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2, Ing. Luis CQrOero ~ 

3. 

4. 

Jefe del Departrorento de CCnp.ltaciOn . 
Edificio de Ill9t'1Úer!a ~ca y El~trica 
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INnli::J)ll:CICN A lAS MINI~ P D P - il 1982 

- lbrario 

Mayo 29 Elamntos de una Cotputadora 
17 a 21 h 

Arquitectura de PDP 

Mayo 29 M::dos de Direccionamiento 9 a 14 h 

Junio 4 Conjunto de Instrucci.ones 17 a 21 h 

Junio 5 EDI/ TKB 9 a 14 h 

Junio 11 Manejo de SUbrutinas 17 a 21 h 

Junio 12 Práctica (Facultad de Ingenier!a) 9 a 14 h 

Junio 18 Manejo E/S 17 a 21 h 

Junio 19 Práctica (Facultad de Ingeniería) .9al4h 

Junio 25 Práctica (Facultad de Ingenierla) 17a2lh 

Junio 26 Aplicaciones 9 a 14 h 

'edcs. 

Profesor 

M. en c. Marcial Portilla Robertson 

Ing. Iuis Cordero Borl:oa 

M. en c. Marcial Portilla !bbertson 

M. en c. Marcial Portilla Ib!:€rtson 

Ing, ll.lls Cordero· Borl:oa 
Sr. Fernardo l.e¡:IC 

Dr, l'ldolfo Guzrrán. Arenas 

Ing, I.uis Cordero Borboa 
Sr, Carlos Rivera 

Ing. .Luis COrdero Borbla 
Sr. Fer:nando Lepe 

Ing. Daniel Ríos Zertucl"e 
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EVALUACION DEL CURSO 

CONCEPTO EVALUACION 

l. APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS 

'· CLARIDAD CON OUE SE EXPUSIERON LOS TEMAS 

' . GRADO OE ACTUALIZACION LOGRADO CON EL CURSO 

4. CUMPLIMIENTO CE LOS OBJETIVOS DEL CURSO 

•• CONTINUIDAD EN LOS TEMAS OEL CURSO 

•• CALIDAD OE LAS NOTAS DEL CURSO 

7. GRADO DE MOTIVACION LOGRADO CON EL CURSO 

ESCALA DE EVALUACION DE 1 A 10 



1. ¿~le pareció el anDiente en la División de Educación Continua? 

MJY AGIWJABLE AGRAJWlLE DESAGRAIWILE 

2. ~Edio de comunicación por el que se enter6 del curso: 

PERIODIOJ EXCELSIOR PERJODICO t-KJ\/EI1AIJES 
Al'IDK:IO TJ'IULADJ DI ANUNCIO TITIJLAOO DI FOllETO DEL CURSO 
VISION llE FD..CACio'i VISIOO DE EllJCACidl 
OJI\TJNUA CONTIMJA 

ü\RTEL MENSUAL RADIO tJNIVERSirn.D Cct.UNICACION CARTA, 
TELEHJNO, VERBAl., 
E11:. 

REVISTAS TEO-IICAS FOI.LEIU ANUAL CARTELERA UNAM "LOS GAO:íA 
UNIVERSITARIOS }l)Y" UlWI 

3. Medio de transporte utilizado p¡~ra venir al Palacio de Minería: 

1 

J\lJJThOVIL 

:ARTIOJI.AR 
01ID MEDIO 

4. ¿Qué Clillbios haria usted en el programa para tratar de perfeccionar el 
curso? 

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

5. ¿Reo:.onendar[a el curso a otras personas? 

SI 

4 



- .. -

6, ¿Qu(i OJTSOS le gustada que ofreciera la División de Educación Continua? 

7. La coordinaci6n académica fue: 

EXCELENTE REQJLAR 

8. Si está interesado en torrar algún curso intensivo ¿Q.lál es el horario -
más conveniente para usted? 

DE14A18H. 
(OON aMI IYIS) 

VIERNES DE 17 A 21 H 
5ABAOOS DE 9 A 14 H. 

18A21H. 

VIERNES DE 17 A 21 H. OTRO 
SABAOOS DE 9 A 13 Y 
DE14a18H. 

9. ¿Qu(i servicios adicionales desearía que tuviese la División de Educación 
Contirwa, para los asistentesi ------------------

10. Otras sugerencias; 

S 
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INTRODUCCION A LAS IIINICOMPUTAOORAS (PDP-11) 

ELEMENTO DE UNA COMPUTADORA 

KAYO, 1982 

• 

Palocio de MiM•Í• Colle do Ta<ub.o 5 primor pioo Oolog. Cuouhumoc 06000 Mhico, D.F. Ttl.: 521-4(1.20 Apdo. Polfal M-221!5 
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1 SYSTE MS PROGRAMMING 
jOHN J. OONOVAN -

background 
' 

Thi• b<><'< ~" t-IDOjor objeot"": lo teach proc~urn for the dt14n of ooft­
"'"'" sy>lems and ¡o prorido a buio fO< judgnn<nl io lhednisn of sol"twa~- To 
fo<ili11!e our ll.k. we havt ukon IP<<if"' uample• from l)'stcmo prosum~ Wc 
di><:u,; the de~p~ .,.¡ ionplemrnuuon of tb< majO< oyuem <O<Ilp<Jnents. 

Whot "syuemo p<OSI•mmin¡? Y011 moy •OsuoJiu a comput<r •• oome wcl of 
b<ost th•t ob<ys all command•. ll h:u b'"n <>id thu computen '" b"k:ally 
ptople "''"'out of metal or, conl'<"<:ly, p<oplt are computen modo out of 
n"h and bi<>Od. 1lowe><r, on« we gtl dost totomputm, we st< lh" ihey are 
b.,><ally mochín•• thal foil"" .fry rp.o;r.c and primitivo imnuctions. 

In the '"'Y d•Y• of compul<rl,p<Ople communi<otod with lh<m by onand 
off owitch<o denoldll primttove inmuotionS- Soon p<opl< wanted to l'v< more 
complu imtruct!cno. Fwenmpte, tlley wanlod lo b< abl< lo '"Y X • 30 • Y; 

· pvon that Y • 10, ""'" b X? Pruent doy comi>t>te" cannot undenttnd tucll 
langu>g< Wrthout tbo oíd of l)'ll<ml prOgrarn'- Sy11m11 p<OVO!m (e.¡ .• «>m­

ptl<r1, !~'"" moero proetU011. operaling •yñ•m•) ""'" d<.olopt<:ito mako 
comput<f5 b•tl" adopl<d to lhe noods ol lheis "'"''- Funhor, peopl< wltllt<i 
moTe •ssi"'""' in tho mecllanics of proparin¡ thort progt~ms. 

Compilors are S)'ll<ml programo thol occopt peopl<-hke lon¡u'-&" ond Uonll>tt 
lhem mio maohirl< lon¡u>ge. Looders are syotems pt<>¡t>mS lhat pteport m>chine 
lan¡:uo~e progromo fot e~ooution, Mo<ro P"""'""" olio'" prosr>mm<n to "" 
abhreVJaHOn• OperJlln~ oyotemo ond frie sy,tems allow ílex1bl< •tOtlng ond 
retrioval or inlormotion (Fi¡. 1.1). 
TI"'''" ovtt [()(),0()() computm in""' now in Yltlually .. ery opplro.•tron 

Tho productivity of uch computo! is heovily dopondent upon the efleotri'One<s, 
officiency, ond "'''hi•tieoiiO<t or tho ''~''""'' pro¡¡om._ 

In lhil chopt<; we mttoduu 10m• terminolcgy ond outline m.chine lltuctut< 
and lhe btiic ~,,;:,, of an ope"trng sy11<m-



' 

J -~·~- 1 , ___ ,_,-

1·1 MAo..'HtNEsrnucruRE 

We be¡in b dr. •· , Y etc""'& !loe B<no,.] bardworo 0 -
Cl'ts. 1.2). r&aJWa!!on of 1 COI!lputer 'Y•tem 

o o 

c .. .,,. lwd"m otpn;,_,tion of 
1 <ootpu¡.,- ,Yo\tnt 

Mcm<!IJ' i• lho d"i« wh01e infa m r . 
llt>t 0P""• on lhi• info1m>lio 0 ' • ton" ' 1""'d. l'rot:tl!QF> '" th< d<vic., 
IIJC fmm 0¡ """ •nd "'"' Eo "~ nt m•y Vo<w mfmm•tJon u be'"i I\O<O<l in 
' ' '' · e oneor2«oi>alf"O 1 •. ' · ' "" typic.olly \l!OU"<d- . Y "' '"'l\' dill'l collod 0 M Y tn UOt\llho\ 010 c•ll•d o d h 
<~oty lOCo\ ion> "' 'P«ifJCd b Qddu w ' >,e ,,.,,.,,, or byl<'l, 

•pe«no b)'l<, w01J, 01 <h""''"· Y ""'· whe<e ••dl add«u idtnlofo" 1 

r 
1 

! 
' 

1 
1 

1 

' ' 
The cuntonU ot 1 word fltfY bo i>lt<rprriod. udllu (va!uos to be opero!<d on) 

01 lltwucrimu {operlll!odo lo bt perfor.,ed). A ¡>tOCaOOT iJ a devloo lllat p<<· 

ÍOI'I'd 1 .......... ofop<lliUOOS "'""ifiod. by illstnl<:tóon> in "''""'>')'. A,..,...,.. 
{or proc<dure) ÍJ o~· of lM!nl<lions. 

MemO!)' moy be lfiGucllt of u"'lib<ucn contail>in¡ pp• of oneo ornf zotDl­
Bolmo wt depicl 1 0<1\n of _,., IOCIItions .m.::... .,w..._ Ole 10,000 
lhfDb¡fl. IO,OOZ. ' 

-""" 10,001 
10,001 

An IBM \llO prOCOIIOr UUlinl \OCIItic>n 10,00 1 u an imtnJ.cllollwould Jnln· 
pret its contento "' 1 ~hall" lrutruc:tion. T<niÍIIJ tM- \o:otion u numerk.ol 
da\1, tite p!OCOIIOI" would intoqu<ll\1 oontento ., tM bintly numb<r 0011 0000 

0000 0000 (d•<;im.ol \1,lll8). Thut inotruetioRS and Uta ohue the umo otor>g• 

"''"'"'"'· lnfo.matlon In m<1n01y 11 ooded lnto poo¡>o of bilo thll mJ)' be interp"led 
a charac\011, ltulru<\lrnU, or numb<T~ A c:>de;,. a,.¡ of n>\eo for tnler¡>utln& 
sroupo of bill, •-&.. ®d .. lor ,epre,.ntation of doci:rai d!l.>" (BCD), for chat· 
octero (EBCDIC, 01 ASCII), 01 (o¡ ;n,¡IUC\IOIIS (spectf..: ptaco- op<11hcn 

!>l<l.,). We h> .. d.,.:cted two tipa of r•<>«"""· J~pul/01<'1'1'<{1/0) psoc:nson 
Oll<l C...,.l ftoc'""''tt U.ut1 {CP\J•l- n.. 1/0 p._ .. .,., .,, con<erne<l with the 
uan>f<l of <lato b<tw- """"""'>' orul pc:riphonl ~~ ru<h u disko, <tmmo, 
prinl.,.., W I)'J'ft01ii<<L Th< C1'Uo '" ~d w;th R\IIUP'OlOltiont of <lato 
oto•ed in """''"Y· n.. 1/0 P'""""'" eucutelfO · .... tmctfono that ar• ototed in 
momory; lhey 11< l'"''a!ly octiwte<l by 1 o:;OitlllUod hOIII lhe 0'1!. Typk:ally, 
thn .:<>ll">h o/ an "<xocut< 1/0M in>tno::Uon wt.o.. """"""' ;, lhe addr ... o! 
tbo mrt of tho L/0 1""1.'""'· iho CPtl lot<"""l> lllioln>tfll<tlon 1<1d p- t!'IC 
lfl-um<nt to \he L/0 p10COUO< (tolllm<lnlY callod 1/0 dtaliJO<Is). 

Tho 1/0 lndruction ,., !ni)' bl mti«ly Wffo:rnt fcom \1111 of lh< C1'U ond 
may b< tl«<Uted ~•ynchmi.ouUy- (oirm>!to~) with CPO operotk>n. Aoy,. 
ctu-onQU> op«otion o( 1/0 ohonn<\o ond CPUo wa> ene o( the Cltlie<t fonno of 
rnulll"f!>«<slnl. Multop<oc:<llloa mean> hanng m<>r< th>n ""' p•e<:«OO< op«· 
oting on the llm< momoq llmulloneoudy. 

Sor><< in•ltuction>, lik< dOII, are o101od in memoty ond c.ori be U<oltd 11 dUo, 
by ch.>naing 111< bl! conl!¡u<alion of"' lnstnl<:tion - addlnao n\111> b<1 to '' - wo 

may ch>na< 11 te o d1íf<!<OI ino\Juction. l'!cotdul'o t)l.ll modifir tho,..l .. 1 11< 

\ 



' 

• .VOLUToON 0~ T .. E COM.ON<NTO C. A·~ 
0GRAMM1NQ SYUlM 

nl!odim¡>~w~rO .. w 
r """'" <ilinpuchprocedurt · · 

Othro pro¡;r~mmm find. rh<m doffoc:c'l d '"J>oorpr'lrvnmi~~&pnctoce. 
•horro by mult'PI• proceiSOr~ E L '• 

1
" , .. 'and "'""'"""' they <>nnot be 

.. ~ """ proct.,or u..:ur n -
"'""'"" 111 tontems Ann(( 1 San ompure procedure 

d · rtr pro<e<1or attem ti 
ct "'' "''~ encountrr d,fferent . _, _ P ng 10 exocuiO the so.me pto. 

mMouc[¡ons or data Th . 
lf< nol IO>doly m><>ble. A · us, Impuro pr<>c:edurn 
h - ' P"rtproccdur•dooonotmodJ ' r . 1 • onruu,uono 310 lhe ... , 1 Y,¡,.¡ . Yo enwreth.at 

( "<n• ea.,, lime l r · 
r<:-<IJ/raou «>do) are enlpioycd. P osram " u>CJI, pu,._ Proe<du"' 

' ' EVOLUTION OF TflE COMPONENTS OF A PROtÚIAMMING SYSTEM 

1.:u A,,...,,b1,, 

L•t "' rtvtow sorne "P«11 ()( lhe devolo • 
nHng S} mm_ pn1en1 el tho componenr, 0¡ • P'"f.l>m· 

Al one lonlt, the <ontpu"r prcpamnitr h.d . 
1 ~"1 '"'"Pietod thrcu~¡, h d "h,.dtsp<>sala b•Yc mo<hine 
r ' ( ' " "''"'· '"'"'" fondomont>l · · "&1""' l '" <omputer hv . mmucttons.lle"OUid 
1 ' ""'mg' '"'" of """oc d P 3« lile m in lo tite momorr o(,. .• . 't «ro¡ (m"htne Iangu.,,, 

"' "''"'"'"' •nd pt b ' '"'"P"'" "ould mn 10 '"'"P«tth . · "'' "'ton, "'h'""J>O" the 
Progl3mtnoro found tl dtfftcult 

10 
:7,,:• molroclions. 

ht ''"" qu<ol ¡01 a mo 
01 

reod progrom, in m1clt 1ne Ion'"'" re conV<r,t<ttt lantu 1 · 
1 1ltnbol¡ for ,.,h m.l<hllle inwom 

1 
, ~g•. l "Y bogan lo U« a mnemo•ric 

tnto mach1ne lanAUoge Suclt "'" "' "' th<y "'<luId '""-"'oently """"" 

.' 
· • mn=onic moch·ne 1 Dücm y /a''&'•"Gt. P¡opom, kno ' mpuge" now c.tliod an 

' ' 
wn " "'"'mhlc,, "'' 0 '""' "'"" Of a,.<tnblv ( . 1 Witlten to o•Jtom.,eth b ' an¡;uoge tnto mochmo J • 

"'"' ler pro&rotn "<ollt<l the "'""'~ . Ollf.ooge, Tho input lo •n 3<­
tun~llKrn (ol>{ur provom} Pro:rom, the OUtput isa '"'<hine lanl"•s< 

1.2.2 ~ooo:~ ... 

On'co "" '"<mblor -" 
P

1
""""' •P ob¡oct p "' • 

'"10 ln<moty ond txtcutcd lt ,, ,. 
1 

"'"· '"'' ptogram must bo pbced 
· • '" Purpol! o[ th 1 d 

P'"~""""'' pl .. crJ 1n m<tnO< ' 00 "to """"' tlo,o ObJO<t 
Tho,,..mbltrco Id 1 ''""'"""l•blo!oJm. 

u P '" lh• Ol>J<ct ~f"';run d' 1 -00
""

0
1 to 11, th<teb} """"' tire • "''"'Y'" memory and tron,r., 

""''""' Ion,,,_ ' o- rosrom oo bo •.-cutt.d_ 

• 
' 

• 
How<V<<, this would "'"'" oorol by loa.int; tho """mblet in memory whil• the 
.,.,-; progum •u being ne.:utod.. Abo tho ptot;tlntmer would h•••to r<tran,. 
late hi• prq~rom .;;th eacl> exe.:ulion, thus wasting trloul>tion tune. To ,..K<>m< 
th< problemo of Wllted tton!lotion time and wutod momory, 'Y'""'' P«lSl""" 
"''"' deve!Qped another oomponent, uliod tlte \oader. 

A lorld<t is a f'I'CCI•'" thlt placeo p<o,;nms illto m.mory and p«pat01 thom for 
'"""'"'"' In a oi.mplo \oading o:hemo. tho '"'mbler outputs lhe mac:ltir..­
Jan~o"'l• tranolation o! 1 prog!Om <MI • 1econdary •lo"&< dovico and • loadeo io 
p~ in coro. The loador p\1~1 tnto m<mory the ml<htn< \ongo•&• .eroion of 
the "'"''' provom and tnmfm conuol to 1~ SUI«the loador pr"''lltl isntllth 
'"'"\le< than the alli:mb\or, this milk<< mo10 '"'' .-Olbblo to the .,.,., provom. 

The roaliutlo~ that many "''" "'"' wtllin~ villuol\y the....,. Pt<>!'ant•l<d 
to tht development of "r••dy-mad•" pro¡,r•m• (packago1). Th•.e paáaso• ""• 
wnmn by th< ó,mputer rnatoufocture<o or tho ""'"" As th• pro¡,rantmor b«:orne 
more ocphistrO:att<l. ho wantod to mlr. ond combin< ttldy-m>d< P'"P'""' "''" 
his O'lln. In responso 10th~ demand, 1 f•othty wu provid•d whtr<by lhe u.er 
c:ould write a'"''" p!O&fam tbat ""'"uveral othtr progumo or oubrouttn<>. A 
Plbl'r;lortur< ;. 1 body or <O<IIput<< inStow:ttons deo!&flod to'bo ""d by othor 
routmos to ocoomplish a llok .. Thet< ore twa l)'I'OS of Plbtoutmn: <l<><ed and 
opon •UbroutLn.,_ An oport Plbroutirnr or mo<Tt> dl'/1111!/on ;. one who" oodt " 
in.erted into !he n111in progum (now oonlinu.,), Thuo if ohe ,..,, opon •ub·. 
routine wtf< eal\<d fOUf tlmto, it would oppcar in fou< difforent ploc., in the 
eollin~ pro¡;<om. A do>td Pl~rouli"" con be 1hlfod out!.id. th< moin routine, 
and control lrln<f<<> lo th< •ubrootono. A<suctmd with lht <lo.ed •uboouün< 
'" owo tloko tho main P"'&"'" "'"" p<¡form: tr•n•f" of con too\ and '""'¡" 
ofduo. 

ln!liol\y, <lo"d sub1outon" h:td lo be \oadod into m•mory 11oopecof" od· 
dre,.. For <l<lmpte, ,¡ 1 u.er w,~ted lo otnploy o oqoare root oubrouttr.e. ht 
would ha.,.. lO W<ite hio matn progrant "'that it '"0uld tronsfot lo the IC>C"iun 
,,..-!\<led lo· the "1""" 1001 routino (SQRD. H,. prognm and the .ubroutdl< 
would be auembiod l"'l<th«. lf _. "''""" ""' wishod to u.e the '"'"' subtou1t,., 
ho 1\<0 would a.,.mblo it a long with hi1 own progrom, and the oomplele !!I-1Chtne 
lan¡u>go tronoiltlon ,.·ootd b<lo•d•d into meromy. An <"mplo of co" olloc•· 
hOfi und<r lh" >n!kxible \oading ><heme ;, d"Pi.:ted tn Figur< 1.3, "h<re c<>to " 
d<ptcttd " 1 ~ neor 011ay of locotiono wilh the poop>m .,,., lhodod. 

'' llhln ,._, ¡, lypi:l:ly lm¡>lrm•nto.l "'"""'"' """" ¡,.,._., .,....,..1 ond '"" • 1 '~ l 
""""''"""~'-
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Tho poriud of t<t<uti<ln of 1 u;cr'l ro , 1 . h -
p.,;oc~ of transloton' 1 uoor' P g am "Collod t.rtcu¡;,~ tmrt The 
to,¡ . 1 !KH.tn:e pro~run ls .,.¡¡ d ' · 1'"'' rofr,. lo lhc ptn<>d of loodt d ' _a""".bly or_ romp</trimo. 
uecutOon. • n¡ 10 pr<poron¡ on ObjO<t PIOIIam fru 

1.2.3 Macros 

To reliovc pro¡rommo f hc ·_ • 
" 

0 1 
. P<cd to ropeu idenrial parh or thr., prov•m, 

• 

' 
090fJh"' q11oms p.....;de 1 mom> prcceq f><:illl)', wbl<h pemt.ih !he pr<>­
pom..,.. 10 der.no on obbrev!.oti011 fO< oprt of ltis P<OI'""' ..,d to- u .. ob­
brovlltJon In hi• progrom. The macro prootnor lrtatothl idmticll parto oftbc 
progro;, defined by the obbreviaUon 11 o "'oKTO dq/lfltlon llld .... , th• defini· 
tioft. lb! m00:10 ~~ oubstitutes Iba doCinltion fo< tll 9CCIIntncts oC th< 
obbrcv;&tion (mooro call) in th< pros<IITI. 

In odd<Lion lO htlping pro¡rtrnnltn lbbrovlole thtlr pro¡ram1. mac10 fooihli<l 
ha .. b.en uiod 11 gen.,.l toxt bandlmond for spedoUtilg o~Uns <)111.,;. to 
irdMrhW computer instolt.otiont. In .p<Ci.•liitn; opcratlq wstems (IIJIIerns 
Fn<<>lton), the tntil• opt•otitli syllern ll wriUeo 111 .. lts ot II>ICI'O dtf,m. 
tion>. To <po<ia\iu the op.,ating rysterl'l, o·oe•io• of """"' c:alh ••• written.. ~ 
Th•,. ore p•ocoostd by tht macro proc'"'" by <~~latltutlng tho oppropriotc 
defln<tiods. llll<<by produdn¡ >\llhe prognm• for ail Optflllng l)'ttem. 

1.2.4 Co""'~ ... 
As tho "'"'~ p<oblems btc""' mo,.. eateso<iud lnto """' ''"" uoc\<ntiflc, 
~ and SlltisticJI p<oblems, >p«::llized lan¡uo¡u (l•i&/1 lntl ~••) 
~• d ... lopod 1hot ollowed U.e user 10 expross corUin problerno concitt!Y and 
<>~ly. Theo< h,gh lev<llangua¡o•- exompleo are FORTRAN, COBOL. At.GOL. 
and PUl - are p• "'""'d by compol<n and inte<prel<a. A roJn¡¡¡/cr " 1 program 
ttoal •«•P" 1 p'ro¡;.-.m w<llltn '"a hi&h lovoll>n~uov 1nd producn an obj..:t 
progrom. An <nttrprrtcr is 1 p•ovam thotappears to uecute 1 ""'!U pn>grom 
" if 11 w«o nlochine !an;tt•s<- Th< ..,. rwne (FORTRAN, COBOL., etc.) is 

o non u,.d 1<> duignol< bolh 1 oompilor 1nd "' assooiottd langua¡e. 
~lodttn compil<ll muot be oblt 1<> ptovLde tho compl<!x faoii<Li<l ihol p<Oo 

p-am>Hen "' '""' d..,.nd;n¡. Tbe comptl" rnut\ l'u<nilh complu oc:cecirl& 
metbodo for ""'""' var;obloo and dato wuctu,., u>td in l•n¡uiF• ltke PLJI. 
COBOL, and 1\LGOL 68. Modem complleu "'"'' '"'"''! clc,.ly w1lh the oper· 
11m¡ syotcm Lo handlc sll«mtnts conccrnittg tht h11dw11e intcrrUpiS of a com­
pultt {é i- condiUon.o.l uatemenb in PUl). 

1.2.5 FOfmol Sy•t•m• 

A fo<mal •y•t<m il '" uninLC<PI<I<d <Oi<ulu>. 1t conOisiS of otlolph¡b<l. a '"' of 
•o•d• ealltd oxioms: ond 1 ron,¡ e ,.l of r <la~ons <*liod "'les of infer<nce. Ex· 
•mpl•• of fo<mal sptems "" ,., tn<ory, boolean •l&<bra, PO>t oyllem,_, and 
Bocku, Normol fo<m. formol ry•tcms 110 booominl impartan! in •the de~·gn, 
implrmcntai!On, arul •tudy of programming languosn. Sper;r.oolly, \he y con bo 



Fog. 12-1. Ma¡:net"' coro. 

fer"t• co<e• <•~ l>e constructed in •maller domon""'" th.!n mtt.>l-nbbon e~ 
aod u<ually have better unoformity and lower <<»1. furthermore, femle e""'' 
lyr.c.¡lly h••e '"''"'voloe• ~~~.11er lh•n lO' n-cm, which mean• edriy-currentl<""'' 
Me nt•~i·~•i>lo •nd thu; coro hedlong '' reduced. for the•e rea!<ln;, they ar~ widely 
o>f'd •• 111e principal mem"ry or storago elemenu on large-.c.ole d<gotol rompuleJi. 

'-1<-1•1-r.bbon core<. on \he cther hand, ¡,..,.""'Y good '""gn•uc characte"'"" 
and genorally r<-<¡ulfe • ;m,¡ller drr•mg currenl for •w•tching. They ore IDm,......llat 
beuer lor ,.._.. con\I<~Cl""' ol log•c C•!Cu•l• a.-.d "'ilt '"8"'""· 

The l"nary charactcn<I•C\ of a core can be mo" ea;,ly '""" l>v examinong th<: 
hplcre>i• '""'"lar a IYP"·'I coro Hystere•i• e Un'"' lrnm the C'.r<"t•k word hy<lrrein, 
wh<th "'''·'"' lo lo~ b<honJ, ~ magnelic C<l<e .,,¡,,¡,.¡, a lag·l>ehond chMocte"'"c in 
lht• hy""'"'" tUM' '""""in fig. 1l-2a. In thi> lo~me, lhe magnN•< fiux den"ry B 
¡, ploll<-<1 o< a lunctocn o( lhe m"8netoc IOICe H However, ;,-.ceth<: nu, den•itv 8 
""""'''Y p<Qpnr:iooO: lo thoo nu. <1>. and ,;neo the ma~ne:ic l•eld H "directly 
propol1•on.,lto lhe curren¡ 1 producong "· • plol of ,¡, """'" 1 ;, a cu"'~ o( the .am• 

r,~, tl-l lcmte-coce hy,..,,.,;, '"~' (>) Mognetic llu• <>en~ot;- B ~""' mognetio 
lo••O H. 11>1 Mo~net•< llu• ~ """"' c"rrenl 1. 

• • 
1 • ' ,, 

' • 
" ' ' ' 

' ' ' ' 
' ' 

' 1 
' ' 

-'· 1 . '· 
'' 

M~gneti' Oevi(C! iHld Memories "' 
g~noral •hape. ApiO( ol flu• on the core do verw• driving curr~ntl" """wn in Fig. 
11-lb. w~ >hall ba>l' our dio;cu.,icn en thi• cu~ "nce ot i• gpn.,-•lly ~•••er te lillo 
in'"''"' of 1~ QUAnhh.,.._ 

Ncw. "'PP<l'<' '"" o cur""'t <aur<e i; aH>Ched lo th~ wind•"·8• on lile core 
•hown in Fog. ll·l, ond a pm<l<"e curr~nl " applictl lcum•nt foow• .nto ihoo "P""' 
""rmin~l nf the wonrHng) Thi• crc.1w• • flu• on the co•e in lhe dod·"""P <ior<'<hon 
;hown in the hMU"' (remembet the riBhl-h•nd rule). 11 thc d"vc cu<f'l"nt '' iu..C 
•loghtly greatcr thon 1~ .nown in Fog. 12·1, the DI"''"""~ poont oi ""' c"'e " ..,,...._ 
"!>ere betwe-en point• b ande on the .¡.1 e u"'"· The m•grort.M ol the ~-u• <"" thpn 
1><' redd lrom ~he.¡. ••i• in lhi• fogu,.,. 

11 th~ d"v• curren! ;, .-.ow "'movtd, lhe opcraling poinl ''''""' a:unK th• ,¡,1 
cu"'e through po<nl b lo poinl d. Thc core ¡, now llorin~ energy ,..,,¡, "" onput 
;,gnal. •ince the"' ;, o r~mainong o< remanrnl flux in the core alth" point. lh" 
prof>!'rtv ;, known •• ••m.mMc•. and <~i• point i• known ., • '""""'"<>/ ooinl. 
Th~ repeated •wlocallon o! P<>"l"'" Cu<e~nl poi'<'; ;n-,rlv ~.,...., the Of"'r•MK 

fl'linl lO - bet-.-n ¡>oin" d 1.-.d e M l~e obl cu,..., Notoce th•t l~P o¡><-tllong 
poont •lwayo; comes 10 ""'al poont d wh<'n •11 drl\le cum"nl i> mno...,d 

11• "<'g<!ti•e drive curren! 10mewhot s<~aler lhan -1. i; nnw ap¡>ltd to th.­
"ind<ng l•n a d .. cction oppmioo to thot ;hown in Fig 12-11. Hw OP"'"''"~ ro•nl 
move; lrom ol riown lhrouRh e ;nd ''"P' al .1 poinl "'"'owhere l""""'on ( Md ~ on 
lhe ,¡,¡ cu"'e Al th•> P<>•<>l th<: llo> ha• •w•lched in lho coro and " now ~n<'< to~l '" a 
counterclockw"e dorechon m Fog. 1 2- 1". tf th<: riri•e current ;, OO'-' ••••><~>•'<!. t~e 
<>l>"'"""B poont come-s to""' at point h on lhe obl cu~ of F•g ll·l. ~"'"'" tnot '"" 
nux ha• approximllely tl>e ''""" magnit~ but i• the nog..li"" oí "~•t •l "•' 
provK>u;ly. Thi• indocotc• that the core ha• """" mJgncliltd '" the o~po,le d .. .-.:­
tion 

Repcated ;pploCol•nn al nogoli•·o d"vr curren~< will ••mply cau•e th~ operat•n~ 
point to move 1-..en poin" g and h on !he <1>1 curvo, bul !he nn•l re<tong pl.c~ 
woth no applotd cu"""l will be""'"' h. l'oint h then r.-prn<'nt• a ..-cond r..-n•n...-.1 
poont on tl>e .¡.s cu"'"· 

Dy way ol "'mmary, o core ha• "'" "'monent •tal~' p!Jint d alt....- t~e applou~oon 
ol one or more po<ll<ve curren! pul;.-. poont h alter the opplic,\looo uf.,.,.. or mo•• 
nes,ll••e curren! pul•c•. For the corc in F,g 12-1. pnonL d COI<~<pond• to 111~ cor~ 
magnetized wi¡h O u• in a cloclowise di<t'<IÍM, •NI poinl h <Ofl~<~nd• lO m•g""" 
l«aMn with flux in th~ countcrclockwi"' d""'''""· 

hample 12-1 

Coro> c;n ¡,.. magnetized by ut<l<"n8 th<: m•~n~IK lo~ld •urroundiog > currorll·<~r 
''"'~ w"c by ;imply threadonH lhe core• on the "'""· For lhetw~ pu;.,hl~ co¡r,enl 
oi"<'C"""' in thc wirc •hown in fi~. ll-J, whal are lhe torre~pondong d"~cl<on• o! 
magne!ozot•on for lhc coref 

Solutíon 

Auordoog to thP r•¡;lll-h.:"'rl '":~. ,, curr.-nl ol -ti m-•r.n•to<•·• the e ore"''" thoo n~, 
1 

'" ,, <loci<wi'~ <ior'-'<.1-o¡n .un<on<l lile curt•. /1 currroll .,¡ -1 m•~net""' l~e '"'" ,., ''" r_;. 
llo• in J (ountPrclrn-kw.,~ d"r' l•on .HUuHd lhC ro•e. 
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much Kreatrr when the cu<e <Mtain> a 1 ti>an whcn 11 cont.lon' a O. w~ can 
1r..rer""' dcl«:t a 1 by di,tongu.,hong b<-twetn the two ootput-vo1tage ,;~nal•. N<>­
tOce that we could ""' the <O«' by opplying a <Nd cutrr<tt o( +1 or>d ~~ tM 
lar¡¡cr output voltage atthe ""'"" wir>ding "' a O. 

Tr., output voltage ap~a11ng at the "'""" wondin~ lor a typocal co•e '' al><> 
shown on Fig. ll·•· Not"~ lhatlntte is a dil(e<ence ol about 1 to 1 in o.otput . ....,f. 
tage amplitude betwccn a 1 ancl a O outpul. Thus o 1 ~an b<- de<e<ll!d hy u•i<>~ 

Slmple ampl •tude d'"''""'n.,ton in an ompld<or. " '' rse ,y!!""'' wherr many <o..-• 
3te u,..,d on common windong< lwch ·" the l"gc metnO"r <y<tem, m do~ot.tl com· 
putoN the O ootput voltav moy b<-<:ome COfls.de<,obly larget b<-<:au"' o( •dd,uve 
elfe<l•. In thi• <aK •n•pl•tude d•..:nminatoon " o:¡uite oll~n u,..,d in comllonauon 
wllh • stn>bin• 1<-chniqu~. Ev~n 1h""gh th~ amrhlu<l<- of thc O OOlpul vofo¿¡¡~ mav 
t<><t<!••e b«;au<e of orldottoe effl'<l\, lh~ wt<ftlt el tito llutput "'11 not •n«e.l<P 
•PP«-r:iobly. Th;, mean< lhallho O ooJtput . ....,ltaKO <t~nal w,ll have ~e<aH•d ,or>d w.l: 
be vety <m,oll b<-io<e the 1 nut¡>ul vollage ha. ~e<.•YNI. 1hu< ¡, wc "'ol•• tlw '"·'rl 
•moltf'e" "'""' lim•' afte< the opplicolton of lhc rc.od pulw ffor ex.1mple. ~etwet•n 
O.S ar>d \.0 "'in Ftg. ll·4),th,; ;hookl imwovo ""' <iele<tioo ai.>hty. 

Tl>e '""'«:hiog wne ol the cc•e i• rommonly <1<-fonl!d a• tOe tome <<'QU"O'd fe, ¡he 
out¡>UI vol1ag~ lo go (mm 10 i><''<""l up 1!>'oogh •1! maximum value ond bad 
down lo 10 r<f<enl agatn 1.,.-e F•R ll-41. The "''tlch,n~ t•<>oe (ot any one rore "a 
lun<l•un oll~c drtve current a; 1hown in ft~. 1 l·'>. 1t "evtdent from thi< cu<>e thal 

•. an tOW\l,r<l d11ve curren!'"'"'" in,, decre.1<ed <Wotch•n~ Lime. In K<toer,ll, the 
<W•tchin~ ltme lora e ore do¡>er>d< on ¡he phy<ic,,l lile uf the co<e, 1he type ol cote. 
an<ithe m~to•ial; u<e<t mil> conwuct•on. o; well •• the noanner in wh.ch ti i< u.ed. 
1t will be wrlir;ient tor "'-'' pu<¡>o..,..lo know that co•~• ••~ av,¡ilabie woth <wol<lnn¡¡ 
Hme" lrom Jll)OJnd 0.1,., up to millo""Cr>d<, vnth <lnvc curr~nl< o( 100 m,t, lo 1 A. 

12-2 MAGNETIC.CORE lOGIC 

Stnce .1 n>aKnetic core ;, a bil<ie binMY elem~nt, ti can bo.' u<ed 'n ' oumb<•r ol 
wav• to implrment logocal lunctoons. Be<'ao<e o( t" inh~'""' ruAA<'<Jne<\.the core ¡, 
~ p<>rtorul-tdy u"'ful logical ~IPml'nl ;o op~licatoon< whc•~ l'nWOnmen"l ••''""'"' 
are ~''l>"''""ed. lor e•ample. ti><' trmpeuture e•trem"' ~rod ;odiation ......,..,,~ ~·· 
P""t'nc<'lli>y <roce ..cloicl~<. 

S•nre lh~ cote ¡, e<<enltolly,) <tnt.t~e dcwr .tntl ''' '""'""' "~clet"lcd hy r~<Pt· 
'"'~ the COH~ tn 1he O ""'''• on\' lu¡:ic <y•f~rn ,,.;,~ nue< 1ec~<>-t!tlv bt· ,, 
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dyoar~ic >v<lem. Th~ ba<i> lm o>in~ ti"·"'"' •• a logk~l element Í> ohown '"Frs. 
11-6. 11 1 rn¡rut tu the «"~ Í> r~~re,ented by a curteot ol +1 at rhe jnpur ~>indrns; 
thi> "'"a 1 rn ''"' C<J<e lmo~netrt<•> rl '" • clockwioe d~re<Mn). /In a<Jvanu pul<e 
occuro "'metim~ altt•r lhe inp"t pul"• ha> di ... ppearod. logicol Ofl<'<atiOn< are 
caured oul du<~ng t~e t<nre rhe ad.,once pu'>e appears al rhe ad>anc• (t~>~ll 

winding. A.l tlll< ""'" ¡he cure i> force<! into the O >!Ole and a pyl>e •PI"""" 01 th~ 
output winding only olthe cure pr~vruu>lv stored a 1. The currer11 rn the outpul 
.. rndrng can '""" l>e ri>od •• the inpyt lor other rore• or other logicol elemento 

Tr.ere i< '""'" en.,..gy lo., m lhe coro durmg owrtthing. for thi> rea10n, !he 
outp<Jt windrng norm.>lly h•• tnore lurn> !han .,th.,. the inp<Jt O< i>dvattee wrnding<. 
10 lhat tfle OUIP<Jlwill be capab!e of dro~i~g,.... or"""" cor,._ 

Noticethat • O can be~ in tt>e coreb.,. •~lic•1oon of • curren! of -lat tfle Mput 
windong. Ahewo•i~ely, • O <<>uld be >10"-d bv a currO"nl of +1 inro the uodotted ,.¡e 
of '"" mput windrng_ Tfle im~K~<I..ont thing ro r<>l•ce" lhat either • 1 or • O ca~ be 
"ored in the core b\' applicahon of a curr~nt to tfle proper lemlinal ol 111e input 
Wlodon¡:. , 

lo <implify our doocu<'ion ond 111c logic d•agram;, - •hall ad~ the symbol• lor 
the cor~ and "' windin~• shown rn fig. 12-7. 11 pulse al the 1 input <e<s a 1 in the 
core; a pulse atth<! O inPut >~ts a O in the C<Ne; during the ad-aiX~ pul..-. a pul"' 
JPI><'a" at the outpul onlv ¡{ tht• co<e proviouslv fleld • 1. lel us now con<idet 
>eme of the U. sic los•c IUt1Cil011< uoing the symix>l <hown in Fig. 12-lb. 

A n•<"I~C>J for implement.ng rhc m funcllon " ohown in Fig 11-B•. A curr~nt 
pulse ot e•tlwr the X or Y inpu" '"" _, 1 '" the cure. 5-omet•me ,rwr the ~nput 
pul..-f;l h.we i>•<·n ¡,.,,,nal<-d, M ,oúv.1ncc pul•e occu". lf the cote hos lx•t·n ...,t '<> 
tl•e 1 "''"· .1 p~l"' ·'PP'"" at lhc outpul wo~d,ng. Nut<ee rhat this i> trul1· an oo 
tunct•on \tnC~ • pul;• >1 ellh~r thc• X ur Y rnput m OOth 'et' • 1 in the <O<~. 

The 11101h00 •hown in rig 12-60 pro•i<l•• the mean• for ohtaining the comple. 
mt•nt of" v.lriab'e. Th~ oer rnrur Wln<hng IQ the coro h•>; 1 rnput Thi• mean• thot 
!ILIItl~ lhe '"Jl"l pul,., ¡,me l'>i> win<ii11~ •lwa\'> ha~ a >O! inpur curren\. 11 Lhere i< 
n~ CU<II'hl ,11 ¡h,• .\ in¡>ul l<'~nd;in~ X- 01, the <or~ i> "''· Then, when Lhe od.onr~ 
,,.,¡,.. <•«uf>, ,1 1 •nP>'Or> •t 111<• oultlUI, •i~n,fv•n~ thal ~- 1, On lhe other hand. '' 

.'• 
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X- t, a e u 'len\ •PP<''" at the X mput <iucing tloe W< lome, an<l tlo~ <·lfecl> uf the X 
input curren! and the 1 input curren! cancel OM •notht•r. The <ore th<•n remai11> in 
the re;cl stato freo:allth., the cote "rewt rlurin~ tht• •dvonce pul>el. In lh1> co1e no 
pul«• arP""'" .o the oulpul during the advanet• pul <-e »nce lh~ corr r«••iou>ly con­
l><n<'ll a O. Thu> the output repoe..,n!• ~-O. 

The •NO function con be implemente<! using a core •• shuwn in Fig. 1~-!lc. The 
two 1nputs to tho mre are X •nd Y. and t~ere or~ four PO>»ble comb,natoon> ol 
tloe"' two input>. Let's ex•mtne th"'e input combonauons in rle!lil. 
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l. X • O. Y- O. Srnce X- O. tho cor~ connot 1~· ,.,,_ ~inn• Y- O. "1'- 1 or>d lh~ 
core will thcn he"'"''- !hu> li>i> input <umb•n•t•On "'"-1> the core •'~<~ rl ""'"' 

' " l. ~-o, Y-1. Srn•e X-O.the wrc '"'' c•nnol he 5o<'1. Y-1 """ lhe<olore. 
\' • O. In thr1 input combinJiion. therr ;, no input cu.,ent rn either wir>d•nR 
•<Id the <ore c•nnot chon~e >tJtc. 1 lru> the rore "'""'m ;,, tt>. O ,,.re l.rec•u"' 
ol the P"''""'"' •d>Jr><~ pul ... 

3. X a 1. Y ~ O. lhP wrrent in th~ X .,.,.l(),n~ "rll •nempl to ..., • 1 in the core. 
H""'-""''· Vd 1 •r">d th" curr..,t wrll Jttempt tu''""'' the cure. Th.,.., lwo cut· 
'""" oll><'t ooe •nolh~r. •nd the COte""""'""' ch•nse "••••· 11 ,..,n.in> in the 
O""'" 1~-.:•u><' of the prrt>"iOO> ,,d"ncc pul\<'. 

4. \ ~ t. Y • 1. lhc currr'f11 on thc 1 .,,¡,n¡¡ .,,u ''" • 1 "rn 1,.,.. core >inc~ "1' • O 

•00 t!>ew i> nu w"enl in the Y ",-r<<on~ Thu> thi> <ombrnotrorr ""'""a 1 in 
1 .... COft'. 

In"''"'""''· t~e input X •~t> 1' ;, <he only comhrn.ol<ln which rewlli in 1 1 borng 
>«>«"<~ rn the core. Thu• <hi> i> truly on ,.,o lufl<.rrM. 

An e•du>i"""""' iunctroo CJn bo, ionplr..,..nr...-1 •• •h<>l•n in 1 i~. r J.8d t>y ooing 
lhe OUtpu" of two A~o-Nncrion cort">. 

hample 12-2 

Moke a '"''~rabie lor rhe e.clo"'~o• r~•ctoon •hown In''" r l•8d. 

Solu1ion 

One uf rhe major probf~m• ol ""~ fu~·c l..~''"""' .¡pp_,renl in 10~ o¡>er>tion of 
thee•clo>•ve-oo >'><>wn in fi~. 12-lld. Tli»" ,,,. ¡>ro!Jo•m of rhc Irme mqurrr•d lor 
1ne rnlormatjon 10 ''"" du"" 11><• lrr>• f•<>m on~ <O>e ro ¡t.,• ne<t. for '"'' e•clu­
'""""'· tfle rnpuls X ,,.d Y .lflpc•or ol linw t,, orod lho '"" CO!<'> JI~ ,.., '''«'<<!al 
tfoj> tome. Al Irme 11 Jn od•4nt~ pul"' i; ,ltJpl"'tl to tire ANO <ores .ood 1hr•i1 uurpur, 
"'' u><"<i to let lhe oo e o• e. 1 hero .11 timt· t., an •dvJn<e oul•o i< app'ir·rl lo rh<• DO 

<or~ .lord rho fonol O<Jtpur "1'1""'"' lt '"''"IJ '"' olwiou> ¡,,.,. rlri> <lo>t"u"iun rh.ll 
rhc· "l''''"rron lrrnr• ¡,, mnrt• '""'"'""''"" l<>~•c lurr,liurl> '"·'Y l•·•rorno <->rt•«i"·lv 
lnn~ 

"'"'"""" drilrriJir, "''h tfoi1 ''""uf'""" ;, ,,,. l.¡<llh.or tfoc Jl•pol pul<•·• """' 1,.. 
"' .,,_,.,., tlw '·""'' wid1ro. 11,;, i> "•''"'"'·"'Y r.ur• lur lurrtlr<>n> '"''' ,,, ¡h,· 
COYPL!Mt~r Jod rho •~o, """' tlrr• "'l'"r ·i~u,rl, ·"" •' '"'""' rr•<¡uirt•tl lo t,rn<o•l 
rrne •nul •er. Ir" ·'I'P·"'""' 1'>,11 rt "nt• ¡¡f 1111' rtJ¡ocol IIRMI'" wi<lt•r lholO tlrt• ntl,,·r, 

10o· '''" '"·'Y '"or.Jiro '""'""'""' tl.rtJ •''''"' thP "'~'"' p,rl>e> lo.rw ¡li>.lf'P<'·''"'· 

1 

Magnetic Oevices and Memories "' 
Yov will ""'"" rh•l in order 10 <witc~ • core lrom ooe '"'" 10 ar10rOe-r • ce,.... in 

mrnimum curr~nt 1~ '' requir..J. Thi; r< ,.,mer.me> relerr..J lO •• tO~ >eiKt Cuften<. 
The COte arrangi.'ITient si>Own in ~rg. 11-a• can be use<! 10 imp:ement ~n .-O luoc­
tion il rhe X •nd Y rnputs are eoch limil.-d to one-ha~l tl,e ...,1<"<1 currenl '1>1 •. In ¡fli< 
way, the oniY ttme the cO<e can be"'' i< wOen both ~ and Y •re pr....,nt, ••nce th'• 
;, the onlv ,,....., 1,.,.. core receiv ... a lufl !.elect currenr 1 •. Core lcgic iuncrroo, ~•n 
be co..,trocre<! u•in& rhe fl.olf·<e'.ect current "rde•. Thi• idea ·,. qurte rmport.onr; •r 
forms the N•i• of one type of la<ge-5eale m<'ll>Ory >Y'!em which - di.cu" l•ter in 
thr> ch•pter. 

12-3 MAG:-.IETIC·CORE SHIFT REGISTER 

A ,..,;ew of the p~iom <eclion will ,...,..,.¡ '"•r • magnet'<: core" nhibrt> •1 le.,t 
two of lite mJjur chara<terr>tie< of a nrp-o:op' rrr>1. rl i> • brn.o,.,. '"'""~ copdblo oi 
"oring b'n•ry i~•ormJtion; <aond, rt i< cap.o~le o: bcrng ''" or ......... lhu' •t wou'd 
..,..,., re~>OnJbfe 10 e>¡>ect rh;n '"" core cO<J!d be uoer;t to CM<Irucl• shrlt '<"ll'"er 
or • ring coonre-r. CorH are indeed frequently u<od lor these """"'""· and in th'• 
>ecrroo we cons•de-r "',... ol the ""'"'"''Y precautions •nd teóniques. 

no. marn Od•• onVOIV<'> connectrns rile oorpr.¡t cí eoch core lo tl>e input of !loe 
""" cor~. """""' • cOte i< ....,.., (or ""l. the >i~nal at>l>earong at the outpul of lha! 
~O<e i> used 10 >el (or ,.,.,,¡ the M•l core. Svc.'> • (Onn.-ctJon """'...., rwo '""''· 
c•ll.-d a '">in~l""<lrod~ trons'e! loop," i< >i>own i~ Frg. 12-9. 

Thl-re are thr"" majo• prob'r>m; to o>ercorw v.non "''"~ ,~,, s•ns'e·d•OCo 
tran;le1 loop The frr>t prob:em ¡, lh~ g.~in rhro~sh tl>e co•e. Thr> '' <rmol•r ro r'>e 
problem d,,cmsed pre,·iou<ly, ond the >Oiulron i> lhe "''""· Tho.~ '•· tl>e '"'"'' in 
••gnal rhrough the core con be over<:o""' by constructing the ou•put windrng "'"" 
more tu•n> th•n '"" <npur wrnding. This enwre• rh•lthe output >ign•l wrll ha'" sul­
ktenl omplotude to lwJtch the ne•t <:ore. 

_The ""cond p>oblem concorn1 the polarity of l'>e outpur ••s~•f. A signal oppc••• 
ot t~e ou•put when the ccoe i; ''" or wnen the co•e ;, re>et. Tne>e two ~~~·••1• O .ve 
<>ppo<rte poi'"''"'· and eolher ¡, <:•f>3ble of 'wilching rhe """ core. In gene< JI, rt ., 

de>rrable rhat only one ni the two outpul >i~nal> O. elfeclive. ono l~i< <Jn be 
ochievL'll by rhe ""'uf the doode 1hown in Fog. 12-9. In rh'> "Sure. the current 
produced m rhe output wir-<l"rng v.ilf go rhrDugh the d•ode in the "'"''"' drrect"ron 
iand rhu• •et the next Cor<'!) when the care ¡, re"" from lho 1 ll,,re 10 1 he O ""e. O o 

• 
Flg. 12-q. Single-diodo tran.fer loop.''' Crrcurt. 1~1 Sym~olic repr<>onr.roun. 

' 
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"'""""1"·--------r----------, 
P"'"' t,., --r-----1-----, 

the oth<-r ~.nd. "'~"" tt.e '""' ;, ¡,.,;ng S<'l to the t •lll"'. the diode ,.m P''""""' cur­
rent olow ,0 the ootput and thu• ll>e ne'l core ca MOl be swnchcd. NohCe that tl>e 
oppo•·•~ "'""'"" could be real Oled by simply r~e,.ing t~e diode. , 

Th•• ohud poohlem '"''" Ioom the lact thot re,..nong core 2 induc"' • rurrent 10 

windl'•g !;'1 wh•ch wlll P•'" throu~h the d1odo in .'11~ ~•ward dire<.toon and thm. 
te"d 10 ~·t 1 1 in co'e L Thi> cun,oitul~> the tran•fer of onlorma,.on on tho rever'><' 
do<e<t•O" .md, '"~h'; unde>i<ai>l•·· fortunotely, the ;olutoon to the 1:"' proble~n 
·~•l ni ,¡.oon) re>ul" '" a ..,luti<>n for thh p<oblem •• weiL ThJI "· ''""" N, hO' 
'""~' 1,ndrng> than N,, tht> ,..,...,.,., ;ignal will ntll h.>>e >ulkoent amplotude t<> 

,,.,1ch <<>t<' 1, Wot~ t~i> ullde"t~nd•nR ol ti><· b.J•ic ;rngle-drode tran<lcr lOO!>. 101 "' 

'"''""'~~"'" the operauon ot • "nrple ture 1i11lt '.~gi""'· . 
A ~.,.;e magnet1e.wre ;hilt "'~""'' in 1ymbobc fornr " ;h?wn '" Frg. 1 ~-1 O. T wo 

<el> 0¡ advonct• wimlinH• ""''"'"'""'Y lor •h•ft1ng mform•tron down th" lme. TOe 
adv•n<c pul ~o<• m OH .tltern01r•!y ,, >hovm '" 1he (r¡ure. A, "cnnn<•cl..-d to coro• 1 
•nd 3 '"~ would be conn..,«'d to ,111 o<ltl-numberc'IJ COl~ for a IO<ger reg,.ler. ..._, ',' 
cocurec•<d ro ~o•e< 2 and 4 .,<K! would he connect<'IJ lO .di ev~n-n_u~ber<'IJ cor.-.. ,{ 
we "'''"""'""' •11 cUfe' ,m• """'' ""~ rhe <'>~.e¡lllon tlf'leo<~ ;, rl "ele~•. Ütat the 
ad.,nce pul '>e< wrll ,r,;., th•< 1 ~0"" tl•c <eg~>ter fronr cor~ to core un"l tl 1> ;hrh<"d 
"out 1¡,,. onrl" ,vhr•n ""'' ~ ;, "'"''- The up<r.roio.. i; "follow>' th<· Ir"'"• pul"' 
'"'"''en«· 1 an~ thu• "''' turP 1. lhi> "foll~we<l l>y an A, pul>e which «'><'1> core 

1 '"~ '""' .,...1, co<e J. Tfo,• ne•t A, pul>e '""'" """ .1 Jnd ;et• cor~. 4, .rnd t~e 
followi"~ .-1, polw >hrl" rl><• 1 • out lho e,.,l" by '"""'"'& co•e 4 Notlce lhOI tire 
tv.o ph•w• or •d.aro<:•• pul><.•• '"" requrn'IJ, •iro<:e il i• r><>l f'"'"ble ro ~ • <ore 

"h•l•· .~ ,tolv•nce (or '""'\) pul,.. '' pre,.·nt. 
•ne ""''""' of ~~eh <o•~ wint!.rrK <an ¡,._. U><•l "•" mpul roan amph~er lo 

•. 
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produce the w•veiorm< •i>own in Flg. 12-10b. Not;c~ lh•l ofl.., loor •d•ance pul"'' 
the 1 ha• """" shifted comPielely through the reg~>ter, a<Kl the output li~ •11 
rem.oin low alter th" 11me. 

The ne<"<l for a two·ph"" dod or adv•nce pu:•e 'Y"<'m could t.. elimlnAl<"<l if 
"'""' delay were inlr<>duced betwffn 1i1e output of eoch corean~ tOe mpul ol tire 
""'' core. Suppooe thot a del•v great"' than the "'dth of the odv•nn• ¡><JI~ we«" 
'""odLICed be<ween e.ch p>ir of corn. In thi• ca...,, tt v.oold t.. P<>'<ible ro driv~ 
ev<:"<y core with the "'""' adv•nce puloe <ince lhe oulput o( •ny eO<e could ""'.,. 
orve al the rnpul 10 the next core until aher the •<1\<ance pul"' h•d di>aPpe•""'· 

One met~od lor introducing a del ay t>etween core• ;, 1hown in frg. 1;'·11, ne 
odvance-p"l'e amplrtude ;, "'vcraltime< the nrrn1mum '"lurred to >WIICO 1he COl''\ 

and will '"'"' •11 eo•e• to one O •tOle. 11 a core previuu<ly con~in<"d a O, no 
switching occu" and tl>u> no signal ~PI'''"" •t t~e output wrnd<ng. On rhe 0\~e• 
hand, 1f a eore ~eviocaly contMned • 1, curren\ now; in the oot¡>Ut v.;ndrng ond 
charg.., ~~~ c~p>ertm. Sorne <um>ot now• thrnugh t!>e ,... wi<Klrng of t!>e "'"' cO<e, 
but tl is ""•11 brcau,. of the pr""""e of the ,.,,;.,or; lurth.-rmor.,, ";, "'"''r<kl~n 
by the maMOotude of ,,.. ad.a~ce pul..,, However. at lh~ <,... .. ,.,., of ,,.. odv•nc" 
p~l\e, C remoin< chorge-d. Tnu, C di.c~arge• through thc rrrpul wrndrng .tnd R, 
and "'" «><<' 2 to the 1 >late. 

In th" >y\lem. the amplitude of the advance pul>el i< not too crol•<•l, ~ul oh~ 
wrdth "'"" O..• matched to t~e RC time con•t.1nl of tOe loop. 11 the advance pul,.., 
are too Ion~. or alternati>ely r( rhe RC time con•t•nt ;, too •hort. the np>e<lur wrll 
~ischarge roo mv<h durrng t!>e ad••'l<o pul"" trme and wifl t.. incap;>ble of "'~''~S 
rne core al tl>e «'"ation of the advao>Ce pul<e. The RC t•rne con•••nt may l•rnot the 
upper (rr'qur'ncy of operatoon; rt <hould be not!'<.l, howev<'r, th" re,.,rlrng a e~ro '"· 
duces • curren\ in '" input windrng in a d010<:lior> whl<h rend> to di;dwge tOe 
copacitor. 

rr., arrang~menl< we have di<eus=J Oere are called on~·<o,....per·b" regi•t<·r;. 
T!>ere are numorou• other m~rhods (loo man1· to driCu" here! for impl,.mentin~ 
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~~~;,,,,. •nd count~"- a:>d tr>e readcr i; relerrcd to rhe relerenr~• for more ad­
··:~rl l<•chni<¡llC>. Son•e of the orhcr n>elf10rls includ~ rwn-rore-rr·r-hrl 'Y"cms. 

"'"rl'·'•l'<i-arlvanr e-p"l<e <V<Iem<, "''"Jrf•ed-wmrlmg-«>re ;y;tom>, splrl-wmrlmg­
r•w 'Y"em<. •n•l cvrrenr-mu¡óng-!rom/<'1 sy.,ems. 

Example 12-3 
Us•c,: Cof<' wnrhul; ,oc~ thc co¡»crlor-rlel<oy IKhnrq~e. dw-. th<o diagram for a 
ln~•·'<·•~c· ""K couor~r, ~how the e•p<'<l<'<l wav«lo"'''· 

Solution 

11 rrr-~ e mm IN""'' he lnrmed lmnr a <imple >hofl rep,rster by"""~ thc otrtput ol rhe 
1,,.¡ "'"' as rlre in¡1<rt to< the r;,., eme. Such a system, •lung woth the expecred 
waocru•m<, i< <h""n io Fog. 11-ll. 

1:;:-4 COINCIDEr'-'T-CURRENT MEMORY 

O!w crw <hru «'~•"e' dr>Cus,.,., "' lhc P"''iou< sectroo "'ggem thc pn<<oirol.ly ol 
"""~ an arr>v or m•~nctr< co•e• fu• ;oorong words ol btoaty onl<>rnl>lton. For e•· 

a;np:e, ·' iO-brt '""" <htH '""'""' could h•• u<~d lo''""' o tn-h.l word T~e opera­
hon wouLd ¡._. ""''' tn lorm. mu<h lrko tflc 10-btl llop-flop •brlr r<'B'""' d"cu••ed 
""'"~'- 11 "''"'"· """'' ·wr. 1><' <ub¡e<t Lo Lhe s.1me ;peed lomo~<!<oo• ot>served rn rhe 
,.,,,,¡ flrp-fln~ ro·~"'N T,•at .-. ''"'" "·"" bot mmt t•awl down ¡h~ re~"'"' lr<om 
<O< e lo cm.•, •1 r"•"""' n clocl l"'""d' to •hofl an n-b•t wmtl imo"' oul of ¡he reg­

"'"'· TI•·• ''"" '""" m.>v l:«umo• "''"""~lv long on wmo ca ..... aod a fa<o~er 
·""""'' "'"'' lko•n <><· <l.-v~lnped. '-'u< h ta<l~r O!'<'< a !ron c•n lx- •ch•"'ed il rhe in­
'"'"'''""" o< W<rLh•c. •nLn •nd INd OUL o( Lho• '"'"' rn a f>."dllt·l m.mner. S>n<:e all 
Lne o•ts •"' ~"'''""'"¡ >•mul10nrouslr· •n enttrP wo«J can be l<anslr"'-d io only one 

1 ·~ 11·1' '""'"'"~• ""~ counloo for [<.<rnpl< 12-l. 
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dock pe.,od. 11 waishr ¡>;oall•l 'Y"~m would, l>oW1'v<", roqui<O ene input wico .nd 
Oo"e oulput wire for •ach co.-e. for • lo<K• number of Ce«'> ¡he tor•l oumber ol 
"''~ mak"' ihi> •<fanS"""'"' imPf~Ciical. :Ood """~ othe< lotm ol <ore .election 

mu" be d.,..,laped. 
Th~ mo>l populoc method for >lorrnH bonary rnlorm•t•on .m par•llel !mm using 

magneto< cO~ " lhe coinddPnl-<'utt~n¡ rlrive sy>l•m. Suelo """"""' <ystems ar<' 
wodely u;cd in •11 type• of dr~rlal 'Y"~rns from smaii->Lolle lpeciol-purpo~e ma­
choo('"; up lo lar~e-scale d<git.>l compulors. The bas•c id e• ;,vulvP> orr •n~in¡¡ co<M 
in a mal11• and u<•n~ rwo holf-Jel.rt ~Uff<'nf;; \he merOod •• >hown in frg 11-11. 

The m.llri• con<i<l< ol tw<o <el< o( d11v0 wirn: lhe X dr.v~ wi"" l~r,.cal) ood rh•· 
Ydrl\le wir"' lhoro>Oo"lal). ~atice rh•r each rore io lhe m.rr" i< ror~Mled ~y on• X 
wi,., and one Y wire. 'iuppo"' ooe h•'l-.,locr curren! •¡,¡R "appht'd 10 hiK' X, aod 
on~ ha\f • ..,tf'CI ~urrenr 'ltiR o< •ppli~ lo lin• Y,. Tho-n '""coro wnidr " rh,...ded 
by boih lrno> ~. •<KI Y, wr:l M•o o total oi 0!,1, + •¡,¡R ~ r. p.a"in~ lhmu~h ·~ and 
it will <wirch ,¡.re>. The rem•onin~ C<JIC> wh•clo are rhr~adt-d by )., or Y1 W•ll ea<h 
'"""'"~ only 'ltl •• and they woll thcrdute nol •wiL<h <lale> Tl1u> we f,a,e •uc­
<'-"'<k>d "' swotchrn~ ono of the lb co<O< by <elc-.:trng rwo of the in pul lone< lonc ol 
the X I•M> .1nd <>ne olrhe Y lrnN). Wc de,~nare the core thal SW<I<hí-<1 '"oh"'"" 
•< co•c x,v,, >in<:< ol was <Wtlche<l by ><•l&toog lrn<'S X, ond Y,. IM d"''"""'"'" l\: 
X,Y, '' c•lled Ji>e arJdrp« of thP cnre \11\CO ol <¡><'<<hes ir; Ir><•"""- We can 11><-n (,( 
swol<h any coro X,)-. locAit-d ao >ekl'"'' )..Y, by applyon.r 'f>l. 10 ltnt< X, •od ~. 
For e.ample, rhe core located '" rhc low~r rrshr-~.ancl corner o• rhe "'.,r" "~rrh• 
oddoe" X,Y, and can 1><> •wttcht>J lry •pp:yon~ •¡,¡~ In hoo< X, >nd Y,. 
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In ordor lil•lth<' '<'IO'Cied core ~<ill >W<tck. the <:li<<'ChM< ol th~ holf.,.,le<l cur· 
'""" throu~O '"" X l1ne ""d tOe Y l1ne mu,¡ be •dditi"" 1n the core. In ~1g. 1 l·IJ. 
lhe X "'hl rurff'nl< mu'l llow lhrnugh the X lint·s hm lhe top lowo1<i the bottom. 
while the Y "'lt•<.l curre nO< t1ow lhrough the Y line< lrom left to nght. 1\~plkatoon ol 
lho ri~ht-hJnJ wóe "'11 drrr•;m<tf•te that <U<ff'nl> in th>< dor<'<t""' ;w1tCh tho: (Oro" 

>ucll lilal th roce~~' "on o clodwi•e di<Ktion tlooking imm the lop). We def1ne 

1"'' •" swUclhnf' the CO'<' lo lhe 1 "''""· 1t" olw,ous.lilcn. 1h01 '"'""'"S ¡he drrec· 
h~n; of OOth the X ond Y line current> will >Wotch lhe co1e to lhe O <l•le. Noti<e that 

if ohe X anO Y 1"'" eurr..,..lt are i" • '"b<"ocl.,·e diroct""' the ;e/<'Cted e ore teee1""' 
'1>1"- '1>1. • O onci ihe rore ooe< nol ch•nge <tole 

Wolh lhis <y<lem we nnw h•ve ll>e obd1ly to >Wol<h any ono nt 16 CO«"> by 

•~1.-ctong any lwo of eogilt w""'· Th•s is • .. -.ng Or 50 ~-rc~nl 0'~' • <:lon•cl p.o<allel 
""''..-""" <y<l~m. T~i> • .. won~ on 1npu1 wires bo<om"' ~,., rrore imP•<->>i>e of we 
~nl~r8e th~ ""'''"~ matrix lo 11)0 cor"' lo ~qu.,e mOl"' woth 10 cor.., on eoch. 
••on In this e.l<". "'" .ort• dbl~ In "'"llch ony one ol100 wres by >Pi<"<"Bng ony owo 
ol onlv 10 ~"•<e>. Tho> ''"P'""'"" • reduc!ion ol S 10 1 e•~• • straoghl ¡>.><dioel ,..1..,. 
toon >y>len"l. 

Al :nis ¡><lino we need In dcvclnr • melhod ol •en.,og oh~ conlc~l< ola e ore Th" 
ror. he vcry , • .,.,¡Y ·"cnmrl,.hed by lhre•dong Me ,,.01e wJre ohrou~h <'<O<Y ro«· 10 
lho• m.ltf,. Si<><.P onl\o" ene eO<e" <<1<"<<«1 l<wotchedl ot • hme. any ouopu: on the 

,..,.,,.. wi.~· <'111 t... tloe 1<> thP ehMgm~ ol <ldle of lhe ..-l..::ted '"''"· •mi we wiJI 
""""" which rore 11 >< ""'" the <OIP add'"'' o< rreroc;ui>llc on •eiNhlln. :-;ol"e lhol 
oh"'"""' worc """''' lhrouRh h.;lllhe <ore< in one r],,.,, '"'''ami thiULJ~h '"'" olhe< 
~'"''m lhe "''J>>><te dore<tion. lhu• the outpu1 >•~n.>l may be eother • pmouw m a 

no·~·"'"' pul«·. For lh>< rea«>n. o he <IIJI;>ul lmm 1he "'"'" ";,. " u>uolly •mploloed 
ond re<.hl.cd 1<> prMu<e an oulput pul"' wh•ch ""'""' •PP"l'"" wolh ohe <Ome 
pnf,¡nty. 

hdmple 12-4 

f"'"' the ''·""'•"""' uf constlu<l•on, <he <me'"·"''''·' f•K· ll-14 "mooe con· 
''"" ···•1. F>p:.,,n the "'"''""•'Y drrerlion> ol ~>1(.,..,;.,...¡ <wcnt• in lht• ). and Y l<nes 
:,, ¡uop<."f op¡:r•<•on ollhe ""''"'· 

Solution 

(ore ~,"r, ""'"' ''' •in"l"': to Lhc p1cvonu•l\• d•orui><"CI m,,¡.,," fo~ 11·1J. Tilu1 > 
,.""""' 1~"""~ ti""" lh<ou~h X, •nd to lne ro¡¡llt through Y, woll >el en"' ~,Y, lo o O~ 
: ''·''"· To> '<'1 ror• X, Y, lo the 1 .,., •. eurr~no mu" P"' down throu~il lone l,. l>uo 
'"'"""' "''"' 1'·"' l>on1 1he .,~¡,¡ In ohe lelo '"''"'~h l.no• v, .rhock ~·o~ll the "~loi· 
,,,,.,,¡ ru.'eo. 1"m<"""'"~ '" thi< "''"on. we '<'<' t'>M «>1<· X, Y, ">irmlar 1o ~,Y,. 
7fu~elo:~. cw~•ll mu<l 1"'" o~rou~h hno Y,lrom lelo'" "~~1. s:mol•dv. eore X,Y, i< 
"""lar lo''"" >,Y, .1nd ru«t"<>l mu~ Uu'""'"'P ~-"" lh<uu~h fine Y, orum ,.ghl In 
lo•ll. In g<·no•r.>l. curro•nl '""" ~'" lroon lctl In "~ht lhmuKh ihc rul<l·nun>l)f',.>d Y 
lu1<·•. ,1od '""" r·~hl <n lo/' thrnu~l1 ••«n·nu:lll>.·h"<i Y lonco 

"'-"'· ""''" < '"'~"' mu" ~·"' from 1!'11 In ri~hl lh<OUK~ lme Y,. 11 <> ~•"'Y ,...., 
11".11 t"llrtPOI "'"'' jl.l" u¡J"Mtl Lli·"U~I> l='t" l, on urf1,•r lO <el ente K, Y,. Uy .rn 

a1~umen1 ''""'·" '" ""·'' ,:ov<·n "" 11'<• \' lint•<. '"'""ni m,.,, ¡>o« d"w""'·"d ""'"'Xh 
lh•• odd·numiK•h"<i > l•no< ~00 "11"""1 throu~h lhe ~•M·numbe<ed X hne< 

' 
1 
1 

' 

'Magnetic Device~ ~nd Memories '" 
x, ~, x, x:-

' ' jllllm j 1/llm ;1 llllrn ,1 ifllm 
' 

'• -
1/llm 

''"" 
,~,.;,1\;;-.r»=<;~~ 

'• - ~~~">)):¡---1/llm -' 

. l/l 1m 
IY,-

' 
'""'~" 
'"" '" 

• •• 
'""""' "'"' 

The "'""" shown in fog 12·14 hos ont• ~'"" w111do118 whiCh we h.W<" I'OI yet 
d•><u«ed. "ih1>" lh~ mhobrl wirt•. In ordor lo unde.,o,orod ,,, "P<''•tion ~"" lunchon. 
let u< e~mine 1he ll>l"lhod• lo< w111ing onlorm•hon onto ¡he matll< •nd re .><long <n· 
IO<mot,M lrom the matr ... 

To wnle o 1 on ony e ore 11ha1 ;,, lo""' lht• cu1e to oile 1 ><•<el. •1 i; onl)· m"Ccs .. ry 
10 apply 'lo/. to oh~ X and Y hnr> "'IO'Chng lhol corc .Jd,.,><. 11 we des"t'd lo wriOo 
a O in an¡· ~""' (ohal , .. ""' lhe eme lo the O stale). ""'could •imply appfy • '""~"1 
of - 'hl. lo lhe X and Y hoes l<'l<"<.llnK th.rl core od<l1e". We e an a:..., wrM • O in 

ony core by m•kong "'" of 1ht• ;,¡,,¡,, wioe >hn~<n '" r,~ IC·I4. tWe o><llme oh,. 
•11 eme< •'" inuially in the O <1-sle 1 ~oi•CC ohal oh<- •PPhCatoon ol '/,1. lo lili; w11e 
in the direci•O<I <hQwn 0<1 lhe lo~u"' <<"'UII> in • complt•le c•n<eii•Loon ol <he\" hne 
,.,le<:t curront 1•1 also lends lo <•ncel an X f1ne curren ti. Hru< lo wrile • O •n ~"Y 

""'"· 11 i< only nec<""•''Y to solecl tho """in o he''""" mann•1 •• 11 w'"'"S • 1, and 
al the .. ,.,.. tome dpply on ml!oh<l Curten! In the ¡nlubrl w"'"· Tilo mo¡or ro•"'" lnr 
wntong • O m lho< la<hion will becom< el••• v.hen we u<e ,¡,..,.. motm plano< lo 
lo<m o complc<e mcmory. • 

Tu summa11zc. we wnte• t •n•nv eme x.Y,Iry ·~¡1lyin• 'hl. In th<' <t•lt"<l lonc; 
!(, •<r<l Y,. A O can be wntlen in o he samo• lo<h>on ¡,.,. sim~y dpplyon~ '1>1" lo lho 
inhibotlinP •• oho '-'me wne ti( atl <ort"S ••• in•t,.ll¡ ro<.o>l). 

To r~•ad tht• onlorn"l""' stor"l"' Jny '"'"· w~ 1impl~ Jppfy-'111, tn thr p•OM< X 
and Y linM Jrld <i<·lo'(1 th<• OLJI~JII On oh~ >f'n<C wore. The •e lo~ 1 <urr"•·n1< ol- '1'1" 

"'''" tht. Core, and 1f tl>e (<)Ir pri'Vonu•ly h~ld a l. "'" outpul pul«" OC<•"'· IÍ oh~ 
cor• pr~'Kou;lY h~l¡j J 0. ol <1"'"' nOI <W•Ir h .• 1rnl "" <>Hipul po.•i•" J¡>,><.'.m. 

Th"· 11;,.,, ,", llw • "'";>1<'1<" '"'"' <dC11L·<l""'"' ;,•lo•• '"'" '1'1rrn lm ""'" ¡ri.lnt•. 
Noh<r t!1.11 '""fin,. lh• i11formJioon Oul nf thc mrmory r~<uft> •" o <Ornp:No lo<> of 



.,r~8 x- .. ··" z z / 
¡ ''"' / /g= /b 
, .. LS~ Zi_/; -

/ 1 7 . 
' ' tz 7 . 

/ 7 z( 
' ' L/~/ 

/ lL -7 

8 1 

'1 
1 '"" outout 

''"" '1 
1 
! 

:_nlormahon lrum 1~<' no('11mty, >ir.:<' all cor~' •« ,._.... durin¡¡ ,._., read oplll"alKm 
• h1<" rdwe<J lo O< • des<ruClive ~~adour nr DRO sntem. Th" mwh pl•n~ ;1 u...d 
to sro~;• one b,o '" a word, and 11 " noce11ary to ""' n olthew plano< lo stme •n 
n·h•t word_ 
. "<nmpiPI•" ;w ••. :, •• <o•nc•dffit-curront m<'mor; <v<t~m can¡,.. con<t,uct<'<i b 
'"'""~ tne ¡,..,, <Tem~r;· piont'< '"\~e noanner <C.Own tn f,~. 12-IS_ ~~~ the; 

¿,.,.~ ''"''' ·"'' '"""'"' :C'V 1n '""'~ lrom ¡ol•n" lo pl.11l~" "e •11 the Y llrovo ¡10_,_ 
• ·"" 11·•' >;>pi"'""'"'" 'hl. "' l•nes x. and Y,"''"''' •n ,, selectlon ol core ~.Y, 1n 
~"":,Y pl~ne_ In tn•:.'•'noon "e can <•multan<'Ou<ly '"'tch" coro<. who<e" "the 

u b<-r Ol pl•nt'<. '"'"" n (Of("< •e~'<"><'fil one word ol n bots_ For o•ample, the lop 
;•··""' m•,;hl bt> ohc• LSol. tn•• n~•L to tne '"~'plano W<luid thon '"' tho <!'Cond LSB 
•'·'" "' on: lhe '"'""m p;,,,,., ~<·oulrl ,;,.., ltold the M>ll. ' 

Tr> redtl iofom•dhoo trom th•• memory. "e ...-nply ,1,9ly -'1>1. to th~ p<OP<'I 

"""""' •.-.d >en<t' tre ""'""'l' on !he""'""' Ion~•- R'-"'nN1ol><'f that <eadout ""ull< 
'" "'"':t•ng ,~11 «>••·• <O !roe O ""'"· Jl'lO thu< lha\ word po>IIIOn •n th~ men•ory ;, 

("'·"'"' '" ··'· "' '""':'e onlumlJI~<•·• i~lo lh<· men1ory, we ""'ply opnly 'l,l.to the propt•r x ond 
Y...,,..,-¡ "ne•. lho< <v.l:, ¡""''"""'· "'"'" ,, \ '" "'"''l" (01<' So lor ¡Ot• coro< in whod> 
~·e':''""' dO.'"·'' """"'"""'-v>lv ,lpply •¡,¡~ lo lhr• ,,¡.,¡,, hre. ror e•omph•, lo 
'·",'' h101 '" '"" ••i'A't luu• 1'1"""' 111 ¡,~. 11·"•· wc.,pply '/rl. tn ohe P'"~"'' x 
·'"" Y M<•< Md ·" ti'<'~'"'~'""" oroiv '1>1. tu lb e •fll><h•l l•n..,; ol the second and 
m<m !"-""" 

001> me•hod ol """l•n~ "'"'"'"' '""' Jll r .,.,~ "'''" I""'"'"''Y on thc O """ ror 
'" l(",l<<ln '' """""'."" to do•llllC ·'"''''""'V< ,.,,•,, (lno· "'"·""'Y cy.-le" do-imt•O 

'" ,, ,....,, .,,,., ''''"" .... lnw,.J hy ·1 """"' Ol"''·"'"n r ,,,, , .. ., "' ""' '""'""~" ""' " 
t·n•u•c" '"·" alltrt<' '"'"' "'~ on the O >1,\le du11n~ te~""'" """'"''"n: ....-o,Kl, ¡¡ 
pro,,,¡,., !he 1"'"' ''" d"''~"'"~ a onnri<->l•un,"ve t<'J<kM ¡.-.;DRO¡ •y<t~n>. 

M~gnetic Oevices ~nd Memories "' 
11 is quote '""""""'"ientto ~"' the data stored •n tho memo< y "'"'Y t1me they a<e · 

..,.d out. For thtS "'a""'· the NORO has b<:<-n deYe!oped. One m~hod for •<­
complishong Ül•> fun~uon is \0 read the tnformauon out of the m<'tllO'Y tnto a l<'n>­

po<ary .toros~ ''"~~''"'' ¡fi1r-nop> i><'rhaf'>). The uutputs ol the fl.p-non• •"' then 
u;ed to dri"" the inh<bit lin.-. du«n~ ti1e wrire operat.un whoch lollow> tinh•b•l to 
write a O ond do not inhih•t to wnle a 11. lhu\ 1M bo"c m"mory <ycle al lo"""' to 

forman ~ORO memory from a ORO m"mory. 

h~mple 12·5 
0.-..:r.oe t.ow a cotr.:idt"M-cur""'l rnemory m•ght be tMM<ucte<l ,¡ o! mu>l be 

capable of sto<tng 1.0~4 IWenty·btt words. 

Solution 
Sir.: e lh"'e • .., 20 biU in each word. there mu>ll><' 20 plon"' in the memory lthere 
isone plan<' lor each bol). tnord.,., 10 >10"' 1,014 woffi•. W<' could make the plan.,., 
¡quare. In this ca..,, each plano would contoin 1,014 cO•M, it would be con· 
W\<cted w<th 31 """'ami ll column< sioce ll~H)'~~ 12"'1'"-1' .. 31. Thi> 
memory i> then capable olstortng \,014 ><lO .. 20,480 b•l> of tnlormal•on. Typi­
cally, o memory ol thi> '''" might be cM>tfu(le<l on a J·in cube. SOlo<~ th31 in thi< 
mem<Ky.""" h.o"' tM abolo!'; to >Wil<h ~nv DO~ ol 20,480 COl M by cont<olling ~~~ 
<ur<cnll"'el> on only B4 w~res IJl X l<ne>, n Y Ion~•. and lO inh1b;l Iones). Tho>" 
,ndeed a mudes! numllf'r ol cont10l ),no< 

hample 12·6 
()<-""'a me•n> for ma1<ing the memO'i' <¡stem on the p•e,iO<J> example a ~DRO 
·~uem. 

Solution 
One method lor accornpli<hing lh"" ;hown in f•S- 11-\~. The l>.:J<oc"core •"•Y 
consim of twenly 32·by·l2 coro plan« fo• con,enoc•nct•, onlv the lhu:f' LSB 
plone> and th~ MSB corr plane are !.hown •n the U•J~r•m. The wonng and ore.o· 
toon Jo< m., Othef planM a<~ the '-lme. For daH\y, lhe X and Y oelecl ¡,,..,ha"' .d>O 
b<-<!n omouod. The oulput "'nse IoM of ea<:h plane i< l<'d onln a btp<>lor amphl•er 
wh1ch rectd•e< and am¡M•e• ti1e outpol >O th•r • PO<•t•vo pul<c a;>pe,m any t•m• • 
..,1 co<e is "'"': lO the O >late ~comPlete memo<)' cyde con"'" el~ dNr pul<e 
f<>llowt'd by a "'ad puiW' foUowod by a ..-me pul"'. The pro¡>er wavelorm• a<e 
>hOwn 10 f og. \2-17. lh• cfear pyl"' (,rlt ..-t> all n;p-flops lO the 0 st¿OO lthi< cl~ar 
pul<e can ho:> ~eneraled from the tra1l•ng ...-l~e of Lite Wtllt• pul>e]_ Whcn ohe reod 
lme g<><'> hi~h. oll th• •Nn gate< ,¡,.ven l>y the btpolor ,,mpld•erl JtO enabled. 

' 
,, 

Sho<t Y a''"' lhe ""' of 1M- rcad pul,., -'hl~ "apph,..lto the X and Y t.ne> de,.~· '""' 
na,.ng the a~drc" ol th• word to 1~· <Nd out. Tho< re<ets •11 <O<.,., in the "'''-"'""' C 
v.onl 10th~ O <L•te, and ,>ny coro v.h,ch conlo1nc·d • 1 w1ll •wilch. ~ny cm~ whoch 
<v.llch¡,, g•·n~rales a pul<e oo th•· "'""' line wh•<h '' aonplif1e<l and a~pe•" as • 
p<><•l•~~ l'<'l;e at !he outpul ol on<' oltOe bop.:ol.u amphl·~"- s;oce tho tead •~D 
~·¡., •re ettabl<'<l, a po<•live pul.,., at l._., O<Jlpul ol •nv ampiol••r flol'"" ohrcugh th• 
•NO ~ale and '"" lh<' ll•p-flo~. Shonlv there•f•~• lh~ hall->'•le<:l curr~nts d•'-'PI"'•'· 



ll't•l< 

'"" 

''~· 11-1& "ORO •r•J•m lo•homple IH. 

""" 

lne '"·"/ hnt• ,;no·• iow. '""' lh•• fhp-l:ur• now cono•in 1he ,¡.1,1 l<hoch we.e 

i'""''""''Y '" ''"' •e:t'<l<-d ~u•e•- 511<><11~ .lliP< l~c t('dd i<nc 80''' low ¡h~ ..-me hM 
"O<"' h•gh, ,.,.¡ 11>.< '"n•hl"' 1he WTo(e •M> ~·ll<"< lcont>eCird lo ri.e jnh•b<l fine 
U'":·~··- Tht• o """ ol ""Y fl<p-Ro;> which ~a• a o llo•ed ¡0 ,1 ,, h 1 ~h. ,1,1d ¡h,, 
<' 11 •"''"' iht• ""•le •~o ~·'"' In wh :<11 •1 11 ro"nooeú, lo ""' manc.er ,,, mho!"' cut­
'""' '' •'I'PI•t'<l lu ony e ore wh•ch ~t<>vooml~ hdd a O 5horllr •ilc< th• ""' ol o he 
'""'" pul'<'. l»<•l"·e h,,¡¡_..,.¡..,, <'"""ni< Oft' appl.l!d lo 1he <.ame X and y ''""' 
r'"""' •<-i<..-1 ''""''·'' ''~ ·• 1 '" ·'"r CO<c whoch do"' nnl h"e •n ;,.h•h•l cu,ml. 
ll<u< lhe oniNm.o¡.,., ""'''" 1n olop llo;J-IIor< ;, ~<nllt·n d,rertlv b•<k '"'" lho• coro> 

!•n:n wh" 11 rl '-'' "' -, ''" ,,,,¡¡,><'IN 1 "'"""" ·•·e 1flon """"''' to zoro, ,, 0.¡ LIIP "'''" 
Ion e W>O< low. The fJii "' th,, '"'"" l•n<" ;, u<ed 10 <etrl lile flop-nop<, ·""~ th~ SY<tem 
•< now te•<il' lo< .1"<1111<-r ''""'IJ.,·trre cycle. 

Th~ ~ORO ,.,.,,m1· '''"'"' 
"''"·'"' r ... ,.,,.,;," '"'0'"'·'t'"" 
\Lon•rl '" ¡¡,,. ""''' ;., h.ow 

""''""'" '" "'" 1'''''"''"~ ~··""~'''' ;'""''"''' 
'""" iho• <VII<•m .,_,,ho,.1 i"""K rhe '"''"'"'""' 
J coon¡rlo·lo• mom<¡r; 'f''''"'· "''' """' ¡,,,.,. 

ti'"• 

"·'' 
"''' 

M•gnetic Devkes and Memories '" 
-~·1 "''""''Y <y<'<~---------' . n 

\ 

\ 

<•p.;b,llly 10 "'"'o onf<>rmallon into thc co•e• lr~m "lme e•INn.;l '"'"'~ (~ ~. onput 
data). The wrl<e opt"<ation can b.. •••l~<ed by making U S« el oh o ~uct sJme NORO 
w•vdmm• 1hown in F1g. 11-\7. Wo "'""· howcvet, add ;on1e add<IIOMI ¡¡;1t.,., to 
lhP sy<lem such ohat dt~nnK o he •••d pul>e lho d•lo S<'\ on1o tho flop-(lo~> woll t>e lhe 
e"em.:~l dat• we wl,h ""'ed In the <O'"'- Tho< < <H.<Id ••<ily M occomph<h«<< by O<!d­
'"K o second «'! <>l•~o fl"l"' whoch con be u«'fl lo <<1 111<> n,p-nop<. The logoc 

·~ diOKtOm for ohe complete memo•y <Y'trm i< •hown in Fi~- 1 l·l a_ Fo• "mpko\y, 
only lhe LSB "<h,wn ''"'" the logoc for "'""" b,l "1denhcol. 

For th~ compleoo memo•v <V<Iom we rr><:o~nire th•l there a<~ two d<>hn<l opera· 
hon>. To..,. oro wr•le lnio .,rmoty (i.~ .. ""'" ""rm•l d••• on 1he co•esl .1<>d <?•d 
11om mei11(Vy ¡; ~ .. ~.,,.co dJtd fmm t~e ~bw< 1o he utt'<l d-ewhereJ. lo< lh~..., lwo 
op<"r•hoo• we mu<l Pe<e<>.mly ~onec>l~ two dl\t<n<l <<'1< o( con1101 w•vefmm•. The 
wawlo'm' lm <eod ltom memory "" e•.>clly tho'e shuwrt '" Fog_ 12-17, ond th~ 
~vents a•~ •ummorl1od '" loilow-: 

1. The do., rul"' '""'" •11 nop-flop<_ 
1, Ounng the re•d pul<e, Ail <o•e> >1 the «-le<:lerl Aclúre« ""' <CS<'I \<>O. ,1nd oh~ 

d•to •toted 10 them are ll,>n•len~rl lo lh•• llop-llnp1 l>y moJn< o( the ""·•d "'D 

¡¡ate<_ 
J. Ourong the "'"fe pul-e, ohe d•r. held '" ot>e olop-llu1>< ore Slo'"" "->t~ in ohe 

<O<e< by ,1p,1lying """''"~ halt·"-'1('{1 cutrent< uhe lnMr<l curren" ••~ con· 
1tollcd by 1h~ O <•des ollh<• nop-floP" •nd p<ovode the me•n< of ''"''"g O• in lhe 
C<>•P<J-

The '"'"" inm menm:v "'" elmm< ""' ,,,,. tly oh~ '""'" ,,. ,no,. n on F ·~· 11- 1 7 
<voth """ e•Ú'f'lioo: oh•• ''· ohe ,...d pul«' •< .,,,l.>c.~J 10tith ohc enle• d••• ¡>ul,.. 
Tho• event> fo< wrrle it>io mertn><>'O<P •hov.n '" Fo~ ll-19 .• 1nd ••• sun•m•"'ed a. 
(ollowl' 

1. lhe de.l• pul<e '"''"'' ,,:¡ olop-11"'" 
ll, Ou'"'>: o no rnle• d•'-' pulw. o lo<• •wl:-11•"' h,,l(-,.•k"CI cuuent• . ......-1 ,o.'.' '"'"' ,11 

'"" "''" •·~1 .><f<i•,..,, TI"' <"tr outpul< ""' nnl ~"'<1. huv.,•ve-. "''"' t~r IN,¡ 
•~" g,,,., ·'"' ""' •'"·'''''''!. ,._,,..,,¡, e'"''"•'' ,¡,,,, ·"'' "'' """ '"'' ,.,,,_,;.,," 
"""""" ,,,.. ""'''' "" "''''''· 



l. Du<mg the wMe pul,.., ddta hr,J m the fl,p-flopl d<e SIO<<'d 1n the co<rt e .. ctly 
at ~lo<e_ 

tn <onclu"O·'· >••'""' th.>t wtM jnlí> m<"mQIY ond read /tr)ltO """""'Y ~re e-.ctly 
'~'' '-<me Op<"<~'"'"' woth lh~ .. C~~hon ol '"" d>t• >lo<ed '" th~ 111¡>-flop>. T"" 
wo-.•iorm< '"" ··•><tty the "'"'" when the ""'d and entre d.1ta r~¡..,, .,0 u>ed 
•;•;.rnrn,11<•1v, acd tnc <ame total cydo ''"'" "<"lulrM im e<<her Oll<"'·"'o" 

11 •l<ould bo• t''""'''d out th>t ,, numb.o oi d'"'<ult,e; are oncuu"''''"<i woth th 1; 
''"'' oi 'Y''""'- r"'' oi a ti, "n<e thc >M >e"'"' on "-l<h planc thcea<l• every cm~'" 
;h., pl.,e. a ""'";,.., o! undn"!'d ,,~._.¡, woU be on ti><- '"""" "'""- The.e un­
~'"'"'-"'"~""¡' • .,.·' rewit ol ti><- l•ct th.>tm.ony oitne cote; in ti> e p'.ane t«e1ve ~ 
/l¡,f.'<'f"'-1 CU<ro•nt ,,l(j \OU< e>hlbo\ o\ ·i.~ht 11"< (/'.,¡n~·-

Thc ~<'Omel<l!',,: "''""'" ol cmr •rr;ngcrnent a"d woM~ ;huwn ,, f'R· 12-ll rrr­
"'"'"" an at'o•n•t•' '"m'"'"'''" llw '"'""_f,ne ,oo11!' i>y caneell.1hon FM O>dmplr 
lhP <•~nal• •t><iu{(~l oo the <MH' l1nt• bo¡ th<> X •nd \' """" <u<<eno• wuuld hope/ull; 

c .... _, 

En'"""'_:_, 
•1 ¡¡ 

' m ' o-

.¡'""''"'Y""' 

"''"' \ •1..,12 • ,,,r 1 -r'"r: ,:~-~====~ 
'"'"""{ .J,flo 

Mignettc Oeviccs •nd Memorics 

be UOI!Cel<'d out >ir><:e the >en>e looc um'"' the<e 1'"'-"' in tl'<e <>Pi><"''" d"..:;t.on th~ 
"'""' number ol timP•. r u~l1em\o<e, th~ ;en;e l1nc " .>iway• ot a 45' ""~• '" tho• X 
>nd Y l<'lectlin.,, Simd.Hiy, th~ Mi><' ,;gn•l• indun'<l '" the ~e•nw line by the par· 
,,.1 >Wotching ol cor,.; rece"'i"ll half • ..,lect currents >hould canc~l '""' anotl><'<. 
lhi>. how'-"'<'r, •'"-'""" that all <O<<"< ••• odeM>Cal. wh.ch " h.\rdlv .....,, t~: 

"nothe< method lO< elominat<ns oo•,.. dueto corn rece;ving half ... ·lect cu"""" 
would t>e to h.>vc a core which e>hib•t> •.n ab!.olut.-ly "-'Ciangular BH Cut\1' •• 
•ho"'n in F•g. 12·20>. In th" ca,.., a h,,lt-select current would movr the nper•ting 
po<nt ol o he core oerhap; lr<Jm ;>o<nl • 10 po,r,t b on th~ curve. Ho"'evcr, •ince the 
top ol the curve " horiwntal, no llu• ch•nge wculd onur, •nd therel<><e no un­
dMi~ ;ignal could be indu<<'d <n the "'""' wo,..., Th" ¡, an ideal C\JOW, ho••1'••••· 
and c~nnot be <eoli•ed in adual P<<><h<~- A me•w<e ol cor~qu•lit-¡ i• ~"'en t>y the 

><l""'"'"'"'' raüo, whkh is defin<'d u 

• Squ,¡r~nes> ••too--= •• 
Th<>" 1he ,.,., olthe O u• dent<t}' •• the '""'"'oent po.nt B,to th<> nu• denwv •• tlw 
>wllch<ng point B. •nd ;, >howo ~raphic<>lly '" F1R.'l2-20b. Th~ odc,ll value i>, ol 
cour>e, 1 O. but v•luo• ~tween 0.9 and 1.0 "'" the he>t obliun•hlc. 

' 
12-5 MEMORY ADDRESSING 

In tho> «"<Mn w~ inve>t,gOt~ tho "'"''"' fm •ct''"''nR the }( and Y ><I<'<Hon :me< 
wh,ch >uprly the half·>elc•ct cu>ren" 1"' <wo,ch'"R 1hr o·mc< '" 10e '"""'"'''· r,¡ <•1 
oll, ''nre it i)'PI{AIIy tcquue< 100 lO ~üü noA on o•,><h l<'-N"I lone (that i>, l. ;, 

typ•C>IIy beow...,n tOO and )00 mili. e.•ch ><'IC'Ct hnr n10o>! be d11ven hy ,\ curoent 
amploh•r. " 'f"'Ci~l da<> of uan<i""" h"' bo.'t'n dewlup<'d lm th" purpo;¡.·; '""1 
are,.¡,.,.,,.,¡ toas cotP dliv<'>< '" dM> lh<-M> What '' ,¡,.., n~ "the mean< ior 

•ct,..atin~ the p><:>reo core·d!lver •mpl1l"''. 
\lp tu th<> »>• ni, wo ha ve ,;~,'~"·"<"<1 tlw X''""'" X,, ~ •• X,, ,X,. and the Y 

" m· 
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"' 
'''"'"' •'> Y,. Y1, Y,, . Y,. for ,, ";uare "'•""'· n "1he numbN 01 W"'' in each 
10~· <Ir colun'l1. dnd ll>e<e are lhcn n1 COr<'> in' pl,>ne. Wh<•n ¡~e plant•> ace .,. 
r,1ngt~l on a "-oc< of -'1 ;>l.lne•. where M" l~e numb<v ol b•t> ,0 • \\Otd. we haoe a 
n•emnry <ap->hle ni""""~ n', M-illl 1\0rds. Any '"" ;ele<tlone> can ohen be u>od 
Lo"'·"''"""''',, wnod on "'"'"""'· and the addr•.'" olihO< woo<J "X.l",, w~e1e a 
.>r.<l b e an /)(' ... ov c.umi>O"t lcom 1 10 n. FO< ••amp1e. x, Y, •o>p<e<.enl• :he column ol 

• --"~ •" ''"' •<>lo''"~ """ ..,¡ 1he X,''"" Y, ,..;<'<1 '"'"'· ""' ""can ''"" sa1· 1hat the 
,,.•,¡,..,."¡ tlli' wn.ol "13. Noi<Ce IIW the l'"'d'~'' '" lhPaddre"" the ~ lone and 
'"'' wmnd ~-~·• "¡h,· Y l1ne This" a<oot<acv and could ¡,., reoer...d. 

:¡," mNhod n1 •riore" de"~natoon en1.1ols IJ<.i one omoiem: in a d'l\•1.>1 >)"lem 
we r·an u<e M•\' ,..,, number> 1 an(l U. Thc woblem "ea"IY re><>lved. nowever. 

""'~ lhe "''""'" ll. lor "'""~~~- < an be '"P<P«"nlod bv Q¡ O ~ 1 1 in bono"' lorm. 11 
"o ~"' lhn• 1.,1. "" thP t hc.e p<l"loon and ,~,..,. briS I<X 10o Y lo~ IJ(><;rlron, we can 

'"""el"''~"·"'' :Ir" .. rl<ht•" ulony wr>«lrn a mpmmy havrri~ ·' c•pacoty ul b4 word< 
0' ;, " llr" "P,l<V In '<'P. "n<r• w01h Ll'l<'<' '"" "'' <.on 'l'i><~'l'nl Pr~hl ¡lecrmol 
nuOUK'r~ whr<rl n•<•.rn< "'r· <.an oelmo• •n 6 ~ 8 - ó4 wmd mon>O<\'. 10 we cho"" an 
r·r~nr-i..-1 addro". ¡,.,., h,¡, lo< <hr• < hn• anJ forro br" lor '"• \'lino. we <"«1~ odrnP 

"m<"mo,.,· ha• rn~ l' >< 2'- 16 >< 1 ~- 216 wn<d< lr1 ~"'"'"'· .1n •ddre<< ol B brl\ 

c.rn <>· '""" '" <J<"J.r·.e '' o.qu.He nwrnory ol ¡> wnr<l>. where ihe<e are hil '"" lor 
lhr• 1 irno• M<l bll i~" h>< lhe Y hr.o>. from lhi> dr..-u.,ron rl" ea>v lo"-"' why 

;"'"''·<<a:o mrno·r<iPnl-currenl menrory sy>lom, '"""liy ; .,¡ve a «pacr:y wh:ch i< "" 
'''~" :"'wer ,( l 

.:~am,·.:, 1~-7 

""''·" wmr:,, ¡,,. ;he >l<ucoore ol thr• l~rnary •ddre» ;., , mo"'""' wstem h"''"~ ,, 
Cd¡).l< <1\' ol 1.111• worJ<! 

Solurion 

.·ce.''"~ l.<>l•l. IW'<' '"'"Id h_,, .. 1<• '"' 1~ ¡,.,, :n ll•c ad~ro<iwo<d 11r<'IH>I lrvo 

''""'''' '"' ~--~• ''' "'"''~"-"" ono• ol lne ""'""""U X irnf"<, .o<>d 1he "-"<O<>d frve 
·, «ruid b~ ""~1 :o oe"~nalo O<l<' nllhe l1 Y fines. 

:: ... mple 12-t! 

"" ;1"' ""'""-'"' w•«•m d.,_, "l"-d •n 1"" P'"""'"' e>dmp:e, what " <he d<"Crmal 
ad"""' ''" lh· l(o:rnv.·n~ l>"''"' ,,.l,lre.,esl 

"'ltl110ihl:o: 
11001 OliJIO 

rCJ 11110 OCiflo], 

;_,, ¡¡,,. ¡,,, hw l>-1< ,,.. :he\ lrn<• .lnd <orre<pond lo¡¡,. do"<rmol nurl•ll<'r H. 

lhr• '"'""'' '"''' '"'' "'•"""'"' ''"' \ lrne anrl c~rre<pond lo lhe donm.>l hUmbe< S. 
'·" lh•·.,kl~"" >,Y, 
-u• : 1 00 1, ~ n .. ·'"'' t• :<1 l!l, ~ lú,. Thrtel<><e. th~ adtl•f"<< ¡1 x., y,._ 
(C¡ lhe •<i<il<•>< o< ,I..,Y,, 

1 

Magnctic Devices and Memories 

' 

{ • ' 1 

F<om :±J ' '"""" l ,_Y-I•o" 
<l<«><i<r ... "'" ....... 1 " V"'"" 

·' 
ftom '""'"' "1""' 

1 

[.! ¡1 
•"• 1 ,, ,, 

• NX-I'""l 
X"""' d""'" 

;¡1 wor<lo • 
o/ '"'"'O'> 

llop< ollr-d l<·r· ",uldre<> <~rsl<•r." lhe •dd<e» rn hrnary tmm "'"'' thon 1"' 
de<odod iniO d<"<ornal /O< m 10 otd~t 10 dm·~ on~ olih~ X lroe d<M'« •<>d <>'10 oi lh!' 
Y lrno d"""' ampirf;,,., '" sh<rwn '" F•K 12-21. Th• X ond Y dc'<'O<i"'M m•t•ke< 
shm<n rn th•• lo~u<o ron be :clo'nlrcal M>tl MP ts<enr:.,llv L>rna"'·ln-de'""·'' 
de<<>d"'>- B•MtHo-d.-.;imal d<'(O<irr.¡; and at>pmp<ralP malu(os we¡c <lr<eu;;('(l rn 

cr..~. ro 

12-6 SEMICOt...:DUCTOR MEMORIES- BIPOLAR 

RNiuced cmt .1nd ""'• :rnprovc"l <Pir.<l>•l•"' .1nd '1"''"1 ni npt•ralrnn, .wl rnuea<«i 

p.<c<·n~ dr·n<rly .\ro• """'"~ rhe lr'<lwrlo~:r ,ol -'''"•'"'~' "hro h l•a•e n•.r<lo <emr<on­

du<l<>< memorres • <<'alrty rn """'~'" <lrR•Idl <·.<l<'""· ~ <~/rol-" ""-""""'Y " con­
<l<wred usong tho fan11lr.1< l><pol,l< l<.<n<r"'"· whr<<• o~r· .\\OS n'<·mo'l' m,¡kos U<f' uf 

lhP MO;rn. In ¡1,., <r•<lrnn wo <<>e<r<lo·r the ch,Ho><IO<r<t"' ol brpoi.Jt ""mocon­

dur:lor memorres, .\-\OS mt'h>Ofie• •"· con,:rlr-<«1 in 1~<' ne>l ..-cM~. 
A "rnc•no'l' <PII · '' .1 un11 Cdpabl~ ol 11nrrn~ brn,l<v inlmrn>t;on; thP ll.l<rC m<'''"''Y 

Ullrl on ,, hrp«l.or <PmiC«nduet«< rnt·n•ory " Lh~ r<rp-1:., 1, l<a«hl '"""'" "' r ,~ 1 1-ll, 

lh~ tr•ll « "'''"'"' lrv '·"""" th• X ,../,·e¡ l,.e ami o he Y •c.'('{'l Ir m•; :h~ '""'"Ir no> 
ar~ ik>lh re:urnod lhroo~h low-r"''"""ce "'"'" anopl.fop" lo Ktt'Wnd. ,f l~c cell <on­

''""' .1 1, < '""'"' " 1'"''""' rn '"" 1 sen"• '"'" On ¡¡,. ""'~' h•nd, ,¡ lh~ cell con· 
<••n< • O, currr·nl 1> P"~''"l "' the U "'"''' lonc. 

T,¡ "'"'~ inlurmat"'" irrlo the oo•11. 11"' K And Y s.-1.-.;t Ion"' ••~ n~;d h•~h; hold•OK 

<h•· ll •e""' hn~ h;H¡, <>V,,) "'""" ,¡,.. 1 wm~ Ir e e¡, woun<i<"<l '"""' a 1 onlo thr 
<vil, Alh·rr<.•lrvt·ly, lwloJ •·~ lhr• 1 ''""''lino hrKh i+l'.cl •mllhe O><''"" lrnr•" 

~'""'"' ''"""" ,, «"1<"<1 ""'"' • f) >nlo lhe crll. Th• b.,;-c hopola< m•n•o<V cell '" 
Fr" 12-1! • .>n 1"' cr~•ltn '''"'' nne hrn.,.,. doAit d~oll. and '·'u' many W<h cell> .He 
,,.,..,;,.,r,., I<Hrn ,, "'''"""'•'· 

~"toen uf 1he k.\ lhl>·ll"p.-.•11• •n E·~- 1.'-1} "•"•l><·o·n ""·"W"<i on a 4-<>y-4 "'"' 

-w 



)50 

"""" ''"' -'-

-, 
! 

~-·---, ¡ 

; 

" ¡-~ 

' /i 
r 

' ....... -:--'>--~------------
1 "'""'"" 

--------------~.J-v """ 
'-- --- --- --- ___ _j 

:,,, '" torn1 ·' lu-"unl ny on~-ho¡ men,ory '" F•g. ll·ll. 10 "rei<•rred lo 01' 
.wi"m ·"«'" ""'mo•y ¡R,I.,M; >•neo• cach hit" mJ"iduolly adJ'"''Jble by <e­

_,.,.,.,,~ o•~ >lo~~ .w1 o<-<' Yiine. U "•'"' a nond~><mcuDle <eadocl "'''" tho: ~•d 
''• "'' .li<Otl oM< ''"' ,,- "'' 1 ,.,, >la le ol¡ne <clr(led rl•o-li~r- Th, memury come< on a 
••···""'""cor.Ju<l<" ,¡,;,,¡,, ,, <in,,le packa-•1•' shown on Fi~ ll-21,,_ Tn con­

'""' L •' 1(,-wu'(: me-nor> w,lh n.o<~ 1nan O,. b1l P'<' word <"<;UICOS Sl>C.on~ lh..-;e 

''" ,. Ln•t• For e-.mp-e. '" 01 '"""' <h•~ can be u~ lo conM<uCI a 1&-word by 

"'"'"' "'""""1 ,,, >h<mn •n r,~ 11·!•1>- Ohe), ond Y .odd"'" ''""' ""' ail con­
""''''" '" ¡w.>l;,.¡_ Tht• ""'" <h,...·n in F1~< 1 !-ll and 11-~4 .re es.enloally 
-<:-u•aleol lo'"" T~'"' ln<lrum~o" ~OH •od Fam:fuld 91<07 i50H or 90BI. 

c,amrt~ 12-<; 

L'""" ,, G0_11, '"'1''"'" how lo <onllru•;! • 16-word by 12-bo: m~morv. Whal 
>••1'"'' ""''id''"""' 11>~ ll-n.t ""rO !ormed by U>e 1>1> on column : and row 1 of 
•"·" h ~:.m el 

~olution 

'-"""" < '"~1..- :h-"wri 1•1' O• 0·1•1 m~onory pl•n.., in por•IIP:. TOe •ddre" 
J.,J.,J.,X,r.r,r,Y, • IOOUIOOO <e.t><l• IM IBI •n <h• ''"' rnlun•o an<J tlw 1,,, row ol 
<'·"!' pla"c la !2-1,.¡ WOO<I rep·e<eB¡e<J by tioc vcrhc,ol <olumo\ olll ¡,,,.,_ 

fo~ l.>.rgN "'"""""'· tl·e •Pr<<>P<iU• addt~" <i<'<od.n~. dnv~r •n"(llo.'.e" and 
.,._,¡¡¡., rrle '"-'"" ·'"" ,• 1 ton•l• uc~e•d ,, a 'ln~le p.,.- <as<•. Su eh a un11. lr¡r ••ample, '' 
:',• ¡,,,.,.¡,,,J '>14l'o-lhi> ''a i 014-~octl bv unc-bo¡ <O.td/"<01<• ~A.\1 lh<• l<>g•< 
d.t.,-am " •l.own "' F;~ ll-1\. An •ddO<'" 01 10 bol> " rf'<)u•red 
oA.A,ri,~,A,A,t.,A,A,II,) lO oNaon \,U/4 wooJ<. Th.¡¡ "· , M• I'"""Oe l' wu1d 
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loc.llioo; lo) lhi< CJW. lhP 10-M ""'-'""' " d•w:lt~l tolo lw<> ¡¡roup< ol 1.<·~ '"'' 
~.1CI1. Th<• lorot f«·~ lA~ i\ 0, A, 1\,, 11,\ '-<'1<><1 .J UOI~UO ~'""'' <>1 j¡ ion~>"'""'"" 
H-Oy-1! .1rrov. ll1~ ><-..Ond !,y~ 111,. 11,. 11, 11,, 11,1 <r"IPcl C'JciiY 0110 ni lhe ll 

~"·"'IN led hn"' IM oP,1d1n~ '" wr:<,ng The•~ ¡,,;e unil< are ll~<•n "·'d•..-1 on 1'·''·11· 
Id •" <hnwn p<,..iou<l); ~ ""''' p!lo\'>dc • ""'">O<y h,ov<n~ I.Ol4 .,.,,,¡, hy fl hol• 

An<llh~r '"'~"'"'"~ .on<l u•<•f.,l 11 ¡o<> ol •em•U•nrlu< oor m<'"""Y ¡, ''"'"" ,., r '>' 
1 ¡.¡r, ll"' "a ll<p<¡lar TTL r<•,l<l '""Y ""'loorv IROMI. Tho• ,,¡,rmot•on ''""'" '" ,, 
~0.\1 '-'" 1,, rmd oul. lxoi OPw "'lo<m.lloon <"·>nr>Oll..- "'""''" Onoo ol. Th~•. u-,,. ¡,_ 
lorm.ll"'n «o•r-d ;, f"-'<manenl in n,\lurc ~ÜM< can 1..- u;ed on ""'" m•oOe...,hc.>l 
,,,lot,-,, <O<Ir· IJan<l'l'""'• ami nlh•·r ¡,.,.d d,,_,,_ Tlw lnwc 're<¡LJrrNI lm ,, ~OM " 
~··nc•r,>!ly S<mpiPr lh•n Ll>aL rN¡«IIOd l<lr • "'•111/w«l<' ""'nlO<V .• 1nd lhe <>n•l '~""o "' 
f og. \1-16 (t'quwalenl lO • \1 'Hl <• or f ~u<hold 9 j4 ]4) ;>101 "Ir< "'< o·o-~T.(OI OU!ptol 
.. nrd ¡,,. P•ch 1""-1"1 ~n;>ul ,,¡,¡,.~,. T~~oo ·"~. "' ""'"~• n "-o'"' •ir><• an 
-HI<i«'" «<¡;,.e b11< """""'' 11 wnrtl> li',. 1,'¡ 
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Magnetic Devkes and Memorit!l 

CKample 12·10 

How m~ny a.dd"'" bits a~ required lor a \ n-word by lou<-bot ROM conWucted 
>omdarly lo 1he unil m fos. 12-261 How many memory cell• a~ l~e.e on •uch o 
unill 

Solution 

11 '"'~"""' -.ev~n addre" bol>, >ince l'-1211. There would De \28 ~ (-512 
me100ry cells. 

12-7 SEMICONDUCTOR MEMORIES-MOS 

The ba"c device uo,ed in lhe con>1f\JCloon of an MOS ..-moconduclor m~mory,; the 
MO~FET. lkolh p.channel and n-chonnel device> ''" a-.olablo. The n-c~noel 
meffiO<Ie> have >imple< pow~< requirements, usually only +V,., and are qu 11e com­
I"'Hble v.,th ITl .;oce lh...,. ••• uwolly tele<enced 10 gr<><Jnd and havo po•itive 
•ignol lovd• up lo +V~. The p-channel d"' ic~ g<lnera ll¡· requi"' 1"'0 powN·"'W!y 
vol lag<'> and moy requoro •isnal in-.•rSIM in order lo¡,., <ompatoble w11h ITl. MO~ 
d..-.·ic._.. are ,.,,-.owhal •impl.,.. lft•n bipolar devices;., a re<uli, MOS memon'-"' ca~ 
be consttucte<l w11h m""' b11> on • cn1p, and 1ftry are g~""' •lly Ir" ""r>en'i"" 1n.n 
lo>¡>ola< merro<~O<, Th• int<in<~c copacolanc• •><o<ia1e<l wo1h an M05 d<-vico ~en­
erally mean• 1ha1 MOS memori<"> are •lowN lOan bopol•r un.ll, bu1 lhol C.!pac•· 
1ar-.:e can be u~ 10 good .ad•anlage, ., ;..e shall see. 
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Digi1.11 PrincipiP' dnd Application; 

An R'i rl,p-f.o,> rnn>l<utled """~ \1QSI ET1 "<hown '" f•~- ll-27. lt,; a"'"' 
<l••d brstabl" ''""''· wrth Q, •nd Q 1 JI th~ two .ct•ve doi""'· acd Q, acd Q, 
.lCtrn;: •• act"c' pu:l-up• l<">""'lial.y ro"<t•nce•l- Q, and Q, couple ll>~ firp.ilop 
""'""''lo th• ''"'bu !o~e•- ;no- ccll "con<lrurt"<l "''"ii n<hannol d"'ice•. and 
"'it•CtoOio" .l<com¡olo<hed by hnld•ng <mlh iOt• word :in e and t<ll' b11 <eie<"l l~ne hrgh 
o-<-l'o-c'- Tlw pnq;,.,, voil.r~e un t:;e worrllone lu<n< "" Q, and O~ ood the P<l"'"" 
\u,t.•go on 1ne b 1 ,,.¡,..-, lone lum• on Q, and Q,_ lindcr 1ho1 cnrodoloon, the ll•p-f!Qp 
"'-''""''ore rn.,o:,~; dor('{tly tn lh• bil no.mul.t<>lp"t.er lonc input''""" hrgh, and 
""' nlhcr """' lw •f>w). On ¡ow nlher i1and. d.lla cart 1"' <lo red in lttc u•il "hen 11 " 
.,.,,-,{'(] h, •:>~lvon~ 1 orO /~V.,'" O V~ci at <he dol~ otopull~rmono~l. TOe I:Ja;jc 

•'"'"'<>'Y <~-' :n fo~ ¡¿_¡¡ """"' to co;m•truct • :.O~•-b•l RA.'-' n.,.,n~ d los•< 
""'~'·'·"' 'lmolar :o fo~. 11-25. T~" rM«uldf unrt "a 1602., m•nulaclured by 5,~. 
rtOIK> Co•:• 

A memo"' e~.:~""~ JH~M~n~; \IOSflT; ,, •"o"'' '" fi~- 11·18. Q, ond Q, "'" 
tne :wo aclive devoc<'> >ormn>~ rne ~.1>-~"1'- who:• Q, •nd Q, act a; a<tlw lo•d 
"'"'"'"· ;he ce<; " <••wcteó b> ,, low lo~rc b-ol •1 thc• b.-1 <elecl rnpcll. y¡,,, 
,,,.,,,:e, rh~' ""'''"'' ,¡ thc• ¡,,¡¡.lit•~ oul "' .1ppm1m.rto amplolro•< (a; in fo~. 12·171 
::.r .. u¡;h Q, dorl <..'. 

A''"'"' m,.,n<>,, "'"'"f>''""' "' .,.,¡, •·•r-•h;~ n: """"~ hinM)' '"l'"""'"on •n· 
do'"•>·h·iy, f or ,., · ~. th<> In¡"';,., "' \.1( N f T r .. ,, "' '1' ro•m.> "" '~' "' "''"' '" Ion~ 

\ 

Magnehc Oeviccs and Mcmorit•s 

hg. 11·2!. 

\' • -9 voc 
""• 

¡ 
B•< '"'"' 

"' n~wer "appl,ed ¡0 or.o circu•'- Al"'.,, rrl.>gnt•uc core rrm•in• '"'m re>el, """" of 
pow<>r" remo~. TC.0>~ ba>lC memorv coll1 ~,'" u<ed to lorm a U•"' m<m~o•v. On 
th~ oth~' h•nd. a dV""'"'' memory" com¡><»<"d ol memory cell< who"'. <<>M""" 
:end ¡

0 
decay over , rrnnd of ""'~ ipe<Mpl milli,ec;><>d• ~r "'cond<l; 10u1. lh<-" 

COillo•oll mu\1 r.e re•:nreo l(elro•<hedl pcriorloc,tlly. T~< •eaky c•ll·'""'""' 0<­

'"'"·'1.-ci w•th a MOSFE1 c.1n be u•ed In llo<e (~O<ge. an<l thrs '' lhen the bd'IC unrt 
u<t'd tolo: m a dynan>i< nl<!mory. lll><'re Are no dynam•c b,po:., ""''""""' bo«:ao>,.. 
thcre" no , 0 ,¡,,hle in<rrn•ic ca¡Mc•<an<e for chargo >toragel Th~ r>e<'Ó fo, r•tra 
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Uig<tal Principies and Applicationo 
, 

•v•le-m• ar~ ,_.¡d 10 be rar>d<>m·"'<'-"'' sin<~ ~ny word in lhe memory r~n be 
"'le<:ted •t r•ndom. The pniN<y diwdv•nu.¡;e of lhis type ol tnemory •Y'•~m " 1~ 
cost ol conwucllon lO! the amount ol •torage aVailable. M an e•ample, re<:•lllh.\1 
• ma~n01oc la~ is capable of siOrins large quanllll"' ol data. al a rol.>!ively low co<t 
pe< bol of "<><age. 1\ ty¡¡ical taj)C rn1gh1 be capable ol slorong up lo 20 milloon 
ch.arac¡,,., which corr"'P<'nd• to 120 milhon bit> ICh•p. 101. lo CM.,ru<l ""'" • 
memorv W1\h ma~nNic emes requir"' aboct 3 m1llinn cor"' per plan•, a"um1ng 
;ve"'"' • sU.cl: oll6 plan"' c~orc,pond"'S lo~ Jb-b,l word. 11 i> quite o>' y 10 un­
der•!i.-.:1 !he im~><OC1ica kly of Conllru<l"''ll •och a ..,........,_ Wh•t ¡, n...aod. ~~~n. " 
• sy,.em c•p•ble of 'IOring inlorm•lion w11!11e" cosl per brt bu¡ havi~B a ¡real~' 

cap.>~•IY-

Ó<l<h • >ystem ,, 1M ma¡~n.-!Lc-dwm >Wage SV'Iem. The b>1i• ol a ma~nNot 
drum ;, • cylind"c~l-•haped drum. lhe ""rfoc• ol wh><;h t.a< bet-n coalo-d wrlh • 
magn~IIC moi~11~L The d<um i> rotated on 'l> a•is a• <hown 1n Fog_ ll· 11. ano ~~~ 
rNd/wro!e he.d1 ••• u"'d to rl'(ord rnlmmo¡,on on lf>e d<om oo oead in!orm,lt,on 
from 1M drum. Sin< o the <uri•ce of IN- doum "m•¡¡r>~l"· il e>ohibit< a rrcl.>ngubo· 
hy,¡~r .. loop property and can thu< t.. magne¡¡no:;l The p<OC'-"l< of r<'(ordrng on 
!he drum i• much 1he wme as for rocoodong on magne\'c lape, a< diKU•oed m 
Chap. 10. and the same methoUs for rrcordong ar<' «>mmonly Y<eU (i e .. ~~- "RZ . 
• r..r r-.'Rlll. The dot• "" <KO!dod in lr•ck< Mound <he circumfe<cnce ni lhe drum, 
•nd therc "one rrad/1'<110 llead lor ~ach 1rad. 11\r<e are"""" m•i<" m<"ll>od• In• 
<lonn~ ,nlurm•L,on on the doum •u<hce; lf>ey "'" b•l-seriat bll-poralld, and bll· 
1er Jai-¡>J r Jll el. 

In hrl·<e•ldl re<oodong. •111M b,,. on onc'Wood ••• 1torP<f ""1"""""11y, "~e hy 
"d~. on one trAd. of the doum. B;t-<erool \toro~e i• •f-.own in Frg_ l2-J~•- ~lora~~ 
deni•I•P> ni lOO 10 l ,000 L'l' pe• '" .re IYP'<•I lo< m•snet;c do u m,_ "' tv¡>rc •" <hum 
might be 6 on on d'"""'"' ~nd lhu< h•vc lh~ capoc'Ll lo <lorc• " >< 6 1n x !JO '"l' 
""'in .. S.OH b•l< rn e~ch lr•ck. 00\Jm> havl' Uccn con•lruot,.;l woth •"'"hefl' 
f<om 11 lo •oo to•ch. and • •p•cins ol lO tracl<s 1<> tne in<h" ty¡>iC.I. lf we ••· 
•umP ti>i> p•olln•IM drum i< 8 •n "''"" ,,.¡ ~'' • lol•l ol 100\racks. wc ·~e,,. 
m,.;l,.t~ly 1M1 ol ha\ a •torog~ cap>c•tl' ol 5,02~ ¡,,,, J}<'' trae k X lOO t<od"'" 
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M<lgneTic Devoces and Memories 

he•d fot the 1rad, ot" easy lO oee thal we may ha•e to woil lo rNd ony one w"•d. 
Tr..t i>. the drum i< <olatin¡¡, ond lhe w<>rd we wan1 to 1ead may MI be undN the 
"'ad heod at the hme we ct.oo>t:: lo read ot. ll may tn fiCI have iu<~ pa•<ed und..,lhe 
head, ,,nd we wiil ha..., to waol unl•llhe drum completM Marly a f,;L' r.,..,lu~on 

.. belore ol is under lhc head again, Th" point• out one ol the majm d"advanta~e• of 
lhe drum <ompa~ W1th the co'" Slorage lhat is !he problem ol oc ces• "me. On 
the •-•se. we can "'"'""' 1hat we will h.ove 10 w••' tr.. hmc ~uit<!d 1<>< tl>e 
drum lQ <ompl""' one-half a revoluuon. " drum ;, lhu• .. id In ha"" re<!ticted 
access. 

Wmple 12-12 
11 lhe drum in Example 11·1 1 mtates al a spttd ol l,OOO rpm, whot is the aW"fOge 
access lome lor t~c drum/ 

Solution 

3,000 rpm =SO rpo. Thu• th~ lome lor """ revoluuo~ " l/150 rp•)- 20 m•. Thu<. 
lhe averose access time i< one-Mif the time ol one re•oluuon, whoch ,; lO m• 
Contra•! th,. wun • co,oc.Jenl-cor~t c.,. memory whoch ha• a d.rect acc••< t•mc 
ola r- mocrru«ond,_ · 

Nol<Ce in the Plt'V•ou• ""'mple that <1 IO'QUiff"< a <h<>fl >"'riod of time lo "'ad the 
36 b•t• of lhe word. <.nce they appe¿r under ~~~ "'"" head onc b<l al a Umf' ;~ a 
se<•al fashion. The ocluollt•me r...:¡uir<"d ">rNII compare<~ wuh th~ occ.-.•tom~ ond 
is loond to be <lU m>/n/1'>1} woru• pe< :r.ockJ "' ~O 1''- Tn« r~ad !lme can be 
reducc-d Dy ;torin~ lf>lo dato on the drum_in a paoallel maMPo, •• •hown in f<g. 
12-J2b. 

Tf>lo average accns ti~ for b•t-p;u•llel <torage i< the <ame •• loo b•t-ser.al 
>loraae. but •1 is possit>le to re<><! and recl)td inform•..on 11 • much !aster ra~ w'itk 
the t.t-paralld <y<tem. let u<""' the dllJm tn E""mple 12-11 or.<:e mo..,. Sonce 
lhcre "'" 523 word< around e>ch track, and •ince the drum rolale< at SO 'P'I· we 
Can reod lor wro\e) 'Hl word< ~~ re\lolulton X 50 fl'•- 26, ISO w<orth per oe<ond. 
11 tk~ dat.o were """"' tn p.arallcl fashio~. we ~o~ld read (or wnte) al J6 ¡,me;¡¡,., 
ratt·, or at .i"rate of 18,8~0 w<orti< per ""rnu1ion X 50 rp;- 941,000 word, >"'' W<­

orod. We wouiJ. ol <ou""· arra.,~e to l>ave the numb<-r ol trad< on thc dr"m an 
•ven multtple ol the_ ~umber ~~ btts tn a word. For c•ample, with a 16-b•t word we 
mighl U .... 0 dtUR\ hoving J& cir 72 Of )Qll!f<>(ks. 

A lh"d mOthod lor record•n~ data on 1 drum i< c.liod "bil·..,roal-parall~ ," The 

1methnd " •hown on f<g. 1 l·ll< and "commonly u>.-d-for 'lm.n,¡ 8CD .r.lorma· 
tion The arc'é<> and re.><J for Wrtle)ltm~s are a combinalion ol the sen al and par al· 
lel ton•••- One BCO characl"' occupie< one bit in each of fo,.,r ad¡;>c.-nt ¡ud~ 
Thu>. ever; loor uaok; m•~ht be called a ""bond," and ..,eh BCD ch>r.octer oc· 
Cupi~• <me •pace in lhe band. lf there ar• J& 8CD choracte" in a word. we con 
Slo•e S 2l words on the drum ol E>amplc 1 2-1 1. 

Qutle often tf>lo .cce<> tomo is ..,,,..Jrd up by lhe add•toon nf e•t•• ,,.~i/wrM "-: 
he.>d> oround the drum. tor ~·•n•~ie, we moght u>l' two ""' of head< pl>eod on O" 

·oppo>ot. >•des ol the drum. Thl< would ob>-.ou>ly cut the acce" hm~ on h•l(. Alt~r-
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~0\-'ely, "''' mi~ht """ t~ree <et< of heod• o<1ongcd •round o he drum •t120" •ngles. 
Th,; wuuld te-duce th~ ocCe» wne l>y une-lhird. 

Srnc~ """"g on Jnd rcodmg fmm ohe dlum must ¡,..""'Y ca1~fully timed, one 
or.ock rn th~ drum '' u>uoll• '"'cr.ed a< • ormrng t•ad a~ ohi< lt•Ü. a ~res of 
11ming pul>e> " pt'mwrenoly r<"<orded oo>d i< U'>f<i "' •ynchroni>c the wfll~ •r><l 
r<•ado~·•otron< fmthe drum dr><u"ed "' r.ample 11·1 1, ohert• "" ';ll wmd< in 
~.och uxO '"''"'d the crrcumlcr.nco of the clrum. W~ mi¡lll ohen '""ord a ~;.., of 
sn eq"olly 1paccd trmmg "'"'~' M<>ur>d tl>e circumiO<~nce oltl>e uming lrocl:. 
(och pulw wuuld then de"~"·'"' lhe "'•'d "' wrHe J>O>•l.un loro v.ord on ol>e drum 

STUDY AIDS 

,.. wi<W va""'v of mag""'" d'''""..., <:an be u<ed •• bino!)' ~ices in dogot.>l 
'Y""m<. ~; IM olw rno>t ,.ido•ly u.ed ;, ohc mag~elic core. Co•t'l can be uoed to 
1orplemenr '·'"0'" lo~r< func"""' <uch ·" hNll, m, •nd NOT, •~d moro <'ump\o­
< at!'<l fun< ''""' c. ro lw !mmed !10m cmnbrnat,on; ol ther.e na,c '"'"'"· M•gneHL­
«>•~ ,h,ll '"'!l>lt~> •nd m>g caunto" can U.. conotruct..-d by u>ing lhe >ingi~.Jiod~ 
,.,.,r.., iUOI> b.•tw<'<.'n cur.,.. Md&netk·COI~ logic i; J>O!Iicufarly u"'lul in appfo<a· 
tron< e.pr.•ricncon~ onwnnment"l e<lrenw< 

O"O<t·,>CC•"' ,;,..,.,0""' wrth "'''l '"'' •cce» timr•> con be <nn;enienoly con­
>lruct..-d u"n~ eolh<•• nrJgnotk cure• or l!an>i>lo••. The ""'" popul•• method lo• 
con>l!ucoing th~><' mr.•morr"' ¡, thp curncrdent-or"'ent t...,hmqut•. Memorit'l con­
,,.uc!N """K <O•M .rre ,nhere~ll; ORO-Iy~ mcmo•io> bu! c•n U.. t,.n<formed 
rniU NO~O memo"e' by tire ad<htron ol e•<crnallogrc. 

Sem•<Ondi>Ctor momofre> con>tw<l<<i f•om bopolor oransi<tn" or MOSHls are 
•varfab'o. BopoiM mr.-mone> Al~ ,,,,,;e ""'motif'<. Wo a1e av•olat~o· •• random­
"""'' ~Q.\\'1. 01 O> complete I<"Jfi/o> ""' uOtl> MÜS me<rk>rr("S Cdn be "'th~• >t.>liC 
"' dyn.unic, ond "'" ·""'!,,l,lo• •• ~fiM,, 

M.lgl'lf't,c drum> dnd ,t.,k, ,,.,,.;,¡,. l•r~e< <IOiage copacit•e> at • lowe< c1>11 per bil 
than cor ... t¡JW me"'"'"''· TI-e; du. M~><''"'· otler tl'lc dis..rd;a.,t.>go ol inu~a>od 
•«'-"' Ur~e. 

acreu ""'~ for a n.>in<id""'"'u"cnt ,nemory, " ;, lhe time <equired lo• o,.. 
rPdJ/wrrle cydo. '" ~em•f,ll. •t "ohe time lt'(ju<rc'fl 10 wrroc onc• wcrd into 
nwonury or 10 •c.><l o•w wurd "'-'"' ""''"or;. 

J<!dtr•» A'""" at b'"''Y d'~''' u>o.'<l ro 'IX'<'Iy th~ 1ocaoion uf J wo•d >IOrc•d '"a 
"''""or¡·. 

como rd••n< ., ""''"' .,.¡,~ tiun !he te<\o<H<I"" u1 •rolying 'hf. un t•.oh uf twn hnr.•• 
~·"""f: """''"h ,, "'·'~"''''' oh reo "' •u<h ,1 w,ov thot thc rwl cunenl ''' 1~ "'''' 
""" h ''"' ,,.., ,.., .. 

D~O [}e,oruo ,.,,. "'•"k"''· 
JynJOl" .,,,.,.,,11 A nrt·n:ooy """"' wnrenl> mu'll f>o• ""tmM pc<iodrcall1. 
.,,,, . .,.,, l\• '""'1 "'"" o¡,.. ¡;,..,.•, "'""' ¡,,.,,., . .,, whrch '""·"'' ou la~ behind. 
'" ,,,.,..,, , um· Co•,rc·r.~ly ,, plol "' "'·'~'"''" olu• <len,.ly 8 ""'"" '"'~""1" fu« e 

1 
• 

' 

.• 
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. , .. 

'" 
H. Can also refe1 lo l~e plot of magnetic flu• ~ vel<u< magne1izing currcnt l. 

m<'mury cyde In • cu;,ciderrt-CU> 1 enl mc·rn<>•v sy<torn, a read operaMn r.,tfowed 
by • wl.'le OpC"'io~. 

NDRO Nor>de>lruct<Ye readout. 
'V\M R.ondom-occe<> memory. 
ROM Read-on'y mcmary. 
>~lE'<:! cvrr~n¡ J. Th~ mrnrmvm curre<>t required to <wrlch a mognetic dc•ke. 
>ingle-diod~ lr~n•l~' lrx.p A method ol coupling the output uf""" mag......,rc core 

lo tl>e input of the ""'1 magneli<: core. 
<Qu~~n<"" wio A me.-u"' ot core qualoly. f'<lm lhe hy>IO<<'<i< cu~>e, rt i> rh~ 

r•llo S,IS. 
>!aiiC mt·mOty A m """"Y <~l>olble of •W•Ing b•n•ry rnlormaticn ir>d~fiMely." 

Rni~w Queslion• 

' 
'· 
'· 
•• 

'· 
•• 

'· • 
•• 

'" 
"· 

"· 
" 
" ... 
"· 
" 

N• me one ad••n!.lge ol • fe,.., te cor~ o•er • mera'·nbbon ~ore. 

N•me one •dv.n!d8e ola metal-nbhon coreo""' • le"''" eme. 

Describe the nrethod for detectrng a >tored 1 "'a core. 

1'\'hy i< a wobong I<"Chnique olten u>ed lo de~.a oi>e output ol • '""tcl>e<f 
e ore/ 

1 low ;, coor.• >wrtchin~ time 1, •ffecoed b, the ;w,t<hong cuftenl! 

hpla,n why mo•e mmplrc~oed logre lunclro~> u<ing CO<e< can 'e.od to "''"'" 
'"" ope .. \ing time>. 

What ¡,!he purpo>e ol th~ diod~ in the >ingle-diode tr•n>fcr loop> 

Why i> a def•y m >i&'lOI u•n<f.., belween cor~• dcsi•edl 

E.pta,n hov. the R and C '" Fig 12·1 t intro>duce a delay in ,:~n•l "·'"'ler 
l)o<ween lU<C>. 

bpl,.in the opt"ratron ol l~.e >en>e wi1e rn a nuonetO:-co•e ""''''' plane. Whv 
'' '' po>,blc lo lhte•d "'~" core in the pl.ne wrth the ,.m~ wir~l 

hpl><n huw •1 i> """'Irte to >tme a O in o co,incideni·<:Um•nl mem~~.--;.;;~ •. -
ming the rn~rbr1line. // 

Why i< ~ l>.><oc coincident-mrrent Co<e mcmory inher...,tly ~ .;~Q·IY~ 
>y<lem! 7 
!11 1 1 >~ IJJ<rc rrl!'mmy qcle lu' a coincidenl-<urrr.•nt co•,..-•'L mo•y >Y>"'"'· wh't., 
mu" th•• r~•d OJWr•t>On come t>rfore the '::~ _... "~1 CC 

Wh,>l " rho.• drfforenc.• helween t~· ...-"'" ''"' ~>emory and the lt'o<d /"'m 
""''""'Y c)cl<•> fu1 a 00 , 1codey··,~· .. Core '"~Cnory sy>tr·m> 

1 •pla,n lh• me,.nin~ o:;.- ·•'-. '64 ·word by eight·bot ><•tic ~AM ... 

Wh¡ .>~· 11,..,.. ~/..-•'" .. <(; brpolao "'""'"'''-'>! 
WhJt u 0,._ ,_., •• ,, lu "<d•e,h" ·' dynan"c mon1ory! 
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18. Do•" r.l"' 1h•· d,f¡erence IX'rween ral1dO"l·O«e" M>d re.,ricted·.Kcess mem­

or "'' 

Jl-1. Qr,lu a l¡,,;...lny>OerMi< cu"'e lor • core. ~nd >l>ow the 1\>o remanent 

1"'"''· 
;1-1. ~'""' ,r,lpOoir·,ollr nn ,, .¡,¡curve ohe r.11h ~r ohe m1eMiins pmnt., the COrt' 
" """'"'d iron1 ,, 1 to a O. R~r><•l im ;wol<;hing from • O t<> a 1. 

il·l- D<olw ¡o.e '''"'bol for a ma~netrc -.::ore logoc elemMt, •r-.d .-piO,n !he func­

''"'" '" o•ach '"""'"~ 
1¡ . .¡_ D•·•~ ,, ""' nf """•'"'"" •howi-•s how the e><lu.,ve-o• '"''"' of Fog . 
. : -"f m u" n,rer.l1r• lnotKe ,¡ r.-quire> only two cbck! "hoch aoe 'PACed 1!!0" out 
"' ;• ""'"'-

11-\. llr."' ,, "'"¡;lo•-rlrnde l<,li1>1N loop botwC<'n two cnres, and eopldtn '"opero­

''""'""""''"'''"""' d lleed<'<li 
11-ó. Drow " " hr<rultc and tl>o "aveform> for a cooe rong countor whrch P«>­
v.X:< '''"''" Out¡rui¡~H""' 

11-7. D••w ,, '""" h .~~n ~·pt,,, hn" a coro can oe >w•tched by tho coonc,denl­
c""""i nlolho·d 

H-R. M•>r" ''••t<;h sim,iM to fi~ 12-IS >howrng • threo-d•men,ion•l cor• 
cnrnomy c•p.>ble o! """ng I{IQ ¡on-b11 ""O•d> Show •11 input •nd "utput lone< 
'"'•"h. 
IJ.•i. 0•""'''" ''"' ~r,m>etrv nl.1 '"'ncidt•nl-cu"ent '"'" memory Cd¡>ab;e ol 
•-•'""~ 4.0% th"'"'·"•·l>ot wmd> lo e., how m•nv planto>, how mony eme> ¡><"< 

¡>-.1ne. rt<;.l. 

ll--.0. i·luw '""''\ '"'' c,on lw >looc•rl,~ Th~ n1emory '" Prob 12·9' 

ll-11. Hov. ""'ni' cnntroi :.ne> •re req~ired 'or the mM>orv on P<t>t>. 12·91 

: <·ll. S~.rw ~<->¡>:,;, ,,,;,. tne mt•_,n,rg of >qu¡reoe" · allo 10• a magneto< core. and 
,.,,,:,,n ''' •mP"''""''" ior m••nct•<·cn•e memoro«. 

ll-ll. De<{fll>e d <t<u(tur~ lor ti>O add re" wh<Ch could be ~>ed "'' the memory 
,{Prob. 12-9. 

12-1 ~. 11 a e•"·"" , '"" mm•or. " 'ompoo>Pd of >qu.Jre m•trKes, wh,¡t " the wo<d 
:a,,;"ty rl thr adot~"" 12 l'inary <i•WL>' 

;.:~. Hnw n>-•r.· .•·:• an· '"'Ju"rd in Uoe •doreo> ola 25¡;.......,.,¡ 1"1 ooe-b<t 
••dlwrrlr b•p<>lar KA' tC 

2-16. Drow ¡he""'''''" ol thr ~~~·O'd ch•rgo on the ¡¡atrc,¡pacotante •hown to 
1c Í>Jsic <iynamr< n»•mory cell '" r,, 11-29. 

' 
1 

¡ 

t 
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pcr 'onl 
lar !he drum on l'rob. 12·16 ot " rotal,.. ., 

12-19. Whal '' the •"""~ge "'~"'' 1""" oduc th'" ocreS> t•me by • !actor of 2! 
36 000 rpm! what could be done lo ' • 

11~10. For the dru"1 '" Prob. 11·18, al wh¿!t' r~te muS! dat• be mmted (ie., 
,.,~d 0 , wrote) 1¡ tbe drum rotatt-< al 36,000 <P 



• 1"'00."T'""'. e• o .. u,n~a •~snMs 
ustd 10 ., · 

11'<01 Y lho 1)111/u {form) "'d lh< . · · 
"'"'"'"'· Tbcy ""•• ben~ u .. • ,·, • ,. sctrunl~<> (muni"i) of P'OI'Immlno 
' ' 0 " nln •ttcltoloom ., · 

IOJI, 1 <Ompltxlly 11Udio1 cf l!"ff1*!<L J>l IliOn, r:<>mpilor .,r;f"•· 

1.3 EVOlUTION OF OPERATlNGSYSTEMS 

Ju,¡ 1 ¡.,. yoors 11101 FORTRAN. . . " 
"'ilh hlo oouroo d<Q: in hio Ioft r..n/':""m<r would opprooch the computer 
FORTRAN compilq"' bl3 ,,.~,e_ ., 'u.. 1 

&l .. n d«>k cf ardoth>l wouJd be 0 
'6'' '""~-u< ....,.Id: 

l. Plooo lhe FORTRAN compilor ( "" d • 
~load buUon. lb• comput.:' 'ofOuldec¡k) ~n ~· otrd hoppor ond 9,.,, 

2. . • biS IUII":<It"lUII;I< dt<:klnto lhr ca 
01 1 • FORTRAN compilor. 

P•l<r would Proe<ed IQ uan·'·• _ rd bopptr, Tho fORTRAN CO!II· 
w • -••••ntoomKhi 1 '' punc,ed onlo rrd c.vdo "' lllj!llllgo deck, whlcb 

l. Ruch lniO lh< card libury fot 
1 

. , 
ploco them '" rhe C<rd h 1 P•'* d<ek ofcudsm>rhd "lcader,"ond 
oto memo¡ y, oppc · The e<>mputer W<>uld l<llld tho lood<r . , 

4Pb· ·' ono 
· "" h" newl~ lron>lued obj<ct dodc . 

"Ould lood 11 <nto lhe n,.duM .111 lho <Vd hoppor, Th< IQ&dor 
S. l'loeo in tho <ord hoppor lht do~ko of on ltJ - • 

ooU<d. Tho l<llldor "'Ould l d tilo Y, brouton" "'h•<h hio P<ogoam 
6. Flno.lly lho load oa "' subroutmes. 

- h ' "~-...Id ln.n<fer ••«tUl 1 h 
mo¡ 1 r..¡u;,.. lh<rt>don¡ of dl!><&rdl. "" 0 1 • ""''"' program, w!oeh 

Th,. l)'llom of multorolored d e 
srro •e~• '"11 """""kat..,..¡·; "& lllOll\';ltoon for ""'""l 10 1 O 1 l<lory, and ohofe ,..., 
.. luable <<>mputer titilo,..,, •, moro <Xiblo systtm One reaoon wao lhat 
h d " mg "'Uied 11 lho h 

on 1'"1 '""''"' and b<!-..etn ¡ob• (A b . moo '"'llood •di< dunng card­
"'""'b!)loropro1um)'"' ,10 "'unnof~ofo<dwOJk,e¡ on 

iO ""'"'" 1'"' wutt the f JI , pro• od, p<rlllJltifl& o numb<rof¡oblto b ) • IC <!y to IMrdr )Cibl '"'-' 
lo b< nod A IH:tch """"'""" •P ooed togerh" 1nto the cord hopnor 
<> •• '-· ·• 'Y!Icnr l><tform<d tho tuk '•· • ""'P'" hoc batoh I)'S!tm wou)d ' O ""'""'"JJOb$. For 
FORTn ., por Otm lltpt llhroo.r-• • , 

"" oomp,Jtr ond loodor f 6'' ~ '"""" "'"'•"'1! tht 
As !ho domando fe ro.n ~<<ondory """S' 

m '<on~put<r t•m• mtmor de 
' ltotnt ""n.t<mtnt or • • 1 • """'· lnd f"d.., mcrul'd oh 
.o In ... r<sourtts b«o • • 
"'""" vonouo mtlhod• of me moro othJc.ol In Chop~r 9 0 •ff 1111nogona thom Thost ,., w 

otJtnt ""'""!:"""'' of them tan bt co 
0
""'"' "' ••luobto, ond ,0• 

ha• ""lvtd 11 the <'Otl • llly. The manqement of ""•h ,.,0111<., 
In 11mplo bo.tchtd nd IOphtst«Uton o( oll Ult lnm.oltd 

' 'Y"<.mt, the momooy rtiOUlto w" alt;,atod totally to • 

• 

• 
lindo p<Op'llll. Thus, tt 1 pr<>«Dm did DO\....., the eALIItiD<IIIOI)'. o ponlon of 
!bol r...,w<C wai .... lted. Mullip<OIIramm;,¡ optr>!lns I)'Sionu wllh P'fl-.1 
con __,. won: 4evolopal tu clr011""""\ thla problnn.Mull"'"""""" al· 
lo-wo mullo¡olt p~ 10 rtUit m oepanotc ueas of coro rt tbt Plllt ¡¡,., Pro­
smno w..e ¡tvm ol\xeol portion of oon (MIJri¡lrqrwllmUw MIA FW4 T.c<b 
(MF'l)) oc 1 .. IYinl.._. p0rtJon af core (Mult/¡Hctiwrnod/11 wlth l'nbla Jbokl 
(NVT)).' - . -· -. • ,. ", 
, on.,. 1n auc1o piJI.IIJonod mema,. oy~t<~m """"' p0111oa -Id not too IISid. *'" 11 "''' toO srn>il 'w C()Jit&b! l!"ogtam. Tho !"Obltlll of "hala" or ~nUS.d 

pOnlt:oru. el COl< b callotl r...-'*"'- Frop~talltion lw bee:n ,., ¡ h..t by 

tbt tochniqolo of rdocollblt penk""" ~~· 6500) rnd by P"&il'l (XDS 
940," HIS 6-45). Rdlxolfi>k ¡wtitloM<I <0n ollowo lho Un~D~d ¡)orUon> 10 bo 
C<IIMitnood IDio one <XII'Itilt>OUS pon el coro. ·• 

J'qltlf is o .MIIod af m<m01Y allo:ation b,.- whidl tho P"'IM'!Is "'bdMCied 
lnla equal poo-lions ar ..... 1nd COl< lo IUbdJvidod !lito tqllll porllonoor blr><4 

Th< """""" looded latO blada.. 
· T l!ere "'" IWO PIS'" toohnictuos: limpio 11111 de'""""· In .;.y/~,.,... oD !he 
""" of 1 pro¡nm IIIUil bo In «<t foc <Uo;ulion. In dt...-1 pqiJiz 1 Pf"''"lltl 
an be a<o:-11t.d withoul -~n posa l><inl ;, cor•. i.e., J>l&"' ore fotd>od iniO coro 
allhe)l.oro nmlod {.mi..ndod). ' 

Th< nodtl wW r..:aiL from I<CIIOn l-1 thatol)'otom witb I<VOrol proeoo101o lo 
l<f!Md 1 rmrhlproc:mln¡ I)'SICI!I. Tho 111/flc cx>lll>o/16 o:oardlno.-t• tb< p:oo ... 
""'' ond th• p¡oc:o...._ Th• mo~~reo ~r pro:.....- t1rn< b al"-'catod by a ~o¡nm 
kno.,.n u tho oc/ltlhJier. The Pf<)etl><lf <o!l<erned wlth 1/0 ¡, roferred to u tho 

f/0 ~""'- """ provornn\ina thb ptoc<""r is allod J{Q pro,.,.,.inf. 
Tilo resaurcc at mes af infatm11ion io ollocated ey th• fduymon. A I!JIII"'I 

" o youp al !nfountlk>n thll a Ul<l "'ish" !O lfeat 10 111 ontlty. Fi~ ut «¡· 
mr:ato. Tbooo uo two typ<> of fdes: (1) ohrectarito .,.¡ {l) dau. or J>fOirtlttl. 
DlnctoritJ CO!IIIÍn the lac>tiodo of other folu. la 1 há<nn:IIJal fílt l)'llom. 
d~<Otariu moy poinl 1~ other dlreclor!<o, wbkh in ttsm moy poinllo d.iroctorleo ., .. 

T&nt-tMrl'W io ane 1110\bod ar ofloool!ftt Pfotn>Ctr Ilmo. 1t ¡, t)lpo<tlly dui· 
o<t<!l>od by int<nollv< prOCftllns and tunullcin1 of lho CPU'o timo to ollow 

quodt 1upans< lo uch '*''· 
A •ll"n<ol ~ (N!rM ~- .mlrm ~) eo<tolslo of !hose od"'""' tbat 

m.oy bo ¡onerattd b)o 1 proetuor duri,. e.OCUiion of a campulllion. Tito ""'"'" 
"'Y sp«r '"'""'" of the "1 of oddzwn that C!Xrospond 10 phyliul ""'m"¡ 
ID<o!iono. The tecbnique of :qmmmion pra.;des 1 !a:¡e "'"" q>1011 .itd o rod 



• 

1.4 OPEflATINIJ SYSTEM USEII VIEWPOJNT: FUNCTJONS 

fi'Otlllbt usa'• poin¡ of .- !be . 
lo Ulisl h!m In the mtrlwfk, of :'1vrpooe of "" Oporol"'ll system (moniior) il 
fuDcUono 010 puformed by lbt I)'Tiem:"'& probkmo Spe<ar.cally, !he foll""'i<>¡ 

1· Job lfQUtD<inc, lebeduJin ond . 
2. lnpu1foutput prcporrunm:' lnlfOc <<>ntroltor Dpoation 

l. Proiectina it...lffr<XII the "'"'' P<otec 
4, S.W.Miay >IOrqt ~~ tilla !he u.sa from othn """" 
5. Eu.,. horullirc 

Contider lhe !ilua!ion In whi.t, ' . 
...,ther usq ha¡. 1 ¡ob lhot r.~r.:r;:..-• ht~o job lhlllakes f~ur houa, Ol\d 
limuJtaneau~~y, it 11'0\ll.d l<m1 

0 
• ICCOtldl. lf both jobo ,..,, submil!od 

' 
.__ ••- . o emoruno1""r•· 00 '' • ' 0 ,.. .. '"" run ¡o r.m Buod- n -· 1 • aur-sccond uw 

M - · Dn COnsidm.tlon¡ lllth U l"'· .• oma fl"!f""""d by tho . . _.,..,¡o ocbedulln¡ il 
lnd ootpu¡ while Dmllltaneou>~y ~~ I)'IICIII. 1~ ll "¡>oosiblc lo do inpu¡ 
com¡IU!., syl!ems oll the .. f . «UUng 0 progrillll, 10 ls thocue worh mony 

• •- • """"""'are sch<dul<d b> 0• '' 
" 1 "'" """' <lid, tho 1/0 ~~ nuy be "' lro "' comroller. 

"'ith ilo <>wn <re<ia!ru.t 101 of _ ~. thw¡ta of "'><'pilote compu~er 
~~ program il (in mony eosn Q:::n;•;:"-

1
M

011 "'""do no¡ Winl to Jurn how 
llmp!y IIY in hi> progr...,, "Roa<!," c:au . P :•d tuk). Tho U50r "0Uld Jiko to 
P"lm •o tho 110 cito~¡ for UenJ!ion ~ ;::;;'lot IY'tan tosuwly, pro­
IYllems. 1ft lftllny ca ... lho P • 1 ty 1s PIO>ided by cperatrn¡ 
seq"""'" of c!osc!y ¡01 ,,.,.0.,:oar•,m oupp/ied lo lhe J/0 ohannot con1;,., of 1 lf>o '0 <nupt routlnn that hand! 1 ....,., 'iley, Mr. 110 Chúnd did e !he lituaU011 in 
celwd it ~ "A ' You roeoiYe th.t! thme~or?" ·y 

· '' you ''"' you roc<JI<fd it'" ·•y , ·~ 1 re-
lnother ono." ""Fino. scnd it ""Y • · · "· 1m'"''·" "'Okay. I"IJ scnd 
"!KIId it!" • ou " "'" you want me 10 '""d anothor onc!" 

An cxtmnety-
f rflnt fwtctionofanoper t" 
rom belnallun, eirher m•liciousty 0 id 1 '"1 IY•t•m i>to pro1oc1 the um 

toct hl:n when othor .,..,..,. •·- r '"" entally, by Olher """; tlu.t ;, pro-
buos. ..... .......utinl or <h""'ing \be" • ••< optlllin¡ I)'Siern m1a11 inoure . . IJ Pt<>eram~ fd ... or do!l 
uscrs from ... h Olher tho opor . lliVIolobility. A o W<ll 11 protocling 
111ho, wh<lher mo!itio~ or acr~'"8 ~~·~ mU'$t also prorect itsclf from """ 

Sludm11 an P<ll chollo ... - _•,nu ,mi&ht "<ro<h" lht sy1tem .. 
....... '" proleotron fllllchu¡sm.._ ~~ • 

""'" '"' sy>l<ml 

' 

n 

!"0~ """'"' is i!ÍftO 11 MJ.T .,·we frnd tlut diJO 10 lhelarJIItlllllb<r of 
studenll portlc!¡>atlng it lo very diffrtlllt to penon.tl!y J!l4< -ry Pf0F81'1 ruA 

on tho ma<hlne problemo. So for tho vcry simple probleml- ccr\alnly \he frnl 
ptoblml whlch may be lo ~~ lht number gf A"o In 1 oe¡iskr and leo .. 
tbo an...,... In onother n¡lslef - ,.. hl'le wntta 1 lfldírc pK~&JW lhat is ir>­
clrl<lcd 11 part of the operoUng .Ystem. Th< gr1ding pro¡r., calb \he ltudoat'l 
program and trulfou rontrol to it. In lhi:l o!mple problem th• tludcnt'o pro¡r..., 
¡noc:euoo \he oon1Cflh of \he te¡iS!Cf, lea ... hJo ~ ....... In onolhu ro¡lde,, 1nol 
te1um1 to \he groding propm.. The )atto; chtcko 1<> l1nd oul. if tlot ~ 
nurnbtr lw beon Ioft in \he onswor regl>ter. Aherwards, die IJifiJn& progrllTI 
priniJ out • li>tin¡ gf .U the studer:>IJ In !be dan l!ld thcll grades. fm euq,w. 

VIT-" KOH~ 
II .. C>lEL RIIXB"'IIM 
.lOE UV!N 
t.OfTI ~Oii:H 

CORRfCT 
CORIIECT 
!NOORRECT 
CORRECT 

0111111 year'o111o, \he o:oqruterliJtln¡ btp:~ 11 fouow.: 

J"'MESJIRCHER 
EO MCCARTHV 
ELLH< N""() LE 
.IOH .. SC><W .. RTl. 

CORAECT 
COIIRECT 
ONC()IIIIECT 

"""YBE 

(V/e uo ""' suro how John Sellwanz did lhls; we ¡ave him on A !n \!>o t:Ourse.) 
• Seccn4ti1J> IIO<Cit ma""ponl il a t>ok. porfom><d by 1m oporalin¡ syotem ill 
con)un<lloll wilh \he uoo of ~;,b, t•poo, and othor ""'""""'" storap f"' a u.or'o 
p;,¡,im• ond dm. 

An ope11tin¡ system mu1t tei:¡)Ofld to orron.. For ournplo. !f tho progrommer 
. sho~ld omnow 1 rtt;istcr, lt is not eo:onomical for the COI!lJ>II\"' to lllllply st_op 

and wait for m op<raror ui intorvene. When on error occurs. the oporo11rtt ¡yotom 
m~SI uke approprllle aet!on. · 

U> OPERA TINO SYSf(M USEFI VtEIYI'OlNT: 
0.0. TéH CONTROL t.ANGUAOE 

Many _usen o!tw an ope11tlng sy•tem only througlt.the b•ldl oystem control 
cardo by which !hoy must ptefa~ lheir P•og;rama. In thh IOC\1011 we w~l diJ<11J1 
a simple monitDf system ond the eontrol cardo luor:iatod 111i\h 11. Othor mort 
eomptex monlton aro dl!cussod In Ch.opter 9. ' 



• 
MOIII/Or 11 o 101111 lhll "''" tO lho control pro&rama o( .., Optrl!lllfloyotom, 

Typletlly, In o bltch oyltm U.. jobo..., ot.cbd lila eatd rtad<r,II>CIIbo 
moMo¡ IJiolml ~CQU<ollllly pit 1 Oldl job. A iolt may consiot ofsnml 
oepanlt pr"'flnll lo be •~mtted -.quenti:l!ly, ol<h lndiVI!tual propam beinJ 
..Ued o job llq>. In o btluh mDII/Jor IJ'lfrlll tite uiCf commWIQtes'wnh tho 
oystem by woy of 1 caalnll w.p.¡e. la a limpio baldlmoaltor I)'AtDI"' bn. 
1W0 el- o( 0011lrol c&nk Ge<UIIoll e.nb on<l doflnltion ca.lh. For oumplo, 
"" eucu\lon <ard mil)' be ll> lbo foDowlllfl fo,.,ot: 

~~-- EXEC -fii-OOI>o--I.A-:1 

The jab centro[ card, o definitron can!, nUy take on lhe faU"""IIIfl f<mnat; 

' '·-.o. """"'--------·-.. ................. _ .. _ .. ,.. ............ ., 
U...-ty lbere 11 lfl md-of.fdo card, Qoa fomuot lfti&l¡l CUI$iol of (• ,liplrfyiiiB 

tht torminotion of o_coll«lion of dol& Let"' tab U.. foUowlligeumple oh 
FORTRAN jo~. 

I/IXAMPLE JOB D()IOOV.oUI, T1151,1 ,1011.0 
/r.lll:PI EXEC I'QATAAH, NOI'U'IOI 

AU09100.~ 

tiO!OOI•I.N 
"•L'I 
ll•I'J'I 

100 moNTB100,1,11,13 
eHNJ FOA ... "-T 131101 

' /I$Tln ,. 
I/IITEPl 

,. " 

'"' 
UEC<.O~o 

EKECOSJECf 

The fu# oontrnl clfd ls on '""mple of o delinitlon eord. Wo hove defin•d the 
UO<r In be OoROnn. 1ñe I)'OI<III """si •t up 111 occounU,. file for rht \1101, 
norin¡ tlul M up<cto ro"""...,. mimlto ol rime, ro <>ulpl¡t 1 hundrod bnu ol 
ourput, •nd ro punch no <>Jdl. Tht ne~r oonlrol C&<d, EXEC FORTRAN . 

. NOPUNCH. is on ox1mple of '" oxecurion e~rd; rh11 il, rh! l)'stom il to oucule 

rhi p<OJr&lll FORTRAN. Jiw:n oo. lfJII:tl<nt- NOPUNCH. n,,. "!""""' al­"'"*' tlo< moMot r¡¡stem lo p<rfotm """"effidenlly; olnCl! no e~rds &ro ro be 
punched, rt nce<l nor utoli.r.e .rhe punch toulin•~ The d111 te rho oompiler lolhe 
FORTRAN PlO&IIlll .t.o.m. tellllwled by on •nd<>f.folt <Ord f•. 

The ""'' control urd il o!>olher eumple of on o.ooution md and in lhrs 

·• 

-

• 

" u<:ruu•OUIOD . . 
Tht progum that haojull bc<n ~ 

• ... "'"'"' tbe ouourloll of tbe )oad<r. . couary for tuexooulion, wh<r .. 
will be loorled trJéetbor willr o U lh< rouhn<o ne ·•- ·a,,,.,.., Thi• job olep 

' """bind~ lbt mtrroutine• to u"' nlll• -~ · 
upoo. the load" will EXEC OBJECI" catd 1111101her eoecu· 

il tmulnattd by on ond<>f.nt. ~~:~: eoecure lh< object program l"'l = 
t" ncard 0111.rna!lremonolOrl)' nd. foUow<dbythc<n · 
p~. U.:, data can!. \0, ¡,Input to thc progrmo• u · 

• f ·mpletni'l't• 
filo eord. : · ¡ 4 restnll on OV<ril<" 0 10 1 "' 
~ ""'le loop "',..." tn Fr&"" · P. , mu•t,.ld il\ th< nnrc.o · 
.. ~ Th< mofti!Of IY' •m • 

!ion of 0 batch monitor <r'""'· ,,., rd th• monitor ,..., tbt ""'' '· 
b'" 1 joll card lo P'"""""' 1 r- co ' · nd tine ptinl lrrnrL U preoumo ., . • 

1 
red lirn< card punch timrl,a .

11 nomo, oocounl numbu, al ot be' 
00 

eo<eutlon card, rh<n the momtor "'' 
rÍ>e ,.,1 control urd happens ~:m .,.cond&ry olotiS' ond prO<flllh< ¡oto .top 
losd lh< c:c>ri<40< 'S!r'4 prnsram llbl Pf"'''"' lf lh<r< 11 on <rf<>< dYun¡ 
by 101,;,r,,.int conln>l lo !he n~\1 ,"..r ~<'<' ~ok 10 proc<u the n<~l job 

. the l)'otem not<• rh• error P""''"'og· . . 
"" 

( s,.-•) .. 

1 
1 R.-lr..,labcatd 1 

1 ¡o,.,.,... ""' conl 1 

r'i p.-con~<olcoo"do [ 

1 
E"<'' ''"'"' \ -joblfOI' ·~ 

·~· 

L.e'-f EoOOfjOir' 1 

' "' -• •• ,·roo• of o dmple ~11<h """''101 "' f!GI)RE lA. ~· • 

.. , __ .... 
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1.1 OPERAn Na SYIT!M USER VIEWPOINT: FAOUnU 

Por W oppllca~nled .,., lho flmctloa ollho operat~q ~)'~~cal b lo 
pmido fadlltles to betP IOlo!o problema. 'lbo cpertbll oliCbedullll¡ ox pror.. 
lloft are of oo lllleled to hlm; ..Ut be b ~ wUhil Ole ...a.bk ICfhrue. 
Tlll foil~ &cilliu ae typicllb' piOoilkd bJ fiiOderD ~ IY*=' 

l. "-mbltq 
Z. Compflora, ruch u FORTRAN, COBOL. &lid PlJt 
l. ~ lilorldea. u:b • SINII, COOlNB. SQUAltB ROOT 
4. iJJikq:t edl.ton Cid pn>~n~~~lokkta !ha! biDd llllxolttiDc$!0fllbo:r llld 

Pftpao ptOgtUm (Q( aaeuUcn 
S. llllllty routints, rudt u SORT/WeRGB &lid TAPB COf'Y 
6. ~on ~ IUC!t a dn:uit IJII1)'D or l:imlbtloll 
7. Dcbt~Qboa f1<ilitlc .. IU<ft OSI'fOFIIII tnc::bli llld "g;n dUIIIpiR 
8. 0.11 rn&III('!IDI"'Ialld fdo ~ 
9. Mlaa¡oment of oyrtcm hudwm 

AllbcrJah lhll '"ütDlUol'" llpOd or u apaatq .- mq be ol Flt 
11r1t1at 10 the user,"' fed lhot o.. ~~URtl<> tho q....cbl, "llow 111111)' Cllftl. 

Jl{l8n don that opeutln¡ oystem baw7"' 1111,y 1811 mon obolu lho orleDIIUoa ol 
tht lllll!uflCtllnf'l llllrlr.rtlill fOftll lhu 11 <loes ilbollt tllt dUICIIZio IDCI cf. 
r~ or tt.. epmt~q oyaem. 

1.7 II.MMARY 

Thlmojor CO<Pf'O:It!lla of a pr~irl¡ I)'Sienl m: 

'· ._bl. 
Lnput to an UJtmbler ll on.w.mb(r ~ 1'">1'=111· Output !un o~oct pro­
JJam pl111 lnfom11tlou lhat enabl<t tM Joid., to p~ 1M ol;¡ject PfOCrllll for 
«uc-Jibl. 

2. Micro ,., 101' 

A,...,., or/1 b., tbbrevtatlon(OJ ll&lllf) roriOllllcodt.A-tk/lldliDII b• 
*!U<nce of oodo !hit bu o 111me (maero call). A ...., f'")CflJJOr is a prop..., 
llutJUbotltutro and spoolallzn macn¡ doflnl!lo:Q for llllClO c:allo. ...... 
A INd!l b a rool.lne tlut tood,." object p:O$falll 11nd prepvult for oxocutloa. 

" 

• 

•• 

1 

1 



input-Outpu~ 
Devices 

DIGITAL PRINCJPLES AND 

ilC!D APPL!CATIONS 

MALVIO/LEACH 
In any d;B,tol >Y'"'"',¡;, ni'CCI<ilt\' tn h>ve • ,,,, of co"'"'""'<·"••m IK!twe~n """ 
on<J n>ochon~. TI"> """rnun.c.lt•On ltni<" olo~n c.>llt•<l tl<e · "'·"'·"'•'<¡,;,,. ,.,,,.,. 
foco" anJ •1 P'~'"'"' a nuntlwr ol wo~~~m>. D·~•t.>l •Y"~"'' .ue cop.,J,~e o( 
O(H"rao;n~ 0" onfoun,won a1 'f)<'rc!< mue'> ~·~•••• th.ln "'·>•>'>. ,>nc! !11" ,, ono• u•' 1 •N 

mo>l ''"P'"'•nt ""''~""' For ••·•mrle, " 1,10~0· 1c.!r <1 ·~11.11 cnn>~ulor '' e·'~"·'·" "' 
pedorn>in~ more th,\n 500,00() ,l<id<l<iln> pN >e<:M<I. 

lht't"'>hloo., hNr "to prm·<do dota <npul lo the >Y-'''"' o\ tlw ho~hc•>\ ''""''':" 
role "'' lh~ "'me """'· tht•<o '' the P'ob:<••n ol ><<<'!"'"': ''·'" uot,>ul """ t<l<' 

>Y"em JI '"" h<~ho>l po,,iJie '"~- Tno ¡>rol>l'"" " luu~N "'·'~~"'"' """' "'"'' 
dr~II,Ü \\>:<'m> do 001 '1'"·'~ {n¡;lrlh, m ''''Y ul!rcr l,rn~u.rw· ;,., lh,ll "'·""''· ,rr~cl 

some >Y"em ol >yml"'l' "'"" ll1t•rdo"' l~·'ul!"<i •o• COI111"""''-·"'w' '''"'''' " ·" 
P'""'"' ,\ con"der,>h'e •mount ol rr><'.uch in okr; Me•. ~ntl "'""~ >Y>"""" !>.IV<' 
beM de .. ·:oped wh•ch will >CC"flt spOKen comrn.>nd> .1nrf ~ove "'ol ""'"'""'' "" • 
11m11c~l l, . .,i<l 

>once <lr~rlal 1y1h·nr> opcr;;le in a IJrn.Hy modo, o """'""'ni e O< lO"'"'"" wiúc~ 
••r b•n.uy r<>prr>cntotion> h•ve '""'" ,revcln¡>t~l o mi .l«•l•··~~ ""~! J> l~r :,ro~u·•~" 
ol communo<:Otron l><'l"c"n m.on •nd m.•<'""~, In ''"' rh,lptr•r w~ c!r.cu" ,, numi~·• 
of 1!row ''"'"' ·""'· 01 <he'''''"' hmc•, con•itlc;-lhc """'""'Y in¡>u<·outprot l'l¡u•p­
mr". 

Tht• pom,,., oi>J<'<I"'" ul lh•> ch,>pter •> lo OCQU"O ll>o ohrlity to 

l. ht>l-.n i•nw Hnllcrith <<><le .t~d ASCII coM ""''""'1 in inpuo/ou'l"'' "''~''·'· 
2. O"'"" t<·t hr>rrl"''' f~r m.r~nelrc ret nr<l "'li ol d•WI.ll inlomrol•<"'· .n<lu• 1.~< ~/, 

~JJ, .>n<l SRll. 
). O~><rrhe lh~ t:m•t>hon• ni • nom'-..r of drrlerent di~;,.¡ onr>ulloulpol ""'"­
~. O<.»• rh,• ¡,.~;,; di.'~'·'"" lnr a ,.etplc ""'' .-lonKict ,\rtd a h.ll,,ncod rn~:urtltC ,,. 

''"' ''"-"''"'· 

• 

• 

•• 



Digir~l Principies and Applications 

10· 1 PUNCHf.D CAROS 

One of 1he """" widely u...-d mc>dia la< ~niNin~ dal• inlo a m.!Ch1n~. or lor ob­
wnin~ ""'I>UI d.\la lrom a m.o<~one. i> 1he pun<hc>d CO<d. Sor~><> <Om(h()n e•ampl"' 
ol th~,., ,.,d, "" w:le¡:e ~"""I•On carrl' ~'"''""'""'eh<'<- k>, monthly oil com­
pon~ "•lement>. and bitnk "Jicll>en¡,, 11 i> qu11e >1mple In""' thi, mc•doum lo <Pfl· 
u·~·nt b1na" ,,¡,""'"' •on, 1in< e n"IY two condll•on> ""' u•quore<J. T ypic,,ll~. a hole 
in 1he card r._,_,r~><·n" ,, 1 and '""a b.-en< e uf .1 hole <L'P'<'><'nt> a O_ Thu<, the card 
P'<l"(!.,' the ""'""' ol P"'"''ntrng inform•UM rn hi""'Y lutm, and it "only ncc<"­

"'"' 10 de~c·'"l' ''"' co,Je 
Tlw lvjlllol! 1"''" h.-1 <ar<l ""',¡ oll IJr~r-"·,¡le d,\1,1-jiiU«'I'ing <Y"''""" 7'1o in 

lof'fl. l'!. •n wi<l<·, atHI U.\JOI rn lhrck. EJclr cord ¡,.,, !1(1 ver!ic,rl Lolumn>, and 

'""'" ""' '.' hoMo>nt.li rOW<, O> '""'"'" in rig. t(). l. Tiro• column< are num'>ered 1 
thruu~h !lO .o Ion~ thr• !rottom edgY.<o~t the co<d. P<"ttin.trnR JI lh<· '"P ol the card, ~~~ 
row>are de.·~n.ll<'i 12, 11, O, l, 2, 3, 4, S, 6, 7, a, ami '1. lh~ bottom <-dg~ of lh~ 
,,,.rl '' th~ 'J "'#''• .ln<f the 1<>11 ,-d~e "tlw 1; "11:<' t-tol••• in 1h~ 11. 11, .ond O row> 
•re t.lllt<:l wm• rvnche<, an<1 ho'e• in the O thmu~h '1 row• ••• "lled digH 
l'<'n<he> ·"oti<t• th¿t ro~ O'' lloth • wnr_~,¡n<J .1 digit-¡Jun<h row. ""Y number, any 
lettor rn the ·''PhJI~·•. or >ny ol ""er.rl '1"-..-'•'~ t lw.1cter> tdn be repre>e-nted on t~e 
<O!d by pun•h"'~ one or mott• hob '" ·'"~ onc• column Thus, 1h~ l'.Jrd h.- lh~ 

CO~J{"ily ot Hll """''"'"· lettt•r<, or comllln.<lron,, • 
~rnb.rl>'\ rh< '""" Wl<lt•ly tJ><>d >y>ten' for "'tO<d•ng •nlorm.t•on on a punched 

c><d" '"" ¡¡..,;r,.,.,¡, «><!~.In th:s mde th~ nvmbe« O lh<,...~h q ••e rc·p<~"'"'ed bY 
a ,.n~le pv..._h .,. ,, ven•col rolunm_ Fnr e•.omp\·, o hc.lo• ¡><>t>th,-d in 1he Í1i1h row 
o( "'lunw 1! rt'P"''''"" o S in th.lt <ol"'""· Th~ ¡,,,,,., ui tlw .J 1¡>h,lbet "" 
"'1"''"'""''1 l1y Lwo punLIH'' it1 .Jny "'"' tolurnn lhv lette" A Lhrough 1 .uc 
'"P'""'"'<'<i h;- ,, '""" punch in row ll anJ • pun<lr '" rnw; 1 through 9. Tt.e 
I<·U•·"! tooou~h R ,,.e'"""''''"""' b-, .J zou<·¡oun<.~ m row 11 anda ptrn<:h in rows 
1 lhtOUK~ 9 rh~ ''"''~" S through 2 ore O<·prc.,.nted b¡ ' tone punch in ruw O ond 
"purtch in'""' ~ throu~lr 9. 1 hus. a11y "' th•· 1!1 dec111r.rl d•r.•" •nd any "1 the l6 
¡,.,,, . .,ni th•• .ll¡lh,ollet r-,1n h<· "'ll"'"'"'''d "' ,, '""-"V l,l<hion ~y ~,,.,,-~ing llrc• 
pr~po.·r !>Ole> 1n '"" cor<L In •drl•t""'· a numller ol 'f)l'<l~l characoer< can "" 
'<'1'"'-'""'""' ~Y punchrn~ con.¡,;"-''"'n' uf hol,., tn a cu'unrn "h<eh •re no1 u.ed fo• 
th• r.umber, or lo1te" of '"" alph•bd. The>e th·''-""" ,,. ;huwn wr1h '"" proper 
pun<h<"> '" f1~ 10· 1, 

A o , •• ,~ d<'""' lor rememlr<•r~n~ th~ alplr,¡llr.•lic eh•'·" "'" i; the ¡1hwr "JI!._ " 
1 1.:· """'~ 11"'' lhe letters j throu¡¡h R ha•c on ll pun<h, tho>r lrde<e h••• a 12 
puoch, Jn<' !ho<.<• Jfter ha.,... a O pun<:h. lt ;, J!"' ntn<"''Y 10 r...,.-mb<·r th•t S 
''11'"' on ,1! ,,.-.rl MI .J 1. 

hample 10-1 

lhod~ ·~~ rotormJIIOn pur>Cht'd in lhe c.>rd in Fog_ J().l. 

Solu1ion 

Co1Ltltln 1 Oo; a rone r>unch on row O ond • punch ;n row J. 11 i; tl•e<durt•ihe letl<·r 
:. Co1urnn; .r wne p<u~·h rn row tl ,¡nd on-otl.,•r ¡ounch rr\ IOV. 8 lt" 

• 

'' 

\nput-Oulput Devic~< 

•• ' . -· ..... 
'"""" """"' 

' ' 
' ' 

" ' ............................. . 
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1 :::::::::~.~:::::::.::::::~:::::::::;:,:::::::::::::::::::::::::::::::::::::::::::: . "'" .... : ,, ................................... ""'"'"" """"""'" '"' ........ ' ' ........................... .. 
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Digital Principie• and Appli<;arioos 

brnJ<y l · 11 IS lhcn I>OS>ib'e •o p ~h &0 ' 
ono• <"d. ' · un X 12 - 960 b'" o( binary in(orrn.Jtton an 

Many largt'-scal~ d~ .. ·P•oc~,.;~ , . _ 
bu, E•~h b'oc• 0¡ J6 ~ · ' g ystocm, ~•e bonory •nf'>rn~.>tO!n in blocks o( J< 
• · ~·" " <a ~<od • "word" Y 11 ~ 

c,,lt>tor tloat a '"SÍ>t<•r capahlc ur 1 • , ou Wr <e<:all lrom tho prcvoou, 
The<~ is nothin~ magical about ,,, '~:·~-8 ' 16:,b" word "'"" <Ontorn J6 flip-rlop> 
~ h " >u·u·t wuru and ther, · ¡ · 

"' OC ot>erote wH~ oü>or WO<d 1.., lhs h ' , ' ore m .el other 1y,rem> 
arrans"l '" ""''"' ol J6 bit< rnrghr f,.. P<JO<~~""· 1

"'' ...,., "ow bmary informar ion 
Th,.,.. Me two m<"hods Th on <ard~ 

1 · 1 ,. '">1 rnethod stoces th 1 r 
><HILunra ly by punchrn~ ac•m> 11 ,. e d 

1 1 
e n ormaM" on the card 

PU"'-h<'d '" oow 9 in colum~• 1 lhrou a~ rom ~" to "8hL The r,,., lb-bil word ;; 
col~mn; }7 lhfOO~h 71_ Tf-.e lhin:f wo~ ¡;~- The «-<Ond word '' al;o in row 9, in 
on. T~, • !0'41 ol owenty-lour lb-b" word,n""" O, <ol~mn, 1 lhfOOgh J6. a o<! "' 
bonary lorm_ 1t ,, rhen po><rble 1;, <lo re 864 ~-

10 
be_ ponch~ rn the Cdrd '" "'~'g'" 

Th• 0'-'<ond m<•ihod in•olv~> , _ '" 01 rnlorn>.>Uon on the c.1rd 
11 h pvncnrng lho• •nlonn ( · · 

•• '"' l an "'"''· ~rnning in row 11 ol col • '"" •e<trcally in columno 
¡>c.-.ch<'ll rn ro"; 1 ~ 1 • 0 H umn 1, the foru 12 ¡,,. 0¡ '"" _,,d ar 

-'L '" • ·- .. ~lheno.,Pbt e 
anu lne ~t•marmn~ 12 bll> ••e '" h:-' . • ''are pcrr>ehed in cnlumn 2 

"

, •• ,, _ _, nc L~• >n <olumn J Th"> '>e • 
·~ '"'"~ver y oh""' colurnn; '' _, . - ~ • • ~ ·oll word Can be '> •- _, · w <dru os tl•~n '-'"''' · .. > -un woru>. ,. '<'"' <ont.,nrng lwenw-s,. 

lhe "''"' commun thod ¡ 
by 1 ""' 0 ""'"""G informdtoon into !>e<! mean> o ti,. lt•v·punch n.,.chrne Th' h- pune. card, motoally ;, 
• lypcwrrler. and 11oc >need •n' - ""'~'- •ne 01>"10Tl'> •ery mueh lhe <.>me ~• 

•· • ' accu<,>cy ol oho ope 1 d _, 0PI'"''" Tt-.e •niorr,,>l•on un o'w , d '"run ~P""u enlorely oo '~" 
>.OI<'m U.,. m~Jrl> ula <-ord ·~ader plu~<·.'"¡ ,.,d, can lhen he read in•• 11-e drgrtal 
., U... '••e 01 100 lo 1 000 e d - ·e'" ormauon c~n be ~··•~red into th~ >y<l~m 
u...-f. ' •• •petmrnuoe.~rnson1he,.,.P<'olcardreader 

The ba~rc meoh.,d 101 chao •n lh. l , . _ 
lrocol "l:""'' "'"""'" "' fr~ ~l;l ~~une •~d rnlorniJ!run ¡010 •he ""'"""'Y ek·­
are dr._,., rrom 11 """al , 1 ,- · e c,u ' "" sta<kt-d in lhe "''d hoppcr •nd 
• , ' r~ne ... >chcaroip•;><'<und • • 
'''·"" l<\llh<> or oilooocQ'' ;• . "' lne read 1-ead> whieh ,,Q 

• ·'- "''' 0 "uno "'.Ki t-.e d f ' · • ,-
•nd v.hen • ilole appe'" untlt•r !he feod hc• d • or _ .. e~ eolumn on lh~ <ard, 

• an elc~t!ltal Slgn.>l os generat<-J. 

1 
1 
1 

' 
lnpui-Oulpu¡ Oevices 

Thu>, each "8nal trum lhe f<'ad head; rep,~sent> a brndO~ 1, and lh<> inlurn>>lrun 
can be u«!d to ;el olip-nop> whi-ch lo<m the inpu1 llo<age '"!!'""' l~e "'~' rhe" 
P-'" """' ott-.er rolle<' M>d a<e placod in tl>e ;lac~er. lhore '' quM o(ten J ,.,.;ond 
•••d head "'h<eh «.1di !he do:<. a ;<'Cond time tO provide ~ ••lid•IV ehr<O on tht• 
reading pm<e>> 

hample 1()-2 
Suppose .1 d<'C\; of con:f• has bi....-y data p<Jnchod in them. beh can:! ha, lwent)'­
lou, )ti·brl wo•d•. 11 o he c"d' are rc••tl ata rote of bOO card> po< minu•o. wh.lt "tl>e 
'''"al which dooa arc•en1enng th~ ••sJem! 

Solution 
S.nce ~•eh card co~tain> 24 word>, ohe dau •••• ;, 24 X t.00 • 1'.~00 wo<d> per 
m1nute. Thi> ;, <'<1oivo'<:nl to )6 X 14,400 • Sl8,400 b<i> p-e< m·,Me, o• 
5 18,400/bO • 8,ti40 ¡,,,. p~t st'Cund, 

1'\lncho:d c~rd> can •l;o be u<ed a• a me<iium for ae<epun~ d,,.a ou>"'-'1 from a 
drgital •v;t~m- ~n lho> '""'·a mcl: of blaok c.rd• {ha> in~<><> ho!e> pu.-..1,.-d in 
ohem) >re h~ld ro a hn~per m; card pun<h wiH<h '' cuntrul't>d i>y the c!-g,.,l 
"''"""· The blank <••d• are drawn {rom lhe h<>;ll"'' ont• >1 • torne and punched 
w•lh ohe proper inforrn•1•on. They l<e then p.>>...d unMr r~~d heod>, "hkh cht'Cl 
ohe ••hdrty of ohe pun<hinR o¡>e<•tr<>n. and oto<l:od on •n outp~t M¡>ppr. c ... r 
punch•·• aro copa~le of operalrng ot 100 lo ZSO c.,d, pe< minute, ~,·pen,hn~ on tlw 
•r•tom u>e<i. 

Punch<'ll card> P'~"'"' a numbe< of tmportdnl advantoge>. l]1e lr<>1 "' which ;, 
ohe fo<llhat u,., ca<d> '""'"'""!• mean• of Ucring intmmao'M permanontly. S•n<r• 
ohe rnfo•m•lron " tn machrne cudc, and ;ince lhis information can bo· P•rniL-d on 
ohe tup e<l~e uf lhe ,-,,!, oh., ;, a wry <onv~niml n•eJn< ul C<Jmnrunrc•t;,,, 

f><lwt'<"' "'"" ond machine, and l>etwecn m'chine and m.,.!""'' Tlwrr• ;, "'"' ,\ 
wid~ vJ<io1y ol pe<rpher~l ._.quip.,~nl ,.h;ch Can be used ou p-u<<'>> inforn>atror> 
>IOred on ca•ó_ lhe mo>l common ><• <olll'f>, coll~lor;, co!cutao.n~ punch,•,, 
repr,dutrng punchO>, and octounllng m•chine;_ Mo'""""'· ''" very eo>y., CO<· 

rec¡ o< ch•n~e li'e io>fmmalron >t<><<'d, >rn(e il i; onl)' n.,.;e,>ary'lu ren10ve tlw 
do•i<od Ca<db) and replaoe rt l[hem) w1lh th~ eorn•<oed o,.,¡,¡_ frn•!ly, tho,e ca;u, 

•" q""" ine<pon<;•e. 

10·2 PAPER TAPE 

J,.>othot ,;~<"\ u><od input·OUipul modoum '' pu'>Ched p.>pe< !ap<'. lt i; u-e<l '" 
m u< h tht• """' w.oy a< punch<-<1 <Md>. Papo< oape w~> d .... oloped in11rall~ ¡.,, th· 
P"''""" ol trM>m•lling lolew-•ph rnc•<O&e. <>•er V>i•o•. lo;, now u'<od "" ....... •, 
fo< """"~ in10rnl.lllon >•.U for oron>mrltrn~ ,nlormarron 1rorn "'''-'"''"tu n>,lChrrlP, 
P-•P<•• l.t¡,.; dolf<-1> \¡om c~rrl• in thal •1 i; • conFnu<>W> m~· of P•'P•''.' ''•u' .ony 
arnnunt ol inf"''""''"" can 1•· punche<! inoo • ro!l. \[ '' ,_..,, ~:~ '" ,,.. · ,~, 
o'ph.r\"'"' '" nun10•ric ch,u.l<l<•r, ,_ wr•ll "a numt-.•< nf •f""'i.tl <h••·" ,, ,,., 

"""' "·"" ""'''' "' tht• '·"'" "' >i<e pr<>t><'' :'"'"'· 
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hample 10-3 
Whal io'-•malion ¡, hold ¡11 the po• 1 _ _, . 'oral.,."~"'"' f,g Hl·lhl 

• 
\ 

'" lnput-Output Oevices 

Solution 
The fír" character ha> punchPS in channel> O, 1, ac.d ~. an~ ohi> i> the tenor T. The 
"-"'ond cN><a<tcr 1• tr.e lette< H. >•nce the<e .re p"nche; in channd> .1, O, ,,rid 6. 
c.,.,unuing. yov """'Id ""'that tfle """"'!!" is tt>e .. ,.... •• thot f>Ur>Che<l un 

1
he 

c,.d 111 hample t()-1. 

The row of smaller hol<' ~'"'""" channel> 4 and 8 .,~ BU•de t.ole<, u..,d to 
gu'.de a ...O du•• tM 1.1pe under tr.e road po<•I10n>. The infU<m.wnn on the lap~ can 
be,.,.,...,.¡ h~ hru<""• o• phol<><cll> "',hown in fog. h)-S. lhe meU-.od f<>r , •• d;rr~ 
1n!ormari0<1 from the paper Y.pe ~nd inputiJ"3 '' into ohe Jrgo"l '""""' '' ~ery .,mi· 
lor 10 Ü>Ol u>e<l lor re•drng punrh..O card•. ()ependrng on the lypr< oj readet u.ed, 
inform>\rM t.)n he read iniO thc >y;tom at • rote of ISO lo l,UOO chat•""'' pe< 

,,,o;ond. Yoo will notice lh'l lhi; ¡, only <ligNiy fa""' than read,ng onlorrrrJtoun 

, 

lrom punch<.'CI c~rd•. 
Paper tape can ¡..., u>ed a• a mean• of a<CO?MS onfo.-rYYiion oul¡>ll\ from • dogital 

>y>tem. In ohis co<e rhe sy>lem olme• a la(>(' ¡>llr<:h whr< h ~n\e<> the d••• 0<1 r~e 
tape by punchin~ thc proper hule•. Typ1cal la¡>e puroche< are c•p•ble ol Op<'<·''·"X 
01 rate> ol 1 > <ha rae..,.. per >e<:ond. arod the d•l,l ate purochr'<l ~..,.h 10 chM" "'" 
wlhe in<;h. T¡., number al c~ro<le<> J>O'f in<:h i• ,.~.,.,.,¡ 10 a• one "data Jen,.oy." 

•nd in thi; '""''"" okn>ily i> 10 c~ra<t"" J>O'f inch. Rt-.;ordin~ dcm•W "one of 
rloe impo!lant leature> ol magncuc-tope recordong which w1ll 1><- dr><m><~l '" the 

n<"•' '"'"on. P>P"f y. pe e>n •'"' be periorated by a manual upe punch. Thi> unot 1• •«Y ""' '· 

lor tu ~n e'e<"'' ll'f""W"'ler, an<f indeed in ..,me ca..-. •'""""' lYI""""'"" w•• · 
>P"';ial punchrng uno!> al\oc~<P are u.ed. TM ~ccuroc~ •11<1 """""of lhi• m~lho.>' 
or~ og.un a fur>< IoM of ¡he on>Chone operalor. ()<1e advan.,g~ uf \~'' m~1hod i> th•' 

• • • • • 

• 
• 



Oi¡;ir~l Principies .and Appfiutiom 

:he l~pewrioer prov;de> o wr'111~n copy of wl1.1r "punched in1o o he rope, fho! <"PP' 
c•n t>e u<e<J lrx verilrcaiiOn ol o he punch<'d inlorma\ron. 

10·3 MAGNHIC TAPE 

~'·'Bneil< lnPe h,,. l>e<:ome nne o/ lhe mo<l ·,mportlnt mt·Ohods for "Oflng larg• 
quonl•l•~' ni rnform~tioo. Ma~reli< tape off•" a numt>er o1 actvaolage< O><'< 
pun<h«l cards or'<l punche<! paf>er oape. Q.>e ol rhe ""'" irnpon~nl is 1ho- laco tlwt 
mo~MO>< IJP<' can be "'•«'<~ and u>«! over •nd ove<. Re•dmg"and ·~co•<hn~ are 

murh '"'''"' rhan wrlh erOher rar<h or paper ''>"'· flowever, rhey require rhe ""' ol 
• o.H•o-dcrve w>ll "'"eh " much more e•p~nsive lhan rh~ equrpmenl u..<! wrlh 
<M<i• and P'Pf'< oape. On lht- ooher hand. il tS ""'"¡,¡" ro <lo,.. up lo lO mrltion 
CI\Jra<lef< on one 2.400-lt ...,..¡ ol magnerrc tape, and <1 o h<gh vo/u""' ol .W. •• 
one ol oh{> •vsrom ..-qui,..,..nts, lile use ol magnetic tape is well ¡,,.¡óred. """'' 
<<>nl!l\only, m•~neorr l•pe" <upplred on 2.400-fl,...ls. Thc tao• rl<elf" o '1>-•n· 
wide wip of pla>11c w11h • m•gn!'tr< oil<k coaling on ano "d•. 

Da<• ""' rocord<"d on the ••pe rn '"""'" J>a••ll.-1 chonn~ls •long t"" lon~Jh o/lhe 
la~- The <;h. n"""l' •re lat...iod 1, 1, •. 6, A, 8, •nd C •• shown in Fig_ 10-b. Srn<• 
lile rn/or""tion h'<Orc<"d on lh~ I•PI' must be digrtal ;n lorm, lhat i~ thN~ m~<l be 
two <lal<><. o!" <e<orL"I t.y maP.PI'IiZing spols <>O rhe tape rn one of two d•rection<. 

,4, <m>plifl('d p•t<enr.11ron ol rhe "'"'" and re,¡d oP<"••"""' ¡, shown in Fi~- 10·7. 
Tho magneiiC lp01< are rf'(Ordf'<J on rhe oape •• rl J>a•"-"> owr '"" w"'• he.od •• 
''""""in °•~. 10.7.r. 11 a po<rlrvr P'J¡"' o( curl('nl "op¡Jlil'd 10 r"" wt!l•·h<-od coi!, 
>< •hown '"oh{>(,~'""· • ma~nohc Au< "W up rn o docl.wM di<<'< o ion .rnund the 
wtrle heorJ, As oh" fiu• p.s<es rhrough rhe rl"Cord R·lP, it sprNd< <lighrly and r•""' 
ll.rou~h lf-r<! .,,;,¡,. ,o.llrn~ on th• ma~nelk lape. Thi; c•u"" a <mal! arPa <>n lh<> 
'""'10 be mognetrz<<l wrth thP P'-JI;urly shown in t~e logure. 11 a cu.,e~r ¡>u~.,. of !hp 
op;>n<f~ polatroy" •orl"'-"d. thr nu• i< >et up in !he oppoork dr..,.,toon, and • <pot 
mor;nrMrzl'd in ¡ho I>Jli>vsrle d.,..-¡,011 ·,. f<'Ccrdod on lhe tape. Thus. rl" po"rble lo 
rocord dal,l on th• l•p• rn • drg11•l f••h,on. T"" •pu<s sh<lwn rn the f•gLrre are 
grc.rll y e-.¡t¡¡•r<~f'<l rn <ize O<> show lhe di...,oion of ma~nel•lOirOn dearly. 

'" ohP <Ndo)>l'r•lron sh""n rn Fi.g. 10-7b. a mogfl<"l•tod 'POI on !"" !JP<" "-"IS up 
• liu• in rhe rNd i>e•tl •• 1"" 101><' ~,,..,. over the TNd SOP- Thrs Gu• induc..s a 
tm.,ll volr,ge in 1/le teod-htr.od corl whrch c•n be amplil.rd •nd u..-d oo "'' or '~"" 
~ r.rr>-Uop. Spols rl oppusrle pol•ri11es on the t•pe r.tduc~ ,oll"lf"' ol OI>P<l'''" 
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vo Digital Principies a11d Apphcations 

""P<O>enled by'""" on ch;~r>Mh 1, A. and B. Sin<~¡~., <'only th•...., wots. ~n odd~ 
'"'~"1 1¡><>1 ;, "'<Orded in ch,lnn~l C to main101n """" paroty Jo, th" dw>eter. 

The !«Ond •nt~m" the hori•ontal l'd'<ly-c~<d ¡,._ Thos '' '<lm~t1me> rolmf'd 
rn "' the lnnK>hldm,tl p.mty b1l, .md il " ''ml!en. when ....00<'<1. at the end el a 
block 'ol onfmn<oh<Jn o< .....-ortJ. Th~ !ot>l nunobet ol hots recn<d<><J m ead> chann•l 
"monoto"•d, ,>nd .11 tl>e ~nd ni a rrcord, a paroly l>t" wroll~n ,¡ n...:es .. ryto k<'<'!> 
IM "'tal numboPr ol bol< an rv~ numbe<. Th..,.. lwo- s)"'em•lotm an ovm-p;onty 
>y>lem. They could, el cour..,; iu<,~ •• N<oly be im¡~emented lo torm an odd-poriiY 
>f>lem. lnlormatlOn can o !so b< nxord<'<i on the 1.1pe ·,., '-l<aight bonary form. In ohis 
'•"''- o J6-U11 word " wroucn oc"'" o he witJth ol the tape in group• of SIX bots. Thu< 
"<<'QU>re< '" columns lo re<ord one J6-brt word. 

The vt'no:•l <¡>.>c>ng he.....,.. o !h~ re<orded «>o~• on !he tal><' rl J .. .,¡ by tl>e 11<>''" 
IoOM of !he tedd/wm~ head•. Tt.. hori1<>n,.l "P•ciog ;, a lunctoon ol thc tal><' ~ 
and 1he recoodoog •l"'<'d- Tal><' 'Pf'ed• var¡ from SO to 200 io/1, i>ut 75 ond 112.5 
mi• -"~ qu"'" cnmmon , 

Th., m-"omum number ol characle'' recurd<'d in 1 in ol l;lpe ;, call~ tt.. 
"rO<:n<ding d<'"'•ly," and " i• a lu.-..;1<0<1 ol the topo: 'Pf'ed •r>d th, rate al wh,ch 
d.t.. ar~ "'pph..:llo thf- wro!ehcod. TwOcal rP<Ordong d"""""' are 200. 556, ar>d 
800 "'" pe.- onch. Thm ,, can ¡,., ""'" that • 10 .. 1 O>f 800 x 2.•00 x 12 • 
21.02 X 10' char,o<1er< can ix' <lnred on on~ 2.~00-ft ,..._.1 of tape. Thi1 would 

"''"·'" th•t thc dat> would hav<. to be storod w•th no gaP, bfi"'ftn characoe" or 
~roup< of char•rrc" ' 

fDt pufP<»<"' ni locA""~ inlo«nar""' on raJ><', ot "~ '""'"""' lo re.:<><d onlo•· 
,..r.,., in g<oul>' or !>1<><'<• c>il<!d "re<ords" In b<1w..--" •e<ord• l¡,te ''a blan~ 
'!>K~ ni rape c•lled rhe "onle<rP<ord gap" H•" ~ap "typocally • O 75-•n spaco• ol 
blonO rape. and •t is P""''or><'ll over rhe read/w"le loe<Ods wheo tho tape SIOP!. The 

inll'rr<'<Ord SW provode< the sp.oc~ """"'"''Y lor lile tape lo como up lo rhe P'I>P<'r 
~be{""' ff'Cordill,ll or readong of onlormation con rake pl;oce. The total numb<or­

o/ ch.or•cten rO<:ord..:l "" a toPI' '' tt..,., abo a ''"'<lir>n ol the recnrd 1'-""gth Jor the 
10t•l ""m'- ol onr~rrf..cord R>P<· >'onc~ !hey I<'P'esent blank opa<~ on d"' rape). 

r¡..., dota as f<'C<ord<'d on !he tal"'· onclud1ng r"<ords la<tu•l dalol ond onte<rrcor<l 
~dp<, can be <epro•en!e<l "' •hown in f•g. 10-9. 11 lhere weco no inl~rr"<;Ord gap>. 
th~ 101al number ol ch.> ron"" r"<ord«l could be lound by mulr'1ply'ong rhe length ol 

th~ t.oP<' on ""'""'' by tlle f<'CQrding d'-"">dy on cha<.acre" per inch. lí th~ rO<:ord 

'"'"~ nKtly ,¡..., ''""" 1'-""~lh •• lh~ inll"r,ecord gap, !he t<>Lol <!Of•l!l' would be cut 
on h•il. Thus, •t n do><lt•ble lo k...-p toe record•., long •• (I<W;',blp in Ofder lo -u•~ 
rh~ !di><' mosr effocoontly_ · 
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whe•e t • longth ol ~>P<"• '" nch 

(11).1) 

( 11)-ll 

0 • recordonS dpnsoly, charartPr! rer' -

ord !he rorm<>'• '" Eq. fK'I of tape ¡,~ing • 0-75-on re< JOP• 
~or • ,._,..¡,¡..; 2 • ..00-11 

(lQ-1) ¡<.'d>JCO< 10 

1,400 >< 12 X DR 
(liAR- R+0.7SO 

Solution ~ ltD-ll 
The total numbo-r ol choracref! c•n be lound U>'" S q, . 

2,-100 >( ll )t 5>6" 100 .. ), 10" 10' 
CHAR.. tOO+ (0.75 >< 5%) 

(11).]) 



10() 1 ,_ 
100+ (OJS ><556) ~ S.ll '"0.19 

CHJ.R • 16.0128 X 10'><-'--> 
5.1] 

10 X 10' 

'" 

Hl-4 DIGITAL RECORDING METHODS 

There .re a nun>l<'r ni mclhod< lo• record·~ d••• on a m•gnetlc "''lace. The 
meLhnd; lall '"'" lwo ~cno•f>l '-•l•,;o'll'<, ,,,11<.-d "r~lurn-t.,.,cro" and ''non-<elu<n­
IC..l..,!O," and ti><y oppJy lo ""'S""h<-taP<' r<'{ordrn~ •• wdl •• '<'<Ord1ng on mag.. 
nd.c <¡,,k and drum "'""'"' (m..ognNc·d• •k ood ""8"<'1•<-<lrum "or~~ will ¡,.. dr,_ 
cuN<I on a lotcr ch•r•~rl. 

In tho O<Pvo,.,. "'<-hnn. •1 wa, Slal<'d lhat dognoi inlnrm.>hon coold ¡,. r('<;ordod 
"" m.>g<.<'lo< Id!'<'. Ur ""'K""''''"~ ;pool> on ti>< 1.11"" wolh DPP<»•Ie p<>/anli~. Thi• 
1\;><' ni h'<O<d•"~" """w" •• reouro-to·z~rn.·nr RZior >i1orl, r.-corrhng. The tr<h­
n-~u<' lm rt•cordin~ d~oa on "'1"' "''"~ lho; melh<>d ;, to apply a .,..,¡,., ol cu11cn¡ 
P"'"-'' ;o "'" •w•l<' h"ld "·•n<i•"R •• '"""""' on F•~ 10-10. Tl>e current po.~l..,. "" up 
corr<''l"'ndon~ llu:e• "' tho w"r~ ~e.><l. •• ,t·,own ,,, the lo~ure. Tt•e 'P<'" mogne· 
'''"' "" iho l>p-e n.w~ pnl•"tre, '""'''t>O"d'"S tn the dr"'<lron ol the ~ ... , wave­
form. otnd '' « nnlv n<..: ... wv tn <na'"" e t~• dott;'<tron ol the mpo.~t cutoent to wrot• 
1>"' (,., """' '' tn,ol ''"' rnpul <u<r~nt antl tl>e llu, """dorm retmn tn • "'"' r•fe<­
<'<><•l••vellx•i"'ecn indivr<lu.liiJ<t<. Tltu< the term "rNmn tu z~ro." 

Wh<,. • t " """'rd to re>d tho r..-o•do<J onfotrn.lt"'n f•om the ldf"'. the IOf'O' " 
>'·"""¡ove< ih<• r~.1d he,"l' an<l tr.~ "''~"~''rd <r><>l< onduce volt•~•s in tne read­
«••1 Wonolrn" •• <hm<n on tht• Ir~"'"· Nntire th,,. there "<un•ewh,ll ni • pooblem 

':"'e, ~...-~ ~ll '"" pu ¡,.._ l>.i<"t' I'QI<> """''"" and ~'"" !>'><t<On<. On• mc11>t>d ol 
nole<hn~ th~'" le-.1• P•o¡woly" 10 wo~ the o<Hput w.-elorm. That "· the oulpul-

~""'" '"'""' .. ,..., 
K"u 

""'"""'' Ou10UL 

" " " " 

-LUWLJL.lL.JLJL 
' o o o o 

¡-," lO·IIL Ret,,n-to-tero 
<<"<d«l••~ • .,,¡ o<otl•ng 

lnpul·Output Dev1ce• 

"""'" • 1 
'""'"' P"''"' .¡ 

vohage waveforn 1 ¡, appl<'-"<lto one input o! an •~o K"'" !;lter l><!rn~ ,,mpli!ord), ond 
o docl< Ot <trobc po.~l<e "appl~ to <he ooh,.. inPul to tloe ~·''" Th~ <trobe ¡1ol<e 
mu;t ~ •·ery <"elolly Lomed Lo""''"" tha1 '' ;ampb !he outpo.~l w•volmm 01 th~ 
pmper ltme. lhi• "on• of th• major dil!icultre< ol th" WP" o! re<ordrng. and ti " 
Lhere(ot'O <eldom u<ed ••<"PI on m>g,..tic drum<. On a m>gn~.c dtom, the <l<ob<' 
wa....,form can be re<:ord'-"<1 on one track ol !he dtum, and "''" 1 he Pf09"' l<mong " 
acho...,.O, 

A ><'<ond dolfocuhy woth thos ty~ ol re<:ording" tt>e lact thal ~~w~n b<l< tlo~•• ¡, 
no <r<:o<d current. and thm between the wot• on 1M tal>" the mal""''' "'rl.co " 
rondomly oroenl'-"<1. ThiS me•n• 1h.11 if a n•w oeconJinK ;, lo be mad• o••• ol~ d.:". 
the "'-""' d••• "'""lo be recor<lod preti«ly on top ol tOe Old dota. 11 tney ••~ no<, 
the old data wi\1 not be er~<ed, aod the top<> will <ontoin • <on&lon><'ration ot <Ofo<· 
matron. Thc 1,1pe could l>e ero....! by in<lallin~ anothor .el ol owe h~<><l•. hui tho;" 

"-.:o<tly ond unne<:e-<<.a"'. 
A moLho<l kn cunnR ¡¡,...,. problem• ;, lo Dio• 11..- «"<O<d o.-ad '"'~ • current 

whrch woll ""'"'•'" the t.:!pe in eithet one dor«lnLn or tho othe•. In lhr< '""""'· • 
cuHenl pul<e ol t>O'ilrve pola!LIY i• apphoJ only whM Ll o; de-<otcd tn wnto; l on 
the "'"" •• >hown in Fig. 1 0- 11. "' all "'""' Iom .. 1,.. nu. in , ... Wlo/P , •• d, ,, <ul­
(o{LOnl lo m•~~e¡ize the .-~1"~ trock ·~ ""'O d"""''"" r-<ow. r«n«loo~ ""'" O""' 
old data il 001; problrm <~O<• the tape" elle<llvely .,,.,,..¡as rl '""''" ovcr tne 

=<>rri headl. """'""""'· the ttmm• '' not so crohc•l '·""" <1 ;, ""' n...-""""' lo record 
•••<lly ov<'< lhe P'"""''" dato When ridld •ro tf'(()ldrd ;,., thOS l.,~oon •nd 1heo 
pl~y...-1 U. e~.,, pul<~ .1pp~ar< at liLe nult>ul ol the rr.1d wind<ng ooly when o \ ll.o• 
het-n I<"Co<dod 0<1 tM tope. lhi• m>kc> <~adrng th: onlor-motron lrom the tapo mu<h 

•impl.r. 
lhe non-trlum-ln·tNO. o< NRZ. re<n<tlin~ t<-Chnrque r, • .o«.,ion of the Rl 

tf'<hnique whO<o the wrM cuu~nt pul<'-" do not rtturn lo "'"'" refrrrn<o '"'"' 
betw""n hrl\. The NRZ re<:o<dong tec:hn;qoe un ~ bol.t ••pla<ood k>r ••~"'"""~ 
thc r..-nr<l-tu«Cnt w•vclorm >h<>Wn rn fr~ 10-ll. r-<ooice 1hal tlor CuHe<ot " •t ~1 
wnilo rec()ld<ng l, •nd •t -1 whrlc ortor<lrn~ O~ Soncr thr < u«enl l,..,ct. -"" o:woy• 
at rolher _,.¡ "'-( lho r.-.:ordon~ prol>l•m• col tlor 1,,.¡ !U •y;>enl do not "''" looro. 

Notro. thot lhe V<"Jit•~• .11 '"'' rPérl-woridon~ <>otpul ha• ,, pul"' ooly ""~"" t~o 
record.d <Joto eh•"~' lrom • 1 10 a O m voc~ '"'~'- Therefo«', •omr n>o>M ni 
"'"'ing ti><' re<ord.d d.lta "ne<f'<'-'"1 loo tht- rr•ll opet•l•on. 11 tiLo re•d-,.,ndon~ 
v<Oiiage ¡, •mplrli.-d .1nd .,,,.¡lo"" m ,...._., • tlor>-llop •' <huwn in'"" !ofl'<<o. '""" 
"d" ol thr fi<p-llop ;, hogh <lu<rn~ c"h Irme 1no1 a 1 " '"''"~ rt•arl_ '' '' low du<•n~ 
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10.5 OTHER PERIPHER.A.l EQUIPMENT 

A wKle va"t1Y ol Pl"fiphe<ol oquopn,.nt ha• """" """"lope<l b< ule Woth d•S•IOI 

•Y'Iffi1\. Only a cu""ry deocnpb0<1 of "'""' of 1~ ""'""'' "'~"'~""""' .. ;n ~ s•ven 
here, and the reader i; encouraged to ;tudy equipment ol ponicular ti\W'0!>1 by ron­
wltins tl>e d.lta manu•ls of !he oarioo• monufacturor,. 
On~ ol '"" .;mplnt mean< ol inputhng in/orrN.lóon into o dosital <Y'Il'm i< by the 

""' ol swotcl>e•. Th,.., swioch"' could t... P•de-OOnnn. toggle, etc., but the •mpor· 
tont thong" tho lact that they ore capable ol '"P'"'~nting bono ¡y info,maloon. A row 
of 10 5WIO:....., could. lor eumple. be sw"ched to '"'"~nt !he 10 l>ino¡y bm on a 
IO·Ixl wold. 

Sirnol.,ly, one of the .. m pie>! mean• of readrng data out ola diRrtdl <y<lern i> lo 
1>1'1 lighl> on the output> ol tn.. m..-nop> in o sto<•s- re¡¡i...,r. Adm•n....:lly, t>,i> ¡,a 
rother .row nwan• ol communi<:at<>n, •ince the Of>l'nlt>l mu" conver1 tho d•,_ 
pla~....:l bona¡y data into <Omelhong more meonin~ful. N"""rthei<"'>, th" '"'l''~'"nt• 
an inexpen>iveand P<O<I•<"I tnNn•of communic>l•on betw<'rn mon and machi,...., 

A much more .ophi>ÜCot....:l meo;hod for reading d.o.ta out o! • dig~al '""em" by 
mean> ola calhode·ray tul>e. One t\'PO' of calhod...,roy tu be u !e<! '' ve¡y >imolar to 
the tuix- u!ed in <»<olloS<"opo>, ¡nd the uperatiun olthe tube " nearly th~ <ome. 
The unil ;, generally """' to do>Piay curve> ...-pr~nting inlorm;ot<>n wh.c:h h.l• 
b«-n pro<n,...d b,o the >y>lem, onda com..-a can be att.ochrd to"""" UM> to pho­
tog,.ph thc d<>ptoy lo1 a permanenl 1et01d. The inlo¡rnal10n d'>playe<l m1ghl be the 

tran;oent '"""'"'" ol an electrical nelwo<k·o, a guided·rn'"''" t~;t¡PCIOIY. 
A oecnnd type of catl><>d<-<ay tube lo< di>Piay ;, callod a ''d"otoClrOt>." lt h.>., 

tho ab•hty to d"play alphanu""'"C charicte" 011 the lace olthe '""""' Tho> tube 
Ot>elale< hv ,J,ootong on olc•WOo b<1'rn lhrnu~h a mat~i• {mO<kl who<h ha• ~.,eh ni 
¡he ch•ra<trr> cut in ,t, ·M th<1 beam ¡>.~»e lhrou~h the motri• it ;, ,J,aped in 1h~ 
la<m of the ~Mracter through whoch •1 p;l"'-"· ond th•• sh>,ped beam " then 
toru•ed on ¡he lace olthe .Ciet'n. Sin<r lho oporot•on o! 1he ele<:toon i><'am o< ve¡y 
fo;t. ot "P<t"ohle to w11te inlorm•tio.o on thc lace of th~ tubo, a M the oporator e>n 
then read 1he di;ploy, 

S.Omc tu..,., ol thi• type wh1Ch ••~ u>ed on la<~~ r~d.o.t '""""'' havo ""'"'"' ,.,,¡, 
thc pmper char>eiOI\ to di>Pidy m•r rOoOrd~n.lle<. l"en¡jly ,,¡,.,,,,lt, unlnendly 
oorcraft. ele. 1he o;>erator lhll; '"'" a do~ ay of lh• >u<1ound '"S .. ~., con>pl.,.¡~ woth 
oll air.,alt, properly de.,gn•ted. in the Y•Conoly. 1h..., <;<l~m• u<uatly h•ve "" add•· 
toonal a«'''"''Y collo•d a "{¡~hl pen" wh1ch etOdhlcs lhe 01"''"'"' to input onlooma. 
t•Df' into lhe d<~<lol >y>leon by pi•C><>R the li~hl P"" 011 lho ><Jtlocc olthc tul,. ,1nd 

J<llvahn~ it. The op<"rator can do "'eh thin~> a; e•pand an "'"" of intP,N. ""''""" 
onlo•mat•on Ul'l '" un•dcntolord flyin~ ob¡cct, and de.,gnate certaon a11udll •• 
tO<ROI< 

,., "'"""'h"' more wmmon pi«:c ol "<tuiprnenl, D.Jt ,..._.erthcl~•• u.,..lul when 
la<80 qu,lntolle< of data ólt' boong hdndll'<f. '' tht' pnntet. Pt~ntel< JtO a>aoloh'e 
whoch will pnnt tiH• ""'Ptll <l.ll,\ in '"·'·~ht i>IO.lty fom>. <>ctal lo1m. or all 1~" 

alph.>num0/0{ Ü,.ld<tr·" lhe typocat P"<>LN ~.,. lh~ oh>hl¡· 10 P""t inlnrmotonn "e 
a t10·<p.l<e hne .ot 1,l1P.. ¡,.,,, .1 ¡.....,. h,.n<i•ed hn,., up tn m"e< 1,}00 Ion•" ,.., 

no•nul~. llw <omt"'''' ''""''''' ,, ,.. ' "'" ,., L.,J, '" '1"'' o,olty '"'"1~. e;c, '"'· •• ,., .. ' 

--· 



10-6 TELETYPEWRITER. TER,\IINALS 

T~•·: 1''1''"'1"""'"' ITTYI "P<c·'-"nlly '"'" ~f lhe mO>I 0 · , 
T 1\ " ,rn "·'!""'"'"' ,nd ,,,,, <., . , < P pul•r "'i>UO,ourp,¡¡ ""'"· A 

' ~~ 1•< 11°• >'IWOOII mao d 
'"'"l'""''""flhr•o•

1
11-><•IA < •n coo>P<>It<, wht•rhcr ¡t,e 

' •· "'""~" ·pm¡w,,.- "'fH' "' • 1 -,, ''""""'"'' '"''' ., -, < • • ,.~,._,_.,_.,e w.odol u>.-d 00 

' nm.nr .... pr--<!><~ lo ""' • nv ~'·"' h •ri '" ,, !,,~,--'< ; e , ••• , < ·" a '""""" l•·•m•n•l con-,. "''' ·' -pu•PY>~ com~ te< · • < 

'"""" '"~" ;,."'1• !1 o<O<<• , , ' " "" lele¡>n<>nt• '"'''- Thc lwo 
' ·""-"'"'''~ TY.lndlht•<or ' · < 

·" "'" <M!>nct ,\u~o~ Jet~• < , < "P" ''' '''" >e repr<•wnro•J -~"~" ' 0 ' """' ·'"'lhen <ron•m 1 1 
An '"'""''' '"..& ,wnler" "'"" L "'~ n>CI lt• e~I\Qor l•n<"S. ~ ''U <0 IOMIVI>(IotJn w<l<o lh" r\' o 
""''"' '"~'"''"'"'' ¡., ¡,,.,,. 1,, < < ' lnl<~n•·ale<r.l,llrom1 

o ><"<.Jn•'<<elers<Th 1 
¡11,11 ,¡ "' ,1 '"'"'''""'"' ""' 0 , < •• e centro '"'"PUH'r 

1 
.. 
1
n ¡,., · • ou acce" lo 1 '" cnmpul .· ' '' 

l.mo1"1 ronl¡ '" 11"' '"'"·''"''' < < < < e er "" •' o 1Prn1Ho.>l 11 " ' or • '' "P«OOP lrno· 
-~ 1\\ ,,.,~¡ .. .,,,_.~"' ,, ' _, . • "'"" '"' •~•·u roo lvpon< on 1 '"~ ""~ ''·""'"' '''' i''•"'"'~ '"'"''" '''"" t '""""·"""'- ,,.¡ • ¡><In!· • '~' ¡nol '""" ,,.,.,,"''1'"''''- '-1.1nv 1 IY< ·'"' 

-• 
' í 
i 

1 
1 

1 

. -

_n 

al"' eqc11PP<-"d wir~ • p.o¡>tr-tap<' pune h. and 111m eolht·r onPul dala or """'"'<Jala 

c•o k¡., i<'CO<do-d 00 p<JM!>cd paP~< l¡¡>e. 
Mn•' m<><krn nY• "'" •'" •ighL·h<Jie runched raper ta¡><>. Thcre ha• 1"-''" '" ,r<· 

l<'fflPI 10 stao<l.iod•l• on an alphanuO'-e<iC c<><lt•, and 1h~ A<nC!IUO Sl.,,>d••~ COOr 
lor lnÍO""'-I<on 1n1..-change \AS(IIl r> wodely u><'<L An eoghl-hole code h>• ~· ~ 156 
<omOinalroM, <u!trcienl lO prmoid~ lor borh uPiJ'I'<"<:a"' a.-.1 \ow~r<;a'<' ao~hab<-1•. 
Lhe 10 nun•cral•. and ,, nuonher ol spccial chara«•" and oootruL >•sn>l>. The 

A'>CII code ·,. Y,own ·,n T ,ble 10·1. · 

10-7 ENCODING ANO DECODL"lG MATRICES 

Encodon~ ...:1 docod•nK motrices ore olr•n u~ In •""' 1hc l01m oltr, dar,, ll<'onK 
"'"ere<~ inro '" taOI'n out of a <y•rem. A d..:oding matn• i< u..-d lo d«:O<le lhe 
tnnary rniO<matron rn • digotal <Y"""' by cl1angong '' '""' "'""' o;her numb<-< 
''~''""'· for e<an•ple, •n a pteviuu> chop1er 1he binary oulpu< of a "'R"IPr Wa> 
d-e<;od..O rolO decomal lorm !>)' me•"' ol ~NO gare•. and lh~ d..:orll'd oulput wa< 

u,_..¡ 10 drw~ ,.,;,;~ rui>M. Enc<>di"l! inform.alion is ju•t l¡,e ,..,~,~ J>'O(e" ,,..¡ 
could, lo< o<amplc, in•-ul'e ch•ngrng d..:rmal "S""'' iniO «JU"'a~nt bon.orv •ignal• 

for cnl<y io¡o ,, di~otal 'Y"~"'-
The mrn.l waightforw••d w>Y ol OecodonS onfn<n•al•on "•implv ;o co~<Huct the 

noce"-''Y •~o g.at<"S. a< "'"'don~ fu• 1Pe ni"e lube•- ~odong '" '"" ;,,•ho0<1 " 
<¡uit\' ""'PI~ and i• m<>" ea<oly ,\CCn"llpi "hcd hy u<'on~ lh~ '""" tah·.~ or w.-elorm< 
for tho <i~nAI< ,nvolve<l The decOO<ng ni .1 four-llip·nop <oun1e• "'"";"· lo< ••­
ample. require \Q lour-in~•JI ANO ~••••· ''"'" tl>l'f<O .w \ ó f'll"'ble <!al<'< dt•oe<­

mon<'<l by rhc ¡.,._,, n,,_,..no¡r<. Th" IVP" ol d«:<~ling tlo<'<' '"""""' n ~ ]" do<>ó.-.. 
whO<C n "the numt>rr ol flrp-flop<, lo< 1h~ complele d<:-<<><hn~ r-.el,.,,,;,_ 

hample 10-5 
O• aw th• 1 & ll-' 1"' ""' "'"' ry lo d<'< oc~<> ~ four. rl •P· fl<PP cou "'"'. 

Solutior'l 
lh« """"'""" ""'"'can t><"<l be implernenl<'<l by u•ing a !Mh r•ble 10 Ol"te<mone 
¡he ne<:e->Yry gale cunnecl•on<. Thf- galo< or~ <hown ¡n fi~. 10-1•. 

Thcrc '' a «xnn-1 no<LhNI ol <iecudrn~ wh;c h can h" ""'IJ lo re.>llle a '''""'~'in 
diOd<"S. Thi\ metnud ;, rderw<llo •• "lre• d«:odon~,'' aod o! •••ull< io a r<'Ciurlr<>" 

nf rhe nuo>hf-r of '"'l""ed ~.od~• by ~rouP<"~ !he"·""' lo r-, ,L.,.C>ded. Ot-<ocho• 
ol Lhe focll·li•ol-llop <ounrer d"'"'"-~1 '" thl' pr~_,ou• e""'P'" con ,.. •<· 
comph•h"'l b\' •C¡W.llln~ Lh<' "'"'"' onl<> luur ~"'"!" The•e ~mu>" >IP O 1.1.1. 
4,;,6,7; ~.q,JO 11; ond ll,lJ.\4,1':.. Nolot< th~l ¡he IoN ._,ou',> '·'" '"-' <1<'­

h"K""ht'<i by "" •~o ~,,¡e "hn"' ou<pul ;, OC lhe «'<On<i N<>un l'l /X. <h" ''"'~ 
~·oup by oC. ,\nrl lh<' loll ~"'"'' loy DC f,>ch ol '"'""' IO<Jr 6'nul" can ro~n 1.­
<1""'''" in h¿il hy """~ n lll ll. lho•<e C<i:hl •uh~roup\ <•" thf" L>r IV'In('f (!,"de<:i 
'""' l¡,e l&counl< hy """~ 11 ""'' il. fM comple•e riN<Miong n•·•w"''" <hown '" 

F•~- 111-1~. 
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Oigir~! Pronciples and Apphcations 

>00 • 
·b,---------0, 

1 "' ''"""''"""' ""d '" '"' r ''"" m""' 
Noll id'< rR 
~"''o/,.,,,... .10 
En~ u''"""" 11 
!'nd o/ m",."' /K o 

End or "'"'""'""" "Wno '" ,.,. , .. .. _.,,. ..... - , .. 
"'''b·• "&"'' 
r """" '""'"' Ho•"onL<I Lobol•llon 

~··· ¡..,., ... , , .. ,¡ 
L"'o l«d 

V'""''"""'"""' fmml"d 

oc,- oc, 
"' "~ "" w,.so, 

"' "' 1.\C 
/)[ L 

e""'"'"'"'" ,.,, ""' 
5h•h '" 
o'""'""''"' (j) 
R<!"vtd lo< d>O> 

L,nk """' o"'"'""""' En O< .... ~ . .....,.,. ""' 
Lo¡•<" ond ol m<d<> 
''""''"'('"/"'m"'"") 
Wo<d "'"''"' !bl'"'· 
nmm•lly non-O""'"'I) 

"''""""''' Unm·<•td '""'mi 
Esnoo 
Oolo« ''" 

1 
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1 
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lnput-Outpui Uevices 

1' 1 • ' 
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o o 
" • • o 
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" " o 

1 ~ 1 
" • • o 
• • " " 

1 ~·· 
o 
• 
' ' • 
' ' ' • 

' 
• 

1 '" .. 
" 

"' 

'::r-\_ g::J.._) 11 

1Dil 
~D-6 iD·· 
~o-1 ~Ü''' 

'"" !< ,..,.,ng ol 11 rliOO"' h•s ¡,.,.,~ "ch"'"'<L ""'" oh~ P'""'"'" dr<odon~ '<hemeO:: 
roquH<'d b4 d•od"' and ohis melh"'l only reqUire< 56. The -.von~ "' J«J<I~• ht•IP i> 
ool v~ry >¡X'(I>CUI••· bullh~ ccnwuci<M ol • m•tri• on th" m•nnN 10 d<'<:ode l"e 
fl,¡>-itop< would "'"''' in a savirg ol 40 diod<><. A• ohe numl..-o o( lh¡>-flopo (O be 
d<-cod<'d incr••"'•· ¡he ..,ving on d•od~• ~noe•<e< vl'fY r•pidly. 

Th•• \ype ni deccxh~~ "'""" dn"' h"'e tiw <l•<,ttlvonro~o that lhr d<'<<><lrd 
"R"''' mu•l p.>!< lh<ough mm• lhon on•• I<•Yd ol ~·""' 11n 111~ p<e"'o"' mcthod IÍ1e 
•ign•l p.><>e> thr""glt only """ S"'•l- TO~ oulpul ,,~n•l 1.-v~l mav lfiNO'for• ...,11<'1' 

•• con.,der.tblp <MucMn m ompl11ude_ funhmno"'· oh roe ma•· 1><' o •[X'<'d lim•l•toon 
duo lo the numbot ol ~ale; lhi<<UI\h wh,ch the decod<'d •ign>l< mull r»"-

A th"d ty¡>e •>1 de<<>din~ nelwmó i< known a< a "b>l.,cod muii<PIIC•I<w 
drcod~t." '"" •lway< •~•ull> '" the minomum numl,._-, ol tJ,nd<>, requ.rod lor rh• 

d<-cod•n~ ~"""""· n.e odeo " much tht• ""'" •" • '""' d«:oder, """" the c""n" to 
¡,., thod<·d ore div.d'!d inlo ~<OUP<. !lowever, in ohi• •v>IP"' lfiP flop-flop< lObo 
drmded "" d•v•ded lnlo ~mup• o( owo, ,,,d <he orS<tlll ,lOO lh<•n • ombine<l lo ~ove 
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1 
lnput-Output Devico:•s '" 
the dc<"ed oulput <ignal<. To d<'<ode the four lltp-floP' d"et"...d previously, four 

..: gr<>uJK ~"' formed l7r cambon•ng no¡>-fk>!» e and o 1uot ~· lx.fore_ In add•t•on. nop­
flopo 8 ar>d A ar1' combii>Od in a <imitar ar~ang~...-1- lhe outpul> ol '"""' ~~~~ 
gate< ar<! then cumb1nO'd in \6 ANO gat"' to lorm the 16 ootput <ignals. Tl>e .....,¡ts 
ore showo in Fig. 1().\6. lt can be .. en thata total ol 46 drode• are «"qu.red: a 
sa-.ng of 16 dOode<~ ;, then realized Ovt"r lhe r,,.¡ IT>I'Uwxl, while a '""'"g of 8 
diodes ;, n'Oiized Ov<'f tht' Ir<'<! method. Tn" ..:hrme again r..sthe .ame drsad•a.._ 
laSO" of <ignal-1~ oegradation and ¡¡>eed lim11altoo> a<the tree d«od•r. 

Ern:odtng a number "tU•t the "'""'"'o( decodin~. On~ of the ;.mpl<";t e•ampl.., 
ol encodrns would be the u<e ola Ü>umb-wh...,l swttch ~ 10-posotion switch\ 
which ;, ~~ 10 e~r~r d~l.> into a d'grl.>l •)"1em. T~ ope<atof ""~ser ¡no, owitch lO 
ony one ollO JIO''''on' which rep~nl decimal number,, l'"' O<Jrpul of rhe owotch 
" rOen lran•formed by a proper enmdrng mM11x wl>rcO¡c;hongOJ rhe decrmal 
'"'mber 10 an equi•·alenl binary number. 

An eocodrng mwi• whoch e~,.. • decim•l numbo>r loan equivalen! bin>.ry 
number and >lores rl in a ~"ler ¡, <hown in fog. 10..17. Se!lrng Lhe •witch to • 

fis. 111-11. Docrm>l en.coding marn,, 
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po<ohon ploce• • J>O<IloYI' volt•s~ on ~~~ lm~ <onn<"<tod to m.,. P<><•toon. Notoce thot 
the Ron~ 5 onpu: tn •••eh nop-llop <1 e,.enli•lly the outpul ol •n o o g•t~ 

l"or o••·•mpio•, 1~ lh<• •w•tch '' "'\ to Pm1110n 1, tOo doode, cunnectcd 1~ '"•' lonc 
n.•w • ~><•l'"e '"'1.101' on theor pl;ll~' t"'ev dre t~eretore lorw•rd-bo.,<'<IJ. Thu> the 
"'','"1"". to fiip-fiop A""'" ho¡;~ .. hito the '"'"' •<>P'Jt< to n,l>"n<>P> 8, c. •rod o 0., 
h•o·'· llu, """ Ll>e h·<>~<v numl>.•r 0001 in lhe llop-llop<. where JI "the Ir•>! •ig0,¡,. 
c•_nl bol, ·""'"" thatth" •ncOO ong '''""" '''4U ir<•• 40 d 1ode;_ A> 1n ·~hl ~<' exp..cteJ, 
.t "po,.,blc lo reduce lhe numl>.•r of doO<Ie> '<'<1"''od by combinmg :he input furn:­
l.on> •• .,., <lone .-..on dKodon~ motr<ces O<>e method ol doing th<l ;, >hown 1n 
fo¡,. 1(}.1&; •t rt'll«'""'l< • "'vong ol 7 doode'. "nce this """"'e r<'qultM only Jl 
<l•<>d~·-

1 

1 
1 

1 
1 
1 

1 
' ' 

! ,. 

lnput-Output Devices 

Any ~r>eoder or de<odrr <:an b<- con<tructed from l><><iC ~'"' •• <i><>wn m 1h1S 
sect,on, and wh<on only ono or two lun<:MM are r.E'f'ded this may prov1dc the ~;.<>,¡ 

lethnique. How.,.l'f. as shoW>1 in C~ap ). many nf the more common decoding 
fu.-.ct~n• are availoble a• MSilC• E""mpl,.. ore 1he 7441 (o< 74141) [ICD-t<>­
dec,mal dKoder d<i•er, the 7UJ ••<r«·l·tO-<Irdmal decodcr, th• 74'1> BCD-!o­
""'en-sc'¡¡menl de<:oder dHvrr, antl th• 7414.~ l·t>f-10 d•cod•• d11vrr. There are 
numeroo, others, and you a,.. urged to consull m.,nufactur<'<<' data ,.....,¡, lor ,.,,._ 
crk inlorm.ouon. 

There are al.o a lew cncod•t< ova,lable as MSIIC<-Ior c•amplc. rh• Farrchold 
~116 ••Shl-1npu¡ prio11<y encoder. Th" unu ac<ep« eight onput> and produc.,; a 
b<nary wrighted cod<o of the high,.t-mder oulput. Agaln, yuu shou Id <onlu lt '1"'· 
cifoc manufacw,.,..• da~ sheel< (or dMa•led infonn;ltion on rr>eod..-._ 

STUDY AIDS 

---
Punch<'<l cards prm1<lo Me ol rhr mn<t useiiJI and wodely usf"d m<"doa fl'lr ""''"g 
bónar; information. Each caro is ronsklerod., a bloc~ or un•l of inf"''""""" and " 
thc..,lore referr<'d 10 •• a "un•l r<"Cnrd." Furt~~. pun<hO'd-<=a.d C<]uipment 
l;>un~hM, .OIIe<s, ..,.d~"· etc.) <S <nmmonly nlled "unol·f<'C<>rd <'Quopm""t-" 
Alp~anumr«< onform.rinn, a• w<>ll •• ,p,-.;ial characte<>, can be pun<~cd mio 

<:ar<l; hy n1Nn> ol • <<~rlr The "'"'\ comm"n <<XI•' '"u<~ is t~c Holk'<lh coctr. 
A s•m•lar med,um lo, •nlo•mot.nn <lor>~e ;, nunched paper tape ¡\lphJnumer,c 

and s¡><'C,.I characlet> ar~ recouled by perf~r.lhng the !Al>" anord,n~ lO a <O<Ie. 
Tt.ere •r~ a numhr< oi code;, ¡...,, the one mo>l commonly """' •< the ~•ght-t>ol~ 
ende. A p<'rforated rol~ of paper t•p• ¡, a cont.nuou> f<'Cord and is thu> drsunct 
from th~ uM reco«llpunchod ca«lt. 

For handhng larv qu .. nhhe< ol informat.on, m;~net<c I>P<' "a mo<l convrn1ent 
recnrdin~ medium. Magr.etic tal"' off...- tho ..d<.lnlal!""' of much hiRhe< proc,..,¡n~ 
rat~ and much grea:er record<~~g d<•n>lli.,, MOr..,..er, magn('loc IAP<' can be"'"~ 
and uwd over and ovrr. 

lhe threo mo,t common mothO<I, lor recmd•ng on "'•t:"ehc ¡,,re a•r lhe reru<n· 
to-zero ,IRZI. the non-return.to·>Crn '"Rll. and the non-rctum-ln·<NO·invenrd 
(~Rl!l. The :"'RZ and NRZi methods ollect,.e1y rra<e or cl~an tt>e taP<' autonoa­
t<:ally dunng the rfCord opo-rat<on and th<J> el•m•nate oM o( the p«>blrtfl> ol RZ 
record1n~. These two methods oliO lcnd lhem .. lves lo hi~h,•r ""COrdon~ rotes. 
Encodm~ and clo•cod•nB matrices lorm ,1n ompnrlanl p,lrt ol inpur-nutput e<¡uir>­

mcnt. Th~ matii<P• Ate g~oo<ally use<l tn ch•n~e inform.ot<on from one form 10 
Ol\Other, for ¡,.ampl~. b,n.ary 10 <x.t,;l, "' b<nary to <i<'cimal. or dKo'Tial to hina.y. 

Ther~ ;, a w1d~ »roo!)- of d.~<l.>i P""Ph~<Jl "'lWPn><ol onctud.ng uM-reco•d 
rqu,pmont, """'""· cathodr-ra)'-lUbe d~<~l.1y<. ,,,d plot\0"- He chn·<~ ol [l<'riph· 
eral equ<pm,Oitn ""u•ed wllh ,;ny •y<~em "o mojo• engineenng rl<"CISoon Tloo 
d<"<IS•on rn"<J~e; nt.ohl.;h<n~ the ;y<tem ..-uuirement>. <IO><iyon~ th~ avadabl• 
equipmmt, n>e<>t•no wlllo tho "<tUipml'nt m.>nulactu<..,;, •nd """' m.>king ¡],.. 
dec"ion Da;ed on op•.-,.toonal cho!acre"'lic>. rl~t.,ery tomP, and <1>'1. 
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Digit~l Priocipieo aod Applic~tioos 

D~,.;rilx> "'"'~ ol lh~ Protwcm> el the man-machine int...noce. 

DM<robe a r,pOcal pund>ed urd l>ize. number ol column .. numl>er ol row>). 

Whoch rnws "'" ¡¡,~ zone punche, on a pu.,.,hNl C.«H 

Whorh r~w• "" tl>e .d ·~•1 punche< en a punch.-d >ard 1 

What i> tho Holle,.th wdel wr-,,1 doe> ""JR. " 11 •• sign•ly! 

How i> b:,.ry inlormat:en repr~.,.nted"" rd· · 
'""'"'- and wh•t dot< the ab..-r"l<e ola hol~ ~=p~~~·¡1 what <loe; a hole "'1>-

Wh•t is lhe me>nm~ ol unit recortlr 

i'iame thr ... Pt~Ce< el unHe<:ord ""rtnherol · 
dM<rophon 0¡ how ti>ey are u~. ~- ~ <QUtpment, and give a onel 

O.O..rubc lhe ••~ht-hole cede u>t<J · lO puoch ontermat.on rnto p,o~r "'~"'· 

0<-'lr•bo> how ls M>d O< >ce record •d · 
n<•h( rf'(OfrJ h~od. ' on m<1gnOI•< taf>< by mean1 ol 0 mag-

l-low is alpMnu......,uc inlerm.lt;,n rot:orJed 00 ma~nctK tal"'l 

Haw is btna')l ini<.N"mat1oo r..-rord.-d en tnilllf'e!K tape/ 

r •plain the dual-¡wtty <Y>tem u..-..1 in masnetK-tane roecordong., 

_roput-Output Devices 

14. What i> \he purpo>P ol an ont•rrc<ord gap 011 magn~uc La ¡>e! 

15. How can thc t•P"·Uitlization l'ctur be u sed te determtne IM tot•l numtx-r of 
~~-oracl"" <tored on a mognetic \al"'! 

16. DI'Knbe the operatfO(l ol th~ RZ reroflhng melhod. Y..'hal ""' l<)me olthe M· 
flcul::e-; ..-oth th" •y>!em/ 

17. Describe tho opet"lton ol the NRZ rewrdtng mothod. WhaL advant.ages dOI'S 
tho> meLhod oller over RZ rr<:ordongl 

18. O.OKribe !he NRZI recco-ding te<hnique. 

1 ~- Why is a dog,.al oncremental plouer a tru~ dogital ploHmg systeml 

20. Whal ¡, th~ diHerence betw.., on encodong ond"a dc<odong matml 

10-1 . M>ke • .~ .. eh ol • P..,nchftl card a M code your ,..me . .oódre ... aod soc .. t 
<e<urity number u<ing tne Hollenlh code. U"' • dar~ _, 10 r<"p<...-t • toole. 

10-2. Chango y"oor ooci"l oe<uro\y nurr.ber tu the t~¡uovaleol bonary o1umher. M•k• 
~ •ketch ol o punrhed card. and rr<:ord th" number on ¡he card on the hoflzrmtal 

bo~ry la!.hion. 

10-l. RO?<•T Preb. 10-l. but re<ort! o.Oe ""'"'""'en the ca<d in lh<! ~·cal 
la<hton. 

IG-4. AS<ume that alpOonumeric inlormalton i< l><ong ¡>un~hetl onlo c.rd• al ti>~ 
rote of lSO cords per monute. 11 on.. cards have an average oi6S ch.or.,;terS •ach, al 
what rate on characte" 1"'' se<ood ¡,lile inlormat<M betng ¡>r0Ct:-S,_..,1 

10-S. Mo'e a >~etch of a leogth of J>OP"' "'~>"· U•ing tile e;ght·hoie code • ..-.:orrl 
your nomo. •ddre>s. and social'""""!\' number en the !al"' U"' o dar¡, spol to rtp­

"''""'a hol~. 
lo-t.. • Wh•l len~th el papet "'"" i< r<'QU tretl tor the ~torage o' bO.OOO ch-ilr•cte-rs of 
alph.onume<ic inlormatr"" """S th~ e<gl>i-hole code! A>sun'O no r<-<:O<d gaP'. 

11).7. Wh.al icngt~ of magnoe~oc 1>1"' would ¡.., rcqu11N to ,"'~ Ü>P onlo<mat""' ;n 
Prob. 10-6 1l the rKordins d~n>il'¡" 500 b•l> P<'' >r"l<hl A<>umP no ..-.:on:l g•P•­

IIJ-..8. A"um~ til~t dala .re rrcord<'d on m.>~neltc tope •t • d""'''Y ol 200 U.n prr 
inci>. 11 thP r<"Con:ll~ngth" 200 ch>r>cter,, ond lne interrccord pr ¡, 0.75 ;n. wh,>t 
i< !l>e tai><'"Utiltta\>en loctorl Using th" ...:.h~one. how man1 cl>or>CI<'" e>n b<! 
•l<>«"<< on 1.000 h of ~;>pe/ 

10·~- Veroly the \olutoon lo Proh. 10-6 .ll«lv~ by u,;,og tq '10-lJ ,..o,ocr th.t thP 
2,400 in the ~u•tion "'""be re¡>laceJ by LOOO. ''"'" 1>•> .< the tape lonRih. 

lG-10. RO?<II Pror... 10-6 and 10-9 for ~ Jen•ity of (100 n.ts PI" onch. 

IG-11. Wlt.U 1Pngtl> ul ma¿nr\K \>¡>" '' r{'fjuirod lo storr lO' <i>•'•CI•" "'·ord<-<1 
al • den<ily ol ~00 bol• f>"' oroch woli> a r""ord len~th ol '>W cl\oroct..,,l 



,,. 
Oigrtal rnnciples and Applications 

11-J, Veu(y ,,. volt•~c-outpul le••l< lor the nclwo<k ol fig. 11-S "''"R Mdlman's 
'"""'""'· O<aw U•e equoval•nt circuu,_ 

11-4. .'lssume lhe div.O., on Pruh. 11·1 ha< +10 V lull-,.,ale ootpo.o~ •"" lind th~ 
lollowing: 

(al ThP cl•ange m ourpu\ ""''"Se dueto ,, ri1;ngP on the LS6 
11>1 Tlw output voltagf.lor an onpur nltiOIIO 

11-5. A 1()-bot re>i<live clivod•r '' conSiructN IU<h t'hat the curréntthrouSh the 
lSR ,,.,_;,,.,.. ;, 1 00 ,.A. Oeten·11o,.., tl>o ma•omum current lhat woll now tluoogh the 
MSU reo.o"or. 

11-&. Whal i> the lull-scaiP outp<JI voltag<> of a >i•·b•t b;nacy ladd!Of iiO- O V and 
1 - + 10 VI Wh~l ¡, 1t for an ei~hl-btt ladder1 

11-7. 1'1nd tlw Oulpu\ voltd~t'O( ol ,,..bol bonary ladtler with the lulluwing onpul" 
la) 1(11()(11. 
lbl 111011. 
tct 110001. 

11-8. Ch...: k lh<- """''" ol Prob. \ 1-7 by dddong t"" oO>dovodual bol ~onorobo.otoon•. 

11·~. Whnl ¡, the "'"'luti<.n ol • 12·bol D/11 convo•rreo wh<eh "'"'a bonary 
lodderi ll1he lull-.cale oulpul i• +lO V, what "th~ rcwlulion m volt•l 

1 1·1 O. H<>w nMny bo" d!e '"'~"'"'d m a bonaoy l><lder lo ach'""" a '"'olulion ol 
1 m V +llull ..:ale"+$ VI 

11·11. Ho"' many compar•to" • .., rl'qu•<ed lo bo.oold a fove-\);t "mullan~u• IIJD 
conve<lerl 

11·1~. ~t·de"K'' 1he encodms matrl< and r.>acl ~·""' ol fog. 11·20 u11n~ NANO 

~-""'-

11·13. ftnd \he lollo..,.ing for a l2·b•l counter-ly~ ND conv,.,ter u•in~ a 1-MHz 
dO<; k; 

Id\ -"•""'""' con"""'"" lime .. 
lbi llv,.,.~~ "'""'""""lime, 
1<1 Ma.,mum (on-"er.,on raoe. 

11-14. WhJI docl< lct·~uency mu>l be u..-d w1th a 10-bil cooonler-typc 11/D con­
"""'' il il mu>L tx-'capable of mal<ing at lea<l 7,000 cor>ver .. on< P"< ""'ondi 

1\-15. Wh.ot "the conv'"'''on tome ola 12-bol wcc"''"'e-approximatoOII-l)'pe 
IIJD co~~~~"" u<in~ • 1-MO--fz du<..i 

11·1b, Whal ,, the con''''''"" lome ola ll-b•l wctoon-counle<·IYI><' AID <<>n· 
vcncr '"'"~ • 1-MHz clockl Th• counter '' d.vodo<l into lhree '"'1"•'1 ""'"""'· 

11·17, Wh•t ""~"11 ac<u<>cy cuuld yOU rea10nably ~·recl fmm .1 12-btt A/D 
cnnvt•<le<! 

11-18. Whol rit¡¡r<'<' nf «'501uht.n <•n be oluo~od u•ing a 11-h<l Oph<:•l ffie<Ó'f\ 

11-1~. ~.,¡.,;K" tlw Gray-lo·biM<Y encod~r on Fo~ 11-12 """S NANO s••~•-

11·2U. ~,..¡~"~" loe Gray-lo-1>•~•1)' encoder in 
1

fig. 11-J2 "''"S <'<dU<IV<'O• 
~Ole<. 

' 1 
! 

! 
1 
' ' 1 

1 

. 

, 

Magnetic Devices 
and Memories 

- > 

Ttom. i~ a lo~ da" d Mvire• aO>d '~"~""'' whoch a•e u..-lu! •• dogol.ll ele""'"¡' 
twecau"' of lheor ""'Sn~<: behovio,_ A leHom•~nMic matenal ton be m•gnetoled in 
a particular d11ectoon Ly ¡h~ applicatoon of a •uitable mognetizong force¡_, magn~liC 
~u• '"'ulting from a curren\ flowl. The maiNial remaon• magneti1ed '" lhat d"e<· 
tion aflor th~ <e<nov•l ol the e-c•wlion. Applocanon of a magnotiling fo<ee oilho 
OI>PO"le polaroly woll '"''l<h t"" matenal, and u woll rema in ,.gneliZed in th-o op­
i>O<"e di....:tion a[k,, ,.,,..., .. 1 of lf>c exc•lalion. Thu< 1he abololy «> uot~ onfo<matH)tl 
in tw<> d'""''-'<11 uat"' " _.,•ailable, and a large da" d bonary eloment< ha• l>N-n 
devi!.ed """S th.-.. p11n<•pl~. In tho' chapt~r we tnve<t•s••• a numbe< ol th.,.. 
fievico< and <y<lem< lh•l makc "'~ nf JOem. 

Alter "odying lhi• chapW you •f-.ou"d 1,.. ablc lo 

1. llluWa\0 how magnotoc <"''-'' ••• u"":l to ""''-' bona•y info•matoon. 
l. hplam 10. fu<>dooT>Mtal po-tnciple< of a coon<Klent-cu~r...,t mrrnoty. 

l. ik.crobe \he QP<'fdhon ol ~ "'m<:ond...ctor mern<><y u.in~ eith~r bopola< 01 
MOS d""''"'· 

12-1 MAGNETIC CORES "' "' 
One o!!"" mo<t widely u<ed no•gnel<< denoenl<" \he m•gn~>< eme. lO• ¡yptcal 
~or~ ;, toroidal (do<Jghnol·>...,.,.-dl,., lhown in f •S- 1 ~- ¡, and " u<udlly conot<U<!o-d 

m """ of lwo wav•- Th~ mel•l-robbon core " conwucted by wondm~ a '""' thtn 
metall1r r~bboo on • ce!amiC-Cme lorm. A popuiM robbon ;, '1.-mil·thock 4-79 
molybdenum-perm.oloy (known a; ullralhon nbiK>nl, .1nol a tyo•<•l co<e m1gh1 con­
'"\ of 20 torn• ol !llll 11hbrm wound o o a 0.2-irHio.ome;~r ceram1C form. 

fe•,.le eme• ar• conwucto<i lrom • lonelv PQWde<o<i n•o;.lure oí ma~nehl~. 
""""' bovalenl mtt.>h ....-h '" mogn,-;oum or m•~·'"""'· and ,\ biO>dn mdt~ro•l. 
!he powd~r t< pr"'<,ed into the d<",<:'d >hdf'!' oO>d ¡,,,.¡_ Duron~ IoM¡¡. lh• ¡KJwde• " 
fu S('{! inlo o «>hd, homogcnrou•. polyCJY<idll,nr lonn. f t·rroiP UliO'< .,,,n '" 1h" ,,., 
cornmonly con5t<Octed witlo 50 m1l o u ~•de rlioml'le<l and JO m o 1 1n<odc do"' m,.,, "· ., 
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ll/U ll/U U/U U/ti lllt> 
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[¡ p;•c,n:·,·;~a tD! pr:-rr.;it," ·,;:. (!.;:;:¡·i':\'.··- ;- '·"'J;·:':•:,:o...t~.;, ··· 
t:n tt•c.'d!<n: :~u~~·(! ,¡os l,;(),"i05 dt: cvr<;:-u;: 

n1cd~ Ó<l >!n'-t~d~ 
0c::!n dé! cu.~.~;¡~'cs 

El modo de f!nCrat\J ,:;p~r::<:-· a: J)¡•r::t· ,: ;.:r, ;-.·=~' .. '<"~·'· .. , 
archh.lcio, junto con <;i s\<¡~lent~ :·:;:;¡S~.)'.l\ 

En r:-l !lüdD 
a:>terB!:o; 

!J!I'CT 

di': tOn•di)dc.s, [[:¡ 
pnn tt>gr~:s<n· .11 

• 1 <~r.) 

snllcot.;:. ·.:;.ri~ •::·.],-_:: ·:···.:·.· 
r.~u<lo J~ ent:·r:(:~ ·-C~:: 

El n101l0 rie co:n~nt:o'i !:!'~r~t~·;¡c-::;¡¡·;;.;tc~·J2'ltcc ;i ;;; _,:;:~·: .. 
iaado y~:~ e~t.ú.!. tll"• d~~co. 

Para 11<tm~l" en tt'xto;: Hr e(!h•.Jt•, ti::,·:-

) EDI u C~fllC~t·;c..;c!Úf, .-ltd ¡::·-: .11'•: -

•. • e " 

E1 :-e~ult~dr~ !!e :n·:~:o;;- a tn!, !:!'; 1~ ~~;--~:.o:.:·:::.:::;~ ,._. 
(d¡¡o SiJ,~d~). icit.~th;cc.do f•::.r :a üSj'!':d;'\>:~.:::·,: ::.~ .•. -
!lado. 

: ; 1 51 11.1 Boecif1.:.¡;c!t:n ·p c,:d:·::rJ (.-:·;~;,:~.;,.~,:,:""_t.- .. ;,:,, · 
de ,-~,¡,•:;\¡),, d.;:'. ;;.·cr.:o·o de E.:>!l\.: :¡:_;1Hi".:\ .;.: ::7.C· .:-:.., :·,· 
de ent!"d<lJ. 1 

3) :!0005 D~ ~.Cc_ES~\F. 'iEJ.70S: 

EPI po~t!e dt·5 :.n•.H•~ de ~CC!!~.:r- iH! tc:.;tcE: ~;-.· 1 ·· · · 
ques, sf b~e:t .:!11 ll¡;"tbo~ c~sos h.v;.~ u:;c de:¡;-. cr!.!:.- , .. _-.· 
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r.i !U:•!.!•.::'l·:l\l!. in~.L< ··;: ;•c.~:-: .. :n, .; . .-~~·.·r; ,!~-, ·.;(::.;-:>, 
;l;~:::,¡i.¿;;: p<:f!.':,- -.:.:. r:;-;;_,; :iro.::<:. ,. _ _.¡~~,:·.~e;,,;,., r:r•: 
·a~é!.¡:<r-~(:,. ha e :t n;;,c nu;n¿ .; :~.1:.::. ,,,··,:ul•:.:. 

[ ·., ,., ~ .. ,,, p·· 1""~"' . .,._._, ... , .•.. ,,,.o ,., ..•.•.. ,•--"' l.f·.··.•.• ., 
P. V• l"c~-> •••'-'"• <1~<-«•••·• ••••·--·-· 

r1r;• .; lJ 1\nea ;;,•-:,:.i!nt~. ,;~ ün~i,-. :,~.::a~: ?.n 1:1 t•,.:::,o: -­
c~da lf11€8 que~; sc~rer~:~d~ ::or ~¡ • •• ~ur•t<:Jr,,· ;_~ !S:~¡¡~ :•.1 • 
el ar~hjro de S~]:~~. La V~1c~ fO•'~! ~~ t~Ci~Jr ¡:r,¡ 11~~~ ~-¿ -

p~sada, es mo~i~ndo ~~ a~111:t2dor ~~~~~ ~~ ~:·!~::~:o ~si c~;.':n, 
lO q~E CdUSl [J:,jo 6Ste l>lC(Íc>, I]U~ :<1 ,;,·o;o ivf: •::2 S}i i~'.: 1:.-.•·; .• -
sar ~1 de entrad: 1 la cr~DC~~n de un ~~=~~e crc:1liO r;: ~~;l,i!, 

En el modo por ·d~c:ues, ·un e luto r;~¡r.~rtl de: l in2~~ ;.;-¡: i<<·.ir~ 
<1 un lanf,:;r, El t;~.:~:.ulo 1w~Jt,;:~to cld 1;1(:l")IJ:: ··~ ;!;! t;C i :.~~,-~, 
pero Ptil!de ftlterJt;.~ p:¡r ;;:~d-,o de·l COIO.:ol:<j:_¡ Sli'E • 

C!ln el 
texto, 
1 \"nus 

. ,., .. ,, ·o·,··,., •. ~~~ .. ,, , ..... ,,,, "••11···1'····· ..••. ,. ·• 1 ~· -~ .,· .. ·, '" "' ·" r ", ~u ' '"'". "~ •·• '" J<. • ., '· ,. •o ... ~ -. 
de ior;~~ q11e sólo 1e !can ~1 uurte¡·, ¡·rr ~~0~~;,,J, · •·• 
antcriorc:> d punto dor.<lc S.-?c !n<iicó :'UJ; i't-:!:!1. 

Uenti"Co 0~;1 buHer, el llptmt1Hicr puede ;::;~vt:.:•s<: llh,'E.-n<'l·:,· .. ;,_·;\;. 
adelant~ o hacla ctr&s. 

::n lo que SÍ!IlHl ~e r.on\1"1ano lo sfgu!rJ:lt'"-: 
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Llamadas a subrutinas en MACR0-11 desd~ programas en Fo:nRAII 

Un programa en FORTRAN puede llamar subrutinas e-;,cr1tas ¡::~1· o:!;i csuJr::J en 

MACRO-U, con el consiguicnt(' ahorro de memoria y tit:r.1po :.le cjecuciC~ rp¡e 

implica el realizar una tarea en ensamblador en lu9ar de FORTHí1~:. 

En esta nota se r.lencionan las instrucciones que el usuario ,: .. ~e incluir 

en sus sUbrutinus para qUe éstas sean uccesibles des~e F0Ri;').i1 • 

(1) Punto de entrada: 

La ~ubrutina debe definir un punto de r.ntrada que el siste:.'~ v:,lm'Jtivo 

RSX-1111 r-eoo1100e -con cualq"iera d~> estos 2 modos: 

a) Usando la afirmación .GLOBL al principio de ·¡a rutina. 

la forma de la afirn.~c16n es: 

.GLOBL ARG 

dende ARG es la etiqueta que sirve como punto de entr~ó. 

b) Usando la útlqueta directamente comu punto dC! entrad J. 

Para ello, se acC!mpaila la etiquet¡¡ con 2 puntos, 2 vec~s: 

LABEL : : 

(2) USO OE REGISTROS. 

La subrutina'puede hacer uso'de los registros R~ a R4 con toda libertatl·,­

RS apunta a una lista de argum~nt.os de acuerdo a la siguiente tabla: 

' 
R5 No definido '" argumentos 

Di r. de Oir. ,, Arg. 1 

O ir 
' 

de Oir. ,, Arg. 2 

Dir. ,, O ir. ,, Arg. 3 

' 
' 
' • • 

01 r, de 01r. ,, Arg. N 



.. 
' .. • • 

R5 queda disponible después de que los argumentos hayan .sicio incorporados •· 

a la subrutina, Se recomi~rida no utilizar R6 ni R7, pues'ar.1bos tienen fun 

clones asignadas por el Sistema. 

(3) REGRESO Al PROGRAr•IA PRINCIPAL 

. Al terminar las instrucciones de la subrutina, se regresa al rrograma en 

FORTRAN con las instrucciones: 

RTS PC 

.END 
. . 

En los programas de MACR0-11 'se termina con la -instrucción .nfl'l ARG, don-: 

de ARG representa el punto de <!ntrada del program¡¡. Cuando ;.¡, tl'•lta de --. 

subrutin<~s, no se especifica el punto de entrada en la instrucd6n .END. 

(4) EJEHPLO: 

Se escribió el programa EVH!;ll en FORTRAN que llama a la su~rutina JNIARR 

en MACR0-11. 

· INIARR da un valor inicial IVI\L a los N elementos del arreglo 1/IP. 

Se listan a continuación los programas EV~M;n, ensamblar llll.l!llP., encade-­

nar usando el "TASK BUILDER" sus m6dulos objeto para ·producir· una tarea -

ejecutable, y por último, ordenar.la ejecución de la tarea. 

Se anexa un ejemplo. 

' )ara mayor información, consultar la Secr.ión 2-4 dol ma.nual Ii\S/P.SX-11 

FORTRAN IV User:s Guide. 

EO!TOR: EDUARDO VARGAS ORTEGA 

' 
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CUANDO SE TIENE Q.iE PRACTICAR IJN tCNJIJNTO DE INSTRIJCCIONES 

SOBRE DIFERENTES VALORES. 

• ACOI1QDAR UNA LISTA DE VALORES EN ORDEN CRECEINTE O DECRE­

CIENTE, (N: COMPARACIONES)• . 

l!zisten dos for~ao par~ •oluclonar ~sto: 

C<>pbr el c6JI~o tantas HCU co•o U nece5ite 

A¡rupar las inHruccionu y uur a110n .,ecanl•11o pau lle­

gar • este l~gor 

EJecutar las lnotruccionu y regnur. 

El •ccanls10o utiliudo para brincar al conJunto de instruceioou 

u le conoce co10o "ll~Mda" y d conJunto do instrucciones se 

le conoce"""" "subrutina". 

• 

!n PDP·l ¡ la 1.nnruccl6n que pen~tu el une jo de subi'Utiou es 

JSR R1 , dlt 
llB byts 

J., 1 '·' 1 

ALGORIHIO 

],• Preservar el valer de Ro1l•tro Involucrado 

l.. Pruervar el PC en el Ro¡htro involucrado 

l.- Se cn,a el "PC" con la dlreeei6n de la subrut1111 

FECH (ALGOR!THO} JSR 

MAR -re 
\J>t-PC•2 

1!1 •ecanismo paro nancjar subrutinas con•lste de dos pasos: 

lo. Preservar la direccl6n da recrcso 

lo. Cargar al PC con la dlreccl6n de la subrutlu y se uun 

• 

dos técnicas en ayda de esto 

Liga_o apuntador (una localidad) • 

An1daci6n (stack) 

• 

MOR- HEHORIA (Llnf, •• HARI OFFSET 

TMP - MDR • PC ; ' DE PALABRAS A SALTAR 

R{6l-2 TOP • 2 

MAR --R\6) APUNTA AL SF 

Mrc~IORIA { Linf, .MARI- R t SI; SALVA EL l !51 

' ' R {SI PC ¡ PC SALVADO 

" __ ,, ·' DlRECC!ON 

.. 
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t.&t lut~clon .. etl~uetadu eon 11 r •t posa contrel • lo 

luuucc16n Ulquetodo uo ~S1ll", cuondo lo oUquou M~M­

u ucontndo, 01 conuot r<IC<U o CT T Cl dep<ndionolo do 

cull !uo )a llooodo. 

UIQUHA CODJGO COMENTARIOS 

" . " . ... 

!• ElfVlA~ OPU.IoNOOS A U SVUl/Tl~h Y ~ECUI~ LOS HSULTAOOS ES 

'LO QI!E SE CQI<QCE COMO PASAR P~IWIETROS.· 

Cuando tronooUI••• puJan no lo que puuo4•-• oo olo\olur 

ol ti<o~o do oj«uci6n y loo rOqUednl•n<oo io -••ita. 
'uotro ooneroo blolca• de pooor porloetroo, 

1<>. IJI~A O! DiWS Cl.li!IJN (GLQUL) 

' .. 11: m "· w• LLAIWIA A !.A SllBRU'l'l!lA • P, P, y SI TI~NEII ACCE$0 A ELLA ... CT : "" '· " ' ". ... " . ... ll: JS~ "· '"' ··- Cl: ~· •• " .. 
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LLAHADA A SUB 

UCRESO 

' 
loro, INS!RUCC!ON DE SUI 

... 
DE Rt Sl Sa Q!TI!NE ~L 

HGUSO, 

J\ 

+ LA DIHM'CIA EN EL DllltCCION»ilENTO (TU, -U7) 

lo, USAl LOS RE:GISTilOS 

+ Sl.lH POC"'-' UGIS!ROJ 

• USAR I!I:I-IORIA PAU PRUERVAL LOS U.G!STROS. 
• 

Cl.lD! • OPIIWI~ 

1, P,\YI( • " 
'· ·~ 
'· ~ 

'· ~ 

,_ 
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•• S 

'· -· •• pn¡;..: . • 

-- ,_ 
.«;¡, (l'I.AA"l• 

All(:;l, (l'Nt-'lq • 

AAG~ , ( r'-IIJ'>\J • 

• 

; W"f PNV~11 hold> ttoo od· 
; drn• ol f""''"''" ,...,, 
; Tr"""'-'t !hit po.--u.r . 

; S«cnl ponoc!tr. 

--. 
1 1-oU poror«[CT. 

; Tnter •ub""'< \no 
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~CACO$UUS NQniRE,CLJST~) 
EFECTO 

• 

LL'""" • V RVTHl .. N~~~~ COl!< LOS ~ ..... _,.~OS DE LA LIST ... 
V< El. STA~· CC!< FOFI~"TD 

\11[.10 "' • MC. 0 

' ' 

, IIACR~ 

"" COSUDl•O 

CO!VDS NA~.LISTA 
"'··<SPI 
1, (LISTA) 
•• -OSPo 

e o s u a • 

• • • 
I'"O.CRO 

1 LL ...... DA 
: EFECTOC~F .OMDRE,(LISTA) 
1 LLAMA A LA AVTJNA N:l'<ORC 
¡_ EN EL FCAMATO DE FORTRAN 
1 MOTA 
• • • 

SP· R3 
PC.NA"E 
o~oCCSU31•~.SP 

1 LL~ A FCRTRAN 

P-.A-. t!OV 

LLMA CON LOS AEGS . 

.. 

BV NAMEoi.E. HAV OVE PONER 

<JI 3, R4. R:>, 1!2, R ¡, I!C> 

'" w 

H RS1-!1M 
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I>IR>I:ra>lo 11: mMa m. =• lJfi'RXI.O:[(tl A w ~ 
UU' -lll 

S<!"lio IICt>'\o IIU1rdo 

lttry fu]lnl'"""' -· i.A,. _ _..,!al ---· "-"i<lol<¡O 
l&!.<n,D,t, 
2SO 1712 l::.t,lS 

~u...., - """"' C:..,Gto.l, do lllld.!oW¡io 
Ptlv, <k> la l'r<Ninot.o 82 
&o-o ~ !.Id!:"' ··-*"'-=· I>,P, 

"'""''""' ll<hooW.Lo Qm. ro~ 
~-~.do ....... -¡ 1•1 .. 

-..cru., --

Endn """"<f»i<lpe• V>..llaj<> 
[ ~ p 
Av.oentnl U...., <:1..- lS1 
~ 
07121111!xlco,D,F, 

5i7 ~ '' 
Hlcto< F. <:ru. Vill.o;r&-1 
"=Y~ do D>'plto:rt.,. S.A. --..,u, 
--~ 11590 -..,, D.P, 
~n,, 

Mlquol~~ 
-- ... Irl~1l> ~ 
7 <>•po<:!taeU'n ~ 

~A.~~ ". 
UW!.>:I l'rcf•l<m&l ,¡.,¡ un --.D.P, 
~n .. 

... 
.J:qo ... , ..... - -
A.Paotal !.-m 
Oli!<IQ -...., D,P' 
592 n 92 

Aoul."" UH 
~u...reo, do >ll!odo> 
:no lS •o 

Av, do "'"- 18 

-~-B.JU4re• 
noo -.o.F, 
s:n " " 

F.SJll""' 7Q 

........ '""""'" 
~ ........ 
1 " 21 774 111 

llda, sn, Nl<nU. 1:1. -11-. SJ. 
Jldo.óollb>o.<fl> --"""" - ....... 1112 n l6 

~- ~u>TcJ"<l> Stu•clll 

lO. Lulo Guda Últtl6rroz 
Faculta~ de llO<udioo SUperior•• 
Cllaut~l.l.n 
Km. 10.5 Clrr. CU.ut~llo-TeolCJUC .. 
QS.I800 MC•k:o, D.F. 

11. llugo A, GJ.rcía Vargao . 
1\;uy 1\;oy<"<"lOG de lt>genlc:r._, S,A, 
Shea~espe.ore 1!12 
tlva. Anzllrt& 
llS90)..11!:<~«>. UF. 
1son 6J 

12.Mo. de J..ou>·de• GJ.n7Jlloz [.J'az 
O>le¡;lode Clo~cl .. y HumonL4adel 
Plantel SUr 
""'"'"del ~epi y Llallllta 
M~dco, D,l', 

13,1lnrlque O>ndl<:z Mala • . 
Omnll»o do M!!>:l<:o, S,A, de C.V. 
ir>ourgen<eo lke. (2 
Sto. Ma, la Ribera 
CU.Uhté"""' 
Oó40!1 Mexlco, o. P. 
.Y./1 !B .1.6 

lt, IW¡mun<t> llerniDde:r. O=wo 
S A ll H 
!¡¡nao!<> Vallaru. 1 
~=, 

· Cl!aulltém<oc 
Mé>.leo, D.l'. 
~·N 

I!I.Sc:rg<o """"" U>mpaMo Ooneral de R•cllolog!a 
l'rlvada la l'ro.ldeocl.a 82 
Son ,l=lnl1t0 
~l<:o, Uf'. 
683 16 111 

16.0oo.ar Mufn ManfDeo 
EtlEI' A<:B!lln •- · 
liLo ,U.n l'O<oltq¡ec J Al~ 
México · 
373U99 

C.e1ma 88 
S<a. loabel TgO. • 
07010 Me.lco, D.F. 
181 O> 58 

Manuel• Lo~lzan.t. Monz. 7 G 
Lot.e LO O D:¡nt. 303 
Ollhuodn ll>fo .. ~ll: 
Me><!«>, O.l'. 

Cer""<la Gabriel Maneen. 16-U 
O:l Volle 
B. J.l;l.t"% 
00100 Mexlro, D.F, 
536 61 M 

,.lapo 18 
Lomo llonlta 
Ayotla, M~• loo 
b<tapaluco, 

Puente do GuoMjuato 23 
Tec.a,,..,cl,.,loo 
M~ leo, 
5!1'1 43 68 

Lauro Agulrre 2\IS. • 
A~rlcult\H'a 
Mlgo.>elllldalg<l 
Ml'xl«>, D.F. 
:>17 9i 00 

Lago Cultz<:<~ ZM·La2 

·~· Mlguol Hidalgo 
Ml!o>:lro, D.l'. 

• • • 



lS.C..<l~< /. MI:~~ OliDo 
Con.,ruccl~o y Alct<Urlll.«k> y 
Proye«OS de C..h1!ooO 
\'1st.> llcrmo .. 106 Blo 
1\>ruleo 
B. J.t1rcz 
M~•i<;o, D.P. 
672 4& 46 

l9.Rubén }. Mendloz eot:oo 
Conot. Alc.ontarlllao y Proyec. 
de C.mlnoo 
Vloto !termo .. 106 Dio 
Pt>rtol>s 
B.]l.¡órez 
M~> leo, D. P. 
67J •6 •6 

D. Benito Mon<oyo Vuelo 
Companra Oo,...rol de Rlldlolog!o 
l'rl•. ele lo Provl<lencla 82 
Son }orllnlmo Lfdlo.. 
!.Wdro, D. P. 
6SJ 16 19 

21.Al~jocdro Mor'a Sil.. • . 
Por< y !ngenler~ ~··S.A. 
Sl1o~e>f'<'3Te ls:.! 

""~"' Miguel Hl<$tlg<> 
Mhlco, D.!'. 
254 J7 7l 

2l.~ufn fuJI Ayalo 
Prop- ama de lo<crctmblo Uootf!loo 
y Olpac!<ac0n Honloa 

23.Compoaa General de 1\a<tlologf.o. 
Prlv. de Lo f'r<Widencla 82 
Son Jer!inlmc Lfdlo.. 
M~x!ro, D.l'. 
6S3 lli 19 

2f.l'ranc!<ro J, Raro Vlllllll"'ndo 
Comra~fa Conoral do P.adl<>log(o S.A. 
Prlvoda de lo Provldcllda 82 
S.on )ocllnlii'CI Udlce 
10700 Mfxloo, D. P. 
6&1 16 27 -

25,Uutda.lllpe Rlou Puetuo 
CONACYT 
C'<c. Olltunl Ullioeroltarto 
UNAM 
M!'>dro, D. P, 
6SS .1S 4S 

Nono 7~ A No.61l4 
Aragón Inguarh 
G ..... Madoero 
~xloo, D. 1', 
5515511<) 

v • ..,..,.¡.,.. 172 ~- 17 B 
Oln<leoo 
O...ul>t~moc-

06HO Medro, D.F. 
21!6 fJI 17 

G.Jorrero 330 1!,.. 11 D:'ptl:l. 306 
Tlotelolco 
069:l:J Meneo, D.F. 
583 98 os 

...... 51)6 No. 1(!7 
Un!dod San J, dO Ang(lo 
Ou!ta.., A. Madero 
79U70 ~lm, D. 1'. 
551 02 43 

Hl!flclo lhmo.l 34 
lndepondetlcl& 
Omtrtral 
10100 M&1oo, D.P, 
~~M 

26. Marta do la L. ~ Ro!io<l> 

'" Av.j¡tcarond.>ol96 
!la. ~Lo. ~Murgo:tteo 
~~xico, D.!'. 
54164 ()-t 

'D. Anuro Rojas Flo.-u 
Prowomo de 1n<er12-a~ 
r Capacuaci6n Tec'tla~ 

28. Teoó>ro M.oche1 Gatda 
ENE!' "-oatl~n 
Alconroroo y Son J.loo Ta<ol·~c 
Naue~~l¡vm, Edo. dO~ •• 
373 23 99 En.l24 

29. Jorg~ Sllnd"lez (ll.lmez 
Em lnl!"nledo, S.A. 
"-n¡:el UrrllZll 414 
Col. del Valle 
M~xlco, D.F. 
575 90 51 

30. Ulls S'"chez OI[<Urn 
CABLEV!SlON, S.A. 
Rro <le la Loza l!ll 
[bctor"o 
C:U.ufl<hi>x 
M~dco, D.F. 
sas zz oo ar.l2~ 

3[. Sergio Torr~• Mu;r,-!eu. 
See<>r V•Ue dO ~lblm 
PEMEX 
Atzmp<~~:r.alco la VWa Ur1 
\'oll<jo 
Wrloo, D.F. 
Só7 47 40 

Sl. pot: Serrano VI U~¡¡ .. 
Centro de lruitnlm<:...,. 
UNAM Ore. En. 

. Mh!co, D.F . 
550 os 54 

)l.-ter V•l=cla F._ 
DEPPl 
P.t-110:1 
Nl':d""'- D.F. 

Ml...,o• 62-$ 
M>rdos 
V.O.r.-an:r.a . 
Medro, O.P. 

Qulcheo 5-I 
Col. "-· Te111yuca 
Thnopao<lf, Edo. de IM:<. 

lllomuk 35 
Modcma 
D,julrez 
~xlro, O.P. 
59051 38 

P. VIlla 5 
0>1. El Ro .. ! 
101'>00 Me.<!ro, D.P. 
s~s 5113 

!lojfc 147 ·2 
~-~ 
~""'-6760 Nblco. 
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PROCESSOR 

HANDBOOK 

2.1 UNI8US 

CH.\PTER 2 

SYSTEM ARCHITECTURE 

~<»t compulor O)'>!Om <ompooen!o ond J>O"phe•aiS COMoct lo on<l co•n· 
muno<ato .,.,,n ooch Olher on a o•ngie hi11h·sp .. d buo kll(lWn •• lh~ 
UNtBUS-- a Oey lo !he POP·II"o mony otreog!M. Md.-.. .... dolo. Ood 
o;aotr<> •nformot~ "'- oent olonr¡: lflo !>& lmeo ol tno b~. ( 

Fo¡¡u,. 2·1 PDP·II Srstom Slmplofiod Block D1or¡:oam 

Tho Iom~ of COft"""""'"'ion lo too oome lo• e•ery de•ico on !he UNIBUS. 
The pooconor u••• the .. me set ol signalo to communieote w~h ,.,..,. 
ory oo ...,¡h poropherol cle.,cn. Ptulpherol devicn oloo UH 1,1111 Hl ol 
01gno1t wheo communU!m¡ w1th \he pro<:H•or. memo')' o• oth-er P• 
rlphorol do•lcu. Eoch do•ico. includ1ng memol)" lcxotlono. Jl(tlefloor 
regiolon., ontl p&oiplloral d .. oeo "'i"'"'""· " ••"'1100<1 oo odclrflo on lile 
UNISUS. Thuo. pori~O<OI d .. i~ rogrslo'l ~n~~y bll monlpu~tO<I n no,. 
obly 01 c..,. m<U"nOI)" by tho control prcxo•om. All the ln•true\lono \hot 
con bll oppliO<I lo datlt i., coro momory con l>o opplie<l oc¡uo\J)I -ll to 
elata in poriphtnl dftoce reg•lle!"B. ThiO is an eopooc;10lly po-rlul featuro, 
conoldoring tho s¡¡ocial <opo~•l•ty of POP.ll ln<lruet•ono to p...,..so dot.o 
lo ony momo<)' IOc&tlon •• tnou~~ o\ -re on .ccumulatot. 

2.1.1 BIOiroetionor linO< 
Wlth bodi(OCIIOOII oncl ••ynchronouo communicotlono on lile UNIBUS. 
dwio:os eon nntl • .-.«• ... oM oochon~o d.>to lnd~pondenlly wothout 
prcxoosor inlon~enbon. For .. amplo. o oothode roy tubo (CRD d10ploy 
con rof,..h ltHII lrom o""~ 1•1• whlle the control p<OOOO- unot (CPU) 
o!londo to Olhor t.osU. B«ouso o\ ls osynchfC'10UI. tho UNfBUS lo como 
potlblo wlth d.-..1 ... ope"lonr¡: OYer • ,..do •••11• of opeedo. 

2.1.2 foloSlor·Siove lleloiio<t" 
Communicotion -•n two dev1ooo on tho buo is in the fcm1 of o 
rno•ler olo•o rolotoonohop: Al ony poiot In timo, tllore lo one devlco thot 
hu contrOl ol \ho t>u•. Thls contro!Un.- dovleto io lom>ed !he ""b"' lnllo· 
tor."' The ""'""' de-.co controlo lho buo whon communlcotlns W•th 
onOihor dov.oo on tho l>uo. tormO<! thl ··•~••·" A lyplcol ••omplo of 
thll ro~Uon•h•P ls 1"- proco""'· n mooter, lotcMor¡: on lntt"'etlon fro<n 
memory (which lo olwoyo 1 o~.o), Anoth<or oxamplo lo tho diSI<, n 

2-1· 
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• 

m .. w. tron•forMf doto to momory, •• ''"'"- Mnter·....., tt!Mion· 
'~'PI are dy~amoc. TM p<ocossor, !or e•ample, may pns bus control 
lo o dool<. Tho dos~. os "'"'ter, could t~on communu:ato wo\h o oii>O 
momo')' bank. 

Slnco t~• UNIBUS is used by tno pro<oosor ond all 110 device•. tho"' ;, 
1 pr;ority otructuro to detormono which dooleo goU contrOl ol tho t>uo. 
ho<y dovoC<~ en tilo UNIBUS wl'loch " 011pablo ot becomi,. !Pos m.stor 
'' ouo¡no<l o prlorlty. When two dovleoto, whoch ore copablo el t>ecomin¡ 
• bus "'"''"'· ,.,. .... , .... ol !he bon slmultoneously, tho a .. ~c. 'Mth 
tho hl¡hllr prionl)' woll ..cer.e control. 

2.l.l lnlorloo:kiHI Communkalion 
Communu::otoon on the UN IDUS os onlorlo<OO(l •o thol lor eocll control 
"'""' ,.,...,. by tne mutet ae..;ce, \hoto mus\ 1>o o rMpOnoo trom tho 
ola..., in ordor to completo tho tronS!or. Th<!rttloro, communooohon ,, 
•""opondonl ol tho p~ysOcat buo len¡lh ("' lor oo bming lo concorne(l) 
and th<l 1'"""1 of e.oc:h trontl~r O. dopend~nt only uPQft thf rnponw 
trrr>O ol tho mottor and olovo devicoo Tho nynchronout operotlon ptO· 
eludes the need ter lyr\Chromrrng wlth, ar>d -tin¡ lor, cloc~ Impulse.. 
Tlruo. ooch .,.um 1< on- to operole ot rn mulmum poo'"l>o oPH<f_ 

lnputjoutput a .. ~ tronolor~ng dr..ctty to or from memory oro grven 
hrlheSI pr;onty orrd moy ~-1 bus mastor-sl\rp ond ote&l tmo o"" rnom. 
o-y cyeloo du<rn8 in•truction oponrll<ln<. Tire procoo .. r ruumn opero­
tren lmmodt<rtely onor tho momcry tron•let. MunopOo d""'""" can openrto 
'"norlton..,u<ly 01 muomum d•.-ect ~ acuso (DMA) rot .. by 
'"otoolm¡¡'' bu• cycle<. 

Full 16-brl *<>n:IO ora-bol bytes ol rnlorm.otron can be lrontlerred on lho 
bul 1><-n a mntor oM a """"· Tho infcrmalicn can 1>0 iMtruetocno. 
oddre»o•. or doto. Thlt type el cperotton occurs w~on lho proco-nor. oo 
master, io lolo:hin¡ onotructoono, operondo, or>d da1o from memory, ond 
ttonng tho , .. ,.¡¡. rnto memory ottor oxocutron of instnocttono. O.<Kt 
doto t'"n•fero occur i>rrt""" o pef\phoral dovico control ona momo,.,.. 

2.2 CENTRAl I'ROCESSOR 
The control P""'"""'• connoe1e<:1 to lh<r UNt9US ot o •uboystom, con­
troto !he trmo allocahon of the U~IBUS for peripllorolt and porlorrn, 
•~lhmelic and ICIÍC OP*nrtiono end onti'Uctron docodrnJ. 1~ contorno 
mu~iplo hi¡IHpoocf QOMral-purpow rq.sters ..t>rc:h can 1>rr oroed n aoco,.. 
mulotors, oddro" porn\ors, onau "'lioters, ond otMr or>«;rolimd !uno­
heno. The procouor can perlorm doto·tronolors d•roctly ~""" 110 
a-., ... ond momof)' wothout d•stu<tMo;: \he procn .. r re&i•ters: don 
botn ""111"· ond doublo-operond ..td..,•oin¡ ond h~ndloo both 16-bit 
WG<d ond 6 bol toyto doto 

2.2.1 Conorol Rogiotors 
Tho oonuot P""'"'''" contoont 8 11nerol '"i"l"" ..t>rch coo be ,,.od 
!or o '""ely ol pur¡rOoH (Tho I'DP-11155, ll/45 contorno 1" ¡¡enero o 

'' 

1 

' 
1 

~ . 

' 
1 
' 
1 

1 
1. 

' 

'"lltl--) Tiro f081<toro eon be uwd •• oceormutoto-ro, lnde• '"''"'"''· 
outooncromont ro¡i•ton. outOdocromonl retl'sl..,... or as •toe- ¡roonten 
for temporory otorogo of doto. Cnoptor 3 on Addro .. in¡¡ d.-scrrt>u thno 
uon ot tho 111norol ro¡rotoro ;n more dotool. All\h""'tic operatrono con 
be fr<>m cM ¡onorot ro¡ist..- to anotn.r, from one ""'mory or de.,to 
"'illter 10 onothor, or ·bf'W"On me_mcl}' oro -ice rogtotor ond • l<n· 
orot re¡loter. R.tor te Fl¡orre 2-2. 
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, .. 
·. ' . 

.. .. .. .. .. 

.. ~ --
'"' --Fpre 2·2 Tho Gene rol RoKooton_ 

• 

R7 lo u1od u the m-chiM'I pro¡¡rom coornler (PC) ond cont.inl 1n. 
oddrooo of tiro no•\ lnolru<lo<>n lo be.e•ocutod. lt rS o pno.-.1 "'ll;ttor 
n""""lly u..cl only for otldreo$1"11 P"fPOOOO ond ""' u on ...,.,mUUrtor 
tor ont~motk: ope.-.tlono. 

The RG "K"tof ;, normelly uood eo lho Stoo~ Porn!or lndlcatin1 tho 1111 
onlf)' In the opjl.._;ate 01-.:k (o cornmon temporof)' otorcop orea wfltl 
'"lo$1-in firsi·Out"' chorocto~otro•). · 

2.2.2 ·-Set Tno tnolruction eomptomont ""'' tho lluiboht)' of ll>o P<>O<al·purpooo 
reJis¡,rs to pi"O'Iido cver 400 poworlul hord.-..irod instrorotrcns-the m,.l 
corn~rohensivo 1r1d -~ul on•truclron .-rtolro ol ony ce>mputor in 
t~e 16-blt ctu•. Unti~o convon~onol 16-bol computoro, wtrich '-"'"•lly 
~ove thf1H! cln- of rn•trll<1iono (momof)' refereno:e ;ntlruct•on•. oper­
oto cr I'.C control inotnx:tiono ond 1/0 inotructiont) oll Opotrol"'-ns in tho 
~DP_-11 ore occompllohed .,.,¡n ono MI <lf in!lructions. So<ICI ptlllpi\Orol 
dovico .-.¡¡ittoro can 1>rr monrp<~lo\..t u nurbly •• coro memof)' by the 
un-trol "'""'""""• fnliNctiCnl lhot oro uo-td \O monipuUrto dota In <o"' 
memcf)' mey b< u..-.1 oquolly ....,11 loo- doto In per•phenrl d""ice 18!1i•tef1.. 

• For Odmpfe, doto '" on oxternol dovico re¡ioter can be tottod or modll•ed 
drrodly b)' lhl CPU, w~hoor\ bringln¡ il lnto m.mory or dloturbon¡¡ lhO 
.. .,.,..¡ rogi•l•"'· Dno con odd ~oto d"octly to o penp~orol d..-ico re¡· 
lotor, O< compero lc&•<OIIy or orr\hmotlcally. Thuo oll PDP-11 •notruc!IM• 
errn 1>rr uoe-d 10 eraoto a new dimonoton rn tl>o treotmont o! <<>mp<~tor 
t/0 ond tho noed !or o opec•al ctou of 1/D '"""'ctlon• O. olirnino\e(l_ 

Tire bloit crdor cOdo c!ll>o PDP-11 u•n bolh oinl!lo ond doublo ope<ond 
..tdrooo inttrll<1rcno lor *<>n:ll or byloo. Tho POP-11 thorelo,. pe~e·m• 

'' 



~•'J' effociently In one >i<p, •<><h ooerotoons •• odOon¡: o< $ub!roe'!on¡ two 
o~rond>, or mov~ng on o~<Ond lrorn one loco110n to another. 

110011.8 

LOIIA 

ADO e 

STA e 

Add,.,.ing 

POP·II Approoeh 

;odd eontont• of locotion A to toco· 
toon B, >loro «outto ot toeotoon B ' 

Con•ont;on.t Approoch 

;tood contonts of mOm<l'J' tocolion A 
tnto M:. 

;add conlo"tt of momory locotion B lo 
~ 

;Sio,. ,.,un ot tocatoon B 

Mue~ ol !he _.,, ol the PDP·ll i1 do<oved l<o>m '" ,.;.,-. '""Ir" o! od· 
d< .. sonll oopob•l•l•e•. PDP-ll odd"'""g ,,,.,.,-., oncludo oeQuonhol 
oddre.,on¡ lorward• o< bock,.ardo. oddro.,ing ind .. in¡¡. ind~roct odd,...•· 
ong. 16·""' wo<d Addt"'olng. 11 bol bylo o<ldrn.,ng. and stac• ldd,.ulnR 
Vonob<o lenglh in<tn.H:toon form.,•nll ollowo o monom~m num .. t ol biiO 
to be u>ed tor each addre.,•ng modo. Thit ru4tt• in elh<;lont uoe of 
pro¡¡tam storo¡o opaco. 

2.2.3 Proc:t>oot Stotuo Wotd 

" 
o 

""'''" """' • _j 
"1'<0>1 """'' 

'""'"" 

" " " 

1 

· ~""e l U>EO ONL t o N •o• 1 1 '"· & IIJ .. WITH 
MU<00Y M•NAC(M(Nl 

1 

f1¡¡u ... 2-3 l'roce•oot SIO!UI Wetd 

o o 

1·1 1· 1 o 1 

Tho Prou.,or Statuo word (PS), ot locahon 777776, eo"'a.ns inlor· 
m•Joon on !M cu<;ent <totu• ol tl>o PD?-11. Tnos on!om~ation inctudos 
t-"e curront proce•= ptoonty: curren! lnd ore.;eu• opetotiooal modas: 
11>o condohen code• .,-.. crobm¡ tl>e ,...ult• of !he lo<! in>ltu<toon; oi'>CI 
an ondocator !Ot detec11n¡; tho uecuHcn o! an ln•truct•on lo bo lroppod 
du,mg progrom dobllg¡¡¡ng. 

l'roc••'IOt Priooity 
TOe Centt•' Proco.,or operat .. at ""Y ono o! 01ght lovelo of po•otlly, 0-7. 
When tno CPU "oocrot•ng al'"""' 7 on .. terno! d""'"" cannot onlettupt 
•1 "'''" 1 roo¡~ .. , lor ••"'«<. no C.ntrol Ptoco,.or mu•t be operatong 
ot a lower prooroty thon 11>1 o<tornot de•lco"o requo1t in ord~r tor "'" 
onterrupt1on to !lOe e~oct. Tho curront prloroty 11 moonlolnod in !loe 

¡ 
¡. 

! 
1 

OIOC@Ooot •totn wotd (llfts ~-7). lM 8 procnsor IP»>IS pro....,. an 
efto<to..,. · lnlerrupl mas!<. 

Cond~••• Co<lh 
Tho condotion codos conllin lnformotlon on the I'OIUI! of \ho '"' CPU 
opon~toon. 

Tho btl• ... o81U follcwt: 

'"' 

z "' l. ,, the "''"~ -· litO 
N"" J, of tho tetull wu nqotivo 
C "'J. 11 tho oporol<on rnultod In 1 corry lrom !he MSB 
V= 1, ilthe OI>O"'b<>n ,...uned In In arothm8\ot: D"•rll-

The trop bit {T} o;on bo .. 1 or tloorod under ptOj¡tam conttoOI. Wl>en •et. 
1 procntor ttop w111 occur throu¡¡h locotlon 14 on tomplotion o! •?<ttUC· 
'"'" el11Cutoon end a """' Proco·'""' Slatu• Word ..;n bo loade<l. n.,. bol 
,. ospoclolly u .. tul '"' ~"""IAl'"li pro¡¡tom$ u 11 pro•odeo on effioiOnl 
motl>od ol instolling bo"eakpointt. 

2.2.4 Stuko C..: 
In \he PDP·ll. o t\.Ock 10 o tempono')' dato stora¡e oreo which ol-. o 
ptOj¡tom to moko olfor;oont ~•• ot froquentty OCCO$Sod """'- A program 
con ldd or doloto wordl cr bytoo W<!l>ln the otook. Tho <tock ""'' lho 
"lool·<n. forsl-out" concopt; thot "· votoouo ltomo moy be lddod to o 
01ock '" """"""'iol order ond rotriovod or doloted 11om lho ot.ock in 
reveno order. Dn tho POP·ll. o otook storl• 11 tho hi¡¡heot localion ro· 
oetved fot d ond uparo:l• lmeo~y do.,nwar<l lo tho le- eckl-. ot 
olems oro oddod. The •t••• i< uoed outomal1<:ally by ptOHr>m ln!ertul'l~ 
•ubroubno ""''"' ond ttop in•ttoclocno. When tho proc.,.•or io int••· 
rupted, the central proco .. or •totus word ond !he pro¡ram countor oro 
••ved (~u•hod) onto th• >tooO orea, -..holo tho proco.,.or .. ,...;ceo tl>o 
ontorruptln¡ d"""'"· A nOW" o\otus word " thon outomotocally aocrui<od 
lrom on orea '" cor< onomory Whoch 11 rooervod lor on\orr~pt 1nsttUC· 
t1ono (vector atoa), A rolurn from tho lntorrupt lnotruc\1"" <nl<>ros tl>o 
Otlgmal pro<eo>.or oto!"" ond rwturns lo the fntorruptod Ptot,..m w~hout 
oollw<oro onto<von~on. 



2.3 MEMORY 

Momory 0'11:onlut""' 
A memory ean be voewe<l •• ~ ••m ... o! toc.oHon•. wot!> a numl><-r (Id· 
drooo) n11gn•d to eoth locat1on. T'nuo an B,ln·word PDP·ll memor')' 
<:O<Jid be I~OWO 11 In fiJUfO 2..(. 

"'""""''' - a -· -· -· S -· • . - • -w• • 
• 
• 
• 

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

f•l"'" 2 4 Momo,. Add•o .. e> 

·. 
&e<auM PDP·ll memones oro d .. ·K~od to aa;ommodoto ~tn !6·M · 
""''d' and B·bot byleO. tho total number o! odd'"""' don no! co.....,. 
opond to tho numbor of ""'rdo An B~· ... o•d menoory can contain 16~ 
byiO< ornl con•••! o! 037777 octalloeotoono. words olwoys •tart at oven· 
numbttrod lo<otoons. 

A PDP·ll word 
fiJ!Ufl 2·5. 

• • 

lo"' bytes aro sto•od at evon·numbtt~ memory locatoono ond hoKh 
byte> 11 O<td·nuf"!berOd memoty J«ohon• Tnu• ot '' convenoent to • ...., 
tho PDP 11 mor1"'ory al oho"'n on fogure 2·6. 

,. 

' 
1 
1 
' ' ' 

' ' 

........... ....... .. -· - ·~ - f±l--· - ·~ - - -· - - - - -(~= ( ·~ -
• 

.,.,, - - - ( - . ., 
''"" - ·~ 

_ .. 
( ·~ ... . ... - - _,. -· ''"" -- --··""' 

fil""' 2·6 Word and Byte Add<eson 

Cortain memo.ry locotoon• h""" been reoeNO<! Dy tho ·~.tem for intor· 
rupt ood trap hondlon¡¡. procesoor >I~CI<S. gonoral re¡¡10to,;. ond petiPh· 
erol de.ice '""'"''"'· Addrn,... lrorn Oto 370, 110 -~-~ , ... rved ond 
tho .. !o 777, ote re .. ,...d on large oystem conf•liUrotiono lor lnoPtO ond 
in!orrup! hondlon11. 

A 16·bot word uoecl lor byl~ addt~s .. ng can oddrns 1 ma .. m~m ol 32~ 
""''d<. Kowe•o•. the top 4.096 word locotiono are rese"'O<! lor peropherol 
ond ~¡¡o1!e• oddre>o.eo ond tho use• t~o,.,loto ~u 281< ol co,... to pn>· 
¡rarn. Wolh the PDP·ll/55 and 11/45. tho uoer o;an "'""nd obove 
28~ woth the Momory M~n•K•ment. Th,. de•oce poovodn "" l8·bot 
•"o<;ti•o memory oddreSO wnoch permo10 MdrM.,ng up to l24K word< 
ot octu•l m...-y. 

1! the Momo')" Monogemont optoon '' not uoed. on octal oddoeoo b~·' 
'"'""" 160 000 ond 177 777 '' onterpretO<I as 760 000 lo n 7 777. Th•t 
''· ,¡ b•t 15. 14 ond 13 aro 1">. thon bo" 17 ond 16 (the ••tondO<! ad· 
dt~" Ms) oro considerod to be ¡·,. whoch roloeatn the last 4K word> 
(8K bytn) to """""'" the "'"""'' rocotoons o<:<:etM<! ~y the UNIIIIJS 

2.4 AIJTOioiATIC I'IUORITT INTERRUPTS 
The multo·ll•el outomotoC prooroty ontotrup! system plrmol> tho procotso< 
to rnpond outomaticouy lo condotoons ouls>Oe tho syotem. Any number 
o! seporote d....., o;an bo attocl\ed to 6o<:h ,....,¡_ 

• ,, 
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Figure 2·7 UNISUS f>(OorH}' 

hch """""""' dhl<il in tho PDP·ll ''"""' ha> o "'"n'"' t~ ;¡, own 
0011 ol mernoty ""'"' (ooe pornt< to toe """'"'"' '""'''" routrne. ond 
\he other contorns tho ne" proce"o' ototut onlormotron). Th" unr~ue 
rdent,(o<¿toon ohmmal"' t~e need lO< ¡>Oihng of Oovo<.., to ocfontrly an 
rnterruot . .,nc:e the rnterrupt '""''"" hood,ore seleoro ¿od l>eg•n• o•· 
ecut1n~ the oopropr.alo '""'"" muttno alter haVIn~ outomat10olly .. ""d 
the tlatu> ol t110 tnWtuoted progrom '"f!ment. 

The devices" tnlorrupl p11onty ond '""'''" mutrno prootity aro indepen· 
denr. Th'' ollows ad¡ustment ol sy•lem ~Oavror In response to real·llmO 
condot'OIIo. by dynomlc.lly chO"grng tho p<r<>roty revol ol tne service 
routone. 

The rnterrupt sy>lom allowo tho pt<>e: ... •or to cont•nuolly compare ots 
own pto¡¡rammoole prooroty "''" \he proo,ty of ony rnterruoton' óevice• 
ond lo aekno..,redge tho devico "''" tno ht~heot levol ob""'e !M proe<tO· 
oor"s 0"011\y lo•el. Tho sorvrcong ol on 1n1errupt lo• o devoco cM be on· 
totrupted m order lo Hl\li<e an ontetrupt of o hogher pnoro\y. S<""" to 
tne ro.,., pno,ty dovloo io ••>umed automotrcolly upon complet,on ol 
the "'~""' '"'"' .. ,.,,cong. Such a ptoco". conod nooted 1ntetrupt oer 
""'ng. "·' be torr.od <>ut lo any lover "''\~out roqurroog !~e '""""" te 
.... •nd ""loro proco.,or ""'"' at each lh"el. 

Whon > dev1co {o\her lhon tho cenlral proco,.or) " c•p.oblo ol l>eCOn>· 
ong buo ,., .. ,., ond roque." u.., ol the bu•. d ,. sonerally for ono ol 
1\No purpo,...· 

l. To m•~• • non proco,.or tronofer ol doto drrectly te or from .. _ 

2. Te lnlerrUPI o Proti••m uoocutoon ond fon;o tlle ptot~•or lo 
go to o ope<ol.c: o<l<lr,.., wnere an intermpt .. "'leo routine 
,. located 

Dlreet Memof)' .lcce,. 
All POP.ll's provode lor dorect oCCMO to memory. Any number el DMA 
dev>CtPO moy 1><1 attacht'd lo lho UNIBUS. M .. rmum proonty il gi,en to 
DMA dO'I<e.,. lhus allowong mcnlof)' dota •torage or relneval al memcry 
cvcle opet'ds Re•ponse Irme is minimired by the organi.utoon ond i<;lg.c 
el lhe UNIBUS, whith ,.m~eo requnto and proam .. o in po10ll ... wi\11 
dota trtnsl.,o. 

D•....ct memory or doroct dolo tronsfen con be accornolioh&d boot>o<ooo 
ony 1w0 -·~herolo wotno..t pr<>e ... sor '""""'''"'"· Th"'e ...,.proc..,.•or 
requMI """''""· called NPR >evel dala transle<S, ore usuolly modo lor 
Oorect Memory Ae<e<! (momory tolfrcm ¡na" otarago} or d•r«t <levite 
tr~oO!Ot> (dos< relreshing a CRT d"play). 

Duo Roquo•l• 
Bu> ll!que•l< lrom oxternol dev,ceo aon be rnode on one ol 1·•• r~uett 
lone• H'll""" p<i011ty io ""'&"" to non·pmce.,.or ~ue•l (NPR). The .. 
""' dorec:t rnernory accen ty~ tron•loro. ond ore honore<! by tho pro­
""''"' I>OtweM bus cycloo olan inotructlon oxecullOn. 

Tho "'"" .. ""'"' proonty can be ~1 under progr11m control lo on<" ol •'Khl 
reo.-els uoing M> 7, 6. ond ~ rn tne p<<>e:e>sor otntu• ,.~,.ter. These 1>11> 
oet a p•ioflly lo•el tho\ lnhrboto ¡ront~ng ol bu• requnto on lo""' le•olo 
or oo th• .. m• revel. When the p<<>e:enor"o prr<>roly ro oot too ~el. tor 
e•amplo f'S6, oll buo requuto on BR6 ond below ore ignored. 

When moro than one devrce is conne<;lod lo tho .. ,.,. bus requ"'t {BRI 
lino. • d011ice """"'' \M c ... rral pmcesoor hu o h1gher pnorrty tt.an o 
devico lorther owoy. Any numbor ol do.;ce• con be connected toa 81vttn 
BR or NPR l.no. 

Thu< th<" p110toly system rs I\NO d'men••onal ond prov,d•• eoch de>~co 
"'''" o un•que pnoroty. Eacl• d•voce may be dynarM:olly. <eiOCl<'ely 
onobled or d•sabled undO< ptog•am control. 

Onte o deVIee other thon the pi"Óe<!ssoi has control ol !he bu•, 11 mo~ 
do ono ol 1\No typeo of operationo: dat• tronsloro or intorrupt operat1ono. 

NPII D•l• Translel$ 
NPR doto ltonsle" can be rnode between any two P"""Pneral dev,ces 
wothout rho SUPO"''''"" ol \ho proce.,or. Normolly. NPR tran•Jers "'" 
bo,.......n o "'"" oto<oge dowoce, such •• a d""· ond coro tnemcl)'. noe 
.rrue!uto of tho I>U> o ISO oorm•to devoee to dovrce tran<le.-.. ollow1tog 
cuotomor·des;gnod perophoral controllero to acce•s otho• dev;•"'· such 
u d""'· dlleclly. 

An NPR d""''" ha• very lo>! """" lo tho bus ond CM rronsler •t hrgn 
dato rotoo once it I>Os control. The prOCO$$ot otore " not offect<d by 
rne tt•nolet; th•r.,ore rne prouuor un re1rnqu11h control wnr!e "' rn 
ol!uWon ro rn pro~'""· Tino con occur ot tho end ol ony bus cycl•< 



e.oopt '" t>etween ~ "'~d mod'ly·wr~e OOQuence. An NPII devico in con­
trol of tl>e bus moy t<anol« l6·b.t won:h Ir o m 01emo()' al memory spoed. 

BR Tronskro 
Oevoooo that s•in buo control wrth one ol tno Bu• Requ"t lino• (BR 7-
BR4) c•n toko lull od••nlo~o ol th• Cootr.l Procr.,or by reQu.,ting an 
intorru~l. In lho< woy, '"" ""'"" rnotruci<On >el '" ••~•lobte tor mon•PU· 
lot~n¡¡ dato ond s\o\ul re.!I•IIOri. 

Whon a '""''ce routrne ;, to be run, tho curren\ I0$1< boong per!ormed 
b~ tne centtol pf« .. sor il lnterruplod. ond tho devoce '""'ico fOU!oM 
is rnrlrated. Once the rOQuoot ha• I)Oen sotosl..,d, tne Proce,.or retomo 
to oh lormer task. 

lnlorrupt Procedure 
lntorrupt l>ondl,nlf •• aulomotrc rn the PDP-11 No devico pollrng",.. 
QU"od to dotormono wl>i<h HfVOCO roulone to oncule. The opotaliono 
roQu.,od lo .. rvico on rntorruPt oro •• loiiOW<. 

l. l'rocO$OOr rolinQuooheo <:<>ntrr>l ol tho bu•. prk:mlr8$ pormrtting. 

2. WMn • m••lor goino control, o\ ••nds tho pmceoocr an lnto<rupt 
eommond ond on uniQue memory odd,..., "hoch contorno th~ od­
d~" of !he d....,i"""" .. rvO.o routr~~. c.ollod tho rnt~rrupt """lor 
oddre" lmmod,.loly followong tl>i• poinlor oddr11 .. •• • ""r<l (lo­
c•t•d o\ ..-olor oddr••• +2) whoch,. tobo uOPd •• o new Proco,.or 
Stotu• Wofd. 

3. The prooe.sor ltores tho curren! Proc .. sor Stotu• (PS) •nd tho cur. · 
rent Pro¡;rom Counter (PCJ into CPU 1emporory regi•l•"· 

4. The now PC ond PS (lnterru~t vector) are token from tho opecrfood 
oddren. The old PS Ond PC oro then pu•hed onto tho curront •tack. 
Tne '""''"e routrne "tnen iM•oted. 

~- lho dovoco .. ,.,co routinO con"""'" the prO<O$$Or lo rooume tho 
int<rru~ted proco" b)' "'""Ufrn¡ tho Return from lnterrupt lnWU<· 
Mn, d"'crrbed in Cl>opter 4, wttlch popo the t..o top ""'d• from 
the curront procosoor stock ond "'"' \hom to l0<1d the PC and PS 
registors. 

A devico routino con bo in!en-uptOd by a higner P"""iY buo 10rq~t ony 
t'mo alter the now PC ••d PS ho .. boon loodod. 11 such on lntorrupt 
oceu,., ti>• PC ond PS of \he oO<Vice routine "'' oulomotocolly otorod 
•n tho temporary rr¡¡i•lorlO ond \hon po.rol>od onto \he now curren! sta<k. 
ond the n""" devreo routono lo inotlo\od. 

ln\OrfUpl Servk:ln¡ 
EvofY hoftl .. ore dovoco coooDre ol ontemrptrng the pnxosocr hoo o unOQue 
••t of locohons (2 word•) re•e"'Od for rto rntorrupt voctor. lno Ion! wof<l 
contoin• tho locotoon ol tilo de•lco·o '""'reo roll\ono, orod the seoond, lho 
Proc .. sor.Status Word thot ;, to be u-ood b)' tho •oNO.I routono. ThrOtrllh 

. 
• 

piopor uoo oltho PS, lile pro¡111mmor con $wileh tho oporo\~1 modo 
ol tl>e prooo-slor, ond modlly the Proce......-o Priority -1 lo m"'k out 
l""'er lovel lotorrupts. · 

Rettntront Codo 
Both !~o ;nterrupl handling hordMro ond \ho oubroutioe con hordw3~ 
faoilltote wrltln¡ reontront OO<Ie lor tho POP·ll. Th" lypl ol codo ollow> 
o oinlio <:01'1' ol 1 ,,.,.. oubroutrno or p"'from to bit shar-od by moro 
tltlrn ono procon or tuk. Tlt<O .-educa tho.omounl of cm. ,_o;j lor 
multi-l.olk opplrcation, ouoh ol tho concurren! SONo<lng ol many poriph· 
... ,d .......... 

Po""r Fan 01td Rett.rt 
Whon- "C pow&r dropo bollo.. 9'J voltlle< llOv power (190 1101\olor 
22!N) or Otrhlrlo a llmil of 41 to i5J Hz. n """''"red b1 OC-·· tho 
-· foil soquonco ls ini\iot.d. Tno Centro! f'rocHoor outornotrc.o11y 
\<11ps lo locatlon 24 ond tho power foil pto¡tom hos 2m-. lo ••.., oll· 
>'Olalrlo onlormo\lon {doto In re¡iSTOO"I). ond lo COA<I~ion ~rtp!>orots lor 
_..rlall. 

·:":..::-.:~·~¡~'":, '~:'~~~oto~:'::,!4P~ :::: 
folluro. 

' 
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CHAPTER 8 

PDP·ll/34 MEMORY MANAGEMENT 

8.1 GENERAl 

8.1.1 Momo, r.ta<Ull:•.....,t 

T~•• cnoptor do..:,b•• tno Memcry Manogement uno! o! lho 11/34 
Control Prace.,or. The PDP·ll /34 pn>v•des tno nardwAro taoolotoes necu· 
oory for compLeto memo!)' managomont and p<otoctoon. lt >< dnlgne<l te 
be • momo')' mano¡omentlacihty ter '~"''""'' wl'lere the momory o;,. •• 
¡rootor lhon 28K ..01'(1$ and ter muiii-UMir, mulh-woeromming oyslemo 
whoro protochon ond <eloxotoon focol•h"" "'" noce .. of)'. 

8.1.2 l'nl¡,.mmin¡ 
Tho Memory Monogement hoodwooe hoo becn ophm"ed towar<J< o mult•· 
program"""' enwonment and tho pr<:><e<<or can op•"'" '" two mod.,.., 
Kotnot and Usor. Whn in Mernel mOdo, tho progro•n has compt<to 
control ond con e•ecote oll on<lrucMn•. Mon•IOfS ond <Up<nil«l!)l pro· 
~roms "ootd be e•ocuted 10 th<O mode. 

Wllen in Uur Mode. !he prot~ram 1$ p~ent~ fn>m uec:utin¡ '""""'" 
in1tructoon1 tllat could: 

o) cou•e tl>e modrf,ootion of tl>e Kernel pro¡¡ram. 
b) hall the computor. 
e) "'" memory •..-ce .. .,~neo to tho Kernel or other """"-

In o multr ~rosra<nmrn¡¡ enmonment sever•l use• pro¡¡ram< W<>uld be 
reoiden' in momon¡ •• ony g•••n t•mo. The •••• of thO '"P"''"'"')' pro· 
grom v.ould l>e· control the e•eculoOn of thO ••rrou< user n<OR••m•. 
"'""""" th• •llocotron of me•nory and p<<lphe<ot de•oco <e>Ourcos, ""'' 
.. ro¡¡uard tilo uttegrrty ol tno system os o ,.!lelo by co,.lul controF ol 
ooch u>« p<o¡¡rom. 

" 
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to bo "re ltnked"; 11 olwoys appears to be at tM ••me •irtual locatlon 10 memory. 

The "'rtualaddre" ·~"" •• d•.oded onto ooght 4K-word pag ... <•eh pago 
,. rolo<Oiod serarately, Th10 " a uselul leoture in mulli-progrommed 
''"'"'""""~ S)">lem,_ ll ~"'""" • new torgo Pt"8ram to 1>< load«~ onto 
d•..,ontonuous blocOs of pllysiql memory 

~ poge moy be a< small as 32 words, so that •hort Pf<><Odure< or data 
"'""' n""':f ocoupy oruy as much memory as 'Oquored_ rn,. ,. o uselul 
lutu.., on ,.ol-tomo control srstems thot eontain mony tel)arate s""'ll 
tosks. lt '' ol«r • uselul foatu'O for sla<k onó bu""' control 

~ hosic lunctoon is to po<fomo memory relocatton ond pro"'de <>tended 
memory oddre"'"i <OPbbiht>' lor sysooms woth more thon 281\ of phys­

'<01 memer¡, Two '"" ot Pbgo addre .. "'E"'"~ ore uoed lo rotocoto 
••rtu•l oddresse• lo phy.,oot otldro$$es .o rnemory, lheso '"" "'" usod 
•• hord,..aro relocatoon '"~"~""' that ~rmot ••.oral uter'o ~'<fgram•, 
each """'"8 al >~rluol &dd•n• O, lo re~tdo "muUaneouoty on Ph)'Sicol 
momory_ 

8.2.2 P'<f¡rom R<'lo<otion 

The Pbgo add•••• '"~"'"" aro "'"" to dot•=••• the """'"~ ~ddr.-.• 
of """" roto<ot.., Pf"ll''"' on phys.,:al momory. roguro 8-2 Sil_,; o sim· 
~ll•ed e .. mpto of lho rolocotton concopl, 

Progrom A •lartong odd.-e.• O " rol<>cotod by o ccn•lont 10 Pro••d<' 
phy>ocot addross 6400,. 

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

' 

"""'""'' '""'""' .... ,. ···-

'"""'" ._, ><001'-". 

""""' 

Simphf•ed Momory RelocaiiOn Concept .. 

• 
11 tho "">t proc .. !Of v<rtuol•ddreos os 2, tho relo<otoon con•llrnt '"'" then 
cause pny•.cal oddro-u 6402,, ..-n1cn ,, the seoond item of Progrom A, lo 
bo occossed. When Program B i• runnong, tho roloca\lon tonotont ,. 
chonc..O to 100000,. Thon. Progrom e vortuollddrH ... ollrrt•ng otO, ore 
ro~Qaled to K<:ess pllysocol odd!H ... ollrrtong o\ 100000,. Uo•n11 tho oc­
tova PbP oddro" re¡lstets lo pro•lde '"'"""''"" olom•notos the n<ed lo "ro­
l•nk" 1 Pf'OIItOm eoon time ot " loodod 1nto o di"orent phy•lcol momory 
tocotlon. Tno P'"'lf&m ot .. ays oppUB to •llrrt ot tho sorne odd~ ... 

A progrom ti ,.lo<oted •n p•geo consooltng of from l lo 128 block•­
Eoch blocO 1• 32 words >n Jen¡¡tn. Thuo. !he "'"''"'""' lenllth el o PbK• 
" 4096 (128 • 32) word>- !!son¡ ou ol tite ooght ovootal>'e oct .... PbK• 
re~~tstors on o oet, o mo•imum Pf"8<&m tongth cf 32.758 wordo con bo 
oceommodotO<f. Eoch of !he "'Kht PbQOO con be reto<atO<f oni'Whero In 
tho phy••••• memory, as '""K n ooch relocotod o>aie be¡¡ins on o 
boundory thot " o multopte 01 32 W<mls. fio""""· for PbKH lhot oro 
"""'ller thon 4K W<mll. Oflly t~e memory oetuolly oltoc.ot<'<l to tho pago 
moy be occnÓed. 

Tno f'OioCOtoon "'•mpto """""'·'" F•K•,. &3 illult,.tn oev..--.1 poonts 
obOLS! momory "'locotlon. 

o) Although \he ¡>rog"'m oppeoro to bo in conhi"""" .oddrno •~ to 
tne pro<o•oor, the 32K--..ord ph)-s+cll oddre .. tpoco •s octuolly ocot­
tered throu11h oovoral ooporote •reot ol physieal memory A$ long 
11 the total a .. oloblo pnysocol momory opae.o io odequoto, • procrom 
ean be lcoded. Tho ph)'Sicot momory opoce nMd n<rt bo COfl~it~Cn-

b} Pogos moy be .-eto<ot<'<l to h1ghor or lower-p~yoicol odd,.sses, with 
raped te th-oir vortual Oddr<l" "'"f"· In tite exam~o ftgure 8·3, 
PbB• l ls <elocotod lo • h•gner ronge ol pl1ysocol oddreneo, PbiiO 4 
" retocoted lo o lo...,, ronile, ond PbK• 3 '' nct rolocatod at all 
(e'"n thOUI!h ito rolooation constan!,. non-zoro¡. 

e) All al t~e fl08"' on.,...n In !ho •••m~o start on 32-word boundor~••-

d) Eooh Pbil• i• relocated indopondentl¡. Th<!re to no roo«rn .. ny two or 
more PbK"' o::outd not be rolccated to tne umo physocol memo<y 
•~•• U01ng mooo than one Pb80 oddteso <<Kl>IOt on the oel to 
ocoess tho some >pace would bo ono woy ol prooldlng d1Horont 
momory acco" ftBili• lo tho ume doto. dopondon¡¡¡ uPQn """h Pbrt. 
of o pro¡¡¡,.m ""' "'loroncin¡that dato. r 

Memory Unlt• 
lllo<k: 
Pago· 
No of pa¡es: 
So'zo ol rolocolobte 
momory: 

32 wordo , 
1 lo 1~8 Dlocks (321<l4,096 word•) 
8 por modo 
27,7&6 words; mu (8 •4.096)-

'' 



Fi¡u,. 8-l Rel<x;atoon o! o 32K Word Prog,.m in\o 
124K Wofd Pnys.al Momory 

8.3 PIIOTECTION 
1'- ""'"'~onng sy<lem pofform'i mulloprogrammong: it alloo<s ~eral 
programo lo re<•do on momory .,multanoously, aM to operote <oquon· 
toolly, Acc"'' to tho>e orog,.mo. ond tho '""mo•y '""o" they O<cupy, 
"'"" •• ""C!Iy dofon<NI ond conuonO<J. S<-•erol typeo of memory pro­
l«hon muot "" otforcled o tomeoho..ng o:;otem. For e•omple: 

o) U••• pcog•••no mu$1 oot be ollowod to '"panel boyonel ollocote<l 
<paco, unle .. out~ome<l by tne •yotem_ 

" Uoero must l>o prt~vonted lrcm mo<lolyong <:Ommon •ubroutoneo ond 
olgo,thm< thot oro '"''dont lor oll "'""- ·. 

<) U••ro "'"" be provent<NI from fV>onong contooj ol Of mo<foJym¡ tho 
operolrng •:;otom software_ 

The Mo•r1ory '-'•nogemenl option p<OVIdeo tilo hardware lac•l•t••• to ,,,. 
plomen\ oll ol !he obove lypeo of momory prote<Mn. 

8.3.1 lnocceooiblo Momory 

Eoch o•~• Mo • 2M "'""" cont<ol key noociated woth o\, Th• 1<oy ,. 
.,,.gnod un<~er pro~rom conlool W~en U•• ••>' io «1 10 O, lhe pago lo 
def•ned •• non tetodent. AnJ otltmpt b)' o u•~• pro¡tom 10 OCCO'OO o 
non ••••dent oa¡e " P•••enled ~~ on immodoat• obOO'I. Uoon¡ \h<O Ita­
'"'" lo o•ovode rnemory p<o\ecl1on. Ollly 1ho>o pagoo a>o<••tod w•lh the 
Cuf'Onl orog<om ••• se< to legal acto>> ,_.,, The occeS> control ~O)<• 
oJ oll otl<er Pf"'I<Om p<Jg<1 .,. ><1 to O. who<h p<hents ille¡ol memory 
re! ere neo• 

8.3.2 Reod Onl1 Momo'}' 

l~e oe<e" c3ntro! key lor a pago con .,. ••t to ~. whreh allows <Ud 
(Jetoh) mefT'Of) releronce, lO lho po¡e. but o m" Moately ai>O<Is any ti· 
lompt lo '""'" onlo that pa¡e_ TI"' roa~ only lype ~1 memo•y p<ote<l•on 

" 

con be aftorelod lo pages that conla•n conl<HOn dota, subroutin.,, or 
ohored Olgordhm•- Tlu• lVI>" ol momory Qtotecl""' Ollow< lM acc .. < 
"B~" te a govon onlotmal<On module lo be uoo<-dependen¡_ Tnot "- tM 
occe" "ght to o s•••n onlo•m31•on n<odule moy "* vofOt<l lor d<lletent 
'""" by allerin¡¡ the acco" co-ntrol lo.ey. 

A. pago"oddrt" regostar rn ooch el the •••• {Kernol ond UMr modeo) 
maj bo oot up to retoronce tho '"me 'phyorcol poge on momory and 
eoch may be keyed lor dolfecent occe•• "ihl>. for e.omolo, \M Uoer 
o«"'' control koy mogh\ be 2 (r .. d-onry accn<). ond the l(ernel ac<:HO 
control ~ey mogM bo 6 (ollo"'"i complete ....,d/wfote occeto). 

8.3.3 Mut~pJ• 1'-ddreu Sp&ce 
There oro two comp"'to .. pa<ol~ PAR/POR •rl• provoded: one "set lor 
Kernel mcde ~nd on~ oot for User modo. Tho< aftord• tho tornosha""'l 
•ys\M< Wllh anolh~r typo ol memoty proloctoon capoboloty. Tho modo ol 
ope<~l<on " <pec<l•eel by th~ Pmceno• Stotu> Word <urrent n1cde t10ld, 
or prevoous mo<fe l•eld. •• d<'f~rmonod b)' the curren\ onstru<l•on. 

""""'"'8 lhe cuoceot mode PS bol> ••• volod. lho aC\NO Qo&• regiOit< 
.... aro enabled oo folto"o: 

I'S(t.tsl5, !41 
00 

" " u 
} 

PAR/POR Se\ Enobted 
Kecnol moele 

ll<egol (oll ooferonces ai>O<tOd on acce<<) 

Uset modo 

T~u>. o U<e< medo pmgr•m <S rolccoteel by'"""'" rAR/PDn ••l. •• ooe 
~eonel Qro~<om>. Ttoo< moke5 ol ompo"'"'" lor a progoam ounnong on 
one medo lo occ>denUII) rel<•<n<e >pace all""'ted to onother n>odO 
when the ac\ove P'S" rog,.teos MO ••1 correclly. fo< "'ample, • ""'' oon­
not tron<le• to ~e<Oel •poee. Tho Kernel modo adel•ess soa<e may ~· ••· ,......,d lor reoodenl <:;olem monoto• lunc~on<. <U<h ., lhe b.l"c lnpotl 
Output Control routone>, memory monogemonl t<ap handlero, and t•m•· 
sha,ng ;cnedullng m0<1ole> By dovod1ng the type< ol tome>'••""& <yotem 
orogrom• lunchonolly belwoen tlie ~""'"' ond U>t< mcdoo. • """'mun1 
omount oJ opaco conUol hoose•oep•n~ •< <OQU"od •• tne tome•hart<l 
opPoatong •yslom seoutnceo lrom one u<er pro~ram to tho ""''- For 
o•amplo, on11 tho User PAR/POR oot needs lo too updaled •• eoch """ 
u<er p<ogram " oerv~ced. The two PAR/POR ••U imptemonted on tl>e 
Memoty Mana¡omenl U notare ohown '" Fogure 8·1, 

a.4 ACTIVE P~GE REGISTERS 
lne Memory ...,anogement Unot Qrovoele> lwo oeto ol toght Acto'• roge 
ReS'""" (APR) Each APR conoooto ol o PAge Addre" Rogo<tet (PAR) 
anel t Pog~ O<o<,,>lo< Re~"'"' (POR). T~ooe rego1tercs are •Tway> u>ed 
•• • ooor antJ tonta"' oll the •nforrnotio" <eQoor~n to locote ""d elescr~be 
th• curr.n\ o<t•vo pog., lor eo<h moole of operotoon: Ono PARJPOR <et 
" uoed '" Kornel m<><lo ~"el tto~ oll•er " u<e-<1 on User mOdo. Tno cur­
ren! ono~• M< (cr '" >On<e c"'"'· lhe provoou< '"""" bols) ol tM Proce,. 
•o• Stolu• Wo•d elel<rm1ne whi<lo «1 will Oo ,~loronoeel lo< each 
memo•y o«~,. ~ ~·oerom opeoatong on ooe mo<te cannot u•• \loe MR/ 
POR '"" ol ¡M olhor mcde lo o<ee" momor,. Hus. lhe two '""" are 

" 



• key lutunt i~ p'l)vidrng • l~Uy prol«lod envlroomo~t ,ID< o time­
•~oror:l mulb·pro¡tammrn¡ oystom. 

~ opoodrc prn<cuor 1/0 oddro"' ls aui¡ned lo oocll P~R and POR ol 
eoch Ht. Tat>o 7·1 is o comptole los! ot addren u"snment. 

NOTE 
UNtBLIS devioe. o.onnot access PAR1 or PDRI 

In a tulty·p'l)toc\0<1 multl·pro~ramming onvironmonl, the implrcation os 
thot ooly o progrom oporoton¡¡¡ rn \he Kornel modo W<><Oid be •tla.,od to 
wnlo onto the PAR ond POR loc:otlon• lar the putpow al m•PP'nll "'"r'o 
pro¡¡ramo How...er. theoe aro no re$1rornts 'rmpo<Od by the loli'C thol 
w•ll provont Uoor moOe progrllmo lrom wrrtin¡ r~lo tl>ooo •os•stero. T"" 
opt"'n of imolomenton¡ OU<:h o foolu"' rn the oporobng oystem. ond th,. 
o•phcrtly prote<trng til.,o locolonns from uoer"s pro8roms, io ova~loblo 
to tho oy>lem sottwore dooignor. 

777640 

' 772342 777M2 , 772344 777644 

' 772346 772306 717646 

' 772350 772310 ' 777650 

' 7723~2 771312 ' 7776~2 

ó 7723~ 772314 • 7776~ 

' 772356 ' 7776~6 

1.4.1 l'op ....,drao Ro&i•ton (I'M) 
lr.e Paso Addr"'' Re¡roter (PAR), ol>awn in frfUIO B ... contoino tile 
12 b•t Po¡¡e Addro"' frold (PAf) IMI •pocrl¡os tho o••• oddre" el t~o 
~~ 

• .... 

Brts 1~·12 ore u~u•~ and •e.etv«< !or po"oblolutuoe u<o. 

H·e·P•¡• AM•••• Regrot<r moy be alle•natrvoly lhou¡¡hl al a• • relo· 
catron con<tont, or •• • bo>e ro¡¡ooter contarnono o bO<O o~dreOI. Eother 
rnterproto1ron ondoCat"' the boorc functron of tho P•ll• Addr«• Rli'""' 
(PAR¡ '" tne rolocatron «heme. 

8 4.2 P•1• Oucriptor Ro&istors (POR) 
Tne Po~o O.ocrrpto• R•&"'"r (POR), silown '" f<¡ure 8 5, con!O•n• on· 
formatoon rolotivo to POli* exptn11on. ~KO len¡¡th, ond occo01 control. 

•• • 

' ' •• 
frguro 8-5 Pago Dncroptor Ro¡rstor 

.t.<cen Can~ f"rold (.\Cf) 
Th" 2·0rt ~eld, bits 2 ond 1. of the POR doocrii>Oo t~e occess roghts to 
thro portoculor poge. Tilo otcHS codos or '"I<O'ys"' •o..eify tilo '"""""' 
in wtrrcn o 1>1111 ""'Y be otcH>ed and whethor "' not o srven a<:COSO 
should result '" an obOrl ol the "'"""' oporotion. A memooy relorenoo 
thot cauHo, en obort io nol completed ond is torm1noted immedrotely. 

AIM>rlo ore cauud by oltomph lo ....,.., non·te<rd<nl paseo, po¡e 
length OIO'Ors, "' • ..,..., vrololrono. such u ottemptrng te wrrto onto o 
read·cnry pa¡¡o. Tropo oro u .. d u on oid in ¡at~onns memory mona¡¡o· 
montlnformauorr. 

Ln tne conto.<l ol ocous control, lile term "'wrrte"' os "'~ w 1ndrt&le 
\/le octoon ol •n1 lnwuc\l<>n whoch modolres tno contonto ot ony od· 
dr..,HI>IO -rd. A "'""'"'" os svnanymous ""'~ who\ os u<u~ll• c~llo<1 ~ 
'"sloro" or "modoty"' in mony computer sys\emo. Toblo 8 2 lost• the ACF 
koys and tileir lunctiono. The N:.F oo ...,.,¡ton lnlo tire ~OR undor prosrom 
contrcl. 

Tolrle 8·2 ,. .... comr<ll f"r.Jd Koys 

"' 00 

"' 
o 
, 
' • 

Do..:rrplran 

Non-rn1dent 

RO'Sidont r .. d·only 

(unus~) 
Rosidonl , .. di write 

E<ponolon Diro<:tion (~D) 

functoon 

Abort ony ottempt la aooesst~rl 
non·r .. •aen\ po¡¡o 
Ab<>rt ony oltempt to wr~• inlo 
thi• i>lg<. 
Al>orloll Access ... 
Reod or Wnle ano....O. No traP 
01 abort occuro . 

fhe €0 bol loc:otod in POR tri poortion 3 indicalft lho outl>on>«< dorec· 
lron 1n wil1Ch tne poge can "'Pind. A loti•< O rn til,. bol ¡tD = 0) indi· 
cotu lho po~e con e•pond uoward f'l)m relalovo >oro. A logoc 1 rn tn,s 
1>1 {!O= 1) indot~te. tno Ptl• con ••pond downward ta ... ord reloti•• 
:ero. Tno EO Orl io .. rruon rnto lho POR undor prosrom control. W!ren 
Uro~'"""""" drroctlon 10 upword (EO = 0). tho poge lonstll"r> increosool 
by addin¡¡ block• wrlh ho¡hor rolaiiV<I oddrO'nn. Upword ox~n<iOn r> 
u•uotly ope<of•od !or pro11ram or data p.o~e; lo ~dd mOle o•ostam or 
toble opoco. An o .. mplo ol oo¡¡o upanoion upward lo oh<lwn on fi11ure 8·6. 

W~en tilo."'"""""" d"octoon " downword (EO = IJ. lho o•a• rength il 
or>Creoud by oddmg bll><>• wrth '"""'' relot~Ve odd•nses. DownwarJ 
••pon<ron " spocrf1oO !or <loo• pogeo oo lhot moro stock spoce can ;, • 
oddod. An e<omple ol ooK• up•n•·,an downword os •hown on rll""' a·¡ . 

• • 



"' -
000 ••• " 000 1· ''"'''' 0000 o ,.¡ 

•••• ,.,,_ 1 ..__..1 
~··"· ............ .,.~"''' •• .• """""" '""'>0< 
""''''''""''""'" 

NOH: J 
lo sf>K•(y ~ bfoc~ len¡>;~h ol 41 ror on upwaod eop.;~nd•blo P<IIO, "'")" 
ho¡:hOSI ••thonu<l blook no. ""'""''Y onto h•lh byoe ol POR. B•t 15 "' 
not use<! becouoe tho h11hoot ollowal>le blo<k number" 177,. 

1 

.... , ,....,... 
"'""'~" .. -,,........,.. .. 
0<AAOO<; ... Olf 

1 

j 
"""""" -''"" .... '• ""' " 
00 • "'"' '~. 
"• """'' 

'><>'//·'-< •.• 
--':?"<U~ ~1' j.: 

:':"':'-'?'> .·¡ 

'""" .. oc. ''• ' 

··~ ... ,,. 
1<0<< ' • .. ,,... 

"""" .. oc.' • 
'""" 

1 """',' """'. .-----''-----------· [ ______ _,., ... ,~ 
Fogure 8-6 Example or an 

[ 
Upwud 

""' ""'" ....... .. 
o ........... """•' , ... ., ... ''•' 
''" ""'" . -"""'" ''"" 

_ .... """"'""'-

1 
Wrott"" hl!O (W~ 
TM W J:»t loc.ote<l '" PDR bol pooo\oon 6 indocate. whotl>or !he ""i" ha> 
been wntton 1010 ••neo o! woo loaded onl<> memo•~- W = 1 '' """mo 
ll>o. The W bit •• ouloma\ooolly cloO'ed wl\en tho P.O.R or POR ol tt;at 
p.ogo os ..,.¡tten into. tt con only t>e set by lhe control loi•c. 

In dio~ •wapping and memory overlay apPirColrons. \ho W bol (M 6) can 
be uoed lo determrne whrth pagoo In memory havo lleen modrlred by a 
usar. Tho .. that ha .. been wr.tten rMo must t>e so•ed rn theo< cu.,ent 
lcrm TheSO thot hove not t>eeo wrol!en inlo CN = 0). n~ net be uved 
and can bo overl~yo<i w<th new page•, '·' neoo,.ary . 

l'op ltn¡lh f"reld (Plf) . 
Tho 7·M PLF lecoted on Pll~ (brts 14-8) <peerfreo IM autho,zed tongth 
el lt.e poge, in 32-word blocks. The Plf holdo bloek numoers lrem O 10 
171,: thuo ottow.n¡ any pogelen¡lh lrom 1 te 128,, blo<ko. The PLF 
io wfltlon on tne POR undor prog<am control. 

PLF fot on Upwa<d E•pol>dobto Po¡o 
When !he pago ••p.onds upwa<d. lho PLF mu<l bo set lo one len tnan 
lhe rntendod number ol block< outnomed lor thot pa~e. for e•omple. 
rl $2, (42, 0) btocko ore oulhori>ocl. the PLF" ·~te $1, (41.,) (fiR"'" 
8 6). Tho horawaro comporoo lho virtual oddr<"<< bloc< numbor. VA (bol$ 
12-6) wl\h the PLF In delerm,no r! !he wtu~l addren os wrthrn the ou· 
lhom..O p~~• len¡th. 

Whoo the •irluol acldrO"<• bloc~ nurnbor io le" !hU or eqnl to lhe PL•. 
the Vlri"Jal addre·u " "'lhrn lhe outhorrnd page tength. ll tne vorlual od­
"'"" •< li' .. '"' thon t>•e Pl•. • pago t~nilh faull (addre., loo hrgh) 
" delected by lhe hordwor~ and u abOrt occuro. In th•• cose. tho .,,. 
lu•t Odd<O,. <poca le~l lO tho pro~ram •• non-conlrguouo b<"C~uso th< 
lhroo mo<l "g"'''"""' b'" ot ·toe vorrual address oro u•ed lo •••ect IM 
PAII/PDR _.t. 

PLF lo< • Oownword Exl"'ndoble Po11• 
Tho ••l"'boirty ol providon¡¡ downward e•ponoocn !or ~ poge •• lntended 
specrlroolty !or '"""' page• IMI areto be uoed as stoc>•- In the PDP-11. 
• stock otart• al tho h•ghe<t locoloon '"'"'"'"" fe< ot and ••pands down­
word toward the '"""''' addre .. as rtemo ore addod lo tho otack. 

Whon the poge <> lo be oownwa•d o.pandable, lhe Plf muot be ••t 1e 
outnon<e o pogo length, rn IJiock•. lhal sllrts •t \loe n,gheot addre" el 
the p.oge_ That "otwa~· lllock 171,. llelor lo Fr¡u~ 8-7, whrch ohews 
an uampto <>f a downword ••pandobte page. A page lonl[th o! 42,., 
bloc<s ro arbllrarlly che•en oo that tho ••omple con be comparad w,lh 
lhe upward ••J>!Indable e•omplo ohewn In Fo¡ure 8-6. 

"On 
The '""'" PAf "used '" ~olh -.ampt.,: Trr,." 
don~ te ompn .. ,,. lh~l tl•e PAf. ao tne buo 
oddreu . .,;,••1• doteronone; the lowoot oddreu 
ol lhe p.1ge . .,h•lher rl " upw"d or downw.,d 
<><•>ndaolo_ 
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~::::::::::::;.;.;::::"':::··:·_-~"' ··~;'":":'."""'"'"':·:·~.;;.:::::::::::::::::::j 1··· .•. " ... , ¡ •.• ,... .... ··1 
w.,..~~~~~r::. 51 ...... , ....... 
·•··· """'- .... "'"'" 

Te spocl!y P>80 IM8lh 101 o Cown.,ood ••pondoblo pose, ""'" complo· 
¡nent ol bloc~$ roqu"ed tnto hogn b>le ol POR 

In thos ... mpt.., o 42·bloc~ pogelo requor~d. 
I'Lf io do""ed U followo; 

42,. =52,;,....,., tcmploment = 1,26,. 

• kO<• _,., ...... ..::. "" 
'""" '"• '""""'"'- ~ ... 
"'" '"". -"""'" ''"" 

Foeuro 8-7 Eoomple of e Oownward E<p.o.ndoblo Pogo 

8-ll 

The colculotlon> lo< complement•nll !he number ol b<oco. «qu,.oo to 
obtoin the PLF "•• lollows· 

MAXIMUM BLOCK NO. ...INUS 
177. 

REQUIRED LENGlH EQUALS 
5Z, = 

127 •• 42,, = 
8., VIRTUAL&. PHYSICAL ADDRESSES 
H•• Memo•y Mono¡¡omonl Uno!,. locoted bclween lho Cenorol Procenor 
UM ond the UNIBUS odd'""' MU. Wllen MemO!)' MoNOgemont io 
enobled, t~e Proce .. o< «O<O. to •upply addte'" on!ormotoon lo t~o Uno­
bus ln<toad, ·~~,.,.., oro •ent lo tilo Momory Ma"a~emont UM whoro 
ti>~ .,. roiO<aled oy va"""' conotonts computed w.thin t~e !,Oomot']l 
Mono¡¡ernent U"". 
8.5.1 Conottuc!lon ot a l'hyslcol Mdr .. • 
Tno l>ooic in!o<moMn nee~ed 'O< tho conWu<hOn ol o Ph)o•<al Mdrou 
(I'A) corneo !<om tno v.nuol Mdreu (VA), wMh ro'"""'''"" rn f•~ure 
8 8, ond tho oppropflale APR oot. 

" o 

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

l. Tno Athvo Pago >'•el~ (APF\. '"'' 3M !.eld d<l<n'loneo wnoch ol 
o•¡ht Act••• P•B• Reg'""" (APRO-APRl) wo'l Oo "'"" to lorm \he 
PhyO<COI Addre" (PA) 

2_ Tho o .. pt.o.:""'""' foetd (Df). Tnoo D·M l•<ld cont.,no on add<OS> 
'"'"'"'" to the boR•nn.o¡ o< a r•a•. Th•• P"'""" page l<nSiho up to 
4K wordo !<" "'aK byt.,¡, TI•• D~ '' lurthe< outxlrv•d•d onto two 
l•olds o• '"""""in ~•guro 8-9, 

" o o 

'" 
··"' "·""' 

1. Tho B!o<k r<umbor (~1<), T~., l·M !.e'd "•ot<rpro!ed u tho block 
numbor wrthm OOe '""'"' pago. 

l- Tho o,.pr•comonl '" Blo<k (DIBJ. Th" 6 b t !.erd conl••n• tho ~" 
p!oconoonl "'th•n "" bloCk r<lo"od to U> OOe B<oc• Numbor. 
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Tlle r•·n.,ndu ol tno '"fom10\10n nooded lo const•uct t~e Ptly-.~1 ~d­
~'"" comu hom ~~~ 12M Page Addr"'s r,.ld (PAf) (port <>1 tho Act .. e 
Page Re~·sto<) and IP«oloe< the """'"6 odclre., ol tho momory whoc" 
U>ol APR <l<ltllb.,, Tho PAf " aotually o block numbe< In tho phyllcal 

:;:,::;;; ~¡;.~:r ~.~~"~:"' ... ,urt.ng ·r·" al 96. (3 )< 32 = 96) 

The JormaMn oltl>o Ph)'>ocOI Addro., ,. illuotroted In FigUro 8 10. 

1 
• ::r:· =-i::'r'::' . ~ ··1 ·~·~ .,. 1:::::.-:. 

' 
---"Ji 

L.._.. o--! 
• 1 

"'.===-""·'-"· .. :=:-=:'::=::e"-~---~;;;--~· ""' '-- -,_-~""''" 
Fo¡uro 8-10 Conotruot•on ola Ph)'<olc:.al Addnooo 

1 
The logocol o~uenco onvoiVtd '" e<>nstruct•n¡ • Pily1lul A.adre" " as 

1 
l. So<oct a .. , o! Aclove Poge Reg•Wrs oopend•ni on '""""' noO<IO. 

' 2. Toe AW•• Po;• Foolo of !he ""'""' Od<loe" •• used lo <eLO<t an 
ACl<ve Pt¡e Rog<Oitr (APRO·APR7). 1 

3. Tho Pone Adoren Foeld of tl'le oeJeoted Act,-e Pago Re¡¡ .. ter ccm­
•••n• the otortm1 oddreu ol tno cuotentl'f o<h•e pago •• o btocl< 
numbor '" phys•col mernory. 1 

4. Tne 6too:O NumWr lrom lhe Vtrtu., AdGro,; •• odde<l·lo lb<! btoeO 
number lrom tM Pago ~ddre., roold lo yoetC the number ol tne 
bto<O m phy5to>l memory whoeh woll conta•r. lM Phyoocal Addre,. 
beon¡ c<»,.trueted. 1 

5. Tho D•sPIIC<Il'ent '" 61<><k f<om the ¡¡,plocoment Foeld ol tho Vortual 
Addren" toonod lo the Pny.,ool Block Numb<r lo yoeld • true 18·1>11 

1 
8.~.2 Determrnl~ lho l't<>¡rom l'lly•lcol A.~dre" 

A !6·b1l ""'""" add«" can oooc•IY up to 32~·wo<do_ in the ron;:e lro~ 
o tn 177776, (word boun<Woes ''" eveflloct;t nuonbero). Tl>e lhoeo 
m~st """''''""' vonuol odd!O>O b•" des·~"'"" 11•• P~R'PDR .et lo t• 
rele<OO<od du.,n;: p.ogo oddrou reiO<ot,o;>n. hb•O 8 3 loob tne '"'""' 
oda re" ronsn that onec•ly ea eh ol tne PAR/PDI< ,.,. 

1 

Tobl"' t.l Rtt.Un¡ Vlrt""l A,.s.t,.... 10 PAR/POR s.t 
VIrtual Address Ron~e 

000000·17776 
O¿()()[jO·J7776 
040000·57776 
060000-77775 
100000-JJ7776 
121".1000-137776 
140000 157776 
160000-177776 

PAR/POR Se! 

o 

NOTE 
Any uto ol pogo lenaths leu 
cau>OI h<>le5 to be Ioft m the 

·~·· 8.6 STATUS REGISnRS 

' , 
' • 
' ' ' 

th•n 4K wordt 
•i<lull oddron 

Al>on~ gener3tod t>y tho .c>"oloct•on hllraworo "'" >octote<l thtoulj!h Kernel 
••rtuoiiO<aliO~ 250_ Statuo Reg•Sion #O oM #2 are usod lo dote""'"" 
"'hY !he obort oc:ourred. Note thol In obort lo o locatoon wh¡ch 10 •t••ll 
on tnvatod *Cid,.... -..,u ~use onothe< obo<t. Thuo the Komel P">llr3m 
mu•t onoure thot ~ornel V1rtuol Addre" 250 " mappood >nto a >ahd ad· 
dreu, othetwose • too., w•ll occur wh10h '"" reQUI!O conoolo lnle,.entoon. 

8.6.1 S!Muo Reg·,.¡.,. O (SilO) 

SRO contO·n• obort """' lla¡¡>, mo,nory manogoment enablo, pluo oW•• 
0$0~ntoal onlormaloon requued by In opetolong Oyotem !O reocovor '""" 
•" obort or '""'"'" • momar-¡ mo,.gement trop. Jho SRO lorrnot '" 
shown on Fogure B-11. lts MdrMO is 777 572. 

s·;·r·;· r·;· ["::::~·r~~¡~~I~:·~~~ . ~(!( ·!!. ¡,¡ _:.[_] 
~: ;:,>;' ~.:~:o.;;c}_j ! ,. 
""" '""' ,..... "'"'' ......... --' 
~··-·-............ - -­... ~ ... __. .... ---· 

F1¡uro 8·11 Formol or Statuo Reelltor .,o (SRO) 

6•1• 15-13 ••• the abort Ita~'· Tney moy be cun,.dered to b• ,,, > 
"pnoroty queuo·· '" thot '"llogs to !he ro¡¡h!"" ••• leS$ oi¡¡noloconl a•td 
shoutd bo og<><>rM. For e>or"r•ple. o '"non •es•cont" abort '""'''" '""'"" 
would ognore po~e lon~th ord aoco" control llog._ A '"poge le.,gth"" 
al>ort oeovoce •ouhn~ would •tro•• M A«O" control toutt. 

NOU 
9•1 1~. 14, or 13. wheo ,., (obort condotooos) 
cause ••• 101!•0 lo lreer. the '"""'"" ol SRO 
Ms 1 to 6 and ot""' reg,.ter SR2. Th,. "done 
lo tacolol,1le rocovery lrom the •boot. 
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Prolo<toon •• enoblod ... ~.n an oddr<« " beong relocotod. Th,. irnpoll., 
that uhor SRO, bol O •• "''Ual lo 1 (Mernory Mono¡¡emenl onobled) or 
thot SRO, M a. " equol to 1 ond !he rr.omory r<lorenco 10 tno frnol ono 
of o d•>trno\ron colcutotion (rnaintenance{d.,tmatron mode). 

Note \hot SRO brts O on~ 8 con t>e .. \ under progrorn control to pr,.. 
""" mean 1 n~!ul menrory monogement control rnlormotron Howe.er, 
lnfofl"olron wrrtten 1nro •LI other brts "not meanlngful Only th•t ,.,. 
formo\ron ..,n,ch " outomallcoLiy •mtten lnto tóe'" remornrng brt. u o 
r"'ul\ ol hard,..ore actron• " u>Oiul as o mono\<>< ot the sl.otu• of \he 
memory manag•ment unrL Settmg bit. 15·13 under-pr<>gram eontrol 
wrll MI cau•e t<•P> to ocour_ Th••• bol>, howe.er, muO\ bo resol lo O 
alter 00 •bor1 cr trap hu occurred rn ortler to resumo monitor~ng 
memory mano¡ement. 

Abor1·Ncn.-eoidont 
Bol 15 "tne "Abor1-~onre.,~ent" br:_ 11 1• '"1 by ottompton¡ lo o<ceu 
• pago ...,til ~n acoen control !rold (ACf) key ec¡r~<~l lo O or 4 cr by,,.. 
•bl'nll ,.loe~tron wrth on ollegol m<><le rn the PS. 

.lbon-P•g• Len¡~n 
B't 14 "the "AtH"t Po(l.e tengtn" '"'- 1t,. ,., by ottemptrng to accno 
o tocotron ro o ~o¡¡e wrtn o block number (vrrtuol oddre" "'" 12-6) tnot 
" oul>rde the •••• autilc.,ed by tho Pago Lengtll Freid (Pfl) O! the 
PLlR tor tilot poge 

Abori-Rud Only 
art 13 "tiro "Abcrt Read Orly" brt 1t ,, '"'by attemptrng to wrrte rn a 
"R .. d Only" pa(l.e """'"11 an actos• ~Y el 2-

NOTE 
Tn"e "" no re>tol<trcns thot ony obon bol> 
oould not t>e •el .. muttaneously by the •amo 
•«•" ottempt. 

M•intenanto'O•"ination Modo 
Brf 8 '""''''"' marntononce u;e of lhe Monrory Mona¡¡ement UM. 11 " 
u>ed for <lra~no•he purpooe>. For IM rnottu<tron• ""'" rn tilo •nrt,.t 
drasncotrc pro¡¡rom, brt 9 " !.01 .., that only tne lonol d•ot•n•tron role<· 
enco " relocoted. 11 is usoful to ~'"'" the copobdoty ol relocatmg 
addfO'>C>. 

MOdo of O~roti<>n 
Br" 5 and 6 ondr<ote tiro CPU modo (U;er or ~ern••J .,,oeioted "''" 
lhe page '""""g tilo obort_ (Kernel = 00. U ser= IIJ-
' 

Po~• ~umb•r 
6•1• J.¡ c<>ntarn tl>e paR• nurnbo• ot r•loreoce ra~e<. h>o block•. aro 
nut~borod lroru O up..,ord•. Tne Po>8o eumber M '' usM by the onor 
reco.ery '""''"" lo ooeotrty lhO pago b<"'P. """"~ rf an otrorl <><<u,. 

Eno~l• Rok;oo;;o[lon ond Prolecllon 
B•t O'' the "Enante·• b•t. Wheo •l ·• ,.., rn l. all addr~""' oro roto<~•~ 

ood protected,by th• memory maoo~ement unrt When br\ O,. oet to '· 
tne m•mory monogement unLt •• drubted and O<tdre>se< are ne•lt>er ••­
located nor protected. 

8.6.2 Statu• Rqlotor 2 (SR2) 

SR2 " looded wrth \he ll:i·bit VOrtuol Ad~rou IVA) 01 '"" t>eg•nn•o~ ot 
eoch onotruction tetch but ,. not urd~t•d rl tho ;nwucllcn teten '""' 
SR2 " reod only, • wr•to oltemp\ wtll nct modofy oto contento. SR2 ;, 
tne Vrr\u&t Addre,. Pro¡¡roor Countor. Uooo •• abort. the rnult ot SRQ 
bol> 15, !4, or 13 t>erng oot, wili treere SR2 uotol tho SR{) abort tlo115 ooo 

.c•oorod. Tho oddt0$0 o! S~2 •• 777 576. 

L~======: .. ;.:,c· '-;;;;.:.o~;;; .. c·========':i ~· 
Figuro 8·12 Formol el 5totu> Re¡itter 2 (SR2)) 

8.7 INSTRUCTIONS 
.'demcry- MOM~ement provode> the obohty te commun•cote t>etween two 
opoceo, os determon«l b~ th_e cur~ent ond pro<iouo mO<Ies of tho !'m· 
e .. so• Status word (PS)_ 

Mn....,onic 
MfPI 
MlPI 
MfPQ 

"'~ 

ln>lruction 
"'""" tront p<e<Oou>mmutllon •po<e 
nro•e to prevrous ln5\ruction spooo 
mo•• lrom previom d&ta •poco 
mo•'l!• previouo dota opoce 

Op Cod• 
0065SS 

The PDP-tl/45 Memory Mon•gement unrt, th- ~T!l C, rmplement5" 
..;>orate ro•uudlon ond doto oddrH> '"'ce. !n tho POP-11/~, ~~.,.. 
" no d•Herontraticn Mtween lnotwctlcn o• doto •poco. The 2 rn>lru<:tron• 
MFPD onG MTPO (Movo to ond fr<>nr prcvioul data sp.oo) uooute rden· 
\lcolly te MfPI &nd MlPI. 
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MFPD 
MFPI 

move lrom prwi0<1• dala opaco l~5SS 

0065SS "'""" lrom pro.,ouo ••Wvel•on •PM:• 

" • • . . , . • • 

Condwon COd .. : 

[ .. mple: 

(tomo)~(src) 

1 (SP) ~(tomp) 

r<: set rl t~e souroo <O: olhO<w"e el .. red 
I: <el rf the oouroo ::0: other""" crea red 

C: unalfooted 
v· cleared 1 

T~" rn•lruthoo puohes a ""''d onto tl>e curren! otack 
rrom an -.Id••" •• pr<>v•~< opaco. Proc•••or !;Uius 
(b•IS 13. 12). The souroe addrns" tomputed u><ng 
¡no current reg,.ter< •nd momory map. 

MFPI@ (R2) R2"' 1000 
1000 = 37516 

Th~ """tutoon ol thro •••truct•on c.ou>e< lhe conlento ol (relal,.e) 
37526 ol the P'""'ous addreu opaeo to 1>o puohe<l onto the currttnt 
otock •• deternrined bY the PS (bilo 15, 14). 

MTPD 
MTPI 

rnov. lo pre•rou• doto opaco 

rnov. lo pre•iou• ir>Struction •paco 

" ' 1 • 
• • • • • • • • • • • 

Cond~lon Codeo: 

Eumple: 

(tomp) -{SP) 1 
(dst) ~(tomp) 

N· ool rl the sour'" <o. otherwose clured 
l: .. , rl toe oour<e =0: cthe,..rse cteorod 
v: cleoftld 
C: undected 

Th'> inotructren popo o .,.ord off IM '""""' otoci< 
det•rrnon«< by PS {Ms 15. 14} ud •toros t~•l ""''d 
rntO on oddr• .. in prOVICUS opoto PS {M• 13. 12). 
Tho d«trnatron oddre" ,. conlputod """il the tUl· 
"'"' ro¡¡,.te,.. ond memory map. An "'"mple " u 
rett<>W1: 

MTPI @ {R2) R2 = 1000 
1000 = 37526 

Tno execut<ao el '"" •nst<uct•cn cau.o• the tep wo<d el the turren¡ 
ota<k to ¡et stored ,nto tho (<elai<YO) 37526 el the ptov.ouo oddro" ·-

'" 
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' MTPI ANO ~FPI. M00( O, REOISTER 6 ARE UNIQU[ IN THAT THESE 
INSTRUCTIONS ENABLE COMMUNICATJ()NS lO ANO FROM TI<E PRE­
V\OUS USER STACK. 

MFPI. MOOE O, NOT REGI~f[·R 6 

"" "" "" '" MfPI 

.<'KM+PUM, f'SW 
,_,_ -2(6) 

%0 
@#SRO 
%0 

: ~MOOE, PRE'I USER 
: MO~E -1 on kernel otoek -2 

: ENABLE ME/11. MGT 
, -(KSP) ,_110 CONHNT~ 

Tho -1 on IM •ernol oto<k i• now replotod by tne eontento ol llO *hotn 
loO. 

: MFPI. MODE O, REGISTE A 6 

"' "" "" "" '" "'\'' 

"UM+PUM, PSW 
%6 
'tKM+PUM, PSW 
"'-1,-2(6) 
@#SRO 
%' 

: SH 1116"'0 
:K MOOE, PREV USER 

: ENABlE MEM MGT 
: --I~SP) ~R\6 CON1ENTS 

Th< -1 on tno <ome: •l•<k •• now roplaoeo oy the conlont• ol Al6 
(uHr $1>tk pointor wh•<h,. 0). 

To obla•n onlo l<om tne' "'"' •to<k ol tho "•'"• •• >•1 lo kerool modo. 
prov "'"· t"o >lepo aro noMed. 

MFPI 
MfPI 

%' 
@16)+ 

: 801 canten!$ ol Rl6oou•er po•nter 
, ""' u.er vo•nl•• lrom <ernol stock 
; Uoe >ddrns c~U•nod lo eot dota 
; lrom "'~'modo """g l~o 0'"" 
; modo 

TM dM•rod d<>to lrcm tno "~' olotk,. now on tM korool <to<k &n(! hu 
roplocod lhe uur <lo<k odd<o<o 
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; Mll'l, ~OOE O , NOT REGISHR 6 

"" "" '" ~TPI 

"" TA6X: CLR 

1i K~+PU~. PSW 
,fTAGX, (6) 
@#SRO 

" 
@#SRO 

; KERNEL ~OOE. PREY US~S 
; PUT NEW PC ON ST.t•C:K 
; ENA81 E KT 
: %7+- (6)+ 
;tRROR 
; OISA8LE ~EM MGT 

Tho n- PC ;, poppod cfltho CUfrMI otock ond o;nco lhro lo made O on(! 
not ,..,,¡., 61he <lest;noh<>n" rq;•t.t 7-

; Mll'l, MODE O, REGIST[R 6 

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

ltUM+PUM, PSW 
%' 
IIKM+PUM, PSW 
>1-1, -(6) 
@#SRO 

" 

; "'"' mode. p, .. Uoor 
; .. t uoor SP=O (1116) 
; Kernol mo<le. pn:v u .. , 
; MOVE -1 •nto K <la<' {R6) 
; Enoble MEM MGT 
: %16 +-(6)+ 

no O rn Rl6" now roptocod ""lh -1 frnm the contento ol the r.ernel ,, ..•. 
lo place lnfo on the "'" oto<k rl tne 110\ul os ..,¡ to kernel mo<le, p< .. 
uoor modo, J «poroto >lOP> ""' noeded. 

MFPI 

"" MTPI 

o/.6 
#DATA, -(6) 
@(6)+ 

; Got contont ol Rl6=u"'t po<nter 
:pul ~ola en <u,.ent >l&ck 
; @(6)+ [finaroddrn• relocoted]+­
(R6)+ 

The doto do,;tod " ob!O;nod fron1 tho kornol •t8<k thon the des!lnol.on 
oddr.,;• "ob!JI;nod ftom \he Oomol suco ond roloc~tod thrnui~ t~o P•e­
••o"' modo 
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Mode O.«:MI>\ion 
In ~etnel ""OCle t~e oporotong pro¡•om NI< unre•lr•<l<'d UN ol '"" 
"'"c/lme. The progrom con map u1ers" P'08<om• anywhere '" core and 
lhu> e>pjoc•tly pmte;:t •ey a<<a< (on<ludons \he dO>ice ro¡o1W1 and t/le 
Proceuor Sto1u1 wotd) from tire U,.t opemmg envoionment. 

In User ~node a progr•m ;, IOhob•ted from ••e;:ulmg ~HAll onstructoon 
ond lhe ~rocenor woll trop throu8n Jocahon JO ot an auompt r1 "-'e 
lo ~<<"tul<'"" onstructoon. A RESET •n•tructoon ruull• '" ••ttr:utoon 01 
1 NOP {nO·oP<ratocn) onstru<toon. j 
ne~ ore '"" ilack• coll<'d the Kernel Staelc Md the U>Or Stock. uNd 
by tilo central proco110< when operot1ng '" eoli>Or !M Kernel or u .. , 
mode. tflpoe<lively. 1 

Stock 1 rm•l ViOiatoon< are d•<abled '" 
prov.ded by memor1 p<0\@01 feature•. 

U<er modo Stack protett10n io 

1 
Tne MomO'Y Management Unn r<locll<• oll odd•e""'· Tnus. when Mon· 
o¡ement "enobled, aft trap. abort. ar>d •ntorrupt •octcu •r~ COtl>~derpd 
t~ be on Kernel mO<fe V1rtuol AddrO« Soace w~en "• vector<'d trao><ler 
"'"'""· control '' tron5foned accordon~ to a • ..,. Program Countor {F'CJ 
ond PrO<n>or Statu• Word (PSI CO<OfOon<'d on a I'"O·word vector rolocaf<'d 
through the Kornei AC!Ive Poge ~"€"'"' Set. 1 

Whon o ''""· abort. or ontetrupt occurs tho •·pu•h"' of the old PC. old !'S 
,. 10 the Uoor/Kornel Ft6 otock spoecol•<'d by CPU modo bo1S 15. 14 of lh• 
new PS '" tno vecfor (00 :e: Keroel. 11 ,. U'e•) The CPU mode M> 
olso delem~one \he new APR sol. In lhoo o\3nnet >t " ""'"ble lor a 
Kernel modo pre¡;ram te hove com pfote cootrot ovor -,.,..,,.. •'"'€""'""'' 
lnr alt onterrupt Condoooon>. >once ti< O onl<"UOI v<Cim." oocated on Kernot 
'""'"· TM Keroet program m•y owgn tho '"''"'" ol <on<o ol th<>• con· 
d•l;on> to a U•or mooe prosr•m bY ""'<>'Y '"'''"~ the CPU r~ode M> 
ol tho new PS 1n tho >ector to roturo oontrot to lh~ approp<~•le modo. 

PS 8•11 

Cond. Code> (J 0) 

Trae (4) 

Pnonty (7 ~J 

Pth"oOu> (13·12) 

Cuneo! {15·14) 

0 bphcot O¡>e<aliOOI 
U••( •P•<e. 

1 
U>or Trlpo.' ¡:,pllcll 

U..,r RTI. Rn lnternrPh 1 PSActfl> 

' loadod from lo.od<'d lrom • ..... vector 1 
loaCed lrom foadM from oannot ~e ..... """"' 1 chan¡ed 
cannot be Joadod from • 

.changed """'"' 1 
canoot ~e tOP•<'d 1•om • 

cl>on~<'d ~ 05. 14) 
cannot bo load•d !rom • 

thO'IijOd vector 1 

c.n bo mado 1f lile Proco!10t Statu• ,, mopp<'d '" ,_ 
' 

• • 



MINICOMPUTERS FOR ENGINEERS 
AND SCIENTISTS. 

G. A. KORN. 

INTERRiiPT SYSTEMS 

5-9. Simpl• lnl~ITupl...,y•tem Ol"'ra1lon•. In 
devicc-nag leve! (IJ'lTERRUPT REQUESn 
program on ~ompletion of the curren! in<lruetion. 
C.-' a •ubroutine jump (Sec. 4-12): 

• 

.1n intcrrwpt systcm, a 
íntcrruph !M compwter 
Proccssor hard,.ue th~n 

l. Contents of the incremcntcd pro¡tr•m countcr and of other selected 
proces<or n:gistcrs (if any) are automatically >;o ved tn !p<:etfic memory 
locations or in sp;>re registe~. 

2. Thc program counter ¡, resol to •t~n " ncw inMruction sequcnce 
(intern~pt-orr•ice subroutine) from o >pcciftc mcmory local100 l"trap 
locauon"1 aS>OCiated with tht intcrrurt. Thc interrupt thus·acted 
u pon is ái.<abledso that it C>~nnot interrupt tls own service routine. 

Minicomputer interrupt->ervicc routincs mu<t U5ually flm sare rlre col!· 
/MIS af pNXtJSor regiJiers (such as accumu/ator.•) wl!icl! a•~ n~edtd by th~ 
I>Uiin prog•am. but which a•e MI sa~ au/Qmatica//y bJ" tht ltardwaft. We 
rnight also have to s..ve (and later restare) sorne reripheral-device control 
'"8"'""· Only then can the actual intertupt scrvice proceed: the serv1ce 
routine can tran<fer dlta after an ADC-<:onversion-complete<l interrupt. 
implemcnt cmcrgency-shutdown procedure• aftcr •. po'.VOr-supply failure. 
etc. Either the service routinc or the 1ntcrrupt·systcm hardware must then 
d..ar tht inUffupt-causing flag to prepare it for new interrupU. The lttvict 

routine ends by '<">toring r•giMcr• and program cnunttr 10 return 10 lllt original 
program. ltke any >ubroutine (Scc. 4-12). As thc scrvice routine completes 
its job. it must also rttltllblt tht mttrropl. 

EXAMPLE: Consider a S<mplc minicom¡:>.~t<r which stores only !he 
program counter automatically a~cr an intcrrupt. The ontcrrupt·scrvice 
routine i~ to read an ADC after its convcrsion-romplete interrupt. 

LAc:ation l.ah<>l ln•trurtiom or Ward D~t• 
tmain pmgram) 

Cammtflts 

Hll curr~nt inmuctinn 1 lmcrrup1 '''""" hcre 

~ 1714 1 lncr~mcnte<l program 

1 rount~r ( t714J will he 

1 ,woOO llore by h.orJ· 

1 worc 

~· JUMP TI) SRV!CE 1 T rar location . con u on< 

1 jumr ''' tdr>c~ral!lc 

·~ SRVICE STORE ACCUMUlATOA IN SAVAC 1 .<01\lCC roU\lO. 



-'"' 
J60l 

'"' '~ 

'"' 
1714 

~" 1~110'"'~" l11t "'~"""PL'HI "'IT" tm OI'T'>II>r. WORI.I> '" 
1 

SI'!VIC~ STOII~ ACCUMUlATOR IN SAVAC ' Sa~e ac.,'tlmulator 

R~AO AOC 1 Rcad ADC imo 

1 1 "ccumulator and 
1 clear AOC flag 

• 
STO RE ACCUMULATOI'! IN • 1 Store ADC reading 
lOAD ACCUMUlATOA SAVAC 1 Re;torc aocumulator 
INTERilUPT ON 1 Tum interru¡>t bac~ on 

JUMP lr.IDIR~CT VIA = 1 Retumjump 

1 

(main prog<3m) 1 lnlerrupted program 

1 continuc> 

NOTE: lntcrrupl1 do nnt worl: when the computer is HAlTed, so ~.­

c<>miM le 51 i<rlt•rrupl.r wlren lltpping o progrom monuo//_¡•. 

5-10. ,\luUiplelnlerruph. lnterrupt-system Operaúon "'ould be simple 1f 
1hc~ were only une P<l>Stblc >ourcc of mtcrrupiS, butlthis is practically 
newcr lrue. bcn a st:~nd-3\onc digital computer usually has several 
inlcrrupts corre>ponding o o perip~er,,J malfunctions (taPe unit out of t•pe. 
pflnl<r out of p.lpcr). and fl1~llt somuboo", 'f'acc-vehid~ controlk". and 
proco,s-<:ontrol 'Y"<ms ma}' havo hurrdr,•d< of difforenl irlterrupts. 

A practica! multipl~inlorTupt •y•frnt will ha"" too 1 

1 . "Trap" 1he pro~ ro m to dilforont mMnory locatlons corrO<pondlHg h> 
specific in<!i>idual interrupl;, 1 

' A"ign prioriti<"' to simultaneou• or successive intcr;rupts 
.1. Store lowe<·priority intcrmpl roqur•l§ lo be servjced •fter hlgh"t· 

prionty roulines aro complete<! j 
4. l'crmil hi~hcr·priorit) interrupl• lO intorrupl lowcr-prioril)' scn-kc 

routinn '" soot1 as the relutn addrcS> .md any a'<ltomalically !avcd 

n:g"1crs '"" ,.,rely s:o~ j 
Nute lh¡ll progr.<ms and/or h,trdware must cJrcfully •••• succr,.ive 

le•d• of pro~ram-eountcr •nd rL"f:i<ler ronlcnl<, which wtll have 10 be 
m:ovcr,-d ~• ncedod. lnterrupH~"cm programmitig wlll be funhcr 
di>e'LL<scd in Sec .. 1-ló. 1 

.\1ore ,ophi<ticated ,ystems w1ll be ah le to rM1.tign ntw prwrillf'< 1hrough 

rrn,¡r.,mm,-,¡ i"'"""''''"'' '" thc ~<Xd• of a procc>S or Program change 1•cc-
al"' Scc' S-1:', 5-14, .LILJ S·lf•j. 1 

~.¡ !. Slip-r:hoin ldontificotion of lntorruph. The mo" primitivc mu\tiplo­

"'l<trU pt 'Y""'"' ""' p:y OR .oll 1 ntcrr11 pt Oag' onto "'single "'"'""!'' /in<'. 
'1111'1111<'""1''·-'<'r!'"" ""'"''" lhM emploi'S \!'11<"/.<l"p uistru<tÜm• {Scc. 5-&) 

. ' 
'" '~" " ,¡, ~ d~rir<' :Jm¡• m ,,Jer n/ J~,.-r.,.Jim¡ p•iQrit_\', 

'" 
Supposc that the simple intcrrupt sySiem di.cus .. d ,~ Se-.:. 5-9 wa< 

conncc!ed not only 10 thc ADC reque<~ing servicc- bul •óo lo "c•mergcncy" 
rnterrup!s frum a fin: alarm and from the computcr power '"f'rly •.S ce_ ~-1 ~). 
A sl:ip-chain tct\ice routine "ith appropnalc branch<:> for firc "larm. 
em~rgency shutdown, ""d ADC mightlc>ok likc thi• (onl)·the ADC !ef'Í¡;o 

routine, ac~ually shown): 

S A VICE 

'" 

SKIP lf FU'tE-ALAAM HAll lOW 
JUMP TO FIRE 

SKIP IF POWER FLAG LOW 

JUMP TO LOWPW~ 

SKIP IF ADC DON~ FLAG LOW 

JUMP TO ADC 
JUMP TD ERADA 

STORE ACCU ... UlATOR 
REAO ADC 
STDRE ACCVMUlATOR 
LOAO ACCUMULATOR 
lNTERAllPT ON 

JllMP,INO\I'!ECT VlA 

" SAVAC 

'" • 
SAVAC 

= 

1 Fire •lmm? 

1 Y e<, ~n to scrvtce 

1 . rou,inc 

1 No: p<>wcr·supply 
¡ lwuble.' 
¡ Y es, ~o to se .-vice 

' WU~tnO 

1 Nu; ADC ,ervrce 

1 roque>!~ 

1 Yc., se.--.ice it 

1 N~; >ruriou, 

1 interrupt- prinl 

1 ""'" mcssage 
1 A TlC ,,,,;,e routine. 

1 ReSiore accumul:<lor 
{ Turn 'nterrupl> bac¡.l\., 
1 on C: 
1 Roturnjump 

Thc s~ip--ehoin •y>tcm rcquire< only simple electronics and dispo<es of 
!he priority problem, bu! the nag-sensing program is time·cnnsumln~. 
(n devic« muy require log, n successivc dccisions even rf 1hc n"g ;en,'ng 
"dono by successive binnry d~i>ions). A somcwhat faster mc::•N i' to 

emr:oy a flag !lar ros "md ¡Scc. S-8), which c:<n be lested ':o<l b) bit or '""'1 
for indirect •ddr<:ssing of dilfor~nt scrvice routines [See. 4-lla\. 

Note also that our priniiti"" ORed-intcrrupt •ystem must auto:nalic.;t:v 
disahle all interrupts as soon ond as long as any inlerrur>l is recogni7~<1. 
We cannot inlcrrupt even low·pnority i nterrl!pH<rvice routincs. 

5-12. Pro~rom-eontrolled Jntorrupl Ma•king. It i< of1en '"~fui to cn.ohk 
(arm) or di,ahlc 1di\8tm) tndividual in1errupts under rrogr.·~r «<ntrnl ,,. 
mcc-t special condJtions. !mproved muhiple-interrupt •Y<'<'ffi$ goo.: intlo­
viduat int<rrupHC4UC5\ lrnc< "''lh mosk llip-tlul"' wbich can be''" ,¡nd "'"'' 
by pro¡rammed in;tru~lions. The ordcrcd set ofmask nip-P- '' L; usll.r!l: 
lrea!C<I "' 3 e~nlrol register {lntoTrupl ma<~ rr~i.,<r) ,.h,ch od01• 11i1h 



'" •• 
·•PP'"PO~te O. aHd t• from an ae<:umulator through a programmed 1/0 
llmruct.on. Group• of intcrmpts qutte often have a common mas~ nLp· 
nup ("-e .Liso $«. S-14). . . . , 

A >fl')' impo"ant applicati<WJ of prognmmod ~a<J,,ng Jnstrur!Lons ,. to 
~i•o .. te<le<II>Otlions or main progra1111 (u "di u IJI!ernqtl~nke J'OII!laH) 
~roater or 1<"-'<r prot~ion from iato1111pt.. . . . 

Note 1hat wo will hnve to rt:store the mask regLStor on r<:turmng from ~ny 
interrupt-«rvice routine which has changed thc m;uK, 50 p~ogram _or 
hardwan: mu•t kcep trae\; of mask changes. We mu•t a_lso •toll provode 
progranLmod inSiruct1on> 10 enable and dis,.ble thc enlLrc mtenupl•Y•tcm 
wothout changing the muk. 

E:XAMf>LF> ,4 •kip-chom .•y.<IM! with """k jlip·flopl. Addition of mask 
nip-Hol"' to our simple •~ip...:hain ioterrupt •ys;.cm (fog. ~9) m.akcs_ u 
practic"l to intcrrupl lower-prionty '"'"ice routmo:s. t:ach ll'Ch roulln~ 

""''¡ nm• !wt·~ ill OH'H ""'mon• /'"'UiiOII In san• lht program counltr, a!ld l_he 
mask mu<l 1>< r~•lorN hefore the interrupt is dismi5>cd. The ADC oerv..:c 
r<~utine o:>fSec. 5-1 l i< mod t fied as follo"\ (a lt interrupts are initially disabled): 

"' STORIO ACCuMU\.ATOA IN SAVAC 
lOAO ACCUMUlATOA 

·~ f Sa,·c program 
STO RE ACCUMUlATOR tN SAVPC 1 counter 
lOAD ACCUMUUI.TDA MAS~ 1 s.., .• 
STORE ACCUMUlATOA IN SVMS~ 1 curren¡ ma<k 
lOAD ACCUMULATOA MAS~ 1 f Arm higher-
LOAD MASK Rf.GISTER 1 prior.ty in~<rrupt> 
INTERAUPT ON" 1 Enahle interrupt •ystem 
AEAO AOC 
STO RE ACCUMUlUOR IN ' INHAAUPT OH 
lOAD ACCUMUUI.TOA SVMSK 1 Rotare 
LOAD MAS~ R~OtSTEA 1 prtvious 
STOAE ACCUMUlATOA MASK 1 "'"'"· and 
lOilD ACCUMUUI.TOR SAVAC 1 restar: accumulator 
INHARUPT ON 
JUMP INOIRECT VIA SVPC 1 Return jump 

Sincc mo'l minicompuler ma•k re~istc" cannot be rc~J bv the program, 
thc ma•l. setllng ¡, duplicatrJ in thc m.;mory loca1ion MAS~. 5:"me 
minioomputcr• (e g .. PDP-9, PDP-15. Ra) tbcon 706) allnw Only a restrtcted 
<el ~r ma.<h and prnl·,dc <pecial instrucl i~n• which Slmphfy ma•k sa v1ng and 
rcstorin~ (see also Scc. 5-15). ,\lachine< ha,·ing tv.·o m more a~cumulat~rs 
can rc<cf\e onc of lhem 10 <h•re tho n>a;k and thu• savc memory rcferen=. 

' ' ' ' 

o .......... ....,. 
"' .. 0< .. ... 

_," OICVO:! -F\.JIG 
"'""'"" ,,,., .... ,,.,.,,.oo,.l 

----<.C?________fl-.. o""'··-~ -~-..1 - \_j- o 

' 

---------
f1a- S-9. '"""""' '""''"•· 1 bo m••• ~·~-n • ., .. ,.. ""'"" •• • """""' "~~"' '""''" "~''"''· ~brcb .:an "'<luro.J and loa<l<O ~y 1,10 rn•tru<tion> 

5-13. Priority-inlcnupl Syurms; R<-q~I/Granl LoRic. We r;:outd replace 
lhe skip-.:ha•n systcm of Scc. 5-11 wnh hardwar~ for polling suceessive 
interrupt lines m order of des<:cnding priorily, bu! lhi• is still rclati ... Jy •lo"' 
if ther<c are many iMerrupts. Wc prcfcr the pflOfl1Y-requesl logic of Figs. 
5-1 O or 5-1 1, wh1ch can b<; loca1cd '" the prO<c .. or, on special interface cards. 
andfor on individual de~ice-controllér cards. · 

Rcfcr lo Fig. 5-IOa. lfthe in1crrup1 is not dtsahlcd b}· thc ma•k n1p-nnp 
or t>y the PRIORITY IN lino, a scr•ice roqun1 (device-nag lcvel) will sct the 
REQUFST flip-flop, which is clocked by ¡><:riodic pr~r pulses (1¡0 
SYNq 10 fit the rroce<Sor cycle ""d 10 lime !he pr,onty dccision. The 
resulting timed PRIORITY REQUEST >ter has tl"u jobs: 

l. It precnables thc ~AC11VE" nip-Hop belonging lo tbc sarne interrup1 
ClfeUII, 

~- fl block< lower-priomy intorrup!s. 
3. h informs the proce"or th;l! ~n intcrrupl is wanted. 

lf lile interrupt system is on (and if tbcre are no dir«l-memory-aC<CeSS 
rcque.t.< pending, Se<:. 5-1 7), \he procc"or "nsw.:rs With an, INTERRUPT 
ACK:'\OWI.EOGE pulw ju~t berore lhc current in"ruetion is complete<;! 
(Fig. 5-1 _1). This ~1< the pre<:nabled "ACTIVE" ntp-Hop, which now g3tes 
thc corre<:! trap ,,ddr<c<s onto a sct of bus line•-thc inlcrrupt is •eti,., 
INTERRUPT ACKNOWLEDGE aho resct.< Q/1 REQUEST nip-nop-; to 
re.ody 1hcm for rcpeated or llCW priority rcqtte>t<. 

fach tnlerrupt hu 1 hr<ce <1 ates: inortí•c, ,.at'ting (dcvícc-nag fltp-nnp <el), 
and •cti>e. Watti ng intcrrupl< w,!l he scrviccd as <OOn a• pos<~ble. UnJts, 
t<:sct by program or hardware. lhc de,· ic-e n~g m.tinlains the "watltng" <!Me 
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uhil~ hi¡her-priority service routin"' run and 
do<armed or whtlc the en tire imerrupt sy.tem ;, 

its inturup! " 

s-u. PTiodry Prop1¡:11tl""' Jnd Ch•nt<5. aro two ba•ic 
mcthod> for •upprcssing !owcr-priority i 1 first ;, the "irod-
priuriry~hoin mcthod illu.tralcd in Fig. S-10. tu f'ig. 5-lOu, thc 
PRIORITY IN termin!l of the lowe•l·priority is wired to the 
PRIOR !TY OUT terminal of thc de vi~><: with thc ne<t-higher priomy, Mcl 
w on. Thu>lhc limed re.:¡uesH from higher-priority dhices bl<ll'k lowtr· 
prio.,ty m:¡uesu. The PRIORITY IN lerminal of the hi¡ht"t-priorit~ 
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Jc~icc (usu•lly a I'<'Wtr-failure, P"my~rror, or re~l-\lme.~h.>Ck mterrupt 
on the proccs.or itself) connect• toa processar ftip-ftop ("master-mask" 
fttp-flop), y,hich can thu• arm or di•mm the entire e ha in (fig. S-JOb ande). 

The computer program can lo;¡d ma<k-register Hip-Hops (Fig. S-IUu) to 
di<urm sel...ct~d intermpts in such a y,·ired chain, but the relativ.: priorities 
of Jll arme<! interrupts ar<: determined by then positions in tbe chain. Jt is 
possible, though, to nssign two or more Jofferent prioritits lo a given device 
ftag: we connect it to two or more separa te pnority cin:uits in the e ha in and 
arm one of them under prngmm or device control. 

Fi~ure S-Il illustrates the 'l<!<ond type of priority-propagation logic, 
"'hich P"•miu every armed interfurt to <el ia REQUEST ftip-ftop. The 
timed PR IORITY REQUEST •lcp> frorn diHúent interrupts are com bined 
in a "priori!y·arbitration" ¡al~ dn:~~Jt, whrch len only the highes!-prronty 
REQUEST >!cp pass to proenahlo it• ""ACTIVE"' níp-ftop. Sorne larger 
d•tital compu!O" implement dynamic priorily reallocation by modifying 
thm prior:ly-arbirration logi<: under progr•m conuol. bu\ most mini­
compute,-,; are content with programmed mas\;Íng. 

Thc two priority-propagation ~heme. c~n be rornbintd. Severa\ mini­
computcr S)·Sicms {e.g., PDP-9. PDP-15) employ four separate wired­
priorrty cllains, cach armed or disarmed by a common ""master-ma.k" 
fl1p.flop in thc processor. lmerrupts from thc four chains are comb•ned 
through a prooflty·:,bmation network which, togetiler with the prosram­
contro\led "m,tster·mask" flip-flops. e<tablishc• the relauve priotiti"' of thc 

four chaim. 

S..\5. Complu• Priorily·lnterrupl SJstoms.. (a) Procram-«>n!roll.,.! ,\d­
dl't'lli Tran•for. lhe "ACTIVE"' flip-flop in Fig. 5-IOa or 5-11 plm:es thc 
starting :1ddrc.s of the corrcct interrupt-sorv•c• routine ""a set ofaddro" 
lin .. common to •11 tnterrupl•. Aulomatie or ''hardware'" priority­
intcrrllpl >y<tem' will thon immediatdy trap to the desired addre" (Sec. 
5-!5h), Hut 1 n many >m a :1 cumputer> (e.¡., PDP-H series, SUPER NOVA). 
the priority logic is on\y an add-on card for 3 basic single-leve! (0Rcd) 
inlerrupt sy>lem. Such sy>tem• cannot acccs• dlffercnt lrap addresses 
dirtttly. W\lh the interrupl S}'sltm on, f!Wry PRIOR!TY REQUEST 
d1sa~les further interrupls and '''"'"' the pro~ram to trap lo 1ht samr 
mem<>ry !OC :ti ion. say 001)0, and to storo the program counter, Ju•t as in Sec. 
5-9. The trop loc~tion contains "jump lo the sef'licc routine 

SRVICE STORE ACCUMVLATOR IN SAVAC 1 L'nless wc ha ve 

1 a sp11re 

1 nccurnulalor 

REAO t'-LTERRUPT ADDIIESI 
STORE ACCVMUlATOII '" "" JUMP \NOtRECT VtA "" 

... 
RfAD INHRRUPT ADORESS is "" ordinal}' 1/Ü instruction, y,hich employs 
a devicc selector 10 read lhe interrupt-;oddrc" lines into tho d.;rumui:Jior 
{Sec. 5-9). Thc 102 pulse from the de>ice select<>r con scne as thc 
ACKNOWLEDGE pul.e in Fig. 5-IOu or 5-11 (in fact. lhe "ACTIVE" 
ftip-flop can be omitlcd in lhis simple system). The prognom thCTl tr"nsfer< 
the address word toa po;mer locatmn PTR in memory, an-d an ,ndirect 
jump lands us where we w:mt to be. 

Unfortunately, the ser>iee routine for each individual de•iee, say for 
an ADC, must save and restorc progr.1rn countcr, m:tsk, rmd accun>~',_\ur 
(see atso Se<::. 3-12): 

'" lDAO ACCVMULATOR -STORE ACCUMUlATOR '" S4VPC 
lOAO ACCVMULATOR SAVAC 
STORE ACCUMUI.ATOII '" SAVAC2 
l040 ACCUMULATOR M.O. SK 
SlOR~ ACCUMULATOR '" SVMSK 
lOAD ACCUMVLATOR MASK ' STORE ACCVMUlATOII MASK 
lOAD MASK REGISTER 
INTlRRUPT 0'-1 

REAO AOC 1 Uscful work 

STORE ACCUMULATOR '" ' 1 done onl; here: 

\NllRRVPT OFF 
lO,\D ACCUMVLATOR SVMSK 
STORE ,\CCUMUlATOR M,\SK "' lOAD MASK REGISTER "' lOAO ACCUMUlATOR SAVAC 2 
INTERRVPT ON 
JUMP tNOIRECT VIA SAVPC 

Note that mo•t of the lime and memo ~y u sed up by thi• routine is o•othu~ 
<!~voled to storing and sav1ng regislers. 

(b) A Fully Automatk {"i:laf1h•al'<'"j l'rlority-lnl~r<up! Sy•l....,. In :tn 
autontolic or "hard ... re" priority-lnr~rrupl •yslrm, 1ht "ACTIVE" n•p-flop 
in Fig. 5.1[1,¡ ot .1-\1 gate< lho trap address of thc active intenupt miO !he 
proce<sor memory addreu registcr as soon a< lhe curren! in.,ruclion " 
completed {Fig. 5-12). Thi~ rcquires '~""'al uddro-. lin .. in !he input/ 
oulput bus anda lillle extra proce<sor logic. This hard,.·:~re b"Y' impro,·e<! 
respoÍI.e time and simphfle¡ programming: 

1, ,., program ,.,p< imm.,.!Jatdy lo a ditr~rtftt rrop locatl<lft for ro eh 
Jntrrrupt; there is no no:nl for !he pr<>~ram tn idenüfy the inlerrupt. 

2. There i• no necd to '"'" r•ugr:tm counter and regi>tc" twice ·"in 
Secs. 5-1 1, 5-12, and S·l5d. 



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

~2ll.' ...... "" .• '"""' "''"'"'[O<;[ ....... "'""""' 
''"" "'''"· 

f'lll. ~11- 1omm& ~"l"m ¡,. th< pnont¡-ont<nu .. lopo of Fip S.IO •nd 5--IL lb< 
Al KNOW L~ DG~ pul"' ""'""" ON uo,l '~' '"P .,¡,¡...,., ;, <r•nofw,.J ''""" omm..J,.t<ly 
o><r IJ>«"I•dJ•«>< ''"'' 0< h¡' p<<>,commoJ m>!m<'oun). 

Tn a t~pical <y>tem, ea eh ~ardwarc-Jcsign.11ed trap location is loaded woth 
a moJtfied J UM p ANO SAVE inmucroon (Sec. 2-11). Ir$ tlfective addr .. <, 
$;\y SAVICE, will swr~ the interrupt retum addr= (plus sorne status biu); 
this is followed by thc interrupt-ser.ice routine, which a~n be relocatable: 

$RVICE ~XXX 

$TORE ACCUMULATOR IN SAVAC 

LOAD ACCUMULATOA MASK 

STO RE ACCUMUIATOA " SVMSK 

LOAD ACCUMULATOR MASK 

STORE ACCU~ULATOA '" MASK 
LOAO MASK REGISTEA 
lNHRRUPT " AEAO AOC 

/lncremcnted program­
/ counter roadmg 
f (return adJre<s) 
f >aved here 
1 Sa~e accumulator 

1 Savc curren! 

1 ma;k 

1 G" 
1 "" 1 mas~ 

1 Actual work begim ~ere 

Saving (and la ter restorin~) the interrupt mas k in this program is thc same 
"'in Socs. 5-1~ and 5-ISa und is soon lo be quite a cumbersome opuation. 
A Ion le <\Ira pro-.:tswr hardware c;.n simphfy thi• JOb: 

[_ Wc can combine thc LOAD MASK IIEGtSUR and lNTERRUPTION 
in<tru~·--.ns into a single 1¡0 instruction. 

•. 

'" 
2. We can use only mash disarming u/1 interrupts wHh prioritic¡ ¡,¡~.., 

levcl 1, 2. 3,. Such •imple m••k< •re ca<ier to store auto-
mat•cally. 

In the more sophisncate<J interrupl system•. the interrupl rclurn-jump 
Lnstruction is replaced hy a spccial instruction (RETURN FROM tNTERIIUPT). 
which automatically r"'tores the program-counter rt"ading all<l ~rr aUI<>­
matically savcd registe.,_ Ele <ureto consultthe interf.,ce m.,nual (or your , 
own miniromputer to dctcunine which hardw4re fc;~tum aOO oonw~~ 
techniques are avatlable. 

5-16. Disromioll of lnttrrnpi""Y"tm fnttnn ami ApJI!l(';lt;,... 1 nterropt• 
art" the basic mechJnism f..-.r sharing a dig•ta! c'omputer bet~n diffe~nt, 
onen lime-<:ritical, tasl<s. Thc practica! cf!'ectiveness of a minicomputcr 
interrÚpt system will depcnd on: 

l. The timt n~..r lo ~nltt f'C*IWJ critit11l sltuatlon• 
2. The total tltM •nd prorr.om on,.,..od impm.cd by ""~ing, restoring, and 

masking opcrallon< a'Sociated with interrupts 
~- The number of priority lc~ls nttdod versus the number which can be 

readily implementO<! 
4. Programmmg ne.-.bihty and conV<:n•ence 

The mínimum time needed 10 obtain >ervice w-.11 include: 

l. The "raw" l•u·....,- ti..,., i.e., the time ncedod 10 romplete tlt(: longc.t 
pos<tble proce.,or instruction (including any indirect addres<ingl: 
most minicomputer. are aloo dc>ignod so tbat thc procesror wiJJ 
always execute the instruction fo11owing any 110 READ or SENSE/ 
SKIP instruction. We are sure you will r.. ahle ro te!! wby! Cht<k 
yoor intotfatt ..,..,uar. 

2. The time needed for any necessary saving andfor mas~tng oper•tion. 

A look al the interrupt-scn i<t programs of Secs. S-11, 5-J 2. 5-1 Sa, nnd 
5-ISh will illu<tr~te how successiV<:!y more s~phist•cated priority·intcrrupt 
systems pro•·ide fa>ter servitt with leu o~rhead. You should, hO\Yevcr, 
take 1 hard·nosed ~ttitudc to cst~blisll whether you re~lly nc'Cd the mOrt' 
•dvanced features in ~our specific ~pplic~t '""· 

lt is usefu( at Lllis point 10 list the principal applócations of interrupts. 
Many intcrrupt< are associ.ned w•th 1/0 routinc, for rel.,tively ;low dcvice~ 
such u tele!}pcwriters and t~¡>e rea<!er¡punche-.. ond thou,.Lnds of mini­
compute" scrvite these happily with simple ~\;lp-<·hain system•- Things 
bec·ome more cri!ical in •nstru'lltnlation and cuntrnl sy,tcm<, which nn"t 
not miS> real-time-<:lock interrupts in tended to log time, to re:~d in>lrumenh, 
or In perform control opemttons. T,n,c-critic¡-.1 jobs requL re f"'r "''!'"''·"''. 
lf tbert" are many time-<:ri tical opcration• or ""Y tirrie·sharing mlnt;on•. 
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"' 1'<11•>•11% fm '""'"""''TI" WITO! TilO <>UT'm'l- W<>OII> ,. 
¡Ir¡• cvmpnlin,¡ wn~ •as/ed in f>lwlwmJ oprr111it•11< bc<:<lme> iolcreslmg. 
~omc reJI·timc sy>lcm< m•y have peri<llls of poeak loads when it becomes 
•c1ually impos.,bk !O serYÍ<c al/ interrupt ~ue.ts_ At this point, thc 
Jc<igner rnu<t decide "hcther to bu y .1n 1 mprovtd system nr wh1ch i ntcrrurt 
reque,ts :ne ;otlea,;t temporarily ••r-:ndahle. )( is '" the ldtter connection 
thal dt•Mmi<" priodl_,. ol/ocali<'n b<:comes usdul: it may, lor imtance. he 
e•pe<!;ent 1t> ma.<k arroin inl<"rr"P" d11r1ng peak-load prrmd<. In other 
,¡¡ uat1om; we m;ghl, instead, lowrr ''" rPimiiN' priaril¡· oj 1h~ main compurtr 
pr~X~rom l>y unma,king odduion~/ mlerrupff duTOnq ~ak rtol-lime II>(J</r. 

11 two or more intcrrupt-service mutincs emp\oy l~e s~me lihrary sub­
rtJ!II1ne, wc are fdced, as in Sec. 4-16, WLih thc problcm of rUnlranl 

pfo.¡ramming. Tempora!)'·>loragc IL"':IliOns uscd by thc common sub­
routinc m~~- be wíped out un le>' we cLthcr dupli<:ate the suhroutLne program 
in memory for e.1ch interrnpl or nnlcss wo provide lruc reentmnt >ubroutines_ 
Thi• ,. nN usually thc '"'" fur 1-'UII.TRAN~ompikr-•upplied library 
roullnes. Only " few minicomputer mo~nuf~cturen and wft.,.are houses 
pru•·ide rccntrant FOII.TRAN (>L>mdLmC< callcd "rta:-time" FOII.TRAN). 
Thc bc>t "·'Y lo <lurc >JICJ rCgL>lers an<l temporary intcrmedLale results is 
in a s•:~<k ¡Se.;, ~-lb): a stacl.. pointer is ;¡Jvancod "'henever a ne...- interrup\ is 
recognized .Lnd rctr.LCieJ "hen an intcrrupl i; dismis«J. The hor mrni­
''""'1'""'' mr.·rmpl '!11m" hm<' lumbmre )vr aulvmmiL·u/h• arlvancing amJ 
rnr,Jclm¡¡ "" ¡, a .\fack ,"'>m'~' (Sc'C _ (,..( 0). 

lf L~IJ fa>\ int<rrupl service ;, nota p•ramount consideration, ,. .• ~an gel 

ara•md m•n!ra/11 roding hy programmin" inrt•rr"fll mask.f which .mnplo· 
pm•em ml<•rrupno" af cw•cal ur"'u r<>UIÍM<. 

In condusion, rcmember that th~ eh id purposc ofinterrupt systems is to 
in•ti.ore computcr opcr;nion' more complic•tod than simple data transfers. 
Thc ~es\ mcthod <or timo-<:ritic:ol rcadin~ and writing as <uch is not through 
interrupt-<ervice routine. wirh thcir ""'~ward programming over~e"d but 
with a J.,,.,,.mo>moro·-Muss _,_,·.•rem, which has no such probkms al all. 

1>1RECf .\IE\10RV ACCE.-.S A"'D 
Al.rf0\IAT1C BLOCK Tll.A~'SFEil.S 

5-!7. C)-ciO Stoolht~. Stcp·bY·"•P pro~ram~nlrolled data tran;fers 
l1mi1 data·tr~n>mi"ion rate< and use valuable processor time for alternate 
irh\fUCliM frtclte, and e<e<.ution: programn>itt~ is :olso te<lious. lt ¡, oflcn 
prdcrable to use arldllional h;or<\"''"" r,,. 1n1crracong a par•llel dala bu• 
dir<'Ctly "1\ h !he .!i¡:il:oi·COmputcr mcmary d:Lta regL>ter and 10 rc-qO<>I and 
gTJO! (-c¡c(c pau,c-; "' rroCC .. Qf OpC!ation for dln.'<\ lran<lfer Of da(• !O 
or ff<Lm momory (int<•rbrr nr qr!e-'t'•"llng nr><ratinn). In largcr rl1gital 
machint<, •nd optionally in • re,. minir<~onputer< (PDP-1 S\. a d"ta hu' can 
cL·cn :ocre'>""" mcmor; h:tnk W1thnut <ltLppi!tg pr<>ox.sor intera~tion WLlh 
nthcr mcmory han k< :11 all. 

'" ~-!1 

Note thal cyde st~•lin~ in"" way di,tur,. thc pru~r•rn "'<luencc, Evcn 
though smalter digital computer<: must stop computation durin~ memory 
transfers, the progrom simply skips a cyde atthe cnd ofthe curren! memory 
cyclc (no nccd to complete !loe curren! """"oion) atld l:oLcr rc,umc' ju>t 
whert 11 lett off. One docs not have to "''~ rtgístcr contents or ot~er 
infonnation, a; with program interrupts. 

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

• 

" ••• 

, 

S.\8. D'l.fA Inurfue lo~lr. To make dir.-rt memor~ •~• (D\IA] 
praerical,the inr-.face mu;l bt: able to: 

1. AddrM> d'-"'ircd location• In memory 
2. S}·nchronile cycle stealing with proces;or operation 
J. Initlat~ """'f~,..; bj' d01·ice requcsts (thio inciudo< clock-timcd tno n>fcrsl 

or by ¡he compulcr pro,sram 
4. Peal ...-ith prloriti~• and queuíng of service reque>t< if two or mor<" 

devictcs rcquost data tramfcrs 

DMA priorlly/qucULIIg logic ¡, eS>entially rhc """'" "' l~c pri~rit)'·in1crrupt 
logíc of Fig<. 5-111 and 5-11: ind«d. id~ntk:ollo¡:ic c.uds oft,-n """" buth 
purposes. D\1,\ <rroirr r<.'QU<"l> oro oh•ays gi•tn priority mrr '"""""'ni· 
ini~"UPI f<'l¡r¡e,<!S 

Justa> m Fig. 5·11, a DVIA .. r•ice rpquost (ca u sed by a Covico-flJS lcvel) 
produtt< • cyclo-<toal ''-"1""'1 unle" it " inhib1ted by :o higOcr-prio"() 
re~ue<t: the procc><or an<wcf' w1th "" •~knowl,·dgc (prl.,ritY-!.:'""1) pul'<. 
Thi> signal then seto a rrt><.'<'<Sor-doüed '"ACTIVE" fl•p-tlop, 11hich 
•trnbt:> a MLLlabie m~m0f1 •ddtt'<.' Ínl<> !he pr<>ox<SOr memor; "J'''"" 
register ,,,.) thcn '"""" mcnwry and devicc lo~10 to """''cr C.1t.1 frMt <H 
lO the DMA data hu< (f'i~ .. 1-IJI 



'" I~PI.t\<1~<' IO!t. '""""IPintt WITII Hit UUl"'>U .. _ WOOII> '" 
1 n 'o me cornput~r sptcm< (o.g., Digital Equipmenl Corporation PDP-15), 

thc D\IA dala lino< are identical w•th the pro~mmm«l-uansfcr data lino.•. 
Tbi< <imphfi<> interconncction> mthc "'P"""" of procc•s.or hardwore. In 
othcr <ystem>. lhe DMA dala lmc, are <liso used to tran&mJt thc DMA 
"dd'"'' to the proce.sor bcfore dala are tron<ferred. 1 his fur!her redue<:< 
the n11mbcr of bus linos. bm comp:icale< hardware and t1ming 
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5-19, Automatic RID<k Tr011"fors. As we descnbed it, the 0:-.iA da!~ 
tmosfcr i< d<'PiC<'·initi.otcd. A rrowam-tl•pendrru deci<ion to tr"nsfer dal•, 
even dirrctly from orto memory, "ill requires a programmed on<truction la 
c.ouo¡e a DMA "''vice requc,!. This ¡, hardly wonh the troubk for a 
rin1¡/,•-worrl tr.msfcr. Mmt ll\.lA tr.omfer>, whethcr dcvice or progr.1m 
•n•t•atcd, woolve not singlo ~<·ord\ but bJDCks of '""'· hundro,J., or cvcn 
thou,.•n•l• of dala words. 

F1gure ~-I.J ,hnwo how lhc Simple DMA system nf l'ig. S-1.1 may be 
«rx•nd.od imo an outoma1ie dala <h•n""l for bloc~ lr•n•fers. Data for a 
h!lld. r~n arri,-, or dcparl a<ynchronously, ~nd thc DMA commller y,·ill 
"'·'1 ovck' '" ncodod Jnd P<'rm•t tho program to go on l>etwecn cydes_ A 
blod, of "'Ords w be tran>lerred WLII, in ~cneral, occupy d corrc•rondin~ 
~·.,,,;, of ,.,,. ·m memor~ reg"""- Succr•sive memo•y •ddre'"'' can l>e 

•. 

'" 
gatcd imo the memory addreS> registe red by a counter, the cutn~~t-oMr.,.. 
roomter, Before any data tn<n<ftf take< piare, a programrncd in.truction 
"'" thc current-addre<s counter 10 the dc><iired inotial addre'-': the Jc,irc-.J 
numl>cr of words {block longth) is "'' into a second cnunter, t he word eo,ntcr, 
\lhich witl count doo.n "·:th each data transfer until O;, rc.,ched ~ftcr th< 
dcsored number of tran•fe.,. A• ..,.-.-ice requesl• arrive from, ""). an 
analog-to-<ligital convcncr or data link, thc DMA control lo tic implemcnts 
successiW' cycle->teal requcsts and gates succesSLve current addresses into 
the memory addre.s register "' the CI.!ITent-addren countcr counto up 1= 
also Fig. 5-Sa). 

The word counter" similarly dccremented once pcr data word. When a 
block transfer '' complete<!, the word counter can stop the Je~iox from 
requ~<ting further dat~ transfcrs. The word~ounter """~ pul"' can ;ol:.<> 
ca u"' an mf<rrll{'l SO thal a ncw block of data can be procr..,.,J_ The w<>rJ 
counter noay, if d • .,irod, al$(1 ~rve for SC4uen<:i~g devi<e functmn• (e g .• 
for "'lecling <uccessive ADC multiple•er addrcsse>). 

Some comruter. replace lhc word count•r ""ilh" program-loaMd final­
addr.,. f\'!':Í•I~r. "h(>S(' rontems are compared with 1he currcnt-~dd.-.,>< 
counter to dcterm ine the cnd of the bloc~ . 

A [)),lA'~"""' often invoiW'S "'veml dala ch;,nnels, Cllch with a DMA 
control, addre<s ~"'"'· " current-addrrss counter, and a word coumer, "ith 
d1ffercnt priorities assigned to differ<Ont channc!s. For effictent handlmg of 
ra ndom ly timcd .-.,quests l'rom multiple de• ices (and to prcwnt loss or ~"'·' 
"ords), data~hannel sy>tem, m'ay incorpotate buffer ttgisteo in !he intcrf~ce 
or in devie<'s such ·'' ADCs or DACs. 

~20. Ad•on12gc. of D\IA Sl'fle""' («< R.of. 6). Dirce!·memory-acccs< 
systems can transfer dala blocks ot very high '"'"' (to• wordsj«:c is rc,>dil} 
posSLblc) w•thul'l cl.thorate 110 progromm•ng. lhe proc"''"' """'lli.olly 
deals mair.'y ~>oith buffer arcas in'"""" memory, d'nd only a fcw 110 

instructions are ne.-ded to init'alile or reinotiali>e transfers. 
Allton>:Hic d.,¡,, ohannds '""especial!) suit.ob:e for servicing pcripher"l' 

w11h hish d~ta rates, snch "' d1Sh, drum<. and fast ADCs and 0,\(\. 
But falt data transfer wtth minimal progrom overhead is e':remdy '~luabte 
in man) oth<r aprlications, ospeciJIIy ,¡ there are many de•ic"' t<> be 
"'rviced. To indicate tho rem.orhble clfioiency of cycle-stc;oling dirttt 
memory accc"' with multiplc block·tr•nsfer dat~ channcl;, con>ider the 
npcnnion of" tr.llnin~·typ., ~;~,¡,,¡ fl•ght ,;mul.ttor, whioh solvc• "ircr:ofo 
a_nd engine oq1=.Lt 1ons and scrvicc; an elaborale cockpit mock·uf! w11 h m.1 n; 
controls and insuumcnt d~<pla~s. During each !60-m<t<' time in<:rement. 
thc interface nl'l 0nly rerf0r<ns 174 analog.to-<logital conve,.ions reqnirm~ 
a total convc"óon llme of7 ."1 mscc but abo ·l>O dógótal.to-an:olo¡-. conver,nn', 
and hand~es 540 cight·b•t !>~te; of di<erete control inform.ui,.:'Vi.The ach•al 
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11me required 10 tramfer all this informotion in and out ofthc data channc:, 
'' 143 m>eC pcr time intremeni, bu\ bec¡ouse of the fast direct mcmory 
tr•n,fers, 9cle-ste.d, ng '" btr~cts on ll' 3 .2 "''"" for each 1 ~O nt<ec of proce«o• 
time (Re~. n 
S..l!. :\lemory-inc..,mtnt Techllique ror Amplihtdc-dktribution MOflllr~ 
muts. In many minicomputers, a <pttial pulse input will inar,.,rm the 
conlent• of" memory locotti<on addrc<scd b)' thc [)~A addrcss lino'; an 
inrerrupt c:tn he gcncrmcd whcn onc of 1 he memory ce lis i< fui l. Whcn ADC 
outpOI> reprc"'nt1ng succe«i•e >dnlples or ~ random vnltage are applied 
to thc D\IA ~Jdre-s• linos. thc momory-incr.......,nt ruture .. m ~ll'rtti•ely 
genrrat~ a modd of tito lnput-•oltago amplin•d• distributlon in the "<>mputer 

: •• 
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momocy: F.ach mcmory addre<s corresponds to" voltage cla" interv,.l, 
and the cr~ntents of thc memory regtsler repro-ent the numbcr of .amr!« 
fallíng into that cla" interval. [),na taking ;, termindt..-.:! after a prc•~l 
numbcr of samplcs or when the fim memory regÍ> ter o•·erlo.ds (Fig. 5-1 ~a) . 
The empirical ampli1ude d1S1robu1ion thus cre"ted in memory may be d"· 
played or plotted hy a display rouline (f'ig. 5-151>), and ,tatisto~s such as 

' are readily e<>mputed after the dimibution ;, complete. Thi< to<:hnique 

1 • . \'--¿x, 
n •·' 

has bcen extensively applied to thc analysis of rul<e-<nergy <reclra from 
nuclear-physics o<peri menls. 

Joinl Ji.<lnbutii)I1S of ¡~·o random ooriohles X, Y c;m be •imil~r!y .:omritcd . 
lt ;, only nece>'-1rY lo apply, say, • 12·bi1 word X. Y composc<! or ¡,.o 6·bit 
byte1 corrc<pondingto ¡.,·o ADC output< X ~nd Yto !he mcmory .o<!<lr<"' 
regoster. Now eoch •ddre.sed mcmory locatwn will corrcsrond w the 
regoon X, :;; X < x .. ,. Y,:;; Y< Y,., in XYspace. 

$.22. Add-!o.memory Technlque <>f Sign:il A••,..ginl. Another co<nmanC­
pulsc input to <ame DMA interfaces,.,¡¡ add ~data word on !he 1¡0-bus 
d"t" line> to the memory locotion addresscd b) the D:.!A .o<lJ._, ~O~e; 
withoul ever bol heri ng 1 he d 1golal -<:omputer arolhmctic un it or the pr(>gn• m, 
This ""dd-to-memory"" feature perm1ts useful linear operation• on ~;n.o 
obtained from varrous imtruments; the only "PPiic.otion ""11 known allhts 
time¡, in data a•r,..ginr. 

Figure 5·16a and /o illu•trates an especially interesting application <of cl;na 
averaging, which h;¡s hcen vcry fruitful in b10~ogic.,l-tlata rcdt""tl<>n le~ .. 
electmencephalog""" an¡olym). Pcriodically .tpplied stimuli rroúcc thc 
>ame >ystem re-ponse after each ••.imulus <o that one ob!a.o< .on .on.::og 
wa>eform pcriOCic with the pertod T of the ~pplicd >timuli. To pl'li ¡h,• 

desired !unction Xlr~ out of add•IL~e zero-meall rundom ""'"'· ooo .o<!d• 
X(!), XU + T), XII + 2T). ... durint\ succc•"ve pcriod< "' , . .,¡,,,.,., thc 
>ignal. whde thc noi'e will tcnd lo avemge out. F•gure 5-lh< ,hows thc 
cxtracticn of a signa! from additive no.,,; in sue<eossive data-av'""~:n~ ru "' 

5-23. lmplenH'nlinr Currcnt..,ddrou and Word Count~ .. in u..- l'roc""""r 
.VIrmory. Sorne nllnicomputers (in pMticul:lf, POP-<J, PDP-!5. ~n~ !he 
PD p.g >eries) ha ve, in adt'illon to their rcgu lar D:.l A factltt ics. a >CI o' fi<e<l 
core-mernory loc"tions to be mcd '" d~ta-rh,.nnel addrc<> ""'~ """' 
counters_ Ord•nary proce>s<or insoructions (nut !{O •n>truc•;~~'' :.,,.,: 
thcsc locations. «-<J>«IL>'<'Iy, wtlh 1he block storting ad<!r"'' , ... ~ ,.,.,!, 
mino. the block count. The óta-rhan~el interr"ce c~rd (Fig. ~- ~ 7 • >:tp;-'·e, 
the addreS> ~~ one of the fout !o ••ght address-countcr locations .11 ·' '."0'·: ·r 
the prnce<""; !he wnt d countcr " the lncat ion followi rlg the :L<'<' .,. ;< C<"UJ\~ cr _ 
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lll.- MOOOS DE DIRECCIONAMIENTO 

1.- ESQUEMAS DE DIRECCIONAMIENTO. 

La unidad central de proceso (CPU) en las computadoras debe 

realizar las siguientes funciones: 

Obtener y traer de memoria primaria al CPU la siguiente 
instrucción a ejecutar. 

Entender los operandos, esto es, definir la localización de 
los operandos necesarios para ejecutar la instrucción y 
traerlos al CPU. 

Ejecutar la instrucción. 

Para llevar a cabo las funciones anteriores el CPU debe con-
• 

tar con la siguiente información: 
·' 

El código de operación de la instrucción a ejecutar. 

Las 'direcciones de los operandos y la del resultado. 

La dirección de la siguiente instrucción a ejecutar. 

Existen diferentes soluciones que satisfacen los requerimientos 

anteriores, los ·cuales deterrriinan la arquitecrura de Jos proc~ 

sadores que las utilizan. 

·Se supondrén operaciones aritméticas en las que se tienen dos 

operandos y un resultado ya que son las que proporcionan el 

caso més general. 

a) M!!. quinas de "3+1" direcciones 

El formato de instrucción en este esquema de direcciona--

miento contiene todos los elementos necesitados por el CPU 

i 
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para realizar sus funciones. 

Un posible formato de instn1cción se muestra en la figura 

m. 1 

Palabra 
" ,, 

memoria 

En este caso se tienen cinco campos en el formam de lnstrocción: Uno 

para el código de operación que sirve para indicar el tipo de opera---

ción a realizar (suma, resta, multiplicación, etc.), tres campos para 

las direcciones de los operandos y resultado de las operaciones, un 

• campo para indicar la dirección de la siguiente instrucción a ejecutar. 

Las instrucciones para ésta máquina podrían ser escritas en forma 

simbólica en la siguiente forma: ADD A, B, C, O donde ADD representa 

el código de operación suma y A, B, C y D son nombres simbólicos 

asignados a localidades de memoria. 

Suponiendo que exiswn las instrucciones suma (ADD), substracción---

(SUB) y multiplicación (MUL), entonces una posible traducciOn de la 

expresión A=(B*C)~(o•E) en FORTRAN a lenguaje simbólico en la mli-

quina de 3+1 direcciones serfa: 

Ll: MUL B,C,Tl,L3 

L3: MUL O, E, T2, L7 

L7: SUB T2, Tl, A, LB 

LB: Siguiente instrucción 
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donde Tl y T2 representan localidades temporales usadas para guardar 

resultados aritméticos intennedios. • 

Las conclusiones mds Importantes en este esquema son: 

Los programas no necesitan estar almacenados en memoria en forma 

secuencial ya que el campo de dirección de la siguiente instrucción pe._!" 

mite conocer donde fueron almacenados. 

Debido a que cada instrucción contiene en forma explfcita tres direc--

ciones, no es necesario tener en el CPU hardware para guardar los re-

sultados de las operaciones. 

b) MAquinas de "3" direcciones 

Considerando que _,l.os programas se escriben secuencialmeme y "-'e 

por consiguiente es muy lógico almacenarlos en este mismo orden, 

se llega a un nuevo esquema de direccionamiento en el cual se sus 

tituyen todos Jos campos de dirección de la siguiente instrucción 

por un solo registro dentro del proceSador que lleva en forrm se-

cuencial y automé.ticamente la dirección de la siguiente instrucción 

a ejecutar. Un posible formato de instrucción se muestra en la 

fig. m. 2 • 

Keg¡stro 
en el 

procesador 

Dirección Dirección 
re5Ultado 

Palabra 
n de 

memoria 
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Utilizando este esquema de direccionamiento la expresión A::(B~C)-(D•E) 

en FORTRAN1quedarra expresada como: 

MUL B, C, TI 

MUL D, E, T2 

SUB T2, Tl, A 

Siguiente instruccH'm 

lXmde se ha suprimlOO la dirección de la siguiente lnstrucciOn ya que 

ésta es llevada en forma secuencial y automAtica por un registro del 

procesador conocido como contador del programa (PC), 

Con el esquema de 3 direcciones se logra aprovechar la memoria en 

forma más eficiente y reducir la longlrud de palabra lo que recLnda 

directamente en los costos de la misma. ·' 

e) Máquinas de "2" direcciones. 

En las operaciones arltm~ticas no siempre es necesario guardar 

el resultado en una localidad de memoria y preservar los operan-

dos, por lo que se puede pensar en utilizar uno de ellos para----

guardar el resultado una vez que la operación se ha efectuado. Las 

consideraciones anteriores llevan a presentar un posible formato de 

instrucción en esta mAquina, mostrado en la figura 111.3 

REG. 
EN EL 
PROC. 

. D!R. 
P. 

OP. OP. 

FIG. UI.3 

DI R. SELi. 
OP. 

Palabra 
n de 

memoria 
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En este esquema se usará la direcciOn del segundo operando como la 

dlrecc\On del resultado una vez q..¡e la operación se haya efectuado, 

por lo que el segundo operando será destrufdo. Asf pues la expresión 

A=(B*C)-(D•E) en FORTRAN, quedaría: 

MUL B.C 

MUL D, E 

SUB E, C 

ADD A,C 

La elimlnac!On del campo de dirección del resultado permite reducir la 

longitud de la palabra de memoria y los costos de la misma, lo que 

permite usar este esquema en máquinas medianas y chicas . 

d) Máquinas de "1" dirección 

Este esquema de direccionamiento permite eliminar de todas las· in~ 

trucciones el campo de dirección de uno de los operando y sustiru--

irlo por un registro dentro del procesador, el cual contendré a uno 

de loa operandos. A este registro se le conoce como acumulador.-

El formato de instrucci6n para la má~na de 1 direcciOn se mues-

tra en la figura III. 4 

~r. de ta 
ig. inst. a 

lei . 

egundo 
JDerando 

Reg. en el 
procesador 

Reg. en el 
procesador 

FIG, III.4 

Cuu. 

OP. 

DIR. 
P. 
OPERAN[XJ 

5 
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Lo anterior implica la creación de instrucciones que permitan cargar 

el acumulador con el segundo operando (LAC) y depositar el contenido 

del acumulador en memoria (OAC). 

Es Importante hacer notar que todas las ·operaciones se llevan a cabo 

lmpUcitamente contra el acumulador y que !ste contendrá el resultado 

de la operación efecruada. La expresión A=(B•C)-(D*E) en FORTRAN~ 

podría traducirse a: 

LAG D 

MUL E 

DAC T1 

LAC B 

MUL e ' 
SUB Tl 

DAC A 

Este esquema de direccionamiento ha sido ampliamente implementado en 

una gran mayoría de las minlcomputadoras, como por ejemplo: PDP-8, --

PDP-15, IBM-1130, IBM-7090 y CDC 3600. 

e) MAquina a de "O" direcciones 

Este eso:p.¡ema de direccionamiento solo utiliza el campo de cl'ldigo 

de operación, por lo o:p.~e es necesario contar con algún mecanismo 

que implfcitamente permtta conocer los operandos. 

El mecanismo anterior se implementa usando una pila 6 staci<, el -
cual se puede pensar como un conjunto de localidades contiguas de 
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memoria accesadas usando una disciplina UEPS (Ultimas entradas, pri-

meras salidas). De lo anterior se concluye que en cada momento se 

tendrá disponible el elemento que se encuentre en el tope del stack. 

El formato de instrucciOn para este esquema de direccionamiento se 

encuentra en la figura lll.S 

de la 
inst. 

r:puntador al 
:ope del atac 

Re g. en el 
CPU 

Reg. en el 
CPU 

¡a:iljlOOj 
~ 

FlG, lll.S 

Palabra de 
memoria 

Es necesario contar con instrucciones que permitan meter elementos 

de memoria al stack (PUSH) y sacar elementos del stack a memoria-

(POP). 

PUSH O 

PUSH E 

MUL 

PUSH B 

PUSH C 

MUL 

SUB 

POP A 

~T 

~T 
T 

expresarse como: 

(Apuntador al tope 
del stack). 

-T 

El~---T 

'/ 
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En la fig. 111.6 se ilustra el estado del stack despu~s de cada una de 

las inst. anteriores. 

' Se puede concluir que el conjunto de instrucciones de la máquina no 

está formado solamente por instrucciones de cero direcciones ya q.¡e 

tambi~ se requieren instrucciones de una dirección para meter y sa-

cai elementos al stack. 

Se requiere un registro en el procesador que apunte al tope del stack 

y se elimine el acumulador ya que el resultado de las operaciones 

también quedará en el stack, 
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2.- ME TODOS DE DIRECCIONAMIENTO 

En las m4q.¡inas de una sola dirección el formato de las instruccio-

' nes que hace referencia a memoria consta de dos campos: el campo 

de c6digo de operación y el campo de dirección del operando. Si s~ 

ponemos que el campo de direcc!On consta de n bits, entonces la • 

máxima capacidad de memoria direccionable serA 2° localidades. Lo 

anterior puede resultar bastante drAstico en el caso de las minicom-

putadoras ya qu~ por lo general tienen palabras, de 12 _6 16 bits y sl 

se asignan cuatro de ellos al campo de c6digo de operación solo se 

pueden direccionar 28 = 256 localidades de memoria en el caso de ~ 

labras de 12 bits 6 212 = 4096 localidades de memoria en el caso de 

palabras de 16 bits, lo cual resulta insuficiente para la gran mwo--
• 

ría de las aplicaciones. 

Lo anterior ha ocasionado diferentes modos de direccionamiento, en 

los cuales el campo de dirección sirve para calcular la dirección 

• 
efectiva del operando, logrando una mayor capacidad de memoria di~ 

reccionable. 

a) Inmediato 

En este caso el operando puede estar contenido directamente en 

el .campo de dirección 6 en la localidad de memoria siguiente a 

la instrucción. 

SerA necesario dedicar un bit de la palabra para !labcr como se 

debe interpretar la instrucción. 
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b) Di re eco 

Existe direccionamiento directo ruando el campo de dirección de 

la instrucción contiene la dirección del operando 6 cuando éste 

campo combinado con alglln registro 6 palabra de memoria gen!:_ 

ran la dirección del operando, 

b,l) Usando página cero 

Uno de loS esquemas mAs comunes de organización de m~ 

maria, divide.ésta en n páginas de longitud fija, donde n 

dependerá del tainaño de la rremoi-ia y' del tamaño de las 

páginas. 

Las máquinas que usan estos esquemas generalmente usan 

la página cero con propósitos especiales, como son: mane-
. ' 

jo de interrupciones, traps, localidades aut?incrememables, 

etc, 

., 
La forma de indicar si el contenido del campo de dirección 

lU 

se refiere a la página cero, es usando un bit para este pr_9 

pósito, p. ej. si este bit es cero el campo de direcciOn 

apunta a una localidad en la p>igina cero. " 

• 
b.2) Usando pagina actual 

Si el bit de pagina estA en uno, se asume que el campo de 

direcciOn apunta a una localidad en la página en la que se 
' .. 

encuentra la instrucciOn. A esta pagina se le conoce como 
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p4gina acrual. 

La dirección del operando se determina sumando los bits 

de orden superior del PC al campo de dirección de la ins 

trucciOn. 

b.3) Relativo al PC 

En este modo de direccionamiento el contenido del campo 

de dirección de la instrucción, interpretado como un ente-

ro con signo, se suma al PC para obtener la dirección del 

operando, 

b."4) Relativo a un registro índice 

'·' 
El contenido del campo de dirección de la instrucción, in-

terpTetado como un entero con signo, se suma al conteni-

do de un registro índice para obtener la dirección del o~ 

randa, En caso de existir mAs de un registro índice es 

preciso asignar los bits necesarios para su identificación. 

e) Indirecto 

En el direccionamienw indirecro el campo de dirección de la ins-

trucción contiene un apuntador a la dlrecci6n del operando 6 este 

campo combinado con algún registro 6 palabra de memoria genera 

un apuntador a la dirección del operando. 

Mediante un bit en la Instrucción se puede saber si el direcciona-

miento usado es directo O indirecto. 



c.l) Usando pAgina e ero 

El campo de dirección de la insrrucc¡on apunta a una loca­

lidad en la página cero, A su vez ésta localidaCI contiene 

la dirección del operando, 

c.2) Usando pAgina actual 

El campo de dirección de la instrocCión apunta a una loca-­

lidad en la página actual. Esta localidad contiene la direc-­

ción del operando, 

c.3) Relativo al PC 

El contenido del campo de dirección de la instrucción, inter 

pretado como un entero con signo, se suma al PC para ob­

tener la dlrecc!On del apuntador al operando. 

1~ 

c.4) El contenido del campo de dlreccil'm de la instrucción, inter­

pretado como un entero con signo, se suma al contenido de 

un registro fndice para obtener la dirección del ap.mtador al 

operando. 

La combinación de todos los métodos de direccionamiento anteriores 

con registros de propósito general, permiten lograr modos de direccio­

namiento bastante poderosos. Cuando se usan los registros de propósito 

general, el camp:::> de dirección de la instrocc!On especffica que registro 

se usa y como se interpreta ·la información que contiene. 
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3.- DIRECCIONAMIENTO EN pQp:¡¡ 

a) Con dos operandos 

La computadora PDP-11 es una máq.¡ina de dos direcciones por 

lo que su fonnato de instrucción tiene campos para código de 

operación y operandos. Lo anterior se observa en la fig. 111.7 

15 
1 

1211 9 8 6 5 3 2 o 
1 MOdo 1 Registro 1 Modo 1 Registro 1 

COdigo .op. d 1 r . fuente dir. destino 

FIG, III. 7 , 

Los bits 12·15 contienen el cMigo de operación 

Los bits 6-11 contienen la dir. fuente 

Los bits O- 5 contienen la dir. destino 

Las direcciones fuente y destino serán utilizadas para el cálcu-

lo de la dirección efectiva de los operandos, interpretando el 

modo y el registro usados. 

La dirección fuente contiene dos subcampos de 3 bits cada uno. 

de esta forma es posible indicar cual de los ocho registros de 

prop()sito general será usado, asf como la interpretación que se 

le darli de acuerdo a los ocho modos de direccionamiento . 

El modo y • registro en la dir destino se entienden en la misma 

forma que en la dlr fuente. La dir destino también será usada 

para almacenar el resultado de la operación una vez que esta 

se haya efectuado. 
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b) En esta mAquina existen Instrucciones que ,solo requieren un 

operando en cuyo caso se utiliza un formato de instrucción con 

campos de cOdigo de operaci6n y direcci6n destino, según se 

muestra en la fig, U!, 8 

15 
1 

Ct'xligo op, 

65 ' o 
] M000 ; REGISTRO) 

Oir. d estlno 

FIG. 111.8 

La InterprelacH'lu dada a la direcci6n fuente es la misma que en el 

caso de dos operandos. 

Para poder ejemplificar los modos de direccionamiento se usarA el 

• siguiente conjunto de instrucciones; así mismo se asumirA que todos 

los números estAn en octal: 

Mnemonico 

CLR 

!NC 
INCB 

COM 
COMB 

ADD 

COdlgo Octal 

005000 
105000 

005200 
105200 

005100 
105100 

065500 

e) Direccionamiento directo 

Oescripc ión 

Limpia (pone a ceros el des 
tino). 

Incremento (suma uno al con 
tenido del destiño) 

Complementa lógicam¡:n te el 
destino 

Suma 

Existen cuatro fnodos usados en direccionamiento directo, los cua 

les se explican a continuación: 
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c.l) Registro 
,, 

Forma general: OPR Rn 

De ser l pe 16 n : El regl stro especificado contiene el operando 

requerido por la instrucción. 

OPR representa un código de operación en forma general. 

Modo: O 

Ejemplos: 1 

c. 2) Autoincremento ' ' 

Forma general: OPR (Rn}+ 

De ser 1 pe 16 n: El contenido del registro es increrre ntado des-

pu~s de ser usado como apuntador al operando. 

' 
Si la instrucción 

' ' . 
es de palabra se autolncremente en dos y si es de byte en uno. 

Modo: 2-

Ejemplos: 2 

e, 3) Autodecremento 

Forma general: OPR-(Rn) 

lo 

De a e r ¡pe i 6 n : El contenido del registro es decrementado antes 

de ser usado como apuntador al operando. Si la instrucción es 

de palabra se autodecrementa en dos y si es de byte en uno. 

Modo: 4 

Ejemplos: 3 
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• 
c. 4) lndice 

Forma general: OPR X(Rn) 
• 

DescripciOn: La suma de X y el contenido del 
••• O V 

registro se 

utiliza como la direcciOn del operando. 

Modo: 6 

Ejemplos: 4 

' ' d) Direccionamiento Indirecto 

Existen 4 modos de direccionar en fonna indirecta, los. cuales 

utilizan los modos básicos (direccionamiento directo) en forma 

dferida, 

d.l) Registro diferido 

Fonna general: OPR S Rn • 

DescripciOn: El registro contiene la dlrecciOn del operando. 

. . . . . 
Mcxlo: 1 

Ejemplos: 5 

d. 2) Autoincremento diferido 
' ' 

Forma general: OPR' @::Rn}t- ' 
• 

d~l registro' es incrementado des· Descripc iOn: El contenido 

' pués de ser usado como apuntador a la dirección del operando.-

El autoincremento seré en dos, tanto para instn1cciones de ,byte 

como de palabra. ' 
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Ejemplos: 6 
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d. 3) Autodecremento diferido 

Forma general: OPR @-(Rn) 

17 

O e ser i pe i 6 n: El contenido del registro es decrementado antes 

de ser usado como apuntador a la dirección del operando, El 

autodecremento serA en dos, canto para instrucciones de byte 

como de palabra, 

Modo: S 

Ejemplos: 7 

d. 4) lndice diferido 

Forma general: OPR ~X(Rn) 

Oescrlpc!On: La suma de X y el contenido del registro se mi 

liza como apuntador a la dirección del operando. La palabra de 

fndice X estA almacenada en la localidad de memoria siguiente a 

la instrucción. 

El valor de Rn y X no se modifica. 

Modo: 7 

Ejemplos: 8 

e) Uso del PC en direccionamiento 

El registro siere, tiene el propósito especffico de servir como co!!. 

rador de programa (PC), por lo r:ual a~:da vez qtJe el procesador 
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usa el R7 para traer una palabra de memoria, el R7 se incremen 

ta automAticamente en dos de tal fonna que siempre apunta a la 

siguiente instrucciOn a ejerutar O a la siguiente palabra de 18 ins 

trocciOn que actualmente se está ejecutando, 

Lo anterior permite usar el PC con propósitos de' diréccionamien-

to, permitiendo lograr ventajas cuando se utiliza con alguno de 

los modos 2, 3, 6 O 7, 

'" 
e,l) Inmediato 

Forma general: OPR#n, DO 

Descripc iOn: El operando está en la localidad de memoria si 

guiente a la instrucciOn. 
> 

Modo: 2 usando R7 

Ejemplos: 9 

e. 2) Absoluto .. 
Forma general: OPR €#A 

' 

Descripc!On: La localidad de memoria siguiente a la instruc 

clOn contiene la direcciOn absoluta del operando. 

Modo: 3 usando R7 .. 
Ejemplos: 10 

' 
e. 3) Relativo 

' ' 
Forma general: OPR A 
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Descripción: La localidad de memoria siguiente a la ins-­

trucción, sumada al PC proporcionan la dirección del operan-­

do. 

Modo: 6 usando R7 

Ejemplos: 11 

e,4) Relativo diferido 

Forma general: OPR @A 

Descripc iOn: La localidad de memoria siguiente a la ins-­

trucciOn sumada al PC proporciona el apuntador a la dJrecciOn 

del operando. 

Modo: 7 usando R7 

Ejemplos: 12 

LUIS CORDERO BORBOA 



u. 
005200 

J.Z 

105102 

060103 

* :w * 

EJEMPLOS 

INC RO 

' ISUMA UNO AL CONTENII•O DE RO. 

' 
Antes Desflues 

001:202/005200 
_$0/000000 
_$7/001202 
_SS/000000 

' 
COMB " 

00120~/005200 
_S0/000001 
_$7/001204 
_tS/170020 

2U 

' 

;cOMPLEMENTO LOGICO I•EL BYTE BAJO( BITS 0-7) EN R2. 
JLAS INSTRUCCIONES [lE BYTE USADAS SOBRE LOS 
;REGISTROS GENERA~ES SOLO OPERAN EN LOS BITS 0-7 

' 
Antes 

001206/105102 
_$2/103252 
_$7/001206 
_tS/170020 

' 
ADD R1,R3 

. De.spues. 

001206/105102 
_t2/103125 
_$7/001210 
_tS/170021 

;sUHA EL CONTENIDO DE R1 AL CONTENIIoO DE R3. 

' 
Antes 

001204/060103 
_$1/00000:S 
_tJ/000007 
_$7/001204 
_tS/170020 

Depues 

001204/060103 
_tl/000005 
_$3/000014 
_$7/001206 
_tS/170020 



• 

' 

1. 1 
005024 

1.1 

1050::!4 

2.3 

060022 

Antes 

-~~Hlb&6~85024 
_000010/17"1216 
_t,?/001210 
_$5/170021 

Antes 
00121::!/10502"1 

_$4/000006 
_000006/173215 
_$7/001212 
_$5/170024 

AJJtes 

- 21 -

21 

CR<ll+ 

' iUSA EL CONTENIDO DE R4 COHO LA DIRECCION DEL 
;OPERANDO. PONE A CEROS EL OPERANDOCPALABRAJ E 
;INCREMENTA EL CONTENIDO DE R4 EN DOS. 

' 

CLRB 

' 

Despues 

' 001210/00~024 
_$4/000012 
_000010/000000 
_$7/001::!12 
_$5/170024 

CR4H ' 
iUSA EL CONTENIDO DE R4 COMO LA DIRECCION DEL 
iOPERANDQ, F·ONE A CEROS. EL OPERANDOCBYTEl E 
IINCREMENTA EL CONTENIDO DE R4 EN UNO, 

' 
' 

'" ' 

Despues 

001::!12/105024 
_$4/000007 
_000006/173000 
_$7/001214 
_$5/170024 

, RO• CR::!)t 

iEL CONTENIDO I•E RO SERA SUMA[IO AL OF'ERANDO 
;CUYA DIRECCION ESTA CONTENIDA EN R2, liESPUES 
;SE INCREMENTA R~ EN I•OS, 

' Des pues 

001214/060022 
_S0/000007 
_$2/000024 
_000024/000007 
37/001214 
_sS/170024 

001~14/0600~2 
_$0/000007 
_$2/000026 
_0000::!4/000016 
_$7/001 ::!16 
-~S/170020 



3.] 

005245 

3.2 

105245 

3,3 

064401 

- .... -

INC -CR5) 

' ;e:L CONTENHIO I•E R5 SE I•ECREMENTA EN 1105 y 
iDESPUES SE USA COMO LA DIRECCION DEL OPERnNOQ, 
;e:L OPERANDOCPALABRA> SE INCREMENTA EN UNO. 

' 
Antes 

-~27b086g8 5245 
_000016/002222 
_$7/001216 
_$5/170020 

' 
INCB 

Des pues 

001216/005245 
_$5/000016 
_QQ0016/002223 
_$7/001220 
_$5/170020 

-CR5) 

IEL CONTENIDO DE R5 SE DECREMENTA EN UNO Y 
iDESPUES SE USA COMO LA DIRECClON DEL OPERANIID· 
;EL OPERANDOCIIYTE) SE INCREMENTA EN UNO, 
• 

Antes 

001220/105245 
_$5/000347 
_000346/043721 
_$7/001220 
_$5/170020 

' ''" 

Des¡Jues 

_ig}~~8~!25245 
_000346/043722 
_$7/001222 
_$5/170030 

;EL CONTEtliDO I•E R4 SE DECREMENTA EN DOS Y 
;QESPUES SE UTILIZA COMO LA DIRECCION I•EL 
;OPERANDO ClUE SERA SUHAl•O AL CONTENIDO [lE R1, 

' 
Antes 

001222/064401 
_tl/000017 
_H/000032 
_000030/000045 
_t7/001222 
_tS/170000 

Despues. 

001222/064401 
-" 1/000064 
_t4/000030 
_000030/0000'1~ 

_t7/001224 
_t.S/170020 

' 



4.1 

OO:'í063 000100 

4,2. 

· io-5164 000200 

4,3 . 

- 23 -

2:J 

CLR- 100CR3> 

' • ;sE PONE A CEROS LA LOCALIDAD( PALABRA) 
iDIRECCIONADA POR LA SUMA DE lOO Y EL CDNfENJDO 
;QE R3. EL CONTENIDO DE R3 NO SE ALTERA. 

N! tes. 
001224/00:S063 

_0012::'6/000100 
33/000004 
_000104/177333 
_$7/001224 
_$5/170020 

' 
COMB 

De~ue~ -- . -
001224/00:5063 

_001226/000100 
_$3/000004 
_000104/000000 
_$7/001230 
_$5/170024 

200CR4) 

iCOMPLEMENTA LOGlCAMENTE EL CONTENIIrO DE LA 
iLOCALIDADCBYTEl DIRECCIONADA POR LA SUMA DE 
i200 Y R4, EL CONTENH•O DE R4 NO SE ALTERA, 

' 
' 

Ant~· 
oól2.30/10:S164 

_001232/000200 
_f4/000002 
_000202/174:562 

·'_$7/001230 
_$S/170000 

De<;¡>ue~ 

001 i3oii O:;t64 
_001232/000200 
_f4/000o)02 
_000202/174615 
_f?/001234 
_lS/170031 

066360 000010 000020 '" 10CR3),20CR0) 

,., 

' iSUMA EL CONTENIDO DE LA LOCALIDAD IrlRECClONADA 
iPOR LA SUMA DE 10 Y RJ, AL CONlENIIrO [lE LA 
iLOCALIDA[I DlRECCIONAirO POR LA SUMA DE :w Y RQ, 

' 
• 

Antes Des pues 

• 
001234/066360 801"~4/866360 _oo 1236/000010 - 01~ 6/ 00010 

_001240/000020 _001240/0000::!0 
_$0/000030 _1o0/000030 
_1-3/000050 _$3/000050 
_000050/000037 _Q00050/000J34 
_000060/000075 _000060/000075 
_$7/001234 _$7/001242 
_$5/170031 _f,S/170020 



. S._J 
005011 

5. 2. 

!"05212 

6 

. - 24 

24 
CLR ., 

' ;EL CONTENIDO DE R1 APUNTA AL OPERANI•O OUE 
ISERA PUESTO A CEROS, 

' 
Antes 

_malo6~~'0" 
_000044/035240 
_f.7/001:.:!42 
_f.S/170020 

' 
INCit 

Despues 

001:?-42/005011 
31/00004-4 
_000044/000000 
_$7/001244 
_"f.S/170024 

., 
FEL CONTENIIIO DE R2 Af"UNTA AL OPERANDO QUE 
;SERA INCREHENTADO EN UNO. 

' 
Antes 

001:044/105212 
__ $2/000070 
_0000701000000 
_$7/001244 
_ ... S/17002-11 

Despues 

00!.244/105212 
_$2/000070 
_000070/000001 
_$7/001246 
_$5/1700:?0 

005234 INC DCR4l+ 
IEL CONTENIDO I•E R4 Af"UNTA A LA liJRECCION 
;DEL OPERANDO QUE SERA INCREMENTAI•O EN UNO• 
IDESPUES DE LO CUAL R4 SE INCREMENTA EN DOS, 

' 
Antes Despues 

001::>46/005:::!34 
_f-11/000036 
_000036/000054 
_000054/000007 
_$7/001246 
_$5/170020 

001:::!46/005234 
_f4/000040 
_000036;:000054 
_000054/000010 
_$7/001250 
.. 1SI170020 

\ ' 



8 

7 

005155 

zs-

COM 9-<RSl 
; 
iEL CONTENIDO DE RS SE [IECREHENTA EN IoQS, 
H•ESPUES DE LO CUAL AF'UNTA A LA [llli;ECCION 
;DEL OF·ERA-NDO OUE SERA COMPLEMENTADO 
iLOGlCAMENTE, 
; 

Antes 

001250/005155 
_$5/000040, 
- 000036/000020-·· 
_000020/000000 
_$]/001250 
_$5/170020 

Des pues 

,001~50/005155 
_$5/000036 
_000036/000020 
_000020/177777 
_$]/001252 
_tS/170031 

067JQQ QQQ2QQ L '"' ~200<R3l•RO 

' ;LA SUMA DE 200 Y RJ DETERMINA f.L APUNTAioOR A 
;LA TIH;ECCION m: LA LOCALil'rAD OUE SERA SUMADA A HQ, 
; 

"'"'""'8' _oot._ .. 4/00o.._ o 
_$0/000015 
_$J/000010, 
_Q00210/000012 
_QQ0012/000016 
-f.?/001252 
_$5/170031 

Despucs. 

001252/067300 
_0Q1254/000200 
_f.Q/000033 
_f.J/000010 
_00021 O/OOOC·I2 
_000012/000016 
-'71001256 
-"-S/170020 



• 26 -

9 

012704 000010 HOV 

JQ 
-

1 
;HUEVE A R4 EL NUMERO 10 

' ' 

001256/012704 
_oot260/000010 
_$4/000000 
_$7/001:!:56 
-•s;:t7oooo 

• 

De~ pues 

001:!56/01:!704 
_001260/000010 
_$4/000010 ' 
..:$7/001:!62 
_$5/170020 

063701 000100 ADD Ot100•R1 

/l.ntt'S 

' ·;suMA 

' 
EL CONTENIDO [tE LA LOCALIDAD 100 A Rl, 

• 

Des pues 

001266/063701 881?66/8'''8' _001270/000100 - ~70/ 001 o 
___ s.t.;:ooo.fl3_3_ --------~-:U/0001:!6 

_000100/000073 _000100/000073-------------
_$7/001266 _$7/001:!7:! 
_$5/170000. _$S/1700:!0 

1 



1l 

005267 0000.ol4 INC z 

12 

' ;INCREMENTA EL CONTENIItO DE LA LOCALIDAD 
;SJM80LICA Z EN UNO. EL CONTENIDO DE LA PALAEoRA 
FSIGUir':NTE A LA lNSTRUCCION SE SUMA AL PC PARA 

Antes 

001:>72/005267 
_QQ127"1/000044 
_QQ1342/000000 
_$7/001272 
_$5/170020 

Despues 

00127::!/005267 
_QQ1274/000044 
_001342/000001 
_$7/001276 
_$5/170020 

005077 000040 CLR ., 
' ILA LOCALIDAD SlMBOllCA Z APUNTA A LA 
;DIRECCION DEL OPERANDO QUE SERA PUESTO A CEROS, 
;EL CONTENIDO DE LA PALAf<RA SIGUIENTE A LA 
;JNSTRUCCION SE SUMA AL PC PARA OBTENER LA 
;JtiRECCION DE z. 

' 

Antes 

001276/005077 
_Q01300/000040 
_Q01342/000100 
_QOOt00/000073 
_$7/001276 
_sS/170020 

Des pues 

001"276/885077 
-001300/ 0040 
_QQ1342/000100 
_000100/000000 
_$7/001302 
_$5/170024 

WIS CORDERO BOROClA 
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04/34/4.;;/SS 

. PROCESSOR 

HANUBOQK 

4.1 tHTRODUCTIOH 

•• CHAI'TER 4 

INSTRUC'I"ION SET 

TM opOdlleatlotlfor ucntnstn>dion includes th• mn~monOc. octol todo, 
binory eode. 1 diolpanl ....,..;ni tl"te lot"tMt of !M lnst<uctóon, • ~ic 
notoliOn d-n¡¡ lh necui:M>n ond tM oftect 011 t~e cond>toon """'"­

. o d...-lpt¡o.n. speei.ol comment._ ..,d HamP'es. 

MNEIIIONIC: Thlo io ln<llcot.d ot t~e top e<:>mor <>f .. en pqo. WhOft t"" 
word lnstruclion hos 1 byto .quilrolent. tilo b)ll• mnemonic os ols<> ohown. 

INSTRUCTION FORMAl: A dl"llram occompony<ng oacll inSIIuctlon 
Jllowo tl>e octal op todo, 11\e b<nory op eodo. ond b<t ""i;lnmentJ. (Noto 
11101 In 1>11e instructions the most "'&nificont M (bol 15) is always o 1.) 

SYMBDLS: 

• 

( ) = corrtonl:l "' 

SS orsn: = ..,....,.oddreso 

00 or dJt = dntlnotoon oddrus 

... = becomes 

t = ""is popped !n:om otoek'" 

+ = ""i• pushod onto li.Ck'" 

lo."= ~Hn -'NO 

• = booiunOR 

•= """l1111ft OR 

- = booleon not 

Rq or R = re1oo11r 

B=DYte 

•"=lO lor word 
1 lor I>JIO 

• ' 
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.f.J UST 0~ INSTRUCTIONS 
ln•lruciiOn• ore ohown in \he followln¡ o.equ-enC<!. Olher ln5lru<:tion1 oro 
lound in Ci>apters 9, 11, ond 12. 

•-lile SXT, XOR, MARK. SOB, and RTT m•tru<:tiont ore implemenled 
on ll>o POP·ll/34,11{45 oOO 11/55. 

•-The SPL in•tructoon,. omplomented only in the POP.ll/45 ond POP· 
1 1{55. The MFPS ond MTP$ •n•truotoon• are 1mplormonted only In tilo 
POP-11/34. 

SINGlE OPERAND 

Shift & Rolat. 

,,.,., d .. tlnotion 
compOomont d•t 
II>Cr81TM!n\ dO\ _ 
decremt~nt d!t . 

""""'" dot . -\o5\ do\ 

ASR(B) Of<thtr,etoc thlft nght ... 
ASL(B) ""tllmetic shl!t le!t . 
ROR(B) rotate risllt 
ROL(Bl rotate left .... 
SWAB swop bytOt . 

Mu!tlplo P..eloiOn 
ADC(D) odd carry . 
SDC(B) subtroct corry 

._ SXT "K" ox!end 
MFF'S movo byte lrom proc:onor status 
MTP$ move byte lo pmees- stotuo . 

·DOUBL~ OPUIAND __ , 
MOV(B) 
CMI'(B) 
•oo 
'"" _., 

move sourco to d.._linotoon ............... .. 
comp.oro sn: to dst ..................... . 
odd ore to dot ............ .. 
subtract trc lrom dst ......................... .. 

BIT(B) bol,.._, 
BIC(B) bit cle.r , 
BIS(B) bit se! ............. .. 

a XOR oxclusovo OR .. 

Op Codo l'op 

IIIJ5000 4·6 
IIIJ$100 4·7 
IIIJ520D 4-!1 

~00 
.o6300 
~00 
.o6100 
000300 

••• 4·10 
•·11 

4-13 
4-14 
4-15 
4-16 
4-17 

1105500 4-19 
11()";600 4-2'0 
006100 4-21 
•106100 ~22 
o1064SS 4·23 

oiSSOO 4·25 
o2SSOO 4-26 
065500 '4·21 
165500 4-28 

11.3SSOO 4-30 
o4SSOD 4-31 
o5SSDO 4-32 

074ROD 4-33 

1 

1 

' 
~ 

-. 
' 

' 

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

h~· 

" '" BEQ· 

·~ .. , 
~ 

"' BCC · 

lnttructlon 

bronch (uncanditionol) 
bro<K:II 11 not Oqu.r (10 uro), .. 
Drondl if oquol (to ..,¡ 
bronc~ 11 plus ................................. .. 
bron<:h if min"' ............................... . 
brln<:h 11 """rtl<>w'" olear ............. . 
bronoh 11 OYorTiow io set 
bronch 11 carry io clur , ........... .. 

~· ""'nth il amy lo MI ........................... . ..,..,_,_,_ 
IIGE brontfllf grutor Ilion or oquol 

(lo uro) . 
BLT brllnch 11 lo•• thon (zorn) 
BGT bronch il(rootor !han (Ztlf<l) ..... 
BlE br..,ch 11-• thon or oquol (lo Uf<l) 

u.,..,... Cw wo.-.1 Brlr.th 
BHI bronch 11 hl8hlr .. ______ ........ • 
BtOS bronth 11 k>wer or somo 
BHI$ broncll 11 h'•ll"'' or lamo ................. .. 
BLO bronch lllowor ... 

Jump&Subloutino 
JMP ¡ump .............. .. 
JSR jump to oub«>utlno ....... .. 
RTS r.turn from 1ubrouhno .............. . 

o MARI< "'"'~ .. ___ ......... .. 
• SOB suDiroct cno ond bro<K:h (il"' 0) _ 
• SPL nt pr>OrTty 1"""1 ..... .. .......... . 

T"p & lntor>upt 

OpC...._ 
« 

~--

"~ 

101000 
101400 

""""' ,_ 
000100 
004ROD 
00020R 
-00 
071ROO 
00023N 

EMT omulotor trop ....... ...... 104000--104377 
TRAP trap ....... . ......................... 1()4.4(»....104717 
BPT broakpolnt tnlp ................... -.............. 000003 
IOT input{ou\put trap .............. 000004 
Rfl ..rurn lrcm intorrupt 000002 

o RTT ..rurn lrom inloffupt ..... 000006 _ 

IIIISCHUNEDUS 
HALT l>olt ...................................... .. 
WAIT -..oit lor lntomopt .. 
RESH rHitl "tomol bus 

Condotlon Codo Opontion 
CLC, ClV, CLZ, ClN, CCC <loor 
SlC, SEY, SU, SEN, SCC .. t .. 

= _, -· 
000240 
=>w 

.... 

.,, 
4-36 .,, 
·~ 4-311 ,., ,., 
·~ ~ 

"' 4-46 .., 
·~ 
4-5(1 
4·51 
4·52 
4-53 

4-54 .,, 
4-58 
4-511 

"' 4-62 

4-63 
•·M 
4-65 

·~ "' ·~ 
4-72 
4-73 
4-74 

4-75 
4-7~ 



4.4 SINGLE 0PlRANO INS1RUCTIONS 

CLR 
CLRB 

l"" 1 o 
o o 

C....:I~O>n CodOO- N ciUtoo:l 

'~ 
V, Cl .. red 
e cle.-.red 

o "d • • • • • 
• • o 

W,..d_ c.,...-.~,. oiSoo-<oloO<I des!m01•:m ••• <el)laced ••th •• 

'"' 6>1•- Somo • 

~-· (RI)•I17171 

r.zvc 
\ j \ \ 

•• 

CLR Rl 

~­(RI) •OOXIOO 

NZVC 
0100 

1 

.. 
COM 
COMB 

•05100 

o o o o 'o 1 ' ' • ' ' • 

" • • o 

"' ollwo. (dll)oo -(<bl) 

CoMKioo e-: N;.., ol ""'''"""''"'""' t.toi '""'n ,, .. L cleored -.-..,,. z .... d ,..u ¡, 0: .... .-.~ oth ........ 
V. tl•.-.1 " 
C; .. , 

R<!lloc .. '"" ,,..,,m, of '"" -'""'"'" _,...., bj ,.,., log­
lcol oomplomlnt (•ch 1><1 ..,_,,, toO 11 Hl """ .. eh bot oquol 
to 1 '' clu<odl ,._ 

Botero 
(RO)- 01JllJ 

NZVC 
o 1 1 o 

" 

• . COlo! RO 

• AH..­
(RO)•I¡;..w.o.o 

'!ZVC 
\001 

• 



... 

• 

-- .. 

•os200 

' - •) 
o • o • • • 

• • 
(d .. ).o(d•l) + 1 . . 
~ ,.¡ '' "'"''1 ,.·<o: ci<oot<!'otr....;.,..: 
! sotol , .. utt "O; <"'•..O "'.,.......,, .. 

• • 

·Vi .. 1 \! {dll) ""'d 07U_71 (•0«1)<>' 171 (byt~) .. - ..... ., ... ,._.. . ' 

C· not olloctOII , . 

' . 
: Word· M<l O<'Ólo.<ont!"''"~ dnM•t•On.· 
,tly10• Sam< . 

. so~ ... 
r(R2)-ooo3ll 

>IZVC 
o o o o-

" 

"'"' • 

... zvc 
0000 

• 
• 

• 

1 

1 
1 

1 

1 

1 

1 

decrement dot 

o 

., -~··" 

~lorr. 

• o • • • • 
• • 

(dst).o( dst)-1 

1'1: .. 1 ol fH<IH" <;Q-, clea<e<l ott>mo,.0 
Z: sot 11 '""'11" O; Oleoreó otherwo~o 

• • 1 

V; .. t 11 (d•l) wo• lCOOOO (-.d) <>1 ZOO (byte) 
deared m-.. 

C- no\ •!!o<lod 

'8<:100'0 

( R5)- 000001 

NZVC 
1 o 00 

•• 

NZVC 
0100 

DEC 
DECB 

• J 
• 

~' 



' 

NEG 
NEGB 

nouto dtt •05400 

10" 1 o • • • :· • • • • • • 
' 

" • , 

COOI<I"'"" Cod•: N .. , 1l 10. ro"'lt,. <O clo••O<I ct~.,......, 
Z: 101 ol ffliJI1" 0: <1<1<0<1 ......... , .. 
V, ,.¡ ol l .. IHU~,. IOCJOOO (.......S) Or 200 (b)'te) 

<lNifkl oii>Of'w.., 
C d••oó ollhe ••su~ "O: ••• oll!eroose 

• 
• 

Dncrlplion; WO<d' Rop!o<H 11\e CO'lten¡, Ol lho dOSIInoll<>n -· tl)o o1S 
t><o"o <...,p-nt. Note !MI tOOClOO " ropl>cood ~ ot>elf (In 
...,., oo~t '"''•"on tl\e mool _.,,.. ~"<nt>er ho• 
no p<>S<Io.• t<l<ltlle<Q0<1) 

lÚa..,.. .. _ 

• 

lly!o: Somo 

B<i<>fo 
(~OI•OOO:X:llO 

N Z V C 
0000 

4·10 

N[C RO 

.,. 
tROJ- 117710 

NZVC 
1 o o 1 

·, 

f 

1 

' ' 
TST 

•'TSTB 

test dst •0~700 

!"'' 1 o • • • • • • 1 • • • 
" • , • 

Op•atior" (dot)..(d•t) 

Cend~o.n e_, N .. , ,,,.., '""''',. <0, Clearod ot......, .. 
Z: 101 d- rowtt "0: tlo- 01...-.... 
V: d•«<< . 
c. d ...... 

Ooo<rlptlon: Worn· W. u.,.<onoS<lion coGes N ond Z ooco>6itl& to ~­
tonto o! 111e d .. Mohon od¡lress 
e,-~.- s. ..... 

N ZVC 
o o l l 

TST R¡ 

.,. 
(Rl) •OIZ340 

NZVC 
0000 

1 

¡ • 



ROL 
ROLB 

• 

• 

• 
• 1 • ! • • • . , 

N .., o! :ho ~1¡h order tl<t ot llloO dostlnotlo~ lo MI 
('""'" < 0). ci•<W • .,......,.. • 
l:. MI~ oltt>llol IM---0: clo-~ 
V: '""- ,.,!f111'10 ~ 011 ol tho 1'1·1>11 - C-b<t <• .. 
~ tne comJ!Ioi'M ol U.. tota!o -ai>On) 
C. loadod -...~~ IN hogh-""'"" bd o1 ..,_ d•tNbo•• 

Wotd. Rotatt oll bolo ai1I•O<,_t.,ol01n lfl'l ""H,¡•.,._ S.t 15 • 
os loooec! .ni<IIN C-t.t or ll>t Jlolul -.:1 ono:l '"" _...,. 
"""'""'"o! lhtC-tot .,. -iota 8o1 O ollht --­.,._ 

·~· -0-r, 
' 1i 

.1 •• 

4·16 

1 

1 
' 

• • 

SWAB 

swop ~·· 000300 

[~·1,~·=·~·~.~·tl:, ~·~:·~·=·~'"'~·~: =~·JI~·~.;:::~·1,~·=.c·=· ~·1 .. • • o 

lloootription: 

8ytt 1/Bylt O ,.~~yto 01Byto 1 

N: .. t 1! h•¡tl.o"lor bol o! k>o•ordor bylo (1>1 1) ot "''"11 ,. ... , 
clen<IOI ........... 

l:.., rl .__ "Y'• ot '""" •Q; .,._-··-C:c!eorod 

ú.ctla"'"' hi!ll> onlor bylo ond low-otder b)<le or the des~"" 
botl """"'(-h ... ~"" "''"' bo. -r<l - ... ~ 

Botore 
(RI)•011117 

NZVC 
1 1 11 

4-17 

SW.t.8 Rt 

NlVC 
0000 

"' • 



M~Jp,lo-
rt,. _..,.. noco.....,. 10 do onlhm<toc on opot..,.n eo<>-.d as ""'~PIO 
....... Of by!OS, fM Pllf'-11 ........ opoci.ol P'0"'1100 lo< WCilopo<>h0<1S "'11> ll>o 
inW11<IIons AOC (Add C""l') ond SBC (Sublta<;l C""l') o<>d U>oo< by\~ oqu,,.. 

~" 
F"' .....pe '""' 1611<1 -· mo1 bo ""'""'* 0111> o 32 ll<t <loubl• ~"<'""" 
,.,., ond - or IIM•tttod n ....,_, bo-

··-- " " • 
~- •• 1 " • 
·-· • • • 

TM -bon o1 .¡ ond ·1 coultl bo perio..,..¡ "tollo,..· 

·1 w l7THI77777 

• 1 

o 

(~1)" 177777 (R2) •111111 (R3) • 171177 {~4) • 111117 

ADD RI.Rl! 
AOC Rl 
.0.00 R4.R3 

1. Altor {Rl) a<>d (R2) art oódod. 1 ,. loadod '"'" ll>o C b<t 

2. AOC •nsl-- C bollO {Rl): {113) w C 

3. {R3) ond (R4) ..-. odOod 

4 ~ll LO 37717111776 Of ·2 

' 

4-18 

i odd <••fl' 

• • . ' o 

• o 

o • o 

' ' 
o • 

AOC 
AOCO 

• 
• 

OpotMiM: (dSl)..(dol)+(C) 

c-•1on CooAa: N Rl ol <OOUH <O; ctu'lld olho<'wo~ 
Z: MI'' ~11 -0: .,,.,.. ot~>enoo .. 
v: ~·o! (d<ll ... ,onn1 (*0<111"' 200 (bytol 

on4 (C) ""' 1: cla•ed Oli>Mw>w 
e MI ot {Ooll .... 111111 (wcrtl) or 377 {bylo) 

o<>d{C),.., l;cloorod ot-... 

Dol<PifiO.o: -'<ld• lht cont..,to ol 1"" C·bol 0110 tt>e oeob""~""- T"" "" 
mio tht corf}' Ir.,... tilo odd•t1on ol tho "'" """' - to bo 
co«iod '"'" lno llocl>-orde' <ooutl, 

- 8yto· Somo 

o...- """""''"" ........ ~ ................ "''" ,,. '"""""'<>& .... 
IIN<I«n S@<lU""'t 
AOO AO,BO 
ADC 81 • 
AOC Al.BI 

4-19 

; odd '""' .. ,., po m 
: ackl ""'fl' •nlo ll•¡ll ordo• 
: o<ld il'-11> on:le< p.arto 
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SBC 
SBCB 

•ublrKI corry 

• 

f" 1 o 
o o o ' j ' o 1 • • • • 

• 
O,..ooon· 

• • 

N' '"' o! '"'u't O; "~•- otne,.,,u 
z, ni rr '~"'" 6, cou_. otM!"W• .. 
V: ut ol (~") wO< 100000 (*"1'1:1) 01 200 (bytl) 

tleore<l atl>c""'• 
e~ ..,, ,, f<l>tl .... o ~·de'""' t; cru-..1 a_...: 

WonJ_ Subtn<h tno ....,,..,,, ott"< e t>.t r.om 11>o dnt•""­
bon. n •• """"'" .......... '""" ,,.,. iUblrO<loon •• ....., ...... 
"'""' -.:!> to 1>0 wb!ro<le<llrom 11>0 '"'n o<<lt< ,..,. ol tM 

"''•'"-llyOo s..m. 

SUB AO.I!O 

~ " SUB Al.BI 

SXT 
U...d in tho PDP-11/34, 11/45 ond 11/55 

ol¡n .. ton<! 006700 

o o 

• 

Ceo, .. _ 

o 1 • ..., 

' 

o o j 1 ¡ • 
• • 

(.S.!) .... 
(OSI)'+ 

O if N bol lo Clellr 
1 N b<t " Se! 

N: u,...llé«od 
Z; >rl of N 1>1( cteor 
V: cleo-
C: unalfo<tod 

• • 1 • • • 
o 

H tho """"''"m codt bol N ,. >el lhen o -1 "ploCfld ,., tho 
<lnl"'otoon _...M: o! N bol" dat, ,,.... o 011 p!ocod"' tho 
(le>l.,ot.,n opo<oM '!h.$ rrl$lrut!>On r$ po.<!>Culorly u.e!ul ., 
....,tllplo pr«><><>n •rillvnfl~ bo<;> .... d P"''tMO U'IO ... ., 10 
t>o e>1e"'led IM>ugn muHopJo ""'"'' 

"' 



. 
• 

UHd In ~ho POP·llf34 MFPS 

move byte lrnm procesOOf ototus wor~ 11)6700 

~ • o o '~\· • • . . -~ 
Operotlon: 

--

(d<ll - PS <0:7> 
ds\ lowor 8 boll 

N, ..t if PS t>t 7 = 1; clolorod o~~"""'"' 
Z = ...t '' PS <0:1> =O: tloar8d olherwo .. 
V= tt..,rwd . 
e = not o!locttd 

rne·B bit tom.MII ol tho"PS oro·m,.,.td lo the eflec· 
to.e dnt•notlon. "ll dflt•no!lon le..,- O. PS bol 1 is 

·oisn"e.ten- t~<OUJI"I tl\t u¡>pe< ~o! \he ,...;.ter. 
Tt>e dest•<>~l""' oporond oMress lo 1,...\td •• o byte --· 

........ 
RO (0] 
PS (000014] 

• 

RO (000014] 
PS [000014] 

1 

1 

1 

1 

1 

MTPS UHd In \ho PDP·ll/34 

1064SS 

• • • • ! • • 

Oporiotlon: 

--
t>S <0:7> o- (SRC] 

Tho 8 b~l of tho on.c:tl"o"O o~nd rop- the ..,,. 
ron\ o:otr~ems of thO PS <0:7>. The sou..,. operand 
8Cidressll 1,..\td "o byte tdd-•. 
Noto ~hat 11>1 T b<t•(l'$ b<t 4) Qnnot be set woth thioo • 
lnlltnl<bon. TJMI SJIC, oporand· rem&if>l uflehonpd. 
Thll IMiructton ... bo lfiiOCI to •"-'K* !M prlorily bit"O 
(PS <5:7>lln !M PS. 

• 



• 5 DOUBl.E OP'EA.I.ND INSTJIUCnONS 
Ooubio oporofld ¡nslrucl•ooo P'O'>'Idt on onolructilln (on<l l•me) .... "' !ooohty 
sonco IMy ohm1nolo IM noo<l !or "lood""ofld •·save·• <eq...,ces suo~ •• thow 
u$<1<1 on ocaomuloloro0f10tlled moctunoo 

·. 

1·21 

" 

Onenption; 

, ...... 

• 

• • 

• • . : . 
" " 

N ""' '' (~«) <O: cloo<e<t 
l; >el of (1«) •O; cloare<l 
V" c~ .. fftl 
e ""' """"'"" 

• • • 

MOV 
MOVB 

'a 
• 1 • 

Word ""'""' tn. ""'""' apo,.nd lo tho ~''""''"" loeouon 
TOo P"""'""' canlonl> of tn. d .. t•oot"n o•o loot Tho con· 
tent< o! IIJ< """'" oddro" "'" not oll<!<ttd 
9vt< Same os MO~. Tho MOVB ta 1 ro110W (unoquo '""'"~~ 
byle '"'I<U<Uan•J evtofld> t.,."""'" ''i'"'lcont bol o! lhe low 
ordo<r byle ("~" .. ,..,..,,¡ OIPIO,.., .. MOVB opero! .. on 
~>y~es ... cuy •• MOV OP"'''" on _, 

I#JV ~XX.Rl :toO<tsRoe-stor),.ttltPIOton­

tenh ot """"""'Y l<><ohon: XH '""'"W\" o P"'i"""'"'"'"do< 
f.-l mnom:n-.c u...:! 10 represont • m...ar, loc.oUon 

MOV •20.RO : '"'"' 1.,. ""mi>« 20 onto 
R'l!«ler O; ··••·ocócol .. t .. l 1"" •• , .. lO'' tPIO opo<On<l 

MQ~ @•20.-(R6) ; P"> .. l l ... OO<rand cOn 
t.,nod '" lo<:ot.on 20 onlo 1"" s!Kk 

MOV(R6J+.@ "171~ :popsl"""""''"dol!tneotoc• 
'"d ""'""' ,, onto m""""'" locot•on 177!.66 (termonol pnnl 
bull<•) 

MOV Rl.R3 

••&'""' tronsler 
: porlormo on '"'"' 

MOVB @11 171562,@11 171566 :"""'"'o c~.,.ct., 
lr<>m ~ermo .. l key,.,o•d bullor lo'""""'"' pMter bullor 

'" ' -· 



CMP 
CMPB 

compare ore to do! 

\ 

io.-•,o •i• • • • • • • • • .. .. .. • • 

N ,., ol ·owlt -<0'. el«>~ 011><,... .. 
l . ... ,, ._,,, • Q-. ,, ........ ,_... .. 

• 

v. ,.1 ,,,...,..,., '"~''""'''' """'11"" thot os. ol*•n<l• _. 
ol owosoto "K"' onc ,,.. "<~"o! '"" d<ohnoloan ,.., tno 
Hmo •• the "1" ot th< re•utt. ,.,., ... m""""''" 
e· eloared '' '""" ""'o Cll<ry !<()m ltwl moot "l"'locont M o! 
th< <osull ... , olt>efwo .. 

eo.np. ... lhe ""'ou ore óoobnoh"" """''""' aod ><1s tl>e """"'''""codo> . .md> m.oy lhen bo use<! lO< 0<'-"' orod 
lol•< .. <O""'b.,.... t. anchOo- Sotl> ..,...-.,,....,._t.! 
TM ..,.,. achon " to ... l!>t condot.oo - T"" """'~ '' a."'""'""''..........., .. o'""'"''"'"'' bo"ono:h ,.,.t<U'<l<on 
""'" "'"' """"" '"" "'""•" "''"""'.,., tho "'""' o!...,... "'"'" is (>«l-<<l<t~...,. (<Ht)-{orc~ 

4-26 

.. 

ADD 

... d on: todo! or;ssoo 

• 

c.tripllon: 

• • • • • . .. ' . 
(dst).(...:) + (dsl) 

N' 101 ol re$UI! <Q- clar<d ""'"""''" 
l, ~ of r .. ult • O; cleo...:l otll<twoH 

• 1 • • • 
• 

v "'''' t'-< ""u"t....,.hc-uo .. ., • '""uott"' _,. 
"'"'"· '""' os bolh op«oodo,... ot tl>o..,.,. .,.., ...., ttw: 
••ull ""' ollho owos••• ''K" <IN< O<! otl'lt,.... .. e,..,,,...,...,., • "''"~'""" the ""''' "~~"''"""' D<t or lhe 
rnull: cloore<l ot!'le,...., 

4d<1S lho "'"rctt <>p«ond lo lho deltonotoon ope.ond ond 
llo<es 1"" ""'"" ol tM <loslonoloon o<lci•M• lhoO<ogon., ton­
len! o ol l"o dell"'oloon are '<>si- Tho conlonl• or IM S<Ou<Ce 
"'' rool al~lel:l. r,.,,-, complomonl od~•l..., ·,. por!.,.,., 

...... "' "*'""Y' 

...... , ....... lo ........ _ 

lldll memooy lo memooyo 

AOO 20 00 

.0.00 IIUJU 

.0.00 Rl,lll 

~XX" • ptOCI'ommerdel1nod nYI..._ loro ,_,.,-y I<Q-­,,00 

4·27 
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SUB 

l!.iSSDO 

o 1 • • ' • • • • • 1 • • • 

" " " • • • 

. --e-, ~ "' ,, """'~ <O: (loaood ol.......... •• 

. 

• 

z- .e~ o1 ~'' -o. cON<td o-.. 
V; set ol ,.,..., ,. .. O~l!'lmOI" """""'" O$ a '""'" ol 1~ opot­

ohon. '""' " o! OO<I'onds _.. 1>1 OPPf"'le '""' on<1 lt>o """ 
ol tt>o "'"rr.. ,.., 111< .. me "' tt>o >'l~ ot 111< , .. ,.,, clo"'o<l 

"'""""'oe 
. e "'""'" ,, '""'' "" o oorry l•om tl'l< ...,,, lllnolam bol ot 
'"" '"'""· ... <>! ........ 

S.bt•ooto !'le""'"' opouod troñJ, tM de""'"'"" opo'Ond 
•"d t••- tOo ruun ot '"" oleOhMh>n •<Id'"'' Tho ""11"''' 
<fl!'tenh ol '"" <IO>I•natoon "' "'"- TOe C:OOton" ol '"" 
""""' ore ft01 ottoctO<I. tn dwtoo-pr..,....., ootlvrotb< '""e 
bol • .....,,.,_ o..S.cotft o ··t>o<row'. 

~~ 
(R\)•01!111 
!R2)•01234~ 

N ~ve 
1 1 1 1 

"' 

sue RI.R2 ... 
(Rl)•Olllll 
(R2)•001234 

NZVC 
000 o 

1 
i 

1 
. l 

• 

-~' 

., 
' 

' 

These onttructio"' ~- u ... samo formol 01 '"' dcublt o~ncl ontl'lmt!o< ¡roup 
They .,..,.,~ oporoho"' on dato. •' ll>o bol ltool. 

-

' 



BIT 
BITS 

bit mt 

!011' o 

" 
O; e an: 

1· • • • 
• " 

•3SSOD 

1 • • • • • • 
' ' • • ' 

C 111M~ H" wl ,; ,.....,.. boto!~ ..t: tlur..:l 01t.roo ... 
l I.M d r-..lt •0: <*ol'fl<l Oll'efwo .. 
V. doo"!!l 
e· ""' olloo::lod 

Partofm. !Oibl "o'>ol''compon- ot tho ""'«<o.,.¡·-¡¡" 
.-.toon """'•od• ond moddoos coodo~Qtl..,.;.. -ongly. 
Noo!O. !M so<"CI nor deSb'IOMn 0.,.,1r<l1 111 O!feo:IO<I 
ThO BIT omltuel•on moy be...., 10 lut _...., ony ot !l>o 

coo•~,. l>h thllt ""' ><t '" tno -~,..."" ""' o\oo ... 
on tho """""' ,....,hor o~ ,.........,....,,.,. boh MI m tho <101-
bnol•on.,.. <- on ,,. ........,. 

,, .. , 1><!0 la ... hl ~310-

of li<>ltl .,.. 011 

(30).-(1 000 000 000 Oll 000 

·-~ 

1 

1 

! 
1 

1 
1 

1 
' 

' 1 

' 

BIC 
BICB 

bit ,, ... ussoo 

["" 1 
o o • • • • • • • • • • • 

• " " • • o 

(<lsl)4 ~ (Ir<) .\(<lsl ) 

~ c..too: N w1 •1 "'eh on:lo< bol ot -~ ..,, e-"'-" 
L MI ol ......,¡¡ • O: cl•tC o-.. .. 
'fdoo,., 
e ""' oll«lod 

Cloo .. OKh bol on U>e deslinah"" t~ot '"''""P'O"do ¡0 o ... 
bol •n 1~1 """''" fho ""'""'' con~nt< olltlt oeo1ona1oon •~ 
1011, Tt10 cont..,t< o! !he oourco .,. unotf.:tod. 

~~ 
(RJ) •C<l!234 

(1141-00!IU 

Altor: 

JH ve 
1 1 L 1 

SIC Rl.R~ 

.,. 
(RlJ•O:II2:).1 

NZVC 
000 1 

(Rl)=O 000 001 OJO 011 100 
(R4)o=O 000 001 00¡ 001 001 

(R4)=<1 000 000 00! 000 001 

4-31 
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BIS 
BISB 

1>1 sot oSSSOD 

1"" 1 • • • • • • • • • • 

" • " . ' . 
Cond<ICIO e-: .. Wl ,o '••hOOÓOO' b<t of rnul! 00!. tl•<td 0!110"*''' 

l .. , ,1 'I!WI! • !l t< .. rO(! Otllt""',. 
V <' .. <e<! 

e ,.., '''""""' 
Doo<ri!IIOu< Porf<>•mo ·1ncm, .. 011·-oporot>oo 110.,..." tllt oaulto ond 

""'""''"" • .,....- ....... _ , ......... ~ ., ""'<leo"""'""' 
_,,,. thal "·"""'"'""""""'bolo >o!'"'""""""'"'"<-' 
on IN d.,lonol"n The CO~Ion!S oltl>o <leS. MI•"" oro l<a! 

El<l"'• 
(FIOI~OOJlJ.O 

(Rl¡-OOILll 

NZVC 
0000 

SIS RO Rl 

'"• (R0)-001234_ 
(lll)•(XIl335 

NZVC 
oooo 

(110)=0 000 001 010 011 100 
(Rl):O 000 001 00! 001 001 

(Rl)=O 000 001 011 011 101 

XOR 
UHd In tt>o PDI'·ll/34, 11/45 ond 11/55 

074RDD 

o 1 1 o o ! • • • • • • 
' . • • • 

ConditOoo Cod"' N "' ol !ho '"'"" <O ,, .. ,ed "'"'""'" 
Z ,., '' , .. uu -o. cl~<ed o¡r,...,.,, · 
V ClfOIO<I 

e ""''""'"" 
~atO.n: T,. .. ""'"'" OR or ltle '"S'""' ono <I<'>Mohon .,....,., ,, 

'otO<«< 0\ '"" de$tonoloon -·•u CO<Itonts o! '<i'";,. .. ,. 
utlllfot<ltd A,.ombl .. Ioom>! " XOR R D 

8•1••• 
(R0)•001lJ4 
(R21-00llll 

llolor•o: 

Altor 
(R0)•001Z34 
rRn-oooJ25 

(RO)=oO 000 001 010 011 lOO 
(R2J=o0 000 001 001 001 001 

(R2)=o0 000 000 0!1 010 JO\ 

4-.13 
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BPl 

bronoh o! plu• 

• 

Op ~ 

Doompl.,n· 

••• 
' 

h o 1 o 
• 

PC~PC +(2•oi~Uo!N•0 

IOOt'XXI ~"' ollse! 

' • 

TH!O t~o .tolo o! tho N·Dot ond eouses o brooch l N io· 
,..._,, (i»s~;.,e rnutt). 

• 

' ' 
1 

• 
• 

... ' . 
BMI 

100400 Plus ofl.,.t 

• • • • 
• ' • 

TH'Is !M rtoto oltho N-b~ ond eou .. o o branch if N lo 
MI. ~ ~ uoed to tul tho olgn (moot oi¡¡no!!CIInt bil) ol 
tho '"ult ol lho p...,iouo oporotlon), bronchin~ lj r.'i­
.tt .... 

.,. 
' 
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BNE 

o .... nc~ if not oqu.ol (to rcro) 001000 Plu• of! .. t 

[o,o o o • • ,• 
" 

bamplo 

' ' • 

T .. to tht <loto ol t1>o Z bol '"" UUI.H o "''"'"'h ol thtZ bot " 
;loO< BN[ iot ... a>mpletnonUtyOpe<Otoon lO BEQ 11,. u1ed 
11:11 .. 1 i••oqllo~ly l<l~""''"ll' CMP, 10 !all"'t oomo bolO.., 
•n lhf ~ell"lii>On ~ also on lht sburco. follo-M<111 o BIT, 
,,.,d ltn«OIIy, to ~" tl>olltiO resul! of ti><.., .. .,..,, 090< 

'''"" .... ""' ,...., 
CMP A 9 
ONE C 

"'Qboo""~toC,! A f- 8 

o~d '"" I.OQIIe'"C< 

AOO .0,8 
BN( C 

: '"""'"" ~ ond B 
: b<onch oltl'>ey oro noloQuOI 

:od<IAioD 
: S.onch •ti"" ~ultoo '"" 
tqu" 10 O 

,.¡¡ t><onoh 10 C o! A + B ,fe O 
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1 
1 

1 ,, 
' 

bro""h 11 oquol (to aro) 

1 o o o 

" 

·--

• 
• ' 

PC ._ PC + (2 • Olf>tl) ~ 

CMP A.B 
BEQ C 

,., b<onc:n toe ,u • a 
... dtht--

ADD A.B 
BEQ C 

BEQ 

001400 Pluo ofhot 

• 
' • 1 

:~roAondB 

: "''""h ,,,~ ••• «<1""1 
IA-B•OJ 

:odd A toO 
: two..:ll o! ttlt .... u- O 

'"''' "'""""toe'' A + a - o 



BVC 

• 
102000 f'1uo ollsel 

, OHSET . ' • 
PC .. PC •12•ollw!J•IV·O 

l<>l•lt>t <IOIOolll>tYtlot ~ ........... onehrl 1!-. Vt>ol os 
,..,_ 8VC .. """'pltmenl"'Y """""""' to ~ 

"' 

' 

1 

BVS 

branch ;¡ o-...rflow "set 102400 P1u0 o!l•el 

--Ooocnpt.,n: 

• . ' • 

r .. ,. ,,... "•'• ot v t.t (o-"'"') •"" ''""'" • """""" '' , ... 
V bot" .. ._ 8VS •< """' l<ldol«t on-C oYe<iiO., m l ... 
_.,..., 0¡10<0000. 

·' 
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BCC 

0'101<1> 1! aorry '5 CIHf 103000 ~"'offset 

1· 1 o • 
" 

o ,o • . , • 

Tom tho •tatt ot t»e C bol o..J causes o t><onch ,, e,, clor. 

9CC" lf>ll <omp~""""la'Y -"'"'" to BCS 

~-42 

1 

1 

1 

1 

1 

BCS 

bnnclo il carry io Ht 103<100 Plu• otrset 

• • 

Oporotion: 

• • OFFSET . , • 
PC.PC +(2•ollsetJoiC•I 

'"''' '"" ""~ol tt-..C-t>t •roO eau .... o bronct> ,, e,, sei 11 
'' u>od lo 1001 '"" o U'f"l rn t"< ~su~ ol • pr~'"""' ""'" 
''"'" 

"' "' 
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SOpo.! ~~<>NI .,_,., 
P•ruaolo• combonot""" el 1110 «>t~a•h"" cok Oots ont tu~ '"'h 11>0 sog.....:l <m· 
d<!O""I orord>to 1-,,.t<U<hom.,. ~...:1 tol<>l U>• AOUII< o! ••»tn.o<l"""' "' 
"""do 1l>o -'"'"'' -•..,., ~tcl •• ....... <•--• complomenl)vokle>­

Nolo l~o! tilO_,. or "rr'od """"'"'_,.., doffO<O Ioom m01 ol ...,.,. ..... com-
1'"""''"., trat in.., ..... !6-"''· two't """"',......,, ""-"' tM oeQuen<t~ al 
•• ,""' " ... tol.,.... 

011111 
017716 

"''''" = 
l/1117 
11111~ 

'"""""' on ""''ll"od 16 bol onlh""'lo< !ho '"'~""""" "con$od«•d lo,. 

111111 

' 
1 

1 

1 
' 

¡· 
1 

1 

1 

,,, 

BGE 

b<onch il H ... ltt lhln O< oqUII 
(lo '""') 

002000 P!Ufo ofl101 

• . ' • 
PC .. PC • (2ootloot)tll'jvV • O 

C.uwo o bronch o! N ond V''" •tto<• bollo cloor or botl>.., 
9GE " tho com~-1...,- "'*'~"" !<> DL 1. n.... (!(¡( ..,¡j 
"""Y' cou .. o bro'""'h - ot !<0.,.... on o.,..oh"" IMt 
CO<Jsed oddol10n o! ,_ -~ .. -"· OOE woll ,,.. cauw ............ ... , .... ,,_ 
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• 
• -

o ( o 

' 
OHSt:T 

' • ' • 

~""' ,1 ....,~ .. to BLT...., •n -""" "'' """'* 0 
¡,.-~ ~ "'* ....,,, ot tt>o ,..._. _...., ,.., ....,_ 
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'• • 

liMipod c..~- l.-M> 

rr.. u""'""" ea""'""""' B<~ - • ,...,.. 10< leS1•"1 ""' ,....... o1 """''*'""' ·~•-• '" - tho opo<ondo ,,.._.-od u_....., ....... 
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·BHI 

•• 
Q¡ 1' ~ 

' 

101000 PI.,. offset 

• . ' • 

cau ... o bnnch ti tilo ,.....,... oporobm .. ,.. .. tt.er • <OnY-• .-.-•t. n ••• ,,.._.,_.._.lt:JojPl 
-"'- ........... tilo - .... """'""_..¡ ...... 
lhon tilo dutonobm. 

.. 

'"' 

' ' 

1 

'BLOS 

branch ti lower or oomo 101400 PI u• olf••t 

" 
OFFSET . ' • 

c. ...... l>'onth ti lho "'""'""' _..,.,.., ~ "''"- • 
""'''"' • ...o<.-....!. BLOS" ,,..compt......,to.., opo<•bOn 
10 BUI T"" ltronch ...ti_.,..., com_...., ._,.¡..,. •• 
.,.... u¡,.. ooumo ,, - to."' ""' • ,_ _...., ••tuo 
tr.on '"" o .. tnotoon. _ 
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bronch 11 h;¡her or "me !03000 Plu• ot!>et 
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Op ......... 

o 1 o 

• ' • 
PC .. PC + f2•otfwtlofC- O 

OHIS ro,,.. .. ..,."'""""""' ooiiCC Tt.o """""""""'" ,.,. 
cii.Kio<! onl, !Of con.e"'"""' 
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branch rf ~onr 103400 Plus on .. r 
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JSR 

o 1 o 
o 

• • • • 
• 

0041100 

!· • • • • • 
• • • • 

(......,. .._ """''"'" onto - olotk) 

(PC I'IC<GIIO<.Oio<>n lol-"1 JSR: thoo -e>> 
,.,.,. ""' ;., .• , 

PC.-(1111) (F'C now pointo to oub<Out;no d-...uon¡ 

In ••""'-'bon o' '"" JSII, !he OICI cont""" el '"" opealo<d f<1!1 
"'"' ltOo ''LLN~AGE POINTEII") o>o outomotoc.o~y pu­
onto tho ,.._.,or ohd< ond nowlonl<.o(!O '"'"""''"'" P'~ 
'" '"" '"'~"'"'· n,0, "'"'""''""' n .. hod "'th•n ouDfouh"" 
to ony dopth moy 011 "" oalled "''" tho """' l>nl<oa;e ~"''' 
Th<r< ''"" ,...d ••th« lo plon tt>t "'"''"'""' de¡>lh 1¡ ""'"" 
ony po<ticul>t '""'"'ltno woiii)O eolle<l orlo ono;Ludo oMt!ue­
l>on• '" oo<l> roohn< lo.,,.. ond rooto•• tM hnkop po1nlor. 
Fun!>or. "neo oll ''"'"~"'aro oovod In o tMntrom "''"""' 
on lho ~ocOoiQt oto<k ooowlton ol o oubo'oul1"" rnoy be'" 
torruplod. lho '""'" wh<<11JI1n1 >Ot<'ltred •M oxoculo<l 1>y on 

· onlorrupl "'"'o;o '""'"'" [•ocul>on o! th< '"''''' oub<ouM• 
c•n thtn be ttsumod """" Olht> •oquosl> a.o >ai>Of...:l TM 
proco11 ( .. IIOd -l>nl) '"' P"><eod lO >"1' ¡...,¡ 

A >ul><ouM< """" ...,¡t, • JSR ro¡¡,dsl •n>lru<t<)o con """"" 
'"" orgomonl> lo~.....,,"'" "" "''" .,,.....,. ""'"'"'"~"' • 
O<ldruson-. (ro¡l • (•1"""""'"""'" >«<...., _...,,,olly)~ 
"'b)' ,...,.,.., oddron•nl X( .. l). (>1 occ••""' "'ror><klm o< 
do·) Tne .. odd...,MI modo> moy "'"" bo ""'"''eó 
@(•11(1)+ on<l @X(rllll '' tl>e pa>ameo.,.. aro _.-on<l od 1 
d ............ tlwlll>e -·on<t• "'!" ...... .. 

1 

1 

1 

Brio"': 

Altor. 

JSI'! PC. do! i• • •~><"<••' e••• ol tho P!JP 11 subroutone <all 
>U<Iob•e 1..- wbrout,,. e>ll• lhal ltonsmt poromelo" 
lhrou11h lho ltf't<OI ,,., .... , Tho SP on<l ltl< PC orol"" ot!ly 
<1111"'"" thol ""'Y bo mod•lood by ¡t,., call. 

""•'.....,. "'"'"'' cno ol 11'10 !SI'! •n>lructoon " JS~ PC 
@(SP) • whoch v<h•"'l"' ll>t l<>p "'""*'' oll"" P'"~!l<l; 
>to<k •oc! '" .. """'""'' ol tl>t """'""' co.mlet. Uso o! r..., 
•n•lruc1oon OliO"'....., roul•...,•lo ·-~ progro"' rnntrOI ond 
10$Umo opo<at<)n -n ~ollo<l w""'o lM,o lo!l of!, Sur:h rou. 
,,, .. ...., <OI'-<1 "'«>rOUionoo .. 

JS~ lt5. se~ 

(PC) R7 Stock 

" D~T~ O 

" '" 

" 
" 

4·5? 



. 

RTS . 

m~m !<om :wbroutm• -~ 

" ! o • 

(..,,pw. 

Bofore: 

Alter. 

o 1 o • • • 1 1 • • • • • 
• • • 

• • • 

d """" tt.e 1<1f1 ..... 0'11 ot LoO<Is coete'llo ol '" lnto PC ., 
!M procoSiSOt otocl< onto tne "*' 
l!eturn !ro"' a non-,_tront ou 

'""'""' ... - ..... "" ·~1 wt>rout"'e ~1«1 .. ~h o JSR PC 

liad ...... te"' 
b<out"'e ;0 typocolly mode 

wO$ uS<d '" its ca~. ,.,.., .. o 
. dot "''ts "'"'o RTS PC on6 
115. dst. mor ,:0<1< up ...,. •. • oubftlul,ne ullecl "''"o JSII 

moten ..,¡n """'""'''' m-.s 
onc1 '"'o!!)' ••to '""' on RTS 11 

{11~)+. X(R5). <>" @X(RS) 

' 
•a " 

""' " "' ••• 

"" ~ • DATA O .. 
" ~ 

" ~ 

~ n.¡-2 DATA, O -
" .. 

' 1 

MARK 
IIMd in the PDf'-ll/34, 11/45 ond ll/55 

00 64 NN 

• • o 1 • • • • • • 
• . ' ' ' • 

O,...lkll< $P., PC + 2nn 
PC .. Rs 
"""(SP). 

nn- num"-< Of poromñe" 

......... 
U<@(! os porto! ti>< otondord PDf' 11 sut><oohne retum coo­
'""''""· 1.1.011~ l>criototes ll>o otacO <leon up PI'<'Oedu•"' "' 
vol ... on sub<oulone O>;o!. Aooemble< ,.,...,., ,.. MAR~ N 

~ 115.-{SP) :Qioco oOd 115 0<1 ''""" 
~ Pt.-(SI') :P'O<;e N P'""'"'"" 
~ P2.~SP) .on U>tOIKO 10 be '"""" ·-by ll>o 

""-'"'" ~ PN,-{SP) 
~ ., MARIIN,-{SP) :plaCft lile mstruc:bon 

_,...1111 Non, .. stock 

~· SP, ,1!5 ,.., up ~"'' ot Mo" N on-
struc:toon 

M PC.SU6 '"'"'Q lo ~<~b«>.ol•"" 

Al lhos P<M~I IM ""'" os .. followl· 

1 ~·· 1 "' 
•• 

-· 
~· '"' e 
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SPL 
U1ecl in tl>e POP-11/45 ond ll/55 

Set Prooru~ Lo•ol OOOZJN 

(o,ooooooo • • • • • 

" 
Opetatlotl: 

Condit., c-.: 
O.S.ription 

'"" 

' . . 
PS {bol> 7-S)P/'r..,.rly (prionty En n n¡ 

not aftelecl 

Tne IUst S•ll••freont tnr .. Ms ol !he rnWu<toon 
are load.,j rnto the Pro¡¡rom Stotu> Word (PS) b•n 
7 S lhU'S caus•nK o chon¡¡od proo"ty The old P""'"Y 
"los!. 
•osemblor oyntu '"' SPL N 

Note: Thto rnwuc:tion '' o no op on User ond 
SUpoMSOr mode> 

T rop "'""''""'"' pr<M<Ie '"' callo to ..,...,,,.,, 110 '''"""'"· doobug.ng -• 
ogO$. •"11 .,_ óolr- "'~""- A Uop <> o~y on r'lt...upt ~-·~ 1>1' 
"""'"'" Whon O tr.p """"" ""' """,."" 01 tl>o cun-ont l'rq¡rom eou..t .. (PC) 
O<>d Proc•""' S~tus Word (PSI ••• p.s/lod omo lhe oroc .. - <10<>. '"" ••­
placod t>l' toe conl<nt• oto two-W<>«< uop -'"' <O<Il>crNno¡: •"""' PC '"' •­
PS. T"e ro!IU<n >OQutnc< trom a trap .,,,.,.._, o>oo;uton& an IITI 0< IITT ">O!tuo:: 

boo whoo:n '"''"' lho Old PC ond old I'S 1>'1 I»>"Of"8 tMM ''""' '"" ,..,. T<op 
vociO<S ""' locot..:l ol pormo...,.,tly a.,¡_ '"od """'"''"' 

4·62 

' • 

omuloiO< trap 

• • • 
" . ' 

CondHion Codoo: · ti: toodod !rom !rop ...,"'' 
Z: lo- !rom "'P -•o• 
V: loodod ''""' •••o '""""' 
C· loo<i«l lrom trop V«l"' 

EMT 

104000-104377 

• 

O.U.-Io": • All o""''''""~ """' lOCQ:)O lo 1.:>1371 >!O [MT ,.,.,,_ 

""'" ood ""' bovseclto ., • ....,,, "''""""'""' ro '"" ....,.,, 
"'8 <O.Jbne (o K. lv"CI>.., tobo porl-~ TI'>< I'Op ....:10< 
""EMT os at -••<' lO T .... ,.... PC" to<o" ¡,_!he -ord 
•t -·~ 30; the .,.., <""l•ol """""""' IUtuo (PS),. ''""" 
!rom ÜM'"""' atad"'"'' 32, 

. ' 

Cout•on. EMT" uSO<! l<..:tuonlly by DEC systom "'ltwtro ond 
"tl>«oforo not "'''"nmonOod !<>' gonor01 use. 

~ 

R7, PC 

... " l 

" 

"' 
" 

~· 

~· 

" 

(32) 

·~· ,_, 
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DATA 1 

DATA 1 
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TRAP 

o o o o o 

tlponl!lon: f (Sf')<ol':i 
• (SPl.oP(" 

I'Coo(3ol~ 

1>5.;:16~ 

. ' 
~ltiM Co<loo: 1<: loodO<I '""" l•u ~"' 

2: ''"""" lf<lrn trap""'"'" 
\'. loo<*: rrom !>"op """"'' 
e, roo...., ''""' •··~ """"' 

104400-104777 

' 

(,lplfal<t>c, co<le!llrooc !0«00 to 104717 ''"TRAP <mtru<· 
10011>. TRAP1 •nd EMTs .,. ldo~htol in OIMI'Oiion. ....... 
!Oot '"" t·•p -!0• '-"TRAP i• at oclclros• lO 

rioto· S'"<• VC:C soflwa<o ...,,, .. f•~uont uu <>1 EMT. tOo 
V!~P onot<o<\.o<o '' rtC(h'T!mOI'Ide<l "" r-<~>1 use. 

.. 

btul<pojnt '"" 

0000<>000000000 

" 
•ISP).oPS 
•(SI').oPC 

PC .. (\4) 
PS•(l6l 

c-dftlon c-., .!1 load«! f<Om trop vootor 
l. loa6ocl l<om l•oo vor:tO< 

V "'"'''' ''""'trap'"'""' 
e IDo<lod '"'"' trao ""'""' 

BPT 

• 

P<rrlorm< o I"P S<Quen<< wo\0 a trap ve<to< ocld<"oss ol l~ (~ 

IJs.-d toca" delNKS."'i ••d• T~>e uH' •• u..ot<~nod •1••nst 
emP'Oy•nl! cOdo OOOCI03 on progromo run u<-.:1•• t~ .. do 
buiiJlrng ards 

{no onlormolion" ''""'"'""" '" tno I(M ~) 

.., 
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o o o o o o o o o o o o o 

" o 

ConditiOn Codoo: "loo- from t<op -lor 
Z lo"'*l l•om trap """"" 
l"looolod trom lt'aP -'"' 
C:ioo- lrom lrop ...:tor 

_,....,.o,,.,_,.,., • .,,¡no lrap -=~<>< """'"''al Z0 
u.ed !O collll'lot 110 t-"'""' ....,,..,. IOX'" !NI 1101* 1-
ooflw"'o •v•t .... anO !or o<TW •-"'"41 '" 1M 0»1< Oper 
ot1ng Sy>oom. 
(no"'""""''-,. 1<31\tmll«< on tho '"" byte) 

' ' 
RTI 

rolurn trnrn lntorrup! 

.. ,, 

Oosoiptoon: 

• 

' 
' 

o 
1 

e o o o • • • O O· O o 

• 

-; lke<! lo .. ,lfrom an ont.ml¡lt or TR~P MNI<O rou~no ~ 
I'C Ond PS .,. ,.,¡o,ed (po¡>pod) '""" l ... ptOCO""" •toe> 

.., 
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RTT Usod in the PDP-11/34, ll/45 ond 11/55 

murn !<Om intO'Jnopt 

• 
" 

00000000 

fCo..(SP\0 
PS'"(SI')' 

o o o o 

N loadP<J lrom f"'""'"" slotk 
l . .. _d '"''" fi'OIOO'!IO' ""' 

~-lOa-'"'"'"""'"""'""'" 
.e· IoM"" '''"" 0'"""'"'' ''"' 

• 

Th<O "'"" .. .., ostl'l< ~TI"""""'"'" O<e<pl tr\11 ~,.,.t." 
• ,, •« '''" '''"'• om '""""'' • """" ""~' " • """" """ " 
pondong, "'' '"'' '"''""'""" •"•• tho RTI "'" bo O>otutod 
p<•<U to , ... noot "1""1'00 In l .. c.o ... o! tl>o Rll on>I'U<toon 
'"" ••!"" 1"0 "" O<(ul ,.,,,....,, ..... on..- 1"" RTI. 

Rt~tc.ed lntlfQ<~on ¡,_1" - l h"'e ••• cousod by auemo!> lo ''""'" onotruohon 

to<los , ... rvod lb< '"'"" """""'"'' ••••"""'' (""o"'P<J '"''""'''""'' o• '"''"'!'" 
~ons wolh "'*1•1 o<I<I,..<'"C m-• (•D<iol '"tructoono). Otil« ,..,.. ~o1 ""'" 
·~•<long to ••• ot tM ;,struct"'"' dtse<•b<d aro com•d.,od lo bt '"''~ •n 
stn.ctoons IMP an<l !SR "''~ '"i"'" "'"'" ~••lma~ono "'" 1llogot '"'truchons "'"''"'od on<' 11\egol onWo<ban trooo O«u• n O..Crobed u- [Ml. bu! t,.p 
ltl..._,ih •O<:tOf5 a! oCJ<lroiSH> JO o(l(l. fHPK!Nety. 

S!O<O Ovftflow Trop 
'"' tnoo; TriP$. Buo Em>r·Tr.ooara· 

l. Boundory Err<>" • Mlemp!o !o ••loronco lnWuctions or wmd 
g~<ond< "' acld odd••••n. 

2. Tlm•·Out [.,o,. ·otlompto to ro(oronee odcl<n..,s on tho b~ 
thot mMo no responn wllhln o cortoln l~n11lh ol liono. In 8"'"""1. 
10....., "'" eau .. d by olt.moto lo ,,.,.,.,.. n""·e>'O!Onl ""'""''Y· 
ond ~ttem~ lo re!OI"onco non e>ist""t ~nphttot do•lees 

Bu'"""' t.opo eauoo .,._.,.,tropo lhrOUK~ 1M 1"0 """'"' o<IO< .. I 4 

T...,o T'"P. Troce T<ot> ""''""' Nt 4 o( ""' PS "'d '"""" prti<OI50f trop> ol 
t~o o(l(l ol '"''"'el'"" """'"""' 1M onstn•ci>On thot "OX<l<ulod •llor 11•• .n· 
'''""tlon thol o<l tht! f.o;t ...ti proeeed 10 oompit!oon ond tht!n <O u,. o .,.....,._ 
1<00 ~ 11\e ''""' ooe101 ot o<!d<OII )4 Not• tnotl,. troto trop ''o .,.mm 
OoH>uU•"ll ood ol\d" tran>poronlto tho gono<ol Pl<li'lmme<. 

(he toiowoni oro oo-<'-'1 .,. ... ond.oro <leloiod on oulltOQu""l QOf"'l'"""' 

TM tro<t><J '""'""''"" <•O>'od lhe T b<1 

J. The l••cod •noirU<b<"" "'"'"" on '""'u<l•on t!op 

4 Tho trocOX: in>!rutlton """ .. ,,o bu• OfiOt trop. 

S.'"" t•oooo onw~cl•c.n "'""'~o stoc:~ "'"'''"''<>" lnp 

6 Tho Q<o<eso "" •olorru<>ton bol"""" the umet"" r.,., ""' oet ond tt .. 
lotch•ne ->1 "'"•ostruct>On lhol ""' lobo !rii<Ml. 

1. Tho!roced lti>\"OC!IOe '10'' WAll . 
• 

8 T ... trot«: '"'"o..<bOt. "'"' ¡ HA;.T 

9. Tno tra<<d '"'''""""" "" "Rolum l•om Trop 

"' "" "• Í'~ .•. 
Ao in<t>'Udon tl\o.l ,,._ ll>o T-ll.t. U~O<• letch"'ll \ne tro<ed •Mtrue1""' on '" 
torf"IOII'•~- !h< ''''", .. l."" Ht Tho t11p "'" •tttt occur •1 '"" enr:t ol "'"'""'" 
"' ""' '""'""'on ro.''""'«!"""' ""'d. "'"~•·· """ "''" • ''"'" T l'" 

An "'""""'"" 1"-'"" '"' T-1111 · ~""' '"' T-b<lwo• alrmd)o '"' wnong ot., •, 
""'no •!,.co. The '''" .,., "''"" · 
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.o.n lnO!rutlion lhal <oUHd on lnolrutlion Tro~- rne on.Uu<hoo tr~~ " 

0prung ond t~e <'•ll'e routon< lor lh< servo<;~ trap " e•ocuted 11 lhe 
oervice mulme ~"'·' "'th on Rll or •n an1 othor ,...y ro•tore< the stotked 
ototuo ""'rd, the T bol ,. ..,¡ op.,n, '"" on.Uu<tlon ton.,.., na the trO<ed 
onstructoon " .,ecuted ood. uniO>S •t " oM ot tM opec,.l toses notod 
obovo. o ¡roce trop oocu"-

An imlf'I>Ctl0<1 !NI COUoed a Bos Eml< Trap. Th15 00 treoted dS dO In· 
otruct1on Trop. The only d•llorence " th•t IM ermr '""''ce os nol •• 
t••ety to ""t woth on flll. so thot ¡he troce trap m•Y not <><<ur . 

.o.n inotruc:tion that couHd o otKk o•erll,.... The onotruttoon complete< 
•••cutoon •• u•uol-tho Stock O.orllo,. Coes ""t cause a trap Tloe 
y,.,. Trop Vect:>r os lo.ded onto jt,e Pe ond 1'$, ond the 010 Pe •"" 1'$ 
""' PU$hed onto lhe Olock. $toco O.orftow OO<Uf$ ogoon, ond th,. tome 
tho trop " mode. 

An lnte....,pt bet-.en oetti"'! DI tilo l-b~ or>d l<lll:h ol lhe tr.ced intruc· 
tlon. The enltro onterrupt '""''" rou!•n• iO ~·oouted ond il>en !ho l·M 
,, set agoon by the ,.,¡,ng RTI The tmoed onstruct•on os ~·•cutod (of 
¡here ha•e been no othet interrupto) or>d, """" •1 os • 51><'<oar case 
noted abolre, c.ous@S o tr~ Ira~. 

,.oto thal onlerrupts may be ockn.,...led€ed omn,edoalety ofter !he toad•ng 
DI \loe new PC ar>d I'S al !he trap >e<tor tocotoon_ To tock ""' olt onter­

.rupts. the PS ot the l•ap V1><tor SI>OOid r•••• the proce.>Or prooroty lo 
t.-.el 7. 

A WA!T, The troo ''"'''"~ ;mmedoatO'I\<-

A HAll, The procosso• holl< When th• continuo koy on the consola i• 
pre>SO<!, the on•truttoon ~olto"'og lho HAll " !<IChO<! ar>d O."CU!ed. 
Unle<S 11 ,, one ol t"e e«ep!lons notM OOOV'e. tho trap occu~ omme­
dootety tollow•ne e>ocutoon. 

A Retum fmm Trap. lho ~urn ,.,., t•op onWuc!10<1 e~her cteors o• tel> • 
the 1-t><t. 1t onhob•ls the ¡tace u~o tr the l·M ,..., ••t and RTI •• the 
troce~ "'ilructoon tho tropos deloyod ""'" comptetoon ol tho ne>t on· 
llructoon. 

p.,._., Foilu,., Trop." o ,taMof'll PDP 11 fe•turo Trop occuro whono•e• 
the AC w~•• U<oP• betow 95 vott> or outs•de 4710 6J f!en•. Two ""'"­
oecondo ore thon oll- for -· ~wn tl<<><eOO•r>g_ Hop vectot tor 
"""""' tooture ,. ol locatoono 24 and 26. 

1 
T.-¡~ polooiU., In ,... mutliple procn$or tr;op C<>nd•tlono occu; oimul­

' llln..,usly the fflltowln~ orcler o! prionti" il Ol>tefi<Od (lrom hltlt lo l<>w): 

11/04 
J. Odd Address 
2. TomOOllt 
3. Trop lnstruc:lo""' 
4. Trace Trop 
5. Po.,., Foilu,., 

11!34 
1. Odd Addrns 
:z. ~ Monoc....-rt ...-.otaUott 
3. Tom"""t · 
4. Pon!)' [rror 
~- Trap tMtruetion 
6- TrKO Tl'ap 
7. Stock O.,rflow 
a_ro11 
9_ lnterrupC 

10. HALl Ftom Conoole 

U/45, 11/55 
l. Odd Addreso 
2. Fot~l Slac:k l'oolotion 
J. Sesmont Viototoo.. 
4, Timoo"' 
5. Pon!)' [rror 
(;. ~ Fto¡ , 
1, Se¡¡m.nt Mono¡oment TtiP 
8. Wom1n1 Stiltk Vl<"atlon 
9. -nuu,. 

Th.: dotoolo on !~ •• troce trap pmc .. s ho•e _, dMCtobed '" !he trooe 
Ira~ opoorati- <ln<;riptoon wlnth lnclud .. casa '" wh~th on i<>St...,_ 
tooo -~ t<ac:ecl c.ouoes 1 ~us orrot, instruc:lion lroP. ot • oto<~ ,_. 
flow trop. 

1! o bu• error io c:.U'Oe<! b)' tOo lrop proce" ho<><:llins lnrttuetioo 1'11>&. 
t,.co trop&. •tac~ OYerllowtnrt>'l, or 1 P<'IMOIIS- lfTI><', tilo ptocusor 
io hllllld. 

lt o stac:Jt -·- 11 touHd Ir}' tilo tr;op pr000111n hondlon¡¡- erroo;. 
onstructiotl trops, ot trace tropO, \he procns 11 C<lmpldod ond then lile 
ltac:~ O'tetftow trop lo sprun~. -



HALT 

M" 000000 

1· 1 • • • • • : . ' o l ' • ' . • • • •, • • • • 

e ... , o C..: not ·-

eou ... tM ~· oporohon 10 tak Tht conoolo •• 
.,_, e<v>tfol ollho b<>s_ Tho ccn0<>1o doto l'c""' dospiO)' 1ho 
e<v>IO'l!s ol 1!0-, ,.,._ oonsole """'"' N"''' doSplor •~• od 
d<'ftS Oft.r tl>e holl "'0tn..:l10n r,.,., .. on 1ho Ur-!IBUS-
le<mo""t..! ,....._., ... T ... PC ,.,., .. ti> tho noxt l ... lruc· 
h"" to t>o ... oeutod ........... !l>e co .. ,, .. koy 01' ti'Mt CO-lo 

~s ~osso• opo<ot;on to ,.....,..,, No I"IT "'"'' " ·-
N01o: A l>oll asu0<1 on • trap 

'" 

WAIT 

-~ lO<' lntenupl "''"'" 
l•.•. 
• 

o o • " " ' " • • 

not oHO<tod 

Provtdes o way for tl>e procenor lo rolinQuisl> u•• of 
the buo whlle ot '""'" for oo O>lernal •nlo<rt>p1. 
Havma be-en il'~" a W~IT comrnond. !he procusor 
woll not competo 1or bus use Uy l•tcll•ng instructoons 
or ope•&nds !tom-men!O"f. Hos """'"" hogher¡rons­
!er rotH belween • devoce ond memo')', sonc• no 
p•o<euor-onduced lalencoeo w11f bo encounler<d by 
bu• '"~<IO<t< f•om \he devoto. In WAIT, as in al! on­
w·uctoono. tho PC poin<O 10 the ne>l onth'ut\oon !ol­
Io••""~ 1he WAIT o~rOI•on. Thu• wl>en on •ntorruol o•u••• lhe PC 0n~ PS to be pu5hed onto 1ho pro 
co«or •laok, tne addro<> o! the no•l in•t•u<1oon 
tollo,.in¡¡ the WIIH '' .. V<'d. TM ""' lr_om the. on· 
terrupt routine (i e. o•ecution ol an IITI onolruct•on) 
wdl cau1e rMurnpMn ot the onlo'lltplt'd proce .. ol 
the instruc\ion lollowin¡ the WAtl. 
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RESET 

= 
I[;;;.:!•::!•::·~:·'::•;::•'=:·~:~·;:,!•:,:!·::!•::•'"::::•;:;;;JI 

S<ncb I,.IT on tho UNIBUS_ .o.JI -.:e. on lho U NI­
BUS are...,.¡ 10- >loto o! po- up 

' 

Caoo<IR.., Coó Opontan 
CLN SEN .. 
CLZ SEZ 
CLV SEV 
CLC SEC 
ccc scc 

COtld<t""' coc1or o¡>erotorS ""'""' 
l o 1 o ' • • • • •,• : ' • ' Jc>•J•J•I ' 1 < 1 
• • • • • • 

<o•o•e~''""" S. - ..... condohon coGe boto Solectot>~ combo ... bon• al 
- ll.t• moy tlo <loar"' or 001 10~11'$. Condohon CU<Ie to!i 
..,..,e,"""d•nl to bol> on "'" eond•t•on <ode _,,.,. (81" 0-
l) "'" ..-1.0 OtcO"<I<n& ttl lho Mn"'ol bol 4. tht W~lc;l­
bot o! tho OpotOIOr. Ce. Mlll'>e t>o!1poed>«< by bol 0, l, 2 00' ]. 

11 bol 4 " o l. Ctoor corrowonrl•nl boto ol t>ot 4 • (l 

'" OoorG 000241 

~· o .... v =" 
"' Cloorl =·· 
~· o •• ,. ~ 

'" ~' =~· 
~ ~· ~ 

m ~· 000264; 

~" ~ .. =ro "' oc 
~' Sot otiCC'• 000217 

= OaroiCC"• ""~' 
CtoorV ond e 000243 

""' No Ope.0lo<ltl =~ 
Com~'"'''""' o! l!>t ot>o,. MI 0< <loOf ope,.l•on• moy be O~ed to¡¡tlt>or to '""" 
combon..; in<t•uctoo<" 
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1 
M!NICOMPUTER SYSTEMS 

R. H. ECKHOUSE, JR. 

PROGRAMMING TECHNIQUES 

Mastery of a bask instrudlon 'et i• the first step in learning to program. 
The next step is to learn to Ulll! the instruction set to obtain correct resulu 
and to obt.ain thern efficiently. This is best done by studying the following 
programmin¡ techniques. Examples, which ohould further familia:ia the 
ruder with the total imtruction set and it• use, a:re given to illu•trate nch 
technique. 

4.1, I'OSIT\ON·lNOEPENDENT PROGRAMMING 

Most program• written to run on a computotr are written so 115 to occupy 
specified memory location• (e,¡., the cunent location counter is USf'd lo 
~efine the loca1.ion of tht fint inttroction). Such programs are said to be 
absolute or posiliDn·depMden/ PTO/lr<Jml, However, it is sometimes desir~ble 
to h•Ve a stand>rd program which i• available to many different users. Sine~ 
it will not be known a priori where the st.llndard pro¡;rarns are to be loaded, 
it ;, nec~ssary to be able to load the prograrn into düfcrent arus oí core and 
to run it there. 111cre are •cvPral wny~ todo this: 

l. Rea,.ernble the program at the ~esirPd location. 

2. Use a rcloeating lna<.lcr which acce¡>b <pecially co<.led binary rrorn a 
tPio~ata.ble a.sembler. 

3. Have the pro"'am rclocate itself dt.:r it is loaded . 

.;_ Write a program that isposirion-ind~pendenl. 

On small machines, "'""'"mbly is often performed. \\'h~;"\ the required 
core is available, a relocat>ng loadcr (usually called a lmlring /oader) is .. 



SEC. <.1 " 
preferable, lt ¡enerally is not economicalto h~ve • program rclocate il.sl'~f. 
,;nce hundreds or thousands of addres.,.• may need adjustm~n~. Writtn~ 

position·independent code,. usually no\ pos.sible bec~u ... of ~he <tructure of 
the addr~,.\nc of \he object m"~hine. However, on th~ PDP-11, po5!lLOn· 
independent code (PJC) is poS<ible. 

PIC is achievcd on the PDP-1 ~by ming addr<•<Sin~ mod~, which forman 
effective memory addre<> relative to the pro~ram ~ounter (I'C). Thus, if an 
instruction and i\5 object(s) are moved in such a w•Y that !he relative di•· 
t.ance betw••n them is not altered, the same offset relative to the PC c"n be 
used in al! positiona in memor:;· _ 'fhlL, PIC u~ua!ly rcf.-rences locatio~s re!"· 
tive lO the cunen! loca\ion. I'IC pro~""'" may moke ab,olute rP~erenc<•s M 
long as the loc11ions referenc<'cl •t.oy in the <a>np place while the PIC prn~ram 
is relocated. 

There are three position-independcnt mode< or /orms of instructhms. 
They are: 

l. Branche•: the condition"l bran~hes, a.< well as the un~ondition•l 
branct1, BR, are poai\.ion·independent, sincc thr brnnch addr~s- is comput~d 
asan ort ... t to the PC. 

2. R~/Mivt mtmory r~ferenu!' any rel~tivP m•·mory referencP of t~e 
Co= 

is poaition-independent because the a<..,mbln ~s..,mbles it asan offset in· 
dexed by the PC. The offset is the diffrrencc betwrcn the referenced lor~· 
tion and the PC. For example, a.s!Lme that the instrLJction CL!l. 200'" at 
address lOO: 

LLno 
Numb•r 

' 000100 

C'ono•nto 
S~mbol;< 

ln>L<ocL;on 

00&067 CLR ~00 :~·¡¡(ST IV01!0 01' L'<STRl'<.TIQ'< 
oooo7< :on·s~·r-~oo~"" 

---~_:____ _ ____::·--··· -'----
'The offset is sdded to the PC. Tho PC contain< ]0·1, which ;, the ~ddr~<.< of 
!he word followin¡: the offset (the Sl'cond word nf ¡¡,;, IIL o-word in>truetion ). 
Note lhat although the form CLR X i< position-indcprndcnt, the form CLil 
@X is not. We may oec this when we consid<•r lh<' followin~: 
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' 

., CI<AP. 4 .. 
Lino Symboli< 

Numbor Addtou Conl<niS ~M· lnutu<lion Commonto 

' 001000 00~017 ' CLJI III>X ;CLEAJI LOCATION A 
000174 

'· 002000 003000 x. _WORD A J'OINTEH TOA 

•• 003000 000000 ,, .IYORD O 

The ~on!.<'nts o! location X are used •• the addrt•ss o! the operand, which is 
symbolically la\Jeled A. Thevalue stored at location X is the absolute address 
o! the 5ymbolic location A ralher than the relati•e addreos or ofhet between 
location X andA. Thus, if all the cede is relocatéd after assembly, thP eon­
tents of location X mus\ be allered to reflect the fact lhat loc~tion A now 
st.ands for a new absolute addrMS.t lf A, however, was the name associat.ed 
witll a fixed, absolut.e location, statements S and X could be relocaled be­
cause now it is imporlanl for A to remain fixed. •Thus the following code is 
position-independPnt: 

Line Symbolk 
!<l>nnb~t Addt<U Conton\a ~M· ln•Uuction Common" 

00003(; A- 36 :FIXED AOOI\ESS Of 36 

' 001000 00~071 ' CLI\ i'X .CLEAI\ LOCA TION A 
000774 

' 002000 000036 .WORO A ;l'OINTER. T0 A 

3. lmmcdiale oper~nds: thP assembler addressing form #X sp...,ifie• im­
mPdiate data; that is, the open.nd is in thP instruction. lmmediot.. dala t.hat 
..,-e not addtPS.,s are position-ínMpendent, since they ;r~ a part of the m•truc­
\ion and are moved with lile instruction. ConsPquently, a SUB #2.HEH.E is 
position-indcpendcnt (•ince "2 is not an address), whilc _\\QV 1t A,ADR P'TR 
is position-dependent if A " a symbolic addrNS. This is so ~ven though 
the opNnnd is fcU:hed, ;., bolh coses, using tlw PC in the autoincrrnwnt 

t-ro •<<ify lhOa poml lho toodor i> •noovn;od to ••locol• <1" codo. oll<c '"""mbly. 
lnlo l<:>cot10n• 4UOO. 5000. ond 6000 By dn<n¡ '" ho will di>co•er thO( liH" oonl<nto ol 
lh<·,. l<>oolion• 0'0 lhe .. ,.. " fot th• o•i~1nol cnOo ond thot Lh< conlonlo cf hxolion 
bOOO do o><>l poinl to l<>oalion 6000. 
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mode, since it is the quantíty fetched that is being used rather t!lan its fotm 
of addressing, 

4.1.2. Aboolou Mod"' 

Any time a m~mory location or register is u sed as a pointtor to o:!~t~. !he 
reference is absolute. lf the referenced data remain always r;xed in memory 
(e.g., an absolute memory location) independent of the J'OSl~io•¡ of the PlC, 
the absolute m·odes must be used.t Altema:iv~ly, if the da:.a ,,,~ rPbtive to 
the position of the codP, the ahsolut• moJes mus! no\ he ·~se<.! un!~"' :he 
pointns involved ;o.re mod'1foed. Restatin~ :h'" point in diff~rent words, if 
~ddrc .. ing is dir....,t and relative, it is position·ilnlep~ndPnt; if it ís indirect 
and either relative or absolute, it ;, no/ position·indrpend<·nt. For example, 
the in•truction 

"move the contents o! the word pointed to (indirecUy referenced by) \he PC 
(in this ca•e ab•olute location X) to the word indexed rclative to the PC 
(symbolicolly called HERE}" cont.ains one opemnd that is refer~nced indi· 
recUy (X) and one operand that is relerenced relati>·ely (HE!l.E). This in­
structlon can be moved anywhere in memmy a< long as absoiute !oc~tion X 
st.ays the same, that is, it does not move wtth !he instruction or prc.~r~m; 
olherwise it may not be. 

The absolute modes are: 

., . ., 
"' !R)+ •nd (R) 
~R)+ ond .-,R) 
X(R) 11_,.6 or 7 
f'X(R) 

Looolion X;, o poinl<r. 
Tho imm..dio1~ word ;, o pohlor . 
Tho r<~is<or i1 • poinlor. 
Th• roei""' 1• o poinlor. 
Th• ro~:uot poinu lo o p~inlor. 
Th• b•••· X, moo,ro<><l by (R 1. ;, th• oddr." or lh< "P""""· 
Tho b"•· modilit<l by (11), ;, o p~inlor, 

The nondefern•d index mode• require a little clari!icatiun. As descrillPd 
m Chapter 3, the fonn X(?)tt is !he normnl mode in which to relerPn~e 
memory and is a rebtive mode. lndex mode, usinr. a r~¡;i<ter, is al so a rela· 
tive mode ond may be "sed conveniently in PIC. B",¡~~lly, :he re¡:J<\Pr 
paintrr points to a dynamic st.or~¡:e area, and !he in<lc~ mod• is ""'d to 
aceess dat.a relative lO the point<>r, Once !h<' pointt't is <et up, al! d•ta are 
referenced rel"tive to the pointer, 

Tllñon PIC ;, no< b<>nr ,.,lll~n. roforon«"l <o fi••~ IO<Oiiooo m•y b• porform•d •dth 
eilhor lbe oboolyle O• ffl&li>< formo, 

ftRocoll lhot X(7) lo .qulyo\tnt lo X( ll7), '"h ith ¡, •qui,olont to X( PC) whoro PC·R l. 



A utomatic PJC i¡ code th al requ1res no all<:ration of addres<;e& or poinl<:rs 
Thus memory ,..,rerence• ue limit.t>d to relative modes unless the location 
r~ferenctd is f1~ed. In addition to th~ above rules, the following rnust be 
observed: 

1. Start the pro¡¡rarn with .•0 lo allow eruy relo<·ation using the absOiut.e 
loader (see Chapt.er 7). 

2. Alllocation-•etting &tat.ements ml1<t be of the form .~.>X or .~ fune­
tion of symboll within the PIC. For eumple, .~A+ 10, wher~ A is a local 
13be1. 

3. The,.., must not be any absolute location-SI'tting st.atements. Th;s 
mrans that a block of PJC cannot sct up specified core areas at load time 
with s\.att•ments Sl1Ch u 

The absolute loader, when it is r~locating PIC, relocotes all data by the load 
biu (SI'e Chapter 7). Thus the data for the absolute location would bto 
r<'local.ed to sorne otll<.'r place. Such areas musl bP set at ex~cution time: 

"'""'~~.tn•~> 
o:;<¡>, ~•J<Z 

4.1.4. W<i¡ong Nonw!ornoti< PIC 
> 

,F<•T ¡,~~~IN ¡,ef. l~( J•& 
,MN~·i<!'$ LO(Al!ON ¡•2 

Oft.en it is not poJsible or PCOnomical to wril.e totally automated PIC. 
In theSI' ca<;es sorne relocation m~y be easily performed at eJ<~cution time. 
Sorne o! the required methods of solution are pres~nted below. Basically, 
the methods opernte by eJ<&mining the PC to determine where the P!C is 
actually local.ed. Th~n • relocation factor can be ~nsily cumputed. In all 
examplu it is assumed that the code is assembled at ?.ero and has been re­
loeated somewhere else by the absolute loader. 

4.1.5. Soni"'l Up Fi••d Coto Loeotiom 

Consider fint the p,..,vious e>.ample to dear the cont.ents o! A indirecll~·­
The pointer lo A, contained in symbohc location X, mus\ be changed if the 
code is to be tolocated. 'fhe program sPgment in Fig. 4·1 rreomput~~ the 
pointer value eacb time that it is """""!.<'d. Thus the pointer value no longer 
depends on the va\U,. ot the localion ~<>unter at the time the program wn.s 
rusem bled, bu t on the val u• of the PC where it is loaded, 
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~ow if thi& pro¡ram it loaded into locations ~000 and hi~her, it should 
be cl~ar that none of ~e pro¡¡ram values !S ch~n~ed. This point could be 
•hown pictorially by t.aking the fiG. 4·1 materi~l. Iecopying it, bt1t ~han~ir.~ 
on\y the values in the l~ftmon column, th<' o<ldress column. Thus if one 
were to look in, soy, location 4010, tn~ cont~t\ls would lJe 7Gfi and the value 
found in locatlon 5000 would ~ 2000 [Le· .. neith<-r value is ~h~n~cd). 

Giv~n that the rro~ram data ha ve 1101 <·han~~tl. the que<tion "' 1 iow c!oes 
it work? The answer 1S that the off,eL ,\-S-2 i• ~~uivolcn~ to A-IS+~ nnd 
S+- 2 is the val u e of PC wh1ch is pbc•d in RO by the st.,trnwnt \!OV PC,HO. 
At as<~'mbly time the offset value is A-PC0 , where !'Cu~S+2 nnd PCu Í< 
the PC that was assume<l for thl' pro~ram whPn a<>~n>l>lt•d t>ecinnine Dt 
\ocatlon O. 

Later, a!ter the program has b<·en r~located, the move in>truction will no 
longer st.ore PC0 in RO, but a new value, PC., which i< the currcnt v:tlu~ o[ 
PC for the execut.ing program. How~ver, the a<!d instruclion >'ill adds in the 
immediate value A-PC0, producing lh~ fin~\ r~sult in HO: 

PC.+(A-PC0 )., A+(PC,.-PC0 ) 

which i1 the desired value, sine• it yields the m•w ob<olute !ncation uf A 
[e.~., the a<S'-'mble<l value of A ph•< the rel<><·ntion factor (I'C.-PC.,)j. 

•' 

' " lf pointen mus\ be used, they n1ny be relocnlcd ao we hn'c JU<\ shown. 
For example, assume that a Hot ofdnta ;, to be a<·n•<Scd with the in.lrt1Ction 
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OUI'IO 
0~0002 

00000& 

ooou~ 
000014 

OOU20 
0008~2 
0000~4 

•·~t·o~.; 

OOl•OlO 
ON•On 
0{•00)4 

" CHAP, 4 ... 7 

'I'he pointer to th~ li>t, lis\ L, may be colculated al execution time as fo!lows: 

.. c.~~ 
OL-~-~. ··~ 

, ~u Cl"·•·<~' ~e 
; k~C· OFHEl 

Another va.riation is lo gather al\ pointerSinto atable. The relocation 
factor may be calculated once a.nd then applied to al! pointers in the tahle in 
• loop, The pro~am in Fig. 4·2 is an example of this technique. The ceader 
ohould verify (Exnd5e 1 at the end of this chapter) that if this program is 
relocated so that lf 1\ be~ins in location 10000, the values in lhe pointer 
tab\e, PTRTBL, will be 10000, 10020, and 1003Cl. 

o~u~e 
(o0(•0~1 

~~~~~~ 

~0U~7 
01~700 

h27~0 
0~00~2 
OlNOl 
ooone 
OtOOOl 
ot;·7a2 
or•U0J 
~000~1 
{•0~)02 

C•~U7~ 

<•OOMO 
N•OOOJ 
{"(•0006 
00~020 
MOOJI'I 
~~~~~1 

"~·~· 
01•~1 
~;¡:.¡;< 

rc·~7 

' "" PC, ~~ 
~·Vi< ox·~· ~~ 

"" oru·trL IH ... ~~.u 

"" OHI~LEN, R2 

LCIOP: A~O ~~- (h)+ 
DEC ~2 
¡,N[ LOOP 
HRLT 
HLLEN~J 

PT~Tt~: .UO~·p ~.~OOP,PT~TB~ 

, .. 

, PEr!N[ ~· 
.t>H!NE ~·1 

; t>EF!I'E •·2 
;t>Er!NE f•C 
;k[L(I(Af[ ALL [NlR!H IN PHTPL 
¡(~LCliL~l[ <·El(i(l\l)(IN FMCl0'' 

1 lO Pl<T~L 
; UT LEIIGIH OF HIEa.[ 

; ~[L(o(M[ ~N ENn'' 
, COUNT fo(IUN 
, BR~N(H l ( NOT DimE 
¡ ~l(IP UH[N DONE 
.LENG!f, or T~El[ 

Care must be exerdsed when restartiog a ;irogram that relocates atable 
or pointen. The restart pr=edur~ must not include the r~locating again 
(i.e., the t.able mun be n:-locll\<>d ex•ctly <mee aflPr each load). 

•.2. JUMP INSTRUCT!ON 

• 
Although mentioned earlier, the JMP instruclion has been ovnlooked 

somewhat up to now. The a•tute ruder wUI, no doubt, reco¡;nizP that the 
ne~es.ity or a jump instruction is dictated by the fact th11.t !.he branoh in· 
•lruction•, although reiative, are incapable of branchin& more than 200 words 
in eithet a po<iti;·~ ora ne~ative direetion. Thu< to brancb from one end of 
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memory to another, a jump in•t.ruetion mus! b~ a par! of the ioslruction .,.¡ 
and must allow full·word addreuing. 

The jump instruction is inde~d a part of the PDP-11 instruction .,.¡ and 
belongs to the slngle-operand ¡:roup. As a re•ult, jumps rnny be r~l•ti•e, 
ab.olut.e, indirect, and 1ndcxed. This flexibility in det.erminins th~ .-ff~rtive 
jump addre"" is quit~ useful in solv1ng a particular class of pro!Jlems that 
occlll' in prognmming. This da .. is best illudral<·d by e.xampl~. 

4.2.1. Jump Toblt Problom 

.... common type o! prob!em is one In which !he input <!~ta represen! a 
{'ode tor an action to be performed. For ench code, tht pro~r~m 1; to t..Xe a 
certain action by execuling a speciíied block of collc. Such n problem WO\lld 
be coded in FORTRA~ u 

~[~D. 1 ~DEX 
GO TO <18.~~~.)7,11~~'- ,,7J,INOEX 

In other words, based on the value of >ndex, the program w'd! ¡¡o to !he 
statement ]abeled 10, 100, 37, and so on. 

The "comput.ed GO TO" in FORTRAN musteventually be :r~nslated into 
machine langua¡:e. Qne possibility in th~ lan~'tla~e of the PDP-11 would be 

> 

~E~D 

""' "' "" '~ 
T~8lf: . WQkO 

INOEW , ~ PS(lOC>Q-l1<5T~l'CI 10'1 
I"O(Y, H Jt~C( 11 1" h 
kl .~(•!NOE•:C•M>:-1 

R1.<1 .•OR~ <•r~<t•U 
~TFIHE«ll , I"Ol•'HT JU~" 
t~e.u~~- Ll7, 111~•- ..•• U' 

¡;_ 

¡; The method used is ealled thejurnp labio mnhorl, >lnce ·,¡ U>P< atable of 
i'addresses to jump to. The method worh as follows: 
~' •• 
•· • l. The value of J;\DEX is obtained . 
j 
L' 2. Since !he range of JNDEX 1S l o;; l!\'DEX o;; m:u:imumnlue, 1 is sub­
tracted from the index so that its range is O<;;; 1"'0'-X .;; max - l. 
'. 
i' i 
; 

\ 
1 
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3. The value of index is doubled lo t3ke ene of the fnct that labels in 
the tableare $lon•d in even addresses; i.e., full words; 

4. The addr~n for the J~IP instruo~ion is utiliud both ~ indexed and 
indirect, such th¡¡t it points to an address to be jumpc<.l to in lhe ubk 

• 
Allhou~h the jump instruction lransfen control to the correct program 

lahel, it does not specify any way to come back. In the next section, where 
we sho.ll consider subrout.ining, "" shall see that a slight modification of the 
jump instructions allows for an orderly transfer of control, and a return, 
from one section of code t.o anolhn. · 

4.3. SUBROUT!N~S 

A ¡ood programming practice to get into is to sep<l!"al.e large programs 
into srnaller •ubprograms, which are easier t.o manage. These subpwgrams 
are aetival.ed'either by a main program or by each other, allowing for the 
sharing of routines amonc the ditferent programs and subprograms. 

The .avine in memory space resulting from having only one copy of the 
nceded routine is a defmite advantoge. Equally impe>rt.ant 1s the saving in 
time for the pro¡¡rrunmer, who needs lo code the routine on\y once. How­
ever, in order to share common subprograms, therc must be a mechanism to 

l. Allow the tran<fer o! control from one routine to another. 

2. Pasa values among the various routines. 

The mechani•m th at accomplishes the"' requirements is called the subrou t me 
linlu!Jte and is, in ~enernJ, a combination o! hardwar• feat>Jres and software 
conventions. 

The hardware fcatur•s on the PDP-11 which assist in p~rfonning the 
subroutine linkage are the instroctions JSR and RTS. Th•se instructions ue 
m the subrm1tine ca\1 aod return group and have !he following assl'mbler 
form and in1truction formatt: 

LJ "" 1 1 
' ' Or '""" ---' 

Lonl''' ~'""'" ·--_j 

"" 1 1 
' " 

' L IJ..·""""nn .~d«" 

toopon~in~ on l~• modo of ad~'""inr. ono O• two wo•~• a>< u .. d for lh< JSR 
ionru<li<>n. 
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111~ ... ,.,,,., 

"" 1· 1 1 

" ' " 
()p '""'' ----

.___, 
1 '"''''" "'""'"' 

'' 
Both instructions make use of a ""stack" mechanism sínular to the sL~ck 
mech.mism described for zero·address "machines in SPCtion 1.2.8.6. 

4.3.1. Stock 

A stack is an Brea of memory s~t aside by the pro¡:rammer for temporary 
stora&e or subroutine/ioterrupt sen•ke linh¡:e. The ins~n•ctions ~hat factli· 

·tate stack handling (e.G., ~ut.oine>'<'ment and autnde<:rem~lt) !l.t<' '"~fui fe•· 
turco that may be found in low-cost <:ampute". They allnw a pr.ncmm. lo 
dynamically estab\i<b, modify, or delete a st.ack and it~m• on it .• Tbe stack 
use1 the lr~Jt·in, first·out or /,/FO concept; that is, various it~ms may be 
add~d to • ¡t.ack in sec¡uential arder and rdritv~d or cl~letcd from thP stack 
in reven.e arder (fig. 4·3). On the PDP-11, a stn~k SLart• at the hi¡:hest lot·a· 
tion reserved for it and "~pands lin~arly !lownw"'d to th~ low~st a~<lress as 
items are add...:l to the nack., • 

Low a<l<l"""" 

' 

The programmer doe5 not ne~rlto h~p tra<'k of th~ actuallo<:ations ~i• 
data are b~ing stacked into. This os done au\on.,tie.,!ly thr<HOGh a slac/1 
pointer. To keep track of the las! ítem added to th~ st..,ck (or "where we 
are" in the stack), a grneral re~'"!" always t·oninms llw m<•mnry address 
where the last item is stored in th~ <l.acl<. In th~ I'DI'·ll nny •··~ish•r ~xcept 
r~~ister 7 (\he PC) may be Used ns a <lnck po;111<'r \lntlt•r ¡>r<>~ram t•on\rol; 
however. instructions nssocint.-d wilh ;uhroutinr lin'<n~<' nnd 111\t•rnopt •er· 
vke automatically u.., re~i•t~r 6 (RG)"' a h;,rdwarc <t;•ck pounn. for this 
r.-asan R6 is freq11ently referred to as the sy<Wm SI'. 

Stacks m ihe PDP·ll may be mnintain<•d in••illwr full-word or byte units. 
Thi< is true for a st.ack pointl'd to by any r.-giswr nc~pt Hl>, \\hid1 "'""be 

' 
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organiud in fulJ.word units only. Byte stacks (Fig. 4·4) rcquire instructions 
capabl~ of opnat\ng on by~s rather !han ful\ wordl (byte handling is di .. 
cussed in Section 4.G). 

00,~ 

007010 

0117072 

007074 

00707b 

007100 

007101 

007075 

00101~ 

007077 

007100 

" ,,., 

h<m 114 

l1<m n l 

ll<m • 1 

1'"" 11 1 

l1<m 114 

lttm 11 ) 

lt"" 11 ~ 

h<m 11 1 

Fll. 4·4 

• 
- SP 1 0117071 

-sr·l 00707.1 

/>'o~<· Byl<> '" 
"'""'''~ '" ~;,,~, 
"foUowoOI' 

lly« J Uyt< 2 • 
Btl< 1 Byr< O 

Word ond hy~ •L>ck•. 

Iteml are added to a otack uoing the autodecrement addre<oing mode with 
th~ appropriate poinU>r register. (See Chap~r 2 for a rle.cription of the 
autoincrenJent/decrPment modes.) 

This operntion is occomplished M follows: 

"" 
sou~n. -<5P> .~OVE 50UFlE f•'TE 0"1(1 TI<E !.l~C~ 

This is calle-da "push" because data are "pushed onto the •toe)." 

ts •• S<etion 4,6 lora diocussiot> ol byte in>lnooliono. 
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To remove an ítem from stack the autoincremcnt addrcssin¡: mo<.le with 
the appropriate SP is employed. 'n•is is ac~ompli<hed in thl' fotlowing 
manner: 

"" 
~OVIl 

Rcmovingan ítem' from a •t.ack is ~all~d a¡oop, for ' .. I'OJ']lÍn~ fro:.m th~ <tack." 
After an ítem hu been popp<'d, Íl< st3ck lo~atiooi ¡_, ~omidN.-.:1 free and 
avaUable for other U'l'. The staá poinlcr points lo th~ last.us~<.l locn!.ion, 
implying that tht> ne.~t (lower) Ioc·~tion is free. 'l'hus ~ slack moy ro•prc't'nl 
a pool of sharcable temporary stor,~e localions. 

4 .3.2. Subr...,ti- Coll• ond ll«u1n1 

When a JSR is executed, the conlent. of !he link~~r rpgisler nre saved on 
the •ystem RS stack as il 1 MOV re~,-{SP) has ~en p<'rfom1ed. Then the 
same register ;, lolded with the ml'mory aciMess following thc JSR in<truC· 
!ion (the ~ontenta o! the curren! PC) Md a jump is macl~ lo lh<' enlry loca· 
tion spedfied. The ef!ee•., then, o( neculing one JSR instn•ction ls the 
same as siniultaneously executing two ~IOVs anda J.\tP; for <'.\nmple, 

~ov •·ra.~<~r¡ 

nOV re. ~EG 
J~P ~uu 

,f·U!M O·(~IHH 1~10 lME ST~C~ 

,f-lll HTl'~N P( INT~ ~EGISH~ 
, JliMF' H• Hl(•o;¡,ull ><[ 

Figure 4·5 gives the "b~!ore" and •fter conditions whPn necutin~ the <ub­
routine instruction JSR R5,1064. · 

Btfo" 

1Rs1 • ooo1n 
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00,000 
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In order to retum from a suhroutine, lhe RTS instru,tlon is execut,ed_ lt 
perforrns the inverse operation uf the JS!l., the unsl>lcking and restoring of 
!he uved re~isll!r value, and the return of control to the instruction follow­
ing the JSR instrucllon. 'The equivalen\ of an RTS is a concurrent MOV 
instruction pair: 

~15 »EG ~ov ~rG. •·e 
II{•V (~f>•.~EO 

;<(STO<( ~C 
;'ESTü<f <·[GISTE~ 

Ttle "'" of 1 stack me.;hanism for subroutine calls anc! retums is parlicu­
!arly advantageou¡ for two reasons. First, many JSR instructions can be 
ellecuted without U.e need to provide any savinG procedure for the linkage 
irlformntion, since all !inkage informatfon is automalirally pus~ed into the 
&l.<lck in "'quential arder. Returns can simply he made by automatically 
popping this information from the stack in opposiW order.·. Such linkoge 
oddres.s bookkeeping is ca.Jie<.l automatic n~rlint of subroutine calls.. Th1s 
feature en~ble• the programmcr t.o construct fast, effkicnt l\nkages in an 
.. asy, nexible mann<>r. 1t even permils a routine to be n•called orto cal.l 
itsel! in those cases whue this is mcaningful {Seetions 4.3.5 and 4.3.6). 
Other ramifieations will appear aft..r we examine the intenupt ml'<:hani•m 
for the PDP-11 (Section 6.4). 

The S<'cond ndvantage of the SÚ'Ick mechanism is found in its case o! use 
for saving and restoring regist..r5. This case ari«"s whcn a subroutine wants 
to me the cen~ro.J registers, but thcsc registers were nlready in u<e by the 
calhn~ pro¡,'l"a!TI ond must therefore be retumed to it with their content.s 
intact. The call~d subroutin~ (JSRPC, SUBR) could be wmten, then, 11..1 

shown in F1g. 4-6. 

"" l"l(l~ 

~-•s 
H~F·S; . WO~~ 

SliH; "" "" 
no>' 

""' "' 
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" ~.~.B.~.~-~-~ 
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"-p •. •:.· 
<00•- ~~ 

" 

; ~~··· ~-1 
;S~>'( ~2 

, HST(•H ··~ 
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.•nu<N 
• !:~H "~E~ 

• ''-'S" " . ~·_os~ " 
; F·QP " • ~Of" " • <EH•~H 



The second routine uses two fewer words p~r r<·~i•t<>r <aveír<>stor~ and 
a!lows another routine to use the t•onrorary st.•ck otora·~e nt a lntl~r f>Olllt 
rather than permanently tying soone memory loc~\ions rn:\lPS) to • p;utic­
ular routine. This ability to share temporaty stor;,~e in lhe form of ~ stad !S 

a very economico.l way to save on memory uso~<·, es¡wcinlly wlwn !he total 
amount of memory is limited. 

The r~ader should_ note that !ht• subroutino• cnll JSR PC,SL'BR is a )e~ili· 
mate form for a •ubroutine jump. The instn>ction clo<·< no! utilize or st;]Ü 

any registers but th• PC. On th~ other h•nd, tho m<tnoction J.':.lt SP,SL'BR, 
where SP ~ RS, i.s not nom!ally consid~rcd a nwanin~ful comhi,ation. 
Later, however, utilizing register 6 will he nm•idero•d (>•'<' o;;,.,.,;on ~.3.7), 

· The JSR and RTS instructions handl• !he linb~e prol>km for transfer· 
rlng control. What remains is the problem of p~«in~ ar¡:ument> h"~~ and 
forth to the subroutine during its invocation. A• it turns out, this is R fairly 
straighttonvard problem, and lhe real qu ... tion bc-comi'S one of choosong On<' 
1olution from !he large number of way< for passin~ values. 

A very simple-minded approach for ar¡:ument tr~nsmission \OOUld ~ to 
agree a.~ead ót time on the locatiom thot might be \JWd. For exnmpl<', <Up· 
pos~ that lhere ~xist.. a subroutine !>IUL which multiplies two iG·bit won!s 
together, producing a 32·bit r~sult. Tl1e subroutine expec\5 th~ mlll\ipliPr 
and multiphcand t.o be placed in symholic locntions iii<Gl and ARG2 ,,._ 
;~pectively, und upon compl<'tion, the .mbroutin~ will leavc !he resul~nt in 
the same l~ations. 

The subroutine linkage needed to sct up, nll, and snve tb" ¡:~nNat.ed 
resulls might look like: 

"'" Y,. ~~~1 -~lltfi~L!H 
MV ,., ~•e::, oMl'tl!''L!(~N~ 

w •·e, '"'t . (~ll MLll'U' 

'" ~''01.'5LT • ,_,\'F. '"' T JJ(• 
M VI' ~•G::. •·rt ;.::, JJN ¡. < E-'-'LI 

Asan alternative to this linlcage, one CO\<ld use th" rP~i<lt•rs for tloc •ubrou­
tine argumento and write: 

x. ''1 
\', ~2 
fC.ML'L 

,Mo)t!!'"t:<o· 
.ttl'tii'LI(~ND 

, C~Ll "l<tll "ll' 

This last method, nlthough .icceptnble, ¡, somewh.1! ,..,trict•·<.l in lhat a 
maxirnum of six ari(Ument• could be tr"·"•mi:t,•d, <'OrrP,¡>onding to llw num­
ber of general registe" availahle, As a rc•sult of ¡¡,;, ,...,¡.,dion, "~otl)('r aJ. 
t.erna~ive is used which m•lces use oí the mrmory locotlon' poink<l to ¡,_,. tht 
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)inkage rcgister of the JSR instn•ction. ·Since this rc~ist«r poinls to the fi~t 
word following th~'JSR instruction, il rnay be US<'d as a point.er to the !Jrst 
word of a vector of argurnents or argurnent addresses. 

Considering !he nnt case where the argumento follow thc JSR instruc­
tion, !he subrOJJtine linka¡:e would be _of the form: 

~~. lll'L , (~L'. MVLT lf"LV 
~··~e u<. ,-~~Lu~ • k''GUII(NT5 

The.., ar¡:ument.s could ~ acces.,d using autoincremcnt mode: 

'"' "" 
<~~H.H 

··~¡.. ~2 

.. 
,(,(T MULIII-"LJH 
.~ET !'I'JLTII'LIC~NL-

At the time ot retum, the v~ue (address point.er) in RO will have been incre­
rnent.ed l.Jy 4 so that RO cont.ains the address ot !he next executable instnJc­
tion'following the JSR. 

In the second case, whcre the addrcS<es of the argurnent.s follow the 
subroutine call, !he linkage looks like 

~o. "''L 
<~pp•. ,-~pp~ 

• CI'IU MttL T 1 f'U' 
, ~O(,(tii[~T$ 

For this ca!.<>, t.h~ val u es to be m anipulated are fetch ed indirectly: 

•·rs 

~···~,~-··1 
~···~¡~.·~ 

.rEH~ 1!\tLTJf"llER 
,ófTCH MULI] .. LICI'IN(• 

·.• 

Another melhod of transmittin¡: ar¡:uments is to transmit only !he ad. 
dteSJ of the f!rsL ítem by placing this address \na c•·neraJ.purposc register. 
lt is not nrcessazy Co h~vP tlle netual mgument li~t in the sarn<• cenera! <~tea a. 
the subroutine ~all, Thu~ asubroutine •·•n be called to wor~ on dat.alocat"<! 
anywhere in rnemory. !n fact, in many ca<C;, thP op~r3tion• performed by 
the •ubroutine ''"" be npplted directly to th<' data Jo<·at~d on or pointe<l to 
by a st.ack (Fi¡:. ·1·7) without Pver actual!¡: ne<'ding to mov~ th.,... data int.o­
the subroutinc arca. 

h,m ~ ~ 
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Calling program: 

Subroutioe: 

'" 

oP0JNTt•.•1 
•·e WH 

svu•OVTl~•• 

,\:[1 W F-~!"TE~ 

,("U ~-UOMI!NE 

Ili 

.~(·~ JT[M 01 10 JT[~ o~ 

. 'e Mi E <[;'.L>U IN !TU> 02 01 
f\>!'<H H• !'E~ o;.• NO~ 

• ~ Hl1E E>' ECT M$ M8(>VE E:"( E>"T 
; ·~~~ '1 ~T!ll '01~·~ 1(• 
, JI EM 01 

'" 

- Given these many ways to p:m ar¡:uments toa subroutine, it is worth· 
while to ask, why have so many bN'n PrPsrnwd and what is the ration:UP 
for pres~nting them al!? The :ulSwer is that eaeh m~thod w:u prPS('nt.-d as 
being somewhat "bettA>r" than lhe last, in that 

l. Few regisl.en were vsed to lransmit DTb'llment;. 

2. The number of pararneuors pa"5ed eould be quil.e large. 

3. The !inka~e mechanism was simplified to thP poim w~ere only tne 
addre .. of the subroutine was needed to transfer control and p~so paramPI.ers_ 

Point 3 requires sorne additional explanation. Since <uhroutin ... , like 
any othcr programs, may be writt<>n in position·;ll<le¡•en<.lent code, it ;, pm­
sible to wril.e and anemble them indtpenc!ently from !he main pro¡:r:un that 
U!t! them. The problem is filling in lhe apprupnate nddn·;s for the JSR 
instruetíon. 

Filling in the addres~ field in lhe JSR instruetion is !he jobo! the linktng 
loader, since it can not only rdoeate l'JC progr:uns bu\ :.lso fill in suhroutine 
ad<lresses, Le., lin/1 thcm together. The result ;_, thnt a relo~ntnl>le <l1brou:ine 
may be loaded anywhere in memory n11d he linked with one or more c..Uiing 
programs and{or subprograms. The1e will be only one copy of th~ routine, 
but it m aY be u sed in a repetiliv~ IL\nnner by other pro¡;r.~m.< locnted any­
where else in memory. 

Another point not to be O\'erloohd in recnppin~ Rr~umPnt pa«in~ ís the 
SJgniíicant ditference in the mNho<l• usPd. The fir<t tPdHli~""' prt•wnt••d 
used the simple method of passin~ a ualue to 1.he subroutine. '!11e later tPch· 
niques passe<l the addrc" of the ,-alue. The di!ferenee ;., tlw.<e two u•ch· 
niques, cal/ by oo/up and cal/ IJ." addre.«, ~an be quit~ irnport:mt, as il]~,. 
tral.ed by the following FORTR,\.'\-Iike program ex~mple: 



' 

"' 

¡ ·~­
HI~T.~-~ 

••• ,., 
N·JNL .,_~ 

'"' 

17 
P' UG~ ~MMINC ncn NI Q t•ES 

'fc•!.<(•CIT!NE ~OJ~H> .. ~J 
!E~f·•• 

\'ol[M~ 

O'EH•ON 

'"' 

lf the real conotants are pa5Sed in by value, Uoth print stalftrnenl< will pnnt 
out a -l. Thit occun b<>e~use subroutine SW ,\P lnU>r~hanges L'1e val u es Lhat 
it has receiv~d. not the ~~tual conu.nts of the ar¡:uments thconsclves. 

However, if the real constants are pas..,.¡ in by ad<.lress, the two print 
st.atemenls will produce -l. and l., respectively. ln this cas.e the suhroutine 
SW AP reference> to real constan\$ lhcmsel ves, in terchan gín R the actual ar¡u. 
ment values. 

Higher-level language, such as FORTRAN, <:an pa<S par;ometen both by 
value and by 1ddress. Oft.cn the normal mode is by addreas, but when the 
argument i• an expreuion, the addrcn reprcsents the location of th~ evaluatec! 
expression. Thcrefore, if onc wished to ca.Jl SWAP by value, ít ~ould be 
performed a. 

1 t~U ~~~~<~. •l .• 2. -~ ) 

causing the conl.t>nt! of the ~xpr<•nions, but not the cnnstant.>; themsel•es, 
to be •wit<:hed. 

These t..chniques for passing parameters are ea.y to underst.lnd at !he 
a.<sem bly lnn¡:ua¡:e leve! b~~ause the prograrn m.-r can se.t euct:y what meth· 
od is hdng "used. In higt,~r·level languages, however, where the !.t>chnique is 
not so tnmsp:u-ent, intcresting results c•n occur. Thus the knowl~dgeable 
higher·levellan~uoce programmer mus! be aware of lh~ t""hnique$ used if he 
is to avoid unuwal or unexpe<:l.ed •~su)!!. 

4 3.4. Subroutino Rogiotor Uoogo 

A subroutinc, liko• any other prn¡:rom. will use the registers dunns its 
execution. As a result, the contcnt.>; of the registers al tlw time that the 
>ubroutine is invnl<o-d "'"Y not llf' lhe san1e as when the sul>r<>utine rdurns. 
ThP sh~rin¡: of the<e common resources (P.g., the regist,..s) th•·rdore dicl<>t~s 
tbat on rntry to th~ •ul>routine lhe reJ:i<l<•rs b~ ;~ved and. nn P~it, rr,tored. 

Tlle rcsponsih1hty for pPrforming the savc ""d r<•<lore function falls 
either on the calhn~ routine or thP called routinr. ,\lt.hou~h ar¡:umo•nts e~i•t 
for makin~ Lhe ralling pro¡:ram <ave the r<·~isl~r< (sine<• JI nc~d save only !he 
one< in curren\ use), it is morecommon for the suhroutine it•elf to ~ave and 
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·~•tare aH ·~~is:Ns uo~d. On th<· I'DP·ll lht• <aV<' "nd "''l""' routine !1 
gr<'a.lly sirnplif<Pd by th~ """ ofa stack, "' "'ru; i!h1SlmlPd m F<~. 1·G, 

As po'<nted out previously, 5\ark.. ~row down\\ard in rrwmory and are 
traditionally defin~d lo oeo-upy thr mo•mory spnce imnwdiatl'ly prrr~dtng 
the pro¡:ram{s) that ""' them. One of the flf-<l thm¡:s that any pro~r~m 
which uses a stack (in p,1rticular onr thal n~n•t•·•" JSHl must do is lo se: 
th~ stack pointer up. For HampiP, if SI' (i.e., HG) os to b~ I'"Pd, U1r pro~ram 
should b~~in with 

""' '" 

,f·Er, ~~ TNE n•r.r 
1 ~>T•t•C 1 1 o~ ¡,; l~E F <·c·~<-M 

,,,.~~-~.- HG•<: 
·l·H<[I'IE~I ;, !"\' L 
,N F'•-'>H (•h'l(o T~[ flM(< Ultl 
,f.T(•<[ TH[ \·MT" ~~ ([~-,;' 

This initinlizahon routtne is writt<"n in J'IC fmm, ""~ b"d il hN·n ass<•mhl~d 
bl.>ginning at location O (.•0), th~ pro~ram ~ould ht• e~>ilr n·ln•·~l-l·<l. Tlw 

· rolltine uses a programming tTJck lo <knellwnt th~ •t~te: lt ,,,_._, tlw l<"S\ in· 
struction in autodecr~menl nw<.l~ ""'1 i~non·• ::1e 'P!lm~ of th~ ,-ondit.ion 
code:s. The all.{>rnative lo using :hr TST in<ln1.-tiun w<>llld lw ·.o St;H L'2,Sr, 
but this would require an extra Jll<lt\LcliOll word. 

4_3.5. R .. nuanoy 

Further advnnta~es of stack ur~nnization b••<:o""" app'IJ"cnt in co1nplex 
situation¡ which can arise in proi:I"Rm systcms lhnt nr<• ~11¡:n¡:ed in the concur­
ren\ hMdling of sevrrol ta•ks_ -"ueh multiW.sk pro~rnm r•nvironmenu mny 
range from relatively simpl~ sin.<:l~-"'"' arplie•lions which mus\ m~n~¡:r an 
in!Prmlx of 1/0 service and bacl.¡:rotnHI< nmputntioll lO lar¡:~ comple., mu)U­
prOb'l"amming syst<"ms that mnn:l~C u very intri'""\'' ,,;,¡,".uf •·-"·Í:utive and 
mult!user pro¡:r•mmin~ _<ituatioris. In Jll t!w'" nppli.:ation; ti''"''' is n ne<"<.l 
for nexibility and timejm<"mory economy. '!11<• '"'" nf ~¡,, st;,.-k prol"l<l~s 
this <"conomy and fl~-"bility by pro,·:rlll>¡: a m,•l'\Orl for all<m i•lC many t.1ús 
to use a single copy of the same routino• and ";implc•, """"''"~'·ous m~thnd 
for keeping traci< of cornplex prn¡:rom linl<:o~e<. 

The ability lo share a sin~l~ copy of ~ l:""en ¡>ro~rom aouonc """'' or lMks 
is called runrrahcy ncentront !'"'~""" t<>LOtin<"-' t!iff,·r frnm <mlinnry Slll>­
rouline• in that lt is llnn<'ccs.ary for recntr:ml rnllli~•·-' lo f:n;,¡, pru«·»in~ 
a given task befare they can u~ ""'d hy :mollwr t"•~. _\lultipk l:"k' ,·an be 
in various stages of •·ompletiqn ;., \lw 0 anw ro1•tnl« .11 any ¡¡,, .. 'J'Inrs th~ 
situation lhown io f'1g. 4·8 may nt.-.:ur_ 
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Pro'""') 

P<Of"'"' l. ~ ••6 l <>n 
''"'" >uhfwtinc A 

Pro¡r>m) S"""'"'""' Al 

1 

(""'"'"''o..'' •rr•<>><h 

A"'~"""'""' or '"t"""""" A 
m un br p<O•i~«< for n<h provolll 

Cli AP. 4 

The chie! pro~ramming dislinction between a nonshareable routine and a 
reentrant routine is that the reentnmt routine is composed solely of p~re 
code; that is, it cont.1ins only instructions and consl>lnt.s. Thus a section of 
program code is r~nuant (ohareable) if and only if it is non-s.elf-Ínodifying; 
that is, no infom••tion within it ís subject to modification. The philmophy 
behind pure code is nctually not limited to r~entrant routineo. Any non­
modifyinG program <egment Lhat has no t.emporary storage or data associated 
with it wi!l be 

l. Simpler to debug. 

2. Read-only pr<>tectabll' (i.e., '.t can be kept in r~ad.only memory). 

3. lnterrupta ble an d re• lar la ble, besídes being reen trant. 

Using reentrant routines, control of a given routine may be shared as 
illustrated in Fic. 4·9. 

1 r ""' .. ¡ 1••' B 

N«'"'""' 
L- "'"'"" r-­,, 

1. Task A has rcquesl••d processinc by r<•enlrant routine Q. 

2. Task A tempornri\y tflinquish._.. control o( r~entrant routine Q (i.e., is 
int<:rruptt.d) before 1\ !inish._.. pruc~s>ing. 

' 
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3. Task B starts proc,·.s\ng in the sam~ copy of '""ntrunt rouline Q. 

4. Task B r<"linquish~s control of reentrant routine Q 8\ sorne point in 
iU proce$Sing. 

5. Task A recairl5 control of r~entrañt routinf Q and resum~s procPssing 
from where it stopp<'d. 

The u!ll! o! reentrant pro~'tamming allow• mnny l.ash to sh!U"P frequently 
uSI'd routinei such as de•ice .,.rvic~ routinPo nnd ,\SCl!-Binat}" <"on•·<'nion 
routinet. In fact, in 8 multiuser syotem ít is po,.iblr, for ins¡_,n<·e, to con­
struct a reentrant FORTRA!\' comp~er that can b~ U>ed as ll ;ing:e cop;• by 
many user programs. 

1t is o!t.<.>n meaningful for a pro~mm '""l:fl'lt'nt lO call it.self. The ability to 
nest subroutine calls to the same subroutme is cnlled se/f-re,•nt•·oncy or 
recu">ion. The use of 8 stack orsanization pcrmits oasy unnmbi~u<•us ,,.. 
cursion. Tht' \.<.>chnique of recurnion is of ¡:trNt ust to thf mnl.,PmAtical 
analyst, u it also P<'rmit.J the evaluation of sorne othenvise noncomrutable 
mathematlcal functiono. Thi• t.echnique often pr•rmits very <i¡:mific"nt mem· 
ory and spced economies in the lini(Uistic operotions of ~on>pi!ors an<J othPr 
hi~her-level10ftware prow:mn, a.< we shall illu•trate. 

A dassicnl e~ample of th~ u-,hnique o! r•cur,ion r~n !:>1.' ~nun<! in mm­
putin¡: N factorial (N!). Although 

>t is al so true that. 

N!=N•(N I)•(N-2)•···•1 

N'= N•(N- ll! 

1! = 1 

• 

Written in "pseu<Jo.FOR'rRAN," " function f11r caln<l•tin~ N! woul<l look 
like: 

!~Tr~E' FV~(T!~~ .-CT<Nl 
lF" N~ 1" ~<• T(• i 
f ~C.=i 

•tn•>N · 
1 F~rT•N•<~(<~-1) 

•Ell""" 
'"' • This ~ode is p~eudo-FOI~TRAN bi'CnU-«' it c:tnn<>t ;<ctuaJI_v ¡,.. trnn>bt!'d 

by most FORTRA:-" compiler~; r.he proi.Jh·m i• tllat •J,,. rocursi<P cnll r<'quires 
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a ¡t.~ck capabiP of maintaining both !he curr~nt valuP• of F ACT and th~ 
rt•lum poinlers <•ither to the function it•el! or its callin~ program. HowPv~r. 
the function may be cOtlt•d in PDP-11 a•sembly languag~ in 3 simple fa.hion 
by taking advan\.a~e of its >tack mechanism. Assuming that the value of N is 
in RO and the value o! N~ i< tn be left in Rl, the ft~n<•tion FACTcould be 
cnded r<"Cursively asshown in Fig. 4.-10 . 

'" .. • 1 ~ '~·~7 

'" E~IT ·•·u 
110'' 0:~.-<~P) '~~V~ " "' 

,, 
. '"'' ,_, 

m ~C. ~NC T • éOHf'''lE ·~-11' 

""'' <5F')•,I<1 'F'EH~ no" ,,~, ~ 

"" OC. M''L •Ml'Llli"L\' W•u•f:> 
o:n: '" " • •EH'"' 

The program of Fig. 4-10 calls itsP]f recuuively by executing the JSR 
PC,f'ACT instruction. Each time it does so, it places both \he curn•nt value 
of N and lhe retum addre-ss (label RET) in the suck. When N "' O, the RTS 
in<truction cau""' the rctum address to be popped off the stack. :-IHt an N 
value is pla~~d in Rl, nnd a nonr~cursive cal! is m"d" to the ~1UL subromine. 

The Sllbroutíne multiply (MUL) uses the value of Rl to perform a multi­
plication of Rl by the value of an interna! number (in<tially 1), hel~ in !>lUL, 
which represenls the p.1rtial product. This P"rtial product is al so left in Rl. 

Upon returning !rom the multipl) subroutine, the program ne:<t en­
CO<lntcrs the RTS i::utruction •&ain. Either t.he stack contains the retum 
nddress o{ the cnlling prngram for FACT, or else annther nddress·da\1! pair of 
wordo &enerated by n !'t'C<Irsive cal! on F ACT. 1 n the latter case, Rl is again 
loadffi with mn N value that i1 \.0 be multiplied by thl" partía] prnduct being 
held locally in the MIJL subroutine, and the abow, process is ngain repeated. 
Ot.herwi«·, the re\urn to lhHallin~ program is perfnrmed, with N! held in Rl. 

~.3.7. Coroutiner 

In 10me situations it happens that sev~ral program &e¡:ments or routines 
""'highly internctive. Control is pn><~d back and forth between theroutines, 
and each ¡:oes \hrou~h a penod of su<pr•nsion befort" b~ing resumed. ~cause 
the routincs main\.a•n a •ymmet:rk relatlon,hip to each other. t>, ~Y are ralltd 
ruroulines. 

Basically, the eoroutine idea is 3n exl<·nsion of \he subroutine conc~pt. 
The difference between them is thal a •ubroutlne is subordinate to a lar¡:er 
rnlling program while the coroutine Í< no t. Crm<equently, pa.sing control ;, 
dif!erent lor th~ lwo concepts. 
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When the ca!ling p~- makH a call to a oubroutine, it •u"Pend1 it.w!f 
and tranlf~rs control \.o the 1ubroutlne, Th~ subroutine is ~ntered at ]~¡ 
be(innin1, perform• its functlon, and terminates by pouin~ 100ntrol l>ack to 
the callin& program, whlch is thereupon'resumed. 

In passinl control from one coroui¡ne to another, execution besins in 
the newly activated ro11tine where it las\ ]pft off-not ~~ the entrance to t11e 
routine. The now of control passes bRck\nd forth hetwel'n coroutinn, and 
uch time a coroutine gains control, il• cc.n>put;.,~ionl>l progt'''"" a<lvanc<-d 

' until it puses control on to another corouti';P. 
The PDP-11, with l'- hardware slllck fei>ure, can b.. easily prol!'famm.-.:1 

to implement a ~oroutine rci~Lionship lwti•·:~n two m\<·ractin~ ruutin•·'· 
Using a 5pedol case of the JSR instmction {i.e., JSR PC,W('tG)+], which 
ucha.na:es the top element of the re¡:ister 6 p';x~S!or slack untl th<' cont<onts 
of the program counter (PC), the two routi j•·• ¡.,.;y he permit\~d to """"P 
progTam control and resume o¡Mno.tion whero they.stopp<'d. wh<'n r~c:Uied. 
'This control sw1ppin1 i1 iUusLral.@d in Fig. 4-l 1. \ 

Routino 1 1 ~opon o in•. it '""' 

(11 I'Cl ;, poPP<d froou oho <l><k 
">d <h< SP •utoon<«n><n"d 
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(l) «H""IIo! ¡, uonof<md oo UO< 
lowion I'Cl (i.< •• "'"""' • !) 

JSR I'C • .,IR61+ 

"""~ tho .....ull U>atl'r. O. '""'"f'd 
for I'CI on oho ""k ond <Onuo!" 

"'"'''"'"d "•<k 10 '""""' t l. 

1___, 
"-~·;=:j 

L"' cj ¡=i' :'' 
,_ 

sr ·----

ti'J 
¡=.:\-,· 
f-'H' 
--.~ 

' 
'ic· ~·ll Coooutin• intonochon. i 

The power of a coroutine structure is t.o be found in\ oodern operatin' 
syst.-ms, 1 t.opic beyond the scope of this book. !loweve: in Chapt.-r 6 it is 
pos.<ible t.o demonstral.e the use of coroutine• for th<' <lotth; bt•ff<'tin~ of 1/0 
while overlapping computaUon. '!'he e~>mple pr~SI"nled 1 tiMt chapter is 

. elegant in its ....,min~ sim.plicity, a.nd yet it repre<ents one ;; the moot basic 
!{O O¡Mtationa to be perfonnPd in most operntin~ synenlS. \ 

\ 
' 
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Para efectuar una función de entrada salida, el progra 

mador debe especificar donde se encuentran los datos, de donde vie­

nen 0 van y como el dispositivo de entrada salida debe ser manejado. 

A esto se le denomina program.ac:ión de entrada salida. 

Dependiendo de la función de entrada salida se puede 

requenr que el procesador espere hasta que la función de I/0 sea -

completada o por otro lado el procesador puede contmuar ejecutan­

do tareas simultáneamente con la ejecución de la función de !/O. 

El pode:r programa!: una cotnputadora para reali~ar c:í.l_ 

culos ee de poca aplicación si no hubiera manera de obtener resulta 

dos de la máqu1na.' De la misma manera se hace necesario proveer 

a la computadora con información a ser procesada. Por lo tanto, el 

programado.r deberá contar con medios para trangÍerir inío.rmactón 

entre la cornputado.ra y los dispositivos peri!értcos que permiten -

<'argar datos de entrada y obtener los de saltda. 

Para la familia PDP 11, la programactón de los pert-

íéricoB es extremadamente simple, ya que una instrucción especial 

pa>-a la entrada salida es innecesaria. La arquttcctura de la máqui­

na permite direcciona.r Jos registros de estado y datos de los perif§_ 
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ricos de manera directa como localidades de memoria. Por lo tan 

to, las operaciones en dichos registros como es la transferencia -

de información a o de ellos asl como la manipulación de datos den-

tro de ellos es llevada a cabo con instrucciones normales de refe-

rencia a memoria. 

El uso de todas las instrucciones de referencia a me 

mor1a en los reg•stros de los per1íéricos incrementa gradualmente 

la flexibilidad de la programación de entrada ~alida. Todos loa re-

gistros de peri!,l;ricon pueden ser tratados como acumuladores. 

Actualmente en la PDP-11, las direcciones corres-

pendientes a las 4 k palabras superiores, est.S.n reservadas para -

los registros internos del procesador y para registros externos 'de 

entrada salida, por lo tanto, en caso de tratarse de una máquina chJ. 

ca, la memoria se verá limitada a 28 k palabras de memoria Hsica 

y 4 k de localidadea reservadas para los registros del procesador y 

diapoaitivos de entrada salida. En caso de contar con "Memory 

Management" lo que provee bits extra de direccionamiento 2 en el 

caso de la PDP 11/40 tendremos una capacidad total de 124 k pala-

bras de memoria ffsica aparte de los 4 k del área de regiatros an-

te11 mencionada. 

Todos los dispositivos perifl!ricos son e11peciflcados 

por un juego de registros que son direccLOnados como memoria y 
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manipulados con la flexibilidad de un acumulador. Para cada dispo­

sitivo hay 2 tipos de registros asociados: 

l. Registros de control y estado 

2. Registro11 de Da toe 

Cada perif6rico puede constar de uno o mS.s registros 

de control y"estado (CSR) que contienen toda la información necesa­

ria pal"a comunicarse con dicho dispositivo. 

El unibus es una vla común que interconecta el pro-

cesador, memoria y periféricos. Debido a la arquitectura de la má 

q.1ina sólo puede haber un d!spositivo controlando el unibus en cual­

quier tlempo .. A este d>spositivo se le denomina Master. Los 

dispoaitlvos pueden solicitar aer Masters, ya sea haciendo una sol•c• 

tud de Bus o una solicitud de no procesador a la ló¡¡ica de arb1traje de 

prioridades del procesador. 

La solicitud es atendida si es la. de mayor prioridad. 

El nuevo master asume el control del bus cuando el actual maater -

libera el control del bus. El nuevo maestro pued<"! solicitar que el 

procesador atienda el periftirico o puede inic1ar una transferencia -

de datos sin intervención del proceaador. 

Las interfases en la PDP-11 pueden clasificarse en 

3 tipos: 
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1. Slave {esclava) - Esta interfase no estoS. prevista 

para aer Master. Ella eólamente puede tranderir datos a o desde 

el unibus por comando de un dispositivo Maestro. 

2. Interrupt (interruptn.r)- Esta interfase tiene la h~ 

bilidad de ganar el control del bus en el orden de dar al procesador 

la. dirección de la subrutina, lo cual es usada para atender la soli. 

citud del periflirico, 

DMA, Esta cnterfaee ti<!ne la habilidad de ganar el 

• control del bus de manera de tran1ferir ' . ,nformac1on entre ella y a_! 

gún otro periférico. 

' 
Un sola inter(ase puede emplear l~s 3 tipos antertor-

res. 
' 

'· 
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DL 11 

La interfase para Hnea asíncrona DL 11 es una intc.; 

fase para comunicaciones designada para convertir datos do serie a 

paralelo, La interfase cuenta con 2 unidades 1ndej>endientea, (receE_ 

tor y transmisor), capaces de establecer comunlcación simultánea 

en ambos sentidos. 

La interfase DLII ,lleva a cabo básicamente Z opera-

Clones: recepción y transmición de datos asfncronos. Cuando red-

be datos, la interfase convierte un caracter serie asíncrono prov<'•• 

niente de un dispositivo ext<lrno en un caractcr en paralelo requerido 
' . 

para una transferencia al unibus, Este caracter puede ser mandado 

por el bus a la memoria, o un r?gistro eo el procesador a algún otro 

dispositivo. Cuando se transmiten datos en paralelo desde el bus son 

convertidos a serie para su transmisi6n a un dispos<tivo externo. 

Debido a que las 2 unidades son independientes, ea posible estable· 

cer comunicaci6n de manera simultánea en ambos sentidos. El re 

ceptor y el transmisor operan por medio de 2 registros: el regia· 

tro de control y catado. para comando y monitoreo de funciones y 

el buffer de datos para guardar los datos antes de transferirlos al 

bus o a un dispositivo externo. 
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Descripción DLll Teletype Control 

Transmisii'in 

Cuando el O:Ubus direcciona ell.hibus, La interfase DL 11 

decodiHca la dirección para determinar si el telt:tipo es el d1spositi-

vo externo seleccionado y si es el seleccionado qué función debe dese~ 

pel'!.ar, entrada o salida. Si por "jemplo el teletipo ha sido selecciona-
. ' 

do para e!ceptar información a imprim1r, datos en paralelo proven1en-

tes del unibus son cargados en el buífer de transmición del O 11. En 

este punto la bandera de XMIT RDY baja debido a que la lógica del -

• • • transmioor ha sido activado (la bandera vuelve a estar baja una frac-

q , ·.•-

ción de bit despu¡:;s si el transmisor no se encuentra activo en ea e 

momento} La lnterfase genera el bit de arranque y t"ranslnite bit por 

b1t en 'serie al teletiPo. d~ nuevo pone la bandera "xM!T RDY (tan 

' . pronto como el registro de buffer se encuentra vado aún cuando el 

registro de corr1mwnto se encuentre activo. nCapués transmite -

• 
el número requerido de bit. de STOP. 

Recepci6n 

La secci6n de receptar la longitud del caracter es se 

leccionable por medio de un selector. El catacte.r recibido aparece 

justificado a la derecho en el registro buffer recepci6n ehminando-. . 
los hita de arranque y paro. 
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El cara.cter completo es formado en el UART y ea ~ 

transferido al registro buífer de recepciÓn (RBUF) en el momento en 

o:¡ue el centro del primer bit es mueotreado. En ese momento el bit 

de recepción efectúa el registro de entrada y control es prund,do si 

el bit de lnterrupt Enable se encontraba prendido se gennra una señal 

de solicitud de inturrupdón. Los bits no usados son llenados con ce 

ro11 y los bits 12-15 contienen Lnformación acerca del cal:'acter inte­

grado por el UART. Note ce que el programa bene un caracter com 

pleto de tiempo para retirar el caractar completo del buffer de da-

tos antes de que el nuevo caracter S <la colocado en el registro de re 

cepción por el UART. En el caso de que el programa falle en leer 

e11te caracter anterior, se pioirde y el bit de exceso y error son pren 

didos (bit 14-15) en el registro buffer de recepción. En el caso de 

que no se presente normalrnentc el bit de paro el UART presenta lo 

que supuestamente recibió, más el bit error 13yl5 prendidos. 

Programa.;:íón 

La interfa•e entre el programa corriendo en el proc~ 

sador PDP-11 y el DL-11 ae lleva a cabo mediante 4 regi•tros. Es­

tos son registros de catado de recepción (RCSR); Z) registro buffer 

de recepción (RBUF); 3) registro buffer de estado de transmición 

(XCSR); y 4) Registro buffer de transmisiÓn (XBUF). La función de 

cada uno de estos bits se da a continuación. 
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La lectora de tarjetas CR-11, lee tarjetas perfora-

das de 80 columnas. La lectora está diseñada para leer secuencial 

mente, los datos en SO columnas empe>:ando con la columna 1. Ca 

da columna tiene IZ >:onas o renglones, una perforación es ínter-

prctada corno un uno binario y la ausencia de perforaci6n corno un 

cero. Los datos son lefdos de la tarjeta una columna a la vez. Los 

datos son presentados en dos formatos para entrada a la computa'!.? 

'"· 

Modo Comprimido.- La!J IZ ~onas de la tarjeta son 

codificadas en un byte (Sbita), perrn"•tiendo un ahnacenarniento más 

eficiente de la mforrnac16n. 

Modo no comprimido.- Un bit es empleado para pr~ 

sentar el estado de cada zona en la tarjeta. 

La Lectora CR 11 consta de 3 registros para comuni 

carse con la computadora. Estos son registro de estado y dos re-

gistros de datos. Uno de los cuales presenta los datos no comprirn1 

dos y la otra comprimidos. La selecci6n de formatos se lleva a ca 

bo seleccionando el registro apropiado, Los datoa en ambas formas 

se encuentran siempre presentes. A continuaci6n se presenta la es-

tructura de dichos reg•stro~. 



' . 

RJPt,)4 

El RJP<;M es un subsistema de disco de cabeza mó-

vil el cual consiste en un controlador RH 11 y de uno a ocho drivers 

de disco RP~. 

El Un>bus provee la interfase entre el procesador la 

memoria, y el contl:'olador RH ll. Todas las transferencias efec-

tuadas entre la memoria y el RH 11 por medio de la facilidad de 

DMA del Unibus. 

El RH 11 contiene dos puertos en el Unibus: uno de-

signado como un puerto de control y el segundo como un puerto de 

datos. 

Los datos pueden ser transferidos a trav!s de ambos 

registros. Para operación normal con memoria conectada a Unibus 

A como se muestra en la figura 1 sólamente es usado el puerto de -

control, el puerto de datos no se una. 

El RH 11 se encuentra dividido en dos grupos funciona-

les, Hnea de registro y control y línea de DMA . .. 
La Hnea de registro y control permite al programa 

leer y/o escribir en cualquier registro contenido en el RH 11. Hay 
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un total de 4 registros en el RH 11, 15 registros en cada drive y 1 

regiatro compartido que ea parcialmente compartido en el RH 11 y 

en el Dl!'ive seleccionado. 

La Hnea de DMA funcionalmente conoiste en una me-

maria FlFO de 66 palabras por 18 bits y su l6gica de control. 

La función primordial de esta memoria, que de aqu( 

en adelante llamaremos SILO es el de buffer de datos para campe~ 

sar fluctuaciones de retaJ;"do en el Unibus al solicitar el DMA. 

Cuando una instrucción en la PDP 11 dtreccwna el -

RH 11 para leer o escribir cualquier registro en el RH 11 o en algún 

Orive, se inicia un ciclo de Unibus y los datos son dirigidos al o de 

el RH 11. Si el registro a ~er direccionado ea local (s<l encuentra 

en el RH 11). la lógica de control de registros permite el acceso al 

registro apropiado. Si el registro dircccwnado e.s remot? (canten!._ 

do en uno de loa drives, la lógica de control de los regi~tros inicia 

un ciclo de control de Massbus. El acceso a los registros en el -

Orive por medio de la lógica de control del bus no interfiere con la 

transferencia DMA la que puede llevarse a cabo simultáneamente. 

Los registros locales del RH 11 especifican parámetros tales cOrno 

dirección del Bus y contador de palabras, mientras que los regts-

tras del Orive especifican parámetros como dirección deseada en el 

d1co, información de estado, etc, 
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L& Hnea de datos de DMA funcionalmente consiste en 

el Buo de datos Manbus, la memoria SILO y la lóg>ca de NPR del 

Unibu8. 

La figura 2 presenta un diagrama de bloque~ aimpli~ 

cado de la Hnea de DMA con un s6lo Un1bus. 

Los 3 comando de transferencia de datos que pueden 

ser llevados a cabo por el RH 11 son escritura, lectura y checa do de 

escritura. 

Antes que cualquiera de estaa operaciones ocurra, el 

programa especifica una dirección en memoria (MA), una dirección 

de cilindro (CA), una dirección deseada de sector y pista (DA) y el 

número de palabras, La dirección de Memoria representa la locali­

dad de memoria donde se iniciara la lectura o escritura. La direc­

ción de cihndro deseada es la posición en la <¡lll! la cabeza deberá -

posicionarse, 

El sector y pista deseado representa La direcci6n de 

inicio en la superficie del disco donde los datos serán escr1toe o­

leídos. 

El número de palabras a 9er transferidas a o del d18 
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The Mini Computer as a Control Element 
!).¡dJey ll. Hartung 

Managemem Methods, Inc,, Waltham, Massachusetts 

. . 

Mini computers have been used to control a wide variety of processes 
and functions including machine tools, chernical processes, steel 
milis, and warehousing systems. Articles In technical journals and 
talks at seminars have described iri sorne detail many of these indivi­
dual applications. &lt what is a guod npplica.tion -- when do you use a 
hard wired comrol system and when should you consider a mini com­
puter? 

1 

The decision must be based on costs dollars per function -- and relia 
bility and maintalnabillty. In general, reliability can be disposed of -
as being indtrectly related to dollars. The simplest' or mass-prOOuced 
system is normally the cheapest system and also the most rcliable 
system. Maintainability can be given a cose value. The decision, therc 
fore, can be directly related w costs, Costs nawmlly rcfer ro the in\ 
tia! capital cose of the equipmcnt and also to recurring cost of opera=­
tion, including the aforementioned maintainahility cost, operator cust, 
quality of produce value, etc. Sorne of these coses can only be rough­
ly approximated and may be intuitive guesses. The cost of thc eq.üp-­
ment, however, should be fairly easy to derive by knowledgeable ~ 
during inicial planning stages. 

A control system -- any control system -- consists of inputs, outputs, 
nnd decision makers. In compnring hard wired systems with compu-­
ter systems, the inp.¡t and output devices probably stay comparable 
in cost. Input and output devices consist of operator switches. sen-­
sors, solenoids, servo or discrete (on-ofl) motor controls, etc. The 
decision maker is the logical system which determines the effect of 
input changes upon ourput actions. With a hard wired system, each 
sulxlecision or each function of the control system has its own loglc. 
A mini computer time shares its logic to accomplish many functions 
with n relatiVely small logical device. The mini compu.ter, therefore, 
becomes essentially the complete decision maker, even when there 
are hundreds of inputs and uutputs with varying degrees of interrela­
tionship. This is where the cost savings of a compu.ter system come. 

Many more decisions can be made per dallar wlth a computer comp_EI 
red to hard-wired Jogic. 
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- -
The are sorne inherently costly aspects of a compmer system. Hol­
ding functions must be stored externally. All inputs and outputs of 
data are in high speed serial word which means that switch inputs, 
for instance, must be hcld on until polled by the computcr. The 
holding device might be the operator's finger. The outputs muse have 
holding relays or their salid state equivalent. lnputs and outputs to 
the computer are always the same binary words at low levels, requi­
ring filtering and leve! conversion at the interface. No power ls avai­
lable for force-type functions, requiring amplifiers and power relays. 
Qf course, sorne of these restrictions apply to many hard-wired con­
trols. Out if the declsions are very simple, the input and output h.dt:e 
ring, filtering, and holding may be more expcnsive than the complete 
hard-wired control, 

The computer irself is limitcd by speed and by the size of interna! 
memory utilized for storing data and computer program. It may be 
cheaper even In a oomputer controlled system to do sorne complex 
but frequently used and repetitive functions extemally. For example, 
a servo loop could be pcrformed in a computer but in most cases is 
done externally. Interpolation for a machine too!, which is the pre­
cise control of velocities in two or more axis to draw a straight 
cut or a circular cut is expen'Bive in computer time In that it takes 
a large ¡x¡rtion of a computer. A single computer can do all inter-­
¡x¡lation and control one or two high speed, high accuracy machine 
tools. lf the interpolation is done extcmally, S-20 machlne rools 
can be similarly controlled. 

2 

So how is a decislon made to go hard-wiretl or mini computer? The 
system costs must be estimated in both ways, 'Dlis requlres sorne 
understanding of the end of process and the requirements of both a 
hard-wired system and the capabilitlcs of computers. In many case'!, 
thc computer can supply additional fimctions at very low cost which 
have to have sorne value placed on them to honcstly campar!.! systems, 
In othcr cases, the function to be perfonned is so complex that it is 
immediately obvious the computer is the solurion. Labor costs of both 
of the design and building of a system and the operation must be con­
sldered. 

Costs also include effects of lead time variation, set-up specd, and 
rejects. Al! of these costs vary and relate toa rarticular applica-­
tion. 

Rules of thumb are dangerous and can be mislcading, but there are 
sorne systcms where computer control should be looked at verv care­
fully. lf many simple decisions -- or many monitoring points, such 
as those on a transfer line, are rcC]uired or if very complex relay 
trees or logical decisions must be made, a computcr should be con­
sidered. Complicated decisions reqtJiring mathematical functions, 



- 3 -

partirolarly if changing eithcr between runs or over a period of time 
or thc requlrement for a great dcal of stored data for look-up tables 
or individual parts programs suggest cumputer control. Finally very 
specialized problems or machines or proccsscs with only one systcm 

.or a few systems being built, particularly where modifications bet-­
ween initial concept and final operating equipmcnt are foresecn due 
to technica\ unknowns, are particularly good applications for com¡x.tter 
control. Thls is true not only becausc of the ¡XJssible savings in hard 
ware costs, but more importantly, because of the normally much lo--= 
wer design cost. 

The mm1 computer can be a panacea for many ills, and should be 
looked at by the builders ami users of any controllcd system. It will 
be found that not aH systems ju stify on an economic ba si s the urili--­
zation of computers, but converscly, it will be found that what seems 
like an expensive and sophistlcated control system can often be easily 
justified purely on an economic basis. 
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o.lan~ lf ourrcot dtopo bo!CN o ¡r .. ot 
vo.lu~. 

Clcv dhci>or,o clunin¡:: '""' o thod 
P"""' oupply on for o p<e .. t Hco in­
tono; •• ... ~y o! uvual ~ro-ptOS<a=ed 
potou in thc qclc, 

Substute rotation: •~,., oub•ttu~ 

ro<otloo :otee oo 4<ld oH n ?ro­
do<o~ccd pobu !n t~~ cycle. fhed 
•f••d (,..,uolly vut&b:e vla cor.t<cl 
not pi"Ovid~d). 
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(9) hll ,lar .,d ba .. pbte cocllnr: tu= 
t<>el&1:1t oyotet:l "" ar,d ot!, lurn on 
>III.O<>.vor """"ed tempu&tllro ucu<lo <>. 
nt point valuo, 

-·-··¡ ....... ...,. ...... ... ""''"" . .,.,.. ..... , 
• ""'-''<-

.......... 

e<c.) could b& atrodue.d vt. '"" th....Wbo.ol 
ovitd; (IJ.tuut!v~ •••hodo of lo:l"'dt><:ins thooe 
lnputo lligllt !""luda: (1) potntlo-tu&, whooo 
output oi¡uoh vould be uot to the co..puur vla 
tho toltlphnr ond analog-to-di~!Ul convertu 
ood (2) o l'""thod c.r~ ond card-na~or 

·~~···~·: o..U &o "cych :. aod "ruot" ""uld 

r ~-. 

' 

computar by .. ~ of • ot&tua 
olpah ftom the ptO)CUO, ouch 

·­.... ., ... ,.,. -·· 

'"'""' 

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

functlon 
button 
Wt U11ht>. 

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

u loe• 
Vith 

oovorol to;¡lo aod puoh­
& """""" ot Otatut ot IJ:Idlco-

Ullit would bno cooooctlo..s u <ho root 

""" 

<hose 
••• <o tho 

o.=putor by Man.o of & IIIU~tlpleur 'illd a:> -..loll­
to-dl¡ltal convortor. 

'" 

oo ftoOI boll-Ju ~o<ot l!mJ.t ow1tchoo '1111 be 
hodl<d 

n.e l~put ond output intufoco drculto 
wouloi be ..ounood on plug-in c~tdo ond houoed in 
W!U.OOd >;>OCO In t~O CO,;>Utet cob!~ot. Tho O~d<o 
outo ... dc c.on<rOllOT cou~d ~o pocl<.a3od In • •=all 
Oeod<-tcp Cobloot, ot u o '""'ll roe~-..ou~tooi 
uolc, occu;>ylo3 ~••• '~"" 2' l<.c~oo of pwol 
hei•ht. 

Ot!c• the ~a.!ouo coo"-'1 lnouto aro oer, 
~orm..o.l opor.Uon ol t~¿ oyot.., conohto HEply 
O( pUoolo¡ tho ""cyde "'•«" button. So fur­
tr.~r actonoion <• ro<;uc!:Hd onUl tho auto ... t!c 
eydo !loo bou co=plou~ .ond the O.ll jor hoo 

. 
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Batch Control with a Minicomputer 

R. YOU:\G, Emery Imluotric•, lnc. ~nJ 
D. E. 5\'0BOD.>., J~cl<nn .h'O(;i.>t··~ 

At Emery lndu.rrieo, o minicom~"~"' <Jn"',•: 

productioJn ol ohemoccls, ocn>~<I•R1 ~~ "'"' 
of fctry ~·:.·-, 

t• Me 

• 

"' ., ' 

Tlw "''"!·'·'' r "'' ,.,.,-. •.. !-1· ·~- ··"""' rr~l.'ro:n 
••'··1 "''h ,-,eh !"~doo;t ,¡r,d ti .. -y .. _'"'"'.,_ ""' 

;;.,,, "'" .• - ,,_ ..... ,,,.,,,,¡ ~ i ,. 
: ... '!-lo" 

¡_r~'""'""'"·"! .•. ¡,. ,_., 
Co"nl"'''"' 1 11 : ,, ,:,:.·, ,.,,,,,,, ni 12 '"~''' -'ro 

l.:Ou"'l'"l ,;,,~ ¡.,. 1'•'.> •·'" h· ,,.:,,t·G ~::e 

¡o;,,, .. ¡"" ti.o· '•.:,•··: : '"'' "· "" 1''"' ,,.., ~'"' 
uo¡ou: ¡., ... , ,,t .o;;,,..,.,_, ... >:;no·< '"~'"' "" ::nt ~¡ 

,,, • thUlll.' 

for a ''Ornpu!H hith litd~ dillic-~lt;<. 

In•· ¡····~'-"" 1~· .' •·• .ul!tr.-:1 ¡,._,'·'''_,,, .. u 
l>1 :J,,. • "' "'" , '~ .- .. ,,,. '"1"'' "' o;u:¡.u: dot~ 
to '" ¡,.,~, •""' ,.,,¡ ''i·•·P'"""' ":ot. ~' '"""'·''· 
,-:.,,,,. •o·n~•" " ; j) _\ """'"''''"- r.,,,,.,! be' 
•h;t C'"" j..- ¡>·; -•--J <".t 1.-.:o·r! h•- t~~ f'.l:O>~ 

~~·o,hn,.,.,.. 1~.-: ··.•·c·.d io.::t ""h •ho c~n'JCI 
l''"~um. 

control desc,bed on 

' 

'" 

c"~I•<I"'ÍO•"'< ;,,,,,1, or~ L!' . .tl>;c·J ~;-.d J¿:Jc.· .. ~d 
:: -"''•'r"~·i •~ t~·· !2-,utnu; ·n ·.:r•'"i" J., .. h:· •• ,., , .. ...... ,_,,.,, [)1; trnut c:rcuit·, con-

>l>l Gl i.t: : .. -·r, 

foll<>•"d h:- '•'·'"'" 
''' <n;:tc !.-,,.¡, 
""" :r.o'o•l•·r·.,·:• 

IC 
,. ,; 

:••<:..:.-e< ,.,, ·:~me:t :~put> 

"'i'"'' ¡>O<> <hr'>w;h ;.,1,,. 
,•, ,•,- ''" ,.~,,.,,,;,.,, ~J de 

:·. ;,,¡,. "'''·''' imt:> :he 

e""''"' dd· .,, ..... ·~··t :. ,.,J-.. _,..,. """"''' ,,0 --1 c-r 
,. ':.! :,• ,;, .. u-• '""''· !,,. lC uutpotl ~no:! tr:ot..,;· 
.... ::,'"" ., ·_·,·¡:ut .\ :,,, rd.J.>. -1:-'.·.~.: 

••• ¡ ...... ' ... 

• 
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Stoll-rn 
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i)pe<otor :<»t~ ,, 
1291 Ro)'ltl .. n~er 

24-cMoool MAOC !J 
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(18) 
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by transistor>, a"' U!ed where continuity is desir­
ab!~ In case of a logic power supply fatlme. The 
contact-closure outpuh are ~bo nrranged in <¡mups 
of 12. 

Each contact-do>ure output ho, a stnrage 8ip· 
Rop whkh f<><"'Í''"' :1n<l hnld• !h~ doto from one oí 
the output lincs. Croup5 of cont~ct-closur .. ourpuu 
are selectcd lo ,..,..;.-e data by cod~ pro•·ided on 
the <Íll addre" lines. The ouf1>ut• include signa!s 
tu the annundalnr p.1nel, motor ;tartjstop "gnah, 
and signals to sol•noid-<!perako.l pilot vo!vt'l th~t 

..,pp]y air to tbe pn.>e<:,. '"'h-es. 

,. --- ·-- --- 1 ·- 1 ~ro~ Ecr,.,..!'ll ,;orp. 
¡ 

....... ,""" 1\IZ0-9 ' ' 

"· • 
Oo¡otol E~'~'"""t C,p ' ' 

POPSL 
Alarrn ooru:.c•oton 

"" (1~1 

(4,096, 12-M -di 
L. Wicalot lomps 

1 (231 . . • 

•• - <Onlrols 
1 Fla¡tr.!on Cmput" '" 7-<h""""' '-'OA 2 .,.., ' 

(181 

""" 
Ar<liO<¡i O"J!IIId 

'" 

" -' ..,¡ . . .-: . ' 
The stoU alarm c<>nsist of two l()..mtl!i•ccond timers 
tbat can b" res~! bv thc program. Thc tünen mus! 
be ,..,._., so that at Ieast one is always n•nnin¡;; 
nthe,.,..ise, an alann si¡;nal >S produced. If a p:-o­
gra>n error or bardwa'" malfunction alter; the 
normal •.-q~·n~• of t~e ;m~;::mm, t~e ticr.~r! ... ,,. 
not be te>l't olten enougl>, thueb;· o.ctuatin~ a ,t.;;: 
alann. 

The rdetypewriter and dock are u>ed in a conven­
tiooal manner fo, e'"etlt lo¡;gtng. Time in hours. 
minutes, and s~nds c~n be read from :he dock 
and printcd by the tcletypcwntcr with a t)')'ital 
ml•«age: OS:l6:57 T!!Efl~11:-oOL FROM ESTERI­
FIER LOW FLOW_ 

Sofrwote for !he mini 
The computer pmgromming, Ot software. re;ubtes 
the oprr~tion of a rnmputer-controllcd ¡m>ec". an¿ 
conmtule.< a major par! of the Je>il'(n and dt,!"lop­
meut e!Iort of such a >;->!~m- Sorne uf th~ scr.t•ral 
la<b for Emtn· lndu;tne .. compu:er t<ln be 1:1en· 
tione& rhey are ~p>eal for a control cnmput~r rh~t 
is applicd ro a b.Hch pmCP<s. 

Dq>en<.lm~ Oll tk product's f<'<]Lliremenl<. the 
wlt>~·are ''"!"'-""'es !he '.1!1 ~•. P"'' Lde! nmin~. and 
momtOt! the ''"'"' functions that d~terminP "hPn 
<leps >lwuld lw token. Tlw compult•r cheü; sL>. 
'·'"''hlo• n~d l·l lu¡;;ic.~l (;<'< ~r no) '"emlpomts." ~~,. 
combit!.ltion ni whieh NO comrolth~ d10ra!10n of a 
s:o·p or :be br.l"Chm:; to one nf se;eral po"'Lle 
ne•t <!<";>'- C"'"P"'er 'oftw"e mu't al>c dwck a 
lnt.d llf 50 !t'nl['""'tur<;, "'"''""; ,-.¡he ~O>ition,, 



• 
and otloer statu1 si~·,~h that show thc sys~m ;, 

· ~;>era!ing normal\)'. Cri ti cal statu• ·""o" c~n •~op 
the ch~mieal :>•~·u. 

The onnunciotion lnnctiaH uf th~ .oftwore pub 
out mc"ages {nu thc teletypcwriter) ton-

s~atu> indicatcn and progrom llow. e""''' fumtian dd~!S and atmunciates 

this 
the 47 

proe~S! svstem can hop[l"n 
as many as 30 !im~• dm1ng the batch proceu. A 
change tlkes two ;>rogram •tatemcnt•, a ,..,]>.,.. 
cha.nge subroutine call followed by on ericoderl 
combin:ttion. Thc ""lve-changP •uhroutine d,.,-odes 
the rombinaU<>n. sdects the vaJ,·es to be o~ned 
cr clo>ed, and produces a voh·c-chonge mcssage 
which gel> printed by the annunciator •ubprogram. 
Finally, the propet Vlllves are actuoted b~ lhe up­
d.ate subprogram which d~s a!! 1(0 functJOns. 

;, another ili too! that bun 
<yltPm, ti of 

" 
sy<tem lar 

next >l>kment 
time dot) are ~oing 
on to the r.~•t 

At th" ltart of corr~<panding lime <lot d~r-
ing the noxt v, •~oond pass, the a""umubtor is 
restored by the exe<>Uh>e and thc program pnxeed.< 
~• if the hMrruplion had not tal<en place. 

An e•ccuti>e "{ork c<mtrol" subroutine (an un-

coodttioonl ¡ump) ["'rmit• l""~r:tmmin~ in onl· <lnt 
lo alter thc Row .,¡ tl .. <t iu "'""lwr ,Jot. p,,,m•·••·r 
•·alues in Or>e time >lot t·an l>t• read or mo><loAo•d 
front a~othet .tot. 

The ddc loops ¡:o onto • ,¡.,~¡,. hm~ olot. Tht•<e 
loop< are the digo:al-cumputt·r N¡uit·aleut of analo¡: 
C<Ontrolloops that O["'ra•e •.al·.~<. Fi•·• t·ah·c< CO:I• 
trol ninc pro<oc" >arioh],.,_ ¡.:,,¡.loop h" ••tpoint 
input; from the mairo pro~ram dnd pro<:<55 •·ari­
ahle input< from tht• up<bt<• program. The control 
•lgorithm •~"'ml.>le< th .. t nf d uormal analog loop. 
~•~epi thdt ,umm•taoo repbtc• .• nalog mtcrgration 
nnd di~it•l <iolfc·r<·ntodlonn ..-p\.tl<'' analog. 

A "tun<~up"" controlpam·l¡wrmot< rapid optioniza­
tion of '"no"' cun<ton••lur thne l<>Op<. Comider· 
i11g <he <on>putcr >pn·d ond the tim•• <'<m<lant< 
of this app]i,·atoon. t!"· ddo <ontrol ;, mdistingui•h· 
ahl~ from analo~ t"<lnttol Lut it is mueh ea<cier to 
tune and mo<'hfy. 

'" 

la Eme<) lndmtrieO sr"em. e•·ery pha.se .,.¡ .....,.¡. 
time rompuler U>-tgc i>"roprPscnted-from 5imple 
abrm·point monotorlng tu unattendcd direct dig¡!.1l 
control woth sdf-chrt~mg f~otur~s. The system ha• 
becn dt•>i~n<-d ><> that tho Op~r.>t<>r can mtcrnct 
"tlh th<• rontrol S)">lem to Jher <elpoonts ,¡ neces­
sary. or ad¡ust the <·ontrol sv<tem !<> har.dle prcce" 
up<d< ..unually if thc neffi arire•. 

Sorne of the software concept• ho!"JO<>·ed from 
<omputer time-\hadng technolugy (which pcmHt 
mony <uhroutinc• to Le ac!ivated simultaneou•h-). 
contnbuk-d to the Be<ibilit\' oí the "">!Cm. Thi• 
organiza<ion pcnmt.s a n;:w main pro~ram to -be 
wntten for an ~ntorely ncw product with a mHLÍ· 
mum of dfort. ind\much "' the mam pro~rano> con­
"'' pnm.tnly o! a >"'juence of rolls to tne ,-nr,ou; 
utiHty subrouhr.~<. along '"th tlodr ret¡uir~d ~nd­
pomls and >elpo•nts. 

Dr Rob." Y<Nn~ i• D•t.-1or ul En<•n....U:.~ •• Emo-ry 
¡,,.¡""""'· lnc .. C..n"""'"· Ohio. Vr O.,,n E. s.abod. 
;, ' oo"""lt>nt "''h ]ao;hon A"'""'"'"· C.,!embu•. Ohio. 
.\,id< ~ h,..-d on P'P" P><><"nt«i at tO< Conf.,<nco on 
Soi;,l-5t>t< D.:•K<> for lrodo;UO>[ .\.pli<otoon•. !J)QftOC...! 
by IEEE woth 15.\., o ooopt'"'-""1 -•<l)", Cltv,t.,-.d, 1~:0 . 
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Part 5 
Process Control Applications 

lncluding Direct Control, 
Supervisory Control, 

and Advanced Control 

lntroductory Comments 

Autom.otion on tilo proass induotrin ha• been ur>der way ID< m.onv '1<11"- Tne vati<ty o' 
applicaticno is exten;ive. 61r'y oyoo o 1 ' Mo •w• • ,,,.,...,...~_Pl,..""" 
imp-ttlitllt ii.aii¡ awH<;ati<l"' ·,. • ..... p..,~ Tho adven! o! tll.! minicqm"' !lor b" ~<O• Ol.o 

oq 't '"atle<, ""·'"''· the dedQIÍQiult..a.mJ="teuo...;ulllQio..a.k."",.~mo>t, .. ,, . .,a. 
numbe• "' '"'•tod tasi< f. Thio appcQoch to automaticn has t>oen tormed "i~....,.,....,;cn" 
r nr ·~ • , "'" o · "'9"'"' '"'"-'+M el o l>lo '"' This ~.el coum, ... án alwnno 
<et el prcblems, ~_...........,"'""· since Vlfiou• minioomputef appoicaHons w;Ji 
be requi..d te •haro onlcrmation con cerned with rooourre<. order<, etc. 

The papen lfn thio port dese" be !M various control opplicaHono that "''" "' indunri31 
prac:ess!~, T~ey ore '"lectl'<l in ordor te ¡1\uotrotothe var1ety of problems, tho .. ,.,.,m control, 
the<l<V, and tocl1notow tl1at can be oppliod. and !he problems ol imolomontir.g oucn <v<'oml. 
The first ~~·by R ' "o.,'r 1c•wt•• 'o o '"det01l o¡~~-b~;c-:i~fo""i;T';ñi!'"N)lil:.\r:tct!1s 
rll,r 11 W~: V :.J,¡_,;¡p¡:i<>f...,¡~\0 .fot..._ 'f'U! ...... 1 l"'<>f- dlf,.,......,.,.- """""" 1 'lf'o.,...,...~.MII'; - , 
Tt>e or110nila"on ol wch a com~•' c0<1trol sy01em " i"'p<>mn•, for it n'Oy mun th< diff~fenct 
b.tweer, succe;s and lailur• in any specific •n>tanco. llil<>ttJ~•obou-~P'.N>f< "" 

u¡ tcd Gtid t.ou '""""" "~"'""....., .,.,..-~d..in.c.ulilr-U:.~!Jl;,~..úl=tv• -U.• 1' •~ 1'3rn"!!'17":';": t...,..,.,..~ .. bes """''"' _,,.. t,.....,.,..¡,.,¡.,...,,me~v . .,. •• ct 
~l,..._n.. ¡, """ '""''Ot ,,.,._ =m""t•~ ;,.'ttr'd,_......,, mput """""""''· . ..,110<¡00-r<t ,......_,.,. 

p..a.,L 01 im¡>orn~cr ~.ere;........,' "' "010 ol ili< c;uelü• ,,......,~..,.....,, 1 lh 01 ! loo 
t~.,.,,,.""'..,...,pu.,.O b-("!'OIIabm1v. In partic~lar. tho do>lgn o 1 tOo a;¡plico t:o" muot ;,f w 

.-.,..,,..itCM'tlen·.~on"l:omrort•r ttmmot ""' """"•'-=,.=• "'"" _..,.., """"'"""" ~""'""' the 
~•¡0;¡,....;:.1 ;t ... ~i.O<t "·P ccn:,~: ''•'''"'· T~is ¡:,;:¡:<·;;;;e :lbm>:os :c.,,.,,.:~ ol '"~~" 
""'P~t O••nce< thmu•.'" whocn ' ''"'"C~"'""'"' mu" communi~''" w•t11 h~n>att ""'"9' ooct tM 
P'OO:.Uo. T~<lp.•;¡o>r, b1· S. H. G"u¡•or, .•.1. R. ttw•:~ut, o o~ E. 1'. E. ~;o~. ·;::~>.><~r~• 
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Systems Engineering the Glass lndustty lJ 
RAY:O.fOND J . .\IOULY, sE;..IOR liE>rBI'.Il, I~t:t; 

.~ 
" 1 ,, lt '" " 11 lt 

' " 

1., b'rRODUcrLD'< 

N~: ::k~~~~;,~'.,;." gol 11ot lito+ :mlot i:U 
,J' ~ion. The n>I"Ch:mioal ago h&d ¡,gun, chamcteri>t,J 
~d by, in the ,.•on:l• of llo';:l &n [11," ~-

_.¡(, w'~~w¡>b~" •h ¡,..¡¡,.¡._!~"¡ '"" 1 1 •h ' ~~:· ' ...• ' 

/ m · hout tlbtked wattlti im tia:i; i,..w=· 
'/ tion e orl tbe Whni"' o' · ·,....,, oecss A!'~ whole. 

Theu & • .,;eo'·¡¡•i•nq · :ling.Weo.rclivillginthe 
•-r1 "d • io age.'' The in' ui· oo ... ~ution the P""""'" of 

Y
,r our tirne-i.o taking place, forci"g us \o ""'hapé atod re-' . ;:, strue~ure ow- proce<~ and to = e LOCXOilWj ilóln 

fr"W'?' 'ed¡ ole , am1 i11fumnel toiiiiol ¡uet~.,..... 
pbiboph:: ¡ shl 1 '"""''KoEW, and S}Sitiiutlc cut. ....... . 

These st..tcment• provide the ba.ckground for tho •urvey 
that foUows. It conri%s of thre<o !Mjor parta. · 

S~ 1 • 1 11. ""1& !attdaiiieae.tl .o .• telft '""''""''~-
o,,,,..,¡;¡~o<;,e.:e«ed.Tiw· i Soot- 1 ·.,¡,. 
arFr' t'moftlc ooa¿¡¡J(_OidtltO!"'gg."•ind~ttj o<illbe 

• ~,.. '' . - ,. ,,__¡y¡[ ,. ' ,, pte~"""""" IR~ y, -"'4 ,, 904Lh4MIUC~4L> 

ia •. otooo o 9"\1;" • ·i•!!"wriP,..oheco o i.i<.."'--!"lli'Cd w .. y. 

u. G>::nau. SY~T""" E"m-~EERt~o eo.~cE!'T.I 
A. D•finilioru¡ 

WJw.t do the •crUL-• ";¡--'ml" od " t tpo++""~" 
me"n? The"' t>ro "lmoot ~• rrunr dc~nition; M tho•ru ~re 
write .. nn :h~ onbjcct. Thc ;:onee¡>t of •ystem. i> nn 3n<:ient 
onc .. .U. '. t "m;1!,'i'diitlt!'tat\iitllittiti•qa ,;_. r.,..,_ 

~''"""'ripc ''""•ov.d Docemh•< ~l, 1963. Thi' p.opor ~-.. , P"" 
"'"",j ot '"'' otlo luLwcotion-->1 Con.;<•~ un¡¡¡..,_,, !.<•··im, Eo.­
,p_.'ld, J o!. ;¡, ''-" ;,¡, 

Th• &'Jibor 4> o;o!h 1ho Teo.11ni0&1 ~t>!• '-'"¡.¡""· o:on-.in~ ¡;u.,_, 
1\-odc• <:'v<nio>,, ;;-,Y. 

¡;¡-- 1' l:" ... 
A muclcrn d~finition [2] re.<d., M follo\\<:"~ 
oall_ l' o : of inte!SC l.t.g clb.it!! t• tltJt óf'H ·"'-- t J ~.r,;~ 
oqmn o roosl." S)'lltern., en¡,~tn..,rin~ is t he art Gt the ¡...,¡,. 
niquc of building "Y"'"""'- Thi>, on it•df. ~<-.:onld not ¡_., ~ 

~. f' ., 

nn- aclivity 1\"ere it not for ••·!tretrehm:t.-r'l'the - •' 
s~-.tun • 0 n¡§i'IM'ÍP~ swl •at jL "!'"""~.......,...,_.,.,, ...... ,.¡ 
e~ftt'i'nllg. TI ~~ ,--""'· ls tltt :olltu· . .... ._~~~e 
ioa¡ooP Lmtcr,p.;.........,.;"' bo'·o->1,.. p¡On .... t--~'"'"'· 
Th~ '""'u 1 !.c4M ...,,¡,,.. h-"<'I'!¡:Í......,;ng-irnp!i....---r.~­

UO¡;¡r•IO<on. lt ;ay• tl~--.t the whole i> m~re thn the >llm of 
thP ¡oor" 

nraltTÍilik 1 , .. • '!L' ' p -=--·, •of.t ... ...b.i .. ~- ·-·!. -~- ,,_ 
IOICP' Í 91 9 u · ¡-ili<·u• ;,., ~' <lo !"""'~-"" óooilt. Ther<' 
are t"'-.:o fundamenW.lly dillerent appro,.,nes to t~e ,_,·.,em 
d""ign prohl~m- ~loo; !tiC,"-' tiefiw 1 h. Atlt&tr.,..¡.'IJ""'!e 
"'"" o : j '"' n¡;pto.tth .md ti oc a <114Í '" ,,.,..;.,td.'"l"" 
p-e~i¡;-1). 

Tl u !' o t ¡¡ <th j,o afttlL itLtttd 10 .o.-m..-~of 
en¡¡i MWing. It oons;.t, oimply ·i' whieh 
does the jwL. T~~ rliNot small 

but '" - c-omplie.ucJ 

,- " JtJ1tl11od •~r><•~·•l" it.lon=r!>r 
it cr,g¡\'-" "idt thc repbcement o[ tloe 

pn>iolom by " probh•m inv,lvong i · 1 
uther wonl.•, tho ftr•t 

''''""~~;<~,:::~"~:~~,modo! of the con<tr~orot•. 

( t.. ¡ ,_ 

:;..... ... ...,.;~,.¡ .• " ""··h :.¡ 
;,., tl.«.-i !u Ll.c • !, •Y·l<·n:. "~.,._--,, 

thP "'"'"brol ''P!'~•·•ch will bo t~kt•n for the .lc·:~H uf 



• • 

vañous componen!!!. The 8landatd npp1'04Ch hll.• bcen 
eztensively used by ~ngin«l'll for the der;i¿n of control 
•yatems. 

........ ~ 
·-~··­~ ..... 

The marmfactu."'Íng proets!! i.s the oyotcm we are in­
terosted in. I sh.a!! di:10u,, it>. nature from ~ "Y•term cu­
gín~ring viewpoint anci pa.nicularly examine the rnle of 
the informati<>n nctwork nnd shmv how it re!Me< to the 
er:onomics of proces~~ control. 

li' "¡'¿¡¿ t~itut {'; kZJS e'!liUIW [4], ¡;;¡ 

----
----

~~d C8]!! 1?1 %jUÍpmoot,.,(G]. 

······~·· ........ 

~~--­-· .. -·-... "" "'"''"" ~ .. ~~~··· ---
....... g~ .... .... ~ -­·--·· 

Etl'ort.s to 'lt!'ow•'••! ] f :: JLL . ~l&c<! 
i•''*•'lr _, 'b:iw-,¡¡,............-.....,"""".,..n--+;....,.~¡_._ of 

?' ·e "?"WUer.~. ~-n.i-~""' s. ti: hidler 
]•.,el: ·=~:.n_.....go, "~IL< '"''"'"'"•"1-hoo-..Ji,Ptal 
~r...,;..rri:a~ s new ~m. T.j¡i-.eond 
ind: .. -.. ¡ M" l••io '" 1t in~''·'"·'¡.,._ .etoMtiott,• ..-~ 
bns alrgodphg¡;'; •:in< 1 ""''""""""!J"t<lfp=<'"':'t""t'!'~], 
h·- d · Ior • .,¡.,.,8 ,., , ""wenhm-m:m!!ttp:tth•. On •he 
'hrul. ,--.,b... -One O , "'Lttb ', > ,",t, '. f tbt""J"l" •- <;.:g "111-

Other impomnll ~h,.meteri;t io< ,,¡ the ~motr.>l -'Y"• m are 
the W¡ot C) ol tk l.iilthllli'l' ~ti !mi n.nd the 
i•wwniu~ ......,~:o.--.LJ.h-·1..,¡.,;-.....;.w,~!..,_"" 
one ri;e• through thc hi~rar<:hy <JI controlle\"ci.<. lt <h<ould 
~Jso bo IJOÍnted om that o¡·· ' ¡ :oiAern at tht roke.t 
leve! are c>«e¡¡tially thosc <>fa Wu"'""'' ti•, tem. 
whew.l-' a. one r•~- •1 ' ·~R ¡¡., hirrstthy, the n~ture o! 
the problem; lleco ome< ;rt"l' • ' · ' ¡h · ¡;orQ.!::u.bi!i«ic. 

Tlti; hi<•rarchical c"'Ltr.,l ;tructnre c·•n ~ idc"tified in 
m~•t indu,trül rruct•-.,... ~lthon~h not :\l""Y~ in " •r3-
t.em•tic lorm. We find that m:>ehint", ;uch :l.' c•mtrull~,.,. 
se<Juential comru! ;y>teiii'l. etc .. :>re c:.1rr,nng om »Uto­
m~ticallr oome oi th~ <<>utml iuurtion-• "' tlw low~,t l<'vel 
of cnntrol, _.]] 
m ,. ' ·lirotcl.l.~l.u~.-..J:.eU.'I' f 
-""!"< ... _, . ...,¡,., ¡~¡...,.,._,¡ ""'""""<'- ). ,\ .... , .. ""''" 
<l!..lr..ct ... ;..;.;..,. 1 

¡><"' f • hr i.uf~t;~¡;¡_;io,w,IICJ.,u:~.LLJ<:,._,~,~m. 

"' 

eh' e"•mp'" hwp t""m m•de 1.<: n;;•om 10 poori--<M' !he 
e<~..,...,¡O"' ut •lw -l.l:t.iJ:<Uevel. """'""nd. 
<lw': 1 ,u,.,,_., W .•-• ownnpoHtt ... 314 :rutts•in¡¡ly 
~ ÚiOI. i:*\""rin] ~<v•%· Qrqdpc(pn r "..,.¡..¡;ele! 
~1--cls. 

Today. lb :-,"' ':i'ip· oi mlhb]e oo 'ine P' < ·- ·•n-
tr<' & u:p te:s Lit!,¡,&¡, ,._,..,;~le 'O •\loet i:o .,.¡ :·: 41:e 
••= ion \i&n44ol liuf~pn:lm'•"P'"' -d 

·~· ••• ......,., o;t ·,~ ~--·~~·,.ill p<o"'orm""-"l!Zol' 
ft 1!-t!ll lo'' 1 <'Jf-t.¡,.W.....,..h,•. Such >Y•iHIL' a,.. 
te<hno!u¡.¡ic~lly I••:.<Lble. V.'hy •h•onld ther bo-o :mp].,_ 

rnentt•l? ,.¡;"' 1 "'""' <h~J.'-"""'-~ -"""*"'""--""""'"'-* ...... ...n,;'l',.. ~.., 
jlj 'j l t.W-'l1S'"'ry-by "'""J*'IÍliv·,.-in<foostn.-o. In urder to 

"'"·'"'"'!he <l<>e>tio>n, "e ~lmuld e~=>mitte •he ruo.tur~ ui <he 
rzloo ¡,.,.;~p tb;,t ' 
h ............... OUMI ~ ....,.,.,.,.,,,...,¡ thc P""""'" 

C. Pr(JC<U C<mtrol oM Pmc= EoJOUJmia 

\\'e knmv, intuitively. th:>t t.here ia"' "'bti11nth;l-' ~,~ 
tw.-en u,.,.. two s.:hj""'·'• hut Ít is only .-.,.,ently, lio\1 ,.,.,,, 
th~t ~he ~u~ntó· ~ti;·e 11~tu"' ,f t!l,i, rd~ti.m;hi)-> ;,,,, "'"'",\ 
e-<t.ü>IL•ht•!. T;.,p.,t.¡¡;kuv show3 :no. N>cent paocr (~1 ,¡,,.,-

:':":":";':'':";";':·:':;'':":';•,·•;•;:•:"':";',':":"::':'ni~ring iniorm ,,;.,., -""~""'""'""'':.,,.,Ji, 
tioo ·¡¡.¡,,,d-...,.~.,..;,..,-..;,,..;~ 11dNh-¡ the 

' 



'' 

• 
..,.,...., ahn.WO C>IQL~UN~<I 1~ Q ...... tN~"""'I 

. ' 
1 1 ~· " • 1"" ----- ------------
:~. V 
•• .. 
• •• ,_, 

! .. 

ttl. 6T([I"t&.'otS EsOINJL:BitiS(I IS THI Gt-'"-i i.~OV~TRT 

I oluU now n.vie"' apee;& enmple. of appllcatk:ns <.>! 
~ystmiUL engincerin¡ concepU in the giMO industry, 1 
oball focil3 on two su.bjcet&--proeeos mOOtlin¡ awl. com­
put~_r e<m!rol srstellll! . 

A. p,,_,. Madm aM !Ioddillf TW:."Íql<t' 

The plant · or pr<><:eSS is tbe oentral and most fundo.­
mental iloruc.. In proees. oontrol, kno.,·ledge of P""""'" be­
bnvior com"" first. )lodel.. .. -iúch "'P"""'nt the essenthl 
&.•peeb of the process ~ needed iD ordor to -.pply the 
~lo.ndard approach to SySI""<U< <.!~Ígn. n.~ 

'. d 1 i_s dcftilt<hts a ijillüit.t4tlee 01 qu:t.:u;,-~ ~ 
._,m·¡flatien...t~~Aat'Whows tht,..¡ Y 
fru • •hw '""''"' wF' .,.,q,;(oaoo Mortlwo puLJ"''"' rJ..J, 

·biiatf......,.¡,¡ere.;l" [~ ). W e shall notconsider either physic~l '/ 

.. !!" a c1 r 
md'ri 8 e ,·w~· 

i· ·· .,_:·n ot 
a' 01da" g 

'h g 

ficjt?CS •o ·~· ·-w • d " Lliol itltt>iiliitThñ 1 

111:: af 

,_ · ocale modo\s, Slleh u tank modds wing ,.l..,ou• oolution• .¡,1 
· )9]~[11), or ncll•·ity modelo, •ueh ns PERT, but ,.iJ[ d•s- !}' 

dio: · cuos ouly modet. in wbich IWitheiWLiie.• is !Ued to describe ] 1 
tbe "'lieot let~tures of the pl"'CC<s behavior and whieh are _9.­
intended prim.arily for US<' in the •yuthes:s of control •ys­

:&(f 

B. beiug tbe me!I.!Lilll" of the d~gree of diaorder in lhe "Y"" 
tea. • ..,..; .. ¡e:J "~th \be ounount of control iroform.atiun 1 .. 

FJ!iri«o~· •h<oulrl M tako.n hei"1l in a very :reneral """""• 
and in p::..'ticul.:.:-, il <:an be locked 3!., profit. Tht> rda­
tir:lllhip, illustrated -....g .. 3, t3n M looked al ao & lonnnl 
~ oi the m f ctmt::t!lhn¡ tetuns" di ur cl:e" 
" q S EÍIEUC.LL tthidt!&lilp dpp!ICd !10 toihtool ,.,,_ 

~ It i ¡ ., ia:ila• t , o&t f T C hapul a' Oion· 
i!ilrip between return o.nd elfort Upll ..,.¡ in monetary 

""'~ lm.port.an' pro.ctical condu.ioM can be drawn from 
tbeote COMÍdenro!ÍOLlll; 

l) 'il %'t'Í"'ne" io"CS' •· p JI. 1 lil 1 ith 
iJ¡cmni"'' ¡.oo¡•·~K"· bu~ l a- o{ el11 baoia :wn­
_nr Lri'l" ..Ltb.o ... L.•io""hip, the ~"""' i11 omotrol 
!lbw:'d rnt tol a .. ,,.,; · il.o j•ni~ahle ,_,_ 

2) lg jq IM 1 ÍO O oloc ilht.<iHIUill O<t!Jit"e!'!ct'liv .... 
DQli j• j· L"':O 1 ¡¡(!oÍS th 'son ~!!101 [ free• ve:-
PL"I ·• sil Lavelo. 

3) s '•• ·1 , .. , ,.,;w-.. u•tufiLL!oiLIECior:'ll~t~~ 
bi~bp· 1 o ul· h · ·¡¡n"o ,.¡, l"oo"o ¡:::ion .. ~üo:mo.lly, 
the =inc lunction ol instrumentatÍOli r;nrl co:Urol en­
gincering M.• been to inc~ tlu'- orderin¡; of infoc:natoon 
at W P'""""" C<m!rol lenl, the !in<t leve! ~r thc con;rol 
hicDrehy. Tht amum:uie eooi"dinated contn>l ni m.~jor 
unit.o h ... '! nm pro,¡;re""•''l "-' rapiJl.1, b•o.:<Íe"ll)" bec.:>\1..., u:otil 
,..,.nUy no eontrol too\,¡""""' avro.ihble to pi"IX"e<> r.eiiahl!· 
Oiin\rol infurm"""" in rc"l \Íil\<', ll •huuld, oon•ceplet!lly. 

'::::::::::.::.::;:;:;"'.,¡,g,.P"CiiiÍo+\ Qf ,.,, ,.._.¡,_, 
f¿¡;\¡10< , ... ,. 1 ' ,¡ 1 hj 1 .rJ~ .,¡.¡ !¡;; ¡, .. ¡, ' ' , . ...,, 
o~W~t:!u..OW:~.!Jil" :l•"••n.:.:.:.U....~ ..... ,· "'~ 

w:J.t..wl. 

tems. The ¡rmthema.tical ..,latlonships of intc~ ore 
tho..e wbich rel.s.to the pro<::e:OO inputs, manip1Jiaud vari­
abl~ and disturbance. to the intermedio.te variabl"" o.nd 
outputs¡Fg C In'· ¡·¡¡ ¡:a oc;alnd¡nobio>o.L 
aq~·, f " IM:P mese m'&tiottsl!i,>s ateoum i'tl! ihe 
d¡ ' ' '•• ;., oii~'DJek:a. 

)o!od~b: """"" .: ... ¡ 
aceording tu thc tcehniqu"" through whieh the.1·""" <le~ 
vdopod. • 1 requi~ the ub­
eervation of the proces• variable< morder that the sto.IP of 
the p~ mar be """"rded un<kr::. ,-~ríet~· of c:mditlOns. 
I litAE&( p;:ta:boA· 1 :' ~ w tlomaglo oloe 

q' 1 • 

q g 

ed ,.,;.¡,¡ aM mpu> i ....... '" 10 'oonia;iun.lilp•. . n- ¡ 

o! &&'" 11 ,¡,.¡e o¡ui4tio.rr ami p: Mt o no; 1 

eel""'¡¡¡¡i;¡( iiAL q .. tiÍO 1 o .._;e¡ta .. hL¡¡.; i 

• "" ~·· • 6 ,¡ 
'il* PWW · i• h¡¡ilt tw' ,;·· ~ ll 

¡;:oe -•b OtO .~'"""''*'"PXLt<t«Lehc ...,._,,.......,.,; 
,.,...._,, eao A.li a;t<i o 11 "'*"'m o. AINI !lu fut"Jo,...,~,._ 
'"""' (hg ¡ LCiii b•'I"La....o.a.-. 

In llnY C0.$0>, the '""lidity and wcluln.,; of the rnoeld 
gener.olly oi•¡¡rnd h~R'"Íiy upon the iogo>nuit)" of the m..xld 
builder, his rlPar underot:~nding ol the purpoje o! the ntodel 
:o.aoJ his prior knowledge of th~ P""'"""· 

~everal eumpl'*' of ~xl"'rirnent~l and thoo,..,>Íc.•l 
mod~l,; develo¡.ed f.,r the de~•~• of control "Y•tem.• in the 
~!;h..,· i!.oolu.<tf".'" ,;¡¡ be rtviewed in th~ fol!o·.,in~ 

,_ 

_, 
loo) !" "· To.O"o ;:..''l"<lé!'9 "á' [\:ll: ,-,pLe;,.. 

;o.: pe o' , ...... ·m..,:.al. m.,luL The problem ¡, w •1<-

-Tho prGC,.; i• ;;h.>w¡; in Fi~ J. CW.... i.'! d~hvo:-t'd ;~ :!~ 
lom>ing !''""""" through & !'<'frsetory ring pl:o.c,~l ~t th~ 

"' 
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-· 1=<>··-
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h<>ttono of thc bowl. A ir Í< bJn,.·n 1 ht<>ugh ~ pÍfl'l in the oen­
l.<:r of the ri:::; while thc tub;,.;: Í> dro.,..-, by ., pul~np; 
rnachine .. -\t t he end of 1 ilc mnway, o. cntting machín• cuta 
~he tubing int<;~ tube-; uf pro¡><•r length. 

·ed :1 · ., v ;,,,u' ,,.n !"'"'' T!. e ... ~·n ¡¡, n 
• r 

1 IÍdlW lO ¿ t&ki. Jjj¡:, ¡ IÍMI O<! 

~ ti· M ohii'O-b..l.\o.'"""' tbQ m •!tÍ;•..!..W.~e 

¡¡¡¡ -;·· ~· ,p,.._,..¡;,.,.~ P"''"'' -""ble, f·-•Íft:O: ,.,..,_ 
ooo~ lf J wvtro<lcd v·•rinhl• rlj.P'etcr. TL.oo.oo.f"Mioilnl 

¡;;ir ,,.. ,¡,¡,;,,...¡h. ur-'- 'o' 11 ~ ·~ 

twoloMo¡ues. ¡1 ~· 

'"' A fonning prc"';u'" T,o + 1 -A valve pooition 

n fonning P""'"'"'" 
' 

ti " .t.,' ........ ~ """'~- • 
Í ferro r

1 p · ;~,_, • ""~ 10 l ,....,,_TOe p , t ¡..ctr .. , 
.:'' l'i~ ;, tiE.t •• \ .. t.itc tlie ""! -'" eh.¡¡"'"' :: til!\>rll! 
' ,/ ~· "' 1 1 

~~·-· ·-· ,_, L t&o •• ltc M 
-, on.Co~-

quenLiy, 

""' 
; i ' '"" 

'""'"Y· 
!'""--<• 

j .-.;.o;-_..¡.;.._.o,_ 
.. ,...,.., ... ,_ 

,•, '· "' tl.e 

F111. 7. 

f'o•or "f"'<\"'-'"'"""' an<l outolll.&<.i< "'""''' of \ubio~ 
doameter. 

- -> ., 

" 

Vollo tubin~ p..,.,_ •iob ••JtomHie doomot<r "'"'"'' 
•1•'""'-

• 

{•) 

¡ ,. ~ ...... ., .. 

(b) 

••« " ·-

·-
f.,;. t. u;.~- ........ ;;,;..,..,.,., er"'' ¡o, ~''""".t. ·~\ ~'"'""'""'' 

<>io~>••o: OORL:'<'I. •So:e: • '"'''=~o • C.! o =r ....... ; 

• 



WOULY' &YllttloiO UOII<UO'"O '·' Gl... .... '"''Uonn 

TI· o r pr .,., 
nud 

· n Nielo, in 

,. 
tero crpfim 4 •i·ot .... 
~·¡~¡, .. ~ 
in¡ 
-.p, and the d' 
baruilridlb 'oop. 

The """tml ,_,,tem cf .,.,. 

The hi•tt>g,...m•, of 
tbe•'''Cm udot"'!'P!'ttl 'llfl"tt!"mP'c•-,t··1 1•i wn 
•b· lh n''" "º!!'mi J'oltt"' E ',. l:o d"'-r 
· r.":'io•" h¡· :í>t_,.,nt. 

Z) llí'.t..w .,llgcLi, p,..,, o .1/co'tl l!.jJ:I:•:•::·:·:·:";•:·:I·:• wqrp druo•'o¡w:d '!! com·cc"' u ' ~ -~,.,,¡,.-«>ID· 
P"'B: -•--•vm ¡.,, q,..,~, ... ¡" ooo..........,. OliO oJimweion. 
of.lw!h.· w .. Je ,., • rihkc ' m othmt \~)- Th= mode!. 
which nocount for the pruc""" bchavior, mdud1ng the 
qua.!ity oont.rul samplittg procedures, were u.,ed in a digí· 
ta.l comput~r simulatioo to evalua.te alt.ema.te control 
ot111tepee. 

Tha §..t mttdul i " .,-.; Em 10. 

' a '1'1!' •n,d 'CII'">+'"IY •bu E ' • hOpo 
' 1 ·• ··i" h'" ••n tbe mo•¡ ~~jOOr,¡~ ¡¡mre" , ... ...,.. ... 

Tleit:Srndwpd•lv 1 • pes'' 'r''o l. wof 
o •r' poo'l I!M fl l•io•-!omu tht 1-tl 

tl 1 si; .I!!.LII, !eiJikeel_! h!Íttqtit!il s:nuplw Qj t! .. eud 
¡;., 1 - ¡ ¡aalilJ can be obt&i!tttl lO! 11!@6ack colotrol. 

n Tbje paÓ0•m "''15 imT'Ígnl J Íii a oli,¡f'PI 'Ompi!'"' o Íll'IU• 
.¡}- ]MÍOn o! ll 1 Dl!t ift!Íttblc W!iOOl!Oóp i>ltl! i¡Ul!it}· 

s;t(l ::mal"' the (!elh.ol- men!r•wep• nnd • long tr~,.. 
lll' 1 ,__ d•lnr o• •• i~ ifo o' ptae= dyualiiit eil!iitiil. 

(! \ ¡b'¡b(' P'P'"iS djsrmlppre• )).,.! imu1 .,a b. •Ot """ 
'Ji~\~ H5'Í&Nhl• pui !'o JÍ .. a!Í>SIICC &..d il 1 1 ¡j f '' ± 04•. 

T~i· 'oloi!' i•l: ,,,¡!loa la"""!!&" 11,, ""' 
;,,..- !>1 o_i a .nge pwecs ¡oeliotUU!!t J oh o ·~~ 
sb' ;¡;• ' ' 1 

"''" a;pouse to che a: oiguablc ot"" 
turb?'le· 1 o¡ od»' o 'l ; u che Wtlliol -'J-!Cm lo-¡;¡, 

~~~>!""'..._..bwic oP-'1 o "'o•lie-s. Tt:e 
automMie con<ml of the luw·frequener component.> ,.¡ the 
error signa! ct•>ulieoi m " •i¡¡nifie~nt reduct!ou of !he 
,-a.ri.;,bilitr of thc product dimen..io!U-

C 3)01 T 'Moi!ti.!Li.Jtho. !opio'··¡ riMohUi.l 
V ., ) ¡.·¡,~ .. ~i·• .. 1: H o•óph j¡¡ loi - ··~ool;," ¡ '~" 

d¡o '" uf a gl.•~ló-j. When the of 
t >lly, 
there :1ill he 
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F\1. 1:!. Glo. """paoition ""l"'" .. t<> • o~p olw!p In bo\Ob 

<»raposi1ion. 

··:•:·~•:·:·:·~,~·:':·~•:•:•~·~·:·;·:T:>;·~~~~~~~~;~": ~ Cump&ring T~, r, and T,. 
,11'> csn ci,..e some idea ao to ..-hsr e~tenl the gluo U. ideal.ly f\- mix..J. The derivative of the step respo~~~~e gív.., the 

1 ,'-. ....;dence tim~ di.;tribution af the g~ Fi¡. 12 illu.tn&WI 
:· .., .,""' expt.'ri.meutal ,.,.u\t.. 

0:.. f''i(, For B furnaoe V<ith ~ gll.•• e~¡neitr of 200 tons and" 
\\\ pull oi 9G ton>/day, T,. .. [o() lv>u""; the "llllS!er fu.nctio" 

~\." ..-itbout eullet return eon•i.tM of a tnltl>fi<H't&tion lag 
T¿ .. 3 hours anda tim~ eon.>llunt r ~ ~O hou,.,.. With"' 
cuHo,t return of :;o pe...:ent <liter :?0 hour.!, the 11'11n"P"rta· 

J
üon lag ..... 3 boun¡ n• befare, but !he hme con•tnnt m­
ere....,¿ tn 100 hum.,; 

'f ? A 'J:· 'l(joll"'""''-'"~~g)' 
u b .. ;:,, "'"' ., rf=~ mfl<h:of ;,-r,., 1'h)'!acal 
I ..,- n~Th el 
,. ''!' ·, ·e'v->b.o.lv!l · i· ¡ 'r,•• »-1 aaulftle tl1e "Y•· 
•cm ., . ....;..,... b.-d o ... pl¡y.>lll)OI.W...O.-:ll....p,N~ri­
"tw-.owlar¡¡ ....wi .i¡¡i¡;í,al ccnditiow;,_,;w.l,lJ..cW.<...lobe-"'!"n­
~-~} ¡jo,.¡<.>< "u""'""•lcne3n.. 

The fon•heorl h dPlive,.. 1 hP gl.1•' itt an opom eh:ume! !ro m 
th• furnuce to tb~ formin¡; m3chi"" 3nti conditions :he 
~:.....; t.o "predct..rru'tn~tl u~tiv.•ry !etu!>enlllll'" 'uf-meun- o!' 
,.-ind coo!iog: and ~"-" he3ting :u sho"n in Fig. 13. · 

1~ 

•• 
di/Je~nti!l.l 

b .... ic en•rgr 
lor hcal 

!. (·· ") + ! (·· 'T\ ~ av a, . a;J 
m te of cnorgy input by 
conduction &nd rndi.o.tion 

1 

' iJz (pC,V,T) 

-----
r&te of energ;y 
input by maJW 

"'• 
• 

nile of &CCUDLUb­
tion of energy 

T(~,y.u·) - Qo(z,~) i" •pecified. -

"' 

iil ,u the i!l!.".,rfc.tt_l$.t~'.í'~'l.JJ,~ .&h:~."l!..~ !hu~t (y • 
á) , thc buu n<!J!.r,;:... i.•. p...;:~di,1 til¡¡..t><>u •;d aa: .... 'l: he ~~ .. \ 11 <;,. ¡¡b,...,. 
¡, .,p¡,-~!i[~g_r~rlL<nt. cJm ~e.. ch·~nel..;:ndu;ure 
(relro.ctory cmwn ). ¡:~~··•:.!!~" "e::._i_!!.lb.O:..'l'.'lr~J>.•:tl\·een 
the ¡¡[¿~ ""d t he "~".'!.2~-s!'')',!:IJ.~~-.t.o~~ o;j.¡,!1 the •Y.s-
1~ m TI1n> ' 1 ·~h.!~r.!. ¡,n. . ¡ q),<,i J;l.!l_ i · '.!.; ~.!!..__"t!:_e_:!l'.':'! ;nn ro r 
th.r¡¡:;;;:¡;:J..; intHi.lC~ L< a~3Ín derin,[ l><l>Ni un ellergy 
h'ili"""- -----· ---·· --- -.----··-----~ -k'JT; - <tF' [T,..n'- T•J- h{T- T,.,) (4) 

avr-

"" 

' 
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Stel'w Boltamau C011$ta.Dt 
view fador detivcd with the BMUmption that 
tbe cJ- .flliface and the erown &1"1! two oppnsite 
infinite parallol pl;.n"" 
P" heat tran.ofer coefficient 
tMse teruperalllle! ·~ inpute to the mod~l and 
mu:.t be rither a..ume<:l or dete-rmined by 
me&IIUI'elnWt on a.:tual forebeo.n.hs. 

' !!ll 

:' 1' ' 
., 

1 ,;, ' 
f ~~~~rt'-lldld. HYR· 
bi • • . 1 ... •,-7 •• -.; -·' th~"~""· 

.>) J . ·_,, ú"" of thc earho•t cxampl"" 
o{ the !ll'Plie.o.tion <>f m<YldiHg terimiqueo w the ;on~lyoi, ., f 

1~ 

'"'" - . . ·- . 

'"'"' • ~· ·-" 
~· - -- -· • • 

""ATI'L 
"'1f''""' 

9 "" .. .. .._.,..::f=!J ~"""" 
"' ""'T v•• .. = .... , .. 1 

oontrol oyotem proble~m in tbe giMo indlll!try ill given by 
Oppelt [17]. Hio pe.per presentl! a oonreptua[,.¡.,wentary 
multivr.rlate dynamic model of a gloa t.ank &!Id supests 
improved control otra~ usin¡ feedb&ok and feedior­
ward Wehniqu,.. 

,.. 't"· 8 1:\'"'•m i'l•totno•..d ;M ¡;·¡_~ '11 MOH+Iingvfoa•·«~&­
, · 1: ;'r · ,,. "..,...,.,, bawl .... ;,n,~ .,_¡ -~lt­

. ;Ya e· 'H ....,ye~.&,..-¡ .....tro*~ms 'F e unt: itt:J~ 
J¡¡¡r V g (li] · · p Ó!i tl&t ót de:clop; ;aodtl i<>f 
¡oz . o uJts, •~eh ., ., 
do= 
Q'$kll'" j i¡¡o * j •re ••· ¿ ;agio siamlstion. 

The fir.~t skp in ~pproaching the prohlem is tu eawmuct. 
mathem:ltiao.l models for nU the proee;o units by tal.:ing 
one of the mo•t important ;upects of the enti«o prooea int<> 
Cllnsidcn.t.ion: the phyticnl tr....,.fonn~tion uf granu4r 
m.ateri.a.l, 

A gener:o.l model io d"Veloped which, wheo ~ialot<>d, 
can be u-:11<> model ailr», mlxe,.; o.nd mlxlng ta.nks ..Joru¡ 
with other P""'""" componeflts. Thio K•neral mOOe1 ";11 \,., 
d..cnbed brieAy for a oilo. 

A ;rilo;, defi;,.'<Jas 3 temporary >i~rnge devic~ ,.-hereby 
gr:onular material i• dumped into !he top, stored. and at 
.oome la ter time .. mo"ed /ro m :he buttom. The modd """-' 
devdoped UI!der the fo!lo"in~ !'!'O-'<luing. 

a) The fillc-d. sikJ is divide<J intn <pace; of batcb ~.,Jume 
sin ("'ler 10 Fig. ¡:;¡_ 

bl A-.cutN •dth each •P>J.Ce ;, a ~o,.,ponding b>Ltcb 
nnd iU< drocribing oon;tituent v...:tor. 

e) 'o\"hcn a batch ia "'moved frorn tbe bottorn, a!ltl>e 
bate h oonstiturnt \'CC to"' al><>ve it mo\'e dowu one spam 

d) Wben 1 h~ mu.J.er\11.1 i< either ~ntered or eJttr:u::ed, it ;_, 
donP di,r..,tely in tim~. 

~l ~oc.., uf the mi~in:,: ~ff...,t bet,.·..-n aoijn-.olt 
OOtche>, the out~u¡ b..tch ill oom~ cumbination ol ~ny in­
put b!.tch.. 

'" 
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Fi&. 16- Beh""'*'tio ollo. 

O All m.o.terials whicb are pla.,...¡ in tite •ilo together 
b\'t equ.o.l. or nearly equa.l ~n•ities. 

g) A M.tch of material;, or ""Y part thereof, hM a.,..;. 
mum o.zula minin1um lcugth of the 11Üo lo trauvene, o.od 
this tran!Will'llal ocoure withio 8flmo ma~ímum and mini· 
mum numher of output bo.t.obeo. · 

Th"""' s3iUmpli~oa, to¡:ether with ~ lUid impuh!e 
balance, yieklthe fo1lo•I'Ía¡¡: .. t of ~woüon.o: - . 

Y(K) "' E W,(K) - X,(K} 
'- ' . (6) 

-EW{K)-1 ·-· -E W,(K- i+ 1)- X,(K- i+ 1)-X,(K) {8) 

·-' 
X,(K) ... X,(K- 1) ""X,(K- 2) ... · · · 

- X~(K- m+ 1). "' By l!llb5tituting (9) imo 
result.s 

(8), ttuon """rt:lnling it, there 

X,{K) 

l'(K) 
m 

lVI K) 

-W1(10 ~ 1 L: W,(K- i + 1) ,_, (IO) 

constituent \"eelor of the material at thc ith 
poaition in tht• compartmentalized 1ilo, )Wit 
prior to thc Hh nutput 
Kth output baleh con•tituent vector 
fQA_~imum l':l~ge ov~r "hich an input bateh 1rill 
00 •p...,ad over 1he output b~td• 
the "'~ighin~ vnlue which <lt..,ig'l~l,... •he p<'<· 

eent..g<l ol inputs that are in thc output a: ti!I'.O 

N'J'. 

~­-·- ............ 

,_ ""' 

,,..,.. ..... 

"'" ~.,. 

The wei¡hing valuc .. are a.oommt<l to be of a eu.ti<ti~ 
no.ture. The pnrticular di<turknoe IIA<OCial.,d \oitb t),., 
random varinbl•• of the modcl ;., dep<'nden' U [IOn the ¡>;U"• 

ticula.r •ilo to be modcled and the matl!rial to be ;tnred. 
Thu.. the weighín¡¡ value' not only mu.~t sati<fy the oon­
llt!""!.ints imposed by m and {10), but •!so mu.<! be .o;enor-
ded in accordance with the inf~rm~tinn e~uact.ed frono 
t.he actual data obtotined by conductillg expcrime!lh on a 
pnrlicubr •ilo. OnCE- tite w~il!;hÍZ•Il valuM an• d'"'ermin~d, • 
(6) "~" be u..ed lu e~p.,., the phy•ic:U ~r-.ndor.r.~:io~ 
taling plaee betw""" input o.oti output batl!b"" ""ithin the 
ailo. 

The JleCOnd lltep ;, 1.o combine al! t.he ·com[IOnent 
mod"L. int.o a "multi~~.Ctivity systorn." Broutily defintil. the 
mode! is C<lnlpmed of four acti·.-ity realm• {Fig. 16). The 
lit.t realm defines the functinn" of th~ component.o o! tbt­
p.,.,_.The seeond real m defines the inte=tions and ¡M"r­
foJ"IlU 5tructure eonrdinl.tion. The third roalm d•fin"" the 
•u¡x,rviBory functions (oontmt), ll.lld lhe fourth realm d.,.. 
lineo the policy m.aking •nd pbnning functin•"'· 

The complete 'Y•tem m<><ld for batch ")'>tem> i' umen­
able ro digital computer >'imubtion and ho.s bet-n uso."<! to 

in,•.,.tíga.tl! PtOceS:I d••)gn ~nti oomr<•l problerrL<, 
6) C:, 1 .·,.,., ,\s ;.......;,. .. ., t i.1 Jt:.e1 pn.e.s. in-

' ., ¡ liP< . rl &! h lach 

1 ; 

a rul~ . 
S.Ii 

f ,;¡,;¡, ·"' 101 .. 

< eooh.no,ltl '"'~·,' 
rl ca ... o.! SJSI< •• I' 1.1 tl.c 4b ; norluot.y .. \, 

• ed. 
.~lthongh t' 

- a 1 linK. tho ni 1 

. lt '"' ¡,¡;,., 
"'·· ,, ' llhl ~11 .. \lt~.u\1 
rt ...... , • ~ ... 

-. 

' =· 

m 
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FJ,;. 17. Planl P"'""" ""'""'"'"'""ter 1)1!1<m. 

Finally, 

• o r ¡mxe& amt•. 

.......... ,,~ .. , .. ~ ...... ,.. 
Thc e;sential rol~ pbyffi by tlu! eontrnller of the 

monufacturing proces.>, th~ inforrMtion network. "'""di_ ... 
ou•;;ed in tl~"tion 1!-B. lt """' ,¡~¡ed that. the <'nlnputer 
te.:hru.lo¡¡;y mnkc~ it no,.· po•·iblc to nutonw.t~ routrol 
fuuctions at all lev~ls of the hiet<~rchy. It i.o wi:hm th, 
lrum~"ork tbt we ,¡n now ,~rvey, on the ha•is of ""·'"'" 
publiohed inf<»·m~tion, the •t~lw. of !he implcD'It'muti<m 
ol su~h ~y,tem• in the ~b . .,. indu>try. 

One of the Ür;t <om~utcr romrol <y>ltm• implenw,trd 
in the ¡;b.,; indu>try "'~-' mentiotoed in the •ertwn nn 
¡¡¡·oo:e,._, rnoddin~ t:;.-ctiun ill-A). lt ~ .. rh• pnx., """" 
puter control .<y•ter:l tlel·•loped far the nutom.tti~ ro«rml 
of a ribbon nM<i1Íne !J~i- 7loi. oJ•lem ¡Nrinnn, ~"'"'"¡ 
fuoctions nnly. ThP. •truotun· of th• S}'•trm ~. dcpi<t•·ol m 

Fig. 17. Quality fo«tml infunuatkm Í!¡ ~ntored rnanually 
and prQC'C,so<f by.:>. p~· rontrol rompur~r "'hirh in tu m 
munipulate• a "'""bt·r uf nonabl"' on the for"heorth '"'d 
ribbon maohine. 

A110ther c.<~m~le uf P""''"'" «>mputer toutrol ~pph<a· 
tion;, giwn by the r~mrnl ·~·•tNn ll«'d ;, the pl,mt> nf 
\he Owen>-COrnÍJJK Ftl ..,r¡¡].,. Corporatian. Üll 1M bu.,;, of 
puhlish<"<.l iniumwiol•. Íl "I'P<".<N 1hat thr·e ,y<trmo "'" 
"''''"ntially P"'""'·"' romml 'l··••·rru peñonniug nr:n lc,·el 
controllunctlm" ia tlw nwltiH~ and rlelivory ""'"'uf the 
proce•.<. •ohhuu~h ~·n••· r•·~ht<"tion '"'he<lnli:·~ might he 
effectod in -o me "'"' """''" i 1 !< 1- [~ l). 

Other ,u¡.o,·r:I•<HY ""'nn•l awlicatioru h~'" "l."" e"'" 
annou"oc-.1 rc-ct•:otl¡- hy ~b• Mll!3tn''' manubn .. rt·r-< 

[22), [~:¡¡, Com¡mter ruHlr<>! •!- <lt•m• are bt•ing u . ....J ivr '"" 
"""tm! of h.,tehin~. rr~lung. aud ifl>p.-rtin~ o¡'<'t~tion· >< 
t~e l.okoh,.,[. H• .. pbno ,.¡ Üll''n<. lllumk Thc iun<ti"" 
of the """'!•'•'"' !.• tv oup.r-.-i."" ~nJ moniwr oh, c:.:Or• 
pr<>ee><. .. .. 
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t1ulroom · 
on-line printer, al<ltm typewriter. display 
reeording de,-;,.,., and gr:<phio ll"nel• ""n t... identifi<.d 
Thc oc~roity"uf !'t'C<lr<Üng ;..,t,.,.ment" .,. "'PP"'~'"t.. 

On tloe buio of th.M ~xamplea. it "1>11lci ~ppooar tha~ the 
gllw ind..,try, fc.l!owing the; u .. nd pi<>~>eered by cther 
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pn>eea indwtriet, ís alowly movin¡. in Bn ...olutiona'Y 
hohion, towatd eompUter-direoowd, central, ¡>ttl«SS con­
trol o)'tltems •. 

It ill behev.d tht the trend toward integration Mll not 
stop r.t the pro«~M control leve], but tt..t prOduction oon­
trol and ~mea.t oontiol lunctiona wiU p~v .. ly 
be ktcluded into tlwl deoicn ot fully·int•l"'tf'<i on-line, 

'r<>sl-time contr.:.l systems. 1'' •· g FiR oo ¡n,,_ 
t . . '"IM' d p1'"'' "OD\NI 

~Ion> ' ~ '" lomctwnsl dt igo h ;, .. in-
hilo" ·id 'Y.;,,, ~'-<-.loo>ia -' 

"58 

'n """" .., .. ,iol ltilltli6t4 e:¡;,...,..¡..;,... 'riow Ue 
-8;, ~" ,.¡¡,........_...,.,_,, gu-IO.,n 

•iMW.y. H • • • MI.. Th ., . ..,... wn· n' •be~ 

~- ........ .. 
.;. o IOUOUOOCOTA-/<:00 ....... 

Tbe ..,ría of disgn¡.m•, the la..t one W plll'ticu!Ar, aL'<l 
su~ta • clut tnnd to..vd rna.king e<:>mputin¡ ...,...~, 

avai!AbW u a utility thrnu¡hout the "Y"I•m in mueh the 
..uno ,..y as el..: trie power is nvailable todv.y. 

The integmted control oyote111:1 Bppl'04Ch should n~<u­
nUy bf, npe<:ted to :úl'ed our I>Mic c:ooCO'ph of pl&nt d.,_ 
oign &Od ope,.,.tH>n. lo partit-ubr. it ohould be e>.~ 1<> 

bnve a·very si~nificar,t irnpa~t on the management ood 
o•K~niJ.i.l.ionat •trueture of the plo.nt. Tbis ;, tbe subj...,t 
t.hat .,-ilJ be d~M in tbe lollowing oe:tion. 

IV. H""'A" FACTCB.l! {Zfi!-[291 
The ~mphnsÍII of tru., 1114rvey has h<-cn so fnr on tbe 

e<onomie md teehnologicnl ~-'P""t' of sy~teln.'l devclo¡>­
ment in the ¡¡illA1 industry. Wc t.;-_,-e d¡_,,,..ro problcm:o 
n-bt.in¡: to the dovelopment of the ~utnmntio rontrol IO<l~ 
repreoented by the di~grnm in Fig_ 21. zymboliúng the 
phy.•ic~l proc,... colltroUe<l hy ~n on-iir.e oompnt•r.J!!!J 

~- • • i . ., ·• ut•::=.::::.:•.!.o !l':... !m'.Jila ~ ;;!!'S ~~~ • .• !'.'"~!=: '!.!­
zat•~''" \1 ¡,.,,.. cum\><>lkut• ~"' n,o·n :>.nd nt:\rhtn~·- ,;..¿ ~,- e, 
,:;;m;;;;;;;.:;~,-;,.; , ~ r;. r;,.,:;rr.:.-.~ ,;, ~ ; .·,;¡o; ,;w:; 1¡;:; :;_p· ;, :-w~·· !:~, 
éoñiñ.Wúfo<;t H:iíi4·-.!;·í·l~·r.:-· pi.jq::;.,.~;. ,~,.;;.,-¡ 
• ·._¡.....,....,,.,m.¡.·· it ·1 e. .Fia~ 

'" 
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Pi¡. 22. Tbo man loop. 
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• 

'1 

º' P .-. • , •·¡· ·a ·b,., ie!!?h ......,de-

''""' 10.! -~ ..... ..-........ 1 ;, rn 

w--.J., ....... ¡ooo~u~Í!.OO<Ill- re;;emLk>- u..,......~¡, ... ...,._ 
cboi n , ...,. .... ,¡.*...,..."""'~><"'~nu. Plnnníng i~r thc d,.,.-igo 
a.nd developmcn~oi humno rom;xmcnu oi >J~tem• has n<>t 

-~ br~n as syoten¡atically pu,-,uod in thc pa;t ns it mi¡rh, h~ve 
!1..' becn. q 

¡t'f' V ~ 

''Ú 
ro>D>fA"-" ...,...ui.,.J.floM .. • ,¡,.., <i- "~ .....,"'.;....,:m& t'r 
~....;.¡."'"' .........._..,."'_,. ¡¡.;..~:--.....,,.~u,.¡. ;......,:,...;w.~y 

., 
[! 

'• 
u>'<H•"•ry l<ll· 

;¡rui (jl)<'ra.tion or these oom­
ea.n "o lon~r t... an evulu­

be pl~nnerl Md de-

repn:>efl\.!1 the m&n·machin• &y ... 

' 
Clho:i Pille$ !OL f ioitmh 1 '"' 
..... ,'o-hitA t" ~""!" liit'fl &Lid I.Citlihib. .... ••ÍS 
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W:lii.tever the enci pfoduct of In inte&rated pl:t.nt nroom­
Pili,Y oe>nttol ept"m tb OOt Ít> be, it ~ t.l.m011t oortaln to 
requiz!:, ditferent o.pproncba to. the mpnintion, iM.nnge­

•·ment, di!Velopment, and maintmaneo:o of tlu! huii'WI oorn­
•ponerti.a.. Wh;i Í á::¡ll' d- ti" ¡ J •hg• p1 nn'ng 

~ 
pm·ó re lb= hp¡win' compgoe•!' dove!opn'"!d "e 1g 

""''' kt¡iu mw-if 
= m· ·á, •h t-.:h 
W ·~, f :·re. 

la el i:ileg:aNXI w:stltulln 

V. CoHCirliBIOM& 

In thi111.1rvey we h:IVe d~ oome of lhll f<:Qnomic, 
Uehnolo¡ical, eod hura&~~ aspecto of 5~ enjtin.,.ring. 
We- syeteM.S eugineerln¡¡ ._. the technique through wlúch 
U,., electrlo W9hnology, exemplilied by the diKital eom-­
pn~. il beiai o.pplied to our industry. 

Scsnr.l majw trericb that ehal'llCteriR the evolution of 
oyAtem11 encineeW.,: t..,hnolo¡y In our i!.dustry bave been 
lilentified: · · --, 

t) n · w;'h • • -, d 'h iecm,.nd ;-. 
• t tinn e1 P wmW enx''tc'ioll. '"n:mt "vi 
nn ¡ ·· eon•ml-'nae\ions-
' Z) ]f:d X 8 '"bi>iqwo •:'! ·~,.._.., ts 

par!"'·'· ndelwuld-louod Dt; lloe ~ '11 el 

.' ... m 'h•1P tloe iot"V"tir•olllu , ¿ 
'el i• !tllolSjst.em . 

___ , ----~ 
. ;1,1 '""" 

p JO 
r :1st pea 

3) 'Jl,o i 1póitaucu el'"'"',..,.,.,.,.. e:umo~ 
• ,l:.;zed. O o cu~w l!sndiH¡¡ or ±as r.mmsls oae of 
_., • okc!tUloi ¡xxzihll" oha :aAt ilnpe -• one, 
-~e hitE oP liiijl!taa:atai8stH>'-_.= •·±· 
'ul w in iwdat•;r·. · ~ 

M engineerB, we fitid oune!Vtll illCIOIIIBÍngly moving in a 
poeitio!l to inftuence directly eooi.al &nd hum&ll pattel'n$. 
Tbe nature,or our wurk 1111.1&\ chango 1111 our .-ntia\ 
~hility becomes one of oduoation of the pub!ic 10 
~ technology. 
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Tlio plaoo el digital baekup in the 
8ireet digital control system 

l¡ 1 
" • looQ tiiH'di..QO 

TI" F oxl><wo Colftpa~y 
Fo1boro, t.tua.:hu .. tt• 

--~.~ . 
ef¡.t' l. Wl'fA:68tiE'I'I8tl 
J•· ¡,e 

,

0\)rl.' . !"~~~-~~-~·~·~¡·~·~·¡·~·~;¡•;•~•~njo~·;•¡i¡¡~·¡""~';"l'~st;• ol~~·~• ... .;c....a.,¡¡,;lil.~ ia 
i·p' r-.'llilllt~..,~·>ble•..,. 
· rll '1 r j r ¡;CJd WLLitol al lo 01 e cn.ll., stetLL -~­
Coalrol ~pU fOT continuous proc:eucs ""' the 
coozpuda¡, - monitorin,g. intormation s!Gngc and 
analyli~.! abilily ot the dix<:t digi!al o;:o~l com­
puter. IIÍ the batch or diieCIIItiniiOII• pr~u 1M com­
pab:r's logic capd:rl11fp,i• an¡l 'ud. To pcrfarm. 
!Mtchin¡ opemions, a c:iomprebcusivc tope aylteni 
is necew-r. lmpleme¡¡tarion ~ •uch a ay.tem usi111 
di¡itaJ techniqllCI prnvidel 111a1V advont•• OYCl 
impltomemation nSin¡ anaJoa cquipmem w1t11 &Uillln' 
dl&ltal lo¡ic .:itculu. · · · 

-To runr,·T::~~~~·~·~·;, .. ~:~r~:~:· ;"~"n""' murt haw: 
spteml u wcU as bt,lch type 

• 

o 

lowin¡ wi!l describe single loop control, sevcl"'ll ad· 
vanced control conccpt• and control of tcmicontinu­
OUI procesaet, as M irrtroduction 10 disital compuler 
applicatioo and baüup. 

e . o 
s· . 

' 

bep lbllbol 

-,lit loop feedback coiiliM is dhl'lm$1 
1 :MO mA.....r-oo4o in the 1""' o n ;,.<ko•lfies,..lt 

·1 11 i kc a-wliilft Ro" 1 k 1 el;1emr>etat0'1 e, p1 es-
101d ii .. tj ~~~·IP ·riat.tes. 11111 piiC&ILL&.tQ kiid 

' 1 "¡ lt · ·-. o: d"h'• 1 ~ioh poo•ióe tiús 
t) F ill IOMO"Ol. 

Basically, tbete o;ontrollcn compare \he mca,un:· 
ment nf a variable with ih d~•ired value or sct poinl. 
lf \he :wo values are 11111 equal. tbt comrolkr adj:~sts 
a control value to minimlzc the ditren:nce {fi¡un: 1 ). 

b 

In controllcr is an anafo1 computor 
" ""•• two or tme tCIIII. e:tpn:-ssion, 

--

---~ ··----... ._ . ..--.... -.. -­... -·-·-.. ---
....,..._......,PI'""'- ,.....,AFW c-1. Pro< .• v..t. JO. 1!16! Spn,_-lf>m,~< e>;nt •• ""·no-na 
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depending on 1he type of control action required by signa! provided by the commonly u'ed orifico plate 
the proce>s. T~-"""' d.,¡:;,.,...P*''I'"~¡.,...¡, i• propOnionalto the 'qu3.J"e of the flow: A cotnputi~g 
~•"' aud·deri~IJ.:>I<~~I:.lion. During process element is theref•xe necc~sary to extrae• the '"u~.., 
<Um-up, c.....,ffieient• oi li•e 1nree term• are manuaiiy root of the d1iTerentiai ore,.ure •i•nal · 
set "" the controiler t<> pru•·ide the be>! re>ponse éisw·.a <Lh<>·iiiu.t; .. h:...-J .... Ji;~....;,d conl,~l. <':.0 
undcr normal operating conditions. l.W¡;af~n- ,..¡,;.,!-,¡¡ ·= ..r l>eat ""'""'••-<Biu). ¡oJoo.i.¡;.:;¡e.,: :·u.,.Md" 
"ir' oh""8'"•º' the pro,-eS! JpcuNr ,¡.,...~the ~juOI--tlte-flow-·VÓ·hellling .... r "'"'iin~·nuid•and 
~...Ji.o.oJI)I?ol.be.. codf..-:icnl-re=no ·lony:ef at <>l>ange·lnn?C'te.rure · n. 'Th" -f•<"<lfo,..~ró caicula· 10~ 
ll-¡>limtn>tvalues. ~PIM·dtstu-tban«• in both inlet tempe:-ature Tl 

¡..,.....,jnf.,ren!o"j ··»n~r....W. '~" ,•,..t,u.,d 
....... _, ...... .....,,. ,...,..,.._me;tS<:rement_.hiclr.........,d 
..,....._,,..,¡ · \h...-.J.,.,¡.-...1 . .¡,.. l -<111 , ~e•• ~rabie • m i&bie'-tn 
~m:-+--tl>e---Btu ,;,.mr<HU· ¡••·rlorm..-a-c!!kulation 
~~h<l~'f,••~,..-he<-...een--ll>e-....,,lc~--a,..¡,.¡nle¡ 

t-opoowl...-.,,..4()~1k .. ¡....,,,.¡...,[Nf ¡T2-Tll _,¡, 
~,...-•t"t-of pmc~% nu;d lhrou~h the heal ex-
ehancer. TO.: · · .,,..., • .,. ____ ure--<.>1-- Lho·h<at 

tr.-kn•d ·;u. """ p!'t><:e~ tluid- tWoom"'"'""'ho: de· 
•••>rouf. ¡.,o, • ...-:t'kl- t\..;6 o-.Je<l ~...._,.,,, 
nuid -pul tl"!t!peral ur~ 1 '1.-

An..Jo¡ cumputin¡¡ Je,i.:~> p.:rform the nece•sary 
cakui..tliun; ... nJ cor.:.-ul """ be execu1cd v.::h cun­
Ver.tion..tl an:do·: ~<>ntroi ~.-;~es. Addtllon.tl calcula· 
tion\ m..t) be nccc.;\..tf) i•d'orc ><>me V..tfi..t:lkS ..tre 
;ombir.cd. F"r c~=-t'lo. :~: :ii~fz~:~:::o! ;\..,~!""' 

"' 

--PfO<Qs·flo-..-FI. -....-.. wiolo -·= olal>l"""""rc>l 
g¡.T~, l .... ~ror-rJ-.,;~nal...nli.cipale• the ~ha~~· 
iQ,.,)¡¡:.¡¡.~lnpul.Jequired. 'Ib • tP·~n.t.,.¡,.-of ·ll>e · lecct. 
~.¡.....~o.--~11)'= desecmined.--by • "'"en­
~latioA-...,.. may have lo k adjustedpc<iodic:.JJ~. 
•ill..e t,l,e """"-tr.unÍeJ-cl>aract.eri"ic~ <>Lthe h.:.a.¡ ex­
cb···ger..;hange .,.,.¡¡¡, agc. 

~~~-.,¡ ~eo::lmi<¡U!:' i!IU'Hrat.-d by figufe'-2 i1 
c..-cad~m.:-ot c::.a ·¡e~hni~l!e witen: -.,..e con:t:>ikr 
aa,¡...,w..,.. oet puin: ,,_¡- ''"'" her ~ontfl~l~. ·1 Re !.'tlio•J¡ 
"'-'.em~lure · C<.>0"'"'"''· C Í· · Í~ -fed- \Cn.,.do<.> 1 . lO 
1M'" ~nt.uf·t~mper3tme rnntrt'lte.-Cl <nrou~n d 
mulli!'IYi"!'- tkvico ~l. 1 _ ' 
~~ .. poo~....,mf"'f"'.uo~ r 1 , .. ,r~~n.. ....... ,....,...~! 
~ ..... nllif.m«>"'"--..'""'~" wt¡rut1em~m· -·· T.,, e llll<>i-1•""·'' rl'"n""'!ri---~,.-~~,..--J 

:..--...- ....... ..,....«<:' • .,.,.;,~ I':"'""!T~":!!'~ ........ ~ ,. 

c.¡,>,¡¡J'''-•"'"''"' . ,,.,¡~ ....... ,,; ~··· ~'''-~ ...... .-.~ ..... ,' 
..;;.,.."""'.'1<:•'· lh""",. .,-,. aol' "'"'!Cm ... · U... <•'-'"'-•-·· 
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oh 1 sr 'is11 sour¡,¡.M 11:1 r ¡te a p:e­
e:l:ea.. Bauh ot wn.- n-

timm:z; r• a :eqaice u :oto olled seq ;; :i ¡ be· 
~:varien ¡ ¡ aO::iliUStbcstwuM dll ;;:1 
~tly, pibdUCL 
end epeR'Ínl : 
tbatm•L¡ 

itijdlitiiiCUii Cliail¡e fleqPelltly 
"· ~- lt should be DOled 
IOiilriiDOO p ocs still use 

fcc* onrrol, toJ¡ "'i'b 1 r d b~oC 

. 
' p:o¡:=med st~o.,..iii& ;' a· , .,., 

...¡ ,,,-. 
In Fi&ure 3, the e 

j· b 'tc!!) 

thc pwb' ' l' 1 ec:KYvl-¡wuUe "· 
;t"ated, tin-.Tl 

Howcvcr, 
'el: ¡ at 

th(,_'V'cy'· 'i-. somc•ir n r · ._.....,, anr.l 
ot~r •jmpr u• 11 J lite. Alio, the ¡co:¡u~n•~ 
of evcnt$ mtm. be rudily ~han¡¡c:J, dependlns on the 
intcndcd produet. 

Combinllions of spcaal porpose di¡¡it'll an~ ~.·.a.a 
.:ontrol eq,uipmeru: h.avc been buolt which sati•fy <he 
demrux!s of the diso:mtinuoos proc:css. Ho'"CHr, 
thc prognunmíng of tlois cquipment is r.l.·tive!y in· 
flc:~ihle and !he .:ontrol cannot be wdl·tuncd b«.wse 
of tbc cyclic nllure of t>at~h process.es. Many of tloc•e 
.ysu:m• ve 1101 uscd 11 full operating •peed. sir.~e 

thc .:ontrol con•tanto are a compromi•e. r /·J· 

' 11 ,, 
App/yinglf.e Jigilal <"ompurer '-'~, 
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1Íic Pla~c Of Di&iW Backup lr."The Oin:ct Disital Control System .. 
il) iiUO 
...-..~ •. p 

m tnriab 1 o; patc¡¡l aad pteduetie MI· 

' r 1":" ITI;·•·ª;u¿ , .. -: .... 

G:C' p'a'l · ., 11 o· i 1 T 1 1 ; u jilrRI!. Many 
o( thc lnslallation• lile direci digital control techniques 
on al! or some of tbe control problem•. 

Table " 

hit 1 
PWf"' 
m 

... 
rr #aJa u ··- ) 1 

~ 

Uh:t&lvl 
on- · 
•~e • a'- l ti :"ons,tlu:otlwt · ;:nw;:Utpctf 

1M ,"e ·os n 1 1• a• ion u:atysis. 

?U 3'1 htpats, 166 &te &sed fe J" 1 tilo! 

o' timr' ...,p•: •t 11 • H me ssud in act< 

llt?b ' . 

T- 1-c:a.._¡- of-ler oroo<!OIIIJ!I!I/OUiput 
belwKn ..,.,w,_, ond bolo~ l!f<ICCU conttOI 

1:1'~ c:::llll lllll: :::;m .... -- ,_, '" .. --- """" " ""-- "' ... 
---

·~ '" --- • • ·-- .. • 
' 

... 11 .. ·- ""'""" 
... {om ) A" 

, ....... ....... ,_, ... ... 
Table l......,. shoW"S tM input/(lu!pul dittributÍ<ln 

for a¡ ¡ ' teh nuaol · mt&tlaiiw eaueudy bcing 
impltmtnltd by a digital computér sy,tem. '' t· 
puoi " r thc baah ¡¡lih tlle eo!lltnüóü> Plbtd> le· 

valr ¡ 'Ís..W 
t J • t Jtlleomml outpatw. 1 ' 

111 ; "pattUI au• = Jiúu•. Also, 
nJ I!!IJ, •rtl ti ~ h OJO-

t m m20 •• 1 · 1 • all&lticawu tttcd• aloo in­
-•· lncrca..cd numbcr of push buuon•. sÍ11nal 
lii!m and the incrcv.ed $Ízc of digital display• rt­
quire m(lrc digital inputs and outpu!S. 

h ÓS'DI:? ·'@··ra nttl t th• 
P"l" po•' c·e ... :o* tka • •=" 
¡aiQ¡ iu ¡'" batch ;¡srem. 'FI·a 

1fntlout-
c'z"'d. 

tCUtiJti O:C&l '" m 

euatol .~ns, de,'<• ¡", g on 
th!Wo~· 1cpc• ,rllloc~te 4 tho ••i ;atdstcpping 
¡( qa;pu~ni. 

l"y, 
TMpiii/OsoplryafDDC · • ~ 1l 

'1'"t• ,> • loodactioa uf tite dl:;:liii toiiipoitt •o {f"~~, 
th' ji"PU :S WhliV~ fiCicl, Ói bectiOIO O' idc.nu.'>ai..ld:i· (fJr· 

ti 1) litllo hi kmiWn"li:lcM-"""'~~~ / 
po sseo wuld-not be adeqa.ilel) '"~by Ji' 
natlicuwtical iinxlelt wltitli uuld peilt~t i"'J>>'U""<"d 
pooccss tolltrol. 

Scdj •tec~•p• tt rrlyia¡o tb d"li'< 1 ccmp•rltr 
etnpl · wcl· """"' ,; 001 t _........_ltW:J>..U....oom­
pwt djusted ¡loe set .,..;. ... .M- ~<:OA!roller. 
In tbtFS 't"'"W' tbe ''B t10lltt tttamtd"\tle 
1 o 1 p 1 tbiltrol seaiug, tf tiK eomputtt futled. 
On u, tlá e nt ¡titco~s· 
f.Msry; ;,¡ fact, s-
"'-óly, iW 1 1" ill"ft;IUKS "1!10 

. "Ha 1 1 11 .ij.¡t ' ,_ 
'b' WI''P · ; 11 1 aler. This madc thc 
qp:rnsa bppy, but in many in•lanccs the 

r 

p1Stii oo¡Jtt o iAA s 01 •t. Thcrc was 
no &Uatanict that !he operator> would achieve tht 
optimu.m control ¡¡ctting> for thc plan!. 

Whct 1 r. 1 Juataa,¡. 
aide1 lf ¡,o dcsired, tk iptl 1 

' llca ad, -=de and i 

ns. Ec 
... la!'sll '11 

" 
1ui 1 h l·ncc. thr 

oped. 1'! • >Ciiil:, 

!(Ir¡' 
;, 

m ttbmarinl !.! as pAsible, ... hercas i 

r t 1 1 1 "li" +ffi 1 1 achieuc, dac (O !u.k _f 
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at "'. Fi¡¡ure 4 sllows two loops fro!D a lar¡e system. Thc 1 

p 1: .= ; F :in; p;ocess &iial;si&i mu'aitorillll: 
1.' 11 was reuoncd that 

OOC would reduce thc 00$1. ofaproce.nCOIID'Olcom­
' puter by climinatíng tho eost of !he irull\licfual fecd­
'-k CODtrollers. Sine: the cornroller merely per­

. fOnns a ealeulation, wby couldn't lite computer per­
form the calculatian? Severa! experimental ventures 
showed th.at thc DDC c;onupt was pbytically po .. 
sibl~.r.l ~ feedback control law wu calcu!ated 
within a general purposc computcr and the resuhing 
si¡nal outpuUed directly to the control valvc. 

;;;=~~::....J..Ioh&t 1 1 de cfl' bcA:;;;:¡¡ in-
~- 't ti Jeep commlh!t,. and-a-difect-diai~l 
(~pu!et"WH ft! thc !Un Gf'200~ 

a hooker,··~t<:rwever.' · Thi$ -trade-..,... d id-n<Jte m. 
c)"d .,~ l'"""iriom-ift-~,pute• •j'Meal 

'., 1 •~-•·imtallations·thi:o meanr-..,inr-'oa 
-1~1'1'7-blu:k·up lite DDC· cornpute•-• oac:h 
la?p OOMi<kred ~IK:a.J. 

The PP@ cqatpmem aa; dcsi¡hcd Al tlat, 11 lile 
F?WP' . faik:d, e 1 
dkn:' • pa · iaa Jitltn l'laeked ap 15; w:ali:¡ coiilmL 
Crili 1 loops ""' 1 tic• t; z¡¡ a: 1 ¡ tn 11

'T 
wbid eull ... _ai..._:_. !t J, __ .. !:el •• u: :p 1 r fe:ii­
IIK. Co: 1 1 :aiec.l 01 lilE (lll:e: ~85 In; e 
Mlgck.1f in" al ¡b¡jr ! 'si -mr: 1: b 1" rbe Qptcytgr cwJ!d 
m""'"l ¡ 1 ·,·., 1 el lír • • r .. 111n which 
t :v~JM Ltad tlht ¡;osttion au• p:e :::ca a e· -·· .. 

. 

measUTerllellt el, ' 

' la 11111 

'11?1105 
; -

(Sr 
' ,,,, o: fillil~rc • 

' pl:np 

" ... IZI, ' iN¡ 

•· 
' ' "' ' XI· 

With tbe evolutiOIIIf)' history or digital pmecu 
computu equipmcnt, if is lmpossiblc 10 more than 
estii!Ulte ... - ( 1 ;:; lldlblti (MTBF). For 
the smaller dia:ital computen, including input/output 
equipmcnt, lhai luove bccn Llj)Plied 10 lhe procen 
control problemo. calculated MTBF has rar.¡¡cd from 
1000 to 2000 hours. Adyance• in circuit design indi­
cate that •clhbi'i'JL ·u ae, but reliability sla­
einics on ínte¡rmed circuits are not ye: available. 
Howcver, wprd'!f§ s' :! ' ' id ilit d!J-
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1 n any tila! was dependen: 11por1 tb~ .~:~=~~-::::-;:~ .'{sJ.- computer. IIKh u s ' '$ 'd, ulti· the computer 

,~j~t· llii:W;11 ;:;.:.~a:~~.,,;:;;:,::·:r·t:::d~:·:~ syltem ~Feom~cr system. TM tab~ 
!:)" o( ient. . E~pcrí~nce !las lhown 

T1'le CQIMP"W P•• 'd 11 ,.,~,; 1 :~ legj a::tf;S:. that repair time for various fllllllret, with on-site 
.. hi '¡ : _ e .. a 'udup, if ''u: epe:Micn i& to inalntenance penonnel, avero¡¡es bet"'een 1 and 8 
._ and. The pr el p;ltlblttii ts 1101 si 'ed lloun, dcpcnding upon the •kili of thc maintcnance 
by personnel, thc availability of sparc <:qUipment. etc. 

alllip ' time. 
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Fi¡a:t ' ill~iuÜtes u pzallel Blil'Ol I'Uttr 

1) J hiob hUI tAdJ p¡aoiJu 14i ¡ Ji .. lup 
~ t "l 1:s ap'''thl tiilie ohm ca zralo¡ m1d d¡¡ital 
i pi t.'nrpal eqajp¡¡¡cat wh!th COiiiRCls 1 
tg .. he omh;GS iliCB-<iiCIIIClll &lid U: 1 

" \>wks &p 111 lilltiiWp CUISUOIO: 
a.ll ,. •• CGIIUOI action. 

" n'e·¡rts. 
ollu 

In addition, thi .. ·¡ ·•m • o 10 ptiÑIItti 

th rreon':el fo::etlolis iiidi as thost IISttd in 
T....,_¡!. lt theri:fore . uc 
ev«C ic"s,. wj=p"'c: 1 " ¡· ' 1¡10 
,,~~·r n· ,.,..fail. N01c that ·s '·' fmc:· 
sh-d !QI '¡ f ')', proc g tri'· !r?ltfured 
10 thc hark'IP Whp¡'lem . 

• 
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Wilb the paral!cl system, it appean that the average 
repair lime can be rnaintained undcr 5 houn. since 
ihe system incorporales elaborate progmms fcr sclf­
diaafto$is to en•UTe proper transfer to !he backup 
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~------------------~---------
~~!cm. The failed computcr, tubsystem is availablc 
tOr sdl'-<:l=kilia: wbile thc backup sub.y1tcm :nain­
tains proccss control. 

SjdSM ef•'' ')11 "hr"'"'Q".?'"- olloo..,.....c 

••re· eh l ''" ide o:tt 11111\ aÚII ·" •j' ocmoJl, 

Figures 4 and 5 show tt.at in DDC, es in all control 
tyltcms, measuring clemcnts and final control oc· 
v~• an: s\Íil essenliP.I. Each me:uuremerll is in· 
dividual!y conditio~ed befare bdng fed to the multi­
plcur of the computer input/output sy11em. Foihm: 
vi any input or output therdore i• similar to failurc: 
al a sin¡le controlter and wi11 not di•able otller loops. 

. of 

•sr: dmd ill - ca ase tht lo;; at au¡ c:<Hn· 
ser: ppi¡es. Also, · ~. 
t' 1 ~~ t w,....,wkapx;: a ::dad ;=•r _,_ 

(iid : caallOilS iiiUSt OC bbSCi ocd . ·> j '¡JI of 
'\1 f'F'lel I)IWF; . _, 

' •tf''if , ... 

;aipw~ent: 

. ,, J eji!Íii.'COII'IIIrOL T'-

8 re 
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p=' J tiLo twouap o¡ ~~-Id Nth wma:n 
"""al r '. J eac¡ul loielo bo Ull 1

_.,, 

""omljs QA;'.il¡c JCIÜ5io "' .¡¡o""""'*'. a-· 
,, n' "•; ·1 o b~rollon~ ilk f}rocess. 
Suuo1 ofY.no 1! o i pan me cootllctiCII ht+efetcln:e 
oi¡N'' p¡bers e t aacttcd 10 ottlpiit "" ilglia!s. 
n'w·-~ ·t o ·w '·¡pe •b· w· * -i'b .... b.,aem. 

All failed devices mus! be casily removed for re­
placen~ent. Any disruption of normal functions dur­
ing rcpair should be limited ro the few input! or o:.>ut­
puls w~ich sharc !he ~ame primcd circuil a' !he failcd 
dcmenL 

Tloeoc CIJO .tbJ¡Id 0t a dt.J,IiEt'tt. piCJ15.iii IO.(,ch 
\il'riF '"'C"Mf "Ío"t ·ot~..._-..1 

b 5 bese nrl d. 

·o.~gn té .. ices. for on..off 
contra'- o t· b 1"1 1 ¡ :: tu i- •Mi& status 

an41gs g¡¡tf . ¿nal, 1h0 Id b i • i 1 8 8 IIIIINIC 
ba 1yS1em, in caK of 1ystcm AC po~r 

'""· Thc t) e e Ju e •~es faii&IC uf lliJ dnk­
loc Íiipotl\satpUC a¡ su- o otrol 

•wis ud ,,. 11; sn .ltlt t& dl¡!til bZkup. 
While o¡ a:otiSii'" in che laotRut'""'odc, the lio:"l J a-
lliilo 1 ,. e 1 e H¡ 1 ced &IRI tlllubiled 
f a j &lltiJth E611tiül dC•IC~s. Re-
pair can lbcn proceed with no fear of ael:idenlll intcr­
fen:nce wi1h process conlrol. 

lnoo tion, ut" 
~d, the k 1 ¡ ) eo e soliuually 
cb::! pai ; aliz lo 

. . .. 
Other •y.rem dt•ig~ requir~m~nt• 

Th• 
cesmank ,· o ~nk which 

••• 1 bcck· 

uter ... 
'ÍWt besis. Tloe..bnt<lioop • p IIP ll ocuoi,._,...¡y. 
n ¡ iag coadotlblls alllilh s shoot time 
.,...;e.d (in thc ordcr of seconds for a batch proce>S). 

.~u¡ poOX\6111 eh&lige> IJ:a~e ca lino oolnle the con-

......_~..,......,.¡ 1 p<'i' o 1 c-.tOoanc 
.....,_ T~i epdsling moJI melado; o¡x•=• DIMW~s 

.......,,,, UICJ~Ott tu,roe ased va !:cth "'""Plller 
')"lln- le lit&ill thc ma.t; fmmolas ami poogoems 
~~- lo;"~ io•d. Bullt "'"'"' 'l e&i al 1 nnlilin 
Í"I"'"P"elit• O ..,,., O lO ~. f a 
b'!!!·b.·~•"Sratn. diagn¡;¡olin ''el _, •• f'll'' <lttec­
<ioa A poc¡i&ihl !&&Id maiMthSace. Sop~islicaltd 
man·mac~inc communicalion prugrams. w~ich on­
vol•c leng1hy mc,.agc stor-~¡e, can aho be i~duded. 

9·,. e pocg;a ts fo1 <L compute¡ 10 ttMiputcr 
cE">mmunicaoions link slwvkl c·,;t fe li11k f_¡lun:. ~n-t 
n~.,..tk·fuiiüi d tohhiio!lld ihc CltJHtc<">' ~~ 
t~,.b·c" ; OJIICm. A program system ¡:crmitsj 
u.,.W.<in~ "-tld on·line di~gn<><Iics while ¡;mc-•ha,-jng 
~~ real·umc prosram• in bu!k mcmory. ! 
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'ii:c:e .lhcalololsc a :;swn 1 u • l o'lm 

.m. Another proccdurc and pro;ram ·~ re­
quired LO tn.nsfcr a!l opcrating ~ro¡rarr., from thc 
t..c;kup •ubsystem back LO !he rcpaircd computcr, 
withoul interfcrin~ with prou" control. 
-~lll b: h•p 1)110"' is ore! e:otoiil!ll¡ it ;..· · 
3"''1'~ .,.,. . ; i a¡:aiii COiliJH ih$,tb&ggi1G Pi i pi ot 
h · t ' 'iu woias ti te t 'n¡ ato anJ se 

, Whcn backup 
eomputcr l.a~c• over pr()Cess co;>ntrol, thesc program• 
are di~ontinucd. 

CONCLUSION 

By usin¡¡: aoc with c;.omplcle inputloutput control 
and c;.omputcr backup, thc p.u 

,.,.. ... t i•P l::iques. 1t takcs fuil advantage of 
thc logic and c;.omputatio;>nal •bilily of the ditlÍ\.11.1 com· 
putcr, whcreu a co:nputcr S}'$\Cm which dcpends 
cm analo¡¡: sc:t point c;.ontrol or analog backup cannot. 

... 
,, . . .... 

• 
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Thc parallcl control computcr system progr. :1 stor· 

ilgC abiii:y, to¡¡:e:hcr with b__,ku;> of i<>Gic co:::coi, 
program sequcnce and formulation, makcs il ioleaiiy 
scitcd for compln batch or st:m-up and •hutd<:>wn 
application•. 
Complc~ co~tinuous control systcm• w<:>uld also 

bencfil with this eontrol systcm. Bui]t wiih ~tate­
of-thc--an dcctronics. thc systcm should challen~ 

the economics of c:>mputcr sct point control and •ingle 
computcr dircct di¡:il:al control with enalog backup. 
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Recent Developmcnts tn Automation 

of Ccment Planrs 
E H. t;At"TIEH .. )R .. .\IYRO:\ H. Hl"llLllt:T. UE,.MtM. n.~E. -'~" EllW.\HD .-\.E. I!H'Il. ~~""M"~"»'-'<- u:n 

A/n,o<i-0•<< o deudo hao pnaed ri~« P'""" <Ompulo.o """ 
¡;,., opp1l<d to eonlro1 pano of lh< cerneo! monuf•during prO<•" 
The potb hoon th<re to the pre10ot hu ou«•ooe~-ond folh..-.. -
oloo~ !to way. Ov<rlll '""'"'plan" ha" installed su<h tomputoro 
"pon o! lh<ir do"< to keep pro~t mor¡joo hom ohrio~in~. Progreu 
in u•ing th"' P'"''" <onl<ol l«hnlqu<O hu b.en lorgely O'olo­
lion>ry. Ceflolo !adoro <oo """' bo id<Olióed more tertoinly n 
"'""liol ln,r«ll<nt; for '"""" AmODl tlle" ate tho !ollo,.inl. 
IJ ""Pe<lple fo<!oro" of th< «ment manufotturet stond n ftrot in 
''"f'<''""'"· Thno lndude maoo~<menl oupporl, p.ro.:eoo kno..-·bo•, 
tr>inln~ •~d sup<roi•lon of opo!O!oro, •n•l •n inn<r <o,M<n<e and 
d<1<rmination tbot "wo <on mako ll ~·or-." 1) WeU-dooe interiato 
job• of o1aptio~ <on<to1 room dui~n &nd o~enton to <a<h othe<, 
automotion torupononll "'llh tilo proteOI and Ita rnathioel)', ond 
plon< d.,i¡n to !t •utoma<l< tonlro1 fundamen .. Jo. J)De•ianin&<ho 
pro.:<'" to reolly be wntroll&ble. t) Cont<ol har.Ju·ore ond ooftwo!t 
whkh ~~ <he """" of <lti< •ndullfl'. Ea<b oltho foreaoinglotto.-o io 
"pon<ied "·ilh "mpha.io on how r•ten1 developmoniO of bottor 
undt,.landio&, too!'"! fun<li<lno, ltard-..or<, oo!twore, ond of 

''"'""' ond plont <l"llo "" mer~ing to h•lp ohopo th• luture of 

'""'"'"'"" in '"' «mtnt •ndurtry. 

!' • .,.., 71 TI' ~-U i.\, opt•n•v.-d L_t- ti" C""'"' l"d"-"'' Cw .. mnt .. 
.,¡ Lh<· )J:I-;¡; HO,\ "'""!! ¡.,, ~'""''"""'""' •t ¡), 1"71 Thiot.e<tLh 
\t<wt•l IU~l; r·.,,.,,, ¡,.,¡,,,._,. Teolomooa1 C'omf•'"""'• Sean~. 
w .•• h . '1"- r 1 -l:t. ,,.,.,,_,' •r• ,., ,.¡,.,.,¡ .~o¡,,, "'· 1~11. 

E 11 <:,;,,,o, ,.,n 11. H. llttdhou oce •lllo th• .llao,.,f,., ,,,;,.~ '"d p,.., ... ·''""""""" ¡¡,,.;,,,. Did4o,.,, ¡;,_.,,.,.¡ J:lootri• r· .. ..,,,.,_,., 
1\",._.t L1 ""· \b·•. ttl!tiO. 

e: .·1.-J: 1:"1' ,. "-"h ,,,..,,~ ... ,., ~,r,~ '"d ""~,.,..,.,;,, "r•-ro· 
'~"' , ;, ''""1 1:1<, ""- c .. ,.,.,.,y, "'¡,.,., ••rlr. s. Y 1~:1-t ·, 

., 

J ~ TH<ottl'CTllJ~ 

0 \'E!l lO ) .,,-,. 1 ,,,.,. ~bwetl >ÍlL<"•· •li¡;ital 1 u"' ("·• rutL­
trul t'<tlnp<llt"r> "'''e fin·t Íttlrnrlur.ol ;,, tht• ,-,nllttt 

m;ounl:~r·lmiug ll«ltt•tl-_1" (d t ,.¡, n•L.r"l· 1 h'<r :m ],., ,. h,., . ., 
itt>tallt•d or '""" 11ill lw. ~•mlt• h . .,., •. thin<.l •LLCl<'«• 

.'..:. ""'' h:t1 ,. ""' . ."-tmw ,.,-,. "u •l• rd ~ ]_, -""" -~-..r u L 
1 )u L"LLL); t hi, l'•·ri"d .,., ,., a 1 ,¡¡,,;, ,., 1 ¡-eml• h.o, o• •'llll'r¡:..,J_ 

.\m<11\~ 1 h~-«' j_. 1 h<· o ~;oli<al "'" 1 hat t lw • ---~•·' i:·l i ''~' ~dit•lt!.• 
¡.,,. ""cct•»flii¡:TL•<'o, "" 11"1 '·' "'"lll>, '" >ho•\<" ;,. T_,hl<• ]. 
:tiro "J!pl¡- tu 1 he ,., L~<"hl " .lu•try. Thr"' it<¡¡u><lirlol· ",.,. 

<lo•ri>ed fu•m a >11Ltl\' ,¡ di\W!<e !'""''""' ÍLHIIl-lri,., 11hirh 
loarl ll-ffl P""'""'" ("ll!Lln>l <"•<nl!"ll•·r •,l•l•-"''· .\ l11rtho•r 
1 L 1 nd ¡, ittcrro>iL ·~ o•Yitlo•L ,,.,, 1 hat <'L'l<LL,.ntir h-t dlt • • ol 11 le 

ntrort· '"'""~l\11 '.''!•m• Íll C<'JtlPtol plo~o.t> .,.,,-J tu bo• a! 

l<·;<l't ''!""llu !hu"',¡,.,.,, 111 T:~bl<' 11. 
N,m, ,,.!,htiulloll•~t«l~ ""·lht· ¡.,u.,.,;"~· 
1) ltoCJL':I>o'd '"""''"''"'- ,,.,¡ ~·li•t<till~ '" ,¡,. itul:lwa· 

,¡,,,_.-uf !In• , ... , "li:~l i'"!"'""' << ,,¡ ,.;~,.,1'''·"" --1'""(\lr 
farl<.r>' ''' '']"'\'"\ '' '""1 '"i'l""' ,u do .-;>1• ''·' 

?) Tloe -¡•r~a•li11~ 11·<· ol•lirtrl di~i1~1 '"',,,.¡ti ll("¡ oc· 
jt.tr\ ,¡ 11 1<' alLiont" l i-.11 ~\'·l<•tn '" !'olll rt"-l t•d to L • "' 1 <tl\o-r­
ll<iu~ ·LL¡ • n·i!'Ur¡- t•t• th.,l- .,¡ ~"'1• wlltnol .,,¡, _ 

:¡¡ Tlw olo-n1"1'""'"' ,.¡ '"!'''!"""' ttt1o·rf:TI· '" '''1''' ,,,.¡ 
lo:~rJ'Iatt· '" ;oda¡ll lloe ;lltlnttt:~lÍ"Il »~tun 11• lit•· !""'<-­

'""] "' tlu· 1 ,.,.1'¡,. ,_¡,~!lo<· '"""'"1 -y<l<•m. 
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"•• 

"•• 

IJ 'j J.,.,,..,.,._,,¡,.>< :0\l~tl"IL\'.'' b) IH'ttll' <'U¡(:I~t·d ÍIL pi<r11f 
ole·i~to th:ot aLOt .. m:rti~ pruc¡·-,, ""'·'"'1 ptitrcipl,·• f"<>I"Íolo· a 
b,"i' j',,. tLta~ ÍLI~ ,jg11 i IÍCliLI 1 Ítnl >r'J\",•t>r<'UI., Ít< tlo:<LL) :t>jLL'L'h 
nf pl,r:t d<ci~to. ¡,.,.,me""'''' !he l'>l:olpl:.t<l iuvt"•luwtrt 
''"1'"''" 1 ¡, f:t n•talol,l· .,ff.-.;t ¡·tl. 

:,¡ ·n,., l:rt~·· Í"<·ro·a-e ,.flutal aut .. matLO , . .,,,,.,¡¡·,,.c. 
lÍO!<• I~·Íto¡: jh·tf.,rtm•l uho•tc m;1j"r """'idnu¡"nt> «1 ·ILCio 
aul,,,.,,,;,. ''"'''"¡ ¡, tal'<·tl '" J•••L~tl ,.,,.¡.,p.·r:otihh ,,¡ ''"'" 
cem•·uljJbnl.·. Thi.• ¡,.,. br·¡·" t"'jiLCÍall\ -r¡ fnt -<<Lr«"l>btrl• 
dc•ig1,..,¡ hy Eun'l"""'"· 

¡;¡ TJ,. Ítwro·a-e ,¡ ~v;ribhilily o[ au!trm:L!Íc P""''''' 
"'"' n ,¡ ') .,..,,. "¡,.., th,. m:~j.,r r"ml"""""'' uf t he ') ''""' 

;.-... 

lite •lLI'I'itNI \>Íth ll('E"<ktlj""'''' h,l JLLI h>l.rted ·,.¡, .. tr" lit> 
thruot~h ¡.><n•er ;upply. 

7 ¡ Tho• rcet•u! ,¡,., r•]"['"'''"' t>( >nt.<ll • '' miLI j,·.,m¡Htl "''· 
" i 1 h "'1 "'1 "" 1 ,. '" 1'1>" r l i " ~ in t ,. rf M• 1 '"" 1 " '"" u ,,¡ -~>fl " u rr• • 
md.<•s P""'iblc ee<>tO<>tJrÍe ""l"m"rie. crurtlu[ uf "unllo•r 
oc¡ttnellte ol lite P""''"' rloatr ,..,._, prartÍr<•l hilh<•rl<>. In 

<ffcct, & ]"""'""' "'~"'""' br•corm·• """""11'-d b)" Ít• '"' n 
"dcrlicalecl" curuputt•r. Tlw •mal! ~""'P"'''' [!l"vidc" !he 
pooosibility of ec<>tromically ,\dditt)( ftutnm;otic Olrntrul to 
•clecte<l p;ort• uf IJl;llr) o•xioiÍtlg "·' 1'<'11 a..< Tto"\1 p]"nl>, Thi' 
io •~peci:<llr truc whcre phiL t dcsi~" ~"d o¡><"r.Uiug realilir; 
f~vur u ah•tch•d out 'l•p·b,l·-strp :oppn>aeh 11ith ~ mirlÍ­
mum of Íttlerartl•>n b,•hlet•u ench """ >lop ntullh{IJ'c al­
re:uly t.okcn. 

)'>"<>I"L~ 1-"«""L"<)H• 

""l'c,>plt• f:~cturo"" ""' ! he tu:ojor ~ •.. ' ÍJr mchi,·viJ'l' >UCC<'!>S­
ful ¡>t(Jfit :oblc nHtomatic [JrtJC<"~' cmr 1 t ni. Ewu -.>n<t• <lo>~@t 

llr-t·g<'l"'"'¡¡"" 1'""'""" ""'"'"¡ c"ntpntr·o~ are,,;¡¡ C:lti<Ílll': 
thrir "ny 1\ ho•11 rl<l«¡ll:O te po•uplc farlo,-. ha \"e h,.,., cre;rterl 
ano! rnnÍlLI~ÍnOll i11 pi:LOe ,,.,., lhe ) euts. The lu-tet ar.d """" 
l"'"'''·lul third- nnd lourth-Ketrenr!i"" o·omptllrrs do"'" 
bt-1!11<( '""''""" "lwre wif'fiWote ;upportUJ~ ¡wopl~ boro,_ are 
m¡l r!e_,¡~HeJ ;md nwint.úncd Ítt pince. Wh.<t "'e ""''""' .,¡ 
the-•· peuplc faclor• "hich can bfo co¡·,ide;erl vit:ol '" 

'"ce·=·~ 
A Fnm>tJMr ¡,·,,.¡,,,,,.,./ fm Ctnüal l."o"I"•IIJ¡'<ml"'" 

Thi~ bv<>ntbl" ••nviror:nteut "hich ;_, rr<ntcd m .. ,tly<:>y 
pbu! "''"'·'~""'''"' itrchLok- tlw foil"";"~· 1) Th<""' slwuld 
¡,, '"' •hamo· ou. ur t hrcal tu thc '' curÍ\_1' uf. the "1"''"~'"'' 
il thc :rul"""'tic "·'.'''"'" conlrol.< thr• 1'""''"" b•·ll•·r ovcr:dl 
tlwu tfrt uper.>.lot• dn. ~) Thore >h<>nlrl ht· u d~-it·,• "" ,¡., . 
p:or1 oi r•ado coo.l ¡·ul "1''"'"""' >1n<l t ho•ir '"lwrvi,.,r> in tbr 
t h~) « a«l r he <• ILLI wl ,.,.,,,."' t" .-<L<CeeJ, 1 he y ¡,,.¡¡,.,.,. tlw.' 
c;u¡ h~lp ,..,,k.r- it • .,,.,,.,J. and th•y /a(t the ,,.,..,,_"Y "'~1" 
to nmke it "'r:c.•t••l. Fitaolly. thi, t<•;LLII> Ln !he re:diMtÍ<>Ll 
th"l m.oki11g, lh~ •J'o!em \\ork udl i.< t<'ally a Cotrllit:ut~•" 
!o hi• comp:ttJ) ·, pmfLI:rbilny, h<'nr:o• to betteJ· jub "CL!rit). 
:¡) Th•te "h"uiJ Le " tLt ten a1<J rt·afiily ~vai lobl• "J'~ru!Ítr~ 
rul.,., To be dTcctivc llto·fe mUH bfo •Ím]'l•. r:h-el.l ti! rh~ 
loeal <ituulion, "'"¡ tho•tr b,. ""l"tcl•tl l.cirly. Yet m• "'" 
n>U•! be t~t,itr<••ll<>r ~••·pti•·~ a1r<lpbrir:~ in ,.ff, el ,._,¡¡.¡ 
"')(~c·tioo.- fm Íttll""''r"Lll•'l<l• ooouitr~ fto>nl "l~·r;,rit~~ 

V<'""'" tt~l. 
1"<ainiu~¡ .'u¡>plemer•l<'l b!} J1,~,¡M /lef.r.l.c, ("~''""' 

J~n .. r;otO('t t>trd LllÍ"'-'<ILLCOp<Í<>!'" ah->ltl .lL¡tu¡o;,otÍ .. u "'" ;< 

majur •ourre ,¡ «PI'"'I'<"L -io" abr.u! '"""'""';.,,. ou tho· 
p:rt·t ol "1"''"'"'' anrl their ·'"I"'"Í"''"· TILlo i~1 ,,.,,,..,. ¡, 
,,¡,~"""JI ri"!t'';,,.,]. \\"t•ll-de•i~ooetl ,,,;,.¡~.~ :mrl r~r .. .,.¡,,., 
""'"""'· "'l"·ci.dl_,. taih•tt·ol lo tlrt• m••·d, "'"] c:o¡, .. bilitÍ•' 
uf tlro•.-e 1",."'""''1, p,..,,;,¡,. a t;oNILOI.Id eff,·ctiw ""·'· ¡,. 

dÍ·p•·l "<LIItr•Ío·¡,¡ i~ltut;rt co· :~CnlLt '""""'"'Í<>tl '" tlr:<l ~,,.,.] 
1""•~1'<' . .- ¡, :<clri,·l"o·ol. 

Tho• ht·ot ll'aÍ<LÍL ~ ''""'""~ fnr "["'"''"'' !(••t o r,rlly .,.,,¡, 
,.¡,.,,. [fl<'l'"'''d ,.,,¡ ~tdltllloÍ•h l'rrlll' ti"'"''¡,,.,.,," t<'.'l"•""i· 
bl,• thm~·· "' ,¡ :ulnoiuHt:otÍ<m uf"""''"¡ .,¡ oj,.. cenu-tr! 
m,;~ In~ ¡·rn<'<"'· ~Jo.,rt ""'""'"ni trair,it.~ iu "'"·""¡ ,;.<· 



"" 
1<·!11 o'"" <·1'1' ,,,¡ ''1'1'¡¡, ,.,;,,,. are "l•u olo•,irable fur hi~her 
ltl'<'l• ,¡ rern.-111 pbul ""'""""mNII :.uJ fur lh"-<' "'JX't· 
vi ... r¡ 1 "''"''"'"'1 ll'h". "hit<• 1 ,.,¡ r~;¡oun•iblc for !"'"'''"" f<lll· 

lrul, •i¡:uilic.:oull¡· aff..et Íl• H'>UII• br lh<• <¡to¡¡lily ,¡ >UJ<· 
l""t ""'' .,,,¡,.,_.,~,,¡¡,,~ •he)- ¡:i,•p in di-.do•r~~"~ 1lo•ir 
olulie-- Truiui"~ ""''l"'a<•lie,. iu ,,,;,,,.,,,,. <>f ,..,,.,m,. 
ti<ou e<ompon•ut• i· ,¡..,, \"ilul. ¡· . .,,.)\)" lhr hi)!h..,.l uvail­

"bilily «11 ruuln<l hw- beeu f,.,,.,¡,, ,.,¡,1 ~~-h,·rollll· '"""'' 
olun m<o•l nf ¡,¡, """ ,.,,;,., • .,,.,,"''""'k "" RUI<•m~liuu 
•)'>IPm o· .. mpm" "'" .,-,,.;,;,~ i11 pw~ram111Í11¡¡; for:? <>r :J 
c.•1neu1 pl:uol 1~·t·<oiU"'I i• ,,.,-_.. U•f'ful. "fhr I'Oolnte uf llw 
ro•u~t•l\1 lll:L~Í"¡: ¡>l'<><r" ¡, •Hdo donl r"n<li1im" uflr11 

rh:mgr. Thr><' rhan~P' ""'·' ari-.• frutn "'""'· rlwnokod "' 
pl<)'"i~"1 p•o¡~·rli~•. ,.,.,¡ noh•r "'"''""'· A "'"'"'·"ble pr<~ 
fit•icl<C)" iu ,,,.,)if)i"K lh~ WUil'ol pr .. gr:m<> lo c1u·.-l.< 
"Oe<otmn<>lalc lhe-<' doau~o•, llhru ,¡,,._,- :ofl...,¡ 1'"""'"" 
o·.,utrul, olo~< mnd< to ""'¡,.,,.;" 1\U<><l C<ot<lrol clfit'Í<•IW). 
F~¡unlly inljl(lrl•nl. :o hi~h wulidrllce lo•\"el in1he 1'""'"-
Co~<lrol >,l'>lem ¡¡,elf ¡, th<•teby mllÍIL10ÍIII'<l- _ 
.id~i~og Job JJ .. ui¡,/io~o< ,¡ l'lo.111 Su¡•<"•1'i><"!f uw/ 

p,,., .. ,. Cnn/ro/ Peo'""""" The ¡,~>al uf¡¡,;, i> 1<> ln,l,etht 
.!o·-criplion• more clo'<'l_\' lit lhe re11lilief. of ·,,.,,,,,.,¡,. 
prnce,.. cmolrol. For exoo~n¡tle. the lour mnjur cunti11o""' 
p:.,-u of m<t<1 tement pl:1111• (m11 grill<ling, humo~eniring 

or blending. burr.ing, :oud fiui•h ¡;:rit,.liu~) hi¡\hly im«ac~ 
11Í1h o•ath ullocr <·>poci"lly iu the d""'"''"'"' di,~rtion. 
(l'hun "hich "'"" hutliln ~"" for <hyinl" have tWII Ol<ort' 

'''"''l'le• i 111 el'""''"~ <'<lutrol prohkn"·) 1 !u"- nfl en ,¡.,,._ '"·'' 
""" b~JJ mi U t>pcr:nol• lnkiu¡: acl ¡.,,, "loich influeo~• ch~m· 
i•tr)', '"vice ve,.,!l, bu! 11ithnnt ouonliuming lli1h the 
dwmi•t• 1<> 'IAAUTO O\"~r~ll miuimum p~rturhotio"a lo lll\' 

l'"'""""r Collc~p•n•!l)-. lh• b•,l !lrr•ng•mr"'•· tnkin¡: 
alltomal ic colll rul of llw pruC<'"" iutu 11rcuun1 , fo11uw. 

1) A >ill~lc m"'"'K"' <'f pnx-1'1'5 OOnlr<ol \\hu !11 lea•t 
rMu:l~<·" u¡wrolin~ '''"•""1 of lhr ~ri11ding. hlcnding, n"d 
tmmi"g o¡~·mliuJ.•. H ,. Í• r<">)>OII>ihl~ for lrliÍI!il•~ "1 <d di~o­
•·ipliu<· of 1 ht• 0< ull""l o¡o•ml""· JI,. ¡, ,.¡.,, c.<·ronul« hle for 

< •1 '""" 1 iu 11 u/ 1 he '""" 1 i 11 "''" • pa rt • of 1 hr p ""'''"'" . 
2) TI«• cho•mÍcHl '"'d <>1kr o¡wr.<li<>g IW'"'""~J act 

""' re "" " J ,.¡,.. or _, 1 o 1 h •· 1 ',.,,.,.,. C ""' "' 1 _\ 1 n "" ~ ,.,. hu t " i 1 lo 
110 dir~et 11UI mil_\ u>"o·r e<'lltr.ol <>JI<r"' ii>K Jl<"N.IIllle\. 

3) Thi• ,;,.~1<· l'rocc~· C«llll'ol .\lnn:ogo·r u•ual1~- 11ill 
!Mkr minor p10~nom aoljoHII\~111• oo·cr>"'<) tu le<")l 
"hre"<t of !'"><'''~' ,.¡,""~'"" :11111 ¡, mnkr oh·•iro•ol \lnj•I«Vo•­
ln<-111•. •nt;., C;Jil bo• olcle¡¡a1NI in whole ur iu 1'"'' In ot1 li'l>, 
hu! i1 jg ~i• resj'<!l:-•ihilit)" 10 judgo, irAnll, verify, oml 

li,;.~ll~ d~1 <rnlin~ 1 h~ "',.¡ u\llC""' of "'"¡, thnu~'"'-
Some pht111• have """lemi•<'d tl.rir '"1"',--,..;,.,,_,- aoo<l 

toperniÍII~ '''""''""" lO "ehio•w """"''1"1 Olllnmalio 
1"0<"'" o-ouii"Ol \\ilh o«> o>wrall il<"re::-e o/ !'""""'''"]. 
~""'" ulhc•r plan1' lonw 1••1•1111<•<1 lradi<i«l<;o) )<•h ,¡,._,cri¡•­
liult•- Tl1r loi¡tll<'>l plalll '"1~.,..¡.;,,, ho• ,..,,¡,.,¡ '" ''")' 
IH"ÍI), ,ill«'rdy, «lid rdaliwl.l- al<"lf ff<•ltl aoldn·>·Ío ~ 

1 l.rm-elvc• 1" ,.<!j 11•1 iu¡¡; tu 1ln• impfi, al;,.," ol '""'"''"'i"l', 
Fru-1r.<lill~1.' c1onu~lo, ""'"' ,¡ ,¡.,. ¡,.¡¡.,.,.,. ,,,¡ .,,.,1,.,.,.,. 

•II<'N">•<'' aro· (um .d iu 1 hi" rb• '· 

!'C<•¡¡/e ""' ,, .• of ;\ ,,,,,afimo ..... ,.,,¡,-, . ·'." s .. ; •]>li. r ·- 1'· • ·J·i·­
"'" n kry Í1lgn••lio·n1 iu :c.,¡,,;11~" ,,_,.,. <ol "'"''"' ,¡;,,. 1" 

"rhiev~ ""'"'·..--fui ,.,.,., nol nf 1 h~ 1'""'''""· '"'l"''"bil.' '' 1 --1,. 

ll)']lii<·aiÍ<•II "-lof1\\,ll'<' (Olr ]"11'«!'1-,_,. C<•llll'") i> j>l!ro• l. 
'11orir ~n<oll'-looll . ..,,,¡,¡,,.,¡ ,;,¡. ¡,,.,,,.¡,," of llo<• "''', r"· 

''''1"''''"'"'"1''""'· l:.,w·1) l""'·i.l" llo<· ¡,_,,, r .. r 11.r 1,,,, r 
'"~'''''"" "' f,oiluro• uf 1 lw "''" '""""' •.'"-''' '". Tl11• In• o.<! ¡, '" 
ll<•IIPT "l¡i.OIIIÍ1•• 1)«• j<l.II<IIÍI<~. 1r:OÍI1ÍIO~. Íll•l:ollll<Í<ol<, -""1 
OjH·Ialimo u/""'"'""''''" •.1•1<·1<<' loo""'~'·,,, .. ,., . ._,,..,,. 
,.,., 1 ,.¡,, 

IJ)JC limo• '"·"''-•lh•• di~it;,l ''''"'!'"" 1 "' ,¡;,,., 1),-' ... ,,.,,1 
thr hna] o•l 1•n"'"'· •H<'h a• a,,¡,,., ¡\_""l"'r. •·t<·. l"<oull,l 

" 11 n<· f ""'' ,.¡ ha r ~ u 1' h :o rtl " a rr- ,., '"' pu t<-r 11 "" • "" 1 -• ;: 1 i• , 11 , 

• O> a11 <-\,!Ujl\r •<'Xl>l> <<11 th•· 0'''"""1 "(" l'.<!tol''> \'·"'' j fl•t 
e:oeh fitwl '""l'UI <lo•\-ieo• ¡,.¡,~ ,.,.,,.,,,.¡_ TJ¡i, 1"•-lup 

olc\·ic~ :ol,u ¡m••·ido·o a """"' ,,¡ '"-''""'¡ .«lj"''"""' 
o/lh<· finul nul¡nn ,¡,.,.;., '"'"'' 11,,. '"'"1"'¡,-r 1· ""' ,¡ 
,,.,·ice. 11 ma) t·\-eH t,. in lht• j,.nn ,.¡" full ,.,.,,¡,.¡: ,.,.,_ 
1rollrr. 

) 1 ""Y uf 1 ht· '""l'IÍ<·r C<10<'111 :ou1 Pffi:ol iun ·_\ >1 <'lf • 111 ili:" 
<'uiiVOilTiO,OI !\ll:olo~ il«lnml<·lll <-<H<Il<•ll••l-s 1t• IO"IIoÍpll)l11<• 
th,..,• pro<:.·,, l;ori.oblts "hielo aro• "i1l1111 th~ ea¡•ahililit.,; 
nf ,.,,.¡, """l"g <"<•l<lr<>ll•·J-. KH\'<'1\'Í•m.l' ¡,~~r. ,f1en <"ollf'<i 
'• l..o·Wi '2," C;o)<'\\)lll<"> 1 he Hll\ )>lll •ÍI(t,l!l• 1<• """ •<' h);oiOÍjBLb­

li<•l' ,f 1 ho• '"''' l'"i "" .,¡ .uch .uo.ol• ·~ ,., '"'rollo 1'•. S"l" n·i...,r.\' 
l .. ~~c i • u,..d 1<> lmuol h · 1 lou- ' · < < " 1 1 rol • i 1n " t io ' " • " her• • ,., , ,,_ 

hiii.LOÍ<!I\> n/ ih1t•J":or1Í<ol'> llith •oll,·r t<•t<lno\ l•••]'•. """­

lilll'l<rÍiie•, ~_:.r.' 1••111" !''''"''"' <kb)·· :<11<1 hi~hi.' ;,., 
c:olrllbli<ol"' mn~•· """"' :ou11ln~ , . .,,,~,¡¡,.,, to·]·,•i•·d: 

le..,.. Thi• 'Y"Ic•n ",.¡ • ., ""'""' "" J•:.ci•:d ,,,,.tu~ ,.,,,.,,,1 
{DAC); "' dii(Íiall) olircrted """~'~ C'>llln•l ¡J)ll\C). 
A" hao·d\\:orc, ,,,.¡ '''l"'t"i·,lll' ;o• !/."'"1 -.upf10r1iu~ .,¡,,.,,.., 
hr<•o<me IIVHihoble iu thr la<\ lwlf «/lh<' l~•;ct'•. llJ )(" •¡•<e.<d 

"' lh"l llo\\ il ¡, li1·;1 choic¡· ;, ll\l\11~' '"'" ;,,.bll.oti .. n·. 
.\lll<ll'l( lln· ,,¡,-:oul;o~··• DUC 1"""¡,¡.,, "' t<•m¡•:.lo•<l ·<i1h 
ln<•IC C<IUVo·htÍ<ollal IIII:OI<oe Íll•lrull"'lli:OiiO>Il. ;!T<' :.• (,.j\u\\•. 

)) Th<• lJDC c<mqnll~t 1e:1<hl,\ o·ho·t·k~ l1n1il•. jll'<<Hl<'" 
di~il,.l hlleriu~ ,., .• , ¡,.,¡¡, )'.-IÍ<•l• of lime, m~J..~, 111-••he­
mHiiral "'d"nlnli><H•. ""d ,¡,,,. ,¡,.,;,;, .. ln>lkÍII¡¡,·-m"''-' ,¡ 
1\ loich """ <hlf~o·ult '" Ílnj'l •·CI ¡,.,. l \\ Íl h """ ¡.,~ Íl'•tl um<·hta­
li•lll o·<¡llij>I<Wlll. 

1) h1 motuy ;, -hmc<"> m"r~ !'''"'''"'" cu11II>JI 10•1111" ],. 
Cal\>C 1he drifl f"'hleno ,.;,¡,;, lh<- r<·~ul:.1"r it•o•lf 1< 

al-,...,,~, 

:1) The U'<· uf DD(; fnrtt·s o¡~·talur• '" ),,. "l'''"lll;o!lo- m 

dowUffiOIII 11'~ all ('UII'I all1 0 a•>OJ<Í"I o·d \< Íl )¡ ,.,,¡, I'C¡(H):o1 Íll~ 
10<'1'· Thi• ¡, rn101) ,J.,,,. \\ ith ,,,.¡._.~ r.·~ubt it'l" ; .' ·lo·m,, 
"lll<ull~h ourh •!"''"" """¡,¡ \\O<I'k bvlkr il .•m·h ,¡,, . .,. 
""''""'~'" ""' ,¡,,,. :ouJ ko•pl "!' In obl~. a11d ""'1 l<t 
l<l.oiL 1 ,¡, lw>1 '" )j\H III<'U\ '· 

1) Jl!J(" Í• """l~lraliw))- r.o•il.l '"'"1'~'''1 f,,, hoa .. )'1•"> 
,.,, .¡,., ¡,, ,¡;rr,.,.,, ,,,,¡,, of "!"'"'''''"• 1''"-,.,,,;,,, ,.f 
1\'"'' 11 ;,,,]oq•. :ll.<l "''''"""1ic f:oihore do 1< •·1 "'"· 

.-,¡ '"'' h r ll :(' ,.,¡,1;, ; .. ,, ,,.,¡ ,¡,.¡..t;,,,, .. r lo•1t« ,,,¡ ,., 



"" "' " . ' .,/_; " .,. ·~ '""' "' ,-, ~· '' ·~-- ,. 

-' 1 '"'"""'"'"' 
,.;,h CllT·"~"''"'"''• "'"~·le r .. , "'""""' 

Pf'H'<'• mnlno/, 

L• •">i'<"C'i.dl.l u-.•fHI ti uring "'" "tH<Ltie •tart·U)I UHd •hLtt•lu" 11 
oí "'"j"r parts .,¡ thc lutnlprutt,.. duriug .,-hi~h '""'-'ieut 
'"·" 1 ipabti<>to of C<>l ,t('q[ 1<><•1'• i• ofteH requil'etl 

11) In a DDC cnmputer the uwrall hight•t· ¡,.,.,.¡ uf 
pru<"t"-•• "'"""'¡ (ealte.l ~,o,..,.¡ 1 or oupt•rvbor) t:untrul) 
k11ol- to' be m• or•• "''"ily doue sint:~ the "'>ni¡>UteJ mu•t <HIt,­
C<>~umuuÍ<":lle \\ilh ¡¡,_,.¡¡ lu ch~u¡o;e ..,.¡ puilll<, switch '""1'" 
in a!UI <>U!. m<..!Í(\ C<mln•l t•quntiou.•. ami"" forth. 

7) In """'} ~iu~ •eV<-111 1 ,.,¡.¡ju¡¡ ¡,.,¡,]btion., it ¡, evideut 
ttuot a ~<dl-<loow car•fully thuught-th,.,ugh at\11 \\ell­
n¡• mlt-d ,[i!(ital "'"'jlUier .<)'-•1~111 U•inJI nna]Of¡ .-.g<<btur:o 
'"' ltH>j>< for "hioh th•.l" art· ;uihohlc C.<u ptovi<le ~Ment i:Lil) 
"' ~,. od " C<>H!" •l <>1' !he pi'OC<'"' n• e un DI JC fol' muny pa> t; 
nf ,]¡,. cuntinunu• """'~""- Howt·vrr. thU. ¡, !lO! lt111' 
,¡.,,;.,~ ""'"""''¡" •t;Lrt·up. A• t~r complc>it)" of the reg­
LI 1 ' " i " ~ h>p< i u e ,., ·" .,., ( """'' "" " '""' cu ,,., " h er<• "' " n p 1"' 
~.•- fl.," ~""""·' ,.,¡,, b<'lll<'<'" ""' grín<li"~ ,.,,,¡ ti•~ kiltl• 
C<"'l•·r do·p>lrtmo·l>t:•, Dll(' p1m·iolc> ,¡~,ifi<'>LU! .,.-JVHII[;L¡(•'' 
1>.• '""olil) j><'lnLÍitin¡¡; ea•y ,.,;,,.¡,¡,~uf r<·~ulatiu~ lun¡>.• 
,.,,¡ """lif_, iu~ tlh·it furuc• to full<>" tho· vari,bl~ K''" H<"' • 
"hielo •11Ch plan<• h.<'•'· 

j'i~ / <h<>l\< n>1<' foortn of a ]Jj)l; 10j~'LL1•>1"'> "'""'''' ll.•t•<l 
¡.,, 1 ), • m"" - "'" "1'" t ,. r in 1 ' rf ,..,. i u " /) 1 R" -~ • t ,., " • 1- ;,_ ~ 
,¡,,.,_ " C;tt/o"'l'""') tnb.• (C'HT) icpnt •>Ut¡>Li! , ... ,,.,.¡,. 
""'''' "''"''"111' :LVL<il"hlt• fui' CCilL•'"' plant "'''''"•l. Tlu- ,.,. 
n( f'llT .,., OC• ]Í~• ¡,. IIJ .•pl't'.l<\. 

' ' ''"",..,.c .. ".,.¡, ,,,,H.''"'"'"' 
Tn·"<l• ,.,.,¡ "'1" rit-ll<"l".• d•·atl} ,h.,.,- thL<t ,._-.,·t.tiL<I n_­

~····li••"t" (nr •U•t••·,_,fO(\ CI'U(('I>I aHTntHalinll ul•o io,d<idl' 
ad•'"tu.,r.·ly inh·rf,,..¡,.~ l) tlu• C'lllr:ol cnlltt"l ""'m 

~·¡ '"' 
tle--i~" ,,,¡ the co•utt.d '-'!"""''"''' '" ,.,,.¡, ,,¡[,..,.; ~~ ,¡.,. 
aut .. tn:tli<m """'l"''"""h .,;,¡, t!w 1'""''"'" nt><l ir, ,.,.,. 
ehiiL•'!')"; 3) the piL<ul de,igu \IÍih 1~•- ;ml~on"<linL! >)'.•1<'<11; 
~) th• plunt po11er Ji•trLlmtÍ•m sy'lo'm,la)"Ul with th~ 
!I.U!Omatio11 ")'olelll; :,¡ n\any driv,-., an<l th .. ir <mHrol "ith 
thc lugic iu thc aut"""'';"" ·""'''m "h•·•e aLLintuHiic •tart­
tljl-->hHtdu"" Í• iududo·d ;,; tlw allt<JILIL<tiom "J'o\eul fm 
5<•lertt,l¡o:~rt. <>f thc pb,.t¡m.>ee.·'"'-"'· 

Other fa.,¡.,,. •~;,¡. The f"'r;&l!i11g nre lho mU<t un­
purtallt. n.,,u ... iou ,¡ """h follo"><-

lniufnci"~ r: .. rrlrlli ('o.,/• ,,¡ H'"'"' ••·iih 
c,.,¡,·aJ. 01wol"r• 

Simplificati.>ll of tho t.lyout.; of th~ reut.--~1 mon1 ,,,,¡ 'lf 
;he t:elltral up<mtur'< 1""'"1 (COP);., worth<lhile ~,,.¡, 
;Ímplilicatio>t te"'L' lo lm• cr iuil ial W<l< f,¡r ceut r:ol <• •utr"l 
too1111 "'\UÍpmt•ut ami •dring_ O;>NJ.Iing. troublt·h<~.tiu~. 
;uul mui'''"'"'""" pruot•tlLLn'" .u e g>catly ,impli(!ld ¡f gtH.J 
Cotl<'<·pl< an• .. ,..,¡ !u '""h "-'! '"""· A1noug the 1.-.clm• "hirh 
\)'!rnoit goo.od <implificati<m wilhout •ncrirLcing opo:nohilill" 
"' rc·li"bi[it_,. "t ,. "'' follo",_ • 

1) lt "ould be 11i•e lo•implify the ouutrol mom UP•'IL<· 
lvr'; iob_ A typio"l orntml upenuor ;, kn.l·P•~,_ • .,¡ '" 
elle• ¡¡,.,.¡y"'""¡¡,,..""" l'"'l'''riY '"'!'"'"[ '" """" ¡¡,_,, ·' 
i'o'"' hUI'Iln·d '1 i,pl"; ,.,¡ i 1 o' m< ol' Í!d<>rm:otinu. Yl'l """ '"""'­
tinw,o fiutl• LJ. l'Ul' iu a cenw~ot pi:\IL! h:onu;; 1000 ~~l()fl 

ditTer• ILt i~~<lic,tiug lip;ht-. :n--~oo ""'"'""''" "'"' ¡,. 
,¡;,,,.,, •. ~'(1. w "'"""''"'· 200 600 ]111-"h·butt"" ''"'¡'"" 
,.,,¡ .,..[cctur '"itch•·•. ;l().-1i() cuntrull<r> "'"¡ ,.,., 1~,¡,,, 

,turiou•, ele. \l'hy oo "'""""~ 
~) In tho tle>Í)Il> •tuge oi¡¡;iolly o¡uc.<liurL 11hethn it 

i~ """~ fnr e"ch devke W b.- it> thP ~o·!ltnol ""''"· 1~ u ¡, 
an mnrneter pdnmrily inteu,J,.,¡ for m"it>lcU;IIo<·•· lL><"'· ¡~ 

probubly b•lol>~· un the motor c<>utr.-,1 cclllcr fur 1 he .,,.,¡, •r 
Í11 'l"""tiun. lf it ¡, ''" indicating li~th• •hullillg "'""" 
ol "" indi,·iJu"l dril·<, "hui can the <•I"'Tator ,¡., "''""' 
that light"! Oflt'll ;;uch '"''"" li;:hl• are b•·lter OH th•ir d~· 
P>lll~WIItal motnt routrul e~uter or r•l:!y pu1.el. ).(~i,,t~· 

"""~'" tnay k theor ¡nit11a1y purpoo<c. 11 "o. it ;, betl•r ,¡,.,,e 
by hn•·iul> ,.,,.¡, l1~ht- L<l -th,, mot<>r cuhttnl cent•r or r•b•· 

p:uo··l. 11 it ¡_. ""''""¡,.,, wuuld '"'' <h~ puop..,... o! th·~ 
r•ntr;~l o~""''"' be ht•tler -•·rwtl if ¡,,. ucro limite.l '" 
•·hao 1• ',¡ the 1 1 Í1 il"al ,-,.('iahk· ""ly"! Üt ¡,,., :uml"~ \"ati;,hl,•· 
rau ¡,.. r••cuhl,••l b)- '"itohi11¡o; '" nr ,, '" m"rr ;h;OIC•I «"­
.,,.,¡,,,., ><he11 -¡!l"ri.ol .,.,,_ ,,..,¡ ol-•·natioot< """ tn ¡,. 
m,.,¡,, 

;¡¡ (:ruup -t;ortiu¡.; ul a com:•h•te ¡¡,;,.,¡¡,~mili,.;,¡,;,, 
au,ili.o 1 ¡,., "' ,¡' a .uhdo·¡u rl uw11t ¡><·moit< l . .r~e 1 e.!uct ¡, '"' 
"" ,¡,.. CIJ]' "' pu.h ht \1 •<" auol i"'hc:ctit ~ IL~l,t<. Cruup 
"'~"'"~ h<i¡-.• hi~hldot ¡h~ di.ti,,.,;,u iu th·· ,¡,._.¡~" "'"K•· 
bo·t"<"l'l< Th,,.,, ,¡, IÍI"'' r.·alh- uo·o••l,<{ at tho· ("(1]' a11ol ,¡,.,.,. 
,¡,.v>e, .. ll<·t·dt·d ¡,, '"-' iu t • ,;,,. ,.-, · fl.- ,.¡, , ; In~ '"" iu!t "·"'' .. 
"'" ~ .. , ... ,;.¡¡)' """'" ,.,.,,.,_ ·""' ¡,,_ '"'1"'' ,¡,.., ,,.,."-11 
if ''"'"''"' "" tlu ir'""""' , . .,,.,1nl ,,.,,,, r "' tlll' ,._ •• ,,.¡, ''.! 
r•·l;·y jH>hPI. '!'h.• f.,c,oli•u• ni ¡,,¡jvioiLL·d dril"•· ·'·""' ;.,. 

d ir,ot i 111; olev 1« · • "" t h, · '""' ·• 1'""' 1 i "lo\ ' 1 .-pa ti nw t o< ·' 1 "'"' , ,, 
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Nml t<ol "''111 o·r ur rdu.v punelpcrmit" qourk fnult lmding by 
lll:oÍhl<·<mlltc ¡>l'nHlllncl 1\hCn llw '"·nlr:ol nr><ralnr untifi~, 
1 1,..,, lloll 1 B "<¡lleJoO~ uf '1111'1 Íllg 1 ·:11111n1 b<• e<llnp kted. 

-1¡ Wlu·tt• lully all!um"lic """l'lll<·r·<hro•<'lod 'IMI-IIf> 
awl •lo111 du" n is bci01g ¡ol:ullw<l, hwlllthH~ t rono•iem m.ooúr-
1\]uiÍI\u> nf r<"gOJiulillg h•l"'· '"'·"•g<" th,.l lile prn<.,.dnro•" 
lur m"HURI nuol Cuffiji\Liel' •lar<-np' ,.,,¡ >lnnd1,""" bt• '" 
<imil:.r liS pn-.<ibl~. Thi< lu•]p, ,..,,,-h lhe uperah>r OOITe<l 
1" nrt·dures lo)· h.wi11¡r; loi111 .,¡,.,, .,_.,. C<•rn¡ '" ¡,,. ~1.-.ri-Up-l It 
,.¡,_, hrl¡o• lhl' oprrulor ""''"' a11d ,Ji,.g,,,.._,. <lillio111tin when 
"""H"Ihing 1> ami"" in lhe "''"'1"'10t·OOIIlrollod pro­
<"l'<lnrr. 

J,./<rj<MiN~ .-l.,lo><na/iw¡ ,-i!h ll•r /'uO<'U "'"1,-ilh 
/1, .1/"'/d'"'Y 

T ll "'''"rol ~ proec.-.. fil>'t f<"lllllrl·• l'('f\.'oOII~ble ~""" ]edgo· 
by 1 he pmco58 conlrolter uf """'''"" oondil ions. Since au1o­
<n:otie 1'""'""" o<~nlrol Jigitt!l 000\1)1\IIer• are oloolrmti" 
de\~c..,, lheir Jl""'""" •lnlus '"""drclge e<.o<ne8 frvm ¡,... 
qnent mn11Íiorin~ ol '1Htu• of "'-"loctcd MlllKOI< ond ~nolo~ 
.;~,,_¡, "' nll olr,-j,., ,¡ from 1'""'''"" '"" rli liuno. 

S\\1trlo,.. nnd t lwir 1 r:lii><I"C<'"' help do·lerl Jli'UC<'I"' limh •. 
)11'\«<"'> Hu"•, 1.-v~t<. >l~n·:~tiun, ''"d"" lotth, .ouol proddP 
,¡,,. oompO\I~t :md tho 0<1111 rul '-'l"'"' 1111 \'11" 1 ''·' 1\¡• iu fúlmn-

1 iun. S.m><• uf thr>'l" >Wildt"" :t.l"" pro,·ido• pntl nf<h1· trodi­
t io11 ,¡ 1"""''-;,;-flm< "'-'4 <Jell re i 111 e o] or ~ in~. 

l'«>C<'-.< v•ri:.blo, '1.Jd1 as ~elE·c·tul loouperah<n·.--, flo,.­
not"", prt'S!'llr<·>. •peods, Rt<d "" forth. Jlfo,-id~ proct'.,. 
kllllll INigo lu o¡,, compul o•r b)' II<Íng ;ailHI>\<- tra11>mitl~r> 
1<> ronn-rl tu cLLi I,·L hlr :t1dog Lnp1lt "i¡¡-o"d" 1 ~ the cnonput.<-r. 
'O¡e rlt'"' trond for new oon.•lrnctio11 Í• 1<> &1 le~-•t mal.• 
ML<'h fL•t•tlbark ,¡~<mis oompal ibl• " Íl h 1 '"u re pn<CP"" oo11-
tr,l com1mlt~-·. 
, Tho ,.....,nclonajor f...-lor i11 rem<>lely :111d .~ulunutieulh 

co~ulroltiu¡¡; lh<• pr<ocC~' is lh:\1 :oll "'"i:ohl<·' l'('quired t-.. 
,,e],ie-., ¡>rooe;.., t.,ld¡~,int•' mLl,l h<- ph_Hicully nv:oil:ohl,• 
o~:t<.l remnh•l.' «>"""llahl~. llw <rc~od- ,¡¡...,,.rn<"<l fr<•m , 1,_ 
ji]) Íll~ :t\ll"m"t ÍIIIL >111'" 1 lo :ti ( )Lj, 11LLI)' nii'ILIL: j) <nb,t it Ul Íh~ 
.,dju•ln hit• <¡>'1·<1 ],, <lriv<·• fnr tbmpo•r cuulrolh·d !1"-' ftu,, 
cí,...ui" iu •omc e;,..--;;?) '""""ri"l-! 1 hHt ~11 ¡,.,-<:J,·r <lriv"" and 
t lwir f<'<·di11g ,¡,,.,¡,.,., """'' :11kq<¡,¡ e ph) >Ío"l ""'~" uf ft-<•d 
r:LI<"' "-' mcot :<rt Llall'""''''-< ooulrol ucrda; :l} p1 <•Viding «ul­
liri~lll mnnhrr<ol ioulql<'11<lcut """ lo·ed~r:<! "'' 1 h~l 1 11echrrn­
ical hnld ,.,,jnt, tlt•-ired c:on. ¡, f,,.¡, b~ nchll•VL-d 11ith"LLI 
< .\re.--iw d~Jl<'ll<it•noe on olu11 Il-'1 rt•am blo11tli"g f"cilitie' '" 
h<>pefuli) mnko ~P lor olcficienci011 in thi• ..,-.,..; ~) ..,lectiu11 
of kiln, •·uol<•r ~"''""• :<<HI 111hor <lriw•• "" th:tt they lite 11,11 
olnlt, h~v~ prde""hly Zl'l<> do•,Ld-\,,,] ¡, <'<llllrol, ],',.vr ron1-
par:•1iwly Hnt 'l~·t•d-l"r'I"O nm·,-., :md """ have vemi.·r 
'1"'"'1 <']""'!>'"' <hwle of"' 1"" ,,¡, 1 pt·r•···,t ,1,., req11i,...d; 
:<mi ;,¡ lltr~ngi,.¡¡ "ll ,,,..¡, "''"""""'"led" variHb]e< \\Ít11 
II<'I'L'''"'Y eomp,.n~11lo-"" ¡¡,,u 1h~y :oro• "'mp;,Jible wi<h 
'''""m'""!" frun, the <·no,plll~r :uu! 11• .,,..,,.¡,,,.,¡ <it·vi•·••• 
~<ilh"'<( •~•l<lÍriu¡¡ ¡,,,,., .• ,,,, loy l'"l'lo: "~itlwr .¡,,.11 ],¡ 
•·>oo--í,·,. "'""' <•1 the li10.1l med.,ni-m "'·1111 """" •u\,. 
k•·trol '" hr~<' <1111nlo. ,, ,,¡ ., 11 ,11 ,.,,,rol rl"'"'-''''· 

1 11!tojll<'i1•~ l'la•ol lJcxi~·• u ¡I/, J/¡c .-1 <il•"""''"'' .~¡¡•1< "' 

Tlu· 1r•1od i• <o m<Khf)· """ 1'"''" ,¡,.,¡K"" ¡,. ,,1 , •1'· 1 "' ¡,~ 
pr<.-edure,_) <LIId tht• ILL1l<om,1inn ,y,lt•<nlu h<·th·r 11r ,,, 0 < 

nlh,.r. l'or r>Í•Iil'~ pl:Liol", .., 1 m~ nrc '" rlt--i~ll··•l ,,. ""' ¡, 

be l'<•ry <"<)m¡<llliblt- 11ith '"''"""'lit 1,,..,., •• , ,.,,_,, .. ¡_ f 1•1 

m:uoy ,.,j.ting pl:tlll• ""' ''''"'1""'1>1• 11i1h ,,,¡.,,.,.¡,, 11 ¡1, 
.... :oill pllr1, uf 11.rir !''""''"'· r ... olu ., .. ll 11' t ... ,,¡ 1 "" ,,,¡ 
u•i~o¡¡ miniromp11te" ,,.,,¡, tn b.- n "g•~•l ti¡." ;: 1 ~-.:i!ir 
d<·lail' of pln11l dc-i~u llllprf.IÓh~ wilh '""'"""'"'11 are 
o·hol• oroted in /1. fullu" Íll~ 'L·CI iull uf 1 ]¡ ¡, paper. 

1 "'',¡,,;;,y u,t 1'/a,¡ p,,,., !Jift.-il,r¡~,.," s,,,,., '" '-"~""' 
·•·it!, _j ,.¡~moliO<I 

.\ ~'"-"1 tr•11d bct---<'rl un '""'"1 ,-,gi<~.-r ri"g but o·mj'h:,.iz~d 
h)' mllnmalir 1""""><-• runtnol <"on.•i<l,-r,lioL<>, i- tu -toi<·th 
rl~J<:•r<meula)Í"" aU 1"-''wr riorui". Thi< m~~'"' 1•< ,,.,;, 
po\\•r fe¡dn• II<'IVe lhe '"" tlop:lflmeu1 fr,m dw '""­
m:<t<•ri:J fe..-1,.,-• undo•r ""' >il<o•,tn the i"l""' '" ,.,, l~t•­
""'JOCui<ill~ rilO> ~tul I'OihinJ< ~¡_.,.,_ L•t 1 he .,. 11,.. 11 ¡ -"' ;,,¡;,~ 
eleot rieal fKJ" t•J f~<·d.,~ •en· e 1 hal tl<')oarlnlelo\ ""d '"''hin~ 
t•l•e. ""d"' un, througbout 1hr p]:ll<l. _\UIIIn1atic '"11trol 
hclfl" highlighl 1ht· impurtn11.r uf " ""11 l~i11 ""' po 11 er 
dJ>1nbul1oll ")'lern, o••po·<·i,ll)· 11he11 :~ulun,,<ie ''·'1'1-UJl 
nnd bh~l<]ú\\ll ··~ pfHIHlOd. 

P:ott olth~ j,terl"eing of <he :~ul .. m:~ti•· pn.,.. ... """"'1 
'·' ,¡ <'m• "ith 1 he 1"'" t'T rli-1 ributioll ,_, ell'm i; '', c.1n-fulh· 
CO<l'itler m nd,·ance <he l'ff<•cls. pre~enli""• '"'d , "'" ~f 
•urg•• "I'P<'~ring in <he 1"-'" rr di-o ribut io11 '·' 'lem; ,f loie:h­
,;pr¡•J n•d<ol'ing by l't•mole utilily <·Ín·HÍI hre:~ko-r-s; '"" 
sient whnge dips nr>d ;,...,_,., uf ,].,1uwr dm:oll!ILI ,,,¡ 
orif(l,.; ,,nd jun "hctl' 1"'"" fut the pr,,., . ..,. <'•ulrol 
'hoiLid ae(<IILIIy br '"~"" ¡,,,., tlw m"i" 1'""''' di-ltibu-

''" X-r<<y ''""1) 10< i11 lht· l.,boralury thRI ¡, ro -¡;.,,_jw 

lo 11 <·1•ling "''"'""],,-,.,, o•l•<• 111 ll,- pl:t<ll, "' ''' >i"'''''"~ uf u 
b.otl noitl mot,r. 1<•11d' lo h<> J•'htiv.Jr ''"'.¡,., ,,, •1m-•· 
time•. l11 lo<c1, il m.,_,. ,.,.,.,, ~n "'ll ~-"'"'"~'"' obl:~. A 
jiiii'L') "'J'Jij)' fot tl11- j}lo('o''' 001111'<11 !O~\' JI f,,m I'LI('Lill• 
lllMh :~re >ubjt-<"1 lo fl''ljtlt·«l ""'-•g<-> ur h~w· "'"'"' 
'" ildoin~ tr·u•"~"'"· •nrh '" fn•m "'''"P""" ll,em, 1N~oL- lO 
:ol>-<> loo al''"'' ('loui<-o•, Tr.LIL•¡,.,¡ "'''T\'<JI1"~''" atl!l ,.,., '" 
•hurt rirruit' in illpLll· '"''1 out " io-i11:: 1 '" ,.,. ,.,.,h \)<eh ~ 1 '-'" 11 " ' .. - . 
tu LII)X' <nll l.or~<· ,, el<"'·' uf ""l"'""'ic ~'"""'''' '"111ml 
o'<¡<<i¡omrnl in rem<•lll "'"1 iLI .,tlH·L pl,111¡,_ I:,,,J ¡,,, .. r. 11-1. 
<·11gÍ1oorliu¡: oi 1he 1"""'' di>llibu1inll >\'•((n1 ,.,,¡ ,.f thP 
"Uifl<n,Liic ]>rn<O-' <'oh< mi¡, u ,¡;,1il<rl ¡;.,,,¡ a 11rl ;, ""rth· 
\\hLh• 1" dü Oolrcrll). _.\,,.,cilio ""l<llio., 1 ,,, '"·"" ,,¡ <lw"" 
Jlto•hJ,·m• i•J<iw11 in ~n-,.<o·r ,),.¡,ji;,, n foil,,";,~·-,,,;.,, uf 
ul<loi- l'"l~·r. 

1 .,¡ ,., ,1 ,cin g /) riou ~ ,,¡ 1'/or" ( ·.,.,¡, ,¡ " " ¡, _ 1 , '""""" ¡ •, ,..,- ,, 
Ca,¡,,.¡ 1\'l.r¡¡ A~l«matic Sla,r-l'p a1"i SI,,¡,¡.,,, 11 ,, 
¡,,.¡,,¡,.,!;,!loe Al<l«'<<o/iQI! Sy•lt!ll 

\·,.,,. ¡,., "•·m~lll l'hll1• ;, tlw t'o:it<..-1 ~'-''''' ],,.w i; 
clndo-,1 '"''""'"'i• 'l:nt-up """ •huto\., 11 11 .,¡ .•,-].,.,,.,¡ pn<'· 
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ti01o.< of th~ 1""'""'-' ¡, their 1""'"''·'" c<>rn~ukr ,,,,,,.,¡ ')'>­
tem. ~louy u re doiu~ ~noup •t"rtiug ,.,,¡ ;t<oppÍII~ nf tlri•·e-• 
oul} by uthN me"'"·"-¡¡¡, !he "1''"""" OHlliÍpul•t<r~R the 
loop• for the troltl>Í>""' """Jitinn• tltuio~ Sll<h >tarH¡p­
•hutdn<~u. llo"~'"'· " fe" Euwpe.<n-deti~toetl lal)te 
t hrmoghp"t """" cemeut pl;,ot• ha ve i"duderl """h fc«lure• 
The '""k,,¡ Jni"g thi.< ,.¡,""" th«l ri¡¡uru<c< atlo•utiun utuot 
be p;~iol t" the P""''""" medoMoical c~¡uipmcul otnd '" lto 
reliobility "hen purt of ~" """'"ll '}>lem, ¡¡.; "''ll"" to the 
tJe,.i¡(u <1f the OIU!Omntic .<lllfHLp ~nd ,hu!Jowu logic it>eif, 
if "'"1 •U<:eP-'-"' in e~l'Cuting thj, functimo is to re>llll. 

ThP inopl•·11oentiug uf thi• :outomutic •tart-up lH\d -•hui­
do<~" ole"rly ,¡..,\\-,< thut fio·,¡ cb,..,_, iHterfaoe ""gioot•c¡-j"g 
b.-t"eo·u m:~chioH-r) b<últl~o'-, pbut d~iguc,.,., ;J.n<l auh>· 
m"tic pr<ICC·'·' t·outrol d,-,¡~'""'" i< bt•>l uccompli·l oed Lefo,·e 
t h•• plan! io< ph) ,icall) l>uilt. :\ ut uuly mll•l cono1•lete po>.•i­
bl•· "'"' t uence' ,.¡ •t ar t · u t• a o u ! , hut Un" u ~"d t lwir vnria t ¡.,., • 
be f<>Ot"cru ~no! "''r11 nol el y J<•>rnbc•ol ahe:L<l uf time, but t ho· 

l"''f"'""'"'" aoul brhaviur ,,¡ th•• variuu., P"'"'"'" 11""" 
:uod tr.ou>'Íeut """'¡¡'~'"-' mtc•t al-<• l>o· lor.·,.et•u ""'! ,¡, •• 
..:rib•~l "" aco••t"''dY "" ("'"ihl,• uho''" 1 of tino,·_ Wht•o e "''d' 
e' 1 ra ri~, '~'"-' 1 hi.,ki<t¡( i · ,¡.,,.r ,·.,mplt•lel)" duriug the tlt'-Í!(n 
""~··· "'""""'tic •IHrt-up ,,.,.¡ •hutdu~<u. includiu~ ¡¡.,. 
tr.H~>Ío•ut '"""'l"'l,,¡¡.,, nf ro·~ubti'"' ¡.,.,¡_o., bo-r.onoe.• ""''" 
e,,;¡_.- "''c<m•1•lioheJ. Wheu • .,,.h ri~<"'""" thi11litog i" ""t 
dono• alot•"ol of tinw, th•u the "'""'¡ impletncutiug ,.¡ tloe 
~t:ort·up .tu<.l .<hutth~<<" teutl• lo b~ '"'"" pr.,tructed. LLU· 

u(ce><--.uily exp<msiw, 11t1d ptub:obl; the fuucli<m ,¡.,..,],¡ 
ru.:ot theu be in the C<>mputer. An effect of applyiug doio 
fuurti•u• al"•:ody 1"" bt·en lo coutrihute \o m .. diftcntinus 

in 1""'""' auol m"cloine dcoi~"-

ErFE<-:1~ ot· Al'TO\n1'to~ 0' l't.A~T D";tG'< 

H<·rc i• "h<re u twly •. ~citL.,~ u.•¡,.·ct o! "utun•~•i"" bt·­
~;,._, ¡.,he ~videuL r...._..¡ autnnoatio pruc~"-' """In¡[ ~na!!) 
pruvi,J,•, ~ ntP""' of mnkLng nt\1 tualerinl• ;,,,., ~ui•hcd 

""'"''"' rebtivdy quiokly ~ml l<C<'tuately one< the ralO' 

m"h·rial< :ore conuuittetl itoto the '""" griL<Jiug ·.•·<tem. 
Ct•rt"in o,lht·r iHOiLL•trie• h.ove o><>t•d und lahett uclvantn¡.:t• 
oi ¡¡,,. nhilit) of ""'"matic 1""""" coutrulto reduce tbe 
•tu!:<~c ho•t\oe,•n ,uo«·.'••lve follu<~in~ p:orto uf 11•• 1'''"'"""­
The Ot'lll<'llt ÍlltlLO>II} i• he~lrtuiug tu U'l' t[H''<' tedoiiÍ•¡Ut'> 
mou e ,.,,¡ """ ,. [~ 1 >'d•ct<·ol '"'l""<l• ful[,,.,-. 

Hu" /k¡•u,-1,,, . .,¡ n,,.¡ r.,,¡,,.¡ 

llc•Í~"'''' ,,¡' one rehoti\'c•ly "'"" l'uiteo\ ::;,,.,,.,• ,,.,,..,., 
pb11t uudc•o•t.o•l ;uul iuoplen"'"'"l :[.,. ioleu ni n,¡.,¡.,,;,¡,~ 
IÍTHI' ,:,·i.t)c ho·l<<o,'<'tl Ltl\< nlllilt•o•dt lo'" .j <¡tlid,[_l' ubO:oi ... 
o u¡; :wol ""'oH¡; "1""' cllt'rni<·:o 1 ¡, ,forn"'' inu ah.,Ht the •lr•·a "' 
!:'>ÍUI( iuto tl,.·it du"n•tte:ouo luotn••~·-•·izo•r_ By C<•"'hinilte" 
,,._¡,,,. X-t'"ó' clt•'ml<·"l ~un~iu~ to·duoio¡u.-, ,.¡ ~'""'·,¡ r.n• 
"""'l'"•itiull \1 ith •hur! t Ít>w> fur """''l'"ll, -~m¡,¡,."'"' 1) ,¡,_ 
,.,.¡ COII«ctin :n·ti'"''· tho•_\ "'""' ahl,• lo utili•• ",;,.~¡,. 

~ ¡,-, lo 1" """~''"i' i 11g """' ·1 bo•t ·,,..,., t h•·ir ""' d• 1 '·"'' ""'" t 
"'"1 tl,..ir kli11. tl.,,-,,11. tho·y To•ll olo:tt thi' "l'l"""'h ,,,,.,¡ 
,¡,..,., "'' ;,.,, .• ,.,,.,, "f "1'1""''"'~'"'-" t n•illiut• ,¡.,u,.,~. 
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¡·,~. :1. Ttn'" olPiay, ""'' '"" ""' l'""'i"""¡"" '""""' ,.,, ,._., . .,; 
(o) lolo.li<ed "" n•ÍI ''""'"( "'""' fM on.oi)'<Í"~ '""• ,l<l~y• ••""'' bo,....,..,,.¡,., ,¡,¡,.. ohl ftl•• t..~ tinte Jel";' anJ hnmo­
pni•or •i•• uu "'"mio'""'''"'¡_<<) EH<<"h nf "'"'mi i«O.rval -"'~ 
"l"''"" ,;,,,.~.h.""" , .... -.,¡, "'"'"'l. 

Anothcr pl~tH in \\"t,lr"' boru¡>e <:<H\lbit,eo! ~·~~1 Oll­
¡¡,.,. 1(-"'~i"g .,( ""' '"" doemieal o•oonq:•o-iti"" .Lt the .Ji;­
rh.or¡;•· I"'Ítot .,f ,¡,.. '~" mil! ~riwliP¡; ,.¡ .. ,.¡, ""h ,¡,.,.,. 
timt• tlt•b)'• iu ma~iu~ ,.,.,-,·ctinu; :111<1 uith '"'"1""~' 
¡·wottol .,¡ tlwir lll'o·l¡ooon"~''"i'i"¡; pilo• l¡ollldir·~ ""'1 ""TH· 
puh·r ~·oi•ht«'<' iu 'l'""'J <>l~·wti""· H:. lt•:oruioo<.c tlo,. t.do­
ni<pl<"• :u:d ,,..,¡,,.,.,;,.~ lhcno """'i,tctLtl) \lo·li. tlt<·_l ""'" 

:thl<• tu cunoplt-tdy ,.¡¡,.,¡""''' du"''''''"'" ¡,.,.,.,g,•ooi>ir~g 

•• ¡uipnwtu "ith l ¡,,. com·--1"'"'¡¡,~ loi~t. "["'"" "'~ '''l'"'' '• 
uf .uoh v.,_,...\o_ 

,\rwrlwr ¡r_~_ pbr11 .,,¡~;,.,.u;- ¡,,,.¡ pi.'"'",¡ tn ""'' l:or~·· 
uoill f,.,.,¡ biu,. h.·ll\\·•·u ,,.. '·"' mili ¡,.,.,¡,.,, u,,.¡ t":odo '·"' 
,.,¡¡¡_ _\n;olpi' nf tho· .-IT.-et, .,¡ th,• tlmo• rl<·b;.< ''" 1, ,,;11 
,,.,.,¡ biu" """¡,¡ h.tV•· "" oltcre.t•i"~ l'"'"'¡,¡,. ('(,..,,¡,._,¡ 
"'·c·ur;JcÍt• ¡,-,¡ tlwm ¡,. dimiu.ot,. ,.,d, br~·· f,-.,¡ ¡,¡,_, ,..,,¡ 

m\ucc th ... t.·la<'.' iu th·ot 1~"¡¡,,., .,¡ ¡¡,. ""''' ri-ol ''""'1"-''' 



"·'·'· Tn """ "' "' '" "'" "'" "" ''' " •· "· ,.,., '' , "'" , " , , " "' •• , l'•i'l 

•·uo·'lil• ¡, d.onl 10 oniu ¡,.¡,.,.,¡ o.i' tlw 1 ¡, pbnm•l .,,;¡ci­

""11.•' 
.\u "'"'l;·tic:ol ''l'l'""'~h t<l , •• ;., ;, nudct•I:•>Hiiu¡: th~ 

< · IT, ·<·t • " n ,., '< h 1 t t io" of 1 '" "'"'" < 1.• b; 1 "'"' 1 • or1 . """ p lin ~. 
"""¡_, ,¡,, "'" l <·urrertiu" 1 inor" ;, i" '1" o.l'il ·~ 1 he :«·<·LLnorie• 
uf 1'""''-""' COntrol, i• gi•·~,. in Fi¡:. :\{n) ·{e). 

Fig. 3(a) i• 3 bl<>ek clin~r.,m ol" >Ím¡olifi,,] """ h<Íx ">1<· 

,..,¡ ,_,·,tem thsl can be ""'-"1 lo ,.,.k,.\at• "i'l'"'"im:~l<• 

",,,., "'""' etruli' ;,. 1 h• ho,mn):eniz.-t nual}·,i; fine to '·' ·1~m 
1 1 a •••pm·t IÍllle' Tloe ~rindi111-( <'Ír<'< tÍ\, 1 he ''' mpluo\:-") ··te11o, 
t l1<• "''mpli11g inl rn·a\. ""d 1 he wnl no] illl ,.,,.,.¡ '"'' 1 !'~:~trd 
"" t:m•in~ •impl< time de\11)"' T,. T,. T,. nnd T., rt"1Ícc· 
ti\'C])". 'fhn hnm<>gcnizing •ilo hn.• "tillulg oime T 1 curre• 
'1"'"díng lo !he :~dual "ful\ne>-.<" at which tho•il<o i• in f:~et 
'-'P<'rt<ting. When "" <>tHir <oe<:Un! iu t)¡e fu<l rom1,.,.itiou, 
tht• r·ompul<•r conttul 1>rogr~m etuo do ""thing llntil il 
ddeo;ts the ~rmr al the <>lllpnl ol the Mmplit\~ >y>lem. 
lo mn¡- take up t~ th~ <um o! ~11 thc><l d~ln~-, for the oon­
lrol p"'groun lo ol.,ert the """-'' <1nd oorrect thc feedrr• 
Dmh¡: thi•time then." tot,.!of T.+ T, +T.,+ T, h of 
h,.d m"torio\ h~s gone into the •Yst.m. The mnximum 
'"'"" JU thr nornnge11Ízer eotnpo-itinn 11ill oceur Í! the leed 
en-or r-.ecurs whcn the homn¡¡~niur i• ,,.,,. fu 11, and t hrre i! 
no limt·left lo cmrect thr error. Thu' IMoth the boteh n11d 
cn11li""""~ húnWKCni•ers mn;- 1><" cnn-idrred lhe _,,me, 
:uod >hr muimum fmction of th~ iuput rrn>r thst wiU bo­
l """'·ni in 1 he )¡,mogeni'rr ,.,¡ ¡>Ut i• th<'ll KÍVen by 

t~her-e 

E, 
·' 

T.-tT,-tT,+T, - -· r;----

/:', \Juit J-oumogeniRr error, cOrre>poncling to a unit 
'"'" lllRI<'ri:ol feeder chemical enmpo•ition rrn>r. 

T, Transport d~lap for timP con•umed by m~teri.J 
; rnvehnp; r nom ""'" m•tcrial fe~dt•ll! to thc ••mp\i"~ 
~lation, h. 

T ,, R.omple itol~n·oil, h. (•ero for <>u-lino pu~i11g in thoo 
,.,.,mple Lut ;, mnre fot lahm:~tory X-rn;· ,.,¡ 
manual chcmical ttnalpc<). 

T, Sample pt<')'arnoion :mol :ounl;··i· time, h (002-i h 

""'d ;, '"""pie). 
T, C.ontro\ Íttl<·rYol, h (t;-pic"ll'· :1 min lo 1 h). 

Fig. :J(h) """ ¡¡,¡, '''ILLali"" \" ,¡,"" thc eff<•ct of gi'ÍIIrl· 
il\~ circuit lr:oto<¡;Urt tin1c• T. ott the h"mOl(<'lliu·r ""''' 
};, for h<•rnogeni•rr,. t~ith 6-. 12-. und JS-h filli"l time• a!td 
_,,.,.,.,non~ acconllnl ~mgram ilMrval of 1 h (T,- 1.0) ;ond 
B 1.">-mÍu •amplin~ time (T, ~ 0.2-'> h), To ;h"" thr im­
plioatínt.- of t)w"'(' curv~•. cou·id!'r" 'Y~Iem \\;1 h ~ dPI.y 
nf ¡_,-, h :md a lilli11g tinw<>ll8 h. 1f tlot• olo•la_\ \H'tr reohH rd 
toO t_-, h. ti><• "'"'" n·.-ult, wuld he :odoiowd \\Ílh ~ _.¡¡, nf 
,,,_,- 12-h ''"1•·'"'1."-

The l'<"lllt• •1 ""' n in ¡·¡~ ~(h) "<'1'0 ',¡,¡ :cillcd " io h ""' n•c­
ti .. n• "''"¡,. at 1 h ;,.1~n·:~l• ri~- .1(t) ·lwws th~ off...-1 .,¡ 
it« , o·w i "" '""] , lo·o·ro-,.;.,~ 1 he Í>ol<-rl'<!\ ],~¡,, ~rn <<on<-<·t i,,_ 
('J',, lt ''"" t,,, .,.,., th:o1 ,¡,.,.,-,.i.,~ 1\w i111<·n·,¡ '"o:, h 

• 
r 

¡-;~. 4 (),.l;,,_x.,_, ,.¡.,.,,,;,,¡~'"""in""""'"' pl""'· 

•hu"' •tnnli gain 'lith" )~·h filli,g tim<•, 1,, <h.•l m­
cr<".»ing 1¡.,. inten·nlto:! h cml--1'",. con•irl"r"l'l~ 1•--• iu 
occurncy. 

Tlw-1' t<'>t<lt' "h'"' the tO<•ee~<Í1;' ,¡ >hot\o·niu¡¡ <ho• fur. 
w•nl path and Í<'~olh;ock l'"lh tim~ oleb•·; Í!< the ""' mi• 
,,,¡,., 
- 1

1
he po""ihle impli<·:otinu• .,¡ ro•dt<<'ÍII!I '''' ,._1 nwnt 

in the "fn>nl ~nd" o! th~ piRhl b)" u•i11g ¡.tihciple-­
>h0\1!1 in Fig. ~ repn'»('llt " di>lihrl 3n<l n•btil'el;· m 
ltend 1\hich will 111.<•1\' he u•P<l "'"'''in the In! un·. l"is>- ! 
aud 5 •ho\1: l"i,•w• uf X-t")- d"·mie"l ;<rltol; .,.,.,. ,:rd ;, 
cen.,·Ht plaht". 

1 ttqmx·iug 1\ ;¡.,..r,.~rr n<'ia~ (',,,~,,;, from a 
C<>lil!ol l"ir·u•¡ooi<11 

.\ hal; ,,_., of t ht• 1 rt·nd• •h<o10 t he ¡,,¡¡,,,in~. 

1) l""'""'i"g '"'"1'¡,,.¡, i• ¡.,.¡,~ plac<·d "'' ~.-, J•i<•'! the 
:<tr><t•go•nwht of ,,,,,.,,_ n .. ,. ,,.¡ ""xili¡.r_,. ,¡,.,.,., .• ;, oh• 

kiln..,.<~•lo•r •·ircuit n• <implc• "' f'l'"ihle. 
~) Th• rommo•ll(• "b<nJI ch~r:•tl<·ri·<it.• ""rl '''""'¡:,-. 

,,.,¡, "f kil,, l"O<•I!'r, l~t'Ult'. :111d '>'if'<'lf·<l f.on •ltil'<'-• pn·­
\ ¡,.,,¡,. gi1 <'rt in 1 hi• 1~•1>.-r are ;opplie,. lo\ e. 

:t¡ The l.or~· r ~'"'''' t; pe ,.f r,.,¡,.,, ,,.. ,,,.,,. '"'" ,.,\bl>lo• 
if ;,,,¡;,.;,1,,1 ,¡,.¡'"'., ,,,. 1,,,.¡,¡,.,¡ ,,, , ,,,1,.,1 .,;,-fi,,, to , .. ,._~ 

•n~j·oc r"mp"rlme11t nhd fhr tia• "'""'' ,.,¡,,u•l. Tl~t· <>ldrr 
~r:octic• ,¡ u-i11~ ,,.r;- ¡, . ., '"'"lct r. .. ,. ·''""'~~d ,;¡¡, 
,.,,,.,~ .t:. '"l"""· , " ,.,, ,, ,, ,, "" n. "' , , ,._.,., ,,,j, ,,. , , ''"l'""­
,,,.,¡ rnolo ' ¡.,, ~ '"u¡:h ''""""11-+ '•ihtl' l""l,lo·m TI,. treo"l 
i• 1+> 1""' ¡,¡,. "'!'·''·'''' r,,. f,,, ,.,,..¡, fouo<·tio•<• .,, ,. '" 1 ~ nnil 
¡¡,. ,.,.,¡,., '" ,,.1\; .. ,.,. i1. ¡, .. , l·•·rf .. nu,,,.,.,. :o•" ¡,,.,, ,, .. 
<"UI·~r:ol"' ~,,,¡ ~- ·o .-. •• !,•r ,¡ d;,],, r ¡:, :. 

¡¡ ,,-¡,..,, ,.,,¡ ;. ,.,.,¡ ,. ,, r .. d. 11,.. ,,.,,¡ ;. ,,. ,,. ,,. ,, .. 
,¡,,.,. <1H· .... -i_,¡.,,, ¡, '''"'1"'''';.,,, '-: .. ···i.dh tt,,. ,.¡, '""" 
to·t<l ,.[!]}(' t<oo~l. !<u<·h '"ri:oli"n-• it,·\·it:tl>h 1·0•1<11-<" "' 
,.,,.-,.,,¡.,,. ;, ,)¡,.,,;,.,.¡ ,.,,,,,.¡,,,,, ,.r ti~+· l'i<nl., r .. ¡,." 



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

,.,_ 

' i••• .. , ..... 
' 

' -· .. ' . .. 
-~ -- ·-~~.' .----..-,.- ___ --------:'___, .. :. . 

.'¡' _e-
., ' , ........ 

. "'" ' , 
,~"';\-- . ..;.~;"'' ' --l: .. ·.·¡__ '- ....... -~.·-·~·--:' 

_.._/"~~- .. ,. -st..:;.~, 
. •·' ,; -~, . . ·.e~·. ' , _- .. • ~;-..... , ... ~. _.. , ......... '" ...... .,, .... .- . -·"'-' -- ·~- ., .. ,, ... , ' .. · ..• ·.;· ,_.,. -t_~-t·':_ .. ~ s.·. 

·-·· 1 • _, -•. --- ... 
~ _____ :·_;~"-" .' .. ---~~ .. :;'·'-~~·-.- ... ; 
''• 0 "- ,CA O o• -"--'-~ ......,__....., 

~~~. -:.:-.. ~.:, ·.• '",." 

'

' ;, •.• ,:J,:.' ., " ., •·: ... ,. ,,. ____ ,., ...... , ... ,,_<.! 
"¡.;, .. ·:·_";!' , .......... -. ~.-.r·:~·-
... ~- ._ ... ~ ,_ '·-· . ' ! .. ~-

--.-'T"'T';-----~----- ...... , ·-··. ,. ···' ... 
' ' ' 

major com1 uueur Í• th• widdy l'a~illg 11.•h r<>nt~tlt .,¡ th~ 
c<oal U• it enter·, the l><rtuill~ 1"""'""· Flle,.dillg of ;udo r11;ol 
"'"·'· help. l'wcha-in~ hi~her gr!l<lc cual""'·'- hel¡¡. l>o•me 
h,, ~ e~·en ·hilt o•d 1" uth•r IYP'" of f~d"" tlw prublo•m• uud 
eu•l • ,¡ U-•ÍII~ ,.,,,¡ h,w~ hec<ome mo.., evidelll . 

. ;¡ .\nolhv.- ll'o'"d i" lo relm" du<\ lo th• kiln Ll> u"'"''<' 
tu , i ¡'" '" o ~"" , ""' t " i m 1' row• "'"' t rull:>h il i t y. Avalan e hill K uf 
dn-t in hopr~r. uud~r vr~oi¡¡itatot>< or dtiSl eollt""Ctot>< a11d 
-r.on·i,~ ,,¡ dtJ-1 r.·~d al <>lher time• "'" factur> temlillg tu 
"''!"¡"' \'Íl!it'llf cuntrnl aetion.< l<o '""~""'d lo •udo kiho 
t'et..J l••rturhat ¡,,,, Thr trend i' tu 1 real retmn du-1 ;e• a u­
,,¡,.., '''1'""'1~ kilu feed uml \r,tall a retutn doH ·UIJl•· hi1o 
,.,,.¡ r<"lur" du-1 m••lo•ri"g equipt"''"' arrat-~ed In ~,-,,.[. 

nally """luLo le tito• "'"'"!:'' r..turn r!n•t leed mt• t<o ~~ th•• 
~"ll•·r.ol leo·~] ,.¡ n·t u m olto•l lwi1og g•'llo·r-~t ed. 

o;¡ ,:;;,.;,~ ;di prow•'-" ''"mi,,.,.,.¡, sulliei••"tl.' l;or¡;•• -"" 

,..¡., ptovioh· "'""'"" for cur1lr"l al top pn..ILJ<tiou ral<'> ¡, 
"""' lwr tr.•~o,J, l 1 ¡, dilhcuh lo al taill top qul.rit )' oout roo[ 1f 
lho· itl<ll!oeol dnofl ¡,.,, /uel feeder, killl dril o•, .u..J "'' /nrth 

aro· "]"''atin~ "11idt• "1"'"" al lho·ir '"1' ltr11ÍI. 1<' '"'1 of 

; ! "l'h••·· ¡, "''"" en1pkr-i- ¡,,.¡,~ pla•··~l "" 1 ¡,,. r<-c"l"'"'­
ri,,,. a•¡a•tt ,,f !ht• c.,,h•r {,¡- ulotair.i11~ ~,,.,j _,,,.,,,1,,,)' :oir 

lo'JHIWf,IIOil<' rw-.o•lllo'll"'"'' .LioJ lfl<'ll 10•111~ '"l<'<['t"tL' )oo~i<· 
'" >"tllplo·o-1"•' ho•aP f<'>"\JIWra!Pnu. fi,.,,.. h.ll'o• pinll••·ro'!) :t"'l 
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Fi~. 7, T..,. ~.o; • u! "'"""·" "'"""1 ,¡ """'"'"""'"' l.it" ,, ;, F '" o 

po·N.''·ered ;,. rnaki!l¡t ~··~l "'"'"""'m~n•• r>f """""dar; "" 
t en • 1'~'" t u re. 

Fig• fi UlHI í ·h•lll ~,,.,,] OOill)Jotr.oiÍio' hou lypic,d <e,ult; 

11i1h tlud wi1hun1 corll¡mler COIIItol 01o" kil11-tooler iu a 
comen! pl;o111. 

r:rin•ling .l!i/1 Ci•m<i /Jr8ig11 nrul A!Jtomalir· 
Proct•• Cmrlmi 

The h:t,ic olojectiv,• uf griodin¡¡ mili circuit Cclloll'•l <.,In 
m:ti11bin fi11e'"·" 11ithin" narmw ban<l. ll·u~ll; al -""n'" 
m:t~imum prurluction le~·el c<¡r>,i-\enl "ith th,· ~«i•tia¡: 

pll ..,,.,, a"' r n "" h i "'' rutl •l '" i " 1 ; . r .;ual!)' i '" 1 j ,.,., 1 ' .... ' ( . '" ,._ 
nwllt< au• re•tuiml <ill<'c- lu>l m:ttl)' fill<'"'-" ,,.,.,.,., ar•· 

.wl "l"'r.<tito~. Yet a U'''" 1 do"" "'i•t to av¡ ol; '"" 1 ,_.,. "''" •' 
f<ll"ll<-- -<'11-·<lr-, partirtllarly i1o cement ~rindíug mili 
ciwti1 • ]G ]. 1 t , . .,,¡. in ~t'Ít1diug mili ctrcuio d~-Í~tl 11 hirh al'•' 

enopJ,.,.¡,.,,¡ ,.,, ... f•<rllwr b,- ""''·'rleratir"'" .. r '"""""''¡,. 
ptoco· '" Cullt nol i~oriuolo· tlw fullo}l\ ing. 

1) Oh1airo ~··•1 """"""'''""'"¡, of mili fecrl r•l••. 
eith•·L h; "''¡~¡,¡.,~ f,.,,,¡, J.• ,,.. h¡ .o C<moloill LlÍnll of lnbl 
mili ¡,., ,¡,"' ,. ""' r .,.¡,.,.,. 'r ",.¡~¡,¡,g feedt•"' ¡, ,, '" ldll il <' •, 

~) [u ,.¡,..,,¡.,¡,.. . .,i, ~riud111~ .• ,.,._.¡,~ 11[ in¡u¡t "'""' "' 

elc,·al"'-'· '"''1'"''"'"''· ,,,,¡ ¡,,.¡¡ 111ill- ¡,,,¡""·'' pr•·fo·o;¡)o[, '" 
~!lo·m¡, 1 i "~ t 11 ,,¡., ai 11 •·•poi1·alr•11l mea •<11 <'11>1'!11 e ll·ih~ .lo i1 ,. 
input ""'l"'n·~. l'o~o·r ,_,.¡,.,., '"h"~'' .ol'f•-cl• ,¡,¡,-,. i"l"" 



""' • 11 ' 1 .,. "" "'"''"'' '" "1•< "1" "1• 'd " " "- ,., ... , " 1• "·· "., ' " "' •1 1••11 

b~ '- p,,,.,_ ""''~'1 "'""1'"'•• h~o,IJotHm in '""""""' pknL 

fi~ 9. p.,,,... '"'"""1 "'"'"''"';., • .,u.,¡,,.¡, oemonl p\onl. 

'""1"''"·' bm unl) .•h~htiY .Jfo·tl> driw input \IA\1•. Th11• 
«nolml h:~<ffi "" am]l<•re J"l':l<IÍIIIt' ma)-. :11 tim..,., ho- b:1.....! 

"" f "'"" i nformolion. 
3) ThP 1 Tf•ud Í< 1 o pbcP more o•mph:t•i• un "d"'l""l o• .,.. 

iul! of ~11 '""'1"'"""1" of lhr ~~;riudin11 mili rircuit. Thi• 
0-.¡wtinll) llj•plir, ¡,, lh<>•t ¡,,.,Jiill>t reeirnrl•ting Ion~. 
(:r~od r·onltrol ""') ),,, ÍtJ•I""o·lic:d if "'"'"ni lhe ro•clteubl· 
iuR lo~d •u~ili•ri•-, or ol .. 1ho•r <·oml-""''nh, pt0\'1'1\1 odo•· 
'1""'" lwndling of t lw fin" '"' • "hich m._,. bt- inhrrrut du• 
1 o val ¡,.¡ ¡,,,,. iu thr pn '''"-'' m~t o·1 ial• Htl l!:,lly u"'•d. 

~) Soml' CI'OI•!lt plnnt• d.-i~ued by Europeon""" 1"'" 
bt-iug buih Hlld inclnde fe~tur~• fur rlo••'<~·h>¡> CUII1rol ol 

finen<"'' .,,.¡ n¡¡. C<>llTÍiliiOII« fin<""""' """"'""· 
Fi¡!> S nnd !1 >h<>\\ ~ pr•.,•o·" e<m1p11tr•r ;.,,,,.lla1iou ill 

"co•n><·nl pl•ul. 

'filE""" .\t'""'~T..- \'o~'"""' 1'1 ''.""~' 
J!>:t"<; J'J,~IXJfl"EI> 

Tb,. rn:tj<>ril)- of t•niltol !:;l .. tP>' <·o-mem p\'""" ,.,¡,~ 

di)(il:d 1"""""'' collljlll\"r eoHIIrol lechnique' hoH :q>plied 
1lwm lotloc r<>nlrol ,¡ raw "'i' ehcmicul compu.•iloon. J..iln· 
eo..,lt•r corl1 r<>l, '""""'' ""lidny ehrckiug :lnd :tl .. rm ~>~)'Ciu~. 

1.,,.¡,¡ctio>n :mú tr·o•wl data ln~h~ng, "'"' dnil) "1"''"¡¡,,~ 
lt'¡><ll"t.. 

C.riu<lin~ milllund control :utrl DDC aro• "'"'' oper~1ing 
in u 11uml.er of l,;_S •-eml'm plan!' \IÍih DIX: bcíug nw~ 
llidel)· t.'<•ol in thc h>l f•w )'"""'· ~1<><1 """- ¡-o•uwnl pi'"''" 
,.,,._,¡,¡.uf thP ¡;,;,~ol :<tal"' nlld Call:llb art' d•·•ign<'<l h)' 

EtJtojX'an<. In '"m'" in>larll'l'"' .•r·l<"<lo·d E"ro¡wah <lr-ignrrl 
,.,.,,..,, plan!> h"''' bcen >igllifit:tlltly all<·r·e,J in 1h<•ir 
de>i~n e<>uo·~ph to ),..q er in1 o•rf.<ce " il h bU("'""' ic 1" ,,., "'-' 
coi.Uul prino-íple< noul er¡uipnorn'- ThP l'"r¡""'" lm• al .. , 
¡.,.0-n "' ~··•·p ,.,,.J:dl im-,.,¡,,.,,, l<• :t rniui1uqm, "l1<~r•" 

tro·11d ¡,,, •li<·h ,,1,.,¡, i' 1<> h'>l ,,,.¡_,-1" 1f•••1" o¡,,. ,.,.,,ltol "1"1 
"11..-r IUI•o·lj,.,,. ju•t li-oe<l. ¡,,., '" •oflo•ll ¡,dud•·. "'"i'l>h>-

A'> 
p ,¡,. 1 ~. • ,,¡ <! i 1 ¡,,,, 1 f<m r 1 ion • of ':1 1'... 

11 '1""''·'' •o·h··•luli"~ ~~~id.,tlo·e; 
~) l'"'""'""~o hiWll-\ ¡>i le htuldiu~ "' '"'' .,¡: 
:1¡ l•n•h,on<>~o·nitiu~ ¡tilo• lmilrli11g r:tl,-uiHri.,n•: 
-l) )(rinrlihg milll.,ad ('»lllml .,-itlt rn:,,;,,;,;,J< "' "'11" 

.le:od•··;l:t\C ,.,.,.¡.,lt> ).,.¡,~ >!li\ÍlNI ,,,,¡ llith h1" 1""' 

Ir.•¡><. in "<>m• r"«''- l><'iu¡: u.,..,¡ h:~..,.d "" ''""' ¡,.,,,,,. 

¡;,., • .,. '"""""'; 
.)) <·<•ment mox tllm)""iti .. n ''"lllf>>l; 
li) NI»Onl -il<r !n<>llilrHiu~ :onú \',]LLiit_,- o·l.q·~li>J<: 

7) t\WIIÍ1<>riug <>f d ,;,-,-. fur oro-elwoh!l<'tl -huto ]o"" 11•: 
~) .ULI~>nl!\IIC >l"ri-Hjl aud ,h,it<l<>"n nf l'"lllil•ll"ll· 

1""'"-"" o\ep:u1nwnt• h) prc·~l:ltntlwd ¡,~;, ¡,,¡.,,¡¡uc 
t ran-io·!ll mouipuiAli<>U <>( ro·gubt ill~ ''"'P' :e• ",.]1 ". ''' <>t > 
<""""'uf J,;,·c• tlocrn•eh·e•: 

9) runlro) of '''"'"11 hod <<>UI>liug fo•r ohp:.llll,•l<l-· 
b.-1 "'"•" "hich rel:o1 ;,-,.])" lo" "''11:' rap:.r ity f.,t m~t • ,¡.,¡ • 
• ~i·'"· 

_\ "'"" detRilo·d d~·eripliun nf """')- ,.¡ ¡¡,,._,. ¡,., ,;,,, 
i• ¡:Í\'<•u in{.';¡. 

[ W~E.'-1~~ ,\\• "'"'' Hll.tTl "f Al'TU'H 11<' P1oi •O •·"' 

('u,!\Wl. S\t.n,\,_ H .\P~(J'"-'TF. !'m•>:R ~l'\'l'l ll,' 

A· hrieH)· ml'nlionl"d )lr<:'VÍOU<Iy, "úi•lihrl 11e..d ¡, \o 

'""" lhmoughl_o· an~l)-., thP 11\lrrr~lation ,,¡ the 1•'"'~' 
-uppl,\ fnr lh<· :iH1<>m,.lie pro<·e,.. """tml ,_,t. m ,,e] it< 
01ajor r<!I\\¡><>Urut> and thP )"'""' di>tri\m\J(>)) ·.t•l,·m 
<·h,.ntc·lrri,lica Tho- <li•IÍu<·ti\-• -><>luliom- >1><1 tr•·nd 
fnunrl .,.cful in m,tn)' •llo·h anl<•m"tic 1'''""''"-' o·o•r>lro•: •)' 
t~n» i•1o i>Ol~t• thP P'"""' •llppl) fur ¡¡,,. 1"'''-''" r·<>ut 
rompul•r and rcrtaiu <-ril io·HI ..,.,.,.,,_, h><h "' X ·r:o ,- ~" .,~,. 

and nuolyzer, "') W"" :.u:.l.\ lrr. "' ,d "'lo·el< d i c.·< 1 "" ,.,," · 
tiou). Tlti< Í•nblo·rl !~"'''' •U]>pl) j,. ,,fto•u Í11 lhr ¡,,,,, .,¡" 
""JI" r ,, 1 t i nd url ;, " J " r <l r "'"' "' -d ri Hn :. lt ,. 1 u. > " ,. • ., 1 .,; 1"1 • .,¡ 
"ith " A.1 wh<•tl ,.,,.¡ ,,. ~"""f) wulml ''' rid,· thrr·.,~h m'"' 
1'""" •)•lem ''""';,.,,, di•lonl>:lllC<"' ""''11 "" i·••ldo'<l 
IJ<l"" "'1'111\', "'""" l'"'l'o·rb ,¡,.,j~n•d. 1'""¡,¡,._ rlr:ou 
l'""o·r l<• t],. . ., o· .. »lnol o-"'"1"'"'"1>. 

'I"IH•r·o"-1111 .,¡ u•i11g _,,.¡, ,.,, ¡.,,¡,,, . ._¡ "¡,.,,, r«h--tl>l .. u~h 

l"""'r '"I'J>I;- i> th:ll lh.- 1"""''" ,.o,,.t,.,l '''1'"1""'""' ,, .,,¡ 
h:orm<·d. '" 1"~"" u!:l uf ·~n·ie ... durilt~ tn .. rn<-1\l.of)" ,¡¡~~· 
or' <oll:~~o' lo,<e< Íll th~ ,.,,_¡, 1~>\lo•r '"1'1'1.'. 1 r• ,,.;,¡¡,;,,, <h• 
'mge> "hich ""netim<•• ¡r;<"t iHI'> lh<· rn:cill ¡ """' di•lrihu­
tiun •.\'<lrm aurl ;,, m.ojor """l~>!lent• :oro• ~<pi'~".,¡ the 

1"""'"'" '""""1 C<IUipmo·ul . 
. \• pl•n(, Hr>' ,¡,.,¡~,,..,¡ \lltir·h illl•·~rall• ·'"'"""'''"" '"'d 

pbul <h-•igo, l<>g<1 h~r '"""' ,.,.,.¡,, 11.' ~t>rl iho'hhi<" ,.,,¡ omal i~ 
,\aei•LIP and ,.h.,oo!""" ,f -r·l•o-t<·d 1"-"''""' ,,¡ ,¡,. ptnrc~·-
1 h<· ¡,..,)a¡ o•d rid<•-11 11 n>tgh 1'"'""' >ll¡tpl) 0'"'"'"1'1 ;. ,., t 'llllo·rl 
¡,, :oh-r> i"thlf)o• )"""''lo tho• reb_,, 1'»!1\l.,lli .. ~ t\n· "'~'"' 
o-"""' >1 Po·nkr- 1 h.·m...-.h '"· Thi· la) ' " lo:o•i• f.,r r.opid r~· 

'''"' ,,f o riticall"'''iull< uf 1he 1'''''''"'' ¡,,11,,, iu~ 1<-"'i"''"'·' 
•hllt<h""" duelo~ ,),.,rl·l<·rlll ¡,._o!,.,¡,"~'' Íll th<· m"i" 
pb111 1""'""' ._,.,.m. 

111 "'""" ;,,,,,.,..,' lho- ,-;.J, .. thto•u~l, ('''"'"' ""1'1'1)' ' 
,,,,,., 1 •. ,,,,.,_, ""1'1"'"'''1 r,,_ "",-, ,,..,; .. ,¡. ,,¡ r1'""' ;, ,, 
,,¡,, ;, ,,,J,., ,,, 1" <IIIÍI ''"'"11'-" ,.,,;¡¡_,o.• f).,_,.¡ • """"O" 



n<t"rL>Kdn/.; "''""'''"' '" •·•~'" "-"'' 

K•'h•'' .d "' ;o'l • 1" 1"· ,,.. 1 ¡,-., ,,.,¡ '"" 1 t ,l .. , " ••r ilw fr11 ,.¡ ¡.,,. .. r 
""1'['1.1 ¡,,, <'IÍIÍo•al io"ol• l"r •l•"' IILI'IIÍr<ll, o/ t[,• lÍil>, fo>O' 

n¡"''"''"ll 1"""1''· fau•. "'"' '""1''' ~'"'"·' oluri"" 1 .. ~. ,.¡ 
P''"''' frnuo ,¡.,, ""'""'¡,,.~¡, 1""''' "''nro:e '" tlv· ~h111. 

Th•• ubility \<o t¡uit'l;ll ,.,._,¡~" ¡¡,,. coulÍIOIMI· !'""''·~· 

p:<rl• nf th~ plll"l allo•r!J.-<hnllholllo d11e \(] l~m¡•ut;"'." 1"'-' 
of ¡•Mo·r i}•l•"' .•npply .-.oit"¡;~ ¡, ht-rron1Í11¡: incn·"•Ín~l_,­
inq•>rl~nt iu ountlwt '"'." \lo"l iu!t•I<'IIIIIII'Ci,.,J J"ololic 

utilil) P'-""'' -'."''"'"' mu•l LJ>«' hi~h-•p••••d n•cl.,,j,.¡¡, "" 
tho•it main trnlh<»Í-"-'Í"I' lince lo k··ep ·"'!"'"''" ~··«er:otiu¡¡ 
''~'~•"-' in •YHdotnlli•n• Juri"¡¡ ·hur< <:irruit~ UCCIItrin¡¡ un 
¡¡,,., 11hich i"''''"'""'"''' such ~··•u•ratiug •tutiol>.<- ]j.,le"" 
ti"' , ¡,, 11 t cin•uit ¡, 1 '''"''v¡·J pn "" pt 1)' ttnd the inte1 """ 1 II'C­

tioll b~t\\cCI< K""''"'"''-• "''''"''" ¡orumpll)', the ,..,¡mo:ote 
K•' lw r:. t i " ~ • t ni iom• t ,. 1 " 1 tu •" Í11 ~ a l'"'t ou!lic¡,.n tl y " o tlw 1 

tloe~ n'""'"' b~ -"tfel; red,.•ed "'~•·lh,•r 11ith""' ela­
¡, '"· 1t e tÍm<'•<'"'"H"IiiiK n·.-·udll'o oniún:~ pmv ¡,¡,,.,., 

Tl.e effo•cl• 11f thi• higlo·•l''''¡J •hurt-rircuit Í!li<'rnopliun 

" " ' l ,,t, ... -'1 "' ., ' h i¡;lo - '1 ~ .,.,¡ 1 ··d· .. ; "l'-· "-' "'" 11 "1 l h• ,,. " ,. " ' 
pi"''' hu•, ¡, thalp•JIIel' i> ln-t ¡,,, l} ¡•i••all,l 1/:1- l/~ '· .,[t,·l 

"¡,¡,.¡, P"""' """'''' h11ck ¡,.,,.,ti .. · utolity. [)"""~ th:ol 
'hntt tinw, niU•t dri'"" •hut Jn1111 olu• to ll•eir U-•Íu)( ¡,. 
"'""'~"""" unJ~f\·olt"~" ¡on•t~ct i""-

lJuri11g """'{ of the 1101< ih 11 hido t!iKilnl P'"""~' cnno­
pul er-o ¡.,., e heen .q•plicJ 1" co·n~elll pbnt.•, ,,_,;,.,!"·''" '"'"­
"""' "-Llh iuterf.oce ht~rd"'"'' auol "''CC"""':i ¡>eiL!Jlwml 
P<t"'l'lllt'UI htll'e hecn uvttibl·l•• vul¡- with met!iuno-i.,•ol 
l"'"''"' comll'lol rrmovutt•r--. Tho• . ...- ""-'olium !'",.."' "'-'"'"'¡ 
"'"''!'"''''' h:LI'e the rapnhil1ty uf JninK ott\) '" all ,.¡ the 
[1"" ti"'" ¡¡,¡ ,.,¡ in 1 he precetiin!( ,.,., lúll uf thi• l"'~er, o•itl .. ·o· 
iudil'itht:oll~ ur >Íntuh~""'""'l). flreao,_,. •UCh nwolinou 
1'""''"' C<~nqout•r- loa•·~ •uh-taul it~l I<Jt~l cap,.bilitie•. tlo~y 
h•uolrd to be uuecvnvmic "he" h•·i1 •g ron-idoro•J f, •r n ,¡,~¡,. 

pnl t i~ubr cuutrul functi.m 'll<"h :o•. f~or ~"'"'1'[,•. cnnll'"l uf 

'·'" nüi: ch~mical oonopooition. 
~,,,,11 ur oninicun111111.-t> han ¡,,., . ., U.\',tibhl< for ""'"Y 

"''"'·y,.¡ by them.-••11'••• thc·y ""' oebtivdy u_wle<.< """ 
r.·:ol·tÍmo• 1"""""' coutn>l joh \nol•"' an "'l•<¡u~te lihowy 
O! •tao11bn! ""f"""" :mol ¡¡<~,[ :oppho:ttion ><>fl"'""' 
<'-•1'• o·i.tllc- t:tilnreol ¡,, teal-tinw i'"'''''" co1>trul are ~l·uil­
:ohl .... \1""'""''• tiH• lnek of ndeopl,lt•• '<'1'1""'¡"~ Llol<'l'­
fao•·· h:onhl-:tre purtionbrl¡ ,uito•o! 111 th~ iwho-trio•· tu loe 
_,.., ,,¡ h_.~d ro:<lno•ol t h•it ,._...,fulno•,,, in •Uch iuJn.t rio•>. 

-~"'"'·'"uf'"""." ni-tin¡¡ eeuw«l ¡obul• Íll the l'uLI··d 

~'-'"" runr<•mi<L¡; ti..- l""·'bility .,¡ appl¡iu~ ""'""'"'ic 
1''"'-''--" CO>II!O<J! h"l'o• di-e[,_.,,¡ tlw! th~rr ¡, .1 ,,,~[ at><l a 

l••"""'i:ol u•..-fiii<Ll'-- for noini'-''"'1""'''' if tlw; .tr•· :od•­
'1'"''''1~· <'IUil'l"'d 1\ith ""1'1""'¡"~ >i:oiOII.orol ""d np¡>lio·.o· 
!ÍUU "lfll'ar.•, IWC<'~"lf)' Ítlh·rf,ro• h.ol•\":01<' !lll<i .•Uj>j'lll• 
i11~ lt.>ÍIOÍu;.: :1111! <otlo,•c in.•tall"oiuu .,..,..;~.--. 

~,,,,¡,:o re••·<Ll de\·o·l"P""'Iol ¡,,¡,,.,,in F1g• lU 1:!. 
Tto ... ,. 11¡;mv.• ,¡,.," bloc~ <ii:o~"""' uf" lit"' uf noi«io·,,,_ 
putc·t> b.tcko•ol ll¡o 1 •Y ~dPo¡n"ll' •l~ud.OI d ·• oftll an•. h.w 1'1 :OI•", 
~,.,¡ "''"¡~,., .111 ainw<l at """-¡"~ thi' '''-'l:Uwut uf the C>·mo·nt 

"'·'""ho·ourioo¡( ""hHrr. 

' 
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' ' 

' 1 

"" " '' "' '"" ........ , '"" ·•··' "'' '" " ' .. "''''·"'' .... , .. " . ' " 

Tl,o· 1 ¡.,..,, .,,;.,;,-.,.,,1 ''" rr-1 ,,..,.¡J ""1 """'' ¡,,. •_1 ''' "'' 
-1'""" '" Fi~ J0-1'1 <Ir<' for rJIII ,,,¡, ,.¡, ,,¡,."¡ ''"Jlll""i''"" 
, . .,,.o,-0 1, fur ~i1n cu!llr.,l, aoal f.,r ,.,,,.,.¡Jed oli~til"l ,.,,. 

,,,hilitv (io"'luo!ito~ J:<·w·rir nnc .,..11" ,,,·¡. F. .. eh •.1 •l ,.,, ¡,,. 
11 ,, (,].loJ\< ;,g ""'' r<ol '''l"i ¡m"'" 1 :owl • '1 o·r:ol ¡.,, '" 1 ¡,.,., un•<' 

olw• ""' alllo11ill '"""'"'a milli<'""l""''' •)•Iom ,,¡],_,,,]. 
"";,. ,,.,J •l;uo<-hrrl lihn<r,\' ]""~'""'' d~.igno·d '" m<TI 
1 ''"'''"' c<>ntrol ro·< ¡nirrnorul •: < .,.,¡ r<•l.- 1"'"''" lhro·u~h <•HI· 
)'"'' to """tro\ ,¡,.,.¡,.,._, !ypicrdly ''" 1 ¡,. ( '(11', o·:orh ulil"'" 
"'"Jm1 relinb\r <lo·I'Í<"<" ¡,, i "' ,.,¡,.,, " i1 lo "1 "''·''"'- • iolr<o­
l)pf' of "]"•r.l1or'-• r~n·olr plu· '.'-1"'' for '""'¡,¡.,,.¡juu 
"1'''"''"''" hog ""d abrrn 1"~: o·:odo i• H ,.,.,nplo•,. "'"1 
ill<lo'l"'"<h•Jlt "·'··••·m; r•:och i• l"""'"'rl frum" ,-,,¡, .. 1]"'"'~¡, 
1"'"~' •IIJ>I>1y: ~mi ,.,eh ~-"' ¡·ul>lllllllli<al r " it lo "' 1 orr JIIÍIIi· 
''''"'l"'"'t·b:~-"'d >)>l~m· h<•l,.,giu¡¡; lo ¡,, '"'" bmil-' 

'" "l'l'l"l''i"te. 
n .. - """ onix <.<-·to·m ,¡,,,, 111 Fig. 1n ¡,,elude-"""-·"''-' 

·""lh-••·r fur rlnr.<•utul :ou.11\,j, "¡ ohr '"" ,,¡, ''""'" 
",,;,¡,__ The fuuetill><al ,.,;.,, .. ,1 l•""·ided h.1 tlw 1'"" 
•'IIJ>UlC<'f!'oi >O{I\\>IH' 11Íil t<JI¡¡tol llj> 111 >iX ""1 IHato•l'illl 
¡,.,.d .. r>. n>l'ff<,hng lo•<·<1er tal<-• .1-' u<'<-r.•--.10' tu n~;oilll"in 
th~ """)lit ~naly•i• nt 1ho• pn1¡><r rhemical e<>mi••·Ítiun. 
The ""''''"' ,-¡11 al'" ,.,,,,.,.1 up '" ti• u ho¡¡nogc•nizel'l' 1<> 1><• 
loah·h· "' t'toulitmou• flllrd for a ,pedlir chemirol mmpu•i­
tion h)- '"lju-ting the clwmirn1 rump<o·ilion hold puint !ur 
lloe ""' mi~ <trc.nn. ,\ rhe>ni,t'.•log <~illt pnperlllpt•pUIIt'h 
,,,rl re:L• lo·r ¡.,, rl"' "1 >Íll~ and lo:L<Ii 1 og pro •~l·umo "' <' i>>r'i>llkd. 
"' ic tlw r:opaeit): f<>r nriul!• Cll•lum optiml'. 
Th~ ~ilu-oontrul »•h•nL -h<o11 n in l'i~. 11 l''"''i<l~< the 

¡,,.,,.. fHtodi""' ni. lll11i»t,.iui11g •t:ohlo• kiln uwmtion 
t lo~ ongh J" "1·"' ,el 1 ¡,,~ Hnd :odju•l 111<""1 < olt he ¡orim:u-y \, ilto 
, :ori:oblf'• •urh as fe~rl m u,, •pef'<l, f11rl R"". "'"1 :oir-lo¡· 
¡,,..¡ ,.,,in. f'oolcr grroler a»rl ga- flo11· '"" ,.¡,_,, , . .,,, roll"d "" 

:<l>l""l''i"te to th¡• '·' 1'•' of rlitt\,c·J ''"""' ""'d. TI"• •\ -1 o·m 
lw thr r;o.¡,hilil) of L··iug ,ble to <"<>n1rúl lho• ,,.,¡,,., 
1) pe• .,¡ k lln-r.•Jit•r ~urnbin~t i"'"· dr:< nnd \1 ,., lo·"l. "io h 
,. 11 ,¡ ~~-;,¡,,"' l"'·],•.olcr. 1\iln l'erform11nce 1"1< ;, iowlwlo·d, 

·''in lhe ''"l'"cil_• lur ,.,.,¡,.,, "'"'""' "l'li""': 
The "-,l<·n> ¡,,, ¡·>teurl ... l tlipl"l ''"i'"l,jlity l'"'"¡¡],._ th• 

''"l""'il,\: fnr "" <"1"¡,.,. ,¡_," ll<''l";.;t ¡, u1, ¡,,. m<,.,¡ lo •rÍll~ :11ul 

:ol:or 1 nil•~- ,,.,¡ for ohoil) l"''"luc1ion >LIIllmar)', '""] .,¡¡,,., 
l<>¡:gÍuJ( fun~twn•; J\lld r<>mLiou•d 1dlh lht· <·>lo·n,ll·e ,¡.,,,, 
:oc'<¡oú•ition c-.tp.citr ¡, lhe ,-~ihthilitr of IJDC ,..,¡"'""' 
¡,,, •l'gi1 al \'UJJ11 .,] .,¡ an)- "'" 111 "' "'C>< 1""1" The >r1 J"'iut• 

lm the JJDC !""''''" lu"]l' "" ""''no.dl) ·"'' "' 111!' u¡•mo· 
t ,;, '> •·irl ,.,. 1) 1"' ""' ..,.,¡ e, " h 1 "n> g h •U 1 "• r\' ¡_..,,,.,. n•l • 1 ]'(11, of 
th"'" "'' poin" ¡~,m .LrL<IIher ooi11ieomput~r >)•l<•m 
f,otnd\' "" ,11 \o<•r ;,. JLI><> l'"''ilole (Fi~. 121. 

In .ulditiun 1<> 1 k 1""' ;,,,1,- d~·<·riloe.-1 ~quipment .wd 

, 1,..,.,, t ;,., " 1 1 "'" m~· , 1 h • • ., ,.,, ---1 u 1 mi u i<' '"' pll 1 "' -1 ".,.,¡ 
. nll<om,.1i"n -'"'''"' rnU•I , . .,,,¡,,,.lo iowlutle thr fnll ""'n· 
pleroll'lll ,,¡ aiJ <ol'~a<L<l:oli<oll:ll ¡,,,.·kili~ l•_\ h"llo 11'01'> nlld 

,upplier, ind11diu¡¡; ""''"'"'"'• lr.HO\iag, :.nrl enntmilnwul 
¡_,, tlw .,.,.,, "'"1 i<Ldu<lir~~ ,,),·q<l:lfo· in-o:olbll•m •larl-np 
,. .. ;.1'"'"'· ,.,,¡ fnll""-"" ·•·n·;,.,. '""il:~loiht)' l.y <h<· -up­
plier. The .,¡,.¡,.,,.,l'"'' r·l ,,..,.,¡ ') •l<·m 1 h.-t1 i- •Í 1111 oly "" 
,,,,,.,,,¡.,!\ .,¡ 1lw bl•··l '""""'·''¡"" t<-o·louolo~)- lu 11nd ti ... 

,.,., ,,,.,,~ , ... ,.,¡ ... 1 '¡,.. ,., ""'"' ;, ·•111·1 '·' . 1 11 "' 'j,. r, .... l, .... , .... 
lal l'''lllil'l'lolo·Jtl• f,, •II<'L''"' ,¡¡ll •·>Í•I ,,u<l 111 11•1 '"'' 1" 11 "' 
,,, 1.,. ""'' ¡,,,. .,,.,., .. ,¡.,l .• ul .. llla<i<lll ,,, 1' '"11. 

( ·, '" .,, \' ""'" 44 
\\'o-""" ,.,.,,.¡,.¡,.ti,- ¡,,]1.," 111~. 

lJ 'j'j,,; """""' ¡-brtl '"'""' :o11d lu· 1•1"''"''"'"'•1'•• 
lo:llo' ai:Liblole o·\·o·n .,¡,¡,., rll"¡,., .• lh;Hl ¡,..¡.,,.,..\<o tlw 
'"·,., '"'" ,.,p,ltihn, ... r ""'""' ,,,,. ~''"'., .... ""'""1 :,.,.," 
.,]¡jch llw< <·all ,.,,,,.,,;, .. .11.• , ... . 

~J Thi: i,,.,.,¡,.";"~ ,¡ 11 ... ~o, .... r .. , 1.,.,., ... ,,1,,,,,,.,;,. 

,., '" 1 ,, ol ,., '"'~'"' ,.,. '' • :ti·• • i' "'ILL<l<· tlw tn i • ,;, '•1 "1 "" < r-. ,,¡, .. 
'1"·,1o•l,l' "'1'1·'"''''1 hy •1.L<I<I:trd ·••ll"al'(' :dl<l 1111, 1'1:«•· 
lo.mhon'"· <¡¡o·:<!l• lh,ot "'"") o~i·liu~ pl:.u1- !':111 lo.."· aUI<•· 
uo:¡ti<•ll ;o¡oplio•<lt" "' !o·a-1 1'"'¡¡,.,, .,¡ tloeir l•t«"•'" ,,),i<h 
"''" n•·l """' 1,.,., ,..,._,- ,., ... ,.,.,,.,¡¡,¡,¡,."" 

:j) .1·1···1""" , ..... ,,¡,. r .• rtnr- lto('l>lolitl~ ''1'1''"1""·'"' ; .. ,, 

,. .. ¡~"""''''' ,.¡ <•¡<·rati:o~ 1"''""'"''1 ,,.,,¡ th• ir ·••i•·n·i-i.,lo. 
'"1"¡,¡,,..¡ "ili> g'"''l imti.ol ,,.,,¡ , . .,,.,;,.,,.,¡ '"•ilo<ll~ '' ,,.,¡, 
, ""1 r .. .- ,,.,.,.,,in ·"'1""'·"¡,.' ""' r<•l. 

1) TI1P l"'"iiJilil iP• uf ,,,.],[) i11¡: l •. ,.ie ph> '' • l• ·'cu f, >1 

"""- planl, to lo,-¡ 1 ,,, a<i.opl 1•, llu· 1"1'-•ihiliti<-- ,.¡ "'" """" i<· 
¡oro><-<'"' !'<>nlool ""' ,.,clli11~. Tlo<'\' J.,,. a 1.,,¡. l<•r .;~,.¡~,. 

~'"1tl.\' ch,.ugill~ lttr tbe lwltt·r ''''"lpl""' im'"'"'"'" auol 
, •1.e '" 1 ;, " 1m .r .. "¡,; li' _, _ 

.-,¡ ~,,.,., . .,. iu ,,.~,;.,,-¡,~ '"""""''¡,. !"'"''" ,.,,.,,,1 i· ""' 
"" ,,.,.¡,¡,. 11,_ ~,,..,.,.~, ;, 1 ""' ,¡, .. ¡ er~rd-i 11 1 '""' tlL<• 1" ~'"" 111~. 

Tu lo<· ,.lt,.inf'<l, il l"i>orÍI"'II) iu<·h•d•·• "''"'-r 1111,.1\,'l>l<"U! 
fto•m the he~in»Íuc ""1 llwoe.,)tor pln• ¡,..,,) '"l'l'hor 
¡.,,,¡,, ""'"' fnoU\1],.· l"·gir><>l''~ 1,, 1 opecin~ ,,JT -"·' ''1" '" 
,¡., 11 , 11 mr>\r<'ll''',_,.crl•. 

n) l'rilwil"'l , ..... ,,;,.¡ i<>¡<ro·oliort1' fur '""""" ,.¡,1, ,¡,. 
1\'lojc,.l "'''''"""''hilit,\ lo<f t·:H·h h:llt' '"'" h.-o•u j¡),·lo<iiieol 
¡.,, :o>Linm:oti<' 1'1"'''-'-' '""'"'1 '!'"'"'' ¡, ,.,,,, . .,, 1"·'""­
h 1 '" ;,1< pb!!l •. Ty¡ ·•~al •·< uo« ,,.,;,. l~t•ocho- ,¡, m o·rl (1'""' 

,,,.0, .. ,¡,¡ :oul"tn"lit· 1'""'"" "''111n1l h\· .li¡.:it.ol '"'"1""~' 
in.¡" ll:o1 ¡,., 1 ""''' :o 1·" 1 ".,., i•l•·•" il11·<l. 

,,, 

' ,, ,,, 
¡.-,1 

'"' 

11>.> '-"~ "'"-' 
.-.. ,,1"''<' 1".,.,-. ~'1"[";"1'""· ._,,,,.~..,,d '''1"'''''•• '""''"1 
''""!"''"" ''" ''" ,,.,,,.,, """'"~·," !"''"''''" "' ''·• l'•li~ ll :1.1: (',.,.,..,,, 1 '""""o' Te• ].,.¡, .ol (', '" '""'""'• ']',,,.,,., "· C '"' 
¡-.... d. 11>1'1.!•1-'•-
tl, f;, F.•,:, ... ,,,¡ J. fl_ llo•o <, -- ,•,-o •-n ) ,.,.,_ '~ ]'""o·- "'"JHo1r< 
, ,,.,,~,¡"' C.olof.,,.,¡, l' .. nt , ·"' !'< '·" '" ('\mor""'," /U. t T"'"'-
¡,¡,r;,. A¡·¡,/,"l,l<:,,<i,~<·p> '"'-'"7<1,1'1' <0!--J;:, 
~ 11. fl_ ,,.,,., .. ,,,,,.,, ,,;,,,, '''"''"''" '"'"' •.• -.,.,, "'" 

1
,1,.,"-.. 1.w.·; tt:u;¡·,,,._¡,•,,_ 
t. r:,~..-. "ll•-'~" •••1 '""'"V'"n oJ ;,,~,.,,.,¡ "'"'"\'""' 

.,., .. .,, ,.1,.,,., .. na: T"'"'- 1 .. a. r;, "· .1 ppl , ... 1. J<; \.:, ,,,,­
n,., ,.,,., "" ;-,, ,_.,., 
\1, IL 11;,~11"11, ll l. l.il'l'"'· ,.,,(1·:. 1 !· .. Hiolo.' lwlionli••IO· 
.,( '''""'] "''""""' '""""1 '" 1 hr • , . .,,,.,,. n" ,,.¡ '" "" ;,." )'"• 
·-. -- , .... ~ ..... ,¡ .. 11 .. 1'-'' lhL ,-:,.,., .... _ .... '"'"'""' •. '·:·'.'' .. J 
il• 1.; ..... { ,.,., ... 1, _,,,, < ·.,1, .• , 1 ... lo.! ....... -. ti ...... , •. )l. ·<·I'>O• . 
"' ,., ' '1- ¡:], 
J, \\-, .. -1"""'' ·""' 1:. ~ ¡•,,.,.,, "-1"'""""' ,,,,,.1 ... , ""' 
........ , .. ,,.,.,, "' .,.,,,, ·"'" ,,, , ... lvo·<iml '"""'''· lf_'l-.t 
y,,.,,¡,,¡¡; •• ,l¡•pl, , ... ¡ !<i~--•• "'···-]IN, l'lf·''·l'l'- ;¡-_¡. 

"' 171 1'. 1.··>.-1. ~- • ,,,,. ""rl 1 '· 1: u,,_,,¡,.,,,_ .. ¡·.,,'""'', ,,,,., , .. ,., 1 
''""" .. , ... ,.,,,,,- /.',,.¡¡•,.,¡,,,, ""'- 1'1(,7, 

1•1 ' [.,; ""' "• 1'1"-'" ,,, ·1 . ,,,,¡,," ., .,, ,,_ "1-';,,,,. '"" 1' ,, 
. '" ,.,,; ... ,." "'' '·'""" 1'""' , ... ,' · ...... , .... !.• •• ¡ 1' "'"'' '1''­, .. ,,. 
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"" '"" ,, ,,1,; " '""" "" "' '' "'" ,., ",_ 

1''1 

1" 1 

1> 1! ik•l~,,,,, .,..,¡J. 1:. F .• iJI.,.,., -1,.,.,,.,,.,,;," ,,.,,.,.,, 
v'" "' r. " '''" " _, 1 ,.,, .. ,.,, ,.,. .. , t , .. 1:· 1 -' . 1 J _, :-< .. ,. • • • • "' 
. 1 U _ 1! ""' '"· \\'. 1 : . \ ¡, "' nn, .>wl 1 : , 1 , l'loil!< V·, " 11 ok io '" " "" o " 
.,.¡, • "'"'!""''' "'"""'-·;-le,.,,_:·¡,.o·~->11<·.1 '" 11"' 1''·' 11'1<1.' 
{'<ollthl ¡,,¡.,,,,, T•·<lo"" ol ~-,..,fe«-"'''• p,..,..¡,.,-, 1.'1<1<1, 

ll!i 1·.'. ,\, 1.' U" lo, '1 ·,,.,,. "' """'""""" 1'>1''•.'' pn"''"''"l o; li>• 
1 •u;_; 1 1 , 1:1 : ('o· '"''" o [< .. ¡.,. > 1; T co-h ,.¡, ,01 (',..,¡, • "'" ,. , , \11"" " • " . 
P•.lh•-1!·11, 

,,, .. _11·17. . 

{1-11 J. ~.,;,; ............ ,,_""""'"'"""" "'"' "'"'~·1 ¡,, ¡,.¡,,_,¡"¡ 
noiloetool· '""""' .,,d /•oln<e,'' Coo III"'"G 11<'1. /lo.ll., JHI) 
ll><iT, 

J_ 1: u'""'l""'l w. 11. ~''"'"''· "·'''"'""""" .. r. ,¡:,;,,.¡ "'"'' P"'"' "' • • ,,,.,.,,, . .,,,;,. ~'!'""'';· 1/:/<,'f.' r, ••• _ 1•·'· 
~-,,,,,., r..,¡,_¡_.¡,_,.., , . .,1_ IH'l-1-<. -'1". /!M~;. p¡> 1 '' 

11' 1 r:. J. 1 ,,., .,.,,¡ ll. 1 ;_ oc-~,¡,.,, h, "f-or~· ,,, .¡,,¡_., ""''"' .. .,.,. 
!~>><•," ,..,., . .,,,.¡ ot lho .!nl ·''""'- C«"""' lnol><•ln' ÜpH.<-
'''"' "<o,.it><r, ["hi.---.,o;-o. IJI. :-;,.._ ~>1--2< J!l(;;, ' 

!;, 1-1. G•\ltier,Jr., ~a- hnrto '" _l[ob•l••, .\1:,_, "" .~¡orii1H. l!l'!-~. lt.• "'' ·-i""' tho· IL:'. ,¡"11""' ¡,. 
olo~-10 i"ol eug;,,...,;.,g fro<n lluko• l' ni• rr•io ;-, lluth<o<n '\ .f'., awl h:o- "'K"~··•I in ¡oo•l or.odu.•' ,, 
""'" "' 'he r ,;, .,.;,~- ,,¡ l'otbhou~h. ,.,., -hur~h. 1'• ' ""'' ¡loe \';,~;,;,, l'<>l< ,,.¡, nic 1 ,.,;,,,.-
111, .. ~ "'""~ ' 

llo• ha• he.'" •itb ¡¡,., \1.-<l>n~hLH<•r 1-:l<•cto·io· l'm¡o«ruoio•ll, ""' Elli"1L ('"'"!'·""• an•l ti«• 
l'olbi.mgh l'lollP Ola·--(''""!"'"-'-· 1ft joO,.,ed tho GL'"""" l-:l«lrio ('"'"I'·•"Y '" !9fi~ •nd ¡, 
1"'""-'"lly S.·uÍ<>r ~:olr_, and .l¡oplicali<>to C11gi01«'< o< th~ir )!ou><IO<noriuK ""'1 l'to>«"·• , \u ton>•. 
oio1< 1 In·;,¡,,.,, 1\'e.l L¡-nn, )b.. Hr i• oxperienceol in th• "'""""" ioto """ t ¡., .. ,,¡ ;,,.¡., . .,;,. 1 
do i • '" :o n.! ,,.,,.,.,,, on dw """"'"1, """'· ""d gb" ¡.,,¡,,_, '''"· 

M y roo R. Hurlbut {~ · ~~- \/'.5.-;¡ ~a· ¡,,,., '" lilnoo~lh 1'•11·, Orog , on :<eptembo•r 2, l UJb. lle 
,.., •i-'<•1 th• 1\_;:_ d•~,,... in rl<'<'triool """'"""ri"K !ro mOr·-~'"' Si~ le ¡;,;,.,.;,~, (".or•allr·. iu 
1 <¡,~-' 

llo' j"""'d "''' Gcowrnl ¡.:¡,.,.,;,. C!""l'"''l' ''""" ~,-,,,¡,_,,¡.,,. a11d """'1'¡,.,,.,¡ ,¡.,.;, .1·11-""''''d 
1 :,~;,,..,.,-i,, l'r"g'·'"' iJ< 1 91i l_ .111" :o ! ''"' :.. ~"l'''" ;.,, .,¡ t loe .\ol """''",¡ ¡:.,g;,.,.,;,.g l'ro­
"'"'"·he 'i'""' Iom yea>< worl.ing iu oono¡o<ll<tind pntir11t n><>nitorin~ :o-¡oaU of lh< "'"li<•l 
o·lo·• ,.,,;, - ~ ur~ " th• X-ll.o¡- ll•P"''""'"' in )1 il~ au~o·o, 1\'i,. :>üoo• 1 Q6r, loe ho• ~·url • .,l in 
,.,.,.,.,,pi""' .tnt .. mooinn, fir-t uitlo lhe Proce,.. ('ontp<Lto·r !>oparlnoent, l'hnoni,, .\ri1., and 

1,,.,._,.,,¡_, 11ilh oht• ~¡,,.,r.during "'"' Pr""'''' .\utum:otimo ~fMkoting llep<Hin,.•nl, \\',.,, 
].1 ""- _\1.•··. [1, ha• ¡,,., ... ""·"oled lhrr•· pnlono, ¡," ''"""'"1\;ilu OQH\r"l•y•temt. 

·_\Ir llurll"" i> a m.,nh<-r .,(Phi ""PI'• l'hi, T~a H<'l" Pi, F.ta l'oppo ""· and l'i ~lu 
1 .'¡ ,,¡¡.,.,_ "'"1 ¡, a RrKi·tero•ol l'n>fe~i"'"'l Eu~i11oor in thr· ~~ .L< o· nf Q!,;.,_ 

-' '· 
' 

-. Ed~ord A. E. Ricb l~l':l'·~~l'-1.)1 "·'" oo,, ;, ~"1\ bl.r· ('"', L'o;~. '" l~!lti lle ,.., ,.¡.,,¡ .,.,. 
JI.S. ,¡,.~,..,. i 11 ,.¡, <'IL Lcdl <'II~Í "''"'' "~ i """ tho· l' .,;, ''""l' .,¡ ¡·i.t,, ~ dt !.a~~· Cio )-, ¡., 1 ():1;. 

llo· "'" lteo·n ~>i<h tr.- (;, ,,.,,¡ Eleelri•· ('""'V"'<)'•i""' lq,¡¡-, ll••J"'"' 1•••)''"'';" ,.,;,,,. 
,.., ""~'·"1""'"1 ... ;~'""''"'' ""'' ~•Kh, .' ·~" "' " ,¡, .• ;~,., ,r . _.. ,,.h"'"""' ,,,,.;,; ,,.. 1" ~~ ,; 
he j .. ;.,,~lth,• ¡,.,j,.Jr¡ .~.¡, .. "",¡ F.n~¡,...,,¡,.~ O¡•n ''"'" ~doo"""t••l¡, :.;, Y., .,,.) i• ""~ 
1" ;,,.¡,.,.11)' ;,, "" erl ;, u ...... ,"¡ F.loo·JL·i· .• ,,¡;;,,.,., ···~ ,,,.¡ .,¡, .. rel,,¡¡,,,. " it h !loe ~la-. ""' 
,., . .,,..,, ;,,.¡ ... ,,¡,.,_ llc ¡, tho• .111llo<" ,,f """"''""' 11-:1:1: a01•l ,,,¡,. 1 !•'< htoical¡•upo·r·pl ,,.,,.,,,.,¡ ;, 
llw 1,",.;,,.,¡ ~t.ol>·· ,,.,.1 in ,,1¡,.., ,.,,,,,,;, .. , 

~fr.¡¡¡,.¡,,..,..,.,¡ ; •. ~ro-ro 1-"l ol tl»• ('o""'"l l .. .tn·lt) Cot"'"'"''''"f lh•· IU.E:: l(j,\ (i"'"l' 
lur r·1o·«·n ¡,.,., • .,,,¡ ;. p><·~·ouly Ch.<i,ftoan uf"'" ('mol mi 1\'.,,l;,~ (¡,.,.,,. ,¡ tho• Gla-- ln­
""'''l ('~""'""''''· ~""'' l%1i 1~o• ¡,,., ·<no·ol .o• l'ir·o· Cl,,.;""""• Pa¡,.·<•, of lhr· TcdHoi<·oo1 
o,,.,,,;,,, tJ,.,,.,""''"' .. r ,,,., 11:.1 (;,,,,,, ''"' "'"' .,.,.,_" ,.. ~¡,.,,¡,.,.,.,.~,,,~, "' ,,,. ,;,,,,1 . 
. 1•1 ¡·,,,., ;, t9;u. 11·· ,.,.,.,.,,,,,¡ dn• 1%'1 11;,,,,~,¡,¡.,.,] ~ •. ,.;,.,.-'""'"o! 1¡,, (',."'''"' ¡,.,¡.,_,,, 
( . "' " ,,¡ tt ,.,. -
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The operation of a papar machine is critically aHected by 

!he complex rnteracuon of subsystems that tradnionally are 
subjeoted to independenl control ectron. lhis artrcle de· 
r.cr~bes the design of a conuol system for a paper machine 
that takes imo account such interattion. and Shows how 
the dosign rechnique may be applied to a has.s-weiyhV 

rno~Sture-conttol sy>tem. 

Interactiva Control of Paper Machines 
E. B. OAHLIN. Measurex. lnc. 

Good pa¡x:r-machiM comrol must include coordina· 
tion of such .ubsystcms •• refincr, ho.adbo>. and 
dryor, and •vced and •tock fced. Without such coor­
dination, controlac<iunsthat aro ta~cn in onc part of 
thc ov<rall proC<'" m ay be majar sourcos of upsct in 
anothcr pan. Specifica!ly, refiner adjustmcnu may 
up<et moisturc control; spud changos may inftuence 
papcr formation unless compensMory headbo• oc· 
tions are takcn; '"'P"int changos on ba•is "etght may 
cause hoth an up•et in moioturc rontent and a v~r>­
ation in sheet strcngth. 

Effective handhng of intcractiuns among papcr­
machinc subsy.,tcms may be inniated by construct· 
ing a control systcm that take. adv¡,ntagc of e•ist­
ing analog controls "hile employin¡ thc fu\1 powcr of 
digital computing tcchniquc•- Thc rc•ulting control 
S}'stem is not loo cornpln, jet greatly improvcs the 
output product, and al thc >ame time kccps open as 
much digital camputer capacity as possiblc for more 
.ophisticatcd a\¡orithm implementation. 

For a general approaeh to mathematica\ modding 
for thc paper indu<try, Rcf. 1 is suggcstcd. Pre>ious 
"ork by thc author on ccrt¿in algorithms appears in 
R<fs. 2, 3, 4, and 5. The c•p<:rimcntol data mcd in 
thi' artirle wa> gathercd "' descril>ed in Refs 3and5. 

Pap•r machino inO~•ncu 
The tablc en !he nc" pago establi•ht> qualita~i>C rela· 
tion<hip• among cS>ential independcn¡ >.l!i.ohleo thal 
rnay be etther rnndom di>turbances or manipulation 
inputs, and an array of de¡xndcnt ,-ariablcs. Vari­
~hlc• preceded by an asteri•k are nurmalt) manipu­
lated and >ariahles that can be ob•<r><d are b<"cd. 

Control objccti,·es may be ddined from a 5tudy of 
thi< tab\c_ Thc buic nced for autornatic regulation 
"""'' from the Ui<1<ncc of the di"urbancc variables_ 
~easured and manipulattd v.riable> afford po>Sibtlt· 
ltC> for forming feedback control \oops. The lable 
ai<O indicalC> >Ímuhantou• effccu of manrpu\atcd 

" 

vartables upon vari•bk< relatcd to >¡><:ciflca\Lons for 
the product quality, <uch a< basi< werght, moisture, 
and formotion. 

lt ;, oftcn uscfulto stabilizc fibcr ~0"' by cascaded 
control around the stock valvc. In tite ldble. fil>er 
ftow is idenlificd •• dry stock now (DSf). and is 
defincd •• thc product of con>i<tcncr and sto~k How. 
Tne feedback luop, clo>cd from calculated DSF 10 
stock val•c positíon, ,.;u be affccted by con>lstcncy 
reading noi>e and temreralurc impoct on the consis­
tcncy met~r c~libration. 

Howcvcr. l~<>" stc.rd¡--state ca\ibration .:rror> a•c 
out too crilit"lto good con\rol bc~au•e thc long-term 
hehavior of flber Aow ;, detcrmincd by feedback of 
basi• "·cight. Tbe u•efulcss of thc calculatcd DSf 
loop¡, rathcr 10 preven! >hort-term '"riation in con• 
'istency frorn upselling the h"'" "'eight ""d thc 
moistur< canten! of the reel. 

Tbe fecdbock loop from <tum P'"'"'" te stcam 
valve posítíon is normallr ímplcmented with analog 
rncumatic controllers. Within thc dyn~n1ic '"ngc of 
this control loop, the cffects of 'team lino pre.,urc 
and ft•<h tan k prcuurc ar< prevcnted from propagat­
ing through lhc syotcrn to inftuencc dr)-er hcat fto" 
rate ,ond reel moi51ure. 

lnt,.ractive compuler conTrol ''"~m 
rhc block diagram ol Fi~urc 1 sho"s no" a digital 
computer may be applied toa pap<r rn..chinc for the 
purpo" of impro,·ing product ~u .. lll)- thruugh more 
.aphi<1icated control of interactions among uperating 
sub,¡<tcm•. Tbc conrputcr recei•., measurcments of 
~uaht¡-dcflning voriobles :md p<:rform• highly com­
plex analysis of. for oxamplc. nonlinear c·alibration 
characteri<ties and calibr3lion parameters for 
doiTcrenl p•pcr ~ .. des. Production ratt>. fibcr con­
>umption per produccd reel. and mean> •nd 'ariances 
of qualit¡-ddlning variabln can be prep•rc<i regular­
ly for m•n•gcmcnt. Thc computcr can Clkulate on-

CONIRO¡ fNGINfERING 
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line the truc cro><-dirc<:tion proHie< ol, say. bJ>Í' 
weight, bone-dry wdght, ~nd moislure. 

Theoe and other comple' functions are routindy 
pcrforrned a< shown in Figure l. wherethecompulor 
implemenu al¡<>rithrns to ;upplement the analog con­
trol of local o¡>c:rdüons. 1 his •ysLem incorpor~t•• fed­
Lures th•t are not generally included in pa¡>c:r· 
m•chinc control. 

To illu,tmtc the method• used, a relati,·ely simple 
<ystern for controlling ba<is weight and moi<turo wHI 
now OC disousscd (Figure 2). 

The suboy•tem for pulp-ftu" conuol con•i•t• of a 
Ho"metcr f«<<in¡¡ a signal to an an3log How con· 
troller, which then manipulare• the <to<k -alve posi­
tiun. A cun>i•tem·y m~ter tr•n>mits a signa! to the 
digital oornputer. A progrdm providc> digital filtering 
for elimin,:ing high-frequency o<>i$e assoctate<l with 
the cunsistency meosurcmenl. Afler noise removal. 
the progtdm calculatoo How !.el·point correspondins 
lo fib<r Ho" (dry <tock fio,. or DSf). !mplcm~ma­
tion of lhis loop with a mi•tur< or ana!og and digitol 
h."d"dre pruvides a profit•blc b.Lioncing between dy· 
na m ic p-e1 funnHnce and cm t. 

Thc dr;.er-control •ystem is a conventional pneu­
m~tic control loop reguloting the steam pro,sure in a 
dr¡er ,cction. usually the onc directl! ahead of the 
ba<Í> "eight and moi;ture scanner. 

Thc su¡-.e"·isur) controller utilitc> m<a>Ur<menl> 
<1f ba<Í> \\cigln and moi>IUr< nblained (prefeiJbl;.) 
al scannin~ <P<C<b bet"ccn 51~) .tnd 1,000 in. pcr 
min. Th«c >¡>ec'<i< enable thc cun•putcr to have bcll<r 
proce>S informJtion Lo wor~ ,.j¡h in. for e.~mple, 
cakulatin~ CJO»-directiun profitc •. 

Proce« ;d~nti~cation 
Thc obje"lL'"C of pruccss identificar ion LS to determine 
P""'"" dyn~nLiC< p.!r.lmclcr<-a mu't ""P in cnLL· 
<tructtng the P"'""" mathem.ttical mndd if an .~de· 
qu~tc contrul <y<tem ¡,lo rc,u\t, The p.~r•mete" ore 
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required for buth tbe design and the tuntng phsO$. 

The procedure is to introduce small upscti in thc 
manipu1ated •atiables and collect the responso data 
in computer memory, Aftet a >ma11 perturbation of 
the stock va\ve, for imtance. a variation in stock 
ftow, consi•tcncy, h•sis weight, and moisture will he 
ob..,-vcd. Again, a >mall ''ariation in steam pressurc 
<etpoint will causo changes in stcam preuure, mois­
turc, and b.,¡, weight that are transmitted to tbc 
oompuu:r. Thc required parameters are obtained by 
analysis of >U eh response data. 

Thc criterion for a good modcl is that it providc 
thc basis for good control-sy<tem tuning. Thc degree 
of oeeded accuracy of paramctcr estimation also de­
pcnds on thc loop ><n>itivit)- lo dis.crepancics bc­
tween assumed model structurc "itb parametor 
va\uc• and actual proccS! dynamics. 

In the application heing di<eu,>.e<J, an adcquatc 
model structure can be dcri•·ed from !he "'•t·end 
rnodol equationo of Bcechcr, Ref. l.· lgnoring lile­
head bo• time con<tant. the sirnplified linear model 
dc•-clopcd b) Bce~hcr is 

HW 
K

_,l+r,• 
~ ot '----

t>.DSF l+~ '" ,, 
where.1 BW '"hasi> weight change at the reel 

tJ. DSF •changc of concentrated pulp fto>' lo 
p~pcr machinc (gallons dry pulp pcr min.) 

J(, -gain consnnt 
T • transport ~el ay from st<>ck val ve 10 reel 

To -mi•ing time constan! in the wire pit 
'J •the fraction of fibcr ftow that does not 

circulate through the "''ire ¡>Íl (retention) 
• • Lapl .. cian opcrator 

fhis model hcing dCCCpt•hlc for the v.ct cnd of the 
m•chinc, thc dt)<r is nc>t considcrcd_ Thc n.1ture of 
a '"'P"""' to a >tnall stcam-pressu•e change ¡, ot>­
l3Íned from a hcat-flow analysi• of thc drum. figure 

-· 

3. lf !he feh is tbc '"me tempcrature as thc ¡><>Ciiet 
air. the beat ftow pcr unit arca may be modclcd a• in 
figure 4. The driving signal is tbc temro:raturc on the 
inner surface of the oondensatc. The sheet is con•id­
ered as hoving a "•t anda dry section, the lattcr re· 
•isting water rcnlO\'al. The rato of >'alcr removol i• 

F~ • CU,. (T,- T.) (2) 

where e reciprocalenthalpy of "'•ter cvaporation 
U,.= heat conductivny per unit arca ~t,.ecn 

the ""' sheet node 
T, • tcmrerJture ofthe fihers in thc sheet 
T. ~ tcmrorature ofthc v.atcr in thc sheet 

With tempcroturc as !he analog of volt•ge, hcat 
capaetl) as thc analog of clcctric c•pacit)', and hcat· 
tron•fcr numbcn •• analogs of •leclric conducti•iti~s. 
the tron•fcr function for Figuro 4 ma) he wrtttcn 

F.fs) .. e~ AB 
T1 (.<) R,(>+A)(s+B) 

(JI 

-'"'''"'e-\ -incremental (4) U,.+----- e R.,-!-- R.., di~crcutcocncy 

R, ~ R,. + R,. + R. '" 
R, ~ R,. + -·-·---'- ----

' u,. 1- -·---
R,~-1· R., "' 

R,- 1/U., 

A, B ~-.h.tr"ctcri<tic rodian frc~u~n.:ies of thc 
nct"ork 

l>.'hcn l~e •hect i• trdnsportcd througll thc dry<r 
>«tion-all of "'ho« drums are assumed to havo the 

' "' 



Condono oto 

'" r fl(,_ J_ c .............. .... 1 .. ... .. 
o...! lo ok><)o.p ooo.W, Firo« d. · . 

' '·. ,., ·. - ..... -~ 

. '' 

' ' 

·' 1 

¡ 

oamc •haracterislic>- the tot~! "'at<r content uf the 
sheet elcmcnt ís 

w(r,; lo)~ w(l,.: ¡,~ -.!'' r F.dt (7) 

where •<'Ir,: 1,) -wci&ht of water por unit arca at 
time of the ciernen! lhJt entored !he dryer seclion al 
time!,. 

l ~1he fraction of the lota! dwdling lime in 
the section during which the 5hect elcment io in con­
tact with thc steam drum• -

From the concepl of F.quation 7, thc water content 
sccn b¡· a fixe<l ob•<r•er located at the cnd of the 
dryer section and watching the shcets go by can boe 
c~prcsse<l by thc difforcnlial equation 

d~-(1) d~·. 1 . 1 --•-(1-r,)-y F(1)-flr-r4) 
d 1 dt '" 

whcro w(l) ~water "<ight J><r unit arcJ at drycr end 
,.,(t) =water wei~hl pua al drycr entry 

r 0 = dwelting time in the dryer soctíon 
Ta,ing the LaplaciJn transform of F.~uation S and 

combining the re•ult wüh Equatton ) yi<lds the 
dr¡ cr-scction tranofcr function; 

,·(•) rCI' A 8 ---------
T,(s) R, <+As+8 ' 

,, 
Thc '""'(anh A and B depend opon lt1c hcat· 

transfer cneffktents Jnd the heat capacitic. of thc s} s· 
tent. ~nd are difficolt tQ e<timat<_ In a t¡pical drycr. 
A varic. "'iddy "hile 8 is re!atively inJependem of 
thc hc.il tran;fer to thc dmm, Fi~ure S. Thc A 
reHe,·« the condnion of tht interna( he•t transf.r of 
the drum. Analysis Qf heat tran.fer bet..-ecn drum 
and <hcet. wet and dry sheet nodcs, and sheet \0 air 
¡xocht sho"s that A and B are b~th f"irl~ indcpen· 
dcnt nfthese pdrameter,. 

Equatíon> t and 9 define a rea<onahl¡ adc~u:ot~ 

modd •tmcture for purpo .. s of proo:e" idcntific"· 
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tion. h is in pra~tic~ feasible. Rcf. 3, to combine 
thesc t"'o structure• into a single form: 

x~-·· _S_ {lO) 
'+e 

v.·here K. r, and C are gain, lransporl dday, ond 
pote, re,pectively. Each of these parametcro is indi­
vidually determine<! for thc IIWO transfer function• of 
Equations 1 and 9. lf this úmplified forrn Íl u...:l, 
there mu>l be vcry short interuls bcNetn p.:rturba­
tions on the identification procen, Ref. 3. A method 
for determining K, r. and C by analysis of !he data 
from an identification expcriment is gi,·en in Rds. 
2 and 6. 

Figuro 6 obow• the response to penurbationl dur­
ing an ideotificatiun expcrimc:n of A, ba5io wcigln, 
and B, dry 11ock Ho". Whcn thc input time s.cries 
data of Figure 69 is used to drive the basio-wcight 
mode!, the solid curve of Figure 6A resuh•, indicat­
ing by agrcement with ploncd d•ta that a good pro-

(A) 

,,,_, __ ,, r·-
\ / 

'"' '" '" '" ~.,.,&. 

~ ... ·, 
', .,. . 
. . . : 

1') 

' 
' 

,,,,¡c·'ii· ~4-~~~~ 
l.... 100 lOO 500 100 

5U 

ce" model has bcen eslabhshed in the oom'pulcr. 
E•l'('•ing the Slcam·pressure .. tpoint .10 per­

¡urbations )ields 1he nooline.;n bcbavior sho"'n '" 
Figure 7A, revcaling the water·removallimit•lions of 
the Slcam drums. fi11urc 7B shows ~orrespondcncc 
bet"ccn observcd rc,ponse of moisture content and 
rosponsc obtained frorn driving the model with !he 
data of Figure 7A. 

Thc mcthod illumated here has hcen lcsted over 
man) •·ariables on a •·ariety of paper machines. Thc 
conclusinn is thot dkctivc tunin~ of l~rger S)·Siems 
can be a<complishcd ~)' this method of proccss iden­
tifi,·ation. 

The control algorithm• • 
For the s¡stem of Figure 2, algorilhms •« dcsigncd 
to obtoin a specified rc,pon .. 10 sctpoinl changes in 
enher n1oi•turo or hasis "-<ight. Thi• response is ovcr­
shoot-free and h;os nponenlial senling characler· 
i<tico. Obscf\·aliuns of closed·loop operation 11avc 
been made on many installations, and th~ eiTecti•e· 
ness of loop dccoupling and transpon dela; has bccn 
•erified. Rer.. ~ and 5. 

The proccss model of Figure 8 is u~d for ooo­
lroller design. The hold blooks maintain a continuous 
output signol updalcd periodocolly by the cOmputcr. 
which acts u a sampling dcvi<:c. Thc hold functions 
are incorporated in !he steam manual-anto "ation 
and the analog Jlo,. controllcr 5ho"'n in Figure 2. 

lhc closed-loop dynamics of.'the stcam-prcssurc 
loop are represente<! by a single role, E. Cro<S­
couplin~ charactcristics are indicw:.d by paramcters 
o, ~nd o,. An illustrativc c>amp\e ol cro"coupling 
networh is gi>en in Figure 9 •nd di><:U5S<d latcr in 
"'me dctoil. 

Thc d}'namic c!T..::ts of sc.;nning, and of the resuh­
ing control by thc cro"·machinc "'·erages for mois­
turc and basis wetght (altcrnately bone <lry and con· 
ditior1ed), ar< incl10ded in ¡he model of Figure ~- fhc 
avcr•~es are cakulalcd from sums formed over the 
<amplc• token during a single """· ln the model. 
c<>ntinuous integration serves as an appro,imation 
fo• this calculation: Such appro•im•tion significantl) 
reduces lhe comple•ity uf the f.nal contrnl algonthm 
without producing any clfoct on conlrol-•y•tem tuu­
ing. Thc symbol z·• indicHlc' a time shift cqual1o the 
sconning lime incrcment T. 

In Fisure lll, spccd of scnling is ,_,ov.n "' bcing 
dependen! on a parometet (A ) lhat is choso:n •• high 
•• ro•sible consio1ent with permissible frc~uency and 
amplitude for >leam preosure and •1m·k-~o,. changcs 
clemandcd by thc control\er. !kltcr control requires 
gre.o.ter activity in m4nipulating 'ariables. Ohcn, 
howc>er, tbc muimum >alue of .\ is dctermincd b,· 
ovcrshoot cbaraeteriotics gen<r~tcd by nonlinc<u phé­
nomcno not accounted for '" thc modcl. 

'''lo dccoupling, lct it he assumed th•l a m~isturc 
S<lf>Oinl ch~ngc i• rnadc, Figure 9. The algorilhm 
Cll willthen 'ee a po<iti•c moiS1urc crt<>! d and t•ll 
for a Slcam prcssurc decreasc c. \\'hcn Slcom pre.,ure 
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decrea>e>, basis weight and moioture will be alfected 
according 10 response cune• indicated by f ond g. 
Ou~ to process interaction, not only i1 moi1ture 
chang~d but basis wdght is olso upsel. Eventually the 
basis "eight algorithm C22 would corree! the buis 
"eight error, bu! this ncedles. up<el io avuided by 
operation of the decoupling olgorithm• C 12 and C2 l. 

Algurithm C21 will have airead) s<en the ""'i•ture 
error d <hat occurred with !he se!point change, and 
calkd for a <roc~-~ow dc,·rease h. n,¡, has re•u\tcd 
in a nullifying effect on mohture and buis ,.cight '" 
indicatcd by sígnals j and k_ Proper ""le<tion of al• 

· gorLlhm Cl2 can similarly offset the cffcct of a b¿sÍs· 
"cight sdpoint chango on moi1ture. 

In addttion to interaction-free ••tpoint chango, thc 
decr~upkd controller achieves much faster control ac­
tion thJn do ind<:p<:ndent basio wcight and moisturc 
cuntrolkr;, Figure 11. Usiog normalit<d uniu to in­
dica!< de•·iation from sctpoinl, the graph sho"• moÍ>· 
lUrc rc;pon.-; !O an upgt when the ,.,.,, COn!roJII<'> 
are applied ..,;,hout da:onpling algorithnos. 1 he 
gr•ph may be comp•red with moi<ture r<'f"'""' in 
Figu<e 108, ~<here mnch tighter control is oblJÍncd 
.,.¡¡h gu.;,d st3bility_ 

The decoupled controller pr<>ent• unne.:<"Jf) 
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control actions_ When a oonsistenc) va11ation cause• 
«multaneous upset in b.isis wcight and moi>turc, f<>r 
cumple, the combined c!fcct of thc algor~thm; in 
figure 9 will cau•e J stock-valve correction, leaving 
<team pres;ure unaffoctod. 

lt is hopcd lhat this discuÍ;sion of a combin«l hnsi; 
weight and moisture-controller design has mdicated 
how the bo,ic principle; may be applied to much 
more compl« control system;_ 
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~·...,• nou~n• la oc=riO~ f<l U VI • ,_,_ ' ~reo PI • q • y, 

"""" ""' ••"«• ""' l!noo •ocu. ~e """"'""'" po con ••<eooda 

•1 ""~•• q, """""- •' • y1 ••'""'~"'·'" ,,. ~":t.olo cOO<oa 

on po~l ~"='"'""· W '""'' o••-•ral ""' 

• 
o 

'""''"'""" lo• ='>•<>• •1•• !y,,) "Oc••• la •••t• do p.or!,..,. 

"''" P • ,.ndie"to, q • ordonod& al o•:coo. So IUOO«< 

"""y, • ·<'so trao. con""'""" tonto U r.cto y ~uo<o 
<!bu)•"• Con ""'" do nooo """ lo hcJa ~1l!mttdc• rued-o 

oorvlr ~uch" vecoo, con oOio borrar la '""" ., o.od• """• 

rl dloq,.,.. ""'"' Hoto '"' u .. roo con 0u.voo ""'""'"' 

!!!IL-•o u!coo ""•ndao ••rh 1 .. o»e!Oos de loo puntoo .U '"': 

OOOO!ÓO d< lo <"'~a y, y lo <•<U y, 

" lo '"'" ca"' • lo""'"' oo tr .. poneos, ''"'""""' lo 

"""'"'e" cu '"'"'' ""' '·'''"' ,., 1,,_ 

a 1• ""''" "'" lo oo 

ce• on un """'"• oueoco q~• yo oo !ur.e<'n Oi.o<Uvoo 

•' .. ' 

1 '"' ,,, 
,,,, .. ,., 

o , •• ' 

o,' o.rco<u"' " ' ' o ' ' ~ ' 
,, • 
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O•r<nlo.6no '"'" '' 1, • 5; q• "• C. ~o! denoMnodo o •••ro•io16n 
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" 
'1 !f•l - •' q(x) • x • l 

Soluct~n> 

ll '' "' . ' ~· 

<1•. ll. l•. ,. 

•', doM• ![ti • 11 • t, 2 ·ti 

~·, """"" ~lx.y) • lx • 1, y· 11 

l<;o!)f•l • g!fCU¡ • •11 • t, 2 • ti • (t, 1 • t) 

sOt~ .. que l!ogHtl ~ e>'Ho, pueoto quo ol rlc~<olo ~· ! c.o •• 

1ood •1 C<X!c~lnlo ~· 0 . 

Coo~"'•lc•~••t•• !(t) • (1 • t. 2-" •••••Óonta una ro<ta, cuyo• 

ocuoctonoo poa&.httc&o '""' x • 1 • t, y • 2 • ' ' """'" lo roe,_ 

x • y • l¡ en laoto qco fq•flltl 

·-·-··-··-

" 
<1 '1•1 • t;; ' q(x) • l• • 1 

J ,, • 1 

Ho~llxl • f IO(x!l • «h • ll • .T.'"<"l: 

po< lo cual o, 

·'' 

So-c. ! y O '".bno fo,c!onro <ealo• do va"oblo '"''' •<rndo Otl> gr .. ~ 

cos '•• curv,. que •• """'"'" '" lo """'""'" !iqur., 

f ----·-· 

( -f<·~ f':-') ~r- ---- --- (")fe<.>) 
' 

'" [x,O) do!, 

'' ' •• ""' '"""'~" """"'""-·· y ....... ' • 
.. ' 
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l l f•J • • puo t«!a ., o 

flx! • - • poro todo x 

lo, 5"""""''' qoo ! •• ~c<.'<ono «oo<ooto' 

O) Si tlxl <' _,. 'ltl•ll < Ux) <o 

., 

~>f<fl>ll 

por hip~tOO!Oo <• oo< qoo l(fl>ll < • •• '~~ol~lo. 

oi flxl > x ..;. fHI<II • '<x> >o 

•> fCf[o)) > x; lo qoo por la mloma '"~'- ootodor •• 

1•-pD>iblo. 

Por lo tanto 10 cooeloy•' al t •• oo,.6tono creoUctO> ''"'-"" 

< • ,-1 ...,. f!o) • • 

' • ,-• => rl•l • '"" toda x. 

.,.,.¡·· ,. '' Q 

.,,.,,,e· 
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'l<o~]on • <• • '• ' • 1. 1 • ·~··; 
<• • .,. h lx) • • ' q lhlxll • ., ' • 
'. • • •, ... y lqohlhl • '·' 

• 

<n ooqutdo oo dooootrO<l e, . <n olooto, poro todo x on ol do•lnl<> _ ..... , .. '"""'"""' .. "'"'' 
,...,, lh(xl 1 

f(qlhlxlll 

f<g•hll•l 

. ''"'"""''''' 
0>0 lo cool quodo d...,otrodo h ooocUUvidad on lo ....P.,o1o16n do 

funo<onoo. 

Cbd.-vou quo on ¡, ""''''''"«~• do e, no no Udo nooonrio "'"P~ • 

¡., q,.., In <=olonoo f,q y h •••• '"'"''""'' rooloo do uo<!oblo out, 

po< cono1qulooto, lo lo-y ,..,oiotlvo on Lo """poo1016n do fon010t"' 

oo <ie<ta pou funclonoo on •••erol. 

C.l La func16n 1dont1dod 1 •• lo funo16n neut<o con •••••cto o lo 

co..,oo!o!On •• func!oneo. <o noo .... <o de..,ouot <>n10 qoo 

f o 1 • 1 coftO ''~''"que ro f o fo pu•oto quo no 00 ••l!do lo 

""""""""'"'" ""' '' ••~""''"'en •• '"""'"""'· 

coo do~lnloo de f o '•' o 1 oon ol o~>oo¡ olondo on '"""' ca 

••• o,. 

Poro <oda x t nr •• """ 

"""'''. ,,,,,, ~ ,,,, 
Uofllol l!ll•ll. "'' 

:¡,.,.,,., 

" 

<n ooqo!do •• d'"""""l "" r •• On<co •n S. 

'"""nq"""'' qoo ouoto """ •lo••••• '"""" 1' • , .. , .. , .. 

. ,, .. , .. . ' . " •,, ' h(ol ., •• 1 

,, • '• ' h 1 "' ., " "·•' ,, • ' o, y "1•1 ' o,) " 
,, 

' 
., ••• 90h 

" 

•ouoloo!do lo '"""'"'• ''""'""'""a d''""'""" o,, 
S.O o on ol do~Jnl<> oomOn do l•o lunclnoo., 

"'"''"'''' 
''"''". '""''" 
''""''''. '"""'"' 
L<•h • , •• , ,,, 

Oh y h(xl • •.1 

o,o Lo ••""'"'"''" ~. "'" "'""'-"' ley d>oulbu<l•• o• ofK1Go do 

~'""" o<'Pl'"'" o lo '"''"'"' ''" lo "'""""d6n do lo pri~.oro 

., ..... '" ., .. ~"" "' •·•··• ,.,., ., ... , 
1 •<• • n> 1 '"" • ton 

'•'•"' f .... ,, """' ... ' . '· ., . ,, - ' 
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o.-ouael6no pa• 1n~uee16n motomittea, 
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ESPACIOS VECTORIALES 
l!j'IRODUCC!O~ 

h uriH nus de h utemhlco, se pruentan conjuntn• 

donde rooulto impottonte conold«or "comblnaclon., l!n .. les" de sus 

cleaentos. El U¡ebro lineo!, tTata ¡ .. ptopledodu coaunu de -

todos oquolloo dotomu olgebulcos que constan de un conjunto mh-

uno nocl6n de "co•binocl6n lineal" de suo eluento>. 

El euud!ante ha tenidO yo •<reriendo con vector01 del 

espoc!o eucltdhno tddlaon>1onal, y cn poTticular con co~binoclo-

nu llnnlO> de toles veotoros. En eue copftulo esub!ecuuos 

lo deflnlc!6n de uno eotructura o!Rebulco, lluodo eopoclo ucto-

r!ol, que en u nperlenclo ha de•o•trodo ser lo do ~tll obotr•!i. 

cl6n de un tipo de slstemoo comO el cspoclo eucl¡dlano trid1~enol~ 

no l. 

El espoclo vectorial de loo ternos. 

Consldore~o> loo ve<tOte• 

v,- (~. -1, ZJ V1 • [1, Z, O) 

Como nbemo<, )a >umo de V\ y ii'1 u el vecton 

v,.v,-<•.!,11 
y el producto dol e5color J < R por • 1 •• el vector: 

J v,. (9, ·l, ~l 

En genorol, <i 

¡- • {o,. o,, o
1

) y ti• (b1 , b1 ,_b,l 

<on doo vectoH• del tipo de V, y V,, eo decir, temu ordenodu de 

nlb.uos reolu, lo ou•• se define como 

O• O • (a 1 •b 1 , a,•b 1 , • 1 • b,) . .. • (!) 

y el producto de un ucalor a par un voctor i u d<flno co~o: 

• 

"' 
Al conjunto for.odo por toda< los ternos ordonodos de n~ 

.. ros rules, le r<prnentarno> con R'. Sl•bOIIco .. nte: 

R1• {(~,y, >JI x, Y• > < R) 

En R1 , lu operoc!ones def!nldu por !U uprulonos (1) 

y {1), tienen las sijluientoo prcp!edadeo, 

Para todu ¡., ternao ordenad .. de ofloeros realu i",O,C 

y todo• loo o>ealor"' o,~ e R oe cumple ~ue: 

" ' R es curado r .. pecto a la <uoa y al producto por un ucohr. 

2) {i•DJ•<· O•(Ei•C). 

l) O•lf·lf•O·O, donde lf•(D,O,O). 

4) i•(-i)•(·i)•i•ll". 

~) i·Ei·Ei•i. 

b) "-(i•DJ•<>O+oEi. 

1) (ooB¡:;.aOo6i. 

a¡ a¡ai)- ¡os¡ a. 

9) ¡¡.:;. 

Co•o puede veroe, R1 
fonoo un 1rupo abollono coo reopecto 

a lo oum•; oln embar~o, poooo algunos propiedode• odlclonolo• {~ o 9) 

con re>pecto al producto por un eocolar. 

hl><en vario• •iueuo que <ienen Jo• o!'"" corocter111!. 

R1, o o>te rlpo d< •i•teuo 1•• l!aure~o> ESPACIOS I'ECTORI~ 

LES. 

Ejnp;o V. 1 • 

un •i«u• que pooe• lo mlou e>Huctuu (do oopoclo vocto 

rul) que R1, e> el conjunto d~ todo• lo< poltnonlo• de ¡roda !l con 



lu ~poucl~nos de ouu y producto por un ooealu. Do~tooturo~o, 

• contlnuocl6n que >e c~plen todoo loo proplododeo que onuncl••os 

' pou R • 

1) Sean ' ' p, •• , ••••• ·o,o•o, 

' o2•b 1o1
•b 1x'•b,x•b, 

doo pollncmtos eualosqulora de grodo ~l con coeflchntu rcolu 

~ntonceo: 

P, •o,• (o, •b ,) • '•1•, •b
1
J•'•(o

1 
•b

1 
)o• (o 0 •b,) 

pollnoo\o de 1ndo H, y si o. t R: 

(oa 1 )x 0 •{o.a, )o' •{o.a
1 

)o• (oa
1

) 

tombUn es un polinoolo de gudo sS. 

Por lo ~uo o! conjunto de todoo loo polinomio• de gudo 

:!.l, es cerudo rupecto • los oprcaclonu de suou y producto por nn 

ucolar. 

l) Sean 

entone••: 

o,••,•'•o,o'·•····· 
' ' P,•b 0x •b,x •b1x+b1 

(o •o )•o •(a •b l•'•(a •b )x1•(o +b )x•(a •b )•(e •'•e •'•e o•e) ''''' .. ,,,,,,,, 
(o •o )•o •(o •b •e jo'•(o •b •e )x1 •(o •b •e )o•(o •b • e) ,,,,,, ,,, ,,, ,,, 
(o1 •P 1 )•o 1• o1x' •o, x' •o1x•o 1 •(b, •e,)x1

• (b 1 •c1 l•' +{b, •<1 )H{b, •e,) 

(o, •o,) •o, ·o, •(o, •o,) 

por lo que lo ona eo uoclat!vo. 

3) 51 - ' ' 0•0• •O< •Ox•O 

ontonooo: o,;¡¡.5.o,.o, 

por lo que el polinoolo O •• el tdint!co poro lo suoo. 

., , .. P1•o,x'••,x'•o,o•o, 

eolotr o! polin .. to 

·o •·a •'·• x'·• o·a 
1 1 1 ' 

tal que 

P ,•( · o 1)• (o 1·o ,Jx '• (o,· o,l~ '•tA,-o 1)x• (o 0·o 1)•ii 

·o •o ·~ 
' ' 

por lo quo ·o, •• o! inveroo aditivo de o,. 

'J o •o •(o •b )x'•(• •b l•'•(o •b )o•(o •b) ,,,, '' '' '' 
' ' 0 •o •(b •• )x •(h •o )x •(b •o )x•(b •• ) ,,,, ,, ,, '' 

por tanto, la su=o do polino~io> 05 <onroutotlvo. 

S>o<R: 

' ' o(o •o )•a{a •b )> •a(o •b )> •o(a •b )x•o{o •b) '' ,, '' '' .. 
' ' ' J o{o,•o,l•(oa 1 •ob 0 )> •(oo,•ob,)x •(oo 1•ob 0 )>• oo 1+ab 0 

o(o 1 •o 1 )•oo,1oo 1 • 

U p.-odueto por un e.color es dlot<!butivo reopacto o lo 

7) SI o,l <R: 

(o•l)o,•(o•B)o,•'•{o•~)o 1 x
1 •(o•a)o,x•(o•B)o 1 

{o•6) o,••• ,• '•ao,x 1 
•ao 1 ••••, •6•,• '•Bo ,•'•h,x•ao, 

(oo6) o 1 •oo, •So,. 

El produ.:<o por un «uln eo dlstdbutlvo reopocto o lo 

suu de escalar ... 

B) a{lo,)•o(~•,•'•h,x 1 •h 1 x•Oo,) 
a (So,) •{oBl•,• 1 • (a a) •,•' •{oS)•, •• (ol)o 1 

o. leo, )•{o~lo 1 . 



" 
El prod~cto por un ~ocolar u "'oclotivo, 

1o 1•1(o 1x1•o 1x1•o 1x••,J·o,x'•o,x 1•o 1x•o 1•o,. 

1 ERes~~ ld6nttco pou el producto por un escolar, 

En consecuencia, el conjunto de todoo ~·· pollftooloo de 

Jndo s3 tnbi~n oo un .,podo vectorial pota lu opeucloneo de ou 

•• y producto por un escalar. 

Eje10plo V, l. 

Veu.o• ol !u uuJces t .. bUn forman un eopoclo Yectorlol, 

Cons!d~r<,. el conjunto M de todu lu ototdc., de orJon • 

... con eleoento• en C. 

(i•l, l, ... o,j•l, l, .. ,n)) 

Do Jo deflnicHn do oumo do ~otncoo y de producto do un •:!. 

colu por uno ,_otrll, se dosprendon lu siguiente< propledade< pan 

todos In matrices A, B, C dO M y todo< los escoloru o, ~de e; 

1) M •• corudo con reopo<to o la ouu y el producto por un eoco· 

!u. 

(Aqu! O repusent& lo utrl< nula), 

~) A•[·A}•(-A)•A•O 

1) A•B•B•A . 

61 c(A•B)•4A•cB. 

7) (o•e)A•aA•M. 

81 <>(MJ•(ca)A. 

9) lA•A • 

por lo quo el conjunto 4o todu lo< ~otTice• do or4en "''" tiene 1• 

•hn utructuu de .. paclo vectorhl que ~·. 

Hno< visto tro< ol<temu dio tintos que tienen la llloU 

estructura, a loo que ho•os lloaado espacios vectorioleo. • •• 
vectores do ~· tienen uno representación ¡eo~etrlco {u¡untos dlri 

'Ido•), • ., no aof los polln010io• y lu BotTicu, sin nborgo, por 

el hecho de ••• ~l .. ento> de un e•poclo vec<_orlol, tnb!en leo 11•· 

morno< vector••· 

.. 



.. 

V. 1 • 

Oellnlcl6~. 

Un espacio vector\ol V sobro un cnpo I, u un conjunto 

no voc!o en el cual •• definen la• SIIIU!entes doo operoclonu: 

Uno operad6n que u\¡no o cualesquiera ele•entoo u, 'i 

<V un elemento ii•i'tV al que se conoce co~o Jo ourn• de ii Y v. 

Uno opencl6n quo .,;gno o cdo ele .. nto V<V r o codo ••· 

colar oc X, un elemento <iV<V ol que H cono<o CO'"O el prodt>cto d< 

o por v. 

Lu cualu cumplon loo slguhnteo propiedod«, 

·Pon cuoleoquieu ele~entoo ii, V,;¡ e V; 

11 {ii•V)•W• iio(V•W), 

2) 3lr<V tol que ii•l1•1J•ii•Ü, • 
(o ll" le lh~•~•• vector cero), 

3) 'f ;¡'V, l .¡¡e V· tal que U•(-Ü}•-ii•ii•ri, ,, ----u•v•v•u . 

Poro eualeoquien o, ~ < l y u, v 1 V: 

S) o(U•i'J·•U•oV. 

6) {o•S)ii•oii•~U. 

71 o¡eii)•coe¡U, 

!) lii•ii. 
' 

(oqul 1 repruento lo unidad de ~), 

Conoocuencin el•~•ntoles ~. lo de!lnlcl~n. 

lloy hechos ol•pl., que •• de<pronden cui !""edhtonento 

de 1a Jefln!d6n de E>ra<io Vectorial, algunos de lo• cualeo enun· 

cutoo o contlnuocl&n en fo"'• de uoreuo. 
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Too ro"'• V. 1 

SI Ir •• el vector cero de V, ontonce., 

,. a < l se tleoe que all"•ll" 

Dnouroc\6n. 

Si a eo un eoco!H cuolqulera do 1 y 11" u el vector ce~o 

de 1". ·entone<•. por \u rroriedadeo 2) y S) de lo definld6n: 

•Ir·• (Ir' Ir) ·•Ir ••Ir 

ouaondo .¡olr) <V, por lo propiedad l) tne•oo: 

•~• (. (•Ir) ]·o~.oiY• (·(a~) 

Ir• (oll'•alr) • (- ¡o Ir) ) 

por 1) teneMs: 

de l) •• oi¡ue que: 

flnoloenu, pOT 2): 

,._o < K. 

'· 
Si D oo ol elemento cero de K, entone.,: 

,.V<V oc tiene que 

n .. ootroc\6n. 

SI o •• 0 ¡ eooolor cero y V un vector cuolquluo do V, u 

uncoo, cooo o es el idfnti<O odotlvo en K: 

DV•(O•O)V 

por lo ptop>edod 6) de la Jeflnlc>6n 

ouundo :{DVI • V, por lo propiedod l) toneoo<: 

OV• ( -OV) • (OV"•OV) •{ ·(O¡;-¡) 



' 

l 
1 

~· (OV•OV) • (- (DV)) 

II"•OV• (DV• (- (DV)) 

do l) •• olgue que 

II"·DV•II" 

flnollll<n«, por l): 

II"·DY 'f V < V 

TeOT<lOO V. l. 

SI 1 u lo unldod do~. entonces: 

'f '1 ~V oe tleno que (·l)Y•-V 

De~::on TIC 16n. 

Si V •• un vector cuot~ulou de V, ontoncoo: 

lr•CV•(1·1)V•LV• (·1 )V•V• ( -l)V 

u conoocuendo, (-!)V e> el tnveno aditivo de:¡ al qua he••• ro-

preoentado con -V. Esto demueHu el t<oremo, 

ya que: 

por lo que 

En general, el vector (-o) V •• el Inverso odltho de 

• 

Por otra pnte: 

»(.V) •o ( · IV) • ( -o)'i• · (o V) 

j (-a) v•o( •v) ·-oV j 
~sr, lo,.., .. o ouotrocd6n de vectoru se obtiene o po.tlr 

de lo su~a de lo olguiento 111.onero: 

Oeflnlcldn. 

SI ¡¡y V oon doo vectoreo de V: 

u • :¡. ii•(-V) 

~jemph V. l. 

~~ conjunto de todos los puntoo de lo recto que poso por 

el Orl(len y tiene <0111.0 nli>leros directores 1, 2, l, fonu un eopoclo 

vectorial oobre ol <ampo de los nGmeros reales, 

La ecuocldn de dicho recto en fonoo silftrlca es: 

• 
Por lo tanto, lo< puntos de dicho recto tendtln p»r cnor• 

denod•s: 

,.,, y•lx, •·~x 

y o! conjun<o de pun<oo de la rec<o oeet: 

S•{(•, lx, hJI• < R) 

Entonen, 

lo su•o y el producto por un escolar estln definidos do l¡uol fonoo 

~ue en R
1 

Verlfl~uemos que S oatlofac~ <odas loo propledodol que ., 
finen un espocio ~•<torio! . 

lu operaciones deben •er cerrodu: 

Sean 'i1•(x 1 , h
1
,.J•

1
) ' •• (o ' ' . lx, , lx,) doo olnontos 

cuole•quiHI do S y ~ cuol~uler ncolor de R: 

V,•V,•(x,, h 1 , Jx 1)•(•,, 1> 1 • Jx,)•(•,•x 1 ,2(• 1•x1),l(x1•x 1)) e S 

oV,...,(x 1 ,b1 ,lx,)•(u 1 ,lu,,l<>x 1 l <S. 

Proptedades para la su~a. 

Seon 'i1•(x 1 ,2x,.l• 1), 

tres eJe•entos de s: 

1) ('i1•Y,) •V,·( (x1 •x,) ,l (x,••,) ,J(•, •x,)) • (•, ,h 1,J11 ) 

¡V, •", J •'i1• (C•, .,, "• J ,1(•, ••,••,) ,l(•,••,• x 1)) 
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¡V,+Y,J•Y,•(x,,zx,,h,J•((~,•x,),Z(x,•x,),l(x,•;,l) 
(V, •Y,) •Y,•V1•(V,•V,¡ 

por lo q~• lo •woo et oooclotlvo en S, 

Z) Exlotc ll'•(D,O,O) < S tal que: 

V~•ll'• (x 1 •O, h 1 •O,h 1 •O)•(O•x 1 ,O•h 1 ,O•l•,J 

Y1·1l'•ll'•V,·V,. 

l) Pna todo v,. uhte ·V1•(·x 1,-h 1,.Jx,J <S tal que: 

V, •(-V, )• (x 1, zx, ,lx,J•(·x 1 , -h, ,·lx, J•ll' 

-v 1 •v, ( ·x 1 ,. h 1 ,-Jx, J•(x
1

, 2x 
1 
,Jx,) •Ir 

O) V,•V1 (x 1 ,Zx,,lx 1)•(x1 ,h,,Jx,) 

v, ·•. 
V 1 'V l 

V l > v1 

• (x,•x1 , Zx 1•Zx,, lx,•Jx1) 

(x,•x1 , Zx1 •Z>,, Jx,•Jx,) 

V, •V, 

por tanto h •u•• eo con.utat!u en S. 

Propiedades pon el producto por un eocohr. 

Scon V,, V, olcmento• do S y o, e cocaloru de ~: 

S) o(Y, •V1)•o(x 1 •x1 ,h1 •h, ,lx, •lx 1) 

o(' 1 ·~. )•(nx, •ox
1 

,Zoo 1 •Zox, ,lax 1 •Jox1) 

a(V1 •V,) • (ox,, lax 
1

, Jox
1 
)•{ox

1 
,lax, ,Jox,) 

o(Y1 •V1 )•aY, •aY,, 

El prc~ucto por un .. color •• diotrlbutho oobre lo ouu 

de vcctor<S, 

6) (a•~JV, • ( (o•~Jx, ,l(o•~)o 1 ,l(o•~Jx,J 

(a•~)V1 • (o> 1 -~•, ,loo, •lsx 1, lax 1 •Hx,) 

(o•BJV, • (ox 1, Zox 1 ,lox 1 l•(Bx 1 , l~x, ,J~x,) 

(<>•B)Y, ·aY1 ·~V,, 

U producto por un escolar e< dlstr!butho oobre lo ouu 
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de eocolucs. 

11 ~(aV',J·o(a•,,Zex,,J••,l 

aCaV,) • ((o,)X 1 ,Z(oa)x 1, 1( 0~)x 1) 

oCaii 1)•CoaJV 1 , 

El producto por un ~•colar eo O<oclatlvo, 

8) 1Y 1 •1 (X 1, 1~ 1 ,J• 1) • (x, ,z,, ,lx ,J·Y 1 , 

L• unldod. do R •• <1 iMn!!co paro •1 producto por un •!. 

Ve todo lo anterior oc •l1ue que, el conjunto 

S•{(x,;x.lx)[x e~¡ 

foru un e<pocio uctoriol ooOro el c .. po de loo nO .. roo reoleo. 

Antes do po,.r o l<> ·'•cci6n o!gu\enu, hay que hoc•r notor 

que loo tcore .. o V·l, V-l, 1'· l 1 lo deflnic\On de ruto o ouotu~ 

d~n de vcctoreo, funon enunc1adoo o pntir de la dcflnlcl6n do"!. 

pacio vectorial, y oo eu~¡olen r•ro loo vector .. de cualqulcr conju!!. 

to que ten~• dicho cstructura. Con Uta !1\$00 !deo, $0 OOIIJIC!atln 

lo• teore••• y dcflnlc\onc• • lo lar¡o de todo ol capitulo. 



'·· .. .. 
V. 1. S~USI'.\C!OS ~ ll:j ESPACIO YEOQBIAL, 

h el cJe=plo V.l, onaliulltoo ol conjUlltO 

S•({x, h,h)luRl 

que utl fonnodo por torn., crdenadu do ndmeroo rules, por lo 

que S e• un subconjunto de • •• Adulo, oe dc11oHrO que S toabifn 

formo un eopaclo voctoriol •obro R. D!re111os cntoncu quo S 01 un "'!>. 
espacio de R' • 

Dcfln!c!On. 

Dado un e•pocio voctoriol V y un •ubconjunto S do V, dcci· 

moo quo S •• un oub .. pacio do V, oi S es tubHn un c>poc!c voctorlol 

rc>pccto a loo operaclonco definidos en V. 

Ejemplo V.l 

[n cl eje=plo V.!, de,.ootrpoo que el conjunto do todo, loo 

pollncalos de 1rodo i~ u un c>podo vectorial oobro R. 

SI conol~eromos · ol conjunto de todoo loo pollnoaios do gn· 

do i2, ve111o> quo ~ste es un subconjunto do! prl•ero y en forMo ant· 

1o1i al eJe=plo en cue>tiOn, puede probarse que fonno un eopoclo vec· 

torlal por si mlomo. En consecuencia, •• tuto de un >Uh.,poc!o. 

El •lgulente tcorcu eotableco un criterio soncillo pora do 

teralnar o! un oubconjunto do un e>poclo vectorial es adco1s, un oub-

eopocio. 

• Tcore~a v.• 

Seo S un subconjunto de un upaclo vectorial V. S u un 

ouheopocio de V sl y o~lc si oo cerrado reopecto a lo sumo Y o! pro· 

dueto por un <>Color definidos en V, 

• 
Dnootroctón, 

Como S contiene elementos do V, se ootiofocon las propled! 

des 1), •l. S), 6), 1) y 8) de h defln!d6n. 

con probar ~ue se cu~plen los propiedades l) 1 3). 

~n efecto: 

seo V un vector cuolquicrO de S 1 seo G el ••calar cero de l. 'co.o 

S es corrodo respecto al producto por un eocolar y por el teorou 

V .1: 

~\'·1f < S • 

Sea V un vector cuolqulero de S y ·1 o! Inverso aditivo do lo unidad 

de K. Como S es e<naJo respecto al producto por un escolar y por 

el tcoreu \". 3. 

[·l}Y•-V es. 

Con lo que •• co~ploto la duootroc16n. 

Eje,.plo V.L 

H conjunto de todu lu matrlceo de la. foraa: 

[: ';] (donde a, b < C) 

es un ouho>pacio Jo! ••r•clo voctoTiol de natdcoo cuadradao do or· 

den l sobre el coero de loo n~oero• coop!ejoo. 

En efecto: 

Sea A·{[: 
1
:] 1 o, b < C} que •• un subconjunto do !U ootrlcoo 

de orden 1. 

Vertf!que~o• que ~ os cerrado respecto o lo ouma Y e¡ pro· 

dueto por un nQ~cro complejo. 
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• 

' 

raro olio, conoidfronoe dos Utricu oualuquten do A: 

e· •• ·; '] ' ¡·· •• ';·] 
y un MDHO c .. plejo •• . , hu ,, ouu: 

¡·· . ' 'l['· . ., l:']- [.' .. ' 
b' •b' 

Z(o 1;o 1)] 

••• .. otra utrlr de A • ., Pon el producto ro~ un ucolu . 

¡·' ';j . [ .. , l:• '] • •• .., 
Entonen, seg~n el tooruo V. 4, A u un tub.,paclo del 

espado vectorial de lu utriceo cuadudos do orden l, 

EJe•plo V. 6. 

La lnteneccl6n de dos •ubeopaclos •• un nuovo oub01poc!o. 

En ofocto: 

Sean V un eopoclo nctoriol sobre un cupo l 1 A, B dos 

subupacloo de V tolos quo: 

Entonen, '1' v 1 , v, < (A n B) oc tlene que 

V 1 ,'V1 <A. 

C011o A •• un subcopodo do V, 

es cerudo para lo '""'", por 

tanto: 

V,. 'V1 <B 

Co•o B es un subupoclo do \', eo 

corrodo pon la su=•, par unto: 

V1 •V, o B 

l V·l8{19 

' 

por lo que: 

V,•V,o (A n Bl 

En fo""o antloao, li o< l 1 Y< (A n B), o Y< A 1 

o V < B, 

por lo que 

.oYe (AnB) 

de V . 

Ejnplo v. 7, 

Conoldhcsc el conjunto Jc todos loo pollnoolos do arado 

Igual o l; aunque co un oubcon)\on!o .Jel conjunto do polinomios de 

grado< l, no foru un subcopoe>o de h<e, Paro do•ootrorlo booto 

r1 con probar que no ootlsfa« 1• c.ruduu respecto o lo •u100. 

Sun' 

' 
dos pollno~io• de >egundo graJo. 

qu• no eo un polinomio de ••&undo arado. 

grado no for~• un ospado voctariol. 

. . . . . . . - . . . - -
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y. 5, 

CcnoldHomao loo o11uionus voctOru do~·: 

i·O, ·1, l) 

dicho vector oerJ: 

<•(1, 1, 4) 

( ,, 

\triO CCllb!nociOn Unoal do loo .. e toreo ir 5". 

En 'enero!, una ecmblnac¡on llnnl do ~ vectoro• es la • 

•=• do dicho• vector•• •u1t!pllco~o• por clertoo ncd.c.,. 

Deflnlc!en. 

Una coab!nocl6n lineo! de loo voctorn Y,, \" 1, ... , Y• 

de un eopocio v<ctodol V oobre un campo~. es una ••prool6n de lo 

fono: 

donde .,.•, ...... ~ < x. 
Al conjun:a do •odas 1•• coabinoe\oneo 1\nealoo de un con 

junta S do vectorn, lo repreontoremos con L (S) . 

Teore"o V, S. 

U conjunto de toda> lu co•blnoc\ones llnul•'• de un con 

junto 

S• ¡-;,, v,. .. ., Y•J 

do vector., de un espoc\o vectorial V oobre un cup? ~. co un oub•!., 

poc\o de V, 

nnootrac16n. 

Sea L(S) e\ con¡unLO de todos lu coabinaclo~•• liualu 

del conjunto 

S• {Y
1

, v
1

, ••• , 
" l • 

r oean ir O doo vector-. cllol<squ\cu de L (S): 

- - - -
o•o,v,•o,•,:···'"•"• 

o-~ ,v,.~ ,\", .....•••. "' 
donde o!, Bl < I, 

Lo suu de i Y 6': 

i•O· (Q 1 ·~ 1 )V1 • {<> 1 •d, ¡V,•.,, • (a,. •S,.) Y• 

eo otro ele~ento ~e L(S). 

Y el producto de > ' < por o: 

J.ii•(lo 1 )ii'1 •{>o, )V,• ..• •(!<> •)V
11 

e1 otro ele•eoto de L(S), 

Entonces, por e¡ Horno V,4 L (S) u un oubnpoc\o de 

'· 
Vo!Ya.oo ahora con la> vectores a, S y e .uc!onadoo. La 

oxpnst6n (1) puedo .. ,"~"'"coco: 

¡.zo.¡::.¡¡ 

Vemo• entonces ~"" el vector cero puede obuncne a par· 

tir de una co~binad6n l>n<nl de los vectoru O, Dy C:, con ucol! 

res NO 10005 ~'IIWS. En r•tc """• dlr••oo que loo uctoreo i, ¡; r 
'C oon Iinoolmente D\:rENilll';ll .. '. 

~' claro que, .~.oJo un conjunto de ••<toreo cuoleoquleu, 

el vector cero ,;.mrre !'"·"' obt<neTS< o partir de uno co=b!noc\6n 

lineal de ol!oo con toJ,o, !•" eocoluu nuloo. 
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::ouo<on••• 

·'' ·-. > > .. ' 
. e, 

1.· f<>doo loo ol•-"<nto> Onl con¡onto ' óobon cener ur.a !ma""" on ol 

con¡onto "' P"'"""""· on la fundOn "''voco. oor un"''""""' 

~<S ••~••• de ••• do un •l=ento dol coc¡ucto •· 

>.· Lo r.oc!On d• <une tOn ¡nvo!uco" 

11 Un oon)unto A 4o"Om!nado "óooo!n!o" de f 

Hl un """)Unto O Oon<~)nado "e""""ln!o" lo contndoo!Mo do fl 

'"' <:r.o r<•9lo qoo ootoolooe ...,~ ,, .. _.,_., dol "'"l"'·'" t oon 

1m~••••• do loo o !omento• d•l con)uoto A. 

•• '"""""'"'' •••••••• loo '""·'•""" •..: <A et1"'o !1•,1 '"'~oto ... ~ ...... ,.,.. ""'"''"'· 
,, • ., • '1•·1 ••• 

01• '1 .... 1 
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