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DIREc:I'ORIO DE PROFESORES DEL CURSO: lNTRODUCCt<m A LA PROGRAMACION Y 

COMPUTACION EU:CTRONICA OCTUBRE-NOVIEMBRE 1982 

ING. LUI? CORDERO llORBOA 
J'EFE DEL DEl'ARTI\MEN'I'O DE COMPUT.O.CION 
EDIFICIO DE INGENIERIA MECANICA Y ELECTRICA 
ANEXO DE INGENIERlA 1" PISO CUBICULO 11 
U N A M 
MEXICO, 0. F, 
550 52 15 EXT. 3746 

·2. M. EN C. MIIRCIAT. PORTILLA ROSERTSON •(COORDINA_OOR) 
·PROG!lJ\MA DNIVERSI'!ARIO 'DE CONPUTACION 

'· ~· 

-
.. 
• 

4. 

U N A M 
,EDIFICIO IIMASS 
CUBICULO lJ P B 
MEXICO, nF. 
550 52 15 EXT.454S 

-ING. ROBERTO'MANDUJIINO WILD 
INVESTIGADOR " 
PUNDACION . ROSl:NBLUETH 

J«>IIAS NO. 738 
COL. DEL Vl\LLE 
S. JUAREZ 
03100 ME_XICO,D.f. 
524.90 _os y 534 24 s7 

ING. I!ERIBERTO OLGUW ROMO 
JEFE DEL CENTRO DE CALCULO 

• FACULTAD DE INGENERIA 

"""" MEXICO,D.F. 
550 52 15 EXT. 3734 

5. ING. RICARDO CIRIA MERCE 
i!EFE DE LA UNIDAD DE REGISTRO Y CONTROL E'SCOUll< 

550 52.15 EXT.4l50 
~- ~-

6. ING. ARMANDO REYES 
550 52 15 Ext.4135 



• • 
--------------~~ • 

IN'I'ROOUCCION A LA PROGRAI".ACION Y COMPUTACION ELECTRONICA 1982. 

Fecha: 

Octubre 8 

Octubre 9 
Octubre 15 
Octubre 16 

Octubre 22 

Octubre 2J 

Octubre 29 

Octubre 30 

Noviecl>re 5 

Novietnbre 6 

INTROD1JCCION A LA COMPJJTAOORA DIGITAL 

Las unidades de entrada 
Las unidades de salida 
I..a memoria 
El control 
La unidad aritmética lógica 

U:NGUI\.JE FORTRAlJ 

Constnnte~ Vaiialbes y expresiones 
Proposiciones aritméticas 
Proporciones de entrada y salida 
Control de transferencia 
variables con subíndice 
Proposiciones de iteración (DO) 
Fon:oatos 
Subrutinas y funciones 

-CASOS DE APLICACIONES !'.A.TEMATICOS 

Práctica, Facultad de Ingeniería, CU 

CASOS DE APLICACIOh'ES MATEMATICAS 

CASOS DE APLICACIONES NO MATEXATICAS 

UTILIZAClON DE PAQUETES 
CLAUSCRÁ. 

Práctica, Facultad de lngenier!a,CU. 
:-. ,,· •;l', 

Horario- Profesor 

l7a2lh Ing.Armando Reyes 

9 a 14 h Ing.Heriberto Olgu{n Romo e 
Ing. Ricardo Ciria Merce 

9al4henla 
Fac. de Ing, 

17 a 21 h 

9 a 14 h 

17a2lh 

9 a 14 h 
• • 

17a2lh 

' ' 
9 a 14 h . ., 

Ing, Luis Cordero Borboa 

Ings. Ricardo Ciria Merce 
Heriberto Olguín Romo 
Ing. Luis Cordero Borboa 

Ing. Roberto Mandujano Wild 

M. en I. Marcial Portilla Robel't!IO: 

Ing. Roberto Mandujano Wild 
• 
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EVALUACION DEL CURSO 

CONCEPTO EVALUACION 

l. APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS 

2. CLARJOAD CON QUE SE EXPUSIERON LOS 1 EMAS 

GRADO DE ACTUAUZACION LOGRADO CON EL CURSO 

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 OE 1 A 10 



1. ¿Q.re le pareció el wrbiente en la División de Educación Continua? 

AGRAOOlLE 

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

PEUODIOO EXCELSIOR PERIODIOO NOVEDADES 
ANJNCIO TI'IUI.JúO DI M'l.JNCIO TI1ULAOO DI RJLLE"IU DEL UJRSO 
VISION DE EIXJCACIC1l VISIOO DE EIX.CACicN 
OONriMJA CONTIMJA 

. . 

CAJrrEL J.ffiNSUA.L RADIO UNIVERSIIJW CCMJNICACION CARTA, 
TELEFCNJ, VERBAL, 
ó1"C. 

REVISfAS TECNICAS FOLLEI1l ANUAL CARTELERA lJNAM ''LOS GACETA 
UNIVERSITARIOS IDY" UNAM 

3. Medio de transp:>rte utilizado para venir al Palacio de Mineda: 

PARTIOJLAR 

1 

AlmiJVIL 

4. ¿Qué canfJios 
curso? 

O'Iro MEDIO 

haria usted en el programa para tratar de perfeccionar el 

5. ¿Re~ndaria el curso a otras personas? 

• SI 



-

6, ¿Qu6 cursos le gustada que ofreciera la Divisi6n de Edllcaci6n Cont1II1la? 

7. La c:oonlÍIIllci6n académica fue: 

EXCELE\'l'E BUENA 

8. Si está interesado en !Oilllr algún curso int~nsivo ¿CUál es el horario 
m.'is conveniente parll usted? 

fTUNrcSAVITii..~ -~v~-;;;"' A L\JÑJ'S, ~~-~-t~:ULI;.':> • y 
!J[; 9 A 13 !!. Y VJJJ<NES DE Y VIEJWES DE DE 18 A 21 !l. 
DE 14A 18 H. 17A21H. 111A21 !l. 
(CON IT'ti:!Ifi.\S) 

VIEIINL<; IJE 17 A 21 H. VIERNES DE 17 A 21 H. OTRO 
SAlWJJS !lE 9 A 14 H. SAlWüS DE 9 A 13 Y 

llE 14 a 18 JI. 

" 

9. ¿~é sen-kios adicionales desearía que tuviese la Divisi6n de Educación 
ContinuJ, para los asisu:ntes? 

-------------------
10. Otrus Sllgcrencias; 

5 



CONTINUA 

!NTRODUCCIQN ~ LA PROGRAMACION Y 
COMPUTACION ELECTRQNlCA 

INTRODUCCION A LA COMPUTADORA DIGITAL 

• 

OCTUSRE, 1982 

Polao1o do Mineri a Collo do Tocubo 5 pmnor ploo Dolog. Cuouhumoc: 06000 Mé~ic,o, D.F. Tol.: 52140-20 Apdo. Post•l M-2285 
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1 • 
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• 
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"" 
rrc>uoo H 
r .... n.. ..... llow<~>m. 

' 

• 

2 CO.,PUTII SCIUrC(: a fiUT COiloSI ' 
Wbat is 111 .tl¡:ori!lun? An algorirh"' is a lin el irulfll<tic:m 

8 for canring 0111 sorne Jlf"C'S .,.., b)- Sl<p. .-\ n:cipc in t rnol­
book is m eoccll<nt aample oi an algorirhm Tbe ¡npon1ion 
of 1 complicned di!ill is brokrn down into oimplc ""!" !ha¡ 
n·er¡· ¡>«>Ofl <XI"-'Ii<nctd in cooi.ing c.n und<rmnd .. \nmhor, 
~ood '"""'1'10 of an algorithm is 1ho <hor,'<'¡:r•phy for , da<>ical , 
bollet. An intricot< dance i• l>ro<en down imo o sua:c<>ion of ~ 

b.o>ic "'P' and positions oi ballet The numb<r of !he"' buic; . ' 
Sl<p< and pooitions is '"'Y small bur, ~- puning thom logi:ther . 
in dill"er<nt "")~, an cndl.-.1 ,.,,.;.,_. of d;mctS con be d;:vistd. 1 

. In tilO samc """'>• olgositlnns ,:.""'""d ~-a computcr can • 
mmbin< miUioru of demCr,¡ary• SI<JIS, wcb ., adJiti~ and 
1Ubtr2Ciion<, in1o a O>mplia~t«.. ma<hematical alcubtion_ Mso 

by"""'"' of algorilhms, a comp•n<r""' control a =nufK~ 
turing ~ or o:oo:Jinatt lbe r..en-.tion< of an airlin< u 
!hoy ""' r=ivtd frrun tid:<t ofli«:< all. 0\ .. , die coUnuy. · 
Al¡;oriWm for ouch large->eale p=ss .. are, of cou.-.., very _ 
romplox, but tlt.y m built up frorn ¡Hm., •• in the cumple 
.... witl now canoider. 

lf '''" rnn devi,. on algcrithm f<>l ,·f,roc<$1, 11 .. can UN.Uy 
, do so in many diiToronr ""'l.,_ !!ere is ene algorilhm far lhc 
e.,.rydoy prnetss ~-' ohanging a llar tiro. · 

' 

. ~-~ 
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" 

' 

--- -

• 

• 
Algorithms and computers 
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Ccm¡uen J:ICIU5I: curiosily iD - of us. Anides iD pcpclar 
=guines and D<W>pOpers, a=· boots, olld "IV sbows 
heightallhls curiosicy, bur oucb IClii'CCS a!IIIOf b< ~ 
10 ¡ñs.m infmmation iD thc on:fuUy ordeml sequon= th>< 
is posso1>1e io a book JW: Ibis. Wbether J<'U .,.. dr.tWD by 
cUriosity aJeno, O:i cc<ll>qnic nra:ssify, or b<Joh, comcie~riouo 

liUdy ~ this book w:i!l hclp ~ te tnnt tbro<:gh tu • o"" 
¡..,_,.¡ of undemanding abouf COII!puters, tb:ir uses, ZDd lheir 
C(IQ!.O<¡~n>tes. 

Ccmputcr ocience duls wilh people Whe ha\ .. problems 
to sol•• and with olgctithui., !he <O!uticns 10 !ho.le problom<. 
The .ooluúons are <Xpr<~ io sp:cial bo¡:u:t~es lhar ropresrot 
010rcd doto ~nd romrnunicol< m 1111chines lb< rnlni¡:o.•loriom 
lhat .,.. to b< arricd au1 on thll data. 

E.>ch of !h..., fDGJ e!OÍ=u:l (problc:m ~-. ilgoritbm, l. Ja~ Up <t.. CU. .e--¡-----: ----- .e-- . l""'""P, and mxhiot) .a'«<S m.: othm ¡,. inr=<ting =~ 
For cumple, dtpending en iD ñdln<ss, a!ÚI¡uage""' C'iili:r 
limitar mmd our abilicy 10 apas ceo~~p~ .. plmi of actioa 
df=ittly. And, <1<-prn:!in¡:"" iiJ ap;~biliric:s (i.t., its lrdli­
reatlrt).l rn:liObitD: c:m tÍ<cut< somo ·p1.,... f1f .ruca en =un. 
dno re¡ns<ruiticns more df=i.-dy tlwl"" cthets. The loop 
ef i~renttion d= li·Jxn !he problrm ..,¡,..¡. ch>nges 1M r!m 
of acri011, !he longuoge, or !he mKhiñe mbit(Ctlltt 10 suir bis 

,-

-' 
2. Ur&rcW ,¡., lugs. 

3. R=ove !be wb<d. 

~- l'ut en !be ~ • 

S. Screw "" W hlgs. 

6. Jack !he cu """""-

• 

' ' We tt>U!d add mony mere dmi!J 10 lhio algorilhm. Wc 1 
(:OU]d indudo ¡rning !he =teria~s out ef !he lnl:lk. ~riooin; 1 
thc iad. mnoving thc bubctps, and !"""""in¡ tl"' !u¡• b<fon: l 
jxl:iog up thc oar, !"" o=mplc. For ol¡orithms do!O'ibieg 
medwUc:al p~ Íl ;, ¡ruerally 001 te decide how rl'tllCb ; 
do~>ilro ir>du<k. S!ill, !he "el" we h:ll't JiÓtcd will t.. a.ic:q""'" ' 
10 coavq tbe idu of Zll al¡;c:ithm. Wh<11 lk 1"' 10 =the·! 
,.,¡.,..¡ al;nritluru, ...., will ""'"' te b< :nlldl me~< rrro.i-

-

-. 

p:11posc. ·' · · · 

,· '· 1lUs hook introduces al! fottr romp>amU of !his ínter­
. 1ction. ll•'tt)" chopr<r l>k<s you oround this ''four-romercd t.lor · 
n-a<k" and, with C\"ttJ circumna•·i¡>rinn, you goin a d<qxr 
ond d...-er uodcrswxliog of m.: i:u<'fby ameng !he fe...­
eltmmu. Yw, of amn,:,, pby lhe pothkm sclv<r using a 
c:cmpa...-. Ta gt:f ~'>e· mcm out f1f rhi• esperi<nce, bboraKIIj 
pncrlt< is almcsr indÍSJ"ns:abk. aur, ....., if )"OU can'r h>t-< 
acuW corr.purtt c:xp<rJtnc,:, a carcflll rnJín; of thi• bool: 

lhould murniMtr !he "'"'~"""' scimor """" far beuer md 
f1< b<¡uod whar )"OU ¡,._,., l""'~ously ~Ycd. 



• 
' 

• 

' ••')Oil~IIMI .&liD C<>MPDHU 

• . A fl?aldum ;, o diagnm rcproseatin& an ilgorilhm. lo 

Figure ] •1 wt = 1 IJowdwt fiY dlt _llaHire algt>ri~ 

k" e 
e 

----~ 
--- l-·-1 

1 

in the fiC>wthan rcmind m of thc bunons ustd 10 Sl2rl and 
IIOP 1 piecc of m.ochincy. l'.ach insrrunion in tbo 1\owdun · 
; 1 cnclo>ed in a frame or "bo:<." As wo ,.·i!l soon se<; the shape 
of !he (;ame indicat<S tbc kind of ÍOS!I1.1ctiOD wrinon insi<k. 
A rectangu!or frame imhCiteS • command to W:c Sllm< acti~ 

To carry <MJI tbe tasi; dcsaibed by thc fiowchm, wc btg¡n 
at thc mn buuon ond follow the arrows from box t<> box, 

uocuting the instrucúons as "'' come ¡o them. 
Aftcr duwing 1 Ht><n;hart, we alw•Y' look to •~ whclher 

wc con imp:ovc it. For instance, in thc llar-tire Howchart wc 
neglcctod 10 oh<cl: whother the •pare ,..., fla!. lf the ~ " 
ftot, we will nm ohang< tbc tire; wc will calla g:uage ,,., .. <L 
Thi• calls for a dedsi011 bctwecn twb rourses of action. For 
thi• purpose "" inuOOue< a n<W shape el frame inmoor Jlnw­
chotrL 

e ) 
louidc this onl frame .;.. w:il1 writ< an U><rtion inslud el 
o rommar>d.. 

e--· ... ) 
Tbil Q ca~~ : ~ '- oDd wiU b2vo taJo (Sils. b.bdtd 
T (for truc) :md F (for falst~ Afta ch<ding th<: <Mh coc_filii¡y 
cf 1bc aneniaa, wc d!oose 1bc appropña<e ni~ Ol>d prn.=d -
10 W indie>•td ac\ivil,-. lo<1li"¡>>O'2ring the !lowclwt _f~t 
on w Jd: inln FiF 1·1,"" obuin lh< n ... ..mm"' f•gu~ 
1•2. . 
· TI1<rt is anntb<r ir.ruuctivtc ;,prnvem<nt PJI"'"lk T<r~ 

ÍfiSUUCIÍOD ¡,. bol 2 al "'" l!owdwt a<tuilly st>nds _ ~or a 
numb..-"of 1cp<1i1i011$nltht = wk. To $how thl: 1<1iitional 
deuil 1\e rru!J r.plo.:>: bol 2 by A mp for <Och Jug: 

' 
' ¡ 

' " 4" COllrUTU ><:IUiC<: A fiiiT COUISI 

-·· •t:.c.~~=-J[_=~~-~ 
• 

J 
............ !"' 1 11 

¡ 
, ............. 

¡ 
.... -.... 
,._....., ... 

, ........... 
. ¡ ' ,,, . . 

TI>< •wbftrdnessofthis rcpcaltd imuaaitoacm be diooi­
oa!td by iotlnxb:in¡ t ~t»p._ .· 

& wc r....: ~ t:.:>s, ~ find Wtthc.....;.. b:b u. riFf: 
bad 10 ro:peo~ !he taü. again. Howcver,-...., ~ ;..., 
mdless loop, sU>a: we h.o~ prov;dtd no .._f 10 F" O... ..d 
gil 011 wi!h lbo 11<111 wk. To can-.-::1 this linuriooo, 1111: ........... 

onothtt decisiaQ bo:t, as sh"""ll on tbc Jdi. 

R<placi. bo. 2 Oc ...... /lowchar¡ .;~~o Ibis -*"";,.,­
moking • .;..,a rq>l......,"""" for bol S. 1111: gn lbo6aal ,.-, 
lbawa in Fp 1·1 

• N • ..,.. 11 ~ ¡-w ¡,." fo!l..-...d !loe~ <{lb< 1111-
lin: &..<:han. "Y lo ~ ooc of your ......_ llll&. olpidom 
ol lh< fo!I<>"OOioc acrciR, you ..;JI pnobably disc:oYer _, 
~ ond kqos. llor;.-e .., m;my dill"orco~ .._,. o( Jlo.. 
chaniog lh.is •itllm,.JO m.;my dilfaon1.Jool:q IJowd:om 
will be aearcd. 



' UCOUTIUI1 IMO COMPUTUI 

y, 
• . 

'n.. ... ~"'"''" . . 
(n. ... w ........ 

' . ' .. ' ..... ,,,.,u ............ 
' , 

1 
~ .. ~ ........ - 1-·- • 

., .. , .... ~, 1 
, . .. _ ......... 

. ¡ • B . ........ _ 
¡ , 

• ............... -~·-"') 
. 

' - ........ 
• 

"w•oo ........ . ... ..... _ 
. . 

. • 

'··· ""·"'""'·1 ' ' -.-. . . 
'-~· .... ~ 

J 
""' . --1(.-......... , ' ""'' '""'' ··:) 

,,, ... l•l ' .......... -. 
s..-.1 ~ ....... llooodoon. 

. 
.-'-
~ 

• . . . 
fiUJI l·l 

f'"""' k_...., looo1:!wt. • 

~--

. 
. 
' ' 

.. ., 

. 

• 

' . 

' 

' 

• 
' 

u .. ,, .. 1·1 

1·2 
A nUmerical 

algorithm 

.. 

6 COIIPUTU SCIUIU: A FIIH C<>UUl 13 
l. Prrp= • flo\\'chon r<pr<>a~~ing ""' r.,¡¡,.q nripe. 

lnsre<Jirna: 

1 cup chop('l<d wolnuts 
1 pcund Noü of b>hr'> dmrnlm: 
1 pcutld of morslun.oUo"' 

rut in kat, .. 
} Cll¡>l '"~" 

1 """0\'0¡:.:.ad ""'' ! "'1' <:<>m "J"'P , 
,~ ... ...ru. 
1 paomd o( .... 

j~olA!J 

i'b« milk, rom 'l""P> ""PI'• <hoa>l#e, -.1 ul! io • ~ 
"""..J rook o....- , Wgh ftam<, ,.;.rio¡ ~)- 1llllill doo mU:ur. 
lloih. R.edtl<:<"' m<diom - .,.¡ ~ boaio¡ Old.irrinJ -~ 
• dmp of 'l""'P fonm a ...C1 1:ra11 in • p... fL a>!d ..,._ Re.... 
r.- lb< tbm. .,.¡ aJto.r to «d ¡.,. 10 ,._, El<>< ;, bunu ond 
,..un, \Uililt-;lllr ~ Stir ~ .-.. DiJirJoat< rrun'· 
ma!lorlul= """lb< bonnm úa 10-ii:do _., t.o:rcd ""'"~ 
pm. Puur l)'niJ'<>'I"etlhe ~ Alluc-•"""' r.. 10 .......... . 
Cul in squam ood ........ . 

N= ""' ore rt~dy 10 <nmine "" algoritl:a for 1 lllllhrnlotial 
oalculation_ A. a lint o:ampl.; "'"' CCIIISidtr tbe problcm ol 
fmdiD¡ t<rm$ of the Fibonaoci_seq.....a:: ' 

O, 1, 1, 2, 3, 5, j1.'13, ll, jo!,. '55,: .• 

In dtio oequ~, O< list of numben, lb< 6nl twO laJtll give!l 
ore O ond l. Aft<T lhat, !he terms are .....rruaal accotdiq 
10 !he rulo llut each number in !he liu is che"""' ol !he IWO 

pr~ing ooa O.ed tha! this is !he cae. TbU>, ,_ DC:OI t<m1 

ofrer !he 1ut noe lined obo.,.. is 

34 + 55 "' 89 

! 

Oealy, we 0... kttp_on gco=ting lb< lmm ollk scqueace, ! 
one ofler lnOlber, flll" .. Jgog .. -lik.o:. a... in""*'"ID write ! 
1111lpithm flll" !he pr= (so tbn a .....,...... <add eucu~~< ·1 
ir. ~ u..mrl:;, ..... J:.a ... 10 !:e mudl..,., c:o¡iicil ¡, - . 
imm>:tioos. . 

&fon: subjectiDg this process 10 ..._,. ..,..;,,, le! 1t1 

_ , • ......,. 1 lin!e of lhC Ult=<ting hiSIOfJ ol dUo ~ 11 , 
.... introdua:d in 12:02 A.ll. by !he holian .......... liciatl, ' 
Fib<:nocci, m pmllide a modd af popublimo grorio in robbitt. 1 
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llis aSSila>¡ltians werr:: (l) itl::lkl nbbits .,,.... IWII1b fl'tiiJI 

binh to ttoch matuti<y; {2J 01>t: lll<llllh af= ~dli"' marwiey, 
and cVery "'IOItlt """""""rtt, c:aeb p:Ur al m:rrure nbbils will 
prnduoo: aoorher pair <3 nbbits; m::l {3) nbbiu """'" die. 

One =~ thattlUunodel ;, DOI mmpletely , .. ¡;,~ But 
111< = of m:othomotlal modding is 10 san wilh 1 cru<le 
modd lhat"emphasiz .. tbc: imporunt aspero of !he siruation 
and <upprt«<s len imponant infonruttion. A mo«- rofined 
model 0111 be d<>-ciop.d later, profiling fmm the exporienrt 
with tht crude mod<l. Tñus u-e miglu e\·rnrually Jmpro\'< thr 
l'ibonaéci modÓI by obt.lirún¡ more accunte figurts en W 
binh rate,!Uing morulicy imo lCCOWII, coruidcring W limita­
tiooo oi food ouppJy, lbr dfms of pm:l:ucn, dÍS<a,.,, and 
""="owding, and the Ji)i 

In spite <Ji iu frl•"<llouo ori¡ins., !lE Fibonacci .oct 
ha many fucin:ning ~ md pbys a mle ;., the mlutiaa 

-of 1 IWiabcr ol S<.ming!y uarela\Od mathematia! probl(n)S. 
Thrt is currtntly 1 pUblisbrd qwrterly ioumaJ ~tirdy de­
YO!ed to d,. proporii .. 'ind a¡iplirations Df the Fibonatci se: 
quenc.,-

. A!T« thio loo! digrt~sicin, let't see bo1~ the nbhit-pair 
populuioo modd ¡iva rix to !h<: Fibonacci ~uonce. 
Fibomcci swu with one pmoc .:....t.om n.bbiu ar du: be¡U.­
.Ung ol momh · DN, m::l M thtn leu =· ~:~ko :its ctiUI'S<. 

nu is """"' ¡, ":fabk 1· 1, -.. illcb .... """" ••pl>iiL 

'. ·, ·-

' • 

' ' ' • ll 21 

Lmk u tbc: .,.,... ¡, tbe tabk. Tk lll-'filt~..- d pain 
el iiiÍllll :2bbil> ¡.,..., IDOnlh (:fltt u.. fim) is ~ 10 lb<" 
rwrnbcr cl:_pain g( = nllbi!> in w p-=ding llllllllh 
(~icloa 2 in t1>o Fiboaxd modd):.This apbins W gr.,..n 
amm... In "'<h montb after lht fir?;t, W nurnt>or o! poiu ol 
manore rabbi~.> wm ~11:1! tho t<ot:d numbor of rabbil f"ÍrS i~ 

. lhe !"oc.:ding '"'""n (rondition 1 in tht Fibonacci m<><kl) ni;, 

S COl!~CT<I >CIUICE: ~ FIUT CQUUm • 

15 
••phim; lht ;ny •= Follnwing m, arrows,- sec lhl1, 
fmm tbe dmd monlh Mw:lrd, m, [liQ[ iD aay mmlh io lile 
=n cf lh<: IOIOh in the m'O prCceding IDOIIIhs. 1bus the rabbir 
popobtion .-ltl ~·,.. tbo fibonxci so:<p:1ICl' =pt far 
lho illiclol ...:>, which """ be ulm as the IOtll cumt.:r el 
mbi .. m _, uro. 

Elimilllba¡ lh( rcforon~ te rabbits, wt: <:az~ abulate tilo 
e>lcu!atic.~ rllho temu cf lhc Fibu110cci soqur:nce in Tablo .., 

., ... 
. ·. 

... 
. ¡ 

... ..., "" ....... 
~ .... """ ..... ....... ,.. ......... 
•• 

. ,;, ' 

' ....... _ ..... _ ............. .-- . . 
' (--· .. -' -·~ . 

f 
--·"'b"''""" ........... M.O• ...... ~ ... -......... ,... -·-............... . 

' 
-_ ...... 1•4 . 
-~forFlbona -

. 

. 

' • . 

' 

¡ 
·--~~ ...... _ 

_.!_ 
~ . 

. 

1 
' ! 
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... __ ..... 

-UGOUlH>ts AND COMPUT>U .. 

N<>t La!"" ~- •• T- T- - •-' . ' .. ' ., ;:::::: ,. [ + 1 "'} 

1 ----2'" l + 2 "'J 
2'" --· l'" i + l - J ' ' ?:: ' ] + S - . 

1 
o 

j + 8- J1 
tJ'" Í+tJz}¡ ! 

_ W~ can ""' thu ¡, ~•eh ncp me btal tmn geu -«- ' 
....xed'' "' the role of ""'' lates< t<rm aod lb< sum b<o>uw:s 

' 

:he """' Lo.'""' mm. 1· 3 
Let's CO!'I'ltruC'I 1 "owchort for findU.g !he fin¡ tcrm ro SI.\IPLOS, 8 

ex=<! 1 000 in thc Fit.>n:~cd <equencr (Figure ¡ ·4). concc¡jtual · modd 
Aft..- going !hroúgb !ho loop of Roo·chort bom numbw:d · of a computer 

2 to 5 <flOU¡:h. lim~ (il hopji.m to be 15 times), we CY<ntually. 
~rge from box ~ 1l !he T ttit and prnc=[IO tci 6. TIW 
bM is sccn lo """" a ditrerrDt shape beeauoe il t3lb for a 

di!f=¡ lind of IC'IÍ\"icy-th>.t ru "'''"'' c~<mn our um=-. 
The shopr: is ch<lstn so 11 to suggm a p>&e ,.,;.n off 1 line 
printrr, tmcr the mMt tommotJ • of computer output dCYia:s. 

o 

"" • o 
o 
o 
o 

l. (•) s"'''""" ;., tb< nbbir pt>bl.,. .. bod ....,ed io ti\oa.t. """ ..;"' 
DD< p>lr oC W~<.t .-,, 011<! \!:m: poir. a! l!lOrort robbi<s. ,\W:c · 
1 t>ble >imibr to Toblr l•l "'dtow !he swr d tl>o f"''"'hbO<I . 
o•rr rhe fi"' <iJhl montlu.. 

(b) How "'ottld yw mooUy tlw: flowcbn of Figuro 1•4 "' u to · 
, • ..,...,. tl>o !ir" """ of litio ...:.lm.d O<quct= tn"''"" """' ·= 

t. Rep= Problcm 1 wi•~ tbn:e p:t;, of i:l{.,.. nbbils and '""' pair d 
nmwe n':bi:~ · 

1 {•) ñ>r !he l'ibonot:ri _.,... iA Tabk 1· L, <>!tul"' r .. m mmlh ;1 

'~" lhfou;lln·.,_~ ,.. ... ,.. tbr n.;.:,, r, of tbr t~ll o•mb<o of 

Variablea 

. . ' .. 

}0 COM,"HI SCIENCE: A ~IUt·COUI" 

n~o in th< ctliTCllt """''b ·ro ,¡.., ;,. th< pn:<>>Jing moado. 

17 Elprrso oaci> r>tiD .. a dccimol and an"J""' lb< etlculatioa • 

'"'"""'"'~ 
(b) E'i'"ns in ¡,.,.. "'""" =n1o uflot O<miS ., h< "'"""""" ., """' 

""" (e) Fiad oh< r<cipr-oxa~, oC '*<h u/ tb< noim iD ProiKm la. • 
(di \'\'bol •tl.,íoruhip bcm= tlw: rolio r and iu r<ciproall, r ...,. : 

10 N boroming Onor< and """'' """' E>pr= thi:; rrl>bo~ 
.. 00 «¡U>IÍOIL 1 

(<) lf thi• rol"i"n_<hip hrld <>•coly, """' ~wld h< thc =n v ..... ' 
o( t? 10..1 Í>o wh•• tll< «!""""' for r. 

... lkp<>t l':wbJ., .l tninfl' 

(•) Thr .. bl. in l'robl<m l. 
(b) Th< tabl< iD !'rtlblcm 2. 

TI>e al¡orilhm of !he precedidg oe<tion can be upe ed iao! 
much •ímplcr nototion tb>.t io, 11 !he ,.m• tim<,"""" neorlr; 

· accept:tble by a computei as a ""' ru in.uructiom. Todo tbis, . ·--~ ' wt: musl '""""""" a roncep!U>l modd rJ how a COffiJ""L" 
wmH. TI>is <ODcqltu>l modcl is so e~"tl'20niimrily simpk !bol 
..~ will r•.l! ir !be SIMPLOS ~. ltisiiiiZliD;. but ttw. 
tb>.t N<h a slmplt view el hmv a oompi.rtt \\uh is o:omplndy 
adeqwte for dlio rotire ~ w~ will fU'<D'. mor< rtl!úric: 
pictun: el a """'f4l1Cr in lartt smiMl cl ibis rhaprtt. 

In compuring "'C!"It, i <KJriablt ;, o lcner or • string of lonen 
u .. d 10 IW!d fD< sometbing. For now, lhis "oomctbing~ tlal 
a vorioble Slond< for 1\ill olwoyo be • number. (As..., progma 
throu¡¡b thio book, we wm oñ< an ner brmdclling vicw á 
the Klfl o( tbin& a vuiable cm stand for.) In the formula 

A= LXW 

tbe lcum A, L md W =variables. ¡., tbe fornlllla 

DlST = RATEXTIME 

DIST, ll'>TE, ond TI.',·1E are variabko. 
.'.: •11) :""*'~i~;,, o vuiablc wiU .,.nd r.-.oar: ~ 

ular number, c:tll<d thc: t<~lw o( lbe .,.,L>ble, orhidl """ 
~"l:• from timc 10 ti:ne durin¡ 1 ccmpu~;.,g ¡nass. 1k 

••fue ol 1 varUble m.oy chango: milliom ot tima duriiiJ !lo: 
••=•icn o( a <ingle algoriihm. 

ln OO. c~pru.ol modo! of 1 'a~mptrcr wc .,.,¡,,. wdlto 



fi<OUU J·f 
r;.-... of. ~1.1<1'1 os.,.._ 
"• "' of iPt. ''" "=4 
~ 

.. 
" J ~8 

exll nrii'M a r~on:tt h= On !be "'P of QCh bos tb~ is 
o removable gummod stichr 1~irb !he associ:nod •<lriabl< Lo­

-scribtd DI! ir, ond insi<k tbe bo~ lh<tt ;, a strip of poptr ~>ilh 

tho pmrnt va/u, (or "''""" l'>lue) o! !he <-arioble writtcn on 
·ir. Tho varioble i> , na"'•' fe' ti'" twmbn-lhat rurrcm.ly appears 
imidc. 

Each bo1 hn a lid that tna)' he remoi·N.wheo wc wish 
lo I<SJgn a new value ro the ntioble. Each bru; ¡,, a window 
in dJO >idc 5<> th:!r wc m>y rcad !be 1-.lue cf a l'>riable uith 
oc dang<r cf al!rring in l'a!Ut. Th~ boxes ro.ucir~te tbe 
>fi>TilC< uf our compuler. In Figure 1•5 we O.e one suge in 
!he <xccuú<>n of thc Fibonacci .cqucncc algoridun of lh< pn:­
cnling soctiOtL llore NEXT '"nds for "n<:<t JateO! !<rrn" ond 
LATEST mnds for "late•! term." , 

Tu sumiiW"Í>e, !he d.>ta mm•¡• of • axnp<lt<r is to lx: 
thollght of 1< rubdiddabk into o numbcr of informatinn cin­
tainm or boxos. Each such storage bo• may he si•·en, m<111-
in¡ful nam. (sticl:<r), ond cacb may be given (aso.ign<d) a value. 

Sorne people vinv a cc"mputrr U •~ ~lectr<mic ond me· 
chonical S)~lcm h>ving 1 d:H.o •toroge simil.r 1<> th3t jU'II de-­
ocribtd, •long with •.numbtr of other imrrecrnne<1od unit• or 
modul<s, cach ";"' 1 opecial sct of functicms lhat, when octi­
vatod •ppropriately, c:my out algoritluns. Figure 1·6 js ene '' 
'""Y to <kpict !be IIIJ:Inilzr:ion o{ .uch a compmer >)'stem. II 
""< wrre to purSuc !he «planatioa oi 1his 'J">IC!n according 
to thc module ••iew, it would be: nccc=ry 10 define !he func­
IÍMS of coch module and "'PI•in !he sjgnificar>ce Of tht.ar­
rowod linos into and OUI of cooh bcx. But.it ll"Ould also bt . 

1 -- 1 • • 
i 

"TII< Modd and 
II<>W It Worb 

. 1 !UIUU 1•7 ,_ . 
~ 

Th< AW= .._.. ""' loio -~·· 
·~- 1 --...... . ...... . .. , ... 

"""' -· -· -
¡ 

. 1 --· 1 
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ntte·•s:uy lo bring !he di.1gnm 10 hfe by ••pbinin~ lhc action 
.. que~ !h.¡ ocrur ¡, wbidl c3Ch fll<ldule .... ..., tl>e nctth 
of thc uthers so thl! the OI"Crnll dfcct ¡, to proo:ss infmm•tinn 
(i.c., to computo) in the dcsircd fashion. 

.\ =ond woy "' •·ie>~· • comru«r is to picrure !he KtÍ\"C 

modulro a< robcts working as a teJ<n. 11>< >e!Íons of eoch rohor 
ahn)~ follów 3 fi."'d pamm, oe«>rcling to 1 .. , of rebti1·dy 
simple fuleo.. Wc WU llk thÍ! l"ÍOII" inour <O...:<ptw.l modd, 
SLI\PLOS. 

W< 1·iswiÍU 1 compulor OSI nwnbcr of "'"""S• boxes togelher 
11·irh a mlf o[ fooU" robots-the Masu• Co"'f'"'''' and three 
.....,.¡,tonts, the .-lui:>"'", thr RmJ.,, and 1hc Sriclrn Affi~"· All 
lhese rompone-nU are quonettd in """ room, i>obted from 
!hose who will use tho cornputer. · 

Thc M.oSler Compurer corrapor>ds 10 the conuol and 
procming unil ¡,Figure 1·6.. He Jw 1 Hrni"Chan on his dcl. 
thn sets farth the insiroctions according 10 which ho ddeg:otC1 
ccnain iuks to hio ossisWIU (Figure 1 · 7). "N01e Wr !he llow­
chan <"<l<KSponds ro !he infonnatiM kpl in !he propQm ú<=g< 
module af Slii1P]..OS." · 

·- ·- ' 
. To scc how this 1eain operar«, l<t us suppose !he """'"", 
purúit in the mldst of .. eatW.g 111< Foborw:cl scqueoce' 
olg<>!ithm of Fi¡un: 1•4. Q,. of the imrrucriom in lhis.,olgo- · 

ri!l-.. uus: ··' J , ;:·. · ....... _ .. .. 
"''" ........ ... ~ ........... . 

•. 1 
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1 

zo 

boirle tlW 8owchart OOi ""' find ao ~ m>Ufflml.. 
.'l.tading this ota~nne<~t &loud,.,. would say, ~Assip m SUM 
!Le ~luiofl..Á.TEST plm NEXT,M ar rnon: simply, ~A.uign 
LA TEST+ NEXT to SUM .. K The arrow pointing !eft is 

caJied thc: auiprm~M f>J'"alo• .W 1$ 10 be thou¡bt o[ U. an '"~~ 
ordcr or a ~- Recungubr bou> ;., "'""' llcm-chm 1m-· 
¡111&< will alw•ys contain """ignmcat neP. ond ori!l therofou 
be rtllcd ""i¡mr~rnl ho%tJ. 

COliPUfU SCtl~Co: 4 ftaT COUUI 21 " 
LA TEST and NEXT. He r<ado m. nlucs el tbo>c nri:.btcs 
lhtaCI¡h lht ~ .. (Figuro 1·8), jop don. lht , ... ...:s, and 
=ries lhcm back ro rhc Mast<r Comput<r (Fí~ 1·9). 

To see wh>.t !akr$ pl2ce wh<n rhf: Alasttl' Coopputtr coro.-i 
• ..~ ... 1·9 • __.. 

to llle abovt S!l!rtnml on the fkm-dl:ut, 1" us ISSUID< tbat !he Th< ~Wier ~ ....,;..., · · 'Illt M..•ster Co>u¡wt eamputot. 1M aluc "' 
nriobles LA TEST and N"EXT (but IKll SUMJ ,..,., the •·alues . t110 cori- · . LA TEST+ NEXT using lbc; nlucs d lhcsc. nriables 
~ttn in Figure 1·5. The compuulioa called for ia the aulgn- . brw~ 10 him by !he R.-r. 
mm• ""'temcnl is spoUI'd ""' oa tbt right-lulld side of !he 8 + l3 = 21 
trmW, <0 the Ahitor Compute: loob lllen: fust, 

He realiul that be a .. do 10 kncnv che ni...;. of the vvb­
blcs lA TEST IIIC!NEXT, 110 be oencb the ~OUIIO fi~U!! · 
~ of lbnc nlues fn:xn ston.ge.' 

lñe Re~ckr then gooalnd linds the onn¡e bol: .. lobclcd 

Wh.ot don be do with this n1ue? 
Tlll Al:wtt C:x!>pntt""" loab 10 !be lrlt oldlt asip­

= ....... in his imau<I:ioll. 

u~ ..... th.ot be must o<Si¡n lhc: a~a~p~~ted nlue ú' 
LA TEST+ NEA"T, nomdy, 21, 10 SUM 00"" ....ne. ""218

• 

011 • slip ú papa-, c:alb ""' Ao$iper ...... inun>os bim. 10 
a..,;ign mis valuo ro Thc variable SUM. 

Thc AD.igner go.t 10 smnge, liod> tbr: bo:l: labdcd SUM, 
'"" dl=¡r. """ iu ...-.~..a (FiJUf" 1· 10). l'1xn k placn in 
diO tm. r11e slip ú p;ap<:r ooaroinins lhc .,.. value, dosa tbc 
lid, ODd rctums 10 rhc Mas1cr Computn lat a ncw tuk. 

1ñ Dtbcr won1s, =igmnan is lht proc:css of givia¡ • nlue 
10 a .m.blc. Wc ay tbot asi¡nmcnt i1 """""""' be<''""" ir 
dispiJCCO L'>e fannu valuc o{ Thc nriablc. RadiaS is n"". 
Jmrrl<fÍr:f bccousc thc ~ in no ""Y ahcn !he vgiUC$ ol 

Íny ollbo •"ariablcs in sunge. 
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lo Fi¡urc 1· 11 we f""'""l the on!lr. ftOt\·chan of Fig= 
1•4 .in oimpliftcd flowd>Jn i.Logua¡o.. The old and ocw flow.. 

dwn ""' plaoo:l sido bj sido fo:r easy rntnpariU>R. 
The uanslation rn¡ciros ~ litde nplanation. h shDUid 

be olwious tloatlho statem.m in 00..1 on tbo Ioft i1 cquil"2lcot 
10 tbo tWO IU.Iem<Ots in tor \ on" !he righL ~ MW \"tt<ÍOII 

f1i b<a 2 "'' beeo. dimu.scd in dotail 
Wc see thot ;,. rwo ot.otemcnB in bo= 4 and S of the 

old ftowcbo.n are compr<S!td into one bo:<, bo1 4 of the n~· 
ftcnrchart. Thh is penninible whcoti.tt wc Jun ... 1 OlUmb<r f1i 
assignmtnt nat=""ts witb 110 othrr ".tq.. io bttnun: How­
ncr, il ;. . l"l:ry importont ro ~ndenund that lhese l'>i:runtnt 
~rcments must be cxecuted >n arder from top to bonom, nO! 
111 tbe oppooite <>n!er ond DO{ simultancously. ~ o:rder in 
.-!lid!~ IT< dono IDIJ be .. tJtmely ~ fiGUU Hl 

You an..,., rhat !he ol.llcments in bcu;"4 inl·oh·e no com- T-'"' ol Fa-ó 
puratiao bur mcrdy chongerh< , ... ¡.,..in ccmin <1orogc boxn. O<qiiCIIC< ft..-d!art Jan,,..,.... 
This SGrt ;,¡. acti,·il}· occurs frequrntly in llowcha<U. . lloo<dlan r.a,u... 

In bo1 6 of 1M Boorc!urt """ se<= Dllly thr uvnl SUM. 
~ shopc ol thr bo1 (nlled an ""'"'' 1-o.-) rdl$ us tlu.t tbe i 
Ylhu: of tbo vorilbie SUM is m be wriuen down or displa¡·«<. 
lf; io !KJJ%1< Oillcr al¡:ttithm, ll"< \\"isbtd ID wrif< dcn\.., die val-. 
ol scvcnl nrioblrs, W\' wwld list lhnc nrioblcs in on output ' 
bo:lsepor.ued by "<lnUUIU, .. illusua!ed on !he kfL ; 

We ll"ill now d<Kribe the dutie> of thc Stid:u Affi><t. 1 
Wc considcr tlu.t !he comput>.Íion i.1 bogun by thc trao•mitul 1 

d 1 IIDil·charr 10 !he M:mer Computtr. 'Thc fim lhing ,¡._ 1 
AIIRc.- Com~r den i.1 10 san tbo ftcr.l"<:lllrt, imkin¡: a ¡¡,, 1 

. 1 

..... 

1 ' ( ,.,_,.~•- T 

"'"'""' ' • 

. 1 . '. . ........ _ .... _ ..... _ 
............... 

-~' ~ ·. 

dio-~··:, ... ·--· ':' . --· --'--)...,--- .. 

(.>1 Old. 
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.. " . ' <>n<t.' 

1""' -u.nS1 1 
lAtEn.· .... .,.1 

1 

• 

J. 
"" 

' 

ol oll !be vui>blcs-.i bt. lile .,.,..dlllc"f;t..;,m soqueao;:o- : 
&o..charr" d Figun: l·llb, Ibis lisl ......Jd hi,.. tbo fon:o : 

NEXT 
LAnsT 
'UM 

'Thc Montr Compu11:1 bando !hU lirt 10 the S<idcr ~. · 
llrho now !prinp incD octlon. He Wcribos =h d theso: nrío­
bla. on a $lidc, ¡ocs 10 a biD d unlabdtd \!Of&¡t bott$, and 
rbpo DM o{ theso: otid:ers oa ~ al tbrcc bales (Figure 1· 12). 
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· Now !he insuuctiOJU in the llo!othan II~ exeéutcd until lhe e instru~i~~ ¡,· reacbod.. At- dtis iuncrurc, ¡be Mmcr 

Computer dircru the Affilcr to ttopecl aii the J. beis and !hrnW 
them in:<>·, rocyde bin. 

To undental!d bencr what our flowthan in Figure '·llh dots, 
let UJ u-ace throiJÉh i!, e=tiog lhe st<p<u lb< Master Com-­
put<r ond bis usio!an!S de> lh<m (see Toble 1 •3). 

In !his tnl«, f<X case of readiog, the ,;o~,.,s of W ,-.rUblos 
i.re re¡m;>ducod only ~>·hcn assignmcnt• are m•de 10 them: In 
hemecn sucb stcps, !he ,-.Jucs of !he •·ari•hl<l do 001 chon¡:c 
ond rhorefore ha•·e !he JnOII recrndy I'C<'Orded nlu.,. For 
tUmplc, in ncp 33, whcrc 1 lesf is paforrnai, W ~•luos <of 
lhe nr:iabl., are 

NEXT "" 55, L-\TEST "" 811, SUM = J.U 

In 01cp 3-1-the nli>CS ore 

NEXT = 69, L\TEST "" !44, SUM "" '"' 
You can see llm in ncp 48;, lile e.•eanion of aur olgo­

r:ithm we fin>lly len~ bo~ 3 b¡· th< trw e1i1 aqd pa:;s on m 

18 c<>>lfl'f .. •ciENCt: • non couur 
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..... 1·3 
: Tr><io¡ of llroo Ao..dlan Dl FiJU« l·llh 

'~ ::-......... 
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" •• 
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Flo"'<llut 

'"' S-"'> 

' ' ' • 
' ' • 
' ' • 
' ·• • • 
' • • 
' • • 
' • • 
' • • 
' • • 
' • • 
' • • 
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' 

' 
' 
' 

• • 
" 
" 
" 
" 
• 
•• 

1 > 1000 

' 2 > 1000 • 
' J > 1000 

' ' S > 1000 

' • 
8 > 1000 • ' " IJ > 1000 

" 
21 > 10:.:0 

" 
3f > 1000 1 " 

" " 
• $5 > 1000 

" • ~ > 1000 

• 
'" 144 > 1000 

'" m 
2ll > 1000 

m 
lT1 ;::. 1000 ... 
610 > 1101 ... 

• tiJ > 1000 . 

" • • • 
" " " " " • 
" " .. 

• • • • • 
' • 

l:no: 6, l>httc "" OUIJ'IIllh<' lnswer, 1597, ond Sl<>p. IM 
Thc uru,r •impliciry of oor mnttp=l modo! 0\'oidl and 

... 

' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 

rano«• e<:ruin pi1f>lls. Thcre i• on <~·•r·¡•re"'nl dongcr of §J 
thinJ;.ing of ossign'llo~·r., <:qu:lliry or rubslirurio•~ (\~'e will "'1' f--------------'-----_:c:_ __________ _ 
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mot'< ~OO!n mis btcr.) This lDd Olhcr porrnn.t llC:Jilla:S e{ 

conf~K>n, •~eh 0$ the elf<et ofo couin seq~ ol flowcllan; 
Wtem<rus, """ be d .. rtd up by thinhng in tmru nf the _. 
SII>U'LOS model, which will o.l""}~ give the right answers.' 

In fact, an <~cellent way to LIIIder>lin<l thne idcu oi 
readins zDd aS$igning •-al u., to •-ariablts is "' .,.u oome i 
OtW'Ige l>!ttn and, with sorne fricnds, '"'"' lhrough ~\'eral' 
algor!lhm5 •• describcd in this ..a.ion · 

' 

1 • 4 
Input-output 

1 
unn ~ •uw 
NUT ~ IATE<t 

. ¡ 
r,..... thro<Jp 11>< lbodwt ,..¡,¡, lhil-""'<1ific:oóoa.....d l"" fu>d !be: .,..,...,., ' -

6nd lht .,.;.,¡,1 numb<n in t.b< ubk bclow. 

ve ... !kf.,.. .bóp.,.... 
- En<»tóao o( Te 11< 
Ani¡o=t En<UO<d 

• • 
7 • ,, 

VU... Ah..­
tl«Uuon o( ,.,;,.,.,., 

• • 
• 

~------ ·- - ··-------
' " la-Al 1 

CJ 

$ 

. 1 Modifr th< llo.-dun in fiJUr< l·l Jho .. to <WfY 0111 thc: o!;oti<hn ' 
of Probl<m J, E1m:ú... 1 • 2. ' ! 

20 CO>IPIIUI SCI[NCI: A •tUT COCISI 
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,, 
4. Modify tho ftal\-dl:lrt of Figllrt l•llb"'., to ""'f"'l <>ctJ ltml <>f 

the Fibonxci >«!"'"'"' """';"1 ~i<l> ti>< thinl. (i e. omit lh< initial 
a. ond l). 

S. R<> iO<the """-m"" ofProblom 4 to nlcula<e lh<r><;o, r, of U. TEST 
10 )<.:I'..XT (:1$ ca].,J.,cd in ProbJem Jo, E<OI'CÜ<> 1·2) ond output 
thi> <21io (as ~ .. n .. u.UST)., a.n otep. 

l. Re>•isc: tht ~o~-álon of l'roblnn 5 to colcul>!o at ..oh >t<p tho r=p­
roal of r. /ldd tlili valuo t~ tho ourput li>t. 

lmogi~ that ¡-ou ••~ a booll«pcr in~ 1•'1!" faaaiy. You llave · 
tecords of the heutly rato of f'>)' and tho numb<r J hiJur:l 

workc"<l fa <>eh ompleyco, tnd J'OU hO\"C to alcu!O!< tho w«k'• 
wages. Of e<>Urs<, thi• can be dan< by lland, but OSSilole thon: 
are nearly 1000 workrs in the plant, 10 th.at tho j.cb wwld 
be <¡uite todious. Naru..JJy you prcfer to llave lhe computer 
execute this tosk for you, but you will llave to devise lllo~'Chan 
to coti'"<V the inst:Uctions te the computu. 

Ho,;. will the hourly w1ges and the houn Wmod Come 
into our computotion? A!u<t •••b new •'lino ef RATE and 
TI.\IE be ''l"'=nted by_l Jc¡>arat< nsignm<nl bol? Thi> Í> 
e<ruinly a po"ibility, but it weuld roquire thcu .. nd, o( ~ow­

cllott bo,os-a most undesirable ""'' llf offain. This unpleas-­
lnl nea:ssity can be elimi111ted by usÍilg tho conccpt o( inpul 

tre now inttoduct 1 now shope of frame, tho inpu1 ht:z, 
into !ho Hewcllart hnguoge. Th< input bcx has this shape f<l 

• sugg<5t 1 "punch ardH (a fn:q,wntl¡· UKd input med;WD, bu! 
not theonly on<). lnsid< tho boi will1ppcu 1 singlo , .. rUblo 

01 • li•t of voriobles S<paratod by comrnas. 
Wtut happens in our SIMPLOS n'>Cd<l who:a lh< J,!.a.,.,. 

Com¡rut<'1 onrounters such on instnletion? Te ""'"..,. this 
qu<S!ion, we mn5t cndow the SlhiPLOS modo! with an lddi­
!ÍOfl21 f .. w,.. not pteviou>ly nccded (FÍg>Dc. 1· 13). SI;\\PLOS 
has 1 conveycr belt (atlltd the •'nput brlt) th.ot <:;mies olí!" oi 
poper from out<id< lh< room into th< en\"imnm<nt of tho ccm­
p<~ting s:aff. On ¡h. outsi& ond oi _th< bch th.c "usn'"' or 
"programrnor~ (1•:ho ;, not 1 mombei cf thc comp•lt<r suf!) 
pltC... tlmc olips el p:tpcr, with values wrincn en thom, on 
the tom>e~r beh in the cnkt in which be wants lhem to be 

""" 
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• 
tocna I·IJ 

. Süll'tOS - ""'!" hiL 

•• .. 

• 

z 
2B 

Who:q 11oo Mater e 1"'ltr camQ 11> abo: ia¡Ím ~ 
1w does lhr ro~~oor• .. 
J. s.q.s .., a trcadk ........ dx cuao.:,u beh lllllillhc ...:a 
llip tL pop:r ......:S ..;w, ~ 

• '"' ·~· 
T 

' ............ 
2. ~ bis f001 from the traclle, aoppinz tbe beh. _ 

]. Td:<s 1 dip o{ p¡x:r m... lbo: bdt me! haDcls il ... lbe 
Auipott ..;m ias:rnoaioao m assip w .... ,. t~~cKoa 10 w 
"nrilble. RATE. 

•..a- ... nE>TIIOI 

' . Whl:n tbe Assi"""" raDrJI$ rn... ibis wl;, w ,\bslcr 
Compu!<r KJ>L-=> lbe """'"' procn;s, bui this timo ... n. 1M 
Assignc:r 10 assip. lhr - ni~X m TIME. Wbeo W. is dont. 
lile }.buer Ce.: 1 ' 1 follon 1hc ....... ¡, bls llo.dlm 111 ~ 

un;'"''·•-J 

...:a irmnxlion. : · ••ou .. l•it 
w~ SCI:' •""• ., itJpa ~>m¡ it o com""'nd "" snH. usop- 1 r.,..,.. ,...,._ 

-..... bu:i Ibis ......,_n1 ;. ......,.;,11r diff<ftftl. r ........ !hu m 1 

111 assipornm! boL '" "" assipmaa boJ; w nluc< "' b:' 
assi&r>N """ID be found in """'PJU't llllnF or liT compuood.! 
rn... n1 .... alrady Ollnd. -''""'"" ,..;lh .., ~ bos lile : 
ntun"' t..: •ipled ant otuiJxd r""" CIUIJide 111e ~- '¡ 
No ~cubiion is ~~ for ÍQ oa inpll ~ Alornn.~. W 

, 

29 . l'i 
-- 10 bo: ;,p..-~ ia l:bo ll>o:dw¡ itx!l". baty 
lbo: nm"dNa 10 ...-bid> m.... nlucs ore 10 bt ,.,;P""' ~ 
ia !he itJpa hi=s oC lhe fkMo ella L • 

la"" acmal camplli:Cr {1>011 Wr autpraal """'U.. dis.­
lincticn bi:tl>t>:IL tbt l\00 till<b cf assip¡Pxm llftd lXII bt ID 

· slwp. Aui¡:=cms c:abed f<r in m q.. bca. -lb' ~ 
""""'""Xh*";,..,' ~sud! a u:ws¡:utiag a puno:n.d tmi 
or otha unit of ~ mf<>n:natica raso • radiag si.i;,., - - ., 
..,'hctt abo: coded cua~=~S mar be copiod. Bu! "' pu~ .,.. .. 
lb< <hu .,..-, ... liT ~ imo • S('II'ÑI ~ o( ...... 

c:ollcd an i!lPRT ¡;,.1! .. , • ..,u bdDre rbt da,. arr acrually ~ 
by lhc no..,ling ;d¡;orilhm_ In ibis ast, wbtn 1M Ul¡:u skp 
is ncan.:.J,,..,., a.ctuallJ ha]:ptm is Iba! <bt:l nhln.., .....¡,, 
copied 11 dcctronic spttd fran mnge: bonn o( tbe irlput 
bulra 10 01onge: bozu ot tht ~ tlw liT spcri6rr! ia 
1M iapm ~ o( lht alpithm. 

N..,.. In',~ how m u.c lhc input bc:a: in our bourly..,. 
and p.ym11 prob1cm. Sbatdd we input Wdar. fn:m.U W wdt 
bdon: ~ sun our aku!atiom? lf oo, .., on:odd necd • crn:i 
moay <Uir.l~ bn!ts in whicb lO m .u lhcsic daD. lmtcad, 
- wiU alallarc 1M >n¡;CJ aftcr cach datt. oct is rnd. A' 
~ ol our mctbc:d is .. folloon. 

1. lnp~~~ o... ..me o1 RATE anc1 ..,. w ... w mm by w 
procnsdtsaibed~ . 

2. Alcltiply W ~TE by W TIME m sct lht WAGF.. 

l. Oulput 1M valuco Dlii.ATE, TtMf, md WAGE. 

4. Rctum "' lttp 1, 
la W llowdw1 of Figutt J• 14 cadlol thc firsr lhrculr¡'ll 

o1 thc ~ list oppun in a aúnihrly .,umbemd baL S1ep 4 
it ocpruuntd by lho ...._. ~ rrom bar: 3 m bc:a: 1. 

You ,...y -.ondcr .t.y W llaw.::ban dDC'S fiOI ho~ • IU!J' 
buaon. SIAIPLOS al~ ~ermm. ... enculioo>. o/.., algorithm 

.t>ta "" i:lpul: 1ttp is bcin' cseantd, md !be iopur bdo .-.. 
uins ""' (tw vaiii<S 10 1n11<:h !be variablts in tbc input baL 
E.«Utiao ollhe poyroll alg.,.illun will lhcttfon: al....,fl hall 
ofiCI" !be ]..u¡ ._, .._ poir "'d:oll nluct has bcc., proccutd 
.-:1 -..1 ~ apin ttacbc:o bal l • ....,.,.., iris discrwatd 
U..o lhe inpur bch is miP'Y· 

11 will ar.a be usd'ul10 vfsualiu Wlplll in a J!milat ...,.. 
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· W< endow SIMPLOS with a Oe(."Otld cwweya bch, !he Qutput 
bt:lt. This bclt nlns <nlf inste:ad ol in and nl!IS cootinuo<llly-it 
nee_dJ no ttc:ld!e. Ead! time the llowchan alls for ou!pu!,' !he 
M .. ter ComJ>Ilter .,.,¡,.,. the proper ,..¡.,.. on • •lip or porer 
and drops it on !he output bclt, which c:uri<> the slip through 

the wallto the ounide environrnen¡ oi the =•· A vi"< Or lhi• 
situation from !he top is «m in Figure J.l5. 

Our C<>nveyer beh m<Xlel of inpuH>utpur sugges!S t.h01 _do" 
•..:!un I!ID'"e •< 1 ounm into .00 "'" of o rompurer sy.,<m. 
Ahllou&h in oelllol comr•n•rs litio is 1101 alwo)-. "'ktly t.h.e 
C><e, !he anolo¡¡¡• n"'·orthdou is quite close. To pursue rhi> 
ideo l<r us cnnsid<r Lh< punched C>rd roodor, onc of !h~ mo<t 
common inpur d..-vic.. .. on ~mt>l ccmpurcn. Fim, a soqucne< 
of d.ot.l •...Iucs Ío pooch<d 0<1 car.b. Tm- -.<rds art t.hcn pb~ 
in prnp<T crd<r in !loe in pUl kD{'f"'T cf !he ~~rd rc.oding de1·kc. 

31 
U""•IIy w· <airl ded:; i1 placed roa- Wwn .o u,,, u, b.xnim 
(fu,;!) c;~rd in the deck is the 6m ono W bo «cod F.ad, time 
more input dlla are requirrd, onother etrd is dnwn frnm the 
bouom C'lf the ded and its <:O<Uenu are read, either el«tr"" 
mtth.>nicdly or photl>-<l!llicatly. Onco rnd. !he card ;, drowed 
into an a111p"t stai:k<r and thus di<eardtd 

The information ccntained on 1 single puncbtd card 
~ DO< in principie be limi«d to ene volue. For c:umple, 
dcpcnd.i.n¡: on wh:n i. program is dcsi¡n<"d w Qpect. on 80-<ol­
umn urrl m&)" ccnuin "P w eight 10-digit imr&e" or up to 

twenry 4-digir intege~· 

' 
!~~~:~:~:~·!~!!!!!!!!:::::!!!!!!!!!!!!!!!!!!!!!~!!!!!!!!!!!!!!!!!!!!!!!!!!:::::: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
'''''''''"'"''''''''''''''"'''''''''''''''''''''''''''''''''''''''''''''''''' 
"''"'"''"''"'"'"''""""''""'"''""""''""""'''"'"'"''""' ................................................................ ,,,,,,,,,,,;,,,,,, 
"'''''''''''''''''''"'''''''''''''"''"''''''''"'''"''''"''''"''''''"''' 
'"''''''''''''''''''"'''"'''''''''''''''''"'''''''"''''''''''''"'''''''''' ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.',,,,,,,,,,,,, 
,,,,,·,.,,.,,,,, .. ,,,,,,,, .. ,,,,,,,,,,,,, .............. ·,,,,, ........ . 
!!!!!!~!!!!!!!!~!!!1:::::::::!:::::::::!:::::::::!:::::::::!!::::::::!::::~:!!!! . -·~· ··-·-· ·-··~ 

When pr<porin¡ daro c:mb <me ii olwa¡~ faced wi!b thc 
decision ef whet.htr to utilizo lheit cap>ciry fully er to pund! 

· on cad! only lh< >·alutl rtquired fot lho e<t<Utioa of on< input 
ot<p in the al'orirhm. l"M laner dooice, olrhouglt IO:fl<Wh.ot 
-<reful oi catd spaot, mü:"' the dot.l cud< c.ui<r to check. 

Our ·p.oyroll pn>blom providu Ul wit.h a co<e in poinL lf, 
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ror O>ave:Uc:nc:o irlloating daa ~"" en-on, ..., rcslria 
rl><: contems nf eoch card <0 onc T<IU, hml pair, thcn cac:h rime 

b<lJ l is exmnW, ane and only one dau canl will be dr.l"" 
off th< input <kck, read, ai.d disc>rdrd. \'t'e could be mere 
....,tefuloM punch anly one dota volue 011 each card. Then 
succO.,ive rnn;b "vuld con1.1in fus! a 7'<1/t value, rhen a ri>llf 
value, and <o on. In this ca~e, eath exccution of bo>; ¡ must 
cause""' data cards m be dr.>11-n from the dtd: and rcad, 1Rd 
tbe onalogy ~~w~n !he inpul ,¿nl"O)"el bel1 and the card ,..,.J. 

· ing •clivity is vrry do;c indood. TilO! is, when the .\laS<or 
Compuler hi" lht foot treadlc to brin¡ in one dau \odue, !he 
oC'tlla! rornputer lrill lignal the c:arrl r<ld<r to dr•w off """ 
card and read i1. 

The analogy is less opparent if wc allow !he data cardo 
10 a~~~ u in 1n<n !han one ..,,., tiou po.lr and if ""e ex~ tho 
p,oin to be consideted in rum dwing >ue<:essive exro.>uom o( 

box l. In this ca•e, hox l can no longer meon "toad a card" 
. bur, inst .. d, "assi¡n rosp<'Clivrly ro l'!llt and timt valucs from 

the ncxt daa ~ir in !k dock. lf the ncxr poir ciMDI bcth 
come from !he <;~~rronr dar. c•rd, 1hen draw off onother card 
from the deck ond' r~o~ k lf, en the other hand;thcr< i> n 
lta<1 """ mOtt do.ta poi.- )"fl 10 be procnscd from the JJ>OI.I 

rtton~y reod cud, thon proc." thar do.r1 p>ir." Thi• inler­
prtt>lion assumes 1h11 ID inpur bulfec is filled (ond rdi.JJ.d} 
with d.to from e~h """·ly reod <hta card and th>l L"llues Ir< 

ll<>i¡:rtrd m"'" •nd ¡;,..by •imply copJ"ifl¡ inform.a1Íon from 
this buffer in10 the respeaiL'C progn.m variables, 1lwo¡-. Jt.. 

memboring for furure use whieh Ít<,rnS in the buffot hno oor 
yer b«n copied. 

We see, thor<fOU: lhar uling 1n input buffer guon.nte .. 
th" cach d01a P"Ír in 1hc «quence wj)) be proccssed in rurn, 
llO ""'"'" how manf P"¡" 110 plliiChed on eoch dot> cud ?-:ene 
\li.JI be misstd or skippeJ m-a. h Í$ in thiii<'Mt tha! Lhe strum 

on:~logy i1 p••••"'Cd <ven though the ""l"'""' of <121> iJ<ms 
i> groupc:d into lrbilr>ry·<ilOd rard r.rards. 

The $1.\!PLOS morid U 1 primi<ivt mt<hine. 1t ¡,,¡ onl¡ 

nrtom-orie.nrrd inrui ond oulpul Af1<1· \"llt>ei ore ploced ~" 
Lhe con''<)"<< beh 10 be ourput •nd aro c:t<riod re the om<iJ,. 
cn••imnmcnt ef 1ho u .. r, hew aro rh<"}' disrlo;-ed? \t'o <:<n.oin!)' 

ae n·•rc lh:n in &elll:tl computcr ~ms 1U ••!""' ore prin<«< 
os di<plo¡'Cd on • ocroen in somt: son o[ '"fonnot" with a 

Co1.1runa SCIUICO: ~ •1an cou .. 1 
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particulor number of ccilllmii.i, but Lhe onl•· fact "'<are inttr-. . 
t<1Cd in "ith ""'J'<C'IIO SI.\ \PLOS ;, rh>tlh<c ,.,.¡.,.. "" nurpul 

\\ "fu:n it cernes ro intcrrming cutput box<> of a nowch.lrt, 
Lhc siruorion is som~what diffcrcnL Tho ourput bo• on tlle Jeft 

is ccmi<kred te be 1 ccmm:~od to prin¡ Lhc cum:n< ,.,.¡..,. c:l 
Lhe throe ••rlablrs, RATE, TIME, and \~'AGE ~n "'" fint. 
(lf the list won't lit on onc print lino, mor< linc< are U'ied.) 
Funhcrmote, if Lhe .ame oulpul bo.l; ;, e><CUtcd ·~•in, LhC n«l 
= of thr<'< ,.,.¡"., witl IJ'P<ot on a r>ew linc belmL· tite first 
SCL lf \he du.:e L":lri•bl« appcored in thrce inJi•·i~uol bo<es 
in>IOJd of in one ,;,",gte bo~, Lhcn each w~uld be prinred on 
a <q>:trJLC !in e. Thus o:tch ,,....,_,,;on of an aotput bM is ron­
sid<:ttd 10 begin prinring 1 new line. 

Ne dllllbt you havo ~ "·hy, al Lhe very JWI o{ CL1f 

orudy, so much anentien hu bttn given te a conceptual modcl 
of a rompuLcr and it• dcuils. Can any model, .. pecially this 
one, whkh scems so oimple and 11 tbe lin&rprtl:1> ]to;d for 
lOme K>den, be dllt1 impomnt or Lhar '..Juable 10 us? Yoo. 
may dcvolop •imilor do\,bts obout thc Valuc oi ltowcltam Os 
you prooe«< funher. -"¡. 

· The modd and Lhe ik.wdwn we de\:dcp .,.. Gl>ur.Wimu. 
ef roa! "''"hin« and el rtal ·roniputer prcgrams. Once ,. .• see 
lhe amnce~ion benL'Cen an abm•C'Iion and thc «m<r<l< or re:L! 
Lhing. w< con ofLen gaín moto undc ... tÓnding of !l>e real th:ng 
by srudying and rn~ni~atin¡ ¡,. abstt.C'I counrc:rpan. So, high 
on our list of prioritics ohould be on ol!empt Lo undel"5tand 
ond oppredl!c thc coone<."lions betwe<n Lhc obs!lliCI ond Lhc 

concr<te. Fcr onmplc, in !he""" S«tions c:llltis cbap<or "-e: 
tumine han· an •rnnJ mmputcr ;, erpnized and bo,.. ir 
work<, Theroaf1or, il will be •~•icr to ... why tlle conceptual 
moc!d, "" ,.n<r hew <illy ;, may haw: fim appe.ared, is 1 
''tt"f useflll, oimplifi«< view el a rul romput<r. l.ikcwilc, jusi: 

•• 10011 11 \\"t try tn write and test acruo! compuL<r prcgnms, 
wc sh.!tt <« th01 Lhc ~owcllon ¡i••• us o 'simplor but mOtt 

rc•·ealing ""'Y "' !hin~ d>OUt c.cmputor prcgra"" fcr mcw. 
purposel. . ' - - . 

Experior= hoo IIUgbt us Lhll problcm l<llving with ccm­
puters is \"rf}' tffoctiL'C if "'< can work lirsr with a s.implil'l«< 

m:oJel ef 1 machine an.lo simplt ducripti,·c al~crilltr.ti< J.o.n. 
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"' -· EUI~ in wbich to cxprC.s our prolllcm solutiom. Then it is 
compantivdy easy to ""'P these soiUIÍ<>o:t< m~ 10 programs 
writttn in <om< CM!~nieni pmgramming bnguoge such as 
DASIC. FORTRAN, ALGOL, or COBOL, so that lh< prn­
gr~ms can l>c e•ecutcd on sorne real, ron•·enient computer. 

.\lodify !he flouU..n of Ftgun 1·14 10 p.ro•·i;!e for"" m"Ulim< 
f<INI<. All !>oun in uuu of 4~ Oft 10 1>< paid ot tim< ond o IWL 
You .,.ill ha>t to ¡il""" o d<ruicn OOs .........-h<re in tb< flowdrut 
to d<t<nnine wheth<r th< wor~<r omtllly put in any o•·trtime. Th< 
formula by w~Kh hi• """B"' ar< oornputtd \\'ill depend on the outO<>me 
o{ thi• , .... 

Now we are rndy to <llmi~>e how aur conCC"pru:al model of 
1 romputer <an bo re1Jiud in an oorual m>clline. For lhe first 
25 Y'"" of·modrrn romputor history (1949 10 1974), noatly 
all oc~ ~=Chille• were built following a more o.- lns lttrn>­
cypcd panem •u;;,¡:ntod by John \'on Nruma1111 (19Cl-1957). 
A pro~otype machine following lhis panem ;, di>CUI!td in this 
and follo."·ing S<Ciicns. \\"~ will ca!l it SA.\!OS. SA.\!OS is 
1 v<ry •implc rnachin~; lha1 is, it is urippod dc\\-n te lil~ boc~ 
""or.tials. Somo f•••~rcs of its o;>p<núon arc doscribcd in con­

- <.idcrahlc do1>il, wllllo others an; el=d ova. The progn.rn­
min¡ of SA.\IOS ;, describcd blic:~y in S.ctioo 1 ·6 and in 
mrn:• d<1>il in thc Appcndix, the pu~ of whkh is to hdp 
tho r<adcr •« a d0$cr connoction botwceo languas< fo.r <X­
prening t.lgorithms ond m•chinc< th01 ~•ccur~ Lhcm. 

h would be foolhardy to anumc lhlt SA.\!05-bkc lna­
chioo;s ltt lile ~be ol! and ond oll cf computen," >inct: the 
an:-hjt<"<;tllK of C<lmputc<1 is still und:r~oin~ ropid chongc. For 
thi• r<.,on, "fttt' e! 111 e ether mochín« >r< diocu.,cd hticfiy 
in thi• book. Onc machinc, c:tlled BITOS, opr••" loter in this 
rhoptcr¡ thc other, c.ollcd POSTOS, i• C<ln<idercd in Chopter 
11. E.och of lilc tl=c machines exhibí" ccrtain di>tinC! chanc­
<<rhtics foc Lite implement.ation cf our «Jn<Oprual medo!, Sl.\1-
PLOS. 

1·6 
. SA.\lOS 

Ccrc Stong. 

"~UU 1•16 
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In ord<r lo uudy !M bool:. it is usd'W, ahbough TICI[ nsC!I­

rial, topina gCJOd und<rsundiiiJI of how on acrual rompu1<r 
worh \\"o ru~g<<t Lhor you read oncc thtough thc malcría! of 
lhc """ 1wo •<e~ions withwt oncmpcing 10 m>'l<< ir. As you 
\\-ark nerci..,s Llut !'tlarc to SA.\\OS, cr ha,-., OC<nion 10 uudy 
SA.\\QS in Lltc Aropcnd~ ¡·cu w~l DO dculn ~ back to 
thc ne~t r,,.., sa;,ionl f"' a more carcful srudy. 

How ore al) LhoK atoro¡;< bo.>:os cf Sl.\IPLOS ru!Í.cd tn 
.•<hW ptacti,...? lh; stot;t;< of actual '-"""put<n i< bttil< <L 
eleoll'rmic componcntt in ovariny of woy> and \\~tb 1 \"Uicty 

ofmoLorials. H<re wc deocribe ene woy thot a S.-'I..MOS ><orage 

~'" be buik 

SAMOS <torage, p.ocbged in • m:llflgul>r bol, is oo mc:ong.­
mont of tiny magnotic doughnurs •• 1mall "" l/40 cf"" inch 
in di>mmr. -Thesc dou&lmms ari olled mm (Figure l· 16). 
Thc com "'" bid ®1 in 61 bori>entol lo)= oc U.)'S aUed 
"'" pJa11n. On each 01' lhese loyno, wir<:s a.-e """"¡ ennly 
i~ D\'0 dirc<tioos lil<c Lite linc< M o $1\«1 o{ gra¡>ll popcr. 'ThO.--e 
orc lOO \\~ros in each dirtt~ion. Al cach point whctc 1\\'0 wircs 
ero.,, ihe wiros arc rhrc;dcd throUsh a corc, lilc thc thrcod 
rmiñ¡ rhrough Lite C}"C of 1 ne<dlc (Figure 1·17). (Still othcr 
wiru are thrcadcd di•gono!Jy throu¡h .. eh core within eodl 
pl•nc. lbeir fuDCti011 ;. ncr imponom ro the di'CII>tion th:o< 
follo""• and !hcy arc,!herefore ignored.) 

Fi¡:u.-e 1·1.8 ;, 1 picrurc of 1 corc pl2ne from on oC!Ual 
computcr built in rhe mid-l960s. Since Lherc are lOO X 100 
c:ro.u:ng• in each' 5.'1..,\\0S c:ore loycr, ""' '« thll tlu:fe 
~ 10,000 corn in cadl corc planc ond hcncc 
61 X 10,000 "" 6!0,000 corn in the cntirc SMIOS oum~ 
{storagc) ¡- . . . 

Thcse COTCI are C11p>bl< of bcmg magll<llud LD ciLher Llte­
clod.wil< or thc c!JL!n<erclod:.wisc semc (Figllre l•\9). Because 
of Litis 1 ron: can ""'" infonnalion. We could thiokd dock.­
,.;... magneti:atiOo as meo.,;ng ~yn" and coun!<rclodwisr o< 
meanin: ''no." \\'e wil! insr••d thinl: of dockwise os 1t>nd;ng 
for "0" ond coun<ordo<k"·iS< for "l.~ In any cv•n<, Lito infor­
mation airu•incd in Lito magncriulÍOJ\ of 1 cocc is the <m•llesr 
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i 
ucit of information ond is <:3lkd o hir of infonnati=- Wc .ee 
!ha\ one COl"< can ROrc <mt binary digit, O cr l, bu: 1 roU.cri"n 
of rores cm Slore a vcry largc nurnb<r of bils. We "ill dilcu" 
lhis·idca la<er, oft<r a digr<>>Íon un how 1he corcs g<t lhcir 
masn<ti<m_ 

Fin1, }"CoJ must know tlun a pul<c ol' cl«trio currm¡ 
mo\-ing along a wirc gcncratn 1 mosnotic field run!Ún~ around 
!he Wit<, •• •hown in Figure 1·20. Thc mcnsth of the !"•8· 
nc1ic ficld" str~nge.t ncar the wirc and die< away ., wo mo1·o 
furlh.cr from üte wir< . 

• 

• """"'"' ¡;,]J """1""' r""" 
• rulw ol" <l<rn>< <Wnflt. 

j"""' I·JI 
'llmnin¡ t~< dir<ct""' ofth< 

""?'""' ó<l.l. 

fiG"" 1·21 
A con: io ' ..,...,.."" 11<1-1-

nGOU 1·21 

A """ or -~ i• • m•'"'"'"' 
~· 

lf tbc dir<ction of !be cumnt is r<verit:d, !be dircctlon · 
of tb<' m.ognotic fiel~ is al>o revcn.o-<1 (Figure l • 21} " 
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Thus, when • pul <e of cu=ot paue:s ~h Í <:Ote, "11-· 
rore will bcromc magnctized in onc dircoion « thc oth,cr. 
dcpcnding "" the dircctioo of thc CUrr<nt (Figure l : 22). 

' 

" 
Bul how "'-O wc maoose !<> mogn<tii< ÍUSI Oll< =< instcad 

of lhc who!c s<ring of ror<S (F1gurc 1•23) through which th< 
pulsc paucs? Th• 1 nswer ]in in thc rn:tgnctic P'_"l"rtics. o( 
thc m><<ria! frorn whi<:h thc ,... is nude. lo thO> m:ttenal, 

if thc P.,!sc ;, too wcoll, thc dircoion of magnetintioo of thc 
wrc is only llm{X>r.mly o!tcred, and oftcr the pul><: of r;-urrent 
hu pu<cd by, t.'>c COl"< mcrely rcrums to its fcrmer ,_,gncti<: 
COIIdition, whot.-ver lhot ._. .. ._ 

On thc o~><r h•nd, if tlu: currenl is strong <nOllgh, the · 
rnr< r<m>ins m>¡;n<~i•cd in thc ocnsc nubli•hcd by~· dircc­
tion of thc curren<, tcgudl.., of thc fo:mer magnc1ic conditioo 
of lh< roro. Tho ,;rua1icn ;. onalot:"'" to uying te tluo•v o 
ball from th< gtOllnd te lhc flat roof of 1 building. lf you hoYC 
onough powcr in )"OUf throw, thc boll will lond on the roof¡ 
otherwisc it will bounoe ogaimt thc wall and fall Nck ro th< 

ooo"-
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The ¡rrengt!¡ ~· ll1e pubes ;. cuefully regul.ou•d 10 lho¡ 
,_ pulse U 001 oufficico• to penmnn11ly mognetiu a ct~n, 
bu1 rwo pulses aaing simultanrou51y .. ~u ne«d the thrc>bold 
S!Ttngth and rcsulr in p<nn>nenr DUI¡:nctiu.tioo. Thus, pulsn 
1"'!11ing olonJIWO of thc wiros [Fi~ 1·2~) \\'Ü] ~nendy 
m;~gnetize jusi the one rore lhat is located \\'here thc 11'ir<s -

.,G~OI 1·25 
c.." of - _ .... '· -

l..cfo lea .. th< individual rore plann and conridcr thc eolire 
stort oflhe SAMOS compu<Or, compo...d ofthe 61 wrc plan<> 
(Figmc 1·25). Each •·cni<>l column o! 61 cores ccm.,itut<> • 
wmpu!.; ,, ... .J. Thus, thc smnge o! th< compuler is romposnl 
of 10,000 words. The<c words )a,.., oddresse> thot are four-digir 
numbcn {fom 0000 ro 99'19 and, li~e hou~ numbe,.., !he , 
addrcun idcntify 1M word>. Eocl> of !he 10,000 dot> surgrnrd 1 

<mthc top'of 1he bo> is 1h< top of o •·cnio;~l colunm of 61 · 
ccru (o:r •. wotd~ TJw: method ol anigniilg lhe oddreSK1 io . 
indicJ<ed in the fi¡¡¡¡rt. 1"1wact<n 

. ' 
'F.och of lhese I<Ord• C<>rr<!f'O'IdO 10 1 5lOUg~ 00~ Ín OUI ' 

con«p!IDI SI.\IPLOS rnodtl. For ~•di =i>bl~ in lht ftaoa,. 
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chut thero i¡ 1 SAMOS •rord witb a definitc oddrcss. The 
wonl contains o ccnain pattern ofbits dctcrmintd by thc direc­
tinru o( =gn<Liution of iu cor<f and ropresenting !he •·alue 
of lhot ••:uioblc. ""A.,igníng a •·alue to o •·>riablc" is clfected 
by punin& a wu.in pancrn of bill into 1 word (Fi¡¡ur<: 1•26). 

Wheo wc uy um. M.>Stor Cornpuler tcll• !he Anigncr 
10 • .,;gn !he nlue 1597 lo the ~oriablc SUM," wha1 oeruaUy 
t>kes place io lhis. Thc vario.ble SUAI iJ rcprestn!ed imid< 
the mochine by mcono <>f i<> addre"; suppooe i1 is 0103. Now 
oll thc 61 X 2 = 122 wirc> P'"ing through coreo In thc ""Old 
a.Jdrc,.cd 0!03 ore mcrgiud wilh pulses· of currcnt io thc 
propor dir<nions oo as ¡o achi<t·c 1hc p.ottcm of bi!< rcprc .. nt­
ing thc numbcr 1S97. In 1 nmdorn compute! th·¡, usignmcnr. 
proccss a,~ b<: prrfanncd in 1 fraaian oi a mi~; 1 
miaoocc-vnd ;, a n.il:ionlh of a oocond. 

In the binory sy"on <>[ rcpr""'nC:tion, 1 numbcr oucl! os 15'77 
;, ceded u 1 string of !'a aod 0'1, foc uampk: 

'·!!OOOII!!Of 
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A IMt - ¡, ..,.jpcd "' 1 
c:cmput<rWOO'<i b)' 
•pprop•i"<ly m>gn<tizio¡«>dt 

of "" ""'" '"' ""' -"- ,\ ..... ;, ._ruz.d b7 paún¡ 
•• "'"""";' pltl>< tlltoo!b 
tt<O of lh< '"o witn th'l 
in~<n<Q " ,..,_, ""''- lllo 
.... r;t><n OI<Atir... .... ,.;, 
p&U. th•t mu" b< l<l<<t<d "' 
.,,;¡;n • b" p&n<m fO< lh< 
""'~" oddt= 010). 

'" ~o 

F<r SAMOS ony strin¡ ""OU!d be pm:ed<d by 1 min1 elzeros 
m fill out al! thc bi1 potitions el thc w<rd o! snng._ Wlti!o 
oumbc.-. ore coded in bin.ory form in many computcts, bin.ory 
i< e<ruinly not thc cnly choice. In • m:ocltine such" SA.\IOS. 
f'!'_i~, compuution i< carritd out in iM decimal r¡"<ttm, 
whtch.mcant that bit ponrrns in 1 n-ord of storage mu" be 
codc_J 10 rrprm:nt _decimal di¡i« innc>d of bin:ory digilS. 
Morcovcr,. we want to 'storc: lrn•.., n well os &timol digits.. 
Far thi< rnoon, "' !rnbdl\ide cur M-bit s. .. ,\\OS words into 
ll ch.:nocte'r paoitions al sho<1n h:low. 

11 1 1 ; ..... _._ ........ 
'"'' 

1 1 1 1 ........... 
The fin¡ pasition (onc bit onl)·) is r ... rwd for • cod< tb;t 

dcsigna1n the >isn, + or -. Hero O i• suJliciem te repr<><nt'. 
thc + charat~cr ond l1ignif.,. the - chlroe~ct. Eodl of th• 
Olher pasitions consim el si:o: bill ond can be us>«1 to Sloro 

3~ 

Chmctcr ·~ 
' ' . 
' ' • 
' • , 
• • 

• 

e 
""""' l·lll 
O...il<tl boc poncoOo fcw -

~-

41 ,, 
Ot•<=<r ·-" ~ ~ =· ' o ' ' " ' 

, 10•((1;]1 

• 10:~)10 ' e 10,00!1 T 

" " •~·~too r 

' ' ' ' ' 

' ltl Oltll r· 

" 10¡0110 • 
' )010!!1 ' ' IO~IlY<I r 

' ' 
Ft<>uu l•l7 
Cbuoacr cot1< 

1 digit or a letter, thot is, dlara<I<T, according 10 the codc shown 
in Figure 1·27. 

For toch grou'p of ,;,. bits, 2' or M distina combiru.tiono 
of >erOs andones ore possible. In Figure 1·27 we ha1·e med 

· up ooly 37 ofthe M combin:~tioos pouibk wi!h 1 si x-bit code. 
· Thi< !cave< 77 addition.i! combinatiom fru- otila <]X'cial "m­

bol> such •• +, ~. ond thelike. One of the 37 combin~tians 
of spec;.] intcren is the blonk lp•r:<, 0, which ;, codod a< 

110000 

With thi< code J'<ll' """ ... th.ot thi tw<> 61-bit computer 
word> displa¡-ed ...,;c:a~¡y in Figun: l· 28 turti out 10 be: ... 

1 • 1 • 1 " 1 • 1 ' 1 • 1 ' 1 ' 1 • • ' 
ind 

1 - 1 ' 1 • 1 ' 1 • 1 , • 1 • 1 ' ' 
From ncm· on a1: shal! rqnseot our SM\OS computo:r 

WO<ds u mings o! ll charael<.., instcad af slrings o! 61 hito. 
In 1 number of convcatioDtl CO<!>putus of <imilar design ei¡ht 
instead of ai:o: bit< ore' groupcd 1<> repr...,.r du.racter codc<, 
moHng it passiblo to distin¡;ui<h among o o:onsidor~bl]' larger 
SO\~· m.,...,.,. than is the C:O« in S A,\ lOS. Thi1 di.,inction, 
h<m·o•·cr, huoboolutdy no <ffeot"" tho prin<:iple-s ·m ch~ro~ .. 
repres.en..,lion ond monipulation th.o! ocatr in cnsuing chopten. 

Thc construction of thc m> in ston~ for an¡· acruol com­

P"''' is el¡re:tl it11orcst ""'inly 10 C<>mf""'' eogineen .,.¡ 
dui¡1>ct1. Storage compononu Cllrrcnd)' oro bu~t f.-om \'lrioiH 
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ryp<s of physical dcvic:es ood motcrid>, includin¡ ""'pric 
'"""' mtgr>e"tic: thin 1\lms, ol>d tramiucr llipl\ops. Tbero i< 
considerabl• variety ;,. W circuitry ustd «> orpnize aod uúlizt 
ouch' compontn" and in !he me!b!>do of pac~oging and mini~-

. rurizing them. Their physjc:al dwl<toriotics, such .u silo, 
r¡><td of •= for noriag a.od rotr¡.,..;ng infornution, eD<rgy _ 

_ r<quin:monu tQ oporare them, tnd CO!l of fobriClltion, vory aho. 
Ntv<nheloss, sthemes simil..- to thn ustd io 1M w<>rd­
crguilicd coce 11onge o! SAMOS hJ~e b<on uvd to os .. mblt _ 
and intorporue all of thnt 1}1""' of otor>ge uni11 into con•-.n­
tionol computer ')"''""'· \'ou mighl be ourpri>'d _ar hcw much · 
undemanding of dús oubjecr ¡-ou can goin whh 1 rdati•"tly 
omall in1n~n1 cf srudy limt.. (S«. r.,. eurnple, """ ol tbc 
rofertnces "" t!Us tcpk in dr rn<fuoJlist 11 the rnd of !his 
book.) 

Ncw lhar w< have seeo how tho SAMOS ''"""8" is stri.cruttd, 
wo will crnuidcr how the ston¡e io uscd in uecuting an ol't>-
rilhm. . 

~ rnmputer has ~ od><t camf'lll"nu besidos !he · 
IIOK. Thes< are $i.~"11 in Figure 1 '29. MachiD< 1 ani"'F 

1 cu'~""' ""' ' 
1 ¡ ¡ ' ' ' ' ' ! PO<><"""'C UNIT 

1 ' ' ' 
1 

'. 
' . 

.... ~J ·- -·-- .. , ... "'"'" .......... , ... ,... ... , 
Tlie oolid Jin<> indica•• !he diroaion• in "-hich values ar 

irutnLcÍions may bo ~r;~nlfmed. The daohcd lino< indiale thc 
nrrci•e o{ conucl. Tht conlrO.I LULiL oi'IJ thc r<ocr<•in& uniL • 
p<ñco-m oh< duo;.. of Lhr w,\lutcr ComJ'Ut<rw ond his hclr<n-

An imporL•nr pan of rhe ~"""'""ing unir i• thc ""'""'ult~­
"''· TILio sp«iol compuoer won:l hold:l 1M rtlUI! of uch aoilh· 
mctkopenliaol. 
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$ 
is ~;~ni«:: 0U1 by fir,, (\bt>ining 1 copy of !he valuc Ú SUM,: 
plaoing ;, io tht aú<lonuiJ!or, and lhen copyin¡ !he mue ia 
W accumula!Of in! o''"' c<>mpntor wnrd bo!O<Jging 10 thc ,-u;.

1 

olm LA TEST. Tht l-:~lue ol SUM is undwl~ in tbis pmo. 
a.. Noticc, hcrn~,·er, thJt \'IIU<S tobo in pul or OUipUI do 1101 
(»>!1 throu8h the S.-\.\!05 accumulator but go di_r<ody into tr>d 
o•n o[ ""''8"- . 

\l'hcn tht control uni1 rttci,,.. afld int07pl't!J "" onbr, 
sorne rompuer opcrotion is lcti<ot«::. Thc onkrl In: in thc 
form of coded in.,ruc:tiOJ>s 11ored in the romputtt; we a'ill..., 
about them pmcndy. 

Gcrti"ll an olgorithm into 1 fonn a m~chine QIIJ .. ecute irrvoiW:s 
oeveral U'ansbtioru th:ot ""' can rqwntnl u fallows: 

r
1
-,. --,@r;,c,o.c.,c,:,;,-, "'"ID ... , . .,,, '" ~ '"'"''" 1 

•NGu.. '"~'-""' r·r '"·'''"~ r·r'"'"''~•r 

You h"·e 1lrcady lud 1 linle e1pcri<nce with the fin¡ 

ll'Jrulatioo otep. The oerond D'lnslation lf<p i1 the process <4, 
ton•..:nin¡ a !\ow clian lnlo 1 pr-o<;edural Ja:~gu:o¡c ltiCb a 
FORTRAN, AlGOL. COBOl. ex PL/1. 't'oo learn bOlo~ 
do lhil in your langu>ge manual. lf approa<h«:: properly, thit 
Lnrubtion ot<p ;, quite mechanicaland can bo perform«< by 
1 peuon (ar by Í machioe) who hoo no ide:a ,..¡,., thc ol¡or:.:,~ 
i• allobouL 

In mony comp.,rcri of adv•"'-'•d design, the third trarult­
tion proc= can be omined bocauS( the macbi,.'o W¡gua¡e 
and the p""'<dur•l l•n¡uat< are effcctivdy identical. Wben tbe 
lhird tramlation 11'1' is ""'"''"'l"• and it il fnr 1 computtt OI>Cb 
"'SA~IOS, the pr<>C<» is complete! y ~leal tnd U ll<lf· 

mally done by tho COJnpWer itself. TILio f'IOC<U ;, c:o!ltd .,_. 
pilint 
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. lt U not nettS~.~ry righr oow to tnow how mmpiling is 

done, but it may bo: intaesting 10 l:now the ,.KI.D for doiag 
it. Eadt nW:c and tl)-1~ o! computer hu ¡,. own langu>go-tbat 
is, iu own >et of in>tructions thll ir oo.n undc~t•nd. Cse of 
1 pn>!;«<unllonguagc o.JlmV>_us to .,..,;d 1 tower of Babd iu 
which a progummer would hl\'\' to lcotD 1 new langu.ge for 
.. m machiM he wisllrs to use. A proctdurallangu>g< con.,;. 
rutes a kind of "E<peranto" thot cnabl« a progrommtr to 
<emmunicue with man~· d>lfrrenr m.>.chÍnn in lhe l4lne lao­
gu.ge. Moucwer, 1 procedural Jangua¡< is grnerall)' mucb 
ca.ier to learn to use thon maehine lang<Ja;e. Th< pmgrammcr 
mere!)· pr<p.11<>, say, a FOR.TR. -\!1: program on pum:h.-.:1 =ds 
and f«d$ it into the computcr, whieh "compiles" a Sfquentt 
ci machi,.., language instnJ<rions. Thi< stqurnco, called • .,,.. 
dtine /angua¡< p"'gra11~ is then placrd in th< <:<>mputer S!Or>ge. 
In many sy<t<rm du: ~gtilmm<r moy lriiUti:IÍt his program 
io the oompul<' l!ottgc b! 1)-pint il ,-line 01 o time, U>ing 
o I}'J'MriÍitt ·or othtr h¡·boud Ín>mlm<nl lo Kf\"C 01 !he input · 
deYict of !he compmcr s¡~«m. · 

Suec=ÍI"C SAMOS in1U1Jctions are Plactd iñ consocutiY<l¡­
oddrou<d Slor:ag< locuion< stanin~ 11ith 0000. Afl« the com­
pll!<r bu <Jo:rutcd on ln<!ructioo, tbe contrOl unit ,.¡u oJn-..¡-s 
<akc the n<>T imtruction from the nex\ oddress, unloiS thorc 
is o brt>nd1ÍI'If in•U1Jclion prol•i.:!ing ¡ differen< address from 
which 1<> take thc noxt innruction. . . 

To ... how thio works, """'ider the in1U1Jction uhn frnm 
tho Fibonocci i<qll<l\ct flowchort (Figur< l• 1 lh), sboll'n h<rc 
in Figure 1•30. 

Th< procedu111l bngwgc cqui1-aleo< will not look mudl 
dillclcnl. Thus, in FORTRAN thi• instronion 1\'0U!d oppe:ar U 

i...Í in ALGOL u 

ond In AC'L os 

ond lo JIASIC os 

ond in COilOL a 

Stl~ "' LAT!:ST .¡. IIE:XT 

Stlll , .. un:sr .¡. m:xr 

StiW - LAT!:ST + I'E:XT 

COI!PIJTE SUll !;QUALS LATEST 
PLUS IIE:XT 

+ UIA 000 
+ ADII 000 
+ STO 000 

OICUU J•)t 
$!\.I!OS~f'"' 
fig>J.-< J,JQ, 

0101 
moo 
0102 

. A Comple~e SAJ.IOS ,.,.,.. 
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In thc SMIOS 1113Cbine bnguage, o nriabk eonnot be 

rd..-rcd 10 by "'""' hut only by thc a'!Jrm in Por:~ge •"""""••"<~ 
11-ith !he ,-.ri>bk Supf"'« thot NEXT, l.-\l"EST, anJ SL1.\\ 

ha,e to.cn gi1·cn, rc<pOC!Íl"Ci)'o locotion.s 0100, 0!0!, ond 0102. 
Thon in thc S.\.\IOS long¡:¡~<, thc tlmwllotn in•truction tnnl­

l>t« to 1 soquenoe of "''"" m.~chine in<tru(tions, •• lhown in 
Figure 1•31. 

ThcK imlfUctiom ha .. the form of 11-dw-actcr ll'otill, 
olthOI!:;h th< fu--.t chl111ct<r ¡, unimporunt aOO <he Jifth, sixth, 
oOO so\·cnth ore o{ no intaeS! to '" hae. Th< !}-¡>< cf op.•Miion 
10 be p.:rformed ;, cod<d using th< thr« )onerS in pcsitions 
rno, tlu-u, lnd fcur, and thc fcur--di¡;l¡ num<nl ot 1M ri8ht 
io thc oJJrru ossoci01rd witlt th•l oporation. 

Tho Ion<" LDA stand fot "loaD~,. Aorumulato.-." Th< 
whole irutructicn 

+ L O A O Q O O 1 O 1 

meani, "Mokc a copy cf the •ai!!C tl<lred in addreos 0!01 
,.jthcut altcring thc ori¡in:tl, and swr-< <he ccp)' Íll <he accumu­
lofOt.8 Oearh·, thio ;, the function of thc Read."r in our coo­
ccprual modci. \Ve wi!l not go into the det>ilo of the eloctronics 
in~ol ~ in 01rrying cut this inllfUcticn. l1 il oufficitrll to know 
rhl< when a c-opy of tha1 iostniC'Iion is brought 10 W oonti'CII 
unit, ctnain n~itchco ore 0<1 by 1hc conu<>l Uni! lh1t ollow 1 

pulO< curront '" p.:us through the cores ofthc ""ord 0101. The 
masnetizcd corcs auK 1 changc in the curr<nt tha~ in turn. 
oll<rn-s a copy 10 be madc. • ' · 

Thc '<C<lnd in•mJctioo in Fi~ 1•31 meam, "ADD th< 
valuo in th< word •ddrenod 0100 lo the ••oluc •lreody in !he 
ocrumulator and rl>« tho J"CSult io W •=ulator .~ lbe 
third iru<roetioo mean>, "Copy (or STOre) the valu< in th< 
accumulotor imo thc word addrenod 0102" Executing • STO 
i:ulnlction ;, an.:i.lo¡;ow to the IO'Oti; cf thc Msigner in our 
ccnceptual inod<!. Sp.:eds vary frcm nuchii!C lo mochinc, bu! 
¡, modcm comput<tl, the time r<quirod lo c;~rry out sud! 
inUructions is usu.ill¡· on, the ordu of 1 millionth .,¡ 1 <ccond. 

We are a!mo11 abl< 10 ·;.anslate the entirc ftowch.n for the 
fibonocd scqueooe olgori<hm (reputed here in Figun: l·l2) 
into SAA!OS longuo¡e.. Fii.:. D<Xe, bJ¡¡toi:,.- !1m .....,.nll 
n<I"Ct appcar c:s:plicitly in SAMOS im~oos. lOS!~, ID 
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. insnuctioo ro f<tth a a>nstan1 ..iust .. rcr tolhe acng~ oddres:l 

wl><tt the desited nlue rmy be fDUDd. Of (>l<=e, this a1so 
opplito to vari•bl«. Timo pan- o! 1M compiling proccn in-
volv., providing <!orage addr...., for lh< comtanu (" wdl 
•• I~ thc ••ri•bJ .. ) appcuinz in the pro:;ram. We il.loc:o"' the 
l=uons 0017, 001!!, and 0019 farlhe conmnu O, 1, and 1000 
lpp<aríng in the Hom;lwl and specify the propcr v¡jues for 
m ... words. . 

We anume thll tbe <f<>nge loc:arions 0100, 0!0!, ond O 102 
hove beon all<>eatod for the vari>bl<s NEXT, LATEST, ami 
SU/11, but lhat no 'O!uco hl•·e bo<n placrd In thest wordl- As 
•~ttu!lDn cf lhc SA.\\OS pro¡:run for the Fibonacci algorillun 
llarts, the """' of sror,¡ge io lhown in Figure 1•33. Thi• figw-e 

[g ·1 ,'7', '"'''"' '";:", '"""'" • JO 1 u ... ' ; :1: o o ' ' 000 " o ' o . o 

~~ 1::: 1 : ; ·' o : • o o : : ' 
" o ' '1 1:::. 

, 
' 00 (w~-LAT«t·~•XTI 
' • , ' :~:1::: : ¡ : ; ~ 

" 1:; * .. 
' : ~ 

1""-"""' 
" , 

::: ' o o . " 
1' : 

o ' 
J '"'" -- •u~ 1 ' , o o ' 

"" • " ' • 1' ... ·- ,_ .... ,., .......... : 
o • ' • " 00 1 o ' • ' 1 l J ... 
~ .. ' ... .. o o 

' ' 

a ~- " 
' ' ' 
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also ill11SU'3t<S a "roding (orm" a> ..-hidi oox onighr h.tr., 
"Tinon rhc S.-\.\105 pm~ram (gray-co!Orol infonnotiOll). \"ou 
will norice scr·erol ncw S.\.\ lOS cpmuions not pn:,•iously sftn. 
lñ= ore nplai~ in tht f<>llowing diK"U>Sioo.. 

The ia>tnle!ians in Slorage addrcsscs 000-1, 0005, and 0006 
h01•e alreaJr b«n disrus>Cd. !lefon: looking ar the other in· 
slnlclioos, romcmbcr dut !he r=iablnore in >ton!:" l""'!riom 
OHlO throu~ 0102. 

From f""l~Oill di=ion• )'OU should OC<" thar die in•truc:­
rion founJ., 0000 wil!, when encuted, cop)' the value ln 0017 
(Le., rhe numbor OJ inro thc occumulator. ~at. the imuuctio>l 
in 0001 ropic. the , .. Iue in !he arrumul•to< imo the wmd at 
od<lr«o 0100 To~eth<r th<>e ot<¡» are cqui•·alont t<> o»igning 
O ro th< •·oriable NEXT. Similarlr, thc iruLroctiom. iD addttssn 
0012 ond 0003 an: ociuir':l!wt ro auigning !he "llue 1 to t:hc: 
variable LATEST. . . 

R<membor that the conrrol unit ••="'' thc instnlctions 
in ordcr ~n1il i1 eoo>O> lo a bnnchinl insuuaion. Th~ ~ 
btanohina instrue1ion ;, found in addrtu 0009, reading 

1 • 1 " 1 1°1·1·1·1·1 1 • 1 

The rnd< B.\ll ru.!lds for "Bnlich on 1 Mlnus." The whole 
insmmioo m~ "1( lhe voluc in the accumulo!or U oq¡;ni~ 
ao TO •ddiess 0015 for the neXl instru<lion; otherwist, ao on 
n usual ro the n••t"numbered •ddr<" (0010)." We willoee 
lhoni}" !ha! !he \-aJUC in ~ IW!mU]IIOI lt lhi.s time: U just 

1000 - SUIII 

JO rlm ibt valuc io lhe occwnulolor will be neptiv.: onl)· "' 

ibo a:se ihu 

SUM. > 1000 

is uue. In 11W cno, ih< bnnchina insln.l<"lioo &COdo us toad­
dre" 0015, wh<re wo ooc !he ins~n~ction 

1 1 • 1 • • • • • 1 ·1 :r · ' 
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whlch rnans, "\t'ri"' Iho WwD in addr= 0102. ~ This 
am<>unts to printing out the •·olu~ of SUM. 

l>:ow why is it thar u·bal th< ÍIIIDUCIÍOJI In add=s lXXI'; 

D rc.chnl, the nUQII>er in th< OCCI.IItiUlatot ;, 

1000 - SUAI 

_ \"i'c!l, OJl loolciogar !he instruc;tion in address 0007, we see lhat 
ir insllUCU us tO load W attumulncr n·ltb W mrnrnl> o! 
•drlr= 0019, thal io, to put the number 1000 in tho occumu­
lator. Thc nexr insmH:cion, the ene in 0001!, tcl!s us to ''wbtra<t 
!be C<llH<n" of addtes:l Cll02 from the aocwnu!O<or ond pot !he 
r=h in ih< occumulo10t.'' SiDC< thc con<onto of 0102 oro just 
thc nlue of SL'.\1, lhi•·amoun•• to !he pl><ing of 

JOOO- SUM 

in tbe ocnunW...mr. 
Yw should h< obl< to •"ttify f<>r J'DUr><lf tbat th< instruc· 

tions in tddr= 0010 lhrough 0013 acccmplish th< ..,;gn..­
ments indicared in lhe rigbt-band rnlumn or Figure l·ll 

The instruelÍCIII in addr.., 0014 llffils 10 be describcd. 

11·1·1·1·1·1·1·1·1·1·1 
BRU SI1J>ds {or ''BRanth Uncondit..,lly,•: lb< m<oning of 
th< <ntin innrocrion io, "Go back lo addreso CI004 fot thc o<EI 
irutruction ond con1inue in on!tr from ilion." Ycu <an su Iba! 
Ibis co:rtoponds ro the lrrow from fto"'Chan box 4 Jcadin¡ bod · 
10 ftowchart boJ: 2, wbeli we <'¡><"' the <~mming <«p. " 

:Jñc inorruotion ln 00 16, of course, ,,.nd, for Hol T and 
ll!IOUnU 1<> OIO¡>p;,g lh< computin¡ pr!ICQS.. · 

You """ bm undcm•nd oll lhis by uocing thrwgh 1he 
SAIIIOS pro¡:~ by hlnd, kocpinB a~<>( lhi following 
dct.oib. · 

l. .Wbich illSb"1JCiio<l io b<iog nta~IM. 

2. Thc •·1-lu. in tbr Ka~mUI.otDt. 

l "The ni= in W oddr= 0100. 0101, ond 0102 (!ht 
oaluO$ of NEXT, U.TEST, .ind SUM). 

Notia: that die lnouuctiono in oddrnocs 0000 through 
00!6 ore """"' ohcrcd, nor •re !he <XJJU<"nu of !he l<>c::o<i<lftS 
00!7 rhrcu¡h 0019 (!be COSISI2I>U 0, l, and 1000). 

"·> co .. •uuo OCI~NCO: A PlAU COUIU 
"• 

.l •. 

4C 

Qmnuct o u .. of SAMOS lnstrucrOono for tho: llo.<ch.:zn in Fi¡urc 
1 • 14.. \bu. w~l D«d""" oo:U;<i<>oaJ 1)1'0' of iusu nioo• Tho fim 

• 
"""'''"k 

uhjd, Í$ an l ... ruCiion 10 reod O ........ ft- O C<rd ~ tho: CIII>I¡>Ul<r 

~-.rd .&ir..,.,¡ IOOS. 
n.. ...-ond Í$ 

[1·-1-·1·1·1· ·1·1·1·1· . 
~hi<h ·;. on iootru<tion to multiply lh< n)uc in the O<t>imwotor by 
lh< 1·ajur"' oJdr«• J(lll ond pJI th< r=dt in tho: O«Ulnui&lor. (Of 

_...., in ""' llddreu """ ot !b<or ~ ...... J p.d ""l' 
Olilf ....... ..-isiLl . 

%. n.¡, qu.,ti<m ,.101<> 10 lll;flowchan f '""""" ond ~SAMOS 
'""~'""" of it shown bdow. For .. ,h of ¡·our """""' "'.' """"'·""' 
objcai"< i1 to makc lile propooe:l SIL.\ LOS ír2¡mo:QC <DIW<I..,. "~L~ 
tho: ¡;, . .., 0.,..-dl>n fn;m<~~<, · · 

1 -~ ,. 

z->>'1<' OOIB . 
¡ """ ·~· ·~· ' 0022 

0023 

·~· "' X< u.) ~ ·~· 0026 
0027 

·~· " 

X- 1 - 1 ·~ .. ~ 

~· "" ""' "" ~ 
~· 
~· 
~· 
'"' "" M" 

Addr 

00010500 
103$1 

'¡=• 
~" 

1
0(51 

l 
·~· ~"' 
""" 0351 
oso: 
035: 
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(•1 w;m ..-~~>• ..,.,_,.~oc:~,¡..,.....,.""' •llri>blr x t.. ~<d.' 
("o) \\'lut "'><f>nd Ulrn• il · <>«d<d for ""' BRU instru<lion 11»\ n 

,¡,.,"..," locuion 00:?'1> 
{e) \\'hn ibould b< lh< or<r•Uon codo fot thc ¡,"""';.,.. ot l<otia:J 

Olll'i? 
(d) Wh" opcmioo «>le i> n~ (or tbc imllUClion locat<d 11 OOJOi 

1. This que" ion rdotcs to thc llo"durt f"gmcnl and propoS<d S.'!..\ lOS 
1>'211>1><ion o! ;, ibo>\1> bd<>w. F.,.. .. m ot l""' ""'"rn, .....,.,.· 
th< ot>joctt\"C i< to mUo Ihe J>I<'I">$$d S.-'..\ \OS r,..1,;.,, """'¡'"'"' 
,..¡<h the ¡ivcn fiow<hut frogmon~ 

Loe O;>code Ad,jr 

L ' 

' 
,, • 

' ' 
, 0017 W> 000\0100 

0018 '"" 000 0~00 
001\1 '" 000 002~ . - ~ .. ,_. 0020 w• ,ooo-oJo~ 

0021 "' 000 '0107 
o~, "" 000 

• 0023 "'" 000 
0024 W> 000 0100 

• 0025 "" 000 ~"' 0026 1m11 000 0201 

1 

' 
(a) Witb ..tuo l<>cotioa - lb< nti>blc X b< ....,.;...~<& 
(b) Wha1 i> 111< "P"'f'f<l ~ thot lhould be: lillod in for lh< BRU 

inmu<tion u.o.., 11 loc>tiao:> OOH? 
(<:) W1w sbould b<""' nluc el""' od<h'<S> t\eld ¡.,. ""'l>TO -­

tion 01 location 002V 
{d) lf ot katio<> 0021 lht: STO w= rtpl=d by o BRU cp=tioc> 

cod<, o.-)W lh<o ~-oW6 b< th< •PI""'P'itt< '""''"' f<>< tho oddtc>o 

''"" • 
4. Thi, qu<><ion rd"'''" lb< followin~ SA/1\0S pro¡nm •nd th< four 

11>., ardo d><p!oycd ro 11>< ri¡lu of ir; you .,.. 10 m\ld"IC-ih>l the 
IÍ""" SAMOS ¡n>p>m <><CUU> "'itb 111< &ou ardo oboorn.1"h< Dtv 
(&vid<) in>INC!ion pro:luon an ;""~" quoó<ru (><< App<nói> A}. 

.. ,, COM.nER SCl~NCO: A fiUT C0Cts< 

oooo •ro 000 0012 '51 
0001 R".","[l 000 0013 
~, 

~· ~ 0012 
0003 O" 000 0013 

~ 
0004 ~PV 000 0013 .. ~ STO -000 0014 
0006 ~· 000 0012 

. 0007 SUB 000 0014 
0 .. 'ro 000 0014 
0009 r.r.u 000 0014 

. ,..., ... 
COlO "" 000 0000 
0011 ~' ""' 0000 

(•) \"ll<id> of o,, follO<rin¡ is o fa/M llotrnlrn11 
(1) Th< lP<tru<:~in" 010011 wil1 ncv" be "'"d><d. 
(l) Onl¡ ""o val""' ...;u be p<il>led. 
(l) AJI four J;,. cud> •·ill be rnd. 
( l) Th< fu·11 .-alu< prin1«< will bo l. 
(S) Th<te '"o!U<> .. -.11 be p<lnlcd. 

(b) Whidl of o,, followin& is o "'" ""'tnenl1 . 

"' 

(1) Tix progr>m "ill hall wht1'1<1"<r !he rcsul1 of a divisino> io 

'""'· (7) Tho in><ruCJion ., 0011 "nuld h< .,rn.~1«1 using lh< givm· 
"' of duo ii ol>e insoi"UL-.ion l1 0010 wut r<viscd "' BM1 

"'"'" (l) This rro¡¡um inpuu "-"O numb::n, w:l<cu !he l"5'"", and 
1""¡,' ;,. ,-¡luo. 

(t) A\1 thm of th< a!xn·o '"""'''"' ot< r,¡.._ 

l'roblcmi 'j rbrou'h 7."Tho foll.,..·in; 1br<< p<Obl""' in~~<~h"<p<<>­
¡nms robo u~iurn in SA.\IOS m>cllino L>n~IU1< and""' 0tr 

o rompuror nsin¡ o S.V.IOS simul11w. !~ ¡ou do""' hov< • 
-"'"'ruta :ll">ibblo, l""' final,...,¡, ,.-;n be a SAMOS codul¡ 
form ,¡,,·ing )0"' pro¡;nm. 

L p..,.- o !lrnl·dlul and ort~< and runo S..V.\05 f""'~ to fmd tho 
·., .. , (w 1-'>< 0<11"<01 irrn:~«) of cirdoo wilh e>dr of thc fcllowin¡ 
ndii: O.), l. 3, .•• , 10. 11,12 Uso~,. 22/7. Th< ourpul is 
"' ._¡,. oC c..:ll cidim •·aluo f<>lltwr<d by 11>< ...oci>Icd oru. lllst " . ..__..._ ... ~~ .. 

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

" '" 
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Drow o llon.cNn lnd l<rii ond 
l'ollowin~: ' nm • S.'\.\IOS prn;ttm todo tbo 

Fot <he voh>co from 1 10 10 .
00 

. • 
''"''"''' the follo,..¡,' -• . < 

1 
''"'" (.e., 1 ~ X S JO). 

"""'""" "pres>wn: 
F- ~X'+ IQ.''C +6 

Pri.>¡ out the valuc: f<>r X ""• ".e .._ . 
u,. """' <0'-'1 0\'aiLIID<><>-

, &-,U Thr 6r:q ....... of X will be l. F<X lhia ntue, 
F"' ~(1)+ 10(1)+6 
F=S+i0+6c~¡ 

be ~Uith< nurnb<n 1 tnd ~1 ~-ill j.o prin•<d ou~ ond F ,.;¡¡ _,_ 
., . ., • .,.,; for X = 1 J. 1 ~ ....__ """ ..,.,.;.. "'20 lllltl'll>cn· - .• -' u. • "" a>~t~pln< OUIJUI ,.;¡¡ 

" -

IG <:oMrUTU ICIE"Cl: A f>Uf CDIIU~ 
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.,;p (b~ Jf X don- <qU>I C, then add <>n< too (tQI>ter all<d 

• TALL y mJ odd X to Lllo •·Wblc SU.\\ anJ !hC<I r,-rurn to mp ,., 
lf X cqoo1$ WW. !l><n 1>0 more doto canb .,.. to b< rad- At 

1hi• ~""'"' r<int ou1 1he .-•luos of T!IU.\' ond SU.\!. Compu10 
11\'G, th< q¡>O<Irnt of SU.\\ ond TAL!.\' (AI'G = Sl:.\\r 
T 1\I.L Y). rr;m lb< volu< of .-\VG. 

Nou .~JJ,;.....II<if..,...,t""' ¡,. ~ 1 
l. In •·our flo""<harl ti>< ""''"1' w~l be: o vtriablc 1\\'G. 11>< .. riahle 
T.-\1.1.\' "'11 bold i <OUO! of h<lw n=~y ,.,¡,.., of X ot< ""'<qua! 
"' e, 111< .. ..,.,.,.. 

TALU' ,_._ TAL!. Y+ 1 

.ru1 b< !><..sed- Thc oum of 11M: ...J.,.. o1. x no< <qua~ "' e .. i!l b< 
<:>llod Sl'.\1. \\n.t 1h<>uld b< lll< initiol V>lu<l efTAI.LY aiKI SUM? 

.. 
l. Th< •·ah>< 9999 i>allcd t u~Uintl •-al"'-!u~ i>to in4icit< 
dut oU ti>< ,·al u .. of X lt>.V< bt<n r<>d &Jtd l"""'"'cd. (In annputa 
longtt>P" o ...,ind ..... i> uid io ~ tll< <nd of lil<. i.<., the 
md of dno.) Th<tofO«, your ,¡,,. d<d .,¡¡¡ «>MÍ" olo nJ.,. for 
C, tho gi•••n t·alu .. fO< X, ond tht vot,. 9999. (See S<Ct.iOQ 2 • 2 fo.r 
oddition>l ~ ol ..,.¡,e],) . 

l. Jo SA..\\OS th< oolr c<m<l•tiorW br&ndt imtructiooo io BMI (Brznc!t 
On ~~ ..... ~ Tb: P""l'...,.... fo=. probl<m •"llat ho n«di"' <btcl 
,.-~<th<r ti>< •-•lu<> of two •ori.1bla oro <qu:d or wh<th<r dt< •oJ.,. 
of o •·ui>bk ¡, <q11>l to """"' """'"'"' •·:du<. TI>< fnl!<>tt"inJ i• on< 
tn<!bod o( d<tmniniOJ •-bctb<t <ho valuco <i ti>< '""iab\<1 A ond B 
oro <qU>l. F¡,t, •~btm:t ti>< •·oluo of B from tht v>lu< of A ond, 
if th< ...Wt i>""' ...-pti«, oubtr->t.~ th< •-aluo of A from ti>< value 
oJ D. lf thio ,...,¡, io not nc¡llll"<, "< oan rondud< lhat ti>< ~o]..., 
o(-~ 1.."\J 11 or< <·1"''· · 

c_,.,.tf .. 
(o)A=6ondB'"9 

A-B•6-9c-) 
Rrnllc A -1- B <ir>« A - B ¡, o IIOS'Ú"" nwnb<r. 

(b)A"lond8"'5 
A-8•5-5=0 
r.~ ..... s-~ ... e 
lt<Nlc A = B """"....,;me,-~~ pO..t-d o ....piK 
..umbcr. • 

(o)A=4tnd8"'-l 
A-8'"4-J"'I 
B-A•l-4"'-1 
R..ul~ A -1- 11 lina: B - A io o tqoÚV< DU!Dber; ' . 
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" ' " " " " -
n.. w_,oo:.,. '"' .,.., ~ r .. , .......... X J 

There ;, 1 sccond imporunt ~ in >l'hich the ('Qti,.ÍI>..,., 

o(SL\IrLOS ond BITOS n:semblc ont onothot. In bo<h a..,., 
--,,----, \"a!uc• IIOtcd in 1h.,c rontJincrs are wlf-<k•aibi>~g. N01e 1hJ1 

C0 11he Sl.\II'LOS R .. Jer ¡, able to deduce !NI 1 srongc ~'<>:< 
• contain• 1 charoCicr •ning .-aluo as <>pf"'>"d. soy, te o nummC31 

• l .,_"'_ 1 '"'""· '""'"u'e he is oble ro ~ lhe quo'"•'ion nu.rb.. Th
0
o 

_ f<1chin~ m<cha~i<m of DITOS can con•~ e .ame •n~ 
- informo11on to m proccsSl!lg unl! becauso lhe d"' ob¡oct on 

. · · c-ach r:ootoincr cansino of IWO JIO-!U: 1 code th.ot dncribe-s the 
type or IUrute of lho value and tlle <hto •·olue ;...,lf.'For 
•umple, suppooc 1M <Mtainer associ11rd wilh X.i• loc:il«< 
11 bit odJr= 3901, tod surpooe cluractn <'llolin¡ for !be 
BITOS ""'" employi the.•ame 6-bi1 rcpreocn<orion usol in 
SA.\\OS. \\e ~ •~pea to 1« ot lh:al location: 

Mon oC !he 5101'18< capiciry ola 61--bir' SA.\IOS 'A'OI'd gocs 
Wluxd "'ben • $tl\all inu:ser, r .. in<tonc:e. 2. ;. ~red. 
Convcrn:ly, = lhoogh a numbcr is kno"'II 10 ''a)' gr .. , 
p«cision, a 61--bit -..-oro lu• • lix<d a¡aci¡y 10 rop«:Sml digi!S. 
Ounctn otrings, such ., namcs tnd oddrnses, for inn~nce, 
vary grea!ly in len¡t!L In g<:ncral, informotion'""""" in mony 
sLlcs tod Jcngth<, ind il would be "">=dingly con•·cnieñl m 
hove rom¡nner Slotoge rcspun•i1.,. 10 lhis foct. 

Tbc Si\,\!OS bnguag<: ;, hr1>ily inllucnad {i.c., ron­
wointd) b)' i10 •:·o•J--(¡r¡¡~><i::<d ll<lroge S)"!>tem. \\e bri<fty men­
liO» hcr< anothe1 kind ol compu1n Olor>gt .,.lled BlTOS 
(BIT--Organized SA.\IOS), \\'hoK non¡c is srr>etured in 1 

more fte>ible and n.orural way-na!WOI for !he proce,.ing of 
diiTerent ~-pes o!_ infom,.lion. The BlTOS Sft)r.lge is be-SI 
lhought oi 1s a ¡in:;lc .. qumce of biu in.,ood of 1 oingle 
><quencc of wordl th.ot are, in rurn, .. quen.c:tJ 'of_ bitS. Fot 
c:umple, 1 BITOS nan: ""'ghl¡· ~itoleo< ro lhi SAMOS 
""'" ronr:~ins 610,000 bi" who .. addz-entl ore O through 
609,999 mpccti•.,.]y. To f<fch 1 uní• oC infonMii<n:l ol sorne 
h>own lmgtb, Dile musr tp<cify !he ''bit oddrn>" of the bo¡in­
ning of !he desin:d. infomution ur~t tog<lher 'wi!h iu "bil 
len¡th. ~ 'fluq, 

"' ""'' U>A 
..... 
24972 

io tht ... y ono mighl wrÍic 0111 a BITOS inmuctino. to l""d: 
lht accumllla<O< wi!h o dou ,,.¡.,. 39 bin len¡ be¡in:tlng-ot 
lit Joalion 2~972.' · 

Thc irúcnrutico cont>inersin a DITOS mu:hlne restmbJe · 
tbo: 11cnge b<ttcs cf thc coote¡:mal modcl SIMI'LOS ia durt : 
lhr capac:ily of- !be ·containm i1 orbi<ruy. ' 

where !he <yp< codo S 11tods for nring. The<>, to rqxncm 
• strin¡¡ of 4 chvo<ten u-ould =¡uire u bits r .. <be """" 
ilsclf and 6 more biu (f.,;. lhe lmn S) 10 id..,;ry tbc 24 N1 

· u a string. Fot a stting of 91 charaelef1, 546 bits are n=;lcd 
(., tho 1tring tod 6 inore for !be 1)-pe code-or 5S2 biu ÍQ 

al!. 1( 1 normtglliY< inreger variable, AGE, ....., .. r~ir-cs 
more lh>n thrcc digits wc can picru"' 1he rorro>poodin¡ 

BITOS container os ' 

1 • 1 • • ' 
for 1 d>ta \>llluc of 52. Here the lyp' code l dmoon ;.~qtr .. 

Te rtapimlale, in BlTOS noe dellnn !he oize of the 
cocuainer to fit lbc .,.td. Th>t is, !he llo:r< U dhidcd llp in<O 
,...,~., tba1 tdl<cl: d>dr or:nW ux. E'fC')' ref<'len= <o 1 

container comim of 1M bi< address of !he conainer ar>d i11 
\en¡th. Thc ~ judf holds as pon ol !he d>t> obi«~ 
a code lhat m.U. !he re=indee of lh• infom>OIÍOll U. !he 
con,.in•r .. lf-dtscribin¡. Each time • ""w con~>inrr io a~ 
a oer:tion cf !be .,...., brtt """""" 10 hold !he n:quired aumbcr 
o[ bia io "p::niú"""'w for lhil purpooe. \t'heo this a:~a~ .. 
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• 

5 :;. 
is oo langtt <>«dod. tha1 S«tion of áon: ond oohtn lik it are 
repanitioned, tllot is, rcu'<d, 1ypiall¡· ;;, diffcrÓnt e<>ntain01" 
sizc., lo Sllil nc\\' n<Cd<_ Tomate an analog;· with SI.\IPLOS, 

imzginc lha1 oll """'S< bo:< .. ·~ con<trucrod '" li1 dimrnsi<>n$ 
of tbc dO!a t·olu" they are 10 mn!ain. ('The Afli'<t who p>'t<S 
!he stidcr on thc 51oro~c hwl caa aUo od¡"'t the ollc oi !he 
box if n~ury.) 

On!y o fcw of the i<kas abour s .... \\05 and B!TOS nced to 
be rnncmbcred Ün< o! thc imporunt id= il 1M <cqUrnti:d 
manncr In ,:hiclllhe computa worh, that;.., !he stcp-b)•-stop 
way in which thc computor p<rfomu ia '""" Thc ordcr in 
,.ilich th< wU are ¡xrfonncd is ju>t u imponant as wh>< U 
aa:omplishtd. 

Another property of computers that we must undcmond 
is lhe fi~irt o.-rmf ltJfllh. \~e lut-. =n that S.\.\!OS ,.'Ol'ds 
consist of lO C'horae~ero ando •ign, so th01 thc largcst number 
rcpresintoble in this coding •r•tcm is 

+9,999,999,99" 

1 r:olhtr brgc numbe:, but still finito. Altbough BITOS lt<lfc 
m•y ""' \'Cr}" "long" containcrs, thcy ore still fi.·.itc, oo lhc 
limira1ion en \\ha! con be reprtsrnt~, ollhough leu COII· 
srrictin¡. still nim in p-inciple. FrOtn 1 p::xtical ,;.,.-potnt, 
intogor conroinen, wholhor in a_SA.\IOS-like or in •. B!TOS­
IJ:c uoro,""' 'IOm.-timu '"CI")' uruuiQbk Conoider a varia~ 
tlut, from lime ro ttlm, hu ,..,.iou, \"all>C$ u•ign~ to ir, ..,me­
time• vrry small int<g<I"IOnd ot othcr times \'CI"}" llr$< integers. 
Tho uangt a>n!.lÍil<f for JUch 1 variJble eannat ah<a¡·o be u~ 
effidenlly if it muu be !argr: enough for tlie Jor¡est po,.ible 
inTeger \"llue lh•t will be ossi¡ned 10 ÍL 

To = lhio siruatioa there nt oth<:r Wa)'S cr"Co:iing: 

numbers th.n ""' cnly ooh·e lhio probl<m but o!«> allow "' 
to "·ork "ith •~•1 nurnbers os ""JI as inregers. Onc ofW :nQ!t 

coomrnon ofL'>ne ohernate codings ;, jlNri•'l·J>Qim form, whim 
Íl rdated to tlle "'-nll•d .. ,denti6c notation." . ~ . 

To occ how this iouko, m:ol! th>t o.oy d<cimal !:""'er.d . 
mm • 

fiOUII !O:U 
~ « •flootóoc.poiol: 
'IUIIIbo< fot • btd--.1 .... 

·~ 

11GOU 1·1!1 

- l82.5U 
.Floo .... ~~« 
-"'nO.obeodwcd 

COMIUTU SCI~NCi: 1 ftlll COUUI 

can be <=•prcssed ns 

-.lS!519X lo' 57 
in ~<1Uch rhere · ÍJ a decirnal poiot (jU'It aftcr thc ligo, iC .tr1y) 
foll"""Cd h¡· • nrin: ol di gil. (th< [ll">t nm m-o) alld mulriplied 
b)· a •uÍt>blc powor of 10. \\'e con code numbe" in this Wlly 
by ""<n·in~ thr« clwuter positWns for lhc npon<llt. lbo 
trtuh is sho"" in Figure 1·~ for -l8l.5l9. 

...... .... .. ¡ ...... ,.,_., •' 

l ('·"-"' _..¡ 
¡•- • O -2.: \•e-' .. '· .~., .L 0

• ;~) 

Some tt2mples ofbow to todo 1J1IIJ1ben lncluc!ing ioregcn 
in tbi$ rystem are. giv~n in Figutt 1 • ~'· ln this figlui, wC 
..., that tho 8-digit_ r~preommion of .,, u ¡ivea in !he m.. 
col"""' of tht tbitd cnuy, IW to be chopped io 7 digits o( 

preci•ion ~""'" of sP.ce J'C<lllÍ«m<nto. The .,.,. halds Úue 
(or 1 ¡ ~ ond 11 /7 at 1M bonom of tho Qble. llllls "" ..., 
iluT in & C<>mput<r ,;, . .., 1 oimple fracrion ou<:h u l f 3 annot 
.be r<pruented ox~ctly, but only toa dou approxim1tioQ. 'Jltis 
i:hlracterÍJtic o( Mfinit~ word l""'tb" ¡=>ents imporw;t pral>-. . 

ú>Jon1 »1 
n,.,..,;.r-""' F""" 

------·-·-···-- _ .. ______ _ 
-77lll -.27ll4 X 10' - +~)27)1400 

.oro876t .11•1 x ur• +-~liT61000 

·" ·,n X IV' + +007)00000 

1 .lllllllll X 111' + +OOJJJllll 

' .rnrn111 x ra> ++O~J.ÍHUI 



ncou 1·30 
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. ._ 5B 
l. So:va-:.1 fhillion poctcc~ d«uotüc.alcubton,.. """bcin¡ 
~ •....,..ly. Tbe¡· :u< I>«Uming tcbtir<l)' =iblo ro thc 
.,-m~• >ru.knt_ Mony nf th.•"' alrul""'" oO<h ., tho Qnc <!Jo"n 
in Fi;ure 1 • 36, ll>C l!o:nin~ p<>iru :lfÍlhmctic 

. ' 

!1 .. 1[ . ¡' 

•• 
. . 

.::y .. !! 

., 11 

' il ' • 

,, 
. 

. " 

' 
' . - ' 
' ' • 

. ~ -- •---'------- -

'.f 

.. 

• 

' :i 
• 

·~ ,¡ i 
. 9 1 • ' 

=! 

- 6 __ ¡ 

• • • • : 1 

' 1 ., ,, 
' 

(a) l.ocotc u d=-k alcal:t~ot ~ rompo"' the mcthod il meo 
10 f<l'U><lll Jloatin¡-point Dllltlbcn "'Íth ""' n><th<lcl - ia 
SMIOS. . 

: 50 
kms thal will b< discu=J in ,.,,;ous phcn in lhis 1en, ~­
ci.oh 0..¡>1<J ll. 

In flo:aing-poim fotm "" c:~n n:p,..sent Jar~e numb<:n, 
but f<'l' =omputors such :n S.\.\105 with li<ed-word <izc .,....,. 

th< prico "'' p.>)' is gi,·ín~ ur thr"" pbcos of prrcision. Were 
SA.\105 10 u>e flOJtlng-1"''''' numt>:rs, l~ lorgcst number 
~nuble in llo.l¡ing-f')int fmn would be: 

1·1·1·1·1·1·1·1·1·1·1·1 
which reprcscnts thc numb<r 

9')9,999. 90.'1.000, 000,000,00.1,000,000 
OOO,OC'IJ.OOO.OOO,OOil.fo\l.(l0ll,OOO,OOO 
OOO.(l(l(l,OOJ,(XXI,OOI.OOO,OOO,OOO,OOO 
OOO,OOO,OOJ,OOO,OOO,OOO 

Similu!y,' therc Ls 1 mWie$t paoiti"" number that could b< 
-~ -··-· rq>r<sento;u: - · .. -~ . .. :;-

1 . 1 1 . . ' 1 . 1 ++· 1 • 1 " 
.000 000 000 000 000 000 000 000 000 .. 
OOOOOOOOOOOOOOOOOOiXIOOOOOOO 

- ~ -000000000000000000000000000 ... 
000 000 000 000 000 000 l -· -

l<'bich is ,·er¡· >mall, indffil, 

• 

' 

Codin¡ in llooti118·poim for111 foro BITOS-li~ machiDC 
could be quite similar ro the >cheme shown in Figure ·1·35. 
O~ the othcr han..J, lince the .;u of thc conraino:r may be 
cboscn 10 ~. thc panicular H...-eds~ of. ¡ivert nriaiM, thc 

sizc of thc proci<ioñ pan could ca•i!y be P"rminod ro ''"'Y as 
m¡uin:d. Fot Wt ==· thc siu of !he uponc-111 p;tn oould 
abo' be "pandod or umtn<:ted 1<> 6t Ihc Detd. 

In •ummary, t>olh SAMOS-lik and DITOS.Hkc nia-. 
chir.-. are often built 10 opcn!c on numbtn <:Odcd ia floatin¡· 
point fonn. llo;,c,ór, ¡j, "'" di~<>ns of SAMOS, in pmi~- · 
ubr in thc descriplion ~¡,,.n in the Ap!"'ndil:, the m•dUne is' 
iniU.!ly dcscrih.>:l as if il -....u n<11 cap;tble o( tlca!ing wirh . 
llllmbers codod in J\,..ting-point fonn, but only willl numl><:rs 
codcd u in~e¡crs. 

" 
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~'IJIJ((J,rp(ff[/6 ror/ EAQirllJO MO 5CIEJfT15iJ 
K.<Wt , AltfiNu,.HUI. 1971 

•O•IOC"' "INICO .. t'\lft" •~O IO<sTI~('TIO" ~tn • 
'spocifyinJ .0.00 wooD (addrmed by) o . .o.•D WO~D {ad.drnsed by) o: 
PU~ IUUl~ INTO M<MO•Y lOC.O.TIO" (ld<lfel<od by) C. Bu! speo:ifi. 
talion of !hr<O scporttc oddr<U<I w<>uld moh the inuruotion word too 
Ion¡ (<v'" fo1 o 1"1' dígito! eomputor, nol 10 opuk of a minicomputer). 
Wo eon, howcv.r, imp!omonl tho abovo opcration in termo of o<Y<rtl 
o•mptor ins<ruetlons u oh ref<ronoin¡ o~ty a o ingle momo')' addms: 

lOAD 10</rO ACCUM U U. TO• (lh< WOtd odd!U>«J by) 4 
ACO I"TO ACCUMUlATO~ (lho WO<d oddre$$<d by)l 

no~• A~CUMUlATO• {in momory localii)JI oddroued by) e 
71'< "bu'IO" minkompuw dii<UIIOd'" lhio ohapl<r, thon, will be 1 >in¡lo­
•'dr«~ 1D10hino whol< instru<liono movo dol> betwoon o oin¡lc ouitobly 

' o.ddremd momo1y loc•tíon and o op«:ifood procmor fOJÍil", or p<11<ibly 
'><lwo<n '"'" <uch r<J•IIen. Thoro ,..itlolso be oomo inotnmiono whioh da 
not t-.:foronco 'momory ol oll (<J., 'coMPliM[>IT 4CCUMUU.ro•). Wo 
«mark, how<\Otr, lhOI tho polllbilily of ulin¡ oimpli~cd l....,_oddr<11 
instrnctiono ond lOTO·Iddmo (llaok) in,.ruetions in minic<>mpwton ;, l>ltho 
t"'"" inlet<ll and .,¡11 l>o diocuooe<! in oonneclion with mor< odvoneod 
do•ign• in Chop. 6, 

Fi1uro l·l illuotrol.,lho ¡ypioal ot*oni­
Tho moehino hu 111 <ht i•1rodionu af 

l. A <oro or10mioonduo>or mtmÓry, •hich ,..¡11 otoro in1uuetion• tnd dall 
l. A"' of pto.:.,.., r<;loton rn·,p-nop ro¡jotoro), ~i•., 

(o) Momoty bulfor oo~is!tt (m<morr dolo r<~loltr): conloino lhe 
inurutlion 01 doto word cu1ron11y loa>in¡ or on<Ofin& the momory 

(b) Mrmory oddrc" r<;lol": containo lh< oddrow o/ tbo curronlly 
tddm>cd momOIJIOCOIÍOO 

(<) Pro~tOm cooniO" oonllino th< oddftiO o/ tho inllruelion 10 be 
uoout«l 

r.r) !nouootioo "CbiO;: eon<ain1 tho 01.nr<nt inll,.ion 
(t] Cr .. <OI·!"'Ip<IIO t<fi"" (o«Vmulotor, orl!bm<tlt ro¡:lstoo) lf 

rr~lsltro: ond, pouiDiy, on lnd .. ro~llltr (So<, l-7) 
(/] On .. bll rrehl<tt ("fi•2>"]: lndkotoo •••rllow, oorry, ol¡n bll, "'~ 

mul<ina from pul or euuonl o pontlonl 
l. ·Ao orllhtntllo¡'lo~lo unll: to,ie eireuill lo combino wordo from two 

"l""" by_ oddilion, subtrootion, b11-by·bi1 .o.NOin¡, <1<., ond ~o 
<Omplom<nl, '~'~,oto .. ,·,neto words 

C. Conh~ locl<: do<odcs 1~< O. ond h oltht inmuetion cumnlly io tho 
in!lnlt1ion rc¡inor 10 1enorau to¡io lo .. ls ond time pul..,, which: 

lo) C otol>l«•),.ords b•'""" ~'"'"'"' ro~ Ilion 
jb) D<lrunino Oh< lonr~ion ollho orllhmc!I<Jiocit: doO"OilO 

• 
.................... ., ........ ,_, .... , 

.:;_~· ~· ~ .... -·" 
/_ ···;-- __/- / ....... ............ 

'"' mom"o •'" ..... "'"" 
"'"'''"H 

"'" .. . ~ ......... . '""'""~· .. ...... 

......... ~, ... 
"" ·~ 

·-·- ....... 

"''""'"" ............ 
·-· ............ 

1= 

h 

~·· --·-.. _ 
..... ... 

.l. ...... 

'"' .... . 
' ............. 1 - , ... , ·~·!.J 

Flo· 1-1. o., .. ...,,Joo "'' -..,;,·. ,;,,,,..,.,,.., .;.:.;,..,,.,.,. _ 
:-.; . .- -

lo Fi1. 2-1, ohct< oro lhroc """' fo1 rra~.r,,. be,,....,¡ "liolon, ahnp .;, 
the arilhnullc/lol;e un'll .. T!úo H 1 pro<ticol Compromioc: oomo Uln 
I<CiWr·to-«lillor pOiho would pcrmil more <nncumnt •<giO!or non•fm 
ond op<td eomplrlo1i<>n, bu! wo would poy lo1 morocampl<> intetcannoelions 
on<! la¡i<:. 

Fintll y, M m u 11 hove !npo1Joulpot <OM<otlono thr1>11 1 h lh< o ri 1 h m<l i<Jio ¡ic 

unil or throu¡h "*'"" 1'.'"· ,. 

l~. P•oeeooor Opt<Otloo, (o) lnlltoo>lon J'clrMot- 11,... 111omc thll 
o soillblo pro¡rom ond d•ll ore in m<mory, pt<><ouor Op<fltion poo<tds 
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' .. 
5 

se uur!n solaroente coil números enteros y los cllculo• uoclodos 

so dt110111ln.ortn arltl:lo'!tlco de los enteros o ooc1o entero: •lentras 

que h ariUoftlca de los nO~ros reales se har' en la for::ra de pun­

to notonte y se lhaorl orlttJo!tlca de los l"''llfS o mdo reol. tle­

bldo"a que tntltb es necesario dhtlr>g~~lr lu con<hntos (nlire-

ros que· no can.lon duronte tndo la ejecutf6n de un progroOJ;I) de . 

los voriabJ01 (n~ros_q.,. I'Uedtcn cod>hr), surgen cuatro clun ., .. 
. . . '- . ~ ,. : 

COn> tintes 
.. •' 

Dependiendo del _tiPO ~· eoq,utadorl se padrln representar 
.. , ·' . 

)>Or un cierto nt..ero do-dfgltos, aS! pua 1814-ll:JO u repreHntan 
' :-' .. 

.i.edlante ci"'ci dlglto!."-sl~ •) pUnto doc·t .. l."Sl.'•l ~tero es nega-
. · ... -- :-"·:···;.:,:.·· .. ' . 

tlvo, los dfgltos deberln,;ser. precedidos del signo l!l'nos; si al 
- . 1~-··:;.-;r;.:.;;,;,•;, . , •. ' ._-. 

ent.eT'O rs posltho -~\~~.g~·."~~-:~pel~Ml. -. >_/~ :_~ . ":; · · 
fjm. Slai>olo~_para coñstantes.enteras pueden l~r-~t" 

• .. 

. ' 
' . 

otros: . ·_ ' ·' 

1976 +1 • ' +1916 -1176 

Sfmbotos "que 110 se aceptan para conotutn entoras: 
- .'•': .·l.'~ _.·. '. -

1483282.(.-ú de dnc:a dfgltos}' 

1916.~-¡'Jí·_·;.,;;t~-~ecÍ~l· nD sli ~~ ... !te) 

' .. ' -
2.2 Consunus reales 

~d.lcftdo del tipa d~ ~Udora, lu "'"'Untes reoles 

n )>Odrln Te;ln!lentar par warfos dlgttos, pero an el uso de la -· ... 

••• 

'· . 
" 

lB"" liJO s61o se odr.Jittn Shte dl~ttos con punto decimal pudhnllo­

se colocar al prtnc_tpto de los dlgltos, ol f!nol o entrt> dos dfgt­

.tos eullesquiera. Cuando oparoce un IM\ttl en una conüan~ su tro­

. tamiento ser& de punto flotante. SI lo constante reol es ~recedl­

do de un SI!IIICI •nos, se lndltnl que H ... gattva, •1 es posltln 

1¡ signo es opdonol. 

-Ej ... - SfoobOlos poro tenstontcs 1'1!ale• pueden ser entre o-

tros: ,:. 
1916.· -.00001976 .·. +12.34S ·12.345 .. . .., -.007 .oo, ' S.3-'8 

Simbo los que no se acepten poro const.entes reoles: 

123456789.32 

. . 

(~• de slet• dlglto• s\!lfltflcatl­

~os) 

5343 · · {falto ti p""to decl101ll ,•, . -, 
Por~ representa~ liS con,·t~nies reales existe tomblfn la 1\IUda 

fonoa ~xponenclal; esto la podemos rePresentar n!dhnte unl letra 

[y una constante entera de uno o dos dlg\lo's, po•Hha o negctln. 

Esta connute entero es un exponente del ~limero_ diez; el signo 

•nos os pan 1M expo"'ntos roega.tlros y parl los poslthos, el 

sl';no es ·opelonol .'En f~RTJWI, ii I'T'!'t~ch del :xponente hoce q101 

tl uso o!otl pu:nto deel.,\ sea o¡~~:\""!-1 • 

[j"'!. Fo,._ e•pOnenchl 

l.l28E2 

1.328[02 

fonoa no exponencial 

112:& 

132.8 

. . ' 



7 } .. 

1.)2SEOO 132.8 

-~.n~t-o) -.00\71\ 

+7.61[] 761 o. 

• -6\JH-J -6.\J! 

'·' Vuloblu •~tocu . . . 
htu •• roprooenton por eomblnoelon01 do una o clneo lotcO> 
.. - _~,·1.~;--.: ....... ~ 

y dlgltoo (11~·\IJO), no'oo'penolton ct,.,o uroetoreo y el prl .. r 

.,., uroetec 'de""" voiloblo eo ol quo Indica ol •• enuro o·r.,.l. 

Duronto h ojocud6n de un' pr<>gr_, r .. Yorloblu entoroo do~rln 

reotdnglru o voloreo ""'.!''"'· _,. 
• 

. _;.-· . . . 
EJ-. Slll!boloo··p~.~-nrlobieO 

-- ....... -. '-· 
.;,¡., ... ,...d .......... ... 

'·' 

••• -\~-------~~... • o 
oúou; . . ,,. ' . ·-· 
MliiiCT .. ·kltO_.- 'NI ., KIO 

'.: IUliiT' '"' ,.,-
IIAtC ,.:'jélAY d'IA~Y,:~OIITI'LI,76-'; 

. . 
.· . 

Sl.tool~o ;.;;-.. ,,PI¡~¡.,·¡,~,.· nriobloo úior~~;'." 
,; '· tli[NT' {ol pd_r. eoroco:r"'dot..' oor ~~- j, . . . . 

•• 
· .. l, ~~N),-

. 

,'I(I)N'TAPOR 

11. ,~ 

.. 
• (d..;..olodoo ur~etorn) ·., '.'.- · 
. '":·,o:-;:;:.- l. • -;·.·!·,_'-· 

· (•61~ •• ocepton !Uros f "~"'""'') 

' • 

ruoo oo ropruoñt.in_,;.;, ~bl ... dDIId do uno o dnco !otro< 
. :. 

y dlthoo (1111-11)0), no 10 ~ .. lton otruo urocuras ro!'''"'"' 

... 

• •. 

••• 

. .. 
8 

corocter 11- qvo oer nocuadom<ote un.i letro diferente 1 '· '· 
'· l, 116 ~- Puronte Jo ejoc;ve16n de un provro'"" dlchu .. rlobleo 

•• ··~ 
rootrlnglr o ••lar., rule<. 

IJ-, SlmOolO$ poro vorlobho reo leo pvodon ter, M0" Oln>OI 

ru'" VElOC -~Cill ·~~ " ~ 

AlfA VI HA "" " '"' "M 

••• '"' p<mla no el hiTo o n16oe!"O) 

COUIEW (deiOOOiodoo cor..:tereo) 

l ~ASO (o< rrl-r eoroctor debo "' -· !otro) .- .·· 

~., (o' prl ... ; •• ;. •••• ,,.;., """"' .. , • 
· Opo~oeionoo orlt!Oit.lt.oo 1 .· . 

lu ~P*r&d.~ooÍ"ltÑtiCO:o.,.loo oh•boloo qlll 10 vtllloon 

en FUTIIAII """' 

.. . · .. ' . .. 
.. 

.-.. 

""IUpllcocHin * ~--· 

Dlwh16n · • 
¡.: 

·.' .. . 

l"'l•.oi~ ..... ••• ~u...-• 
[n ••oo o lo_ oxpunto 

· . • 

· .. 
FIATIIM 

••• ' . ,_,_.· .••• b.' .... 

• •' • ' 
• • ' ., .. 

• 

"' ... 
•• ... , 

... 

... 



. 9 •• 

•~pcuiOMo odt,.¡:tJcoO en !cn900jo FUTUII 1 ""' d.,.....,. cuento 

quo oon fiiUl' ol~lhreo o loo expceolon01 odt~t!coo dol ol~obco 

. .......:in, 

', 

. (A+a)n. 

C+B·). 011 : 

[xproolonc> tOI!IUIIOI 

': . •'-t.' 

' . • . 
1~-J .... ·· .. 

c+b-Jo 

. ~- 1 lle;J .. p,oco In npc.-,r.;.; .. ..-!Uiftlcu 

los coglu o loo qu;·debZ..,I oujet;c ¡.,·,~p,O,oron~;· .ritmo!-
... :;-_.,.;.. ._;·. --~ -··· .:·· ···-~----:. 

<lcu '"" necuorln debido o lo utrucouro do In <""'!>UiodocOI y 
... -. ... ' . '· 

"o! oboorvodu tondr"""'• 'un' o~¡,·,;.,lon:e!. tlell!p(l de tJoc11CI6n de un 

.,h 1 SI neo 
..... ,. 

,;··:!"-· 
eXp,..ol"""' 

·neo d~· cuento 

·,-en uno uprul6n 

. . .. ' ' 

Todu In conoun~u y ~orlobloo 

el ,.,,_ noodo, ooto 

' ... ·-·. ·'· .. -
••, toda> debcn:Oor'ontecoi'•o 1t0du doiHtn ~er reoho. 

:·(too.> todo ·;.-,¡~<-e~r~t-.,.:;,·~ ~-O.Pel6n - .,.nclono,..-

..,.- '"" ado.IO;,;~J·, ·; · ··· 
' ' ' .. ' -' . 

' .. 

ro quo como h....,. 100ncl"""do onterlonoon<o do,..ndor' 
' . 

ouo r~lo dof tipo M ._tMoro. ,.,, lo ,.....,lo 

lo «>1\lldor..-...,, ....., oo 11a hMII~. 

.. ro 

'r 

" 

' ' 
' ' 

' 

1 o •• 

10 

A .. !, !H) y ,. .. B "'" ;xpo<~cncloclonco pcml!ldu. 

[n ol co<O A .. l oc ronclon lot a>dos y u lo ucop­

cl6n o lo Reglo 1, pero >obemoo que coto exponenclo­

d6n dgnlflco ""'JtlpllcOcloo•• ouo.olvu ( .. 1 s••)oo 

B•B•B), .,JenHn q"" ho pc>t~nclos ""entotaO 1"'!'11-

con cilculo> mio oofl5tl~odO$• Hoo domo> cuen<o que 

I*"A, no •• fo,.. o exponenclocl6n p-onoltld.o (on 

olgun•• ~lqulno> ol •• pe~Jto). 

De~•• tenecn on cuonto q"" lu oporoclonu oe oJo­

cutorin ~"": , .. :,,~ulo~t~> prlorldodu: 

1) Loo \,:.·,.clone> '¡~_drc_ocloo dont~o do loo por~ .. -

teoli ••h tnucno,¡ oe ejocOton'en pd-• ,, hponenc r oc 16n. ' .. 

" ""Jtlpllco~l6n r dlvlo16n- • 

" ldlcl6n y tustroccl6n. 

.-_lnt~ • • ., Ol"'toclanU do "1!1""1 pdoTidod, 

-.,do 0J~t<rcl6n •• do l•qulerdo 1 dorocho. 

51 .... 5., ...a. y t-2. 
' 

... 
' 

\u¡•'· 

~--'_A+t-,,0!: o'~ colcuJori on el olgulento ocdon: 

·J.•2.•&. ,·, s.o8.-1J. 

or9n: 

4.-s.-zo. 

..11 



11 

SI A-5., s-a., C•2. y P-t.6 

to orde~: 

S.d.-1]. . n.ll.•6.s 

to ord~nl 

8 ,/2 ....... 

Ahora si 

clrl e: . . 

1\len<us quo;"_A~~· • ., ;...;,;¡.~¡,, 

·>.5.'+4')9'''1::.:' 
,; -- .. •-. 

11 •• 

., . 

j~•l) 1 (c•D)·~D.IJ,Z•I2.5 

Entone.,: ¡.B)t:~~: ;~;~JO. •11-n. 
''i ::,-,: .. ,_,:-- .. 

flnot ... nto·•l:tO......,o,pulnteolo dont<o 
. . .. _~;.: .. :~-.. ;..-··¿ . 
. otrc> porlnteo lo' u , t tone: •, ;e · 

·':·'·---~-;-' 
. (A* (l+t)) .. 2~{A•1C.,..•2•50 ... 2•2500. 

•• ' 

I+C tlcno ~~--=J~·~-J.~~p~l~ldod por..._,. ._,,._ .... 
trono en ol

1
porlntoolo ..&o ln<orno. 

\ :.,,,;f'':o- •' ·•.-' }' • 
( A*I+C ) U 2 • (~O ; H) **2•~2 , ~*2• 1 76Jo , .-.;:::-_ ' 

A* {B+t ) *"2•A *1 O • * *2• .... 1 00 • •SDO • 

hbe.oo •-~ "ul4do .,. .,.,,.,,, lo -

<lou...,s noaltUr. 

•• 12 

/{ 

''" 

'" 
ALOC 

n .. 

12 

llo del>erOrmo colour un 1 lgno de oporocl6n on<., 

de un signe> 11h o......,,, eno eo, no debe.r01110o po-

I+·J' - M·<U 

A*(·B) 11-(+N) .V(-1) 

Funclcnu pcedd!n!du en len,uaje FSRTRAH 

h!n funeloroeo predefinid•• que j,ropccclono el lenguojo .. 
r•ATIWI "'"dé tipo do b!bllotoco. Poro utlllnrlu uoor...,o el 

nombre de lo funclén oeguldo do un orgu~to que debor¡ Ootor en• 

""" oublndlcu, ~uontu, c,q;..,tlonot o~!t~tlcn "otru ,...,.-
... • • . • ' 1 - ~ .. <. 

donu predefinidos en reiiTRAN. .• ..··~. . - ; . ' . 
Poro IBK • 11)0 tOhtftOS: 

5eno trlg......,trlco 
{ar9,_,to on rodlr 
... ¡ 

to .. no trlgon"""trlco •··r-·· on rodlo-­.... 
M-lo do pctor•tl• 
do! nr..n> o. 

' 

' •. ·- ~ ·'·' ' . 

' 
' 
' 

TIPO DI: 
A~CUIII:MTO{S) 

.. 

• 
~-· 

-· 
. ~··· -· • 

t.:ol 

-·-

TIPO lJ( 

fUNCIOII 

Roa! 

••• 

•• 1) 



1) •• 

lJ, 

... Volor ~bsoluto ' ••• ~ •• 1 

OM' V.lor absoluto Entero En u"' 
rl~AT tDnvorllr org...,nto •• 
1 F1l 

SI~" 

ISI&!I 

·-
s.- . 
... ; 

entero o --~1 ' [nten> ••• 
Convertir u 9_,nto •• . , .. , o ente..., ' . ••• Entero 

lronoferetldo de olg• 
no (Ar9. 1 redt>o >lg-
no do Ary,,j ' ~ .. 1 ~ •• ¡ 

Tronoforonol• do • lg• 
no (Mg., "'db<o slg-
no de Arg,!) (ntero [ntOn> ' 
T.,g..,te Hlpcrb61 ko ... ... 

-Ejon •. . .. SqAT (DHi:~ ... ~.•A•t) In-dic. que o'l.; que lo e.ncuen· 

' ~ ' - . tro en:~!'porEntcols .•• lo socori 

, SIN {BrTA) ·l~dlco' q;.. ¡.·~btondr¡ 
lo ;.r. c~odrado. 
ol" seno trlgono-

¡ . :· 

Enunclodoo 

.LoÓ iniunclodo; '""In unldodu booleoo Ulfl loo cuoloo •o 

' cot~struy..,·los progromoo riRTIIAN, Pode..,, clotlflcorloo 1111 :Ocuor-

~. o u ·.funcl6n en QrupoO, """"'' ;. · t." 

., ·,.,,._ ' 
1 ;-: 1 

; • Ar 1 talt t <OI . de~"' l,.,oc lt5n 

2.·· '· o."""'"'' ,_. 
•·· O. ••poclflcocl6n 

'·' loo onundodoo ultlllltlcoo do ulgnoel6n 

So fo,_, e<>11 lao.uprool"""s pre>ontodn on<orlo,..,.nu y 

.. 1\ 

¡< 

1~.: 

'''" lnMcon los oileu¡ 01 portfculoros ~""deben hacerse. Su for· ..... , 
El olynlflcodo del >lgno. es el de ni!P'KI6n, e<to eo, 

<lgno • y su valer oe oslgnacl ~ 1.- v .. lablo- 00 encuentre o 

lo Izquierdo del signo, lo cuol t!•ne uno localidad en la......,.. 

· S .2 

SI '~·S., e-8 •• 

' l)o1.6 .. 
l•{A+B)/c se lo esl~rl o lo X el valor 6,5 

., 'AlO.{Maj~,l-~~~ le aolgnor( ,• .ot.O el _volor 16;, 

IIAJ•SQRT(B•[) oo 1~ ulqnori_ o MJ ~.l:volor ~. 

·. ·' 
~190 dlfer~nte ot otgobro n<;,..l n ol """nctodo . , . . . . . ~ '-,,_A<-3, el Cuol no dcl>e ola ......... yo que lndtu quo 

·, lo l<><.<~Hdod d~ -•lo con el -·• ~ oo lo ulg-. ' 
·.,.,¡el nue-.o ·valor .U]. ooto oo: 

SI A•S. Y ..... A+) •• ..,tonce" .' ·' 
,O..S.+]. Ao-8., o no quo lo vorlobto A u lo otlg• 

',,'no el volor do 8. y ol nlor.ont.ertor que fuj S. oo 

pi••""'· 
~oo enundodos de e""<rol 

Dobldo o qt>e loo.e""""loolos do "" pn>qr- r•IITIIAII oo oJe-

tronoforlr lo ojocuc!6n o otroo onunclodoo o! oo oo<lofoce uno 

•• 15 



15 15 •• 

deru totldlcl6o, FIUI\A!I ""' Pemlte """'"'"' die~~• onunclodoo, 

\In n.;..,ro do en~ lado debe oor uno eonUOtiU ontoro de uno 0 cln-

eo coroctoros.oln ol 11..,.,., lllo o"'"""'; 01 nÜIIooro oe col<>eo 0 ¡0 

IJqulordo dol enunclodo, 

l tONT ~ COHT+I, 

} 
2~ RAIZ • SQ~T'(A••Ha••2) 

rJ en~~nclodo Cl TJ 

Ene ,,.. .lo 'rci,....,CJ r~ M en doodo K •• un ...-m.. ro 

do ~nunel.do. 

J envio .Jo i.Jei,ucl6n ol eñu,;oloJo-~n~""''o 3 que 

h lnurucd6n do coñ'ie~·,j~¡ oje.:.Pro on;orlor: 

puede oor 

&~ U 2~:po-' 
· .. - .. : 

ou ol del.ojemplo · 

' -' : · .... ' hto nao r~ennto le o-. do 

IS~ • 0 

ISUH • IStiPt>l. · n nen .. r!o """"''' ctroo onurw;lo• 

1 '. 1•1 dos P""' po< ol 

ti TI 1 

S.z.z fl onu...:lodo ¡r 

Oobldo o q"" 1 .. <""'Putodor'n eoton dltoftod .. o bo-

. u do clreultDO 16gleoo y d peno•oFonto dol oor l'!unoono dobe 

•• 16 

~~'. 

lG 

'"'de .,u tipo, ""' «>OC...,to..-oo el Ir 16o¡lca, od ... h do """' 

'"""' ~~~. ANO y·IIIIT, 

El IF 16<¡1<:<> oo do lo for&a' 

lf (L) S 

' t• e•prul6n 16~1co q"" P""de tenor d<>1 .. !ore" ~udoderu 

o Foloo • .. 
, 'c;s- Ouolquler onundodo r~RTIIAN dlfocenU do\ un •• un--

e lodo de oopeclflcocl6n o de otro lf 16~1oo, 

SI Leo foho (,FOL.U.) ent<>n<"' 10 19""•• S Y lo_,.,.­
ciÓ<l wntlru:io ol olpul.,.,to enuoelodo. SIl •• .._nlodero {,TRI![.) 

ol eOunclodo S •• ejocuu en oepldo. 

. Reoulto lntecio~ote ~ooe< r>Óu< que ol l •• rolotlv-nto 

tlcco. 

Hm!>olo Sl~bol<> S; gn 1 f1 eo~ 

""'•••ltloo •• Slgt>lflcodo rUTAAII 1"91h 

. 
"•". " < ~~· - .tl. le .. t~on 

, 
~~· ,. .tT. 'f"Colte< •"-

' -· o ,_, 
' .u. ln• oc --· ,. !""Y<>' o lpol • ••• Greotor ......... , 

• • 17 

i 
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17 

• l9ual • .EQ. Equol 

' Dlfer~nu o 

'"' l9u0l • .ME, 
~· Oqu.l 

-O~ra<lo,..,o •• ,...lod6n: 

' llr116n .CR, • ,., lnelnlvc} 

n ·lnU<>ecd6n ,AIID, ' ("ol mio.., ti...,.,) 

• ~1-nto ' ,NOT, -
Poro nluu uno CKpr .. 16n 16yl"" •• ""'' eoo> In 'OI!Jlllon­

too prloddodes:' 

1.- Eopreol~u ~niro porhtcllo 

.2.- · Opora.dorn ulboftlco• 

. ' 
,-., 

).- (,lT,, ,I;T,, .H., -· ... 
-.EQ. y .• NE.¡''' 
•.- . .. 

~-- .·.,•.·.·_HOT,· . ·.• •._,·' ·. . . :-:1_ .•• 
-- s.- ~.ANo.=_ 

._ . 
···. ;-" 

••• . -~-

-
di • dor"ocl>o. 

Ejooo. (1) .. 
• 

... ,,, 

x-s. · ·ro.s 
·' ,... . : · .. 

·~lf "(X.~T .] •• AND." ~ .U.l.) 
•.·' -:f. : . 

srg;,rflco q .. or·x•l. y¡.¡,.¡,,., tle...,.,) y!;_~. 

•• ulgtoori o"l al valor qye u obtengo ol col· 

ulor l'•n, ono •• Z•US.+l.Soll7.5 

.lf (A.U.I.MD: •• ct. Y .Ol.C.CT.Z) Glll 12 

Uplflco qua ol A<l y (ol •lo- tl-1 l>f u 

•• 18 

18 • lB ••. 

•erdoden> 6 Pl ei """'-de- O ~-•~ 
-~ """"'• ""'OI>Cf;l 

' 

ISUM "' • hto ...,, Indico 

ISU~ • ISU"'-1 ••• •61o oumore· 

' . ... ' -· l<n • ...,,..,, 

lf (I,LE.IOO) "" ' ..,,.,...del ... 
·~ 

·. STOP · ._. 
:·-~:-":···· 

~5.2.) ,! ~~- enunclodo IJil .. 
--·· hto ·-· •• fotm~:. . 

• ' ' . '· . ' '" . . .. ' ' • '· .. -- .- ' l . - . - .. 
:·· quO u ~utonto frecuento,· 

"· ' 
" . ... -

· ... 

·¡-:k repreunto un n(iroero do onunelodo 

. ,· ~ 1 repruento uno vnloble entera 
• • J ' •.. 

!l, ."• M oon vuloblu enurn 4 eonÚ¡ntoo "" 
El Df_procl~>~:o lo ojocuci.S.. repetiÑ de todas los 

· onunclodoo que le olg"""• hu u el entone lodo nU...ro K. 

lo ~rii!IOfO nz que U ejecutan eot<lO enunelodo• lo vario· 

blo 1 •• Igual o L, en coc!o pooo oubolgulonto oe ln<ro· 

•'11to.., lo :: .• , .. H-.1 ~ ..... u to...uroe --O lvwl o H 

on ol puo final;·.., ono _,., oo ,,,.h .. ol 11-

¡, 



1 ~- • ' 

P"'" ol ~nuntlo<k> quo eod o cunti-_ 

nuod6n del onunclodo K. Asl, leo ol nlor Inicial do 

y H ou valor final. 1 oe lh"" el lndlce 

ecnstltuyon ol ron~o del 0~. Tembl~n •• poolble quo lo 

-.orloblo 1 no oo encuentro en nlng,...., de loo enunclodoo 

eucl6n do todoo loo enunciados dol rango dol Dr H entre 

..,, ,.,.,., on cuento que• ol Indico 1 oe lncre..,nto neve,.. 

varloblo ente.".:; el-Indico 1 q""do Indefinido deop••b de 

·. ter.,tno-do el .lo•o del o• y puede utlltnno poro cualquier 

ye eouo '"""'U Tf,.lf y Df, ool c,_, fORIIolT, END T ol-

g .... oo ou-oo.' Dob...,. uwulderot qUO no oe puode deode nln­

gUn punto do! progromo llegar o un enunchdo ~entro del 

r••!l" de un DI. ,·.,.,. Jo entnd~ o"" Df doberl 11-acoru 

•• lO 

' 

EJom. 

. 5.2.~ 

20 lO •• 

Ccr<ecto lneor...,cto 

N .. .. .. 
" ... N .. .. .. 

UtrHzoremoo un-DI paco'"'""' loo nUmoroo entoroo 

....... -
1$\JJI o 

llll 1 1- 1,100 

ISUH • 1~0,¡,.1 

·snw.-

Noo do'""' cuento quo ol DO t le­
no lo "'l•u funcl6n que un lf, 

un GS T8 y un eontodor; """"'pe--

. d;l oboervor .. ooon ol oj~lo an­

terior. 

-.nos lndln que ho ur•lnodo"lo ejecucl&o y·.n ol.cooci de 

quo haeor quo continUo trabajando. Debido 0 olio oe r•t<>-' 

"''•ndo ~ue •• utlllu o'J enunelodo tALt llllool c~ol po• 

u el <<><>tro! o un progre ... """'ltor quo hoce qua lo~ 

""'"~oro eontlftúe ej<euhn<k> loo <>trQo P'"'l'-• """ •1-

--
lonto el ST8P c...., el u.u_ EIIT pcdr¡, •••u.or 

dupufo de cualquier onunelodo. 

' 
•• 21 

. -
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21 

'·' Loo en..,dodot do entrada y ullda 

htoo,- ou -ce lo lndleo. tlc .. n puo lntroduci< 

·Y loar lnfonnHI6n ele lo e.,.,.,uudoro. 

El onunclodo REAO 
. ·. ' •, 

Euo enunciado tlono la fo,.,. RI:AO (I;·N) LISTA ........... 
1 .r N oon ontoro~':;,,, olgno y LI$TA cepruOnti una listo 

.S. ..,..,,u do vulobleo paro In cuolu •• loorln valoreo. 

1 dcolgno ol.<lpo d~ J><rlflrlco de entrado quo u utilice 

(lec<oco do torjotu, conoolo, etc.). Neo ol nÚmero de 

· [1 o....netodo Rt.o.o·U, 101) J, B, H .. 
hcturo dt tru ncnei-oo: un entero y 

doo iooleo y 
(. . .. '. ' 

•• ol~oconor¡n en·loo loeolldodu de . 
la .,.,.,.,.,. ole lo·co..,utodoro ile~lpnodot con loo 

~orlobleo J, e_ y H on ou orden. tu ca-ot •"" n• 

... • puon ¡,;;,, .-reo de vorlobln .n · ol ~[Afl ""'. . ~ . . 
.' '•· ·,, .. ·. 
·•l~dloponub1u, ·2 •• lo unid.! "do ontrodo y 101 

. un flkiiAT, 

S .].t 

hto treno lo fo1"010 WkiH (1, N} Ll$1.1. 1 J M Ootl 

.,, .. ,., tln olg"" y tinA roprooonu """ liHo do vorlo· 

bho ~ro lu cuo1u oo l..,rl_, voloroo. 1 doolgno o1 

tipo do ~rl,.rl.:o do ulldo qvo u utilice (1-.proooco, 

cln<o, oto.). • oo ol nr...co do.,.. """"cloH UIIMT ooo-

.. 21 

,, 

' .. 

22 ••. 

.. 22 

El enunclodo IIRITE (3, 109) L, J, T 

hoduclr5 qu< •• ln>prl""'n loo valoreo de 1•• vo• 

·rlobl~> L, ~y Y que>< oncuonlren en lu loooll-

ron htoo nn<nbreo do ~uloblu on ol IIAITE "'" 

·lndlopensobleo. 

• enuroelodo1 de uper!flcaoiOO 

. .. 
cu1oo, ""prodocen tronoforonclo de control ni utl .... lon el f1u· 

jo do lnfo,....cl6n, 

feRTkNI ol P<O!I«<N cob}eto on lenguaje de ..Squlno 6 p.ora-!. """' 

verollil> do ditoo.o 10 ~•trodo o. lo ulldo •. 

SI q.,.;,~..,, lntroduelc dotoo o la """""''"""'" lo ¡oodc..,0 

hocu ooedlonto un onundodo q<HI u ti denlro dol pr011ro""', c.,..;, 

A • 3.Ul6,·h<o •• lo q~ ~rl~• n.,.., lnlela11•or un.o vo· 

rhlolo~ y ol P•<>!lr- te ~lhrlo.L<odo.ve• q,.. qulolu--.· 

.S..rlo ;.., "a lo.' dlferent~ .• A, lo euol <e>Ulto ..,, =ltooo, yo 

que lu e.,.,.,llacloMs ~"" hi>Drl<>ou. Poro etha< olto u u .. 

ol ••~"<lodo AE.o.ll y los va loco• q"'" u le den o ~ """''n ootor 

.. 2) 



.. 

" 

13 •. 

23 

s.~., El on...,~lodo ftiOIIAT 

[OU tleM 1~ fo1'11111: w T~IIIIAT ( , , , ••• )en 

-le cuol ~-u el·n¡m,co del·enundod<> f!~KAT-y correopon· 

do 0 ¡ N 'do ioo .;nundodor READ y lo'RITE. Loo oopodoo en• 

tre ¡ 01 .,,.,..,· """' dUponlbloo por• !u oopeclflcadonot 

.MI tiJ>(> • .,. oo deocd~ No odelonte, ol""do ol nr..e1'0 

N oopocloo ..,..., o mh, do ocuocclo o In noo~oldodes del 

. , 

Lo eopulflcocl6n l:lw 

Aquf 1. Indico un volor Ontoro y 11 u 

·!un en~uo q<>e J~iic~ el, nónoerci' do col"""'"' o on­.. 
c¡.,; ;¡;. U01>0, que ocupo ou volor on lo tocjoto " 

.d."·.~~~·odo 0 u ~¡ "1>01>01 .~- J..,roio!6n;.fl ~iíooero 
·., Mbocl Incluir "" lu~or yoro el olgno de eoo 

•··. - . .'; volor,· olon<ID +opcional." 

:-,;~&j;..;:~ 'Vo)oc·dt l<ñ'dUOI ,• 
' 

- .. -·: .. 
' . " ' . ,_,. ' ..... 

.-,~s-~,,~-z .... 

de entrado o oo!ldo; "~ +1610 -m ' 
·Espe<:lflcocl&<: -, " ·" " " . "•{ •: 
·L• eopoclflcod6n T:fw,d 

Aqu r f ·,~dlco un volor rul, • Indico 

ol ne.-ro <le cohoonoo q<>e oc:uporl o! volor .., lo 

1orjoh M ..,.nlodo o en o! pepe! do I"JJrul6n; d 

Indico 0 ¡ n._ro do clfroo que'oo on<entrorln d•o· 

-.. l~ 

... 
" 

' '"./ 

--- . 

.. 

z~ ... 

puh ,,, punto docl..,l. • dobocl Incluir un lugor 

pe. o ,, ,,,...,y otrc poro ., P"""to docl-1. 

EJ...,, Volot ,, los dotoo " 
entrodo 6-sall~o: 31:787 - .t>C17' 1130: +3;'70' 

hp~ctn «~< 16n: F6 ,] FS.] FS.II fS,t 

Lo upeclfloocl6n E:(w.d 

uponendol y w Indico lo onchuro ~~ eamr><> poro 

. eoe volor y deO. de Incluir el ol~no, o! le My, 

lu~or poro el signo del •~ponente, ol eo ne~tf· 

~o. y doi lu~oreo poro el upononte; d Indico el 

.,.~;n~merO_de'lllgltoo o 'lo derocho do! Plinto dool.Ul. 

' EJ-... 'Volor de 10'1 dotoo 

' . 
-· 

.• ~··do utcodo o oolldo:'.l\!l3t0~ -.7[-0l .J~'U+(I' 

"t7.1i .. 
"r - ., ' 

·:h ~on,..nhnte quo ,p.>ondo d ........ -.ocor 

.• poco o!'""~"" dol com¡oo lo olgulente', 
·· .. .,, .... ;. ~ .. 

;1,-'' 'll--slgno, dn <:uondo ol•+.'S•nerol.,.nt'o 

no u l,...d-. 

'.- U p,..to decl-1 par• loo 'oupeeiUudo-

, ... ryr.· ,,. Poc lo ...,o• un dfglto o lo l>qulordo 

.. 25 
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27 

droo ~en le •arloblo CTAJ tendremos'~ vodobloo; pe!"' como el 

ubluo tiene 8 rengi<><>U'y 8 «>1..-.eo, pod..,oo ,..ferlmM ol 

. ~uodro que oc eneuon!rl en ol ren<;~16n 3 Y h col.-.a 5 cor' lo 

·varloblo _CTAJ (J,S), 

Dependleoido d~l'.tlpo d• COI!Iputodore ""''el nGmoro de ••b• 
_-,, __ ,.,~-.;:--,~---:". . ··:··· . 

fndléc; quo 'pgd,.e;..;¡,1,¡ 11¡,1rlo 1 "" Hroglo; en IBH- 11)~ oGlo 

u acial ten ::~;~;t;Tifi;,;, MI.., de uu ·;ublndlcn . 
. . • __ . •:.r ¡.;:_ ; •• 

ln vuloblu'q.,. u utlllceft poro olulll"or .. regloo de· 
':· .. 

b.rln oboerV~~:-,·~, rogloio •"" oe dlor..., ontorl<>....,to al l>ablor 
. ' .; . 

do vorloblet ~n<ecu y' reahl 

~orocureo olfon...,r'lcoi '"" lndependle"'u do loo Tndlceo que 

oo onc..,.ntron enHo pj,~lnuolo. · 

'·'·' 
. . . . . . . ¡ 

· Jl.gloi pooro'lco oubln~luo. • 
•. '' " . . ·' 

•IJn oublndlce debe oer,un onlon>, 
• . ;·. ·: ¡,,·. '.¡ 

._:canuoMo, vorhble 6 .~• do In 

urlt""t! e•• o 1 gu lenin : ·. · ,·, 

p;;.;da.o .. 
; ·.~. !- . 

uprool.,..o 

·.;.,donde v n """ vodoblo entero J 1 J b oon 

.-uonto• ••••••• orn'.ol...,. 

::·:j;¡, •. ,Algunoo oublndl~·, ,.,..s.n oor: 

' 

... 2-lOottllll •l!ll 

'6,2 

28 ••. 

28 

Un oublndlco en ol no debe sor""" variable con 

oublndlcel. Aof X{l{2)) DO u po"'ltldo . 

rlabl_e con ~ublndlcr, no debo uuroe oln <ub· 

lndlceo pero repr01cntar oue varloble oflleren• 

deb.., roferlrn o vodobln dllerofttu. t.-> 

,¡_',.., hy """ eocepcl6n quo 1"'' ehoro no 

' tOCONO""'I' 

fje ... ~os olo.bo\co puo vor\obloo nol .. con 

oubiMlcn podrlon-lnclulr: 

I{INTJ 

pcó•-· .... ., 
.rMT(II,H} 1 (Jj ICTA(J,2°1) 

Tndlcu ddoe«..., ,_,.,,ccooo pr¡,.., enuncio&> ol DIII!HSIIH, ol 

· cuol lndlu ol .,_.rhdor qul tonto .. poclo d• no11oc>rlo oe del><o 

UI~[N51,. u, v, "'• ,,, 

- or, o, "• "' '"" _..-,,, .r~ vor:_,.,, ~oJo"""'"" 

.. .. 

C{I,J} 



' 

or<oglo corroopot~dlente. kberln obocnuu loÓ ll9uleiites-re9lu: 

~~o,r. 2 

. . . 
llooglo J 

. 

un onun<l- DI~EN51IN ontco do O~ prl010r UIO on 

1.<1.- ol..,loo repnoentodoo ~urro....,to por u, "• 
" .. 

. , .. ,' •• .'. deben tener lo fo,...., 

' ......... ¡ 

•ol nlinooro ••••• P"'fnnolo debo oor vno conoUonU 

enu•,•. ~In olpo. 

[);,;,;.'"'.''- OIH[NSION "-(20), !(,,!), CUMS,],\J 

-r'~t~. ;ndl co ""' _. Í. CO<nplla~o; ;. ... '""'' Jo roco· 

Úreglo "-,·oUo .. rnto urlobloo oo• 

!' f¡~ "-(IJ, A(Z), ••• , A(lO) ol _,.,,.., t le..,., oit rour• 

',' '• 
- ,,,,.;,,&n i.lJ '(\d) locolldodoo poro loo nrloblu 1(1 ,1). 

· I(J;z(a(r,J), .... , l(r;B), l(l,IJ,.I(Z,z;:.~· •• , 
-,· ' 

·¡:I(J,8), 1(],1), 1(];2), ... ,-1(],!), 1(\,1), 1(\,J), 
-"' . . . 

locolldodoo poro r .. vorloblol.~el.orroglo tA~, con 

. ' 
El 0 rroilo ...... U "'' n J>ortleulu,.doRtro dol prO" 

'''"" poolri '"""' •ooo or._,t.,. - loo eopecUI• 

udoo "' r. -ll"hud dol on...,cl- DIIH~SI,OII, poro 

" "" •h. 

··" 

Rog:lo \ 

JO .. 

Lo ndÓblo tol • ...., oporoco on el onunclodo DI~Eli·­

SI~H doobe tonor uocto.,..U ol toloooo nU...ro doo ,,._ 

lndlcu '1"" en 

• 

.. ]1 



3/ 
31 •• 

31 
1.• SUI."OCOMIW. 

"'' ••••••••-•;' 1'..,"" 1 ¡,,..""' '"''""'''• ''"' P"''l•-• qoo pwcloo 

'"' ""'""' '" Oto "'" """' prno•-• '"""do 101 ""''"""· 

••• ''"'""'"' ........... ~ '""''"""' clot ,, .. _ """"""''" ....... . 

,, •••• 41 '"""""·-·· 

1. 1• f'-"OI~U 

e_,do ol·volo, • ..,, vulobl• "'"'""' ¡, ..,, 6 .. , vorlobloo 6 cooll .. . 

"' ................... do'""'"'·'.,,,, vorloblo ....... , •• , ... ; .... . ....................... ~ """"' ..................... , ........ ,,,, ........ . 
..,, F'"'<l6n. '" """ "''''*'• Ad•mh do loo ,..,,,..,.,..., """ '"""'' ¡ 0 bl. 

blloto<o dol ,,,.,.,., ol •••orlo ,.. ... ""'"'' ,., ,,..,¡.,,..,,,..,.,poro ... 

........ 00 .... ''09'""'· 
, __ ,'"' •J-Io "''' '''""""' lo onto<lo" 
·-- ................ _ ................... <robo]>- - , .... . 

.,, '"'""' ""'"'"· .... ...,, col•••or ...,,,._,,. '"' ¡,¡, ''" ot "'". 
... • t " 

'"'' ..,., '"'' "'""''" "'"''"''"'' ol ,,,,_.,. doooodo W 1 ,,..,, 0 ,. .. 

'''"'' • "'""'' 11_.; o lo '"""6" 'dol otot- "" (>). A""'''""'"&. 0,.. 
.,.,,_ .... ''"'''"" ............. ""0 1<), ¡, ........ ,¡ ' 

' . 
• '"'Cli<JI SI MI . ( 1 

• • 1 .•;"J;n 15 u1110: 
• •••• - "" {>) 

•nu"" 
'" 

........ ""' , • .....,.¡ 

1• ~ ... , '"' •J•""'" .... ..,, ..... ,., .. , ,1 ..... 1, ,....,..,.,,,&. ,..,m•• , 

O} olloloo nr U>dHfcolo OO , .... loO.poofloOio ... , ·-·-

.... '' .. "'• •• .,,,,, .. .,., _ .... , ... ,..,.. .,, •roo•-· 
1) !lo .. _,., - lo ,,, ... ,. .... <TriO 

••• 

• ¡;:¡ •• 

• <\OOC1tll0 .-.., {•"'-'"' 

,¡ A ..,.,, ... ,r6..., ""'" ,, - .. .,.. ... '"'u-o.. 
,¡ ""'•"'·· ..... "'"""''' ............. -·· ......... '"' •••• 

''"'"'· 
7.1.1 IJ! ... lO$.· 

'" 

'" 

f\OICII<JI .... 1 (A,I,I ) 

· .. uo- (·t • sqor (1 ••1- ~. • • • < JJ 1 1 z.• • J 

••• 
'"' ""m" .. m 

AAI!l•(-• 

""""" 
'"' 

•· '· e l 
S~OT (l•":t.~.o A O C )) f (.1, 0 A ) 

"· ......... ,..., 
...o.o t 1,1001 •. 1, e 

;fO .... T,( JF10.5) 

11 • .,_,ll (A,I,C) :. ' 

•1• .. ,:¡ (A,o.e)· 

.1111111 \).tOO) A.l,e, II,U . 

. ·,..,.., 1 s v.f1o.n 
·:W.L UIT .. ; , .. 

hto oj....,lo •• ooto .. nlo P'" _,,., ol ~· • lo prnpoole11Sn 

·' nrom••, oo «onl•""'' ''"""*''" .. """"como"'"'' .....,h¡oo, "'' 

7-l .... ""''""' 
'->., lldl _,.,, lo·,,_,let6n F\IO'CT,.• _. ""1'""""" o61o,.. 

lo• r lo hooo o '""'' • •• _,._ In _..,, <oooo oo _,_¡.,.,, 6 

.,.,..,,,. , .. ,, .., "'"'' "''"'.., •olor, ""' l>1oo co..o .,_,, lo 

··-'•'"" ............ : 
• .............. - ............... , ................ .:-.. -

do"'""''"'' ( ... ,.,.,.,0 booto"" nWno .,,,,.,., .. oo• ol """ .. -

,u .... r, , ........ , .... ,.. ""•'-'" ... 1 ... , ..,, .. ,, __ 

.. n . 
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Caoo 1, 
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DI~EN510N 1 ÜQ) 
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• 

.. 

-· .. 
•• 

.. 

7 .l. 1 tOMOft.-

te-> eo poSible ..-looallur en loo ~r<efOO onudoru, 1 .. •arlobloo. 

u~&d"' en t., oulorutlnao, o -Jor dicho, clentro ele In oubrullnn, son toul. 

:..,,. lndo,_dlcntu a In vodobln uoad .. ~• al pn>~ra .. pdnelpol. IOud"loo 

.. ~., 01 con..enlcnte quo tanto In oubru<lnoo ~ ol pcogroM q.,.'loo 11-

-: ···-tongon ... orlobl-fl-on COHlo'l, Pora--logr .. ,__¡,.......,KI"o--lo óoclor<~eÍ6o 

lo lo.,. ~~"""'"' do hu P"'PD>Iel!ioo e., 

.•:~ COMOII Ilota do •orlobleo 

i 

.e --do "1 tu.i dO vor lobleo" u ..., conJ...,to de •orhbloo y/o orregl<>"l oeporo<loo 

. por .....,, a loo e""'"' q""'- odjudleorleo lo·proplo,.d -••dor, •• doclr, 

ooan coaoneo o .ndoo ovbp.-ogro ... o. 

'J . 
COIIIION ~,1, 1 (ID), ~B .()O) 

rutlno on que oe doooo uoor. v....,.·.:..·ej-lo: 

... 
: ·-.... • ' 

.• 200 

• 

• 

$UIIA 01: _11(1$ IIIKI';O$ 

CDIV10ft - ~- ., t 

.~ ' 
~7 

CAll SUIIA 

'. ' 
w~n! (},lOO) A, •, 't; :z. 
F.AIIAT( ... Fl0.5 } ~ 

.tAL.l un 

'~ 

. ' -

. 

.. 

... 
,·. .. 

.. . 



SU!I\OliTINE SVI'IA 

tOIVIDM ll<, 1, t 

t .... 4 1 

Ull/1111 ... 
hto progromo debe r..,rrmlr' 

'·' 10.0 

_,::; 
)1.. ' 

37 
' 

'1 0.0 

Uroo propl~~ad lq><>nanto dol tO/O'ION eo q"' ol ""oneglo •• u~dflc.~ 

.., tOIIIIOH q.,. dli ouo .... hr.-to dl;.,nolonodD, oo·doelr,_no hay quo eopedrl 

ur dld>o ureglo 0 tnvb do lo daduocl6h DIM<~SION . 

h loo olgulenteo pligln .. •• '"""'"""veintiún prog•omoo, q"" Incluyen'"'~ 

dlog••-• de flujo, wdlflueiMn, dotoo y resulto~o¡ ol objeto u q ... el'• 

pnocaurloo . - en uM ~~iod<>;o .io:n el unce. 
' . . -

' 

• .· ' ' - ' 

' 

" 

38. 

R.HUENCIAS BIBUOGIIMitAS: 

s.- w.schld<, th, J. 

"""· Jr. 

6.• R. l. S .. lth y O.E. 

""""'"" 

hogronoc16n del Shto.,. IIH-11]0 
u,.,u·\11 1 ey-1969 

;Fortran IV 

ll..,.o·Wiley-196~ 

:Fortron IY 
r.,..x. Educulvo lntora ... rluno, s. A • 
1966 

'lnuoduecl6n o lo tiendo do 
In Wmputodor ... 
>ocle do to..,endloo Scho...,, 
HcGraw·HIIl-1970 

:Fortran !>OTO lngenlorfo. 
1\eGraw-Hl 11 - 1972 

1Forven, Tu<o 
LlfiiUo• \llley 

Progre,...do. 
1971 

,. 



'• 

3:.1 
"CONVERSION DE GlAOOS CENTIGkAOOS A 

GRADOS FARENHfiT". 

' 

( INICIO ) 
' 

-

' ' 

CEN.: 37 • .t5 

fAIIEN•CEN X f,j,5,+32, 

- ' 

-' 
< -- • ', 

- - " 
FAREN . 

. · 

' 

( . fiN 

" 

" ,. 

11 JOB T 
11 fOR 

-•LIS! SOUHCE PHO~RAM 
•DN( WORD INIEGERS "-
•IOC$1CARQ, 1132- PHlt!HRI 
c------------·ll 01 o------~---· 
C COt!VERSIOt! DE GRADOS C[t!U6HADDS A 
C GRADOS fARENHEIT 

100 fORHATlfiO,•I 

-. 11 l[Q ,. 

]HP•l 
ctti•JT.•S 
fAREN•CEN•9ol5o•3Z.' 
IIRI TE ¡IHPoiDOI FAREN 
ULL un 

''" 

~tSULTAOOS 
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"CONVERSION Df GRADOS fARENHaT A GRADOS 
CENTIGRADOS' 

INICIO ) 

,;··,:,,. 
·;:·;J>,~· 
.;.~·_.,.¡,. 

··.. -, ' . •• 

O> FAR 
' 

CENTI•(fAR·32.) x5./9. 

FAR,CENTI 

LL_:.··--~-~-
·.· ...i.-...." 
. ,··FIN 

41" 

' . 

11 JOfl r 
11 ro~ 
·~1ST 50U~C[ PROGIIA~ 
00~l WORU INlEGtRS 
"IDtS<CAROolln PRINf[Al 
C-··········••0 O S··········· 

... 

C tONVERSION 0[ GKADOS fAK[NH[Il A 
e GRADOS .C[Nf1GAAD05 

100 f0RMAHf!C,OI 
101 fORMUIFID•••22M GRADOS f'ARENH(IJ SON ofl0o4o20N GAAOO!ó CENTIGAADO 

1 S .1 
l[h2 
IHP•J 

.lOO R(ADIUEoiOOlfAA 
e fAR IGUAL CERO INDICA TEAHINO 0[ OATO!óo, 

lflfAAI210o22Do210 

"' CEHT 1• tfAA•JZ, 1•5,19, 
VA 1 TE< ¡,.P, 1 O 11 FAllo CENT l 
GO ro 200 

220 CALL Ellll 
'ENO'. . ' . 

• " ~[Q 
\~DGOO 

rzo, . · 
. -u. 

llo20 
. . •. 

' ... 

·RESULTADOS'', 

-..... 

·-··· ------
... ----, ___ ~--~---.,--e~.=---- ... ~---·--------· -.- ... 
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"C" VUSION ENTRE GRADOS fARENHEIT y GRADOS 
CENTIGRAIDS" 

INICIO 

'SALTO-HOJA 

.. 
.... 

.INDI,GRAD 
. ··--L--,--' 

.. 1 . 

.. 

:' A 

"" " DATOS 

' 
r--!'_:..-<: IN DI• 1 . .. ;.· .. ;:.:. .. ·. ,_ 

-- . "-'" 
' ---*-----'--;'··.. . 

FAREN•GRADx9./5. + 32, 

.' . [. .. 

GRAD,fARE 

. · .... . 

4"3 

' "" 

' 
:~ .. :"_"l:. 
. , ..... 

GRAD,CfNTI 

PlOG -ll 

JI JDR T 
11 ro~ 
"l!ST SOURCE PROGR~~ 
OQ~[ WOHO HllfGE~S 

4JOCS!CARDoll32 P~!HlERI 

c-------------T n E s---------
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e CUNV[RSIOH ENTRE GRADOS fAIIEHHEIT 
C. Y GRADOS CENTIGIIADOS 
"·IDO fORMATliHII 

.JOI fOR~AT!IIoflD,l! 

•,. 

U2 FORMAT!fiD,i'oiSH HREN>IEIT SON oFIJ,3oi3H CENTIGRADOS,¡ 
103 f0RIIATlf\0.2oi1H CENTIORADOS SON of9oJolUI flRENH[iloJ 

' 

lEE•2 
JMP•l 
WRIT[tJHPolOOl 

i'OO REAO C lEE o 1 O 1 o [NO: 220 1 1 NO 1 , GRAO 
IF!!NIH.[O,JlGO TO 210 
INDI Olf"[RENTE DE ¡ DATO EN. GRADOS f"AR[NH[lT, 
SE CONVIERTE A CEHTIGRlDDSo 

CENTI•<GIIAD•32,!•S,/9, 
" 

WRI TE IIMP ol02tGRAOo(EHll 
GO lO 200 - ·~:· 

i'IO CONTINU[ ·• "' • 
El DATO ES EN GRADO CENTlGIIADO~ ·- . .,.-.-·-
5[ CONVIERTE A f"AR[NM[IIo · •· 
fAII[NoGIIAD09,¡5,•Ji', .I . _ ..:.-.~!:: --'· 
wR]1[1114Po10liGAA[)ofAR[N _ _. 
GO 10 i'OO . . ' ..... 

i'lO (All (Ul 
. ,_. 

1 ENO ; 
11 xra 

____ .. _ 
' 

. '·"' 
1 . !2000 
D: llo4ll -." 
1 o, ... ' 
i' Ji'oOD ·. ·•· .• , , 
--tr.o·~::.-_, ~ . ..,.·-:-.-::-:-:-:-· ":--;--::· 

-~~-· ''·· ... ·' .. · ..... ,: .. .". . .. 
r- . ··- ... ····---"'--- -·-'-· .... 
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"CONVERSIO"' DE GRADO~ A RADIANES" 

.45 
INICIO 

GRAD ·. 

"" 

' 

_3._1Hf26/180. 

IGOA>>,,RAD 

PROG • .. 

"1/"JOo 1 
11 FOR 

---------
•LIST SOURC[ PROGR-~ 

"•ON[ WORO INT[Q[RS 
•!OCS(CARO,¡l3? PR!NTERI 

~ C-·---•••••---C U A 1 R 0--'-••-
C CON~ERSIO~ 0[ GRADOS A RADUNES 

101 FORMAl(F6oll 

---~ 
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····lOl f0RHAT¡Fq,J,J2H GRADOS SON oH.l,lOH'RAO!lNES,! 
-103 FORMAT!IIIoiGlolbHF¡N DEL PROGR&toU 

LtEo-z 
IHP:) 

lOO REAO!LrEo!Oiottlll•2lDIGRAO 
210 IFIGRAO,llo36GJG0 lO 220 

.. ' . .. 
. -~--

' EL DATO·ES iGUAl O SOOR[PASA LOS JU-OIIA!l!!Sl"SE""AJUSUIO-··· 
6RAO•GRA0•3b0, 

' 
'· l. 

GO TO 210 
220 CON! 1 ~U[ 

5[ TRAIIAJA ENTRE •Jao ' -leO GRADOS, 
IFIGRAO,G[,J80o!GRAD••IGRAO•I60ol 
RA0~6RAO•J, l41592b/)60~ ---- --
IIRIIEI!HPolDZ!GR_...,,RAD ·•···· 
GO 10 200 -' ·--' - ~._;;;"·· • __ _. 

,. "230 "IIRI TE IIHI'ollll - " ; -- -· -:.· -~ ----:- -------:--:-;--_,...----;-: -
CAll Uil" " . . - :·. - . ·:.- .":.-··. --- - --

'"' --··--· .·. 11 xro ·-··--· 
90000 ---· . ., .. • ···-

'•'· -.- ."-~-- ·.'"" . -oo, 
¡--· J<>oo,·- ,, 
,_ - •380, 
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185.27 
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."DETEU.'"·-~CION DE NUMfROS PARES E IMPARES" 

.. 

INICIO 

'-NTARJ 

T 
\ 

0---~-J(. )~ l,NIAIU 

, .. 

.-·-~-----·-

. ··¡. 

1 

·. NUM 

··.· T 

:! -

_, :-NUM 

NOM 
"ES IMPAR" 

('-_'_'"_/1 

' 

... 

' .. ' 

' ': 

' ' 

: ·.-.. 
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'/ J08 l 

"" .1ST SOURCE PROGRA~ 
•DNE WORO INTEGERS 
•JOCSCCARD,Jl32 PRJNHRI c--·----------c 1 N e o-------· 
C OET[IIM\NACIDN DE NUM[ROS PARES 

• C: E IMPA~ES 

·uo FORMATCJJI 
IDI FORMll()O,~~ ES PAR,I 
lO~ FOIIMAl!HolOH ES JMPAR,J 

- LEE•Z 
-)MP:J 

REAO e LEE, 1 001 NI lRJ 

4ti. 

' "NURJ·JNOit-1 N(l, 0[ URJEUS"CON OlT1lS," -·· 
00 20l l•loNUR..O 

' 

IIEAD e LE[ o 1 00 1 NIIM 
; INDoi•II .. M\111 

lfi!ND,lJ,(IJI;O 10 ZU -:._ 
El NUMERO ES PAR, . ."·~ 
OIRITEIIMP,)GJINI,OM ·•·-•·: 
GO lO 211 . 

co~~~;:::~,.o u,""~~.~---- ... - ., . -
' WIIITEII ... .-1121- .· ·-~ 

201 CONTINUE •· ' 
i'02 CONTJNU( ·- ·-- ••• 

CAll UIT 

·~ ... 11 AEO 
-us 

!~.-~·.''.':ce: .. -- -

; 2n ·-·_.:__: : ,T:~f(~'~\/ ;···~- ;,..:::_ -·. ,. • 

-... · ., -.-
' • 

. . '·-· 
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., 

- ... 
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• 
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•oEJUMINACION DE MUlTirlOS Df UN NUMUO' 

( "" 

. '. 

. ·". 

.":.,_;:: ,·· 
,, T 

.,.: 
> ~-..... 

• ¡. '. 

·::;-~ ~· 

•.,. 

. • .. 

' 

' .... · .. 
' . .. . . .. ' 

INICIO 

'ENCABEZAD 

--' 

liASE 

J 
"" " DATOS 

.y. 
NTAlJ 

' 

·. ~ .. ' • .. 
1 ,_ 

I;NTARJ 

\ . ~. ' 
. . 

.1 
.. 

·NUM • 

' ,.r::.":-'--._ =::-·.e ... ~,:;;_:~-'--,<. 
"";••,:¡-· ·lDIV•NUM/lBASE 
; ·.:· ..... . -; .NUM• NUM 

' . RDIV• RNUM/IBASE 
.'NOMULT.' 

,Á 
NUM,18ASE ' IV•IDIV 

1 

~ 

' .. .. '. . ·". 

-· 

'MUt¡ .' 

' 
., . . 

PROG "<!i 

-11 JOB T 
.11 fOil 
•l!Sl ·SOUPC[ PIIOGIIAII 

. . ··-

•or<E WOR(I INT[G(IIS 50' 
•JOCSf(AROo)IJl' l'lliNTEIII ··-···--- .. 
·c-""•"···-""'-s t 1 s------·"• . 
C OEiER~I~ACION DE MULT!PLDS 
C OE U~ NU~ERO . 
. •!00 FOII~AT1131 ·--~---

101 fORMATIJ~~INUMERO•IIULTIPLO 0[-~·MULTlPLO OEI 
¡gz fDII~ATIZ~oiJoHoiJI 
103 f0AMU12~o!JoZIX olJI 

LEE•2 
I~P:J 

WIIITEIIMPo\011 
ZDO REAOTlHo\DDoENO•Z•DIIOlst 

IIEADILEEo!OOINTARJ 
' "'00 230 l•loNTARJ 

IIEAD ll[Eo!DDINUM 
IOIV.NUH/!HASE 

• IIN\lMoNUH 
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··nrRDJV,EO,JDIVIGD TO Z!O 
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WIIITEIINPo!OJINUHolblSE 
· .":. ·.:; 60 TO ZZD 

-"z 10 ::·' CON TI NUE 
:C. NtJH.SJ ES IIULTIPLO DE !BASE~· 
. •: .WIIITEIIIIPolOZINLMoiRAS[ ·•· 
.._. '220 '" CDMTINUE 
, '230 CONTIMU[ ~;, 
1 , GO·TO 200 -'; . ·'" ¡ -:-_ -z~o .·~:~L.'P.•_~-.-.-- ~,~;.·:_;_~ .. 

: ·' 
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-·~ ~·--
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<-----········> 1 E 1 [••••••" 
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-:.100 FOHHUI!ll 
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"-" 
·.' •' 53 
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HUH [S H[touH O J~UAL A JIIODO """"'"" HAT""Ol. IOICHUM D.I5UOL A l 

' 

•• ,, .. , .... ,.z,...,.. 
50 TO ~U 
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IHD•I•Il••H!H< ,-.,_ 
lfi!HU,LT.OI~U.TO Zll 
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OH/lt 1 !HPo 1 OJIHUH 

•00 lO UO 
·.-· 

.e 

"' CON TI •UE 
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' 
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j 11 FOil 

• · •LIST SOURC[ PROGR•M 
•DI<[ WOIIO 1 NHGEIIS 
•JDCS!CAROtiiJl PRJNTERI 

-- t---:----------o e ~ ~~------------::-~--
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00 ZOO .l•ZoiHERII 

NU[VO•NH!•NNZ 
NII?•NII! 
NIII•NUEYD . _,, . 
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·' :-: . 
~ l•t•ll (1 o [ llo IOioU lOo 10 '"' [lolll ,,., , ... 
••• , ••• ,, 011[1 
>!ICII••III ''"' 1"•' ,,,,, 

1 "'' 1'!1 ....... , .. . "'~"''''' ,,,,,,,. .. , .. , 
~~ ' ,., .. 

t l[l:ll'oiL> ll¡¡oj]oJ•Io\.1 , .. ,,,,,, '' .. , .. 
""""''"!~ .. . ' .... . ""'"''"'" ,.,,,, ....... , "111<( .... ,. 
~~ 1 ,., .. 

r ••111<1••11> IUI .. >•J•I•LI 

'"""'''" 

. , .... 
..... -, .. -

••..• ,, '' •• ,,,,¡,, •.•• '''''"'' ''''~··· ,,,,,,,,, 
I'H """H''''"'''''' i"O!III• C[ IIIC>I"OI 
'' 1 ,., •• 

1 '"''""ll> (>lloJioJ•Ioll 
" te 1 

" " .. .. .. .. 
''''''"' ,, ''''"'' ' , ... ,,,,, .. ... , ""' 
rc"'''"'"·ll' '<''"'"'"'•·'""" ''•" rth<l!''"•l<< 11 o. ,,,. " 
'""''"'ll•"•'••••tl •'•11 
'~'"''""'"•'"''"" ••oouOTo'oJI '" 

'"'''"'1'' ••••••••••••••• , •• , 
$''""'''' •••• '"''''''''' ••• "'''''': 
•• ll<•trlcooc :t ''' ''''''''' '"''''"'' <l 
''''"" '"''""""'"" "''"" .... , . .. ,,,,, .. ,,,,,,,,,,, ..... '' ····· ... ,, .. . .,.¡, .... "'" -
~ I•C" 1 < • OIIO,¡o l'oii!Oo JO )o <1 (O o lO 1 
~· 1 J••·• u 1 .. , .. 

"''"'''·' " 1 1•1•' 
'"•Ohi\OoJ) o U<oiJ<I<IoJI 

'"''' "' 

Fig,' 2. B Lüta.da de. !a ~u:l1ltuUn<t MULTMA 
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%.3.4' EjU11plo 

Cu.a..tlt.o eompontntu de. IUI au.tom6v.il llr.qiU·e..u:n e.cmcr ma.telt..i.a 

p!Llma. d& hu.le., al.um.i.!Uo y ac.Mo. La.6 u.nida.du que. u." lttqU..C:e.IU.n 

dt cada mattlt..i.a.l palla 6o1tma1t una. u.n.ida.d de. c.ada comPontntt de.l 

.... 
- . 

11 C.OI\.UnrLac.i6ni•;·::;. · ··.. ' ,_,, __ 

. . 
' ' ~ ... ' 

• '"'' Cl.lu.m.i.n.io aef.lto 

e.omp. 1 • ' 
, . 

comp. ' ' • ' e.omp_. ' " ' 4 
comp. 4 1 • " '" '" c.o.6t04 u.nLtalt.i.o-6 ,, e.ada mate.Jt.(al 4·an: -

• 

1 

["·"] 30. 00 

4 o. o o 
Oettltm.i.ne el e.o4to total. dt e.a.da. e.ompontnte de.bido a. la. 

mate.A..la. · piLi.ma. de.· qu.e ut4 e.ompuuto. 

·'SOLUCIOII --
TABLA Z.3 Oata4 pllll.a. tl plloble.ma de..t e.jemplo 2.3 . .; 

N•4 

/ol•3. 

L•1 

• ' ' 
' ' 4 ' " ' 4 

1 • " 
B D:J 



"""'' ' 
. oUCE>OI 

oiiOhOI 

oiOOE>OI 

oii0H01 

Ull!l 1 

oUOt+OI 

oiUt•Ot 

oOOOhOI 

oHU•II 

olUtoOJ 

oflfloOI 

oOIH•ol 

o!tot•~¡ 

...... 11 

oiGOUOL 

•IIO[Ofl 

16 

•••u•u 
... cr•u 
• •••t•or 
oiOU•II 

(' -­.. 

,. rr 

• 

' 
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f.I.J Objolo 

Do#""" -.cu• Ouodudo ~ obtut.< •• ~<O.Ul• lovuu 

l,f.l ~lUdo 

L& •a..l< lovno• dt """ ..,«<:, '""d .. d• A u ot.u ooo.t.tú -' -cuo4<Uio qa•.•• __ ~<p .. Ho~ pM ~ y qu< cwoplo l• Hsu<utt p .. J!. 
l'l<d<d zl c.. -u..t• ~u· á< ••d•• 1• • •1 • 

__ ., 'A·A·I • !,_ • A" 1 A .JI,IJI 

··:;.~-· /.;.> A·l. •. ~ 
'· :...'---'~- - :·- -,-, cr . 1' r 

.. r-··- ,,,_. ' ~ . 
áodt ft •• Ooxo{o'·'~,,.¡ lo -~• odf~•t• do lo .. u.~., ~ y l ~."1 . . ~ ~- ' . 
••P«Hotl: ot·.dotu.W:o•oU dt h •d.o.ü A. 

U< to' .... ~~ú.rr.rli H <•i<uo '"' puo t•• o.J.•t• to'ü· 
n.uo do ••• _t._ü;,~:~o4Uuo t•• 1~11 r. u doc..._, t•~_ta .,.: 
""ll ..... ••• ,.ú.~·:·::_ .. ' . .,,._,._.__-·' 

Po .. U oUuU~•':.O""'l«e• do ta -t.ú• .._.,_... u oteu•­
...:o •cud<< al ;.ttOdO'di 'Gouu-Jo•d4• ;.,o'<!leoáo." hto •• het át 

bid o • '"' P••'• Obt~-.. { f 1 'u .._., -u-.uUdo .. «JH•t -.uoou 
lo t<uoeUo U .111 u '••tiLlno """ g• .. <<o.Uóod do Op .. •cioou 
~ •••••••••to~<d< d< U<~P•· Pou .~.t<ou h ú•<•u d< uu ~•­

tú• [lhll[ •Ú <~qo.l<<<o ..t.l ~<·HD ..tU .. u d< op<'-"<ÜO<O <DO 

<t ~uoáo dh~Ou. ;' 
H •lUdo ·d< ·C...u-H•d~a u u .Ctodo d< <Uai••U6o oto-

ttNUo• .,<<f<oot< tl '""t H tu•• ¡,..,., U "'"t.o.i' ni¡iut ~ '" 
· ...... t.<• u ... u.tad 1 , u a~ ... .u • .,. u u uu- •• .u .... 

. ~ ' jo< ... •• h ••Ho.{<-i••• .... • -~- .. , u d<U..., po..U .. do d<l ouuto• 
. '' 

.. .- .·.· ·[ ~ !, ] (f.H) 

y opt<=-.ic ..t¡¡_. do.,. o<;r..WO.W -..."'~" &t .. u~!.o 11.11)> 
·-.:..t ....... .: •••••• ,( .... , 
- .. dt<pl.:Ooah d< ··• •••¡Uo P•" "" ued.o" >.1 1, 
-•- d< ••••iooltUpl"' •• .; • ._.,,u. o oao uo¡th. 
u Ue~" o( oigul<ntt ~·••J(Ol 

[ ' ' ,-•l -·-J 
18 

u.ur 

El •Clodo P"'h d< lo oupooül6• d< '"' ~u ••• ""t.o.i' 
. oo oi•g•l<<; lo """t ¿,p«'" qu '"' eol""""' ••• v<etHU U· 
•••t.oult <od<p .. <Uutu, •• ""' d< no uo.to <l •Uodo to P•<· 
dt dtttet.H; <n .Udo oita•o<b H p<Uto« qu< lodoo too <h· 

~••too d< "" uogt6• do h .,.t<.;., ~o ú '"' -t.Ueu tu••ln­
otodoo, "" .~..t ••. 

A O.:• d< ,..¡,.¡...¡,.~loo '""'''" dt udoHdto, U tt.Wn<·· 
0..:6o d< ti<•••~•• 0<' <i«tuo pi.votuodo oo~« lU .,., .... <l<· 

"''"''' ~"< ~u<do• '" U mot<.<< ~ o <• loo ""'.U..:<U obt<nio\u ~ 
pu.U.. d< uto ~u.-.. p01 uo••lo.-eif•• dth ttotu< oo.<dodo 

dt ~· '"'Pt .. • ,,.,. plvo~u ot<mtdoo do ~··~t .. u '"' r• h~•• 
•ido• uuu .. doo .,.,, p.lootu. 

t.f.J Puo~ip<U• dd P~'9'"'"" 

-~~ ............... , ......... ' 
~UUOUTINE ~ATJNVI~.•.<PS.PET[, dUto< U .,.V..:,,¡"""" 

U dt lo -"-Ü ~- El P'"S~.- ,....:oe<p&t H <"plu 
:puo t• t<et•<O do duoo • <"'F•uih dt •uut.tod••· 

61P<.oeUpe~f• U l.u voO..:oHu• 

Al!,)) 

• 
"' 
M' 

CII,J) 

lll't lll 
~Vl)l) 

; 

~"'""ti <l p•oeuo H ••••iUU •• lo -­
l!!..il Ü V Vto O .' 

nd•• do h ..._t<-1.• A 
<Ut<Uo P"'" d<l<'.•«u.- •< ot duo....:­
u•tt do lo. ..._t.o.io u ouU 

P'"'"'•«• q•• .:.4«• oi a doto•....:••""'• 
•• t• .. t.o.t • .... u 
""tUl idtdidd 4.0 H uoptu. pau obto• 

•U to .,.t.Uz üoou• 

oootah•u '"" <:o.Uuo u&tu U•Jhau 
~ eudlu eoh••U do Ú ooUU< ~ ~· 1•<· 

"'" uoooludu ..,_ ptoolu 

¡ 
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19 " 
maYeA e!emen~o de la ma.~~ A o de. 4~4 
~Aa.n46o~tma.~oneo~. que 4t emplea. como ele· 

mento pivo.te 

TEMP 

PaJt.a. t.l 

A[I,JI 

ua.4labte. de loc.4Lita~4n .te.mpo~al 

pACg~tama .p~ncipat: 

ma..t.Uz de. la qu.t. '4i ·b~e.4. la .lnue.Jt..S<i; 

IUtl\tt. e! p/I.OC.UO 412. C.OnÍiit.A.te" Ut la 

' 
" EPS 

VET 

el Dimt.Mione.o~.: 

'"" 
. ma..tJt .. ü~ . ..C:nvt.!Uia. 

oJLde.n de la· ma.:tJU.z ~ 

c.IL.Ue.lt..i.o pa.u de.te.ltmittM 4.i. el. dt.li!/Lm,¿na!!. 

.te de !a. ma..tlt.it A IUI IUL!O, 

IHVt.la.ble. e¡ tu. útcU.ea. 4.L el. de..te.Amúuut.te. "de 

A 1!.4 o 1\0 IU.I.!O 

La p1topo4ic.ión V!MENSION de.t ~ogltama plt..i.nc.ipal y de. 
la 4U.b1Lu.Una de.bVt.o! o6t.IL m0o:U.6ic.a.da: c.u.a.ndo: 

N > JO 

di Follma.to.& palla lo t. da.t04 de. en.tl!.a.da.: 

SEC.TARJETAS FORMATO INFOIHtACTON 

1 (I.SJ N 

' • 

(&FfO.OI ·A 1I, JI.. u. pllopMc..io­

ruur. to4 e.te.me.n.to4 de. 

_.2() 

• 

• 

l4 ma..Uú; . ./Z.tltgl6n -POIL 

ll.l!.ngt4n,Emple.alt tan~ 
t.a.Jtje..tcu c.omo 41!. Jt.e.qu.i!_ 

!tdll. -------------- ------------ __ ,_ 

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

e.J Oiagltama de· blaq_JH.t.: 

TARJETA EN BLANCO, at 

6inaUzalt .tada .la i11 6 a:!_ 

IM.eid"n. 



F~g.· l.9 Dia:g~ama: de bloqu~ 

( "'"'«"'-) 

' 
(!lo., 

• 

!).1 
. * <• <· ~sm.l 

J: 
( 

!<U< 

All.11 
... 1 

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

u. .... •""'!!. 
~ •nw 

. 

. 
. 

..... ,. ·w 
• ~ti.t. ~ ·~-,._ 

""" .. Í< 

" 0 . . 
................ 
...... .u..,¡,o 

. . . 

. 

f.l.g. L 10 t:U.4g/Ulm4 de. bÚquu de. 
la .l.u.bJLu..Una AIATIN'tl 

~ ..... , .. • •nw -r 
u.,;.-.... w•m , 
Wtll) 

. J, 

, .... ~··· .....e.l .U<n<idod 

·~·· 
. 

. 
. 

bu.ou• ... j{O<U 

Id •• ""' ola 
~~· 

.:cr 
·~~n<tt -· 

. 
d-.1<1 4 

. 
....... !{O.<& 

....... w ·-, .,,¡,..-, ¡, r;n.,¡ . ..... 
·Ysr _. e 

~ .. ) 
.u...; .... .,_,_ 
....... .... .u.. 
(& pi.""'"' 

\.Ó -
--

"' e 
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61 Lil..tado: 

1 'oDtP'"A ~··· !'IV~OII~ '"Tott!O PoP (l Pl[laDD O! CAun·J~~~I!I 
-· ....:_sJ~~·trtC•Dn ~t l'~ ""'••u~c-"n••~n ----
-~--"•DPot•• DE L1 "OI"U A •.•. ·-· -··-- ·-·-. 
_,l..-.I•'IATPTI ~· Ll Out lE"'"~' !U IIJ<'OU ···-··· •.•..• : 

:-{--~ !>CPI T(P.l:J N~ 1 .H Tt:~UlhA~ :;t_~ Ll! !.LJ1...!1~..1.1-l"'ltA31. . .CE. Ll. I'J ttLl. 
• C D(ta .. P&I'[I~O OU[ !I<D!CO 11 hUI[ Q M Ll l">tUI DI ll •&TIU 
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,.,., <1 '" 

'"''"))u ,,.,,,,._, ,,,,,, ... o•••U•l) 11 
,,.,,,"'1>> n , .. ,, .. ,,.,,. .,.,,¡. 11 ,. 
,,.,, •••• u 

,, •• ¡; ,,, .... ,JJ, ._.,,, 11 11 

""""''""''''''". '"""'' ,,, ,.,,.,,, .. ,.,' ·~. ''"'"',"' ti'""'''~"" ,,.,,, ... u 
•.. ,.,,.,,h ,,.,,.,, .. ,, ,, .• ,,..~.n 
"'"' 1 •• i e1 lO "l•>J•OIUJ 
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Jn•Jh>l r 

,.,,,r•u¡ 1 
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' 
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ll10•.(o O•>> ll3Hl1111 tOrl~J 
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! . 4. 4 Ej¡¡.mpl.o 2~ 

Obten.¡¡..t l.a. .t11veJUa. ,, t< ma.t.t..c:z: 

lO ' 3 - 1 

1 -20 - ¡ l 
A • ¡ ¡ -JO ' ' ' 1 -1 lO 

'SOLUCION 

TABLA 2. 5 va.to.& pa.l!.a el. p.tobl.e.ma d~!.l. ejemplo 1. 4. 4 

••• 
JO ' 3 - ¡ 

' .- t o - ¡ ' A • ¡ ¡ . - 'o ' 
' - 1 - 1 lO 

TABlA t ,6 Re.t.u.tta.do.& del. p.tObüma. del. ejemplo 2 .4.4 

,not•u -,uor'"! •,10•1•01 ,Jo,,., 1 

-:--,¡¿;[ ,-;; .-::- ;·¡;-;¡ ,; ¡·· ::LoOt•"oi~úfi oOz = 
. :: .~ut •Ú :. ,¡e·~ •oa . •,uot ooL....:.uotui.:._-.::: 

- ·-·-··-· ... ·····-·· ·- ··------------., -
1"¡<~'1' O< ., "''"11 A 

- ·;.;;;!;;,· .u;•·•l .tnt:,¡·-~;,J•··J-­

.... ,Jolt·"· •,.¡!ot•o¡ ,l•>t·u .,ol,l·o~.­

•• ,11H•,¡ •,olli•U ·.•l>t••• · ,flol•u · ... 
. . -. . 
'•'~''"' ·.nzr·oi·-=:~•>l·oi" -,lill~o¡-



.. 
J.,"AppU.td lla•"•on! 

~a,~ ••d 5••• r ••. , rtu . 
l, CA~U~~A~ '·• lUTHfR H., .rl<ES 

~<t~od• •. No,. Vo<lu ]oh~ 
pp.! I~·IÚ,IU-Ifo, 

1 • HAUtrv G,, "l..lgo¡,., U...,¿• 
1 •><•~ ... ...: ....... lfn. 
pp.U-IJJ. 

J. HAH~I VG lü~ud, ·~...,..Uoor..t Hahdo f•• 5eiuUoU -.d· 

!og<•<t'LI". NÍ~ Yod• Ho G~.., H~ .. Oo O O 
~ . ···""· pp.JU-Jo/, 

•• JCHH"O.'I J., BA!H PR!Cf,G., VA~ OtrC< f.,'tl•<•• 
(!••t<Du ud ""t.U:ou'.Rood.:., •••. ,,. 
<• .. , .... -•· • ...:ooo-Wult~ 

••·"""'· 
f, UP!AU luo.to, 'C4lo•t•• 40 ,¡ Uoou l..lgo6•• Vo!.t•. 

Wu ... ~,Job •il•t ud $uo loo., '"'· 
pp.III·Ul. 

O. {IJC S. s•u, 'Co"'f'~&l .. App!úUiooo oj 11••to\.iul 

Rtodúg .... ,,, AddUoo-lltH<~ Co., rtlf, 
pp.lll-111, 111-194 

25 
PM otilo-o do uouloou U.outu oo ooUudo u 9•"P• 

Ot u .. u.luu !•< p<<Hot.o• U. o.t¡...:tou ut.u<e.t...._., 

•n•r • "11'1 • 

""'' • •u•r • 
. . ' ., 

... ,., • ·~1'1 • . •. • ....... ó., 

[!,JI 

(!.11 

doodo ~ H •••••o •••• t• .. u,.:i do ooojiolufu dtl oi.ot<"'"·­
! ~·~• oteto• <o. u.,.¡.,. üdopudü.tu t ! .... , •«t•• do ~~ 

-d9~U••· 

5i tt ototo~ dt th,.¡,,. iodopoo.Ut .. ~U u d~j .. tdt dt 

u•• •• hH• dt o.<otu••• do te~•e<uu •• koo<ogh<U t <• ••­
.. eo•~•ulo do oiot<"'"' lto .. o¡hu•. 

A-tu dt p<OoodH • •u•t.u "" •<H<MA dt ttoo.Uoou u 
otcou•<• do~ .. -.: ... •< .u:e•• •llu- t.luo .. t .. Uh ~ u euo 
~t h•Uh, .ooolo~u pUlHU .. lueioou t.i<•<· !• b~•• t h •· 

AdUlo• u U:'"t l.< •lg".!t~h e.!AHj.iu<il•< 

stotu• do 
ou•eü•u 
u.~u!u 

..... ,t ... 

{

<o.,pol.lU< {dUo•~••do 
üdotu...:oodo 

~~ •• ~po.({blt 

.'.".t .. to\.ioül) {u .. ,.._uuo { 
..... ~ .... 

.·• ~dó,t<....;oodo 

.... , 



--,,u_ ••• u Y nJ .. l"'tl'"' •P 
.... ~ .., ... , .,. .......... ~~· ]00 ~ 

'7'7"" "1 -~·1••V\7 
17\ ond 1• ... ahx(.') 'Y _, 

•ooJdtnr~7•U 

-op -·• •7 •rnrp•• n••.>d n••~•1> ¡op •F•~• •1-·~ 
Y.•• ··~•1•~ ., ..... ,. ........ ••1 •• , •• ~.,. Ul""'~CD 

-·n••n•• 
•• •l•n»•••• 'n»p n•n··~d .,.~ .... ,. 71 ""'l7°'"""~cv 

·•nhn ,,,11' >p .. ,. 

,.., '''"'" ,,. ..... ,, "" ~ >Jo•.>" •n~•» •• u••r>»J>s0 · 
,.,...,, n••r-•1• 

"7 •• >pnou u n>•t"">P• n••T'""'"' n7 u•n"• >HJ 
·•noun nro • ...,.., •• , ~ 

.~. ,,,...,. .. ,, """ ud opnnn """ u>ndn1"• '>t»P 
n ••91h» ,.,., o •nha n >p oo¡dnJP~rnu >p """' 

·>}nH••• .,.,..,. •1 ud •prou>> nn >p 

•••q•»• ••q•• »•n•n1•• o •P•t•l• 1••• •1 .,,., 'P 
n••»I1P ,07,,., "" "" •nhn •• '' •9!"••n"n7,.. 

. ""'7'""" "' "7'1"01 
~n•t • •i••rnl> 1••• o¡ • ,.,,,&.., ••P >p •rq•onn•? 

•••• '"11' ... ,. .. , •• )">h 

n••roonn op '""'"'!' •••'1'"'"''" >•O 001° ""1""" >P •~•1 
Oro p ,....,,17•. ou ~n~ nuoJ>n'>dO ••n-u> Hopu~ooq ~~>'>/> >• 

1~1'11 '1"17-•r ""ll~fl >Jn-•~ >1 >p un-oo~~•1•••'7 °1 

· ""'"" •• won,..»•r• ·~•""""7"1' ••• •• •nr•••• '"'"'" •1 
01 )o! 070 O '>r>'""! >)"».,. "7 1p op•> 1"' P 'v>>>p n '1 _; >Od 

" 

-l¡"!l '91'""" 'l ~"'11":>">1""'"". 11'"7"~· ···~O>d 1.l 
.,,.,,.ro 1'P 

""71"~P••r .. 1 >p '"" •P"' >p "1'1"""1'' "7 "'""""" J '""'' 

[>i~] 
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60 
7.2.'1 Ejemplo ' Lo<~ va!o1!.u ob.6e1!.vadob pa'ln la demanda de ene'lgl<:t 

ca en e! <~eC.tO'l t¡_c.¿¡,tde.nc..<.nl de<~ de 1962 h"a.¿¡ta 1973 .1011: 

'" !)f!.IAN!JA 1\ESIVENCIAL (MW/11 

1962 1418.757 

1963 1518.572 

1964 1816.236 

1965 1970.987 

1966 2256.216 

1967 2548.05 

19 6 S 2803.79 

1969 3152.095 

'9 7 o 3582.568 

19 71 3979.667 

19 72 4431.655 

1n3 "4930.197 

.Si <~e <~.abe qu.e. ta. de.ma11da. de c.nc.¡¡g,[a e!éc.t:A.<.c.a.. .se enc.u.e11-. 
.t:Aa.. eb.ti!.ec.hamente 'le!ac.ionada.. c.on e! tiempo, e! PNS, ta pob!a--

U6n .IJ e! p¡¡odu.c"to ·bJt.u..to del ¿ec.tol!. etéc.t:Aico dc.t añq a..n.tc.tioi!.. 

Obtenga una cuAvO.. ife .tipo Unc.a! y at1!.a. de tipo expoitC.nc.<.at qu.c. 

<~c. <:tjM.te to mejo~c po<~ibte. a lo<~ vato~cu mu.u.tl!.alu de tO: dc.man 

da. Jt.c.<~.<.dc.nc.la! de c.nc.!Lg,[a e!lc.t:A.éca. 

* SOLUCTON 

TABLA 7.1 Va.to<~ de.t plr.oblc.ma del ejemplo 7.2.4 

N • 12 

M ~ 4 

NTIPO • LINE lf EXPO 



_¡;[_,\IANVA RES IV. 

J.j/8.757 

!578.572 

)816.236 

1970.987 

1256.216 

2548.05 

2803.79 

3152.095 

3582.568 

3979.667 

4431.655 

4930.197 

TIE/JPO 

62. 
63. 

64. 

65. 
66. 

61. 

68. 

69. 

70. 
- 7 1 • 

"· 73. 

PNB 

1653/0. 

17&516, 

199390. 

21020, 

227037. 

241272. 

260901. 

217400. 

.296600. 

306800. 

329100, 

3S4100. 

61 POBLACIQN 

37439. 

38727. 

400S9. 

41431 .• 

42863. 

44338. 

45863. 

4744!. 

49031. 

50778. 

S2S39, 

54S60. 

CFE -l 

1609. 

J 7 S 3. 

2170. 

2 S 2 9 , 

2 7 6 9. 

3 1 S 7 • 

35 33. 

4 228. 

4812. 

53 57. 

S 784. 

6 2 9 7. 

TABLA 7.2 Re.&ul..ta.do.s del. p.otoblen~ol del r.jempl.o 7".2.4 
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1~.~ SotueM• dt s.:.u~u dt ~•••o!onu Pij<u . .o<:o.l.u Lintolu 

~. llo~oghÓ•• de T...t .. u o~o ... 

10.4. 1 Objeto 
OOttnH to <otuoUn do oiAt<,. .. dt «•«ionu dij«<•<<'o­

tu" •• l.o~ogh<u, u,.,¡¿.,, í< ~"'-(• ... Md<o otd.¡,d< <l •Hodo 
dt ~ • .....,,u. do P .. .r..,hu. 

Lo HpuHntoel6n u ''"""" mot...:e<o.l. puo tU< U.po d< 

olH''"""' dt oouoelonoo dljuono.<du u• 

_:!1!1 • ~ ~ltJ • · !. !!UI 

!lt,l • :':.! 

doodt !!UI <tp .. Hnt.o tt 
6to d< OC:He ... o j!o<eu • 

11~. ,., 

• 
.¡· ' • • .• i ~~Hdo."o q<t< euondo o< moOilon ololtmoo dld•<l<oO lin<•l<O 
i ·loo HUdoo "•• ol..,p~t .. uupond<n • 4o uo...;d!to ..,pltod•o 

<• ~ te«4C..ioou dijutooútu, •• utt pto,,..,, ot euoUu.o 
lo <tpoutA.too<U:• ••"''ttu ••d<onto vuidho d< uUdo d< u 
HUtoo !üut, lo tuo.l. u• 

.:!W· ~ :!!ll • eu(tJ 

!::lll· ~lt! • !!.!!_(tl (11.111 

,!lt,J • " dooú YW .. p .. out<o " ... t •• d< oolid<L& "' o .:O t.-. 

li.f.l ltttod• 
[l "Hodo do •U..:•e.ih d< ,..M•otou ut•bltt< '"< h u­

loo~~. dd oút<.lllol dt ~<uA<ÜnU di{«"<<Al<O tintAtU 11~.111 

tito< pu oo(ue.(~"' 

\' "' . j ·-
'• 

(11.111 ·•I!!!I•Jd• 
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11.~ So!ocih dt S!H..,._. dc t<~..Uoou O.tjuuoio..tU L.tua!u 

No rro,.ogl•u• do Pit.Lo1H D•d"' 

10.4.1 Obj<to 

ObltAU lo ooluc.U. dt oc.u .... o dt ttuc.: .. u d!jHuc<•· 
tu· no ho~oglotu, u.cilu, dt ,....uou ••••• '"<d<••to « .. ttodo 
de VoA.tooH• dt PoA.t.•tUU, 

(o upAUt•tocU• <• jo._ ,..t>..ici<.t pO'td Utt .f.<po do 

o..:Otu,u dt <e•~loou .Ujnuei<lu u o 

!ltl. ~!~ti • !.!!ltl 

!(_1-<,1 • ~ 
'"· .. , 

ÓOAdt !!J!) OtpAUCAU. tl •«t .. do cnt. .. dU O<(CAAU Oi H ko·­

u~ do ><•t""'' flHoo>. . . . ' . . . . . 
. -:_' ¡. Ptbid•.~. ~·• ••~•do u .,do:.t~n •iH< .... düd,..¡<•• Uno~lu 

Lu UUd~• •• •t .. p .. on•upHd<• ·• U.• ••4~blu ,..,.lud~• 
tA tu <tu~Uo•U dlfo•ooo.<oto•, •• Uh p .. ,,..,, .. U••ido._. 

lo ••P•uutoel6• ••"'''l<to "''dl .. t< oMloblu dt u todo d~ "" 
H•t ... , Uneol, h eaol U• 

' 
~~~.HJ 

1~.4.1 llltodo 
ft oofhdo d< n.ú••il• 4< pooho<H"' uL><H<« 4•• la u­

heMo dol •út<- do ,ú .. elooU dlfu<ociolu Uooolu (11.17) 

Utn pM UheU•• 

(1~.11) 

. ·----- .. 



tJI ¡( 

-·· . - . ' - .. 
. T~ (10.141 

A U -~• ~ " ·- . - ••• • !.!J!l:' • · ...• 
' 

•• !_1 ·~1 • 

'··· I!O.BI 

• A'l' t11••1I,, .. (IO.UI 
¡¡;¡- -

Fu ... t. •~•tu<./.1• d< lu HA.iU ,11~-"1 ~ (11.141 ¿ 4 04,. 

Ud44 4< tl»olooo • ""'Plt<t dcp<•dul de lA «•ot.U~d deHM4 . 
S& Uj• •• <•-Unl.' dt, oo•ouQtA<i4 t t.At tu< •-< i Mp ... u.t. 
4 lo .,.t.t.(, do lo Hd& (11.1!1 , W 4 h .,olt.(z ót to ,....; 0 
(1~-161. .. ...... h ,u •. 

¡,1•<~1 

" •lj1/<E poto lodo _-<j 

~~1·•11 
• (IO.fl( 

.. ~·~j< E pou todo lj •J ., 
co.,. t•• •<Uu (JO.Ill, 110.!6( ••lo d<p<ndu d<l upo­

U•Ml<•l_o, H. to~d.&, t•< •••t••• •u uta vu.-

fo d P••g•..,. pOt• oH<•<• t• .. u,uo tJO.IH ••J '"' 
too/uH t{ ot<(O< Ó< (A.t.o.4Jo• .!!ltl <A 04ÓO UD Ót lo• pUAl .. 

''' '"' •• ,Obdlv<do ot .:.t .. Ooto d< ,¿,ug,ocUo. 
~A lf>.,.üo• ~UtUlU <{ p'<«.>D O H~«Ú U 1 

0 
0 
0 

... t ..... . '' . ' h .,.l-Uz do tuo•i<-<4• •- t ......... lo¡ Ht<u d< tu «•~~loou'·po.u¡ V 110. 

"' obt'"« h <Up~tuto ~dU4 • l<< oudüiuu loioi'!. 
....... t.: 

"' 
@ .v•t•u .!!lll '"l.;: v l.:•! 

0 olltM<~ lo "'"""t• do~id• • loo uo<uo<oou u­
h .. ._. -... o.: •• u t. "'••U• ¡u. r Jl 

0 ~«H ¡..;:.¡ V "'S%U"' o! po<O 0 k<H.o b•<u lo· 

do <l <dtAvolo Ó< <"h9•••U•-

JD.f.J ~U~<Ipo<~n dt.l Pto~•"'"• 

o)So~••U•ou ""'"''U"'' 

. -

SUUOI/T!Nf fXPU.O.IVClT,M,A.f~POI, o~l.i<n< lo ~u•<: ,¡, 

t••n•ie-I6H. Con••tu, Heoi4n JD.J.J. 
SU8~0UTI~E INTP!(~HT,U.A,SUUAJ. 0 Uünt lo ""loü dt 

h .. ...:. (!I.U(; uta uptui6• H "'"Ph• pou ov•­
lu• l4 <up~tuu düldo o loo ue<«eioou ut .. ou 

su .. ou:'"~ lnrot!Oflr,.,.A,RtrTAJ, toot .. o t• up<uU, 

dad~ pot lo H••-« do lo «uo-<6• !JD.UI; uta u-­
p<u.úln H ol.itüa po.a utooÚ• U <Upoula dd<do 

o tu "ne.<tado•~• ut"'""'· · 
SU!~OUT 1 NE -~UL T~A 1 A. 8, N, U. l, ~~ • olltl<H ol p<od•oto ~•­

lV:obil A6. C••••tl4~ <l oopU..to 1. 
SUUOIITIN! G~Af! (A,N,~J. ~<ajie~ t .. uh<cúou dt lo..a 

v .. iobl<.i dtp~odü•t .. r do l«> AUpouto.• dtl <U­
lo-. COA4o{U< ol oopit•l< ¡, 

SUB~OUTINE f~C!H(T, F), tv'nton <l v~<lM dt <•t-ud•• _­

,!!ltl •• <l lo•to•t• ~.-
blnucUpe.{6o ~.la. o.....:obtu• 

Po~• U <uhot<no IHTrro 

nHT 

' ~(!,}) 
"' 5UU~IJ,Jl 

" "' T~fll 

up•e-l•~<••t• <U<< tu vol .. u •• l4 

•••<•H• .<odtpudiool< 
cut.'dod ~. <<•"<ioou O.:{U<oU•tu 

~ot•ú t< eoojúü.tu •••U .. tu dot 

<!U..,• d< """"'""" dií<t<•U<tu 
<'-Í!UÜ ~· <OOWUJtA<-<• 

-t-U• •uull .. tt d< •••l••• u HV:< 
oo•todo~ do Ut~c<MU 
jootO<ial diVÜH 

ü'""'" to d< lit vo•<•bl< io~<pudl<.t< 
dtvodo • ta pol<•C..:• •o• 

"'"t"-'• u-.c..:dod 

• 
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lf"IIA 
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lr'!l~ 
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lf '11 ~ 
lf"IJV 
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,1o6r»r•d """'•h•d 
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•••r•rp l"'nuool 
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•r•u •1 »•1••• •P •1..,11""~ •T>T•~ 
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»7•1""'"''"1' »••!"••n >P popnun 
'1"'lP•>Oop•r >¡qo1••• 

"' lf'll~ 

cr'JJg. 
ri'zll'l'J 

I!'!IUJU 
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n op '"'1•" "1 "'"' •J••!•>r>odn !Hd 

o_¡~Hl ••n•><Q•t •1 "'""d 

&V '1'"P""" 1>P >P>11"'" '!>H~ lf'IJX 
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' (IFJO.Oj 

' 
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.ta4 .tall.jt.ta.4 come 41'..o.n Flr. 

CUMÚI4 

B(!,JJ, igual. que p41Ln la 
m<t.Uú A 

C[I,JJ, .igual. 

ma.tJtú A 

11U,J), igu<tl. qu~ pa.Jt.a lo. 
1114-ttiz A 

X(J,J), ~l. ~lt.iR!r..JL vnl.o11. dt. 
bi. eour..4pondtll ata. eond.i 

e.i6n .h.ic.iat dt U ua.OU:a-­

btt:..:ndtptnd.itntr... 
--------------------------- ---

------------------------- -----
TARJETA fN BLAio'CO, «l &in~ 

lltu. toda h . .ln6o""'ae.i6n. 

(: '"" .. .. "· ''"-
'"" 

( '"" •u,n 

( ..... 
fll,ll 

( ..... 1 
<U,JI 

( '"" 
""·'' 

( '"" •rt,/1 

1 ...... ,., ,, .......... ........ -

Í' 

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

( 

'"'"',., '"· "'"' '-' ''"" .. ....... . , , .. 
.... << ..... 

.., .. ., ....... ..... ",.,,. -. .... .. .... ,, ... . 

.. ''"" ........ 
"'u" """' F! ............ ---

• -· .......... 
·~· 

' 

•• 

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

f.i.g. 71. U l).i4JIM1"14 dt. bhqttU. dt.l plt<>JIIl4m4. 

p \.Úu: • .i p al. 



,.,,......, 
I'TI'f 

.. ,,, •• ,.¡ .. . '" 
y 

'''" ,._' ~ . 
''" '"''"" •• 

...... , '"'" 

.. llr< .. .. ,, "'" 
. , .. ,, . .., .. 
""""''(< 
·~ 

B:J 

• 

fig. 10,13 OútgJt""'" dt. &loquu dr. to:o: .&ub-\ 11.túco:o: 
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'"'"'""' '"" 
' .............. .. . 

"""' ... ..... , ......... 
•• 

J 

I'"L'~I ,,. • ......... .. " ..... 
' ............ .. ........ 

•Wo 

.le 
~~~ " ........ 

• 
'f'... ''""' • 
'':/ ••• . 

" 
. 

F.i.g. !:.U tli4gltoi.11Ht lit. bLoque..: dt. to:o: •ub.~ll.túut 
J NTitf 
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e """''"' · .. "'• • ,, .. ,. .. •¡•,rr-•··, ~'""'.Tt•;. LI•Tr~,r" ru u·•• '"""v'•• 
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C Sl'·:lfiLIOl <-[ L'; Uo'I•'V; ["rL•"·'l 

• <; ,,_,l,f;,o TI~.'~ ;JI f(C',\(IC::l~ !'lr1P[;.(J 1Lll . . • • .. 
_.C _J'.'(/U J , ~¡¡ ;,•. _ 0 A' 1~ ó l•. ~-{. Sl ~~~: IV!oL 11.-.lli!U~¡~Q_ OL.IIIlrLU• • _ 

e ''"'' C "S<(It¡t)~.\n M l•LINI 
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... " - 1 

1>0 ,Jl .J • l, ID • 

... 
JJ ••••• 

• 
' DOJ)Iol,lO 

•• 2.,.,fi[I·l) 
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1\
om, •~ro 1 • •· ; 
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MERO Y VICf:I'ERSJI. ES,.AS TECNICAS SON N~UARIAS-CUANDO SE 

1.>:01 NI.OIEROS El'l F~TO LIBR.!:, C'IIA!li>Q SE l<>o>IJPULIIM 
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UNA PI<IIEI!A P~AA EL SIG:>O, CADII Dlo>-•Y ES IDIO.'<TIFICAPCJ, u.:! 
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" " ' !Sml. ~- " '"' . - ,.. 

EM u. COL 90, ( 55_ l 
·"-

0 SI'_IIJI <:AMC:TER MO 

' 1.'. .. 

LES so.• 0"5'-"eACADOS DEL ENTEkO Y LOS CAAACTER&$ AI>ROPIOOOS SON SJ! - . -
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DATA HENOS, XOI'.A, >•L, IAST/llh IH,. / H, 1 11°/ 

• 
1~111 INIT + 1.1\RQO • 1 
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,__ 

,__ 

1< 
KULTifLIQUE O DIVIDA' EL V~t.Ok ~Ok CU~LQI)IEO CA!oTII>~D p.o."" 
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a( ,.... ... ......m~, ~ ""tJ.. - '"' "" ;d, 

. .........,.. Th~ ............. - ........ - ...... 
.t.oo .. , o·olod '""" '"' lht mh ......,.,., """""""' ,_.._ 

at ,,., "''" ;, "" ""'"" "~ o1 co~on r .. '"' ....... ~., .,r 
"" ""r· s"'"'"~ ""'"' "' ''""""' f .. "'~ """"""'· '"' .. 
"" ""' "''" '"' cown, """' ~ ;. ""'"' '""""" ... o1 .... 
6<->io.-.J ohj""" 

fo.!'"' 6·1~ '"""' '""~""~ ~&"''""" """'""'"'"'"" 
'"''"""" """""" ond drnol, rn.J lolro.rina 1M """'""' "'f'" 
-., """.,.... ,;,.,. m 11>< ~ ,..m, (F•#""' 6·16). 

h ,.;u "' ... , .. ...,¡, ... <J,......r ......... ..,. Ir,...-
...,. ..... '"""'" .. ~ .. fipo< ..... .---
,.;,. ........--. oumt.-n ;..,¡, ...,........., -­
.;,;¡,. -Ool> F;p.-.··1'{. lh<oltu.lol*­
to;l"'' .... ;. .... 112, ;. .......... 

lloo 1 o/ '"""" 6·2< ~o ""'"'""'" m .... 1 .,( Fogu" 6·1~ 
In ol>< ol<I,.I<O ol.oc><hm •~ mo" "'1"' '"' "'"""'";">lo 
""'"'"' '"" ""r •~·• '"';o"'; ro <lod""' '"' "'"'1 swcn= 
"'"" "" rn e;..,.. 6·lrb • ., •= ""' ""~" '""...., 
,., """ ,.,,r...~, , """" "' ~"'" """'" '""'""" 1 n -. 
,.,., """"" ~ ;,.,,.,rly ............. l.l .... - .... """ 
o1 "" ... ..., " "" - """" rn.. ,.... .... """" "' ,..... 
,_. - ...... br ........... "" - - .. l ,..,¡ podo 
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lino llo« ........ ,. "'~;,F .... < ~·l1) 

$.....,o_S..ndo O. • ................ owoodo '""'*"'"' u 

'""'~'r ,., •• "und<cod<d"" (ot "'' l.l). ,,., '"'"""" '""'"" 
"Vn"" " <M"""'"" ooce«do,. ..,. No" 1"" ...,.., 1"~ 
1o""' wh! "wl"" "'" '"'""""' "'""'' "\""""., "' 
'"!<""" ,..., ""1 "'" oD d<Kond <0 oh< "'" k••'' of ol<uol. 

Th .... •1~"''" ... ,;""'"" "'"' '"' "'"'"" ,....,, ,. -· 
v..:• •• 1<"1 '""' "" ...m."" r~w (1"'" 1.1.1 ood ~!.2 
.,r ""'"'J. u • - r ~ o ;. .... >.11 .... ........, ....., ;, 
., """r. , ........... .~o""..,.. ..................... In< 
""""'l"· Th< in< _..,. .... - ..;.¡,- 1 .. ... 

""""""' ... "" .... <IL ..... "'"" - """' - 1. 1, "' • an _,. r. !o~-'"..,_,""'.....,,,- •• ._""' 
00)" """""' "' """ - .m.n t.. • ~ a( • -
-.., (<1 ..,.l """' """"""' r ¡,..¡ _. 1. w • .....,, r..r 
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'ony "'"'" rot«rn>. ll "'< wont t~ '""·"'" th< wmrk« tr«, 
ho\\'CI·cr, i~><lu,\m~ th< lOO< ro<•iblc cvlor< fnr tl1< fiN couotry, 
w< ha>'< on!)" 10 chon¡<C d>< tcol rn 1-ox 2.S.J to n:od 

:A ' 
' 

\l'h<nc•·cr t!>< k•·d '"'""" 1< io f<>uoló '" <qu>l ~ (bcXOI 
2.7 ond 2.8 of Tn·c _ So.n:h). Su'""'" _s, it<h ;, "' tn "'\"co " 
TI>< »riOI'IO Sc.·l-~wi"h l.:>to! ~)" Tr":)><o«h in k>• 2.4 
;. '<1 ro át""' ""\"<>" O< "No~ 1>y S«~ _Aoorbcr _Sogm.:nl (Fig· 
me 6·21.) Thi> 1'""--Nw"< in"""" <•"t-U >U<<:<:" tf and .,ni y 
if tho >Ubf!">==otc A.Jmin¡¡.;lity _CI>«l «1""1• ouca:s>. n,¡, 
bllcr r<<><O<Iurr: (hp>r< 6·21/) ~n<rmiO<O ~-....,¡,,'"Y of lho 
rr•·•· ioool )" <tl),...,-.;l ncigM"'" ( tl><rc OtO w, • 1 of tircrn ) h•" 1 he 

""'"" wl ... " th< "'"'""" ru\<>r, te. th" ir l>:on~ cnn.i,t.;r<d 
for th< k+ 1 "<Oilntry 11 '"' i\dmi.,ihil•t}'_Snitch" "'r lO 
'"!'.:o""' th.1t. oft<r <h< RETllllN tu Scrk_i\nnth<t_Scgmcn<, 

>nutircr (th< """' rolor m>)" t>:: trioJ. i'.:<>tioo ti»< ""'Y in 
AJmi .. ibolot)"_a..d;. tb<r< •"Y r"<f<r<l!CO 1<> <he nup"• rcp­
n:><nutiO'I. 1lr" "'~'~'<""' th>t <lotailo.J 1'-"Ch."lfl< fot dilT<r<n< 
n;nur>l-<>rd<r tm:: ..,rn r««<ms ,..¡¡¡ Jil!<r nuin!y ;, <bo 
d<l>il< of t~i< ["flitubr !"" o( th< ><>teh ol~thrn. 

TI•< hooiJ<<:<pin~ of Jl"'"' •11<1 AJ,~n« in Fi&U•< 6· 24 
"''" '""¡"') vati .. blc, 1<", ''"""'"' «>l<•r. ·n,;, ,.,,;,blo ¡, nho 
usod in Scc~_/lnn<hoc_S<p>l<nl durin~ rilO """'rch foi- •n od• 
mi,.iblo ...-~mono and. in""' 2.3.5, te¡, in<r<:rncntod "''""""" 
on i""<lmiuil4< ><~rncnt ;, ¡...,no.). In 1\d•·ar><=<, k i• i,.,-omrnt<d 
10 IC'I'f'"'"' th< long<r .u=•<ful colorifi¡;f'."llh. Th< •ua=<ful 
tontatiV<" colot i• otow«< '"")" in c.,¡.,.,. •nd tire ;u>ili>ry 
..,,;.,bl, te ;, r«<t ro l. (5« bo• 2.6.1.) Durin~ Rdmu Iht 
cwr<nl colot thoi« for «<~<>trY k mu11 be rcmcmbcr<d ro 
lh.>r <l>o: Kuch for •nothcr ><¡:m<n< of COIIOUJ" k"• ¡=en< an 
.....,.,....., at a v•lu< of K lh.>t ¡, eno ¡""'" ,¡,.., <he I•JI on< 
lli<d. Thc .. ving of tirio inform>!ion ;. aa:ompli>h<d by <he 
... igom<nt IO<p, 

K - Cohx·, + 1 

u _. ;, bo• Z.S.l. n,., d>< po.th k<t¡;UI k io >honmod by J. 

• 
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DEfiNICION OH f'ROIUIM DEl~ OIU.O., 

S.po'V• qoo un dlollolo .,., lmto<>So do ,.¡,«¡.,., """ .,.¡,¡,;.,.;M do dn., ti,.. 
.... oli..,.ntoo (""""'io, """''''"'• lod.,ogo, <l.r.t.ooo y tonoho<io) do.,..,.,., quo ol .. n_.., ,...,,..,,, ,¡. ..,, ..,.m;..,<f6• ~ ,,,., .. ''"""''""•- .... ,,¡,¡....,,., r 
''""" vn -• '"""'-· 1..» ,..,...,;.;;,"'"' ,.,,.;,;onoJ,. quo d<l>. '''- ol oli-n>o 
,....,lt..,to ol do ol ..,...,.21 ""·,ood .. Oo •11_;..., A y,.¡ "'•- 12 ~,.;,¡.o., do.¡,.,.. 
'"lna '. lm P"'P''""""' do loo eln<O olomonlo• di<ponibl., "'"' 

.O.li.W:NTO 

1 (No.onjo) ,,_,_, 
J (lo""""") 
~ (C:h>eh.,oo) 
5 (Zono!-.o<lol 

<;ONTI'NIOO Dl 
VIT.O.MINA ~ 1"()1 
UNID.All Df .O.ll• 
MENTO. 

' • 
' ' . 
'· 

C:ONIENIOO DE 
VIT~MINI- 1 POI 
UNIDAD P< All· 
MENTO, 

• 
' ' ' ' 

COSIOPOI 
UNIDAD Df 
.O.liM[NTQ 

•• • 
" " " 

fl ,...dilo'"" o<>'',. oof,.,.o ol dio!li!O •• P"•do modolo1 "'"" "",...~,~, .... do,.... 
~1omod6n llneol (o ,.,.,;"'""' l:nool), " lo''""''"'' ""'"""' . 

5..., •; lo ...,ldool ,¡," ol:-nto 1 (i •1, 2, •.• , S) .,.. dol>o ••"' ;. el oi:..,.No ,,..,.. 
'""''O. lo ...... lna<i6o • lo• elnco oll"""'"'· l'ot loto,.o, ol '"''"do lnk~ei• 
ol ,.¡;..,.,, 1 on lo.,.,.¡.,.,.'"'"''" ""''"''" po< lo eonti<lod •1 <>'' "'".,.,..,,O.. 
lo mo<elo, !1 <Olio to<ol do lo ..,..,b]no<l6o do l01 <ln<O ,.¡;..,.nlol ,.,., lo"'"'" O. le> 
"""" ol .....,,;... '1• "1• •.• r o5 ""'""""do cado oii._IO, ¡._.; • "ol...,.. lolol ··-
Yo <>'• ,¡.,¡,¡,11.., dol dlolhlo.; ,.¡,;mi>« o>lo <olio total, onlonuo .,,, .,¡,¡,,;...,., 
l'"'do '"~"'-'"' o m..f> do" lo •l.,.loolo l"""i&« ob¡.,;..., 

""" > ·~0.1 • 20~ + Jlo3 • 11,~+ 12,5 ,,, 
l"' ,....,.,,., ..... ,..k]c"""" .. do o ]l..,; "O A .. ,....,,. ,. ......... on lo li ... lonlo 1<"· 
..,; S¡ ol oll-lo ""•lo:.-1 1 011• .. ..., ... .., - coo<i<lad <¡ ,,.<><'<<' """"'dono 
""" ....,1""" do,¡,..,¡,. A 1..,.1 ol """"'""do vH~i,.. A '0'0 """'''""uno unl¿o,j do 
oll ... nto pO< lo -lldod '1• lo ,..,,idod lOto( ,..,....,;,nodo P'" 1 .. <looo oll"'""'"'" 
"'lo"'"'" do,;,,.,.¡..., A-<>'' "'"''.boye .............. ,. 1 ""' d..,.rli "'.....,....,o ';1 
-O.onlnl..,_<e_.... qu• «do 21 •"'-· lo, 

., " 
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"" ~l!i..,, oho '""''d6n .,.., d .... ''"'' ,..,,,., "'ol pm~>~,.., del dloti"o ., .,.., 
lo -'ldod '1 .,.., inr .... ;,., •• lo .,.,do dobo _..,....,.,.o ;,.~,• <«<>, lo. 

x¡ ~ o 1•1,2, ... ,5 (<( 

¡,.., '""'""'6• •• l...., ............ "" ''•·· ...... Kio looW ... "" ..... • .:. .... :.lod "'11·-· 
Oi.., '1 .,. lo•- porto do la .....,;,_16n do .,1- · 

!~ ''"'""" ol f""blo""' dol dlo!loto .. on<o"'"" ,..¡.,., '1• "2• ••• , '5 P"'" loo e. o­
¡.,¡. fonel6n ol>)otl.., [1) ol,..,.o"' ~r.¡.., ylotltl"""" ¡, ""''«'•"'• 12), fl) y(~).· 
t.,..,,¡¡,¡...., 1., ,.,..,....,.. 0.1 {1) ol{j), ol ptoltl•- do-] dlotl>to "'" .:•••~11-•to 
-~ . . 

""" ••20.¡+70"7~31x)tllo4 +12os (•) 

1 

•1 ''J'"-1'2,5 "- 21 

"'1 tbJ'"-1' ., "- 12 

.'i "-o 

,., 
·lo'"'""'"';,¡"...,.,;...., {') '{00

), « _.,.,onb,.,.,..,.ntotonon taltlo,.. 01......:0 toon­
blfn rabi-..) .,.., Op<n...O abo¡ o, hto ,.,..,.,..,.¡¡,.,., oolo """ ...,,.,..,¡..., do .;.,¡_ 
.,,o {o ""'"''" do ono ,.,.~,olto do P"'~"""""ión ¡¡....,¡¡ quo ., Olil •• ol olo"'ll""' do 
oolod6n, •• ol P'"""' ""'"""'onol ol P'"'"'"' ,¡-,..-,¡..., 1"'' co"'P'Iodoto 1 f><" """ ; 
g•"" olotldod •• lo r......,loef6n dol r"b¡,.., d..ol ...... ,. .... , ... ~ ..... ,.. lo""'"'" 

' 

"'''"" •• "" ,....,_ n....r ,.,..,.. do oo~>l,.. """'"' ,~.,.. ... ....., o......;d•. ,..;: 
avol<loo:l ,¡..:;_,, p..,.¡., .Call<irnt .. do ¡.,. .,.;oltl., ..,.¡tio...!o lo eo«i""" do ~ «>-­

.... .........-.., ... -lol>l ... "-• ........ o~ ..,,¡.,¡,]o ,..rt ...... "" ... r;,,, ... ""' ..... -. 
•• on "''""""'"'",.dolo ,..lel6n dol coolldonto, o>e.lbi•odolo"" lo"'"""""' onoti.o­
ndo ,...lo •orlol>lo "''lo_,.,_...,, 
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no,, .~l' R2, Lu d~nO.o •• 1 .. llonO., al por "''"o' 1 ol \nvent.r\o •• \o• olmo· 

,, .. ,, •• -"" .. ¡,. t<>pocthu <>J•• 4< ¡, ''""'""'' fl9""· lo> co<to> do 

... •lo por t0110\odo u.at>lio >< ..,.,,.., on lo flg•n. lo ·-~1• 4,,., 4otonol"'' 

~·"""'"do roa\lror lo• '"''"' •• fo,... tol q.o ~inl~l,. lo> cono• loto\., do 
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KOTAI: 
l. A lo '"11~1< quo >o o~ltiOOi 1 ""'d<$1¡uoldod I>Or< ton.ortldo .o l;ooldod 

00 Lo 11..,& .,. •orloblo do hol;oro. (ftt.on<<$ u1 n ""' ,oddle do hol;uro. 
l. Olo<orvo qoo • 1 ropr.,onu lo contlilod do dlno"',., Invertido'" ol o•t .. r o· 

· •o. y por lo tonto umblfo ''~'"'""lo tontldod dl<pcnlbh poro t .. ortlr 
•• •1 S<¡unclo o!o. 

In•..-. lo""' oo ost••~ dobett "tl<focor (011 .. ,., .. lu ftg.,. 
ouo ottl•ldo..., """""''"' pod-. ln .. r1.1r p.&ro el OIIIJuodo 

0A1 ' ·~z • 'cz " "1 

11 tntroóucii>Oo """ vorloblo poohln u1 poro poso• lo d.,l!lUildod uttrtor o 
·H~Ld&d, ontonc<< 

01>"'"" quo lo 
úd oo ln••nldo 

'¡,z • ~B1 • 'cz • "1 • •1 

•ortoblo u1 oo .,.. 
on ol >"''UIIdo oflo. 

"2 " o 
.,rlblo do holioro 
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conUdod ~· ~tnoro dlspcntOlo poro tn .. rolonoo PI"O· 

.. ol <<9un6o """' 

lnvH"olo,..> ont .. loro" 'Al 

'''•'· >r.l•~.; .. ~ 
~Jbso.,•odo c.odo ..., do lo• , .. ,,. dlo11•-• "'"'"""' ut..-t....,to, 
qoo p.&ro ol \u<or oflo lu In'"''""'' ••~~<• .. tl<looor 

0Al + '1r" "z' l.hAl 

l•trod.cl•odo """ .. rloblo do hol'l"ro "l (o3 ~o). u tltne q .. 

SO 111M 
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S...., ol .,;m,. o do p«1o•oo "'"''•'•.loo '1'' p•i•<lplan., ""'""""''"""' ol l•i<lo óol ""''' 
{1•1,2, ••. ,6). - . . 

S..o r1 ol .,;..., .. do ... ...,,.,. ,.,.,;.,.n<o&or ..! llnel dol .,., t (t ~ 1,2;,,., 6). N6r.,, 

'1"' '' ; • .,.~¡¡. """""'"'" •••lidod do""'-"'"'''""'""'"'"""'"' lni<lo dol "''"' • l. 

DIIPO,...!IliO~D DE A!IOMOZ.O.IIXf'lliMlN!Io!l.O.S, 

Ob ..... ""' ,, - ... do ................ - .... ¿," ol """' óol .... t, '"6 r ...... -
r,. ,.., .. ,.,, '""""'"""' ol '"'''" ,;, ,,., "'"'""' , .. ¡., r ... .,., .,,.,_.., o1 .,......,,,. 
dol -~..., oll'()'ll,,;, r ... .,,_,,. ._;.,.,....., .,.., hol>la ol '""Ido!--.. ;,. f•l 
lo- al lnieio dol .,., o). lo' -

,, .. , . • 9 Yo -1 (1•1,2, .. ~61 - •••••• 60 
,., 

·- '• • •r ..... ·•r*·'-.. "' 1J • "1 . _,,, 
" YJ ' '3 .. ., 
" 14- 04 .. ., '" ·~. '5 •• !>y~ <sr 

16- •• • ·'•s "' 
Lo""""'""" roral ... l.w.. • ... r.""' .,., '""._.,.,..¡'o lo do""""'" do vvolor......,.<laloo 
a>6> lo óomo'<la do ...... P'"O ""'""" o loo "''- .,.,,_, "'""""""' en ol lnloio dol ""''• 
p.,. ,.,¡,r<><., '"""'""'""" taool •• ol..., o (inicio óol - t}; "..,.....,.do r

1
_

1 
• ..._ 

••• '"" ............. ¡.., ...,¡., .......... _.......,. 1~ ............ ~ ....... u.... Pa , ..... 
.,, ,; D1 .. 1. """""""'de..,,¡., .., .... ,uo~., •• ol .,., t, ,,........, -

[),..,...,¡ •••• t .... 1 1 ISO r1_1 >:":" D1 + 100 't ( .. 1,2,. •• ;6) 

l•.......,elof<lo uno -'oblo do h,I(IU., o <odo o<oo<IOn, ,,.,. ... ., 

1 S0,1 .¡ w D1 + IOO"t +"o '(t ~ 1, 2,' •• .,6) 

y0 w,
0 

{"') 

"• ~o 

) 
' 

•• 
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' •• 

•• 

Q¡,.,,. qu•" ........ ,;.,¡,¡, ... ""'""" .... ""'' .. "'" ,¡ -· ... ""'"' d;...,.;bl, .., 
"'"""' .,¡ n..,'dol ..;roolo 1. ¡""'""""" ,,.. ""''«'"" ,.... '"""' •• .;.,.. '1"" 
D.-w:loonol-1t 
·o .......... ,,...,¡, 
Don.ondo •• ol ""' J ' o.-,.,,..,,., 
o._.,.,,_.j, 
Do-do'" ol ""'61 

.FONCION OBJ!IIVQ, 

~~ ·eool• 100 '1 •• , 

150¡<¡ •1'000' lOO"?' "2 
\50>'1. 8000. 1r:Q "J. "J 
ISOl'l = \OCJOO ' 100.0 O v. 
llOro • 9000• too·~ • •s 
1!0)-1 • \lC:OO' 100'6' "6 
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~--y qu• ,¡ .,¡,;;.., do lo ......,.,., • ., o,,.,,.¡.., ""'"'"' ...,.....,.,.. "'"'"'''" •• ¡., ,..o.r­
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0 
0 onlon<O$ lolun<\ón,.J,¡.,¡vo" '"'"'""'"'loo'''""' inw.lu<1odoo. (>t.,.'"''"'""'¡.,. 
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-· ~ ............ '"'""''""""!"''""' .... - .... 
"''" .z • 8003 [-.."•,., • ••• • •o] ••ooo[ •1 • '2 • ·•• •·.] 

......... y .. 

.. rn.1•eooJ[r.•r1 • •.• •,.6]. ;ooco(•1'":1'···.+•.] ¡•••¡ 

Palo tonOo ''"'"" ...... lo do ,_ • ...,.Tonll,...l poto ol f"oblomo dado, nto dollnido""' 
('), ("') r {" .. ). lo,.,....,,, .. ¡.,. do'"' ...... _ do __ ,.,. 11'.""' ,,¡,_ pottl· 
·- lo .......... 6 !obl .. ~ <11o~1""1 ..... . 

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

= = = = ~ = ~ ~ .. ~ ~ l ¡..,¡.) 

' ro _, • _, • ' 
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" ~".f 
.-o-o_,'"" mo<i d.,<t ,.,.¡"~'-In"'"",.,.,,""'''"""""'"'""' 
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'"•' '"""''~~· "" ""''"'"" '"' '""""' o! "' ~""'"''" '" '" •• ,.., .. 
modol•<"~"- h"w'"'• """ lo < dy">m0 loo"pl>y ol "'" wlth Oh< 
In " Olo•¡" mo In o o lno d o "" < 1 " h<Ooo y "'' " lrl "'" "''' 1 o o h " mooJ.f 

Tho "'""""" "" '"''"'''' '"' '"' ""'' '"'"""'" '"""'' ol <"< '"'''" 
"' """""" '" OhO '"'''"'" Tht!<l"'m"~' '" 1 '"""'"'"~"' ""'"''"' ol .. ................... ;¡. ............ w, .................. ...., •• ,.., ..... .............. """ ......... . 

"""" ,.,¡,., '" '""""'''"by '"' '""""'"· Th<y "' "''' ol "' 
lnp" ID'"' pw¡;o.m by oh<'""" """' ,.1., m oh< P'll h"<b«rroboul 

100 ""'" "" "'"'· 
Fl<loll "'""" "' Ll~ ""'" >«d.cd hnm th< whoi<'WI" <><h 

Mond., "'""'"' ''"' "''" "'''"" Fold>y "'" "'"' 110 doy<) pno<. 
R"oli lo><nl<><y ,. .. , 0 '"' """'"" ol unl".., ...... '""'' olt"· 

,_, " '"' ''""' o1 """""~ n .. '"'"'"'"'' ......... ~. ,..._., "'' ....... 
...... .. ''"". 1-1. '"' ...... ~ .......... - ......... ., ... ~ ... ~ ,, ... , .. , ~ .. , ...... "'~"'"'' -·. ""'' ,.. ..• ,- .... ~ .. ~. 

R"•# "'d'" '" rtmd ~•tt• "" "'"''"'" •••h Ftldoy ''"'"""" 
'""~""m'"'"' Lh< '"""''"' '"'' Th< otd<t poli< y~'''"'" lh< """ 
uln fot th< ~«k plut"' "''"" '"""'"""'"lo'""'" IM ""' ""'' '"'' 

"' ""' ""'" 1 "" 
a.,,, "'""' • """ "'" • 1100- '""""""' ~ .. g 

·'"' '""" ol ,...., roo ... loo"" ........ , 0...<1..., th< ""' "''" 
un., "'" m th< folow"'l "~' <om,..uu.... 

In O"""'"' w«> 

No. bf· 

"""' •• ~ •• 100 

'"'' '"''"". 100 a,,.;'"""'"'',.,.,. 100• 100-100 
••• 

~'"' ""'" • 100 • (tOO -1001 
•"lOO 

·~ ""'' 
··:: ~· C:-::-:, ....... ~.. ~ .... ~ ... . 

...... 
' ' ' To w 1h 

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

• 

...... . ...... . ........ 

In o W«k on •h•tb "'" '""'"' ..,,,..,,,,.,,0 
"""' ""''"' 100 R<toll ;~'"'"'' ''''' • 1 00' 100- 110 . " 
~""' "''". 1\0 • 1 100- 00) ••• 

In t -·· In wh~h ut.., d<t<<"' 
''"'' ,..,,,. 00 
On>•t ''''''"'lOO 
~""' ln><ntooy 1<><1 • 100 • kOO - 90 

• 11 D 
''"',,,.,~~o. (I00-1101 

. •!O 

, 

Tht ~-"~'"' ,-~· lo• '"''"'""'"' ,......,,., ood ""''""'' '"''" '"' 
lo< lO!'"'~"'"" lo tb< '"''""' '"'"w' 1ht '"'"'"'"loo tht wi.,O<ul« 
1"0 ""'"~ '"'"""""""' >•< ""w p'<~nt<d. 

W/•o~~~ >i"P"""" '" ""''""'' "'" W''"'"'" hom "'"' 
'"""'''"'by'"'""""""''",,~, r, ..... ""' "''" ,,;.," "' 
t<UIIt<"t on ¡h, follo~ In¡ "•""'Y· 

WhoiMÚ ohlp""'"" 0 «L!tl 000« (..--••) 

• ....,.. ..... "''""' .. '"' '"'"'' _,_ o! "' ............. . 

~·~· .. """" '"" """"'' .......... 
Whol<.,l< "«'1''> • ''""'' p<~<óon Ir,., ~«•) 

.... ~ .. ~ .,; •• ,.,y '"'' k ,,.; ~·"'"'' "' ""'" ...... '"''' 
''""""" " '"' ''"" ol '"~""'· Tn< '"""'"'' '"'' "'""' """ '"'""'" tOo w«< ">ho•n 1• Floo« H. 

Th< '""""''loo O<l«mknl"' ... F<ldl> ol><•- 1~••<....,. -~ 
k .. ,., •• ., ... 
""'" ,. ::L L_ __ LLn 
•• 

• 

• •• 
'""' 
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. c...,.. ... 
'"~ 

1 
" "'" 

!1 ~ ""'" '""'''' lo '""''"" '"' ""''" ~~ h>Od IN ., "'"> "'"'' 
ol """'""' " ;,~,;;, '"''""'"''· '"' '"'""""' "'"'"'" .;11 do oh• 
""""" ul<u~<oon• Wo "'" '""""" t>o~n, \h< doto""'''"'""'' lo "" 
lh< ,.,. .. ,., P"'l"'" >od lh<n wo will ,.,,,,. ,,..,,..[;.. wUkl "' 
... 0110>n bl u~o1 lh< <OmfM'I« """"l 

Th" "'""" "''"'"" th< ""' wdo """'"""Input lo"" <omO•"' p<o-
1""'· "" ,.,,,.;, ''"'"' <• '"'"" '"S'"'"" 1 ó. 

u ... "'"" <O<d ,, ••• ,,.,, "'" '" '"' ''"' ~"·· " ,, ""~ '" '"'"'''' 
...... b '"'""' ••• '"'''"' ...... , ., ... "'"''""''"""'''"' '"'' '""" 
/no (loO!, In oh•< '"' "''"'""'""' ""' b< "'"'"""'" '" '"'""'"' 1 oo<O. 

'"""""" '""'""'' '"''"'" '"""' """ -e! !.: ,_.-'-' !..'.:. ,_. '"'-• ..:. • .:.<!' .:.•.! '-' '-" !.'.! '-'·'-'-'-.;o::_: ,. ~ '-'.:. 

CbOUCI wd ~ !ko ><<ond '"" .. lh< dm '"'· ThO ,.,; '"""'"' 
lho ""'"""al""" lo b< , .. ,,, .. , wh~h b """'"'""' <<•h•mnol , .. >. 

'"""""""'"""""'""'""'''""'"'" ................................................. -------------------------- --· 
Wu>ly ,.,_, '"~' '"""'" "" w«k """'" '"" '"' """"~'lO< 

"'" w<Ok. Ho<" ~ ""' u•d P'" • .,, '"" '"' '""' ..,,.¡,., o1 '"'' "'"" o. 
UK11y lh< '"'-' '1'«~;,.¡ by '"' ....,,.,r U<d. Tlo< wnk """"'" h 
~.,. ...... loed In ........ \ .... 1. , .......... k.r ............... ........ 
11, 1 2, '"" 1 J, ,..., "'"m"' ¡,.,, h, '"' ~" ,,,,, ",,.,,.,"' '"'"'"" 11). 

" '" 
''''''''''''' '''' '''''"''''' ,,,,,,,' '''''' '''''' - '..! !..: !!.!.: ,_ • .:.:...• : ·.:.. ._, ._,"' .:.· .:.:..: ,_ • .!'.!.:..-' ·..:..;::!! ";:: ,_.:. 

'"' ......,.,..;, '"' ""' "'"" /0< .,-..,..,.h..,.•n "'~•"" 
1-6. r ... typowrit!<n ""' .. '"' !;p. .............. ""' ''"'""'''' .. .. 

"'' 
'""'P""' "' '""'""''' ""'"""' "'"'""' ''""' '"' ""'"''' """'" ···~· .. '"""" o"'""' In n,..,, l·'· n.o''"'''"'"'"'''""'""'""'"""';,,'"""""''""'"',,, 

"''"'"'""'" •• , .... ~"'4 .. '"' ~ ... ''" , .... '" .. , """ .. ............ . .......... , .......... ,,,,.. "" >«""' ......... "" ""'''"' "''· '"' 
not .. lun l! W~l <~~UN no"'"'""'' tOot '"' '""""'"'' >P«olot< "" 
lJ w«ko ol ""' wm 10 .. ron. 11 ohm lo 100111/lt wookly "'"'"'O< 11 

<"< w""' "'" ""' k ""' o/ '"'" "" '"'""""' wm polnt <'< .,..,,,, 
SQM[TI .. NC WRONG W/Tii YOUR CI\T~ '"" "'"' '""''"'"1 !ho pm-

1""' 

• 
• «WNIUM()OC!' 

, 
f . 

8 

'""'" '" " 
.. ""' """1> .. '" .. • •• .. '" •• '" .. '" .. '" " '" " '" .. '" " '" " '" " ... .. '" '" ... 

" '" " '" " '" " '" .. "" " '" " "' " '" " "' ' .. "· " '" ......... 
""~··"·-· -~., ..... ,_ ........ , ... , "" "'"'"' .. ~ .. '" ...... .... -------·· ,,,. ________ , ······-'"""'""' "" ... •• '"" ... '" • •• '"'" "" ... ... ... ..,. 

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

" ... "' ... ... .. " .. ... '" " l" ' .. .. '" ... '" '" ... ... 
" '" '" "' "' ... ... ... '" '" " "' ... •• '" '" ... "' • ... 
" "' ... '" ... .. . ... . .. • .. 
" '" . '" '" .. '" .. . .. • • .. "' ... "' ... .. • "' • " ... .. .. '" "' • '" •• • " "' ... .. '" '" • ... '" • " '" '" .. "' '" • • '" " .. "' "' '" '" '" .. • '" .. . .. '" '" ... .. "' '" .. '" '" 
" ..... , . • • • • -·-· - .. ------.. 



• 
........... 

o! '"' No''"'' ......... 
~ .. 

• 
" "'" 

lo ~ ""'" '"''"' ••~• "" "'~'""" ..,,.,¡ '"""'"'' ""'''' ~ nol • .,, 
'""" P""'>- ~ ,;,.pie '"""~ 10 1<1<1< ,.1., lo 1 now ¡,.,1 PO P<«<OI "''"'' 

'"" bor .. ,. "'' "' olf "'"""'"'"·'"'' "'"'"''''"" ,., "" ~""'"''' '""'"' 
i<><y "'" oo Lh< ''""'' ""· h<O U•~,h "" ''""'' "'"'"' onl1 one 
"""''"''" '"" ""' "'"'" lh<>< """'"""'''M' <wi•&• """ ""''""'Y la ...... ~ .................. , ... , ''· """'''' ..................... '"'""' ""' '" "'" ........ . 

By • .,,,. lht ~, • .,.,. n >Oil ""'" '""""' '"' ,.,. .. , "''""' 
"•bli<"' hn '""'"''"' h<l ""' "' 100 """~ lh< w""'c"k' M ""' 
"'"''"'"· ond '"'''""'' h '"'"' '""""""'"lo'"'"- T'hq•"• b<h"oo< 
In thc "''""' 1> oh• """ "' oho '"" "'""'" <'< '"""' '"" '"' ''blind'' 
O>d,.IOO ""'"'"uf Oloe "'"'''' <ncl <h< wl>uln.d« 11" •><•< twu "-'"""' 

con,;d« "'"'' tn"h<>d¡ luo """''"' "'' ,J1uoOion "'"'" "'"'""· 

COI'ITROLL1J'II) 110[ RtfUN1SUM<Nl RAT[ 

'" Ro"""""'"'"' c ....... 

'-• ,..,~, ,.,.,....,.,. ''' ,..ookm <>1 '""''"""''""''""'""lo""' 
'"""""' ''""" '"'""'" . '''"" '" ... '""'" ""'~'" "' .•. "'"'" ... 
<l>o ~••1<»1« • lh< '"" <••«OI <rrl>c. '' '"" of d'""P<•"'< lh< lmpl" 

'"'' •' '"'"''· 1 "" ""'"M " '"'"''m"'"" o, "'"'"'"' ,,, ""*' Poi"' 
'" '"'"" "' '"'"""' "' ""1'"""'""' •' '"' ...,,. ""''· '"' ••~ ,...'"· 
'"' <O<nJ«>I<r oooput, •no" 10 ,.,,,,;, of lh< "'""' ".' """~"· hflt. 

A"_""'~• lo lh< old ,...,~,, oh<'""'" '""""'' fot ""' ,.,.,¡., " 
• ~ ... ,, ~''" _. "~··· .. ~.' (lOO- '"''"'"'' '"•') 

n" ,...,~, ...,,; '" ,,,, . ., '"'' ,,, """" ~'"" '" ,.,..,,., '"' ""''.., "'' 
>«u~ly """ ""''"' 11« K« k, <o'''"""'· J ,_,..., ,., '''"""' bdow <h< 

.... ""'' k-.1 "' 100 ""'" ...... , ....... ,. ...... •'" "''"'"""'"'" 

..... "" "''"''•' '" 100. . 
JhK ,...g, '""""' "'""""" """'"' l>ul jo~"'"' 00 th0 "'"'' 

"'"'~""" "'"'""'""" '-"" _. . 
- '"'"" ''''" ~~~ b< ''" '"'" " '"'' ~ .. , ., 
-""'' "''''""""""' ;, '""'"""'"" 
"' "'" '""""''""' '' ""''"''~' ,,,,, r .. ,,,..,, '"' """ .,..,,. 

'""'·TI~ K'"""'""""''~";, .. ,....,,~" lulf'kd ~ ll><p« ... l »«<m, ""' ....... , .. ~., .. ' ..... ,_ "" .......................................... , ... ""~·~ "" ............... , ..... ' ....... "" , ..... , .... ., """'"' 
.. , ............. ""'' ""' ........ ~-- .......... ,, <h• ·~"''"' "'"""' 
<"< P""' f ""'' '" ~,;,. "" bo~ "'"' ""' <o""'"'""'" "'" ool "''"'"­
Wh'" 11>< u«lc< ""'"' """ <J,, 1<1 ,,,.,~'""'"O y"'""'"' '"" to<'« <"< 

""''''"'-TI><'"'""'"·"'~"'"'""'" l '·" '"" """""~'lo"'"' 
....... "·'''"" "'' "'"" "' ·~ .. ,.., ~·"·""'"""<>>k< ... ,"''""" 
.,., ... lh;, .... "' "'"""'"· 

. ""' . ., ·~ .... ,... '"' ...... ~ ............ """'""""'"' ...... ' 
•• -~· ""' ......... , ..... "' ............ ..,,.,.,., ~ lo ... .... ,..._ '""' ......... ,,, '""""~ .. 

R<loil m<<'- «<o;l "'"' 1100-ln"n'"'V Jo.:.l) jA~) 

' )Wtlrr• """"-U 

c... ..... 
'"~ -Ro-m<o< 
Ro" 

c ... , .... 
~"" -R•""""""""' Ro« 

'Ao~yJo 

"' "" "'""""""""' Ro" 
~ .• 

• 
lO 

Ir -,< «1 A >1 '" """"' ""' •h,o 1>1 In m>'< up unly "'" ho1( lb< 

"'""'""· ,,,.,. •• "" '""''"' '"' ""'' "'"" ..... "'" ... "' '" 110 

""'" 
~--

..... ~ "'"'' • 110 • ¡ ooo- !ICj 
•110•10 ... 

N<wi'oh<y 

~'"' O<J«• 110 •11100- 00) >D.>) . , ... 
• 115 

wo .. "'" "' ..... , '" '" ""'" '"' "'"" ,, 
0/df'ol<y 

~ ..... "'"" .. 00 ' (lOO- 1\'<) 
·00-10 -· 

N<~l'ol~y 

11<1<" ood<<' 00 ' ((100- llD) X O.> ) 
-oo-s 
•o> 

Tht """" <rf«1 ol ll>o n<w ¡,.,~," .... <ht "'"1" ooly P'"'> '"'" to 

¡"""''" "' ""''"" '" ''" •• ,. ...... '"'' '"""' "'"'' ''"'' '"' '"""'"''" 
10 "'"'" to """"'' ''" ~""''"'" ""' luJiu~ • ~"''"polo<>'""''"'"' 
l•om lh< '"'"''o, '"''""~' B ,....,_"" '"' •""''"'' o•d« '"''""''-

lb<;...,.,. "'~ """"'' """''"«"-- "" "'~ ""''" po<;cy ~ lm""'"'""" 
~, _.,.,, on '"' '""''"' .-..d oh<''""""'' '''" r., A (<<'>'"'•) in· 
"''"""'' 1 1 <od 11, ¡nof 8 1• ho~»~<) In'"'"'""' 21 ood 11. 

" " 
""' '"' '" '"''""""'''' """ 11' """ '"" - ,_,_ ,_, '-' _,_, :.. • .!!.~. ' ,__,_.--" '--"·'.!!.. ~-'-' :..· _,_.-' _,_.--" ·..:.. _,_. :! :.: .!!.' '-'.!!. 

11 11« rodd ~ klo """'· '"' ••lvo r,. ~ "'8 1¡ "' oo 100 """"'· Oll><<wi«, 
~ "'8 ""' b< "' ,,.., 01 lo 99 by oh<""'· 

"'"'J.-/y..,.,,.,,¡,'" '""""'"''" lo S«<ion l.,_ 
A '"'"0~« d>" d«1 '"""' fo< lh< "'~ ""'"' "<loo~• In"'"" 

1-3. Th< "'"'" '"' Lh< ~""1""'" ""'> L>> Lo"'''' up'lO pm<nl of lh< 

~;llmm< '" ""' "'"' """" <h< "'~ ""'">· 
Th< '"""""" pln<ou< '"' <h• "'"JO """"' ><ood«lnl ~-~ ""'''' whKh 
~ ''"'""" ''""' ,.,,. dol< <«d< n ""'""O. T•o"" H. N~• <h>< "' "" 

..... '"' "''"'""' ""'""" '"' ..... '''"' ... ~ ... 8 '"''""· '" "" ... ~ ....... 
"'' "'"'" '""" "' '"' "'~ ""''""'' ""'"' ,, '"""''"' ''"""'"''"' '" 
1h< p«IO<m'"" ol ll>o '"""'"'' ''"'"' -

R"'' «Ood<" """" th< O<w,.ltl ~.,¡ ~oth;., <l<.,n ""''­"""""k._ .......... "" ""'" .. ~. ~ .. 1 ~;,,,. ,.,, .. ~ .. -~ 
r"'"" "" '' ,.., ,.., '""'' ·""' '""'"' '" "'"''""'""'' .... 
M.,. «onOKoniiY, <ht ""'"';,.., '""'" oul ol "'"'~' 1 <, """'' 

"" lo uneonuollob~ n"""'"""- Th• """""'""' "'" bocn <•m>•ntd ou< ... '"' '''""' '""";,., '"'" '" ... -..... ,,,.,_ -
'· 
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T"' ..,., .. ..,. '"'" k lh< """., "" In Swlon 77. lh«h>nc< m 

""' kod llmn " '"'"""""""'" "" "''""""' mod<l by two r;,~;, In lh< 
'""'"" ,.,d, ~ """"'' ol ""' •«l In<'<""'"''"'""'''''"";, o«om­'"'""" •• p~•'•• • 1 In,,.,.., 11 ol "" <onl<olu<d. ~ -••o ol""' 
.... .. .... ............. ·~ '"' '""'"'' h ,...,.,,.. ..... by,..., .. ,. 1 .. 
... ,,., <1 ol '""""'"" uod. 

1"' '""""' ,., ........ . 

" " 
''"''''''''''''''''''''''''''"'''"'"''''''''' - '..! !..: !.' "'-' !." .:::. •• '-'-'-" '.! '-" :. • : "-' "'::.::. • .! '-'-. "'-' !..: "'!.." ,_..:. 

Tht .,..>ly '""""'d' ""'" lOo "'"' lonnoi. 
lb< <onopkO< Jolo dH\ wlup lo "" tho '""" of '"' d«r<l><d 

""' ''"'' ,, ,., •• '" "''" 1-1 "-

-eo,,..,., TI>< '""'"""' ,..,,~, w~h lo>d ,;.,.. "'""""' h _, In f~"'' 1-1 1. o...,.,, 
A .. ly<hol lho ""'" ul "' "'w kod '""'""'~'o • '"'"'"''"'"""'"""'In th< 

~... """" ........ ,....o/ "" ....... .,. ., ...... ,_ 
- Cooo•ol Rol> O "'"~• """h tloo .... """'" wl<""' f,.. w.,.L 

'"'"" '"'" " ... .... ,. •• .. .. • .. • •• .. ... .. '" •• ... .. '" .. '" .. '" .. '" .. '" " ... 
" "' " " .. " " '" .. '" " '" .. ... 
" ... .. ... .. '" " '" " '" .. ... .. '" .. '" ...... ,.,. ""~'"'"' .......... , "-· 

• 
• """""rf. 1100< u 

• 
. G 111 11 1( 

_,. 

·······- '""' ... '''""' .. _ .... .. '"' , ..... 
•LC< ..... , •• ,,. IL ··•••···· ······-·"""''''''''' ....... .... '''" "' ... ..... '"" . .. ... """ .... 
' "' "' ... '" "' "' '" "' '" ' '" "' ... "' '" "' '" "' ... • "' '" .. ... '" "' '" "' ... 
• '" '" .. "' "' "' "' "' "' • '" '" .. '" "' "' ... .. . "' • ... '" .. "' "' ... . .. "' ... ... "' .. '" "' ... . .. -'" "' • "' "' ... "' '" '" '" ... .. . • '" '" "' "' "' ... ... "' "' " "' '" "' '" "' ... . .. '" ... 
" '" "' -1"' "' "' ... '" '" '" " '" "' ... "' '" . .. ... '" "' " '" "' "' '" '" '" ... "' "' .. '" '" ... "' '" "' ... '" '" .. "' "' "' "' '" '" '" "' "' " '" '" ... "' "' '" "' ... ... 
" ... '" "' '" "' '" ... ... ... 
" "' "' "' "' "' '" '" '" ... ,, 

"' "' ... "' '" '" ... '" '" .. "' '" '" '" '" '" '" '" '" .. '" '" ... '" "' '" ... '" "' .. '" '" , .. '" "' '" ... '" ... .. '" '" "' "' "' '" ... "' "' .. '" "' ,.,. "' "' "' '" "' "' .. '" 1"- ... "' '" '" ... '" "' .. ..... _, .. . __ ,_, .._... ................ ··~ 
Wl>ol'"'" "'""' '"'"" "" "'" "''" "" "''"" <~M ""'" ...... , """ "" '" .... "'" .......... '" ""'' ..... 
'" •••• .,.. ......... "'"""'' .... -·- '""' " "'" fl ........... .. . ...... ;~ ... , ,,... ... ~ 
A ol"el< '"'''"''" ,.l,.ol 101""'"' """''o 1! '"""' oh.oo< lo 

"""''"'' ~''"'"'""· """" '""" "" ,,,.,, '" '""""' '"'"'' "'"'· '"' 
f>coo<y "" <'> ..... >0 "'"'"'· d~o Ioom <h< ,.._ « pt«<oL Tho~ In .. ...... " .. ., ...... "'" '"' _.,., .. , .. ~ ... ~ ..... -...... ,.,. ..... 

n .... "'· ,.,.,....,, ... ..,. '""'"'~" .... '""' ,_, ••• ,o,,.,....,.,, 
bdooo i\ •<>Yid "'"'"''"''" ""' <<>1 wuold, r,.. "'"'"''· '""""'"' '" 
"''" oo llo< " lo P'"""' """~'" ""''"'"' ""'' "''" ""'"'· '"' "'" 
"'''"' w'"' lo "Y "" h•nd " <OOHollln¡ 1ho •o>ootO<y "'""' ;¡ "'"'"~' 
..,, oo ,..._,, ""''")' btr-.-..,, 10 """' •nol IN"'"";,'"' ..... ...... 

RCF[RENU' """'· H o,'"" e_ >~""• .. _.,A-no<'"""'""'"'"""''".,..,.._, ....... ""- "·"" ,,~ ........ ). ... , ... ~ 
-~· .... ---...... , .................. _ --.-, ... ---~,.....-- .... ,.~.,,....,.,,,.,_ 
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,f..,..,O,O,<Io\1>«--lo<--H 0"<41--.11.;•-«. ..... 
,..;.,,.,, 1 W, """'"''-' !Jy-nlo, ú.m~""' Mm o M,l,l., '"'· 

--, .. , .. ,,.,,,, Oo"'""" M•" "" "'" """"·" -- l<IM<o, ..O. 14, .. , !>'~·· '"""'· ...... ~ .. 
"-"- 1- • • ......,_ --·- •••·~•••••••< "'" v~•• ~-~ .... ' ...... , ... _ 

MMI, 0, C., W, l, NoooO, '"" to L, ).,.,, '"'"''""'""' "'""""""'(o o•~<, 
......... C.Of~ N.j,, '""~'"*''• "" <»-.. 0. J<.. _,_,.,.,., __ ,.. A o-<"• ... "-" .... -. ''-' ' ............. , .. -eo., .... 

........ o ..... " ~----·-""" ·- ........... 0"'•- "·'" "'"'"~ ..... ,..,_ 

---· 

~ 
<olum"' FM-' /Iom .., 

" No.olwo,.ko 
11, ll " .......................... 
ll, ;~- " '"""" ....... '"' """"'"'"' 

" Whol< .. r" '"' """ .. . .. Fo<looy luJ ''"" 
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S 

OU!ESBú'\fJ 
• 'mocter for queueln¡¡ sy~u>ms 
000-'o--O~_. ... H_ ....... ,__, .......... .,..,_, ,. .. d.,_..,.,...., .. -__ .. ._,.,.,.,_,~"'""'~"'' --~ ............ "" '"' .. ~~" ., __ ,_ -

Q""' (~oi6n¡ ¡..,.,¡"' '"'"""'"• ""'''' """"""'· QoMI O« O< in 
fl"'"' ""'"· in b"'''· " l<onl of m.,;, ''"'""· dooin¡ oni .. o~ty 
"''""'""'· '"" """"- o ............... " • '"""o/'", ...... ,_!><""'" 
'""""''" on~O.¡ '"' 1<<n<< ,.,.¡ 1 ,...,., l..:li<,. ~lm<»< ,~,,..,. ¡,., 
<•P«l<O<•d b<l"' ''"''"'ni •• ~"'"'1 ;, • '"" Th< """""' uf thio 
eompv"< '"""" ;, <e •'ow oh< ""' lo """'"""' w"h oitv.,loo. m 
whieh """" "''"· TOo modol 1> '"""""' wo<h '""" th¡o woioon¡ """ in 
lh< '"'""• huw<•«. 1! ollowo ooo lo'""' " oho enli" '''"'" lwm th< 
.. ., .. , ... '"'"''"'' vl<'1>0'01, ........ ""'' _,;.,. '"""' "" '"''"""' 
but ~ .. b<U.,. ,..,,.,"fd .._, 11>< uliiu6on of lxm...., '"" oh< <oW ,.,, 

"'-'"""'· . 
Tho '"" "'""" p<O>id<> b"'l•ound '"'"'""''"" on """''"¡ eon­

"P" u.d how oh<><"""'""""'~.""' by th< "'"'"""' """'-'" "'" ,;, '"' ""~'"" .... ··~ 
T•r fo<'-ln1 ""'""' '"""' > '"""<On In wni<h 10>< -OUI<> 

...,;,¡ ""' o. ""' , , oool la> '"'''"' ol _..., pooolM ''"'""; .. 
'"'"'''""'"' ··~~ ... ~ ,,.., ~ ... ,,,;.., ,,..,,,., ""'""' '""'""" ........ ,. 
'"'"'un how to "" Oh<'""'"""' p<o~''"' QU!:SI~. 

•. 1 J>tl Q\1!\I(IN~ PROC<S< 

nn «<<Ion "''"''"' on I!IIJoduotm <o,.,., q......;o¡ '""'''"·No 

'"""'"'";..,' '"'"""" .,, ............ ''"""''h "''""'" '" .~ .. ,., ·-
................. ,, ......... ''"'"'"'"" ol """''"'' ,....,,., 

1 

D<""'"'"' • Qvou<ln¡ ,,. .. 

~­''"""' 

2 

· oomd >«>OOd o'"''" o¡•Hfffl •'"" Ou 0"'"' ,., ""'""..; "'""" " " 
'· < ' ''"""" •-...... ) ~· ••••• '"'"''" ,._, '""'"· ""'" ""''" "~""'" u .... 

< ' '"""'"' '"""'"· '"' , ........ '"~"· ''""' , ... '"""' ""_, __ " d .... l"'""'""' 
""''" '" "'""'"''"""''""'by."'""'"''''' "'" """· 

' 
• < <'''''"' ''' "'"" ""''' "" ol '"''""'"' '' <'<~'"' """"'"' ' "" o ' ,. 

< << ., •• , '"'"' '""''"" '"' ''""" '"'"'. •"'"'· .,, ••• , .. , '""' ~··~ ,.. " . ' . ' '" 
' 

• 
' 

wo ,, .. ,,.), lh< '"''"'"" ">< "" '""' 
''"' ' '"'"' ... , o "' ""''" 1<> """' ><<"'d'"'' >O>""''""'~'"~ o> '"'"""Y' < ;, --:::. ''"'" ,, ................ ¡¡., ·~,, ... ,_ '"" ................. . 
;::, ll mmm,..ly np<<><n1<0 b; , ... ~<«l 1<1!<> m• lo). In'"'" lo";",: 
...... ""'"""' '"""' ,., '""'' .. ~ ... "" ¡,¡ '""' "'''"'".... , 

' 
,', .''" ""'" ,, '""'"'"'' , .. '""""'" '"" "" "'"" .. ,., ''" ' ""'"'· ~ r;.,.,. 9·1. . . 

.e;,,.,,.,,,.""'"''"'""""~'""'"'""' •• "", ............. .-....... 
1. ,,,.;.,, """'"-

1. '" ,.,.;" ·,;,.. d'"""'''""· 
] ......... ''"''''"'· . "' '''""'· .. '"'"""" .... ''"""· 

.,, '"'"" '"" :; ... "'"'' ,;,.,,.;.., '"'" ........ '"""""" ...... .... 
, > '"' "''"" of '"''""'''Lo'"''>"'"'· •'""'' PI"'''""' non qo•••'"l ' 1 o 

... "" ""'""" .. '"' '""'" ,.,,,,, .• """ ''"' '" "' ,,., ... 1 .... 

""' ........ ""'"""· . • ol 
In'"' ~'"'""" •"'" •10 "''"''' '" on "'""· ''"" "> ~ ... '"'' 

< <' •••. , ""'" .. ~'"""' ... ~,k"·"'·'"', ..... ~ .. ... .,,.,._,, - " -· . 
"'' ""'"""' poobkm »'"'"·lo •<"•> '""'1"'"1 ~"'" .,,..,.._.,., "" . ' . '"'" ,, ''" "" "'' "' " .... '"'"'· """''"' ......... o """· ' ' 
pmtl~m. 1 owO d 

T .. "'"' lni<«<l¡n1 0'""''ml, oho>< ~•Kih; o O<•no " » 
. ·-· ~"'""'"'''"'nO> '""''"''•' .. ,,, .... ., • ...,. '"''"'"" 1\'>«ml, "'M , .•. 

. ~,. mfl>l <O<O"""' "'"m-o"'"'""' '" '"'"' _," •·~• .... ""''" """'· ' . .. .. 
.... ''"" '"""''' b<OwO<n «>0\<<UI;,< .,;,.~, "' '"""' <O! " ""' 

'""""· ''"' '"'"' "'""'"'"' to b• ""'"""' b; "'' , ... ., •''"' 

'""''' .. , 



......... 
T<.., o ..... ,., ..... 

u, ... , 
• 

c.~·-··low ........ 

'" ...... "'"'' """" .. h ............. ol ...... ~ ,,,,, ......... . 
"''"pi'"- A,..,.._, <••mP'< n lh< pi<""' ol "''""""' <OPII wMn "'h 

'""'""' '"'' "'" '""' •now, o< ""· who ''" ;, "'"'"' 1 <lll 
ltod~• ol •••••ing """"' h<•< "'"''' lh<l th< ,,,.,. ;.,,,,..,¡, 

bo••••• con><coll•< "'~''''" oll<n dnl<iboL<d «<o•dm¡ lolh< n<v<~e­
""""'"'~1 d~l<liMoon. (lonr< ,,_ .,,.,...,,, ho•• olow« o<obob;,ly ol 

""""""'-) In¡¡,;,"" lh< """"'' ol "'""' """"' Iom" • ,.,.,,.. 
'"'"""'""· o'"" '" ~ ,, "''" "'" """' ", """~ : , , bo ' .1 .. r "' "'""" • "" "'•· 
llon •1 lh< mo<t '"•"'""' """"'"J di!<nboi<On. 

Th< "'"''"'~'""ion lo lh<l in whl¡t '"h """''"qoim lfo< "m<limt l01 

"'''" "''"< "'''" oni><L A ., ... ,., m«hOnt, loo-"'"'"''·;, """"Y 
.,,..,.,, lo "'~• o '"""'"' ,.,.¡,, '''"' TM m"'l ,.........,, ,_....., ,.,,;,, '""' «""'' ''"""""""· .......... i< u-., n<J<Il<f~<P<"""'''' dio· 

"'""'""'· lh< ""'" ""'"'' ""'"' lonh<• '""""''"'" boio¡ <on¡l,. phm Ion< OO«.,loo) ot mol<•ol<-pho,. 1• "''" ol "'""'""'1· -

"" """'' ..... , .... b ... '""'"' "''' ~. ~"'" ....... , lob> .......... . ''""' ,,,- '"'"' ... ""'"- ....... '"'• """""" ...... ,, ............ . 
.,.,...., '""""· •• ''""'"' '"""'"' of ''"""" ... boon da"' tn <1w< "" ............. ........ . 

"' .,.,, "'""""" "'""''' .~,, '' '"' n,,_,.,...,_"'"""""' '"'' 
JFCFS)_ ~«..-din¡ '" <hi< '"''. <'< ¡.,., Job 1o .,;,. In oho .;, .. , wl11 b< Oh< 

'"" iob 10 b< ""'"'· lo oddHion, <h< lotlo•;n¡ ptio<ll> '"'" •••• ""'"' 
"""" """''""' 111 '"'"""""'tolo O<k<<r •loo iob -•~• hu"'''"""'" 
"'"' of ''""""" "'"""• ""'"'" " U.. ''"" oJ ;,. '"""· ond (1¡ '"' 
....,,., """""'" '""' tok IWTI """" ¡,..,. '"' '"'" <!o< ;.o ...,.,. ..... ,,., "" ............ ~ ... ''"'' " "" .... k.''""'· 

Tho ''''"''"' now """'" ol • ,,.,;;,¡ '''""' i¡ '"'''' """"''""' br lh< 
'"''''" ""'''"' "'"'""''"" ollh< "'"'"1 popululon, 10d by"" phY<I· 
"' ""'''"""'' ol '"' ""'" '"'"''· 

nn '"''" ol ~'"'' "'"""" """'""""";, '"'""'""' _,_ '"' 
;.o '""'' "' "'"'""" "'"""' , ,...;r~ ,.;.k, ,,,...,, .. "'"""' • 
.... ~"'" "'"'"" "' """"'""'- ""' '"" ... 00 "'"'''' "'"""' ......... 

"''""· ho~•«. '"'' ''""' ""'"'" '<JiiJoOI< 11 lh< job "'""" ''"'"' 
''"'""'"'• foo "'"'"''. tt " """'bl< '"" '"' "'"'"''"1 ol '""' ''""''""' ... , "" .......... ""-

• ;T"' ph"~'' t;,.;,.,..,, ol '"' ,.,.¡,,'""'''m''"""''"''· ., ""' 
.rr ... "' '"""' ~, ... ,_ Th•,. ""'"''' ''""""""' ... _ '" '""''''"'" 
'""'"''"' .......... ''"" '"''"'" ~ ............ '"' job<, ..... "'"'"''· ,, 
'"'> r>«l<t lo h•>o • ''"<'• '"'"• moll•piNh•OO<f """' fO<oi"V• ""' 

'"''"'" ~'"'"! ""' moy oot b< """"'' Th< loUo~in¡ '"'""'"''"" "' 
"'"'' "'"'"'" o! ''"'"' '"'"""' <>< iob-fto~ "'"""' oi•J'• '"'"'-•'••" '''""'' m.., .. !1-rl. ~ .. ,, ,.,.,_, .. ,,."', ...... ,, '" '"'"'' J""'" ~'-1!. 
"""""" ,..,..,_.,..,.,.., <h<nnt~ jf:.,.., 9-J). ,.....~, """"in t>ndttn 

JI''"'' ~'-•l . .-.! .. ,.~, ''"'"' in, "''-'· · 

' 

A"'l,;o 

'" "''"'""""' ll<"""" 

'"'"' ... ~·· 

• 

,=' l-1 --101-­
< ... - .. , '' III J:l rr--D_¡---'·•~·· ~ L:.J 

Os--

, ....... ''""' , ..... _,,.,,, "'·~·. ~~ ..... "''" 
""'ol ••• •''"'"' ........... i.,. ""'''"'"''"""• "'"'' ,, '" ....... ... 
u"'l>ll'tri In tom, thlo "'"'"'""' ''"'"''"' i> "''""' 10 <h< ,,...,. '"' 
""'"'" .r _,.,;..,""''"'-1-om< ol th< -""""'' '''"""~"" of • 

- ''""'"' '''""' ~hlth "'" "' "' '"""" 10. "''""" ... "' '"'"""''""' ., 
'- o .... ktoilh. 

l. C..>tonm wMns '''" 1•• '"'"' ond/o< In ""•••t<m). 
)_ '"" ..... "' .... .,. , .... ~ .. 
•- No m"'• ol '"""""'> io '"' "'"" <r<tcm_ 

Th"' ""''""''""''"'Y"' d<wlb<d by th<;, "'"n "'"'• '""'"' 

"'''"'""· '"" "' , .. b.oill•y '"" '"' '"''"'"'"''" ,....,r;, "'""- W••• 
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'"""' -1"""'' ... ""'"' S~oppo 
Rovr.J"d 

• 

11 

"' '""" ... , <o rh< ""''' <omout<r ""'"Lo""'"'"' QUUIM "'"' h~ 
ompwoul d.oU.In "'"'"'"• h~ do<o.)ohn ''" ~xk ..r ""'" 11.< ,;.,. , .. , 
,.,¡, ........... ,. ....... - ............. ,, """, • ..,..... ..... ,.,,_,_ 

To Ioim\ "''"""• ht loond '"" oll ol lh< "''~" ''"'"' w"' 1 """""'• 
<h<« "''""'" John..,. won" ID uw •'"~"'" QUB<M wilh , ... .,, tho( 
"' ............ Th< """''"' ....,, _, <IM ,...,, .. .,.., .... ,., ""'""' '"' 
jo!Lo"o .... "'" ~· oki«Ob<J ..... 

Tht "'" ""'"' .-.rd ¡, olwo" lho '"" ""' In 1h< dou d«k. 
TOo '"""" "'" <Md il '"' ,.....,.¡ , ... n lh< d>U d«O _ f"' .. ~ ......... ,, ..... " '"' .. ~· 

• •• "· 
'"""'"""'"'""'"'"""'"'"""'""" -e! !.: '-'.!..! .._. _,_.,.~ ·-:.· .:_ ._,_ '-' :.• ~ ~ :.. • = .._. _,_ '-'-'-'-' '-' '-' '-' ,_.:. 

Not< lh" In toluMO 1 ol tho .,¡,.¡ """' ü>cd 11"' todo numb" ~ <, 
whi<h '""""' "" <11 ¡,;.,¡ """' "' <0 l>t .. ., .. in"'''"" odd,.lonol do" 
,.,.,~ '"' , .. , ot w'""" ~ ,.........., "' .... ..., 11-11. n .. .,...,., "' 
'""''" ............ ....-~ ................. ""''''~·in"""'""' ll-ll. 
Alth""'" thto "''" ~" "'" "'""'' '" 10< po.,.;.¡,, w••l•m, "'" "n.,, 
"'"'n•• "''" or 11. 

R.Um """'"" "' '"F"""""" ,_,. ,.... co<4 ond ""'"''"''"' '"'""" ,... .,,,.., ''" ,.,,_ s;,., ,..., "'' ''""" "'" ,,,.., "' _., •~• 
ftod·., "'"''doto U>dt, wt"' tw<l•< do"""'"""" In<'"" <Otd ood '""" 
on th< I>IOOd '"'· lh<>< \wo Wd1 '"' > foom>!of 11FJ.Oood m oho~o 
.... ~ fot "'""''"' lwo NO<K< , .. , o1 it 11>< ><o.ol lloi•>i tim<o thot 0,. ................ ··-· ~ ............... ,. .... 

•• 11. 19. ~ •••• 17. li.-39. ·~· ••• ~3 • 

''''''''''''''''''''''''''''''"''''''''''''''''''''''''''' - '.! !! !!.!! !. • ::. :.· ~ ,,,,. ".! ._. ,. ~ ~ !." ::.:.•.! ._, :.:: • _.:._• !." !.' _.:._.!. ~._. !."!! """' ' 

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

-"" !! !.'.!! !.' !.""! ·.:. •.:. ·::. ._. ... -'--'-" :.• !.'.!!..::. •.:..!: ._. ._. ..., '-.!. 

Th< '"v/" do" ,.,d fo1Jowt tho '"'"' d.> U <01dt )oho oo1<.t thot 

· .... "'''" "'"'"'' '""'''' '""' ......... ' .... '"'''"'"' .... ~ ...... 
Codo l '''"""'"'' '" ......... 1 """"~·. <om""' ..... ~. ,; .. , .... 
,.,,;,.doto <ord now "'''" followt: 

•• 
''"'"""""'"""'""""""""""'""' - '.! "" "".!! !. • .:. :. • ! .._._ • ._,_'.!'-''-""'!.O :.• !.'.!.!i'.!. •.:..!: !.' ._..:.: , .. !. 

lhlt "'' "'""'. ""''""' ..... ~ ....... o( ]_0 ,, .... ···~ "" ....... 
,, , '"'' ot 10 01 r ..... n ""'' .,¡ "'" "'""''""'- -

'• Tho _,"" ,.,,,.,¡ <d'd ~O&>'" lho tut <><d No'"'''"'""· 

• ,. 
a-Nrr•.IICIDU.I 

1 

" 12 

Joho """ '""'''" ·, run whh ''""'""'lo"'"'"""'" ond • "'""'"'"" 
..... ""'""' 100 ...... ¡..,. .... - ........................ . 

,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
- '--"--' !.'.!! !. ·::. ,_. ' '.!."--' .__._ '-" ~. ~.:.: ._. ::.:-'--'.!. '-'-• .:.: " ._. !." ,_.!... 

. ...... ""~"" "" '"" ... • ·" ... 
• •• h. "· •• • .. . ... ... "· "· ... .. . ... , ••• . .. 
' .. "'. ·-·· ._, ___ , ... "·----
''""''" OOt>]N lOO ....... Oo,.l> "0•LI0 ... •""'" ,,., . "'" . . ,... . . .. 

1> ooo]••L•''"' ]O '1 '0LLOOI 

... ... 

.. .,, ... ,.. ......... . ...... 
'"'"' ,,., 1 ""'. • ••• ,... • • .. 

••• "'"""' '""' 1 ..... ... ,., 101 

.... , .... , •«•"•"' ••• '''"""'"' '""'""' ....... . ..... , .. ., .... , .. " '"'""" ...... --....... .... ... '""" .......... '" "''" .... , ..... • • •• ... " .. .... , ... .... .. .. .... " .. .... . ... ,.. .. .. 
•••• • ••• •••• • ••• .... .. .. .... .. .. •••• • ••• . ,.. "·' .,,, "·' 
.... 17 •• ........ , ......... "' .... """"' ""' .,., ... . 

"'" ,. '""'"'" ........... ,.., ..... ,. , ....... , , .. ""' '"'"' 
• ····· ....... ..... .. , """ . • • ,., 

Sloo](t UIIUUtl ... • •>•< 0(0({01 ........ , '" ""'"' ....... , ..... '"" ....... .. .. "''" " . ...... , . ., "' ..... , .... . ... . . ... . 
• ·-··c.--_ ....... , ... .,._ __ 

. ... ... , 
•••• 
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""" ... '"' .. ""''"" ' """' '"' ..... " "'"" '"" ,,., - ,., ... ''"""""" ............ ,, ''''"" ... """' '""'" ... ""' ...... '" '"""' """ ... ...... '" ,., ....... ''" ....... ""' . .. . . ............... '"" .... '" ... ' '"" .. , .. ,_ .. 
""" '"' '"" ., '''"" "" ""' - '"''' .... ,. ..... '" ..... '"''" "'"" "" '""""'" """'" ... ,- ,., , ...... ""' """ .. '"" ""''" ,.... . .. ,., ... ""' """ .. _, ... '"'"""' , .......... '"" ..., ...... , .. '""'''" .,,.. ...... . 
''"" '"" '"" " ... , ..... """"' ,. ·····- .. ,., "" ...... ,. '"" ""'"' "" ...• """ """'""' -- .... ""''"' .. ········ "'' '" ........ , .... ,,, '"' , ....... """"" ...... '""'""" " ..•.• , ... '""'"' •.. ,,. "'" ''"'"" ,,,,, """"" '"'" ro• ,,,, .. " "" """n ...... ···-·-·""'""' -··· '"'""'' .... ,, ; ... """'"' """'"'"""' , ... """" "'""' .......... '"' .... , ••• , ......... 1• ""'"' " ••• ...,,., 
....... • .•••• ., '" .... 1• '""" ..... 
"""' '"' ..... , • ., •• 1M[ '''"" ............. «0" ,., •••• , .......... ,1 ... ...... '"' ''"" "'"'' ,., ...... '"' ., ....... ,.~ .. '"' """ ........ , ..... '" '"""""' .... ., .... '"""'''" 
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T .. ¡,oo 1 

T.,¡,o.~ 

'••J<Io J 

C.lu"""' 1 

' 11 Jr/;tl 

11 l<EQ GIIANM 1 

'L\IlCALINII, p¡y¡t¡, IA!NU, RM~I'E, CUAN, IAIPi 

T .. ¡.oa<.lo ""'"' rl• p<%¡1,.. 3l 

- E" o p"'Q"""" oo>6 llolo ""'" u"'"o on lo «>"'f'U'"""'" l&M 11 JO do CECAfl, 

-Lo to•joto 1 "lo to.-Joto ""'"""Joda ol>tonlda dol CECAfl, 

-El""'"""' 1 .,., -«o'" lo7o. _to(1oto •• ""'"'" ""'" ool-17, 

1 

• El,...,_;,'" lo IW., liono • .,. e>p<><ldod do 10"'"'"'1onooy1~ ..,;oblo> lnelu­
yonda dol"'l"""' y o•t11Tolol.,, 

- Eo>o ,....,..,. ,,...,,~" '"''""''" dl>pooTblo on'lo &,....,gho dol CIMAS S, bojo ol 
...,......,., doi¡/51MI'LEX. loo ln>>N«Ion"....., _,.,lo.., ol CIMASS -'""..., 
lo oT;oT.,.ool-ojo. E"o ..,,., ..,. «>p><idod...,... ""'" ol ,.,_do ,.,t,~,<lono> 
1-lobln...,.. >ol..,¡¡oo .. lo'"""""" hofo. 

-Ello P'OO•omo ullll•o ol mJoodo do lo O'~ M; 

• 
TAlJtlA! rAlA Us,.t.l EL PROGOAMA 11/SIMI'I.l~ 

Col u-

T.,¡,o. 1 1 UUl ~ 1 
t .. ¡ ... ~ 1 IUN UlSl) 11/SIMPUX 

T.,¡,to J 1 DATA fll.( 5 

IENO 

' . '.- ¡,, P'OO"""" o>l<l """ ...... .....,, on lo «>"l"".,.¡.,• ! 6700 do CIMAS/CIC, 

•l.o '"'''"' 1 "lo'"''''" ,.¡.oboo,.¡do dol C~. 

- El ormbolo "'• ''~"'""' "" ... 6tt .. ¡ow<~ll&o. ~.., •• ot.n .... ,..,.;..,..,.¡., lo• to­
d"' MUUIP\JNCH Y NUM!Rl~ ,¡...,lt6_,.-.nto y po<fo,.ndo loo"~'"""' 1, 7, J, 

'· 
- blo pog...., "'"'""" ~<bl do 30 ,.,,,¡<don .. , ~ .... lobl.,l ... lvr-'o 4o 

hol,......yorllll ....... 

i; 
,, 

..... .. -.- .. 

1 



.• 

. , 
\ 

, 

t..:,.l ... olnl....._16n_p»l"" fo ,...,,, ..... INI..,_Iool_do 
- ..... ~oo¡.. ...... loo .... 

t., .,,g ~«1•,. ,...,.¡.- dH<Io lo«>>v..,.l o lo 70- ,..........,. c.a~.,.¡.,ldontl• 
r .... ~o~n.,...._ ....... ,.obl-. · 
TAIJ[! .. Dl PIMENSION Y ITIQIJ(l,t.Q()N Oll PIIOII.UM Y CONIICII. p.l.l.O. Co­
Dli......S 1ll UN I'IOIU>M, 

ti-lo d .. .., .... ~ 011- .,.,,.. ""'f- (4l1Dt.., lo o!polonlo ¡,_, 
e· =1-1~~>- -.. ... ...,...,. ... ,..w..;.,. . ' 
e,.¡;._ 1140. No!- do co~v- do! ,...,,_ •• 

c.,¡,..,. :10 loa ... 01 o.~ ... .., 1 o1 .-... ;...._ .,,.,..,.o ~ .....,......, 1 .• loo ........... . .. - ' 

t-lloa o1 ..,_,o ... ...,.---
• !_.¡, .. 1 "-_. ...... ~- ... ~; 

~ ... o .. --... •-

.. 
l.u..I!IA$ r.l.lA UICU!f .. S 1ll llNGlONES, 

...... ....,,....w ... nn-•'""...,...._,,..._....,._,,....... __ ~ 
"'""' 6 - .......... ,.,., .. tipo. . 

fA~""1 ... ...-.-.Ir-7ofloJ>-• r.o.. ....................... _ 
,.., 11-16, ti-.1,,-,~. ~~~,.-51, ,1 .... ,- - . . . 

·, 
~... .... l __ ..... m-... ...-._ .... _ ..... , ....... __ "' 
p«<hl...,.(lnci..,..O:. lo .............. 1 .,11\doi.,J dob<o<!n ...,11.1,.. do ...,onlo o .. 

.""' ... ---............. .._._ 
l.u.JH.O.S Dt (OffiOlWltS Pl LlS VJ,alllllf.S .O.ITJ"IO.O.US !N l.l FUNCION 
OIJEliVO. 

A -» -lol>lo ..,;ndol ..,;¡.,.lo~" 1 1 a lao .... Job!., "" ..,llldoloo .,;¡nolo u• 
O, ht"' ,.¡- _........,. on loo.....,..,,. lO, 10, JO, .0. 50, 60, 11), do...,.,.. ..... - ....... .,..., .... --.. ("""'-} 
IMI'OII .. mt, E""''"'i*'""'"'l"orlda-•loi ...... T...,...,!I..,.-.Jd.Too .­

. tlflelo!.,, 

TAlJIT AS Df_ COD'ICII N'TES DI 1-.lS VAJlABI.U NO AAliFICIAU5 1 N LO. fUNClON 

OIJHIV_o, ~ ¡ ~.·<--· -brin..""-··-,._ la fu<><"'" abjotl•a..,. oll..- (11 IO.q, E- oooll­
doot"' dobo ....-ll>i•loo ,._ ""'""" _. otclon •• '1"" oll..,ot6 .,.. <etlobl., {eolv....o), 
loo ....,-,.,.., .. 6o loo _Id.! .. • t..ill"'• y arllne,.,., - - ..... . 

IMI'OilANll , t..o -'lcl- do lo. ¡...,<l<ln alojo!!- dol.on ..., .... ,.¡., al ,...W-
do "''"''"""'· ~la "'""'• ol .. "'""'""'" •• O."""''"""'' ..,ltlpll'l"o ,.- -l y...,.,_ ...... loo..,.~, .......... ·-·-"'-loo .................... , __ . 
lAlJElAS Df lOS COIFICI!"N'TU DE LO. MATRIZ llf_ 1!.$TIICCIONU • 

. C .... ,."GI6n do ..dtlccJanoo ._ - """o _._ ""'"""; -lb l ...... loo o1---
... ,._..,, on •"" ""i•oo "'" vn 1..-- (1 F 10.11. Coolo v .. "'' p-op00elaooo.., ""!. 
- ""'GI6n dol>o o_..-la on o!,. •cw¡oto. 

lAl.IHAS 0[ lOS liiOO!i OUICHO!i O! I.AS ~lliiiCCIONIS. 

loo eool!olo,.oo dol ..... d...-ct.o do '""''"'...., ,. ,__,_ ... .,,_, on­
. t..-¡oto a •• .. .., o.'"' r...,r;cl•"'•"'" "''" ""i""'· 11 r....,.., .. 11 F 10.1:0 

TAlJ(lAS f¡I.RA INOICAI!l CON .JUNIO INICIAl 01 VAIIAII,.U IASJCA5 • 

1-n- ... ¡ .... ,...,... ..... '""''..,.;_,.loo..,_., ...... ""·- ......... -­
·---¡..,.¡.,¡,¡ .. ) t.ltl .... lnlcl ..... U..l- (7¡ 111 • 

NOT:O:S GENi:ioi.n, 

' 



IJlMPI.O 1. Co,.1d'"'• o1 ,_..bl...,. ¡¡.,..¡ 

•••• 
~"l--'3-·~··s! o 

..;,1 •1•r,.. • •s ! o 
. ·~-~"2 -·~··s!? 

><t• "l. "3 • 1) 

•r !G 

.• ) 

. ' 
D-o- ... ttlptl- lo lvo<l.., ol>j<tM,...- 1 P""' 'f'' ol p<tlbt....,,.,. do ,.¡nJmho--;. 
cl .. y l~t•n ~·- .. ,¡.¡,¡.,dol.ol,...,., o¡.., p<l_... "" '*''<1«1"'*,.... q.o -·; 
tl'l)uon o .,, lguoldodo1, <;.., """ ob>"""olon" tf f'OII"'- l!nool .,..,~ o~,....,. OliO! 
dotd, lo "'ol., """"'.,¡;,¡6ft ...... ~11"'' ol _....., GUN M. SI dollnl- ,._,, -

- ............ -~ ¡"""' ··-.. 
.. - "" . .,¡,,. ·--.•-., 

. ·~- ., ., 
1•1,2, ... ,!1 

j•I,2,J 

•O 
•O 
• o 
., 

o.,..,. ... .,,...,..,, ol P'<'ll'""'" 11.-1 .,. "'6 on lo""' .,,-d, >odovfo no ooto tldo 
P'"" ""'1"''"' ololgotlt..., do lo G,.n M""'""' on lo Olrl.., "'"'<<l .. no O>l>lo uno vo<To­
blo ""' """""' on "'" <o>l•l«l<ln 1"'"' no" '"""'"1" oiiiO> •'"" ,..kl«<-. ~o., no ,. ,;,,.uno ooluel.., ~>1« IO<t;hloi..,..O.oto), p,. lo -••· do!........, og.ovorvno -1!.. 
blo orrTIIeiol quo llo"""'"""" t¡, o lo <IJorlo <o>I<I<OI6n ,..., o>f co.,toto< "''"'" 10lud .. 
~,¡.., loctTOio on lo cuol oo lnlelo ol olgorlt..,. Sin .m-,o, ..1 l<'ll ...... elr ,.,. -ki>lo-

. Ort:ll<iol on lo ao"l<d .. dob01o..., _. ..... o• lo J..,..tl.n obJo!l"" ..,I!Tpl!cudo,......,.­

..... tdod ,.,..,, .. ~ .""r•'"'""'· .o..r .... d .. pobl ..... ""'''" , .. , 

'"1" •' ·- -. • •s • !"'t 
. -2'1 • "3 • '4 - ._, . ., •O .. , -2":1+ •• - ., ., •O .., "• ... . , . , •• ., • '1 .•· "3-·~ 

• t¡ • 1 • 

' 
.. o,· 1•1,2, .... s , • o, r· ,,,,3 . , •• 

• 
lo ..,. .. nloolo "P''""'"' ol P'OG'""'" llnool oo un !o~l01o (o td>loo,), oorc podl1" '"'"'"' 
,¡., .,., 16otl ... fto1o ¡.r,. ... elol<> ... ,w..,.,..., p>opo«l....,. ol P'"'l"""" 4o _,..,.,. 
GAA.N M. 6 !I{SIM.PI.EX. !o~o rop.,.ntO<I~ opa"• obo)o 

f,ool .. Ob). (F.O.) 

loogl.lol (J.I) 

~."'li~l (J.~) 
, • ..,¡!ónl (l.l) ... 

•• ~-~ .... (R. ol) 

., 
o 
o 

' _, 

' 

" ' •• 
o • _, 

< ' ' o .< ' 
' • ' . ' ' • 

., 
' _, 

_, 
·• • 

., , , ., 
• o o M 

' o • • 
o ' • o 
o • ' • 
o • o ' • • • ~ 
v ... flolgu- ""'· - ~. 
S,l,e16n lnl<lol 
ln!oloo lae>lblo 

•• 
o 
o 
o 

' 

loto,.{.¡...,"''"''"" lodo lo Tnla,.,.o16n "''"'"'lo y lo noloc16n o...,pTodo ,.., .;.,..,. ol 
J11<9'0mO Glt.ON M 6 ol IVSIMPI.!X, A ....,J,.,oel6n lo P'''""'""' ""'10.-llo< ,..., ol 
Glt.ON M, '"" .,.,., ol 1\I~IMI'U~ lo ...rtll«><<l.n oo I<Uo>!lco ooeoplof# ¡., "")"" 
do -..1 -., .,.,..¡Qh6 on lo '"f'!l~e<6n do,..,.,--· 

-. 
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