is tha desired
element. and only one pass lhrough the major loop has been mada, where-
as lhe previous algorihm segquired Two -

It €an e shown, howear, that on the average Ihg nomber o DAasses
through e majar loop is decreased by only 3, Thal is, il L passes are
required on the average lor the first Ginary search algonthm, hen L — 1
passes are required lor the second algorithm. Il L is targe, the addilional
lime required o lest lor equallly, which lengthens the basic loop will
prabably exceed Iha lime reguired for 8 single pass thipugh the loop. and
the orginal procedure will jun fasler on the average.

The above analysis is typical ol that parformad pn algonihms lor sysiem
use. jn many cases. i is impostible W completely and precisely analyze
sublie poinls. and it is gither necessary 1o lasl tha algenims with 3 number

' gerspaat, of st chptrer B0 0% 10 DY B Aanclaon st pain Xoach Bl 24 = N Supn kU o ot e
ey Magacter o 4 g AV = e T sl b T pgmnet S Sy O aac i Pt g N
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RATASE JaguGh Il loop FCARNre Bl 8 gl Ha

]
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of 125! 1585 and compare resulls or Lo generale simulated data, iry tha
atgonihms on the simotated data, and compare results

N5 ARRANGING ARRAYS AND UNEAR LISTS N MEMORY |

The structure ol the data which are processed in buSiness systems can ba
Quue complicaled. Furher. in lields such as inlarmalion vetrieval. 1ha
quanlily ol dala vseg is guite farge, and the shuciure of 1he dala is Quilg
complex. Tre manner of organizing the data in the comouer's MEmary
can be very imponant when laroe volumes of daka which ars inlarretated
tn a complicaled way muest bhe processed,

The simplest and mos! direct way Ly arfanize dala in a cOmpuler me-
mary is by placing them in g ocne-drmensiona| array. Considar o table or
array ol data consisling of N ilems By using the name TABLE. ha tems can
be relerred 10 as TARLE(1). TABLE(S dhrough TABLE(M, IHbe momory of
the computer is word-organized and each ilam in the lis] can il in a sIngle
word in memory. then by assigning a starting address in memary lor the
lable, say B, wa can find a given ilem TABLE(} with imdex | by |ookiny a1
addrass B+~ 1 in tie memary, This arganizalion is shawn in Fig. 11113,

Example We assign the staning lacation B 1o localson 4000 in MmEmary,
Mow if the items in. the array are referred 1o as TABLE(1), TABLE(2).
thzough TABLE{100), the vaives in TABLE will be stored in lgcalions
4010 :hrpugh 4093 in memary, and TABLE() will be a3 ipcntion H+1=1,
whizh will be A000 + 1 — 1 or 4000; TABLE[Z) will ba af 2000 + 2 = 1.
which is 4001 TABLE{SQ} will be at ke address 4000 + 50 — 1, \ig.

. The basic idea of placing Ine words in an amay or Linear st in conse-
cullvy addresses in Memary gan be eslended 1g arrays with iwg (or more)

Ak, [ B RPY
e
=

T

1'FRF)
wH |
-F?
e
Lol
[PEEEY

[FiTH

= - i
Furs fLH _mﬂmutdfwmh
ruETEy L] Shori'e) Of STOY wilh Ve AT of con-

. mmmhm.mlima-n;uzm_}
CORFTH CRTOY & ey Loy now]




Hi WAMDTOC I B DOUPLTEF Sy o

dimangions or indexes Congidar an gray calied MAT valh four (oras ang
three columia. it gach entry in MAT requires 3 single ward 10 memory,
then 12 worde will B8 requined It we Choosa adoress 200 ta be the address
! the MATITL then 2411 wall contan tha lag eniry MAT{z.3). There are
%0 ways & "lay " Iha array. Mowever! Dy rons OF by cofumins Let us
wss rows,| the wisments wili (hen appear 10 memory i this order RAT{,1).
MAT[I.E}J‘MIII.S}.MhT{E.J}JMT{EIlMﬁ {23 MATIA) and so on wil
MATE 210MAT(A.3). I MAT{1, 1} 18 & agddiess P005ATILZ will be af 207,
FAT(1.3) a1 202, ¢, To Ind (ha podrass of an element MAT{LD R mmony,
we cakculats as lollows: MAT{LS) o al mankry aoaness 200 + 200 - 1) +
(J = 1), Thus 3 Ted MATUI, wie lorm 200 + 33— 1) +(2— 1). whieh s 207,

The ganezal nila is: For an drtdy with M fows 3nd N columns with one
vard ot 2hemenl i Memory, B0 whens Dub sl alenent 15 W 00 10 2idress
B.'Ihe siemenl »v the fih row and the Sih column goes ai acdress B + Wl -
1} + [J = 1}. This organization 15 shown i Fig. 11310,

Sunilar ndes can e dered Kor arrayd with meoee han tw indeves and
ior arrays where elemanis reguwa mord than a single word in memory, _
Notwcg Lhe &ase wilh which an slemend can ba kocaled @ an aray Stored in
the above Mmanner, Arrays are very dasirable data struclores,

The lables or arrays which have been Considered above have contained
nems of hrxed pize. Many cala are aiphanumaric. cmssling o narmes,
addressas, wrnllen ol wis, The ingdwidual dems it thes osd ol 933 have
mised lgngthe For inslance, surposn we wish la siore a lis of nvmes These
namos will e of ddfgong numbes of afphangmeric CharaSlers. which
pbvisusly comphcalées Ing priliein

A simoie solulon 15 1o alipéala a number of jocations o meamory suf-
hoieal 1o bold tha lengosl pame and (hen to allocate gach name [Pat
amount o spACe.

*

Esample A ligt of 200 names is 1o e kep! in memory. The compuler,
an IBM Sysiem/3T0, slores one gharacier in g single sadress (3 hyle-
per-addrast), The longes! namae has 20 characlers in i The list is 10
begin al lecation 1000, Wa aliocale 20 x 200 addresses in {he memory
&0 the Lt will slart ml 1000. and 1he lasl characier will be at kogation
4999 (lwacall the list MAME. the A1h element in NAME [thal is. NAME (#]]
will bagin al 1000 + 204 ~ 1 and ond at 1000 + 20% + 19

11 dne narmey a1g O widaly varying langths, the abowve fachnique Causes
an metucienl use ol memory, Foriunately, Several altemalives are possible.
One is 1o havo 3 speca| END QF ITEM characler and 1o glace this characier
ahier each rame ' Thi is $hown in Fig 11,12, Angther is to kePp a tabia ol

" ginousi] Dok Fudigl Bk By o a1 e vl FOFWN STy § B0 SONRC Dy Wiy Ot brarti Ingin O]
LA (e 1A - eaGarke] w b o B T B o i Chacri

rak o 8 el et 1 ey gl o i for 0 of gy TR B30 0 £ TR TMETE 13 R
Fanpans o e ERD OF ITFW

Ll ———— L .

o el B GOWATHRHL PR, Al Dl STRUCTLTNS e

» L
e
ety
P r‘M
FTRT) v ] -
il n
Lut H "
) *r
u hAlr
xry J
L LT i}
0F L
am £
L) 5.
A9 (34
di L
"y .l
413 1
14 L
E1LY ¥
"y STALE
17 -]
L] L
d1g 3
X 1
L H
B I
X ]
44 A
45 L
LT R

[P} a
]

Figure 1112 Sorng ehgraciie frirgy uding
[N O ITFM Ehoreg gy,

M- e F{;l' FloPes BN FF OTEEYY
Tre arenmisy 49k g g lile e b o

the agdrogses & which each name begins This is shown in Fig 11 133

* BLilt gnolhor lechrique s to have a slaring address and & blo contaeang

the nurnber ol characiers in cach name 25 shown in Fig $1.130. (Wa d.en
findd the iocalion ol element | by addng the lengths of Mo aames progediig
| &1 the Slarting adcess in twe iabie]

Which technigue should b2 nsed depends on the chiazleonslics of e
data, |he computer word fenaltl and 1he premism on memny spac &nd
scarch lima, Tha lasl lechnigque {nad m Fig. 131385 1585 1055 minman. 0
gencral, e requanes more Iime 1o hing &n Ko,

Higmeal s o which lechniour 13 use fmusl be made dependegnt on tha
particular e characlensiics. For ceample, an invenileny conlit! Sysiem i
mighl consst ol a 5 o records. where gach record Consists of Soveral
ilem: Figure 11,1 shows a seclion of such a lle, where each reGond Com-
Sy of 1he Ticense nicnber, make, yeal, name of owner, strect address cf
owrer, 1own in which osmer resicos, 2ng state i6 which owner 1esales
Since INESE parcular doms ale eitngd Mamibers o alphanamenc sihinGs of
limped varizlions I length, © would be praclical (2 Siore thesa recorgs il
fwrad-lenplh format with 3 fiked Auncar of computer words i memary oy
ealh recdrd.

*'ll:‘l
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when lists of records wilh each record conlaming several ilems are
sorted. they are soded on a key which consists of one of the items_Thus. tha
file shown in Fig. 11,3 mighl well be sorted with the license number as the
key. Then. 1o locale a padiculas record given the license rnumbear, 8 I'Lunar'g'
search would be perlotrmed on lhe fist. 1 the list were sorted on license
numbgr and we wished 1o search the file kr sgme other aftribute, @ sequan-
1ial search would be necossary. [Somelimes lables of “dictionaries”
which list atinbuies-versus- key ar tocation in memeny arg used to cul down
the search tme, Filas orgarized in Ihis way are called iaveded files, Refor
1o the Bibliography lor works giving dalails ) For example, if _Ihl:r hia weare
sored using license numbars as a key and we wished 1o oblain the names
ol all car owners with Cadillacs from some particular lown. il would be
necessary to search lhrough the e sequentially, lowking al each record in
the lila 1o cee it the owner were lrom the Wowe and owned a Cadillac,

Il a tle consistes of a sel ol records. with eath record Containing gen-
jences in Lhe English language (as rght be e case in an micimation
retrieval systom). tha varying lengihs of hese seniences would make 3
slorage iechnique invoiving use of an END OF ITER character or one o thay
table lechniques lor keeping track of the ends ol fne seniences Moe

effcent
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1.6 STACKS, DEQUES, AND QUIULS

A uselul dala struClere in COMputers, paricularty in systems programs. s
called a siach, The name stack is derived from the Tact ihal the data items
a‘e arfanged in 3 stack in memony, which resembles a stack ol plales s a
catcteria. In ather worts, the tems are slacked cae on the olher. With a
siack the assumplion is made thal orly Ihe tast item ptaced on the slack s
immedialely available, This shows Ihe resembiance o a stack of plales,
Only the top plate is immediataly availablg. Similarty. items can be pltaced

onty on the tcp ol the stack. (This "last.in frsl-out” prnciple leads 1o slacks

somelimes being caMed LIFO fists | Placing an iterm on lop ol a Given stack
Flhai 15. adding an element to he stack) is calleg pustg, and remcying an
ilem fram a siack is calfed poppag. As an example, suppose we have Ine
sel of items 1.2.3.4.56 arranged n order. a sluck calted STACK, and two

pperations on the slack PUSH sm1 POP, I gach itermn 15 placed morder ing

new ordared set when it is "popped” ar removed hom the stach, then the
sequence of operalions PLSH. PUSH. PUSH. POP. POP. PUSH. PO
FUSH, PGP, PUSH, POP. POP willk resull in 3245 6.1 bemn the order in lhe
naw ardered set. Nigura 11,14 shows cuamiplas ol Pushing and popmng.

Stacks are very uselul in managing complcaied sequoinces of inlerirpl
cr olher unpredictable operations Placing infarmation CORICSTNING Prowrar
slzle on 3 slack where if can be laler lownd is a convenienl WAy 1D MEnage
task sequencing & system programming. Slacks are so convenienl for
Syslems’ use hal soveral cosnpules have auiomate stackwy) of r1erupt
iamalion,

A queve is similarto & slack except thal new items are added 1o the lop
of lhe lisi but iterns are remaved from the bollom Thus a queve 1s cperaled
on a trsl-in first-oul [somelimes called FIFQ) basis jusl hke a walding line
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or gquape lor a thealre. Quewes are useful in mAakAgng 1asks whoan 1 i3
desirabie to seErvice reqaests on @ Basis whero "thasa who have wailed
longest™ get atenticn fst .

A glegue is sunply a linear lisl whara il is possible 10 agd or remove
items Irpm both ends.

Some applications for stacks are developad in the gsercisas 81 1he end
of the chapler, The algorithms 0 5ec. 11.7 use slacks, '

1.7 LINKED LISTS

Tha most natoral and ellicient melhod a7 mamlaimng data in & computar
mermory 15 Ihe one-timensianal array, which is chen called a kreat List by
those working win dala struclures. There are probiems. hOwaver, with
maintaining linear sl when many addilions and del@hpns are NECessary
ant {he lisis must be maintained 10 order,

For instznce. in some sysiems where textual data musl be fraquantty
searched andg slrings of characlers must be added. modihod., And deleted.
8 dala sirvclure calied g haked sl has been tound 1o be useful, insedons
ang delelions can be wasity made in a linked hsi; saarches ane modarately
efficiant. byt the dais slructure requires mote Stvage spaca hanin linear
fists .

A Linted Iist essedually consists ol a s ol nodes_ Each node has wo
pads: o pointer and 3 oala dem! The pointer gves the |beginning) adciess
ol anather aoge wiale the dala ilem contains the aclual dala at Ih:e node.
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Ttng s showm 10 Fig 31115 In actual praclice the fanler witl probably nat
conian e ol 2doress ol lee nexl node, bl wikl simply conlain anondax
into an array containing the aclusl addressas or pernaps an amount (o be
added 1o stme DEQINNNG a0dress 10 larm the ALLAl address,

In oroter 40 eranage a linkad sl wo giher things are necegsany [1] The
address of tne kesl node must be slared somewners o wa can enler the
tinkad lisy, (2] & soecial valve o symbal wnich we shall call EQL ler END
{OF LIST) mu=1 be placed m 1he pomler of the {as! noge i 1he Larhad 151
[This could be a negalive number or O addresses or (ndewes /e used 55
poiniers. since Bither value woutd iIndicala nal this wag not 4 w3l paintor
10 angther rede )

In order to represant a inked st diagromaticaly. we ose the lechrigue
shown in Fig. 11,15 Here @ach noda is showh as & rediangle conkiining
two pans, the data lem and pointer. Tne START box gves (o8 agdress of
lne Nirst node (2 special value 1 the STAAT box will ingigate 1hat ihere gra
ne nowdes inihe hst) An arow o0 The drawing nditales o which nid & the
pomnter paanis,

Tne ad:ddon o delzimn ol nodes is steaghllarwarnd for 2 Imagt hgl, sng
heremn hes ther purmzry 2dyaniagse. To add & nede, we simply paace the
node i merpary at some convement unusad address Thon 1he Doanter in
e node which 15 10 pwecede e new node 15 Changed 1o gve the Degen-
mirg address in ihe new Rode, and e painler i e new nogde 15 sel 1o [ne
adgress af the node whch 1 o Iolkow i,

The delclion o a node is aiso skaighliorsatd. The powriar i the node
preceding o in the linkeo hst is stmply changed 10 The address of Ine noce
which follows he node tp be deleled. Examples o! adding and aslehag
enlnes are shown in Fig. 11,97,

A probiem anses afier many charges have been made 10 & ke Lis)
Ml a pumber of nodes have beps daleted, Inere will be "holas™ i lhe aciual
memy space vsegd beczuse ones which Rave boen deleled woill Ll
resicla in [remory esen Lhough ey are eflectively “dead ~ in orior 10 usa’
1his tpace, sometimes “garbage colieChion”™ prOgrams are wriilen o collect
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ligts ot “lrea space™ which can be vsed lor new eniries. Simiiarly, somg
syslems maintain lisls of froe spate coninuously so 1hal menory is nol
wasted. A particularly advanlagecus straleny consists of maintaining Lhe
lis! of freg space in a stack and pushing or ponping nodos from the Black .
as nodes are released from or added 1o the linkod list, raspeclively, Morg I
details o these procedures can be {ound in the exercibes and Sl uhar :
dela’ls inlhe woiks inthe Biblography.

Mate Ihat a lnked 1ist musl be searched sequantialiy, oven though o is
maintained i sorted arder, begauvse the onlries are nal aciually i oder in '
the memory. {Separale lables can be kepl 1o lacilitate $earching, bl 1his
involves USing gven more space in memoy ) © -

B TREES . _
As can be deduced from the preceding descriptiong o data sinuclures and
ke zlgaithms for searching and for daleling and inserting new ilams, tha

T I e O ELT | L L LT 1 & an

v tusirE empliy ! tas a et ettt st e ol lne
£ onttim Eed and he aonpont L memoey reggeea S sLoolar class of
ol strucluies cailed frees orovides tor reasenably sl search algos
rihms ana insertion and deleqon algorithms, with the peraty ol addiona!
memory reguired e implementing Lhe stiociume, ;

The term lree derives trom tht rame ol tne [amikar “woody perennig)
planl™ bul vsage in compuater SC.ENCE ADPREts 1o dorree I9m a mathe
malical glruclung .n graph theary A grected graph s a colieclion of nodes
angd branches widh each branch connecling lwo noaes Each branch an-
d:ales 3 dwection fan arrowhead 15 vsed gl one end of tha branch in our
frgures)* Figure 11,18 shows & drawing of a gragh anh s~veral nodes and
branches. The posilion ol 1he arzcos o0 10e branches & mponat, ior it two
nodas are connected by a brancl. 1he node aj the end of the branch wilth
no arrpwhead is called the predecessor of the nodea at tne end of 1he branch
to which the &rrow poinls. Durlker. 1 node A is the pregecessor of node &,
than B is called the successor of A.

In prgef I0r & 821 Ol nodes gng BANches composing & drecled graph (o
Quality ag a kpe, Iwe olfer propenies are required:

a

1 There i & §engla modi wheth has mo predecessor This mode 15 caied e oo,

£ Ewory poa®. eacepding Lhe rond. is CoAeCind 10 Ihe oot Ery 3 umpqoe DED. where a path
£Ong4 ol the brancher conry g 3 sequente ¢ nodes N, My where WS the
provecossos Bl By il omo 1 o A= 1 ESQIEe thal thave Can Eez 001 OO0 DA Ll aeen
bl n{aZed ol (e path is wasgue }

"ThIE ok riwis e ehedimibinn wn CWaDne s bieas Colieguis Caebionarng 17 A1 R =ram Cn Spore gleid
kg,

"Tha graphl 10 Frg 1119 ke 8l gemwcrd Qraphs U ingc et Qoo dTs &0 j. 0 DN grapksl have no
dirgchion 1a (he ranchey Cofeedes 3 rogd =0 The clies gie g | e g 105 300 B uans gra
Tk ey nc el 1o mm peglagchad grand aetcy wl Can dnve in sdlber gein{un
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Figure 11,18 shiows several rees For the lree in Fig. 171184, a path
from the roal node B 10 Ihe node £2 fotlows Lhe uedes LA B0 Does his
salisty requiraman 2 abpve? Yes, 10r A is the predecessor of 4, A is tha
predecessar ol A, e,

Tnere 15 & connderable Lecatere it mathemalics COnCerning iraes.
Several o he worig in the Brblingraphy cover this matenal,

In compuler ysage, 8 mos imperan! kind ol 1ree is called 2 binary tres.
Il has the characlenshc Ihat each ~ode has al most two successors. Figure
11,19 shows several hingry 1ees.

Cvie reason (nal the bunary ree 15 50 uselul 55 a data siruclure & com-
puiers relales o Ihe rmaang o SI0nNg 3 free sinuclure i a compulen mrem-
ofy. LE! Us a5Sume thal v gre 1 siofe a number of daia lHerms i a memory
using a kinary trea siratlure. First we shall represerny he data streciune 1
be used as the graph of g tvnary tree. Each data e wilk be slored at a
nacle on the binary (ree, For convemence of descuphion we shall assume
the dala ilems 1o be simply English tetiers, and »& can then use each lertar
as ine name of a node, Figure 11,19 shows this arengement. --

We can now stora this ee in mamorny by agsepciating with each node on
the graph several words in memnary which conlain (1) the data item at tha
rode and {29 o poenlers, one lo the lellmast successor naode and the ather
to the righimins] suscossar noda on the Qraph. A START painter which givas
the addrpess of the roat iodn will be 18quired 2o wa can enlarthe lree, and 8
special pointer value wit] alse De required which can oe plpced n any
poinler and whicgh ndigales (hat i} {lefmost of oghimes!, whichever the
Ccuse may b} guccossor nxisly A example ol 1his arrangement is shown
in Fig. 11.20"

Ap keiong, tee padaleny mpp be simpy mln T BR mrray. v e i b added K e bi-!-t v,
wir, Bk ll!l" ARty el b, .

il 1150 Brary reas

]
—

m
iy

AS may be surmised, the sioring of bwd poinlers wilh eacn dala ilem is
gomewhal vneconamical in the use 0F memory, The compansalng laciars
lie in Mie eaze wilh which items can B2 enlered mio or gdeloled from 0
binary tree and he lacilty win which the ree can be senmhag {pruvidag
the nodes are correctiy arranged),

Matite 1hal e Yres in Fig. 11.23 has the nodes ordered! 1 a snecihie
manner, The ieftmost successor node aiways piecedes IS (vedecessor
in nlphabeul::jl order, winle lhe righimost successor always follows s
pfedxlecem in alphabetic order. Wien 3 free is aranged in this way, il is
congidered 1o be sorded.

An imponant use of trees i the data siruciures for hies involves o res
where each dala anlry is a single symbol. This struGlure is call 3 spmood
rze_Figute 11.21 shows a graph of a symbol Iree loe several Enghsh wons,
Al each leal in lhe tree the address of The recarr! lor Bwe word which faemi-
nates in the Ieal is slored . Thus, (o ind he record COFreSpONC ing 10 a givan

T gt Wk pymbol e o B Oy 3P e i OF B WON
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word, we seanch tha ree for the word, and d 1t is lound. the record for the
ward would be pointed lo by the poinler in the 1as) symbol in the word !

Aniraportant point can be noted hers. The ree i Fig 11 21 has seven
nodes wilth mora than Iwe successar nixdes and 15 Iherglors not & hinary
wer. The giaph €an be siored as a fenary free, hawever, as shawn in Fig
1122, (Mobee Ihe method ior handling nedes wilh mere than two suc-
COess0rs:)

IThe frees in Figs 1121 and 11 22 could be used n a dueclory for an
inverted lde. se€ Queslions G and 7

in oicler to $earch rees such as hase n Fips. 11 21 and 1122, ane can
use a version of the birary search algenthm, The search 15 2imost 55 elfi-
cien as 1he binary search lor linear lis1s of arays. The inserion or deletion
ol a name ol word wn these tiles is siiainhlloreard and elhcuent charactar-
istics that compensale for the adddional search lime lgr many files of
inietesl. . .

In order 1o be searched efhciently, a binary Ve must be mainlained
whal is called balanced form. The exereises thal Jollow ipvestigala thes
subject along wih algorithms tor balancing irees, searching Irges. and in-
serding and delefing nodas from Irees,
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EXERCISES
1 FarFig 11,1 hgg ther recgid relaing to F, R Jackeon,
2 Anpood keydar Frg 11,1 would be licanse number, Howe use name ol owner fgr
kly, A key may agl be ur'que Why¥
3 Gove tbe collabing sequence I Tettars and mrmbers in Ihe AHS! (or A5CH]
code n Chap 2
4 Cuve lhw collating eaquence lor leRers a0 furebers tor the EDCDIC code i
Chap. 2.
5 Discuss sorling a lisl of names i EBCDIC of ASCH ys:ng e rumencal valuas
a5 numbers [inlggers) in 1ng S5 rouhno,
£ Tosearch tha Mg n Fig. 11.1 Tof a record given 1he licenss number. we would
probably keep Ihe ble sovted wilh heanse number a5 a key (| many domands
were made 1o aarch the e for “name of owner" i woukd be converent 1o






Chapter

61

Trec examples

Trees

The use of flowcharts to represent algonithms has belped us
w recognize their vnderlying structure, Furthermore, atten-
tion paid to the structure of an algorithm usually results in
a better understanding of the computaticnal process, and often
results in our recopnizing alternatives and potential improve-
ments to the original design. Similar rewards result from atten-
tion paid (o the structural relationships amoeng the components
of a ser of dara. :

There is, in fact, a close connection between the steps we
need to express an algorithm znd the way we choose 1o think
about or re¢preseny the data thar are o be wansformed by that
algorithm. Experience in construcung algorithms fosters an
increased appreciation of this interdependence. You will gain
some of this experience by siudying the next several chapters.
Your ability to anzlvze the structure af a set of data and how
alternate representations of it can affect algorithms using such
data, undoubtedly will improve. We have already considered
two structura! forms for data, lists and arrays. Another type
of structure is called a rree (Figure 6+ 1), Tree structores are
importent 1 represenong certain types of Jda and, oddiy
enourh, the essentizl sieps of a number of algorithms exhibig
a rreelike strucrure.

First we will give twa simple examples of a process whaose
strategy of execution {(algorithm) can be pictured as a tree and
twor exampes of data that can be pictured as o tree. Larer, we
will tackle three Toscinating problems, the tirst one at the end
of this chapler and the other two in Chapter 7. When we have
finished this study, we may claim the titde tree experr.

Let us agree now, before we get o far zlong, that rees
in this chapter will be drawn upside down (Figure 6223 We -
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FIGURE &1 Thi is # bree, Thix is oot o Lree,

do this only because it is convenient, You have to be willing
to think of a wee growing wward the earth, its trunk “hanging™

. from the sky.
Example 1. Qur first example shows how we can represent the 16 conclu-
Treelike Algorithms sions to the well-known eight-coin problem as a *‘decision

ee,” The problem is this. You are given eight coins, a, b,
¢, d, ¢, £, g, and h, and are told that they are all of uniform
weight execepr one, which is either heavier or lighter than the
others, You are given an egual arm balanece, bur you may only
use it three times for comparing coins or groups of coins. Your
job i$ to determine the maverick coin and whether it is lighter
or.heavier than the rest,

Here is a swrategy to use {see Figure 6-3) for all possible
. Cases,

1. Compare the weights of ovo subsets of equal numbers of
coins and consider the significance of the three possible our-
FIGURE 62 - comes. If the weights of the nwo subsets are equal, the coin
This i3 an upside-down tree, in which we are intercsted cannot belong to cither of the
compared subsets.

2. Once we have isolated a pair containing the “odd” coin
and we want to know whether one of them is heavy ar light,
we weigh one of the two candidates against any other (hat is
known to be “standard.”

There are 16 possible cases, cach of which may occur, '
given the eight labeled coins. The algorithm shown in Figure
6+ 3 has a treelike strucrure, Conclusions are reached by follow- .
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ing 2 unique path (2 sequence of three weighings) from the
top or reot of the tree disgrain 10 one of the tzrminal boxes
or leqres ar the borom,

Fur decmion box 2 in Figure 63, explain why:

{a) If the relation a+ e 2> f 1-b is true, one may conclude that
a > L

{b) If the relation a + & = 1+ b 1s e, one may conclude that
¢ > g '

(<} If the relation a + & << { + b is true, one may conclude thar
b > e

Explain why b may be régarded as @ “standard” coin ar decision box
5 but not at decision box 7,

Suppose you are given 12 seemingly identical balls and are told that
one ball is Fearier than the others, which are of the same weight
Draw the tree diagram algorithm to identify the heavy ball in three
weighings. ‘

Suppose you are given 12 seenungly identical balls and are told that
one ball is dfferent in wesght (either heavier or lighter). Draw a res
diagram algorithm to identify the odd ball and to determine whether
it is heavier or lighter tn three weighings, ’

Arc all decision sequences tree strictures? Consider the three flow-
charts below,

{#) (e)

{a) \Which of these are tree siructures?
(b) Consider the folfowing attempt 1o define a tree structure.



Example 2.
Game Trees

The nues of “Eight™

303

TREES -

{1} A node having no segments extending from it is a rermnal
node.

{2} A node having one or more scgments extending from it is
a menternrinal node,

(3} A tree sructure is a terminal node or a nonterminal nude
whose segments consist enher of terminal nodes or tree struc-
ures.

What torTections or additions, if any, are needed in the above defini-
tion o that, when appliecd wo flowcharts &, & and ¢, you will each
the same conclusions that you came to in the answer to part a of
this prablem?

A more interesting type of dectsion tree, frequenty referred
to as a game free, 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-
sents one choice by one player during the playing of one game.
Figure 6+4 is a tree for the game of “Eight.”” This rwo-player
game is so trivial you may not enjoy playing it very long. lis
trec is simple enough, however, that we can smdy i easily,
and it serves as a good illustration of sumilar but far more
complicated games.

Each player 1akes a turn at picking a number from ane 1o three,
edding this number to a running sum that is inirially set at
zero, The first player has a free cheice of numbers |, 2, and
3, The choice in each play thereafler is reswicted. A player
may not choose the opponent’s preceding scelection, The player
who brings the running sum to a total of exacdy eight wins
the game; a player exceeding cight leses. There 15 no draw
possible, -

When we srudy-the game tree, we can observe that a
complete game from start to finish is represented by one path
{c.g., the colored line) from the beginning or roor of the tree
down te an end or werninal point Player A always moves first.
Thus, on the green line, A chooses | from among the thiee
initial choices. Then B chooses 3, then A clhiooses 1, amd so
forth, until at the last move for A the running sum is 7, and
his chioices are 1 and 3. So he chooses | 10 make the sum 8
and wins. Triangular-shaped endpoints denowe a win for A.
Square-shaped endpoints Jenote a win for B.

Zz0
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TREES

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 thess, as the game rules demand. frad-
nussible moves would nor ordinarily appear in the tree because
they tend 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 geme of Eight is played by children at the ocal

Kindergarten in the following way. Player A rwirls the arrow of a

three-part spinner, to select the initial move.

after, each player Hips a coin w decide among the two admissible
choices. (heads the smaller, ails the larger,)

{b) What percentaze of fames pla_‘,’:d will follow the color line path
in Figure 6-42

{c) What are A’s chances of mnnmg’ Express this result as the
number af games won for every 100 games played.

{d} If each player chooses each move as shrewdly 35 possible, what
do you think are A's chanees of winning if A plays first? The
answer is 0 times out of 100. See #f you can develop a proof of
this assertion. In Chapter 7 we will wake another quk &l rhis
problem.

[n cach ef the next 1wo exercises, you are given the rules
of a simple, we-plaver game. Your job in ¢ach case is 10 show
part or 4l of the game tree with ar least four complete games
displayed,

The pame of Ffex {or Hexapawn) uses a 3 by 3 checkerhoaed. Each
player begins the game with three pieces on his base lne, as shown
m Figure 6-5. Play altcrnates between green and gray. The rules of
the pame are as follows,

() Either green or gray, in his wra, can move forward one space
to an unodcupied positian, -

{b) Or he cun meve diagonally one space to caprure an opporent.
A qaptured picce is removed irom the board

{c} The game s won by reaching the opponent’™s haschine.

{d) Or by leaving the opponent without a move.

(&) Or by capiuring all opponent picces.

Hint Fach sepment of the tree should be tabeled o indicate the move
i represents, One way would be to show the hefore and apter row,

2&
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column values of the piece thar is moved.: For exwnple, un Ereen’s
first play he has three choices: (3.0) — (2,1} or (3,2) — (2:2), or
(3,3 — (23). Each of ihcse moves can be further abbreviated to
four-dizit numbers withour foss of information, that is, 3121, 3223,
and 3323, ropeciively,

Alternatiwely, il we give the squares of the board the explicit
names shawn as simall digits in the lower tighe corner of each sgnare
in Figure 6+5, then we can use 3 somcwhat more compact repre-
sentation of a move, Instead of four~digit abbreviations (e.g., 3121,
32223, andd 3323), we can use two-digit abbreviations {e.g., 74, 85, and
96, respectively) with no risk of confusion.

8. The gawe of 31,7 Teke a die and roll jt, The side cthat turns up gives
Ihe running sum's inital.value, Thereafter, each player moves by
tilting the die over on s side {one of four possible sides, of course,
and remember that opposite faces

L - 3 = L] -]
L J L] » ]
- L} L] w =] L

always add to seven). The side that turns wp after the tili-over is
then added to the running sum. The game proceeds rilt gfter tilt A
player whose tilt brings the mta! 1o exactly 31 wins the pame; 2 player
exgeeding 31 loses. There are no draws.

Data Trees Flowcharts of algorithms often have the characteristic treelike
. structyre, but it is also interesting that dara can be arranged
in a wreelike structure, Here are two examples.

Example 3. Suppose you are given a2 sequence {i.c., a list) of N numbers,
Monotone Subsequences all guaranteed 1o be different. Whar is the longest monotons
' sibieguence in the given sequence? ’
By a subseguence we mean the list that remains after
“crossing cut” spme numbers in the original list, If, for exam-
ple, the given st 1%

5096112372

then one of the 511 (2° — 1) possible subssquences of this
sequence is:

5096112372
that is, 96 1232

T
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The reason for explaining this idea in terms of *“‘crossing
out” is to make it absolutely clear that the order of the remain-
tng terms is not zltered. By a monotone subsequence we meun
one in which either the values are increasing from left to right
or pne in which they are decreasing. Thus the preceding sub-
sequence,

061232 -

i5 0ot monotone, but the following two are, the first being
increasing and the second decreasing.

SO086112372
5096112372

You can check that the increasing subsequence 15 the long-
est possible; that is, there I8 no increasing subsequence with
more than four elements. The decreasing onc is not the longest
possible, since the subsequence

9632

is longer. .
It is possible to develop an algorithm for determining
longest monotone subsequences of a given sequence. Cur inter-
est here is 2 bit different. Suppose you are asked to picture
; alf the possible monotane decreasing subsequences of our ex-
ample sequence,

S0061 12372

A hopeless task? Not it we think in terms of trees! Sec the
answer in Figure 6:6. ' .
A most revealing discovery! We have wken a string of
-numbers, posed 2 parucular 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-
scquence in & can be represented as a path running from the
oot S 10 one of the terminal squares. From now on, we'll
call these circles and squares pefos.

The lonpest of such subsequences 1s easy for the eye 1o
pick out once the tree s drown. It is the one whose teruinal
agdy is Fonnd at a level of the tree farthest from the root node.
In this exumple, only one path reaches o level 4, so there 18
only onc lonfest monotone Juecreasing subsequence.

2Y
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101 taken feon the l\rin[nl

o elavg schedule,

TREES

- If a computer is 10 be used for this appreach, we must
have an algorithm (hat, in efleer, systematically scans the cnlire

tree. This is the interesting part, which will be taken up starting
with the next seclion.

Construct a tree thar displays all monotone fmereasing subsequences
of the same sequence given in Figure 6-6.

Draw the wee that displays all monotone deereasing subsequences lor
the sequence S defined as

$ = {3,210

Imagitte you are 1 student registering at a university and you have
decided to enrol] in a particular group of live courses. The five courses,
together with the avuilable sections and the times each will be taught,
are listed in Figure 6+7. We presume these dara are extracted from
the official class schedule. Notice that the time periods are letter coded
(or convenience.

Course  Open Sections
ENG 132 D (9-10 MW
E(10-11  MWE)
F{1-12  MWF)
FRE 141 IFill-12 MW
I {1-2 MWE)
Q(10-11:30 TTH)
HIS23 T (I1-12  AMWF)
H{1-2 MWEF)
MTH'I72 D {8-10 MWL)
B {ll-12  MWF)
Q (10-11:30 TTH)
CSC 1R IF -2 AWE)

1L (1-2 MWE)
Timetable
I e i
I T e,
b EnG 2 o | ] i !
¢ FRE 141 i : : i
v HIS 23 o s i A ! h........._.._!
AT 172 ;o ] : D |
: Cac 19) : _ | : i |

] H
et ra manom s A s T mas e mmm o tm m— . Lfworr do s s e b P o=

2‘:"
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Does a pessible set of noncontlicting sections for the five courses
cxist? That ig, is it pasable o select a 5ot with no tme contlics?
It 5o, hone many distines weasible sois can be selectad? To be distinet,
a sut need dilfer in ne mere than one section from other possible
sets. Complete 3 cotumn of the nmeable shown in Figare 647 for

, cach feasible ser.

Hinr This problem and others like it can be solved sysiematically
by constructing & tree of labeled nodes. The suwruerure for the tree
coutd be such that the ser of nodes wong any path emanating fram
the roar represents a sct of nenconflicting course sections, For ex-
ample, labeled nndes ar level 1 could represent the various availahile
secrions of ENG 132 (Figure 6:8). Nodes at leve] 2 could correspond
to various sections of PRI 14}, 2nd so forth. Any path running from
the root 1o Jevel 5 such thar every node has a ditferent label would
represent a feasible ser of eourses,

Level 1'TEMNG 132}

Imagine ypu are a student registering at a university and assume that
you have Jdecided to eproll in the following six courses:

Communications 267 (M 267

Enplish 337 ° fENLG 337)
French 231 (FRE 231
Geography 233 {(GGY 233)
Mathermatics 272 (ML 272
Music 120A - (MUS 1204)

Brlow are data raken from the priowed ¢lass schedule, Imbgine that
when you reach the regisirabion deak, you God that certain sections
of four of the desired courses are closed (a5 indicated). Prepare a uree
dizgram that shows whether there are ene or more pessible programs
open [0 yeu at Lthis time, permitiing you to enroll in 21! six of the
desired courses with no time conflicts. If one (or more} program{s}
is {are) available, prepare a filled-out timetable whose format is similar
to that given in igure 6-7. -

A smudent who was planning to work every afterngon (-5 p.m) for
the Athlenics Department was also hoping to enroll in all of the
following six courses: COM 267, MUS 1204, GGY 233, MTH 272,
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COM 267 TV-FILM SCENE AND LIGHT .
601 N7-KUHT 930-11AM TTH COLLINS
MUS 120A MUSTCIANSHIP |
L601 129_E J0-11AM WF MILLER
H602 199 E 1-20M WF MILLER
P03 1291 . 9-I0AM TTH HORVIT
Q00 101-L ‘ 10-114A0 TTH BENJAMIN = —-
GGY 231 WORLD REALMS
Fél 101-ATI 11-12 MW YRR - ——
s . 1= AL 1-2PM MWTF BPALMER '
5603 210-Atl 1-2:30PM TTH SHERIDAN «— 3
VM 101-AH 4-5:30PM TTH COFFMAN
MTH 272 CALCULUS 111 :
D602 W-all §-10AM MWF - RADECR
Heo3 216-AH 10-11ANM MW'F Yl
11604 16T 12308 MWF - mm—mm e em an — o Sl
P07 7-AH 8:30-10AM TTH RADER | sections
PLO8 11-7 8:30-10AM TTH i
5610 211A-SR 1-2:30PM TTII o
FRE 23 INTERMEDIATE FRENCH ”
1601 03-AH 10-11AM MWF MCLENDON -
Foiz 106-Z 11-12 MWF JANSSENS '
H03 05-% 1-2PM MWF / .
[60:4 105-% 2-3PA AIWE
Q605 11:% 10-11:30AM TTH MCDERMOTT /
S606 12-Z - 1-3:30PM TTH HOWARD
ENG 337 SHAKLESPEARE ;f
19601 105-C 9-10AM MWF HENDERSON A |
11602 LD-C 0-11AM MWE LAKER —
Pao 110-C 8:30-1048 TTIi HAKLR ~—————
S605 113-C . 1-2:301°538 TTH THOMAS

Example 4.
Tree Representarion
of xprossions

FRE 231, and ENG 337, He received special permission to werister
early fi.e, ne e setees o worry sbout). How muay diferen
feasible programs could he seleat, given the prineed schedule used
in Problem 4, (irnoring closed sections), and sul! ke the atternoon
job without a rime contlict?

Suppose we are given
faxXw+ X w2/ (dxy)

I seems obvious that whosver first wrote this steing of churac-
ters intended that it have a mathematical mcaning, By now,
you are quite expert at interpreting such strings. This inter-
pretation, remember, involved the applicziion of a relatively
complicated sct of rules (Tables 2-1 and 2-3} Figure 0-%

4
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[ BTN )

Fnal |

Lewct X

Lewel ¥

Lesel 4

' Tewel §

FIGURE 6-9
A trce representation of an shows how we can represent the same string as a tree and give
:rllhmctu;: XSSO0 . ' . ha . . 4
it the same nterpretation. We will quickly diseover that the
rules for evaluating dn expression represented as a trec are
_ much simpler (o state because part of the inierpretation is inher-
ent tn the structure of the ree.

Before procegding with this ling of thought, it will be
helpful o summarize and supplement the tree terminology
developed thus far, This is done with the aid af Figure 6-10a.

We see that every tree has a roof node from which extend
segments {one or more) to other nodes, which in urn branch
10 others, eventually ending in rerminal or feaf nodvs. (Notice
that a root node alone is not a txee.) Every segment lzads 1o
the root of a subtree, which may be a terminal node. Nodes

—
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Level O . Rool node
Farent --:-‘-3,_
Levet | . e Ordinary nede ol dégees 3
. . ' /,.- - . . . Gl s 3ol Tsprseh
SN 1 .
‘E;’ !
f
NS .
L avel 2 . . . - . .__._,E" Termunat nadz
OElpruig 1w or mga
[ olbprifg ol e vame parent
- - st Callid frhen s
Level 1 - et
. ONEIN
-~ kY
s
% \
. i
! /
we /8 0,
/ /
f ' ;
L - /S Subres
3 4
Lewel § \ . P s
L -
o - -

_——

FIGURE G102
Tree terminulogy.

can be located (identified) by fevel, which 15 a2 node count along
a path from the rout node 1o a terminal, The level wo associne
with the root node is purely arbitrary, bur we will usually ke
it to be zero, Thu nodes alung a path are often thoushe of as
h:win}; art aarcestratd relationship one 1o another. By analogy with
farnily trees, muving from a roat toward 4 terminal, each node
is the parent of its Iinmediae suecessor nodes (offspring). Twa
or more nodes havieg o commen parent are someumes called
stbiings. Finally, we can say that the deyree of 3 node s the
rumber of its immuediate offspring.

A node mav also be identified in terms of the padh that
leads from the root te that node, How can we represent that
path? An unswer comes 1o mind when we realize that represent-
ing a tree in two dimensions imposes an ordering on the sep-
ments that emanate from cach node. And we might as well
recopnize this act of life by numbering the segrments i seme
way, sav from left o right or right w It For suimphiciry and
consistency we will gencrally sumber scements [rom lelz 1o
right, as supgested in Figure 64106, These ordinal numbers
amount, in ctlect, (o wgsus for the segments.
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Now & node can be designared unigquely by listing the
nepnes of all the segmenu (y the path leading 1o that node, TVor
example, the lighs green node in Figure 6- 105 may be desig-
nated by the list (1, 1, 1, L, 2), the dark green node by the
list (3, 1}, the gray node by the one-clement list (2), and the
black noce by (1, 1, 1}. (How would the root node be designated
in this scheme?) Distinct nodes have distingt parhs and hence
distinct Jists. '

‘The expression tree, by its very structure, provides 1he key
te evatuating the expression that is represented, For example,
suppose values for the variables of our expression are:

I i j w'i B i d
Lsfz iz -1
A subtrcc. of the form shown in Figure 6-11, tom¢ther with

the above table, can be understood to mean: Look up the values
of a and w, compute aXw = 3X2 = 6, and replace the

1
;‘}'
by

subtree by the terminal node 6, -
Correspondingly, the subtree shown on the left can be
interpreted asi Computed Xy = — 1 X7 = — Tandreptace

the subtree by the wrminal node — 7.
Figure 612 represents a sequence of meaningful substi-
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Operand Crpetand
termisal b kel

tutions that, when carried out, will vlimately lead to the re-
placement of the whole tree, roor node and all, by a single
terminal, which represents the value of the expression,

Proper evaluation s guaranteed if we follow one simple
replacanent rule that says:

Fhenewer you find a sibires consisting of a root node Ieading
to three tertninals (an operator and Livo operands), replace
that subtree by a single rerminal valie.

Thus the replacement sequence in Figure 6- 13, although
different from that of Figure 612, leads us irrevocubly 1o the

same value, "35("‘ A computer performing either sequence

would evaluate the same indicated quotient %56’ notwith-
standing the fact that compuier operations on floaring-point

numbers arc ponassociative, a fact explained in Chapter 11

Auother point 10 nele from the figures is thar the treelike

representation of a complicated arithmetic expression altows

us to see all the meaningful subexpressions {all the subtrecs)

ar a glance.

Onge an expression is represented as a tree, evaluation
depends only on repeaedly searching and finding subrrecs that
are subject to the replucoment rule. Ar any given time, an
expression treg, if net already Tully evaluated, will exhibir at
least one such subiree.

A guestion that has no doubt been uppermost in the mimds
of some readers is: How should tree strucoures be representedd
in storage? Linked lists, introduced in Chaprer 4, suggest ane
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Seepn I,
reglae
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Step T,
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Step N,
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FIGURE 6-12 Step o, (L by 1in
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way. With this approach, one storage representation fer the
exprossion

faXw+ Xuw/dXy
is shown in Figure 614, A four-columin tble is vsed. Bouch
row represemts 8 node with row | representing the root node.
Tree Tahle
[ ¢ mra s e T e et i e

Nade Vialue ]-'“k‘__ o i
Number - {Swinsl o Middle Righe | |
] s 2 |7 16 ()
2 i i 12 14

3 | - 1 12

1 [ 5 4 L

§ , B 6 ¥ B

& :: a —_ — —_

? 4 - —_ —

H L.owW —_— -_— —_—

0 1" + - - —

16 ¥y - | = -

1 % - | = —

12 Cow — —_ —

13 it — —_ -

14 o2 - | = -

15 ll' J - — —

16 ! 17 18 19

17 d — —_ —

14 Hox - - -

FIGURE -1+

Tabular representation of an
expression free.

A Peek zt Some
Future Models of SIMI'LOS

The first colurmn holds the vatue of the node if it is a terminal
or sorae special mark, for example, 03, if the node is nonter-
minal. The remaining three columns hold node numbers that
designate the left, middle, and right offspring. These positions
may be left emply (undefined) for terminal nodes, Node num-
bers in the left, middle, and right columns serve as {inks to
other nodes. Other 1abular descriprions of tree siructure using
the linked Iist approach are discussed in Chapter 7.

We noticed in the expression ree of Figure 6-12 that two
separate subtrees

amd

-] [ [ L]
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had only terminal nodes as offspring. At the start of evaluanion
we could invoke the replacement rule on cither of these sub-
trees. It was immaterial which we picked first. This will always
be the case for subtrees whose reot nodes are siblings or the
offspring of sibling nodes (i.e,, cousins once or more revoved).
From the standpoint of expression evaluation, such subtrees
are mutwally ind.pendent.

Under what circumsiances can a ¢compurer work on the
evaluation of two or more independent subtrees at the same
time? With our present’ SIMPLOS mode! the answer is never,
because at any one trnc there i5 only one ream of personael

“(Master Computer, Affixer, Reader, and Assigner) available o

do work. On the other hand, advanced models of computer
systems having several, perhaps many teams of personnel, are
quite feasible, \
Although it may bogele the mind to think about It, one
may anticipate that future computers will evaluate mutally
independent subtress concurrently, thar is, paraflel, when-
ever more than onc teamn of personnel is available for rhe
purpose. In cases where speed is essential the capability of
concurrent computation offers the opportunity o solve prob-
lems that cannot be solved fast enough in any other way. Lix-
ampies of such problems already abound 1n our technological
socicty. Alore cun be found on this topic in advanced texrs.

Evaluate the expression trees below, using the given values for the
variables. '

10
- i)

A0 T e
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a i a= 11
al koo,
't o=
P =1,

1=l

Urraw & tree representation for the expression

Bi2 — 4 X AXC -

The following ar¢ two proposed tree representziions for the expres-
sian

- NXAN/D+0XU—-T

Which, if cither, of these wrees, evaluated by the replacement rule,
yields a result computznionally equivalent t the resule we et by
following the evaluation rules laid down in Tabfes 2-1 and 2-32
If the evaluation cf cither one of the trees is not compatible with
these rules, deseribe the discrepancy,
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4. Draw a rree representation for the expression
(a—BX(c—d)/{eX{+g)
5. Find which of the three trees given below OUI'I'IE:-:Il}’ represents the

given expression and exhibit the cxpression represented by each of
the other trecs.

4—-2_'9 R
"( 3 )"'" d
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Lu b

6. Find the tree among the four given below that represents the given
expression correctly and exhibit the expressions represented by each
of the other trees.

axXb < c+d/if+g)
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Convert the trees below into the corresponding arithmetic expressions.

Wi
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ﬂq.-"l
8. How would you Jrow the expression tree for the cxpression
A X {—B)? The preblem here is to decide how one should represent
2 umdry wperation. One possibility is shown in the tree on the lefL
Here the subtree expression — 1 ds treated as 1 roat nowde having
a unary eperator [=Jund one arcument 1] s oilspring nodes. Onc
can Jeduce that the operaror is wnary by the fact that the (lett-hand}
operand node is missing. Funcrions such ax v/, cos, and so forth,
can be thought of as unary operators, Using the abave expression
scheime, or another of your own choosing, devclop expression trees

for:

(a4} A+ vx
(b) cos (x? + y¥)

(c) ‘/%X{I +q/ VP""* q%)

9. Which of the following statements is false?

{2} A terminal node has one ancestor neds and no descendant nodes.
{b) A root node kas no ancestor nodes and may have no descendant.
fe] A nontermmy node has no descendant nodes.

{d) A nonterminal node muy have only one ancestor nods.

fe) A terminal node can be connected to an ancestor.

Hint ]f you have any question as 1o the meaning af “ancestor” and
“desoendant™ just think of a family tree.

" 10. Any given two-dimensiona matrix can be represented as a tree. For
example, 'the matrix :
34 5 a6
A=|8 3 2 9 '
1 17 4 6

can he expresscd as the ree:

Level O

Level 2

{a) Given the representation above, the four nodes at Level | corre-
spund to {choose one):

(1 The four elaments of the main dizgonal of the given matrix.
{2) The four elements of row 1 of the given marrix.
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{3 The four columns of the piven malriy.

{-}) The sumy of the elements in cach of the columns of the given
mAITIA.

{5) None of the above.

{b) Show at lcast one other way to represent the matrix A as a tree
struciare,

Using tist nomation, give the paths tor the nodes Iabeled @, ,
and, in the second of the two trees eeferred 1o in Problem 3 of

this exercise set.

Develop a scheme to denote the saving in time that, in principle, is
possible in 2 contputer having multiple processing units that can
exceute concurrently 11 the same expression. Show how your scheme
would work on the following expressions.

(3) a? + b+ c?
B (@ — B) X{c—d) /e X({f+g)
(€) (VX + cosy)/2

In the texr we have ulways shown the operator symbo! of an expres-
sion tree 4s 3 terminal node, 5o cach nonterminal node of the tree
has three offspring if the operator has two operands, znd two offspring
if the operator has one operand. Another way o draw the tree 35 1o
place cach operator svmbol ar its pareat (nonzerminal) node.’ For
example, the tree for the expression
A+ BXxC
may be drawn as

instead of as
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Natural-order Tree Search

COMPUTER SCIERTE: o FIRST COURSE v-"""
The new lorm, which we shull call 2 Brary expression tree, has

fewer nudes bt the same-amount WF informarion,

Refer ta Figure - 14 and:

{2) Produce the bimary expressivg iree equivalent 10 the expression
Lree given in Lthe fizure,

(b} Show how the tree table in that figure can be clhianged 1o struciure
and in content 10 represent the binary trew you developed in partt
4.

fe) Which tree wable would requice loss storage in a computer repre-
senzation?

We have now seen enough of rees 1o have observed their muin
structural characteristics; sexments of a subiree always cou- '
nect to new nodes that form a continuation of the same subrree;
there is no looping back 10 nodes closer 1 the roor; and there
is no crossing or crisscrossing between subtrecs.

Therc are many ways onc can construct and store & lree
structure. Depending on what use 15 to be made of the tree,
some representations (we will call these storaye structures) ave

-~ bewer than others. Trees are searched for one reason or another,
f-gither ‘1o gain specific information, 1o reach a conclusion, or
o mnchfy the treg'in’a certain way: A tree search lies at the

T

“heart of a numbcr of mathtmauwl pmbk.ms and a great nym-
I BNFFY PR P RN
ber of games. ce g
LR Y

There 'is a systemane way 10 scan all the nodes of a ree that
15 used frequently in salving pmhlcms We cal it narnral-order
scarching. Although a sqmrr:.] iy have better ways of finding
nuts in a tree, it will hrlp s 1o understand nitural-order scarch
if we 1magine’ a nmsrekmn squlrrcl willing 1o follow these
rules. # N

— S .
) ' . ) ,

1. Start at the trunk {root) and den't $top trying segmonts

unti! you reach a leaf (terminal node) unless you find a nut

and choose o stop at that point.

2. Upon reaching a terr_ﬁinql without finding a nut, back up
to the node you just passed, that is, to the pavent node of this

terminal, Y Ty
A

3. Now, choose the next vntried segment, if any, and move
forward along it toward another leaf node.
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4. If there are no untried scgments, crawl backward to the
predecessor (parent) node and repeat the process of trying 1o
reach another leaf node.

5. I you ever find yoursel!” back ar the root having already
tried all scgments from the root without finding a nut, you have
tinished searching the entire t1ee in natural order and can report
a failure to find a nur.

Figure 6- 15 shows a natural-order search of = teee. The
numbers beside the nodes indicate the sequence in which they

g
i 9.
I
: I
| L] o
+ I I ;
o O O )
I
) : 4
o@iuifeXeRe ninle
]
|
‘s eliminininin ®
2
o s nlRe
17 :\ '
Y o) Y (] “.. (y ] 3
x---h
AN “-., .
'-’U N 100 L)
' ' .
]
t
VI I D D O
. B oo
i
i
FILUKRE G-1% are first cocountered {Q.e., a3 the squirrel sees them in fis for-

Systontatic (naficrad-ond 1)

| ward progressh, Wo picture one of these nodes as w nat, 1t s
AT ML I TR TTELS I

Ui 23ed node enconntered, Notice the systematie, lelt-to-right
selectivn of segments at cach node.
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Free Svarch  generally follows the stated set uf rules. One ol our problems
15 how o mterpret rule 3, that is, how to cheose among the
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remaining uniried sesments. If we cecail, however, that the
scgments cauinaling from each node are, or always can be,
erderad, then a simple interpreanion comes guickly te mind:

clicose the sepment, if any, whose ordinal pumber name is one

ligher than ithat of the segment previously tried,

To malw this choice implics thar the algorithm can always
wentify the ancestor or parent node from which the “previously
tricd" sermient emanated. Thar is, the algorithm can only iden-
tify additional segmcits in terms of the common parent, This
backup capability is assured if the algorithm at all times has
an up-to-date record of where it is in the rree search and can

represent this datz in the form of' a path list. For example,

suppose it has been discovered thal the segments from the node
whose path designation is {1, 1, 2, 1) need be #xamined no
further {Picture 1).

The nede
named (1,1, 3.1

pPICTURE |

W'hat is the path name for the parent of that node? The answer

5 (1, 1, 2. o
How do we apply rule 3 1o this parent (1, 1, 2)7 (Rule

3: choose the nexr untnied segment, if any, and move forward
zlong it towerd another leaf node.) The znswer 1s, if there 55

a node whose path 15 (1, 1, 2, 1 4+ 1}, try it {Picture 2).

In general, suppose we have tried the segment leading
from node (1, 1, 2) 1o node (1, 1, 2, i) and the subtree whose
root is (1, 1, 2, 1) has failed 1o contain the nut we arc looking
for. ‘Te select the next umried segment, of any, of node {1, |,
2), we have only 1o check whether there exists a valid node
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The reoue namsd ¢1. 1. 2, 1
1o be prped ader (1, 0, X L durh

BICTURE 2

whose path is (1, I, 2,1 + 1) IF so, select the segment leading

to this node and jf not, back up, and check whether theee is

a valid node (1, 1, 2 + ). If so, selcct the segment leading

1o this nede, but 1f' not, back up agamn and see “hcthcr (1,
I+ 1) 15 valicd, and s0 on.

We now sense that by stnrting out with a puth list thur
represents the tool node {un empty iist of segments), and by
continuing o update that Hst as we move through the wee o
reflect where we arc in the search, then simple adjusiments
1o the path aliow us to determine each new direction of search.

Figure 6+16 shows a systematic procedure, that is, an
algorithm for conducting natural-order tree search, “Fhe alzo-
rithm s represented in top-down style, with Figure 6-16a
giving the topmost view. Any necessary data are input in box
I und the wree scarch begins at box 3, In Tree Search, whaose
details are given in Figure 6+ 16h, there are wva key variables:
feved and pad. The vitlue of level wlls us the number of ¢le-
ments in path. Valoes of these two wariables determine the
curvent node of the search, In a semse the current node is the
one we ace standing on while we trv to find the next nede (o
move {o. These variables are imnalized in box | of Figure
G+168. Vree_Search sers soane sort ol switch o indicule success
or {ailure, (1hecall that a root node by nselt does not constitute
2 tree. There must be at feast omne subiree. For this reason the
first time box 2.2 is execuied the Yes outdet will be taken.)
Lipon exiuftom Tree_Search, the main progeam, in efleer, tests

N
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that switch. IT suceess is indicated, the path list is Jisplayed,
idenufying the location in the tree where the nut was found;
otherwise a failure message 1s displayed.

To simplify the details of Tree_Search, three of its boxes
are given in more detail in Figure 6« 164, 616, and 6-16e.
Notice that rule 3 is implemented in box 2.3 as a call w a
procedure, “Seck Another_Segment,” whose delails (Figure
6-16¢) inciude a test for admissibility of untried sepments.
i Although not shown in the level of detail given in Figure 6+ 16¢,

' ‘ we imagine that some sort of switch is set by Seck_Another_
Segment, which can be tested upon return to Tree_Search so
that the former’s success or failure can be determined ar box
2.4. If successful, there is 2 new node 10 which the search anay

. advance (details in Figure 6+ 164). I unsuccesstul, it {5 neces-

sary to rifreat [o the parent node, il any (Figure 60 162). (Re-

{d) member that Seék_Another_Scoment ceports failure only after
all scgments have been tesied.)

The bookkeeping of the retrcat aperation (bux 2.3.3) is a
IWO=51C]) PFOCESS,

L. Detach the last element of path, which is a segment num-
ber, and save ab to use the next time Seck_Another_Sezment
15 catted at box 2.3.

2. Decrement fevef by one 1o reflect the shertened length of
puth.
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The segment number saved m step 1 is neaded in boXes
2.3.1 and 2.3.3. When a now segment number 15 selected in

box 2.3.3, it In turn 18 saved for use by Advance, the next ume,

that procedure js called at box 2,6, Advance increments fevel
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 observing that the nature of the admissi-
bility check hinted at in box 2.3.2 may be crucial to the success
of the scarch. As many inadmisstbie structures as passible must
be ruled out at cach stage, For cxample, the squirrel should
recognize each dead limb and not search it. Otherwise, the
proporuion ©f uscless paths may grow rapidly, meaning that
the efhiciency af the search method can plummer toward zero.
Next we examine several interesting problems thar employ this
type of search in their algorithmic solution,

1. List the nodes of the tree below in the order in which they would

be encountered in a natural-arder search.

Maps are colored to make it casy to see ar a glance the extent
of each country, It is necessary thar neighboring countries (i.e.
countries with a common boundary line) be assigned different
colors. Does the mapmaker then need more than four colors
1o do his job? He doesn't care, bur we do.
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. This problem was one of the most celebrated chailenges
in mathematics. It is of greal intellecrual interest and has in-
trigued many people from all paths of lile. Actually, ts solution
has little or'nothing whatsoever to do with making maps, A
mapmaker is and always will be able te print maps using as
many difierent colors as he needs,

A checkerboard is an example of a map that can be colored
with only fzeo colors. The four-country map shown in Figure
6+17 requires four colors, Beeause each pair of countries is
adjacent, no two can have the same color.

It didn't take us lony o lind a map requiring four colors.
Yet, in over 100 years of searching, no one 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-
maricians have racked their brins rying to prove this con-
jecture. The best they have been ghle to do so {ar is 1o show

" that every map can be colored using no more thun five colors.*

We are ahout to see how compurer methods can be applied
to the four-color problem. We will not use the compuier to
show that the four-color conjecture is rwe, Indeed, it is entirely
possible that no computter can ever prove this. However, urue
or false, we can use the computer 10 determine whether a
particular map can be colored in only four colors. This is the
task tor which we want to consiruct an algorithm,

Before starting on this algorithm, a few remarks concern-
ing the coloring of maps may be helplul.

A minimal five-color map 15 2 map requiring five colors,
so that every other map requiring five colors has ar least as
many countrics. Of course, no minirnal Gve-color map has ever
been fomnd. But mathematicians have shown that if such migps
exist at all, then some of them satisty these two conditions.

1. Nopoint is a boundary point of more than three countries.
2. Hach country is a neighbor of at least five others.

Aforcover, it can be shown that erery minimal map, il any exist,
must satisTy the second condition.

It is theretore customary 1o consider as candidates for
counterexamples to the four-color conjccture only maps (ul-
lilting these cunditions.

*A simple proul ol e fveofor theotam ants. 1t may be Tound, for cxample, in
Wsr g Mathomain o (tond Ulaberaty res (19415 by Covrant 4nd Robbins,
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We can mindel the problem of lour-coloring a given map, 5ay,
the one pictured in FFigure 6-18, as one of traveling along a
puth through a tree such as that shown in Figure 6:19. Each’
segment represents a Jecision to color a country, with colors
1, 2, 3, or 4. The ith segment in 2 path from the root corre-
sponds to the coloring of the ith counwry of the map,

i ——]
p——
-

»

o —
. —
[ ]

1

Observe that many paths through the tree mrm out to
represent wdentical colorings of the map except for repaming
of the colors, and it is desirable to aveid searching through
such duplicate patterns. (E.g., the two heavy-line paths in
Figure §-20 represent the same coloring patterns with ditferent
names used for the colors.) One way o avoid the unnecessary
search is 1o fix at the outsat in a quite arbitrary way the colors
for neighboring countries 1, 2, and 3 and to begin the real
search with the coloring of country 4,

In coloring all countries, from the fourth country .¢4n, as
seen in Figure 6-2], we assume that all four cheices are possi- .
ble. Most of the time, however, as can be seen in Figure 6+ 22,
only ong, two, or three of these choices will be admissible.
Somenmes even all four choices will be inadmissible, as ex-
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FIGURE 6-21 X
Showing coloring tree and ane
path representing the coloring
of the Rrst six countries
fecoloted Yine}.
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4p ul igure 6-18. emphficd by terminal nodes murked 1F in Figure 6.22, Qnly

10 puths lead (0 5 (success) wernuinals,

FAERCISFS 603, . 1. Compute the thearetical maxiawum number of possible terminul nodes
ST A fur the colormy trog of the 12-coentry map in Figure 6- 18,

Hint Use Figore 8-21 g5 2 guide.
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A Four-Coloring
Algorithm

FIGULE §-23

Exrample of map 1o be
four-<ulored by a computer
algorithm,

CGM[’.UTER SCIENLCE! A FIRST CCURSE

Assume that it takes only 1 microsecond (o check another path to
a terminal, and that the search of half of these paths is regquired before
the desired termunal is reached. How long would the compurer chug
awzy before it found what it was looking for in 2 39-country map?

Assume all segments 1o be sdmissible, Express your answer in units

of yearr.

By renumbering the countries on the map of Figure G- 18, show that
a coloring 1tee can havg nades with three and even four permissible
sepments cmanating from them.

Using a form similar to that of Figure 6-22, draw a “coloring tree”
for the map shown below, . .

SO

Let us see how o apply what we have just learned abour rree
search to an acrval problem. It is one thing to discuss a tree
in the absrract and another to start with a probleny, define in
some detail the tree search that is involved, and then develop
a-derailed flowchare algorithm. In this case, we will take as
our problem statement: Develop a detatied flowchart algorithm
for four-coloring any n-country map.

The first siep toward this objective might be to devise 2
method 1o represent any n-counury map. To do this we need
a sample map for stdy as, for example, in Fipure 623, The

53
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map coasists of 39 countries, and ﬂ'll:‘ countries have besn
numbered or indexed in the order that the algorithm will
attempt to “color’” them.

The efficiency of the algerithm will be gready improved
if each country borders on as many lower-numbercd countries
as possible. We do not absolutely insist on this bur, if you have
done Problem 3 of Exercise 6«3, you will appreciate why we
recommend this approach. We do, however, require that the
first three ¢ountries all be neighbors of each other.

How de we represent the map in computer storage? One
way is to construct a ‘“‘connection table,” listing after each
country all of its ncighbors in increasing order. This is shown
for our example in Table -1,

Our algorithm should consult this table when deciding
how to color a particular country. For example, if we were
coloring country 13, we could see in row 15 that countries 5,
6, and 14 are neighbors already colored. Our choice of color
for 15, then, depends solely on the currently chosen colors for
5, 0, and 14.

Knowing that country 15 also has neighbors numbered 16,
25, and 26 appears to be superflucus. This teads us to the idea
of a shaved-down table, which we will call the “reduced conneg.

The Connection Table for the Map in Figure 6-23

Country

WIE 1P A

Meighbors v Country  Neighhors

2 31 4 5 .4 21, 1 11 20 22 3 32
I 3 & 7 '8 9 2 1 12 21 23 23 133
12 4 9% o L 23 243 22 24 3% 3}
I3 5 11 12 13 24" 13 14 23 2% M OB
I 4 6 13 M 13 23, 4+ 1% 24 26 33 3
I 2 5 7 1% 1o 24. 15 16 17 35 17 3
2 8 B & 1T 18 27 17 26 28 3 7
27 9 18 Iy ' 28. 17 18 27 29 3¢

2 3 3 10 1" n 29, ig 19 28 30 37 38
T B R | 3 9 2 29 31 W
o4 w12 22 AL N N N N MW

4 10 By 22 N0 . 32 21 22 03 33 M 3%
4% 12 1 2y 2 LEY ) 203 1N N WM

I B T & B 3L 23 04 N B o»w

F 86 13 14 0H X% 33, 21 0¥ M 3 39

O T 36, 23 2w 27 03B N W
FobkoI8 2 2T M 37 37O 20 i MW
o4 17 1v M M 38 L L B ¥ S P
- A M. 32 3 H 3N O 37 M
b | L B 'L

5Y
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]

TaBLE §-2 . _
Reduced Gonrection "Tuble 1or the Map in Figure 623

Coniry Neighhors Width Cuogniry Neichbors Witlth
i LUINN, W, i LONN, w,
i 0 h 2 n 1o 3
2 [ | ] 22 . o1 2 3
1 o2 2 [ Fx) 12 13 22 1
4 13 b3 24 13 M 23 3
5 4 2 25 4 15 X 3
] 1z % 3 26 13 16 17 25 4
7 2 s 2 N 17 26 .2
] 27 2 [t 23 17 18 1 3
9 2 3y H# i . 29 s 19 24 3
10 1 9 2 3 o 20 i1
1t 3 o400 3 , £ IV V1 3
12 1N 2 i 1z nonzu k]
13 105 12 3 Foon N n W 3
1} 513 2 ' H 3 21N 3
15 5 & M 1 li 35 235 M 1
16 & 7 15 1 4 L B 3w M35 4
17 7 18 2 l‘ 7 N 28 XN 3% 1
18 7 & 17 3 v & 2 3 o3 2% 3
12 4 o 18 3} 19 233 3 O3 OB O3 3 7
20 g 10 19 3

tion lable." It is constructed by sinking out of each row in
the table alt numbers greater than the number of the row itszlf,
The reduced connection able for our example is seen in Table
6+2 and can be thought of in this case as 2 38-row by 7-coluinn
array called CONN. The number of nonnull elements in aach
, row is given by elements of an assoctated list w. Thus the
algorithin ¢an search the frst w elements in the ith row
. of CONN o determing which neighbors have aiready been
colored.

If we are ro apply our generalized tree search algorithm
(Figure 6-16) to the map-caloring problem, we must also de-
cide how to represent the current node (i.e., how 10 represent

3 the variables pach and Jewvel). ‘The variable padh 15 a list of
elements, each of which designares a segment ¢hoice. Our
decision to use color codes 1, 2, 3, and 4 for the four possible
color choices leads ws directly 1o the decision that a search
from a nede may be accomplished by sclecting {trying) the
segments in the same order, 1, 2, 3, and 4. The decision 1o
make this correspondence between the color codes and the
segment order imposes the required ordering on the segments
fram each node of our coloring tree. Morzover, the ith element
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of path automarically identifies the-color chosen for the ith

"counery! This means that whenever we have been able to

choase 2 valid color for the nth country, the current centents
of the path is the desired [ist of colors for the n countries of
the map. Nothing could be simpler. For this problem, ler us
call the path list COLOR, since it is more suggestive of our
desired objective. .

Figure 6-24 shows a flowchart algorithm incorporaring the
foregoing concepts and details and following the identical top-
down structure given in the generalized search (Figure 6-16).
It will be casy to verily the claimed similarity. If you have
any diffrculry in following Figure 624, remember that boxes
with corresponding numbers in the generalized flowchart have
similar meanings, Only Figure 624/ the detail of the admissi-
bitity test in box 2.3.2, is rcally new.

Box | of Figure 6+24 is a counterpart to box ! of Figure - 16,
In the detailed algorithm we must mput the data explicidy 1o
represent the map if we are going 1o deduce the actual strucrure
of the tree. In Figure 6:244, 10 keep wrack of what tree level
has been reached, 2 level or path length counter k is needed.
This counter is initially set o © in box 2.1 1o reflect the start
of the search at the root node. [The algorithm could be made
more efficient by initializing the level counter to 3 and path
e (1, 2, 3) to retflect coloring the first three countries with the
first three colors, as suggesied in Figure 6-21.]
Success_Switeh is a three-valued switch variable that is
initially set 1o “undecided' (at box 2.1), and then is set to either
“Yes™ if the ree search succeeds or to “No'™ if the search fails.
To see why or where this switch is set to e¢ither *Yes™ or to
"INo,” you may have to descend 10 the next levels of detail.
Thus, whengver we discover that the search is about to back-
track o Jevel wero, the search has failed (boxes 2.5.1 and 2.5.2
of Rewear). If k — 1 = 0 in box 2.5.1, the current node is
at level 1. {n other words we have backiracked to the first
covnrry. The first country was colored with color 1 at the
beginruing of the scarch. We have nol tested colors 2, 3, or
4 on country |. 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 patterns, If we want to search the complete tree,
however, including the four possible colors for the first ceuntry,
we have only to chanpe the test i box 2.3.1 to read

Whenever 1he level counter K is found o equal n (boxes
2,7 and 2.8 of Tree_Searchl, Success Swirch is ser ro “Yes,”
“The variable Seek_Switeh tested by Tree_Scarch in box 2.4
is set to either "' Yes™ or “No" by Seck_Another_Segmenc (Fig-
ure 6-24¢). This procedare in turn reports success if and only
if the subprocedure Admissibility_Check reports sticcess. This
latter procedure (Figure 6:21/) determines whether any of the
previously colored neighbors (there are wy ,, of them) have the
same color as the remtative colur, te, that is being considered
for the k + 1 st country, If so, Admissibility_Switch is set 10
“No" so that, after the RETURN to Seek_Another_Segment,
ancther {the nexr) color may be tried. Notice-that only in
Admissibility_Check is there any reference to the map's rep-
resentation. This suggests that detailed flowchars for diff erent
natural-order tree search problems will differ mainly in the
details of this particular part of the search algorithm,

The bookkeeping of Retreat and Advance in Figure 624
uses auxiliary variable, tc, tentative color. This variable is also
used in Seek_Another_Segment during the search for an ad-
missible segment and, in box 2.3.5, 1c is incremented whenever
an inadmissible segment is found, In Advance, k is incremented
to represent the longer successful coloring path, The successful
wntative color is stowed away in Colur,, and the auxiliary
variable tc 15 reset 10 1. (See box 2.6.1) During Refreat the
current color choice for country k must be remembered so
that the search for another segment of country k's parent can
resume at a value of te that is one greater than the last one
trited. The saving of this mformaoen is accomplished by the
assignment step,

te «+— Color, + 1
as scen in box 2.5.3. Then the path length k is shortened by 1.

\ey

ey
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A chessbaard with wo
Queens on ditterent rows,
columns, 2nd Jisgonals
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- In the problem set that follows, you are introduced tw
several well-known problems invelving tree search. Here 1s
your chance to apply our generalized natural-order tree search
method.

The Ficht Queens Problem. A chessboard is an eight-by-eight array
of positions. The Queen is the most powerful piece (o the game of
chess in that it cn capiure any other piece encountered on the same
row, column, or diagomal. The problem is to so place cight Queens
on the chessboard so that ne Chueen can capture anather Queen.

I there is a solution to the Bight Queens Problem, it is evident
that cach CQueen must be on a differ¢nt row, column, and diagonal
of the chessboard (Figure 6-25). This suggests the need for a sysiem-
atic way of placing the eight QJueens on the board, one a1 a time.
It is certainly immaterial where the Arst Queen should po but, w be
systemanc, we ¢an think of putting it somewhere in column 1 with
the object of placing each sudcessive Queen in a suoceeding columen.

In placing the first Queen in column one, there are cight choices,
each of which eliminates some of the choices for placing 2 Queen
in colume two, These cight chotees may be represented by 2 tree

_ with eipht segments emanating from the rect node. As one moves

down this tree of choices, there will be fewer and fewer admissible
branches. A solutivn to the Eight Queens Problem s represented by
a path through the trec reaching all the wav o level eight

The natural-order wee search is suitable for searching the teee,
but it is pecessary o be explicic about the test 1o determine which
segments of the tree are admissible. Although it is tempting to repre-
sent Lhe chessboard as an eight-by-eight array, it is easy to see that
a single eight-clement List, say {Q, i = I{I)8), will suthce, since
in the (¥ list we can stare the row number for cach Queen,

Suppose that k Queens have alrcady been pliced admissibly in
the first k columng of the board. To determine wheiher the next Queen
can be placed in pasinon §, k + 1, ar teast owo tests must be made.

(2) Is there already a Quean in row * That is, has (he value 7 already
bween assigned 1o an clement of the Q listr It so, this position
{i. k 4+ 1} is inadmissible.

(k) Is there already a Quicen on ooe of the two diagonals that pass
throttgh the new pesition? The first diagenal, which we will call
a “major” dizgonal, slants from upper left 1o lower right, The
second one, a “minor™ diagonal, sluus from lower left o upper
right. -

-

If the answers to all these tests are negative, the new posttion
is admissible. You should give thought o various ways of reprosenuing
the needed dara and perfurming the required tests, One way o record
the posirens of the Cueens (leasr amount of storace) s with a single
cight-clement list whose ith element is the row number of the ith
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T+. PROGRAMACION {TNEAL

IIJ.Lalntmcduccién ——

En diversar situaciones para La toma de decisiones nela--
ecionadas con el udo eficiente de una senie de Aecurdos 0 asig-
naclidn dptima de nreunscs Limitades, ed neceddtie consdhuda un
modelo matemdtico. S{ dicho modefe matemdtice se puede expreida
como un 5.L8teme de desigunldades Eineafes, dadas por Las res---
thiceiones en 2o diswonibifidad de Los recurnsos,  una funcidn
que hepresenta £a weia u objeitiveo 4 afaanzar, tambifn de tipo
Lineal, se dice que s¢ traia de un problema de programgcdon Li-
neal., Lo funcifn objetive genenalmente nephesenta costfos o uii-
Lidades .’

En 2é€aminos genenales el s.istema de desiguzlfdndes LEincales
tendad mds variables o inedgnitas gue desiguafdedss , patra & 40-
Eucdifin se Aequenind converiir el sistema de desigualdadzs en e¢-
cuaciones pero el sisdema sexd de Lipe indeferminade, &4 em-~
barge, £a combinacidn de £as restricedenes con fa funcifw objie
tive tnansforma el sisiema detesmdaado en un sidfema defeamdina-
do que tendad sofucidn dniea y ademds dicha selucddn cplimiza-
nd Ea funcidfn pbjedive.

EL propéaite de La pacgaamacidn Eineal es& encontrar dicia
soLucifn 6ptima, Pe Los mltodes exdistentes probablemente el
mda empleade sza ef mEtedo Simpiex de Dantfzig.

La estructuera gencral de un problema de programacidn Li-

neal eas:
Wl X it
& 1= > .. {14.1)
min S B
sujeta a: v

X, =0, &1, , n )

n

> A X, 8 =1 §

A = "h ' '

P (14.2)
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Ay X, = B , Raf+ . + 4

Z llﬂ-vf. k I}J'z]
K

STAg Kot By . kegel, L.

La] 7

donde m < n , I ¢85 £a funcidn objetivo a optimizar, a foé& va-
Lores C, se Zes denomina coefdlcdentes de costos, Las variabled
gi son Las inedgnditas del problema, a £o& cocficientes *ki se
fes denemina coeficientes adtﬁuazuﬁazaa g a Las conatantes Ek
d¢ Les denomina estipulacifones. Llas restaieciones del paovblema
estdn dadas por el sistema de desigualdades (14.2) ‘
Las aaracteristicas que debe de reundr un problema de pro-:" |
gramacifn Lineal son: ' o
Ilque el modele sca deterministico,
2lvariables positivas,
3lquz el drisz objetdive fga mardmizer o wminimizorn
4l divisibifidad de Las vandiabfes, es decdn, gue puedan adgudi-
rin valores fraccionanios.
Se denomina &oiuciﬁn'bda{ca factible del sistemar

ZAM&- B, . kel, . . ., m 14,3

L=]

a un conjunto de "m" valones X; tal que satisfaga el sistema
de ecuacdiones [14.3) y que noe necesariamente optimiza La fun--
aidn objetive. A cada una de fLas "m” varlables X; a2 les deng -
mina vaalobfes bdsicas y debeadn sex posdiiivas paxra garantizax
una posdible solucibn y.evitan gque degenerne el méiado a emplean,

Pana conveain fas desigualdades en {gualdades es necesa-~
nip agregan cdentas vardables al sdafema como 4e muedtia a con-
tinuacidn. 'I‘:

- Sea e Tsistera de desiguatdades

-



3N

X; ¢ Xy + 21X, £ 10
KI -EXE + xi " 5 [14.4)
XT - 3k3 = 7

conasiderandn que toda Xi esd posdlliva, fa conversidn de Las de-
sdguafdades en {gualfdades se Logrand agregande o keslande cai-
tidaded posdilivas como se muesina a continuacddn:

XI + xf + EFE + 24 =1q
KI - EKE + Xs + Kﬁ = % {714.5])
X] - 313 - xﬁ_ + X? =12

Las variabies xl, xz, Ks s¢ conocen como vaaf{ables esatruc~
tunales y tienen significado flsdco; Zas variables X, i X; 4e
conocen comd vaniables de hofgura, Lienen sdiguifdcade {Laico
y sus coeflcientes en La funcibn objetive son nulos; a Las va-
riables X, o X? se fes denomina vaniables arntificiales, no Lie-
nen sdigndficade {Llaico algune if &¢ agregan paaa podea ifoaman
£a primera solucifn bdsica del sistema, peao se debe garan
tlzan su excfusdifn de La solucdién Eplima del sistema. Esto af-
imo ae Logrn asigndndofes aae&icianxaabde coslos CL My nega-
tive s euande se desee maximizar 0 mucho mayoaes Gue Gexc cuan-
do se desee minimizanr.

14,2 Método Simplax

14.2.1 Objeto
Dado el modclo de programacidn Lineal parc un sidtema, en
Ea gonma:
.l x

H

\ -

g2 Zcixi
FER

WL H

«5!»1 ‘I"'é}
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obXenen £Los valenes Xz que optimizan La func{dn 2 mediante el
"método Simpfex en foama computacionat.

14.2.2 WEtodo

"7 Para pbtener fa solucidn del modelo (14.6) ¢S necesanio
gonventin tas dé&iguaidadaa en Lgucldades, o sea, Llegar al
sdgulfente sistema de ecuaciones:

£

ma x

IR IRLY:

meh -{,:I ‘ “'4.”

Ala
£
ST A K T B el o,
£71

donde Las vaniables Xi para Lap+vl, ., . ., L son vari{ables.de

holgura y/o artificiales y Los coeficientes C; desde L=n+],
veu.y £ tienen el sdiguienze vafonrn:’

r 0 44 comnesponde a una variable de
holguaa
¢, ol >» 0 &4 corresponde a una variable arxti-

" fhedal y se estd mindmizando 2
denrd, .ok L0 i connesponde a una variable anti-
fjlediad v se eaxd maxdmizando 2

" .
A continuacidn se foama £a diguiente tabla gque suele deno-

minarde como TABLEAU:



I 11

Base L de ia Sof. CI %.”7&.“ %.“ %

base bisica P Fop aen F. ... P .. F

| ! ? i ' £

- ] ‘H_t ] ] ® ] ]

E I I BY | AT, A, AT LAY LAY,

| ] L E 13 L | ] L
xk Ck Ek Akl Ahz . Ahi e Akn . ﬁht

] w _t ] | '] '] [ ]
XE C Bm ﬂnl ﬁn! "'ﬁm{ . Amn R ﬂnt
valor de I 2y [447Cy 1g7CqnlpCpve 2,°C, 0 3pCp

Fig. 14.1 Tableau para aplicar cf Métode Simplex

La primera solucidn blsica estand foxmada por £as varia-

compulacional

323

btes de holgura y'uaniahtea ariificiales que fengan coeficien-
te unitanio positive, habad "m" veiiabfes que cumplan Lo anto-
righn; Las variables que ne forman patte de La base tienen va--

Lon nufo.

EL proceso deld método Simplex consdisde en La cambiande £Las

variables que peadenecen a fa base en gorma sistemdlfica hasita
optinizar fa funcidn ohjetive. Para descaibin el procese s2
considenand que se desea min 1, Lo anterfor ne origding ningu-

na nestriceddn puests que min I equivale a maxi-2).

AL sefeccionar fLa paimera base o sofucddn faciible {ni--
cial del sistema, Los elLementeos def Tablfeaw de 2a §ig. 14.1

tendndn el sigulente valoh:

Ane ® Are
8) ¢ 8

4 P4
1. -0, =

£ £



324

. PR sgv
il o+ . . .0 CmEm

C e ., x; : vaniablfes que foaman L phimera solu-
] cifn bdsica

‘o ,-C; ;ocoefdlcdentes de codios corhespondienied
a Las vaniables de £a solueddn bdaica

Para nesolven el sistema de ecuacdones iepresentads poxn el
Tabfeau 4e aplica el mélodo de Gauss-Jordan a La seaeidn IT del
Tableau, La selecedidn del elemenito pivote para efeclos dz

mindmizaecdidn s¢ desenibe a continunacidn:

10,
®

®

Analizar £o4 efemenfos 1;- C; para toda "i" a §in de
deteaminar s ya de optimizd La jfunecdidn objetivo. EL
minime se obtiene cuando IIL - cirgg 0 paxa toda "L",
44 4e cumple Lo anierion se deliene el proceso y el
valon de Las L{nedgnitas que forman La bade es La so-
Lucifn Optima. En caso contranioe conlinuar.

Buscar todes Los [Ii - Cil > 0y aetapﬂianan comg
columna ded elemento pivole agquilia columna "L pa-
aa La que se cumpla que (I, - ﬂil >0 s ed mdxino.
Para asegurar £a factibilidad de La nueva so0lucidn,
el nengldn “h" del efemento pilvote sead aguél para

. ® e ¥
‘at cital se fenga el minIEk / Ahil taf gque Aki;>a'

Y econnesponde a La columna selecedonada en ed pa-
40 (:) . La sofueibn send no acotada cuando A7, = 0.
para toda "RB". .
Introducin en £a base f2a nueva vaadable bdadiea KL ,
es decin, hacex KE . xi y c; . Ci .

Apficarn el método de eliminacidén de Gauss-Jondan a fa
decedidn 11 def Tableau pivoteande sobre el elemento

‘Aai . AL efectuca esta eliminacidn, Los nuevod valo-

nesa BY conrespondaadn a fod valores de Las vani{abfed
que forman La base X",
Reghresan al pasc (:)

Se puede presentan el catv de que ef paebfema cea cledd-

et ¢ degenerativg, fo eual ¢4 mna pesdhilidad moy Aemola éo



yuox 325
problomar xeafedssEnsprevisibnna fo anleadien, so debeleatable-
centun mfxinogndmergidenitenacionessalrimplementar’ elhalgoriz-
mopensunanaompuiadona:rsSy atﬂiiang}unlaiaxzma con "m" nestrnicecio
- ned 4e nequesdrdn apnoximadamenfz nimineambiod de base para Lic
gar a-fa dofucidn Sptima, en baserabestonrse puede esfabloecen el
m& x.Lma nﬁmaaaidékitcaacianca;abzﬂattua&%l A

En el caso de quesaparezeansvarniables artificiales, si ca
gque de empleaton, enrnfarscfucidn dptimarsend necesarie modlfi-

car sus coejicientesvdelensiod ;y volveara aplicar efimétode

Simplex al siétema desecudcionedrs 5% i, Mil
| Laa<y§n£ab§eaaqahnhanﬁamhanﬂpanxeﬂda La base correspondien
te a fa solaelfinsipiimactieienrvalontnitts. WEdA
hibine sap sddadansy nX sb sobpnididaohli %4
14.2,3 Pescripeidn del Programadend-nld sk
h&mﬁhiSuhmgt&na&jmzquaaidaAthnalhlmnahl B
Ninguna $tnd B B
blDedenipeidn dezlasnvariables nninny THITA
M cantidad de #ernglones desfalmatniz {dc
-pnzdd rbom nhnidoh ATheotfledlentesQded aistemande ecudeiones
N cantidad de columnas detrlamazriz de coc

fieientes < var{nbles cstructinales + va
uiables de holginant variableamariifi--

) VGIoMaTeladed  OTAMALT SATILAAT 232
B{1,J} matiiz de cadfdcientes quelcontiene Los
sh fodnsmslds dod .{izzéMEdeJ.AgE!} 8

nodensiPOLL, Bh s3rxsvector de £8amines independientes ek
50 Ansdepwd LabdneIraldlema de tcuccionts o esilpulaciongs

“RLENSN HBSYG Sup :5;55653 R
cir, 1 - pogledentes de costos de fa funcidén ob-
=5kl soslme3 263 M1 yatfvo (0.41731) £

Hoo onouny ASK 3¢ esdmslvavtiable que f{ndica el Lipa de cplimiza-~
prizy 4% or30 Y3b sBlareddt @ efectuan, puede sen MAX o MIN
~ult 5 aLpLAlDakDbiand ancdgnitas gque forman pante de fLa bate
CoTil, 1} Chrogdgdedentes de costos de £as Lfncdgni-
b sL3Ngholison d0) | (U4as lque {fosomdrr lparie de £atdase
~33u0y n Bhiy Jhb ae 2 ofiddees que {ndican cuande detenen el

proceso, sen Los valorza ZL - Ci



VALZ
X[I;

TTERA
LLL
LIM
AMAX
AMIN
LR

LC

ATEMP
el Dimensiones :

valon de fa funcidn objetive

caracteres alfaonuménicos que se uiilizan
en fa {mpresifn pana representan Las va-
riables X,

contadon

{dentificadorn de fas vardables que jorma-
ndn £a primend base

contaden de {feraciones

vaniable de reemplazo

Limite de itenaciones

vator del méximo Lrdice I, - C, > 0
valor del mlnimo cociente BE/AJ .

' Ldanziﬁiaadaa'da La varniable gue saldad

de Za bose

{dentificadon de La vaniable que entrard
a fa base ’
variable de reemplazp

Las preposiciones DIMENSION y DATA. debeadn modif{lican-

de cuando:

M > 30 ylo N > 30
d) Formatos para Los dates de entradac:

SEC.TARJETAS

FORMATO TNFORMACTION

I
i

-

{212) . M, N

{8FT0,0) BII,J), Los efemenitos de
La matniz se dan rengldn

. por aepngldn. Emplear Las

farfetas que scan neceda-
nias ., - _

[gF1G.0) POIT,T), Ros téaminos dinde-
penddientes se dan uno a con
Zinwacidn deld etho en ung
e mds lanjetas seqin se Le-
GuieAd,

{EF10.0) Cli1,J1, fos coefieientes d2
costor se dan une « comti--
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_ nuacidn def otro. Empleax
~ a4 lxnjfetad que sean nece

- Aanics.
5 [A3) ASK,. puede adoptar dos va

Lores:

MIN cuande se desea mindml
zah

MAX cuando se desea maxdini
rah

g Al B M W N B VR B mk o der e mm omm omm mr mmhl o owr w oW wromm

otros paquetes de datos [opeicnall

' n "TARJETA EN BLANCO, afl fina-
i -Eizan toda fa infoamacidn
e] Diaghama de blLogues:
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14.2,4 Efemplo

En un taller se cuenta coh 2red Tipos de mdquinas: corfa-
dora [A), Loane [B} y Zfaladno [C). En dicho tallzn se fabalcan
cuatre productoss 1, 2, 3, 4. Cada producto debe de pasar poar
cada mdquina con fa secuencia ABC. EEL tiempo [horas) empleado
pon cada mdquina para el acabado del producto, &a cantidad de
horas efectivas de trabajo de cada mdquina y L2 utilidad neta
obtenida porn La venita de cada producto terminade don:

Hipa de Midg. | - Tiempo dLLE Prodicios
de trabafo ] 2 3 4
A 3,500 2 1.5 | 3.0 | 1.5
B 5,000 1.5 5.5 1.5 4.0
¢ 4,500 2 3.5 14,0 | 1.5
utitidad 70 90 1100 | 60
unitania (%) :

Pana que La produceidn sea nentable 3¢ nreguiere que fa
cantidad de artlcufos elaborados sea mayor de 500.

Deteamine La cantidad de artleulos de cada tipo que e
deben produeis en ef afo para que L2 ganacia scbtenida sea
mixima. Considere que todos £ﬂé‘pkaduc£ad elabonados son ven-
didos. '

* SOLUCION

EZ modelo matemdtico del problema planteado ed:

nax 2w 70X, * qu% + 100X, + 60X,
sla IX, ¢ 15X, + 3.0Xg + 15X, £ 3500
JUSKp o+ 55X, ¢ 15X+ 4.0X, £ 8000
2X; ¢ 35K, + 4.0X; + 1.5X, & 4500
X, + X, + X, + X, = 500

! 4 3 4
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o EZiminando desigualdades:

max I = 70X, + eaxz + lﬂﬂxs + aax4 + 0X

, g * 0K, + 0X, ¥ 0X, -
sla : - 10,000,

IX, ¢ 15X, + 3% ¢ 15K, ¢ X =3500
T.5Xy v 55X, ¢ 15Xy ¥ 40X, + X, 28000
f.agr ¢ 3.5X, ¢ 4.0X + 1.5X, X =500

Xy + X, Xy + X, < Xg ¥ Xg = 500

" TABLA 14.1 Datos para ef problema del ejemplo 14.2.4

He 4
Ne ¢ _
7.0 1.5 3.0 1.5 1.0 0.0 0.0 0.0.0.0
polle5 5.5 1.5 4.0 0.0 1.0 0.0 0.0 2.0
12,0 3.5 4.0 1.5 0.0 0.6 1.0 0.0 0.0
‘ 1.0 2.0 1,0 1,0 6,0 0.0 0.0 -1. 1.0
! T3500)
‘ P0 = 8000
4500
500

c - (70, 90, 100, 0, G, &, ¢, 0,-10000)
ASKe MAX

TABLA 14,7 Resuliados def preblema del cjemplo J4.2.4
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1é. RUTA CRITICA
16,1 Introduceddn _

Todo sistema o preyecto complefo se encuentra feamado pon
gaan cantidad de actividades, Las cuales pueden o ne estar in-
ternefacionadas. Mediante el process de fenaagquizacidn 24 posd
ble determinan cudles de esas aetividades deben nealizarse an-
tes de poden efectuar claurnas olnas.

Cada actividad generalmente Lendrd asociado un Liempo de
dunaecidn y La éub@ﬂd&nac¢§n enine actividades puada se8 repae-
sentada madcanta una red gndﬁ¢¢a de fLujo.

Para pudz& Logran el coanecte avance def paoyecto o desa~
arolto del sistema asl como para establecer el contnol ¢ plan
de avance e necesario contan con la infoamaeidn de Loa Liem--
pos que emplea cada actividad. Por otxe Lado, el conocimiento
acerca de fas actividades a £as que no &¢ puede modificar du -
tiempo de indedo o de texminacidn, asd como de fas actividades
que pucden sen modificadas en su Iiemﬁu de Lnicifo ¢ duracidn -
pemite una asignacidn mds efdeienie de recursos, fa reasdgnd -
cibfn de tiempos de du&ac&dn y La &Ede£¢n4c46ﬂ de relaciones en
forma tal que el aistema o proyecto cumpla asu osbjetivo en ed -
Liempo que se Lo kabfa asignado v en La .foama mds econdmica po
sible, ' ' '

Un método para ezfectuar el controf antes mencionado es el
m&todo defﬁdta Criltica {CPM}, este mftode fue desaracliado en
1956 ern U.S.A. y 24 una de Zas hearamientusd bdsdicas en &a pla-
neacidn y direccibn de progectos. v \ }

Sa

16,2 Méiodo de ‘fa Ruta Critica

16.2.1 Objexo

Dada una senie de actividades gue foaman aqhte deoun pik-
yeelo, Las cuales pueden sex simultdneas o secuenciales asi co
me dud Liewmpos de efecucdidn, deienminax:
alactividades que foiman parie de la auta enlidica, son aquéllas

.y

T o
S "J .
CR
T
4

que no pueden adefiataase sd Agiiasarse v quﬁ,paa Lo ZanLo cen
-,
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tholan ef tiampo total de duracidn del proyecto,

51£04. tiempos de holgura exisfentes entre activdidades secuen--
elales que ne pertenccen a £a auta crltlica y,

cltiempo total necesdario para £fevar a cabo el propecto.

16.2.2 Méledo

Para £a &apaaaznxaciﬁn grifica de £La secuencia de acflivi-
dades se utitizan nodes [efncufeos) y ramasisegmentos dinigddos).
los nodcs nepresentan eventos o actividades y Los segmentos di-
nigides La nelacibn entne actividades. A Loda ned se fe asignan
dos nodos o actividades fLcllcias de dunncidn nufa: ef nedo ind

-
]

cial y el node feaminal,
Como ejemplo de una aed de secuencia de actividades ae

Liene:

'F
=
node noda
{nlefatl B final

Fig. Té.1 Red grdfica de La sdecuencia de activida-
des

id dundeidn de une acfividad es el Liempo neecesanio pana
£eevanfa a cabe, dicho Ltiempo 42 dederminag en base afl conoci-
miento gque Lenga del proyecie el encarqgado def midmo. Como se
menciond con anterioaddad, fa dusaacdidn del evenlo indcdal y del
cvento final es nufa. '

Para La descripedidn del método es nccesario degjindr algue
hes goncepdod:

1] Tiempo mds préximo de indcdo [EST) de una actividad, es Lo
mds pronto que puede comenzarse du ajécucién.
2} Tiempe mds padximo de terminacldn [LFT) de wune acilividad,

ed {gual af CST de o actividad wds S¢ dunacidn,

3} Tierma mds Eefanc de Lerndnacddn (LFTY Jde una actividad, cs



i

el tiempo més remolo en que de pusde teaminan ddche aeti-
vidad ain retrasan el Indicdio de cualqudien ageitividad auboxn
dinada.

4) Tiempo mdy Lejano de {nicic [LST) de una dciividad, es igual
at LFT de £a actividad menos su duracdidn,

3] Tiempc de Hofgura Tolal de una activdidad, e La cantidad zto-
fal de Liempo gue se puede retrasar fLa aelividad sin re-
trasar el Liempo de feaminacidn del paoyeeto,

§] Tiempe de flolguna Libre de una actividad, e fa cantidad de
tiempo que se puede retrasar fa aciividad ain netrasar cual
quier pitra actividad,

Lod primends cuairo conceplos 4e xrepredenian en La grléfi-
ca de La red en fa adguiente foama:

<::: LST LFT

 Fig. 16.0 Representacidn grd{ica de una actividad
con su duracidén, EST, EFT, LST, LFT,

Pare obilenen Los valores EST y EFT se reconxe La aned en
sentide dinecto dedde el node indelal hesta el nodo final a
través de Lodas sus ramas y pare fLa "{-fsima" actividad de
La ned a2¢ tendad:

ESTi = max EFT de todad fas aciividades precedentes
inmediatas de Ea actividad "4" {14.1)

érri « EST .+ Dunacibn de £a aetividad - [(16.2)

Load valeres LST y LFT s¢ obtienen necorrfendo La ned en
sentddo inveaso desde el nedo final hasia el node {nicial a
inavés de todas Las rames ¢ para fa "{-€sima" actividad ae fen
dad:
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LFTi = min LST de todaa fas actividades de Las cualcsd

La actividad "L" es precedende inmadiaiﬁl 1
- b.3)

LST. = LFT, - Puracidn [14.4)
£ £

Los Liempos de holgura para wrna actividad "i" s¢ evaluan
como & contflavacidn se {ndica:

(HOLGURA TGTAL}L = LST'{_ - ESTJ._ = LFTJ: - EFTL (15.5)

IHOLGURA LIEEEIi =[min EST de tedads las aciividades
de Pas cuafes La actividad "4i" es

precedenie {nmediato) - EFTi
{T16.8)]
Siempre se cumple que: -
HOLGURA LIBRE <=  HOLGURA TOTAL . (16,7

La ruta eaftica estd formada poa Lodas Las acitividadces
gue tienen holguaa tofal nula, )

Parna desannofllan el proceso en una computadora digiial es
neceddnie pioporcionan £ds conexdones exisentes enfre £asd acti
vidades mediante una mataiz binania G . S4 exfsten "n" activ.i-
dadaa,iqciuyzndu Las ficticias, La matndiz sernd de orden [nxn)

y sus elementos estardn dados en ta siguienie jorma:

b r.ﬂ ' 8L £ =
1 , 44 Ra actividad "§" es prece-
g.. dente inmediato de £a aciivi-
"’j z dﬂ-d "-{.-”
- ¢ , s4 fa actividad "j" no es pre-
cedente Lnmediate de La aciivd
dad "L
\

16.2.3 Pesenipedifin del Programa
alSubrutinas requenridas:
Ninguna.
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b) Pesenipeibn de fas varniables:

N © ecantidad de actividades incluyende fas
dos actividades ficticias _

G{1, 7] matriz binaria §. que indica cudles ae-
tividades se encuentran directamende in-
terconectadas _

oI vector con Lo deracddn de Lodas Las acié
vidades

GR(I,J] matriz binania que da fas nelaciones di-

reptas entre actividades al efectuanr ef
repnornido de fa aed en sentido Anvenso

esl1) contadon

ESTIT} fecha mfa prbxima de indcio

EFT{I) fecha mds pafxima de termindcibn

LST(T] fecha mds Lejana de L{nicio

LFT(1) fecha mds fefana de teaminacddn

NCON . aontadenr

FF{1] holguna Eibre

TFIT) holgura fotal

RCIT) | variable en fa que se archivan fLas aetd
vidades que foamar parte d2 fa auta crd ‘
Ltica

Lin Ldentificador de teodans fas aciividades

precedenites o condeaugnided en foama Lin-
mediata a4 una actividad
TDASH(T) quidn (-] se emplea para impresibn
c] Dimenasiones:
La propoadeidn INTEGER debend wmodificarse cuande:

N > 100
d) Formados para £83 datod de entrada:
SEC.TARJETAS FORMATO INFORMACTON
! [13) "
2 [4612) G(1,7) Los clemantos de

ta matniz bhinandia ae dan
rengfdn por xengflén aw--
pfeande £a canitidad de -
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Larjelas que sdea necesdiiia

0{1), Les dunaciones de --
Las actividades se propoir-

cionan ung a confinuacidn

de 2a ctra y deben ser va-
Lornes entencs. Emplean fan
tas tarjetfas come sean ne-
cesnnias.

loepeional)

TARJETA EN BLANCO, al fina
£izan toda La infoamacdidn,

STOF

obfrney mufniz
de subrvdonaeidn
pew recritide
En dRTLdY drvea
a2 wa

oblinen EST g
FFT pva fa
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16.2.4 Ejempio

Obtenern para La ferarxquifa no Lrafvial del ejemplo 15.2.4 -
Lo nutn cafiica de fLas actividades a4 fa duraci{dn de Las mis--
mas es& como de muesdira 4 conlinuaclidn:

Aetividad Duracibn l(sequudos}

Al Detenen ¢l coche 1
B] Poner {aeno de mano 2
£} Bajar def vehiculo y checan

flanta mala g
7)) Abrir cajuela 30
E} Sacar LLania buena 30
FI Sacar gato y poneslo 49
G} Saeaxr Llave de cruz . 15
H] Quditar tapln 20
1) Aflojar y quitan fuencas 50
J) Subir coche 35
K] Pesamontar Llanta mafa 15
L} Montanr LPaanta buena 25
M) Apnetar fuercas y poner tapdn 70
Nl Bajar ef coche y guanrdar gato 2¢
Q) Guardar fZéanita mala 20
Pl Guaadar £fave de ecnuz 15
Q) Cenrarn cajucfa . 5
R] Subinde al coche y quidan §reno

de mano i5
S) Anrancan . 10
* SOLUCTON

La red de actividades apancee en La Fig. 146.5
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16.5 Red de £a secuencia de actividades def problema
del ejemplo 16.2.4

A

A
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TABLA 16,] Datos para ef problfema del ejemplo 16.2.4

Actividad Indice asociade

inielo ]
A 2
B 3
¢ 4 -
14 5
E 4
F 7

e 3
H 2
I 10
J 11
K 12
L 13
M 14
M 15
o 14
P 17
2 TE
4 Ie
3 20
Fin 21

D« (0, &, 2, 30, 30, 30,° 40, 15, 20, 60, 35, 15,
5, 70, 20, 20, 15, 5, 15, 10, 0]

N = 21
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MODELC 1 Lo
FL PROBLEMA DE LA DIETA Y SU DUAL

DEFINICION DEL PROBLEMA DE LA DIETA,

- Suponga’que un dietisto esté tratando’de seleccionor una combinacisn de cinco tipos
de alimentos (narenjo, menzana, lechugo, chicharo y zancherio) de manera que ¢l
alimento resiltonte de asta combinacién reuna ciertos requerimientas nutricionoles y
tengo un costo minima. Los reguerimientos nutricionoles que debe taner el alimento
resultunte es de ol menos 21 unidades de vitaming A y ol menos 12 ynidedes de vita-
mina B. Los propiedades de los cineo elementos disgonibles son:

ALIMENTO | CONJENIDODE | CONTENIDO DE COSTO POR

VITAMINA A POR | VITAMINA B POR UNIDAD DE
UNIDAD DE ALl- | UNIDAD DE AL!- ALIMENTO

— MENTO. ‘ MENTO, +

1 {Neronja) - ] ) 0 20 .

2 {(Manzano) .0 1 20

3 (Lechuga} 1 2. 3

4 (Ch¥charo) 1 1 11

5 {Zanahoria} y) ) 12

El problamo o que se enfrenta el dietisto se puade modelor como un problema de pro-
gromacion lincal (o pregrama linedl); de lu siguiente niancra.

3ea xi la'cantidod de olimento i (i=1,2,..., 5) que debe estar en el climento resuf~
tante de lo combinacién da los einco olimentos. For $o tanto, el cesto de introducir
el alimento { en la mezcio serd su costo unitorio por la contidad x; que esto presente on
{la mezelo. El costo total de lo combinecién de los cinco olimentos seré {o sumo de les
costos al combinor Xis XD eee ¥ %g unidades de cada alimenio, iesi z es el costo igtal
entonces )

z z?ﬂ#] "'EUKQ + 31):3 + 1!:-:4 t 1?)(5

Ya que ¢l objelive de! dielisto es minimizor este eosto totol, entonces este objetivo se
prede repiasentor o través de la siguiente funcidn objetivo

mih =z =?DX'| +?DK? -+ 3]){34‘ ]]_1{44 12)‘5 {]}

Los requerimientos nuiricionaias de viteming A so pueden representar en la siguienie lor-
ma., 51 el olinente nutricional T esté plestnto enun cantidad % gnfonces pmpﬂ“fimlﬂ
una contidad da vitaming A Igual ol producto de vitaming A que contiene ung unided de
olimento  por o cantidad x;. La cantidod total proporcionoda por los cinco olimentas so
r& la suma de vitamina A con que cantrebueye cado olimenie ¥ esta deberd ser mayor que el
contenido miniio | ~quetida que es de 21 vnidades, ie.

Xy + xq '*X4+?x5 E ) - ()



Similormenire, tos requerthivbenios ve viivming © o avonon repriientor aor
oy L Faem 4 4. =12 3
_‘} 2,;3 Kd A: . {}

Por Gitimo, otra restriccisn que debe estor presente en el probleme del dietista s qua
la cantidad x; que interviena en lo mezclo debe ser muyor o iguo! o cero, e,

o= U ;=1f?l‘"‘l5 {4]

fsta restriceién es impuesto ya que no tiene sentido hoblar de que une contidad nagu-
Fivo xj estd formando parte de 'a combinacisn de alimentos,

En resumen el prohTemu det dietisto es encontrar valeres xy, x9,..., xg pare {os cvo-

les la funcién objetive (1) alcance su minimo y mnsfﬂgc:n las restricciones (2), (@) y {(4).
Reescribiende los ecuocicnes de! (1) al (4), el problema del dietisto esta simbélicaments
dado por .
min 2 =?{}x] +2{]xg+31x3+1lx4+]?35 {*)

3| + x3 +x4 +?K5 = 21

X +?X3+x4+ x5 = 12 )

xi?_ﬂ

-La formulacidn anterior, {(*)y (**), se ocostumbra representar en un toblero ({lamado tom-
bién tahleau) que oparecerd obajo. Esto represemacicn es solo una cbreviacisn de escri-
tura { @ manrero de una taquigrafia de progromocisén’linecl) que es util en el clgoritmo de
solucién, en al procese convencional al procesar el problema por cemputedaro y par una ¢
gran clorided en la formulacién del problema dual que se presenterd después. Lo repiesen
tacién de un pragreme lincal en forma de tehlero consiste representar cade ecuocién o desi
gualdad Gnicamente por los coeficientes de les voricbles amitiendo lo escriture de sus co-
rrespondientes variobles, Poro conocer a que voriable pertencee un coeficiente gue apare-
ce en oste osqueme e da la posicidn del cocficiente, escribiéndole en lo columna encobe-
zado por la varioble que le corresponde.,

Poro nuestro preblema (*} v {**), la representacisn o través de un tablero ests deda por

X1 o X3 x4 . %5
20 20 31 11 12 z (min)

1 0 1 1 2 |a 21

0 T2 1 [2 12

»z0



MODELOQ 2

Una compafiia ticne tros almacenes H].-HE, ¥ wa, y dos tiendas de ventas al por me-
nor, R1, Rzl Las demandas en las tiendas al purrmenur y el iﬁuentarin en los alma-
cenes, sé muesira en las respectivas cajas ‘de ia sigujente figura. Los cnstos de
envio por tonelada también se muestran en la ffqura. La compafifa desea detcrminar .
’ Ja manera de realizar los envios en forma tal que minimize les costos tolales de

L]

envios, satisfaga Jas demandas de las tiendas de menudeo, y no excedan los inven-

taries en los almacenes.

Ry
50 Lon




A TEUPE-

=

Sea x1j1az tuneladas del almecen “i b 1a tiepud de nanudoen Hj . Entonops ¥

senta el tonelaje enviado del aimacen W, a Ta tienda de menudeo R,.

512 representa el costo total de cnvios, entonces nuestro problema se puede fanmu-

lay por:
min z = Tx1] * 3y + 2‘21 + bxyy t 4x31 + 5x32 s {*}
sujeta 4
Restriccionns sobre 11 + xTé £ 20
disponihilidad de
1
a2lmacengs : Xop ¥ Koy & 30
. g
X3) * X3z £ 40
(**)
Restricciones sobre Xyq ¥ Xgq + Xgy D
Ta' demanga on tiendas ?] - el 3; 40
de de menudeo X1p ¥ X5a * Xgy = 50

La formacion anterior, (*) y (**), se acostumbra representar {por ¢onvenenciu
del algeritmo de solucidn y del proceso convencional en el procesamisnto en compu-

taduﬁa] en la siguiente tabla:

X1 X2 X321 X22 n Fa2

1 3 2 b 4 5 =z

1 i 0 0 0 0 £ 20
{ 0 1 1 H | o & 30
0 0 0 G 1 [ & 40
1 0 1 0 1 0 A 40
c 1 0 1 0 1 = 50




. REPRESENTACION MATRICIAL. La formulacifn (*)} v (*%), se puede vepresentar matricial-

mente como Sigue:

min z = [ 1 3 2 6 4 5]_ x]]1
*12
X
X2
%97
t | "2z
- sujeta a
- - -r . =
i1 0 0 o o] [x, [ 20
0 0 11 0 0| [x, 0
. 40
o 0 0 0 1 1 Xy1 f
40
1 n‘ 1 o _; 0 g9 Lsu +
] . _f
_U ] 0 1 a 'I_ Xa1
_xaz-.-

COMERTARIOS. EY problema de prodramacicn lineal antericr ocurre tan frecucntemente
en la practica, que se Te ha dado un nombre especiul: el problema de irangporte.
Los pr0b1émas de transporte en geneal, tienen tablas ratas (o matrices ralas), le
tual significa ﬁue Ja tabla ‘tiene muchos ceres o sea pocos elanentos distintes de
CUro. Dantiig y otros han desarrollade métodos especiales para la selucidn ripida

e estos problemas.

Gtro comentario jmportante, es Ta caracteristica que presentan cada una de las co-
lumnas de la matriz de restricciones: observe que cada una tiene dos unos y los

demas elementns son todos ceros.



MODELO 4

- Un inversionista tienc disponibias las actividydes financieros A v 5, ol comienzo de
eado una de los siguiantes cinco ofos: Toda peso invertide en A, ol comienzo detun
afie, le regresa 5 1,40 { une gamencio de $ 0.40) dos ziios mas torde (en el memente
preciso paio una reinversidn inmediatal,  Cada peso itvertido en Bal comienzo da un
afig, le regrasa 5 1,70 tres ofos después.

Ademés existon dos actividades financieras C y D gue cstaréin dizponibles solamznte una
vez en el future.  Coda peso invertide en C en el comienzo del segundo ofio | regre-
su 3 2,00 cuotra ofios més tarde,  Codo pese invertido en D en’el comienzo del guinte
ofio le regreso 5 1.30 un afic més tarde, L

El Tnversionista comienzo con 3 10,000.00. El deseo conocer que plan de inversién ma-

" ximiza lu coniidad de dinero que el puede ocumular o! comienzo del sexto afio,  Formu-
lv un medsls de programazién lineel paro esiz problema y tambidn expréselo en forma teo-
butar,

SOLUCION,

Seo xli} la cantidod de dinero invertida en la activided 1 (i=A,B.C, Dlenel cheo i
-I:i=llr ‘gf 3: 4; 5}- -

Las carocterTsticas dedos sobre los formas de Tnversién de code una de tos aetividodes =~
A, B, Cy D puaden mostrarse esquembticamente como sigue.

CONDICIONES DE [INVERSION EN LA ACTIVIDAD A,

X X x A
' Al ] AZ AT ‘ Ad INVERSIONES
R 2 3 4 5 & Anot (principle da
l ano)
' { RETORNO
LAXay TdXy, 14X, 14X,

CONDICICNES DE INVERSION EN LA ACTIVIDAD B

Angz {pﬂnci-—
l pie e anGt

1 '?KB'I 1 '?XBE 1 .?KBS



CONDICIOMNES DE INVERITON EN LA ACTIVIDAD C:

e

— e e

- Azas (princi-
l pia de oha)

EXCE

COHGICIONES DE 1FVERSION EN LA ACTIVIDAD P:

X
l D5

Aoz (principio
de afio)

1.3}‘{[)5

Le contidad acumulada an el comienzo de! sexto aiio es lo cantided erigingl (10000} -
niéis o genoncio obtenido hosta esta fecha.  Por lo tonto, ef preblema de moximizor
fa conlidad ocumulodo de dinere es equivalente o minimizer la gonencia, yo que bn

contidad criginal disponible es und conslante que ne ofecto ef volor del dinero oo~
mulado o través de cielquier plun de inversiéin que se sige.

5i 2 et lo ganencin totgt ebtenida hosta ¢l eamienzo del sexto ofio, entonces la fun-
cion objelivo se18:

ar 7-__- | ) 1% " AN . ] Iy Y .
LI 0.4 %4, +0.4 X pz 0.4X 4 + 0. YM 4 070X 4 070K -+ Xy + 0.3 Xy

Del enuncindo del problema, se abservo que los restrigciones al problema estan dodas por
la cantidad Jisnonible para invertic on codo oiva, ¥ por las coracteritticas € les aclivide-
des A, B, Cy D.  [Lslus restricciones sobre 1es inveriones anuales se delerminan comoe
sigue: _

vl U

PRIMER ARIO: 15 Lu canlided de dinero.invertida enel primen afio debe sotisforer @

- “5"3‘::-{;&131-1}{[].1 e 10000 -, ot el TlmEa ey ol LD

ol sz . - .

5t Uy us una varfable positiva o cere, que se odiclana o 1o desiguetdud anterior, pora que



esia desigualdad Ylegua a ser uns dguiluald, cntonces

Xpq t Xgy * s =:IODGD . (1)
u] a0
HDTAS

. A-la variable gue se ad1c1ona 2 una desiqualdad para convertiria en icualdad
se lg llama.una variable de holgura. Entonces u) es una variable de holgura.

2. Observe que u, representa la cantidad de dinero no invertido en el primer a-
"~#o, y por 1o tanto también representa la cantidad disponible para invertir
en el segundo anc.

‘SEGUMDO ARQ: las ipversiones en este afop deben satisfacer (observe en las figu-
ras anterqures en gque aCt1v1dades financieras podemes nvertir para el sequpdo

ano}

+ + %

¥p2 ¥ Xg2 T Xpo )

Si introducimos una variable pus1L1va u, pare pasar 1a desigualdad anterior a
41gua1daa, entonces

f u

Xpg ¥ kgp * Xpp t Uy Ty (2)
u, 2 0
Observese que Ta varizble u, es una varible de huTQura que representé la canti-
dad no invertida en el 3Lguﬁdu afo. o

TERCER Afif): En este aifio la cantidad de dinere disponible para inversiones pro-
viene de tres fuentes:
i) cantidad no invertida en el scgundo ado: Us

i1) gonancia obtenida de inversiones anteriores: D'ﬂxhl
131} cantidad recuperada de inversiones anterfores:  x,,

Vol Bxpy

Ohservando cada uno de 105 cuatro &Tagramas mostrados anterformenta, se tiane
que para o1 tercer ano las jnversiones deben satisfacer

Xig * xB3-é u, + I.qxﬂl
Introduciendo una variable de holgura u, (us20). se tiene que

Xp3 * Xgy Y Uy = Uyt LAxy (3)

Uy a0

Otra voz notese que ty representa 13 cantidad no invertida en el tercer aha.

CUARTQ ARO: En forma similar al andlisis del tercer afo, se tienen tres fuentes
de dinarg disponibles:



i) ‘cantidad no invertida en el tarcer anos: vl

3
11} ganancia’ obtenida entre el tercer y coarto 0.4x, ,+8.Tx_,
pericdo: . .
iti} cantidad recuperada de inversiones anterio Xp 9 + Xg,
res: A
u3+1.4xﬁ2+1.TxBl

Por lo tanto, las inversicnes en el cuarto periodo deben satis-
facer '

*ag £ V3 4 1.4 X9 t 1.7 %91

Yntroducicndo la variable de holgura positiva Uy S€ tiene: -

Xaq + 0, = U4 + 114.3 ax t 1.7 Xn1 [ 4)
S
U, 1]
‘DUINTO ARO: La cantidad disponible en este perfiocdo proviene
de: ) . .
i}y cantidad no invert@da en el cuarto ano: v,

1i) ganancia entre el tercero y el cuarto periodo: ﬂ.h%h3+ﬂ.?xﬂz

i11) cantidad recuperada entre el perfaodo 3 y 4to.: Xpy ¥ Xp

ud+1.4xh3+;.?xB

2

Por- lo tanto,

X 4

o5 u, + 1.4 % + 1.7 x

A3 B2

51 u_. es upa variable de holgura, entonces

A3 B2

Xpg * ug = u, ¥ 1.4 x,., + 1.7 , {5)
Vg, Y5 X0 |

Por 1o‘tanto. nuestro modelo de programacisn lineal quedarfa
definido por la Funcidn objetivo, dada anteriormente y el -

conjunvo de restricciones definidas por la ecuacién del (1)

a la (5).



e



Reescribiendo las ecuaciones anteriores,

programacion lineal gueda expresado por:

max -z= n.4x31+n.4xhz+ﬂ.4;A3+G.4A4+D.Txﬂl+ﬁ.?x
U.anﬁ
suieto a ( s.ﬁ.l "
Xyt ¥yt ul .= 10 Q00 |
Xpat Fpat Xep YU Ty
a3t ¥g3 = Uy + ii4_“a1
xﬂ4+ ﬁd- = u3+ l.4xh2 + 1‘?xh1
xD;+ ué .? .u4+ 1.4x,4 * 1:?kﬁé
*nj 2 0 { 3= 1,2,3,4 )
Bj 2 0 (3= 1,2,3, )
*c2 2.
Xﬁﬁ 2
Uy oy g (1= 1,2,...,5 )

Se presenta a continuwacién:

la forma particionada

nuestro modelo de

+0. ?xB3+xc2

{ 0)



MODELO 5

Lo Compafifa aérea Aeronaves del Pacifico, necesito deeidir cuéntos oero
mozos contratan y odiestran en los préximos & meses. Los requerimienrm -
expresados como  horas-vuelo-oeromozo son: . ]

8000 en Enere; 9000 en Febrerg; 7000 en Morzo, [0 Q00 en Abril, 9000 -
en Maoyo; v 11 000 en Junio,

El entrenomiento pora que une ecromozo 48 servicie en un vuelo durg un
mes, por tonto cado muchacha debe contratarse por lo menos un mes antes
de ser nacesitodao. '

El entrencmiento requiere de |00 horos de supervisién de aercmores yo --
entrenados por lo tanto disponemos de (00 horos-vu elo-aeromoza menos, du
rante un mes por coda asromozo en entrenamiento.

.
ES

Coda geromoza entrenoda puede trobojor hosta 150 horas en un mes y la-
compafiia tiene 60 aeromozas entrenadas.al principio de enero,

5i el méaximo tiempo disponible de les oaromozas excede ol requerido en
el mes {horas vuelo + supervision) trabojorén menos de 150 horas y ne es
despedida niwguna. Pero en code mes, oproximodomente el 0% de las ~-
aeromozos con experiencia dejan el trabajo per matrimonio v otros rozones.

Cada geromoza entrenada cuesta a la compahia % 8000.00 ol mes y codo =

aeromcza en entrenamiento $ 4000.00: romandu en cuento salorios y otros -
beneficios.

¢) Formule el problema de contrator ¥ entrenor.como un modelc de progro
macién lineal haciende " x%; el nimero de aeromozas que principian su =
entrenomiento en el mes I, donde xg= &0 representa los ceromozas -
disponibles al principio de enero. Defina cuolquier simbolo odicional
que necesite paro expresor Tos variobles de decisidn .

b) El inciso onterior s_upone.un hatizenie de & meses. Supongo que se -~-

agregan requerimientos de julio al medeio, oor ejemplo 10000 hores.  (Cam-
biarta necesariomante {a solucién nara [es meses untericres encontrade cnterlor
meante? Expllwelu.



Sclucién :

Seo0 x; el nimero de personas ccm'rra'rudas que prmcnpmn s enrrenumlenra al infeio del mes ¢
(t=1,2,..., 8. -

~ Sea y; el nomero de aeromozos experimentadas of finol del mest (t=1,2, ..., &). Nétese
que ¥ tambi &n representa lo contidad de aeromozos experimentados of inicio del mes t + 1.

DISPONIBILIDAD DE AERQOMOZAS EXPERIMENTADAS,

Chserve que ¢! nimero de ceromozos experimentadas yt al finel del mes t, estd formade por
los personcs contrgtodas al inicio de este mes{las cuoles fueron entrenados en el transcurso
de! mas) més a! $0% de los ceramozas cxpermentudas que habio al final del mes onterior 1 -1
{n seo ol inicio del mes t}), fe:

™

- y,txt+ @ v A {t=1,2,.,.,-6]
con - . . . ; {)
Yo ™ %o =60 . -
& seq . . '
Y1 =%y .9, =xy + 9%, v {1)
Y2 =% *.9py (2}
L Y3=xg + 9y (3)
V5= xg + .9y, )
Y62 xg * s . )

DEMANDAS DE HORAS DE TRABAJC (MUELCS COMERCIALES Y ENTREINAMIENTO):

La demenda total de horos de vuelo por mes corresponde ¢ lo domando da vuelos comergiales
més |a demando de hores pora entrer.ar o fos nuevas personos contretadas en el inicio del mes,
Pora satisfocer esto demanda totol en el mes t {inicio det mes t); se dispone de Y,_] ceromo-
208 con eyperiencio, los cuales pueden proporcioner 150 horas cada ung de ellos,  Por lo tan

to, §i Di esilo demando de vuelos comercioles en al mes t, enlonces:

E_*armndn enel mest: 150y = D + 100 d (t=1,2,...,8)

t=1 =7

con =
}rl:l o

Introduc¢iendo uno varicble de holgura o cado ecuncidn, entonces

150, 1 =D, +100x *uy  (1=1,2,...,8)
3"r-:||="":~::| "
u, 20



-

Chserve gui V. es ung vort cale de Lndea que repretenta ¢! admero da horas Jisponible no
usades ol finol del perfode t.  Expretondo esie resiriceiss pora codfo t e tiona que:

Demanda en el mes ) : ~ 150yo = 5000 +100 x) +u, e s
Demandu en ¢l mes 2 : 150y = 9000 +100 x, +

Demanda en el mes 3 ; 150y, = 8000 300 x, + ‘ -

Demandc en el mes 4 : 150y = 10000 + 1(}ﬂ14 Tuy )

Demonda-en-el mes-5 : 150y = 9000 + 100 kg + v, o Lt S

Demanda en el mes 6 ; 150;5—1?m0+1ﬂ{}xﬁ+u

FUNCION OQBJETIVO: C

"Yo que el objetive de lo compahin es determinar cuontos oeromozes contratar en los préximos
meses, entonces lo funcidn objetivo es minimizar los costos involucrados. Estos costos son les.
costos de las aeromozos experimentadas més los costos de los aeromozos que estan siando entre
nadas. Por lo tanto, lg funcisn obletivo estd dado por

é

min z=aooo[xo'+'y1+...+yé] +4Dﬂﬂ[xt+x? +...+xﬁ] _ . 3
'.“" q'lex _yo.l' ' ) '
min, £ = 2000 [‘y’o +y.l +yﬁ] . +40Cﬂ [x "‘x? +, +xﬁ] (**%)

Por‘lo tente nuestro modelo de programecién lineol pora el problema dado, estd definide por
(*), {(**) y (***)}. Larepresentacién de este problema de prngrumur:mn Imeul en forma parti- .
cionoda (& tobleau 6 tablero) es la 5|gmﬂn1'e

Yo Y1 Yy Y3 Y4 VS yg Mo Xj X x3 X4 X5 X Uy o B Wl el

£00 BOC 800 BOO 800 BOO 800 400 400 400 400 400 400 . Z {min)
L. 1 &0

1 =1 0 :
g0 -1 0 |
-9 1 -1 0
«% 1 . ' PRy :'
- 9 ] -1 £} ;
-9 1., -1 . -9
' "':..? '} . —I . , . I n '| -
150 - . Lot ' =100 : S o ‘ﬂ.,m ;
150 e T -100 ‘ -1 ~ GO0 !
! 150 . -0 -1 - 5000 |
% -100 . 10000 !
150 -100 -1 9000
N -100 -1 12020 |

“;:['-"g}'] }'2 }"3 }’4 }'5}’d *n X "3 | "‘5 xé '-'] U? Us 'U4 'Uf_s Ué} >0

¥

(1}



B1 Y1 *a2 ¥m2 ¥c2 Y2 *a3 ¥p3 Y31 ¥aq. Y4 ¥gs

xAl X u5
- : T T IR
.4 .7 T TR B | S SO | | = z [(max)
i : I "
1 1 1 : - ' = 10 000
' ! '
-1 1 11 , ' = 0
| | ]
~1.4 : 1.1 1 1. ) a 0
I r !
-1.7 ,-1.4 - -1 11, - 0
L . '
. -1.7 « -1.4 : 11 L0
- I : :
x = [*a1 ®a1 Y1 *a2 ¥a2 ¥c2 Y2 *a3 *m3 Y3 *a4 %4 %ps u5‘i§ 0

NOTA: Las restriccionss dal ( 1 Y al { 5 ) puaden expresarse -
sin variables de holgura, con objeto de expresar estasrestric
ciones como desigualdades en lugar de igualdades. ELl procedi
miento para, ohtener estas igualdades es el siguiente:-, :

.vaiaménte de la ecuacldn ( 1 ) se tiene

. ] . . 1
= .
Xa1 + xﬁl . 10 000 {:{ )
Sumanda ‘{ 1) y {2 ).,
th + Ky + Xy o + Xno + Xpp + Uy = 1t qu
o + X - 1
Al Bl + Kpy + Xpy * Xea < 10 Q00 {271}

Sumandn. {1)Y,-{ 2)y ¢y L 3} :

+x + x + o 10 Q00+1.4x

A3 Ry T Y3

» h1'+ L + X a + Xg s + Xeg +xh3-+ 333‘{ 10 0D + 1'4“a1 {3]}

+ x

x + % + x

Al Bl A2 a1

B2

Sumande (1), (21, (31 y (4)

Eﬁ1+xﬁl+xﬂ2+xH2+xC2+xh3+xEE+xh4+u4 n 10 Uﬂu+;:42h1+l.4xhz+l.1§

R1
= .
xhl+xﬂl+xhz+x52+xc2+xh3+xﬂ3+xhd 1n Dﬂﬂrl.ﬂmn1+1.4xhz+1.?xﬁl +

lodx, 3 + L.7x,, 5 _ (aly



)

fJ

Sumando (1), {2}, (3}, (4) y (5):

K1t Rt P Xyt Xty X 4 Xy a b pFue = 10 0004143, 4 +1. 4%,

+ 1,?xBl+ 1.4:{A3+1-?3§B2

£ 19 000+1.4x

+x, ,+X A1l

Xp1t¥p 1t Xpp tXpy t oot Xy 3+ Xg 4 ¥y s H . l.odx, ,+1. 7%

Bl

:1

+1.'.-'xBz _ _ (s

+1.4x

A3 }

Por lo tanto, las desigualdades del {1 1 al {5 } son las restric-
ciones a nuestro problema estas restricciones pueden obtenerse di
rectamente del contexto del problema sin la introduccidn de, varia
bles de holgura, nu?stro problema expresado a través de las res-
tricciones de la a la {513, gqueda representado en forma par-
ticionada como slgue P . .

X

Al *B1 *az, *pz *c2 *a3 *B3 *a4 *ps

4 W7 .4 07 1 4 7 4 J3i= 2z (max )
11 £ 10 000

1 1,7+ 1 1 < 10 000
-.4 1.1 1 171 1 £ 10 000"
~4-.7-.4 1 1 1 1 1 £ 10 000
-4 -.7-.4-7 1~4 1 1 1 [£ 10 coc

x = [ *a1 *B1 *a2 *B2 *c2 *a3 %83 ¥ As "DS] 2o



2 centro de educacion continua

g:j;’ divigidn de astudioes de posgrado

)

L:‘l . .
:"wﬁfii%’ facultad de ingenieria unam

()

-

INTRODOCCION A LA PROGRAMACION Y COMPUTACION
ELECTRONICA

PROGRAMACION LINEAL

M. en (. Aymando Torres Fentanes

y MARZO, 19 8 0

Palacis ds Mineria Cerlle de Tocuta 5 ’ primar plo mMéxicn 1, Q. F, Tel: S2-40-20






5‘ N OGEKATIACION .LINE‘-HL-(
~~ - : it

: : & ,
- d.l.'aﬁnr Pa.c,.‘!.‘glpc:f-bo ﬁll-f'm:b.;c:;or!

(“?EOELEﬁAS [- a-y'annr, bt Qa0 §

Mobers MATE MaT g

e
™

-

|| - troang ﬂl‘TrLL ]

] - slieekols da Eomponanies ~
: BN FORMA TAL QUE Sfﬁf}x;ﬂmF ua BENEFICio

© SE ryrmie8 uva oosro '

¢ B -Cu,-n Q:U!ﬂ uL;J.{__,';-:.‘_rq |I‘M.Cn.-«t-

v - A
E-": LA !' LT o [ _’;‘E.z_.; e et ‘.‘,‘-E.E!-.E."LL&
- .‘ ’ : l.‘ .
PI-2 SN PN PRy [ £ e Y ..-{_. *J"._Lj-" ,{ L2 (ﬂﬁr‘lt—ﬂl )

C Estructurn ok nmodids

v, oxX . n .
; | n::::n 2= EIC;X': ('F'“gd'>
PROG. LN EAL 4 ¥:20 (ne “‘6“4'”')

- Qamc..f’a :'F'S-/-;'C.M

E-) e -f-‘”'rﬂ:ﬂi’i'Ll“"“_A‘, .

Y vamables prosi o URL

C) d:n:::flhe; !l‘z-“- ;

) ﬁﬁéarr.;nné-&"{“"""

N ?qufdac,t
— ﬂ.ﬂluﬂ 2 v -

ey Bra’flica (2 dion. mox)

b) S‘:n;.fh« (Hatodle dn & Jocdza

Lon uﬁu#:g la ;rd stdace,

e/ slemen ?’ .
- ?".',bn e Soleiameo 1
&Y No atotocla pEVISAL PFLANTEAM.
5) Nﬂ- L}(-‘S'Lc.. -

2 Unrca. =y R +a. & un un}hﬂ'lg.u-fﬂ
\e AN prAttemnts s | a.alatﬂa.m:’-n'u-



METODS € GAFICQ A,

——

| i R - L-i | . ‘

Nc,-r,q_:‘_gqr.._a_ﬁi v i’_"A-ﬂ-ﬁ PrAa) PULA & PEﬂ&_:-EH;%i

T DE 2 VALiABLES

Tesos : .

__‘d. D;.ju.,_mﬂ. ToDAS LAS RECTNS DE RESTRICCion
EN £, PeAno (K. X;)

2. IDEATIEILAR LA KEGION CoNVEXA DF
Forveion ES FrRen8LEs

3, Di8uung LA REcTH CollESPOA BN CNTE A
DIFFCENTES vALeRES DE ta Fumdioas
PRSENIVE(R) y FovELA A TRAVES b5
LA REGION cown VENA MaSTR BLCANIIE
L£e P oPTiMo R

’:E'_-'I;Ei'"‘l-?i.-ﬂ

UNA CompidtA  PESOJUCE Dos ARTICULYS
(vwo of #uLE y Z. oThe N ALvrm mi0), JETER
FINE LA CANTINAD pE RATIevreS que DE 8T
Plopucit OF CaDA TiIPo PithA 03TENER
) BENEEICS FraxiMo St LA sNFORMALCIOA
DiSPopiBLE EF

D ML emems seges <
O R I R
2 a&- 2 12 |
3 312 Jre - -

b;;lﬁ/ir'f‘, w3 48

ERPLEAf El mETRO FLAEICE



Iy

poreg - RE@ 0N FALT (ALE -

.:r 1...1' r.;:-l-., 4l _..:-{ ,?.' L}

TEFNCCIONEST T

W o=

"‘"l

REGION FACTISLE CONVEXA 2 CoNJUNTR DE SOLUCIONSS
EAS/enS FooTiéLe s

Sorvcion BARS1CA FALTIBLE = Sor. NO o PTIrA Quf
' S&TisZAcE as £E5TRIEC,

'CASE « ComdunNTd D5 VARIABLES Ques FonremAn)
PALTE DS A SotUcion BRS,c4 SoehBLe

e LA SoLveion) oATIMA ES MoLn P P
2 o PRALELY A HLEuaa LRESTHccion

e
- B3¢ LA Tolvcion pf"?‘?a'-hﬁ &S yaic4 = 2 =<
TROGENTE A Redvn PIANTD E5QU/NA

-



e
METODO AnNatLiTiCo

omﬁeuou DE LA Folma CANOMICA

Consan'k- 2 n 'f?'anj)érmnr /r.t.f Adas: au /.::l.’a.

ra, 2 .£c.-.-f.nc~am 2.0 d..t.c,.r-J abﬁmr O

(&5u:!nk
max I - .;;ZCX |
S.a. ,;{ﬂ )( s 8 "J&;h.’n,
X; 3o

t. AGREGVE o RESTE CONTIDAGES PoSiTIVAY
(vAr A BLES DE WLEVRAY PARA TRRwSES,
188 Lot .DES{GHALQAQFS SA /&d&:—,b#ﬁ:z.f
dos CoEF DE DoCHHE VAR ABLES EN LA
J-Fdﬁ&a# e8s/ENve J"an Nowos, ES DECIR C‘- 0O

2, -Pﬂﬁ!ﬂ DBIENER LA .rat.uao,u aﬂycn F,a#g.
TI0LE INICIAL DEL SiSTEMmA OE 'p {cuﬂ
CroNES AGREGUE LAS VARIA BLES ARTIFE
@t i s’ QUE 55-4-»4 Nrctgmaem: PhaRea TEWER
Uy ConJunTd  df "oy vECTORES vwN.TRRCS
LINCAL MEVTE 1RDEPENDIENTES BN LA
FATRIR DE FARAMETRES ESTRUCTVRALES |
En ClevdClon OCBE APIRSCER wpni VALK,
BUE Vo APLREDCH EN LAS o7TrRAS o
CoZFE. puITHARI0 PosSiTive), ESTRS VAL S -

. RGRELAN ENCLUSivn MENTE EN t-.n-.&‘

o LCVBLDRPES o DES: Guoe pAPES =




| - | id
) » /
PoRA ExeLyia EtTns YARIABLES DE LA
$oc. pPTIMA | Sus CoOEFICIENTES DE CoSTDS
DENTRO DE LA FoNCred OBsETIVO DEBEA

Sce .

C.?}- S0 PARA M iNIMRACON

CJ Clo  Para rMbx:ri DAcioN

fugmflo

may 2= 3¥,+4YxX, +5X3 ! [oager.

S.a. ¥, X, +2¥3 Lo
X2y 4+X3 3§ ) RESTRiC.

Xi2o0 X, =36 212
a.wn' DE Ho G, |
"Xy -}Kz.+2)<3+7<1f O
X, -2%z2 +%3 - =5
')(l =3 Xy - Xg =12
no Hese 5} Kizkaz X320
'==))(q a_.o.:s! 7 5.(,;:.--{25
b) var. Aznrmma&s
Ky 2k + Xy =0
X 2%y 4Nz - W, =5
i =3Xs ~Xs +X4=i2

<) -C OBIENVO

moR 2= 3K, + ¢ ¥+ S N34 OXq*'OXs"ch -MXs

B MATRIZ DE PALAMETRZDS zs'rﬂuc:ruﬂ%us.s
. _ J t 'C-Oﬂ!#ﬂ‘h’ e

cesun ¥
i 2 v 0 0 o],mdm}”&’_

|"'2|0{?I0
L' 0-3 ¢ -t O |




Casos v=nectales--
- T

i?mble:h«a:..-

" Migimizar ¥

Icﬁmu resolverlo
Max (-2)

Emxpate dﬂ.v&rlable de entrada -

Seleccic-ﬁar variable cnﬁ Jqinli-
mo {ndice

Xy

r:x. = ci £
Jal T““c ~£ 0, ¢, { a-
]l n:ax t i
Impate da wn&ahlc-sali&nta-il
. = o ;
) Er. - BE
Ari LSL T

Cenducen a soluciones degenéfﬁ
-das porgue la variable no gfel@&c..

. ‘clopnada adquire valor = 0.

Seleccione variable con minimo
indice ) }

g1 r4i 8

Xr
_Esto_puede cnnduc,ir a loops ip:l’
finitos (rara vez oCITY e*:-'--

problemas reales) 1hmita:: =4m;
m=§ restric. Tatirmie

'Ha 3 varlahle. salient:&
&

A]ci"' o ¥ variakble b&sica

s‘g?—'p;rnblema no acotado revisar
planteamjento.

o

Sﬂiuciﬁn.ﬁﬁyiﬁﬂx mﬁltip1e1
de cuanda C_ = o Para variable
no bisiga y'Z es Cptima, |

suce

Para encontrar ctra solucidn -

S5ptima selecciocnar dicha varia

ble como variable entrante.

‘Ne.d solucién _ :
= ¥ solucibn Sptima tiene cuan-

do mernos una variable arl:ifi— -.

Revisar planteamiento © aumen-
tar magnitud de los coeficien- |
tes de las varlables artlflcia
les,’

-¢ial # O
Variablns neu:ra.tivas acatadas xj'=='x+-:.' :3,'{1, sud:\vs1-.1‘.1:':.1‘1'1:Jr xj
Xy 2 L-. Ly Lo 13 Jer X en
e - el mgde o,
variables negativas no acotadas Kj x xj* xj':= u,‘xj" i Q
T {: I;l. < oo ) ; v para cada soluciéin xj'xj *=0
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LARJETAS PARA USAR EL PROGRAMA GEANRM

falumaa 1

Toifers 1 A7 08T
Tarieta 2 7 50 Q GRANM
Teriata 3 AHCLLINT, PIVET, TAIRU, SMEVE, CLTAN, T84

= Torjolus de datos (Ver péyina 3}

Turjuela Vit
fital
BHOTAS:

- Eslz giograma esla listo para usarse en fo computadora 1BM 1130 de CECAFIL,
- La torjeto 1 es la torjeto oncronjoda oblenida del CECAFI,
- El ngmare 1 que cpurece en lo 20, larjeta se perfora en la columna 17,

= EY progrumu en la |BM, 1iene una -::.npr.:mdcrd de 10 restricciones y 15 varigbles inclu-
yendo de holgure y t]erlClﬂ'LS

- Lste progroma tarhién e encuentro disponible en la Burroughs dEF CUAASS, bajo el
nombre de H/SILAPLEX, Les instniceienes pora correrto en el CIMASS aporecen en
la sigufenie hojo, Lile admite una capncided moyor sobie el nimere Je restiiceliones
y voriobles comn se indico en lo segunda hoja.

~ Este progromo utilize el métedo de lo groa M.



TARIEYAS PARA IISAR th FROCRANA N/SILPLEX

Czlyng 1 '
Tariele? PUSR dave / 1
Terieta2 7 RUN  ° (JRE2) |1/ TMPLEX
Tajeta 3 ¢ DATA FILE 5 a

- Tarjetos c'.e datos (Mer pdging 3).

'I .

Tarjeta FE ND
final .

NOTAS:
- Este progremo esté listo pero u.;.prse en le computodora 5 6700 de CINAS/CSC,

- la tarjeto 1 es lo tarjete roja obtenide del CIMASS,

e-—-

~ El sinholo " significo un corscter irvélido. Eite te obtiens prasioninde tas s
1,2, 8,

elos MULTIPUNCH Y NUMERIC simulténeamente y perforends los admeros ?,

4.'. ) '

- Este progrun:rn tfene una copocidod de 3!‘.'.'-" restiicelones y 40 voriobles inctuyends de
holgura y artificiales,



TARJETAS DE DATOS PARA EL PROGRAMA GRANM O 11/SIMPLEX

Lo siguiente informacidn deberé porporcionarse en o que sa indica como tarjetos de
datos en los hojos anteriores.,

=

TARJETA DE IDENTIFICACION DEL PROBLEMA ,

En eslo torjeta pueda usar desde lo celumna Y a le 70 para pc:der dor cuclguier identi-
Frcucldn gue desee dor a sy prcb|erna,

TARJETA DE DIMENSION Y ETIQUETACION DEL PROBLEMA Y CONTROL PARA CO-
- RRER MAS DE UN PROBLEMA,

El usuario debe dor cuatro niimeros enteres con formato (4110) en lo siguiente forma :
Columnas 1- 10t Nimerc de renglones de! problema,

Cnl:.lrn'nas 11-20; * Nimero de columnos del problema,

Columno 30 Eseribo e nimero § 51 desec ;;::.nnr etiquetas o los renglones y o los

columnas,
Escriba el nomera 0 en caso contrara, _ .

Columng 40 1 Escribo un 1 st desen correr un problema odiclonal,

. Esertha un 0 en cose contrario,

 MNOTAS:
El niimero de renglones ne Incluye la funcién objetive,

51 escriba un 1 en le columna 30, el usuoria, después de la tarjeto deberd dor el grupo
de tarjetas pora etiguetos de renglones y el grupo de torlafas paro etiguetas de colymnas,

Si en lugar de un 1 nscribe cero debers omitir este gtupo de torjetas y pasar a las torje~
tos de coeficientus de los voriohies artifleinles en lo luncién objetive, :

51 eteribe un ¥ en lo tarjete 40 veo los notas generalaes,

-

. TARJETAS PARA ET#GUETAS DE RENGLDNES

Las erh;ueius para u.iunhhc:ur o Ios rcm;lnnes de las resiflocionas, pooden taner como mg
ximo & corocteies de cuolquier tipa.

En uno tarjeto puede escribir hasto 7 eliquetas, Estes ctiquetos dohen 3t en los columnos
1-6, 11-18, 21-24, 3136, 41-46, 51-56, 6145,



. » . u-.i -
. = . .

TAF 200 paka EIIQUETAS By COLUMMAS fVARIARBLES) _

Los tarfetas para Identificar e tos columnos o smo o fus variobles Tnvslucredas en ¢l
" uohlens (incluyendo de holgura y enificiales) debardn escriblrse de ocuerdo o fas
reglos antcriores para etiquetar renglones.

TARJETAS DE COEFICIENTES DE LAS VARIABLES ARTIFICIALES EN LA FUNCION
QBIETIVO, '

A cada veriable artificlal asTgnele un 1 y o los voricbles no ortificloles asignele un
0, Estas nimeros escribolos en los columnas 10, 20, 30, 40, 50, 60, 70, de ocuar-
do ol orden en gue eliquetd o sus variobles {calumnos)

IMPORYANTE, Esta torjeto es requerida adn i el preblema no tlene varichies  or-
ti fieioles. T

-

TARJETAS DE COEFICIENTES DE LAS VARIABLES NOC ARTIFICIALES EN LA FUNCION
OBJETIVO,

Escriba los coeficientos de la funcién obletlve con el formeto (7 F 10.0). Estos coafi-
cionte: deba escribirlos de ccuerdo ol orden en que etquets sus verfables {columnes),
Los coeficientes de [os varlables de holgura y ertificiales deberé ser cero.

IMPORTANTE : Los coeflclentes de lo funcién nb]aﬂv:; deben corresponder ol problema
de minimizor. Por lo tanto, 8§ sy problema es de maximlzer multiplique por -1 y consi-
dere los cosficientes que resulton come les datos de entrada en este programa,

TARJETAS DE LOS éOEFICIE NTES DE LA MATRIZ DE.RESTRICCIONES,

" Cado renglén de restricetones va en una o varies lorjetes, escriblendo los elementos su-
* cesivomente en una tarjeto con un formato (7 F 10,0}, Coda vez que proporcione un nue
vo renglén debe empezorlo en otra torjeta,

TARJETAS DE LOS LADOS DERECHOS DE LAS RESTRICCIONES,

Los coeficlentes del lado derecha de restricclones sa proporcfonan sycetivamznis enena
torfela o en caso da ser insuficiante use otra torfeta. Ef formato os (7 F 10, ()

TARJETAS PARA TNDICAR EL CONJUNTO INICIAL BE VARIABLES BASICAS.

Cn yna terfete programe sucesivamente los nimercs de los columnas que von n o1 1tadng
camn columnas (variables) baslcas iniciotes, Use formate (71 10),



1/

EY Mo T

NOTAS GENERALES:

LR
2,

El orden de los tarietos debe ser como al indicado.

51 en 1a TARJETA DE DIMENSION Y ETIQUETACION esertblié un 1 en la colum-

na 40 entonces su nuevo problemo debe ir después de lo TARJETA PARA INDICAR
EL CDNJUHTD ENICIAL DE Y ARSABLES ARTlFIC'.A' E5, Es impatriante que en ol
msevo problama emplece con to TARJETA DE IDENTIFICACION DLL PROBLEIAA,



EIEMPLYY 1. Cromidere of pret Vo Tfaoed
mox Z 3 Xy = 35
5.0,
?xz - %7 ~ %yt xg
.2:1 +2x3- X4 + x5
x|=2xp =Xt xs
xtt X + X3

n v v |+

+

:i?__u L] '

Deboremos multiplicar fo fFuneién ohjetiva par = 1 pora que el problemo sea de minimizo~
cidn y tombién agregor varlables de Holgura alas primerus tres restrlcciones paro que ~=
Heguen ¢ ser iguoldades. Con estas ebserveciones el programe Tneo! estoré en forma estan
dord, lo cugl o5 una condicién para aplicar el programa GRAN M, 51 definimos z'=-z, -
nuestro problema en forma estandord es ' - :

“minz' =-xgteuxg

-2xp X3+x4-x5*:ll" =0
2x) ~2xatxg=-x5 T ‘ =
=X +?):2 +x4-3:5 +;3 Ny
xl +x2 + x3 =

x2 0;' 1=1,2, ... 5
=0 j=1,2,3

Cbsérvese quo ounque el pregrama linea! yo estd an forma  estondard, fodovia ro e3t6 lisic

pora empazor el olgoritmo de lo Gran M porque en la Gltima restricelin ne: extectz ynz varic-
e que oporezca en esto restriceidn perc no s encucntrs en las otros restriceiones. (ta, ne
se Hene une solucién bésico foctible inmediata}. Por [a tanto, deberamos car-om: une Lerrr
ble ortificiol que Ilamaremos t), @ la cuorta restriceldn pora aiT completar nuestic wivzica
bésica fgctible en la cual se fnicio el olgoritme. Sin embergo, o introducis esto vorichls -

artificia! en lo restriccién deberemos ogregorlo en Jo funcién objetivo rultipticada far urs <
centidad positivo M muy gronde. Ag nuestro problemo rasulta ser:

min 2 = - x4+ x5+ MH

‘?X2+X3+14'1¢5+ ;' N = ()
?"] -2!:3."” Xg = x5 +5 u~0
-:Hl +?;2 +x4 - X5 ‘|‘13 =0
o Yoy by el
x; 20, 1=1,2,...,5

z-' :.Fn: i= 1! 2- 3

t g



-

Es conveniente represeniar ¢l programo linea! en un fablero {o tableou), paro poder enten-
der més fécilmente le informacién que debercmos proporcionor o programa de éamputodara
GRAN M 6 )I/SIMPLEX, Este representacién oporece obojo

_ Xp Xy Xq Xg4 X5 3 3 83 il
Funcién Obj. (F.0.} 0 o 0-.-1 1 0 0 0 M} 2
Renglén 1 R.T) 0 =2 1 1 =1 1 0 0 0 Q
Renglén 2 (R, 2) 2 0 2 1 =4 0 1 o0 o010
Renglén 3 (R, 3) -l 2 0 T -1 0 0 1 ¢ [
Renglén 4 (R, 4) LI 1° 1 G o 0 ¢ 0 1 !
: * * ]
Vor Holgu-  Vaor,
. ra Art, -

" Solucién inicial
bésice factible

Este toblero contiene todo la informacisn necesaria y la notacidn aprapiada pare correr el
programa GRAN M6 el !I/SIMPLEX, A continuacién $e presente su codificacién poro e
GRAN M, Para correr el 1I/SIMPLEX 1o codificacién ci [déntico excepto por fos tarjetos
de contral como se méncions en la explicacién de estos progromas.
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EJEMPLO.2
mex z X, + Xy
1,0, !
xy t X9 2
x txp 21 '
-X1 +x2 :1
:»:.l >0

Expresendo Ta funcién chietivo en términos de minimizactén e introducicndo voriables
de holgure, ortificiales; el problama es equivalente o

min (-z) = = %) ~ xp + Mh t
xy 2 -.s| ' +H =1
. X1 T X2 % u

. 1 -2+ xg . teg =1 5

En fn_;l'r;ru de tablecu:

. X x5 f B w '
Fune, be. (F.C.) Tl 0 M 0 0 |-
Renglén 1 {R.1) t 17 1 0 0 |
Renglén 2 (R, 2) Jj1 =Y 0o o 1 0]
Renglgn 3 (KR .3} =1 + O 0 o 1

. \ - L] ] []

' ’ Solucidn bd -
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inlciol,



LE_NAM{

HOJA DE CODIFICACION Y70 DATOS FORTRAN fa

witTab vf _1
EnmIERYT A

C
s

)

i EA T Bt
-u-l-"‘l.s.(_r:m ] ‘ HCGR AL

'-1—H—|q.bl

. . rt*:lmnm

1 i 18 vt S I
HOUA pe T i

1 -
FECMA, 1 LFCULTMIA !

-:f.ln.:. o |I|||l nﬂ}n:uiu,u

) i el LE L L LTI

rzlrntreimai[10]a ']:Iiﬂ‘.l.’ o [ius poloa’ i (4 lagragtarfo al avlaglanl o

scaraalsdslaayarlialonam uiiay e e '-"i'_l-i_lr'f L :‘l-r"

J".'_/l__ﬁel *j.|_l.___|__.|,_|:' it 0t ll!.L_ll_l._l_:t‘!r_j__j_:l_l! [JOE B T TN 0 T I T (N S S W A [ T U I N x_ili"'* "'.E
VS KEQ GRANM, ), . T AN DA P I PN
'L.FZ'C"*:J.EJ.T JMBME CLEAN ., TAE?“'{_{JFLIL.I T IR li!'.’_!'l'..l_.:
° R G.B.LE 1A, Na ACGI ADG DE, INVEST) GACIPN DE. QPER{hC?DNES.ll““Hil,, NPT I S
—l-—_.-'l-.—._}_.,_—.-l_.a-FhJ-_l-J.—l_L_L_l_L_lﬁ L a1y goga gt ,...,,,iﬁ' _l__|_1|[_le_l_fj_lll|+llljl_|llJ_-i—Ju.-.L..-l,....1-‘-‘
Fl "_'!' 1&.'2....1_1_4_1_4_'1‘“!3!11_1-1'1-_1'_1:1-:!:_1: [0 T T T N Y T T O S L T T W ttt'-'-!-—iii—[l .I_L..r.....;--'_l—:l_I

2 51 1,1 5 2 3 BITTETEEL

it 1

"‘—“"_‘—L-A*“—l—lh‘—‘-l—’_‘—'—."_‘“{"—‘—‘“'_‘ T L T T S R I T I TN S Y Ao ¢ 4 g g o boaoe g qos 3 g 1y l' t « i

“-_I'-__I'_.:-"—Ii._'.1'1—‘-1—‘—|—;~"*‘1'J—l-1_-.i__l!ll_|_1141 iill‘L_l.il_I. L—di 0 _f J J_3 3 P R N N T T Y | rirl PR

"'_"T“"_‘-f '_*‘-‘—'—-—-i-'--h-l—--l—l—-l—*"' "!'—ll_lll;_l‘_ll-ll rl'j_:li|_|_|_jll P 11 1_1._;1.1_111_1!|1I L1 4y b :]11 P

2 _"_"'I'—"‘""—-"-Ir "—"—EJ—II’I'JJ—l_-i,_-l!IJ'_u L4 [ B B N O B B |_l!|lJ!|J_I1l!Ili!llf I! ()
1 [

'J"'"'""":i“""r"’— !—“ "LJ—.!...J—LlI-lJIt_L__I_tLIilI.IJ_ |_|'.l.l.l.L\.'|._i_"|‘k'l'llllll _i— LR T T |
i

fep Ll '%"g—’ ""—“-'!—l*--—-‘-L-—-‘-J---I--! | I T | IJ el L 1 _J 1 i [ I T A B Y N | I R T I I A | PR I Y T TN N T i [_.I__L._t_l,..,..r__;__‘,_J

"L'J_"""L"g":. - : e ]:—L-L.—l__b-_l_‘._.l_..l.._l_;,bl I I T | PR P2 T B N A B | J_t_: J B R N TN T E 13} )_L_j i | N N N

! 3 '
4_.',::_1__.'_:...:.-..'--. 'd e = q—h-.l e Dt B SR IR NS R RS g ek ' e o _‘__‘___'__'__‘___ L b "'_I'_"'_‘|_|‘_1
P oL B S LI K1 Skl T L e mdsl b i ., T VT I TR L T T o r*]‘t‘ at- n T u 1!-44”; ) na “nun n-l'l. borrrmeistbig e H-:"}

-.----—-.....

— -y —



:_ 1 - . . . " nl 1, )
1

EJEMPLO 2 Resolver =l dua! del siguienta par de problemos ;'-.frlml - dual,

Primal min z=?x| -3x2
?xl - X = X3 ~3
xl - X? +X.3 3- 2

X: 2.0

Byal ) max w=3 Xy +2 3

| A+ Ny 52

2 lz.i «3 =+ A+ A » J
- - A 4
| ,o% 0

17 2
) _ y, 20
Este dua! e1 aquivalente o .
' min {~w}=-13 11 -2 -“2"”-"'-"“]
211 + 12 + l] ' Tl
) 11 + ],2 —52 +|l =3

En forma Idﬂ.iﬂblﬂﬂl.l} e! duul estd dodo por

. Jl1 J‘rz 2 v h 5
F.O, G 20 00M ol
1 2 1 0 1 ¢ o0 2
R2 . v 1 - 01 01} 3
R3 -1 10 00 0
' ... l

L
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EJEMPLO 4

max T = ¥y -x2+x3-3>=4+x5-x6-3x?

£.0,
3x3 + x5 * oxg =g
*p+ 2x3 = x4 =190
- %] ‘ +xg . =
x3 ' e+ xg =4
x, 20

mln {‘Z) = -X] +K2 'X3+314'K5+16 ""3!?

5.0,
L x5 g =4
9 ¥ 2x3 - x4 =10
X3 -xﬁ : =
x3 ' +x6+x? =4

En formo da Tablegu!’

F.O.
R1.
R2
R3
- R4

Xp X2 X3 x4 X5' Xg Ky

-1 1 -1 3 g 1t 3 -z
0O 0 3 0 1 1 0 5
0o Y 2 <1 0 0 O 10
! 6 ¢ 0 0 - 0O 0
g 0 1 0 o 1 1 - b

[ 3
»
"o
[ 3
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INSYS

an inverntory system moded

COvriii e S e iory Mivela and Factory ouipor far . N
# {actony -wholesalge rialor inveniisry Sy steen.
Inventony replerrithmaa t and lead tme poicies
may ba changed & orgdir 1 Eoxt tive effact of
these policies on the gevfornance of the over sl
frELem, . .

The purpose of an inventory is 1o provide a separation in time or location

between the production of goods 2nd the consumption of goods. Ia our

specialized economy a man is no longer his own butcher, baker, and

candlestick-maker. Rather, we have production centers [factories] which are

specialized, centrally located, and have high production rates, There is a

greak gain I production efficiensy from this specializatlon, but it alsa

requires 3 large increase in' javentories to separate the centralized factory

. from the wllimare consumer. No longer do we follow the example of Lthe

’ little red hen who planted, reaped, milled, baked, and ire [without the help
of the p#g, cow, rabbil, or duck} her own loal of bread,

The most comman invenlory sysiem in our zconomy is ihe facrory-
wholesaler-retaiber syslern, The wholealer provides a time decoupling servige
hetween the [aztory and the retaller, inrhat be bolds the Faclory uuipul until
ardered by the retailer. The wholesaler alvg provides 2 location decuupling,
ifi thar e penerally ships poods over 2 wide geagraphic area, Sunilaly, the
retailer provides & decoupling service between the wholesaler and the con-
sumer, in that he maintains an inveatory of goods on display for safe to
Customers, i

The purposac of 1his exercise is.to provide an ilustravlon of the
dynamic nature af the faclory-whelesaler-retailer inveciory systém, A com-
puler mode! s used 1o calrulate week by werk how ihe retail inventery, the
who'esale inventory, and the factory outpul cite change in responw B refail
safes. The model wser may make changes in retail and wholesale invenlory
policy in an atiempt ta conlrol Lie overall inventory system,

25
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Figure 2-1 Tha factonywiie - luildf 1ystem,

Secticn 2.1 eaxptains the narmal inventory sysiems and 1he roles far
mainizining inventory bevels’ The following sections prewent three illustrated
computer grablems for mawtaining and controlling the invenwary system.

21 FACTORY-WHOLESALER-RETAILER MODEL
The normal system for the production and distribution of goods in
cur economy 5 through the faciary-whalesaler-retailer system, A visual
conceptualization of this system i shown in Figure 2-1, The function of the
recailer in this system is (o

—itake orders from customers

=—deliver goods to customers from on-theshelf inventory
~reorder goods from the wlolesaler

—receive shipments from the wholesaler

The function of Lhe wholesaler is similar to the retailer except that
the wholesaler's customer is the recdiler and there is 3 time lag between the
ordering and the defivery of goads. The wholesaler must

=receive arders [ram the etailer

—ship goods frem the warchouse Invearary
—recrder goods from the factary

—~receive shipments from the (aciory,

Finally, the fattery must produce the goods which are ultimately
sold Lo the customers. The factory may or may not hold inveniories. [n the
current model Lhe factory does not maintain zay inventory o that s only
functions are Lo

—produce goads at seme rale
—change production rale as requested by wholesaler

The model just described is a simple abstracten of that which b

found in the indusirial system. Durable goods, such as applicances, more or

Jess follow the systern described. There are variations in that some large

- relaifers order directty from the factory, ar the factory may maintain a
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showroom and make direct retail sales. 1o other cases, the factory maintains '
large inventaries and performs the function of the wholesaler, Inall of these
modificalions, however, there is 2 dynamic interplay of sales with the
inventorics mainlained and the faciory raze as iflustrated in this model.

Retailer The parameters and formulas for the actugl computer model of the retaider
Model  are prosented in this section. These formulas are a3 mathematica! statement of
Formulas 10 Lerbal model description above. We alsa presenl some sample compu-
tatronms using the retail Formuotas,
Reraif soles are controlied by 1he customer. Thay are part of the
mpul Lo the progeam by the reader. Beddil sales in the past have been about
100 units per weck,
Redulf recedpts are the units received from the whalésaler each
Monday moening that were ardered Friday one week {10 days] prior.

Retail inveatory fevel is the number of units on hand Friday after-
noon at the close of business. The inveniory level varies through the week as
shown b Figure 2.2, The formula for delermining the invenlory level is

Inventory level = prior inventary level + retail receipts = redail safes

Retait orders sre phaced with the wholesaler each Friday afternoon
after determining Lhe inventory level, The order poliny is o arder the retail

sales [or the week plus ur minus enough units to return the base stock level
1o 108 units, Thus

Retall order = relail sales + {100 — inventory level)

 The effezts of Lhese Tormuias un inventory level and e reLail order
can be seen in the following sample camputation,

'na normal week
_ Retail sales = 100
Retaid receiphs = 100
Retait inventory leveal = 100 + 100 - 100
= 100
Retail order = 100 + {100 — 103
=100

Base
sech

time

F M Tu W Th F M Tu W Th I

Figura 2-2 Rewl invertory leval.
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Wholesaler
Model
Formulas

In a week i which sales ingrease
Fetasl sales = 110
Relail receipls = 100 .
Renail inventory level = 100+ 100- 110
= G
Retail order = 110+ (100 - 94)
' = 120

In a week in which sales decrease
Retail sales = 80
Relad receipls = 104)
Ketail inventory level = 100 + 100~ M)
=111
Retail order = 00+ (100 — 110}
= 80

The whelesaler’s palicies Tor mainlaining inventory and reordering from the
fattory are similar 1o the retailer’s policies. The formulas for the wholesaler
and sample computalions are now presented,

Wholesals shipmentt are dispatched each Wednewday from orders
submitted by the relailer an the prlor Friday. These orders arrive ar the
retailer's on the following Monday.

Wholesale shipments = retail order [pricr week)

Wholeszfe recelpts is the faciory production of the previous week
which is received gach Monday morning. '

Wholesale recelpis = Factory production {prior week)

IWhofesale inventory fevel 1 the number of unils on band Frday
aflernogn at the close of businets. The inveniory lewet actually varles
through the week as shown in Figure 2-3,

The formula for determining the Friday afternsan inventory level
is as follows: )

No. of ] .
units
. Base
2“0_—' - - T - - T Slﬂck
100 —|—
Time -

F M Tu W Th F M Tu W Th F

Figura 2-3 Whalesale invantory.
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Wholesale inventory level ® prigr inventory leve! + wholesale receipts
= whelesale shipments

Wholesale orders are placed with the factory each Friday afternocn
after taking inventory. The factory, however, requires 1 week to change the
praduction rale, $0 1wo weeks pass belore the whaolesaler receives the actual
order. The policy is to arder the current week's shipmenls plus enpugh units
to return the base stock (o a normal fevel of 200 vnits, The formuela is

" Wholesale order = wholesals shipments
+ {200 = inventory level)

The effects of the wholesaler’s policies can be <een in the following sample

computation,

In a normal week:
Wholssalz shipmenis = 100
Wholesale receipts = 100
Wholesale inventory leyel = 200 + 100 - 101
= 200
Whaleszle arder = 100 + {200 - 700
=100

ln a week I which shipments increase
Wholesate shipmenis = 110
Wholesate recelpts = 100
Wholesale inventory level = 200 + 100 — 11D
. =153
Wholesale order = 110 + (200~ 190]
=120

In 3 week in which shipments decrease
Whaietzle shipments = 90
Whalesale receipts = 100
Whalesale inventary lovel = 200 + 100 =90
=310
Whalcsale order = 90 + [200- 210)
=80

It shauld be sared thal in che present simplified medel, the wholesaler only
services one reudiler. This is an obylous oversimplification from the real
wortd and allgw s The analysis 1o isalale the effecl of a single reladler in 1he
ENTiFE Sysiem.

1n this medet, the 11cwory mainiging no mventory, The factory produces at
the rate specilied by the wholesale order. There |3, however, 2 ane-week
delzy when changing the production rale and a one-week defay for shipping.
The net etfect s that the wholesaler receives the actual order two weeks
afizr it is placed with the factory. Thus, for example, ene might have the
situation shawn in Figure 224,

o
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Week Whelesals Foctory Wholesale
ALy order rate rECEipLy
1 100 100 100
2 120 100 1440
3 . 80 160 104)
4 100 120 100
5 10 BO 120
6 10 100 g0

Figure 24 Chenging factarny production rale,

2,7 MORMAL INVENTORY FOLICY
This section présenis the resulns -of Tollowing 2 normal inventary
policy. By “normal™ we mean that the retziler and wholesaler follow the
rules described in the preceding sections. The most significant rule, which
will be analyzed in detadl |ater, s the rearder rule. The normal reorder rule
which is fpllowed in the current problem is

Order the current wetk s sales plus of minus enough w dbf.‘ﬂ? the hase
steck back fo its nermdl level,

Following this reorder rule and the other inventory policics autlined
in Seclian 2.1, one can compute aver a number of weeks the inventory level
and ordery i response fo retail safes. For example, IF retail sales are 100 In
weeks 1 and 2, then increase to 110 in weeks 4,5 6, and 7, results will occur
as shown in Figure 2-5, '

These results are arrived al by Tellowing the computation formutas |
given in the preceding section. For example, the formula for the retait order
each week js as Follows:

Retail order = weckly sales + {100 = inventory Icve-l:l
The retail order in week 5 is 120 units, derived from the zbove for-
mula as fallpws: )

Relgil order = 110 + {100 ~ 50)
= 120

-*'. Week Retaif Whatesale Factary

No. Sales Rec inv  Order 5hip  Rec  Inmv Ovder Rate
g 100 W0 0o - 120 100 200 100 Y00
e 100 100 100 100 10 M 100 100
11¢ 100 90 120 100 100 200 100 100
110 160 ED 130 12¢ 100 180 140 100
110 120 o 1220 130 108 150 150 104
"G 130 1¢e a0 120 160 130 190 140
na 10 1M 90 100 1g 170 130 180

=~ LA b Ll D -

* O Figurr 25 “Hermad™ inventory pollcy.
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It Is quite posstble to compute the results by hand for as many weeks
of operation as desired. Fortunately, the computer program will do the
tedious calkculations. We peal consider bricfly the daia cards required 1o run
the computer program and then we will analyre twenty-live weeks of
operalion by using the computer moded,

Computer This section presenrs the dala cards required as input to the computer pro-
Input  gram, The program listing is fownd in Section 2.6, ’

Liser name card is the Fiest card in the data deck. 11 s used to identify

‘who is making the analysis and any other identification desired, This card is

ftee fleld, in \ha1 any information may be keypunched in columns 1 10 40,

EXERCLEE OmE By FUY BRARRIE

(NN NINN NN NRRRRREY (INERERRNANNTRRNERERR]:
L REERN 1 usd AR AHIENALTEISAdEENRTR

§

Conirod card is the stcond card in the dila deck. This card contains
the number of weeks to be analyzed, which is punched in columns 1 and 2.

29

llillllll!lfl|l|l||l|l|f|lﬂlll""‘.‘l‘.t.
RN R RN

LTI I IR I FUARATHE ANy N ¥R

Weekly sales cards cantain the week numher and the retail sales for

that wevk. There & one card per week and the totaf number of cards must be

_exactly the number specified by the contrel card, The week mumber s
keypunched in columns 1 and 2. The retail sales For the week are in columing
11, 12, and 13, right justitied {thal is, the last digit Is 2iways in column 13).

. ['H 190

IIHIIIIIIIIllllIllIIIIIIﬂlllilllillllllﬂ!ltlﬁﬂil
[N [ MWK e

[l l|lII||||I1IlIlllﬂﬂllﬂﬂﬂh1?|||’|i||j|||.|q IR N AN
———  ———— k. ity

The complete data dech sewwp for problem one is shawn in Figure
2-6. Edch typewritien line in the figure corresponds 1o ane keypunchied daiz
card,

4

Compuigr  The compuler priatoat resalting Troin the normal reordes policy i3 depicled
COweut in Figuare 27, The fiest iine i the cemputer output is 2 reproduction of the
information Leypunched on the first data card, The last line of 1he compuler

auiput i information from the wcond data card, the control cad. The

nopation 25 WEEKS RUM is a reminder that the conirol card specilisd that

75 weehs of data were 10 be run, If 1here is tog hitle weekly sales data ar il

the weekiy sales data is out uf onder the compurer will print the message
SOMETHING WRONG WITIH YUk BATA and stop processing the pro-

- Eram. .
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EXeRCIst Onk WY ROY HAAMIS

2% .
gl lup
a2 lud
0y Ilg
U4 11y
&% iy
on Ilo
o7 g
on 114
QY Hu
1u e
11 ilg
12 tin
13 Ile
1a 1ln
15 Iy '
1] lle
17 lln \
1k Llg
1% lin
20 12 - S
Z1 lig y
. 22 1l
P Iip
2% 114
25 1=

Figure -8 Compuier inpot —normadl palicy,

PROGRAM [N515 FOR EAERGCTSE OME BY AGY HAAR)S

WEER —~—mmaoRETAll =——=—vaa=  abdedygn0{ ESALE#s+assass FACTOAY
Wy, SaLES REC 1a¥  OHDER SHIP REC 1Ny OHDER HATE

1 lLag log Lopu Loo Loo Lon 200 ion 1ug
) 104 108 1pa loe 100 Log 2on Loy Tud
3 110 lag ab 12% 1zo 100 £o0 Llog 11
[ 11u 190 T 119 124 130 180 140 Lk
, 5 1t 120 wi 120 13p Log 150 -1 1a8
4 110 138 110 Log 120 l0¢ 13p 198 1l
7 l11la 120 124 98 100 144 17 1ar 1Hd
a 110 Lag 118 1o0 90 180 260 1A 1+#0
Y 110 S0 . 130 1o 199 ass t . 13%
R 11u 104 ) (BT L0 130 3sD ] an
1l 1o 129 %0 120 133 o 2ah T o
12 1lg 130 11t lob 120 ] Lat Las %
13 110 ¥ 1z0 0 lon - &0 28a 7o
1% 110 %1 114 l1a0 80 To 20 270 188
15 11 99 9k 124 loe  1B4 log¢ 2400 2al
b l1ig 100 Al 138 120 280 240 B 2hu
17 110 120 ap 120 12 210 RI-Ti] o Ll
w110 13¢ 110 gy L2000 2086 4460 L LE
Ly 1lu 120 120 LT 100 L] LYY ) v ¥
20 Lig 10d lga 1o% L] ] a5g L v
21 110 LT C1 120 lo0 [ 2a0 . ]
F¥ 110 109 #d 119 120 a 130 L9y b
22 11y 120 wi L2¢ 130 0 0 L L L7
24 116 13g 110 108 120 E3:) 0 2o 148

25 Il 120 120 e loo 19 S0 216 3w
2% wEEKS Ay 0 o0 ¢ @ ’

Flgurs 2-7  Computer outpat =normal policy.
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it is quite evident that the so-talled normal inventery policy i not a very
smart palicy, A simple increase in retail sales 10 2 new level 10 percent higher
than before has set off anconteollable flugtuations in the whalesale inven-
lory and in the faclory rate. Even Ihough the facrory services anly one
whalesaler and one retailer these uncontratable swings cause the Factory (o
completely shut down by week 110 Mogative inventories, orders, uf facery
rates are nat allowed,

By week 25 the situation is still not in cantrol. The rewailer has nat
stabilized his inventary level back to 100 units, the wholesaler has not
siabilized, and the factary is going lrom boom 1o bust. This ¢yclic behavior
in the system is the result of the lead times in the system and the “blind"

Jordering policics of the retailer and the wholesaler. The next pwo scetions

cansider same methaods Tor bringing this situation unuer contral.

23 CDNTRDLLIN(}. THE REPLINISHMENT RATE
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This section considers the problem of controlling fluctuation in the
inventory system through a change in the reorder policies of the retailer and
the whaolesaler. The basic concept applied is that of dempening the ampli-
tude of change. This concept is implemented by changing the reorder policy
1o decrease the amount of replenishment of the base stock, The new policy,
Lhe computer cutpui, and an anatysis of the resulls are presented here.

According ta the old policy, the reorder Furmula for the retailer is
Retail order = retail sales + {100 = [aventery level}

This policy says in elfect that the relailer wanits to replenish the siock he has
aclually sold during the week, In addiion, il sales are above or below Lhe
base siock Tevel of 100 units he wanls to maintain, he will order enough Lo
bring Lhe Lase stock 1o 100, .

This policy apprars reasunable enowgh but ir is based o the rather
nearsighted assumptians that

= lutume sales w i} be the same as this week's
~slack replenishment is inslanianeous

The Tirsk assumpiinn is obviously rlshy for almost any retail opera-
ticn, The seewnd assumplion is abyiously mot fulliled ino the present system,
The rewsiler ceders on Friday, the goods are shipped o0 the texl Wednesday
and reecived the fallowing Monday. Each Friday, the retailer orders enough
“to bring the base stock bich 1o normal’’ even thoogh Lhe goods he ordered
the prior Fridiy tu bring the base stock back 1o normal still have not arrhed,
When the arder does arrive 1he retailer gvcrreacts by ordering e littke the
rext Hme, The net resudl, as seen in Secrion 2,2, s that the retailer is neve
able 1a stabilize his order v inveniery level, Business cycles may be caused
by just this kind of behavior,

. © O oway e dampen Lhe swings s La change Lhe replenishment poliy
ta speeify thal only a percentage of the base stock dilference is 1a be
ordered, Thus we chamge e Turmuta to

Redail nider = ie il salus + [100 = inventory level) [A%)
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Computer

. Input
—Replenishment
Kare

Compuler
Oulput
—Replenishment
Kate

Analysis

wl the
Replenishmeni
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If we wt A a1 30 percenl and thus Uy to make up only one-half the
dillference, thon we £an cumparc the renail order when sales zre up o 1190
15 1139

N Palicy New Poficy
Retail oeder = 110+ {100=90)  Retail order = 110 + |{100 - 90) X 0.5}
=110+ 10 11D+ 5 ,
=120 =115

When sales are down to 20 units the result js

Oid Folicy New Palicy
Rewail order =30 + (100—= 110)  Resail order = 30 + [{100 = 110) X 0.5}
=90-140 =90-3
=80 ’ = &5

© The vverall cffect of the new policy is that the retailer only partly reacis 1o

increasey or decreases in the bace stock and allows some time for inventoriey
Lo return 1o normal. The whalesaler may follow a simiar policy in ordering
from the faciory by including & percent in the wholesale order formula,

Liser name card remains unchanged. The ne:n' rearder policy is implemented
by specifying uvn the contraf cord Lhe percentage value for A (retailer) In’
columng 11 and 12, and 8 [wholesater} in ¢olumns 21 and 22,

23 =11 50

LRI AR R AR R RN RN R RN RN AN RN DL

i bandrdrndE e idANEI AN ARSI E R BN O A g

IF the ficld is left blank , the value Tar A or & is se1 to 100 percenl. Otherwise,
A o 8 may be set fram 01 12 99 by the user.

IWeekdy sakes cards are keypunched as in Section 2.2,

A complete data deck lisning for the new policy is shown in Figure
2-%. The retailer and the wholesaler only 1y 1o make up 50 percent of the
differcnce in base stock under Lhe new palicy,

The computer printout Tor the new 50 percent reardering level policy which
is generated [rom these data cards is shown in Figure 2-9, Noie that the last
line of the printout includes the input values for 4 and B specified in the
contral card,

The overall result of the new reardering policy is a dramatic improvement in
the pericrmance of the inventony system.

Retail reorders match the new sales l&vel within eleven weeks,
Whalesale rearders mateh 1he new sales level within twelve weeks
*Faclory rate is not yer stable, but gppears 1o be dampening out.

Most significzntly, the system is no |onger out of contrdl, 1.e., caught
up in unconuroltable fluctuation, The fluciualions have been dampened out
and the yystem stabilizes itsell 1o the new sales level
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EAERCLISE Twl oF AGY HaARIS
59

25
al
oz
a3
(1L ]
95
ab
or
0B
;uq
La
13
1
13 .
14 ‘-
15
14
1?
1a
1w
Zu
|
22
24
2%
29

17
149
Lo
Lic
1la
1lo
Lo
1y
e
1lu
1L
tia
1lu
1Lt
11
1
I3
i1
P1n
B Y
Lin
1
11
11
1l.
Il

Figura 2-B  CompPuler \nput =regding hment rate,

PHUGRAM [HM2YS FOR
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However, 2l is still not pecfect, There is still a lang time lag before

the factory “catches on™ 10 the new rate. Moteaver, a sfmple 30 percemt

increase in sales sUll causes 4 20 percent change in the wholesale shipments
and a 44 percent change In Lhe factory rate. Section 2 4 considers additianal
coatrol measures ler bringing the inventory sysiem under even Lighter
cantrol,

2.4 CONTROL OF LEAD TIME

Lead
Time
Concept

This section considers the problem of controiling fluctuarians In the
inventory system through z decreass in the tead Lime berween the order and
the recelpt of goods, The basic concept is 10 change the tead time required 1o
respond to changes in the system, This concept is implemented by resting
the effect of faster delivery from the wholesaler and faster changeover 4G a
new pradugtion rate by the factory.

Under the “normal” sysiem seiup the two basic lead times in the syslem
were [1} beiween Lhe order and recelpt 'of goods by the retailer, and (2)
between Lhe order and reccipt Gf goods from the factory, These were as
follows: | .

Retader normal feod time
Order on Defivered an
Friday week 1 Monday week 3
Wholesaler normal fead time
Qrderon Change rate Oeliver goods
Friday week 1 Week 3 Monday week 4

The eflects of these l¢ad limes are cleariy seen in Section 2.2 when
the revailer reorders every Friday 10 make up goods that have previpusly
been ordered. ln effect, he makes & double rearder for the same goods. In
additlon, the faclory takes seven weeks 1o begln o respond to a change in
retail saley,’ '

In the current example we will consider the effects of decreasing ihis
kead time. The new policy is to work the wholesaler on Salurday in ordef to
deliver Friday-afternoon orders the very next Monday. Thus -

“ Retaller decreased fead timea
Order an Delivered an T
Friday week 1. Monday wesk 2

Similarty the lead time for the wholesaler may be changed §f 1the
factory can shift 1o 3 pew production rate withoul a week lag and if the
factary ships over Lthe weekend.

Wholesoler decreased fead time

Qrder on Change rate Detivered in
Friday week 1 week 7 week 3
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The wser mame cord i Lhe same as that in Section .2, The change in
the fead times is implemented in the computer model by twa Felds in 1he
cariref card, A speedup of une week in the whelesaler deliveries is accam-
plished by placinga 1 in column 3! of the control card. A speedup of one
week in the changeover of the factory is accomptished by placmg alin
column 41 of the controt card.

The conwal card now rezds

5 af . 50 1 1
N LN R N R R R AN AR R RN RN NNRNRRIN TR
D0 R w0 U P b8 I G o ok IO TN U TE PN PO P B M e bR W M I M N kel 1M ek

The weekly sales cords retain the same farmat,
The complelc dita dech sewop to test the effects of the decreased
lead time is shown in Figure 2-510.

The computer printout with lead Llime decreased is shown in Figure 2-11,
[ '

Tie resull of the new lead time policy is 2 further improvement in the
overall performuance of the inventory system,

Retail orders maich the new sales rate within five weeks.

;lERCISE ;HREE BY ROY HARKIS
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Figure 2-10  Compuier ingart =lesd Lims.
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Figure 2-11  Computer autput—lead Limas. . '

Wholesater orders mateh the new sales rate within eight weeks,
Fagtary rate is set to Lhe new sales levtl in nine weeks,

- In addiion 1o curting response lags down, there is less fluctuation in
the invenlory levels,
A simple increase in sales of 10 percent causes z 15 percent change in
wholesale shipments, down from the prior 20 percent change. Alka, the
factory rate changes 20 peicent, down from the prior 44 percent, Thus, in

. general, it may be said that the jnventory system is now in belter canlral,

There are, however, many complicalions ong could add 10 the modet
before it would approximate the real world. For example, customers are
never s¢ kind as 1o grovide such pice unilorm relail sales. Hence, the user
mighr want to ey his hand at controlling the inventery system if retail sales
were 10 randomly flucuaje between; say, 80 wnits and 120 wnits In any
Eiven week,

Amalf, H. t, and D. Stevin, "An Appreciziion of Industrial Thynamics,” Manapemens
Scieeme, vob. 14, no. 7 [March 1968), pp. 3984195,

Bully, E. 5., Modern Produclion Manageimen], Hew Tork: Wildy, 196,

——— | Modfefs for Produstion and Operations Munogemina!, New York: Wiley, 1963,



/S,

INSYS

Fetter, R. B., et af, Decision Models far Imventory Manogement, Hoxiewood, M.; Irwin,
1961,

Forresier, |, W, fadustrizd Dynamsics, Cambridge, Mass.: MULT., 1961,

- “Indusicial Dynamics—After the First Decade," Alanage ment Science, wol 14,

no. 7 {March 1968}, pp. 398-115.

Gavwclt, |. W, Praduction and Operations Maragemeni, New York: Harcaurl, Brace &
World, 1968,

Meier, B, £, W, T, Mewell, and H, L. 'F.uer. Simutgrion o Bupinest and Economics
Englr:wu-nd Clify, M.1.: Prentice-Hall, 1969,

Qlaan, R. A, Monufaturing Management: A Quaniitarive Appraa-ch Sceanton, P

‘ Internationd Teathook Co., 1968,

Pinsd, G_ W, 2t al, Production end inweatory Contrel, Englewoad Cliffs, N.).: Prentice-
M4, 1967,

2.5 INSYS DATA DECK STRUCTURE
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a model for fnvantnr}f ordering policy
COVIEL Bt Lhie MoK #CondvTHCRS invanEory Graer QU ity under 3
Ty §F condiiront, sncluding price GRCTUN IS, tharlage cotl, and

ROrI0E Ity ONL

3.1 ECONCMIC ORDER QUANTITY . )

A primary purpose of jnventones is 1o decouple preduction from consump-
tign. Inventories are goods which may be used as 2 hedge against yncertainry -
in demand or iy a buffer for production fluctuations.

The replfenishment of inventorics is the topic of this exercise, We

“describe an clementary, but fundamental, inventory replenistment model:

the Econcmic Order Quantity (EOQ] madel. In Section 3.1, the develop-
ment of the basic EGL) model is given, In Section 3.2, the basic EOQ mode!
i extended o include a red wodd phenomenon. quantity price distounts,
in Section 3.3, the basic model 5 modified o in¢orporate shorfage Costs.
Cansideration dI’ sturage Hmitatiung and their effects upon the urdcr quan-
Lity decision are the subject of Secron 3.4, -

The rational basts for deciding how much, if any, inventory 10 hold,
and to order, is an economic basis. There are costs associated with holding
inventory in stock, eg., insurance, taxes, interest on capital, and so on.
Conversely, there are caosts related o not holding tnventory, &.g., lost sales,
frequent purchase orders, production delays, ewc, There is also the cost of
purchasing the replepishment for inventories, e.g., paperwork and material
handling.

The intenl of this exercrse 15 19 allow 1he yser an opporlunity Lo get
a feel for the effects of changing parametric vafues in the basic economic
order quantity formulas, Hence, the reader is encouraged to conduct sems-
ftiwlty amadyiis on each parameter in the EGLO) formula,

. This section introduces 1he basic Ezonomic Order Quantity [E0GQ)
madel. It also describes in detail the data cards required For Lhe accompany-
ing computer program, and the computer outpul,
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Frgurn 3-1  Invaniory kevel and usage pattern Tar ECH) model.

A basic assumption of the EQG model 5 that the cormumplion of the
inventory 1% £onstant over time and Lhat it is passible to replenish the
inventary an very shart naotice. The quantity in invenlary at any point in
time, for this circumsiance, is shown in Figure 3-1, The basic ECL model
also assumes ho guaniity price discounts and ne backorders.

In this “sawtoath” usage patlern the inventory is consumed over
time until it 5 depleted. It is then instantly replenished [siraight vertical
line], and the usage cantinued,

The rational basis for determining Inventery Tevels is Lo balance the cost of
holding invemtory against the cust of nat holding inventory, {n the cansump.
tion situzlion deseribed above, the \ypes of cost for halding the inventory
are fairly pbwious. Storage must be provided for Lhe inventory and the
inventory must be finznced. .

The coit of not holding “inventory may not be so obvipus, Sinee it
was assumed That the inventery way easily and inslanancously ochtainable,
then there is ne cost attached to being caught shorl, However, like a
housewile whuo goes to ihe grocery store three times sach day 1o purchase a
single meal, there is a cosut atrached to procurement of (he inventory. Mot
halding inventory may lcad to very high procurement cost.

The issue in the econamic order quantity mode! is o determine haw
much inventary te order each time. The cost of procurement per wnit goes
down if mare & ordersd each time, but the coat of holding inventon poe
vp. Figure 3-2 shows a graphic representaiion of these costy as they ary
with the size of 1he order. The 1013l inciementa! cosl of inventory is shown
as the top curve on Lhe graph in the ligure.

Tetal intremental cost= hodding cost + hrdcring fOsL

The best inventory policy i 1o order the amaum of iventory ezch time
which yelds the minimum tGtal cost. This “carrect quantity™ o order i
called the cconemi arder quantity (EQQ).

The Inllowing definitions and variables will be used in deriving a
mathernatical £apression for the £0Q.



Cost §
Total incremental
cost "
Cost of holding

inventery

Cosi of ord Ering'
invenfory

o d. Units

Figurs 32 Costs of hotding and ordering tvencady,

Holding cost = laverage inventery | X {unlt inventory holding
COdl per year)
= (Qf2) X (P X FH)
where Q@ = quantiiy ordered
P = price per unit
FH = annual ynit holding tost 2s percentage of the unit price
Order cost = [number of orders per year} X {cost per order} .

_ (ﬂ)x (o)
)

where R = annual requitements in units, level demand
Cp = procurement cost {includes costs of paperwork,
handling, «tc.)
Cost of inventory = (unit prige) X (annua! requirsments)
= (P} X {R)
Total cost = halding cost + order coyt + cost of inventary
QXFPxFH N RXCp

= X

Total cost 2 2 « PR
. XFXF X

Taotal incremental cosl = Q 3 H * R QCP

Solving for Lhe economic order quantity §, by algebra: the minimum point
on the wal incremental cost curve is where the irventory holding cost and
the procurement cost curves intersect. Where they intersect they must be
equal. Therefore, ai Qg :

Q (R
3 1P XFH) -(E') o -

Clearing denominalors:
QAP X Fef) = 2RICp
NCp
1 m
Q PXFM

0 = IRCp
P X FH
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Solving fur € by calciutus: (he minimum point on the lotal incremental cost
curve iy where the lirst derivative equals zero. 1aking the first desivatve with
respect 1o € and setting it equal to 2ero: ' ) .,

0 = (P X FHI2-|RIQYICR . C
[P X_FH) . RCp
2 @
- o IRCp .
) ¢ FxFH -
- ARG o T
JEX FH

Sample It is a straightfoeward matter 10 find the economic order quantity [EQQ)
Problem  ang 1he total inventory cost [TE), when the vaives for R, Cp, £, and FH are
One L nown, For exampe, if

A = 1600 units {Lotal annual usage)
£p = §5.00 {cast of one procurement)
P = 4100 [unit price of product)
FH 3 0.10 {unit holding cost per year as percenlage of price], then

‘Ju 1600 X 5.00

@ 1.00 X 0.1 .
) £ = 400 units
h 4 ¥ 1.00 X 0.1 .
Total cost {TC) = 00 5 + 1"50:1{3;05 99, 100 % 1600
LT = 20000 "+ 2000 "+ 1600.00

FC=$1640.00 -

This computation 5 not oo tedious to do, if there is only ans..

However, when there are many alternatives o 1esl and when moce compik
cated lormulas are required, then a compuler progiam i 2 greal compuls-
tignal aid, The next section nlroduces the data inpul and compulsr outpl
for the simple example shown above. In foliowing sectians more comglicated
proderms illusirating the use of the computer program will be prescnted,

Computer Before describing the data cards, several camments witl be made pertaining
tnput o the program itsetl, The wser should keep these comments in mind when

pFlﬂbgm using the program. . )
ne The prog:am is applicable only to a fixed-order-quantity invenloey
systern, and zll guantities in the program are expressed in annual amounis of
rates. v the case af 8 {apnual inventory requirement), a level usage rale i
assumed 1hioughout the year, In order to converl the program for monthly
of seasondd calcofatians one would have to adjusl the imputs to the same

. Lime scale,

Although the figure available for inventary halding costs is oftan
siated as an anewul cost per unil, this program reguires that hotding costs be
expressed 45 2 percenlage of the unit vatue of inventory,

Yo runthe economic order quantity camputer model, only lwo cards
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—Prablem

One

1.2 PRICE DISCOUNTS

27
47
EOG

are tequired: {1} the user name card, and {2] the “data™ card. When muliiple
problems are barched together, 3 new name card is sequired far each
problem, )

The wser portie cord may ¢ontain any identlfying informatfon {such
as the user's name} which is desired. This identifying informatian is key-
punched in the First forty columns,

HAGGARD ELNQ FROBLER OWE

PR e e N e e bt NI R R AN RN P RN
[N KN

The date rard cantaing the numerical data Tor the economic order
guanlity compulation. Columns 1-5 ¢aentain the annual usage requirement,
and the ordering cost i punched in columns 6-10. The holding cost,
expressed as a perczntage of the unit price, is keypunched in columns 11-15§,
#nd the unit arice is punched in columns 1620,

16002, 5.00 G.1p 1. 0D

TORRE R R RN N RN nnnn b tdninngrini
TN

—— — i — — ——

The uvser name card and the data card are the only two cards
required. A listing of the two tards which produced the output shown in the
next seclion is shown in Figure 3-3.

HALGAWY E0w PROuLE's ONE
loud, S, ud v, 010 1,0

Flgure 3.3 Col'l'lpu'l:lT input—PFrolle m Ons,

The compuler sutpul [Figure 1) includes the deatification informatlon
from the user pame card and the inlormation specilied on the data card.
8elow this, the progrem prints out the quaatiries calculaved in the program
These are {1} the aplinium order quantity, (2 the 113l inventory cost, (3]
the nurnber of orders o be placed annually, and (4] the unit price at the
crder quantity determined,

When discussing the econamic order quanlily mode! in Section 3.1,
It was nored that the basic model assemes s quantity price discounrs,
However, the basic ECQ model may be extended toinclude price discounts

PROGRAM EQUW FOH MAGGARD FOQ PROALEM OHE
THPUT [DATA |% *Ftavstass

R P FH ] cs Al r2 L ¥ F) ]
1680 S.0D «18 luoy ] ] '] ] 2 [}
AMALYSIS RELSULTS AHE #eee '
WURTImMuA OHUER QUAnTITY IS w002
AT & PRICE PER ITE~ OF 1eud
YIELDING & TOTAL IMYENTORY CORT OF Teakl«un
eHEHE THE muMHER OF OROER CYCLES PER rEAR 15 L] ]

Figure 34 Comguter output=Protiem O,
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Figura 35 Tha atfects of price discounts on Lhe h:nnqu:li!: order quantity.

as input vaciables. Inasmuch as price discourts do happen in reality, the
extension of the EQQ model to include price discounis will be the subject of
this sectign,

Referring to Section 1.7, the user should rote that in the dzrivation of
the ENQ model the price per unit [P) affects the holding cost (Qf2) %
{PXFH), but not the ordering costs. Nevertheless, If price discounts arg
intraduced as variables, they will influence the taral incremental costs [ 1ACY.
The effects of price discounts are graphically dlustrated in Figuee 3-5.

The addllion of the quantity discounts Lo Whe sconomic order quan-
tity mode! rhakes it somewhat more difficull 1o obtain a salution. 1t s nat
possible to find directly the lowest point on the Total |ncremental Cost
{7/C) curve shown in Figure 34. Thr general approzch used is 1o investigaze
the TIC curve at cath price break. In addition, the curve must be analyzed at
different points near the price break giving the lowest 7/C 10 sez if an eyen
better solulion can be found. Problem Two illustrates this general search
solution when prlce discounts are to be considered. '

The supplier has recentiy revised his pllcing palicies and now affers tha
following price discounts: | one orders in |ot sizes of £1 {5, = 300), the
price will be §0.90fumt {P); if une orders guantity &2 (Qgy = 1000, the
price will be $0.80funit {(Py].

First calculate Q) using #4; if it is greates than Qp, then arger Q;. If it s Itu
thaa Qu, then {using P ) it is infeasible,

Next, cxleudzie @, using Py 1 @, > Qg then order Qy,.

IF Qg i less than Qg bul greater than Qm, e,y CQy ST as,
then compare TCy with TCg,. ..

W TCy > ¥Cay, then order Qg,, - -
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Input
—Problem
Two

4%
£0Q

If Ty <2 TCgq, then order €.

{F @y is tess than Qo cakculate Q4.

tF Gy = gy, then compart TCq ) with Tk

HrCy, = Tc,g;, then arder Qg;.

If 7Ty, < TCy,, then order Qa:.

If @, is less than g, , then compare JC, with JCg, with TG,

Order the guantity corresponding ta the minimum to1al cost.

Qy = 20160015.000 | ..., fusing Py} '

D.80{D.10)

Since @y < Qs caleul ate @ using Py,

!zuﬁﬂl}]ts.ﬂl}] ) -
g, = 0.6000.10) = 421.6 [using P3) )

Since ), is less than Qg (2000), but greater than Qg (300}, we
must compare T with TCpy.

_ {0.80)(0.10}{421.6}  1600(5.00}

, . 2316 + 1600(0.90)
= R 55+ K99+ 1440
= §1477 98
o= [}.ED{O.T;H!OD{H . ‘IE%E&]W} + 1600{0.80)
= {000 + 4,00+ 128000
= §13564.00 -

I, is gréatcr than 7Cy;, therefore, arder in quantities of 230y,
2000 unls @ $0.80/unit,

The wser pome cord is tha first card in the dara deck, The gais card for this
example problem conlainy some additional information. Columns 1-20 are
the same a8 described in Section 3.1. The minimum quantity that can be
ardered 1o take advantage of the first price discount iy punched in columng
26-30 and the ynit price at the first price discount l§ punched in columns
31-35. Calumns 36-40 and 4145 conlain the corresponding informatlon for
the second price discount, The data card is 25 siwn!

LeUn. .00 ¢. 10 .00 G 300, 0.9¢ 2000. 0B

L N R N NN R NN NN NN RN AR ANRT Y
KSR Jl_’lh_ﬂllil‘ﬂl_l_ipl_'!l_'l__lzl_ul'._!_lihllli inx=aAn I.Lil

The complete computer input for this example problem is exhibited
in Figure 1.5,

MAWGARU EOu PROGLES Twh, PRICE DISCOUNTS
1800500 u,L0 1.00 4] 308, w,90 2000.d.m

Figurs }-6. Computar input=Probiam Two.,
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PRUGR&M EQuw FOR HAGGAKD EQU PRUBLEM Twds PFRICE DI5COUNTS
INFUT paTh |5 sssssansans

R LF Fh Py s a) P2 Ha F3 w
gl 5.0 «10 L,00 1] Iog 99 2000 L84 1]
ANALYSE]S HESULTS AGE =sns
OFTIMum UNDER GUANTITY IS Zubd.ob
AT & PHICE PEX 1TEn OF g0
TIELDIMmG & TOTAL INVENTORY COST OF 1358010
wHERE THE WUH4ER QF ORUER CYCLES RER YE&H 1% 4y

Flgure 3-7 Computer outpui—Problem Twa.

Computer Qutput  The compuler printaut resulling from the sbove data is shown in Figure 3-7.
=Prablem Two - ,

3.3 SHORTAGE COSTS

Just as it is Lrue that in the real world quantity price discounts exist,
it is alsu true that backorders are a reality. By allowing backorders we are
saying Whal if an order cannal be Tilled at this time due to steck shartages,
then as saon s inventary is avallable previously unfilled orders, it back-
erders, will be the First orders to be filled, However, in an inventory system
allowing for backorders [see Figure 3-8) a shorrage cosr is wsvally input
refating ta the backorder quantities, Generally, this shortage cost consists of
costs due 1o (1) possible lost sales due 16 stockouts, (2) decreased customer
salislaction, |3) additional costy associated with rush shipments, and so on,

Inven-
tory .
lewef

LN SRy

Positive
IMwenLary
balanges

o . \ \ time
1 1 !
Raskorder 2 I o fa |

quaniiliey
f, = time during which I3 % lime during which thers
theré are pasitive dre imeenlory shonlages

mveniery hdldrces

Figure 3-8 An lvweniory syviem with |G = { ) backorden aliawed,
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The basic ©OG formula may be nodified 1w incorporaty shortags
tonts &y Tollows:

1. Cp = procurement ¢ost per order (unchanged)
|:P x FH]“M:] ¢
2

1 = 1he holding cost of the positive inventary
balgrce during time £y [ is on an annual
basis, l.e., f = a fraction of a year).

Since £, ™ fgaf %, 1his becomes:

. (PX FENW
IR '
{2 = fom) - .
3. &———1¢; = theshortage cosl of the backorders during
Iy 2 tiime I': . a -
- Since t, = —R'"i, this becomes.

-} X

s W_Zﬁ“-_] . where [ = maximum leve! of inven-

1ory and
€+ = ghortage cost.

Hence, the total incremontal cost far one cycle, £, + £y, of an inventory
systern which allows backorders is

o +(PXFH) (Fac) * G5 [Q~ fman ) .
2R 2R :

The annual total incremental cost is now pblained by multiplying the abave
equalion Lthrough by the number of arders placed per year, R

RXC, +[PXFHY P pae) + €5 [0 = fraae )2
Q 2Q 2Q

Ta- determine gptimal values far Q and fg,. . 1ake the partial
derivatives of the above equalicns with respect 0 6 and fmy. , equate Lo
iero and obtain N .

NELE IP X FH) + Cs
Q=X X s
Ly . [2RCp <
man TNPXFH (P X FHY + Cs
_ fAPXFmREGe G
ric - X NEXF G

However, i either Q@ ur fmax 15 cOnstraingd, their respeclive values are
oblained as follows:

T =

1. When @ i consmained, for example, fixed at price discount
quantities, then o, iscaleelated as

¢ = Ca)
mes T CH o+ CF
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2, When finaxe % constrained, for exantple, limited by struagre con-
straints {sce noxt seclion), then & is calculated as

. JHeRe(PX FHYVIA . + Cstin
Q o Cs

Sample This problem w basically the same as Sample Problem One excepl that
Problem  chortage costs [Cs) are incluled. In this problem Cs = $0.30.

Three
1) X
0 2(1600) 5.00 \/{lmx 0.1 }*”m:,qunn.ml
\/ T.00 [0.10) 0.30 Lo

4

w 44188 enils

or 0.30
e o= \2(5.000{1.00 X 10600 X \él,ﬂﬂ'xn.lﬂ] ~0.90
=~ m AD|AGE) = 2464
TC = (1.00] (1600} + 34.64 = $1634.64

The reader should note thal the efeet of including shortage cots is
ta inctease the size of . This is because the zanual invenlory halding costs
are smaller due 1o the smaller average invenlory. In addition, the 1otal
incremental costs [T/C) are less than in the classical model because both
holding cosis and preparation costs are: lower, {This may be verified by
comparing tha results of this analysis with those from Sectlon 3.1.)

Computer The data card for this example problem foliows the same general form
tnpu  gutlined previgusly. One additional data inpur iy necessary, The shortage
—Problem .0y of $0.30 s punched in columns 21-25,

Thees -
1600, 5. 00 G100 L.00O o, 30
Eodnp iR Ena e nn v engentddninnenitbidininl
NSRRI LR LR L LY LA L L L bl L L .
The complele computer input is shown in Flgure 3-9,
MAGGARL EDu PHODLER THNEEs SHONTAGE COST
1600500 v t0 1.0¢ 0,30
Figurs 39 Compyhet Input—Froblem Thres. .
The compuler priniout, using this input, js shown in Figure 3.0,
PHUGRAM EDW FOR MAGGARD E00 PROBLEM THREEs SHORTAGE CUST
[NPUT UATA 1§ FSNsnsninan
-] Lp EH Rl (] Ay, kg B2 P31 W
el S.v0 «10 1,00 .30 0 i o 0 "
AMAL Y515 REZLLTS axE »adm -
QFTIHUM QRDER JUANTITY IS ) LT )
wlTH OPTIMpee YTHYESMTORY OF Jaben]
AT A PRICL PEA 1TEW OF lavi
YIELDLWG & TOTAL IHWENTOHY COST JF [ 2T
whERE THE nuMw4ER OF QROER CYSLES PER YELA T3 Jaan

Figure 3-10  Cnoraputer gutput—-Prablem Theed.
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Sample
Problem
Four

Computer
Input
-~Problem
Faur

Compuier
Cuiput
~Problem
Four

25
5
£0Q

in this section, an zdditional constraint of maximum storage Hmita-
tions, either in termt of available warehouse space or available capital, will be
pliced upon the basic E00 model. This is intended to be an illustrative
example of an zdditional type of constraint which may be {and in the real
world is) imposed upon the basic EOQ made!. By incorpatating thiv added
constraint the reader should get seme additional insight into the problems
that face managemenl when dereérmining what quantilies to purchase from
sppliers.

4 1

This problem is basically the same 35 Sampte Problem One excepr Lhai the
additional censtraint of maximum warchouse space avaifabie (H) has been
ir posed. )
in this problem, W = 100 upits. Fram Sample Problem One, = 400
units, but since i < @, the order guantity must be Q= ¥ = 100 units,

In this problem, the cost of the limited slorage constraint is TCpump

=TChw- .
ey = 100 (1.00) [0.10) _ 1500(5.00) 1600{1.00)
2 . 100
= S5+ 80+ 1600 = §1585.00

Costy = TC— T, = $1640.00 - 41685 00 = §45.00

The data card of the above example probiem follows the same form as
outlined previgudy, with one idditian, The maximum wirehouse space
availakle, expresad in wnils, s keypunched in columns 46-50. The data card
leaks tike this:

L9, 5. 00 0,10 F.00 0, Q. . o 0. 103,

The computer input for Lhis example problem is shown in Figure
331,

MAGGARY EQu PADDLES FCUN, STORAKGE L [4ITS
lov0.5.00 wald ludo 0, 0. b, 0. 0, 1i0.

Figura 311  Computer litput=Problam Faw.

The computer outpul will indicate whether ar nat the warehouse ¢anstraing
has had an effect on the economic order quantity, If an ecanomic order
quantity has been determined which excaeds I¥, the oulput will indicate that
this has happened,

Furthermore, on the coiput wilt be 3 statement o the effegy that, if
the warehouse resirictions are operative, the order quantity determined may
not be oplimal, Suggestions are made for a method o determine the optimal
;uantily if this restraint is present. The computer outpul is shown in Figure

-12, ’

o
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PRUGRAM EDU FOR MAGGARD EQW PROHLEM FOUH. STORAGE LIM1TS
LHFUT DATA |5 sserastieds
P LP FH Pl Cs R1 P2 B2 Pl u
%00 Seud «10 1,00 o ] o | ] 1440

aAMaLYE]% RLSULTS pRp #uwe
HEFORE THE waHERDUSE STORAGE LIM]TaTION IS APPLIED

Qe TIMum DRUER CQUASTITY IS +040+50
A1 & FWIGCE PER 1TEM OF 1«00
rIELOING A& TuTaL INVENTORY COST OF Laaf -9
wmERE TPE WUMAER OF ORDER CYCLES PER YEAR IS . Aedl

THE OHLUER LUANTITY 1% LIMITED AY TmE WwaREROQUSE SPalE
HESTRICTIVN AND I5 HOT 4T &% QFTI1suW. LOODSEN THE
AESTHICTIUNR AND Ruhi AGRTH OHSERYING THE EFFECT.

ANALYS]1S RLSULTS ARE #wms
AFTER THE waREHOUSE STOAaGE LIMITATION TS5 APPLIED

UPTIMUN OeUER QUANTITY T% I1g0.u0
A1 & PHICL PER ITEM QOF leur@
TIELDING A& TOTAL IWVENTORY COET OF 1685.049
wHERE THE NWUMAER (F QRDER CYCLES PER yERH |5 Idaud

TrLS OWOER QUAMTITY IS5 &T THE MANIwMyM wkRERMOUSE CARACITY

Figurs 312 Computer cutput—Problem Fou,

To conclude aur discussion af ecenomic order gquaniity models and,
in particular this computer model, we would point out:

1. thil the model i, in ils present Torm, limited 1o only two price
breaks.

2. theinclusion of shortage costs certainty complicates the storage
timiation .problem. In this model, when backoarders and storage
Limitations are included i the same protilem, the assumplion is rmade
thal the backorders are instantancously filled and that the slorage
limitation W is a constrainl ypon {,. and not.upon . The user
musl remember that if fga i tonsirained by W then neither § nor
Ymin will be optimat,

1 rhis model will solve problems including ane or atl of the con-
sirainis previousty described in a single problem., To appreciate this
fac1 the reader may wish 10 solve the follawing preblem manually
and thin by the wae of 1he heren Jesciibed EOQ model.

. . Dt
' & O FH P, &G &1 P, B2 P, W
1600 500 010 1.00 4.30 200 0.90 500 O.ED 350

REFERENCES 8uwman, E. I, and R, B. Felter, Ansfysls for Produciion aad Opecatinmg Managerment,
3d ed., Homewaad, HL: [rwin, 1967, '
Bufla, E, 5., Madéen Production Mamagermeat, 3d ed., New York: Wiley, 1953
ey Ogeratioes Munpgemteni: Frublems and Modelt, 2d wd,, Mew York: Wiley, {968

— Procticfon-dnentary Systems: Ploadmg gad Controf, Homewood, I Irwin,
1958,
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Data
Card

— am rmme—d

a5

£

Eilon, 5., Efemanty of Proc: then Plaaning asd Confrof, New York : Macmilfan, 1961,

Fabrychy, W. 1., and P, £ Torgeren, Dperations Eqpmamy: Inditnd Applications of
Operpeions Rewearch, Englewood CTiffs, N_].: Frenike-Hall, 1965,

Garett, L. 1., and M. Sikvar, Frogoction Morapement Amalysiy, New York: Harcowrt,

Brace & Warld, 1966,

Hadley, G., and T, M. Whitin, Anahs off fmanrary Srrhbrs, Englewood OHffs, Ho).:
Frentice-Hull, 1963,

Hapeman, R. |., Spcoean Amilysit ond Operations Manaprment, th;mhus,ﬂhm Merrilh,
1569,

Magee, ). F., and O M. Boogdman, Production Flanming ond laventary Conirel, id ed.,

. New York: MeGraw-HII, 1967.

Haddor, E., inventary Sysiems, New York: Wilay, 1966

Oisen, R, A, Monufrcturing Manogerment: A Quanpiietia Approack, Scranton, P
Internalional Teztoook Company, 1968, )

Mosd, G, W, and O W, Wright, frocction and fnweatiwy Controd, Englewaod Cliffs,
M1 Premuace-Hall, 15967,

Ritgs, ). L., Producilon Sytienn: Manaing, Anafyss end Contrad, New York, W'tw,
TB'HJ

l/ Agaditsonal duts wty
K Cwtd tord
Limer npyra Ol
Lard . .
_ colurin Format ftem
1-5 F5.0 annual Usage requirement
&10 Fs.0, ardering cost
11-15 Fs.0 holding cast
16-20 F5.0 uni price
21-25 Fs.0 shortage cost .
26-30 £5.0 minimum-order quantlty—first price discount
31-35 Fi.0 unit price—first pr.ze discount
3540 F5.0 minimum order quantity—second price discount
41-45 F5.0 unit price—secong price discount

4a-30 F5.0 maxirmmnn warehouse space avallable
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COMPUTER MODELS

Jo EOQPROGRAM LISTING

c PHOGHAR EDOD

C* ECONDMIC ORUER QUaNTITT MOREL

c* coPTRIGHT ADY N HARALIS OCTORER 197

e THIS YeHSIONM FyR THE IWM 180

EI

C* A = AWMUAL USAOE REUUIREMENT+ LEVEL DEmMAND

cE P oa QUST OF O4f PyYACHASE URLER

£% FH = MULDIM: CUST a5 & PERCESTAGE NF UNIT PRICE

¥ PIIY » FU|CE OF Each unIT aEFOAE DISCOUNT A IeP]

C* PLs) o= PRICE OF Eagh uniT ot FIRST DJSLOUNT wREAx BoinT ,
C* PL3I) = PHICE OF EacM unlf AFTER FIAST GISCOunT PLI] w P2
C* PFin] » PRICE OF EafhH UnIT AT SECOND DISCUUNT BREAKE PUINT
ce PIS) = PRICE OF EafH yUnlT aFTER SECOMD DISCOUNT PLh) a P
£* Plol = fRIGCE OF EACH UNIT AT wAREHOUSE CAPACITY HESTHaINT
£L* ECOWs eCONOMIC ORQER QUANTITY

C"  Hidr & FIRST O 5COUNT RHEAK FOTNT Hiz) s H]

C* Bigh o SECIND LDISCOUNT BREAK FOINT alar " Ha

C®* 5 = 5HQRTaGE COST

C* W o= MAM|MUM wAHEHOUSE SPACE avVaAILARLE

c* TCST = TOVAL COST AT EQO

C* [N w MUMMEH OF QRQOEHS PER YE&R AT EaO

C* Qi) = Eol AT P}

C* yll) = EQR AT B3]

C*  Ql9) = Q0 At P9}

C* giz2) = i

C* gQis) 3 (2D .

C* Giala o FOR CSxy  Qip)=dPTIMUA ORCEAQ AT EHvipd = o FUN C5 HDT 5
“C* TCEIF m 1IDTAL COCST

C* TCLID = TOTAL COST AT QU213 &MD ENVILY FOR ] = t TU &

C* ENYILL] = HDST ECONDMICAL INYEMTORY LEVEL AT EOO wiiid Im) TQ 5
C* ENVIG] = W

C* ENYT & DPYTMAL INVENTOMY wHEN &5 HOT O
e

D:HLHSIDN Plende Qighe EMYCOTs TCledr Blale ALPHALLY)
Ml x g
MO B 1
REAUlNUPHIHTNAHEEhnh & % o m o W A mom e S B E W & N = os o B
READ IMIwTy ALPHA '
wBETe [HO721 ALPHA
RE‘U"‘I’PRIHTD“T!;*'HD B m A od o T OBk owow W OE OE W N A omeowm o om = owm
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WHITE (M04T4)
wAlTe (MOs 7%
RRITE IMQoTB) Ay CPy Fria PIl)y CSe Bibis PIRIy oi2ly PIS|y w
CHECHUU':“E[“TA W OB OB " A& A o W R m o oda i BOE m B R o p om o m o
IF IRY 194 %2
IF ACF] 19 +1%0)
EF iFmy J9singi
LF IP{LrE L9i1]19,45
IF fori1) L9414k
TF P iasd %) 9aT
IF ezl 1%41808
1F IdrzivB1i1] 194049
Tw® PMLICE WHE&XS e
MSEG = 3
1F 4PIsHl 19418411
IF 1wl 1%33¢12
nm LEXS
Bi3) = W
IF *1C5) 1992229
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a mode! for queueing systems . S .
i1 3 gimwlation model! for single-phase, multiofe-channe!

queLeing systems. The performance of ong to nine

channels may be invesngated under a vaciely of erival

and service parameters and For a variety of associsted

COIE

a9

Queues (waiting lines) are commaon, everyday occurrences. Queues geour in
grocery steres, in banks, in front of movie theaters, during .university

“registration, and so on. Queuss 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 Lo allow the user to experiment with situations in
which qucues occur, The model is concerned with more than waiting time in
the queuts, however, It allows one to ook at the entire system frem the
cperalion manager's viewpoint, i.e., not only worrying abour the cusiomer
but also being concerneéd about the utilization of facitities and the total cost
of operation. o

The first section provides background information ¢n queueing con-
cepts and how these concepls may be used by the operalions manager 35 an

aid for decision making,

The fullowing seclions present 2 situation in which the computer
model may be used as a tool for analysis of some possible alternative
management decisions. These illustrative problems include complete instruc-
tions on how 10 use the computer program QUESIM.

This section gontains an intraduction ta some queueing concepls. Mo
mathematical Turmulas are presenied, aithough refecences are given for those
readers imterested ina detailed presentaiion of gucueing theory.

773
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THE QUEUEING PROCESS -
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The gqueucing process is centered around a senvice systerr which has one or
more service channels. Customers (grrivels) are drawn fiom an input source,
or population, In queueing mudels, the customer arrivaly from the input
source are generatly characterized by a probability distribution. The symbgl
commonly used 10 represent the mean arrival rate of customers is the Greek
letter fambde (K}, Any arrival entering the system joins 2 quewe, OF waiting
line {a queue may be of zero length). The customer iy selected from the
queue for service according 10 a queue discipline or 1 priority ride, Usually,
service Times follow some probability distribution and the averape service
rate is commonly represented by the Greek lettermu (). In order to have 2
stable queueing process the average service rate {p) must be greater than the
mean arrival rate [}, After service is completed the custumer exits the
systern. See Figure 9-1. .

Generally, a queueing sysiem is characterized by the following prop-
erties;

Its arrival pattern,

1
2. Its service time distribution.

3. his queue discipline. . ——
4. Its layout, or customer-flow pattern.

The feature that makes some situalions inlo queueing situations and other
situations non-gueueing is the nature of the arrivals to 1he syslem. Arrivals
are the custemers to the service facility, since they are the people or things
that need 1o be processed. .

In the situation where all arrivals are on hand, such as a targe stock of
raw materials, the service center may process arrivals a1 witl, and there is no
rezl gueusing problem as such, In other siluations where appointments are
made ahead of time, there is also no real, ar at least visible, queueing
problem, ' s

The really interesting prablems, thase worthy of being studied as
gueueing syslems, exist when arrivals are not controlled or controliable by
the service center, The most commen assumption made in these ¢ases is that
the 1ime intervals between consecutive arrivals are independent random
variables. Yach arrival is considered to be unaflecied by the time at which

Seivice $y5tem

. Inpul T Arthvaly L ' Served
e} CCLIT T~ -
. wslomers STIDINCYS

T QuUiue ervice
chanmel

Figurg 91 Singls queue—singie channel, singie-phise queceing process.
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any other arrival occurs or by the number of arrivals which have already

taken place. A good example is the placing of telephone calls when each
custamer does not really know, or care, who else is placing a call.

Studies of quevcing systems have revealed that the time [ntervals
between consecutive arrivals are often distributed according to the negative-
exponential distribution, (Longer time intervals have a lower probability of
occurrence.) In this ¢ase the number of arrivals expected forms a Paisson
distribution. Other arrivat distributions are possible, but the Paisson distribu-
tion is the most frequently occurring distribution,

The simplest situation is that in which each arrival reguires the same time for
service as every ather arrival. A vending machine, for example, is osually
assummed to have a conslant service time. The most commonly assumed
service time density distribution, however, is the negative-exponential dis.,
tribution. The service process may be further characterized as being single-
phase {one operation) or multiple-phase (a series of operations).

The queue discipline is the priarity rule by which waiting ja_b; are selected
from the queue for service. Because this represents a directy controllable
decision variable, an extensive amount of research has been done in this area
of queueing theory. .

The mast common priority rule is the f|r5t=cnme first-served rule
(FCF5). According to this rule, the first jeb to arrive in the queue will be the
first job to be serviced. |n addition, the follawing priority rules have received
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 lime rule {SOT) selects from the queuve the job which
reguires 1he least processing time at that service center.

The layout or flow pattern of a queueing system is largely determined by the
spuecific servicing requirements of the arrwmg population, and by the physi-
cal limitations of the service facility.

This factor of specific servicing requirements is important when the
job muwst be processed through a specific scrvice channel or through a
particular sequence of operations. If the job has no specific routing require-
menis, however, this factor becomes negligible. !f the job requires scveral
cperaticns, for example, it is possible that the sequencing of these opératians
is of no consaguence, )
' The physical limitations of the service facility are important, as they
affect the facility layoul. These physical limitatlons impose an additional
constraint when they 1end 1o limic waiting areas for jobs. As an example, one
may prefer to have 1 single-queue, multiple-channet service facility,’ but
adequate waiting space may not be available, The following arrangements are
sonie examples of sysiem geometry or ich-flow patterns: singte Gueue—single
channel {Figure 9-1), single queue—multipie channels in parallel [Figure 9.2},
mulligle queue—muitiple channels {Figure 9-3), service centers in tandem .
(Figure 9-4}, and scrvice centers in a network.
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Figure 9-2 Single quaue—-multiplé channe!, single-phase.
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Figure 9.3 Multiple quese—muliiple channel, single phass,

Service chann#ls
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Figure 84 Single queua--single channel, multipla-phase,

. Analysis . One of the primary purposes For studying queueing theory is ils predictive
for capabilities. In wurn, this prediclive capability is relevant to the design and
M“"BL:C';:?S; control of operation systems. Some of the aperational characteristics of 3
" queueing system which may be of interest 1o a manager are the distributicns
of:
1. Queue length, '
2. Custarner walting time (in queue andfor in the system),
3, ldle time of service facilities.
4. Number of customers in the service systein.
These distributions rray be agseribed by their mean value, sendan?
deviation, and the probability that 1the vaiizble excseds 2 specitic value, Wiin
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informaticn of this nature the queusing system could then be designed [or
altered) so that

1. The resulting operational characteristics are within acceptable
ltrmits. .

2. An economic criterion such as cost {or profit) may be minimized
{or maxjmized}.

An economic criterion may be established if one can associate dollar
values with arrivals and service, For example, if one knew the revenues per
arrival and the 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 service are known, the measure of effectiveness
could be a cost-minimization function,

For solving operationaj problems which may be characterized as a
queueing process there are two methods available. First, if the arrival and
service time distributions are well-known mathematical distributions, it is
possible to derive formulas for describing the operational characteristics,
Secondly, even if the queueing process does not possess properties of
well-known distributions, one can still attempt to solve the prablem by
means of Monte Carlo simulation, In this approach, empirical or assumed
data for arrival and service time disteibutions are used as bases for generating
2z large number of arrivals and services, on paper. This may be done by hand,
but for a-large simulation it is most often done un a computer,

Since QUESIM is a computer simuiation model for waiting lines, the
development of the analytical farmulas for solving these problems will nat
be presented here. For readers interested in the mathematical development
of these formulas see Hillier and Ljeberman, Morse, and- Saaty, in the
references far this exercise.

In this section, a sample problem suitable for the application of the
computer moadel QUESIM will be presented. The QUESIM maoadel itself will
then be- described. This description will point out to the user the types of
systems for which QUESIM is applicable and the control options availabie 10
the user. Following the above, detailed descriptions of hath the compuler
input and the computer sutpat for the sample problem will be given.

" Jehn Entreprencur, who is a senior at the local college of business adminis-

tration, is going i¢ OPen 2 Cimpus ice cream shoppe. The stor= fealures
stventy-eight varietivs of ice cream (mere than double the number of his
competitor), and pretly coed's to serve them. Even though John’s store will
have more to offer than his competitor’s store, called The Establishment, it
is hypothesized that in the first fuw months tocal business will be roughly
divided between both SLures.

John alse feels that the confection industry has a high index of
substitutability and the imzroved availability of -ice cream due to the
opening of his shoppe in the near future will marginally increase the gross
sales of both stoes, rather than merely dividing the present sales market.
Jobn's marketing research efforts have turned up the following information:
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the distribution of tustomer arrivals into his shoppe will most Likely follow 2

. Poisson distribution, with a mean asrival fate of 60 people pur hous. Jobn

has planned thdt upon arrival in his shoppe cach customer will take a
sequentidl number and await his turn for service. This will facilitaie his
servicing of customers on a first-come-first-served basis. '

John's preliminary analyscs also show that one server {whose wages
are $1.80 per hour) can be expected o service about 30 customers per hour,
foltowing a negative-exponenatial distribution. Mareover, John's marketing
research shows that when the service rate is slower Lhan the arrival rate.
customers wiil Jeave rather than wait in a long line. John estimates that his
cosl {pussible opportunity cost) will be $0.05 for every minute that a
customer must wait, T

Thus far, however,. John has not been able 1o ascertain from his
research data the optimum number of servers 1o have on duty. Logically; he
knows that more than ane server is required, because the mean arrival rate is
twice the mean service rate. Furthermore, he realizes that these rates are
mean rates of probability distributions, not constant rates.

John recognizes that. his problem is one of design, ie., how many
service channels to provide in the above queueing syslem in order o
minimize totzl costs. He could, in fact, actually operate his shoppe with one
server, two servers, three servers, etc., each for a period of time, and
calculate his total costs. However, John has an alternative, and that is 10
simufate his ice cream shoppe operations in a comprgssed time period with
QUESIM. Using QUESIM, John could experiment with using ane, twe, three
servers, and so on, until the model indicates to joha the optimum nrumber of
service channels 1o have in his service facility. Moreover, the simulation can
be done in a short period of time, as opposed 1o waiting for weeks of
empirica! data from acwial operations.

QUESIM is a computer model developed for simuiating single-qbehe, single-
phase, paralle! queueing systems, that is, the type of system proposed by

_John Entreprencur, The model determines, through an iterative process, the

optimal number of service channeis to allocate to a service lacility, The
configuration, or design, of the service facility is under the conirol of 1he
uscr; hence, the user must specify the following characteristics of 1he
gueueing system to be studied:

1. The arrival distribution, the mean arrival ratz, and the cosis
associated with arrivals waiting in {ine, .

2. The service time distribution, the mean service time, and The costs
of idle servers.

3. The simulation control limits, or the initial and maximum pumber
of service channels {up to ning) which may be considered avsitable to
the service facility during a simulation run, and the maximumy kength
of time for the simulation Lo run,

The above information on airivals, services, and simulation contie!
limits comprises the input for the computer program, QUESIM. _
The computer oulput includes, at the top of the page, the usir’
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input data as 2 means of identifying the user's (problem) output. Following
this  identification information, the first twenty simulated arrivzls and ser-
vices are printed in a tabular form. The program then prints cut statistics for
the number arrived, number serviced, actual simulation-run time, maximum
lcngth of queue, mean fength of queue, mean waiting time in queue, percent
utilization of service facilities, waiting time (in queue} costs, idie service time
costs, and total costs of operations. This data is printed out for each iterative
number of service channels and the simulation is terminated when either the
number of service channe!s has reached the maximum allowed or the total
cost of the system with M servers {channels) exceeds the total cost with ¥ —
1 servers., )

An example of the application of program QUESIM to Jchn Entre-
prencur’s problem is given next.

Shown below are the input data cards required by QUESIM for solving
John's lce Cream Shoppe Problem. In all, four data cards are required to run
program QUESIM; they are the user name card, the arrival data card, the
service data card, and the srmulatlun control card. Each card will be de-
scribed in turn, ' ]

User name cord 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,

MAziaHED RUESTH PRUELFMDNFE

L
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Arr'fm." duta cord is the second data card. This card contains. the

_arrival type (the arrival pattern) in column 1, the mean arrival rat¢ in

columns 11-15, and the cost per unit of waiting time in columns 21-25, On
this and 2l data carcls, the user muse keypuanch all decimal points, For John

‘Entreprencur's problem, this card is fHustrated below.

1 Lo .05 -

IR R T E N R R RN R NN NN RN NIREE

FIT A R R PN AT I MU AN DY RAN AR AN UNRR R Endaund by

e e maa e — i LSS S —— —— Ll 1 S — — - Al m— —

The 1 in card column ane is £or arrival type code 1, which specifics
the Poisson arrival distribution. The 1.0 in column 11 specifies a mean arrival
rate of 1.0 customers per time unit, and the .05 in column 21 represents the
cost per unit of waiting time per arrival in john's tce Cream Shoppe. -

Service data cord is the third data ¢ard. This card contains the service

" ype {the service time diswribution} in column 1, the mean service time in

columns 11-15, and -the ¢ost per unit of idle service time in columns 21-23.
For John Entrepreneur's problem, this daia js shown beiow.

E E- !;" + ['3

e e e — e —————— —_— ——— —ima m m—— r————

w
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The complete fisting of the lowr jnpun Jars cards, one card per typewritten
. line, is shown in Figure 0.5.°

HAGGAHL QuLSIM FHOMLEWM ONE

i 1.0 W05
. 2 Z.4 U3
1 ¥ 60,

Figure 8-5 Computer input=Jghn's Tce Civarm Shopps,

Computer Shown in Figure 9-6 is the compoter 1::utpul for the first iteration {one
Output  channel) of John's lee Cream Shoppe Problem. At the top of the compuier

lce_g::n: output, the infarmation putl vn the four Jdata cards is printed out.
Below the problem identibication information, the first twenty arriv.

Shoeppe i . . h ,
, ats of 1the actual simulaty ane abwliged. This does not mean that only

twenty Custamers atrived in ndd e units, The computer program is design-
) ed 1o print out a table for anly the Diesy twenty arrivals, regardless of the
\ simulation-run time specilied, . .
In .the simulation table the column headings are the customer’s
' arrival time and his departure 1ime 4t his respective ¢hannel number, The
program specifies that the first customer abways arrives at time zero, hence in, .
- Figure 9-6 customer 1 arrived a1 time (.0, The randomly selected service
fime for the first asrival was 2.6 1ime units; thus, the first arrival departed
from ¢hannel numbier 1 {in this ¢ase the only service channel) at time 2.6,
Customer 2 also arrived at time 0.0 and required 0.7 minutes of processing
“time, thus exiting the system at simulalion time 3.3 The arrival and depar-
ture times printed oul are rounded off 1a the nearest one-tenth [Q,1) time
unit. Conseguently, 1his rounding olf makes the arrival and departure times
of some cusiomers appedr Lo occur at the same lime, for example, customer
number 4 in Figurg 9-8, _

Below Lhe sample simulation data, the summary queueing statistics
and operation cosls, which are the information of most interest, sre printad
out. The first line 1elis bow many arrivals enlered Lhe system 2nd how meny
were setviced by the end of the specified simulation-run time. The aumber
-of arrivals will zlways exceed the number served, by ar Teast one. This i
because In program QUESIM arrivals occur before departures and et;pe2d
sitnulation Hme is checked only when departores occur, Next, the maximum

v
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PAOGRAM GUESIM FOR HAGGARD OQUESTH PAQALEM ONE

AAREYAL TYFE 1 RATE = 1.00 COS5T = . 05
SERVICE TYPE 2 TIME = 2o COST m $03
NQes CHANNELS START | Mal 'i

Wi TImE & .

FIRST TwENTY OCCURANCES FOn w#]e=8SERVIZE CHANNELS
ARHIVAL wamma=DESARTURE TIME AT CHANMNEL NUMHEH==a=e=
TIME==u ONE TwO THREE FOUR FIVE SIX SEVEN £16HT NINE
g
o0
.7
5,1
5.9
8,0
8,1
9.1
11,2
TLl,.a0
&6 -
1501
17.0 18,2
17,4 21,9
19,3 24, b
19.5 '{ M
20,1 2o, 0
20,2 27,3 .
- E0.8 28,3 : "
£lah 29,4 ' '
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AFTER | 5S¢ ARRIVED d& SERYED b0 TIME UNITS

QUEUE=MAALHUM LENGTH = 14
=mEAN LENGTH - 5.5
aMEAN wiIT TIME = Bat

SERYICE QTILIZATION = 89.+ PERCEMNT.

CUSTS=walT 1N QUEUE 33L.] UNITS AT g « 05 = K LS55
IOLE SERWICE da? UNITS AT 3 «03 ® 5 19
TOTAL COST OF OPERATIONS 1674

F-igure 8§ Computer outpui—Jahn's lee Cream Shoppe.

length of the queue, the mean number of customers in queus, and the mean
waiting time in the queue are printed out, Then, the percent utilization of
th= service facilities is printed out. This is followed by the cost calculations.

. First, the rotal waiting time cost, which is the total waiting 1ime of all

tustomeri in the system multiplied by the ¢ost per unit wailing Lime, is
given, The next line gives idle time cost, calculated as units of idle time {in
the scrvice facility) multiplied by the cost per unit of idle time.

The last ling printed vut is the total cost of operatians, which is the
idle time cost and the waiting Lime cost added rogether, |t is this value that
the simulator vses as a basis for comparing each ileration to the previous
iteration for the purpose of determining when to terminate the simulation.

In the sample problem, Lhe basic issue facing John Entrepreneur is
the number of service channeds [servers) he should have in his ice cream
shoppe. The summary statistics for onc channe| {Figure 9-6) indicate that he .

L
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9.3 JORN'S ICE CREAM SIHOPPE REVISITED

CUSEOMICES sl Wi, on b aar. e Hhant & time uaits {minutes: ..

(4

shoutd at Ieast Bave Mewe gy 00 v - .o, bDe 2¥@Ea22 lenglh ol the w, -
line 15 greater than five vusds moeen woee Ly 0 [DUPEEEN 28 Q0¢ timich, o
Itoreal lile, ane would ot SIS Lva ShOppe cuslomeis o by .
patient! Mﬂnm Br, 45 000 wogh! ot 1l 50 MANY CUSIOMErs wailing, 1- -
server is busy almuost Y0 percont of th fune,

For the cost slrug e vt i U nrubi!m the wallmg Lime vand o
the customers far exeeeds the . o one vonl ©f the single server. The 1:
cost bf STR.74 consisls dlthos] vty ol wailing time costs.

The simdation contred cand ton s problem requested that progea:
CQUESIM initially simulale |ohn t'nlwpn.m.ur'5 systemn wilh one sy
channel ang conlinue to simulae Ris sytem, adding one addisional serv, e
channel each sun, umti! the smuliion terminated. The simulation w7
terminate either when 1he 1ital cost of the system with A servers excecds 1h
total cost with & — 1 servers o when the maximum numbee of allowabi
service channels has been reached.

For John's problem, the effeci of adding additional servers in s
shappe is shawn below. The cost tiwaes in Figure 8-7 come directly 1er
the computer printouts ler the solulion 1o John's problem. These figures,
like all simulation results, are a Tunclion of a random number genvrate:
which may be different fur cach computer. Hence, these figures may 1
slightly different on different compuaters, .

Number of Waiting Idie time Totaf cost
channefs *+  cost [§) cost (3} of operations ($)
1 16.55 019 16.74
2- 7.14 049 7.63
3 0.26 2.51 2.87
4 0.96 Aan - 4467

Figure 87 Thao total cast of operations far one 10 four
sirvige chanpels,

a Figure §-7 shows that adding a second service channel dramajicalh
reduces the cost of cuslomer waiting from $16.55 to $7.14. Adding 4 1hir:
service: channel (server) continues 10 decrease waiting time cost and i~ 15
number of servers which minimizes Lhe total cost of operations. Thus 1.
solution to John Entrepreneur's problem, as given by QUESIM, is for Jukn
1o provide three servers in his shoppe operating under his expected steads
state conditions. Keep in mind, however, that if we treat each simubatinn
time unil as one minute, we have simuwaied only one hour of aperatint.
Thus, Jahn may wamt better data andfor a lenger simulation run betur
coming to a definitz canclusion about his problem,

John's Grand Opening!! john Entreprensur’s ice cream shoppe is now open. He

Mew

so excited about testing owt his previous conclusions on the numbes !

Datz  corvers to have in his shoppe that after observing only the first fifteen arrnal
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he rushes over to the local computer center to simulate QUESIM with his
empirical data. In recording his data, John kept track of both the time that
each zrrival entered the shoppe and the time it took to serve ezch customer.
To John's surprise, he found that all of the service.limes were a conslant,
three minutes. john now wants 1o use program QUESIM with the data that
he has obtained. The required input and the resulling computer output for
John's new data are described next. .

Computer The user name card is always the first card in the data deck.
Input The arrivel data card is the second card in the data deck. For this

—lohn's 5 onlem it reads as follows: )
lece Cream

Shoppe 4 0 09 3.
Revisited

R N RN RN N A R R R N AR AR R R R AN RN RN NER

l|liilJl-'|I|II1IFIHIlll-lrllI!IHII"‘I‘.INI'HlJlﬂﬂll‘rl!u]ln]lui'lﬂlllllluﬂlilfllﬂ

Mote that in column 1 of the arrivol data cord the code numberis 4,
which specifies that all arrival times are to be “'read in” from additional data
cards, The cost of waiting 15 punched in ¢columnd 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 has a
specified value of 15,

Read-in arrivals are %eypunched twelve per ¢ard and immediately
follow the arrival daia 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 and are shown

\ below for Problem Two., Notice that it is the actual arrival times that are
recorded, not the elapsed time between arrivals.

¢ 9. 13, 19, 34. 36, 37, "38. 39, 42, &2, &3,

AR AR R RN R N N AN RS R N A R R NN RN NN NN AN NN IEY
N ERN NN

"I"rll1|!||IrIll'*!'lr]ll‘ll'lllllll"l'llllruu H.I.!I.lllllnll|r|-1u|14|4|4|u1|1|u FR R RTRY I

63. K3, 89,

ll!lllllll!llIIIIIIIIIiilllfllllllillllllllllllil

The service data card follows the arrival data cards, John noted that
edch service required exactly three minutes, ie., a constant service time.
Code 3 heypunched in column | specifies a constant service time.” The
service data card now reads as follows:

3 3.0 N

trnnatRan o D000 dddagaRE oo RN RO NaORNOODOND

f .-....I 1 irsn lr-lun||nuuuu-|rnlrrr*:un.'il-!'lnlmpuunrn:uunuuuqquun

“ This card requests & constant service iime of 3. 0 time units per arrival
al a cost of $0.03 for each unil of idle service 1ime.
The simufation coritrol card is again the 1ast card in the data deck.
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John now spocibies & ;o with rmug eee 10 e chzaneds and a simulation
tirme limit of 100 units. These paramiies: are shown below,

l 9 fon,
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Figure 3B Compurer input—John's lee Gream Shopos Revisited,

PRUGRAM QUESIH FOR MAGHARD QUESIM PRORLEM TWOD
ARRIVAL TYPE & RATE = 0 €OST = «05
IS5 AMRIVALS READ IW &S FOLLOWS
(] 9 13 19 I b T 37 38 A9 a2 P b3
6% k5 Ay
SERyICE TYFE 3 TIME »
WO, CHAMNELS START 1 MAX 9
AL TIME 100

3,00 (Ost @ 03 e

FluST TuEWTy ﬂCtUHAuL‘Ei‘. FGR se)=eSERyICE CHANNELS

ARH Iy AL wemce=DEPARTIURE YIME AT CHANNEL NUMHERawemew
TIHE == SNE TWwl THREE FQUR FIVE STX SEVEMN EIGHT NINE
0 .
9.0 124D
1X.0 la, 0
I_';'la ﬂz-ﬂ' [
EL Y] 3T o
b0 .0
AT,.0 “«3,0
38.0 “wir, 0
LL ] “H,0
2.0 .0
bZ.0 31+
3.0 o .0
bh.0 Tl.8 )
85,0 Ta,b
69,0 1.0
sRdgaRNINGresEguTY DATA HEFORE TIME [ IM[TE#e#s
AFTER 7 ARRIVEU |5 SERVED ;00 TIRE UNITS
C QUELEsRAXIMUM LENGTH = 3
=mEaN LENGTH - ph
wdEAN WALIT TIME = F
SEHYICE UTILIZATION = 5,0 PERCENT

COST5=uwAlT IN QUEUE AV, UNITS AT % «05 = X% 1s95
Iule SERVICE che0 UNITS AT % U3 = 5 13
TOTAL COSY OF QPERATIONS % A=b3}

Figure 89 Computer putput—John's los Crsam Shoppa Revirited, -
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The compiete input data deck, one card per typewritien ling, now
appears as shown in Figure 9-8.
Shawn in Figure 9-9 is the computer output for the resuits of this problem
for one channel, On the computer autput, the identification information at
the top of the page is changed to reflect the changes in the input data. The
arrival type, service type, and simulation-run time are different from’ the
previous situation. Furthermore, the simulation table is for only fifteen
arrivals and services, as that is the total aumber af arrivals read in. Notice
that on this output a warning message (***WARNING****QUT OF DATA
BEFORE TIME LIMIT****) has been printed out. This message is printed

" out by QUESIM because the last arrival ocourred at time 69, which was

belore the simulation time limit of 100 units, Moreover, the service facility

. was idie from time 77 to time 100; thus, the actual idle time in the service

facility is oversiated In the summary statistics, When this message appears,
the user of QUESIM must exercise some care in the interpretation of the
results or go back and rerun with 2 lower, more realistic, time limit, The
summary statistics and cost information printed out beluw the simulation
table is the same for all compuler printouts,
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5.4 QUESIM DATA DLEN STRUCTURE,

A’
Lands

v hile cd must glways be included

1 LRI f‘”a‘F”:Jf T ”Em .
. 1 f code* for distribution

[P I 5 0 mean arrival rate per unit time |
© : \ ? cust per unit of waiting ime

no. of arrivals to be read in

I ItI .If:l'- a1 datg care i 15 ﬂphﬂnal dgpc“drng upan the data. Its
. " 'f 5.0, 50 that arrival times arc punched, 12 10 4 card,
+ LRSI JH"\.I} 5”.} ]]Is }Ez[} ‘:tc'
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COMPUTER MODELS

i
i

1
I/ Addilions daia pets i

/ Smmularion conwval Cerd . J
|
i

&

Fal

4 £
/ Aead-in sarvce dats card loptignasl)

/ Sarvice data card

Il
i
* / fxact+n preivid data card (ophanal)

ra
|/ .ﬁ:rriul date card

X
Lier name cprgd B

3, Service data card must zlways be included.

Carg
colimns Format ftem
1 " - code* for distribution
1i1-15 *  F5.0 mean service time
21-25 F5.0 cost per unit of idle time
3133 F3.0 no. of service times 15 be read in

4, Read-in service data card is optional, depending upon the data. [ts
format is 12F5.0, so that service times are punched, 12 to a card,
in columns 1-5, 6-10, 11-15, 16-20, etc.

5. Control card must zlways be included,

Card .
cotumns Formaot frem ) i
1 I beginning no. of service channels
1 11 maximum no. of service channels
21-25 Fz.0 simulation run time :

- *Code for distribution
1 the Paisson distribution
2 the negative-exponential distribution
3 aconstant rate )
4 historical input data, read-in



2.5 QUESIM PROGRAM LISTING

e Titalilsbaknistaletanaiaiale s tatataisialskanstalatanalel

FROGHAM QUESTM .
CUPTH]IGHT JUKE 19Te HOY [ HAIRIS '
TrlS WERSIUN FODR THE !HM/J6D
OICTIUNARY OF YARIABLES

AlTIML THE HDURS OF SYSTEM TULE TIME = TOTaL

AMUM g SHLM NUMBER OF HEALD N ARRIVALS AND SERVICE

AR LSUY Y a&t{ ARRAY OF READ IN ARRIVAL TIMES

AHR HTWARR TH THE ARRIVAL RATE AND ME&M TIuE

cn '’ AN ARRAY OF ARmIVAL AND SEAVICE ON FIAST 2u CUSTOMERS
ClLE THE cOST OF SYSTEw IDLE 7TIWE = TOTAL

CUMQUE (100  aW ARRAY wHICH STQRES I0LE cusTOMER nQUARS
COSTS THE COST PER TIME DNIT OF 1DLE SERVICE

CUSTa THE COST PER TIWME UNIT OF IDLE CUSTJIMENS
CUSERVRCUS THE NUMBER OF THE CUSTOMER BEING SEMVEU _
Cwall THE COST OF CUSTOMERS HOURS IN DUEUE- TOTAL
DLF RIZDEP TH THE SERVICE AATE AND MEAN DURATION

HR SN THE HOURS OF CUSTOMER TIME In WUEUE= TUTAL
lsd ) THE CHANNEL NUMBER BEING PROCESSEWL

¥ HUMHER OF aRM[vaL% wHICHM HavE {JCCURED

LY 3 URTION CODDES FOR ARRIVALS anD SERvICE

LT T T4 EGINNING v MAK ] MUY NUMAER CHANNLLS

PLUTIL THE ®SERCENT LTILIZATION OF THE SERYICE FaclLITY
UVELE THE HNUMEER QF CUSTOMERS 1IN QUEWE AT ANY POINT
SWIS0y} uiv AHHAY ()F READ [N SERVICE TIMES

TLupP THE TOTalL CDST OF THE SYSTEM

TiHE+ TTIME CLOCK TIME M38 STHULATION TIME

THARY TRE LATEST aMALWAL TIHE

ThiPR TRE DEP&xTUNE TIME OF THE L&TEST UEPARTURE

) “aY BE SET AHTIFICALLY FDR PRoGRaM EFFICIENCY
EmnTNrAMNT R ot an waIT TIMEsMESN MUMBER [N OQUE

LUMMON ALMFARATL ba ANUMy ARIS500) ¢ ARRHT, ARRTH, CH{Z2Us 103 CUMGUES
1iu0ts CUMUTL, CUSERVe UEFRTs NEPTHy 1, IUSERVY [y Kas KCUSs X5+ N
2r NFLAGYUURULSNUMy SHIS,0) e STATUSIS) s Ty TIMEs TTIMEw TNaRve TRO
APk 1G]

HIN = & )

NMUUT = &

REaAU aND PRI4T STUDENT NAME CARD

WEAL INMINL23) ALPMA

sHITe (HUUT . 4] ALPHA

WEAD ANL HRINT ARRIVAL D&TA CARD

HEAL (NINe2%: KA» ARHRT, CO05Tas ANUM

wHiTe {NGUTs.m! NAs ARRRT, COSTA

WEAL ARRIVAL STaTISTICS

IF (anUM JLE. .5) Gu 10 2

MU o LNUw

AHART = | .77,

hA_E .

HE &l SHIMI2T) faRiIIe I = 7 NUM)

MRETE (NQUT, B) paldM

SRITL tMGUTwz9t (aRIIle 1 =2 10 M}

SET AHWFIVAL TIWE AT THVEWSE OF ARKRIVAL RATE
AnfRTH ® ] ,u/ARRART

REAU ANU PRINT SERVICE DATA Ca™D

He dl ININesS) RSy DEPTHMy COSTS SKUM
Rl T tHOUTIB) KS5e UEPThe CASTS

AF danum LLE, pup) GO TD 3

Nus & SHUM

LEPTm = 1,23

K =

WEAD (NINe2TI (SRille I = 3y nt)
WHITE 1NOUTsqp) wUm
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COMPUTER MOGIELS
PRITE (HOUTe20) [SH01), 1 = 1, Wi
£ SLY SEHVICE RATE AY [NyERLE OF SE@vICE YIHE
3 MEPHT » L.0/DEBRTH
c RESU SImMULATION CUONTROL CARD AWD PRINT
. wEAD {NINTI2) Ne MAXST TTIME
RITE (HOUT233) Ne HLAS
wHITe (MOWYs34) TTIHE
[ ChELKR SIMULATION RUN LIMITS

10

11

12

IF TARRRT JLE. 0,0} GO TO 7
IF (UEPTH LLE. p.ol GO TO 7
1F (FTIME LE. g.0) GO TO 7
IF tN LEd. yl GD TO 7

JF iMpax5s 0T, WY GO TO T

IF 1Ra «Ed. 1 Go TO T

IF L&A «GT, .} GO TO 7T

IF IS E@s .7 GO TO T

IF ImS 6T, ) GO TO T

JIF jAawuM LEQ, Q.0) GU TO S .

IF [AMUM .GT, S0p.0) GO TO T
MM = A NUM

PO 4 1 w 2y NUM

oow lm]

‘IF (AR(J) +GT, AR{I}Y G0 TO 7

COMNYLHUE

iF 1SnuM LEQ,. 0,01 GO TO A
IF ASNUM .GT, Spo.0) 60 TO 7
HUM = SNUM

DO & I = 1s HUM

C1F (SREI) LT, 0.0) GO TU 7

CONTINYE

60 TO u

PHINT QUT DATA ERRQR MESSAGE
RHITE [(NQUTw45)

WRITE {MOUT» 16}

60 Tu )

END UF INPUT DATA CHECK
BCOOP = 99%599%,.9

SIMULATION OF a4 GIVEN NUHBER OF CHANNELS 1N] HEGINS HERE

INITALIZE SYSTEM FOR NEXT SIMULATION RUN
TimwE =. 0.0

THAHY » Da0 Lt
GUEUE = B+f

 CUMUTL = (40

CUSEHY . ™ [.D
12 = .

ECUS » [
NFLAL = 0
IVSERY =

BSET = RANUIL 2345471

PO ly M= 1y 104
CUMQUE (M) = .0

L 11 L= 1r N
THUPH (L) = 9Y9994,%
STATUSILY » G0

VO 12 T = I 20

LD )& J % 1y 10

‘CHLLIs 4} ® D.0

PHINI WMEAUINGS FOR RESULTS
wHITE |HOUT+37}

WRITE IMQUT4 38} N

WHITEL |HUUT» 9}

WHITE (MOUT &)

[ I T S R NIRRT T U Y R RS Uy S NI U S S I O I ST N SR N I IR A O T O N S A

2 ¥

L)
.1}
L]
bo
%)
hh
(X,
Tu
T
Te
Ta
T=
72
o
H
Ta
Ty

31
a¢
ay
A
Ba
By
ar
L}
L
Qu
ot
g
34
LY
L))
L"1-]
91
T
oY
lov
lol
g2
104
LO=
lo=
loe
104
loe
104
ilw
bii
112
114
l1*
11%
i1t
nt
1l¥
v
1adv
tel
12¢
123



anofan

13

I

1>

Is
1?
Lé

Iy
2y

<4

ad

ST FIMST AAR[VAL OCCURANCE AT TIME ZEROQ
THAR. = 0.0

cHile 1) = 0,
Lid = 17«1
MAIN SIMULATION BRANCH FOINT

CHMECA EACH CHANNEL IN TWHN FUR POSSIBLE DEPARTURE
IF ALL CHANNLLS ARE [OLE (THOPR = 999999, 9)

1F AL L CHANNELS ARE HUSY (TNARY IS «GE. THUPR}

IF A CEPART IS NEXT (THNOFR 5 +GEs THARY}

5ET = gpBubEa, ’

ud 1s I = 13 N

If [TSDPHRIL) 6T, TeaRY) BO T 14
LF {TADPRIDY LGT, SETI GO TO 14
SET = THDFRI(I]

IVALUE = [

COMTI~UE

I = [walUE

IF [SET 4LT, 5888EB.) GO T2 IS
CalLl 2RRIVE

uld T 123

CALL CERANT

THEN GU TO ARRIVE
THEN GO TO ARRIVE
THEN 40 TQ DEPART

SET anD IVALUE KEEP MULTIPLE DEPZRTURES IN CORRECT TIME SEOUENCE

UN RETURN FROM DEPART CHECK SIMULATION TIME LIMIT

IF ITTIME LGT, TIMEY GO 7O 13

ERD. UV SEIMULTION RUM=-=FRINT FIRST TWENTY TRIALS

Ml B ryw]

IF [CuSEHRY «GEs 20.0) GO TO la

HAX » CUSERY '

GU TO 7

NAX = 2

VO la I = 1« MXX

WHETE (MOUTeal} ICHILy WGdr J % |4 N1}

COMPUTE POURS In QUEYE FUOA SUMMARY PRINTOUT

FRSMNW = .0

MAAGUE. =

VU g, W= 2y Lgp '

iF (CLUwGUEIM) LEQ. dau) GO TO 19
MAKQUE x M=]

EHd = H-l

HHSMNW & HMASHQe [XMECUMOUE (H])

IF tmaxQUE oLT. 99) GO TO 2%

wREYe (hQUTesz)

IF InFLAG CNE, 181 GO TO 22

wMITE (MNUUTaw4)

AN & By

A[Z = 7 ’
FHINT SUMMARTY STATISTICS FOR Thls NUMBER
wRITE (0UTrau) I3+ CUSEHYY TIME
wr I T 1=QUTy S M4 XGE )

AT A x AREMNL/T]wE

wrlTe '5COUTe B XHNTX

AMITM = ARSMUSXTZ

wr]Te (MNOUTe 7] ZMNTM

PCUTLL w L {CUMUTLATIME #1004 45N
wHlITE (QUTHLB1 PCUTIL

Cuali = HHSHL*cOSTa

PHETE (50UTsaw) HHSNWL CUSTAs Cwall
AITIme = (TIME®EMI=CLMYTL

Clibt = alTIHEeCOSTS

wAITE t~QUTigg) AITIME, £O5TS, £IOLE
TColP = CIDLE+Cwall

wHITE 14OUTeg) TCOOP

(M)

CHannils

FProb Rk Er rEr R E D R R R F B AR B R R R R RS P PR R R PR~

Clg

oy

QUESIM

144
129
12%
127
12a
129
13uv
13l
13
134
134
11
4.1
1ar
130
13¥
sy,
il
l&d
144
144
145
14d
Lat
¥y
lav
L5u
154
152
153
15w
155
15%
157
15u
15%
330
181
1be
ind
YY)
1.%-]
lee
1at
lod
L&Y
L7u
174
17«
174
T
1T
115
177
ity
L4
18v
Lal
18¢
193
§: 1
185
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COMPUTER MOLELS
= 3T0P AUN 1F TCOOP LNCHEASED FROM LAST Ruk )
1F 11C00F .GE, BLUGP) G0 1D}
(4 STOP RUN [F MAXIHUM KUMBER OF SERVERS REACHED
{ IF N LGE+ MaXS) GO 10 ]
- C UPOATE NumHEA OF CHARNELS aND CURREMT TOTat COST
N B s
nFﬁUP = TLBOP
c RETUNH FUR NEXT RUM wiTH HORE CHANNELS (H)
oD T 4
C .
£3 FORMAT (1OA4)
24  FURMAT  (20H1PROGRAM UUESIM FOR »10As}
2% FURMAY (11w aFS, 005X eFBalsGXsFYad)
26  FURMAT [LeM ARAIVAL TYPE sl)sEH RATE = 4Fu.2¢8n COST =yFa,. 2}
21 . FURMAT (12F5.5} |
28  FORMAT (1M 4Jas28H ARRIVALS READ IM A% FOLLOWS)
29 FURMST (1M #212F5,0} . C o '
30 _FURMAT  (L1aM SERVICE TYPE +1148M FIME 2 oF8,.2084 COST 2,F8,2}
31 ° FOAMAT |1H pl4s28H SERVICLS AEAD IH AS FOLLOwS! ;
-3z FUAMHAT A1 heuXalleoXeFG.0)
33 FURMAT {204 NO, CHANNELS STARY ,I1+SH WAX »1})
I FURMAY  (1OH MaAX TIME »Fa.yl
35  FURMAT  (35H #esapRRUR IN QUESIM DATA CARDSSess)
3o FOURMAT (35H ®e»alORKECT OATA AND TRY AGAINasS&)
3  -FORMAT (LMD}
3u ':ﬁnnr (31H FIRST TwEMTY OCCURANCES FOR #4,]1]+ 8H**SERVICE CHANNE
ILS)
39  FURMAT  (HH ARRINALsuXsbbH==wawwEPARTURE TIME T CHANKEL NUMBER--
jmm——) ' -
&Q H;q:ﬂ UM TIHE mw=yuXvahHONE TwW( TRREE FOUR FIVE 51X SEVEN EIGHT
. ININE)
ay FURMAT  {)lH +Fb.)1v3Ns3F5a1) .
&  FORMAT  1H50HUSSSWARNINGS S ##0UE FXCEEQED PROGRAM LIMIT OF 99sas)
43  FURMAT  |SBH =wewARN[NG**#90yT OF DATA BEFORE TIME LIAITesws}
™ ,i:uann! 1uhuLFTEn¢Ia.aﬂ.lﬂulusu.rb.u.TH SERVEWsFu,unllH TIME UNITS
5 FORMAT  [23H QUEUE=MAXIMUKN LENGTH =¢1T)
™ FORAMAT .| =MEAN LENGTH 2 FTell
&7  FURMAT 1z3H =M AN WALT TIME waF?.])
ay  FUAMaT  (23H SCRYICE UTILIZATION =¢F7,.]vaH PERCENT}
ey IF:}EH::‘ (Z0H COSTSwwalT Ih GQUEUE4FTe1s]1]1H UNETS H'th-a-lH . %,
L
Su FORMAT  {TXs|JHIDLE SEAVICE JF7,1vl1H UNITS AT $+Fba2s4H & $:F9,2)
Bi :unnur ETXe24HTOTAL COST OF QPERATIONSslaX elnssF 3.2}
NG
SUBHUUTINE AHRIYE
COMMUN At FHA(10)y ANUMy AR(SOC)y ARRRT, AprTHs CR{2d, 10)s CUMQUE!
1hv0is CUMUTL, CUSERV, DEFHT» NEPTHe I IUSERVY [2y KAs KCUSe KRSy N
g;HT:%ﬁG.quueisnun. SRI5007s STATUSIS)y T, TIMEs TTIMEs THNARVe TND
¢ TALS SUHRUUTINE CaLLED WHEN AN ARRIVAL 15 THE MEXT OCCUAANCE
c IT UFDATES THE TIME SPENT IN QueEyt
c IT UPDATES THE CLOCK TO THE TIWME OF THE WEw akRIvaL (PAEVIOUSLY
c ScLECTED) )
c IT CrECKS EACH CHanner TU SEE IF THE NEW ARRIVAL CiN HEGIN SERVICE
c IF & CHANKEL 15 avaliaBuk IT DOES THE FIRST PsRT OF THE
C ULFART PAUCESSING OTHER®ISE [T AUDS ONE Tu THE WUEUE
c LASELYs IT SELECTS TWE TIME FOR THE NEXT ARRIVAL T0 QCCUR
M = WUFUE
c CHECR LEMGTH OF QUEEs 1F OVER $9 HOLD AY 99

iF 14 LE. 9¢) 6O TO ¢

P N T R T A N N A . E R TN ST

I T ETDRTILIIOOTETDDET

bty

134
134
Lde
Loy
1%L

19}

19
isd
194
19>
19t
st
1%¢0
194
2bu
2ul
cac
£04
20%
24>
2o
2014
24
2o
2lv
2zl
21&
14
2l
219
21k
237
cle
217
Zav
2zl
222
224
L2%
22>
226
227
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. QUESIM
L L~ ] M ir
uPUATE HOpPRS SPENT IN QuEQE ' Ro1e
CUMUDE (H+1) 3 CUMQUE {M+l)s+THARY=TINE 19
WPDATE CLOCK TIME TO NEXT ARATVAL 8 2u
TIME = THagpvY A 21
CHECA EACH CHANNELs [F STATUS = ¢ IT IS AvalLaWLE 4 2
VO 12 J = 1¢ N . R aJ
IF i5TATUS({J? .G6T. p.01 68 TO 11 B 2%
Vo FIRST PART OF DEPART PROCESSING B 24
STATUS{J] = 1., o 26
o TO (293 vdaGly KS 8 e
PO1%55un SERVICE RaTE -n 28
Wow RAND (O} A raw
T w aHS (OEPRT®ALUG (R} @ Au
ou fTu 7 - q A3l
NEGAF IVE EXPUNENTIAL SERVICE TIME L
K 8 RANDIY) ’ g 33
T = aps (DEPTM®ALOG(R)! B 3
G Tu 7 I |-
CONSTANT SERVICE TIME 3
T = UEFTH R 3t
e T 7 H 3o
HeAD=IN SERVICE TIME . 3
JIUSEHY % KCUSe) ) A 4v
MUM & SNUM Ho 4]
1+ CLUSERY +LE. NUM} GD TO 6 Hoac
NFLAL = Tg R 44
1 = pebbbbs I
WO Tu 7 H 4%
T » SH{IUSERY} R4k
SET [IWME OF NEAT QEPaRTUKRE . Hooaf
THUPKR {J) 3 TIMEwT Ho 4l
STORe FIRST TWENTY QEPARTURE TIHEE IN CH' Hoa¥
ACUS = KCUSe o, B Sv
IF (ACUS 6T, 29} GO TO & B 5!
1L = ge1 A 5¢
CHIRLUSY 1]1 = TNDPRLD) . H 54
cuntluE ' A 5
CHECKR IF puT QF S1MyL4aTION TIME A 59
IF L{TTIME LLT, THOPRIJI) GO g 3 4 5o
ACCUMUL ATE PHOCESSING TIRE R 87
CUMUTL = CuMyTL+T . R Sd
CUSLEHY = CUSERVe).p . - i 5Y
LD Iu e A Eu
EML UF SImULaTION uPDATING ’ W&l
LaST OEPARTURE FORCEU OUT 4T TTIME 9 &L
TR & T=iTHBPRIJI=TTIME] . H A4
LF UPE 4674 veg? 60 TO 3¢ A B4
T H &5
INUPm (Ut w TTIME H &e
CUMUTL = CUMUTLs+TK A 6!
wy TO 1a LI -1
IF (2 JGE. N} GO TO 13 B &%
CUNT LmOE 4 Tu
ALt CramwMELS APE ByuST» "&0D0D OKE TO TeE QGUEUE A 1l
uvEur = QuEDE = o<
SELEUT ARRIVAL TIME (STOWE FIRST TWENTY IN Ch) A 13
GO TU [1Selbe1Ta18is KA q Ts
PQISS50N aHRIval TIWE DISTRIBUTION 4 13
H = FAMDID) R o
THARY = AUS (ARRTM*ALQG IR} A T
THARY & TmpARYsTIME A Is

L
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COMPUTER MODELS
I
v Il = [ Ee} T
é;iftz iﬁr. 20) GO fo 20 L
nilsy 1) = THARY . + B Al
'-II —I"f 60 Yu 2 i LT . - " 1 ‘: ‘:ﬁ EH‘
C! " NEGATIVE EXPO ARRIVAL TIME DISTRIGUFION * - : e el
ls R = wanbip) v R B
T INARY & asSEARRRYeALDG (R)) . CI 1
TOTHARY e THARVeTIME .t . ¢ ' - ‘ H &
: I = 124 .. A 8t
- [F t1zZ 0T, 211 GO Ta 20 f ot o ! q au
Lt CHlldy 1) = THARY "o T o 8 ay'
. Gu Tu 29 ' . R o9y
c CONST1ANT ARRIVAL TIMES ' A 9l
17 THARY = TIME«ARRTM s a 9
14 = 1 2+; A %4
IF (1I .6Y. 200 GO Y0 20 » H 9%
CHi{IZy ) = THARAY s 9%
GU Tw 2o . LI A %o
C KEAD [N ARRIVAL YIMES . no %t
lo  [2 = 12e) : e TS B 9Y
. NUM ® abuM . ’ . 8 99
IF (12 .Lt, NUM) GD YD )% Po- a4 104
AMILZ) = 777777, ’ B 1ol
NFLAG = Ta 8 loe
1% TrokRy = alilZ} .o - —= A 193
' IF (12 +GT. Z20) GO YO 20 L A 1G4
CHilds 1) = THARY ) _ _ , B 105
¢i  RETUHN LT A s .8 Jbob
" LA ' H L0f="
SUBRUUTInE DEPART . [+ d
COMMON ALPHA(10), ANUM, &R{500;, ARRRT, ARRTM, CM[Z4, 10, CUMQUE; ¢ ¢
1lvors CUMUTLr CUSERye DEPRYTr DEPTWMe 1% JUSERvs 12y RA» KQUSt KSe N € 4
2 NFLAGIUUEVE »SNUM, SRESUO) s STATUSI9)s Ty TIMEs TTIMEs TNARV: TND C
ILRIG) i ' £ h
C THIS SUGRUUT INE PROCESSES THE DEPARTURE OF EVERY- CUSTOMER £ &
C IT UFQATES THE HOURS SPENT IN THE QUEUE v £ t
c IT UPDATES THE CLOCK TO ThE NEXT DEPARTURE TIME {(PREVICQUSLY o L]
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AMALYSIS OF RESULTS

1.

The threa altermatives avajlabls to Rio Valley EBlectric Co-op {(herein reforred co ay Rio)

aAYEl

Mean Varlable Fixed vosat/

@arvice cose/ gimulztion .
Rlt. . rato anilt run DeEcription
A=l 15 5.13 $100Q ong premium truck
A-2 12 .17 1400 ona deluxe truck:
A=1 15 .13 2000 two prenion crucks

For all the alternatives the FCFS priority rule wes used and the ximulated runs ware for
6000 minutes. Tha results for the runa are:

Mean Mpan )

length waitl Service Ceat Var, Fix Total
Alt. Duaua time ucil. walt cont rost co%t
A-1 1.0 21,5 T4.2% $987.12 §$36,18 5l000 $2023.29
A-2 - 11.5 59.4 529,42 35,42 1400 1975.22
A-3 .1 1.1 17,2 51.259 J6. 44 2000 2087.69

From the runs Rio should choose alternarive A-2 as it has the lowsst total cost., Howevar,
if the Rioc Company is planning to grow it might prefer to choose altamative A-3 ainca
thia alternative has the lowest service utilization and thus would allow far the most
growth (note the very low waiting cost as compared to alternatives A-1 and A-Z),

Tha lowar cost of thoe prenium trick definitely.chnngEB the .optimal cost alternative of
gueatlon 1. The alternatives now available ava: :
Heman Variakble fived cost/
parvice cost/ simalacion : .
hlt, fata unit run Dascription
B-1 15 - .10 i 800 naw premium truck
H-2 same as alternatlive A-2 .
B-3 15 .10 1600 two pew premiutm trucks -
The rasults from the Computer runs are: .
Maan Mean !
lengch watt Sarvice Cask’ Var, Fix Total
AlE. Cueus 1M utbil, walt cogt cost ‘codk
B~1 1,0 21,5 74.2% 5987,12 £27.12 5 B00 51814, 32
B~2 .3 11.5% 39.14 529.42 45.42 1400 15375, 22
E~3 - | 1.1 1.2 51.25 27.40 100 1578.65
Clearly Rig should Gslect B=3 as it has by far the lowest cost and because of the low
sarvice ucilzz.iise wrll allaw for the greatesac expansion. '
The altamatzves C-1, U=2, and C~3 are tha samg a3 A-1l, A=, and A=), In thess yunsg the

arrival rate wai increaiel fren ) ko 4 per hour (Folsson). The roesults of the runs are as
follows:
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Mean Hean

length walt Service Cost Var. Fix Total
Alt. Duesue time util, wait cost cogl cent
c-1 5.3 8l1.8 98.0% $5068,55 C{%7¢ 31003 £6338,10
£-2 1.3 14,8 79,8 1285,.83 ©4,63 1400 2750,067
C=3 1 2.1 49,9 137.50 S1.60 2000 2189.10

Alternative C-3 ig the best selection, Thia is due, as was pentioned in part 1, to the
fact ‘thar the alternative -3 had room £0r expunsion wiile the others were aiready Pelng
highly wtilized. There ls still guite a difference between the waiting time cost.

In this part we are asked to compare the result of part ! using the other two prierity
rules, SOT (D-1S, D-25, and D-35) and RANDOM {D-1R, n-zn, and D-3R), The results of tha
computer runs are chown balow: .

Mean Hean

. length walt Service Cost rar, Fix Total
Alt. fueus time util, wait cost cost cost
A=l 1.0 21.5 74.2% %587,12 536.18 51000 $2023.29 . -
D-15 .9 19. 0 74.2 B73.53 36,18 -1000  1909,70 . . .
p-1R 1.0 22,3 74.2  1026:80 36,57 1000  2063.37
A-2 .5 11,5  59.4  $529.43 §45.42 $1400 $1975.22
p.25 L5 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
-3 .1 1.1 37.2  § 51.25 $36.44 $2000 $2087.69
D-35 .1 1.1 17,2 51.01 36,44 2000 2087.45
D=1R W1 1.1 37.2 52,84 36,44 2000 2089.29

In the first set of altematives, D-15 iz the best selection. This is due primarily to the
fact that the mean waiting time is less for the SOT rule since the ghorter jobs are worked
on first and gottan out of the system quickly,

The runs using the daluxe truck, D-2R gave the best result. Here the range was Dot
nearly as wide as for tha single premium truck.

In the case of the two premium trucks (A-3, D-35, and D~2R) the run using the 50T
rule gave the best results. The best explanation for this is that because of the largs

ammount of slack ln the system (35% utilizatlon) it really dcesn't make too wuch difference

which rule is used,

T-2R has the lowest cost of all nine runl. This indicates thakt under Fresent condl tlons
the deluxe truck would be the best selection and that the RANDOM priocity rule should ba
used. In actuality the company should probably select the deluxe truck and use a medifjed
50T rula [such 50T bhetween Bam and Bpm, all joks in QUEUE at Bpm on FCFS until 8m fal-
lowing mr:rrm.ng} .

CONCLUDIHG REMAERXS

1.

2.

From the regults of the run, the following wonld he recomnended to Rio:

If Ric expects the arrlval rate of calls tp remain about 3/hr, they should gy the deluxe
truck, provided the premlum is rnot available at the reduced rate. .

1f arrival rate is expected te increase, buy the two premiun trucks,

Az is suggested, the two premlum trucks are probably “the best selection all aruund. One

major reason for this weuld bae that if one of the trucks bruke down, the other weunld still be
able to make service calls.
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IF tnnLEeiTaal oo T 24
LU Ty dgleldle=tls P b
COMTIhLE
WRETE tetheTrasal ¥

o L -

.- . . .
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1

1

21

&1

Tl

=3

1

1n}

JEND OF iwPyT DATA CHECK

GO Tu sl
CONT lhUuE
wh)TE (wmunTe3nll
Gg tu ol
CUNTInNUE
WRITE twunrTedT1E
RERl AHelval STATLISTICS
CONTINLE
LF fumim,LE.g.ul 6O T0 71
UM L~
ARRHTE | o pan
L E
WRITE leulTe»391F NUM
IF (am M GT.500.01 G0 TC 291
RERD (hpnedsl]l TaniTreImlaphlim]
wWRITE L i Te=Q1) (aRiIVelzlatiM}
0L 41 lag kyM
JE1=1
COnT Ml
SET aMALvel TIME at INVERSE {OF ARWIVAL RalE
CONT [NLe
IFf laniAT L. uwy) GO TO 291
RRHTM=] , U AARRT
READ aluw PRINT SEWVICE DATAE CARD
READ INIMy4l1) RSsUEPTMaFCOSTS»VCUSTS e SNUM
WHITE (iaUniTy a2l RS9DEPTH
WRITE (munTea3l) rensTSVEDSTS
LF ¢(ny EQ.0) GO 10 291
IF [m», 0T.4) Gu TO 291
lF tbl'ﬂ_iHlLE.usuj 'Gu TG g1
NUFESNUM . )
DERTHE], #a% )
KSE,
WHITE tmuitTess]l mum
IF lanliMeGT.5u0,0) G0 70 29l
READ iIhimy IB1Y {SH{[YsImlrnlid)
WHLITE (gl ea0Ll) 15g 0o Ix) e M)
UD Hl I=p.NpM g
IF {omill.LTap.u) G0 TO 291
CONYINUE o
SET SeRvirE RATE at [NVERSE OF SENVICE TIME
CONTINUE -
IF lycPIMaLEwenl GO TE 23] ) ) o
VEFRTE]1.y3sDEFPTH
AEALD S1mupLatTON CUNTROL C4RD AND PHlNT
READ (MImng35]1) Hemazy e TTIFE
WRITE fnuTrebl)l maMaXS TIIME
CHECK S1mulLaTlON wuy LIMITS
IF tngrdye) 60 1D 29
1F tMuxS.LT.N} G0 TO 291
" I,F IillHErLEiUIri” Ga ¢ 291
BLUOP G e oW, 9
SIHULAT LUy OF &4 GIVEN MiIIMEgER OF CHaNWNELS W) HEGINS HERE
INITIAL $4F SYSTEM pOM MEXT SIMULATILUN RAUM
CONTINUL
TIRE*ysy
tTnapyel u
[YUE=] .
CUMLTLE gy
CUthV‘ﬂ-ﬂ
I4=p
KCWSED
NFLAG>(
IUSEMYay .

176
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53

2
Y]
&7
&8
£9
Ty
11
T2
T3
Tu
5
T6
1t
7A
19
a4
er
az
a3
B
RS
En
87
BA
a9
90

q2
53
G4
55
54
97
L1
99
100
101
102
103
194
105
lot
107
lo&
109
110
111
112
113
114
115
tlé
117
118 .
119
129
121
122
123
124
125
126
127
12e
129
139



111

121

¥3l

bal

151

1sl

1Tl

lal

aonanan

19l

203

211

SET=RAMNL L1 25304 T v
GG 11) malelepR
WSYCT(MHyaG,0
CUMLUE My w0 aD
CONTINUE
T UETERmLMWE SERVICE TIME FOR THE 157 aRRILVAL
GO Tu (121913 L#4430]500s K5
EUISS50m SERVICE wAYE
CohTihye
HEWaNuliysq) )
TeaAgS{lprr TRALOGIH] ]
GO Ty 16l '
NEGATLvE EAPONENTIAL SERVICE TlME
CONT INUE
RzRANUIL p1 §)
TRAHS G HTMRALOG (1) )
Go To 161
CONSTamT SERVEICE TIHME
CONT iNUE .
YaQEPTH
GO Tu 1861
READ [N SEBVYICE TIME
CONT [NUE
TasR{11 |
CONTINUE
LEU A DR S
OO 17L L=i+N
TROPRIL: =gu909G.9
STATUS{LIx0.0
COMTINUe
DO.381 1=1+20
DO lel as=lall
CRiLy )=y, 0
CONT INuE,
PRINT reaunlhE FUR HESULTYS
WRITE imuuTeaTl) N
wWRITE t(rgirleddl)
WRITE (nyUT»s9l) .
SEY FlRsr ARRIVAL weCURANCE AT TIME IERD
THARYS .y
CHilsllay, U
12=12+]1 °
MAIN SImupLATION dWaNCH POINT
CHECK cach CHANNEL IN TURN FOR PuS3lglLE DEPaRTURE
IFf aLL CraNNELS aAME IDLE (TNOPR * wyg9959,9} THEM 6O TO ARRIVE
IF ALl UAAMMELS Are gUSY (THaAV IS .G6E+ ThpPRI THEN GO Tu aRRIVE
IFf A DEPaRT 15 NER) (THNPPR 1S .GE. TnaR¥! THEN GO Y0 pEPaKWT
SET AND t(VALUE KEEP MULTIFLE DEPAMIURES IN CORRECT TIME SEOUENCE
COMTINUE '
SETmButdasRe
ng 241 L1=1+N
IF (InPPRIIYGTTNARY) GO To 2vI
IF (TanMPR{IVGI.SETI GQ TN 2ul
SETETHD=RIIY
IVAaL UE=
CONTIMUE
I=lvalue _
IF (3eTel¥.B8B88uu88.F GO TQ 211
CaLL afAwWiVE
Gu Ty 191
CONT INuE
caki DErapT
ON RETUnn FROW DEHART CrECK SIMULATION TIME LIMIT
I1F STAIME.GT.TIMEY GO TO 191
END DF miwULaTION HUN=-~=RR[HT FIRST TIWENTY THIALS
N} &H*|

[

17T
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131,
132
132X
13«
134
13
137
13a
139
143
1a1
La2
142
1&&
145
146
14T
1a8
149
1549
151
152
153
154%
155
156
1517
158
159
l&p
1&1
162,
163
lea
165
166
167
158
159
1T
174
112
173
1T
175
176
irt
178
179
18n
181
lgé
183
184
185
166
ier
164
a9
L%n
191
194
1913
124
T18G
19n



2zl
23l

24l

251

£bl

271

Z2gl

IF (CUSERV.GE 2u,pl o0 T2 22]
NMEXKECUS ey
6U Tu 231 : )
CUNT Itpe ’
NAAEZS, )
CUNTINDE
LO 241 [=yynr X’
wHITE LT S01) (CR{TIvJIpS=1aNl!
CONT [NUCE
COMPUTL mOURS IN uyuEyE FOR SUMMARY PRINTUUT
HRESNU={ U
MAXOUE &y
DR g6l M=z, 1040
IF (o usQUE (MI ppaya-t) GO TO 251
MAZQUE &M=
CONT LU
AXMEp=-] .
HRSNE TN Qr (XH*CUMQUE (M) )
CONTINUE
IF {(muxQUELLT.wy) GO TQ 271
"WHITE [nwuTeSLL?
COMNTINUE
IF (MFLAG.NE.T&) GO TD 281
ARITE ImuuTe521)
CONTINUE
FNEN . e
[22]2=]}
il2=]¢
PRINT SummaRY STATISTICZS FOR THIS nUMBER IN} CHAKKNELS
wBRLITE (T eS31) LZ+CUSERYS TIME . )
WRITE t(wonTe541) magQUE
XHNTAERm Sy T IME
WRITE Imy1Ts551) EMmNTX
EMETMEHmor QAKT 2
WRITE fmunT96Ll) AMNTH
PCUTILE LeUMUTLATINE) =100, 3 FEN
RRITE fraunTes?ll aguTIL
CuwllTaMyangalD5TA -
AITIME= {4 TME« AN =~CUMYTL '
COMPUTE AyERAGE AHWIVALS PER TIME wNIT
TZ=12 _ '
AVARRA=T£/TIVE
WRITE IWUT)SA1)} AvARRA
COMPUTE uyERAGE SEWVICE TIME
AVSERval usyTLACUSE Wy . '
wRITE 1nUitT 5311 av&ERY
COMPUTE MEAR NQ. [N THE STYSTEM
AMMISTEAMuT I« {AVAHHAS L O/AVEERY ]
wRITE {nunl 601l aAnNLS
COMPUTE wp AN TIHE [N THF SYSTEM
AMT LSS AmMmTR+AVSERY
WRITE t(wunTpal1l amTiS
WRITE fmdiiTssa21) .
wWRLTE (i Te&31) newSNOCOSTACuwaIT
COMPUTE 1Tal, vaHlsaLE COST .
VEOST = LHSERVEVEUNTS
COMPUTE 10Tal FlZey COST '
FCOSTRANFCOSTS
PRINT Suwmai? COST INFORMAYICON
WHITE I[noaifsasdl)l CUSERYVCDSTSaVCQST
wWRITE [muiTea5l} FLOSTS N FCAST
TCOOPEE LgT+vCOSToowall
wRLTE (U TeE6LF TLOOP
STOP HUw [F TCOOP INCREASED FROM LaST RUK
IF {ILO0P.GE«dCuoP! GO TO 1]
5TOP HUw IF HAXIMUM NUMMER OF SERVERS REACHED

178
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27

197
19&
159
radi B4
201
z0¢
£o3
2l
205
206
2o
20H
209
2lu
ell
zZle
213
214
215
2o
217
Zly
219
22t
£l
222
ey
Cch
229
£ek
a7
Fey
229
224
231
232
k|
23%
235
238
i
234
23s%
Z4l
FLY!
- ¥4
24
chw
Fho
-1
24T
2aH
£y
250
251
254
253
25
25>
25
251
2N
25
26
Zh1
2R



al
az1
in
dal

351
34}
371
anl
g1
501
11
421
431
Ty
A5}
51

&71
%81
a9l

&nl
911
CF4
231

. 54l
551
561
571
58]
S91
601
511
621
631

G4l
551
6561
671

bali
b5

JF imascebf 0y _. . B L
UPDATE AuUMBEA OF Copleb # soa o - el Tbai 2251

SE LT

ACLQPETILyGP _

RETUMN riU3 NEXT HUN wWlTA HMORZ CHawaniLls ni
Gu Ty 101

FRINT Qul UATA EMMUR MESSAGE

CONT INUE

WRITE (muuTe&T1)
WRITE (rulIT suR1)

CONT IhUE

WAITE IagipTeb3]}

FORMAT
FQHMAT
FORMAT
FOHRMAT

(1044)

LPOHIPROGHAM QUFUES FOR 114Aé)

IIls X sF o, oy FO.09SXs I awkyFI,0) .
14 0ARRIVAL TYPE #I1,8H NaTE = +FR.29Bh "COSY xyFA.Z916H

I SCHEDULE RULE #1101}

FORMAT (SaXBHIRANDUM])

FORMAT (59K 6HIFUFST)

FORMAT 155K +SHISUI)

FORMAT  (12F%,0)

FOWMAT (1R oI4428r AAAIVALS nEﬁD I 45 FOLLOwSE

FORMAT 1R ,12FS.y}

FORMAT (119X eFSepenky F!aniFIUou-FJaﬂl :

FORMAT | )4HUSERVICE TYPE sIlsaH TIME = sFpg.2)

FOHMAT A wXel3H FIAED COST SeF8e2anXelgH VARIAHLE CoST i.Fu-El
FOKMAT  11h slee2/m SERVICE REALD i AS FOLLOWS!

FORMAT 171 ,9XK,11 49X F5,3)

FORMAT  (2yunDNO. CRANNELS START «1j1SH MaX .Il.ax-lnﬂ MAx TIME »Fé
1.0}

FOMMAT  (3LHaFIRST TwENTY OCCUREEAMES FOR Ileln SERVICE CHARNE
1LS?

FORMAT  (uH ARRIVALsa4Xrbdhwnmu==DEPARTURE TIME AT ChHANNEL NUMBER~-
leamm] e ' .

FORMAT  (ub TIME~==34%944MONE TW I[HREE FOUR FIVE SIN SEVEN EIGHT
INIKE] '

FOMRMAT 11N sFHa I'JlinE 1]

FOrMAT | QHO®RawaH NG *#sQUE EXCEEOED PﬁoﬁRnH LIMIT OF ggnse)
FOMMAT (abtHOssawARNINGesasQUT OF UATE BEFORE TIME LIMITeses)
FOHMAT . jrHORFTERYl4sHA ARARIVED*Fa.0t7h SERVEUFFe.Qel1h TIME UNITS
1) .

FORMAT  122M QUEUVE=MAXIMUK LENGTH &M IT]

FORMAT  (122n =MEAN LEMGTH sBReFR. L) -

FORMAl  (22M “MEAN WAIT TIHME «+HXsF%u.l)

FORMAY  422H SERVICE UTILIZATION LuX4F9,1,8H PERCENT)

FORMAT  132h AVEHAGE ARRIWALS PER TIME UNIT +F1lp.4)

FORMaT 132h AYERawE SERVICE TIME 1FlLe4)

FORMAT  (38H HMEAN nO. M ThE SYSTES * sFlo.a)

FOAMAT ¢12P HEAN (IHE IN THE SYSTeH sF10.4}

FORMAT | 31RGCOST INFORMATION OF UPERATIONS)

FORMAT  (pgn COSTe®=walT [N QUEUEs Fuelwpim UNITS AT SoFha2vaH a &
LeF9.2}

FORMAT  1gogh SERVICE £OST vARTAOLEsFTeblelld UNITS AT 3eFpa2o4H w §
14F¥,2) o

FUOMMAT |»2H SERVILE COsT FlxED wF7L2e0n WITH 11,140 CHANKELg
En heFy ) '

FORMAT 1+ UnuTQTAL COST OF 0PERaTuNS $iFq,
123

FORMAT  (ramiesesErmdul [N CUESTIH uala CAHDS=ses)

FOMHAT (a5 esedy uuWECT DaTa ahD TRY AGAINW®¥¥]

FOHRAT  22MUQUEVES KUl TERMINATEWL)

EnL

&

SUHRUUT jwF ARRIVE
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ananaonn
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11

21

K3 |

&

51
&1

71

a1

5]

COMMUN LLPHALLN) yanUH, ARRART JARRTMCAIZ20, 10) +CUMUTL «CUSERY (DEPRT,
L UDerTHal s TUSEmy e TZoRa s EUS oK SaNaRFLAG Y SNUHISTATUSIGN + Ty

2 TIMFaFTIME s INARY S TNDPR{O) s AVARRA S AVSERVIAMNIS AMT IS,

3 VAUST o ¥COSTS.FCOSTHFCOSTS e NRULE S InuE CuMGuEclol),

& CoaveTO101) raw (Sud1SRISOD)

THIS SUamn0UTINE CafLED WHER aN AHHIVAL 15 THE NEIT UCCURANCE

LIt UPoadies TRE TImp SPENT IN QUE

IT UPUaies THE CLUCK T0 TRE TIME WF THE NEW AHRI?EL (PRE¥IQUSLY
SELECIED?

IT Crbiay £ACH CHManNEL TO SEE IF IHE NEw ARRIVEL CaN BEGIN SERVICE
IF A CHanbEL IS AVAILARLE 17 DOES ThE F1RST PaRT OF ThE
UDEFart PROCESSING OTHERWISE IT abDS GWE TO THE UUE

LASTLYs 4T SELECTS THE TIME FOR THe MEXT ARHIVAL TO OCCUR
IF LlunEeblTaluwl 60 TO 113
CHELR LengTH OF Wue, IF OYER 94 HULD aT 99
[OUE=]1DY
UPLDATE RUnRS SPENT IN QUEUE
CONTENUE
CUMLUVE il I =CUNGUe 1 TQUE) s THARY=T INE
UPDATE LLACK TIME JQ WEXT ARRIVAL
TIME=TNany .
CHECK baLn CHANNELs IF STATUS a y 2T IS aVAILABLE
Lo &t J=l.n
IF (s uTUSEIYauT,.0.8) GO TO &1
P Fle51 ouaRT OF 1HE DEPAART PROCESSING
STATUS L ia],y
SET Tiwe nF NEXT vePAHTURE
TNUPRIJI =TIME«QSYLT ()} )
STORE FlmsT TWENTY DEPunTUHE TIMES IN CH
KCUSEKCUNs ]
IF taLus.5T.24 60 TD 21
IIcJed
CHIKCUS LI RTNUPR{G)
CONTIMUE
CHECK 1r nUT OF SImULaTION TIME
IF (1 IMELLTTHUPKHIJYY GO TO 33
ACCUMUL utr PROCESSING TIME
CUMUTLELU~ETL+QSYET (1)
CUSERVYTLUSERY+ 1.y
GO Tu ~)
END OF siwlULaTION uppaTING
LAST UErarIURE FORCED OUT AT TTIMt
CONT Il - " .
TRGOVU e Ly )= (TROPH () =TTIKE?
IF (1 _GTalag! O TO &1
TKBD.
COnNT INUE
THUPHIJI=TTIME
CUMUTLECUMUTL«TH
GO Tu .al
CONT LNUE
IF tusnE-N) GO TO T1
CONT [HUe
AL CRANNELS APE wmUSYs aADD ONE TO THRE GUE
CONT INUE
IQUE= ] QuE ]
SELETT asmuIvat Time (STORE FIRST [wERTY iW CH)
comMTINUE
GO Tu 193i+10lel1te121) KA
PO1SSUN wRRIVAL TIwE DISTRIAUTION
CoamTlhe,
RekANDi gy )
THARVE Ao [ARRTM* AL UG (RY
THARVET na v+ T IHE
GO YU 1a) .
NMEGATIVeE g2F0 aARMiIvap TIME NISTRIgUTICN
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1ol

131

lal

"N

laNela Nzl

n]

151

1&]

17l

291
21!

22)

CONT I M=

RERARUL 30l

THNARV=Aza{ ARRRYT®*LLUGIRF )

THARYETMmafy+ T mg

G0 TU 14&]

CONSTANT ARRIVAL TIME

COMNT INUE

THARVZT ImF+ARATH
.60 Ty 141

READ I[N anrRIVAL TIMES

CONTINUE

ML= AN L=

12ucElle]

IF LiinGa.LE.HNUNM} GO TG 131
ARITIZUQI=F? T T
NFLAGSTw
COMTINUE
THARVEAR LT ZUG)

CONT [MUE

IZ=[2+]

IF {14, . GT.29F GL 7O 15]
cH112-11=rhnnv

HEGEN LOGIC TO STORE ARRIVAL aMu SERVIGE TIMES IN QUEUE ;nn.vs
FoR Emun wAlTint CUuSToMER/PRODLCT .
DETEHMINE SERYILE TIHE FOR THE mMeEw ARRIVAL

CONTINLE

GO Tu (LAL+1T1e1B1IY1G1T 4 KS ° -
POQISSUN SERYICE RATE
CONT [NLC
ReRANU Lyvg)

T=ABSLUEFRT®ALOGI(HY )

! GOe Ty 211

HEGATIVe EXPQNENTIaL SERVICE YTIME

CONTINUE

RERAKD Lysal

TRARSIUERTHMoLLQG (R} )

60 Tu 211
CONSTANT SERVICE TIME ;

CONTINUE '

TROEATM

G0 Tu 211
READ=IN 3pHYICE TImME
CONTINUE
NUMa ShUm

IF (1Z.LE«NUM} wO TO 2ai
NFLAGRT
Tabthetin.

GO Ty 211 .
CONTINUL ,
TeSRI12}

EOMTINUE

SV Tiluyr =T
IF Ohiy ONE IN UUE = HD SCHERULING KREZESSARY

IF [InvUEWLE«2) 60 TO 24)

[GUslule ]
USE SCrEDVLE RVULE TO REQROER THr WUEUE FOR PROCESSING
PRULE = | FOR HawyQM
KRRULE = 2 FOR F(rS
KRULE = 3 FOR 30T
CBD Tu 12]legeledyZlly KRULE

c 507 SCHEDULE RULE

CONTINLE &

IF (iugelEa2) U TO 241

IF (wave¥{i0u) hELQSYCTITOR=1]1 GO YO 241
LDIS=USVLl ([uy=1])

WSYCT A Juwu=1®SYCT IO

181
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12n
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127
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129
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n o

¢

231

cal

11

2]

weviTiluws=utrs
Twuslug=y
6l Ty 221
RamUOM srnEDULE WuLE
CONT LNuEe
T ULE
JHUE (HAwu [ysFFI*0L )
Tuwws Wl
IF (1wn,LEL1) wu TO 241
QTS=USYLI (IQUE]
WSYET I Jwup 1 =QsSYeTi1qut
WOYET Fluw)=0TS
UUEUE Ia SCHEDULEL = RETURM
COMNT InyE
RETUHN
EHU

SUBROUT INF UEpPART

COMMON [ LPRAL]N) s aNUMIARRRT s ARRTMeCn (2010} vCUMUTL s CUSERVDEFRT,
LeFTMs Lr IUSE R I 2o KA s KCUS R e NahFLAGs SNUMISTATUSIS) + Ty
TIMEsTTIME » INgRV o TNUPR G s avabb a o AVSEAV s AMMIS s 2MT ISy
VUUS Ty vEOSTS FCOSTHFCOSTSy KuuLl . IQUECUMQUE (151D
UaveT{I01) s ig00 eSRIS0!

THIS SVUnwabTINE PwYCSSSES THE DEPanlURp OF EVERY EUETGFER

IT UPpales THE HOuWwS SFENT IN THE WJUE

1T UPDales ThE CLUCK TO TrE KEX) uePaRTURE TIME LPREVIQUSLY

CSELECIED)

W S

T CHECAS THE LENGIH OF TrE GUE e

IF H0 One IN THE wyg IT SETS THE ymabkREL AT AN IDLE S5TATUS (THIS

DEFaHTURE WaS PeupVIOQUSLY PaRTIaLLY PROCESSED EITHER al
. ARMIve OR BY & PRIOH PASS THROWGWH DEGART!

IF & WWe cxLST THeM TARE CMNE FROM GUE,y [T53 DEPARTUHE TIME:

SET tnfE ChHaWMEL AT 4 BUSY STaTus anp RETURN
CHeCR LennTH OF uwpe, IF DyER 98 MULD 41 99

IF f1wyb.LTLlpu) &0 TO 11
TJUE=1Gy
LUPUATE 1Mz HOURS SeENT IN QUEUE
CONT INUE
CUHGUElLqul-cunuuntluUE}+TNﬂPHtI:-rInE
WPLATE ImE CLOCK TU NEXT GEPARTUHE [INE
TIHE=THNUrRIT)

IF 11WUE.8T,. 1) 6o TS 21 _ .
TH1S St 9N COMPLETES THE PROCES®ING OF A CUSTUMER
mHEN N unE IS wallING IN THE QUE
THNUFH 1] 18499599 .9
RETURMN
THIS SECIICN DUES THE DEPLRT PROCLSSIMG
wHE M THe CHANHEL mMab5 HWLEN BUSY
SET MEX[ .NEPARTUWE TIME
cOoOnNT IMue
THUPH L FTIME+QSVET L]} )

STOME FIMST TWENTY DEPARTLRE TIHES IN CH
ACLSTEL D]

IF TreuS.GTe20 G0 7D 31
I11=1l+i
CHIRCUI  TI*THDPR ()
cOnNTINUE -

CHEGR Ir QUT OF SImy,ATION TIHE

IF D11 MELTThuPRILY1 GO TO S
RESET S1a7usS BACK 10 BUSY AND RETUWN
CurbTosguwuiL-asvehigl
CUSERVECUSERY+ 1.y
STaTUS{Lial.y
SHIFT SewmVICE QUEUE UP ONE POSIT Iuw
GO &1L li=mgslyyg

162
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11

21
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41
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Tl

a1

91

I11A11+*¢

QSVCTLiD =5y CTLLE}

CONT IMU=

USveTiIuue) 29,8

SUBRTACT oME FROK GUE

I0VEsluuE =1

RETURMN

ADJUST T snD cMpIL AT TERMIKATION OF SIKULATIOM

LAST CUstgmEN FoMuel TO DEPART AY TTIWE

CONTINye :

TREQSVC i 11 = {THDPH{T)~TTIME]
IF (1Kh,GT,.0,0) 4D TO &l

TKaD. -

CONT INUE

THUPRLI =TT IME

CUHMUTL AL umUTL +TH

STATUS(11=}au

RETUNRN

EHD

FUNCTION nAND (R, AK)

MACHINE LEPERUENT HANDOM WKUMUER GENERATOH (0 70 1)
THIS YEWaTON FOR Ccuc 3100 .

K SET AJ SOSITIVE wob INTEGER TO inlTIALIZE

K SET A4 ZERQ TO CUNTINUE STRING UF RANDUOM NUMBERS

SEE MNAY_LURCOMPUTEW SIHULAYION TECANIQUES»WILEY +50NS: 1900
IF A ZLle21011l
CONTINUE
HEX
NN=xK
NNNeK
CONT [NUE
IF (mm) J1le3ls0]
CONT IHUE
NaN#2(S |
IF im} &1451451

"CONTINUE

NEN+B3Hgar T . !
COMTINUE
ANRN
RANDEEN/4y 380607
RE TURN
POSIFIVE rKk RUNS SECOND STRING OF HaNGOM MUMBERS
CONT INUE '
IF (rrh=ED)} FleflelCl
COMTINUE ’
MNENNTZ o]
IF (mn) Hlsglywl
CONTINUE.
MNENN+*H dpubfiT ]
COMTINUE
ENMENM N
HANDHE AWM/« 384577 .
RETURN
KK OVEH 5  RAUNS TALAQ STRIAG OF RanpOs NUMERS
COMT[MUE
MNMENNR®-5]
" IF [newn) §Mleigliet2l
CONTINUE

LT L LY - L |

COMT INUE

XbMMENMNM
RANMDEEN M FHIHALE) T

RETLHN
EnG
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Directorio de asistentes al curso "Introduccion a la Programacidn

y Computacién Electrdnica’ 1980.

Redolfo Aguirre Feélix
SARH . N
Reforma 51-1°
México DF .

Tel 566 16 82

Santiago Andrade Lazaro
SARH H
Reforma 35 10 °

México DF

Tel 392 33 24

Ricardo A, Beristain P
Campos Elfseos 169 3°
Polanco

ZP 5 :

Tel 2 50 45 22

Jos& Armando Brecht Escobar
DDE '
Sukdireccitn de Informacién
Plaza de-la Constitucidn

Mé&xico DTF

Tel 310 44 79

Burgos Trueba Raill Emilio
SAHOP

Constituyentes 547 Edif A PA
México 18 DF

Tel 271 30 00 Ext 123

Arturo Javier Camacho Rodripuez
Servicio Fiblico de Boletaje Electrdnco
Rio (dixcoac 36

Col Florida

Méxice DF

Tel 5334 40 24

Ernesto Camacho Pineda A.
Tel&fonos de MéExico SA
Ernesto Pugibet 12 5°
México , DF

Tel, 585 13 78

[

Manuel Navarrece 30-9
Col Algarin

ZP B '

Tel 538 79 91

Querétaro 182
Col Roma
ZP7

Tel 574 0013,

E >4 104

. UH Rinconada del Sur

Xochimilceo
ZP 23
Tel 544 20 64

Aguascalientes 98-21
Col Roma

Zpr7

Tel 384 &9 13

Pampas 167
Cel Moxderna
ZP 13

Tel 379 56 06



-2 .

Rodolfo I. Camposeco Torres Cuerrero 379 A 403
Servicico Publico c!e Boletaje Electrﬁnlco - Tlatelolco

Rio Mixcoac 36 12° ' Z.P 3 | ;
México D F - Tel 5397 73 57

Tel 524 92 94 o

Juan ] Carreén Granados B. Judrez 101 (begonias 13)
Facultad de Ingenieria Col Esparaco

UNAM México 22 DF

México 20DF ° Tel 677 72 26

Arcure Cerino Nava Pegaso 33

ODEM Col Lnsuefios
Cuautitldn Tzcalli Cuautitiin [zcalli

Edo de Méx, Fdo, de Méx.

Tel 563 8191 Tel 322 46

Carlos Contreras Gonzdlez Nahuatlacas M 42 L 28
SARH Col Ajusco

Reforma 35 10° Zb 22

México DIF Tel 677 34 75

Tel §92 33 24

Sixto Dominguez Martinez

SARH Héroes de Nacozari 242
Clavijero 19 3° Veracruz, Ver
Xalapa, Ver. Tel 2 25 49
Tel 7 33 37

Dario Ferndndez Cizarndi

Teléfonos de México SA Misterios 1458
Ernesto Pugibet 12 Ofi 515 Col Peralvillo
México I DF - . ZP 2

Tel 583 15 55 Tel 759 04 34
fesis Fuentes Rodriguez .

SARH _ Luis Moya 31 7
P de la Reforma 35 10° b México 1l DF
México I D,F, - Tel 592 33 24

Tel 592 50 22

Aamalia Garcla Bautista
Belisario Dominguez 135-4

Azcapotzalco R

ZP 16 - ‘

Miguel Carcla Fernfndez Cuitlahuac 190 <
SAHOP , Col Cda del Sol

Calle 2 # 2357 Guadalajara- jal.

FF CC Tel 2218 23
Cuadalajara, Jal. .

Tel 13 33 93
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18

19

20

21

22

23

24

Carlos Garcia Flores
Ignacic Ramirez 20
Col Sn Rafael
México DF

Tel 566 38 48

Esteban Gutiérrez Manriguez
DDF

Sn Antonio Abad 231

Méxice 8 DF

Tel 585 78 06

Julia Regina Gutiérrez Granados
SARH :

Reforma 51 1°

México 1 DF

Tel 566 16 82

Mario Jaime Pérez
Rual S5A

Ihsen 12

Polanco

ZP 5

Tel 5 40 7190

Rufino Jiménez Gutiérrez
SARH

Reforma 20-4°

ZP1 .

Tel 546 40 92

Salvador Manrique Leija
DDF

Direccitn de Plamificacitn
Pino Suirez 15 1°

ZP ]

Tel 522 &4 38

César R Margain R S
oDDE "7

Dir Gral de Planificacidn
Plaza de la Constitucitn
ZP1

Tel 5321 30 94

Clemente Mendoza Cabrera
Campos Eliseos 169 3°
Ze5

Tel 2 50 45 22 Ext 121 ‘

Yacatas 424 11
Col Narvarte
ZP 12

Tel 336 63 93

Retorno 20] # 18
Unidad Modelo
ZP 13

Tel 58} 02 79

Alfonso Esparza Oteo 82
Guadalupe Inn

ZP 20

Tel 524 25 22

Mna [ Edif C -1l
Candelaria de los Patos
ZP1

Tel 542 34 19

Carreteraco 32 A 204
Pargue Sn Anxdrés

Zp 21

Tel 689 17 21

i

Av Chapultepec 456
Col Roma

ZP7

Tel ll 74 46
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26

27

28

30

31

32

Max Montero Cordova
SARIE

Av Jufrez 42 B 6°
ZP 1

Tel 521 35 61

Roberto Muiioz Cruz
CECyTNo, 10
IPN

Av 567 y 508

Sn Juan de Aragdn
ZP 14

Tel 7 60 35 10

Céndido Nicolds Ldpez

SAHCOP
Xola y Av Universidad
ZP 12

Tel 5 30 30 00 Ext 382

Marfa Hugenia B Ochoa Alorda
SARH

Reforma 107 5°

ZP 4

Tel 546 14 55

Francisco Ochoa Batalla
CEPDUR

Cerencia de Construccidn
Calle Primera # 268

Col Jardin

I Matamoros Tamps
Tel 3 44 88

Victor Manuel Olarte Ramos
SARH

Slerra Gorda 23

ZP 10

Tel 5 20 38 50

Magdalena Padilla Guzmén
SARH
Reforma 107 5
México DF
Tel 592 10 31

o

Juan José Palacios Zapata
Constructora Apolo 5A
Benjamin Franklin 222-501
ZP 18

Tel 516 0198

Elefante 113 - 104

Col del Valle r
ZP 12 .

Tel 534 45 39

Nte 74 A # 3633
La Joya
México DF

Tokio 711-2
Col Portales
ZP 13

Tel 532 62 87

Qscar Wilde 29 203
Polanco

ZP 3

Tel 545 76 52

Tampico 27
Col Elecrricistas
H Matmoros, Ramps

Anaxigoras 44
Col Narvarte
ZP 12

(desg 700

Col Portales
ZP13

Tel 332 87 21

Edif C 25 Depto 53
Unidad Lomas de Plateros
ZP19

Tel 393 90 74
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34

35

36

38
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Silvia del Socorro Pérez Casas
ENEP Zaragoza

Calzada I Zaragoza y | C Bonilla
Col Ejército de Ote

México D

Gloria Pérez Gonzilez
Calle 313 # 254

Col Nva Atzacoalco
ZP 14

Fduardo Portilla Robertson
Despacho Roberto (Casas Aletriste
Durango 81-5°
ZFP 7

Tel 533 55 80

Luis Quezada Camacho
SARH

Reforma 107 5°

ZP 4

Tel 546 14 55

Agustin C Ramirez Gutiérrez
SAHQP

Constituyentes 495

ZP18

Tel 271 3000 Ext 127

Francigco Javier Rodriguez Avila
DDF

Sn Antonic Abad 231 5°

ZP 8

Tel 388 78 06

Guillermo Romero Chivez
SAHQP

Av Constituyentes 947 Edif A P A
ZFP 18

Tel 2 ?1‘30 00 Exr 123

Eric Saldiver peding

Carlos Sandoval Alvarado
PEMEX

Marina Nal 320

ZEP 17

(Cda Dr Joublanc 4 - 2
Tacubaya

ZP 18

Tel 277 36 83

Costa 98 C
Col Aguilas
ZP 20

Te] 593 00 57

Sn Juan de Letrdn 454 B 603
Tlatelolco
ZP 3

Valle del Mifio 42
Valle de Arapén
Fdo de México

Eten 619-1
Lindavista

ZP 14

Tel 754 43 69

Rfo Nazas 109
ZP 35 '
Tel 5 28 61 39

Alondres 35
Prados de Ecatepec
Edo de México
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47
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Rafae] José Salfn
IMSS

Centro Médico la Raza
Mexico D, F,

Tel 83 63 66 Lxt 2106

Celia Sdnchez Aguilar
Inst Nal de Perinatologia
Montes Urales 800

ZP 10

Tel 540 78 00

iJéctor Vinicio Santoyo Cortés
Morelas 50

Col Huizacha)

ZP 10

Tel 5 84 &4 20

Gustave Zarco Sdnchez
DDF

Plaza de la Censtitucidn
ZP1

Tel 510 15 94

Jorge Luis Sosa Pulido
Teléfonos de México 5 A
Pugibet 12 5°

ZP1

Tel 583 34 44 Ext 9646

Rodolfc Valenzuela Alvarez
SAHOP

General de Carr Fed
México 12 DF

Tel 519 65 93

Angel Yifez Herndndez
SARH

Ignacio Ramirez 20
ZP1

Tel 566 38 48

Londres 25-1 ; |
Col Del Carmen
ZP 21

Tel 689 04 98

Obrero Mundial 166 A
Col del Valle

ZP 12

Tel 543 24 25

Plaza de las Paloma s 40
Lomas Verdes

Edo de Méx.

Tel 393 1116 -

R Gaona Edif 87 A 301
Lomas de Sotelo

ZP 10

Tel 5357 72 14

Valle del Mexquital 168
Valle de Aragbn
Edo de Méx,





