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EVALUACION DEL CURSO

®

CONCEPTO

EVALUACION

APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS
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1.

2.

3.

iQué le parecil el ambiente en la Divisibn de Educacitn Contimua?

| MIY AGRADABLE

AGRADABLE

|

DESAGRATABLE

|

Medio de comunicacifn por el que se enterd del curso:

PERIODICD EXCELSIOR
ANUNCIO TITULADO DI
VISION DE EDUCACION
CONTINUA

PERIQODICO NOVEDADES
ANUNCIO TITULADO DI
VISION DE EDUCACION
CONTINOA

FOLLETO DEL CURSO

CARTEL MENSUAL

RADIO UNIVERSIDAD

COMUNICACION CARTA,
TELEFOMC, VERBAL,
ETC.

AN
K5

REVISTAS TECNICAS | FOLLETO AMUAL | CARTELERA UNAM “'LOS GACETA
UNTVERSITARIOS HOY' UNAM
Medio de transporte utilizado para venir al Palacio de Mineria:
ALTOMOVIL METRO OTRO MEDIO
PARTICULAR

4. JQué cambios haria usted en el programa para tratar de perfeccionar el

5.

curso?

iRecomendaria el curso a otras personas?

1 NQ







6. ¢Qué cursos le gustarfa que ofreciera ls Divisifn de Pducacifn Continua?

7. La coordinacidn académica fue:

EXCELENTE BUENA REGILAR _ MALA

8. 3i esti interesado en tomar alglin curso intmsivu ;,mm es ol horario
mis convendente para usted? :

FILONES A VIERRES [ LINES A LI.UE, MIERDOLES | MARTES ¥ JUEVES |

DE 9 A 13 H, Y | VIERNES DE | Y VIERNES' DR 0F 18 A" 21 H.

DE 14 A 18 H. 17 A 21 H. 18 A 21 H. .

(CON COMIDAS) |

VIERNES DE 17 A 21 HJ VIERNES DE 17 OTRO:

A
SABADOS DE § A 14 H. | SABADOS DE 9 A
DE 14 a 18 H.

21 H.
13Y

9. iQué servicios adicionales desearfa qus tuviese la Divisitn de Educacién
Continua, para los asistentes? .

10. Otras sugerencias:







%59 DIVISION DE EDUCACION CONTINUA
XEJ FACULTAD DE INGENIERIA U.N.AM.

INTRODUCCION A LA PROGRAMACION Y COMPUTACEION ELECTRONICA

INTRODUCCION A LA COMPUTADORA DIGEITAL

OCTUBRE, 1981

o de Minweria Calle de Tacubs 5 poimar plio~ México 1, D. F. Tel: 581-40-20  Apdo. Postal M-2385



COMIEHIC DE COMPLTADCEA

CRIETD

€| objeta de wirs Liave 1esefo whes I compotador rlecirnieon y i
maltiplar oplicocrone ol wevicio del hombes , a6 tooen e ol lackar une compheto u|=
160 de conjunto, mediorte  un lenguaje senciilo gue permite comprendsr concepfuel-

by lon bemey tiabadss, ol pecelldod 4o conacimivnioy pravied «#o o malalo.

Esporomos guer edl s pAQinas, muy +imples an oporisncia pera con protundo
cortenido, perm|lan, o guiknoes los feen, Tngresor o maravil keo meeds de los mdopeioem

oot ormdit i oo,

H T T

Fotw smfcr s llama Contrel. Trobeja en uno pegueda babika -
chin, Tiene 8 o digonicion uno miguing de cobtovlor que 1o -
o, retta, multiplies ¢ divide, Tiers fombidn a1 g Conbral +
wn archivg porecido al cosillerg que exishe on low Iremn pome—
eloficocién postal

bay, odemdi, pa o hebiiocidng, dos wentanilio idertileodo
ot penden Contefm: “Eriroda” y =Salide™.

EY wetor Contre] piene un memgal  or e indico como dabe -
dusmrvolvmie con ook o lemantos, 1i tlguier lepidegque = -

hogs wn Hobja,
===t —
[m| <t [azrod)
[ i |

Uno persona quiers sober el resulrads de un compllcedo cdlod o,
Pag dllo, merbe cdenode, precim y datallodommie, coda e
do Iin operociones q, B0 ool o, intsgron s cdleule, anare
coda [nsthwccidn alemental on una hoja de popel p colees todas -
los hejos wn ordan o la wandonillo “Enkreda”.

El rafir Coetrol, al var ks hojay, lew an su monvol que debe 1o
mor mat hola con inpruccione, e par wna, ¥ colocarla come
{allvaments s sw archlve, ¥ ol la hocs.

e tamr — o

—— e g I
lnrru;l] T ::;12:::-‘"""*‘-“1 T j harend |
"::] e

Ung vez vhicodm bodes lon nprucciond an ¢ archive, o cehar
Contral consulta nusvamants sl manual, AT s le indico que,~
o continuacifn, debe loma boinstrucelén de la cmilla Ty sjecy
rarla luego, (o de la consille } y wjscutarla, ¥ @l yucalwamants
hnta sjecutor 1o dime insrsecion. Algunos nstreccionie lnd -
corfe qua hay qua surer une gontidod @ ofra | intreochoree - -
arltmitiom ki otros, que ol refer Contrel debe Ir o jo ventanillc
"Eniroda® pare tasior olgin dote qua tervanga e ol cdbcuda --
{ [nshruceionss da "wntroda/alfda™ ), doto que la parscna que Te
Formuls wl problema habed colocode ya an dicha vemdanillo, en-
oo haje de popel.

Flrolmerts, ormos Instrcclons indicortn qua duba elegine uno
da waire dou oltamativas { inatruccione ligicos i por sjemplc, -
supongaomos quo una porte il cleuls - dasde la Ingrocelfn que
el lo cmillc 5 del orehlvo bowro Jo qua s an ko cillo 7
dabs ajscutorse 15 v e porges ¢l cirulo T o wxige .

En tel coso, Yo fnstruckiBn que mid a0 |o oo bHla 10 indigorf qua,
b lov posm 5 o 9 o hon sfecutods mencs de 15 vecet, se debs -
volver ol paso 5. Cwonde sx hoyon reclizede ke |5 repaticionm
y no onter, ol 1efor Conlrel seguird con ko instruccidn de lo co-
Hlla 11,



o |

Duaspubs de wincwtar lodoy D inssruc oo dal archiva, hogiendg ~
gen bo maduing du galcu’se bt operocione e «lles indicady, of -
tater Controd antrage, o Irovis de 1g vwrtonillo “Salida™, Jou resyl-
rodod cbienidal . . .y se uenlo g S OF o ALl iobaje .

LI I LT
L L C N 2T i YT
IF zr Je 1F T w2 5b X 24

N I".":TSJ*_E?_T!'TP'# x
L L7 -

Yo

Chsdreara gu b2 actuscidn dal Lefir Conirol a porammts macdico:

eibo iTgue bos Indicociome e by 2., 0 ¥ cumple g acerde con—

olln fon inefruccionm qua recilb B fravia o o verionilin "Enirinclg "

Tomo declslands, paro valamestecundy o e pefolon los nlpanativas
qua axiten ¥ con qul criterio debe wlegh una de yllm.

£1 tefor Coniral pusde resol-emo zpnlquise moblama, por complica
da que dte 1o, Pero pa ello debano [ndicarls poLt g pme, e la-
feama mdgn slemantal ¥ detallade, ladg o guer debm Wi wr pora seinl-
wirlo, in oheldomor absclutormuntes nods sogue, & cog, Bl s
#or Comtral ma soby fo conbinuet por 10 mijuma. -
Hoga wi Jov.. o prowbo de Formular wny problema quelquiers de mg -
de tal quy una pamEna que Re conozea radt acereg de eve e oolars
puada 1mokrarks sin necesided da hoce coraulios, Yiud qum e una-
Wi e b Lbaraman 11 ima

El mxquama Quat acoboeal de repratontor medionre ol Ao Controd s whe =
nentct o Wwabajo, eorrsponde sxdclomente ol mquema de funclonomients de ono com=
putadoro glachronica,

A continugsiGn prosantoremcs une beeve deieripcion de los elemanre: dy lo cam
pvtadora que correspandin o los elemantos  d probajo del sehor Coniral.

Lo wnhdodw dw Entrada | reprasentados por lo ventonlllo “Extrada™ ) -

Son a0 S computedorn, dspoilivos sapoem da bear informocion [ st uce lomm
4 Dotos ] con af objete de procworls, Exittan ung gron varipded de  alamanto de )
da, wite ke guvole fanpmcs

Torjetos de Cortuling y Cintes de Popel: Que won  parforods de monare

qwe cada peiforaciin rap menta wn nimere, wno fetra & un afmbals m-
peclal de acverde con un cidign predet emingds.
Clnts mogrstices: Corochdal comd Tvomorios sxrema™ tisnan 1o ven
Fija da pamitir alwacee ko inlormocion s forma mae covesmoda —
{ o roxdn de B0 a 2400 corocter s por pulgnda de lonplivd }y de v =
men valoces, yo qua pusden envior o recibir infarmaclin & ko inidod -
de conire] y veloc[dades qua van de 10,000 o 480, 000 corecterm por -
sagunda . Puwden |lagor o twne o T30 mode langitud,
[Hisgo sdagniétien | Tambidn :mocld:u Coma "Mamorla mm":-u oe-
! nral fimnmﬁ&;mmhndud-mm. rm;ﬁ;hlr
400,000 latron , wumwros, ¥ coracteres wspeclales, formands polabrs, -
cifrm, & ragistres completos ke psden grobor o leer o rmzdn de 77,000
o 3,000 carocrare por segunde ¥ v Hempo de accme a un regitha

aloanza v promedic de 40 mili-egunds,



Lo diterancio lepoianic enhee las cinta p  los oot o5 la giguieana:

En lo cintos 10t regicirod se grabon o feon secusnchalmante.

o low diseos 4w Hane “Libre Accaws "o un ragitire cunlquiaro, e for=
Mo inmediarg, pees coda registeo ke lacalira por Ly pesicidn fiico den-
fro det diaca, b

Lectors Optica dw Cotutfeves imprang . Plande fawr wn docwranis im -

P por wan mdquian de meribir, o por wng magquing de contabi| idgd
o por laimprescns de vng Covrptodoe o 0 W o o kdod e mm:n'ng
ered pir mingre

inidod de Reprmmntocion Vitwel : Bta uwidod da b fSalide sie

ve pora hocer eenjulion o o compuradorn, por medic de un Heclode de
maguing de maribir, ¥ Wtwar b rmpossts reflejada wn oo pequsda -
petallg de televinldn .

Lo imagan mr:: ltwmnda po hosta |7 reeglonm de honfo BT come et =

{ letta, rrumercs, § vignos s pecial s ) coda ura .

Wemu aqu’ ara Wnided de Reprosondacion oval, mér #voleelonada cus
lo ontarige, ha comunicnt fon homor = riiguing peede siiobivcwie an ellp
por madig de grélices, s dncir Qe o entraga y la aullda ge doros 12 he

com p madic de imogen s .

Cuanla wha wnidod pard =llo con un dispeitive con forme de Kz, que
limmg e panie uyd cilulo foloulgctrice. Ln delgade hot da luz oyt
o dererminade momaenle de un punte du 1o pantalia ¥ Jo récoms an for -
ma de zig-rng. 5 seopoyo o THpitt w cumlquier paichon du ba pon =
tolla, i célula Fotoalictrico detecrard an algin momenta &l haz de luz
Por wl 1iempa tronscurrice detde que ol bex de Jur comanzh e ok "
hasta gue fus Setectade, o computodore detaming & qud pUn o de o -
parshal ke s: angwant :Ip-n-rmifl sl "T-:‘ipi:.' .

Como &l btmide dura Ung Frocele de segunda ¥ v oealizm muchos bo -
trides pot segunda, by pueds “sicribic™ con #f Mg " scben la pantalhs
y ol dibuje Yngreto™ w0 la mimexcio de lo compuiading come ung SUCE -
sidn dn pontes sodifieados.

La gontolla -ﬁ.m,m:mr- diwidichy an 1,040,578 puntid, de mo - x
aerg que e pogzos que $ 5 obti s son précticomenta continu

Pusar bu s i purves, sfruchara, leteas, ndimeros ¥ cosbquier 11

po da grafico, ¥ ma infarmacin Ingre o avtamdticamente o ke computa

darg,

For ptra parts, Ioe rowd fodes dhien]dos por 19 computadors Hn reprmar

todos an 1o gantalla tombien coma cuweva, edros, wio., bafe commel - -+ i
: . .

dﬂpngrumulmc;-ndnmhm-;wh.' *

.Lpr_lnm hpticn de  Aagikcrirdh | Sabve nlguncs paguafas revtrfceione e !

cuanty ¢l for morg da bow  corocheres, asto wnidod posde e ™ documes
L
en pacritos por tualguier persmo y 200 cualguiar wjemplo o tna v o ded

apeaimada de X, 00 carocterm por LILIE .



£l regizhodor fanolizode Forogedfice v wio Unidad oe Enimada "Salido

de dertos qua realize I siguionien Funclone.

1} Rq;hlrn len rotulioden o la bump-nﬂdh\:r sobm i microfore
prafioe, mediors - un tubo de royee cotédicn, qua ingi-
den 1obrw uno palicudo Iptaprifion, ¥ cupa har electrd »
nice st gobamade por ol Progroma & lrocaneds . Lo -
 peliculo 3¢ reveln outomdifcamentes dantro de lo waided
¥ M vegpunces depudt aerd Jis o posp 1 proneectods .

2} Proywcta sabrs urn ponmalio ol fda Tas rrﬂl:mfn:u .-
grolion regisirodor .

3 Avallm imdpgen e epeadugldas en negot lvo tobre pelicu
o rowperenty, ke digitoliza ¥y ke trorsmite o lo Uni -
dad C-:rml de Procesanfer .

La palfevla wiltivods 1ienn 31,5 milimeiros de oncho 3 120 metrd o -
langlted. La Entrada v Salida da [médgene poads conality an latea, nid
o, £ jmtarbod, Ebujor, riRooe, mome, Corves, #ig. B uma mlog
forogra Na da 30,5 r|1rl11 X 30,5 qem pusden registrorsy basta 30, 400 e -
trou y nimmos, o haste 16777716 punta cormepond ente © {magerm |
La veloctdod de Ragistnclfng Andlls i1 w de 40,000 lstros, nomeros y -
wimimbot por wepundo, o s eguivelinte i 1 troho de Imdigees .
Waquna de Bicrlbir [ Tuleripe | . Les tnidede da alncc enami et o me
mewion [ Beprataitodn g ol orghivo d sefor Comirol! ¢ peeniten re -
gltrar loe lmrucclonss y oy dates pore rﬂ#lv.tr wnt problemo; antre a-

hod b P,

ket Anilles Mogretizantes  Evtos pusden mognetizono wn wn

umtide & en otro “Lecordonds ™ aki un | o un 0 reipactig =
menbe, Con 8 du .ﬁ.m antllca 5 formo uro paiciin da mams
rla, v bo cual pusde regis rone une letvo, un dipilc & wn :1
ricter wpscial segin la diitintas combinociones da anilla-
"En | "y "En 07, de ocvedo o un cédigo predeemioada -
Lo Memanlos g Filp = Flipa

Lam Cinton Mogneticos

Lou Dhecen Magnidt|con

g Wlmmﬁlw { repreartods por la méquing de cdlsular |

rpoliny los comlen oparor fone oriedticn .

Lons unfdodns de solide { repressstodes por 40 vantandlla "5allda” j

qus pumden ar :

Imprwsor ok

Memyuin de Bacribir { Telwipes )
Crobodaros de Cint ogrdi oo
Grbodores dn [Rscal Mogndd oo
Linfdod dw Repeusaringiéa Viwal
Nagintroder Arabizadaer Fotogrili co

Unidod da Respumsta Dzl con o cunl ko Camputedars pusde
buoblcn 4 rocky wl santide: de b polokea -

Lantiene uno Cinto mognetalinico an ko ol un locvior he
prabodo un dicciorario du e gron virkednd de polabres, e

cvalgd o Fellcamy .



Finalmante, un dispotitive elecirdnico de cormall reyrea wibads por o sefor

cantral } syudods de un progroma sipachal & Lillemo operative | repretentodo por ol ma-
nval dal whor Conrol 1, gobiema todoa bos operacionss dy tode bn wnidodel goe -

corponmn bo computodon.

habinnds decrite loy porres qua componen |a sompetodera podemees

mnclbrow al Liguieni ¢ segumnd o o 1erments

Frey iy
A, el
4L L
evroap _— kil
s [T HERTX [N plipa
At

CF en fwra méa rsUmido s

GO o KPR LANIDR D s
ENTEALA CENTRAL JAL10A

Tiendon :

¢ ALl EEIARAIETITCY
UMIDAD .
COMNTROL
CEMTHAL
I DISPOSITIVG ARITMITICO

Hames hoblodo htho phe manania de bo computodira elactdnicn dade al pn -
to de visto concaphuol. Duwanls lo dos COltimos Aicadm $# hon producida evonces tecaald
gicca mon wxtroording on an materis de elecinice qua la computodors ba sufride o
tranyFormac]nnm . Werwsmoe ghora cémo 1e ha  ide medilicands ko idea erigingl haka Hagar

o e mds modemos g istema de procesamianto de deton -

Lot primeras competodora tenlon tircultet con wilvulos de vacio. Lo -
tergm de oparacion 1n madion w gl w0 milisegnds { milEsime e
segundo | . Cuande aporecieran o tronahtores, ol diseto de los circwi-
bt ta majard notablemmte ¥ ko duencidn de lat aparecfonm e ko come
putodoros gue wilizoban eto "Tecnologia de Estada 38lide ™ ne midio -
wn microusguedas { méllornisina de segunds ] .
£l hachs du gue o1 nueven méqulnm futcon mile de vecos mén rdpidas =
que ks arteiorss oje oporejoda ln creociin de unidede de wtrada, LN
Tide y mmrcd ia sxtamd mucho mi veloo .
La invencidn du un fuevo Hpo de ramsler { “chip™ ] prosmed uno vanda
G revolucidn an los circuitos alecirénics y 1 procescs de (abricecion
sl nusvo al amenta s lon pequens qua o un dedal de costurg coben més
de 50,000 chips. Puede olsorvarte an  ba lipwa, marcedo con e cinge =
Lo, w circwilo complete boods & ssta nvesd “Twenalegio de Ligica =
SEldo™. Dwhidc a 5u leraRa, 1e lor denreing Sircyitol miceominiohur rodat
o micracir¢uibar. Lo thempor de operoclén e miden ohora wn nanalegun
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COMDPUTER S3CIENCE: A FIRST CULRSE A

Whar is an algorithm? An olfgerridon i a bist of mstructions
for carrying out some process step by step, A recipe in d cook-
book is an excellent example of an algerithm. The preparation
of a complicated dish 15 broken Jown into umple steps that
every perseil experieneed in cooking can understand. Another
good example of an algorithm is (e chorcography for a classical
baller. An intrigate dance is broken down ime 8 succession of
basic steps and posiuons of ballet. The number of these basic
steps and positions 15 very small but, by putting them together
in different ways, an endless varicty of dances can be devised.

In the same way. algorithms exccuted by a compuier can
comhine millions of elementary steps, such as addinens and
subtractions, into a complicated mathematical calculation. Also
by means ot algorithms, a computer ¢an contrel a manufac-
uring prowess or coordinare the reservations of an airiine as
they are received from ticker offices all. over the counry.’
Algorithms for such large-scale processes are, of course, very
complex, but they are built up from pieces, as in the example
we will now consider.

If we can devise an algorithm for a process, we can usually

do so in many diffcrent ways. Here is one algorithm for the
everyday process of changing a flat tire.

1. Jock up the car.

2. Unscrew the lugs.
3. Remove the wheel
4

. Iut on the spare.

Wl

Scraw on the lugs.

6. Jack the car down

We conld add many more details to this algorithsn. We
could include getting the materials out of the wrunk, positioning
the jack, removing the hubcaps, and loosening the lugs before
jacking up the car, for example For algorithms describing
mechanical processes, it 18 generally best to decide how much
detail 1o include. Still, the steps we have listed will be adequate
to convey the idea of an algorithm. When we get to mathe-
matical algorithms, we will have to be much more precise.
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Computers arouse curiosity in most of us. Articles in popular
magazines and newspapers, current books, and TV shows
hewghren this curiosity, but such sources cannot be expected
to present information in the carefully ordered sequences tha
is possible in a book like this. Whether you are drawn by
curicsity alone, or economic necessity, or both, conscientious
study of this book will help you to break through 0 a pew
level of undersianding about computers, their uses, and their
consequences.

Compurer science deals with people who have problems
to solve and with algorithms, the sclutions to these problems,
The soluions are expressed i special Janguages that represent
stored data and communicate to machines the mampulanions
that are (o be carried out on that data.

Each of these four clements {problem solver,-algorithm,
language, and machine) affects the others in interesting wavs,
For example, depending on its richness, a language can either
limit or extend our abiliry 10 express complex plans of action
effectively. And, depending on its capabilities (ie., its archi-
tecture), 2 machine can exccute some plans of action on certain
data representations more effectively than on others. The toop
of interaction closes when the problem solver changes the plan
of acuion, the language, or the machine architecture to suit his
purposc.

.This book intrexduces all four components of this inter-
action. Every chapter takes you around this “*four-cornered race
track™ and, with every circumnavigation, you gain a deeper
and clearer understanding of the interplay among the four
elements. You, of course, play the problem solver using a
compurct. To get the most out of this expericnce, laboratary
practice is almost indispensable. Bur, even if vou can't have
actual computer experience, @ careful reading of this book
should illuminate the computer science scene far better and
far beyond what you have previously perceived.
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A flowchart is a diagram representing an algorithm. I[n
Figure 1-1 we sce a flowchart for the flat-tire algorithm.

in the fowchart remind us of the buttons used to start and
stop a picce of machinery. Each instruction in the fowchart
is enclosed in & frame or “box.” As we will soon see, the shape
of the frame indicates the kind of inswuction written inside.
A rectangular frame indicates a command 1o take somne action.

To carry out the task described by. the flowchar, we begin
at the stant bumon and follow the arrows from box o box,
executing the instructions as we come to them.

After drawing a flowchart, we always look to see whether
“we can improve it. For instance, in the flat-ure flowchart we
neglected 10 check whether the spare was flat. If the sparc 5
flat, we will not change the tire; we will call a garage instead.
This calls for a decision between two courses of action. IFor
this purpose we introduce a new shape of frame into our flow-
chart.

D |

Tnside this oval frame we will write an assertion instead of
a command.

i

This is called a deeision bux and will have two exits, labeled

.
L
i
by

¢

e

e

J\\_ti-

) : T (for true) and F (for false} After ¢checking the truth or falsity

1 of the ‘asseriion, we choose the appropriate exit and proceed

10 the indicated activity. Tneorporating the flowchart fragment

e -pure on the left inte Figure 1+1, we obtain the flowchart in Figure
¥ 12

There is another instruciive improvement possible. The

L hgnge the bare [} s : : 7
‘ . Sl instruction ir box 2 of our flowchart acwzlly stands for 2

n number of repetitions of the samie 1ask. To show the addinional

t detail we could replace box 2 by a step for each lug:
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The awkwardness of this repeated instruction can be climi-
‘mated by introducing a Joep.

As we leave the box, we find thar the arrow leads us right
back 10 repeat the task again. However, we are caught in an
endless foop, since we have provided no w4y fo ger out and
g0 on with the next task. To correct this siation, we require
another decision box, as shown on the lefi.

Replacing box 2 of our flowchart with this mechanism and
making a similar replacement for box 5, we get the final result
shown in Figure 1-3,

Now that you have followed the development of the flat-
tire flowchart, try to devise one of vour own. In the aigorithm
of the fullowing exercise, vou will probabiy discover some
decisions and loops. There are many different ways of flow-
charting this algorithm, so many differcnt-looking flowcharts
will be created. '
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Prepare o tlowchart representing the olliwing recipe.
Mrs, Good's Rocky Road

Ingrodicnts:

1 cup chopped walnuts 4 wup evaporated milk

! pound block of baker's chocolate 4 cup com syrup

| pound of marstmallows 1 teaspoan of vanilly
cut in halves 4 pound of butier

3 cups sugar 1 reaspoon of salt

Place milk, com syrup, sugar, chocolate, and salt in 2 foor-quart
par, and cook over a high flame, stirring conseantly uatil the misture
bails. Reduce to medium Hlame and continue boiling and stirring until
a drop of svzup forms a soft ball in a glass of cold water. Remove

~ from the fiame and allow to cool for M) minutes. Bear in buttec and

vanilla undl thorouchly blended, S1ir in walnats. Distributz marsh-
mallaw kalves over the botlom of a 10-inch sgitane, buttered haking
pan. Pour syrup over the marshmallows. Allow o coal for 10 minutes.
Cur in squares and serve,

r

Now we are ready 1o examine sn algorithm for a mathematical
calculation. As a first example, wu consider the problem of
finding terms of the Fibonacer sequence:

ﬂ] ]? !'3 2’ 3! 5} B; 13, 21, 34!, 55’ .I. .

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

M+ 53 = 89

i

Clearly, we can keep on generating the terms of the sequence,
one after another, for as long as we like. But, in order to wnue
an atgorithm for the process (so that a computer could exerute
it, for example), we have o be much more explicit in our
LNSIrucHons.

Before subjecting this process to closer scrutiny, let us
review z little of the interesung history of this sequence. It
was introduced 16 1202 ap. by the Itzhian mathematician,
Fibonacei, to provide 2 model of population growth in rabbirs.
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His assumptions were: { 1) 1t takes rabbits one menth from
birth to reach maturity; {2) one month after reaching maturiry,
and every month thereafier, each pair of marure rabbits witl
produce another pair of rabbits; and {3) rabbits never dic,

One senses that this model 15 not completely realisue. Bur
the essence of mathematical modeling 15 {o start with a crude
model thatemphasizes the imporiant aspects of the sitwation
and suppresses less important’ informnarion. A more refined
model can be developed larer, profiting from the expericnce
with the crude model. Thus we nught eventually improve the
Fibonacei model by obtaining more accurate figures on the
birth rate, taking mortality into account, considering the limita-
tions of food supply, the effects of predators, disease, and
overcrewding, and the like.

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

-of a number of scemingly unrelated mathematical problems,

There is currcndy a published quarterly journal entirely de-
voted 1o the properties and applications of the Fibonacci se-
quence. -

Afier this long digression, let's see how the rabbit-pair
population model gives rise to the Fibonacei sequence.
Fibonacci starts with one pair of newbom rabbirs at the begin-
ning of month one, and he then lets nature ke its course,
This is shown in Table 1-1, which we now explain,

Beginning of
Month ! 2 3 4 3 i} 1 8
Infant rablbir paics 1 el ¢l w22 23 w5 B

Mature rabbit pain 07 107 ¢

Toral eabbil pairs I 1 2 3 5 8 13 2

Look at the arrows in the table. The number of pairs
of infant rabbits in any month (after the first) is equal 1o the
number of pairs of marure rabbits in the preceding month
[chom*]itiun 2w the Fibomacei model), This explains the green
arrews. In each momth after the frst, the number of pairs of
mature rabbuzs will oqual the wtal number of rabbit pairs in
the preceding month (condition 1 in the Fibonacci model). This
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explaing the gray arrows, Following the arrows, we see that,
from: the durd month cnward, the 1otal in any month is the
sum of the wotals in the nwo preceding months. Thus the rabbit
papulation model generates the Fibonacct sequence except for
the nitial 2ero, which can be ken as the otal pumber of
rabluts in month zero.

Eliminating the reference o rabbins, we can tabulate the
calculation of the terms of the Fibonacei sequence in Table
12 -

Tragrally 1ake 1he nese-
lates] bt (o L
and 1he Lifed Lerm 1z
be |

{ N
Find I s of he fatesl |
lerre 20d el pext-faresl

|_1t i
i 1
I hit sy ay gredter YT .
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.”r . ¥ &

—] Wrirg : !
Nuw Jdemol- e l23es) Bcnhm 1h::];':::m
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Sugwr f2T 1w i ot
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Wext Lagest lLatesy
Term Tetm

2 142 =
.-""'f
2 .-} + 1=
37 -5 +5 =8

the new latest erm.

Let’s constnxt a fiowchart for fAnding the first term to
exceed 1000 in the Fibonacci sequence {Figure 1-4).

After going throush the loop of flowchart boxes numbered
210 5 encugh times (it happens 10 be 15 times), we evenrually
emerge from box 3 at the T exit and procecd to box 6 This
box is'seen 1o have a diffcrent shape because it calls for a
different kind of acuivity-——that of writing down wur answer,

o 13 +13 =2

We can sce that 1a cach swp the latest term gets “de-
moted" 1o the role of next latest teem and the sum becomes

16

The shape 15 chasen so as to suggest a page torn off a line”

printer, once the most common of computer cutput devices.

{735 63]

{a) Suppusc in the Rbbit problem we had started in menth one with
one pair of infam rabbity and thres patrs of moture rabbics, Make
a table similar to lable |- 1 10 show the state of the populstion

ever the first eight months.

{b) How would you medify the flowchart of Figure 1-4 so 25 10
generate the first rerm of Uus modified sequence greater than

10007

Repeat Problem 1 with three pairs of infant rabbits and ong pair of

mature rabbits.

{a) For the Fibomiow sequence in Table 1.1, calculme from month
two throush meth twelve the ratio. r, of the oty number of

-
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rabbits m the current month o that in the preceding month

17 Express cach mane as a decimal and «arry wur the caleglation o
the nearest thousandsh,

{b) Express in your own words whar scems to be happening to these
ranos,

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

{d) What relationship bevwecn the ratio r and its rocipriscal 1/ scems
to be becoming more and more true? Express this relatonship
as an cquation,

() I this relationship held exactly, what would be the exact value
of r¥ That is, solve the equation {or r.

4. Repeat Problem 3 using:

(2} The table in Problem 1.
(b) The wble 1 Problem 2.

1-3 The algorithm of the preceding section can be expressed in

. SIMPLOS, a much simpler notation that is, at the same time, mare nearly
conceptual model - - " acceptable by a computer as a set of instructions. To do this
of a computer we must introduce a conceprual model of how a computer

works. This conceptual model is so extrzordinarily simple that
we will call it the SIMPLOS computer. It is amazing, but uve,
that such a simple view of how a computer works is completely
adequate for this entire course. We will present a more realistic
picrure of a compuier in later secuons of this chapter.

Varizbles In computing work, a zarfable is a letter or a string of lewers
: ' used to stand for something. For now, this “something” that
a variable stands for will always be a number. (As we progress
through this book, we will take an ever broadening view of
the sort of thing a variable ¢an stand for.) In the formula

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

DIST, RATE, and TIME are variables.

Al any particular time, a variable will stand for one parue-
ular pumber, called the value of the variable, which may
Chunge frem time to time during a compuung process, The
value of a 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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cach variable a sterage box. On the top of each box there is
a removable gummed sticker with the associated variable in-
scribed on ir, and inside the box there is a surip of paper with
the present palve (or cwrrent value) of the variable written on

.it. The variable 15 a pame for the number that currently appears

inside,

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

To summarize, the date sterage of a computer 15 o be
thought of as subdividable into 2 number of information con-
tainers or boxes. Each such storage box may be given a mean-
ingful name (sticker), and each may be given (assigned) 2 value.

Some people view a computer as an elcetronic and me-
chanical system having a data storage similar to that just de-
scribed, 2long with a number of other interconnecied units or
modules, each with a spectal set of functions that, when acu-
vated appropriately, carry oul algorithms. Figure 1-6 is one
way to depict the organization of such a computer system. If
we were to pursue the explanation of this system according
ta the module view, it wpuld be necessary to define the tunc-
tions of cach module and explain the sigmificance of the ar-
rowed lines into and out of each box. But it would also be

" reoscsns ¥

Lol wmt } & i Duiput upie

il;lﬂ Reader Asgrgner
ill'::lﬂ-' umr 17114

'

Ll siarige
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necessary to bring the diagram 1o life by explaining the action
sequences that occur in which each module serves the needs
of the others so that the overall effect is 10 process informarion
{i.e., to compute} in the desired fashion,

A second way o view a computer is o picture the active
medules as robots working as 2 team. The actions of cach robot
always folidw a fixed pattern, according © a ser of rulatively
simple rules. Wy shall take this view in our conceptual model,
SIMPLOS.

We visualize a computer as a number of slorage boxes together
with a stff of four robots—the Alaster Compurer and three
assistants, the Assigner, the Reader, and the Sticker Affixer. All
these components are quartered 1n one room, isolated from
those who will use the computer. :

The Master Computer corresponds 1o the control and
processing unit in Figure 1-6. He has a flowchart on his desk
thar sets forth the instructions according to which he delegates
certain tasks o his assistants (Figure 1-7). “INotwe that the dow-
chart corresponds to the information kept in the program sterage
module of STMPLOS.” '

Maatet Cam s ber

To see how this team operates, let us suppose the com-
puter”is in the midst of executing the Fibonacci sequence
alzorithm of Figure 1-4. One of the instructions in tus. alge-
rithn was: - l

"

Finch 1he wam of the
hitesl lerm and 1he
i mex Haledd Tonm

'
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In a simplified flowchart notation, this instruction will rzke the

form:

1
SUM = LATEST + NEXT

Inside this flowchart box we find an assigrnent statement.
Reading this statement aloud, we would say, “Assign 10 SUM .
the value of LATEST plus NEXT," or more simply, “Assign
LATEST + NEXT 0o SUM."” The arrow pointing left is
called the assignment operator and is to be thought of as an
order or a command. Recrangular boxes in our flowchart lan--
guage will always contain assignment steps and will therefore
be called assgmament boaes.

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

EUM + LATEF] + NEXT

He realizes that he needs to know the values of the varia-

"bles LATEST and NEXT, so he sends the Reader out to fefth

copics of these values froin storage.
The Reader then goes and finds rhe storage boxes labeled

s,‘?

-

>
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LATEST and NENT. He reads the values of these varjables
through the windows (Figure 1-8), jors down the values, and
carries them back to the Master Computer (Figure 1-9),

Master Compuier Rewder ASSEnET Socker A Moor
FIGURE 1-9
. The afaster Computer receives The Masier Computer compures  the value  of
the copy. LATEST 4 NEXT using the values of these. variables
: brought to him by the Reader:
8413 =2

What does he do with this vajue?
The Master Computer now looks 1o the kft of the assign-
ment arrow in his instruction.

SUM » LATEST + NEXT

He sees that he must assign the computed wvalue of
LATEST + NEXT, namely, 25 w© SUM so he wrires “217
on a slip of paper, calls the Assigner, and insoucts him to
assign this vaiue to the variable SUM.

The Assigner goes 1o storage, finds the box labeled SUM,
and dumps out its contents {Figure 1-10). Then he places in
the box the slip of paper coniaining the new value, closes the
hd, and rerurns w the Masier Computer for a new task,

In other words, assignment is the process of giving a value
to a variable. We say that assignment is destructie because |t
displaces the former value of the varizble. Reading is non-
desiructive because the process in no way alters the values of
any of the variables in storage.
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Amigner

H |

$IGURE 1+10
The Assigner émptying a
storage box and refilling it

A BT, TUAT

A

In Figure 1-11 we present the entire fAowchart of Figure
1-4 in simplified fAowchart language. The old and new fow-
charts are placed side by side for easy comparison,

The translation reguires very little explanavion. I should
be obvious that the statement in box ! on the left 15 cquivalent
to the two starements in box ! on the right. The new version
of box 2 has been discussed in detail.

We see that the two statements in boxes 4 and 5 of the
old flowchart are compressed inte one box, box 4 of the new
flowchart. This is permissible whenever we have a number of
assignment Katements with no other steps in berween. How-
ever, it is very important to understand that these assignment
statemnents must be executed in order from top 10 bottom, not
i the oppositc order and not simultanecusly. The order in
which things are done may be extremely important

You can sec that the statements in box 4 involve no com-
putation but merely change the values in certain storage boxes.
This sort of activity cecurs trequenily in flowcharts.

In box 6 of the flowchart we see only the word SUM.
The shape of the box {called an ourpur dox) 1ells us that the
value of the variable SUM is to be written down or displayed.
If, in some other algorithm, we wished to write down the values
of several variables, we would list these variables in an output
box separared by commas, as illusirated on the left,

We will now deseribe the duties of the Sticker Aflixer.
We consider thar the comnputaiion 15 begun by the transmittal
of a flowchart to the Master Computer. The first thing the
Master Computer does is to scan the flowchart, making @ list
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of all the variables used. In the case.of the Fibunacei sequence
ffowchare of Figure 1- 114, this List would have the form

NEXT
LATEST
SUM

The Master Computer hands this iist to the Sticker Affixer,
who now springs into action. He inscribes cach of these vana-
bles on a sticker, goes to a bin of unlabeled storage boxes, and
slaps one of these stickers on each of three boxes {Figure 1-12).
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FIGURE 1-12

Sucker Affixer at work.

Tracing the Flowchart

" Now the instructions in the flowchart are exccuted untl the

instruction is reached. At this juncture, the Master

Computer directs the Affixer to unpeel 2!l the labels and throw
themn into a recycle bin.

To understand better what our flowchart in Figure 1-114 docs,
let us ace through it, executing the steps as the Master Com-’
puter and his assistants do them (see Tzble 1-3).

In this trace, for ease of reading, the values of the variables
are reprocduced only when assignments are made 10 them, In
between such steps. the values of the variables do nor change
and therefore have the most recently recorded values. For
example, in step 33, where a (o5t is performed, the values of
the variables are

NEXT = 35, LATEST = 85, SUM = I#4
In step 31 the values are
NEXT = B89, LATEST = 144, 50M = 144

You can see that in step 48 in the execution of our algo-
rithm we finally leave box 3 by the frue oxit and pass on to
box 6, where we ourput the answer, 1397, and stop.

The vner simplicity of pur concepual model avoids and
removes cortain pidalls, There is an ever-present Jdanger of
thinking of assignment as equality or substizetion. {We will say
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TABLE 13
Tracing of the Fiowcnat of Figare 1+114

Step Flowehart Volugs of Variahles - True
umbe Hox Pt o
umer Number NEXT LATEST SUM Fadse
1 1 0 1
2 2 I
3 3 | 3= 1000 F
4 4 1 1
5 2 3
[ k! - (L3 F
7 4 L 2
8 2 .
Q 3 ) 3 > 1000 F
10 4 2 3
11 2 5
12 3 5 > 1000 F
13 4 3 5
14 2 8
13 3 § = 1000 F
16 4 % a
17 p 13 o
I8 3 13 > 1000 F
19 4 & 13 .
0 2 21
21 3 21 T» 1000 F
22 4 13 21
23 2 34
24 1 34 1000 E
25 4 il 4
26 2 55
i 3 55 S» 1000 F
- 28 4 M 55
29 2 B
30 3 . 89 = 000 F
M 4 55 ) &9
32 2 144 -
33 3 144 = 1000 F
M 4 B9 144
L 2 233
3 . 3 ) 233 > 1030 F
EX) 4 144 3
18 2 377
» 1 177 > 000 F
4“0 4 233 37T
4] 2 610
42 3 . s10 3 1000 F
43 4 377 610
44 2 O87T
45 3 : g37 > 1000 F
46 4 610 987
E i 1597 ﬁm“
1597 > |
o 3 > ¢ T
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more about this later.) This and other potentizl sources of
confusion, such as the effect of a certzin 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 and assigning values to variables is 10 make somae

f
storage boxes and, with some friends, work through several
algorithms as described in this section.
XERCISES 143 1, What is the «ffect of changing the order of the two assignment 3tate-

ments in box 4 of Figure 1:11& so as to appear as seen below?
1ATEST = 51
MEXT - LATFST

‘

Trace through the flowcharr with this medificativa until you find the
answer.

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

A+ B and B+~ A !

find the missing numbers in the table below.

Yalues Bofore Assignmonn Valuesw After

Esxecution o Tu Be Exccution of
Assignment Cxocured Avsignmen:
A B A E

7 13 AR ? ¥

7 13 B+—A ? ’

(bj In which of the 1wo cases is it true thar A = B after assipnment?
(c} Are the clleets of the 'two assignment statciftenis the same or
dilferents

3. Modify the fivwwehart in Figure 1-118 so0 as to carry out the algorithm
of Problem 1, Exercives 1-2.
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4. Madily the ftowchare of Figure 1-114 %0 15 10 cutpul each term of
the Fibonacel sequenec stacting with the third (1 ¢, omn the imitial
O, and 1) : _

Revise the flowchart of Problem 4 1o c2leubare the ratio, r, of LATEST
e NUXT (a5 calewloned in Problem 3a, Hxercises 1-2) and outpur
this ranio {as well as LATESTY at cach step.

Pl

6. Revise the flowchart of Problein 5 ta calculate at each step the recip-
rocal of r, Add this value to the output list.

1-4 Imagine that you arc a bookkeeper in a large factory. You have

inpuisoutput _ records of the hourly rate of pay and the pumber of hours

worked for each employes, and you have to celculaie the week’s

wages, Of course, this can be done by hand, but assume there

are pearly 1000 workers in the plant, so that the job would

he quite tedious. Naturally you prefer 0 have the computer

execute this task for you, but you will have to devise a flowchan
to convey the instructions to the computer.

How will the hourly wages and the hours worked come

into our computation® Must cach new value of RATE and

" TTME be represented by a separate assignment box? This 13

certainty a possibility, but it would require thousands of fow-

chart poxes—a most undesirable state of affairs. This unpleas.

ant pecessity can be eliminated by using the concept of fnpur.

E:I We now introduce a new. shape of frame, the inpur box,

" inte the Aowchart language. The input box has this shape to

“suggest 3 “punch card” (a frequently used input medium, but

not the only one), Inside the box will appear a single variable
or a list of variables scparated by commas.

What happens in our SIMPLOS model when the Master
Computer encounters such an instruction? To answer this
question, we must endow the SIMPLOS model with an addi-
tional feature not previously needed (Figure 1-13). SIMPLOS
has a conveyer belt (catled the input beft) that carries ships of
paper from outside the room into the environment of the com-
puting staff. On the outside end of the belt the “user” or
“programmer” (who is not a member of the computer staff}
places these slips of paper, with values written on them, on
the convever bejt in the order in which he wanrs them to be
used.

RATE, TIML




FIGURE 1+13
SIMILOS with Tnpur belr,

RATL. TIME
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When the Master Computer comes to the fnﬁut instruction
he does the following.

1. Sweps on a treadle running the conveyer belt umil the next
slip of paper comes withun reach.

2. Remove his foot from the treadle, siopping the belr

3. Takes a slip of paper from the belt 2nd_hands it 1o the
Assigner with instructions o assign the vulue thercon  the
variable, RATE, '

When the Assigner relurns from this task, the Master
Computer repeats the above process, bul this time tells the
Assigner 1o aisign the new value w TIME. When this is done,
the Masier Computer jollows the arrow in his flowchart to the
next ipsteuction.

We sce that an input box is 2 command to make assign-
mes, bug this comnrand 15 ¢ssentially different from that in
an assigmnert box. In an assignment box the values 1o be
assigned are to be found in computer storage or are computud
from values already stored, whereds with an input box the
values 1o be asizned are oblained frem outside the computer.
No calcutation w5 called for in an inpur box. Moreover, the
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sahies to be input never appear in the flowchart itseif. Onaly
the varigtles to which these vatues are (o be ussigned appear
in the input boxes of the Nowchart. '

I an actual vomputer (oot our conceptual onvy the dis-
tinction between the two Kinds of assignment need not be so
sharp. Assignmenes called for in an input box wsuatly invelve
come mechanical motion such as transporting a punched card
or other unit of recorded information past 4 reading station
where the coded contents may be copied. But to gain speed
the data cften are transported into a special seciion of storage
called an 1nput Eu_,{j"er, well before the data are actuaily ocaded
bv the executing algorithm. In this case, when the input step
‘s execuied, what actually happens is that dara vatues are simply
copied at clectronic speed from storage buxes of the input
buffer to storage boxes of the variables that are specified in
the input swep of the afgorithm. .

Now let’s sce how ta use the input box in our hourly rate
and payroll problem. Shoutd we input the data from all the cards
hefore we starl our calculations? If so, we would need a great
many storage boses i which to store all these data. Instead,
we will calculate the wages after each data set is read. A
description of our methed 15 as follows.

COMPUTER SCIENCE: A FIRST COURSE

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

2. Multiply the RATE by the TIME to get the WAGE.

-3, " Qurput the values of RATE, TIME, and WAGE.

4. Rewrn to step 1.

In the flowchart of Figure 1+ 14 cach’of the first three steps
of the shove list appears in a similatly numbered box. Step 4
is represented by the arrow returning from box 3 to box 1.

You may. wender why the flowchart does not have a stop
button. SIAPLOS always terminates execution of an algorithm
when an input step is being executed, and the input belt con-
tins too few values to march the variables in the inpul box.
Execution of the payroll algorithm will therefore always halt
after the last rate, fime pair of data values has been processed
and contro! once azgain reaches box 1, where it is discovered
that the input belt is ermpty. .

It will also be uscful o visualize output in 3 similar way.



23

Cuipul belt

ALGORITHMS AND COMPUTERS -

The three ayusisnts

—_—

iy

= | §®§
chanl Iw]

' 1<

[saf [s2] (2 [ork

5]
&l

=74

. (!) Input belbn

FIGURE |- I3
SIMPLOS showing bath belns,

~ We endow SIMPLOS with a second conveyer belt, the ourput

Riecords versus Streams

belt, This belt runs eut instead of in and runs continuouslv—is
needs no treadle, Fach time the flmwchart calls for output, the
Master Computer writes the proper value on a slip of paper
and drops it on the euipur belt, which carries the slip through
the wall to the outside environment of the user. & view of this
situation from the top is seen in Figure 1-15.

Our conveyer belt model of input-output supzests that data
velues move as a stream intto and our of a computer system.
Although in actual computers this is not always strictly the
case, the anulogy nevertheless is quite close. To pursue this
idea let us consider the punched card reader, one of the most
common fnput Jevices on actual computers, First, a sequence
of data values is punched on cards. The cards are then placed
in proper order in the inpur happer of the card reading device.
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Usually the card deck 1s placed face down so that the buirom
(first) card in the Jeck is the first one to be read, Each time
more input data are required, another card is drawn [rom the
* bottom of the deck and its contents are read, either electro-
mechanically or photo-optically, Once read, the card is dropped
into an exiput stacker and thus discarded.

Curd deckomy

Reading

Inpal happer

The infermation contained on a single punched ¢ard
- need not in principle be limited w0 one value, For example,
depending on what a program 15 designed to expect, an 80-col-
umn card may contain up 1o eight 10-digit integers or up
twenty 4-digit intcgers.

L23450 78I 2340675701 23436 2501 34 o7 01 23456780 23S0 7 UM L 22426 /OIN1 234 56/
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When preparing data cards one is always faced with the
decision of whether w utilize their capaairy fully or to punch
on each only the values required for the execution of one inpat
step in the algorithm. The latter choice, zlthough somewhat
wasteful of card space, makes the data ¢ards easier to check.

QOur pavroll problem provides us with a case in point If,
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for convenience in locating data preparation crruﬁ"., We resirict
the contents of cuch card o one rafe, &ime pair, then cach time
box | 1s executed, one and only one data card will be drawn
off the input deck, read, and discarded. We could be mare
wasteful and punch only one data value on each card. Then
successive cards would contain Arst a rate value, then a time
value, and 50 on. In this case, each execution of box | must
cause feop data cards to be drawn from the deck and read, and
the znalogy between the inpur conveyer belt and the card read-

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

Computer hits the foot treadle 1o bring in one data value, the
actual computer will signal the card reader to draw off one
card and read i1

The analogy 15 less apparent if we allow the data cards
o contain more than one rate, fime pair and if we expect the
pairs 10 be considered in rurn during successive executions of
box 1. In this case, box 1 can no longer mean “read & card”

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

the pext datz pair in the deck. I the next pawr cannot bath
come from the cureent data card, then draw off another card

_trom the deck and read ir, If, on the other hand, there is at

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

We see, therctore, that using an inpur buffer guaranices
that each data pair in the sequence will be processed in murn,
no matter how many pairs are punched on exch data card. None
will be missed or skipped over, It is in this sense thar the stream
analogy 15 preserved even though the sequence of data items
is grouped into arbitrarv-sized card records.

The SIMPLOS model is a primitive machine. It has only
stream-oriented imput and output. After values are placed on
the conveyer beir to be ourput and are carried to the outside
environment of the user, how are they displayed? We certainly
are aware that in acwl compurter systems all values are prinied
or displayed on 2 sereen in some sort of “format” with a

|
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Importance of the
Concepruzl Model
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particular number of columns, but the only fuct we are iner-
csted in with respect o STMPLOS s that the values o outpur

When it comues Lo interpretng ouput beses of a Nowchart,
the situation is somuewhat ditferent. The output box on the left
15 considered to be a command w pnint the current values of
the three vanables, RATE, TIME, and WAGE on one fine.
(11 1he list won’t fit on one print hne, more lines are used.)
Furthermore, if the same ourpur box 1s execuied again, the next
set of three values will appear on @ new line below the first
set. If the three variables appeared in three individual boxes
insiezd of in one single box, then each would be printed on
a separate line. Thus cach execution of an eurput box is con-
sidered to begin printing a new line.

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

study, $0 much artention has been given o 3 conceprual model
of a computer and its details. Can uny moded, especially this
one, which seems so simple and ar the kindergarien level for
some readers, be that important or thar valuable to us? You
mav develop similar doubts abowr the value of flowcharts as
you proceed [urther,

The model and the Howcharts we Jevelop are absiracrons
of real machines and of real computer programs. Once we sce
the connection between an abstraction and the concrere of real
thing, we can often gain more understanding of the real thing
by smudying and manipulating its abstrect counterpary So, high
on our hist of priorities shonld be an anempr 10 understand
and appreciate the connections botween the abstract and the
concrete. For example, in the next scctons of this chapter we
cxamine how an actual compurer is crganized and how it
works. Thereafter, it will be casivr 10 see why the conceprual
maodel, no matter how silly it may have first appeared, is a
very useful, simplified view of a real computer. Likewise, just
as 00N as we Iy o write and test actual computer programs,
we shall see thar the flowchart gives us a simpler hut more
reveahing way to think about computer programs for most
purposes. o

Expenicnce has taught us thar problem solving with com-
puters is very effective if we can work first with a simplified
model of a machine and a simple descriptive algonthmic lan-
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guage in which 1o expréss our problem solutions. Then it js
comparatively ¢asy to map these solutions over to programs
Written in some convenient programming language such as
BASIC, FORTRAN, ALGOL, or COBOL, so that the pro-
grams ¢an be executed on some real, convenient compulet.

Modify the flowchart of Figure 1-14 to provide for an overtime
feature. All hours in excess of 40 are to be paid at time and 3 hall,
You will have 10 place a decision box somewhere in the flowchart
(o determine whether the worker actually put 1n any overtime. The
formula by which his wages are computed will depend on the oorcome
of this resl.

Now we are ready 10 examine how our conceprual model of
a computer can be realized in an actual machine. For the first
25 years of modern computer history (194% 1o 1974), nearly
all actual machines were buit foilowing a more or less sterco-
typed patern suggesied by John Yon Neumann (1903-1937).
A prototype machine following this pattern is discussed in this
and following sections. We will call it SAMOS. SAMOS s
a very simple machine; that Is, it is stripped down 1o the bare
essentials. Some features of its operazion are described in con-
siderable detail, while others are glossed over, The program-
ming of SAMOS is described briefly in Section 1-6 and in
more detail in the Appendix, the purpose of which is to help
the reader see a closer connection berween language for ex-
pressing algorithms and machines that excoute them.

It would be loolhardy o assume that SAMOS-like ma-
chines are the “be all and end all of computers,” since the
architecture of cumputers is still undergoing rapid change, For
this reason, aspects of two other machines are discussed bricfiv
in this book. One machine, cailed BITOS, 2ppears later in this
chapter; 1he other, called POSTOS, is considered in Chapter
8. Each of the three machines exhibits certain distinct charac-
teristics for the imglementation of our conceprual mode!, SIAL-
PLOS.

SIMITLa by T T e = Uonep it o]

SANOS RIS FUSIOS » ™2 — Al FackIoss
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’ In order te study this book it is uselul, although not essen-
tial, w gain a good understanding of how an actual computer
works, We sugpest thay vou read once through the material of
the next wo sctions witheut Akemplng o masier it As you
work exercises that relate to SAMOS, or have occasion to study
SAMOS in the Appendix, you wili no doubt come back to
the nuxt Two sections for a more careful study.

1-6 How arc all those storage boxes of SIMPLOS reatized in
"SANOS actual practice? The storage of acrual computers s built of
¢lectronic components in a variety of wayvs and with a variety
of materials, Here we describe one way that @ SAMOS storage
can be builr.

Core Storage SAMOS storage, packaged in a rectangular bow, s an arrange-
ment of tny magnetic doughnurs as stnall as 1/40 of an inch
in diameter. These doughnuts arc called cores {Figure 1-16).
The cores are laid out in 6] horizontal lavers or trays called
corc planes. On each of these layers, wires are strung evenly

@ 111 two directions like the lines on a sheet of graph paper, There

are 100 wires in cach direction. At each point where two wires

eross, the wires are threaded through a core, like the thread
FIGURE 1-16 passing through the cye of a needle (Tigure 117} (Still other
A mamelic core wires are threaded diagonatly through cach core within each
plane. Their function is not important to the discussion thar
tollows, and they are therefore ignored,)

Figure 1-1§ is a picrure of a core plane from an acmal
compurer built in the mid-1960s. Since there are 100X 100

rossings in each SAMOS core layer, we see that there

are 10,000 cores in cach <core plane and  hence
61 X 10,000 = 610,000 cores in the entire SAMOS store
{storage).

These cores are capable of being magnetized in either the
clockwise or the counterclackwise sense (Figure 1-19). Because
of this 2 ¢ore can store information. We could thiok &f clock-
wise magnetization as meaning “ves' and counterclockwise as
meaning “no.”-We will instead think of clockwise as standing
for 0" and counterelockwise for 1" In any event, the infor-
mauon contained in the magnetization of a core is the smallest

FIGURE |-17
Where TWE wires aoss.
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unit of informalion and is called a fir of information. We sce
that one core can store one binary digit, 0 or 1, but a collection
of cores can store a very large number of bits. We wil! discuss
this-idea later, alter a digression on how the cores ger their

= I
/_\_ A \] magnetism.
s W M 5 First, vou must know that a pulse of cleciric currem

moviny along a wire generales @ magnetic Aeld running aroond

the wire, as shown in Figure 1-20. The strength of the inag-
FIGURE 1] neric fteid B strongest near the wire and dies awa} a5 We mrve
Magnetization of cores. further from the wire.

FIGURE 1-20
A maymetic ficld rawlting (rom
a pulse of elocirw current.

If the direction of the current is reversed, the direction
of the magnenc feld is also reversed (Figure 1-21).



Houve: 1-21
Reversing the direction of the
magnetic field,

FIGURE 1-22
A cort in 1 magnetic held.

FIGURE 1:23
A row of cotes in & magnetic
ficld,
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Thus, when a pulse of current passes through a core, the
core will become magnetized in one direction or the other,
depending on the direction of the curreni {Figure 1-22).

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

if the pulse is oo weak, the direction of magnenzation of the
core is only tempararily altered, and afrer the pulse of current
has passed by, the core merely rerurns to its former magnetic
condition, whatever that was, .

Cn the other hand, if the current is swrong encugh, the
core remains rmagnetized 10 the sense established by the direc-
tion of the current, regardiess of the former magnetic condition
of the core, The situation is analogous to wying o throw a
ball from the ground 1o the flac reof of a building. If you have
enough power in your throw, the ball will land on the roof;
otherwise it will bounce against the wall and fall back to the
ground. )
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FIGuRE- |24
Doubling the magnetic held
the wire cTOS4ng.

SIMPLOS and SAMOS
Stores Compared
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The strength of the pulses-is carefully regulated so that
one pulse is not sufiicient to permanently magnenhize 3 <ore,
but two pulses acting simultanecusly will exceed the threshold
strength and result in permanent magmetization. Thus, pulses
passing along two of the wires (Figure 1-24) will permznently
magnetize just the one core that is located where the wires
CTOSS. ‘

Let's lcave the individual core planes and consider the entire
store of the SAMOS computer, composed of the 61 core planes
(Figure 1-23). Each vertical column ef 61 cores constinues a
computer rord. Thus, the storage of the computer 1s composed -
of 10,000 words. These words have addresses that ave four-digit
numbers from 0000 to 9999 and, like bouse numbers, the
addresses identifv the words, Each of the 10,000 dots suggested
on the top of the box is the wop of a vertical column of 61
cores (or 2 word). The method of assigning the addresszs is
indicated in the Agure.

. Euach of these words correspends 1o a storage bax in our
conceptual SIMPPLOS model. For each variable in the How-
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chart there is 2 SAMOS word with a definite address. The
word contains a certain pattern of bits determined by the direc-
tions of magnetization of its cores and representing the value
of that variable. “Assigning a value 10 a variable” is eifected
by putting a certain pattern of bits into a word {Figurc 1-26).
When we say “the Master Computer wils the Assigner
o assign the value 1597 (o the variable SUM,” what aciually
takes place is this. The variable SLiMM is represented inside -
the machine by means of its address; suppose it 1s ¢103. Now
all the 61 X 2 = 122 wires passing through cores in the word
addressed 0103 are ¢mergized with pulses of current n the
proper directions so as to achieve the pattern of bils represent-
ing the number 1597. In a modern computer this assignment
process ¢an be performed in a fraction of 2 microsecond; 2
microsecond is a millienth of a second.
Characters In the binary system of rf:pres:nt:‘iﬂnn; a numbsr such as 1597

is coded as z string of 1's and U's, for example;

ttogotl11t01
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intersect at that core. The . X{_

diagram tlentifics the wire
pairs that rust be sclected to

::;T,: E:jf;:g:lﬂ? the . For SAMOS any swring would be preceded by a swring of zeros

to fil! out all the bit posinons of the word of siorage. While
. - numbers are coded in binary form in many computers, binary
1s certainly not the only choice. In a machine such as SAMOS,
for instance, computation is carried our in the decimal sysiem,
which means that bir patterns in a word of sworage must be
coded to represent decumzl digis instead of binary digits.
Moreover, we want to store lemers as well as decimal digats.
For this reason, we subdivide our §1-bit SAMOS words inwo
11 charicier positions as shown below.

r
L SRR SR — LN —
Bhita Ahas Bl LD L e e S, Bhils Bhas

The first position {one bit only) is reserved for a code that
designates_the sizn, + or —. Here 0 is suflicient 1o represent
the + character and 1 sigiufics the — characrer. Each of the
other positions consists of six birs and can be used to store
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FIGURE |-28
Dctailed biv parierns for mwo
compuicr words.,

FIGURE 1-27
Characier code

a dizil or a letter, that is, ¢haracter, according to the code shown

. in Figure 1.27.

For each group of six bits, 2* or 64 disunct combinations
of zeros and ones are pussible. In Figure 1-27 we have used
up only 37 of the 64 combinations pessible with a six-bit code,
This leaves 27 additional combinations for ather special svm-
bols such as +, >, and the like. One of the 37 cominanons
of special interest is the blenk space, [I, which is coded as

110000

With this code you can see that the two 61-bit compurer
words displayed vertically in Figure 1-28 mrn our to be

and

1
(=]
L=
-l
-3
~
L
=3
"

w”

From now on we shall represeat our SAMOS computer
words as strings of !l characters instead of strings of 61 bits.
In a number of conventional computers of similar design eight
instead of six birs are grouped to represent character coxdes,
making it possible to distinguish among a considerably larger
set of characters than is the case in SAMOS. This distinction.
however, has absolutely no effuct 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 great interest mainly to computer enginecrs and
designers. Storage components currently are built from various
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SAMOS Processing Unir

FIGUKE 1-26
The prircipal components of
SAMOS.

) ' 2
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types of physical devices and materials, including magnetic
cores, magnetic thin films, and transistor flipAops. There is
considerable variety inthe circuitry used [o organize and utilize
such components and in the methods of packaging and minia-
turizing them. Their physical characteristics, such as size,
speed of access for storing and retrieving informanion, energy
requirements to operate them, and cost of fabrication, vary also.
Nevertheless, schemes similar o that used in the word-
organized core storage of SAMOS bave been used 10 assemble
and incorporate al! of these types of storage units into conven-
tional computer systems, You might be surprised at how much
understanding of this subject you can gain with a reladvely
small invesument of study time. {See, for example, one of the
references on this opic in the reading list at the end of this
book.)

Now that we have seen how the SAMOS storage is structured,
we will consider how the siorage is used in execuning ao algo-
rithm. ) -

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

e

o TR S ———

I COMTROL 43T
PHER CSSING WNT }

&

-
-
i

o S ——

i =

i
OUIRLT

INPUT |—
{-and or STORE Ly P ileT wr
Lipe pedder) |yt prEniTer )

The solid lines indicate the directions in which values or
instructions may be transferred. The dashed lines indicate the
exercise of control. The centrol umic ad the processing uair
perform the duties of the “Master Coniputer™ and his belpers.

An important part of the processing umt s thy accumda-
tor. This special computer word holds the resuli ol cach arith-
metic gperation,
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Furthermore. a simple assignment such as

!

LATIST =~ SUM

!

15 carried out by first obraning 2 copy of the vaive of SUM,
placing it in the accumulator, and then copying the value in
the accumutator into the computer ward kelonging to the vari-
able LATEST. The value of SUM is unchanged in s proc-
£55. Nolice, however, thar values to be inpul or ourput do not
pass through the SAMOS accurmulator but go directy into and
out of storage.

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

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

ENGLISH EE [ L HART @ e bee o) ® s HIvE
) RS ETATHS P g Lasitl b

You have already had a litte cxperience with the first
translation step. The second translation step is Lhe process of
converting a flow chart into a procedural language such as
FORTRAN, ALGOL, COBOL, or PL /1. You learn how to
da this in your language manual. [ approached properly, this
translation step is quite mechanical and can be performed by
a person (or by a machine) who has no idea what the zlgorithm
is all about. .

In many computers of advanced design, the third transla-
ton process can be omitted because the machine’s language
and the procedural language are effecuvely identical. When the
third transiation step is necessary, and it is for a computer such
as SAMOS, the process is completely mechanical and is nor-
mally done by the compurter itself. This process 15 catled com-
pehing.




Sequencing of
Computer Instructions

!

SLM — LATLST + %EXT

!

FIGURE 1-30
A Aowchart o,
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- It 15 not necessary right now to know how compiling is

" done, but it may be interesting to know the reason tor doing

it. Each make and style of computer has its own language— that
13, its own set of instructions that it can understand. Use of
a procedural language allows us to avoud a tower of Babel in
which a programmer would have 10 learn a new language for
each machine he wishes to use. A procedural language consu-
tutes & kind of “Esperanto”™ that enzbles a programmer to
communicate with many different machines in the same lan-
guage. Moreover, a procedural language is generally much
casier to Jearn 1o use than machine language. The programmer
merely prepares, say, a FORTRAN prograin on punched cards
and feeds 1t into the computer, which “compiles™ a sequence
ef machine language instructions. This sequence, called a ma-
chine language program, is then placed in the computer storage.
In many systems the programmer may transmit his program
to the computer storage by typing it a line at 2 time, using
a typewriler or other keyboard instrement to serve as the inpur
device of the computer system. '

Successive SAMOS instructions are placed in consecutively
addressed storage locations swarting with 0000. After the com-
puter has execuied an instruction, the control umit will always
take the next mstruction from the next address, unless there
i5 a branching instruction providing a different address from
which to take the next instruction.

To see how this works, consider the instruction taken from
the Fibonacei sequence flowchart {Figure 1-114), shown here
in Figure 1-30.

The proceduoral language equivalent will not look much
different. Thus, in FORTRAN this instruction would appear as

S5U = LATEST + NEXT
and in ALGQCL as

SUN := LATEST + NEXT
and in APL as .
SUM &« LATEST + NEXT
and in BASIC as

LET S .. =10 I+ %87
and in COBQL. as .

COMFUTE 5UM EQUALS LATESRT

FLUS NEXT



+ LDA 000
+ ADD  GQC
+ 5TO0D Q00

_ FIGURE '}

SAMOS imstructinns for
Figure 1-30,

A Complete SAMOS
Program

ool
0L00
o132
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In the SAMOS machine language, a varisble cannot be
refersed to by sgme but only by the adifress tn storage associated
with the variable, Suppose that NEXT, LATESE, and SUM
have been given, respectively, locations (100, 0101, and 0102,
Then in the SAMOS language, the flowchart nistruction trans-
lates 1o a sequence of three machine inaiructions, as shown in
Figure 1-31

These nstructions have the form of 11-character words,
although the first character is unimportant and the fifth, sixth,
and seventh are of no interest o us here. The type of operation
0 be performed is coded using the three letters in positons
two, three, and four, and the four-digit numeral ac the right
is the address associated with that operaton.

The lerers LDA stand for “LoaD the Accumulator.” The

* whole insmuctivn

+ LDA OQ0C 0101

means, “Make a copy of the value stored in address 0101
withour altering the original, and store the copy in the accunu-
later.” Clearly, this 15 the function of the Reader in our con-
ceprual model, We will not go into the derails of the ¢lectronics
involved in carrying out this mstruction, It is sufficient 1o kpow
that when a copy of that msuuction 15 brought 1o the control
unit, certain switches are set by the control unit that allow a
pulse current to pass thiough the cores of the word 0101, The
magnelized ¢ores cause a change in Lhe curreat thar, in Turn,
allows a copy to be made. .

The second instruction in Figure 1-31 means, “ADD the
value in the word addressed 0100 to the value aiready in the
accumulator and place the result in the accomtator.” The
third instruction means, “Copy (or $TOre) the value in the
accumulator #nr¢ the word addressed 0102, Executing a STO
instruction 18 analogous o the werk of the Assigner in our
conceprual model, Speeds vary from machine to machine, but
in modern computers, the time required o carry out such
instrections is usuzally on the order of a millionth of a second.

We are zlmost able to translate the enure flowchart for the
Fibonacer sequence algorithm (repeated here in Figure 1-32)
into SAMOS language. First note, however, that consiants
never appear explicitly in SAMOS instructions. Instead, an
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SUM - LATEST + NEXT

MEXT « LATEST
LATLEST  » 50M

FIGURE 1-32
Fibonacci sequence algorithm,

FliURe L-33 -
Fibonacd sequence algorithm,
The = column and columns

5, 6, and 7 may be left empiy
o lines contaniing

InsTuchICos.

-
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instruction to fetch a constant must refer 1o the storage address

where the desired value may be found. Of course, this also

applies to variables. Thus part of the compiling process in--
volves providing storage addresses for the constants {as wel}

a3 for the variables) appearing in the program, We allocate the

locations 0017, 0018, and 0019 for the consiants 0, 1, and 1000

appearing in the flowchart and specify the proper values for

these words.

We assume that the storage locations 0100, 0101, and 0102
have been allocated for the variables NEXT, LATEST, and
SUM, but that no values have been placed in these words. As-
execution of the SAMOS program for the Fibonacci algorithm
starts, the state of storage is shown in Figure 1-33. This figure
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addigar [0 2 2 4|5 & 110 %011
poao I T O T L I 1 T .
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go0: Lpaalow spua 1 %
0d0) LT T S TIN5 LI B I LATEST = |
*
noo4 T N A - -
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alsg illustrates 2@ “coding form™ vn which one might have
written the $AMOY progrum (gras-colured infornation) You
will notice several new SAMOS operations not previously seen.
These are explained in the following discussion.

The mnstructions 1n storage addresses 0004, 0005, and 0006
have atready been discussed. Before looking at the other in-
structions, remember that the variables are in storage locations
0100 through 0102, )

From previous discussions you should see that the instruc-
tion found ar 0000 will, when executed, copy the value in 0017
{i.e., the number Q) into the accumulator. Nexr, the instruction
in 0001 copies the value in the accumulator into the word at
address 0100. Together these steps are equivalent 10 assigning
Do the variable NEXT. Similarly, the instructions in addresses
0002 and 0003 are equivalent to assigning the value | to the
variable LATEST, : '

Remember that the conirol unit executes the msiructions
in order unnl it comes to a branching instruction. The first
branching instruction is found in address 0009, reading

L B M 1 a 1] /] 0 4} 1 ¥

The code BMI stands for “Branch on a MInus.” The whole
instruction means, “If the value in the accumulator is negative,
g0 to address 0015 for the next instruction; otherwise, go on
as usual 10 the next numbered address (0010)." Ve will see
shortly that the value in the accumuylator at this tume is just

W0 — S5UM

50 that the value in the accumulator will be negauve only in
the case thar

SUM > 1000

15 grue. In this case, the branching instruction sends us to ad- |
dress 0015, where we see the instruction
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which means, “Write the Worl) in address U102 This
amounts o printing out the value of SUM,

Now why is it that when the instruction in adidress Dﬂﬂ‘}
is reached, the number in the accumulator is ;

10(]1} - SUM

- Well, on looking at the instruction in address 0007, we see that

it instructs vs 1o load the accumulator with the contents of
addrass 0019, that is, to put the number 1000 in the accumu-
lator. The next instruction, the one in 0008, tells us to “subtract’
the conents of address 0102 from the accumulator and put the
result in the accomularor.” Since the conrenis of 0102 are just
the value of SUM, thus-amounts o the placing of

1000 — SUM

i the accumulator,

You should be able to verify for yourself that the insmruc-
tons in addresses 0010 through 0013 accomplish the assign- -
ments indicated in the right-hand column of Figure 1-33

The instructon in address 0014 needs o be described.

BRU stands for "BRanch Unconditionally.” The meaning of
the entire msuuc:mn is, *Go back to address 0004 for the next
instruction and continue in order from there.” You can see that
this carresponds 1o the arrow from flowchart box 4 leading back
to flowchart box 2, where we repeat the sununing step.

The instruction in 0016, of course, stands for HalT and
amounts to stopping the compuring process. '

You can best understand al} this by tracing through the
SAMOS program by hand, keeping a record of the following
details.

t. Which mstruction is being execured.
2. The velue in the accumulator.

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

Notice thar the instructions in addresses 0000 through
0016 are never altered, nor are the contents of the locations
17 through 0019 (the constants §, 1, and 1000).
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Corstruct a list of SAMOS instructions tor the flowchart in Figure
114, You will peed two additional types of instructipns. The first
s
ODPLRATION ABDDRESS
| M 3 1 4 in " * al Ll £l

e

which fs an insraction 1o read 2 value {rom a card ko the compurer
word addressed 1005
The sevond is

EBBEoONeRoG

which "5 ap instruction to multply the value in the accumulator by
the value in address 1023 and put the result i the acozpulator (OF
course, in the address pant of these instrictions, we may put snv
wdctrass we wish.)

. ‘This question relates to the flawchart fragment and proposed SAMOS

ranslation of it shown below. For each of your answers the assumed
objective is 1o make the proposed SAMOS fragment consistent with
the given fiowchart fragment.

Loc Opcods Midr
0018) LDA t nulusm
0019, MPY | | :0351
pozal upy } 103651
40214 ST0 | pasy
0OZ2!  WWD 0451
pa23] LDA 10351
0024} sUB I 6401
0025 i L 0030
0026 LDA 0351
00271 SUB | 0502
oo28! STO 035
0029{ BRU | ¥

0030 .
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(a) With what memeory location must the varizhle X be associated?
() Whar pperand address 13 neoded for the BRL instinsction that is

slunvn at logatjion 00295

(v} Whut should be the operation code for lhc instruciion at location

0252

(d) What operation code is needed for the insiruction loated at 00307

3. This question relates to the Howchart fragment and proposed SAMOS
tramslation of it shown below. For cach of your answers, assume
the objective is 1o make the proposed SAMOS fragment consisrent

with the given flowchart fragment,

Lo¢ Op:zede Adiar
1

x>y F - i

0017 LDA |000[0100
oo + o018| Sus 0006200 -

- oo19! EMI |000loo24
Y —fny Y- v oozc| oa 'oo2 6105
ov21| kpy |00Gi0107

- 1 0022 sra |o0o0

y © 0u23| BRU |000
oo24| DA |000.0100
Y ‘ 0025! sto |oooiozol
{ oo2e| wwp |000|0201

{2) With what location must the variable X be assocated?

{b) What is the operand address that should be filled in for the BRU

instruction shown ut location 00232

fc) Whar should be the value of the address field for the STO instruc-

tion a7 locztion 0022}

(d) If at locatien 0022 the STD wee replaced by a BRU operation
code, whart then u.nuld be the appropriare value for the address

field?

1

4.. This question relatcs 1o the following SAMOS program and the four
data cards displayed o the right of if; you are 1o assume-thar the
grven SAMOS program executes with the data cards shown. The DIV
(divide) instruction produces an integer quotient {see Appendix A).

P
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0000  RND 000 0012 : ol
G001  RiD 000 0013
0002  1DA 000 0012
G003 LIV 000 0013
004 NPY O Q00 0013
0005  STO -000 (Ddid
0006 LDA 000 0012
, 0007  SUB 000 0014
0008  STO 000 0014
0009 WD 000 0014 Data vards
Go10 EEY 000 D000

0011 HLT 000 0000

5AMOS program

{a) Which of the following is a false statement?
(1) The insiruction at 9011 will never be reached.
(2 Only rwe vahus will be printed.
(3) All four data cards wil! be read.
{1) The first value pringed will be 3.
(3} Three values will be prued. T
(k) Which of the following is a rrue smtement?
(1) The program will halt whenever the result of 2 division is
zert.
{2} The instruction at 0011 would be excouted using the given
set of data if the instruction at 0010 were revised 1 BMI
00 0000, .
{3 This program inputs two numbers, sdects the larger, and
priags s value. ;
(4 All three of the above statements are false.

Problems 5 through 7. The following three probizins inwvelve pro-
grams 1o be written in SAMOS machine langeage and run on
a compurer using @ SAMOS simulatar. It vou da not have a
computer available, your final result will be a SAMOS ooding
form showing your program.

3. Draw a flowchart and write and run a SAMOS program w find the
areas {ro the nearest integer) of circles with each of the following
rdir 0, 1,2, 3,...,10, 1], 12 Use ¢ = 22/7. The cutput is

te consist of cach radius value followed by the associated area, that

is, =
0 o—p  Fniratin
0—z o — Frul ares

T o——a e Srcond rudad
by e Secomd aren

12

452



This SAMOS program should not execlte aay iupet stops. Storage
locatinng will be required for instructions and lor all conslants, 1-
cluding 22, 7. the current radius. 1 {10 increment the radius to the
next vahue), and a pumrber (11, 13, or 13, depending on vour particular -
Aow chart) o osC againag W determine when o brand i to dalt,

Cheestion Will SAMOS give the same result when vou compute
(227 7) % r* as when you compate (22 % r?)/ 7# If nol, which gives
a betrer resulr? Why?

Draw a flowchart and write and run 2 SAMOS program to do the
following:

For the vulues from 1w W inclusive (e, 1 = X < 10),
erafuate the following mathematical expression: )

F = 5N+ IOX + 6

Print our the value for X and T alter each cvalvanan.

Lxample The first value of X will be 1. For this valoe,

F = 51+ (1) + 6
F=5+10+06=2

Thus the numbers | and 2! will be printed our, and F will then
be cvaluared for X = 2,03, ..., 10 The compliie cutpur will
consist of 20 numbers; ;

:1 ""-H-F'_—‘—{:-E-I_:;-l;f F1alur

M L

;]

1 ik

Note  Additional Information for Problem &

1. Mo data cards will be needed fur this progran-

2. The values from 1 to 10 need not all be stored ar the beginning
of the program. :

3. You must include some way 10 termninate your program after the
final value has been processed and printed.

Draw a flowchart using variables C, X, TALLY, SUM, und AV(G,
and write and run a 5AMOS program to do the follewing:

{2) Read 2 value for the variable C.

{h} Read a value for the variable X, .

{c) Check ro sce whether X equals 9999. If X does not equal 9999
then check whether X cquals C. If X equals C, then return to
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swep (b T ¥ does not equal C. then add une o g counier ealjed
TALLY and add X to the varable UM and then tauen 1o siep
(b).

IM X cquals 2399, then na mure Jata ¢ands arc to be read. At
this point pring out the vatues of TALLY and §TM, Conyute
AVG. the guonent of SUM and TALLY (AVG = 506,
TALLYY Primt the value of AVG.

Nore  Addivional Informarion jor Probiow 7

1. [n vour fiowchart the average will be a varizble AVG. The variable
TALLY will bold g count of haw many valucs of X are xof oqual
to C. The assignment

TALLY « TALLY + 1-

will be pecded. The sum of the values of X not equal o G will e
crlled AL What should be the initial values of TALLY and SUM?

2. Ve value 9999 is called a senrired value. Tts purpose is o indicate
that all the values of X have been read and processad. ([n compurer
langluage 2 seminel walug is said ro represent the end of file, ie, the
coad of data} Therefure, your data deck will censist of a value for
C, the given values for X, and the value 9999, {Sce Section 2 - 2 for
additional discussion of sennnels.)

3. In SAMOS the only conditional branch instruction is RMI {Branch
On Minus). The programmer {aces a problem when he needs te check
whether the values of two variables are equal or whether the value
of a variable 15 equal 10 some constant value, The tollowing is one
methed of determining whether the values of the variables A and B
are cqual. Fimt, subtract the value of B from the value of A and,
if the resule is not negative, subtract the valuz of A from the value
of B, If this result 5 pot n:gamc, we can conclude that the values
ol 3 aad B oare equal.

Exuriples
{3y A =6 and B =

A—B=6—-9= =3

Resul A # B since A — B is a negative number.
() A =35 and B = 5

A-B=5-35=
B-A=25-3=
Resulu A = B since nclﬂm subtraction prixiuced a negative

numsher.
fc) A =4 and B =3
A-B=4-3=] .
B-—A=31-4=—|
Resul: A # B since B — A is a negative number.
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4. The Jdala for Problem 7 are o fellows:
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Most of the storage capacity of a 61-bit SAMOS word goes
unused when a small inreger, for instance, 2, is represcated.
Conversely, even though a number 1§ known to very great
precision, a 61-bit word has a fixed capacity 1o represent digits.

, Characrer strings, such as names and addresses, lor instance,
vary greatly in length. In general, information comes in many
sizes and lengths, and it would be excecedingly convenient 1o
have compurer storage responsive to this fact.

The SAMOS language is heavily influenced {ie., con-
strained) by its word-organ:red storage system. We briefly men-
oot here another kind of computer storage called BITOS
(BIT-Organized SAMOS), whose storage 1s structured in a
more flexible and patural way—natural for the processing of
different types of information, The BITOS storage is best
thought of as a single sequence of bits instead of a single
sequence of words that are, in turn, sequences of birs. For
example, a BITOS store roughly equivalent o the SAMOS
store contzins 610,000 brs whose addresses are 0 through
609,999 respectively. To fetch a unic of information of some
known length, oife must specify the “bit address™ of the begin-
ning of the desired information unit together “with its “bit
length,” Thus,

op code .lddrcss length
LDA 24972 39

is the way one might write out a BITOS insiruction e [oad
the accumulator with 3 data value 39 bits long beginming . ac
bit location 24972

The information containers in a BITOS machine resemble
the storage boxes of the conceptual model SIMPLOS in that
the capacity of the contaipers is arbitrary,

T
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There is 3 second impertant way in whieh the containers
of SIMPLOS and BI'TOS resemble one another. [n both cases,
values stored 10 these containery are sofi-dnoritrng. Now that
the SIMUILOS Reader is able to deduce that a storage box
confains a character string value as opposcd. say. to a numerical
value, because he 13 able 1o see the quotanion marks. The
fetching micchanism of BITOS can convey the same rype of
infermation to its processing uni because the data object in
cach Container consists of two parts: a cade that describes the
type or nature of the value and the data value usclf. Feor
exampie, suppose the conmziner associated with X is located
at bit address 3901, and suppose character coding for the
BITOS store employs the same 6-lit representation used m
SAMOS. W mglu expect 1o see at thar location:

& FalllL -~
Single ) K Ltz
kier-1lype valug
it

where the tvpe code § stands for string. Then, 1o represent
a string of 4 characters would require 24 buts for the sring |
itself and 6 more bits (for the letter $) to identify the 24 bits
&5 a siring. For a string of 91 characters, 546 bits are needed
for the string and 6 more for the wype code—or 552 bits in
all. If a2 nonnegative integer variable. AGE. never requires
more than three digits we can picture the comresponding
BITOS container as

HERE

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

To recapirulate, in BITOS one defines the size of the
container o fit the need. That is, the store is divided up oo
containers that reflect their actual use. Every reference to a
container consists of the bit address of the container and s
length. The container stsell holds as part of the data object
a code that makes the remainder of the information in the
container self-describing. Each time a new container is needed,
a section of the store large enough 10 hold the required number
of bits is “partitioned™ for this purpose. When this container
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is no langer needed, that section of store and others like it are
repartitioned, that s, retsed, typically in different container
sizes, 10 sl new needs, To make an analoey with STMPLOS.
imagine that al} storuge boxes are constructed o At Jimensions
of the data values they are (e contain, {The Aftixer who pastes
the sticker on the storage box can alsw adjust the size of the
box if necessary.)

Only a few of the ideas about SAMOS and BITOS need 10
be remembered. Orne of the important ideas is the sequential
maaner i1 which the computer works, that is, the step-by-siep
way 10 which the computer performs its tasks. The order in
which the tasks are performed is just as impertant as what is
accomplished.

Ancther property of computers that we must understand
is the finite word length, We have seen that SAMOS words
consist of 10 characters and a sign, so that the largest number
representable in this coding system is

+9,999,009,999

& rather large number, bur still finite. Although BITOS store
may use very “long” containers, they are still finite, so the
limitation on whar can be represented. although less con-
stricung, still exists in principle. From a practical viewpoint,
integer containers, whether in a SAMOS-like or in a BITOS-
ltke store, are sometimes very unsuitable, Consider 2 variable
that, from nce 1o Lme, has various values 2ssigned to 1t, some-
times very smali integers and at other times very large integers.
"T'he storage container for such a variable cannot always be used
efficiently if it must be large enough tor the largest possible
integer value that will be assigned to it. .

To cover this situation there are other ways of ::odmg .
numbers that pot only solve this problem bur alse allow us
to work with real mumbers as well as integers. One of the most
comemon of these alternate codmf,s is ﬂaarmg-pomr form, which
15 related to the so-called “scientific notation.” o

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

— 382,519
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cam be exprossed as
- 382519 X 100 . 97

in which there’is a decimal poine (just after the sign, & any)
followed by a siring of iy, {dw Gist not zero) and multiplicd
by a swirable power of 10. We can code numbers in this way
by reserving three charucter positivns for the exponent. The
result 15 shown in Fipure 1034 for — 382,319,

Sign of Sign of
aunit-r . €sponent
] . [I .
. -
- . o 3 I 8 >0 % 0,
FluUre 1+34 .
Antomy of 2 flsanng-point ) Eaponent Pracatunn
purmber for a Axed-word size part peri
swore. .- .

Some examples of how ro code numbers including integers
in this svstem are given in Figure 1+ 35, In this figuré, we
see that the 8-digit represemtation of =, 25 given in the first
column of the third entry, has to he chopped w 7 digits of
precision because of space reguirements. The same holds rue
for 143 and 1177 at the boom of the table, Thus we see

! that in a computer even a simple {raction such 2s 1/ 3 cannot
_be represented exacdy, but only 10 4 close appreximaton. This
characteristic of ‘‘finite word length™ presents important prob-

Numnber Lieating-lofor Form - Cinding of
- ortia-Moint Form
1 Ax + 013000000
90090000 —.999899 X 10" "+ 099999990
3‘14]-51";2; o :3;14!5925 )'C‘-]:l:i:I ) "T+ ;11 :3 !..; .;'5 ‘;l."m
H—‘Z?i}'.l;.i“'- -.;1.'314 X Iﬂ]'v -“"— + 03273 |;D0
NULEE LY Y61 X 1078 ) ‘“—H“: '— 1;.3.1:3--7-‘5.{0_0*;‘.
73 73 X 10P © 4+ 4007300000
;'licu:alt:i:;-;}r;;‘: coding of } '3333333:?? X mb,_._,_ ¥ .t..DE.} ‘]..ifjj.i_ ;
fumbers in a fixed word-sized Y :;1:2-557 w10 + +0d15T71428

Sore. -
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ENERCISE 18 . Several million pocker-sized clegtronie calenlaters ane now being
prouditced annuallv, They are becoming reliively accosible o the
average student, Many ol these galevlalaes, such as the pne shown
in Figure 1 3, use loatimge poton arebunctie,

i L
K -
'l
!
1) L o
-~ 7 8 9!
a l! — T - I
i L 4
’ 1 2 3
| ——— _—— -
!
| .
0 . I«
FIGURE 1-36 N _ad
A popular hand-held
. calautanor.

{a} Locaie an electronic calculator and compare the method it uses
to represent floating-point numbers with the method used in
SAMOS.
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lems that will he discussed in various places in this texe, espe-

cially Chapter 1.

In Moating-point form we cun represent large numbers,
buet tor computers such as SAMOS with fiscd-word size stores
the price we pay is giving up three places of precision, Were
SAMOS to use Hoating-peint numbers, the largest number
represeittable in fluaiing-point form would be:

which represents the number

699,599,500.050,000,000,000,000,000
000,000,000.000,000,000.000,000,000
000.000.0000.00C,000,000,000,000,000
000,000,000,000,000,000

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

- - " & H ] [ a a I l ‘

000 000 O 000 000 000 000 000 000
Q00 000 000 000 Q0O 000 000 000 000
00 000 000 DO 000 000 000 000 000
000 000 GO0 000 Q00 000 |

which is vere small, indeed.

Coding in Noaring-point form for a BITOS-like machine
could be quite similar o the scheme shown n Figure 1-35,
On the other hand, singe the size of the conrainer may be
chosen to e the particular “needs” of a given varizble, the
size of the precision part could casily be permitted to vary as
required. For that mamer, the size of the exponeit part could
also be expanded or conracted to fit the need.

In summary, both $§43MOS5-ltke and BITOS-like ma-
chines are often butlt to operate on numbers coded in floating-
point form. However, in our discussions of SAMOS, in partic-
ular in the description given in the Appendix, the machine is
initally deseribed as if it were not capable of dealing with
rumbers coded in floating-point form, bur only with numbers
coded as integers.
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“specifying ADD wORD faddressed by) A AND WORD [addressed by} B,
PUT RESULT INTD MEMORY LOCATION (addressed by) €. But specifi-
cation of Lhree separate addresses would make the instruetion word (oo
long {even fpr a large digital computler, nol to speak of 2 minicomputer).
We can, however, implement the aboyve operation in terms of scveral
simpler instructions cach referencing anly a single memory address:

LOAD INTO ACCUMULATOR {the word addressed by) A
ADD INTO ACCUMULATOR {Lhe word addressed by) 8
STORE ACCUMULATOR (in memory location addressed by} €

The *basic™ minicomputer discussed in this chapter, then, will be a single-
address machine whose ingiruclions move dala between a single suilably
pddressed memory location and a specified processor regisier, or possibly
between two such repisters.  There wilh alse be some instruclions which do
not reference memory at all {e.g., COMPLEMENT ACCUMULATOR), We
remark, however, that the possibality ef using simplified two-zddress
instructions and zero-address (stack) instructions in minicompulers is of the
preatest interest and will be discussed (n gonnection with more ad vanced
designs in Chap. §

1-). The “Rasic™ Minicomputer, Figure 2-1 lustrates the typical organi-
falion of a smail digita; computer.  The machine has all the ingredients of
Secs. 1-6 1o 1-13, viz., '

I. Acore or semiconductor imemory, which will store instryctions and data
2. A set of processor registers {lip-Mlop registers), viz.,
fa) Memory bulfer repister (memory data repister): contains the
instruction or data word currently leaving or entering Lhe memory
(5] Memory address repister: contains the address of the currently
addressed memary location
fc) Tropram counter: contains the address of the instruction to be
execuled
[4) Instructian register: contains the current instruclion
te} General-purpose repisier (accumulator, arithmelic register) or
repisters) and, possibly, an ndex register (See. 2-7)
f£Y One-bit registers {"Mags"}: indicales overflow, cxrey, sign bif, etc.,
resulling {rom past or current operations
1. An arichmericflogic wnit: logic circuils to combine words from two
registers by addition, subtraction, bil-by-bit ANDing, etc, and (o
complement, shiflt, etg., single words
4. Control logle ! decodes the Os and 1s of the instruction cuerently in the
instructian register 10 proerale logic 'eve!s and lime pulses, which:
i} Gare {steer) words Letween processer registers
() Determine the function of the arfihoneticlogic circuity

1 = %:i

il ]
47 PROCESSOR DrERATION ’ 14

Register-gare cgnteol
Output gotn Input gatet

T Bz L'—r | - A4 Buy 3
'T‘-t--/ I qurnm Counlitr j-'-—/ -7

Ir Puqt addia1a
Busl .
i 1 MImory oddiag regiyter J-.—/ —
I
DnA odurm + Addeais !
' ' |REaD s wRITE
' * Cory memary with !:nrnnlﬂnd;l Controf
t rvod £ wirrg / R oyt
[ decodn 1gge simng
- | |
1"r‘ \tr' hm.w
Dwla one Inginug bigh M PN
L]
H Inytrut ot oamiler | a SenEiator
. . I_.-.._*_.,_ M— r (
] f"_ —_— Mimary bulfar fugeater l——" — 140
- DMA DATR*"

comirol

-l—'—/ —'—l ACcumu gt _l"—/ ]

| o o
= ’._-'_" Char grithe atig and fiw 'H_._,," —dl
TR | | SR A —— L agateri Lt oyl |
M Ty pe——

ar thma i/
logic == 1/0 dotc

Ay st pm
Sgn, over flow,
! and Chrry flOQa

..,,
Fungtan conbrad

"

Fig. 2-1. Organization of & “hotic™ single-adid o mimicampuier.

In Fig. 2-1, there are three buses for transfers belween registers, always via
the arithmeticflogic unit. This i§ 2 psactical compromisc: some exira
register-to-register paihis would permit more cancurrent register Iransfers
and speed camputatiun bul we would pay for more complex intérconnections

and topic,
Finally, we mus! hav: inputfoutput connections through the arithmeticflogic
unit or through register gates, .

4. Processor QOperation, (2} Instruction Fetching. [F we assume thal
a suileble program and data are tn memory, proccssor operation proceeds
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Introduccitn al lenguaje FRRTRAN

E1 ienguaje FBRTRAN,. cuyo nombre corresponde a las primeras
letras de las palabras .inglesas.FQRmula (f6rmula) y TRANslation.
{traducciﬁﬁ], es un lenguaje de programacifén orientadc a proble-

wiatewaticas
mas’y se-emplea en casf todas las computadoras del mundo. Debido
a su parecido con e! lenguaje aritmético comin, eV F@RTRAN simpli-
fica la preparacidn de problemas que pueden resolverse mediante
una computadora. Los datos e instrucciones Se pueden organizar
mediante una secuencia de enunciados fortran; estos constituyen
el 11amado Prngraﬁa Fuente.

Todas las computadoras que "entienden” Ei‘1enguaje F@RTRAN,
tienen 1o que se Tlama un Compilador Fortran, 1lamadc también tra-
ductor o 1n£érprete, el cual analizz los enunciados fortran y los
traduce a un Programa Objeto, el cual gquedaz é&n Lenguajelde Mdqui-
Né.

Un programa escrito en lenguaje FBRTRAN se puede procesar .
en cualquier miquina gue tenga un Eamp11ad;:'Fnrtran. Esto no$ in-
dica que 9.1 lenguaje Lr-.'s independiente para cada miquina, o sea que
el compilador se debe prepara} en cada ca;o teniendo en cuenta 1a
maquina que ha de usarse en particular; pugsto gue las miquinas
difieren en su organizacidn interna, se ha desarrollado un nime-
ro de “dialectos" del lLenguaje FPRTRAN, cada uno de Tos cuales es

apropiado para una clase de mdquinas. Las diferencias entre las

\R
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varios dialectos son minimas y se ajustan el uno at otro facilmen-

:.l.t'E:\. ) Tow
1.1 7 E) a)fabeto

E1 alfabeto F@RTRAN esta constituido de caracteres ﬁue SDh
simbolos familiares de escritura y de teclados de miquinas de es-
cribir, asi como de dispositivos especiaies de perforacién; diches
caracteres son:

Alfabéticos: ABCDEFGH
IJKLMHN

*@POQRSTUYNXYZ
Numéricos: D123456789
Sfmbolos: t-*y= () @
pe este alfabeto se construyen todos puestros simbalcs. expresia-'
nes ¥ enunciados que se utilizan en el lenguaje FBRTRAN,
C2.- Hdmerus _

v

Los numeros pueden representarse en diferentes formas, las
cuales se asemejan a 1os sTmbolos de la aritmética general; pero
debido 2 la estructura interna de Tas computadoras se establecen
las convenciﬁnes de: Punto Fijo y Punte Flotante que proporcionan

facilidades para su manejo en F@RTRAN. Los sfmbolos de punto fijo

* La letra 0 T2 expresaremos como @ para diferenciarla del N° cero.



se usarin solamente con nﬁmgrns enteros y 10s% c51§u1ﬂs asociados
se denominarin aritmética de los enteros ¢ modo entera; mientras
que 1a aritmética de los niimeros reales se hard en la forma de pun-
to flotante y s& 1lamard aritmética de los reales ¢ modo real. De-
bido 'a que también es necesario distinguir las constantes {nime-
ros que no cambian durante toda la gejecucidn de un programa} de
las variables (nimeros gque pueden cambiar}, surgen cuatro clases

de $imbolos para Tos ndmeros.

2.1 Constantes enteras.

Dependiendo del tipo de computadora se podrén representar
por un cierto nimero de digitos, asi para IBM-1130 se representan
mediante cinco digitos sin el punto decimal. 51 el entero es nega-
tivo, los digitos deberdn ser pf&tedidus del signo menos; si el
enterc es positivo el signo es opcional. ‘

Ejem, Simbolos para cnnétantes_enteras pueden ser entre
otras:
: - -
1976 +1 0 +1976 -1976
Simboios gue no se aceptan para constantes enteras:
7483282 (mds de c¢inco gigitos)

1976. {1 punto decimal no se permite}

Z.2 Constantes reales

Dependiendo del tipe de computadora, las constantes rezles

se podran representar por varios dfgitos, pero en el caso de le

-



IBM-1130 5010 se admiten siete d¥fgitos con punto dECimﬂltﬁudiEndD-
se colocar al principipo de los digitos, al final o entre dos dfigi-
tos cualesquiera. Cuando aparece un puntoc en una constante su tra-
tamiento serd de punto }1utante. 5i la constante ?ea? es precedi-
da d; un signo menos, se indicard que es negativa, si es positiva

el signo es apcional.

Eien. Simbolos para constantes reales pueden ser entre G-
tras:
1976. -.00001976 +12.345 -12.345
-.007 .007 5,348 0.3

Simbolos que no se aceptan para constantes reales:
123456789, 32 (m&s de siete digitos significati-
VOS5 )
5343 {falta e} punto decimal)
Para representar las constantes reales existe también la 1lamada

forma exponencial; esta la pocemos representar mediante una letra

£ y una constante entera de uno o dos dfgisMos, positiva o negativa.

Esta constante entera es un exponente del nimeroc diez; el signo
menos es para Tos expanentes negativos y para los positivos, el
siﬁnu es opcioral. En F@RTRAN, 1z presencia del exponente hace qgue

el uso del punto decimal sea opcional.

Ejem. Formz exponencial Forma no exponencial
1.328e2 132.8
1.328E02 132.8

W



1. 32BE0C 132.8
-4, 724E~03 -.064?24
+7.61E3 7610.
* -64326-3 -6.432

2.3 Variablas enteras

Estas se¢ repressantan por cnmbinacipnes de una a ¢inco Jetras
y digitos (1BM-1130}, no se permiten otros caracteres y el primer
':aracter deberd ser una de las letras ¢, J, K, L, M & N, E] pri-
mer caracter de una variable es &1 que indica si es entera o real.
Durante la ejecucién de un programa, las variables enteras deberin

restringirse a valares enteros,

Ejem. Simbolos para variables enteras pueden ser, entre
otros:
NUMCT KILD N1 N2 M0 KONT

FIALC JCLAY MARY  KONT1 L1976
STmbolos no aceptables p;ra varlables enteras:
CUENT - el primer.caracter‘huha ser 1, J, K,
L, M3 N).

»  KONTADOR (demasiados caracteres}

12.34  (s6lo se aceptan letras y nimeros)

2.4 Variables reales
Fstas se& representan por combinaciones de una a cinco letras

y dfgitos (1BM-1130), no se permiten otros caracteres y el primer

"l



caracter tiens que ser necesariamente una letra diferente a §, J,
K, L, M5 N. +Durante la e&jecucidn de un programa dichas variables

se deben restringir a vaiores reales,

E]em. Simbolos para variables reales pusden ser, entre otros:

FUERZ =~ VELDC ACELT CUENT Al AZ
ALFA VIELA RAL2 X1 FROD SUMA
Simbolos no aceptables para variabies reales:
A31.B (el punto no e&s letra o ndmera)

CORRIEN {demasiados caracteres)

3 BASD (e} primer caracter debe ser una letra)

MUMCT (el primer caracter no puede ser H)

{iperacionas aritmélicas
Las operaciones aritméticas y los simbolos que se utilizan

an FFRTRAN son:

Ejam. Algebra FERTRAN

Adicion + . | a\+ b A+ B.
Sustraccién - a~-»®  aAa-B
Multiplicacifn * | ab A*BH
Divlsién / B A/B
Exponenciacidn #% . aé R N
al Ar 2

Expresiones aritméticas

En base a o expuesto anteriormente podemos ahora formular



1.328E00 132.8
-%.724E-03 -. 004724
+7.61E3 7610.

' -6432E-3 -6.432

2.3 Variables enteras

Estas se representan por combﬁnacipnes de una a cinco letras
y digitos (1BH-1130), no se permiten otros caracteres vy el primer
caracter deberd ser una de las letras |, J, K, L, M & N. El pri-
mer caracter de una variable es el que indica 5i es5 enterz o real,
Durante }a ejecucidn de un programa, las variables enteras deberan

restringirse a valores enteros,

Ejem. Simbolos para variables enteras pueden ser, entra
utrns{
NUMCT KILD K1 W2 H10 KONT
YIALC JCLAY MARY KONTY L1976

Simbolas no aceptables p;rn variables enteras:
CUENT - {el primer.caracter‘hcbe ser 1, J, K,
L, M & N).

KONTADOR (demasiados caracteres)

12.3%  (sélo se aceptan letras y niimeros)

2.4  Variablas reales
Fstas se representan por combinacioped? de una a cinco letras

y digitos (IBM-1130), no se parmiten otros caracteres y el primer



caracter tiene que ser necesariamente una letra diferente a I, J,

£, L, ¥ 43 N,

bDurante la e]ecuclién de un programa dichas variables

se deben resiringir a valores reales,

Ejem.

Simbolos para variables reales pueden ser, entre ctros:
FUERZ  VELOC  ACELl  CUENT A1 A2

ALFA VIELA RARZ x1 FROD SUMA
Simbolos no aceptables para variables reales:

Al.B (el punto ne es latra o namero)

CORRIEN ({demasiados caracteres)

3 BAS0 (=] primer caracter debe ser una letra)

MUMCT {1 primer caractar no puede ser M)

Operaciones aritméticas

Las operaciones aritméticas y los simbclos que se utilizan

en FOATRAN son:

. Ejem, Algebra FRATRAN

Adicidn e a4+ b A+ B,
Sustraccicén - — A-B
Multiplicacidn * | akb A*E
Divisidn / E' A/ B
Exponenciacidgn #*h, ' , ai A N A
a® ARk 2

Expresiones aritméticas

En base a 'c expuesto antericrmente podemos ahcora formular



expresiones arlitméticas =n lenguaje FBRTRAN y nos daremos cuents

gue son muy similares a 1as expresiones aritméticas del algebra

comin .
Expresionas F@RTRAN fxpresiones Comunes
AfkZ-Bka2 aszi
BA22 .k kAKC b2-kac
{A+B) 72, %Ta+b}
2AK~JHN " 2k-j+n
C+B-1. %A : c+b-3a

4.1 Reglas para las expresiones aritméticas
lLas reglas » las que debemos suletar 1as expresiones aritmé-
ticas son necesarias debido a la estruetura de Tas computadoras ¥
‘al observarlas tendremos un ahorro en el tiempo de ejecucién de un
programa.
Regla 1 §i nos F}jumns en las expresiones FARTRAN anteriores
nos damos cuenta que: Todas las constantes y variables
" en una exprasisn deben estalr;n el mismo mode, esto
es, todas deben ser enteras o todas deben ser reales.
(Como toda regla existafsu excepcién que mencionare-
mos mis adelante). -
Es necesario consultar los manuales de cada méquina,
va que como hemos mencionada anteriormente dependerd

esta regla del tipo de computadors. Por lo prente

la consideraremos como se ha indicado,

.10
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Regla 2 . L Axk| [*%] y A**E son exponenclacicnes: permitidas.
En el caso A%*| se mezclan los modos-y es la e;cap-
ci6én a la Regla 1, pero sabemos que esta exppnencia-
cién significa multiplicaciones sucesivas (asT BHx3=
B*B*B), mientras nue las potencias no enteras impli-
can calcuios mas sofisticades. Nos damos cuenta que
1%, no es forma de exponencliacidn permitida (=n
algunas m3quinas si se permite}.

Regla 3 Deberd tenerse e&n cuenta que las operaciones se eje-
cutaran con las siguientes prioridades:

1} Las operaciones indicadas dentro de los parén-
tesis mis internos se ejecutan en primer lugar.
2) Exponen:iaciﬁn.l
1) Multiplicacidn y divisidn.
4) Adicién y sustraccién.
Entrellas operacicnes de'iéual priuridéd. el orden
de ejecucion es de izquierda p deracha.
Ejem. 51 AwG_, B=B, y (=2,
A+B-3.*C se calcularS en &! siguiente orden:
3.%2.=6, . -5.+B.=13, 13.-6.=27,
Bra2-b *AXC se calcula en 2] siguiente
orqen:
8.x%2=bl, 4 5 =20, 20.%2 =40,
6h. -Lp_ =210

.11
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"1 A=5., B=B., Cm2, y D=1.6

Entonces (A+B)/C se calcula en el sigdien-
te arden:

5.+8.=13, 13./2,=6.5

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

8./2.=b, L.+h g,

Ahora s deseamos calcular {A+C)#*2 condu-
cira ;:

5.42.,w7, 7. *kimlg,

Mientras que A+C**? conducird a:

2.%%2aly .+l =9

Ahora si: (A#*B}/{C*D)=L0./3.2=12.5
Entonces: A%B/CXDedD,/CAD=20.%D=32.
Finalmente si tenemos paréntesis dentro de
otros paréntesis se tiene:

(Ax(B+C) ) *#22 (A%]10.P*x2=50  **2=2500,

E+[ tiene 'a mis alta.prinridad par encon-
trarse en el paréntesis mis interna.
(A*B+C) ##2m (40, +2) *F*2miZ *42a]76L,

AR {BHL) *A2mART0 *42aAR 100, =500,
ARBACAA2uANBEL =k 4k, mbi

Cebemcs tener cuidado en expresar lo que

deseamos realizar.

.o 12
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‘Regla 4 No deberemos colocar un signoc de operacidn antes

de un s{gnn mas o menes, eito es, no deberemos po-
ner dos signos de operacidn juntos.
Ejem. B 4=  ~ H-+H -A-B
Estas expresiones deberdn sustituirse por:
Ax(-B) 1+{=J}) M-{+N} AS(-B)
h,2 F;nﬂiﬂnes predefinidas en lenguaje FERTRAN
Estas funciones predefinidas que proporciona el lenguaje
FRRTRAN son de tipo de biblioteca. Para utilizarlas usaremos g!
nombre de la funcién seguido de un argumento gue deberd estar en-
tre paréntesis. Dichos argumentos pueden ser variables simples 5
con subindices, constantes, expresiones aritméticas u otras fun-
ciones predefinidas en F@RTRAH.

Para IBM - 1130 tenemos: .

: NUM. DE TIPG DE TIPO DE
NOMBRE ~ FUNCION EJECUTADA  ARGUMENTOS  ARGUMENTO(S) FUNC | ON
SIN Seno trigonométrico
(argumento en radia- y
nr.s? 1 Real real
cos foseno trigonométrico
{argumento en radia-
nes) 1 Real Real
ALDG Logaritme natural 1 " Real ‘Remal
EXP Argumentc de potencia
de | numere &, 1 Real Real
' SQRT Raiz cuadrada i Real ' Rea!
ATAN Arco tangente 1 real Real
{ o
Pl L TR TR el

13



ABS
1ABS

FLOAT
IF1X

SI1GN

151GH

TANH

12..
13
Yalar absoluto ' 1 Real Real
Valor absoluto 1 Enterc Entero
Convertir argumento de
entero a real | Entero * Real
Convertir argumento de
‘real a entero ; Real Entero
Transferencia de sig-
no (Arg.: recibe sig- :
no de Arg.zi 2 Real Real
Transferencia de sig-
no {Arg., recibe sig-
no de Arg.z) 2 Entero Entero
Tangante HiperbSlica 1 Real Real -
Ejem. EQRT (Br#*2-4 *4 2ax{) indica gue a §o que se encuen- i

tra entre paréntesis s¢ le sacard la rafz cuadrada.
SIN (BETA) Indica que se obtandri e! senc trigono-
métrico de el valor de ta variable BETA.
Enunc jados
‘Les enynciados son 1as unldades Laslcas con las cuales se .
construyen los programas FERTRAN, Podemos cf;sificarlo: de acuer-

do a su funclén an grupos como:

1.= Arlitméticos de asignacibn
2.- e control

i.- De entrads vy salida

L. - De especlficacién

5.1 Los enunciados aritméticos de asignacidn

S5e¢ forman con las expresiones presentadas anteriormente y

[
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hos indican los cElcuIn; particulares gua deben hacerse. 5Su for-
ma es:
Variable = Expreslén aritmética
£l significado del signo = es el de asignacidn, esto es,

que deberd calcularse el valor de la expresitn a la derecha dal

sigho = y su valor se asignard a la variable que se encuentre a

la Tzguierda del signo, la cual tiene unatlncalidad en 1a memo-

ria de la computadora.

Ejem. Si-A=S_, B8, C=2. y Gm?.b
X=(A+B}/C se le asignarad a la X el valor 6.5
ALO=(A+B)*%2 se le asignard a ALO el valer 189,
RAI=SQRT(B*() se le asignard a RAI el valor 4.

Algo diferente ai algeLra normal es el enunciado
Anhed, e] cual no debe alarmarncs ;a &ue indica que

a la leocalidad de memoria con e! nombre A se le asig-
rard el nuevo valor A3, e;tnhes:

S Aw5. y Asp+3. mEntonces: s
A=5.+3., “A=H. o sed que la variable A se le asig-
na el valor de B, y el valer anterior que fug 5, se
plerde.

5.2 |os enunciades de control

bebidec a que los enunciados de un programa FERTRAN se eje-

cutan en e] orden que aparecen ¥ gue &n muchas ocasiones queremos

transferir Ta ejecucidon a otros enunciados s5i se& satisface una

.15
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cierta cnndickén, FERThAN nos permite numerar dichos enunciados.
Un nimero de enunciado debe ser una cunstan;e entera de uno a cin-
co caracteres.sin el signo mis o menos;'cl nipero se coloca a 1a
izquierda del enunciado,
Ejem. A CONT = LONT+1.
24 RATZ = SQRT [A*%Z4pn%})
5.2.1 El enunciado G@ T@
Este toma !a forma G@ TH N en donde N es un namero
de enunclado.
El G2 T8 produce un saite incondicional; asi G@ T@
3 envia la ejecucién al enunclado pimeroe 3 que puede ser
Ta instruccidn de contec del ejemplo anterjor. G@ Té 24 pa-
sa ¢l control al enunciade 24 que puede ser e! del ejemplo

anterior.

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

ma son:
| = T. Esto nos redfresenta la suma da
J50UM = & los nimeros enteros, desde luego
T I5UM = JSUMEHT ex pecasario ponerle otros enuncia-
[ = [+] dos pero por el momento nos aclara
Bt
£2 T4 lo indicado.

£.2.2 El enunclado IF
Debido a que las computadoras estan disefadas a ba-

se de circultas 18gicos y el pensamiento de! ser humano debe

.. 16
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ser de este tipo, nos concretaremos el'IF 16gice, ademfs de dua
el alumno yattiene elementos de algunos oparadores de relacidn
como OR, AND y-NOT. )

El IF 18gico es de 1a forma:

FF (L} s

L= expresidn Iﬁgica que puede tener dos valores: Verdadero
o False.

$= cualguier enuncisdo FPRTRAN diferente de: un 0@, un enun-
ciado de especificacién o de otro 1F légico.

Si L es falso (.FALSE.) entonces se ignora § ¥ la computa-
cidn continda al siguiente enunciado. Si L es verdadero {.TRUE.}
el enunciado S $e ejeruta en seguida.

Resulta interesante hacer notar gque 5i L es relativamente
complicada, &ste IF puede ser el equivalente de varics |F aritmé-
ticos.

- P;ra formar las expresicones 18gicas (L) utllfzaremos los
oper;durés‘ﬁe comparacidén ¥ los de relaciégf' | .

Operadores de comparaclén:

STmbolo Simbolo signlficado
MatemStico Signlficado FORTRAN i Inglé&s
< . Hernor que «AT. Less than
> Mayor que AT, Ereath than
h Menor o igual a AE. Les=s or equal
> Mavor o igual a .GE. Greater or equal

17
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- Igual a .EQ, Equal
] DIiferente a
& ho Tqual & .KE. Not equal

Operadores de relacidn:

U ' Unidn .OR. 6 {"c inclusive)
n Interseccidn .AND, y ("al mismo tiempo)
—_ Comp lemen to . HOT. no

Para wvaluar uns expresién }égica se hard con las siguien-

tes pricridades:

1.- Expresi?ne: entre parintehii
2.- ﬁper;dures aritméticos T
3.- Operadores de comparacién {.LT., .GT., .LE., .GE.,
-EQ. y .NE.}
4, - .NCT.
e T
" Bl LAND. *
&.- .OR.

. 'En caso de igual -jerargufa la evaluacisn ser§ de ezquier-

o

da a derecha.
Ejem. (1) Y=3, | y=0.5 )
AF (X.GT.3..AND. ¥ .LE.2.}  Z=Xa#34Xny
Significa que sl X*3, v (al mismo tieépa} y<i.
se asignarf a 7 el valor gue se obtenga al cal-
cular XY+XY, ;stn es Z=125.42,5=127.5%
(2} I¥ {(A.LE.X.AND.B.GE. ¥ .OR.C.GT.Z) G T@ 12

Significa que si A<X v {31 mismo tiempg) B>Y es

.- 18



/&
't

15 18,.

verdadero & ¢»7 es verdadero O ambes, e&ntonces

se transfiere el control alt enunciado 12,

(3) I = 3
ISUM = D Fstn nos indica
1 ISUM = |SUM+T que sGio sumare-
b= 141 mas 105 nimeros
bF (1.LE.10D) GB TB 1 enteros del 1 al 100
STOF " .

£.2.3 E! enunciado D@
Este toma la forma:
D K { = L, M, N
g K I =1L, M
La segunda farm; s&1o se aplica cuando K=1, lo
gue es bastante frecuente.
. K representa un admero de enunciada
{ representa una variahletentcra
L, M, N s0n variables cnte'rnsd constantes sin
signo.
E1 D? produce la ejecucidn repetida de todos loﬁ
enunciados que le sigoen, hasta el enuncladp nimerp X.
La primera vez que s$e ejecutan estos enunciados la varia-
ble | es igual a L, &n cada paso subsiguiente | se incre-
menta en la cantidad N, hasta hacerse mayor & igual a M

en el paso final: en este momento se termina e1 liamado

.19
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lazo DB vy el control pasa a) enunciade gue estd a conti-
nuac{dn del enunciado K. AsT, L es &1 valor inicial de

la variable | y M su valor final. 1 se llama el Tndfce

del enunciada D@ y su valor corriente se puede usar en
cdlculos durante la sjecucifin del tazo. Todos los enun-
c{ados gue e siguen al D¥ hasta e] ndmero K inclusi;t
constituyen el rango del D@, También &5 posibie que la
variable | nc se encuenire en ninguno de Yos enunciados
del rango del DB y esto nos indica que se realice la eje-
cucién de todos los enunciados deil rango del D2 M entre

N veces (1a parte entera de este cociente M/N). Debere-
mos tomar &n cuenta que: &1 Fadice | se incrementa secuen-
cial y automiticamente durante la sjecucidn del lazo y

gue se puede, &n estos momentos, tratar come cualquier
variable entern; &) Tndize | queda Indefinide éeSpués de
-terminade &1 lazo del DA y puede utilizarse para cualguier
uso general. El -enuncjadn K.-no debe_}er-:.:.n enunciado de
espacificacién al una transfarencia de control! esto Incly-
ye cosas como GP TH, \F y DB, asT como FORMAT, END y al-
qunos otros. Debemos considerar que no s& puede desde nlin-
gun punto del programa llegar a un enunciade dentra de}
range de un DB, ¥ que la entrada & un 0f deberf hacerse

a través del enunciado BR. ¥ par O1timo es muy frecuente

‘que un DB estE completamente dentro de otro.,

. s 20
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) Justrando graficamente tenemos:

Correcto ipcorrecto
1] D@ .. UB. ng
*
Do pd P Dd
o@ op

Ejem.

Utitizaremos un DB para sumar los humerps enteros

del t al 106, ejemplo que ya hemos viste anterior-
mente.

ISUM = O Nos damos cuenta que al DP tie-
11 =1,100 ne la misma funcién que un ¥,
_1 IéUH m | 5UME] un GB TA y un contador; como po-

.dra observarse con el ejemplo an-

L

STOP
teriar.
£.2.4 El enunciadc ST@F

Este aparece simplemente como STBP y es el que

+

- nos Indica que ha terminada%la:ejecuciéé.y=eh el.Ffsd de
FBM ~ 1130 la computadora se detiene"yrel aperador‘tendré
que hacer que continie trabajando. Deblidc a ello se rece-
miands que se utilice &! enunciado CALL EXIT, el cual pa-
sa &) control a un programa monitor que hace que la com-
putadora cnntinﬁe ejecutando los otrgs programas que si-
guen a continyacibn. g

Tanto el STAP como el CALL EXIT podrin aparecer

después de cualquier enunciado.

el

()
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L£.3 Los enunclades d; entrada y sallda
Estos, como su nombre lo indlca, sirven para Intrnducfr
y sacar informacién de la computadora. .
L T Ellenunciado READ
Este enunciado tiene la forma READ {1, N} LISTA
[ ¥ H son entercs sin signh ¥ LISTA representa una lista
de nombres de variables para las cuales se leeran valores.
| designa ¢1 tipa de periférico de entrada que se utilice
{lectora de tarjetas, consola, etc.). N es el nimaro de
un enunciado FPRMAT aseociado al READ.
Ejem. El1 enunciado READ (2, 101} J, B, H
Producirl la lectura de tres nimercs: un entero vy
dos reales v se a]m;cenarﬁn er las localidades de
la memaria de la cnﬁputadura designadas con las
variables J, B y H ean su orden. Las comas que se-
oo . paraqléstns nombres de v&rlnh1es en el READ son
.- . i * - ] . -
llqéfépeniables,'i es .1a unidsdl de entrada y 101
un FERMAT,
£L.3.2 El enunciado WRITE
Este tiene 1a forma WRITE (1, N) LISTA } y N san
entarod #in signo ¥y LISTA representa una Yista de varia-
bles para las cuates se imprimen valores. 1 designa el
tipo de periférico de salida que se utilice {lmpresora,

clnta, etc.). N es el nimero de un enunciado FERMAT aso-

. .22



ciado al WRITE.
Ejem. El enunciado WRITE (3, 108) L, X, ¥
Producir§ que se impriman los valores de las va-
riables L, X ¥ ¥ gue se encuentren en las lncaii-
dades de memorla con e&sos nombres, en el formato
especificado por el enunciade nimera 108 y por
'a unidad de salida nimerc 3; las comas que sepa-
ran €stos nombres de variables en el WRITE son
iﬁﬁispcnsables.
5.4 Los enunciados de :specifiéaclﬁn
Este tipo de enunciados no inician por i mismos los cdl-
culos, ne producen transferencia de control ni estimulan =1 flue-
jo de informacidn, pero ﬁruvnen al compilador F@RTRAN de las
detalles esenciales para la traduccidn del prﬁﬁrama fuente en
FﬁRTFAN al programa objeto en lenguaje de méquina & para la con-

versidn de datos-a 1a entrada o la salida. :

‘51 quérémns ;;t;a;ucir datos.a la Enﬁputaé;éh lo podemos
hacer mediante un enunFI;du.Que esté dentro dal programa, <omo
A= 31416, €s5t0 s lo que podriamos llamar fnicializar una va-
riable; y &1 programa se compilaria cada.ver que quisieramos
darie un valnr diferente a A, 1o cusl resulia muy costosc, ya
que las compilaciones son laboricsas. Para evitar esto se usa
el enunciado READ y los valores gue se le den a A podrSn estar

cn tarjetas de datos, los cualas son independientes del progra-

-.23
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23..

E1 enunciado FERMAT

Este tiene Ja forma: N FERMAT { , , , ...) en

la cuat-H-es-e} -nimere del-enunciado -FARMAT -y correspon=

de al N de los enunciados READ v WRITE., Los espacios en-

tre las comas estdn disponibles para las espacificaciones

del tipo que se descrliben mas adelante, siendo el nimero

de espacios uno o més, de acuerdo & las necesidades del

pregramader.

g ho1a La e5pecifica£i6n h:lw

AquT 1 indica un vqlcr entero y W &%
un eptero que indica ;1 nimero he columnas o an-
chd de campo, que ocupa ese valor en )a tarjeta
de entrada o en &1 papel de impre;ién. E} hﬁmeru
w deberd incluir un iugar para el signo de ese

valor, siendo + opcional. . -

", -
\ . - P
‘Ejem, - -Valor-de los-datos ',
Sl - e
At de entrada o salids: 1130 +1620 =370
Espe:if!cac{én: ] -1k 15 1y

nat sy

5. 4.1.2 - -La especTficacidn F:Fw.d
Agui F indlcaun wvalor real, w indica
el nimero de columnas que ocupard el valor en la

tarjeta de entrada o en al paﬁel de impresidng d

I

indica &1 nimero de cifras que se encontraridn des-

L2k
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pués d=l1punto cocimal. w debera ingcluir un luga}
para el signo y otro para el punto decimal,
Ejem. Valor de los datos de
entrada 67salida: 327787 -.007° 1130 +3.7D
Especificacidn: FB.3  F5.3 F5.0 F5.2
5.4,1.3  La especificacién E:Ew.d
Aqul E indica un valor real en forma
exponencial ¥ w indica la anchura de campo para
ese valor y debe de incluir el signe, si fo bay,
el punto decimal, el Iug;r para la letra E, un
lugar para el signo del exponente, si es negati-
v, ¥ dos lugares para el.exponente; d indica =1
nimero de digitos a la derecha del.punta decimal .
Ejem. }ﬁ. Valar de los datos ‘
.;j .he.entrada o salida: .1403E0L —.7E-02 .1442E+04
~Especificaclén:, .EB.4 E7.1 S LES. A
. V Es ::an.venj en{\'.-_q‘ue"é.:;r;::io lﬁeseem;? ‘;'.:::ar

informacI5n de la computadors, tomemos  en.cusnta

para ¢l ancho del Elmpa lo slguiente:

] -l

1.- ‘ET'signo, ‘aln cuando el + generalmente

no s& imprime,

Z.- El punto decimal para las especificacio-
nes F y E.
.- Por 1o menos un digito a2 1la izquierda

. 25
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ST I

del punto decimal, puesic que muchas
maquinas imprimirdn alli un carc si o-
tro digito ne ocurre,

. - Suficientes lugares para todos los di-
gitos significetivos deseados, debido
a que para los dfgitos que no se les
deja espacio se truncan o redondean.

£ - Cuatre Jugares para €l expanente de la
especi ficacidn E.

6.- El primer lugar se deja en blanco para

.21 control de carra,

5.4.2 El enunciadc END '
Este se Jee simplemente END = informa al compila-

.dor que el.programa fuente ha terminado y debe ser sl 0l- |

...-":j_ . Rl
.,

“timo enunciado de-cualquier programa FERTRAN

(] i ] -
. - -

L] .
: .~

6.- Arreglos - - - -

v
r-

Frecusntemente tratamos con un 'grupo de variables que for-

man 5 pertenecen a una élase o cole:c!ﬁﬁ,mcuandp ‘las variables
forman un conjunto ordenado, pueden relacionarse ﬁ;as cen otras
por la nntaciﬁn de ;uéfndices; entonces designamas esa coleccidn
como arregic y las variables qué partepacen a8 Esta serie son

los elementos del arregle. A vaces se emplea como sindmimo de

.. 26
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w1 ry

arreg1a ei nnmhrn de natrfz Y., €0 :nnsecu:ntla, hahlanns de ele-

mentos de la mateTz, , ) , .
I:,-J T T T [ 13 | 2w DR ‘a - . LI S

6.1 Variables con subindices
Un conjuntc de.nimeros _que pueda arreglarse.en.un-rengldn

O columa se consldera como un arreglo lineal & unidimensional,

y ésta serie puede 1lamarse vector. ldentificamos los elementos

de un vector renglén & columna por un sSlo subfTndice.

Ejeam. La columna de ndmeros del vector llamado A, con-

siste de los elementos A, hasta An inclusive vy

te representa como sigue:

Notacidn asoctumbrada Notacidn FERTRAN
A - A (1)
. Az b A (2)
~ :':aﬁ_ A \.' b A (3}
i EE A e :
Al . in S
"’ 1 ' . \ .. - .i._i.'ir ik -' - -
N .'-..:-! a : R .‘r.':'r . 14. Hw“'ﬁ . ':: T. ) !l . .
”.1" .-M " L ' &,’r- ' “:: _:t..tl'.-‘-wu .rA ﬂ"} '&fmﬁ "" -
.. - l-i_ nd - . s, R S .
Eada una de-estas ﬁ{l] en dundn 1 varfa de 1 a N,

*SOn el numbre de una variable, el :nnjunta de to-

k - . -
.

&

-das.ellas-eﬁ-dnrque 11amamos arreglﬂ. e -
5i se usan dos subTndices para ldentiflcar los alementos
de un arreglo se cansiders Este como un arreglo bidimenslonal.

Los cuadros de un tabierc de ajedrez, pueden considerarse como

-un arreglo bidiminsional. ¥ si 1lamamos a cualquiera de los . wa-
T

i
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dros con la variable CTAJ tendremos 64 variables; pero como al.
tablero tiene 8 renglones y 8§ columnas, podemos referirnos al
.cuadro que se e#ncuentra e¢n el renglén 3 y Ta columna 5 con la
variable CTA)-(3,5).

- Dapandiendo del tipo de computadora serd el niimero de sub-
Tndices gque podremos asignarle a un arreglo; &n LBM - 1330 séle
se admiten arreglos con un miximo de tres subindices,

Las varfables que se utilicen para designar arreqleos da-
berdn observar las reglas que se dieron anteriormente al hablar
de variables enteras ¥ reales considerando gque para los ¢inco
.:ara:teres alfanuméricos son independientes de ias indices que
s& encumntran entre paréntesis,

6.1.1 Regias para los subfndices.’

Regla 1 Un subindice debe ser un entero, puede ser

. constante, va;iahle 5 una de las expresiones

-

arltméticas siguientes: = . « .
:.l

A*V D P A*u-i;',
'ﬁh-dande v 8s una.variable entera y a y b son
constantes mnteras sin-signo.
EJem. Algunos subindices pueden ser:

¥ 1972 T0%KONT g J

F976*N-8 2=k 2vi4]

Ho se pueden usar come subindice:

1+] -1 Z-TO*LONT  -1932 -KILG

..28
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Regla 2 Un subfndice s6!o debe tomar valores positivos.
Regla 3 -- Un subindice en sl no debe ser una variabla con

subifrdices, Asi X{J1(2)) no es permitido.
Regla L Un simbolo que representa un arreglo, una va-
riable con subindice, no debe usarse sin sub-
indices para representar cotra variable diferen-
£e en e mismo programa. Esto es A{l}) v A no
deben referirse a variables diferentes. Como
siempre hay una excepcidn que par ahora no
tocaremos.
Ejem. Los sTmboles para variables reales c&n
subindices podrian incluir:
x{1) sun(ke2)  A(1, 280+1)  B{INT)
Para variables enteras con suhfgdices
podemos tener:
INT{M,N)  1{J} CcTA{J, 2*1)
6.2 El enunciado DIMENSIEN o
Siempre gue en un programa utilicemos variables com sub-
Indices deberemos poner como primer enunciado e! aIHEHSlHH, el
cual indiea al compllader qué tan}o esﬁacin de memoria se debe
reservar para las variables con subindices. Su forma es:
DIMENSIPN u, v, w,
Donde u, v, w, ... 500 naébreﬁ de varlables, cada una de

las cuales va seguida por ¢l mdxime nimero de elementos en el

.29
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arreglo correspondiente. Deberén nbservars; las 5igui=ntes'regla5:
Regla 3 - Cada variable con subindices se debe mencionar en
un anunclado DIMENSIAN antes de su 'primer wso en
el programa.
- Regla 2 Los simbolos representados anteriormente por u, v,
w, ... deben tener la forma:
nombre de variable (maximo ndmero de ele-
nerntos )
el nimero entre paréntesis debe ser una constante
entera sin 5igno.
Ejem. DIMENSION A{20), B{&,B), CARR(5,3,4)
"Esto indica hue el compilador reservara 29 loca-
lidades para el arreglo A, sus veinte variables se-
.r8n A{1), A(2}, ..., A(20) al mismo ticmpé ¢ Teser-
vardn 32 (4xB) localidades para las variéblps 5(1;11,
a(l',z], B(1.3), ..., B(1,B), 3(2,1],.5{2,'2}_:_
B(2.8), B(3,1), B(3,2), ...."6(3,8),.8(4,7), B(4.2).
ees, B(4,8) y por dltimo se reservarfn 60 (Sx3xh)
localidades para las variables del arreglo CAR, con
tres subfndices c;éa una.
Reg;a 3 El arreglo que s& use en particular, dentro del pro-
grama p;dri tener menos elementos que los especifi-

cados en Ia1magnitud de]l enunciadc DIM ENSION , pero

no mis.

.. 30
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La variable tal como aparece en el enunclado DIMEN-
SI@N debe tener exactamente &1 mlsmo nimeroc de sub-

Tndices que en cualquier otra parte del programa.

.31
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SUBPROGRAMAS . _
Los subprogramas,, también 1lamados suhrutinas, son programas que pueden

ser puestos en Uso por otros programas cuando sea necesario.

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

riedad d& subprogramas.

FUNC I QHES

Cuando el -valor de una variable depende de una 6 més variables O constan-
tes y ademds de una serie de cilcuios,y dicha variable ha de calcularse repe-
tidamente y en difarentes puntos de un programa, es posibie definirla como --

una Funcibn. En otras palabras, Ademds de las funciones con que cuenta la bi -

" blioteca de) sistema, €] usuarioc puede escribir sus propias funciones para uso

especifico de su programa.

Tomemas un ejemple para visuvalizar 1o 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 argumentc deseado de grados a ra-
dianes y despus 1lamar a la funcidn del sistema SIN (X). A continuacida pre-

sentamos una funcién que calculard SEND (X), (X en grados} :

FUNCTION SENP ( X )

X = X * 3,04 15 927180, S .
SEN@ = SIN (X) o

RETURN

END

que es llamada desdep] Programa como:

GRAD= SENS (GRADSES)

En base a &ste ejemplo podemes generaljzar &] uso de la proposicion
FUNCTEON |

a) Debe ser codificada en forma independiente del programa
que la usard, es decir, no debe aparecer "dentro' del programa.

b} Debe empetar con la palahra FUNCTIPN
. L 32
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32

- FUNCTION nombre (parfmetro }

“

A continuacidn se escribe el nombre con que serd )lamada,
Despuds, entre paréntesis y separados por comas, aparecen los argu =
mentos. '
EJEMPLOS. -
FUNCTION RAIZ 1 (A,B,C )}
RAlIZI1= [-B + SQRT (B #*2 - 4, *# A *x ¢ )) / (2,* A)
RETURN
EKND

FUNCTI®N RAIZ2Z ( A, 8, C )
RAIZZ = { -B - SQRT (BA#2. L, x A 2 C )Y / {2.% A )
RETURN

END

o

EC. SEGUNDP GRADE

READ [ 2,100) A, B, C
-FORMAT ( 3F10.5}

X1 = RA1Z1 (A,8,C)
X2 = RASZ2 (A,B,0}

. WRITE (3,200} A,B,C, X1,X2

200

FORMAT ( 5 {.,F10,5")
CALL EXIT

‘EKD

Este ejemplo &5 solamente pars mostrar el 5o de la‘proposicidn

7.2

FUNCTIAN y no contempla algunas situaciones como ralces complejas, etc.

SUBRUTINAS

Como es facil motar, la proposicién FUNCTIBN nos 'fregresa' un sGlo va -
lor v to hace 3 trawvés de su nombre. En muchos casos es convenisnte & -
necesaric que Se nos regrese mis de un valor, para &s5tos casos usamos la

proposicién o enunciado? '

SUBRBUTINE .

LUna subrytina es un subprograma que puede "recibirs!! cualduiﬂr numero -
de pardmetros ( desde-cero hasta un nimero determinado por el tipo de com-

pilador) y puede "regresar' diferentes valores calculados.

.33
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Supongamas que al imprimir resultados de un clerto programa tenemos que =

Veamos algmas ejemplios:

.escribir algin titulo usando Vos primeros renglones de la hoja. En tal caso po-

demos hacer uso de una subrutina como sigue:

SUBRBUTINE ENCA
WRITE (3,200)
200 - FARMAT--(/,1%, '"REPGRTE SEMANAL' , / )
RETURN
END

{omo vemos no hemos pasado ningbn pardmetro 6 valor a la subrutina. Para -
que se ejecute &sta se debe hacer uso de la proposicidn CALL, de la siguiente for
Ma .

CALL ENCA
dentro del programa y &n ¢l Jugar donde deseemns que ocurra la impresida.
Disguims ahora un ejemplc muy simple para &jemplificar ¢! uso de parfmetrog.

Hagamos una subrutine que ''reciba' como entrada dos nlmargs, los sume y el resul -

tado lo "reqrese' en otra variable, Sean A y B los numeros a sumar, ¥y C la varia -

.- . ble en donde se pondrd el resultado.

_SUBROUYINE SUNA (A,B,C ) ad
C=A+B .
RETURN ’ N
END
Es imﬁnrtante detenerse a ver el significado de Ins.barénetros para las sub -

Futinas?

La subrutina anterior SUMA pusde sar jlamada de diversas formas:

CALL SUMA (AA,BB,CC)
CALL SuMa {4, 7, X )

etc.

Comc vemos, las variables A,B y C gue aparecen e&n la’'subrutina son variables

.3k
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mudas o dormidas v solo tienen sentido dentro de la subrutina, Veamos lo -

“anterior:
Supéngase el siguiente programa:

X1= 3.

X2= 4,

CALL SuMA ( X1,X2,X3)

SUM= X3

WRITE (3,200) X1,Xx2,%3, SUM
200 FERMAT(L F10.5)

CALL EXIT

END

Se propone como efercicico al lector que haga las veces de la maguina y es -

criba o gue &sta imprimiria,

lLal migquina imprimird :

3.0 4.0 7.0 7.0

oY

Una de las facilidades mis utlles en subrutinas es la de"#;rreglnf. oMo

parametros, €)°

SUBABUTINE MAXIM (A, MAX )
"DIMENS 10N A { 10)

4

RETURN
END

Supdngase que £sta subrutina encuentra el elemento del arregio’A (10} con

mayar valor y lo regresa a través de la varigble MAX. Ex importante notar que

var

si pasamos como par8metro uno & mds arreglos hay que ﬂinnnsinnar1os oLra

dentro de la subrutina, lo cua) se puede hacer de al menos dos farmas: 1)

poniendo la dimensién_que aparece en el programa que lo 1lamaj

2) Poniéndale dimensitn 1 .(uun]

Ejempla:

.35



DIMENSION A (10)

, B (20).
.CALL #RDEN (A}
CALL MAXIM  ({B)
CALL MAXIM (A}
CALL EXIT
END
Caso 1:

SUBRBUTINE @RDEN (X)
DIHENS | ON % (1q)

— e — g—

" RETURN
END

fasao 2:

SUBRPUTINE MAXIM {Yl'f»}w,}1>_

“DIMENSION Y {3) i

— — — g

RETURN
END

.. 36
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7.2.1  COMMOH,~ 3!]
Comz e5 posible visuallzar en los plrrafos anteriores, las variables
usadas en las subrutinas, o mejor dicho, dentro de las subrutinas, son tnta!'-
"mente independientes a las varfables usada; en el programa principal,. Muchas -
veces es conveniente que tanto las subrutinas como el programa qqe'las llama -
-tengan-variables-en COMUN. Para-lograr-asto-existe la declaracidn ‘
COMMDN
La forma general de &sta proposicién es:
LCOMMON  lista de variables
donde ''lista de variables" es un conjunto de variables y/o arreqlos separados
por comas a las cuales queremos adjudicarles la-propiedad anterior, es decir,
sean comunes a varios subprogramas.
Ej.
COMMON A.B, X (10), A8 {230)
Esta declaracidn debe aparecer al princlpio de cualquier programa o sub-
rutina en que ‘se desee usar., Veamos un ¢jemplo:
R SUMA DE DOS NUMEROS . ;
CONMON A, B, C . . g R I o i
Am 3 ) :’?:";Tf;"?,r“.;:i'.l*' i : N 3 \ T . Ld.‘ -
-7 SO
CALL SUMA v
2= , -
WRITE {3,200) A, B, C, 2 © . Lo
200 FORMAT{ 4 FI10.5 } o
CALL EXIT
END

-37
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SUBROUTERE SUNA

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

END

Este programa debe imprimir :
3.0 7.0 10.0 10.0

Una propledad importante del COMMON es gque si un arreglo es especificado
en COMMOMN que di automiticamente dimensionado, es .decir, no hay que especifi -

car dicho arregic a través de )a declaracion DIMENSION |

En las siguientes paginas se muestran veint[0n programas, que incluyen sus -
diagramas de flujo, codificacionss, datos y resultados; et objeto es que el -
lector pusda complementar la parte tedrica con la practica, amén de gue debe

réd hacer los propios y procesarlos en una computadora a'su alcance,

%
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"CONVERSION DE GRADOS CENTIGRADOS A
GRADOS FARENHEIT*

h 4

CEN=37.45

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

PROG -1



F/ JOB T
Arf FOR

#| 15T S0URCE PROGRAM

#ONE WORD INTEGERS 41)
#10CS (CARD 1132 PRINTER)
Comemmmmmemamell N Qemeeeeanmee
¢ CONVERSION DE GRADOS CENTIGRADOS A
c GRADOS FARENHEIT &
100 FORMAT(F1046}
IMP=3
CEN=37.45
FARENSCEN®G /5 _ +37.
WRITE {IMP+100) FAREN
CALL EXIT
END
;7 XEQ
f‘
RESULTADO S
¥ - . .
— —ggrhipD
. T ”-

PROG .

1

v



“CDNVERSIDH DE GRADOS FAREN
CENTIGRADO

INICI1O

F AR

ol
CENTI=(FAR-32.) x5./9.
A 4
&
FAR, CENTI

A GRADOS

41

Ztf

F

PROG - 2



/7 JORA T 2
/7 FOR 4
¢ IST SOURCE PROGRAM - _ .
*ONE WORD INTEGERS X . e
#T0OCS(CARD+1132 PRINTER)
Commmmtmmamnan]} 0 Goc—ma=me= -
c CONVERSION DE GRADDS FANENHE]T A
( GRADDS CENTIGRADOS _ _
100 FORMAT(F10.4) .
101 FORMAT(F104,4,22H GRADOS FARENHEIT SON +F10.4¢20H GRADOS CENTIGRAROD
15.}
LEE=2
IMP=3
200 READ(LEE+10063}FAR
o FAR IGUAL CERO INDICA TERMING DE DATODS.,
IF{FARI21D:2204+210 :
210 CENTI=(FAR=32.1%5,/9,
- WRITE{IMP,101)YFAR,CENTI
GO TO 200
220 CALL EXIT
E£ND

¥

- A7 KEND
1260000

i

.
L. : . (R N N L

- . . - - ‘;-"'H
[P, A e eem —im —————— e m e

PROG -2



"ICGNVERSIC'N ENTRE GRADOS FARENHE!IT ¥ GRADOS
) CENTIGRAIDS *

D)

INDI, GRAD

43

INDI=Y

[fAREN=GRADx?.f5. + 32.

GRAD, FAREN

e
)

. CE§T|={G RAD-32.)x 5./9.

-—

GRAD, CENTI

PROG - 3



/7 JOB T
/7 FOR

#L 15T SOURCE PROGRAM . 44
*ONE WORD I[NTEGERS .
#1OCSICARD+1132 PRINTER)

. Commamm——— weT R E S=meme==== .
¢ CUNVERSJON ENTRE GRADDS FARENHEIT

C ¥ GHADOS CENTIGRADRDS
100 FORMATIEHY) .
101 FORMATII1.F10,.3)
102 FORMAT(FlO,2v15H FARENHEIT 50N oF11.3213H CENTIGRADDS,)
103 FORMATI{FLO.2+17TH CENTIGRADOS SON +F9.3«11H FARENHELT )
LEE=2
IMpP=3
WRITE{IMP4100}
200 READILEE+101+END=220) IND]I «GRAD
IF{INDILEQ.L1YGD TO 210

[l INST DIFERERTE DE )1 DATO EN GRADOS FARENHEIT.

C SE CONVIERTE A CENTIGRADOS,

CENTI.: [GH#D"*:“E- 1 “5./’9-
WRITE({TMP 2021 GRADCENTI
GO0 TO 2400

210 CONTINUE

< EL DATO ES EN GRADO CENTIGRADO,

c SE CONVIERTE A FARENHEIT.
FAREN=GRAD®9 . /5.+37,
WRITE(IMP,:I03)6GRAD,FAREN

) GO YO 200
220 CALL EXIT
END
/4 KEA
-312000
1l1.48 . - . -

ﬂ- '

3z.00

-16. v e U .

- 18.

Ty bt e U] el O e

RESULTADOS

-r_.:.,...,..._...pl."— L A —emw e -

r .

- —— —— —re R P e ey R o e = wr mm m o ol A N o

PROG -~ 3
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TCONVERSION DE GRADOS A RADIANES" v

2 45
-

“"FIN DEL PROy

DATOS GRAMA® —

FIN

| .

GRAD 2180

ol ¥

GRAD=-(GRAD-180)

!

RAD=GRADx 3.145926/180,

‘GRAD,RAD

PRCG ~ 4




CAFTI0RT

e o e oam - oraE - — n b e LA e———-— -

/¢ FOR 4k

#] 15T SOURCE FPROGRAM _

sONE WORD INTEGERS . |

«I0CS{CARD, 1132 PRINTER)

fummsmmnmmem==C U A T R Qmme==’" 77

c CONVERSION DE GRADOS A RADIANES
1Dl FOHMATIFB,J) '

" om—— 4w

102 FORMAT(F9.3+12H GRADOS SON +F&.3310H RADIANES,}

103 FORMAT{///51GXe16HFIN DEL PROGRAMA)
LEE=a?
TMP=3

200 READ{LEE+10) END=Z230)GRAD

210 IF(GRAD.LT.360)60 TD 220

C EL- DATO -ES I1GUAL O SOHREPASA LOS J6C-GRADOS(SES AdUSTﬁI.
GRAD=GRAD=380.
G0 TO 210
220 CONTINUE

C SE TRABAJA ENTRE +180 Y ~180 GRADOS,
. AF{GRAD.GE.180.)GRADc=(GRAD-T1R0.}
RAD=GRAD®3.1415926/180.
WRITE¢(IMP, 1021 GRADRAD
GO TO 200 .
‘230 MRITE(IMP.103) ST T
CaLL EXIT
END
/7 XEQ
90000
-G,
3660
"33'}'
0.0 - .
188, 27 ’ . e S
132.4% s

-ngg -

f" 1 g - - - rm . -_.,,.- — — o E -—n

e o 4 -3 . " - a4 B L T I B

R 5 SDN ADLIANT S,
ﬁ-ﬂﬂﬁ ADnS sgk -ﬂﬂﬂ RADJA)
51E?ﬂ—ggﬁﬁgﬁ-ﬁgﬁ*‘&'B*E‘ﬁ#ﬁi*ﬁgg:

1751588 CRACHS 30N 11388 RABIANES:




© DETERMINACION DE NUMEROS PARES E IMPARES" . 3

47

NTARJ

1= 1,NTARJ

NU M

NUM
IND=(-1)

NUM
YES PAR" \

. : NUM .
"ES [MPAR"

FIN
PROG - &



7/ LOB
7 For
*LIST

*ONE WwORD INTEGERS

=*10CS5 (CARDs 1132 PRINTER)
Cmmmam——— mmm=lf I N C Dumcre== - -
C DETERmMIMACION DE HNUHMEROS PAKRES
C E IMPARES :
106 FORMAT (13)
10! .FORMAT(T4,AH ES PAR.)
102 FORMAT(I4+190H ES IMPAR,)
" LEE=2
IMP=5 .
READ(LEE+)00)NTARY .
c NTARJ ‘INDICA NO, DE TARJETAS CON DATOS,
DO 262 I=1eNTARY
READ{LEE 1007 NUM
IND=[=1}##NLIM
IFLIND.LT. GO TO 200
C EL NUMERO ES PAR,
WRITE{IMP.107 ) NUH '
G0 10 201
200  CONTINUE
C EL NUMERD ES IMP&R,
“ WRITE{IMPs102)NUM
201  CONTINUE
202 CONTINUE
CALL EXIY
END
/7 XEQ
005
17
1
14
DRI .. e e e L .
e
h s " RESULTADOS 77 '+

T

SOURCE PROGRAM -
4% .

-t T —m—— - ' -
. - AT e oy g ey, ma -

153
" *:‘ R - It -
. i_..:._.__..__._.____ L L

., *
R P - £ .

r
L

5
1 E5 1MPAR.

|
= E .

PROG

-5



T “DETERMINACION DE MULTIPLOS DE UN NUMERO ™
|
INICIO ~ - 44

'ENCABEZ AD

IBASE

S
NTARJ
—e
.
NUM
A IDIV= NUM/IBASE
' RNUM= NUM
RDIV= RNUM/IBASE .
i . | 1
. NO MULT.
'MULT_'
\ NUM,IBASE : N UM, 1BASE
-

L
Ly

A

PROG -4



o
v

A vl

Aruce T

// FOR 5
¢LIST SUURCE PROGRAM ) -
sONE WORD INTEGERS . 50 <
#[OCSICARD.1132  PRINTER)
C=mmwmmmemam==l [ ] Seccnasnm== ' B
c DETERMINACION DE MULTIPLOS _ T
c. DE UN NUMERD : ) .
100 FORMAT(II)
101 FDRHﬁT{3¢HINUHERD-HULTIPLD DE~ND ‘MULTIPLO DE)
102 FORMAT(2XeI3sTXe13)
T 103 FORMATIZXT13s21Xs13)
LEE=2
IMP=3
WRIYE{IMFP,}101)
200 READ(LEEJODWEND=240) IHBASE
READ(LEEy100YNTARY
DO 230 I=].NTARJ
READ{LEE+100) NUM
IDIV=NUM/ IHASE
RMUM=NUM
RDIV=RKUM/IRASE )
IF(RDIV.EQ.IDIVIGO TO 210
r “"NUM NO ES MULTIPLD DE IBASE,
WRITE{IMPs103)NUM, IHASE
GG TO 220
210 CONTINUE
c NUM ST ES MULTIPLO DE IeASE.
WRITE(IMP.1062}NUM,IBASE
'220 - CONTINUE
‘230 CONTINUE ) ] ) T
GO TO 250 -
“Z40 CALL EXIT T e - -
END ° h
/7 xEu . -
- 007 —— Co e e ) e _
‘005 . )
17 . . :
001 . e L s
1% . ) R T ' T e T .
291 ' . po— - . - - ar s - }‘ ‘.:- S
g % s Tt e i ng -EL T e T !'-*
003 ) . ) . S e %
002 - e . .
o . : .
11 : \
005 . - N
001 R ES uL T A D C:S
009 pr e e e e —— . e
I{l

— —NUYERO=MULTIE( O ne=ND BUIYIBIQ BF
3

1
1# - 2
291 - v
: —
11 3
- —_ 5

PROG - &



" NUMEROS PRIMOS

INICIO

*

'‘ENCABEZAD(

NUM

“PRIMOY

Y 1 Num

NUM

———P IND= (- 1)

'NO pmmc:l'l@
@ |

la.

PROG -~ 7

la*
™



i

" NUMEROS PRIMOS

i L

L IMAX= NUM/2,

-

l

b= 3

o

'NO PRIMT

NUM.

'PRIMO!

TTTNUMT

F

-

W

!

IDtV= NUM/I
RNUM= NU M

RDIV=RNUMA

PROG - 7




s7 Jow T ' ” " -
s/ FOR .
#L 157 SUUHCE PROGRAM . . R .53
*ONE wWORD INTEGERS )
#]10CS{CARD+1132 PRINTER)
Cromecemssnme=el | £ T Eecmena=
c NUMEROS " PRIMOS
100 FORMAT (I} . )
101 FORMAT(19HIPRIMOS ~NO PRIMUS)
102 FORMATI(2X«ID)
103 FORMAT(14Xs13) .
" LEE&2 -
1HF=3
WRITE(IMP4101)
200 READI(LEE s 100+END=2910) NUM
1F INUMLGT 3160 10 210

c MUHM ES MENUH O 14GUAL A 3(TODD NUHEHU NATURAL HMENUKE 0O IGUAL A 3 LS
WHITE([MPs102)NUM -
. GO TD 280
210 CUNTINUE
C MUM ES MAYOR JUE 3,

IND= (=1 ) B&NLM
IFLENDLLT0NGY TO 220

C MNUM ES PAR(TOLO NUMERD PAH MAYOR qu 3 NU ES annu te
WRITE (IMPs]103)NUM
60 10 270
Z2a CONTINUE ;
c NMUM ES IMPAH(SE [INIClA FROCESQO BE HHIMOD O nNu=PRI1MU),
IMAX=NUM/2
] I=3
£30 W IFI).GT.IMAX)GO Tu 240
(o . SE OUBTIENEN LAS DIVISIONES. ENTERA Y REAL DE NUM/A]
C ' CUN ] -DE 3 HASTA NUM/2,’
IDIV=NUM/T S
RMLUM=NUM T

ROTV=RNUMsT
IF{RDIV, EG.IDI?II=9999

€ lo 2l 129999 INDICA QUE NUM ES_ PRIMO..

e £ 1 5.2 T e :
vt B lgea . GO YO 230 0 L Coe .
240 CONTINUE e g e L
IF(1,LT.9999160 <10 250
- NUM NO E5 PRIMO,
WHITE(IMPy103)NUM
GO TO 260 '
250 CONT INUE
C NuM ES PRIMO, :
WRITE(IMP]102)NUM
260 - CONTINUE
210  CONTINUE :
250 CONTINUL . o

e, -

G TO Zoo
2990 CALL EXIV
END
ASOREU ¢

PROG -~ 7

T =~ W~



10
11
12
13
=
17

R |
e

19

RESULTADOCS

[

WA [y P e | B

=
1 ‘
17 .
1% ‘
21
- — e .
— - ]

PROG - 7



A WU !

77 FOR _ _ : ' .
# 15T SOURCE PROGRAM . e . a )
*ONE WORD INTEGERS - . _ ~ o, ) ‘.

#JOCS(CARD31132 PRINTER)

c------—-----—u c H D---n-—nin
¢ - 3ERIE OFE FIBONACC]
.100 FORMATI13) -

"10) FORMAT (I4e3XelI5) = - .,

LEE=2 + ]
IMP=3
READ(LEE+100)NTERM
C - NYERM REPRESENTA EL NUMERD DESEADO DE TEHHINOS
NM]=1]
NM2=0
WRITE(IMP+10])NM]3sNM]
DO 200 I=2,NTERM
HUEVDENM] « NM2
NH=NM]
. NM1zNUEVE
¢ 'SE IMPRIME LA POSICION Y EL VALOR DEL TERMIND
‘ WRITE(IMP4101) 1+NUEVD
200 CONTINUE

CALL EXIT-
END
. /7 XEQ L
To1s T N
/e . : ‘
RESULTADOS ——=° — -
. . _‘:.Ih" o - .':'..:_ )
" _:- ..:I::I'.- : - _‘ T-:.‘ i I e - i
*:?_{,,.:1_; LA Pea—— -hvi-t:.n"_-a.-..-lm_- .%, *
el . |
y | I
- a - - il %’ b ' - -—.-—-:--—--- : .':‘
. - i -?. .....

PROG - 8




" SERIE

DE FIBONACC) *
‘ INICIC oot

NTERM

Nml= 1
NM2= ¢

I

NMmI, NM)

NUEVO=N M1+NM2
a vl

N M2= Nm1
|

NMl= NUEVO -
ny

"% NUEVO

PROG - 8
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“ FACTORIAL * <7

7
INICIO :
y

LEE , MP

NUM

FIN

NUM, IFAC




s/ JOBR
/7 FOR
SLIST
#0ONE W
*10CS
Cmtrmmm
C
. 160
101
102

c

200

210

220

A7 KEGQ

c3
01
az
n3
04
as
o0 °

g

MR

SQURCE PROGRAM
ORD INTEGERS

CARDy1132 PRINTER}
mamseeeal U E V Exvmmens’
FACTORIAL

FORMAT (2113

FORMAT (12}

FORMAT {13y3X415)

R

SE LEEN LAS UNIDADES LOGICAS DE LECTURA E IMPRESIONN

READ(2+100)LEEsIMP’
READ (LEEs10) 9END=220 Y NUM
IFAC=1 .
DO 210 I=2«NUM
IFAC=IFAL#]
CONTINUE
IF tNUM,EQ,0}IFACE]
IF{NUM.EQ,11IFAC=]
SE IMPRIME EL NUMERDO ¥ 5U FACTORIAL
WRITE(IMP,102'NUM,TIFAC

GO TO 200
CALL EXIY
END’

PROG - ¢



L 5Y

‘EN BASE 10
NUM

NEZ= NUM/ 2

NB = NUM-NE2 x 2 1
-
It 1=0

NB&
t]&nl

NUM = NE2

PROG - 1D



s T

. C

S

T 4F J0B T

/7 FDR
*LIST SOURCE PRUGRAM

=0

NE

WORD INTEGERS - VB

#10CS5(CARD» 1132 PRINTER}

E-"‘--'*:--'--'—""--D -I -E"I----—n-}.-- !

100

‘101
102

103

200

210

c20

230

;.:Gu :-;Tn zﬂu ---'—--... - _—--— _—— e - = r - L — .‘* -!:-- - P —

"CAMBID DE BASE & DEE]H&L A BINARTA
FORMAT {I5)

FORMAT (1Xsi%5»19H EN BASE DECIHEL ES)
FORMAT (1X:I1)

FORMAT{1TH EN BASE BINARIA.} .
LEE=2 o
IMPa3

READILEE « 100 +END=250) NUH
WRITEIIMP,101yNUM

IF{NUM LE.LIGD TO 220

NUK ES MAYOR OUE UNGe SE SIGUE DESCOMPONLIENDO

NEZSNUM/ 2
NB=NUW~NE2*2
NB ES UND 0 CERO
WRITE (IMP, 102} NB
NUM=NE 2
GO To 210

CONTINUE

IF (NUM,EQ. 1160 TO 230

S5E ITMPRIME FiL ULTIMD EERD EN LA HEPRESENT#CION BINARI#

‘1=0
WRITE(IMP, 10201
GO TO 240 - oo

CONT INUE | - ' au
SE IMPRIME EL ULTIMO )} EN LA REPRESENTlClDN
‘I=1
“WRITEtIMPs 10231 . - - ﬁ*“'“:

CONTINUE

WRITE{ImMP, 103

- CALLVEXIT E
END 1

CppREQ e T e et e e

v - a
- e L e T am e e

BINARIA

PRC G

- 10



" CAMBIO DE BASE DE DECIMAL A BINARIO *

= 61

"EN BASE BI-
NARIA™

2a,

PROG - 10

st



_.RESULTADOS . _ ‘62

s )

z.
L

Ll

e 0 B 1

R e s
BASE i |

— b BASE BENARTA
1 EN BASL DECIMAL ES

ARTES
11 EN gAst DECIMAL Es

Mo Mirs s

BASE BINARTIA R
Eig: EN_BASE DECIMAL ES ! .
1 T 1
o €N BASE BINARIA 0 | ,
s - e Y
© ENBASE BENAEIB. L e ] _ Vi
1 i E . [ i ¥
. EN*BESE BEN&H;A. : f_m:m_4"~.ﬂ
— 13 AL TS i'” Lo
: 3 ) SRR CE SR
S B < A

——y % G T = —— - e

PROG - 10

&
[



" CAMBIO DE BASE , BINARIO A DECIMAL"

INICIO

©

13,12,11

IDEC =0

J=1

IDEC=IDEC+) x 11
J=2x J
IDEC=IDEC + J x 13

!

“an BINARIQ
13,12, 11

“EN DECIMAL
IDEC

PROG - 11

b



a

T -

s JOB
7/ FOR
oL IST SOURCE PROGRAM . _
»ONE WORD INTEGERS . - 64 .
#[OCS(CARD.1132 PRINTER) o _
Sl (T Y B I W - T
C .CAMPBIO DE BASE |} HIHARIA A DECIMAL
100 FORMATI3IL)
".-10) FORMATI1Xs 3]1+194H EN BASE BINARIA ES)
102 FORMATILIX «1IS.1TH EN BASE DEEIHAL.:
LEE=2
, IMPz
200 naun:z.lnn.ﬁuu=21n113.12.11'
IDEC=0
c W CQNTIENE LAS PDTENCIAS oDE 2,
Jx]
IDECsIDEC+J2]]
J=2e ) LT
IDEC=IDLC¢J*IE
- Je2e)
IDEC=IDEC+J%]13
WRITEITIMPy10]1313+12411 ’ ; ’
c IDEC CONTIENE LA REFREsEHTnCIGN DEEIH:L CEL NUHERD Bluhﬁlﬂ.
v i ‘WRITE(IMP.1G62)YIDEC
GO TO 200
210 CALL EXIT .
N Ene S -
‘ 7/ XEG -
: (11}
0lo .
ol}l
100 -
N -l - - - -
110 )
111 .
mara f'_ — e T - — ....a—‘-.-. - —_— - .- —_

oo e N CTRESTY LT'A'DDS_" nemTT e
ST V’Eﬁ?”“ ﬁ'i..‘.,%lﬂ__ N T
— I £
A 0 ._

. oy1 EnElaBE BINSRIAES P
1p0 E E ggﬁﬁxﬁggin‘fg j-
‘“ £, E“ JEE
ﬁ iaal A H }
: EN HASE JEC%#AL: ] l
111 gHrBA I  E%
T R

]

PROG -~ 11



“CAMBIO DE BASE, BINARIA A DECIMAL USANDQ ARREGLOS" o
-

m N
o—= '

-~
(2}, I=1, 10

=)

4 | L=1-k ' J

IDEC = IDEC 4 i{L) x J

s M

r
"EN BINARIO®
S, 2=1,10

PROG = 12




e FART R & _
r 77 FOR g o
#_1ST SOURCE PROGRAM . B
®ONE WORD INTEGERS - : T T .
*10CS(CARD1132 PRINTER) '
CumsmcmnonmmauD Q) C Emvmmmm=ee
C CAMBIO DE BASE 3 BINARIA A DECIMAL
C . USANDD ARREGLOS '

. DIMENSION 1(10)
100 FORMAT{10I1) g -
101 FORMAT(1Xs1011+19H EN BASE BINARIA ES)
102 FORMAT(1X,15,17H EN BASE DECIMAL.)

LEE=2

IMP=Z) -
200 READ(2¢100sEND=220}1

IDEC=0 :

. J=1
' DO 210 K=14s10 ‘
¢ SE ANALIZA EL VECTOR 1 DE DERECHA A JZQUIERDA
- k=l1-K
IDEC=IDEC+T (L) %J
c J CONTIENE LAS POTENCIAS DE 2
] : NENLY
.7, "7 210 CONTINUE
WRITE(IMPS101) t1(J}ed=1010}
WRITE (IMP,102) IDEC

-

- GO TG 200 N
.220 CALL EXIT

o EHD

- #f KEQ : -
i 1 -3

o S S ' L -

| I— _.-luunlnnulu - [ - -,.I.._.-. - - . ,‘. r.:... ..I ....\- - - -

N e _ : e e

SUEE SR R o CTLmE e
1 TT1001001 T 7T T "'“"'“TT“"*”T'"'“'"""

ﬂn ...'_ .".. ) , 11.
/ " :

'-'l'{‘ - ’ P " r.*.": m"h' L ' .
R RS ol e L1 -d-lh.‘/'-lﬂ..u- e ——

r - oame - -u aaa . 4 a2 moak - . e

D T
e O ES

ASE D

gaoouﬁilg m =

1000100019 EN Base BINARIA ES
Ly

1ngDGDEEHEIEE HEEE R NARIA ES

T M;§“§§“E?E %Eésﬂ'ﬁ NARTE 53

EN _BA

nnaﬂccauun g ﬁ? B{NARI& ES

- —_— o —t

PROG - 12



* CALCULO DEL NUMERO DE .BILLETES * -, la.

- ©r

(m!cm ) | 57'.
—— |

NUM

NM=0
NQ =0
N10g=0
M50 =D
N20 =0 /
ND =0 .
M5 =D
: ¥

'ENCABEZAD O _ oot
NU M ‘

]

NM=NM+1

NUM = NUM - ] 000

y

‘NUME1000

Q=1
NUMs NUM - 500

)

@ PROG - 13




ek —r——

“CALCULC DEL NUMERO DE BILLETES"

~ b

N100=NI0OD + 1

"NUM= NUM - 100~

¥

N30 =1

NUM= NUM - 50

%

¢ L ”_:.--

NUM = NUM - 20

NVr= NVHL . 00

, 3 t_:‘. ra Pl

ND =1

NUM = NUMm - 10

I

W .
! i B .
LS 'y 4 1.11_' - . -
N L
4 Ik ..
1.’!:!_ 2, ER
-
.
-

PRCG - 13



bY

N5= |
NUM=NUM-5

NU=NU+1
k J
NUM=NUM -1
* 71
¥
NM
NQ
7

4

N109

PROG - 13




TCALCULD DEL NUMERO ;‘5 |
+_

1

DE BELLETES ¥

NU

PROG - 13



s/ JOR Y

/7 FOR

*LIST SOURCE PROGRAM
*ONE WORD INTEGERS
SIOCS{CARD,1132 PRINTERI

C "CALCULD DEL NUMERO DE HILLEYES

100 FORMAT (14)

"p0) FORMAT(/+11H EL HUHERD-*I#;E#H.EH*PUEDE DESGLUS!HEE ENI

102 FORMAT{I5s "7TH Oft MIL)

103 FORMAT(IS:14H DE QUINIENTOS)

" 104 FORMAT(IS, 8H DE CIEN)

105 FORMAT(]S5.134 DE CINCUENTA)
106 FORMAT(IS210M DE VEINTE)

107 FORMATI(ISs BH DE DIEZ)
108 FORMATY (IS, 9H DE CINCOQ)
109 FORMAT {15, TH DE UNO)
: LEE=p? -

fMP=13

200 READ(LEE»100,END=3I0)NUM

NHM=0

NQ=0

N1OO=0

N50=10

NV=0

ND={

NS={

NU=D
WRITE({IMP,10Y)YNUM

2Y0 IFINUMLLE.IONDD)GO TO 220
C NUM ES MAYOR QUE 1gODOD

NHMNM+ ]
NUN=NUM=] 000
GO TO 210
220 CONTINUE
IF{NUM LE.SQ0)GO TO 2340

71

{MAR1IMO UH BILLETE

DE 500}

"€ NUM ES MAYOR -QUE 500
| - MUM £ MATUN WYUE A0
MNY=NV+]
NUMzNUM=2{)
GO0 TO 270

280 CONTINUE -
IF(NUM,LE,.1D0)GOD TO ?QD

ND=1
NUM=NLMH=]
790 CONTINUE
IF {NUM_LE.5!}GD TO 300

NUM ES MAYOR QUE JD (MAXIMO UN BILLETE ODE 10)

s

e e e r——

-13



300

310 IFINUM,LE,.D)GO TO 320
NUM ES MAYOR GUE 1

.f: ¢

320

A3

S OREQ
9o00
1314
6493
loo0n
560
13

NUM ES MAYOR QUE &

NSel]
NUM=NLIM=%5
CONT ITNUE

NUanUe+1

MUMaNLUM=])

60 TO 310
CONTINUE
WRITE(IMP, 102 NM
WRITE{IMP,103)1NG
KRITE(IMPs10&)N10D
WRITE{IMPy105)NSOC
WRITE({IMPy10&)NY
WRITECIMP10TIND
WRITEiIMP:108YNS
WRITE{IMP,109)NU
60 TO 200
CALL EXIT
EnND

(MAXIMD UN BILLETE DE 5}

-

72

PROG - 13 o f3



-

RESULTADOGS

~PUELE DESGLUSARSE EN

EFRH;?uuu,uu

‘EL HU

3114.,00*PYEDL DESGLUSARSE EN

ERGT

ERTOY

w1
. N
;

ENTA

]
L
E
3

1L E.
gyl

é.

1

i

1y
3 U
3 B

r

g

F

yrra
-

hC

=&

[t Lkl
=g

L=t

R L

5GLOSARSE ENM

=100G.g0"PyELuL pE

UM

. MIT
LE QUINIENTOS

R-

U

EL

500.00"PUELE DESGLOSARSE EN

1L
0 DL _DIEZ

13.¢0"PyLuE DESGLOSARSE EN

P13

PROG - 13



INICIC

AL, 1=1,N

¥

“YECTOR
LEIDO™"

LiM=N -1

PROG - 14



“ ORDENAMIENTC ASCENDENTE DE UN VECTOR™

J=1+1

CATEMP = A(K)

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

¥

"WECTOR
ORDENAD O

A}, 1=1,N

:?u"

PROG - 14
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e mm A A N ey — e e mEm_——— o mn E—E—.— W ——T———— — ——wn —E—r "



/7 JOB
/7 FOR
S 157

SONE W
=JOCS 1|

c-----

C

100
101
102
143
104

200

210
220

230

2410

/7 XKEQ
04 '

a3
0.
04
-Z8,
i

T

SOURCE PROGRAM
ORD INTEGERS - .. 7{5
CARD,1132 PRINTER) v
mmmmmn==l A T 0D R C Exanm : ) '
ORDENAMIENTD ASCENDENTE DE UN YECTOR
DIMENSION A{100) -
FORMAT {12)
FORMAT(BF10.0}
FORMATI13H VYECTOR LEIDONL//)
FORMAT(IDLIX4FL11,.4))
FORMAT(16W YECTOR ORDENADO.//)
LEE=2
THP=z]
READILEE ¢« 1DG+END=2&40) N
N REPRESENTA EL NUMERD DE ELEMENTOS A ORDENAR
FEADILEE+ 101 (A{IY 1= 4D
WRITE(IMPL102)
WHITEC(IMP103) (AL]) «T=1 4N}
LIMEN-]
DO 220 I=1.LTIM
Julel
SE ASUME QUE A1) ES EL MENDR
DO 220 K=JeN
IFtACIYLLE . AEKYIGO TO 21¢
4013 FUE MaAYOR QUE ALK}

ATEMP=A[X)
AIKISALT}
A{II=ATEMP
CONT INUE
CONTINUE
AHORA SE FIENE EN Atl) €L MENOR
CONT INUE T _
WRITE{IMP,104) . M
WRITE(IMPs103} ¢A{I)eInm]lsN} o
GO T0 200 .
CALL EXTT . - _
END . T e
1- . '-3. I lT. ...._.,4 ' -ty meam P -:' I
-257- 33-
"32. 11‘ ﬂ-

PROG - 14



RESULTADOS

e — —t————r—— —— - Wy A A mmar A s o E E e o -y PR

L o = m mm— — —— - -

—VECTORTETOT
' T =T.5500 177000
VECTOR QROENADD = +00 ROUbe
-2.0006 =3.000U 1,000 17,000
——ECTORLEIST == =& —
G000  =2B7«000C TZ40000
- YECTOR QRDEWADD -
=287 D000V 12,9000
- i - 'n D
vECTOR ‘9R0FNApg o002 T1+0000 GrT008
“32¢0000 _ =28400UY 040000 11.:000¢

PROG - 14

73
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" MAXIMO COMUN MULTIPLO ALGORITMO DE
EUCLIDES ¥

(e ) -
O—

DIV =
RN =N
ROV =

»

IDIV=RD IV

M = N
A

- T= (RDIV-IDIV) x N
N= IFIX(T)

DIV =M /N,
RN = N

RDIV = M /RN
¥

!

.M ’C 'D ‘"
N

PROG - 15



77 JOB T
/¢ FOR .

sLIST SOURCE PROGRAM .79
*ONE WORD INTEGERS - o
*10CS(CARDs1132 PRINTER)

c T OMAXIMO COMUN MULTIPLO
c ALGDORITHMO DE EUCLIDES
100 FORMAT{ZIA)
- 101 FORMAT(3IH N=,13.34 M3sI13}
102 FORMATIBH M, C.D.=+13s77)
' "LEE=2
IMPan
200 READI{LEE»1D00+END=230}N4H
c SE CALCULA EL RESIDUO
IDIV=MsN .
RN=N
RDIV=HM/RN
210 IF{(IDIV.EQ.RDIVIGD TO 220
r H:N .
Te (RDIV=IDIVI®N
N=TFIXKIT)
10IV=M/N
AN=N
RDIV=M/RN
GO T 210
220 COMTINUE
C N REPRESENTA EL MAXIMO COMUN DIVISOR
WRITE(IMP, 102N
G0 TO 200
230 CaLL EXIT
" END
s/ XKEQ
5 7
3 &
B 16
1l 98
16 24 g
8712 T '
A : RESULTAD C)E
' ﬁ""'\-.- R e S ‘W‘_“'_:_

. *—....— ot gt
AR PN q....-__-.-_..—tll-—lp-'.. i
we il I . .

L : .

MyCuDae 3

MaCeDa® B E
MeCoDe® 1 i
MulosD4m 8 f
Lt Der s |

PROG

- 15



" GRAFICA DE SEN (X )"

@ .8

LIN (J}=IBLAN Y
v
Y
X=X+DELX
F

2q.

30 -

PROG - 16



-

" GRAFICA DE 5EN (X))~ la. 3]

IX ,1Y , IAST , IBLAN

-

OELX = 6.28318 / 56

X ==3.1415%

LIN {50) = 1X

J=4% x SIN (X)

LIN (J) = IAST-

LIN ()= 1Y

3
i

LN

PROG ~ 16
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/47 JOB T
7/ FOR -

sLIST

#ONE WORD INTEGERS . et

SOURCE PROGRAM

*IOCS{CARD, 1132 PRINTER)

C

‘100
101

200

210
- 220

- 230

240

/7 XEQ

Xy#
FL

GRAFICA DE S5ENI{X}
DIMENSTON LIN{100)
FORMAT (4A1}

"FORMAT{10X+100A1)

LEE=?
IMPE]
READ{LEE « 100 I X2 IYsJASTy IALAN
DELX=6,28318/56
X a=3,14159
DO 200 I=1.100
LIN{])=1BLAN
CONT INUE
DO 2&a0 Ial+56
LIN(SD)=]X
JEKIERSTNIX) «50
LIN{J}=TAST
IF{T.NE.2B1G0 TO 220
00 210 J=1l+100 .
1 FUE IGUAL A 28y SE IMPRIME
LIMtJi=1Y
CONTINUE
CONTINUE
WRITE{IMP4+1G1)LIN
DG 230 J=1:100
LIN{JI=]BLAN
CONT IHNUE .
XaX+DELX . S
CONTINUE
CALL EXIT
END

EL EJE ¥

PROG - 146
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£,/

Y4 0BT 4

FOR

L]
'S

#.15T SOURCE PROGRAM 84

*IQCS{CARD, 1132 PRINTER) - s
SONE WORD INTEGERS '

c
C

c '

rr5
i

100
101
102
103
104

200

XEQ

ESTE PROGRAMA CALCULA EL NUMERQ DE GHRANDOS DE HlIZ QUE CQHHD EL

INVENTOR DE ﬁJEDHES
FILES )
LEE=Z
IWP=3
FORMATODS
FORMAT {1 OX s &EHCUADROD S X s SHSUMA, / /)
FORMATI3X+1242E15.7)
FORMAT (/7 /)
FORMAY {S53XsilHeresatosscarn)
FORMAT {53X+11H* FIM )
WRITE {IMPel00} -
SUM={,.0
DO 200 Tc)ebe
CUA=Z.0%8{]1=1)
SUMeSUMHs (LA
URITEEIHPflﬂl}I|CUﬁ¢5UH
CONTINUE
WRITEL(IHP+10G2)
WRITE{IMP.103)
WRITE(IMP,1D4)
WRITE(IMP,]03)
CALL EX]T
END

PROG - 17

Y



*"No. DEGRANOSDE MAIZ GANADOS POREL IHVENTD_R

DEL AJEDRES

INICIO

"ENCABEZAQO

\HE

SUM = 0.0

r-1)
CUA=2.0

i SUM = SUM + CUA

}-*

CuUA |, 3UM

|

85

PROG - 17

s
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: 86

P
i} gl

_ 1152F*18 © +oBB2304T 418"
& STASECBE¢IA 87152002 i
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" SUMADEDOS MATRICES , Ay B8 ™ lo.

¥6

O

NUREN NUCO,
N UF IN

"EEINe

—

FIN

ﬁh’mﬂ ,Nuco | Y

3

! ¥
B{Ir-”.r-:’=1 s NUCOD I

>

$(1,J) = AL J) +B(1,J) é PROG _ 18

C




." SUMA DE DOS MATRICES , AyB *

85

da.

PROG - 18

78



I= 1, NUREN

Al D}, J=1,MU- +
Co : :

*MATRIZ B * ‘

=1 ,"NUREN

1 e
o EYORT Rt I ¢
co _
J_.:j/_
i
“MATRIZ 5U-
MA"Y

PROG - 18
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- r - - - ar

——— ————

e ehiL EXTT - =, e . . et e
END , : ' fO
/7 XEQ (
221 : ' "JU
. 5.0 A 0.0 -
S .17 - S P
: =T Eil
0.0 -1s2
221 : : ' . :
90,15 ~87,02 T . ' T
| B.47B  12.22 - : . L
99,15 87,02
=5, 47D =12.22
. 220 - .
T RESULTADOS _

-

AATRLIL AY

15988 §:980

.
[T PR S N—

WRITRTZ Bt

"800  ~1udfe

.L{jnITFTT_FHﬁW"IEE

8388 2l

TR
e

RBUTRIS

i
I
!
|
i
!
L

PROG - 18
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47 JDB
/7 FOR
, *I10CS(
*ONE W
SLIST

c-‘----

O OO0

100
101
- 102
' 103
104
- 105
106
107

199

iy Oy

Ly

200

201

Wl _- 'Eﬂ!
Coos 2023

208

205

206

10040

A w a4 Im w b 14 ol --

CARD+1132 PRINTER} : . . , .
ORD INTEGERS - " ST
SOURCE PROGRAM . 9]_
p——"° T O N < O+ I vl | u---;;-:::f .

- SUMA DE DOS MATRICES: A Y B

EL PROGRAMA ESTA MECHO PARA SUMAR . DGS HATRICES GE 10X 18 MAXIMO,

SE RESERVAN LUGARES EH La MEMORIA PARA L!S MATRICES l SUMAR Y PaRa,

LA MATRIZ SUMA,.
DIMENSTON A{10+10)sB(10+10)+5(10+30)
FILES
LEE=?
IMPx3
FORMATOS
FORMAT (I 2)
FORMAT{]10F8,3)
FORMAT(///79SKsOHMATRIZ Al W//)
FORMATI(5X s J0IFB . 342X/}
FORMAT (/7 /+5X«OHMATRIZ Bl o/ /)
FORMAT(///+SXs1AHLA MATR1?Z SUHA_ESliffI_
FORMAT(53Xs11Hesnanateese;
FORMAT IS3Xe]l)H= FIN *} . )
LECYURA DEL NUMERC DE REMGLDNES DE LIS MATRICES INUREN] Y DEL NUME
RO DE COLUMNAS {NUCO).Y DE .UN DETECTOHN [NUFINI
READILEE« YO0 INURENSNUCOsHUF I N

CONTRARIO SI.

IF (NUF IN.EQ.0VG0 TO 1000 o
LECTURA POR RENGLONES DE LA HATRIZ Ae
D0 200 Ial.NUREN ¥

READELEEilﬂII{Ailqdltdtltﬂutﬂl

CONTINUE :
LECTURA POR HEHGLQNES DE LA HhTRIZ Ba
NG 201 I=14NUREN

HEIDILEE!Iﬂl!lBquJ?fJIldNUCO) g
CONTINUE .
SE--HARA /LA “SUMA ELEMENTO A ELEHENTD ) -
DO 20 I=]4NUREN - T T T T

-

1DD 202 J=].NUCO T T L T W .
s::-di-ntl.al4alludif?"f"‘T'“T"*“ "TiTZf"aﬂ_ff B L

MGONTINUE =~ ST T e e, 0 w L

CONTINUE A T A

* IMPRESION DE .LA nurnlz A Pnn REHGLDHES '

WRITELIMPs102Y — — _ L

D0 204 Im=},NUREW
iﬁl?EtIHP.lnaltat!.d:-d-l-uucnl
CONT I NUE T - -
IMPRESION DE LA MATRIZ 8 POR REHGLHNES
WRITE{IMP4+104) . : . -
DD 205 Ix]sNUREN S
WRITE (IMPy103) (B¢} s JulsNUCD)
CONTINUE
{MPRESION DE LA MATRIZ S POR RENGLONES
WRITELIMP,]05)
DO 206 1m].NUREN
WRITEITMP 21031 {S(] st} sdal «NUCD?
CONT INUE
GO TO 199
CONTINUE
WRITE(IMP,106) ' PROG -8
WRITE (IMP4 10T}
WRITE (IMP,106)

ANALJS1S DE NUFIN, ST VALE CERO YA NO SE EJEcurn EL Pnuannnn,nz LD



"SOLUCION DE ECUACIONES CUADRATICAS * | 2a., ¢4

92
‘DIS £ O 1 -
F -a
RAl= -B/ (2.0 x A)
RAZ = RAI '
. v
OIS NULO*®

RAl , RA2 —’®

l —
PAREI=-B /(2.0 x A) .
PARE2= PARE!

PAIMI= (-DIS) / (2.0 x A)
PAIM 2= PAIMI

+

]
"DISC.NEGAT., %
RAICES COMPLEJAS’

PARE] , PAIMI ,
PARE2 , PAIM2

PROG - 19




" SOLUCION DE ECUACIONES CUADRATICAS ™

INICIO -

93

A,B,C

)
F

LENCABEZA-

T
FIN

DDII

A,B,C

DIS=8

-4.0x AxC

RAle (-B+-DIS ) /(2.0 x A)

RA2= {-B-

DIS )}/ (2.0x A)

Y

“DISC, POSIS

\_/
B

la.

)

PROG - 19
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-

- a —

e

Y]

e T RESULTAD

— by —

1.0 1.

05 -

T e —— H
r A

——

LOS CREFJCIbyTES DE

LA ECUACION SQp»

A® 1.00000 pgs

.2,00000 ¢k -3+00000

_EL DISCRIMINANTE Eg

NEGATIVGsPOR TAKTH RAICES cOMPLEJAS

x1e

=lenQ00p + 1414821 IMa X2= «31.00000 = 1+41421 IMA
105 COEFICTELTES DE LA ECUATION son»
e 5,00000 p= 10,00008 (= 5+00000
L .

EL DISCRIMINANTE Eg

‘NULG#POR TAnNTO RAICES IgpALEs

Xi=  =1+p000p

X2  '=4,00000

' Lbs COEFICIENTES DE

LA ECUACION 50y-

am 1,0000¢ B=

‘EIQ.PPPQE e

Ef-DDﬂﬂﬂ

. ‘EL DISCRIMINANTE .E$

NEGATIVOsPOR TANTH RAICES ‘COMPLEJAS

"XiE

mizﬂﬂﬂﬁﬂ‘*

"1,81421 (THA

1,41421 M3

.o -xk -q;s.nnnn'-ﬁ -

L e b

L0S COEFICTENTES BE

LA ECUACIDN Sopne

20,00000 (e 1.00000

EL_UISEHIMIN;NTE Es

PUsITIVO,PDR TanTo RAICES REALES

0 $1 =0+p5038

X2% "L,.51629

Ve b

PROG - 19



!:_ N ) ’a
g . -

Veoemrmmpyog Yy — - — ¢ ;o
7/ FOR - ' ' ‘ : {5 |
#LI5T SOURCE PROGRAM : : . S
#0ONE WORD INTEGERS - - N . e C i ma
*JOCS{CARD,1132 -PRINTER) 95 ' . C
Y7 CremdiemewiemaD T E € 1'NUE Y Emmamesa 70 T e _
P € - "SOLUCION DE ECUACIONES CUADRATICAS. . - . : LT
' 20 FORMAT(3IF11.5) " ¢
U '10) FORMAT(//7+2Ky36HLOS COEFICIENTES DE LA ECUACION ‘SONys//) .
102 FORMAT (2Xy3HA® yF11,552X%s3HBs 3F11.5+2X43HCE 4F11.5+7/) . ‘
103 FORMAT (2X+52HEL DISCRIMINANTE ES POSITIVO.POR TANTO RAICES ‘REALES, |
R V7S , .
104 FORMAT(S5XsIHR1n,F11.5+10Xe3HX204F)1,5¢/7/)
105 FORMAT (2X449HEL DISCRIMINANTE ES NULO.POR TANTD HlICES lﬁunLas.xfl
- ‘ 106 FORMAT(SX s AHXIT4F113Ss) 0% INAZS4F11350/77)
»" . 107 FORMAT(2X+SSHEL DISCRIMINANTE £5 NEGATIVO,POR TANTO RAICES COMPLEJ
' 1A5+//}
108 FORMAT(S5X23HX1xsF11,502H +9F112504H IMALTOX43HAR2WF1145.2H <9F11.5
1odH IMASZ//} .
LEE=Z
IMPa)
. € ° LEE LOS COEFICIENTES
: 200 READ(LEEv)00+ENDT240)A+B4C
cC IMPRIME LA ECUACION .
WRITE(IMP,10]}
WRITE (IMP. 102} AyB4C ,
C ‘CALCULO DEL D1SCRIMINANTE
: DISERe®2—4 ,0RANC
ot IFIDIS.LE. 0.01G0 TO 210
: C RAICES REALES DIFERENTES -
RAI= (=B+SQRT(DISII /(2. 0%R) L
" RAZ= (-B-5CRTIDIS) )7 (2,004) o . '
‘WRITE(INP,103) T - oo
WRITE (IMP.104)RALyRAD - _
: ‘G0 TO 230 "
P ‘210 CONYINUE =~ *~~° 7 - s s
IFLDIS.RE,0.0160 TO 220 °

c . RAICES REALES IGUALES ° . .
e RA1=~B/12.0%A) " TETE T e
RAZSRAY . - - T IR TR R
L 7 WRITE{IMPLIOSY - . ° , Vo
o L e e WRITE{IMPy106YRAL14RAZ "~~~ p===7 oo~ . T
. a0 To 230 . : i N . et
220 CONTINUE . ’ - . .
c RAICES COMPLEJAS
PARE1=~-B/({2,0%A)
PARE2=PAREl
PATM]1=SQRT (=DIS)/{2.0%a)
PATMZ2=PAIM] o
WRITE(IMP,107)
WRITE{IMP.}DBIPARE]L, Pulnx.pnnsz.Pntnz
G0 TO 230 i .
[ ENDIF ‘
c ENDIF
230 CONTINUE
GO TO 200
240 CONTINUE ' -
CALL EXIT
END-
7 XED
1.0 2.0 a0 1.
5.0 10,0 5.0 1. PROG - 19
1 B 1.0 =7 N 1

a e " timm = meo-
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96

»
'..
P{i, )= 0.0
v
.-_
. Y
P{, )= PO, 3) + A1, 1) x B, )
L)
-
4
’.
Y
A A(l,J),J=1, NUCOI

Z2a.

PROG -~ 20

76
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RUREY, NUCOI,
NURE2, NUCO2Z,
NUFIN

lq.

B{l,J),9=1, NUCO2

3

é.

“*NO CONFOI
MABLES® —

PROG - 20

— N —— - i i ——— — - -



3] OOoOo0O0

iy i mwma w . EETTI T TR -1 . - -

o T ..;_I R
.47 FOR ' - - - 78

¢L15T SOURCE PROGRAM ' © S TR

_#DNE WORD INTEGERS . L - - 9K oo T “'tf‘;'"
#10CS{CARD»1132 PRINTER) 8

Cemwrucmcsaces¥ E\I N T £ “rerresccecess T
EL PROGRAMA REALIZA EL PRODUCTO DE DQS MATRICES DE 10 X 10 MAXIMO, '~
UNA ES LA MATRIZ A(NURE1sNUCO1), . ' : ; .
LA DTRA ES LA MATRIZ B{NUREZ2.NUCD2) . ' -
SE RESERVAN LUGARES EN LA MEMORIA'PARA LAS MATRICES QUE SE VAN A
MULTIPLICAR ¥ PARA LA MATRIZ PROOUCTO.
DIMENSION A(10+1034B{10:10)sP{10,10)
FILES
LEE=2 - _ L -
.IHP:S . ' —_ - ame . e e —

c FORMATOS "y

100 FORMATISI2) -,
101 FORMAT({10FAR,3)
102 FORMAT(///7¢S5Ks9HMATRIZ At e//)
103 FORMAT(SX+10(F8,392X)4/)
104 FORMAT(//7+¢5XsIHMATRIZ Bies/)
105 FORMAT{///745X422HLA MATRIZ PRODUCTO ES:.xfl
106 FORMAT{SX+10F15,74/)
107 FORMAT{///y5X,T6HEL PROOUYCTD NO SE PLUEDE LLEvnn A CABO YA GUE LAS
IMATRICES NO SON cuNFnRHnELES.fffj )
108 FORMAT(//Z/) ' o
109 FURHAT{531111H*'*'*"""1 ' } T
110 FORMHATIS3IX,]]1H# FIN ®«) =
LECTURA DE LOS NUMERDS DE RENGLOHES ¥ DE anuunns DE cnnu MATRIZ
Y DEL-DETECTOR NUFIN,
199 READI(LEE»100)NUREL ¢ NUCD1 4NUREZ s NUCD2+NUFTN
ANALISIS DEL VALOR DE NUFIN. SI VALE - cEnu EL. PROGRAMA HD SE LLEVA
A CABOy DE LD CONTRARIO 'S1, o T T
IF{NUFIN.EQ.0)GOD TO 1000 ' . ' ” : :
SE VE SI |LAS MATRICES SON cuannnABLEs. ) - P
. TF [NUCO1.NE NURE2)GD T0 900 '~ o K '
LECTURA POR RENGLONES DE LA HlTRII A,
‘D0 200 I=]+NURE] ..
s nEnu:LEEalnli:ntl.dlfdzl.ﬂuc011 LT . ) )
200 CONTINUE ' ' e e T T s
t ) LECTURA POR RENGLONES DE Ln HITHIZ B, -~ - T -
. DO 201 I=14NURE2 T T g T .
nzautLEE.lull:Bi:.di-u-I.Hucnzi - .
201 CONTINUE
c SE REALIZA EL PRODUCTO
DO 204 I=]1.NUREIL
DO 203 J=l.KUCOZ
‘P‘II\”'“.E
DO 202 K=1.NUCDI
PIIeJISPITed)eA(IsXKI®DIXsd)
202 CONTINUE
203 CONTINUE .
204 CONTINUE
c IMPRESIUN DE LA MATRIZ .A POR RENGLONES
WRITEL{IMP,102)
DO 205 I=]+NURE) .
WRITE(IMP, 103} (ALT4J} 0=l eNUCOT} -
205 CONTINUE
c IMPRESION DE LA MATRIZ P POR RENGLONES,
WRITE(IMP,104}
DO 206 I=1+NUREZ?
WRITE(IMP+103)1 81T eJ)sJds)eNULOL) PROG - 20
206 CONTINUE

g oy a0 on
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" MULTIPLICACION DE DOS NUMEROS UTILIZANDO
EXCLUSIVAMENTE MULTIP. Y DIVISION POR 2 °

1uy

§=8/2

“Bag-1)72"
R=R+A
v

A

Ax 2

PROG - 21

_‘Zu.

Jo0



zo7

900

IMPRESION DE LA MATRIZ P POR RENGLONES,

WRITE(IMP+105}
00 207 I=].NURE]

WRITE(IMP,108) (P(lyJ)sdm]y

CONTINUE

- G0 TO 199 - 7

CONTINUE
WRITE (IMPs107)
60 TO 199

\ 7 1000 CONTINLUE

WRITE{IMP+108)
WRITE {IMP,109)
WRITE(IMP«110)
WRITE (IMPy108)
CALL EXIT ‘
"END '

FF XEQ

" 195%0,7%

2 2 2 210
15.5% =472,07
-]e.22 0.0

“12.0
 0.001 5,0

222 210
) 0.2 98.75

"'12-5 32153

1000,01 0«0

=1.52 15.51
232 210 °
g 2 2 200
FL

uu;sz .

101

PROG - 20

o

e S



pot . ' i . T |
R e P “pm e Cre ol s e v wp emre - - - e F
" . : 3 R
i . RESULTADOS o / ;
T T e e s e 102 . e :
T , P ST i P 3
:_;.'_.n“'".'_' e e . -.'I:Z",‘.' sl e AR R m—m L S ekt o 4, — - L ————— ....lE
[ . ' ' ) - ' ! ]
o~ Tl
—!
MATRIZ Al ‘
T | T 1 e )
IE'M '_:gz _
~WATRIZ B7
19504750 =12,000 O
' @+t E:ESn .
LA MATR1Z PRODUETD ESY
$3g3qBELE+nS  =~+3968300E%03 .
_t3933084E003 33180000583 S
MATRIZ AS ]
" 04500 TS 1]
0.800 a15%Egl
MATRIZ 6F -
1000,088  ,0:898
LA WATRIZ PRODUCTO EST T p
) «4090200F+02 «1531613E+p4
: +19000QQF+nT =, 1938750E40] : . _

EL PRODUCTD Np SE PUEDE LLEVAR 4 CABO YA QUE LASHATRICES KO SON CONFORMABLES

s ' - T

- ¥

A R I LTI
" FIN =

LA L EE RN R R

- . e . \

PROG - 20

A =



TS JoR Y o
/7 FOR
" #LIST SOURCE PROGRAM - ' s
SONE ‘WORD INTEGERS S A
$JOCS(CARD1132 PRINTER) = 103
Cmmmmnemace=ce¥ E I N T 1T UNOQD s—ceesaas ' S
C * MULTIPLICACION DE DOS NUMEROS
C UTILIZANDD SOLO MULTIPLICACIONES Y -
L ) DI¥ISIONES POR -2
o INTEGER AsBsCsRsAAHB
WRITE (3:101)
101 FORMAT (1M1}
WRITE {3s102) . '
102 FORMAT (9XelHA+IXoelHXv4Xa1HBsaXs1HPbXe1HT)
200 -READ {2+100+END=260}ALB
100 FORMAT (213}
" R=D ,
+ Ab=A
B8=B ’ :
210 IF{B.EQ.1) GO TO 240
Bl=B8/2
B2=B1%2
1IF{R2.EQ.B} GO TO 220
¢ . £% IMPAR .
B={8=11/2
R=R+A
) GO TO 230
. 220 CONTINUE
C ES PAR
. B=B/s2
230 CONTINUE
' A=Ae2 .
- GO TO 20 ~ L e
240 CONTINUE ' ' ' .
CuA+R . ' ) )
““WRITE (3+103) "A&sBBsC '~ . i
103 FORMAT ({3110} ' )

GD TO 200 . ) _
260 CALL EXIT = 7 e e o
£ND ~ R L e
. 77 XEQ : Cee T
' 60 80 " T T e
19 17 4 e
&8 35
40 11
77 99 . L
- S N . S X
RESULTADOS o e
F: A [ o T
- I T
5 a2 gﬂ
F a ,
B

PROCG - 21



*"MULTIFLICACION DE DOS. NUMERCS UTHIZANDQ EXCLUdIVA- ‘o,

O

-

kY

-

MENTE MULTIPLICACION Y DIVISION POR 2 J0%
INICIO
104
SALTO-HOJA -

BB =B

Bl =8/ 2

B2 =8Bl x 2

PROG - 21



“gf JoB T . , :
7/ FOR - — _ I ,
SLIST SOURCE PROGRAM ~ . 105
SONE WORD INTEGERS . T A

-

_#JOCS(CARDs1132 PRINTER} it L T

C "MULTIPLICACION DE: DDS NUMEROS
L of UTILIZANDO SOLO HULTIPLIC!CIONES Y )
c ) .DIVISIONES POR -2 o .
T« .+ INTEGER A+B:CeR+AA:BB S
;O WRITE (3+1001) - .
". Y01 FORMAY_ {IHI1) ' o i

 WRITE (3»102)
102 FORMAT l?HfIHl|311lHl!#IlIHBrilleﬂnﬁlilﬂtl
200 -READ (2+100+END=260YA4B )
100 FDRMAT (213}
ﬂ!ﬂ T B,
AA=EA ) . .
8828 ' _ o _
210 1F(B.EQ,1) GO TO 240 ‘ . )
) Bl=R/s2 ] ] ) .
R2mp)e2 ' , .
. i1IFiBge?.EQ.8) ED TD EZE ’
"¢ - ES IMPAR
) .B={B=1}/2 -
ReR+A
-, GO TO 230
. 220 CONTINUE
[ o ES PAR °
’ v §=B/s2
230 CONTINUE
Aa ke .
t GO TO 210 -,
24D CONTINUE '
Cud+R )
WRITE 134103} AAsBBsC * - LT
103 FORMAT (3110} ' A
60 TD 200 . e .
260 CALL EXIT T ) o :,f-:. o ) B
© . END T : _
!f XED
&0 B8R
19 17 - , S
68 35 - .
40 11 _ . _ - ) .
TT gq 1. N ’ I+ I'- .‘-
-/” I a I [ L[ d
) RESULTADDS .

!E ' 432**
- F3
A T |

o™~ MY



* MULTIPLICACION DE DOS NUMEROS UTILIZANDO -
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B a8 -1)7 20

‘_1

_ ReR+A ) Yy
Y -~
‘A=A x2 !l

PROG - 2]
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2. ALGEBRA MATRICIAL

7.1 Introducced bn
' Una matniz e4 un aniteglo rectangular de clementos disind-
buldos en "m” nrenglongs y "n" colfumnas, §{ a La mata{z se fe de-
neta poa £a Lelia A, entonces af efementc del “"i-&simo” rengién
g de La "j-fsima” columna se Lo aepresentand por el sfmbole 25
Genenalmente una metradr se tepaesenia mediande pardniesis cud-
drados como se muestra a conflnuacdfn:

EII d]f e e e d..ln
oy fg ... Gon
A = . . ' (2.1}
41 74
__ﬁ! me ..., ﬂmﬂ_ .

Los elemeniod que componen una matiliz pueden dexn de diver-
408 tipos: numeroa acafes, nimerod complejos, funciones en el
dnminiﬁ def tiempo, ete.,

AL sern unnm mairniz un arnxeglo onrdenado de efemenios, pen-
mite gue al aplicar cierta metodologia a dicho axrkeglfo se obten-
ga una serie de resultados que aesponden a Las {ntearcganies poa
£as que s¢ onigind el arkegle; entre alfgunos de £os procesos en
£05 gque s utdilizan arreqlos matriciafed &g tiene: jeAAAgULIA--
c{dn de actividades, afmacenamiento de datos, Lnventarios, re-

" presentacifn de sistemas dindmicos, sdsicermas de couacionesd,eic..

- Exdeden clenias disiribucicnes tipicas de Zos elemerntos de
una mathiz g de acuerdo a effns se clasifica a fas malalcel en
diferentes Lipos, enthe £0s que se Llenen:

Mairiz Cuadrada . ‘

'Es una matriz en La que el ndmate de nengfoncd ¢4 Lgucd
~al nimeno de cofumnas, es decin, m=n, Pox pfemplo:

A s (2.2}



74
| .2
Hatrniz Nufa
Es una matriz de orden cuafquderz, en a gue todos fLos e-
_fementos son nulos; pox ejemple: )

¢ 0
B = |0 ¢ {2.3)
0 0
Se acosfumbra denotarla por el simbolo a. ' -

Matniz Identidad
Es una mathiz cuadrada en fa cual f£os efementos de Pa dia-
gonal principal son unitaxics y cf resic son nules, o5 decix:
S L ]
o 11 , ie
Se suele denatagta como lﬂ donde "a" indice o€ oxden de £a mairi:z
y af simbolc 84‘._{ se e conoce como defta de Kaowneckhern, Por ejem

plo:
I 0 0
13 =410 1 0 [Z.4)
g 0

Matrniz Diagenal _
Eé una matiiz cuadnada en 2a que £os elementos que #e pek-
tenecen a fa diagonal principal son nulod, es decir:
LT ) [ . 5
' a&j 0 8L i ¥4 {2 }.
tUn riemplo de este Lipe de maitiiz senda:

3 ¢ g
’ A |0 10 0 12.5)
¢ 0 sent

Matniz Transpucesia
Es una maindiz cuadnada que se obliene a partin de una ma-

“r dada A {ntercambiando renglones cen ¢réumnas. Se e dencda
2o0. 28 sdmbolo ﬁT g 4¢ cumple que:

al, s a.. [2.7)

L f i<

Matrniz Siméiniea
Es una matriz cuadrada 83 panra La gue se cumple:

B« §T ©{2.8)



" 5" equdivalentemente:

. " b {2.9)

b, . -
. 44 j<
Entrne Las matnices se definen dos openaciones bdsdlcas:
~duma ¢ resta de matrices,

mmuliiplicaciin matriicial.
2.7 Suma Matriciaf

t.2.1 Objeto . _
Obtegen La sumec de dos matrices de igual oaden, o sea:

Ce=A+8 | (2.10)

2.2.2 Método

Para poder efectuar £a suma de dos matnices [A+B) se nre-
quiene que sean conformables pana £a suma, £o cual {mpfica que
el ciden de £as dos matnices es digucl. En othas palabras:
84 A es de oaden [mxn} -
y B es de orden [axs)
La suma C=A+B es hn&ibﬂa'aoza 44 mer ¢ =4,

Losa efementos de £a matniz suma estdn dadod por Pa siguden

te rnelacibn:

cij = aéj + hij iz.11)

EL nesitar dos matnices equivale a cambiar el signoe de Zo-
- dos Los efementos de una de effas y efectuan £a suma, esio es:

We X-¥ =X+ {-Y) ' (2.17)

2.2.3 Pescripedsdn del Programa
a]Subautina& reguenddas:

SUBROUTINE SUMATIA,B,C,N, M}, esta subrutina efectua La
suma matrndicial, ¢f programa principal Lee e LImprime
resultados.

blDescripedbn de Las variables:



25

Pana £a subnruiina SUMAT: i )
N cantidad de renglones de cada una dé tas
matrices que s desea suman,
M cantidad de columnas de ecada una de £as
matrices que ée desed suman.
AlL,J) matriz sumando de orden WxM
) B{1,N matniz sumande de okden NxM
T, I matrniz &uma
Para el proghama princdipal:
N cantidad de rengfones de LBas matnices
M cantidad de columnas de fas matfrnices
AlT, T} mainiz sumando de onden NxM
B{1,7] matniz Sumande de onden NxM
¢{1, 7} matriz suma

‘o) Dimensdiones:
la propoadleidn ﬂIMEHﬁIGH,debaai sen modificada Lanto
o en el programa primeipal come en fa subruidina cuan-
do: ' ,
N> 10 yfo M > 10
d) Fonmates pana Los datos de enziada:

SEC.TARJETAS FORMATO IhFGRHACIﬂH
! © (215} N, M
Z " [&F10.0} AlT1,7),se dan £os efemenics
: de f£a matniz renglin poa

renglén Emplean Zanicl iah
feles como se reguierd.
3 " {§F10.0}  B8{I,J]), {gual que paix &z
' matriz A,

- m Er RN RN o wr M g o E m M o Er R Er o M M W Em ow w M A oo

oo TARJETA EN BLANCO, af §i-
nalizan toda La {injorma-
e Ldn.

a)Diagrama de bicques
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Fig. 2. I Diagrama de bf.uquu. paxa

el programa P44Rc¢pa£

- LI

Fig.2.? Diagrama de blaogues para

Ee subrutina suuAT

YT T

CIE, JIed[l. 0] »

BT N praa to
g




§1 Listado: . 6

¥ FanGeaw, Paga FFECtyan Ld wy”a pE nCs "atRICEy

E.... EL JIGHIFICA%T DY LAS vaRIAL LY EnPLEADAL FY ... e

C. HaCASTTLAD CE SETGLOMES DE wad MATRICES | . L L o mmas

C HRCANTIoA OF foLu'Ming pE Lay "ATWICES. .. ... e e = b o e
o E—a A T 2L TRICET QUE SEREN. JUlIAlLY

[ 4 CrrATREZ JuUrd

. .
.. bl"l" ton lHﬂ;I"hEHhN:-:{IhIIJ.h. v et o ome e .

E . LECTURA DL Dardy - e e w oo — - . oeee o

—E-- we— -

§ READES, 108y M,
1IFEnt 2,2,3
FRALL BT .. L e
LYoo oA Is1.4
& READLL 1% tiflr;};J'l'"}
D 5 %1, |
) ] I'U‘Ef'.'ul'“] (Bfiadds Jl‘l"l

g
...  INPFEITON GC QATOS
4

it cmEE A T et - . -

) wRITE (8, 200) Co

e D B OTEL M o ——
8 #RITEQS,551) [ALI.0),del i) :
WAl TF I8, 330)
—— fy T Isl." T .
TF WRITE(n, 250) (AQL, 20, Ieloh) o
e .
c LLAMEDn nE 3rtgouTine PARK CFECTUNR Lb Suma

Call SUMATIA B Cal HY
.
STETTT OINPRESICH DPE REAVLTADDY T T

c
wAITE (&, 758 i
— < O & pagn e e ——— _— —_———
[} 4Hle!bf25ﬂl fEfTeddeduish)
- t - FD TI:I I -oow [ TR — Y ———
- FORNATOS DE LECTUAL tnln:::uN
¢

108 FQTtaTr215)
158 FOTAATEIFIO, 0
_L L ER0 FORPATOINL S0, 0 ' Lad RATRICEY POR 3Umdl uoul,strz,tn,,'nlrlll
TS
250 PR, SV AGCEID 3, 20 ))
CUFen ronnaTiR0A) iy, TIATRTT LA _
50 Fonilatfod/d o0, "Maral? suaf i/ —
[ ATl

Fig. 2.3 Listade del programa piincdipal

AQRAPNTLNL ST LA B, G, Ha )
C sUNLLT Iua ®awa 5t lag MaTRICER
e B AIRVTFECHYOO SE LD YAHIAGLES CUrLEAfAd
£
[

L ¥ PaUATRICES &6 GE MESER SgvaR
rECATIpdp pf oLtGLDtEg PE LA MATRICES

B weCATTIOANR LE CULLTNAS DE Lad MATHICEL - — -
padUE STat 1“0.W.Iaﬂilﬂulﬂhtllﬂpl” . -
&g | w,M - . e e
e B8 1 SN -
1 tt:'lJ]‘I‘IIJ‘ L} ﬂ{t'Jj i
wlTUaH s

e e KR L e —_— —_— . -

Fig. 2.4 [{stados de £fa subruiina SUMAT



2.2.4 Efempto

En una tienda de anticulos elfotricos 2e venden resisten-
eias, edéetnicas de 1/4, 1/2 ¢ 1| Watt de pefencia en seds dife--

henled valones resdlstiveos,

- 34 Las existencias un vieanes pon 2a tande son:

1ag o
150
1.0, X
1.5 K
10.¢ K
15,0 K

Licas:

100 @

150 R

1.0 X

1.5 K.

o 16.0 K

- 5.0 X

Deteamine £as resiotencics gque tendad en {nventario of
esiablecimiento el- fiunes por fa madana dado que ni el sdbade

/4

rdr

400
500
§00
00
559

y el Mbado se recibe una remesa con Las séguientes caraetents-

174
[ 50
90
75
65
§0

| 75

ni el domingo hubo ventas.

* SOLUCTON

TABLA 2.1 Vatos para ef probfemz dei ejemplo 2.2.4

N=§
M=3

| ¥

—

200
400
500
E00
609

550

1/2
380
250
175
775
380
250

1/2
q0
g0
20
95
1a0
1o

380
250
75
275
360
250

“t

275

275
375
150
160

80

224

1
275 |
275
325.
150
150
220

1
50 |
55
60
55

&0




3

o!

50 90 . 501
90 iog 55
75 90 &0
65 95 &%
§0 100 &6 .
75 110 60

| =
L]

- , 1. )
TABLA 2.7 Resultados dei probfema del ejemplo 2.7.4-

{43 HATFCLY PI® Su«iRk AGH

MTRIE &

J20OFRRT L 3hpreed  Lztsrand
T AROESDYT 2Serend  L2vSEen)
BRI Y11 LT IS FV.00F B T IV | B

CApREEARY T 2250483 L15pFer]

TTTLARRENE Llaggend MELIELE

. e5sUER] A2ROreRd o J2dpkend

MATELE R

N T-TT.£T F IR T T LT T AR+ T ST

11 TRTF Llaer+al JShgreng

W FSHEENG JAEprral ;bﬂﬂ! Hhe
e AS0re2 LTI T L30T T

pQREF*02  y30rend | eggrer?

L15nrend Lllaragl Y1 4T -

—_——— . - 4 rrm o At e wawmeam

LR N 1T L]

. wiMEFeC} VATGF Rl S ELLEL Y N
WL L] LTLN Y Jivnr.0d
T LSTERanS MY LI TR
weo__ WUBSER0}  Mgrand  laeSfes)

JONOE G MLTTITY yadgraa}
T RESEHNY T L MAppedd T Iimnfes) T



2.3 Hubltiplicacibn Mairicdial

2.3.1 Objeto | |
Dadas dos mairices A y B, obtenen ef paecducto matfaicial

C de £a goama: .

o C-AxB (2.13]

2.3.2 MEtodo -

Para zﬁzciﬁa& el producto entre dos matnices (AxB] se nre-
quighe gue Las malrices dean Eonﬁoamabtaa para £a multiplicacidn,
Lo que equivale a que ef nimero de cofumnas de.dz matrdz premud-
tiplicadona [A) sea igual al ndmeno de nenglones de L& postmul-
tiplicadora [B), es deeia: |
84 A-es de onden (mxn)

y B es de orden {xxs)
el producto matfricial AB send posible sofo &4 nen y ef orden de
£a matniz producto sera [mxs). )

S{ La matriz C aepresenta fa matriz aeaultante del produc-
to matricial AB, entonces el efemenio ﬂij ¢satd dado por:

it {2.14)

Cs {mpoatanie hacer rnotah que ef produeto matiicial no es
conmulalive, e5i0 es:

AxBFBxA

2.3.3 Dedchdpeién del Programa
" alSubrutincs requendidas:

SUBROUTINE MULTHMA[A,B, N, M, L, X]), esta subrulina egectua
¢l producto mataiciald ixElE£ proghama pilneipal &2
emplea para £a Lectusn de datos e impresdidn de nesul-
tados. )

b)] Desendpedion de £as variables:
Pana Lo subrutina MULTMA:
AfT,J) matriz premuliliplicadeona de onden Nxi

16
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10
B(I,J1) mateiz posimubtiplicadona de onden Mxl
x(1,7) " matniz producto de chdem Nxl
Para ef programa principal:
AlT, I méiniz p&eﬁutt&p&icadoaa de onden NxM
B{T,7) matrniz positmultiplicadora de onden Mxl
X1, 71 mataiz producte de ornden Nxi

e) Dimensiones:
La proposicifn DIMENSION deberad aser modificada tanto
en ef programa principal como en fa subrufina cuando:
N > I8 glo M > 10 ylo L > 19

dJFgamatéé para £os datos de entrnada:

SEC.TARJETAS FORMATO INFORMACI ON
1 [315) N, M, L
rd [8F1¢.0) AfT,71, Los efZementos de

£a matniz d¢ dan kengidn
por xenglbn Emplear La can
tidad de tanfelas que sea
neces ania. _ ‘

3 [8F10.0) Bil,J), {gual que en ef ca
49 andenion,

o mr TR R e oy R E e Er . am s e Er am g R S e o R o W oEm

oirod paguetes de dateslopedlonal)

e o T BN mm s mm o oamoam T e wm omm Pl mmoam o omm wromr  E

" TARJETA EN BLANCO, af {i-
natizan Loda La Lnforma-
s eién

¢)Diagrnama de blogues:



Fig.

2.5 Diagrama de bloques para el pregrame
prineipal

34

e e i a4 wem me



12

h
hegers XIE, T =
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Fig. 2.6 Diagrama de bleoques para Lo subruiinag
MULTMA
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' iV Listado:
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A
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Fig.2.7 tiszado del phograma pirineipat

L
. 1
H
1
]
1
4
L]
J
3
. 4
L]
4
17
11
17
13
[
13
£
£
£
1
€
£
L

Fig

SCUmCUT NE wRL ol drnaniel 2} ' . ..ol

IRFTLTINN PARL apLTIPLICAN POS HatRITLS
AL 1o FRCalT CC LA% waR|ABLES E«PLEA0NE C3
A tE 1] FAESLLTEPLECACCME CE J90Ch (WsMi
bEva1Rl? SCATYL L TTPLLEAAGAD DF CMOCH (NeL]
A#uatFI] ®RCOLETD

CEMESSEEN AE1G 10 amEE 1a) e C10a10)
LE g Jeget

nc | L ATL]

KEW, antag

GO 1 Teien

REY N ENEN Y ¢ hEAp[Iri]sdt

K[ Tyan

[ 49}

. 2.8 Listado de fa srubrutinag MULTHA
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2.3.4 Ejempleo

Cuatfro componentes de urn aulomdvil reguienen como maferia
prima de hufe, aluminio y acero. Llas unidades que se negudleren
de cada material para foamar una unidad de cada componente del
automdvil 4o paoporcionan a continuacdidn:

_ hule aluminio aceno
comp, .J £ 5 3 ]

comp. 2 3 4 5

comp. 3 20 2 4

" comp. 4 1 i 10
44 Boe codtos unidanios de cada materndial aon: -

$
hute 25,00

alfumindo | 30,08
acene 40,08

Peteamine el costo total de cada componente debido a {a
matesdia prima de que edif compuesto.

ESoLUCToN

TABLA 2.3 Datos pana el problema delf efemple 2.3.4

M= 4
Me 3
Lxl
s 5 3
A I R
- 0 1 4
REERIE
(25
5 = | 30
10
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TABLA 2.4 Resultados del procblema del ejemplo 2.3.4

waTR1y 2

. IR
srOOC+04
+I00EwR?
wl0QL+gs

NATAEZ @

[]

P ML+ 2
«IORE g2
wi0Gl+n}

gLy
ADRE+] |
«HQLp|
«BQQErn g

MATAL] PaplugTao

+HAPREH]

398048

$F2004T
«A4IE1Y)

BITTE Y
VHOEE 0]
s AQAE+EL
NTTTLLT



7.4 Invers{dén de Matrices + L¢
2.4.1 Objeto
Pada una matniz cuadrada A obtenen su mataiz inversa A .

2.4.2 Mitode

Lla matfidlz invensa de una matriz cuadrada A es otra matriz
cuadrada que de heprgsenta pon ﬁ;r 4 que cumpfe £a sigudiende pro
piedad ai €a matniz A es de eaden (n x n):

a Al o1 = Aty (7.15)
- = -

" Se defdine a fa matriz invensa como:

-1 i} + .
AT LA (2.1}
| Y
donde Ir'aa conoce como fa matndz adjunta de fa matidlz A y ]A|
aepaaaanta el deteaminante de La mainiz A,

De £a ecudcddnl?.18) ae infiere que pard gque exisfa £a 4in-

versa de una mainiz s¢ reguighe gque ]£| ¥ 0, es decin, gue £a ma-

thiz sea ne singulfan.

Pana £a obfencdfn numéndicea de f£a mairiz invearsa €& necgsda-
afo acudin al métedo de Gauss-Jondan modificade. Esto se hace de
bido a gque para cbienen ﬁ'I en ungd computadera digiiaf mediante
2a eccuaedldn [Z.716] se regudexne una gaan cantidad deé cperacioies
y consecuenteminte de Liempe, Fara obtener 2a {nversa de - una ma-
tniz {10x10) se requienrern mds de 340 mifiones de gpenaciones com
el método dinecto, ' :

EE mftodo de Gauss-Jondan es un métode de efiminacidn sis-
temdtica mediante ¢l cual se transforma L4 matrniz oxiginal A en
una mataiz ddentidad 1, o al mismo fiempo esta d2iima se trans-

-1

forma en La matriz invensa A, es decdin, partiendo ded arneglo:

[*ﬂ l —n] (2,17}

y aplicande afguiar do {ad siguientes Lunsgonmedlones af avieale (2.17):
-intexecambic de xzengleones,

smuitiplleaticn de un aengldn ponr un escafar )\f 2,

wSeind de equdnidfiiplos de un xengldn a otrne rengldn,

se £lega al sdowients aineglo:
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15

[I : A-l] | (2.18)
¥ -4

EL método parte de f£a suposdicd{dn de que A es una matnliz
no aingufax, Lo cual {mplica que susd cofumnas don vectores Li-
neafmente Lndependieniea, en caso de no serfo el método Lo pue-
de detectan; en dicha s{tuacidn se presenta que todos Los ele-
mentos de un aenglién de £a matriz A o de 4ud matrices transfor-
madas, son nulos.

A fin de mindmizar Los ennones de redondeo, fa efimina--
cidn de elementos s2 efzctua pivezeando sobre Los mayenes ele-
mentos que quedan en fa matniz A o en Las matrices obtenddas a
partir de esia ditima por itransfoamacidn; debe Lenerse cuidado.
de no emplect como pivoies elementos de nenjglones gue ya hagan
sidorutifizados como plvotes. .
2.4.3 Pescaipedidn del Programa

a)Subruilinas requenidas:

SUBROUTINE MATINV(A,N,EPS,DEY), obtiene £a matniz inven-
sa de fa matriz A. EL programa principal se emplea
pana La feciura de dates ¢ impresdddn de resuftados.

b]Pescripeidn de fas vaxniables:

Para fa subruiina MATINV:

AlT,J} matiiz de £a que se buscarnd 2z inuzaég;-
dusanie el phoceso se canﬁiantﬂ en £a ma-~
tadlz inversa.

N onden de fa matriz A

£PS crnifendie para delerminar s4 cd deteami-
nante de fa matriz 24 nulo

DET pardmedno que indica 84 ¢f deteaminante
de £a matriz e¢s nulp

cli, ). matiiz identidad que 4e¢ emplea para cbte-

a nek £a matriz invensa
ﬁﬂ?Eii tf contadores que {ndican cudles nrenglones

¥ ocxdles ceclumnas de fa maaif{z A ga fuc-

hon empleades come pivoded

.
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- 1Y
RAMAX mayokr elemento de £a matair A o de sus
thansformaciones que s¢ emplea como elfe-
mento plvode

TEMP variable de Looalizacidn Zemporal
Pana el proghama principal: '
AlT, J) maindiz de fLa que de busca fa Lnversa, du-

rante el phoceso se convicate en fa
matriz {nversa

N onden de &a matrdiz A

EFS erdlernios para determinaxn s4 el defeaminan
Le de fa matndiz A es nulo,

DET variable gque Lndica s£ el deignm{nan;a'da

A esd o no nule
clDimensiones:
! La proposicién DIMENSION def progriama principal y de
fa  subruting debend ser modificada cuando:

N > 17
d) Fonmatos para £0s dafos de entrada:
SEC.TARJETAS FORMATO INFORMACION
] (15) N
7 {BF10.0) A{I,J), se proponcdo-

nan Los elementos de

£a matriz nenglén pes
rengldn Emplear Zaniad
tarnfetas como 42 negqudd
Lan.

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

otros pagueded de datos lopeionaf)

W o o omm o omr o o EmEm M R i e mm o oy T ommomr mm o o

n TARJETA EN BLANCO, &8
f{nalizar toda fLa L{nfor
macLdn .

e) Diagrama de' bLoques:



Fig. 2.9 Diagrama de bfeques

del programa principal
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Fig. 2.1 Diagrama de blogues de
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2.4.4 Ejemplo : 2J .\

Obtenen £a invenrsa de £a matriz:

[ 10 2 3 -1

1 -2 -1 3

] AT | 1 =10 ?
z -1 -1 3!']_

*SOLUCTON
TABLA 2.5 Datod pana ef probfema del ejemple 2.4.4
Ned -
Tio 2 3 -
L

| =
"

1o1-10
7 -1 -1 3

1]
7.-20 -1 3
0

TABLA 2.5 Resultades def problema del ¢femplo 1.4.4

MLTHTS L

——— e o FEcaa. R —

s LERE=12 _ L 253Er0d. . o 3ODCO L mod%uEvdl_

(NIELHDY w 2Apran? - fEnEeE) | L M0LEq]

JIO2E*WD L 90E+0L = IQ0Le0Z . LZOE+0),_
- L2030 = ICCE#DE . = A0OE#QL. . o SdaF 402 —__

TRGLRr DL oLh arlE A

-";lf';“ JAlu=ny  FITCeg) L as¥ead
cedAiL-Al = A tufeqy tsiEepr LaPpEenr L
SITRETLZ s eTlea2 = STTLey JTRafRg2 L

s hgol=i¥ = 283y = d3iFesp’ T L 3VpEap) 0T
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3. SOLUCION DE SISTEMAS DE ECUACIONES LINEALES

3.1 Introduccidn ., 25
Pox sistemas de ecuaci{ones fineafed s enifiende un gaupo
de ecuaciones gque presentan La sf{guienfe esiruciura:

w
Gypky t gty et Ayx, o by
Agp¥y ¥ Qya%y + ..+ dy X, = by
. _ . ¥ {3
Iam'li‘xl' * amfxf * > ¥ ﬁmnxn c bm

donde a;;i ¥ bi son constantes y Las {nefgnitas del sistema s0a
2os valones x,, donde 15 (£,

Pichos sistemas se pueden represenfar en £a Jfonrma:

AX=8 {3.2)

donde A se conoce como La mairiz de ecefdicientes def s4istema, -
B como vector de {&aminos {ndependienies y X como vectoxn de in
cdgnilas.
- 54 ef vector de iéamincs independientes es difengniez de
ceno se habla de sdlatemas de ecudacdones no homogéneas y en ca-
50 contranio de sistemas homogénecs. '

Antes de procedes a sedoluer un siéfema de ecuaciones es
necesario determinan ai diche sistema f£iene solucdbn ¢ ca caso
de tenexla, cudnlas posdibles sofuciones tieme, En base a Lo --

antendor se tigne fa sigudiente clfasificacidn;
r :
deteaminade

{ndetenminado

compatible
no hemogéneo

_ . incompatible
Sistema de

gouacdiongd
finegales

determinade
[Sof. triviad)

ftomegéney {campﬂtibﬂe

X P indéteminado

e



g

, 9 7
2t
S{atema compatlibie es agull que 58 tiene s0lucibn ¥ panra
que esfo de cumpla se requiere:

xango [A] = xango [Aiﬁ] ‘ (3.3]

donde a £a matrdiz [AEB] se e conoce coms fa matriz ampliada
del sistema. ' .
Siatema incompaiible es aquél que no fiene solucifn y se

RARGO |:A:| < rango [Aia] [3.4)

Sisdema detesmminadeo es un sistema compatible gque pir2aen-

cumple gue!

ta seolucidn dndca y se verdifica que:
rango [A] « admeno de {nclignitas {3.5)

. Cuando s¢ presenia esla situacddn en sistemas hemogéneos

se habla de solucdfn fidvial, ya que X = ¢.
Un sidfema compatible que p&éaenia infinidad de sofucde-
nes se conoce como sistema {ndefeaminado ¥ e caracteriza ponr:

nango [A] <& ntimeno de {aclgnitas {3.8)

Parna £a solucidn de sistemas de pcutcdones Lineales exdis
ten diversos métodos de Los.cuafes solo se txatardn: MNétodo de
Gausa-Jondan modificade y el MEiodo de Gauss-Seldel.

3.2 MEtodo de Gauss-Jordan modificade.
3.2.71 Qbjeto ,

Obtener £a solucidn de sistemas de ecuaciones Lineafed -
de La {onma: _ ) ,
AX-B - (3.7)

3.2.7 Méztodo
Dade el sistema de ecuaciongs:

A X - B . [3.5)

* nainge [A] es ¢a cantidad de vectones {inealwente {ndepen-
dienies dod ceoanjunte de vectrags cofumna gue jeaman Lo t--
thiz A. '
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v 27 , .
el método consisle en trabajar con La matniz de coeflcienies y
el veceton de téaminos {ndependientes, ¢s decin, con La matriz

amplbiada def sislema: ’
[£:E] ' [3.9)
+* I-

A dicha matriz se fe aplican una serde de trandformacio-
neé que conducen 4 obienzn otaa matriz ampliada equivalente:

[1,115:_] (3.10)

donde £ “epresenta fa solueidn de-cada una de Las andgnLIa&
def sistema,

EL proceso equivale a premuliiplican La ecuacLﬁn [3.9) -

pon i I, es decir, ef mélodo de fa matriz {invensa, so0le que 24
. te mEtodo consisie en una elimingeidn slstemdiica de valores.

_ la transformacién de fa matadiz (3.9)an La matriz [3.10)
se efectda basdndose en irnes operaciones que no aliexan el s8dis
tema de ecuacioned &Lm0 Qque proporciontn sLstemas de ecugolones
equivalenies, ¢lias son: :

- Lnfercambio de dos nenglones, Lo cual egquivale a infen
cambian dos ecuacioned.

- muliiplicacifn de un renglén por un escalan diferente
de cene, Lo cual equivele a multiplicar ambos miembnoa
de una ecuaci{dn pox fa misma constante.

.= suma de equimdBiiplos de un hrenglén a otnc nengldn, eg

decir, muliiplican und ecuacifn por utna consfante "KY
g sumanfa a otha ecuacddn. i

Para aplicar Las operaciones anterniokes se procede en La

sdguiente forma:

: (:)Sataccianam ut renglén pivote y un efemento pivole den
the de dicho rengidn,

(:)Hﬂnmaﬂiza& el elemendio pivote,es deein, convertinto en
undforio. o

(:)Cancatan efementos que se encuentren en fa columna anad
ba y/fo abaso ded efemente plvode mediante £a suma de.-
equimiftipios.

(:)Rzgnzaax af paso (:) ¥ asi suz esivamente hasid gque s¢& -
Lrans feama Lo watidz de eccefdledentes A cnr una mairicz --

2/
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Debido a que dunante el procesdo se presenfan aunumaa-pam
aedondeo, La forma Sptima de escogex fos elementos plvote es -
sefecedionando ef mayoa eLemento que qua&a en La matniz A o en
sus transformaciones. Hay que tenes presente gue Lfod elementos de
un nenglbn que ya fue seleccionado como Limea pivote no se pug
den usar como pivoles, adn cuande ef mayox efemento quede cole
cado en dicho rengldn. _

AL scleccionan Los pdvotes en La forma anted menc{onada
el ennonr se neduce al mindmo y, debido o gque puede quedar una -
matniz no Ldentidad af Lé&amine de Ras Lleracioned, ¢4 necedandio
efectuanr un intercambio de Elneas hasta obtenex r,

Cabe mencionna que ef prssente método es un mélode direc-
2o de sofucidn que no requiene gue s2 detfermine con anternionrdidad
44 el sistemn e4 compaiible y deteaminade, el métedo durante el
proceso propoaciona dicha infoamacién. ' '

S{ ek sistema es compatible dzta&mﬁnado el procedimien
Lo desendto se puede £Levan a caboe 44dn cant&at&ampaa hasta Lfe-

gar a [ .c]

34 el sdstema es compatible pero indeterminado, £a matriz
ampliada cdouirind La configuracifn:

I o o2 4 1

1
¢ 12 42 | (3.11]
o 0 o0 V0

es decdn, un renglén sead nuic; en esta situacidn se obtienen -
Las eccuaciones{ndapendientes gque acslan cn el siatema o e apli
ca fa metodologia ceornespondiente 2 sistemas Iindeteaminados.
S{ ef sistema es Lacompatible, se presentand Lo sdiguicnie:
: ;

L O O [3.12]
0 0 0 VN7, |
o sedx, )~ #F 0, Lo cual es una contandicedldn.

3.2,3 Descripedldn del Programa
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alSubrutinas sequenidas: : |
SUBROUTINE GAUTOR (A, B, N, EPS, PET), esita subxulina
sbtiene fa aofucifn def sistema de ecuaciones por -
el método de Ganas-Jordan modificadoe, el programa -
principal sole sirve para entrada y salida de daies.
b)Pesenipedidn de Las variables:
Para £a subrulina GAUTOR:

AL, )
Bl{1)

N

RAMAX
MURITY v
HYC|T)
EPS

PET

LR g LC

TEMP

matriz de coefdicientes deld sisiema de -
ecudciones.,

veetoh de téxmincs {ndependientes del -
sistema de ecuacdones, durante eif proce
40 se trnandforma en £a agfucidn.

orden def sistema de ecuaciones.

magor elemento de £a matndiz A que e --
emplea como pivote.

contadones que Lndican qué xengldn y co
Lumnas ya fueror empleades.

crditenio para deteaminar 44 e? detfermi-
nante de fLa magniz A es nufe.

pardmetro que L{ndica &4 ed deteaminante
de A 28 rufo.

cndicadores ded nenglén y cofumna gue -
s ulilizan.

variable de Loecalizacidn femporal,

Para el programa principal:

Al1,J)
B(I]
”.
EPS

PET

c) Dimensiones:

matriz de coeficientes def siszema de -
ccdacianﬂa. _ 1
veeton de téaminesd independientes.
ordzn del sistema de ecuaedlons.
enftenio para determinar 4l el defesmi-
nante de A es nulo.

pardmetry que Lndica ai el deteaminante
de A es nufo.

La preposicidn DINENSION deld programa prinedpal y -

de fa dubruting 3¢ debeadn modificar en el case de

Gue:

N > 18

p
52 -~

/
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‘d}Foxmatos para Los datos de enitrada:

SEC.TARJETAS - FORMATY

INFORMACION = °

I [15)
2 {&§F10.0)
3 ' [8F10.0}

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

e) Diagrama de bloques:

N

A{l,3), &e dan fos elemen
Zos de A hengldn por ren-
glén, empleande fantad --
tarfetas como sean necesa
rias para cada nengldn.
B{1), el veciton do t&rmi-

. noé independientes se da

en una farjeta o mds de--
gin La cantidad de elemen
Los.

TARJETA EN BLANCO, af {4
nalizar teda.fa informa-
eidn,

Lo

I
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Fig. 3.2 Diagrama de blogues

Fig. 3.1 Diagrama de blogues
def proghama principal; de fa subautina GAUTOR.

,-Lniu!u

uqrrm e I
faam

duhrofing
cAUTOR

hicenl
WELT] =0
WC(T) =2

xenglonch

-

dndagen quff nen-
glomes e han af

da paprfendod

k4
buscat TAKAK
LA dichas adn

glanes

-+
~55
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3,2.4 Efemplo
]
Empleande Las Leyes de Kirchhoff {ven nefernencia 2, se
obtuvienon fas siguientes ecuaciones Lineales para el circuito
moslnado en £a figura 3.5:

Fig. 3.5 Ciacudto ded ejempfo 3.7.4
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54 el valon de fas fuenfes es IA = 74, IB = 4A, 1., ¢ 44

g el HE tas resdstencdias:
RI =
24 =
R5 =
E? T
Rg = 670

Obtenga fas corrdiented de rama s Agy L0 Ly 4, ié, -

dqr LE, L.

* SOLUCION

T

TABLA 3.1 Dates para ¢l problema del ejemplo 3.7.4

W= g
6 0 ¢ -1 0 0 0 1 9
-1 9 -1 I 1 ¢ 0 ¢ 0
1-1 ¢ o0 0 0 ¢ 0 0
A=10 1 1 0 ¢ 1-1 0 0
0 ¢ ¢ o0 1 1 0 1 1
2 2 -4 0 0 0 O 0@ T
0 0 ¢ 3 -5 ¢ 0 3 0
¢ 6 & 0 5-5 0 0 ¢
_ﬁ 0 0 0 0 5 1 ¢ -{_L
~
-7
é
-5
B = 4
¢
0
f
0




TABLA 3.7

L1 3isthuy LE ECLACLINES 3

L
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.

4,
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0

b

U

La SHLL
H ]

G

Ca

WTEI123-T
shpabegl

L
viGCE*Q)

[

f

B

.
TPRT-11 L34
0
1oEsny
L
1L
b
waDEEEY
o

Ya

3u

&0

Resubfiados delf problema del ejemplo 3.2.4
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3.5 Método de Gauss-Seidel . : Y

3.3.1 Objeto |

Obtenen £a solucidn de sdlatemas de ecuaciones Lincales ~--
con La conqiguaacidn:
ByyXy * agpgx, * ... bapx = by

a X, + ...+ a4

gi%y ¥ Azg%y .
. . : {3.13)

X

empleando el mftode de Gauss-Sedidel.

3.3.2 Mitodo

EL m&tods de GauAAJSELdaé cs.un método de tipo L{ieraiiveo
que sirve para La solucifn de sListemas de ecuacdones Lingales
def Lipo:

AX=8 (3.14)

cuando £os valores numéricos de Los elementos de fa diagonal -
principal don magones gque fos demds de su connespondiente ren-
gfdn. ‘

Parna asegurar fa convergencia def método se requizae que:

a)] £os elementos no pufos de £a matriz de coeficientes (A}
4¢ acumulen en fa diagenal princdipal,

b} Los elementos de ‘La diagonal principaf ‘de fa mataiz de
crefielentes [A) sean magores en valon absolfuto gque La
sumztonia de Los valotes absofutos de Los elcmentos --
restantes deld rengtdn correspondiente, ed decdn:

a " - . = 1, 2 #
fal > S feuf o dehE
i .
jii | (3. 15

Para aplican el métoedo se procede a despejar una Lncdfgnd



ta de cada ecuacidn del axneglo (3.13), es deecdn,

y 38

incbgnita x; de La "(-Esima” ecuacddn, o sea:

X, w1 by - ayex, - Qpgky = vov = By X,
19
1L
X, = T [by = ay %y = @pgXg = v - Qg X
“22

L - - - x —
X =-lh1bn anlxi anfxf e Laon-1 01
n 21
- AR o l

g2 L)/

despejan fa

=)

ris.ra}

' . J
y 42 establecen Las sigulenies ecuacdones {fenativas:
o [k} (k] X (k)
";MH'E‘L ST LY B S Tt DR P
' [ . aud
4 L lReT) (R} _ A B
o 2 L AP F ot DR
22 | ]
. {3.17)
' PR IST e+ 1) . [+ 1]
J(}i’“”'-&.—II En 1 AT ) Tpom-1%n-1
Hi ™
donde x£h+r} Andica el valon de £a "i-€sima” LAnedgnila en Lo -

Literacidn "R + IV

Pare axnancax ef método se establece una sofucddn inl-~-

X :

elad X

-

£

»
X1

[
X2

(3.1£)
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dichos valores se sustituyen en el lado derecho de fa ecuacidn

{3.17) para obtenea £a siguiente svlucidn aproximada:

pr—

(1)
X
11y
Xy .
X = - {S.Iql

-[I]
xl’l

g =

y asl sucesivamente hasta gque

< £ {3.20

Para poden emplear edte mdtodo ed necesarlo vealilcar con
anterfonidad gue el aistema sea compatible y deteaminado; ademfs
de que cumpfa con Las condicicnes de convergencia ded métedo. -
Afortunadamente fa magonia de fod4 problemas de Lipe {ngenierdd
cumplen Los requdiditos mencionados. ]

Clentos afstemas que a primera vdsta no cumplen £0s regud-
sitos del métedo pueden LLenan Los nequisitos medianie an &im--
ple fntercambio en La pesicddn de Las ecudediones.

. 0
3.3.3 Descndipeidn deld programa
alSubrutinas requendidas:
N.imguna, '

biPescnipedin de fas vaniables.

A{1,]) matriz de coeficientes del sisiema

B{1} veelor de téamincs dndependientes

N onden def distema de ecuacioned

X(1) valen inicdal de Las inclgnitas del sis
tema y variable de Localizacidn tempo--
nal '

v(1) valor de fas inefgnitas en £a Ltaxaciln
nah _

XN{T} valot de £as {nedgritas en fa {lcaaedbn

- PI",l + III

o
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M mdximo nimero de L{ieraciones a 2jectuasn
E eniterio de cenvergencia

» NCON eontador de {teraciones efectuadas
SUuM sumador

e] Dimens fones: .
La propesiciin DIMENSTON debead modificarse cuande
se presente ed caso de que N2> 20,

d) Formates para Los datos de entrada:
SEC.TARJETAS FORMATO INFORMACTON

1 (Z2I5,F10.0N, M, E

2 {T10Fs_0) A(T,J), fos elementos de
: La matnaiz A se dan zen--
' glbén por renglén emplean

do £a cantidad de tarje-
fas" necesania pata cada

Aenglén.
3 [10F8.0) B{l) el vector de té&ami-
nod. independientes sc da
. _ en ung tarfefa o mis se-
. giin ef onden del sistema.
$. (10FE.0) Xi(1], £a sofucidn pata -
‘ . arrancar el mélodo s da
. . en una Larjetla o mds se-

giin sea ef tamado de M.

" TARJETA EN BLANCO,al §ina

Lizar toda Za infoxmacidn.

el Piagrama de bLogues:



85 ¢/

-4l

hasea:
|(il=xlT)
F{ll«xiI]

v

Fig. 3.6 Diagrama de bloques para el programa
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3.3.4 Efemplo ) o

Pana ef cinrcuite effeitricoe de La 44g. 3.8 se sabe que ---

;mlAed, » 24, R =Ry = Ry« Ry = Rg = Ro = 1.0 .

H

Fig. 3.8 Circudldo etéct&ica_det problema del ejempic
3.3.4

Se despoa obtener ef vollaje de Los nodos U1, Uz i US'
Apticando andlisdis nodal af cireudlfo se cbiicne:

SUI - U’zl- i."3 = ]
~U] * 3”2 - UE. 4]
-UI - UE + 3U3t Z

arxegfo que ¢4 un sistema de ecuacdones Lineafes con todas {as
canactenfsticas propias para aplicar ef mEtode de Gauss-Seldel,



44 6% 75

Se seleceionarnd como sclucibn {nicial al siguiente veclohi:

* GOLUCION  © ¢

— , — — —
UT . £.5
a , L]
UE - 0.5
u [}
3 0.5
- — L -

TABLA 3.3 Datos def paobfema del efempfo 3.3.4

No= 3
M= 50
EPS = 0.0001
R
A=l 3
-1 -t
g
B= 1o
2
x= | 0.5
0.

TABLA 3.4 Resulitados del

METHEY MPFLT4ADOS

BT IT) aystle
1,000 LEL.LL
"L.ou0 T

problema del ejempko 3.3.4

=1.004 1.0808
-y ,009 q.000
N1 2,800

PRENEAR AFRZEfwat]gn BE LA JOLMEIQE

054 4,50

LR Y]

L SPLUgIGe AL S1atEwa £3

P10R00E L RITTI1LIT

1ol

EYEMAZICNDY AELLTIADASR Y
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7. APROXTMACTON POLINOMIAL ¥ COEFTCTENTE DE CORRELACION

7.1 Tadnoduccedibn

En muchasd vcasdones a panzinr de una serdie de valones mues

. trales, donde exdiste una variable dependiente y una o vanias --
variables independientes, es necesaaie ajusfan déiches puntos --
pon dna cuiva tal que pewmifa detesminan el valon de £a varia--
_'bka d;ﬁgd&iEnte paha cuafoudier valon de Eas varniables indepen--

dientes. La cuava de afusie pox of méiode de Los minimos. tuadrg
cdos puede sexn un pelinomio de grade "%, una funcidn de Lipe &o
Cgardimico, ete.; dicha curve se escoge de acuendo a fa distribu

:ciﬁn'de Los puntos muestrales Q en forma tal que se mindmice £a
sunta de {es cuadrados de Lo4 exncnes. En procesos eszad{sticos
:ﬁ.;aﬂ ;Lpg?de afusie se fe denomina aegresdidn simple ¢ mdltiple
iﬁe Ea'ua&;ibﬂé depend.fente sobre £as vardables dndependientes.
EL gnade de nelacifn existente entre fa vardable dependiente y

Ckd indepcndicnte se denomina conxelacifn y a La medida de tal

“hefacdbn se Le Plaira coeficiente de connelacidén, el cual se sug

:ﬁé_ﬁcqqiar con el simbolo 8 é JI?[2.3...n]l. Ponde:

Vandiacidn explicada

g ) Variaeidn fotal” {7.1}

.S4i se consddesa a ¥ ecento £a vaadiable dependiente, €as --
variacioncs ae dedinei en fa slgulente forma:

variaeidn total =  EL(¥ - #)1% 3 (7.2)
UH.;LL{JH_'-{[?II eapficddn = Eifesd - 'r-'iz i7.31}
varniacddn no explicada = Ty - Vaat]f (7.4}
. =2 = 7 , L2
gy - ¥)© = ofVest - ¥} + E(Y - Vasi) {7.5)
. a &
¥ox Y,
L . ‘ .
. = 1 , wvasa & 2tnfct rmetdnales
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Gadficamente, para el caso de regresdidn simple se Lendrd:

4 curva de
v o neghesddn
ﬂ -u------'l----un—-'---———-----—----———"--l-——.v\I
(¥ - FQAI]
¥

ﬂ’uto A=

- A A= m o --- o

7.2 ﬁitado de Fos Minimes Cuadradod

7.2.1 Cbjedto

Efectuan fa neghesdbn Lineclk o exponencial, simple o mil

Lipfe, de La vaniable XI sobxe fa{s) variable(s) xz, ceey X, @
pariis de wuna tabfa de "m" puntos muestaales con fa sdiguiente
confilguracdlin: : -

b ox, | x

: [
i ? . xn

Punleo
1

it

i
Para eseclucr e¢f ajuste se¢ emplea ef método de £o0s ming-

mes cuadrades. Ademds, sc proporciona ed coeficiente de corne-
£acifn y Las desviacioncs estdndasr de 2os pardmatros de fa eud




T1g £ e

y i

V. '
Las cuivas de afuste serdn def Lipo:
Xr =_lr * kExE + A5X3 + oL.. * Auxn
§ ' o
L R BT L B (7.6

1

54 4e desea comg cuiva de ajuste un polinomie de grade -
"[ﬂ‘I]" a 4aq:

- n-1
X = A + &EXE + As x2-+ e + AHKEI | [?'?1

] i

sofo se hequeaind efectuar el siguiente cambio de vardiabfle:

| N\
X, =%,
X3 = Xy '
14 = Xz ? -
: n-1 .
X = X
n ¢ : {7.6)

en of momento de proporeionar £os datos. -

7.2.2 M&todo
Dadas un conjunto de "m" obsenvaciones de La varniable --
dependienie Xy sobre una 0 varias variables indapandiantaaixzﬁ
ce X, 80 busca afustar Los datos mediante fa sdlgudente cunrva:
§IX) = Ry Ap ¢ AKX, ALK b Lt ALK (7.9)
Ef valon de £a vaniable dependiente corxtesdpondienie al -
valor de £as variablfes independientes en un punte mugstral Ei

ed X, ., poa £o gue of ennch aend:

1,4
e; = §1X;) - X1 & _ [7.70)
o T AL ALKy L AgXy ele AKXy g gy

A .
xi = valos ssitomade do xI
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y £n suma de Los cuadaades de £o0s earexed consddexando todes -

Los puntos muestnafes es:

m
7
¢ - LZ,:, Ap v ApKy AKX ot b AK T K

m
2
A=
[7.12)

para obfenexr ¢f mindmo de fa suma de Los cuadriados de Los eare
nes ae derdiva fa expresddn [7.12) con nespecto a Los pardmetinos

Aj y cada una de fas dendvadas de Lguala a cexo para Loda §:

m m - ¢
d g -
2 Z EE' 'TZ I:A’ + "'Exf,f R Anxn,i XI,-{T]
IA, £=1 £ ¥y o= ~ ‘

i

3y
. 2 ) | .
R L IV R L S I RO

= ¢ {7.13)
fo cual se cumple sofo &.4:
m m . m
Ay oo K. b A, 2 X K, bt AKX, s
! i=1 Jri z i=] 2,474,4 . ﬂ-{:zz]. N4 f,4 .
m
* =2 Xy ; xh&i? 14)
izl

af evaluan [7.714} para toda "j" se Liene:

r A L A2£X2 + A35x3 P S | zxn " er

! "
. ? :
*15*2 * *zzxz + Aszxsz ¥ ... .t Aﬂzxnxf o zxrx?
* ' {7.15)
L] 2 " ) '-
Airxﬂ + Azzxfxﬂ + Aszxsxu + o, ..+ Anzxﬂ - zx,xﬂ



expresande en - joame matriedal:

g e T Ty
Z =l T
EXE EKE A zxzxﬂ | A; XIKE
?
I X X, XK . . WL X A X, X
2 T ! .
L o8 R EES N SRS IR

AL nesofven of sisfema de ecuacdones [7.18) se obfienen
Los paxdmelrnos A, de Ea curva de negresdiln.

Pentro def programa 'se plantea el sdlsdema de ecuaciones,
obtendendo fLa sumatoria de 204 puntos muesirafes pana cada va-
riable, paia el cuadrade de fa variable y pana Los productos -
crvzados. EE sistema de ecuaciones se nesuelve pon ef métode -
de Gauss-Jordan moddificadr. g

. EL coeficdiente de cornelacidn se obiiane de fa sdiguiente
forma: )

x ; variacién explicada
T125... .1} \ variacidn tofal
. 2. 1
Ex
1123, ., .n) »
=\ — : (7.17)
i
donde
? i 72 -
Bxy = BXyez.om o+ P23 0 (7.718)

var. Lodal van.woe explicada var. explicada

Las componenies de fa ecuacidn (7.75] estdn dadas pox:

m ? m m 2
pox5 e x0T ox )
sy b nThi {51 Dt (7.19]
m




. 2 - \
Exyigs, a7 Rr Txpxg v A Dxpxg b o v AL EXG X g a0
. . zxrxg - le LXE \ .
XX "
N zxij - ‘ EKT zxﬁ
1%3 .m
. »
EX, X - xX; EX
Bxgx, * B — (7.27)

/

A Los téaminos de Lad ceuacdlones (7.1%)y {7.21) se Les -
denomina efemenics de variaciln ¢ covandiacifn respeciivamentc,
ya que x = X - X y La variancia y covariancda ae definmen como:

d‘isE [x-}.’]z | (7.22)
covy, ¢ E [X- i’][v - 7] (7.23)

A continuacidn se descadbe La obtencidn de fa desviacdfn
estdndan de fos pasdmetros Aj'

Se define a £os productes X'X y X'V como:
p— . 1* P b
J -
XK T ! X, Xy 1
X
2,1 Xy gres Xy 1
xnlj x“‘lz . xnrm f lem ' H‘Jll
i £X,. L
= Z
£X, IXg EX, B X
{7.24})
2
Exn rx? Exﬂ . . . EKﬂ




) Y-
I
! | . i KI,I Xl .
X: 1 2. 11 %1,2 IXX,
Xve ' R (7.25)
X
n,1 oot xn,m x!,m Exixn

Sea A ¢d vecton de £os pardmetnos de £a ecuacdidn de ne-
creadln, el Alstema de ecuaciones [7.716) se puede denofax:en

tase a Lo antendiotr como:

b

D o IXTXYA = XY . T {7.26)
cende YV xepresenta ef vecton de uazoheéﬂmuzdflataa de Ea uiﬁia-
tie dependiente. Por Lo tanto: -

Yo XA + ¢ ‘ ' (7.27)
Ae (XX Xy . {7.28)

Se asume que’-La ecuacidn de regresifn ¢4 de £a foxma:
Yy =X ¢« E : {7.29)

A parifin de Las expresiones nnta&&anea e puede damoéi*aa
lten hed. T gue ta varfancia de Los paadmetiod A eazd dada por:

2 -
CE A-ogiA - sarixn” (7.30)
£L valton de 0% se obilene mediante fa expresidn: '
2
Z Z -~ LX
A SOF ¥ ROt T & BRI (7.31}

m- 1
Iznde "m" aepresenta fa canddidad de puntfos muestrales y "n" La
Lintidad de variables Lindependientes.
Part eqeclos d2 aegresidn exponenedad deld tipo:

A, AKX A X
xl L) Ta Z r_. . e n+i%n {7.32)

"2t ga ek vecion de dii{excacias enine fcs vaforeds estimados y
Los valores rneates.
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el pacirama aplica ¢f eperadon "Ln" en ambos téamines do €a ¢cua
cidn (T.32) con Lo que dicha exprnesdidén se Linealiza y csfd ex--
presdl. Linealizadn es la gue se utiliza paaa La obtencidn de

Eos pardmetnos Ai.

7.2.3 Da&ﬁ&{pciﬁn def Programa
a) Subrutinas nequendidas:
SUBROUTINE SISTORIN,M,C,A,B], plantea ef aistema de e--
cuaéiant& requerdido pahra fa obiencidn de Los pardme-

tros de La cuave de regresidn. :
SUBROUTINE GAUTOR{A,B,M,EPS,DET), obtiene La sclucidn
def s{stema de ecuaciones mediante ef méiedo de Gauss-
Jondan. Conauliasx el capitulo 3.
SUBROUTINE MULTMA{A,B,N, M, L, X), efectud productos matadl
cdales, Consuliarn ef copliufo 2.
SUBROUTINE MATINV(A,N,EPS,DET), obiiene £a invexsa de u-
na matri: por el méftodo de Gauss-Joadan. Consultan e?

capiflufo 2.

"SUBROUTINE GRAFT (A, N, M), obtiene £La grdfdica de Les valo-
kaélmuadtnaEEé g de Los valones esdiimados. Consuftax
el capitubo 1. |

b]ﬂzaanip:ién de £as variables:
Para fa subrutina SISTOR:

N
M

¢lir,7J)

AlT, J)

B{I}

SuM

canfidad de puwtod mues traled

cantidad de vaniables, Lncluyende fa dg
pendicante ;
valor de fLa variabie Kj pate ¢f punie -
mucs trafd "o .

ratris de cocjicdentes del sdefema de e-
cudcLoncs

vecton de tEaminos independienies del adi3
Leme de ecuaciones

varisble que guanda La sumaferdia de Zos

puittes muesfrales

Para el programa prinedpad:

N
H

canfidad de puntos wincsfrales
et bidad dr vaxdaoles {ncfugende €a da-



tag v

34

pendiente

NTIFD vaniabfe que {ndica el tipe d¢ azgtesidn
, 4 efeciuat |

(1, vafon de fa variable Xj paaa el punio -
mucs tnal "LV

All,J] matmiz'de coedicientes del slstema de e-
CUACLON LS ' .

B(I} ~ veclor de téaminos ingepandianzﬁa del adis
tema de ecuacioned .

EPS cnifendio para dedeaminan o4 el detexminan
Le de A ot aulo

DET : vaniabﬂe.que Lndica a4 el detenminante de
£a matniz A 24 o no nulo

PRODI(T) sumatonias de Los prcducios ckuzadci xixj

CHIT, T mataiz modifi{cade de £a matriz € donde

CM{T, 1)=]
XTR{I, J} matiiz transpuesia de £a matrniz CM

X1{1,7] mathiz {nversa del producto matricial
[XTR] (CM)

Al ' coefieiente de cornelacidn

VAR varimneia no explicada )

BVAR(T]) desviaci{én eatdndar de Los pardwe tros de -
La cunva de reghesdbu ‘

ATEMP(T) variable de neemplazo

¢l Pimenadoncsa:
EL programa csid estiuctunrado pare trnabajen como -
ximo con ednee varlabfes {ndependientes. La proposi-
cifn DIMENSTON debend mudigdicansc en el case de gque
£a cantidad de pundes muesianfes sea magor de 34,
d} Foamates para Loy datos de entrada:
SEC.TARICTAS FORMATO TNFORMACTON L
! (215, A4) N M NTIPO, paaa £a vatia-
hie NTIPQ se deberd pneajo-
ken LINE e el egae de xe-

gresddn Lirneat ¢ EXPC paaa

negres L exponziedad.
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Do
7 (§F10.0) C{I,7), fos efomented de
Pa matriz se dang <olumagy

ot cofumnd, Emptg_ak Ltan-

fas tarjelas come saan ne
cedarndas.,

----- L A g o R o am oa w w Em oL am e — ooy T

otres paquetes de datos [opedonal)

__________________________

TARJETA EN BLANCO, al 44i-
nafizar 1oda £a Luierma--
cifn

el Plagrama de blogued:
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1.2.4 Djemplo
Los vaifores ebservados para. La demanda de entrgla eféctad

ea en el secton nesddencial desde 1962 hasia 1973 don:

i)

AND DEMANDA RESIDENCIAL (Muwi)
1942 1415.757

1963 1578.572

1964 1816.234

1985 1970.947

1956 2756.216

1947 2548.05 )
1968 2803.79

1969 3157.095

1970 3587565

1971 3979 . 467

1972 4431..655

1973 4930, 197

SL 4c sabe que £a
ina estrechemente nelacionada con ef tiempo, el PHNB, fa pobla--
cifn y el producto bauto ded secion elletrice del afio antenion.
Obtenga una ctkva de tipe Lineal yroina de Lipe expeonenci{af que

13¢

demanda do energia eféctndca se ancuean-

e afuste Lo meforn posdible a Los valones wmuestrafes de fa deman

da residencial de znerngia effetrica.

Y SOLICTON

TABLA 7.1 Datos del probfema def efomple 7.2.4

N =
M=

12
4

NTIPO -

LINE 6§ EXPO
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Vi) SOLUCION ECUACIONES DIFEREINCIALES ORDINARIAS .

-

Las ecunciones diferenciales erdinoiias son aguellas en las que lg varia-

bie dependiente es funcién de una sola veriable indepandiente :

* Y(n} = (X_. Y‘ Y, . Y{""“}

)

a) Métede de Euler

Se tratard el cose de ecueciones diferenciales ordinarics de primer orden :
dy =y dx

Substituyendo por los incrementes en lu expresién anterior se tiene :

Ay=y AX {VII.U}

Temando vn punto inicicl para arronecar y conservando un incremento cons

tante x se obtiene la siguiente férmula iterativa ¢

A R A
(Xo, Yo)

\_r? =Y| Y : _&x

‘. . {le Y‘]

Yor =¥, tve| D Vi)
{xn: Yﬂ-]

» Yl:r‘r} — d" vy
d xn



{

-

b'f

la ecuacién V1.1 nos da la férraula recursiva de Eoler. Pora co!:-

»
LY

el método se requiere que Ax sea pequsiio y edemls contar con un py
nicio {Xo.- YD] . El crror producido es del orden do Lh.\xz-

b} Euler modificade

El procedimiento bhésico as el mismo solo que pora ceda Yia 1 se be

una serie de iteraciones con los valores obtenidas sucosivamente de Y 19-

fin de obtener el valor més exacto de Y

Al tener :

1.-H‘ i."'Y ‘

(%% Yu.. f\"'ﬁ.i)

se ofectdon {as siguienies ileraciones :
’ "
Yin = F ( XL+1 ,Yi-r:l.)

\iH L\'l/ \_L_. A%
?Cil =T ( 5{{1»5-“{;{,.}:5-

A
Yo=Y+ (Yis Tl A
2

y asl sucesivarente hoslo que @

-

- )
I R | &
l VI Y (&

)
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al cumplirse,se procede @ obtener Y; 49 y osT sucesivameate,

Al igual que en el método anterior es necesario empleor incremen-

tos ﬁ\ ) pequeos. El errer producido es del orden .&Ka.

e) Métcdo de Runge - Kutta

Este métedo utiliza las Férmulas de integracién untes vista pars Hegar

a lo obtercién de su propio férmule recursiva.  Dicho proceso es bostante

loboricse por lo que no se tratard .

La selucién pora una ecuacién diferencial de primer orden Y7 =f(x,y)

estd doda por @

Yn+1 = Yn + an
donde

AYa= DX {( Ko+ 2K 421Ky +K3)
c .
IKe = {: ( }{ﬂ?\{ﬂ\

K]'-: (‘(Xr\"’ A_...X }Yﬂ'i'" M;} [Sx )
Kz

g(Xn+g_X)Yn + ka;ﬁ_)_-fj
Z 2

Ka= £ (¥as Ax, Yo s K)'

- Lf

o
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LY
La férmula onterior es la de Runge-Kutta de 4o, orden, hoy otros -

Férmulus con mayor cantidad de términos que se oblienen empleando diferen

cias de mayor orden of deducir la fémulo.

Los porémetros K; representan la pendients de la funcién en fos ~-
puntos en que se esté evaluondo. El método da un error del orden de AKS

y €5 uno de los més precisos.

Ei e-.mEl o

Obtener !a tolucién de la ecvacisn diferenciol Y'= 1-X+4 y poro -
5 puntes conseculives empl eando los méfodos dq Euler, Euter mejorodo ¥ Run-
ge - Kuita usondo un inc;'emen'ro Ax=0.1. (_:ompumr dichos volores con la
solucién real st X, =0, Y, =1,

Sal .

Lul solucién exacte estf dada por &
Y- 4Y =4-¥%
' Yh: CQ‘?X

YF: A+BX



£0. -
Ty

4y
Y(x)-.% e -4 LAy

las f&rmulas de solucién pora los métodos son :

\{n =Yﬂ-—l + Y,]ﬂ-l &){ ~ {Evler}

YI"'I = YI"‘:'I + \{;}ﬁ-’l A‘X
Fuler mejorodo

f\?n = \{m; + (_\{’]ﬂ-l+Y’] “) Dx
: 5 |

Yo Yo, + Dx [ K, + 7Kg +2Ks + Ky]
6 .
K= (Xt Yarr)

Runge Kutta

k?- = F(xn-t"'.{:\.% ,Yﬂ-l +1k;-‘£5}<')
z 2
K = E(xn_,+_&._2x Yoo + 1_%_ AX)

Ka= ¢ (Yﬂ-a*‘ BX ,kYﬁ-t ¥ K Ax}

las soluciones s¢ muastran en la siguiente tahla:



11.

K[ X | Euter E. Mei, | R.Kuno | Real

o | o I I ! I
1101 | 1.5 1.595 "1.408 1,609
2 lo2 } 209 2.463 2 .505 2.505
3{03 {3146 | 3,737 3.829 3.830
404 | 4774 | 5009 5.7% 5.794
5105 | 6.324 | 8.369 8.709 8.712

d) Diferencios finirgs

Este método se emplec cuande se tienen problemas con valores en o

frontera.

El procedimiento consiste en lo'siguiente : dividir el intervalo de in

tegrocién en "'n" espacics iguoles, empleor las férmulus de derivacisn de

diferencias finttas en la ecuccién diferencial {todos los diferencias deben -

ser del mismo orden), substituil los condiciones de frontera y por Gltime re-

solver el sistemo de ecvaciones plantzade. Se tene que oplicar el opero-
dor diferencial o todos los pivetes del intervalo.

E'|emE|tJ

Resolver la ccuacién diferencial d? Y5 =¥ =0, en el imtervalo (0,1)

d X2
5 y(0) =0, y1)=1 . N



Sol . 12

Se divide el intervalo en "n" portes igucles, seon 4

Ax=1-0 =0.25
4

ﬁ'\’fi}

en ¢she caoto @

L
Jom

{0

\{fﬂhn 5 .5 35 - 4

empleando diferencias de 20. orden :

Y- ] Y.  -2Y: v
"= e LY TN !

substituyendo en la ecuacién diferenciol @

___!_'_[YI_I-?YF‘FY'*_-I 'TT=G
AxZ .

Yi._'| -7 .0&25 Yi +Y7+] =0

las condiciones de frantera san ¢
Yo=0

Y=

oplicands V1.4 ¢n los pivolos «

{V1.4)
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X, =025
Yo~ 2.0825Y+Y;=0
- 2.0625Y) +Yy =0 (Vi.5)

X5 =0.5
Y - 2.0625 ‘«.f;:. +Y3 -0 (V1.6
Xy =0.75
Yy -2.0625Y3 +Y,4=0

Yo -2.0625 Yq= -} V1.7

el sistemo de ecuaciones es :
-2.062 Y| +Ys =0

Y1 -2.062 YptYy = O

Yy - ?.Gr&'.?_ Yq=-1

de donde &
Yy =0.2146
Y2 =0, 445
Y3= 0.701

NOTA: Cuando sc frata de ecuaciones diferencinl es de moyor orden y sa -
cuenta como condiciones y" = 0, ete., hoy que swhstitvir en diclias ecuacic
nes |cs Férnwlas de diferencios y despejot de ohi las condiciones de froniera -

desconocidas.



-
L]
Y

74

10.4 Solucitn de Sistemas de Ecuacliones Diferenciales Lincales
No Homogéneas: de Prdmen Onden

10.4.1 Obsete

Obtenen 2a solucidn de sdafemas de ecuaciones diferencda-
£es noe humogéneas, Ldneales, de primen ondar mediante el métode
de Variacidn de Pardmetacs.

La representacifn en forma matricicl para este Lipo de
sibtemas de ecuacioncs diferenciafes es:

Xte) = A X{z} + B U{4] (10.16)

X{e,0 = X,

donde. Ul2) zeprescnta e¢f vector de eniradas cxiernas 44 se ha--
bLa de sistemas §Laicos.
Debide a gue cuande s¢ modefan adsfemas dindmices 2incales
Las salidas no siempre cohresponden a fas vardiables empledadas
en fas ecuaciones diferencinfes, en ¢ste paoghrama se considexa
La maﬁnzﬁcnfaciﬁn completa mediante vaniables de estade de un
sSLsiema £Luaa£,-£a cual ed:
. Y
X{e)= A Xfz) + BuU{z)

e

S ¥i{el= CX{) o+ DULL) 110.17]
Xl£g) = X,

’
dande Y{t) reprcsenta el vecien de sabidas del slstema.

190.5.2 Mtodo
EL méfodo de vﬂniéciﬁn de parfmetrod establece que £a sco-
fueddn del sistema de ecuacioncs diferenciales Linealey {10.17]
tirme pon solucdda:
| t

ite] = e oix, M- 95 yrayde  (10.75)
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AL - 25 44 a2 matniz de transicibn definida

donde {a matriz e—
en La seceddn J0.3.2,

Por Lo tanto ta sofucibn tofal szerd Lo suma de fa nespuesd
ta debida a fas condiedones iniciales nds La nespuesta debida
a fas excitacifoned exteanas. Para La primera parte de £a solu-
cifn se discutld su pbtencidn en La seccidn 10.3.2,

Dade que el pniméu ténmino de ta solucifn se evatia me=-
diante una evoluciln de estados a Linonementos {guafes de Liempo,
ta segunda panie de La ¢n£uciqn=t '

L . |
S SR N TEITL. (16.19]
Iﬂ :

tambifn se evaluard a incrementod fgualesd de Liempo.

, Para poden evafuar la expresidn (10.19) medianie &a compu-
tadona se nequiere diseretizan ef vector de entradas U[L), a--
proximande cada enfrada ul] mediante . pulscs ¢ rectas
cemo 4e muesina & continuacibn:

}lu{ﬂ . A;ldt}

At adl at * - - Al At] &t T
P PR | e e,
. e =
iu Il If 13 Iﬂ 11 tf £3
fat &

FLg. 10.710 Aproximacidn de una funciin mediante:
a) pufsos Blreetas

En of picghama se aproxima fa 5unc£6n ult) mediante rec-
tas, £as peancdoncs necesandias para {a cvaluacldn de {10.19) ae
desasroffan a continuacldn,

Sea La funcidn ult] mostrada en La figura 10.17
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wf Ly
=
Fig. 10.11 Fun edidn uld) y du aproximacdibn mediants
und xecia en ef Inteavado ia a :ﬂ + 2
S¢ desed evafuan.fa expresdidn (10.1%) pene:
1 L
A - %lg yrojae « A\ oA uiojde  (10.70)
z, - - ' : -7
ﬂ L] ‘tﬂ
evatuando de 2y a £, + & & : '
t, + 4t At
- ap -
Al = 9 T yragge - A0 2 8 ulojdo(i0.21]
£ 6

Yo fa gigura 10.11 3¢ obsenva que:
Coulgy v at) - ult,) '
ufo) £ ' # u{tﬂ] ey
s &

-

vbstiteyende [10.22) en (10.21):
At

Y, athe 8 ulo ) o - { A Bt AT 3 utt, + az) -
’ at % bt
BN P e 20 duj 5 Uity (16.23)
¢

o
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7 St
empleande &a siguiente ncfacddn:

Ao 2 1 3

-1 - Ae + AT et &7 0P+ ., (16.24)
- T! M L3

en fos f&aminos endine corchedles se Blega a:

a2
oA bz& e 2% oda = 10 ae)? e L AMB"T 4L (10.25)

0 A Ty s
At
A BN AT o srpagy s e A UL 10 26
0 (net]

Para La evafuacidn de Las senies (10.25) y [10.28) &a can-
tidad de Lénminos a empleax dependerd de 2a exacititud deseada,
Se fija un caitenio de conveagencia € tal que si I nephzsernia
a £a matniz de fa sendie {10.25) y ¥ a £a maidriz de La seade
(10.26), ae cumpla qui:

fn+1] fH]
if
, mm
Yig

< £ . para toda if

' f1e.27)
{”ll<: Y, paza toda 4ij

Como Las sexrdos [10.25) ¢ {(10.25) sofo dependen ded espa-
clandiente, de¢ feadrdn gque evafuasn una sola vez,

Eﬁ.at programa para obtenen £a xelacddn [T10.24) hay gue
evafuar ef vector de entradas U{t] en cada une de Los puntos
en gtie se subdivide ef intervale de {ntegracidn.

En 2&rmines generales of proceso a segulh eds

A
(E) evafuar fa matiiz de Lransdicddn zA{ t

@ evitfutat fas serics de £as ecudciones [10.25) y {10,
26) .
(:) obtenen £a nespucste debida a £ad conddedered Lndcdg

£zs para Ii

re———

x i1}

2;; epreseaia e eleomeate z., de fa matndz I compuzsia pon
g fa sumatonda de "n® tEAm{ﬁﬂ&
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(:) gvaluan U[L] en 1.4 T

(:) pgbtengn £a nespuesita debida o £as exedtaciones ex-
teanas mediante {a nelfacddn f10.23)

(:) hacer {=i+] y negresar al pasce (:) hosta baxken Lo-
do el intervafo de {ntegracibn.

1d, 4.5 Pescripeidn def Proghama |
a]Subnutiuia heguenddas:
SUBRQUTINE EXPMA|DELT,H, A, EXPO), obtiene ta matriz de
o taansdedda. Consuftar secceidn 10.3.3.

SUBROGUTINE INTPE(DELT,M, A, SUMA), e¢bifiene £a matadz de
£a sendie [10.26};IE4£a cxpresidn se emplea para eva-
Luasn La nrespuesta debida a Las excilacioned externras

SUBROUTINE INTRE(DELT,M,A,RECTA), ecvalua £a cxpresdidn
dada por fa aenia.da La pcuacién [710.25); estq ex-~
pagsidn se utifiza paar catauﬁi& Lo nrespuesta debida
a £as excitfaciones exzcnnaa.'

SUBROQUTINE MULTMATA,B, N M,L, X}, obtiene ef productc ma-
tricial AB. Corsultar el capltule 2. _
SUBROUTINE GRAFT (A, N, M}, grafica £as sofuciones de £as
vaniables dependientes y de Las hespuestas del 4i4-

tema. Consultan ef capitule 1.

SUBROUTINE EXCITA(T,Fl, evaluc ef veetor de entradas -

Uft) en ef inatante %,.

bYPesenipeddn de Las vaaiables:
Pana fa subrufina TNTPE: .
DELT espaciamicifo entae f0s valoaes de £a

vari{abfe independienie
M cantidod de ccuaoiones dijerenciafes
AlT, J) mainiz de coeficientes comstantes del
sfadema de ccuacdents digerenciafes
EPs caditesde do cenveageicda °
SUMA{T, ) madndiz reruftande de evaleah 2a seade
N~ contador de {fetaed{oncs '
ey jactorial divisor
TREY Lnenemento de £a vailable {ndependientc

glevado & ia pulencia "n”

VAT, T st tade Ldmn tidad
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8{1,7J) matniz A elevada a 2a potencia "a*

Xi1,7) watniz resultante ded producfo A8

Para £a subrutina INTRE:

PCLT EAPaciamiento ehdre £os valores de fa
varifabfe independicnite

M cantidad de ecuacdioncs dijerenciales

AlT, ) matriz de cazﬁ{cienteJ def adisiema de

ecuaciones diferenciales .
KECTA[I,J) wmainiz resultante de evaluar £a serie
CHALT,J) matriz identfidad

"BIT, 3} matnizr A elevada a La potencda "n”

X{1,1) omatndz rhesultante del producto AB

EPS ghitenio de convergencda

TNEW inexnemento de £a vandiable {ndependicite
efevade a fa poitencia "n"

CN contador '

viv factoenial divison

Para £a subrutina EXCITA:

T _ valon del instanie de Xiempo en el cual
se desea evaluan fa expresidn U{f)

Fti,1) vaforn def primen nenglén de La exphesidn
Uit] en el Lnstanie ti

F(2,1) vafon del segundo aenglén de fa exphresidn
Uit} en ef Lnstante ]

Fi3,1) vafor del tercexn &Eﬂgiﬁﬂ de £a expreaddn
Uzl en e Lnstante t, ’

Fid,1} valor del cuarte rengldn de La expresidn

Ulz)] en el instante L

Fis,1) valor def guinte rengfdn de fa expresidn
el en el instante L

Para ef progiama princdipal:

i cantidad de ecuacdones dijencnelales

M cantidad de subinfervalos cn que se divi-
de ef {nzervale de {ntegaaeddit

NS cantidaa de dalidas del sistema

Rt canii{dad de enitrgdas def sisitoma

PERTD Lrtenvale de fntedracddn



PELT

A{T,J}
gi(1, 7]
Ci1,
i1, 7
Xit, 1

Xir,J)
XI1,7}

vYi1, 1}
SUMALT,T)

RECTALT, J)

SHOM(TI, )

v{1,J!
PEND{I, T}

RE(T, J}
F{1,7}
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8U
magrnitud de Los subintervafos de integra-
eldfn . _
maikiz A del sdistema de ecuacioned
matriz B del sfatema de ecuacioncs
mataiz C del sdstema de ecuacdones
madriz B del sittema de ecuacdones

condicddn . indcdial de La
dignte

variable {ndepen-

condiciones {nic{ales paka cada una de
£as vardiables dependienies, IO 7
solucitén det akatama de ecuaciones
valon de las salidas def sistema
gntaghat def Ltérmino consdtante de £a e-

" ecuacidn de fa kecta empleadd para aphioxi-

mak £a eninada

inzcg&at def tdrmine vaniable de £a ecua-
cibfn de La necta empleada pana aproxd-
mai i entrada

solucidn def sistema debida a Las exedl-
tacionegd exienncs

valor de £a entrada en el inatante Loy
pendiente de £4 necla gmpfeada pana apho-
ximdn La entrada

variable de xeemplazo

variable de neemplaco

clDimensiones:
la proposicidn DIMENSION def paograma principal y de
£as subtutinas debend modi{jicarse cuando:
N o2 100 yfe M > 5 yfo NS 5 yfo NU > 5
Si se modifica £a cxtersibn de M, debeadn moddifican-
42 Los angumentos de Za subautine EXCITA,

d)Formates para tos datos de entradas

SEC. TARJETAS FORMATO TNFORHACTON
J (475, F10,.0) X, N, HS§, Ni, PERIO
? - {8F10.5! AT, T, Loy plementos de

La mathiz se dan aenglin
per sengldn. Emplear Lan-



3 (EFio.0)
; : tsrra.ﬂi
; [EF10.8)
; (8F10.0)

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

tas fanjetas conmy
cedarias

B{1,J), Lgual que

mafr.iz i

CiT,J), igual gque
matiiz A

U(1,J), Lguaf gque
mathiz A

X(1,7], el primea
be cortesponder a

SEdn

paia

para

pare

f. id

e

La

valor de

£a condd

cifn iniciaf d2 La vasda--

ble {ndependiente.

othod pﬁﬁuaiab de datos (opedonal)
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Lizar toda fa Lnfcamacidn.
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10.4.4 Ejemplo ' 89

Pana ed slgudentde cfrculto eléclrico:

250 {€

Vil

]|

C 1{%)

Fig. 10.19 Cincuite eléctrico del problema deld ejem-

ple 10.4.4

A4 se considernan come safidas 1. 4 Vo, 4u representacibn me--

diante variabfes de estade es:

dlr B TE T -
—_— f =1/1 IL i/L
dz .
= +
dvc 1/c -1/RC bﬂ )
dt _§ L. ~Jd L _ L
- i — [y [ rﬂ
Iﬂ ] -1/R IL 0
= +
v 1 i v i
R
— |_.- l-—-c—h b

do:

-1/c I(x)

J L

- = M

U{t]

vig) |

l 1{z)

, cuan
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vier = se e ) 9y

T({£) = ﬂ.S&EnIS{Iu-Ilt} [A]
R w 100 ohms

C 0,1 F

L = 7,0 H

tﬂr ¢.

Vitgl = 20

I, [t = 0.3 A

iﬂ » 10 4 ;

* S0LUCTION

TABLA 10.5 Datos para el paroblema del ejemplo 10.4.4

M 2
N= 100
NS» 2
NU= 2
PERIO- 10
S
A =
10 -0.1
= o
I 0
. .
o .10
1 -0.67 ]
0 =
) )
-
7 =
0 0

X(1,7) (0, 0.3, 1 )

FIT, 1) = 5. 2EXT(-4.7T)
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Flz,1)= 0.5*SIN(3.0*T}
Fi3,11= @,

Fi4,1): 0. _ | T

F[5,T]= F. oo
L

TABLA 10.4 Resuliados deld pacblema del efemple 10.4.4
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DCTUBRE, 1981
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U 1
APLICACTI ONTES

N0 - MATEMATIUCAS.

e

1.- CONCEPTOS BASICOS . TECHNICAS RBASZTCAS

NUMERDOS T CARACTERES

2.~ ALGUNOS TIPS
G RAPICACION
3.r- BUSQUEDAS BUSQUEDAS Fas TABRLAS
CARACTIRES Y PALABRAS
4.- ACOMODOS )

STACKS Y COLAZS.

REFERENOCTIMASES:

GEREZ, GRIJALVA ""EL ENFOQUE DE SISTEMAS" (CAF IV) LIMUSA, MEXICC
PFALTZ "COMPUTER DATA STRUCTURES" MC GRAW HILL
KNUTH “THE ART OF CQ-MPUTER PROG., VOL I y III ADISION WESCEY

FORS THE, ORGAMIC.. " TO COMPUTER SCIENCE"™ JOHN. WILEY.
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VAMOS A VER CASOS CONCRETOS DE APLICACIONES NO ~ MATRMATICAS,
"SUPONFMOS" QUE LOS ASISTENTES YA PROGRAMAN KN FORUWRAN MUY

BIEN

1.- USO DE BANDERAS [ FLAGS) Y SWITCHES.
SE UTILIZAN BANDERAS O SWITCHES, PARA DHTECTAR UN ESTA-
DO EN ALGUNA PARTE DEL PROGRAMA, LA BANDERA (FLG) PUEDE
TENER DOS ESTADOS FALSO (,FALSE.) Y VERDADERO (.TRUE.),
ES E51AD0 PUEDE SER SWICHEADO
FLG = . NOT. FLAG
Y PODEMOS PROBAR EL ESTADO DE LA BANDERA

{TRUE)
IF ( FLG} 6O TO 1il

OTRA ALTERNATIVA ES UTILIZAR UNA VARIABLE ENTERA (IFLG).
LOS VALORES 1 vy 2 SON UsADOS ¥ EL SWITCH PURDE TOMAR - -

CUALQUIERA DE LOS DOS VALORES.
1 FLG.-= 3 - IFLG CONUN GO TO

co TO (10, 20 ), IFLG.

SE PUEDE TAMBIEN PROBAR UN LOOP CON UN CONTADOR 1NICIA-
LIZANLO IFLAG, idi.e. SUPONGAMOS GUE IFLAG = 1,2,3,4,3,
1,2,.... .

I FLG= 0O

I FLAG = IFLG + 1

IF { IFLG. GT. 5} IFLG = 1
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. 1
ho - LOOFR'S.

LOE LOOP DELﬁbﬂ, PFUEDFN SER TMPLEMENTADOS DE MANTRA MUY
EFICIEKRTE £N FORTRAN, SIN EMRARGD LA VARIABLE DEL:INDICE -
DERE DE SER ENTERA ¥ EL IHCREMENTD DEBE DE $SER POSITIVO

EJEMPLOS ¢ SE REQUIERE CONSTRUIR UN LOGP EN EL CUAL

J TOYME VALORES DE ~ 43 a + 43

Do 15 Y =1, 87

Jg = I - 44

ST EN UN LOOP J TOMA VALDRES ENTRE 16 ¥ 2 ( EL INCRE-
MENTO ES - 2} ESTO SE PUEDE HACER.
DO 13 I =2, 16, 2

J = 18 « 1

U LOOD QUE REQUIERE UN INDICE REAL A& QUE TOME VALORES --

g. 1, 0.8, 0.3 ..., 1.0 SE PUEDE ESCRIBIR ASI *
DO 14 I=11 1d
2 = FLOoAT (I}/ 10.0 CRTE IO S

EN EESE CAS0 A SE INICIALIZA CON 9.0 vy 0.1 ES SU¥niDO ChDA

VEZ QUE EL CICLO 5E EFECTUE.
51 SE QUIERE DOELAR EL VALOR DE UNA VARIABLE, POR EJEMPLO

1, 2, 4, 8, 16, 32, 64, 128, 516, ETC EN CARDA PASCO DEL CICLO.

N=1
DO 33 1 =1, 10

I3N = K+ N



35 OTRA FOIRMA: o 4

N= 2%% (1 -1}

QUE FORMA ES METJGOR 7

M

EMPACANDO NUMEROS.

PARA ABORRAR ESPACIO, ES MUY COMUN GUARDAR VARIOS NUMEROS
ENTEROS EN UNA VARIABLE ENTERA, ;iEmPRE Y CUANDC ESTOS NUMEROS
HNQ SEA NEGATIVCS,

S LOS EWTERCS TOMAM VALORES ENTRE O y ¥ EL METODO CONSISTE
EN TRATARLOS COMO DIGITOS SUCESIVOS Eii LA BASE N + 1. ESTO SE -
HACE ASIGNANDO EL PRIMER ENTERO A LA VARLIABLE, EULwlpLICHNDGLA POR
N+ 1; SIMANDO EL SEGUNDD ENTERD.
POR EJ. SI LOS ELEMENTOS 1 a 5 DEL VECTOR I DIG VALEN 6, 8, 0, 3,

1, SE PUEDEN "EMPACAR" EN UNA VARTABLE NUM COMO DIGITOS DE UN NU

MERGQ DECTMAT,

. -
FUM =0 A
po 17 I1=2, 5
17 NUM = NUM 1¢ + 1D1G {1}

DESPUES DE EJECUTADC EL PROGRAMA NI = 68031 (KOTA LO ANTERIOR ES
VALIDO PARE NUMERGS BINARIOS EN DONDE UM "'.»{'2] - HAY OUE TEIZR FRE-
CRUCION DE NO EXcEDEZ EL POSITIVO MRYIMG DE LA COMPUTADORA .

IPAP_}'-. DESEMPACAR LOS NUMEROS SE UTTLIZA LA FUNCIGN‘ ¥OD . EL ULTI-

KGO ERTERG EMPACALO ES EL RESILNUG, CUANDO LA VARIABLE SE DIVIDE --

ExiTRE N + 1
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i, 5 ) s

S1 NMUM = 68031 Y (UEREMO3 OBTENFER LOS ORTGINALES RE 1DIG
HACEMOS LO S1GUTENTE:
po 19 I =1, 5’
J =6~ 1I
Y DIG {J) = #0D (xuM, 10)
19 NUM = NUM/L0
NOTESE QUE SE UTILizo UN INCREMENTO DE - 1, PARA DESEMPACAR

CORRECTAMENTE { LIFO )

TRADUCCION DE TABLAS.
MUCHAS VECNS SE NECESITA MAPERR UN CONJUNTO DE NUMERGS A OTROS,
EN FORMA IRREGULAR, LA CUAL NO PUEDE SER COMPUTADA. SI EL PRI-
MER CONJUNTC DE NUMEROS CONTIENE ENTEROS, ESTOS SE PUEDEN TOMAR
COMG INDICES DE UN VECTOR QUE CONTIENE EL SEGUNDQ CONJUNTO DE
NUMEROS .
SUPCONCA QUE MES CONTIENE ENTERQOS ENTRE 1 Y 12 REPRESENTANDO
CADA MES DEL afNo, N DIAS CONTIENE EL NUMERO DE DIAS EN EL MES.
5I SE TIENE UN VECTOR LMES DE LONGITUD 12, SE PUEDE INICIALI-
ZAR CON EL VERSBO
DATA LMES [/ 31, 28, 31, 30, 31, 30, 31, 21, 30, 31, 30, 31 /
Y EL NUMERO DE DIAS PUEDE SER COLDCADO EN N DIAS

M DIAS = LMES { MES }
LO CURL ES5 MUCHO MAS EFICIENTE QUF IR A TRAVES DE 12 "IFS", O

UN GO TQ COMPUTALO CON 12 HAMAS.
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REGRES5A EL VALOR

DE ELEM (K} = M

PRIM = 1
ULTIMO = N

—— -

+ PRIM=

ULTIMO

NOQ EXISTE
EL VALOR '

BUSCADO

BUSCQUEDA BIMARIA.

ELEM [ 1)

ELEM { 2)

MEDRIO = —

PRI + ULTIMG

2

PRIM =
MZDIO + 1
SI
ELEM (K ) = M
M ESTA EN EL ARREGLO.

ULTIMO =

WMEDIG
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SUPONCAMOS QUE SE LECESITA UN LOOP EN EL CUAL EL INDICE TOMA

: . =
VALORES DE 1.5, 2.0, 2.5 .... 4.0 Y LUEGD Z.25, 6.5, 7.75

——— 1
Y

i;gﬁnn¢11.5 Y LUEGO 13.0, 4.5, 16.0 Y POR ULTIMO 20.
=1 .

fl i LO ANTERIOR REQUIERE 5 INCREMENTOS DE 0.5, SELS D& 1.25 TRES
. DE 1.5 Y UN INCREMENTO DE 4.0. PARA BACER LO DESCRITO EN FOR
MA ELEGANTE GUARDEMOS EL INCREHENTD.EE qy VECTOR Y E¥ QrR0 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

Ci R /5, 8, 3, 2/

A + ZINC
1 | CONTINUE.

ke
k2
il

CARACTERES
EN FORTRAN LOS CARACTERES PUEDEN SER ASIGNADOS A VARIRBLES DE

CUALAUIER TIPC, (EL NUMERQO DE CARACTERES Y EL $ DE BITS EN UNA

FALABRA VARTAN DE MAQUINA A MAQUINA )Y IBM 1130 ES DE 4,
SI UhA PARLABPR: PUEDE TEXER 4 CAPACTEEES Y SE GUARDA EL CERACTER

A ESTO LUCE ASI:

L A bl bl bl




s

TN:

EN FORTRAN SR PUEDE ASTGHAR CARACTERIG A VARIABTLES DE 2" fORMAS:
\ .

}.- LOS CRRACTERES PUEDEN SR LEIDO3S CON "\wm'ro Ad
“ . N
2.- UTILIZANDO EL VERBO DATA CON UNA CONSTANTENHOLLERITH.
\'\‘\
L |
DATA I/2HAa8B/

DATA I AST /1 B /

3.- LOS CARACTERES PUEDEN SER COPIADQS HACIENDO UNA ASIGNACTON.
DATA PUNTO / T H., /  DATARLIND/ 1 B L 4 S
: -
L K = ?UNTD H“-.-‘--‘ = . . -
BUSQUEDA LINEAL ( SE VERA MAS TARDE CON DETALLE }

MUCHAS VECES SE DFSEA IDENTIFICAR UN VALOR O ELFMENTO DE UNA LISTA.
LA FORMA MAS FACIL ES UTILIZAR UNA BUSQUEDA LINEAL, SE GUARDAN LOS
VALORES POSIBLES EN UN VECTOR, '#¥ COMPARA CADA ELEMENTO DEL VECTOR
CON EL"IDENTIFICADOR" HASTA QUE SEH\}:.I.::\UEHTRE.

EJ. SUPONGA QUE EL VECTOR XNUM ES DE LEEGE'IUD 10 Y CONTIENE DIGI-
TOS DECIMAL EN .I-‘DRMA DE CARACTERES, LO ANTER;B}\SE PUEDE HACER CON
EL VERBO : ..

pata wuM /1 HO, 1 Hl, 1 He, 1 H3, 1 H4. 1 E5, 1HG,

c 1 u7, 1H8, 1 HY9/

KRHORA SUPONEMOS QUE UN CARACTER FUE LEIDO DE UHA TARJIEZTA CON FOPMA

TO Al Y FUE COLOCHDO EN

)
4

LY

?
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1A VARIARLE KAR . LAS SIGUIEHTES INSTRUCCIONES DEMERAN DESCU-

BRTR QUE DIGITO NUMERICQ ESTA EN KAR.

‘Do 15 T =1, 10

IF { KAR. EQ. NUM (I) ) GO TO 24,

-

15 CONTINUE

18

51 EL CONTROIL, PASA A 24;' I CONTIENE EL INDICE DEL DIGITG NU-

MERICO IGUAL A KAR, 51 EL CONTROL PASA A 18 KAR NO CONTIENE

UN DIGITQ NUMERICO,

2.-

WUMEROS Y CABRACTERES.

W b T A T T I L i A e

VAMOS A VER COMO CAMBIAR UNA CADENA DE CARACTERES A UN NU-
MERQ ¥ VICEVERSA. ESTAS TECNICAS SON NECESARIAS.CUANDD SE
LEEN NUMEROS EN FORMATO LIBRE, CUANDO SE MANIPULAN FORMA-
TOS EN LA EJECUCION DE PROGRAMAS O CUANDO SE REQUIEREN ~—
IMPRIMIR DATOS EN FORMA ESPECIAL PARA LO cuﬁi FORTRAN XNO
FUE DISENADO.

CONVERSION DE.CARACTERES A ENTERCS.
SI UNA CADENA DE CARACTERES REPRESENTA A UN NUMERCQ ENTERO,
SE PUEDE CONVERTIR A UNA FORMA NUMERICA UTILIZANDO ALGUNA

TECHNICA YA VISTA, 51 EL NUM, TIERE SIGNC, SE DEBE HRCER

UNA PRUEECA PRRR EL SIGNO, CADA DIGITO ES IDEXNTIFICADO, UTI
LIZAWDO UxA BUSQUEDA LINEAL { LOS 10 DIGITOS) Y EL RESULTA
DO PUEDE SER EMPACADRO EN UNA VARIABLE ENTERA.

UN NUMERO EN FORMATO LIBRE ES LEIDO, N ESPACIO DEBE DARSE

PARA LEER LO5 CARACTERES ¥ LOS DIGITOS5 DECIMALES EN LA TAE
JETA, ILOS 2 CARACTERES COM SIGND
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Y EL RLANCC DEBEN pRDﬁEHRSE. LO ANTERIOR SE HACE CON 1.OS STGUIRN-
TES VERBOS: : . |
DIMENSION NUM. {10}, XarD { 82}
DATA NuM / 1 HO, 1 B1, 1 H2, 1} H3, )} H4, 1 H5, 1 H6,
c . 1 47, 1 8, 1 HY /
DATA I ¥AS, I MENO, I BL /la+, 1 d-, 1 H Bl /
2HORA LOS CARACTERES SE LEEN EN KARD.

READ { 5, 2} KARD

2  FORMAT ( 80 Al )
TODOS LOS CARACTERES BLANCOS. DEL INICIO DE LA TARIETA SON
IGNORADOS 1 |
DO 10 1 =1, BO
IF { KARD (I). NE. IBL ) GO TO 2 O
10 CONTINUE
SI TERMINA EL LOOP DEL DO QUIERE DECIR QUE LA TARJETA
ESTA EN BLANCO, SI EL CONTROL SE VA A 2 0 KARD (I) CONTIENE EL
PRIMER CARACTER ( NO bl ) UNA PRUEBA SE DEBE HACER PARA EL -SIGNO,
PARA LO CUAL SE GUARDA RECORD EN ISGN, SI HAY UN SIGNO, ENTONCES
I SE INCREMENTA EF UNO, ANTES DE QUE EL DIGITO PUEDA SER IDENTI-

FICADO.

20 ISGY = 1
IF [ ®arRD (I}. EQ. I MAS ) &GO TO 30
IF ( KARD {I). EQ. I MEND ) GO TO 40
I sGn = -1

ap I =TI+ 1
I { I. GT. BO ) GO TO 999

EL CONTROL PRSA A 999 SI LA TARJETA TENIA UN SIGNO EN LA COLUMNA 80

AHORA EL VALOR NUMERICO (APARTE DEL SIGNO)] PUEDE CONSTRUIRSE I INT



i .
-:!i a .
40 | INT = © 11 .
' Lo 60 T = 1, 80
JKAR = KARD {\ J)
DO 50 K = 1, 10
15 ({ KAR. NE. HUM ( K }) GO TO S0
c . EL CARA:Tzﬁ‘Es IGUAL AL DIGITO NUMERICO.
INT = INT * 10+ K -1
GO TO 60
u
y 50 CONTINUE
55 GO TO 20 ;
60 | CONTINUE "
'-‘-f } r..-
Fy Fe -
c SI SE EN:jJNTRDIUN MENOS CAMBIAR EL &2 SIGNO
\ : 4
70 ;\ IF ( ISGN. LT. O )} INT = - INT. -

EL CONTROL PASA A LA ETIQUETA 70, 51 EL NUMERD EN‘LA TARIJETA ESTA

EN LA COL 80, { POR LA ETIQUETA 55 } O SI UN CABACTEh NG RUMERICO

LJ

FUE DETECTADO. i

2.2.~ CGNVERSID& DE UN ENTERC A UN CARACTER

5E VIERON LAS TECNICAS PARA CONVERTIR UN'NUHERD ASIGNADD A
U VARIABLE EHTtRA A UNA CADENA DE CARACUTHERES. 7085 DIGITOS DECIMA
LE5 50N DESEMPACADOQS DEL ENTERC ¥ LOS CLRACTERES APRDPIADQ? £E04 SE

a . -

LECCIOXNADOS UTIL?ZANDD UMA TABLA DE TRADUCCION, DE UM VECTOR QUE
CONTIENE LOS DIGITOS DECIMALES EI FORMA DE CARACTERES..
EL SIGNO ES VERIFICADO DE ANTEMANO. { VALOR POSITiIVO )

LOS NUMEROS MUY GRANDES SON DIFICILES DE LEER, PARA HACER ESTA LEC

TURA FACTIL, UTIﬂ%ZAMDS coMss EJ 1, 3 14, 56 2, 1 3 4., LA SIGUIEN
TE SUBRUTINA CD@;IERTE UN NUMERO ENTERC ASIGHNADO A IDATUM A& UN
CONJUNTG DE CER%?TERES INCLUYENDC CQMAS, EL CUAL ES ASIGHADC A - -
IAHRRAY, VECTCR PE LONGITUD N. ESTA CADENA DE CARACTERES DEBE DE

EMPEZAR EM LA POSICION INIT DEL VECTOR ¥ SU T.OMNETTHD
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” 12
Y DEBE DE SER LARGO EL # DE CARACTERES.
SUBRGUTINE COMAS (- TARRNY, N, INIT, LARGO, IDATUM)
DTMENSION IARRAY (N§), MuM (10) |
DATA NUM / 1HO, 1H), iHZ, ..... 1 HO/
DATA MENOS, KOMA, IBL, 1AST/ 18-, 1H4,, / H, } H*/
LA POSICION DEL FIN DEL CARACTER ISL  VECTOR ES AHORA CALCULSDA,
LA APROPIADA SECCION DEL VECTOR ES PUESTA CON BLANCO
i}IFIH = INIT + LARGO - 1
l DOl I = INIT, IFIN
1 rarray {I} = IBL

c SE QUARDA EL VALOR ABSOLUTO DE DATO CON GUARA.

GUARA = IABS { I DATO)

UN BLCOQUE DE 3 DIGITOS ES DESEMPACADO, Y LOS CARACTERES SON GU2RDADOS

EN IARRAY. JFIN SE UTILIZA PARA GUARDAR UN RECORD DEL-SIQ. LUGAR -
DISPONIBLE EN IARRAY, (TRABAJANDO DE DER. A IZQ. ST YA NC HAY DIGI-
TOS A DESEMPACAR IDATUM PASA EL, CONTROL A 40, 5I NO HAY ESPACTIO SU-
FICIENTE EL CDNT&DL SE VA & 20.

5 NG l0I =1, 3

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} GG TO 40
i0 CONTINUE. .

51 EL LCOP TERMINA NGRMALHENTE,-3 DIGITOS 50N GUARDADROS Eb IARRAY
¥ YA NO HAY QUE DESEMPACAR. ARORA HAY QUE AGREGAR UKA COMA EL CONH

TROL REGRESA A 5 PARA COLOCAR MAS (3) DIGITODS
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' I TARRAY ( IFIN ) = KOMA

IFIN = IFIN - 1

IF { IFIN. GE. INIT ) GO TQO 5

l

SI LA COMA SE COLOCO Eﬁ LA ULTIMA POSICION EL CONTROL PASA A LA
SIGUIENTE PROPOSICICN ( 20 }. SI HAY ERROR TARRAY DEBE CONTEXER
ASTERISCOS Y REGRESAR EI, CONTROL.

20 ’IFIN = INIT + LENGTH - 1
DO 30 I = INLit, Irfn

30 TARRAY (I) = IAST

RETURN .
EL CONTROL PASA A 40 CUANDO TODCS LOS DIGITOS DECIMALES HAN STDO
DESEMPACADOS, ST EL SIGNC ES POSITIVO EL CDNTRDLISE REGRESA AL -
PROGRAMA QUE LLAMO ‘SI_ES NEGATIV(C, SE DEBE AGREGAR EL SIGNO, SI
ES QUE HAY LUGAR.

40}{ IF ( IDATUM. GE. 0 } RETURN
IF { IFIN. LE, INIT } GO TO 20

I ARRAY { IEN-—],) = MENOS

END.
3.- Ef@?;ﬂh%.

MUCHAS VECEé SE REQUIERE IMPRIMIR GRAFICAS, Y NO SE TIELE
UN CHKY O UN PLOTTER, A CONTINUACION VAMODS A VER ALGUNAS TECHNICAS
FARA GRAFICAR, UTILIZAHDO UNA IMPRESORA CDMQH.

DE ANTEMANO HAY QUE SABER LAS CARACTERISTICAS DE LA IMPRESORA, NU
MERG DE COLUMEAS { 120 o 132 CARACTERLCS) Y EL NUMERD DE COLUMMAS
{ 66 USUALMENTE). SIN EYBARGO EL TAMARO DE GRAFICA PUEDE SER DE

CUALOUTER TAMARO.
LA TECNICA ESENCIAL A LA GRAFICACION EN UNA IMPRESORA ES LA DE -

F il R L lal nratal P K] - S aw WFR W v o o wmaEm o wm e W -
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1.~ MULTIPLIQUE O DI?IDA’ EL VALOR POR CUATQUIER CRHTIDAD PARA

TENKRR LA FESCALA (DISPERSION) DESEADA.

2.- SUME [ O RESTE) UNA CAUTIDAD AL RESULTADO PARA TENZR LOS VA
LORKS ‘EN EL®KANGD DESEADO. . . . E . _ . .
3.~ CONVERTIR LOS RESULTADOS ANTERIORES A UN ENTERO
~  HISTOGRAMAS - -

1.0S HISTOGRAMAS SE PUFDEN CONSTRUIR COM LAS -
BARRAS 'HORIZONTALES O VERTICALES. | _
| SUPONGAMOS QUE TENEMOS UN VECTOR MARCA { 10 } QUE CONTIENE
ENTEROS POSITIVOS Y SE QUIEREN GRAFICAR COMO HISTOGRAMA.
DATA IAST /1 H « /
PO S I = 1, 10

N = MARCA { I )

5 |WRITE { 6, 4) ( IAST, J =1, W)

4| | FORMAT { IX, 50 A 1 )

T xw

W wED
Wk kh ok ok
Aok ok ko
R R
I TIRTEX X2
Wokdkoka ok ]
ke kd S5E OBTENDRE UN RESULTADD ASI
ok kW

* o

NOTESE QUE 1 < MARCA < 50
tE gLnseT .

5T SE TIENEN RESULTADQS DEMASIADO GRANDES, ESTOS SE PUEDEN ESCALAR

DE LA SIGUIENTE TORMA:

l.- ESCALAR DEPENDIENDO DEL VALOR MAS GRANDE.

2.- SI LA LINEA A IMPRIMIR RESULTO DEMASIADO LARGA, ESCRIBIR UN
CARACTER ESPECIAL QUE LO DENOTE.

3.- IMPRIMIR ASTERISCOS SI LA IMPHESICH NO CABE EN LA HOJA, PARA
IDENTIFICACTION .
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ES POSiBLE CO3STRUIR HISTOGRAMAS VERTICALES UTILIZANDO UN BUFFER -~
(RMOR%IGUHDOR& Y LAS RARRAS CUELGAN £COMO ESTALACTITAS) G CRECFN. EL
BUPFER ORTGINAIMENTE DEBE DE CONTENER BLANCOS, SE UTILIZA UN LOOP
CON CUENTA NEGATIVA. CADA CICLO N ESTE LOOP SE PRUEBAN LOS DATOS,
SI UN DATO NO E§ MENOR QUE EL INDICE DEL LOOP, EL LUGAR CORRESPON-
DIENTE EN LA LINEA DEL BUFFER ES ASIGNADO UN ASTERISCO. UNA VEZ QUE
FUERCY PROBADOS TODOS LOS DATOS, SE'PROCEDE A LA IMPRESION.

DIMENSION HARChlflﬂ)r LINE (10}

DATA LINE (10 * 1 B /, IAST / I H » /

" DO 5 I =1, 25

J = 26 « 1
DO 4 K=1, 10
[jﬂ IF . (MARCA (K). GE. J) LINE (K} = IAST
6 CONTINUE o
8 FORMAT ( Ix, 10 ( Lx, al} ) -
.— 5 i WRITE (&, 8) LINE

SI SE IMPRIMIQ UN ASTERISCO, TAMBIEN SE DEBERA DE IMPRIMIR UN ASTE-
RISCO DEBAJO DEL Ya IMPRESO, SI SE QUIERE ENSANCHAR LAS RARRAS SE HA
CE LO SIGUIENTE: {CAMBIAR MODIFICACION ANT).

WRITE (6, 8) { {LINE ( K)., L =1, 3), X =1, 10 )
FORMAT- { IX, 10 {2 x, 3al) )}

5
8

LO CUAL PRODUCE BARRAS CON 3 ASTERISCOS
SI SE QUIERE INCLUIR EJES (Y) EL FORMAT SE DEBERA ESCRIRIR ASI
- Bl I FORYAT { 4X, 1 BI, 10 {2 x. aai}
AMOPA ST CADA 5 LINEAS SE QUIERE ESCRIBIR UK SIMBOLO LA LINEA SE PUEDE

DIFERENCIAR DE LA 51IG. FORMA:
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. 1b

LA QUINTA LINEA SE IDENTIFICA €ON MOD (7, 5) = O

!!WRITEI{E, 9) 1, { { LINE {K), L = 1, 3), K= 1, 10)
9 llFDRHAT { 1%, 12, 2 H+, 10 (2X, 3 Al} )

NOTESE QUE ®I, SIGNO + SE ESCRIBE CADA 5 RENGLONES, EL EJE X S5E PUEDE

ESCRIZBIR CON MENOS (SIGHO) .
WRITE-(E. 11 (1. 1 = 2, 10, 2}

11 tFORHﬁT {(4x, 1#H +, 10 (J4 -— + -, }, 2H ""/FEK»
5 1 10},

El, PROGRAMA ANTERIOR PRODUCE UNA FIGURA COMO LA SIGUITENTE:

k&
-k k kK
k& & * %k
RN ] * k& * k&
* k& LF X & ik
* ek * &k
*rk * % *nk LE 2
Kk ko k wk ok
* &k xnk * ok ok k _w ok
* k% kxk * ok d ok ok ¥
& i %ok ok k ok FAH  m om mn m  ame

vﬁﬁmos A CONTINUACION OTRO TIPO DE GRAFICAS.

CONSIDEREMOS UNA GRAFICA PARA CIEUJAR SEN (X}, €Os (X}, SEN {3+
COs (K} ¥ SEN (X} - C0S ({(X). QUEREMOS GRAFICAR UNOS 120 PUNTOS PARA
LO QUE UTILIZAMOS UN AMORTIGUADOR (EUFFER} DE LONGITUD DE 100 ELEMEN
%bs. LOS VALORES DE SEN (X) ¥ COS5 (X) OSCILARAN ENTRE - 1.0 ¥ + 1.0
Y LOS VALORES DE SEN (X) cﬁs (X) NG PASEPAN LOS VALORES DE + 2.0,

BOR LO QUE VAMOS A ESCALAR LOS WALORES DE SEN {X) ¥ C0S (X} MULTIPLI

CARNDOLGS POR 25 Y SUMANDOLE 50.
PLRSL PODER TENER "BONITA"™ UNA GREFICA £ HITE HECESARRIO CORRER EL

PROGRAMA VARIAS VECES.



SE VAN A TRAZAR 4 GRAFICAS Wi, "2%, "3, y "4¢

1l

|
!
|
10 .
|
£

DIMENSION LINE (10D}, KaAR (4}, VAL (4)

18

DATA IBL/ 1H/, KAR/ 1H1, 1n2, 1H3, IH4/, LINE/ 100* 1H/

MPEZAR EN HGOJA NU%UA

WRITE (&, 11)
FORMAT (1 H1)

Do 10 I =1, 120
. X = FLOAT {(1-1) * Q.09

vaL (1} = SIN (X)

VAL {2} = €08 (X)

VAL {3) = vaL (1) + vAL (2}
VAL (4) = wvaL (1) - vaL {2)
DO S J =1, 4

IND = VAL (J)}) * 25,0 + 50.

LINE (IND) = KAR (J)
leITE (6, 7) LINE
FORMAT (5, X, 100 Al)

npo 10 F =1, 100

1LIHE {7} = IBL
H

c DEJA UNA HOYA AL FIX

i
I
i
1

NOTESE QUE LOS VALOHRES SE GUARDAN EN UN VECTOR VAL, CON EL FIR

' ' WRITE (6, 11)

DE SER UTILTZADOS POR EYL LCGP DEL DO

Lss HACEN EMNCDE} .

bl ' T
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" BUSQUEDA BINARIA - 18

Wz tOTeterwn
COMO EJEMPLO QTILIZRMGH UNN BUSQUEDA BINARTA PARA QBTEQER EL NUME-
RO D-E ELLHMENTOS DE CADA INITERVALO DE CLAT PARG C(IJS:IIRUIR Un HISTS-
GRAMA, | ' |
LA LONGITUD DE TLBLA DEBE DE SER 24 1, POR EJE¥MPLQ SI TENEMOS 32
INTERVALOS, HARRA 31 PUNTOS D} .SEPARACION.

| DIMERSTON INTER { 31)

I IHD x = 0

INC = 16

1 lszINvai-IHC )
IF= (VAL, GT. INTER {(IT) ) I¥DX =14

INC = IRNG/ 2
] IF { INC. GT. 0 ) GO T0 1

LOS VALOKES DEBEN DE SER ASIGNADOS A INTER QUE MARCA- 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 ARSIGNADO A VAL. INC TOMA VALORES 16, B, 4, 2, 1, v O
5I VAL ES MAYOR QUE TODOS LOS VALORES EN INTER, ENTONCES IKDX TO-

MA SUCESIVAMENTE LOS VALORES 0, 16, 24, 28, 30, vy 31, PERO 5I _

VALS INTER (1), INDX = O.

EL VALOR FINAL DE INDEX ESTARA ESTRE O Y 31, DADC EL LUZAR DEL -

INTERVALG EW EL CUAL CAE VAL
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Tree cxamples

, 19 Trees

The use of flowcharts to represeat algorithms has helped us
to recognize their underlying structure. Furthermore, atten-
tion paid to the sirucrure of an algorithm usually results in
a better understanding of the computational process, and often
results in our recogruzing altermatives and potential improve-
ments to the original design. Similar rewards result from aten-
ticn paid to the sirocnural relationships among the compenents
of 2 set of data, i

There is, in fact, a close conneetion between the steps we
need to express an algorithm and the way we choose to think
about or represent the dara that are 1o be wansformed by thar
algorithm. Experience in constructing algorithms fosters an
mereased appreciation of this interdependence. You will gain
some of this experience by studving the next several chapters.
Your abilitv to analyze the striscrure of 4 set o data and how
alrernate representations of it can affect algonthms using such
dara, undoubtedly will improve. We have already constdered
two structural forms for daa, lists and arrays. Another rype
of structure is caited a rree (Figure 6- 1), Tree structures are
important in representing certain types of data and, oddly
enough, the essantial steps of 2 number of algorithms exhibit
a reelike strucrure.

First we will give two simple exampies of 2 process whose
strategy of execution (algorithm) can be pictured as a tree and
rvo examples of dara that can be picrured as a tree. Later, we
vill tackle three fascinating problems, the first one at the end
of this chapter and the other two in Chapter 7. When we have
finished this study, we mav claim the title tree expert.

Let us agree now, before we get 1oo far along, that trees
in this chapter will be drawn upside down (Figure 6-2). We

rd
[
x
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FIGURE &}

Example 1,
Treeltke Algorithms

FIGURE §-2
This is an upside-down trec.

21
24

COMPUTER SCIENCE: A FIRST COURSE

This bt & Trer. The & rol a tree.

do this only because it is converient. You have to be willing
1o think of a tree growing toward the carth, its trunk “hanging”
from the sky.

Our first example shows how we ¢an represent the 16 conclu-
sions to the well-known eight-coin problem as a “decision
rec.” The problem is this. You are given eight coins, a. by,
¢, d, & §, 2, and h, and are told that they are 21l of uniform
weight except one, which is either heavier or lighter than the
others. You are given an equal arm balance, but you may only
use it three rimes for comparing coins or groups of coins. Your
job is to determine the maverick coin and wherther ir is lighter
or.heavier than the rest. .

Here is 2 strategy to use (see Figure 6-3) for all possible

,Cases.

1. Compare the weights of two subseis of equal numbers of
coins and consider the significance of the three possible out-
comes. If the weights of the two subsets are equal, the coin
in which we are interested cannot beling to cither of the
compared subsets. '

2. Once we have isolated a pair comtaining the "odd” coin
and we want to know whether one of them is heavy or light,
we weigh one of the two candidates against any other that is
known 1o be “standard.”™

There are 16 possible cases, cach of which may occur,
given the eight labzled coins. The algorithm shown in Figure
6+3 has 2 treelike structure. Conclusions are reached by follow- .-
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EXERCISES 6-1, i
SET A
3,
L
4.
5.
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ing a unique path {u sequence of three weighings) from the
rtop or reet of the trec diagram ro one of the rerminal boxes
or lecwer at the botrom,

For deciston bes 2 in Fipure €-3, explain why:

(2} If the relapon a + 2 2> £+ b is true, ot may conclude thar
a =i

(b) If the reletion 2 + ¢ = £+ b is wue, one may conclude that
¢ g '

{c) Il the retaven a + e < f++ b is true, one may conclude thar
b e '

Explain why b may be reégarded a» 2 “standard™ woin at Jecision bex
5 but not at decision box 7.

Suppase you are given 12 seemingly ideatical balls and are told that
one ball is Argeir than the athers, which are of ihe same weight.
Draw the tee dizgram algorithm o identify the heavy ball in three
weighings.

Suppose you are given 12 seemningiy idennical balls and arc told that
one ball is Jifferent in weight {¢ither heavier or lighter). Draw a tree
diagram algorithm to identify the odd ball and to Jetermine whether
it 15 heavier or lighter in three weighings. '

Arc all decision saquences tree structures? Consider the theee fow-
charts below, .

-

{2} Which of these are tree structures?
{b) Consider the following amempt ro define a tree structure.



Exanmiple 2.
Gaime Trees

The rules of “Fight"

303
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(1} A node having no segmenis extending from it 1§ 2 terminal
node.

{2) A node having cne or morc sgmens extending from It is
a nonterming! nade.

{3} A wee sTucure is » terminal node or a nonterminal node
Whose segmments consist either of terminal nodes or tree struc-
tures.

What conecrions or additions, if any, ere nezded in the above defini-
tion s0 that, when applied to flowchans & & aund ¢ you will reach
the sz coaclusions that you dame o in the 2aswer 0 part.a of
this problem?

A more interesting oype of decision tree, frequendy referred
Lo 28 3 gawne free, Shows the moves made by the players. Each
time 3 player makes a move, he selects among the available
choices of “legal” moves. Each line segment of the tree repre-
senis one choice by one player during the playing of ooe game.
Figur: 6-4 is a tree for the game of “Eight™ This two-plaver
game is so trivial you may not enjoy playing it very long. Iis
wee is simple enough, however, that we can study ir easily,
and it serves as a good illustration of similar but far more
complicared games,

. Each player takes a murn ar picking a number from one to theee,

adding 1his number to a nenning sum that 15 mittally st at
zero. The first player has a free cheice of numbers 1, 2, and
3. The cholce in cach play thereafter is resiriczed. A player
may not choose the opponent’s preceding selection. The player
who brings the running sum to 2 totz! of exacdy eight wins
the game; a player exceeding cight loses. There is no draw
possible, . -

When we study the game mee, we can observe that a
complere game from start 10 finish is represencad by one path
(e.g., the colored line) from the buginning or roor of the tree
down to an end or terminal point. Player A always moves first.
Thus, on the green line, A chooses 1 from among the three
initia! choices. Then B chooses 3, then A chooses 1, and so
terth, untl at the last move for A the running sum is 7, and
his choices are 1 and 3. So he chooses 1 1o make the sum §
and wins. Triangular-shaped endpoints denote a win for A
Square-shaped cudpoints denore a win for B.

24



Player A wil mowe Frrst

Fayei Fowill mowy mext

Mayer A

FIGURE fi-4
Tree for the game of Eighe,

T

ST



-t
302
»
[
EXERCISES 61, 1.
SETE -
i
1
Cofurrn 2.
. 1 b 3
| | ] L ] -
t 1 3
Fow I
4 5 &
' . o
« T & k| i
FIGURE 6-5

Bourd posipon at the
beginning of the game of Hex.

TREES | , | 25

- Each time a player makes 42 meve, You can imagine he
looks &t thrc: choices 1, 2, and 3. After the very first choice
he rules out one of these, as the game riles demand. Jegd-
missible moves would not ordinzrily appear in the tree because
they tend to clurter the diagram. We have shown them as dashed
lines for B’s first move only &8 a remmnder.

(a) How many distinct games of “Eight™ m.thm:?

Imagine the geme of Eight is played by children 2t the Jocl
kindergarten in the foilowing way. Tlayer A vawls the armow of a

three-part spinnet, ta select the inial move. |

after, cach player flips a coin 10 decide ameng the two admissible
choices, (heads the smaller, tails the larger.)

{b) What percearage of games p]zy:d will follow the coicr fine parh
in Figure 6-43

(c) What are A's chances of winning? Express this result as ihe
number of games wen for every 100 games played

{d} If ¢ach player chooses each move as shr:wdly as possible, what
do you think are A's chances of winning i 4 plays ﬁ:s:" The
answer is 0 times out of 100. See if you an develop a proof of
this assertion. In Chapter 7 we will 1ake another look at this
problem,

In cach of the next two exercises, you are given the rules
of a simple, two-plaver game. Your job in each case is (o show
part or all of the game rrec with at least fouwr complets games
displayad -

The game of Hax (or Hexapavin) uses a 3 by 3 cheekerbosrd, Fach
plaver begins the game with three picees on his base Line, 88 shown
in Figure 6-5, Play alternates between green and gray. The rules of
the game are gs follows.

{2) Either green or gray, in his furmy can move forward one space
to an unnm:uplcd position,

(b) Or he can move diagonally one space o Caplure an opponent.
A apturcd picos is removed from the boasd

{t} Thw game is won by reaching the opponenr’s baseling.

(d) Or by leaving the opponent without a move.

{e) Or by capruring all opponent pieces.

Hiny Each segment of the tree should be labeled o ir;dl'catc the move
it represents, One way would be 10 show the dwfore and after row,



206

Data Tiees

Example 3.

Monotone Subsequences

2}

COMPUTER SCIENCE: A FIRST COURAE 2'--»

aolumn values of the picce ihat is moved. For example, on green’s
Fmst piay he has three choices: (3,1) — (2,1}, or {3.2) = (2,2), or
{3,3) — (2,3). Each of these moves can be further abbreviated to
{our-digit oumbers without loss of information, that is, 3121, 322,
and 3323, respectively.

Alternatively, if we give the sqiares of the board the explicit
narnes shown as small Jigits in the lower right corner of each square
in Figure 65, then we can use a somewhar more compact repre-
sentation of a move. [nstead of four-dipit sbbreviations {v.g., 3121,
3222, and 3323), we aan use twodigit abbreviations (¢.g., 74, 35, snd
96, respectively} with no risk of confusion.

The game of “31." Take a die and roll it. The side that turns up gives
the running sum's initial-1alee, Thereaftor, each player moves by
tilung the die aver on its side {one of four possible sides, of course,
ard femnember that oppoate faces

- L] a = * © . o
™ . ' - I
- - - ] - » [ ] ] ]

always add to seven). The side thar Turns up after the til-over is
then added o the running sum. The game procseds olt after tilt, A
player whose nlt brings the total ta exactly 31 wins the game; a player
exceeding 31 Joses. There are oo drgws.

Flowcharts of algorithms often have the characteristic treelike
structyre, bur it is also interesting that dara can be arranged
i a treelike structure. Here are two examples,

Suppose vou are given a sequence {i.c., a fist) of N rumbers,
all guaranteed 1o be different, What is the lﬂnEcst monotore
subsequence 1n the given sequence?
By a mbsegm:ce we mean the list that remains after
“crossing o™ some numbers in the original list, If, for exam-
ple, the given list is

5096112372

then onc of the 511 (2° — 1) possible subsequences of this
sequence is:

$096J12372
that s, 6 12 3 2.
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The reason for explaming this idez o terms of “crossing
out” is 1o make it absolutely clear that the order of the remarn-
ing terms is not altered. By a monoione subsequence we mean
one in which either the values zre tacreasing from left to right
or one in which they are decreasing. Thus the preceding sub-
sequence,

961232

'
™

is not monotene, but the following two are, the first being
increasing and the second decreasing.

5096112372
5996112372

You can check that the increasing subscquence is the long-
est possible; thar is, there is no increasing subsequence with
more than four elements. The decreasing one is nwot the longest
possible, since the subsequence :

9E-32

is longer.

It is possible w0 develop aa algorithin for dcwnnmmg
longest monotonc subsequences of a given sequence. Our inter-
est here is a bit different. Suppose you are asked 10 picture
afl the possible monotone decreasing subsequences of our ex-
ample sequence,

5006112372

A hopeless task? Nor if we think in twrms of rrees! Scc the
answer in Figure §-6.

A_most revealing discovery! We have taken a string of
numbers, posed a particular problem concerning that string,
and discovered that the problem’s answer could fie in inspect-
ing a related wree. Notice that every monotone decreasing sub-
sequence in 5 can be represented as a patk running from the
root 3t one of the wrminal squares. From now on, we'll
call these circles and squares nodes.

The longest of such subsequences 15 casy for the eye to
pick out once the tree is drawn. It is the one whose fenminal
node is found at a level of the tree farthest from the root node.
In this example, only one path reaches o level 4, so there is
only one longest monotene Jeereasing subsequence.

-
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FIGURE %7
Tlaza taken Irom the printed
class schindate.
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If 2 computer is to be used for this approach, we must
have an algorithm that, in eJect, svstemarically scans the onire
tree, This is the interesting part, which will be taken up starting
with the next section.
Censtruct a tee theo displays all monotone imcrearing subsequences
of the sume sequence given fa Figure b-6,

Draw the tree thar displays all monotone decreasing subsequences for
the sequence 3 defined a3

§ = [32 1,0}

Imagine you arc a student registering at 2 waiversity and you have

decided to enrof! in a particular group of five courses. The five courses,

together with the available soctions and the times sach will bz ravght,
are listed in Figure 6-7. We presume these dara are oxoacad (rom
the official class schedale. Notice that the 1ime periods are letter cocled
for convenienos, .

Courwe Open Sections
ENG 132 D {9-10 MYF)
L (0-11 MWF
F(ll-12 MWF)
FRE 141 F (ll-12 MYF)
H(l-2 MWE)
Q (10-11:30 TTH)
HIS 231 F(li-12 MWE)
H(1-2 MYWTF)
MTH 172 D (510 MWF)
Fl-12 MYF
Q (19-11:30 TTH)
CS5C 13] F{11-12 MWTF)

H(1-2 MWF)
Timerable
; Course Letter Codes for Possible Sets
l i No.t ; Ne.2 | N} . Ned [ Nes
foagie S i ; i a
. . i ) 'I_ . Lt — t
RN i ' !
i FRE 141 L T L
) HIS 23 : I : ]
o ] - - - — .-l-----I'-.p--_.,—....._--'. o o re—— S —
POMTI 2 _ I| ; _ i
. T T T T
L SO Ceed —




FiGURE G6A

310

COMPIUTER SCIENCE: A FIRST COURSE 30

Dows a possihle set of nonconficting sectinas for the ive coulrses
exist? “Thar is, is it possible o select a set with no time conftizts?
if w0, how many distinet feasible sers can be selected? To be disting,
a sct need differ in no more than one section from other possible
sers, Compiee 2 column of the tm::mhlc show1, in Figure 6.7 for
cach feasible ser, g

Hint' This problem and others Tike it can be soived systernatically
by constructing 2 tree of lzbeled aodkes. The structure for the tree
coutld be such that the set of nodes along any paih emanating from
the root represents a set of noncenflicring course segrions. For ex-
ample, lzbeled nodes ar level 1 could represcni the various available
sections of ENG 132 (Figore 6-8). Nodes az isvel 2 could correapond
to varieus sections of FRE 141, aad so forth. Any path ricning from
the ront 1o level 5 such that every node has a ditferent label would
rtpresent & feasble ser of courses,

Lesel | (ENG 132}

Imagine you are a eruden: registering 21 a University and assume that
you have decided to enroll in the fellowing nix courses:

Communicztions 267  (COM 267)

Englisk 337 ~ (ENG 337)
French 231 (FRE 231}

Geography 233 (GGY 233}
Mathemaues 272 {MTH 272)

Music 1204 . {(MUS 1204}

Below are data taken from the printed class schedule. Imagine that
when you reach the registanen desk, you find that certain sections
of four of the desired courses are dosed {23 indicared), Prepare 2 e
diagram that shows whether there are ort or more possible programs
open 1o you at this time, permitting you to enroll in all six of the
desired courses with no me conflicts. I one {or more) program(s)
is (are) available, prepare a filled-ouz timetable whese format is simdlar
to that given in Figure 6-7, -

A student who was planning to work every afternoon {1-5 p.m.) for
the Arhletics Deparment was also hoping 1o enroll in all of the
following six courses: COM 267, MUS 120A, GGY 233, MTH 272,
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COM 267 TV-FIL.M SZENE AND LIGHT
st L17-KUHT 930-11aM TTH COLLINS
MUS §20A MUSICIANSHIP !
Es01. 129-E 10-11LAM WF MIL.LEF
Hen2 . I8-E 1-2PM WF MILLER
Po03 125-E &-1040 TTH BORVIT
Q60H 101-E 1-114M TTH lEN]!L"r‘lI\ R—
4GY 233 WORID REALMS
Faiy] - 1al-AH 11-12 MWF HYER
H&02 101-aH 1-2PM MWT PALMLR
350% 210-AH 1-2%PM TTH SHERIDAH
Usy 101-AH 4-530PM TTH COFFMAN |I
MTH 212 CALCULUS (I
D2 24-AH 9-10AM MWF RADLR
E603 216-AH 10-11AM MWF dm
H604 116-T 1-2PM MWE - b ections
P60T 7-AH 830-10AM TTH RADER :
PH0S 111-z . &30-10AM TTH ‘
S610 2114-SR "1-2:30PM TTH -/'
FRE 231 INTERMEDIATE FRENCH '
E401 303-AH 10-11AM MWF MCLENDON . ||
Fa(2 106-2 Li-12 MWF JANSSENS - I '
HH03 105-2 1-2I'M MYTF
I604 Lks-2 2-31PM MWF - f
Q605 111:Z 10-11:30AM TTH MCDERMOTT |
606 112-2 1-230PM TTH HOWARD it
ENG 3WY SHAKESFEARE ]
Dsdl 105-C g-10aM MEF HENDERSON A
E&02 1o-C 10-11AM MWF EAKER ~——
P&os H0-C 4:30-10AM TTH EAKER
36015 113-C 1-2:30PM TTH THOMAS
FRE 231, and ENG 337, He recrived special permission to registet
early {ie., no clesed secrions 1o worry about). How many differcnr
feasible programs could he sdex, given the prined schedule used
in Problem 1 (ignoring closed semions), and stll 1ake the aftemoon”
job without a rime conflict?
1 -—
Examplc 4. Suppose we are given

Tree Representation
of Expressions

flaxXw+ b)Xwir2/dXy)

It seems obvious that whoever first wrote this string of charac-
ters intended thar it have d mathematical meaning. By now,
yOU are quite expert at interpreting such sirings, This inter-
pretation, remember, involved the application of a relatively
complicated set of rules (Tables 2-1 and 2-3). Figure 6-9

B

L]
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A mree representation af an shows how we can represent the same string as a tree and give

srichmetic expression

ir the same imterpretation. We will quickly discover that the
rules for evalvating an expression represented as a tree are

. much simpler o state because part of the interpretation 15 inher-
ent in the structure of the tree.

' Before proceeding with this line of thought, it will be
helpful to summarize and supplememt the wee rerminolegy
developed thus far, This is donie with the aid of Figure 6-10a.

We see that every tree has a roof node from which extend
segments (One or more) 10 other nodes, which in um branch
to others, evenrally ending in terminal or leaf nodes. (Nonoe
that a root node alone is not a tree) Every scgment leads to
the toot of a subtree, which may be a terminal node. Nodes
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FIGURE 6-10a
Tree rerminology.
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can be locared {idenzified) by feeel, which 15 2 node count along
a path from the reot node to 2 terminal. The level we associate
with the root node is purely arbitrary, but we will usually take
it o be zero. The nodes along a path are often thought of as
having an ancestral relationship one o anether. By analogy with
family trees, moving from a root toward a termunal, each node
is the parcrr of its immediate successor nudes {offspring). Two
or more rodes having a common parcat are sometimes called
sthlings. Finally, we can say that the degrer of 2 node is the
number of its immediate offspring.

& node may alse be idenufied in terms of the parh that
leads from the root 1o that nods. How can we represent that
path? An answer comes to mind when we tealize that represent-
ing a tree in (wo dimensions imposes an ordaring on the seg-
ments that emanate from each node. And we might as well
recognize this fact of life. by numbering the segments in some
wuy, 2y from left o right or right to left For simplicity and
consistency we will penerally number segments from left to
right, as suggested in Figure 6§10, These ordinal numbers
amount, in effect, to nawes for the segments.

24
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Now a node can be designaed uniquely by listing the
rames of all the segments in the path leading to that node. For
example, the light green node in Figure 6- 105 may be desig-
nated by the list {1, 1, 1, 1, 2}, the-dark green node by the
list (3, 1), the gray node by the one-element list (2}, and the
black node by (&, 1, 1). (How would the root node be designated
in this scheme?) Distinet nodss have distingt paths and hence
distincr lists. .

The expression free, by its very structure, provides the key
to evaluating the expression that is represented. For example,
suppose values for the variables of our expression are:

al_wlb d jr

sfaf2] 1]

A subtree of the form shown in Figure §-11, together with
the above table, can be undersiood 1o mean: Look up the values
of a and w, compute aXw = 3X 2 = 6, and rcplace the

subtree by the terminal node &. -
Correspondingly, the subtree shown on the left can be
interpreted as: Computed Xy = — 1 X7 = — 7andreplace

the subtree by the terminal node — 7..
Figure 6-12 represents a sequence of meaningiul substi-
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rutions that, when carried out, will uhimately lead to the re-
placement of the whole tre¢, root node and all, by a single
rerminal, which represents the value of the expression.

Proper evaluation is guaranteed if we follow one simple
replacement rule that says:

Whenerer you find a sub tree consisting of a root node feading
to three terminals (an operator and tro operands), replace
that subtree by a single terminal value.

Thus the replacement sequence in Figure 6-13, although
diffcrent frem that of Figure 6- 12, leads us irrevocably to the

same value, :%‘él. A computer performing either scquence

wouid evaluate the same indicated guotient |— 256

, notwith-

standing the fact that computer operations on floating-point
numbers are nonassocianve, s fact explained in Chapter 11
Another point 1o note from the figures is that the treelike
representation of a complicated arithmetic expression aliows
us 1o see all the meaningful subexpressions {all the subtrees)
at a glance.

Qnce an expression is represented as a tree, evaluation
depends only on repeatedly searching and finding subtrees thar
are subject to the replacement rule. At any given ume, an
expression tree, if not aiready fully evaluated, will exhibit ar
least one such subtree.

A guestion that has ne doubt been pppermost in the minds.
of some readers is: How should wree structures be represented
in storage? Linked [ists, introduced in Chapler 4, suggest one



311"0 COMUNTER SCILNCE: A FIRAT COLURSE 3¢

' Stepol,
rop ey

4[] [
Jiy

FIGURE #+]12 Step o
A mepwite evaluanon of a tee replicc
£xpression.

l:.l_ I}

.t"



PleURE 613 .
Alwrnative replacement
sequence for cvainating the
froe CXpression.

Skep 1.
Teplice

ANg”

Bwep3,
mplage

Sepd.
replact

ool

Swep i
re pilace

.,.,

By b
- rplie

. .
2w

a4

-




. - TLEE N CIENLOE: 0 ) REL
318§  COMPUTER SCIENCED & FIRST COLX 15
way., With this approach, one storuge representation for the
EXPression
faxXa+rbXwi2/(dXy)
s shown in Figure 6-14. A four-column table is used. LBach
row represents 2 nede with rose 1 reprosenting the root node.
Tree Tabe
Node Vilve . Links. .
pember R g Misge Righs
1 t: O 2 [} 1L
2 ¥ o 3 i3 14
5 R 1 1 1z
- | 3 & AL
3 . 0 5 B B
4] r a —_— -— —_
I e = b
4 W — — —
s B4 I —
19 By — | - -
LI 5 X - - ~
T2 g w — - —
13 E : — 1 - —
T4 B2 -1 - -
5 i ; S R
16 = 17 | s 19
1y 5 od — —_ —_
15 w — - —
19 i — - -—

FIGURE O-14
Tabudar represcntation of an
eRpTEsSion e,

The first column holds the value of the nede if it is a terminal
or some special mark, for example. O, if the node is nonter-
miral. The remaining three columns hold node numbers that
designate the left, middle, and right offspring. These positions
may be left empty (undefined) for terminal nodes. Node num-
bers in the left, middle, and right columns serve as finks 0
other nodes, Other tabular descriptions of tree suucture using
the linked list approach are discussed in Chaprer 7,

A Peek ar Some  We noticed in the expression tree of Figure 612 that two
Funure Mpdels of SIMPLOS * separate subtrees

<] ) L]

nd

29
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had ouly terminal nodes as offspring. At the start of evahmtion
we could invoke the replacement rule on either of these sub-
trees. It was immaterial which we picked first. This will always
be the case for subtrees whose root nodes are siblings or the
oftspring of sibling codes {i.c., cousins once or more remored).
From the standpoint of expression evaluation, such subtrees
are mtially tndzpenden.

Under what circumstances can a computer work on the
evaluation of ftwo or more independent subtrees at the same
trme? With our present SIMPLOS model the answer is never,
because at any one time thete is onfy one team of persondeal

(Master Computer, Affixer, Reader, and Assizner) available to

do work. On the other hand, advanced medels of computer
systemis having several, perhaps many twams of personnel, are
quite feasible.

Although it may boggle the mind ro think about it, one
may anticipate that furure computers will evaluate mugually
independent subtrees concurremly, that is, in porallcf, when-
ever more than one team of personnel is available for the
purpose. In cases where speed is essential the capability of
concurrent computaton ofters the opporiunity o solve prob-
lems that cannat be solved fast enough in any other way, Ex-
amples of such problems already abound in our technological
soctery. More cun be found on this topic in advanced texts.

Evatuite the expression trees below, using the given values for the
variables.

46
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2 Draw a tree representation for the expression
Bi2 — 4XAXC

3 The following are Two proposed tree representations for the expres-
sion

- NXAN/D+OXU-T

Which, if either, of these trees, evaluated by the replacement rule,
yields a result computationatly squivalent to the result we ger by
following the evaluation rules laid down i Tables 2-1 and 2.3
If the evalpation of cither one of the trees is not compatible with
these rules, describe the discrepancy.
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Diaw a tree representation for the expression
(a—pyR(c—dy/ex(f + gD
Find which of the three rrecs given below mrm(-:ﬂy represents the

given expression and exhibit the expression represented by ‘cath of
the other trecs,

A 3
”( 3 )"'lv
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6. Find the tree among the four given below that represents the given,
expression correctly and exhibit the expressions represened by each
cf the other tress.

aXb < c+d/(f+g
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7. Convert the trees betow into the corresponding zrithmetic CAPressions.

(b . .
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How would vou druw the expression tree for the expression
A X (= BY? The preblem here is to decide how one should represent
2 unary operdqtion. One possibility s shown in the wee on the lefr,

Hore the subte2e expression — R is trexied 33 2 coot node having
a unary operator |- |and ane asgument [1]ss oftspring nodes. Oae

can duduce that the operator s uoury by the fact that the (lefi-hand)
operand node is missing. Functions such as ", cos, and so forth,
can be thought of a¢ unary operators. Using the above oxpression
scheme, or enother of your own choosing, develup expression trees
for: .

(a A + vy
{b) cos (x? + y5)

<) _\'/‘%X{I + g/ VP F §)

Which of the following statemenrs s false®

{a) A terminal node has vne ancestor nede and no descendant nodes.
(b} A rool noude has ro ancester nodes and may have ro descendant.
f<) A nonterminal node has no descendant nodes,

{d) A noaterminal sode may kave only one ancestor node.

{¢) A terminal node can be connecred to an ancestor.

Hinr If you have any question as 10 the meaning of “ancestor™ and
“descendant™ juse think of 4 family wree.

Any given two-dinensiona] matriv fan be represented as 4 tree. For
example, the marrix

(a} Given the representation gbove, the four nodes ar Level 1 corre-
spaad 1o {choose one):

(I) The four elements of the main diagonal of the given mawix.
(2} The four dlements of row | of the given matrix.

45
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{3 The four columns of the given matrix.

f4) The sums of the clements in sach of the columns of the given
malrix.

{3) None of the above.

{b) Show at lzast on= other way fo represent the matrit A as 2 tres
structure,

Using list notation, give the pachs for the rodes labeled (], [u],
and [E, in the secund of the vwo trees referzed o in Troblem 3 of
this exercise set.

Develop a scheme to Jdenote the saving in time that, in principle, 15
passitle in 3 computer having multiple processing units that can
exccnte cypcwrently in the same expressionn Show how your scheme
would work on the foilowing cxpressions.

fa) 22 + b¥ + 2 '
(b) ta = B X (¢ = dy/ (e X (£ + g))
(€} (Vx + cos¥)/z

In the text we have always shown the operator symbo! of an expres-
sion tree as a terrninal node, so each nonterminal node of the mee
has three otfspring if the operator fus two operands, and two offspring
f the operator has one operend. Another way w draw the oee 5 to
place sach operator symbol af its parent (nonterminal) node. For
exarnpie, the tree for the cxpression

A+BXC
may be drawn as

insread of as . )

4b
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The rew form, which we shall call & dinan expression tree, has
fewer nodes but the same amount of information.
Refer 1o Figure 6- 14 and:

(2) Mroduce the binary expression tree equivalent 1o the expression
tree given in the figure.

{b) Show how the tree table in that figure can be changed in structure
and in cuntent to represeny the binary tree you Jdeveloped tn part
2.

{¢) Which tree Lable would reguize Joss storage in a compuler repne-

sentatipn?
&2 We have now seen enouzh of rees 1o have observed their main
Tree searches strucitral characteristics; segmuents of a subtree always con-

nect fo new nodes that form a continuation of the same subtree;
there is no looping back to nodes closer o the root; and there
is no crossing or crisscrossing betwesn subtrees.

There are many ways onz can construct and stote a free
structure. Depending on what use is 0 be made of the tree,
some representations (we will call these scorage structures) are
bener than others. Trees are searched for one reason or another,
cither to gain specific informuation, to reach a condusion, or
to modify the tree in a certain way. A trec search lies at the

N heart of 2 number of mathemartical problems and a grear num-
: ber of games, '

Waturai-prder Tree Search  There {5 a systernatic way 1o scan all the nodes of @ wee that
is used frequenty in solving problems. We call 1t natural-erder
searching. Although a squirre] may have better ways of finding
nuzs in 2 teee, it wall help us o understand natural-order search
if we imagine a nutse¢king squirrel willing ro follow these
rujes.

1. Start at the wunk (root) and don't step tryving segments
unll you reach a leaf (rerminal node) unless you find a nut
and choose 1 stop at that point.

2. Upon reaching a terminal without finding a aut, back up
10 the node you just passed, that is, 10 the parens node of this
rerminal. _ . .

3. Now, chocse the next untried segment, if any, and move
forward along it wward another leafl node.
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4. If there are no untricd segments, crawl bacloward to the
predecessor {parent) node and repeat the process of wrying o
reach another leafl pode. .

5. If you cver find yourself back ar the roof having already
ied all segments from the reot witheut inding 2 cut, you have

finished searching the entirg tree it namiral order and can repott
a failure 1w find a nut.

1
Figure 6«13 shews a natural-order search of a wee, The

A&

cumbers beside the nodes indicatz the sequence in which they

are first encountered {i.e., as rhe squirrel sees them in its for-
ward progress), We picture one of these nodes as 2 nut, Tt is
the 23rd node encountered. Notcr the systematic, left-to-right
selection of segments at cach node. ‘

Now suppose we wish 1o construct a tree search algorithm that
generally follows the stated set of rules. One of our problems
is how [0 interpret rule 3, that is, how 1o choose among the
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rermaining untried segments. £ we recall, however, that the
scoments cmanatng from each node are, or always <an be,
erdcred, then a simple interpretation comes guickly to mind:

choose the segment, if any, whose ordinal number nume i< one

higher than that of the segment previously wied,

To make this chaice implies that rhe algorithm can always
identify the ancestor or parent node from which the “previcusly
tried” segment eranated. "That is, the algonithm can only wen-
nity addittional scgments in terms of the common parent. This
backup capability 15 assured if the algerithm at all times has
an up-to-date record of where it 15 in the tee search and can
represent this datz in the form of a path list. For example,
suppose it has been discovered thar the segments from the apde
whose path designation is {1, 1, 2, 1) need be examined no
turther (Ficture 1).

The node

FICTURE | r

\What is the path name for the parent of that nade? The answer
is (1, 1, 2). :

How do we apply rule 3 tw© this parent {{, |, 2)? {Rule
3: choose the next uniried segment, if any, and move forward

along it toward another leaf node.) The answer is, if there &

a node whose path is (1, 1, 2, 1 + 1}, try it (Picture 2).

In general, suppose we have tried the segment leading
from node {1, 1, 2) 10 node (I, 1, 2, i) and the subtree whose
oot is (1, 1, 2, 1) has failed 10 contain the nut we are looking
for, To select the next unmied segment, if any, of node (1, |,
2), we have orly to check whether there exists a valid node

14
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The node numed (1, 1, 2Y

I - “ *

£ b

ra - .
s ~ i
The nude pamed (1, 1,0 10
e by ared atter (1,1, 2, 1) fuike
PICTURE 2

whose pathis {1, 1, 2, i + 1). If so, select the segment Jeading
t¢ this node and if not, back up, and check whether there i
a vaiid node (1, !, 2 + 1), If so, select the segment leading
to this node, but if not, hack up again and see whcrhcr (1,
1 + 1) is valid, and so on

We now sense that by starting out with 2 path list that
represents the roor node (an empty list of segments), and by
continuing to vpdate that lst as we move through the ree o
reflect where we arc in the search, then simple adjustmenis
to the path allosw us to determine each new direction of search.

Figure 6-16 shows a systematic procedure, that is, 2n
algorithm for conducting natural-order ree search. The algo-
rithm is represented in top-down style, with Figure 6-16a
giving the topmost view. Any necessary data are input in box
1 and the tree search begins at box 2. In ‘Iree_Search, whose
derails are given in Figure 6- 168, there are two key variables:
frvel and path. The value of level ells us the number of cle-
ments in path. Values of these two variables determine the
current node of the search. In a sense the current node is the
one we are standing on while we &y 1o find the next node to
move ., These varizbies are initialized in box 1 of Figure
6- 166, Tree_Scarch sels some sort of switch to indicare suceess
or failure. (Recall that a rout node by itself does not constinuze
a treg. There must be at least one subtree. For this reason the
first time box 2.2 is executed the Yes vudet will be taken.)
Upon exit {rom Trec_Search, the main programy, in effect, tests
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that switch. If success is indicated, the path list is displayed,
identifying the location in the tree where the nut was found,
otherwise a failure message is displaved.

To simplify the details of Tree_Search, three of its baxes
are given in more detail in Figure 6-16¢, 6164, and 6-16e.
Notice that rule 3 is implemented in box 23 as a call w a
procedure, “Scek_Another_Segment” whose details {Figure
6-16<) inclede a test for admissibility of unmed segments.
Although not shown tn the level of detail given in Figure &- 16,
we imagine rhat some sort of switch is ser by Seek_Another
Segment. which can be tested upon rerurn to Tree_Scarch so
that the former’s success or failure can be determined at box
2.4, If successful, there is 2 new node to which the search may
advarce {details in Figure 6+ 16d). If unsuccessful, it is neces-
sary 10 refrear o the pareni node, if any {Figure 6 16¢). (Re-
member that Seek_Another_Segment reports failare only after
all segments have beep fested.)

The booklkeeping of the retreat operation {box 2.5.3) is a
wo-siepr process,

1.+ Detach the last etement of pudh, which s 2 segment num-
ber, and suve it to use the next time Seck_Another Segment
is cailed at box 2.3,

2. Decrement Jeoed by one 1o reflect the shortened Jength of
pati.
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The segment aumber saved in step 1 iy necded in boxes
» 0 23) and 233 When a new segment aumber is svlected m
box 2.3.3, it in turn 15 saved for use by Advance, the next time,
that procedure 1s cailed zt box 2.6. Advance increments feee!
by one and appeeds the new segment number on 1w the end
of path. We leave to the reader the pleastre of reviewing these
details and convincing himself of their comectness. As a parting
remark, i 1§ worth observing that the nature of the admissi-
bility chack hinted atsn box 2.5.2 may be crucial to the success
of the search. As many inadnissible sirucrurcs as possible must
be ruled out at each stage. For exampie, the squirrel <hould
recognize each dead limb and not scarch it Otherwise, the -
proportion of uscless paths may grow rapidly, meaning that
the eificiency of the scarch method can plumraet toward zero.
Next we examing several interesting problems that employ this
type of search in their algorithmic sohation.

EXERCISE 6-2 1. List the nodes of the trec below in the order in which they would
be coeountercd in 2 natues]-order scarch,

63 Maps are colored 1o make it easy to see at a glance the extent

The four-color . of each country. It is necessary that neighboring countnes (ie.
¢ ! 3 4 £

pmblcm countries with a common boundary line) be assigned different

colors. Does the mapmaker then need more than four colors
to do his job? He doesn't care, but we Jo.
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This problem was one of the most cefebrated challenges
in matkematics. Tt is of greay intellecrual intersst and has in-
trigued many peopic from all paths of life, Avwally, is salution
has little or nothing whatsoever 1o do with making maps. A
mapmaker In and alwayvs will be able w print maps using as
many different colurs as he necds.

A checkerbeard is an example of a map that can be col ored
with only #o colors, The tour-country map shown in Figure
617 requires forer colors, Bacause each pair of countries is
adjacent, no two can have the same color.

It dida't wke vy long w find & map requiring four colors.
Yet, 1 over 100 years of scarching, ro one has succeeded in
finding a map requicing five! 1t is patural 1o conjecture rhat
every nuip can be colored with four colors, and many mathe-
maricians have racked their brains trying to prove this con-
jecture, The Lest they have been able to do so far is to show
that every map can be calored using no more than five colors.*

We are abwout to see howe computer methods can be apphied
10 the four-color pribiem. We will not use the computer
shaw that the four-color conjecture is true. Indeed, it 15 entirely
possibie that no computer can ever prove this. However, true
or lalse, we can use the computer to derermine whether a
particilar map can be colored in only four colors, This is the
task for which we want to construct an algorithm.

Before starting on this algonthm, a few remarks concern-
ing the coloring of maps may be helpful.

A mimmal five-cofor map 1s a map requiring five colors,
so that every otlier map requiring five colors has at leastras
many countrics. Of course, no minimal five-color map has cwr
been found. Bur mathemaricians have shown that if such maps
exist at all, then some of them sansfy these two condilions,

!, No point s 3 boundary point of more than three countries.
2. Each covntry is a neighbor af ag least five others.
Morcover, it can be shown thar erery minimal map, 1f any caist,
st satisly the sevond condition.

It is therefore customary to consider s candidares for
countercxamples o the four-color conjecture ondy maps tul-
fillinp these conditions,

hsimple proacl o b BUEader et aasts, I0omasy b laund, foe camplk, in
ke 0 Warhyweain o2 Uiudedd Umivematy 1ros (1941, by Cimizant amd Rebbins,



334

Four-Coloring as 2
Tree-Scarch

FIGUXE &8

CmnLry
{level)

b

tho

FIGURE 6-19

FIGURE &-20

VA

5L

COMPUTER SCIENCE: A FIRST CDUIRSE

-

We can mode! the problem of four-coloring a given nap, say,

the one picturcd in Figure 618, as one of traveling along a

pazh through a tree such as that shown in Figure 6-19. Tach’
segment represents a Jecision o coler a country, with colors

[, 2, 3, or 4. The ith segment in 2 path from the roal corre-

sponds 1o the coloring of the ith country of the map.

MAVAANAAANDAL

Observe thar many paths through the tree nirn our 10
represent identical colorings of the map except for remaming
of the celors, and it is desirable 10 avoid scarching through
such duplicate panterns. (E.g, the rwo heavy-line paths in
Frgure 620 represent the same coloring patterns with different
names used for the colors.y One way 10 avoid the unnecessary
search is to fix at the outser in a quite arbitrary way the colors
tor neighboring countries 1, 2, and 3 and 10 begin the real
search with the coloring of country 4,

In coloring all countries, from the fourth country.on, as
scen in Figure 6-21, we assumne that all four choices are possi-
ble. Most of the time, however, as c2n be seen in Figure §-22,
oy one, o, or three of these choices will be admissible.
Sometimes even all four choices will be inadmissibie, as ex-
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empiified by terminal nodes marked F in Figure 622, Only
10 paths lead o 5 {success} terminals.

Compure the theoretical maximum nuniber of possible terminal nodes
for the coloring trew of the 12-country map in Figure 618,

Hint Use Figure 6-21 as 2 guide.,

-9
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Assume thit it takes oniv 1 microseuond jo check another path to
a renminal, and that the search of Ralf of thewe paie s requized before
the desired terminal is reached. How long would the compuzer chug
away before it found what 11 was lecking for in o 39-country map?
Assume all segments 10 be admiysible. Express vour answer in units
of wars.

By renumbering the countries on the map of Figure @+ 13, show that
a goloring tree can have nodes with three and even fuur permisstble
spIeNnts cmanating fron: tiem.

Using a form simlar 1o that of Figure 6-22, draw 2 “voloring tree”
for the map shoun below, )

G5

Let us see how 1o apply what we have just learned abourn tree
search 10 an actual problem. It is one thing 1o discuss 2 tree
i the abstract and another 1o start with a problem, define in
some derail the res search thar 15 involved, and then develop
a-detailed flowcharr algorithin. In this case, we will take a3
our problem statement: Develop a detailed flowchart algorithm
for four-coloring any n-country map.

The first step 1oward this objective might be to devise a
method to represent any n-country map. Te do this we need
a sample map for study as, for example, in Figure 6-23, The



TABLE &-

337

!

TREES ' 57

map consists of,39 counuits, and the countries have been
oumbeced or indexed in the order that the algorithm wili
atiempi to “color” them. '

The effiviency of the algorithrn'will be greatly improved
if each country borders on as many lower-numbered countries
as poss:ble. We do not absolutely insist on this but, if you have
done Problem 3 of Exercise 6-3, you will appreciate why we
recommend this approach. We de, however, require that the
first three countries all be neighbors of each other.

How do we represeat the map in computer storage? One
way i3 (o comstract a “‘connection table,” listing after each
country all of its neighbors in increpsing order. This is shown
for our example in Table 6. 1.

Our algorithm should comsult this table when deciding
how 1o color a pamicular country. Fer example, if we were
coloring country 15, we could see in row 15 that countries 5,
6, and 14 are neighbors already colored Our choice of color
for 13, then, depends solely on the currently chosen colors for
5, 6, and 14,

Knowing that country 15 also has neighbors numbered 16,
25, and 26 appears 1o be superfluous. This leads us to the ides
of a shaved-down table, which we wil? call the “raduced connec-

The Connection Table for the Map in Figure 6-23

Countey

Pl o - - )
s L bg T 20 06 R DR N e W B

Fod — = o o m
Semoou

Neighbors v Country Neighbors

2 0 4 5 4 2l o2 22 3t
I 3 & 7 8 & 22, 11 2 21 23 31 33
1 2 4 % 0 1l 23 12 13 22 24 M M
I3 5 11 iz 13 4. 13 14 23 25 M 3
P36 1Y 1418 25 4 13 2 26 35 3§
Y2 3 ¥ 15 16 28, 15 16 17 25 27 38
2 6 & §6 1Y 18 N v 26 28 3% W
27 9 18 19 28, 17 18 23 2% 37

2 03 8 10 190X R 15 19 2% 30 37 34
3 92 11 X 2 30, 19 20 29 3 3§

E T N U A ) - 3. 20 N M 32 0¥

4 11 13 32 N 32 2) 22 31 33 B 3%
4 5 12 4 B3 M 33 2223 03 M W
5013 I3 23 23 3. 224 03N O3k Ow
306 14 16 25 2% 35, 23 2% 3 3 W

6 7 13 17 24 16 25 0 Y 33 N M9
AN £ T AR ... LYS 27 23 X9 % M W
78 1719 @ oM 38 o OB P - B
8 %130 % w 9. N OH 33 3 37N
g o192 3 3

_'.'-n-
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Redueed Cognection Teble foe the Mep in Figure §&-23

Coparry

e — )
M =7 AR S . L F R S A

— s R e p
s RS- LW N R TR e ]

=

Neighhars
CONN,,

14
15

—

17
15
19

WO R el el G oW LR el de Lk Lad b B B e s
[
- JT - PR R - PR P T s AL BT D T
—_
L=

[y

F

Widdh . Conenry Meighbors Width
w, ; CONN, . -
| B2 10711 20 3
! . 42 3 3
2 23 12 13 22 3
2 24 13 14, 23 3
2 15 14 15 24 3
3 » 15 15 17 2% 4
2 1 17 26 2
? L 28 17 19 27 3
3 T 18 19 23 3
2 P w 2 29 3
3 ) I TR 3
2 32 i o2 M 3
3 3 1202y 1 3
2 34 noan 3
3 L M2 H 3
3. 3 25 16 27 35 4
2 3 27 28 W % 4
3 3 2 W M 32 37 5
3 [ 9 2P OH G W T M T
3 1

uon fable.” It is consmucted by striking our of each row in
the rable all numbers greater than the number of the rew mself.
The reduced connection table for our example [s scen in Table
62 aod czn be thought of in this case as a 3¥-row by 7-column
array calied CONN. The number of nonnul! elements in sach
rocw is given by clements of 2n assoctated iist w. Thus the
algorithm can search the ficst w, elements in the ith row

. of CONN to determine which neighbors have already been

colored.

I we are to apply our generalized tree search elgorithm
(Figure 6-18) 1o the map-coloring problem, we must also de-
cide how 1o represemt the currens node (i.¢., how o represent
the variables path and lsvel). The variable padh is a list of
elements, cach of which designates a segment choice, Our
decision to use color codes 1, 2, 3, and 4 for the four possible
color cheices leads vs directiy 1o the decision thar a search
from a node may be accomplished by selecting (Irying) the
segments in the same order, 1, 2, 3, and 4. The decision 10
make this correspondence between the color codes and the
sepment order imposes the required ordering on the segments

from each node of our colaring tree, Moreover, the ith element

59
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of path automadcally identifies the g)a%r chosen for the uh

"sountry! This means that whenever we have been able to

choose a valid color for the nth country, the current conrents
of the path is the desired iist of toiers for the n countries of
the map. Nothing cculd bz simpler. For this problem, let us
call the path list COLOR, since it is more suggestive of our
desired objecrive. _ _

Figure 624 shows a lowchart zlgorithm incorpotating the
foregoing concepts and details eod following the idennical top-
down structure given in the gensralized secarch (Figure 6-16).
It will be 235y 10 verify tha caimed simitarity. 1f you have
any difficulty in following Figure 6-24, remember that boxes
with corresponding numbers in the geoeralized Aowchart have
sirnilar meanings. Only Figure §:247 the detsil of the admissi-
bility test 1a box 2.3.2, is really new.

Box | of Figure 6-24 is o coumerpart to box 1 of Figure 6- 16.
In the derailed algorithm we must inpurt the data explicitly o

represent the map if we are goizg 1o deduce the actual structure

of the tree. In Figure 6244, m keep track of what trec level
has been reached, a tevel or path length counter k is necded.
This counter is initially set to 0 in box 2,1 o reflect the start
of the search ar the root node. [The algorithm could be made
more efficient by initializing the [evel counter to 3 and path
to (1, 2, 3} to reflect coloring the first three counrries with the
first three colors, as suggested in Figure 6-21.]
Success_Switch is a three-valued switch variable that is
initially set to “andecided" {at box 2.1), and then is set to either
“Yes'' if the ee search succeads or to “No"™ if the search fails.
To see why or where this switch is set 1o either “Yes™ or 10
“No,"” you may have to descend to the next levels of detail
Thus, whenever we discover that the search is about to back-
track to level zero, the search has failed {boxes 2.5.1 and 2.5.2
of Retreat), If Kk — | = 0 in box 2.5.1, the current node is
at level 1. In other words we have backtracked to the first
country. The first cournry was cnlored with eglor | at the
beginning of the scarch. We have not tested colars 2, 3, or

4 on country 1. Should we? Not really, because we know thar
. any coloring we find will simply be a renaming of 2 previous

coloring (if any} when counery i had color 1. We won't find

&0
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any new patterns. If we wamt to scarch the complete tree,

Jiowever, including the four possible colors for the st country,
b (=]

we have only © change the tost in box 2.9.1 to read

Whenever the level counter £ 15 found to cqual n (boxes
2.7 and 2.9 of "lree_Search), Success _Switch is set to *Yes.”
Tte variabie Seck_Switch twsted by Trew_Scarch in box 2.4
13 501 10 either “Yes” or *No™ by Seck_Another_Segment (Fig-
ure 6-242). This procedure in turn reports success if acd only
if the subprocedure Admissibility_Check reports success. This
larter procedure {Figure 6-24f) determines whether any of the
previously colored neighbors (there are w, |, , of them} have the
same celor as the sentative eolor, te, that s being coasidered
for the k + 1 st country. If so, Admissibility_Switch is set to
“No" 5o thay, after the RETURN to Seck_Another_Segment,
another {the nexr) color may be ried. Notice that only in
Admissibility_Check is there any reference 10 the map's rep-
resentation. This suggests that detailed flowcharts for different
natural-order tree search problems will differ mainly in the
details of this particular part of the scarch algorithm.

The bookkeeping of Retreat and Advance in Figure 6-24
uscs awal:ary varable, tc, tentauve color. This variable is also
used in Seek_Another_Segment during the scarch 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
tentative color is stowed away in Color,, and the auxilizry
vanable tc is reset 1o 1. (See box 2.6.1.) During Retreat the
current color choice for county k must be remembered so
that the search for another segment of country k’s parent can
resume at a value of tc that is one greater than the last one
tried. The saving of this informatdon {5 accomplished by the
assignment step,

it — Color, + |
as seen in box 2.5.3, Then the path length k is shortened by 1.
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14, PROGRAMACION LINEAL .. 1

1, 1-ITntroduccidn - .- G e - —

CEn ddiversas sdtuacdones pana £a toma de decdsiones refa--
cionadas con ef use ziiciente de una serie de recursos 0 sdj-
naeibn Sprima de necutsos Limitados, es necesanio comdtruir un
modelo matemdtico. 34 dicho modelo matemdtico &2 puede expieddn
comg un sdatema de desigunldardes fingales, dadas por Las res---
tricciones en Bo disponibilidad de Las recunsos, y ura juncisn
que represenia £a meta u obfedivo a aleanzaa, también de tipo
tineal, se dice que se taraln de un probiema de programaciln Li-
neal. L& funcifn obfetive generalmente represenda cosfod o utl-
Lidades.

En 2drminos genenales el sdistema de desigunbdades Lineades
tendrd mis variables o L{nedgnitas jgue desdgualdades , para su s0-
Luecldn se nequenind converddn el s{stema de desicualdades
cuaciones pero el sistema serd de tipe {ndeterminade, &in em--
barge, &a aambinacién'da tas restriccivnes con La funcidn obiv

en e-

tivo Lransforma el sdilema defeamdnads en un siaiema dedemiina- -
de que Zendad sofucdidn dndca y ademds dicha sofucidn opiimiza-
rd Ea funcidn objelive,

EL propbsito de La programacdidn Bineal es encontrar dicha
sclucifn ﬁpzima. De Los métodos exidtentes probablemente of
mds empleads sea el MQ;odo Simpfeyx de Danizig.

La estructuna genexral de un problema de programacidn Li-
neal ea: -

miax .«
§ 1= 2, C.X. (14.7)
min i=1 <
sujeta a: .
\.
X; >0 , 4a1, , N
n
A X £ By o kel . . f
[14.2)



| ) 32¢

. 2 |
n , l
A
4..“‘!:4:"4: _}._Ek , Regel, . . ., @ .
P [14.2)

H
Z Ak-‘ixi - Ek_ y kegrl, oL .,
1 o

donde m & n , 2 ¢6 La funcidn cbjetive a opitimizar, a Ros va-
Lores C, se Les denominag coegicfentes de costos, Las variables
xi acn fas iucﬁgn;taa def problema, a Lod coeficiontes Aki se
Les denomina coeficientes edLructurates ¢y a £as consianies Elrz
s o4 denomina catopufaciones., Las neasatrinoiones def problfema
gatdn dadas por ef sisztema de desigualdades (14.2)

Las caracterlfsticas que debe de reunin un problfemsa de pro-3-)
gremacidn Lineal son: ' -
Ilque el modelfo. sea determinlstice,
2lvariables positivas, .
3lquz el Gndizz objedivo 22a mazimizar o mindmizarx
dldiviaibif idad de Las variables, es den&& gue puedan adgqud-

rin valones fracelionarics.

Se denomina solucifn bdaica factible delf sistema:

ZAM it By kel L (14.3)

a un conjunto de "m" valores X; ol que Aaziaﬁagd el sistema

de ecuacfones [T14.3) y que no necesaniamente optimiza £a fun--

cldn ebjetive, A cada una de £as "m" variables xi se Les deno-~

mina variables bAsicas y debendn ser posditivas para garantizan

una posdble sofucidn y.evitan que degenere ef métode a emplean.
Para converdin £as desdgualdades en igualdaedes esd neczsa-

L IR ag&agan clendas variabfasd al sfatema como se muesiad o con-

t&nudﬂ&dr &5

Sea ch ét.‘:f(‘ma de desiguaidrdes:
o

-

1 .



521

. 3
X+ X, # 2X; & 10
Xy ~IXy, » X, & 5 _ (14.4}
X, - X, = 12 ]

consd{derande qué toda xi ¢4 poadltiva, lLa conversidn de Las de-
sigualdades en {guafdades se Logrand agregando o restando can-
tidades positivas come se muestra ¢ conlinuacidn:

Xr + IE + Exs f.x‘ 'Iﬂ
Xy - Exz + xs + x5 = 5 .['4'5]
Xy - sxj T e Xg + x? l?

‘ Las variables x,, xz, xs 4¢ conocen come variabfes esifruc~
turales y Lienen sdignificads filsdco; fas variables x4 if x5 ie
conocen come variablfes de holgura, Lienen significade ffalco
§ sué coeficientes en fLa funcifn objetivo son nulod; a Las va-
nigbfes X, y X, se Ley denomina variables artificiales, no Zie-
nen significade ffsico afguno ¢ &¢ Agaggan para poder jorman
La primena so0fucifn bdsica deld sidtema,- pers se debe garah
tlzarn su exclusilfn de La solucifn Optima del sistema, Esto d4L-
timo se Lpogra aaigudndatéa coeficientes de costos C{ muy nega-
tivod cuandoe de desee maximizanr o muche mayores que ceio cudn-
do se desee mindmizan.

14.2 MELodo Simplex
14,2.1 Objeto o

Dade el modelo de programacién £ineal para un sfslema, ent
La jorma:

Mt x "
g 2 = C.xX.
n‘H".II {'I i< .
vy {14.8}
H
- )
20 ApX 28, . ko1, v



. 4 . . 3
osbtenen Bos valonres K que oplimizan Lanunciﬁn Z madian}a el
‘método Simplex zon 5anma computazionas,

F i

?4 2.7 M&tods v
7 Pana obtenex fa solucidn det TmodeZs 114.5) o8 heczsanio T
conventin Las desigualdades en igualdaded, olsed, Llegar af’
s{guiente sL{stema de ecuandones:

max Z{:x ' .

"“*" . [14.7)
4fa

£

oA X By BTl e,

Lal .

1 L]

[

-

donde tas variabfes X, para ientd, - .2 L son variables . de
halgura yfe akt&ﬁ&c&a&e& y Lo Eﬂﬂﬂ&ﬂ&ﬁﬂfﬂd C, deade L=n+1,

1

ve. , £ Lienen &f sigudlente valon: *:“%j .
(9 84 caaaaaﬁoﬁde.h una variable de :
Jotguna - : .
c, . 4 > Y BV cnuzapande a una variabfe arti- ‘
ficial y se estd minimizando I
dentl, ...t L0 84 cornesponde a una variable anti-
fleial y se estd maximizande I

“ .-
A continuec{ln se gorma £La siguiente tabla que suele deno-

minars ¢ como TAELEEU: _
y L e, '!‘f'.‘:'. .



323

_ s 9
I_ 11 .
Base C de 2a| [SoL. G C}‘... PRI PR A
base bisicz P]. PE s Fi. s Fr: e FL C
] »* * | ] ] | Rl |
SN R S B TR PR VAR MR ) -
- . | " [ . * *
| ] ] [ ] * ] L] » L
%ﬂ qm Em ﬁmI *hf “'Ami"' Amn - Amt
um-l da z Zn z’-I-Cf Iz'cz. .Ii'ci .. zn"._cn-rzi" t

Fig. 14.1 Tableau para apficar el Método Simplex
computacionald

La primerz solucisn bésica estard formada ponr Las varia-.
btes de holgura v vaniables ardificiales que fengan cogficien-
te unitario posditive, habrd "m" veriables que cumplan Lo ante-
hion; las variables que no forman pante de La base tiemen va--
Lox aulo.

EL proceso del mitodo Simplex consiaie en {in cambiando fas
variables que pertenecen a £La base en fjoama sistemdiica hasia
optimizar La funcidn pbjetivo. Para desernibir el proceso &e
consLderand que a¢ desea min I, Lo anterdcr no ordigina ningu-
na resirlecidn puesto que min I egudvale a max{-I}.

AL seleccionar LZa primena base o aofucidn factible {ini--
cial del sisztemz, Los elementos def Tableau de Za §ig. 14.1
Lendrndn el s{gulente valoxrn:

. r
AEL Api
B, By
7. s .

£ £ 4
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= Al apa
Iﬁ C!E, LA CmEm
XD, Xy ; vaxiables que forman fa paimera solu-
‘ eibn bdsice |
A o Cn ¢ coeficdentes de costos coriespondientes

a fas vasndiables de La solfucidn bdsdica

Para resolver ef sistema de ccuacdones representade pon el
_Tableau e ap!ic& el mitedo de Gauwsa-Jondin a £a sececdidn IT del
Tableau, £a sefeceidn del elemnlo pivole paaa efectos de
m¢n4m¢zac¢ﬁn 4¢ descnibe a continuacifn:
Analizan Lo4 elomentos I - E para Loda "L" a fin da
determinar &4 ya ae apt&mLzﬁ La funcidn obfetive, EL
minimo de¢ obiiene cuando [Ei - Cilﬁg ¢ para toda "i",
44 s¢ cumple Lo antenion se deliene el phoceso y el
valon de £as Lincdgnitas que foaman fa badsez el ta so0-
Luedldn fpiima. En ecaso contrando coniinuan.

(:) Buscar todos fod [Ii - Cil_)-ﬂ tf aetegcianak como
cofumna del efemento pivote aqudlia celumna "4 pa-
xa fa que 4e cumpla que “41 - €, >0 es el mdximo.

(:) Para asegurar fa gactibilidad de la nueva sofucdidn,
el nenglén "R" def elementeo pivole serd agquél para
el cual se Zenga el m;n{ﬂ / AJ': .} tal que ﬁn )G

LU

i" cornesponde a £a columna sefeccionada en el pa-
590 @ . la sofucdbn serd no acotada cuande A.Ei < 0
para toda “k".

(:) Introducir ¢en £a base £a nueva vasdiablfe bdsica xi .
es decin, hacexr xE = X. g€l wC,

(:) Apficar et mElode de efiminacidn de Gauss-Joxadan a La
secaddn IT ded Tableau piveteande sobre el clemenic
AE& . Al efectusn este efiminacidn, Los nueves valo-
aes BT coracspondendn a PLos vafores de Las vaniablled
que forman fa base X°.

-(:) Reghresan al pasc (:)

Se puede prescaian el caso de que ef problema és2a cfeld-
¢e o degenerative, £o0 cual eds una.posibifidad muy remola en
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AT

En previsidn a Lo anterdor, se debe estadle-

cer un mdximo ndmeno de iteraciomes al impfementar ef algorit-
- 'mo, en una compufadera., SL Se¢ Liene un sléiema con "m"” reslrecedo
- ned se requerdrdn aproximadamende "om" cambios de base para £Le
gar a-2a solucidn dptima, en base a esfo de pucde establecen et
-mdximo nfimenro de iteraciones a efectuarn. ... —_— ce e
Ern ¢f caso de que apanezcan varfables aat&ﬁ&c&atza A4 g4

que &g empleanon,

er fa solucidn Optima serd necesanio modifi-

ear sus cpeficienies dg coslos y volvea d apiicax el método
Simplex al asl{stema de ecuaciones.

Las variables que no foamen pante de fa base coraespondien
e a £a solucidn Spiima Lienen vafor nulo.

14.2.3 Descaipeidn def Programa
a)Subrutinas requeridas:

Ninguna

b}Deseripedidn de fas variables:

M

5(1,7]

PO{L, 1)

c{1,7)
ASK

LA{I, 1)
CoTiT, 1

oir, Il

cantidad de nrenglones de &a mataic d2
coefledientes del sidtema d2 ecuaciones
cantidad de columnas de Za matriz de coz
ficientes = variables estructurales + va
riables de holgura +-variablfes anfifli--
ciafes ’

magaiz de coeficientes que contiene L£os
elemzntos Aki .

vector de téaminos {ndependientes def
sistemz de geuaciones o edtipufaciones
Eh .

eoggicientes de coatos de &a funcifn ob-
Yetivo '

variable que Lrndica el Zipe de optimiza-
cifrm a efectuar, puede sen MAX o MIN
Lnedanditas que forman pante de fa base
coepledentes de costos de Las inedgni-
tas qué joriman parie de £a base

indices gue indican cuande defener ef

prectdn, don Lod valatrzs Z; - CL



VALZ
X(1]

ITERA
LLL
LIH
AMAX
AMIN
LR

LC

ATEMP
o) Dimensiones :

326

o 8
vaZon de £a funcddn objetdlve
caractenes aldanuméndicos que se utilirzan
en La L@paeaidn pata azpaesentiasn Las va-
riables X :
condadon
identificador de fLas variables gque forma-
2dn La primera base
contader de Lteraciones
variablie de neemplaze
£imite de {fenaciones
vaton del mixdomo Indice I, - C, > 0
valor del mini{me coelente BR/AZ.
identificaden de £a vardiable que 2aldnd
de £a base
identificadon de £a vandiable que entraad
6 £a baae '
vaiiable de xeemplizo

Ld

Las proposiciones DIMENSTION y DATA debendn modifican-

AR cuande:

H 2> 30 yfo N S 30
d) Foamaios para Los dates de entrada:’

SEC.TARJETAS

FORMATO TNFORMACTON

]
2

(212) M, N

(8F10.0] B(I,J}, tos elementos de
fo matrniz se dan aengldn
pon xengldn. Emplear fas
tarfetas que saan nrecesa-
RLAE . -

. {BF10.0) POLI, 1), Ros términcs inde-
pendientes 4e dan uno a con
tinuacién del oirc en una
¢ mds Zanjetas sagdn se ae-
quiesm,

{EFT0.0) ci1,3), fos coedficdientes de
coatod se dan ane a eonnii--

.,
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nuacibn del otro. Emplean

" - ok parjetas qda seap hecg
. S X .
—— . SATLES,
5 [A3) ASKa+ puede adoptar dos va
Lorea:
MIN cuande se desea minimg
Tax

HAX cuande se desea maximi
zan

- e Al MR W M L M e e A M ke R e s W

g g e Em g m mmam g S mm Em g Er B A e R o g e

n TARJETA EN BLANCO, af 4ina-
-Lizan toda Ea informacidn
e} Picgrama de bRogques:
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14.2.4 Efumplo

En un Zallex se cughta con Lxes T{pos de mdgquinas: corta-
dona (A), torne [B] ¢ falecdrng {C). En dicho talfer ae fabrican
auathe productest 1, I, 3, 4. Cada producto debe de pasaxr por
- _cada méquina con La secuencia ABC, Ef tiempo [hoxas) empleado
Eo& cada miquina pare el acabado def producteo, fa cantidad de
hotas efectivas de Lrabajo de cada mdguine y fa utilidad neiz
obtendida porn La venia de cada producto teaminade aon:

Tipo de Mig. | - Tiempo GLif Productad
de. trabajo ] 2 3 4
A 3,500 2 1.5 1.8 1.5
B 2,000 1.5 5.5 1.5 4.0
C 4,500 Z 3.5 4.0 1.5
utilidad 10 g0 § 100 | 40
unilaria [$) .

. Para que £a produccddn sea rentable se requiere que £a
cantidad de arntlfeulos elaboradod sea mayor de 500,

Deteamine La caniidad de artleufos de cada £ipo que se
deben producir em el afo parxa que la ganaeia obfenida sea
méxima, Consdidere que Todoa tna'pnuductaa elaborades son ven-
didos.

T SOLUCION

EL ﬁodeza matemflico del piroblema planteado ed:

max e 70X; ¢ 90X, + 100Xy ¢ 60X,
s/a  UXy 4 1.5X, 4 3.0Xg ¢ 1.5X, £ 3500
T.5%, + §.5X, + 1.5 + 4.0X, £ 8000

.|| -+ 3 trsxz‘.
i T

XI + K2‘+ ' Xs X

-b

$ 40Ky 1.5X, & 4500
= 500

2X

-

4



. 15 . 333
 Eliminondo desloualdades: ’
max.I - ?ax, + 9ax2 + IﬂﬁIS + aax4 * ﬂXs + axé * ax? + axl -

s/a - Te,000X,
.
) IX, + 1.3%, +h 'SKS + 1.51‘ + X ' =3500
1.5%1 * S.SXE + I.5X3 + 4.324 + xa : .=3000
Z.0X, + S.SXE + J.EIS LY + X? w4550
X; + ‘ xz + xi + x‘ - K‘ + Xg = 500

TABLA 14,] Datod para el problema def ejemplo 14.2.4

3 [TER)
N= § _
2.0 1.5 3,06 1.5 1.0 0.0 0.0 0.0.08.0
B« 1.5 8.5 1.5 4.6 0.0 1.0 0,0 0.0 0.0
T lz2.¢ 3.5 4.0 1,8 0.6 0,0 1.0 0.0 0.0
hl.ﬂ 1.¢ 1.0 1.¢ 0.0 0.0 8.0 -1, I.EJ
3500
po {8000
4500
L_Eﬂﬂ
. C e (70, 90, Y60, 60, 0, ¢, 0, 0,-10000)
ASK= UAX

TABLA 14.%7 Resultados deld problema def efemple 14.2.4
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4. RUTA CRITICA

i6.1 Introduccdidn

Todo sdistema ¢ proyeele complejo se encuentra fowmade por
ghan caniidad de actividades, 2as cuales pueden o no eadan in-
tenrelacionadas. Mediante el proceso de jerarquizacifn es poad
bee detexminan cudles de esas actividades deben nealizarse an-
fes de poden efectuar algunas otras.

Cada actfividad genexcfmente tendrnd ciociade un Liemps de
duracidn y £a subondinacidn eninre zetividades pudde sen nepre-
sentads mediante una red jmdﬁica de flujo.

Parn EEHEL Lograr el conrecto avanaze def progecto o deda~
rnoflo del &sisiema asl como para establacer 2f centrel y plan
de avance es recesanio contar con La infonmacidén de Loz Liem--
pos que emplea cada aeiivdidad. Por otre Lado, e conocimiento
acerca de £as actividades a Las que no ae puede modificar su -
'tiempa de indcdo o de termdinacddn, asl como de fas actividades
gue pueder sex modificadasd en su Iiemﬁa de {indecio o durucida -
permite una addlgnacdidin mds efdledente de necunsos, £a reasdgna-
cidn de tiempos de duracidn y La #edefinicién de nelaciones en
ﬁaima Lol que el sLsfema 0 proyecto cumpla su ebjetive en el -
tiempe que se L& habla asdignado y en La forma mds econdmica po
sible. .

Un método para efectuar ef contaof antes mencionade es el
m&todo de Ruia Crltica (CPM), este método fue desaracliade an
1956 en U.S.A. y ea una de fas herramienias hisicas en 2a pla-
neacifn y direcedidn de proyectos,

——

16.2 M&Efecdo de fa Ruta Caltiea - .

16.2.1 Dbjeto
) r a - #

Pada una sexde de actlividades que gormarn parte de un pro-
yeedo, Las cuafes pueden ser simufidneas o szcuenciales asi co
me sus Liewmpos de efecucifun, deteaminan:
alacfividades que forman parte de La ruta enfiica, son aguélfias

que #o pueden adelaaarse nd Aetrasanie § gue pen Lo tanto con
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trotan el Liampo total de duagoidn ded proyeeto,

b)fos Liempos de holgura axiAIzn;zJ entre actividades secuen--
ciales que ne pertenzoen o La auta eritica g,

c)l tiempe Loiaf necesaric paxra LLevar a cabe el proyecto.

16.2.2 MEtode

Para £a &ep&aaanxacién gadfica de £a secuencia de aclivi-
dades s utifizan nodos [cfreulos] y ramasfsegmendos dindigdides).
los nodes rnepresentan evendod o actividades y Losé segmentos di-
rigidos La nelecidn entre actividades, A toda ned se g asignan
dos nodos o actividades f(ieticias de duracidn nufa: el nodo ini
cial 4 el nodo Zenrminaf,

Como ejempio de una red de secuencia de set{vidades se
Liena:

Fig. 16.1 Red gadfica de La secuencia de activida-
des

La dumacibn de ana actividad es el Liempo necesanio para
£fevarta a cabe, diche tiempo se determina en bade af conood-
miento que tenga del pregecto el encargado del miamo. Como se
menelLond con anferdorlidad, La duracidn def evento indcial y del
evende final es nufa. ' 1 !

Para fa descrdpedldn del méfode es necedarnio definir algu
no& conceploss
1} Tiempo m&s padximo de {ndecdo {EST} de una activdidad, es Lo

mds pronto que pucde comenzarse du efecucifn.

2} Tiempo mds prdxire de feaminacidn (EFT) de una aclividad,

s Lgual-af EST de fa actividad mds su dunacidn.

3] Tiewpo mds Lejano de teamincedldn [LFT) de una actividad, a4
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el tiempo mds xemote en que se puede Leaminar dicha acli-
vidad sin netaasan el {nicle de cualquier aclividad subor
dinada,

4] Tiempo més Lefarme de {nicie [LST] de una ac.iividad, es Llgual
af LFT de Za actividad menod 4u duracidn,

5) Tiempo de Holguxna Total de una actividad, ¢s La cantidad to-
fal de tiempo que 3¢ puede rednasan &a astividad &s4dn xe-
trasan 2 tiempo de teaminzedifn del paroyecio.

6) Tiempe ce ifofguna Libne de wna actividad, es f£a cantidad de
tiempo que s¢ puede relradar £afg¢:£uidad §4n retnasan cual
quier sinra aciividad. '

Los primeros cuaire concepilos 42 aepresentan en fa grdfi-
ca de &a red en La d{guienie forma:

- EST EFT>
< LST LFT

Fig. 16,2 Representacidn grdfica de una actividad
con su dunacién, EST, EFT, LST, LFT.

-

Parna cbienen Los valores EST y EFT se necoake fLa ned en
sentide dixecto desde el nodo iniciaf hasta el node {inal a

inaguvés de todas sus ramas Y pare fa "i-§sira® actividad de
£a red se Lendrnd:

EST, = max EFT de todas Las actividades precedenies
inmediatas de la actividad "i" (15,1}

EFTI_ = ESTi + Dunacibn de fa apiividad - {15.2)

Lod valores LST ¢ LFT ase obtienen rpcoxniende fLa zed en
sentido invensc desde ¢ nodo final hasta el nodo {ndeial a

tnavés de todas Las zamas y parna La "i-£sima” acilvddad s¢ Len
dni:
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LFTi = min LST de todas Lay actividades de £as cualfes

£a getividad "i{" ¢4 precedente {inmadiato ]
. (14,3

Lsr. = LFT, - ﬂu&aci&n - {16.4}

Les Tiempos- de holguna para unae actividad "(" se evaluan
como a confinuacdidn sz indiea:

(HOLGLRA TﬂTAL]i = LSTL - ESTL » LFTi - EFTi - {16.5)

(HOLGURA LIEEE}L = fmin EST de todas Las acilividades
de fas cuales La actividad "L" es
precedente Lnmediato} - EFT,
{16.5]
Siempre se cumple que: .

HOLGURA LIBRE &  HOLGURA TOTAL N16.7)

la ruta critica esid fonmada ponr Lodas Eas actividades
cue tienen holguxa teiaf nula.

Para desaancflar ol proceso en una camputddc&a digiial ea
necesaric preoporcionan fas conexioncs exisfentes entze fa4 acli
vidades mediante una matniz binaria G . Si exisfen "n" activi-
dades, incluyende fas fictledas, £a matriz send de orden [nxn)
g sus efementos estandn dados en La sdiguiente forma:

s

0 , 4L L w

‘ ! , AL Ba actividad "i" eé prece-

9., = dente {nmediato de £a acilivi-

<4 dad "&" |

¢ y . 84 {a aelividad "j" no es pre-
cedente {nmediato de €a aciivi

3 dad " i"

16.2.3 Desenipedidn del Programa
‘al Subautinas requendidad:

Ninguna.



biPescenipeifn de Las variablesd:

N

G(1,]

pi{1)

G8(I,J1

s (1)
ESTII)
EFT{I)
LST(T]
LFT{T)
NCON
FF(1)
TEIT]
RC(T)

L{1]

ITASH (1)
c) Dimenslones :
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cantidad de actividades incluyendo Las
dos aglividades ficticiams

matriz binardia G. que indica cufdles ac-

L

tividades s¢ encueniran directamente in-
Lerconectadas
veetor con La duracifn de todas Zas acti
vidades

mairiz binaria que da Las refacicnes di-

rectas entre actividades af ejfeciuan ef

recornide de £a red en sentdido Lnvernao
contadan

fecha
gecha
fecha
fecha

mds
md s
mds
mds

confadon
holgura Libne
holguha foraf

variable en fa gque s¢ archivan fas acti
vidaded que forman panie de La auta enl

Lica

préximz de inicio
prbxima de teamindedlbn
tefana de {ndieds
Lejane de termdinacidn

identificador de Lodas Las acitividades

precedentes o consecuendes en foima Ln-

mediata a una gctividad

guidn {-] ase emplea para impresidn

ta proposicibn INTEGER dibead modificatse cuando:

N > 100

d) Formatos para Los datos de entrada:

SEC.TARJETAS FORMATO INFORMACTON
1 i13] N
4 [d4072] G{I,J] L4 efementea de

fa mataiz binanda se¢ dan
nenglbn pon nenglfn em--
pleande £a cantidad de -



ofros pagqueles de datos

{1515

¢) Piagrama de blogueas:

Fig.

16.3 Diagnama d

i‘?‘: -

v tarjetas que sea neccesaric

D1}, Lcs duraciones de --
Las actividades se propor-
cionan una a condlnuacida
de la otra y deben ser va-
© Loned entercs. Emplean Lan
tas Larjetas como sean ne-
ceanrias .,

fopcienal)

TARJETA EN BLANCO, al {ing
tizax toda fa informaciiin.
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16.2.4 Efemplo . 2J

Chtenen paka &a jeranqule vo taivial del ejemplo 15.2.4 -
£2a nuita enftica de £as actividades s La durgedldn de Zas mis--
mas g& como s mugdinag a continudcidn:

Actividnd Duracidn {segundes)

Al Defenan ef coche ¢
B} Ponenr grane de mane ?
€] Bajax def vehfeufo y checax

flanta mala 3c
D) Abaii cajucla ‘ 30
E} Sacanr flania bucra 30
Fi Sacar gailc 4 ponexie 40
G] Sacar £8ave de sruz 15
H] Quitar Lapdn 29
1) Ad{lojarn y gquitarn Zuenrcal &0
J1 Subin coche 35
K] Pesmoniar €lanta mala ' 15
L} Mortan £Lanta buena 25
M} Aprelaoxr tuehcasd y poner fapdn ' 70
N] Bajax el coche y guardar gato 20
0] Guardar fLfanda mafa 20
Fl Guardar LEave d¢ ecnuz 15
) Cennar cajuela . -5
R} Subinse af coche y gquitan gfreno

de mano 1%
S) Axrsancan ‘ 1
* SOLUCTON

ta red de actéividades aparece en fa Fig9. 16.5
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Fig. 16.5 Red de £a secuencia de. aciividades dot problema
defl efemplo 15.2.4

Lo
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TABLA 14,1 Datos para e problema del efemplo 16.2.4

Ao tividad Tndice asociade

inicio 1
A Fd
g 3
C 4 i
D 5
3 6
F i

6 g
H g
I 10
J ]
K 2
L 13
M 14
M 15
0 14
P 17
a 1&
R Ig
Y 20
Fin Z1

0= (0, & 2, 38, 30, 30, 40, 15, 20, &0, 35, IS,
25, 70, 20, 20, 15, 5, 15, 10, 6]

N = 21
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fCTIVILAL

DLaaC ol

EST

L R e o L T

oW N

3 =4 N LY

11
12
13
14
15
16
17
18
19
20

Ve
Sau0
¢yl
30.4u0
17.00
EERTLY
40«90
1200
Ueul
6000
d2eyQ
15«40
€i+u0
Tuagl
202yl
cedauld
}3+u0
Jaul}
15.uf
1040
eyl

.00
.00
£.00
10.00
40 .00
7T0.00
To.00
7C.00
B5.00
109.04
110.00
165,00
180.00
20%.00
275,00
18000
275.00
295.00
10000
312400
32500

LOS RUSULYARCS DRETENIDOS SEK

EFT
#
000
R.CO
10.G0
40.00C
70400
10C-0C
11004
EHGC
105-00
18%.CC
18500
180.C0
20%.00
275.0¢C
29500
200+C0
d90+CO
Jng.00
315.C0¢
325.0¢

325.00

.57

0.00
G+00
ﬂrﬂﬂ
ic.0p
4000
150.00
Y000
70.00
2508
109:00
130+Go
165.00
1r0.00
20500
275400
275100
280,00
29%.00
100400
J15 .00
32500

LFT

0.00
8,00
10.04
40,00
780.C0
te0.c0
130,00
65400
1c5.00
145.00
165.00
180,00
205,00
FTo.00
295,00
295.00
295,060
0400

- 315.00

125,00
125,30

FF

0.00
0.00
G+00
LLERELE
g.QcC
80.00
0.00
000
DeC0
.00
20.00
0«00
0«00
0+CO
QeCL
95400
5.00
Ga00
0.CO
Da0U

Q:00

TF

(80 °

0G0
0,00
0,00
0.00
POs0D0
,20.00
0.00
D00
.00
20400

0400

¢:00
.09
niﬂﬁ
95400
Sal0
0.00
0.00
0200

0.00

Ralos
fialw
RsCs
Fals
Falo

fiaC
Fale
R-Cf

Relo
ﬁ-t:
FaE!

ﬁ.t:

T 3E
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EL PROBLEMA DE LA DIETA Y 3 DUAL

DEFINICION DEL PROBLEMA DE LA DIETA,

Suponga que un dietiste esté tratando de seleceionor una combinacion de cinco tipos
de glimentos (noranja, monzana, lechuge, chichoro y zancharia} de manera que el
alimento resaltonte de asto combinnciédn reuno ciertos requerimientcs nutricionales y
tenga un coste minimo. Los requerimientos nutricionales que debe tener ei alimento
resuitante es de a! menos 21 unidodes de vitamina A y al menes 12 unidades de vita-
mina B. Los propiedades de fos cinco elementes disponibles son:

ALIMENTO COMNTEMNIDO DE CONTENIGO DE COSTO POR

VITAMINA & POR | VITAMINA 8 POR UNIDAD DE
UNIDAD OF ALl- | UNIDAD DE ALI- ALIMENTO
MEINTO, MENTO ., )

1 (Noranjo} 1 0 20 .

2 {(Morzana) 0 1 20

3 (Lechuga) 1 7 31

4 {Chichara) 1 ] 1

5 {Zonahoria) : . 2. 1 12

El problemo o que se enfrenta el dietisto se puede modelar come un probleme de pro-
gramocién lineal {o programe lineal), de lo siguiente monera,

Seq xj la cantided de alimento §{i=1,2, ..., 5) que debe estor en el alimento resul-
tante de la combinccién de los cinco alimentos. For lo tanta, el costo de introducir
el alimento i en la mezela seré su coste unitario por |a cantidad x] que esta presente en
la mezcla, Ei costo totel de la combinaeisn de los cinco alimentos seré Io sumo de ios
costos al combinar X1r KZraos ¥ Xz unidodes de coda aliments, Te.si z es el costo total
enftonces

Sz = Eﬂx] +2ﬂx2 +3lxq t Hlxy + 't?xs

Ya que el objelive del dietista cs minimizar este costo total, entonces este objetivo se
puede representor o través de lo siguiente furcidn objative

Los requerimientos nutricionales de vitoming A se pueden representar en o sigulente far-
ma, 51 ¢l alimento nutricional 1 esté presente en ung contided x; entonces proparciona
una cantidad de vitaming A igual of preducte de vitemina A que contiene una unided de
alimento  por lu cuntidad x;. Lo cantidad tatal progorcionada por 105 cinco alimentas se
ré la suma de vitaminag A con que controbuyve cada alimernio y esta deberé ser moyer cue el
contenido minimo requeride que es de 21 unidodas, Te.

X txgtrgting 2z 21 ' (2}



Similormente, les reguerimientos de vitomina 3 se pueden representar por
Xg +2xq txy T x4 = 12 37 (3)

Por Gitima, otra restriceisén que debe estar presente en ¢l probleme det dietiste es que
la cantidad x; que interviens en la mezcla debe ser mayor o igual o cero, ie.

x 2 0 i=1,2,...,5 )

Esta restriccién es impuesio ya que no tiene sentido hoblar de que uno cantidad nego-
tiva x; estd formands porte de 1o combinucidn de olimentos,

En resumen e! prcblema del dietisto es encontrar volorss  x3y, x5, ..., x5 pera los cua-
tes la funcién objetivo (i) alcance su minimo v sctisfogan los restricciones (2), (3) y (4), -
Reeszribienda les ecusciones del {1) at {4}, el problema del dietisto esté simbélicamente
dado por '

min z =20x; +20xg +31xaq +11x4+ 12x5 {*}

X1 'f‘x3+x4+?x5 » 2

+ 2 pe [**}
Xg T LMgtagt x5 2 12

) _x;'-'-:ﬂ

- La formutocién anterior, (*) y (**), se acostumbta representar en un toblere (llamado tem-
bign tehleou) que aporecerd abajo. Esta representacién os solo una abreviecién de eseri-
tura ([ a monera de uno toguigrefla de programaocién’ finecl) que es Gt en el algoritms de
welucién, en el procese convencional al procesar et problema por computadoro y por ura -
gran claridad en lo formulecidn del problema duot que se presentars después, La represen
tacién de un prograemao lineol en formo de tchlero consiste representar coda ecyacién o desi
gucided Gnicamente por los coeficientes de |as voricbles omitiendo la escrituro de sus co-
rrespondientes vorigbles, Pora conocer o que variable pertenece un coeficiente gue cozre-
ce en este esqueena se da la posicidn del coeficiente, escribiéndolo en lo columna encebe-
zada por la varichle gue le corresponde.

Para nuestro preblems (*) y (**), lu representocién o través de un toblero est4 deda por

*1 X2 *3 x4 x5

20 20 31 .1 12 z {min)

] 0 1 1 2 = 21

0 1 2 1 i = 12
% z20
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Una compafiia tiene tres almacenes w], HE' ¥ Hg. y dos tiendas de ventas al por mé-
Ror, R], RE' Las demandas en las tiendas al par-mennr y ¢l in@entaria en los alma~
cenes, se muestra en 125 respectivas cajas de ia siguiente figura. Los costes de
envio por tonalada también se muestran en la figura. La compania desea determinar
" la manera de reaiizar 0% envics en forma tal qus minimize Tos costos totales de
envios, satisfaga las demandas de las tiendas de menudeo, y no excedan los inven-

tarios en los almacenes.

$1!tuq/ £3/ton.
Vi 11 x
R X $2/ton , $6/ton X R, N
40 ton fél 30 ton | ;*b' 50 ton
: 2e
$4!tun¥i X4y Xqo 7 L57/ton

3
0 ton
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Sea xijias toneladas del-almacen Hi a la tienda de menudeo Rj . Entonzes Kqo repre-
5enfﬁ 1l tonelaje enviado del almacen HS a2 la tienda de menudeo RE‘

51 2 representa ] costo total de envios, entonces nuestrd problenna se puede formu-

lar por: -
ﬂ1n z = 1311 + 3”?2 + Ele + 5122 + 4x31 + 5x32 f*}
SUjéta 2
Restricciones sobre X1 + x-lé &£ 20
disponibilidad da
almacenes ¥py * Xan & 30
X31 * X3 & 40
(**}
Restricciones sobre Xyq * Xpy + Koy
la cemanga en tiendas ?1 2l 31 40
de de menudeo K1p ¥ Rgp t X3p 2 50

La formulacion anterior, (*} y (**}, se acostumbra representar {por convenencia
del algoritme de solucion y del proceso convencional en el procesamiznio =n compu-

tadora) en la siquiente tabla:

Moz a2 *a Xz

} 3 2 6 4 5 =z

] 1 0 b 0 0 L 20
0 0 1 1 0 0 L 30
0 0 0 0 1 1 & 40
1 0 3 0 1 0 S 40
0 1 0 ] 0 1 3 50




qu

. REPRESENTACTON MATRICIAL. La formulacidn (*} y {**}, se puede representer matricials
. ! |

mente como sigue:

m‘inz=_[1 3 2 6 4 5] fx;]
X942
o3
)
%31
X
| "32
sujeta a
N 1 o 6 o . 0] x”_ [20]
0 0 1_, 1 0 0| [|x, 30
o ¢ o0 0 1. 1| |x. l<l?0
21|35
40
1 0 1 0 1 0 %
22 50
I-!32-'

COMENTARIOS. E1 preblema de programacion 1ineal anterior ocurre tan fracuantemente
en la practica, -que se le ha dado un nombre especial: el problema de transporte,
Los prob]émas.de transporte en geneal, tienen tablas ralas {o matrices ralas), lo
cual significa que ta tabla -tiene muchos ceros o sea pocos elementos distintes de
cero. Dantzig y otros han desarrollado métodos especiales para la solucidn rdpida

-de estos problemas.

Otro comentario importante, es la caracteristica gue presentan cada una de las co-
Tumnas de la matriz de restricciones: ohserve que cada una tiene dos unos y los

demas elementos son todos ceros.



MODELCQ 4 .

- Un inversioniste tienc disponibles las actividades financieras A y B, ¢l comienzo de
cada une de los sigufentes zinca aitas: Codo peso invertido en A, al comienze deun
ofo, fe regresa $ 1,40 { una gerancio de $ 0.40) dos cfos més terde {en el momento

preciso paig una reinvarsién inmedictal.  Cada pese invertido en Bal comienzo de un
ofiu, le regresa 5 1,70 tras ohos después, ’

Ademés existen dos aetividades finencieros C y D que estorén disponibtes solamente una
vez en el futuro.  Codo peso invertida en € en ¢ comienzo del segundo ofio te regre-
sa $ 2,00 zuatro chios més terde,  Coda peso invertido en D) en'el comienzo del quinle
ofio le regiesa 3 1,30 on ofio més torde. )

El inversionista comienze cen 5 10,000.00. El desea canocer gle plon de inversién ma-
ximiza la cantidad de dineio gue el puede acumular of comienso del sexto oo, Formu-
le un medelo de progromazion lineal para esie problema y tombidn expréselo en forme to-
bulor.

SOLUCION.

Sea X.. o contidad de dinero invertida en lo octividad | (i=A, 8. C, D) en cl aflo |
(1=1.2,3,4,5. | '

Los zorocteristizas dodos sohre las formos de inversién de codo una e los actividades --
A, B, Cy D pusden rostrarse esqueméticamente como sigue.

CONDICIONES DE INVERSION EN LA ACTIVIDAD A

XAl X2 Aa3 VA
I . I l Ad TNVERSIONES
1 . 2 ' 4 - 5 & Anos {principio de
l ciio)
! RETORNGC
1_4%:#‘] 1 AX,, 14X, 14X,

CONDICIONES DE INVERSION EN LA ACTIVIDAD B

" XBj Xa2 Xza

_ 6 Afigs {princi-
l l l pio de afio)



CONDICIONES DE I NVERSION EN LA ACTIWVIDAD C:

X
2 4z

4 Afias (princi-
J pio v uiio}

2 XC?

CONDICIONES DE [NVERSION EN LA ACTIVICAD D:

] XDS -

1. 2 3 4 3

Afos [principio
de aiho)

e £ =

1'33(05

La contided ccumulada en el comienzo del sexto oiio es la cantidad original (10000)
més fa genoncia obtenide hosto esta fecho.  Por lo tanto, el preblema de maximizar
la ¢anlidad acumuloda de dinero es equivolente o minimizer Jo ganencia, yo que lo
centidad original disponible es una constonte gque ne ofecta el valor del dinere acu-
mulado o trovés de cialquier plan de inversién que se sigo.

5i € es In gononcie total obtenida hosto el comienzo del sexto odo, entonces o fun-
cién objelive ser§:

mex Z = 0.4 Xy, +0.4 ;.;AE+ﬂ.4XA3+n.dxm+ﬂ.?ﬂxm+ﬂ.?{}xﬂz+XC?+D_3 Xp5

Del enunciado del problema, se chsarvo que los restriceiones al problema estén dodas oar
le cintidad disnonible oara invertir en cedo ofio, y por las carocterlsticos de {os octivida-
des A, B, Ty D. Estos restricciones sobre fas inversiones enugles se determingn camo
sigue:

_ PRIMER AN La contidad de dinerc invertida en el primer afio debe sotisfacer :

5i Uy es una veriable positive o cere, que se gdiciona o la desigucldad anferiar, pare gue
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asta desiguéldad 1legue a ser una iguaidad, entonces
Xy * ¥py * Uy = 10000 (1)
Uy e;ﬂ

HOTAS:
i. A la variable que se adiciona a una desigualdad para convertiria en igualdad
se le 1larma una variable de hglgura. Entonces Uy €s una variable de holawa.

2. Observe gue u; representa iz cantidad de dinero no invertido en &) priver a-
0, ¥ por Jo “tanto también representa la cantidad disponible para ipvertir
en ¢l segundo afa.

SEGUMDO ARC: Las inversiones en este afio deben satisfacer {observe en las fiou-
ras antariores en que aciividades financieras podemos invertir pare el sejundo
&no):

+ x + ¥ = u

*no T Xp2 T o2 1

S5i introducimos una vaiiable pos;;iva U, para pasar 1a desiqualdad anterior a
d1gua1dad, entonces

J"PIE + sz + xcE + I..IE u-l EZ}
u2 0
Observese un la varizble u, o5 yna varibic de ho1gura gu# represhnta la canti-
dad no invertida en el hegu?dﬂ afig.

TERCER AfD: En este afio la cantidad de dinero disponible para inversiones ﬁru~
viene de tres fuentes:
i) cantidad no invertida en el segunde afic: Uy

i1} ganancia nbteﬁida de inversiones ante?fures: ﬂ.ﬂxﬂ1

iii) cantidad recuperada de inversiones anteriores: XAl
2+1 4xM

Ohservando cada uno de los cuatro d1agramas rostrarfos anteriormente, Se tiene
que para o} tcicer afio las inversiones deben satisfacer

Xp3 ¥ Xgy € Uyt 1.4xg
Introduciendo una variable de holgqura Uy {u32;n}. se tiene que
Xpz ¥ Xgg * U3 T Uy + 1.dxg {3}
ug 20
Otra vez notese que U, representa la cantidad no invertida en el tercer afg.

CUARTO A%0: En forma similar al analisis del tercer afio, se tienen tres Tuentes
de ginaro dispcaibles:
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1} cantidad no invertida en al. tercer afio: a,
ii) ganancia’ obtenida entre el tercer y cuarto 0.4xa2+ﬁ.?x52
periodo: . - =
ifi} ecantidad recuperada de inversiones anterio KAT + X5
res: — -
1. T O
u31'1 4:{}12 1.7 \Bl

Por lo tanto, las inversicnes en el cuarto periodo deben satis-
facer ) )

xﬁ4 Z u3 " 1.4 xhz + 1.7 Xpy

Introduciendo la variable de holgura positiva Uyr sS€ tiepne: -

-

a2 V17 %y ( 4)

u4 p 0

xhq + 'I.J4 = u, + l.4 x

3

"QUIRTO ANO: L.a cantidad disponible en este perZcdo proviene
de: .

i) cantidad no invertida en el cuarto ane: Ug
ii} «canancia entre el tercerc y el cuarto perlodo: G.hgﬂ3+ﬂ.7xn2
iii) cantidad recuperada entre el pericdn 3 y {to.: Xa 3 + Xy
u4+l.4xha+l.?xa2
Por lo tanto,
Z -
Xpg £ Uy + 1.4 x A3 + 1.7 Xps
51 u, es una variahle de holgura, entonces
Fpg t U5 = Uyt Lodxg 4+ 175 (5}
Yy, Y5 2 g

Por lo tanto, nuestro modelo de prograzmacifn lineal quedaria
definide por la. funcidn objetivo, dada anteriormente y ol -

conjuntoe de resgiricciones definidas por 1la ecvacifn del (1)

a la (35}. .
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Reescribiende las ecuaciones anteriores, nuestro nodelo de
programaci®n linecal gueda expresado por:

max z=
G.BxDS

sujeto

ﬂ.4xﬂl+ﬂ.4xﬁ2+ﬂ.4

ais.a.)

W

Aj

W

B3

17

o

D5

i

1.4:-:h

1.4xﬁ

xh3+n.4

5 + 1,

3 + 1,

{ j=

(3=

(1

Se presenta & continuvacidn:

M+o.?x51+u_?x32+n.?x33+.~;£2+

{0}
- (1)

(2)
{ 3']

7%y (4 )

TXgy " (5 )

1,2,3,4)

1,2,3, )

1,2,...,5 )

l1a forma particiunada



MOQELO 5 46
Lo Compoiila cérea Aercnaves del Pacifico, necesito decidir cuintas oero
mozas contratan ¥ odiestran en los préximos & meses. Les requerimientes -
. expresedos como  horas-vuelo-oeromazo son: :

€000 en Enero; 9000 en Febrero; 7000 en Marzo, 10000 en Abril, 9000 -
.en Mayo; y 11 800 en Junio.

El entrenomiento para gque wna ceromoza dé servicio en un vuelo dura un

mes, pof tante cado muchacha debe contratorse por lo mencs un mes antes
. L}

de ser necesitado.

El entrenomienta requiere de 100 horas de supervisién de aeromozos yo --
entrenadas por lo tonto disponemos de 100 horos=vu ele~oeromozo mengs, dv
rante un mes por codo geromozo en entrenamiento.

.
"

Cado geromoza entrenodo puede trabajar hosta 150 hores en un mes y la-
compofiio tiene 60 ceromozas entrenodas al .principio de enero.

5i el méximo tiempo disponible de las weromozas excede al .requerida en
el mes (horas vuelo * supervisién) trabojorén mencs ce 150 horas v no es
despedida ninguna. Pero ¢n codo mes, oproximadomente el 10% de los -~
ceromozas con experiencie dejan el rubojo por matrimonio u otras razones.

Coda aeromozu entrenada cuesta a la compadia $ 8000.00 ol mes y coda -
oeromozo en entrencmiente  4000.00; tomondo en cuenta salories y otros -
beneficios, . :

o) Formule el problema de conbratar y entrenar como un modelo de pregra
mocidn lineal hociendo “x; el nymero de seromozas que. principion su -
entrenomiento en ¢l mos t, donde xg = 60 representa las ceromozas -
disponibles ol principio de cnera. Defino cualguier sTmbolo odicienal —
que necesite para expresar las varicbles de decisién .

b) El inciso anterior supene un horizenie de & mases. Suponga que se =--
agregon requerimientos de julio al nicdelo, por ejsmplo 1000) hores.  (Com-

biarfo neczseriomente la selucién pera les meses anteriores encontreda onterior
mente? Expliquele. -
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Sea x; el ndmero de personas contratados que principion su entrenamiento ol inicio del mes t
{i-_'],?,..-, é')* ’

Sea v; of ndmero de ocromszos exparimentadas ol finol del mest (t = 1,2, ..., 8). Nétess
que ¥t también represento lo cantidud de ceromozes experimentadas al inicio del mest +1.

OI3 PONI BILIDAD DE AEROMOZAS EXPERIMENTADAS,

Observe que el nimero de geromozos exnerimentadas vy ol final del mes t, esté fermedo por
las personas contratedes ai inicio de este mes{los cucles fueron entrenadas en el tronscurso
del mes} més el 0% de lus cercmozas experimentedas que habia ol fincl del mas citerior ¢ +1
{0 sec al inicio del mest), ie:

Yt=xf+ '? }Ilf —]' [*=IE2;--116}
con - . ')
Yo = %o = &0
& zed
Yi5% + .?yo =xy + 9x, ()
Y2 =% * .9y {2)
Y3 =43 + .9y (3)
}r4=x4 + .9}?3 . . {4)
Y5=xg + Py4 (5)°

DEMANDAS DE HORAS DE TRABAJO (VUELOS COMERCIALES Y ENTRENAMIENTO):

La demanda tota! de horas de vuelo por mes corresponde a la demanda de vuelos comaraicles
més la demarda de hores pera entrenar o [us nuevas persones controtodas en el inicio del mes.
Para satisfacer esto demonda totol en el mes t {inicio del mes t}; se ditpone de y _q teromo-
zas con experiencia, los cuoles pueden proporcionor 150 hores coda uno de elles.  Por fo tan
to, 51 D, es la demando de vuelos comercioles en el mes t, entonces:

Demanda en el mes t : Tﬁﬂyt ] = Di +100 X {t=1,2,...,6)

con y_ =
Yo 5%

Introduciendo una varichle de kolgura o coda ecuacién, entences

1Ry, 1 =D, +100x, +u,

Yo =%, o )

Ly 20



Yo

s ' - o L. [+

Qbserve que v, es uno varicble de helgura que represento el nimero de horos disponible no
usodes al final del perfodo t.  Expresondo esto restriccién pora cadot se tiene ques

Demando en el mes 1 ¢ 130y0 = BOCO + 100 x; +u,
‘Demanda en el mes 2 : 150y, = 9000 + 100 x;, + v, 48
Cemanda an el mes 3 : 130y, = BCLO + 100 x5 +ug
 Demando en el mes 4 - 150y3 = 10000 * 100x, + v,
Demanda en el mes 5: 150y, =000 + 100 x5 *us
Cemenda an el mas 6 : 1fﬂy5=|2mﬂ+lﬂf}xﬁ+u6

FUNCION OBJETIVO:

-

“Ya que el cbjetivo de lo comaoiiic es daterminar cuantas osromozas contrator en los préximes

meses, entances o funcién objetivo es minimizar los costos involucrados. Estes costos son os
costos de las aeromazos experimentodes mas los costes de las oeromozas que estén siendo enire
nadas, Por lo tanto, la funcién objetivo estd dode por

7

min 2 = §000 an.'l‘"}r‘l ¥ --*+Y¢] + 4000 [x] tx, +...+x6:r

Yo que x, =y,

-

min, £ = BOOO Yo Y Yt .t +¥6] | 4-4{){0[:-:] -a-xg + ... +xﬁ] (*#+)

Por'lo-tonte nuestro modelo de pregromacién lineal pare el preblemo dode, estd definide por
(*), (**) y (™*}. La representacién de este problema de programocién lineol an forma parti-
cionoda (& tableau 6 toblero) es | siguients,

(Y2 Y3 Y4 75 ye Yo X1 Mg oxy g X5 Mg Uy uplUau,ugu, :
. .
§00 60O OO €00 £00 600 RGO 400 400 400 400 400 400 Z (rainj |
. ' I : &
1 - 4
-9 -1 0
Tl -1 0
-9 1 0
-9 1 -1 ‘0
-5 -1 0
-9 1 : -1 0
150 -100 o 850
150 ~100 -1 358
150 =100 -) 2963
150 100 Q0 9000
150 -169 .l 12030

x= [yﬂ 14 3"2 }"3 }"4 75 }"ﬂ X Xy X x3

F
b
Lh
Eo
o~
-
—
=
M
=
e
L
Iu
=
L
o
o
| P
IV
=
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¥a1 *B1 Y1 *a2 Tm2 *c2 M2 a3 *p3 Y3 *asq Y4 Tos Vs
T H
4 70 4 .7 1 N S LY L3 = z {max)
| R : ) - ! = 10 000
] ! !
5 LIS U R T B : - = 0
) ) 1
1.4 | . 1,1 11 ! = 0
~1.7 ,-1.4 - 101 1 = 0
! i
| -1.7 ¢ -1.4 | -1t 1 1= ¢
x = [*a1 *B1 Y1 *a2 ®p2 ¥c2 Y2 *a3 *p3 U3 ¥ag YUy %ps “"jlé 0

NOTA: Lag restricciones del ( 1) al { 5 ) pueden expresarse -
sin variables de hcolgura, con objeto de expresar estasrestric
clenss como desiguzldades en lugar de igualdades. El proced:i
miento para,obhtener estas igualdades es el siguiento: :

.Dhyiaménte de la acuacibébn { 1 ) se tiene
. . . - -
Xpq t Xpq = 10 000 (1

Sumande {1 ] y { 2 }:

Kpqg + ¥ F Kpp * Xgy t ¥Xo, U, = 10 qu

o + X - 1

Al Bl + Xpm ¥ Mgy * Xao £ 10 000 [ 271
Sunando - ( 1 0}, 2 )} vy {3 )

X Al + xBl + X o + sz + xcz +“A3 + xn3_+ u3 = 10 GDD+1‘4XA1

* a1t X1 T Xao Y ¥ga Y ¥eo YAz Y *p3 £ 1p o000 + 1odx, (3
Sumando (1}, {2}, (3) y {4} )
Xa 1 KRt Eaa T Rpat Xop PR Rpat Xty = 10 000FL. A%, 1At Ty

+1.48%. . F1L.Tx.. +

= . A
£ 10 000 1.4 B2 A1

43, 4
Xy 1t M g T X T a3 X3 R

1.4xh3 + 1.7x

Al

a7 o : (45



1Y)
Sumando {1), (2), {3), (4) y (5):

;hl+xﬁl+xﬂz+x52+xcé+x33+x33+xh&+xn5+u5 = 10 000+1.4x  +i.4%,,

+ 1.?x$1+ l.dxﬁ3+1.?x32

xﬁ1+xﬂi+xﬂE+xB2+XC2+KAE+KBJ+XA4+ED5 £ 10 ﬂDD+1.4xhl+l.4xﬂ2+1.TxEl
+l.4xa;+1.?x32 . - i51}

Por lo tante, las desigualdades del {111 al {51} son las restric-
ciones a nuestro problema estas restriccilones pueden obtenerse Al
rectamente del contexte del problema sin la introduccitn de varia
bles de holgura, nuestro problema expresado a traves de 1as res-
tricciones de la (1*') a la {51}, gueda represaentado en formz par-
ticionada como sigue: . ' :

*a1 ®B1 "a2 %@z *c2 *a3 B3 *a4 *ps

R Y. B A | 4.1 4 3=z | max }

1 1 £ 10 000
1 1 1 1 1 £ 10 000
-4 1 1 1 r 1 £ 10 000"
-4 -7~.4 1 1 1 1 1 £ 10 000
-4 =7 -4 -7 1 =4 1 1 1 (€10 000

21 "Bl T ae ’951 Y g
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The purpose of an inventogry is 1o provide 2 separition in Lime of }oCalion
between the production of goods and the consurmption of goods. In our
specizlized economy a man is no longer his own buleher, baker, and
candlestick-maker. Rather, we have production centers {factories) which are
specialized, centrally located, and have high productlion rates. There s a
great gain in produclion efficiency from 1his specialization, bur it aho
roquires 3 large increase in inventords {0 separdte Lhe centralized lactory
from ‘the ullimate cansumer. No longer do we lollow the example of the
little red hen whio planted, reaped, milled, baked, and ate [without the help
of the pig, cow, rabbit, or duck) her own loaf of bread.

The mosl comman mMyentory Sysiem in ouwr economy i4 the factory-
wholesaler-retailer systermn. The wholealer provides a time decoupling service
bewween the (aciory and the retailes, inthat be holds the Faclory euiput until
ordered by the rziailer, The wholesaler alse provides 4 location decoupling,
in that he generally ships goads over a wide geographic area. Similarly, 1he
retailer provides 3 decoupling service between the whaolosaler and the con.
sumner, in that he maintains an inventory of goods on display for sale 1o
CuUslOImers,

The purpose of this exercise % to provide an illustration of the
dyrmamic patuee of the factony-wholesaler.retailer inventory system. & com-
puter mode| s vied 10 calvulate week by week how the retail inveniory, 1he
wholesale inventory, and the factory eutput rate change in response to retail
sales. The model user may make changes in retail and wholesale inventory
pelicy In an attempi to control the overzll inventary syslem,

2§
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COMPUTER MODELS

o HEE

Retailer

Whaleaaler

Factory

O Orders T T—T T

s Goods

s

Figura 23 The factory-wholesaierretaiior eviiom.

Section 2.1 explaing the normal inventory systems and the rules for
maintaining itvertory levels, The following sections present three ilfostrated
computer problems for maintaining and contrelling the inventory system,

2.1 FACTORY-WHOLESALER-RETAILER MODEL

The normal system for the production and distribution of goods in
our econemy is through the factory-wholesaler-rotailer system. A wvisual
conceptualization of this system is shown in Figure 2-1, The Tunction of the
retailer in this system is to

—tahe orders from customers

—deliver goods to cuslomers from on-Lhe-she!f inventory
=reofrder goods from the wholesaler

—receive shipments from Lhe wholesaler

The functipn of Lthe wholesaler s similar o the retader eacept that
lhe wholesaler's customer is the rerailer and there is 2 Lime lag beiween the
ortenng and the delivery of goods, The wholesaler must

—receive orders from the retailer

~ghip goods from the warshouse inventary
—reorder goods fram the factory

—receive shipments from the factory.,

Finally, the factory must produce the goods which are ultimately
sold 10 the customers. The factory may of may aol hold inventories_ in Lhe
current mode! the factory does ot maintain any inventory $o Lhat s anly
functions are to

—produce goods at some rare
—change production rate as requested by wholesaler

The model just described s & simple abstraction of that which is
found in the industnal system. Durable goods, such as applances, more or

Jless follow the systerm described. There are variations in that same large

retailers order directly from the facteny, of the faclory may mainlain i
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Model
Farmulas
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showroom and mahke direct retail sales. In ather cases, the factory maintains
large inventories and performs the [ungtion of the wholesaler. In all of These
modifications, however, there is a dynamic inlerpley of sales with the

invemIarcs maintained and the faciory rate a3 dlusirated in this model,

The paramerers and formulas for the achual computer madel of the retailer
are presented in 1hiy segzion. These formulas are a mathematical statement of
the verbal model description sbove. We also presen: some sample ¢ompu-
tations using the retail fortmulas.

Retail safes are controlled by the customer, They are part of the
input to the program by the reader. Retail sales in the past have been aboul
100 units per week, .

Redzif recespts are the units received from the wholesaler zach
Monday morning that were ordered Friday one week {10 days) prior.

Retaif imvemtory fevel s the number of units on hand Fridzy afler:
ncon at Lhe close of business, The inventory level varies through the week 3%
shown in Figure 3.2, The formula for determining Lhe invenlory kvel is

Inventory level = prior inveniory level + recail receipls — recail sales

Retail arders art placed with the wholesaler each Friday afrerncon
after determining the inventory leve!l, The order policy is tq order the retail
sales for the week plus or minus enough units to rewwen the base stock level
1o 10 unils. Thus

Retail grder = retdii sales + (100 — inventary level)

,The effects of these formulas ont inventory level and Lhe retail order
can be ween in the following sample computation,

In & narmal week
Rewzil sales = 100
Retail receipts = 100
Retail inventory level = 100+ 100 — 100
= 100
Retail grder = 100+ [100 - 1080}
¥ 104

o af -
unils
200
Hase
10{? stock
ume
F M Tu W Th F M Tu W Th F

Figurg 2.2 Recal irventory hivel
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I a weeh in whsh sales ICicdse
Fetail sales = 110
Fetail receipts = 100 .
Retal inventory level = 100+ 100 - 110
= 90
Relail order = 170 + (100 = 20)
=12

In a week in whichsales decrease .
Retail sales = 30
Relail receipts = 100
Retail inventory level = 100 + 100 =90
. 2110
Retail order = 50 + {100 -110)
= §0

The wholesaler's pohicies for maintaining inventory and reordering from the
factory are similar to the retailer’s policies. The formulas for the wholesaler
and sample tomputations are now presented.

Wholesale shipmesis are dispatched each Wednesday from orders
submitted by the setailer on the prior Friday, These orders arfve it the
relzifer’s on the following Monday.

Wholetale shipments £ retail arder {(prior weeh)

Whalesale receipts is the factory production of the previous week
which is received each Monday morning.

Whalesale receipls * factary produclion [priar week)

Wholesaie inveniory fevel is the nember of units on hand Friday
alternoon 2L the close of busingss, The inventory level actually varies
through the week as shown in Figure 2.3,

The tormula for determining the Friday afterncon inventory level
is 21 Tollows.

Mo, of
unlts
I S |
: = _ Base
m-u - = - -~ - S[DEk
100 —{-
! Time -

F M Tu W Th F M Tu W Th

Figury 2-1 Whnolasile inventory.
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Whoelesale inventary level = prior inventory level + wholesale receipts
: — wholcsale shipments

Wholewsie arders ire placed with the factory each Friday afternoon
after taking inventory. The [actory, however, nequires 3 week o change the
produciion rae, sa two weeks pass before the wholstaler recerves the acival
order, The policy is to order the current week's shipments plus enough units
1o relurn the base stock te 2 normal level of 200 units. The formula is

" Wholewle order = wholesale shipments
+ {300 — inventery level)

The effects of the wholesaler's policies ¢an be seen In the following sample
computarion.

Ina normal week:
YWholesale shipments = 100
Wholesals receipts = 100
Whaolesale invenlory lave| = 200 + Y00 - 104¢
= 00
Whoiesale arder = 100 + [200 - 200}
= 100

In a week in which shipments increase
Whalesal shipments = 110
Wholesate receipts = 100
Whalesale inventory level = 200+ 100 - 110
. LIL
Wholcsale order = 110 + {200 - 190)
=120

Ina week in which shipments decrease
Wholesale shipmenis = 80
Wholesle receipis = 100
Whalesate inventory level = 200 « 100 - %0
= N0
Wholesale order = 90 + [200— 210]
=80

It should be noted that in the present simplidied modél, the wholesaler anly
services gne relailer, This is an obvious ovensimplification from the ced!
world and alfows the analysis to isotate the ¢ffect af a1 single retailer in :ho
entire sysiem.

In this model, the factory maintains po inventory. The factory produces at
the rale specdied by the wholessle order. There is, however, a one-week
delay when changing the production rate and 2 one.week delay for shipping.
The net effecy is 1hat the wholesaler receives the actual order two weeks
after it is placed with the facwory, Thus, for example, one might have the
situation shown in Figure 2-3,
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Weel Wholesals Faclory Whetesafe
fumber arder e receipts
1 10Q 104Q 104
2 110 100 109
3 - 10Q 100
4 100 120 100
b 104 20 120
[ 100 100 20

Figura 24 Changng fac Loy produe tion raie.

12 NOEMAL INVENTORY POLICY

This sction présents the resolis of following 2 normal inventory
policy. By “nermal™ we mein that the refailer and wholesaler Tollow the
rules described in the preceding seciions. The most significant rule, which
will be analyzed tn detad later, is Lhe reorder rule. The normal reorder rule
which is faliuwed in the current problem is

Orger the current week's splzs plus or minus enough o bring Lhe bose
sfock back to o5 narmal fevef,

Fallowing this reorder rule and 1he ather inventory policies autlined
in Section 2.1, ONE can compute over 3 number of weeks the inventory level
and ardery in response to retail sales. For example, il relail sales are 100 in
weeks 1and 2, thenincrease 10 110 in weeks 45 & and 7, results will oqur
as shown in Figure 2.5,

These results are arrived al by foflowing the computation formulas
given in the preceding section, For example, the formula for Lhe retail order
each week is as follows:

Retail order = weekdy sales + {100 = inventory Icvcll}

Thwe refaél crder in week 5 is 120 units, derived from Lhe above for-
mula as Tollows:

Retail order = 110 + {100 — 90) .
=120

Week Retait . Whalesale Factary

Ne, Safes FRece  fmv Orefer Ship Rec  Inv (Oeder Rare
T} 100 T00 100 100 100 2030 100 100
100 100} 100 100} 100 Tog 200 100 100
i1q 1040 a0 120 100 100 200 100 100
110 104 B0 130 120 100 180 140 140
10 120 9 120 130 100 150 180 GO0
Me 120 Mo 1wgn 1 190 130 199 140
119 120 120 g0 100 140 170 130 180

oon LA L] R —

Figure 2.5 *Tgrmal" wweniory policy.
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It is quite possible te compute the results by hand for 33 many weeks
of operition as desired. Fortunately, the computer program will do the
tedious calculatioms, We next consider briefly the data cards required o run
the computer propram and thep we wilk analyse twenty-five weeks of
aperation by using the campuler model.

This seclian presents the data cards required as inpul to the computer pro-
gram- The program listing is found in Sectian 2.6,
Liser narme carg is the firsy card in the data deck, tt is used to identily

-who is making the analysis and any other identification desired, This card is

frae fiedd, in that any information may be keypunched in columns 1 1o S0

EXERCLI:E GME BT BOY HREFLS

topnazaontpdondanau et End et
PEIn N i PHA i A MHA BN AN AN AR EN AL B AN YA TN

Cortral card is Lhe second card in the data deck, This card contains
the number of weeks 1o be analyred, which is punched in columns § and 2.

€3

R RN RN N RN R RN DR RN PR RN RN AR RRNNNY]

RN LE LR R LRl L e L L L L Y AL L LI L Y]

Waehly wafes cards contain the week number and the retzil sales for
that week, There s onc card per week and the total number of cards must be
exzctly the number specificd by the control card, The week number is
heypunched in ¢columns 1 and 2. The retail sales For the week are in columns
11,12, and 13, right justified (that is, the last digit is always in column 13),

1}] 1ad
UL R R R R E R NN A RN R NN RN R RN R TR
Llr L RANL LA N Ry L L LR LY AL LR L LY

The complete data deck setup for problem one is shown in Figure
26, Each typewritten finc in the figure carresponds to one keypunched data
card,

The computer printoul resulling from the normal rearder policy is depicred
in Figure 2.3, The liest line in the computer output is 2 reproduction of the
information keypunched on the first data card, The tast line of the compuier
oulput 5 information from the weand data card, the control card, The
notation 25 WEEKS RUMN i 2 reminder 1hat 1he conrral card specified that
25 wechs of daty were 10 be run, M there is 1o little weekly sales data o if
the weekly wles data s wut of grder the computer will pring the message
SOMETHING WRONG WITH YOUR DATA and swap processing the pro-
EF4m.
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25
ol
[ T4
4]
U%
e
oL
ar
[iL]
0
Lu
Ll
L¢
L3
1%
1%
1%
17
e
1y
20
21
2z
23
2%
£%

140
Tub
1la
11
1y
bln
Lip
1y
llv
I1lg
Lla
Lin
1l
1o
Llw
11
113
Ll0
iln
113
110
la
Lin
114
e

Figure 2-8 Compurer input —normat policy.

PROGRAM pMETS FOR EXERC 1SE OME BY ROY ®aAR)S

BEER w—a-a-BElalL—==—==mam
M. SaLLF REL Iy ORDER
} Lag Log 1n¢ log
2 1490 1pb lo8 1249
3 110 100 30 129
- L1y Lgo Y 119
5 114 120 wi 120
o Liv 138 110 100
T Lig 120 120 90
& 1o 1og 110 o0
k] 10 40 oh 120
140 11 gt HD [l
11 110 120 40 Lga
i 119 130 119 Loy
13 110 120 12p S0
Ls 110 Lodb 11p 199
15 119 ad EY) 129
1a hia DB L1 1310
1T Lia *120 ab 120
1 ila 130 1)a 100
1y 11w 128 120 I
20 110 100 110 124
2l 1149 S0 a0 120
22 1o 100 #HO 1310
23 110 120 '] 120
2% 118 139 11¢ 140
25 Lid 120 1z0 L1

2% WEEKS AgM

Ship
1aq
1ad
109
120
136
12u
iou
L1
00
122
13p
1z2p
104
S
iaq
120
1o
12p
190
wa
log
120
130
120
Len

HEC
g
190
lap
log
100
LoG
144
160
193
122
3o
-]

%
To
1.1]
Z54
2o
200
ap
"

n

0

q
50
199

ITHy
209
200
200
140
150
130
170
260
350
k[Y:}
F4 1
189
&
20
100
4
k1]
(Y|
Y.
350
254
134

Q

1]
L]

OWDEHR
108
1o¢
100
140
18%
194
Lar

k%
¢

n
T
184
284
210
209
ar

=2 b yHLFSALE 4owapaed FACTOAY

wATE
jud
lud
lvo
Lvd
Ll
Lag
1489
19%
13¢
3n
a1

L]

1
lup
260
2te
22U

8

40

Figure 3-7  Comvputer pipit—normal pohicy.
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e is gquite evident that the so-called normal inventory policy is nob 2 very
smart policy, A simple increase in retail sales 1o 2 naw level 10 percent higher
than before has ser off uncontroliable fluctuations in the wholesale inven-
bory and in the Factory rate. Even though the factory services only one
wholesaler and one relailer these uncontrofable swings cauvse the factory (o
completely shut down hy week 11, Negalive inventuries, orders, or factory
rates are not allowed,

By week 25 the situation is still not in control. The rerailer has not
stabilized his invenlory level back 1o 100 vnits, the wholesaier has ngl
subilized, and the factory is going from boom 1o bust. This cyclic behavior
in the system i the result of The lzad times in the system and the “blind™
ordering policics of the retailer 4nd Lhe wholesaler. The next two sections
consider some methads for bringing this situation under control.

23 CONTROLLING THE REPLINISHMENT RATE

The
Replenishment
Concept

This section considers the problem of contralling flucrvation in the
inventory system through a change in the reorder policies of the retailer and
the whaolesaler. The basic concept applied is that of dempensng the amplis
twude of change. This concept is implemented by changing the rcorder policy
1o decrease the amouent of replenishment of Lhe base stock, The new policy,
the compuler culput, and an analysis of the results are presented here,

According to the old policy, Lhe rearder Formula for the retailer is
Retail order = rerail sales + {100 — inventory level]

This policy says in «ffect that the retgiler wants ta repienish the stock he has
actually sold during the week, In additien, if safes are abave or below the
base stock level of 100 umits he wants [0 maintdin, he will order enough 1o
bring the base stock 1o 100. .

This policy appears reasonable enough bur it is based on the rither
nearsighted assumpiions that

~—future sales will be the same at this week's
—stack réplenishment is instanlancous

The first zssumpiion is ohwiousty risky for almaost any retail ope a-
tion, The second assumprian is obyigusly not feifilled in the present system,
The retaifer orders on Friday, the goods arc shipped on the next Wednesday
and received the following Monday, Each Friday, the retailer orders enough
“io bring the base stock back to normal” tven though the goods he ordered
the prior Friday to bring the bast stock back to npormal siill have not arcived,
When the urder does arrive the refailer overreacts by ordering oo Lirthe 1he
rext time. The net resualp, as seen i Section 2.2, is that rhe otaileris never
able vo stabilice his order or iventory fevel, Business eycles may be caused
by Just this Lind al behavior,

Cinc way 1o dampen the swings is Lo change the replenishment policy
W specily hal enly 3 percennage of the base spock aifference & to be
ordered. Thus we change the furmuly 1o

Retail order = retail sales + {100 — inventory level] [A%)
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Howe sl A gl 30 pereent and thus Uy 1o make up only ane-hadl the
difference, thea we van compare the retail order when sales are up o 110
units, .

O Policy New Palicy
Retail order = 110 + (100 - 90} Retail ewder = 110+ [{100—190) X 0.5]
= |10+ 10 =110+ 5
=120 =115

Wher sales are down 10 930 units the result is

O¥d Palicy New Poficy
Retail order2 90+ (100 - 110} Rerail order = 90 + ({100 - 110] x 0.5}
=§)-10 =490~-5
= 50 =85

The overall efiect of the new policy v thal the retailer orly partly reacts (o
increases or decreases in Ihe base stock and allows some time far inventories
10 return 1o nprmal, The whalesyfer may follow a simidar policy n ardenng
fram the laclory by including 8 percent in the wholesale order formula.

-

Lier name card remains unchanged. The new rearder policy & implemented
by specifying on the contral cord the percentage wvalue for 4 (retailer) in
columns T1 and 12, 2nd 8 [wholesaler) in colemns 21 and 22,

sn

{241 =11

FrLIIN ik F i sApn PRI AR A
——— . — - ———— et —— ¥ —w— — —— — o —— - —

IT the field is left blank, the value for A ar 8 is set o 100 percent. Otherwise,
A or & may be set from 01 1o 89 by the user,

Weekly safes cards 1re keyvpunched asin Section 2.2,

A complete ddx deck listing for the new policy s shown in Figure
2-B. The retailer gnd the wholesaier anly try to make up 50 percent of the
difference in basc stock under the new policy,

The campurer printout for the new 50 percent reardering bevel palicy which
is generated from chese data cards is shown in Figure 2.9 Note that the last
line of the printout includes the input values for A and 8 specified in the
control card.

The averali resall of Lhe new reqrdering policy is a dramalic improvement in
Ihe performance of the inventary tystem.

Ketail regrders maich the new szles leve! within eleven weeks,
Whaolesale rearders match the new sates level wlth'u'_l twelve wesks
Faciory rale is not vet stable, bul 2ppears 1o be dampening out,

Mot significantly, the sysiem is no longer out of control, i.e., caughl
up in unconwallable fluctuation, The flucluations have been dampened out
and the system stabylizes itself 1o the new sales level.
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However, all i still nal perfect, There is siill 2 long Lime lag belore
the factery “catches on” to the new rate, Moreaser, a simpla 10 percent
increase in sales sl causts 2 20 percent change in the wholesile shipments
and a 44 percent change in the factory rate. Section 2.4 considers additional
control measures for bringing the Inventory syslem under even tighter
control.

2.4 CONTROL GF LEAD TIME

Lead
Time
Concept

This section considers the problem of conirotling fluciuations in the
inventory system [hough a decrease in the [ead time between the order and
the recebpt of goods. The basic voncept i ta change the lead time required to
respand to changes in thel systemn, This concepl is implemented by testing
the effect of faster delivery from the wholesaler and faster changeover 1o a ’
Aew production rale by the factory,

Under the "nurmal™ system setup the two basic lead times in the system
were (1] berween Lthe order and receipt of goods by the retailer, and [2)
between Lhe order and receipt of goods rom the faclary. These were as
follows:

Retafler norrmad fead time :
Crder on Delivered an
Friday week 1 Monday week 3
Whalesaler normaf lead time
Orderon -+ Change rare Defiver goods
Friday week 1 Week 3 Monday week 4

The effecty of these tead 1imes are clearly seen in Section 2.2 when
the retgiler rearders every Friday to make up goods that have previously
been ordered. In effect, he makes a doubile regrder for the 2ame goods. In
addition, Lthe factory takes seven weeks to begin o respond 10 a change in
reidil seles.

In the current example we will consider the clecis of decreasing this
kead time, The new policy is to week Lhe wholesaler on Saturday in order to
deliver Friday-afrernoon orders the very next Monday. Thus

Retoffer decremed fead Hme
Order on Delivered on 1
Friday week 1. Monday week 7

Similarly the lead time for the whelesaler may be changed if the
factory can shill 10 a new production rate without a week lag and if the
factory ships over the weekend.

Wholesater decreated fead time

Order on Change rate Drelivered in
Friday week 1 week 2 week 3



13 4

INSYS

Computer The wser narme card is the same as that in Sectlon 2.2, The change in
Input  the lead times is implemented in the computer mokiel by two Fiepds in the
=Lead  onrrof corg, A speedup of one week in the wholesaler deliveries is accom-
Times plished by plazing a 1 in calumn 31 of the contral card. A specdup of one
week in the changeover of the factory is accomplished by placing a 1 in
column 41 of the contrel card.
The cantrol card now reads

2% S0 -1 1 i

LR RN IR AR
MEtussEEmERERRRSRANITEAS
The weehly sales cards retain the same formar,
The complete data deck setup to rest the effects of the decreased
lead time is shown in Figure 2-10,

Computer  The computer printoul with lead time decreased is shown in Figure 2-11,
Cutput '

Analysls of  The result of the new lead time policy i8 a further improvement in the
' _:_‘}'td overall periormance of the inventory systiem, .
me
- Cantrol Retail orders match the new sales rate within five wetks.

LAEACISE (mREE BY ROT HARKIS
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Figure 210 Com gy mput- lead times,
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Figues 2-11 Complier putpul=ead imes,

Whalesaler arders match the new sales rate wilthin eight weehs.
Faclory rale is set to the new sales level in nine weeks,

In addition 1o cutling respanse lags down, there is less fluciuation in
the jnventaly levels,

A simple ingrease in sales of 10 percent causes a 15 percent change in
wholesale shipments, down fram the prior 20 percent changes. Also, he
factory raie changes 30 percend, down from the prior 44 percenl. Thi:ls. in
geieral, it may be said that the inventory syslem is now in beiter contral.

There are, howeyer, many complications one could add to rthe model
before it would approximate the real world, For example, ¢uslemers are
never so kind as 1o prowids such nice wniform retail sales, Hence, the user
right want to try his hand at contrelling the inveniory system if retail sibes
were 1o randomly Muctuate between, say, 80 units amd 120 upits in any
grven week,
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2.5 INSYS DATA DECK STRUCTURE

Control
Card
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/ !
/ R T r
P |
p i
13 11
L ] Epin
) Wk Iy 4. cand

/ Tonirod o

\aer narme card

Card
colurmns Format © ftemn
1,2 12 Mo, of wecks
11,12 12 Percentage value for retailer
21,21 12 Percentage value for wholesaler
3 (] Wholesaler [=ad time

41 11 Factory lead 1ime
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INSYS PROGRAM LISTING

PROGHAR |[METS

LAvERTORY SYsTEM CONTRUL WLDEL

CUFTHIGHT |%:% BY ROY U FRARTS

FAlS YEARSION FOR [HM 346 .
UIMENSTION ALPHALLDY

WLl AWU FR[nT STURENTS WAME CARD
ML w5

Ml = &

HEALD (HLsgnl ALPHA

wH1TE (MO+2T) ALPHa

WEAL COWTHOL CARD ANL IN]TIALIZE
HEALU (HI R My IHy IW, Lwg _LF
IF (IR Zw2w)

L T !

LU TL &

A = [HALDN.

¥ 1[e) Sphap

g = 44

Lo Tu 7

b= IN/LO0.

Hl = LoQ.

HU = b,

L N

nl " Zhbe

*DZ = 1¢u,

Ul = )1qd,

HHO® Lo,

PH[NI HEsL]HGS FOR skEnlT SUTPUT
ATE 1HD4 29
w]TL [RME«XJ

S5TaHF OF wu LOGP Thiiduen sCERLT CUMAUTAT[ONS
LU 2w | = 1, N

FEAL AND CHECK DATA CAHD CONTAINING wEEKLy SALES
REAUD (MLt 31T RWEEKY SALES

IF {l=KuEER] as4ed

wM]Te {MOw3d}

uir tu 2%

CUMHUTE WETAIL INVENTORY LEVEL ANY ORDER "
HHEL = Wi

HINY = RI+HRFC-5.LF4%

[F AHINY) TGaLBell

MINY & 0,0

RURL & SALES«[(]J. .~HINW)I®L]

IF frQRO) 12:32+13 !

HURD = gL

SET wHOLESALE PEL[wEHr RATE FROM SONIROL CRHD
IF lLw=l} 1541%a1%
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whHlF & RY

CUMPUTE wmQLESALE IWvEMTORY LEYEL 1nD QROEM
wHED = Fh )
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wInY = 0.0

wUHD 8 WIRIPA (200, ~wiNY) o)
IF (wLRDY 19:l%.70

wbFD » Q.0

SET FACTORyY GaTE FROm CONTROL CAND
IF ILF=l} 2221422

FRATL » wi]

vl T 23

FARTEL = wOZ

wHINT QUT CURRENT weEW RESYLTS

wHITE 1MO,3X) [+ SALES, RREC, RIMv: RORD, wSHIP, #NEC, WINY, wORD,
1 FRATE

UPDATE QRUERING anND FACTORY RAATE FOR KNEAT wEER

Wl ®» HIMNY
WO = ROHEG
#5 = wEHIP
mw] ® wIMW
uiig = wWiij
Wikl = wOMD
FH = FHATE
CONTINUE

FHIMI CONTROL CARD waLuES
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a model fof inventory ordering policy
COTLDU T G oS T #conamacal inyen fory Droder QuANETY urdisr 3
varirty f conditiong, meiuding arick discognes, sioresge o5, and'
HOCAgw LT g,

A primary purpuse al inventories is {0 decouple production from consump-
Lian. Inventories arg goods which may be used as a hedge against uncerlainly |
in demand or as a buffer for praduction fluctualions.

The replenishiment of inventories is the topic of this exercise. We
describg un ¢lementary, but fundamental, inventory replenishment model:
the Economic Order Quantity (EGQ)} model. In Section 3.1, the develop-
ment of the basic EQOQ model is given, In Section 1.2, the basic EOQ mocdel
is cnlended to include a real world phenomenon: quantity price discounts.
In Scction 1.3, the basic model is medified to incorporate shorlage cosis
Consideration of storzge limizations and their effects upon the qrier quan.
tity decision are the subjecr af Sestion 3.4,

The ratignal basis for deciding how much, il any, inventary to hold,
&nd to arder, i+ an economic basis. There are costs associated with halding
inventary in stoch, ez, insurance, Laxes, interest on capital, and s on,
Conversely, there are cosls relited to not holding inventory, e.g., tost siles,
frequent purchase ordess, production delavs, erc, There is also the codl of
purchasing the repknishment for inventories, - e.g., paperwork and material
handling.

The intent of this exercise i3 1o allow the user an oppor lunily Lo get
a feel for the effects of changing parametric values in the Basic economic
order quantity formubas. Hence, the reader is encouvrged to conduct s s
frivily gngfysis on sach pirameter in 1the E00 formula.

3.1 ECONOMIC ORDER QUANTITY
. This seciion inltoauces the basic Economic Order Quariity [EQQ)
model. |1 alse doscnbes in detail the gata cacds reguired lor the accompapy.
HE computer program, and the £ompuler outpul,
- 43
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Figura 31 Inventory bevel and utege pattern lar EOO model,

A hasi¢ assumption of the EQQ model is that the consumption of the
nventory 18 constant over time and that §t is possible o replenish the
im-mtnry an very shorl nolice. The quantity in ioventory 3t any point in
time, for this ¢ircumseange, s shown wm Figure 3-1. The basic EOQ modet
4150 assumis RO quantity price discounls and no backorders,

In this “sawtooth” usage pallern the inveniory is consumed over
time watil it is deplered. It is then instanily replenished [siraight venicat
line], and the uszge continued,

The rational basis for delerminng inventory levels Is to balance the cost of
haldimg inventary ap,ainst the cost of ot holding inventory, In the consump-
lion situalon described above the types of cost for halding the inventory
are fairfy obvious. Storage must be provided for the javentory and the
inventery must be financed., .

The cost of nat holding inventary may not be o obvious, Since i
wis assumed that the invenlory was easily and instanLanecus]y oblainable,
then there is no cost dttached 1o being caught shorl. However, fike a
houswewife who goes 1o the grocery store theee Limes each day 10 purchase a
single meal, there is a €ost atlached to procurement of the inveatory. Mot
helding inventary maey bead 1o very high procurement cost,

The issue in the econsmic order quantity model s to determine how
rmuch inveniory to arder cach time. The cost of procurement per unit goes
down if more is aedered each time, bul 1he cost of holding inventory goes
up. Figure 3-2 shows a graphic representation of thess costs as they vary
with the size of the order. The total incremental cost of inventary is shown
a3 the top curve on the graph in the figure.

Tolzl incrementz! cost = halding cost + ordering cost

The best invenlary pohcy is Io orger the amounl of inventory each ime
which yields ike minmum tedal cost. This "correct quantity” to order is
called Lhe cconommic order quantity [EOG)

The following definitions and variabtes witl be used in deriving a
mathematical expressionfor the EQGQ.
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Figury 3-2 Costs of halding and cedering ivvemony.

Holding cost = [average inventary } X [unit inventory holding
cost per year|
= {2 % (P X FH}
where Q= guanlily grdered
P = price per unit
FH = annual unit holding cost as percentage of the ynit price
Order cost = [number of arders per year} X [cost per order]

G "

where B = annual requirements in wnits, level demand
Cp = procurement cost (includes costs of paperwork,
hzndling, e1c)
Cast of inventary = {unit price] % (annua! requirements)
={P} X |R}
Total cost = holding cost + order cost + cast of inventory
QXPXFH . RXCp

Total cost = + PXR
. 1 Q

- XPXFH RXCG
Total incremental cost = 2 3 -+ a il

Solving for the econamic order quantity &y by algebra: the mmimum point
on the lotal incremental cost cdrve is where the inventory holding cost and
the procurement cost cusves intersect. Where they intersect they must be
equal. Therelore, at £),:

Q ®

- (PxFH) =[ =

2 ': } (Q) Cp
Clearing denominators:

QIR X Fr) = HRIWCp

2RCp
J1? =
Q PXFH

. [IRCe
Q- P X FH
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Sulyving for @ by calgulus: 1the minirunm painl on the tolal incremental cost
curve iswhers the Lirst derivatine equals ferd. Takng the Tt detinative with
tespect W  and sedting it equal Lo zero:
0 = P FHI-(RIQYICP
(P X FH) . RCp
2 3
iRCp
3 g ARLP
Q PYXFH

. [IRCo ' 1
P FH
Sample It is & straightforward matter 1o find the economic order guantity {E2Q]

Problem  3nd the todal inverory cost [TC), when the values for R, Cp, P, ané FH are
One | nown. For example, if

K = 1600 units (totzl annual usage}
Cp = 4500 {cast of ane procurement}
F = 41,00 (unit price of product)
FH =010 {unil holding cost per year a5 percentage of price), then

_J'z ¥ 1600 X 5.00

1.00 X 0.1
£ = 400 units
Total cost {7C} = A0 X100 X0 1600 X =.00 + 1.00 X 1600
2 400 .
TC = 20.00 + 20.00 + 1600.00
7T = $1640.00

This ¢omputation is not too tcdious to do, if there is only one.-
However, when Ihers are many alternalives 1o test and when more compli
cared Tarmulas arc required, then a computer program is a greal compula-
tional aid. The neal scclion introduces the data mput and computer output
for the simple example shown 1%ove. |n following sezlions more complicated
problems illusitating the use of the computer program will be presented.

Computer  Before deserining the data cards, several commenis will be made pertaining
tnput g the program itself, The user should keep thess comments in ming when
—Pmbgm using the program,
ne The program is appliczble only 19 a fixed-order-guantity inventory
systemn, and all quarlities in the program are eapressed in anndal amounts or
rales. In the case of R {annual invenlory requirement), a level ussge rate is
assumed throughaul the year. 1o order to convert Lhe pregram for menthly
or seasonal cakkulations one would have 15 adjust the impuls (0 Lhe same

time stale.

Although the ligure available for invenlory holding costs is ofien
stated as an annual cost per upit, this program requores that holding costs be
expressed 4% a percentage of the unit value of inventory.

Torun the economic order quantily computer modet, only two cards
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are required: (11 the user name card, and {2} the “'data’” card, When mulriple
problems are batched logether, a new name card is required for each
problem,

The wser mame card My contain 4y identily(ng information (such
as the user's name] which & desired. This identifying information s key-
punched in Lhe first forr, columns,

HAGGHRD ENo FROUBLEM ONE

FEg NN ann o g e kan o nagnptngane
SRS LS N L LA LELGLE LI LY TR LA LR L L L et L A
The datg card containg the numetical data for the econgmic arder
quanlity computalion. Coiumns 1-5 contain the annual usage requirement,
ang the ordering cost is punched in columns G100 The holding cos:,
expressed 15 a percentage of the unir price, is seypunebed in columns 11-15,
and the umir price is purched in columns 16-20.

e 00, 5,000 0,16 100

AR R R AR AR R N RN R AN R AN R R AR R RN NN RN AAT
PR LS AL LA LA LLE R AR L DAt Ll bt b L

The user nmame card and the data card are the only two sards
required, A Iisting af the two cards which produced the outpul shown in the

next seclion is shown in Figgre 3-3,

HAuGR U EQu PROGLE 1 OMF
Lould 5,00 o, 10 J,0.

Figure 3-3 Computir inpul—Problem Qne,

Computer The computer culpul {Figere 3-4) indudes the identificatian infermation
Fl":""'ﬂl-"”'I from the user name card and the information specified on the data card,
- r"bé;"m Below this, the program grints aut the quantities calculated in the progrzm
ne . . .
These are {1} the optimem order quantity, (2] the otal inventary cosl, [3)
the nuriher of orders u be placed annually, and (4] the unit price at Lthe
arder quantity determined.

3.2 PRICE DISCOUNTS

. When discussing the economic order quantity mode! in Section 3.1,
il wiy noled thal the bosic model aurmes e Quanlily price discounts.
However, the b3sic EOQ modet may be extended 1o include price discounts

PHOGRAM EQu FON WAGGARD EQQ PROBLEM ONE
IWFUT DATR [5 Fedessavass

R Cw FH Pl s 1] F 4 R P) "
iegn  S.00 «10 1,00 b '] ] 1] ] b
AMALYSIE RLSULTS Lwp maes
UPTIMUM OWLER LUASTITY IS #00.J0
AT & PRICE PER [T+ oF 190
FIELDING A TOTAL JMVENTORY COST OF lokD.J0
wnEME THEL WUHYER oF pROER CYCLES PER YEAR 15 gl

Figura 3 &  Computer gutpur—Problers One.
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Huoldng cosl
1w plice breaksl

Crdering coud

1 L
1] Bl [.Fj Uity

Frgurs 36 Th atlecu of price drcounts On this $0OABMIC O der guaniity.

a5 inpul wariables. lnasmuch as price discounts du happen in reality, the
extension of the EQQ model ta include price discounts will be the subject of
this section.

Referring 1o Section 3.1, the user should nowe that in the derivation of
the EfM} model the price per wnit [(#) affecis the halding cost (£372) X
(FXFH], but nab the ordering costs. Mevertheless, if price discounts are
inroduced as variables, they will infleence the (otal incremental costs [ F/C).
The effecty of price discounts are graphically dlustrated in Figure 3.5,

The addition of the quantity discounts io the economic order quan-
tity moded makes it somewhat more dflicult 10 obtain a solution. It is not
possible 10 find dicectly the lowest peint on the Total Incremental Cost
{TIC] curve shawn in Figure 3-4_ The general approach used is o investigate
the FIC curve at each price break. In addition, the curve must be analyzed at
different points near the price break "giving the lowest TAC 1o see if an even
briter solution can be found. Problem Two diustrates this general search
salution when price discounts are to be considered.

The supplier has recently revised his pricing policies and now offers the
fullowing price discounis: IT one orders in ot sizes of B1 (Qg, = 300}, the
price will be $0.90/vnut {£,); if one orders gquantity §2 [Ggq = 2000}, the
price will be $0.80funit {#,].

First calculale 2y using Py if it is greater than Qg , then order 5 IF it s less
than (y , then [using £, ) it is infeasible.

Menl, calculate Q5 using Pq, iF Q@ 2 Qaq, then order Qpq.

If §y is less than g but greater than Q. ie, Qg, = Q2 <2 g1,
then compare FCy with TCgs.

If FC, > TCp,, then arder Qgy .
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If Ty <X Tgs, then order Q.

If @, is less than Qoo calcutate Q.

(1, > Qyy, then compare TCg,with TCg3.

If TCg, o FCg;, then order Ggq.

\f FCg, << TCgy, then order Gg.

W @, is less than g, , then compare 7C, with T{g, with TCaa.

Order the quantity correspunding to the minimarn total cost.

- ?{I&ﬂﬂ];S.UO] = 447 ina P
G, =2 2.8000.10) 4472 [using P, )

Singe Gy < Qg,, calculate @y using Py,

N f?{lﬁﬂﬂ]‘{i,m]‘ . .
Q, = —ﬂ.Qﬂﬂ.lﬁ} 4216 [using Py)

Since (2, is less than Qg [2000), but greaer than Qg {300], we

must campare TC; with TCqx;.

_ (0.90)(0.10)(421.6)  1606(5.00)

e, > w715 1600{0.90)
= 1895+ 18.99 + 1440
= $1477.98

TCyy= u.sn{u.?umum . mgg&_um + 1600(0.80)
= K000 + 4,00 + 1280.00
= $1364.00 :

T, is greater than 7Cyy, therefore, order in guantities of BHQg™
2000 units & $0.80/unit),

The wser purme card is the s card in the data deck, The data card for Lhis
examplie prablem cuntiing wome additiona] information. Columas 120 ars
the same a2+ described in Sectian 3.1, The minimum quantiky that can be
ordered 12 take advantage of the fiest price discount is punched in columns
26-30 apd the unil price at the first price discount is punched in colurmns
31-35, Columns 3630 and 41-45 contain the eueresponding informalien for
the second price discownl, The dala card is as shown:
LEN, S, G0 0, (W 1. 00 ¢ Zod, RS0 ghun, o, &

R R RN NN R R R RN RN AR AR RN RN R N N AR RN ER R NARREE

AP PRI M AaA MM A SRR NS AR RN IR Y =B A dhunnr oA

The complete compuler inpul for this example problem i3 exhabited
in Figure 3-6,

MaLGARY EQw PR{u L~ Twl, PRICE DISCOUNTS
1bUta3a90 uell 1400 0 N0 ve¥0 PU0Ga0an

Figure 3-6.  Camputar input=Problem Two,
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Phuufiae £Q. FOR mAGGARD ECY PROBLEY Tuds PRICE BISCOUNTS
Ikl Lala IS5 *¢+taddrnrs

A P Fh Pl cs "y Pe Wz P2 u
Il S.vd 30 1.BD ] kT «90 000 .80 0

ANALTSLE HeSULTS ASE ##@e

QrTIHUM UHpER GLANTITY 1% ZuyQ-ag

AT & PH[Ce PEA LTEH OF Y.
TLELLING = TOTAL JHYEmMTORY COST QF 13541up
wnERE THE MWUMOEF IF QRODER CrELES PER vEAR I5 o

Figure 3-7  Cumputer output—Problem Two.

Computer Qutput  The computer printout resulting from the sbove data is shown in Figure 3-7.
=Prahlem Two

3.3 SHORTAGE COSTS

Just as it is trus that in the real world guantity price discounts exist,
it is abve true that bockorders are a redlity. By aliowing backorders we are
saying that of an order canngt be filled at 1his Llime due to stock shortages,
then as soon 3s invenlory 1s avalable previously unlilled orders, e, back-
orders, will b¢ Lhe first orders o be Nilled. However, inan inceatory syskem
allowing for backorders {see Figure 3-8) 1 shortege cost s usually input
relaling ta the backarder quantitits. Genetally, this shortage cost coonsists of
€0ils due 10 [1) possible lost sakes due 10 vochouls, { 2] decreased costomer
satisfaction, [3] addutional £osis 23soiated with rush shipments, and so on,

Irven-
1ury
lewel
L — 1
o
Pusiline
el oy
batences _
n \ \ Lime
| et
BacLorder ! : !
Quantilidy
I, = bine Junng which fp ™ bme gunimg which Lhere
Ihere dre posdive Are e ndory whiostages

wentory balanoes

Fogurr 3-8 An inventory system with (8= ) backardar albowed,

man
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The basic EQQ formulz may be modilied 1o incarporare shortage
costs as Follows:

Cp = procurement £ost per order {unchanged)
{P X FH) (i) ;

2. 1 = the holding cost of Lhe pasifive imventony
_2 batgnce during lime Iy {f is on an annual
basn, i.c., F * a fraction of a year),
Since £,= fmmf R, this becomes;
. (P X FHY? e
2R
1 5 &'_;-T“—Jr, = the shortage cost of the backorders during

time {5, ;
Sincet, = L% ihis becomes:
&

s (Q = fmm}?

SR where Amge = maximum level of inven-

tory and
@ chortage cosL

Hence, the 10tal incremental cost for one cycle, £, + I, of an inventory
sysrem which allows backarders is
VIPRFH} (P o) * GQ=Ipul
2R R
The annudl olal incremental cost is now obluned by mulliplying the above
cquation thraugh by the number of orders placed per year, £/
RXCy +1PXFH) (P i} TG (Q = Jman)?
28 Q

To- determine optimal values for @ and fn,, , take the partial
derivatives al the above equations with respect' to € and /... , eguate 1o
zero and oblain

| dRCp PXFH+Cs
Py i ¥ &
[2rrp [ "
fma =N Yipx FH} +Cs
_ REXFIRC \j“"“‘
e s % Fiii+ s

Rowever, il either @ ur f,,, it constrained, 1heir respective values are
obilsined as follows:

Fie =

1. When Q is constrzined, for cvample, lined al price discount
quanlities, then £, iy c2loulaced as

60 _
;I'ﬂ.l! = C;.f * cs
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1 When /.. s constrained, for example, limited by storige con-
strainis {sce ne st sectian], then £ s calculated &s

= JEER riFX Hﬂ-".ﬂ.,:_“ Cstda
O3

Sample  Fhis problem i basically the same 25 Sample Problern One except Lhat
Problem  horiage costs [Cs) are included. in Lhis problem Cs = $0.30.

Three _ 00500 . f100X0.101+ 030 _ 400(1.154)
“N00(0.010) 0.30 .
= 46188 units
", 0.30
TIC = N2{5.00) {1.00 X .10)3600 X \Al.ﬂuxﬂ.mhmn
- = 40{E66) = J4.64

O = (1.00) {1600} + 3464 = $1634.64

The reader should note 1hat the effect of including shortage costs is
to increzst the size of @, This is because the annual inventory holding costs
are smaller due o the smaller average inventory. In addition, the total
incremental costs {FIC) are less than in [he classical mode! because both
holding cints and preparation costs are lower. {This may be verified by
comparing the résults of this analysis with those from Section 3.1.)

Computer The data card for this ¢xample problem follows Lhe same general form
bapul  outined previously. One additional data input is necessary. The shortage
=Freblem o0t of $0.30 s punched in columns 23-25.

Three
1600,.5, 00 9,10 1,00 .30

(R RN R R RN RN R RN R RN AR RN RN RN RTT)

il kil JidudnanienRAEREeEAN Y yakibpaanmawndadaqrygn

The complele computer inpui is shown in Figure 3-9.

MAGRAKY Edu PRODLEM THNEF, SHOWTAGE 05T
oo, 5, vl w0 L.80 0,30

Figurs 3-8 Comnpuier mnput—Problem Thres.

The compuler printout, using this input, is shown in Figure 310

PHUGRAM £0d FOR WAGGARD EGQ PROBLEM THREEs SHORTAGE CUST
IMPUT UaTA |5 Sdadasrdaas

R’ CP FH ”1 L5 a) F Wz P23 "
Iedd 5.00 «10 1.08 30 o "] 1] '] u
AMALYS]S RESLLTS pAnE ases
CETIMuM DHODER QUANTITT 1S TSy T ]
wiTH GPTImLM INYENTORT OF A IY LY
AT & PHICE PER ITEM BOF leul
YIELDPLWG & TOTAL IWNVEWTOmy 05T OF 161804
WnERE THE WUMHER OF ODADER CYCLES PER TEAR IS Jskh

Figurt 310 Camputar output-Problam Thres,



3.4  STORAGE LIMITATHING

Sample
Problem
Four

Computer
Input
—Proablem
Four

Computer
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—Problem
Feaur
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g

53
Fog

28
In this section, an additionat constraint of maximum starage limita:
tions, either in terms of available warehouse space or available capital, will be
plzced upon the basiz EQQ model. This is intended (0 be an iustrative
example of an addilional rype of constraint which may be {and in the real
warld is) imposed upon the basic E0Q madel. By incorparating this added
constraint the reader should get some additional inught intg the problems
that face managément when determining whal quantilies o purchase from
supphers,
This problem is basically the same 35 Sample Problem One except That Lhe
additional constraint of maximum warehouse space avaitable (W) has been
imposcd. .
Iy this probiem, W = 100 units. From Sample Probtem One, @ = 400
units, buk since # <2, the order quantity must be (¢ = W = 100 units.
In this probiem, the cosl of the fimiled slorage constraint is T, et
—]"er .
100 {1.00) {0.10) ' 1600(5.00)

Ce = + 1600{1.00)
2 - 100

5+ 80+ 1500 = $1685.00
TG - TC, = $1640.00 - §1685.00  $45.00

Costy

The data card of the hove example problem follows the same form as
outiined previously, with ane addition. The maximum warchouse space
available, expressed in units, is keypunched in calumns H6-50. The data card
tooks like this:

Leno, s, 06 o 10 [ 90 0, 0. . 0, o, L,

b BaRbdpprpdnoA0ddvnennatondnenaNnbndpapakbaingp

RN L N T R R E LT L LY NN N ELE

The computer input for this example problem is shown in Figure
311,

HALGARL EQuU PROBLEM FOUHs »TORAGE LImITy
1600 .5,00 well 1,80 0. 0. ba 0. U 1ng,

Figure 3-11  Computar input=FProbiem Fagr,
The computer cutpul will indicate whether gr ngt the warchouse constraind
fas had an effect on the econamic order quantity, f &n economic urder
quantlily hus been delermined which evgecds B bie oulpul will indicate that
this has happesed. .
Furthermore, on the Sulput will B2 2 stalement 1o the effect that, if
the warghouse reslrictions Are operathve, |he order guaniity delermined may
nol be optimal. Suggestions are made for 3 meihod 1o dedefvine Lhe aprisnal

quantity if Lhis restraing is presenl The compuler oulpul is shown in Figure
312,
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COMPUTER AMMH TS

PROGRAM E0U FOR MAGGAWMD Euy PROBLEM FoOods STOHAGE LIMLITS
TMFUT DiTA |5 sessansdeds

R LP FH F1 cs A1 P g2 P2 W
IH00 Savd 10 l.00 L b d o 8 lug

KMALYS1S RESULTS aHE Seus
BEFORE THE wALEROUSE STORAGE LIMITATION 1S APPLIED

UHT Mg ORGER QUAITITY IS “afsgn
AT A PHICE PEW LTEM QF LeiD
TIELDLING & TOTAL INYEMTOHY LOST OF Thays g
wWRERE [HE WUMHER OF QRDER CYCLES PER YEAR 15 T

THE OHDEMN LIELATITY IS LIM1TED BY TRE wa®EnQUSE SPACE
RESTRICTIUN AND IS NOGT AT an OPTl=pm. LOOSEN THE
RESTRICTIMN AND RuN AGAYN OBSERYTNG THE EFFELT.

AMALYSIS RESULTE ARf Sass
AFTER THE waREMQUSE STORAGE LIWMITATION 15 APFLIED

LPTIMUM QHQER QUANTITY IS 1GQavD
AT A PHICL PER LTEwW OF Laug
TIELDING & TOTAL [WYENTORY COST OF 1hAS.u]
whERE THE mumMgER OF LDRDER CYCLES PER YEAR [5 [&edD

Tri% OROEX QUANTITY [5 AT THE Maxl«y™ wAREROUSE CAF&UITY

Figurs 3-11  Compuier autput-Problem Four,

To conglude our discussion al economic order guanbily madels and,
in particular this computes model, we would point out:

1. that the mode! iy, in (13 present form, limited to only two price
breaks.

2. the inclusion uf shorage cosrs cortainly complicates Lhe storage
limilatign problem. In this madel, when backorders and storage
fimiations are included in 1he same prablem, the assumption is made
that the bachorders are imstanlaneously filled and that the storage
hralation W e a4 constraint upan fu,, and nnt upon Q. The user
must rermnember 1hat if Fgy, 15 consirained by W then neither £ nor
Ywan will be optimai.

3. this model will solve problems including one or all of the con-
straints previously described i a single problem. To appreciate this
fact 1he reader may wish 10 salve the following problem manualiy
and then by the use of the herein described 000 model.

Oota
R £p FH P, & B F B8 P W
16080 5.00 010 1.0G .30 ¢ 090 500 080 350

REFERENCES Bewman, E. H, and R, B, Fetier, Anafyss for Produc fion and Operpiions Samgemett,
3 ed,, Homowooad, 1L Irwin, 1967, '
Bufta, £ 5., Ylodern Frodik ron Manggemeni, 3d ed, Now Yorl: Wiley, 1969,
e Doerdticety Management: Probiems and Models, 2d ed., New York: Wiley, 1968

—Prodi viove fnverrony Spsiems Plonning ond Controf, Homewood, Wi lrwin,
1968,
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Eikan, 5., Ehements of Prockestion Planning ong Coantd, New York: Macmilan, 1962,

Fabrychy, W. )., and P. E. Torgersen, Operotions Econamty: Indeiviol Applicotions af
Operntiory Research, Engewsnd Clifts, M. PresiceHall, 1966

Garrett, 1. ), and M, Siver, Production Mandgerment Anofyuls, Mew York: Harcourt,

Brace & Warld, 1964,

Hadley, G., and T. M. Whitin, Anabvar of [mwntory Syitenn, Englewood Oiffs, M.).:
FrenLice-Hal, 1963, -

Hoperman, R. L., Spstvrnr Anglys and Cpergtions Manogeman!, Cokban, Ghio: Merrill,
1969, '

Mages, |. F., ind D. M, Boodrman, Proc ton Floning and faveatory Contrad, 2d ed.,

. New York: MeGraw-Hill, 1961,

Naddar, E., faventory Syrtems, Mew York: Wiley, T965,

Oben, R, A, Manufecturing Marogemens: A QDuantiiains Approxch, Scoantan, Fa:
Inemational Textbook Company, 1968. )

Plosst, G W, and O, W, Wright, Prodisction end fnvemiory Cortred, Englewcad Cliffy,
N.J.z Prentice-Hall, 14967,

Riggs, |. L., Production Systems: Planning, Armdpsis ond Controd, New York, Wiley,
14970, .

3.5 EOQQ DATA DECK STRUCTURE

/_ A o dete mets

/ Dwia cord

Lwar name caw'd

Dara  Carg
Card  cofumn Format frem
1-5 F5.0 annual usage requirement
510 F50, ordering cost
11-15 F3.0 holding coil
16-20 F5.0 unil price
21.25 F5.0 shortage cosl
26-30 F5.0 mintmum orfder guantity—Tfirst price discount
31-35 F5.0 unit price—1.43 price discount
3640 F5.0 minimum grder quanbity—second price discount
4145 F5.0 unit price—secand price discount

4530 F3.0 maximum wasthouse space availabie
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COMPUTER MODELS 3 l

16 L) PROGRAM LISTING

C PHOGHAM EQD

Ce  FCONOWLC DAUVER OQUANTITY MOUEL

£* CoptRIOmT ROy D HARRIS OCTOBMER 1975 °

c®  THIE YuHSIQN FUR TRE 1rMm 300

cl

e B owm ANMUAL USARSE REGQUIREMI®T s LEVEL DEMAND

¢t CcPp = CUST QF OQuE PURCHaSt UHUER

c* FH m MULOING COET AS 4 PERCENTAGE nF UNIT FRICE

c* PiL) ® PRHICE OF EACH unIT BEFOAE D1SCOUNT PiL1xF]

C* PFigh = PRICE OF EACH y4IT aT ¢ IHST DISCQUNT HAERK PulHT
£* P30 % PRICE OF EaCA unlT &FTER FIAST RISCOUNT Pi3} ® P72
£* Pla} ® PAICE OF EACH UnIT LT SECONMD DISCOUNT BREAM #QINT
C* Pi%) = PRICE OF E&CH ywlT &F TER SECOND DISCOUNT PIL) & P3
c* Pin} ™ VRICE OF EACH UNIT AT WAREHOUSE CAPSCITY HUSTHATNT
Cc* EcOwe t{0n0wiC ORDER QuanTLTY

* Rill = FIAST OISIZOUNT mPEax POINT Ai1) =2 Bl

t® Wlgr = SECOND ULSCOUNT RREAR POINT AIZE = &2

c* CLt o= SebRTale COST

C* W o= madlMiM WAREMOUSE SPACE avslLAALE

c* TCST = TOTaL COAT AT gO4

C* ON = NuwpER OF QRODEWS PEA YEAR AT EJG

c® G| ® EOU AT FLLD

C* Wil = EOD AT PN

c= Qisk = EQQ AT AISI

c* Qi = {1l

C* Ofaj % g1} .

C* OQiplm & FOR CSxp  @lala0PTImyd ORDER AT ENVig)l = % FUN C§5 NOT g
‘C®  FICIIY B TOTAL COCST

C® TCL1Y & TOIAL COST &7 0i1) amd EnwqIF FOR I = 7 T &

C* EWVEIP = ®OST ECONDMIcal THvEMIDOY LEVEL &1 EOG =yliil la3 TO %
t* ENvIE) m @

e EnvD & QPYIMAL IMVEMTORY whEw 5 NOT 0

CI

DIMENSION Flale Qigle ENVID}s TCUGI+ BLlllse ALPRALLG)
Ml =g '
- = g

REAU AML PRINT NAME CARD = = = = = = = = = = = =& = = = = - = =

HEAD (HIsF)f ALPHA
Al TE IMOsT2) ALFHA

BEAU A0 FAIMT OATA (AR = = = = » a & &8 = & = & = ¥ = a2 a = ===

HERD fm[73Y Rs Ry Frs FILle C5¢ BLYYs P13 B2y PIN), ¥
mAlTL IMCs7 el

wRITE (MO,T5%)

wRITE tM3.T&)Y Rs CPy Fre PO1Ys €% BI10s PIIdx 820 PiSis o

CHECK Uyt THE DATE = = 2 = % = & @ = = = = = 2 & ¥ * = w 5 = = = =

IF UMl 15wi%ed

IF LEPI L%«1%+3

LF AFHE lavlore

IF APLL1T] 1%e]%en

1F 1ei3] 1%+l4s8

1F 1P{11} 154197

1IF 181211 j%+lbs8

LF iBi2)=diidt 19+9:%

Tul PHILE pHEAKS - em = = m W OE owm o= W oM oAm W = AmmE = omeomow o= = ow

HSEG = 3

1F P51 19419r1]
1F I=) 19:12412
om ] LE2Y -
gl = uw

IF 1CS1 1922920
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o
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[F (PISI1 194 1By1Y

P15l
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GG Ty 10
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M DATﬁ . m ow m oy m o om & m Eom oW o w oW v Bom i & W O W g om o=

MO ITH

Gl Tu |

Pial
12}

w P15
= PL])

1IF LRISY=PI31 22:22,21

Wiyl

= Pl

If Pi3I=FI1]) Zavias2y

P
Figh

Py
= Pz}

§F dmaHdjbr 2Ridy e 25
LF La=Hl2i) T2k

AN

= Py

wl 10 )

Fipl

= Pliy

Lo TO 3

Pied

= P[]}

) TU 3%

FLlb)
g2l
alnl
widl

s Pin]
= #1111
= HI2)
= Bi3)

IF GCS1 A3..4b1

SHURTALES nOT LLLUOwED

e W e W m & aowoE T W = o = = &

[FT F- S T PO §
J = 2=
CALCULATE Will {=1w345 o m m m om oo - - om =
Wldy = BURT L F SLR*R/ | FHE [ L))
HLLF I - A T N
[+ fwiIb=-1.E75) 33230133
CalCULATE TCIly 1=y Ty » R e e mem = E o= omo=

TCeld

TCel
LUNTI
Uy Ao
EMwTl

= ACRTRufI P ] I *n B L 4F e {1 F2,]
0 Tw 25

LTI

NUE

I = l+amn
To# ull}
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1F
LI
IF lw
IF 1«
1Ci1al
[F fu
L)
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‘11"1.'12” J'-ul-3‘h3E-
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1 (TEST-TCII) sbyunedd A L3
ah Te5T w TGl hol2e
AFLH = | a 127

ECOW = Qi1 4 1ze

EnyT = ENVITY & i2v

ab  CONTINUE 8 13w
ON = RZECOQ 2131

C  PRIAT HESULTS HEFQRE 5TORLGE RESTAICTIONS - = = = = = = = = =« = = o 2 |3¢
AHITE 1M0+78) 8 134

1F In=1,E45) atestisd? 4 13-

&l wR1Te {MOs791 + A
ey BRITE LMDs8G} ECOU . A Lae
IF 1CS) 44.5 a9 £ 13t

29 WHITE {MD.90) ENVT Al
by wRITE {HD.81) PIKFLA) : 4 13
WHITE [(HOws82) TCST 4 Ly

sRLTE tMOWBI: ON A lal

IF [M=] E25) SleleSL : A lec

€ TEST FOR FEASINILITY wiITH KESPECT TO SHE STOMAGE WEQUIREMENT = = = = & 144
51 LG SII =5 A s
IF TENY (1) ~¥) 53453452 At las

sz 1ccl) = |L.E2s i ieo
%)  CONTINUE & LLf
IF CTCARFLBY=}.E28F 5%+55,54 4 las

5¢ WAITE (MD1ma) A A4y
&o 1O i A LSd

C  FIWD ECGD WIW STORAGE LIMITAI]OMS = = = = = = v = - = = = = = = = & 3 18]
55 RFLH = ) &-1%2
TCET = Tgig) k154
ECOG™ Gi}) A 154

ENVT = ENVI]) £ 355

UD ST T w 3s g 4 358

IF L1CST-TCUL}) S1.87256 4 15¢

5 TEST = TC(l) v A 135e
ECON= Qi) ALSY

KFLE = 1 A law

. EM¥T = ENv{l) ' A1l

57 CONTINUE  lee
ON = RAECOR X i 164

€  PRINT RESULTS oF TER STONAGE LIAITATIONS = = = « = = = = = = & = = = 4 l4e
wRITE (MOs85) A 483
WRITE (HO:B&! A lee
WAITE (MOsyT} A Ll
wRITE {MOs78) . Ao ieo
wRITE IMOwvapl 4 ley
WAITE I1MO.p] ECODQ A 17u

[F fC5F mga%geng A 171

86 WAITE (MOvg0) FNNT A 17¢
wRITE {HO:811 PIKFLAI s 17e
wRITE {MOep2) TeST A 1T
wHITe iMOsg3l ON 4 1718

1 tKFLg=s) 1r60+} 4 ir?

b wRITE {WMOs8%) A 178
60 Tu 1 A1t
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bL  EMVI&) ® Q{6 ho16)
PO 62 1 ® )7 %4 2 " olee

. Enyll) = SORTI2.%CPAR*CS /A (Frap ]}  (FH*P{]1*C5I b} i led
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LF I3 +] E2%) bBasndebe

Envis) = | E25

Gl TU &% .

EMYIJ] m qyldr®C5) A (FLII*F HaCS)

CUNT LNLIE

IF {tN¥lb1m) E2%) &brhTrbs

Win] & SGRTI(Z,®rPep+EnY 15 #2248 |05 P g *FR)IFESE
pd To I & 39 &

1F fWil1=1.E25) GHa%rud

TCLLN w (CPRR/ QU +FMmP LI REAY [ 027 (2D D 4re® (] )t CSm O ([I=EN
IRARERALF PP R RN

L TL ¥ *

1Cily m | E2%

cONTLNUE

L Tw 3T L]

TaglLE OF FQaMATS

FORMAT []pdd)

FURMAT [17HMIPROGHAM £0Q FOm 1 L0AN}

FURMAT 111F5.4}

FORMAT f2hH [NPUT DaTa 15 sssssbeppes |

FORMAT [gpm R ch FH F1 cs ul LF B2 P3
1 = :

CFURMAT (1N F R g aFl 2 tFbaaFha 2 1 FOataFSa2aFb,ul

FUHMAT [wyH ERROAR |k INMUT DATA, CHECK AND RUN &dmid ¥

FURMAT [24H0RHALYSIS RESULTS AHE #ees)

FORMAT {oeH  HEFORE THE WARUHUISE STORAGE LTMITATIUN [5 APPLIED

]

1FURHuI 7M. DRTIMUM QRUER TUANTITY [Seaghef gyl

FURMAT (2wn AT & PRICE PER ITEM OF S 22ReFif.21

FURMAT 13YMH  YIELDING & TOTaL [%WENTORY CO%T WF sjad.Fird.21
FORMAT {urr WHERE ThE WUMBER OF JMUER CYLLES PLM Tead IS «F10.2)
FURMAT {81M THE waREHOUSE LI%ITATION HAD mO EFFECT 04 THE EOQU
FORMAT (sa4md THE CROER QuaAKTITY I3 LIMITED BY THE waRFMOUSE SPACE)
FOHMAT (1S40 RESTRICTION Am) IS5 HOT AT AN OPTLHVM, LOOSEN THE

1!

FURMAT in,H  RESTHICTION aMD AUN aGalw DBSERYINe THE EFFECT.
1

FURMAT (e¢H  AFIER TwE whAREmQOUSE STORAGE LIMITATION IS5 APPLIED

1 }

FORMAT {puH  THIS QRUER UUANTITY I9 AT TRE ManldUM whHEHDUSE Capal
LITY ]

FORMAT  (¢BH  w[TH OPYIMuM [HVENTOGY OF o 19X.F)1.2}

END
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a model for gueueling systams
is @ Simudarion moded for single-phase, multiple-channe!
queLRing Eystems. The performance of one to nine
channelt may be invastigated under & varisty of arrival
and servica pararnetors and far o varigty of associsted
Cosrs

Queuss (waiting lines] are commaon, everyday occurrences. Queues accur in
grocery stores, in banks, in front of movic theaters, during university
registration, and so on, Queues 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 purpeose of this
- computer exercise is o allow the user to experiment with situations in
which gueues occur. The model is concerned with more than waiting time in
the queves, however. 1t allows one to lodk a1 the entire sysiem {rom the
operation manager's viewpoini, i.e., not only worrying about the customer
but alsu being concernéd about the utilization of facilities and the total cost
of operation. o

The first section provides background information on queueing con-
cepts and how these concepts may be used by the operations manager as an
aid for decision making. '

The following sections present a situation in which the computer
model may be used as a tool for analysis of some possible aliernative
management decisions, These illustrative prablems include complete instruc-
tions on how to use the computer program QUESIM.

9.1 THE QUEUEING PROCESS
This section contains an introduction tg some queueing concepts. No
mathematical formulas are presented, although references are given for those
readers inlergsted in a detailed presentation of queueing theory.
r7s

F
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of
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Arrival
. Patterns

2

The gqueucing process is centered argund a service system which has one or
more service channels, Customers {arrfvafs) are drawn from an inpu! source,
or population. ln queucing models, the customer arrivals from the input
source ar¢ generdlly characterized by a probability distribution. The symbol
commonty used 1o represent the mean arrwal rate of customers is the Greek
letter fambde (K], Any arrival entering the system [oins 0 quewe, oF wailing
fine {1 gueue may be of zero length). The customer is sclected from the
queue for service according 1o a quewe discipline or 2 priprity rule, Usually,
service times follow some probability distribution and the average service
rae is commonly represented by the Greek fettermu (). in order to have 2
stable queueing process the average service rate (i) must be greater than the
mean arrival rate (A}, After service is completed the customer €xits the
system. See Figure 9-1. .

Generally, a queueing system is characterized by ihe following prop-
erties: .

118 arrival pattern,

I1s service time distribution,
Its queue discipline, -—
Its layout, or customer-flaw patiern.

.

The feature that makes some situations into queueing siluations and other
situations non-queueing is the nature of the arrivals (o the system. Arrivals
are the customers to the service facility, since they are the people or things
that need to be processed.

in the situation where 2l arrivals are on hand, such as a large stock of
raw materials, the service center may process arrivais at will, and there is no
real gqueusing problem as such. In other situations where appointments are
made ahead of time, there is also no real, or al least visible, queueing
probiem. '

The really interesting problems, those worthy of being studied as
queuging systems, exist when arrivals are not controlied or controllable by
the service cepier, The madst commorn assumplian made in these cases is that
the time intervals befwesn consecutive arrivals are independent random
variables. Each arrival 15 considered ta be unaffected by the time at which

Senvice syskem

Served
Cuslomers

Arrivals

Cuslomers
I gueus Ervice

thannel

Figure 31 Single queus—1ingle channel, single-phase queueing process.
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QUESIM

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
customer does not really know, or care, who else is placing a cail.

Studies of queueing sysicms have revealed that the time intervals
between consecutive arrivals are ofren distributed according to the negative-
expoenential distribution. (Longer time intervals have a lower probability of
occurrence.) In this case the number of arrivals expected farms a Poisson
distribution, Other arrival distributions are possible, but the Poisson distribu-
tion is the most frequently oceurring distribution.

The simplest situation is that in which each arrival requires the same time for
service as every other arrival. A vending machine, for example, is usually
assumed to have a constant service time. The maost commonly assumed
service time density distribution, however, is the negarive-exponential dis-
tribution. The sarvice pracess may be further characterized as being single-
phase (one operation] or muftiple-phase (2 series of operations).

The queue discipling is the priority rule by which waiting jobs are selecred
from the queue for service. Because this represents a directly controllable
detision variable, an extensive amount of research has been done in this area
ot queusing theory. . .

The most common priority rule is the first-come-first-served rule
{(FCFS). According to this rule, the first job to arrive in the queue will be the
first job to be serviced. In addition, the following priority rules have received
much artention: {1} the random rule selects the job which has the smallest
vajue of 4 random priority assigned at the time of its arrival, and (2} the
shortest operation time rule (SOT) selects from the queue the job which
requires the least processing rime at that service center.

The layout or flow patiern of a queveing system is lacgety determined by the
specific servicing requirements of the arriving population, and by the physi-
cal limitations of the service facility.

This factor of specific servicing requirements is important when the
job must be processed through a specific service channel or through a
particular sequence of operations. If the job has no specific routing require-
ments, however, this factor becomes negligible. If the job requires several
operations, for example, it is possible that the sequencing of these operations
is of no cansequence.

The physical limitations of the service facility are important, 25 they
aftect the facility layout. These physical limitations impose an addirional
constraint when they tend to limil waiting areas for jobs, As an example, one
muy prefer to have a single-queve, multiple-channe! service facility, but
adeguate waiting space may naot be available. The follawing arrangements are
sorn¢ exzmples of system geomerry or job-flow patterns; single queve—single
channel {Figure 9-1}, single queue—rmultipic channels in parallel (Figure 9-2),
multiple guewe—multiple channels {Figure 9-3), service centers in tandem
{Figure 9-4), and service centers in a network.
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One of the primary purposes for studying queueing theory is its predictive
capabiiities. In turn, this predictive capability is relevant 1o the design and
control of operation systems. Some of the operational characteristics of a

queueing system which may be of interest 1o a manager are the distributions
of:

1. Queue length.
2. Customer wailing time {in queue and/or in the system].
3 tdle time of service facilities,

4. Number of customers in the service system.

These distributions may be described by their mean value, standard
deviation, and the probability that the variable exceeds a specific value. With
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information of this nature the gueueing system coubd then be designed {or
altered) so that

1. The resulting operational characteristics are within acceptable

limits.

2. An economic criterion such as cost {or profit} may be minimized

{or maximized).

An economic criterion may be established if one can associale 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 zn arrival waiting io line (or in the
system] and the cost of service are known, the measure of effectiveness
could be a cost-minimization function.

For solving operational problems which may be characierized 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 tor describing the operaticnal characteristics.
Secondly, even if the queueing process does not possess propefties of
well-known distributions, one can still attemnpt to solve the problem by
means of Monte Carlo simulation. |n this approach, empirical or assumed
data for arrival and service time distributions are used as bases for generating
a large number of arrivals and services, on paper. This may be done by hand,
but for a-large simulation it is most often done on a computer.

Since QUESIM is a computer simulation mode! for waiting lines, the

development of the analytical formulas for solving these prablems will not -

be presented hery. For readers intcrested in the mathematical development
of these: formulas see Hillier and Lieberman, Morse, and Saaty, in the
references for this exercise.

In this section, a sample problem suitable for the application of the
computer model QUESIM will be presented. The QUESIM model iiself will

~then be described. This deseription will point out te the user the types of

systems for which QUESIM is applicable 2nd the control options available 1o
the user. Following the above, detailad descriptions of both the camputer
input and the computer otput for the sample problem will be given.

John Entreprencur, who is a senior at the |ocal college of business adminis-
tration, is going to open a campus ice cream shoppe The store features
seventy-eitht wvarietics of ice cream [more than double the number of his
competitor), and ﬁretw coed's 1o serve them. Even though John's stare will
have more {o offer than his competiter's store, catied The Establishment, it
is hypothesized that in the first fow months locat business will be roughly
divided between both stores,

John also feels thar the confection industry has a high index of
substitutability and the improved availability of .ice cream due to the
apening of his shoppe in the near future will marginatly increase the gross
sales of both stores, rather than merely dividing the present sales market,
john's marketing research efforis have turned up the following information:



|
180
COMPUTER MODELS
The
Quesim
Model

b

the distribution of customer arrivals into his shappe will most likely follow 2

- Poisson distriburtion, with a mean arsival raie of 60 peopie puer hour, John

has planned that upon arrival in his shoppe each customer will take 2
sequential number and await his lurn for service. This will facilitate his
servicing of cusiomers on a first-come-first-served basis.

John's preliminary analyses also show that gne server {whose wages
are $1.80G per hour) can be expected 10 service abou! 30 customers per hour,
following a negative-exponential distribution. Moreover, Jobn's marketing
research shaws that when the service rate is slower than the arrival rate,
customers will leave rather than wait in a long line. John estimates that his
tost [possible opportunity cost) will be $0.05 for every minute that a
customer must wait.

Thus far, however, john has not been able to ascertain from his
research data the optimum number of servers 1o have on duty. Logically, he
knows Lthalt more than one 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 svslem in order ta
minimize total casts. He could, in Fact, actoally operate his shoppe with one
server, [wa servers, three servers, eto., -each for a periog of time, and
calculzie his total costs. However, John has an alternative, and that is to
simulate his ice cream shoppe operations in a compressed time period with
QUESIM. Using QUESIM, John could experiment with using one, two, three
servers, and so on, until the model indicates to Jehn the optimum number of
service channels 1o have in his service facility. Moreover, the simulation can
be done in a short period of time, as opposed to waiting for weeks of
empiricat datz from aciual aperations.

QUESIM is a computer model developed for simulating single-queve, single-
phase, parallel queueing systems, that is, the type of system proposed by
John Entrepreneur. The model determines, through an iteralive process, the
optimal number of service channels to allocate to a service facility. The
configuration, or design, of the service facility is under the control of the
user; hence, the user must specify the fulluwmg characteristics of the
queueing system to be studied:

1. The arrival distribution, the mean arrival rate, and the costs
associated with arrivals waiting in fine.

2, The service time distribution, the mean service time, and the cosls
of idle servers.

3. The simulation control limits, or the initial and maximum numbet
of service channels (up to ning) whu;:h may be considered availabie 14
the service facility during a simulation run, and the maximum length
of time for the simulation 1o run,

M
(A

The above information on arrivals, servicas, and simulfalion contr
limits comprises the input for the computer program, QUESIM,

The computer output includes, at the top of the page, the use k

-———
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input data as a means of identifying the user's (problem) output. Following
this identification informatjon, the first twenty simulated arrivals and ser-
vices are printed in a tabular form. The program then prings out statistics for
the number arrived, number serviced, actua! simulation-run time, maximum
length of queue, mean length of queue, mean waiting time in gueue, 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 channels has reached the maximum allewed or the toral
cost of the system with & servers (channels) exceeds the total cost with & ~
T servers, .

An example of the application of program QUESIM to John Entre-
prencur's problem is given next,

Shown below are the inpul data cards required by QUESIM for solving
jahn's |ce Cream Shoppe Problem. In all, four data cards are required to run
program QUESIM; they are the user name ¢ard, the arrival data card, the
service data card, and the simulation control card. Each card will be de-
scribed in turn.

Liser name card is the first card, This card may contain any identify-
ing information (such as the user's name) which is desired. The identifying
information is keypunched in the first forty card columns.

MASFRD GOESTRH PROELFM OHF

AONIRIRRn oo una s aneuisannonnodnnntopgntd
LPA b L S U I A E A RN ANARED R RN A
— i —

!
+
I
|
|
I=

Arrival data card is the second data card. This card contains. the
arrival type (the arrival pattern) in celumn 1, the mean arrival rate in
columns 11-15, and the cost per unit of waiting time in columns 21-25. On
this and all data cards, the user mwst keypunch all decimal points. For [ohn
Entrepreneur’s problem, this card is illustrated below. N

1.4 .05 :

-
L N N N NN RN R RN NN R RN RN RN RN
Ililil1I!ill|:|l|ullIlllll-llznlnnunu:lll"l!:llnhnllihﬂil Ii!ﬂhul‘lf'l

Gl e — — — e el e — e ks Al T — ——— e r—

The 1 in card column one is for arrival type code 1, which specifies
the Poisson arrival distribution. The 1.0 in column 11 specifies a mean arrival
rate of 1.0 customers per time unit, and the .03 in column 21 represents the
cost per ynit of waiting time per arrival in John's lce Cream Shoppe.

Service dutg card is the third data card, This card contains the service
type (the service time distribution) in column 1, the mean service time in
columns 11-15, and the cast per unit of idle service time in columns 21-25,
For ohn Entrepreneur’s problem, this data is shown below.

o 2.0 . 03

R L N R R R R RN R AR AR R E N R AR NN RN N RANY;

RN ||!IIIIuulil!llllllliﬂnz;uqn:'ifl unn114:;»:.;;!umluﬂr:uuu- o
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mum number cf sy b g Coe e i nd the simulation-run time
incolumny 2125, Jap Bty botee s as e oo Blees, The simuolation contr?i
card is shown beluw, fhe 1o o L+ ¢ .0 1o tor this simulation data is In
minuies.
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The complete bisting ut the Tonr inpus data cards, one card per Lypewritten
line, is shown in Figure 5-5.°

MAGULARL WULSIM FwOuLCW UNE

1 1.0 «0%
Fa I‘iu a¥3 *
1 ¥ 60,

Figure 86 Computer input-Jghn's e Cream Shoppe,

Shown in Figure 9.G is the vumputer sulpul for the first teration {one
channel) of Jahn's lee Cieam Shoppe Prablem, Al the top of the camputer
output, the information input v the fowar dara cards is printed out.

Below the problemy idvntidatiom wformation, the first twenty arriv-
als of the actual simubition are tabuliied. This does nol mean that only
twenty customers Jrrived i 6l e umits, e computer program is design-
ed to print out a table for only e firsl Lwenty arrivals, regardless of the
simulation-run time specified,

In the simulation table the column headings are the customer’s
arrival time and bhis departure time 2t his respective channel number. The
program specifies that the first customer always arrives at time zero, hence in,
Figure 9-6 customer 1 arrived at time 0.0. The randomly selected service
time for the first arrival was 2.6 time units; thus, the first arrival departed
from channel aumber 1 (in this case 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 ar simulation time 3.3 The arrival and depar-

ture times printed out are rounded off to the nearest one-tenth {01} time
unit. Constquently, Lhis rounding off makes the arrival and departure times
of some customers appear 1o occur al the same time, for example, customer
number 4 in Figure 9-6.

Below the sample simulation data, the summary gqueueing statistics
and operation costs, which are the information of most interest, are printed
out. The first line telts how many arrivals entered the system and how many .
were serviced by the end of the specified simulation-run time. The number

-of arrivals will always exceed the number served, by at least one. This is

because in program QUESIM arrivals nccur before departures and elapsed
simulation tlime i checked only when departures occur. Next, the maximum
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PROGRAM QULSIM FDR MAGGARD CQUESIM PROBLEM DHE

ARRIVAL TYPE 1 HATE = 00 COST = + 05
sEuvicE TYPE 2 TIME = 2.00 COST = .03
MO. CHAMNELS START | ™Ak 9

AKX TIME an

FINST TWENTY CCCURANCES FOou #e)l=aSERyICE CHANNELS

AREIvAL cmeme=DEPARATURE TIME AT CHANNEL NUMHEH==w=*=
TIME waw ONE Twd THREE FOUR FI¥YE S1X SEVEN EIGHT WINE

L] 2.5

«0 |

« T L
9.1 5,1
4.9 b5
8,0 8,6
8.1 b B
q.l 9.‘
L, 2 12.7 *

Til,4 F2,8°

18,6 15,2

2l.4 29,4

AFTER .54 ARRIVED 35 SERVED &0 TIME UNITS
QUEVE=MAKIMUM LENGTH = Le
~MEAN LENGTH = Seh
wMEAN wALT TINE = Gaik
SEHVICE UTILIZATION = 89.f FEHCENT
COSTS=walT IN UUEUE 33l.1 UNITS AT % w05 = 5
LOLE SERYICE &.,2 UNITS AT § 283 = § =19
TOTAL COS5T OF OPERATIONS 3

Figure 9§ Computer ourput=John's lce Cream Shoppe,

length af the gueue, the mean number of customers in queue, and the mean
waiting time in the queue are printed out. Then, the percent utilization of
the service facilities is printed out. This is followed by the cost calculations.
First, the rotal waiting time cost, which is the tota! waiting time of ali
customers in the system multiplied by the cost per unit wailing time, is
given. The next line gives idle time cost, calculated as units of idle time (in
the service facility) multiplied by the cost per unii of idle time.

The last ling printed out is the total cost of operations, which is the
idle time cost and the waiting time cost added together. It is this value that
the simulator uses as 2 basis for comparing each iteration o the previous
iteration for the purpose of determining when to terminate the simulation.

In the sample problem, the basic issue facing John Entrepreneur is
the aumber of service channels {servers} he should have in his ice cream
shoppe. The summary statistics for one channel {Figure 9-6) indicate that he

"
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the cuslomers far excevids (e oo e oot OF the single sersver. The -
cost of $16.74 consists almung 4ot v o wailing time costs,

The simdusion contred cgrd T this nrablem requested thar s
QUESIM initially simulate Johin l_ntrpprunuur's system with one i
channel and continue 16 simutate his syiem, adding one additional TR L
channel each run, until 1he wmaligion terminated, The simulation
terminate either when the 151l cost of ghe systemn with & servers exceeds ie
total cost with & = 1 seryers o1 when the maximum number of aliow b
service channels has been reached,

For tohn's problem, the oftegl of adding additional servers in t -«
shoppe is shown below. The cost Liguees @0 Figure 9-7 come directly oo
the computer printouls for the sulution to john’s problem. These figures
like all simulation resuits, are a4 tunclion of a2 random number gererat.:
which may be differen? [ur cach cumputer. Hence, these {igures may *-
slightly different on different computers.

Number of Waiting idie time Total cost
channefs cost {5) cast {3} of operarions {3)
1 16.55 g9 16,74
2 7.14 0.49 763
3 026 . 2.61 2.87
4 096 3N 467

Figure 37 The total cost of gperations for gne 1o four
tervice channels,

Figure 9-7 shows that adding a second service channe! dramuticai.
reduces the cost of cusiomer waiting from $16.55 10 $7.14. Adding 4 ibn1e
service channel (server) continues 1o decrease waiting time cost and i 17
number of servers which minimizes the total cost of operations. Thus 1i.
solution 10 John Entreprencur's problem, as given by QUESIM, is tor jub
to provide three servers in his shoppe operating under his expegted sicdds
state conditions. Keep in mind, however, that if we treat each simulain:®
fime unit 25 one minute, we have simulated only gne hour of operatien:
Thus, John may wanit better data andfor a2 longer simulation run buivit
coming 10 a definite conclusion about his problem.

g3 |OHN'S ICE CREAM SHOPPE REVISITED

john’s

Grand Opening!! John Enrrep:cneur s ice cream shoppe is pow open. He

New oo excited about testing out his previous conclusions on the number o

Data

servers to have in his shoppe that after gbserving only the first fifteen arriab
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he rushes over 1o the Jocal computer center to simulate QUESIM with his
empirical data. In recording his data, John kept track of both the time that
each arrival entered the shoppe and the time it took to serve each customer,
To |ohn's surprise, he found that all of the service.times were a constant,
threr minutes. John now wants 1o use program QUESIM with the dara that
he has obtained. The required input and the resulting computer output for
John's new data are described next. |

The user name cord is Always the first card in the data deck.
The arrived data caerd s the second card in the data deck. For this
problem it reads as follows:

4 1] .03 15,

RN N R R R R R A AR RN R RN AR R RN R RN
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Mote that in column 1 of the arrivef date cerd the code number is 4,
which specifies that alt arrival times are 1p be "read in"' from additional data
cards. The cost of waiting is punched in coiumnd 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 reguired in the previous problem, here it has a
specified value of 15.

Read-in arrivafs are keypunched twelve per card and immediately
follow the arrival data card. Since John has fifteen data vaiues 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. Natice that it is the actual arrival times that are
recorded, not the elapsed time between areivals,

0 9. 13. 19. 34, 3u, d. 28, 39, 42, 2. &3,
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&5, 65, &%,
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The service dota card follows the arrival data cards. John noted that
each service required exactly three minutes, i.e., a2 constant service time,
Code 3 keypunched in column 1 specifies a constant service time. The
service data card now reads as Fallows:

R 3.9 W03

ponaeddnantoancndndniengooacaanantenidqoneieian
AR T N R LY NN L L Bs

This card reguests a consiant service time of 3.0 time units per arrival
at a cost of $0.03 for cach uniy of idle service time.
" The simulation controf card is again the last card in the data deck.
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John naw specifies a rua with from one 1o rume channels and 2 simulation
time limit of 100 units. These paramelers are shown below.

i ? LU
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Figurs 88 Computer input—John’s lca Cream Shoppe Revisited,

PRUGRAM QULSIM FOR WMAGGARD OUESIM PROOLEM T
ARRIVAL TYPE & AATE = 0 COST = « 05
IS AWRIVYALS READ Iwn A% FOLLOWS
] 9 13 19 3& 3 17 A3 3% 42 ol al}
&5 65 G
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wMEAN wWaAlT TIME = Z+1
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ToTaL COST UF OPERATIONS : | 380

Figure 88 Compuler output—John's lce Cream Shoppe Revisited,
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The complete input data deck, one card per typewritten line, now
appears 25 shown In Figure 9-8,

Computer Shown in Figure 3-9 is the computer sutput for the results of this problem
Qutput® for one channel. On the computer autput, the identification information at
—John's Ice Cream . top of the page is changed to reflect the changes in the input d2ta. The
' Rf::ﬁf; arrival type, service type, and simutation-run time are different from the
previous situation. Furthermore, the simulation table is for only fifteen
arrivals and services, as that is the total number of arrivals read in. Notice
that on this culput 2 warning message [** *WARNING****QUT OF DATA
BEFORE TIME LIMIT****} has been printed out, This message is printed
" out by QUESIM because the last arrival occurred at time 69, which was
before the simulation time limit of 100 units. Moreover, the service facility
. was idle {rom time 77 to time 100; thus, the actval idle time in the service
facility is overstated 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 a lower, more realistic, time limit. The
summary statistics and cost infermation printed out below the simulation
table is the same for 2l} computer printouts. '
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9.4 QUESIM DATA DECK STRUCTURE

Ar—.-“ff TN dita cand must always be included
Laruds
Parmat  ltem
. H ll code* for distribution
: .11 il:.-,U mean arrival rate per unit time
- | :*1:2: cost per unit of waiting time

no. of arrivals to be read in
=t taeinal data card i optional, depending upon the data, Its

7R~ L2ER0, 50 thay arrival times are punched, 12 to a card,
eI 23, 6410, 11415, 16-20, ete.
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14

r/ Adddlonal data 1
( Simutaiion conttol card
ra

P e —

1/ Raad-in warvice deia card foptional| u

/ Garvica dats card

rd

L . I
zj_ __r

¥ / Ruad-in arrive] data card Loprionat)

/ Aty dete ol

Liper nams el

3. Service data card must always be included.

Card
colurnng Format Item
1 11 code® for distributian
1115 Fs5.0 mean service time
21-25 F5.0 cost per unit of idie time
3133 F3.0 no. of service times to be read in

4. Read-in service dala card is opticnal, depending upon the data. lis
format is 12F5.0, so that service times are punched, 12 1o a card,
in columns -5, 6-10, 11-15, 16-20, etc,

5. Control card must always be included.

Card )
columns Farmat frem .
1 i bepinning no. of sarvice channels
71 n maximum no. of service channels
21-25 F5.0 simulation run time

- =Code for distribution

1 the Poisson distribution

2 the negative-cxponential distribution
3 aconstant rate ‘

4 historica! input data, read-in
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9.5 QUESIM PROGRAM LISTING

PROGRAM QUESTH

COPYRIGHT LJUNE |97y HOY O HAIRIS
THIS VERSIUN FOR THE 1AM/ 3460
pICTtIUNARY OF VARIABLES

AT TIME THE HQURS OF SYSTEM JULE TIME = TOTAL
ANUM I SHUN NUHBER OF HEAD IN ARAIVALS AND SEARVICE
Ak {5V AH ARALY OF READ IN ARRIvaL TEIMES

:AHA RT4ARR TH THE ARRIVAL RAY[L AND MEAN TIME

Cm

CIuLE
Cumgle (1009
COSTS

aM ARRAY OF BRWIVAL aND SERVICE ON FIRST 20 CUSTOMERS
THE COST OF SYSTEY IDLE TIME = TOTAL

AH ARRAY wHICH STORES [DLE CUSTQHMER HOUAS

THE COST PERA TIME UNIT OF IDLE SERYICE

CUSTA THE COST PER TIME UNIT OF 1OLE CuSTIMEWS
CUSERVIRCUS THE NUMBER OF THE CUSTOMER BEING SENYEU _
Coall THE cOsT OF CUSTOMERS mOUAS W QuUEVE= TOTaL

De# KHIGDER Ta THE SERVICE RATE AND MEAN DURATIODN

HR SN THE RHOURS OF CUSTOMER TIME IN GQUELE=~ TOTAL
Ied THE CHANNEL NUMBER BEING PROCESSEV

1¢ SUMBER OF ARRIVALS WHICH HAVE DCCURED

KiiKS JPTION CODES FOR ARNIVALS AND SERvILE

NeMAESD CEGINNING s MBK] MUY NUMHER CHAENMMELS

PLUTIL THE PEACENT LTILIZATION OF THE SEMYICE FacILITY
oue UE THE NumMyER OF CUSTOMERS In QUEUE aT AxY POJNT
SH (%0l mid ARWHAY (OF FEAD IN SERVICE TIMES

TLuoP THE TOTaL COST UF THE SYSTEM

TIMEs {TIME CLOCR TIMEsMaz STHULATION TIME

TaRY THE LATEST ARRIVAL TImE

THUPR THE OEPAATUHE TIME OF THE LATEST UEPARTURE

Kt TR KMNT X

“AY BE SET aMTIFJCALLT FOR PROGLR&m EFFICIENCY
HELN walt YIREoMEanw nuMmgiR In QUE

CUMMUN ALFHALL )y BNUMy AR(Sy0) s ARRHTy ARRTH,
LoDy CuUMyTL. CUSERys LEFRTs NEPTH: 13 JUSERV.

CriZuy 10

Ly

LY Y

RCUSs

CUMGUE [

KS+ N

2v NMELAGsUEUE +SNLMy SHISLO e STATUS(S) 9 .Te TEMEy TTIMEs THARVe THD

IFH D)
Him * E
woul = g
c HEAL AND PRI'T STUDENT NAME CARD
1 FLad (NN 23 ALPMA
wHITE {NHOUTe: %] ALPHA
= WEAL AND FAILT ARKIVal DATA CARD

WEAD [MIN,25%) Khks AHWRTs COSTA, ANUM
»H1Te (NQUTy:n) WA, ARRRT, COSTA

. & . HEAU ARRlvalL STATISTICS

I.F tlHUH‘ .LEI .!I'l,'.: Gu TO E

MUM B aNym

ARART = | 23,

ra F &

WEAL ININeZ?) {aRiI)e | ®= 34 NUM3
WRITE (NOUT, 8) NUM

wBITL ANOUT+29) (aklis 1 = [ NUM)

C SET AWFIVAL TIME AT [NVEWRSE OF aRRIvaL RATE
¢ arRRTH = 1.y /ARRRT
C HEAD AND PRINT SERYICE DATA CARD

REALD INIne; 5 KESs DEFTMs COSTS: SHUM
W[ Te (NOUTr30} KSa DERTH, (OSTS

1F tshum «LE. Q.0 GO TO 23

MUM " SNUm

LEPTH =z | 27

S B o

HEAV (NENSZT) 1SEEINe T = 13 WM
ERITE (NOUT.3|? NUMm

/6
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10

11

id

WRITEL (NOUT»29) iSReiYy I ® 1, wuMmp
SLT SEMYICE RATE AT INVERSE OF SERVICE TIME
LEPKHT = 1.0/0EPTHM

KEAD SIMULATION CONTROL CARD AND PRINMT
HE&ALD {HIN'I2: N+ MaxS* TTIHE

eWITE [NQUT933) My MuES

sHITe (NQUTy 14} TTIME

CHECK SIMULATION RunN LIMLTS

iF TARRRT .LE. 0,00 GO 1O 7T

[F IVEPT™ +1lE. pa.g! GO TD 7

1F {ITIAE JLEs Q.p) GO TO 7

IF in LEGs y) GO TG 7

IF {MaxS LT, WY GO TO 7

1F ifKa L(Eude ) GO TQ 7

IF IRk 6T, ) GD TQ T

iF (k5 LJEQ. .Y GO TO 7

IF (K5 ,GT. -} GD TO 7

IF [ANUM LEQ, v.pb GO TO &

IF {ANUM GT. Sgo.0) GO TQ T

NUM = ANUM

O & 1 w 2+ NUM

o o= =]

IF {1aR(J) .GT, AR(I)} GO TO T
CONTINUE

If¥ {oNuUM JEQ, H.0) GO TO 8

IF (SNUM GT, SQ0.0) GO TO 7

NUM = SHUM

UD & I = 1s NUM .

IF [5HEI) oLT. Da@) 60 TO 7

CONTINUE

GO TO =

PRINT QUT DATA ERRQOR SESSAGE

wHITE [(HOUTS)

WRITE (NOUTs &)

50 To 1

END UF INPUT DATA CHELCK

HCOOF » 999999 .9

SIMULATION OF & GIVEN NUMBER OF CHAKNELS |N) BESINS HERE
INITALIZE SYSTEM FOR NEKT SIMULATION RUN
TIME w» 0.0

THARY = 1.0 L - . - e

GUEUE & 040

CCUMUTL = 0.0

CUSEMV . (.0

i w .

REUS = g

NFLAL & 4

1USERY & U

ST = RaAMO(]1Z3I454T)

LU lu M = Js 100

CUMQUE (M) = 14,

U 1) b ™ 1y H

TROPH L] & B93999,9
STatusiL) = ¢.0

v k2 I ®m 1+ 20

Lo 12 J = 1 10

CHily J1 ® .0

PHINT HEACINGUS FOR RESULTS
wRITE INOUT I

aRITE tNOUTaIHY N

wHITE (NOUT 9} -
wHITE (MOUTxai)

O T R R A R o N T R B E R TR Y 0 I U uny i S-S S S Sy uy "N I R "SI Say R S, S, SN A S v "N S O AN B N W O Y

T,
Y

T4
LY ]

[ 1]

-}

1]

At
1]

b

Tu

7l

Te
Ta

T
s
T
71
Te 7
T
Ay -
a)

B
LY
82
.1
Bf
Ep
g
Su
91
Sz
g4
Q=
G2
G
el
9o
g4
10«
il -
10«
104
10+
10>
194
101
1gs
ig+
Li+
111
114
114
il
1=
lle
111
118
11
12v
12l
12¢
124

—— s = nmp

qah e
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it
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1w
du
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1 o QUIFSIM
5t T FIAST ARRIVAL QCCURANCE AT TiugE ZERO A L2
TH‘H‘ w .0 '5:-' A 12’
CHiLs 10 = D 4y ' . A 1EH
1L = 12+] A 127
MALM STHULATION BRAWCH POINT A 128
CHECR EACH CHANNEL [n TURN FOR POSSIHLE DEPARTUAE . & 129
IF ALL CrANNCLS ARE [DLE (THRRR = 995999.%) THEN GU T ARRIVE & J3v
LF AL ChANNELS ARE sUSY [TNARY IS ,GE. TNUPR: TREL GO TO &RRIVE 4 13
[F & CEPART 15 NEXT (TNDPR IS .GE. TNARY) THEN GU TO DEPART A 132
SEY a~D IVALUE MEEP MULTIPLE DEPAHTURES IN COWRECT TINE SEQUENCE A 13J
5£ET = SBugsEs, A 13%
b 1w I = 14 M . & 139
IF (TSOPRIIF .GT. ThaRY¥) GO To 14 4 136
IF CTNDPRIL) oGT. SET) GO TO 14 A’117
SET = THOMRITI - A 134
IvaLulE w [ . A 13V
CONTINLE A Ly
.1 = IvaLuE oolal
ll:‘ (SEZT «LT, BHA/BA,) 50 TO IS A l&d
caLl sAmIve™ A lad
Yy T 11 A likw
CaLl FEPANT A lab
UM RETURN FROM DEPART CHECK SIMULATION TIME LImIT A lab
IF 4TV]I=E ,GT. TIME) 60 TQ }3 A lat
ENU- LY SImULATION Run=-=FRINT FIRST TWENTY TRIALS A lan
i = tsa] A jav
IF ICUSERY JGE. 2ougr GO TO 14 A 150
MAE = CUSERY . . A 1S)
o To 7 A 152
NEIK = 28 A lSa
UD 12 I m 1 HEX A LSe
wHlTe (HOUTwal) (CHOLs- JbEs J = 1y ML) A 15%
COMPITE mOURS IN UUEUE FOR SuWMaRY PRINTOUT A |54
RASHU = 3,0 A 157
HANQUE., = |, A 158
uy g, o= ZFy LO0 . & 15Y%
1F 1{L=QUE (M) LEQ. dav) LO TO 19 A 16w
MAXQUE = Mw] 4 1el
M o= F— A lag
MRS T PR SHge [ K UE ()] A 164
IF LlmiaUUE «LTs 951 GO TO 21 A 16+
wHITEe [MOUTs e A L&D
I¥ InNFLAG JNE. Te) Go TO 22 & lan
[ TE [MNUUT s 3l A 1&7
A O N * A LleaH
alg = 12 ' A]leY
PRINI SUMMARY STaT[STICS FOR TAls NUMBER (M) CHANNELS 4 jtv
WHITe [iQUTwseel [Zs £USENYy TTHE A 171
ar]Te (QUTs 5} WARGUE ' A 1T&
AT xr = ARSNG/TIME 4 173
wH[Te “=CuTe . &6) AMNTA A [Tw
AHNTM = ~RSMNLARTZ A L¥S
ety (HOUTe 71 KENTM A LTo
PCYUTIL & ({CUMUTL/TIRE) #1004 /%N A LTT
mHITE [MOUTs.8} PCUTIL A v
Cwall- = mHSKNU*COST s [ L
wH]Te (~MOUTeu?] HHSNUY COSTA. CwalT & lag
AlLTIME = (TIME®AN|=gyMUTL A 18l
CioLe = alTlIHE®LDSTS A iBe
=HITE (NOUTsop! ALTIMEs COSTS. CIOLE A LB
Tgod® = CIOLE+CwalT A 18%
mRITE (MOUTegy) TLOQP A 1859
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c STOF RUN IF TCOOP IMCREASED FROHM LaST SuUN
IF (TCOOP ,GE, BCOOP) GO TO |
c 5TOP AUN 1F miRIMUM WURHER QF SERVERS REACKED
TF (N LGE, MaXS) 50 10 |}
C UFDATE NyumbHER OF CHaMNELS AND CURRENMT TOTaL COStT
N B M|
oCO0P = TLOOP
c JRETumN FUR NFEET RUM wiiW MORE CHANNELS (N)
0 TO o
C .
23 FORMAT  (LgAa)
Zn FURMAT [2QHIPROGRAM GULESIM FOR «)DA4)
2% FURMAT  (IL+9X+Fh.peaheF5.a5heF3.0)
26  FURMAT  (laM ARRIVAL TYPE +I)+AM RATE & +Fg.Zr84 COST =.Fp.2]
‘7 FURMAT {12F5.0)
28 FORMAT  )hH 4les2Bm ARALIVALS FEAD IN AS FOLLOWS)
&y  FORMaT (1M ,12F5.0} N i . ) :
30 _FORMAT  [jaH 'SERVICE TYPEL «I1+RH TIWME & FB,2:87 COUST =,F8.2)
31 - FORMAT  [1h oIss2RM SERVICLS READ IN AS FOLLDwS)
+32  FOAMAT  LI1e9Xells9keFS,.410 .
33 FOHMAT  iz2pH WD CHANNELS START w11+5H max 11}
k™ FUAMAT {10H MaX TIME yFeaul .
3% FURMAT  {35H =eesERRUA 1N QUESIM DATa CARDSEeSe)
T FURMAT {34H **&sCDHRECT DATA AND TAY AGAINewSS)
ar FORMAT {1Hp)
3o FURMAT  §i3]1H FIRST TwENTY DCCURANCES FOR #4411+ JHH**SERYICE CHANNE
1.5}
39  PURMAT  (uM ARRIVALsadsd4H==ca==NEPARTYURE TIME AT CAANNEL NUMBER--
]====} .
»Q FUuRMaT (om TIME==sgakyaandNE ToD THREE FOUR FIVE S1a SEvEN EIGHT
. 1NINE)
"y FURMAT  (JH +FB.14320,9F5,.1) -
“y FGRMAT  {50My et SwaRN[NGEss e EXCEEDED PROGRAM LIMIT OF ggees;
&3 FURMAT  {4BH *30wARNINGe*eedyuT OF DATA BEFURE TIME LIMITesew)
-4 FORMAT (HHOAFTER+T4eBH ARHIVEDsFb. 0 TH SERVEUSFu uslln TIME UNITS
1
*5 FORHMAT (/31 WUEUE=-MaKIMUM LENGTH =317}
- FOREAT  {2an ~MEAN LENGTH =1FTsl)
47 FURMAT  (#3h =MLAN WALIT TIME wsF7T,.1]
4y  FURMAT i23H SERVICE UTILIZATION =+F7,]1+8H PERCLNT) )
ay  FORMAT  (2p# COSTS=walT 1M QUEUESF7.)+11H UNITS AT 3,Fh,2e4H = 5,
1 FRa2}
by FORMAT. (TX+1IMIOLE SERVICE #FTojs]l1lH UNITS AT $4Fbe2iaH = $9F9.2]
Bl  FORMAT  (TXs24HTOTAL COST OF CPERATIONSslakelntab9.2)
EHD
SUBHUUT INE ARRIVE ) ' -
COMMUN ALMMALLD) s ANUM, Agi5Q00)e A@upTe AguT™s €A(2u, 10)s CUMGUE!
11vdye CUMUTL, CUSERY, DEFRT, DEPT4, I. lUSERYs LIy Kiy KCUSe KSs N
z; WFLAG yUUELE v SNUMy SR{SOE) s STATUSL®Y s Ty TIMEs TTIME: THARYVY THD
ARG
c THI$ SUBRUUTINE CALLED wHEM AN ARRIVAL IS5 THE WEXT CCCURANCE
c IT UraTES THE TIME SPENT I[N QUELE
c 1T UPQATES THE CLOCK TO THE TIME OF THE NEw SHRIVAL (PREVIOUSLY
c SLLECTED!
c IT CRECKS EACH CHAMNEL TU SEE IF THE NEW aRRIVAL CAN HEGIN SERYVICE
C IF A CrAhMEL IS5 AYAILABLE 1T DOES THE FIRST PaRT oF THE
c . VEFaRT PRYCESSING UTHERMISE IT AUDS ONE TU THE WUERE
C LASTLY: }T SELECTS THE TIME FOR YAE KEXT awRIVAL TO OCCUR
HoE WUEUE
(= CHECKR LENGTH OF QUEUEr EF OVER 99 HOLD AT 99

IF 19 .LE. 991 GO TO |

D S A A A A e T T I T

DIPZIITFTI DD ETETLET

1 Ab
18/
L L
LB
19+
194
L9x
194
]9+
19>
19t
197
L9e
19
20w
20l
£he
L
20
203
Fd L
207
200
Zav
2lv
£211
zZle
£14
FEL
£15
Zle
211
cld
21"
224
221
22
223
22
222
220
227
2o
227
23u-

AL TR By -

s

Cr ———

Loy
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11
1
I3
1%

15

LT
UPUATE HOURS SPENT In QuEyE

CUMUODE 1M+3i] = CUMGUE{Mal) + TNARY =TI NE
UPDATE CLOCK TIME TO NEXT ARRIVAL
TIME = THARY .

CHECK EACH CHANNELy IF STATUS = g 1T IS avalLauLE

O L& J B s N -

IF (5TATUSILJY .GT. Q.00 0 TO 11
wu FIAST PART OF DEPaART PROCESSING
STATUS D) = | .4

GO TO (2e3s445)y RS

POLSSUN SERAYICE RATE

oo RAaMDIO)Y

T m 4HS{OEPRT*ALUGI(R) }

cu Tu r

MEGATIVYE EXPUNENTLAL SERVICE TIME
R = RANMDIG] ' -

T & ARSIUEPTH*ALOGIR))

GO T T

CUMSTANMT SERVICE TIME

T = 4ELPTH

el TOU 7 .

MeaD=[n SERVICE TIME

[USEry = RCUS+|

HUM 3 SNUM .

W O (1wSEHY LLE, MUKY GO T &
RFLAL @ Tp

Ta &b&bbb.

wl) Tuw 7

T = W {JUSERY)

"SET TIME OF NEXT DEPoRTUNE

THUPH (]} = TIMEST

STORe FIRSY TWENTY UEFARTURE TIHEE In Cu’
ACUS = KCuSe ]

IF [ACUS LT, 2ul GO TO &

1L = s} h

CHIKLLS [1) = TwDRR(J)

LUNTIRUR .

ChECH LF QUT OF SImyLeTiOm TIME

IF (FTIML ,LT. THDPR(J)] GO 10 3
ACCUMULATE PHDCESSING TIME
CuMuTL = CUMPTL T

CUSEMy 3 CUSERV+] .0

WO Tu | »

LMD UF SImulsaTION YPDATING
LAST DEPARTURE FOQRCEL QUT AT TTIME

TR & T={INDPRIiJI=TTIME} .
IF iTr «GTs uea! GO TO 13

Tm = {»

THURPm o) & TTIME

CUMUTL = CLMUTL+TK

ed Tu 1»

[F (4 LGE. M) GO T 11

CUNTIKDE

ALL CraMMELS aRE HUSTs ADD OnE TO TmE QUEUE
UUEUE = QUELE »

SeLECT ARRIValL TIWME (STORE FIRST TwWENTY N Cn}
O TU L19slas1TejB)y KA

POLISSON ARRLIvaAL TIWE OLSTRIBUTIOM

H & #nanDi1g}

THARY = AHSC(ARRTHALUGIR)}

THARY = TNARY+TIME

4

T DI JTT LIPS RAIGEIAN I I I PA IO EFEI I IO DI I I IO LSO OIS CODCGAIIIIOIDE
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[

le

AN aanaha

L]

™

lb

iy

[ 2F

1 . ;
12 % fzey <0 - o

IF i 67, 203 GO Tu 20
Cmllsdy I3 = rrHaRy

Gu Tu 20

NEGATIVE EXPO ARRIVAL TIME DISTRIBUTION
E = Aanb10)

THARY = AWSIARRAT®ALOG (A}
THARY = THNARV+TIME

1L = 12+

[# UIZ JGTs 270 GO TO 20
trtlde 1) = THARY

Gv Tu 20

CUNST&NT ARRIVAL TIMES
THARY = TIME«ARHTM

[ = 1243

[F (12 .GT. 2¢Y GO To 20 -
CH{liy 1) & THaARY

Gl TU 24

WEaD IN ARRIvaL TIMES

[Z = 17+

NUM = ARUM -

IF (12 :Lt- HUM] GD 1O 1%
BR{LLy = TTFTTITa '
NFLAL = Th

TruaHY = aMilt)

thrlés 11 = THARY

"RETURN

LN

SUBRuUUTInE DEPART

CUMMUN ALPHA[IQ!, ANUM, AH| 500}, ARRRT, ARATHMy CH 2d, 10), CUMGUE;
1ivol® CUMUTL. CUSERVY DEPHTY DERTHs Iv IUSERWs 12+ Ras KCUS» KS5¢ N
2+ NWFLAG»UUEUE ¢ SHUM,y SRISLO}y STATUSI9Ly Ty TIMEs TTI®ME: THARWY, THD

APK LD

THLS SUSRUUTIME PROCESSES THE QEPARTURE OF EVERY CUSTOMER

IT UWLATES TRE HOQURS SPENT IN THE GuEuEs

I7T UPDATES TRE CLOCK TC THE NEXT DEPARTURE TIME (PHEYIOUSLY

SLLESTEDY
IT CRECKS THE LENGTH OF THE QUEUE

IF MU One IN QUEUE 1T SETS YHE CHANNEL AT AN IOLE STATUE (THIS
UEPARTURE waS PREVIODUSLY PARTIALLY PROCESSED EJTHER AT

ARRIVE OR HY & PRIOR FASS THROUGH CEFART)

IF & WUELUE EXISTS THEN TAKEL ONE FROM THE QUELEs SET ITS DEPARTURE

FIME+ SET THE CHANNEL AT & BUSY STATUS AND RETURN
M ® WUEDE :

CHECK LENGTH OF QUEUE+ IF OVER 99 HOLD AT 9%

IF [M _LE. 99) G0 Yo |

M = 99

UPDATE THE ROURS SPENT IN GUEUE

CUMUVE (H+1) = CUMQUE (M+1]1+THDRR(II=TINME

MPPDATE THL CLOCK TQ NEXT GEPARATURE TIME

TidE = ThUPR(L]

IF [UJEUE«GE,].¢) GD TO 2

THIS SECTIOR COMPLETES THE PROCESSING OF 4 CUSTUREH
neEN N0 ONE IS5 WAITEING IN THE QUEUE -

STATUSIL) & g,.0 -
THOPH I = Quyg999,.9

RETURN

TH]% SECTION UQES THE UEFPART PROCESSING

wHEN ThHE CHMANNEL naS BEEN HUSY

WUEUE = QUEUE = .9

ANNACNaAADOOANAGARAAN[ORMDROGNOANN N ICO0IISASI TP PDITCERILIII A TT IV DD

T
B
Al
8
ad
%
as
.1}
ar
A
&
Iy
9l
92
93
TS
95
9%
7
oy
99
lou
101
loe
103
Los
15
ice
lai=

L N ]
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Bl TU (Jee Set)0 K%

SELECT MEAT UEPARTUGE TIME -
POISH0N SERVILE RATE

H = HANDI(G}

T & adSIDEFRT*ALUGIR)])

GU Tu ®

MEGATIVE EXPONENTIA&L SEF!ICE TIME

R = HANDIQ} -
T & AS{UEPTH®ALOGIR!)

G Ty 8

CUNSTANT SEAVICE TIME .
T » vEPTHM . -
oD TD 8

READ=]1N SERVICE TIME

IUSERY = KL{US+1

NUM E SKUM )

IF (IUSERY :LE. UMy GO T8 7

NFLAG = 1s

T = abbbbb,.

GO TU w

T = SH{IUSERV)

TNOPH L) = TIME«T

S5TORe FIRST TwENTY DEPARTURE TIMES IN CH
KCUS = KCUS*|

[F {ACUS «GT, 201 GO TO %

Il = I+

CrIRCuS, 111 = THOPA{L)

COnT INUE

CHECK IF QuT QF STHULATION TIME

1F (TTIME ,LT. TWDPRIL)) GO TQ 10

RESET STaTUS HACK TO BUSTY AND RETURN
CUMUTL & CUMUTL+T

CUSERY = CUSERY+]1,p

STATUSY{IY w 1.0

HE TUKN .

ARJUST T AND CUMUTL AT TERmINATION OF SIMULATICN
LAST CUSTUMEH FORCED TD DEFART AT TTIME
TR & T=(THNOPRITI=TTIME)

IF (T .GY. Da0) GO TOD 1l

In = g,

TNDPH{It = TTIHE

CUMUTL, = CUMOTL*TH

STATUS(I] = .y

KE TLikm

EmnD

FUNCTION HaMND Ix)

MACHLHNE ULPENUENT RAWDOM NUMAER GENERATOR 40 TO 1)
THIS VEASION IS FOR 32 BIT WORD {(IGM 360}

R SET at POSITIVE oUD INTEGER TQ INITALIZE

A SE1T alT ZERQ TO CONTINUE STAING OF AANDD® HUMHERS
StE nnTLGHfEDHPUTEH SIKULATION TECHAMNIGQUESyWILEY *SUNSe198b
IF 1r) 2241 -

N B AR

Noa Ne1aAgT

IF 4] Jensh

M & feleTaBianZel

EN * N

WAMDE = AN/ T4HIBAT.

e TuHN

END

2.
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EWMRIY¥ELS QF RESULTS

The three alternatives available to Rie ¥alley Electries Ca-up (harein referred to as RiG)

Ardi

Mean variable Fixed cost/

sarvice cost/ mimulation
Alr, . rata unit run Description
A-1 15 $.113 51000 one premiun truck
h-3 12 . .17 1400 ocne deluxe truck-
A=3 15 .13 2004 tws prexmium truckp

For all the alternatives the FCPs prmnt-,r Yule was used and the simulacad runs were for
6000 minutes. The results for the runs arer

Maan Mean

langth walt Service Cost Var. Fix Total
Alt, Fuaue time ntil. walt cost cask coat
A-1 1.0 21.5 Td.2w $987.12 $36.18 S1O000 52023,29
A=2 . 11.% 59.4 529.42 45,42 1400 1%75.22
A= a} 1.1 i 81.25 16,44 2000 20B7.69

From the runs Rlo should chodse alternative A-2 as 1t has the lowest total cost. Howevar,
if the Rio Corpany is planning to grow it might prefer to choose alternative A-3 since
this alternative has the lowest service utilizatileon and thus would allow for tha most
growth {note the very low walting cost as coBpared to alternativas A-1 and A-2).

The lower cost aof the preniwm truck definitely changes the gptimal cost alternacive of
question 1, The alterrnatives now svailable are:

' Mean Variable Fixed cost/
sarvice castS Bimulatian
Alt. rate uniz run Cescriction
B-1l 15 5.10 5 BOD naw premlom cruck
B-2 sams a3 alternative A-2 .
B-3 15 .10 1600 two new predium trucks -

The resyles from tha coppulaer puns are:

Maan Maan )
. length walt Service Cast’ Var, Fix Total )
alt. fueue E LD util. wait cost CoAt coat
B=l 1.9 I 4.2 $987,12 527,12 § BOD $1814.32
B-2 - Ll. i 0.4 329 .42 45,42 1400  1275.22
B~1 .1 1.1 7.2 51.235 27.40 1620 1e678.65

Clearly Rio ahould S-legt U=1 as it has by far the lowest egopst and because of thﬂ low

service ul::.l!. atisp will ailow forothe greatest expansion.,
The altermatives C-1, -=J, and ¢-3 are the Same a5 A-1, A=2, and A-3, In these runs Lhe

arrival vatw W' tnor- a1 from Y to 4 per hour (Peisson). The results Of the runs are as
follovs:

173



CONCLUDING REMARKS

Ju

He an Mean

length wait Service Cost Var, §lx Taval
Rlt. fueue t ime wtil, —  wWart eesl  cpgt enst
c-1 5.3 1.8 98.0% S5788,55 14574 3ldoa :'daaa. 30
=2 1.3 19.8 Jo.B 128%,83 64,562 1a00 2100.62
-3 «1 2.1 4%, 9 137,50 51.60 2000 2189.10

Alternative C-3 is the buest selection, This is due, as was contioned in part 1, to the

fact that the alternative C-3 had room for cxpansion »9ile the others were alraady being
h:i.gh].}r utilized, Thers is still guite & differponce betwppn the waiting time c25T.

In this part we are asked to compare the result of part 1 using the other two priority
rules, 50T {0-1§, D~25, and D-135) and RANKDOM {D-1R, D-2R, and D-3R). The results of the
Computer runs are shown below:

Hean Mean

length wair Service Cost Var. Fix Total
AlE, niaue time util. wait coRt cost cost
A-1 1.0 21.5 Fa4.2% 5987.12 $36.18 51000 52023.29 . e
E~15 -9 12.0 74,2 873,51 36,18 1000 150910
b—1R 1.0 22.3 74,2 1026; 80 1657 loga 2063, 37
A-2 D 11.5 9.4 F529.42 %45.42 §$l4pg s19vs,.22
O-25 .- 0.8 5%, 4 494.89 45,42 1agd 1940, 32
D-2R « 5 10.7 59.4 493,38 45,42 1400 1938,B1
2-3 ] .1 1.1 37.3 % 51.25 %S36.44 52000 $2067.69
D35 o1 1.1 3r.2 51.01 b, 44 2000 2087.45
1l ) ] .1 l.1 37.2 52.84 36,44 2000 2089.23

In the first set of alternatives, D-15 is the best selection. This im due primarily to the
fact that the mean waiting time is less for the SOT rule since the shorter johs are worked
on first and gotten out of the system quickly.

The runs using the delumie truck, [-2R gave the best result. Here the range was not
nearly as wide as for the singls premium truck.

In the casa of the two premium trucks (A-3, D-35, and D-3R} the run using th‘ sOT
rule gave the bast results. The best explanatien for this is that because of the large
amount of slack in the gystem [35% utilization) it really doesn't make too puach di Fferencd
which rule is used, . .

2R has the lowest gost of all nine rune, This indicates that under present candli ticms
the deluxe truck would be the best selsction and that the RANDOM priority rule should be
used. In actuality the company should probably select the deluxe Truck and use a modified
S0T rula (such SOT between Bam and 8pm, all jobs in QUEUE at 8pm on FCFS until Bam fol-
lowing morning). .

1.

2,

From the results of the run, the following would be recommended to Rio:

If Ric expects the arrival rate of calls to remain about 3/hr, they should buy the delude
truck, provided the premium 15 nat available at the reduced rate.
If arrival rate is expected to increase, buy the two premium trucks.

As is suggested, the two premium trucks are probably ‘the best selsction all around. One

major reason for this would be that if one of the trucks broke down, the other would atill be
able to make service calls,

1Th
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CONTIMLL

TIFE®U=u

THARVEU,.Y

TUVE=RL . )

curuTLZ .,

CUSERVTgay

1Z=0

rRCUS=0 . -
NFLAGRQ

IUSEHYEY
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1048
109
110
111
112
113
114
115
116
117
118 -
119
120
121
122
123
124
125
126
127
128
129
130



11

121

131

1al

151

161

17L

sl

s EsRalaXnlyl

191

20l

211

SETzRanU L1 2345346Tv )
DO 111 mx),100 4!
WSVCT (M0 ,0 J‘j
CUMUUE (M =0.0
COMNTINUE
UETeRmiNE SERVICe TIME FOR THE 15T ARAIVAL
GD Tu t121»13Lv14l11510s KS
PUOISS0On SERVICE waTlE
CONTIMyE
RuHaMNRlgaqgl
TSAHSiDgFHT‘ALUGiH:l
GO Tu 141
NEGAT L vE EIPGNENTIAL SERVICE Tlwe
CONT Inyg
RaRanbilpeg)
TEAYS e R THM*ALOG{W) )
G0 Tu 18l
CONSTanT SERVICe TIME
CONTINUE
T=DEFTM
GO Tu 18l
READ 1k sERVICE TIweE
CONTINUE '
TaSRL]1
CONYINCE
OSVCT (11w ~— - - T o o
DO 371 LEyeN
THOPRIL I 2955959+
STATUSIL) =0 .0
COMTINUE
DO 3181 131+2u
DO 1ul a=1s10 :
CH{IsJ)=u,0 )
CONTINUE -
PRINT HERNING FUM WHESULTS
WRITE {nunTea?l) »
RRITE (muLiTesdl)
WRITE (nuliTragld
SET FlRy! ARRIVAL CCURANCE AT TIME ZERD
TNARY =Ly
CHilsld=u, 0
12=12+]
MAIN SImup ATION deaNCH POIAT
CHECK cacH CHAMNeL IN TURK FOR PUSSIRLE DEPaFRTURE
IF ALt CrHaNNELS aWg [OLF {TNDPR & ww9999.93 THEM GO0 TD ARRIVE
IF gL wHahhELS ane pUSY ITNARY j5 +GE« THDPRE TuEm 6D TO aRRIVE
1F & DEPastT 15 NEAL (TNOPR IS5 .GE. ThaRV) THEN GO TO pDEPaAHT
SET AND 1v¥alLUE KEgw MULTIFLE DEPAHIWRES [N CORRecT TIME SEQUENCE
COMTIMlL
S5ET=sudnons
DO 20L L=1*N
IF (IenPRUT)LGT,TNARY) GO TG 2vi
IF LTNnPRIIYLGVL.SETY GC T 2ul
SETeThDrmi])
IvaLues=)
COMTINUE
I=lyallc .
IF {5ET+LV.88Hnua.) GO TO 211
CAl.L aRwmIVE
G0 Tu 191
COMTINUE
CaLL UkraPT
Oh HETumn FROCM DEWRRT CrECK SIVLULaATIUR TIME LIMIT
IF LTIIRE.GT«TimE) GO TC 19}
EMY OF 51rULaTION wyN===PRINT FIdni TwENTY TRIALS
NLEN*]
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A
A
]
A
A
a
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]
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A
%
3
A
A
A
-
A
]
I
A
A
A
A
&
]
A
']
A
F
]
]
&
A
A
)
a
A
A
]
I ]
a
&
A
A
A
A
']

-]
A

A
&

A
]
A
A
A
A
A
A
a
A
A
|
A
A

131
132
133
134
135
136
137
133
139
144
lal
¥ Y-
143
14 &
145
las
147
148
149
150
151
152
153
15%
155
156
157
154
159
154
1561
lac.
163
lia
1.3

1h6

167
168
169
17 -
171
112
173
174
175
176
177
178
173
e
181
152
183

T18a

1BS
184
187
1Bd
189
194
191
152
153
194
15%
146



2z1
231

cal

26}

26l

271

el

IF IWUSERY GEadu,ul O 1D 221 '
MEESCUSENY d4

G0 1w 231
cUNT Inue
WEIASZ{)a
cunTiNQe
DO 261 (=) ehrX’
HRITE (UuT+501) LCALI s Y ag=)eNl)
COMT IhUe
COMPUTE HOyRS 1% wubuE FOR SyWwiky FRIMTOUT
HRSNURY .Y
Mo RQUE =y,
D £6) MEL, 10

IF {LUAGUE (MY yel el GG T3 254
HMAKQUE €m=1
CONT INUE
pMH=pM=-] -
ARSKEZTPASNGs (AMTCUMBUE fal )
CONTINUE

DIF ImuxQUE LLTeww GO YO 27

‘WRITE (myTyesl])

COMT INUE

IF InrLAGUNELTSH) GO TO 281
wRITE {muuTe921}
COMT InUE
FVES
1Z2=1Z=1
xIl=1Z
FRINT SuMapAY STaTISTICS FOR TRIS nuMpBER (N} CHANNELS
nR1TE {mUtiTa931F I CUSERVETIME .
WRITE I TeS&l) HMAXUUE
sHnT Empnangs TIME
RRITE I Te551) MRNTR
EMhTMErmarQF 51T
WHITE (MU e961) AMNTH
PCLOTIL= L ICUMUTLATINE ) #1000 A %N
wRITE {mulT«871Y PCUTIL
CwAlT=RwareCO5TA
AITIMES Ly IMEaXN} =CUuMUTL
COMPUTE wvERADE AWWIVALS FER TIME uniT
TZ=]2
AVARRAZ [ £/ IME
wEI1TE (MUNT 481 AVARRA
COMPUTE WwvtHAGE SeWVICE TIME
AYSERVELUMTL ACLUSE RY
wHITE (NUNT S91) AVSERY
COMPUTE MCAN NO. 1IN THE SYSTEM
AMMISEEANTA+ [AVARNAS L]l ,OFAVSERY T
WHITE (MNULIT,&021]1 amMNiE
COMPUTE ®FaN TIME LN THF SYSTEM
AMTISERMANTM e AVSERY
WHITE truniTegll) amTIS
wRITE (mJl|Tam21}
wRITE (wuT+831) A=SMO,COSTA . Cwhly
COMPUTE 10TAL YarIagLE CO057 .
VCOST = LOSERY*VEUYSTS
COMPUTE 10TaL Fiseu {OST
FCOSTEAN®*FCOSTS
PFRINT SUummaRY COST IMFORMATION
WRITE InUliTegsll LUSERY :VCOSTSeVLUST
WALTE (nugnTeaSlt rCOSTS.NFCOST
TCOOPSEF L UST+VCOST+CualT
wdl TE MU, T4e61) TCOOP
STOP RUN IF TCOUP INCREASED FHROM™ LaST RUM

IF (TULOOP.GE.SLUOPE GO TO 11
STOF MUl IF mMaXIMUM NUMHER OF SERveHS PEACHED
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197
i1%n
199
200
2401
202
202
204
205
20tk
za?
ZOR
209
2lu
211
212
213
2l%
15
fle
217
ALl
219
e
22,
2ee
223
L
229
22&
£el
7eéd
£e9
P B
231
217
£33
23s
735
ik
21
£3n
rELd
2ab
24l
Zh?
2hld
4 b
2as
2ab
247
Fad
249
29v
251
257
252
259~
252
zar
&5l
254
25"
2en
28l
287



£91

anl

411
3gl
3131
341

sl
KE.
S|
38l
gl
“nl
411
21
431
G4l
451
461

471
Al
451

Srl
511
521
531

541
S5l
Sal
271
58}
S91
&3l
ell
ezl
b3l

Gl
LEY
&al
|

64l
g-3-11

N

IF IneEaMAX3) o TO 1

UPLATE mUMBER OF EHnNNELS MO cURMeNT TOTaL cOST \

NEN+] db
BLUGP=TLUNP

RETURN rua NEXT Hum aITH MGRE CHARNELS iN)

G Ty je1l

PRINT Qul LATA ERMUR MESSAGE

CONTINUE

WHITE (mgiyTeaTll

wRITE (T saRl)

CONT INLUe

wALTE (mdyTae9ld

FORMAT  ¢10A4)

FORMAT (PORLPRUGHaw QUEFUES FOR vinhik)

FOHMAT LT o9 Faeu, 55 sFSa0s5XyIlawa F3,.00

FORMAT 1 1&4MOARRIYAL TYPE +Ilwgn HATE = oFB.2vBn COST m3FB.2elaH
1 SCHEWULE RULE 11 :

FORMLY  (Sax, B IHANDUM

FORMLT LS50 KBHIFCRS))

FORMAT LSSX+SHISUTY)

FORMAT 112F5.iH)

FORMAT  (1h «lés2®n ARRIVALS READ IN AS FOLLOWS)

FOokmal  ¢1m ,13F5.y)

FORMAT  (TL998FSaya5KaFlga0¢FloeurFl.0)

FORMAT L 14HMUSERVICE TYPE »Ilsan TLHE = sbge2!

FORMAT toAhal3M FLAED COST %aFA. EnulvlﬁH VaRIABLE COST ioFu-EJ
FOWMAT  4jh slaa2¥r gERyICE READ In AYg FﬂLLﬂub}

FORMAT LTl y9%,11,49%X,F5.0}

FOAMAT  (2pHONOs CRANNELS START wdivSH MAX sI1+B8Xelnnt MA&Z TIME 4F&
1.0}

FORMAT  {5LppF IRST TwENTY OCCURREACES FOR Iir)ah SERVICE CHANNE
1LS)

FORMAT  ipH ARALVYap yaXefbbemman=0ePARTURE TIHME AT CHAMKEL NUMBER==
l===a) .

FORMAT toH TIME-==,4Xs4aHCKNE TWO THREE FOUR FIvE SIX SEYEN EIGHT
ININE ]

FOHMAT (1P sFaaln 3%eIF5.11]

FOrMAT P #sowanyNGeeseUE EXCEEDED PRDGR&H LIMIT OF 9gess)
FORMAT LedHp* s ua N INGess e T OF UATA BEFDRE TIME LIMiTesss)
FORMAT LnHQPAFTER 1o AARTIVED*Fem.0?TH SERYEU'FER.DvIIM TIME UNITS
13

FOHMAT {22H QUEUR=MAXIMUNF LENGTH sbBXs17}

FORMAT 22R ~MEAN LEKRGTH BX4F9.1) -

FORMAT  L22RH =MEAN WALT TIME sS8%XeF3.1)

FORMAT  (p2H SEAVICE UTILIZATICN  L8X4F9,1,8H PERCENT)

FORMAT  132Rn AVEHALE ARRIVALS PER TIME UNIT 4FLleé)

FORmal 132H AVERWGE SERVICE TIME sFlp ekl

FORMAT  {5éH MEAN nQOu 1M THE SYSTEM™ = wklO.ad

FORMAT  (3gH MEAN JIME IN THE Gy5TEM™ sFlp, &)

FORMAT (31 HGCOST INFORMATION OF wFERATIOMS) -
FORMART  Laph COSTS-walT IN QUEUEr F9aprilH UNMITS AT SeFbe2r4H = §
1+F5,2!

FOQRMAT  1p2n SERVICE COST VARIABLeeF7.10liM UNITS AT $sFpageeH = 3
lyF9.21 [

FAQrMAT (pgn SERyICE COsT FIXED T 2,60 WwlThH ,I),14kr CHANMELS
1= ¥xF9ar! !

FoRMmAT o UReTOTaL £0ST OF QPERATIUNS $¢F9.
21
lFDﬂMAT Loy dosekl il TN GUESIM ualTa CaHUSe=s4,

FORrmMAT Lagn 2%4ongoErT CaTa 4kl THY AGali#ows)

EORMAT {P2RAYAUEYES RUN TERMINATEWLD

EnU

',

SUBRUUT pnF ARRIVE
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293
T
295
295
241
298
299
ago
301
302
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0%
I0s
306
aay
adse
309
3l
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3le
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314
319
JzZu
3zl
322
323
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izs
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51
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71
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il

COMMUN LLPRATIN) anUmM ARRRT y 2RRTMW LN 120, 10) o CUMDTL s CUSERY ,UEPRT,
UerTmel s TUS ey e [ Zama sl US v B e e hFLAD s SHUMASTATUS (G Ty
TIMr s TV IME o THARY s TRCBR (I s AVaAKHAvAVSERVy aF LI SaAMT [ 5y
VAUGTIVEOSTS.FCOSTWFUOSTS o MUl IQUECUMQUELLOL) s
CoaveT4101) sumisyg) SR IS .
THIS SUMmMDUTINE CapLl ED wHEM ak ARMLVEL 15 THE MNEXT QCCURANCE
1T Uruales THE Timg SPENT 1MW MUE
IT urkpales THE cLuUCK TO Trg TIsE wr Teg MEw aHRIVEL (PREVIOUSLY
SELECIFD?
11 CHMELAD BACHM CHamMEL TO SEE IF IME AEw ARRIVEL CAN MEGIN SERVIC
IF & CrwnMEL IS AvaILARLE IT DGES FnE FIRST PaRY OF TwE
DEParmi FRUOCESSING OTHEKRwISE 1T abDS OME TO THE QuE
LASTLYy 1T SELECTS THE TINME FOR TAk MEAT ARRIVAL TU QCCUR
IF LiwlE«LT-1uul GO TO 11
CHECK LenGTH OF Uk, IF OVER 99 MuLL AT 9%
[QUEal iy
URDATE rmypRS SPENT IN QUELE .
CONT INUE
CUMUUE § Ly PEY=CUMQUE ETQUE) « THNARY=TLME
UPDATE wLnCK TIME [0 NExXT aRRIvVAL
TIME=Thany }
CHECK EaLm ChabdELs IF STATUS & 4 17 IS AVAILABLE
UG el J=lun
IF {51 uTUSTI) ,:T.0.0 60 To &l
DO FIkSt raRT GF THE DEPART FROCESSING
STATUS i)
SET Tl¥e nF KEXT uePARTURE
THURR LI =TIME*QSYCT{]) " m——
STCRE FLIrST TWENTY pEFPARTURE TIMES IN M
KCUSTKCu=a ) .
IF aCuU5+6TaE0) GO TD 21
II£ g+l
CHIRCUS« I TI=THRRR{ L)
CONTIMUE
cmECk Ir 0OUT OF SImbATION TIME
IF LITIMELLT.THUPHIDI)Y GO TO 31
ACCUMUL ulF PROCESSING TIME
CURMU T L= uslTL A5V T}
CUSERY=UUSERV+ 1,
B0 To w]
END OF »1WULATION uPRaTING
LAST UErwrTURE FOmCES OUT AT TTIME
CONTINLL - T T =
TEKEGSYC a1 I=ITHOP= ) -TTIME)
IF 4ia,0T.0.00 O TO &1
TE=0+« ) -
COMNT INUE
THUPH{.) =TT INE
CUMUTL= o T +TH
G0 Tu mn|
CONTINUE
IF la.cE«N) GO 10 71
CONT 1NUE
ALL Cramnil5S ARE nUSYs aDD ONE TO TRE QUE
CONTINLE
I1QuE=10uE 1
SELECT aWwwlIvValL Timeg (STORE FIRST TwEMTY 1N CH:
COMT INUE
GO Tu (91+10LsL111210+ KA
POLISSUN wGRIVAL TImg DISTRIBUTION
CONTINUE
RazHANE Lusp)
THARYZagsS [ARATHM2 AL UG IRT )
TNARY=Twanv+TIME
G0 TU 1») . .
MEGAT1Ve FAPD ARMEVAL TIME ATSTRISUTION
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ipl

121

-131

lal

nan

151

161

]
1al

19l

2n
211

[y el g ]

CONTINUE
CELF YL IFARITN,Y .
THARVZADYS | ARRRT®ALUGI(R]) .j f
TNARVS T eTIME .
G0 TV 14l
cOnSTaMl ARRIVAL FIME
CONTINUE
THARYEZTiImME+ ARATH
GO Tu J#l
READ 1M agRIVAL TL™ES
CONT INUE )
L A L
tZua=L2e1l
IF 11cQQuLENumb 40 TR 1N
AR{TZUGI=TTTTTT-
KFLALET R
COMTINUE
THARVEAS LT ZUL)
CONT LNUE
IZa]l+])
IF (1£,6T.29) Gu 7O 151
CHEIZe I =THRARY
dELBLM LoGle TO >YQRE aRRIVAL abu SERVILE TIMES 1M QUEUE
ForR €Eatnm walTlre CySTOMER/PAQDUCT
DETEHmINnE SERVICE TIME FQR THE MeEw SRRIVAL
COMTINUE
GO To (f&LlelTLslgiv191)+ " KS T
POISSON NERVICE Halg
CONTINLE
REAANU{org)
THARS{CevpToAL DG~}
GO Ty 211
NEGATIVE EXPOMENTlaL SERVICE TIME
COMTINUE
Re=RAND Lyrag)
TEABSIUEFTM®AL QG (K1)
G0 Tu 21l
COMSTANT SERVICE TIME
CONRTINUE
TROEFTM
GO Tu 211
READ=IN SERYICE Timg
CONT INUE
MU s SN LU -
IF (L4,LE«NUM} GO TO 201]
NFLAG® T .
T=Gbbbbba
Ga Tu 211 .
CONTINUE .
T=SRILLY
CONTANUE
QSVCT(luup =T
"IF UNLY ONE IN JUF = N SCHEQULLING NECESSAHY
IF (LG ESLE«2) WD TO 24}
L= [ukie
USE 5SLAgLULE RuULe TO REOFRNER THe WUEUE FOH PROCESSING
KRULE = 1 FOR HAanpQM
RRULE = 2 FOR FUrS§
KRULE = 3 FOR Surl
GO Tw (23p+2%19£21) v KRLLE
3007 SCHEQULE RULE

4

ggh11hut
IF {iufnelb«2) Gy TO 241
IF tubyCTUIGUI LHELQSVETITISN=111 GO TH 24l
WTS5=USYEl (luu=1)
LSYCT Lluua LSV Cl Lo

111

ARRAYS

I INITADM VIO TANDRTTEEROLED DTAMAMP IO ERMOPOEOE DEEEOOAMNTAODOMOE BOMW LD DT D

-1
&%

11
12
73
T4
15
76
T?
To

a0
a1
az
83
B
8s
as
B7
B3

g4
51
92
93
94

s

97

SH

59
104
101l
iLa2
in3d
104
10%
10&
la?
148
109
116
il1
11¢
112
114
11%
116
117
118
119
12n
121
128
1213
124
125
18&
127
12n
129
130
131
122
133
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231

11

21
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WSV T Ll wwl =W TS

TUUm L=y ' -
GO Tu 221 dg

Ranulr serERULE wuLE

CONT IWUE

I=lWuE

THW= HANU {0+ 99) Pu] ' b

IUuWsT Wi+l
IF {1un.LELLlY wy T3 241

GTS=USYL LUUE)

WS¥CT Llaur ) =usSYCT I1an)

WEVET L luw I =UTS

WUEUE Is SCHEDULEW = WETURR

CONTINLE

RETURN

EMNU

sbBpOuTLNr DEpANT

COMMON LLPRALYAT s ANUMY ARRRT y ARRTMeCR (201107 sCUMUTL e CUSERY +DEPRT 4
UerTHMe 1+ IUSERY I 24K a R CUS R s s hFLAG  SNUMs STATUS (510 T
TIMFaTTIME s TNARV s TNCFR{ 4] s AVRRRA ¢ AVOERY 1 AMNI S AT IS0
WeUsT o wCOSTSFCOSTHFCOSTS «RRULE 4 IQUECUMQUE {11}y
UaveTi1lolt ean{SiDY SR LSSD) :

THES SUmnnUTIME PHOCSSSES THE DEPaMTURE OF EVEHY LUSTOMER i

IT UPLaIeS THE HOURS SFENT Ik THE wlE

IT UPpales ThE CLUCK TO ThE KEXT utPARTUHE TImME (PHEVIGUSLY

SELECIEQ)

e R

1T CHECRS THE LENGIH OF TRE QUE -

IF WO Cree IN THE WwUE 1T SETS THE UHAMMKEL AT aN JOLE STATUS (THIS
DEFaxTURE Wals #HEVICUSLY PaRTI4LLY PRUCESSED E1THER AT
ARRIve QR HY o PRIOR PASS TriaJUuH DEPAKT)

iF & WUE FX15T THew TRAKE CRE FROM LVEy I7S DEPARTUHE TIMES
SET ImE ChANNEL AT & BUSY STaTuS anD RETURN

CHECE LeniTH QF Que, IF OyER 59 AU AT 49
1F {JuwE«LTL1lgud GO T 11

{dUE=IGu

UPDATE 1HE AOURS SWENT [N GQUEUE

CONTINUE

CUMGUE { WUE } FCUMGUE (THUEY +TNDRR L) =T IME

UPUATE inE CLROCK 10 NEXT CEPARTUREL TIME

TIME=ThuwR (I}

IF [ituwlUE.GTL1) w0 TO 21

THIS SE+{ [ON COMPLETES THE PROCESSING OF A LUSTOMER

wHEN WO unE 15 wallING IN THE QUE

ETATUS (L) =0ay

THURPH{I izo¥95999.9

RETURN

THIS SEJII10N DOES THE DERPaRT PROQCESSIAG

wAtM Tre pHANMHEL HuS BEEW BUSY

SET NEAT REPARTURE TIME

CONT INUE

THUPHILIsTIME «QSYCT L)} .

STOKE FimsT TWENTY DEPARTURE TIMES IN W

ECUSSR{uUDs]

IF (agiuS«nTa2o) GO YO 31

IIs]+1

CHIRKCUS LT =THDPRILY

CONT ERUE

chREcA Ir OUY OF SIWMULATION TIHE
IF LiiFMELLTaTyPRIIIY GO TQ 51

HESET S1wTUS BACK 10 HUSY AND RE Tumt

CUMLTL=CunUTL+a5V LT ()

CUSERVELUSERY+1aU

LTATUSLLI=1w0U

SHIFT SpmvICE QUEUE UFP ONE POSITIUM

B0 41 li=1sIGUE
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51
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121
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1T1I=11+1

OSvCTII L) =GSYCTiL4])

CONT MU

RAWLT(Luuc =g, g . 33
SUBRTACT nnE FROM QUE

IQUE=lUpyr=l

RETURN

AOJUST T 4nD cuUMUGL AT TERWMTRATION UF STMULATION
LAST CUsIgmMEN FURCER TO DEPART AT TTIME
CONT INUE
TRaASVC 1 ) =L THDOPw (L1 =TTLFE}
IF LIR BT.0.01 00 TO &)
TE=(0 - -
CONT INUg
THUFRR (L) =TTImE
CUMUTLE U TL « TK
STATUSL]z1ay
RE TURMN
EnD

FUNCTLOM =AMD (RIRK)

HMACHIMNE pePEMNUENT waMDOM MyYMAER GeNERATOW (G D 1}
THIS YEwa1ON FOR Cypg 3109

K SET Ay POSITIVE upu INTEGER Tﬂ inITIALIZE

"K SET Al FERQ TO CUWTINUE STRING UF RaNDOM NUMHEHS

SEEL NAY _URCOMPUTER SIMULATINAN TEUAN{QUES+WILEY +50NSslves
iF k) els2lsi]

CONTINUE

NER

NN =K

NN EE

CONT [hUe

IF tmiy 3133leel
COMT IMLE
NENE205 )

IF Loy 4#1951egy
CONTINUE
HEN+B3HuorT*1
CONTINUE
ANZEN
RANMDR XN ra1HEGAOT »
RETURN
POSITIV: kK RUNS ﬁtcﬂNU STRING OF HANDOM BUMBEAS
CORTINUE

IF (Rrm=50) Tlndileill
CONTIMUE ’

HNENN® 23]

IF imn) B8las9ls4l
CONTINUE
MHENN*E 3B 0T =1
COnTINUE
LNt =NN
HANDSXNnA < 38H5ATIT .
RETURN
KK QWER 5 RUNS TriRg STRIKG OF RanUuOW NUMQERS
CONTINUE
MNNEHNN e s -5 ]

IF Luwnr) 1110lle121
cONTINUE
KN at NN o 3BHEJT + )
COMTINUE
LT P T
RANDTAMrm o 3das0T,
RETLK%

END
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TARJETAS PARA USAR FL PROGRAMA GRANM

Columno 1
L .
Torjetal 7/ JPBT
Tarjatn 2 // XEQ GRANM 1
Torjeta 3 *LACALINIT, PIVET, TABNU, RMOVE, CLEAN, TABRR
- Tarjetos de dates (Ver pdgina 3)
Tarjeta P
final
. NQOTAS:

= Este programa estd listo pare iarse en la computadera 1BM 1130 de CECAF],

i = La terjeta 1 es la kerieto anerangods chtenido del £ECAFL,
. ~El mimzre 1 que sparece ¢n lo 2a, tarjeta se perfora en lo columna 17, -

- El progroma en la IBM, teno vne copacidad de 10 restricciones y 15 voriables incly-
yendn da holgura y artificiale,

- Este progroma torbicn se ancuentra dispanible en'la Burroughs del CIMASS, bajo ef
ﬂll.‘.!l-'l'lbft de II,r"E-ih‘.PLEH, Les fllirmcc]cr;ei para mrrgr]g an q-| C|.'-.l"|.A$5 DpﬂrEl_‘Eﬁ on
io siguiente hajo. fite admite vna capecidod mayor sobra el rdmero de restricciones
y varigbles como se indice on o segyndo hajo. '

« Esta pm-,grum;:l ubilizo ol mérodo de |g gran M,

P )

¥
' TARJETAS PARA USAR EL PROGRAMA |1/SIMPLEX
Columna |
Tarjata 1 ¥ USER clove ;"'
Tojeta2 T RUN (JRB2)  I/SIMPLEX
Tarjeto 3 P DATA FILE 5
- Tarjatas de dates (Ver péging 1)
Todjeta P END ; .
final .
MNOTAS:

. - = Este progroma «3§ litto para usarse en la mputodorg 8 £700 de CIMAS/CSC,
" - Latarjela } & la 1orjeta roja obtenida del CIMASS,

- Bl simbalo “#* signiflea un cardcter invélide. Exle se gbtiene presioncndo lok te-
clos MULTIPUNCH % NUMERIC sireulténeomanto y peforonda los ndmares 1, 2, 3,
4,

' = Este progroma tiens une capacidad de 30 rastriccionas y 40 varicbles incluyenda de
' helguro y ertificiales.



TARJL .. DE DATOS pARA EL PROGRAMA GRANM O L/SIMPLEX

La sigviente infarmacién deberd potpoteionorse en lo que se tndica como toljetar de
dotos en bos hojos anteriores,

TARJETA DE IDENTIFICACION DEL PROBLEMA ,

En esto farjeta puede wiar desde lo columng | 1 fa 70 para poder dar cualquier identi-
ficacion qua desee dor & w preblema. .

4

TARJETA DE DIMENSIQOMNY ETICUETACI DM DEL PROBLEMA Y CONTROL PARA CO-
. RRER MAS DE UM PRCGBLESA.

El usario dei:c dar cuotro ngmeros enleros con formalo [4110) en lo siguients fomma ?
culumnm 1=105
Calumnas 11-20:
Columro 30

Mimero de renglones del probl ema,
Nimera de columnas del problema,

Ercribo el rmera b 5i desen poner efiqueios a los renglones y a loa
0| Lmeos . .
Escribo ! nimers O en cosa confrario.

. Columno 40 @ Escribo un 1 af desen correr un problema odicional .

Escribe un 0 en goso contretio.
_NOTAS:
. El ngmero de renglones no incluye fo funcidn objetivo.
% escribo un 1 enla cclumna 30, el viwarie, despifs de |a torjeto d:al:erd dndr el ?mpu
de torjetos cora etiguetas da renglones v el grupe de torjetos pare etiguetas de colyrnes.

. - o
Si on lugar de un | escribe cero deberd omilir eite Grupo l.:le tarjetos y pelor loy torje
tas de coeficientes de las waticeles orfificiales on la funcién obietivo.

51 escribo un 1 en la tarjeta 40 veo los notos generales.

TARJETAS PARA ETIGUETAS DE REMNGLONMNES,

Las etiguetos parn identificar a los ranglones de los restriceioney, pueden tener como md
xims & corotteres de cualquier tipa.

En uyno torjeta pucde eseribit hosta 7 etiquetos, Eutas eriquetos deben ir wn bos columnas

1-6, 11=14, 2128, 3136, 41-44, 51-56, 61-68.

TARIETAS PARA ETIQUETAS DE COLUMMNAS (VARIABLES) .- '
) h

Les lorjetes para idenlificor a I columngt ¢ sen o lot varichles involuerades on el

problema {incluyends de lielguro y aiiificicles) deberdn esaribirse de coverdo o las

reglos anteriores paro etiguetar renglones,

TARJETAS DE COEFICIENTES DE LAS VARIABLES ARTIFICIALES EN LA FUNGCION
QBJETIVD, _

& coda warioble orfificiol osigrelewn 1 ¥ o fas varigbles no artilicioles asignela un
3. Estos oimorgs escriboloy en los cplumnes 10, 20, 30, 40, 50, &0, 70, de acu
4o ol orden en que rliqueld o sus variobles {columnas)

MPORTANTE, Estr tarjetn es requeride oun si 8l preblemo no Hone varfobles or-
i ficioles. . !

ARJETAS DE COEFICIENTES DE LAS VARIABLES NO ARTIFICIALES EN LA FUNCION

" SBAETIVO,

‘scriba los coeflcientes de la Funcisn ghietivo con ¢l farmato {7 F 10,0}, Estos coefi-
Fentes debe pagribirles de ocuetds of orden en que eliquetd wi veriohles {eclumnas) .
ot coeficiontes de los vorichles de holgura y artificieles deberd ser cero.

WPORTAMTE : Las coeficientes de o funclén objetive deben cormmpander o plrnhlemu ’
s mintmizer, Peor lo mnto, siav probl eme es de masimizor melfiplique por =1 y consi-
ere los coeficientes gut rosulton como | dotos de entroda en #3te progroma,

4RJETAS DE LOS (I:DEFIC[ENTES DE LA MATRIZ DE RESTRICCIONES,

oda rengldn de restricciones vo en una o vories larjeles, escribiendo los elemantos su-

" "Mivamenle en una torjeta conun formots {7 F 10,0, Codo vez que propercions un nug

» tenglan deha empezarla sn ofro torjeta,

sRIETAS DE LOS LADDS DEHE.CHDS DE LAS RESTRICCIONES,

s cueficientes del lodo derecho’ de restriceiones sa propurcionan sucetivemenle en ung .
sima o ¢h coso do ser insuficiente uso otra torjete, El formate e {7 F 10.0)

RJETAS PARA INDICAR EL CONJUNTO INICIAL DE VARIABLES BASICAS,

wnn tarjeto progrome sucesivamente los mimeros de los columnas que van a tor usadas
o columnas (variables) bdsicas infcioles, ke formere (71 13},



MNOTAS GEMER o3t

1.
2.

£} arden de los torjetos debe ser coma el indicada,

Sicn Jo TARJIETA OF DIMENSICHN Y ETICRIETACION cicrib_?]i_ru; ;ﬁcﬂltTNcET&mA-ﬁ
rl::l 40 entonces s nuevo problema debe it después de la TAR

EL CONJUNTO IMICIAL DE VARIABLES ARTIFICLALES, Es importonte qua en el
ruevo problema empiace con

lo TARJETA DE IDENTIFICACION DEL FROBLEMA, -

i ’ } L
"EJEFAPLOQ 1. Considere el problema (Tneal .

ml!‘x“-xs

5.0, .
?xg‘xa-x‘t"xSi a .
2x) +2xg-xg t x5 > 0
x]-_hz -xytx5* ﬂ\
:lt'lf =} + x3 r= 1 ]
. 2 0

i

Deberemos muliiplicer lo funcién shjetive por — 1 pora que el probloma sca de minimiza-
cién y 1ambign agregor vorickles de holgerae a [os primeras tres restrleciones pare qua -
leguen @ ser iguoldader, Con estos chiervaclones el progroma lineol estord en formo esran
dard, lo cual es una condicidn pora aplicor el progroma GRAM M, 50 definimgs z'=-z, =
nuestrg problame en forma estondand es -

-’

“minT' =-x4t-ug

-2uy + "'3+“4'“51;’I =0
2x] -2x3 * x4 - x5 g o0
%] *2xy *rg o %g s =0
x *oxg toxy . =i
w r Oy i“‘j?, ....,-5
2 =0 j=1,2,3

bsgreess que oungua ef programa linec! ya esté en forma estonderd, Fedavio no estd [iila
afa empezar o algoritmo de la Gran M perque en lo GlHima restriccién no existe uno waria-
le que oporezca en cuta resiticeién pero no s encuentie &0 las obres resliieciones. (Je., ™
1 tiene una solueién bésica foctible inmediala}, For le tanle, deberemos ogregar uno varlc

e le ortificial qre Mameremes 1y, o o cunrte restriceidn pera asl completar nuattig salucidn

¥ica foctible en lo cual 32 infcia el algeritma, Sin embergo, of introducir cita vorioble -
tificial en la restriccién deberemos egregerla en la funcitn ohjetive muliipliceds por uno -
antided pasitiva M mwy gronde, AT nuestro problema resolba ser:

min z' =-J¢4+x5+M[-|

'-23(2*'-.13+x4-!5+ ;l o =
2%, “hg g cxg ty =0
il +?:u:2 +J-c4 = %3 +53 =0
S T T ' th=1
x *0; i=1,2...5
s £0; Ci=1,2,3
[ . ,
S0



-

Es conveniente remesemuf el progroma lineal en un tablero {o tablewu), paro poder enten~-
der més fécilmente la informacién que deberemos proporcionor al progrema de camputedoro
GRAN M & I'/SIMPLEX . Esta representocién aparece obajo

] Xo xa x4 x5 5 52 53 |'|
Funcién Obj. (F.O.) 0 0 0+ -l 1 O 0 0 M z!
Renglén 1 (R.1} 0 -2 1 1 =l ] 0 0 0 0
Rengion 2 (R. 2) 2 0 2- 1 -1 0 ¥ © 0] 0
Renglén 3 (R, 3) =1 2 0 1 -1 0o ¢ 1 0 0
Renglén 4 (R. ) 1 1 0 0 0 0 0 1 1
L * L +
Vor Holgu- Vc:::
ra Art,
e e —— e, e

" Solucién inicial
bésica fachble

Este toblero contiene todo la Tnformocidn necesaria y [a notacién apropieda pora correr el
programa GRAN M-& el lI/SIMPLEX, A cantinuacién se presento su cedificecion pora el
GRAN M. Paro correr el 1I/STMPLEX lo codificacién os idéntico excepta por los farjctas
de control como se menciond en la explicacidn de estos programaos.
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ESEMPLO 2

max z = x) +x?
5.0,

X +x2 i]

X *xo =1

“X] + xq )

xi ln

Expresando la funcién chijetivo en términos de minimizacién e introduciendo veriobles
de holgura, ortifictales; el problema es equivalente o :

min [—z] ® - x5 - xp + MYy
:~:|+:»<2—5] +1|=1
¢ X -x3 tg .=

x| *xy ) +33 =

En fcrmul de tableay:

T T T I T
Fune. Obj. (F.O.) 121 0 M0 0 |-
Renglon b (R.1) 11 a1 1 0 o | o
Renglén2 (R, 2) - 1T 0 1 0 1
Renglén 3 (R.3) - H ¢ o 1 |1
s
Solucidn ba—

sica factible
inicial,
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EJEMPLO 3 Resolver el dual del siguiente par de problemas primal - duol,

Primol min z =2x -3:-;2
' 2 - %y - x3 23
X) = X9 +x312
xi:»-_u
Ducl . max w=3_1-|+? 1?-
23+ ¥ =2
.;_,L:I_).z £ =3 11+-'12
-H-R 20
x; 20
Este duo! es equivalente o .
' min (~-w)=-3 3y=2 Ay + MY
Ry + dy t 8y . =27
Mt o o TH T
=2 T teg o S0

En forma de tableau; el dual estd dodo por

)

A
- 1 2 2 51 h o=
F.O. 3 2 0 0 0M 0| ew
RY 2 V0 V. 0 o0 2
R2 1 1 -1 01 © 3
R3 94 10 o0 1] o

L]
[ ]
*

>3

- e Ml A e — - &
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EJEMPLO 4 -

max 2 T x| —x2+x3-3><4+x5-x¢-3x?

$.q.
- 3xq + xg + x4 =6
Yot 2xg = x4 =10
- X] tog ={
X3 +xg T xy =4-
x. 20

min {-z)} = -x; P - %3 +3x4—x5+x&+3x-;

. .0,

3 + x5 T xg =8
Xy F2x3 - x4 - =10
X1 X4 - =0
X3 toxg t xz =5

En forma de Tebleou:’

—_—

K-I x2 X3 X4 X 5 X & ."(?

F.C. -1 Y -1 3 A 1 3 -z
R1 0 o 3 0 1 1 0 b
k2 0 1T 2 1 0 0 0 10
R3 1 c 0 0 0 -l 0 0
- R4 g0 1 0 0 1 ] &
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DIRECTCRIO DE ALUMNOS DEL CURSO INTRODUCCION A LA PROGRAMACION Y EUHPFT&C;GN
ELECTRONICA Del 1A de octubre al 14 de noviembre
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Roberto Ambriz Durfn
geﬁeRdﬁ Saccidn San Juan.15
Nva. Rosita

Reforma 107-8 México 8, D.F.

Maxico &, D.F.

535 75 04 637 75 93
Jos@ Hanuel Avila Gdpez
Feato Fneumatic, 5.4. Insurgentes Norte l470-5
Asesor Maxico 14, D.F.
Morce 45 Mo. B80S C 754 51 26
Industrial Yallejo
México 16, D.F,
587 16 22
1. Carmin Becerra:{fiutidrrer
Elactroconstructora, S.A. Ave. Arteaga vy Salazar 62I1
Gerente de Proyectos Col. Contadero
Leibnitz 34-4°Piso Cuajimalpa
México, D.F. Méxice , D.F.
533 48 59 514 19 94
Manuel Callejas Castro
DEPFI E. Angel de la Pefia 119-5
Avudante de Profesor Obrera
UNAM Méxica &, D.F.
México 20, D.F.
Jaime Cededio Hunez
Phillipz Mexicana, 5.A. Gral. Eulogio Parra 1423
Ingeniero de Servicios Sectar Hidalpo
M. A&, de Quevedo 1184 : Guadalajara, Jal.
México, D.F.
549 95 21
César Chive:z Mondragin
Bufete Industrial Disenos y Proyectos, 5.A.  losa Carmesi 204
Controlador de Costos Maline oo Rusas
Moras R50 Pamics LY, F.
Magica 1Y, D.F. bl a2 24
638 44 14
M. de Lourdes Esparza Parra
SAHOP Sur 79 A No, 437
Programadora Amp. Sinatel
Av. Universidad y Xola México 13, D.F,
México 12, D.F, 672 BS 139

530 33 36






L.
.

12.

13.

4,

Gerardo [farias Rangel

SARH

Proyectisia

Dir. Gral. de Grande Trrigacidn
Reforma 43 10°

México, D.F.

592 01 08

Agustin Ferndndez Lozano

IMP

fefe de Oficina

Instalaciones Hidrdulicas, Saniltarias
enS5.1, P. E. .

Eje Central Lazaro Cdrdenas 152
México 14, D.F.

Alberto Flores Valenzuela

Rafael de Jesis Galdn Villarreal
Cormisidn del Plan Naclonal Hidriulico
Especialista "C"

Tepic 40

México 7, D.F

574 17 30

Miguel Ange! Garcia Urrusquieta
Sur 121 A No. 432 -l

LEscuadrdn 201

México |13, D.F.

Joel Galvéz Serrateo

IMP |

Jefe del Depto. de Arguitectura
S.I.P,E,

Eje Central Lazaro Cdrdenas
Mexice 14, D.F.

567 66 00 Ext. 2067

Maria Elena Gavrdn Saldafia
SARH

Codificador

Reforma {07 Piso 8°
México, D.F.

592 10 62

Antonio GOmez Acosta
ICATEC, S.A. )
Arquitecto

Sn. Feo. 25

México |2, IMF,

536 44 78

Valle e Purisima 50
Valle de Aragdn
Iratado de México

Selene 2
Valle dg los Ensueiios
Cuautitlin lzcalli, Edo. de Mdx.

Ernesto Puaibet 64 Int. 8
México |, D.F.

Calle 27 dc Sepricnbre No, &
Col. Elektra

Rlanepantla, Edo, de Méx.
397 14 30

Calle San L¢6n Mza. 51 Lote |4
Sta. Ursula .
México 22, D.F,

Dr. Mariano Azuela 82-10
Sta, Ma, la Ribera
México 4, D,F.

547 12 86



6.

17,

18.

9.

20.

21,

22,

Nicolds Gomez Garcia

IMP

Jete dela Ofi. de Disefio del
Depto. de Reclpientes a Presitn
Eje Central Lizaro C. (52
México 14, D.F.

567 66 00 Ext., 2327

Joel Conzédlez Cabral
SAHQP -
Dir. Gral. de M, y T,

Luis Conzdlez Salgado

Compafiia General de Electrénica
Jefe de Autematizacin e Ingenieria
de Calibracitn

Tezozomoc 306

Azcapotzalco. .

México 16, D.F.

56174 27

Javier Evaristo Gurrion Garcia Mier
Facultad de Estudios Superiores
Cuautitldn

UNAM

Jefe de Seccién de Algebra

Rancho Almaraz,

Romero Rubie, Edo. de Méx.

José Luis Gutiérrez Garcia
IMP :

Calculista .

Av, Ejec Central L, Clrdenas 132
Meéxico 14, D.F.

Raiil Herndndez y Rosas C,

Bufete [ndustrial Disefios y Proyectos
jefe de Grupo

Moras y Rio Mixceac

Mexice 12, D.F,

658 32 3l

Angel Guzmin Alvarado
IMP

Analista

Eje Central [, Cirdenas 152
México 14, D.F,

Edifi fo 87 Depto. B-501

Lindavista Vallejo
México 14, D. F,
587 69 95

Morelos 39
Constitucidn

Naucalpan, Edo. de México

Paseo de! Rio 122

Col. Paseos de Taxquefia

México 21, D.T.
582 10 99

Yurécuaro 137
Janitzto -
México 2, D.F.
795 56 07

M. Laurent 860-301
México 13, D.F.
559 28 85

A, Obregdn 2t-6
México 7, D.F.
528 51 25



23.

24,

23.

26.

27,

28.

30.

Jorge Pablo Jelfetz Goldberg
ICEA

Investigador

Joselillo 4°A

Enrique Jirrénez Ruiz
PEMEX

Coordlnador de Proyectos
Marina Nacional 329
México 17, DLF.

531 66 92 '

Antonio Lara Monrtoya
SARH

Jefe de Oficina

Plaza de la Rép. 31-2°
México [, D.T7.

592 18 44

Ana Lilia Leyva Rodriguez
IPN

Secretaria

Av. Jardin y Calle 4
México 15, D.T,

Margarito Linares Cuauhtémoc
Calle Bermudast 386
Cosrnopolita

México |15, D.F,

Federico Mena Mulleried
ATISA-ATKINS S.A., de C,V.
Gerente de Proyecios -

Bahia de Corricntes 77
México !7, D.F

250 82 11

Eduardo Mora Acosta

Cfa, de Luz vy Fza. del Centro, S.A,
Auxiliar de Plancacidn

Salonica 265

Meéxico 16, D.F,

356 77 |9

Gisela Morales
SAHQOP

. Dir. Gral. de M. y T.

Torres de Mixceoac A/2 202
593 20 4

Bozques de Bolognia 2 No. 47
Bosques del Lago

Cuautitldn Izcalli, Edo. de Mex.
310 62

Teapan L. 5 Manzana |3
San Awndrés
Atzcapotzalco .
México |6, D.T7,

382 0L 92

Invernadero 164
{Col. Nva, Sra. Ma.
México 16, D.F.

PEMEX

Tefe.de Seccidn

[.e C.E,

El Plan Veracruz

Malintzin 45-2

Del Carmén, Coyacan
Mexico 4100, D.F,

334 77 17 .

Barras 10/-30!
Lindavista
México 14, DLF,



31,

32,

33,

34.

35.

36,

37.

-5-

Jorge Iznacio Morales Anistro
Comisidn del P, Nal. Hidrdulico
Jefc de Proyecto

Tepic 40 2°

Maxico 7, LT,

574 14 97

Tito Livio Pérez Ahuja
PLMEX

Ingeniere Supervisor de
Campos Petroleros
Marina Nacional No. 329
Méxlco i7, D.F.

Miguel Alberto Pérez Ferndndez
[Despacho de Cdlceulo y Construccidn
Cerente General

4a. Ore.y lra. Nie, No. 480

Tuxtla Grz., Chiapas

217 18

Luis Antonio Pierdant Chavez
IJir, Gral. de Obras

Jefe de Taller de Proyectos
Av, Rev. 2045

México 20, 3,17,

35Q0 52 15 Ext. 4794

Carlos Rios Maldenado
SANCOVF

Dibujante

Xola v Ave, Universidad
Méxice 12, 1. F.

319 79 39

Lduardo Rodriguez Monticl
Naciona) Financiera, 5.4,
Analista

I. la Cardlica 51-7°

518 16 BO LExt. 451

Pedro Rogerie Coria
SCT _
Aldama losq. Magnolia
México 3, I,
22938 37

Pestalozzi 320
Méxice 12, D.F.
543 67 75

Cerrada Gral. Rincdn 28
Gral., Anaya .
México 13, D.F,

524 34 10

Circunvalacidn Tepachula 4
Moctezuma

Tuxtla Guiitrrez, Chiapas
270 14

Auriga 15

Prado Churubusco
Meéxico 13, D.17.
0670 84 55

Dr. jos& M. Barragén 766
México 12, D F,

Insurgentes Centro 63-9
San Rafael

México 4, D.I7.

592 17 00

D Ruiz 25-405
Dactores

México 7, D.I7.
568 30 84~ '



8. Cracicla Rojano Carclaheras

Analista Donate Guerra A al)32
Sulxlireccion de lav, v E, Lab. Tlateiolco

Av.5n. Bernabé 549 Moxico 3, D.F .
MeExico 20, ILTF, 383 65 |4

595 39 50

A9, olores Rojas Rubio
[lLogroio L8
Postal
México 13, 1L F,
579 Hl 43

4. Javier Ruiz IFlores

Spp, Raltazar Rafuelos -l
Asuvaor Técnico "A"Y Col. Sicrra Je Alica
Av, Judres v-2° Zacatecay, oo,
Zacatecits, Zac. 2 2710
240 5l -

1. JLucio Sdinchez Herndndee
MNegarrollo de Ingenierta, S.A. Fresnes 52 1601
Jufe Jdo lmpuistos El Relo)
Pable de la Llave L0 México 21, {315,
Hosques de Tetalexa 684 27 76

México 21, D. IF,
573 48 &8

42.  Justino Ramén SSnchez Rios

SANNOP | Priv. "A" Manz. ! [Lote 26
Calculista Pantitlin

LEje 1.4zaro C, v Xola México ¥, D.I7.

México 13, D, F, 763 6l 83

3 30 30 00

43. Laura S4nchez Navarro

[ngenieria ¥y Arquitcctura Especializada Retorno 809 No, 9
Arq. Proyectista Centinela
B.California 284-702 México 21, 17,
México 7, D.F. 544 59 72
564 51 28
44. Hugo Anfoanio Sanloval Conzdlez
KODAK Mexicana Eje Central L. Cardenas 491-8013 B
Tlalpdn 298], México 3, D17,
México, 1319, 597 23 46

677 01 30



45.

4.

47.

Rohorto Tavela Carmona
S5A+0P,

jefoe Jde Oficina

Nula v Ave. Universidad
Méxive , IDLF,

330 33 58

Podro Tellez Rodr iguez

Cia. Jde Twe y Fza. del Centro, S.A,
Ayudante de Ingenivro

v, del Mre. 3105

[Z1 Rosedal

Méxivo, DT,

44 KO 12

Justs Amada Trujillo Herndndez
SARIS .

Jufe Je Off, de Coord, Ju jog Lab. de la
Red Nal.

Ciecca Av.Sn. Bernabd 549

México 20, D.F.

595 3v 50

Egcultores 80
Cda. Satdlite
Estado de México
562 H2 62

Calle 1847 No. 3l
El Parque
Mcxico 8, DI,
5532 W 35

Ruetorno 60 No. 3
Col. Avante
Maxico 21, DI,
077 72 37






