
Fecha 

Marzo 14 

Marzo 15 y 
Marzo 28 

" 29 

Abrilll y 
" 12 

Abrill8 Y 
" 19 

Abril 25 y 
" 26 

Duración 

17a21h 

9 a 14 h 
17a2lh 
9 a 14 h 

l7a2lh 
9 a 14 h 

17a2lh 
9 a 14 h 

17a21h 
9 a 14 h 

lNTRODUCClON A LA PROGRAMACION Y COMPUTACION ELECTRONICA 

Tema 

lNTROOUCCION A LA COMPUfADORA.DIGITAL 

Las Unidades de Entrada 
Las Un.idades de Salida 
La Memoria 
El Control 
La Unidad Aritmt::tica Lógica 

LENGUAJE FORTRAN 

Constantes Varialbes y Expresiones 
Proposiciones ArittnE!ticas 
Proporciones de Entrada y Salida 
Control de Transferencia 
V-t.ri:lbles con Subfo::lice 
Proposiá::mes de Iteración (DO) 
Formatos 
Subrutinas y Funciones 

CASOS DE APLICACIONES MATEMATICOS 

CASOS DE APLICACIONES NO-MATEMATICOS 

UfiLIZACION DE PAQUETES 

Programación Lineal 
Ruta Crfti~ 
lnvenrarios 

Profesor 

M. en C. Armando Torres Fcntanes 

lng. Heriberto Olgufn Romo 
Ing. Ricardo Ciria Merce 
(Facultad de Ingeniería) 

M. en C. Marcial furtUla Robertson 
Dr. Víctor Gercz Greiser 

Ing. Luis 0Jrdc!"o lbrl::oa 

M. en C. Mardal R:lrtilla Robertson 
Facultad de Ingeniería 

• 





l. -

2. -

3. -

4. -

5. -

6 .. -

Directorio de Profesores del Curso; lntrcx:lucclón n la Programación y 
Computación Ekctrónica 1980. 

ING. RICARDO CllUA MERCE 
DEPARTAMENTO DE PROCESAMIENTO 
CENTRO DE CALCULO 
FACULTAD DE INGENIERIA 
UNAM 
MEXICO 20, O. F. 
TEL. SSO. 52.15 EXT. 4150 

ING. LUIS CORDERO BOROOA 
JEFE DE LABORATORIO DE COMPUTACION 
FACULTAD DE INGENIERIA 
UNAM 
MEXICO 20, D ~F. 
TEL. 550.52.15 EXT. 4750 

DR. VICTOR GEREZ GREISER 
SHAKESPEARE NO. 6-5° 
MEXICO, D.F. 
TEL. 5\1.20.99 

ING, 1-!ERIBERTO OLGUIN ROMO 
jEFE DEL CENTRO DE CALCULO 
FACULTAD DE INGENIERIA 
UNAM 
MEX!Cü20, D.F. 
TEL. 550.52.15 EXT. 4150 

M. EN C. MARCIAL PORTILLA ROBERTSON (Coordinador) 
jEFE DE LA DlVISION DE COMPUTACION 
FACULTAD DE !NGENIERJA 
UNAM 

·MEXICO 2U, D.F. 
TEL. 550.52.15 EXT. 3746 

ING. ]OSE ARMANDO TORRES FENTANES 
INVESTIGADOR Y COORDINADOR 
SISTEMAS DE CIRCUITOS ELECTROMECANJCOS . 
DEPARTAMENTO DE INGENIERIA MECANICA Y ELECTRICA 
FACULTAD DE !NGENIERIA 
UNAM 
MEX!CO 20, D, F. 
TEL. 550.52.I5 EXT. 3752 

edcs. 20, II,!!O 
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E VALUACION DEL PERSONAL OOCENTE 
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CURSO: Introducción a la Programación y ~e z :;:;;: 1- w ~ 
~ " 

11 

wozo 1 
o 

Computación Electrónica. ~ 

~" -u~ - ' o ::!! ~ 1- o ~ 

1: o u, li z u} (/) .:;{ 1 ~ 
z., wwtt>o 

1 
" _CHA:oel 14 de Marzo al 26 de Abril, 1980 z !!'o 

1' 

t-o::.:t- f-

1 " • u, z~ ~ z 
o 
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~,. 
<ti-U>u 

11 " :¡:zg~ 1 e ~., 
1 "" ' 
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11 li 1 

' CONFERENCISTA 
1 • ,¡ E . 

1 11 

l. 
1 il 1 •M. en C. Arman:lo Torres Fentanes 

• 1 1 
1 

!! 1 u." erlh rto Ol~fn Romo ' -
1 

. 

3. 
M. m C, Marcial fbrtilla Robertsoil 11 

1 ' 
1 4. 

- vrr .or "' etser 1 1 !i 
1 il 

5. 
1 Inll. Cordero IbrbOa . 

- ---

··' il Inrr. Ricardo Ciria Mcrce. 

7. 
1 

D~ 
i 

11 
8 . 

• 

11 1 il 11 -

n ' 
ESCALA DE EVALUACION : 1 Cl 10 

1 ' 





EVALUACION DE LA ENSEÑANZA 

3 
" 

. _, 
o o _, 
"' 

-
e " 

., w 
SU EVALUACION SINCERA NOS "' ., ., ., 

" e ., 
AYUDARA A MEJORAR LOS ~ o " N w - w - "' PROGRAMAS POSTERIORES QUE "' o _, >-o z >- " DISE/iiAREMOS PARA USTED. 
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' TEMA o o "' 
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" >- . 

1 
!l . ll ntro:lucción a la Computadora Digital 

r--1 1 

1 1 enguaje Fortran 1 ' --

1 ·asas de Aoltcaclones Ma~emllticos 

~os d~_ApÚc:tci.ones No-MatemáttcOO 1 1 
,¡ 

- ' 

1 !1 _ 1Jtmzación de Paquetes L ¡, 
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' ~ ESCALA DE EVALUACION: 1 o 10 





• 

EVALUACION OEL CURSO 

-
CONCEPTO EVALUACION 

l. APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS 

2. CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS 

.. 
. ' 3. GRADo" DE ACTUA LIZACION LOGRADO CON El CURSO 
r . 

4. CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO 

5. CONTINUIDAD EN LOS TEMAS DEL CURSO 

6. CALIDAD DE LAS NOTAS DEL CURSO 

7. GRADO DE MOTIVACION LOGRADO .EN EL CURSO 

. 

ESCALA DE EVALUACION DE 1 A 10 



• 

• 

.. 



•• 

¿Q-¡6 le pareció el ambiente en la Divisi6n de Educación Contirrua? 

MUY AG)lA]}I.BLE AGRAJ}I.BLE DESAGRAJ:l.\BLE 

z. Medio de comunicación por el que se enteró del curso: 

PERIODIOJ EXCELSIOR PERIODICO lmEDADES 
~IO TITULADO DI JL~CIO TITULADO DI R)LLEIU DEL UJRSO 
VISION DE EIUCACIOO VISICY-l DE EIU:ACidl 
OJNTIMJA OJNTI><JA 

CAR1EL MENSll\L RAJliO UNIVERSIOW C().(JNICACION CARTA, 
TELEFruü, VERBAL, 
rn:. 

REVISTAS TECNICAS FOLLETO ANUAL CARTELEAA UNAM "LOS GACElA 
UNIVERSITARIOS JlJY" -

3. Medio de transporte utilizaW para venir al Palacio de Minería: 

>IEIOO CJrRO MEDIO 

1 1 

AlmMIVIL 
PARTIQJU\R 

4. ¿~ canbios haria usted en el programa para tratar de perfeccionar el 
curso? 

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

S. ¿Recomendaría el curso a otras personas? 

• SI 



••• . .. 

• 



•• • 

• 

6. ¿Qué OJrsos le gustada que ofreciera la División de Educación Continua? 

7. La coordinación académica fue; 

BUENA REOJL\R 

8. Si está interesado en tonar algún curso intensivo ¿D..zál es el horario -
más conveniente para usted? 

11. 
DE14A18H. 
(CON OJ.liil\5) 

DE 
17A21H. 

VIERNES DE 17 A 21 H. VIERNES DE 17 A 21 H. 
SABA00S DE 9 A 14 H. SAJJArul DE 9 A 13 Y 

DE 14 a 18 H. 

OTRO 

• 
9. lQ..!6 servicios adicionales desearía que tuviese la División de Educación 

Continua, para los asistentes? 
------------------

10. Otras sugerencias: 



... 



'• 

centro de educación continua 
división 

/acuitad 

de 

do 

estudios de posgrl'ldo 

ingenieria una m 

INrROOOCCION A J.A PROGRMt.\CION Y CG!PIITACJON 
ET.ECTRONICA. 

• 
' 

INrRODUCCJON A 1,\ mMI'UTACION 
DIGITAl. 

~WlZO, 1 ·9 8 O 

Palaclc de Mlnerla Calle de Tacoba 5. Mé•lco l. O. f. 
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l'lcn¡.·m; ul ""'"PUIOr pwhkm 
>ni l'ing_ 

Algorithms nncl computers 

C'_ompmcrs nroU\e curiosi!y in most of U>. Anide' in popular 
ma~;~únc> an<1 n~W>f'"!"'"• cUirem· hook,, and TV >hmn 
htiglucn thi.< curio>Íl)', bur ouch SOLin.'~S c.mnm he ~~pend 
10 Jli"C><'Jl! infOrm,llinn in the ca•·cfully ordcrcJ >cqu~nccs 1hm 
is possibk in a hook likc this. \Vhctbcr you ~re drawn by 
curiosity alonc, or ccono¡nic neccssily, or bollt, e<>n>de;uious 
smdy of this book will hdp )'Oll to h~ak through ¡o a new 
leve! or under>tJnding nhom computcrs, tbcir uses, ~nd thcir 
comequc·nccs. 

Cnmpur~r scicncc deals with pcopk ill10 ha\'C problems 
to so!~e and wÍlh algoritlmi<, the solmions to tho>c problcms. 
Thc so~mions ai-c cxpr.:sscd in spccial );m¡;u:~,:cs that n·prcscnt 
smrcd J.n:l and COilllll\LilÍCJtc ¡o ma~hines th~ m.mipulation< 
that are l<' b~ c~rricd ollt on tbat d:tta, 

Each uf thesc four c!.:mcnts (prubkm soh-er, al¡;orithm, 
langu;~¡;~. :nJ machinc) atfee1s thc otha,; in imcrc~tin; trars. 
For cxarnple, d~pcndin¡; on ils richncs!, a ]anguagc ran ~ith,•r 
hmit or c~tcntl our a\>i\ity to c¡¡prc>l compléx pbm ul ~ctio~ 
effc,·tiwly. ;\nd, dcpc01Jing on Íls CJ]'.th!lilic' (i.c•., its orchÍ· 
tccturc), a mnchinc C:Jn c~ccutc sorne pbn~ ¡,;' actinn on ccrtJÍ;¡ 
datJ rcpn·s...·ntnrions more dfc-cti1·dy tll:m ou othcr.. Thc l""p 
of ÍntcrnUÍ<ln clo>c> whc·n thc prohlcm '"lwr ch:tngc·s th~ phm 
of nctiun, 1!1~ langu.tgc, <1r tlico m.Khinc• .udtit,·ctllt'C w 'IIÍ! ]Ji, 
purposc. 

Thi' htonk introduc,•< all four compon~ms of this ínter· 
action, Ewrr chaptcr l~kc' )'OH arouml thi' ··four ·mrr:~rcJ r:JC~ 
!rack" ~nJ. with c·wry circum¡¡;,\'Íg"tion, you gJin .1 .kq,~r 

and d~.¡r~r tmJcr,tanding of tilc inlc•rrl.l_l" amon!t tk four 
el~mcllt,, \\,u, of cours~, p!~y tl1~ prd>lcm >ol1·~r li>Íng: l 
computcr, To ~~~ ¡h~ nlll>t om of this c'Xpc•riencc, !Jhorntory 
prac!ÍCc j, ~hno>t indi·p~n<~blc. But, ~wn if I'OU C"Jil't ha,·,· 
a.:tliJI c.>nl)'lltCr c~pcrÍCilL'c•, ,¡ cardul rc-.o.lin~ of thi• buuk 
ohould illlllllin.nc thc .:omplllcr ;cicncc ,cene t:tr b~tta ;md 

t:or Jxyund \\h,ll )"lU h~W J'fCVÍOUSI}" paú•ÍI'cod. 
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\\'hat is an al~orilhtn? .\n Jl¡;.m'rhm i~ a ¡¡,¡ of in>tm.::ior.' 

for carrying nut "'m~ prucc" ''"l' by '''P· .\ rccipc in a """k-. 
book 1~ an nrdknt ~X.lnlpl~ of an al~ori!l1m. Thc pr~patJtion 
of a conlpli~ot~d Jbh is hrok~n down imo 'imp!e 'ICJ'> that 
ewry pe""'' ~·:¡'c'ric·nccd in c:<\\•kin~ c.1n umk, q.md. ,\nNhcr 
gnilil c•x:, mple <>t' an al¡;orithm ¡, 1 h~ .;hot'c'u¡:r.q •h y tiJr ~ .;1 "" ic,ll 
ballet. An intricat~ dance is hrnkcn down intn a succcs,ic•n of 
h,¡sic >lcps and ('O>ition' of b;Jikt. Thc nutnl'>cr of thc,.._• h1sic 
stcp' an;l pu>Üion\ is \'Cry snull bm, by puning thcm t<J~clhcr 
m difl ·,·rcnt way>, ;In en die;, "·" ict y ot- cl1tlt.'<.''" c".111 be ,¡_-,·i~cd . 

. In thc" SJill~ \\"~)'. al~orithms cxecl!:~J by a comput~r ~~n 
combine millions of ~knwmary >lcp;, >odl as :~dJilion$ and 
suhtr.tction,, into a .:nmph;::ltcd mathematica\ cakubtinn. ,\l;o 
by nmtno of ~lgmithm1·, a computer can control ~ m.mubc­
turin¡; proccss or cuo, di m te thc rcservalions of an airlill~ as 
thcy are rc<.:ei,·,·d from tid:ct ollice> all. U\"Cr thc cvuntf!·-­
,\l¡;uritlims fnr >11Ch large-scalc proce»cs ar~, of coUr>C, vcry 
compk'\, bu~ thcy are built lljl lú>m piccc<, n> in th~ c.~ampk 
u-e will nuw con,idcr. 

llwc c~u dc,·i>c an algorithm for a process, wc can usually 
do so in many Jitlácnt w~y$, llc·rc is onc algorithm for thc 
cvcryJ~y proccs, .,f <:11angin~ a tlat tire. 

l. J~ck up the c:1r. 

' 1JLt~crcw thc lu¡;s. 

3. lkmm·e !he wbcd. 

•l.. 1~11 on the sparc. 

3 . Ser~\\' on thc lu~s. 

6. }.1ck tbe c~r down. 

We could ~dd many more details lo tbis al~orithm. \Ve 
could indud~ ¡;ctting the materials om of thc trunk, po;itioning 
tbe )ad:, r~movin¡; the bubcaps, and looscning !he lug• before 
]náin~ up thc cJr, for cxampl~. For algorithms dc>eribing 
mcchunical procc,;c>, it is ¡;cncraliy be>! 10 decak how much 
dctail m indudc. Still, thc >tcps we hal'c list~d will \'>e aJcquJtc 
to com·cy thc idcJ of an al~;orithm. \Vhcn w~ gct lo math~­
matical al:;~ritlum, we will bave to be much more precise. 

' 
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A jlauxl!arl is a di~gr:lm rcpresenting an a\gorithm. In 
F igun: 1· 1 we scc a tlowchart for the flat -rire algorithm. 

Tho 

in thc Howchart remind us of the bunons uo;ed lO starr and 
stop a piecc of m~chincry. Each insU11ction in the !lowchan · 
is cndosed in a fr:nnc or '·box." l\s we wil! soon scc, lhe shapc 
of thc fiamc indi~atc~ the kind t'!" inmuction wriucn insi~<:. 
A rectangular fr~m~ indicatc• a command to t:!kc sorne action. 

To carry out thc task descri~d by lhe flowchan, we bcgin 
at the smn bUlton.~nd fol!nw the arrows from bo.~ to boK, 
cxccming th~ instmctions JS wc cometo thcm. 

After drawin¡\ ~·Howchan, wc always look w sec whcthcr 
wc can improvc it. Fm· in-,mtcc, in thc flaHirc flowchart wc 
ncglected w check whcthcr thc sp;¡re was fiat. lf the ~pare is 
1\at, we will no\ ch~n~~ the tir~; wc will call a ¡;ara¡;e in>tC3d. 
This ca lis for ,1 <kcísion bctwrcn twb courscs of uction. For 
this purposc wc Ílltroduce a ncw shape of fnune into our llow­

clmt. 

( ) 
lnsidc this oval frame we will write nn assertion instead of 
a command. 

This is cal\cd a d~ci>ivu bo.~ and will have two exns, label~d 
T (for true) and F (fm IJise). After cho!cking the truth or falsity 
of the "'~ertiuu, we cilnrn;e th<: appropriate cxit and proc.:cd 
10 the indicated actii"Í¡y lncnrporatin¡; thc Jlowchan t"ra;;mcm 
on th~ lct"t intn Figure· 1·1, II'C ohtain thc 1\owchart in Fi¡:ure 
1 • 2. 

Therc ¡, anothcr instructivc improvemcnt possible. Thc 
imtruction in !>o:-; 1 <>f our 1\owchan anually 'lands f<>r a 
number"of f<'l".:liti,"" e~f tbe ¡,;¡me 1ask. To show !he addition:ol 
dctail wc crn1ld rq>l.!~c h•~ 2 by a >tep for cach lug: 
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·h,e awkwitrdncsS of this repcatcd instruction can be el imi­
n~tcd by introducing a lvop. 

As we Jea•·c the bo:-1", we find that thc arrow leads us right 
back 10 upea1 thc wsk again. !Iowevcr, wc are caught in an 
cnJkss l<mp, sincc 11~ !uve provid~d no way to gct out und 
gO on with rhe n~xt ta>K- To corrcct this siruation, we rcquire 
anmhcr decision OOx, as shown on the leü. 

Rcplacing box 2 cif our flowchart with this mechanism and 
making a similar rcplncement for hox 5, we gct the final rcsult 
shown in Figure l· 3. 

Now that you bave followcd the developmem of the fiar­
tire flowchan, try ro dcdsc one of your own. In the algorithm 
of thc following cxcrcise, you will prob~bly discnver sorne 
dccisions and loops. Thcre are many dilfcrcnt ways of Jlow­
chaning thi> al¡:orirhm,. so rn~ny differvnt-looking flowd:arts 
will be creared. 
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1 . 2 
A numcrü;:::!l 

al~orithm 

(¡ CO.I!PUHK ~C!>~C~: .\ !"l~H CO!:K>E 

l. 

cup choppcJ w~lnms 
j J'<'Und ~lt>ek ,,r l>;,hr'> c:mct•'.'!C 
l puunJ ~r m:n>hnullows 

cut in h>lws 
3 cup> sugar_ 

1 cup e1·apmatcJ milk 
1 cup corn >¡·n•r 
1 :eJ>pOon llf \'amllo 
l pound of buttcr 
l '""'JX>On of .ah 

!'lace milk, Cllro 1yrnp, ~ug.,, choool.1te, anJ s.olt in a fncr-qtmt 
pJn, ,.,.._¡ e~x>k 01'" a hi~h llame, >tirril•g etllmantl,v until thc mi'll"~ 
boils. Reduce tn mcdi.,mtlamc nnJ rontinuc boíl i11~ ~nJ otirrin; until 
a drop of syrup f!lml• a ><>fi lo1!l in a ~lo>s of .:ol.l \\';l! .. T. Rem..,vc 
from th.: rtJmc "'''1 allcw 10 cool 101 10 minmcs. Reat in btmer and 
<'unilla umil thon•u~hly blenJcd. Sur in walnnts. Distributc m>r•h­
m~IJ""' hal1•e; 01-cr thc b~•ttum of a Hl-inch >L¡l!Jrc, buucrod bakin~ 
pan. ]'our syrup ovcr ¡¡,. m,_,hmallows. Allow to cocl for lO mi~mcs. 
Cut in ¡;quarcs ::tlld 5<-'rve. 

Now wc are rc~dy to c~aminc ~~~ algorithm for u mathematical 
cakul~tion. A~ a li.-t e.xamplc, we cunsülcr the prob!cm of · 
finding terms of thc l"ibonacci >tqucnce: 

O, 1, 1, 2, J, 5, S, 13, 21, 34, 55, .' 
• 

In this scqtlcncc, nr list uf numbcrs, the ftrst twn tcrm> giwn 

are 1) and l. t\ticr that, the tcrms are constntCtcd according 

lo thc rule that each rmmber in the list is thc mm of the two 
prcceding oncs. C.hccl: thal this is thc C'"dSC. Thus, thc nc~tlerm 
alter the bst onc listcd above is 

3-1+55=89 

Clearly, wc can kecp on generating the tcnn¡; of thc scqutt\CC, 
ene after anothcr, for as long as wc like. But, in onkr to writc 
an algorithm for th~ process (so tlm a computcr coulJ exccute 

it, for cxample), wc have tll be much more e~plicit in our 
instructions. 

Befare suhiccting this proccss to closer scrutiny, Jet us 
revicw a little of thc imeresting history of this sequ~nc~. lt 
was imroduced in 1202 ,\.D. by th~ ItuliJn mathematician, 
Fibonacci, IG providc a modcl of popubúoo growth in rabhit>. 
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!lis assumptions w~re: (1) il takcs rabbits one momh from 
birth :o reach maturity; (2) on~ month after reaching marurity, 
and _cvery month rhcreafter, each pair of marur~ rabbits will 
produce another pair of rabbits; and {3) mbbits ne1w dic. 

Onc scnses thm this mndel is not compkrdy re;\listic. But 
thc cs;cnce of m¡JthcmJrical modeling is m start with ~cruJe 
modd th.wemph~>ilc' the importan! aspc:cts of the situation 
ami suppreS5e; lc>S importan( irúormation. A more rcfined 
model can be dcvclupcd !atcr, profiting from the cxpc:ricncc 
with thc crude ~odd, Thus wc might cvenrually impr<)\'C thc 
Fibon.1cci mudd lw <>btaining more accurate figures un thc . . 
binh rate, mking mort~liry into accoum, considering the limit:l­
tirms of food supply, thc dfccts of prcd:ltors, disca;c, and 
o•·crcrowding, and thc like. 

In spitc of its frh•olous oríg:ins, thc Fibonacci seqwnce 
has many fascin~ting prupenies and pbys a role inthc solution 

. of a numb.cr of >e'Gillingly unrelatcd mathcmmical prnblcrns. 
Thcr~ i1 currcmly ~ publi;hed quartcrly journal entircl)' u~­
votcd w tite prol"'rtics and applications of thc Fiborn~cci sc­
qucntt .. 

A!icr this ltmg di;;r~ssion, let's sec how thc rabbit-pair 
population modd g:i•·cs risc w thc Fibonacci scqucnce. 
Fibonacci >l"rts witlt onc pair ofn<'wborn mhbits at tite bcgin­
ning of momh OiU, and h~ thcn Iets naturc-take its ct>ursc. 

This is shown in T"blc l· !, which wc now exp!Jin. 

n,-~;,,.,;,~ .,f 
,\¡,,,¡, 

lniJot tJbbit r"" 
,\1.>1"'" to~bbit f'"" 

' 

' 

' • 

' " 
l.ook m thc "" "'''' in thc tablc. l'hc nutnhcr u!' p.lirs 

uf inl~nt rahhit> itt .my ntomh (aft.:"r thc ~rst) i~ ~'lu"l 10 thc 
numbcr of p~í" vf mamre rabbits in thc prccedin~ munth 
('ondition:! in thc FihonJcci modd). Thi> ~xpl~ins the gn·cn 
arnm·,. In cnch nwnlh :1ftcr the flrst, th~ numlxr of pJir, of 
mJilHC r<Lbbit' 1\ÍII cqtt.il thc totJI numbc•r of mbhit pairs in 
tb~ prc·c,·ding: momh (condilion J inthc Fibon;K<.:Í ntO<kl). Tltis 
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"'l'l.1in' th~ ¡:r:1y ~rroll's. Fnllowin¡; thc arrnws, ,, . .., <ce th~t, 
fwm thc 1hirJ 1110nth onwar,l, 1hc tNJI in ~ny month is 1hc 
>u m uf tk IOta!:; in thc two pr~c~,lin:; mronths. Thus 1he .-abbit 
popul,¡li(>n moJel !:Cncrar~s thc Fib<.mJcci <C<Jl•cncc cxccpt for 
llic· inili:¡l zcro, which can be ¡;¡\;en :1< th~ 101~1 numbcr of 
r:Jbbils in momh zcro. 

Eliminarin:; thc refcrencc to rahbils, 1w can tabubte the 
cal~ulation of 1hc tcrms of 1he Fit"IOnac<·i scqucnce in Tablc 
1·2. 
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U!<>! 
Tom 

" - ' t::.:::- 1'" 

1 .-.-2""" -' . 3 .. 

. Sum 

0+1"') 

1 + 1 J 
1 +2 J 

3 _, .... 3+5-8 

----- --re-e;;-' s~ __;---- s .. - ! + ~l 
8" 13""" 8+13=21 

\Ve c~n k~ th¡¡t in ~¡¡eh stcp thc la!CS! tcnn gets "lic­
moteli" to !h~ role of ncxt btcst tcrm ~nd the sum bccomcs 

the new !ates! term. 

Let's crmstruct u tlowchurt for finding the first term to 

c~cecJ 1000 in 1hc Fibon.1cci I"'JUCllCC (Figure 1·4). 
Af ter ¡;oing thwÍtgh thc loop ot" !\owchan boxcs numbered 

2to 5 enough times (il huppcns In b: 15 times), we e•·entoall)' 
crncr¡;c from bo.x 3 ni thc T cxit and procecd w box 6. lltis 

box is sccn In havc u dilkrcnl sli.ipc bccamc it cal!s fur a 
diffcrem kind of oLti\"ity-that of twilin¡:: down our am~<cr. 
The ili<~pc is choscn so as tn sugg:cst a pagc torn off u line 

primer, once rhc mo~t «>mmon of computcr outpU! dcvices . 

: 1 !'" 

• • • 

• • • • 

l. (a) Suppose in thc rabbit probkm wc h~.! smrted in nwnth one with 
onc poir of infont r.tN>it, onJ !hrce poi"' of n\lmrc rabbi" .. \lokc 
a tablc ~imilar !D "f.thlc 1· 1 10 shuw thc SlJte ol thc popul.ttwn 

'"'''" thc lir;, ci~ht munths. 
(b) Ho\\: wuu\d )"~ moJif)· 1hc ~owch,rt of Figure \ ··1 so Ps 10 

gencratc th<· lirst 1crm of thi> nmJif><:J "'¡ucncc gn::ucr tha<> 
!000? 

2. !(,'P'" l'robkm \ wtlh thrc-e pai!"s of illfam rabbits Jnd onc pair of 
matun; rahhit•. 

3. (a) Fur thc Fiho,ucci ~c.¡ucnc,o in 13blc 1 - 1, cakulatc from mont h 
1wo thn>ugh momh mch·c 1hc ratio, r, oi thc 1ot.tl numb>r oi 
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r~bbi" in •h~ ''""''" m<omh 10 ¡hot in 1hc rrccc'din~ month. 
Exprc" cadt rotio os a JccitttJI ond '"''Y nm thc c.llcul:uion to 
thc ncoro>l tlul\"·'nJth. 

(b) E>prc" in yotor own worJ• "lw ''-'""' to be hop¡-.:nin~ ¡o thc>e 
rotio•. 

(e) f. ind 1he w;iproc;, ls af cach <>f thc ra1ios in Prubkm 3a. 
(d) \\'h,lt rdo1inmhip hcl\IW!\ thc ro!io r :md its reciproco! l(r seen, 

to b< bc-coming more onJ 1norc ¡roe? Express ¡hi• rclationship 
as an cqu:~don. 

(e) lf this rclation•hip hcld cxoc'lly, wlul would be ¡he cxact l'alue 
of rf Thot is, >Ol1•e thc cguation for r. 

~- Rcpcat Problcm) u;ing: 

(a) Thc table in l'roblt:m !. 
(b) Thc mble in Problom 2. 

The algorithm of the preccding sccdon can be exprcssed in 
much simpler notation th~t i~, at thc samc tim~, more n~arly 
acccpl.:lble by a computcr as a 'el of insLrUc:tions. Todo this 
we must introduce a conceptual model of llow a computcr 
works. This conceptual model is so e~tr~ordinarily simple thJt 
wC will ca\1 it the SIMI'LOS computer. lt is amaling, bm LrUc, 
tilat su eh a simple view nf how a ~ompuu:r work5 i~ complete\y 
ad!.•quate for tllis en!ire course. \Ve will presenta more rea!istic 
pkrure of a computer in !ater sections of this chapter. 

In computing work, a van"ub/¿ i~· a lettcr ora string of lcuers 
uscd m stand for something. for now, tilis "something" that 
a "variable srands for wi!l always be a number. (:\s we progrcss 
thruugh this book, wc will mkc an evcr broadcning vicw of 
the son of t.lúng. a variable can smnd for.) In thc formula 

A== LXW 

thc lcners A, L, and W are varia bits. In the formula 

DIST = RAfE X TIME 

DIST, RATE, and TIME are variabks. 
· A t. any particul:u tin~e, a variable will stand for one pmic· 

u\ar number, called thc t>alue of thc variable, which may 
change from time to time during a compming process. The 
valuc of a 1·ariab\e mar cbange millions of times durinjl the 
execution of :< •ingle algoritbm. 

In our conceptual model of a computer we a~soc:iat~ whh 
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each variable a·storug~ box. On the top of each OOx there is 
a rcmovable gumm~d stkker wilh the associatcd varinbk in­
scribcd on it, and insidc 1he box there is a strip of p;tp.:r wilh 
the presenl t'<llue (or currcm yal~c) of the variable writtcn on 
it. Thc variable is a IIG111~ fnr ¡/¡~ mwrb~r lhat currcntly appears 
imid~. 

E~ch box ila~ a lid thJt m.ty l;c rcm~·ved.whcn we wish 
10 nssign a ncw l'alue 10 the variable. Each box has a window 
in 1hc side so that wc may r~ad the value of a variable with 
no d:mger of altcrin¡; j¡, value. Th~-,e boxes consrirutc the 
storo¡;e of our computcr. !n Fi~'llre 1·5 wc Sec one su¡;e in 
thc cxecmion of thc Fihonacci ,~qucnce algorithm of thc pre­
ccding scction. Hcrc >iEXT stunds for ·'ncxt lates! tcrm" and 
LATEST stands for "[;n"ot t"rm." 

To summariz~, thc .!«1<1 szor,¡ge of a computcr is 10 be 
thought of as subdividabl~ imo a numb~r of information con­
uincrs or boxes. Each such storag~ box may be givcn a mean­
ingful na me (sticker), ~nd ca<:;h may ~ gi\"en (assi~ned) a val u e. 

Sorne people l'iew a compmcr as an elcctronic and me­
chanical 'Y'tem h~l'in~ a Jata storage similar tn that just de­
scribcd, along \\"llh n numb"r of nther intetcc.mncctcd units or 
modules, each whh a ~rcóal sct of functions that, when aeti­
vatcd appropriatcly, c:trry out algorithms. Figure 1·6 ís onc 
way to .tcpict thc organízation of such a wmputcr systcm. lf 
11'1: wcn: to pursue the explanation of this sy>tcm according 
to 1hc module \"Ícw, it would bt: neo.'SS<lry 10 define the func­
tiom of cach module and cxplain the significancc Df the ar­
rowc.t lincs. into ami out of cach box. But it would also be 
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ncccssary tu briut: thc di~~ram lo .lifc hy expbininr; thc ~ction· 
sequcnccs th~t occur in which euch moduk scrws th~ ncc<.ls 
of tb~· othc"' •o tb~r th~· on•rall dfcct is 10 proo:>S inlorm~tion 
{i.c., tu compute) in thc Jc>ircd fJ,hion. 

A ;ccond w~y 10 vicw ~ compli!Cr is 10 picrurc thc ;¡ctiw 
modules us rubms working: as ~ tCJill. Tbc actions of cach robot 
always f>Jilow a lixcd p~tt~rn, accordin¡; toa sct of rdatil'cly 
simple ruks. \X'c sh~ll tah this \'iew in our C011Ccpruul mOOd, 
SL\II'LOS. 

Wc visuali7.c u comrutcr as a numbcr of stor~g~ boxcs togcthcr 
with a staff of four robms-thc Mast.·r Cmupt,r,·r nnd three 
assisrants, thc Astigu~r, the Reada, and 1he Slicker .4/fixa. AIJ 
thcsc coffiponcnts are qu:mer::d in onc room; isolatcd from 
those who will use tllc computcr. 

Tlle Mustcr Computer corresponds to the. control and 
processing·unit in Figure 1·6. He has a flowchart on his dcsk 
that sets fonh thc instrucrions accordin¡:: tu which he ddc¡;utcs 
~rtain rasks to his assi.nams (Figure 1·7). "Note that the il>JW­
cllan corrcsponds to the information kept in il1e progrom stor<~ge 
module of S!.\II'LOS." 

"'""c ... ,.~, ...... 
,,rr, .. , 

To su how tllis team opc:rates, let us suppo:sc the com­
pute!"" is in the midst of execucing the Fibonacci scqucnce 
algoritllm of Figure 1·-t. One of the instnJctions in this .. algo-

rithmwas: J ~ -·· 
Fi"' '"""" or '"' t.Oe>t ''""' ,,., Olla 

.. .,.¡'"'' """ 
¡ 
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In a simplified flowchart nomion, lhis instruction willtJke th~ 
form: 

¡ 
' 

Sl/ll ~ L~THT + NEXT 

¡ 

lnsidc this flowcbut box we find an assigmnenl s/aW!Ie/11. 

Reading thi~ statcmcnt aloud, II'C would say, ".'\ssign to SU.\t 
!he value of LATEST plus !-!EXT," or more simply, "A»i¡;n 
LA TEST+ XEXT to SU,\\." "The arrow poimin¡; kit is 
cal!cd the anigmn,·m o~ro.~lo~ and is to be thought of as· an 
ordcr or a command. R~c1angular boxes in our flowchart !Jn- · 
gu~g~ will ahvay~ contain a~signmcnt ·steps and will thereforc 
be callcd assignm~nl bucc·s. 

To scc what t.1kc~ place whcn the ,\\aster Compwcr wmes 
to the abow smcmcnt in thc flowchart, Jet us assumc that thc 
\"ariables L\TEST and :-lEXT (but not SU,\\} ha1·c the l"aiues 
sccn in Figur~ 1·5. Thc compucuion called fur in thc a5>ign­
mcnt statemcm is spcllcd out on the right-hand sidc of the 
arrow, so thc ,\\a,tcr Computcr looks tllcrc fin1. 

SUM ~ IAltll' • NLXT 

He realiz~-s th:n he nc.:d' 10 know the valucs of thc nria­
bles LA TEST and :o-:EXT, .oh~ semis the Reader out 10 fetCh 
copies of lh~>C l"alue, fmnt ~torJ;;c. 

Thc Rcndcr thcn gocs and finds thc storn::;c boxcs Jabdcd 
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. Th< ,\lN•T Cumpnlcr """""" 
th< Cüpy. 

LATEST ~nd NEXT. lk rc.tJ< th~ v~lucs ,,f lhé>~ ,·u¡·j;¡hh;~ 

through thc winJ."'"'·' (l'igurc 1·8), jot~ down lhé \'"lu,·,, ami 
carric• thcm ba,·k to 111~ .\\m~r Computcr (Fio;urc 1·':1). 

Thc ,\\as¡u Computer 
L\TEST + :-tE.'G using thc 
brought to him by the Rcader: 

8+\3=2! 

What docs h~ do with this value? 

compu1cs 
.-alucs of 

the valuc of 
mese. variables 

The ,\b~tcr Computcr now loob to th~ lcft of tl1C assign­
mcm arrOw in his instruction. 

W" .. lA T1 ST • MOXT 

He sccs that lic mus! U>Sign thc compmed valuc of 
L\TEST + NEXT, namcly, 21, to SU.\1 so he writcs "21" 
on a slip of papcr, Clils 1hc .... ssigncr, and instructs him to 
assi~ this "ü:"•' to thc variable SUM. 

The Assi¡;n~r gocs w storu¡;c, fmds the bux labclcd SUM, 
and dump.< om its comcms (Fignrc 1·10). Th~n he pl~ccs in 
the box t]¡c slip of paper comaining the new v~lue, duscs thc 
lid, and rcrurm to the .\bstcr Computer for a new task. 

In mber words, assig:nmenr is tbc proccss of ¡:iving a value 
to a variabk \Ve say th3t assignmcnt is destm<"l¡,x b~cause it 
displaces ti~<: former \':tlue of the 1/3riable. Rcading is non­
destructi~~ bcc~use the proccss in no way alter> thc l'alucs of 
any of thc variables in storage. 
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In Figure 1·11 we prcsc•lt thc entirc flo\\'churt of Figure 
1·4 in simplific<J tlowch3rt Ianguagc. Thc o\J um:l n~w ilow­
ch~n> nrc placcd sidc by ,[de for eusy comparison. 

Thc transb1ion rc..¡uircs vcry littlc explanalion. lt should 
be obvious that !he saucment in box 1 on thc ldt ¡, cquivalm: 
to thc two smtcmcms in bo~ 1 on thc right. The ncw l'ersion 
of boK 2 has bccn di,cus.<~d in dctail. 

\\:'e sec that thc two 'mcmcnts in boxes 4. and 5 of thc 
old flowchan are compre><cd into one bo~, bo~ 4 of thc new 
Jlowchm. This is pcrmissihle whcncvcr wc haw a numbcr of 
assignmcnt st~tcmcnts with no othcr Stcps in bctwccn. How­
evcr, it' is vcry impc>nant to undcrstand that thcse al'ignmcm 
statemcm~ mu't b~ c~ccctcd in ordcr from wp m bonom, not 
in rhc oppo,itc orJ~r and Iiot ~imultaneously. Th~ ordcr in 
which thin¡;s are done mar be cxucmcly importan!. 

You can ~ce thJt th~ sto:cmcms in bo:-(4 ini'Oll'e no com­
putalion h!Jl mcrd)' change thc ,·alucs in ccnain 'toro¡;c bous. 
'fñis wrt or aC!ÍI'ity ocotr> fn-qucmly in flowch.m>. 

In bo,; b uf thc nowchut wc scc only thc· 11onl Sü.\L 
Thc shapc of thc box (calkJ an oulplll 1-ox) td!~ us thJt thc 
val u e of the vnriablc Sl;.\ l ¡, to be ll'rincn down or dispby,:J. 
lf, in sorne oth1·r al¡:ornhm, \I'C wishcd 10 writc down thc valm·s 
of SCI'Cral l':lriahks, we would list thc~c t·ariabks in an output 
OOx ~cp.mu,·d hy C<lmm:;s, o' illustratcd nn thc kft. 

\Ve will llOII' ,bcrih~ the dutics of thc Stickcr Atli~cr. 
\\;'e ~On'iid~r thJt thc computation is b<:gun by thc trunsmiual 
of a HUiwhan !O th~ .\hstcr Computer. Thc li:st thin~ the 
Master C1.1mputcr do.:> is to sean thc t!owch~rt, makin~ a !i>t 
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ofall rhe variables uscd. In the ca¡e.ofthc.Fibcinacd sequence 
~owcha1·r of Figure 1· 1 lb, this lisr would hilV~ Lhc form 

NEXT 
LA TEST 
SUM 

The Moster Computcr hands this !in to the Sticker Affil';er, 
who now springs into acrion. He inscribes ea<;h of thcs~ •·aría­
blcs on a sricker, goes toa bin of unlabdcd s;orag:c box~s, and 
slaps one of rhcse srickers on each of thrce boxes (Fig:ur~ l · !2). 
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· Now thc instruclions 'in the flowchart are exeáttcd until th~ 8 inmuction is r~ached. At this juncture, th~ .\\ast~r 
Comptacr din.'CtS 1he A.ffixcr ro unpcel aH the labd• and thro\,• 
thcm imo a recyclc hin. 

To tmdcr&tand hcncr whm O\lf flowchart in Figure l·llb do~,;, 
le! us lfticc thruu:;h il, cxecming tk >!epi as thc .~la>tcr Cc>nt­
plllcr auU his lli'Í't"nt~ do thcm (sce Tabl.; 1· J). 

In thi, trae.:, for e« se of rcJding, the valucs ofthc VJri~blc< 
are rcproduccd on1y wlicn ao;úg:nmcnts are made lo thcm. In 
bcmccn >uch >IC!'-· !he valucs of thc vari~blcs do not ch:m~c 
am1 dwrcforc h.I\'C thc most rcccntly rcconlcd \'alucs. For 
examplc, in ~tcp 33, where a te>! is ¡x:rformc(], thc valucs r>f 
thc nriab!cs are 

!'-lEXT = 5;, LATEST 69, SU.\! - 1-1-1 

NEXT = 89, L,\TEST = 144, SUM == 1-1-l 

You C<lll '-'C ih~l in Stcp ·\R in 1hc CXCCUii"n llf 01\f ~lgo­

rithm wc tin~tly lc.1VC ho~ 3 by the trw cxit unJ p.t>S on to 
box 6, whcrc wc l>lltj'Ul thc Jnswcr, 1597, and ~top. 

Thc uncr >irn¡•lidty of our com:cptuul l!l<>.kl 3\\)i,h aml 
rcmow~ c.:n"in pitfJI:,. Th;:rc ¡, an C\'er-rr<'>Cnl d~n,;cr of 
thinking: ,,r D»i~nmcm a< cqualily or suilititotion. (\\'e will >JY 
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more about this la1er.) This and other 'potcntial sources of 
confusion, such as thc df~'Ct of a ccnain sequcncc of flowch.an 
Stat~inems, can be deared up by thinking in tcnns of thc 
SIMPLOS model, which will always give thc right amwcrs. 

In fact, an excellent WJY 10 undcr..tand thcsc ideas of 
readini; and assigning \'alues 10 variables is to makc sorne 
stora¡;e boxes and, with .>omc fricnds, work through sel'eral 
algorithms as describcd in this scction. 

1. Wh~l i• 1hc effeet of changing the arder of !he two a"ignmem swc­
mems in box 4 of Figure l·llb so as 10 appcar as secn bdow? 

j 
I..AHST - SUll 

NfH - V.TIS1 

¡ 
Trao: throu¡:h thc flowchart wi1h this mOOification umil )"OU find thc 
lnSW('I", 

2. (•) To compare the dfc-c" of the as.ignmem stotcmems 

lind !he ~issing numbers in t!le tablc bclow. 

V•lu« !ldur< 
E'ecuttoo uf 
A;si~nmOIH ,, 

' 
' " .. -· .... ··---·· 
' " 

' 

.\>'ignm,·ol! 
Tu U< 
Exocured 

lA-~ 

la-Al 

VaJuc> /\flOr 
hccurion of 
A,;ignment 

' ' 
' ' ---·--······ 

' ' 
. (b) In which of the two ca'>C; is it truc thot A "' 11 afrtr a.signmcnt? 

(e) Are the clf.:.;u; of tlle.two assignmcm suucmcnu tho '"me or 
dilfcrent? 

3. ,\\o<lif)" thollowchort in Figure 1 · llb so a$ ro carry out thc al¡:oriüun 
of!'robkm 1, Excrci>o> 1·2. 
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4. ,,\odil'y !he Oo1n:h.m of Figure l· J lb so :lS to o~tput e~ch mm of 
thc Fibon~cc:i ocquoncc sturlins with lhc thinl (i.~ .• omit thc ini1ial 
O, ond 1). 

5. Reviso 1hc llowch.m 11f Probkm ~lo <:ah:ubtc tho rotio, r, or !.ATEST 
to NEXT (~s calculat,\l ¡., l'roblcm 3:1, E•or<:is.:s l· 2) and output 
lhi> ra1io (., M:ll as LA'I'EST) al cach Sl"J'. 

6. Revise the n.,wchan of l'roblom 5 to cakulale ot each stop the rccip· 
roca! of r. Add 1his valu~ to the output liSt. 

Imagine that )'OU are a bookkeeper in a large fac1ory. You ha,·e 
records of thc hourly rate of pay and thc numbcr of hours 
worlu:d for cach cmploycc, and you ha1·c 10 calculatc thc week's 
wagcs. Of coursc, this cm be done by hand, but assume there 
are nearly 1000 workcrs in thc plan!, so lhat thc job would 
be quite tedious. Naturallr you prcfcr to havc thc computer 
cxccute this task for you, but you will ha ve to devise a flowchart 
to convcy the inmuetinns to the computcr. 

How will the houdy wage~ and thc houn Workcd come 
into our computation? Must cach ncw valuc of RATE and 
TIME be represcnted by a scparate assigruncnt bo¡¡? This is 
certainly a possi'oility, but it would require thousaods of fiow­
chart boxcs-a most undesirable starc of affain. This unp!eas­
ant neccssity can be eliminated by using thc conccpt of input. 

We now introduce a new shape of frame, thc input box, 
imo the !low~:hart bnguage. The input box has this shape ro 

· suggcst a "punch cArd" (a frequemly used input mcdium, but 
not thc only one). Jn,idc thc box will appcar a single variable 
or a Hu of variables separated by commas. 

Wh.:lt happens in our SIMPLOS model whcn !he Maner 
Computer eocoumen such an insU"I.lction? To amwer this 
question, we mus! cndow the S!MPLOS modcl with an addi­
tional f.::~ture not previously necdcd (Figu·n: 1•13). SIMPLOS 
has a conveyer belt (calkd the input btlt) that carries slips of 
paper from outside the room into thc environment of thc com­
puting staff. On tlic outsidc end of thc belt the "uscr" or 
"pro¡¡rammer" (who is not a membú of thc computer staff) 
placcs thcse slips of ¡mper, with values wrincn on thcm, on 
!he convcycr belt in the order in whkh he wams thcm to be 
us.:d. 
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Whe11lhe Master Compmer comes 10 the inPllt iruU'UciÍOII 
he docs lhe following. 

l. Steps 011 a rn::adle run11ing the conveycr bclt until1h~ ncxt 
slip of ~p.:r comes within rcach. 

2. Remove his foot from the treadle, stopping lhe bdt. 

3. : ... ,. a ~lip of paper from the belt and hands it 10 thc 
Assig11er V:'ith i11s¡ructiom to assign !he \'alue the1eon to the 
variable, RATE. 

When th~ Assi¡;ner remrris from this task, thc Maot~r 
Compmcr rcp~ats thc abG,·e process, but this time t~lls thc 
Assi¡;ncr to a•si~n the new value to TIME. Whcn this is dtmc, 
thc ,\\aster Computcr follo1n thc arrow in his flowchart 10th~ 
ncxt insuuction. 

Wc scc th~t an inpm box is a command to makc assign­
melm, but this command is esscmially di!Tcrent from that in 
an assignmcnt box. In an assignmcnt box the values to 1:'1<! 

as..igncJ are to be found in computcr storagc or are conlputcd 
from valucs alrcac\y storcd, whereas \\ilh an input box thc 
l'aluc., to be ~~~igncd ~·~ obtJin~d from out~iJ~ thc con1putcr. 
~o calculation 1~ c-JllcJ for in a11 inpm box . .\lon:OIW, thc 
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wlrm 10 be input ncver ~ppclr in thc flowchut ilsdf. Only 
the w1ri~b/~, ro wllich thcsc vulues are 10 be as>igned appc'ar 
in the inpur boxc! uf thc Howch~rt. · 

In an actu~l compurcr (no¡ our conceptual onc) thc dis­
tinction betwecn rhe rwo kinds of assignmcnt n~-.:d not ~ ro 

· sharp. :hsignmcms callc'd for in an input box usual/y in•·olvc 
sorne mcchanical motion >Uch as tr~nspcrring a punched card 

or other unir of rccorded informatioi1 past a reading SIJrion 
wh~re:[hc c<Xkd .:ont~nts may be copicd. But to gain spccd 
thc da1a ofren ~r.c trau>portcJ into a opccial scction of swrase 
callcd an iuput bJJ.j}á, wcll bcfurc !he data are actually nceUcd 
hy the executing algori!hm. In this case, when 1he input step 
is executed, what actunlly happcns is that data values are ~imply 
copied at clectronic speed from s10rage boxe~ of the input 
buffer w srorage boxes of thc variables that are specified in 
the inpm step of !he nlsorithm. 

Now let's s.:e how to US{: the input box in our hourl}' r:m: 
und payroll problcm. Should we inputthe data from allthe cards 
before we stan our calcul~tions? lf so, we would need a grcat 
many storage bo.~es in which ¡o siore al! these dJta. Instend, 
we will cakublc the wugCs ufter each dam set is rend. A 
descriptiou of our m~thod is as follows. 

J. Input onc value of RATE _anU one value of TIME by the 
process described abovc. 

2. Mulliply the RATE by thc TIME to get the WAGE. 

3. Outputthe valu=s of RATE, 11.\tE, and WAGE. 

. 4: Retum to step J. 

In the tlowchart of Figure 1·14 cach'ofthe Jirst !bree stcps 
of the above lisr appears in a similar! y numbered box. Stcp 4 
is rcpresented by the urrow icturning from box 3 to box l. 

You may wonder why the flowchart does not havc a smp 
bu non. SIMPLOS always terminares execmion of ~n algorithm 
when an inpur step Í$ ~ing cxccutcd, and the input belt con­
tains roo few value~ tn match the variables in the input box. 
Execuúon of thc payroll algorithm wil! thcrefore always halt 
after the last rute, time pair of da¡a values ha5 been proc=ssed 
and control once again ~aches box 1, whcre ir is di~covered 
tha1 !he input bch is empty. 

It will al..o be u:..:ful 10 visualize output in a similar way . 

• 

i 
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\Ve cndOw S!.\IPLOS wi1h a seooml rum•eyer beh, lhc o.wpu1 
bdt.lñis bdt runs ou/ in,t~ad of in and runs cominuously~ir 
necds no trc~dlc. Ead1 time the fiowchart calls for omput, th~ 
,\\a¡tcr Computcr writ~s thc prop.:r v::~luc on a slip of paf'<'r 
and ci!Of" it on thc uutpllt bd1, which carrks th~ ,¡¡p thmug-h 
¡he w~ll !O th~ ~¡nsiJ.: m\'irorunc•nt uf !he u>er. A vkw of this 
siluario:l li"om th<." tcop ¡, ~,.,_.,, in Fi;"Urc· 1·15. 

Our COili'C)'Cr bdt mo-1~1 of inpm-output su~;:csts lhat data 
vah•cs nloi'C as a strca:n imo and out of a computcr >V>tcm. 
AlthÜu!;.h in actuol c·mnpmers this is not always sui.:;ly the 
"·""• thc an.\lo~y nc·l·crthck,s is quite closc. To pur,ue ¡J¡j, 

idc·a lc1 u' cun,id~,· th~ punch~J c~nl r~aJcr, on~ <Jf th"· rmhl 
common inrut J~,·j..:.;, on "ctual ClHnputas. Fir,t, a 'qucnc·~ 
of d.llo \'alue, ¡, ]'llll<'h~d Qn canh. Tb~ cards ar~ thcn plaa,l 
in p1 op~r tlrder in th~ iu{'111 ho('pd of th~ card rc.tdmg Jevicc. 
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U~u,tlly th~ C~rd dcc:k ¡, pl:lcc.J fiiCC dü\1 ll ~O tlut thc· i'"HOtll 
(lir>t} carJ in thc Lká ;, tht first (lnc 10 be rc~J. E'"'h time 
more input d.Lt~ are rcquircJ,_anothcr card is drn\\'n fwm thc 
borwm ,,¡ thc Jn·k anJ its c¡¡mcms :1rc rc:1J, cithcr ckctro­
mcch.micall 1' or phllto-opticall 1'. Once rcad, thc carJ ¡, ,troppeJ 
imo an output St.JC/;a anc! thus di,~ardcd. 

R""''' 
( "'" 

_, ~--h. 
\_I"P<'' >o''"" 

Thc informa[JOil comained on a single punchcd c,•rd 
nced not in principk be limited to one valuc. For e¡,.amplc, 
dcpcnding an what a program is designcd to expecr, an 80-cal­
umn card ntJ)' contain up to cight 10-digit integers or up to 
twCnlj; 4-digit !ntcgers. 

~6%"~~l'Pi4'5b7'no~z~~~¡¡¡;0123~St:-7~-3~6%~;oo~ 

' . ! 
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, , , , m•''''' ', .,, • 1''' 1' · 1',, "1 1 1 'm, i' '',,,, ,, , , , , , , , ••,,,",,, ,1,,,,,, 1,11,,,,, 
'' j' 'i'''' 11') j 1' 1 '' 5) \ l ll' \1'' 1'' >1 1''') 111 ll''' 511' j '1'' .S'' 1 llll' \ ¡ ~ 11'' 1• ''' 
':..;' ~'''' '''' ,,,,''''''' '1'''' '' '·' 111' ,, ''.' •l''""''' u 11' 11''; 1'.'' 1 &1' 11 t'' 
111111Jn1JIIJI1Jl)J111llllill11111111IJ11111111llllllllJJI1Jl11111,1lllllllllll11 

"'u 1 1 oc • •"' "' 1111111 a" •1" 11" >lito''"" "1" "" 11 Hllll e u" !n" oe u e 11 
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Wh.cn prcp~ring ,bta c~rds one i~ a!ways fac~d with the 
dccision of whether w uti!ize their capacity ful!y orto punch 
on each on!y the valucs requir~d for the execution of on~ input 
step in the algoritlun. The larrer choice, although ;omcwhat 
wasteful of c"rll space, makcs the data cards casier to check. 

Our payroli problem prol'ides u' with a Ca&e in point. If, 
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particular numb.:r of column~, but the Onil" fact wc are inter­
C>tcJ in 11 ilh rc-...pc.:tl<l Sl.\I!'I.OS i, tlm thc l"alue,; ,¡r.· 0\ttput. 

\\"hcn it come' to imcrprcting output boxeo of a tlowchart, 
thc situation i' >Omcwh:.t ditl"crcnt. lltc output box on thc ldt 
is con,ickr~J to [..., a c-omm:tnd w print the currcru \":tiucs of 
thr thrcc nriablc~. 1~.-\TE, Tt.\\E, and \X",\GE 011 "''~ lint. 
(lf !he lbt won't lit <>n onc print linc, more \incs are used.) 
Furthcrnwrc, if thc '~me output bo:< is cxecuted agnin, thc ncxt 
se¡ of thrcc \":tluó ~>·il! appc:tr on a new \inc· bo.:lo"· thc· first 
ser. lf tl:r thrcc \"ariablcs "l';>e:!re<i in thrcc inJividua\ boxcs 
in,tc~:.l of in onc oin~l.: t>ox, then each wou\d be primed on 
a scpar"te line. T!m> c;¡ch c-:..:ccution of an omput box is con­
sidcred 10 bcgin printíng a ncw !ine. 

No doubt vou ¡,,,e wondcr~d why, at !he vcry start of our 
~tudy, so much ~~~~ntion h~s b~cn gi•·~n 10 a con~ptuJl modd 
of a comput~r ami it~ o.lctJils. Can ~ny model, cspccially this 
one, which ~eems so ~imple and at the kindirgarten levd for 
sorne re~ckrs, b<: th~t importam or that valuabk ¡o u,? You 
may dcvelup similar douhts about thc valu~ of fluwChlrC. as 
you procecd funhcr. 

The ma-Jd and the J!owch~rt' we 1kvelop are abJ/ractiom 
of real machines and uf real computer programs. Once we ·~~ . 
thc connection betwe~n d!l abstraction and the colla,•/~ or real 
thing, wc can oftcn ¡;atn more unckNÜnding of thc real thing 
by srudying and manipul~ting its ab"ruct coumerpart. So, high 
on our li51 uf pftúritic' 'hoult\ be un anempt to under>'t~nd 
and appr~ciatc the cunncctiuns b"twcen the abstr¡¡c¡ and the 
concr~tc. For e~-:tmpk, in thc r.cxt ~cctions of t\1i> chapter wc 
CMminc ho"· "" a.:nnl Cll:Tl[.'U!Lr i> org~nilc\l and how it 
worb. Thcreaftcr, it will be er,,icr !O sec why thc conceptual 
model, no matter how silly it may hav~ first app~ared, is a 
wry U>dul, 1impliticJ 1·icw of a r"al computer. Lik~wb~, just 
'" ;oon ~' we lT)" 1<1 writ" und te>! ~ctu~l compll(~r pw~rams, 
we ~Id\ ~e that th~ Jlowchan gi1·cs us a ~ímpl~r bur nwr~ 
revcaling way to thint; about CO!llf>Uicr prc,gra111~ ~(}[" mo't 
purposes. 

Expcricncc ha; taught u~ thar problom solving with com­
puters is I"Cry etfe<;tive if we c"n work fmt with a simpliftcd 
modd uf a machinc and a oimple dcscriptÍI'e algurithmic bn-
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guagc in which to exprC~s our problcm solutiom. Thcn it is 
comparativcly ~"'l' to 111<1P th~sc salutions ovcr m pro¡;r"ms 
wrin~n in sorne convenicnt programming bnguag~ mch a> 
llr\SIC, FORTRA~, :\LGOL, or COBOL, so that the pro­
grams can be e~ecmcd on >Om~ real, conwnieru compurtr. 

l. MU<hf)' thc Aowchon uf Figuro 1· 14 to pro1•idc for an ownim~ 
foJturc. All hourS in c~co" of ~O Jrc 10 be paid at time aoJ a h:<lt. 
Yotl will have to place a d,•ci>iol1 ~o' somewhcr< in thc llnwchan 
tu determine wherhcr the workcr aduolly put in any m·ertimc. Thc 
fortnula by which ht< wo~c• aro computed will dq,cnd on thc outcom" 
of thil !OSI. 

Now we are read1· 10 examine how our conceptual modd of 
a computer can k r.·alizccl in an actual rnacbine. For tbc !iN 
25 }"tars of·modem cumputcr hi>tory (19-1(1 w 197·1), ncarly 
~11 actual machine< w~rc bLtilt fullowing a more or k>~ ~L~reo­
lypcd patt~rn >U¡:¡:cstcd b)" johtl Von Ncumann (J903-i<l51). 

t\ prolotype machinc f¡>IJowin¡: this pattcrn i~ dúu~>CJ in this 
and following ;~-..:tion>. \X'e will call Íl S.-\.\\OS. SA.\\OS i~ 

a vcry simple machinc; th~l is, ÍI is suipped down lo thc b:lre 
cs~cntials. Sorne fcaturc~ of its opcra!ion are de1cnbc•d in con­
siderable detall, whilc uthcrs are ¡;losscd ovcr. Thc pfugram­
ming of S.>.,\ lOS i~ dcscribcd bridly in s~ction 1·6 r.m! in 
more dctail in thc ,\ppcnJi~, thc purposc uf which ¡, !>' hdp 
the reader sce a clo,cr wnnection berween languagc for ex­
prc:Ming algorithm> and machinc~ that execmc thcm. 

lt would k foolhard}" to assumc that SA.\\OS-Iik~ ma­
chine-s are th~ "h~ ~11 3nd cnd ~JI of comput~rs," ~im·c th~ 
arch)tccrurc "fcomputas is ~till undcrgoin¡; r3pid ch~Ll;;~. For 
this rc.1oon, 3'J'""L'h 01" t\\"u mher niJ("hinco ore disctt>scd bridh· 
in this book. Onc m;ochinc, c·~llcd HITOS, ;¡ppe,¡¡·, l:ttcr in thi, 
chaptcr; thc othcr, c3lkd I'OSTOS, is comidcrcd in Chlptcr 
8. Euch of thc thrcc modtinc~ cxhibits cerwin di>tinct char,lc­
tcri5tics for the impknwntatiun of our ronccptuJI moJd, :, 1.\1-
PLOS. 
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Corc Storage 

><üUH 1·16 
A m'gnotk cote. 

F!CUU 1·17 
\'!'~<te (\\o wi= cnns. 

In ordc·r h> ,¡udy thi' ¡,,._,k Íl b u>cful, ¡~hhou:;h m>! ,.,s~n­

tial. 10 ~ain a ¡:GuJ un,kr-tJnJing of how an ~.:tu.tl c.>>nput~r 

worh. \~·~ 'ugg~.,¡ that yott rcad onc~ throu~h th~ m~t~rial of 
!he ncxt 1\\'l.l s~ction> wllhout ,l!IC>nptin:; to m:l>t.:r it. :\~ you 
wnrk cxc·r..:i'c' th,tt rél.ltc toS:\.\ lOS, or h:n·c occ¡~~ion lo studv 
S:\.\ lOS in 1hc :\ppcnJi,., )'C>U will no doubt cumc back to 
thc nc.~t tull 'c~tions for a more careful sntJy. 

• l!t\\1 are ¡~11 thuo< '!Of.lF l>oxc·s of Sl.\IPLOS rc¡~lj,~J lll 
_Jctu.¡J pr.KIÍ~c? Th.; ;tor.l~~ ,,f ~ctuJI Cmllpli!Cf> is buih of 
ckctwnic· COillf'llllCr\15 in a I':IJ'ÍC1)' of ways and with a \'Jriety 

of mJtt·ri:~l>. llcrc ":" Jc,cribc onc way that a SAMOS swrage 
can be bui!t. 

Si\.,\ lOS 'tomgc, pac:bgc·d in a rcct:m¡;ular box, is an orrangc­
mcllt ,,f 1Íil)' nwgnctic d~HShttuto ~s sm~ll a.> 1/~0 of un inch 
in diam~1~r. Thcoe don;;hnuts urc' culled com (Figure 1·16}. 
The rores un: laid out in 61 horiwmal layen or trays calleJ 
core plolll~l. On cJch of thc>~ !aycrs, wircs are strung evenly 
in two dircctions 1 ikc thc linc~ on u sheet of graph puper. Thcre 
~re 100 wircs in cach Jircc1ion. :\Ieach point wherc rwo wires 
~w»,·thc wir~o "'~ thrc,\dcll throu;;h a cOr~, likc thc thread 
pu><ing- thrOltL:h the eyc of" nccdlc (Figure 1 · 17). (Still othcr 
wtrcs are thr,·odcJ JiJgon:tl!)' through cJch cor~ within cJch 
plan~. Thcir function ¡, not importan! to thc discuosion that 
followo, and thcr ar~ tlt~reforc ignored.) 

Figure 1· Jjl Í> " picrurc of a core planc from an actual 
comput~r bllilt inthc mid-!Y60s. Since therc are lOO X lOO 
cros~.nr,< ti\ cndt. S.-\.'1\0S ~M~ lay~r, wc sec that th~re 
are 10,000 cores tn C:iCh corc planc and hencc 
61 X 10,000 = 610,0iXl cores in th~ entire SA,\IOS srore 
(stor~¡;e). 

Thc;~ cores are capable of being magnetizeJ in either the 
cluckwis~ or the coumerclo~kwis~ scns~ (Fig11r<: 1·19). Beca use_ 
of this 3 ente ~an store inform~tion, \\'~ could thiuk .óf dllCk­
wi~c ma¡:ncti~otiun :11 m~:min¡; ")'Cs" anJ coumcsclockwise a~ 
meaning "no." \\'e will ins1cad think of dockwioc as •tanding 
for '·O" ~nJ coumerdockwise for "J." In any el'ent, the ir:for­
mation comaioed in !he magn~tization of a corc is !he ~malkst 
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Tilm, whcn a pulse nf curr~nt p,;s..:s through ~ corc, the 
~ore will lx·.;nmc m.l~:ncti;c.l in une dircction <lf thc other, 
dcpcndin¡; nn thL Jir,·ction ui 1hc curren! (Fi¡;urc 1·22) . 

• 

llut how can we mannt:~ 10 magnetize just one corc insread 
of rhe whole String of rore-s (Figure l-23) lhrough which the 
pulse pa~~cs? The an>11-er líes in lhe magn~tie propcnies of 
thc matcri~l from which thc eor~ is made. In this material, 

if the pulse is tou "-cak, thc Jircction of magncti<.~tion of rhe 
corc is only wupo,-,v-ilv ~ltcrcJ, and aftcr thc pubc of currcm 
has passcJ by, thc corc mcrCl)' r~'tllrns lo it~· former magnc!Íc 
coodition, whatever that was. 

On thc other hanJ, if the curren! is ~u-ong cnough, the 
core rcmains magnctiud in the seme cstabli~hcd by lhc Jir~c­
tion of rhc currctn, rcg"rclkss of the formcr magnctic condition 
o[ thc• con:. Thc• situ,Hion is analogous ro tryin¡; w throw a 
ball from the ground lO thc flm roof of a building. lfyou havc 
CO<lu¡;h powú in your thT\t\1', the ball will lanJ on thc roof; 
othen\'ÍS~ Ít will bounc.: a¡;ainst lhe wall and fall back to thc 
ground. 
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Duubhn~ oh' ""~ncti< liold " 
th< 11ir< cro"ing. 

SJ.\\\'LO~ oml SA.\!OS 

Stor~s Compar~.J 

The strcngth of the pubes is carcfully rcgub:e.J so thJt 
one pulse is not sunicient to pcrman~nlly magnetize a corc, 
bm two pulses ac1ing simu!tancously wil! cxcecd the thn:,ho!d 
•trmglh and rc>ull in p.!rmanent magnctization. 111us, pulses 
pa>Sing alon¡; two nf the wires (Figure 1·2-l) will pcnilancmly 
magne~izc jmt thc onc core that is locatcd where thc w¡rcs 
cross. 

Lds lea,·c thc individual corc planes and consider the cntire 
stol\' of thc S,\,\ lOS computcr, compOscd of the 61 rurc pbncs 
(Figtlr<: 1 ·25). Ead1 wnical column of 6\ cores consrilutes a 
comp<~ler u-orJ. "l"hus, 1hc storage of the computer is composcd 
of 10,000 ll"llr<h. Tllcse II"Ords ha ve addrcs.<.es that "'e fom-digit 
numbcrs from 0000 tn 9999 am.J, like housc numl>cr., thc 
addrc.,scs idc111i l"y thc woro.h. Ea eh of thc 10,000 dots sugge$tcd 
on lh~ top.>.>f th~ bo~ b thc top of a o.•crtÍC3l colunm of 6\ 
rores {or a IIWd). Thc m~thod or assigning the addre~sc' is 
indi~a1ed in th~ li~r~ . 

. E.tch t>f th~'c 1\"l>rd, n>rr~<ponds to a !ll.lrogc box in our 
conceptual Sl.\11'1.05 mu,kl. For cach variable in thc !low-
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churt thcrc is a S,\,\!05 word with a definüe nddress. The 
1rord cont~im a certain pattern of bits determined by the dire<:­
tions of m~¡;nctiz;uior. of its corcs and represeming thc 1•a!uc 
of tlHI! I"JTiJblc. "A»igning a valuc toa variable" is dfcctcd 
by plltting a .:~m in p~nern Of hits into a word (Figure 1· 26). 

\Vhen 1w '~)· "thc Mamr Computer tdls thc Assigner 
to assign thc 1~oluc 1597 to the variable SUM," what acrually 
takes platt is thi>. The variable SUM is rcprescnted inside 
rhc machinc by '"''am nfits addrcn; suppose il is 0103. Now 
allthc 61 X 2 "' 122 wir~> pas<ing through corcs in The word 
addr<:~>cd O !03 uc cncrgi~cd with pulses of ~urrcm in the 
propcr dircctinm >o as 10 achicvc thc pancrn of bits rcprcsent­
ing the numbcr !597. In a modcrn computÚ this assignmcnt 
process can be pcrfonneJ in a fraction of a microsccond; a 
microsccond is a million1h of a second. 

In the binary sys1cm of reprcsent~tion, a numbcr su eh as 1597 
is coded a• n ming of 1 's and O's, for exampte: 

110001 1 o 1 



3:1 AIGORITHMS ASD CO.\IPUHRS 

FIGWJ« 1·26 

A bit pattcrn ¡, "''igncJ w o 
Wl\lp<lt.-r 1\0rd by 

•rrru¡•n.nel)' m.'~"'"""g ,,_,h 
.,( tlw '"""' f~r th..it wor.l. ,\ 
coro is m.tgn"¡,,.,t by P~"'"'~ 
m <i<ar.,.,ic pul,, thm .. ~h 

coch o( '"" two wir.-. tl,., 
inro.-...-a at rtuu .:oro. TI>.: 
diagt<tm idcnnfi,.., th• wi"' 
pairs th>J mu" b< '<"kel..-.l tu 
u•ign a h11 )>.:lnorn for tho 
word ot oJdr"'' 0!03. 

" ..... 
' .. ·' _. ' ...... . ....... _._ . '- ...... . ....... , ........ . . ... -.. 

• .. • • • >. 

' ' 

For SA,\\OS any string wouJd be preceded by a string ofr.croY; 
to fill out a!J thc bit positions of thc wonl of storage. \Vhilc 
numbcrs ar~ codcd in binary ft•rm in mJny computcrs, binJt y 
is c~nait~ly not th~ tmly chuicc. Jn a machine such a> SA,\\OS, 
for instancc, ~ompll!ution is carricU om in the decimal systcl!l, 
whi~h mcans Ihat bit p.lllcrm in a wonl of smra¡:c must be 
coUcd to rcpn''<:!ll <.kcim:tl digits instcad of bin~ry di¡,tit>. 
Moreover,. 11·~ wam 10 s1ore lcucrs as well as c!~cimal di¡;its. 
Por ¡hi~ rca><>n, \W >Ubdivid~ our 61-bil SA.\IOS words inlo 
J 1 character po>itiom as >hown bdow. 

11 1 1 1 1 1 1 

~~-· 
~ 

"""' . "''' 
, '"' 

Thc tirst posilion (onc bit only) is resei-t·cd for a cnJc th~l 
dcsign:llc> thc· ,;ign, + or -. 1 !ere O is suflicknt to rc•prc>Clll 
th~ + ~har . .ctn aml 1 >i~nilic> thc - ~harJncr. Each of 1h~ 
oth,·r po,itions consim of sis bits and can ¡,., mcJ to swrc 
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n<taii:J bil poue.-ri• far two 
rompu!er "'"ds. 

FIGC~t 1·27 
Choro<l<r <:<><!< 

J di¡;it ora léncr, th.u i1, rllarac~,·r, uccording lO thc coUc ~hown 
in Figure l· 27. 

For c<Jch gninp of oix bits, 2• or 6\ distinct comhin~tions 
of zcros and on~> ~re rossiblc. In Figme 1·27 w~ have uscd 
up only 37 ofth~ 64 combin:nions possibl~ with ~ six-bit coJe. 
This lca,·c:; 2i ~dJitional combinations for othcr s¡-..:cial.s)"m­
bols su eh as +, ;;::, and th~ likc. One of the 37 ~:ombinatíons 
of spccial imcres1 ís thc blank space, O, whil:h is ~:odcd as 

110000 

\'i/ith this coJ~ you can scc that thc rn·o 6_1-bit ~;ompuicr 
words displaye<l ,-enic~lly in Figure l· 28 rurn out to be 

• " 1 ' 1 • • o • ' ' , 

.ind 

1 • 
1 
• 1 ' 1 

• ' o ' • 

From now on we shall represen¡ our SA,\\OS ¡;omputer 
words as strin;:> of JI char~cters ins1cad of strlngs of 6\ bits. 
In a number of conwmional computers of similar d~>ign eight 
instcad of six bits are ¡;roupcd to reprcsem charactcr codes, 
makin¡; ir possiblc to distin¡;uish among a considcrabl)· larger 
set of ¡;har.iCI"rs rhan is thc case in SA.\IOS. This di~tinction, 
how~""'• h~s ab>olutdy no ~~r~cr on thc principks of ch~r~ct~r 
rcpre;emation and manipubtion thar occur in cnsuin¡; <;hapter s. 

The construction of thc main storage for any actual com­
puter is of grear inlcrc~t m3inly 10 computer enginc<·rs and 
designcrs. Storage componcnt~ curreml)' are built from ,·arious 
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SAM<:;S l'ro~'l..,sine: ünit 

flGIIR> 1·:!'1 

Thc rrin..:ip'l .~ .. np<.><~<nl> of 
SAMOS. 

types of physical de,·ices and materials, induding magnenc 
cores, magnetic thin films, and transistor flipflops. There is 
considerabk variccy in the circuitry used 10 organize and utili~e 
such componcm~ ~nd in the methods of pacbging and minia­
turidng rhem. Thcir physiOll charactcristics, such as size, 
spced of acccss for storing and retrieving information, energy 
rcquircmcms lO op~ratc tllem, and cost of fabrication, vary also. 
:-ieverthdcss, schcmcs >Ímilar to that used in the word­
organi~cd corc >lOra¡;c of S.-\.\\OS have been used to asscmbk 
and incorporare all of these types of storage units imo conven­
tional computcr sys1ems. You might be surprised at how much 
undentanding of this subje'Cl you can gain with a relativcly 
small in,·estmcm of ~tud~· time. (Sec, for cxamplc, one of the 
references on thi~ wpic in the rcading lisl at tlle end of this 
book.) 

Now th:tt 1\"C h.wc .\~c·n how the S.'\MOS storagc is structured, 
wc will considcr h<.~w tllc swragc i> used in c~ccming an algo-
rithm. · 

Our computcr hJ> 'cvcral othcr componcnts b<:sides the 
store. Tbcse are shown in Figure 1·29. 

. ' 

i ' ' ' 
l•·~c ~ r "1~<0 ¡,~, r 

•~rl'T }:::!. OlJlP<.IT 
""".,., >T<.!~t "' ,...,,,,., "' .... "'"'"' ''"' ,.;""" 

Th"c solid Jinc> imlic,\Jc !he dircctions in which \"alucs or 
instnlctions may be tnnsf~rn~d. Thc d;i>hcd linc:1 indicate the 
cxcrci~c of .:umml. Thc comrol unit an.l thc procc»ing unLI 
pcrform thc dutics of thc "'.\lasta Compute(' :ond his helpcr-;. 

An importan\ pJrt of thc processing: unü is th" .;ccumll/.1-
tor. "Jñis ~]"><·ciJI computcr wonl holds thc rc>ultuf cach arith­
metic op.:ration. 
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is c3rric•U out by íir,t obtaining a copy of the va!ue of SUM, 
placing it in. thc ac-:umu!ator, and then copying th~ '·alue in 
tht aL'Cumu!ator imo th~ computcr word bclongin¡; to the \'ari­
ablc LA TEST. Thc vu\ue of SUM is undrmg~d in this proc-. 
es<- Noticc, however, t!Út valucs !o be input or ourpm do not 
pJ>s tbrutlgh thc SA,\105 uccumulator but go dircctly into and 
om of sLOragc. 

\X'hcn thc control unir rcccivcs and imerprcts an order, 
somc compmcr op~ration is activared. The orders are in the 
form of codcd insrruaions stored in !he computer; we wil! sce 
about thcm prcsemly . 

Gctting an algorithm into a forrn a machine can executc involves 
severa! translmions that wc can represcm as follows: 

"" 
F10"<J"Rl CD ._. ' ,,, .: \\ 

"" 
>1 \i IUX> ~Ñr.ll~l "' " ""·l'"'l ' ·:,, ' ,. ,, '·' ..... "'' 

You have alr~ady had a linlc experience with the first 
translation step. The secom! trans!ation stcp is thc proccss of 
convcl'Ling a flow chart ínto a proccdural languagc such as 
FORTRAN, ALGOL, COllOL, or PL/L You l~arn how tp 

do thís in your lan¡;tnge manual. If approachcd properly, this 
uanslation step is quite mechanical and can be pcrformed by 
a fX'rson (or by a machine) who has no idea what the algorithm 
ís au abour. 

In many compurcrs of advanced design, the ihird tramh­
tion proccss can be omitted bccause the machinc's language 
nnd thc proccdurallanguagc nrc cifcctively idcmica!. Whcn the 
third translatíon step i,; ncce~sary, and it is for a computcr such 
as SAMOS, the proccss is completdy mechanical and ís ~ar­
mally done by the computcr itsclf. This process is called cam­
piliug. 
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It is not nece~suy right now to know how compiling is 
done, but it may be imerc>ting to know the reason for doing 
it. Each makc and $\)"le of compuler has ils own bnguagc-th:ll 
i1, its own ser of illSlructions that it can undersland. Use of 
a proccdural !anguagc allowo _us to J\"Oid a tower of llabd in 
which a programmer would have lo learn a new \ansuage for 
each machinc he wioh~s lo use. A proccdurallanguagc con>ti­
tutes a kind of "Esp..:ramo" that enabks a progmmmcr to 

communicat~ wirh many dilferent machines in rhe sJmc lan­
guage. Moreover, a proccdural Janguagc is general!)' much 
casier to Jcam tD use than machine lan¡;unge. The pwgrammer 
merdy prcpJrc;, say, a FORTRAN progr~m on punchcd card> 
and fccds ir iniD thc' comput~r, which '"compiles" a scqucnce 
of machine bngua¡;c in;tructioos. This sequ~nce, c~Jied a ma­
thi"~ lauguag~ pwgram, i~ th~n placed in the computer smra;¡c. 
In many S)'>lcms rh~ pro~ntmmer may transmit his program 
ro thc computa sturJ¡;~ b1· l)'ping Íl a Jine at a time, using 
a rypewritcr'or other kcybo,trd instrument \O serYe as the input 
dc\~ce of th~ comput~r sysrcm. · 

Succcssivc SA.\105 imu·uctions are (,l~ct·d irl consccutively 
addrcs.cd storngc Jocarions srorting with 0000. After thc com­
putc"I has cxcctncd ~ri in>rrucrion, thc control unir will always 
takc the next instmnion fwm the next addre", tmless thcre 
is a brmrchi11g instmctinn f'!OI"Ícling a diffcr..:nl ocldrc>S from 
which tn mh thc n~:<t insmtction. 

To see how rhi' works, considcr rhe imtruction ¡;iken from 
thc Fibonacci sequcnce flom:han (Figure l· ! lb), shown hcrc 
in Figure 1· 30. 

Thc pr<:';:cduml l~ngu,Jgc cc¡mvalcm will not look much 
diiTewu. Thu,, in ¡;QRTitAN this imtruction would ~rr~~r ¡¡, 

SU)J = LA TEST+ !IEXT 
and in i\LGOL a> 

SU!.! !"' LATE:ST + 1\E:XT 
and in AI'L as 

SU:J ·- LATE:ST + KE:XT 
and in .BASJC as 

l.ET s~·. :=u.-:;::;·:+ ¡.;r::c 
nnd in COBOL ilS 

COMPUTE sm1 E:QUALS LA TEST 
PLUS NEXT 

' 
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In thc SA.\\05 m:Jchinc Lmg:mg~, a \'ariabk canllüt be 
rdcrr~d ro by¡¡~¡¡¡,· hut only by tl•c .JJ.lr1•¡J in swra¡:c assod.1t~d 
with thc \·ari~hk. Sup¡x"c that :\EXT, L\TEST, anJ SU.\\ 
h;wc tx"t:n g-i•·cn, rc<p~ctiwly, locations 0!011, 0101, ami 0102. 
Thcn in thc S.-\.\ lOS languagc, thc 11<'"-,h.ut itHiliCtion trans­
l~tco to a >cqucnw of thrcc machiM in>truction;, b shown in 
Fi¡;ure 1·3!. 

Thcse instr\tctions haw thc form ot" 11-charactcr worJs, 
alihou¡;h thc tirot .:hJr:Jctcr Íi unimponant ami th~ lil"th, oixth, 
ami Sci'Cmh are of no imcr~st to us herc. The rypc of op,·r,;liou 
to ix: performcd is co .. kd using the thrcc !wcrs in prn.inom 
rwo, three, ~nd four, ~nd thc four-di¡;it numeral at thc right 
is thc add,..;ss l>Soci.n~J witll that op~ration. 

Th~ lcrrcrs LDA otand fm· "LoaD thc o\~cuntulatot." The 
wholc ú,;truaion 

+ LDA 000 0101 

mcam, "Make a copy of thc va!ue srorcd in address OJO! 
without altering the origin:ll, and srorc the copy in thc attumu­
lamr." Ciear!y, thi> is the function of thc Re~dcr in our con­
ceptual modd. Wc will m>t go imo thc derai!s of thc ckwonics 
involvcd in carrying out this instJ uction. lt is sullicicnt to know 
that when a copy of that inmuction is brought to the control 
unir, ccnain switches are :;ct by the control unir that allow a 
pulse c"urrwt ro pass through the cores of thc word O lO!, Thc 
masneti<eJ corcs cause a dt,m¡;c irt thc currcnt thar, in rurn, 
allows a copy 10 be madc .. 

Tite sccond imtrucrion in Figure l• 31 mcans, "ADD thc 
value in thc wórd addres.cd 0100 ro the value aln:adr in the 
accumularor ami place thc rc~ult in the accmnulator." The 
third instructilln means, "Copy (or STOrc) thc value in the 
accumu!aror int~ the word addre~sed 0102." Executing a STO 
imu·uction is analogou~ to thc work of the :\;signcr in our 
conceptual inn(kl. Spe~J~ vary from machine 10 machinc, but 
in modan computen, thc time requircJ to carry out such 
imtructions is usually on the order of a millionth of a !iecond. 

Wc are almos¡ able w tran!ilate the enrirc llowchun for the 
Fibonacci sequcnce algorithrn (repeatcd he re in Figure l· 32) 
imo SA.\105 lan¡;u~ge. First note, hOwcver, that constams 
ncvcr appenr cxplicít!y in SAMOS instrucrions. Instead, an 
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instn•c'tion 10 f~tch a _con>l~nt must rcfcr to thc swragc nddrcss 
where the dcmcd valuc may b<: found. Of course, this a)so 
app!ies to variable>. Thus part of !he compi!ing process in­
volvcs providing storage address.s for the conswnts (as wdl 
as for !he variables) apfll=aring in !he pro¡;ram. \\'e a!loca1e the 
!ocations 00!7, 0018, and 0019 for thc constants O, 1, and !000 
ap~arin¡: in the ftowch~rt and specify thc proper valucs for 
these words. 

\Ve assume that thc storage loc:uions 0!00, 0101, ami 0!02 
have bcen a!located for the \1lriables NEXT, L\TEST, and 
SUM, but that no vá!ucs h3VC bccn placcd in theSc word>. A' 
cxccution of Lh~ SA.\!OS pro¡;ram for the Fibonacci al~Nithm 
starts, thc ~Lat~ of swrage is shown in Figl.lfe 1·33. Thís figur~ 
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Di~CUI>Íon 

also illu"ratn a "coJín¡; form" on wllich on~ mi¡;lH h~w 
IHÍucnth~ S:\.\ lOS pro;:r~nl (¡;ray-col6rcJ inftmnation). Yuu 
will nmicc ,~,wal n~w S.-\,\ lOS "p.:rations not prn•iomly sccn. 
Th~>C are .:xpl.ti11cJ in th~ J(>llowing: di~~msiQn. 

Thc imtro"tion~ in sror~g:e aJJrc..scs OIJO.t, 0005, anJ 0006 
havc •lrc.t,ll· hccn i.liscmscd. Ilcforc looking ut thc othcr in­
structitms, rcmcntbcr that the variables are in storage locaiions 
0100 through 0!02. 

F rom pr~1·iou' di>CO"ions \'ou· should sce that t!Íe in,truc­
tion founJ at 0000 ,,:;n, whcn c~ccmcd, copy the value in 0017 
(i.c., tllc nu,nbcr t1.) inw thc accumulamr. Ncxt, thc im.truction 
in 0001 cctpic; thc va!ue in thc accumulamr into thc wonl at 
address 0100. Togcther thcsc ;¡cps are cqui1·aknt1o assi¡;ning 
Oto th~ l'ariable ·" EXT. Similarly, !he in;truclions in addrc;;o!S 
0002 ami 0003 are ~quivutcm 10 assiguin¡; rhe \'alue 1 10 tl"\e 
vari~blc Li\TEST. · 

Rcmembcr thJI the L'Ontrot uní1 exccutcs the instructions 
in ord~r unti! it comes to a branching instruction. The first · 
branching insmtction is fuunt.l in adt.!rcss 0009, reading 

lololololol ' 
The cod~ B.\1! •tands for "Brarich on a ~Unus." The whole 
instrucliun mc:ms, "lf1he \'~!ue iulhe uccumulator is ncgative, 
go to aJdrc~; 0015 for rhc llCXI imtruction; othcrwisc, go on 
ao usual to thc next numbcrcd address (0010)." \Ve will see 
sllonly that thc value in thc accumulator a1 this time is just 

1000- SUM 

S-o that !he value m thc accumulator will be nc¡;ativc only 10 

!he case that 

SUM > 1000 

is true. In this case, thc branchin¡; instruction sends us 10 ad­
drcs; 0015, whcre wc sce the instruction 

' 



... 

wbidt m~am, .. \~'ritc thc \\'orD m ~ddrc~s 0102." This 
amotmt> w priming: out thc nluc of SU~\. 

:\ow why is it thai whcn thc in'tnlction in nddrcss 0009 
i~ rc.l.:itcd, thc numba in thc accumulator ii 

ILIOO.,... SUS\ 

\X'cll, on looking at th~ in~truction in uddrcss 0007, wc see that 
it in,truct> us lO luad thc accumulnt"r 1\'Íth thc comcnts of 
aJJrc>' 0019, that is, to pul thc numl>~:r 1000 in the accumll­
],J!or. The nexr instrunion, thc onc in 0008, tdl s us to "sttbuact 
the comcm' of address 0102 fwn1 thc accumu\ator and put_ thc 
rcsul! in the accumubmr." Sino: thc ~"Omcnts of 0102 are just 
thc •·a!uc of SL'.\1, this·amoums to thc p!acing of 

1000- SU.\\ 

in thc accnmulator. 
\'ou >hould be able to l"crify for yom;clf that thc ins!JUc­

tions in addre~ses 00!0 throu¡;h tl013 ~ccomplish the assign-­
m~rll> indic,u~d in thc ri¡;ht-h:mJ C<>llltnn ,f Figure 1·33. 

The imtmction •n uJ~ress 001·1 nccds to be dcscribed. 

1\RU stnnds for "BR~nch Unconditinnally." The menning of 
the cmin: instruction is, '"Go back ~o addr.:ss ()()().¡ for the next 
in.truction und continue in ordá from thcn:." You can see that 
this corr~>ponJo 10 the arrow from ltowchurt box -\lending back 
to llowchan box 2, whcr~ we rcpcat thc summing m:p. 

The imtmction in 0016, of cmtr>c, ~tand. for HaLT and 
. ~moums 10 >topping thc computing proccss. 

Yuu can best tmdersmnd all this by trucing through the 
SAMOS program by hand, kccping u record of th~ following 
dctails. · 

l. Which insrruction is being exccmcd. 

2. The vulue in the accumulator. 

3. The \"ulucs in the addreS$CS 0100, O!OI, and 0102 {the 
1·alues of :-.:EXT, L..,_ TEST, ami SU,\1). 

Notice that the in>tructions in addn:$SCS 0000 through 
0016 are nc1w ahercd, nor are thc conteO!~ uf the locations 
0017 through 0019 (thc con>tants O, !, and 1000). 

·. 

• 



EHRCIH!i 1 ·6 \. C".<.llhtrliCI a li>l of ~.\,\\OS in,lrU,IÍL>ns lor lhc llowchan in Fi~ure 
1 · 1~. \"1\u \\Lll llcoJ Lwo "'l,laic>n411)"f'''' uf inmuCLiuns. Thc lir.l 

" 
<\1'1 ~ATIO~ 

1 : 1 ' ' " ' " •• '" 11 

which i> ~n in>LnLoion '" read > \'aiLLc frum a a~rd imo <he rompurer 
worJ aJdrc;.scd 1005. 

Thc sc·mnJ is 

1 o 1 ' 

\\hich ·¡, an inslrucnon 10 nml!iply thc \'oluo in rhc accumulawr by 
1hc \'aluc in aJdr""' IQ23 anJ pul lh<' re>ull in lhc accumul31or. (Of 
coursc, in lhe aJdrcS> p.:m of lhc-sc in•truCiions, we may put ~nr 
.JJrcss_,~c wish.) _ •. 

2. This ~umion rclol<$ La Lhc ll~wchan fr~gmen1 ~nd proposed SAMOS 
¡ransl•dcm of i1 >howtl bdow. For C<ch of )'Our answcrs thc 4S>Uli\CU 
ol>jcc1ivc is 10 mokc <he rroroscd St\,\\OS fragmem consis1em ""Lt!l 
Lhc ¡¡i,·en flowchart l'rogment. 

" ' ' 

"' Opcode Addr 

1 1 

l - ~ ' 
,, 

¡ 

' ' 

¡ 
"~ l( 'o ) 

1 

0019 "" ooo! osO) 
00191 IJPY 1 0351 
0020 I.I?Y 10351 
0021 STO 0"151 
0022 W\'/IJ 1 O~St 
0023 "' 0351 
0024 "' 1 0·101 
0025 1 003C 
0026 "' 0351 
0027 '"' 050: 
0029 S'!'O 03.5: 

X- X- 1 
0029 "" • 
0030 

1 



(J) 1\'uh whJt "'""""Y ln\O;t!Ínn """!!he voriJhic X be os;ociatod? 
(h) 1\"iut ''I'"'""J oJ<h>S ;, n<e'\lcd t>•r the tmu instruction thot is 

''"'""" "' l"c..L!lon 00!9f 
(<") 1\'il,ll >hou]J l>; thc Of'Cr:UÍon c<>.k li>r the in'tnKtion 01 locnion 

002:)! . 
(J) 1\"h.u orcr~tion coJc is nccdc..l for thc in"ruaion locoud at OOloO? 

3. Titi> <]U<:>tion rcl~tC> 10 <he Jlowchm frogmont anJ pr<>pose<l SA .. \ \OS 
l"n>tuion of it >hu\\ O bdow. Fllr c...:h of p>ur on$Wc'n, =ume 
the ohjocri,·c ;, to makc thc f'l"O)'O><xi SA.\IOS fragmem consisten! 
wilh >he g1ven Howchart fragmcnt. 

¡ 
' 

X:;. V 

!' ' 
' - R • p 

' 
' 
¡ 

' 
' 

y - ,. 

l.oc Op:cdo Addr 

"",1 ~~: 000 11 owo 
0018 SUB 000

1

02.00 
0019 Bt.\I 000 0024 
0020 LDA 000 '0105 
0\l::?l 

.0022 
0023 
002·1 
0025 
0026 

t•rv focO oto7 
STO 000 
BRU 000 
LDA 000 0100 
STO 000 0201 
w:·.u ooo 0201 

(o) IX'11h what locotion must thc variaiM X h< ""ociated?.. • 
(b) Wim ;, thc opcrnttd oJJrcs> tho! ol>ould be filled in for the BRU 

imtruction shdwn at loootion 00231 
(e) \\'ha< shouiJ be thc valuo of th~ addr." ticld for the STO insuuc-

tion ot location 0022? · 
(Jf lt' at location 0022 the STO w.,re roplaco:d by a BRU oper.~tion 

cuJo, what then wouJJ be thc appropriate •o.loc for the address 
ticlJ? 

' 
~- This <JU5Üon relatos to thc followin¡; SA.\IOS progrom ond thc four 

dota cards di•played tu the right of ir; you are to assume·ihat thc 
givcn SA.\\OS program CJ<CCUICS with thc dala carJ, shown. The DIV 
(divide) instrucrion produces an imeg<r quotient (>ec Appendix A). 



5. 

0000 R.','O 000 0012 
0001 R".",D 000 001:3 
0002 l.élA 000 0012 
000:.1 "" 000 0013 
000•1 :.:py 000 0013 

" 0005 STO .QQO 001•1 
0006 "' 000 0012 ' 0007 SUB 000 0014 
0008 STO 000 0014 
0009 \'i\','0 000 0014 """"'' 
0010 f~RU 000 0000 
01)11 HLT 000 0000 

S.\.\ lOS P'."~''"m 

{~) \\:'hich of the following is a J~ls~ ;t~temcm? 
{ 1) Tño inmuc:tion at 00 11 "ill ncwr ~ rcoched 
(2) Only twu •·a!u<"S will he printOO, 
{3) All four data c:1als wi!l be: read. 
('1) Thc first ,·oluo primc:J will be 3. 
(5) ·¡ hr~c valucs wi!l be printcJ. 

(b) \\'hich of thc fullowing is a u·u,• >!Jtcment? 
(\) Thc program will halt whcnc,·cr the rcsult of a di,·ision is 

{2) Tho in<truccion 01 00\\ wouhi be cxccutcd u;ing thc given 
>ct uf data if the ins~rm;!Íon o¡ 00\0 wcre rcvised to R.\tl 
000 0000. 

{3) This pro~ram inpua two numbcrs, •dects the lorger, •nd 
r''"'' ;, nlue .• 

{ ll .\11 !llrce oi 1ho olxwo st~t,•mcm; an: fa!,.,. 

l'rnhkm> 5 1hrou~h 7. Tñc followins 1hrcc probbm inu>lw pro­
wams 10 be wri.,en in SA.\IOS on.,.hino bn¡;uagc and run on 
" "''mputc< U>Íng a SA.\\OS oimubtor. lf ynu Ú<l nm have a 
"'""l'lllcr ovai!Jblc, rom fm.1l """lt will be a SAMOS codins 
(orm ;IJOwing )OUr prn¡;ram. 

Draw a flowchart anJ wrote and run a .SA,\\OS pro~ram to tind the 
arcas (to !he ne=st imcgor) of circlei with each of the following 
r.Jdii: O, l, 2, 3, ... , JO, 11, 12. li1e .- "' 22;7. lli<: output is 
to ronsist of each rádiu• volue followed b)' !he assoc:iated aroa, 1h1t 

• 
o ~- r,,, ,..,,., 
O ·~- F>nl ,,., -- ,.,,., .. ., '"''"' 
'~s""""'"'' 
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·!,1 ALGOKl 1"1!.\lS A~D CO.ItrUTEKS 

Thi, S.\.\\OS pro~r~m >lwui,J no1 C~""'-'lO on1· Úlf>~~l stcps. S!onge 
¡..,.,;,¡ion> wi\1 he r<"quircd fur ilhtruction> ~nJ lor u\1 •~•n>tJntS, in­
cluJin~ 11. 1. thc c'l.lfTmt raJius, 1 (U> incrcmcm the r~Jius 10 thc 
n~x1 va loe). anJ a numbcr (11, 12, or 1 J. Jepending on vour panicular. 
tlow chon) 10 l~>t o~ain>t to dctcrminc wh,·n 10 ~r.mch "'}¡~/t. 

Qumiom \\'oll SAMOS gi"e thc sorne rc,ult whcn yc•u "''mputc 
( n ¡ 7) X r' Js wbcrt yoo wmputc (22 X r') · 7? 1 f no¡, which giws 
" l>c!ler resol!? \\'hy? 

6. DrJw a fluwchan an,J wii1c ~nd ron a SA.\\OS program tu do 1hc 
10\\owing: 

'· 

Fnr thc l'.!IU<S frmn 1 to lO indu•i•·c (i e., 
e\·alua!e 1he following.rnalhcmatical •~!'"'"ion: 

F=5.V+IOX+6 

Prin¡ ou¡ the valuc for X and F ahcr eoch e\'alu31ion. 

_.;; X $ 10). 

Thc fir>t v•luc of X will be l. I'or 1his value, 

f 
F = 

5(!) + 10(1) + 6 
5+10+6:::: 21 

Titos the numbr:n 1 an,J 21 will ¡..O printed out, ;ind F wili then 
t.. ,,·~lu,tt.:J for X = 2, 3, ...• 1!)_ The completo outrul will 
e"'"'" u! "O numben: 

___r:-;¡,. ~ ' [ .------a.----l.,_!._ ___ ,:__.::=.;.o 

'~'--.; ( :¡ .. ,,,,>,,;] .. 

Nott .~JJiiWn~l lnfomi(JtÍ<m for Prohh~n 6 
1 

l. ~o d>~a carJs will be nc-.:dcd for this program.· 
2. Tilo: ,-~loes from 1 to 10 noed 1101 all be stored'.lt th~ bcgi~ming 

of 1he program. 
3. You must indude r;omo WJ)' to termínate your program after thc 

final value has been prottsscd and printed. 

Drow a flowchan usíng v~riable• C, X, TAI.LY, SUM, and AVG, 
and wrile and nm a SAMOS pwgram tu Jo 1he following: 

(a) Read a value for !he variable C. 
(b) ReaJ a value for 1he variahle X. 
(e) Check 10 see whether X cquals 9999. lf X does not equal 9999 

then check whe¡h<f X equ:!ls C. lf X cquals C, th(11 rtturn lo 



,,top (h). 1f X d<>C> OL>l ~·JLI.tl e, thcn a.t,l <HlC tu a "'"¡n<er c:lllod 
TAU.\' .tn,l aJJ X w thc ,.,,.¡J~Ic SLJ.\1 aod ,¡,,., rctmn to >lcp 

(bJ. 
lf X ~qual> 9~~~. thcn no more .la!d C'JrJs "'" to bt; rcad. Ar 

thi> l"'int prim our thc ,·aloe• of T.\Ll.\' anJ SU.\ l. Contpule 
,\\'G, rhc qooricm of SU.\\ anJ_ TALLY (A\'G = Sü.\1! 
1~\LL \'). Prior rhc •·aloe of :\\'G. 

Svrc .~.!.luiot~,;/ !nfanll.l/i~ll for /'robl<m 7 
1. !n \'""' rlowchm·r tho """'"~" will be' \'ariabl< .\VG. Thc variable 
TI\LLY will holJ :i count .,¡ lww many \'aluco of X are "al cqual 
10 C. Thc aosignmcnt 

TALLY <--- TAI.LY + 1 

will be ocdod. The JUm of the valu<"S of X not equ~l to C ll·i\! be 
Clikd .Sü.\1. \\;'hat should be the initio\ \"Jlucs of 'I'AI.!.Y aild SU.\1? 

2. Thc valuc 9999 is .callcJ a '''""¡,,.¡\'aloe. lts porro•• is ro indicare 
that all thc nlues of X ha\'C lxcn rca¡J and rroCC>Sc-J. (In computer 
langua~c a sentincl v~luo ;, »id 10 reprc>ent thc ~nJ uf f1lc, Le., thc 
enJ of data.) Thcrcforc, ynur dat" d~ck \\Íll con>ist uf a value for 
e, the given ··alucs for X, aoJ tite value 99<J-9. (S..~ s~tion 2. 2 for 
addition:tl discusslon of oentincls.) 

3. In S A.\ lOS the only conditional br;mch inmuction i• 8.\1 [ (Branch 
On ,\\inm). Th progr:tmmcr faces •problcm whcn he nc-.:ds to ch~k 
wh,·tbcr ¡he va[u~s of ¡wo variol>k< are equal or whcthcr the value 
of " I"Jrioblc is equal ro >mnc con>tant ,-,,[uo. Thc f~llowing ¡, one 
111cthoi.l uf Jcrermining ,(•hcther thc values of thc v;rriablc• A ani.l B 
"'" c4U.ll. Fir>r, subtrac1 thc ""lue of B from thc •·Lilue of A and, 
if thc r.:>ulr ¡, not negativo, suhtract the valuc ~r A from the value 
nf n. lf this <<"Sult is not ll<'gati1·e, \l'e r:an condude th>t dte values 
<>!' .\ :tnJ B ;rre c.Jual. 

E.,~,pltJ 

(o)A=6ond8=9 
A- 8 = 6- 9 "" -3 
Rcsulc A -¡i. Il' sin.;e A - D is a ncsati•·e number. 

{b)A=5aodll=5 
A-8=5-5=0 
B-A=S-5=0 
R .. ulr: A = B since neither subtracrion produced a negative 
numbcr. 

(c)A=4andB=3 
A-8=4-3=1 
B-A=3-4=-l 
Result: A ,¡,_ B sincc !l - A is a ncg•tivc number. 
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.:·j ~LGORITI!.\IS ANO C.OMPlJTERS 

4. Thc dua for I'robkm 7 are os follows: 

" , 
" • " , .. 
" ' ' 
" -

Most of the storage capa'cüy of a 61-bil SA.\\OS v•ord goes 
unused when a snlall intcgcr, for insumce, 2, is reprcsented. 
Conversely, evcn though a numbcr j¡ known to very great 
prccision, a 61-bit word has a fixed capacicy to represen! digits. 
Characrer strings, such as n3mes and addresses, for imt~nce, 
vary greatiy in length. In general, information comes in many 
sizes and lengths, cind it would b.e exceedingly convenient to 

ha ve computer storage respomivc m this fact. 
The SAMOS language is heavily influenced (i.e., con­

strained) by its word-ors~•ú~ed storage sy;tem. We bridly men­
tion bere another kind of com'puter storage called BITOS 
{BIT-Organízed SA.\\OS), whose smrage is structured in a 
more flexible and natural way-naroral for thc proccr.sing of 
different typcs of informa!ion. The BITOS swragc is best 
thoug.'Jt of as a single scqucnce of bits instcad of a single 
sequeoce of words that are, ir! turn, sequences ·of. bits. For 
example, a BITOS smre roughly cquivalem to th~· SAMOS 
store comains 6!0,000 bits whosc addre5ses are O through 
609,999 respectively. To fetch a unit of informadon of sorne 
known length, o!le must specify !he "bit addrcss" of the bcgin­
ning of the clciircd informntion unit togethcr 'with its "bit 
length." Thus, 

"'""" LDA 
address 
24972 

lcngtb 
39 

• 
is !he way one might writc out a BITOS insU11ction 10 load 
the accumulator with a data value 39 bits long bc¡:jnning·at 
bit location 24972. 

The informiuion containers in a BITOS m achine resemble 
!he Storage boxes of the conceptual model SL\IPLOS in that 
the capacity of thc comainers is arbitrary. 



• P.\Ul" 

''' 1:\l.\trUT~R SC!E.'>IU: .\ HKH COUMH .. "' 
Ther~ is a ~c~ond import~nl way in which the containcrs 

of S 1 .\ \PLOS und 11 n·os r~>~m\">lc one anoth~r. In !10th case•, 
valucs &tor~d in thc~c conwim:r• are ¡dj-d,·sai/>ing. NL>t~ tha1 
1he SJ,\1\'LOS RcaJcr i> :thl~ 10 d~duce 1h~t ~ $torag~ box 
contain> 3 character string \'Jiut as opposcd, say, lo a numerical 
\'alue, be<:ause he is able 10 see the quOtation marks. The 
fctching nw:ha(lism of IIITOS can COO\"CY thc samc type of 
information to its proccs.sing unit because the data objcct in 
each container comists of two pans: a codc 1h~t dcscnbcs thc 
typc or nan1re of thc value and the dam valuc j¡sdf. For 
example, supposc the container ussociat~d wirh X.is located 
at bit address 3901, and supposc charactcr coJing for the 
BITOS srore employs the o.:tme 6-bit r<:prese.ntalion uscd in 
SAIItOS. \'\'e might cxp«t 10 see at that location: 

• 
¡1.,,1./ 

lo<L<r-l>o< ... \ P>ro ,.¡.,. 

wherc the type codc S stands for string. Thcn, to represen¡ 
a string of 4 charactcrs woold require 24 bits for the s1ring 
it5elf and 6 more bits (ftir thc lener S) to id~nlify the 21 bi15 
as a srring. For a string of 9! characters, 546 bit5 are n~eded 
for the string and ó more for the cypc code-ar 552 bits in 
a\1. lf a nonncg:ative inregcr variable, AGE, ncvcr rce1uires 
more than three digits we can pictore thc CC>rr~sponding 

BlTOS container as 

• • ' 
for a data value of 52. Herc thc cype code l denotes i11teger. 

To recapitulatc, in BI"I"OS one defines thc si~c of the 
container 10 fit the nced. Tbat is, thc store is di1·idcd up into 
containers that rencct 1hdr actual u-e. E\'ery refcrence to a 
conrainer consisrs of the bit address of the conlóliner and i15 
length. The container i15Cif hold.S as pan of the data objecr 
a code that makcs the remaindcr of !he information in the 
container sdf-describing. Each time a new container is needed, 
a section of the store large enough 10 hold the rcquired number 
of bits is "panitioncd" for this purpose. When this container 
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re:¡ u\:~<:t L\:.t :<>n 

• 

(¡> All>ORITI!~" .l!'ll t.O.I\l·L'Ti:l'~ -... 
is no longu nc~J,,I, thJt ""-·tion of stor~ ~mi mhcr> li~c it are 
rcpartitioncd, 1h.1! ;,, r,·u,,·J, typically ;;¡ diff~r~nt C<'ntaincr 
sizcs, 10 >Uit nell' ncc•¡J-. To mal~ ~n ;m1loo;y with Sl.\\l'LOS, 
i111aginc thJt .di ,tOI',I);C h<>~C> are con,tru.:ted to lit Jimcn,ion, 
ol'thc Jata l',lhlt> th~y ,,.., to Cl\nl.!in. ("1 he ,-\lli'-"r whll p.l>tcs 
thc oti.:\:,·r <'1\ th~ 'l"'·'~c box ~an abo adjust thc >i~c of thc 
box if ncccs,ary.) 

Only a fcll' of the idea> about S.'\.\105 atul HITOS necd to 
be rcmemi"K'rcd. ÜJJc' "f the importan! ide~s ;, thc 'cqncntial 
¡nanncr m which tite Ullllpot..:r worh, that is, thc >lCp-by->ttp 
way in "hich thc Comput;:r pcrl'om" m ta>ks. Tite onkr in 
which the tasks are ráf"nncd is just as importan¡ as whar is 
accompl ishecl. 

Anoth~r propcrty of computers that we must und<::rstand 
is th~ finit~ "-or.l le>1¡:1!J. Wc h~w .leen 1hat SA,\IOS words 
C<.lnsist of JO ch~rJCt~r> an-1 a ~ign, so that th~ larg~st numbor 
repr~>entab!e in this Clldin¡: sy~¡em is 

+9,999,999,999 

a rather !Jrg~ numbcr, hut Mill finite. Although JliTOS storc 
may use 1·cry '·long" containcrs, they are still tinite, so the 
limit:uion on what can b<: rcpr~Sc'!lted, althot~gh less con­
~rricting, still c:.i>l' in princip!c. From a practic.JI vicwpoint, 
imcger rumainás, whcthcr in' a SA.\1QS.\ikc or in a_ BITOS­
Iike store, or~ som~time> \'ery ,;nsuitable. Comider a variable 
thJt, from time to litne, has variolls values assigned 10 it, sume­
times very small imc¡;crs :tnd al other nmcs ,·ery large integers. 
Tite storagc C!1maincr fur >U eh a variJhle cannot ,1lwa)'S b.• uscd 
cmcicnlly if it mu•t he larg~ onough for tlic largcst pos<ihlc 
inr~gcr valuc that ivill be assigned to it. 

To cover this siruation therc are other ,,.:ays of coding 
numbers that not only >O[\·e this prob!em but a!so allow us 
to wmk wi!h re~! numbcr, as wcll as imegcrs. Onc of thc most 
common of thesc ahcrMte codings ís /lo<ll¡,lg-pmi/1 form, which 
is rebtcd to thc >O·calbl "scicmific notation." 

To ;ce holl' thi' works, recal! that any decimal numc'ral 
such as 

- 382.519 

.• 
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FIGUK" 1•35 
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can b<' ~~prcos~J ~s 

-.38:!519 X 10¡ 

in which tlmc'i> ~ d~cima1 pe~im (jusi uf1er thc >i~n, if any) 
follo"·cJ by a 'trin~ ~r digi¡, (li<c ¡',·,¡ nm z,·m) und multiplicd 
hy a suitabk power of 10. \\'e can ctlJC m111Ük'r> in thi~ ~~'"Y 

by rc>cn·mg thrcc charac¡a po~itiom for the c:-oponcnl. Thc 
rc>uh ¡, sh''"-n in Fi¡:ur~ 1· 3-1 for - 35:!.5 19. 

,. 
,,QJ¡i)! , . ' 

Sorne cxampks ofhow ro coJc numhcrs including intcgcrs 
111 this syown ;,r•. gii'Cil in Figure 1 · 35. In this fig:ur~, .wc 
sec thal !he tl-dig:it rcprcocntation of .,, a> givcn in lhe first 
column of the third entry, has to Pe chnpp:J to 7 Ji~its of 
precision b«ause of opace requircments. Th~ >ame holds tn.Je 
for l/3 and 11 ¡ 7 at thc bottom of thc table. Thus we se e 
that in a computcr c1·en u ;imple fmction su eh as l / 3 cunnot 
be rcprc;cntcd cxuctly, bu¡ only lO a clo>e approximation. This 

·(:hnracteristic nf "finitc word lcngth" prcsenLs importunt pr'ob-

-.,.J¡,,~ "' . 
r .. ::.-_:-l'.•mt l'~rnt 

' .1 X JO' 
" +014000000 --------· _ ... .. .. ·- .... 

-999999[100 -.~99999 X JO' + 09999'!')90 
. 

3.J4J59~6 .31-115926 X lO' " +OJ3J41S92 

-273.H -.213HX JO' - + 03273J400 
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(a) Locato an dcaronic calculJtor ant! comp~ro the mo1hod j¡ uses 
10 rc¡m:sem llo:llin¡;-poin¡ numbc~ wilh the 1n01hod us.:.:l in 
Si\ M OS. 
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'specilying ADD WORD (aCérmed by) A .ANO WDRCl (addrmed by) B; 
PUT R<SUlT r"TO MEr.10RY LOCATIDf.t (addressed by) C. !lut specifl­
calion of l~rct sc;>or~tc adCreslcS would mah thc inst,-,clion word loo 
long (ncn lora :arg: digital com;>Utcr, nol lo spcak ola minicompulu). 
\Ve nn, ho..,:-·:r, imp::::ocnt :~e abo,·e opcratio" in ::rms o! •coeral 
!Ímp~cr instn:::io"s ea:h rc[,eneing on:y a sing!c mcmory ~dócss: 

lOAD I"TO ACCIJ~'IJlATOR (thc word adCrcsscd ~y) A 
AOO r~TO ACCIJ,.,IJLATOR (\he word adCre"ed ~;·) B 
STOR~ ACCIJ."ULATOR (in memory location "ddrcss:d by) e 

Tho "basic" m:nicomputer di>eusscd in this chapter, then, will be a singl~­
iOtlr"" m .chino v.hosc i<lstructions mooe data between a single suitably 
addre•sed mcmory location and a spcciócd processor r<gisler, or possibly 
botween two such registcrs. There will also be <ome instructions which do 
nol reference memory al all (e.g., 'co).'.PLEMHIT ACCU).WlA.TO~). \Ve 
rem~rk, howc,·cr, that the pouibility ol using simplificd lwo-addrcss 
imtructions anC zcro-add!e" (>tac~) instructions in minicomputen is o! the 
grcatesl intcrest anc' will be discussed in connection wil~ mole advanced 

designs in Chap. 6. 

2-J. TI•• "lhsk". , , 

Soc•. 1-6\o J-J3, 

f 'SU re 2 .¡ illustralcs thc typicat orga ni­
The mac~ine hls all the ingrcdicms of 

l. A core or semiconductor n10mory, wh ich will >tore imtruction' anJ data 
2. A set of proce""' rogist' r; ¡r:r p-n op rcg'• ste"). viz., 

(a) ~l•mory bulfor ro~istcr (momory dala ro~ist.,): contains lhe 
imtruction or data word currcntly lcaving or cnt<ring the memory 

(b) M o mOr) acl~rr« rr~istor: conlains the addrcss of the currently 
~c'drcsscd mcmory location 

(e) rrocram eountcr: contains the address of the instruction lo be 
e•eculcc'-

(d) 1 nstrucl ion re~isler : contaim the current inslruction 
(() Crnorol-purposo rogi<ter (a<eunu,]atnr, orilhmetic rcgillcr) or 

rrgí,tcr<~ onC, possibly, an in<i" ro~i,tcr (Sec. 2-1) 
(/) Onc--bit rogistor> ("~•~'"): indica\., o•orflovr, csrry, •iyn hit, etc., 

rcsulting from postor curren\ operations 
l. An orirhmoti</lo~ic unir: logic circuits lo combine words from two 

registe" by addilion, subtroction, bit-by-bit A!\'Ding, cte., and 10 
comp~emeni', shift, etc .. •inste words 

4. Cantrollo~it:: Cecodcs rhe Os ~nd ls oflhe imtruc\ion currenl\y in the 
ins~ruc1io~ rcgist.r to gcncmic logic kvc~s ~né time pulses, which: 
(a) Coto [•t~n) ""'¿' brt•Hon proc.-•or ro~i<!e" 
(h) D<rormint tho f"nolion o! !loo orithmoticjlo~ic circuin 

' 

., 
.. ,,,,., ... , '"""" 
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' 

·t~ '"''"" '"""'" 
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... m,.,"'"" .... , •. r__/ -

: •«•tu 
iCADrwRITE 
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••• 
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In Fig. 2-l, thtrc are three buses for lronsbs beiwccn rcgistcrs, olways via 
the arithmetic/logic unit. This is a praclical compronHie: 1ome Ó<tm 
registor-IO·regislcr poths would pcrmit moro concurrcm rcgi<lcr tr:1nsfcrs 
and spe<d computation, but we would pay for morccomplcx intcrconnodionl 
and logic. ' 

Fonall y, wc must h ave input/ out pul connocl1on•th roush 1 he arithm et'•cj1 os'•c 
unil or through regis1cr [OICS. · 

1-l. rroc~<or Optrotion. (•) !nmuclion Folrhin~. lf we a;sume.Jhal 
• ¡uitab~< programan~ data"" in momory, prot«sor opcr~tion rr.,.!oeC• 

• 
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H E R 1 B E R r·o O L G U 1 N R 0 M O 

RICARDO CIRIA MERCE 

• 

ELEMENTOS DE UN SUPERLENGUAJE DE PROGRAMACJON: 

: Introducción al lenguaje F0RTRAN 

1.1 El alfabeto 

Números 

2 .! Constantes enteras 

2.2 Constantes re a 1 es 

2.3 Variables enteras 

2.4 Variables re a 1 es 

Operaciones aritméticas 

Expresiones aritméticas ~ 

4.1 Reglas para las expresiones aritmHicas 

F~RTRAN 
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1.- Introducción al lenguaje F\lRTRAN 

El lenguaje F0RTRAN, cuyo nombre corresponde· a las primeras 

letras de las palabras .inglesas.FORrnula-{fórmula} .y_TRANslat1on .. 

(traducción), es un lenguaje de programación orientado a proble-
r l'(l(l-\ L..,á.t<cn -

mas y se emplea en casi todas las computadoras del mundo. Debido 

a su parecido con el lenguaje aritmftico común, el F0RTRAN s1mpli­

fica la preparación de problemas que pueden resolverse mediante 

una computadora. Los datos e instrucciones se pueden organizar 

mediante una secuencia de enunciados fortran; estos constitUyen 

el llamado Programa Fuente. 

Todas las computadoras que "entienden" el lenguaje FPRTRAN, 

tienen lo que se lla_ma un Compilad~r Fortran, llamado tambi~n tra­

ductor o interprete, el cual analiza los enunciados fortran y los 

traduce a un Programa Objeto, el cual quedi en Lenguaje de Máqui-

Un programa escrito en lenguaje F0RTRAN se puede procesar 
' ' en cualquier máquina que tenga un Compilador' Fortran. Esto nos in-

di ca que el lenguaje es independiente para cada máquina, o sea que 

el compilador se ~ebe preparar en cada caso teniendo en cuenta la 

máquina que ha de usarse en particular; puesto que las máquinas 

difieren en su organización interna, se ha desarrollado un núme­

ro de "dialectos" del Lenguaje FílRTRAN, C"ad~ ,uno de los cuales es 
' 

• ~propiado para una clase de máquinas. Las diferencias entre los 
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varios dialectos son nifnimas y se ajustan el uno al otro facilmen-

"· 
1.1 El a1fabeto 

El alfabeto F0RTRAN esta constituido de caracteres que son 

símbOlos familiares de eScritura y de teclados de máquinas de es-

cribir, asi como de dispositivos especiales de perforaci6n; dichos 

caracteres son: 

Alfabéticos: 

Numéricos: 

Símbolos: 

ABCDEFGH 

IJKLMN 

* 0 P Q R S T U V W X Y Z 

O 1 2 3 4 5 5 7 B 9 

+-*/•.,()'@ 

De este alfabeto se construyen todos nuestros símbolos, expresio­

nes y enunciados que se utilizan en el lenguaje FllRTRAU. 

2.- Números 

Los números pueden representarse en diferentes formas, las 

cuales se asemejan a los símbolos de la arit~tica general; pero 

debido a la estructura interna de las computadoras se establecen 

las convenciones de: Punto Fijo y Punto Flotante que proporciol,dn 

facilidades para su manejo en Fi!RTRAN. Los sfmbolos de punto fijo 
• 

* La letra O la expresaremos como 0 para diferenciarla del N" cero . 

.. s 
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se usarán solamente con números enteros y los cálculos asociados 

se denominar.in aritmética de los enteros o modo entero; mientras 

que la aritmética de los números reales se hará en la forma de pun· 

to flotante y se llamará aritml!tica de los reales o modo real. De­

bido-a que también es necesario distinguir las constantes (núme­

ros que no cambian durante toda la ejecución de un programa) de 

las variables (números que pueden cambiar), surgen cuatro clases 

de simbolos para los números. 

2.1 Constantes enteras. 

Dependiendo del tipo de computadora se podrán representar 

por un cierto número de dfgitos, asi para IBM-1130 se representan 

mediante cinco dígitos sin el punto decimal. Si el entero es nega­

tivo, los dfgitos deber.in ser precedidos del signo menos; si el 

entero es positivo el signo es opcional. 

Ejem. Símbolos p3ra constantes enteras pueden ser entre 

otras: 

1975 •1 o +1975 ~1976 

Símbolos que no se aceptan para constantes enteras: 

7483282 (mfis de cinco dígitos) 

1976. (el punto decimal no se permite) 

2.2 Constantes reales 

Dependiendo del tipo de computadora, las constantes reales 

~~podrán representar por varios dígitos, pero om el ~..a~v <h< 1<1 

.. 6 
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lBM-1130 sólo se admiten siete dfgitos ~punto decimal pudiendo­

se colocar al principio de los dígitos, al final o entre dos dígi­

tos cualesquiera. Cuando aparece un QUnto en una constante su tra­

li!miento será de punto flotante. Si la constante real es precedi­

da de un signo menos, se indicar' que es negativa, si es positiva 

el signo es opcional. 

Ejem. Símbolos para constantes reales pueden ser entre o­

tras: 

1976. 

-.007 

-.00001976 

.007 

+12.345 

5. 348 

-12.345 

0.3 

Símbolos que no se aceptan para constl!ntes reales: 

123456789.32 (m!s de siete dígitos significati­

vos) 

5343 (fitlta el punto decimal) · 

Para representar las constantes reales existe también la llamada 

forma exponencial; esta la podemos rep'resentar mediante una letra 

E y una constante entera de uno o dos dígi~s. positiva o negativa. 

Esta constante entera es un exponente del número diez; el signo 

menos es.para los exponentes negativos y para .los positivos, el 

signo es opcional. En HlRTRAN, h presencia del exponente hace que 

el uso del punto decimal sea opcional. 

Ejem. Forma exponencial 

1.328E2 

l. 328E02 

o ..... • 

Forma no exponencial 

132.8 

132.8 

.. 7 
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1. )28EOO 

-4. 724E-03 

+7.61E3 

' -6~32E·J 

2.3 Variables enteras 

1)2.8 

-.00~724 

7610. 

-6.4)2 

} .. 

Es~as se representan por combinaciones de una a cinco letras 

y digitos (IB!1·11)0), no se permiten otros caracteres y el pdmer 

caracter deberá ser una de las letras- 1, J, K, L, M 6 N. El pd­

·mer c:aroscter de una vosrlosble es el que Indica si es entera o real, 

Ourante h ejecución de un programa, las variables enteras deberán 

restdnglrse a valores enteros. 

Ejem. Símbolos para variables enteras pueden ser, entre 

otros: 

NUMCT KILO " " "' KONT 

1 IAlt JCLAV "'" KONTl ll!'l76 

Sfmbolos no aceptables para variables enteras: 

. CUENT (el primer caracter"'debe ser 1~ J, K, 

l,M6N). 

KONTAOOII (demll6iados Cllrllcteres)-

12.)4 (sólo se acepun letras y números) 

'·' Variables reales 

F~tas se representan pOr combinacione$ de una 11 cinco letras 

Y dfgltos (IBM·ll)O), no se permiten otro$ caracteres, Y el primer 

•• 8 
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c;aracter tiene que ser' necesarlam!!nte una letra diferente a 1, J, 

K, L, 11 6 N. Durante la ejecuel6n de un programa dichas Yilrlables 

se deben restringir a valoru reales. 

Ejem, Simbolos para variables reales pueden ser, entre otros: 

fUERZ VELOC ACELl CUENT 

ALFA VIELA "'" PROO SUtiA 

Símbolos no aceptables para variables reales: 

- A3. 8 (•1 punto no es letra o número) 

CORR.IEN (demasiados carac;teres) 

3 BASO (•l primer caracter debe ,., '"' letra) 

MUMCT (.' pr.!mer cara<;:ter no puede "' ") 

3,- Dperac;lones arltmEtlcas 1 

·. 
Las operaciones aTitmétlcas y los sfmbolos que se utilizan 

en FIIRTRAN son: 

Ejem," .. Algebra fi!'RTRAN 

Ad ld6n • • • b .. ' 
'·Sus t rao;c 1 ón • ,, 

A ' 
Hultlpllca;d6n • • b .A • ' • 
División 1 .. A 1 ' 
Exponenelaclón .. ~~~-

A • A 

•' A" 2 

4.- Exprei Iones arltmlitlcas -· 
En base a lo expuesto anteriormente podemoS ahora form~lar 

.. ' 
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expresiones erltmétlcaS en lenguaje FI!IRTAAN. y nos dare1110s cuenta 

que son muy similares a 111 expresiones arltm~tfcas del algebra 

c:omún. • 

ExpresIones fllRTAAN 

AUZ-8**2 

8"'*2-~, *A*C 

(A+B)/2, 

l*K·J+N 

Expresiones Comunes 

· a"-bl 

21<- j+n 

c+b-3a 

4.1 Regles pera las expresiones arftmitfcas 

Lu reglas a las que debemos sujetar las expresiones arltmé· , 
tlt:.as ton necesarias debido a la estructura de las computadoras y 

'al observar! u tendremos"'" ehorro· en el tlem~ de ejec11tl6n de un , 
programa. 

Regl11 1 

. . 
SI .nos f!jamos en las expresl~_nes FI!IRTRAN anteriores 

nos damos cuente que: Todas-las constantes y variables 
' ' .•. 

en un, expresión deben estar,.n el·mlsn10'modo, esto 

es, todes deben ser enteras 'o todas deben ser reales. 

(Como toda regla existe su excepción que mencionare­

mos. mb adahnte). · 

Es necesario consultar los manual~s de eada m5qulna, 

ya que como hemos mencionado anteriormente de~enderá 

esta regla del tl~o de computadora. ~or lo ~ronto 

la con,lderaremos como se ha Indicado. 

• • 1 o 
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Regla 2 

Regla 3 

' 

1 o •. 

AUJ , 1 UJ y A*"'B son exponenc 1 ac 1 ones perml t 1 das. 

En el cuo A••l se mll!zclan los modos y es la excep-

ción a la Regla 1, pero sabemos que esta exponencia-

clón significa multiplicadonas sucesivas (asf B*~•3• 

B*B•B), mientras que las potencias no enteras lmpll-

can cálculos más sofisticados. Nos damos cuenta qull! 

I""'A, no es forma de exponenelacl6n permitida (en 

algunas máquinas sí se per;,lte). 

Deberá tenerse en cUenta qull! las opll!raelones se eje-

cutarán con las siguientes prioridades: 

1) Las operaciones indicadas dentro de los parén· 

tesis más Internos se ejecutan en primer lugar. 

2) Exponenclaclón. • 

3) Mult1pllcacl6n y división. 

l¡) Adición y sustracción. 

Entre las operaciones de 'Igual prioridad, el orden 

de ejecución u de Izquierda J1 derecha. 

EJem. 

A+B-3.•C se calculari en el siguiente orden: 

3.*2.•6 ....... 5.+8.•13. 13.-6.·7. 

8**2-4.*A*C se calcula en el siguiente 

ordll!n: 

20.•2.•40. 

64.-40.•24. 

• • 11 
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SI A-5., B•B., C•2, y ~1.6 

Entonces (A+B)/C se calcula en el siguien­

te orden: 

13.12.-r.:s 

Mientras que A+B/C se calcule en el siguien­

te orden: 

8./2.-4. 

Ahora si deseamos calcular (A+C)**2 condu­

drf a: 

$.+2,•7. 

Mientras que A+C**2 conducirá a: 

5.+4.•!!. 

Ahora si: (A*B)/(C*0)·~0./),2•12.5 

Entonces: A*B/C*D-~0./C*D-20,*D-)2, 

Finalmente si tenemos Paréntesis dentro de 

'otros paro'Sritesis se tiene: .• 

(A*(B+C))**2~(A*10~*2•50.**2•2500, 

B+C tiene la más alta prioridad por encon­

trarse en el paro!:ntesls.mh Interno. 

(A*B+C)**2•(40,+2)**2•42.~*2•1764. 

A*(B+C)**2•A*I0,**2•A*100.•500. 

A*8 .. CU2•A*B+4 , ,.I¡Q ~ -+4 .•44 

Debemos tener cuidado en expresar lo que 

deseamos realizar. 

• • 12 
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NOMBRE 

'" 
cos 

ALOG 

SQRT 

ATAN 

12 •• 

Regla 1¡ No deberémos colocar un signo de operacl6n antes 

de un signo más o menos, 'esto es;-ño deberemos po-

ner dos signos de operacl6n juntos. 

Ejem. A*-B" 1+-J - H-_.N-- --AJ-B·· 

'Estas expresiones deberán sustituirse por: 

A*(-e) 1+{-J) M-{+N) A!{·B) 

1¡,2 Funciones predefinidas en lenguaje F~RTRAN 

Estas funciones predefinidas que proporciona el lenguaje 

F~RTRAN son '· . ' de tipo de biblioteca: 

···---···· nombre de la funcl6n seguido de un argumento que deber¡ estar en-

tre paréntesis. . - - '"~' ' -- .. - -O Ichos argumentos pueden ser varhbln simples 6 

con subíndices, constantes, éxprislones arltm6ticas u otras fun-

clones predefinidas' en FJRTRAN. ·. 

Pare IBM- 1!30 tenemos: 

. FUNCION EJECUTADA 

Se_no trlgon*trlco 
(argumento en radia­
nes) 

Coseno trlgon~trico 
{argumento en radia· 

.nes) 

Logaritmo natural ·-

Argumento de potencia 
de¡ nÚinl!ro e. 

• 
bh cuadrada 

Arco tangente 

'NUM. OE 
ARGUMENTOS 

.. 
1 

1 

1... 

1 

1 

1 

TI PO DE 
ARGUMENTO(S) 

J 
Real 

Real 

·;-Real 

Real 

... 1 

Real -

TIPO DE 
HJNCION 

Real 

11e•1 

"Real 

Real 

Real 

Real 

•• 13 
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ABS 

IABS 

FLOAT 

IFIX 

SIGN 

ISIGN 

TANH 

13 •• 

Valor absoluto 1 ...1 Real 

Valor absoluto 1 Entero Entero 

Convert 1 r argu;ne!lto do 
entero 11 re a 1 Entero Real 

Convertir argumento'de 
~·1 a entero 1 ... 1 Entero 

Transferen~la de slg-
no (Arg,¡ recibe Si g• 
no de Arg,1} 2 Real Rea 1 

Transferencia da S ig-

"' (Arg,¡ rae 1 be sig-
no de Arg.i) 2 Entero Entero 

Tangente Hiperbólica 1 Real Real 

Ejem. SQRT {8*1<:2-l¡,,r,I¡,*A*C) Indica que a Jo que se encuen-

tra entre par~ntesls se le sacará la rafz cuadrada, 

SIN (BETA) Indica que se obtendrá el seno trigono-

métrico de el valor de la variable BETA. 

S,• Enunciados 

. los·enunclados s.:~n las .unidades .baslcas con las cuales se 
J 

construyen los pragr11mas FIIIRTRAN. Podemos clasificarlos de acuer-

do a su funcl6n en grupos como: 

1.- Aritméticos de aslgnae16n 

2.- De control 

3.· De entrada y salida 

~.- De especlfleacl6n 

5.1 Los enunciados arltm&tiCos de nlgnacl6n 

Se forman con las eXpresiones presentadas anteriormente y 

•• 14 
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nos Indican los cflculos particulares que deben hacerse. Su for-

rna es: 

Variable • Expresl6n arltmEt'lca 

El significado del signo • es el de aslgnac16n, esto es, 

que deberá calcularse el valor de la expres16n a la derecha del 

signo • y su valor se aslgnarf alá variable Que se encuentre a 

rD IzQuierda del signo, la cual tiene una localidad en la memo-

rla de la computadora. 

Ejem •. ''B•B., y D-1 • 6 

X•(A+B)/C se le asignará a le X el velor 6.5 

ALO•(A+B)**2 se le nlgnará a ALO el valor 169. 

AAI•SO.RT(B*C) se le asignará e AAI el valor 4. 

·Algo diferente al elgebra nonnal es el enunciado 
• 

A•A+3. el cual no debe alanMrnos ya que Indica que 

e le localidad de memada con el nombre A se le aslg-

S 1 A•5. y A•A+), entonces: 

A--5.+3. ".A•B. o sea que la variable A se le aslg-
• 

·na el valor de B. y el v.alor anterior que fut!i 5. se 

pierde. 

5.2 los enunciados de control 

Debido .a que los,enuncledos de un programa Fi!RTRAN se eje-

cuten en el orden que aparecen y que en muchas ocasiones queremos 

transferir la ejecucl6n a otros enunciados si se satisface un.a 

•• 1 S 
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<;lerta condlcl6n, FllRTRAN nos permite numerar dichos enunciados. 

Un número de enunciado debe ser una constante entera de uno a cln-

co caracteres. sin el signo más o menos; el n;;mero se c:o!O<;a e la 

Izquierda del enunciado. 

Ejem. 3 CONT • CONT+T. 

24 RAIZ • SQIIT {A"'*2+11**2) 

S , 2 , 1 El enunciado Gli! Tll 

Este toma la forma GS re N en donde N es un número 

de enunc lado, 

El Glil U produce un salto incondicional; asf Gil Tll 

3 envla la ejecución al enunciado número 3 que puede ser 

la instrucción de conteo del ejemplo anterior. Glil TI! 24 pa­

sa el.control al enunciado 24 que puede ser el del ejemplO 

anterior. 

Ejem. Supongamos que unos de los enUnciados de un progre-

ma son: 

1 • 1 

ISUM • O 

1 ISUH"' ISUI++I 

r • 1 +1 

Cl!l Tl!l 1 

5.2..2 El enunelado 1F 

Esto nos re,'resenu la suma de 

los números enteros, desde luego 

es necesario ponerle otros enun~:le-

dos pero por el 

lo lndteado. 

momento nos aelara , 

se de elreultos 16gleos y el pensamiento del ser hurneno debe 

•• 16 
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ser de este tipo, nos Conáetaremos el lf lógico, además d~ que 

el alumno ye tleile elementos de algunos operadores de relación 

como OR, ANO y·NOT. 

El JF lógico es de la fonna: 

lF (l) S 

L• e~preslón lógica que puede tener dos valores: Verdadero 

o Falso, 

S• cualquier enunciado FSRTRAN diferente de: un OS, un enun~ 

ciado de especl.flcación o de otro IF lógico. 

S 1 L es h ho (. FALSE.) entoncu se ignora S y la computa~ 

clón continúa al si~uiente enunciado. SI L es verdadero (.TRUE,) 

el enunciado S se ejecuta en seguida. 

Resulta Interesante hacer notar que si Les relativamente 

compllcede, Este lf puede ser el equivalente de varios lf arltrré~ 

tlcos. 

Pera formar las e~preslones lógli:u (L) utlllxaremos los 
.. ; . . . 

los .de .relaclól)l·· •· 

Operadores de comparación: 

Sfmbolo 
llatemát leo 

< 

> 

< 

> 

.Hmbolo 
Significado,., , .. ·fSIITRAN .. 

' . " 
Menor que • LT. 

Mayor que • GT. 

Menor o Igual .e • LE. 

Molyor o !gua 1 a ,GE. 

' 

' 

• 

Significado 
lnglh 

Less than 

Greater then 

Less or equa 1 

Greater 'or ¿.¡u;Jol 

.. 17 
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Igual a 

Diferente a 
6 No Igual a 

','. 

' 17' • 

• EQ., Equal 

.NE, Not equal 

Operadores do relacl6n: 

u Un16n . DR. 6 {"o Inclusive) 

n lnterseccl6n .ANO, ' ("a 1 mismo tiempo) 

' Comp lllllll!nto .NOT. 00 

Para valuar una expresl6n 16glca se hará con In slgulen-

tes prioridades: 

' 1.- Expreslonu entre parintesls 

2.- Operadores arltmiticos 

3.- Operadores de comparael6n (.LT., .GT., .LE., .CE., 

.EQ. y .NE.) 

!t.- ,NOT. 
' 

5.- .AND. 

'6,- .OR. ..: .. ~, .. , , ..... 
de .lgua ¡,. jer1rqufa ·la . · • .-En CISO 

Ejem. (1) X•S. y-0.5 

~IF {X.GT.) .. AHO. ~ .LE.2.) 

Significa que si X>). y (al mismo tleinpo) y<2. . -
se asignarA a Z el valor que se obtenga al cal-

. ' eular X1+XY, esto es 2•125.+2.5•127.5 

•·(2) IF (A.LE.X.AND.B:GE. Y .OR.C.G!.Z) Gll Tl112 

Significa que si A<X y {al mismo tiempo) B>Y es 

/? 
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verdadero 6 C>Z es verdadero 6, ambos, e.ntonees 

se transfiere •1 control al enunciado 12. 

(3) 1 • 1 

1 S U/1 • o Esto "'' Indica 

1 1 SU/1 • ISU/1-+1 ''" s61o sumare-

1 • ,., ' ~· '" números 

" (I.LE.100) Gl!l Ttl 1 enteros do1 1 o1 100 

STOP 

.5.2.) El enuncia do " 
., 

Este toma ,, forma: 

" K 1 • L, "· N 

" K • L, " 
.. La segunda fo~ sólo' .. ap!lea cuando N"'l ~ '¡o 

• • ,-' . 
'" .. bastante frecuente, 

.. 
• K representa "" número do en<mclado .. ,. . ': 

representa una varhtble entera 

-L, H,·N·son variables enteras vi conuantes."sfn 

,, 

El OJ'l produce. h e.jeeuel6n repetida de todos Jos 

enun~;lados que le sl51uen,-hasta el enunclado.número 1(, 

La primera vez que se ejecutan estos enunciados• la variil~ 

ble 1 es l!;lual a L, en cada paso subsiguiente 1 Sil Jñ~;re- " • 

menta en la <::antldad N, hasta hacerse ~n~~yor 6 Igual a 11 

en el paso final; en este momento se termina el llamado 

.. 19 
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lazo O~ y el GOntrol pasa al enunciado que está a eontl· 

nuaelón del enunciado K. AsT, Les el valor inicial de 

le vari 11b 1 e y H su valor final. 1 se llama el Tndlce 

del enunciado oe y su valor corriente se puede unr en 

é.tilculos durante la ejecucl6n del lazo, Todos·los enun· 

élados que le siguen al Oi!l hasta el número K Inclusive 

' constituyen el rango del Oi!l. Tamblé.n es posible c¡ue la 

Variable 1 no se encuentre en ninguno de los enunciados 

del rango da! 0.1! y esto nos indica que se realice la eje-

cucl6n de tGdos los enunciados del rango del D~ M entre 

N veces (h parte entera de este cociente M/N). Oebere-

11105 tomar en cuente que: el fndice 1 se Incrementa sec:uen:-

el al y autorniitlcamente d11ra'nte la ejec:ucl6n del hzo y 

qlll! se puede,· en estos momentos, tratar como cualquier .... 
variable entera¡ el lndlce 1 queda. Indefinido despuh de 

:terminado el-lazo del 011 y puedo! utilizarse para cualquier 

uso general. El ·enun~!ado K _no debe,¡er,un ll!nunclado de 
. . 

éspedflcacl6n nl una transferencia de control esto lnelu-

Y e cosas ~omo Gil Tll,. 1 F y. 011, es f c0010 FORMAl, EHO y al-

9unos otros. Debemos considerar que no se puede desde nln-

9ún punto del programa llegar a un enunciado dentro del 

rango dll! un Dll. Y- que la entrada a Un 011 deber! hacerse 

a travis del enunciado Oll. Y por último es muy frecuente 

que un Dll estE completamente dentro de otro. 

¡S:. • 
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Ilustrando graflcamente tenemos: 

Correcto Incorrecto 

" " --'DIL .Df-

" .. ·" " • 
" 

,, 
Ejem. Utilizaremos un Dí! para sumar los números enteros 

del 1 al 100, ejemplo qu~ ya hemos vhto anterior-

mente. 

ISUH • O Nos damos <;uenta que el Dl!l tle-

0~11•1,100 ne h misma funcl6n que un IF, ... 
1 ISUM • ISUI'\+1 un G~ Tí! y un contador; como po-

STOP , ddi observarse coo e 1 l!jemplo an-
• 

• • 
terlor • 

5.2.4 El enunciado STI!IP 

Este aparece simplemente, como STt!P y es el que . . - . 
•· nos -Indica que ha termlnado'Ja.ejecución y·eñ·el.w;;.,so'-de 

1811- 1130 la 
J• 

computadora ~e detl<'me y el operador tendrli 

que hacer que continúe trabajando. Debido a ello se reco-

mlenda q1.1e se ut 111 ce eJ en une! a do CALL EXlT ,. e 1 .e u a 1 _ p'a- · 

u el control a un' programa monitor que haÚ1 que la com-

putadora continúe ejec11tando los otros programas q11e sf-

g11en a contln11acl6n. • 

Tanto el STeP como el CALL EXIT podrin aparecer 
• 

desp11és de c11alq11ler en11nclado. 

•• 21 

' 

.. 

' . -



·-· -----· ,,, ___ ,_~_, ___ ·-·--·-----. __ _._, _________ ---·- ·--- ----

21 •• ' 

5.3 los enunelados da entrada y salida 

Estos, eorno su nombre lo lndiea, sirven para lntrodueir 

-Y saear informaei6n de la eomputadora. 

·" 

S. 3 • 1 El enuneiado READ 

Este enunciado tiene la forma READ (1, N) LISTA 

1 y N son enteros sin signo y LISTA representa una lista 

de nombres de variables para hs euales se leerán valores. 

1 designa el. tipo de perlfirleo de entrada que se utillee 

(leetora de tarjetas, consola, ete.). N es el número de 

un enunelado F~RMAT asoelado al READ. 

Ejem. 

· . 
. ' 
' 

s. 3. 2 

El enunelado READ· (2, 101) J, B, H 

Produelrá la leetura de tres números: un entero y ... 
·. 

dos reales y se almaCenarán en las loealldades de 

la memoria de la computadora designadas eon las 

variables J, 'B {H en su orden, las eomas que se-. . .. . . 
· par.,n btos nombres de varlables·~n:el IIEAD son 

•• 
•Indispensables, ·2. as la unldao!l . de entrada y _101 

- un F0RMAT. 

El enunelado WRITE 

Este tiene la forma 'JRITE (1, N) LISTA !·y N son 

ant.l'tl• tln tlgno y LISTA represente una lista de varia· 

bies para lu euales se Imprimen valores. 1 designa el 

',tipo de perlfirieo de salida que se utlllee (Impresora, 

cinta, etc.). N es el número de un enunelado F6RMAT aso-

.. 22 
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ciado al WRITE. 

Ejem. El enunciado WRITE (3, lOS) L, X, Y 

ProduclrJi que se Impriman los valores de las va~ 

rlables L, X y Y que se encuentren en las local!.:: 

dades de memoria con esos nombres, en el formato 

especificado por el enunciado número TOB y por 

la unidad de sal ida . ' numero 3: ln wmas que sepa-

•o' 
Indispensables. - ' ··, 

' 
. .; .. 

Los enunciados de especlflcacllin ' . 
Este tipo de enunciados no Inician por 

' .. ' ' .. " . 
~~ mismos los clil-. . 

-culos, no producen transferencia de control ni esÚmulan el flu-
•• ·. ,, . ·. . . ' 

jo de Información, pero proveen al compilador F~RT~N de 1 o• 

FI!RTRAN al ·progr;~ma objeto en lenguaje 

del pro'9r~maj~ente en 
.. '.":.r;,:-; ·: . ., < 

de miqulna·li para ·la con~ 

' 

deia'lles esenciales para '¡a' traduccl6n 

versllin de datos.a .hi entrada o. la salida., , ·-:1 
' ., . 

• ' ; -, "1. • • ·; ,.-¡,_· -··. .-
podemoS ·S 1 querell'()s ·.1 nt roduc 1 r .da tos. a ·1 a com¡¡~Jt_ado ra. lo 

hacer mediante un enunciado que esté 
·--·.•·:·.··., .. ·· 

dentro.de!_,progralllif, como 

11 amar :In filal'lzar· una' va~ 
• 

.. . ' 
A • ).1416,-ohto es lo que podrfamos 

rlable; y el programa se 

' . , .. ·, . 
' .-t.·· •• ,, 

compllarfa ~;~~da.vez que quislerall'()~ .. ·' . 
darle un valor diferente a A, lo .:ual ruulta ~y··~ostoso, ya 

qua las .:omplla.:lones ~on laboriosas, Para evlt8r esto se usa 

el enunc:iado REAO y los valores que se le den ~·A podrJin estar 

en tarjetas de datos, los cuales son IndependienteS del progra-

.. 23 
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ma fuente. 

s.~¡,, El enunciado FSRMAT 

Este tiene ho forma: ~ Fl'lRAAT ( , , , ••• ) en 

la -carai·N·es· el ·núme-ro -de 1·-enune{ ado·FI'lRHAT -y- c:or<respon-

de al N de los enunciadoS" READ y WRITE. Los espaeios en-

tre las comas est'n dlsponlbles·para las especificaciones 

del tipo que se describen mh adelante, siendo el número 

de espacios uno o más, de acuerdo a las necesidades del 

programador. 

5.1!.1.1 la especlflcecl6n l:lw 

Aquf 1_ Indica un valor entero y W es 

un entero que liidlca el número de columnas o an­

' eho de' campo, que ocilpa ese valor en la tarjeta 

de entrada o en el papel de Impresión._ El número 

w deber' Incluir un lugar para·el 

' valor, siendo,+ opcional." 

:Ejem, 
. ·r- . . .. · -

... Valor •de .los ·datos_, ; 
' ' -· 

• signo-de ese 

.. 

• 

.. 

de entrada o salida: 1t30 ·+1620 -370 O +11¡ 

· Especl fl Cac!Ón: " 15 1 1¡ 1 1 ' l .. . . 
S,I¡,J."2 • .. La•e's¡:Íee1fleae16n F:fw,d 

Aqur f Indica un valor real, w Indica 

el númaro da columnas que ocupar~ el valor en la 

tarjeta de entrada o en el papel de lmprul6n; d . 
Indica el número de cifres que"se encontrar'n des-

..• 21¡ 
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pulis dol punto decimal. w deber$ Incluir un 1 ugar 

para ol signo y otro -pera el punto d0elma1. 

EJem, Valor do los datos do 

entrada Ó-$allda: ·:rr;-¡87 -.OOT 11)0: 

EsPec 1 fl c.ael6n: F6 .3 'F5 .] FS.O 

5.4.1.3 la espeelfleaelón E:Ew.d 

Aquf E Indica un valor real en forma 

exponencial y w Indica la anchura de campo para 

ese. valor y debe de Incluir el slgno,-sl lo hay, 

el punto decimal, el Jugar para la latra E, un 

lugar para el signo del exponente, si es negati­

vo, y dos' lugares para el exponente; d Indica el 

. oúmero de dfgltos a- la derecha del punto decimal. 

Ejem. . !. ·Valor. de los datos , 
de-entrada o salida:· • JI¡Q)EO~ '·<7E~02 .. , 

+).70' 

FS .2 

• ' . 

,fspec:lfleaelón:', EB.4 '. • "!7.1,:' · .. E!J.4 . . 
" ' -. •· .·. .... 1--~,-1-~ 

-.Es -con ven lente que' ;puando dneemos. ~11c:ar .. . . ..-... \'' ' ,...:•-
. . . : 

fnformac:f6n de la computadora, tomemos·en.c:uenta 

_para el .anc:ho del c:ampo lo:sfgulente:·. , . ' 
, .. .. .. . ... ·- . 

1 • - . • Ef~lgno,.·aCin c:uando el•+¡generalmenÚI 

no se Imprime. 

2,- El punto daclmal par..a las "especlffc:pclo-

nes F_y-E. 

3.- Por lo menos un dfglto a 1• Izquierda 

' 
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del punto decimal, puesto que muchas 

mliqulnas imprlmlr'n alll un cero si o-

tro dfglto no ocurre. 

~-- Suficientes lugares para todos los df-

gltos significativos deseados, debido 

a que para los dfgltos que no se les 

deja espacio se truncan o redondean. 

5.- Cuatro lugares para el exponente de la 

especificación E. 

' 6.- El primer lugar se·.deja en blanco para 

' 
el control de carro. 

.. 

' ' El enunciado END 
• J • .( • 

Este se lee sl""lemente ENDe lnforlliB;al,complla-

1 '.. • 
·dor que el programa fuente ha terminado y debe ser el úl- · 

• : ' ., • 1 • • ' 

"ti!IOJ· enunc lado ·de • cual qu!Br· programa,ji'IRTRAN. 

" ... 
6,- . Arreglos . 

' Frecu-entemente tratemos· con .,u~··grupo ·de variables •que for-

·man ó·pertenecen.a·una 'cine o.coleccl6n·.\Cuando ·las variables 

forman un conjunto ordenado, pueden relacionarse unas con otras 

por la notación de subíndices; entonces dulgna~s esa eolec_elón 

como arreglo y' las varlebles qu~ pertenecen e ésta serie son . ' . 
los elementos del arreglo. A veces se empleo como sin6mlmo de 

' 
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arreglo el nombre de m.1trfz y, en consecuencle, hablamos da el a-

mento5 de la matrfz. • 

.6.1 Variables con subfndlce' 

Un -eonjunto"de -números-que .pueda.arreglerse.en-un-reng 16n -

6 columna se considera como un arreglo llneal 6 unidimensional, 

y ésta serie puede llamarse vector:' Identificamos .los elemo!ntos 

de un vector renglón 6 columna por un sólo subTndlce. 

Ejem. 

• 
• 
' 

SI--se 

• 
La colu~a de números del vector ' llamado A,.con-

slste de_ los elementos A, hasta' An Inclusive y 

se representjl como sigue: 

Notación asoctumbrada. 

,, 
·:.: fi: 
. ·' ' 

' ' ·" 
' . ; .· 

.. . " .. .... ' .. 

' ' '1-An ,. 
' · . ' : 

' ... 

' 

• 
··~cada una de -estu A(l), en 

Notación FSRTRAN 

A (t) 

. .0,.(2) 

•.:.o,.()) 
" ... ,· 
. : . ~ ·• 

;~~ :• ,. ··-~ 

.;1 ·.~'!(N): .• : ·• l 
. .. . . . '. . 

donde '1 varía.de. 1 a N, 
, .. ' 

·son el nombre da una variable, el 'conjunto de'to-
.• 1 • . '.··-;· .•. • . • • •• • ,., 

·das . e 1 1 as ·es "1 o:rque 1 1 amamo' . arreglo', ·• -. • 

' 
.. ,. . . 

usan.dos subfndlces para ld10ntlflc11r ·los•elementos 

de un-arreglo se considera éste como un arreglo bidimensional. 

Los cu&drcis de un tablero-de 'ajedrez, pueden considerarse com'o 

-un arreglo bldlmlnslonal. Y si lla111amo5 a cualquiera de los ,_,.,a-

•. 27 
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dros con la variable CTAJ tendremos f,l¡ variables; pero como el 

tablero tiene 8 renglones y 8 columnas, podemos referirnos al 

. cuadro que se encuentra en e 1 reng Ión 3 y la col•Jmna ) con 1 a 

variable CTAJ·(3,5). 

Dependiendo del tipo de computadora será el número de sub~ 

índices que podremos asignarle a un arreglo; en IBM- 1130 sólo 

se admiten arreglos con un máximo de tres sub[ndices. 

Las variables que se utilicen para designar arreglos de~ 

berán observar. las reglas que se dieron anteriormente al hablar 

de variables enteras y reales considerando que para los cinco 

caracteres alfanumiricos son independientes de los índices que 

se encuentran entre pa rén tesis. · 

e. . 1 • 1 

Regla 

Reglas para los subi"ndlces. 

Un subíndice debe ser un entero, puede ser 

constante, variable 6. una de las expresiones 

arltmo!ticas s.lgulent'es: 

A*V+b A*V~b .. 

en donde ves una.variable entera y a y b son 

constantes enteras sin signo. 

·Ejem. Algunos subíndices pueden ser: 

1972 

197f>AN~8 

10~KONT 2'1 

2*1~~ .. 2*1+3 

No se pueden usar como subíndice: 

1•1 - 1 2-10*CONT · -1932 -KILO 

.. 28 
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Regla 2 

Regla 3 

Regla 4 

2 B •• 

Un subíndice sólo debe tomar valores positivos. 

Un subíndice en sí no debe ser una variable con 

subíndices. Así X{l (2)) no es permitido. 

Un símbolo QUe representa un arreglo, una va­

riable con subíndice, no debe usarse sin sub­

fndices para representar otra variable diferen­

te en el mismo programa. Esto es A(l) y A no 

deben referirse a variables diferentes. Como 

siempre hay una excepción que por ahora no 

toca remos. 

EJem. Los símbolos para variables reales con 

subíndices podrían incluir: 

X ( 1 ) SUM(K+2) A(I,'2*J+1) B(INT) 

Para vadables enteras con subíndices 

podemos tener: 

INT(H,N). 1 ( J ) 

El enunciado OIHENSIGN 

ICTA(J,l*l) 

"' 
Siempre que en un programa utilicemos variables con sub­

Índices deberemos poner como prJmer enunciado e\ 0\MENS!eN, e\ 

cual Indica al compl\ador qui! tanto espado de memorl;~ se debe 

reservar para \as variables con subíndices. Su forma es: 

OIMEtiSI~N u, v, w, ... 

Donde u, v, w, ••• son nombres de variables, cada una de 

las cuales va seguida por el máximo número de elementos en el 

.. 29 
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a~~eglo cor~espondlente. Debe~án observarse las siguientes regla5: 

Regla 

lle<¡la 2 

Re<d a 3 

Regla 4 

Cada variable con subíndices se debe mencionar en 

un enunciado DIMENSii!N antes de su primer uso en 

el programa. 

Los símbolos representados anterlolll'lente por u, v, 

w, ••• deben tener la forma: 

nombre de variable (máximo número de ele-

mentos) 

el número entre paréntesis debe ser una constante 

entera sin signo. 

Ejem. DIM ENSION A(20), !1(4,8), CARII(5,3,4) 

-Esto Indica crue el compilador reservará 20 loca-

1 idades para el arreglo A, sus veinte variables se-

rán A(1), A(2), ... , A(20) al mismo tiempo ~e rese~­

varh 32 (4:o;B) localidades para las variables 8(1,1), 

B(1,2), B(1,3), •.. , 8(1~8), 8(2,1), B(2,2), .... 
B(2,B), 8(3,1), B(3,2), ... , 8(3,8), "' . 

B{.lt,t), !1{4,2), 

••• , B{4,B) y por último se ~esarvariín 60 (5x3x4) 

localidades pa~a las variables del arreglo CAR, con 

tres subíndices cada una. 

El arreglo crUe se use en pa~ticula~, dentro del pro-

grama podrá tener menos e 1 ementos que 1 os especi fi-

cados en la magnitud del enunciado 0111 ENSION, pero 

no m5s . 

La varláble tal como aparece en el enunciado Ol~EN-

SIGN debe tener exactamente el mismo número de sub-

índices que en cualquier otra parte del prog~ama. 
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7.· SUBPROGRAMAS. 

Los subprogramas·,· también llamado~ s.ubruttnas, son pr_ogra01as que puedun 

$er puestos en uso por otros programas cuando sea necesario. 

Las funciones de biblioteca ó funciones del sistema constituyen una va­

rledad de subprogramas. 

7.1- FUNCIO!IES 

Cuando el ·val o~ de una variable depende de una ó más variables ó constan­

tes y ad.,más de una serie de cálculos, y dicha variable ha de calcularse repu­

tidarnente y en dif.,rentes puntos de un prog!"ama, es posible definl!"la como-­

una Función. En otras palabras, Adem.h de las funciones con que cuenta la bi -

bl ioteca del sistema, el usuario puede escribir sus propios funciones para uso 

específico de su programa. 

Tomemos un ejemplo para visual izar lo anterior: 

Supongamos que para un programa en especial, en el cual trabajamos con grados 

en lugar de radianes, deseamos calcular continuamente SENil (X), sin el uso· 

de funciones sería necesario transformar el argumento deseado de g•ados a ra­

dianes y después 1 lamai- a la función del sistema SIN (X). A continuación pre­

sentamos una función que calCulará SU/O (X), (X en grados) 

FUNCTI ON SENil ( X ) 

X .. X * 3~14 15 92/lBO. 

SEN~ • SIN (X) 

RETURN 

"' 
que es llamada 1esd.':'e1 programa como: 

GRAO• SENil (GAA00S) 

En base a éste ejemplo podemos gene~alizar el uso de la proposición 

FU~iCTrON • 

a) Dt:be ser codificada en forma independiente del programa 

que la usara, es decir, no debe aparecer "dentro" del programa. 

b) Del>C en1pezar con la palabra FUNCTIIíN 

•• 32 



. 32 •• 

FUNCTI ON nombre (parámetm 
' 

e) A continuación se escribe el nombre con que será llamada. 

d) De~pué~, entre parénte~ls y 5eparado~ por comas, aparecen lo5 argu 

mentes. 

].1.1 EJEMPLOS.-

FUNCTION RAIZ 1 (A,B,C ) 

RAIZI• (-B + SQRT (B **2- 4. 11 A 11 C)} / ( 2,* A) 

RETURN 

'" 
FUNtTI~N RAIZ2 

END 

RAIZ2 • ( -B 

RETURil 

A, B, e ) 
SQRT (B**2.4.* A * e )) / (2.* A ) 

EC. SEGUND!l GRAOil 

READ ( 2,100) A, B, C 

100 ·FORI"IAT ( 3f10.5} 

XI • RAIZI (A,B,C) 

X2 ~ RAIZ2 (A,B,e) 

1./RITE (3,200} A,B,C, Xl,X2 

200 FORMAT ( 5 .'" ,F10,5') 

CALL EXIT 

ENO 

Este ejemplo es solarrente para mostrar el ..,so de la proposición 

FUNCTI~N y no contempla ai!Junas situaciones como raíces complejas, etc. 

].2 SUBRUTIUAS 

Como es fácil notar, la proposición FUNCTIIlN nos "regresa" un sólo va 

lor y lo hace a través de su nombre. En muchos casos es con~~<>ni,.ntl' 6 

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

proposici.:>n o enunciado: 

SUBRI'lUTI NE. 

Una subrutina es un 5ubprogrc.lll<l que puede "recibir" cualqu;.,, nY~"''"' 

de par5~retros ( desde·cero hasta un núoilro determinado por el tipo de com­

pilador) y puede "regresar" diferentes valores calculados • 

. • 3 3 
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Veamos al!Junos ejernplo~: 

SupongaM.lS que al imprimir resultado> de un cierto programa tenemos que­

.escribir algún título U>Mdo.los pri~reros.renglones de la hoja. En tal caso po­

demos hacer uso de una subrutina como sigue: 

200. 

SUBReUTINE ENCA 

1-/RI TE {3, 200) 

F~RMAT-{/,lX. 'REPORTE SHIANAL' , /) 

RETU!Ul 

Como vemos no hemos pasado ningún parán!"tro 6 valor a la subrutina. Para 

que se ejecute ésta se debe hacer uso de la proposición CALL, de la siguiente for 

~' 

CALL ENCA 

dentro ·del programa y en el lugar donde deseemos que ocurra la . . -
1mpre~1on. 

Ois.¡;utamos ahora un ejemplO muy simple para ejempll ficar el uso de parámetros. 

HagarTrJS una subrutina que "redba" corTrJ entrada .dos números, los sume y el resul 

tado lo "regrese" en otra variable. Sean A y 11 los numeres a sumar, y e la varia 

ble en donde se p-ondrá el resultado. 

SUBROUT!NE SUMA {A,B,e ) 

C • A .f. B 

RETURN 

'" Es importante detenerse a ver el significado de los pará~retros para las sub -

rutinas: 

la subrutina anterior SUKA puede ser llamada de diversas fonms: 

eALL SUMA (AA,BB,CC) 

CALL SUMA (4, 7, X) 

etc. 

Como venos_, las variables A,B y e que aparecen en la subrutina son variables 

.. 3~ 
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rnudo.s o do~mid4,5 y solo tienen sentido dent~o de la subrutinl!. Veamos lo­

anterior: 

Supóngase el siguiente p~ograma: 

,_ 3. ,. ,, . 
CALL '""" ( Xl,X2,X3) 

SUM-" " \.IR!TE {3,200) XI,X2,X3, '"' "' fi.WtAT(4 Fl0.5) 

CALL EXIT 

'"' 
Se propone como eje~cicio al lector que haga las veces de la 

----"'-Cdb-a lo que ésta imprimi'ría. 

La máquina ,.mprimi~á : 

3.0 '·' ¡.o ¡.o 

Una de las facilidades m~s u ti les en subrutinas es la 

parámetrO$, ej: 

SUBR0UTlNE MAXIM (A, MAX ) 

OIMENStON .A ( lO) 

---- ~ 

---------------
----
RETURN 

máquina y es -

Supóngase que ésta sub~utina encuent~a el ele.,.,nto del arreglo A (10) con 

rruyor 11(1\0r y lo regresa a través de la v(lri¡¡b\e MAX. Es importante notar que 

si pasanl<lS con>a pariuret~o uno ó más arreglos hay que dimensionarlos otra vez 

dentro d~ la subrutina, lo cual se puede hacer de al menos dos formas' 1) 

poniendo la dimensión que aparece en el programa que lo 11amaj 

2) Poni~ndole dimensión 1 (UJ,IO) 

Ejemplo: 
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DIMEtiSION A (10). 

------
--·-- --
- --- -

CALL ORDEN {A) 

CAll.HAXII'I (B) 

CALL I'IAXII'\ (A) 
------------·------
------

CALL EX!T 

ENO · 

Caso 1: 

B lZO). 

SUBR0UTTNE llRDEN (X} 

IHMUIS10N X (JO) 

RETURN 

Caso 2: 

SUIIRPUT!NE 1'\AXIM {Yl 

c:DIMENSION y (1} . ----

RETUII.N 
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7. 2 • 1 COMMON.-

Coro es posible visualizar en los párrafos anter!ores, las variables 

usadas en las subrutinas, o mejor dicho, dentro de las subrutinas, son total 

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

veces es conveniente que tanto 1 as subrut 1 nas como e 1 programa que '1 as 11 ama 

·tengan• variables-en COMUN. Para-lograr-ésto-existe -la. declaración 

COMHON 

La "forma general de ésta proposición es: 

eOHMON 1 ista de variables 

donde "liHa de variables" es un conjunto de variables y/o arreglos separados 

por comas a las cuales queremos adjudicarles la·propledad anterior, es decir, 

sean comunes a varios subprogra1113s. 

Ej. 

eOMHON A,B, X (10), AS (30) 

Esta declaración debe aparecer al principio de cualquier p,-ograrna o sub­

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

C SUMA DE OOS tiUHEitOS 

zoo 

COMMON A, B, e 

.A- 3 

•• 7 

eALL SUMA 

z • ' 
\.IRITE {3,200) A, B, e, Z 

reRMAT( 4 F1D,5 ) 

CALL EXIT 

EtiO 

.;.-· . . ,. . : . . 

' 

' 

' 

.. 37 

' 



.. 

SUBROUTtNE SUMA 

COMHON A, B, e 
e ,. A + B 

RETURN 

'"' 
Este pmgrama debe Jmpdmlr 

3.0 7 .o . 1 o. o 

3 7 .• 

-... 

1 o .o 

Una propiedad i,.:.ortante del COMMOII es que s·i un arreglo es especificado 

en COMMON que dá automáticamente diinenslonado, es decir, no hay que especlfi­

car dicho arreglo a través de la declaración DtMENSION • 

En las siguientes páginas se muestran veintiún programas, que incluyen sus­

dt.igramas de flujo, codificaciones, datos y resultados¡ el_objeto es que el -

lector pueda co~leme.ntar la ,parte teórica con la práctica, amén de que debe 

rá hacer los propios y procesarlos en una computadora a su alcance • 

.. . . 
"' 

.•.. , 
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"CONVERSION Dt GRADOS CENTIGRADOS A 
GRADOS FARENHEIP ' 

e INICIO) 

CEN= 37.45 

,. 
FARENooCEN x 9./5.+32. 

' ~1 

FAREN 

' FIN 

• 

PROG w 1 
' 



11 .JOil T 
11 fOR 
OLJST SOURCE PROG~AH 
oQN[ WOIW INHGEHS 
oJOeS(eAROoll32 P~INTEHl 

e-------------U N 0-----------C CONVERS]ON OE GRADOS CENTIGHAOOS A 
e GflAOOS fAflENH[IT 

-IDO FORHAT(F)D,4l 

11 XEll ,. 

JMP:3 
CEN=37.45 
FAREN:C(N•9,/5,•32o 
Wfll TE ( ]"'Pol 0(11 F AREN 
CALL EXIT 

''" 

RESULTADOS 

• 
' ... 

~-···-·----

•.. 

PROG, 1 

F • .. .:: 



"CONVERSION DE GRADOS FARtNH6T A GRADOS 
CENTIGRAOOS" 

. . 

INICIO 

FAR 

o( O> FAR =o 

~ 
1 

C ENTI=(FAR-32.) x5.j9 . 

. 
• 

F.AR,CENTI 

• 
• . ., 

FIN 

''! '· • 



// 'JOR T 
// FOR 
*LIST SOUHCE PRUGRAM 
*ONE WOFID !Nl[G(RS 
*IOCS(CAROollJ2 PRINTERl 

c-------------0 o s-----------e CONIIEHSION DE G~ADOS FAHENH[!T A 
C GRADOS CENT!GRAOOS 

lOO FORMAT(F)Q,41 
lO\ FORMAl(FlOo4o22H GRADOS FARENHElT -SON oFI0,4o20H GRADOS C[NTlGfl.<I,[!O 

1 S • 1 
LEE=2 
IMP=3 

200 HEAO(L[[o)DOJFAR 
C FAR IGUAL CERO INDICA TERMI~O DE DATOS, 

JF (fARl ?10o220o2!0 
210 CENTJ=(f-AR-32.1"5,/Y. 

WRITE!iMPo!OllfAR,CENTt 
60 TO 200 

220 CALL EXIl 

'"" -// XEil 
12h0000 

'126. 
-14. 

o.o 
1• 

lflo2ó 

RESULTADOS 
..... , "····----~- .. .• -~- . . -·~·-·-· . 

.. ·-- -- -------·--------------------------· -·-· . ~- --- ' ...... , .. _ 

-·--·-·------· -·--· -
--·- -· ---------· ~~-·-:--

PROG - 2 



-

"CONVERSION ENTRE GI:ADOS FARENHEIT Y GRADOS 
CENTIGRAIDSM 

' - INICIO 

_ .. 

.•• '1 ' ,_ 
·--~-, 

- -
'SALTO-HOJA 

e< 

/ 

!NDI,GRAD 

FIN 

'{ ) DE 
DATOS FIN 

F 

-T F 
IN DI= 1 -

~ 

& ' 
FAREN=GRADx9./5. -t 32. CENTl=(GRAD-32. )x 5./9. - ~ 

' 
GRAD,FAREf' 

GRAD,CENTI 

-

' € -
-

PROG -J> 



' 

,. 

1/ JOA T 
// FOR 
OLJST SOU~CE PROGRAM 
oQN( ~ORO INT[G[RS 
•IOCSICAROoi\32 PRINT(Rl 
C-------------1 R E S---------
C CVi<VERSION ENTI!( GRADOS FARENHEIT 
C, Y GRADOS CENTJGRAODS 

··lOO FORMATilHI) 
-101 FORHAT1ll•FI0,3l 
102 FORMATIFI0.2ol5H FAR(NHEIT SON oFII,3ol3H CENTIGI!AOOS.l 
103 FORMAT1Fl0.2ol7H CENTlGRAOOS SON oF9,3ollH FAR(NH[JT,l 

LEE=2 
1Mf>:::3 
WJHTEIIMPolOOl 

200 I!EAOILEEo\O\oEN0:220JINOI,GRAO 
IF(INOI,EU.llGO TO 210 

C lNill DIFERENTE DE 1 DATO EN GRADOS FARENH(IT, 
C SE CONVIERTE A CENTJGF·(AOOS, 

CEtH 1 = 1 GRA0-32, 1 •S, /9, 
WRITEtlHP,}021GRAOoCENTI 
r.o TO 200 

ZIO CONTINUE 
C El DATO ES EN GRADO CENTJ(>RAOO, 
C SE CONVIERTE A FARENH(IT, 

F' AREN=GilAD•9, /5, •32, 
WRITEt!Mf>,J03lGRA0 0 FAREN 
GO TO zoo 

" l , 
l 

' l 
l 
1• 

220 CALL EXJl 
ENIJ 

X(O 

" . 
-12000 
11.4!1 

32. DO 
-lb. 

RESULTADOS 

~- .. ··----··. - . ____ , ____________ --·-··· 

--- ~- --------------·- ------ --·- . ----- .... 
'·. 

. -- . . 



"CONVERSION DE GRADOS;.., ~AD!ANES" 

IN!CIO 
' . 

e: 
é GRAO 

X-
'N 
DE T 

DATOS 
"FIN DEL PRS 
GRAMA" 

F 

T FIN 
G RAD<"360 

F 

GRAO- GRAO- 360 

. 
.-... 

GRAO~! SO T 

. 
J 

F . 
G RAD=-(GRAD-180) 

• 

RAD=GRADx 3.145926/!BO. 
. 

• 

"GRAD,RAD 



.. 

.. 

. 

.. . ' 

¡¡-·JoA ·r 
1/.FOR 
•LlSl SOURC( PROGRAH 
•ON( WORO INTEGERS 
•!OCS!CA~D,Jl3Z PRINTERJ 
C-.0-----------C U A T R 0--:..---
C CONV(RSION DE GRADOS A RADIANES 

.101 FORMATlF8.3J 
. ··10.2 FORMATiF9,3ol2H GRADOS SON oF6,3olOH RADIANES,) 

· 103 FORMATI/IIol0Xol6HFIN DEL PROGRAMA! 
LEE=2 
JMP:J 

200 READILEEolOloEN0=230JGRAO 
210 IFlGRADoLT.360JGO lO 220 

... 

--·-·--···· "' . "· 

e EL DATO ES IGUAL O SOllREPASA LOS 360-GRADOS.lS(' AJUSTAJ",• ... 
GRAO=GRAD-360, 
GO TO 21D 

220 CONTINUE 
C SE TRAHAJA ENTRE •IAO V -180 GRADOS, 

lFIGRAO,G(,}BO.)GRAO=-IGRAD-lAOol 
RAD=GRA0"3ol4159261!80. 
WRlTEiiMPoi02lGRADoRAO 
GO TO 200 

230 WRlTEITMPol03l 
CALL EXIl 

"[NO 
11 X(Q 

'10000 
-90, 

3600, 
-3/Hl, 
0~0 

lA5,27 
132.4 

' -79,'1 
/0 . ·--·- .... -· ... -- :-·· 

RESULTADOS 
. . ,. . . . . - -ti"--. ..,.-·--··· 

·"---~-- ...... 



""CEJ ... : . •' ' '• . 

-~, 
. 

• 
. INICIO . 

,/ 
. 

. 
NTARJ 

1 \ . 
t.. .. 1"" 1 ,NTARJ 

\ 

,/ 

NUM 

NUM 
IND .. (-1) 

' 
' . 

"JND<.O 
T 

F 
J 

NUM 

"ES PAR" 
• 

' .. . 
NUM 

"ES IMPAR" 

' 

FIN 
PRO G ·· ~ 



11 JOA T 
11 F"OR 
•LIST SOURCE PROGRAM 
•ONE WORO lNTEGERS 
•IOCSCCARD 0 1132 ~~JNTERJ 

c-------------e 1 N e o-------c DETERMi,..IIClON OE NUW.(ROS PARES 
C E IMP:,IIES 

lOO "FORMAl 113) 
101 FOAMATCI4oAH ES PAR,) 
102 FORMATII4o}OH ES JMPAA.J 

LEE=2 
IMP::J 
READILEEolOOJNTARJ 

C NTAf.IJ INDitA NO, DE TARJETAS CON DATOS,· 
00 ?.02 t=loNTARJ 

REAOILEEolOOJNUM 
·INQ:(-lJOONUH 

IFIJNQ,LT,OlGO TO 200 
C EL NUMERO ES PAR, 

WR 1 TE 1 IMPo 1 Oll NUM 
GO TO 201 

200 CONT !NUE 
C· EL NUI-I(RO ES IMPAR, 

/ WR!TEIIMP,)02lNUM 
201 · CONT!NUE 
202 CONT l NUE 

11 XEO 
005 
l7 

1 

1 ' 
' 291 
-·· e ,. 

CALL EXIT 

'"' 

. 

R"E S U l T A DO S ·-·--:..,. ·----
. . .... -- -

' . . ·------------'·----====· ··=--=~·e¡ 
---->'-<E>>-c}RmP~'"'' ______ _c __ j 

1 CS IMP~R· 

---,!•'-''-"'~------------. 
291 E~ IMPAR• 

11 (S PAR• 

--· 

.. 
' 

PROG - 5 



"DETERMINACION DE MULTJPLOS DE UN NU.'.r\ERO" . ' .. 
• . 

INICIO . 
. 

¿ 
. . 

. 'ENCABEZAD 

. 

/ 

• IBAS E 

' . ("'-
T FIN 

FIN DE . ' DATOS 

JF 
/ 

NTARJ 

\ 
·¡=I,NTARJ 

. \ 
~ . 

NUM 

1 DIV= NU M/IBAS E 

' RNUM= NUM 

RDIV= RNUM/IBASE ., 
'NOMULT,' l 'MULT .' 

NUM,IBASE F ~=ID IV T NUM, IBAS E 

T '-' 
J 

PROG --é 



' • 

,-~---~~-JDR T 
. /1 fOFl 

OlJST SOUReE PROGRA~ 
•ON[ ~ORO lNTEGERS 
•JOeSCCAHOoil32- PRINTEH) 

--e~------------s E I s---------
e OETERMINAeiON DE MULT)PLOS 
e O[ UN NUMERO 

·lOO f0RMATII31 
101 f0RMAT(34HINUMER0-MULTIPLO DE-NO·MULTIPLO DEl 
102 f0RMATI2Xol3o7Xol3l 
103 f0RMATI?.Xol3o2!Xol3l 

LEE=?. 
IMPo:J 
WRITE!IMP 0 1011 

200 REAO!LEEolOOoEND~240)1BAS[ 
REAOCL[EolOOlNTARJ 
DO 230 l=loNTARJ 

REAlliLEEoiOO)NUM 
IDIV=NUH/IHASE 

. RNUM:NUM 
ROJV=RNUM/IBASE 
IFIRDIV.EO.JOlVlGD TO 210 

·e NUH NO ES MULTIPLO DE !BASE. 
WRITE(IMPo!031NUMoiHASE 
GO TO 220 

210 CONTtNUE 
C. NUM SI ES MULTIPLO DE !liASE~ 

WRITEIIMP,]02JNUM,IAASE 
220 CONTINUE 
230 CONT INUE 

GO TO 200 
240 CALL EXIT 

'"" 11 X(Q 
DO?. 
095 

17 
001 
1' 

291 

' 003 
902 

9 

1 1 
005 
001 
099 

'" 
RESULTADOS 

--- ---
-·---·-----···-·· . 

. --- --. .- ·--

11 J 
--'-·----'-----'-5----1 

. . 

\ 

·· .. 

.-.... , .!> ,_ 

PROG- 6 



FIN 

" NUMEROS PRIMOS " 

INICIO 

'ENCABEZAD 

NUM 

T 

F 

T 

' 
NUM 

NUM 
L-~IND"' (-1) 

T 

F 

'N 0 PRI M 0'~~-_,.r:,;--, 
NUM 

. 1 a • .J( 

PROG- 7 



~NUMERO S PRIMOS" 2o. 

~ 

. ·lMA?<= NUM/2 . 
. 

1 = 3 

0 ,J 

T F .. i > IMAX 

v 

F T 
ID IV= NUM/1 

1 .0::.9999 
RNUM= NUM 

. 
v RDIV= RNUM/1 

'NO PRIM' 'PRIMO' 

NUM NUM 
RD IV«ID IV T 

F . ' \ 
" . . 1 = 9999 

"" 
1 = 1 + l 

' . . . . 

(? 
PROG- 7 



L ~ f>Olld ' " 
' , 
' ' 
' rux 11 

(1 N:¡ 

·' 

l 1'0 1111::1 067. 
007. 01 0!) 

lrlN!lNO:J Ofl2 
• :ION!lNO:J OL2 

:wNJ .l"'O:J 097. 

' 

~ONI20I'~~Il311HM 
'0Hil-1d 53 HON 

]ONI!NOJ 
0'12 01 09 

------;-

HON((OI'rlHJl]l!H~ 

'OHJH~ 53 ON HON· 
0~2 01 0916666'11'f)j¡ 

. ···-· •. .,. ... -. :ION!lNO:J 

OL2 Ol 0!) 
~¡.¡,.¡ 

. 

·'O~Ül~ SJ HON :lOO "VJIONI 661\6=T 
6666= l 1 A 1 O 1 '03' 111 OH l .H' 

IIHONH=II 1011 
. j.jJ1N>:HI1N!i 
1/HON=/110! 

'2/WON lf15VH ( 30 1 NO:J 
1/HON 30 1\IJH .A VH]lN] SJNOISI/110 5'111 N]N)IH!O :IS 

0~2 01 Oni~VH!'19'll~! 
r."'i 

'IOH!Hd~ON O OHIHM JO OSJJOHrl VI:JINI 
2/HON=JIV~I 

JSJHV<1HI 5) Hí\N 
.. JONilNOJ 

OLZ 01 0!) 
HI1NI(O['dHfl3li11M 

"' 

"' 

01:2 

07.2 

' 

' 

' 

' ' 

' 
'I~O~I11<·!"C:3 ON E )00 1-lO.AV~ HVrl OH]WJ"lN 000llH11d SJ WrlN J 

022 01 0!)(Q'11'0NilJI 
~ONooll-l=UN! 

'( ]00 HO.IIf~ <;) HON :J 
JO~li1NOJ 012 

0117. 01 (1!) 

WllN 17.0{0dH!l )1 H•M 
51 L '1 l'IJ"lnt O HON]W 1'1H01VN l)>i]WON 0001)( V 1110'"!1 0 HON]H S) WON J 

. -~ -· __:, 

012 01 091('19'HONl~I 
~ONI062=0N1°00I'J:~nJOV1H 002 

1!01°rlWilJltH/OI. 
E=rlWI 

. 2=331 
IE!'ll~l)l'li'HI-JfH (O! .\ 
!E!'~2l1VHHOJ lO! 

ISOWIH<i ON-SOWlHdlf-llltllVWHO.~ 101 
l(!l[VHHOJ DO!" 

SOHIH<i.SOHJHnN J 
-------3 1 ] 1 5-------------:J 

(H)1NIHM ZEII'OH'IJJ~:JO!e 
SHl~]lNl nHO~ ]NO• 

·wvH90Hd J:JHhO<; 1SI1• 
HOJ // 

1 AO(' /1 



, 
10 
1 1 
12 

" 1' 
17 

" 21 ,. 
RESULTADOS 

--pRJ!.!O~s~¡¡C-pffliiOs---~--1 
1 

~--2-------------1 J • ----!5~--::-,~---c,:-~~~ 

--~~'~--~~¡~~~~ 

--~~~~,-~~-lC--~,-~ 

" --!"]~~---'-'------. 
lS 

~--H-----------------1 

" """ _____ 1 
--· -----

PROG ~ 7 



y SERIE DE FIBON~;CCI N 

INICIO 

-

N TER M 
' ' ' 
¿ 

NMl= 1 

NM2"' O 

N Ml, NMl 

,\ 
1 \ 
·¡ = 2,NTERM 

1 
l 

NUEVO=NM1+NM2 

' ' 
NM2= NMI 

. NMl= NUEVO 

r .. í, NUEVO 

' • 
FIN 

-

" 

PROG- 8 

-,·· ----



.-.. 
" FACTORIAL ~ 

INICIO 

LEE, IMP 

NUM 

>--'-'---+( FIN ) 

IFAC=l 

.. 
. 

. 

~ 
1 = 2 ' NUM 

. . 
1 ' • 

IFAC·-IFACx 1 
~ 

Jl 

NUM =O 
T 

IFAC = 1 

F 

F T 
NUM = 1 • IFAC = 1 

~ 

NUM, IFAC t "" ~ PRO G - 9 



---·¡¡-.Joa·r·--·····- ---- ··--------- ·- - ------···- -.J . 5<r 
11. FOR 

.:•L.:JST SOUACE PROGRAM , 
'·•ONE WORO INTEGERS ::__ ,··· ·• ... ·~. -~ .-·. ' - .. 

-,--~c·~~CS_I_~~~O_! llJNZ UPR_,!NVTEER~------- ------ --.-----·------..:: •. ~--.,"-' __ .-_:: __ _ 
: ' . --':"'·:--------- ~ . ------:.- ' . . . . . . . . . ,• 

C-· '-FACTORIAL · - ··' -
~ · \:-ioo FORMAT12lll .. · .. 

-· --·•·Jol 'FORMATIJ21'-- •. ---·-··· ·····---- --· ..•• 
·,: .-:1112 FORHATII3o3Xol51 
. C' SE LEEN LAS UNIDADES LOGJCAS DE LECTURA E JHPRESIONN 

•. , REA012tlOOILEEoiMP' 

! 

.. 

e 

200'READILEEtl0loEND•220INUH 
lfAC:J 
00-210 1=2oNUM' 

JFAC.,JFAC•J 
210 CONTINUE -.• ,,, 

IF!NUH,[Q.OIIFAC•l 
IFINUH,EDolllFAC=l·, ··' ··': 

.. 
SE IMPRIME EL· NUMERO Y SU FACTORIAL 
WRITE!lHPo1021NUHolFAC 
GO ro -200 .,. ·-;. 

220 CALL EXIT ·-; .. 
ENO . --;-=~· 

' ······~ 

"// XEQ 
ZJ 1 ,, 
oz 

" " os 

" t• 

.. .. 
. . 

.. , -. 

. -., 
. . ' . . ... • . •· 

-- ....:..--:.....:......R...E...S .U.l :T. . .A.D. 0·. S .. ...: .. __ ··--· 

' :. 

. ··' . ' .. 

.. ' 

. ' 

. . 

.. · . 

• -
' 

•.•. ·.···-.·- .. ; ' . ·----· ---· -·· ---·. ·' ' . 
' . ' ' . ' 1 

- ' 

' . -----·-·-. --, -· ----- -~ 

' --
• 

' ' ' ' . ' . ' . ' ' ! 
····· 

P~OG - 9 ' 

' . ' 
V 
1 



~cAMBIO DE BASE , DE DECIMAL A BINARIA • lo. 

- 5f 
INICIO • • . 

• u . . 
.. . 

~ 
NUM 

• 
. 

. 
lN 

DE T F1N 
DATOS ' 

¡r 
"EN 1 O' ' BASE ' 

NUM 

' 
• 

T ' • NUM~l . . . 
' ' . . . . _l' ... 

' . 
' T 

• NE2"' NUM/2 NUM"' 1. ~ ' " 
1 
' ' . . 

NB.,. NU).\.:NE2 x'2 F 
' ' . • ' . . 

' • ' 1- o . . . . ' " ' NB 
' .. '1 6 O' . 

. . 

' 
1 

NUM • NE2 

' (:11 
PROG - lO 



·-- ·-_-;,;··.,os- r - .. 
/1 FOR 
•LIST·SOURCE PRQGRAH 
•ONE WORO INTEGERS 
•IOCS!CARDoll32 PHJNTERJ 

·----···· 

. . 
· ........ c------;..-;;. ..... o ··t ·t· z----;..~:;;--:..-- -----, . 
! · •: C -CAMBIO DE BASE 1 OECIHAL:A BINARIA 

. lOO FORHATIISI ·: . 
,' :·---··lO! f0RHAT.C1Xol5ol9H EN BASE";OECIMAL ESI 

-102 FORMAT!lXoill ·;: •. ··.-
103' FORMAT1l1H EN BASE BJNARJA,¡''_ 

LEE=Z .. -'···-
JHPDJ 

200 READCLEEolOOoEND=250JNUM 
. WRJT[{lHPolOliNUH-' ---~ 

210 lFINUHoLEoliGO TO 220" 

. . . 
• 

·' 

.. 

e· NUH ES MAYOR QU[''UNOo 'SE SIGUE OESCOHPONIENOO ·' 
· 'NE2=NUH/2 • -.----,.. , .. , ' NB=NUH-NE2•2 • ,;-

NB ES UNO O CERO 
WRTTEClHPol021NB 
NUH:NE2 
GO TO 210 

·zzn-CONTJNUE '· 
IFINUH.EO,IIGO TO 230 ' 1 
.-SE IHPRIHE EL ULTIMO CERO EN LA RÉPRESENTACION BINARIA 

- --.-~---1:0 --·· '- - . ----
_-, ___ WR!TE!IHPol0211 ,-~ ··· 

·' ·•-, GO TO 240 : .. ~.: ., 
·-· ·-·- •230 -cONTJNUE --·. --~ : .. -~-- --

• 

'· 

C' SE IHPRIHE EL ULTIMO"! EN LA -~EP~ESENTACJON 
' ,• -;-¡;; 1 

:_- ----'··---:--:WRI TE ( IMP ol 021 l 
' 2'40 "CONTINUE · 

WRITE ( !f.!Pol031. 

... -- ... ----

. ' -· · .... , •. _..,Go·-ro ·zoo --~ · --·-- · · • - ....... --
;.-;·:;2~0':!cAl:l: EXIT :· ·. . 
. •. " 'ENO. 

-·j ,-xó~~----,..::·:. ------- -.- . ---· -----------
' ._. ... '12 ••. ·-·.'--
~~:--··_:163' .... ····------- __ !;.., 

·--~¡o---------------·---------------~-

_;oooot ·· · · . 
011 

-131'. 
o 
1 

- . .. . 

--- -------· 

...... --·---

--- ;---

-_. ......... _., 

---.. "13 
t•. 

. . ----·--·'-'-·--

·- . 
----- ........ 

BINARIA 

.. •, 

' 

. 

.. 

-

. . .... -----

PROG - 10 
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. 

• CAMBIO DE BASE DE DECIMAL A BINARIO • 

~ 

' .. 

. ' 

• .. 

.. 

(> 
. . 

1 -1 

1 . . 
' . 

•eN· BASE 81-.. N ARIA• . 

.~.-. 

o( . .. 
• 

' '" 
' 

• 
' 

• 

. 
. 

• . 
. 

. 

2o. 6( 

' 

' 
.. i . ' . ' . ' 

' ' 
PROG - lO 
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.... _R t; s_ u l ·r_~ o o s._ ·-. 
'. - ... ·.: .. .... 

. ... ---

• 

JkAL ES 

' 

• 

.. 

-· 

• .. 

• 

. .. 

• 

-· 

' ,, 

· . 

.. -. 

.. 

" 

PROG - lO 
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., 

~CAMBIO DE BASE!, BINARIO A DECIMAL• 

t::) 

. 
• 

' 
' ·' 

. 

' 

' ,. 

. . 

' 

. 

-" 

.. 
' INICIO ' 

(' .. . 

13,12,11 . 
, . 
. . 

• . . . . 

'b~ T 
DATOS 

' 

' 
. 

JDEC "'O . 
J = 1 
IDEC=IDEC+J X 11 .. 
J= 2 X J 
JDEC= ro EC + J X 13 

' 
• 

' ' ' ., BINARIO 
.13,12,11 . 
• ' .. 

·' . 
' . 

' gEN :DECIMAL ' . ' 
IDEC 

. 

• 

. 

FIN 

. 

. 

' 
. 

. 
• 

• 

• 

. 
' 

' 
. 

' 

" 

PROG- 11 

' ' 
' 
' . ' 
• 
' 



··¡¡ JOB T 
// FOR 
•LIST SOURCE PROGRAM 
•ONE WORO INTEGERS 

• •IOCSICAROot132 _PR!fHERI -···--· 
-~~~-----------0 N C E~-------~ 

C . ·_CAMBIO DE BASE 1 BINARIA t. DECiMAL 
.·100 I'ORHATIJIU 

--·.:·lOl_'FORMt.TilXo 3IIt19H EN BASE BINARIA ES!'"" 
.".102 FORMAT{}X 015ol7H EN BASE DECIMAL.! • 

e 

-LEE-=2 •· 
' _., 

IMP;oJ ., •·t.' 
200 REA0(2ot00oEN0=210il3ol2oll. 

JOEC,.O ·' 
J CONTIENE LAS POTENCIAS DE' 2 0 

. J=l 
lDECo::JOEC•J•Il 
J:2•J • ·····-· 
IDEC~<tOEC•J•tz 
J=2•J . . " 

IDEC::JOEC•J•IJ ----·--
WRlTEIIMPol01113ol2oll ··~·.· 

• 

·. ... , - ' 

e IOEC CONTIENE LA REPRESENTACION' DECIMAL DEL NUHERD BINARIO •. 
. -¡,¡RITEIIMPol021IDEC .. ·_.··-

GO TO 200 
210 CALL EXIT 

"".'ENO 
11 XEO: 

• 001 
--- . 010 . 

'" lOO 
"-"101 

·1 1 o 
'111 

... 

------· -· . --- -· .. • 

-~-----·· 

. ' 

. ' 

. --.. ~ . 
- ' ·· . 

.. 

: ~ ... 
---,---·-··-·· 

. '--· 

. ···~-. . .. 

:·-

,· 
• • 

PROG-11 



•cAMBIO DE BASE, BINARIA A DECIMAL USANDO ARREGLOS• G) 
• 

INICIO 
. 

' 
"'- . 

. 
1 {J) i J= 1 

' 10 
• . 

FIN . DE T .. DATOS FIN . 

y • 
' 

.. 
• 

IOEC = o 
• 

'j = 1 • 

' 
. 

\ 
K -1 10 ' ; 

• • 
' ' 

. 
' 

. • . ; •• . . .. .. 
• 

' • 
L= 11 . k . . . 

' • • . . ' • 
·:··10ec, .. IDEC + I(L)x.J 

. . • 
• . . ~ •·· . . . •• ' . ... -. . ' . . • • • • •.¡ . • • • • 

' 
. • . ' "EN BINARIO• . 

• 
I(J),Jco 1 lO . 

' . 
. 

' ' .. 

. . . • • 
' • "fN DECIMA • • . ., - ' • • • .. . IDEe . 

• . 
. 

(.<) 
PROG -

~ . 

12 



~-..,."'":-1'/": JOB~----. ·- ----. 
o··FOFI. 

"•LIST SOURCE PROGRA~ 
•ONE llORO tNTEOCRS 

·•tOCS!CARDoll32'PRJNTERI 

. . . .• 
... -.. .. 

,:r--.,... e-------------o ·o· e E--------;;. .. - -------:--· ..... 
' 1 --- -. C.--: CAMBIO OE BASE 1 BINARIA A OECJHAL 

¡· C USANDO ARREGLOS 
DlHENSJON 11101 
fORHAT!IOllJ -·• 

.. •' 

'100_ 

"' 102 
fORHATilllolOilol9H EN' BASE BINARIA ESI 
F0RHATC1Xol5 1 17H EN BASE OECIHAL,I 
LEE:z 
llo!P:J 

ZOO''READ 12 ol 00, END=220 1 1 
IDEC=O 

' . "'"' 1 :·:oo ·zto K"iolO 

.. , ' 
-· ·, 

.. •·· . 
.. ·. . -- . 
' 

, ... 

e SE ANALIZA EL; VECTOR ·1 DE DERECHA -A tZOUJEROA 
L: ll•K 

·'tOEC:tOEC•IILl•J ---~-~--

e J CONTIENE LAS POTENClAStDE 2 
' .. , ' .... ,. 
uZ~. ' . -11 

' ··zto CONTINUE , . 1 .--~ .. :_•o:;-· ..... --•· 
. · WRJTE llfotPf 1011 1 IIJI.o~c)olO!' 

WRJTEi!HPol0211DEC-¡ ' -·-
. GO "TO 200 :--........:.• •••.. ~ 

-220 .CALL EXIT, ···-,:·-·•r .. T''' •• 

'" .J-----;-·· :n- xto · . - ... . . 
,,·, .•·. 1 
.•• .: 11' 

. --:--10 DO 1 0001 o-
. - 1 .... 

. '.1 . :· :-_;--;."," 1 
. ··:·-·;::-:1 o o 1 o o 1 

.. _.,;,;,·•-· 00 " •. ; .. 

' ~ . ;, '' 
':-,_ -. 

~ ·----- .;..:. • ..! .. __ _ 

,-----· 

... 

. · . 

' ..... 
' .. 

. ....... ·_, ___ _ . -- •. -' . .. 
• ... • • .. Á_ ... -~,.~ s'.u .,.,·A-'o·o .,:._;.: ___ ~--.. . '· '" '· . ' . ,_ ...... ,• •' 

-.--. --- ~------~ --- ....... --- ··-:--:-:;---,----::--. -' '~--,~-
' --· 
... _ -----~- ----- --
... : -.c. .. 

l 
' ' 

.... 

.·. ·-... 
··--­.. 

----
. --~-. 

' . 

... 

... _- . 

. ' 

.. 
• · . .. 

. ; ... ' , ' 

' -· .. 

-· .... 

.... 

1 PROG " ., 
1 

1 

·-

• 

• 

' 



- • CALCULO DEL NUMERO DE .BILLETES • 1 o • 
. . .. 

• 
INICIO 

. 

' 
~ . 

.. 
~ 

NUM . 
. 

. Á • 
FlN 
DE T FlN 

' ' DATOS . 

' ' ... +' . 
. 

NM:: 0 • 
NQ -o 
N lOO= o . 

. 1\150=0 
N20=0· 
NO=O ' • . . 
Nl5"· ~o 
Nu .... o. 

'ENC)_BEZADO" 
• . . . 

NUM • • . ' . ' . .. 
• . 
' 

. ' . • -. . 
' ' 

. . . .. . • 
-¡. 

' . F • •-: . 
NUM~lOOO . . 

' 
. . . ' ; 

' 
. 

. ' ' NM • NM + 1 
-~ 

. . 

NUM .. NUM l 000 NUM~500 
T - . 

l 
•. F • . . . 

. 

• ' •' i"Q 1 ' - ' 
. ' NUM=. NUM- 500 . / . 

Cr>) PROG - 13 . 



. - ,., ' 

"CALCULO DEL NUMERO p¡; SiLltltS" , -.zo • 

• 

T 

Nl OO='N 1 00 +, 1 .. · 
'N • -,-100 ~ 

.. 

T 

• . ' .. 
N 50= 1 

• • 

'NUM= NUM- 50 

T .. • 

.. 
.NV•=.NV-t.l .. .. • 

' 
• 

NUM = NUM -:20 _ 

• 

' T 

.. 

N 1 

' 
NUM = NUM- lO PROG- 13 



• CALCULO DEL NUMERO DE SILLETES'' 

l • 

NUM «. 5 
T - . 

. . y, 
. 

' . 
N5= 1 ., 

NUM • NUM - 5 

.. ··.-X-
. 

. . . 
• . 

NUM~ o T . 
. 

• . • . ' 
NU - NU ' 1 

• ' . NUM = NUM - 1 
• " · .. ; ' . . 

. 
. •. • 

.. ·• NM' • 
• • . . . 

• • .. . - . 

. ,_,_ 
"' ' . 

, • • " 
_, 

• -- .NQ 
' . . . ., ; . 

; • • 
• . ' • 
'' 

. ' N lOO 
. 

. . 

• . 
. ' • 

N 50 . 
. 

rt 

Jo. 

• 

PROG - 13 

' ,, 
. ! 
•• 
' 



"CALCULO DEL NUMERO;;:;:--.. 

. ' • 
• 

' 

' 1 

.. 

. ,. 

. . r;_¿_ 
. 

. , 
NV 

. 
. .• . ' 

ND 
. 

~4 

NS 

NU . 

.. 
' 

. . ,. 
. (-" 
• 

.. . 

DE-BILLETES • 4o. 

• 

• . • .. 

' 

l 
. ' 

.. 

. . 



•• 

11 JOH T 
/1 FOR 
•LIST SOURCE PROGRAH 
•ONE WORD INTEGERS 
•JOCSCCAROollJ2 PRJNTERI 
c-------------1 R E C E·------ • 
C 'CALCULO DEL ~UMERO DE SILLETES 

-

· lOO FORMAl 1141 , :·• ' 1. ,. 
'¡·101 FORMAT!/ollH EL NUHER0-0Uo24H 0 00-PUEDE 'OESGLOSARSE:'ENI 
1-102 f'ORMAT liSo TH DE MILI .'' ·•• 11 

103 f'ORHATI!SohH DE QUINIENTOSJ' 
-'--l04''FORHATII5o 8H DE CIEN) 

lOS FORHATIISolJH DE CINCUENTA) 
106 FORHATIISolOH DE VEINTEJ 
107 FDRHATIISo SH DE OIEZI 
108 FORHATI!So 9H DE CINCO). 

1

-109 FORHATIISo TH DE UNO) / 
LEE=2 , , 
JHP:J 

200 REAOfLEEolOOoEND~3301NUH 
NH::Q 
NQ:O 
NIOO:O 
NSO=O 
N V= O 
ND=·o 

---··· .NS=O 
NU:O 
WRlTEIIHPolOliNUH 

. 
•': 

1:!:10 JFINUH,LE.lOOOIGO T0'220 
C NUH ES MAYOR QUE IODO 

·NH:NHol 
NUM=NUM-1000 
GO TO 210" 

220 CONTJNUE 

.. 

\ .. . , . 

. -
• 
• j L ; ,' -

' r . 
-.. '' . . .. ' 
. ' . 

' ~ . ' . . 
! ' .. '!' 

. ~ •' . 

' 

JriNUH,LE,SOOIGO T0"230 · 
· NUH -ES H}IYOR ·DUE ·500 CHAXJHO ÜN. BILLETE OE 5001 e 

NQ:zJ . ' 
NUH:NUH-SOO · -·- -. ' 230 CONT1NUE". ' -f -

·e 
240 ·¡ F CNUH,LE;l 001 GO ""TO CSO 

"NUH ES "MAYOR -DUE"'"l 00 -· - ... -·. -- ,, 

u 

NlOO,.NlQ,O+l ) 
NUH=NUH-100 
GO TO 240: 

250 CONT!NUE 
IFCNUH,LE,SOI~O TO 260 

• 

e NUM ES MAYOR QUE SO CHAXIHO UN BILLETE DE. SOl 
NSO=l 
NUM=NUM•SO 

.Z60 CONTtNUE 
270 JFfNUM,LE,20JGO TO 2~0 

C NUM ES MAYOR QUE 20 
NII=N\Iol , 
NUM=NUM-20 
GO TO 270 

280 CONT!NUE 
IrfNUM,LE,IOIGO TO 290 

C NUH ES MAYOR QUE lO fMAX)MO UN BILLETE DE 101 
NO=l 

't( 
• 

' 

' " 
j --

" ' ' 

. . 

NUM:NUH-10 PROG - 13 
2QO CONT!NUE 

JFfNUM,lE,SlGO TO 300 



/1 .JOS T 
// FOR 
•LIST SOURCE PROGRAM 
•ONE WORO INTEGERS 
•IOCSICAROol132 PRINTERI 

. . . 

C••-----------e A T O R C E---

• 

e UROENAMIENTO ASCENDENTE DE UN VECTOR 

e 

e 

e 

OIHENSION AllOOI · 
··100 FORMATII21 
101 FORMATIAFIO.OI 
102 fURHATl13H VECTOR LEIOOo//1" 
103 FORHATI1011XoFlio411 
lO• FORHATll6H VECTOR OROENAOOo//1 

LEE=2 
}MPa3 

lOO REAOILEEolOOoEN0c2•0IN 
N REPRESENTA EL NUMERO DE ELEMENTOS 
REAO ILEEolO ti 1 A ii 1 o I=loNI 
WRl!EliMPol02l 
WIHTEIIMPol03liAIIlol=loNl 
LIHo:N-1 
00 230 l=loLTH 

J=I•I , 
SE ASUME QUE Al J 1 ES EL MENOR 
00 220 l(a.,JoN . .,. 

IFIA!IIoLE,AOOIGO TO 210 
Alll FUE MAYOR QUE A(K) 
AT(MPcAfKI , 
A!KJaAIII 
A 1 JI =A TEHP 

CONTINU( 
'CONTINU[ 
AHORA SE TIENE EN AIII,'EL\MENOR 

230 CONl!NUE 
WRITEIIMPoiO•I 
WRITEI!HPolOJl IAIII flaloNI 
GO TO 200 

240 CALL (XII 

"' 

. ' 
.. 

// XEQ 

" • 
TT 01" ·-·· 1 • . --:-3. 

" 
r.., .. . ' . 1 

'· -267, 32. 

' . - .. -

" • • 
-2a. -32o llo ,. 

A ORDENAR 

... 

.... 

.. . , 
- .- ~ 

. . 

( 

... . 
-~- . . 

. . . . . -. . 

. 
. . 

' . 

PROG- 14 

o 

o 



\' .. 

• 
RESULTADOS 

----~------- .... · .. --~-

"' 

' i - . --.-··· -----. ---- --· ... 

-·.-

• 

PROG - 14 P-



"MA.X!MO COMUN MUU!!"lV AL~O.mMO DE 
EUCLIDES " 

. 
. INICIO 

\ ~.J :1 

N,M 

y,_ 
FIN 
DE T 

DATOS FIN 

F 
ID IV- M/N 

RN • N 
RD!V=M/RN 

T 
IDIV=RDIV 

• JF • 

M • N 

T = (RDIV~IDIV) x N 
N= .!FlX (T) 

·ID IV= M/ N_, 

RN =N 

RDIV = M/ RN 

"M.C.D." 

N 

' 

PROG- 15 



11 .lOR T 
11 FOR 
*LIST SOURCE PROGHAM 
•ONE wORO INTEGERS 
•JOCS !CARDoll32 · PRJNTEHJ e ·- -c-------------a u 1 N e E-----

• 

e . MAX.IMO COMUN MUL TIPLO 
C ALGORl TMO OE EUCLIDES 

lOO FORMAT!2131 
)0) FORMAT!3M N=ol3o3M M=ol31 
102 FORMAT16H M,C,O,:ol3o//l 

LEE=2 
JMP=3 . 

200 REAOtLEEoiOOoEN0:2JOINoH 
C SE CII.LCULA EL HESIOUO 

IOIV:M/N 
RN=N 
ROIV=M/RN 

210 lf!JOIV,EU,HDIVIGO TO 220 

T=OlDIV-IDlVl•N 
N=IFIX!TI 
IDIV=M/N 
RN=N 
ROIV=M/RN 
GO- TO 210 

220 CONTINUE 
C N REPRESENTA EL MAXIMO COHUN OIVJSOR 

WRITE ¡ JiotPol 021 N 
GO TO 200 

230 CALL EX 1 T 

11 XEO 

5 ' 
' 6 
' 16 11 98 

16 24 

' 12 , . 

ENO 

RESULTADOS 

M,c.o... 3 

__ -~e . o:·-·-~~-----
M,c.o.-= 8 

__ JH,c.o,= 

77 
' 

.. .. -

PROG - 15 



"GRAFlCA DE SEN (X) g ''· ¡o 

0 
1 

1 \ 
J. 1 

' lOO 

\ 1 
• 

UN (J)= IBLAN 

' 

' 

X"'X+DELX 

e? 

• 

' .. 



" GRAFICA DE SEN (X) " 1 o. 8 1 

INICIO 
.. 

,¡. 
,.--

IX , IY , 1 AST , ISLA N 

DELX=ó.2B318/56 

X =-3.14159 

.¡. 

r:;¡ 1 FlN 
1 = 1 ' 1 00 v \ 

~ 
LJN (50) IX 

J=49xS!N(X) 

LIN (J) = IAST · 

)!.._ 
T 

1 t 28 
. 

. 

. JF ~ ., ' 

J = 1 ' lOO 
. 

\ _) . 

.¡ 

LIN (J) = IY 

LIN 

PRO G - 16 
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1 

i 
' 

1 

11 JOB T 
11 FOR 
•LIST SOURCE PROG~AM 
•ONE WORD INTEGERS 
•JOCS!CARDoll32 PRINTERI 
e-------------o r E e 1 s E 1 s---------e Gf.lAFTCA DE SEN{X) 

DIMENSJON LINt)OO'J 
"100 f0RMAT[4A)l 
101 FORMATllDXolDOAII 

LEE=2 
IHP::J 
REAOILEEoiOOJIXolYolAST,¡BLAN 
OCLX:f>,2f1Jl8/Só 
X ::-J.t415c¡ 
DO 200 I=lolOfl 

LIN[JJ:IHLAN 
200 CONTJNUE 

DO 240 J:lo56 
Lii'HSOJ::IX 
J=49°SINIXI+SO 
LINIJJ=!AST , 
lfll,NE,281GO TO 220 

00 210 J;JolOO 
C 1 FUE IGUAL A 26o SE IMPRIME EL EJE Y 

LlN(JI:Jy 
210 CONTINUE 

· 220 CONTINUE 
WRITEI!MPo!OllLIN 
00 230 J::lolOO 

LIN(JJ=IBLAN 
230 CONTI NUE 

X= X• DEL)( 
240 CONTINUE 

CALL EX.JT 

'"' 11 l'.EO 

,. 

' ' 

' ' 

•' 

PROG- 16 



"ti JOR T 
11 FOR 
•LIST SOUReE PROGRAM 
•toesceAROoll32 PR!NTERI 
•ONE WORO INTEGERS 

. . -· 

e--------------0 1 E e 1 S I E T E-----
e ·t::STE PROGRAMA CALCULA EL NUMERO DE 
e INVENTOR DE AJEOflES' 
e FILES 

e 

"' 101 

"' 103 

LEE=2 
1 MP=3 

FORMATOS 
FORMATC!OXobHeUAOROo9Xo4HSUMA 0 //J 
FORMATC3Xol2o2El5,7J 
FORMATC///) 
FORMATC53XollH•••••••••••I 

104 fORMATC53XoltH• FIN •1 
WRITE CIMPolOOJ 
SUM:O,O 
DO 200 I=lot>4 

euA:::2,0"•II-ll 
SUM=SUM•CUA 
WHITEI!MPolOIIIoeUAoSUM 

200 eDNTINUE 
WRtTEIIMPol021 
WRITEIIMPolOJI 
WRITE!IMPol041 
WRITEtlMPol03J 
CALL EXIT 

'"' // XE!l 
!• 

' 

,··· 

GRANOS 

• 
' 

• 

DE 

. . .. 

HA ·¡z 
• . 

~'! 

.. .. ' 

'"' eOI'IHü'.t::L 

., 

.. . . 

PROG- 17 



• 

"No. DE GRANOS DE MAIZ GANADOS POR El INVENTOR 
DEL AJEDRES" 

INICIO 
. 

. 
& 

' ENCABEZA o 

,¡ 

SUM = 0.0 

1 
l "' 1 ·" 

' \ 
' ~ 

( 1 - J ) 
CUA=2.0 

SUM = SUM + CUA 

J 
CUA , SUM 

• 
J 

' 

" *FIN • J 

. FIN . 

PROG-17 

1S 



\ ' 

' ' 

("'- ' 
. 

~ . 
NUREN,NUCO, 

N UF IN . 

' J:.. 
T . ' • 

NUFIN"'O ""FIN*" 

!, = 1 , NURE 

'\ FIN 

' ~ ' 
A(I,J),J="l, NUCO 

.. 

1 ' \ 
' 

1 =ol , NUREN 

\ • 

,¡, ' 

,/ 
' 

' 
B(I,J),..;t·= 1 , NUCO . 

. 

1 ' . \ 
' l=l,NURE 

\ 1 
. 

1 
-J = 1 , NUCO 

\ 
. 

. 

1 S(I,J) = A(J,J) + B{I,J) ( ¡9)PROG lB 



··-··-~ ====~~=~ 

• 'R E S U L'T A D O S 
• 

• 

PROG -17 
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. ( " 
1 \ 

1 = 1 
' NURE r 

1 

S(I,J), 

J=l ,NUCO 

;l • 

' 
( o<. ) 

PROG- lB 



"SUMA DE DOS MATRICES, A y 8" 2o, -fo 
. 

"MATRIZ A" 

" / \ 
1= l , NUREN 

\ 1 
J. 

A(I,J), J:l,NUJ 
co 

• 

!..MATRIZ 8 H 

1 \ . 
: 1 , N U REN 

\ 
--¡-

8(1,J),J= l ' N -co 
. 

"MATRIZ SU-
MA" 

PROG- 18 



- CALL D.li 
END 

11 XEQ 
z z 1 

5.1) o.o 
... 12.2 3.4 

-4.7 2.1 

'·' 2' 2 l 
90,15 
5,4 78 

·-90,15 
-5.478 

z z o ,. 

-1.2 

•87. 02 
12.22 
87.02 

-12.22 

"" 
¡¡;!88 

KT R fZ ' 
•4o700 o.ooo 

.LA .MATRIZ 

¡¡;¡gg 

Ai_RIZ " j 

'g; ¡¡¡ 

"" 
•9ool'i0 
·s·47e 

A ---¡¡-n ~ 1 l 

ro 

R"E S U l.T A.D.O S 
• 

'"18' '. ' 

2 "!8' ·•¡. o 

1 
Su AA tS! 1 ~.~ 

2·!8' 2. , 1 

• . ~ 

·"·W 1 2 • 1! 

87 •02U 
•12•22C 

PROG 18 

. -.., -

SOMA E S 1 

g•ooo o.ogv .ooo Ool) b __________ Jec"~-----'~~'-'----------------------------,""""~··., • ., . ., • .------­
* rw • ••••••••••• 



11 JOB T 
11 FOR 
•IOCS(CAROo\132 PRINTERl 
•ONE WORO INTEGERS 
•LIST SOU~CE PROGRAH 
c---~---------0 1 E e I o e H o-~-----~-
c SUMA DE 005 MATRICESI A Y B 

y¡ 

-' 

C EL PROGRAMA ESTA HECHO PARA SUMAR DOS MATRICES OE lOX lO HAXli'\U, 
C SE RESE~VAN LUGARES EN. LA MEMORIA P~HA LAS.HATR!CES A SUHAR"y PARA 

. C . LA MATRIZ SUMA, 

e 

e 
e 

e 
e 

' 
e 

e 

e 

e 

e 

OlMENSION A 11 O o !01 oB !IOolOJ o SI lOo! 0) 
FILES 

LEE=2 
1 MP::3 

FORMATOS 
lOO FORHAT 13121 
lO! FORMAl (}0F8,3) 
102 F0RMATI///o5Xo9HHATRIZ Alo//1 
103 FORHAT15Xo]O(F8,3o2Xlo/l 
104 F0RHATI///o5Xo9HHATRIZ Hlo//1 
)05 FORHATI///oSXolBHLA ~ATRIZ SUMA ESio//1 
106 FORH~TI53XollH•••• 0 ••••••l . 
107 FOf¡MATIS3Xo\lH• FIN •l 

LECTURA DEL NUMERO O[ RENGLONES DE LAS MATRICES INURENl V DEL NUHE 
RO OE COLUMNAS INUCOJ.Y U(.UN DETECTOR INUF.lNl 

199 R(AOILEEolOOJNURENoNUCOoNUFIN 
ANALISIS DE NUf!N, SI VALE CERO YA NO SE EJECUTA EL PROGRAMAoDE LO 

200 

·2a2 
203 

'" 

'" 

CONTRARIO SI, 
JFINUFJN,[O,GIGO TO 1000 

LECTURA POR RENGLONES DE 
DO 200 l=J,NUREN 

LA. MATRIZ A, 

READILEEo !01 l IAiloJioJ=loNUCO) 
CONTJNUE 
LECTURA POR RENGLONES DE LA MATRIZ ¡¡, 
00 201 l::J 0 NUREN ' 
. REAO ILEEo!Ol 1 IB!loJJ oJ::)oNUCOI 
CUNTINU( 
SE HAHA LA SUMA ELEMENTO A ELEMENTO 
DO 203 1=1 0NUREN 

00 202 J::I 0NUCO 
S llo J) rsA 1 l oJl•B 1 lo JI 

"CONTINUE ·~···-· 

CONT 1 NUE 
-• 

IMPRESION OE.LA MATRIZ A POR RENGLONES 
WRll(llHPol02l 
00 204 l=loNUREN 

WHlTE!lHPol03l IAiloJloJ:loNUCOI 
CONTINUE 

·JHPRESJUN DE LA MATRIZ 8 POR RENGLONES 
WRITEIHIPo)Oiol 
DO 205 l=loNUREN 

WHI TEI lMPo!03l IBI loJioJ"'l' NUCO! 
CONT l NUE 
JMPH(S!ON DE LA MATRIZ S POR RENGLONES 
WRilE!lMP.tOSl 
DO ZOb l=l.NUHEN 
WRIT( 1 lHP,¡ 031 ISiloJI oJ=!oNUCOl 
CONT JNUE 
GO lfl }9'1 

100() CONTINUE 
IIRJlf.IIMPo!Obl 
WI'IJH:CIIoiPo!071 
WlnH.:CIMPolOhl 

PROG ~lB 



"SOLUCiON DE ECUL.CIC·t'lES CU.:!.J):l.J.;m:.l.S ~ 

!O) . . 

2a. f'1., 

. 
. 

DIS ' D T 

F 

RAl= -B/ (2.0 x A} 

RA2, RAl 
. 

~ 

'D IS. NULO" 

• 

. 

RAl , RA2 
Q 

• . 
. 

• 
PARE!.: -B 1 (2.0 x A) . 

. 
PARE2= PARE! .. 

• 

PAIMl= (-DtS) 1 (2.0 X A) 
PA1M2= PAIMl 

' • • • 

"DISC .NEGAT •• •• 
RAICES COMPLEJASJ 

" 

PAR El., PAIMl, 
PARE2 , PAIM2 

' 

PROG- 19 
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"SOLUCJON DE ECUACIONES CUADRATJCAS" 93 
' ' 

' INICIO 

A :1 
/ 

A ' 8 ' e 

:l 
N 

DE T 
DATOS FIN 

¡; 
"ENCABEZA-

DO" 

' 

A , B , e 

' 

.i 
2 ' 

O IS= B -4,0xAxC 

i 
' ' 

T D IS~O 
' 

F 

RAI- (-B+ DIS )/(2.0xA) 

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

• 
~DISC. POSI'! ' 

::i 
~ !3) RAI , RA2 

'-' ~ 

PROG- 19 



1 . . . 

'·' zo.o '¡:o l • 
. . 

1• 

.. ·.R-ESULT.AD_OS .. ~- ·--·- ---- ----~--- ···;··· -- . -.---
. · 

~+·---· ·-··· ... -'----'-~-----·-·---·---· 
·-- -
tDS CO[fJti~¡¡TES Q[ LA [CUACION SDUI 

~----------------~-----t.oQDoO fl= 2,ooooo e"' 3.ooooo 1 •• 
EL QJSCRiklNAIITE ES ~~~GATlVQ,pQR TAt;T¡; RAitES COMPLEJAS 

1,41421 l~A ~t.ooooo ~ 

ION SOtp . . . . 
,. 5·00000 

---''c'c":_...:.·,_t ~-o o o o o 

•• 

. Xl" 'X}a ... 5,00000 .• 

tOS COEflcl~H:s DE LA sow 
----~~--~~--------~~~--~----

3,QO~oo 8"' 20,00000 ca 1•00000 ,. 

1 

PROG- 19 
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• 

11 JOB T 
11 FOR 
•LIST SOUACE PROGRAH 
•ONE WORO INTEGERS 
•JOCSCCARDoll32 PRINT[RI 

' ... 

C-""-----·---·-0 T E C I N' U 'E' V E••-•••• ·-··- ·--···,·· :· 
C SOLUCION DE ECUACIONES CUAORATJCAS,· 

::0 fORHAT!JFII,SI •.' 
'101 f0RMAT(///o2Xo36HLOS' COEFICIENTES DE LA ECUACION SONoo/ll 
·102 FORHATC2Xo3HA= ofll,So2Xo3HB= ofll,So2XoJHC= ofll,So//1 

-. - '• . 

103 f0RHATC2Xo52HEL OISCRIHINANTE ES PDSITIVO,POR TANTO RAlCES:REALESo 

e 

e 

e 

e 

e 

e 

e 
e 

ti/) 
104 fORHAT!SXo3HKl=ofll,SolOXo3HX2=ofll,So///l 
105 FQRMATI2Xo4QHEL DISCHIHINANTE ES NULOoi-'OR TANTO RAICES IGUALES,"//) 
106 FORHATISXoJHXl=ofll,SolOXo3HX2=iflli5o///l 
107 FORHAT12Xo55HEL OlSCRIHINANTE ES NEGATIVOoPOR TANTO RAICES COHPLEJ 

lASo/11 
lOB FORHAT15Xo31iXl=oFll,So2H •ofl!.So4H !MAolOX.o3HX.2=ofll,S 02H -·,n¡,s 

lo4H IMAtl//1 
LEE=2 
lMP=3 
LEE LOS COEfiCIENTES 

200 READ(LEEolDOoEN0=2401AoHoC 
lMPR!ME.LA ECUACION 
WRtTE!I'-IPolD!l 
WRITE(lMPol02JA 0 HoC 
CALCULO DEL DISCRIMINANTE 
DIS=H••2-4,0*A*C 
IF <DIS.LE. ll,OJGO TO 210 

RAICES REALES DIFERENTES 
RA!= !-B•SQRT (01SI 11 !2. o•A 1 
RA2= l-B-:SORT (DI SI 11 l 2, O"A 1 
WR!TE!IMPolOJ) 
WRITEIIMPol041RAioRA2 
60 TO 230 

21 O .CONTINUE 

"' 

JF(OJS,NE,O,OIGO lO 220 
RAICES REALES IGUALES 
RAl=-B/12,0•AJ 
RA2=RA1 
liRITEIIMPolOSI . 
WR!TEI!MPol061RAloRA2 
GO TO 230 

CONTINUE 
RAICES COMPL(.JAS 
PARE 1 "-B/ ( 2, O•A 1 
PARE2=PAREI 
PA 1M 1 =SQRT 1-01 SI /12, O•A 1 
PAIM2=PA!Ml 

' .. 

WR!T(!IMPol07) 
WRlTEIJMPolOBJPAR[ioPA!MloPARE2oPA!M2 

"Gü lO 230 
ENDIF 

ENOl f 
230 CONTINUE 

Gu 10 200 
240 CUNT!NU[ 

CALL EXIT 

'"" 11 XEQ 
l • ' 

'.' 
l • ' 

'·' l o. o 
1 n • o 

3.' ' . " 27.0 

l • 
l • 
l • 

PROG- 19 



"PRODU:::TC 0[ JCS 11\o~TRJC::S" 2o. 

. • . 
1 \ . 

1 =· 1 , NUREl 

\ 

1 . . 
J= l , NUCO . 
\ 1 

j,_ 

P(I,J)= 0.0 
. .¡, 

. 
K-= l , NUCO 

. 
~ 

PO,J)= P(I,J)'+ A(J,J)x B(I,J) 

. 

"MATRIZ.Au • .. 
' 

. 

1 
1= 1 , NUREl 

\ 

A(I,J),J= 1, NUCOJ 

_..,.- c?J 
~ 

PROG - 20 



"PRODUCTO DE DOS MATRICES" 1 o. 

INICIO . 

<><. 
. ¿-~REI, N~COl, 

. 

NURE2, NUC02, 
N U FIN 

.*-
NUFIN= O T "*FIN*" . 

. 

J..' e FIN 

V 

' 
uco 1 .¡ T "NO CONFO 

) 
NURE2 MABLES" 

' ~ 
' 1 (-'-

I=I,NUREl 

\ 
~ . 

r 
A(I,J)~J" 1 ,NUCO! 

. 

j 
1 = 1 , N U RE2 

\ 

é . 

B(l,J),~= 1 , NUC02 
. 

.1. 

PROG - 20 



11 JOB' T 
11 fOR 
~LlST SOURCE PROGRAM 
•ONE WORO INTEGEHS 
•IOCS(CARDoilJ2 f>lliN'rERI 
·c-------------V E, 1 N T E --------------

.. _ . ·.-,. .. . .. 

e EL PROGHAMA REALIZA EL PROUUCTO DE 005 MATRICES DE 10 X 10 HAXIMOo" 
C UNA ES LA MATRIZ A(NUREloNUCOJI, 
e LA OTRA ES LA MATRIZ HlNURE2oNUC02lo 
C S'E RESERVAN LUGARES EN LA MEMORIA·PARA LAS MATRICES QUE SE VAN'A• 
C MULTIPLICAR Y PARA LA MATRIZ PRODUCTO, 

DIMENSION AllOolOI oBilOo!OioPilOoiOI 
e 

e 

FILES 
LEE==2 
TI-IP=3 

FORI-IATOS 
lOO FOHI-IAT(5121 
101 FOHI-!ATllOFB,31 
102 FOH!-!Alt///o5Ko9HI-IATRJZ Alo//1 
103 FOI~HAl f5Xol0!F8o3o2Xl ,1) 

104 FOHMATt///o5Xo~Hf-IATRIZ H:o//1 

' 

lOS FORHAT[///o5Xo22HLA I-IATHIZ PRODUCTO ESlo//)' 
lOt> FORHA.T'[5XolOE15,7o/J 

' 

107 FORHAT(/// 15X 076HEL PRODUCTO NO SE PUEDE LLEVAR A CABO YA QUE LAS 

e 
e 

e 
e 

e 

e 

e 

e 

e 

e 

!MATRICES NO SON CONFORMABLESo///l 
lOA FORHATI///1 . . 
109 FORMATl53XollH*••••••• 6 ••1 
110 fORHAT!S3XollH* FIN *1"-

LECTURA DE LOS NUMEROS DE RENGLONES ·y DE COLUMNAS DE CADA HA 11HZ 
Y DEL-DETECTOR NUfiN, 

199 REAO!LEEol001NUHEloNUC0loNURE2oNUC02oNUtJN 

'" 
201 

202 

'"' '"' 

'" 

ANALISJS DEL VALOR DE NUFJN, Sl.VALE CERO EL PROGRAMA NO SE LLEVA 
A CARDo DE LO CONTRARIO SI, 
lf!NUFIN.EQ,OIGO .TO lOO O 

SE VE SI LAS !-!A TRICES" SON CONFORHAllLES, 
IFCNUCOl,NE 0 NURE21GO TO 900 . . 

LECTUflA POR RENGLONES ·DE' LA MATRIZ A, 
00 200 JatoNUREl 

READ tLEEolOl 1 ! A (l,.J) oJ:! ~-NUCDl J 
CONTINUE . 
LECTURA POR RENGLD"!!ES DE" LA MATRIZ B, 

· 00 201· l=loNURE2 . . 
READ ILEEol Oll tB f I o JI oJ:loNUC02 1 

CONTINUE 
SE HEALIZA EL PRODUCTO 
DO 204 l=loNUREI 

DO 203 J=loNUC02 
PiloJI=OoO 
00 202 K=loNUCDl 

P lloJl =P! loJ) •A (loKJ6B (KoJ 1 
CONTtNUE 

CONTINUE 
CONTINUE 
IMI-'HESION DE LA MATRIZ A POR RENGLONES­
WRITE!I!-H-'ol02l 
00 20S I=loNUH[} 

lóiH TE 1 1 !-!Pol 031 fA ( I o JI oJ:l oNUCOl 1 ·· 
CONTJNUE 
JMPUESION 0[ LA MATRIZ 8 POR RENGLONES, 
WRITEII>-!P,!Cl41 
DO '206 1:1 o I<URf.Z 

iokl TE 1 )HI'ol031 !H 1 lo JI oJ=IoNUCOl 1 

' 

PROG- 20 



• PRODUCTO DE DOS MATRICES" 3o, -. . (i) 
'¡' 

"MATRIZ B • 

. 

1 \ 
1= 1 , NURE2 

\ . 
. 

B(I,J),J"' l,NUCO 

• 
• 

.r 
., ~MATRIZ 

PRODUCT 

j "\ 
1 • 1 , NUREI 

• 1 . 
. • . . . 

' i ' 

. 
P(I,J),J., I,NUCO 

~ . 
• 

PROG - 20 



, 

• MULTIPLICAC!ON DE pr.)S NUMt:liOS UTILIZANDO 
EXCLUSIVAMENTE MULTIP. Y OIV!SION POR 2"' 

-

()' .. .. ' 
. 

- l 
-B2 = 8 T 8'"8/2 

. 

F 

-:s •-(B --1)/2: . 

R=R+A 
-. . 

• .. . 

- . 
A=Ax2 

' 
' 

• e~ 

. . 

--· 

• 

' 

. 

• 

• 

PROG - 21 
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' --:---e IMPRESION-OE .. LA MATRIZ P POR RENGLONEs;···­
WRITEIIMPo1051 
00 207 IcJ,NUREl 

.. 

'" 
WRITEIJMPol061 CPIIo.JI t.J•l.NUC021 , 

CONTINUE 
GO TO 199----·-·· --~---

900 CONTINUE ' 
\IRJTECIMP,I071 
GO TO 199 

·-1000 _CONTlNUE 
WRJTECIMPo1081 
WRITE!IHPo1091 
WRlTECHIPo!IOI 
ioRITEilMPol091 
CALL EXIT 

"ENO 
// XEQ 
222210

1 

15,54 -42.07' 
' -1.22 o.o 
1950.75 -12.11 

0,001 s.o 
,z2221o 

0.2 98.75 
·-l2.S' 32.52 

--1000,01 o.o 
-1.52 15.51 

2 J 2 210 
2 2 2 200 ,. 

. · 

.. -. 

.. 

.. 

' 1 

' . 

• • - • J;- •. 
1 

> 

' --------- .... 1.... •• ·-
' ·---- . 

: ~ . 
• --.-------------

. 
• 

·. 

... 

' 

.... 

.. ..... 

• . . . . 

. . 

. . 

. 

• 

. . 

•.. .. 

' . 
.. 

PROG - 20 
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1,·-!....o.__,, -.---- -.----- . -- ··-· . 
' .. 

1 

' 
. Rt:SUL_TAD OS 

,. ' fl--.•. - .. ~ ................ .. •••• ---~-~.. . ~ -----···.-,-,-·------- --- -... - . ... .. ~~·:_ ' .. l: .· ~ :·_ :=~e==-==--:-•-. --~-

MATRIZ ~~ 

1950•750 
O oQ01 

• 

PROoUCTO ESI 

-

•' .... ' 

• 

' 

1 . -·· - .. 

• 

• 

• 

0•200 9so750 _1 
--~.~~,~-~~'~--~--~-~~~--~--~-------------

• 
' ~· ,, ... ;_· 

--'-'~2!~:g~¡~g--~,g~:!~!~8------~~~------.~.~. ~.,~~··~'"~~~ .. ~~-----
' -~- .. ""·-. , . 

LA . 1 i :. -... -

EL PRQD~~TO NQ SE fUEOE LLCVAR A CASO YA OU( LASHATRJC(s NO SON COtlrDRJoli.SLE!. 
• 

r ... 
·---~- ------------------.· .. ---------~- -- . 

• 
' 

__ c_"·~···········p·····!f•---j' - .nw. 1 ................. 
"• ' . -

' ¡ 
i 

PROG - 20 



--11 "JOB :T 
11 -FOR ' • •LlST SOURCE PROGRAM . 
•ONE ·WORO INTEGERS 
•IOCSICAROoll32 PRINTERI 

' . .. ... . • .. 
. - .. C-.; _____ ,.,;. ____ y E 1 N T ·r·· U . N O --------

C . MULTIPLICACION OE 005 NUMEROS 
C. UTILIZANDO SOLO MULTIPLICACIONES Y 
C · DIVISIONES POR ·2 

INTEGER AtBoCoRoAAoBB 
WRITE 13ol011 
FORHAT 11Hll ·' 
WRITE 13ol0ZI .·,, 

• 

102 FORHAT cqXolHAo3XolH~,4XtlH8o4XolH~t4XolHCI 
200·REAO 12tlOOoEND=2601AoB 
100 FORHAT 12131 

• 
R•O 
AA=A 
BB:B • 

·. 
•• 

ZID IffB.EO.ll GO TO 240 
BJ:B/2 
R2:Bl•2 ' 
lfCB2.EQ.BI GO TO 2211. 

'" e 

"' 

ES IMPAR . 
B" IB-ll/2 
R"R•A 
GO TO 2311 

CONTINUE 
ES PAR 

.· B=B/2 
CONTINUE 
A=A•Z 
GO TO 210 

CONTINUE 
C:A•R 
lriRITE .;.(3 ol 031 · AAoBBoC 

103 FORHA!f 131101 
GO TO 200 . 

260 CALL EXIT" 
END 

11 XEO 
· 60 Bit 

¡q l7 
68 35 
40 11 
17 99 

... .. 

' • 

• • 

RESULTADOS 

----·-· --~---·-· -··----. ---· 
• 

. -

~ \ ' .. 
•' 

· . 
' ' 

·. 

• • 

.. : ·. .. 
•. .... 

... 
• : ___ .:· .... 

..... . : 

..· .. 

-PROG - 21 
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"MULTIPUCAC!ON DE C:IS.N!JMU.OS UTII.!:l.\NOO fXC\.IJSIVA­
. MENTE MULTIPLICACION Y OIVISION POR 2 • 

•. 
. 

INICIO • '.-
-

. 
' 

SAL-TO-HOJP. . 
• . 

• ·-

:t. -

"A x a .. e, • . 
' . 

- ., .. . 
"'- ' 

"' . 
' ~ 

' 
A • 8 -

. 
' 

' 
FIN ' ' ' DE T 

DATOS FIN 
• 

• 
. 

1 ' . 
' ' . ,., 

• ' ·. 
AA .. ·A • 

> 
' . --· -

' 88= 8 . 
' 

. 
r-- ' 

. 
' 

. 
¿ • • . . 

' ., .. ' . ¡ • • . --
•• - • 

' T • • 
• 8 = 1 e •A + R : ' 

r, ' • 

" " 8/2 = 
AA • 88 • .e 

. 82= " X 2 

• • 

' !JI -

O< 
~ 

PROG -21 
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·1 

• 

• 

---,/1 JOB 'T 
/1 FOR 

. . ' 

. ' 

•LIST SOURCE PROORAH 
•ONE WDRO INTEGERS 
•tOCS!CAROoliJZ PRJNTERI 

-- C--~--------·-V E 1 N T 1 U N O --------
C HULTIPLJCACION OE DOS NUHEAOS 
C UTILIZANDO SOLO HULTIPLJCA.CJONES '(' 
C • · OJVJSIONES POR ·z 

JNTEGER AoBoCoRtAAoBB 
," WAlTE 13ol011 

JOJ, FORHAT fJHll 
. WAITE IJolDZI . 

• 

102 FORHAT 19XolHAoJXolHXt4XolHBo4XolH•o4XtlHCI 
ZOO·READ IZolOOoEN0=2601AoB 

• 

lOO F"ORHAT 12131 

210 

R~O 
AA• A 
ea .. a 1 · 

IF18,E~oll 60 TO 240 
BJaB/2 
RZ.,Bl•Z 
JFIBZ,EOoBI GO TO 220 

"C • 

220 
e 

ZJO · 

ES IMPAR· 
'8,.18•11 /2· 
R., RoA 
GO TO 230 

CONTINUI; 
ES PAR ' ' 

• 8'"8/2 
CONTINUE 
A"A•2 
GO TO '210 

· 240 CONTJNUE , . 
C•A•R ,: . •. 
lo'RITEJ 13olOJI'AAoBBoC 

103 FOAHAT 131101 
GO ro zoo 

260 CALL EXlT 
-. ENO 

. · 
' 
• 
• 

. ' 

... 
- . - - •· 

---~ -;- .. 
.. 

· .. 
·" 

• 

• .. 

' 1 o) . 

' 

• 

.. 
• 

• 

// XEO • ... . . . .. . . 
, • 60 BO 

19 p 
68 35 
40 11 
TT 99 

·/• 

.. 
··----------

RESULTADOS • 

. ' 
----·-·· 

.pRQG ~ 21 



{' ·-

1 ' 

,. 
' 

,. 

• MULTIPLICACION DE DOS NUMfii:OS UTILIZANDO 
EXCLUSIVAMENTE MULTIP·. Y DIVISION POR 2 • ·;. · 

' 

' 
' 

• 

• 

' . . -' 

• 

' ••• 

' J "'·.-1~· ... '•. " 

' ' 
·•":'.·"·' · .. 

' 

)' ) 

' ' 

- B -,-{8 ·-1) /2' 
.'· 

_te 
' ' 

' 
' . 

• 
' 

' ' ' ' 

.. .. 

J 

A 

..... ~ 

" 

T 
'' 

' 
' ' " 

' ' ' •. 
" ' 

' 
' . 
' '' ' 

' " . 
' • 

.¡,. ' 
' 

' 
" ' -A X 2 ' 

~ 
' ' 

' ' ' • ' ' . 
' 

' 
•J 

' • • ' -
' .. 

' 

' ' 
•, 

' ' 

' 

J ' 
' 

/06 

2o. 

,• 

,, 

' 



• 

• 

centro de educación continua 
d 1 v 1 si ó.n 

Í<'lcultad 

do 

do 

estudios de-. posgr11do 

ingenierla· un o m 

Irnl!DOO:CION A LA PROGRA!I~\CIO."' Y rutruTACIO."' 
ELECTRONJCA 

Po'o«<> d~ Mln~rla 

SISTEMAS DE ECUACIONES CON FOR'JRIIN 
SOLUCION DE APLiü\C!ONES ~141'EWITICAS 

ING. ARJ.M'Iú TORRl:S FENTA.\'ES 

lli\RZO, 1 " R O 

primor pi>O Mé~loo 1, D. F. 
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2, A.LGEBRA. MATRICIAL 

2, 1 I n.t.~¡_oducc.i.ón 

Ut:a. ma..t!U.~ u un a..~1¡eg!o IU•.c.ta.ngu!¡_tll de. e.Z.eme.n.tO<!I di.!.t-~.i.­

bu.i.do-6 e.n "m" Jtettg.f..one.-o~ IJ "n" c.o!wnna.~, &.i. n ta. ma..t.oú~ ~e !e de-

1\0.ttt po.~ !a.· !e.tr..n ~~ e.n.to1tC.U a.l. e!emtrr..to de! ".i·é6.i.rno" l!tltg!6tt 

1J de !a. "j-l-~.i.ma." c.o!wm\Ct .~>e te 1\e¡:JI\.e~en.ta.l!.d: poi! et -b.C>11bo!o a. ... . ., 
Genel!.a.!men.te uua. ma.tll.i.~ .!e lttp!Le6tl!.tn med.i.a.n.te pa.l!.ér • .te6.i.6 c.u:a.-

dJta.do~ como ~e mue.~>.tlla. a. eon.U:ftua.e.i.6n: 

..... 

.. .. . 

A • 12. J l 

..... 
Lo,-~> e!emc.n.to-6 qu.e componen u.n<:: ma..t:t.iz pu.eden ~Cit de. d.i.ve.-..­

~0.6 tipo~: !tÚone.~o~ ~<.c.a.tu, nU:mel!.o~ eompte.jo-6, 6un.e.i.onu en e! 

dmn.i.n.i.o det ti.e.n,rJo, e..tc .. 

m.i..te que a.·t apUea.l!. C.Ü.I!.ta. 

ga. una 6C./Úe de 1\.Uu.l.btdo~ 

me..todo.f.og.i:a. a. 
que 11.e~ponden 

d.i.c.lto 

d.c.melt.to<~, 

a.vt eg t o ~ e 

ta...~ qu.e <!le o.t.(fiút6 el'. a.l!l<.egto; en.t11.e a.!guftoh de to.~> pl!.oc.Uo.!> e.n 

!oh que he u.U.Uzan a.vtt!)1'.o.6 ma.t.Uc.útl'.c..~~ .6C. .tiene: jC.ha.l<.qu.i.za.-­

c..i.6•t de nc¿U.vtd~.de~, atmnq.na.m.i.c.•tto dt da..to-6, .i.nven.tal!..i.o-!1, Jto!.­

pl!. e.6 e n.ta. c..i. ó n ·de <1 .i. ~ .te1.:M d.indm.i.c.o .6 , .!> .i.4 t e.ma.-6 de e c.ua.e..i. o 11 e~ , e. .te.. . . 
Eti-6-tt•t e..i.ell..ta.<'> dü.t.übtte.ú•¡¡e..l t.f.:p.i.c.M de !o<~ c.!ettlcYtto..l dr! 

una mn.t.':.iZ y de" a.c.ucll.dO a. et!a.-6 ..le. c.ta..6.i.6.ica. a. !M ma..C.tic.c~ eft 

d.i.ñe-~e.n.tc..~> .t.tr;(.'.ll, e1t.t1t.e t:.o-6 qu.c .se ü.c.••v:: 

u(\ t.'!..i. z Cu.a.dlt.a.da ,, u11r. '"ntlt...i.z '" '" q "' 
,, >llÍ'IIC.-'!.0 ,, 11. e. n 9 lo 11 c.<~ " ¿g lüli 

ol >l!Í,.IO!O ,, c.of.w'lna.6, " dec..t11., 111•1!. Po·. ejempto: 

1 2 • 2 ) 



!~J"diU11~ ~'7 <lllh V¡ tJl¡tJd !1 vpVl¡pvn':l Z?'1.'¡l>IU 1>11'1 1'.:1 
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(l • z ) 

:omb 'J¡dwn"J <~'7 fi 
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v:rornp -a4. -as "'>VIlwTI¡c;:. I<J;:. '7'<>~<o)5H<>lf opwv?"quro-;:.vt~¡H?" V vp11p_ Z!Jt1 

-vw llHTI t~p vnJtvd , OlHonqo '<>'7 011h vpuJtpvn;:. Zf!IJ"Vll' lltrn '73 

VJ"'77>TldVUVlfl Z)lfJ"l11Y 
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l ~ j 

f-1-r' 1 l-!:o o -0 

:Jt)':l'l!p 1'<1 ''i'QJTlU l<o~-O~'j''¡ll¡ J'il fi 'i"Ofl{ll~'?'UTl U0'7 ;p>df;:>U)';¡l ¡t>l:~¡j 

-Vfp V# <lp 'i"011-I<IW0!1'il 1'01 ]1JT\;:> 11J UO! vpultplltl;:> Z/111llW lll<Tl 1'3 

p11pf7:11<lPI z·.rnu¡y 
·o c¡oqw;r~ ¡:a ltOd v¡l{v;roti'ilp ll'l(qwn:rvo;:.n "S 

:o¡dw~f<J 'l(Od tvo¡m1 U0'7' 'i'o¡u~W<IJ 

-<J \'O)" 'i'OPD+ O!Tlb v¡ U'il 'v-¡,;J!nbJ"'"" ~<~pl{o -ap Z)"'f+ma vun 'i"3 

. VJ11N Z)lf1'111Y 



• 

b .. -~b .. 
q j.(. 

! 2. 9! 

En.tll.e !M ma.tll..ic.e.~ .~>e de6.irtUI do<l .ape~ta.c..i.o»et. b4<~.ic.a..6: 

~.11u.ma. o J:.e.t..ta. de nwA:!i...ice~, 

~muL~pLic.a.c..i6n ma.tA.ic..ia.t, 

2. 2 Suma Ma..tnic.i.a.t 

2.2.1 ObJU:o 

Ob.teue~t. ta Juma dt dot. ma.~U.:c.u de .igu.at ol!.de.n, o .u.<l.: 

C~A+B (2.10) 

2. 2, 2'' Mttodo 

Pall.a. podell. e&ec.tua.l!. la <luma de do.11 m~lc.e..ll (~+~) he ll.e~ 

qu..(el!.e qUe .~>ea•t c.on&~!tmabl.e& p<Vta la t.uma, lo cuGl! implica: qu.c. 

e! oJLden de !a.!> do.11 ma..t!Uc.M U ..[gua.t. En ot!t.M pa.!ablla...J' 

&i A e.; di'.. anden lnu:nl 

y B e.11 de Ollden (r.:t.!l) 

ea <~tlJlla. ~~'!.+ª- e..11 Po.~>üte. .~>oto t.i. m~ll y n~<~-

" 

Lv<~ ·c.te.tttento.s de. la ma.tf!..{z .IIW!Ia e.ll-tdn da.do-5 poi!. la .~>igu.ie.!!_ 

.te llt!cre.i6t:: 

. 
a .. + b .. 

'-J .{.j 
(2.11) 

El l!C..ItlllL do .~o t!la..t."LLce.~> equ.i.vate a c.a.tnbi<llt el .1-tgno de ta· 
doh lo.1 c.l.etne¡¡.tO.!I de [lll(t dC. ella.; lj enec..tu<Vl. la .llutna., C.!ltO 1'..11: 

(J! = X - V ~ X + (- r_l 

l. Z. 3 Ve.~> Clt-tpe;_¿6f! det P~t.oglutma. 

a 1 Sub1w Una.~> lt.equ.e.lt._¿da.-!1: 

1 2. 12 1 

SUilP.OUTIIIE SlHIAT(A,B,C,N,MI, e~.ta ~ubJt.u~na C.~C.<:..tua la. 

-!luma ma.:Ut..ic.-ial., el flil.OJJflO~ta p.\~·r.c.-ipa.t. tc.c. e ú;¡M Lme 

11.e6ultado~. 

bl Vc..~>c..ti.¡H'.Úin U~ ta.~ vaJt.útb€:1!.6: 



N 

" 
Al!, JI 
B ( I, J) 

C(i,J) 

' ca.t:-Uda.J de lltnglonu de cada una dé !M 
mat/Úce.~ que. he de4C<1 t.umall. 

cantidad de. colurnnah de cada una de t~ 
rnat!Licet. que ~e de.t.e.a. 4umotJL, 

mG<.t.V:z .1uma.1tdo de oJLdut /J:>::M 

n1a..tl!..ü humando de o1tde.n N:dl 

ma.VUz 4 u.ma 

Palla el pl!.Dgl!.ama plLinclpal: 

N c.an.üdad de. IU'.nglonu de la.t. rñatJL.ice.h 

" A r r, ;¡ 

B {l' J) 

C(I,J) 

'e) V-imtn.sionu: 

cantidad de. c.oúunrr.M de. lo.t. mat..Ucch 

maLUz 4 tnn<1itdo de Olt.de.rt Nx.M 

ma.tlu'.z humando de o11.de.n Nd! 

ma.t.V: z h urna 

La pl!.opoh..C:ci6n VIMENSION .debel!.!f H.l¡_ mod.q.ü:ada. tanto 

to e.n .el. pl!.cgl!.a.ma Plt-Ü'tc.ipa.t como en la hU.b!Lu.U.na c.ua.n­
d o: 

N> 10 yfo M > 10 

d) Fol!.ma..toh palla io-1 da.t0./1 de. Cl!.t:ltr"da.: 

SEC. TARJETAS FORMATO INFORMACION 

1 [2IS) N,l! 

l 

~] :J¿n~¡-tr:ma. de bloque<~ 

I8FJO.OI 

ISFJO.OJ 

A{J,J) ,H. dan l.o-1> e.lemen.to4 

de la ma.~t.iz l!.engl6n pol!. 

Jt.CnjJlón. Emplea.IL .tantn.s .ta.~ 

j e.ta..~ ~omo .1 e ltequie~~;a., 

B!l,J), igua.l que ¡.Hl.-ta la. 

matl!.ü A, 

TARJETA fl.i BLANCO, a.f. ~i­

na:Uza~~; .toda: la. -t:n6Ditl!la:~ 

ci611. 
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F.ig. 2.1 Viagl!.ama d11. b!oqu.e.-1 palta 

e! pl!.ogl!.ama pl!.{nc{pa! 

( ... ~ ) . 

( ""' 
' • 
.}._., 
y $TQP 1 

( •w 
~I!.J) 

' 

t ' 1 

l ..... 

BIT.JI 

,!, ... ~. ! 
""'"' j . 1 

u->• •ob'!!-
~ S(J.IAT 

...,,,.....;, 
'"u.(Udo1 

F.(.g.2 ,2 V.(agl!.ama. de b!oqu.e.f, ¡Hll!.<l 

SU~!AT 

··-'~' 

t 
~·· Cli,JI•~I!.JI • 
a1~~JI ,....... ~~~> 

. 

""' ., , .. I•HI r-

" . 
( llTIR/< 
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Fi.g. 2.4 L.i.6.tarlo de .ta .lublt.u.tina SWIAT 
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JO 

2.2.4 Eje.mp!o 

Ett u.na .tienda de. a.I!.·U:cuta~ e.llc.tJ!..(.ccJ> 4e venden lLf!.lüten­

ciM ii.Uc.t!t..i.c.a-6 de. 1/4, 1/Z IJ 1 Watt de. potenc.út en t.eü di6e.-­

l!.e.ntc.-6 va!olte.~> Jte~.<-.1.Uvo1>. 

Si tu e:~;..(t.tenc.úu u.a v.(.l! . .~¡_nu polt. !a. ta.lt.de. &en: 

,,, 
' 1 ' ' JOO o !00 "' 275 

'" o 400 250 275 

1 • o . K 500 '" 3 2 5. 

. J. 5 K '" 225 150 

1 o. o K 600 380 180 

'5. o ' 550 250 220 

y eL .. bibadc " l!.ec.ib "- tuta ~temua con '" <~iguú.n.tu c.a.l!.llc.tel!.ú-

.tic.aJ> : 

'" J/2 ' '" o 80 " 50 

150 n " 100 55 

' . o K 75 " 60 

1.5 K 6l 95 55 
JO. O ' 80 JOO 60 

1 S • o K " "' 60 

Vc.tC.I!.m.i.ne !a.li l!.e-IIÜteiH'.ia...:. que tendl!.t! en útventa.l!..io et 

utable.c.imie.llto el'. tu.11U poi¡_ La IM.i!a.11a. d¡1.do que 11i e! J>ñba.do 

rti e! dcmingo hubo venta.!>. 

• SOLliCI0.\1 

T4BLA 2.1 Vate<~ p<t!ta ti pi!.oblema. dt! eje.¡¡¡p!o 2.2.4 

11• 6 

M• 3 

!00 "' 275 
400 z 5 o 275 
500 115 325 

A • 800 215 ' 5 o 
600 3$0 ¡¡o 
550 250 120 



' • 

80 
90 
15 
65 
80 
15 

90 
lOO 
9 o 
95 

lOO 
JlO 

'" 55 
60 
55 
60 
60 

TABLA 2.2 Re.6u.l..tadot. de.! ¡vr.oblema ,,el ejemplo 2.2.4 

ll'l~ll. 
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:·_ ... ;uoEoOl :•"t•Ol ;zoor,<! 
---;~z¡r;u · --;J~ot •Ol ••• · ;1ur ,, ¡·--

lJ 



2. 3 Mu.l..U.pt.ü.a.c..i.ól1. Ma.t~¡_ic.út! ·. 

2.5.1 Objeto 

Va.dM doJ ma..tllú.e.<~ ~ y !!.· obte.nvt el p11.odu.c..to ma..t:Uc..ia.t 

e de .ta. 6 oll~ra.: 

/Z.I3] 

2.3.2 Mé.todo 

" 

PMo. e.6ec.tu<Vt e! pltadu.c..to en.tJÍ.e. doh mabt.ic.e.<'> (~)(.!!.1 JI!. 1uo~ 

qu..ie.Jte. que la.6 ma.bt.ic.e.J .sean c.on6oi!.ma.bie.<l Pll"-O. la mu.t.t.ipUc.ac..ióol, 

lo que.' equ,iva!e..a. que ~~_¿ IHÍmel!.a de c.o.tu.mna.J de. ta. mat!U:: pite.mut­

.t.ipUc.adol¡_a {A} Jea .igual al númtll.o de ~¡_eng!one.s de la poJtmu.l­

.Upt..i.c.adoll.a I~.J, eJ dec.i4: 

t:..i ~=u de Oltden {m¡;nJ 

y !!.'I!.J de a~¡_den II¡_)(_J) 

el p!r.odac..to matll .. .ic.iat AB H.lla: poJibte. Joto l>.i. n•JL IJ e.! Mdl'.n de 

la m.:ttJU.:: f)/¡_odu.c..to he.lla lmu ). 
Si ta mtt.tit-tz f. !Lepll.e<!en.ta. la. ma.UU:z llUu.l-tantt del ¡M.oduc.-

A13, e.ntonc.u et e!e.nen.to c. ,. u.tti. dado pOIL: 
- ' . " 

c.--.""'=' a..tb·;., .i.•J, •.. ,m [2.14) 
•-1 .e;.. ,{. <..j . 1 

-t~l ·j• •••• ,J 

EJ .únpol!..tar~..tl'. I10.C.I?.It. JtO.t<V!. que el p11.oducto mat!Uc{a.t·I'IO e-6 

corimutaUvo, 1'.4to l'.h: 

Z. 3. 3 Vc.Jé!Upc.{6n dc.t PIWgl!.a~ICl. 

a ) S ~~ b.•.u.U u M l!.e.q u e. .U. da¿ : 

SUIJROUTTIJE IHILTI.IA_IA,B,N,~I, L,X), e.-6ta .6ub.'!.U..Ü>t.:t c.6e.c.tttl1. 

et p!!.oducto ma.tl1.ü:iat ~xf Et pi!.ogl!.a~>•a pi!.i>tc{pat. ~ "­

c.mpec.a pa::.a ta tc.ctttll.a de dato¿ e úrp~.e-6{61• de I!.C.-6ut­

.tadoh. 

b) V¡o;c!:{Jlt':·¿¡)¡¡ de lM va1¡ ia.blc-6: 

l'a.'!.a la Jubt¡u.Una ·:.IULTI-IA: 

All,Jl 111<1 .ti!..¿ z p r.em t!l.t.i.p U.cado .'!.a de o!t d C.ll N x ,\1 



B(J,J) • 

X(I,J) 

matlt.iz pc.stmtt.t:.UpHc.adOJt.a. de oJt.den MxL 

ma.t~z plt.oduc.tc de c4den N~L 

Pa4a. el 

A!J,J) 

Bl1,J) 

X(i,J) 

p~cg~ama p4i..nei..pa.t: 

ma.~i_z plt.emuLtlpLic.adc4a. de cJt.den Nü! 

rnat4-Ü po.stmu.t.Upli..c.a.dcM. de c}¡_de.n Mü 

matlt..iz plt.cdu.c.tc de c~den N~L 
e) Vb1e1lJ i_c n e.s , 

La pMpc.s-ic.i..6n 

en e! p4oglt.ama. 

N>IOy/o 
d) Fc.Jt.ma.ic.~> pa.l!.a. le.~> 

SEC.TARJETAS 

J 

' 

l 

01MENSIOII 

Plt..inc.i_pa.l 

M > 10 

debeJt.<i .seJt. mcd-i.6.i.c.a.da. tanto 

CCIM en la. Jublt.u..Una CU<tlldO; 

y/o L > 10 
dato~ de e.nVtada: 

FOR/.IATO INFORMAC!O,\' 

(315) N,~!,L 

(HIO.O) A(T,J), l.oJ elemento.~> de 

la. matlt..iz .se dan 1tengl611 

polt. 11.engl6n. Emplea.lt. la C.ctn 

ti..dad de ta.JLieta.s que .~>ea. 

nec.ualt..ia. 

(8F10.0) B(I,J), .igual. que en. el ca 

otM.~> paquete..s de dato.s (opc.iona.!) 

------------------------------
" 

e_) Vútg11:á111a. de btoque..s' 

TARJETA EN BLANCO, al. 6.i.­

llttf.i<a!t. toda -ta Úl~o-tma­

c.,i.§¡¡ 

' 



ol 

F.<.g. 2.5 V.ia.g!tama di blcque.~; pa!ta. 

et r~rgkam~ pitineipa.t 

"" 

e t ..... 
*11,11 

.. ~. 
"'" 
~U,JI 

-~ 
~ ......... 
~· 

u-. '"""'" ~ IUtflól 

~ ............... 
ou..U.4N 

l3tf'f 

F.ig. Z.b Via.g11.ama. de bloque~ P<Vta 

~o.uu •J(,JJ· 
~lt,JJ • AIC,ll' 
'111,11_ 
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Fi.g. Z. 8 Lü;ta.do de ta .óubt¡u-!i.tHl JIUL T.IIA 



Cu.atllo c.omponentu de. u.n au.tom6v-i.l AtqfÚtJttn c.omo mate.ll..{a 

pll..{ma de hu.te., a.!wnútü y ac.vto, La.! u.'!-idade.J qu.e. o~ e. uqt.t.ieAert 

de c.ada mate.tial pa.ta 6oAma.t u.na unidad de c.ada· c.omponente. del 

au.tom6v.(.t Je p.topo.tc.ionan a c.cntinu.ac..(.6n; 

'" '" 

'"'' atum.i.nio 
c.omp. J ' 

, 
ecmp. ' l 4 

c.cmp, l " ' C.O!IIp, 4 J ' c. o -6t (l,j u.nitall..i.oJ rfe cada 'late.Jt.(.at 

hu.te. 

al.umút.i.c 

<l.C.tAO 

$ 

["·"] 3 o. o o 
4 o. o o 

ac.eAo 

l , 
4 

10 

J en: 

íle.te.Amine. e! c.oo~to .total de. c.o.do. .c.ompcne.n.te. debido 1t la 
mate.Jt.io. · pll..{ma de que u .t.t c. cmp u. e.J te . 

"SOLUCION" . . 

TABLA 2. 3 Oo.toJ pa.Ao. e.t pltobte.ma del ejen1p!o L 3. 4 

<•4 
A( .. 3 

l• J 

' 
, l 

' ' 4 , 
• 

" ' 4 
J ' JO 

B • [::] 
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TABLA 2.4 Rehultadoh de! p~obtema de! ejempto 2.3.4 

""'¡. 
.ooo!•ot ,,,,,.,, 
.uot•oJ 

"'"''11 

.... 11 1 

·""'" 
olii!'CI 

'"'''" 

'""''" 
·""''' .... , .. , 
.out•Ol 

'"'''" ........ 
••••• 'll '""'" ....... , ....... , 
•IOOI+Il '""'''' 



• 

------

2.4. 1 Objeto 
O~da una mat4iz c.u.ad~ada A obten&~ &u mat~~z inV&4&4 - ' A . 

2.4.2 Mltodc 

La m~t inve~t.&a de. una mat~z cuad4ada A t<~ otAa m~~z _, -
euad4ada que. &e 4tp~e.&e.nta po4 A y que. cumple la &iguie.nte. pi!.~ 

piedad &i la ma~z A e& de 04dtn (n ~ ni: 

f.. A-l • .!..t ~A-JA (LIS) 

' A' (2 .16) 

la. ma.t.Uz adjunta de. la mat.\Ü ~ y 1 ~) 
Jttp"-Ue."n~a e.l dc.ttitmúta.nte de. ta ma.tl!.iz A. 

Ve. t¡¡, ec.ua.c..i6n 12. 16) &e .in6ie.lt.e que pa.u qu.t e.x ... U.ta. la. út­

veMa. di'.. u.lta ma.t!Uz u. lt.tq!UeJt.e que lA 11 O, 1!.<1 dec.i11., que ta ma­

V!.iz: 4ea. no JilliJu.la.lt.. 

Pa.Jta. la. obtenU6n Hl.l.méJt..ic.a. de la ma.tJ¡_¿z inve.JWa t4 nec.eha­

lt.io ac.u.diJt al método de Gau&&-)oJtdan modiQic.ado. E&to he hac.e de 
. - ' b-id o a que p<lita ob teiH'.It A en u.na c.ompu.tado!ta d.i.gita.l med.ia.n.tl!. 

la ec.u.a.c.i5n ( 2. 16) 4 e JLequielte U.ltll. gl!.a.n c.an.Udad de ope.Jtacione.& 

1J c.cn.&t.c.u~u.te.me.u.tt de. Ue.mpc. Pa.Jta: cb.tt.llt!t la. .tnue.ll..~>a. de. una: ma­

.t'L(.z { 10:1:10) .lit. lll!.q!LÜli.t.ll md:<1 de. 340 m.i!.tcnt.<l dt. cpt.li.ctcicnt.<l con 

et naf.todc di.ltec.tc. 

Et nlé.todo de Ga:u.H-JoJtda.!t e<1 u.n mé.tcdc de. e.t.im.itta:c..i6n .~>ü­

.tciii<H.ic(l med.ia:n tt el'. c.u.cd .11 e. tll.aM 6 OJtma: la. ma.t/l..(.z o11..tg.ina.t A en. 

' lj ~· 
a.t m.it.mc .tJ.e~1po e..o~ ta út.tJ.ma. ~e 

~- 1 , et. decü., paJt.tiendo dcL 

tll.a.n..l­

(111: 11. e !) .t:.:r ' 

(2.17) 

1} 11pl'.tC..11Jl(iC rtf.']tu\,11 de. ra.l ó¿gtU_e.n.tM .tta.!t;~C/¡))UcLonc.) a..l. ll.'t.te~tc (l .17)' 

-.intvtc.amb.(o de ltC.>Igf.cne~. 

-mu.L.tlplú:ac.Lóot ¡¡'¡; u.n .tengt6tt pOll. un. et.calalt ~ 1 O, 

-.~>wna de equüiúl.tJ.ptc.~> de. un l:e.ngf.c~n a otJtc Jte.ng(6ot, 

-~>t. tfeg.t .tl ligt<i~•:t~ G~tegto: 
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40, 

[
¡ : ,-1] 

' --11. ' --!1 

(2.18) 

E! r.r.!.tcda pa.Jr.te de. !a .!.u.po~.i..ci.6n de que A u u.n.a ma.tl!..ü 

no h.Lngu.lovL, lo cu.a.t ..i.mpUc.a C(U.I!. .&u..! co!tll!ma..& i>OII vec.tolte..! Li.­

ne.atmente. útde.putdie.nteil, 1'.11 c.a<~o de no <~el!..to t! mltodo lo pue­

de. detecta.l!.;. en dú.ha. .s.UI!-a.c..i.61t u. plte.ltnta. que todo.l lo.! ele­

mento.& de. u.n Jte.nst6n de la. ma.~z ~ o de .6~ ma.~ce.s tJtan.~oñoJt-
' -ma.da.h, .&en nu.toh. 

A 6i.n de minimiza.Jt lo<~ IZ.Jr.JtOJtll.h de. Jtll.donde.o, la e.t.i..mina.-­
c.ión de e.temento.s .~o e e6ectu.a. p.i..vote.a.ndo .&obJte. toh ma.yoJte.h e.te.­
rne.nta.& que: quedan tlt ta. ma.Vt..i.z ~o en tal> ma..tlt.ic.e-o~ obttlt.i.dM a, 
pa.IL..tiiL dt. uta. át.t.ima. p o.t .tll.a.n .1 6 o Jtma.c..i6n; d e.b e tuuut.h e c. !.Ud a.d o. 

de no empl.ea.ll como p.i.votu e.teme.ntoh de. Jte.ngtonu que ya. lta.ga.n 

hido,~Uzadoh como pivote.~o. 

2.4.3 Ve..&c.4ipc.i6n del. PJtogJta.ma. 

a.)Su.bJtu.~naó Jtequ.e.~da~: 

SUSROUTlNE MATTNV(A,N,EPS,PET), obtiene la matll..('.z inve.ll.­

.sa de. la ma..OUz A, El pitog.uma pitútcipa.l ~e e.n1ple.a 

pall-a la te.ctuita de. dato.s e impll-e..Si6n de ll-I!..Sultado~. 

b) Ve.h,C./I..('.pci6n de. la..! V<lfl-i<tb.lt.s: 

Pall-a la .aub-'!.u.Uua: MATINV: 

A(i,J) 

N 

EPS 

VET 

C(T,J) 

IIVR(l) 
,' lt' e 1 1 ¡ 

ma:.tll-izde. la: que. .a e bu.&c.tll.c! la inve.JUa:, 

dull..t11te. e.l pll.oc.e..so .a e I!.Oitvie.~¡_te. en la. ma.­

tll-iz i11ve.-wa. 

o.\deH de la ma.t.,iz A 

C..'!.ite.ltiO pa.ll.<t di!..ti!.MIÚ\a./<_ 4.(_ C.! de.te.ll-mi-

1\11.1\ti!. de. ta. mat11.iz e..s nulo 

pa.ltc!mi!.V.o que. indica .ai et de.te.llminante. 

de ta mat!t.Lz e.<~ nu.ta 

ma.t.'!.iz ide.n-Uda.d que. .se e.mpte.a. ).l<l.lla. ob.te­

nelt ta. n1a.t.'!..C:z ú:ve.lt<~a. 

cal!tado!le..S que. indica/\ c.uc!te.J lte.ngtane./.o 

'} c.u,He~ c.d.u.,llt<l6 de. !<l ma.tltiz A ya Gue­

it.Oit e.mpte.ada.!.o coma p-i.vate..a 



RAMA X 

TEMP 

,)_() 
41 

mrryo~ e!eme~to de !a mat~~ A o de ~~~ 
t~rr~4rlo~mrrc~o~e~ q~e ~e emp!err como e!e­
me~to p~vote 

vrr~~rrb!e de !ocrr!~zrrc~d~ tempo~at 
Prr~rr e! p~Og~rrmrr p~~nc~prr!: 
A(I,J) ma.tA~~ de !a q~e ~e bu~crr !a útvvu.a., du­

~a.nte e! p~oce~o ~e co~v~e~te e~ !a 
ma..tA~~ ~nveua 

VET 

e) Oimen..~ione4: 

o~den de !a mat~~z A 

c~~te4io pa~a dete~mina~ ~¡ e! dete~minan 
.te de la mat~iz A e~ nuto. 

vaJúabte que indü.a ~¡ ti dete~mú1.ante "de 
A u o no ~u.to 

La p~opot.icidn DIMENSION de.! PJl.Og~rrma pn.úcipai y de 

la t.ub~tu~na debe~~ t.e~ módi6~cada cuando: 

N > JO 

diFo~matot. pa~a lo~ 

SEC. TARJETAS 

dato..s de. vt.tAada: 

1 

' 

FORMATO 
¡ r SI 
(tf!O.OI 

--------·-----· ·------------~-

INFORMACION 

' A(I,JI, ~e pit.opMc.i.o-

. nan !oJ e!emen.toJ de 
!a ma.tJt.~z ~e1tg!6n .po~ 

~e ng!ó"n, Emp !c. a.~ .tlutt<U 

ta~jc.t<U como ..!C. ~equi.s:_ 

l!.a~. 

ot~o..s paquete~ de dato..! (opcional) 

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

" ' 
TARJETA EN BLANCO, a.t 

6úta.U~a.~ toda. ta. ,{¡¡6o:!:_ 
ma.c-iú"~. 
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F.i..g. 2. 9 V.i~gJ¡am~ de. bloque.¿ 

de.l pJ¡ogJ¡~m~ pJ¡.inc.ip~l 

.c-w~ 

* 
"-r - ""'l._ Srol' 1 

' 

F.ig. !.10 V.iagH.ma dtt bloquu de. 
fr¡ .~>ubJ¡utina /.IATINV 

,ob .. tl>oo 

' •nw 
. 

W,iM 
"''!11 , 
UVCI!J 

2-~ 
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( ' 
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... .. ...... •~M 

"'""'" 
l 

.~w. ... _. 
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ni.>~~ • - .¡ ... t(tÚ .... 

""' 
n_' •• 

" ( - ) 
~do.-
........... .u-
ti. piwtu 

(!_ 
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1\'00Cu)¡>t '''l••''•1•!•1•<CTl 

""""'' "" C'll•(• u '"'1" :r "'" "'"11 H ¡l>•·lrl<•'' ,e'''"""'" ,,,,1 , 0.,., 
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2. 4. 4 Ejemplo 

Ob.te.ne.ll. ¿, ÚIV I!.IUI a " ¿, ma.t!t..Lz' 

10 1 l - 1 
• -10 - 1 3 

A • 1 1 -10 1 

1 -1 - 1 lO 

~SOLUCION 

TABLA 2.5 Vato.ll pa!!.a e! P"obten•-< Jet efe.mp!o 2.4.4 

N•4 

10 ' 3 - 1 

1 --2 Q - 1 l 
A • 1 -10 1 

' -1 - 1 lO 

TABLA 2.6 Re.w.!.tadoh de.t pll.obte.nla del ejemplo 2.4.4 

_ ..• uoc•¡•- ,i"t"'- ,lo"""-··•~•'·'~.....:.:= 

,!0«'0! •,lOOf-'' "·"'!'" ,U,t•O! .. ~·- ... ,., __ _ 
,lOO!'",, ,!00!<01 "·"""~' 

.zoocoo1. __ 

.11or•o1 "·'"""' •,!O'!!OL. .. ,llor•••--

!'"'·'" Ol t.< "'"'U ,\ - ... . .. - ..... ------... ,,., ,,,. .... ... ~···) 
• • ,JU<•JI. •,•'•!•>1 ,,Slt•U ,lf¡t•o~.-­

.• !1•-l•,¡ •,ollt·o¡ ··''"""' ,lht·u 

..... ¡ .. ' •,l'l'··" ·-:;;.,.,· ,J\1<•01 
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3. SOLUCION 0[ SISTFMAS OE ECUACIONES LINEAlES 

3.1 itt.(;l".odu.cc.!6n 

p,.'t ~.{~tema~ de ecu.a.c.i.one~ t.i.neate~ ~e entiende un g11.upo 

dt ecuac.i.onc~ que pr.c.~>enCan !a .~>.i.gtUente U.tll.uctull.a: 

a1l"J + a1z"z + ••• + a1n"n • b1 

a21"1 " a22x2 " · · · " 11 Znxn • bz 

l 3 • 1 l 

donde ct.¿¡ lj b.¿ .~>on eon.~>-tante.~> y la~ .i,neógnL.ta.~. de.! .~>ú.temJ: ~011 

lo~ valo-'le!. x_ ., donde 1:5 i.:!:.n. 
. ' 

OiciLD!. !.i.~>t:emM ~e pt~l'-den l!.epll.l'-!len.ta.'l. eH ta. 6ol!.ma.: 

A X : 8 (3. 2 l 

donde A ~e conoce como !a ma..tr.iz de coe6.Lc.i,en.te~ del. .~>ü.tema.,­

B como vec.toJ:. de toi.tm.(no~ .ir.d<.pc,,diettú' . .~> y ! como vectol!. de .(.ti 

cógn-L.ta.~>. 

Si el. vec.to11. de tl~cm.i.n2~ útdependie.tttu eh d.qe~<.vt.te de 

ce~<.o ~e habla. de ~.i6tema.6 de ecua.c.ione.~> no homogoinetu lJ en ca.­

~o con.tfl.a.ll.io de ~.C:b.temct~ homoglneo~. 

Antu de p.wcedell. a l!.e.~>ol.vcl!. un ~.¿~.tema. de ecua.c..ione& e.1 
nec.e!.a.ll.io dr:otl!lllt•.taa..'l ~.¿ dicho ~,¿~tema t,i.ene Jol.ución lj en ca..1o 

de .tene.t!a., ct,<tn.ta.~ po&.ib!e~ &o!uc.ionc.l t.ie1te. En ba.~>e a lo -­

a¡¡tell..io~. H . .t.teHe t.t .1-igu.ien.te cta.~,(.6.ica.ción; 

Sü.te.nla. de 
C.CIHld.OJ(C\ 

U~tc.al.r:o.l 

r 110 homogéneo 

ltomoglnr:oo 

{

Colnpatib.tr:o { dr:otell.múta.do 
J. nd e .tr:ollllli.Ha.do 

:.c".ncomp ll.-tib l'.e 

de .te11m.i 11 a. do 
(Sol.. tlt.iv.ta.tl 
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e ~ X V 
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I'GJU¡lÓO!IIOlf \'t>UI<l"J:CI'!I' UO 119?';l11Tl)'?'l' U):l'<l 11"J:CU0\'01(d 01' Opllt>TlJ ·\ 

( S ' ~ 1 1'11):?'116pilU?' <!p O_l{"OlUI!Jll • [ '¡'] 06UV1{ 

:onb D":t9?'1(0I\ "ill' li D;J!ll!' l497".n;tol' 11): 

-ll<ll''at·d anb o¡qnvdwo;¡ vwtJ1:1'?'t un '>'O opvu)"llll{Or;~p t>W"iJ)' '"!S 

(J''f) [e!v] 0611t>l{) [.v] OÓUV]( 

: onb o¡d1un;¡ 

Ol' fi un·;¡n¡oq oucn ou Olnh J"jl11bv I'O a;rq-r.rvdt¡w;¡u! t>W<ll'I'!S 

't>l~il"J:C 1'!"' 1 ~r 

upt>!1du•v :z:v:r11w 117 owo;¡ <J-;:>otlt''J 'dJ '""'[e\v].Zf11):t>W 117 v apuop 

!en • [¡¡!v] o6uv1( • [ vJ JV:•uo 
:Ol(Ofnb~~ ~1' ~¡d~n" ~1' .O"J:C""O.an~ 

v\·vd .li 119!"nl''"' "J1'~?7 7" anb nnbv <;'O a¡qnvdwo;> vw<l)'I'?'S ,. 
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e! vee.to~ de tl~mino& 

ampliada de! &i~ttma= 

lndependientu., 

1 3 • 9 ) 

A dicha ma.Ollz: ..IC. te apl.l:can lUid .!C.~ie de .t.lta~V.o6o~macio­

ne.! que conducen a obtc.nc.~ ot~a mat~z: ampliada e.quiva!c.nte: 

[
I 'e] (3.101 ~:-

du1Jdc. C · llepll.c..I>C.Jt.tct lct .~>Otue.i6n de c.a.da. una de. !at. ÚiC.Ógni.tM 

de! ~ütema.. 

pM 

t< 

E! pMCuo c.quiva!e a. p~emut.Uptic.a~ !a ecua.ci6u (3.9) 
- 1 . 
~ , eh declfl., el. ml.tcdo de. l.a._ma..t-'Liz invc.Ma., .~>oto que e~ 

mltodO c.ont.i&.te en una e.l..ún.Lna.ci6n J.i.J.temd:lic.tt de va.foii:U. 

50 

La .tfl.ttM6oll:ma.U6n de. l.a ma.t~iz (3,9) en la mtt.tll:iZ (3. 10) 

.!C. e6ec..túa. ba.&dndo&e en tfl.c.J oper.a.c.ione.t. que no atte.fl.an e! .IIÚ 

tema. de ecua.ciOI!C..! .lino que pll.opollc.iona.n hiJ.te.ma.! de. C.C.I.Lac.ione~ 

equiva!e.nte.!, e!!a.J &o•t: 

in.te.ll.camb-io de. do.~> Jte.ngtonM, !o cual. C.qi.L-ivale. a in te.::_ 

cilmbiafl. do.~> e.c.uac.ionu. 

muf.ü.pUc.aci6n de, un fi.C.ngf.6n poll 1.1n uc.a!all. di6e.~t.e.nte. 

de. ce~o. !o c.ua! equiva:!e a mu!ti.pUca:ll ambc;& mic.mb~o& 

de. lOta ecuaei6n pe;~ ta mlt.rna: c.olt6 tantc.. 

,~·uma de equbnú!tip!oJ de I.LJJ fl.e_ngt6n a otilo fl.e.ngtÓII, C.h 

dec.-i.fl., m1.1-f.:Upt-i.ca~ 1.1na ecuaei{,>¡ pnll una con.!útnte "K" 

y Jun¡a:.t!a. a otiLa e.c.u.ac.i6n. 
Pa:!:ca «pticalt !r.u opellac-ü•nc~ ante.ltioflt.! .!e p!Locc.de C.H !a 

&igtúe.ntc. 5or,ma: 

@set~cc.¿u¡¡a_fl. un -ten:¡l.ón pivo.te 1} u11 elemento p.¿vo.te. de:!_ 

-tilo de di.c.ho .tcngtón.. 

@No!lnr,t.U.za-'!. e! eiemcu.to pü•c.tc.,c~ dc.c.-i.'!., C.Oilllell.U.~!o e•r 

un-ita.>¡_b::t. · 

(Vca>rce-t'.afl. el.cmcnto&. ¡ue ~e cnc.uentll~.n en. -f.a: c.otumna a!l~-i. 
ba y/o a&ajo del el.r."re•rto pivote n1e.dLan-te. !n &!it!la de. -

er¡ 11 il•u.le U )J t o~ . 
(]Regllc..lafl. al. pa.&o G) y ,u.{ ~uce~-iva.m('.r:tc /¡a~ta que 6e -

:<«>o 5~·-to>la. la ma-tJt.{z de ccc5.(cle>t.tc& A en 1.u:11. mat-\¿! --



··--· 

Debido a que. du.~ante. el. p~oee~o ¿e p~e&entan. e~o~e.~ poi!. 
ll.tdonde.o, la 6o1lma óptima de e.&c.ogell. l.o-6 el.emen.--to-!1 pivote e<~.­

.u.teec .. .Lon.a.,tdo e! mayoJt. ete.men.to qu.e. quede en !a ma.VU:z !::: o en 

SI 

.&u..& bt.an4Qo!Lmac.ione6. Hru¡ que .tenel!. p-'u>.H.nte que !o6 e!emen.toh de 

un. l!.en.g!6n. que ya Que 6el.ece.ion.a:do c.omo t!n.ea pivote n.o 61!. pu.~ 

dtlt u6a.IL como p.ivo.te-6, aún. c.aan.do et ma!{o!L e!e.men.to quede coto 

cado en. dicho lltn.gtón.. 

Al. 6tl.e.e.c.ion.a1l !o-6 pivote& en !a 6o~a an..te-6 mencionada 
e! ti!J!.OI!. -6Í>. Jteduce at m.Cn.imo y, deb.ido a que puede queda:ll Lltla. -_ 

maVt.iz 110 ·identidad a.! té11.m,f,no de ta-6 ..C:.tcAa.c.tone-6, e6 nece.~>aJL.io 

eQec:tu.a.l!._tut in.tvtea.mbi..o de tlned.6 /¡a.h.ta. ob.tenell .!..t· 
Cabe menc.ioJta.l!. que e! pi!.t.lentl'. método e.& 1.Ut método di!lec.­

.to de .lo!uc.ión que 110 ltequ.ÚOI!.t que At de.tu.mint C.Oit an.ttlliolti.dll.d 

Ji el .&ü.te~la. e& compatible 1} dt.tellminado, e.t mltodo dul!.an.te e.t. 

pl!.oce.&o pl!.opollciona "d-i.c.ha in6ollmac..i6n. 

Si el &i&.tema e& compa.tibte y de.tt!U11.i.nado, et pl!.oc.eo:Um.i.e.!!_ 

te de.&c.IL.i.to Jt puede tteva11. a l'.llbo J.i.n c.on.tJtllile.mpoJ ha&.ta Ue­

ga.l!. a [I :e] . 
" ' 

Si el &.U tema eJ c.o~1pa.Ub!e pvto inde.tel!.mútado, ta ma.tJt.ü 

ampliada. adqu-i.Jti.11.á la conQigu-'t.ac.i5n: 

[~::_¡_j::LJ.] ll. 111 

e& dec.ill, un 11.engt6n Jel!..i nu!o; ut e&ta &ituac.iSn Jc. ob.tie.nc.n -

l.aJ ecua.c.io.ne.&indepe.ndie.n.te.& que. l!.ll.&.tan e.rt e.t &ihte.ma. Y &e apt.f_ 

e.a la. me..todot'.ogia. c.MI!.e4pondie.n.te. a. ~ü.te.mM inde..te.>\minadot., 

Si e.l 4üte1na. eh incompatible., t.e. p1Le&e.n.tall.i lo hi!)uie.nt(';' 

1 1 2 t ' 

-~- -~ __ 3 __ -_L_~-- __ _ 13. 12) 

ooo" 1 )<;ío 
-------1--------

0 &i!a, 0- • ).. ¡. O, lo c.u:al u twa c.oat-'t.adic.c.i6n. 



52 31 

a.) Su.bllu.Una.<~ ~teque!Uda.<~: 

SUBROUTINE GAUTOR (A, 8, N, EPS, VET), e&ta. ,¡u.éllu.Unc: 

ob.t .. U.ne !a. <~o!u.cA.ón del ,¡.ü.tema. de ecu.a.cúne<~ poi!. -

e! mltodo de. Ga.u<~~~Jondan modi~ic.a.do, el pllogna.ma. -

p4inc.ipa.l ~olo ~ill~e. palla. e.n~l!.a.da. y ~a.Lida. de. dato&. 

b) De6c.4ipc.i6n de la..1 va.Jt..i.abie~: 

Palla. la <~u.bllu.tina GAUTOR: 

AI!,J) 

S ( 1) 

N 

RAMA X 

MVJ<!(i) y 
MVC ( 1) 

· EPS 

VET 

LR y LC 

ma.Ot.iz de c.oe6ic..ie.nte6 del ~i.1te.ma. de 

ecu.ac.ione<~. 

vec.tolL de. tl!tminQ.I independiente& del -

&ütema. de ecuaciQite6, du.!tanú'.. el p,toc~ 

&o 6e .tJ!.aM60ilma en la <~olu.c.iún. 

oJt.de~ del ~ütema de. ec.uac..iune.&. 

maifOI!. elemento de la. ma.tll..i.z A qu.e ~e 

emplea o:omo pivote.. 

c.ontadolte& que .indican qu.l !tenglón y c.o 

!u.mnM qa ~u.e.ton empleado&. 

C.ltite.Jtio pa.!ta. de.tel!.múta.ll t>i ·el de.te'lmi­

lta~te. de. la. matlliz A e<~ nulo. 

palt~metllo que. indica. <~i el deteltmi~ante 

de A u nu..to, 

indü.lldolte<l det ltt~tg!611 1/ c.olu.mna que 

6 e· u..t.il.<.za ''. 
TEMP Vlll!.iab!e. de !ocatizac..i6n tempollat. 

Pa..ta. el pl!.og;¡a_mc¡ pi<.iltC..ipct.!'.: 

A(1,J) mCIU.iz de c.oe.6-Lc..ie.11te.<~ del.JiJ.te•na. de­

e.c.u.a.c.ione.t>. 

DET 

e) Dimett5ionu: 

vec'to.\ de tlnmútoJ .indepencUetttel. 

oi<de.n del ~i6tema. de ec.u.a.c.ionc.6. 

c.OU:tcn.io paiLa de.tCJw1i11a'" .~..: e! detell>JJi­

ltan te de A e~ nulo. 

p<Vtci:me.tllo que útd.tca. ,¡.( e.t de.te~>Hinan.te 

de A e~ nuto. 

La pj¡QpO<~icúfn DJ/,:E.'!Slll.'i de.t ¡J.'tOgl!.a.ona; ¡gúJc.(pa( Y -

de. la &ul.MuUI!a &e debelláll •Mdi6ic.a.ll en e! ca.óo de 

N > !O 
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· á) Fall.ma..to-6 paJta. lo-~> 

SEC. TARJETAS 

1 

' 

l 
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áa.to-1> rle e11.tlw.áa.: 

FORMATO lNFORMACION 

( I S) N 

I&F.IO.O) 

(BFIO.O) 

A !I,}), .6 e áa.n !0-1> e!eme11. 

ta-1> de A Jr.e.ngt6n pllll. 11.en~ 

gi.611., e.mpte.a.náa ta.n.ta-1> -­

t~ILjl?..tM como .6e.a.n lli?.Ce.-!1~ 

tia....~ pa.11.a cada .ungt6n. 

B(I), el. vecto11. de tlll.mi­

no-6 ináepenáiente.-11 6e. da. 

en u:na ta.ll.je.ta. o m.í-11 .6e-­

gún la cantidad de. e.f.emert 

t:06. 

-----~-------------------------------

otll.o-6 paqu:e..tu de data-'> {opc.i.onat) 
--------------------~~--------~------

TARJETA EN BLANCO, at 6:f. 
naliza.11. .toda. ta. in~oll.ma.­

c.i.6n. 
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F.t.g. 3.1 VúgJtama. de. btcqu.e.6, 

del pJtcg~ama p4incipa.L. 
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--

o.;:¡,, ... ··-
t.~ 4 = • 

9 " 

( l<W H 

l "' srco 1 • 
':r 

( "'''" 
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J. 
/ he" 

al!) 

l 
............... 
~ 
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cb 

• 

. 

Fig. 3.Z V.ü:g}[a.ma de blaqu.e..6 

de la .6ubJtu~na GAUTOR. 
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3.2.4 Ejl'-mpio 

'Empleando la~ teye~ de Kiltchho 6 6 ( ve.lt lttQel!.enc.ia. 2), H. 

ob.tuvitll.on iM -'>iguiente~ ecua:c.ione.l l.i.neatu pa..\a. el cil!.c.u..i.to 

mo4.tl!.a.do en la 5igul!.r:t 3.5: 

"• "• r, • o 

"' • "• • ¡ 

"' "' • o 
' "' "• r, • o 

,, • r, • '¡ • ,, " 1 • o 
l '• 's "• "• • o 
' R l i! • R2.i2 R 3_¿ 3. • o 

R4.(.4 Rs.is • R8i8 • o 
Rsis • Rr.: 3 R6 _¿ 6 • o 
R6i6 • Rr.:1 R9i9 • o 

's 

Fig. 3.5 C.{ll.cu.ito del ejempto 3.t.4 

" 
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'" 
,, va.toJ( de. ta.& 6ue;~.te~ " r, • 2A, r, • 6A, r, • 

y " d< '"' Jte~ i.1 .tenc..ia& : 

'r • '2 • 2 ' 
'• • '• • 3 ' 

'5 • R6 • 5 ' ,, • '• • 4 ' 
'3 • 6 ' 
Obtenga tM coJtl!..i.en.te~ de. llama. .<.

1
, .<.z, ..t.

3
, -<. 4 , ..( 5 , i 6 , 

..t.7' .f.B' .i9. 

• SOlUCION 

TASLA 3. J Va..to& pa.l!.a: e.t pl!.abte.ma de! ejemplo 3. 2. 4 

N = 9 

o o o - 1 o o o 1 o 
- 1 o - ¡ ¡ ¡ o o o o 

¡ - 1 o o o o o o o 
A • o 1 o o 1 - 1 o o 

o o o o ¡ 1 o ¡ ¡ 
.. 

2 2 -6 o o o o o o 
o o o 3 -5 ·O o l o 
o o ' o 5 - 5 o o o 
o o o o o 5 4 o -4 

2 

-2 

6 

-6 

B • 4 

o 
o 

1 
o 

L o 

4A 



" 
TABLA. 3.2 RuuLta.doJ. .del pltobtema. d~t eje.mplo 3.2.4 

" 11$H•• " tc~>tt: ... " 
•• •• '. . ,,~,,.u •• •• •• .uol•ot •• .~ .. , .. , 
•.toot•ot ' . •.tOC[<Ct ,uoc.ot o!OO[OQ\ •• •• • • •• . ....... , 
''""['01 ''""''" •• •• •• • • •• • • • • oOOQ[OOI 

•• dOOI•OI ;¡oct•" •• •• o!O'<+Ot •,UO!•Ot •• ' . . ....... , 
•• '. '. •• oLOO(•OI ,,,., .. , • • ., ..... oiOOhCI .otot•t• 

,100[•01 oi;OI•O> ·, ooot•ot •• •• •• •• • • •• • • 
•• '. •• olOO!•CI •,jOOI•OL • • •• •100!•11 •• " 
•• ' . ·•••t•o¡ • • oiOO!•OI ........ , •• • • •• • • 
•• •• • • • • •• ·••or•ot ,oQO¡oo¡ • • •.ooO!oOI •• 

" IOl'C"' :.tl. J.HTt•O " te""~'"" " 1111 

' 
,,, .. ,,.,, 

' ••Ullii•OI ........... 
• ··••nn•oo 

' ·1111;1•00 

• '"'"1'01 • 
'"'''1'01 

• ,,,,.,¡.,. 
• ,,.,,,1•11 

1 
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1'1 ~ X V 

'odn 1"P 
~'ilJV<lUf;J' 9<>UO[JV1'J'¡l<' <1p ~VW<l:;l''i'f9 "ilp 1<9}-;)11;)'01' VJ V'liVd (lllll)'9 <111b 

Oll!1'V11<lJ'! ody:r -ap oponw un· 9<1 I"Pf<IS~HnVD "P opo:rpw ?3 

oponn ~·t·f 

"q • 

,, " xuzv ~xZ ~V lxiZ11 • • • • 
1 q " 

'X U J V ~xZI-v J X j J D 
• • ... • • 

: U 9?'JP1,'11 Óf9 U O -¡) ,, "'' 
.. ~"il?V'ilU)';J' l'"il u o f"J1J7)';)" ,, ~"PW<l79)'9 ,, 1<97"1110~ 1J',? v'ilu<l:rqo 

onfqo 1 • ~ • ~ 

•• 

19 



"i-lhima" e.c.u.ac.i6n, o <~e.a: 

' 

... 1 ~ - "·1'1 - •,,,, :~::,¡ = ¡¡---- n " 

"" 

• 
(k+ 1! 1 ' ·--n ann 

lM JiglU.e~t.te<~ ec.u.a.c.io~ll'.-11 

Ud lkJ 
- a¡zx:z - a¡ 3:t3 

a x:[k+J)_ 
111 

-a x:(k+J)_ 
"1 1 

... 

... 

... 

• 

J 
J 

a~~., n-J :tlt_ J J 
i3. 16) 

[3. 17) 

a x:(k+JJl 
n,n-1 n-1 / 

--' 
donde x:jii.+J) inctic.a el valol!. de ta "i-l&ima" inc.úgrrLta en la. 

.i..te~ta.c.i6n "k + 1" 

Palla. a.I!.Jtar¡ca.l!. el mlt;odo .le e&.tab.l'.e.c.e. u.na holu.ciún iui--­

c.ia.l ~: 

• 
' 1 

• ,, 

,. 
" 

(3. 18) 
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<Ucf:o::.-va.l-o"-e...; .le ¿¡¡_.r,.Ut.u.yen en e.t lado de~¡_ec.hd d¡¿_!a. eetrac..t6n-

• r 3, 17) pcVLa obtv!l'.}[ la. ..;..i.gu.ten.te ..; o!u.c.Uin a.p!¡_o Urna. da: 

• 

Ó¡ 13.19) 

• 
1.: ~ 1 ) 

'] <V.>l 6uee<livm11ente hruta qu.e. 

1 
X -
...!!_+ 1 x. 1 <E 1 3. 2 o 1 

Pa.!la pode.Jt emp!eal!. Mte. método e~ nec.e..;ak-i.o veJt.(óica.l!. eon 

ante.Jt.i.oM.dad qu.e. e! <IÜ.tema. :,c.a compatible 1} de:te.Junút~tdo; ademd:, 

de qu.e cumpla con !a-11 condic..i.orr.e<'> de _eonve.Jtgenc.út de.t método. -

Ailoi!.tl.uiada_men.te la mayo11.-ta de to.~> pJtobte.ma..s de Upo in!)en.i.e." .. U'. 

c.wnp!e.n lo!J l!.e.qu.ü.t.to..; mencionado!>. 
· Cie.Jtto..; ..;i.:.t.e.ma..; qu.e. a pi!..lme:ca Vi.&ta no cumplen lo..; -~equi­

.&Lto..; de.t método- pueden t'te.naJL lo<'> il.Cqu.ú.i..to..; medúm-te I.Hl <1-im-­

p.te irr.-te.Jte.ambia en la po:,{c.i6n de la..ó l'..c.u.a.c.i.one..6. 

3.3.3 Ve&c.üpc.i.6n del P"-O!JMm<t 

a) Subl!.u.tiHa!> l¡f'.Q ¡¡e_.tida<'>: 

Ninguna. 

b) Ve~ c.~¡_.tpe.t6>: de la;,. ViVlútbl1'.~. 

A[I,J) maVd.z de eoe6-teü.>1te6 del 6Ü.ten•a. 

B 1 I 1 vec..ta1¡_ de .t~!¡_>núto~ iadependicn.tu 

N o~¡_dcn del ~.t~.tc.mrt de eeu.a.c.iane6 

XIII vatolt .i.nic.iai'. de. tM útc6gn.t.ta6 del 6Ü 

.te1ml y vaJr.,tabte de. toealizacián .telnpo-­

<al 
Y [ I ) 

" H" 

X!![IJ 

"11 + /" 



" E 

NCON 
SUM 

e) IUme.nJione.l: 

m~ximo núm~~o de ite~~~ione.~ « e.6e.~t~a~ 
c~te~o de conve~genei~ 

cOntado~ de i.te~acione~ e.~ec.tuada~ 

.o~ umadal!. 

L<l. pi!.opo-5-ic..i6n VHIENSION de.be.~t.á. modi6ical!.<le ctuutdo 
<le plte<IVl.te e! 

d) Follmato.l pcvut lo.& 

SEC. TARJETAS 

1 

2 

• 

l 

4 

C.GL..\0 de. que. N> ZO. 

dato.\ de e.ntlt.a.da: 

FORMATO 1NFORMACION 

[Zl5,F10.0)N, M, E 

[IOFB.O) AII,JI, to.;~ e.te.mc.nto.!> de 
la. matlt..(.z A 41!. da.11 l!.e.n-· 

gt6n poi!. l!.e.ngl6n e.mp!ett!!_ 

do ta c.alt.Udad de tal!.je.­

ta.o~ nece.<la./Úa. palla cada 

.ltengt6n. 

/IOF!.O) 

1 IOF8.0) 

BIT! et ve.c.tol!. de t€1ln~-

no.a i.ndepe.nd-i.eu.te4 <~e da 
en u.na ta.Jtjea o m4t. .u.-. 

gún e! ol!.de.n de! <li<ltima. 
XIII, la 4o!u.ci6n palla -
al!.llanc.all e! m€todo .1e da 
e'n tuta .ta11.j eta o m<f<1 <1 e~ 

. ... .. 
gú.n -o~ea. e! ta.ma:ño de N. 

o:tl!.o-5 paquete..& de dato;~ [opc..Lonat) 

TARJETA EN BLANCO,~! 6~n~ 

l.üa.l!. toda l.~ út~ol!.mac..i6n •. 



• 

• 
. 

( -"" 
~· 

') 

~.J 
-""111·•111 
VI!J•<IIl 

'"" 
"· f. M 

)_ 

<~ '' ST~P 

'y 

"'""' /"' 
"""" v•l<>« 

"'111 

' 

( ""' 'IJ,JJ 

. 

''"··- " g(4 <1 <>!:<o- -" ... .u. ... 
( !"" 

1(11 

'''" XIII 

• 
~ '""' .. '"'-'' CD•Wot to .:,.,_,,u.,,u 

J. 

""''""'' ~·~·· 
" • """'" <! ¡_;,_ k 

""" ' 

" ... 
" p/< ,, ..... 

/;:,n¡ t...~:.;- ' '"¡¡, 

l· 
·~-••<•·HJ< 

"""""' ........ ¡, '-'_) 

Ftg. 3.6 Vútg-~¡¡ma. de htoqu.e!l palla et p.'!.O(llt<tm.t 



6) L.U.tado: 

' ' ' ' ' ' ' ' ' ' ' ' 

' 

' 

' ' 

' 

' 
' 

' 

' ' •• 

' 

• 
' • 
• 

" " ,, 
" 
" 

" 

roe'""' ,,;, Rll~(·~• 11nr•" or ~'"'''""11 '"'.CL •naoa or· G•U¡l••tiCU 
llor.Jrt"'' nr ,., "''"'" r••cr•o>~ 
'">1'1' e¡ cctriCH<lf\ an llllt"> or rcv,cro~t¡ 
b'I'(Cin• CE TtR>r.Cl l<n!'t•OI['tT[I 
''"\C" I•!CIJl O[ lO !OlUCIO' Otl llllf" 
U•j(LIICI(h C[l Ollr[•o 0[ !CUOCIO'EI t• _. lliUit"!t I![UtJ:• 
U•CoCf• Ole !ISTHO 
'''"" CE " >¡cuct~• OH 1111[" tr ECU,CIOH[I EH L~ IHUCIO" 

"f!'lo• 
"'"''''' ··~•!RO 0[ li!IHIOH[I 
r•corH,to e< co•vr•~r•cu 

~l•[•llt" ><>C•10i•ICI01•0I:tOI•UlOhiHC'OI 
l<CTV> u C'lO> 
•t•CII•IC'I ,,.,¡ 
lfl•1 ,,,,, 

'"' (11] ~o·, r•t•• 
•r•cii•JCll IU!•Jlol'l•"' 
~toCII•!CC! l!<l)•l•l•'l 
otooii•!C>I IJCPoi•I•OI 
l>,ESH• OC 0<101 
'"llr«••e¡¡¡ 
'"1 ,., •• 
''"''<•I<Cl IH¡,¡¡,¡,¡,o¡,U¡¡ 

"ll!"•"e¡ ""'"''"' H ¡•e<GJ 1¡ C~ •Hn•• Cuo•u \.0 <O•Oitl" lurJCitMU U CDM>t~· .,,,¡, 
"' 1 ,., •• 
oc • ¡••·· 
lfU!!<>Ilo!ll • UUHI•Hll ''''' c¡,¡¡,u¡ 

""''"¡ 
e~ lC ' 
•'tH!IoTOO) ¡,.¡,¡,¡ 

"' ¡¡ ' UiH•IIr• 0(( VHOR Q[ l~l IHCOO"HS 

'''e"' ' ~o 11 r•t•• 
"(J)•X(I) 

"''"'ll ~~ 1' ••lo• 
,, .. Q. ,, ,, ¡.,,, 
!l«•!l ll•!l•" 
'""''"". ""!"""' ''"'"'t "" l•l 'l<l•IUOIIH••<> 
tt•II•"' 
uo 11 1•1·• 
1! ,¡ornc. 11 u co~•uo1c n "ttoco 
'''"'""''''l{J))•[) ,,.,. ... 
CC•!l.Uf 

l""""" "'"'""' "11"'·"·' ,,.,¡,,,.,,, 
'""'''"'' "" 
"' " 1 .. '''"''"' . ' tn•cc·.••> "''''" 

,. '"""''·'' '"'ll•l't·•' "¡""'"'' .... oo !C 1 
"e: '' ,.1·• 
'' "n••··'" •e " " 

"'"''" " u::•·•• e 1•"'"'' 
lOO r¡•·•OT ""'"''" 

'" "'"'' "'"·'' , 00 "'"''""'""'""'"'r<IT •••ci>CI'l 
"e""'' """'''""·'•!''' ' 
'" "'"'"'"''"'•''''''" "'"''"'"""" 10lu<!O• •'"'"''"" ,,•:;::;;¡:,,,,,,,[1 '""~' "'" "' "'"'"" 0<00 '"'•;,,,,,." 

,.,.,,.,.,,,,," '"'' "' "'d'•'•"•"•'''' 
000 r{o•'l"lll•"'•'« '~<•"!' '" '""'" <;'•"•~'''!Uh!oHl1 
••• "'"''"'"··~··''.: ,, ""'. ,. '"·""·' ''"'"'· ,, Clll•• ••• '"'''''''' ,,,,,,,,,, ,,, .. ,,.,,.,,,,,,,,,,,,, 
"' "'''"'''''"'•'llt1""'" ''"''""' '•1•> ,., 

F.i.g. 3. 7 Lü tado det p.tog~<.ama 
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--- -- "-

3.3.4 Ejemplo 

Pa.l!.a. e.f. c.il1.ctu:..to e.U.:c.-tlr.i.c.a de !a 6-<:g. 3.8 he t.abe. qtLe ---

11 • JA e 1 2 ~ 2A, R¡ • R2 • R3 • R4 ~ R5 • 1<! 6 • /...(l.-

~AAA111 
HV., 

• 

' R 
' 1 , AA~A 

,, 
. AA

4
H 's . . 

" -" • ' V V 

> ~ 
'1:. ... 

~ : ~ -~ ; ;: '1 . $ 's ~ '• l .> 

1 

• 

F.i.g. 3. 8 C.(J¡c_u.i..to e.UctJt.ic.o del. pl!.oble.ma de! ejemplo 

3. 3. 4 

Se det.ea ob.tenc.ll. e!. voltaje. de lo<~ nado.!. v 1, v 2 y v3• 

Apt.ic.ando ana:.u:J.i<~ 110da.l. a_! c..i.l!.c.a.i.to ¿e ab.Ue1te: 

JVI ,, - v, • 

• V 1 ' l V 1 - ,, . o 

-V 1 v, ' 3V = 
l ' 

a.!Ul.ei:J(O que e-~ un .\.{..Ote.ma: de. ec.uac.iafte., !úu•.a!"-6 C.O!l .toda~ ta.1 

ccv:.a.c.te-t[H:-ic.t-~ p!Lopia~ pa.':.a apti.c.al!. e! rnltodo de Gau~J-St.ide.t. 



• 

• SOLUCJOIJ 

• 
v1 

v• 
' V' 
3 

'·' 
• o.s 

o.s 

TAóLA 3.3 V~~OJ del p~ob!em~ del ejemplo 3.3.4 

N • 3 

M ~ 50 

EPS ., 0,0001 

A • [: - 1 •J 3 - 1 

. 1 - 1 3 

B • [i] 
e·:J O. S 

O. S 

X • 

TABLA 3:4 RU.r.1Lta.doJ d<t p-itobtema ,,, ejemplo 3. 3. 4 

"""' '"'"" 
J, oca ·r.ooo ·r.ooo ••••• 

•r,uo lo lOO .,,,., ••••• •••••• ., ' ... ,, ... • •••• 

• 
•••• ..,. 

!r(U</00(1 U•lllo01$o lf 
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"' 
7. APROXi:.!AClON POL-IWOlllAL Y COEFJCIENTE VE CORRELAC101J 

7,! 1n.tl!oduc.c..i611 

En inr.u.ha<~ oc.Mione.! a pa.it.t<A de. una he.IL.ie. de. valo!te..l mut.~ 

-U<tÚ . .&, ,dimde. e. U& .te. una vcliL.ictb!e dc.pe.>td.ie.n.te. r¡ urta o va.!Uah ·­

_Vi«abtú''.ütdepe.lld-{e.n.te.<~, u 1\et-.e&allio a.ju&tal! di.chot. punto<~ -­

p·o-Jt 'Uñci Cüi.Ja tal. que. pe.!tm.Ua de..te.l!mútail. e.! vat011. de. la. va/Úd--

. ·f;e.e. d~~~;idi~H.tl'.. palla c.u.atqu.ü.Jr. va..tOJI. de. ta.<~ va..Uablu ú¡de.pe.n-­

d.i~~te.4: ·¡_~ Cultva. de. aju.<~te. poi¡ e.! mf.todo de. lo¿, m.ln.imO! é.UtH{II.<!_ 

. _do¡, p~~di!. .61'..11. r.ot polútom.io de. gllado "n", una.- ~u.nc..i6n de. :tipo l.~ 

t~a_lt.Ltm.ü:.O ; e te . ; d.i. e ha. cal! '"t .1 e. e..s e o .9 e de. a e u. e.Jtd o a la. CÜ.tl .t.Jti. bu. . . ' . . -
: ci6n -d~ .tO~- pu.ntoh mt.te.h.tlLale.o !J en 6o11.ma Ul que. he. m.ilt.im.ice. la 

_hu.;, a._ :di.- _lo~ · c.u.ad11.ado.6 de. lo<~ e.~.lloltCh . En pito c. u 0<1 u .tadú t.icofo 

_ a __ t.at; lip~ ·de aj((.l te f. e !e denomúta tttgltefoi6n fo-imp!e o mú-ltip-le. 

. de la :va.-:~ab!e depend-ien-te 40bl!.e !a<~ va.Jt.-ia.blt.l -inde.pe.nd-ie.n.te.l. 

, E( !JI!;ad~··di _Jt.etacA.6n ex-if..ten.te c.n.tlle -la V<Vt-iabte depend-iente rJ 

· ta' .i.nde.P'indü.n.te .1 e denom-ina c.o.v,c.lac-i6n y a ta. med-ida dr! tal. . . . ' . ' . . 
--,_e.'.t.Qc.i6n f.·¿ le Uama c.od..Cc.ü.lt.t:e de C.Oi!.lle-la~-i6n, el. cuat <~e f. u('. 

·- . . . . .... . ~ .. ' etfo.Cmbo.to ~ 6 1(2.3 ..• n). Donde: 

Va.Jt...Cac...C6n npUc.a.da 

Va.Jtútc.-i6n .to.tat 1 7 • 1 ) 

s.¿_ .~e.. c.onf...Cde.r..a a. Y como ta valt-ia.bte de.pe.ndú•.n:te., la!. --
. . 

va!t-ittc.-io•iefo .le d~6..Cnen e•1 la ó.¿gu..Ce.ntc ~ottma.' 
. . . . 

. L{Y-9) 2 • 

va.tt.¿ae..C6n ex.pt.¿c.ada • l: IYef..t 

va1t.¿ac..i6•1 no ex.pl.¿c.a.da # r ( '1 
. •, . 

J:('le_H 
- 1 - Y) + 

. . ' 

l:/1'-

Y·¿::r·¿ 
i • 1 , pa-~a ,'J :"u¡'~t_c~ J·iUC~-(taU:.l 

" 

1 7 • z ) 
1 7 • 3 ) 

( 1 • 4 ) 

1 7 • 5 ) 
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Gltd¡l..i.ea.me. 1tte, pa.JLa el CMO de. lleg.1e.ll..i.6n .:;.Lmpl.e. . .H . .tvtdltd: 

C.UilV<l d!! 
1t eglt e.<~ .i 6 n 

v, 

( y - y 

V - -- -·- -----
• 

-t-------------ci-------___,,_, 
'o 

7'. 2 Método de !eJ. ~UI!.imo<~ Cuad!ta.do.6 

J.f.J Ob~e..tc 

Eáe.c.tual!. la ltCglte&..i.ón ~ne.al o etpone.nc..i.al, <5..Í.mple. v múl 
tiple., de. la. va..U:a.ble. x 1 <~ob!le. !a.(J) Pa.ltinbte(-11) XZ' ., ., Xn a 

pa.J{-Uit de una. .tabút de "m" pun.toJ »IUI!..6tl¡_ate.6 con ta. J..i.gu..leltú'.. 
' 

' 
1 Punto x, x, X ... " 

l 

. 
• 

• 

'" 
Pa.t¡_Q c6ee.tuaJt el a.Ju<~te .1e emp.l'ea. el m{todo de. !.o.6 nlÚH-­

mo& cuadudo.\. Adet>J<Í.6, <le pl!opo!¡c.ioaa. el coc6-icú•.nte de COII.Ite­

ra.ct.6.t '} Íll..l de~v..i.ac¿c,te5 Htá¡¡da.lt de. C.oJ pa.Jt.áme..tii.0.6 de (a. cul¡_ 



'"· 

6 

La.4 c.uJt.va~ de a.ju<~tt. Je.Jt4n del .tipo: 

x
1 

~ A1 ~ A2x2 + A3X3 + ••• + AnXn 

... 

'" 

r 1 . 6 1 

s,¿ .u. de.H.a como C!V!.Va. de a.jMte. u.n polinomio de gllado -

"(n-J)" o .lea.: 

r 1. n 
Joto " 11.e q u.e.l!..lluf e6e.c.-tu.al!. " Jigu.it.nte. cambio ,, vatt.<.ttb!.e.: 

x, • x, 
x, • x, 
x, • x, 

(7 ,t) 

e11 el. mom,tltto de. pllopoltcianalt lo.\ da.toJ. 

7.1.,2 Ml.todo 
Vada.J un C.011junto de "n1" ob¿ Vt.vac..ione¿ de. la val!..i.abl.e --. 

depend.<.t11-te. x 1 <~ob~r.e una o va!Lia<~ va~t..ia.bl.eJ .lnde.pend-i.ente.ó. x 2·, 

••• , X
11 

Je bu.¡, ea a.ju4taJr. loJ da.toJ me.d.iante la Ji9U-ie.n..te 'c.ull.va: 

vatoJt de. 

" x,. . . 
·' 

,, 
. ~ 

laJ va.l!.,{abtu .inde.pe.nd.ü.n.tu 

poll Lo que e! e.l!.llall Jtllá: 

•6(X.J-x1 . 
~ ·' 

.x 1 • vatolt ut.[111a.do de. x 1 

; X . 
n n, ~ X 1 • 

·' 

r 1 • 9 J 

(7.10/' 

(7, JJ) • 



111 . 

!1 .ta .;un1a de to.; c.ua.dlutdo.; de. to~ Vt-'lolt.M c.on<~.ideit.a.ndo .todo.; -

lo.; pun~o.; muc.6.t-'!a.le.J t.!.: 

m 

e.¡~~~~~ + A2X2,-i + A3X3,-i + ••• 

palla ob.tene..>r; e..t m.út-<.mo de. la. Juma. de. lo<~ eua.d:r.a.do.; de lo.; e.>t-'10 

lt.e<~ .;e de~¡.¿va. ta. exp-'le.J-i.6n 17. 12) con -'le.!.pec..to a. lo<~ pa.~¡_d:me.Cito.; 

A· lj c.c.da. una. d~- la-6 de.ltiva.da.<~ .6 e -iguala. a c. el!. O pa.-'la .toda.. f: 
J 

m 
¿ 
,i•l 

,, cua..f. " m ,. ¿ . 
X. 

1 .i. ~ 1 J.< 

c.umpte .;oto 
m 

E • ,, 
,¿~ 1 

x1 ·J·x .. ,<t. j,-<. 

• o (7.13) 

•• 
X2 .X • . + ... + A L: X .X.·. " 

,-<. J,-<. n .i.•l n,-<. J,-<. 

X1 . X . . 17.14) 
,-<- j,-<. 

u.C evalua.Jt. 17.14) ptl.-'la .toda "j" .;e .Ue.ne.: 

r1 A 1 A2 rx
2 

• + • • A11 rx • "' " 
A2rx; + • • A11 rx

11
x2 • tx

1
x

2 

• 

• (7.15) 
• 

. . . • A tX2 • tX¡\ 
" " 

• • 



~:rtPil'e..Sandc en ócJtn1a ma VI..(. c..{ a! : ' ' 

m EX¡ tX ,, EX¡ 
" 

EX¡ EX' tx
2
x ,, • tx

1
x

2 2 " 

' x. tx 1x,. (7.16) 

At 11.e.sotvell !!.! . .sü.tema de ec.u.ac..i.cne.s (7.16) o~~e ob.U~nl!.n 

to.s pa.Jtd:ml!..tJ!o.s Aj de !a c.u.llva de ll.egll.e.s.i6n, 
Ven.t11.o det p11.og1tama ·o~~ e pútn.tea. et <~.i<l.tema de ec.uac..ionu 1 

ob.tin.iendo !a <luma.tolt.{a de lo.s pu.n.to.s mu.eo~~.tll.a!~o~~ palla eada va­

lt.{abte, pa11.a et c.u.adll.ado de ta vall..iabte y palla to.s plloduc..to.s 

c.11u.zado.s. Et .s.io~~.te.ma. de ~c.u.a.c-<.cne<l .se l!.t.Su.e!ve poll e! ml.todo -

de Gau..s.s-Jol!.dan mod.i.Mc.ado . 

. E! c.oeó.ic.ien.te de C.OII.Iletac..i6n .se. obtiene. de. ta".s.igu.{e.~.te 

ó cllma: 

' l (23 ... n) • 

~ 
,,, 

• 1 (23, .. ni • 
ex, 

(7.17) 

donde.: 

2 
I :rt 1 = 

vall., . .to.ta! 

I:rt2 . E:rt2 ·· 
1.23 .. . n + J(Z3 ... n) 

Valt.110 e:rtp.Uc.ada valt. e.:rtp.U.c.ada 
(7.1!) 

!a.s c.ompoite.n.te..s de. ta e.c.uac.-<.6n (7. J 8) e.S.tán dada.s polt: 

• m m 2 
rX1 .-r.rx1 .1 

.i. ~ 1 ' -<. -"'"""'-;m,--·-'- /?.19)" 



--

• 

1!9 sf 

,, 
• x, J[ZJ ••. rtl L~: 1 x: 2 ' x, p;l:t3 ' ... ' A, J::tJ:tft (7.20) 

r x1 x2 a, a, 
[:.::,:o:z • m 

I:t 1 :o:
3 

IX 1x3 "' "' • m 

• 

m (7.t1l 

A !oto té!Lm.lno.s de. ta..s e.cua.c.,¡;o¡¡e_.s (7.19)y (7.21] .se !e<'>­

de.nonl.ina. e.l.e.men.to6 de va!Ua.c..L6n y covaJtiac..L6n ~ce.spec.Uva.mente, 

ya qu.e. x • X - X 1J ta. va.IL.útnc..La. lj c.ova.llútnc..ia. <'>e dc.6.inen como: 

cr,.,[x [7.22) 

(7,23) 

A c.onZinua.c..i6n .se de..sc.IL.ibe. !a. obtc.nc..i6n de la. de.svia.c..i6n 
e.s.t.índa11. de lo& pa.ILámetno.s Ar 

Se 'de.Mnt a lo.!> p~¡_odu.c..tol> X' X y ~·!::_como: 

X' X~ 1 ... 1 x,, ... x, . '. 
x, 

• x,, .... x, 
' 'm 

1 

r.x rx 
• 2 JI ,_ 



1 • 

x, J 
' 
• 

J 

. x, ,m 

-

~, 

120 ... 

X' Y~ - (7.!5) 

X ,,m X 1 , m 
X 
"' J 

Sea. A el ueetOJI. de !o¡, po:!l_dme.t-to.\ de. !a e.c.ua.c.L5n de 1Lt­

!-tti>.l6n, e.! .aüte.ma. de e.cuac.Lone<~ [7. 16) <~e puede de.nota.it en 

tu t. a !o a.nte./ÚoJL e;omo: 

• X' y 
- --- (7,261 

-
¿ende."'!':_ lli!.PILI!.I.I!.IIta: e! ve.c.toiL de. va!oll.e..S mue..a.tll.a.!u de. ta. vaJtú:t-

tle. de.pe.¡tdie.n.te., Polt !o .tttnto: 

lvell 

( 7.17) 

{7.18) 

Se Mume. qu.e. !a I!.C!Hlci6n de. Jte.gl!.tJ.i6n u de !a 6ollma.: 

Y• X ' • ' • 
A• rx·~r-'tr._ 

{ 7. 29) 

A pa.lt.UJt ,, ,., e tplle.<~.i:o 11 e.~ an .te1¡.{ o lle..6 " pu.e.de. demo¿.tltalt 

111!.6. JI '"' ta. va.l!.-útnc..ia. ,, '" pa.l!.rfme.t..\o l. A. u .td: dada poli.: 

= o-z!_I~'I~r' 
< 

E {A -O() lA -. ~) ' {7.301 - -
E! vatol[_ de. (rt <~e ob.t.Lene mediante. la e.Xpltu.i.6n: 

rr' • t S 1, 23 • • • !1 17.31) ... ·-· ::oltde "n1" ltl!.plle.Je.nta la c.ant.tdad de pu.utol. mue.Jtll.a!u lj "n" !a 

un,Udad de vaJt.iab!e~o ..tnde.pe.!td.Le.n.te.J. 

. ' 

~0:11.0: e.6e.c.to~o de ll.t.gll.e.J.i6n e.tpcnenc..la! de.! ~.tpo: 

XI • . . . A X 
e. n+l n ( 7, H l 

e..o e.i vec~oJt de. d{.áeltei!C.lrr.ó e.n.t-te. to.o va_l.o!te.<l e<lt..i.lmldo<l y 
to..; vato-te...; Jteate.o. 

• 



\ 

"' 
el pi!.C]I<a.ma. aptü.a el op~!utdol!. "Lrt" ut ambo.ll tll!.mivto<l de i<l ecua. 

e.i6n (7.32) C.OI1 toque dü.ha. etpi!.Mión ./le l.útea.Ua !f Mta e.x-­

pl!.e.~>.(.(,; l-lne<t!izada. t.!> lit que <~e utiliza. p<Vta la ob.te.1tU.~n de 

lot. p<:~<Írde-l:-to¿, Aj. 

1. t, 3 !JM C-\.ipei6n del PitO!)I!.<lrMt 

a 1 SubltutútM lteque-tida<~' 

SUBROliTINE SISTOR(N,~I,C,4,B), pta.n.te.a. el <~ú.te.ma de. e-­

C.!HlC.lúlt(!.-!1 ~¡_e.quelt.(.da p.:v1.a la ob.te.nc..<:ón de. lot> pal!.áme.­

.tl!.o.6 de la_ c.t<li.va. de l!.egi!.C<~i6ot. 

SUB ROUTl NE GA UTOR ( ¡\, 6, M, EPS, VE TI , o bt.ü.ne la. <1 oluc.ió1: 

de.t .~>.U,tema de eeua.ei..oJ!U media.n.te el método de Ga.uól>­

Joit.dan. Cort&u.U:a.Jt. el e.a.pU:u.lo 3. 

SUBROUTINE AIULTMA(A,B,N,AI,L,X), e6ec.tu.a pl!.odu.c..to4 m..a..t.t:f_ 

c.ia.lu. Con6ulttvt el c.a.pl.tu.lo 2, 

SUBROUTINE .IIATlNV(A,N,EPS,OET), obtü.ru'.. la. útve.tt.h<t de u­

na ~rn.t!Uz poll el. ml.todo de. Gau.~>.~>-Joll.dan. Con.~>u.t.ta.ll. e..t 

cap.Uuf.o l. 

SUBROUTI NE GRAfll A, N,!.!), ob.tie.rte (.a gll.dtíúa de !o.~> vato-. . 
11.e.11 mue.6tlta..teo lj de to.~> vatall.e..6 e.~>.Uma.do.~>. Con6uitall. 

et c.ap.U:uto J. 

b) Ve~c.tipc.i6n de. la.~> v<t.itiabi'u: 

Pa11.a la .~>ub.~utúta. STSTOR: 

N 

" 
CIT,J) 

All;J) 

s r n 

SU/.1 

Pa.ta ,, 
N 

,'.! 

canUdad de pu nto.6 mue.6tl!.ai'e.6 

cnHtida.d de val!.ia.bf.e.6, i.nduyendc ta de 

pe•Jd.[e.n.te 

vatolt de ta vaJt..ia.bte \ paiLa el punto 

nll< e 6 Vut.t "¡ " 

~ 

nrathtz de c.oc.tíicien.te..6 det .~>i..;terrra de e.­

cuaciotte6 

ve.cto~- de tlltm.[no.~> i.ndependientu det .~>il 

tcrrra de e.cu.a.c.tone.~> 

va.~útb.te que gual!.da. .ta. .~>unTa.to.t.ta de to.~> 

pu.nta& mueo~tJta.te-11 

pttagl!ar>tn P·tÚlcipa.l: 

cnn 1.-id.td de. ptwto6 rrrue~tl!.a.le6 

cnrr Cida.d de val!.iabte~ .tnc.luyendo ta de-



N TIPO 

C(!,J) 

A(I,JJ 

B ( I ] 

VET 

PROD(ll 

CM!I,Jl 

XTR(1,J) 

Xl(!,J) 

Al 

VAR 

BVAR(l) 

ATE/.!P(I) 

el P.úlle.Jt.liont-.1: 

IU • 

p en die.nl~. 
vo.ltia:b!e. que ind.ic.a e.! .tipo de. l!.e.glt.U.i6,J 

a e.6e.c..tua.t 

vale!!. de. la vaJt.iable. Xj pal[a e.t punto 

mi.Le..l.tl!.al. "i" · 

ma.tJL.iz de. c.oe.6ie.ie.ntu de.! .1i.1.tema de e.­

CI.La.c..ione.-6 

ve.c.t011. de. .u:}¡J!Iino<~ inde.pe.ndie.n.te..l de.t .1i...1 

.tema de. e.cua.e..ione.-6 

c.lt..i..te.llio pa.ll.a de.te.ll.mútal!. .l.i e! de..te.ll.m.ina.n 

te. de. A e..l nulo 

va.Jt..iab!e. que. indica .li e! de..te.l!.m..Cna.n.te. de. 

la. ma.tA.ü A e..1 o no nulo 

..IUma.toiLú:-6 de. to-6 pl!.oduc..to-6 CI!.I.LZado.l X¡\ 
' 

mat4iz modi6.ica.da de. ta ma..tA.iz C donde. 

0!(1, ll·l 
ma.t4iz .tl!.a.n.lpue..l.ta de. ta. ma..tl!..iz CM 

ma..t!L.iz .inve.11..1a: de.t pl!.odue..to ma.tl!.i..c.iat 

(XTR) (CM) 

col'. Hc.ie.nú de. e.oMe.taci6n · 

val!..iane..ia no .e.x.p.U.Ca.d4.. _. 

de.<~viae..i6n e..l.tánda:IL de. lo.! 

l.a. e.ull.va de. l!.e.gJi.e.-6i6n 

va.Ji..iable. de. l!.e.e.mpl.a.zo 

"' 
pai!./ÍmC..tlf.o¿ rú .. 

Et pJi.09Jta.ma. u.tJ e..ii.t.tuc.tu.Jtado p<l.';.it tlta.baja:Jt. como m4-
. ' 

timo con e..inco VcVI..ia.bfe.-6 ú¡de.pe.ncüe.n.tu, La pi!.Opo.li-

c.Un OHIENSION de.be.l!.á mÓd.i6úa.ll<~e. en el. e.Mo de. que. 

la. cantidad de. pu.n.to-6 mue.ó.tAa..te¿ .iie.a mayo!!. de. 30, 

d} Fo.l[mato.l p<Vta te<~ 

SEC. TARJETAS 

1 

da..to-6 de. e.ntl!.ada.: 

FORMATO 1NFORIIACION 

(2I5,A4) N, ,\!,NTIPO, prrl[a trr va!Ua­

bte. NTIPO .1e. dc.be.l!.á pe.11.6o-· 

!!.al!. LINE en el. ca..lo de. l!.e.-

91!.1!.6.i6n t.ine.at y EXPO pal!.a 

I!.I!!)I!.Oi6•t e.X.pO!\i?..IIC.ittf.. 

• 



1 (8FIO.OJ 

--------------------------· 

1 2 3 -

e [ 1' J]. lol> e.le.mc.n.tol> de. 

la. ma..t-'t-iz: .se. da.n c.olwnua. 
poi!. c.otwn~a.. Empte.a.J¡_ ta.n­

.ta.6 ta."Je..ta..l como ,~¡e.a.!l rte. 

C.I1..10."-ia.6. 

oVw.s pa.que.te.4 de da..to.s (opc.iona.l) 

--------------------------
n TARJETA EN BlANCO, al ~i­

naUza.J¡_ .toda ta .i!l~Oitma.--­

ci6n 

.. 
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7.2.4 Ejemplo 

Lo~> valoitc-6 obhe.!Lvado~> pa!ta la. demanda. de. erteltg!a etle.tl!.f. 

ca. en e! ..!l'.~.t:M lte.h.i.de.nc..i.a.l dude. 1962 ha..~ta. 1913 ~>on: 
--------

A .O OE/.IANOA RES!OENCIAL ( M!o!ll J 

J 961 1418.757 

1963 1578.5JZ 

1 9 64 1816.236 

1965 1910.987 

1966 Z256.216 

1 9 6 7 2548.05 

J 9 6 8 2803.79 

1969 3152.095 

1 9 7 o 3582.568 

19 71 3979.667 

1 9 72 4431.655 

'9 7 3 4930.197 

S.i. 61'. ~>abe. que. ta. dl'.nial\da. de ene.!tgla. l'.!lc-tlr..i.c.l:t .6e l'<•lCI.Ie.ll­

.t.it:t Ut4e.chame.nte. !Letac.iona.da con el .U.empo, l'.l PNB, ta pobla-­

c.i.ón .Y el p!toduc.to bituto del .6ectolt e.léc.tlt.i.co del 11ño anteitio!t. 

Obtt!!911 U!ta l'.l1itVa. de .Upo Une.11l y o.t/ta de. tl.po e.:c:pone.nc..i.al que. 

.!e. aji.U:te lo me.joit po-6-ibte. a lo-6 valo/¡e.-6 muu:tltalu de. út de.mau 

da !Le...!.i.de.ne..i.a.l de. e.ne.!Lgla. e.llc..titü.a. 

' SOLUC10N. 

TABLA 7. 1 Va.to-6 de.t p11.oblema. det ejemplo 7.2 .4 

N ~ 12 

/.! ~ 4 

NTIPO ~ LlNE 6 EXPO 
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" -" • -• • 
" • • 
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J4f8. 751 

1578.572 

!816.236 

1970.987 

HS6.216 

2548. os 
2803. 79 

3152.095 

3582.568 

3979.667 

4431.655 

4930.197 

TIEMPO 

"· 63. 

64. 
65. 

66. 
67. ... 
"· 70. 
71. 

"· 73. 

PNB 

165310. 

178516. 

199390. 

2/ZJZO. 

227037. 

241272. 

260901. 

277400. 

296600. 

306800. 

329100. 

354100. 

POBLACION 

37439. 

38 72 7. 

40059. 

41437 .• 

42863. 

44338. 

45863. 

47441. 

49031. 

50778. 

52539. 

54560. 

PB CFE.¡ 

'6 09 . 

1 7 S 3 • 

2 1 7 o . 
2529. 

276 9. 

3 J 57. 

3533. 

422!. 
4 8 12 • 

B57. 

57 B4. 

6 2 9 7. 

TABLA 7. 2 Re..w.Ua.do.s de.l p~tobte.ma. del e.je.mp!o 7'. 2.4 
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.,_, VI)· SOLUCION ECUAC!ONES DIFERENCIALES ORDINARIAS. -----· -·-··· ·-··· -

Lo• ecugciones diferenciale• ardinorig5 san gquell01 en le;~• que la vorio-

ble dependiente es función. de una solo voric;~b!e independiente: 

* y(n) " (X, Y, Y'' , .. , y(n-1)) 

o) MModo de Euler 

Se trator6 el CQSCI de ecuacione-s diferenciales ordinarias de primer orden : 

dy=y' dx 

Svb5tih;ycndo por los incrementos en lo expresión anterior se tiene 

(VI.O) 

Tmncmdo_un punlg inicial pgrg grroncar y conservando un incremente;~ cons 

tante 1:::.-x se obtiene la siguiente fórmula itcrolivg 

Y¡=Ya+Y' 1::,, 
(X.,, y J 

y2 = v, <Y' [:,, 
• (X 1, Y1) 
• 
•• 

Yntl = Yn +Y' 1::,, (VI.I) 
(X,.., Yn) 



n .. 

lo ecvoción Vl.l nos do la fórmula recursivo de Euler. Poro c;:lit::r 

el método se requiere que Ó.,x sea pequePio y odem6s eontor con un pu"~ :~ 

inicio (X0 , Y 0 ) • El error producido es del orden de !J.x2
. 

b) Euler modiFicado 

El procedimiento b6sico es el mismo solo que poro codo Y¡+ 1 ~~ i~ce 

uno Ulrie de iteraciones con los valores obtenidos sucesivomen!e de Y¡_1 0 -

fin de obtener el valor mós exacto de Y¡H, 

Al tener : 

se efectúon los siguientes iteraciones: 

Y.:.= -r(~¡ .. ,)-~\+!J 
.,::, 
y~t·::'( + 

• 
• 
• 

y osr ... cesivomcnte hasta que 

.A ,, 
- 1 i.-t 1 lu 

(V1.2) 
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o! cvmp!inc,•e procede o obtener Y¡ +2 y osrsuce;ivomcnte. 

A! igual que en e! método anterior es necesario emplear incremen­

tos ( ~ x) peque~os. E! error producido e> del orden b.x3. 

e) Método de Runge- Kutto 

··E;te m~todo uti!l~o !o; f6rmulmde intcgroci6n "'"'"'visto poro llegar • 
o lo obtencl6n de su propio f6rmulo recursivo. Dicho proceso e• bo~tonte 

loboriolo por lo que no •e 1rotor6 ." 

Lo S<Jiuci6n poro uno ecuoci6n diferencial de primer orde11 Y' =f (x, y) 

cst6 dado por : 

d:~nde : 

bYn = Lx i 1<.-,zK, +21<2 + J<,) 
_<:, 

l<o~ (; Un,'YnJ 

\(, = (- ( Xn+ {Xi Yn4- k. /::,)< 
' 2 2 

) 
k'z.-: ((Xo+L~ 

' 
Yn + k, L't) 

2. 2 

1<,~ HYn+bX, Y,, + 1<,) 
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Lo fórmula anterior es lo de Runge-l<ullo de 4o. crden, hoy otrm-

fór,mulas con mayor cantidad de terminas que se obtienen empleando difere~ 

cio~ de mayor orden al deducir lo fórmula. 

Los por6mctros l<i representan la pendiente de lo función en los-­

puntos en que ~e e1tó evaluando. El método do un error del orden de D. X5 

y es uno de los m6s precisos. 

Ejtmplo 

Obtener lo solución de·lo ecuación diferencial Y'= 1 -X+4 y polO-

5 puntos consecutivos empleando los mlitodos de Euler, Euler meiorodo y Run-

gc- Kutta usando un incremento bx-= 0.1. Comporor dichos valores con lo 

solución real si ><o= O, Y0 = 1. 

Sol. 

Lo solución exacto est6 dado por 

Yro A+BX 

•• , 4A - ~5)<' = l-X 

c~s :r 



4i 
e -l.. + .L '/ 

4 4 

les fórmulas de •olución poro los métodm son : 

80.-

(Eu!er) 

\" = '(0 _, + ('(')o.,+ Y']" J bx 
z 

Euler mejorado 

'ÍooY,., + /::,;< \_K,+21<,+2J<,+l<4] 
G 

J<,. ~lx".,,Y, .. ) 

k,. ~(;<,.,•1\t ,Y,., +·~D.x) 
2 2 

Runge Kuttc 

J<,. ~(X,.,<-GX,Y,.,+ K.,: 6x) 
. z 2 

K• = ~ ( ')(,_, + f::.x, '-{,_, + 1<', bxJ 

lo• soluciones se rnue1tron en lo siguiente tob!o: 



• 

81.-

K x, Euler E. Me¡. R.Ku!lo Reol 

o o l. l. l. l. -
1 0.1 1.5 1 .595 1 .608 1. 609 

2 0.2 2 .19 2.463 2.505 2.505 

3 o .3 3 .146 3.737 3.829 3 .830 

4 0.4 4.n4 5.609 5.792 5.794 

5 0.5 6.324 8.369 8.709 8.712 

d) 

E~te método s.e empleo cuondo se tienen problcmos con volores en lo 

frontero. - ------------ ----

El procedimiento comiste en lo'siguiente: dividir el intcrvolo de in 

legración en "n" espacios iguoles, emplee" los fórmulm de derivocl6n de 

. diferencias finitos en lo ecuación diferencial (todos los diferencio• deben -

•er del mismo orden), substituir los condiciones de foontero y por último re-

solver el sislcmo de ecuociones plonteodo. Se tiene c¡ue oplicor el opero-

dor diferencial o todos los pivotes del intervalo. 

Ejemplo 

Resolver lo ecuoci6n difercnciol d2 Y')- y= O, en el intervalo (O, 1) 

d x2 
siy(O)=O, y(l)=' 



Sol . 

Se divide el intervalo en "n" portes iguales, sean 4 en este cow: 

bx .. J-o =0.25 
4 

-empleando diferencio• de 2o. orden : 

Y-"- 1 [Y· 1 -2y.+Y.+1] 
1 - U-lx)2 ,-. ' ' 

~bstituyendo en lo ecuación diferencl<>l : 

1 [v. ,· -2Y.+Y. ll -Y·=O 
- ¡- 1 o+ 1 

!J.x2 . 

los condiciones de frontero son : 

y =O o 

y,¡ = 1 

oplicundo VI. 4 en los pivotes : 

'{(<)-.t 

(VI.4) 



• 

X¡ = 0.25 

Y0 -2.0625Y¡+Y2=0 

-/.06.?5Y¡ +Y2 =O 

x2 =o.s 

Y¡-2.0625Y2+Y3=0 

X3 = 0.75 

Y2-2.062SY3+Y4=0 

\'2 -2.0625"Y3= -1 

el •i•temo de eo..oocionel es 

-2.062Y1 +v2 =O 

YJ-2.062Y2+Y
3 

=O 

de donde : 

Y¡ = 0.216 

v2 ~oA45 

v3 =0.701 

Y2 . -2.06?Y3 =-1 

83.-

(Y\.5) 

(Y\.6) 

(Vi .7 

NOTA: "Cuo.1do w lrlliO de ecuocionc,"<Jifc·H ncinlc• de mayor orden y le­

cuento como condicione¡ y"= O, ele., hoy ql.>c 5Ubltituir ""dichos ecuoci!:!. 

nes los f(irmulos de <lif.,~ncios y dc1pe¡or de ol,r lo• condiciones de frontero-



Soluc-ión de. Süü.ma.4 de fcua.c.{t¡n::~ Vi6vte.nc.ia.!u Utte.a.te<.~ 

. /lo rlomogi!•te.a..~> de Pll.tmel!. O.tden 

Obje..t.o 

Ob.twe!t la. Jotuc.iJn de J{.J.tema.J de. c.cu.a.c.ioneJ di6ei!.C.nc.i.a.­

no homog.!•:ea..!., i..inea.te.&, de p..U:melt oitdc.n me.dia.n.te el. mltodo 

Va.ltia. e .i 6n de P a.l!.d:m l'...tlta 4 . 

La .t\!.p.te<~e•tt:a.c.ión en :(o,ma. ma.tl!..i.c..ia.l paila. e.Jt:e .t..i.po de. 

''!-'"''""" ,/e el!ua.c.ioneJ d.{.6e.l!.enc.i.a.i'.e.-; e.J: 

~( t:) • A. X(t:) -- ~ .!!_l.t) {10.16} • 

_!!{t:)· l!.ep.te.H.nta et ve.c.tolt de e.Jtt-\a.d.:w c.de!tna-5 .6.i. .6e ha.-­

de.&üte.ma.<.\ 6.ú.i.coJ. 

Ve.b.i.do a que cuando 41'. mode.i.a.Jl <.~üt:ema.-6 dútlfm.i.co<.l i..i.Jtea.!e4 

4t~!.i.da.~ 110 -6.i.e>n¡M.e COI!.I!.I!.<.IpOJtden a ta.J V<VJ..i.abl~.<.\ e.mpletuta.J 

ta..& ecua.c.i.one.<.~ d.i.óe.Jte.Jtc.ia.!e-5, en e.Jte pi!.Ogl!.a.ma. .&e c.on.&.i.de.ll.a 

ll_I!.PilUen.t<lc.i.ón completa. med.i.a.n:te. V<llt.i.a.bte.<"> de uta.do de itn z,,, .. ~,. !úte.a..c.. la. Ctla.! 1!.\6, 

. 
~(.t) w ~ ~{.t) + BU(t) 

V/t)w CX/t) + VU(.t) /JO. J7] 

Y(t) ·11.epl!.c<.~cn.t<l el vl'.c.to" de Ja.t.i.dM del .lú.tema.. 

/.!U.odo 

E.f. JJJé.todo de. valt.i.a.c.i.ón de pa.ll<Í111J!.tllo.6 e.<">ta.btec.e que. la .lO­

u dct Jú.teJHa. de. e.caal!.i.onc.6 d.i6ellelll!-útie<l t.ine(l_te.~ [10. 17] 

po.t Jotuc.(ón; 

X l.t) o)BU[o)da (IO.!S) 

• 
1 

• 



donde. !a matJUz .._~!t - t¡¡) 1'..6 ta ma.t1t-iz de .tlutft.liic.i6n de.~inida 
en !a <~ecc~6n 10.3,2, 

Poll. te tanto la .lio!t~c.i6n .to.tae. ,~;elt.d: la .1wna. de ta lt.e..lipue.~ 

.ta de.bl_da a t.u. c.ondic.ione.li in.ü ... ütl.e.t. mt!<'> la "-l'.~pue..li.ta dcblda 

a laA etci.ta.cione.li ex.te.llna.o. Palla la p1t-ime.~a pall.te. de la ~otu­
c.L6n .1 e diu.u.t.i.6 Ju obte.ne..l.6n e.n la H.c.c.ién 1 O. 3. L 

Vado que e.! pll.i.melt .té~~lúto de ta <~otue..L6n <~e. evat~a. me.·­

diante. ttna. l'.vo!uc.i6n· de et>.ta.doh a. inc.llemen.to<'i .igu.a.te.li de tiempo, 

!a t.egunda. pM.tl'. de la. hO!I.ici_6n: 

\.t e.~_!.t -o J-ª. .!!1 o )do Jt, 
.ta.mbiln he eva.!ua.llt! a incllemen.to.li igua.!e.li de. tiempo. 

(10.19) 

P.:tlta pode.lt l!.vatua.il ta. e.xp!U' .. .Iii6n (!O. 19) me.dian.te. .fa c.ompu­

.t•:taolla lit 11.e.qu.ielt.e düc..te.UzaiL e.t vec..t011. de eu.ól.a.d~Uo' ~(.t), a--
pll.otimanda cada entJtada u(.t) mediante 

COIIIO .6 e muell.tll.<1. a continuac.i6n: 

putt.o.li 

" 
cr 11.ecW 

);, u(.t) 

¡,¡ 

u_ ( .t) 
. 

/ -·r-.., 
1 --

• • . u u u . • . ---
lb) 

Hg. 10. lO Ap1Lot.imac.i6n de 

(l J pu.ü o .6 

una 6unc.i6n 

b) /Lec_.ta<~ 

med.iaot.te: 

-

En C.l. p!LogJta"oa. 6C. <l.piLOÜona .ta nunc.i6u u(.t) mecUao!te .o¡ec­

tat., l'.a.-.1 ec.uae.ione-.1 nec.e.laJ¡.i<:t5 paJt<t l'.a. ev<tí::l.utcc.i6tt de. ! 1 O. 19 J .1 e 

dC.!<t!LJtolfau a c.ontiuuac.i6n. 

Sea .ta 6u.otc..iÓ¡¡ u(t) ~10.\.t.~ada. I'.JL l.a n.iguJ¡a. !0. !! : 



A ""' 
tdo) 

-:~~1"c''~·:·':'~'----~ -~ ... t---'"' u.[.t) 

1 

'o ' 
Fi.g. 10.11 Fun c.i.6tt u[t) y Ju aplloxima.c..t6tt mediante 

1.ma 11.ecta. l".lt et úttellvotto t 0 a t
0 

+ t 
• 

Se de.l>e.a. e.va!ua.Jl.ta e.:>:p.te.Ji6ry. [10.19) peJLo: 

a J dO' 

e.vn.tuando .de t
0 

a t
0 

+ ll t 

t,:,:~' ~~~'''''. ,,,,~': 
ob.sel!.va que: 

ult0 + t.t) - u.lt 0J, 
u ( o J 1 --'--''----'--'--'"-

' ' 
(10.22) en (10.21): 

_,, 
' 

, o. ¡,, ,,r,-"'0
0 ,o) 

"~':,-,o ,:¡ ~ ~''•' 
B u¡o 

Cl)da' 

8 U{ o )d<.l/10.21) 

IIO.t2) 

[10.23} • 



emp~C.llitdo (a J.igu..i.en-te l;.elo.c.i6n: 

-Ao ¡ ,, ,, ' ,, 
' J ' - • • ' - • 

" --,-,--- (10.2~). 

'" !.04 .tfllmúta4 en .tite c.ot.c.he..te4 " U ego. ., 

~
M 

A H -Aa e- e -

o 
,,, - 11 l!.:tl 2 

•I(t..t)+ 

+ •• . + An(l!.-t)n+.Z 
ln+2): 

+ ••• (10.25) 

... + An(A :t)(n+l1+ ••. (10.26) 
!n+l)! 

P<Vto. !a e.vatuac.iéL: de lo.J Jelliu (10.15} y (10.26) la can­

tidad de. U:-tm.ino4 a empte.aA depeLtde.o:.á de !a e_l(a.c..t.i.tu.d debea.da.. 

Se 6ifa u.n c.ll.i.te~;..ic de c.cttve~;.ge.nc.ia E .ta.t qu.c. 4-i ~ 1lCpl;.eH.n.ta. 

ata maOt.lz de. ta .&e.'t.ie (10.25) y W a. la. ma.:t.Jt.iz de la. 4Vt.ie. 

(10.26), " c.umpta qtte: 

Jz~I~+J) 
'1 zlJ 1!< Í pa~;.a :toda '1 

• (10.27) 
1 w\':+11 - w\~ 1 1< ·e • pal;.a .toda if '1 '1 

Cv,,o"la¿ 4ell.ieJ (10.25) y 110.16) Joto depe.nde.u del. eJ'-)(t­

c.iahl.ien.to, Je .tend~;.án que evatu.a.Jt una Jota vez. 

En el pll.ogiutma pa11.a. ob.te.ne.11. la 11.e.ta.c.Uin (10.24} hay qu.~. 

e vaina.•. e f. vec..to.t de e.Jt:t.J:l:dlt4 !!_( t) en cada u.no de toJ punto~ 

P.n qur JC Jtibd.lvide el in:te.~;.vato de. in.tc.g~t.ac.ión. 

• z~·~l 
'1 

E11 .t<!.tmútoJ geneJut!e.J el. pltoc.I'.JO a Jegt.t.(lt e.J: 

r.\ ' . d' .. , A(l!..t) \.l) e.va<.-tta.t ta >•La.tlt~Z e .._~;.an6<.-C.<.- n e-

Q) eva.l'.ttalt lM JUc.iU de. lM CC.tL<lCÜ>!eJ (10,25) y (10. 

16) 

(D ob.tc.Lte.t ta ~tc~pite~.ta. debúla a laJ C.Oitd.lcionc.J -iLLicú( 

te<~ pailrr .t,¿ 

.~cp~;.c~c.JL ~a el cl'_c.,.Lc.n.to z .. de. la. ~111-t.tiz Z compui!c~ ta P~''' 

.ta Jumaco.t-ia de "n" téltmiJo-6. 



-t39 pj 

0 
0 

U(.tj t/1. t. !1 
- " 

tr.JI.rtat. me.d.ia.1tte !a Jte.tac-i.6n (!O, t 3) 

0 ha.c.e1¡_ i•l..+ 1 !J llt!JIU'.61Vt al pa..~>o 0 h.u..ta ba.JLitell -to-

¡,1.~. 3 Vuc.!Lipc.i6n de.! PII.Ogllama . 

a]Su.bllutúta.<l Jte.qu.eJt-<.da.!.; 

SUBROl/TINE EXPMA(V[iT,M,A,EXPO), obtiene ta ma.tll..i~ de. 

-UUUt<l.iC..(.6¡¡, COMu!.tttJt H.ecA.dn. 10.3.3. 

SUBROUTlNE lNTPE(VELT,~!,A,SU~/A), ob-tiene ta ma.OUz de. 

la 6VLie (IO.Z6); uta Upli.e.6i6n .le emplea pMa: eva.­

t:ual!. ta Jtu.pue.t.ta debida « tat. e.:.::c.i.ta!.';iOIH!.t. e~.te.ltna..l 

SUBROUTINE lNTRE(VELT,U,A,RECTA), e.vatua ta C.l(pJtu.i.61! 

dada poll la .lt.!tie. de la eeuac.Ütt (10.25); e.<!..ta e.:.:-­

pltu.ión t.e u-tiliza pa~¡_a c.atc.ula~¡_ ta Jtet.pue.¿.ta debida 

a lat. e.xc..:.tac..(.otte.<~ e.:w;.t('Jtna.~>. 

SUBROUTINE MULTMA(A,B,N,M,L,XJ; obUtne. e.t piLoduc.to ma­

tAic.i..al AB. Cont.ultaJt e.t c.ap!tuto 2. 
SUBROUTINE GRA.FI(A.,N,/.1), gJta6ü.a .f_a~ ~oúu'..iol!e.<l de !<W 

va.Jt.(.abte.6 de.pel!d.i.el!.te.<~ y de la.~ Jte~pue;~.ta~ de.! <~ú­
,.tema.. Con<~ut.ta.Jt e! capl.tulo 1, 

SUBROUTTNE EXCITA.)T,F) ,. e.vatua e.l vc.ctolt. d.e c.ntlla.da<~ _­

U(.t( en el. úuta.nte. .t .. 
- " 

b) Dc.Ú.Il.ipc.i6~:~ de ta...¡ va.11..iabl.e.~' 

Pa.Jta. l.a. ~ubJtu~na INTPE: 

DEL T 

11 

A.ll,J) 

EPS 

SU:.IAU, JI 
c,v 
VlV 

C':.l.lf,J) 

e~pa.c.ia.m.ie11-to en-tl!.e. lo<l va.l.olte<l de ta 

va.t.iabl.e .iJ!depe!ldÜ.Jite 

cantidad de ecua.cÜ11e~ d.i6e![e.nc.ia.l.u 

n1a.tll.iZ de. coe.Mc.iente~ cc>n~.ta.n-te<~ de! 

~ütc.ma de. l!!'.ua.c.ione.J d.i6e~¡_ene.ia.l.e~ 

C.t.i.te,![.iO dC. COI!VI!·t!)I!I!C.ia. 

ma.tlt.Lz Jte.J«!t<Ht.tC. rfe t\!a.l.ua!¡_ l.a. ~e.IL.ie 

cort:t:adolt. de. .(.(uta.c<.one.b 

6a.c.to!t.ial'. d~·.\!Üolt. 

ÚICJt.emento d~ ta. va~r.ia.bl.e. .i.J!depe¡tdientc 

e.le.\!ado a ta pote.Jtc.ia ",.¡" 
"'<! tti¿ .ideo: Ud,¡rf 
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V)" 7!p I'CJ{O)"V<I I'OJ "illi)-llil O'¡U<!fWVf'J11d'i"71 11.30 

: 3'/JlN l Vllf7l11iqn 1' Vd VliVd 

ev o-¡"Jnpoltd ¡íJ¡i a¡uvn-n 9<rli 2)-u:¡-v"' (f • L 1 x 

,u,. t>)"7JU7J)"Od 111 V l:lpVIl<lJOl Y z:¡¡:¡-vw {['1)2 

9.? on • 



VELT 

A(l,J) 

BII,J) 

C(I,J) 
D(I,J) 

X(I,J) 

X(I,JI 

X(I,J) 

YY(l,J) 

SUMA(l ,J) 

magnitud de lo<~ <la~in.te~valoh de in.tegJta­

e.i6n 

ma..tl!.iz A del hih.tema de ecua.c.ione<l 

ma.tJtiz B ,,, hi6.tema ,, v.cua.c.ione6 

ma.tll.iz e '" h-U. .tema d< ec.ua.cionu 

ma.tl!.iz V ,,, <~ü.tema. d< ec.uac..ione<~ 

e.ondid.ón i.n.ic.ial ,, ta vaJti.able indepen-

diente. 

e.ondie.ioneó inie.iateh pa~a cada ana de 

lah va.U:abtu dependiente<~, J) 1 

<1olac.i6n det ~i<~.tema de ee.aac..ünu 

valo!t de la~ ~alidcu del <lih.tema 

in.teg~tal det .téJtmino c.onh.tan.te de ta e-

c.u.ac.i6n de la Jtee.ta empleada paiLa apltox.i­

mal!. ta e.n.tl!.ada 

RECTA(I,J) in.tegnat del .téJtmino vaJtiabte de ta ec.ua.-

SHOM(l,J) 

Y(J,J) 

'f'END(I,J) 

RE(J,JJ 

F(I,J) 

e) Vimen<lianeh: 

e.i6n de ta. Jtec..ta empleada pa~a apltO~i­

maJt lA. en.tJtada 

.salu.c..i6n del ~ü.te.ma debida a lM e~c.i­

.tae.ionu l!.l(:.tellna<l 

vato11. de la en~ada en el in~.ta.n.te t. ¡ <­
pendiente de la Jtte..ta empleada pa.lta ap!ta-

Xima4 la en.tJtada 

vaJtiabte de Jteemptazo 

va.Jtia.bte de l!.eemplaza 

La pl!.opohic.i6n VlMENS10N del pltaguma. plti.ne.ipa.l y de 

la.J. .su.bJtu..Una.J. debell<f nwdi~ie.a.ILH. e.u.ando: 

N > lOO y/o M )> S y/o NS > S y/o NU > S 

Si <~e modi6ica la uten<~i6n de Al, debeltlin modi6ica-'L­

he toh a11gu.men.toh de l~t .wb>\u.Un~t EXCITA: 

d) FoJtma.ta4 palla. to.1 

SEC. TARJETAS 

f 

2 

dato¿, de eut11.ada: 

f'ORMATO l NFORMACION 

(4l5,FJO.O) 11, N, NS, NU, PERlO 

I8FIO.O) A(r,J), to4 eteme~t.to& de 

la lm:t.t>\il &e da.~t Jtengl6>1 

po>\ 11.e.n9l6n. Emplea>\ .ta¡-¡-



• 

• 

l (tfiO.O) 

4 (EFIO.O) 

5 (!F!O.O) 

6 {8f10, 0) 

taJ -tnllJe.ta.~ c.omo Jet:tn ¡¡e 

c. eJ a1L-i.a.J. 

Bli,JJ, .i.gua.(. que. p<Vut .e_,, 

ma.tJ:.iz: A 

CII,JI, .¿gtud'. que prtlt.a. .ta 
mat"-Ü A 

V(T,J), .igua.! que pa.Jta la. 

matllÜ A. 

X(!,J), e! piUttH'./[ vct!oll ¡{~_ 

bi'.. C.OII.Ae.<lpOtldC./¡_ a !a C.Ot!({¿ 

('..i6 n .i.tt.i.Cút! de l. a. va-\ú.-­

ble .i.nde.pend.i.e.nte.. 

o.tlt06 paqu.e.-tli-6 de da.-to6 (opc-ional) 

~.) V.(:a.gllanta de. !Jtoqu.e..l: 

TARJETA EN BLAIJCO, at 6út~ 
l.iz.a.J¡. toda la. .út6o!w:rrc.-i.611. 
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F.lg. 10.14 Via.g!t•tma. de. btoqu.;.¿ 
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TABLA 10.5 Vato~ polit.a. e.t pll.obte.ma de.t e.je.mpto 10.4.4 

A!~ 2 

N~ 100 

NS= 2 

NU= 2 
PERlO• 10 

A·[' -1] 
10 -0.1 

'. [: J 
e. [: -o.oJ 

v-[' -'l 
. o J 

X(1,J) =( O, 0.3 2 

F{J,J] = 5."EXP(-~."T) 
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f[3,1)• 

O.S"STN(3.0°T) 

c. 
f(4, J). O. 
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TABLA 70.6 Re~u.t.tadoJ de.i pltabterrra di!.l ejemplo 10.4.4 
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1 

APLICACIONES 

N O M A T E M A T I C A S . 

1.- CONCI':PTOS BASICOS TECNICAS I!ASICAS 

NUl•'.EROS y CAIV\C'l'ERES 

2.- ALGUNOS 'l'IPS 

G R/\ l·'lCM.:rO:< 

3 .- BUSQUEDAS BUSQUEDAS F:N TABLAS 

CARAC1'!-:I<ES y PAT.l\Bll.AS 

4.- ACOMODOS. 
S'l'ACKS y COT.AS. 

RE FE R E'N C lA S: 

GERI':Z, GRIJALVA '"EL l::NFOQUE DE SIS'l'E/-;AS'.' (CAP IV) I,H\USA, Mf:XICl• 

PFALTZ "C0~·1PUTER DATA STRUC'l'URES" l•1C GAAN HILL 

KllUTl! '"l'IIE ART OF CO:-:PUTER PROG. VOL I y III ADISI0.'1 ~IESCE'( 

FORS THE, ORG.",N1C •• "TO CGVI'U'l'ER SCle:CE" JOJ-C 1-.'ILEY. 



VA~:OS fl v~;R C/\$05 COtlCf<!-:'1'05 DE /t!'T,tr:J,CIVl!ES NO - l·\Nn::-:¡,•r¡c/\5, 

"S UPO:H:t-105" QUE LOS '1\SJ !>'J'Ern!::S Yfl PHOGR!d1fiN t:tl FOR'l'HJ\N WJY 

AJEN 

1.- USO DE Bf,:WJ::;RhS ( }'LAGS) Y Sh'l'I'CHES. 

Sr; U'l'I 1,1:'.1\N AI\NDF.RAS O S\H'l'C!!ES, Pt'RA Df:TECTAR UN ES'l'A-

DO EN ALGUNA PAR'l'B Dl;;L f>ROGRAMA, LA B•'NDl-:RA (FLG) l?U!CDE 

TENER DOS ESTADOS FALSO {",f'ALSE.) Y VERDADERO (.'rRU<:.), . . 

]·:~¡-; ES'l'ADO PUEDE SER S\HCJJEADO 

FLG = . NOT. FLAG 

Y PODEMOS PROBAR EL ESTADO DE LA BANDERA 

{'l'II.UE) 
lF { FLG ) GO 'l'O 111 

O'l'RA Af1!'r;RNAT1VA ES UTILI<-:1\R UNA VARIABLE EN'l'ElU\ (H'LG). 

LOS VALORES 1 y 2 SON USADOS Y EL SWITCH PUEDE 'l'OMAR - -

CUALQUIERA DE LOS DOS VALORES. 

I FLG = 3 - I FLG CON UN GO TO 

GO TO (10, 20 ) , HCG. 

SI:: PUEDE TA:1BIE:'1 PHOEAR UN LOOP CON UN CO::'J"ADOR 1:;1CIA-

¡,¡ ZAllDO IFLAG, i.c. SUPOlJGJ',;.¡os QUE rr·u,c = 1,2,3,4,5, 

1 • 2 ' .... 

I FLC= O 

1 1-'I,AG ,. !FLC + 1 • 
IF ( ll'LG. G'l". 5) JFLG ., 1 



.-
3 

no- r.oop•s: 

• 
LOS T,OOP DEL ""bo, PU!::OEN SER U:PL!::MENTADOS DE Ml\NERA li,UY 

I::~'ICI~:NTE E!l FOR'FRAN, SIN E.~lBARGO LA VARIABLE DEL.INDICE 

DEBE DE SER ENTERA Y F.L INCREMENTO DEBE DE SER POSITIVO 

SE REQUIERE CO~STRUlR UN J.,QOP EN EL CUAL 

J T~~E VALORES DE - 43 a + 43 

DO 15 I = l, 87 

J = I 44 

SI EN UN LOOP J TO~~ VALORES ENTRE 16 Y 2 ( EL INCRE-

MENTO ES 2) ESTO SE PUEDE HACER. 

DO 13 I = 2, 16, 2 

J = 18 I 

UN LOOD QUE REQUIERE UN ·INDICE RE11L A QUE TOt~E VALORES 

o. 1. ·a.a, o.J ... -. LO SE PUEDE ESCRIBIR AS! : 

DO 14 1=1, 10 

A = FLOAT {I)/ 10.0 

EN ESE CASO A SE INICIALIZA CO~J 0. 0 y O .l ES SU~\.!'. DO CADA 

VEZ QUE EL CICLO SE EFECTUE. 

SI SE QUIERE DOBLAR EL V.O.LOR DE UNA VARIABLE, POR EJEIWLO : 

'1, 2, 4, ·8, 16, 32, 64, 128, 516, ETC EN Cl'.DA PASO DEL CICLO. 

N = 1 

DO 33 I = l. 10 

33 N = N + N 
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DO 33 I ~ 1, 10 

N " 2 -f.':-·Zé ( I - 1) 

¿ QUr; FOJ<:1A ES ~IEJOR '¡ 

Pl>RA [,¡JQRMR r;SPACIO, ES I~UY COl~UN GUARDAR VARIOS ~liJl·lEROS 

r;N'l'Jmos EN UNA VAHlABLE EN'H;AA, SlEI-U'RE Y CUANDO ES'l'OS NU.'!EROS 

NO Sl::A Nt:GA'I'lVOS. 

SI LOS EN'l'EROS 'l'OHAN VALORES ENTRE O y N EL ~lETODO CONSISTE 

EN TRA'l'ARLOS COMO DIGITOS SUCESIVOS ):.'"N lJ\ BASE N + l. ESTO SE -

HAC!:: ASIGNANUO BL PRIME:R EN~'ERO A IJ\ VARIABLE, MULTIPI,ICANDOTJ\ POR 

N-~ 1, SUI·t~NDO r:L sr;CUNDO ENTERO. 

POR BJ. SI /,OS BLFJ>!ENTOS 1 a 5 DEL VECTOR 1 DIG VALEN 6, 8, O, 3, 

' 
1, SE PUEDEN "EMPACAR" EN'UNA VAR1ABLE NUM COMO OlGITOS DE UN IW 

MERO DECIMAL 
. 
' 

NUH =O 

00171=2,5 

17 NUH = NUM lO + IDIG (I) 

DESPUES DE F.Jl-X:UTADO EL PROGHIIMA tWl-1 " 62031 (::O'l'A LO A::'l'EiUOR ES 

VALIDO pf,R'I NUI·:EROS BWJI.RIOS EN DO:JDE ¡:L~-! ;'f2). Hl>l QUE TE;:;::R PR!:-

CAUClO!l DE NO eJ(CEP!ó/t EL POSI'l"lVO Jo'JcXIMO DE LA COI·IPU'l';,DOR.'\·. 

PARJ\ DF.Sl::~·\PACAR LOS NUI·!EROS SE U'I"IJ.J..:.z.. I.J\ FUNCIOI< MOD. EL ULTI-

HO ~WJ'J-:HO Et•:Pr,c!,DO !::S l::L RESIOUO, CUI·.~:DO LA VA!\1/ICI.E S2 DIVIDE --

Etl'l"fd> N + 1 



• SI llU!1 = 68031 Y QUBRB'IOS OBTE:IER LOS 0RlG1N,\T.ES DE lD!G. 

ILACEI10S !,Q SIGUIENTE: 

. 
DO 19 r=l,S. 

J.= 6- I 

I DIG (J) "' MOb (NUM, lO} 

19 NUM = NUMÍ10 

NO'J'BSE QUE SE UTILIZO UN INCREMENTO DE - 1, PARA DESE.HPACAR 

CORRECTA!•'.E:l'rE { LIFO ) 

TRADUCCION DE TABLAS. 

MUCHAS VECES SE NECESITA MJ.P~R UN CONJUNTO DE NUHEROS A OTROS, 

EN F0R.'1A IHREGULAR, Ll\ CUAL NO PUEDE SER COMPUTADA. SI EL PRI-

MER CONJUNTO DE NU:.lEROS CONTIENE ENTEROS, ESTOS SE PUEDnl T0!1AR 

COMO INDlCES DE UN VECTOR QUE CONTIENE EL SEGUNDO CONJUNTO DE 

NU!>lF.ROS. 

SUPO~!GA QUE MES CONTIENE ENTEROS ENTRE 1 Y 12 REPRESENTANDO 

S 

CADA MES DEI, AÑO, !i DIAS CON'l'IBNE EL NU:.~ERO DE DIAS EN F.L !·\ES. 

SI SE TlE:a: UN VECTOR LMES DE LOt!GlTUD 12, SE PUEDE HHCJ.l\LJ-

ZAR CON EL VBRBO 

DATA WES' /31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 / 

Y EL KU:-:BRO DE DIAS PUEDE SER COLOC?.LO E:l N DIAS 

r,MES ( NES ) 

LO ClJ.>,L ES /·:UCHO HAS EFICIE:~TE QUE IR h TP.A\~'ES DE 12 "IFS", O 

UN GO TO COIWU'I'fl.DO CON 12 RAIOAS. 



[ 

PRIM = 1 } . 

ULTIMO~ 
---,=-~----0 

UL't'!MO 

REGRBSA EL VALOR r--'L-..._, 
NO EXISTE 

DE F,LEM {K) =' M EL VALOR ' 
BUSCADO 

BUSQUEDA BINARIA. 

ELFJ.t 1) "' XXX 

ELEM { :2) "' XXX 

F 

.· 
ELF'J.\ [ l( ) = M 

M ES'l'i> EN ET. ARREGLO. 

6 

F' 1 . '{ __ J 
. H\0 "' 

DW 

---~----

0 

• 



. 
' 

• 
' . ' • 

SUPONGAI·IOS QUE SE IlECESI'J'A UN LOO!' EN EL CUAL }:L INDICE TO!·óA 

' 5' ' ~ 
V.'\LORES DE 1.5, 2.0, 2.5 •..• 4.0 y LUEGO f.25, 6.5, 7.75 

,.-~ -

.\-é600;11.5'Y LUEGO 13.0, 14.5, 16.0 y POR ULTIMO 20. 
';¡,.r,:;r) 

LO A~TEI~fQR REQUIERE 5 INCRE.":l-:N'l'OS or; 0.5, SEIS Df; 1.25 To<.J<;S 

DE 1.5 Y UN 1NCRE:-a:NTO DE 4.0. PARA HACER LO DESCRI'fO El/ FOR 

HA ELEI>.'•l'TE GU!.IWI:::-105 EL INCRE:•!ENTO EN UN VECTOR Y EN _D.TRQ BL • • 

NU/o\ERO D vr;cr;s QUE HAY QUE HA~ER EL INCREI1ENT0. 

DU·H;!'.'SION AINC (4), NINC (4) 

DATA A INC / 0.5, 1.25, 1.5, 4.0/, NINC · 

C¡l~ /S, 6, 3, 2/ 

!1
1

,=l.s 

DO 1 I"' 1, 4 

J "' NWC {I) 

K = 1, J 

' 1 . 
2 )A·"' A+ ZINC 
1 

1 
CO~TlllUE. 

CARJ\CTl-:IU;S . 

E:l FOF<TRJ\ll LOS CARACTEHES PUEDEN SER ASIG::ADOS A V?.Rit\3LES DE 

~ CUF>I~UJER 1'H'O, (EL NU:-:ERO DE CP.RAC'H:RES Y EL# DE BITS EN UNA 

PALABRJ\ VMnr,:l DI:: NAQUINI\ A J-:J'.QUJ:Jl, ) IB!~ 1130 ES DE IJ. 

S! u::;, PALI\BP.,\ PUEDE T!·;:;¡;R 4 c;._pJ.CTEJ•.J.:S Y SE GUI'.RDk EL Ci-.RI-.C1EP. 

A ESTO J.u<:r. ;,sr: 
-' 

7 



- a 

EN FOR'rRlln .'>F. l'Uf,'bE 'hSIGl.!liR CJ\FbCTEHJ-:~ ¡, Vl\RL\!H,ES OB J'FOHH/15; . ' . ,, ' 
' 

• 
1,- LOS CIIRJ\C'l'I::JU;S PUEDEN SER T,ElDOS CON FOIU·IATO A d 

' 
2 • - U'l'l r.rzANDO Er .. :v~::rillo' DA'l'A CoN ur:A co:;sTAN'l'E !!OLLERITH • 

• 
DATA I/211AB/ 

DATA I IIST / 1 H·~·~ / 

1 ,, 
J.-

. " 
LOS CJ\RAC'l'C;JU;S PUI::IJF;N SER COPI/ÜJ05 ' HACIENDO UNA ASIGNAClON. 

1 PUNTO / 1 DATA~~~ ';;'rJ ¡,) / 1 
~ 
/' 

1 

DA'J'A 1 H. H 

. ' ' . l . 
' L K • · PLJN•ro 

1 
• 

BUSQUEDA LINEA.L 
• e ,,,,.coco-.·,-;-"'-..''' · > 

( SE VERA MAS TARDE CON DETALLE ) 

MUCHAS VECgS SIC DESEA IDr~NTIFICAR UN VAJ,OR O ELFJ.\ENTO DE UNA LISTA. 

LA FORMA 1-\AS ~'ACIL ES UTII;IZAR UNA BUSQUI':DA LINEAL, SE GUARDAN LOS 

VALORES POSIBJ,ES EN UN V~CTOR, SE CCI~P.".RA CADA ELEMENTO DEL VECTOR 

CON r:J,"lllEN'l'IFICAtJOR" !!liSTA QUE SE ENCUECi'l'RE, 

EJ. SUPONGA QUE EL VECTOR NUM ES or:: LONGITUD lO Y CONTIENE DlGI-

TOS DECH1AL EN l-'OR.'1A DE CARACTERES. LO ANTERIOR SE PUJ::DE HACER CO!'i 

EL VEHBO t 

DATA NUN j 1 HO, 1 Hl, l H2, l P.3, 1 H4, l ES, 11!6, 

l 117, 1H8, 1 119/ 

TO 111 Y FUE COLOC/'.DO EN 



LA VARIABLE KAR , LAS SIGUIENTES INSTRUCCIONES D~;BERAN DESCU-

BRIR QUE DIGI'l'O NUMERICO ESTA EN KAR. 

·oo rs r = 1. 10 

IF ( KAR. EQ. NUM (I) } GO TO 24 •• 

15 CONTINUE 

• 

SI EL CONTROL PASA A 24,· 1 CONTIENE EL INDICE DEL DIGI'I'O NU-

MERICO IGUAL A KAR, SI EL CONTROL PASA A 18 KAR NO CONTIENE 

UN DIGITO NUMERICO. 

'.- NUMEROS Y CARACTERES. 
--.:=~''=><":• ::...·,,"v"'-''-'--· 

VAMOS A VER COMO CAMBIAR UNA CADENA DE CARACTERES A UN NU-

MERO Y VICEVERSA. ESTAS TECNICAS SON NECESAHLAS CUANDO SE 

LEEN NUMERO$ EN FORMATO LIBRE, CUANDO SE MANIPULAN FOR~-

TOS EN LA EJECUCION DE PROGRAMAS O CUANDO SE REQUIEREN --

IMPRIMIR DA'l'OS EN FOR!>IA ESPECIAL PARA LO CUAL FORTRAN NO 

FUE DISEÑADO. 

2.1 CONVERSION DE CARACTERES A R~TEROS. 

SI UNA CADENA DE CARACTERES REPRESENTA A .UN NUMERO E~TERO, 

SE PUEDE CONVERTIR A UNA FORMA NUMERICA UTILIZANDO ALGUNA 

TECNICA YA VISTA. SI EL NUM. TIE~E SIGNO, SE DEBE HACER 

UNA PRUEBA PAllA EL SIGNO, CADA DIGITO ES IDI::~TIFICADO, U~:! 

LIZANDO UNA DUSQUEDA LINEAL { LOS 10 DIGITOS) Y EL RESUL1~ 

DO PUEDE SER Er1PACADO EN UNA VARIABLE ENTERA. 

lO 

UN NUMERO 1:::1 FORI1ATO LTBRE: ES LE:IDO, UN E:SPACIO DEBE DARSE 

PARA LEER LOS CARJI.C~'ERES Y LOS DIGI~'OS DECIMJ\LES El< L/\ TA,E 

JETA, LOS 2 CARACTERES CON SIGNO 
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y P.t. ,BlAtlCO OEBEtl PROVEERSE. LO ANTERIOR BE !lACE CON Y.OS SIGUIF.t!-

T~;s Vt:RBOS: 

DIMENSiON NUM. (10). KM<D ( 80 ) 

DATA NUM 1 l HO, l Hl, l H2·, l H3, 1 H4, 1 HS, 1 H6, 

e 3 "'· l HB, 1 H9 1 
• 

DATA 3 MAS, 1 MENO, 3 BL / 1 H +, 1 H-, 1 H bl / 

J\HOAA LOS CARJl.C'rERES SE'LEEN EN !<ARD. 

REAO ( S, 2} KARD 

2 .f'Of<M}',T ( 80 Al } 

TODOS LOS CARACTERES BLANCOS •. DEL INICIO DE LA TARJETA SON 

IGNORADOS 

DO lO ! ~ 1, 80 

IF { KARD (1). NE. ISL ) GO TO 2 0 

. 10 CONTitn.IE 

SI TERMINA EL LOOP DEL DO QUIERE DECIR QUE LA TARJETA 

LSTA EN BLANCO, SI EL CONTROL SE VA A 2 O KARD (I) CONTIENE EL 

PRIMER CARACTER { NO bl ) UNA PRUEBA SE DEBE HACER PARA EL .SIGNO, 

PARA LO CUAL SE GUARDA RECORD EN ISGN, SI HAY UN SIGNO, ENTONCES 

I SE INCREMENTA EN UNO, ANTES DE QUE EL DIGITO PUEDA SER IDENTI-

FICAOO. 

20 ISGN=l 
IF ( KARD (I). EQ. I MAS} GO TO 30 
IF ( J<J\RD (1). EQ. 1 MENO ) GO TO 40 
ISGN= 1 

30 I=I+l 
IF ( l. GT. 80) GO TO 999 

EL CONTROL PA.:oA A 999 SI LA TARJETA TENIA UN SIGNO EN LA COL;TMUA 80 

AI!OAA EL. VIILOR NU/1ElnCO (APARTE DEL SIG~lO) PUEDE CONSTRUIRSE El< INT 



40 

• 

' e EL CARJ\-

' 

50 

55 

60 

e " SE EN 

70 

lNT = O 
D060J=l,BO 
KAR = KARD ( J) 
DO 50 K ~ 1, 10 
IF ( KAR. NE. NUM ( K )) GO TO 50 

• 
ER ES IGUAL AL DlGITO NUMERICO. 

INT = '"' • 10 + K 1 

GO TO 60 

CONTlNUE 

GO TO 20 
n 

CONTINUE 
;1 r 

NTRO UN MENOS CAMBIAR EL 9. SIGNO 
\.:J . 

" ( ISGN. LT. o ) >NT ~ - >NT . . . 

. ' . ' 

' 

12 

:::L CONTROL PASA A LA ETIQUETA 70, SI EL NUMERO EN LA TAIUE'fA ESTA 

EN LA COL 80, ( POR LA ETIQUETA 55. ) O SI UN CARACTER NO NUMERICO 

' 
FUE DETEC'l'ADO • 

• 2.2.- CONVERSIO~ DE UN ENTERO A UN CARACTER 
. 1 

SE VIERON LAS TECNICAS PARA CO~ERTIR UN NUMERO ASIG~ADO A 

UNA VARIABLE ENTERA A UNA CADENA DE CARJ\CTERES. JÁJS DIGITOS DECIMA 

' LES SON DESEMPACADOS DEL ENTERO Y LOS CARACTERES APROPIADOS SON SE 

LECCIO~AOOS UTILIZANDO UNA TABLA DE TRADUCCIO~, DE UN VECTOR QUE 

COl!TIENE LOS DIGITOS DECIMALES EN FOR!111 DE CARACTERES •• 

EL SIG~lO ES VERIFICADO DE ANTE:-tA:W. ( VALOR POSITIVO ) 

LOS NW.EROS MUY GRANDES SON DIFICI LES DE LEER, PARA HACER ESTA LE.f 

TURA FACIL, UTILI7.AMOS COWIS EJ 1, 3 14, 56 2, 1 3 4. LA S!GUIEN 

1'E SUBRUTINA CONVIERTE UN NU!1ERO E:l'tERO ASIGNIIDO A IDATUM A UN 

CONJU::<TO DE CARACTERES INCLUYEtlDO C0!1/I.S, EL CUAL ES ASIG:<ADO A -

lARRA Y, Vf:CTOR DE LONGITUD N. ESTA CADENA DE CARACTERES DESE DE 

EMPEZAR EN LA POSICION INIT DEL V<:C~'OR y SU LONGITUD 
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Y DEBE DE !;t:R J.;.ARGO E[, jf m:: CJ\MC'l'ERES. 

SUBROUTINE COMAS {· IARRAY, !1, INIT, LI\RGO, IDA'l'UM) 

OIMENSION IARRAY (N), NUM··(lQ) 

DATA NUM /lHO, lHl, 1H2, •..•• 1 H9/ 

DATA MENOS, KOMA, IBL, lAST/ 111-, lH,, / H, 1 H*/ 

U. POSICION OJ::[. FIN DBL CARACTER 1\¿L VECTOR ES AHORA CALCULADA, 

1..11 Af>RQPJADA SECCION' OEf, VECTOR ES PUESTA CON BLANCO 

l¡llf'IN = l;·IT + LARCO - 1 

DO 1 I "' INIT, IFIN 

1 ¡ IARRAY (I) '"' IBL 

e SE JARDA EL VALOR ABSOLUTO DE DATO CON GUARA. 

GUARA = IABS ( I DATO) 

UN BLOQUE DE J DIGITOS ES DESEMPACADO, Y LOS CARACTERES SON GUARDADOS 

EN lARRAY.- IFIN SE UTILIZA PARA GUARDAR UN RECORD DEL SIG. LUGAR-

DISPONIBLE t::N IARAAY, (TRIIBAJANOO n¡:; DER. A IZQ. SI YA NO Hl\Y DIGI-

TOS A DESENPACAR IDATUM PASA EL CONTROL A 40, SI NO HAY ESPACIO SU-

FICIENTE EL CONTROL SE VA A 20. 

5 

lO 

NOlOI,.l,J 
J e MOO {KEEP, lO} + 1 
IARRAY (IF'IN) = tHJM {J) 
KEEP ~ KEEO/ 10 
IF (KEEP. EQ. lO) GO TO 40 
IFIN = IFIN - 1 
lf' (IFIN. LT. INl'I') GO TO 40 
COllTIN'UE. 

SI EL LOOP TERMINA NOR!1Al.'1ENTE, 3 DIGITO.S SON GUARDADOS EN IAHR.W 

Y YA NO HAY QUE DESEMPACAR. AHORA Hl\Y QUE AGREGAR UNA COMA EL COl! 

TROL REGRESA A S PARA COLOCAR MAS {J) OIGITOS 



• 

•• 
IARRAY ( IFIN ) ~ KOMA 

IFIN = IFIN - ·1 

l 
IF {!FIN. GIL INIT) GO TO 5 • 

SI L1\. COMA SE COI,OCO EN lA ULTIMA I?OSICION EL CON'fROL PASA A LA 

. 
SIGUIENTE PROPOSICION { 20 ) , SI HAY ERROR IIIRRAY Dr:BE CONTENER 

ASTERISCOS y REGRESAR EL CONTROL. 

20 !FIN = INIT + LENGTH 1 

DO 30 'I "' IN1t'", IF..(l'J 

30 IARRAY (I) "" IAST 

RETURN. 

EL CONTROL PASA A 40 CUANDO TODOS LOS DIGITOS DECIMALES HAN SIDO 

DESEMPACADOS, SI EL 

. 
SIGNO ES POSITIVO EL CONTROL SE REGRESA 

~ 
AL 

PROGRAMA QUE Lf.J\MO SI ES NEGATIVO, SE DEBE AGREGAR EL SIGNO, SI 

ES QUE HAY LUGAR • 

• 
40 IF ( IDATUM. GE. 0 ) RETURN 

1 

. 
J.- GRAFJCAS. 

'- - . 

IF ( !FIN. LE. INIT ) GO TO 20 

I ~RRAY ( IFN - 1 ) = MENOS 

END • 

.. 

MUCP.AS VECES SE REQUIERE IMPRIMIR GRA!"ICAS, Y NO SE TIE::E 

UN CRT O UN PLOlTER, A CONTINUACION VAMOS A VER ALGUNAS TECNICAS 

PARA GRAFICAR, UTILIZANDO UNA IMPRESORA COMUN. 

DE ANTE:M,\!10 HAY QUE SABER LAS CARACTERISTICAS DE LA IMPRESORA, N]:! 

MERO DE COLlJ:,;:lAS ( 120 o 132 CARACTERCS) Y EL NUMERO DE COLU/1~/AS 

( 66 USUAI.J.1EN'l'E), SIN E."'BARGO EL TIW.A~O DE GRAFICA PUEDE SER DE 

CUALQUIER TAMA~O. 

LA TECNICA ESENCIAL A LA GRAFICACION EN UNA IMPRESORA ES LA DE -

TRANSFORMAR S VAL . - ' . ·-
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1.- MUL'l'IFLIQUE O OlVIDA~ EL VALOR l'OR CUALQUIER CANTIDAD PARA 

' 
TENBR LA ESCALA .(DlSl_,'ERSION) DBSF'.l\DA; 

2 .- SUI-iB ( 0 RESTE} UNA CÁNTIDAO AL RESULTAI;lO PARA TENER LOS V!! 

LORES ·EN EL*RANGO DESEADO •• 
.. 

• 

3.- CONVERTIR LOS RESULTADOS ANTERIORES A UN ENTERO 

HISTOGRAMAS - · 

LOS HISTOGRAMAS SE PUEDEN CONSTRUIR CON LAS -

8ARR!IS "HORIZONTALBS O VERTICALES. 

SUPONGAMOS QUE TENEMOS UN VEC'fOR MA!lCA ( 10 ) QUE CONTIENE 

ENTEROS POS1TIVOS Y SE QUIEREN GRAFICAR COMO'HISTOGRAMA • 

5 

4 

DATA IAST / l H • 1 

DO 5 I = 1, 10 

N = MARCA ( I ) 

WRITE ( .. 4) ( IAST, 

FORM.AT ( IX, 50 A 1 ) 

••• 
-.;-.,;·~ .. -.;·: 
******* ............ 
************ 
********* ........ 
***** 
***** 
••• 

NOTESE QUE 1 < MARCA ~ 50 
~e c::q,s; 

J = '· N ) 

SE OBTENDRA UN RESULTADO ASI 

SI SE TIENEN RESULTADOS DEI1ASIADO GRAtlDES, ESTOS SE PUEDEN ESCA·LAR 

DE LA SIGUIENTE FORMA: 

1.- ESCALliR DEPENDIENDO DEL VALOR MAS CRAtlDE. 

2.- SI LA LINEA A IMPRIMIR RESULTO DeMASIADO LARGA, ESCRIBIR UN 

CARACTER ESPECIAL QUE LO DENOTE. 

• 



• 
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ES POSIBLE C0t1:3TRUIR HISTOGRAMAS VERTICALP.S. UTILIZANDO UN BUFFER 

(AMORTIGUADOR) y LAS BARRAS CUE~ ~ü~O ESTALACTITAS) O CRECEN. EL 

BUFFER ORIGINAI~ENTE DF.BE DE CONTENER BJ~NCOS, SE UTILIZA UN LOOP 
• 

CON CUENT~ NEGATIVA. CADA CICLO EN ESTE LOOP SE PRUEBAN LOS_ DA'rOS, 

SI UN DATO NO BS MENOR QUE EL INDICE DEL LOOP, EL LUGAR CORRESPON-

DIENTE EN LA LINEA DEL BUFFER ES ASIGNADO UN ASTERISCO. UNA VEZ QUE 

f'UERON PROBADOS TODOS LOS DATOS, SE 'PROCEDE A LA IMPRESION· • 
• 

[ 

DIMENSION MARCA (10), LINE {lO) 

DATA LINE (lO "' 1 -H /, IAST / I H * / 
DO 5 I .. 1, 25 
J = 26 - I 
DO 4 K = 1, 10 
IF . (MARCA {K). GE. J) LINE (K) = IAST 
CONTINUE 

S FORMAT ( IX, lO ( LX, Al) ) 
5 WRITE (6, 8) LINE 

SI SE LMPRIMIO UN ASTERISCO, TAMBIEN SE DEBERA DE IMPRIMIR UN ASTE-
• 

RISCO DEBAJO DEL YA IMPRESO, SI SE QUIERE ENSANCHAR'LAS BARRAS SE HA 

CE J,.O SIGUIE!'l'rP.: (CAMBIAR MODIFICACION ANT). 

'1 ¡ WRITE {6, a) r fLI~e ·r K). L = 1 , 
a FORNAT ( IX, lO {2 x, 3A1) ) 

"LO CUAL PRODUCE BARRAS·CON 3 ASTERISCOS 

3). K = 1, 10 ) 

. - -
SI SE QUIERE INCLUIR EJES (Y) EL FOR~T SE DEBERA ESCRIBIR ASI 

a 1 1 F"OR'tAT ( 4X, 1 !JI, 10 {2 x, 3A1} 

AHOPA SI CADA 5 LINEAS SE QUIERE ESCRIBIR UN SIMBOLO LA LINEA SE PUEDE 

DIFERENCIAR DE lJI SIG. FORMA: 



• 
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LA QUINTA LTNF'.A ·SE IDEtlTI!:'ICA Ct:;x.l't\00 (J, 0:.) "'O 

~~ . ·-· 
I¡WRTTE (6, 9) !, ( ( LINE (K}, L = 1, J), 

9 ¡FORMAT ( lX, 12, 2 U 1-,,10 {2X,_J Al)) 
K" 1, lO) 

-
!JOTES E QUP. El. SIGNO + SB ESCRIBJ:: CI\DA S RENGLO!H:S, EL EJE X SE PUEDE 

ESCRIBIR CON ME!WS (SIGNO) 

ll 

1 • 

I
WRITE (6, 11) (l. 

FO~IAT (4X, lH .¡., 

5 I 10). 

I '!" 2, 10, '2) 
' 
•• 

10 (JH --- + , ), 2H --/ 4X, 

EL PROGRAMA ANTERIOR PRODUCE UNA FIGURA COMO LA SIGUIENTE: 

••• 
••• ••• 
••• • •• 

••• ... • •• 
••• • •• • •• 
••• ... • •• 

••• ••• • •• • •• 
••• ••• ••• • •• 

••• *·** ••• • •• • •• 
••• ••• ••• ••• • •• 
••• **'* ... • •• ••• - - - - - -

VEAMOS A CONTINUAC!ON OTRO TIPO DE GRAFICAS. 

CONSIDERf~OS UNA GRAFICA PARA DIBUJAR SEN (X), COS (X), SEN (X}+ 

COS (K) Y SF..N (X) - COS (X). QUEREMOS GRAPICAR UNOS 120 PmTOS PARA 

LO QUE UTILIZAMOS UN AMORTIGUADOR (BUFFER) DE LONGITUD DE lOO ELE:t·lEN 

• 
T-OS. LOS VALORES DE SEN {X) Y COS (X) OSCII.JIRAN ENTRE - 1'.0 y + 1.0 

Y LOS VALORES DE SEN (X} COS (X) NO PASARAN LOS VALORES DE+ 2.0, 

POR LO QUE VAMOS A ESCALAR LOS VALORES DE SEN (X) Y COS (X) M!Jr,Tn-LI 

CANOOLOS POR 2~ Y SU/'J,UDOLE 50. 

PAR!, PODER Tl::lii::R "B01:1TA" Uh"A GRJ\FICA SE Hf.CE !:ECESARlO CORRER EL 
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SE VAN A 'l'RAZAR 4 GRIIFICAS "1", "2", "3", y "4" 

DIMr:NSlON I.INE (lOO), KAR (4), VAL (4} 

DATA 18L/ lH/, KAR/ lHl, 1H2, lHJ, 1H4/, ~INE/ 100* lH/ 

e 1 í':PE~AR EN HOJA NU~VA 

1 j WRITE {G, 11) 
11 : i FOR.'IAT (1 1:11) 

1 , DO lO 1 = 1, 120 

1' 1 X "' ~'LOAT (I-1) * 0.09 
) VAL (1) = SIN (X) 

VAL (2) = COS (X) 
VAL (3) = VAL {1) + VAL 
VAL (4) .. VAL (1) VAL 
D05J .. 1,4 

(2) 
(2) 

IND = VAL (J) * 25.0 + 50. 

5 LINE (IND) • KAR (J) 

WRITE (6, 7) LINE 

FORMAT {S, X, lOO Al) 

D010J=l,l00 

lO ¡·· LlNE (J) • IBL 

e DEJA ·UNA HOJA AL FIN 

'·I·>'RITE (6, 11) 
• 
• STOP 

NO'I'ESE QUE LOS VALORES SE GUARDAt:: EN UN VECTOR VAL, CON EL FIN 

DE SER UTILIZADOS POR EL LOOP DEL DO 
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" BUSQUEDA fllNARIA " 
~--~ ,-_-. . . ".-. ,,. __ , ... 

COMO EJt:MPf,O UTIT,IZr.!10S UNA' DUSQUEDA JHNAR1A PARA OBTENER EL NUME-

RO og ELENEN'l'OS DE c.•.:DA INTERVALO DE Cf.J\9'.: PAR\ CONSTRUIR UN fliSTO-

GRAMA. 

LA LONGITUD DE TABLA DEBE DE SER 2.11 1, pOR EJDIPLO SI TENEMOS 32 

INTERVALOS, I!ABRA 31 PUN'I'OS m: -SEPARACION. 

DIMENSION INTÉR ( 31) 

'NO X •· o 
INC ,. 16 
IT .. IN'DX + me 
rF"' {VAL. GT. INTER (IT) ) !NDX=l9 

INC • INC/ 2 

>F ( HIC. GT. o ) GO TO 1 

LOS VALORES DEBEN DE SER ASIGNADOS A INTER QUE MARCA· LOS LIMITES 

DE LOS INTERVALOS, Y ESTOS VALORES DEBEN DE SER ASCENDENTES • 

EL VALOR CENTRAL DEL INTERVALO ESTARA EN INTER (1~ ) EL NUEVO 

VALOR SERA ASIGNADO A ~ INC TOMA VALORES 16, 8, 4, 2, 1, y O 

SI ~ ES MAYOR QUE TODOS LOS VALORES EN INTER, ENTONCES INDX TD-

MA SUCESIVMtEN"TE LOS VALORES 0, 16, 24, 28, JO, y 31, PERO SI 

. 
"AL~ INTER (1), INDX .. O. 

.. 

EL VALOR FI~Ali DE INDEX ESTARA E~lTRE O 'i 31. DADO EL LUGAR DEL -

INTERVALO EN EL CUAL CAE VAL 
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IF IIA LE 6) OA lB GT CJI 00 10 •l 

ca"'" • hao''"' or conl~ to lile s4al""""'' numt>or 437 
1•1 A -250. e~;oo.c- 155 
(b) A•250.B•230.C-155 
(el A • <SO 6• ZIO. C • 255 
{a') A•60.6•250.C-21.5 

25 l..lodr!y ~ P'OV'""' ., fCog 10 18 .,. thol oarors are sen! k> 1om;¡.,. -11>0 
ans- 10 o- J O. No aod - .,. 1w0 "' """" moiM ., h iomi!y 

'"" )'01.0 I"'Qrano. 
25 MOOrfy 1hO- In Rg_ 1018 oo "'"''"""'~"'senl dlhe a.- IDQ ...... 

toon 3,. v .. ...., lour '"""' 1hO .....,bo< "'"'"'"...., 16 plu> ....,,..,., 1hO 
rrumber al - ,_ 16 '"~~"""'"' 11\an 15 

; 
1 

z 
w 
> w 
_j 
1 1 1 

NONNUMERICAI.. AlGORITHMS. FIUS. ANO DATA STRUCTURES 

The ....., al compUICO: c•tllnds lh<oug~ almos! ev.!"' part ol our modem 
liYe$ The largest us;,ge ol camput.,.. is. !Jowol•&r.rn IN! ....,..!ds ol busu>e..S 
and goverrone~>t Keeping r..::or~s (bookkeepony) rs aiNavs an ""pctl.lnl 
pan olrunning a buS'neliS, ar>d lhrs e•lerojsto the bu5rness ol n.mnrng lhe 
govoHnone<rt For IMI rnauer. one ollhe largest uses ol comp~ters by lile 
mrlolaoy is in logrshc$, .,.hrch rs lhe control ol supploes. Compu•ers also 
pcrtorm such lunc(I(N" ao inventory control rn facrories and wareho"ses. 
pmces,.ng c~ks ar<J cok:ulalrng Miar-ces in b.:lnlo.s. an<1 managing arr· 
lrne and Ira in reservalicns. and ll.ey take pan in jY51 aboul every aspect of 
business tee<><d rn:linlenance Com[l<llerS also play rnajor rolesrn p.ocess 
r:onltol and I!Je aulcrr.aiOcrn ol rnanu!actunng. l;(Ohl!dulir>g ol p.caoctron., 
~Iones. rnon~oung pal .. nl$ """' surge')'. ~edul.ng arn:ra:t mam:en­
ance. and ass.<sl"''j rnaMgemonr rn m.:~;.rr>g d...CIS""'S by gatrermg an<l 
caleu\alrng s\alrslics on il.,ns ol mterfil 

Importan! applocaticno •n scocr>Ce ir>Ciude """'' rn psyCMI<>(Iy. bioi"9Y· 
mcdrcrne. and lhe sccral scooncos in general Prob.1bly no orhcr pM of rhe 
comprl1cr busrnPss is growrrrn .,. r.w "' the wmk rn II·CSC AI~"S." and the 
porcntral ~arn lar manlo.rnd rs t<rrly stangerinq 

Jusr as t>.,srness noaro.tQCrn.c.ol lrnds rl advont.l~cous ro "" abl" to 

'. 



proce:ss data ana g<otl'lef <'.il'.ts!ÓC$ In buu>ess lr.;l~saC1klr!:;. "'""'"~' ·~­
searche'S lincl "" ompo~anl a~;>l;cat,on in g~l~""ll si~hs:.os on '"" ~11"''' 
ol drugs wh~n ''""' m trealing pat1enlo_ SHTl<l.orly. btí>ogtsis •nd c~em<SIS 
now usa the dal3 processing capat>oto¡oes ol computers lo galher statoslocs 
lof ll><w ""'" and lo model sySiems ot Ollo•est. mo•ecut•• oH..ctures. le< 
;...,.nce 

Thet-e osan ""JIOIIonl d•ll2tence ;n ll'le use o! trle compo..lel on t>.lsir>eS.. 
dala processing and "' mosl ""'""'''oC ePP'""''"""' Thts dol!erence ""ses 
lrom tne faC111latllv$""'ss data proce:ssong geneO>It¡t in\o'Olv~ momta•ru:>g 
large r...,s of oala WIHie perlorm•r>g fotaw•elf "'"' ~alculal""'s"" onclrvodual 
data items In OCtMitloc compuMg the comp<Jler <SII,eoerally called oo to 
perlorr.1 many c•tcutalions on a retaloYely Srnall numbet ol tnpUI dal._ 
NovMMless. !flo .. me compulers 8<8 u&ed m bolh appi<Calion aoeas 
(oJ!ho<J_.¡, """"'Compo..l'"' are bette< suited 10 sc•enhhc apphCalions and 
o!<>er> 10 buoiness <!ala p<e>cessing). _ 

TM Fortran lafiO""Il" was nol S~lr.c:ally desogr.ed lo< buo,.,., .. dala 
pte>cusrng al)(lhCIIIoons. allroug~ n is oftet1 IISed lor !hos pt¡rl>(>se. pmt;. 
cul;¡~y 10r smalle< sySlems The CoMI lalnguage was aes;¡¡oed npecially 
IQr ~sla t.andlon¡¡ and loas be<!n lhe mo11 wodoly used \anguage oll~iolype. 
lo dale {An ollocial ANSI Cobol io usod by l~e g001emmanl ond many 
l>oJsones•e•J ColloO hU ve'YI'"';Ied comtoulaUonal a~ililoeo, however. Md 
tS ra•ely u.ed in so:ience and i<1 o~er appl;calions "he"' mL>Ch ~umerical 
'"""~ ,. ~aBo~ ltoo. A r.ew la;,~uag<o. P\./1. d~vai<>ped by lllM. r..~ bO<h 
~><""""'"' dau pooce""'"-.¡¡ lea•ures and a Fortran.r;..e ab·lot.· 1;) perl"'m 
numero;al calcula1>0<18 (a• well a1 oorne le.J~.;res !:Ir' ch:uactor .:..-~ 

haOOionJI. The la<>guaQO R./1 is 1!30r\""4j in popularoy. ano oome """"""'" 
!aCI<>JerS oUl8t tha~ 18M"'""""" provK!ing PL/1 eompole<' (PI../1 io a ver¡ 
large la">>uage. 8nd a comple~ compile< lo pi sorne s.Z&) 

\ti filE MAINTJ:NANC< 
Since large busiroeues and ~ ltln<IIO !>ave large 111,.¡; Joma.,_ 
tain. !argo -iM. and sopl>isli<:aled IJiing 11!Cto'loq...,. are CAiied lot. 
Somilatli. scoenlrsl5"""" galhe< dala __ I!'S!.at>loSh brge tole& al 

dala. As an e•~eme ~D.>mple. consi<let" llof1 --~ "' a"""""ledl•l>r.<nes and 
;.,mr""'!'oo relrioval sys!cms whict> ma;,\:1¡., bobhograpiHC w .. <:onta.,on¡¡ 
~uodreds ol m•lloo>n3 o! items. In !he., '~'"""'" il os p(>SSit>le 1<> search 
moll•o>ns ol ab'stracts lor key ••em• on mon!lles. 11 was. on laCl. a r>eed lo< 
&pecial lypes ol !ole; wolh e>tlraOtd•nary ma"'lcnar.te poe>ce<lure; whocll 
led """"""'"' il1 tr>e held al artifoeial lnlalligence io d.....,P· cena"' ol lhe 
mPS1 inle<es!•"'l dala sl<u(:!IJreS. "'tuch will be desc;ribed 

1Nhe<1 aisc:ussong fole mainlenanca. ~ is ,...M 10 del•"" cetta~n 1em1s 
,..,.., carelully. An rlem is an ind!Vidual pie<:e al i<llotmal""' A 1ecotd is 
compo,.,¡ ol oll,llle ill'mS i~ a !ole ffllaling 10 lhe same ob¡ecl "' individual 
A collccloon ol •ol~led rtemS is calfed alole. 

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

A-<0'"""""" 

'"'"""' '"" ••• ,_ 
11~<1(11; --- -~ J ..... ~ .. 

-~ li:!-!JI -~ 
,g,J F ~ .....,.._ 

19C.•ey"'" ~-· 
..,.,,.., 

'" ....,., so ··~ 
... ~ ... 

-~ <1).1102 ~·· ·~" JPFo"""' '"" "" ... Sl ·-~ ~-""" ·~· - ,g,. '"' ...... "6Z ""'' ... 
¡,.,,,,., -.. ,.. .. " 

- ·--... ~-.---""""'~""""' ......... .,. i'I,..~'<'<'W..,...,..Il!,_ 
""'"""'"'"'"'"·~- ....... ....._ .... 1•1 ........... , .... _ ... ·~)""""""''"" .. , 
......... !61 "'"-"''''""'""'- ... o... (1) ........ ~ ""'""" ..... """"' "'""" 

Exampin ,.¡11 help claroty lt>eSe dellnilions. An •:em mo~":l be • ,..,.._ 
suc~ u- .101'1<> M. Jones." "'an •ge. w:~ as "29." ora morrtals:>IÚ$. s...r.h 
as "M"' or ·s: oran add"'""' •.eh as "39 A.'>OCteo ;.,enue. N~'"'' l<>wa." 
A 1ec<Jrr;l -_¡Id lhen be ltle·se\ ol oll il<!ms !or John M. Jones. .mOch.wO<Jid 
be JoM M. Jonas, 29. M, 39 RhodBS A•enue, Newlon, lcwa.A co'lc:.O:•on o' 
record• ocoeh as !Oe above would CMSI1Iute a l1le Figure 11,1 ono·.vs e sm•ll 
portien ola lyplcal !ole lora depMII>@nl ol r=tor vonicleo : 

Lerge l~u con COI'si•t o1 frO<l'l .....-.:l!odS o! U'IO"saMO 1~ ,;1:~s ol 
<eoords. eech 1ecor<1 c~ot.!"'"'!l """"'"1 ,.,,,,. C:;m•«~or 1~ r •. o, ol t., 
6o.reao of"Cen;us or lr.!,na! !'!......,. . .,. Se<Y>Ce or "O ¡,..,. el scy ,.,.¡or 
inWtance cumpany. Bocauoe <.ltrno '"" ci!Oese !ol<>l. lf>ot mo>~ loe,.,...,,.. 
L.ined on'ocdo ~""'ll'" med~ u mo¡¡r>elr- 13pe or carJ¡; or e·<cn. 1"' 
insoan<:e. on micJohlm. The mJinlenaro¡;e o! tnese (¡les req"""" coisid..,­
able """1<. sonc;e tile)' muS! 00 eanlonually upaal<'d furtl•••. in ord~r lor tne 
!o les to be really uselul. 11 muol be pess,ble lo acqu11e ~ala o: a spociloed 
cla"" from II'Hololes wilh mrnomal sei<C~ Iom~. ., 

In Otd.., 10 maint>Lfl large folel ano:~ 10 searcn !heno elloc:1rvel)' lar spe. 
cifoed records ot items in a P&<IICtllar CtaSl'. lhel.e !1\U$1 be ,...,,Ltul/¡o 
desogi'll!<l willo r"'jioro lo lhe<t orgaruza11o11. 

The 1em1 <lata SIJOIC!Ure relln lo 1he me<had used 10r or¡¡onoz109 <!al• 
ana 1he 1MUI1ong onte<retations bclween the dala J\etn$ arod lheir .>ddr~sse• 
or idenh11e~ oo thal an effocoer1t Compuler rmp1emen1a11on resm1s D~la 

strucfuroo k>rrn an 1m portan! area in compuler science. ns do lho algcinlnmS 
lor mo1ntoonong and usong them. 

11.2 OI'ERATIQ.'IS Oto Fll.l:S 
large blet; must be cor>t•nually maontaoned nus PI""""J)' cot'l>iso• ol 
ad:long new records to me /'le. delol•">> old "'"~"""- ond mod•tyono¡~e:::<:rd: 
al1eady in the J,,.,, In perbrmong mo•e operatoons and "· IOCal .. "g an:l-

' 
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~-~· """'""""Oio ___ ... ~"""-Ma<N-.-o-

unde< c""soderalion. de1omrinirrg lt'te smaUeS1 t11 !11om. a:><! rtiOYing m;s 
elcmenl i~lo !he CO<tGCI l>osiMn 

In orde< lo eValual& lhe l'll•~ienoy olthis olgoroltlm. we counlthe numtrer 
el Pi'••e• wlroch are mado th<ough lho iMer loop Ll!l u>""' N eqLJalto 10 

.. "' •• 
· ·•. fo••o :··e .. 

1/.121- .MilO¡, '"'~"'Y o· •· ,., ,: ,, '""' I''·•C" : on o .. ,,•llo~!.~(IJ 1<"$ 
requiJeS nine pa'""' lhrcuun toe'"""' ''to•npa"'"" · lOOp In en lh<! alg~­
rol!>m e>amones MI2~.M(3) .MIIO).I•M•nQ '"" """'"'" e:ement .. •o.;h 
onvolves 8'11"' passcs ll>lougn tne ,...,., lOop We"""' o..-e l'>e ""'se fl>l­
lem on me on .. d pass lhoo.Jgh ll>e ""'~'loop '>OVe<• ..,,.,..,"''"be '"~·•e 
'"•ough IM onnm loop. M the to~nh PO" lhoo~gh lbe ou:e• loop lo~e '" ,._,., 
w111 t>e m• de thooo~h lho onneo lOOP. and on 1no l1nal '""'" p;¡s. lh<ou~·(, -n 
0<11er loop""" pa5S woll t>n madE l~h the .nne< loop Thus tne aiQ<>­
nlhm requonts 9 -' 8 + 1 + 6 + • • • + 2 + 1 passes o...a.gn tr>« - loo!> 
lhal is. 45 PISS<!S. 

Tha ge,..ral case os as lollo"" To oM an array el N elaments lhe 
al~on9'1m rr-Okes N - 1 Pa'Se> lt>rou~h lhe ouler loop The l~rsl paso re­
qu~res N- 1 passes lh<G!JQ~ IM rnner lOOP. 9\e secD<Id pa,;s tluougn the 
OU!or loap r11Q~i1es N - 2 passes thrwgh !he "'""' loop; aod lhrs pattem 
C<lrllrnues unlll Dlllr>e 1""'1 O< ¡N- 1)01 pass lllrou¡;lt tne OU1er 00¡¡. wtll!n 
<>ne pass 10 requrre<l lllrO..Ogh lhe "'n'" klop, Thus. <~a a trove althe foi!Qwrn¡¡ 
sum lor me number ol ¡xrsso¡ IM>ugh IM mner loop. (N- 1) +IN- Z) + 

-+2-rL . 
Then 181 us caU P lhe vst"" ol 11>e ai)(Wa ....,_ Now.' P • r:¡¡.¡ - t¡¡2 or. 

-.m;on an<MI>ar wa~. 

~-· P-~-

1J".:s oum grows o"')' QuickOy ~• N t>aaomes larger, For I«Sia<>ee. la< N~ 
100 lhe lllllue cr Pis 4.950. but 1<>r N~ l,l;l!XIIhe ""'"" ot Pis ~99.500. 

'Th" ............ '' "'' ............... ~""' .......... ""- " • '" -.. • • ' •1"'- .. . 
''" ""'"" "'"""" "" """"" ~- 1 """" .. "'' ............... "'' ••. - ' "1"1~- •1112 

, ........ , ............ , 
11 ......... " """ ...... , 
00 l fo!,NII 

C >01.10[ 1 .. 1 TI.IO"l ""' ., A'"'""-' '"'''·'" 
..... 1 

C $>A""" OR_.< 100. ·-C!~l \ ... U> .. ,.' 
~· ' ...... " '"'" ... , ... ,~, ...... . . ""'"'"' ' rxc••..-rr '"' '"'""""' '"" ""' 

> ........ . 
'" ... . .. ~ 

...... '" ,.,."""''""'"' '""'"'"""""""' .. " ........ """ •, '"" •. ,, .. " ............. ............... ""'"' .. 

' 



Aoolher oorMg algMII•m whrcrr ro<em~••• the abo•o bul whrch can t>e 
more ell•crent on lhe ""•rage" In o ··~ul>ble sort •· When the bubblo s0<1 rs 
used. cor~parrsO<rs aro mada e>nly bel,ecn ar:J¡a cenl elements in ll"le """Y· 
af>d lile etemenls are e•cl"lan~ed •llhey are out ol Q<det. In lile hrst pass ola 
bubble s0<11o """an a<ray M o! N elements. M;t) is cam;><ued "''lh M!2) 
and rl M(2) •s smaUe~. lhey are e•changed Then MI2J '" COfTlpa'e~ '"'h 
M(3) aod tno elemenls ore S"-apped rl lhoy a•e out ol order Thrs rS con. 
Mued untrl MIN- 1) is lrnally cornparo<J wrlh M(N). an~ a swap maoe ,¡ 
nec~ss•'l' Du'lng tnO Si'Cood po¡;s lhe "-'me gerreral procedure '" tch 
OOwed o•Cept onty ad¡.:JCent rtems bom M(l) lo M( N - 1) a•e coosodered.on . 
!he thrrd poss M(ll to M(N - 21 "cono•dl>!ed and on the tonal pa .. Otlty 
M{lj and Mi21 are compare<! When th'S •M rs u>ed. larger rtems lloal 
down and omaU o:erns ""IJubble up."" hrmca lhe name A subp<ogrorn te 
rmple . .,cnl ¡n;s s.ort b shown •n Fog 1 ¡ 4 

Tha su~p<Ogram tn Fog 114 h.as en addttoOtlal Jeature. wh"oc:h can 
rnprove ''" efloc:ency. Eaeh lme a pass os made lhr""''h lile seot•Otl ot tne 
a<ray beong eXBmoned by 11>0 CUI~r """'· • ¡.,.., js made. &"" rl no e•C""ogH 
aoe made.lhe program drsoontrnues ots sort. !m lh<! arra y" already rn ncr;.. 
descendr"g order. The test is made by sollrng the var•able o! ""(lag"" J toO 
each l•me lhe outer loop is onlered and then settrng J aquallo 1 ;¡ an e•­
change ;, made on 111e •nner loop. A \CSI al lhe end o! lhe euler loop doler· 
m"'es ol an e•ohaoge llai tteen made. ol r>Ot. lt<! p<ogram retums lo lt>& 

call•ng pr"'-ram; il an excMnge ;, made. the program conlrnues 
In !he worsl case [when !he anay rs orrg•nally rn descend:ng O<det) 11 

can be sltown lllatlhiS pro~ram raqu:reo N(N- 1)12 passoslhrough !he 
rnner 1orJu Howe,er. rn the bes! case (o! lile array ;s atr""dy ;n lila correo:;t 

"""""r" '""1"'"'"' "''">''""' •<tOO> 
~ .. ·•· r 
10 ro •-r.•rw 
J···l 

e ,.,. "·"'.1~.Slr.t>.I<C.A'f'l,. rq" 
1 ... hl •O • 
[~ > <•lod 

11 '"'"' ·U· """' ·~ 1n' 
e "'"""' 1Hr "" "·'""" • ., .,, "' "·"" 

""'"'"""'' ... r ..... , .......... 
ro•.••·r 

> . '"""'" e ,., ",.,..,.,; .. """ .,., "'' .. "'""" .,, .. 
" '""" . ". " ,, 

" " "' """"'' " ' ,.., r '"' 
""'. ' "' ......... ........... .,...."'"·' ... -

"·' ... ' .. -............ ,... ... ""'" '" 

·.·:lo·•J t• ~ pog•'"' '"~""'"'o·.;. 11 '''"'"' • • .,~·· :· •· ·'' tooo In 
go"•"r~r th•s progrom e;olools tt•e IMdency ol ¡,,:·: !~ bo ·'''"'•' :, >o•nc.-,trat 
orderM. lhus. "" a resutl. l<>r largo value• ol N IM P'OQ'"'"' tr,r\ds to be 
more eHocientthan \fle pre;·oous algor•lr.'n ·- -~ -· -· --TM s.onong oiiMs os so >mpQnanl rn busoness af"<l on1a<m,1lron p<ocess-
rn~ ttrat many stc<lre• """"" been maoe ol .O•l"'!l a.gorotnms ,,nO m•ny 
ar9orrlhms havo bMn rnv~nted In prog1arnmrn~ l~"gc·•ges su<~' a; Cobol 
thc•e :s a SORT opcraloOtl on a Irte whrch :s a sub~togram ro l"e systern 
j""l as SINE. COSINE. SOUARE RQCIT. and cthar lu<ICI•ons aoe PfCOiOed 
rn Fortran 

T~e stud•es o( f''""sort•ng tecnnoques sOOw tl\allhe numt>er o! operat""'s 
reqwl!d grows aPpro.,matery as N' divided by sorne conslaotl<>< ""ooler­
chongc sonrng alyorrthms·· sutl• as !hose mentrOMd MOle so~hislrcated 
sor1rn¡¡ t<>eMrq,.,s such as "<ad<> sons·· and ·"mer¡¡~ •ortS" requ"e NK 
trmes sorne cOOstant n......,,,, ol operat•ons <><N'' tomes sorne ""'"'tant 
opeoatoOtiS where N :s \fle nr.<ni><'< ol etemenlund K is the nvthbe< ol b•ls 
on HCh etement TMw SO<l"'ll IP.CM•que& raqurre more complocated pro­
gran•s. w•lh the resullltr.at lhoy ore gOncral~ not used !O< •mall numbers ot 
elnmcnts 

More delailed intronucloO<tS can!><) louOd rn ¡he t>ook by FtQ<eS anc tr.e 
papet by W. A M.ln.., lr•led "'lile Brbhograptoy. 

FQ< a real~ camprehensive lr""lm""l o! sortrng techn•ques tne •eader rs 
relc"ed lO volume 3 on the senes ol l>oo'-s by Knutn whr~h de,or~s oearly 
400 pagos to lh,. sub¡ool. ll :s very dlllicult to cvaluale rMit•~rto-lrcally 
many ol lhe mo<e complicalod scrrlrng techn•quoo a M •o qwte or.cn tne 
algr:><rthms are progrommed. sample arrays (or ltots) are s.orted. """ lhe 
•esull$ eval""ted ' The book by Roc:h ana~zes a ntrmtoe• cllhe be!.! so.11110 
leehniQues by prO!J'amming ~lXI eval""l'flll tl>e tome oequrred. otorage re­
qulfed. and onw loct~ loro numOer o! sample problems. 

Anolher import<lnl o¡>Eral•on in matnta•nrng lites ro lhal of me<gi~y T wo 
scl• are sa•d lo l>o rnerged whenlMy ere camb•ncd into a "'"gre set. haw· 
e,.,r. rl !~ lwo seis have be<!n ordered by SO<t•"ff on e,.;errr;hng (or non­
d&$<;el\drng) O<dOr. lhe "'"'-'"111g ..,¡ el •lem• "'""' also be sorted •n ascend· 
rng tri """descend.ng) Qo"der. 

In ord~l to study the morgrng of'<!'"l•on. we sMII •ga•n rest,cl outsetve• 
to inte'Oal me¡g,ny rather lhan me•¡¡rng hles Otl t.wes (:he tries could be 
copoed inlo the coro memory. 1llhoy are ,..,¡ loo ta•gc) Let ""cons•del two 
auays el n"llegers MI """ M2. wolh MI havr"'l JI! eleme-nts af"<l M2 l"lavLng 
K2 elemer.ls. ·The arravs M 1 and M2 are assumoid to l>a s.orted '" """"",._ 
cending order. aod we wrs:t lo develop an auay MJ wnh K\ • K2 elemento 
whrcrr rs soned ,n "onMsoending order. 

Tho IHSI step rn tilo atgo,lhm os lo compare M 1 (IJ w•th M21 1) aM place 

. -·. .. \'\ 
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lhe smoller o! lhe Íwo in 1~3(1). lll~e •tem M!{l) is selected •·•e>hen coo­
s«<er M 1(2) a na M2(1), plao:ng '"" omaller in M3i2). '' M2[ 1) """ oel.o<<ed 
o o tn~ p.-Kedio~ Slef>. we coosode< M>(l) afld M~ZJ. pla<ono the ''~ail()o '" 
M3(2) Thio basi<: p<oce:s COtiMUIS WIU'o 1.11(1) bei<>¡¡ com;>ale<l .mf11,'2\J¡ 
at €0Ch •tep untol wa oeacn tr.e e<>d ol ert'ler MI o< M2 [1">1<$. "" •~·<X:I 
a•lher M 1 (K 1) or M2(K2i[- wren t111S occurs. the r~mam¡c.g e:ornon:s m lh< 
01he• array ore simply coo•ed mio lhe rema•ndet ol MJ 

f¡guoe 11.5 s/lows a llow <:l>an lar thos algoto\l>m_ aod Fog 116 s"<> .... 
a fOIIfan sub¡>mgoam to merga IWO a<rays (La"'l""ll"' sucn as p;toot 
pnwide "'ERGE SLibprogram• on IM<r basiC llt>rary. and a I""'Jr.ln'meo 
can somply wrrle MERGE A AND 8 <atMr lhan "'"''"9 h•S own subpro. 
gram) 

The "'"'"''"' O.tlhe end o! the cr..pter inv .. tigate 1M ettocierocy ollh~ 
aOO.e PftiQtam as wetl as show a shotl poogoam la< mergong arrays .... :!\ ~ 
specoal STOP element •n the last PO••I•oo. 

A morge SOil IS a •ortmg al~ontnm wh1Ch br"""' seiS ol elofl'enlS mto 
subSel$, sorts lhe •ubsets, and lhon merges these •orted subsel>. ay 
div<d¡ng the o.-ig.,._¡ oet o! element< onto ao ~PPIOP<<al~ r.LJmbor ol subsels 
so tnat tne SM"'{l is ~fl•cietll. a <>O then depe<ldong on me natural et:"''ei"C\' 
ol me~ing. an er..e,,.,t so~ing atgor<ltlln can bo Obla•ned Tr>e exmc1seo 
develop lhiS procedure Knulh's b<:ok as well as sc,eral of lhP Oih•'S oc. lile 
B•blrography al so trc•tth•s so~•ng pro-cedure '" dc~•l 
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114 S!ARCHING A fiLE 
PmM~Iy lhe rnosl h€Guenlly pe•lo•motl opo¡ral;on rn t>usmess 01 "'lorma­
l•<>n 'Y-'~ms rs thal ol so~rohrn~ Ir.. !oles !01 elemen!s wh•ch saiiSfy somo 
,.....,,,,"" con<Jrloon Troe cor>drloon spocohe<l ranges lrcwn equaloly-101 

"'•lance. "fond tne reco«< ol the per_, wolh soc"'! secunty """"'''" 972· 
85 36:-lo "Prodoce a listo! the part• in""' "'"""!Oiy wllO<~ C<>SI more 
lhan S4S • In any case_ a hle muot be ~rcho>d. anr::l ol os omportar.l !MIIhe 
l•le be ooganiled so lhal rt can be ellteo,..,tfy .. arclled 11 os alw ompO<tanl 
lo t>avc an el!ocoenl search algo,thm oo lhaÍ loo rnuch compute< tome rs nOI 
e>penr::led on searchmg, 

The orgao>ilrng o! fries and ol•car<h rrocedwes aro imponanltopics on 
syslerm desrgn lor data processong syslems 11 I••Ye fries musl be rnarn· 
larncd rrl "'"'' stooage devicos and rll!•ese fries mu., be regular !y rnoin. 
la 'ned by ad~rng now rscords Md modrtyr.._ antl delelrng old rocords. and 
o! •1 •• !onner necess:lry to =•eh 1"'" lole• looquon!ly b .-ecords wll•Ch 
sa!roly somG specr!red cnlefr:._ ~~>en o f•l• organ"~toon O"loSI t>e IOIJ.-.;1 wt,.cn 
is nol lOO ~·panS>V~ to updale. wllOr:h Ocres nol requrre loo ll>dCh s!O<age 
&p;~ce. a<>d wnrcn can t>e converuenlly oeaocrreo Oesogr.rng a 11-' data 
struclure lor llre Me antl pmgra,....rrog enrc;enl hle mllrntenance and ....,rcn 
al{loorlhms are rnlereSiirog anr::l slol! <l""e!op<.._ ospeciS o( <lata proce .. ong 
systems desi~n 

We st>all lrrsl e•arnrne a pan•cular aspecl ol lrle Sea<chong and marn­
tcnonce. thal ol lor><:lrn~ a specrlre-d olement rn an array Thrs wrll rnclude 
sM~•ng Mw the saa<ch olgo11lhrn con t>e greally speedod up rllhe array 
'"snrted. 

11 a ta~le or array ;, oearcl•ed lorngwHn •!Cm. the oéarch succee<ls 111"" 
ilcm os lo'-"'d and faols rl ;1 is not lound 11 we SIO'C our lable rn on array 
"hteh we calliTEM. a! a grven Irme t!EM wrll Conlarn N elemen!S 11 tllese 
eoemerrts are nol ordere<f. rn order lo hnd a ¡¡iven otern •n tne orray. lh<! n>OGI 
nalu<al search algorrlhm '' lo e•amrne ITE.MI 1). ITEMI;n. 11E.MIJ) ar"l<lsoon 
w 10 ITEM(Nl. each tome seerng rllhe value rS lile desored one 

In ordO< lo convM this pror;er;!U<e lO !IOw ct>an lorm. we let!he voiU$1 rn 
IIH.! 1><! rnlegers anr::l oalllhe value to be !ounr::l M_ A ¡¡g,., <.harto! lhe re­
sullmg search alg01rthm is .nown m Fog 11.1a An rnleger variable K io <el . 
le O rllhc search la•ls. otherwose rt will have e valve soch \MI tTEM(K)-M_ 

A Forlren suhpoogram rmplcmMirng 1nis algorrlhm rS shoWn m Fig ll 7b_ 
Tho queslron now """'"11 ''· "How ellocrenl is thrs algorrtnm?"' 11 ro e loar 

th31 rl tne ocsr<cd value os nol rn tire array. N Sleps or pa>&eS lhrough lhe 
search lOOP wrll be te<lurted 11. hOwever. the """' <S '" lhe arra y (anr::l we ore 
no1 mqurred to 1100 duplrcale valuH in tne ar.ray). on lhe average N/2 
pas..,s through lhe array w•ll be reqwed 

N""" lel u:; assume 1'-rray t>as been oorted r.o !ha! U>e ~~~· are on 
n......,.rcally ascen<l"'!) loo- r><;r<>d..oce<r<ling) or<ler. V.e .-.:ow &eqo>ct~Ce 

throug" tne array. s:ar:"'" W,itr ITE.M(t) ond P'""""""'g lhrr>u<Jh ITEM121-
Ilf.MtJl ole. rn lurn as befo<e However.al eacn SI~P weai"<O lesl lO«·~'' 

--,•_ ... , .. ~' .•.-

••. o 

........... ·-· .. -

' - ' 

"""'" r.~ 
~.,...,._ 

[] 

,.,~ , ___ ....... _ .. ~~-.. "'~ ··~-""''""~ ......,., .. ,,.._1 ....... , ........... ,1 ....... ~ ... --·· .......... ~"'"'- ,, ... ·-' . ..- ... -.. 
,,.,ou, ,,.. "rcr"~. r '""•"••l 
DI_U ... I!Eit(IOO) 
DO 1 I•I,H 
"(I!UO:Il·~) 1,1o.• 

' < ... ll­·-o 
""""h lO < •r 

"''"'" •• 
"' 

-· 

, ..... ~ > - Q a--, G- "'1 ,....,, -· ""''"- (>J '"""""'"'''"Q-G ----
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H<rN ell•c•enl is the binary se. re~ algatilhm1 The ~flici~nc1 ot thc algo­
!lthm iS most eas•ly evalua:ed lor tables woth N enlries. Wl\ere N • 2' tor 

_sorne ! (tt\al is, tablaS wom 2.4.8.16.32. etc. enlt•os). lor tnen !he labio •• 
reduced lo one-11all 1ts O!lgonot size the lusl step. one-touJ\h ots orig1nat 
size. llle s-conO step. ar<l so on uniJI <1 i1 reduced toa s•ngle alomen~ 
wh1ch eolher iS or <S not the item desued, Sonce our tu le istMI alter¡ sreps 
lhe lable has b<len redvced to a sublable ol si•e 2 ' ' N. o no sonce N!" 2' 
lor soma 1: l~en when 2'' X 2'•1. each ofthetwo rartsw•ll conta•n a smgle 
element and one ollhcse musl M ll<e desired elemcnt Thus. tor ~ tabOe woth 
N elemonls. Where N~ 2' lor sorne integer /, exoclly 1 POS<es ltHnu~h IM 
basoc loop are requO!ed 10 finO an elcmcot u sin~ 1t1• r"'D'""' or llow chart 
whrch has be en SI rown llor> valuc rs less lhan N lor N grao lar '""" 2 aM rs 
much loss IMn N lor lorgo N 

For all)' grven N whrch is nol a power ol 2 (lhot i•. nol equallo 2' lor 
>ome n. we can de,•rmina lhe numMr ol P";sco lhrou¡¡h lho loor oslol· 
lows Le\ K be lhc smalreslrnlcger such lh"t2" '"N,thell 1\ p,,seslhrough 
\11c loop are required-' 

Can we improvo on this algo,thm? 11 rnighl secn1 lhal bclnre ea eh pa,. 
lhrOtJgh lhe loop rt would be a good idea to test whclhcr the largest ele­
menl in the lower hall rs indeed lhe rtem desired and lo termrn•le thc search 
rl r\ rs Thrs would mean tha\ somel.rnes lhe •earch could be lorminated 
early, For rnslance. rl we hada table wrlh lour elemenls which wera lhe 
rnlegers L3}.g and we oearch rllor \he integcr 3. thco lho latlle is divitled 
1r110 two pdns. 1.3 and 7.9 The g•eateSI intcger in the lowm h-111, wt11ch is 3. 
is selected. Md. onsi~Od ol see•ng ol lhe desired rtem 3 rS groater lMn 3. wo 
atso test lo see rl ot rs eq~arro 3.arrd stor il •t i• In'"" cas~ rt ••thodcsired 
element ao"ld only one ~<S through \he mojor IO<>p nas been made, whe•e­
as \he pr.,..ioos algorolhm '""""ed lwo 

lt can t>e shown. howe•er. tt,at on \loe averag~ ltle n~mt>e< 01 pa~ses 
lh<O<>gh ll>e major loop is decteosed by only \, That os. rl L p:>sses are 
req~rred en lhe ave<age lar lhe ILISI binary search ai~Orothm. lhrn L- \ 
passes are required lorlha second algonlhm_ 11 Lis l>•ge.lhe Bddotronal 
trme req~ired lo lest lor equaloly, whio:.h lenglhei\S 11\e bosic loop. wrll 
probobly e•cr;oed the Irme requored lo< a si"9le pass th!OU(Ih the loop. a~ 

\he o"grnal p<o<:edllle wrlt 1un bster on lhe overage 
The above analysis is typical cllhal performed on atgoo;:Nns lor systom • 

use. ~ mar'J)' cases. rl is imposSible te compl~ely an<l precrsely analy:e 
sublle poiflls. an<l it is erthl!r ne<:essary to test"'" algon\l"ims .. ~ha ,...,..trer ........... ___ ..... ...., ___ ,_._,._~-- .. .-... 
......,.,..,_ .. ~ ""··-- ._ .. ___ ,_ ...... -·---~ -~- .................. --... - ........ .., ..... ~ '""""'~ ......... . 
...,...c,L'"'• .. _ ,.. .... __ ~-"- .. _ ---"'·-" 

------~·--

'" 
ol •~•~ <->Ses and compare •esulls orlo genor;¡la sornulate<l data. try lhe 
argo<olhms M the srrnulated data. and compare results 

115 ARRANGING ARRAYS AND liNEAR LISTS IN MEMORY · 
The st•octure ollhe ,data which are Processed m bus•ness syS1em$ con be 
qu<te complicated Further. rn lrelds soch as ir.lorma:ron '•tricval. lhe 
Quanloly ol data used is qurte larG•· and IM stooclure olltJe data rs <IU1le 
comple• Toe manne• ol organrzon~ the data in the co.-npu:er's momory 
can be veoy ompo~ont when lorgo volumes ol data Which "'" tnlerretoled 
rn a complrcaled way musl be proc€,sed, 

Tho srmptesl and mos: direCI way tu ornanrze dala on 0 coonpule• •ne­
mury rs l:>y n<acrng them in a cne-d•rnensooroal array Consrder a toblo 01 
arra y el dala CMSrSirng ol N nems By usrng lhe name TABLE.ltle rt.,rns can 
be relorted 10 a; T ABL E(1). T ABLE121 :tuoug h T A8lE(N) lllhe momory o: 
\he CMrputer rs word.organJzod and each rlern in the ltst can lrt in, srngle 
wOid rn mernory. then by asstgnrng a stallrng address rn mcmory lo• (ha 
lable, '"Y t3. wo can hnd a g,ven rtem TABLE(I) woHo '"""' ll:>y lool<rn~ al 
add¡ess B + 1 - 1 rn lhe memory. Thrs or~anrUtlion is >hown in Fig 1 1.1 ¡ 3 , 

E.omple We ossigo the SIMrng 'local ron B lo locahon 4000 on memory 
Now rl lhe items in IM ar~ay ore relerred toas TABL((I). TABLE(2): 
ttr,ough TABLE(IOO), lhe vaiues rn TABLE wrll be stored rn loc.ll•ons 
4()()0 rhrough ~099 in memory, and T ABLE(1) will be •tlocatron B ; 1 - 1, 
wh.rct• :"''11 be 4000+ 1 - 1 "'"4JOO, TABLE(2)wtll be ot <000 , 2- 1. 
Whoch rs 4001: TABLE(SO) wrll b,• at t•-• add,ess '000 + !rQ- t. etc: 

_ The bosi~ idea ot placing lhe words on an anay or lrnear rrst on conse­
cutivu addr,.ses in mernory can be ••tend<t<! lo arrays woth two (or mere) 
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d1menooono Of lnde••• Conoodor an a" ay oalred MAT wolh tour"''"'""" 
iloree col"""'" 11 oaoh entry on MAT r!'Quireo a si"')le word m memory. 
lhen 12 WOfdo woll t>o requored 11 we cl>oos• addre"' 20010 be1he Mdress 
~· lhé MAT!I.1). tnon 211 woll COilbon tho latt cn1ryMAl(<.3). TC>ere are 
'""" wayo to "loy .,- ll>e •rray. now ...... : 1>1· m·.•: or by""'""'"' l"' us 
""' rows.' 1"" •l,..,.nll woll tn~n 3Ppear ,¡, memory •n th•s oode'. MA T( 1,1) 
MA T(1 2)1M 1( 1.31 MA 112.1 )MA li2.2).MA I(Z3)J.1A r(J.1). aod so ,., u'l!<l 
1.1A 1(4.2)J,IA 1(4.3) . 11 MAl( 1,1) 11 al address lOO.I.'A 111.2) wdl be al 2\)1. 
MAT(1.3) al 202. etc. lo 1...., lhoo ad<:lreu O! an el,.,..otMAT(!.J) ... meo>>Ofy. 
"" cale<J\ato u lollow" MAT(W),. al memcrry aód<ns lOO+ 3(1- 1).,. 
(J - 1). Tl>ut. lo 1...:! MA 1(3.2).. .,tiOrm 200 + 3(3- 1) + (2- 1). ""ICI\ <6 201. 

file g.....,al rule oo: Fot an onay wrlh M,,... and N ~s ... .u. one 
wcud per elemant "'n>tmoty, aroclwhere illfl hrOI elemeru os ro gc on addreos 
a: 11>e elemenl "' 11>e nh •ow af'<l 11>e Jlh COI<m~~ voesa1 aMr- B + t~! -
1) + (J- 1). Thoo Otg¡onoze!ion ol lh<wm on Fig_ 11110. 

S""'"'' rulfl cao De del~ 1ol a11ay0 wrlh mOro !han"""' ""==e-ceo: 9f'<l 
10r arrayo -· elemenlo •e<:t- more lllan a single WG<d '" meti'>OI}', _ 
Nohce lile ..,. .. wilh ""ich an element can be localed ;, an a11ay sl<>"od ;, 

the abovft m'"'"'"· A<rayo are •ery d"lrable data WU:Iure$. • 
lile la bies 01 arrayo wi10C:h ~a>e l>een cons'dered abov<! have cootained 

nemo ol lm!d oo:e Many <!ola ate alph<mu.....,nc. cons••ll"\l o! r¡ames. 
•ddoeso••· wroll('!l IO•I. IOIC. The '"dwodual nems or. lh•s ko'>(;! ol d"''" ha•P 
om.ed l•ngt~•• For ,n•t•nce, wno~''' wn WISI> 10 siO<e o ¡,, ~ .,.,mos lhe<• 
nomos w•ll bt' ol dollo.,nq nurr,("''" ol alp..,num~roc c~aroOior<. whocn 
ob-v•nu•ly complrc•l., ona p•O~I .. n 

A """Ole .,-,luhOO " lO 8110(;~18 0 numbPI Of IOCOIIOOS ifl me,nory su!­
IICLI!fll 10 hOid 111" lonQcsl namu ond lhen 10 allocale gach "'""" l~•al 
amount ol srace 

• 
E>amplp A l•ol o! 200 namcs is lo be kepl '" memory. The oompuler, 
on 18M Syolem¡370. olo•eo onc ~haracler m a s•n~le addro>s (a byle­
per-a<ldrest), Th• lon-geOI ~me ~as 20 characlero m ¡:. The l•sl is lo 
t>eoon at loc3llon 1000 We al loco te 20 ~ 200 adooe;se; on lho memO<) 
SQ tho loot w•ll sla~ 01 1000- and lha laSI cMraOIOJ Will be al k><:atioo 
~!)99 11 ..... calllhe los! NAI.-IE. lho lth elemen\ 1n NAME /lhal •S. NA.ME (11)] 
will begm at 1000 + 201 -'- 1 aod ...-.:1 al 1000 + 201: + 19 

IU!>e na me-o tre 01 "'odtl)o ~arying l...,glhs, IM abo.., tecl1.~;r;¡ue causes 
an '""l'.ocienl uu o1 rr>e<flll<'l. Fo~.unately • ......-at a~"""'lrves are possible 
One os IONIVU a S1>80"1 ENO OF lTEM ch.l<aclet aM lO place lhis cha!aCte' 
oher nch r.ame ' rtl11 i$ """"" '" F1g 11.12. Anolhet os lo ""epa lable ol 
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'" ·~"'"'' , ...... ·~· • '"' • , .... ".' • <> 

"' 

• 
"""~"" ~.,. ... -·""'"' "'"~' """" 

'"~"' "'"' "0'""''' 

\11~ ,,(jdro~scs ltl which oach na m~ beg•ns Tnos oc sho~ '' '" F•g 11 1 :lJ 
· Sl=ll O'lolhor l~chnlq"e os lo ha ve a sla~mg address a11<l a tdblc• ~""'" ,,-,,nw 
the ""'"be' ol ol\arJclcrs m oach na--no "' shown 1n Fog 11.13n IWa " ~" 
IoM lhalocaiiOil ol elernoc.l 1 l•¡ adj •n!J l!>e leng~r.s vlllie "·'"''"' proc~•!•ll~ 
1 &1 1~0 slartlng .~~·eso in ¡,e labi~_j 

Wh1ch lechnoqua ohoulct tooo fiSco.! dcp<;onds"" lh,. ch~oaclcfi>!>CS of IM 

d~la, the c<>mpvter word <engi~L ~M lt•c prom''-"" on "'""''"')' op,¡o" ~nd 
oea<~h f1me. Tt>e lO SI lechnoque (lnol tn Fog 1 :, 13/Jj "ses le<> n'""'O'l-'· •n 
gonc¡al. ru: •~-qu.,es more''""' to l•M "" o:~n•. 

Mgm""t ~• to w~ich lecl\n<>uo :~ ose mlls! be ""'de d~Pel'<len: e<>IM 
pa~icular1olt chataol~ro.,ocs. for emmple. an onwmlory cnnl<<ol systorn tola 
mo¡¡hl cooi•sl of a seo O! rec~>~'dS. wtwe Có!Ch re<:"'d cons•siS nr !ot'•e•al 
il""'s F~ure 11.1 ohows • sethM <>f sWI a hle. v.twe e~cn I(>COid L<lr"' 
So$1• or 1~e ficer>se nu:ntoe,_ mal:e. yea<. namt> O: owne<, Sloec: a<ldoe.s cf 
OWI'e<. 10»11 in ""ich o-Moer •esices. u"' s:a:e oc, ,...icn """""" resodCI 
S•IICe lile» PMiCul&r olems a<e eotaer I'IU!:\be<s O< alph.¡numeroc sl"llló5 O( 
lim~od >~"3110010 0¡ lef~!¡t'l,. " V;OUid "" pi~CioC<il !0 S:Ofe lhc•G «'C<I<dS Ol: 
l"<ld-lenglh IOffl\31 w.:t, ~ r .. eo:: nu-r.~o.- o! compuler wow• "' momo•,. ro. 
eacn •ecGrd_ 



r 

- """"''"'"'" "'"""""'" ''""'' 
.,. ... o·- A,._,. -· • • -·· -·· •• ' "" ' "" • "" • 
~ • '" " 
~ " 

., " .-,;...,.,. 
~ ... ·- ~ "'"' -·- ~ ' -- .,, ' m ·~ • 0 "' • ., " '"' " - ' '" ' ' "'' - • •• • ,., ' . ., ' '" • ... ... 
"' ' "' "' ' "' '" ' '" • 
'" "AC[ "' Sf'AO[ ... ' "" ' "' " "' " ' '" ' '" '" ' '" ' .. " m " "' " "' " .,, • m • 
"' 

" '" 
-~" 

,_.,. ____ , __ 
jo),,...---""...,.,_ .. """"...., 101 ___ .. _.. ..... 

Wl'len tisiS (1! reCoros wilh each tecord c<>nlaonong "'":"'•al items a<e 
sorled. tt>ey aoe SO<led on a key whicl> coos.Sis of one _olthe o:ems_ Thuo. lile 
hl show<> m fiy 11.1 mighl well tJe sorled wi!h the hcense number •• <he 
ke~ Then to local e a p;<~ICular oecord given th~ liccnse numbe<. a Uonary 
,.,.;eh would 1>e peolomoed en IM lost. lllhe hst were sMed on l1cense 
numt><r and wo "'"hml lo sCarch tho! hle lor sorne ~lhel at!flb~~- ". soquon_: 
tial semch would ~n neco.o.1<y l~ometonoes \ables 0t doclloM"csn 
which IISI ol1robu1os-versus kcy or locatoon 1n memo')' oro used lo cut d"';',, 
the search hrroe. '"'" oouanotcd ¡n lhlS woy are callod rnvet/NJ 11/es. Flü E. 

10 !he s 1o¡, 011 ,.1,¡,y !or work~ \l"'"g do!a1ls) For e;ample, o! tho !do wern 
sMed us;ng t1censo numbors as o kcy and "'~ wisl1ed to oblaon the names 
o! al! car owners w1th Ca~i!lacs l!om some part1cu!ar !own. U wou!d be 
nece>sa!)' ¡0 search !hrough tho lile sequenhally. lookong ateach record 10 
the iole lO see it tM o•mer "'"'e !rom lhe town and ""'""da Cadol~c 

n 1 1 CMSI<t.O o1 8 ..,¡o! recof11s. w•th mch record contlOnong sen­
lene:..:~ tne Enghsh language (as mog!n be o..,._ case in an onletma~on 
retBeval syot..-n). 1-M '"'~"!.,~:n·~~~T~~:=,~ct:~~o1t,! 
510tagele<:lwnq"" --~ • 
tab!e ~""' ter J<Hpinp track o1 the en<!s ol tne se< .. ences more 

""-

• 
"' 

11.6 STACKS. O[QlJ<S. At.'O CU[UES 
A use!u! data Sl<<>ClU<e on compute<s. part>eularly"' >Ystems prOgrams '' 
ca !le<! a Slach. The name Sl.>c!; ;sde"'"" Ioom lhe lactll>allhe <!ala •Tems 
a ce arranged "'a stack in~ oofl;ch rPsembles a stack el plales .-.o 
calclerta_ ln Olloer words. lile !!ems are sta<:lo.ed one on the olher. \\'1lh a 
Slack 11\e ••su:nptoon is malle tna! Or>ly the laS! otem placed on tne s!ac~ !S 

immeaoa:e!y a.aili!ble, lho$ ohcw• !he resembla.-.cc !o a stack oi plalcs 
On!y the top plate os immed•alely ""'tabla Somi!ar!y. •lems can t>e placea 
Otlly on lh<> lcp o! the stack [Th,. "las!-in !ors!-ou!'' p11ncop1e teads 10 sloc~s 
some''"'"' t>emg calle<[ UFO ~<m 1 Pt~c;ng an otern on !op ola g1ven slaok 
[111at os aód1nq an eleonenl lo tl1e st.1ck) is ca!led pushon_q. and removong an 
item lrom a s:ack is co lled popp,nq_ Asan c;ample. suppose we ha ve In. 
se! ol 1toms 1.2.3.4 5.6 arranged 1n ordor. a "'""~calle<! STACK. and two 
operallons on ¡t,e ;laGk PUSH a'>!r POP.II eoch 11em '' pi.<Ced on ordeo ona 
ncw ordered set wh~n ,¡ os "poppod" or "'""'""d Ioom lh<> >tack lhen lhe 
ocquence o! opera!"''" PUSH I'USH I'USII. POP. I'OP. PUSH I'OP. 
PUSH. POP. PUSH. POP. POP woll rosull lh 3 2~ 56.1 boonq the orde< on lhe 
new Otdeted sel. rigurs 11 1• """"" c•omp<cs ul pushonc¡ a'ld ""PP'"9-

S,.cks a• e very usel•l lh m<~noa•"!i compt,cated seque<•ce• of •Ne<wpl 
cr Olloer unpred<:,.ble cperaloOO$ rtac1ng 1nfetrnahon c'"•cemong program 
statn on a stack where it can be !a ter lound is a conven,~nl woy oc m;¡¡,aqe 
las~ sequeoc.,g "' s¡·stem programmong Stacks a<e so convem01lt lor 
syuem.- use lhal se•l!la! compU:~-<S t>a~e outomatoc stachog cr <r>e•rup¡ 
inlorma!ion. 

A queue is ...,;tar.to a slack excop> WU ,..,... ''"""'are added to :~e lO:> 
o! lhe !ist bul Uem$ ate <M>OVed I<MI IJ>e boUcm Thus. a que"" os c¡>e<al9<1 
on a tu>~-"' I~S!-oul (somet;mes ~!19<1 F!fO) baSLs ¡usl h•e a wa•ti"!l hne 
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or Queue lor o lheolre Oueues "'" u•e!ul 1~ ~'•~·~·~g \aO'<S whe~ 11 " 
des~rabie ¡0 scrv1ce r.,quests on a t>asos whem "IMsa wt>o hove waoiO<I 
longest" gel atleni<On llfst 

A <leq~e '" sunply a linear 11•1 wMre U i• possoUie lo ead or remove 
11ems lrom both en<is 

_,. Sorne appl1cations for siOcks are <levolopod m lile e•nrcisas &llloe end 
of the c~¡apler. The algonthms in Sec 11 7 u .e Slack<. 

11.7 LINKED LISIS 
The most natural and elf1coen1 methOO lor ma•nlammg dala in a Compuler 
rnemoo¡ os IM one-d•menSional arra). which <S ohen colled o lmc•r los/ t>y 
IMse wor,mg wo!ll dala struclures There are problems. no .. over. w11'1 
maontaining looear t.sls wh"" many addolo0<1S arod delehonS are necessary 
ané lhe losiS musl be mainlained •n order. 

FQ, mstanoe. in sorne sys:ems where 1e>r1ual data musl be !roquanlly 
searched and Slfongs of characle<s mu51 be adde<l. mO<II!oOd. OO<l deleled. 
a dala s:ructure c;,lled a ¡¡.,>ed lis/ has be011 f'>Und lo be u..,tul. ln••noono 
and delelrons c;,n be easify mad~ ;n a lonloed h51. se<>rcll~s are modaralefy 
eHicient bu: ¡he ddla Sl<UCI~re rer;¡uires mooe storage opaco IMn 1n hr>ea< 
h>IS 

A 1;nl.ed hol esre,.ralfy COOSIS!S ol o $011 ol nod~. Eoch node tras 1W0 
poriS" a po.nter ano a dll• otem' Ohe pginler goves lhe (begonno<>Gl a<Y.lress 
ol ao<Mer noae ""''e 11\e dala olem conla•r>S lile ac1ua1 dala all~ node. 

., ....... ""'- ~ ...,., .... - .. -- .. -·- .......... -­--

'"'" Tr, ·•"'~ ••• SJAñ' •o••• ,"~ •'''"" '"' ,.~ ••.• ·• ~ '" ... 1"' 
f .• •· """"""' '"'"'; •.•.• ,..., "" ••••.• , . ' ... , .. , ... , .... '"" .. 

"' 
l'"' os >Mwn •n f1q 11.15 In aclual pracl1ce lhe (<lmler ''"" p<ob.Jbly nol 
co,:aon tne lull "doress ol IM nexl node. bul w111 r.rrnmy conlo 10 on onde• 
into an arra y conla •n1ng lhe acluo 1 oóóre>ses O< ;¡ecr.ap; an amount lo be 
oddOO lo sorne oegonoor\g aooress lo lorm lhe ~CILI•I address. 

In order 10 rnaMge a lon'eo liS!. lwoolher lh"">' are ne<:eooary· 111 Tnt­
add ress ol tne f.<~l nOOe mosl ~~ s1ored somewn~re ca we oan enler •~• 
IIO>ed 1 .. : (2) A. ODOGIOI 'al~e o· 'y m bol wn1ch w~ Sh;¡ll c.11r EOL llcr END 
OF USTJ musl O.. ~lacod •n 1he po011er oiiM '"' nooe on 10e loni.Od 11sr 
ITh•s could be a neg<>live nucr.be• Q' O 1laddresscs or 1nde>es~•o u seo os 
poonlcrs. s"'ce elther value wou'd 1r>doca1e tnal lh<S ""'" nol" v~l"l PD•~'"' 
10 anolhe< nod<) 

In a<der to re~res~ni a lrnk<!<l lo si doagramahcally. we use !he lechn<Que 
shown 1n Fog 11.16 Here eacn nod~ is •hown as a rec:¿¡.,qle conl~onong 
two pans. lhe data uem and po•ntcr. lne START bo• goves tne address ol 
lne l1<st <>Ode (a s;>ec1al ~alue m lhe START 00• w1ll inOoc~:~ 1hat :he•~••• 
no II<XIes in 1M hst). An a•mw 0<1 IM drawrng n"Odocate•to wr.ocll nOdell\e 
poinlel poonls 

Tne ad:hllon or delet;on ol <>Odes IS slraigllllorward lO< a hn<e~ hs:. a.., 
here1n lies lhe.r prorn~ry advanlage. lo add a node. we ••:t~Pfy piaCe """ 
node in memor¡ a: some cor.vec"""' ooused a<ldress ll><n !"<! IXIUI1C' •~ 
m~ <>Ode wnrch IS 10 p.ecene ""' P.,.. OOI!e 1s char.ged <o g .. e lh<' t>el/'n· 
mng address in lOe new OOI!e. and 1/".e poonler •n In~ """'nade •s sello llltl 
•<Id•= o!""' noc!e -oc~ os \e'"'"""'~-

The delc!ion ol.a node is also sl,a•ghll"""""-"<1 lr•e ""'r'or •n tne "'d~ 
pr<>ee<:ing u"' t!>e lml<.m ""' is ''"'Piy changed lo lhe ad~•ess o11.~e noo::e 
... hoch !oiiOW$ ~~e """" to be deleled. E"'m?les ol addong af'd O<'~"~ 
eillnes a<e sncwn "' Fog 11.17.. • . 

A protoiem anscs a!;~r <ran; char.ges ~"'"e ~><>en n>ade :o a "~'ed ''" 
1! a numt.er o/ n<>des ha'e 1;,.,.,~ dele~ed.lnere woll be "looleS" on 11>< ~cl"'l 
memory space ~sed beca<JSE cntrrcs •·""ich t.avc bwr1 d~:eled w•ll $!oll 
reside in .r.emory e•en lh""!Jh tOef are ellecoivel¡r "deo<!·· In <><dor 10 use· 
tr,,, space. sometomes ·garb;lgc co<.ecllon" prog1oms ar~ wr~:len 10 colli'"CI 

__ ,. 
_, !· ·• 1 
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hsls ol •'lrae spaoe'' wh•ch can be used loo ""w MI""' S"·nll•tly, somo 
syolems marntain lisis ol free sr"ce conlonHously so lhal memory is nol 
wasled. A pan1colarly advanl,,geous Sllo1leay conSists ol mainta1nino lho 
l.sl ol free s~ce'" a stack aod pushing or fl<lppino nodos lrown the Slock 
as nodoS are rol ea sed lrom m ,1ddrd lo lhO lmkmf lisl. <nSIJ<!clively. Moro 
dela~ls ollhese procedu!OS con l>e lound on lhe "WrC1~cs and Slililurlher 
d ola·,,, in lhe wolks ·,n lh e BiiJI te>¡¡ra¡;l•y. 

Note lhal a l•nkcd lisl musl be scorchcd sequontoallv. ovan IIHJUgh ol is 
maonlaone<J in sMe<J order. beca use ti• e entrieo "'" nol acluatly on or<ler in 
the momor¡. (Separale l3bl~s c•n be kepiiO I.1Cil1lole Soarching. b<JIIhi• 
involvos usin-g evon more space m memo<y) · • 

\1.6 TRtfS 
A.s can be O educad lrom tho p,.,ceding de•criptions ol d8ta structures and 
l'c-a alga<llhmsl<>r search1ng and lor delelmg and insen•ng new •tems. the 

• 
'"·0• ,._, ................. -..- "' 

, . "''-"''"'" c:.-.rt<>¡"l '·•>;;, c.·c•,._,._, ,,.,_..._, "' "· --- '''""• ollne 
'~ •lO"IM'I '-""<! a/'ld "'C affiOY~I ~~ r.-•cn'IC•y 1'-"'lU·"o><l ."- ; •"·OUI~I claS. o! 

O.>:.J ttruclu<cs callad lrecs OICI'"~"" to• rea"""'-'bty '-""' 'c.l searr;h algo­
ntnms ar>C onsenion al'ld !leteuon algor¡:hms, woth :.oe P"r~:ty ol aMUNJnal 
memory ri!Qulll!<l IGr implement.n<¡ lhe si!UCIU!e 

The te~m /lee d~nves Ir,... :tl~ 110me oltne 13mil"'' "wOOd)' ocrennial 
planl"' bu1 vsage "' C<>mr~•~• sc.~nce ~p;>ears to ~C''''" tro-na m;;~he-­
matoc.at otrU<:ture '" g•aph th!!O'Y A '"'e~t~d g•apio ''a cot . ..,o;on ol nodes 
anr;t b!anci>es wjh ear:h b""ncn tonn.."Ctlng two n=e< Each branch on­
doCales a dorectu>n tan auo"-ht'd os ,.ed al one eno ol :oe brancn '" "'-" 
t.gurnl.' Fowur~ t 1.18 sl•ov-·s ~ draw,ng of a g•a;>h ,, "" o·'> eral nodes anO 
brar>eMS The pos•toon ol "'~ ar:c-·•s on toe branr;nes os un:x>n•e.o. t<>r '''"'" 
nooes ore connecte-d l1y e brancl '· lhe node at the e.-.:1 ol the branch with 
no nrro..nead ,. talle-el the p1ede~essor ~~ tn. node a o tno ~"" ot the bmnr;n 
lo wllich !M arrow points rw1t-er. 11 nade A 1s tho prececessoc ol nrxJe 8, 
lhen Bis called lhe succcssor ot A 

tn "'"~''"'a""' ol node• ano t>ranche> c<>mposong • duectad grap/l to 
qual•ly a. a """·1""' OIMr propen;es are tequired; 

, ..... " • '"'0'• -· ""'"'" "'' "" "'"""""'"" '"" -· " '•""" .... -> '"""' """" O><•Ph"'l '"• l(>nl "<"""""'"" 10 '""""" t~ O unnoo¡""" """"' '""" 
"'"'''"O!"" """'""' '00""'1"'0 a <'<>uen<• 01 ood_, ti,IJ, , N. """''"N "ooe 
""'""'"'"" ol N,, tor •"' ''""' 1 lo " - 1 !M"'""~' """' '"" ·~ ""'' ono ''-"" ''''"""" ,..., _ .. ,, "'" ""'" " "'"""') 

'"" ~ '''"" ,,. Oe!'""'"" ~ w • .,.,~-, '""e~ ... ~,. o..•~••r" 1' • < •.- -•-•m co '"'q'·•~ . .. 
'"" ·~•"" "·~ t1 "·~·" "'"'"'" '"""'""''""''""o···~,_.' . ""'" ,., .. , "'"'"" 
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"' 
Fr~ure ll.l~ sho"' several lrees for l~e lree in Fr~- 11 18a. a po:n 

from the rool r.ode R 10 1na no<lo D lollows Lhe ,ooes A.A BD Does lhl< 
salisty requ.romon1 2 Above? Ves, lor R os the predecessor o! A, A 1& the 
prodo<essor ol B PIC. 

Tnere rs a cons•aerable lr~eraiU<e tn malhemalics concernrog 1rees 
S"'"''"' o~ ll>e -•• rn lhC B•blio~'"P"Y cover th,. mater.al_ 

in com¡>.M< U08!j<. o mosl rmporl<lnl lo.ind ollt"" is called a bonac¡ treo_ 
11 !'las ll>e cnaracleroshc INit each <>OCle has al"""" tNO successorS Frgure 

11.19 ~· se'""~' b<oary ueH 
One rea""" U>al lhe bonary 1ree rs so uselul as a data Wuclure !o< com­

pu\.,.... relales lo ll>e ,._.,. ol <lorro>g a """ slruclure m a compuler mem­
ory lel uuss....,e lhal "'-e are 10 OlO<e a numbet el éa:a t:ems rn a memo<y 
using o blnary tree stroe1uro. Forst we shall reoresen: lile dala struc1Ure !<> 
be used as ll>e graph ot e tNnary tree. E<lch data rte-n woiJ be sroreo al a 
no<! e Ofl !!le brnary lree. for convt!ruenca ot d"""";>lron ...,_ stlallassume 
the data rlems to be simp~ Engl.s~ letlers. and we can then ~se each lelter 
as IM noma ola no<le, Figure 11,19 sn"""' this arra~gement 

We con now store this uee in memory by associahng wr:ll each nOOe on 
t~e groph severa! word• 1n meonory "'T"c~ conl11>n ll) !he data l!em at the 
no<le and 12) lwo ro•nlers, nnelo t~a ie!tmost :;uccessor nOOe a 'Id lhü other 
to lhe 11ghln1ns1 •uccc,.oo nOOe on ¡np graph A ST ART oorn'pr whrch g•vtos 
th~ oddroso o 11M ror:>l ""rl" w111 "" reou~rsd w wa can enlm lhe lrce. anc! a 
spec1JI pornier volue w1ll also be "'Qurred """'" can OC pl~ced on ''"Y 
pornlor aM wnrcn rndrcol•s ltral M {letl"rosl or rrgn:moSl, wC•chover !~e 
e••• "'"Y be) succo.,or ""''' M e><ample ol lhrs ""angoment is shown 
in FIQ 1\ 20_1 

'" Oo-. '~- ""'' bo ••~o~ ,_,,,...,""""'Y- ni~• ~,. '""'"., """' .... .,..._ 
""'· .... YO"'' ... .._ ....,.,, 

' 
t ~ " 

' ' 

' " "' " 

' 

···<·····<·'"'" ,.,. 

' 

L-j-. 
~----, 

- R 1 ' 
' 

"o""" l1:1<1 ""''"""'"''" 1« "'""'~" '••• Jo f'O "'" 

' ··1 +--. ~-LJ 

"' 

As rMy be surmised. lhe s:wng of IWV J)Oinle" wrln ea:n do1.1 '''""'" 
o<>mowhal vnocon0n11cal '" !he LJS~ o! mernory, T~o c.omre~S>llrn~ l'c!Oro 
l'le 'rn ''"""se wilh wh1Ch LJoms can be enlon•d rrlLO or del~led lr<>m tire 
binaty lr~e ond lhe lacillly wrtn "'"eh lhe llee can be soa<cll<M! lwuvrdod 
U.e nodcs are cooreclly a"onged) · 

N011Ce lrlal 1/rc t•ee on Fig_ 11 20 has the f"IO<les orderM' '"a Sr>et"il•c 
~nner .. The leftmoot succe>>e>r node aiway-s D<ecedes ,., ¡xo>dccess"' 
'" alpl"labe1Jc.11 Ofdo-r. whrle llre ,.ghtmost >uccessor oi\Oo'By$ follo..-• rl3 
P•ed~essor m Biplu¡beiic o<deo_ W•"lefl a lree is orrar>ged rn lhrs way. il is 
con.,de<ed lo t>e soo1ed -

A.n rmPOnant use oJ ~ '" lhe data SlruchJ!es lor l•h•s in•ol•es n U<·e 
""'"'e e.ach dala enlty os a srngle symtlol_ Th<S !>lructu<e is calla symOOI 
lrr>e. F.gurs 11.21 snows a ~rapn ola syr.:bOIIree le>r several Er>glroh wO<dS_ 
Al each leal in ltre tree IM address oi111e recor~ lo>~-... word ~"hrch rerm0• 

no les in tl'wr leal is olor e<! Thu>. 10 t;nd "'" recor:l correspono"''l 10 a r¡¡ivan 

·~-..·~ . .,..._ ....... ,.,. ............ -
·--·. 
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word. we search lile ltee !o< tl>e word. and d rl ¡, looOO. tM rec01<J for the 
word would be po.,ted lo by lhe ooonler in 11\e las¡ srmbol rn !he W!Jrd 1 

An importan! point can be nolo<ll1ete The tree rn Fog 11 21 has severa! 
nodes w01h more IMn two scNOces•or nodes and 15 lheteloro no: o hmary 
toee The g•aph con lJe slored aso binary tree. l·o;~evcr. no SllOVm!n Frg 
11 22. (Not.ce lhe mcthod lor handling no~es wrth moro tnan two suc­
cessors·) 

(TM trees rn Fi~, 11 21 aOO 11 22 ootlia be used on o duecl<>r¡l<>r an 
m•erled Me . .. e queshons G a.-.::1 1J 

In O<der lo search trees such •• tt'lOSe in Figs_ 11 21 eoo 11 22. one can 
use a versron oltho biMry search algorotnm. The Search "almo>! as elh­
cicnl as the binory search lor lineor lisis or arrays The inserlton ordeletron 
ola na me ol word '" tlroso llloo is Slrorghllorward ond all•c•nnt character· 
istocs tr.at com~enoate lor tne ad~"i"""l 5ed<Ch '""" lor many lrles ol 

lnte<csl • In order lo be searched elhcoently. a b"'ary lree muS\ be mainlail>ed on 
Whal .s called balance<! 101m. TM coercrses '""' lollaw orwestr¡¡a!e !loos 
suo¡ect a ion~ wolh algonthms lo< b.\lancongtree• .. searchrng trees. and in· 
<e<l•ng and deletrn~ Mdes hom trecs. 

'• '"""" "'' " 10 l•o.o '"' _, O• -· '"o ""'"""Y"" ~. '"'"'"' .. '"'" "" """""' 0< '"' "'"" ~""' ... ~- ..... , '""'""' ""'~- ""-·o. """~ '"" '"' ....... '"" '"'""'"~ .. ... _ .. 

•,: .·. ··-oc~ •. """. "" ' ·' '• ,. '""' " 
'· . / 

._ .. ,, ,_,_ .. , __ 
EXERCISt$ 

1 F"o• r,g \\,1 hSI "''" r<ec•<J relo:•ng to 1, R Jaokson 
1 A gold '-Oy lo< rro 11_1 V"'Uid be lrcon;e <'l>fnber, jj we ">0 nO"'O 01 <>wnorlor 

••y. a key may nol be un q"e Why> 
3 Q.,e OC-e wllat'"~ •equ<nce lor •ene<O a<lll "'-'""""" on "''-" Ml$1 lor -"SCIO 

croe .. c .. p 2_ 
• Gr'"' ,_.colla l.,~ O(!Quooco lru leM<1 OM nun-.l>ers !Qr !he EOCOIC ~OOe ,0 

Cn.ap_ 2. 

~ D•otu» worng • '"' ol "·'"'"' •n mcmc or ASCII"'""" <M humcucaJ "'""' 
•• numbe<> lonlogers) '"toe sM 'Out•<'U, 

G lo search lho I<Oo on F•g 11 1 fo¡' "'CUlO g"e" lhe l•cc·n>O'lumt.'• vre would 
probobly keop lho lrlo ""t<d w•lh l•eonMt number as a koy 11 maoy ""'''"nds 
were mado lO ou«;h Oh<! Me lo'-"'""" el""""'-" '' w<>u'<l be C001ven••nl 10 

• ·' 

• • 
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Chapter 

6. 1 
Tr~c cx~!mpks 

Trees 

The use of ftowch~ns lo r~pr~em nlgorithms has helped U$ 

10 recognizc their underlying ¡fn<el11re, Furlhcrmor~, men­
!ion paid 10 the strucrure of an algorithm usually resul!s in 
a bcner understanding of thc computational process, and often 
~•ults in our reco¡;nizing ahematives and potential impro\~­
ments to !he original design. Similar rewards i-csult from anen­
tinn paid (O the strucrural rdatiunships among thc components 
of a set of data. 

Thcrc is, in fact, a close connection beru·cen thc steps wc 
need ro cxpress an algorithm and thc way we choose to think 
about or r~prcrmr the d~ta tlut are to be rransformed by that 
algorithm. Expcricnce in conmucting algorithms fosters an 
increa,ecl apprcciulion of this interdcpendcncc:. You will g~in 
some of this cxperience by ;¡uo.Jying the next ~e,·cral d13pters. 

Your abihty tO analyu the structure of a set of dJta and how 
alternatc repres.:mations of it am afTect algorithms using such 
data, undoubtedlr will impro,·e. \\;'e have alrcady consic!~red 
two structur~l fon:ns for dJ!a, ¡;,¡s and arroys. Anoth~r rype 
oJ 'lrw;tnrc ;, <.:allco..l a rr,•e (Fi¡:ure 6·1). Tr.:c <lruc:turc' <trc 
im¡>Ort~nt in rcpre;cming ccrlain type> of data and. uddly 
cnou~h, the CSS<!ntial stcps of a numbl!r of algorithms e'{hibit 
a m:clikc stnJcrure. 

l'tr>l we will gh·e two ;implc examplcs of a procc">' whose 
strategy nf cxccution (algorithm) can be picturcd a< a trec and 
m o C\"nlpks of data that can l~~: picturcd as a trcc. LJtcr, we 
will tJddc thrcc l·a,cinatin)! prubkms, thc lirst onc at thc end 
ofthi> chaptcr and thc oth,·r two in Chapter 7. \X"hcn wc ha<·e 
fini>hcd this study, wc rnay daim thc tirlc tr,·r ~.,·p.·rr. 

¡C 

!.ct u< a¡::rcc now, bcfc,·c W<" gct too far alnng, th~t rrccs 
in tlus d1.1ptcr will he dr""'" up,id~ Uown (Fig:ur~ ~-1). \X'~· 
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""" ~ '"" . ""· 
do rhis only because ir is conveni~nt. You havc ro be willing 
to !hin k of a rree gruwing towan.lthc carth, its trunk ''hanging" 
from thc sky. 

Our fuot oxample $hows how we can represen! thc 16 condu­
sions to !he wcl!-knowu eight-roin probkm as a "decision 
tree." The problem is this. You uc givcn eight coins, a, b, 
e, d, e, f, g, and h, and are rold thJt they are al! of uniform 
weight cxccpr one, which is either hcavier or !ig:htcr !han the 
orhers. \'ou are gh·cn an ~qua] arm b.!lance, bm you may only 
use it thrce times for comparing coins or gmups of coi os. Your 
job is 10 determine the ma•·erick coin and whethcr it is !ightcr 
or .hea1·ier than !he reo t. 

J-Jcre is a srraregy to use (see Figure 6·3) foral! possible 
. cases. 

Tim " an upsid<-do~o tr= 

l. Compare the 1Ycights of rwo sub~cts of equa! numben of 
coins and consider thc significance of the 1/m~c possible our­
comes. If the wdghts of th~ rwo subsets an: equal, the coin 
in which we are int~rcs1e~ cannot beJOng ro óthcr of the 
rompared subsel.!. 

2. Once we havc isolated a pair containing the "odd" com 
and wc want to know whcrher one o(thcm is heo~vy or lighr, 
we wcigh one of thc two candidatcs ogainst any othcr t11at is 
known to be "standard." 

Thcrc are 16 pos~ible case~, cach of which may occur, 
given the eight labded coins. The algorirhm ~hown in Figure 
6· 3 ha! a treelike srmcrure. Conclusions are reached by follow-
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HtRCIH~ 6•1, 

S~T A 

• 

• 

' 
(•) 

lf 
ing a uniqu~ [Wii (l >.:qu~ncc· M three wcit•hing>) from the 
top or nor of th~ trcc di~gr~m to onc oi t!le rennin.1l OO>..eo 
or leat-es ar the bonorn. 

l. l'~r dcci>inn bo~ 2 "' Figun: ~-3, •~p!ain why: 

(a) lf the relltion a + e > f l· b is true, one may condude lhot 
~ > f. 

(b) Jf the rclarion a+ e = f +bis truc, onc may conclude that 
e > g. 

(..:) lf the rdation a+ e < f +bis true, onc may C<Jndude thot 
b > e. 

2. E~plain why b m~y be r<'garJoJ os a "stanU..rd" coin ar drcision bnx 
5 hut no1 a¡ dn·i•ion hox '1. 

3. Suppose you "" gh·en 12 secmin~ly identical halls andar<: told th3.t 
one ba!! is k~a~otr rh¡n the otbrrs, which are of the s:lme wdght. 
Dr•w the tree d•agr.un a!gorithm to identify the hcavy b.ll in thrce 
weighings. ' 

' 
4. Suppos. you are given 12 seemingly idenrical balls anJ are told thar 

one ball i< difl~r.•t io w<:ight (either hea\'Ícr or lighw). Draw a trce 
diogram algori1hm 10 Íd.."fflif)· 11\c odd hall and 10 d<termil'le wh<~her 
it ;, hoavier or ligln..,. in thrce weighings. 

5. Are al! deósion s<qu,nccs tree stmcmres? ('..onsider 1he thrce now­
cham below. 

• 
' 
• 

• 
• • 

,., (<) 

{a) Which of tbrse are tree muctures? 
{bj Consider the fol!owing ancmp! lo define a 1rce stnirn~te. 

/ 



Examplc 2. 
Game Trees 

Tk rule~ o/ "Eight" 

303 TIEU. 

{1) A node having no .. gments extending from it ;, a rrrminal 
node. 

(2} A nade having one or more scgments extending from it is 
a nommni>~al noúe. 

(3} A rree srructure is a t<rminal node ara nontermina.l nudo 
whose .. gments consist either of term1nal nodes or tr« struc­
rure1. 

What corrmiom or additionl, if any, are nceded in the above defini­
tion so that, wben appli...J to fiowchans a, lo, and e, ¡·ou will re~ch 
the ••m• condusions that you carne to in !he UISWer 10 pan a of 
thi• problem! 

A more interesting type of decision tree, frequently rd"crred 
toas a gmne /re~, shows the moves made by the players. Each 
time a player makes a mów, he sdects among the a'<~ilable 

chaices of "legal" mo,·es. Euch !ine 5egment of the tree ~pre­
sents one cholcc by one pi ayer during the plaring of one game. 
Figure 6·4 is :i tree for the game of "Eight." This rwo-player 
gamc is so lrÍ\"Íal you may nnl enjoy playing it \·ery long. hs 
trcc is simple enough, howewr, that 1\"e can sntdy it casily, 
and it serves as a good illusrration of sirmlar bur far more 
cotnplicatcd games. 

Each player r.akes a rurn at pkking a numl:ll'r from one to thre~, 
adding thi1 number toa running sum that is initia!ly sct at 
zcro. Thc first pl~yer has a free choice of numbers 1, 2, and 
3. The. choice in each play there~fter is restl"Ícted. A pl~)·er 
may not choose the opponent\ prcccding sdcction. The pbyer 
who brin¡:s the running sum toa total of exacdy cight wins 
the gmtc; a pl•ycr exceeding cight loses. Therc is no dnllv 
possiblc. 

\t'hen we srudy· the game tree, we can obser\"e that a 
complete game from starl to finish is rcpresented by onc path 
(c.¡:., the colorcd line) from the beginning or '<'<ll of the m:e 
down toan cnd or terminal poim. Pb¡w A always mo,·es tim. 
Thm, on thc greco linc, A chonsc; 1 from ~mnng thc t~~e·c 

initial dwiccs. Then 11 chouocs 3, thcn A chonscs 1, ami so 
fortb, until at thc la;t movc fnr A thc runmng sum Íl 7, an,l 
his choic.:s are l and 3. So h~ chooscs 1 to m•ke thc sum 8 
and wins. Triangubr-sha¡><:d cndpoints denote a win for A. 
Squa~·ohapt'd cndpoints denote a win for B. 

zo 

• 
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Each time a plarer makes a move, you can imagine he 
looks at three choic~s I, 2, and 3. After the very fim choice 
he rules out one of these, us th~ game rules dcmand. !nad­
missiblo moves would not ordinarily appear in the tree because 
they te!ld to clumr the diagram. We have shown them as dashed 
Enes for B's fint mo~e only as a reminder . 

(a) How nuny distinrt games of "Eight" aro theref 

Imagine the gamo of Eight is rlayed by children at the local 
konderganen in thc following way. l'layer A twid.< •he arrow of a 

•"=·"" op;~o, w •'m '"' ;,;;o mm~ ® '""'' 
aft'C, oach pla¡·er ~ip> a coin m decide among the ¡wo odmimblc 
choiccs. (h••Jds the >mJIIer, tJils thc larger,) 

(b) \X'hat perccmage of ~ames pl~yed wiU follow the color line path 
in Figure 6·4? · 

(e) Wha1 are A's chanCC'< of winning? Express 1his resuh as 1he 
number of gamos won for cvery 100 games playod. 

(d) lf each player chooses each movc u shrewdly as P'""hle, what: 
do y~u think are .-'l.'s oh~nCc"> of winning if A plJys tim? The 
answer is O times out of 100. Seo if you can do,·dop a proof of 
this asscnion. In Chapler 7 we witl tako anothor too~ 01 1his 
problcm. 

In oach Of the ne>l IWO excrci!n, ¡·ou are ginn the rules 
of a simple, ¡wo-pl•;·or game. Your job in eoch "''" is to ;how 
['lrt or alt uf 1he g"mc treo wiLh "' lea>t fuur rumpkte gam"' 
di;pi.•ycd. 

2. The gamo.,¡ lk< (or Hex~pawn) u><o a 3 by 3 chc<:kcrho.!rd. Eoch 
playcr br¡;ins 1he game 1111h three pi«::s on his ba><: linc, ~• shown 
in Figure 6· 5 Play al tomates b<tw«n gtCI'n and gray. The rules of 
thc gamc are as ü•ltuws . 

(a) Either gtc"<!n '" gr.lJ', in his tuw, con move forwat~ one sp.¡ce 
lo on Uno.: .. llpic'<l pos"ion .. 

{h) Or h~ can n""'" dio~onally onc space lO capruro an opponem. 
A opturoJ picc.: is rémo,·c~ Jrom thc boar.i 

(e) Thc ¡;amo i> 1\on by reaching !11<: opronent'> h:t<elin~­
(d) Or by lca~·ing rhc opronem witl>oul a rno•~-
(c) Or by c·aplurin~ all Opponcm pic-crs. 

liJut Ea~h ><'~111<'11 l oJ' !he· treo 'hould ~" labded m indica1o 1hc move 
n rcpr.·•om<. Ü>le w.1y wouiJ ~" lo 'how rhc ~.for,• .md ~fl<r row, 



3()(} COMPUH!t SC!tNC~: A FlRH CO~RH 

Dau Trces 

Exainple J. 
.Monotone Subsequ~nces 

c;olunm nlue; of thc picce tha¡ is mon'd.· for cxampk, un green"s 
fiut pla;· he h35 throe rho,ces: (3,1) ...... (2,1), or (3,2) -• (2,2), or 
(3,3)-+ (2,3). Each of '"""' mo1•eo an be funhcr abbn:viated to 
four-dt:;it nwnl><:u without loss of infonnation, thlt io, 3121, 3222, 
and 3323, t<">f"'Ciil·ely. 

Altemaú•dy, if we give the ;,¡uares of the board the explidt 
name• ,hown a> •mJII digits in the lowcr right corncr of each square 
in Figure 6·5, th<n ,. .• can u"' a son>C11"hJ! more compact rcpre­
sematiotl of a mo•·c. lnstead of four....tigi¡ abbre~iation< (e.g., 3121, 
3222, a!1<1 3)23), "~cm u•e two-digit abboeviations (e.g., N, 85, and 
96, rc!pc<til·cl)") with no risk of confusion. 

3. fhe &""'" af ''JI. "Take a die und rol] it. The side that lllrns up gi1•cs 
!he' running >um"s init.al.valuc. Thereaftcr, eadt playcr moves by 
lll!ing the die ovcr on ¡,. oide (one of four possible side>, of coiii'S(:, 
a!ld rcmoml><:r that opposilc fa= 

no~~¡.-:-;-¡ 
LJ V ~~8 [I]

. 
• • 

.oJways add to scvo:n). lbe sidc th1t turn~ up afrcr the rih-nver is 
lhcn added lo !he running som. Th~ game proett<h till a{rer I~L A 
playcr whosc tilt bring• the mm! to oxacdy 31 wins !he game; a player 
exceeding 31 los ... There are no drows. 

Flo•vchans of algorithms often have the charaCleristic ne"e!ike 

5truct!,lre, bu¡ it is also interesting that data can be arr:mged 

in a trcclih structurc. flere are two examples. 

Suppo:;e you a~ given a :oequence (i.c., a Jist) of N numbcrs, 
all guaramecd 10 be different. Whal is the Jongcst >rwnataiW 

substq,.ence in thc givcn .sequencc? 

By a mbsequmce we mean the list that remains after 

"crossing out" sorne numbcrs in the originallist. If, for cxam­
plc, the gh'cn list is 

5096112372, 

thcn one of !he 511 (2' 
scquencc is: 

5096112372 

rhat is, 9 6 12 3 2. 

' 

1) possible subsequcnces of this 
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The reason for expl3ining this idea in t~rms of "crossing 
out" is to make it absolut,·ly dear that the ordcr of the remai"­
ing tenns is not altercd. By a IIWntJtone subsequence wc mean 
one in which either the values are increasing from left lo right 
or one in which they are decreasing. Thus the pceceding sub­
sequen~. 

9 6 12 3 2 

is not monotone, but the following two are, the first bcing 
increasing and the seeond decreasing. 

S o 9 6 1 12 3 1 2 
5 o 9 6 1 J2 3 1 2 

You can check that the incrcasing subsequena: is thc lon¡;­
est possiblc; that is, therc is no incr~asing subsequencc with 
more than four elements. Thc decreasing onc is not the longest 
possible, since the subscquo:'nce 

9 6 3 2 

ts longcr. 
h is possible to dcvclop an algorithm for determining 

longcst mono tone subscqucnces of a givcn scquence. Our imer­
est here is a bi1 di!Terent. Suppose you are asked 10 pícmre 
al/ thc ro~sible monotone dccrcasing subscquences of our á­
ample sequence, 

5096112372 

A hopdcss ta>k' !>lot if we think in tcrms of trees! Sec the 
answef in Figure 6·6. · 

r\. moM TC\"Caling discovery! \X' e ha ve takco a string of 
· numbcrs, posed a p~nicular problcm conc~rning tha! string, 
ami disco\"~red that thc probkm's answcr cuuld li~ in impect• 
ing a rdarcd tree. Nuticc tbJt C\"ery munownc tlecrea,ing >ub­
sequcncc in S can b.: rcprc,cntcd as a parh running from tl1e 
root S Lo one of the tcrminJI s.¡uares. From now on, we'll 
call th•"M." clrd"> and $<.]\IJTC' noJ~r. 

Thc longcst of >Udl sul..,cqucnces is casy for thc cye !O 
pick out <HKC thc trcc ¡, dr:m·n. lt Í> the onc whose /,'n!li>IJI 
nvd.: Í< Ji11md ata ]e,·cl ol" thc trcc f,lrth~,¡ frc>nl the root noJc. 
In this c~"mpie, only onc pJth reaches to lcwl 4, so therc tS 
only one lon¡:nt monotnnc d~~rca•ing: sob>~qucnce. 
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EXER<:JSES 6 • 1, 

~ETC 

fH;URf 1>·7 

ll.•td ¡,,le" 1""" t!,,• l'liiH<d 
.:IJ'< "¡,..,IL,Ic. 

If a -computcr b to be used for mis -approach, we must 

have an algori1hm th~t, in effcct, systematically scans the emir~ 
trc~. This i:; th" imacsting pon, which will be ¡akrn up mnin¡: 

with the ncxl scction. 

l. Conslruct a trc~ thll displays all monotono i"cr<aÚI!g subsequ~ncos 
of th< S4nte '"'qucnce given in Figuro 6·6. 

2. Draw lhe tt« thot displays all monotonc dccroasing sut>xquenccs for 
!he sequcnco S dclincd as 

S "' (3, 2, 1, O} 

3. lrnoginc you are n swdenr regi>lcring ot a un.iversiry and you ha~·c 

Jcc,dcJ 10 onroll in a panicular grour uf Jiw rourscs. The five '""''"'• 
to~c1her wi<h the a>·uibb1e sectiom oml tho times cach will be ¡ought, 
are listcd in Figure 6·?. W'e presume thcse dara are extra<tcd from 
thc o:licial dass schedule. Noticc thatth• time periods are lcncr coJcd 
for con•·cnicnce. 

Open Smion• 

E:-\G 132 l) (9-10 .\1\VF) 
Ji (W-11 M\VI') 
¡; {11-12 M\\'F) 

FRE 141 F (11-12 ,\IWF) 

H (1-2 ,\IWF) 
Q (W-11:30 TTII) 

Hl$ 231 F (11-12 .\IWF) 
H (1-2 .\IWF) 

MT!I '172 ll(~-10 J\IWI') 
F (11-12 MWF) 
Q (10-11:30 'ITII) 

ese 13\ 1'(11-12 MWF) 
1_1 (1-~ .\.\ \\'~) 

Timctoblc 

------·-· -··--- ... 
FilE 1~1 . _, ........... ·-
fll'i 211 ¡ ; 1 1 ..... -- '--.,- ·---- -- . --- --·---·--! 
A!Til 172 

.. ·--- ·- -- .. - ..... ___ .... _ .. ____ • ,1 -· • ., •• _ 

' i 
·---·-'·· --- __ 1 ___ ,_ ·--·--· ·-- ... -

ese 111 
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D"'"' o f""'il>l.: >N ,,f "''"'"nlli<ting ""''""' for thc r,,.., oour>cs 
cxi,t? Thot i!, is it P""'t-1~ w wk•ct " !<'l with M time contlicts{ 
11' >~, how m"ny Jj,¡in"' le'<l>il>lc ,,.,."""be >el~cl.:J? Tu he dis<inel, 
o '"' nec'o.l dill~r in no nwro th.Lil one •oetion fro1n other po»ible 
se!>. Complote ' enlomo olthe limt!oblc ohuwn in Figure 6· 7 for 
toch fe•<.iblc set. 

Him This probkm onJ o1he"' likc it c:m be solved symml!ic:~lly 
by construe~ing " trce 01- bbdcJ nodos. The structure for the trec 
couiJ be 5Uch tlw tbc ,,., of nO<Ies alon¡; >n)' pJth emanoting from 

the ror>t '"l""'cnts • ,,., uf nnn"MRicting cours. sc"lions. ror cx­
amplo, l"bel.·d nnde; m le\'d 1 t'Ntld reprosent 1he <·Jri<•us nvaila~le 
:..:e• ion> of E>IG 132 (F1gure 6·8). l'.'odc• at i.,·el J cuuiJ correspond 
lo \"arious S<'Cliou• of FRE 1-!1, =nJ so fon.~. Any p:11h runnin~ fmm 
thc rout to k<-d S sud1 lh:!r C\'Of)' nod~ h3S a di/fer~m labd would 
rcpr=nt a fc,.ible set of cours<!'l. 

· 4. Jmogine ypu .,.., a s¡udent regi<teríng al a uni•·ersiry and ~ssume th3t 
you hove JedJtd tu eoroll in tbe following si:r courses: 

CommUnications 267 
E11gli'h 337 
Fn:nch 231 
Geography 233 
.\l.thcmotia 212 
.\!u>ic 120:\ 

(C0,\I 267) 
(ENG 337) 
(FRE 231) 
(GGY 233) 
(.\\Tll 272) 
(,\\US J20A) 

!lr:low are dutJ tahn f10m ¡he prin(cd closs <eh~duk. lm~gine thot 
whcn you rooc·h tbc rcgi>Lratiun 1bk, you lind that ccnoin sccti<m$ 
of foUr of !he dc•im.l rourscs are dos•d (os indic:~tcd). Prepare a trr:c 
di~gram thot show< wh,·ther thcn: nc one or more po.,ible programs 
opcn m you al thi• 1io1c, pcnníuing you 10 enroll in al! >ix or' thc 
de<ired course• wí1h no <ime connicu. lf one (or n1ore) program(•) 
¡,(are) avoibblc, pr<pJ<c a lilled-out li=lob!e whose formal;, similar 
10 lhat givcn in Figure6·7. , -· 

5. A srudent wbo WJS planning 111 work every afternoon (1-5 p.m.) for 
the :\rhletiC$ !Jcpru-lmem "'" airo hoping to CtltOU in all of thc 
following sil; co~r>r:s: C0.\1 267, /1\US 120.-\, GGY 233,.\!TH 271, 



CO.I\ ~67 

·~· 
MUS 120A 

1:601 
11601 
PM3 

QúO.I 

c;c,y 2JJ 
F6111 
11602 

'w' 
U O<" 

.\!TI! 271 
[)6()2 

EWJ 
ll60-1 
1'607 
P60~ 
SólO 

FRE 231 
E6ül 
Fú02 
ll(o03 

'@' 
""'' '""' 

E:-lG 337 
DóOI 
E602 
1'60 1 
SW5 

lif-Fl\..1[ SCE!'-:E A~D LIGflT 
1\i-KUIIT 9J0-11.-\.II 1TH 

,\\[;SIC!A:-lSH!P 1 
ll'll-E 
129-E 
12~-E 
101-E 

WOIU.ll REA!.MS 
101-.111 
101-,\tl 
210-AH 
101-AH 

CAt.CULUS 111 
204-At! 
216-.-\H 
116-T 
7-Af! 
111-7. 
2\li\-SR 

10-ll.\.11 \\'F 
1-21'.11 IX'F 
9-10.\.11 TTII 
10-11.-\.11 TTII 

11-12 .1\IX'F 
1-2P.II .1\1\'F 
1-2:30P.II TfH 
~-5:301'.11 Tl"H 

9-!0.-\,\1 ,1\WF 
10-11.-\_11 .\1\X"F 
1-21'.11 .1\II'F 
8:30-10.-\M TT!l 
3:30-!0.1.11 TTH 
1-2:301'.\1 TTI t 

I:>:TEJ\.1\EDIATE r!\EN"CH 
3ül-.-\1! 10-ll.-\.1\ .11\\'F 
lü6-Z 11-12 ,\1\\'F 
105-Z t-2P,I\ .1\WF 
!0>-Z 2-JP.II ,1\WF 

COLUSS 

.1\ILLER 
,\\ILLER 
IIOR\'IT 
llENJ;I,II!:-.1 • - .. 

1\YI!R •--~ 
1',\L\lER \ 
SIIERID.-\S • -· \ 
COFF\1.-\~ \\\ 

R.-\DI:R ~ 
___ .... _________ .. ___ \_cto<N 

RADER 

MCLEN"DON 
j.-\:-lSSENS 

1 ''""""' 
' ,, 
,j 

III'Z 10-li:JOA.\1 TTH .1\CDER.\IOTT 
HOit'.-\RD 

1 
1 
1 1 12-Z 

Sll.-\KESPEARE 
105-C 
110-C 
1 10-C 
1 13-C 

1-2:301'.11 TTH 

9-IOA.\1 .11\\"F 
10--11.-\,1\ ,l\1~'1' 
8:30-W.I.I! rTtl 
1-2.301'.\1 TTH 

1 
JIENDERSO:-l .-\ l 
EAKER--' 
EAKElt­
Tl!Cl.\1.-\S 

FI\E.23J, anJ E~G Bi. !lo roctivcJ sp..-cial pcrrnisslon la ·~~istcr 
o~rly (i.o., no .-!"'.-J s.·wo,¡ 10 worry about). l!ow rn"ll)' dJ(TOWll 

fcO<ible prograrn> wu!J he :.c:too, givon tho prinrod s~hoduk u>Ctl 
in Problem ~.(igaoring du""<i <OOions), onJ srilt "ko thc oircrnoon 
job without 3 rim" ronllin' 

Exampk ~­
Treo Rcprc>clllation 

ot" EXI'"''""m 

Suppose we are gi,·en 

((aXw+ h)Xw)¡2/(dXy) 

h sccms ol;l\"iou.< that wtwcvcr lim wrotc thi~ string ol" dtara~­

tcrl intcnJcJ th.n ir )uve a mathematic~l m~oning. By "'"''• 
you ~re quite expcrt at intcrprctin¡; ~uch <trin¡;s. This imer­
prctation, rcmcml-er, im·olwd the applic":ltion of a rdativdr 
complioted ~··t of rules (Tabks 2·1 anJ 2·3}. Figure O·') 
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sbows how we can r~rrcscnt the same su in¡; as a trcc anJ givc 
it the sarne interprcwion. w~ will quickly discover that the 
rules for evaluatin¡; fin expression rcprcscntcd as a trec are 
much simpler to ltatt becausc par/ of rhe imerpr.·tatiolr is inher­
mt in ¡J¡e JlrTIC/Iltt o/ rile rree. 

Befare procwJing with this line of thought, it will be 
helpful lO StlmmJrÍle and supplement thc tree t<.'rminology 
Jeveloped thus far. This is Jon'e with thc aid nf Fi¡;mc 6·10a. 

We sec tlur cucry trcc has a tQO/ 110d~ from which extend 
¡egmeflt> (ont or more) to ot.\¡er nodes, which in rurn hruncb 
to oth~rs, eventually ending in termi>1al or ftaf 110d~J. (Nodce 
that a root node alone ís not a nee.) Every segment l~ads 10 
the root of a subtr~-c, which may ~ ~ terminal node. No.Jcs 

- . 
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c:m be h>eatcd (k\cntilkd) by h"'d, which is a nod~ count akm¡: 
a pa!h from th~ rc>~>lnodc 10 a t~rminal. The k,·e] wc aSS<•CiJIC 
with the root nmk is purcly "rbitrary, bm we will U>Ually takc 
it to be zcro. Thc n"Jcs aiUng a path are oft~n thou~hl of as 
havinl: an <JIIC.'str,¡/ rcbtionship onc 10 anorhu. ily amlogy with 
family trccs, muving from a rn<tl wward a lnminal, ""eh notlc 

Íllhcp'""''JJI of il' illltntdi;Ít~ ~ucccs•or nodcs (•>ffspring). Two 
or more nmk' havin~ a common p:1rcnt are 'omctimc·, callc-d 
siblili¡;s. Fin.lil)", wc C.ln >ay lhJt lhc ¡f.-~·r,•,• of a noJ" i> thc 
numbcr of i¡s imm~diat~ olfspring. 

A nodc m~y uho h~ idcntificJ in tcrms ol" thc p~th that 
lcads from thc roo! lO that node. How CJn wc rcprc,cnt th'n 
path? An answcr e<.>mcs lo mind whcn wc r,·ali7c thal rcprc;cm­
in~ a m:c in tu-o dimcn,ion~ in1po,cs an "'Jamg on lhc >cg­
mcnts that cmanatc from cach nodc .. -\nd \\"<' miglu a; u-di 
rcco¡;nilc thio f~ct of lifc by numb<'ring thc ><'gmcms in somc 
way, '"Y Ín>m kft 10 ri~ht or right 10 l:ú. For ,;mplicity anJ 
ron,i>lc•ncy wc will gcncrally nurnkcr 'cgmcms from ldt 10 
ri¡;ht, as Mt~¡:cst.-d in Figure 6·1Ub. ThciC ordinal numb.!r< 
amoum, in ctl"cct, to ll<mJ.·s f<>r 1hc >~t:mcm,. 



,, 

Now a node can be designated uniquely by Jisting the 
nam~ of al/ tht Jegmmu i11 the fl<ll¡, IMding lo lhat nod,;, For 
cxJmplc, the ligb¡ green node in f'iguu 6·10b may be dcsig­
natcd by lile lht (1, 1, !, l, 2), ¡he dark grcen nodc by thc 
li~t (3, l), thc gray node by the one-clemcnr list (2}, a!ld me 
black nodc by ( 1, 1, l ). (Hmv would 1he 'roo¡ node be desi¡;natoJ 
in 1his schcmc?) DbtiiiCt nodes han~ di~rin~t purhs anJ hence 
distinct )ists. 

The expr~w'm¡tra, by its vcry otructure, provi<l~s thc kcy 
te> cvalu,¡ting Lile expre"iun th.1t ;, rcprexcnt,J. ¡:,¡r ''x"mplc, 
suppooe valucs for thc variables of our expressiun are; 

1 • 1 w 1_:_1 ' : , 1 

l312!2!-Ji7 
A subtree of thc form shown in Figure 6·ll, togcther with 
the abovc mbk, can be undcmootl ro mean: Look up the.values 
of a and w, compmc a X w :o 3 X 2 = 6, anJ repl~ce th!= 
subtree by the terminal node 6. • 

Corr~spondin¡;ly, thc subtrec shown on thc lcft c-.ln be 
int~rpretcd a~: Compute d X y = - l X 7 "" - 7 and replace 
the sub!! ce by the tcrmi11al 110de -7. 

Fi~ur~ (,:12 r~prcocnts a sequence of m~anin~ful ouh>ti-
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Op<n\Oc 

'"'""'' 

• 

tutiom that, when c~rricd out, will uhimately lcud to th~ rc­
p\acement of thc who\e trec, root node ~nd al\, by a ~ingle 
terminal, which r~pre~cms the 1·alue of the exprcssion. 

Prop<:r evaluation is guarameed if we follow one simple 
r~p/awu.mt '"!lit th~t says: 

lr-71mé"t"tr yau ji1rd a mbtru consistillg of a roo/ nodl lradi"g 
10 1hree 1m11inalí (<111 ONralor i:md t::·o o.ncr:md•), rtpl~.-,; 

t!Jat subtrce by a si11g/c 1muinal ~"11/ue. 

Thus thc rcpl~ccrncnr sc·quence in Figure 6·13, althollgh 
diffcrent frorn that of Fi¡~urc 6·12, leads us irrcvoc;obly 10 thc 

1 ¡-2561 ' _. . . h same va ue, -
1
-. . ... computer pcuormmg ett cr scqucncc 

wou\d evaluate the sume imlicutcd quotient ¡- ;s6 ¡, notwith­

stundlng thc fact that compmcr operatioru on floatin¡;·¡">Oint 
numhei'S are nona"ociatÍI"c, J fuct explainerl in Chaptcr 11. 
<\nothcr poim to note t"rom thc figures is that the trcclikc 
rcprc.entation ola complicJted arithmetic expres~ion allows 
us to see ~11 thc m~anin;:ful subexpressions (al\ thc snbtrccs) 
a¡ 1 glance. 

Onc~ nn cxpr~"i"n i< reprc>emc<.l as a trec, c'""lllation 
depends only on r~p~.ttc·<.lly ~c~rching anct ~nding subtrecs th.Lt 
are subj~ct lO thc rc¡'laL:élncm rule. ;\¡ any ¡;i1·cn time, an 
expression trcc, it" no! •tlrcady fully evaluatcd, will nhibit al 
lcust onc suc\1 subtr~c. 

A qucstio:~that has lll> douht been up¡J<'rmost in ¡he miml~ 
of somc readcrs is: How 'houl,l trcc Strucrurcs be r<-prc"·ntc"l.l" 
in >to:a;c? Linkcd li,ts, introJLICCd in Chaptcr ~. >Ug¡;éSt onc 

' 
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way. With ¡!lis appn.,~<:h, onc ~torag~ rcpr~·wm.uion for th~ 

c~prc..sion 

((a X 11' + ~)X w)J2/(d X y) 

JS >ll\lwn in Figure' 6·1-1. A f<>ur-culumn t"blc i~ u'~d. E~ch 

row repr~Séll\S a nodc with ww l rcpr~s~ntin¡; thc rom nodc. 

·---- ''•H -----------"O 
1 
~ ••. k 

l ~umt><r 
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11 • )¡ X 
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ll i' 1 
H ·! 2 ,, 
15 li J 
16 ·1 o 

(.,.,, 

' ' ' ' • 

" 

l.ink> ' 1 ' 

Ri~ht l .1\iJJI.' 

" " " " " " • '" , • 
' " 

" " ' 
":c: __ _c:_:c~----"----"-----' 1 
>ICU .. 6·14 

Tabulat n:pr=ution nf"" 
<>.pm>ion ti<<. 

1 

Th~ fu~t column holds !he va!ue of the node if lt is a terminal 
or sorne special mark, for examplc, O, if the node is nomer­
minal. The remaining three rolumns hold node numbers that 
designate the lcf1, middlc, and right offspring. Thc;..,: posilions 
may be lef¡ cmpty (unddined) for terminal nodc~. Node num­
bcrs in the ldr, middlc, and right columns serve us li111<l to 

other nades. Other tabulat dcscrip!ions of trec .11ructurc using 
the linked list ~pproach ~re discussed in Choptcr 7. 

A Peek al Sorne \'('e noticed in the e~preSliÍOn tree of Figure 6·12 that two 
Futurc .\iodcls ofSIMI'LOS · separa te subtrees 

• 
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had only terminal nodes as offspring. At me stan of evaluation 
we could invok~ !he r~placement rul~ on cirher of these sub­
trees. l! was immaterial which we picked first TI:tis will always 
be !he case for subtrees whose root nodes are siblinp or thc 
offspring of sibling: nodes (i.e,, c<JUSÍns once or more remot't'd). 
From the slamlpoint of expre;siorl cvaluation, such sub!r~c; 
are murual!y i~~<k·pendmr. 

Undcr what circurmtances can a compu1er work on !he 
cvaluation of two or more indepcndcnt subtrees al dle samc 
time? Wilh our prcsen¡'SJ.\IPLOS modcl !he answer is ncver, 

_ bcc:ause ar any one rime L"-ere is only onc 1eam of pcrsonnd 
(Master Compu!cr, Affixer, Readcr, and Assigner} 3\'ailablc lO 
do wnrk. On thc other hand, advanccd models of computcr 
s¡:srems havin¡; severa!, perhaps many reams of personnd, are 
quite fca-iblc. 

Although it may boggle !he mind 10 think abom ir, one 
may anticípate rhat future compurers will evaluate mumally 
indepcndent subrrces concurrcntly, lhat is, in Paro.!lel, whcn­
ever more !han onc ream of personnel is a1·aílable for rhe 
purpose. In cases whcre speed is cssential !he capability of 
concurren! co"mput~tion olfers thc npportunity ro so)I'C prob­
lcms that cannot be solved fust cnou¡;h in any other way. Ex­
amples of such problcms ~lreudy abouml in our tcchnological 
socict¡-. ,\!ore c~n be found on rhis topic in advanced tcxrs . 

• 
1. Evalu•re th< upression tr.'"' b-clow, using th<: given valuc-; for the 

voriable>. 

"' 

' . ' ' . ' u • 10 
r • -<•O 



"'' 

' 

'" 

' . ' " . ) 
1 • : 

" .. 

Bf2- 4XAXC 

' . '· .. ). 

e • '· 
""' 

.. "· ..... .. '· " . '. 
' • - 1 

3. Thc fo!\owing ar~ mo propo<ed tl'\'C upr=nr:acion• for tht expres­
sion 

1-NXAJN/D+OXU-T 

Which, if cilher; of the>e tree~, cvaluoted by the r~pl•ccmcm rule, 
yields a rcsult compllla<ionally oqui•·alem to the rc<>uh we get by 
following the tv.>luolion ru].,. JaiJ down in Tob!.'. :! • 1 and 2 • 3? 
lf the evoluotion of either one of thc trtts is not <:on.patiblc with 
thcs~ rules, de"ri~ th~ discrcpancy. 
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1•1 1 ,, 

4. Draw a tree represrnt.otion for <he exprcssion 

(a- b)X (<- d)/(c X (f + g)) 

5. Find which of the three treos given bolow correctly roproscnts thc 
giwn o.pression and rxhibit thc cxprcssioi. represented by"ca<:h úf 
tlle other uccs. 

,., 

' 

' 



'" 

G. Find the trcc among tilo four givc" lxlow that rcprcsents the gL\'cn. 
c'P'""ion corrcctly and c•hibit the cxpre•sions reprcscnted by cach 
o{ 1hc other trocs. 

aXb < c+d/(f+g) 

'" 

• • 

' 



• 
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1. Con ver! <he rrces bdow inw the rorrcsponding arithmctic cxprcssions . 

. '" '"' 

'" 

• • 

~. 

•' j' 
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8. How 11uuiJ you Jr~w lh~ ""!''•""ion Ir« for d110 c.\pn:>SÍQn 
,\X ( -,B)? Th10 prohkm hcrc ¡, to J""iJe llllw on~ >houlJ '''l'''''m 
a un~ry •'rr:>a<ion. Ono f"'''ibilit)' is >h<>wn in thc tJW cm tho lefL 

1 k re ¡he 'ul>tr.·o r:.<¡•re.>>Í<m - B ;, tr.•JtoJ '" a root nncle hJ\'ing 

• unarr ~pcrotor [J anJ ono argumcn< [!]" ulhprins M des. Onc 

can J,oJucc that the ormuur is unor)' ~)' !1"' fact that Lhc (ldt-b.and) 
opcr:~nd nodo is mi-.ing. fune1iom such os \í, ros, anJ so forth, 
can he thought of as un:ory operamrs. Using thr: ab<wo cxpre,.ion 
~ch,·mc, or anothcr ,,f yom mm chomin~, dcvelop cxprc»inn treos 
for: · 

{a) A + \¡¡: 
(b) CO$ (~' + y') 

(e) j; X(l + q/ v'p¡:+ q>¡ 

9. W'hi.:h of the following .utcments is fa!~? 

(a) A terminal nodo h.t• onr: an""stor nodo and no d..,;~ndant nodes.. 
(b) A roor nod~ ~" no ann-sror nDd"> ano.J may ha1•e no Jcro:ndam. 
(e) A nonrenninol nod1 has no dcscrndant nodes. 
(d) A nonterminJl nodo mJy h.,., only one ancestor nod~. 
(e) A terminal nodo con be connectcd toan oncestor. 

Hi11r !f you have any qucltion as ro rhe mconing of ''anccowr" and 
''desccnd:un" just think of a family trce. 

10. Any gi1•cn two-dimension.:t! m.:nrix can be ropre•'"nted as o tr<:<:. For 
cxamplc, 'thc matri~ 

~ = [~ j ! !] 
can be cxpresscd Os rhe rree: 

(a) Gi1•cn rbe reP,.csc:nw.ion above, the four nodcs at Leve! 1 co=­
spund to (choosc one): 

(1) Thc four clemonrs ofthe main diagonal of the givcn matrix. 
(2) Thc four elemmt• of row 1 of the given murix. 

,,¡ . 
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(3) The four columns of the given m•trix. 
{·l) The •um, of the elcmonts in cach of the columos of th~ givon 

m~trix. 
(5) t>:one of th~ abov~. 

(b) Show at Jc,¡st onc othcr way to rqJr=m the ~rn~trix t\ •• a tr~ 
muourc. 

11. Usin¡; li" notation, gi\'c thc paths for thc nodos Iabelcd 0• G· 
and0, in thc second of thc two trccs rcfcrred 10 in Problcm 3 of 

this cxcrcise "'t. 

12. DCllclop a schcme to denote thc >:wing in time that, in principie, is 
possihl~ in a contputcr having multiplc pro=sin~ unin thot con 
c'cclltc concurren¡] y in thc '"me cxprc,ion. Show how your sch~me 
would work on thc follo11 in¡: _expte>Sions. 

(a)a'+b'+c' 
(b) (a- b) X(c- d)/(c X(f "'- g)} 
(e) <Vi+ cosy)/z 

13. In thc tcxr we ha~·c ulways shown thc opcrator symbol of "" exprC•· 
¡¡on '""" as ' <cnninal <WJc, so cKh nontcrminol nodc of thc tree 
has thn:e offspring if the opcrator has two operands, and two olfs,iring 
if the opcutor ha• one Op<rand. Anothor way m draw thc trec is to 
place cach operntor symbol ar its p;!r<nt (nontormin:tl} nodo.' For 
ox~mp!c, thc troe for tho cxprosion 

t\+BXC 
m.1y he Urawn "' 

' 

inncJd of as 
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6·2 
· l re: e :.c¡¡r,;h..:~ 

Th~ n~11 f,,m, 11hich w~ ,¡,,11 ~:lil-~ l•i"~'.l '''P"'"ion ucc, hao 
fc\\cr ""'b lP\11 lhc >JillC amouut .,¡ informJIÍ(>Il. 
Hdcr 10 Fi~urc (¡.¡.¡ ond: 

("1 !'rodoce ¡h~ binar¡· "'P"'»ion lrtt .-r;ui,":lknt 10 1he ~'P"'"'"" · 
tr.:c gín:n in 1ho !igurr. 

(b) Show how thc lrc"c 1abk in th"t !igurc c:m be chlngc'J in spru,turc 
and in ""mcm to "'P'""'" thc binory trcc roo dc1·clop<J in pan 

" (e) Which 1rce 1.1bk wuuld rc:quirc II.'>S stOiogc in a oomputer rcprc-
senra<ion? 

We ha\'c now sccn cnough of trc·c.1 to hav~ ub:\crved thcir main 

HrUclural dJa<aclerÍ>tics; ocgm•nts of a oubtrcc ahi'JY> con­
nec¡ to new nodcs thJ! form a cominualion of thc !iamC subm:e; 
there i> no looping back 10 nodes closcr 10 the rwt; aml1hcrc 
is no crossing: or criSscros~il>g betwee~ sub1rccs. 

Therc ~re m;my w~ys on~ can construct and ~torc J 1rce 
wucrurc. D~pendiag on whJt use is to be m~dc of dlc trcc, 
sorne represcntations (we will call these uoru_¡:l' strucwres) are 

" - bcm:-r th.:ln others. Trees are searched for onc reason or another, 
'; • '-,·,'JL,• ... "'-eilher·to ¡iain specific infonnation;·m reJCh a condusion, or 
··'1 '·' 1 "-' .. ''" to niodify tlle' trce·in'a cerwin ,\-iíy: A rrec search líes at tite 
' ·- ·-~"'"'· '~ _, '"' ... ,, '"" ' .,,. ''• ' 

... ·' 

Narural-onkr Trec Scarch 

heart of a number'of mathematical,problcms ~nd a grcat num-
··•··•-•·'''' ··-bcr of ¡;ames. . ¡ 

lbcre 'is a systcmatic way 10 sean al! !he no<ks of a tree that 
is used frequcntly in soll·ing problcms. \"'e call it 11atura/-ord.:r 
,scarching. Ahhough a sq'uirrd'may ha ve bcttcr ways' of findint: 
nuts in a tree, it wil! hf:Jp us to U~derstand nltural-cnkr scarch 

' . -
if we imagine· a nutseeking squirrcl willing 10 follow thcsc 

' ruks. / , - .. 
l. Start at the lrunk (rh<.>t) ~JH.l don't swp trying scgm~ms 
umil you reach a leaf (t~rminal no.de) unless you find a nut 
and chOOK 10 stop at that point. 

• 
2. U pon reaching a ter~in~l widloui finding a nut, back 11p 
to the nodc you just pa;wd, th~t is, to 1he ¡x~rcnlnode of this 
terminal. , { .'. , 

' ' 
3. Now, choosc the next umritd Kgm~nt, if any, and movc 
forv;ard along it toward another leaf oodc. 
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' 

'" 

4. lf there are no umricJ scgments, cráwl b~ckward 10 the 
predeccssor (p;uem) node and repeat thc proccss of trying m 
reaclt nnothcr leaf node. 

5. !f }'OU C\"n frnd yoursclf back at !he root ltaving alr~ady 
tricd al! >cgmems from thc n>GI without finding a nul, you ha<·e 
Jini~hcd se;lr~hing thc cntirc !1 e e in nantral ordcr ami cnn repon 
a failure W find a nut. 

Figure 6·15 shows a natura!-<Jrder search of a tre~. The 
numlxrs bcside the nodes indicate !he sequcnce in which thcy 

\ 
:J ,' ,-· 
' ' ' 

• 

' ' 
;u ; 1 

eu;u"' 6·1> 
~} 'i<'lll.lllC (>WI".JI·"'"' >) 

,,,,,h ,,., ,) "'"· 

Al¡:orithm f or S J!ur;ti·On!c>r 
'l'rcc s-·~rch 

/ 
are fiN <"llc<>lullcrc,] (i.c., ''' th<· ~quirrel sccs thcm in it< for­
\l'llrd rrn;:•cs,). \\'e )'icturc• '"'" nf thesc nodcs "s '' nttt. lt is 
tite :?Jrd toL>dc cnc<JtllliCrcJ. Noticc the 'Y>tcmntic, ]d't-tn-ri¡:ltt 
sdcniun o(' 'cg:mcnts al <'nch noJc. 

No\\' surpose 1w wi'h to comtruct a tree search al¡;orÍlhrn that 
¡:~n~rally íollm1·, thc ~1,11<"<1 ,e¡ "f rules. On~ ol ou• rroblcn1' 
is holl' ro imcrprct rul~ 3, thul is, h~w 10 choo>C among the 

V¡/ 



rcmainin¡: umricJ ·~:;mcnt>. If w: rccall, howc,·a, tlwt the 
sc¡:mcnt> ~man~1in¡: frnm <":lch nodc are, or alw~)·s CJn be, 
~rd~r<·d, thcn ~ >implc intcrprclation comes qoickly to mind: 
dtOO>C th~ oc~mcm, ifany, 11bos~ on.!in,,! numb<'T n~mc is one 
hig:hcr than ¡ha¡ oi thc s"gmcnt prcviomlv tried. 

To makc 1his choice impli,·• thal thc algorithm can always 
idcntif y 1h~ anc~-stor or pJrcnt nodc f rom which th.c "prc,·ious1y 
trkJ" >q;:mcm cmanatcd. That is, lhc algorithm can only idcn­
tify additional segmclll> in tcrms (lf thc common paren!. This 
backup capability is as>urcJ if thc •lg:orithm Jt al! times has 
~n up-to-d~tc record of whcrc it is in thc trce scarch ;ulcl can 
rcprc>cm this duta in thc form of a path list. F()r cwample, 
supposc it h•s becn discoven:d 1hat ¡he segment> from thc node 
whosc path designation is (1, 1, 2, 1) need be ex~mined no 
funhcr (l'icrurc 1). 

' 

11~ """' ...... ~(l.l.l.l) 

' /' ' ' ' ' 

What ís !he p.a!h na me for !he parc:nt of th.at node? The aruwer 
i5(1,1,2). 

llow do we apply rule 3 to this p"areo.t (1, 1, 2)? (Rule 
3: choosc thc ncKt untried segmmt, if any, and move forward 
a1ong it toward anothcr 1eaf nodc.) The answu is, if there ú 
a node whose p.ath is (1, l, 2, 1 + 1), try it (Picture 2). 

In general, suppme "'e have tricd the segment lcading 
from nodc (1, 1, 2) to nodc (1, l, 2, i) and dle subtrce whose 
rt1r>t i; (1, 1, 2, i) has failcd to contain the nut wc are looking 
for. To >el~ct thc ncxt untricd sc¡;mcm, if anr, nf node (1, l, 
2), wc have only to check whcthcr thm: cxists a valid node 
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T ... '""1' """" 11. l. :1 

Th< ooJ< o.m<d Cl. l. '· 11 
lo"''""'' "'<1 11. l. :. 1 ' '•''' 

PICTURE 2 

ve 

whose path is (!, 1, 2, i + !). If so, sdc(! thc segmcnt kacling 
!O this nodc ~nd if not, b~á up, and check whether thcr.' i~ 

a valid noJe (1, 1, 2 + !). If so, sekct the scgmcnt lending 
m this nodc, !:Jm if not, hack up again and oee whcthcr (!, 
! + 1) is valid, and >O on. 

\Ve now smse that by st~rting out with a path list th~t 

r(preselll> thc roo¡ node (an cmpty ¡¡,¡ of segments), ~nd by 
cominuing to update that ii>t as wc mo\"C through thc trce to 
refkct wherc we are in tl1e search, thcn simple adjustmems 
10 the path allow us tn determine ea eh ncw direction of scarch. 

Figure 6:16 shows ~ systcmatic proced~~re, th~t is, Jfl 

~lgclritiHn for cond!~tli11g natura]-ordcr trce se~rch. Thc algo­
rithm is !Cprc>c•nted in top-down ·,tylc, with Figllrc 6·16a 

gil'ing thc toprno\t \"k\\". Any nece>sar}" data are input in bo:o.: 
l und th~ ll"oc >earch bcgins at lx>x 2. In Tre.:_S~arch, who;e 
dct.1ill ~re,;,..:~ in Fi~ttn: G·16b, th~rc are two k.:v vJri;blcs: 

D •" • 

lr•t-d and p.u/r. Tlw \·.>J,¡c· oi" ln-d tclh 1" thc mtmbcr of dc­
m~nts in p~th. \•Jillc"> of thes~ !WO \"ari:JbJes dctenninc the 
Cllm"lll 1101k of the scarch. In a semc thc nurcnt no<lc is · thc 
onc we ~re >t~ndin¡: on whilc w~ tn: to tind the next rw·dc ro 
mo1·e tn. Thc'e l".lri~bks are inilialile•i in bm; l uf Figure 

6·1 Gb. Tro,·_S~arch ~cts """" surt ol· ~witch w inJic·.otc óucctos 
or !ailurc. (1\cc~ll that a root mxk by [¡,df dnc< nm o:<>n,titutc 
a trce. Therc mu,¡ b~ nt lc~st OIII! >!lbtrce. For 1his '"ason the 
liN time hox 2 2 is cxcc!lted thc re, outkt will be takcn.) 
U pon ni1 l"rom Trce_S,·arch, the main pro¡.:ram, in dl".:n, tC>tS 



,,, " '·"' " .......... 

1""'" • ., ..... ·,-·~•> "•'' 

J 
lo.·•-"'"'" 

1 
~''"""'' r-;,:.:.:.•~ •. :,,-~-,J ~-" 

\. ~ .... -~, .. 11 

' 

í 
I 
s rm• 

(a) ,\\oin llowch•r> 

R .,_.,, 

" '1' 1 

T ,,;,:,-e,:,·.'---'',~~ 1 'v .... 
,, .... ,...... . 1 

·'''"' . ., .,, 

' 

'- ;_ 

"'" .. , ... '·' .. ,, 

l 
~· " l.' 
'-

flGIIH 6·!6 [<) 

To¡Hlow~ dCI'<Iupn><nt of 00 
'lgotilhm for n"urol--ordcr 
treo ><>r<h. 

1 

"' 
" \N 1 

" ••. , ....... , .. 11,. 

"" ""'''''' ';":\"'"'· '" 
' '" """'' ',,,:,:: '" ,.·,;,:·' -
'"" "'"'' ·-

J 

~~ ---':." ~ 
__!!:ij " •• , ''"""' . -

1 

1 ~ , ... , .. "'' "'" ~' 
"' '""'''"' fo<~ 

¡'" 
~"' 

'"' "'''"" 
1 

' . 



(•l < • 

.. 

~ 

. . 
1 

1 

.. 
' , __ . 

.. 

"' 

331 THES 

. .. ' .. ' ... . 
• 

" 
.. 

' 

1 ~.l.l 

1' 
..... 

r" 
' . . . 

1 

• , . .. • " 
1" 

) 
. 

l.JJ 

"·'"·'·'"" 

that switclt. Ir \UCCCS s is indic;ucd, .the p~th Jiot ¡, Ji>pbycd, 
¡Jenufymg the locatton in the trec where !he nut was found; 
otherwisc a fai!urc mc>sage is displayed. 

To simplify thc dct~ils of Trce_Search, thrcc Df its box-es 
are givcn in more dctail in Figure 6· )6c, 6·l6d, :md 6·16~. 
Noricc that rule 3 i> implememeJ in \xlx 2.3 as a cal! 10 a 
proccdurc, "Scck_Another_Segmcnt," whose detJils (Figure 
6·16c) includ~ a test for admissibility of umricd s.::gment'i . 
Althou¡;h not shown in the !evcl of dc•tail given in Figure 6·1 ~(, 
we imagine uiat some >01"1 nf >ll'itdl is •~t hy Scá_Anmhcr_ 
Scgmcn.t, which c~n be tcsted upon rcnun to Trce_ScJrch so 
that the"fonner's soccess or failurc can be dctermined at bo~ 
2.4. lf succc>sful, tbcrc is a n~w nodc to whicb thc seorch may 
adnwcc• (J~t"ils in Figure 6·l6d). Ir umucce~~ful, ir Í> neccs­
s~ry to r."/r~at 10th~ pawn noo.k, if ~ny (Fi::;ur~ G·l6:). (R~­
mcmbrr that Seek_:\nother_Scgmctlt repon> tJilurc onlr aftcr 
al/ segmcnts h.l\"e becn te~ted.} 

Thc bookkeopin¡: of thc rctrcat o1•~ration (bux ~.5.3) is a 
two-;tcp prclCCSs. 

l. lktach thc l.tst ckmc•nt of path, which is a scgmcm num­
ber, ami >J\"C it to us~ thc• ncxt time Sc-.:k_.-\nuthcr_Se¡;mem 
Í> callcd at \xlx 2.3. 

2. Dc¡_·¡etnent /.:vd by Llllt w rdkct thc Sh\lrt~n~d lcngth of 
p¡.¡th. 

1 .. ,. 
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The four-color 

problem 
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llle s~gm~nt numbcr SJ.I'tJ in ~1~p 1 is n~c..l~ll in boxcs 
2.3.1 and 2.3.3. \Vhen a ncw segmcn¡ nutnber is sdected in 
box 2.3.3, ir in turn '' '~'·cU for use b)' A¡J,·Jncc, 1hc ncxt time. 
tha! procedurc is ca.llod al box 2.6. Ad1·ance incremcnts ! ... ..,¡ 
hr one and appends the new segment numbcr nn to thc end 
of ¡mlk We ka ve .10 the rea•kr the plcasure of rcvicwing rhese 
detaib and convincing himscl f of thcir correctnc>S. As a parting 
re!flark, it is worth obst:rvin¡; 1hat the mrure of the admissl­
bility check himed at in bos 2.3.1 mar be crucial to the success 
ofthe scarch. As man)' inadmissibk nrucrurcs as possible mus1 
be ruled out ~~ rach stagc. For n;,mtple, thc squirrel should 
recogniu eacb dead limb anll not search it. Othcrwise, tbe · 
proportion of usde~; pa1hs may grow t:apidly, meaning that 
the efficicncy of the search m~thod can plummc¡ ¡oward zero. 
Next we examine Se\'cral int~rcsting problems tita! cmploy this 
type of search in their algori1hmic solution . 

. • 
1. List the node5 of Jhe rree bc:low in rhe order in whkh they would 

be: cncountered in ~ naruraJ.order search . 

• ' 

• ' 

Maps are colored 10 make it easy to :;ce at a glanec the exttnt 
of each country. 1t is necessary that ndghbcring coumries (i.e. 
countries with a common boundary line) be assigncd different 
colors. Does the maprnakcr then need more than four colors 
10 do his job? He doesn'1 care, but we ®. 
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This problem was one of t~ tn()l;l celrbratcd challengl-s 
in mathcmatics. It is of gr._.a¡ inrdlccrual imercsl nnd ha. Ín· 
trigued many peoplt from all paths ol"lile. Actual! y, it; solutíon 
has link or'norhing wha~>ocver 10 do with making m~ps. ,--\ 
mapmakcr is and always will be able 10 print maps using a< 
many dift"erem cnlors as he nceJs. 

A chcckcrbo.lrd is an example of a map that C<JII be colorl-d 
with only lfro colors. The four-counrry map shown in Figure 
6· 17 reql1Írcs fow colors. Bcc:1"'e each pair ol" coumric' Íl 
adjacmt, no ~vo can have thc. same culor. 

lt didn't takc us Ion¡: ¡o linda map requiring !Our wlors. 
Yet, in ovcr 100 yc<tro of scnn.:hing-, n<> une hao IUCceedcd in 
finding a map requiring fiv~! lt is natur-~l to coniccrurc that 
evny map can be colored with four colors, and many mathc­
matici•ns have raácd their hntins trying to prove this con­
jecture. Thc bes! thc,y hal'r becn able to do so far is to show 
that every rn.:1p can be colored using no more than five colors. • 

Wc are about to scc how computcr mcthods can be applkJ 
to thc four-rolor problem. We wiJJ not use !he computcr to 
show lhat the four-color coniccture is true. lndeed, it is entirdy 
possible that no compttter c~n cvcr provc this. 1/owc\"er, true 
or false, wc can me the computer to d~tcrmine whetlter a 
parui;ular map C<Jfl be. colorcd in only four colors. This is the 
msk for which wc want to con,truC! an ~lgorithm. 

Before starting on this al¡;orithm, a fcw rcmark.s conccrn­
ing the coloring of maps may lx hclpful. 

.~ minimi.l! /it't·color '""P is a map requiring live cnlorl, 
so that cvery other map requiring li•·c colors has a1 !east as 
many countrics. Of rourst", no minirn.:~l fivc-color map has cv,,. 
becn J<,nJ. Btl t matbcmal!ci~n~ hal"c ,hown th~t if stll"h \llUI" 
e'ist at all, thcn 1ome nf thcm s;¡¡js!i' thcse 111"0 conJitions. 

l. Nopoint is a bounJary point of more than thr<e countrics. 

2. Each coumry is a ndghhor of at least tive others. 

Morem~r, it can be shown tha¡,..,,·ry minimal map. if any exist, 
n1u't satiifJ• thc 'cconJ tondition. 

lt is thcrcforc CtNomary 10 comida as candidates for 
rountcrrxamp!cs lo thc four-color ronjccturc only map' ful­
lilling thc'c comliti(ms. 

·.~ 1imrl·· pra,f uj U.< o,., . .,-.., "'"'~'-m <>i>b. 11 .,.¡· to. r.,.,,._J, foc <'-'mrlc, '" 
ll l.tr " .u.,..-...,,h,, O"·~J Cni'""')" l'mo ( •~• l~ ~) C.."""' •M Rubbon•. 



Four.Coloring: as a 
Trc~ S~arch 

ftCOU 6·18 

' 
' 
'"· . 

f/Ct'll 6·19 

334 

W'c can nwJcl th~ problcm of four-coloring ~ gi,·cn map, >ay, 
thc on~ pictureJ in Figure 6·18, as onc of trawlin:; along a 
path through a trcc ~uc:h ~~ thar 1hown in Fib'llre 6·19. Each' 
~~gment r~prcscms a Jccision to color a CDuntry, wüh color~ 
l, 2, 3, or 4. Thc ith segment in a path from the root corre­
spomh 10 the coloring- of lhc ith counuy of ¡he map. 

" 
'' ,-

·- ' r-. ) ' ' 
:---; ' J 

Observe rhat many p:tth5 through thc tree turn out to 
represen! identical colorings of lhc map except for renaming 
of the colors, and it is desirable to avoid seardiing through 
such duplicate patterns. (E.g., lhe two heavy-line palhs in 
Figure 6·20 reprc1ent thc s~me coloring paneros with Jitferent 
names used for the colors.) One way to a~·oid the unnecess.ary 
search is to fix at the outset in a quire arbitrary way the colors 
for neighboring countries l, 2, and 3 and to begln the real 
seard wilh the coloring of country 4. 

In co!oring a!l coumries, from the founh count¡y .6n, as 
scen in Figure 6·21, we a~'ume that al! four choic~s are possi­
blc. Most of the lime, however, as can be secn in Figure 6·22, 
onlv onc, nvo, or three Clf these choices wi!l be adml~lblc. 
Somcnmes even all four ~hoicC' will b.: inndmissib!e, a! ex-
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FI<;OU 6·21 
Showing coloring trcr •nd onc 
pa<h r<pK«ntin~ thc coloring 
of the fi"t ,¡, countrico 
(colo«•! !inc). 

'"""'"' "" '"~'" 

HGURt 6•U 

A., <ntire culorin~ <t<< 
•h""in~ hO" t<> IOUr·rol<>O lhe 
m•p "' Fo~ur< 6·1B. 

IH.~<:I>tS 6·J, 

" t ·' 

,¡ 
' 
' 

~00<. lh< '""" '"'"'"' '" 
"' "'" "' ''"" .......... 
" • "''"' coJo '" '"' 
·'~""' "r'"'""• o, '"' 
"'" ""'''· 

ro S"""~' """"' o, '"'"""' noJ,, .r "" '""' BJ 
lO 1 ,¡,.,., m•n.oJ '' "'mon.ol """"o/"'' '"''" ,Ü 

empliJj¡•J by tormin,d nodcs nl'orkd Fin Figure ll·22. Only 
10 p:tthl kad 10 .S (su.:ccs>) tc•rmmals. 

l. Com¡outc the thc•ore¡¡,·al nl,J'\imum n\Jnl~.-r of r<><<i~k termin.LI nocb 
for rhc mlnrin~ Ir.-.: of thc 12-<'•untry !!IJp in Fi~urc 6·18. 

/Ji111 u,. l'•¡:me 6·21 a• a g"iJe. 



A Four-Coloring 
Algori!hm 

>l<lUn 6·23 
Enmple of map ro be 
fou.r-<t>lored by • computer 
algorith!ll. 
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3. 

'· 

COMPVTER SC!ENCE: A ltkST COVRH 

A>>ume th•t it takc> only 1 micrr"'"""d tn (heck :~nothcr pll!h to 

a lormin~l. and th:lllhc ;carch uf lwlf uf1he-.: pa!h> ¡, r.·.¡uir,•,l ¡,.,fore 
the de>ir<·d lorminal ¡, ,..,m,-.t. llow long would the <."Cmpu"r dmg 
away bdore i1 foun,l \\hO! ¡, w"' loukin¡¡ !Orina 39-cuun~ry map? 
A"um~ all --~n~em¡ lo k Wmissibk. hptcss your an•w~r in uniu · 
of J~<>n". • 

B¡: r.:numhcring the roun~rks un the map of Figure 6·18, slww thot 
a coloring lf<"C con ha\"~ nodos with thrc-e and e•·en fuur permi.,.ible 
segmems cm:mating from th<rn. 

Using a fomt similar to rhat of Figure 6·22, dr;w a "coloring trtt" 
for the mop shown btlow. 

Let us see how ro apply what we have just !eamcd about ttee 
search to an acrual problcm. lt is one thíng to discuss a tree 
in the absrrnct and anothcr to sllirt with a probkm, define in 
sorne derail the trec search that is involved, and then develop 
a·detaikd ftowchart algori!hm. In this case, we will take as 
our probkm statemcm: Develop a detailed tlowchart algorithm 
for four-coloring any n-rountty map. _ 

The first ~1cp rowatd this obicctive mi&ht be to devise a 
merhod to represen! any n-country map. Todo this wc nced 
a sample map for studr as, for cxample, in Figure 6·23. Thc 

• 
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map consists of 39 countrics, and the rountries have been 
riumbered or indexed in the arder that the algorithm will 
att~mpt to "color" them. 

Thc dficiency of the algorithm will be greatly improvcd 
if cach country bordcrs on as many lowcr-numbercd countries 
as possib!c. We do not absolutdy insist on this but, if you ha ve 
done Probkm 3 of Exercise 6·3. you will appr<Xiatc why we 
reeommend this approoch. We do, howcver, rcquirc that the 
fim three countries all be neighbors of c:tch othcr. 

How do we reprc,..,nt the map in computer storag:e! One 
way is to_ oomrruct a "conneclion tabk," !ining after each 
wuntry all of its ncighbors in increasing order. This is shown 
for our example in Table 6·1. 

Our algorithm should oonsult this table whcn dcciding 
how to color a particular country. For exampk, if we were 
coloring C<>Umry 15, wc crmld S<.'e in row 15 that countries 5, 
6, and 14 are neighbors already colored. Our choice of rolor 
for 15, tben, deP"nds soldy on tbe rurrcmly choscn rotor~ for 
5, 6, ami 14. 

Knowing Ihat country 15 al so has neighbors ·numbered \6, 
25, and 26 appears to be supcr!luous. This \eads us to tbe idea 
of a shav.:d-down table, which we will ca ti Ih~ "red~<ced conn~c-

Thc Conn«tiOfl To~lo tor 1ho ,\hp in Figur< 6·23 

Ctnmory Noighto<>r• Country :-l<>gh~ors 

,_ 
' ' ' ' •• " " " ro " " " ' ' ' • ' 

., • ~2 " " " " " " ' ' ' ' • " " " " " 22 " .n " ' ' ' ' " " " n· " 
,. " ,, 

" " ; ' ' • " " " 
,. _, 

" " " 
,. " 

,. 
• ' ' 

, 
' " " 26. " " " 2> " ,. 

' ' • • " " " 27. " ,. " 
,. 

" • ' ' • '" " " " " " 
,. 

" • ' ' ' " " 2\l 29. " " " '" " " " ' • " •• " '"- " 
, ~ " • 

" ' ' "' " " " " 
, 

" ~ " '' " ' " " 22 " • J2. " " " " " " " ' ' " " " " " 22 " " " " 14 .. ' " " " " " " 
,, 

" " " " ; • " .. ,. _, " 35. " " " 
,. ,. 

n .. • ' " " " " 
,. _, .::r, " " " " 17. ' " " " " " " ·--· " ]') '" " " ... ' • " " " 

,, 
" " m " " " " .. • • " , ' " w. " " " ·,; 

,. 
" " ,_ • " " " " " 

' 

!Y 
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TABtl .. , 
R<Juc<J C.onnwion T,bk h" Lh' ,\l,r ¡,, Fi~u"' o·2l 

Cuun~ry "''~h''"" ll'ldtb Ü>Unln !>rmhtw•n ll'idth 
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" " " " ; 
1· " " " " ' 
" " " " ,, ; ,. • " " " " ' ,, " " " " • ' " " " " " " ' " " " " " " " " ; 

!: 

tion tabk" lt is con;tructed by striking out of each row in 
the table aH numlxr~ greater than the numbcr of the row it~lf. 
The reduced C\mnection table fnr our e:.:ample is seen ifl Tablc 
6·2 and can be thoug11t uf m this case as a 39·row by 7-colmnn 
arr;¡y called CO~:-..'. The numbcr of nonnull elemcms in cach 
row is given by ekmcms of •n associated list w. Thus !he 
al¡;orithm can se~rch the firot w, elements in the ith row 

. of COK~ to determine which neighbors have already been 
colo red. 

lf we are 10 opply our generalized tree search algorithm 
(Figure 6·ló) to tbe map-eolorin;; problem, )I"C mus¡ also de­
cid~ bow to represen! the rum:/11 node (i.e., bow tO represem 
the variables pa1/, and /evd). Tbe variable patl! is a list of 
demems, each of which designa¡es a segment choice. Our 
dedsion to use color endes J, 2, 3, and 4 for tbe four possible 
color choices !cado us dirc-<.!ly to tbe decision that a search 
from a node may be accomplished by sc!ecting {rrying) the 
segmcnts in the sam~ order, !, 2, 3, and 4. The decision to 
m~kc this corrcspom.kncc b~twe~n the color codcs and tbe 
segmcm order impo>tl the requircd ordering on thc scgments 
from ca eh node of our co!oring trec. Moreovcr, the ith e!ement 

JF 
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of path automatically identifio:s che-color chosen for the ith 
· coumry! This means that whenever we have bcen able to 
choose a valid color for the nth coumry, the curren! contcnts 
of the pa1h is the desired Jíst Df cDiors for 1he n countries of 
the map. Nothing could b~ >Ímplcr. For this prohlcm, lct us 
cal! the path list COLOR, sinct: it is more suggestive of our 
dcsircd obicctivc. 

Figure 6·24 shows a flowchan algorithm incDrporating tbe 
foregoing concep1s and d~tails and following thc idcntical top­
do""ll mucrurc given in the gm~ralized scarch {Figure 6·16). 
It will be casy to verify the daimed similarity. lf you have 
any difficulty in fo11owing Figure 6·24, remcmbcr that boxcs 
wi1h oorrespanding numbcrs in the gencralized Jlowchart haVl: 
similar meanings. Only Figure 6·2•lf, thc detail of thc admissi­
bility test in box 2.3.2, is rcally ncw. 

Box 1 of Figure 6·24 is a coun1crparr to box 1 of Figure 6· 16. 
In the detailcd algorithm we mus1 input 1hc data uplicitly tO 
represen! 1he map if wc are going to deduce thc actual s1rucrure 
of the tree. In Figure G·24b, !O kccp lrack of wha1 trec leve] 
ha! bcen reached, a le•·el or path length oounter k is nceded. 
This roumcr Í$ initially sc1 10 O in bDx 2.1 to rcflect the start 
of the search at th~ root nodc. [The algoritlun could be made 
more efficicnt by initializing thc leve! coun1er to 3 and pa!h 
to (1, 2, 3) 10 retlecr coloriog the !im three countricJ with thc 
fint threc colors, as suggc>tcd in Figure 6·21.] 

Success_Switch is a 1hre.::-valucd switch varíahle that is 
ini1ially set to "undecidcd" (at bmt 2.1 ), and then ls sc11o eithcr 
"Y es" if thc rree search succeeds M lo "No" if thc search fails. 
To sce why or" whcre this switch is >ct !O cither "\'es" or to 
"No."' }"OU may bave 10 de$Crnd 10 the ncxt !evels of dct.ail. 
Tbus, whenc•·er we discowr thJt 1hc scarch is about to back­
tr~á w b·d <.ero, thc .le:lrch-h<J, failed (bo~cs 2.5.1 and 2.5.2 
of Rctrcat). lf k - l = O in box 2.5.1, thc currcm node is 
at lcl"d J. In othcr words we have backtracked to thc fir.1 
counrry. Thc lir't wumry was colornl with color 1 at thc 
beginning of the scarc·h. \~·e h.:Jvc not tcstcd colon 2, 3, or 
4 on coumry J. Should we? Nor rcal!y, bceause we know tha1 
any coloring wc find will ;imply he a rcnaming of a previotl< 
coloring (if any) when country l had color l. \Ve wou't fmd 
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3ny ncw panerns. If we w"1t 10 scJrch thc c~mplcte Ir~~. 

howe,·er, induding thc four po~~íble colors for thc ñr•t country, 
we ha\'e onl)' to change the TesT in box 2.5.1 10 read 

!.1 1 

,'7--<e 

Whenev<:r th~ lcvd roumcr k is founú 10 equal n (boxcs 

2.7 and 2.8 "f Trec_SeJtch), Suc<:ess~Swirch is se¡ to "Yes." 
The \'ariaillc Seck~!¡wirch tmeú by Trec~Scarch in box 2.4 
is ser ro ei!her "Yd' or "No" by Se<:k~Another~Segment {Fig­
ure 6·2·\c). This procedw-e in rurn reportS succcss if and only 
if the subprocedurc Admissibility~Check reports success. This 
!alter procedure (Figure 6·21}) determines whcthcr any of the 
previously colored ncighbors (rhere are w •• , of dlem) ha ve rhc 
same color as the rcntatire oolur, te, thar is being considered 
for thc k+ 1 SI ;;ountry. lf so, Admissibiliry~Switch is sct lo 
"No" so that, afrer lhe RETURN to Seá~Anorhcr~Scgment, 
another (the next) color may be tried. Notice·that only in 
Admissibilily~Chcck is there any reference 10 the map's rep­
resenrarion. This sugg~ts thar detailed Aowchans for differenl 
n~tural-ord~r tree search problcms will differ máin!y in thC 
dctails of thi~ p~rricul~r pan <lf the search algorirbm. 

· The bookkeeping of Rmear and Ad;·ance in Figure 6·24 
uses atll(iliary variable, te, tenrarive oolor. This variab!e is also 
used in Seek~Another_Segmenr during the search for an ad­
missiblc scgment and, in box 2.3.5, te is incremented whenever 
an inadrnissiblc segmenr is found. In Ad;·ance, k is incrcmcnred 
10 represen! rhe longer suc<:essf¡¡J wloring parh. The successful 
tcntarive coloi is stowed awar in Co!l'r•, and the aux.iliary 
variable te is reset 10 l. (S~ box 2.6_ L) During Retreat the 
curren! color choice for country k musl be remembered so 
that the search for another segment of country k's paren! can 
resume at a value of te that is one greater than lhe last one 
tried. The saving of lhis informaúon Í5 accomplishcd by lhe 
assigrunenl srep, 

IC .._ CoJor. + ] 
as seen in box 2.5.3.1ñen the palh length k is shonened by l. 
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· In the problem set that follows, you are introclucc:d to 

severa[ well-kno,vn probkms involving cree warch. Hcrc is 

your chancc to npply our generalizcd narural-orJcr rree '"~rch 
mcthod: 

t. Tht Eight Qumu Probh"m. A chessboord is an cigh!·by-cighr orrny 
of po>itions. The Qucen is 1he mosr powerful piccc in 1he ~an>e of 
ches. in lhat it c:m oopmrc any othcr pico: encountcred on 1hc same 
row, column, or diogon:tl. The problem i• 10 so place eight Qu.,.ns 
on thc chessboard so that no Qucen can capture anothcr Queen. 

lfthere is a snlunon to the Eigl11 Qucens Pwhlcm, it is cvidcnt 
that ca~h Quecn muS! be on a dlll"crcnt row, column, arui di•gon:tl 
of the ch,.sboard (Ft~urc 6· 25). This sugges" !he n«d for a sy.,em­
aüc way of placing the cight Quoens on !he board, or.e "' a time. 
It ;, cortainly immaterial whcrc !he fim Qucen should go bm, to be 
syst<manc, wc can 1hmk af pml!ng 11 somewh<r~ in column 1 with 
thc ohj.:a of placing eacll suCcc"i'"e Queen in a su=e.:!ing column. 

In pladng thc first Qucon in column onc, therc are eight choice<, 
cach of whtch climinates sorne of rho choices for placing a Quccn 
in column twu. Thesc cight choice• may be reprcsented by a tree 

. with eight stgmcn<> emanating from !he root node. As one movcs 
dn•m 1his tr« of choict', 1hcrc will be fewcr and fewer admis<>ble 
branchcs. A sohni<m to the Eight Quecn' Problcm i< repro><llted hy 
a pJth through thc trec reaching all rhc way ro lcvd eighL 

1be narurol-order uce se-~rch is suitable for starching the trce, 
but it is n"""""''Y ro be e•plicit about the test to determine which 
segmcnts of rhc trc-e •re admi"ible. Although it is tcmpting l<l repre­
sen! t~c che>Sbo.ud as an eight-by-ei~lll array, it is cJ>y to """ that 
a single eight-dcmem hst, s:IY {Q,, j = 1{1)8), wiJI sul~ox, sino: 
in thc Q list we can stor. thc row numbC"r for each Quecn. 

Suppose that k Quc-cns ~""" olrc•dy been plo.:od admi."ihly in 
the r,,.,¡ k colmni\S ofthe board. To de~crmine whCihcr the n<~l Queen 
con be plac..J in posinon ¡, k T 1, •t k:t'lt 1wo tests mu>t be made. 

(a) !< therc alr<ady a Qu.-n in row ¡> That is, has thc \"alue j alr<ady 
t..·cn JSS!gncd ro an clentem or thc Q ltS<? Jt" >O, 1his po•ition 
(Í, k+ 1) is inadmissihlo. 

(b) ls 1here nlre~d)" • Quocn on one of tho two diagonals that 1"'" 
throogh <he ne"· position? Tho rint diagon:d, which we will <01! 
a '"moior" diagonal, slonts from uppor lelt 10 lower right. The 
>Cc"Ond one, a '"mtnor"" diagorwl, ~lants from lowcr kft to uppcr 
righ1. 

)f the answcr> !O all thc.,c <em ore ncgaÜ\"0, thc new l"''ition 
is admi.,tbk Yuu 'hould ~!ve rhough< "' voriou< w.t)"S of rq>rc\cnimg 
1h~ n.·odcd data anJ perli.>rn11ng <h~ ""<luirc-d '""'· üne """'" "' r~>ord 
thc ¡"<»ilions of th~ Qu~""' (kJst omount or >Jora¡:() ;, with a singk 
eigh!·dcmcnt list who'«' ith clc·mmt i> thc row numhcr ol thc ith 
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'J:''i" 

,¡---+---

':x:=-'x · ... 

o= 2XP'.-':A P. 

o = z:::c-
1 
X 

; • • 
• 

• . . 

(~)'X -(':>:: ¡,.) 1- -=-X '::>:; 

O= 2X-'XI:> 

o= •x-•xp. 

o -'::t:(yn)-1'Xf7 

O= Z:X-':X('(-<>:) 

r-='Y (r 

o= 55 (rv -'VI 



(
,, 
., ., . . . -

OIOT{?.I-IC.IOI.l Ola !.ol:. V.&t.O~t!S c.>A!U!..CTI!l!Zil; '-

N\Cl;TODO DE -I<:Jt'/l.oV -
/A-.>..r\= o 
\'(A)~. o 

E..C.UAC.iON C6..e.A.C!.TE.12..1S T icA 

.---. -·~. 

·/~ oe.:rE.NaR. NUME2.ÍCAMeJ4.'T'E Les C.OE.i=-\CiE.t-.~.Tr 

C.¿ D.E.l_ l'CL'tN.OM.(O <!L~C·TE2/S.TIC!O• 

P(Á)=)" -1- c..,.,).n-J .. . +C.,).+Co 

'l..! OBTE..i-.t.E.R. N.uMel2.'t aAfo'\c.N TE Los VA 1 oee...:. 

C 6 PAC.7"E.21STIC.OS .-·L:,..~ OuE E.ON LA~ .2A./CE..S 

DE. LA EC.U.Ac.iON (!A.'2.AC.1"EJ2J&T1cA 

p (..l-):=: o 
11\ 11\-1 \ .. 
A + c. . ' A + . ' ' + e' A + Co =o 

¡: c!IBn::~IE.R. CoEFicjE,¡.j.TE."' C:¡ 

TS:.o~ DE CA'/LE.y-l-L4.MILT"o'N: 

SI p (A.) =-o -> p(A)= C 



P(A)= o 
(3:_?) 

~ A".' A + e~., + 
. 

. . . +e, A+ c.= o •• 

Po&T MUL T./ p¡_..'¡ e!.At-1 00 'PoR. Ut4 \)E C. TOR. Al<B/TI?A¡?.t'o 

· ~ e o >-1 oc.·, Do 1 :1 ::¡.· O • 
- -

• • 

" A"- 1 A A ~+e,_, :i + ... + e, :1 + e,.,. Q 

·1<.ePeEsc¡..;TA Uhl SIST~A 'DE; 

C.of.J , 1 1-J. C..O G:. .f.J. i r A~ ·e 1'1~ f • • ~ _,~ (! 1 J C o 

E. C. U J..c_i O NE. S. 
1 

::;,¡;_ l<.j¡;_SUELVE EJ. :O!&TaMA Da EC.._. ~ • e. E. 

D.E. TE.R.M 1 I-IA N. !.A 5 C' 

E.:S'EM?~: 

A-(3 -1) 
"'1 -2 

EC. C!_.PhcT: _\z·+~, A+(,= O 

C! .A'( J.. E.'/- ~.-!1-N\tl.. TQ t4 : Áz +e, + c.. I= o 

l"ol<. '1 : -. Ax• .¡.e, 11. ':1 -1- c.~=, Q. - -
Ázc("':- t\ (a -1 '\=(S -1) • SE.4 

-4 -2 ) 4 -2) ..., o / :J:·(~) 



• 

Su,:, T : 

5 

4 
-1 

o 

C¡ 4- Co =i. '- 3 

'Z..Co = -"'1 

Ec.uAcio>-i c...._I?.Ac:T-E.eJ<;,ri<!A.: 

[ A~+(-IJA+(:-z.)= oJ. .. 
• 

SE OBBE.N OBTE.!·.J.<;;i<. NUME.i2.1~ME:f.l.T5 .LAS. l'A1C..B: 

Da. .LA 'E..~cJO 1--\. CA \2AC:... T:s.2.t"ST ic.A.. . 

• . .· . . . . 
euc..E.~ ¡v,e...c::; 

.... 
·- .. -

M.&.yorz. o MEI-.l.oR- aÍ~ENVALOJ2. y E..tGE.:N\IEc.·,~--::,,· . . . 
C.oR..R.E..S 'Po ~-Di ii..t--lTE. -~- , ~-; . ~ 'r.:tUÉ.VA' APC!.o'i 't.MA..c le, t-.\ 

- · ),_ X A. SlCoE.~ve.cToe.. 

A E_ 1 ::::. 
1 - 1 <.S. APB.o)C'IÑ\.6-c..tol4. . .t~ 

> . . 
.. 



•• 

:f -,.Y 
y 1l"'"'"'w '( ;;.;¡~.,.w 

:¡= 1' = X:,.'7 
-ce -
:>: 1 ~ :X:,r~V" 

-- x,:r y-x 
'X Y r-'1=:;: ll', .:V 

::Cy-5: ..... 
~ OI'"Y/\ \'f "3.., 1 g 

•:e •y =-1 :r '7' 

'X ~y= oX\1 

• 

"v ,_ • 

'~ : 0.1. ~~ 
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centro.de educación continua 
diVlRión 

/t~cult11d 

de estudiar. 

do 

do posgrado 

una. m 

!Nll<ODlX:ClON A LA PROG!Wl.\CJON Y OJMP!JI'ACION 
ELEcrR0.-.:10\ 

I'IIDGRAI>k\CION LINEAL S!~U'LE.X, EL PHOBillt.\ DE 
TR<\NS!Uil.TE Y UN ú\SO AI'Lir..,\CJON 

MARZO, 1 9 8 O 

Callo de lo<ubo ~ Mé~lco \. D. F 
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3!9 

1~. PROGU./.IA.CION /.!.'lEAL 

/~. J .• Jn.tltoduc.c..téu 

E11 dive..'t.&a.; b~~t'"'a.cA.o~e.b pa.it.a. !a. toma. de. de.c.iJJ(onu ite.ta.-­

c..iona.d.u c.o't e.t u~o c.6ic..ie.nte. de. une. .&e.lt.i.e. di!. lte.c.uJU.o~ o a.JJ..¿g­

na.c..ián 6p.t.i.ma. de. lt.!.Cu-Uo.S l'..im.Lto.do~, e~ Htc.e..&a.tu:.o c.onJ.tltu.(l!. un 

modelo lna.te.m4t.ic.o. S.i d.ic.ho mude.l.o mo.te.nl4lic.o .se. puede expli.Oa.IL 

como t.tlt 5üt.c.~ltt de. de.H.gwt.td.'l.dM tine.o.te..~. da.da..s poi!. la& !le&---. 

t!l.t:c.c..(one.JJ V! le. d.C~port.ib.il..ida.d de l.o& Jte.c.U.II.&o.s, y una. ~unc..¿6,: 

q1re. .teplle.\e.ltt.a La. ,,,e..ta. u obje.:t:..i.vo a. <1..1'.c.a.nza.11., ta.mbiln de U¡;o 

!.úteal:, .le d.i.c.e. que. H. t:Jtata de. un p-tobte.nta. de. pli.O!Jf!.a.mac.iúot ti­

'!l!.a.t. Lit 6u:~tci6n ubje.Uvo ge.ne.l!.alme.n.te. ILI!.plte~eltt:a. c.o6to& o uti.· 
.Udadu. · 

t:utdiL.f md:.s vM.ia.b.te..& o ú.c.6grt.i.ta.J qac. dv.,.ifjuat.da.d:!.J , pa..tc. JJu. &o­

.t.:uc.ián <~e. ll.l!.qutit.iittí c.ortve.f!.t.ill e.l. .\üttma. de dv.,igualda.du. e.n e.­

c.ua.c..io•te.t. pe.t:.o e.t &i..f..te.ma. JI!.Jt.i de. t.i.po .Lnde..te.llmúta.do, .&.ia em·· 

baJt.go, la c.omb.irta.c..ión de. la.J lle.JJ.tf!.ic.c.úntl!."i C.Oit la. 5un{./.f~ obj!._ 

.t.i.vo .t:;.a.!t.&ÓOILma. e~ J.U • .te.m,t de..te.r,.m.i;tcH!~ 1!11 t..n .\.Ü.tl!.l)ta. de.tC.I!.Jii..Cn.t· 

do que. .te.ndll.d .60!uc..i6n I.Íit.<:cll !1 ade.md.li di.c.ha. .!O!.uc..i611 opHmi.:a.­

itd la. J!unc.i6n obie.t/vo. 
E! pll.op6.6.ito de. l.c. pll.C!Jit.:t.'!1<1C.i61\. .t.:úte.a..t u e.ne.on.t.ta.\ di.c.!t<l 

.\o.f..u.c..Lán óptima. Ve !oh mé.todot. e.x..t.litl!.lltC<I p!Loba.b!e.me.n.te. e.! 

m.f.1 empleado H.a. el. método S.impte.=<. de Vttnt:ú_g. 
La e.\till!C.tUILCl ge.ne.r,al'. de un pll.obU.ma d~, p::.ogtama.c.¿61l ¿¡. 

t~ea.l. e.JJ: 

(!4.!) 

. ' " 
" ¿ •\e\:;. s.~ , 1<~1, 
->J 

• ' 6 
114 .2] 



'" 
• 
¿: A¡1¡X¡ ~ Bl! , 11."'6+1, ••• , g 

.¿ ~ ' 
r 'L 21 

" L.:: A k¡\¿ • . . • • m 

_¿ .. ' 

donde. m < n , Z Vi !<1 Qtuu: . .ldn obje.Uvo a op.tún.lzM, a. !o.s ua­
!o!Le..s C.¿ Je l.e.& denomina coe.Mcü.n.te.s de. co.s.to.l, ta..s V<l:lt.útb!eJ 

X.¿ <IOn ta.~ .incógtt.i.t/U¡ de.!. pi!.Qb!ema., a lo.s eoc.Q-ic . .ien.te.-11 Ak.l H. 

tu denom.úta coe.6.ic.len.tu uVz.u.c.tu~a:!e.a !J a ltW con.11.ta.n.tu B~¿ 

.se !e.r. de.ltOIII..C:na e<l.ti.pu.!ac.ione,L La.s lleJ.tl!.-tcc-t:onu de! pltobte.ma. 

u.t.t:n da.ila..t. poli. U JÜ.tema de du..i.guatd~du ( 14 ,2) 

La..s caJr.a.e.te«J.ticcH. que. debe de JteuniiL un pl!.obtema: de pJ:.o-: 

gll.amac.ión t.ine.a.t .son: 

l)qt.te U. modelo H.o:t de.te.,..m.lnú.tic.o, 

2)vaiL.iabte..s po.s.i..t.iva.s, 
3] qaz. U ú.r..i.:.~ abje.Uvo .!ea. m:¡J:.ir.:.f.~o. ~ !!"...lr..lr.:¿;:~ 

4] d..i.vü.i.b.U.-i.da.d de .(./U¡ va.ll.ia.bte.s, e.6 d.cc..iiL, que pu.e.da.n a.dqu.i­

IL.ill. va!oll.e..s Q4ncc.iona/!...t~.s. 

Se duwmitta J ol.uc.i.ón' b!.s.ic.:t 6a.c.Ubl.e. del .Si-l> tema' 

¿ 

¿ 14.HXi • 6/t , lt•l, • • ' m /14.3) 

.(.. 1 

a utt cunju.n.to de "m" va!oll.U X . .ta.~ que _¡,a.:t.i..t.6a.ga e! .!..(:l>.tcma. 
< 

de ec.ua.c..¿o!te-6 (14.3) 1} qu.e no ltec.et.alt.(.amen.te op.Umi~a. la. áun-~ 

c..<.6n obje.ti.vo. A r..ada una d¡¿ ta.& "m" vall..{.a.b!¡¿~ X.¿ t.¡¿ tu dena~ 

mina. VtvUib.f'et. b<Úlic.CUJ y debell.dn -6elt po-l>i.Uva.~; pa.Jta. gall.att.t.Üa.J<. 

una po.~>ib.f.e 6oútc.iótt 1} .evJ..ta.li. que dege¡¡¡¿~~.e et mltada o; e.mplta.ll.. 

Pa11.a r..onvtl<.till. lat. de.~;.i.guc.tda.du ett .¿gua.lda.de-1> et. !tec.e.~>av 

ltÜ <tfll!.~ga.!t. c.ie~.ta6 V<t!i.iablt.l a.l .s.(...;tema c.amo .l>t mueJ-tli..a a c.on-

• 
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• 
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x, • x, • "' "'- JO 

x, -2 x
2 • x, • ' (14.4) 

x, JX, "" 12 

C.Oit.6.idC..\ttt1dO que: ~Oda )(,.i. U pC!.!>.i.ÜVil, la COI:VC.It<!i.i.6rt de !a~ d.z.­

¿,.(guaf.dade..!.o l!.!t ,(gua.!dade.~> .!11!. !oglta!td: ctgi!.C.ga.ndo o }¡_1!../l.Cando c.an­

Uda.de.6 pol>.i.Uva.¿, como H. mue.!.o.tJ!.a. ::t COIJ.túuutc..i.6n: 

x, • x, • "' • 
• x, = J o 

x, ,, • x, • x, • ' (14.5) 

x, "' " x, • x, •12 

La.~. vai1-labie..~> x
1

, x
2

, x
3 

he conoc.c.n como va.!Uabte.¿, e..a.tltuc­

.tulla!M !J tiene.¡¡ <~.i.gn.tó-ic.ado 6-U..<.co; l.rt.& \lillt .. útb.te.¡, X4 !J X5 t..c. 

conoce/\ como VM.i.abte..o; de. ho!gUJI.a, lie.nc.n <!.ig•ú6.ic.ado 6.úic.o 

!J . .\U . .6 c.oe6.ic..ie.r~.tc..6 Ut la. 6u.nd.6n obje.liv& .11011 nulo.~>; a. !M va­

lt.i.ablc.t. x 6 !J x
7 

.1> c. .te& denomina valt.iabte..!l af".ti6i.c.ir..1.M, M tie­

nen .r,.ign,t6.i.cado 6ú.ic.o alguno y .H a.glle.gatt pa.!ta podelL !o~tmaJt 

.~>e. debe g<VI.a.rt 

ti ¡a.JI. .1 u e xctu.~>.i.6>t de .ta. ~ ol.u.U6n 6 pUma. de.! ó.ü.tema:. E .~>.to rU.­

Umo &e tog~~:a. a.~>igrtd:ndotu coe6ic.ú>..n.tl!.ó de c.o<~.to.l C. muv nl'.g'l-
, ' t:ivo4 c.u.and(1 <le. du.e.e max..inUza-t o mu.c.ho mayo.H.<I qu.e. c.eJto c.tLO.o¡-

do <le de.<1e.e m.i11-im.iza-\. 

14.2 Mltodo S.im¡;l'.u 

14.2. 1 Obie.to 

Vado e.l'. modelo de. p.~og.o¡_amac..i6n Une.a! pa-tc:: u.n <1-iJte.ma., en 

f.¡J. 6 Oll.nlO.: 

m.t \ 

·' 
'" l 11 

1 • 

,, 
<c'c.x. 
¿_, ' ' 

" L 1\fl.-iX.¿ ~ B!: , k~l, , .• , m 

.¿. 1 

(14.6) 



_ obtene~ ioh v~to~e~ X~ que opt1m~z~n !~ 6unc1~n Z mediante el 

mltodo S1mp!ex en ~o~a computacional. 

14.Z.2 Mltodo 

Palla ubtenefl. !a ho!uc.ión det modelo (14.6) eh neeu~tUo 

eonv~VLUI!. ta~ de~1gua..tdade~ en 1gua.idadeh, o hea, llega~ al 

41gu1e,tte ~~-!~tema· de eeuac..i.oneh' 
t 

max "\' 
~ z ~ ~ e 1x.L 

m.t: n .i. " 1 (14.1) 

t ¿: Ak1 x.i." Bit , h•l, , , , , m 

¡, 1 

donde ta.J va/t..ia.bleJ x1 paiLa ~·n~ 1, , , . , t Jon valt..ia.b!el>. de 

holgu~a vio a.~Z.L6~c1a.!eJ y !oJ c.oeó~c.i.enteh e~ deJde ~-n~l, 
.... , ! tienen el. 41gu1ente vate~:-

• 

1"n~l, ..• ,l 

O 41 c.ofl.lleJponde a una. v~~ab!e de 

ho!gu11.a 

)) O 1>1 c.olt.!!.el>ponde a una va/t..ia.ble ~Jtti­

', 61c . .i~l 1} 4 e u.ttt m1n1m.iza.ndo Z 

1>1 c.olt.!!.tl>ponde a una v~a.ble a.fi.Z.i.-

61c..ia.! rJ JI'. I'..Jtcf ma~:.im.izando Z 

A eont1nuac16n Je 6o11.ma. la J.iguiente tabla que l>uele deno­

minaJt.Je c.omo TABLEAU: 



I ¡¡ 

'"'' ' ,.-,;¡ "'" ,, ,, ... cí ... ',, . . . 't 

'"'" b.t!.ica. p 1 ,, . . . F¡_ ... p" . • • p t 

x• 
1 

e• 
1 

,. 
1 "i 1 _Ajz~· .. Aj.¿ ... ,. 

'" 
... Aj! 

.. 
• • . . • • . . 
• . . . • • . . 
. . . • • • . . • ,. 
' 

e• 
k 

,. 
' 

A t.¡ Akt . . . Aki . . . ,. 
'" 

... , . 
"' . . • . . . • • . 

• • . . . . . . . 
• . . . • • . . ,. e• . , . ,. ,. .. ,A:U. ,. ,. ... ••• m m· m mi '"' m" m! 

Va.l.c!r. de. I z, z1 -e, z2-c2 • • Z¡_-C¡_ , • z -e .. zt-ct. n --n 

F.i.g. 14. J hbte.a:u pa.~t.a. a.pU.c.M c.t MHodo S.i.mp!e-1: 

computa.cionat 

"' 

La p!t.ime.lta t.oluc..i.6n -,bá.6ú.a. e.&ta.n.J 6oltma.da poi!. la..\ va!t.ia.­

blu de. hotgu.Jta y va.!r.ú1b!e.!> aJt.:U6ic.iale.!> qtte. .tengan c.oe.6.ic.ie.n­

.te. un.i.ta.I!..Ü po&.i..Uvo, habl!.á "m" vo!c~(a.bteh que. c.ump!Cln !o 'w.te.­
/U.oll.; la& va!t..iabtu que no 6oJtma>l pa-tte. de. ta bMe. tienen ua.·· 

l. o!!. nu.to. 

E! pi!.OC.C.!>O de.! rn11:todo s..r:mptc.x c.on&.iJ.te. e.n .i.l!. ca.mbútitdo ta.J 

vM.iab.t.u qu.e. pe.'l.te.nece.a a ta b«&e. en ¡JoMid .sLLte.11Uftica. ila&.tr. 

oplir>t-iza.t ta 6unc.¿6n oLjc.tivo. Palla dc.~>c.!r.{b.i..IL et plt.oc.e.~o .6!'. 

e o n.o. .id I!.IUUtd que. !>e de& e.a m./n Z, to a.n.te..!Úolt. no o..Ug.i.na. nú:gu • 

na. lte.,:,ttiec..iún pu.e.&.ta ~tU!. m.in Z C.Qtt.Lv~t.te .t ma:d~ZI. 

At 4Ctec.c..io~ta!t la p!t.i.mc..o¡_a. baH. o t.oütc.L6n ~ac..Ub!c. .iot.i-~ 

c.ia! de! t.ü.tema, lo~ etc.me.ot.tcJ de..!' Tableau de .ta Mfi· 14.1 

.tend~táu et t..i~uLen.te va:tol!.: 

A¡" . ~ A~ . 
l..t .. ~ ,. 
" '< 



1'~ 't'~Ou<~ll iínw pvp]'"Jflj')'tOd r1111 Vil ]IJD-;1 O] '0o>?JV<'ill<ilf>T,p O ól~ 

-!',lil)":J v . .,? v~•L<>Jq01.·d J<l <>llh <lp ~~V" ?'il Vv~Hil~"Jt(! <.'7'ill1CI ilS 

(D otvd ¡v 1.·vnli6il~ (D 
. • .. x 'il'i't>q v¡ 11V~u11o9 qnb 

n¡qt>?'11Vf'l 9'':17 ";~p 'i''ii110jt1fl ~o¡ v up11<:puodtillrl(O" .e 'i'illi 

..:o¡Vfl ';011'il7111 'i'OJ 'U9!il'llU)'tun? t>J'9'il VlHI;l'"'il9'il J'V ' )'~'¡' 
O:]:H<lUii!Jil 7" -a1,·go'i' opuvo:;-ontrl nv-a¡qvl ?"P LL 1<97""""' 

v¡ V uvp1.·0[-I''i'1111t) ilp U9/"VUJ'Wf1'il 'ilp OpO;t1W Jil liV-:J]'¡dy 0 
' f;¡ ~ !:J /Í !X • ~X Jr'ii?Vlf 'li]'?Op ~<l 

' !X V?ftpq i'IJ'qV]'liV/1 Vf'lil111.1,VJ' 'ilt'llq 11J' U'il li)''i111p011:¡"1.11 (!) 
• ,.lJ,, vpo:;-1111vd 

» -"' o 7 ·._y opuvn-;, 11pv~o'ilv ou }'lrill' U9)'illl]O'i' Vl · 0 ot 
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e el!. t l.llf m&: >.:~n:o s n ~!me. o\ u:; de:,..i.te.l!.a. e .i.o 11 e..n-11! ~ .<.rnp.f. e.me.n ta-'!.' -... .e_~. al 9 o ,t¡,t -

mo li en <1- una" e. vnrpu. tado !La; J Si .11 e} .tü. n ~j. u.r¡lb .l.& tema C.tHI "m" ltU -Vt-i: cci!!_ 

ne.b &e l!.eque-i.-Ü!.I!Il apl!.ox;..;ma.danle.r • .te. ~'.2itl~n(!a.mbio& de. ba<~e. ¡Jaita tie. 
•• 

gM a -la .~ootu.c...:6n óp.Uma, en ba.~oi'.J'a.be.~oto.:Liif!. puede utabtc.c.e..;_ e.t 
máx-i'?lq n tÍI!feJto:;. de'¡ .te.,., a. c.io n e .~o J a b e 6 e.c..tu.ct!t'; J. t. 

En el. c.a.L.o de qu:e.sapalte.z:c.anJivaJZ.labtu aii..U6.(.ei«le.&, &.i e.<~ 

que. .le e.mple.a.!Lon, in:.ta~<~ulu.c.-i6n ópUma~&e.l!.d ne.c.e.la.l!.iO mod.i_6-L­

cal!. .1 u. .~o c. o e ó .¿ c..L en.tc..l od e~ e. o .~oto 4 ~y u o t v e.lt;,a ap Uc.a.!(. el J ,;. l.to do 

S..(mf)!e:t al &.i.Ste.ma. de.sl'.c.u.a.c.ietiU! . .! ;,, s:).~.r,rJ-~ Ml \ 

L lW <._lntn.La. b !M ,:; q u. e 1< ño e 6 o l!.Í!1e1t .'i pa.!L.U.) de la. b a..~o e · C. illtJt C..! p o n d (e_,. 
> > 

.te a. la 4olu.U6ns6p.t.i.ma!.Utiteñ. .. valiM.1¡¡itl;o. •,•,r:~A ..... \ .. - . 
:hJ.b.lnl\.· ;<>;,¡u s.~-dll}-~!>1¡ s,.\ !lb !,obn.ú):.i~n~h::. SU 

J4.2.3"Ve<~c!Upc.i6n de.! P~togll.a.ma.H.nd-;;,5. !lb 

J: !·liJI a. ) S !.Lbll.u..Un .u }Jt eq u.e.l!..i.d a..~> :. iol;. .n:; }.)¡ j.j./t.!l iú 'J J 

Ninguna. 

b ! V e..~> c.!Up c.i6 n 

" 

$l.liJ. Jll ll 

d t :!.U.~ V a,..U.a.b tU. 11 _nj..)\_n\1 

c.a.n~da.d de Jtc.r.g!or.e6 

• J'.l"l.:..i- ( HnH" l'lll !'! d ~ b ~neo te 6 -ic..i.en.tul 'J d e.t ! .1> .i.J .tema. 1: de e c.tia.túo 1te.1> 

N c.a.n.Uda.d de eo.twnnM de.'t.ta.,ma.tll..ü de co;c 

6Ú..i.en.tu < viua.b.t.(..!> u tll.u.i.t.W:.a.te.-!i + w 
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~t.Jí.:ll-l~7túa..tu Cll.l\!.'5\lf'l 2.AT3-t51Ai .J32. - -·:-:-e'"-"""'-"'~-:"',"""''-:--""-'~~ 
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COI ( 1, 1) . b.l'C.O.~iü.-i.c.lt tM de c. o~ to.r, de .taó -~nc.6gni~ 

~b ó-'<3-t<,.;.:úe.~o.:. e~.'l- , ll:A;a~:qu.c. !Go ...... J!!®~)pa.~.te de !a th:t.oe 

--- ;,1 ;, •.J:; ¡,·V,!.!.', l.hto .~ 6 ! (1(;¡¡,/.i.ee.o que. J.nd-ica1: cu;ct>~dc' de. tc.nr_.t ~ •: 

e . 
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VALZ 

X 1 I i 

L 

K 

ITERA 

LLL 

lHI 

AA! AX 

AMIN 

" 
LC 

ATEMP 

el l:lim e n.l .io rr. e<~ ' 

vatu~ de ia 6~r.ci6n ubjc.~v~ 

C!Vt.GlCÚ.I!.e-1 <1 C óa.rr.umlr...ica -11 q Uf. J t uti,ii ZCI>l 

en !a i~p~e~i6n paAa !Lep~e-!>enta.IL !a-11 va­
~iabte~ X¿ 

c.cn.tadcll. 
.iden~~ic.adu~ de ta.J va./Lia.b!eJ que 6o1Lma­
!t&:n !a plr.útel!.a. bu e 
c.cn.tadc~ dt ite~a.c.icne.J 
va/Liabte de. lletmpta.za 
.f.lmLte de .ite.ll.ac..icne.J 

vatoiL de! m~ximo !n~ce. Z¿ - C¿ > O 
vale!!. del m!n.imo cociente Bk!Ak¿ 
.identi6ic.adoll de ta va.Aia.bte que. Ja.!dlld 

de la. b<W e 

iden~6ic.adoll. de ta vaitiable que entllal!.~ 

a !a ba..1e 

va~able de lteemp!o.zo 

la.J pllopu-!>iciorr.e¿¡ OHiENSJON !! OH~. dc.be.IL~n modifica.IL­

Je. c.ttando: 

~! > 30 ,,, 
d)FoNnatoJ palla. !oJ 

SEC. TARJETAS 

' ' 

l 

4 

N > 30 

datoJ de 
FORMATO 

1 H2l 
[8FIO,O) 

(8FIO.O) 

(8FIO.OI 

en.t.tada.: 
HJFORMAC10N 

M, N 

B(I,Jl, !oJ e!emen.toJ "de. 
!a mo..tA.iz Je dan Jt.engt6n 
pOI!. lle¡tg!ó"lt. Emp!eal!. to.J 

taJtje.ta.J que Je.a.n neceJa.­

IL.i.a.~ •. 

POli, 1), to-6 tlll.minoh útde­

pendiettteJ he. da.1t uno a. e.on 

.t.ittuac.ión de.t oVto e.n una. 
o m.ú :t.allje:tah Je.gún .~>e. -'.e­

'l uitJt.a. 
e [ 1, JI, toJ c.oe.6 íc..iett.tC.J de 
C.U·I-CO~ 5e dan !!1'.0 <t co•tU--



5 r A' J 

l27 

nuac~6n del o~~o. Emplea~ 

t~~. ·~Vtje.ta.; qu.e .~>ean nec.g_ 
.;a..~.t~.;. 

ASK,_ pu.e.de. a.dop.taJL do.ll va 

tott.e.h: 

MI N c.ua.ndo .6 e de..; ea m.in.Lmi 

'"' 
AIAX C.tHlJldo J e de.; ea. maJtúr.i 

'" 
o:tAol> paque-te.¿ de. dato.; (opc.-icnatl 

" ·TARJETA EN BLANCO, a.! 6ina­

·LizaJL toda !a .in6ott.mac.ión 
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14.2.4 Ej,:.mp.to 

Ert un .ta.ttelt <le cuenta coit .t11.e~ .Upo~ de mt!qu.Lna.¡: coltta­

do!La (Al, to!Lna [B) !J .ta.tadll.o (C). Ert dicho .tal..t.e.IL <~e ~¡¡ól!.úan 

cua.t!Lo pltOductoJ: 1, 2, 3, 4. Cada p!Loduc.to debe de p¡¡.¡a!L poi!. 

cada máqu..,na c.on !,a <~ecutnc.f.a ABC. El tiempo [ho,._aJ) e.mp!tada 

po!L cada m4qu..Lna pQ!ta e! acabado del p!toducto, la cantidad de 

holta.<) e~tc.t.f.ua.¡ de .tJr.abajo de c.ada mt!qu.ina y la u.U.t.Ldad rteta 

obtertCda polt la venta de cada p!Loducto .ttltm.f.nado .¡on: 

/r.Lpo ,, Máq. · Tiempo ú.ta Pltodllc.to<~ ,, .t!Laba f o 1 2 ' 4 

A ' 3, S O O 2 1 , S 
'' o 

J. S 

B 8,000 J.S S. S 1 • S 4 ' o 
e 4,500 2 J, S 4' o 1 , S 

' . u.t~t~dad 1 10 
Ull.i.tO.ILÚ ( $) 

Pa1to. que la pltoduc.c..i6n &eo. ~ten.to.b!e ~e 1tequ.ie1te que !o. 
c.an.Udad de a!L.Uc.ulo<!i et,abo~ta.do<! <!ita ma.yo!L de 500. 

Ve.te.ltmúH. !a cantidad de ai!..Uc.ulo<l de cada lipa que ¿¡e 

dcb e.n p!Lodt!C..iiL e.n e! año paiLa que la 9a11ac.La ab.te11.Lda -11 ea 

máx.lma. 'coii.S.idel!.e que .todo<~ to-11 pkoduc.to.s e!ab~l!.ado-6 -11on ve.n­

d.ido.s . 

• SOLUCION 

Et modelo ma.ttnu1tic.o de.t p!Lob!e.mtt planteado e. .S : 

;11 a x Z• 70X¡~"" 9·oxz • 1 oox3 • 60X4 
' 

4/" "1 • 1 • s x2 • 3.ox3 • 1 • 5 x4 ~ 350 o 
_1.sx 1 • s.sx2 • 1.sx3_ • 4. ox4 :!f. 8000 

"1 • 3.sx2_ • 4.0X
3 • 1 .sx4 ~ 4500 

x1 • ·xt .. x, • x, , so o 



'1" IO,OOOX 9 

zx, • 1 • s x
2 • sx, • 1 • sx4 • x, •3500 

1 , 5 X¡ • S, S x
2 • ' . s x3 • 4. ox4 • x, • 800 o 

2. ox, • 3.5X2 • 4. ox3 • 1 • s x
4 

• x, •4500 

x, • x, • x, • x, - '• • x, • 500 

TABLA 1 4 • 1 Va..toJ pall.a <t pJ:.ob!ema del eje.mpl.o 14.2.4 

M• 4 

1 

N• 9 

~ . o 1 • S '. o ' • 5 1.0 o. o o. o 0.0. 0.~ 
B• ' • 5 5 • 5 1 • S 4 • o o . o ' . o o . o 0.0 0,0 

' 2.0 l. 5 4 • o ' • 5 o . o o. o ' . o o. o 
o ~ ..!..· o ' . o ' . o ' • o 0,0 o. o o.o -' . ' . o • 

1 3500 

PO• 80011 

4500 

500 

e • (10. 90, lOO, 60, o • o, o, o, -10000) 

A. SK • MAX 

TABLA 1 4 • 2 Rc~~.:!ta.do.6 det pkob!ema de! ejemplo 14.2.4 
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16. RUTA CRITICA 

16.1 I~t.tJtod~.tc.c.i6n 

Todo 4U.te.ma o pll.oljec.t:o complejo 4e enc.uen.tJta Qc/UIIado poli. 

g11.an c.an:tidad de. aqUvidadu, -'la4 cualt4 putde.n o no e.<~.tall. .ln· 

.ttll.llt!ac.ionada<~. Me.dia.n.te el p11.ocuo de. jell.allquit<te.i6n u pc~:f. 

bte. de.:tc.-tmir~all cu4!u de. U114 ac.Uvida.du deben 1tea.Uz:<111.~e ar~­

:tu de. podell. e 6ectuall. algur~M ot.ll.a4. 
Cada. actividad genc.ll.a!men.te. :tend11.á a¿ ociado an tiempo de. 

du11.ac.i6n y la. 4uboll.dinaci6n entll.e actividade4 puede Jell. ll.eplle-
4entada median :te ana 11.ed gll..:!6ic.a de 6l.ujo, --Pitll.lt p~Oe11. logll.all. t! co41l.e.c.to a.vanc.e del p11.oyecto o de~a.-

ll.Jto!lc del JiJtema. a.¿l como pa.Jta t4.ta.blectll. el c.ontll.cl y plan 
de avance eJ nece4a4io con~ con la inQcJtmaci6n de lo4 tie.m--

' . 

po4 que. emplea cada a.ctividad. Poli. otilo lado, tl c.onoc..i.mie.nto 

ace.ll.e.a de. l.aJ ae..Uvidadu a l.a4 que no 41!. putde modi.Q.i.e.all. Ju -
.t:ú<<<po de. inicio o de. .teiUI1útac.i6n, á4l como de ·¿a.¿ a.e.Uvt.dade-6 

que pueden 4ell. modiftic.ada.& en &u tiempo de i~c.io o du~a.c.i6n -
peJtmi.te una a¿igna.c.i6n m.:!4 eQici.er~.te de Jtecu/1.404, la ll.ea<~igna­

e.i6n de tiempo<~ de du11.ac.i6n y la 11.ede6inici6n de ll.elac.ione4 en 
Qcll.ma tal que e! 4.l4.tema o pll.oyecta c.wmpla 4u obje.Uvo en ti -

tiempo qué 4e le ~abla a4ignado y en la -60.tma má~ ec.on6mic.a p~ 
~.lbl.e, 

Un método pa11.a eáec.tuM el c.o<ttll.ct ante~ menc.io<tado u el. 

ml.tcdc de Rti.ta C!t..ltic.a ! CPM), e~ .te ml.todc Que de&<Vtl¡_citada c.n 
1956 en U.S.A. y u u11a de l.a4 heltJlam.ün.ta4 báJic.a& en la pla-

lltac.i6<t y CÜI!.eccién de pi!.oyec..to&. \ . \ \ 

' 
16,2 Ml.todo de ·ta Ruta C!L.Uie.a 

16.2.1 Objeto 

Vada. una <~t.'lic. de ac.tivida.de~ que 6c11.man ."~~{l.tt d;:. un 

. i 
, 

"''-
yc.c.to, la.4 c.ua.!e4 pueden Jc.t J..tmul.t~nca..o~ o .o~ecu'enc.ta.le-6 .:t41. e~ 
n<O JuJ ü.~"'POJ de ejec.uci6u, de.ter-.mú;c..~: 

1 

a)<r.c.Uvú1ade.s que 61.1.~n<<ttt pa.t.tc de la .tu_ta c.ll..Ltica, ~on aqutlta4 

' 
·' 
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LFT.i • mü LST de .teda.& !.M a.c.Uv.ida.de.& de. la.& c.u.a.ie~ 

!a a.c.U.vida.d "i" e.~> plu.c.e.de.nte. 

LST. • LFT. - VU1t<lC..i6n 
< < 

.inm c. d-i. a t.c 
(16.3] 

(16.4) 

Lo.& .tiempo~ de. hotgu.lla pa~a una a.c.tivida.d ".<." Je. e.ua/.u.a.ft 

c.orno a c.ori.tinua.c.i6n Je. indica.: 

(HOLGURA TOTAL).i. ~ LST¡ - EST. "LFT.-< < 
(16.5) 

{HOLGURA LIBRE(.¿ • (m.in EST de todM .tu a.c.ti.vida.de.~> 

de !ct..~ c.u.a.tu la. a.c..Uvidad ".i." e..li 

pll.e.e.e.de.nte ürnc.d.i.ato 1 - EFT ,¿ 

(16.6) 

HOLGURA L!BRE HOLGURA TOTAL . 

La. .lluta. c.Altic.a. e..&t~ 6o~ada pe"- t~da..& tu a.c.~Lv.idadc.J 

que tienen hotgu"-a. total nula. 
PMa de..&tVt-Jr..ctla.ll. tl p1wc.uo e.n una. c.ornputa.dolta d.igital u. 

ne.e.e.J IVL.io piLo p o!Lc.io na11. lM c. o ne :.:..tone..! ~.U o! te. ntu e~J.t.\e. ta...~. a. e U 

v.i.da.de..ó me.d.ia.n.te. una. ma..tli..iz b.i.nMia. G • S.i. r.xüte.n "n" <tc.Uv.L­

da.du~iltClu.ye.r.do ta.J 6.i.c.U.c.iM, la rna.U.iz 4ell<Í de. Oitdl'.lt (IIXII] 

y ~u~ elemento~ e~takdlt dado~ e11 la ~iguie~tte 6o~ma: 
• 

o ¿¡ .¿ • j 

1 • 

o 

16,Z,J Ve<~cJt.ipc.i.6~t del P4ogJt.ama 
a]SHbflu.t[¡¡a.¿ Jt.equctt..ü!<:W: 

/.lú¡guna. 

4i !a ae.Uv.i.dad "j" e<l pJt.eec­

dcnte .i.nmediato de la ac.Uv.f.­

dad "i" 

Ji ltt act.ividlld "j" no CJ plle.­

cede.nte i~tmediato de ta ac.Uvi 

dad "i '' 

,~, 



' ,. ' 

b)0Ueltipci.6n de .ta.b vai!.Ubie.;,; 
N ca.n.Uda.d de. ac.ti.vúia.du ÜH!luye.ndo la..¡; 

do .6 a.c. t.i,v .ida d f.li 6 .i. c.tie..iou 

G(I,J) 

1) [!) 

GS(J,Jl 

es r r J 

ES TI I) 
EFT(l] 

lST(l) 

tFT(IJ 

NCON 

FF ( 11 

TF ( 1) 

RC ( 1) 

L [ 1) 

IVASH! T) 

e) Vimenhionu: 

_rTIO.tlli.t b.i.1Ulitht Q.· que. ind..é.c.a c::.Uu a.c.­
t.i.v.i.da.de.i> he encue.ntlla.n d.i.!tectame.nte. .i.n­

te.l!.eo n e. c.ta da.~ 
ve.e.toll con la dulu1.c.Ldn de. toda.J la~¡ ac.ti 

vida de..\ 

mat.'l.i~ b.üta.!Uo. que dll !<U !te.la.c.üne~ d.i.­

lle.C.ta4 e.n-Ue. a.c.Uv.i.da.de.J a.t e&ec..tuall. el 

Jtec.oJl!tido de !<1 Jte.d tn H.ftlido útveltJo 

c.ontadal!. 

Qecha. m4A p!t6~.i.ma. de inicio 
6e.c.ha. m!-6 plt6x.ima. de telll>l.i.ná1'.16n 

6e.e.lta. m4J le.ja.ntJ. de .i.~t.ic..lo 

Qe.c.ha m!¡, tejana de. te.~.i.nac.i.6n 

c.on.ta.dCI!. 

holguJra l.i.bJt.e 

holgu.~ta .to.ta.t 

VO.!tio,ble. Ut la. que. Je. a.Jtc.h.i.van !a.J tic.ti 
v.i.da.de.i> ljUI'. 6o.tmar. pa..-..te. dz la. Jtu.ta Cll1 

U ca. 
.i.de.n.U6ic.ad01!. de todrtJ la.¿ r:¡_c.tiv.i.da.de.6 

pl!.tced~.YI.t"-~ o con¿¡o;¡:"~n.te¿ "-H 6ollma .Lu­

med.út.t:a. a. u:ua. a.c.t.Lv.Ldc:d 

9u.L6n !-J h"- "-mplea. palla. .Lmpl!.ehi6n 

La p!!.opoJúUn JNTEGER dibu4 n1odi6ü.MJe. caa¡¡do: 

IJ > lOO 

d) Foli:ma..to-6 palla to-11 

SEC. TARJETAS 

1 

2 

da.toJ d"­
FORMA ro 
( 1.3 ) 

r.:oztJ 
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16.2..4 Ejemplo 

Obte~t4 pa4a la je~a~qu!a no t~~v~a! de! e.je.mpl~ JS.t.~ -
la ~uta ~~!~ca de!~ ac.tiv~dade~ 6~ ta du~ac.i6n de laó mi~-­

m.:w e.il como .o~e mue4.tl!.a a. continuación: 

Ac.t.i. v .i. dad 

A! Vetette.Jt el coche 
S) Ponell ó"-eno de ma!'l.o 

Cj Bajali. del veh!c.ulo 1J c.hua11. 
llanta. mala 

V) AbiLi,l!. cajuela 

E) Sac~ llanta buena 

F) Sa.c.a.lt g.:tto rJ ponel!..lo 

GJ Sa.ca1!. !lave. de c-tuz 
H) Q.ÚitaJL tapón 

1) A~tojall y qt.U.ta.ll .tuel!.c.aJ 

1) Su.b.i.lt c.oc.he. 

K) Ve.¿mon..talt llanta mala 

L) Mon.tall t!a;¡.ta_ bl.(t!la 

MI Apl!.e.tM t:uellca.t. y pone!!. .tap6fl 

N) Baja.ll el <'Coche y gua.l!.do.ll. ga.to 

01 Gualtdal!. llanta mata 
PI Gualldalt llave de c.Jtuz 
Q.) CeJtlt.a.IL c.ajuela. 

R) Sub-Ot6~ a.t coche y qu.Ct<V!. 6-te11o 
de mano 

S) Ál!.lt(l>lC.IU 

• SOLUCTON 

' ' 
" 
" " 40 

" " 60 

" " 
" 
70 

" 
" 
" 5 

" 
" 

l'/J 
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F~9. 16.5 Red de la 4eeae~c~a de activ~dade4 del p~oblema 
del. ejemplo 16.2.4 



TABLA 16.1 Vate& po<< ,, p~cbte.ma ,,, e.je.mptc 16.2.+ 

Ac.t.iv.i.da.d ! nd.i.c e. a. & o c..i.a. do 

lni.e..Lc ' ' 1 

' 3 

e 4 

V ' 
' 6 

F 1 

G ' H 9 

I JO 

J " 
' " L 13 

" " 
" " o " 
' 11 

Q " 
' " 
S " F.úl " 

O • (O, t, t, JO, JO, 30,· 40, 15,, 20, 60, 35, 15, 

25,, 70,, 20, 20, 15, 5, 15, 10, 01 

N • 21 
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' ' ' S 

6 

7 

• 
' 
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G • J 1 

" 
" 14 

1S 

" 17 

" 
" 
" 
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1 2 5 4 S 6 J 1 9 

Ooooooooo 
' o o o o o o o o 
010000000 

o o ' o o o o o o 
o o o ' o o o o o 
000010000 

10 '' Ji 13 14 15 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 

16 11 Ji 19 20 'ZI 

oc coca 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 

o o o o 1 o o o o o o o o o o o o o o o o 
o o o o J o o o o o o o o o o o o o o o o 
o o o o o o o J o o o o o o o o o o o o o 
o o o o o o o o 1 o o o o o o o o o o o o 
o o o o o o 1 o o o o o 1 o o o o o o o o 
o o o o o o o o o 1 ' o o o o o o o o o o 
o o o o o 1 o o o o o o o o o o o o o o 
o o o o o o o o o o o o 1 o o o o o o o o 
o o o o o o o o o o o o o 1 o o o o o o o 
o o o o o o o o o o o o o o o o o o o o 
o o o o o o o o o o o a o 1 o o o o o o o 
o o o o o o o o o o o o o o J 1 1 o o o o 
o o o o o o o o o o o o o o o o o l o o o 
o o o o o o o o o o o o o o o o o o ' o o 
o o o o o o o o o o o o o o o o o o o o 

TABLA 16.2 Rel>u.lta.do& de.! ejempto 16,2.4 
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MODELO 1 

FL PP.OBLEMA DE LA DIETA Y SU DU/.~ 

NFINICION DEL PROBLEMA DE LA DIETA. 

Supongc'qUe un dietisto e~tó tratando 'de seleecl~nor u na combi n'at:ión de dneo tipos 
de alimentOs (naranjo, monzonc, lec:hugo, chic:horo y zanahoria) de manero que el 
al ¡mento rewl tan te de asto combino d6n reuno e i crtos reguer i mi enlos · nu tri c:i ano 1 es y 
tenga un costo mrnimo. Los requerimie"ntos nutricionoles gue debe tener el alimento 
resultante es de al menos 21 unidades de vitamina A y al menos 12 unidades du vito·· 
mino B •. los propiedades de los c;:ineo elementos disponibles son: 

ALIMENTO 

\ (Naranjo)-
2 (Manzorio) 
3 (Lechu!]o) 
4 (Chichoro) 
5 (Zanahoria) 

CONTENIDO DE CONTENIDO DE 
VITAMINA A POR VITAMINA B POR 

COSTO POR 
UNIDAD DE 
AUMENTO UNIDAD DE All- UNIDAD DE Ali­

MENT0~·------1~M~E~N~10~·----c-~----------

1 
o 
1 
1 

2· 

o 
1 . 
2 
1 
1 

20 
20 
JI 
11 
12 

fl problema o que se enfrcroto el dietisto se puede modelar eomo un problema de pro­
gromoc;:ión lin<>ol (o pr_ogromo lineal); ~e lo sigui_ente n<onora, 

Seo xi la'contidod de. alimento i (i=1,2, ... , 5) que debe estor ~n el olrmento resul­
tante do lo eoml>it>oción do los c.ir>co alimentos. Por lo tanto, el costo de introduc::ir 
el alimento i en lo mezclo seró su costo unitario por lo cantidad x¡ que esto p•esenle ~.,, 

la mezclo .. Et co1to total d~ le combiroodón de los Cineo alimentos será lo ~umo de le,~ 
costo~ al combi~m x1, x2, ,,, y x5 unidades de codo olirnenlo, ie,si z es el callo lotcol 
er.tonces 

Ya que t:l ol>jclivo d,l dietislo cO minimhor ~stc co>~o total, .,ntonccs este objotiv.:. ~~ 
¡JJeÚe rcprcscnlcr o tro"lo do.lo siguiente función objeti"" 

los requerimientos nutricionoicl de "itcmino A 1<1 pueden reprc•entor l'n !o sigui~~;;,. for­
mo, Si el o\ir,~nto nutricionol 1 cst6¡,1<:\~ntu en unrr c<Jnliúad ><¡entone"' l'"'l'"l<'h><oo 
uno contided ele viton>ino A igual al producto de vitamina A que contiene uno uniUuJ de 
alimenta poi lo canti;;!od x¡. lo cantidad totol propordonado por los cinca el im~":os s::_ 
r6 lo sum<l de "ito~•ino A con que conlrcb•)ye codo olimcnlo y esto <lc!Jcré lCI rnU)'{•r c1ue el 
contenido mtni1r.o 1 ·~u~!i<Jo <¡·i~ es de 21 unido<.lcl, ic. 

'1 +x3 -~x4+2"5 > 21 . (2) 



\3) 

Por último, otro restricción que debe esto• present<: en d problema del dietistc es qv.a 
lo contid~d x¡ que interviena en lo mezclo deb~ _ser mc.oyor o igu?l o cero, ie, 

x· > (.1 ·- ]<=1,2, •• .,5 (4) 

l:sta restricción es impueSto yo que no tiene sentido hoblor de que una cantidad n~so­
tivo x¡" esl6 fornoondo poote de lo combinoción de alimentos. · 

En resumCn el problt:mo del dieti~to es encontrar volares. X], "'2• •• ,, "5 paro los cua-
l u \o Función objetivo (1) alcance su minimo y sotisfo:Jon 10'1 restricciones (2), (3) y (4). · 
Reescribiendo los ecuaciones del (1) al (4), tll ~roblcrna del dielista estó simbólic:amentu 
c!odo por 

min z = 20x 1 + 20xz + Jlx3 + 11x4 + 12xs (•) 

'1 +x3 +x4 +2xs ~· 21 

\ "2 +2x3tx4 + '5 > 12 

_x¡ ?:':O 

(*"") 

·Lo formuloci6n ontuior, (*)y(""), se acostumbro represtlntor en un loblero (llomoc!o tam­
bién tobleou) que oporecerú abo jo. Esto roprcsentución es solo uno abreviación de e"scri­
bro (o manero de uno taquigrafie de pro¡¡romación"linecl) qu-e es útil eri el olgori~r:-.o de 
solución, en el pro cel-O convencional o\ procesar el" problema f'<-'' com~tcdoro y pe• ur.o ";" 
gron claridad en lo formulación del problema dual que ~e prosentor6 después, Lo repoese'.! 
loción de un progiomo lineal en formo de teblero consiste rt!presentor codo eC\Joción o de~~ 
guoldod únicamente por los coefiCientes de les vorioLies omitiendo-lo escrituro de su~.co­
rresponJi en! es vmi obl es . Poro conocer o que vori obl.e perle ncce un coeficiente o¡u e op"re -
ce en este c~quL·rno se do lo po~lción del codiciente, escriLiéndolo en lo colurnno en cebe­
zoclo por lo vorio!ole que le corresponde. 

Paro nuestro prol>lemo (•) y(*'), lo raprescnloción o través de un toblNo es!~ dado por 

'1 '2 ,, 
20 20 JI 11 12 ' (m in) 

-
1 o 1 1 2 , 21 

o 1 ' 1 1 , 12 
' 

~ ' 



MODELO 2 

Una compañia tiene tres almacenes w1,.w2 , y 113 , y dos tiendas de ventas al por n1~­

~or, R1, Rz'. las demandas en las tien'das al por menor y el inventario en los alm;~­

cenes, se muestra en las respectivas cajas 'de la siguiente figura. Los costos de 

envio po1· tOneladJ tamhil::n se muestran en la figura. La compañia desea dctcrlllinaT· 

.~a manera de realizar los envíos en forma tal que minimize los costos tola les de 
' 
envfos, satisfaga las dc1nandas de las tiendas de menudeo, y no exced~n los inven-

tarios ¡~11 los almacenes.· 

S!i/t.~n 



Sea x1jlao; loncl~cl.:.s del ~lmJcen ¡.¡i 11 1~ t·<et·'~a C'·~ •t:_:nul.!~o lij , <:ntonc . .:~ X-,~ rep,·;:-
"" 

senta el tonel~je envii!do de! al:nacen w3 a la tiendi de menudeo P.~. 

Si"? representa el costo total de envlos, entonr.es nuestro problema se puede fomu­

lin· por: 

s•Jjeta a 

Res tri e ci on<!S sobre 
disponibilidad ,, 
a"\macenes 

R~~tricci.1ttr:s sobre 
1,,· ct,,;nar,C:J en tiend~s 
de de menudeo 

'u + X12 " 20 

'21 + )(22 L 30 

'31 + XJ2 " 00 

x11 + _x21 + x31 ;. ~o 

x1~ + \?~ + x3~ ,;¡, 50 

(• 1 

lu formulacion at;terior, (")y (**), se acostu;t;bra representar (pot· convenend~ 

jel algoritmo de solución y del proceso convencional en el procesami¡;onto en co:~pu-

tadora) en la siguiente tabla: 

X¡j '12 '21 '12 '31 '32 

. 

1 

1 J ' 6 4 5 . ' 
1 l o o o o 1 ' " = 

o o 1 1 o o " 30 

o o o o 1 1 ,, 40 

1 o 1 o l o o 40 

o 1 o 1 o 1 ·' 50 



REPRESE1HACION :-V~TRJCiAL. L~ formulación (~) v ~"''l. se pu~d!: ;·eprcscntar mJtl"ieial-

mente co~o sigue: 

minz"'[l 

' 
sujeta a 

J 2 6 4 s]. '11 

'12 

' '; 21 

'22 

·X31 

Y.32 

en la practiea, que se 1~ ha dado urr nombre espcciul: el problen1a de transpor·tc. 

los problem~s <.Je tr;,nsporto en gcne~l. tienen tablas ralas (a m¡¡trices rJ.lJ.s), lo 

cual si9nifica q11e la tabla ·ticrre mtrchos ccrus o sea pocos elementos diÚintns rle 

cero. [)antzig y otros han desarrollado nrétodos especiales para la sr,1ución rápida 

ide estos problc;;rJS. 

Gtro comentario importante, es la caracteristica que preserrtan cada una de lasco­

lumnas de la m.ltriz de rcstriccioues: obser·ve C]ue cada una tiene dos unos y los . 

d~m~s clem~ntos son todos ceros. 



·Un inve,.ioni•lo tie110 disponibt~s los octiviJ~'b' financiero: A y ii, el corn!cmzo d~ 
cado tmo de los sioui•"'tes cinco ofto" Codo p~i.o in·1ertido en A, o! comienzo d<.~ll'l 
oi'lo, le reareso S 1.~0 {un<: CJtlncncicrJe S 0.~0) do~ o~ os mós tordo {un d memento 
preciso peno uno reinversión inmedioto1. Codo peso it~vertido en Bol comi;,nzo d'l un 
año·, lo regr~so 5 1 ,70 tres oi'los de~p~éL 

Adem61 e~i:tcn dos octlvidodes financieros C y D c¡ue cstcr6n di~poniblc• solom.!ntc bno 
vez en el futuro. Codo peso invertido en C en el comien;;o del •ef,undo orlO le. <egre­
so S '2 .00 cuatro oi'oos m6s tarde. Codo pe~ invertido en D; erl'el comienzo del q'"inlo 
ar•o 1 e regreso S 1 .30 un oi\o más torde . · 

El inversionista comienzo con S 10,000.00. El deseo conocer qi.te plan de inversiGn mo­
:<inlizo lu e,..,;:dod de dinero que el puedo ocumulor al comienzo del se~to oñc. formu-
1, un rncd~l::. de p1ogromo<:¡Ón lineal poro es: e problema y tombi.:!•> c::;.réHdo Cll Íorrno tn­
bulor. 

SOLUCION. 

Seo X.. lo ccntidod de dinero invertido en la actividod 1 (i ""A, B, e, D) '"' el c;;o 
- ' - lj (1-1, 2, 3, 4, 5). 

Lm caro'ct.crr!licm dodcs sobre los formas de inver1i6n de coda uno Ce los aclividodel -­
A, B, e y O pu~cn mostrarse esquem61icom~ntc como sigue. 

rA1 

1 

1 

CONDIC\ONES DE INVERSION EN LA ACTIVIDAD A. 

·t ~A2 t'i..3 rA4 1 NVERSIONES 

l ¡ --
' l ' . Ai'l01 (principio el,~ 

1 l 1 .,,,o) 

+ RETORNO 

1.~ XA1 1 .4XA'2 1 .4XA3 1.4XA4 

CONDICIONES DE ltwERSION EN LA ACTIVIDAD !1 

x., XBJ 

l 1 
' 3 4 

l 
5 

¡ 
1 .7X111 1 .7Xn2 

6 

1 
Ai'tos (plinci­

pi" do ,r.a) 



CONDICIONES DE INVERSION EN LA ¡\CTlVID/.0 C: 

~--~--~--~~~·---~--~. 
1 2 3 4 5 6 A'l::>l (princi-

1 

1. . ¡:.;o c'v año) 

COHDICIONES Di: II·NERSION Et-J Ll, ACTIVID/.D f"l: 

2 3 4 5 6 

l 
Año< l¡.,rincipio 
de or,o) 

Lo cantidad acumulado on el comi~nzo dalse><to·c~o es lo cantidad original (lOboO)· 
mlís lo ncr.oncio obtenido hosto e~ia fecho. Por lo tonto, d prohlerno c!e mo><imizor 
lo cor.lidad ocurrulado d" dinero es equivolt:!nle o minimizo_r lo go,oncia, ya que In 
contidrd vi8i"al di;poniblu es unci conslonle que no al acto el valor d"l clir.ero ocu:.. 
mulada o liovts de ciolgui"' plur~ do inversiórl '1"" '"sigo. 

Si;!' e< In ~::n~·nci,J tctul obtenido ¡..al~ o el c'mien_,o del sedo año, entor~ces lo fvn­
ci6n vL¡ctivo scr6: 

Del envndn~o del problema, 1c observo <JVe lo1 rc;trlccioncs al problen>(> c>lón dado' por 
lo ci.. .. ticlad J:sé'onibl•• pmo inv~rtir el> codo oiw, y pcr los caroctcrt~ticas di· las artivioln­
clcs A, ~' C y D. [llu; rc~lriccioncs ~bre le; inv<;.r;illnc• onuolcs '" dclerminun camu 
slnue: 

,. 'u 
PlOME[: PFrq_:__f!Jlu contidod.¿e dine<o,ln~o:rti::lo cn·cl p,P.'ner,o;lo dcb<' >ulisfo~~' ·' 

' " 10000 ~ . .r:··-;2 '""1'1' ,: 
•,;fd,- •1? 

Si U1 Ul uno variub!c pmitivu o cero, <.¡UC se odiciuno" lo de;igl!cldud Ol>l<lrior, pnro 'l"C 



esta desigu.;ldad lleg>lt: a ser 1.:11~ ig:;~l~~--~. c-nt:mcb 

NOTAS: 

XAl + x8¡ 1· u1 "'_ 10000 

u
1 
~ O 

1 1 1 

]. A-la va;·üble que se adiciona a una desigualdad p<wa convertirla en igualcla<:! 
se le llama.una variable de holgura. Entonces u1 es una variable de holg~ra. 

_2. Observe que u1 representa la cantidad de dinero no invertido en el" primer a­
.,' ~o, y ~o~ lo tanto tr.mtJ1én representa la cantidad dispOnible paril invertir 

en el segundo año. 

irwcrsiones en este año deben satisfacer (observe en hs fit¡u­
en que actividades financieras podemos invertir para el se'Jlltldo 

~A2 -> XB2 + XC2 ~ U¡ 

Si introducimo~ una va¡·iable positiva u
2 

par<1 pasar la desigualdad anterior a 
·!igualdad, entonces 

1 1 ) 

u2 ~ O 

Obse•·vcsc ~ue la v~riable u es una varfblc de holgura que representa la cantl­
dJd no Íl•l'~rt·jJ¡¡ en el ~cgu~do aiio. 

TERCER A~O: En este año la cantidñd de dinero 
Viene de tres fuentes: 

i) cantidad nq inverti~a en el segundo iliio-: 

disponible p~ra inversiones 

ii) !JMiancia obtc~ida de inversiones anteriores: 

iii) cantidad recuperada de inversiones anteriores: xAl 

. u2+1.4xAl 

pro-

Q~servando cada uno de los cuatro diJgramas mostrados anterionnentc, se ti¿ne 
qu:: p~r8 ~1 ~c1·cer año las inversiones deben satisfacer 

xAJ + x83 .~ u2 f 1.4xAl 

Jntroduci8ndo un~ variable de holguril u
3 

(u 3?: 0). se tiene que 

XAJ + x83 + u3 ~ u2 + l.4xAl (3) 

UJ ,) 0 

Otra vez notesc quP. 1J
3 

repre~enta h cantidad no invertida en el tercer ,;,i\o. 

CUARTO AiW: En forma similar al_aniilisis del tercer año, se tienen tr~s ftwntcs 
Ce d1n~ro disponibles: 



• 

i) 'cantidad no invertida en el tllrccr año: 

11) ganancia" obtenida en~re el tercer y cuarto 
periodo: 

11"1) cnntidad recuperada de inversiones anterio xA:? + xBl 
res: -~""---""----

u3+1.4xA2+1.7xBl 

Por lo t~nto, las inversiones en el cuarto pcr1odo deben satis­
facer 

Introduciündo la variable de holgura positi~a u 4 , se tiene: 

u3 + 1._4 _x A2 + l. 7 ltBl { . ) 
u~ ~ O 

QU HlTO J\.JcyQ: 

ae: 
La cantidad di_sponible en este perfodo proviene 

i) · cantidad no invertlida en el cuarto año: u 4 

ii) aanancia entre el tercero y e¡ c.uarto per1odo: 0.4l!AJ+0.7xB2·. 

iii) 

Por- lo tanto, 

XD5 u 4 + 1.4 X AJ + 1.7 :~tB 2 

Si u5 es" una va;riable de holgura, entonces 

-~s + u5 = u4 + 1.4 ~A3 + 1.7B2 

u4, us ~ O 
' 5 ) 

Por lo tanto, nuestro modelo de pro<Jramaci6n lineal qUedar!a 
definido por la funci6n objetivo, dada anteriormente y el -
conjunto d~< restricciones definidas por la ecuaci6n del {1) 
ala{5). 



·' 

·• ' 
.•. • ,, 



-~---
Reescribiendo las ecuaciones anteriores, nuestro modelo de 
programación lineal queda expresado por: 

max ·:z, Q.4xA 1 +0.4xA2 +0.4~3+0.4A4 +0.7xB 1+0.7x82 +0.7xB3+x;2 + 

0.3~5 ( o l 

• 
sujeto • ( s. a. ) 

-. 
XAl+ XBl+ u, • lO ooo ( 1 l 

x.l\.2+ XB2+ "c2 • u, • u, ( 2 l 

''AJ+ 
.. • L4 XBJ -u, "Al l 3 

XA4+ u, • u,• l. 4xA2 • l.?x-Bl ' l 
• 

"us' u, - u,• 1.4xA 3 • 1. 7X
8
·2 l ( 5 

XAj , o ( j= 1,2,3,4 ) 

"•J , o j= 1,2,3, ) 

. XC2 , o 

"us , o 

ui , o (1,1,2, ... ,5) 

Este piobl'oma expresado en la forma particionada 

R 1~1 _____ .1 
X ';¡, 0 

Se presenta a continuaci6n: 

' . 



-----

MODELO 5 

Lo Compai'\ia ol!reo Aeronaves de! Pacifico, necesito decidir cu6ntas cero 
mozos controlen y adiestran en los próximos 6 meses. los requerimientos -
expresados como horos-vuelo'-oeoomozO son: 

8000 en Enero; 9000 en Febrero; 7000 en Marzo, 10 000 en Abril; 9000-
en Moyo; y 11 000 "" Junio. 

1'1 entrenomie.-.to poro que uno oC>romozo dé •erv,e•o en un vuelo duro un 

me•, por tonto coJo m.~chocho debe controtorse por lo menos '·"' mes antes 
de ser necasitodo. 

El entrenamiento requiere de 100 horas de supervisión de oeromozos yo 
entrenados por lo tonto disponemos de 100 horo•~vuelo:oeromozo menos,d~ 
rente un mes por codo oeromozo en entrenomiento. 

Codo oeromozo entrenado puede trobo¡or hou"o 150 horas en un me1 y lo­
compo~io tiene 60 oeromo:>;as entr<.madas.al .principio de enero. 

Si el máximo tiempo disponible de los oeromozos excede ol requerido en 
el mes (horas vuelo + supervilión) trobajor6n menos ele 150 horas y no es 
despedida ni~¡¡uno. Pero en codo mes, opraximodomenle el 10% de.los -­
~eromoz.os con experiencia dejan el trabajo por matrimonio u otras rozooes. 

.Cado 'oeromozo eotrenoda cuesto a la compor'iio $ 8000.00- ol mes y codo­
aeromozo en entrenamiento S 4000.00; tomando en cuento salarios y Otros­
Lenefi cios. 

d Forroole el problema de cantrator y entrenar -como un modelo de progre 
moción lineal haciendo · x1 el número de oero,;ozos que principian •u: 
entrenamiento en el mes t, donde "'= 60 repre>ento los ocromozos -

disponibles al principio de enero. Defina cualquier sirri>olo adicional -
que necesite poro expresar los variables do decisión . 

b) E 1 inciso anterior supone un horizcnlc de 6 meses. Supongo que se ---
0\)r<·gan requerimientos de julio al n:cJeio, oor ejemplo 10000 horos. (Cc.m­
biorlo nece!cric.mtonle lo solución nora los n1cses anteriores encontrodo onlerior . ' 
mente? Exolir;uelo. 

" 



Solución : 

Seo x¡ el nUmero de'penono~ controlados que principian S\.1 en~renomien~o al inieio del mes 1 

(t = 1,2, •.• , ó). 

Seo Yt el nUmero de oeromozos exper i mentadas al fino! del mes 1 (1 = 1 , 2, •.. , ó) . Nótese 
qo..oe Yt i-ambilin repre~ento lo cantidad de oeromozos experimcntodos'ol inicio del m~;>sl + 1. 

DI S PON! Blll DAD DE AERQMOZAS EXPERIME NT .A DAS. 

Observe que el nUmero de oeromozos experimentados Yt ol final del mes t, está formado por 
los personas corÍtrqtodos ol inicio de este mes(las cueles fueron entrenados en el transcurso 
del mas) més el 9()% de los oeromozc~ cxperin:entodcs que hobio ol final del me~ o;lterlor t -1 
(o seo ol inicio del mes t), le-, . 

{1) 

01 

PI 
(4) 

(Sf 

(6) 

(t=1,2, ... ,6) 

{") 

• 

DEMANDAS DE HORAS DE TRABAJO (VUELOS COMERCIAltS Y ENTREi>JAMIENTO): 

lo demondo totol de horas <Je vuelo p:>r mes conm¡wnde o lo domando do vuelos comercio! es 
mós lo demando de horcs poro entrer.or o los nuevos pcr'<Jnos contratados en el inicio del mes. 
Poro sotisfocer esto demando total en el mes t (inicio del mes t); se dispone de y

1
_

1 
"eromo­

zos con er-pericncio, les cueles aceden proporcionar 150 horas codo uno de ell.,s. P"' lo ton 
te, si D1 es,lo demoi1da de ~uclos cornercioles en ni rr•e• t, entonces: 

Demando en el mes 1 : (1=1,2, .•. ,6) 

con y
0 

=.x
0 

!ntroduciendo uno variable de holgura o codo ecuación, entonces 

150y l "'D + 100x +u 
t - 1 1 1 (1=1,2, ... ,6) 

y "X o o (*') 

u 1 ?. o 



,, 
i":llO 

·, 9 

1,'<) 

Obsll!rYe qnt: U¡- ó uOI;I v:>ri_'~':;lll o.lr. !.,),.~·!'<1 ~" rq·r .. ~~~~l<> rl t>.Ím~ro ¿,. hor.:r. di~ponible no 

usadas <1l flnol dtJ pcrrodv !, EX¡>..e.o,,)u e~fa '"'td.;ci&:. ,:>6"-~ coé<> t ~e tiene 'i'-'~' 

Dom(lnda en el m~.l :, " ' ¡ . ·. 

" 
. . . ' . . ISOyo'-5000 ~100 X] +u 1 

!SOy¡ = 9000 + 100 ~ + u2 
150y2 "'8000 + 100 "3 + "3 
lSOy3 "'1 0000 .,_ IOOx4.,. u 4 
lSOy4 "''i'OOO +lOO :..5 + u5 
lSOy5 = 11000 + lOOx

6 
+u 

6 

Demanda en el mei 2 : 
Demando en el mes 3 : 

Demando 1n el mn 4 : 
D1mc:mdo en el mes· S: •• ' • 
Demando en el mes 6 : 

• • 

FUNCION OBJETIVO: 

' ' '• 
'Yo qtJe el ~¡eiivo de lo compollia es determinar .;~JOnios oetomozc:s controlar en'los pcóximoS_ 

'1 

800 

1 
-.9 

150 

meses, entonces lo función objetivo es.minimizor los .;estos involucroc!oL Estos caSIO$ son los­
costos de los oeromozos experimentadas m6! los costos de los oeromozos que es Ión siortdo oH1Ire 

nadas. Por lo tonto, le fondón cbietivc ~16 dedo por -

yo que x0 = y
0

, 

min.'l,8000[y
0 

+y
1 

+ ... +.y6) 

• 
Pcr"lo tonto nuestro modelo de ptcgrcmoción lineal poro el problema dodo, estó definido por • 
(•), (**)y (H*). lo repre¡entaclón de eite problemc de programación. lineal en formo omli-
cianod" (6 toble<1u 6 taSI ero) es lo siguiente. · · 

' ,, ,, Y4 Ys ,, 'o '1 '2 ,, '4 '5 ,, 
' 1 u2 u3 .u4 u!iu

6 
800 eoo '800 800 800 400 400 400 400 400 400 z· {m in) 

• 

1 /1) 
-1 o 

-1 o 
1 -1 o 

-. 9 1 ' o 
-.9 1 -1 •O • 

-.9 1. -1 o ' 
-:. 9 1 -1 o 1' 

.-100 
.. _, ''er:oo 

' ,. -100 -1 . ~>00 
15() '•' -100 -1 sooo 

150 --100 -1 10000 
150 -lOO -1 9000 

150 -100 -1 l:?(X:'O --
[Yo Y¡ 

., 
',] ~·· Y:z y3 y4 YsY6 'o '1 '2 ":3 '4 's ., '1 ,, '3 '4 ' > o 5 

' 

'. ·¡ 

• 



¡1 

'Al xal Ul XA2 'B2 'c2 U2 XA3 'BJ "' XA4- u4 xOS "s 

,4 • 7 . 4 . 7 1 • 4 . 7. ,4 • 3 1- ' (rnax) 

1 1 1 • 10 000 . . 
-1 1 1 1 1 - o 

-1.4 -1 1 1 ' 1 - o 
-l. 7 ' -l. 4 -1 1 ' 1, • o 

'. -1.7 -l. 4 -1 1 1 ¡· o 

X • [xAl xa1 ul x., ,,, 'c2 u, XAJ XBJ "' 'M u4 XDS US] '} O 

NOT}I. 1 L" restricciones del 1 1 1 el 1 S ) puaden expresarse 
Bin variables de holgura, oon objeto de expresar estasrestric 
ciono11 como desigualdades en lugar do igualdades. El proced:!: 
miento para. obtener· estas igualdades eB el siguiente:·. 

.Obviamente de lo ecuaci6n 1 1 1 .. tiene 

'Al + 'Dl • 10 000 1 1 1 

Sumando 1 1 ) y 1 2 ) . 
'Al + 's 1 + 'A2 + ., + 'c2 + "' • 10 000 

'•1 + 'Bl + '•' + 'B2 + 'c2 < 10 000 ( 21 ) 

Sumando ( 1 ), . { 2 ) y ( 3 ) 

'Al + ·xDl + 'Al + xn2 + 'c2 +xA3 + 'nJ + 

"' -lO 000+1.4xhl 

X Al 
•+ XD-1 + ,., + 'Bl + 'c2 +xAJ-+ 'BJ < 10 000 + 1.4x,, 1 

( :! 1 ) 

Sumundo ( 1 ) ' ( 2 ) ' (3) y (4) 

XAl-l-x01 +xA2 +ll 132 ~xC 2 +x113+x113+xA 4 t: lfJ 00Cfl.~x111+1.4x112 +1.7x131 + 

l. 4xi\J + l. 7xll 2 14
1

1 



-- ---------

Sumando ( 1) {2), (]), (4) y (5): 

+ 1.7x:Bl+ 1,4xA3+1.7~B2 

XAi +XBl + XA2 +xB2 +xC2+XA3+xBJ+KA4 +xDS t_ iO O O O+ l. 4 XA1 +l. ~KJ\2 +l. ,7XE 1 

. 1 1 Por lo tanto, las desigualdades del (1 ) al (5 ) .son las restric-
ciones a nuestro problema estas restricciones pueden obtenerse di 
rectamente del contexto del problema sin la introducción de. vaita 
bles "de holgura, nuistro problema expresado a través de las reS-­
tricciones de la (1 ) a la csl)' queda representado en forma par­
ticionada como sigue: 

- l -
- 4 ,7 ,4 - 7 1 - 4 - 7 ,4 - 3 = ' ( =x ) 

1 
1 1 < 10 000 

1 1 
' 

1 1 1 < 10 000 
-

-, 4 1 1 1 1 1 1 < 10 000 

-' 4 - ' 7 - '4 1 1 1 1 1 • 10 000 

-' 4 -, 7 :... • 4 -, 7 1 -' 4 1 1 1 • 10 000 -
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!<, -3?<a -'f.s +X:¡:: 12 

e) C. o!JE-rovo . , 

ono¡¡ í? : '3¡(, + .¡ '¡( z.+ S¡( 3 + o t 'f+OX s ~ !'lX, -11 X~ 
·d.) Ho4-TY'lt2- DE fi'A.t.A-Mé.TjfloS ~S...,-,2.oc:..TV~i..S 

.¡; ¿ t • eo~ {j, ~ eLe 
1 1 2 1 O O. O 0

1
"' ,...es

1
ui: 

1 -2 1 o o 1 o '"-'-""'"'· "•. 
1 () _, o -1 o 1 
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Dftp"ate "de vlu:" iable de ent~:ada · · 
• • 

C·.=-C. i.L..j 
)., .L- •• 

fa.l '¡<J-c·:-L::. o. e < o·· 
-,~ 1* -;- ~i.Jc •J · 1 j max _i · . max 

Empate de variable-saliente·;.¡ . .. • 
Br- ,._as 

Ari. As:L 

. . 

""No:3· ;.,:dable s~liente 
~~·o r¡, vari_able bli:s"ica 

soiuci6n oPrúna~ múltiple> suc~ 
d. e. ccar.fl.o.CK .. o _para .variable 
no b:is.it;a y Z: es Óptima. · · 

"No-3 soluci6n 

~ "~-. soluci.6n 6~t.fma tiEi,~e cu~n­
do menos una variable artit'i- -. 

·Ci.al'fO ·-' 

Vá.riabl~s neqativas aco.tad11S 
x,;:. L_, r.. ~o 

J J . , .. 
Variables negati.vas no acotada5 

. -··oo <.. x·. (.ce. 

' ' 

•• .. 

' 

C6IT.o resolverlo 
'' .. 

Max (-Z) 

Seleccionar variable con.mini­
mo Índice 

x, 

Conducen a soluciones degene-rA 
-~as porque la variable no .,Sel:!'c . 
·cionada adquire valor .. O. 

~cleccione .variable con mínimo 
indice 

sir.¿ s_ 

X< 

_Es!,:o_pu~de 2.cm4uc,ir a lo~s ÍJ:!)' 
t ini tos (rara vez o<...-tlrrtr e·w -­
problemas reales) ltmitár=4m; . 
m"'l restric. '•ftr"-'',....I.o 

~Problema n~ acotado revisaí 
p la.nteamiento. 

Para encontrar otra solución 
_6pti;na seleccionar dicha vari,! 
ble como variable entrante, 

R~visar planteamiento o aumen­
tar magnitud de los ·Coeficien­
tes de las variables artificia 
les.· -

Xj '"')t.-Lj. ~·O, sub~titu.i.r, 
J ~X .+L en 

•. el mUelo, 

• x, 

Xj"'Xj '-Xj • 

y para cada 

x•.:>o·x">o 
j-;-'j-

soluci6n X •x.•~o • 
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l" .. :jc·'•> l 

T"¡¡,,:u 2 

y, r=-•:n 3 .. 

l':.:.!u":.-;a 
l 
·¡ ' i Jr•'3 T .. ' 

r .... ¡"'" í• 
,·¡ ¡,..; 1 

HOf.\S: 

PIV0T . , T'''I>!U ,, , 

- hl ~ ¡;iiogroona eslá_ listo para usarse en !u com¡:ut,o_t.loto 1 BM 1130 de CE(/,1'1. 

-Lo tarjeta 1 es lo torjcto onoror~jodo obtenido del CECAFI, 

-El I•Úrn~ro l quc.,~puru~c en lo 2<1, _larjol_o se perforo en lo columnc 17, 

1 

- Ei"prO!JIOm~ Hl la IBM, lione un; <::Ap~cidod de 10 r~lldccioncly.l5 va•ioblcs in.:lv-
ycndo ¿.;.¡,¿!;¡uro y m!ificioles. ' 

[,te progrom'? lorrbi4n se en~uf'nlro disponible en' lo BvrroL•gln del CI:M>SS, bujn o>l 
nombre Oe 11/51/.',PUX. les imtn•~cicnel para correrlo e11 el Ci/.',A5S ormecrm e~ 
lo sigui~n:c hoja. lsle ndmitc uron copncidnd mayor sob•c el nú•nc·ro J.., ¡,:,slricci:.;rH.:I 

y vorlobl~s """.'"se irodico en lo le:Jundu hojo. 

-[¡te prC'Jmmo utilizo el mttcdo de lo ~·";n M.' 



T!"rjelo 1 

Torje1o 2 

hrrje1o 3 

Tor¡eto 
final 

NOTAS: 

"Rif'A'. PA"/ "'""' 'l <PúCI'" 1' 11/<1'-·-l,.X ,,. • , ~ ......... , ·--~'-" t . , --~·'·" •. •--r • 

C~·lurntlo 1 

" us:R clave 1 --- --~·--

! RU'N (JR82) B/~IMPLEX 

! DATA FILE 5 

Tmjtlos c!e doto~ 0/ar ;i!ginn3). 

~'E:ND 

- Este programo esló listo pero us!='ne en lo compulo<loro B 6700 de CIN.AS/CSC, 

-lo tarjeta 1 es lo lar jeto tojo obtenido ¿el CIMASS, 

-El s;,~holo "1" significo· un coróder ir.v61ido. -Este'e obtiene. pws;on~nd::- !~>re­
dos MUL TIPUNCH Y NUMERJ<:; sirn..rlt6ncam~nlc y perforond<;> les númerus ·¡, 2, 3, ,, . 
. . ' 

-Este progro,;o tl~ne uno copacidod de-30. reshlcdones y 40 vorioblés indu)'-.:~-dc C~ 
holg~·ro y crtificla'les. 



.. 

• 

TARJETAS DE DATOS PARA El PROGRAMA GRANM 0 11/SIMPLEX 

Lo siguiente información deberC porporcionarse en lo'que seo indica carro ter jetos de 
datos en los hojas anteriores, 

TARJETA DE tDENTIFICACION DEL PROBLEMA, 

-· 

En esto tarJeta puede usar desde la columna 1 a lo 70 pera poder dar cuol9"icr idanti­
ficoeión que desee dar o su problema, 

TARJETA DE D!MENSION Y ETIQUETACION.DEL PROBLEMA Y CONTROL PARA CO­
RRE~ MAS DE. UN PROS LEMA, 

El usuario debe dar cuatro números entoros con formato (411 O) en la dguiente formo: 

Columngs-1'-10: 
• Columnas 11-20: 

Columna 30 ' 

Columna 40 ' 

NOTAS: 

Nümero de renglOnes C!el problema. 

Número de colunmas del problema, 

Eu::riba d número 1 si deseo poner etiquetas o los renglones y o los 
columnas • 
hcriba el'.nUme.ro O en caso eonlrorlo, 

Escribo un 1 si, deseo correr un problemo a di clonol. 

Escriba un O en eoso contraria. • 

El número ele ranglone$ no Incluye la función objetivo, 

51 escribe un 1 en lo columna 30, el usuorio, después de lo tarjeta deber6 dar el grupo 
de tor!~tas poro etiquetas de renglones y el gl\Jp<> de ~~~poro etig,Jetas de c:ol~m. 
S¡ en lugar ele vn 1 ~scribe cero deberli omitir este grupo de lorjetm y pos<:~r o los tarje­
tas de coefidentcs ele lo1 vorinblcsr:ut;r!eioles en lo función obj!;t:ivo,' 

S¡ clcrlbe un 1 en lo tarjeta 40 veo lm notos genero los, 

TARJETAS PARA. El!QUfTAS DE RENGLONES; 

LOs e"tl,¡uelo> P""' "•dentHicctr a los reo!Jioncs de los r~1lrkciones, !~"'''"" t<JPI.'! coono ""~ 
xima 6 ~orocteoes de cualquier tipo, 

En uno lorjeto puede escribir h::>sto 7 etiquetas. fstcl etiquetes df'heo ir en los colut.1fiQS 
1-6, ll-16, 21-26, JI..J6, 41-46, 51-56;61-66. 
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1 . 

¡,\J' r 11: ~,-,f,f, tiiUL!ElA~ DI: C.0L 1JM~~AS {\'J,RIA!!I.CS}. 

la~ '"'Í<tiOS poro ldt>ntHicar o los columm>S o "'Jo o !us vorloLies lnvnlucrodas en t~l 
f''"hl<'"o'J (tnduy¡¡,ndo de holgura}- arHflciolcs) deb.:lrÓn escribirse de uctJerdo o f~ 
r<"<;fos 'Jntiriore:l pcrc etiquetar renglones, 

TARJETAS DE COEFICIENTES DE LAS VARIABLES ARTIFIClAlES EN LA FUNCION 
09JETIVO, 

A cado vorioble ortificlal osTgnele un 1 y olas variables no artificiales asrgnele un 
O, Estos números escrTbolos en ha columnas 10, 20, 30, 40, 50, 60, 70, de acuer­
do ol orden en que etiquetó a sus variables (columfiDs) 
IMPORTANTE, bto tarJeta es reqUerido aún si el problema no tiene varigbfes 01'-

ti fleloles. 

• 
TARJETAS DE COEFICIENTES DE LAS VARIABLES NO ARTIFICIALES EN LA FUNCION 
OBJETIVO, 

E1cfiba los eoefleicntns de la función obJetivo con el formato (7 F 10.0). Estol c:aefi~ 
cientOs deba escribirlos de aeuerdo al orden en que etiquetó Sul vc:rlol:iles (colutmal), 
lot coeficientes de las vorlobles de holgura y ortlficioles deberó ser cero. 

IMPORTANTE :Los. cooflc:"lenlel de lo función obJellv~ deb11n corre1ponder cd problemr;~ 
de minimizar. Por lo tanto, si su problema el de maxlmbor multiplique por -1 y coml­
dero lo1 coeficientes que resultan como lo1 dotal de entrada en este programo, 

TARJETAS DE LOS COEFICIENTES DE LA MATRIZ Df.RESTRICCIONES. 

· Codo renglón de rellrlcclanes va· en uno o verlos lorjetcs, escribiendo 105 elemen!M "'-
. ceslvomenle en uno torJeto con Utl formato (7 F 10.0), Coda vez qt.~e proporcivne un nve 

vo renglón debe empezarlo en otra tarjeta, ·-

TARJETAS DE lOS lADOS DERECHOS DE LAS RESTRICCIONES, , . . . 
loi c:aeFiclentes del lado derecho· de restrieclo~s se proporcionan wcaivam:;.m~ en en:> 

torJeto o en caso de ser insuficlt~nle use otro tarJeta, fl formato es (7 F 10.0\ 

TARJETAS PARA INDICAR EL CONJUNTO IN!C!AL DE VARIABlES llASIO~. 

~n unt"l lar Jeto prÓgroma sucesivamente los ndmerOlO de l..n column<r. <JIH' v"n n , .... , ,·~::.C:o~ 
COIW> c_olumnos (vnriobles) bóslcas Jnfdof(;5, lJse (orlnUIO [TJJQ), 



' • 
t\,J'IMn.• 

NOTAS GENERALES: 

1, El arder. de los lorjetot debe 'er como 11l lndicodo. 

2, Si en lo TARJETA DE OIMENSI ON Y ETIQUET AC\ON cscr!bl6 un 1 en In u>lum­
na,40 entonces su nuevo problema debe ir dcsp!.lé5 de lo TARJETA PARA INDICAR 
EL CONJUNTO INICIAL DE VARIABLES ARTIFICIALES, ~5 impotlcm!e que en..,¡ 
nuevo problemo;~ empiece cor>lo TARJETA DE IDENT!FICACION DLL PROBL(I,\A, 

' 
' . 

. . ' 



7x2-x3-x~+xs!. O 
+7xJ• "'4 + x5 ~ O 

x¡+ X2 + 

> o 
• 1 

6· 

Deberemos ,..,.ltipllcor lo fundón cbjeti11o por -1 purO que el problema sea de mlnimlzo­
dón y tombll!n agregar vorlc;~bles de Holgura ~:~Jos primerus tres restricciones paro que-­
!leguen u lf.!! l9uoldodes. Can estos ob•ervodonel el programo lineal estor6 en forma ello.'! 
dord, lo C\lol es uno condición paro opliear el programo GRAN M. Si defln1mosx'"'-l, -
nuestro problema en forma estondord el 

m]nz' a-x..¡+-xs 

2,q - 2xJ + x..¡ - XS 

-,:¡ +2~ + x..¡- x5 

x 1 +~+x3 

. ., 
X¡ l. 01' 

> 
'1 - OJ 

!=1,2, ••• ,5 

1"'1,2,3 

•O 

•0 
• o 
•1 

Obsérvese t¡~Jo ou~~t¡tle el programo lineal ya estó 11n rorma eston.dard. fcdo~ii:; r-o e>t6 !i:i!c 
para empozar el algoritmo de lo Gran M potquc en lo última reurlcel!.r: "'-' ex:~t<> un~ v,:do­
hle que aparn'eo en esto restricción pero r>o se encuentre en los otros r~flric~1c<~~!- (~~ ... "'~ 
se IT~ne uno 1oluci6n b6sico factible inm~dloto). Por lo tonto, dl>bettmc-s ~<!'-"!?'":,,..,o ·.c·r~ 
ble ortiF!ciol que llamaremos 'J, o IQ cvorto restricción poli> osr compltotor nu~V•c >.::>L·:iü.­
b61ic'! fqctible en lo cual se Inicio ol olgorit...O. Sin embargo, e! inrrodud• e!l<" vorkH~­
ortiFiciol en IQ restricción d~beremos agregarlo en lo función objeth'O ,.,..,lrir!lcnc'.;r t':J' "''·~ .. 
cantidad positivo M rruy grande. A,r nuestro problema rewlto ser: 

-·, 

mln x' =- x4+xs+Mt1 

-.1'7 + ~ + x4 x5 + s1 
-2~_+ x4 - x5 +~ 

+x4 ~ x5 +s3 

•O 
•O 
•.0 

'1¡<>1 

X¡ l. 0J 
,. 
' '1 

¡ .. J,2, ••• ,5 

j=l,(,3 

• 



( 

' 
• • '· ' .o! 

Es cor.ve~ienle representar el programa lineal en vn tablero (o !obl11ou), pera poder enten~ 
der mós fóeilmenle lo información que deberemos propordonar al progromo de O:omputodoro 
GRAN M 6 11/SIMPLEX, Esto representoción oporoee abajo 

Función Ob¡. (F.O.) 

Rengló~ 1 (R .1) 
Ren~lón 2 (R, 'l) 

Renglón 3 (R, 3) 

Renglón 4 (R. 4) 

1 

o 
o 
2 

-1 

1 

o 
-2 

o 
2 
1 . 

' 3 ., 
o • -1 

1 1 

-2 1 

o 1 

1 o 
.. 

• 

5 
1 

-1 

-1 

-1 

o 

'1 ., 11 

o o o M 

1 o o o 
o 1 o o 
o o 1 o 
o o o 1 

• • • • ~ 
Ver .Holgu- Var, 

ro Art, 

Soluci<Sn inicial 
bósico factible 

,. 
o 
o 
o 
1 

Este t'o~lero contiene todo lo información necesario y la noh•ción apropiada poro correr el 
programo GRAN M·ó el 11/SIMPLEX, A continuación 16 presento su codificación porO el 
GRAN M, Poro correr el 11/SIMPLEX lo codificociórl o! idéntico oxcepto por lo• tmjelos 
de contra.! cOmo se mencionó en lo explicoció'l ¿,.estos programas, 

• 
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u NA M 1 HOJA DE CODIFICACION DATOS FORTRAN 1 

fA(~I'AO " 1 Y/O • o .. GtN"H"' . 

~· --;; • • ' ·¡ . ' '::::·.:;, ~ 
·~ ~-· " ' 

;-;-,;,';~·;·' •; • • ' " 1 ,;, ¡ " ·-
• • 1 • : . ' .. • 

' . . 
i 

u "" "' 
• 

1 • ' • 
' • ; '~-" 

:~·· 
' .g 

~Jiit.o •. ~ 
1 ' ' • . ' ; ie~., ~- ' ' -, ' S& •1•. ·' .. : 

~~ e: ' E ¡ 

' ' ' ;~ • • • 
.1 ,¡-¡-

• • ,e_ . 
• • • • 

• 
-:; 1 

' ' ~ .. o:-
1 • • • 

o6, • • 

·' ··~ . ' • • 
h..:.O ' L2. D ' ! 

. 
¡,;· D. 

-• 
.o ·"· . ' '-\w ' ,- .,., 

i 
• . ' ;;- ' 
1 . . 

. 

·' • ' i;,•., • ¡ 
1 : 

• 

' • . ' • 

·'-" 
,-1 . 

• ' ' L'---'...1..1 .. .. 
• '"- ... ··•· .. • . ,. .. .. . .. _,_ ,. '" ,, • . ' -······ . " . -·. . 

• • • 
• h • • 

• • • 
• 1 . . . b 

:0 

-.1 .. o. :-.; 
• 

To: b --: ;-:o 

. 
i 1 ... 1 " ', .. .. .. • ,. , . 

' 

• • • 
1 • 

• • 

• . 

1 ' ' 1 

1 

1 

1 

1 
. 

• 1 
' •1• 1 •r •i• ' 

• 

' 

' -• 
' 

• 

• 

' 

. 

<' 

' 
.,1, 

• • ' 
'J 

' . ' 
1 
' : 

' 

' 

' • 

' 
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EJEMPL0.2 

~,o, 

xl+x2~1 
x1 +x2 ~~ 

-x¡+"2 ~~ 

X¡ ~ Ú 

EJ<pre$ondo !o función objetivO en términos d~· minimi.zocl6n e introduciendo voriablcl 
do holgura, ortifidoles; el problema el equivalente o t 

min(-z)~-xl-x:z+Mt¡ 

XJ+x:z-'1 +tl""l 
xl-x2 +1o;2 .. , 

'., 
En ro;mc de tobleou: 

• 

¡ 
fune, Obf, (F,O.) 
. ' -1 -1 

• Renglón 1 (R,l) 1 1 
• Renglón 2 (R, 2) 1 -1 
• Renglón 3 (R .3) -1 +1 
• 

• 

o 
-1 

o 
o 

•1 

M o o 
1 o o 
o 1 o 
o o 1 

• • • 
Sol u ció" b~-· 
sico fuctilole 
inkiol, 

~ 

1 

1 

1 

. 
y 



HOJA DE CODIFTCAC!ON Y/0 DATOS .FORTRAN fACVII~O \>( 1 
: .. ;#ENO(IIA 

. • . - . . 1'"'"";·•·'-'1 

:-... ---~~~ ' '" " ' " ...... '. ~ . ~~~. 
•/./. . . 1 • • : : 1 : : : : : : 1 : ' : : : ' : 1 ' • •. 

~{;( o: S,·'R;,~.,.i'!',~' "illl~ ·: _:_i~ :. ::! :·:: ¡. ' ~~· 
'""'"'·. ia,, . ~&:·"'·:~·e/) ~;;!m.';::~: ::: t; ,"1', ·'·. , , , · . ·-·~-:-: 

;., . ! ' ' ':: ' ..,_; :: ': 1 :'.::.::.:!:::::: ': 1'::: : :: ::.::'::: 1 1 --
'..': • X2" , _', " , ,!!..': :. :; ~-'· ' :::ls> .: 1 : : ,! .. ,_,_,,: 

• • 1-,1 •• • • ~~ ~t . ~ .. ; . ' 
• ..... • 1 • • ' ~· .. o, ' ' ~ . . ' . . 

: .. , ¡" _-,_0,. -~ •' " ' >,-,0, : ' ' ' : :c.¡ 

. ; ·:: ; _... :::.e:·: . ."::·::::¡:;. :: 
' 
1 

: ' ! 1 

• ' ' 
' ' 1 

. ' 
' 1 . ' " "-" ~ _¡_._, -'- r 

' '-'---'--~' 

' .. ' ' 
' ' 

' ' 

-~ 

' ~- . ....... · . .-· ... •· 

• 

. ". ' .... '1 
' ' 1 ' • [ 

' ' 
• ' 

1 

' ' ' ' • 
' ' ' 

: 
: 1 ' ' 

. 1 .. 

h ' ' 

' ' ' 
' 1 • 

' ' ' .. . -e~¿ . 
' •. , • >:!.;_:.;:.::.·: • .•. ·'- , •• 

' ' ' ' ' ' ' ' ' 1 ' 

• • • ' ' ' 

' 1 ' 

• 1 

1 ,1 '" : ,1 ,!.,• • 
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EJEMPLO 3 Resolver el dual del •igulcnto por de problemas ~!mol -dual, 

• 

Primal mln z .,2x¡ -3~ 

2x¡ _ ~ - x3 .?:. 3 
' , 2 X¡ - X2 T XJ ~ 

X¡ ~ 0 

Dual mO< w •3 
' 1 

+2 

"1 + " 
, 2 

- '1 
,., < -3' 

'1 ', < o 
A .::!. 0 

• 1 
Este dual e1 ll<¡lJIYclenle e 

'2 

+ 

En forme de tobleou; el duul cst6 dodo por 

F .0. 

Rl 

R2 

" 

' ' 1 2 ~ 11 ,, '3 

-3 
_, o o M o 

2 1 o 1 o o 
1 1 -1 o 1 o . 

-1 1 o o o 1 

• • • 

A' "1: "z , 3 -

~ 

2 

J 

o 

/1 
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1 .. ,u••·o·O M[ IIOJ A DE CODIFitACION Y/O DATOS FOHTRAN . '""'"''"· \......:::. __ 
' ; ' ,. '" ·, 

• é: ·~?rg~ ' 

~&E~"' 
1 '-'' ' . ' :.~-~~~-: '' • ' ' "' • ' ' ' 1 ' ' ' ' '" ' ": ' 

. '' ,• ' " ' ' " . . 
iú. ·:, :~-- -,- 1 

' 
' 1 . : . . ' i ' ' ' ' ' ' ' ' 

! "· ' ' ' ' ' ' f-"'"'·,,,.;_ ., ' ' ' ' ' 

, '"'" ." 'N.~iOk~ ,D,E, ,;, '~lf'~UL•_ ',SJ, 1 

' l. .. ¡ 1 • 1 ' ' 
1 - • 1 1 

' ' ' ' 
. " 

1 1 ' # r ' ' ' ' ' ' ' ' ' ' ' 
1 . ' ,e ,o ; 1 1 ' ' ' ' ' ' ' ' ' ' ' ' ' ' :0: ' ' ' ' ' ' ' ' 1 1 ' ~~: 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ~ ' 
' D, 

. 
1 ' ' ' ' ' " ' ' 

' i ' ' : : : ' ' ' ' ' ' ~~ . : : 1 1 ' '· ., ~ ' ' 
,_, '_o ' j ' ' ' . ' ' 

' . 1 

' ' 1 ' 
' ' ' ' 
1 .: . 1 1 ' ' 

!-'-L•-!.i t ' ' ' 
' ' _, . 

' ' 1 .. ' 
' ' . ' 

-·-·-·- . ' 
: : :~ : : : : : : : : : i : : : : : : : : : : : -: : : : 1 : i : : : : ' 1 

' ' ' : : ' 
' , • • .. :J., :._ 1,,., ·-~-I....L.:..J.....J 1 ' ' ' 

" ' . ,-' ' i .... L.: 'J •. ' - ~' :. 1 ' .J --! _, ., .1_: .. .1.. • '---'-.1.. .. ' ' ' ' ' ' ' ' ' 
1 ' ....~ .. : ... ~ .. !: :.; . .!_,_, ·-·- . ·--·-· . __ ' ' ' ..•. 

'·' :-·-.-~.: .... :. ''' .: :~~---=·-~--- =..::··:·•.:· ,, ' ' ,, ' " " .. ' . ''' . ' ' ' ' •• " " ' • ,, • ' " ' ·. 
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EJEMPLO 4 

max z =x1 - x:z + x3 -Jx4 +xs- x6- 3'7 

'.o . ,,, + 'S + '6 •6 

~+:Zx3- ,, •10 

- '1 + '6 • =O ,, .+x6+x7 •6 

x1 ~o 

mln (-z);:: -x1 +x:z -x3 +Jx4-x5+x6 +Jx7 

¡ ,a ' 

3XJ +xs+·x6 

~ +.2:><3 - x4 

'1 ,, 

=6 

•10 
•o 
•6 
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UR~§VS 
an invcntory system modcl 
....,.,...,, """"""V lh<lr M>d f:><UN)' ourpur lot 

• fJCtory-wtro,..._<O,.l<t '""''"">' "'"""­
'"""" t"'Y rt'p/Mid>mn1 r ..,.¡ i<M! 6m• pt>Jc;., 
,..,, ¡, ct=.;O<J"' "'""' ro '"" !ho el/""' o/ 
!h•>e Ml•d., on <"o ,.,rlorm>nce o/ th< o••r." 

"'""'"· 

Tbe purp= o/ •n in•entory is lo pro>ide a "'PUUion in time cr locotion 
bet""'" the produotion of goods and the consumption el goocb. In o~r 
sped•li>Od e<onomy a man is no longer his own but<her, bok<r, ond 
condlesti< k·•na~<r. R•th<r, "'' h"' pmductinn ccnte" (lactnri«) which ore 
spociolized, ''""~lly lo<a,.d, and b.we high production rot<O. Thore is > 
gre•t g>l" In rro<luctinn efficierocy from this spec,.IIZotlotl, bur ir >l<n 
roquires a l.r¡e increase in' inventodcs ro ••p>rote the cent,.lizod f;otory 
from -thc uiLim"e consumer. No Ion¡« do wc follow !he .. omple el Lhe 
hUle red hon wht> planted, reaped, molled, bJk<d, •nd .re (without the holp 
al the pig, cow, robbil, or duck) hor ""n leal of br<ad. 

The rno" cornmon inc·entory >ystem in our ~conomy i<the faCTory­
whole!i4kr·r<toilor ''"""'· Thc whol""'lor provid" a time dotoupling '""''" 
het~<oeen tho f~<lory Jnd the reiJil<r, ioHI>Jt he hold< thc fa<lory uutput until 
o¡dcred by th< <<lail<r. Tho ~<holol)l<r ol<o providco o locotio" dro<>upling, 
1Ó ti»< be ~"""''lly ,¡,;p, guod; o.er .1 w1Je ~··u~r.phio areJ, ~ioniiJrly, tho 
rota~l<r pr<o,iclO< J decoupling '""'"• l>ctwoen ti>< whole<.ll<r .1nd the cc;n­
sumer, in that ho m•int>in• an 1nventory of g<>od< en di,pl•y foi ..,¡, to 
cu.,ome,, 

lhe purp01.t of thfs e<erti<: is.to provide •n illuwotlon ol the 
dynJmio notu!O of the bctory·"hole..,ler·r<toilor invectory wstom, A com­
put<l modd ;, u¡<d 10 c.!l<uiJh· wook by wool. how tho rot•il i,ventory, the 

who''"''' invont<ory, onJ tho loctory otllputr>" ch•n&< •~ r<spon" "''""'' 
sok~ Tl>c mod'l "'" r~ty mJfe eh'"~"' i" 101Jil >nd wh<>l<>->lo irwcntory 
rol ~e y '" on J llcrrrrl lo contrul th' 0"" 11 invor>lory systom. 

" 
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So<tion 2.1 t>p!.,n, tho J>()fm•l lnoontory symmo •nd 1ho rululor 
main<aining >n.enlof\' 1<><1.- Th< following «<tions P'"""' thr<< illustuted 
computer probltmo fur m""'"'ning and <Ontrolling the inO<nLUry 'Y"'"'· 

2.1 FACTORY·WIIOLESALER-RET AII.F.R MODEL 
The nolmll •y>tem for the production ond dimobulion of good• in 

our <eonomy io throu~h the foClory-wholo,.ler·r<t..oiler 1yotem, A •is.IJ•I 
conooptuoli:.rion cllhio ;ymm ;,. "'"'""In Figure 2-1. The function of the 
r<uiler in thós •rote mis lo 

-t•le orders from customo" 
-deliver goO<!• to customm from on-the .. helf inventory 
-r<ord" tcod• from the wholc,.ler 
_,._.¡y~ •hipmen!O from the whol .. altr 

The fun«lon ol the whole,.lor ;, ,;milar to lht r<t>Her ••ceplth•l 
lh< wholeS>.I<J'< <u>tom., i< the <eU1Itr ~nj th<r< is • time l•g betwoen t.he 
ordoring •nd the deli•er)· of goods. The whol~"'ler muu 

-rocei>e ordm lrom the nUiltr 
-•hip gooU> from the WJr<hou<t ln•tn<ory 
- reord<r gooU> from the f "'"'Y 
-rocei.e >h ipmtnt> from tho f•<tory. 

finolly, ti-.. f•<tory mu" produ« the ·goods whlch uo ultimately 
><>Id to th< cu•tome!S. TM factory m•v or may not hold in•entories.ln the 
curren< model tht foctory doe< not"m>inuin any invcntory so th•t it> only 
functo<m< .reto 

-produce g<><>d> ot >o me ate 
-chango production c. te" requcmd by whaltulcr 

Thc modcl just described i> • simple •b>tr•ct10f1 of lhat "'hi<h h 
found in the industri•l >Y<l<m." Ouroble good> • .u eh •• ¡pplic•n<<<, more or 

.le" follow lhe >ymm descrtbed. Thtre ilf< nri.,iDn< in thn ><>me l•rce 
rellile" ord<r dirc<tly from the f•<tory, or <he f•ctory m•y m•intoin a 



Retailer 
Model 

Formul•> 

" /NSYS.Jf' 

>howroom and mak• dire« ret>.il "''"'· In 01her "''"· 1he fac1ory m>inuon• 
l•rge inven<orieo •nd porform< !he funuóon of the whole...,lor. In •11 of the<e 
mOdifitalion>, how<Ver, 1here i> • dyn•mic inwplay of ,;rles wilh !he 
invonlori<• mainumO<! •nd lhe f"1ory rato •• illustr>ted in lhis molle!. 

Tho p>ram«er> and formulas for !he a01uol oompuler modrl of ti" reoaolcr 
are prc•sonlcd in thi> <<«ion. Tho;c formul•l are a mathemalicol u.mment of 
the v<rbal mod<l descrip1ion •bove. \Ve al10 piuenl sorne ,.mple rompu· 
Ution> u!lng th< r<lail foronu! .. 

Rtta/1 sa/t> ue con<rollrd by the cus<omer. They ll< P"' of the 
onpuL Lo oh< prog"m by !he'""~"· Rcl>ll ...,¡.,in tho past ha-. b«n •b-oul 
1 00 u nil> per weok. 

/l.u~/1 receipls "" ohe "'"" reooived from the wholc.,ler '"h 
Mondo y morning thJ l were urdered F r~day une week 11 O d•y•l prior. 

Rtta¡/ ir.,.ntory ltvol i> the nurn~r of uni" on hand Frid•y dttr· 
noon ll the do se of bu•ine,.. Th< inventor¡' I<Vel """ thruugh the "'""u 
>hown in Fig"ro :.!-2. T~e forrnul• for determining the on•entorv lov.l ;, 

ln'"ntory le\'cl s pnor in~cntory level ~ retail rocoip"- r<ldil .,¡., 

1/.etoil orders oro• pt.\cod "'"h the whok,.ler each f'ri<Joy afternoon 
•h« detorminir.g Lh< in"n<ory levol. The ord<r poi" y "10 arder the ret•il 
...,¡., for !he w<ek plu> ur ~"""' enough units lo return the b• .. "oc k ¡._,¡ 
Lo 100 units. Th"' 

Retail order ~ reLJil ,.J,. + (100- on.on1ory le.el) 

. The eff«.l> uf tloc;o lormuÍ'> '"' imenwry leve! and Lloe !Otoil or<Jcr 
c•n be'"" in th< following .ampre camputuion. 

In • norrnll week 

:~o. of · 
un01! 

'lOO 

'"' 

Rot.o.il ..,,., • 100 
Rot.ail ree<ip" ~ 100 
Retail imentory lev<l ~ 1 00 + 1 00 - 100 

~ 100 
Ret,lll order- 100 • (100- IUO) 

"lOO 

fo~u" 2 ~ Ro"'l '"""O'Y lo'"l 

••• •:oc k 



./ 

'' CO.\IPUTfR liODHS 

Wlloluioler 
Model 

Formula. 

In a ~-,·ok in wllich s.¡h•s ""'""" 
Reta•l "'•••110 
Ru•il re«ipts" 100 
Ru>il in><n<ory lo><l ~ 1 00 ·• 1 00- 11 O 

~ 90 
Ret4il order'" 110 • (100- 90) 

• 120 

In a weel. in which s.tlo' <JocroJ>e 
Relail "'''' .. 90 
R•l•il rouipts s 100 
Re,.il imeniOO)' lo><l ~ 100 + 1 00- 90 

-no 
Retoil order" ~O+ (lOO- 11 O) ... 

Thc whole..,ler'< polldc1 lo: I'IUinloinin¡ ln•entory ond reordering from the 
l.otory .,, simibr 10 lhe rouilor's polldes. The formuln for th< wholew.ln 
and "m pie wntpulolions are M)l' pre~nled. 

Who/esale <hlpmtn" .re dispotchod each Wedn<>d>y frorn orderl 
•ubmillod by the relailor oo the prior Fdday. The<e order< >rri.- il the 
rouil"'' on th< lollowin,¡ Monday. 

Whole..,le <hipmenu- rouil ordor (prior week) 

Whalt..,lt rrctlpls is the f¡Ciory pr~uction of tho pre>·ious wcck 
wllich i1 roceiv.<J .. ,h MamJay 1norning 

Wholesale rocelpiS ~ f"tory production (prior wecq 

IYhoJ•,..t• lnVt:ntory /e•<l Os t~e numb<r of uni" on h•nd Frid•y 
•hcrnoon ., the do .. ol businen. Tne in_.ntory le•el ><tu>lly •orle• 
through the week •• •hown '"figure 2-], 

The formuiJ lar d<t"minin~ thc Frid3\' 'ftcrnoon invontory leV<I 
;, ., follows; 

No. of 
u ni" 

'"' 
'"' 

--L L __ j ___ L ___ _ 
... 

F M Tu W Th 
' M 

TuWThF 
Time 

. . 



r.ctury 
Prmlu<IIOJn 

fl.i!e 

~ 
I/15Y5 

Whole..,le in1·eotory le"el • prior in"entory l"'el • wholesale re"'P" 
- wliole.,le •lupmonl• 

IYhol•fiJit ord<rs are pt.<ed with thc f•ctory ••eh Fridoy •flemoM 
•her l•king invenlor;·. The factory, howe,er, "~"".,a week toc~ange the 
produtlion we, so ''"o wec~• ~"" befére the "holesaler rccei>cs the actu•l 
order. Tht poi k y ;, lo order 1he currcnl l<'e<k',; shipmen" plu• enough u ni" 
to muro tho b¡" "oc k lo a norm•llovel of 200 uniu. lhe formul• i< 

Whule,.le order • whole!>le ,¡.,pmon" 
+ (200- in«ntory le>el) 

lhe dfec" ollhc whole,.ler'; polidu t•n be <eeo in the following 5Jmple 
compul>tion. 

In a norm•l wec1<: 
Who\e,.le •hipmen" - 1 00 
Whclc~ale reccipt> • 100 
Wholo,.lo invemory level ~ 200 t 100- 100 

• 200 
Wholes.>le ordor- 100 + (200- 2001 

• 100 

In a wec~ In \ohith "'ipmenl> inttt1" 
Wholc~alo •hipmcn" • 110 
Whol.,.lo recelpts- 100 
Whole,.lo lnvcntory level ~ 200 + 1 00- 11 O 

" 190 
Whole¡•l• order- 110 + (200- 190) 

- 120 

In o week in whi(h >hipm<nt5 doc""" 
Whole<al< shipmont; ~ 90 
Wholo,.,lo "'"'P" - 1 00 
Wholo,.lo ln><nlory lo vol~ 200 + 100.-.90 

.. 210 
Whnlc,..le ordcr- 90+ 1100- 210) 

- 80 

11 should too oo<ed rh>l io che pc<>Ont slmpliftod <"01<1, !he "hole..,lor nnly 
'"""" one ,.uilet. This is m 'obv.,us ovo,.impl1fication lrom th.e ro•l 
"'orld >nd •lla~otlh< an>l¡·si• 10 iool.,e lh< <fl<el of • sin~1e retail<r in <he 
enti« sy.,om. 

In thi, mnc'rl, lh< llctury mamtJin' roo iovonlory, The I"""'Y produces al 
thc "'' •rwliod lo)' 1110 whulo<Jio order. There ls, howo,or, • onc·wed, 
Jd2y l'ohen chan¡in¡¡ tho prnducMn '"" >nd • one·w«k dol.w for sh1pping. 
The nol <lfo« b 1h" lile whol<saler r<ceiv« the actuol ortler 1\'•0 ,. . .,,, 

alter il is piO<e<l wi1h lhe l¡ctory. Thu•, for e-.mple, or,e miKht havc <he 
<iluation- <hO"n in fi¡ure 2-4. 

• 
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'" CO.\IPUTfR MODUS 

ll'erk Wholt«Jit 
numbtt order 

' '"" ' "" ' " ' ... 
' ... 
• ... 

Foctory 

"" 
'" ... ... 
"" " '"" 

Wl!ol<"'lt 

""'P" 
'"" '"" . .. ... 
'" " 

' ,-

2.2 NORMAL lNVCNTORY POtiCY 
This ..,<!ion pr<.rnl< !hc rewlr< -ol lollowln¡: • norm•l in .. ntory 

""licy. By "normJI" '" mean thot th< r:uiler •nd "'holo,..ler follow the 
rul05 dmribed in the pre"ding <octions. Th< m0$1 •ignific.nt rule, whi<h 
will be •n•lyzoJ in deta\llat<r, ·,. tho reordor rule. Thc normal reorder rule 
whkh "loll~weJ in tho <unent proble•n Í< 

Ord<r !he wrrent wtrh 's <tJI<J plus or mlnu• tfiOugh ro ~1119 lhl b<su 
,rocif bo<k lO lfs normal/e"'/, 

Followin¡; thi> reord« rule and the other inv<ntory ~licios outlintd 
in Sec.,on 2.1, ono can '~'"P"" mor • numbcr of "'"'"' th< inventory level 
.nd orden in r<•ponse 10 rt"il ..:.los. For <xample, lf retail !.JI<I are 100 In 
week• 1 •nd 2, then m crea" lo 11 O in week< 4, 5, 6, and 7, rc5ulu wlll o''"' 
U shown in Figure 2·5. 

n,.,. resulls .,, arri><d 01 b~ followin¡ !he computalion fcrmutu . 
Given in 11'1< preceding 5<ction. For oxomple, lllo formul• for !he roult"otder 
.. ,¡, w«k 1• •• followo: 

R<l•il order- weckly <Jies t (100- invenrory lc.el) 
Tilo retail order in weck S is 120 units, <1trived lrom !he above for. 

mula •< follow" 

ReLiil order - 11 O + ( 1 00 - 901 
~ !20 

• Week Retail IVhol•><>lo · 
Factory 

No. "''" "' '"' Order Shlp '" '"' Ordet Rato 

' '"" '"" '"" '"" '"" '"" '"" '"" ... 
' ... ... '"" ... "'" . .. ,., ... . .. 
' "" '"" '" "" ... ... ,., ... ... 
' "" '"" '" "" "" ... "" "" ... 
' "" "" '" "" "" '"" "" "" ... 
• "" "" "" '"" "" '"' "" "" "" ' "" "" "" '" '"" "" "" "" "" 

F<ll"'* Z 5 "N.,.,., .. irw•n<o.v ~le";. 
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Compu!er 
Input 

e"'''~'"'"' Ouopul 

" 1/I!>YS 

ll 1< quote po1>ible to cornpule the rewlts by hand loras mony_ w«l<s 
of operation ., desir<d_ Fortun•tely, the compuLer progrom will do Lh< 
tcdiou• calcul.nion<. We nc•t considtr brich¡· th< dota cords requir<d to run 
the compu1er progr.rn and then we will lnalyl< twenty·fiVO weeks of 
operalion by U<ing the oomputor model. 

This section pr<<en" lile JotJ corJs required as input to the computo•r pro· 
ytlm. The prosr•m listing is found in Section '1.6. 

U.«"'"'" card is the fom cord in the da u do<~. 1 1 i; used to idenllfy 
·who ;, m•Un¡ <he onat¡·si• ¡nJ lny Olher id<nLillootion de<iml. This Clf0 is 
ftot .fleld, In thOl any informllion m a¡· ~e lcypun•hed m columns 1 10 40. 

C~l~O.:!SL Oit{_ !:Y '"liY M~~PI;; 

IIIIIIIIIIIIIIIIIIIIIIIIIIIQIIIIIOIIIIIIIIIIIOIOI 
- '..! ~ !.-'~ ~'.'-'..'!.:' ~ "..:!.!'..:!. '.!.!.!' .!..'..!.!!!!!!! .!.!'..!-'-'.!. '-"..'!::.! ~!! ':..".'-'.. 

Control ~Drd ;, the ,.cond card.i~ the dolO ded. Thi5 cord cont.oins 
the numbor of wro~< to be analy•ed, which is punched in column< 1 ¡nd 2. 

1' .. ''.''.'.' '.'.''.'.''' '' '11111' 1' 111111111111' 
- '...!~ ~~!.'.!.!..'::. '..!."'..:!.".!.!!! .!.."..!~!! _._...!.!..' .!.'.!.. !::..!'!!!! ~.!.. 

Weokly '<0/t¡; card< connin th< woek numhor ond the reta1l .,,., for 
Ihat wec·k. lloore ;, one CJfd pcr wod and the tot>l number of cardo must be 
exactly \he roumber <pe<ifiO<I hy !he control Ci<d. The weel< f1Urnbor ¡, 
koypuncbod in column' 1 and 2. Tho r<la~l "''"' fnr the ~;eek ore in column< 
11, 12, •nd 13, r¡glrt jt>>tolit<i jthat i<. the las\ di¡it 1< alwoys in column 13). 

'"" 
11111' '" 11 '.' 1' ''' '' 1' '' '' '11111'' 1' 11 1' 1'' 1'' 1' 

- '...'.!.! !.'.!.! ~·.!!.'!:' !!.'!..!!.".!!." .. -'''~ "-"-"~'!l' !e~'."..'.!.'.!!."~·::.!' ~ ~ '..:'.".. 

Tho compleie ""' ,led. ,.wp for problcm on• i< s.ho.;n ;, Fi~"" 
2..(;. Eách Ty f'l""rl!ten lino •n <he f;~ure Co.,espond• 10 one ke¡·p•>nclled d•,. 
c.>rd. 

The comput<f PIIOToOJI co>u ltorl~ f """ tho normal rcordet poi i< y i< Jep~e t<Li 
10 Figure· 2-7. Tho Tir>< lino in tho ccnoputc·r <l~lput is • rcpr~du<IIOn of tl10 
io!o<motion l.<ypunchod un thc fu" do~> t><J. l ht la<l hnc of ti,. comput<r 
<ltltpul 11 informJtio.n from th< >o:cund d>ta card, the control Utd. Tne 
n<>talion 2$ WU::Ks RUN i< • tcminJ<r th>t tho con:rol ca1d spedli:J th., 
25 wcd..< of dJ\J ""' 10 br run. lf the!< i> tou !m le wcckl}· ..,¡., d'll or il 
tito wod,l¡' ;,le-, d>ta ¡,out "f UfLI" tlw computef w1\l prln\ th<" "'"'"~' 
SOMLfHINC WRQNG 1\'ITII YUIJI{ I.JATA o11d stop pruces"n~ the pro· 
¡¡ro m. 
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" INSY.\ 

11 ¡, qunc e><Oent 1hat üte so-<allod norm>l inventory policy is not • v<ry 
'''"" policy, A simple intre.,e in rnoil "''"' io > new level 1 O percenl higher 
lhln befare h>< s« off uncon!roll•hle fluctuOiions in the whol.,..le imen­
tory •nd in the factory "1<. Even lhough the f>e1ory ""'icos only ano 
whole,.ler and one r<tailor those uncontrnlloble >wtn~· cau•< tite hctor> to 
complctoly shtll down by W<''' 11. Nogaltvc in•·cntorieo, otder<, ur fae<ory 
rat.,.,e not ollowed, 

By week 25 !he situ>tion i• >t•ll no1 in control. The reuiler h•• nnr 
<Ubilizod hi< im·entory le~el bock to 100 uni,., rhe "'holo .. tor h» not 
s"'bilized, ¡nd 1he fac1ory i< goiog lrom be>om to bus1. Thisq·clic beh»ior 
in the <Y>1om i< lhe re.ulr of tlie leJd lim<> in lhe <y>tem and tho "bltnd" 
ordoring poliet" uf tite rct,dlcr >nd thc whulc~•lor. lhe nex1 two >COlion< 

'con.,der somo method• for bringing 1his situJtion unuor conlrul. 

2.3 CONTROLLING THE REPLINISHMENT RATE 

• 
• 

' • 
' 

V 
Thi• ,.ction con.,dors the probletn of control.ling fluctu>l>on in lhe 

in.entory 'Y"'"' through ' chongo in lhe ro ardor policiO> nf the ret>iler Jod 
the wholcSJicr. Thc b"ic cuncept applied is thJt of damp<nlng tho ilmpli­
tude of chango. This concept ¡, implcmented by chongmg the reorder policy 
to docru,. tho ~mount ol replenbltment of the bJS< "oc~. The new policy, 
the compuler outpu\, andan >naly•is of lhe rnults ore pre..,nted here. 

Thc Accordmg 1<> the old poli< y, thc roorder furmul• fur thc rCIJdcr is 
Replenl<h"'cnt 

Con<ept RctJil order- rctoil "'" + (100- Inventor y le, el) 

• 

This polky "'1' in effect thJIÜ>e ret.oiler w¡nts to repleni"' tho srock he has 
KIUllly 5Did dunng !he "'"'· In o<ld.,ion, tf ..,¡,, ''' at>ove or below lhe 
b•se >tr><k levcl of 100 uni" he wants 10 ntainiAin, he will ardor enough lo 
brtng tho ~'"'>toe k 10 lOO. 

This policy appoor< reaYmable ertuugh Out it is baie•l on lito r;ther 
nell<igh1<d as\>J mprions lh ll 

- fulu,. "'le' w ,¡¡ be rhc '-lme " 1ili• ..-eek '< 
-<1oá repleilishrntnt is instanuneous 

Tho ftf>t ""'"'1''¡,,, ;, ob,·iou,ly rls'y for •lmo" Jny reuil opera­
ltun. 11" ICCUIIJ ó>>etrnpli"" ¡, oll\iOUIIy "'" lulfilled tn Lito t>H'><11l 'Y"""· 
Tho reiJilcr ordcrs on f' iJ.1y. tlt<• gooUs "' 1hippod ~~ tite "''' t W<ol"t'd"· 
and r<Ccivod th< following M ondJy. E'<h FddJy, the ret.1iler ~rdcrs enoug!> 
.. ,o bring tho bJs<.- sro•k b.lc~ 10 normal:' oveÍl rhouglt th< go<>d• he mderod 
u.~ prior F rid>r tu bring lh< b><e <!Oc~ b>e~ 10 normal >1111 h.-o nol mi\ e~ . 
Whcn tho or<lor doos Jrri'< lhe retailor "'"'"'\1 by ordcring too lmle thc 
r.e>t tim•·· Tite""' re>ult, ,,. '"""in See~ion 2,2, ;, tltJ1 rltc ttl>t!or ;, ncveo 
a~lo I<J •1Jboli¡o hi' ordcr "' tnvonlo•y levo!. B11<inc" cyclc> ntJy he c.u«d 
by ju>t thi> ~ tnd of bchJVior. 

On• way 1<> danopcn 11>< •wing> i< to chonge lhe repleni>hmtnl polo<) 
to '9<'<if)' 1lu1 only a p<•ctnt>ge al lhe b•~>< >IOC~ diflcrcnce is IQ loo 
ordor<d. lhu• "" ch•rog•· tl~t• furnm!J lo 

Rci.Otl "'""' • ocl.oil '"'"' [100- i~vrnlory lcvel) [.-1%) 
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(i) 

lf we ''"A ., S(l pcrccnt •nd !hu< lrt lo make up only one-half ¡he 
d1fforenee, thcn we un <omp.-e !he retail <llder when »lO< .re up 10 110 
uni<'-

0/d Policy 

Ro .. il ~rd<•r ~ 110 + ( 100- 90) 
•110•10 
~ 121) 

New /'Dile y 

Rctail orúor ~ 110 + IIHlO- 90) x o.s¡ 
'"'110+5 
•1!5 

\Vhon ,,,¡,,ore do"n. to 90 u ni" th< re>uh i• 

0/d Po/ley 

Ret>H ordcr '"' 90 + (100- 1 H~) 
-90-10 
"80 

New PoJicy 

RetaH order • 90 + 1(100- 110) X 0.5! 
• 90-S 
" 85 

Thc U'Or>ll dfect of tilO ncw poli<y ;, that lhc retailer only portly re><!> lo 
incr<i'<:> or decrca>e> in tho ba!.e stod. and •llow< sorne timo for inventori., 
to roturn to normal. Thc whclesal<r m• y follo"' a simhr ~k y in ordoring 
han• the f¿C10I)' by includin'B pcroinl in lh< whole .. le order formulo. 

u,.r nomo card remain• unchanged. The new reorder polio~ i< implemenltd 
hy >pecilying on lhe con/rol cord lho perccnl>ge -.lue for A (rcl•iler)ln' 
colun>o" 11 ,nd 12, •nJ 8 (whol"aler) in column< 21 and 22, 

"111" 11111111111"" lllllllllllll "11 11 .. " .... 
- '...! !..' '--'-'...! '--'..:!.~· !'!.!.'C!!. ·~'!.!' 'l."-2.!.!! "--" ~C!'.!.'..!. ·~. ~ ~ '!.!' ~ ~·.!. 

lflheliciJ ;, lcfl blan~,1he>aluo lorA or 8 ;, sello 100 percenL Otherwi,., 
A ot 8 mJy be «tiro m 01 10 99 by the ""''· 

ll'uk/y wl<< cords lf< keypunched »in Soc1ion 2.2. 
A complete dJU. d«~ l•;ung for th< new policy is ohown in figure 

2-8. The roiJll<r ond th< whole..,ler only trY lo mAe up SO percent of the 
difieren<< in ba<e <loe~ undor lhe ""' policy. 

The rompuW printoul for lhe new SO p<rtent reotdering level poi k y whl<h 
;, genet•«d from lhe,t d•U <•rds is sloo~>.n in Figure 2·9. Nole lhil rhe lail 
line ol lhe printout i»<ludel !he input values lorA •nd 8 <p<<olied in rhe 
control cord, 

Tho overoll rowlt of th< ne,. reord<ring polio y i• • drama tic improvemenr In 
th< perlorm..,ce of tho in•enrory 'Y"<m. 

Rcr•il reordcrs m"ch lh< new '-'l«l<•el within ele• en w«ks. 
Whole..,le rtordcro m>t<h lhc new u. les 1.-d wilhin twelve wetks. 

· F J<lory rate is not yet "'ble, bu t ,¡ppc.rs lo be d•mpcning out. 

M o" <~gnifio¡ntiY, lhe syst<m "no longcr our of control, i.e., c.u¡ht 
up in uncontroll•blc fluctu•tion. Tho fluctualion< hOVe been d•mpened out 
•nd !he wotem •L1biliu< iaelf ro rhe new .,l,.level_ 
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Ho,.ever, Jll i< nill nol porfect. Thore i> <till a long time lag bofore 
tho faolory "'calchoo on"' 10 the neW '""· Mor<O><f,, <imple 10 porcent 
in<re• .. in "1•• "ill cau .. , • 20 p<re<nl eh•nge in the whole,.le shipmenl$ 
U>d • H per«nt <h•n¡e in lhe factory rote. SetL<On 2 .4 eon<idc.s odd~ ·.,n.o! 
co<Urol moar.ure> for bringing the in,.ntor~ >Y>I<m under e>en li¡ht.r 
control. 

2.4 CONTROL OF LEAO TIME 

le•d 
Timo 

Contepl 

This .. ction ton>ide" the problem 'ol controllin¡ Ouctuation< In !he 
invenlory <)"'""' through, d«ro•so in 1h< lud time botwUn the orde1 >nd 
the re<olpl of good<. The b.,ic conccpl isl<> chonge !he le¡d time rtquired lo 
respond lo ch•nges in 1he 'Y"•m. This concepl is implemen"d by lc•tlng 
tho olfco of la.lor deliver)' from tho "h<>l«oler ond faner chongoover 10 • 
new production rato by tho laotory. 

Under the ··normal" sy<tem .. wp the two b.osic le•d <imn in the <y<l<m 
wen: (1) berween lhe order •nd retelpl "of goodi by the reLAiler, and (2) 
betwten lhe ord<r and r«<lpl ¡,¡ gOOd> from tho factory. Tht<e W<fO •• 

follows: 

Rttail~r normalltad 11m« 

Order on 
Fridayweek 1 

Oelivered on 
Mond•y week 3 

IVholtsaler nl>fmall•ad tlm< 
Order on 
Fridoy week 1 

Chaoge rote 
Woek 3 

Deli>er ¡ood< 
Mond¡y week 4 

lile elf«l5 olthe,. l"d tim., 110 cludy ... n In Seeuon 2.2 whon 
the reuiler re<>rden ••ery Frid~y to m¡ke ~P good> <h•t ha•e previou11y 
been ordered. In effecl, he m>k" • doublt reord<r for the ..,me go<>ds. In 
addillon, lh< factory tok<> «<'tn week• lo bogln to r.,pond toa chonge In 
rotail <>1«." 

In th< curren! eumplo wo will eonslder the eflect< of decreuln¡ lhi> 
lud limo. The new poli< y i• lo work lh< wl>ole<>.ler on S¡lurday in ordtf lo 
dellver Flid•)-oftern<)On arder> tho rtry n"l Monda y. Thu< 

Reroller dtcwJ«rJ Jwd timo 
Ord<r on 
fridoy weel 1 . 

Delwered on 
Mond1y week 2 

Similarly rhe lud time lor lllo wtool.,..ler m1y be changed 1( the 
f•<~ory "" <hifl to • new production role wi11>ou1 • week l¡g 111<1 if the 
fac<my shipsoverthe weekend. 

Whoie>oler decrta•td /ead timt 

Order on 
Friday week 1 
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Comput<r 
Input 

-lc>d 
lim<1 

Compurer 
Output 

An•ly•l• ol 
Lead 
Time· 

• COrllfol 

'· 

!..%, 
/NSY$ 

Tho u>er nome rord i< the s.>mo a< th>t in Section 2.2. The chango in 
tho lo.J !lmo•" implcmentcd in thc computer mo~el by two fidd< ir1 thc 
can/rol tdrd. A ;pccdup of une week 1n 1hc wholo..,ler deli""ri" " .ccom­
pli>hcd by pl•cin~, 1 in column 31 ol the control cord. A <peedup of one 
week in the <h•ngeov<r of the bctory i< accompl,.heJ by placing • 1 in 
oolumn 41 or tho conuol c.rd. 

The conttol card now re•d• 

' 
11110111 111 U 1 H 111111111 11111111 11 11111111111 a 11 

- '..!~ '--'-'--' ~ .. "0!.'!0' ~ '!.!.".!.".!'!..!' ~ .!:.:!! !!! !.."-'.!.".!. '.!!. • .!.:' ~ ~ !;' ::.:•.!!.. 

The wtekly st1/Ps cardo rotain rhe .. me forma., 
Tbe complete dlta dool "''"P to tost the <!foca of the d..cre¿s.od 

le.od time i> sho-..n in Figure 1·10. 

The «>mput<r printout wi!h leJd Lime decre;~>td ¡, ohown in Figure 2-11. 

Thc r"ull of Lhc new lo>d 11m< policy is • fur<Mer improvement in thc 
mcroll perform;noe of the in,.ntory IYit<m, 

Reuil orden m•><h Lh< new ,.,_¡« r;He wiLhin five ,..eeh. 

tltRCL>l lnRH " "'' nARHI5 

'" 
,, 

" ' " "' " "' " "' ,. 111• 

" ' 1 ,. ,. '" " '" ,. '" ,. '" . ' 

" '" " L ¡.· 

" "' " "' " "' " '" " "' " '" " "' " Llc 

" '" " "' " 1) ,, 

" IL•• ,. 11" 

'" "' 
Fi'JU,. 2·10 e,.,., ...... ;.....,,_,,od ,;,,. 
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CU.:II'UTE!? .11()(1/.LS 

. •' 

PROGRo~ 1~''5 fO~ [lEoCp[ ·r~.~[E ~· AM "&ROl$ 

wEE" •··••••PE lOil·•"••·•••• ooooOO~OI.UOL(oooooooo f•C!OWy 

"· SOL(S "" '"" OOOtk S~IP "" '" ORO EU 

' '" , .. 000 , .. '" '" "' '" ' '" '" ... '" '" '" 000 "" ' '" '" " '" '" '" "' "' • '" "' " '" '" '" '" "' o '" '" " '" '" "' , .. '" • '" "' .. '" '" "' "' "' o '" 000 .. "' '" 000 "' ooo 
• •oo '" '"' '" '" '" "' '" • '" "' 000 '" '" 000 "' 000 

00 '" '" '" "' '" "' "' lb 
00 '" '" 000 '" •oo '" "' "' " ''" '" 000 '" '" '" "" "' " "" "' '" '" '" '" , .. '" ,. "" '" 000 '" •oo "' "' "' 00 '" '" '" '" '" "' "' 1 1_• 

" "" ,00 '" '" •oo '" "' 1 ¡ ., 

" '" •oo "' '" •oo "" 000 11< ,, 
'" '" '" no '" '" "' '" " '" "' "' '" •oo "' "' "" " '" '" ... '" '" '" 000 '" " "" '" "' '" '" '" "' IH 

00 "" '" '" '" '" '" "' ''" " '" '" '"' '" "" '" 000 '" ,. "" •oo ... '" '" '" "' "" " "" •oo ... '" •oo '" ooo '" 00 ·fE"$ ""~ ~o 00 ' 
F;g.nl-ll Computor Oulput~oo~ ''"'"' 

Wi1olos.1ltt o.der< maocll the new "le• ''''" witllin eight woo~o. 
Fa"ory <>te;, S<l to the now !.llc• lov<l in nioe weekL 

A O!( 

'" ... 
'" "' "' '" '" '" ... 
000 

"" "' "' "' '" 
''" '" "' •oo 
"" '" "" "' ''" "" 

• lo oddilion 10 cuning re•pon"' l4gs do.,.n.lhere is lesslluctu•lion in 
\he iovenlory le>OI,., 

A simple increa>e iil ..,¡,. of 10 per«ol tauoe• a 15 pertent ;han~ in 
whole<ale •hipmcnts, down fmm tho prior 20 percent chao~e. Al•u, \he 
factory r.lo ch>n&" 20 pc"ont, <lown fr~m tilo prior 44 pcrccot. Thu<, in 
gencr.l. il m ay be .aid lh>l the invcotory 'Y"""' i• now in bel\er contrc"l. 

Th<re oro, how ... or, m>n)· compticuions onc could •dd to" the model 
beforo it would •pproi•m31e the re•l world. For ex>mple. cu.,omors •re 
nO>"er "' •ind •• 10 prevido •uch nice uniform ret¡¡l "'In. Hence, oho usor 
might "'"" lo try hi< h>nd al controlling the invontory 'Y"em if 1<Uil Lile• 
were to r.ndomly fluctuo¡o bctwecn; ..,y. 80 uni11 •nd 120 unit• In •oy 
given wook. 

REFERENCES """'ff, H. t, •nd D. Sl"'i"- ""An Aop«i>lion of ll>duUr;.t O,-n"""''·" !ol"""f''m'<nt 
k""""L• >ol. 1~. oo. 71M>f<h 1%6). PP- l%-1\j, 

lluff>. E. S.,.,_,., f'rod<K""" M"""9M"nt, N<w Yot': 1\\~, 1%~. 
--, AI<XI<I• for Produ<mm <Jnd /)p<rar/oos -'""''· Now Y<>tk: W•l<v, 1963. 
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L lnt<rn>llo.,.. T O>tbook Co., 1968. 
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H>~. 1967. 

2.5 INSYS DATA DECK STRUCfURE 

-Control '"'' C ... ud <Diumm Formo/ · 1/em 

'·' " No. of w<ek• 
11, 12 " Pen:ent.l~e v•l•e for rotJd<r 
21, 22. " Percent>:;e .alue for "holes.>ler 

" " 1\'holc!.llcr lead Limo 

" " r.<lory l<l<llim< 
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' ' 
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' • 
> 

• 
' 

• 
' ' • 

'" " 
" ' ' .. .. 
" ' ' .. 

""o~••• t~srs 
I~V(~!ORT Sf>l(H CO~l•OL O~[C 
COPYHIG~I 1•~~ UT RO! U M·~·~~ 
T~ts •c•~to~ •o• t"~ J~o 
UIHÓ!•SJO~ ALP~l<\01 

HHU •NU ~o¡,¡ HUOf~TS ~··~ C•OO 

"' . ~ •u • b 
HLAO <Mio261 ALPMA 
••ll< <><0•271 AlPMl 

HlAU CO~IHQL CORo A~U I~JJI•l!¡E 

><t>U <HI,lSI r,, lko to, L>o lf 
lf llkl l•Z•l .. ''" 
"" 1" • 

'• ,- lkllOO, 

1' '"' ····~ " • 1 , L 
UO TU T 
"• !ollOO. 
Hl • LOO• 
o<¡¡ • lOO• 
•> • lOO• 
•L • li•O• 
.o, • ¡ou, 
•Ol • ¡u, 
'" • 1~0. 

PHI~\ MU!Jl,."S FOk ü[<ll OIIIPUI 
••JI< ,.o,zq¡ 
•"11< tMOolJJ 

~TAHJ Of !JO LOOP I•"<JoJC" oHOLl CUMPuTATJQ,.$ 
UU<•I'loN 

H<AU '"O ~kl[o UAIA CAoiO CO'H'JN!NG o[[Olf SALLO 
•HU OMI<)J) K•HK• SALE~ 
1f <I•••H•l OoVo& 
·~11< o~Ooll! 

.~'-' lu ~~ 

CU~~Uil HtUll, U.,E~IO~Y lfVEL O!lU U"OE~ 

""E~ ' ·~ 
"!~V • kl•kRO:C-S,LO 

lf '"'~'' l(ool~·ll 
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EOO 
a modal tot'lnvantory ordorlng po/ley 
"""""' ,., "'• molt """"""'- '" '"""''"' ord<r q<W~~ ty ~-· • 
-1)' Ol<fU>d<IK>n~ mc4x/"'f/ p~ d«Cf>u'Jtt. "'"""' <Otr, ond _,im,,.,.,. 

A prlllllry purp<ne of invtntor·,., i1to de<oople production from consump· 
<Ion. lnvtntori., •••11ood< whN:II m• Y be uoed •• • 1\edge again" un<<tl•inlf . 
in dem•nd or ''a buffer tor produ<!ion fluctuotion<. 

The rtpltni>hment of in,.ntorics io tht topic of this e.<rci ... W~ 
dto<r~be an element"y, but fund•m<rlUI, '"""'"'Y ropleno<l>mont modcl 
the Economic Ordor Ouantity {COQI model. In Section 3.1, tM dovelcp­
ment of the ba•ic EOQ model" given. In Sootion 3.1, tht b••ic EOQ model 
;. Uttnded to indude a,. .. ~Ofld phenomonon; qu¡ntily prict di<eoun". 
In Se<Mn 3.3, tho blSic modol i< mod•fi<d 10 incorpor>te Vlor<•&< costs. 
Con,ide,.tion óf s<urage lim'""""' •nd thoir effec" upon tho arder quan­
Lity d«i•ion ore lhe <ub¡oct of Soction 3.4. 

The r>t\onal ba"' for decidinl hOw much, ilany, invontorV LO hold, 
ar>d 10 order, ;, •n e<onomic b.,;,_ Here &re oom a»o<iat«< ..,;¡h holding 
in>tntory in stocl<, e.g., on!Ur>ne<, t>><s, in«nst on tapiUI, and "'on. 
Con.orsely, thert "" com rol.,ed 10 not holdin¡ in,.ntcry,e.s .. loot oales, 
lrtQuent purcha" orde,., production delays, ttc. Thcre i> "'"' tht coot ol 
purchJ!ing the roplcnilloment for inv.ntori.,, <.K., paperwork •nd m•teriaf 
h•ndlin¡:. 

The in<tnt el th¡, txorc'•se is te •llow the user an oppoflunity toget 
• feel for the effUU of ch>ngon¡ paramc1ric »fue< in the b.,ic economi< 
arder qu.ontity lormul.,, Htnco, 11'1< reader ;, en<oura~ed to condu" Jem· 
ltivlty ano/y sos on e .o eh p,¡rametor m the EOQ formula. 

}.1 ECONOMIC OROER QUANTITY i 
This s.eotion intr<>du<e. the l>l<ic Economic: Order Quantitv [EOQ) 

model. 1 t af>o d<>< robes in U<ta1l tho data card> rtqui>ed for Lh< a«omp•n}·· 
ing computer pru~rAm, and th< compulor output. 

• 

• 
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f9<" J.l lnvoniO<\' '""' •nd ~,.,. '"'""" loo EOQ mo<ltl. 

• 0/1 

A biiSH: assumpticm of :he EOQ model i1 th.rt 1he <Oniumptton of the 
inventory ;, <on<tlnt o"r time ¡nd th" 1! Íi p<,..ible to roplenish tl>e 
inventory on ><ry >hnr< noiiC<. The quMII\y 1n in .. nlory "•ny point in 
tin1o, lor thl> "''""'"'""· i> >ho"n in Fogur< 3-L The b"" EOQ model 
al<o '"""'"'no qu•nlll)' price di"ounts and no bac~orders. 

In lh" ""'"'""'~'~" u,.ge p.onern !he imentory Í> <Onwmed over 
timt until it <. Mpleted. 11 ;, then insuntly replen,.hed [Slrlight vertic•l 
line], •nd the u!-1&< continued. 

The mional b¡>i< lor determinin¡: lnventory le.els is to b•l•noe the <mi of 
holding invenwry •gainS! the col! of not holdong inven tory, 1 n !he <OMOmP· 
tion ''"'"ion dO!C'Ibed above, the 1\"P'' of co•t 'or holding the ín>entory 
.,, f¡irl) pbviou•. Stora~e mu<L be provided lO<" the inventory and the 
iMentory mull be financed. 

The <0>1 ol not holdon¡·on.entory tU\" not l>t .o obvioo•. Sinro it, 
"" ••wm<d rnar the inven\cry W2'1 usily and iMtonun«tu$1y obt.oi.Í•blc, 
th<n th"e io no <o>t >Ua<hed te being oaughl >hcr1. Hov.·evor, like a 
hou><wifo wh~ go<i to lhe gro«• Y olore lhr« llm"' e•eh dly lo pureh.,.o 
•ingle mt.ll, there i< • <O<t atuchod te procurement el tlle inyentury. Nut 
holding in ven tory m>y l<ad to Y<<y h lgh procuremen\ con. 

Tho i•'IIJ• in the "nnom.c ord<r quant•IY mOOol "te det<rmint f.ow 
much inventory to ordor <>eh timo. Tht cost of procuromen1 por unit !Ois 
do .. n ,¡ more ~ ordee<d <och limo, but <he <C><L of holdin¡ invento') gen 
~P- Figute l-2 ¡ho"' • g,.phoc «p..,..nlJlion of tho>< '"'" •• lhe. .. '). 
woth lht •izo of th< ordtr. 1 he toUI incoemen"l ce" o( in•entory i> •ho .. n 
., th< !Op CU!VOOn tho graph in the (iKUIO. 

Total intremen"l '"" • holding co<t + ordcrin¡ C0$1 

Tho be<t inooniO!) polky fo 10 ord<r the •mount of i.1.0n1ory eaoh limo 
which ;oeld, tho minomum totol ceo\. Thi• "corf<<l quanuty"' 10 ordor k. 
<•l!ed the rconomic ordeo qu•ntily (EOQ). 

Tho fnllowon¡ d<lin•tion< ¡nd >ui•ble> will be u,.d in d.rO.ing a 
m3lhem3liCal e>pr.,>ion for the EOQ. 



Co>l' 

' Q, 

• 

Co;t of crdoring 
invcntory 

U nito 

~ ..... )-2 Costo ot """''"~ •"<!"""'""' m.trltot>, 

Holding oo" ~ (ave,.go invontory) X (unlt inv<m«>ry holdln¡ 
crut P" year) 

., (Q/2) X (!'X FH) 
wl>tro Q., qu¡nt.tyordered 

P " prke per unu 
FH., annu•l unit holding <o>t •• perc<niOl;e of !he unit prite 

Ordtr cost -(nurnber of orden per yur) X (<O" p<r arder) 

=(~f{Cp) 
whero R • •nnu¡l requit!ment< In units, leo el domlnd 

Cp • procuromont co" (incfudes cousof ~work, 
handltng, etc.) 

Coot of ln~ntory • (unit prí<;e) X (annu¡l r<qui,.menu) 
. •(I')X{R) 

Total co•t " holding <oH t urder wu + <O>I of inventoty 
QXPXFH RXCp 

Tot•l«>ot• 1 + Q • PXR 

. QXPXFH RXCp 
Tot•l inctemen,.l cou • 2 • Q 

Solving lor Lh< oconomic arder qu.ntity Q0 by •lgebra: the mlnlmum polnt 
on lh< "'"' incremen"l cOS! cur.e "where the in><ntory holding cou and 
lh< pro,uroment ""' '""<' '""""''· Wh<r< tho~ inter;ect thoy must be 
equ•l. Therofore, '' Q0: 

~ (I'XFH) ~(g) Cp 

ClearinJ denomin<l0"' 

QjQ)IP X Ffl) ~ 2(R)Cp 

, 2RCp 
·Q • PXFH 

fii«P 
Q • '""" 

• 

' ' 
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Sol,ing fur Q b¡ c.kUiu.: the minimum pomt en lh< IOtll increment.l <<>" 
cur.o ¡, wh<r< ti>< In>! dor;,.,;,, oqu•l• loro. lo<rn¡ the fiÍot dcrr1'"" wlth 
fO>~<<llo Q aoO "tting ll cqu•l to >ero: , , 

O • (P X FH){1- (R{Q t )Cp 

1P X fH) • RCp 

' o' 
Q' • 2RCp 

PXFH 

Q 
(íRcP 

• Jp X FH 

. ' 

lt is • uror¡h<forword m•ll•r 10 find the eoonomiC orde< quantll~ (EOQ) 
•nd the toUI in><ntory cmt (TC), when the nlu<o for R, Cp, P, and FH •" 
known. F or c.omple, il 

R • 1600 u ni" (total annull u"'ge) 
Cp • $1.00 (<<lS\ ol one procur.ment) 

P • j 1.00 (unlt price of produ<l) 
Ffl • O. 10 (umt hulOing co•l per year •• percenugc of prl<e), then 

Q• 
2 X 1600 X S.OO 

l.OOXO.l 

Q- 400 ""'" 
400 X 1.00 X 0.1 

Total.'"" ( TC) ~ 
2 

. re· 2o.oo 
rc~~i640.oo 

+ 150~:0s.oo • l.OO x 1600 

+ 2000 '+ 1600.00 

Thio compuialion Os not too l<dima todo, if there ¡, only 0"'·· 
Ho""""• wh<n lhef< ~•• many al<ern.ltive• to iest ond wh-en mO<e compH· 
e>ted formol>< >fe 1equired, t~<n a compu"' progum i< a great computo· 
Horul >od. Tho n<xt «<!IOn rntroduc<> l~e dau. ir.put •nd compoltr orJiptJI 

for thesimple '"mpte •ho"n abo,e. In loliowrng ''"ions more complicotod 
rroulorn; ollu.,ralrng the "" of tiLe coil1putc< pro¡¡r"n v.ill be rre•cnt<d, 

Beforo dr<o:ribrng the dota coros. "''·oral camment• "111 be r"l<de r«ta•ni~ 
to ti1e prov•m '"''f. The u,.r ohould ketp the,. commen" m m•nd ... hen 
"""i lh< prog<am. · 

Ti>e prog'Om i< apphc.ble only to • fi«d-order-quontit~ in><n\O<y 
<)'"'"'· and all q"'"'"'" in 1ho program '" exproued in annual amount<Ot 
"''"' In the "'' ~~ R (onnual inventory requrremenl), • le-el usa~• "" i1 
.-,umcd thoou~hout tho y~ar. In ord<r to comort thc prn~ram for monthl~ 
or '""m.¡l ca'cuPatians ono would havo to >d¡ull pilo imputs to the sam< 
IPm< .cal<. 

Although Lh< fi&ure •••dable fO< rnv<nlory holdinK cosl• is oft<n 
""•d •• on '"""'' eosr por unit, thi< programr~qulr., that ho!dontt tOSll be 
•~preuN •• • p-ertenlOge ol th< unit va!ue of in\Ontory. 

T o tun rhe •conom!C arder quontity <omput<r modo!, only lwu tardo 



Comput.,. 
Output 

~Prablom 

o .. 

1re requlfed: !1) t~o Ultf na me .ord, lnd /2) the "dato" cord. When muhlple 
problems lfO b.,ched tog«h••, 1 now n•m• <•rd is require.l for uch 
problem. 

The uwr rwm• cord may cont•in any idtnllfylng infortnatlon !such 
•• the user'• n•m•) wllich i• d"ired. Thi,"idontifying informallon is key· 
punch<d ·,., ~· n ... forty mlumno. 

• 
HAGG. .. ~O E~Q HOaHI Ottt 

1111'''''' 1''. 1."''' .. 11.11 .. 1"" 1 1.'.' •• 1' 1111 
- ~!..! !..!..!..! .!...'.!.!.!'!. •..:.•.:. '.!!:..!' !..'~.!."~ !.."..!'.!...'.!. ".!.' ~ !!.!!: ~ !..'.!. 

The data rard eonto"" th< nurno"eal dota lor the econom>< ardor 
quanlity computo !ion Column• H eontain the oonual u'"'ge roquiremOnt, 
1nd tht ordorin¡¡ co<l i< punch•d in co1umns 6·10. The holding co", 
nptelOS<d os • ptro"nt•g• of the un<t price, is l<typunched In columns 11-1 5. 
1nd the unit prko i< punched in columrt< 16·20. 

lbOO.S. OQ O.! O l. 00 

1' 11111.1' 111 111111' 11111111111 11 o 11111111.1 11111 
- ~'"" )..'.!.! !.!'.!!.'!..:'!. ·~".!.".!!! !!!'..'!.:!.'! ~ .!."C'.!!!'..!!. ".!.".!!'~'e".'!..'~·.!. 

The "'""' n•me card ond !he data card ,,. tho only two cardo 
"'quired. A li"in1 of tht two Cords whkh produced the output <11own in \he 
nul sectk>n is <hown in figure 3-J. 

M·~6A~u (0~ PRO~Lb ONI 
1~uo.~.uo o,ta 1,~, 

The compu~r outpu\ !figuro 3-1) includ., the identific•<ion inform•<lon 
from the usor n;me cud and 1h< information 'PO<ifiod on the dJIA c•rd. 
8elow this, <ho progr•m pr1n1< out the qu•ntiiO.,<alcuiJted in the progr>m 
The« are ( 1) <he optinoum order qu•nti<y. (2) the totJI ;,.,,ntory cost, (3) 
the number of onl<rs to be pl;,od •nnually, ond (4) the unit price or tho 
arder quantity de<<rnt ined. 

3.1 PRICE OISCOUNTS 
When di,.u»ing the eco"nomk arder qu•ntny model in S•<tron 3. 1, 

h ..... no<ed thot tho ""'' mod<l '""m" toO qu•ntr~y price di>COunts. 
However, the bo•ic EOQ modol m>y be"'"""'" to inclllde pritod",.counl< 

PH06RA• EOW fOH •AGGlRO (00 
~~~y¡ VAT• U '""'"'''"' 

H CP f~ ~~ 

¡~n ~.oo .u 1.ou 

UALYSH Rt.~ULU ••E •••• 
UPTIHU" 0HU(R ~u•tHI!Y /S 
Al • PR/Cl PE" IIE• OF 

P~OBLf~ ON( 

es Al 

• • 
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., • • • • 

U0•40 
lo•O 

¡~oo.oo 
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Sol~tinn 
for EOQ 

"1111 T wo 
Prioo 

Dte•l• 

T "" 1 "' """ " Lol <O!I 
jtwo """ ''"''1 

as tnput ,.riableo. ln.a;.muoh as pri« discouna do happefi in rulity, the 
"tonoion of the EOQ model to include price dO.U.Cnl< will be the "'bject of 

lhi> .. "'""· 

Rderring 10 Section 3.1, the uS<r .t>ould note th" in the d<rivatlon of 
the EOQ moOel the price per unl! (PI afie"> the holding coot (Q/2) X 
(PXFH), but not the ordering com. Ne><r<hele<<, lf prito di<counh ore 
inuoduced •• voriabl<<, they ..., tll influen<e the totol incremental CO>l> (TIC). 
The effeot; of price di"ount< are graphkally illuwated in Figu<e 3·5. 

The addltlon of \he quantity discounts lo \he e<onomic order quan• 
Hty modej rl!>ko> it oomewhat more dofflcult to obain • solution. lt lo no\ 
poosoble lO fond direCIIy Lhe lowest point en the Toul lnc...,menul Coot 
(TIC) cu,-,e ""'"'" in Figure 3-4_ The &•,..••1 •pproach U'otd i; to on~¡tiguo 
the TIC eurve 01 u<h pri<e brea~. In •ddioóon, Lhe '""'" mult be •n•lyud •L 
doff<rent points ne•r the pm:e brea~"giving the lo"'t" TIC to .<e if ¡n """" 
bet<er 50iution <on be found. Problcm Two ollu,.roteo; Lh's general sur~h 
solution "'hen prke d "counL> are to be ccnsidored. 

The supplier h .. recently ""''ed his poldn~ policie• •11d now offers th• 
followong prb diScourits: lf one ordors in lot ,¡,._ of ni (O.,~ 300), Lhe 
pnee will be 10.90/uM {P,); ,f ~ne orde" qu•ntity 82 {Q~, ~ 1000), tho 
priee .,¡¡¡be 10.80/uM (P1). 

First ealcul>te C't """8 P1 ; il it isgu~er tl\an 0 1, then orde1 0 1• lf 11 111e" 
Lh>~ 0~, then (ulin¡ P,) it is infe¡Sible. 

Ne•l, C!IWIAte Q, using P1. 11 Q, > 0 81 , ¡hen order Q,. 
lf Q1 "les¡ !han Q 8 , bu\ greater th•n Q61 , i.e., O.,< 0 1 <Q "" 

thencomp•re re, wllh re.,. 
lf re,> TC8,,then orderQ0,. 



Compulcr 
lnpul 

-Problom ,., 

lf re,< rc8 ,, 1ho11 orJor o,. 
lf 0 2 ;, le.< lhan 0•1• calcuiUe 0 1 • 

lf 0 1 > 081 , then <Omp¡ro rc.,with re,.. 
!f re., > re8 ,, lhen ord•r 082 • 

.. 
"' 

11 re., <re,,, thon or<kr 081 • 

lf o,¡, Ion th~n Q.,, lhon comp¡ro re, '''"" re., with re,.. 
Ordor !he quanlitv corrol¡lQndinl lo the minimum loUI co<t. 

,, 

,, . 2{1600\15.00) 
0.80{0.10) 

S "¡neo Q, < O o,, calcul¡to 0 1 u"ng P,. 

Q, •· 421.6 {using P,) 

Sinco o, i< '""<han o,. {2000), bu! 1''"'' th~n Qs, (300), we 
must comparo re, wi1h re.,. 

rr,· (0.90){0 10)(4216) 

' 
• 1600(5.00). 1600(090) 

421.6 . 

• 18.99+ 18.99+ 1440 
~ 11417.!18 

"'""'""'e· ',<""""ooo""' • re., E-

E 80.00 + 4.00 + 11RO.OO 

• 11~64.00 

• 1600(0.80) 

Te, i< grUW lhln re,, therelcre, order In qu>nlhi .. Of 82(0so• 
2000 uni!S@ 10.80/unil). 

The uocr nomo CQrd i< tho lóm c.&rd in lh< d•t• dock. Tl>edata card for ihil. 
oumple problem conuino !<>me oddilional inform.nion. Column$ 1·20 ¡re 
th< ,.m, ~• descr~bod in Soction 3.1. The minimum quamity th•t <On bo 
ordero.J lo uke •<lvJ.""i' of tho flf<t pri<e discount 11 punched in column< 
26·30 and the una pri<< 01 tho 111<1 prico discounl 11 punched in columno 
31·35. Column• 3640 ond 4 1·45 conwn tho corro•pondln¡ informl!lon for 
!he .. cond price d•><<>unt. The.d ... <>rd ;, ., ~~~wn: 

1~01•.5.~0 O. JO J.OO O 300. 0.90 é!Ooo.o.e 

111111111111111111"." 1.111111111111111" 11" ... 
- '..!!! !....'..'...! !....'.!.~·!!. ".!.'.!. ".!.~ !! .!..!! !!.." .!.'.!.~.!. '!.!.' .!.!~'!!!.!.! ~.!. 

Tht complelo comput<r inpu 1 for th i• e .. mplo problom a "" ibjoed 
io Figure 3·6. 

~·-~·~U EOv P~U~~t~ TWOo PP!Cl PISCO~NTS 
¡..uu.~.uo u,¡o J,Oo o JOO, u.~o zooo.o •• 

' 
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The compu1er priritaut re>uhing hom the •bo•e data 1< •hown in Figure J-7. . . 

l.l SHORT AGE COSTS 
lu" "i¡ ;, true 1hat in the rul world quantity prico di.countse.~t. 

it is '''" ""' lhat backordm 3rt • realuy. By allowing b.c•orde" we ato 
"Y'ng thOI if an ardor cannat be fillcd >! lhl< l1me duo to "ack •hamge<, 
Lhon "' roan " inventary ;, a»ilable pre.iously unfillcd arder<, i,t., b"k· 
ord<rs, will be the fir>l orders to b< filled. However. In •n inventor y sy,em 
allowing lor b.okorde" (see Figure 3-8] • shortago eosl io uou•lly input 
reloting to the bockorder qu•ntitieo. Ge~,.lly. this '""on~e ca.t con~m ol 
<<al< du< to (1] po,.ible lost '"'" due U> "ockoul<. (11 decreued eu,omer 
'"'"<f.ction, (ll add<lion•l com .,OO<i>ted with rush ohipmenB, and .o on. 

r 
R"'"'d" 
•"'"''''" 

r, • """dudo' who<h 

'""""' ""'"""' '"""'"" "'''""" 

Po,. ti>< 

'"""w' 
"'''"""' 

1,• ltmt"unngwh~hthm 

'" ¡,..<nto<> ''''""&'' 



The ~.-ic éOQ f~rmul• m•~ b< u><>Qilied 10 inc.,.-ponto shortage 
UJ>I~ ~• follow•: 

l. Cp m pr<><:~remcnto<>Ot por ord<r (unc~anged) 

(P X FH)(/.,.,} 
2. 

2 
r, ~ 

(PXFH)I'­

" 

the holdon¡ co>t ol the poJIIIYI lnll<nlory 
boian« durin~ ume 11(1 ;, on an annual 
i>a•is, l.e.,r • a trlc100n of • vur). 
Since 11•1-JR, thi• becom"'' 

3. es ¡o-;-1r, 
• 

., !he shortase con of the backorde" duri~g 
111net,. Q-l 
S1nce r, • '""' th" l>ecomn 

' where 1_ • ma>11mum ~•ol of lnven· 
tory and 

C. " shortage <o"· 
Henco, the total incremontJi con for ono cyde, 11 + 11, ol an lnventorV 
oyotem wh>ch allow> backord"s is 

C. • (P X F!f) {1' ., .. ) 

" 
• ú(Q-1.,,.)' 

" 
The annual tolal <ncremental <<>Ol is now obl..lined by muUiplying thc abOvt 
equotion through by tho number of orde" pl,ced per y .. r, RJQ; 

. RXCP +(PXFH) 1/1,...,) +Cs(Q-1.,.,.)1 
TIC,.-- -

Q 20 2Q 

Te· determine optimol "lues for Q ud 1.,"'. take the partial 
deri>at¡,es of the abovo ~'"'tions with ''"~"''' to Q and 1,. .. , oquote 10 
>ero ond obtain 

'·· 
"' 

.. J2RCp­
PX FH 

~ .f(P X FII)RCp 

How"er, if either Q '" 1,." ;, <onm>inod, th<ir re>peclivo -.luo< .,, 
obt,inod ~• foiiOw<. 

l. When Q ;,. con<tuin<d, for •••mPf•. fi•ed ~• pfice diocount 
qu•nti!ie<, tll<n 1,.,. ;, ca!cuf"<d •• 

C.Q 
'~";CH•CS 

' 

• 

' 
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" CO<rPUTfR JIODHS 

S..mple 
Problem 

Throc 

Cornpuler 
lnJ)IJI 

-Prob~m 
>NH 

zr 
2, When /.,,. i< con<tr.ined, lor """pie, l•nll!<d by ""''g' eon· 
strOint\l<r< no.t 10<110n), thon Q i•Uiculated" 

¡lCpR • (P X FH)I!,. + C<l!,. 
Q. CJ 

Tlli• problom;,. b"''ocally !he "'"'" a< Soml'le Problem One u<epl thJI 
shon.oge co•ltl (C.) ate ln<lud<d. 1 n this pu>blem ú w 10.30. 

• 2(\600)5.00 X /(lOOX0.10)+0.J0 ___ 
4

00(1.tS4) 

Q LOO (0.10) \j 0.30 • 

"~61.88unit< 

T/Cz \l:.qS.00)(1.00X.l0)1600 X 

• 40(.866) - 34.64 

0.30 

(1.00X0.10)•0.30 

( 1.00) (1600) + 34.64 • 11634.64 

Tl>c rcoder <hould note thot U. e dfee\ <>f including shortoge com i1 
to increo .. lhe >lze of Q. Thi> is bec1u<t the •nnu•l in•entory holdin1 cosll 
are smaller due to the smaller •••••1• inventor)'. In addrtion, tho totol 
incr<menr..l COSII (TIC) ,,. less rhon in tho dl<¡ic•l model beo.use bol~ 
holdin¡; com •nd pr<paratiOn com are· lower, IT~is may be verlfied by 
comp•ring tho r«ul" of thh an•l~sis with thoso from Sectlon 3.1.1 

Tne data c.ord for this uampl• probl<m follow• th• "'"'" gene,.l form 
outlined proviou,ly. Onc •ddition•l d•I.O lnpu1 ;, neoe>s.ary. Th< lhoru1• 
"'" of $0.30 i• punched in columns 21-25. 

lbOO,S.OO 0.10 1.00 Q,30 

10111111111111111 r 1 111111111 o 11111101 o 11111111111 
' .. ' '' '' ''""'""""'''"""'""""'"'"'"'"""''"'"'" --.--------------------------

The comple•• comput" input is U.own in rrgure 3·9. 

M•GGA~U EU~ PRO~L(~ TH~[Eo SHOMT•Gt tO,I 
to~o.s.•o •.to r.u DolO 

The compuler primoul, u•ing thi• in pul, iolho"n in Fi~ure 3·10. 

PHOGR•H EOW •oR MAOGlRO [00 PROBL!~ IH~Ho 
INPUT UlU 15 ''''''''''' 

R 'p '" PI C~ A¡ Pl 
tHO ~.~o .10 1,oo .lo o u 

&~oLHIS R•SI'LU o><E •••• 
OPT!MU~ 0"0[0 ~UI~IITY 15 
o!TH OPTI•U• lh•E~IOHY Of 
A¡ A P•IC. P[R IIE~ OF 
YlELOl~r;' lOIAL ~~~E~IO~• CQST Of 
0n[R[ I~E ~••-<ER Of OROER CVCL!S PU TElA U 

·~~·~· J••. '1 
¡, •O 

IU••u 
lo .. 

• 
" 



••• 

?8 
" "'' 

STORAGE LIMITA.TIO"'S 

~m pie 
Prcbltm 

Four 

CompUI<f 
Input 

-Problem 
four 

Computtr 
Ouiput 

-Probltm ,_, 

In thil; ot<:tiOn, •n 1ddiliONI constuint of m.udmum •l<>r•¡• llmiU· 
tiOn>. either in lerm• ol o.•ilable w•rch<>.ne !.p.Ct or •••il•blc CIPUII, will be 
pl1cod upon !loe b.,ic EOQ model. Thls io intended to be on lllu>lrative 
eumpl< of an add,tional type of mn•t••int which may be jonJ in the real 
world is) impo!td upon the bosi< EOQ mMel. By incorporoting thi• added 
cunmainl lho rooUcr should get sorne oddltional m•ightlnto 111< problem• 
that lace manA¡¡ement when det<rminlng what qulntill" to purchue from 
.upplier>. 

Thi< problem is b••ic•lly the ~me •• SJmple Problom Ono ucept lhll the 
¡ddition•l «>n.,raint of mnimum wuthou"' ;paco availoble (W) h.; bcen 
impo.,.d. 

In this problcm, W" 1~0 tmin. From Sample Problom Ono, Q" 400 
uni!S, bU! sin ce W < Q, !he order qu•n<"otv muS! be Q" 1Y ~ 100 units. 

In this problom, the coS( of !he limitod O!O,.gecon<!r~int is Tep<oOl 

-re,.. 

"'· 
" 100(1.00) (0.10) + 1600(5.00). 1600(1.00) ' ,., 
" S~ 80+ 1600"' 11685.00 

Co01,. ~ TC1-rc .. •I1640.0ú-1168S.OO•I45.00 

The dot> cord of the obo.e exomple probl<m follow• the lolome lorm U 
outlined previou1lv, with one oddilion. TM maximum w~rehouse "'"'' 
ovoiloble, upre•sed in unit<, is k•vpunched in eolumns 46..50. Tho d~!a cord 

look• t•k:';'o"c'';'"""""'"''"'"--.---,,---.,--.,---;,,-J~oo.!5.oo o.Jo ;.oo o. o. o. o. o. ¡o;J, 

3·11. 

1111111111111" 111111 1111111 111111111 11 lO 11111111 
- ~.!¿ .!¿.!..!!.'~""e·".~·.;!.'.!"-""!!.'.!!.:!~.!_"..".!'._'.! •..!!.. !!' !!.!' ~ !!' '!,•.!'._ 

The computor input for thi• •••mple probl<m is ohown in Figure 

~·~G••u EO~ P~OoLt• rcu•, ;ToR•Gt LI•ITS 
lb~g,5,00 u, lO l.Oo O, o. ~. o, o, 1•10• 

The computor output woll indio." ,.helhtr or nol !he w.rohouse con,.•int 
"-'• h•d an elf«l on lho «onomic order quonmv. lf ¡n e<onomic order 
quonutv n,. becn d•«rminod ,.hoch uceeds lf, <he output ,..¡u indicote lhJ< 
<hi• h» happ<nod. 

Furth<rmor<, on !he outp~t will bt amtem<nt <o !he tifo" <h•t, rl 
tho WMehou"' romic tion• .m opor•ll•·•, lho order quon In y dotermin•d mJy 
not be oplim•l. Su¡¡gc.,ion• "' mJdo foro melhod lo de!ernlirl< the opdm•l 
q¡¡antity if thi• r<>!raint "pro><rl1. The computor output is sho .. n in Fig;_.,, 
J-12. . 

' 
1 
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CDHPU 1 ER \IOIJE 1 5 

P"UGRlM ~0" fO~ MAGGAAO EOU 
lN"UT Ulll !S ••••••••••• 

PAO"L[~ FOU~• SIORAGE L1~1TS 

P ~p FH PI 
~~~~ s.uo .10 J,oo 

AN&LTSIS ALSULfS ~·~ •••• 

" ' "' ' " ' "' ' 
" ' 

•HOA~ !Mi: ••"EHOUSE STCA&G[ li•!IUIO~ IS APPL!n 
o•TTMUH O~y¡U ~UAIIIIY !S •H•OO 
Al l PM!ct PEA !no OF 1·00 
•IHOING A ruUl "VE~TOMY ~OSI Or 
oM["[ IH~ NU"O~~ OF 000[11 CYCl[S P[P •EAR JS 

IH[ O"U[R LUA .. flly !S L!M!T[Q eY l~[ o•PE"OUSE SPA~[ 

•ESTAIOJU¡, '"0 IS ~01 OT ••¡ 0P!IMUMo LOOSEN IHE 
Al$TUICI!UN l"D ""~ AG.IN OE!$!AV!NG !HE HFHI, 

ANH•SIS RlSUUS AA[ •••O 
.. nR IH[ "'A[HOUS[ STOAoG[ LIM!IAIION 15 APPL!lO 
OPI!MUM O~UER OUA-.1!11 15 IOOoOO 
Al l P•JCL PE~ IIEM OF 
Yl[LOING A TOJAL. INV[NIOAY COSI Or 

l • u o 
1M>·•~ 

• ... 

••[A[ IHl N'JMd[O OF 0A0[0 (YCUS PEA YElH !S 
IHIS o•OEM OUANT!IY !S H TH[ •U!MuM d•[HDUSE 1 "."' CA~AclH 

~ ...... J..ll Computor out¡x>t Probltm ~""', 

1 o condude our di«<"'ion ot economic O<der quanuty models 1nd, 
in P•nicul.or lhrscomputer model, we would point oot: 

l. lhJI lhe mod<l ~.in ilS ~re><nt form, limi:ed to only two pri<e 
bre1b. 

2. lhe· inclmion of <hon•g• <o'" ceminly complkJt<• the """S' 
limilotion .problom. In ll1is model, when bockorders ond storJge 
loml!d!ions '" incl<lJed in lile'""'" prohlem, lhc a«umpllon is m•de 
lhaL the backorders are instanianwu>IY tilleJ and lh31 lhe stora¡;e 
hmotalion IY ;, • con,.,aint upon 1.,.,. •nd nnt uron Q. fhe u><r 
must r<member that if 1.,., "con<tr•ined by IY then neitherQ nor 
1.,,, w~l be optimal. 

3_ rh" model will "'"' probltm; in<luding one or all af :he con· 
W•in<s preok>U;.I) de«ribed in • ""BI• problem. lo ap¡•recial< lM$ 
fl<l the ruder m•y \oÍSh lo sol-. lhe lnllo .. ing pro~lcm m•nu•lly 
1nd 11.<n by th' ~"" of th< htr<rn d01<1obed EOQ modd_ 

""' R Cp Flf 
1600 5 00 0.10 

1'1 C. 81 P1 82 P, 
l.O:J 0.30 3~0 0.90 SOO 0.80 

w 
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3.! EOQ DATA DECK STRUCTURE 

0111 Card 
C.td column 

'.; .,, 
11·15 
16-20 
21·25 
26·30 
31· 35 
3640 
41·45 
46-50 

Form11t 
FS.O 
rs.o . 
FS.O 
FS.O 
n.o 
FS.O 
F5.0 
FS.O 
n.o 
FS.O 

lttm 

onnual u..ge roquiromont 
Ord<rmg <OSI 

~oldÍOI '"" 
""" ~·«• 
!hortago cost 
minimum·oider Qu,ntlty-fitsl pri<< discounl 
unit prioo-fi"¡ pr.:e discount 
mínimum ord" quinli ly-,.cond price dos<oun¡ 
unit prke-s:<ond prko diKount 
maximuon warohou« IP><O •Yallabl• 

' 



>O 
COMPUIIRMODt::IS 

3.6 EOQPROGRAM LISTING 

e r~o~"'" ~ou 
[O (CO~O"l~ QAU[O OUONIITT NOUEL 
C• COPlRJijHI A01 n MARA!~ OCTO•EA 1970 
CO IMIS ··~SIC~ IUA !M( ]KN lOO ,. 
[O A o &N~UAL U~OO( A[UUJA[N(hl• LE•EL QENO~~ 
C' CP o tUS! Of O••t PyAtMOS( UO~ER 
C' IN o NULO!~~ CUSI oS o P[O([~lo6( nr U~ll PAJC[ 
C' Plll o P~Jct Of [oCM Vh!T o[fDO[ OJSCOUNI P¡¡¡oP¡ 
C' PILI • 9A¡ct Of (OC~ U~!l <1 'JNST UJSCOUIII U[U ~U!UT 
C' P(]l o PUJ([ OF (ACM U•ll AFTER F!ASI D!SCOu~l PIJI o Pl 
C' PI•J o PPJCt Of ElCM Uhll U .5[CDND olSCOUhl ~OEH ~U!NI 
e• Pl~l • PO[Cl Of (O(H U"!! AFIE" SECO"O OISCOUNI P¡~¡ o PJ 
C' Plol • ~k!U Qf flCH UH!I Al .. O[HOUSE COPoCJH ~t.SJHAJ~I 
C' [COY• HONOHJC ORQ[O QUA .. TllY 
C0 HIJO' l(n$1 Ui\COUNI f>H[A" PO!Nl "ql o~~ 
CO "1<1 • S(C~~O UUCOU~l BREA" PO!NI Bl21 o ~2 
C° CS • SHUOlOGt CDST 
C0 • • ~UJ~U~ "*"E~OoJ$[ SPAtE AVAILA~L[ 
e• TeST • TOUL CoSI Al ~00 
C0 ON o ~UMH[H Of ORO[~S P[R Y[AR U [~~ 
e• OIJI o EOQ Al PI!> 
co ~IJI o [00 Al PLJI 
t• Ol>l o tOO Al PI'> 
t• 012> • bl)l 
e• o<oT • b>l' 
e• Olo>• O r¡)R Cho OIM•OPTl"V'I ORO[Q 01 ~><•1 6 1 o o ~U~ eS NOT U 

·e• JCIII • JOIOL eoesT 
e• re u> • 10101,. COST AT Olll A><O E~~lll ~00 J o 1 T<l. 
e• [N.Ill o '1051 lCOND"IC>L !U>U<TOAT L~>ll 1T [00 •~111 Jo¡ lO 5 
C• EN>I~I o. 
C• [N•! o OPIIMAL IN>[NTO~Y .-EN eS NOT O ,. 
e•••••••••••••••••••••••••••••••••••••••••••••••••"'""'''"'' ......... . 

' 
' 

' 

• 

' ' • 
' • 
' • 

' 

' 

• .. .. 
" " 

Ol"lNS{ON Piolo 01~), [NilO), ICIOI• 81Jio AI,.PHAIJol 
MI o ~ 
HO o O 

R[AU AI<U PRINI NA~F. CAO~ 
~[00 IMioT¡J ALPHA 
••11• ,.,o,rz¡ ALP>~A 

RUU A•<Q PR!NT CATA CARO 

. . . . . . -. . 
- . - . --

~UO INltlJI o, CP, fMo ~lllo CSo.QIJio Pillo B<~l• PUlo • 
NMift )NQoiO) 

oRilt '""''~' oRJTt IN0ol61 Ao CPo JHo Pillo CSo 6Ulo ~lllo Dlllo P151> w 

. -
. . -

C~Et" UUI !~! ~UA 
!F IMJ ¡~q9,~ 

. . . . . - . . . . . . -- . . . -.. 
11 I~FI U•l?o) 

11 ""' 19•l••• 
IF IPqll 19o!h~ 
Jf loiJII L9ouo• 
1' l~llll ¡;,¡9oT 
1' 1~1~11 L9oU•6 
lf ···~~·~<ill , •• 9.9 

1~0 P~lcE "HUH 
><SEI> • J 
lf !PI-'1 J9oL9•JI 
¡r '"' '~"~<~J 
• • l•U~ 
blll • w 

. . . . . . . . . - . . . . . . . - . . . . 

lf 'ICSI 191ll<20 
.., ~RICE yO[A"' . . . . -. . . . . -. . . . . . . -. . . . . . 

... 
• ' • , , .. • • > 
• • • ' • • 
• • 
• ,, 
• .. 
' " , 

" • ' . • " • " • " • ,. 
• " • ,, 
• " • " • .. • •• • " • ,. 
• ,, 
• ,. 
• • • • ,. 
• " • " • " • " • " ... ,. , .. " • " • , . • •• • " • " • ., 
• •• • " • •• • " • •• • .. 
• • • • " • " • " • • • 
' " • .. 
• " • " • .. • .. 
• .. 
• .. 



.. 

.. 
' " " .. 
' " 
'" 
" " " ,. 
" •• 

.. 
" ... 
' " 

N¡U ~ 1 
••11 • l,l¿~ 

lf •••l» u,J~,u 
PIJI • PCil 
IF ldl2!1 19dl>l9 

C~l P~IC[ D~lAK • • • • • • • • • • • • • • • • ' • • • • ' • • 
.. stG • 2 
~121 O \ol2S 
U (PISII J9olhl. 
.,,, • PIJI 
GQ TU \0 

UWOR 1~ 0AU 
•"ll< I00o711 
bO W 1 
Pul o PISI 

~<21 • "'" 

- . -- ------ ----- - ------- - - -

lf <•I~I·PIJJI 22>22>21 
.,., o PlJ) 

lf W<JI•Pl¡¡l <••<••ll 
••z• • "''' 
··~· . ··~· IF <•-~ll<< z8•lo•2~ 
1< <•-~IZ>J zTol9•l6 . ,., . "'"' 

UU TO JI 
-~~~ o P!JJ 
~u TU JO 
P<61 o PIJ> 
bO !U JO 

··~· .. ,., 
UIZI 'a!)l 

""' . "'"' u<6> • a<JJ 
1• iCSI Jlolooól 

SMURU~CS ~01 "LLOoED • • • • • • • • • • • • • • • • • • • • • • • 
OUJL 1 • Jo l 
~ • Z•I·J 

C CUCI,II.OTE Ulll I>JoJo5 •••••·•••••'"••·•••• 
l< "IJI o SiiRlo.•,•CP•OJof~••IJIII 

OU~)J•¡oo 

lt IU!II·¡,EzSI JloHoll 
C CUCIIL•I( ICOII lo¡ ¡~. , , . , , .. , , o,,,,,,,,,, 

JJ )~!11 o <CPO~/Q<JJ•P<!J•~•P<J¡,••-•Q<!)/1,< 
~o 1~ J~ 

J• lCIJl • ¡,fl; 
J~ l~-~~~UE 

,¡ijJol•l•b 
J~ t-.ill. ~"' 

e IE>T ~~~ rus!•,!lllt ""~ "HPrtr 10 T.,E P•ICE WCAK> • • • • • •. 
JI )f <"lli·YI<II Jo,H,J8 
J• 1<;1]1 O lof2~ 
J~ Jt IWI21•(1(JII '"'""'"' 
._ 1> <•IJI•Yii.JI "'••l••l 
ol IClll. • 1.<2> 
02 lf l~hi-~ISJJ "''""l 
•J re•~• • 1•<25 

C 'l"V (~W """ foUI HOQo<;l Ll•lTHI<mS • • • • • • • • • •- • • • • 
•• •>Lo • 1 

ICSI • fCql 

u,ow • ""' "'v' • n,,,, 
uUo~l·J•s 

. " . .. . .. . .. . " . .. ... . " . " . " . " . ,. 
•• JO . " & ·H . " . " . " . " . " . " • •• ... . .. . " ••• • •• . '" ... . " •. 9J ... . ., . .. . " . .. ... 
• 100 
• 101 
• u~ 
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OU!ESUM 
w 

a model for queueing systems 
i•• >imulation model lor single-phase, multiple-dulnMI 
QtJ•IJfling <Y'~'"'"' The Mrform:Jflu of on~ ron/M 
chJrJM!s may b8 '"""'"'Fl ri!<i under • Vlr~ty ot rdv•l 
~nd ~ki!.par.amerers ~nd for ~ varitry of IWOCilt.d 

~·· 

Queues (waiting linos) are comman, everyday occurrences. Queuc~ occur in 
¡:rocery stores, in banh, in front of movie theaters, during .university 

· regi>tration, and so on. Qucues build up as a result of an interaction between 
customers arrivins for ~rvice and a service fadlity, Almo~¡ everyune has 

· expericnced bcing frustrated by waiting in a linc. The purpose of this 
computer c~ercisc is to allow the user to experiment with siwations in 
which qucues occur. The model is concerned with more than waiting time in 
thc queucs, however. lt allows. one to look at the entlr~ S):stem from the 
opcration manager's viewpoint, i.e., not only worrying about the ~ustomer 
bu¡ alsu bdng concerncd about the utilization of facilities and thc total CO>I 

of op~ration. · 
Th~ firu sectiOn provides background information on queueinicon· 

cepts aml how these concepts may be used by the opernicins manager asan 
aid for decision making. 

The fullowing sections present a situation in which the computer 
modo! may ~ used as a tool for analysis of sanie possible altemative 
managcmcnt d~cisions. Thesc illu>trati\'e problems. include complete instruC· 
tions. on lluw 10 use the computcr Program QUES\M. 

9.\ THE QUEUEING PROCESS 
This scctiun cont.lin; an introdLtction to wme queueing conceptl. No 

m.11 he m.n ic.d f '" muiJs are prcsc11 tcd , all~ough rcfetences Jrc givcn for !hose 
rc,¡Jcr, inkrcstcd in J dctailcd prcs~ntauon of qucuetng theory. 

1 
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The qucuoing prOCeiS is tcnlered aro~nd a Jul'l"re sysr~m who'ch has onc or 
ffiore J<rvtce channe/r.. Cu•IOmcrs (am•-al;) Jr~ drawn foom ~n input source, 
or population, In queueing mudeli, !he wswnwr arri~als from thc input 
wurce HC gene rally charactcrizcd by a probrlbility di•Hibulion. The syr'nbol 
Wlnmonly uscd lo reprc,cnt thc mean arri,·at r.¡tc of cultomers is the Greek 
letter lambda p..). Any arrivJI cntcring the 1\>tcm joins a querJe, or waitin3 
tine (a qucue m'y be of l<ro lcnglh). The customer i~ sctcctcd from !he 
queuc for seo vice JccooUin¡; lo a quc'<Je di>Uplil1r or ~prionryrule. Usualty, 
service time> follow >omc probabilily di,tlibution rlnd tlle average servicc 
ratc is con1monly rcrr~1cntrli by the Greek leuer m u(¡.!). In o:der to have l 

ltable queucing rroc~s~ the avcra¡:e ~crvice rale !11) musl be grcatn \han th~ 
mean arriv~l r~te ().). Aher ~rvice is completed lhe co~tomer exit~ lhe 
sy~tcm. See FiF;ure 9-1. 

General\y, a queucing system is characterized by the following prop· 
enies; 

1. lls arrival p•ttern. 

2. 111 serví ce 'time distr_ibutio'_l. 
3. lts ¡¡o•u~ di>cipline. 
4. lts layout, or customcr·flow panern. 

The feature lhat makes ~ome situalions into queueing situation~ and othcr 
situation~ non·queueing i~ lhe natore of the arrivals lo the syslem. Arrivals 
are thc cu>tomers \O the ~rvice faci\ity, >ince they are the people or things 
thal need to be processed. 

ln the situation where a\1 arrivals are on hand, such as a"large stock of 
raw materials, the servkc center may Proceis arrivals at wi\1, and there is no 
real qoeueing problem a~ ¡uch. In other siluations whert appointmcnts are 
made ahead of time, there is aiW no real, cu al least visible, queueinz 
problem. 

The really interesling problems, lhose wurthy ol being ~tudoed as 
queuein¡: systcms, exist whcn arrivals are not controlkd or controllable by 
the service CCIIt<o. Thc mO~t commor: assumption m<1de in thesc cast:~ is that 
lhe time interval> bctwcen con~ecutl\e affivals .;re independcnt random 
variables. Each arrival is considered w be unaffected by the time a¡ whkh 

s,,.;c. ""'m 
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any o!her arrival onurs or by the number of arrival> which have already 
taken place. A good example is the placing of !elephone calls when each 
customcr does not rdly know, or care, who else is plo~cing a cal l. 

Studies of queucing ,Ystems hdVc rcvcJicd that the time intcrvJI~ 

between consccutive arrivals are often di<;tributed according 10 the negative· 
exponential distribution. (Longer time intervals havc a lower probability of 
occurrence.) In this case the number of arrival> expected forms a Poisson 
distribution. Other arrival distributions Me possible, but the Poisson dimibu· 
tion is the most frequently occurring distribution. · 

The simples! situation is that in which each arrival requires !he same _tim~ for 
s~rvice as every othcr arrival. A vending machinc, for example, 11 Ulually 
Jssumed to have a con>tant service time. Thc mm.t commonly Jssumcd 
service time density distributLon, however, i1 the negative-exponential Jis­
tribution. The servi'e proceiS ~ay be further characterized as being sinÍ:Ie­
phale (one operation) ol mul tiple-pha>e (a ieries of operations). 

The queue diseipline is the priority rule by whkh waiting jobS are selected 
from the queue for scr.-ice. Because this represen!~ a directly controllable 
decision variable, an e~ten1ive amount of research has been done in thi1 area 
of queueing theory. . 

' The most common priority rule is the first-come-first-served rule 
(FCFS). According 10 this rule, the first iob to arrive in the queue will be thc 
first job to be serviced. In addition, the following priority rules have received 
much attention: ( l) the random rule selects the job which has the smalle~t 
valuc of a random priority a;signed al the time of its arrival, ·and (2).the 
shortest operation time rule (SOT) se!ectl from the queue the job which 
requires the leal! proccssing time atthat service center. 

lhe layout or flow paucrn of a queuei;,g syStem is largely determined by the 
sp~cific servicing rcquircmcntl of the arriving population, and by the physi· 
CJIIimita!ÍOn> of thc >NYiCC facility. 

This factor of wecific servicing requiremcnts is imrortant whcn the 
job inust be proce1seJ through a spcdfic scrvice channel or through a 
particular <;equence of opefltions. lf the job ha1 no specific rooting requ<'re· 
mcnts, howevcr, thil factor becomes negligible. lf the job require1 severa! 
opcraticns, for example, it Íl P0$1Íb\~ that ¡he !.l'qoencing of thesc operaticns 
i1 of no con>oqocnce. 

The phy>ical limitation1 of the scrvice fadlity are importJnt, i\1 thcy 
Jffect the facility layout. These phy1ical \imitatluns imposc an additional 
<:onstraint >~hcn thcy tcnd to limit waiting M~J' for jobs. As Jn example, <me 
may prefer to have a 1ingk-queue, multiple-chJnncl <erv1ce facility,'but 
adcquatc waiting space may not be avaibble. The follo11-ing Jrrangements ore 
"'me eump\es of S)"ltcm geometry or job-floW patterns: single qucue-single 
channd ( Figu r~: 9- 1 ). ,ingle queue-multip\c chan ne ls in par allel (Figure !1·2!, 
nnoltip\e queue-mtoltipl~ chanoel; {Figure 9-3), <;ervice centcrs in !Jndrm­
lf'igur~ 9-4), and scrvicc ccnter> in a nctw<Jrk. 

' 

' 

' 
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rn:rrJ-------{]r--· 
Cu"""'"' [:J:J:J:JJ-----•~r;lc ___ ~•· 
In QU<U< · LJ 

ITITIJ-------·[Jr--
Figuro 9·3 Multiple quouo rnulliple chanr>el. singlo phan. 

' ' 

f/ 
' 

. One uf the prirnary purposes for studying queueing theory is its prcdictive 
capabilitie'i. In turn, this predictive capability is reh.vant to the design and 
control of operation systcms. Sorne of the operational chMacteristics of 3 

· qucueing >ys!em which m ay be of interen 10 a manager are the dimibuti.:.r.! 
of: 

1. Queue length. 
2. Customfr waltin& time (in queuc and/or in th~ system), 

~- ldle timo ol ;er•licc facilities: 
4. Number of customers ir~ the s.ervice synem. 

The;c dtmibutions rn~y !."': riescribed by their mean value, s~rthr.1 
Oeviuion, and the ¡>robability tllat the vsJial::le exc:ed~,.. spedfic v3-lue. Wilh 
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information of thi1 nature the queueing 5y~tem could then be designed (or 
altered) so that 

1. The resulting operational characteristics are within acccptable 
limits. 

2. An economic criterion such as cost (or profit) may be mínimized 
(or maximized). 

An economic cdterion may be esublished if one can a>Sociate dallar 
values With arrivals and 1crvke. For e~ample, if one knew the re,·enues per 
arrival and the cost of scrvice, it would be possible to sct up d profit· 
maximization objective. Or, if the cost of an amval waitirig in line (or in th~ 
system) and the co>t of service are known, the measure of effectivencss 
could be a cost·minimization function. 

For so\ving operational problems which may be characterized as a 
queueing process there are two method~ ~vailable. Fim, if thc arrival and 
service time distributions are well-known m~thcmati¡;~l dimibutions, it is 
possible to derive formulas f~r dc~cribing the operational char~cteristic~. 
S.:condly, even if the queueing proces~ does no\ possess properties of 
well-known distributions, one c.in Still a\lempt lO solve the problem by 
means of Monte Cario simulation. In this approach, empirical or assumed 
data for arrival and service time distributions are used u bases for generating 
a large number of arrivals and serviccs, on paper. This may be done by hand, 
but for a·large simulation it is most oftcn d<;}f]e un a computer, 

Since QUESIM is ~ computcr simu!Jtion mudel fur waiting lines, thc 
development of the analytical formulas for solving these problems will not 
be presentcd here. For readers intcrestcd in the mathematical developmem 
of these formulas see Hillier and Lieberman, Morse, and· Saaty, in the 
references for this exerci>e. 

9.2 JOHN'SICE CREAM SHOPPE 
In this scctinn, a sample problem suitable for the .tpplicauon of the 

computer model QUESIM will be presented. The QUESIM model itself wil\ 
ihen b.- descrit>cd. This description will point out lo thc user the types of. 
system\ for which QUESIM is applicable and the control options available to 
the user. Following thc abo•e, detailed descriptions of bnth the computer 
input and the <;pmput~r OUtput for thc s<tmple problcm will be given. 

Problem · John Entreprcncur, who is a s~nior JI the local collcge of business adminis· 
Statement tration, is going 10 open a ompus ice cream shoppe. The store fcatuteS 

se'enty·eight ..:arietic-s o! ke cream (more than doublt the numbe, of his 
competitor), and ¡)rcuy coecl's to !.C"'e them. E ven lhough )ohn's store will 
have more to offer than his compctitor's store, ¡;~lled Thc Est~blishment, it 
i> hypothcs1red th.tt in the firll few month> IOCJI bu•inc·ss will be roufJlly 
d1vidd bctwccn both 'itc>rCS. 

John also fccls tllat the confection industry has a high index of 
substilttt~bility J!ld the irr.;ro,ed J\•Jilability of -ice creJm due to thc 
op.·nlng of his shoppe in the nc~r fluure will marginally increa>e !he gross 
>Jies of both swrcs, rJther th~n merely dividing the rrcsent sales mar~e!. 
John's marketing reseJrch dfurts havc turncd up the following in!ormation: 
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the disHibution of cuuomer arri\'als i~to his shoppe wlll most IJlely follow a 
Poisson distúbu!ion, l'.ith a mean atriv•l rate of 60 p~ople pa hour. ]ohn 
has planned thdt opon arrival Ln hts shoppe c~~h customcr w¡ll .take a 
scquentiJI numbcr and awa1t his turn for scrvice. This will facilitate his 
scrvicing of customcr; Nl o first·tomc·fir;Hervcd basis. 

John's prcliminJry analyscs also >how that one server ¡,;·hose wages 
are $1.80 per hour) can be expected !O ~rvice abo¡¡\ 30 customcrs per hour, 
fol!owing a negative·exponential dimibution. Moreover, ]ohn's marketing 
res~arch show; th•t when the service rate is slower than thc arrival rato. 
cuswrncrs will leave rather than wJit in a long line. )ohn estímate> that his 
cost (possible opportunity cost) will b<· $0.05 for every minute that a 
cuswmer must wait. 

Thus far, however,.)ohn has not been able to ascenain from his 
research data the optimum number of servers 10 ha•·e on du1r. Logically; he 
lmows that mQte than une server is required, because the mean arrival rate is 
twicc the mean oet,·icc rate. Furthtrmore, he realizcs that these rates are 
mean rates of probability distributions, not constan! ratcs. 

john recognjles that. his problem is one of design, i.e., how mmy 
service channels lo provide in the above queueing srstem in order to 
minimize total costs. He could, in fact, actual!r operate his shoppe with one 
server, two servers, 1hree ser\·ers, etc., each for a period of time, and 
calculate his tO!dl costs. However, )ohn has an alternative, ind that is 10 
simulate his ice cream shoppe operations in a compr~ssed time period with 
QUESIM. Using QUESIM, John could experiment with using one, two, thr~c 
servers, oind so on, untilthe mode! indicates 10 john the op1in:um num~r of 
service channels 10 h~ve in his service fadlity, Moreover, the simulation can 
be done in a short pedod of 'time, as opposed 10 wailing for weeks of 
empírico! data from JClliJI operation~-

QU ESIM is a computer model developed for simul3!ing single-queue, single­
phas.e, paralld queueing systems, that is, the 1;·pe of system propos.ed by 
)ohn Entrepreneur. The model determines, through an iterative process, the 

·aptimal number of service channcil to allocate toa service facility. Tho 
cÓnfigurotion, or deoígn, of the scrvice facility is undcr the control of lh<' 
uscr; hcnce, the us~r must specify the following charactcfislics of th~ 
queueing system to be studied: 

1. The arrinl distribution, the mean arrív~l rate, and thc tOSII 
associaled with arrivals waiting in line, 
2. The sc·rvi'c time distribution, the mean scrvice time, and Ú>c UJII> 
of idle strvers. 
3. The simuiJtion controllimits, or lhe initial and maximum numbtr 
of ~rvice channels (up to nine) which m ay be considered 0\"Ji!.>h!c 1.> 
the scrvice facility during a simulation run, and the ma~imuml<:n,;t!o 
of time for thc simulltion hl run. 

Thc above informatinn on alfivals, servkes, ;md simuiJtjon , . .,,¡,.•i 
limi1s (OI)lprises 1he input for ¡he computer program, QOESIM. 

Thc cc.nlpU!cr ou!put inrll.l<;!es, at tht top of thc pg:, tlw ¡,,:,·; 



• 

• 

Computer 
Input 

-)ohn's 
Ice Cream 

Shoppe 

"' QUESIM 

input data as a means of idemifying the user's (problem) outpuL Following 
this identification information, the first twentr simulated arrivals and ser· 
vices Me printed in a tabular form. The program then print~ out statistics for 
thc number arrived, number serviced, actual simulation-run time, maximum 
lcngth of queue, mean kngth of queue, mean waiting time in queue, perccnt 
utililation of service facilities, waiting time (in queue} com, idle servicc time 
costs, and total costs of operations. This dau is printcd out for each iterativc 
number of service channcls and the simulation is terminated 1>hen either the 
number of servke channels has reached the maximum allowed or the total 
cost of the system with N scrvers (channels) exceeds the total cost with N-
1 scrvers. 

An example of the application of program QUESIM to John Entre­
prencur's problem is given next. 

Shown below are the input data cards required by QUESIM for solving 
)ohn'5 Ice Cream Shoppe Problem.ln all, four data cards are required to run 
pro~ram QUESIM; they are the user name card, the arrival data card, the 
oervice data card, and the simulation control card .. Each cJrd will be de-
>eribed in turn. · . 

U5tf name card is the first card. This card m~y contain any identify­
ing information (such as the user's name) which is desired. The identifying 
informatioo is keypunched in the fim forty card columns . 

tl.:.•3•:iHf-~n (11 •F\ 1 r-1 F"PliJ-;1 Fl1 (lrl> 

Ar;ival daca cord is the second data card. This card contains.the 
arrival typ~ (the arrival panern} in cOiumn 1, the mean arrival rate in 
colurnns 11-15, and thc cost per unit of waiting time in columns 21·25.0n 
thi> and all data car<ls, the u ser .mus/ keypunch all decimal points. For )ohn 

·Entrepreneur's problem, thh card is illustrated below. 

1 1.(1 .os 

1111111111111111 ¡ 11111111111111111111111111111111 
- •...: ~ !..'..!..! !..'.!C.:!.:'!!. ~'..:!.".!. '.!.!'!!;'..!'~".!~e!'.!!.".!." .. !!..''~:'..:'~!!:! ~·.!!. 

lhe 1 in card column one is f6r .trrival tyrc code l, which spccifies 
the Poi5son arriv~l distribution. The 1.0 in column 11 specifies a mean .lrri>al 
r.tte of 1.0 CU>tomo•s p~r time unit, and the .05 in column 21 represen ti the 
cost pt, unit of waiting time per Jrrival in lohn's ke Cream Shoppc. 

Service do/a cord i> the ti1ird data Card. Thi> card cont~insthc il'rvic~ 
typc (th~ s~rvice ti111e distribut~<m) in column 1, the mcJn scn·ice ti1m in 
colun¡m 11-15, and·the cost pcr u ni\ of id le $frvicc time in columnsl1·25. 
ror )ohn E~tr.:rrcoeur"s pwblem, thi~ data is sho1•n b~low . 

' • (•3 

111 D 11111111 D! 11111111! 1111111111111111 D 11 U! 1111 
' - '...:.!...' !..'-'-' !..!' "-'.'.!C' '!.'c."...'c:'.''.!. '!.!' !!.!'.!~" "~e!' .!e".!'_".!..~ -:.;' '.'..'.' ~ ·.:.:• .'!.. 

- . 
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, -· .. 1: .. •~d :lw •Ímül.ttion-run time 
... ·, 1.,..:•km, th,· •imul"tion control 

,,,.,. t"r thi• limuldtion data ii in 

1111111111 H 11 t t t 1 1 1 11 11 1 11111111111 1 1 11111110 111 
- '..! L! !...'...!...! !. ·- ' ' . '~ .! ·-~ :.:· ;,_ -_: ,!..:: !.o':'..."..!'.!..."-~·_.::_.~!:.!':!.!'!."~.!-

The compktc li>tin~ ni ¡¡,,- ¡,,.,. ¡,1,,, .i.,u <'Jr<h, on~ cJrd per typ~wrinen 
lino, i; 1hown in Figure· ~-5.' 

lo<AioGA~I.o 

' ' ' 

YUt.~l>4 ~~O>tl(H OO.[ 
l.o .ao; 

-(.D .VJ 
.. 60 .' 

Sllown in Figure 9-6 i, the , .. mpmrr uutput for the first iter~tion (one 
channel) of jolln'~ In c .. -.un Sh"l'l''' !'rul>km. Al the top of the computer 
output, the inform~tiun inrut "" tlw fow ,J,l\J cards i> printed out. 

Bolow lile l"'"i'h'm i,kntil"·'¡¡,,., 111f<llm,ttion, the fir>ttwenty MriV• 
als uf the actuotl ,;,ul.o¡i,,, .:lo' ¡_,¡;.,¡_,¡,•d lhis does not mean that onl~· 
twenty customcrs Jrri\<'d m toU 11111•' u un,. 1 he computer program i~ design­
ed lO print out a table fur Ulll) lh•· fir-t twcnty arril'als, reprdlc¡s of tlle 
simulalion-run time srccifi,·d. 

In .the simuiJiion tJblc 1hc col.,mn heJding; are the customer's 
arrival time and his tkr.¡rture limo',¡¡ his rcspccli,·e channel numbcr. The 
program ;pecifics that !he fim customcr always arrives at time lNO, hence in. 
Figurt 9-6 co;tomer 1 arrived at time 0.0. The randomly selecled $Cr~ice · 
lime for 1he firsl arrival wás 2.6_1in>c units; thus, the first arrival depaned 
from channel numbcr 1 (in this ca;.c thc·aniY ser-: ice channel) at time 2.6. 
Custorner 2 alm arrivcd at time 0.0 and rcquired 0,7 minutes al processing 
time, thus e~ilíng the sy11em at simul~tion time 3.3 The arrival and depar· 
1\irc times printcd out are round0d off 10 thc ncarcst one-tenth (0,1) time 
uní!. Cons.equently, this rounding o(f makes the arrival and deparlure times 
uf sorne customen ~ppear tu oaur al !he same time, for example, customer 
numbcr 4 in Figure 9-6. 

Bclow lhe IJmple simulotion dota, the summJry queucmg sl.!tistlcs 
and upcration costs, which are the inform~1ion of most intcrest, ~re printed 
out. The fi!'$tline tclls how many arrivillsentered thc system and how mollY 
were scrviced by 1he end nf the specified simulalior.-run time. The number 

·of arrivals will always e~ceed !he numbcr 5erved, by a! lea~! one. This Í> 

because In program QUESIM arrivals occur befare depa•!ures and ebp~!d 
>imuldtiun lime is chcck~d on\y wh~n dcputur~s O>;tur. Next, lh~ maxim!.:m 
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TOTAL COST OF OPEAATJONS 
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length ol thc queue, the mean nun1Uer of cu>tomcrs ,·n quouc, Mld the mean 
woiting time in the queuc are printed out. Th"n, the percent utilization of 
the 5ervice facilities is printed out. This is followed by the cost c,¡lcul.nions. 
Fim, the total waiting time cost, which is the total waiting time of all 
customerj, in tlle sy>tem multiplied by the cost per unit waiting time, is 
given. Thc ne~t line givcs idle time cost, calculated as units of idle lime (in 
the scrvice facility) multiplied by tllc cost per unit of id le time. 

The llst linc printcU uut is th~ total cost of operations, which is the 
idle time cost Jnd the waiting time cost added together. lt isthi~ 1·alt•e that 
the ~imulator u;cs as a basis for compadng uch iteration lO the previous 
iteration for the purpose of determining when to termínate the simulation . 

l"n the sample pruhlem, the basic ¡,lue facin~ John Entr~prenPur i1 
the nun1bcr of <crvite · clrann~ll (1crver1) he ¡hould h~ve in hi1 ice cr~on1 
shoppc. The summary statisti~s lor onc channel (Figure 9-6) indic~te that he· 
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>hculd al IOJII h.IH' m,.,. lh .• n, •. 
lin~ i~ ¡:rc.l!cr th.to f"'' ,,.,¡, ." , .. 
CU;tOPllC" n\U>l \\,Lit, un ¡[·,,•,,,,, 

In re.ll lile·,'"'" II'UILI<I lhd 1 •:·. 

_, •• 1 , llo<' ~vcraF len¡;th ulthe "· : 
·"' ,,, founeen at onc timd. ,, . 

.. ,,,,. ¡lo.on 6 time unitl (mimJh''', .. 
,,,· , 1,·,ont ~hoppe cu~tum,·o, tn ¡ 1 

potient! ~\on·un•r, "' "'"' """'·:·,.,,., ' 111 11< <0 many customc., ".JiHn~ ,. , 
~rver i~ bu~r •lmu;t !JO ,,,.,,,o;~ .. : :•, ,.,,., .. 

for the co>t "'"''""'' ,.,.,., ,,. tln· prublcm, the waiting tim,·< .. -:, · 
the cusTOmcrs fJr e",.,.,!, th: , : :.". "''' of the >ingle ~JH'L ¡¡,.. ;. : 
COSI bf $16.74 CUil>i>l< .lltti<'<l 1·:•¡ 11 , ~·. , <1 ".oiting time COl!>. 

Th" 5imui~I<O•I <'Ufllll•l "''·' ¡,., olti• ¡•wblem r.qucstc·d IIÚtpr .. ~r .. :· 
QUESIM iniliJIIy ~imul.11<' ]oiHI fnl~<•r~<'IICUf\ systcm Wilh UIW ''''"" 

channel and cuntinuc 10 1imul.tt•· ¡;¡, ';'h'm, adding one additionJII,,,.,_,­
channel each ron, untíl thc •mwl.oli"n tcrminated. The simuiJti<l;, ... :· 
termin~tc eithcr whcn 1hc hit,11 ""' ol 1hc wstcm with N ~e1vcrs excc•·d, ti•• 

total ""'' with N- 1 '"''"''" "' "''"" 1hc ma~imum numbcr of allu~<.ll•:, 
scrvice channcl; has bC<'rl rc,lChcd. 

For John's probl,•m, ¡¡,,. d1c·.c1 uf adding addi1ional scrvcrs in¡,, 
shoppe is shown bclow. TI"·""' li~'"''~ in Figure 9·7 come dircctl} 11•-•· 
!he computer printouts for thc sulu1inn to john'~ problem. Thcsc fi~ut<·•. 
like all simulation re~ults, are ~ Jundion of a random numbcr gcrwo.•l<·• 
which may be different fur CJCh cunlputer. Hence, these figures IHJ) 1·, 

~lightly differcnt on d•ffc,.·nt computÚ>. ' 

Numberof Waiting ldfe 11me Total CCl5/ 
channels CO~I ($) (()1/ (>) ofoperatiom (S) 

' 16.55 0.19 
2· 7.14 0.-19 
J 0.26 2.61 
4 0.96 3.71 

figuro JI. 7 Tho total eo<r ot oprr•tiono for one 10 tour 
"rvl~o channelo. 

16.74 
7.63 
2.87 
4.67 

Figure 9·7 ~hows tloat addin¡: J sccond ~ervice channcl dram.rti.c.tlh 
reducn the cost of cu>tom~l waiting from $16.55 to $7.14. Adding ~ thir,~ 
service channel (servcr) continuc~ 10 dccrease wai!ing time coot and" l' • 
number of servcrs which minimiLeS thc total cos1 of operations. Thu> 1~-· 
solution to John Entrepr~neur's prublem, as given by QUESIM, is for ¡,.¡,., 
lo provide three sen·r~s in his shopp~ opcrating und~r hi> expccted >l<'·"h 
state condition~. Keep in mind, hÚwever, that if we trcat cach simut~¡i,.•r 
time unit as oni minute, we have simulated only onc hour of operJiiw•• 
Thu;;, John may want beller data and/or a longer simulation run b<"~•''' 
cOming toa defirtite conclusion about his problem, 

9.3 JOHN'S ICE CREAM SlfOPPE I~EVIS!TED 

Grand Opening!! john Entreprer¡eur's lee cream shoppe is now opw. li< '' 
so exdred about zestin~ out his pievious conclusions on th.:- numb<'' •·' 
ser.ers to hne in his ¡hop¡lc that Jft~r observing only the fir~l fifteen afllul·. 
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he rushes over to the local computer center to simulate QUESIM with his 
empirical data. In recording his data, John kept track of both the time that 
each arriv¡l entered the shoppe and the time it took to ~oerve each cu~otomer. 

To John's surprise, he found that all of the service.time¡. were J comtant, 
three minute~o. John now wants to use program QUESIM with the datJ.that 
he has obtained. The requircd input and the resulting computer output for 
John's new data are descr1bcd next. 

The 14~r nome cord is always the first card in the data dcck. 
The orrivol dota cord is the second card in the data deck.For this 

problem it reads as follows: 

o • Q5 15 • 

11111 a 111 a 111111 a a a 11111111111 o 1111111111111 o 1 o 11 
- '..! ~ '--' ~ !..e'.!!.'!!'!!. ''.!.''..".."2'..'!2 !!." .!.!!! ~ !.."..!'.!!."-"-•_.!!. • .!.! ~ :!!' !.!' '!..".!!. 

Note that in column 1 of the arri110/ data card the code number is 4, 
which specifies that all arrival times are to be "'read in" from additional data 
cards. The co~ot of waiting is punched in column~ 21-25. The number of 
arrivals lo be read in i1 indicated by the vulue specified in columns 31-33. 
Although this value wa1 not required in the previous problem, here it has a 
specified value of 15. 

Reod-in amo;o/5 are keypunched twel~e per card and immediately 
follow the arrival datd <ard. Since John has fiftcen data nlues he needstwo 
read·in arrival data cards, with twelve data point~ on the first 'ard and three 
on the scc<.Jnd card. Thesc two cards have a formal of 12F5.0 und are shoWn 
below for Problem Tw.o. Notice that ir is the actual arrival times that are 
recorded, not the elapsed time between auivals. 

9. 13. 19. 34. 36. 37. •38. 39. 42. 62. 63. 

111 a 11111111111 a 1 a a 111 1 a 11 a 1 a 1111 n 1 111111111111 a 11111111111 
- '..! ~ .!..'..!..! .!.:'..!!.~'::.'c."_''-'."'.!!:.!' !!.':.!'..!!2' !!.:'~'-'-"..! '...!! ~ ".!!.." .:!.:' .'!..".!!.." !!.'~'!.'.' .!!..:'.:!.!' !._•'.! ~· 

65. 65. 69. 

11111 [ 11111111111111111111111111! 1111111111111111 ,, ,, '' ,,,.,,,,,,,,,,,,,,,,., ...... """"""""""''""'''········~····· ----------------------------
The serv,'ce data ('ard folhlws th~ arrivJI dJta cards. )ohn rooted that 

ea(.h \ervicc rcquired CXJctly three minutes, i,e., a constant service time. 
Code 3 ~cypunched 1n column 1 specifics a constan¡ sef\·ice time." The 
service data :ard now reads as follo"'s: 

' 
1 1 1 D 11111 1111111111111111 D 1111111 n 111111111 O 11 D 1 o 
''' ,,,,' '''''''''''""''''''"''''''''""''''""''"""""''"""''"''''······ ----------------------------

This CMJ requcst> J con>t~nt >ervicc time of 3.0 time units per arrival 
ata cost of ~O 03 for each unit of idle »ervi¡e time. 

' The SlmU!afion cwl/ro! card is again thc la!t card in thc data deck. 



'" COMPUTER M00U:5 

(2 

John now :;p,df>~~ ;; ; JI• wit\o "''" •:•·• 1:1 m u rh;~¡,,)¡ ~nd a ~imul~tlon 
time limil of 100 unlts. The~e parlmtte;¡ .re sho.,..., beluw. 

1 , ·1 o o. 

11111 g tllltllllll a a atta a ttttlttltltllttttltttttlt 
'i i o O O iOIOiiOiOOOOO.iOOOiO~OihiiioilioOO·M·iiOiiO'"'''""''''''''M'OOiO-· -----------------------------

MA ... GUll.> Qll~l>llot I'HOotl,.[M "' • ' ·"' "· 
' •• 1 '· 

... "· "· "· '"· "· ~?.. 
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F~fl 9-B Compunr i~put-John'o ICfl Crtarn Sl>ow- RfvÍiitod. 

PRI.IGIIAM QUtS!ot fOil 'IAGGARO IIUESIM PROAL[II TilO 
AIIIIIVAL HI'E A RAfE • O COST • oOS 

15 Alllt!V•LS'RUO IN AS fOLLOWS 
o 9 ll 19 ]' ]ti 37 ]8 39 .. 2 

e.s e.s e.'# 
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J9,o ~~~.o 
•2.o ~l.o 
bl,o b~.O 
e.J,O 
~:>~.o 

e.~.o 
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0>11,0 
71 ,o 
14,0 
IT, O 

.l.fTER t' AIIRfvEO ¡S 
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¡00 TillE ONtlS 

CCSTS·•AIT ¡,. CUEUE 
loLt: S(R~ICE 
TOTAL cO!.T Of 

• •• .. , 
• •S,o PERCE .. l 
J9.o u .. ns Al s 
!'>SoO U,.ITS Al $ 

OPERHJO .. S 

.os • 1 

• OJ • ' • 
fi~re 9-9 Co-mputo• output John'o leo C•oam Shofll"l RltYi<ited. 
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The complde input data deck, one card pu typewrinen line, now 
appears as ihown in Figure 9-8. 

Shown in Figure 9·9 is the computer output for thc rewlts of this problem 
(()( one channel, On ¡he computer output, the identifica! ion information at 
thc top of the page is changed to reflect the changes in the input data. The 
arrival type, service type, and simulation-run lime are differént from'the 
previous siwation. Furthermore, the simulation table is for only fifteen 
arrivats and ~rvices, as that is the total number of arrivals read in. Notite 
that on this output a warning message ¡•••wARNING••••QUTOF DATA 
BEFO RE TIME LIMIT***") has been printed oul. This message is pdnted 
out by QUESIM ~ecause !he lds! arrival occurred at time 69, which was 
befare the simuiHion time liinit of 100 units. Moreo~er, the service facility 

. was idk from time 77 lo time 100; thus, !he actual idle time in the ser~lce 
facility is o~eri!Jted ín the s.,mmary statistlcs. When this message appears, 
the user of QUESIM must exercise sorne carc in the interpretation of the 
rc>ull> or go ba¡;k and rerun with a lower, more realistic, time limit. The 
summJry SIJiillks Jnd cosl information printed out below the simulation 
!Jbl.• is thc sJme for all compulcr printouh. 
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9.4 QU ESIM O.\:.\ lll n, ..,¡ IWCT 1 °Rf. 

\·· ·. ,: .r,r .• cu,r mu11 always be iilcluded 

.. _., 

,..,,,,¡ ltem 

" 1 s.o 
n.o 
1 l.o 

code• for distribution 
mean arrival rate per Unir time 
co¡t per unit of wahing :lme 
no. of arrivals to be read in 

•:,·. ~ ., ":¡:¡"'. dJtJ carel i1optional, depcnding.upon the data. lts 
' 1 ' • '.!J. 10 1hat Mri~oal time\ ar~ punchcd 12 ro J card 

•• ... ,,.,," 1·S.6-I0.11·15, 16·1D,~te. ' · o 
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Ar"val doto eonl 

3. Service data card mYII always be included. 

Card 
columm 

1 
11-15 
21-25 
31-33 

Formal 

" F5.0 
FS.O 
F3.0 

/te m 
code• for distribution 
mean ser<lce time 
cost per unit of id le time 
no. of service times to be read in 

1 < 1 

4. Read-in ser,·ice data card i> oprional, i.lepending u pon the data. lts 
formal is 12F5.0, so that service times are punched, 12 toa c.ard, 
in columns 1-5, 6-10, 11-15, 16-20, etc. 

5. Control card mu!it illways be induded. 

Card 
calumn> 

1 
11 

21-25 

Farmot 

" ., 
F5.0 

· •Code for dimibution 
1 the Poisson disuibution 

/te m 

beginning no. of service ch~nnels 
ma~imum no. of service ctunnels 
11mulation run time 

2 thc negative-exponential dimibution 
3 a constan! raJe · 
4 historical input data, read-in 

' ' 
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I'I<OúH.t.M OVESII< 
COPTHIGHI JU~E l97u UOT 0 H·~RIS 
1~<15 ~ERSION fOR 1H[ lbM/JbO 

OICTIONART Of ~AR!.t.SLES 
UTIHt. 1HE HOURS OF STSfEH IULE TIME • TOTAL 
INUHtSNUM NU .. IIEII 0~ I<(A() ¡.., liiR!VAI.S A"~ S[R~IC( 
.O.I<l5UVI l/1 AII~U OF R[lO IN lRR!VAL TIMES 
.O.HH HloARII TH THE AIIR!VlL RAT[ ANO MEAN 11~( 
CH 4H AIIRAT OF ARHIVAL ANO SERV!Cl ON f!R51 l~ CUSTOHERS 
CIVLE !HE CDST OF ST51E~ IDLE TIME • TOTAL 
(U"0Íit.ll001 4>< API!AT •HI(H SIQII[S IDL( CusiO'<~R r1QUI!S 
COSTS 1r1[ COST PEII 111<[ u¡..¡ll Df !OLE SEI<VICE 
CUSU H<E COST PER li"E U"!T OF ,!OLE CUSTJH[HS 
CVSEHvoKCUS TH( NUHH(H OF !HE CUSTOH(II IIE¡NG SEHV[U 
C•AIT THE COST Of CUSTOH[RS HOURS !N OU[Ut~ TOTAL 
Ot.l' NloUEP 1H !HE SE~v!CE R.O. TE A"D HEA" OUHATIO .. 
HRSNU THE HOIJIIS OF CUSTOHER TU•E IN UUEUE• TUTAL 
ltJ 1HE CHAN,.EL NUMBER BEJNG'PIIOCE55EU 
iL •oUHUR OF lii!IIULS •HICM HAV[ OCCVIIEU 
~·•~5 oPTJON COCES FOR AllllJVALS ANO S[~V!CE 
N o H•x:. n(G 1 NN 1 NG • MA X JMLP~ NUM<![ ~ C>'llNNt LS 
PLU11L T~E PERC~"1 lJIILlllliON OF TliE SU<YICE FACll!TY 
YVlUE IH[ NUMIHR O~ CUSTOMERS IN OUEUE Al A"f POI~T 
Slo'ISCul "'' A~~·• llf lilAO IN SERV!CE TIMES 
TtUOP !M( T01~L COSI OF TH[ STST[M 
Tl"[oiTII<E CLOC" T!M[,MU S!HULAT!O" f!H[ 
TNA~V lH( L.t.1(~T ~~RIVAl. TI~( 
1 1•UPN In( OEPA~IU!Il T!lt[ Of T"E LATE51 U[PARIUR[ 

~•Y üE SE1 Alo'TIFICALLY FOil PROGRA>~ LFFICJ[NCY 
llHN1NtAI<"l~ ·•t•N 10Ul ll"toME•" >lllMI!~Il ¡,. OU[ 
~UMMUN IL~IiA)( lo A><U•lo A~I5~Cio All~~T, A~kl~, Ctt(lUo !OJo CUMQU[( 

IIUOio Cl!Mu!L, CUSERVo LIE~~T, nEPTHt ¡, lUSl~Vo llo ~Ao I<CUSo KS, " 
lo N~LAGoUUlLPI.oSNLJHo ~~IS1,.0io SllTUSI<tlo .1 1 T!H[o fTIMEo fNARVo 1NO 
)"H(<j) 

NIN ~ ~ 

.. our "' to 
"[AtJ ANO PRI'ol S1UOENT Ojlll( CARO 
"liU tN!No23J ALPHA 
•~lit INOU1o,,l ALPHA 
ltf.AU ANI) l'llll<l ARHIV~L DATA CAllO 
Ht.AU )NIN,~~~ Klo lllliiiT, COSTA, ANU>I 
•Ítllt. lNOUlt-!"1 "'' AIIRIII, C05T4 
"liU ARII!VAL StoTISTICS 
IF IANVI< oLE. .,;J Gu 10 l 
NUM • ~NU" 

AHil"l • io~h 
"A. • • 
~t.AO CN!~o211 UH(!Jo 1 • )o NU>II 
•RI ft. INOIJI o, Rl "IJ" 
•~ITt tNOUlo2<tl IAR(Jit 1 • ¡, NUMI 
SE1 Ali~IVAL TIH( Al I"VEHS[ OF ARHHAL llATl 
~~~!M • lou/ARRRT 

,H[AO ANU p~¡,.¡ SEIIYICE OATI CARO 
llt.AO Pdr.o.-':.J KSo U[I'THo C05fSo S"U" 
•~<llt !NOU1oJUI KSo OEPTi'oo t!)STS 
IF i~NV'" oLE. OoOI GU lO 3 
NUM • SNUM 
(Jf.PTIO z lo2h 
!\S • ~ 

1<1'.10 l"'lNo~71 ISRC!Io 1 • ¡o Ntl"J 
•MITt. INOUTo)l) P<UII 

(6 

'" QUESIM 

"" • 
"" • • • • • • • • • 
' • • • • • • • • • • • • • • • • • • • • • 

"" ... 
• • • • • • • • • • • • • • • • • • • • • • • • • 

' ' ' • 
' • 
' • , 

" " " " ,. 
" ,. 
" " .. ,, ,, 
" " , . 
" , . 
" '" , . 
" ' ' " " , . 
" ,. 
" ,, , .. .. 
" ., 
•• 
" •• .. .. .. , . , ' ,, 
" , . ,, 
" " " ,, 
•• 
" 



'" COMPUTER MOliEtS 

•Rlll ¡N0Uhl91 tSI'Itllo 1 • !o~·~~-.¡ 

C Sll St.~VICE ~ATE H P'IVE~~E UF sr.><vlC( Tlflt 
J VfPMI • 1:0/0fPTH 

C ~EAU ~IMULATJOH CONTROL CAkD ANO PRINT 
H[AU tNIH'J21 NO HAXS• ll!Hf 
~o<llL tNOUToJJ) No MUS 
oklh. tNOUlo>•l TTT~E 

C Ct1[(;K SlHU~ATlON ~UN ll141Hó 
!F lARRRT olEo n,OI 00 TO 7 
IF WEPTN ,(.[, DoOI 00 lO 7 
1~ 1 tll"-f. olE, OoOI 100 TO 7 
IF 11< ,[(,1, ul 00 TO 7 
lf l".o.•S ol.l, NJ 00 10 7 
lf I~A olYo 1 00 TO 1 
lf lKl oGT, o.! 00 10 7 
lf 1~5 ,filo .) 00 TO 1 
IF I~S .GT, •.! GO TO 7 

_IF (ANUO\ ,[0, ~oOI GU TO 5 
IF IA"-UM .GT o SOOoOI GO TO T 
NUM • ANUH 
UD A l • lo NUN 
J • l•l 

-JF IMICJI ,GT, AIIU/1 00 TO 7 
• CONHNU[ 
ll !f lSNUH ,[11, OoOI 00 TO 8 

lf tSNUH oGT, SOOoll 00 lO 1 
NUM • SNUH 
UD b 1 • lo NUM 

·IF ISHtll ,LT, Q,OI 00 lO 1 
1> CONT 1 NUE 

GO TU K 
C P~i"T OUT DATA ERROR H[SSAGE 

7 o~ITE ¡N0Ulo~SI 
~RITt JNOUTol6) 
60 TU l 

C f,.O IJF IJoPUT OUA Ci'IECK 
11 I!COOP • 999'111'1.9 

C SliiULATJCN OF A GIYEN NUHBEII OF CHANI<ElS IJII ~E<HN~ HE!lt 
C lNITALIZE SYSTEM FOil NEXT SIHULATION RUN 
~ TJI'!( a.OoO 

T .. .lll~ a Uo0 
IJUEUt a OoO 
CUHUIL • OoO 
CUStHY.• DoO 
JZ ••. 
KCUS a O 
NFLAI> a O 
IUSE>Iv • ij 

.Stl • AA"-Uilz3.-SIIo11 
uu"iu " • lo lOO 

lO CUHUUEIM"I • •JoG 
UUIIL•loN 
INUPH!LI • 9VIl9'i9o9 

11 SUTLISJL) a ~.0 
IJU li 1 • Jo ZO 
UO lii: J • lo lO 

IZ "CHIIo JI • 0.0 
C I'H)NI H(AUJNijS FOR R(SULTS 

•~11( ¡NOUTo}71 
11~1 Tt. /NOUT • )!ll N 
II~!Tl iN/JUlo •'il 
~~lTt. INOIJT••~I 

' . ,,.,-

~ b~ . " • •• . " • •• . " . " • •• . '· . ,, . " . '. . ,_ . ,, . " . " . " . ,. 
• •• . " . " • •• • •• . " . ' 81> . " . .. 
'" • •• . " . " . " . ,. . " ... . " ... . " 
• iD" 
A 1 O 1 

· A lO~ 
A HJ 
A JO• 
~ J DO 
A lo• 
A 101 
' 1 o~ 
A 1 o~ 
• 11• 
A 111 

- lll 
• IIJ 
A ¡¡o 
A ¡¡~ 
.. 11 !> 
.~, nt 
A 111" 

' 11 ~ 
A ll" 
.. 1 21 
" ¡U 
1 UJ 

• 

1 



1 

' 
' ' ' ' ' ' " 

" 

" ' 
' 

" " " ' 

St.T I'"IWST APII¡HL 0CCVII•U•CE .I.T ll~E ZERO 
T,.A;I, • 0.0 
Ctllloli•O,u 
1~ • IZ•l 
""IN SI~IJLATJON BIIANCI1 I'O!"'T 
CHEC-. E"-C" CI<ANNEL IN TI.I~N F~R POSSibLE OEI'AIITUolt.. 

:~ =~~ ~~~~~¿t~ ~:~ ~~~~ :~~~~~ ;Sq~:~~9 T:~I'~~E~,.~~ ~~~~~~~~~!VE 
IF A =EI>Aill IS ,.nT !TNQPII 15 ,O[o l"'AIIVI T11EN 1>0 10 OEI'AIIT 
St.T ""'0 IVALUE ~EEP MULf\PLE OEPJ\~TUIIES IN COOIPECT T!~E SEOUENCE 
SET • 8BtllHIII, 
uot .. I•¡,,. 
lf IT-..OPI1(1J ,GT, TNAIIV) 00 TO l4 
IF l11'otoi'II1JJ ,GT, SETJ GO TO 14 
SET ,¡¡¡ T,.OI'II(!J 
IVALUE • 1 
CONff-.uE 
1 •"!~ALIJE 
IF (,;ET oLT, 5118868,¡ GO lO 15 
CALL .HH~hC 
uiJTU¡J 
C.Al.L. ¡;fPA~T 
ON l"lt;Tvlllo filO" OEPu¡¡ Ct<fC~ SI"ULlllON lJ"E Li"IT 
IF ITTJ.~E ,G¡, Tl'"(J GO TO 13 
lNU· ti"" Sl.,UL •TlON RU"---PRINT f!RST TOtENTY TRilLS 
~¡ •••• ¡ 
11" (C!,JS[>lY ,¡;[, l,',QI GO TO lb 
N~~ • CUSlll~ 
GOT0¡7 
NAJI, • 2r 
UQ 1<1 1 " lo 'IX~ 
•llflt. !NOUlup lC .. (Jo Jh J • ¡, "11) 
CO,.PUTE '10URS I>O ¡¡UEUl FO~ SU><.,ARf PIIJNTOUT 
"IISÑ" • ~.O 
MA~(,¡.,;f.. • .. 
UU<!~"'"'lolQO 
lF l(l,"OUEI"l ,[Q, ~.~! bOTO 19 
"••Out ,. .,_, 

¡~ 4>1 • "-t 
~u MNSN" • MI<SNUo (XM•CUM<lU[ 1"1) 

IF '"~~<.lUl oLTo Q9) GO TO 21 
•l<llt.. INOUTo~él 

¿¡ IF INiLAG ,N[, 161 GO 10 22 
•"lTt.. !NUUTnil 

é¿ '" .... 
q l • : l 

C I'NlNI S'.!"MAIIT SUTJSIICS fOil lMlS NUIOíl[ll IN) CM~ .... ~LS 
•'<lit. 1"<0Uio~-~ IZo CUSEI<Vo TI"[ 
•olllt.. ¡•oOUTo SI IOAlUVE 

'""lA • ""'SNIUTI'<l 
•¡.¡JJt. !'10Ufo.r,l XMNTX 
A"Nir< • "RSNt<!XIl 
••Uf~ I'<OUTo·./1 U<NT" 
I'CUII~ • li(UMUIL/TI,.EI•lOOoi/XN 
oi<Jf!. <•<OUTo,&l PCUTJL 
t•AI 1 <' "I<S>lrJ'COSIA 
;..,¡Tt. l'>OUTo,«l >ms .... , CUSIAo CIIAil 
AITI'"I:. • III,.E•lNI-CU"UlL 
CIOLt; "' 4lii><E•cosrs 
•>lilE. ¡•,CUTo~ul AITi,.Eo COSTS, CJO\.E 
rcoo;. • CIDLt•c•~ll 
•OIITt. 1'<0UTt<;¡) TCOOP 

"/E 

'" QUESIM 

• ... • "' • '" • "' • ... • ,,. • "' • '" • "' • '" • '" • "' • '" • "' • '" • '" • I4U . 

• ... • "' • '" • ... • '" • ... • "' • ... • "' • "' • ... • '" • '" A ·\5 .. 

• ,, • '" • "' • '" • '" • "" • "' • "' • '" • ... • '" • ... • "' • '" • "' • '" • "' • '" • '" • ... • "' • . " • m 
• '" • '" • ... • ... • '" • '" • ... • '" 



'" COMPUrE R MOi,¡;LS 

' ,, 
' 

' 
STOP ~UN lf TCOOP l'<C"(A~h• r~o,.. LASl r.m. 
lf I!COOP- ,Gf,, liCUO~¡ (,;t) lO 1 
STOP RUN lf ""~H<UM o;U>t~EI! 01' S[RV[IIS Rf~Ch[l'l 
Jf 11< ,\lEo i'Ul$1 GO ro 1 
VPOATE NU~ij[Q Of CMA>tli[lS ANO CU~RENT TOlll C0$1 .. . .... 
~COU>' • TLI)OP 

C R(TU~N foil NO:U IIUif •fTH MORE tiUN'I[LS H>J 
1>0 Tu " 

' " .. 
" " " " .. 
" " ., 
" " " " " ,. 
" 
•• ., 
" ., .. 
" .. 
" •• .. 
'" " 

fi)II>!Al 
fUIIIIKT 
fURI'IAT 
fUR>o!Al 
f UR"A T 
fOR,.AT 
fOIIM"T 
f OII"A T 
f ORHA T 
fUIIHU 
FUIIMAT 
f UIU1A1 
i'UIHUT 
f UIII'U· T 

·FOII"Al 
fORMA T 

¡LSI 
i' IIRHAT 

1----J 
hiRM•T 

II<INEI 
FUIIM~T 
i'QIIjo¡AT 

i'URMAT 
tl;liiMAT 

" f 011>1.0.1 
fORMAl 
f UIIHA 1 
f UllMA f 
F UIIM~ f 

1 f9,¿) 
fOII"A.l 
fORMAl 

'"' 

tlOhl 
llOHIPIIOGIIA" UU[SIM fOil oiOA•l 
llio9lofS,ooSXofS.~oSlof)oOl 
{IAM liiiiJVAL TlPE ol!o611 IIU[ • ofdolt&~ COST •of8oll 
lllfS,JI 
IJH o!Ao¡>8H AIIIIIWALS II[A() IN A$ fOLLO•Sl 
!1>< oiZfSoOI •. , , 
(J101'4"5[11VItf lYPt ol\o'IH T!HE_ o oF8,lo6" tOST •o,8oll 
111'4 oll>ol81< SEI'IVIt~S RElO !H lS fO~LO•SI 
tlJo~ltl\o9XoFSoUI 
liOH NO, Ct<AHHEL~ ST-IIT 0 1\o~H HAl olll 
OGH >1o\X TI~E oFOo~l 
\3SH ••••ERROR IN OUESIH OllA CAIIOS••••t 
1351'4 ••••COIIHEel OAT- -NO TRY AGl!H••••t 
OHOI 
IJ\H•FIIIST T•EHT' OCCUIIlNCfS FOil ••oiloi~H'•SEIIVJeE eHANH[ 

t!H oFihltlXo'iFSol) 
l~OHu•••wAIINJHG••••DuE txeEEOED PIIDGIIAM LI>11T OF 99•••1 
t•BH••••~AIINJNG••••Out QF DATA BEFORE TIM[ LIHIT••••I 
lbi<QlFTEIIolbo6H liiiiiVEOoFbo~oTH SERV(~ofb,~o!IH 11>1[ UNITS 

ltJH 
li:JH 
l~l" 
123>+ 
tzgH 

IIUfU[•MA.Hilt>< L[NGTH •ol71 
•01ElN LE,.GTH •oFToiJ 
•M(AH ••tT TI01[ ••FT,JI 

SCII~lCE UTJLlllllOH •oF7,¡oaH P(IICtN!I . 
COSTS•wAIT 1"' DU[U[oFT,Joi\H UN!TS -T ~oFboZ••H • •• 

t7Xo¡)MIOLE SEIIVICE oF7,¡o\JH UNITS Al ~ofb,zo•M • lof9oZI 
IIXoZ•IHOUL COST Of DPflllTIOHSolbXtl"''~'io21 

SU~IIUUTJ~t liiii!Vf 
COIIMU,. ALI'Hlt!Uio AHUifo AIII500Jo lR~Rlo ARI!f,., CH)l~o lO! o eUMOUEC 

IHO!. CU.,UTLo CUSEIIVo DEPAT. OEPT~o ¡, IUSliiVo IZo KAo KCUSo KSo ~ 
Z• Nf~AGoGUEli(•S~UM, SIIIS~Oit STATUSC~Io t, Tl,.Eo TTII<(, TNAIIv, TNO 
31'11191 . 

e TH!S SUHHOUTINE ClLLED Wlf[,. ~N AIIII!YAL !S T~E NlXl DCCUIIANCf 
C 1T Ú"UlTfS T"E TtME SPENT IN QUfUE 
e IT U,..UATlS h<E CLOCK 10 !Hf TI"'E OF llfE 1-!Eo AllllluL tPAEVIOUS~l 
C S~LECilOI 

e 11 Cl1HKS fACH eHANHEL TU SEE lf THE H[W d~IIIVAL CAN lfEG!N SEAVIef 
e lf A ClfAN,.fL !S AVAILABU Il QQES TH[ FlllST PdiT Of Tl<l 
C UlPAIIl Pllu(fSSli<G úTHlll•lSE lT ltlOS OHE TU lHE loiUEI.Jf 
e LASfLTo IT SELECTS THE lU<E fOil TriE I<EU AHIIBAL TO OCCUil 

" • "U(UE 
e enECI'. Lf .. (>l" OF 0\I[UEt lf OV[II 9'l HDLO Al 'i~ 

1F lt1 .LE. 9~1 60 TU 1 

' 

' 
,,. 

' ~ ¿¡ 1 

' "" • "' • "' • ••• • ,., • '" • , .. • "' • ••• • '"' • ... • ••• • "" • '" • '" • "' • , .. • "' • '" • '" • lO~ • ,,. • "" • '" • lll • '" • "' • ;¿¡:> 

• , .. • "' • '" • "' • "" • '" • '" • '" • '" • , • '" • '" • ,. • "' • l)U• 

' ' ' ' ' ' 
' • 
' 

, 
' • 
' ' ' ' ' ' ' .. 
' ' ' ' " " " " 

,. 
' 

,, 
' " 



' 

• 

' ' ' 
' 
' 
' ' 
' ' 
' • 
' , 

" ' ' ' 

• 
' 
' 

' ' • 

" " ' u 

' , . 
' " 

" • 'l'il 
uPUAH. HOuRS SP[Nf ¡,. OulyE 
CUHUOf.!H+l) '"CUMQU[(Ho)lolNAI!V-TIHE 
UPDA H. CLOC!\ T!"'( TO NElT AIIIHV4L 
T !HE • f,.A~V . 
l,.t<[CI\ E..I.CH CH.t.N .. Ho ¡f SU TUS • O 1T 15 AVAILAtiLE 
uo l.t. .J " [t .. 
IF IST4TUS!Jl .GT, g,ol 60 TO 11 
l.!U f HIST PAilT OF VEP.o.lll PROCESSING 
STATUS!.Jl • \,•. 
t.O TO l~t3o4oSh !\S 
POISSu" SlRV!CE lhTE 
N • l<<oNOIOI 

1 • .. ti S !OtPIIT•ALUG !IU 1 
o;;u Tu 1 
NtGA 1 1 ;t[ UPUNEtHUL SE AV ICE TIME 
N • IU .. Ol~l 
T • .l. ti S WEPTM•ALOG!R\1 
f>U TU 7 
CU,.ST.""T SEIIVICE TIME 
1 • .,¡(PT,. 
l>U TU 1 
HtAÚ-IN SUV!CE Til-lE 
IUSl";t • !\CIJ'>•l 
"V" • sNu" 
H 1 luSEHY oLEo NUI'I GO TO 6 
.. ,~.. ....... 11> 
1 • tol>l>l>l>l>o 
<•U tu r 
T • '>11 1 IUSER~l 
:t.tT 1 !HE Uf .. ElT 0[P6RTU~E 
INUPoq,JJ • T["E•T 
STOH<. F IR'> T. T~EIHl oEPAIIIUHE TI"ES ¡,. CH 
.. CU'> • t<CUS• , 
[F I"'CUS ,bl, 2YI Gl) lO b· 
11 • J•l 
(HI!\I,.USo ¡¡1 • TNOPRIJI 
lVNf Houl 
CHt;C" !F UUT OF SINUL~TION TINE 
!F lfTIHt. oLTo INOPII!JII 00 lO~ 
ACCUHUL•Tl PO!OClSSIN!> Tl~f 
CUHUII.- • CUNUTL•T 
cust..:.~ • cuSE~V•I·O 
loO Tu 1• 
lNU UF S!MUl>TION UPOH!IoG 
~o-•ST UlPA~TU~E FOMC(U OUl U TTI"( 
1~ • T-!lt<OPR(JI-IT!HEl 
lF 1 1~ oGT, '"01 GO 10 H 
,,.,.{·.~ 

lt<UP"!JI • lT!I<[ 
LUMUIL • (UMUTL•n 
1o,;t Tú 1• 
H IJ ,Gl, NJ GU lO <3 
CUNTI .. U( 
.ALt. '""'""ELS ARE I:IUSTo •AOG O"'E TO To<f OUEUf 
UU[Ut. • ¡;jUEÚE • ¡ 
S~Lt.LT .AR~¡V~L TIME ISTO~E F!~ST T•UoTY IN CMI 
loiJ Tu 115o}'>o\1o!lllo IH 
I'OIS50N .AJ.I~Iv~L Tii'E 0\51~181JTJO~ 
"' ....... 0101 
T .. .AFI• • AIISIUIRTI<AAt.UOIIIIJ 
T .. AFiw • IOOAFIY•TI"l 

"' QUESIM 

" " " " " " ' " " " ' " " " " ,. 
' " " " ' " . ~ Z<l 
!l . Z" 

' '" " " ' " ' " " ,. " ,, 
" '" " " ' '" ' " " .. 
" " ' ., 
" " ' .. ' ., " .. ' .. ' .. 
' " ' " . " 
" " ' " " .. 
" " ' " ~ !H 

' " ' .. 
' " ' .. . " 
' " " .. ' .. ' .. " .. " .. ' .. 
' " ' " ' " " " " " ' , " '• 
" " . " 

?o 



"' COMPUTER MOD!B 
1 

" " " 

ll • IZo! 
lf ltz ,GT, 201 GO lO ZO 
Cto(J~, fl • ftJAII~ 
r.u Tu ~o 

" ?./ 

' " ' .. 
' 

,. " "· N(OAIIVE E~~O AIIIIIVAL Tl~f DISIIIJHVTION 
11 • >CANtltOI , ' 

,, 
" ' " '"'~ ' a .. .. 

. ' 

' ., 

TNAII• ~ AuSIARIIIIl•ALOGTIIIJ 
lNAIIV • lNAIIVoliM[ ! ' 
ll • ll•¡ 
lf IIZ ,GT, ~r.l GO 10 zo 
t"IL,, ¡l • TNAIIV 
GU Tu ZO 
CON~IANT ARIIIVAL TIMES 
TNAR~ • I!IIE•AIIIITII 
H • IZ•J 
IF lll ,G!o i'CI GO TO 20 o 
C"tllt J) • TNAIIY 
o.;o to z~ 

C IIEAD Jtj Al/RIVAL TillES 
¡., ll • lloJ 

"UH • ANU"' 
IF CIJ ollo 1JU"'I GO TO 1'>1 
Alltl.o!l i 711711, 
NfLA<> a 71> 

¡.. Tr.AIIV a All ¡ lll 
lf tU oGTo Lol GO lO ZO 
,.,¡¡¿, ¡¡ • T•~•Av 

¿~ -~~TUII" , l 

"" 

. ,, . ,, 

• 

' '. J 

" 

.. 
' 

C014HU"o ALPHA¡I0¡ 0 ANVI'io AII¡~00¡ 0 AIIIIIIT 0 Al/liT .. , CH¡lU 0 IC¡ 0 CVO\QU[¡ 
IIUOlo CUHUTlo CUSU!yo ¡¡[Pillo DEPTHo ¡o JUSERvo IZo J';.Ao II:CUSo liSo N 
lo h~LAGtOUEUEoSNUHt S1'1!5~0lo 5TATVSI9lo To TIHlo fTIH[o TNARVo ftjQ 
3~11191 ' • 

' ' ' ' ' ' ' ' ' ' 

' ' ' 
' ' 

' ' ' 

IHIS ~UuiiOUT!~E PROCESSES TME OEPAIIIUIIE Of fV[IIT·CUSTOMEII 
11 U~~ATES THE HOOIIS SPENT 1~ THE OUEUE 
JI UPDATES THE CLOC~ lO Thf ~EXT OEPAIITURt: TIME IP~E.VIOUSLY 

SlLE~TEOI 
1 T Cntc~S ThE LENOT" OF Tnt QUEUE 
IF NU CNl ¡N OUEUE IT sETS T~[ C>iANN[l.AT AH tOLE ~TATUE HMI$ 

~lPliiiiJII[ ~A5 PR[VJOUSLT PARTI•LLV PIIOCE5S[(l EJTh[R Al 
Ai<~IVE O~ !IV l PPIOR PASS ThiiOUGM O[PAIITI 

lf A YUEuE. EllSTS ThEN TA~t ONE FIIOM TME QUE~Eo SET ITS OEPA~TURE 
lilo!E.o S~T 11<( CHlNNEl Al A BUSV STATUS ANO RETU~N 
M • VUEUE 
ChECK LENGTtl OF OUEUEo lF OVE~ 99 HOLO lT ~9 
JF (M olEo 9~1 ,GO lO 1 

.... '09 
' 

UPOA!t: TME M<<URS SPE,.T IN OUEUE 
'UH~U[CI'I•I1 • CU .. OU(¡Holl•TNIIPR(I/-TIM[ 
uPUAIE ThE CLOC~ TO "E.ll OEPAIIIUII[ lJiol[ 
fll'll • t~u~lltll 
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, 'J" CoST " ,\1 sCHEO~LE RULE 3 
1 sor 1 

fyPf?i>,..~= 

fT.<tl! C.Li"'l ~ 

'" 
FJFIST TW(NTY OCCUHDi:liCE~.F"f\FI 1 SERvtCE Ck•fll~ELS 
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,i.RillVAL ------uo?~llT"''F Tl••E AT C"~"''" .. L t.~•""Eil·-----
f_l.;.E--- O~>' 1 ~u T«'l(f Fo\1~ l'"fVE SH Sl'VE~ F.J(.;Hl N IN~ 

o 2.~ 

.. 6,0 .. , ... 
?1'>,2 41 -, 
40,6 s.; .. 

1?8,2 1<'~, 7 

1~5.6 1~5." 
I4B,o t~s.;.o 

I•S,o 1'~2," 
184,1! 2\'J, ... 
2;0,1 2<'3," 
221.3 23h, .. 
223, e 237 7 
243,3 ?55'4 
2••... 2~ó·l 
241'>,7 257: .. 
2•~. 1 z5«, ~ 
2<l2.2 317, ... 
3•6,6 32t.,'o 
Jlo,<l 326,.., 
37 •• 1 412,1 
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• ~~ Cosr • SC>•EDULE ~liLE 
ii<A~L/0 .. 1 

SE~VICE TYPE ,- "'"~ = 1 ~, ·~ 
fl~EU CU.:ol S ¡,.ro~,') ·" 

6000 

FI~ST l~ENTl ,',cc"~"E,·ICE~ .-..,~ SE'IoJICE C"hJ'lELS 
~RR!VA.L ------•l<"i'.l~T""~ ll·•E ~T c .. ~N·•~L ~''"'~ER------
Ti><E·-- ~.o~• t•n TitHF.~ r(IU<> rtvE s¡x srvr~ EIG,.; Nlt<E 

o 2. " 
?6,0 ., , 
" 2 "S •"' 
4 o: 1':> 5¡, ... 

12'A,2 }\13·~ 
IJS,t':> !'19:~ 
l4B,o 2ú<l,7 
148,0 22Q,J 
184,8 ?." 7 ... 
Zoo.I ;;!'o7,"1 
221,3 21':>3, ., 
Z2J,o Z7t', "i 
243.3 Zll¡,¡ 
Z'o4,4 313, o 
246,7 3l'o,7 
249,7 3} 7 0 H 

292o2 3IB,., 
3,t>,B 32~-" 
3¡ o. <;1 J3Q, "/ 

'3'1'1•1 ~ 2\ • ., 

•FTER 271':> -"'"l'l" 27'< SERvEO 
CUEUE•><A~IMlJ!" Lt."t>TI-1 
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' •MEAto< U.M> 1 n 

•MEAN WAif 11"[ 
SERV!C( UTILIHI-.,UN 
•VERÁGE AllHIVAI.) ~•<t TT~F n·llr 
•VFRAGE SERVICIO 1 ["f. 
~EAN NO, IN ¡,..,_ ~Y<;T[M 

..,E,N TIME IN T"t ~~STE>< 

COsT INFOR"lTI!l•< !lo Cli'E"-"fl0'1<; 

1 • '' 
22·~ 
7 4 ,~ I'FRC['-JT 

.r.~oo 

¡6.)2U:> 
¡, 711, 

1flob)74 

COSTS•WAIT Ir."'"''" ~o><;q,<; 'INITS AT ~ .\1 
sE~VICE COST "-"""~"l.[ 'I<;•U •m!TS.-T \ •l> 
sE,•¡ICE COsr •l~<.U )Jnn,•J'J .lyt' 1 C"'AN~ELs 

TOTAl. COST OF n~c.W•T¡O'l~ 

• ' • • • ' 
' 

IO<'I':>·e~ 
36•57 

IOOO,Go' 

201':>3.37 



ANAI.YSIS or JU:SIJL'fS 

l. 'fhe threa .ahernaüves av.alla:>le to Rio V.o !ley &hct.dc Co-op {huein referred to u lU<>l 
are• 

"'= V<1riable rixed 0091:/ 
aervice COSt/ simulation 

lltt •. 'a te unit '"" Deocdpüo~ 

~' " S,ll $1000 ••• pre.U= truck ,_, 
" ·" 1400 ~· deluxe truck· ,_, 
" ·" rooo M prWuo =~· 

For all the altern3Üve9 tho> FCFS priorit'Y rule """ use<! and the dDJhted runs were for 
6000 10inut~s. 'l'll~ r~~ults !or the runs ~...,, 

,._ f!e;m 

lenqth "'ait Scrvl~c Co~t V o r , rix 1'<ltel 

'"''. Quau& ,~. Útil. waü cor.t eost cost 

,_, 
'·' 21,5 74.2\ $987,U $36,18 $1000 $2<123, 211 ,_, 
·' 11.5 59.4 529,42 45.42 HOO 1975.22 ,_, . ' '-' ]7, 2 51.25 J6.H "'" 2087.611 

rroao the runs Rio shoul<l choose aHernaüve A-2 as it hu the lowest total cost, Ho'""""• 
if tho Rio Co<rq;>any is pl~nnim¡ te grow it miqht prehr te choou altarnative A-3 dnca 
this alternaüve ttas th~ 10\.'est servic~ utiluation and thus would allow for tho most 
<;rowth (note the very low wa.ting cc5t as eompand te ahe>:nativea A-l and A-2), 

2, Th8 lower cost cf tho prcni"" truck dehnitely chano;es the .optimal con alternativa of 
quution 1, The alternaüws now availablc are• 

'· 

llun Vdriable Fixe<l cost/ 
oervi"" -·v s101Ulation 

Al t. uta uni t '~ O..scriJ2tion 

• ,_, 
" • ~.10 ' 000 -~ preJIÚ.un t.rucl< ,_, ·=· ., alterna ti ve ,_, 

~' " ·" 1600 '~ ·~ premiUIII trucks 

''" rnulu ,_, 
"" COIO¡>Utar m~ are' 

~= ~= 
lenqth W.:tH Service Cost ,u. f"ix Total 

Alt. Queue t ¡"" Utll. wait ccst cost · cost 

,_, 
'. o :21,5 74,2\ $~67,12 $27,12 ' "' $1Bl4, J2 

~' . ' H. 5 59. 4 529.42 4 5. 4 2 HOO 1975,22 ,_, . ' u J1. 2 51.25 27,40 "00 1678.65 

C1early Rio ~h~c:ld _;.•J••ct ,_, 
" " 

,., 
" '"' "'" lm,.est oon and beco""" "' ~ '~ ~...-vi e<> Utllco .• :co" ,_.,¡¡ lllow '"' "'" greateot G><pansi.cn. 

Th~ altarn~nv,. 

arrival r~t·' '•'·'" 
fcllOI>'"' 

.::- 1 • '·- ' . -. 
"--' ,. '; .. ¡ 

~nd C-J "re 
lrc•n l to 4 

u A-l, 11-2 ,• o.nd A-l, ln these run8 th~ 
(Poisson), Ttte r11aults o! the runs Ue as 



91, B 
19,8 

'-' 

9S.O\ 
79,8 
49.9 

~5C68,55 

12S5.BJ 
137.50 

~-~~·4 
6~.6J 

51.60 

)JQO~ 

¡.;oo 
2000 

~-~138.30 
Hl o. 62 
<189.10 

. '( ;; 

AlternaUve C-3 is the bcst selection. Thh b d~e, u ~-as r.>cntioned in pan 1," to the 
tact ·that the alternativa C-3 had room for c~p.u;sicn ,.;,¡le t),c ctl>ero were a:ready boift<J' 
hiqhly utilized, There is still <:¡~ite a di.Cf~rcnec bc:;;:ecn thc ~·ai.ting til:>e rost. 

4. In thh part ~-e are ul<ed to COIO¡>are the result cf part ¡ usinq the ctller too piiority 
rule~, SOT (D-lS, D-25, :o.nd D-35) and AA!lOOH (D-IR, D-21<, and o-lll), T~• results of U>• 
computer runs ~re shown below• _ 

Alt. 
"'­length 
Oueue 

'·' ·' LO 

·' ,•' 
·' 

21.5 
19.0 
22.3 

ll, S 
10. e 
10.7 

Suvice 
util, 

74,2\ 
74,2 
74.2 

59.4 
59.4 
59,4 

37.2 
31.2 
37.2 

Ccot 

""h 
$987,12 
a73.Sl 

1026:80 

$529.42 
494.89 
493.38 ., 

$ 51.25 
51.01 
52,84 

$36,18 
36,18 
36, S1 

$45,42 
45,42 
45.42 

~36,44 

35,44 
36.44 

Fix 
cost 

SlOOO 
-1000 
1000 

$1400 
1400 
HOO 

$2000 
2000 
,ooo 

Total 

ro" 
$202).29 

1909.70 
2063.37 

$1975.22 
1940.32 
1935,81 

$2087,69 
2087.45 
2089.29 

In the first set of altematives, D-lS h the but selection. Thh 1s due -Fri.<la.dly to Ule 
fact that t:he mean waitin9 time is less for the SOT rule since We ahort:er ~ol>s are "orl<e~ 
on !int and qotten cut Of the syste,. quicl<ly, 

'!'he runs using thc deluxe trucJ<, o-211 11ave the best .-esult. llera tlle ran9e "U not 
n .. arly 46 "'ide as for th• single premi>.n truclr.. 

!n the case of u,;, t...o premium trucl<a (A-~. D-3S, and D-JR) the rlm usin; U>e SOT 
rule gave the best reauHs. The best "xplan~tion for this is tl>at because o! tlle l~e 

• IIJI'.O\ltlt of slack in t}-.e aystem (35l udlization) it re'ally <!oesn't "'""• too much diHercn<:e 
\olhich rule is ~sed, : .. _ 

D-2R has tl.e 10\o1est cost of al! nine run•. 'I'his indi.Catu th&t under present condit.lOIUI 
elle deluxe truck would be tl>e b<st selection and tllat the RA>Ioctl pricdt:f rule should be 
used. In actuality tl>e """'f'a.~y·s!".ould probably select the deluxe truck and use a OIOdiU<>d 
sen rule (such sor beween 8am a.~d Sp!ll, all :jobs in QUE:tiE at ep .. en FO'S until 81DO fol~ 
l""'in9 moruing). 

CONCLUDWG RI:I-lARX5 

Ft<>lll the results of the run, the folla.'in'> "cnld be reCODDOnc!e~ to Rio• 

l. l! Rio exp-ects the ardv~l rate of edls te rellláin a:.cut 3/hr, they shcul.d b\r¡ t.he del"-"" 
t:ruck, provi<led the pre..J.,. 1s r.:>t ~vailable at the re<lueed reu. 

2. lf arrival rate is expected t<> in=ease, buy the tlo':> premi~ trucl<•. 

As is sugqested, the t;o.~o premilllll tr1Jcl<s are pr1>hably 'the best sehcti<>n all a.-cund. One 
majcr reason for this \o1Culd be that if O!le of thu trucks brcke down, the other "'""1~ still )>e 
Ml<> to mal<e s.orvice calls. 

'" 
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PROGIIAI< IO•tt.t,t, 
f.IAIICH 1 .. 1? H J 1-l.>IS'~;.,. 

THIS V~~~ ION fC~ CUC Jlt3 
DICT!Ut"'"'' OF VO.~I~tl!.t'.O 
AlTIHE. Y!iE "UU!!S or SYSrF.'l 1\>t..!:; HI<Z ~ Tr>l;'>!. 
.~<NliHoSr.u,. tlUHtJtl< or R(AUS !f.o A•H•Iv•LS A,,;, Si::I<~IC~ 
AAC!J~O) AN AH>U,V O~'nt;.ll It. Ao<~lVAL lJH(S 
ARR Rlo~o<A TH THE AR~IVAL RAT( ANO Ti~~ 
Cli All A>l>l.fi.Y OF AARIVA!. >1P<U SERVICE ON FIRST 2U CUSTO~EIIS 
t::Hlll!: TH[ l:UST 01' [y[Tf)l !UL.E Tl~E • TDT.ll 
CUHUUEIIu~l AN A+<HAY "H)CH STOII[S JOt.E CI.ISTOIIE~ HOU\1$ 
COSTS. TH[ CUST P[R TI~[ UN!l OF !OLE SEA~ ICE 
COSU THE CUST PER TJOI[ UNLI OF !OLE CllSTOI<ERS. 
C:US[HVo~~IIS THE "UHI:I(A OF CUSTO,.t.t<S BEING StH_VlO 
C'oOAIT THt: cuST UF CUSTOI<(fb 110~RS IN QU[IJ[ - TOT.\L 
O[p RToUt.p ¡H JH[ SERVICE RAJE ANU HEAN llURAJION 
HRSNO TKE t<UUIIS OF CUSTOI"E" T l~E Jt< UUEUE - TOUL 
IoJ THE OlANNEL 1\UMSER llt.JNG PIIOCESSlO 
IZ NUM~t.~ CF AIIRI~aLS ~H!Ch NA~E OcCU~[O 

!<.\o!<.S OPTJVN COCES fOil Allllt~ALS Alm SE~VICE 
N t HA lS B[li 1 I'<N ING t MA ll NON t<UMH[Il . CH AMN~t. S 
PCUTIL THE ~tRC[i'<T ~TILIZATION QF Tk[ SlRYIC~ F&CILITY 
OUE THE NU~M[II OF CUSTOMtHS IÑ QU[U[ Al ANY PC!NI 
S>IISOQI AN ,1,HIIAY UF ~[AO JN StHVJCl l¡M[S 
TCOOP TtlE IOTAL COST OF THt. SYST["' 
TIMEofTtMF CI..UC" T!M[ 1MAl S['<UL~TJO"' TIME 
lNA>IV THE t.~T[ST ARIIIVAL TIME 
TNOPH THE utf'.o.RTUHt Tlr-!E O• lHE LAl[ST OEPAIITUHE 

"AY lit SET 41HIFICALLY ~OR PHCGRAH tffiCIE"'CY 
lMNTNoAMNfl MEAN •AIT TJ~[,M[AN NUHI!(A IN UUl 
AVA>IAA AVE...rAu[ ·aRRnat.S PEA III<E UNIT 
AVS[RV .o.VlH•~>E SEIIVIC[ flH[. 
A,HN¡S MEAN NO, l'< T~E STSTtM 
AMlJS HE"N liME IN TH[ SYST~M 
VCOST . TOTAl. ~AR!ABL[ COST Ut OF[RATJCNS 
VCOSTS VAHJ•HLE COST PER (rt<¡ 1 
!'COST TOhL Fl~[O COST Cf O~ER.r¡Ot<S 
fCOSTS fllf.U COST PE~ U~Il 
uSVcl AN AMMAY OF CUEVE~ StWVlCE TI HES 
IIAt.ILE Stn[UVLl llooLE CCil[ !¡•H.o."'OOH,2=FCFSoJ•SOTI 
C0MH0N lt.PnA!IOio•~Ono~IIII~To•RIIT~tCh!20oiUioCUMt.ol[oCUSE.HVoOEPRT, 

1 Ot.P'T"'• 1, 1 USt><V, 1 l, ~A oiiCUS o K S,,., "'FLAG, SNW"'• STA TUS (9 1 , T 1 
2 ·TIMO ,TTIME, T"AIIVoTNO~II (.:¡ 1 1 AV~tiRA 1 A~SER';oAMt<lS,Ai"T JS, 
J Vt,;u<;T, VCOS T ~ •fCOST • FcOSTSo K>lULE, 1 QUE ;cu~<Ot;E.! 1 ·o¡¡ ,· 
"u~vcltiOlroaM!o;,~DHS~!SOOI • 

(OMMON lu.TAI l[r.u 
OAlA lh.~<o•~nSTOf'l 
ISTOP"lt,.·· 
NJI'<:t.a 
NOill"'t>l 
REAO Ai'<U <>IIINT Ustn Nf,n[ CallO 
ccr.r INUt 
II(AU II'<I~<•J\11 IL~nA 
~IIITE l"u"I•Ji'\1 IL""A 

!F (¡LI>nAilloL•<ol~l·ll>l (ill lO J<ll 

• 

¡:¡EAO A"'U l>lli"T ~""lvM. '.•AlA CA¡¡U "NL.I SCnUloLE 
,J<(AO ¡,..¡,.,JJJI ~ .. ,.~~"! ,CCST\,~~Ult,A~U .. 

lo<R\Tt l .. uo•l•J•)I A~•~"·'~I,CHTH~"Vll 
¡F I~N,Lf.!l ¡,U 1•1 l,¡ 
¡F '"~•(,T,Iol "" ho ~1\ 
1~ (A,. LEoLI•I' ··: l1 <q 
lf •~""Lf:. ;1, •' ·• '" <~l 
l>U Tu <d•.\lt.llo '"·LE 

CO,..Tii<L~ 
~>liTE (,.U·•I•JSII \, .. 

RULI:. COOE 

' ' • 
' ·' ' • • • • • • • • • • •• 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • 

' ' " ' '· 
' ' ., 
' ' lO 

11 ., ., 
•• ., .. .. ., ., 
" ,. 
" " , . 
" " " " " '" ,. 
" " ,. 
" "· " " " " •• ., ., 
" ., . 
" ., ,, 
" '"' " " " " " " ,, 
'" " " ,, 
" ,, 
" 

• 
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GO Tu ,¡ 
JJ (Ot,TI~Ut 

•~<llt l"ullloJbll 
GU Tu d 

<oJ CU"'T i"U<. 
~lllll '"'JllltJ7\) 

C I<(~I,J A~KIVA~ STAT!~l!CS 
:>1 CQt,Tit<IJ<. 

H '~"""•LE.u.ul c.,o ro 11 
"u"·~"u" 
All"llla¡,.,.., 
~,. .. 
~·R!Tt I'"UIIlo)Q]l NUM 

Ir ¡,..,,~.GT.SJU,OI GO TC 291 
II(A[,) I~¡",J~JI IA~IIHI•Jot,UMI 
•RilE li.U'IIo~OU I"RIIIo!•lot.IJ~I 

OU Ol l•c,t,u" 
J•l-l 

lf lou<!Jl,GT,A,.IJJI GO TO ~'ll 

01 COI\TI"Ut. 
C SEI Ai-<IIJ~~t.l TIME Al !WERSE OF ARwnAL IUI( 

7] COIIollNUt. 
If l"l<kAT,Lf;,y,ul GO 10 2'll 

AII~]Mc], Ll¡AARRT 

C PEAO At,u ~RJt,f SEI<v!CE DATA CARO 
REAU INI"•"lll ~Sou(PHiofCOSTSoVCU:.ISoSNU~ 
~IIITE I"Ut•lo42ll ~~oOEPTM 

.. R!TE 1"u"''"Jll ~-~osts,ucosrs 
JF I~:.,EQ,QJ GU ¡O 291 
lf I~:.,GT,41 GU TO 2q¡ 
¡f ''""'"•L(,O,UJ GO TO 'll" 

NUr•SNU" 
ill:. PT 1< • 1 , <::>A 
~s·• 
.. ~tH. INUitlo4"!l .. u .. 

¡~ l""~'"•GT.S~O,DJ GO lO 291 
R(A() lt.1"d~ll IS><I!l!l•l•"V~l 
.. ~¡ 1~ I,.UU\t40U 1~R1U ti~\o~UM) 

LlO !!l l=I,"U"' 
!F ¡,..,¡¡I,LT·~·ul GO TO zq¡ 

1!1 C0"TI"1Jt. 
e SE! St:.~•lrE !>ATE Al JNVfRS~ !lf St,.VICE TI"( 

'<¡ CO"TI"Ut:. 
Jf lut~>llloLE•V•ttl GO TC <!li 

IJE>'RI a 1, ~.rOEP 1" 
C P(AO Sl•HJLAl\0'1 CU,.TROL CA~O ~,.0 >'><i"T 

REAU lt.¡.,,~s¡¡ "•'""~~oTTI•E 
wRlTt '••uulo~bll •HMAXSoTIJ~[ 

C C"tC~ S¡.,uLAilO,. "l!N L!~JIS 
JF ¡.,,,Q,,.¡ GO 10 ~~\ 
)F l"'uS,Lf,Nl \iO TO 291 
!F III!~E.L!:.u.lll GO TC 2<1\ 

e .E"Ll OF l"l>lJT HIA I.:H[C"< 
BCU0>'•~~~<>'<\1, \1 

e Sli<IJLAIIU" O~ A G!V[N NIII'I~[R OF CI1ANNELS IN) llEGJNS H[R( 
e !NlllALHF SYSH." >0>< "lfXI SI~ULAI¡t.IN RU,. 

lo! eO .. T!NUt. 
Ti"E*U•\1 
TNARV•~.~ 
J~U[m¡ 

cu .. uTL•u.(¡ 
CU~lRV*U• ,, 
ll• o 
~C\.JS"O 
NFLAG*O 
JUS[><V•u 

"' 

?f 
'" ... . " . " . " . '" . " . " 
' n . '. . " 
'" o H . " . " 
A ao, . "' . " . "' . " . " . " . " ... . " ... . " . " . " ... . " . " . " . " . " A 100 
A 1 O 1 
~ 102 
A 103 
~ 1 Q4 
A !OS 
A 10~ 

• 107 
A 108 
~ lO'l 
A 110 
A 111 
~ 112 
~ 1!3 
A IH 
A ll!'> 
~ 11 ¡, 
~ !l7 
• llB 
~ ll'< 
A 1<!\1 
~ 12l 
~ 122 
• 123 
~ ll4 
~ 125 
A l 2 ¡, 
~ 1 <! 1 
~ l2B 
A 12~ 
A !JO 

/ 
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' "' 

' '" 
' '" 
' "' 
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,,, 
' 
' 

' ., 
' ' ' ' '" 
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' 
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SET=AAthJ 1¡23'-!:i. ":' . ..,. 
110 111 t~•lolOO 
YS~CJI~J;,.,;,O 
CU~VUt¡-H¡~OoU 

COI<Tl!I.U~ 
UET~~ ... .,E SE:A~IO::t Tltlf:: FQR Ht( ¡SI ARRII'AI. 

GO TU 112ltl3l•Hl•lSilo 1'(5 
POISSQ,., S~RVl'CE tuTE 

e 'JI< n" uc. 
ll•liANI.II U o q 1 
T••IISIOc."'~T•ALOGI¡¡ll 

GO TU ¡e,¡ 
N[GATJ~E EXPQN[NIIAL SERV!CE TlMt 

tOf<TII<Ut 
R;RANU 1 ~o q¡ 
T)"AIIS lOt~TM• A\.OG 1111 l 

GO Tu tt>l 
CONSTANl SERV!Ct TIME 

cor.ur.uc. 
T•OEPH• 

GO Tu Jt>l 
REAO lt. ~ERYICE TIME 
cor.t rr.ut 
T•SRlll 
CONTI,.Ut 
QSVCT lli•T 
00 171 L•Joli 
TNOYiil\.1•9~9999•9 
STATUSILJ,.O,o 
CO"'TI"Ut 
00.¡81 i•¡t20 
00 ltjl .J•lllO 
cHllo..tl•~.o 
CONT INI.Jt 

---. ·--, 

PRINT Ht.lll'liNG FUR ,liESULTS 
-RITE lf'<UU1o'>711 N 
lrRlfE INUlllo4llll 
lriHTE INOUio~9ll 
SEl FIR::d ARRIV4L uCCURANCE H TIME lERO 
TNAR~•U•O 

CH(Itllao,U 
Il•Il•l 
MAJN SIMULAJiON II"A'ICH PO!~T 

CHECII uCH CH~NNtL ¡N TUR~ FOil PuSSI9LE DEPAI<fi.J~[ 
IF o\LL i,;HA~Nfi.S AME !OLE !TNQPR • .. ~qq9<;1.91 lHEh 1>0 lO ,\HR!\IE 
!F ,\LL O.:ruJ'<NELS ""t. oJUSY !HUIIV !S •GE• Th[IPRI 11<(1< 60 TU ,o.RR!\IE 
!F ,\ 0(0',.<>1 IS NEAI !TNQPII ¡S .GE• hlRYI Tr<EN r;O lo QEPAIIT 
SET ANO tVALLIE 11[~0' I"ULTIPLE OEI'AI<IUR[S Jh CCRRtcT T!I•E S[OU[NCE 
CChJlt<I.Jt. 
SET•t!~~"""' 
00 201 i"l•N 

!F !fr.I\PR(i),GT.TNARVI GO TO 2Ul 
!F ¡¡,.,nPRI!IoGI.SETl GO TO 2~1 

SET•TNO,.H!II 
IVA!.Ul•l 
COioT l"'Ut. 
l•IVALI.Jt. 

!F !:.t.ToLT.888<1<18•1 GO 10 211 
CALL ARHiVE 

GO Tu !'11 
COhT l t<I.Jt. 
CALl Ol"~PT 
ON REli.J><"' FIIOM UE"ART CHEC~ S!~liLAIIO'- TIME LIMII 

lf lflJME,GToTI"EI GO lO ¡q¡ 
[NO Of :.J~Ulal!ON HUN···P~!NT Fir<:.I T•ENIY lklALS 
N!•N•J 

m 

~ Ul. 
• 132 

- 13:!! 
" 1 J ~ 
:. l Jtí 
• 131!> 
• 1 J1 
• 1311 
A !H 
A IU 
1 1 ~ 1 
J IA2 
A IAJ 
~ lA" 
A !AS 
• 1• t> 
A IH 
A Ull 
A !A9 
A ISO 
A 1 S 1 
A 152 
A 153 
A 1 S" 
A ISS 
A !Si!> 
A 1 S 1 
lo 1 S a 
• 159 
A li!>u 
• 161 
J l i!>~. 
A 163 
A 16~ 
J l i!>S 
• 11!>1!> 
• 11!>7 
• 168 
A !69 
1 17 ' 
1 171 
A 172 

- 113 
j 17" 
• !15 
~ 171!> 
A IH 
j 178 

- 179 
' 19 ,, 

- 191 
~ 1e2 

' i6J 
J 1 BA 
A lBS 
• 186 
• 11! 1 
A lB~ 

' 199 
' 1'>0 
' 191 
- 192 
• ¡<n 
~ 1'\'4 
•· ¡qs 
• 1 'lt> 

1 
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"' 
, .. 
' 

"' 
"' 

"' 
"' 

' 

' 

' 
' 

' 
' 
' 

' 
' 

1~ lo,;u5~~V,Gl,~u.ol f.O T:l 2~1 
.. ~~*CUSt.KV 

GU Tu ;>Jl 
CU"li"'l.lt. 
r.~~•<!Oo 

CU'-1 illoGt. 
llO 2"1 J•p,.,u:: 
wi<ITE: (,.>Julo!>~ll ICH<loJlt~=loNlJ 

COt<T 1'-!Jt. 
CO>+PUlt "01.1RS IN oluEuE FO~ SU>IMART ~Rtr.TUUT 
HRSNIJzU,u 
i'IA~OUE•u 

DO 2ól "=?!liJO 
!F t,_u.~YU[II<l,t.IJ.V•·II GO TO ¡><;¡ 

MAAOU[a,.., 

C0"'1 lr.Ut. 
JlM•M•J 

HRSt,;Oz '"'~-.a o 1 X >+•tUMOU E 1 Hl 1 
COlo! l N U t. 

If '""~OUEoLl,.,YJ GO TO 271 
·wRITE lr.UIJloS!ll 
CO"TINUt 

!F I"~LAG,N[,7bl GO TO 281 
•1111[ INU\tlo">~ll 
COI<TINUt 
>N•N 
IZ•JZ-1 
llhll 
PRINT SUMMARl STAIJSTICS FOR TtOS r.UMS[R lNI CH.Ar.NELS 
wRITl 1"\IIOToSJ!l lloCU5ER~oTI'1E 
w~ITE ¡,.,,,,,,s,tJ ... xuur 
XMt<T X•Ht<~~~/ T !ME 
~RilE IN\.1101 o55l) AMNTX 
XMt< TM•Ho<~•-U/ A 1 Z 
~RilE lr<UIIl•~bll .i.MNP'I 
PC~T ILz 1 <Cl!>!LJTLIT 11'() •1 00, 11 ~N 
"~IT( IN\.IUT•~711 "CUTIL 
t .. A Ir•""~' u•tosr A 
f.lllMt.= 1 t¡I'EUN 1-CuMUlL ' 

COt<PUT~ ~vERAGE AMM!VALS PER Tl~E uN!T 
TZ•Il 
AVARRA=It/ll~[ 

~RIH. I"UiiloSBl) AVARRA 
tOMPUT~ ~vt.~AGE S~MVICE TIME 
~ V SE 11 V •C u,.U T L/Cl!St. M V 
aii!TE. INI.IIOT,S9ll .. SERV 
COMPUTE. MEMo NO. 1~ TME STSTE~ 
A~t< l S:~,..,T l • 1 AVA""a/1 1, D/A V SEIIV 1 1 
~IIITt. lr<uu1,b011 •~•1115 
COI<PUll "'>:AN TI!<~ 1'1 THF STSTE'I 
Al< T 1 S=A""l~•A \ISEWv 
wRITt. ¡,.u .. r,~l\1 ~ .. r¡s 
~~IH. ¡,.oJuT,~211 

wRIT~ l"Uul 1b3ll "~SNU 1 COSTA 1 C~AIT 
CO..,PUTE lt1UL V~~l-tlLE COSl 
VCOSl ~ o..••SE~v···\lUSTS 
CO"'PUH IOTAL FIXtu tOST 
•·e Os l•x .. •rcosrs 
I'~INT S<.JI',.~fH ~IJST l"FO~i'I-TICN 

~!liTE IN<JIIl•b4!1 CUSPIVoVCOSTSoVCOST 
WlllTE lr<UHT,b5ll >~OSTSoNoFCOST 
TCOOP•fo..UST•VCOST•C•AIT 
wRI rE !"IJuT 1b6ll TC00" 
STOP llUN ¡F lCOOP INCII(AS(O 1"~0., O..AST Rl!~· 

lf 111..110PoGEotiCUOPI GO TO ll 
STUP ~U., lF MAX!"U,. NUM~E~ OF SERVtllS FIEAC11EO 

"' 

;.r 
A 197 
A 19!:1 
A 199 
A 2011 

A 20 1 
A 202 
A 20) 
A 204 
A 2~ 5 
A 20b 
A 201 
A 20~ 
A 209 
A 21U 
A 211 
A 2!2 
• 21 3 
A 2 l 4 
A 215 
A 21b 
A 217 
A 2 11! 
A 219 
A 22ol 
• 22 1 
• 22:2 
A 223 
• Zl" 
A 225 
A 22b 
A 227 
~ ?21;1 
~ 229 
~ 23·~ 

~ Z~l 

- 232 
~ 2~3 
~ 2~" 

~ 23~ 
~ ?3b 
~ 237 
~ n~ 
~ ;>39 

~ 2H 
A 24 1 
~ ¡>41. 
~ ... ~ 
~ ~·. 
~ -~s 
A 24~ 
A 2' 1 
A 2• ~ 
A 2•~ 
A ¡>~U 

A 251 
A 251 
A 253 
A 25• 
a 25~ 

~ 25" 
~ 251 
A ?5~ 
A ¡>S~ 

A 2b'' 
A 2~ 1 
A ¡>~ l 



' 
' 
' "' 

' ' "' "' "' ,., 
"' '" m 

'" '" .. , 
"' "' .,, 
... 1 
AS! .. , 
.,, 
'" .., 
'"' "' "' "' 
"' "' "' "' "' "' '" "' "' "' 
'" 
"' 
'" 
"' "' '" 

JF ;.,,;<,~A.'' -·• 
UI'VAit. ""'"b<.iC Of L"A'• ·-' ~ ; •-
p.¡ do o l 
I!C U()>'•TL\It>P 
RElUI<h •U~ t.:EXT I<UN •11-< !<ORO: Cr~J.,..,LLS ;,.¡ 

GO J.,¡ ¡al 
PRINT OUI UAfll. E~><llR MO:SSAGE; 
CO"Tifi<Uo. 
wRITE INU\tlo61!1 
w~l TE IN\/111 o Mil) 
COI<TihUt. 
ldlllt: IN<JI)loógU 

FORMAl I!Ohl 
FOI<,..AT I?Oi'HPROG><A~ QUfUES FOR tlUUI 
FO~MA 1 111 t 9X tf ~o O 0 ~X 1 FS, O 1 SX o ! 1 o 'iA of 3, 01 
FO~HAI il4M0ARRI~IIl TYPE oli 0 ~H M4lt: • ofl!o2o811 'COSt "oF8oi!:tl61'1 

1 SCH(LlULt. I<ULE o I l 1 
FORMA! ¡'<~XoBMJRA,.QUMJJ 
FOkMAI ¡<;5l 0f>HifnSJJ 
FQI<M41 tSSloS>HSUIJJ 
FORMAr qU~.OI 
FQ~MAT (JM ol4o2"" lRRIVALS READ IN· .l~ I'OLLO•Sl 
FO~MAI !!M 0 !2F5o<!) 
FQRI<A 1 l])o9X ofSo u oS X t F 1 O o O o Fl U • u of Jo Ol 
FORMA! li~MUSERVICE TYPE olloaH III'IE • ofsoZI 
FO><MAT.._ '"'11111 FUEO COST hl"a,2o~lltl~H VARU~LE COSi SoftloZI 
~OI<MAT 1111 ,¡,.,21., sE¡¡~ICE ¡¡(40 l<j AS FOLLOW$1 
roRruT l!l,\IJ:,1!,YX,F5,!11 
FORIIAI 120"0NO, C"ANN(LS START oJioSI< 1114X ollo8lolo,H !'A~ Tl~( oF6 

1.'01 
F O~IIAI 

JLS 1 
llll<uf!RST hENIY OCCU~flü/'~~S fOR 11•1&11 SE:AVICE CH4Nf<E 

FQHMAT 1~11 
1~~--J 

FO~MAT 

1Ntr<El 
FQkM>il 
ro ..... , 
FQn"A 1 
fOk .. Al 

" ~QkMAI 
FORMAl 
fQ~MAf 

fO~MAl 

FO~MA 1 
FORMA 1 
fQI<MA 1 
fORMAl 
FOKM~l 
tO~MAI 

lof9,2J 
FO~MA 1 

1oF\1,2J 

11" of6oi•J~o9fSo1) 
1•-UHO•u••"NING****OUE EXCtEOfO PRQGRUI LIMIT Of 99**•! 
1411110•u•A"NING•H•0UT OF U41A BE~ORE Ti"'E Ll"'IT••••J 

·1~110Afi(R'i6•1!t1 AAA!V(Q•ft.o0<7k SERVEU•f6•0•1111 Tl¡o,( UNITS 

12lM \lUEUt•MA~lMU~ LENGTii ¡I!Xol1l 
12l11 ~M(Atl LE~Girl o6Xof9,1J 
~~~11 •MEAN W~lT Tl><E ol!XoF'loll 
~~211 SER~l'E UTIL!z~r!ON ,~x 0 F9,1 0 6M PEACENTJ 
1)211 AVEI!"u( ARRHALS PE!l Tl¡.,f UNlT ,~10.41 
IJ211 AVER,...,E SEPVICE.TIME oFI~.~~ 
¡-.¿., ME•N ,O, IN T~E SYST~" • oflO,,I 
t1~1'1 M(AN liME IN T11E SYSTt>l of!O,,i 
1·3111,;COST INFOf!MAI!ON OF UO'lRIT!Ot.SI 
1¡011 COST:>-<I~IT 1~ QIJEUEo f~olo)IH UNITS Al $oF6•2•~11"' 1 

cost ... VAR!At1LtoF7ololl11 Ul'l!TS U $oft.o2tóol1 • S 

fO~MAI ~~~" SERVI~E COST FlxEO CfoiANI<ELs 
i>>' ,,F\1,,:) 

FOI<MU 1' UO<UTOUL COST Of OPEIIAT ¡iJNS 

'" FO""A 1 
FO~~AI 
~o~ .. ~' 

''" 

¡>~11~••••t"~UR IN GUESIM u~Ta 
<<:." "*" 0 ~\J~~ECT OAT~ A"D T~Y 
¡;>¿l'I~OUEUt.:O RUI, TE~IIINATEul 

' 
SU~IIUUT.t"F MlRIVE 

CAHOS••••J 
:,(;Ail'l*•••J 

Sofq, 

/o 
~ 2'&3 / :J 

.1 2M 
s ¿,;s 
"' z~c 
6 Z61' • 
;. 268 
• 26;9 
~ <!70 
1 21'1 
~ 272 
• <!73 
A2H 
A ;;!75 
• :!.76 
A 277 
1 278 
• 279 
1 2S o 
~ 281 
A 28Z 
1 2BJ 
1 284 
~- 265 
1 2Bb 
1 28T 
~ 288 
1 2119 
1 ZQO 

- 2'ill"'" 
A 2'il2 
1 2'ilJ 
"' 2~4 
1 295 
1 2Qb \. 
A 297 
1 296 
A 299 
1 JQ o 

·1 JO l 
~ J02 
1 JO) 
1 JH 
1 JOS 
• J06 
A )07 
1 .308 
1 .309 
1 JI o 
A Jll 
1 J 12 
1313 
A J }4 

A J 15 
1 Jll> 
1 317 
1 3111 
A 3!9 
1 32u 
A lZI 
1 322: 
1 323 
A 324 
A 325 
1 l26~ 

' ' 
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COM"'UN 1 LPi'>A! 1 Q l ,M• U>~, A~RIIT, AIIRTMoV112 O, 1 g l tCUMUl L oCUSERV oDEPIIT 1 
1 U t.~ P< • lo 1 USt.~V, Il•• A oi(CIJS, ~S• No ~Ft.AG o SNUf'lo STA TUS 1 <¡1 , T o 
Z 1 1 "'r tTT l"'l, I~Af'IV o 1~01'111'>1 , A ~aloHIJ>, A V SERVo A~" 1 So A"li 5o 
3 VLU:<> 1, veas rs. reos r ,Fe os rs, K,¡uLE, 1 ouE, Cu>~aut 11 o 1 1 , 
4 ~·~v(l 11011 •A~ 15~~ 1 o SR ISQQI 

T,.IS su .. ~oVTINE Cat.L~O ~"(" 4N .o.H~IVAL IS H<E N~ll OCCIJRANCE 
JT U~UAit.~ 1"[ l!Mt SP[,_l IN 'lUE 
!T U~~Aio.~ lt<E CLU<:;K TO I~E fi,.E Uf TH NE.~ ARRIVEL IPREVJOUSLY 

S[LlO.:IfOI 
Jl Cr1lt~~ tACH CI1ANNEL JO S(E lf !HE. "E• AR~IVEL CAN I!EGiN SERVICE 
IF A ¡;¡.,~"fi[L IS AVAJLARLE JT OOES IH[ F¡PST P.o.RT OF lHE 

O~~AHI I'HOCESS!NG OlHE~•ISE Jl AOOS ONE TO THE YUE 
LASTLTo 11 SELECT~ THE TI~E FOil lHl NEXT ARR!VAL lO OCCUI' 

H l¡u"[olT.IooJ GO TO ll 
Ct1EC~ Lt.,.,~l11 OF (.IU~, IF O~ER 99 HULt) AT '19 
JIIUE•l~U 

UPt:l,\1~ "Uto~S S~EN¡ IN \lUEllE 
COt.TlNU~ 
CV"UVl < '~ont 1 "Cu,.au~ 11 IIUEI o 1 'lAR V-1 H•E 
UPOAI~ <..L<1CK TI"E JO NEXT A~PIVAl 
Tl11E•lt.~><v 

Ct1f.CK l~~" Ci'<A'IN(Lt !F SUTUS • u lT IS AVAILABLE. 
UO f:>l J•lot. 

IF bloTUS!Jl,uloOoOl GO TO <;l 
DO Flt<SI D~lll OF !HE OEPAPJ PIIOCESSI"'G 
ST,\TUSI.¡I•Jou 
SET Tl~t. nF t.EXT u~~ARIURE 
TNUPil l.J> •TI .. E•IISVt:IJ¡l 
STORE FJ><51 TWENTT O(PAIITURE TllotES IN CH 
J(ClJS•liCUso¡ 

H l"I.:USoGTo2~1 GO To 21 
II•.Joi 
Ct1 !KCVS o JI l •T NUP~ C .1) 
cONT l N U t. 
Ct<tC~ lr nUT OF Sl11ULATTO!. TliotE 

!F CII¡HE,LToTNU,.R(J)I GO TO 31 
ACCLl"'LlL>~I~ PllOCt:SSJNG Ti!<~ 
CUMUTL•Lu~UTL•QSVCI(\1 
cust~V•<..U<;EPY•iou 

GO Tu ~1 

ENO OF SJYULAT!ON UPOAIING 
LAST llE>-•<'>IURE FO><t:EO OUT Al Ttllott. 
CO'-Tl'-U~ 
H:(I:>Vt:t 11 1- ITNDP><IJI -TTII'El 

JF (1".61.0,0> '>0 TO 41 
fi<;I>Oo 
COioT INUt. 
TNUP~ !Jl•TIIME 
CU11U T L ~ \.U,.U TL • T 11 

GO Tu ·~l 
cor.rlr.llt. 

H (.Jor;(,,.J GO JO 71 
COhT 1 NU<. 
ALL Ct<A,.r.E:LS ARE HUSY• ADO Ot¡( TO Ti"IE IIUE 
cor.r INllt. 
IOUt•lllut.ol 
SELECT •o<uiVAL T!Mt ¡STORE FI~Sl fwE~H ¡N CHI 
CONT !hU e 

Gil Tu I'Ht!Oltllld2il• -<A 
PO!SSur. ~QRIVAL T!~E Ol5T~IBUTI0"' 
CO"'T il'IUt. 
R=kANOtu•Ol 
TNARV•~tj'> t ARRT!<• ALIJG tll l 1 
Tr.ARV•J,.~QV*TIHE 

t.O lu ,.,¡ 
NEG•TIV~ (lPO AII~IVAL Ti~( nJSTilldUTIC"' 

'" 

e?-l 
e ' e • 
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e ' . " 
' " 
' " e " ' ,. 
' " ' " e " . " 
e " . " . " . " 
~ 23 . " e'> . " . " . " . " 
' " ~ 31 
e n . " . " . " 
'" 8 37 

e " 
e " . .. e ., 
P. 42 

e " 
e " e •S ... . " 
e " . " ' " . " A 52 

e " ' .. e ~s 

' " e " . " . " ... . " . " . " . .. 
~ 65 
e 66 . " 
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COt.T I_N•.'":. 
Ralol,l>!Ut,¡ool 
TNARV~A~~~~IIPRT•ll.VG!R)l 

TllA~V•li<AI.II•T IM( 
GO TU 141 

COr.SlAflol ARR!~AL Tl"'( 
COI'oTINUt. 
TNARV•TI,.f•ARRTM 

GO Tu 1 U 
READ 1~ A~AIVAL TIMES 
cor.ri>~u~ 
NUM•4NU,. 
tzuo•tl+¡ 

IF l H!lOol(,NUoO GD TO lll 
AII(IZUOI=7HJ17• 
NFLA1i=7o 
COhTINU~ 

TNARV~.lt<l¡ZUOl 

CONT INUt 
¡z,.rz•t 

If l¡L,Glo20I (;U TO !SI 
CHIIlotl=rtoAII\1 

II(Glto l.OGIC TO ~TORE ARR!IIAL A"'ll S(RVICE 1J¡.,ES !"' QU(U( AFIIIAYS 
fQR E"t." W4!TIH1i CuSToHER/I''lQDUCT. 
O[lENoUN( 5(111/It:t. TIME FOil lHE l'!t:• AIIIIIIIAL 

CO!otTlNUt. 
GO Tu li6Lt\7lt19\"o\9!1o-KS 

POISSON SEIIVICE ~ATE: 
CO,.Tlt<i,c. 
RdiANUI~o<ll 
l"ABS lDt.I'Rl•ALOG l ~~ 1 

GO Tu 211 
NEGATIIIt. (lPON(r.TIAL S(RVICE TIME 
COhTihUt. 
II•IIANUluoal 
T•AIISlUt.I'T"•ALOGIHII 

GO Tu 211 
CD"STAt.l SE!h!CE TIME 
COt.TII'<Ut. 
T•OEPT~ 

GO lu ?11 
REAO•tr. l>E~~ICE Tlo<E 
cor.nt.u._ 
I<IUM•Sr.U .. 

IF !Jl,LE./'IUMI 1:10 TO 2:01 
I'IFI.AG•7., 
Taóó&toboo 

GO Tu 211 
cot.nr.u._ 
T•SR l LU 
cor.rtr.u._ 
QS~cT!Jo¡y~I•T 

lF l.l~L 1 ONE IN YUE • NO SCHEOUL!NG ~ECES$AR1 
JF lhHIEo\.Eo21 üO TO 2~1 

¡Q(I•1YUt. 
USE S¡;n¿{)ULE IIUL~ TO PEOIIOER TH~ YUEUE FOIO PROCESS!NG 
1\.RULE • 1 FO~ RU<UOM 
1\.RULE ~ ¿ fOR F~"S 
KRULE • J >OR sur 

GO lu 12J¡,~Ho¿¡nh tUillLE 
C ~01 5CHIÓ0ULE RULE 
cor.nr.u._ 

lF IIY<JoU,21 ~U TO 241 
!F lul>VCl l !Oill ol>(.OSVCTI!QQ•II 1 GO TQ 2~1 

(llS:lJSV<.II ~~~~U 
!.iSVCl l 1 "'"·1 1 •<lSVC T 1 ¡Q•ll 

'" 

R 6S. .:j'() 

' " o ,, 
' ,, ,; n 

' " ' " " " ' " . " 
' " ' " . .. . " . " 
' " ' .. . " ... . " ' .. " " " .. 
' " P. 92 . " ' .. 
' " ' " P. 97 a ,.,. 

' " 8 1 e o 
!! ¡e:\ 
11 1 e 2 
8 IC3 
e tot 
!! !OS 
1! 1~6 

e 1 or 
P. 1 ~e 
R ¡n9 
!! 11 ¡¡ 
fl 111 
e 112 
B lll 
e lH 
11 11 S 
8 11 b 
e 111 
8 11!! 
1! i19 
e 1 2" 
1! 121_ 
B 122 
1! ¡;>~ 

~ l <:~ 
~ t2S 
R !.<--. 
e 12: 
F 1 ~ 8 
e n<~ 
~ DO 
F- lll 
1! D~ 
e n:. 
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uS~\;1 1 luw 1 ="'!S 
ruu•JuQ-¡ 

GO Tu ?21 
C R.o.f<UO~ ~r.,El!ULE ><U~[ 

231 COf<li"'.Jt. 
,,¡.¡yu~ 

I<W" I"A"" 1 u •991 •u¡ 1 
¡¡,¡u"IUU•l 

1~ ll .. fl,LEoll <>u TO l~l 
OT5•USVLIIJUUEI 
yS~C 1 IJc.ruF 1 =USVCT 1 JQUI 
uS•Cli!CI"')"QJS 

C uU~Ul 1~ SCKlOULEU • RETU•~ 

' ' ' ' ' ' ' ' 

2•1 cor.rlr.ut:. 
1>[ 1 U~N 

''" 
SUtii!Outl"~ UEp~~T 
(0~"10" 1 LPhA 1 ¡ ~~ t ""ll~, AI>R" 1, hRIITM o<:,n 120 ,] ,j 1 1 (UMIJl L • CUS[R V o [)[~R 1 • 

1 U t.~ TM o 1 o !liS!".kV, 1 Z, ~A or<"CUS o~:> o t. o ~Fl ~G o SNUI'< o S 1 A TUS ( 91 t T o 
2 11 MF o TT 1 H[, 1 I'<ARV o TNUPR 1 .¡ 1 , A Y ~'<li A, A V~~flV • A"'l<l ~o A~ 11 So 
J VI: U sT, vCOs TS,FCOST, F COS TS, K><uLl,! QUE, CUMQUE 11 G 1 1 o 
- U:.•r.TIJQl)o.o.~ISO'JioSI<(S~UI 

1><15 SVn~oi.JT!NE f'><UCSSSES IHE OEI'.o.><IURE QF EV[~T CIJSIO~Eo< 
il UPUAit.~ lt;[ t10U~S Sf'[NI Il< THE 1o1UE 
Jl UPOAit.S lt1[ CLUCI!ó 10 lH t.[~l ut.PAIITURE lJI<[ IPII[VJOUSL1 

. SELt<; 1 EOJ 
!T CM~CI\~ ~~~ LEN"IM OF TrE GUE 
JF NO 0«~ IN T~E L.IU[ !1 SElS Tt<E i,;MANI\EL AT ~N JDLE STP.IUS (THIS 

OI:YA~IU~E WAS >'K[V!OUSLY P~~ll>1LLT PRUCE55(0 lJIMER Al 
A~Hht. OR HY " ~R!O~ P~SS TH~OU!H1 Q(PA~TI 

a:; 
' 

lF A 111./t. ~~!ST ~~~~ UKE CI\E FRO"' YIJ(o ¡TS OEP~RIIJilf T!"'Et 
SET I"E C~ANN[L Al A bUSY ST~TUS Al\0 WETURN 

CI1C.C" lt."f•l" Of uut, lf O~ER 9~ 11ULU •t '>'9 

• 

' " 
' 
' ' 

' ' ' " 
' 

" ' 
' 

' 

1~ l¡.,u~.LTolOUI GO TO 11 
J<lUE•IOu 
UPUATC. IKC: HOURS ~>'ENT IN OUEUE 
CONTlNUt ' 
CUMOU~ 1 !CHJE 1 =CUM¡¡l!Lii<lUE 1 .YNOPR 111- T 1 ~E 
UPUAIL 111~ CLOCK TU NEXT CEPA~TUHl fi~E 
l!H(•l"'u>'rd JI 

lf li«Ut.GT,IJ bOTO 21 
11115 Sl~.-IJON COI<PLLTES TME PROCES~ING OF_P.-CLJSTOI'I[R' 
•11~N NO U'<f 15 •Ali!NG IN THE QUE 
STATU~Iii'>OoU" 

TNUPHIJ1•~~9999,9 
REIURN 
IMIS ~t<.ITCN OOES 111[ IJ[PART PROCt.SSli\G 
~Mt.N 1 Ht. (HA~~IEL M•S ULEN ~US'( 

SEI llt.~l ·rJEPARTUWt TIME 
CONT I"Ut. 
TNIJPHII 1 ~TI~E•QSVCII J t 
5101<1'. f J><<,l lllf.:NTT p[PMIHRE': TJ~E!> lli Cl1 
J(C\.15•1\CU"'•i 

H I"L'JS,Glol~l GO lo 31 
11=1•1 
CH(J(CWSo¡¡l~TNOPRIJ) 
CONT 1"'\Jt 
Ch~CI'\ h- OUT OF Si"UlATJO~ TIHE: 

Jf (IIJI<EoLT•T«uPI'II!II üO lO S1 
IIESET Sl,.tUS BACI'; lO t!USY JNO RETUo<li 
CU"lJIL=Lv~UlL•C~~<,;I 1 ¡l 
CUSEIIv:<.:vsER~•l.u 
~IATUSI¡I'>l•U 

SM!Fl St."~ICE OU(Ut UP ONE POSITIUN 
!JO 41 il•plUUE': 

182 

e ~f! 
A 135 
8 l3é 
e 137 
~ 1 3 B 
~ l ~ <¡ 

A u~ 
~ }41 
~ 142 
8 143 
~ 144 
8 145 
~ 146 
e 1 "1 
~ 148 
e 149• 
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111"110: 
GS~CTIIII=OS~C~I%1!1 
COhl!NIJ':. 
us~cr 1 I~Ju~ 1 ·~.~ 
$UIIRTAC/ o"E f~Ooo UUE 
!OIJE'"IUu~-1 
II(TUI'II< 

' ' " 
AD.IUST T ~hO CU~otUIL Al TEillilt.HION Uf SJI<ULATlD"­
LAST CU~IOIIE~ fU~CtO TO OEPART Al Tli~l 

•• 

COIIfiJ"IJt. 
fi<,•QS~C 1 1' 1• !TNOP~ 11 J -TT I~E 1 

lf IIK,GT,O,úl bOTO 61 
TK.ao, 
CONTII'<Ut. 
TNUPR 111 ~TTI><E 
CU~<UTL•~u,.UT!.•TK 
STATUSill:!oU 
RETUWN 

"' 
FUNCTION "AI<D (1\ 0 1\K) 

C oUCHlr.E urPEhUHH ><AN00>4 fi.UM.;ER GtNERATOil 10 10 11 
C THIS YE"~!ON FOR CUC 3100 
C K SET Al POSITI~E Ul)U lNTEGER TO INITIALilE 
C K S(T Al !tilO TO CUNIINUE STR!NG u,.- RMWO .. NUIIIIEHS 
C SEE NAh.U<>oCOIIPUTt.>< SIHULAT!ON TE!.:nNIQUESoWILEY •SONSoi'Hob 

lf 11\1 ~lo21oil 
11 COI«TINU~ ,., 

,..,.. .... 
NNI.,.I\ 

21 co'rn INUt. 
¡r '""1 Jio3lotll 

31 COII<T II<Ut. 
N•t<•lOSI 

JF 11'<1 4lo5lo51 
. 4J · COI'<T Jr.uc. 

N•N+8J~<>o•·7•! 

S¡ CO"'TH<Ut. 
llN•N 
lll,.O•Jt•~ a 38 9 & o 7. 
IIE 1 Ull"' 

e POS!Ti~t. ~"' IIUNS St.(ON!l STRI~G OF II~NQOM "'UM8t11S 
1>1 CO'-llNUo;. 

iF ~~~·50) 71otloltl 
71 CO"Ti"'Ut. 

t-~N•NN•~<I:>) 
iF [1'0~) ~¡,q¡,y¡ 

91 CO'-TlNUt.. 
NN=~>IN+~J~~b07 •l 

91 CO"'TiNUo;. 
.JlN,.~Nr. 

114"'D•ll,.,./~Je~&17. 

RE 1 URr. 
e 1<.~ OVtll :> IIUNS lt<iRQ STRJI>G OF II•NIJOI' J<U)'IIJEIIS 
In! CO"'TIMJt. 

r.Nt<~Nt<h•(·Si 

. lf ¡,.,..,, !llol'lol21 

111 cO"'Ti"Ut. 
·"""'•"'"'"'•aJ9ij&07+1 

121 CO,.,T!I<Ut. 
xr.,.N•I<,.,. 
IIA,.O•l~""'~J~B&Q 1. 

II(IUII~ 
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"' 

' 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

sa ,. ... , 
51 '1 í. 

" " ,. 
" " " " " '" .. 
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" .. 
" ... 

' 1 

' ' e ' ' . ' ; 

' ' ' ' ' ' ' ' ' '" ' 11 ' " ' " ' .. 
' " r.. 16 . 

' " ' " ' " ' '" r. 21 

' " ~ ~J 
r: 2" 
r. 25 

' " ' " e " 
' " e 3 ·¡ 

' " e 3~ 
r. 33 
C- J., 
'· ;:os 
e :>t. 
~ H 
r: Jl:l 

' " e ~'' • ' .. 
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Directorio de asistentes al curso "Introducción a la Programación 
y Comput.'lción Electrónica" 1980. 

Ro::lolfo Aguirre·Félix 
SARH 
Reforma 51-1° 
México DF 
Te! 566 16 82 

Santiago An::lrade Lazara 
SARH 
RefOrma 35 !O 0 

M~xico DF 
Tel 592 33 24 

Ricardo A, Beristain P 
Campos Elíseos 169 3° 
fulanco 

.-zp s 
Tel 2 SO 45 22 

José Arrnarx:lo Brecht Escobar 
DDF 
Sub:lirección de Información 
Plaza de· la Constitución 
México DP 
Tel 510 44 79 

Burgos Trueba Raúl EmJllo 
SAHOP 
Constituyentes 947 B:ll f A P A 
México 18 DF 
Te! 271 30 00 Ext 123 

Arturo Javier Camacho Rodríguez 
Servicio Público de lbletaje Electróri::O 
Rfo fillxcoac 36 
Col Florida · 
M~xico DF 
Te! 534 49 24 

Ernesto camacho Pineda A. 
TelE~fonos de México SA 
Ernesto Pugibet 12 5° 
México, DF 
Tel. 585 13 78 

Manuel Navarrete 30-9 
Col Algarín 
ZP 8 
Tel 538 79 91 

Querl'itaro 182 
Col Roma 
ZP7 
Te1574 0013. 

0 

E 54 104 
UH Rinconada del Sur 
Xochimilco 
ZP23 
Tel 5 44 20 64 

Aguascalieiltes 98-21 
Col Roma 
ZP7 
Tel 584 G'9 13 

Pampas 167 
Col Mcderna 
ZP13 
Tel 579 56 06 
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lO 

u 

12 

13 

1·1 

15 

16 

- 2 -

Rcdolfo I. Campo seco Torres 
Servicio Público de Ebletaje Electrónico 
Rio Mixcoac 36 12e 
México D F 
Tel 524 92 94 

Juan J CarreóÍl Granados 
Facultad de lngcnieria 
UNAM 
México 20 D F · 

Arturo Cer1no Nava 
00 E M 
Cuautitlán Izcalli 
Edo de Méx, 
Tcl 565 81 91 

Carlos Contreras González 
SARH 
Reforma 35 10° 
México DF 
Tel 592 33 24 

Sixto Domfnguez Martfnez 
SARH 
Clavijero 19 3° 
Xalapa, Ver, 
Tel 7 53 37 

Dario Fernárdez Ci'mrdi 
Teléfonos de México SA 
Ernesto Pugibet 12 Ofi 515 
México l DP 
Tel 585 15 ss· 

Jesús Fuentes Rodrfguez 
SARH 
P de la Reforma 35 10° 
México l D.F. 
Tel 592 50 22 

Ama!ia Garda Bautista 
Belisario Domínguez 135·4 
A:zcapotzalco 
ZP 16 

Miguel Carda Fernán::lez 
SAHOP 
Calle 2 # 23.'i7 
FF ce 
Guadalajara, ]al. 
Tel 13 33 93 

' . 

., 

Guerrero 379 A 403 
Tlate\olco 
Z.P 3 
Tel597 73 57 . ·m 
B,Juárez 101 (begonias 13) 
Col Esp..1..t:aco 
México 22 DF 
Tel 677 72 26 

Pegaso 33 
Col Ensueños 
Cuautitlán lzcalli 
Edo, de M~x. 
Tel 3 22 46 

Nahuatlacas M 42 L 28 
Col Ajusco 
ZP 22 
Tcl 677 34 75 

Héroes de Nacozari 242 
Veracruz, Ver 
Tel 2 25 49 

Misterios 148 
Col Perulvillo 
ZP2 
Tel 759 04 34 

Luis lvtoya 31 7 
México 1 DF 
Tel 592 33 24 

O.litlahuac 190 
Col Oía del Sol 
Guadalajara Jal. 
Te! 22 18 23 
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17 Carlos García Florea 
Igna"cio Rami'rez 20 
Col Sn Rafael 
México DF 

18 

Tel 566 38 48 

Esteban Gutiérrez Manriquez 
DDF 
Sn Antonio Abad 231 
México 8 DF 
Te! 583 78 06 

- 3 -

!9 Julia Regina Gutiérrez Granados 
SARII 

20 

2! 

22 

23 

Reforma 51 1° 
México 1 DF 
Te! 566 16 82 

M~rio Jaime Nrez 
Rual SA 
lbsen 12 
Po la neo 
ZPS 
Te! S 40 71 90 

Rufino jiménez Gutiérrez 
SARH 
Reforma 20-4° 
ZPI 
Te! S 4{) 40 92 

Salvador Manrique Lelja 
DDF 
Dirección de Planificación 
Pino Suárez 15 ! 0 

ZP 1 
Te! 522 64 38 

César R Margain R S 
D D F ~ 

O ir Gral de Planificación 
Plaza de la Constitución 
ZPI 
Tel 521 30 94 

24 Clemente Merdoza cabrera 
campos Eliseos 169 3° 
ZPS 
Tel 2 50 45 22 Ext 121 

Vacaras 424 U 
Col Narvarte 
ZP 12 
Te 1 536 63 93 

Retorno 21)1 # 18 
Unidad Mcdelo 
ZP 13 
Te! 581 02 79 

Alfonso Esparza Oteo 82 
Guadalupe Inn 
ZP 20 
Te! 524 25 22 

Mna 1 Edif e-n 
Catxlelaria de los Patos 
ZPI 
Te! 542 34 19 

Carreteraco 32 A 204 
Parque Sn Anlrés 
ZP 21 
Tel 689 !7 21 

Av Chapultepec 456 
Col Roma 
ZP7 
Telll 74 46 



25 

26 

27 

28 

29 

30 

3! 

32 

Max Montero C6rdova 
S A R H 
Av Julirez 42 B 6° 
ZP l 
Tel 521 35 61 

Roberto Muñoz Cruz 
e E e y T No. 10 
IPN 
Av 567 y 508 
Sn ]uan de Arag6n 
ZP 14 
Tel 7 60 35 10 

Cánlido Nicolás IApez 
S AH(' P 
Xola y Av Universidad 
ZP12 
Tel S 30 30 00 Ext 382 

Mu.rfa Eugenia B Ochoa AJorda 
SARH 
Reforma 107 5° 
ZP4 
Te! 546 14 55 

Francisco Qchoa Batalla 
CE PO U R 
Gerencia de Con::;u-ucción 
Calle Primera # 268 
Col jardín 
¡¡ Matamoros Tamps 
Tel 3 44 88 

Vfctor Manuel Olarte Ramos 
S A R H 
Sierra GÜrda 23 
ZP 10 
Te! S 20 58 sO 

Magdalena Padilla Guzmán 
S A R H 
Reforma 107 s" 
México DF 
Te! 592 10 31 

juan José Palacios Zapata 
Constructora Apolo SA 
Benjamín Franklin 222-501 
ZP 18 
Tel516 0198 

-. -
Elefante 113 - 104 
Col del Valle 
ZP 12 
Tel 534 45 39 

Nte 74 A# 3633 
La Joya 
México DF 

Tokio 7ll-2 
Col Ibrtales 
ZPI3 
Tel 532 62 87 

Osear Wilde 29 203 
fulanco 
ZPS 
Te! 545 76 52 

Tampico 27 
Col Electricistas 

1 .4 

H Matmoros, Ramps 

Anaxágoras 44 
Col 1\'arvarte 
ZP 12 

O:iesa 709 
Col Portales 
ZP13 
Te! 532 87 21 

Edif e 25 Depto 53 

' 

Unidad Lomas de Plateros 
ZP 19 
Te! 593 90 74 



1 .. J' 

Silvia del Socorro Pérez Casas 
ENEP Zaragoza 
Calzada I Zaragoza y J C Ebnilla 
Col Ejército de Ote 
México O f1 

5 . 

34 Gloria Pérez González 
Calle 313 # 254 

35 

36 

38 

39 

Col Nva Atzacoalco 
ZP 14 

Eduardo Portilla Robertson 
Des[l8chn Roberto Casas Alntriste 
Durango 81-5° 
ZP 7 
Te! 533 55 80 

Luis Quezada camacho 
S A R H 
Reforma 107 5° 
ZP4 
Tel 546 14 55 

Agustín C Ramírez Gutlérrez 
SAHOP 
Coristituyentes 495 
ZPIS 
Te! 2 71 30 00 &t 127 

Francl,¡¡co Javier ROOríguez Avila 
DDP 
Sn Antonio Abad 231 5° 
ZP 8 
Tel 588 78 06 

Guillermo Romero Cb:'ivez 
SAH OP 
Av Constituyentes 947 Edlf A P A 
ZP 18 
Te! 2 71 30 00 Ext 123 

40 Eric Saldivar Me::lina 

41 

• 
Carlos Sarrloval Ah-arado 
PE~1EX 
~!arina Na! 320 
ZP 17 

O:la Dr Joublanc 4 - 2 
Taa.~baya 
ZP 18 
Te! 2 77 36 83 

Costa 98 C 
Col Aguilas 
ZP 20 
Tel 593 00 57 

Sn Juan de Letrán 454 B 60.3 
Tiarelolco 
ZP3 

Valle del Miño 42 
Valle de Aragón 
Edo de M~xico 

Eten 619-1 
Lirrlavista 
ZP 14 
Te! 754 43 69 

R(o Nazas 109 
ZP S ' 
Tel5286139 

Alonfres 55 
Prados de Ecatepec 
Edo de México 



42 

43 

Rafael José Salfn 
I M S S 
Centro M6::l ico la Raza 
México O, F, 
Te! 83 63 66 Ext 2106 

Celia Sánchez Aguilar 
Inst Nal de Pertnatologfa 
Montes Urales 800 
ZPIO 
Tel 540 78 DO 

44 ; Jéctor V inicio Santo yo Cortés 
MoreJos 50 
Col Huizachal 
ZPIO 
Tel S 84 •:.4 20 

45 Gustavo Zarco S;ínchez 
OOF 

46 

47 

48 

'edcs. 

Plaza de la Constitución 
ZP 1 
Te! 510 15 94 

Jorge Luis Sosa Pulido 
TeWfonos de México S A 
Pugibet 12 5o 
ZPl 
Tel 585 34 44 Ext 9646 

Rcx:lolfo Valenzuela Alvarez 
SAHOP 
General de Curr Fed 
México 12 DF 
Tel 519 65 93 

Angel Yáñez Hernárrlez 
SARH 
Ignacio Ramfrez 20 
ZP 1 
Tel566 38 48 

- 6 -

Lorrlres 25-1 ; . ;­
Col Del Carmen ' 
ZP 21 
Tel689 04 98 

Obrero Mundial 166 A 
Col del Valle 
ZP 12 
Tcl 543 24 25 

Plaza de las Palorm s 40 
Lomas Verdes 
Edode Méx. 
Tel 393 1116 -

R Gaona B:iif 87 A 301 
Lomas de Sotclo 
ZPlO 
Tel 557 72 14 

Valle del Mexquital 168 
Valle de Aragón 
&lo de Méx, 

-




