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SU EVALUACION SINCERA NOS
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EVALUACION DEL CURSO

CONCEPTO

EVALUACION

|
. | APLICACION

INMEDIATA DE LDS

CONCEPTOS EXPUESTOS

. F CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS

GRADO DE ACTUALIZACION LOGRADC CON EL CURSO

CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO

CONTINUIDAD EN LOS TEMAS DEL CURSQ

CALIDAD DE LAS NOTAS DEL CURSO

GRADC DE MOTIVACION LOGRADC EN EL CURSO
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DE EVALUACION DE | A 0Q ;

[




1. ¢Qué le parecib el ambiente en la Divisitn de Educacién Continua?

l MN AGRAMBLE | AGRADABLE | DESAGRADABLE

2. Medio de comunicacifn por el que se enterf del curso:

PERIODICD EXCELSIOR PERIODICO NOVEDADES -
ANUNCIO TITULADG DI ANUNCIO TITULALO DI FOLLETD DEL CURSO
VISION DE EDUCACION | VISION DE EDUCACION
CONTINUA CONTINUA ° -
CARTEL MENSUAL RADIO UNIVERSIDAD COMINICACION CARTA,
ETC.
REVISTAS TECNICAS | FOLLETO ANUAL | CARTELERA UNAM "'LOS GACETA
UNTVERSITARIOS HOY™ UNAM

3. Medio de tmansporte utilizads para venir al Palacio de Mineria:

AUTMOVIL METRD OTRO MEDIO
PARTIQUILAR

4. (Qué canbios haria usted en el programa para tratar de perfeccinna} el
curso?

5. (Recomendaria el curso a otras personas?

ST NO




6. 2Qué cursos le gustarfa que ofreciera la Divisisn de Educacién Continua?

7. La coordinacifn acadfémica fue:

EXCELENTE BLULNA J RECULAR MALA

B. 5i ustd interesado en tomar alpgln curso intensivg iCudl es #1 horario -
mis conveniente purd usted?

LUNES A VIERSES { T LUNIS A& TTUNES, MIERCOLES | MARTES Y JUEVES .
DE S AI3H, Y | VIIRNES DE | Y VIERNIS DE DE 18 A 21 H.
LE 14 A 18 5. 17 A 21 H, 18 A 21 H.
(CON OCMIINS)
VIEINIS DE 17 A 21 H,| VIERNES DE 17 A 21 H. | oTRO ’
SARMOS B 9 A 14 H, | SABADOS DE 9 A 13 Y

1 14 a 18 H.

9. iQué servicios adicionales desearfa que tuviese la Divisifin de Educacisn
Continua, pura los asistentes?

10.  Otras sugerencias;




Palacio de Mineria

DIVISION DE EDUCACION CONTINUA
FACULTAD DE INGENIERIA U.N.A.M.

INTRODUCCION A LA PROGRAMACION Y
COMPUTACION ELECTRQNICA

INTRODUCCICH & LA COMPUTADORA DIGITAL
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CONCERIC OFE COMPUTARCERA
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ol nuwvo ol emeniy s ton pEyuetc i an un deeid de costum coben win
de 50,000 chips. Fusde ohsarvorss v la Aguro, sercada con un cireu—
bo, wn circuita completo bande wn s Auivo ~lanologho de Lbgion -
Sakica™. Chbido oau tamons, +a lou denoming circulvoe mEcrominiohud zoda
o microgireuites . Lor Hempol o6 opmrociin 1y midin chera en nanovegun
dea | milmilfoariimor da separda ) . Ha ruelds w mhs formo o tergems-
ceereinn de computodorms, ¥k olies walocideda olconzades posibili
horan un nuvo anloqus an ol dikefo de ke 1htemet de procsicmiento d.

ot .
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ha infroducids con rpecto o da  Heonclogdy antacior -

- la compudors se cutagobiama ¥ obaja sin detenane, paande
de un Foimjc 0 otrg 1in demora glgune,

. El Cypmrodor intwry fana 58l cuandg algin poblema axcwpclonal -
scwre. Lo comaricocidn mitte hombre ¥ maquing sw realfzz sfo s

bra lo boss da “Informe por Excmpciin® .

- 5i ocurry wna flla an I circuites o an b porte slectromectnico

lo miquing reolizm wn auodiognésiTcs » indlco cudl s lo momalfa,

- Lo veloe] dad de &1 ko Procssy-3alka te ha Ircrwmentade odra

owchinoriamenty.

- .‘I'ndm los oparaciones del sisteme iw rjlqiimi w Forme 1imulbrnec,

« Lo Jengunjes de pregromacion han evolucinode da manera natoble .

. Elouteceniel ¥ ko outenimificon fon de operocionss hon aleongod

nivalm Tnsopechodos,

r

. Pusdan rlnll'-lll;ﬂ, con dodmn randimbenb, voric fraboies diviins

het pivmultonmomants .

Hxta chom hemas viske muches uonidede que.
Estinta  combinocionss, configuan computcder™ -
wecirbnleoy para  bot e vorindas oplicecionm. M-
ro nex detandrsmor pora analzor ¥ monefe dedi -

chos tillamm,

El Progroma de insirixcions almocecde = ke
Lnjdad Canhgl de Proceamienia, Comtn de Uno e
cumtio de Srdenm y comondal, sxpramodos T -
wnp codificeifn smpecial denominedn “Lenguaje Ab-
wmive da Mignz®. -Lem primarce mmderu' -

* gogramcban® e eite compleio Jeguoje. Hobla en-
toncm unn  enar difsancla antre AuasiTe idi--uh-_r
aqu! tegin 8l cufl debftees comunicomor oo
moquina. Exto obiigabo 0 wn pron edusze comle -
mis o analitty guy commefo ol problema, r sl -

que conucia ki computadara, pues ombe
hotloban duf mivnoe procec paro 0 Selinka koguo
=
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5o cearen, pro wolucionar o problema, e -
gojm  intermidicn coda ver M porecide o o
o idiema. B decit qua code nusvo bmguale b
tarmedio vy ocercobu mé ol problems y w olejo
bu mis de o miquina. Pag todo uno de mice -
Ienguojm 1 ored un progroma hodictor Nomedn = ‘|\
“Compaginedur™ © “Compllador®; que hnTa la ml = i
1fon de troducir ol lenguofy intemadio ol chealum
de miquine, Ahora, ol anallta ¥ o progromoder -
“hobfarn un mbans idHama®
ol conocen ol problfema ¢ lo solvchén.

Puo ki computada ssgufa  dworrellondola, y prone-
to los lenguaje lntermedios fusron freufichente porc
famylar mivinados probisves chantiTicm o comarsle
laa. Mocluron, sntoncs, lanjoim  stpecializogs: do
c allo, of FORTRAN ¥ ol ALGOL, parmtan’ pro-
oramoy problwees clantificos -Monlees W lzonds una
moroelén crai idinboo o la notocldn motebrlcoo com
main,, £l COME @ un lengugjs comwcial cvp= 1an- -
tenciot conligron oockne ¢ frem e lfoma lal que
L PAfOa qui ro kobe qué W uma computmdors, -
puade lowr w mogoma ¥ wrewie parfscromeie qui
= o que hand Ju miquing coondo ko tenga almeee-

i

Codn uno e et [mgunjm Hews un progomo Com -
plidor pom cado tipe dhifnte de computodors  copoz
de procmorie. Bl dgnifice 4w un progromador g
raba FORTEAM, por wjenpls, pusis progrossy wio o
ptodorn vin sin ronacwlo, B dech que e e - . ; ??"
longimjm  comtifuye h “mpaenio® de b mdgulag - ) - i |
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Foray Mar-tire Moy Barr,

o so in many difTerent ways. Here is one algorithm for 'ht,

e s, Screw on the logs

2 COMPUTER SCIFNCE: & FIRST COUNSE .

What is an slponthm® An alperizhm is 2 lin of insoructicns
far carrying out some pencess step by sicp. A recipe in & cook-
boak is an excellenu example of an algarithm. The peeparation :
of a complicated dish is broken down into simple steps thag !
every person experienced in cocking can understand. Another |
poued example of as algorithm is the charcography for a classical |
balfe, An intricate dance is broken down inte v suocession of |
basic steps and puS!tmns of baltet. The number of these 't-as:c
sieps and pasitions is very small bur, by patting them :ug\:fh:r
in different ways, an endless variery of dances can be devised, |
_ In the s2ame way, 2lgorithms execured by 2 comptter can »
combine millions of clemerary seps, such o5 addivions and

. ubtractions, inta 3 complicated mathematal alculation. Also

by means of algorithms, 2 compuier can control 3 manufac-
turing process or coordimte the reservations of an airline a3
they re received from ticker offices all. over the counuy.”
Algorithms for such large-scale processes are, of course, very_

camplex, but they &re built up fmm pjms, 5 in the example
2 we will now cansider, : )

If we ran devise an algoricthm lor 2 pruc:ss, wWe can usual]y

everyday process ot changing a far urt

W

L. ]:r_upthecz.r

2 Utserew the lugs
1. Remove the wheel.
4. Put on the spare. ~

8. Jack the car down. -t i

We rould add many moere detzils w this algorithm. We | |

could include griting the materials out of the trunk, positioaing
the jack, removing the hubczps, and [oosening the lugs befons
jacking up the car, for emample. For slgorithms dttnibciul
snechanical processes, it is geuerally best 1o decide how much b
deradl 1o include, Seill, the sreps we have listed will be adequare i
to cenvey the idea of an alzosthm. When we get to mathe-
matical alzorithmy, we will hzve te be much ke Frecise

) e . q
.-, Algorithms and computers

L 1- 9

Computers zrouss curiosity in me of 1. Artickes in popular
magazines and pewspapers, aorent books, and TV shows
heighten this curosity, but sch souwrces annot be experted
1o preseot information in the cardfully ordered sequences that
is possible in 2 book ke thit Whether you are drawn by

* coriosity alone, or coonnmir necessity, o both, conscientious

study of this book will help you 1o bresk throvgh w 2 oow
[eve] of understanding about mmpﬁtcrs. their uses, and their
CONSCEIEnes, .

Cemputer science d::]s with people who have problems
to solve and with algotithms, the solutions 1o these problems,
The solutions are expressed in specizl Janguapes that represent
stored data-and communicate to machine the manipulation -
that are to be carmied emt on chat data.

Each of these four elemcnts [pmblcm solver, :Igunlhm,
banguags, and machine} Afects the others i in infcresting wars,
For cxample, depending on it richness, 2 language can cither
bimit or extend eur abdicy 1o express complex plans of acton
effectively. And, depending oo ity capabilinies [ie, its archi-
mmllmldummmnucmplmnfnancmm
data representations more effeqiively than on others. The loop
of interaction closes when the problem salver changes the plan

L of actibe, L’m: Imgung: or. thc mlchmt lﬂhllcmu: to suit his

parpose. -

Y- This book introduces all four components of this inter-

action. Every chaprer izkes you around this “four-comered race
track” and, with every circumnavigation, you Bin a decper
ard cletrer uodersiznding of the interplay among the fow
elewnee Yoo, of coue, play the preblem solver ming 2
compuzer. Ta ot the most out of this experience, laboraory
practite s almost indispensabée, But, even il you can’t have
saml computer experience, a curefil reading of this book
shoutd fluminae the compurer sciece sene far betler and
fac beyond what yot: have previously perceived
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Figure 1+1 we sec a fowchart for the far-tire algorithm

The lﬁ@m@

in the Rowchart remind 12 of the brmens used m start and

stop m pices of machinay. Lach instruction in the fowchart *

;3 enclosed in a frame or "bor.” As we will soon sco, the shape
of the frame indicates the kind of instruction wriren inside.
A rectangular frame indicates a command to tike some CTIO

To catry out the task described by the fiowchart, we begin
at the start tann and follow the arrows from box e boz,
exccuting the instructions 25 we come 1o them.

Alter drawing a fewchart, we ahways look 10 see whether
we can improve jt. Fop instance, in the flat-tire Bowchart we

" neglecied 10 check whether the spare was flag, If the spare &

fiat, we will no change the tire; we will call 4 garage insread.
This calls for a decision between twt courses of action: For
this purpost we introduce a new shape of frame inte our flow-
rherr. - .

Inside this oval frame we will write 4n assertion instesd of
g commmand. . .

This it called 3 deciriow bav and will have two exis, fabeled

T {for wruc) and F (for false) After checking the cruth or falsity
of the sxertion, we chonse the appropeiate exif and proceed °

rg the indicared acuvity. Incorporaing the fowchar fragmenl

on the left inta Figure 1-1, we obtain the flowchart in Figurt -

1-2.
" ~There it another instructive improvement possibie. Tore
instrotion in bot 2 of our fNowchart actually stands for 2
aumber of repetitions of Lthe mame task To show the adfitional
deaail we coutd replace box 2 by & step for cach hug

4 * COMPUTEL ICIENHCE. A flll?l" COURIE HI

R
Uwtvd * -ll

w5 dup
{ g
.'" L]

L 3 by

<

Cmtrw 8 Jup .

i

Uit m 2 g

booenl

- x
mid i

- The awkmwardnesy of this repeated txstrocrion can be diii-
nuted by introducing « lop, | o

As wre feave the box, we find that the arrow beads us right
back 1o repeat the task again. However, we are caughs i an
:Pcﬂm!mp,:inctmhqvcprwid:dmn;mgu&umd
g on with the next task. To correct this tinution, we reqaire
anotha decision box, =5 shown on the lef

Replacing box 2 of our flowchary with this mechantim md

making a similar replacement for box 5, we get the final resdy

thawn in Figere 1-3

Now ¢ oo Jure followad the of the Bu-
tire flgwchart, oy to devise mufrmmﬂm‘
uft_h_tfo[lorwingmrdu,yuuuiﬂpmtd:lylﬁmvam
m:;:ldhbptm:mmanrdiﬂ'mnpdh*
chamting this alporithm, #0 many diferem-Jockiog Sowchas
will be creaned .
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_':_2 ‘ EXEECILE -] L. Prepare a flowchart representing the foilowing mecipe.
Ar. Good's Racky Road
Ingredients:

Y cup chopped walnurs { cop evuporsed milk

§ pound Back of baker’s chocolaic § eop corm sprap |

§ pound of marshmallows, | 1 aeatpoon af vanilly
cut in hahes } prend of batrer

I * + -3 | ol s page : . . 3 Cups surar { wrpoon of alt

M P wp the car

. ' ; r '
Unreir thae gy €l ]
| - e "UTra ay Place milk, mrn-:rmp,sugu._d:::mlﬂt.-_ld Lalr u:ﬁm.r:qum
| ) pn, ad cook aver 2 high flame, stning consotly wad the mixture
4 ; boils. Reduce 1o medinm fame and contisne boding and srirring ueeil
£ Femeont the +irn = 1 drop of symp forms 3 soft ball in 2 plos of cold waser, Remove

. from ibe fiaome snd altow to conl for 10 nooeees, Bex i botter and
varifla wnti! thoroughly hlended Sir i walners, Dhardate man® .

AR e i Lpr F ok wr e

— : matlowr halves over the botom of 3 M-inch xpare, batercd baking
| P om et vy . . Rrsaore e % aael . : - pamPnun}Tupm-cnh:mushm:ﬂnn..\.ﬂwumdﬁrlﬂmrmr:
i : N to : Cut m:qmudm .

l 5 . : - ; ) E
i . - [ ' " - = .

S o the by . \ _' . .o P .

A - - <, Pt om by e ) 1.2 Nove we are ready to exemine an algocitho for 2 methematical
R I L - - " A numerical calculstion. As a first example, we comsider the problzm of

Joob 1he <3¢ dorem : SRS S - . algorithm finding terms of the Fibonacci sequenos

' e w1 oy . . Tl 12,3.55.13,213&55.
' ; l T N In this ::qumm: or list ufnumbcrs, the frst two [ given
1 P A aby age ot o P st d 9 ' are O and 1. After thar, the terms arc omstrucwsd sccording
T . - to the rule that each number in the 1ist is the sum of the two
‘ . . preceding oees. Check that this is the case Thu, the pext terms
, meuas 12, - oct it e o | - . -+ uiter the last ane listed above is
Serond fal - Bowchar - T OH+S = ' 1

" Cleatty, we can ketp an geoerating the oo of the sequence,

@ - . one after anocher, for as long as we Bike. Bor, in aeder 10 write

! ) an sigorithm for the process (so that » compurer ooadd exécute

i, f cagopks), we have 1o be mmch morr exglicit fo our
imsOICTIons. . .

Before subjecting this process o coey scmny, ket o
_teview o linde of the interesting history of this sexquence, t
" was inunduced in 1202 AD. hydwlhﬁlnnukm:nmm
Fibonacd, to provide » model of popuistin growth in rabhits.

T

ncona i-3 ;
Fiad Bx i Sowchan, -
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His assumntions were (1) it bkey mbiies one mooth from
birth to reach maturity; (2) one month after reaching maneriry,
and every month theresfter, cach pair of manere rabbis will
produce another pair of rabbits; aod [3) rbbis never die,

One senses that this model is pot completely cealisne. By

the essence of mathematical modeling s 1o start with a crude
mode! that*cmphasizes the imporrant aspects of the situation
and suppresses Jess important information A more refincd
model can be developed later, profiting from the experience
with the crude model. Thus we might evenmually improve the
Fibonacei model by obuaining mare accurate figures on the
birth rate, king monality into account, comsidering the limits-
tions of food supply, the effecrs of predawors, disease, and
evercroirding, and the like. -
: Ia spie of its frivolous origins, the Fibonacci !:qur:nct
has many fascinating properties and plays 2 rale in the solution
-of a number of scemingly unrelated marhematice! peoblems
There is correntdy @ published quarterly journal entirely de-
voted o the propcm:l md apglications of the Fibonacxi se-
quence, ;

Afted this lmg dlptmun, lcu see how the rabbit-paic
population model gives rise to the Fibonacci sequence.
Fibonacei smarts with one pair of newborn rabbits 2t the begin-
mngnfmuhaml.ndh:thmltumnmukr nsm:.c
Tkis is ﬂ'mrn in I‘:blc 1.1, l.'h:ch we now explain

L . . e
. M * T
. Beginning of -

CoMemth . F 2 J-.u's s T %

Pofaog pbhis painy
Alarure rebhi patn

Tnul rabhir paics 1 1 2 -3 5 A [} ] F| |

-

l/rof,']{!l 12/;-':‘_ l;':

Lmkud:cmmmﬂ::ubl:.‘rhznmntc:dpam
nfmfamnhhummrmm!h{nﬂutb:ﬁnﬂurqxﬂmﬂr
fomber of pairs of mature rabbis in vhe preceding mont
{cprdition 2 in the Fibonacei model) This explains the green

- mrows, In each month siter the firg, che number of paine ol

mrature rabbils will equal the tital aumber of rabbit pairs ic

. the preceding taonth (condition 1 @ the Fibonacei modet). Thi

£ COMPUTER SCIENCE: A FIRST coulsn'. 15

15
cxplzing the gy arcows, Fnllmnngﬂuurmm see thar,
from the thd month onward, the towl in &ny month i the
sum of the gl in the mo preceding months. Thus the rabbit
population cendel gonerates the Fibonaco sequence except for
the imitizl 2oy, which c2nt be wken as the il comber of
rabhirs in cxath zero. )

. Eliminmiog the reference to rabbits, vt <z mbulae the
calculation of the terms of the Fibomacrl stquence in Table
1-2.

Indiladty taks 1he meg)
] . leir bee ro b 0
na] e tolend Benm |-
]|

- - Vet

Fod Lt wmmt il Bt iyl -
vyt el 1 Hinderid

Mo dovmate Thr Lybetl kerm

e vt tudd o il

byl wrm - )
! 3

Mg M i o)

- FIEERL ]+
'l"h-d:.u-t fer Fthmm.i
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thnmthumczchmpﬂ:chmumgm‘d:-
mm:d’mﬂurdcdmxtlztmtmnmﬂthembcmm
the new latest term.

L e e ey

Let’s construct a Bowchart for finding the first term to

exceed 1000 in the Fibonacei sequencr (Figure 1:4).

Afier going through the loop of Rowchar boxes numbered
_ 2105 encugh limes (it happens to be 15 times), we evenmually
emerge from box i the T exit and proceed 1o bok & This

. box bs scon to have & different shape because it calls for a

differeny kind of acrivity—that of writing down our answer.
‘The shape 35 chosen 50 3% 1o SUZETSL 4 page torn off a line

. pnntcr once the most nomnm of computer output devices.

L

r

1

-
.
PN

139t *

(2} Suppose i the rabbit problem we bad axrted jo oiboth one with

oos pair of infast rabbits and 1®ror pafis of manere rabbins, Make +

a table gimilar 1o Table 111 ra show the suze of e population
over the firel cight months

(b How would you medily the flowehart of Figure |+4 s0 as 1o

geeerite the frw rem of this medibed uequm prester than
M

Ih::\ml-"ru:li:-llm'an1mu-ululamt[:-ms':nf:::f:n:tratn‘lmslr-dcrm:purnl"T

puncre rabbirs

{3} For the Fibonacsi wequence in “Table 1], calrulaze I’mmmml.h'

too throush ewnh eoclee the m1ie, 1, of the tofal aumber of

1-3
.- SIMPLOS, a
mnccpma] model -

of a computer

Varizbles

14

17
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rabbits in the current month 1o tha i the precnding month
Expresy each ratic as & decimal and cnry out the calaslation w
the neareu thorvsandrh,

{bj Expreas in your own words what scems o be lppomng o hew
s, -

{c) Fiad the reciprocals af each of the rarios in Problom 32 ,

(d) What relntionship between the ratio r and its recipeocal 1,'r st
1o be becoming more and more truck Express this rd:uunshp
a3 w0 equation

(=] If this relaticnship held exacily, what would be the exact valee
af 1} That s solve the equation for r.

Repear Problem 3 using: . o

{a) Toe rablc in Problem 1.
(%) The wble in Probler 2. i

_ The atgorithm of the preceding section can be expressed s |
. oiuch simpler notation that is, al the same time, more nesdy |
" acceptable by a computer as a ser of instructions. To do this |

we must inroduce a conceprual model of how a mmP:m
works, This concepteal model is 30 extraondinarily simple o
we will call it the STMPLOS compurer, It is amazing, but e,
that such a simpde view of how & computer works © completsly
adequate for this cntire course. We will presont a meore reatione
picture of a coogmiter in larer sectiony of this chapeer,

In computing work, 4 variabl is a lerter or 2 siring of leners
used (o stand for something, For now, this “'something™ thet
a varisble stends Tor will always be & number. (As we progross
throogh this book, we will ke 2n ever broadening view of
the sort of thing a varigble can swand for.) In the formuta

A=LXW
the leaers A, L, and W are variahles. In the formuts
DIST = RATE = TIME

DIST, PATE, snd TTHE are varinbles.

Aty radtemter Eine, a variable wil stand for oae parte-
war ouwnber, called ithe value of the variable, which may
change from time 1o time during a computing process. The
value of 2 varizble may change millions of times duving te

. execution of a single algorithm.

In our conceprral mode] of # computer we assaciate with
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View of 8 51T 05 pyseems
#y ¢ o3t ol inkoorarciod
moful

* LATEST gtands lor “latest term.”

* vared appropriately, carry out slgorithms. Figure 1-6 is one *!

ATGOFITIIME AND COMPUTERS 1B

Fl
. s
exch variable a storape foxr On the top of ach box there is
@ removable gummed sticker with the associnted variable in-

scribed on it, and inside the box there is 2 swip of paper with .

the pretent vakue {or currem value) of the variable writen on

Air. The variable is a aawie for the number that currently gppears

intide,
Each box has a Md that may be removed when we wish
to Assign 3 new value 1o the variable. Each bos has a window
in the side so that we may read the valoe of 2 variahle with
o2 danger of aliering irs value. These bozes constinute the
sierage of our compuier. In Figure 1:5 we fee one sizge in .
the exccution of the Fibonacti sequence algorithm of the pre=  The Mode] and
ceding section. Here NEXT stands for “next latest term™ and  Fowe 1t Works

To summarize, the dafe steroge of 2 compuier is © be
thought of 22 subdividable into a number of informarion con- |
taincrs or boxes. Fach such siorage box may be given a mean-
ingful name (sticker), and ¢2ch may be given (assigned) a valuve.

Some people view a computer as an elecronic and me-
chianical systern having a data storage similar io that just de-
scribed, along with » number of other interconnected nnits or -
modules, cach wich » special sc1 of functions that, when act- |

way ta depict the organizztion of such & computer system. I ° -
we wrre 10 pursue the cxplenztion of this system according -

10 the module view, it would be necessary to define the fune-

tions of cach modulr and explain the signifiance of 1he ar-
rowrd lines into and our of each box. Bur.it weuld also be .

-’ .
+

. -

t ' il rtouns 1.7

Ikll.llhll'l

=

Eiwki1 P
.
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necessary to bring the diagram to life by explaining the action
sequences thay eceur in which each module serves the needs
of the others so thaz the overall effect is to process information
{i.c,, to compute) in the desired fashion

A second way to view @ CORpUIEr is 1o picture the active
modules as robats working as 2 team. The actions of each robor
always foligw a fixed panemy, accarding to a ser of relatively
simple rules. We shzll take this view in our concepnual model,
S1MPLOS, e

W'z visuslize 3 computer x5 8 number of storage boxes \ogether
Cwith a staff of o robols—the dasrer Computer and three
sssistants, the Arsigney, the Reader, and the Sticker Afixer, All
these components are quanersd in ope room, isolated from
those who will use the Computer. .
The Masier Computer cocresponds to the control and
processing unit in Figure 1:& He has a flowchart on his desk
that.seis farth the instructions according 1o which he delegates
certiin masks o his assistants {Figure 1-7). “Mote that the flow-
chart corresponds 1o the information kept in the program torage
module of SIMPLOS." ' -

I.-'Il'-_-t

1

..+, - To see how this team operaies, ler ug supposs the com-

.puter”is in the midst of execufing the Fibonaoci sequence’
algorithm of Figure 1+4. One of the inttructians in l]:.i:._:lgo-i-

. 1 s

Fomd P inom aol i
Jetenl ot i T
wrl-cH BHm

-




. seen in Figure 1+5. The computation called for in the assign.

ALGOEITHMI AND COMPUTERS 20

- 20

"7 » smplified flowchart aotation, this instruction will take the

Form
1 s

SU'II:'-LATB'I‘HEI:I

. Inside this fowchart box we find 10 amigmacat stagement,
Reading this satement dloud, e would [y, “Asten w SUM

the vatuc 'of LATEST plus NEXT," or moxe simply, “Assign -

LATEST + NEXT 10 SUM.™ The arrow pointing Jeft is
called the asdgmment operator and is o be thought of 15 an

order of 2 cownmand, Recungular boxes in our flowchar Lan-- = .

guage will always contain sssignment tteps end will therefore
be called assignment boxes. . . o

Tio see what akes place when the Master Compiter comes
to the above statement in the flowthart, let us assione thit the
varighles LATEST and MEXT {but pot SUM) have the values

menl statement 5 spelled oot oo the sight-hand side of the
arrow, so the Master Computer looks there firnt

SUM ~ LATEST * NEXT

He realizes that he peeds 1o know the values of the varia-

Hes LATEST and NEXT, 10 he sends the Reader ot m ferch -

copics of these values from storage.. -
The Reader then goes and finds the stocage boxes labcled

A

FIGORN

. The Alay

the copry,
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LATEST and NEXT. He reads the values of these vahiables
through the windews (Figore 1-5), jots down the valuck, and
czrries them back to the Master Conputer (Figure 1-9)

© The  Master Compeer  computzr 1he wvalue  of
LATEST + NEXT using the values of these. variables
brought w0 him by the Reader:

B+ 13 =21

What does he do with this value? -
Thhlmu@mpumrmhchmd:kﬁnf&m'p-
foent srow in his instrocron

"L - = LATELT + KEXT

He ‘sees that he must wwsign the computed walue of
LATEST + NEXT, namely, 21, to SUM a0 be writes 21",
on & sip of paper, calls the Amigner, god inorest hom w
gssign this value to the variable SUM.

The Assigner goet o storage, finds the box labeled SUM,
andd Joapt Gxt ity oumdenss (Figure 1-10) Then be places in
the box the slip of paper containing the new value, closes the
bid, and rerurns 1o the Alaster Computer fox & new task,

in other words, axsignment is Lhe process of giving n vahae
t0 a vrizble. We say thay sxignment is dettructize bechuoe i
displaces the former value of the variable. Reading is mon-
dzstructice because the process in no way alters the values of
any of the varizbles in storage. :
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storage bz aod Aehing ir - -
Ia Figure 1-11 we present the entire flowchart of Figure
. ldmumphﬁ:dﬂorwdnnhngutgc.Th:ddmdn:wﬂnw- o -
2o dummplmdﬂdcbyndcfwusycmnpmm : .

The ranshation requires m}* linde explanazion. It shnuld
be obvious thar the statemenr in box 1 on the left is equivalent
w the two mm:numburlundtcnghmev\mm
of bax 2 bas been. discussed in demail,

We see thal ¥ie nvo statemens in boxes 4 and 5 of rhe
old fowchkart are compressed into one box, box 4 of the naw

... Bowcham, This is permissible wheoever we have. 3 number of
assignowent statements with 20 other steps in between: Howr-
tvrr, i i very important to understand that these sssignment
kmtements must be executed in order from top 1o battam, not
in the opposite order and not simultaneously. The order i - .
which things are done may be extremely importent, riGurg 111

You en see that the stucments in box 4 invelve no com-  Trendaion of Fiboumaced
;uhr_atinn but merely change the viloey ir} Certdin starage boxey, | m mm Format

Is sart of ecrivity occurs frequently in Aowcharts,

In box 6 of the fowchart we ¢ only the word SUAL
The shape of the box (calied an sufput box) rells s thar the '
valuz of the vaciable SUM is o be written down o displayed.

H, in same other algorithm, we wished (o write down the valuer.
of severz] rariables, we would list these varisbles i mmuut;m
box separated by commas, a5 ilhustrated on the left .

We will now describe the dutics of the Sticker Affixet, |
We consider that the computation is begun by the trzosminal I
of & Aowchare 10 the Master Computer. The first thing :1':‘

Master Compruter docs is to scam the Bowdore, making a l:s

COMTFUTER SCIERCE: & FIRIT COURSE

wnially 1k |bet WM
Laberad bk 1o o ) gl
Har L bt b |

kixI =@
LATLET = 1

L 3

i 1 M
1 wad The mim of 1 el
TP il [P eyl =il
wrm

M — LATEST + NEXT | |

REXT = LATEST
LATEST = 51T

Han
e

() Mew

{a) Old

d‘lﬂﬁcmﬂumﬂ.hﬂ:muﬁhww
fowcharr of Figize 1+ Ilb,thulmmldhlwﬂlcfnrm

NEXT .

LATEST -

SUM -
Th:Mm:anmpmhandithuhﬂmﬂmSmicr&ﬁ:wr
w{‘mmwspnnpmmunon.ﬂcmmihumhdﬂmum-
Hes on 3 sticker, goes 1 a bin of untabeied gorage boxey, and
dlpumnfttﬁ:nidrﬂjsmﬂ:hnﬂhrubmu{ﬁgumt-ﬂ}.
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ke Afficrr o work

"‘rrcii:g the Flowetart

'anlha:imu-uniminﬂwlﬂnwﬂmnu: executed until 1he

instruction is’ reached. At chis puncture, the Master

Computer directs the Affixer to unpeel ali the labels and throw

ﬂm:nin._tu‘a:tt)'dl‘.'bin. *

To understand bener what our flowchar in Figure 3:115 does,

bet us trace through it, executing the steps a1 the Master Com -

puter and his assistants do them (see Table 1-3 :
In this trace, for ease of reading, the valuoes of the sariables
ire repreduced enly when zssipnments are made o them. In
between such steps, the values of the variables do not change
and therefore have the modt recently revorded values. For
example, in siep 33, where a e is performed, the values
the variables are '

NEXT = 5%  LATEST = 69,  SUM = 144
In siep 3 -the valoes are
NEXT = 89, LATEST = i44, SUM = I

You can see that in step 48 in the execurion of our algo-
rithm we finally leave box 3 by the tree exis and pass on o
box & whire we ourpur the answer, 1397, and Stop.

The uner simpliciry of our concepual medel avoida and

- removes certain pitfalls, There i¢ aa ever-present danger of

thinking of zssigament 2s cquality or substitution. {We will say

24
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TanLe 1-3
:Tﬁci.n;n!’&el’lnwchnn{ﬁguuplu
' Step Thmechae Values of Variables
" Number o Tt
. Nuhey NEXT LATEST SUM
Fo ] 0 1
F3 2 1
. 1 b 1 > 1000
| 4 1 1
: 5 z 2 .
‘ L] 3 Z > 100
. T 4 1 ]
i i 2 : .
I 3 : 3> 000
A 11 4 ] 3
1] 2 . : | -
oM 3 . - 5 > X0
o1l 4 3 - 5
" 2 |
15 3 o - B> Jood
L& 4 L1 1 _ :
1 2 t 13
M 3 - £y > 100D
1% 4 -8 4] < .
'om 1 | R
N 1 . < T 21 > tooo
H 1 13 2 ST .
2 F ] . .‘g. M < L
. H ] : : . oM 0
- 0B £ | L7 -
| F- 2 Lo 3 ]
i} b 55 > oo
) i - 3 A5
il 2 @
n 3 . & > [000
3 1 =3 &
i 1 L) -
n 3 , 14 > 1000
M 4 M 171
k1 2 m
38 a - 233 > 1000
4 4 144 i ’
y M F] I
f » 1 . 7T o 0ah
] 4 13 mr o, * .
4] 2 . &l
42 4 . g v &0 o> 1000
43 4 re &0
“ 1 . ST .
15 3 T > 00 .
L 4 [T]:] 87 -
“ H 1 doy
L5 > Joog’
49 &
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maore about this Jater) This and other poremtisl sovrers of
confusion, such as the effect of » cermin sequence of Aowchart |
satements, an be cleared up by thinking in erms of the -
SIMPLOS model, which will always give the right answers,
. I fact, an excellent way to understand these ideay aof
reading 20d sssipning values to variables is to make some !
storage boaes and, with some fricnds, work thoough several '
2lgorithms as described in this section i

What i the effect of changing the order of the two esSIgRMEN: sate- - . 1.4
ments in box 4 of Figure L-11d w0 a3 10 appear 25 sc2n below)

!

LATEST -~ 3uUM
MEXT = LATEAT

. SR

Trace throagh the flowchart with this modificadon il you find the
anIwe, oo .

Input-ourput

{3} To compant ehe +ficcts of the essignmens sarmens

o A~ B el B+ A

find the missing numbers in the wbiz belov.

. ¥dua Bfore  Arcgnmoen Yuloos Afier
Execation of To Be " Expcution of
Assignment Exeomed Assignment
1
A B A B - '
T o0 A2 H [
? 13

i
Ba—A ? H H

o —

- {b) !nwhidid':hemami:hmrtlmﬁ - Baﬁnmignm:?f

{c) Arc the eflecy of the twe wssignment stziemenss the same or -
differen?

Modifrr.l‘tﬂuw:h:nhFiml-l]imutumywthd:mm. -
of Problem |, Exrrcises |2 i )

EATE. TIME
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Modily the flowchart of Figure 1: L1k so 2 [0 CUTPAIE €ach ferm cd'
the Fibonacd sequence saming with the third (ie, omit the inisial
d, and 1), . .

Revise the Rowchar af Problem 4 o calculate rhgr-tic-. r,of LATEST
0 NEXT (33 caloulated in Problem 3a, Fxercises 1-2} and outpat
this ruio [2s well o LATEST) at cach srep

Revise the Rowchart of Problen 5 to calculate at each sicp the recip-
rocal ef 5, Add this value to the ourput list. -

Imagine that you are a booldeeper in 2 targe faciory. You have -

records of the hourly fate of poy and the number of hommrs

worked for each employce, and you have o cilculare the week's
wages. Of course, this can be done by hand, but Risume there
arz nearly 1000 workers in the plant, 5o that the pob would
b+ guite redious. Naturally you peefer to have .ﬂ'i: oomputer
exerute this rask for you, but yen will bave to devise a flowchan
to convey the instructions to the compuoter, ) )
How will the hourly wages and the hours worked come
into owr computation? Must each new value of RATE and

" TIME be rcpresented by # scparate astigument box? This i

certainly a possibility, but it would require til_'lous:m_is of Aow-
chart boxes—a most undesirable stare of affairs. This ur.l.[:nh_:l!—*
ant necessity can be eliminated by using the concept of input.

Ve now introduce 2 new shape of [rame, the fnpwt box,

" into the Aowchart language. The input box has this shape ro

suggest 3 "punch cerd™ (o frequently wied input.m:d.ium: bart
nol the only one). inside 1he box will appear u single variable
or & list of variahles separated by commas.

What happens in cur SIMPLOS model when the M.l.it:.:r
Computer encounters such an instruction? To answe thfs
question, we must endow the SIMTLOS model with an 1ddi-
tional feature not peeviously needed (Figure 1-13) ?l.\il“LDS
has 8 conveyer belr {called the inpus belr) thar crries dlips of .
poper from outside the room into the enviroament at: the com-
puting staff. On the outside end of the belt the “user” o
"programmer™ {whe is nof 1 member of ﬂ'_i: crmputer staff)
places these slips of paper, with values wrinen on them, on
the conveyer belt in the order in which be wants them o be
used.
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SIMPLOS vk lq- -3

Whmﬂ::hlmu'l:umpmcrmumﬂa:hpmm _

he does the follow~1g-

St on & treadle ronning the coaveyer bedy varil the next
dip of paper comes within reach. -

2. Remove his foot from the treadle, tiopping the bel

3 Tuakes 0 dip of paper [rom the bedr 2nd bands Bt o the
Ammmmmmmmunpdurﬂmﬂwrmmh
mqu;RﬁTE,

When the Assiprer remumns (rom this sk, the Mu:ur
Compuitr repaats the shove process, bul this time wlls the
Assipner 10 assign the new value o TIME, When this is done,
tﬁ:himr(hnpnﬂfuﬂnﬂﬂ:mwinhisﬂu:chnmrht

DEYY InsrucTion.

We ser thar o jrput box is v command @ make pssign-
mentt, bur this Command is esseninily differem from that in
a0 ssignment box In en sstignmem box the valoes 0 be
pssigned et 10 be found in computer siorage or are computed !
from valoes alrcady stored, wherras with an iopwt box the |
nhmtnbcmigmdmntuimdrmmid:dumpum.'
No calculation is called for in sn input boy, Alorvover. the

ETART

" FiGURa 1+ il
Frproll ulgoricdes.

CUHPH“_IEI ICEENLCE: & I_'lll'[ ﬂﬂ!l“l 29 ] zi
vehws to be inpan Dewer appear in the Bowchary itelf. Ondy
the varioNa ™ which these valoes sre o be assigned spiperr
in the inpus boses of the Bowohan ' )

In gn acmz] compeger fnor our concepial anc) the do-
tinction berween the rwo kinds of assigament need oot be so

" sharp Astigneyenss Galled for in 20 input boy snuelly vvedee

sorne mecharic] pestwen sch uu:mpumq:pmdrdnrd
nrnu:crumtnfrrmd:dmfnmmmpﬂn-rndmgmtm
wlmr:htmdcdmuuuuuyhmpcd.mnmpmspmd
:hcdmuﬁmmmuspm:dm:olmdsmmnfw
called an inprr buffer, well before the data are actually seeded
by the executing algorithm. Iulhucm:,wh-nuwmump
ummmmum:mmmw,
copied ar elcctromic speed froem storage bozes of the inpue
buﬂ‘nmumgcbmunftlwmuuuthumtpm.ﬁndm
the inpam step of the slgreithm

Now: ler's see how ™ use the inpu) box in our hourly rawe
and payrol] problem. Shotdd we input the data from all the cxndy
before we st our cabenlatons? If so, we would need & grest
many morage bozes in which 1o store all these dan Instead,
we will calontarr the wages after esch dam set is read A
description of twr method is g (ollows

1 Immmﬂkﬂﬂmm:vﬂmdmmhﬁ
process described above,

2 Mchiply the RATE by the TIME o get the WAGE
1 Ouiput the values of RATE, TIME, and WAGE.

4. Retzp waep ).

In the Aowchars of Figure )- 14 cach’of the first three steps
of the above list appeacs in 3 2imilarly pumbered boe Step 4
B represeoied by the rrow returning from box 3 o box 1.

You may wonder why the Bowehart docs not have a sop
buton SIAIPLOS always terminates execution of an algorithm
when =n inpur step iy being execured, and the inm bell con-
ains too fow values to maich the variabics in the inpur box.
Execution of the payrodl algarithm will therefore aerays hale
after the lagt rete, tme pair of date vahees has been proctused
sad pontrol oner again reaches box ], wh:rcnudlmcmd
that the inpur belt is empey.

Itwi[lahnh:m:ﬁ:ltnvﬂuﬂmmupmm:lﬁnﬂum.
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The three asslunts

Guee 115 -
S1IAMPLOS showing twch bela

" We endow SIAMPLOS with 2 secund conveyer belt, the ouiput
Belt. This belt runs out instead of in and runs continnowsly—it
needs no rreadle. Each time the Aowchan calls for output, the
Master Computer wriles the proper valoe on » slip of paper
and drops it on the tutput belt, which carriea the slip through
the wall to the outside environmen} of the user. A view of this
sitzation from the 1op is seen in Figure 1415,

Records versus Suramy Our conveyer belt model of tnput-owmpur suggests that_data
valugy move as & stk into and our of & computer system.
Although in actual computers this 35 not alweys sirictly the
case, the anology nevertheless is guite close. To pursur this
idea ler us consider the punched cand reader, one of the mosd
comnon input devices on acnual computers. First, a sequence
of dars values is punched on cards. The rzeds are then placed
in proper order in the fnput hopper of the card reading device,

¥
+

. I R N TR T
H \ Bk L P e e
i e . —

91 COMPUTER SCIENCE: & FIAST COUNSR 31 A
Usually the card dn:k is placed face down so that the botrom
{first) card in the deck is the first one to be read. Each time
mare input data are required, another card is drawn from the
bomom of the deck and ats contents are read, either electro-
mechnically er photo-optically. Oner read, the card is dropped
into an omiput stacker and thus discarded.

Card dock =, I

Input heoper

»

The information contained on a single punched ¢ard
peed o in principle be limized (0 one value For example,
depending on what 2 progrem is designed 1 expect, an B0-col-
umn card may contain up to eight 10-digit integers o up to
mwenty 4-digir integers.-

N
-

iﬁd?&ﬁlih:ﬁ?ﬂiﬂu?ﬂﬂli‘iﬁh?ﬁNli‘i&ﬁﬁ?ﬂﬁt%‘“ﬂﬁé?ﬂ K Z+e P00 L 25456703
. _L
R H LT T IR PR T TR U Y
S RN RN N R RNy RN N R RN NNy RN NNy NN NN RN RN RN RRERNANY
CE FR R Rt N F R R I R R R e r F R ) E R SRR PR NEFRE ERN SRR FEREEE)
E L RS NN R RN AR E R R R R R R SRR R RN I R R R RN PR RN IR R
llttlllqlllldqli+|111¢tt||tthq|4|||+|||tlll|g||||¢414|¢;|f|;¢;;14|¢|||;|i|:||||
I EHE R RN R R R R R R AR R R R A R R A R IR R R R RN ER 12T RN TR E S EER TR R1 A1)
O N T I L T O L T T O AR RNy (R TRTRn Ll Il
H‘I‘J'.".".lIHHIIIHl”lll‘”III'HlH:IIHl!lH‘HIH'l!'.l'.lllllllli'l'ﬂrr'.'”ll”:ll”lll?l
lllililll!lillllIIllIIIIltllllllllllIIIIIllilIIIIIIIIIIIIIIIIIIIIlllllllllllllll
iirtrlllllyllilitillilsi|||||I|i|||:11tlli|||1|||l||1::||11|s|||1|;;1||lsi|s:11|

mypaphbnd3ddinhnidbddfdndbdiagerrrbiFhdcr daa bW AFA T BFEE TR N Y Y

When pteparing dan cards one is wlways faced with the
_decisien of whether to utilize their capacity fully oz 10 punch
on each only the valucs roguired for 1he execution of one inpat
siep in the algorithm. The latter choice, sithough somewhat
wasteful of card spare, makes the data cards easier 20 check
Char payroll problem provides us with & case in point If,
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the contents of each card 1o onc refs, fime pair, then each time
bax 1 is executed, ane and only one data card will be drann
off 1he inpin deck, read, and discarded We could be mere
wasteful and punch only one dzta value on cach card. Then
successive cards would conwin first a rate value, then a fime
valoe, and so on. In this case, each execution of bax 1 must
cause fue dzta cards 1 be drawn from the deck snd read, and

the analogy berween the inpul conveyer belt and the card read-

ing activity is very close indeed. That is, when the Alaster
Compuier hits the oot readle to bring in one daty vazlue, the
acrual compurter will signal the card reader (0 draw off one
card and read it

The znalogy is less apparent il we 2llow the data cards
1o contain more than one ram, time pair end i we expect the
pairs 1o be considered in tum during successive executions of
box 1. Ia this cate, box | can no longer mean “read a card™
bur, instezd, “assign respectively o rate and tine values from
the next daa pair in the deck. IV the next pair caanct both

come {rom the ourrent data card, then draw of another card -

from the deck and resd it If, on the other hand, theee is 2t
least one more dac: pair yet 10 be processed from the most
recently read card, then process that data pair.™ This inter-
preiation assumes that an input buffer is Alled (and refilled)
with dara frem each newly read diw card and thar values are
ecsigaed 10 rafe and finee by simply copying information from
this buffer into the respective program. variables, always re-
membering for furure use u.l'uch itemns in the bufler have oot
¥t been copied.

We see, therefore, ihar using en input buffer guarzntees
thar cach dars pair in the sequence will be processed in rurn,
10 matter how many pairs are ponched on each data card None
will be missed o skipped over, 1L i in this sense that the siream

" eralogy is preserved even though e sequence of data iems

is grouped into Arbitrary-sized card records,

The SIMPLOS model is & primitive machine. It hay only
sream-oriented input and owlpul. ARer valiucs are placed ca
the conveyer belr 16 be output and are carried 1o the oursid:.

environment of the user, how are they displayed? We certainly |
are aware that in 2crual compaier systems alf values are printed

or displayed on a screen in some sort of “format™ with a

%

!

] RATE, TINE WALE

Importance of the
Concepruzal Modet
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pamicular rumber of columns, but the only fact we are inter-
eled in with respect 1o SINPLOS is that the valuss are eput.
When it comes o interpreting output boxes of a flowchart,
the sitwarion is somewhat different. The outpat box oa the left
is comsidered to be 8 cammand to pring the curzent valves of
the three variables, RATE, TIME, and WAGE or ane fine.
(1f the list won't fir on one print ling, more lines are used.)
Furthermore, if the same output box is executed again, the nexg
set of three values will appear on 2 new line below the first
ser I the dhree variables appeared in three individual boxes
instead of in one sinple box, then each would be printed on
& separate line. Thus each execurion of an cotpat box is con-
sidered 10 begin printing a new line.

No doutn you have wondered why, at the very start of our
scudy, so much attention hat beea given to 1 concepiual model
of a2 computer and its details. Cen any model, especially this
one, which seems 10 simple and st the kindergarizn levd for -
some readers, be thar impertent or thar valuable 1o us? You
may develop similar doubts about the value of flowcharts us
you proceed further. 7.

The model and the flowcharrs we develop are nbummmu,
of rexl machines and of rezl computer programs. Once we see
the connection between an abswaction and the concrefe or real
thing, we can ofien gain mare understanding of the real thing
by studying and manipulating its abstract epuntorpart. So, high
an our list of prioritics should be an atempt to understand
and appreciate the tonnections berween the abmsuace and the
concrete. For example, in the next sections of this chaprer we
exzmine how an acrual mmputer @5 organized and how ir
works, Therrafter, it will be 2asicr 10 see why the concepiual
model, na marter how silly it may have first appeared, it a
very usefil, simplified view of & real computer. Likewise, just
43 SDCO 8% WE Ty To wrile and Lest acrual computer progrems,
we shall see that the flowchart gives us a simpler but more
revealing way to think sbout compurer programs for most

Experience has tavght us that problem solving with com-
puters is very effective if we can work first with a simplified
modcl of 3 machine and a simple descriptive #lgerithmic Lap-
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guzge in which to expréss our prollem solutions. Then it is
pant_iv:ly casy (0 map these solutions over 1o programs
written in some convenienl programming language such as
DASIC, FORTRAN, ALGOL, or COBOL, se that the pre-

grams c2n be executed on some real, convenient computer.

Modify the flowchan of Figure 1-14 1o provide for an pverime
franure. All hours in excess of 45 are  be paid at time and # half
You will have 1o place a decsicn box somewhere in the fipwchart
to determine whether the worker acoully put in any overtime. The
formula by which his ‘wages are computed will depend on the outcome
of this test. .

Now we z2re ready to examine how our conceptual model of
p computer can be realized in an actusl machine, For the first
25 years ol modern compuoter history (1949 0 19M), nearly

all actua) machines were buili following a more o less seree- |

typed pattern suggested by John Von Newmann (1903-1937)
A prototype machine following this partern is discussed in this
and following sections. We will call ir SAMOS. SAMOS is
a very simple machine; that js, it is stripped dovn 1o the bare
essentials. Some feawres of its operavon are deseribed in con-

- siderable derail, while others arc glossed over. The program-

ming of SAMOS is described briefly in Section -6 and in
morc detail in the Appendix, the purposs of which is ta help
the reader see & closer connection betwveen language for ex-

pressing algorithms and machines thar execure them. .
It would be foolhardy 10 assume that 5AMOS-like ma-

chines are the “be alt and end ali of computers,”™ since the

archjtecrure of computers is still undsrgoing rapid change. For
this reason, aspects of two other machines zre discussed brielly
in this book. Dne machine, called BITOS, appears later in this
chapter; the othet, called POSTOS, is considered in Chapier
B. Each of the three machines exhibio ¢ortain distinet charae-
tezistics foc the implementation of our conceprual model, 51A1-
FLOS.
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 tial, 10 £in a good understanding of how an actual compuier

warks, We sugzest that you read once through the material of
the next nwo sections without attempting ro master it. As you
work exercises thal relate 1o SAMOS, or have ocasion to study
SAMOS in the Appendix, you will no doult come back o
the nest Two secaons for a more carelul srudy.

How arc all 1hose storage boxcs of SIMPLQS reslized ia
aciual pracuce? The storage of actual computers is balt of
elecironic companents in » varery of ways and with 8 varicty
of materials, Here we describe one way thar 2 SAMOS storage
can be huik,

SAMDS storage, packeged in a rectangular box, is ag arrange-
ment of tiny magneuc doughnuis as small as 1740 of an inch
in diameter. These doughnuts are called cores {Figure 1-16).
The cores are laid out in 61 harizonsal layers or trays called
core planes. On each of these layers, wires are strung evenly
in rwo directions like the lines on a sheet of graph paper. There
gre 100 wires in éach direction. At each point where two wires
cross, the wires are threaded through a core, like the thread
passing through the eye of 1 necdle (Figure 1-17). {(Stli other
wirey are threaded diagonally through cach core within cach
plane. Their function is not important to the discussion that
foltowy, and they are therefore ignored}

Figure 118 ix a picture of a core plane from an actual
computer built in the mid-1960s. Since there ere 100 X 100
crossings in each’ SAMOS core layer, we see that there
are 10000 corey in cach core plane and  hence
613 10,000 = 610,000 cores in the entirs SMIDS s
{stcrage}. ¥
These cores ars capable of being magnetized in either the
clockwise or the counterclockwise sense (Figure 1419), Because
of this a cove can store informarion. We could 1hiok 4f dock-
wise magnezizarion 83 meaning “yes” and counterclockwise as
mezning “no.” We will instead think of dodaovise as standing
for "0 and counterclockwise for 1.7 In any event, the infor-
mation contained in the magnetizaton of a core is the smallest

v
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unit of information snd is called w dit of informaticn. We see
1hal one core can Store ome binary dipgit, 0 or 1, bir: a collection
of cores can store p very large number of bits, We will discuss
this idea Jarer, after a digression on how the cores pet their
magnetism.

.Fi.rs'l, you must know that a pulse of electric currem
maving along a wire penerates w magnenic feld running around
I.htl'h‘rirt, 25 shown in Figure |-20. The sirength of the mag-
netic ficld is strongest near the wire and dies away as we move
further from the wire. )

L oass

FIGLRE 131
Revenaing the direction of the
maneic beld.

" pgeer 1-22
A core in & mugneiic Beld

FiGcxe 1-13
A row of OGNS i MIEKIK
ficld
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Fi the direction of the current is uwﬂ. the direction

of the magnetic field is also reversed (Figure 1-21)

I

]

. !
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7 Thus, when a pulse of current rasses through » mrc,.l_:]:-r
core will become magnetized in one direction or the other.
depending on the dircction of the current (Figure 1:22).

4
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But how a6 we manage 1 magneiize Just one core instead
of the whale suing of cores (Figure 1-23) through which the !
pulse passes? The answer lics in the magnetic properties ol
the material from which the core is made. In this material,

a4 T o mem pmm

if the pulst is 100 weak, the direction of magnetization of the
cure is pnly zemporarsly altered, and after the pulse of current
has passed by, the core merely rerorns to irs [ormer magnetic
copdition, whaltver that was. .

On the other hand, if the current is strong enough, the'
core remaint magnetized in the sense cstablished by the direc-
tion of the current, regardless of the former magnriic condition
of the corc. The situarion is analogous 1o uying ¢ throw a
ball from the ground 10 the flat roof of # building. 1f you have
cnough power in ypur throw, the ball will land on the ronf;
otherwite it will bounce egainst the wall and fall back w the

ground.
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cac pulse is 0ot sufficiem 10 permznendy magnetize & core, "4

but fwo pulses acting simulizncously will excend the threshold
strength and result in permanent magnetization. Thus, pulses
passng 2long two of the wires (Figure 1-24) will permanendy
magneiize just the one core that bs jocated where the wires

-

Lal's leave the individual core planes and consider the entire
store of the SAAMOS compuier, compised of the b core planes
(Figure 1-25). Each verticsl column of 61 cores constitures o
contputer eord. Thus, Lhe storage of the computer is compased
of 10,000 words. These words have sddresses that are lour-digin
numbers Troem 0000 o 9999 and, fike house numbers, the
sddresses identify the words Each of the 1,000 dots sugg:ﬂtd
on the top of the box is the top of & vertical column of &1
ceres {or & word) The method of nmgnmg the addresses is,
indicated in the fgure,

."Fach of these words corresponds 1o 1 S1rage box in our
conceprual SIMPLOS model. For each varisble in the flow- °

Ay mmm

chart there is & SAMOS word with a definite address, The
word contains a certain patiern of bits determined by the direc-
tions of magnetization of it cores and represeating the wlue
of that varizble, “Assigning 3 value to & variable” iy effected
by putting 8 cenain pacern of bits into 4 word (Figure 1-26}

Whea we say “the Master Computer tells the Assigner
to assign the value 1597 to the variable SUM™ whar acruzlly
takes place is this. The variable SUM is represented inside
the machine by meany of its address; suppose it is 0103, Now
all the 61 X 2 = 122 wires passing through cores in the word
addressed 0103 are epergized with pulses of cwrent in the
proper directions so as wo achieve the panem of bits rcprcs:nr~
ing the number 1597 In a modern computer this aasignment
process can be perfarmed in a fraction of a microsccond; a
miczosecvnd is & milljonth of & cecond.

In the binary sysiem of rcprestnuuan, & number such as !5‘9’?
i1 cndnd w4 a steing of 1's and ('s, for example:

“11900k111201

+
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40 ~ Chamcier  Crde Charscter  Code Chamcter Code Charsceer  Code
=y 4 o m:mm ; . I ) o n:amu
gros - wnl A 0100y 1 1010001 f
----- e T R 2 00}0010 B -Dlio0ie K L s 1iobo
3 Ll C oLloers L 30011 T 11001
4 00,0100 D 0301 al 14/ 0100 v 15 al
5 I E o11a)m N ool v 110101
8 00 0110 F arfone 0 100110 - w 110110
7. o G oliotn ] 1010L11 X 1j01LL
! 3 11005 H o1l 100} Q 19. 100 Y 11 1009
9 B 1001 1 011001 R 101100t z 1, 100k
— rrcoee b-37
: AR e P S S S aa Charsaer code
: mnnniin swLonnl o o . _
! rviaaniiii: il o=, in a digit or a fetter, that is, character, gecording 10 the code shown
NNt i 3§ - in Figuee 1.27 '
5 P S I L S 4 ST 1 E I For each group of six bits, 2* or 64 distinet combinations
\5_:3:_:::::115112'::‘1:','.::;'_ v g of zeros and ones are possible. In Figure 1-27 we have vsed
o \w::.:fsz::::s ISP I I - up only 37 of the 64 combinations possible with a six-bit code.
":§ Mt S LI S E RN LT LT B T I bols such s +, >, and the like. One of the 37 combinations
\% i 1 of special interest is the blank spave, D, which is coded as
~ ’ R | : ' '
| _ e b 110000
For SAMOS any w'.m‘ would be d by & string of zers £— y S With this code you cun see that the two 61-bit computer
to !t out al the bit positions uflr.h: word of gz, While 3 words displaycd vertically in Figure 1-28 num out 10 be _ -
f.'jl.lmbﬂ:!l are coded in binary form in many computers, binary ) ’
is certainly not the only choice. In a machine suchas SAMOS, F— F— ctvlulyjoledalelels]s
. fg:_mltwscc, computation it carried cut in the decimal syseem, 3 o §
which.meany that bit parterns in & word of storage must be ¥ and
coded 10 represent decimal digits insicad of binary dighs. T ¥ .
Moreover, we want 10°sbrc Ietiers as well os decimal digis. T » .
‘Far this reasan, we subdivide our S1-bit SAMOS words inte I T ° L B ipe ! ; '
Il character positions sy shown below. L
N E_ 1, From now on we shall represent our SAMOS computer
" "1 ¥ words 13 sirings of 11 characiers instezd of strings of &1 birs.
s ] In » number of ronventionz] computers of similar design eight
ey} [ S < - . . .
/l.} Y Y e ares b, L ° 7 instead of six hils are grouped o represent characier cpdes,
e . . N making it possible te distinguish 2mong a considerably larger
= - i et of chorzcers thap i the case 10 SAMOS, This distincton,
The &int position (ane bit only) is reserved for acode that £ ' 3 ° however, has absolutely na effect on the principles of charactes
designates the sipn, + o —. Here 0 is suftici —— ] represeniation end manipulation that accur in ensuing chapters.
IE $1E0, H cient 10 represent” | o, B P

the + character und | significs the — character, Each of the
other positions consists of six bity and can be vsed 0 store

- - -

ricved 1-44
Drerailed bir pertertia for rwo
COMpULT winde

The construction of 1the main storage for any 3crual com-
puater is of great inserest mainly 10 compuicy £nginecrs and
designers. Siorage compenents currendy are built from variows
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_ mypes of physical devices and materials, including mugnetic

vores, magnetic thin films, aod transisior Ajpfops. There is
comiderable veriety in the circuitry used w organize and utilize
such components and in the methods of packeging and minia-

. turizing them. Their physical charseteristcs, such s size,
speed of access for storing and retrieving icformation, epergy
_ requirements 10 operate them, end cost of fabrication, vary glsa.

MNevertheless, schemes similar 1o that used in the waord-

organized core sorage of SAMOS have been used to assemble

snd incorporare atl of these types of storage uhitt into conven-

tional computer sysiems. You might be surprised at how much -

understanding of this subject you ean gain with a relatively
small investment of smudy time. {See, for example, coe of the
references on this topic tn the reading list at the end of this
bowk. )

Mow that we have seea how the SAMOS storage is sougctured,
we will consider how :hc storage it used inexetuting an -]gm
rithm |

store, These are siona in Figure 1429,
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Our computer has several other components besides the

The solid lines indicaie the directions in which values o6

instructions may be transferred. The dashed lines indicaie the

exercise of conmrol. The control unit 3nd the [focessing unit -

perform the duties of the “Master Computer™ and his helpers.
An imporiant part of the processing unit is the aczipula-

tor. This specisl computer word holds the result of each arith-

metic operalion.
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is carried o by first aluzining 3 copy of the value of SUM,:
Flacing itin the accunulator, and then copying the valve in
the accumnudator inle the computer word belonging to the vari-

able LATEST. The vatue of SUAL is unchanged in this proc-

ess. Notice, however, that values 1o be inpux or outper do not

pass through the SAMOS aocumulator but go d:r:cﬂy into end

out of storage.

When the control unit receives amf imerprers an nrd.rr
some computer operation is acticaled. The orders are in the
form of coded insiructions siored in the computer; we will see
about them presently. .

Gerting an algorithm into & form & machine can execute involves
several sranslatioos that we can reprctent as follows:

EﬁausLF:P-

You have slrcady had a linle experience with the fir
translation step. The second translation step i the process of |
converting a flow chart into & procedural language such as
FORTRAN, ALGOL, COBOL, or PL/I. Yo learn bow o
do this in your lanpuage maoval. If approached properly, this
translation swep i1 guite mechanical and can be performed by
a person (or by a machine) who has no idea what the algori-
is all about

In many :mnpr:rtn ui' advanced dcs:gn, the third wansls-
uon process can be omined because the machine's Linguage

nni_uu.nr & PRSI0 AAL @
RLIFA A 3 [ RS VR TH

MACH!G
LA

" and the procedura] lnguagpe are effectively identical. When the

third translation stcp is necessary, and i i+ for £ computer such
85 SAMOS, the process is completely machanical and is nor-
mally done by the computer itsclf, This process is celled com-
Pfﬁn!.
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- It 13 ot necexuary right now to know how compiling is
doae, but it may be interesting W know the reason for doing
it. Each rake and style of computer has its own languzge—than
is, its own ser of instructions that it can understand. Lise of
# procedural language allows us o avoid 4 tower of Babel ia
which a programmer would bave to learn n aew lengusge for
each machine he wishes to use, A procedurs! language consti-
tutes a kind of “Esperanm” that enables a programmer o
commaunicate with many different machines in the same lan-
puzge, Moreover, 8 procedural language is generally much
casicr tp learn ro use than machine language. The programmer
merely prepares, say, 8 FORTRAN program on punched cards
and fecds it into the computer, which “compiles” & sequence
of machine language instructions. This sequence, called a rea-
chine language program, is then placed in the compuler storage.

‘In many systema the programmer may tramamit his program

10 the compuoter siorape by cyping it a Line az a time, using

a typewiter or other keybaard instrument to serve as the input -

device of the compuier sysiem.

Suceessive SAMOS instructions are placed in consecutively
tddressed sicrage Focations saming with 0000, After the com-
putcr has executed an instructioo, the control umt will alnzys
oke the next imstraction from the next sddress, unless there
is & brenching instrucuion providing a different address from
which 10 take the next instruczion. .
To s¢r haw this works, consider the instruction 1aken fromn

.the Fibonacri sequence flowehart (Figure E+112), shown here

in Figure 130,
" The procedura! Janguage equivalent will not look much
different. Thus, in FORTRAN this instruction would appear as

. SUM = LATEST + KEXT
and in ALGQOL as
Y SUE ;= LATEST + NEXT
and in APL a5 ' -
' StM «— LATEST + KEXT
and io BASIC as
LET SUitm L&T7ET + KELT

and i COBOL x5
COMPUTE SUM EQUALS LATEST
PLUS MEXT

™

+ LOA 000

+ ADD 000

+ STO 000
ncug 1-31

SANMOS inMracdes for
Figure 1.3,

. A Complere SAMOS
1 Program

aral
0100
0102
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In the SAMOS machine language, a variable cannoe be
referred 10 by name but only by the adirent in storage azsocizted
with the variable, Suppesc that NEXT, LATEST, and SUM
have been given, respectively, locasons 0100, 0101, and G102,
Then in the SAMOS language, the Bowghar: instruciion trans-
lates 1o & sequence of three maching instructions, 43 shown in
Figure |-3L - L .

These insructions have the fonm of 11-characrer words,
slthoush the first character & unimpertant and the fifth, sixih,
and sevemih are of no interest to us here, The type of gpcrarion
1w be performed is coded using the three Jeners in posidions
rot, three, And four, znd the lour-digit numeral ar the right
is the address associated with that operaion. |

The letters [.DA stand for “LoaD the Accumulaton."” The

* whole Lnstraction

+ LDA OQOC 0101

means, “Afake a copy of the walue siored in address 010)
withour altering the original, and szore the copy in the sccumu-
tator.”™ Clearly, this 35 Lhe function of the Reader in our con-
coptual model. We will not go into the denailt of the electronics
invalved in carrying out this instruction. Ir is sufficient to koow
that when 8 copy of thar jnstrction i brought to the control
unit, cerain switches are set by the conwol uait that allow a
pulse current to pass through the cotes of the word 0101, The
magnetized cores cause a change in the curment that, in turm,
allows a copy to be made, - ' '

The second instruction in Figure 1-31 means, “ADD the
value in the word addressed 0109 to the valic already in the
sccumulator and place the result in the accumulater,” The
third instruetion means, “Copy (or STOre) the value in the
accomulator fato the word addressed 0102 Executing a STO
imtrction 13 analopows to the work of the Axmigner jn our
conceptual mode!, Speeds vary from machine to machine, b
in modern computers, the time reguired 10 carry out such
instructions is usuzlly oa the ecder of & millinnth of & second

We sre glmost able 1o wanslate the entire flowchar: for the
Fibonacei sequence algorithm (repeated here in Figure 1.32)
intc SAMOS languzge First oote, bomever, thar comstants
never appesr explicidy in SAMOS instruttions. [asread, an
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KEXT + LATEST
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TIGORE ]-32
' Fibanser sequence algoritn.
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. instruction w fetch & constant must refer to the storage nddress
where the desired value may be found. Of oourse, this also
epplies 1o variables. Thus part of the compiling process in-
volves providing sterage addresses for the constants {as well
83 for the variables) appearing in the program. We allocate the
locztions 0017, D018, and 0019 for the consrano 0, L, and 1000
appearing in the Aowchart and specify the proper values for
" these words.

We assume that the storage locations 0108, 0101, and 0102
have been allocated for the variables NEXT, LATEST, and
SUAL, bur that no values have been placed in these words As
execution of the SAMOS program for the Fibenacci 2lgorithm
staris, the state of storage is shown in Figure 1:33. This figure

Sborage Cperyiion Flaw vhan
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. also illustrares a "'mdiné form™ oo which oo might have

writien the SAMOS program (gray-colored infonnation). You
will notice several now SAMOS operations not previously seen.
These are explained in the following discussioa,

*

The instructions in siorage addresscs 00H, 0003, and 0006
have already been discussed. Before looking at the other in--
SiruCtions, remember that the variables are in storage locytions
0100 through 0102, , T

From previous discussions you should sce thar the instroc-
tion found ar 0000 will, when executed, copy the value in Oi?l.?
{i-e., the number 0) inio the sccumulatoe. ex, the instruction
in 0001 copics the value in the accumulator into the word at
ncddress 0J00. Together these steps arc cquivalent to assigning
0 to the variable NEXT. Similarly, the instructions in addresses
0002 and 0003 are equivalent 1o asigning the value 1 1o the
vanable LATEST. .

Remember that the contral unit executes the instructions
in order until it comes 1o a branching instrucuon. The fust
brznching instruction 35 found in address 0009, reading

] H 1 o ] ] L] a 1 1

The code BMI stands for “Brasich on # Atlnus.” The whale
instruction means, *J{ the value in the accumulator is negative,
go 1o address 0015 for the next instruction; otherwise, go on
a3 usual to the next numbered address {O010)" We will see
shordy that the value in the sccumulator at this time is just

1000 — 5UM

t0 Lhat the value in the sccumulator will be pegative m.ly th
the czse that

" SUM > 1000 7 -

is true. In this case, the branching instruction ceads us 1o sd-
dress 0015, whers we see the instruction
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which means, "Write the Worl} in address 0102* This
amounts 1o printing out the value of SUM.

Now why is it that when the instrucrion in address 0005
in reached, the number in the scoumulatoe iy

1000 — SUM

. Well, on looking ar the instnxction in address 0007, we see that
it instruers us (0 load the secumulator with the contens of
address 0019, that is, to put the pember 1000 in the sccumu-
lator. The nexr insoruction, the one in 0008, tells us to ™submracr

the conients of address G102 from the accumulator znd pot the .

result in the sccuminlator.™ Since the contents of 0102 are just
" the value af SUM, this-amounts o the placing of

1000 — SUM

in the actumularor.

You shoild be able 1o verify for yourself thar the jnstre-
tons in addresses 000 through 0013 accomplish the wssign-—~
ments indicated 1a the right-hand colvenn of Figure 1-31

The instruction in address 00(4 needs to be described.

ala.(....

BRI stands for “ARanch !nconditionally.” The mezning of
the entire inntruction it, “Go back to eddress 0004 for 1he nexr

. instruction and continue in order from there.” You czn see that
this correspands o the arrow from flawchant box 4 leading back
to fowchart box 2, whetz we repeat the symming step.

The instruction in 0016, of course, stands for HaLT and
tmounts 16 stopping the computing process.

You oan best understand all this by racing throvgh the
SAMOS program by hand, keeping a recoed of the following
detaily. -

1. Which instroction i3 being executed.

2. The value in the accumalator,

3. The valucy in the addresses G100, 010Y, and 0107 (the
values of NEXT, LATEST, and SUM}

Nonice that the instructions in eddrexses 0000 through
0016 are pever aliered, not are the contents of the locarions
O17 through 0019 (the consiznts 0, 1, and 1000%

Exegcises 16

COoMPUTER ECTENCED A PLRST COUELE

. Corstruct & Lis of SAMOS Wnstrucrians for the Bowchare in Figure

1+ 14 You will oecd two additional types of Rguctions. The firm
o -
orERNATION AODRESS
1 M ! 1 h [ L K A"t 11

a |l x| nl.ed 0 o 1] e |0 4

which i% an instruction 1 read 3 vadus fzom a cxrd isto the computer
word sddressed 1005,
The second is

l cye|at |- |l 0o lo .z 16} 212

which ks an instmuction to multiply \he value m the scoumitaer by
the valuc in address 1023 and pur the result m the eovumulator. (O

course, in the askiress pary Al these inuniChomy, wi FEY pul ARy

ah ey we with) . . .

This question reloics o the flowchary (mgment and propesed SAMOS

iranslavion of it shown below. Far each of your answers the tssumed

objcctive in to make the proposed SANOS fragment contisient with

the piven flgwchin Jragmens, .

-

Loo Opcods Addr
0018| LDA |00C; 0500
0019| WPY 10351
po20| MPY 0351
op21| 5TO 41
vogz| WD 0451
0023| LDA 20331
oo24] SUB ]MDI
oozs 003
0026| 1D4 0351
gp27l- sSuB 0307
ooz8| 5TO Q332
- pc29| BRU | *
Xx=x=h 0030
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{1} Wih whar memony location muse the varzhie X be sancated?
() What operand sddress i peeded for ghe BRU instruction tha i
shown at locarion D)29%
{€) Whan sherdd te Lhe operavion code for the inwruct e at kocarioo
Do2s?

¢{d) WWhat operarion code is needed {or the insuruction located nt 00302

This question relates to the flowchart fragment and proposed SAMOS

ramlxion of it shown below. For cach of your aaswers, Bssume

the objective is 10 make the proposed SAMOS [ragment consisient
with 1he given Aowchart (gment.

Loc Dpcode Addr

0017| tDs |oon!0100

LT

oo1s| Bur |ooo|oo24
0020| LDA {000 010%
oo2i| WPy [ooojoro7
no2z2} sto |ooo
00Z3] BRU | 00D
o024| toa |Dooloioo
Y ' oozs| sTo |ooelozol

: o026| wuD | 0o0)jozon

1

{2} With what bocation ot the yyriahle X be praciated?

B What i the operaad addross thar shiould be Siled in for = BRU
insmmuction shdwn &t Jocation 0013

(=) Whas shenald be the vahot of the aditress field Tor the STO instrwe-
tion st locztion GO222

{d) 1f at locagion 0022 the STO wore reglaced by 1 BRU operaticn
code, what then would be the sppropriste value for the sddren
ficld? .

Thiy question relates te the following SAMOS program and the lour
da cords displayed ra the right of i you are lp wsusrs-that the
given SAMOS propram creanss with the dana crdds ihawn, The DIV
[divide) instruction produces an infeger guotient (pee Appendiz &)

onla! sus (ocoolo2oo .

COMFUTER SCIENCE: A FIRET COURIE

pOOC  RTD 000 002 .. ‘51
Q001  RYD 000 0013 :

0002  LDA 000 D012
0003 DIV 00D 0OL3
0004  EPY 000 DO13
G005  5TO .GOD 00J4
0006  LDA 000 0012

.oo0T  SUB 000 DOl4 -
opds S5T0 000 ocdl4
0003 D 0o oQl4 « Dats pynli
0010 BRU 000 0OCO R
ooll HLT o000 0000

SAMOS pregram . St

{a) Which of the fellewing is & falw Statement)
{13 The intervction at 0011 will never be reached.
(2) Only rwo valucs will be printed.
{1 Al loar dare cpeds will be pead.
(4} The first value prinied wilt be 3.
(5) Theee values will be printed. -
{b] Which of the following is & rrve Slaement?
. (1) Ttx program will hall whensever the resuli nfa division &
Zere.
{2} The instrucion at 0011 would be execured using the gheen:
sct of dana if the instruction ar 001G were reviscd  BMI
DO 0000,
(3 This program inpus Two numbcrs. scdoc the larger, and
Frints s valoe. .
(1) Al three of the above stacermenc sre false

Problams 5 through 7. The lollowing 1hres problems involve peo-
grams o be writen in SAMOS machine languige and run ea
a computer tsing @ SAMOS simuater, H you do por have a
compuies #vailsble, your findl result will be a SAMOS coding
form showing your program
Dk & fowchan and weise and run 8 SAMOS proprom to find the
wreas (10 the nearest inicger) of cirdes wilh each of the foliowing
adit: 0,5, 2% ..., 10, Il 12 Use o = 22/7. The ourpue is
 comsist of rach radizs value Tollowed by e associared ares, that
ii, 1
3 remF = Fd Hh2
Nt e Pt ek
v | ——y e S v
Y 3 e Serodd Arry

12
ald



[P —

- e L - =

; o2 =
“This SAMOS Progrem sheuld nor execute NN faput sieps, Starage
locations wil] be required for instrcejons #nd lor 2l constants, in-
duding 22 ¥, the current radivs, | {10 imrement the radius Ip he
reext value), and a number (1], |2

Row chart) to 1t apaingt g dercrmine when 10 branch 1o fuft.

Ouestion Wil SAMGS Eive the same ol when voy e

YOU compunt
{22: 71X r a5 when you CoVRpRILe {22 X ef) /72 If not, which gives
4 bener result? Whyp ’

T Draw 5 Rowchart and wriae

and n:n g SANOS progTam to da the
following:

For the values from
* evaluate the following mathemariesl EXpression:

Fo= N4 10X + 4

Frint out the valuc for X and F after ench evalusdion

Erampls mﬁmvdmufxwmbu.rfmmhum:.
' Foor S{1}+ 10013 + &
. F=5+10+6= 3

Thus the numbers 1 and 21
. be svalusred for X = 21
* oosist of X nemben:

|
e —— (G ot ]

will be printed out, and F will hen
S lmThcmphcmu will

e

+
h

L]
D

Note  Adidirional Information for Problem 5

l. Nb dats camhs will be needed for this program «

1‘I}|evﬂuﬂfmm1mmnudnml]rb¢mridu:hh:gimin‘
of i

. You mun indude pome Way 1a termtinate your program efier ghe
ﬁualu.'!ueh.uhempmm:adlndprim‘ed.

T Draw & flowchen using veriablas C, X, TALLY, SUM, apd AVG,
endd write aod run & SAMMDS Program o da the foallowing

{8} Read o valve for the variahle € '
(B} Read o value for the variable X_

mnunt:nmmmnxqmm.:rxdoumqmmw'
mmthcﬁwhrthﬂ'xcqulhﬂlfx equals ( then reten 10

i ALGORITHMS AND COMPUTERS -

= ar 13, depending on vour particulzr .

1 1o 10 indusive {ve, 1 515]0},1-

iﬁ. COMPUTER SCIENCE: A FINST COURSE 5y 43
' - .

X docs oot G then aAd one 1o 3 couoter cafled
- -ﬁﬂ l::sd addX o I:luf::iublc SUAY znd then renaon Lo sep

® equals are o be road At
1Ty m.thenmnﬁftd:ticllnh
- this point peint out 1be values of TALLY and SLT.:E'I‘. Cl.‘.;tp‘:::
AVG, e gquarient of SUM and TALLY (AVG = SU!
TALLY), Print the vahue of AVG.
iramal 1, uﬂutl‘dnfnrmumr?_ . )
ﬁ‘n r'::f ;nf:hzrtq{he average will be 3 varisble ﬁ'-.-(_l The varighie
T:-!.LL-Y will held o counr of haw many values of X wre wo! equal
o U The mvugnment _
" TALLY « TALLY +

- € will be
peeded The sum of the values of X not equal o €
;!ﬂlln::c S1TAL, Whar should be the initial valuct of TALLY and SUM?

2. The vatue 9999 is callcd # wained vadoe. Tt purpose is o m 1
that all the values of X have beens read and processed. (in comp .
incl valse & 52id 10 Tepresens the end of file, ic., the
h“p:fﬂd:t:;m'l‘htt:fm, your daca deck will consist of a n]ul; (o
e given values foc X, and the value 9999. (See Section 2 2 for

additional fiscwesion of serdinels) -

3, 1o 5AMOS the only conditional braach instructson is BAM [Brench
[inMium]..Thcpﬂiumr fares 2 problan when be mnd:lmu: m\'.]u:
whether the values of byo variables are equal or whﬂhﬂ_ W
{ & variable s cqual wo some constanr value. The fc:llnwm: u:mB
. .hod of detevmining whether the valucs of the varishles A and
g ual, Fuar, subtract the vadur of B from the valoe of A and,
?.fuhzqrﬁ;:lt i5 BN noganive, subtra the value of A from the \:lut
oI'tEI I this eesull 45 not pegative, we can conclude Lhat thu_: rvaluex
of &4 1nd T arc equal. . . .
Exampler . .
* @A=fd B =9 .
A-Bm -9 = =3 ] ) o
Remic A # B gince A — B is » pegative mumber,
By A =3 ad B =S .
® A-B=5—-§= l:
.-’-h"s-s‘ﬂ',- . . . .
:ﬂulr, A = B ubr peither subyraion procdocod s pegaore
pumbor,
ic) A =4 nd B =13
A—B=d4-3 =
- A w =4 = —] ) oo .
:ﬂu'll.'A # Bﬁmn*ﬁﬂlﬂﬂlﬂww.r
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4. The dawa for Froblem 7 aze ¢4 follows:

L) Thew W Hisc wahue T4 Ihe varnbke . |
3

20
:; E Thet rrmpcning data vabers ar for Tee varlabie X. !
b )
15 )
12
H

ey

Mom of the storage capacity of » 61-bit SAMOS word gocs

. unuwed when a shall integer, for invtance, 2, is represented.

Conversely, even though a number is known to very great
precision, a §1-bit word has a fixed capacity 1o represent digis.
Characier strings, such as names and sddresses, Jor lmllnc:,
vary gready in length In general, information comes in many
sizes and lengths, dnd it would be exceedingly convenient o
have compurer siorage responsive w thit fact,

The SAMOS language is heavily influenced {ic., coun-
straincd) by its wrend-orpanizad storage system. We briefy men-
tion here another kind of computer storage mlled BiTOS
(BIT-Organized SAMOS), whose storage is stexctured in a
more flexible and natural way--natural for the processing of
dillerent tvpes of information. The BITOS storage is bes
thought af as a simgle sequence of bin instead of & ringle
sequence of words that are, in rurn, sequences ‘of bits. For
example, » BITOS store roughly equiralent o the SAMDS
store conrains 610,000 bits whose addresses are 0 through
609,999 respectively, To ferch 2 unit of informatiom of some
known length, orie must specify the “hit sddress™ of the begin-
ning of the desired informatiop unit togéther "with its “hig
length ™ T, X

" op code wddress length

LDA 20972 % "

‘1{: COMPUTICR SCEENCE: A FERAT COURSE 55
i

P

is the way one might write our 4 BITOS instuction te load

the accumulator with a dau value 39 bis long beginging.ar
bt locatzon 24972

The information containers in a BITOS machine rc::mblc :
the starage bexes of the coaceporal mode] SIMPLOS in thay *

the cansraty of- the onriners 3 srbitrary.

L

“There is a sccond impm'unt way in which the conminers

of SIMPLOS znd BITOS resemble tme anather. 1n both cases,

values stored in these containers gre weff~doseribing. Note thai
the SIMPLOS Reader is able to dechce that a storage bos
contains a characler string value as opposed, say, 10 8 numerical
value, because he is able t¢ sce the quowtion marks. The
ferching sechenism of BITOS can convey the same rype of

. information to it processing unit berause the data ebject in
.+ each container consists of two parts: 3 code that describes the

type or namre of the value and the dara value itself” For
example, suppose the container associated with X is located

‘at bit sddress 3901, and suppose character emling for the

BITOS store employs Lhe same 6-bit tepresentation used m
SAMOS, W nu,lu expect 1o e af Cal location:

o (7-"__ L
Wy S von

- rllar=Ryph vkt
odr

where the type code S stands for aring- Then, o cepresem
2 string of 4 characters would require 24 bits for the gring
itself and 6 more bits {for the lemer 5) to identify the 24 b

" a5 a stnng. For a string of 91 characters, 546 bits are needed

for the #tring and & mace foe the type code—or 552 birs in
all. If n nonnegative integer variable, AGE, never requircs
mare than three digiis we can picture the corresponding
BITOS comainer 9 °

for & dats valve of 52 Here the type code I detnues sateger..

To recapinalaie, in BITOS ooe defines the size of the
conrainer to fit the peed. That is, the store is divided wp into
eonmainen tha mfleg thair eemal use. Every referemce 1o 2
container consists of the bit address of the container and i
length The contsiner jiself halds gs part of the dats objex
a8 code thet makes 1he rermainder of the information én the
container self-describing. Each time » new container is needed,
a section of the store farge enough to hold the required aumber
of bits is “parutioned™ for this purpose. When this conrainer
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is no langer peeded, that section of stoce and octhers like it are
repartitioned, that is, reused, rypically in different conrainer
sizes, 10 suit new needs. To make an analesy with SIMPLOS,
imagine that all storage boxes are consmicted o0 fir dimensions
of the dara values they are [0 contain {The Affiver wha pastcs
the sticker on Lthe storage box can also adjust the size of the
box if necestary.)

Only a few of the ideas abour SAMOS and BITOS need to

. be remembered One of the important ideas js the sequential

manner in which the computer works, that is, the siep-by-siep
way in which the compurer performs it sks. The order in
which the tasks arc performed is just a5 important as what is
accornplithed

Another property of computers that we must undcmand
is the finite word length. We have seen that SAMOS words
consist of 10 characters and a sign, 5o thar the largest aumber
r:prcs:u.:nublc in this coding aystem is .

+ 9,995,959,90"

» rather large number, but sull finite, Although BITOS store -
may use vory “long™” contsincss, they src still fisite, so the
limitztion on what can be represented, &ithough less coa-
stricting, sull exists in principte. From s practical viewpoint,
integer containers, whether in 8 SAMOS-like or in 2 BITOS-
like stare, are sometimes very unsvitable. Consider a varizble
that, fromn rime 10 time, has various salucs assigned o it, some-
times very small integers end ar other times very large integers.
The starage container for such a varizble carinot Llways be used
efficienly if it must be large enough for the largest possible
inreges valog that will be assigned 1o iL

To mover this siruation there are othe mys of n:nd.mg
pumbers that no? only solve this problem but also allow us
tn work with real numbers a5 well as inregers. One of the most
common of these aliemale codings is Joaring- pom:r form, wluci*
is related 1o the so-called “scientific notation”

To see how this works, recalt thai any decimal m:mr:n]

such as .

FEGURN i M
Anatomy of & fosting- point
mumbses for n Exed-word o
[T

rnGoae 1-33

. Fioatng-poies coding of

- 382519

sucmhery im0 Exed woed-ciaed

_ WL
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0

in be expressed as
-, 382519 X 100 57

in which there'is a decimal point {just after the sign, if any)
follawed by a siring of digits {the first now rero) and moulplisd
by 2 suitable power of 10, We can tode nembers in this way
by reserving three characrer positions for ihe exponent. The
rosalr is shown in Fizuee 134 for = 382519,

-

.Slpd' J

S
mmtal tuhoment 4
T Y P A oo
- 1‘#—-'-“’—-!-: \’u—..-‘z-n'r-’-l-!“ . -:n;.J

r(.:lm? ,“hlehu
L me L
U--'"ua.-""‘;. e

Some examples of how to code mmmbers including integers
in this system wre given in Figuee 1+ 35, In this figure, we
se¢ that the 8-digit repeesenzation of £, & given in the firsy
cotiumn of the third entry, has to be chopped to 7 digits of
precision because of space requirements. The same helds troe
for 173 and 11/7 at the bomom of the table, Thus we see
that in & Computer even a simple fraction such s 173 cannot

be represenied exacily, but only (o a close approximazion. This

characteristic of “finite word length™ presents imporant prob-

Number Finsing-Peint Furm - Cading of
r Yiexm ;P Foem

4 CAX I ++ 014000000
-—mwmn.- =5 X - Io;;;;ﬁ;:;;
YT sz e > 013141582
Temn | —amuxw - 031731400

.nt‘_;mr A8 X -t + — u..:nﬁman ;

n "% 1 + + 007300000

i 5333333 X 100 + +003333133%

4 ASTIAZEST X 10 ++0dISTra20
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Scveral million puchu-cmdd:nrm:nhﬂnmm ow being
provkeed aneally. They are becoming relatively accessible o the
average sudent. Many of these calculators, such a5 e one shous
in Figure | - 3&, trsc Moating rmm :mhm:m:

Al - T
. . R ,-.-.- ., -
i il e el J i )
-y I = oy E B i . Q_I it
B f' Al Y o
) 4 5 8
- I e,
' = : - i
i - . 1f ’
N -i - '.-0-"! . £+I :
l;j _ | . ‘
Yol — s . _;-_':

() Locatz an dectronic calcalaor ared compare the method it wses

to represent Boating-point oumbers with the method used io
SAMDS.

Tas
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lems that will be discussed in various places in gﬂ text, e5pe-
cially Chaper 1L

In Meating-paint form we can represent large numbers, |
but for sompuzers such 23 5AMOS with fixed-word size stoces
the price we pay i piving up three places of precision. Were
SAMOS 0 use flosting-poing nombers, the fargest number
represenable in Roaying-point Toem would be:

which represents the nember

§99,999,500.000,00,000,000,000,000
0K 000,000,000, 500,000,000,000,000
© D00,000,060,000,000,000,000,000,000
000,000,000,000,000,000

Similarly, thers is . smallest positive nu:nbcr I:Iut could be

..-;.I -

represented: e T

. Al
. - L] * N ] L] Gullg. [ ] u

000 000 000 000 000 000 000 000 000 - * .
000 000 000 000 000 000 00 000 000 -, " T,
000 0O 000 0G0 000 000 000 000 000 ' -, .
090 000 000 000 000 000 1 SCI ,
which is very small, indeed,

Coding in flezting-point form for 3 BITOS-liké machine
eould be quite similar T the scheme shown in Figure 1-35.
On the other hand, since the size of the conminer may be
chosen 1o At the particular pecds™ of 2 givea variable, the
size of the precision part could easily be permitted 1o vary as
required. For that mater, the size of the exponchr part could
also be expanded or tontracied 1 A the need.

r

In summary, both SAMOS-like and BITOS-like ma-

chir>s are often built 1© operaie on numbers coded in floadng-
point form. Howesér, in our discuiaions of SAADS, in partic-

ular in the description given in the Appendix, the machine i3
mitially described a3 if it were pot capable of dealing with |

numbers coded in foating- pmm form, but {m]:, wuh numbers
coded as m:cg:rs. _
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‘tpecifying ADD WORD {addresied by) A AND WORD (addreased byl u;

FUT RESULT INTO MEMORY LOCATION [agdresszd by) . But ppecilis
cation of three separsle eddresscy would make the instruction word too
long feven for u large dipital computer, nol 1o speak of & minicomputer).
W can, however, implement the above operaGian in terms of s=verul
gimpler instructions each referencing only & single memory address:

LOAD INTO ACCUMULATOA (the word addressed by) A
ADD INTO ACCURAULATOR [the word addretsed by) @
SYORE ACCUMULATON {in memory locatinn addregied by) €

The “basie” minicompuier discussed in this chapter, then, will be 1 single
¢Adress machine whoit instructiont move dula between o single sujtably
rddressed memary localion and » 1peciicd procctzor fegisier, or passibly
“seiwetn two such repisters.  There will also be some instructions which da
nol reference mempry at all [¢.§.. COMPLEMENT ACEUMULATOR), We
remark, however, thal the possbilily of uting simplificd Iwo-addreny
instruslions shd zero-sddress (slack) inslrucliony ia minicomputers is of the
preatest intereal and will be ditcuszed 1n conneclion with more advanced
designs in Chap. 6,

1.3, The "Dasic” Minltomputer, Figdrn 2+1 illusirates the rypical argami-
aahoh of @ amall fipmal somputer.  The maching hay all the ingredients of
Secs. 16 1o -0), viz, .

1. Acare or semiconductior memory, which will store fnttructions snd data
i. A set of procewser registers (Mip-Nop regisiers], vit.,
(2] Memory buffer repister [memory datn replster): cantaing lhe
inttruction of dats word currently leaving or entering the memory
) Memery address regfster: conlaing the addrem of the currenlly
addressed memory localion
{c} Propram counles: cantaing the nddress gf the instruction to be
exceuied’ .
{ad) Inxtruction reglater : containg the current inyirvetion
[r] Genervl-purpase register (aScumulater, arithmelle reglster) ar
reglsiere; and, possibly, sn Index regisler [Sec. 2-7)
1£] One=bit registers (“flags™): indicaies averfiow, carry, sign ble, ete.,
resulling from pasl or currenl aperaliony
X, ‘An writhmetleflopk urde: logie circwinn to combine words from two
registers by addition, sublraction, bit-by-bit ANDing, tic., and lo
complement, shifl, ¢te , single words
4. Conirgl logic: decodes the 05 and It of (he instruttion currently in the
instruction registes 19 penerade Jogic levels and lime pulses, which:
la) G ate ($teer) words beiwmeon pracessar repltrers .
16} Derceming the funciion of the seilhmeticAapic €lrowity

1 ' . PROCESSON QOFTLATION ’ -
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Ie Fig. 2-1, therc are 1hres Busea far tranaler bm_wt:n registers, always vin
the arilhmelicfoge unit. - This i o praclical compromisc: sorme €atra
registrr-to-register paths would permil mere tancurrent register iransfers
and speed compurtation, but we wiould pay for mare complez interconneclions
nd laghe,

Finally, we muyg Iuv: inputfoutpur cennecilon through the arithinclicAegic
unil or through regisier gaies, . T

14, Proeessor Operniloa, (0} Tastrueilon Ftll:hl:.'i;. If we oizume LBl
w suitsble program and daln are in memory, processor oporation proceeds

il | I
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Entroducc®hn a1 Tenguajs FARTRAN

E1 lengunje FERTRRN, cuyo nombre correipende w1y prioeras
Intras de las palabras ingleras. FiFmels. (formula) y TEAMclation .
(traduccidnl, es un Tenguaje de programacién orizntado » proble-

nﬂl-lhlﬂ
=317 ¢ emplea o0 casl,todax lax computadorss del mundo. Debids
4 30 paregide con el 1ﬂ'lguijt iritmiticn conin, tl rmm 21implq-
flea 1o prmrlciﬁn dn prnb‘l'm: que pueden u:ul Yarie Md!ll'ltl
e compatadora. Eos I‘Il'l,u: a 1M.trwc1m w pndm nmnizlr

R

wedlante v secusncia de munchdns furtrn: eitos :msuturm

-
b {

€1 Vamdo Programa Fuente: 1, -
Todas Taa :wutlduru que eﬂtimdtn ll Usnguaie FRERTRAN,

tienen 1o que se 1land v l:mp'lhdnr Fartrln., Hando tamhién try-

doctor o interprets, oF cual analza Tos eumclados fortras ¥y
traduce & un Frograea {I:j:l;:_-._l_'L:uﬂ _qnedl 1] L!l'rgluje _4; MEgul -
B, . . * ’ ' ,.' ) )
Un prngrm m:ritu |n lrnmju rlnw u m procziar
BN tullquilr wdguina’ e t:ngl in I.‘-o-pilud;: Fortran. Exto ms 1n-
dica q-e #1 Tenguaie s 1mp|ﬂ|itnu ﬂri erds mbgring, o 102 quy
el cup'tlldw 1e dabe mﬂr ot eads caso teniendd ww coants 1a
nlm.ﬂlu -3 n [ uunl en ;nrﬂ:u‘ln.-; pueits et Fas mlquines
dlff-r-n [T nrilnizttidn 1nt-rn-. 1o ba desartoliade wn mime-
e dr "dalectos” d':l ll‘l'lgl.ilJl I'II‘TIWG cuda amo dt tu: cyzlas ng
lprwlllh Flﬂ wd :'lnl ﬁ ﬂuim ias ‘H'ml.] ntn 1

n

. Wumdrlcos:
" STmbolos:

varios dislectos son minimas ¥ ajuston q) e 2? atre faciimes-

te,

1.1 E1 sifabetg

EY #)fabets FRRTRAN esty conxtituido de cerscteres que on
sTebdlos familiare de l.'l-l:ritmj o4 Leclpdos de mbquinas de ea-
eribir, nsl como de dtsposTtiwes espaciales de perforacidng dichos

CErRCLeTEL IO "

Alfsbstices: AMCODEFEH

" I4ELNN
;I'IFQIETUIHI!‘I

- " an
"0123456TEY -
4. w0

caespel Yt T
De exte alfabitc se construyen todos Ausestroy §fobolos, expresio-

nes y engnclados que se utilizas en o) Tenguaje FIRTAAN

it rors. :

s

Loy nimeros pusden reprecestarss #n dVfereatrs formsc, las

. cuales so asemejan a low Mzbolos de 14 arttmftics peraral; pers

dehido & Va cstr-ctun intem e in mﬂ.mﬂs s¢ pstabiecen
h; mm\cim o Punu Fije y Pimto Flotamte gt proporcionan
fl_::ﬂidm:l pary g4 mangip en FRTRAN. Loz :!-Mlus de pomtes o

.-
- . -
 aw

*La -T!tfl 0 fa expressrvmos como ll:pnf; difsrencisria dal ¥* e,



y 5
se usarfn solamente coh nfrrnarus enteros ¥ los célculos asociadas
se dencminarin aritoética de 1os entaros o mods entern; mientras
que la ‘aritoética de los nl‘.‘imem; reales se hark en Ta forma de pun-
to flotante y se Taaerk aritoética de los reales o modo real. De-
bido‘a que también es necesartp distingufr Vas constantes (nfme-
ros que no cambian durante tods Ja ejecuctsn de un programa) de
Tas nriahlu {nﬁums qun Pueden caaﬁhr:l, surgtn “twatra l:hsu
de sTmbolos pars In: nﬁmems . '

am ooy

_2.1 Constantes entera: SR

Dependiende det’ tipo de m'.'ll":tltadﬂrl se pudrln representnr

por un ¢ferto “f“'-‘f‘ﬂ l_’_ﬁ dfnitus. st para IBH-!]M se r-r.presentan o

-lnedimte cim:a digft.q: sin ﬂ punt.u dnr:'ln‘l "$i.e1 enterv es nega-

: ﬂ'ﬂh ‘Ins dfgitns debﬂ‘lmur pre:tdidus de‘l :ignu enps ; si .

i
I '*’"‘_inou“- - . .

enterp u m!tiw ﬂ;;igm es opr.innal _- - oL .,,;_, .
. . I*-"' iiu A "'.-'s';'-l":.__ "‘.' .-‘

EJH. R sim]ﬂ! _para Ennstlntes entlral Fl.l‘l'ﬁEl'l IEF Eﬂtﬂ
otra::i'_r‘_“‘,. "_. . Lt -1.‘:

- ) . . . B
. .

976 41 0 e T - -1e76
Sfﬁﬂlﬂ! que o e scepten para :nn:tutu entaras:
. s ?43323: {m dl cim d!gim] . .-

© 1976, te‘l Bunto 'dm;un o 28 pmm}

- . \‘.-"u.‘ Bl -
- . H -

12.2 Lﬁnstnnut ruflu .-
Dependiendo det tipu de :mpuudun las constantes reales
s¢ podrin representar pnr virfos dfgitos, pera en #] caso de 1a

-t

i

v

*
s [’

1BM-1130 510 se aduiten sipte d{gitos con punte decimal Ipudfundﬂ-
s¢ colocar 2l principio de Yos digitas, o] final ¢ entre dos digd-
tos cvalesquiers. Cuando aparece un punto en una constante su tra-
"tamiento sers de punto flotante. ST 1a constante real es preced|-
da de un $igma menos, e Indicars que es negativa, si es positiva

21 signd &8 opcional,

I_E,‘I:n. ] Sisbolos para constantes reales pueden ser entre o-
tras: ) _
C1976.c -.00001976 -7 412,385 | .12.345
' -u:-r 007 ‘ 5.-343 0.3

5Tmbolos que no se aceptan para constantes resles:

- 123456789.32 - (més de sfete digitos significats-
o . - vos)
I -' 531‘3' - {fa‘.ltn el puntu decfnﬂl

Parn repr!sentar ‘Ins con:tantgs reaies existe tanbién 12 Vlemada
forma e:punenc'lah esta T2 pagemos representsr mediante uns Jetra

! £ y una constante entera d¢ gy o das dig"i,hi. positiva o negative,

" Esth constante entera es un expnnente gel ntmm diez; el signo
- mends 25 para 1o% up-nmntts mgatim ¥ Plri ot postitivis, el

’ s‘ignu 25 npcinnl‘l En Fi!FITRﬂ;.‘H ll prtuﬂ:ia de? expunente hate gua

v

- ¢] wio 22l punto decimpl su upcium‘l - .
Forma na exponencial

 Ejem. Forma exponencial
1.32862 ;1.8
’ 1.32BE02 | " 132.8 )

e
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1.328E00 . 1E
-k, 724E-03 D0k724
+1.61E) . Mo,
© ~BAI2E-3 -6.432

.1 ‘hrhhl:s entearas

Extas ss reprnunun por cmﬂhinnciﬂnﬂ du una » cinto letras

_.f1l-|. * ""'

y digitos {Iln-u;u], a2’ ue umituﬂ ntm: c;ruuru y &l prieer

carpcter deberd ser una de’ lus “lacras |1,.d, K. L, M&N. El pri=
mer caracter de una varlable es 91 que indlca s} &5 entera o-real.

nura}ntl 1a -jgcuzlﬁn d-e Iy 'pll-pgrlnl. tas verlables EI_'t'I'lf-I.l debarkn

rﬂtrlnglr“u & \raln-rl:! Enteros, N *--

Simbuim :r- urllbfﬂ mttru puedtn ur. -ntr-
q.;“f}_l“'w.- P T

By . . .
\E . -

Clea. |

“oteowz, | - T ) ,' N

. .,.‘ . I . . . . i -t
o . um-.cT - |;||,u ‘ul + N2 H.ln KOMT
- - w, . oo

o -4

IIM.C f_‘— Jl:uw 4H.AM P xmm L15?E

'_; ;f.h,g“ o .“publll plrl vlrllhl" Mtlrn'

t A

Ch o "_ tuﬂn' {.l prlmr r.lrl:tlr“'dch ser, l. .I, K,,
L, nunr..,- E _ :
KHHTAI:IIJI {dm:lldﬂ truuru] A N
.‘:.‘__1- 'i'-'- ‘. FIRT ._,__.

h.ﬁ'lu “ m::ptln 'Ittrn ¥ nﬁmrnl.]

. e '
w ' W' 1

II.!’I :

2.4 Varlables rnln L R

L]
T onae

Extas e r-prtunt.n par r.mblludnn-i dl una a r.lnw Takras

_.- K

v dIgleos {1en=1130), no sa p.r.ltm otros caracterss y ol primer

K, L, H& N

" caracter tlene que ser necesarismente uns letrs diferente a b, J,

Dyrante 18 e)ecuelfn de wm programa diches varlsbles

_se deben restringle » valores reales,

STmbolos pars varlsbles resles pusden ser, entrs obroa:

E|w=,
FUERT VYELOC "ALELY CLENT Al Az
ALFA . VIELA  RAR2 Xt - PROD SUMA
- Simbolos no aceptables para varlasbles reales:
aj.B {al ;In.mtn no et letrs o nimero)
CORRIEN (demaslados r.lrl-:l'.:rﬂ] '
3 PASD {lI prinur caractar da'b- sEr o 'Im.rl'.I
o - _-mn:‘r {1! primar :lrlcu:-;nu- puldl sar M)
'ﬂp-lrui-:m: :rlmltlus" o S

Las npcradnnn .rltlﬂ!tlul 1' le: lTI'tbﬂlul qua 18 utlllnﬂ

hﬂid.ﬂnh orltamiticas

a

en rinﬁiq U . 7
Aty g . aigebral . PeTA
Miclén .. + o r - o ; '? a4 b .,-:‘.:I' - A D :‘:'..
Susteacclea = he a i aebd 'n_-_n':'; :
Maltlplicusién ® &0 ° Yo ab AsD -
Divinlsa - ;;_ ;_\ ' ~ B '-:::' . ntf'u'
Exponmnilacten w5 ST G T e

oo ! . -*“ 2

En base 3 To lupulllﬂ ﬁt-rlnmnu pod-um -horl forvu 1ar




expresiones aritméticas en lenguala FONTRAN y noy dsremss cuenta -

que son moy smllares & 1as expreslones arftméticas det mlgebra

tomin,

E!Pﬂ!slnnﬂ F!RTR.IJI  Exprasfones fomunes L

HES -

Axal-Bhsd ' .- atp?
) B4 A2-h, RANE . N h’-l"“; ! ‘ -
' . meMz., "'_}._i“m;}'."l
eI - Beofen
I:+B;3 “,:- c+b-3n -

| heglas para las upre:lmu lrlu.ﬂl:"

Les reaplas & las gua :leiam: :u_l-.-_t.r 1as uprui'unn urltm!-

|-..| " . ] L

Y r A A g .
clias son nﬂ:l'llrlu lltbldu I Ii utrm:r.uu d: l" l:mpuud::;n ¥
S il . T 4

“al cbservarlas tlndrﬂm: un lhnrm n el tlempo dq t]ucu:lﬁn de un .

4

_-ngrm. ._ P . -
Regla ) -

'R r

l- _F r _d.‘r . Lo - ’ -
SI nos fl]lml ~en las expreﬂm: FHRTMH Iht!rlﬂr!!

ER T

- Aoy dm l:luﬂl:l qut: Tnd“ lll :mstlntﬂ y urllhln

- i

v BN uha r.:pﬂllﬁn ﬂ'lbtl'l ut.r;n T mitmo moda, #ito

. u. todas d:hen "r cnter“*n tod“ dlbcn ser reates,

- {Como tbd- rtnl- nh:e su e-ctpcl&n quvl men:lnnnre-

" mos mbs adcllhtu]. 3 T .!- B . -L -
v _r = -F" - LI ’

Es necexario cnn:.ulur lor sanusies de cada niqulnl;

'rl que cumu hm unclmdu antRr lpmntl dlp-l'lﬁlr‘

osts rogh ) tipo ﬁ :wutidurl. hr le FI‘M‘U

ll l:nnshllurms como 1a ha [ndicado.

«.10

-t

Regla 2

. ll]' Ml:lﬁn ¥ sustra::tﬁn.

0.,

« 10

Auk), %t} ¢ A%%D 300 axponent leclones permit)cdas.

En el caso A%%) se mezelan los =modas y 95 1a Ilm:'P'
cifn » 1a Regle 7, pero sabemo3 que estd ::pn_:-nnncll-
clén signlflcs rnultfp”l:l.l:lonﬂ'l sucesivas {asT Eidd=
B*848), mlentras gue las potenclas no entaras Tmpl (-
can chlculas mfa soflsticedos. Hos damos cuenla QuUE
[*8A, no &% fnra.a de exponencluclén parmitida [an
wlgunas miquinas =T st permite) .

Deberf teneryy &n cusnta que a3 operacionss se aje-
cutlrin cun las* slqullntes pflﬂriﬂndts+

I} Lls upnrlclon:s Indln:l'u dentro de los p.un

tesii mis [nternos se efecutan’en primer ‘lu,wr-

2} Ewponenclacidn. :

3) mltrpn;.gl.sn'f dielsign. = 7.°

e aad mat

L)

. Enl.‘.ri las onpcu:lmu du 191;.! prlurldld. vl nrd-n

--'ﬂl l]lcuciﬁn ex de Izqulerda ; dlrm:hl-

5} A5, 8, y ce2.

. .,
A2 hB-3.0T ou ulmllri on el nlguienta erden:

Elam. .

SR R s.+a -3, bl

) ln:-h 2AMC 3 calculs en el :lwlmu

_urg’-n: L
) B oaazafh, b w5 =m0, :l_n.l:.-lm.
fik, -4 =2k,
" 11



11 '\‘I S | e

"8t A=5., 2=8., Ce2, y D=I.6
Entonces {A+B)/C sa caleulu en &l slgulen-
ta orden:

301,061

Klentras que A+B/C e clll:ull an ll sTguinn-~

5.40.=11,

tl orden}

BFI'-‘l 54!‘ T

-.‘.-.1

“h
Ahcrt 1) deums cllcullr {ME]**! condy— -

-

-", Flntlmentc :I t-ne;r;_\i plrlntul: dlntrn da

“n i

cirk a. .o o

5 +t.=7. 7 nz-l.g

v

Hlentras qm: Mc*i’? rnnﬂul:lrl’ w: . 2

1

1

Aéwd?u
Ahors sl IA*I”{E*D]‘-'IBJS 1'”— 5

.

2,424,

fntonces: A*B!I:*Hﬂ #l’-"D-!II *D-]!..
s l.u-"' N

" -
¥ Ra
. B . B

. otros parintulu n.tlnne.-"f - :

Jlasleet)) ﬂ*z-{a-tu.am- su ﬁ:-zsu-u.

B+ tiena Yo, ml| .'.Il:l prlorHld' par uu:m
w 1‘13 ) -

trarse en e par
." " I||J'| "TI’

{Mh:}n:.[lm tﬂu:.u **l-l?ﬂ

1'..._}-! .

M{nﬂ‘.luz-nim 420AR100,=500.

A Atluﬂi-ﬂnﬂ b ahd -

Debemss tencr culdpdo an mxprassr lo m

‘ﬁums raallzar,

»
L]

.12

‘1

. tl"l- parEntesis.

..
14 '

Mo deberemos colocar un slgno de operaciSn ancas

de un lfgnn ks o menoy, esto es, N0 deberemos po-

ner das signoy de operaeldn juntos.

. T EJem,

A%-B -

[4=d " #=4fl - -ASB -

‘Estas eapresbones deberdn sustlitulrse por:

+ " As{-B)

4.2  Funclones predefin

_Estas funtl-onn prE

FPATRAN san de tlpo de b
nombre de 1s funclin seg
bichos

con lub'lndll:u, I:DI'I'I'III'J'I‘.

efonas prad_eftntdas_ :n_ FEHTMJH, A _

-

" Para IBM - 1130 t_enlﬂ!':::‘

1+{-4y  M-(+H] AS[-B)

fdos en Iengua]e FBRTRAM )
edul‘l;ﬂ;s--_l que 'sprnpqrclnnl el lengun)s
lbliu:m;.. Para viilizarias vsaremny g_l

ulda d; un urgumentu que debard sstar on-

.rmmni pundm nr Hrllbln ilmples & -

-

e muilmn lrltnitlt-“ u otras fun-'

e

oL gt

H LY .

"T1PO DE

- - ¢ WuM. DE -~ TIPQDE

HOWARE " FUNCION EJECUTADA ~ ARGUMENTOS ~ ARGUMENTO{S) FURC | 0N
Seno trigonessftrbes .0 . . b
{arqumento en radlia N :
n::? ' . .. Real Azal
Losano trlgun‘m-ltrloo L -
{ar manto en radh- B :
nEs A + Raal « heal
l.ogur!tm natural = . v .2 eal heal
Argumento da potentia LI T
dol nimero e. 1 : Real Real
Rafy sua:Code 1 - rzal Real
Arco tshgents 1. - Mol - koal

[ :

clnt rynwre C 1

4



" ISIGN

TARH

Efem. - |

. 11..
13
Valar absoluto | 1 Real Real
VYalor absoluto 1 Fntero . Entere
.

Convertfr srgmento de .
£nterd & real ; Eatero Aeal
Convertlr argu.m:nt-:; de

*real & entero -1 Feal Entero
Transferencis de slg~ = v ' .
no {Arg.) recibe slg- T . :
no de Arg.a] . T2 Renl kwal
Transferencls du 3ig- ' ’

"wo {Arg.; recibe sig-
ho de Arg. 5} 2 Enterp Enterc
Tangente HiperbSllcs o 1 % peal " Real”

1 . ! 7:.'!_I . . . 3

- trs entre Plrintuls s: 1a swcori |l ralz r.l.u-mnlr.-uh+
o SIN {BITA.'I tndlu qul u ubtandri -I sen0 trlgono-

it nitrico de o) valor d: i varlable IETA,
Erunclados ol L. .

.Ll:l! enuncfadoy sen lus uhld.dall .]u;[:.; ‘con lat cuzles s

construyen los programas WHTW Podemss clanlflcarlos da acusr-

.__. : = .

do a su funclén en Hﬂl‘ml L '

¢ . " »

! l.r!tnitl:m de nlgnnlﬁn L e

1.'-:* d
2.~ ’,. Pe comtrol? | .o -
.- . buoentrada y sa)lda
L be especlflcacidn

5.1 Los anuncledos arftmfticos de axignecisin

So forman con 1ss expresiones pressntsdua antarlorments ¥

- r

Lt

SQAT IB*‘&—‘I:*‘I.*A;E] Indlu que 3" 1o que se encuen-

/3

" nes Indlcan los cElcuipy particulares que deben hacerse.

E)em,

¢

5u for-
L TH )
¥arisble « Expreslén arlteétics
E1 slgnificado del shgno = g3 el de “lg:ur.lﬁn, ESto ex5,
que dtheri. calcularse &) valor de s capratifio 3 la derecha del
slgno = y su valar se asignark a |4 varlable Qwe & encuentre g

1 Izqulurd_a del slgro, 1s cual tiene una localldad en 1a T

. ris de la ¢omputadara.

s1:a=5,, a-a.. .C=1. ¥ D~1.6

4

IH{MII}J'I: se h -sfgnlri adaxel wator 6.5

-

ALﬂ-{HB}n: se le allgnlr‘ a ALY <) valur 169,
MJ‘SQRTIB*E] T ]l. ulgnlri a RAF ol \rllur iy,

Iy . Algo diferente af alynhru narmal s l| enunc fada
L Fl rad - i |

} “l'l"-!- el :ull no debe alsrmarnos yl que Indlca que

‘a lt IDt'-quld de memoria con el nn-bre A se le wslg-
. i )

"narf e nuswa valer A+Y, “tu (11

"5l A=5. ‘1_‘_,#-#+3.~mtnn:e!= : v
A=5 . +). A=A, | K nl'q-u; 1a verfable A ¢ Ja a3)g-

“ha el volor de 8. y el va'rnr snterfor que fuf 5, pa

[ H .

plcrde.

"5.1  Los enuncisdos de ;:nntrnl

Debidy & qua o, enunciadas de un programs FORTRAN 28 a)e-
cutan e cf oed-n ea gpsracen v gus en muchas ocas fones quaremes |

transferlr s efscucidn a otros enuncladas sl sa .utl:l'.lce una

.15



15 . . 15..

cierts :mdlc.lﬁn. FARTRAN nos permlte numerar dichos enunclados,
in nirero de enunclado debe zar una tonltm;! entera do un # cln-
Co caractares,s+in ¢l 5ligre mis ¢ penos; el nimere se coloce & 1a
lzquliwrds del enuncisda,

Elem. 3 CONT m CONT4T, '

-

, 2h RAZ = SQHT’[A"‘Z-FB**Z} -
L | El enum:lado l:l TI

[:te e I- fum l.:! TI '.II £n donde K E5 um nime ro
[]
de anum:llda

El Gl 16 pruduu un ultn incondiclonst; ul‘ P TS

Y envia la eJﬂ:uclﬁn al. enum:lld'c nﬁuru 3 qua puude ar -

= e 1'-..1

Lt 1a lnl:rucc!ﬁn :Il cnnteu d:l gjgm]n .n“rj.,r. d T4 2:, PI' .

v "
|,,_.r

1a el :.urnr.rnt ll enun:ludn 2h° que puﬂde ser wl dal,eempln

..-_.' ¢

lntﬂrlur. . . . e
| ' ..-1:' . ! o

) EJem. . supongml qui uhay de Iu: .num:r.-m de un progra-

T " '-L'*‘_-
-

- BB 'lﬂﬂ' M .
. . L. .

“iv ! Eatp npa restesenta Jo soms de

rstu = B % los ndmeros enteros, desde Tusgo

R -7

| ISII-IH - ISUHI-I-II.' SRR T | n;:uarlu ponerie otres snonclia-
i'= I+1 . dos Paro por el mcaento nos wclars
'El. ™ I 1o Indlcada.
5.2.2 E; enunclado IF
uc.hh:lu a que las :mut-d?r'n extan disnbiades v ha-
s da glrcultos 16glcos ¥ ol penpamfento del ser hu.;mno dabe

--16

15,

16

ier de este tlpa, nos coacreteremos el IF 18glea, ndemés de que

al giumng ya tlene slementos du algunos operadores de relaclén

tovan TR, AND y NOT,
E1 1F 1dglca &3 4w la forea:
IF (L) s

K l|_-l expranifn 18glca que puede tener dos valores: Verdadero

o False. .

S

5.- cual quler |nunchdu FEATRAN diferentn dmy un 00, un ehun=

...-

o -w:

clado de l:per.lfl:utlﬁn o gt atre (F 1ﬁglm.
5t L es falso [.FALSE.) entonces 3 [gnara § ¥ 1s computa-

cldn mtln;h al ilpl.lll'-l'lt'l: enunciado. 5f L es werdadars (. TAUE.}

*
4

el gnunc['dl} S se ej:l:utl £n lng-uldl.

) H:;ul[l Inler:unt: hacer notar que 5T L ws ralativamenca
1.1 ',

:rmp'licud':, ‘stl IF puulu ser al cquivaltnu de varlos IF |rltﬂ-

Hl:ns. o
rtll'leﬂl"-r las eapresiones 16glcas {L) ].ltHlnrnni: los

: up-erud-url::; de m‘rl:l.ﬁ'l ¥ los de relaclby- )

H
Oparadoras de comparac|bn:

Sfmbolo . . 5 mbola SignifIcede
- Matenlitlca Sfgniffcado FRERTRAM . _Inglés
< Lt o Hr.‘.m-r que AT, ‘I' Less than
> Mayor gue RN | S  Greater thas
i Meror o Iguaf & £LE. i Lesz or souml
> Hayor o fgual & .BE, " Grester or egual
- 17



. AT, ' - B, . -
17 ) | ' ~ - - 18 ) " )

v

- T Igual a EQ. . Equal ' . . ; . ||.,nzrr.lldw;.-.,':51.'.1;'*! u v;r-d-deru & ambox, en;m“T

‘ EI;:rT:::I.- LNE, Not equal . L rhe transtlers ol control a! snunclado 12,
_Operadares di retaclsn: ) C A 6 ) Vet | ]

¥ ) “Uni#én ‘ .GR, & {"o incluslve} o . w0 [Esto nos [ndlca

n : ‘Interseccibn l JAND, y ("at mism tlempal ' ’ E ‘_‘- ISUA = |5|-1.""'T _tuw s5lo sumare-

- . _. N I‘-nwluenm. LNOT, - na a . <1 = 141 . ‘ “owis los .m:_'rnru; .

i i ' lF I. 10 1 - rod d
Para valuar vna expreslén 16glca se hard con lax *lguien- . ( LE %) “ Te ,'f'" ol 141120
) ’ - . . _ . T sTOR ¢ aoL .o .
tes prlorlidedes: I - L . .‘ fl.. Tt - .
. - 7 , - ) ) "5 2. 3 EI tnun:lido [l
1.- Expres lonas entre parfntesis PR o

e Ell:: tnm 1a fam.

i Dplrbdoru lrltuﬂl:us . * i : .
. . 1 __'..1." - ryor - "
. Dptr-din-m de m-ur.crsn {.LT., .&T., .LE., .GE., _ - L Mri-Lom, ' .
U eéu' Y ME. l ' e SR E- '.";. LLES 1 =L N AT
] . . ) T T _"‘ . La segunds fnm 5610 1e lpHu r.u-lndu w1, l
. Ll < . : ‘,I . a qul ay hstlnu frm:uann.
A ‘ T LA S '_HK Fepresants un nimero de enonclado P .
. .‘ . 1 r Tk - _". . .
. al:n casa d- lguﬂ jerlrwh ta wvaluscltn sork de l:quhr- L . St j'\_"!",ﬂf'.'“ ona “rh.b]t.'m,:'" T .
oo L - R - . T 't. M. W-on nrhh!ﬂ entaras o m:tinl“ sin - _ Cot
d s dlrid'u. o - - ; |
e 1lgna,
Elem, (1) © %5." " 0.5 e } _
) 21F i.’.'( “ ) ”"-i' " I.E 2.} T zexaedexy- - ) El OF produce Ja e]ecucide repetida de todas Jos
~ M | ! ‘enunclados que le slguen, hasta e} enunclado nimero K.

! 'sfgnlfll:l que 30'X>3. y {al alsmo tlempa) y<2.

] La primers ver que sw zjecutan estos enunciados Ye varfa-
se aslgnar 'l &l valor que 58 obtenge 2l cal- _ . ) ; i .

el ex fgual & L, en cade paso subsigulents | se incre-

| dem culer 2%XY, esto os Z=125.41.5=127.5 ) '
2 AF (ALEEAMDBCE. ¥ .ON.C.6T.2) oF 8 12 - PIRES S0 Te entiind &, haste Meccrse aavor § Iguel a W
. Sl (Plca e 5 Ack 3 {o1 arsm ' BT as o al pass Flnal en este wamnto se termine &1 1| ensdo



I T

laze OB ¥ =) control pass al enunclade que estd m contf-.
nuacibn del enunclado K. Asl, L &5 21 yalor Iniclal de

Jz varlable t y M su valor Flnal. | ae 11ams &) Trndice
del enpnclado OF ¥y su v#lor corrlente se pusde wvsar en
chlculos durants 1o .ejJecuciln del laze. Todes 1os enun-
tlndus qw e :lgu:n al I hasta ¢l piero K Inclushc
mnstlturan nl rango del DF. Tamblén es poslble qua 18
warlabte | no se encuentra en ninguno de los enuncledos
del rango rldll D y este nos Indice que sa realice 1s eje-
cuclén de todos los enunclados del rango del Bf H entre
H veces (s p;.rtl Eﬂttr.l de este coclente N/N}. Debere-
oS tDmar ;n‘;':'uihu gue: a4l fndice | s¢ fncrementa secuer
clal ¥ -u-lmi;;limqu dursaze 1 #]ecuc |&n dl_:l Yaro ¥

que L putde; en sklos momentos, Lratar como cuslquler
o

. vlr'lhl.. Ehtﬂl'l.i 21 Tndlce 1 queds IndefInido dexpuds de

. terminado &1 .lazo del DB y pyede utlilzarse para cuslgufer

uso genersl. E1 snunclado K no hh}lr'—l.'l'l pnuncilade de

espec!ficacibn nl voa kransferencls de conteo) este Enclu-

ye coiwt coms GF TP, . IF y OF, azl como FORPAT, EKD ¥y al-

punos oires. Debemos consbderss que o se putde desde nin- .

gin punto del progrema Vlegar m wn enunciado dentro del
r-nyu‘ de wn DI, ¥ gue la entrads » un OF deberk hacarse
a travis del enumclado DA, Y por Gltlmo £y wuy frecuente

que un DF £yt completamente dentrd de otro.

v

-.20

HMustrando graflcamente tensmos:

Correcto fncorrecto
- ™ o8 R | | D
RN L | 17 S
. op - “ .‘ .. . PR . . b#

v

flum, Utleareml un-0OF para sumsr los nimeros enteros

dal % al 104, - L-}ewp'la que-ya heaot visto anter lpr-

2T OISUM =0 Noi damos cuenta que ml D@ &)a-

Mi1t=1,100 ne la misme funclén gue un 1+,

,‘ 15UH = 150

) 'STD? ) - . dek ohservarse

PR terlor.

"§.2.0 _El enunclado STEP

Exte aparece I-hnplernente camo STEF u el gue-

. nos Indlcs que hs termingda’ I. t]ecucibn y-en uh:uu de

) - o
YEN ="1130 | & tomputadara e detlene y o) cperador tendri

que hacer que continie trabsjando. Debldo m 21l e reco-"
=lenda que se utlllca €) enunciade CALL IXIT, el cual par °
v el contro? & un programa monltar que hlce qua l& com

putadors :ontlnue ejecutando Jos otros programes gue xf-

-

auer ¥ fort [neweide, -t

Tanto €1 STHEP como el EALL EIIT petod -ty -p-ru.-r

*

daspufs de :u-lqul:r anunc lado,

A

un G8 TH y un contador; como po-

con al aJemplo an-

2o
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- 5.).2  El enunciada WRITE

- M..-

- 2i

k

Los enunclados de entrada y sallds !

5.3
Estoy, coomd su nombre 1o [ndlice. slrven pars Intruducff
-y smcay informaclén d= la :nmpptldnfl. ) -

5.3.1 El unul‘ll:lndo READ
LIN - -
Este cnuncledn tlene la forms HEND {I, H} LILTA
. h-" BT
I ¥ ¥ son enteros $in slgno ¥y LISTA rapr:s!ntl una II:tI

d¢ nombrey de vlrllbles pars lax cuales se buarfn valores,
| dexlgna II:kf;& dg per!férfico de entrada iu- o utlllce
{lectora de t-rj;tas. congnls, wte.). H es u) plmern de
un srunciado FBAMAT asoclado al READ.
Elam, -] tm:lldu READ-(2, 101] 4, u H

- Pruduclrl ll Il:turu dt tres numeru!* un entero ¥

P

» doa rel!el ¥ e llm:c:nlrin en’ Ill tccal Idades de

Lo

la memorls de 18 computedars &::Ign-d-: con 1a3
varllbies 4, B r H 2n %u urden;-lli comsi qie A
5 paren i:tnl ﬂuuhrll da vlrllblcl an ‘) R!AD o

- P

Jlnd3:p|n|1h1:1, 2 an |l unlﬂ:ﬂ de tntrldl ¥ 101
-'..un FIHHAT.

"Exte tlene 1a forms WAITE {1, N} LISTA 1 y N son

antarch sip algrma ¥y LISTA rapresanta una VFata de varfa-

bles para 1o cuaing se imprimen valores, | dasigne el

* tlpo de perlférice de sallds gque am utfll:u {lmpresors,

clnta, ato.). N s &l niwero de wn smmclede FERMAT a0~

.-

fy

clado »l HirTE. |
Tjem, El enunclade WRITE {3, 108) L, X, ¥
Froducird que sa Imprlman los welores de las vae

rlabizs L, I ¥y Y quu se encuentren en las locsli-

1

r‘dldes de m:mnrll coﬂ Eso3 nowbres, €n a! formeto

-tsp:clfi:adﬂ.pﬂr »1° enunclado nimere 128 y por
fa unldad de sallds pimeroc 3; las comss gue sepa-
ran Estos numhrfl de ?Irl;hlll on vl WAITE son
'indi:peh:lﬁlt!.

.4 Los enunclados de esper!ficaclsa .

Estm tlpo de enuncludos no knlclen por &1 mismos los chl-
culos, m producen tr;nlferenéfl de control ;l artlmulan el fly-

Jo de Informeclidn, pero proveen ul':umpllnd&r FEATRAN de o3

L

detalles esenclales plrlull traduce |8n del pro}rlma'fusnte en

FBATAAN a1 programa ubjtta wn lenguale de miqulh. & para ll Con~

versiSe de datos.s 1a entrad: o.te salfda, . R 4

L1 qucums lntmduclr dator & 1a cuuwtnll-u;l lo pudt.m:

hacar medlante un enunclsdo que é:ti dentro del programs, como

kw3 NG, ko wx Po que pudrTans ltamar Inlclal lzer uns va-

risble; y 4] programa se complinrTe cada . ver que qulslierssas”

darle un valor diferente w &, Jo cusl resulln suy costoso, e

" que las tompllaciones son Ieborlacat. Fara evitar asto se usa

#] enuicledo READ vy ins valores que se Je den w A podrn estar

en tar]etss de datos, los cusles son Independientes del p;ngr.-

4

- =21
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ns Tuente.
S.4.t  £) enunciado FIRMAT

Este tlene ta forma: W FpRMAT { , , e} en
-18-cual-H-es- oi-nlmero del-*e;'rum:hdu FERHAT -y correspon-
. -de al Hrdu.‘ iﬂ. ;:nuncladur READ y WRITE. Los espaclos en-
tr:. las cHIIII extin dlspnnihlﬂ pera las espec|Ficaciones
. el tlpu Tk S8 ducrlhﬂl ads adelgnie, sbendo ! nioero

L h cspaclos ury o oz, do mguerdo » Fas necesidades del

P

’ pmgrmdnr. ]
5.8.1.1  La espacificacitn |:lw
o, AquT I'-Indtu un vilur entere ¥ W oes

. - - "

un ¢nu:rn ‘Que lndic.- e! nﬁmeru de coliymnés O &0

dl :nr.ud.. o BN ll‘ p.p-el dl lwrtﬁﬁn.,ﬂ m-eru

» s - ﬂ‘ ".‘b.rl 'nﬂ‘u‘r un ‘u"r F-r. tl 'F‘m de e1m
L . _;'rl;- valor, l-hmdn + opclonal. . ._ ]
- - N dq LY 3 o ..

"I.'.!ur-;dt 1ot dates .

) ' e i de entrads o salida: 1130 +1620 -3T0
. - :_- E:peclfl:m:ldﬂ. we th T .15 C 1k

L, ""“-;.;:L: ‘-‘I.I e:|;|::1.”:|:".16|; F: F'H-d : . .
: o . Agul F indica un vlh:r rulr, w Indica

a) nimero de cobumnas que ocupsrd el valor en ia

tar]ein d« mtr_.d. o xn ol popal da Fmpresién; o

+
v

1

e ._ \ ;I-.n d. campa, qu: n:upa exe 'urllur sn Ju tarjets -

' indlca af nimero de :l_frn qu.l'u snconttarkn day-

. M.

2 4 . - -

pués del ‘puntn decimal . w deberf IncTulr un lpgar

para el slgno y otro para al puntc decioel.

Ejen, VYalor de lus datoy de . .
= entrads &7sallda: 327787 -.0027 11307 +3.70°
) Especlficaclén: F6.3 F5.3 F5.% F5.2
'ISJI.I.j "L especificecidn E:€w.d -

Aqul E indir_; |.;11 valar real en forms
" mxponenclal ¥y w Indics tltll'li:hl.lrl de campo para
‘et valor ¥y debe de Incluir ] signo, s.l 1o hay,
cl punto declmapl, =1 lug:-r para la fetra £, wn
lugar plrl w1 slgno :!al enponente, |l es negatl-
Tiove, ¥ dnl lugares pars el tup-ununt:, d indica el

: I'Iunefn_ de digltos & Ya derscha dal punto decimal.

__.' ) ‘ZFI!;. i:—'-‘-‘.lur de los datos - . R . ;

R ) h.'.; 4_1 : ‘l’E entradn .o sal Ids:' .I]m!m'; - TE-I;I o HRhZE+DK ‘:

- " el -E:p-:lflcahlﬁn:‘ ES.& - ET. ;, . Eg 4
ST < Es cnnmnlsntﬂ que ,pu;ndu du-um 1.:"' U ’ ::'l '

- L

Informecl&n de I. :mudnu. tomemot Bh Cuentd

.= para wl am:hn dnl clmpq lo dlgulente: - .
carle A

.. vi. Pl T g
aGn cuundﬂ -'I--I- gnn:rllmntl

Lh' : ‘El*ilgrm,

T Itlprlm.. .t

v

': z.- ‘B punte dﬂ:inll'p_iu las 1“pltt.l"t-lr-l:lﬂ- .
. woy Fy E. -~ .- ; - - .
i- "Por o menos un dfglto a 'a l2qulsrds . B

o . . ' ,
-’
+

- .28



. Tha.,

del punto decimal, puesto que muchas
miquinas imprimlrén alil un cero 8] o

tro dfglte no ocurre.

h.- Suffclentes lugares para todos los df-

'-'gi'tus slgniflutivm deseados, deblde

I -
.

.l que para los drgltu? gque no $v les

L

e deja espacic 3= truncan n-redendaan.

5.- "I' Custro lugares B.r- :1'e§p9nunt- da 1y

eapecl Flcoclén E.-

v

R . .'1""-. -
El primer lugar se‘deja wn blanco para
- o _lr;',el control de carro, ;| C° .
r L | . N
1 L
P .
. P i .
5. i l CEV :num:l.dn EHI.'I S Ce -'_ Lo

..-' . :1.; -

_-: . E:t: u l" ﬂwh:u-nll EHL‘I ] Iﬂfﬂfﬂ |l :n-p”l"
-.dar quu ul progrtm fl.l!fltl hin urntmdu ¥ dtb'l ver el ﬁl-
! .
.
ttrrn nnun:lldﬂ l!: :ullquinr pmgr-m}ﬁﬂTMﬂ

T Arregley Y. 7 . . -

H . - . !
Fucunuunu tratamos-con. un gmpﬂ -de varishles .qua for-

", [

. man & pnrt:ne:tn & una clate u cnlm:v.:iﬁn Lu-ndu t" \r-rhblcl

- forman uR conjunto urdnnndu. pueden relacionarse unu con DLCaS

por 1s eotackén de subTrdlcen; entonces desTgnanas =sa coleccisdn
comg arfagio v las varlables qu;z pertenacen a £5ta sarla von

los wliemuntos dair.rugln.. A vacss ma -nplni_r.m s indnimo de

cu 26

o6 L L

erreglo el rombre de malrfz y, £n mnn:ulencla. habinmos da |le-l

mentos de la matriz,

E.1  Varlables con subTndices
Un.conjunto de.nimeros-que pueds sreeglarse.an.un.rengldn..

& columna ile r.nnslde_rn r.u;'rn un arreglo Iineal & unldimens lonal,

y fale urlc pusde ll.mru wectars Idlntl”l‘-lms ios alemntas

de n vector rengibn & columna p-;-r ] ;ﬁlo suhindlu_ ’

E]em. e .':.I.a" columa de nﬁmrns-deliva:tﬂr [lamado A, con-

‘¢iste de |03 elementos A, hasta An inclusive y

¢ reprazanty como s igues

"ﬂtll:-iﬁ'l aiectumbrads Wotacidn FIIR.\TH.M

LAY : : Aq1) LT
: . ik : oA
! . . . s - -
. ! Y Al D
. " 1 | ] -
] _:: - -'_I : .
Y o aln
'l - ‘ i ', o - : .1.. , R
‘Y A . A . . Lo T LA {"}".:.‘ £

1. PR

' E.nd.. wng du eILas Afl',l, n dmde | varfa.de 1 a N,

. ‘tm :l nombre de una v.nrl.nhu. ll c.unjmtg da to-

' .
-

dn t”li s o que I'Ims lrreglo. B

51 3¢ uu.n.rfns sublndiul para ldlntlfll:lr h::’s elemantos
de wn arreglo s+ conalders Este ¢nn:- wh arregho bidimensfonel. .
° - -

Los fusdros de on tablerc. de 2)ledres, pusdan conyfderarte corb

*am arreglo bldiminslonal. ¥ 51 11esemos & cunlgquiers da lor vmee

L

17



T .

] ' ..

Y B

¢ros con la varfsble CTAJ tendremas 6h varlables; pero como el
tablaro tiene B rcngllm“'y & columnas, podemoy referimos al
.eusdro que se encuentrs £n al renglén 5y 1o columna 5 con 19,
vlrluhll cTad-(3.5),

Depgndiendp d.'l l:lpo dn computadors aard &1 plmero do lub-

. T M e e, e s
Tndlul qu- pﬂdrm "lgn.rlt & un arrnglo' I-I'I 1BH - I‘l}ﬂ ufile
[ 1»54 J‘ i
it ldnltun arr!glé;\;.m."l- u'n nlulm dl tres lubfndt:u.

P ) F’_'_' e

* Las v.rl.blu qut sn utllicen para dulgnlr lrregInl. de-

bxrin chsur\rlr 'I|| r-!'lll U 5E diurl:lrl lﬂtiflbl"l'll‘lt! &l hatlar

de nrhblu enur.s y rul-s :msid:rindu qul para los clneo

Caracterex alf.nmﬁrlcu: |nn Independlentas da 1oz Fndlces que

r
. .

w4 dhcyantran enire ptrintu'h .
"

&.1.1 hyln pars Iul luhrndlcu. L -

" _ }‘ -u..l

D kegla 1 o lubl'ndll:l debe ser un sntero, puudl ser
B N |" A '- S *

2. :c;'uunu. vlrllb'le B una d- 1as uprntms

lu.q
' S

i e -;_.rltniuf_u slgulentes:’ o '._' . _ o
';.I_.:‘-. . ’A‘*\'i-h i l*-w.-h":}- - -
" . .,' ;",dgndg UNIRT T varilhh entarn '|r s f h mn

. . m:unul znteras 2in Illm N
. -f&jnl',-.ﬂlgmu: :ubrnﬂ;:;: puadan sef: -

SRR 17 B LU G LT
1976#N-8 ztl~h R LIEE

No % pusdun ussr mm luhlndlu:
el -1 I-10+CONT  -1931 -KILOD

. ) . : . 28

v

'&.,2°  El anunclisdo DEHENS|OW

8...

o 28

Un subindlce iﬁlntdebe tomar \rnllleru posltives,
M.-gh 1 .- Un yubTndlca en s no debe sor ung varlable con
subTndlcet. AsT X{I{2]] no a3 parmitido,

Un sfmbplo que representa un arteglo, una va-

riabkla con subfndice, np debn uparse zln sub- -

'e

indlcas para repr:untar‘utrl varlable ﬂlfereul'l'

5 .
e un e} mismo programa. Exto =3 A{I] ¥ A-no

deben reforirse » varisbles diferentes. Com

siempre hay una encepeidn gue par ahors no

i
rocaremct.
E]Jem. Lot sTmbolos para varlshlens reales con

o ' gubledices podrisn-inclulr:

XU} swixez) DAl zeast) s{iwT)

. ..Para variables entwres I;DI'; ;l-.lh'll'ldll:tl- toe

4 podemos tener: _‘ R ‘. N

IEVCH T 1CTALY, 20}

b -

§(fenpra que en un progrems utllfcemos variasbler con sub- .

- Tndicus deberemos poner, como primer envncisdo o1 DIRENSIEN, &)

*¢ual Indlica &) cospllador qui tll‘!t-b ts;;lclo de memorin 2o deke

4

rasarvar para Iny warlgblad con sublfndices. S5u Forma €5t

= rg

UIMEMSION u, v, w, ...

Donds 0, ¥, ©, 4., £00 rombity e wiflo.. 43, T8I0 UDA =

1ns cusles va saguida por o1 misles r.laro da slessdtos un el



srraglo carraspondlente. Deberdn observarie las sfguientes reglins:

Aegls 1

. '.-:.1": :uhrndlul cada unl.

zg.u'l. .
. 20

Cads variable ¢on spbfadices se dabg menclonar e
un enunclado BINENSINN antes de su primer uso en
_..I.prn-grm.

" Las ltdmlns repr"en“dus antarfarmente pnr u, ¥,

Py l-l" l a

aom) s deben tenar 1a forma;

' nnmbrc da \rirlahlu -{ml.ullm pimero de #he-
o .J mini} o K

v

cal rlﬁnurn entre paréntesls deba gwr una constante

) lﬂtll‘l lln signa.

Ejm. umusmu Al20], m 8), CARR{S,3.4)

E“u lndl:l qull -l r.nmthdur r:urvlrl 20 loca-

..|-

. Irdtdﬂ er el lrrrule l. :us veints urllhln e

= nrin .I't['l] Al2), ..., al20} al llllm tlem n relars

’ .__.I_:'..r."rln 327 (hiB) Jocalldndes pare h: vlrllhlu Il"l ).

o "

‘ III !J. 81,3}, ..., B{L,A), a2, 1} .a{z, z}, .

¥ nu By, 03,1}, siy}, ..-."IL‘- k. Il"lr.'l]. 2(h.2},

. nlal) ¥ por Glele s reururlﬂ B2 {Sxixh)

' :m.na.a.; para las \I'lrllblﬁl d:'l.lrrngln LAR, con

'
A ow

E v h

El .rrqlo o A vie an p;rth:ullr, dentro del pro-

- grams pndf.i tenar mines &lemantos gue loa eapecifi-

cador an 1a mapnitued dal Il"ll.ll'ltlllﬁﬂ OIM ENSIDN |, pern -

coma wln.

- L]

2q.

Ragla &

)1+

= m1l
La varlable tal como apsrece sn €] enunciasde DIMEN-.
SIPH daba taner exactomenis w] wismo nimerc & Ruh-

ﬁrd!:u gus en cualqular otrs parte del programa.

- L] I
L)
-
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i ) - . v - 32 )
' - 31 . - FUMCTITH nombes - {parkemtem )
o ) - y momhre con gum berE Flemads,
T.= swnur.m - -, el A mnlinu-clﬁn 0 wicriba 4

d4) Daspuks, Entre p.rln'l"l! ¥ sepaTadel pOr ComEY, SpECYCER ot arge -

4

Loa iubprngrlﬂ:, tm-blin lumados subrutlnes, son progrimes qus o G

manEon
ber puastos en uso por oires progremas cusnds Bee recasario. - *

MrLDg . -
Lan funcTonen de bibl lotecs & Ffunclonas del ofslema :uﬂ!tftw-n P 7.1.1 EJEMRLDS

riedsd &b 3ubprogrems, . T pmETiom RMT 1 (AL ]
RAIZI= [-B ¢ SQXT (0 252 - &, 2 A& C )} F {2, mh)
7.1e Fuxciowts T s KL TUkN
I Comndo ¢l -valor de unn varfable depende ds wne & mis varbabies & conpben- ' [up
+ 1wy v sdamdy de ung sarfe de clloulos,y diche varfsble ha de .-..1;..,1...-.....r repe- . FUNCTIBN RAIZ2 [ A, 8, £ ] .
tldemente ¥ an diferantas puntos de wn programa, b posible definirle coms =~ - © O RAIZZ e (B CSIAT {sz ks AR C N /2t a)
ws Funclén. En obras palabras, Adesfs de lev funclonas con gque comnts ia Bf = RETURN '
_' Gllorecn dal sPatems, wl wsuarle puede werlblr sws propiss Funclones pars w0 . END
T wmvpeclTico dr S programa. . } )
" Tomamas wn ¢lemplo pare viewnllzar le sterlor: R 4 . S{CwDE CAaTd . . . '
i Fuponpmot que pard un progress kn Esprclal, en al cust trabalamrs con grados , pEAD { 2,100 ;._'|:- L :.
“en luger de radisnes, descamss calcular continusssate SENP (2}, aln ol wap = ‘ypo - _FOMAT [ 3FIDLSY . b
[ @ funclones serfs mecesarlo transformar e srgumnic desssda de grados e r--' o h:t - RAITY {AB, L} T Y
dlacat ¥ denpufs Namar 3 1¢ funclén del slstwme SIN (X). A continuachfin pra=- x2 = w122 {8,000 - .
ML Und rm::_zgn qur celeulard SEND {x}, (¥ én prados) : 1 i T wmiTE (3,200 ANC, XKILEZ - .. .
N L e e S romY {5 RIS LT .
FUNCTIOW StWp . x ) - o T - L C o Eny . - o
- ) RS TR RINIFIY e LY BTN L . ’ .
‘ ) R 74,1 | -..ilﬂ {x) L . i ot S il aJemplo wx sclamnts P.rl mesTrar- 'T a0 oo In Pmﬂih’ﬁ"‘
RETURM ° | ) v T T FUMETIEK ¥ no contemply sigunan ituaclanes como ralcey compliejme, ste.
[T S - ' - . . .
. ' : o 7.2 - ST INAS o '
i 01 Vst fasdeqi progewne coma: ' . . ; Zoan as 15cl] rotar, le proposlcifn FUNCTIIN Ror Vregrass” un sélo va =
T L. o : - lor ¥ to hace = travie o sv mosbfe. En mechon caton oy wnveniente & -
ke 3008 tennnes) . ] . necesaric que se not regress afy de un valor, pars éstot cavos usewos Is
N o .ot . preposioién o ehunelpde } -t -
» SURABUTINE. P il
:nm::;"-.hu tj-uph fodenoy garerallzar wl vio 4 1a P‘TﬂP‘"-'Ilf-lﬁﬂ i - -—-------m-m‘“I Tubruting ar m yubprograms que puode a-r‘:“,“-" tualqultr nismip =
’ ) . da parkmeyros { desde carg hasta un nisero dwtarminndo por el tlmo & oom-
4] . Duba sar codiflesds an forma fndependiante dul programs I plindor) y pusde "ragrazsr’ dlfersera valoran caloulados.
‘W s wmark, e duclr, so debi spacacer Mdgntre® dul PrOg o, . ’ . . _:-33
b} Dol pepeiar on 1a palabyry FUMCTI W . . T
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. k ' .. -~
. -3'? 3 -
" ‘f - -
! - ° ’ :,'1-! ) * - L) 34 _ I -
13 - . - mudan & dormldas ¥ 4010 1fucen santfda Sentro da 1a pubrutisl. ¢
Yesmor algonos 'J""M"“ N ) . . entertor; ’ .

imglml o ol lwprinlr rtlu'ltlbfl o W :hrtn prngfm 1 o que =

.maerlbir wlghn tMule usendo Tos prissror _renglones d- la hn]l. En t#] camwe pu-
dl—m hacar uro dl wid subrutlng comg 1l

Supdngeae el 91 gulents progra=s

W

. , K= X,
. .‘.1 . ‘.-“__-I_|. ,,'l' -.'. - ! N . . . - i .'
SR SURXSUTINE  EnCa - L - . caLl St { Xe X213
S T T . : ' s X3 .
S 200-- . - - FWARAT-{/, X, 'AEPORTE SEmmM' , /) - . WRITE (3,200} £1,22,13, 50W
- RE TURM : O e FIRRAT [ F30.5)
. Emp . ] . L . CALL EXIY
r . n B B ;I. - . E“h‘ld I I
Comn vemes' ne beres paseda fingln plrlrrﬂro 6 valor u Ie subruting. Paca - ’ ' . -“ | -
. . . -
qur 24 lJ-tut- hu ve daba hacer yao da p pmﬂ!ltlﬁn CALL, da I| slgulente for te propona como wjerclcle &l Inctor gue hags ez vecel e 1a mliguing ¥ .
- L. L - .. eriba 1& que d3Lm Jmprimiris.
e e . Le méguing lmprimird 1 2
i VALL [NTA 3.0 U IR N _ 7.0 .
X : : . : : oL ' v
:; - . - . ) . . 1, - . .-.--45:‘::;““
dontro vs) programs y &n l] Iuglr don de dllunl qu.l ocurrg 18 lepreslén. LY . Unm du Yax Faclifdedes s '“"]“‘ = ‘!"*;h't s .-
el R . - - perbuatros, ]! . * - . C
'Dll-:utmn shars uh -jnpiu wary :I-ph pare elampliflcar ut vio de perbeetros, - <o ' L.
Hagewos wna subryting que "reclba™ coma tﬂtrldl doy Il'ﬂm 1o pimy ¥ sl ragwd - . e ) - In, MAS ) I . -
rado ln regrase” an gtss warlsblin. Sam Ay I Inl Amsrps m tummr, v C 1a varie - ' .SU'I“UTWE RAZIN N l["lb.'l f M
., hiw = o s pondrl al ruu'!tldn ] : — . . ' . ‘_‘ff‘_‘“ ...:.. .
L . i -, _ -1 -:r . - - [ o
r _-mmrnnt simh LA DL ) . ) B -TToT
' Em A+ B . L }o————
=+ RETURA . ] . ; ‘wuwnu
- ‘Hn . . . ) ! ' o ! L] . . i [un
lh o “""-”' " -I Mot & tor P.rhlm pore t .* ) ) lwﬁnl gy e d1ia lﬁr\u;lm ancomrtra ol ulusants dal arreglo & [10] son
tuelnast . naLar el
s Tw varlshin MAX. Fy |mporianie
- myor valer ¥ Yo regrese & trevés
e e R e e T S "“"""‘" . T 1::!“-“ vomy perbasire who § mis arreglos hay 4 4I......sim-lﬂﬂ “_T:]"‘_ x
‘_.‘-.:Ii . I_-. Lt N E . . - 'hh'-'"
- [ALL ‘A [u..ll ) . . © ., . saniro & 1s swkrutbna, 1o €ual 34 puede hecar & st —m" i
2 . . !
" BALL 30 i, 7, x I . ponlunds u dimans|n qwe eparwca n a1 proprems g
B -t:. Do . | - ', 1% Ponlériola dimens(én ] {w-‘j
o " ) )umplo: ) .
Como vemcn, Tan varfables A0 ¥ C au sparscen on la subrotine son varleblas . ' . -1

wa Mh

- o =-
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OINENSION A l‘.tn} 3 » (z0] _ . 7.3.1  owOR.- } _ Lo .
T el : T . . "o Como e3 posible yisuallzar €n 1oy pirrafol Entarfores, Fas varlsblen, |
. - T : . -0 usadas en las subrutinas, o mejor dicho, dentro da las suhrutlnas, son t““l. -
- - LALL PROEN u]_ ’ Smente Independientes & 1as "rllhlu usadas en &1 programs prlm:lpl'l. Muchay -
- -CALL.mAx N 11 . . . wacan a1 mmltnte qum tanto las subrutlnn comn #1 programe qua hl itasa -
CALLRAXEM " c(A] Iy e AP -'--t-ng-n-—v.rlnbl-es-en ':EII'IL.H. Parldogr-lr—-i;mnlstl 4. d-:-l.uﬂﬁh
LT ST S . :
- LT Looe . . T COMMOM . '__[._
ALt “"I. broo __i‘-' e i T ] A ' .:.. La Tormm g-lnerll d- frta pmpnli;iﬁq 5! b
Exp SR ORI .o [ROER .- . COKMOM " 1Esta de variables :
- . ) Lom ~donde "Ilzts de variables” g un confunco de varlebles y/o arreglos up.um'
Cu:u & - S . ., -por comps § Jazr cusled Quersmod adjudicaries la prnphd-d -nurlnr, s decir,
:'SUHMUTIH[ WROEM  (x) . . : ’ ; 140 comunes & sarlos subprograras. ' o o
. DIMERS [N ¥ (q) L B £]. Co
- = ". r e ' [ 1o ' ..I.-l
o T e el P o COMMON f,u, :{ml.nn.tsn}. oo
- T T . ) - A : Esta declaracién gebn aparecer 81 principla dl l:u.lqultr programe o ni:-
- RETURN S, L : futhne en ' que e deses user. Vasmor® un ‘e]emplo: - -,.' P R
E"D - . . ] : .- I" al -.‘.- -‘ i - -:"'._‘:‘ .: ' B _‘.. ) . ] ll... ._ . b - -

Caso 2: . e, C o -aRIT st oE.DOS MMERDS . T : Lo
.SURRQUTINE HMIH _.{‘,1-;. S .- _-l_n T COWWN A, B, T . -0, A S
“otens ton o oy, -] v, o wh= Y . . T e Lt s -
R IO < A =y s : AR -
__-= : J . " CALL SUMA . . T _ L '

“Tu“ " .. .,... . I - t . ' T . -*-:.-_- B _.I A .. ::.. r N
o - : . . . . WRITE (3,200) A, B,'C, I o S '
T . ‘ 200 FRAMATL A FIB5 ) : . SN S -
oL . s LEALL EXIT . : R N
- -1 f. . L] - 'tn . . - r '-.. . -




-"_c.-.ldll

Cat

SUBROUT INE SUMA
CoRMON A, B, C

RETURK
EHD

Este programa debe Tmgrimlr ¢

1.8 7.p - C 10.0

Una propiedad importanta del CDMHON e que sl vn arreglo es especiflcado

‘16.49

3.

-

en C(OMMOM que ¢ sutowdlfeacents dloeralonadt, w¥-decir, ro hay que especlfl -
- gar dicho srreglo » travis o 1s dectaraclfn DIHENSION .

P

En las slguientes phginas se muestran veintlGn programas, que incluyen sus = °

dlagramss de flujo, codlficaciones, datos y ﬁusulttﬂu:* st objeto e1 gue ul'-
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2,4.4 Efemplo - 23

Cbtenenr Lo inversa de £a mairiz:

10 2 3 -1

1 =20 -1 3

A =1 To-10 2
2 i -1 30

"SOLUCTON

+

TABLA 2.5 Datos paia ef problema del ejemplo 1.4.4

Ned -
_ -
0 2 3 -
1.-20 -1 3
A - 1 1°=10
' | 2 -1 -1 30

TABLA 2.4 Resultados del problema del efemplo 2.4.4
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7.2.4 Ejemplo :
Los valoacs obaeavados para La demanda de eneagla elfdetad.
e en el secton nesdidencial desde 1962 hasta 1973 son:

AND DEMANDA RESIDENCIAL {MWH]
1942 1418.757

1963 1578.572

1954 1816.236

19565 1970.987

1965 2256.216

1967  254£.05 : ~ '
1948 2§03.79

1969 3157 095

1970 3587, 56&

1971 - 3979.667

1977 443).655

1973 4930197

S£ se dabe que La demanda de eneagia efécinica ée encugh-
ira estrechamente nelacionada con el tiaﬁpa, éi PNB, fa pobfa-- °
cibn y ef producte bauto del decton eléetrice del afte anfenion.
Obtenga una curnve de tipe Lineal y otra de tipo exponencLal que
se ajuste Lo mejor posible a L0 valores muestrafes de £a deman
da residencial de enargia eféctrica.

* SOLUCTON h
TABLA 7.1 Datcs del problema def ejemplo 7.7.4
: N = 12
ITRP
NTIPO = LINE 4 EXPO



1.

TIENPD PNB ¢

[UANDA RESTD.

—r

Bl'PGBLACIGM P8 CFE

e

62, 37439, 1609 .
&3.

1418.757

1753.
zl?ﬂ"

165310,
176516,
199390.
212320,
227037,
241272,

£

38727,
40059,

1578.572

&4 .

1616.236

2529,
276%.

41437,

&5,

1970.9587

42863,

b6 .

7256.216

3157. .
3533,
4228,
4817,

{4338,

87,
6E.

7548.05

260901,
277400,
294400,

2803.179

45863,

47441,

£%.
70.

37152.095

3582.564¢

49031,

23587,
5784,

71, 3056800, 5077%,

3979.667

57539,

329700,

72.
73,

§4371.655

354700,

-

54560,

4930.197

£297.

TABLA 7.2 Resultados del pnoblema del efemplo 7.2.4
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LT ) 1

APLICALCI.OHNE.G.

MO - MATEMATICAA,
1.- CONCEPTOS BASICOS ) TECHICAS BASICAS
. - . HUMERDS Y CARACTERES
4.-  ALSUNDS TIES

G RAFICACION.

3.~ DUS(NEDAS | o - PUSQUEDAS EN TADLAE

- o CARACTERES Y _PALABRAS
&,-  ACOMODOS. .

: : ETACKS ¥ COLAN,

1

4

REFFRENCTIAB:
i e,
b . :"'I;:"a-_' P ey T ECY, - -
GEKEZ, GRIJALVA ““"EL ENTOOUE DE BISTDMAS" AP 3¥] LINUSA, MEXTCO
. Ceri _o-

L} r - LS .

- wd - -
PFALTZ “COMPUTER DATA FTAUCTURES® MC GRAW HILL

ERUTH “THE ART '6!’ Cﬂ‘-'."l.ﬂ'xl PROKG. m: ¥y 111 ADIBIUN WESCEY
. .z . e
PORS THE, OXGANIC.. ='TO C':HPUTEF'EC.].“CE- JOHE WILEY.

LY ] 2
YAMDES A VER CHhE05 CONCRETOS DE RPLICACIONES ND ~ HATEMATICAS,
SUPMENDS®  QUE LOS“ASISTENTES ¥A FROGRAMAN FR FORTRAH MUY

L.~ USO DE BARDERAS [ FLAGS) Y SWITCHES.
EE UTILIZAN BANDERAS O SWITCHES, PARA DETECTAR UN ESTA—
DO EN ALGUNA PARTA DEL PROGRAMA, LA BAADERA (FLC) PUEDE
TENER DOS ESTADOS FALSO [ FAISE.] Y VERDADERD {.TRUE.},
EZ ESTADG FUEDE SER SWICHEAGO -

FLO = , NOT. FLAG

»

Y PODEMDS PROBAR EL ESTADG DE 1A BANDERA

{TRUE] .
kr { FLG ) &0 TO 111

OTRA ALTERHATIVA ES UTILIZAR UNA VARIAHLE MENTERA (IFLG).
LOS VALORES 1 ¥ 2 5CH USADOS ¥ EL EWITCH PUEDE TOMAR - -

CUALQUIERA DE LOS DOS VALORES.
I FLG = 3 -1 FLG COM WM ©80 TO

o TO (i0, 20 ), IFLG.

&€ FUEDE TN'IIIE‘;I PROBAR UN LOGF CCH UM CONTADGR IHICIA-
-_LIZAMDG ITFLAG, 1.a. SUFDHGAMOS QUE IFLAG = 1,2.3,4,%.
) I P
. I FLG= O
I FLAG = IFLO + 1

IF [ IFL3."GT. %) JFLG = 1



L R - - 4 -

) Ul 3 DE OTRA FORMA: -’ 4
Do - Laop's. : .
D0 31} 1.1, 10
_ Los Loop nzr.."bn. PUEDEN SER IMPLEMENTADOS DE MANERA MUY . H= 28K [1L-1)

EFICHENTE EM FORTRAN, SIN ZMDARGD LA VARIABLE DEL INDICE — .
. S . ¢ QUE PORMA E5 MEIDR 2

DERE DE SER ENTERA Y EL INCREMERTO DEBE DE SER FOSITIVO

E)EMPLOS ¢ S5F REQUIERE CONSTRUIR UN LOOPF EN EL CUAL EMPACANDD HUMERDS. .

FARA AHORFAR ESFACIC, E5 MUY COMUN GUARDAR VARIDE RUMERDS

ENTEROS EN UMM VARIABLE ENTERA, SIEMPRE ¥ i.;UA.HDCI ESTOS HUMELROS

‘J TOME VALORES [E -4 a + 4]

* ) " RO SEA MEGATIVOS . .

SI LOS ENTEROS TOMAN VALORES ENTRE O y W FL METODO CONSTSTHE

EN m.\'nms COHO DIGI’.TDS EWCESIVOS IN 1A BASE X + 1. ESTO SE -

SIEHLMIMPJMVALUWEHTM l'E‘I.I [ BEL INCAE-—

S 1‘*.1':"\..-.“4‘-' + L= . - ' o
Hm Ed . ‘-‘ :} r_‘sm gg puw; HACER . DR -t HM:I ASIGHAHDO EL FRIMER BNTERO A LA UA.RIHBLI, HULTI?LICIHDQM FOR

~

ICTY T

. : _' n+1.smmz;smmmnm.

.
:E‘OR El'. -BI LOS ELEMENTOS 1 B 5 DEL VECTOR I DIG VALEN B, 8, U‘,,I 1,
. * - : . "1, EE FUEDEN "ENFACAR EN UnA VARIABLE NUM COMO DIGITOS DE 1M w
M LOOD QUE REQUIERE UN INDICE REAL A QUE TOME VALORES - -, : e ) '
- " ., " MERQ DECIMAL' )
¢.1,0.8,0.3 .... 1l.0 se POEDE FSCRIBIR ASI ; . : ) . =t
- P HM = o [l
oo 14 ;-1 ‘1o ; O ’ .. T
: . . DO 17 I =2, 5 :
A =7 rmnr [I}f 10.0 .- e '“},ﬁ -7 )

", v ' 17 HuM = W 10 + 101G (1)}

B ESE CAS0 Ry 5e INICIALIZA CON 0.0 y 0.1 ES SUMADO CADA
i N DESFUES DE EJECIHADD EL. FROGRAMA HIM = 6HO31 {NOTA LO ANTERIOR ES

VEZ QUE EL CICLO SE :rmmzh . B .

! L ’ VALIDO PARA MWUMERDS HIMARICS EN DONDE NU4 #3). HAY OUE TENER PRE-
$1 5E QUIERE DORLAR EL wmn DE UMA VARIABLE, POR EJEMFLO = . -
i : CAUCION DE RG €XcEREd EL FOSITIVO MANIMG DE LA OOHMPUTADORA.

R .8, 16, J'-* 47128, 516, TTc I CADA PASO DEL CICLO

o I.IPI.“ DESEMPACAR LOS HUMERDS 5 UTILIZA La FUNCIOm - EL VLTI
o =1 : noo

bo .33 -f =1, 1D - s - - .

. ' EuTRE M 4+ 1

MG ENTERD EMPFACADS EX EL RESTDUQ, CUANDO 1A VARIABLE $F DIVIDE. --

arh

J1 8 =~ ®m 4+ N . .



" 5 ’
EI nHUM = €80311 ¥ OQUEREMOS CBTEHFER LOS QRIGINALES nﬁ IkIG
HAGFHMOS [0 §1ruihNTE)
O 19 I=1,5"
Jm g -1
I oig {TF = wob {nim, 10}
1% HUM = piMSl0

HOTESE QUE SE UTILIZO UW IHCRIHZ-NN CE - 1, FARA DESEMPACAR

CORRECTAMENTE ( LIFC ) !

TRADUCCION DE TABLAS, b .

MICHAS YECES BE NACESITA MAP EAR UN COMIUNTO DE HUMEWOS A OTROS,

EN FORMA IRRFGUIAR, LA c1l.5ru.. ¥O PUEDE SER COMPUTADA. S E5 PRI-
MER CONJUNTG Nk HUMEROS CONTIENE ENTEROS, ESTOS SE PUEDEN TOMAR
COMO INDICES UL UN VECTOR QUE CONTIENE EL SECUNDO CONJUNTO DE
NUMERDS ,
SUPONGA QUE MES CONTIZRE ENTEZROS ENTRE 1 Y 12 REPRESENTANDO .
caba MES DeL aRa. N DIas '._;E!Nrtcay: EL MUHERD DE DIAS BN EL nes.
51 SE TIEIE N VECTOR :.ur.s DE LONGITUD 12, E& PUEDE INICIALI-
ZAR CON Ef, VERRO
DATA  LMLS fal: 7€, 31, 30, 31, 3@, A1, 31, 34, 31, 3, Al [/
Y EL NUMERD DE DIAS FUEDE SER COLOCADO £H N DIAS

* H DIAE = LMES [ MES )
1O CUNL ES MUCHG MAS EPICIENTE OUE IR A TRAVES DE 12 ~IFS™, o

UN GO TO COMPUTADD CON 12 RAMAE.

"

K = PHIM.

REGRESA EIL VALOR

" oE ELPM (K} = K

pUSQUEDA BINARIA.

ELEM { 1)

eLEM { 2}

X

o i

PRIM = 1
ULTIHD = H

L]
BRIM + ULTIMG
HMEDIG = ~
PRIN ., = | -| uLrime -
. | HEDIO + 1 rEOIQ

51 "
r

ELEs | K } =M

H ESTA EH EL ARREGLO. .




!

SUPGMCAMDS OUE S5E MECESITA UN LOCGP EX EL CUAL EL IKDITE TOMA

VALORES DE 1.5, 2.8, 2.5

vaev 4.0 ¥ LUEGO 7.25. 6.5, .75

L d )
A EELg 1L.s ¥ 1o 1300, 14.%, 16,0 ¥ POR ULTIMG 20.
Geer) g .
£ LO ANTERIOR HLQUIERE 5 INCREMFNTOS DE 0.5, SEIS DE .25 TRES
) DE 1.5 Y UN INCREMENTO DE 4.0, PARA HACER LO DESCRITO EN FoR
FA ELBITE CUFRIRMQS EL INCREMFPNTD EN lT VECTOR ¥ EN OTRO EL
HUKERD LH] VAfRES QUE HAY QUE BACER EL INCRIMENTO.
DIMENSTION nmc {q], t-cmc {4}
:wrn. n:m;us. 115,15, 4.0/, HIRC -
c.‘ . S5, B, 3: S
la =25
DOl =1, ;
1 J = HING {1]
Doz K -Fl. J
1 ..- A+ ZIRC
1 OHTIHVE,
ChRACTERES

FX3 PORTWAMT LGOS CARACTERES FUEDEN SER ASIGHADODS A VARIABLES DE

CUALAUIER

PALABAN VARIAM DE MAQUINA A MAQUIHRA

TIFG, (EL NUMERC DE CARACTERESR ¥ EL # DE PITS EN WM

1aM 1130 ES DE 4.

EI vna PALABFA FULDE TEHER 4 CARACTERLS Y EE GUARDA EL CARACTER

L] ,F.STD LUCE ARSI

A bl bl bl

o B
EX FORTRAM SE-PUEDE ASTGHAR CARMTFERES A VYARTARLES DE Y FORMAS

1.- LOS CARMCTERES PURDEN SER LEIDOS COR FORMATC A d

1.- UTILIZARDD EL VERBO DATA COM LNA CONSTANTE HGLLERITH.

- IATA I/2HAR /S
DaTA I AST /1 BE /S
) EARACTLR.I:.E PUEDEN SER cnr:mns HACTENDO UNA ASIGNACION.
DATA PINTO / I A, / TPATABLINIDZ 1 H' 'y
, PUNTO ° . T e L

?UEQUEDA L l N I‘A

 Fam SEL T

[ 5B VERA MAS TARDE COH DETALLE 1

MUCHAS VICES §E ﬂrsu‘.mzrrxr:cnn UN VALOR O ELEMENTD DE UMA LISTR.
LA FORMA MAS FACIL I:'.S UTILIZAR UNA BUSQUEDA LINEAL, SE GUARDAN LOS
VALORES POSIBLES EN UN VECTOR. S5E COMPARA Capa ELEMENTO DEL VECTOR
€O EL ICENTIFICADOR™ JASTA qu:nz EE m;:um-ru.

EY. SUPDNGA DUE EL VECTOR HUM ES DE LOHNGITUD 10 ¥ CONTIERE DIGI-

. TOS DECIMAL EH FORMA FE CARAMCTERES, LO MHTERIGR SE_ WEDE HMCER COM .

EL VERRBD :
paTA Nl 1 mg, 19Wl, 1 H2, 1 g3, 1 B4, 115, 1R,

- 1 3, 1n8,

1 ®%/

AROFA SGPONEMOS QUE UN CARACTER FUE LEIDC DE UNA TARFETA COY FOPMA

T al ¥ FUE COLOCACRD EN



11

1 »
H ] . )
A VERTHRLE NAR | fag BICULFNTES [HSTRUCC I QNS DEBERAN DFES._ |- . 1[}
i ¥ EL DIAKCO DEBEN PROVERRSE. Lo MNTERIOR &2 HME COR LOS SIGUIEN-
BEIR QUE DIGI'D HUMERICO ES5TA EN KAR. .
TES YERBOS: -
Do 15 =%, 18 . .
DIMENSion Wi, {14), wamp [ BO )
IF { xam. PQ. WM {1) ) G0 TO 4. . .
A H -
15 crerige . .. DATA Nt /1 KO, 1 Hl, 1 H2 1 m3, 1 B4, 1 H3, 1 HE.
- . < . 1 7, 1 HA, 1 19 Fi

-

g .

L -’

' ' . ANORA LOS CARACTERES SE'LEEN EN KARD.

DATA 1 A5, I MEN), I AL /1 H+, 1 8. 1 % bl /

5I EL ¢ ) . . .
CHTROL PASA & Z4,- I COHTIENE EL IXDICE REL DIGITO HU- AEaD [ S5, 2) KARD
2 FORMAT [ ®HD Al }

FLEICO IGUAL ACKAR, ST EL CONIROL PABA A 18  NAR ND CONTIYNE
DEL IN1CIO DE LA TARIETA SOW

UH DIGLTO uusdico, TOD0E LOS CARACTERES BLARCOH.

.- NIME .
. _.,'EPE;.LE:*,E'EHE o LI
L - ....---- v
= ' VAHOS A 'll’!ll r_'mu I:M'I.BIAF. mn EADENL DE CARACTERES A Un HU- "1 oy e : ] l'ﬂ' 1= 1- an .
ot HE , .
: ir [xnnnn:x}.uz.m:.] GOTDO 10

"

MERO k| \FICE‘-I'ERSA ESTHS TECNICAS SﬂN HECESAIIIA.S CUAHW 5E

R - \ e
LEEN NIMERCS EN FORMATO LIBRE, CLANDOD EE MANTPULAN FrORMA- lo r.'uﬂ'muz .
TUS FN LA ETZCUCION DE PROGRAMAS @ CUMNDO SE REQUIEREN - L TEAMINA EL LOOF DEL DD QUIERE DECIR QUE Ik TARJETA
1
HERIKIR DATOS EH FORMA ESPECIAL FARA LO CUAL PORTRAN O i_ ESTA EN BLANCG, SI EL CONTROL SE YA A 2 0 KARD [I] CONTIENE EL
FUE DISERADD, ) _ : PRIMER CARACTER [ #0 b1 ) UMA PRUEBN SE DEBE HACER FARM EL SIGHO,
- 1

PARA LO CUAL £F GUARDA RECOGHRD Frf 16CH, 5I RAY N SIGHD, ENTONCES

Z.1 CUWEEIIGN DE CARACTERES A EHTERDS .
t SE IRCREMENTA EN UNO, ANTES DE QUE EL DIGITG PUEDA SER IDENTI-

&I Lma CADENH DE CARMCTERES REPRESENTA A tm HMERD EXTERD,

l
5E PULDE cmffﬂn'rxn 1 u:u. FORMA NUMERICA UTILIZANDG A A FICADD. . —_—
- ip ISGH = 1
T
ECHICA YA VISTA. 51 EL PUM. TIENE SIGHO, EF DEPE HACER : IP { kaRD [I). EQ. T MAS ) GO TO 30
. IF [ ¥afD [1). EQ. I MEND J oD TO 40D

UNA PRUEBA PARA EL S1GH0, CADA DIGITO Eg IDENTIFICADD, GTT I sawe-1l

LYZANDO URM DUSQUEDA LINEAL { 105 10 bIGITOS) v EL RESULTA ‘ g 1=.14+1
. ' IF [ I. GT. B } GO 70 999

FDQ PUEDE SER EMPACADO EN L
A VARIABLE ENTERA . i
~EL CONTRGL PASA A 999 &I LA TARJETA TEHIA UN SIGHC EN LA COLUMMNA 85

UN BUMERD E! FORMATO LIBRE £3 LEIDO, LN ESPACTO-DERE DARSE BYE UL
PAPA LEER 105 CARMCTERES 3 LS Dt i1 DECIMALES 0 1n A AMORA EL VALOM FUMERICO {APA DEL 514240) PULDE CCHSTRUIRSE Bl INT
JETA, LO% 2 camctrn!:s COH gICHO

-



a9 INT = O = 11
DCEDJ = 1, 80

KAR = XARD [ 3}

b S50 X =1, 1o

TF [ KAR. HE, s { K )} GO TO SO

-~ L. CARAL]ER E5S IGUAL AL DIGITG MMERICO,
INT m INT * 1D 4+ XK -1

0 TD &0

50 CONTINUE
%5 co 10 10
a0 CORTINUE . : '

€ SI SE EITUNTRO,UN MENOS CAMBIAR EL ﬂ EIGNO -

70 ir _t IS6M, LT, 0 ) INT = - INT .

EL CONTHOL FARSA A LA E-'rmeBTn. 70, EI EL }TUHEII.D m LA TARTETM ESTA

1

EN LA COL B0, | rnn u trmu:m. 55 ] u EI un uucnn uO umr.a:tm

FUR DETECTADD.

2.7,- CONVERSION DE U ENTERO A UN CARACTER

SE V1EiiDN LAS 'I'_EI’.'ETICAE PA.H:H. CONVERTIR M HLUMERD ASIGHADO A
UKA VARIABLE EITERA A UMA CADENA DE CARACTERES. 105 D1GITGS DECIMA
LES 504 DESEMPACADOS DEL ENTERG ¥ LOS C’LMC’TERH APRDPII.DOS Em Sj
LECCIONADOS UTILIZTANDD UMA TABLA BE TAAUCCION, DE UN VECTOR QUE
EDHTI_EIIZ LOS DIGITOS DECIMALES ry FORMA DE CARMCTEREL . .

+

EL E1G0 IS VERIFICADO DE ANTEMANO. ( VALOR POSI1TIVO )

-'-"rv PR

Los NI.;MEROE b‘ll.l"lr GMHDES IIHI DIFICTILES DE LEEH. PARM JILMCER ESTA LEC

"-n.

TUAA FLCIL, I.I'!'II.‘IHHDE I:EH.HS ElI 1, 114, 56 2, 1 3 4, Lk EIGUIEY

TE SUVBRUT1RA CU‘W!I:RTE I.IH HUHEROD ENTERQ MSIGNADO A IDATUM A UM
LCEIMTE DE CARACTERES INCLUYENTO COMAE, EL CUAL ES ASIGIADD A - -
IARRAY, VECTOR DE LONGITUD K. ESTA CADENA DE CARACTERES DEBE DE
EMPFEZAR EH LA FOSICION INIT DEl VECTOR Y SU LOMGITD

. 12

¥ DEBE DE EER LARGG EL R DE CARACTERES,

SUBROUTINE COMME [ IARRAY. M, INIT, LARGD, LDATUM)
1 - -

DIMEHSION TARRAMY [N}, Nl (18]

DATA NUM / 1HO, 11, 1M%, ...,, 1 H9/

DATA MENOS, KOMA, IBL, 1AST/ 1G-, 1H., / H, 1 W8/

LA POSICICN DEL FIN DEL CARACTEMN PEL  VECTOR E%5 AHORA CALCULADA,
N L

b

EH IARRAY .

LA AFROQFIADA SECCION DEL YECTDOR ES PUESTA COH BLAHCD

IFIN = 1IMIT + LARGO - ]

DO Y I » INIT, IrrN

IAmRAY {I] = IBL

ARDA Ei: WALOR ABSOLUTO DE DATO COM GUARA,

GUARA = IABS { I DATO} .-

W BLOJUE DE 1 DIGITOS ES DESEMPACADD, ¥ LOS CARACTERES SON CUARRDADO;

IFIN §E UTILIZA PARA CUARDAR UR RECORD DEL 51G. LLUGAR -

DIBPOMIGLE EN IMRAAY, (TRABAJANDD DE DER, & I2g. 51 ¥A NO MAY DIGI-

TCE A DESCHMPACAR IDATUM PASA EL CONTRGL A 40, §I HO HAY ESPAC1O S

FIC1ENTE EL EUNTHDL SE WA A 2D,

yr

10

o 101 =1, 3

J = poT [REEP, 10} 4+ ]
IARRLY {IFIN}) = MM {J)

KEEF = XEEQY 10

IF (KEEP, EO. 1D ) &0 TO 40
IFIN = IF1H - 1

i (IFIN. LT. INIT} GO TO 44
COMTINUE, .

5I EL LOOPF TERMINA HNORMALMEHNTE, .3 DIG1TO5 SOH GUARDALDS EM TARRRY

¥ TA BO AAY QUE DESEMPACAR. AHORA HAY QUE AGREGAR URM COMA EL (]

TAOL REGRERA A 5 PARA COLOCAR MAG .(3) DIGITOS - - .

e



14

IARRAY | TFIH } = RpOMA -
IFIR = IFIN - 1
IF | IFLd,

GE. INLT ) GO TO 5

51 LA COMA SE COLOCO EN [A ULTIHA POSICICH EL CONTROL PASA A 13

SIGUIERTE PRDPP_’_EICIQ«I { 20 )}, 51 HAY ERROR TARPAY DERE CUMTESER

ASTERISCOS Y REGRESAR EL COHTROL.

20| IFIe = INIT + LENGTH - 1
po 36 1 = pdiE, IfIW
tAHAAY (1) = IAST

RETURH .

4

EL CONTHOL PREA A 40 CUANDO TODOS KOS DIGITCS DECIMALES KAH SIDG

DESKRPACARNS, S1 !I'.- EIGN'D ES POSITIVO EL CONTROL S5E REGRESA AL -

J

PROGRAMA QUE LL!.HQ EI E-‘I HEG&TIW 5! DEEE AGREGMA EL EIGHD, I

* .

ES QUE BAY LUGAR. 5.,',"- S C . 4

40 :r:ma-rmq GE. njn.m'l.mﬂ

Ir i xi'nt. LE. INIT ) GO TO 20

rnmrtzm-ll-umm !
END.
.- GN\P 1(.n5

HMUCHAS YECES El‘. REQUIERE ]HPRIHIR GMTIEHS ¥ HO BE TIAE

It T T

CH CHI O 1M PLD'ITE'."., b CONTIHUACICH VRMODE A VER ALGUNAS TECHITAE
PRPA GRL} ICAR. UTILIZANOO UMA THIRESCRA COMUNM,

DE ANTEW.MCQ HAY QUE SABER LAS CARMTERISTICAS DE LA IHPAESORA, WY
MERD DE coutpuias [ 130 o 132 CARARCTERES) Y EL RUHERD LE COLUMAAS

.l &6 USUAIMENTE). SIN EMBARGO EL TRHARC DE GRAFICA PUEDE SER DE

CUALOQUTER Tr¥AR0,
LA TECHICA ESENCIAL A 1A GRAFICACTON EM UNA IMPRESORA EE LA DE -
TRANEFURMAR LOS VALOWES { USUMLMENTE MEALEE} A ENTERDS M

F L l%
v i4

1.-  MULTIPLIQUE O DIVIDAy EL VALOR POA CUALQUIER CALTIDAD PARA
TENER LA ESCALA (DISPERSION) DESEADA.
2.~ SUME [ © RESTE) UNA CRNTIDAD AL RESULTARD PARA TENER LOS VA
LOARFS £ EL*RMNGO DESEADO. | g . . -
J.-  CONVERTIR LOS RESULTADOS ANTERIORES A N EXTERD
-  HISTOGRAMAS - .
L% HISTOGRAMME EE FUEDEN CONSTRUIR CON LAS —
BARRAS HORIZOHTALES O VERTICALES. -
I SUPOHGAMOS QUE 'I'I-HFNC;S UM YECTOR MARCA { 10 ) QUE CONTIENE
RITERGS SOSITIVOS ¥ SE QUIEREN GRAFICAR COMO H1STOGRAMA.
‘mn IsT 1/ 5
po5 I=1,310 -
o - PARCA § T )

| |wriTE (5, 4] [ IAST, 3= 1. W)

4] |ForRmaT | IX, SO A 1]

L]
Whews'l
[ RET IR LY
I FEEE XX LA
ITIEEXT LR A S S
I FEEEEX L L)

R T XIREER ]

EE OETENDRA UN FESULTADD MASI

LR L L]
LR L]

MARCA = 50
_ BE CAMSE .
EI SE TIENEN RESULTADOS DEMASIADO CRANDES, ESTCS SE PUEDEN ESCALAR

HOTESE QUE 1 =<

DE La SIGUIENTE FORMAL °

1.— ESCALAR DEFCNDIENDO LEL YALOUR MMS GRRUDE.

9.- £I LA LINEA A IMPAIMIR RESULTO DEMASTADG LARGA, ESCRIBLIR UN
CARACTER ESPECIAL QUE LO DENOTE.

.- TIMPRIMIR ASTERISCOS &7 LA IMPRESION Kl CABE EN LA RGJIA, FARA
IDENTIFICACTON - .



. - 16
i - AT 1:]4—]' .-
sy et il ...u“d... 1 a
FS DOSIRIE rodfSTRULA WISTOGRAMAS VERTICALES m-xnmnﬂnﬂ N nurran"" ey
e = T M__ L_‘ll.' :.. .1"_.‘ 'r.r .- ] -‘ .
{RGRTISUADOR] ¥ 'LAS n.utlus "eDELGAN £0MD ESTALACTITAS] 0 CRECLN, m.
RN A s L e LT L e

BUFFER DRIGINAIMENTE DEHE DE COMTEHER . BLANCOS,
b B _#hmmwlnimmnlm

i‘.‘hﬂi CICLG EN PSTE LOOP SE _FRUEBAN 105 DATDS,
A AW NI A ¥ EAg e

51 UN DATO Nﬂ ES HENOR OUE EL’ IN‘DII'.'B DEL mup EL LUGAR. EGRRESF{II-
L TES PR L La e

DIENTE BN LA LIHLA BEL BUFFER ES ASIGHADO UN MSTERISCO.  UMA . \"EE D'I-Tl ) l

lﬂ"‘.#-#r‘“#m.l i T B e ke ¢
v aee

FUERCH PROBADOS TODOS Log Ilhm. 3 rncu:l:u: A LA IMPRESION,
el Tl R 7SN A

o

TN CUENTA HEGATIVA .

-

- ¢ nmms:mfmm {10}, un: {1‘0‘;'
. :... 'n..""*'-l—_-..f-;" r-.-.-....‘ .;I-;...... e
DATA LINE {10 « L M /, TAED / T H » / _ ey
D> 5 I=1, 3F | . R
J =26 - I::.-Ir.--..'-:" : - Y ' L] ~
[—— 20 4 X -1y 10" ST - AP
- {WARCA- (1] €K, T LINE [x]‘-‘usr‘ .. -
& mnru:-.-f«“ P ham vEe- e T
) E FORMAT {° Ix- FLEEES I.” } Py mAranA, T ’ ’
5§ fwriTE 15 "8} LINE -,

-

ey waaer Yy T Jr P
'IMBIEN 5E DE-BERH DE IHPRIHIH H AETE- .o°

,‘.H Y RN - "_-'
R1SCOD DEBAJC DEL T.Fl. IMPREZD, EI E-E QUIERE EN'SHHCHAR LAE BARRAER .EE HA. -

.'H-‘

51 SE IMPRIMIO UN ASTERISC‘D

B b e
b & Bl

wriTe (6, 8) ( fLINE (X, L -'i;'iuf K= 17 10}
FORHAT { I1x, 10 2 =, 1) 3 e

[ T - = m

CZ Lb STGUIENTE:
LO CUAL PRODUCE BARRAS CON 3 ASTERISCOS

:” . -

51 5E QUTERE rchnR EIES {Y): E:L FORMAT SE DEBERM E;EL‘R.I!IR ASI

. i__._ N [,

a‘ ’rna:uf t u. 18I, 10 (2=, 3:.1;

[CamnILR nm:rrm:m ANT} -

= k

[

i
*
AHGFA 51 TATA 5 LINEAS BE ﬂ'U'IERE ESCRIMIA UN SIMBOLO LA I-IH.EA 5] PU‘.EDE -t

DIFEMEICTAR DE LA EIG, mnmr . o - --1- ST . - .."- !

- I T P

aug. WP T

L. cANDoIOg POR 25 ¥ SUMANITDAE SO,

. 17

w
1NFA EF IDEWTIFICA COM Moo 7, 5] = @

]

LA l.'l'.I'III'I‘A I

WRITE (6, 9} I. [ [ LisE (X}, L = 1, 3}, &= 1, 10}
FORMAT [ 1%, 17. 2 H +, 10 (2x. 3 A1) }

. ¢ MOTESE QUE L SIGNG + ST ESCRIBE CADA 5 RINCLOMES, EL EJE K S MEDE

: ESCRIBIR COH MEMOS [SIGNO} .
. WAITE (6, 11} (I, T = 2, 19,2}
1 - = ‘-
11 || FoRmAT f4x, 1K #, 10 (I8 --- + =. ], 2H -=fF AX,

5 7 10}.

EL PROGEAMA -ANTERIQR PRODUCEK THA FIGCML COmO LA Slﬁ?‘lmt

i} el T Y
i EE EEE
Teoat AR i ThEE
- T T .
. ] AR dhAE - EEE
Akl LY 2 kR [ XN
L1 san WA paa
a :,‘ R and 'YL LT LT .
o Ehw ane - ki airE Aaw
L I L R L e e

VEMDS A CONTINUACION QIRC TIPO DE GRATICAS.

CONSIDEAEMOS Lmh GRAFICA PARA DIBUJAR §rA (x)y, cos (X}, sEm {X)+

cOS (K] ¥ BEN [X) - CDS (X}. QUFREMOS SRAFICAR USG5 120 PLNTOS PARA

LC QUE UTiLIZANOS UN AMORTIGUADOR {EUFFEE] DE LOMGTTUD CE 100 ELEMER

0% Lo VALORES DE SEN {X] ¥ COS {X} CSCILARAR EWTRE - 1.0 7 + 1.0

.. ¥ LOS VALORES DE SEM (X} COS (X} HO PAEARAN LOS VALORES DE # 2.0,

.-~ FOR L0 dﬁ.h‘ VAMOS A ESCALAM LOS VALORES DE S£m (X) ¥ cos (X} maTiPill

y W -
-

PARA FODER TEMER “"BOUITA™ LA GRAFLCH £F pACE NECESRRIC OOSIKER EL

FROGREARA VARIAY VECES.
" [ ]

.
3 -



E3 bd

.‘ 17 . " BUSQUYDA BTEARIA - - 13 -
SE VAN A TPA!_A‘ a4 ‘:Prlm e, =2=, -3-'.' agw . - ) et :-—"'-II T . . - -
DINFNSION LINE (100), KAR {4), VAL (4) - - CONG EXNHPLO UTILIZANOS URA RUSQUEDA BIMARLA PANA OBTENER £L WUME-
DATA IBL/ 1/, AW/ IRl, LAZ, 1H3, 1BA/, Limg/ 100+ 1g/ T Dl': ELIMENTCS OE CADA INTERVALD OE culm ru;_ culs'rmn o HISTO-
I € [GPEZAN IN HOTA MUEVR I T : - i
wervE (6. 119 _ o I LA LORGCITUD DE TABLA DENE OE SER 2% I, POR EJENPLO 51 TEMNFNOS 32
11 it {1 11D - .
bo 1o I =1, 120 i INTERVALOS, HARER J1 PUNTOS DE SEFARACTOM.
X = FLONT {I-1] * 0.0% . ) . . i - .
vaL {1} = 1IN ixX) ) o - N himdiad t 31 -
VAL (2} = cos (x) . : . I X & 0 i T
VAL (1) = VAL {1} + waL {I) . - -
VAL {4} = vAL (1) — waL {2} ‘, . mc = 16
-1, .} = IEDE + IW
1AL P 1| fre ) ;
. M0 = VAL (J] * 25.0 + S0 ; - . IF= M!-._c'r. imvER (11} )} TvDa =l @
v - 1 - IHCS
L LIHB :nml = XAR {7} . - ! e - I-\ ¢ -
.o L . . IF{Ac. cr.0) com 1l y
wnite (6, 7} Lime M . ! )
- " - L] .
rosoRT (5, X, 100 lll' . : : . 1 1OS VALONES NERES DE SER ASIGHADOS A INTER QUE MARCA LDS LINITES °
. . b I ] LA - .
DG 10 = 1, oG ! | DELOS TNTERVALOS, ¥ ESTOS VALORES DEWER DE SEN ASCEMDENTES -
- . " 1 . - -
1o | |Liwg (3] = 1BL '-Lum&:nnmj - i EL VALOR CENTHAL DEL INTERVALD ESTARA EM INTER (16 } =L sopvo
. DEJA Uka HOTA AL FIN = ' VALOR SERA ASIGNADO A WAL, INC TORMA VALORES 16, &, 4. 2. 1, y @
;uuﬂti.ul . : 7. 51 VAL F¥ MAYOR QUE TODGS LOG VALORES EM INTER, DNTOMCES IRDX YO-
Fm ) M4 EKESIVARTETE LOS VALINES O, 16, 24, 28, 30, y 31, 530 5T
L T . . _ vm..': ISTER {1). JOX = O. . . ) -

[ L3 - 4.
. - | ]

. . . , Fi VALOR FIMal DE JWDEY ESTAKA FFTRE © ¥ J1. DADO L LOGAR DEL -
m:mmumummuumm.mﬂ-ru -

P . LY
o

nzsnunmmmm.murnnm a7 E

INTERVALD M EL. CUML CAE VAL

. —— W

. »-I' . e L e - ;
- 3., -,

-
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! Chaptcr'-) ] -1 Trees

6:1 - ' The use of Aowchang 10 repreacnt slporites hay helped =
Tree L'I:l'l'ipiﬂ . o feoognice their Underlying =rwchere. Furlbermors, jties-
v ton paad e stscture of aw alyorithm sesually reodi
W=7 8 bemer wnderpanding of the computaioned precor, and oficn
.. revln in our pebiinizing alernatives end poiendial jmprove-
-1 ety 1o the original desipn. Simiter resends resalt Trom attern-
£ 7 dien pabd te the sructucal relaglonships amoag Lhe comypuncrts
v.oof 2 se ol da,
' There ity in fack 8 cloae connection hmm the sucpm v
+ need 1@ cupresy gn alporithm end the way we choows 1o think
T bt o reprisenr e durg that are 0 be rasalioened by tha
alponthm F:m-rlnﬂ " rononecyung dgonchr (osiern oy
. EwTexud spprecizin of this oyrrdependenct, You will g
-+ yore o thik expericnce by sudring the mexr kveral chapten
! < Your atslity to snalyee the strecture of w set of dais znd how
7 alternate vepresonigtions of it can aMect algorithms using such
= dug, undoubiedly will improve. We Leve already considered
et siscrury] Ferms for dats, g end arrayi Ancither 1y
of yructre 13 calkal & free (Fpore G- 1) Trer Sfsclures aee
IpOTLanE G heperwening cerain types of dan and, oddly
enouph, the vaicniial s of 3 mamber of dposthns cohybe
n treclide mtructure,
First we will give rwa simphe cxamples of & process whae
srawpy o enetition (algsrithm) c2n be picvured s g e and
two ¢xramples of daa tha can be pictured a o e, Lacer, v
will vackle three fa~cwmating problems, the Frml one mt the end
of shiz chapecr and the ather two & Chapter 7, When we hare
' Finished it sudy, we may clum the rite froe £xpor,
M [t w sgree now, beioce we pot too (ar shong, that oes
i this chapter witl bt v optide dows [Figor 6-7 Wr

a0 e

B PR

o  —— e — e s .

3.|1
.20 . :

05] COMPUTES SCIEWCE: & MIRNT QU

"riamun #01

rrevEn -1
Thit 4 i wpvide-daren Tt

——— e p—— - R =

Then = nl 1 bewn

Them i u brm

da this orly becalst i s comenient You have 1o be willing
1o think of 1 e growing tow ard 1he carth, i15 runk “hanging™
Frewm the sky.

Our firsl example chows Bow we can reps et 16 eooche.
vigny o the woll-known cipht-ma problom 25 & Mdevisns,
gee.” The probiem iy thee Tow wy given cight comy, 3, by
€, & v [ofoand by and are 10l thal ey 22e all of wiiferm
weight excepe ons, which i rither heavier o lighter than the
oilers. Vers are Eiven an equal arm balance, bus you mad only

- it hred Lmes for comparing soins or Eroups of cowl T

jey i% 10 derermine the maversl oain and whether i s liphter
of BOAVHT Lhan The e _
Here is a =rarcgy W me (e Figare 6-2) for all posuibie

I. Compare the werpht of meo wbses of equal mumirm of
coins mrel corrighT the significance of thr e possible o
comer. I the wriphis of twe Mo whaen are ogual, ithe ooin
in which we are inmcrested cannar belong 1o either of b
comparey Jubsess.

2, Onx we have selied o peit conainiag the “odd™ coin
sad Wt want to know whedver oo of them & heavy o light,
uhi:hmddrmﬂndkhm:pimtm;ﬂthlh
ks 1o be "maebed ™ .

There are 16 posible cawn, cach of which may wour,

. given the eight labeled cois, The algarithm shown in Figure
5+ 3 has n rreelike structure. Concluzion are rached by follow- .



i?ii'ﬂ'g ::::cms I\-It
kt I 5 .
1IN EL
i1 ir
gl
! "

i3

302 CoMPUTIE wCHNCL: 4 neET rovaae 22 )

7 2 e poth [a mddﬂu:ﬁ;!ﬁnﬁ}fmﬂ:
top of roel of the tire dispram 1o one of she trmira! boaeg
o frated W0 the bottom,

For eeivion tox 7 in Fipure 8-, riptan whye

(I}lflhﬂllinnl*:}fl'bhlﬂlt.mmmﬁ
=

[b]lrlhﬂ'l-tiuu|+e=r+hi|h-u.mnuymuhdtm-t
2y, N '

It‘}Il’Thru‘lainnl‘*:l‘.:l'-+bi|u'|.|t,mm=}'mrudtdiﬂ
by

Fsplain why b may he fopanded iy “uandard™ coin 1 dreruion boa
¥ b ol xt degiagen bow 7.

Soprte P wr piven l?mﬁ'ﬂymhﬂim“ﬂdﬁu
wmhhwﬁuhuhﬂhmq{mh-ﬁﬂt_
Dvww the 1ev diagram llgwhhnmidmdfr Thet hearcy ball in tbree
wrighinge

Suppse you pee given I]scmh\glridrmn]lﬂhiunmﬂw
ooc ball @ dy ot in w tigtn fenher heaver o igheor) Ty 5 e
&p“ll'm[-bi&ﬂ[nhﬂdbﬂ—.!ndm:nh“

inmr%i&mﬂw
Mﬂﬁhwdmmﬂ&nﬂummh
chart befirar, ‘ - :



Exampis 2,

Game Trees,

The ruks of “Eight™

J0} - TRent . ] 23

(1) A onde haring o segemmn raiemding (rom i i oy Sreywal
L

(8] A onde having one or mory segmends cxiending Trom i &
¥ Sgetermamal o x,
(N A v wrwotury w2 bl dde a5 RoROTAERED e
whost sopmrity (raeog £y of wTEERO doddecy e brer S
Dy
What corren s o additions, i sy, we necded in the st defing-
ion w0 thi, when spplied 1o rechans & & =d o you will reach
i e aowschions Tht PO ot W B L secwer Lo pen & of
that gvohiera?

A more micrewing type of decnion e, Trequemly referred
B OEL & powar frov, shows Lhe mowves made by the players. Each
tbme & player mabcs a Meevr, he kit mong e arailable
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{Figure B- 15} to the map-coloring problem, we rua 3o de-
Mmmmmhm.#ﬂ;u,h?w
hmmnﬁmmmmmmu_amd
chemens, vach of whach devipans 3 wpmonl chowct. Our
&dﬁmmm:ﬂhtﬂﬂl.l,i.trdlfudtrﬂ:mm
tﬂwﬂﬂtih&ﬂdilﬁd;ﬂﬂﬂ&diiunﬂutlrm
from » mode may be sceomplished by wlecting (mmyng) the
whﬂmuﬁ,l.llsﬂdtmﬂnmm
ﬂtﬂ&mﬂpﬂthﬁmﬁrm&wmﬁﬂﬁﬂt
S ordey Koo the regaired orderiog o the SRR

ﬁmmﬂﬂmmﬁmm.uhm_
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*counury! Thin means that whomewt =t it bova able o

chorne 3 valid Color Tor et b countyy, e CATER CONCRGE
of the path is the desired list of colors for e comantries off
the map. Nuthing coukd b= simvpler. For thr probiem, Iet o
call the path lisn COLCHR, since it i moee supprstive of e
diryares) ohjecive.

Figuere &+24 phorws & Mewechart algorithn incorporaring the
foregoing, conceprs and details o Tollosding the wkenuical mop-
down yinaTure given in the gencraliad search [Figure 8- 16).
1 will be cany 3 verdy the clairmed smilariry. 10 you bawe
eny diffeculiy wn following Fipere 8-24, remomber that by
with corrouponding members ia the peneralized fowchart bree
memiler mcaningh Ounly Figure - 48 the dernil of the sdmiss-
baliry Wl da box 212, is really mow.

Bow | of Iigurc &:24 is 8 countorgan m bor | of Figure 6-16,
In the detpicd pgarithm we mustanpul the daia explicidy m
reproaont the map if we are going to doduer the scival suwerare
of e tree. 1a Figure §-298, © keep Inwk of wha Uree el
han been redched, w Jovel oy quth lengih comeuer L i neoded.
Thiv crwmter 1 mritially sot o0 im boa 2.1 W refiect the Rt
of the warch ot the rool nosks, [The alpreihm could be made
more officiond by ooialiving dee kvl councer 0 3 and purh
Ma (1, 2 3w reficrt coborimg the S cwey coumryc with e
fru Buee rolon, 35 wppoiod o Figure 6421
Sueren_Swnch is 2 three-vakard wiich varahle tha [
inidislly et 1o “undecided™ (st box 211 and then b ket 1 gither
e o the wree search succeeds o e Me™ o the seanch [
To e why or where this awinch 1z 56t cither “Y” o0 10
“Rin" yoms tay hase © descemd to the neat bovels of detad
Thir, wlicnever we discover that the acarch iv abnal 10 back-
wrack 10 levgl zerm, the search han faibed? (teaes 23,0 0ed 252
of Retreatl I L= 1 = 0 in b 251, ey surrems rode o
# bevet 1. 1m other words we have hacharachol bo e s
couniry, Tht [ commdry wi eolored with obor | o the
bepianeg of e tcarch We hywe ool soiid ook 1, A o
4 on country 1. Shookd we? Kot reslly, brcawse ot Lo b
soy coloring we fnd will simpiy be 0 ronaming of » preveus
colorng [if any) when country | bad color ), We won's fnd
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Hi , IITI!,' new paterns. I we want 16 search the compleie tree,
however, including the four possible colers for the Arsr counsry,
we have only o change the st in box 2.%.1 10 rmad

L]

L ol |
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peunkde awopde
WA T 2 o= Ay
N ELELIF]
LArmey oy
ey T |

el
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z E $2E: 5 H
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Whenever the level countet k is foond 1o cqual n {boxes
2.7 and 2.8 of Tree Search), Success_Swirch i sonw Yo

The varialfe Seck Swich tosiod by Troe_Scarch in box 2.4
is 5ot te cither Vg™ or “Ne™ by Seck_Anothier _Segmen (Fig-
ure &-2%). This proechare in fen feports seccess i and oaly
if the subproredune Admissibility_Check reponts suceess. This
Jaeter procedure [(Figure 6-24f) determines whether any of the
provioosly culored neighbors (there are w | of then) have the
" same color @3 the rentative eolor, 1o, that i being eonsidoned
for the k + 1w coumry. If 5o, Admisubaliy _Switch is set 1o
“Ro" o that. aficr the RETURN 1o Scck_Anather_Sepment,
anather {ihe next) color may be tricd. Kolice thar only in
Admisibiluy_Check is there any reference o the map's rep-
rescntstion, This voppests thay derailed Rowcharts for diferent

]

»

R

aalural-erder ree search problems wili Jiffer mainly in the
detaits of this particulzr pan of the search algarithm

yal

e
LN

The hookkecping of Rereal armd Advance in Figure §-24
uses qusiliary vatiable, o, temtative eolor, “This vanable ia alse
used in Seck_Anmher Seement during the scarch for an ad.
misaibic segment and, in box 2,35 12 s incremenied whenever
an iradmissilde sepment is foumd. In Advanee, & is ingremenicd
1o represent the longer suceesdful coloring path. The succeadyl
tentative color it stowed away in Color, and the ausilizry

e

L!

kS
~ 1-. .

U g

varizble 1€ i rescr 1o [ [Sec box 2.6.1.) During Retrrer 1he
current oplod choice Mo country & miest be remembered s
thar the scarch for another scgment of counary k's parenr can
. fesume at 2 value of e thar is one greaier than the last one
' ' triedd The saving of this information i+ accomplished by the
assigrment alep,

W e W ey 1

TR AL T Tt

11N

It

o= Colur.+i
) ' . . a8 seen 56 box 2.5.3. Then the path beages k is shoricoed by 1.
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M.2.4 Ejempla

En ux taflex s ﬂlll.tl can fxed Cipod de mdqadasyr corta-
dsaz [A], toxno B} § fafadao IC). Ex dicho Zaffex 4e jabnicin
cudias pasducfos: 1, 1, 3, 4. Cada paodscie debe de pasan paa
cade miquind can fa decucnede ABC, FI Litmpo {hoadu| empleads
poA tdda wmfquing pdes &L acabade def pavducts, #x canfided de
hotad ¢feclivas de Inabafo de coda midquisas ¢ ra afilidad aeda
ebitnida por {2 ventd O cada producic Xeamimado dome

li'ipv de Mg, [ - Tiewmpe Gtit Prxodurfos
di Lxabaje T ¥ ] 4
A 3, 500 I 1.% 3.8 1.3
[ ] i, 1.5 .5 f.5 i
¢ 4,508 H 1.3 L. I.%
niildidad 14 1 |00 [ a0
: enigaria [#} :

Paxe que fa produteidn se€ Lemiebfe be requifat que fa
cedtided e matlfeutos elaboxados sem magen de 544,

Detexmine Lo camildad de arficulos de cade Lipe gue it
deben paodacin en ef ale pane que fa gagacie chfenida ded
mindma, Coms{deAe gox Lodes Led preduclos glabsxadal den wia-
dides,

" SOLUrTOM

EL modeto nucn-lhﬁr.v def paobfema plaateads tar
mag J= J#X, + HIZE, + IIII, + lll}

H
1.0k, ¢ 1.5x, £ 308

I
' !x' + I.SJ-'! .
+ 4 0x, £ 0m
1, I.II, +

" = -
I, * l! - 1’ L x

ifx
T.SI' - S.SII + l.!l,
PII' I.SH‘ =% 45048

. = 500

_ Elimixande desfgueldades:
F ?III * 1'1! * l'ﬂl} - ill‘ * IK‘ *» lli * II, * II' -

L]

?.51: *

I.SII .

-

x
I.5x

!.SX: + 40K

i

X

1
L
L

53

- l'l,llll,
* I_Sl‘ + x’ 554
+ J.ﬂ" X =R ¥
* 1.51‘ =45488
* K‘ - I. L l:' 1]
TARLA 14#.1 Pates piea pf parhitma il efempls 14.1. 4
H= g
e 3 :
.0 PS5 S 1.5 T R MR R0.00
. Ee 1. E.S 1.5 4.0 a0 0.0 2.0 0.0 8.0
Tlr.r s 40 LS R p 6D FA 00D
T.0 1.0 1.0 L0 0,0 0.0 0.8 -1, L0
35
P - gy
502
2]
v (20, %0, J00, 40, 0. 0,0, b, =to00p)
ASE= HAX

TADLA 14.% Eesatladed defl piobloms del zjempls 14.1.4
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T4 Iihlingftiff 16. RUTA CRITICA

T. AGUILAF 1. Redaiis, "Syitrms Analysls ead Desiga in
Engineening, iiﬂii&tntﬂlt, Conatruction and Plaaning,
Englemond CLLL§4 W, 1.2 Pacatice Hali Ime,, 197).

. pp. 1188, ) .

T. OASS Soul, “LincRr Puogramming®. New Yoabs He Gaaw--
Hill Bock Ca., 1944, ’
pp.I-EI.

5, CERET G. Uicfex 4 GRIJALVA C. lafs, "EL Emfegan de 5i4
ftmas™. HEziear Editoadel Limwsd 5.A., 1974, .

4. xu::;::';::i; and MIZE Jtor, "Oplimizatlon Techuiques Fave Fiitl Legrex vl connects avawes del pasyrcis # dess-
with FORTRAN®. New Yoaks e Graw-H{Le Book Co., 1978, y mhallo def alidems cal como pera eatabiecen ¢f ceaticl y plen
';"_". ) i . de :u-uec-:: nt:::u&ial:t::z: c:u L:tlnl:t:nc4{: de l'f f‘t:*'

- P& que dmplea cada aelividad. Por oxxs Lade, of eorocdmiznfe

- ‘uztiéi::‘:;“f:‘:::::‘:f::f:::iz:t n:'::flkiauf lekﬂdfr azenca de fui 1=tlv£d:ﬂti i t‘f gue mo st pocde madiiicex 4u -
por. S8-571. . - " Litwps de indcie » A Keaminacifa, asld comp de Lxy cctividades

b. LOOHBA M. Pauf and TURBAN Ffxain, "Applicd Progremming . '

16.1T Tatagduceldn

Tedo sisfeme ¢ proyeeso compleio it tatugafan framado pax
Prtn ceniidad de sciividades, #aa cucles putdem £ me pafan ine
fearelacionadas, Mediaats ef papceso de fexdaguirecida £ poad
ble defeamdimar cudles de eoas actividedes deben aendizehse an-
Eed de podex gicctues afgunes ¢faacs,

Cada aetividad gerenafmenit fended wiociado unm Liemps de
duxceidn v la saboadince{dn entat actividades puede Sen Kepre-
dentads medignie wua xed gedfien de jfojo.

que patden atx modificadad en au firmpo £¢ inicic o duraeiln -
Peimiie ung gignacidin mdy ejledente dt Necunsos, L4 Agdipignd-

. . . v :
§or Mamegrmext®. Wow Youhs Nolt Rinehart § Wimiles cién de fiempos de dunacdfn g La aedefinicifn de Aelaciened ea
Tac., "I:' . pama f22 gue ef 4i4fima ¢ pragecto cumpla du objefive tn 24 -
pp.1i0-305. Litmpo que 4x &t Echbia ssignedo y an In [oame mds econdmics Ao

; aibte,
: Ue whifods pata zjeefoar of comdasf snmtes mencionads o4 of
méteds de Ruta Cnftdca [CPU], eare micode fue dessragfinda on
I¥5d em U S A, y ¢4 una di fas henrvamitafns bdiicas ¢n fx pla- _
aAcceiln y dineecifn de proyecics.

fé.2 Bfiodo de s Fula E#Iiétll

] 14.0.1 Objeto -
i Pada uae serde de acdividedes gque {oamen parte de un pac-
¥eeds, Las cualed pueden den simuftdncns # aecoenciales asf o
e dud Liempos de etjecucifu, dofenminetrs . . -

glectividades que foiman pasts de £ auta caltica, son aqufifes.

Que A puedea sdelivfdhit of ACLARILVEE y qui pot Lo Laxds £ca
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trofaa ef Liempo fotal de dunacifa del prpyecio, . st tiempe mAy aemote en que ;: puede fexminas diche acdi-
Bliss Liermpos de helguad exdbfeates ealar actividades decutn - vidad s{n rxed{xaama ef imdcde de cualquies setivided sabea

cintes que mo peadesecen a IK tufs erflfdica y, dingda.
el tiempo Lofal recedando paxd Llevar a cebo ef proyecte. 4l Tiewpe mis tejdno de inicée (U3T] det era cctividad, es Lgual

. ' af LFT de £x detividad menvs su daracidn,
Té.t.1 Witada _ ’ . 5| Tiempe de Hofguanm Tefal de una acfivddad, &4 ta cantided fo-
Fava La Aepresentacitn gadiice oe fa secugncia de aptivi- . faf de Liempo que 4e puede aelrosan Lo detividad a4in ag-

dades ae ptifizan apdos (einculad) y namdas|segmenias diaiyidil]. frasan ¢ figmpa de Lerminacide del proyects.

_led modos xepatsenian svendrd ¢ actlividaded y Lod aegmenfoa d40- #] Tieopo de Welgurz Libae de wne cciividnd, ¢4 £a cantidad de
Aigidas Ex axelacifn entan acfividades, A loda aed a¢ fe codgama ' Ziempa que 2& puede arlroiax te aclivided 4dim aefamamn cusd
dod aodes o actividades (icficdas de dvracidfa mufar ef npde dnd qudey ‘wina acbividad, .
cial v ef mrdo derminal. - . . Lo primencs esatno corcepled e Adpacsentan ea L4 gadfi-

Come ¢jemply de und aed de secutacife de aclividades 4e e de I aed en f2 adguiente foima:

tigmg: . - .
t- _ . : ; _ : ) T £5T EFT>

. Fig. 6.1 Representacifn grdiica de uns aclividad

Fig. 1é.1 Red grdjice de e secucacia de activide- . L. com 4u dunacddm, T5T, EFT, (5T, LIT,
ded . . ! 1 . Paiz oblened fos wolendds EST g EFT ae aecoane fe aed en
la durnasife de yna acdivided £ d Ligmpo mecnidnds paxd L sendido dineto desdt of mods inicial hasta el mods [lnel a
Ltevarta w cabe, dicho {ewpe st defeaniar en base af conoed- : £xavis de todas sud aamag y pass fa "L-faiwe® actividad de
mienze qut tenga del proyecto el encargade del mismo. Camo de fa aed 4 tendnd:

meaciond cow lﬂlll{ﬂlldlﬂ fa doxacide i:! evento inicial § d;!

EST, » mgx EFY Jd¢ fodas faa ecfividadts paceedenies
tutr:c fingl 4 nule, ¢

] —_— Inmediatas d¢ 24 golivided "i" (16,1}
Fana te descrdpoidn def mifodo ¢4 wecgsandle dejdeix afgu . -
APE canceplodt = EFT, « Esfi + Purgeidn de fa aetdividad ¢ [re.2]
1) Tiewmpe mds padxims de {miciz |EST) de wng activdidad, ea fo los valoaes LST g LFT é¢ ghtitnen xecoariende fa aed ea )}
mis paeatls que putde comentarde da ejecweiln. r. itadida imveass desde of apdo [indl kajle ef wode faiciel &

1) Tiempe mds puldrims de texmimnedfa |LFT} de una actividad, faavdi de todas Los samas y paad Er Ti-fadme” actividad ae dion
es dgust al ERT de {2 cctivided mfs" du dubrdedfn, ded i .
1} Tiewpo wmia Iejaao de feomindeifa ILFT) de wna sedfividad, w
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s . - - . - bfPeacacpedin de fas vanishles: - -
T LFF, « win IST de tedas taa ectividades de lai cacles - ; ¥ T - candidad dr actividades inclugends tas
; o actividad "L" ¢a pxectdente Lfamedintlo doa ectividades {ietlcies
. 11¢.3) . &1, N mpfylz biacaie G que iadied culles ae-
‘ UT" i l"‘t * Dusneldn r fte. 4] - T Lividades se pncxtnlagn Jingcfaminit in-
lea Liempes d¢ holputn paxs une apf{vidad "L* ¢ evaluan . Lenconpetadad
eomo & conLinxecifn de Ludiear I vealon ecam In duracifn du Lodes Pes acti
[NOLGUEA TI'.ITAI‘.I‘ - LSTI - ESTI - LFTJ_ . [FT_“ 1T8.5} ﬂidld_'l.l . . ‘
. eE|1, 1} mefiir biwaanic gut da Pes aelaciomes di-
[HOLGURA LTBRE}, =imim EST dr fodasi Zai melividades aecind eatre actividades ol t.iufxuu L T
« e tai cxates Te eclividad "i" 3 apconsidp de¢ fa aed en senlide dmverss
paccadents lnmedicte) - EF‘r‘ c3in eentadan o
[15.4] ESTIT} Jecha wfy pafrime da imicie .
Siempag a2 compll qatl . I ) EFTII] fercha miy prizimd dg Tenmingeidn
- . LETILT) fechka miy Fejame dt daicdn
ROLGURA LIBKE £  NOLGURA TOTAL ‘116.7) LFTLT) {tehd mby Lejant de terminneifa
- : ' - . - HCON camtades
Lt amfa coddica cadd [ormnda por tadas Pes aefividedes . o FFLT) -"h{guu tidre
gt Liexen holguxs Loisf mulx, ] TELT} Kelgane tefal
" Paaa dessnnolien b puoeess em and computadoas diglial e zclT) vaalable en fa que 4e exchivan fas scis
Necpaanfe pappprtisnen Fay conexlomes exfafenies entfre fay actfi videdes que foimanm parfe £ La amfa ¢al
widades medizale wne matndiz bizarda G . 54 exlifen "o activi- Lica ) .
dedes, incluyeade Las fleticias, ta meiniz sead de erden [(nxn) Lin Ldentificador de Ivdas tas sefividades
¥ éus tlempnics calandn dadas ¢n L4 aigudenie [eammi pratcedentes ¢ combtsuraldd l.'l; fokma Ja-
F"' . af £ = f - mpdiata o gas actividad !
1CASHIE) geide [-1 4o empled paan impresidn
! ’ ai ta gctividad "f" ¢s parce- . .
. el Dimemdlontd e )
gy " y, :::“ : l:“”“u de L& aeilwi- _ Le propedicién INTEGER Jeherd -u.ili_f-nu cuswds ¢
. . E > 1
f , sl la activided "f" ao ¢4 pae- 'l,' ‘diFeamatos para Los datoes de entrada: -
cedente [amediate di la aclivi - . SEC.TARJETAS _ FORMATO I NFORMACT 0¥
- “‘ b o ’ - [ .- ] [I’] "3
: . - . 1 teonas GIT,J) Loa clementos de
14.1.3 Peackipcdén del Progromus - . fa mafaiz bimarda s dan
a]Subsptinii Aegutaidasr - . kenglén pok aeaglia cm~- .
Ninguna. i : ) . . pleando fa cantided de -

4
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,_f""‘I -faafedes gur bea peceenlic
¥ [1813%) til], fea dundrioneds de --

fay aptividadesd se phepot-
cipkan gna a comlimmeciéa
de fa ctna g deben sen va-

Zoxes enitxsr. Emplean Lam

Iz [eXfefas coms Jeam we-
crixhdad,

TARJETA EN ELANCO, af jima
fizar foda tx imfonmacién.

Fig. Té.} Fil’!l-l a

el =i

5

FPFL e e

C B Fal!
L]

W S

™

174 ]
1]
ls3
§
i

ion
Fit

[T

: a iy

206

§1Listadar

r - . - a

FROCHAua Peki OBTELLE La i-Tl CFRITICA £ YK cCLJYr§0 CE ACTIVICZ=
rt‘alnﬂrrrrntt GL LAS wadlanLLS ussras s

brev e B AT I SR ATELY 960U LRI B e
Ll 1#3p fxb LTl mad ;ir ILA I JILICICs 1:1-rrgr; FLs Tre=
i T.II‘Lf’F: E3lsne Lol TEERS Fhelt 1128 Y OATSE CaTSE0HS
Btulifll " iLi k;'utiui ei [ S0 APCHLIYAL LAS ftTI'IILBES

L in PLYa LiiJVivh
A AR T R St Bl PR *Eé;ﬁiﬁ?‘grfEiEE‘FPlzc:;rrgao:

L h.L :i:“!}..nFEI 52|}Lr1: TalFeCSel s hLsREFEL
e N
tiﬁlu[F tsl I? }kk wl SLTIvIDALOESZUDORCIRAL LK [rIFt CILAS T CLRa
NEALLLZ.ieCy . .

%r:nl T den -
:.:*!. ik .
Bacisnidny FHIsY sty

ATEh HI L& tm.kil pE auﬂtlrlﬂltlﬂl
ll]qiil erl

httltii-:anl Claisirny -

:kffffiif’"l Fotrearsdsiem
FobbetVER ne pesiivasas
hhllit‘-}(ﬂ! .
Bhifeisgart 10AH
oI L[]
hh:]Et';JSrl A N e P RN E S EIN S S P AR PRI RS R FY (4 53 I
Eutlh Er LLETLEA € R siCE

Lrk fl

Ftﬂ 2¥f;¢ :.ol N
FLAwhifyry .o :}.an' 'ua1:11 DL BUBMRRILALICK Lf lr!lvlnlrES'.f;J
fhnhllffi?w g Llhi ; 171
{Lnrln‘* ;1¢t PG . .
IR N TR E

F r.ilr } LLa RFSJLIADCS OATLLIFES SCE™, s rr -lr1lvl"*-
sﬁi:';uziilﬁﬂ“ ::LLSI‘.II.‘ETT'.rx:‘L&!'rTx-‘il{‘:;1 T RN T
LEJ

I e RO

[



‘*;M':-:'

. - S ~Y
27 ' .o
?“‘PEIT?.,.tLPLi.rII,L:r.er.rr,rr,cs.t.u:,utr,rllu L HlheLiTeL(*))
i?ii;lﬂtrﬁfiki3Y?I535’?3[351°"“ct’“"”"““""]nl'tthinl' R G RLELE
-“ﬂ‘-i:’hr TLIT : : 1 i';'.:::‘ Lo -
1 E'i'ul!;“" ) ) : 'a.lﬂhnl--h{[l}
whirk=1 Ehl
{21Hn:s I |
YO ' r
L=|¢1;-1.3 L ¢ beitace oErion Bt TS frytuapts cE 14 LUTA CeTTIEN
Le Iz o, bw 23 dwlar kL
W (LIamy R . tunt -
1h E:”’E:. :'iilt:'- ) e JO
. 3 ud
ouil HEY r illbil-dl.fﬂlﬂl fall Tﬂ !1
}rttat 1 :--1! (] L Ii . ) . hukzhl bl
wledn . Elnh")-]
nrtlzrllli'nu T 2 ) n lt::ét¥illill
- l:rti4.|i.rg.gl QLTLB 1z ; . nthz;r.z.nur(Lt '3} ¢b §0 22
r [3 -
HATEH R FLLA) Sl " . hlh'-tl.::‘th:ﬂ !
L] " .
1 KE Bty . : ) S 11 AR AL SRR VY i}
- 'H - 1
v ELYIEN v IR U AN TR TR
. MarefEATL{a}} llluaiFlLL
el ':l'.':-rhn_u!n th 10 11 Ere)Seis
AT “ ! i: Euullnut
11 LLuljlvt ' LTLHRK
t;l: ILINY Ehd
P i diwrag 1 LEJ) .
Laluled
10 LLajIzre ’
LLTEEL = (Se4] EpgTs 10
L*liﬂirlt;l ; !
}hl LAE -1
140 jad
lrillrﬂ .
RLiLJtofp
ki 3 tewarthl .
}: th:irl‘!
E;ﬂ!:-:l:“l:r'hi . B ' , . . -
!]l[i'l - ' i
PALSETR),reald Lk T2 20 ' - r
. himz i R R
' :3 Ar bt . - b ! . -
1. i
i:!é »1;1‘!LEnIhLa‘Tn 1}
'I. E” LS I'|-|,--lj Ll 1L 17
un:HlF .y - . T : )

ll (M3 TH .



s T sy

16.2_4 Efempta ° . ]

. Dbiearn paax t.l, jenaxqule ap Laivial del ¢ jempls 15. 1.4 -
ke muta cxllics de Lo aediwddades i Fe darnedidn de Lis mis--
nad td Tomd ¢ wmuedfnd 4 panlimmaedfng

- Aetividad . ﬁ_._udh [aegaxdes)
A} Prremea ef cecke . [
Kl Poned [xtas de maxs | .
] Eajar def wehf{cals § cheedx -,
flanis mafa . : 54 = )
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pp.114-14%, . .
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Wewnes Cooks, TV6I.
pp-1-41. .
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pp.bé-ta,
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L

v

MODELO 1

EL FECOBLEMA DE LA DIETA ¥ 50 CUAL

DEFIMNICION DEL PROBLEMA DE LA DIETA,

3 -

Suporga que un dielisla w14 Irclondo de seleccioror una eambinacian de frneo Yipos
“de climentas [narenje, monzona, lechygo, chichare ¥ ranchorio) de monera qua €}
olimenta rewltonte de wite cowbinaciin revnn cierted sequerimiesbor nuiriclonale y -
tanga vn oosln dninm, Lot 1equerimiarios rolii cignales gue debr lener ol olimenio
resuitonts et de af mern 21 unidoder de viteming & ¥ ol memot 12 wrnddoder de vilg-

mina B. Lo propiededes da fos clnco slemenlor dispanibles son:

ALIMEHTO COMNTENIDD DE CONTEMBD DE COSI0 Ok

VITAMLMNG & pOR ) VITAMINA B POR UNIDAD DE
UMIDAD DE ALl WMIDAD DE AlLl- ALIMENTOD
MEMNTC, MENTCY,

1 [Maranje) 1 1] . -

2 (Morg prm) o - 1 0

1 fLechugo) 1 3 bl

4 {Chichoto] L | 1

5 {2 onohotio) TR I 12

El preblemo 0 que v enfrorde of digthto te puede modelar comg un-prn'uhm de pro-
gromecign Hneal [o progrome linea!], o [osiguienis monera,

" Seo %; lu conildod de olimentn T (21,2, ..., 5} quu debe eslor P of i mor e P~

torts de lo combinaciin de los cinca alimenlon, Por lo tarta, el cosio de Intradocin

#l olicenio | #n 1o mezcla saré s oot unltarie por lo contidad x| que Bitn preients on
lo mezcla, El costa totol da lo combinacidn de len eTned olimenios terd Iz wuma e los
cottot ol eombinor ky, =y, ...y xg wnidedes de codo allments, leti z ef ol cowo tolal

L LT

1=y Y 20wy + Jay + Wy +3ng

Yo que ef cblalive ded dfatfita et minimlzor cule eosto totdl, endonces wate objetive sn
purds teprasenicr o fravis de [a rigutents Foncita obidtive

min 1 =20x) +?ﬂ;g2 +3ey * T+ 12ug

{n

Lot requinimlontos raatricloscles de vilaming At purden reproseniar en Lo vigulente T -
ma, 55 o olimenio ruiricional § esl pretente wn et contidad K| £Mont et propaitiona
uno cartided de vitomlno A& iguch of produche dr viloming A que condiene wna bridod de
climento’ por lo tontided %, Lo conlidod iotel preporcionade por los cinco alimenios e
M [a suma de vitaming A con que conlicbuye codo olinenio ¥ eita delers sar moyor qua ul
eontenide minima requorido que #t de 21 wnidodm, la,

TE Lttt 2

n

)



Similormente, |t requerimicniot de viloming B sw praden repretanior o

12 gtng 2 02 47 Z
Por dltima, olrz restriccisn que debs ettor prrients wn ol problemg del dietisto 49 que
le contidod u; que inlerviens on Jo mezelo debe 2T moyor o iﬂn‘ﬂ*r_l e, e

%20 1=4,2,...,5 )

Evro resiriccidn o impuetto yo que na ligne 1ot ide hoblor de que wr contided nega-
Vivo w] €308 Formoreds povte de la combl nocién de of imanmg. -

En resimen of preblema del distieto o encontror voloras  xy, 53, - vy Xg pave los cuo-
Int to funchén objctive (1} olconce 3 minima y sotidogon lov rastsicclanes 2), D)y (4). -
Rewtcriblendo loy sovuocions del (1} af {4), ol pooblema del dirthia sstts simbalilcomenty

- doulo gur

mn :-1&:[+Ma’+.3l=3+lt:4+i215 _ . {'-.'F

Al tuytagtlae ¥ 11 ) - o
»y f?a;l‘u‘l (L1 Z 12 r.}
‘!;EU

*Lo formul acidn anterior, (*) p {**], « ecmitumbrn represender g0 un loblens {llomoda fom=

blén rableou) que oporecers obejo, Evo representockin o ilo v obreviocitn de escal-
tara (o wanero de wea toquigrdife de progromocien fincal} que e il en gl olgeriima de
solucitn, en el praceie canvencional ol pracesor el “probilema pur compdtodore y por ung =
gren clatided oa la ferm,lacitn del problemo duel que su presentons despis. Lo TRprETER
tarisn de up programs fineal e hormo de 1dbler comide tepreseniar coda wouvodian o desi -
guolded inicomente por Jur confltientes de lon vorickles omitiendo S escritura de ass co-
meipondivates vorlobles, Fore conocer o gue vorioble pertoreca yn coclicients que aporg- |
£k 40 tile edquema 1o do To poticidn del coslictents, aseribidndole #n lo columna ancobe-
xode por la vorlcbla que le cosrssponds ,

Fora nerstro problama () 7 4], o rewmnd-énunwﬁ da un roblaro w14 doda por

| b 4 b uy xx

0 0 a1 n 12 ]| = imin)
) - o ¥ ) ¥ [a 2

o -1 - 1 |2 12

MEDELD 2 Iy
ir r.r:q-nﬁh ther tres almscenss ."l, H-Z-' ¥ ¥y, ¥ dos tlendas de ventrs 1l por -t-
nor, A, Ry, Las desandas on hs_ tiendss al por menor y ol jnventaric en los alma-
tenul se muestra en las respectivas tajas de 1a tlguiente Flgura. Lea costos de
.envie por toneleds tamddds se muestrae en Ya figura. la compafifa desea determinar .
 Ja manera de reatizer Jos envios en forwa tal que minlmlze Yos costos totales de
~

* envics, satisfaga Tas demanday de Tas tiendas d¢ memudec, ¥ no encedan Jot inven-

tarits en Yos almacenes.

+

. $6{tun

L . .'I'.z!

$5/ton



L}

Sea :ulll tonelades del aTmacen W, a 1a tiends de menudeo Rj . [ntonCel =gy i"epu:-

1
1Enta &1 tan=laje enviado del 2bmacen iy 4 1a tiends de menudea le

v

51 r represents el costo total de envips, entonces musstro pmﬂ!m 3& purde fotem-

lar por: * ’ . . I
-_h'l T Vagy b dag 4 gy * Bxpp * 4Ky * 51y, .- I*]

3 .
sufclta a ; ) . .

Restricciones sobre  x,, + Ky, & 20 ) ’ :

dizponibilidad de - . )

Almaténst ;21 * Xz L 10 , .

' . -
LIy Pagy £ 40

pestricel b + Xy 2 S
‘estricclancs wohre Ryq X X

1a demaroa on tlendas ]1 21 Jlr 0

de dy menoden A2 + %2y + Xy3 4 50

Le formulecion anterior, (*] y (**], se acostumbra representar [por convenencla

* deY algoriiea de solucifa y del process cénvencional en el proczissfents &n Compu-

t.Mm:i] en 1a sTquiente tabla: ] . ' . ..
n Y1z *a . 'n " 'm . ’
1 7 ) 5 a 5 -z
1 1. o 0 o 6 -jew- ‘
o .0 1 1 ) 0 FAT
0o "9 0 0 1 ¥ L A0
1 ) 1 1] 1 1] & 40
0 | 1 1 ] 1 28

40

- REPRESENTACION KATRICTAL. La Tormulacidn (*] y {**}, s» peede representar matricial-
Remiy COMO ng!_: . ’ - "

__ maz-[1 3 2 6 4 s] [en]
- i . Bz
) Xa
" :u
‘ ' 3
o T | %32
. ’ sujeta § T - - ) .
) . |'| vos e e 0] [ay 20 ]
, ~a u a 1_ 1 1] L] L L
o . 40
L o 0 0 1 } 2 E
; : 1 ) £9)
2 T 9 :1 1} T3y 50
_ LR T ET
' : 1M

" LUMENTARIOS. E1 problems de prograacion 1ineal antericr scurre tan Frecucrtemente

en la practfca. que 3¢ Te ha dedo un noobre expecial: ¢) problems de trantporte.
_Lox p_rnbl-nn de tranzporte ¢n peneal, tlenen tablas ralas o matrices ralas), 1o
:mﬂ significe que 1a tabla tiene wuchos ceros o see potes elementos distintos e
Cerv. Santziy y otres .Iun desarrol lado mELodos especiales pary Ja solucidn ripida

x estos problemas..

Otra comentarin fmportante, #5 1s caracter{stica que presentan ceds uma ge Tas co-
Tumnat de 1a matriz de restricciones; observe que cada ung tiene dos unos y los
demay !]Ql!‘ﬂlﬂ son todos cergs, ’



MODELO 4 ,
41

Un invertionsts Heen diyponibles 1o odlividades linancieras A y B, ol comimnzo de

eoda waa de loy sigvientol cinco afor;, Codg pwio irvertido en A, of comienzo deyn

oo, lesegreso § 1,40 { uno gononclo de $0.40} der ofter mén torde [en €| momenin

Precile pors una reimveriidn Inmedivle,  Coda pric inverlide tn Bol comienie de wn

atg, Fe regrea 5 1.70 vy ones dewpuris, B
" Ademds raitten doy actividades lisemciens €y D que titorén diponibles sofamente iy

ve: en #l fuluro.  Codo poio frvaeildo en © pn ai cominnre del srgundo oo fe regre-

ta $ 2,00 cuatro ohos més torde.  Condn Pesg fryarlids en D a0 ol comienro def quin

oo le regeera 51,30 un ol welt bowde, ) . -

Eb invenloniste comirmzo con § 10,000.00. i desto comacer qire plon de Lrrveritn wge

ximizg o e ontidod da dinore que ol pueda ooymyior ol comiwnro ded saxto ohn.  Fes me

lc un modzto de progromocion lineo) poro sie probiemc y tomblén eapriaslo en forme ho=
bylor, .

- "
.

SOLUION o |

" Seo Xy, lo conkidud de dinero invertido en [ ectivided | (fmA 3. C, D) enulona |

(=1% 3,4 3.

Lot carsctertrican dodan sobre fas Formos de fnversitn de code una de Jos octividades «
A, B Oy D pusdon mealrarse wremblicomenty toma Mgus, "

+

- CGND!CIGMSHE!WEHIDNENLAA-ETWIDADA. -7 N

. x x - )
r” . ’ Az ’ A rf“ o INVERSIONES
) 2 ' i - ¥ [ Aoy Grincipio de
RETORND
14Xy, 1y, By ax,,

CONDICIONES DE INVERSIGN EM LA ACHVIDAD B

-
|

i -, e

R

o E
v

COMDICIONES DE INVERSION EH LA ACTIVIDAD Ca

v

42

-4 5 - & Ahon Lprimein
-t l pio de oho)

2o

CﬂmJICIONES DE INVELSICON EM LA ACTIVIOAD D

1. Y 5 i Argu {principic
I,- F i 1 - - I h“w

AT ' . vax,

. lu ml‘i.d-nd pcumulade &n a- comienza del sexse ohe e lg contided erigimel (1I00C) -

i i ohlemo de memi o zor
wis | gononcia cblenide heato #3ia fecha.  Por lo tento, o ;
i l:nlﬂ?dd ocumyloda de dinarn o8 squivelenty o Siramizor ly paacneia, yo g lo

. rortidod wigingl disparible +3 unc consdonte ey 76 ofachy o roler dad dinero oo™

o udey @ el de clolquier plan de irver S qus S8 Tign U
M Z e lo gonacin tolol ablenido hntio el comienzo del wale oho, sntonces la fun-
ciin vhiglive L d:

'
mex 7w 04X, *+0.4 x*‘!+u_lx”+u_4xu+u_mx" tu._;‘nxu * Koy +0.3 Xy

" {11 1tin dodas por
D erunclodo del problemo, ¢ abawvo g Los restriccionn ol #HH'_- t :
1o ﬁ“ﬁwﬁﬂtmhlhnqﬂum rp!.tn:wmmmdl!mﬂd-ﬂdw-
do AN CyD. [ﬂmrnlﬁuim%hh,ﬂmrﬂﬂudﬁumm

et

PRIMER ARQ: Lo conlided de dinero Trveritda an el primer oy deley solidoees =

. Xpa* %5y ™ icoo0

5 Uy una vorickle positive o cern, que 1w exdicione o lo dasl guealdod ontarior, Porn que
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rsta desigualdad Vlegus o ser una igualdad, enionces

E

Kup ¢ 'x“_+ v, =, 10000 )
uy e D
HOTAS:

1. & Ta variatTe que ie adicions 2 wna desigvaidad para copvertirla en igualdad
s¢ le Tlams oa varlable de holgurs. Entonces vy &5 un variadle de helguna. .

%. Dbserve que 4, represents 1a cantidad de dinero no invert!do en el priser a-
Ao, v por 1¢ tante Lenbidn represents 12 cantidad disponlbie para invertir
en ol secundo afia.

3000 ARD: Laz Inversiones &n este 880 deben satisfacer [observe en las Flgy L.
r;::'utzrinrﬂ ea que acbividades financleras podemcs im-;-rt'ir para el segupda .
o . \ ‘.
et Yzt Fz S V1 _ '
51 introducimgs wna variahls p-u:itln Uy pAra pasar In desigualdad anterior & -
-I‘Im.uldid. enionc €3 ' .

AR R T RARY R £ 5 :

: v,2 0 o rol

Observess que 1o variable u, #1 yma ur'ible de holgura que r:prﬂmu 1- unu- Jd
dad a0 invertids en =1 ;:guﬁw . s |

TERCER AN Em wmite lﬂm T1a cantidad de dinero disponible parl 1nursiun¢: pn:r- .
¥iene dg tres Fusnies:
i) cantidad no tnvertida en ol scgunds afo: Ty

15} ganancia obtenida de inversiones anterioves: ) IL#:M .

111] untld.;;j recuperada de {nversionss anterigres: a1
i T-xy,

Observando cada vno 42 los Cudbrg dlsgrasss oastrpdos anteriormente, sx Llane

que pard el tcrcer abo Tas inversiones deben satisfacer . :

Epy* Mpyloug + thl

Introduciendo une varjable de holqura uy {ua Q). =% tiene que - ' co

Fpy tEgy t uy "
. uy ab
Gtrd vezr notess Que ¥y FERTEIEnta ia :antir.fld no fnvertida en #1 tercer afg,

v v 1, h” . (1

CUARTO A50: En Torma simdlar &) andlizis de‘F tercar Mo, timn tres fuentes
O dime dlspuntblrs

Introduciends la variable da helgura positiva u,. B8 tiene: -

©OTOGINTD AR
. ,&-———._,

14

1] cantlidad no invertida an -1 tercer afio: L

’

11} g.mm:il cbtenida entra wl ter:-r ¥ cuarto O.dx, ,+8.7x
periodo: moe .

L i) |
ufl.-lxufl.?xu

T LAY cantldld recuparada da inversionss apterid x R

rmEl

4

Por lo tants, las lnversicnss 4n tl cuartp perit¢dc deben satim-
tacar

e € U3 4 1ot X, H 1T xy,

R RAT -_u1+1.13t +1.Tl’1

AZ [ 43"
‘ . u‘\u

La cantidad diaponible en mate periodo provienm

T 1] cantlidad oo ipveriida en al.cuacto afo: .oy
A C e .

11) " ganancia entre sl tercero Lf.-el cuarTto patliodo: ﬂ.:istlajiﬂ.?xn-z_-

fi11) rcankidad recuparads eotre €1 periccds X _-( 4to. ¢ T3 Y gy

. A - u‘fi.le]ﬂ..hu
" Por la tanto, ) .
- s € TRAREFORELE -
a3 “5 €5 una vnﬂﬂ:}h de holgura, entonces
rn5+u5-.u‘+ L.4 :j'dl-l.'!“ . {5}
ug Y5 % g .

For 1o tanto, nuestre modslo de programacign lireal quedarfa

datinide por la funcidn objetiva, dada anteriorments y =1 -

comjunto de restriccionas definides por la wewaridn del (1) -
s (5]. N & .



Rypecribiendo las ecuaciones anter!orts,

45

proqrmc:lﬁn lincal gueda -:puudu poT:

ot mode lo de

L |
max = 0, -h: 1+n uum uaaw l.h‘ﬂ] ‘.!xnlw 'Ix“m T‘n:*’cz*

-ﬁ.h.ns
sajeto & Ll.}

1 In1+ u, = i ¢ap

Mot X

B2 [

axt Tey Tt 1Ay

*
x Ty

+ Fps* By T

Xy1 % 0
ol T
) *e2 o

- u_.|+ 1.(:.': + 1.7n

+ X 'I‘ll.z.- 1.11

Bl
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de e nlumudu.

Ei erttanomiento tacquiere de 100 horm de wpervividn de osremorm m --
chttenadet por |0 lonlo diponiemcs de 100 hormi v aloceramcza menn, duy
Ionle un Ml por coda BsfGMORa e el ireRomienta . .

‘Coda oerenoze enitenode puods trobajor heifo {5} horm ea un me y lo-
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- o) Formle <! poblemn de contraier ¥ enhenor come wn modelo de progro

maclén lincal haciendo 2y ol mimero de omomorol que principlon sy -
whighovwenlo on al e 1, reprevants lo oaromegzca -
diponibles ol principio de snero. ﬂ"hnu cunlguied dmbola udqcmnul -
) hﬂ:nl*l poto axpresn lon variobler de decliitn .
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mnte T E:uplfquuln. -
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Lo demonda Ictal de hores de vuela pix me1 cotopende o lo demonda da werlar comerciol gy
mis Jo demarda de horey poro snirerey o low rowves perkono controtoder en ol inlcia del e,
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For lo tants, las dedigualdades del [11] al Esl;l pen lag restric-
ciones a nuestro problema estas restricciomes puedsn cbtenorse di
recrtamenta Ael contexte dal problema win la introduccifin do varia
bles de holgura, nuiit.m pruhlﬂu axprafede a travis O las res-"
triccicnas da 1la {14) & la [5%), queda reprepantadc en forma par-
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1 oxercise 2

INSYS

an inventary gysterm moda)l

O] by K e S ey s oy
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The gurpone ol an lneenloty |3 1o provide g seppraion in (lme of locaikon
between the production of geods and the consumptlon of yeods o our
Hecldlised cconomy 2 Man |5 e longer hiv gwn beigley, boker, and .
l‘-lnd:lf‘-lltlumahfr. Haiher, we have prodaction ;rnlcr!-”acll:ln;i] whicrh are
H'rﬂulli"_t:l. eenttully Mecaled, and lawe high produgiion canes. There 14 2
areat gonin Q:Idnluclinﬂ elligicney From thit yeeclilzation, b it ahe
retjyires 3 largr Beregawe 0 dnventosies o sepaiaie (ke nnlulriatd Tagiowy
Irem the 1-||rl'_ln-|rr commumer, My kvger dp we idkow tlie cramphe of jhe
Motk ved hoen whes plempid, fraped, milled |, ba b od, srwd a0 {w il the help
of the Pig, tow, rahbly, o duc k] ber tren boal of brigyd,

The Mo CrnMmn N aio T spuem e ooy cownamy gl
whalesbrrieladyr syuem. The wholcuker peerider |Th¢ *::.p:::::::;:
Bt woen Hur f oy ang? 1t redyler, mothail be heldy the Lo 1wy 00 pul und
cudered by the relader, The whaloulr ahn provides g bagation decoupling
in thay he gravrally ships Bomls over 2 wide geope pliic ares. Similarly I:I'Ir;
rctailer provides & decnupling scrvice belween Hie whulelor and the lmnv
wmer, boihal he maintaink an lnventory of goods on dopley Tor wle Lo
Cugmery, , B

The purfise of 1his cuerehe is o provide an Higsergtlon of (he

d yngmic mature of the laclory-wholeskerreldiler inventory system, A come= «

puler misdel p el 1o cakulale weck by week haw 1he relal wnvenlaey | the
wlwesshe Irornpiry, amd the faglory sutpur fale ehange 0 repons to r.ruil
safey The munfel vaer muy muke changes in fefad gnd wholesg ¢ aren oy
pobcy in an sirempl 16 coniind the ovicall inventony ppstem,

- - Fr

+
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b,
COMPUFER MOIN LS

Retader

et

‘Whedealer
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\ I Failory }
T 1L I 1T

OO Crm- Ovders ——— =y
- Gy

==

Figat 2-1 Tha haciory-whpleiier recller Lyidm,

. Seqtion 2.0 capliing the oo Dt ley pytlrme s The fules Tor
maintaining mrenileiy Wwls, The Tallowing scciions prewet phaer illusnoated
compuiet probkny for Samgining and conlioRing 1he irmrrmias Y 17 S1¢m.

21 FACTORY-WHOLESALER-RETAILER MODEL

The moermal sypatem Tov 1he procucfon and divribeewon of goods in
aur teenemy hoshrough the [aclmpwhole saler-reladicr watem. A visual
conceplualiz ation o1 Thit kysttm i shown in Figure 11, Tiwe umclion of the
reiailer 10 Lhey tymicm b 12

—tahe ciifery figem Cunlomers

—delivtr greds 16 customens from on-the-shelf Inecteey

w—renrder gawls fram the whalesaler

wrepeine, thipments From Lthe whalesaler

The fumigthon of the wholtaler oy simidfar 1o the eriiler ot e that
the whaleukt’s Surtofver o the relaitoe gnd theee B 3 M 117 batween the
ordeing and T8¢ delwety of poodt The whtohessher must

=pogting prdees Ieom the relalier

—yhip gonds lrom the = archerse rvre Miosty

—tegedict gy rom the (aciony .

—teceive phipmenty lrom [he faciony.

“Floally, the fationy must praduce the gaeds which are uliimarcly

" 3gld 10 the cuttomers, The faceary may or may noL wold dwenionrs [0 Lhe

current model the faglary daey 0ot mainldin any Ivery so thai its anly
Tuncliony 1r& 10

=praduce pudutl [F% SREIE

—change produtiion ramt 21 requesied by whole b

The nmdel just decrited is a simple abalraciion of that which h
found in Lhe Indyairial bystem, Durabrle poada, sk 2y epplicanes, MOHE OF
lesa folow the apsem dearibed. Thar we wardationn ws That some Lirge
retailen onder duecily from ihe faciory, o the Tacoary Sy mbintain o



Retafer
Muodel
Farrnut iy

a 2

3 r
show1oom and make dieret eedil wier In oiher cawes, The Tactory mainisin
farge invennswes and perfaims the funcimon of the whabesalor. Inall of thews

modiligatbuny, howeeer, [hete 4 3 dyramis Imcrplay af sales with 1he
Inventaries mairiaincd and the baciony rate g3 Mlusirabed in this modef.

The parameters and formulas fev 1he acrya! compater model of the recaiber
are presenied in 1his secion, Thes facmulys arc @ mathematicad stajemeng of
the ~orbsl muedel description jbaowe, We ko present wme simple Compr-
Lithony wiing The i sl lormulss,

Krral wips g eanusilod by the cuntoemer, They are parl ol the
Inpul 16 (e purgtam by the reader. Reval sales in the pasd have beemr abuowl
160 wniLy por weck, -

Fetall recedgiy are e wails 1eccived fram the wholealer caeh
Maonday morming 1l meie ardeied Friday ane week |10 days) prior,

Reioll mveniory vl b the number of wnity on hand Friday after-
meon M the ckese of businraa, The imveniory bevtl varies through the wrch 5
Hrown la f ilulz_l‘-?. Thar formuls Tor doiermindng, the inverTory bevel B

Inventory kevel & prit mventory bewel # relail peceipls = reiad skt

Rriall orders are pliced wilh ihe wheelewader cach Friday aliernoen
after determiniog the Invenioey Wevel. The wider polley B 1o order the renall
ules Tfor Lhe weck plus o mlaun enovgh upits 1o return the base stock feval
w100 unit, s

Ratad order = reladl ules + (100 — inventony berel]

. The rlfects of thewe Mumules on Wveatory levet snd the retal onder
wan B wren in the foRowing wmpls fompratatken,

In & i mal week
ReLanl pabes = J040
" Revadt recelpiy = 100 ’
Aetail Invenlory leval = 180+ 100— 100
- 100
Reiad order = 10000 [FQD = 100]
=100 . -

F M Tu W Th F M Tu W Th F

Figurd 2-F Huaal vewrnety Dival,

4 4

Iov & werck in which sales increase
Retail waley = |50
Relaif reccipis @ 104
Retail imentory level = 1004 100~ 110
= W
Ardad order = 110 ¢ | 100 = 93]
= |70

F X .
TOMPUTER WODELS

In & werh W which waleg Jetreae
Rtk walcy = 90
Retal receiply = 100
H.¢I1|| irenlery level = FOO + V0D — B
=110
; R'El-i“ urdrr-M*UW-HD}
=40

Whakeiler  The wholeviler’s pofickes lor madnldining invendory and 1rordering from the
Madel  [acioiy are simiTar 1o The retaflon s paficies. The Tor mula for the wheotewler
Formulas ahg \.lmpk'! LEmMaUlALinn Aré aw plosenicg.

: Wligtearie shegemeaid dtc dispatched rath Wednesday from orders
wihrmitied Ly the relailer o the mior Priday. These orders arcive a1 Eha
retaller's oh the Following Marday,

) Whalew's shiproenty # relail order {pre e eh)

Whodewde receipts b the Tactory prsdoction of e previoas week
which W received cach Morday morning,

Whalewle ieceipis = Tic1ony prodhattion [prigr u"ij

Wholesale inveniary trwet b AR mumber ol wnlis on hand I rday
afiernoon al the close of busines. The bnveripry lewel aciually varies
through the week as shasn dn Flgure 73,

The formula for deleembning ehe Friday alternoon Invcalory bevel

h s lolkows;

Mo of

undip
N R

- od =y e Lo Bax
e ok
100 ==

. Time
F M Tu w Th F M Tu W Th F

Figuty -3 Wholiuhr Moy,
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Wholewle rn"nlnrr Iewel = priar invemioey Intl * whnl:ul: receiply
= whaole e ;h;,;m:nu

Wholewtd oeder) are placed with e Tacwey vach Friday aliconoon
ater taking inventory. The fictory, howerer, frgquires 3 werk 1o change the
predutlion rate, wa Iwa wicks Py belowe |h¢ whabe ler receives the s iust
order. The polioy i boonrder the parrent week's shipmenis plus erough ynits
e redern Lhe base sloch 10 4 moemut ewel of 200 unbie The formula i

" Whotriale erder = wholesake shipmendy |
* {300 - inventory kel

The effzcts of the whalewaler's policies can be wen In th following wemple
Tmpula o,

In & normal week:
Whalewl shipmenty = 100
Whederale rexeipin = 100
wWhakesale Irvcniody berel = 200 + 'Im - 00
=Nx
Whelcsale onder = 100 = [200 - 200)
= {00

Ina w::h in which thiprents increa
Wholesle thipmenta e 110 . -
Wholesale recelpis = 100
Whalcsalt Invenlory kevet = J00 ¢ 100 = 1 |0
= I8
'h"hnl:n.k- order = 110+ (200 - 190)
-1

Inx *trk in whith shipments decrease
Whaoleslt shipmeuls = 90,
Whalgsle tegeipls = 100 .
Wholewle lnveniory level = 200+ 100 =90
-0 - -
Whalelt arder = 80 + | 200 - 210) " -
LR 1

1 should be noted that b The presnn stmplificd mode!, the urhnlts.alt,r only
wrekel one reUAcs, This hoan sbvious oreimplification Trom the 1eal
world am? zflowt the analpsn Lovisolale tie efTect of a single redailer in the
ERbrE sysiem.

Fn thfs medel, 1he Faclary malingine ne Inventory, The Taclory produeces al
the rite specifted by the whalewdr order, There Uy, bowever, 2 gneweck
deliy when chinghng the produetion rite 2 3 one-weeh deliy Toe shipping.
The nel effect b thal the whedeaier receives the sctual order two week)

atick it b placed whh the Fectory, Thes, for cuample, onE might Save U
it o ahgwn in Fgurs 14,

E ]
COMPUTER MODELS

Week . Hhalesofs Foctary  Whotesals
T orufer refe ' refeigrs
1 100 160 100
2 L1 100 100
3 . 8D 1co 120
4+ 100 ‘ 139 100
5 100 a0 1?0
& 100 100 10

Figrun T4 Chamgig 1o ory pasduchon reie.

21 HORMAL INVENTORY MM ICY

This wrglion préwemny the resalnn of following @ mormal sealory
poliy. By “awoul™ me mom thal the cetaded and wholnaber (oflow the
ruley dewtitsed 0 the picoeding weciiony The meu Seodlican rale, =hich
whl B2 analyycd kv erpdd ey, i Al Ieeider rule, The nodmal crardel jule
which b follywed i Lhe currem paobilem dy

Cvader PRE Ciurd ool meed kY 5000 piuj v mipus enodgh 1o Brimg the boer
stack bk fa fi normal lavel,

Tulhwh: 1his reowder rule ardd the other inveni oy podicles cullined

< i Seetion 1.1, o £an Lompaie over & number of weths the vealory leeed

and gedery gt 40 re13d wbey, For pnample d retail sales dre 10000
wrehs | oanad 2, Ihen fncrease 1a DI by oweebs 4,5, 6, annf §,oeesliy w 1 Stgur
#5 shownin Figure 7.3,

Thetvr reiidis are goviwerd 2 by Tofawing the compuislion formude
Eiven In the putieding sortieg, For example, thr farmul: for the retasl arder
gach werk s ax lﬂflnw!-

ReLail trder = wrekly sales # [100 = lnvemiory |¢vt|}
The rerdil arder dyawceh 5 B 120 unlis, derbred from the aboes M-
muly ap Tetlpw s

Retad order = 110+ (100 - 94)

=14

Week Remit - - Wholesale Fectary
Mo, Sder Rec dew Okder Jhip Rec  Iov Odfer Role
1 g 1K 1) 100 wd 103 200 100 10G
7 16 8 1) 00 10D 00 I 16D 1)
i 1w M 90 120 100 160 M4 IR0 100
4 10 M 50 1 1’0 D 180 40 100
5 1o 130 %0 110 1M 100 150 130 D0
& 110 1@ o 100 170 18d P 1% 140

-1 1R 2@ 1M 0 100 140 10 - 130, 1D

Figori I3 "Hormal" Wesntasy - 2oy,
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1 h quite possible 1o compute the reslts by hand Tor a: any werks
of operatlan av desired, Fooumately, the computer program will do the
fediout calculiians, Wy nexi condider thefly 1he data cards requiced 10 1un
the compulcr progrem and Ihen we will analyze wwenty-Tne merky of
opciilaan by uung the Compuier model

Thriz wie Lism presends the data cards regquired a6 Inpul o bt compuber pro-
wrarm, The program listing dy hwind in Sectinn 26,

Lher parrre eoed b the Mot card in the dala deck, 1o i waed 1o Idenlify
‘wha b mebing the analy s and a0y g1her Menldlcadan desired This card b
Frex ﬁ;tﬁ I that any infoemaibn may be keypunched in columm 1 10 400

ExERLILL LA }r ¥UT bREF] S

Coatral epegd i the second ¢ard b the daia deck, Thiy card cantalng
1he pumber of weeks 10 be snalyred, which b pumbed i codumme 1 ardd 2,

Weekly wley cordi contabn the wieh number and the cepail sabos Tor
that weeh, There i ane Card per weck and the 100 member of cands Mt be
eaacily the sumber spegifiod by Ihe conirod tard, The weeh rumber b
keypunched in columns 1 and 2. The rela® sakes for the week are in columns
11, 12, and 13, ofrr Justificd {1hat & the st digit b always o column 13).
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The rmpkl't dala deck wiup low problem one is thawn bn Fgure
75, Exch typewritien Hne in the Tiguee coteeapondd 1o one keypunched dala
card.

v

The cdmpuiet pontaul cowiling feorm the purmal resrder paticy A depleied
‘in Figwre 2.7, The Firsl line In the computcr ouepyt it J repenodugtion of the
inflormation Leypunahed on the Tl data cand, The Lagh ling of the compuier
viput o Informalmn from the soomdt dala card, the conteod cord. Thae
nolathen 75 WEEKS RUM i o remindcr than the sonired cand speificed tha
1% weeks of data were 1o b pun, I There Iy foo Hple weckly sales dbts ar il
the wethly salen data b out of order 1he compuler will prink ihe message
SOMETIHNG WHRONG WITH ¥YOUR DATA Jand sinp proceuing tha pro-
Erdm, .
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I by quire cvident Hul the stalfed noomal invealory policy b nol & very

At pralicy. A aimple Incieaw inrelait palex b 8 few level PO pocceny highor

thun belne hay el 0ll wnggntedlalte fuclualions e (e wholewle invene

Iy amd in the Tuttory rale, Even though the Tacigry stevices only oo

i esalor anel yre relailer those wncentrgllable wwings cause the Tagioey 1o

complelely i down by week Pl Nepatier invenioricy, orders, o0 Faclory
raley Are nut aflpweef.

By werk T3 the divareon b stdl not i conirol, The iciader has nol
Habiized hin jnveniy kvr] bk 10 100 unily, the whedcaks hid not
stabifesed, and the faclory b guing Mom bogm 1o busl This cpclic behavigr
I the westom v chie resudt of 1Be Icad Hrtgs i the sysiem and 1he “blind™
ordering palicles of the celailer and the wholouder, Tlic moal bvg wilions
cenpder sorme medhods Tor Beinging thiy sl e a0 an arder esnirgd,

231 CONTROLLING THE REFLINISIMENT RATE

T
Kephenizhmenl
Concepl

This sctrwt camaders 1he problem of conirolfing ﬂucll.rlllnn in 1he
nrcalody syslem through a change nonhe rewrder pekicies af the iepailer and
the whtlesaler, The basic concept applicd % thil of dutpening 1he ampli-
twie af thenge, Thiv concept is implemenied by changfng the rearder plicy
1o decrease 1he amownl of replenihment of the base aboe k. The new policy,
1he computer putput, and koo analy s of the reswlts are pr:str:tt# hese,

According ta the old poticy, the reorder Tormula Tor 1he ptliil-gr 7]
Retail urder = retanl sakes + {100 = iventary Teve ()

Thh pﬂllcr wy9 bR t#feet that the retalter wanls ha replentsh the toch b has
slually wAd during Ihe weck, v addithw, if Ll e a%gve o Belgw The
bure Hoek bewcl gf 100 units be waniy 1o maintain, be wilt order anough to
bripg Lhe base sl b 7o 100

Thr pdcy Afpeas reavinyie oranggh b it i !m.tﬂ an the rather

mearsiphted sysm pl s Ih.]l -

= [utare pafer will be the sime a4 thiv week's
—ulock nplr.'nhllmml is imddanLamgout

The Ffirve atwmprion iy ubwicudy rlsky fie slmosl any feradl opera-
twt, TIk woiumd g¥umplan B vhvmualy et lulfidkal in Mk picw? sysicm,
The ietaiker wrdeiy on Friday, Ihe psdy aip shigged on the ey Wednewlay
and received the folewing Mongay, Lach | ealiy, e ceidel onders enonsgh
4o ting the bag b back 10 normadl” cven lhioagh 1he Eroxds he ordered
the pritst Friday 1 bing the bae sk bagk 1o nonmal sill hase nol atilved.
When g wrcder duses airive the reliler overreands by oedering b Helle the
arxt Hine. The pcr cesull, a5 acen in Seedion 2.7, 06 that 1Me rotacker Iy Aever
e 10 stitedize hh onder s nvenuaty kel Dusissess cycker may chaustd
by iu'll thir bind o briavir,

O way ro dampcn ihe e g i 1o Change the replenidhmen polic ¢
to wpeeWy Lhal ooly 4 pericntage of the bie doch differemer B 1o hr
oederetl, Thiss we change the formuli 1o

Retail prder = retail sales + [ 100 = invemiory Jtu:eil (AN

1
SAPLITE R MODE LS

Camputey

lnpad

=R eplenishmenl
. Rate

Cowmpruier
Chrtpur

=R ephenhhirhe ni
Rate

‘Anadydy

of ks
Repienishmenl
Raia

Control .

(L
10

17 we el A gt S0 pereemt aiad that iy 1ooneake up only ofe-hall the
difference, 1hwn ¢ £an :nmpne the relad order when vales ore up 1o 1HD
unids

Ot Podie Mew Policy
Reiad order = 110+ IB0—50)  Relaid ovder = 110« 1100 = 50} ¥ 0.5]
= 110+ 10 118+ 5%
=11 = 115
When vales are doswr) ta 0 ymils the resoft i
' e Pofity MNew Policy
Melafl ewdet = W'llm-ﬂﬂ‘} P 1afl ey = 90 ¢ HIW-IIUII 0x]
-¥=10 =%)-5
LR = B3

The gwerall clfect of ke few I-I"'Dlﬂr s Tl the refailer anly partly reacts o
ivtrrases or deereaves in e b olock and aliows some 1ime for inventonies
1% return 1o wotshal. The whalesaler may fullow 3 simider policy in ordeding
fram ihe factory by Ingluding £ poromsd w8 the wholesale order Tormula

LArr nome cord cemuilng uncharged. The new reander policy it Imphemented
by wpecdyng o the fanirof cerd he poicenizge value Toe A [rewiler] in
cobumns 11 and 12, yrd B [whoteszler] tnoonlumng 2 and 37,

-1 54

2

LRI AR AN R RN R A RN RN R R RN RN NN
T LTy LTS

If the fichd s kel bunL, the value for A or B 1y e 1o FOO pereent, Otheiwie,
A or & mzy bt we fiom 01 10 92 by 1he vurr,

Werkly st vavdy 2ie Lrypumched as In Section 2.2,

A ctmphert dana deck bsting For the rew pelicy v thoawn In Figare
24, The retailer and the whilogaler wnly Ly Lo make up 50 percend of the
dilference in base slack pader 1he new policy.

The compuine piintout 1o the new 50 peroent spandeding keed policy which
b geactalod Trom thewe dits caidy in svown in Figuic 399, Mo that the L
Nne of the printgn dncludes 1he Input wbluey lor A and § specilicd In Lthe
conbrnf cand, .

The owergll resall of vhe new reardermg policy 15 3 dtamatlg impeovemen in
the periormance of [he invEniory Sysign.

Rerad reorders maich the aew e bewel within eleven weeks.
Whaskcabe reorders maich the new wbey kecl within pwelve weeas
Faclory 1t iy sl pei statle but appeany 10 be dampenin g out

Mo significantly, 1he spsrem i o longer el of contred, LE, carght
up th unconballabk Aucluatisn, The fiuctualions Rave been dampened cul

and Whe syaiem slabllizes [eell ta the e sales level,
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Homrpeer, all i sl nen perlect. There i siill & kv, lime lap belgre
the Faclury “cacches on™ 1o Ihe new wine, Mocconey, & wmple 50 gorirag
mcrease in e Wil E2uses & TE peicon) Change in he wholeidle shepme iy
and 3 44 prroent change Inthe factory raie, Section L4 tonslders sddiinnad

cantrol treanures for rlaging the loveniory yyalem wnder rven boghier
(ool

L4 LONMTROL OF LEAD TIME

Lead
Time
Concepl

This wetlen canyders the problem of ceniralling fluciuations In uhe
bwwearary sysiem throwgh a decresse (n Wy lpad time berween the grder and
the receipl of guuds, The baske cancept big change the kead time ioguiced 1o

¢ topond 1 changes in the wysteme Thit concepl s implemenied by 1esting

the effzel of foacr dolvery Mom the wholegler anaf {osrer changecver 1o 4
few production rile by the Faciery,

Under the “auemal™ WHEM Kiup the twg barle lead timet in the sysiem
were (1) beiween the arder and recelpn of goods by 1he waler, od [2)

Between the aider and receipl of goods figm the Faciory. These were i
folkows: - .

Reralfer normal feod Her

= . Orderon Delwvered on
Friduy weeb 1 Morday wecl, ]
IFhale miier mvormof frad (ime
Cuwder om - Chanpe rare Delrver puods
Friday week 1 Week 3 Monday wrek &

The effeess of these kad times are ¢|.",r'1‘r aren inm Sordien 2.7 wheh
Wt miader reotders ceery Fridiy 19 muke up £006s 1l e previcudy
teen gedered, In effece, e makes a double rearder bon the same goods. In
additlen ibe Tacvory cakes swven weeks In begin 1o respand 40 & change bn
retall fales, :

In the cuwrrend example we witl conalder the & fegns of dezreaslag thit
brad Lirie, The new policy b to worl the whokesaler on Satuday in order 10
delher Friday alicinenn ord¢is the wery nex) Monday, T .

Rerofler dretewed feod HNmy
Crder on Delivered on .
Friday weck 1- Monday week 2
Simialy the kad dime lor the wholenler may be charged f (e

factery eam shefi 16 2 pew production fale withouy 3 week lag angd if tha )
Taciery ships over Lhe weekend, )

Whokesater decreoged iead H..'lm'
Ower ot Change raie Cretiverand b
Friday weih 1 wrk 2 week 3



.Cn:nfulrr
npul
=Lircad
Times

- Computet
Cutpul

Anzlysh of
Lead

Time

- Cemirad

13 4

mNEYE

The ner aore cord B The wrme 1y That In Seeilon 2.2, The change in
the tzad 1lmes is Implenienicd In the computer model by twa Tielar bn the
cenirad cord, A sporgup of une week b the wholesaler deliverniey iy accom-
Plished by plicing 2 1 In ¢oluma 31 of the conteal gard, A spetdup of o
wezh I Ihe changeoees of 1he Dclory b accomplished by placing 2 | In
column 41 of 1he conlrol card.

The contral card Mo reads

3] 30 - 30 ) i
- |.||||||Ililllll'llrl'llll'lIlllll'llirrlil-liilllliil
PR ..1.l.-...ll!lllr!l--li-—-r---rl-lli'lvl--'l'll-i

The m.lnly wofed Cardy relain 1he same Fnrrnli,
The camphore data Jeck selup to test the effeels of Lthe decreased
Weact timree Iy shewn In Figure 2-10.

The computer pilatoot with lead Line $eereased 1y shgown bn Flhpure 235,
The resull of the new kad Lime podicy & a further improvement [ che
ovcrall perlarmange of the enlory system,
Prtall prdery mabeh the niw syies 1310 within fivw wevks.
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Wlelesaler orders malch the hew sales rale within eighl weeks,
Faclory rate is 301 la ihe new sabos level in nine weeli

Ir aadivicon 10 cutting 1esponse Ligs down there i less fluctyation b
The Lovorigey Tewely,

T A pimeple lvgrease bnopatew el 10 perient couwcs 2 15 nercemn change in
whilewle hipioens, diown ftom the prioe 1 percent change. Alw, the
factory raic chinges 20 percenl, duwnt Lo the prior 44 percens Thus, in
penaeral ib may be soid 1l the veentory syICm i now in beuicr :onuul,

. There are, howorer, many coinplv tiov one could add 1o the apdet
befoic 0 would approximair 1he rezl woild, For example, cusiomers ane
never 5o hind as 1o provide wihmice wnifurm aeiafl sales Henee, the ower
mighl wani 1o iy his hand 3t contrulling 1he inveniady sysiem if retail whes
were 1o randemly Nocludjr Btiadea, wy, B0 unity and 120 unils in any
EPren wech,

masodl, H. 1, amnd O Skevin, Ao Apptebisdon of indeicris] Dynarmi,™ Mpnopemant?
Scurvcy, vol 14, oo, 7 [Manh I6E), py, 1954135

Watiy, E. 5., Mookwm Prodr thie Sarmgrmens, Pew ¥k ; Wiy, 18409,

e ilatipdy i Pgaci 1o el iporuidons. Mamape muen, Fetw ¥k 1 Whey, I'ME,
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& muodel foF inventory ordeoring policy
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A pramdry puipont of invenionies v 1w geddnrple produeLion (f oM cansmp.
Hon dfecitunes 30 guiay which may br uscd as a bedge JRAINEL uncertanly .
Indemand or v 3 buller for produetimn Mot lualicns.

The replemshmesy of invenloiicr i the topie of Thiv cvercie. Wr
describr an clementary, bt handameatsl, invenlory replenahment model:
the [eonaniic Qider Cuamy (RG] mesdel. In Section 3.1, tie develop-
ment of the basiv EO0 rrantel m geen Lo Section 3.3, the bask E£10) model
5 ornieaded o i bl 3 real wonkd pheismengn © quaniily prer discounts
tn Seeimn 1.3, the bk medc! B modilicd 1o intorporale shanlage cotl
Compaderatran of slurege finianiony aed theie eMieg s upen the brder guan-
Ay edecivion re AHe surbjeg | al Secaion 3 4,

The rariund! b (o decilding how mah, if any, [oseatory 1o hold,
and 18 orded, i dn CCimomne baws, There are £oan sssoctaied wilh Frpld g
imegnlty N steck, CE. inmerdnce, Lascy, imiercst onocapilal, and so on,
Coenvetaehy, Therd are coues related 1o Nl halding inwn'lu:y_ £ g Josl wales,
Tréquenl purchast ardeny, peoduction Jelays, eie. Theee 35 2l the cou of
putchring the replennhment lor inernioes, ©f., paperworh 1ad matenisl
handbing.

The naenl of fhu puercise s i Allow Bie pdet a0 ops iy (o 148
& feel Ter the ¢ffeci of ¢hanging parammelibe valerL in the Badic cooampmbe
oeder quaniny formubs, lence, The reader b encouaged 1o conduen gy
#iwily amalyrn an edch parameler i Ihe LD Foimula

3] ECONOMIC ORDER QUANTITY

. This u-nllnn.h'!mdutﬂ the busax Loonemie Crder Quanigy {ECQ)
el 11 alse drmeribret in geegd The dals cards requited Tow e sccommipang.
g cOmpuler program, dngd (he comuier ouiput.

+1
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The A haie avwgmpion of (he LOQ medel 4 that the comumpilon of the
Econamidi  Jrwrntey- 1 cnrudnt becr time and thar I pansthie 10 repldash the
mo‘&" Wvenisty UA vely whorl nonice, The guaniiy i inventory al any point In
!nn::or:r yime, tar 1his circumusnge, b oshown in T igure 3.1, The bavic EDT model

Wodel  Als0 avurHEs RO gquaning price divgunts and no bachorders
Ia the “wwicolh” wage paticrn the mrecnlby n comwmed oo
prne umid Hom depleied. Bohothen instantly replenibed (3iraight werdical
pne), and 1he baage condlaved,
Inremtoey  The ratioendl Busia o detnimbaing inveniony hewehs 1o balance the coa of
[ T.Y

pokding ipveninry apains the cosl of nol beldiag inventiny. In the € onoarmp-
ylan st desgrfafd aboee, the 1y pos af Lost for holding the Inventory
atw Tairly ohveos. Sluiige mund be provided fox the inveriony ynd the
wwvenlory A e finaneed )

The cimt ol Al hdding Inventony may ot be wo whvsous, Sance I,

wat gasumned 1hat the smvenlorg wat tasily and inslafiaewnusly rdatainable,
Lhen there b moo tiad allached 1 beng |.:|u1.-,h: sheat, Howesgr, like 2
Pousrwid ¢ =ho gnrs 18 Lhe grogery st e imey each day 19 putchawe B
pnple meal, there i 3 cosl allched To pocurement al the borentoiy, Het
hohling Inwentory mray bead Loveny bdh precuremeny cosl,

The issuc in I connnme mider guanlily model o 1a depeimboe how
i b inveniury 1o order cach lime. The 1o ol protufement per unit ot
down i more i undered rach tanc, Bul il oot of hubdiAL nvEnary [oo
wp. Fagurr 3.1 shewd & mraphic represenlatwin of Lhewt £oMls 4 Lhey vary
wiih rhe tlie af the ordee, T lial inciemenlal eost of inventory h shpwn
a5 the Top turre un the praph by the {igare.

Tonal inceementah eost = hatding cost = orderlng coH

Thi bind Inwenigry pulicy b Lo prder the gmounl of Invenlory fach v e
which ywchdt 1he mewmum (2141 tosl. Thiy Yoireesl quantily™ (o et b
calied Lhe economic graer quantily [ECQ],

Tha foliowing delinitionl and varlbier will be uied In deriving &
muthematheal exprevion for e EOG,

20

bl
EC

Cone §

Todal irremenny!
1127

Lokt of holding
renIgry

Cost of arderlng
It iy

" a.

Lhnucy

Flgurs 5.2 Cpate ol halghing snd ardershg Imufiory.

Holdieg cost = |average ineentory ) X [ual
Tl per yrar]
= [QrI} 2 (P K FH)
where I = gquanlity ordered
F = pae per ynyl

L e iy hodd ing

FH = aowmsl et bolding cost s pereentage of the unit price
Order coul ™ [number of arders por yrar] X feasL per order]

- (ER)' ()

whare K= annual cequirements b umits, fevel gemand
Cp T proCurErmenl cawl [in;ludﬂ Codty of p]prrwqul

handling, #10.)

Coul of rentory = funil price] X [annwgel reguic

=1 xR

Talal cout * halding cop + guder tost + conl of laventory

QXPXFH RX
) ' ocp"

Total cosl =

Total lncrementad oyl =

cments)

ig
X &

QErXF R
3 *

Q

Sobving Tor 1he cconamk eides quantily &, by algchva: Lhe minimum palal
oh the 1olal tecremonial cail cdtre B where the Aiventory Reldog conl and

th procuremend coH curved lalsnedl Where the
equal, Therclore, 41 Gy

2 R
2 enen-(3)e
Cleacing demombnarary:

QUOHP % FH) = HRICp

IRCp
@ X FH

ﬁRCP
Q" Yexen

¥ inipisccl Lhey myst be
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, Gudving Tur @ by caknlus the minimum pant e the 1otk imgrrmeatad cout
cutwe [ wheit e Doyl dervative cquals ero. 1 aking the Firsi derdvabive with
tovpeel 1o F and selvng il +qual ta oo
0= WPEIA2 IR ICE
P XM , RGP
r Q2
IR Cp
1. 40K .
Q FXTIT
Jifca
FEr
Samplr 11 is 2 #icaighiforeand maiker fo fed the rconombk order quanilly [EDQ}
Problem  and the deddl pvpndody cost [FCY, when the valuey for &, Cp, P, amd FH miw

Ot prgwn, Forexample, if
R = 1600 utars (101l aneal psage]
£p = §5.00 {tm of nnc procurement)
£ = 51,00 [urn pricr of producd] |
Fri = DUA0 (b hohding cosl per yEAF 11 prrcenlage of prics], then

_ fixipm0 s 00
a 1.60 ¥ 01

o= 400 unlis

ADO X 100 % .1 3500 ¥ § 00
?1—— + -iﬂ__ﬂ + 1.00 1 1600
+ H10Q

Tolal con (1) =

1C= 10
7O = $1640.00

This ompuiation kb man oo pedious 10 de; iF ihere By onby onc
Ligwewer, when thore are many alicrnalacs 10 1ol and when mare {Ompli-
cated lormwslay are coquered, then 3 compule? program " a proesl CMDpUtE-
psnal A, The nest seetpen sntduces the dlata inpul snd computet au e
Io7 the dinple s amipke shown abowr. [0 Inflgwbng sertigns more complicated
probherms Hhusial g the sye bl e povnpuLr paepram will be pregsied,

‘e 160000

Uelurz dewriteiy Bl datd ands, weprad ¢ommenis will be made perizinlag

Compuler
npul 1 the progiam e, The wwr should beep these commenly momind when
-'“'Ht;: wting the pidpram, '

The progtam b oapphoabke only 23 fracd-ordei quantity Hwenlory
wyiiem, and all yugiriitics b1 the pregramoare eapressod I anaual smownnis of
coler, I e case of B {amnust inntniloey requbement}, & kel puge rar n
sssumed Ihpughael the year, In order 19 fonvert the pregram lor monik®
a6 seaonal exfeubitiony o woultd have 1o adlust the lmpun o the 5.
M peale.

Albough the Tgure svadable for invrpory holdng coalt & often
wiatrd an an anrdl cosl pet uedy, chis pregram pequirel inal hasdding conts b
vaprened a3 & pereeeiage of the wnll walue gl lrremiory,

To run ihi tconomi 06 cr Quantdy C-Tpuler mydel, only two Cardy

v

Coampuler
Chaiput
=Probkem
(0]

25
22 o

£

ar sequited, [1) 1he wier aurme card, and {11 the “dala™ card, When mulliple
problems are batched iogeiher, 3 mew REmS gard i reguired for each
problem,
The wser agme card may coniale any dentilyieg Inlocmation [sech
2% the uscr's fame] which v desiced. This ldentfpbng information i okey-
purhed in thie Ting T 1y Culunms
HAGGLE L Lo vRpEn D

SNERRARE AR AR ARR R AR RN RRERDEYD)]

tugmamIrr=fEVELFiFRTarEmsvadan

Thi paro cord contsmy the munerkdl dala lod e rronomic pider
quantity genmputatken. Coturmng 1-5 conlain Lhe adnual Udge requiremcni,
and ctha ordering coil i punched n cplumAy 610, The bolding ©ou,
thpressed oy & percmmiage of the unt prie, B deypunched in columm, 1115,
and the umt price » ponched o columns FE70,

TEU S 00 0,40 180

TnpppdEiaRi o gdRRnRRIIINNg
AR IIHY

required. A Inting ol 1he Tun Caids whah productd the culput shown in the
rani seciion b shown in Fgare 3-3, )

MiyhdHy EOw FAQwmL L ¢ Dt
NITT M ML ETRL I

Flgmra 3 3~ Domuuier ogeod — Frokieem Ovd. -

The compuier owtpul [Figure 1-4] inclodss the Wenlificatlon inltrmytion
fonm tiie wget name gard and dhe [l alon specitied oa the daly card,
Briuw this, the program prints oul the qua s caleddated in the progtam
Thowe are [3] the aptinonen grder guaniizy, [7) the tolal ineenlony coit, |3]
the number ofF erder 1o be placed annwally, and [4] the unit price 41 the
order guaniny detctatined .

3.2 FRICE DESCOUNTS

When discuseng e eegnombc arder Guantily model In Seevian 3.1,
Boway motcd it e basic madel apumis 0 quanitity peice docoonts
Hawever, the base LLMG pradel may be patended 10 inclode price decounts

FHUGHAR EOu FOM mAGHaRh (00 PRQELEN OHE
ImkuT LATA 1% *FUtALsEees
" (4.4 rn L1 ch L 1] " n ) ]
vl 3r-wi 3k Loaw [} L] L] L] a [}

AMdLTSE MEBULTY amf duwid

uFITayus OGAULR wUsnTITT 14

Wl 4 ERICL PLE | T[4 oF

rHILDIMg & TOTAL [arininns COST &F

wnbHE THe wos-LF OF DRGLA CTELAL FER OAR ]2

Figary 34 Cpmpmasr guigonl —Fraui iy Cem,

Y
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Price

10 |ox apviy

Sampht
Froblem
Twr

Sobutiian
lor ELHG
with Twa
Frics
reaks

23 23

e

—— e -
Pt J6  Tra ttircts ol Pracr dupmmly an gha sORmms gt guariiny,

Tl incrrmicnna) g osd
=g g r Birakal

W pr——
Ti= iy WAL

Oir dbtrwn g 1ol

1
L IIT_ 7 Unin

a3 Input warlsbles, Imawiuch o price dincounts do happen 1o rﬂlit:r. the
entension uf the ECE) neodel 1o Indlude price discounty will be the pobrject of
1hek weclbon. r

Refeering wo Section X3, the parr thuald mde thal an the detlvarlan of
the EXN) modkl the piice per wnit 7 alfeets (he holimg coat [Q2) %
(PEFIN, bt nol the nedcting Simis. Neveribtlens, if peice discounts dre
Wt rodut £ &% rariahbes, they will Inllucacs e eaal icemenial pats (TRO)
The ellceny o price W esinty are gragehi skly iushated an figuie 35

The sddition wl the quanhily dincounts ba The geanomic grder suan-
Ly el mdhes ot pomtwhyr madr dallli 10 pbitsen b sobulion. 11 5 nal
posiible in Hind daecily vhe lowrst pont on che Totad |n¢1-rm.mlll Fu‘l.l
{HC] curve sheen In Fupure 34, The gemetul spproach used b1 investigace
the THD curve ateach price Beeak, In addisea, the Corve musl be “ll""d »
ddlcicnl paint nEar the price beak ghving v loweu TIC 10 wr il an ertn
beincr gubslivn can he luund, Probiem Twe Bhoabiae ths pieeral swagh
wlutlon when price dipuungy sre 1a be comidered,

The suppher bas orcemly reried his pusging p-niltki ancd o Blfery the
folawing price dptourny: IF one ovdert b bob sares g B1 |Gy, = 3007, tha
price will be §0000url {P), of unt grdeny quantity A2 [y, = 7D, the
price wil be L0 3 unl, [F.}.

Flot colgulane O, wedng Py 03 I i greater tran Oy, then order . 10 1 b bess
than Oy, thea [using Py It is infepuabic,

Mewt, cakiplate @, adng Py, by 2 Qgy, Lhen ofder Qpa.

62y b bew Ruin Oy, bul preanet than Gy, e, 2y, €04 22 a4,
then tompane TC, whh 7T,

I TC, > ICa,, \hen otder Q4.

Campuircr
Inpui

-=Fpblem

Twe

24 f

IF T, <TG, then orger [ 1 T -
TGy miet than ey, caleudale .

P2 2 Qe 1ben compary Ty, with T gy,

ITFCy, = FCay, then ordes Qs..

I T8y, 4 Ty, then oeder Qu,.

VO b ten thun Oy, . hen ompare TO) with JT,, with oy

Oedier Lhe guantiny enrfaipiuyding 1a the minlmum totyl coay

20060011500, -

a, - — e —

. osomiey 2 leeer)

Since Q) < Qas, cxlcylang Q4 using Py,

. - Fo] lmjﬂ . )
o l]gfﬂ:ﬂ | ﬂr 411 % I““"‘P'j

Since Q, is lew than @y, (2000}, bul greater than Oy, (300), we
L Covnplte TC, w i TE,,.

L I0.971{0.10H4z1.6)  160075.00
ree SELIORATLE) 16000500 =50, 560000903

LR ERY KRR FET.

s 4147798
OEHO.IOHI000] . 1o0[.00) '
okl o) §
TCaq® ; * e ¢ 160010 80}

= 3000+ & GO+ 1730.00
= $1364.00 '

FCy 4 greater than TC,,, therelory, arder In quantitles of @2{g, =
TO00 it ln.lﬂ.‘uml}.

The wser nerme corg v 1he first catd o the dals desk, The ditta carg forvhk
FRAmER prablem conling somg addiianal Wifew mankon. Columm 1.0 ge
U tdme 43 Bescrebmrd w Sectiom 1.1, The arindmuem quantioy thal can be
urdered b Vake sdvaniage of the frs price discount b punched i ol meg
26-30 and 1he upit price 37 the firsy price discoury Iy punched in calumng !
325 Columon 1640 snd 4 145 comiain the S respanding Il ormy lion for ’
U 3t oovd poace ding oL, The,duts 2rd # w1 shown:

Penr S, 6l o, T |, 00 g 300, 090 FOun. DB

Tawkpaurpnad
_1| gy

L L TSN N ERITI

FA b amE e LA d LA R L LYY

The complete compuier wfut Tor this enample problem b
nFlpurr 14 2

o,

Huwldmy L0V PROBLES Tuly pe)CL Ol gtoumTs
Taumaduvlk walp ITITH ] ks va?8 EOBD.p. n

eababiied

Papers 34 Cofmat ol = Frubigsm Tweo.
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FRyylik L0+ FDF magivn [89 wapwlDd TwBs FRIci DIICOUMIE
Ewrul pATR |F "wewesdiibdd

L] (33 rm LT} 111 LT L3 wp P "
Tel® 3wl 30 100 ] o «90  2ROW AT B
WHLL TILY MUWLTY Gk bR
P lres ad B pplaflle 1% : Twnb.gp
Al n Fwlbe PLw ITEw OF T
TILLDIWD & TOTAy uvEwTORY £Q5T OF FELLENY
"nlk[ THL Nueupp of OARER CyGLEs PEC YEam I% OL) ) -

"'." 3T Camvmis h.pt.-hpﬂ:m T w-ri,

4

Computer Dutpwt The cermpuier Brimeu rewltIng from the above daia b shown in Figuer 3T,
~Frobltm Two

33 AHORTAGE COSTS - . )

- Just a1 0 troe vhad incthe real workd quantiy price discoun g erist,
Kol sl vwr Ihat Beckordierr arg o realiiy, Dy allawing backordert we e
pywng st Bl o grder caneol be (dicd 20 thin Time doe 10 H0ch shoriagel,
Thenm 2% 000 AL invchltery B dvddable preveously und dbed oddens, e, bach-
eders, will be 1he Tusl ciders la by Gilled, [law?eer, in o HivENTory pysiem
Muwing Tor dackorders {s0f Fipwe 3-E) 3 thorfage col! |5 uswglly mput
telitng I tht backordes quantites, Generally, this sheartage cosl consils of
rods dur 18 1] posiole bl aabes dut 1o stoehouts, () decreased cwppmest
wilvJaction, {1] additional cests aspocliled with rush shipmenls, and %0 on.

Irer i

oy
et 1 =

SR E——

o
Feadvier
rnimy
| FAFLYS LY
o . \ \ b
I iy, p———t ——‘F
LT ‘ ' I .I

LLTLLE L

ty ™ lwnr darlig whach
e art fgmitoe
reenim e Walam th

1y temer dwniny wha b iherk
art e ey phutel Lagel

v

Fawrs 10 hm,,,m-ﬂhﬂ—f'—_‘rm-l.ﬂ

- 2k

Tha basle EQN) formulz may ke modificg 10 Incorparata shortags
Ealy iy Tollowy.

1. Cp = pracurerment ool per erder funchanged)
Ly .
1. ‘__...._;ﬂ_‘"'_'. 1y = the bolding cost of the coaitivr vemiary
darlpe ¥ JUrng Tume £y |r s o an annual
bate, Lo, 1= & Fragrion ol a4 pear),
Sinde 1y Lo R, thoy becomes:
[ I 4y E '
. IR

e- ¥ oo}
R - fa ¥ theshartage cost of the backorden during
v Mime iy, ) ’

o LT T ==, thid becomer:
=iy
L1 — whets fp g ™ maximum level of Inyen-

wry angd
= hortage eoil

Henge, the total neremental cost for one fycle, fy + {y, of a0 imeredory
spatemn which dHows backeiders |s

G rIFXFH) P Gg =)
IR 2" .

The annya! total incremental cosl s now shisined by multiplyIng (he sbove
egquation through by 1he number of oedens placed per year, R0

BAE, < (PXFH 1AL} 2O Q- tan '
o FiH LY

To-dewermine optimal wilyey for @ and faman o lake The partial

derlyatives of The sbove cquitiny with respect 19 O aed J
. 1
Eera and Db S o TUALE 0

INCp ® I e O
@ Vrxrr X /&
Vo g e fEE. . &
FXfiH XTI G
e - JPXFIORG [F__a .-
X A+ L

Howerer, if ciher G or fup’ B conitained, 1helr respreclied valyes are
oiriabned 1n Fallgwy:

L=

d. When O i conulisined, for xnamplr, fiaed at prike discount
Quinlithes, theh 0 b talculsicd o

- OO0
e MR
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ComtUTER HODEL T 2 ?
2. When £, B comaiawed, for evample, bmiied by sloragr ton-
sraants [ser meal mll-nnl- then Q # akulaird

a-. _______

S5ampls  Tha protiem i IN!"“.F e wme 3t Samphe Froblem One rxiepil that
Pratlem  ghoriapr costs [0} are Incloded. 1n this preblem Cr = 10030

. 4
31
FOQ

28
14 STORAGE LIMITATION .

- tn this seethon, an additngl comstiainl of MInomuem siocage Vel
yioms, eTher In teanns ol avaifable warghouse space o avalable capital, wiil be
placed wpan the baske EQK) muslel. Thin o inlended 1o Be o illuyiralive
ccamphe 0f an addinknat Type of consrainl mhigh may be fand in the real
world K impowed apon I bagsc [0 model. Oy incorperaticg this adeee
constrdint the reader thoold. ged sanit 233i1-gral ingight Inda the preblerss

Theee \/ LU0 500
ﬂ E ] —————

famlpﬂu The dats card for thh cxample problem fodlgws the werme general Foom
Apel  ooilined previgudy, One addivional Ja1a inpul B neceiiey, The shortap
P Th‘: cos ol 40230 b punched in codumng 21-25, -

0¥ 010} + 030 _ 400{1.154)
1,00 12 10] 0.10 .

= A& B unity

-‘J 5,001 11.00 % .10 X ___ 039
TIC = N300} 11,00 x -1 01600 100 % 5.10) + 0.30

= A AME] = 3404 .
-7 = 1.00] (3500) « 14.564 = F 1664

The reader phould natr |I|;I the cllecl ol dchading shorlags cvstd B
10 In¢rease the et ol Q. Tl K hetause the annwal inveniory halding cosis
art ymaller dur 1o the wnaller average Wveatory. In addinbos, 1he lodal
ngrenvenial costy [ FACY are ke than i the classical model because Balh
holding <oy and preparation conlt are kower. [Thie may be veriicd by
rompaing Lhe resolis of this analyvie with thowe frem Seciipn 3.1,

605,00 0.0 1.00 0.0

tHltrllII||'|'|IllllllllIIIII-IIIIHIIIIIIIIII!IIFI'
aga

The Lompiete {.nmpm_ﬂ_hTut s shown in Figue 39,

MaD(A e Ll ®HDNLEM THRLE. WHORTAOE COAT
IwPbad-%F V.00 lalu D, 8

Figura 1% Corgpurte ) Mpmii- Froldeen Thewa.
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Sampie
Froblem
Feur

that Tate managemenl when detenmining what guantitles to purchase from

wppliers.
+

Thn problem i basic My the e a1 Sampde Frotlem One fatepg that the

additional torstraint of manimpm warchonuse wpare availible [W] his bttn
impowd,
Im this prablem, & = 100 wnilt. From Semole Problem One, O = 4ﬂﬂ
units, bul Wnce W < Q, the order quanlily must be &= ¥ = 100 unhv
In thih probkm, the cont of the lnmlt'd storage conuraint ik TC gy
-TCy.

. re, . 10011001010}, T60H5.90) | 4 cont o0y
T2 . 100
= 3+ EQ+ 600 = E1ER5.00
v Doty = FOy=7C, @ $1640.00-§ |GE5.00 = $45.00 R
Computer  The dau card ol the abowe eaample problem follows the wme foom a1
Input  gilined prevmousdy, wilh gne sddison, The magimum wirchousr ace
=Frablem  gygilable, enpressed In unies, o keypunched in ealomny 4650, The data card
FOOr  jooksfike thi: )
—_— 1END. 5. 00 B 14 |, D& T LB [} [N a. Loy,
[ RN IR R AR RN NN L RN RN R AR R RN )
_I_IuI_I.F_Llll_l:l;u:o.!l_ll_l:_l:r_bl._'lhllI"-'*.--.llﬂl
The computce inpul (or thin cxampe probiean i ghown bk Flgure
31,
HAiaGEMU ROU PALGWLEA FOLH, STORSGE L)Wl
IedB. % W0 wvalD 1.08 B. D., LN L 18 0« g,
Fipmn 1 11 Compears ingd = Frokign F e
Computer  The compuicr gulpul will Indicate whether gr rot he warchoose conprsnt
Duwipul  has had s cllfeg] oa jhe cqunamic order guantay. IF an sconomic ardrer
-Pll'r“‘ Guantity hay been derrmbned =hich eaceeds W the cutput =il indigate thay
-

this hay happrncd,

Furthcrmore, an the oulpul will be b ptaterment 1o the effecd that, If
the warghous resteldtiians arg pperalive, 1he arder quantiy determinrd may
noi b2 oplimal, Sugesiions aor made for 2 methad 10 deteemine Lhe opLamal
quantity H thid rerrsing e presend, The compuier oulput b shoen In Figuee
kS X



»
(L S e ]

21 3

PROGAIA EDW FON MALGAwE [OU PRCSCTR FOUH. ATORLGE LLALLS
INERT DaTa (5 *""%arensns

» [ L] LT 4} LT] L L7 B ]
labl Tewf  LLF Q0N ¥ . a S v Lib
AMLLTSYS MLSULPS aup #anw
WEFOHL fHE waWLHDUSC ATCASGE Limifatlon L% aPPLILD
Dl Dearm Db H BUESFETT 14 wplaul
it 4 Pw]tr MLk 1tLH pr 104
TIELB &g & TUREL JuvputgHr COAT OF T T
wnEkL Ipl HUFELR CF QPDLW CPCLES PLR YAl 1% T
inE OHuL® UUshTITr 1% LTHITED gt Tef wafEmBUTE SPALE
METTRICTIUN AMEF Dn MOT GT i (ETImuM, LOOSEM (AL
REATHICTIUN AWl Fgn acafm GMILkviuG T EFFECE,
RAALTEIS PLAWETS adp wris
AFTER Inf saRLMOUSE 3TORAGE LimiTaTI4M |3 4PPLJED -
T

CR[IMyH OeUER GuanT ity 15
AT & PAITL PER Q1w OF
VI{LEInE & 10TAL gwvinigeT LOYT ¥ FLLERY] )
wed B Tral WuMAEE oF GELCH CTCLEY PER TEAM 1S

TMIS DHOLK GUaWllTy 14 o Tef ®uEi=rd saMiedusl Ca

REFERENCLS
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Ta conchede ol dheussbon of coomemin order quaniity medels and,

In paribculur Lhin ¢omprinver medol, wee would poil out?

1. thal the mode| b, In s persent Taem, limited 16 only 1wo price
breaks

7. 1he wchnicn of shoriage cosde cerlaindy compliclies the storage
limiatalien prcbders, In thae model, when backorders and siorage
lematal#iny are jnmcluded s 1he same prodlem, the ssumplion s made
thal tht backhoighers are Insbamancously fficd and thae the siorage
ligwatalvin I boa consiraind ypon /., and nol upon Q. The ewer
st sermetler dhal H Faw I8 conairained by IV Lhen neither § nor
fran will b optimal,

3, ihis mudel will solve peablemy Mchading ore or 3l of the con-

Mrainty previously deuiMacd inoa dingke probiem. To sppreciate this ©

facr bhe reader iy with ty widve the hdlowing problem mamually
and Then by the use af the herein dewribed E0Q model,
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D liniion
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Queneing
Terms
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Q U i S 5 I ﬂ :
8 madel for queweing Eyalema
o & Wy am oo Tor wapls shaw_ radiiol sharnaed
Aot i myminmL Thr gl oemune s of oo 1 sy
el Sty bl g apa e Wi o waratly of s feal
v WA o et o P 8 var iy & smioc it
SO,
* o B Arrival
! . Patterma

Grueury (waiting lmey] are commman, everydsy ogeurrnnens, Qyeues Qogur in i
procery srret, in banki, an Diond of movic thedters, during Lniversity . !
Megisiration, ard 30 e Duewet build up as 1 rewll of an intersclion beuween
pustomers amheing Tor seivae and 3 savice Paclity. Almost evesyone has
taperienced being frontrated by wailing fmoa e, The purpese ol this
compuiét rreiche W 1 aflow the uer Lo eaperimenl with sitwatlons in
which qurues goeur. The model Iy concerned with moee than wailing fime in
the gueues, however, [t allows wne Lo took a1 1he entire systern from the
operalion Mmanggir's viewpsant, e, not only womying aboul the cuslomer
but s being condeintd abowl the uldization of facilites and (he 1oL cost
of opetation. ) L

The Tirvt peclion provides background infermallon an quewting con-
tepiy and how thes (oncepls may be used by the operalions manager asan
2id for decision mak ing. ,

The [wllowing sectipns present a situation in which the compuler
model may Be wed = 3 1ood for analysis of some possible alternative
maragemenl decliimng, Thew dlusirative pro®dems incfude Complele T ut-
fione o how ro use The compuier progiam QUESIM, I
3.1 THE QUEWVEING PROCESS

Thit wexthon contaim an Introduction (g 5ome Quensing congepiy. Mo
mualbemaiical fodmules are presonted, although refecenges are gioen Tor v _
readers nlercined |m a delailed preventation of gudueing theory. o

175

Z
2

The gqueucing praced is centered sround a wreire pitem which hay e o
art swavnce chanmel, Cuclomens Larronit] 1 drawn Iu_-om FLEET TR TS
o populaton. In queucing modey, the ¢rtomer 30013 [rom the input
sl are procrally charagterized by @ piobabilng dhn-bumrs._‘lhr umhn:
cummenly waed 1o represent the mesn arriv al dane of gustamers o the Garee
Tetier ket (o). Any airival prieling 1HE syslem joins 3 goedes, of e B11INE
line {3 queut may be of 2era lengih). The cusigmer o seleered Irom 1he
quiwt Tor T df(onding 10 2 guiud diuaplice or 3 preoFily turfe LHuraily,
sevige limey Tollow wome prababilay dainibg oo s the Jurfagy WK
raur s commenly 1eprewenicd by the Greek Tenped mp ). In order 1o hnth:
$able queoting protess 1he avErage gervice tare {u) must be greater than 1}“
mcan rrival rave (M), Afler scrvice |5 complered the customer ey i
siem, See Figuree 9-1, .

" Eenerally, & queueing sysem b characicrized by the Tollowmg prop-
of1s!

1. Iis arrival palleff,

2. ILs sepwice Nime distribu .

3. i3 quewt disciplme. . —

q. I !a-.-am.nrtuslmrr-nuw paMiern.

The feature that males some sitaaliom inlo gueycing luations g u_nfmr
sijustions nomnqutering is the nalure of the arriviht Lo dhe syuem. -l.r:?ﬂs .
are the cuslamiers 149 1he servlce facllity, sirce they ae bhe people oo thiRES
oceyted. B
th Mt;jnl:;:!si;p:uim where all airivals arc on hand, yusch ay 3 Lacge slod:.l of
raw maicrials, the wivkEe Cenler miy Procest aviieal gt =ill, ln_d 1here i (W2
real queating problem 6 such. 1 gihet yituationg wheor J?pﬂ!mmﬁ ax
mude aheagd of gime, there Iv alsg RO real, e 20 BamL wnblt,lqututmg

robkem. _ _
¢ The really Inieresting peoklems, those wort iy of being siwdied

’ GuEucing Aysiems, exid when arriaaly are not comnlied or conirollable by

the wervice cenler, The most Com moh suumtion made in these cory iz 1l
the time irntersaly beiween comeculng aftivaly ate independenl und:_:-m _
varisbles, Exch arrlval i consldered to be wnaffecied by ihe Lime &l »hich

dprrgre nabm
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any ether arrfeal wicuis o by the cumiler o acrivals which have alresdy
uben plee. A gosd paample i Ihe plicing uf 1rlcghone caffy when cath
Cudiomer dee nat reafly hrow, or Care, who el iy Plaging awall.

Studicy of queuring systemi have roveated 1hat the fime inlzevls
berween conseeulive arrivaly are afien diciribulcd ictording 10 Lhe pegalives
eapentnlul dnirlslion, (Lorger time Bniervals hyve a bpwer probabiity of
otiutience.) In this chse Lhe pumber of anrvals cupesitd Jorms 2 Ponagn
dislribotgn, Cther atigl distrikution are peaasiie, bul the Foissen disiribee-
ton iy he most [requen)ly ocCutring diftrbelion,

The simpPest situanion Iy that in whick eah arrival requires the same \jma for
wivice 2y e¥tiy alhdy arsival. A rending machineg, for cwample is usually
awmad 1o huve & constang servier lime. The musi oomeonly  asamed

swivice tome ety disribution, however, i1 the negdlivecxponcniial dig-

Iributlon, The servlee process may be further charagterlzed zs being single

phase |one operatlan) or multiple-phase (2 series of operatiom), -

The Gueue discipline by the priovity fule By which waliing jobs are velecied
Troen the queue Tof wrvice. Begawse this represents 4 dicclly controllable
Saclyioh variabde, an earensive amount of fescarch has bten done in thit ares
of quevring theowry, L . :

The ment commen priority toke 15 the First-come firslserved role
[FCFSL. Acxording 1o ihiy rle, the firl Jabe vez arrive In the quewe wil be fhe
Dyl fob 10 be servlged, |n addition, (he tollowing pricrity rules have received
much attentian: {)] The randen rule shcts 1he jobr which has [he amallest
wilue &f 3 randem prinily assigned it e Lime of i arrval, angt {2} the
Heod 1441 opEralaen lime rode [SOT] ehicts from e queut the job wiich
requires che least PO Ling time al thal sivie cenler,

The layout of Mow purtern of 3 queuting system is largely derermined by the
Al
<al limilations of the service acilily, - .

Thin Tncior of pacetic wivighng requiremenis s impodiant when (he
Wb muat b procewed Lhrough a speeific senvice channel o thronsgh 2
pxirular sequence of eperations IF the jobe has no speeific rowrning requlre:
ments, hewever, they Dictor becomey aegligible. M the jobr requires several
ot fatians, Ter exarmple |t is poisibie 1hat the sequencing uf these opergions

- of ra consequence.

. JThe phystesl Lpminations of e service faeiliy aie impesvant, o they
alfecr-the Facibiy Lyout. These phy sl limitations iMpase an ackd fional
omnining when they tead 15 limid warleng arcas Fov fobs, As an example, .
mily picler to hare 4 gingle queye, multiplechannel sereice Facility, bu,
ddequate waiting space may nal be availible, The Following arrangements are
wme examples of 1psiem geemelry or job-llow patternt. slagle quewe-single
channel {Figure 81}, single quzue—mulinple channels in paraliel {Figure 33},
rudtiple qurue—mulliple channeh. [Figure P, servige centers in tendem
IFigure S4) o service ceniers in a re sk, ot

fie setwiting cequirements of the arriving populatlon, and by the physi .
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One of the pimyry purposed Tor sudyling quevring Lhesry 1y i prfdit'lirv':
capabifitien. In torm, this prediciive capatality s relevant to the design and
contred of operation systems. Some of the optennionat characieristics of 2
" qurwring system which may bE of ncerest 10 2 manager are 1he datobu tinnt

1. Queue kngih.

2, Cuslomer waiting Time [in gueat andlor in e pitem).

1. 1k time of wivice Macilitren

4. Wumber of CutTOMEr, in the wErvice ysiem.

These disiributions may be deperibed by their mean value, Standard
devlation, and Lhe probabillly thay the varlable exceedy o specific valur. With
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T information of this fature thr quewcing ¥ysem could rhen be devigred {of

ahered) so that

*1..The rrwiting optratlonal shatacleristics are wlihin acceprable
limlts. '
1. An economis grileian wch 34 €osl {or profit) may b4 minimized
{or maximized]). . -

AR rronomic £riperien may be evlablished if one can asociae doflar
walues with arfivals and werelce, For caample, [ one knew fhe revenuey per
arrival and the coal ol wervice, i1 womld be possible 1o st up 2 profi-
manimirsibon alyeclive, O, il the cost of an arival wailing in fine {or in the
]r“{m} and Lhe coul of siviee are hmown, the measure of efferenen
coutMd b B ConT-minimiration funclen.

For solving nperational probiemy which may be characherized as 4
queueing process there are twe methods available. Cirst, W the arrival and
wervice 1ime disiributiond aré wetl-known mathematieal distelbutlons, it s
poxsibde 1o derdee Tarmulas for deaztbing the operational characlerishics.
Cecordly, cven il Ihe queuting IO il Mol polcw propeniiey of
welb bngwn dstributions, o can Wil aiiompl Lo solve the probdem by
meant of Mootz Carlo wimulithon, 1 this approach, empipical o asumed
duia (or gepival and servlor Time dogpbution are used as bases lor generaling
o lurge pumber of artbealy and wrvices, o papeds. This may be done by hand,

bt for 2 large simulation i) b mend ofben done of 3 COmpuler, |

Simgr QUESIM it a compoier simudation madel [of wating lines, the
derelopmint of the anglyiical formsdis tor wobing these problemi will nolL
be presenied here, For peaders interesied in the martkemali ¥ devebopment
o heye formulas see Hillier and Licberman, Morce, xnd Saaty, in the
referemes Tor this exercise, -

In I1%is section, & sample probiem soflable for the application of the
compuier model HIESIM will be presinted, The OUESIM model itwell wil

ghan br described. Thip description witt point oul 10 the user the types of |

sritems For which €IUESIM ji applicable and the conirol optlone aeailable 10
the user, Following the aove, drtailed deseriptons of boih 1he compier
fmpurt and the cempuier eutpot for the sample problem will be glven

ehn Entrepeencuc, wha 1 » senica 30 1w Ingal college of buskness ad ™ mis
Iralson, it POARE 10 Op4n & CaMpus WE CrEdm shoppe. The dlore Tedluier
sevenly-right variziacy of ite qcarm {more than docrble the sumber of his
compeliterl, and pretly cord’s 1o serve them, Even though |ahn's ulore will
bhave mare to gifer than his comperitgr's snde, called The Establishment, B
i hypathesised that fn Be Tint fow mombs Iocal business will be rourghly
dinided ber=een boih siofes.

John also lecls thal Lhe confeciion industry has 3 high indew of
sabstitviabitity and The dmproved arslabibiy of e cream dut 1o the
openlng of hiy shoppe in the pear fulare will marginally increase Ihe grosa
wiles of biuth sores, rather than eerely divlding e present sales markel.
jahn's marketing rewearch effons have lorned up the Tollowing tnformation:

R HODELY

The
Mol

i

the disteibutien of custamet arivals ince Toy doars e 7 00 = Akt ely fofle= g

« Poisson deaiiibution, with & mexn arrival rate ol 60 propie per hout, fatin

has planoed that wpon areival in Doy shappe £i0h cusiomer will take a
scquential number and awalt his lurn for scrvice, This will facilitane his
serricing of custamen o 3 liel-come firsy sened basis

John's prefiminary andywes also show 1l one wit [=howe wiies
are 3130 ptr hour] £an be eapocind 1o wivice about 30 cuntomets o1 bour,
folbowing & mepativeexponendiad distribution Maicower, Jehn's markenng
research phows thal when the serace rale o5 Mower than the arrieal rate,
customers will leave rather than wail in 3 Jong ne. Jehe esimaies that his
(o5t [powible opportumty cout) will be $003 1or rvery minute thal 2
cnlime s gl wiit N

Thut lur, howeret,, John haet rn ben Jbe 2o aweriain om b
research data the optimum nismber of servety 10 bt on duty. Logiucally, ke
Lnows 1hal more thar gne serecr is required . beCaLse e mean arriesl 1ale 3

©wige the mtan service rate, Furthermare, he 1edlues (hat thes raies are

mean rates of probabiliy distribelions, nal censlanl rates.

Jahwt recogrites thi his problem iy one o dego, ie, hvbw muany
service chanseh to promide in the abhony QUG s Siom N Orded 1o
minknlze lalal cosls. He coyld, In lacl, aclually OnErihe his shoppe with one
server, iwa srsers, three wiprs, el exch (o0 2 preied of time, and
calowlate Fus 1otal costs, Howewer, Jobn hay an aliernative, #nd Lhan i 1o
simulate hit bee eream shoppe onerabons [0 o compressed time preind with
QUESHI. Using QUESIM, Jaha fould oupecimenl with using one, 1o, thee
serveis, ind 30 on, vnlil the mode! wedicates 1o fohn the opimum rumber of
wrvice channels 1o hawe In Ris service Taclliny, Morraaer, Lhe semubaiion can
be done jn 2 short period of lime, 3t appowd lo wailing for wechy of
empirical dach Fro 3¢ 1ual operations, -

QUESIM Iy 2 computer modet devetoped for simulating single queur, single-
phase, paralicl queueing sypiems, that i, the type of sysiem proposed by
John Enircprencur, The madel delermings, theovph sRitcraline procemn, The
optial aumber of service channels 1 allgedte 1o & wenicr Feciliny. Thae
conligeration, o design, of The wrvice Tacility is undor the {enirel of the
user; honce, e wser muyl specy the lfoltowing characierivtley of Lhe
queelng pryiem to be studied. .

1. The arrival dislsibution, the mean arrial rare, and the cois
aundd L ated with g nivgly wailing in line.

2. Thr scrvice 1ime divtibution, The mean kereice iime, and the 2ol
of wdle servers. |

3, The simulition conirol Bmits, or the initial and masimum tmber
of service channely fup 1a ninc) which may be considered & aileble te
tha service facility during 1 simulation run, #nd che masimym Engih
of Lime for Ihe samudilion 1o un

The above informpnron on arrivaly, services, and pmutaison conbo

Iimiits compelies the Input for thr computer program, QUESIM.
The computer cutput Includes, al 1he Lop of Lhe page, the et
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inpul daly ay s means of fdentifying the wier's bproblem) awiput, Following

— ths Idenlification informatlan, the st awemy simulared arrivals snd ser

Lompuler
frput

=] ey
Tor Cogam
Shoppr

wices are printed in s labubar Torm. The program then pooans oaen $Ha0 Ao Tor
he number arived, number weviced, a0iud! senolatiksnrpn Time, mgaimam

. kength of quene, mtan lesgbh of querr, moan wailing & me in gueue, percent
" uliliativn of wenyloe Facihiies, waiiing time (1o gurue] couy, idte seevice time

contt, and (oral ganls o operations, This data is printed gut for cach lerative
rumber of service chasnoels and the amubation s terming ied when either the
pumbed of ervice channels has ceached the manimom aliowed of the tolal
cost of Ihe spstem with A servers [channels] exceeds the 1owal cost with & =
T aervers. ,

An example of the applicaion of program QUERIM 10 John Entee
prenewtd problem i given nesl.

Shown below are 1he input data carcy required by QUESIM for solving
fohn't loe Cream Shanppe Problem, Do gll, Tour data cards are required Lo run
program QUESIM; they are the wyer namt ard, Lhe aerieal dala Card, the
fervice Ogin card, and the simuotation oontrad card, Egch card wilh be de-
scribed dnourn. )

User namt card ig the fies) card. This card may contain any ldentify-

ing informarion [wech a5 Lhe wser's nume) which & desteed. The Wdennlying -

information i Y eypunched in the lint forly card colummg,

Meipaekl LLF ST FRALLLFA TF,

Artivat data cord i the secand dina cand. Thi card conlans the
arrival Iype (ke arrival pallern] in columa 1, the mean aervgl rate In
columma 11-15, and the Sopt per pnit of wailing e in cobumns 11-25, On
this and il data cards, the wsed mrar key punch all decimal points Fut ]
Enrep ey s prablem, thin card i illestrared behow,

i 1.9 o 05 -
1 LR NN AR NN
+i R T L L L P P P TR L L It

The 1 in card clumm ane i T6r arrival Iype tode |, which gpecifiep
the Polysan arrival distribution, The 1 0 ia celumn 11 specifies 2 mean arrival
fate of 1,00 cuntomers PEr Lime wnil_and the 05 in columin 21 represents the
ol per unil of waitg time pee aeival i John's Ice Cream Shoppe. -

Service iz card is the phing dada card, This eard contams 1he service
type Ithe serviee irme disoribupomd in cofuma |, the mean gervics time in
cofumny 1115, and the ot per wnil of it seEvice L in columss 2127,
For Johna Enireperneur’s problem, this dyia i thown bebow,

[ T L

4

wm
CXMCPUTE & lIOMU

L amputer
Cnput
—John's
lee Cresm

4

Ve g sporanl il serack Tome
&G mieam s Ry e BT

The 2 in ul.luu 1oapag ' an 2
li"-'“I|‘|.|I-llld'| argd pla _"n.- w1,

Th badurmen yovro o we Iry Nessith oBaTa s ged. They taed
Comvlaing. the o e, . .| wieoon o Pearru b codemn 1) The M
UM aumber o] wwivioe oloaee Cowee 1, M ghy asulima-aun Lime
in columns *13, | [T I LTS I [T L T L ceniral
Ed b lwiwn bebow, liw boa o of pewe L Lhis cmlation d3ie B oin
LT

1

The complene lisking o (b fumgy aogwad cDota s 30y, ome card pef by pt-l'l'Htrl

it iy shgwen in Figuiy 9.5

MALTAML VWASTH PMONLER gaq

1 =q %
4 '] ayl
L w &n_

Fagata 85 Compuntr inge b= Jghin's ber C1e om Shoppe

Shown in Fipure 946 B e compaier sulpul lae the faryy Toeracion {one
chanmel) of Jeha™s e Coogms Sioepgs Fioblem, A he sop ef the computer
Stpgn, e Infeim alins mePut o o T data cardy is printed aul.

_ Below vhy prohbhm it moabion aloemdton, the s Twenly siriv.
ab of ihe aciwal sedathn e Ldailaied. The Zor mot mean thal only
Iweney cusiormers ot ned il bese unils Ve compueer program s design-
ed g primt e 3 Lble For only e Diesd 18 eA1y aien iy, segardless af the

" simulation. e lime specilied,

In the samudalion §ghle the tolvmn beadings aie the gusromer’y
vyl yame and hiv depariure Lime a1 hiv tEPECLE channe] numbet, The

program yyecifies 11 10 Firgt cosbomer always arrives al time zero, hendein, .

Figure 9-6 customer 1 arrived a1 time 0.0, The randomly selected séfvice
v [or The Fiest anival was 26 time umils; thar, the St sremal deparred
from ¢hannel pumber 1 0in dbin oo e ooly Wicice chanaet] nmr 26
Cuirormer 7 alis artived at time 00 ond requirrd 0,7 minuiey &l protesing

*time, thuy esiting the syslems an simulalaon e 335 The arcival and depar-

lure imes prnicd oul are rognded off 10 Wthe Aeaeest paeenth LT} ime
wnit, Consequenily, thi roundmg olf subes the anival and depariare Limes
Of yoiret (WIICMErS 3RPEIr To GEour dt The same Limg, g enample, Cobtomer
rurmber A by Foguee 4ok,

Below the sample simulation davg, the tummary queleing o alisac
and oo AT Coly, which ane the anlormaticon GF mont MEEcEdL, are prinied
out. The firsl line iclh Maw many atteals eatered vhe sy siem arad how many
were serviced by the end of the specificd simuolalign-run Lime, The humper

of arrivaly will always cuceed the rumber served, by a1 leasi one. Thes iy

tecaust in pregram QUESIM arrivily ocour belore depaniures znd tlapwd
virwly Lign lime s chethed ondy when deparfueet pocur. Meat, the mukinum
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Fhurn BN Cormputer ot mdihen's hoa Lt ym Shopd

fength o The queur, the mean rumbef of rusburmens in queve, and The mean
waiting 1ime in the gueue are printed gut. Thee, 1he perient utillzation of
Ihe scrvice Faciliticy 14 printed ot Thiy is followed by the ot caleulitions
Firsl, the tolal wailing 1ime Cosl, which iy the 1p1al wiiing lime of ab
cusiomers i the aysicm molliglied by Lhe cosl pee urfl waiting rime, it
given. The nexy Bne giees bdie lime conr, catoulated as unils of idle time fin
Lhe screi £ [acitily] muliipleed by the Cost per unil of Wiy Lime.

The Inst hing primed cul is the tonal sost of gperatinng, which is the
Mk:mw;un;m|h:wﬂﬁwlhw:auadelwtmﬂ.Hlesum:mn
the simadatar tnet 2% 2 bavh ToF Compasng cach opatien e Ihe previcut
Werapian for the purpose of delerMining when 1o ferminaie b simulalion

fn the sample problem, the batic isue Facing John Entrtprencur b
bt number of tervice channels Hervers) he should hawe dn his Joe cream
shoppe. The wmeiry statiibos for one channed (Figare 96} inditaic that

COMPLITE R MODELS

10 (4

'l.l'l“.lm A leash v mae 1l o we g0 Thm SY00IRE bRigth od ey o

. T 0 BT e tham P qmacle g -n o= opn % DU REER 4wt 1oy 5, ,.' R
CMEROMETY mILhT nank, o1 fha gant .o 10w Rl10EP F- Bime AL (e .
In .n:.11 g, pine wasuhd wg FELaoE o lvam shapps tuslomgis g,
PrReng! Moaegeer, oo wamalydy = oo sl o AL CUSTOMEN s = aepimy 1o,
BT % Beny im0 Pk ek e 3ty b .

Far 100 ¢ it slitg luie 3o en w0 Mo prehlem, 1RE wailing 1o 4 as -
the fumiomers [ar eapvrgts e ota b= o guend o LRE GG wereer Bjy o -
a0t i Y A6.TS conynd alianed LDira Ty b waitang Bie ooty

The simunaton contend 4o taor gl probiem requesied that pra- .=
QUESIM inicialby sirmulale ol Lindrepecacut’s SYS1Em wilh wng wpag,
chunnel d conpinue 1o smsdale B wy I, adding onr sdditongl e
thinne! tach on, omi? 1 wmulasan leminated, The timuliten )
lerminale €jther when b wobab comsl el [ 553 06m with M oservers excopgd s ain
Ional cosl with & = 1 servery oo whacn die masimam number of Mg w skl
wereice Chpnneh hay toen teachrd.

For John's' poghlcm, (e oIyt of adding addiaonl senery in ba
thappe it thowe by luw, Thy £us] Inanys im Figure 9-7 eame dirccty Lier
Ihr compuier primtouls Tor the seheinun Lo John's probdem. These f.;u.n
ke all simufation cesulis, are o lunclion of 3 fandom rumber Eeograns
which may be dillerent far each sumpuoter. Hlence, 1hesr Tigures may b
dighily different on dfferent cumpuicry, :

Mumper of Welting 1 fime Teial cosi
chontels rosl ) codt (5} of operations (8]
1 1445 019 15.74
2. FRT 0.4 163
] 026 261 ’ 247
4 0% R 467

Fhpore BT The sonM gort of operat=ona For one 1 lour
w e Channall

Flgwre 57 stows thal adding 3 seeond senice channel dismggi, o6
reduces the cost of cuklgmer waiting Tiom $16.55 1o §7.14, Addinp 4 1h5!
service Chapnel [server) conlinwes 1o doerease wailing Lime cost and 15
mamber of servers which minimires the 1o1a! codl of operations This 1
wiulion 10 fohn Entreprencut’s problem, g5 preen by QUESIM, s Jor Jokn
o provide three servers i bd shoppe aperaning under hes repoetied sleds
stale condilions. Keep in mind, however, thal il we 1real each simdiimmn
et bnil 3 e manute, we harr semplated only orr hout of DR TN
Thut, Johm may want bener daiz sndfor a bonger simulation jen bl
coming 1o 2 delinite conchuslon abowul hiy probbem,

93 JOHN'S ICE CREAM SHOFFE REVISITLCD

lohn's  Grand Opaaing!! Juhn Emirepreneur’s ice eream thappe i how open. He n
Mew 4 pucied about lesting out his proviout Concassom on Ihe Pumber

scrvers 10 have i hi shoppe thal alfler pbaerving only 1the Gol filtcen amiab
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he rushes ot 10 the bocal compuler cenier Lo skmplare DUESIM with hin

empirical dala. In recoidicg N data, John bepd tach of both e Lime Tha )

eich arrival emiered the shappe 30d The 1ime it Lok b serve ep5D Cus oy,
To |otm’s swrprise, he found than alb of the service limes were 3 eomnt,
thret menubis. {obn fow wanly 1o vw program QUESIM with the data that
e hat obrlained. The requined jmput and 1he rrulltu compuler oylpur Tor
Joht'y new dila Lg deicnibed neal.

The wvidr rigaed cord v always 1he Fiest cand in the dala dech.
Thr arrnal gote cocd i3 the second cand in the daty dech, For Ihu
probdem it ieady 23 Tollows:

[ [ ] 13,

MNate thal in cofuran 1 of the gerfial dets caref vt vode number 54,
which spechics that all areival times are 10 b "read in™ Trom additlonal daia
cardi The coul of widing i purchod W columny J1-75. The number of
sreteah to be read i K obndiczicd by The vika Loecilied in columns 31-33,
Although this value war not required in Lhe previcus pmblrm hete il hys a

ppecilied value ol 15, .

Readin arrhedy are weypuneted Twchee per card md knmedialety
follow the arival daty caed. Sine [ohn has Bfteon Jaw value be foeds tea
readw arrival data cards, with 1welve dita peimis onothe find card and three
an the scond card, Thewe two caddy have 8 farmal of 13F5.0 and are shown
bejow Tor Froblem Two. Mogice thal oL In the 3iual sevival timey that are
recorded, md the chaperd time belween artivali.
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TARJETAS PARA USAL EL PROGRAMA GRANM

Il:ulum 1

Torjela 1 /ey

Torje 2 A7 XEQ GRAMM 1

Tafetad  SLOCALINGT, PIVET, TABNU, RMBVE, CLEAN, TADPR ~
= Tajetos de doted (Var pdging 7

Tor|¢'|~n f‘

T

NOTAS: )

= Exty progromo evé listo pore o en 1z computodoro 1B 1130 de CECAFI,
=La 'lurlﬂp [ TR !u'ri.lu uﬂﬂ'ﬂl‘liﬂﬂﬂ chtanlda dul CECAFI,
= El némero 1 quq:ﬂ'ec-mlﬂ?ﬂ-]ﬂﬁﬂﬂ!tpﬂmniumlmﬂ. -

=Kl pl'ﬁﬂlﬂ‘m.ﬂ on lo [BA, tigns une copucidod dy 10 resiriczionss ¥ 15 varichles inglu-
yenda de helpure y artlficlales. .

- Exte programa lomblén te anouesira disponible en’la Burreughs dal CIMASS, bojo el
rerbes de IW/SIMPLEX, Lo Inatruccionss pora cenerlo an el TIMALS oporecen o
la siguiente bjo. Este odinite wno caprcidod mayor pbre gl mimers de rettr coloney
¥ vorlables como be Tndics on la segunds helo. .

- Este progrome wliliza f mbiode du fo gron M,

TARJETAS TARA USAR §L PROGRAMA IUSIMI;UH

Celumna 1
Tevjemm 1 ¥ USER dove /
Torfeta 2 fRUN Ura) LS IMPLE X
“Teelwia 3 T DATA FILE 5
= Tor|utos de dotos [Ver pdgine 1)
" . Torfete tEND ]
Firal .
. NOTAS:

== Etta pregroma esté |lito pore worie on lo computodoro B 6700 de CIMAS/CSC,

a

E = Lo tor|ato 1 e To Yo st rojo chienido del CIMASS, T

|
= EY sfmbale *** aignifica un cordicter 1nvtillde, Eue se obilerne pmicnondo los le-

eles MULTIPUNCH Y MUBMERIC simyl1&rroients ¥ porforando [on ndmarcs 1, 2, 3, »
&, B

+ = Exla progromg ilene um copocidod de 20 reirlcclones y 40 vorlobl st Inchryends de

kalgure y artificial e,



L wiguleniy informaelin deberd porporcipnona o le que v Indion cowo tor] vies de

- Colwena 40 1

‘!n.— mr&uhhM?m‘;m m-umﬂ-u-hm
.'14, =14, H 24, .

TAILIETAS DE DATOS FARA EL PROGRAMA GRAMM O [/SIMPLEX

ot on bin hojo pnteriore

TARJELA DE (D€ HTIFICACION cel rluu.m. -

En wia lorjate pusde wior desds le eokemne ! L] In ?ﬂp:n pnd-rdmr wnlq-lln ldmt'l-
ficaciin que desas dov w2 problemo.,

TAKSETA DE DIMEMSION Y ETICUEYACIOM DEL PROBLEMA. ‘I’ CONTRDL PARA CD—
« RRER MnY% DE LN MEOBLEMA. Lo

B} yunewr o debe der cuabre ndmerns antaros con formato (AL10Y en Yo digulenia Forva ¢ _I

Colymnn 1- 101 - Nimero de renglones del preblans, . ‘::‘ S

Colvmnoy 11201 MNimere de cobvmnat def pﬂhhr-.- ’ -

Colwwem W . lmh-lﬂnmlﬂﬂﬂwﬂlwh-lﬂrﬂhﬂr'h
cobyanal | . .

lmhdnﬁumﬂnmmm e .:' .
!mﬁnn‘ihﬂm'wyﬁlmﬂﬂﬂﬂ - '
lmhwﬂnmmmh. - o .

_NOTAS: ) - : . .

- El rdmepro da 'lenn- no inchryw o hln:'lfﬂn objrtlva,

3 wierion vn | an ke cobomnn 30, o b, dmhd-hi.lﬂ-ﬂ.ﬁh-lwpl

de rorfetor pora ytigustos de renglones ¥ ol grupe de Forjetos_piro stlgustor de columnm,:
55 a0 lygor de un [ e B0 comp debent omiili ot grops da borjero f posor @ los torje-
W gy coellcienion da oo voxlobl e oniliciole o0 Lo Funclén oblatlve, -+ -

Slnhmlmhlmiﬂniﬂmlnmwtu. R . -
TALIETAS PARA EHGUHAS Df RENGLONES,
hﬂwwﬂﬂlﬂw.luwhﬂ-ﬁhmm, p-hlmmd

aimg & coreclerm de cuniquler Hpa,

H-3h, d1-4h, SNda, 4146,

. Niicioes.

: NGTA!- GENERALES:

TARJETAS FARA ETICAMTAS DE COLUMMAS (VARIABLES) .

; e
L bow|ebem poww WierdiTlon o bob cobmm o w0 o b vorfobles Inerodvorodo en of
problema (Incluyarda s holgure ¥ ontificiales) deberin cicribing du poiado » b

"twplea anbr dons pore siquetor 1eng e,

TARJETAS OE ﬁDEFiCIENﬂS l!l LAS 'W'-IILII.ES ARTFICLALES EN LA FUNCION
[+ 3 21w

ﬁ windo votloble ortiliciol afgrats un 1 vy ol vwlchlu rai nﬂiﬂ:hln lgrete un
0, Errot mimgros miciiholos «n 1o columos 10, 20, 30, 40, 50, 50, %), de oeuer-
do of orden 4 que u*-q.-uouwinuulmh-u-}

IMPORTANTE, Exta torjeta sz mguarido oon 15 ¢l probleme ro tlene verlchiet  wr-

TARJETAS DE mmcu NTES DE LAS wmms MO Amm:m:s [N LA FUNDION
OBIETIVDY, fe owilE

= . -

) h-ui'hlﬂquﬂ:hﬁhlﬂquuﬂ':lﬁﬂnbl-llvum-”m[?f 16.00, Eyvgn coefi-

clentes deba pror ibiclon da ocardo ol orden en qua afTquald ma vorfobln {eclumnnd,
Lo evaficientes de Tos worjobles de holgera y orliNclelier debreré ser earo,

1MPORTANTE [ Loy couficientsn da ko funeldn ohjslive deban corerpondar ol problans
du minlmlzor, Por lo tonta, o m problesmo a3 de monimizor muitiphlgue por =1 ¥ corei-
dure loi coel|clondes que renslten como ks ovor de ntrada an sste P oo .

TM,IHM DE LGS EDEFICINTES DE LA MATRIZ PE lismccmms

"Coda rengtén de nﬂrlcﬂnlm Ve o1 une o varlas foretor, sorlbiendo Lot slemetios me—

casivinardy pn une torjeto con un forncte (7 F 10,00, Codo vz gl proporcions uh oy
o r-nuldn deba wmpezovle on ol torjets, ) i .

TARJETAS DE LQS LADOS DERECHOS DE LAS RESTRICCIONES,
Los covdiclentsn de) kado derrcho da rrihictlomnts 1y propionon w20 #iromens a0 ue

Jorato & #n cowe du b Trineficlents vin otto terjeto, El formate o (7 F 1000

TARJETAS PARA INDICAR EL COMMNTO IMCIAL D YARIABLES BASICAS,

En uno for| ero progrome SErH vipmante Tot mimmron di lon colymncs quw wan o 47 yoodae
- e et {voriol) ] Hﬂnu Indcicfe. Un Tormatp (7 | ll:|

5

LR ﬂuhnhlﬁi¢|mﬂhmmﬂwluch
2. Shan lo TARJETA DE DIMENSION Y ETICHE

TACION weibld un 1 gn le ol
probl ema Sebe I desputs da e TARNTA rm" " ICAR
EL COMNRINTO [NICES L DF VALLABLES ARTIFICIALES, F, lmpeertarig ::?:E::

faurbva prpblyma tmpl-u e Il TARIETA O£ IDEN'IIFICACION DIL MLOBLEMA

Tl el Ry -

P . - .



EJEMPLO 1. Coraldera ol probloma Iirwal

“Il"l’"ls

(W ]
Imp=ng-xgtug2 0
An tlammgtagz 0
l-]‘?ng .':l:“"x_ﬁ:‘_?
Mt gty =l

'-I*IJ

Duberemos multiplieor b Funtisn obletive por < 1 porm gua ol
citn ¥ tomblin ogregor varlobles dr halgum = less primaron bre retel coionm poro que =7
Ilegun o sar Tguoldodey, Con estm obiervocionsy ol progrome Hnaal estord en forma wton
dotd, lo el o urn condicidn pore opllcor ol programa GEAM M, S

fueto problemo en lormo gslondord &8 7
’ Mk |

. min 2 .—mgt-ng

. T ]

gt gty e Est
iz ":—la"'l‘_- ;lj 1y

-lll‘i‘!hi - 4:*-!_; *ny

’l+'2.+'°-'l -
neop 17l .8
Loy 1=1,2,3

Obskrvern que oungue el progrome lines! o wttd en form esiondord, todavio e aitd llso . .
pora empezor of olgotltmo de lo Gron M porque #n To Glilme restricelén no axlste yne varfo=
ble que cporezco an eatn eplelccidn pe no 1 encuenire on 1 chros reshrl cclones . (Te., no
st Vierm uno soluctén bésice Tociikle inmediare), Peor lo fonla, deberemor sgregor via vorle |
bla crtiliciol que Homotemor 1y, o lo cuerka restilccidin pore ot completar nustto wlucisn
_bdlliﬂ:l factbie en o cugl ke Inicie gl olgoritmo. Sin wrbomgo, of Intmdutle stha vorlobls =
. ortificial an lo tesiriocién debare mon ogregar ba #n Yo Tunclén chjative muliTplicods por vy =
enntided poslilve M sy gronds . Al noaatre problemo rewlic serr

min ' I_H'F;s“ml

Tttty -0
hlll ~2ugy *xy - ug iy =B
 tIm ey - ty =0
B T B el

yEo 1°1,3 ... 8
lu, [.h:ra
1 tp |

probf e e d; ;i;tnﬂ:u;

1 daflnleos x*=—t, =

£1 convenbanie represanior al programe lineol #n vn tobleio fo tobleodl, pore poder wnten
dar m&s Tacilments 1o infoarmacidn qur daberemat proporclonor ol progrema ds computodorn - -
CHRAN M & I/SIMPLER, Edla tepreieniociin oporece dht|o .

B B W W W B B
Funeisa Ob{. F.C.) a 0 o0:-1 v o 9 o m| 2
RBarglén 1 (B.1) 2 2 1 1 1 t a4 0 oilo
Rergion2 M. 2) 2 0 2 1 -1 0 1 ¢ 0loa
 Renglén3 (1.3) -1 200 1 =1 0 0 o a
" Aerglénd R, 8 P16 B oo oo oo 1] |
- ¢ Valtelge Ve, .
T . ?. i ‘-—E—-—-..—-—A:". :
- +; L. Sotueltin Inlciol
,:_ bialee factible

f a .

Este tthlwro contiena lodo Ip Informacidn necesarla y ta notarcién aproplada poro comer al
progroma GRAM M 8 ! I/SIMPLEX, A contirued] 8 1 prasenta w eodificoclén pora wl
GRAMN M, Fom correr al IVSMI o et loocin o l_diﬂﬁﬂ sncaplo por lm hrjetm
de conirol toma 1 menciond en fo sxph coctén da erta progrome,
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