
(~ 

centro de educación continua 
división 

facultad 

d. 
o·, 

estudios superiores 

ingeniarla, un a m 

' 
A LOS ASISTENTES A LOS CURSOS DEL CENTRO DE EDUCACION 

CONTINUA 

Las autoridades de la Facultad de Ingenieria, por conducto del Jefe del 
Centro de Educación Continua, otorgan una constancia de asistencia u -
quienes cumplan con los requisitos establecidos para cada Curso. L~~ 
personas que deseen que aparezca su tftulo profesional precediendo a -
su nombre en la constancia, deberán entregar copia del mismo o de su -
cGdula a más tardar el SEGUNDO DIA de clases, en las oficinas del CC!•tro 
con la_ señorita encargada de inscripciones. 

El control de asistencia se llevará a cabo a través de la persona er.c<a· 
gada de.entregar las notas del curso. Las-inasistencias serán.computa= 
das por· las autoridades . del~ Centro, con el fin de entregarl e:..constancia 
sol amen te~""" los~ lll urnnos~que= tengan. un··m!nimo~- de-l;' 80%-·de. asistencia. 

se~recomienda.a.los--asistentes·-participarz.activamente~con.sus_ideas_y 
_ exp~riencias-.-. -pues --los-:ocursos ·que--ofrece- el-· Centro •están-planeados -para

que·.·los· profesores •expongan~una tesis,,. pero -sobre todo-;· para~ que·coordi~ 
nen ·las·opin iones· de- todos-los: interesados- cons ti tuyendo• verdaderos se-
minarios ... 

Es muy importante que todos los asistent'es llenen y entregan su hoja -
_de inscripción al inicio del curso. Las personas comisionadas por al

guna institución deberán pasar a- .inscribirse, en las oficinas .. del Centro 
"en.la misma forma que-los-demáS asistentes, entr~gando el oficio respe~ 
tivo. 

Con objeto de mejorar los servicios que el Centro de Educación Continua 
ofrece, al final del curso se hará una evaluación a tráves de un cues-
tionario diseñado para emitir juicios anónimos por_ parte de los asisten 
tes. 
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CUESTIONARIO PARA EL DIRECTORIO GENERAL PARA USO EXCLUSIVO DEL CE C 

ALTA ffi) MODIFICACION ~ 

' INSTRUCCIONES GENERALES. 

A- Escriba can letra de molde. C.- Para contestar las preguntas en las lineas O en 
loo semicuadros escriba, letras y en los cua-

8_- Escriba un salo caracter par de~ pondrá números segjn sea la resptJesta 
cuadra ó semicuadro. que se pide. 

NOTA : Na se haga nin~na anotación en los cuadros sombreados. 

NOMBRE DEL CURSO: FOLIO: 

' 
1.- NOMBRE : 

1 1 1 1 1 f*l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
TITULO " .. NOMBRE ISJ APELLIDO PATERNO APELLIDO MATERNO . 

NOTA : Separe mediante una cama L) el (los) -nombre (si de los apellidos. 

2.- REGISTRO FEDE 
1 1 1 1 1 1 1 1 

3.- CEDULA 
1 1 1 1 1 1 1 RAL DE'CAUS.: 1 1 1 PROFESIONAL: 

1 

1 

" AflO MES DIA "' ;, NUMERO "" ' --· . 

4.- TE LE FONO 
1 1 1 1 1 1 1 1 

5.- TE LE FONO 1 
1 1 1 1 1 1 1 1 1 1 1 1 PARTICULAR: OFICINA: 

'" NUMERO • "' NUMERO n " EXT. lB 

6.- ASISTENTE Al CURSO D •QJ ·0 O PROFESOR: 
n "" "" 

7.- OIRECCION PARTICULAR: 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

" CALLE, NUMERO Y NUMERO INTERIOR. " 

. 

' 

" 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ZONA[]] 

POSTAL 
COLONIA Y/0 CIUDAD. " n n 

[]] B []] 
ESTADO " '" TITULO PROFESIONAL '" n 

[]] .0 MITJ 
ESPECIALIDAD '" '" "" 00 

DFCEC-01/A 



10.--' DI RECCI ON DE OFICINA: 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
" CALLE. NUMERO Y NUMERO INTERIOR " 

IIIIIIIIIIIIIIJJJ 11111111111111 ZONA DJ 
POSTAL: 

" COLONIA Y/0 CIUDAD. " n " 
rn AQJ MQJ 

ESTADO " . ~ .. 
11.- ASOCIACIONES A LAS QUE PERTENECE : 

PRINCIPAL: []] 
" ' 

OTRAS: rn 
" ' []] .. " 
[]] 
12 1J 

[]] A~ M~ 
" " .. .. 

A __ OE DE 19 - -
FIRMA -

FECHA DE ELABORACION 

PARA USO EXCLUSIVO DEL CENTRO DE EDUCACION CONTINUA 

" -
CODIFICO: REVISO: OBSERVACIONES: 

OFCEC-01/a 



Fecha Duración 

]u lío 6 17a2Jh 

" ' 9 a 13 h 

" 13al4h ' 
" 7 l4al8h 

" l3 l7a21h 

" 14 9 a 13 h 

" 14 l3al4h 

" 14 14 a \8 h 

" 20 17a2lh 

" 21 9 a 13 h 

13al4h 

l4al8h 

" 27 l7a2lh 

" 28 9 a 13 h 

l3al4h 

14al5h 

• INTRODUCCION A LAS MINJCOMPIJTADORAS (HJP-ll) 
1979 Profesor 

l ELEMENTOS DE UNA COMPUTADORA ING. !1.1ARCIAL IDRTJLLA 
ROBERTSON 

ll ARQUITECfURA DE HJP-ll 

m MIDA 

III MODOS DE DIRECCIONAMIENTO 

IV CONJUNTO DE INSTRUCCIONES 

IV CONJUNTO DE INSTRUCCIONES 

COMIDA 

V MANEJO DE SUBRUTINAS 

VI MANEJO DE ENTRADA/SALIDA 

LAIDRJ,TORIO (Lab.de Computación, F.l.) 

COMIDA 

LABORA TORIO 

Vil APLICACIONES 

LABORA TORIO (Lab. de Computación, F. l.) 

COMIDA 

LAIDRA TORIO 

DR. ADOLPO GUZMAN 
ARENAS 

ING. LUIS C.."'ORDERO BARlOA 

M. EN C. MARCIAL IDRTILLA 
ROBERTSON 

" " 

DR. ADOLFO GUZMAN 
ARENAS 

" 

ING. DANIEL RIOS ZERTUCHE 

ING. LUIS CORDERO BARIDA 

" " " " 

DR. VJCTOR GEREZ GREISER 

ING. DANIEL RIOS ZERTUCHE 

" " 





DIRECfUR!O DE PROFESORES DEL CURSO lNTROOUCClON A LAS 
MINJCOMPUI'ADORAS (IDP·ll) 1979. 

JNG. LUIS CORDERO BARiúA 
Jefe Jc Laboratorio de Cumpuracián 
Facultad de Ingenteria 
UNAM 
México 20, D.F. 
Tel. SSO. 52.15 Ext. 4750 

DR. vrcroR GEREZ GREISER 
Profesor Titular 
Ingeniería Mecánica y EMctrica 
Facultad de Ingeniería 
UNAM 
Mex!co20,D.F. 
Tel. S50,52.1S Ext.3746 

DR. ADOLFO GIJZMAN ARENAS 
Investigador 
Instituto de Investigaciones en Mawm.:iticas 
Aplicadas y cn Sistemas 
UNAM 
México 20, O , F. 
Te!, SSO. 52.15 Ext. _4584 y 4585 

M. EN C. Mi\l~C!AL PORTILLA ROUERTSON (Coordimdor) 
}efe de la Sección de Computación 
Edificio de Ingeniería Mecánica y Eléctrica 
Facultad de Ingeniería 
UNAM 
Méxfco :W, D.F. 
Tel,5.'i0.52.15 Ext.3746 

ING. DANIEL RIOS ZERTUCHE ORTUOO 
Jefe del Porte Técnico 
Coo1·J !nación de lnfor mática 
S.tl.C.P. 
Palacio "Nal. &lif. 6·2° 
México !,D.F. 
Tel.522..37.81 





·..,. ..... EVAtuACION DE LA ENSEf'lANZA 

CURSO: INTRODUCCION A LAS MINICOM- . 

Pl.ITADORAS (IDP-11) ' ' :J ¡;;;-

' 
e~w 
<{ 8~ e z 

w - w 
e~ z -~ w wz!a 
o~ "o~ . 

<{ ~<{ 

"" 
.,_ 

¡¡¡ ~ -~~ e 
~- "'~0 <{ 

~ w> w~~ e 
. ~ zO "X' ~ w we ~wZ <{ e ~~s <" " o -< z 

z ~~ ü.loz 
• e<o " ·FECHAS: Del6 uJ 28 de julio, 1979. 6 ~e . e- ~ 

U O> t-:JU -,_ z-< e ¡¡¡., -<{~!,:? 
~wZ 

.. 

Elementos de una Computadora( Portilla) 

~rqultectura de IDP-11 (Guzmán) 

Mcx:los de Direccionamiento (Cordero) 

Conjunto de Instrucciones (Portilla) 

. 

Maneio de ~ubrutinas (Guzmán} . 

Manejo de entradajsallda (Ribs) 

' orto ordero' 

Aplicaciones {Gerez) 

Laboratorio (Ríos) 

1 
• 

• 

1 

ESCALA DE EVALUACJON DEL 1 AL 10 
'e~r:s. 27, VI, 79. 
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' 
E:llALUACION DEL CURSO 

CONCEPTO 1 EVALTJ.l\CION 

l. hPLICACION Iln\EDIATA DE LOS CONCEPTOS EXPUESTOS 
' 

' l 
2 ' Cr.J\RIDAD CON QUE SE EXPUSIERON LOS T8MAS 

1 

•• GRAOO DE ACTUALIZACION LOGRADO CON EL CURSO 

- -
4 . CUHPLIMIENTO DE LOS OBJETIVOS DEL CURSO 

,_ CONTINUIDAD EN LOS TEMAS DEL CURSO 

'· CJ\LIDAD DE LAS NOTAS DEL CURSO 

,_ ·GRADO DE MOTIVACION LOGRADO CON EL CURSO 

ESCALA DE EVALUACION DE 1 A lO 



• L - • _, 



... -· 
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l. ¿Qu& le pareció el ambiente del Centro de Educación Continua? 

.'gnldHbleQ Jlesagradable O 

? ¡.Tedio de C<lmunicación por el que se enteró del curso: 

Periódico 
Exo:.:élsior O 

Cartel 
men~ual D 

Periódico 
Novedades D 
Radio O 
Universidad 

Folleto del 
Curso D 
Comunio:.:ao:.:ión O 
<.:arta, tele'fo 
no,verbal,etc. 

3 . .'·I:>J¡o de tr:lnsporte utilizado para venir al Palacio <.le Mineria: 

c\utü"IÓVjJ o 
particui;H 

Metro 0 Otro J:oedio 0 

..¡_ <.QuC cumloios haría usted en el programa para tratar de perfeccio 
nar el cnrso? 

S. ¿Rccon~en<luria el curso a otras personas? No O 

o. ¿qu,i curso le r,ustaria que ofreciera el Centro de Eduo:;acit'in Cont.i 
llllil? 

-----------------------------
7. ¿Qué servicios desearía que tuviese el CEC pura los asistentes :• 

.<.:ursaS? 

8. Otru5 sugestiones: 





•••• ,, 
L' centro de educación continua 

auperlorea 

i facultad •• lngenlerfa, un a m. 

lNTROOOCCION A LAS MINICOMPUTAOORAS (Pa'·ll) 

CAPITULO 1: ELEMENTOS DE UNA COMPUTAOORA 

1 

M. en C. MARCIAL PORTILLA R. 
JULI0-79 
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1 SYSTE MS· PROGRAMMING 
JOHN J. OONOVAN .... 

background ' ' 

ThQ bo<>k hu IWG m;ijol obj<ctha: lo tcac:h proceclvrn f<>I \he deli¡tl d sol"\· 
.-.ro r;yllans ond to pwoide o lnolo for jud¡ement lrr the desi¡n ohorr..-ot<. To 
focilitote ow taok, wo hne t>~n ¡p<cllic uornpleo from oystmu progrorn~ We 
dii<UII the dHign ond implom<ntatlorl of the major oyotem componen!~ 

Wh.or 11 oyotems progr•mmin¡1 You may •lsualize o computer a1some sort of 
b<ut rhot ob<yo all ccmmands. ]1 h.oo botn akl thll computen ato bask:tlly 
people made out of metal or, .., .. ,..Jy, people ne eomputeu made out of 

· f!esh o!ld blor>d. """"""''· O<l<t wo Jel clooe \ocomputers. wo oee tlu.tlllo~ '" 
b<Qicolly modlincsllut follow .. 1)' ~p<<iflc oñd primitivo inllruction.s. 

In llr• <ar!y doys of ccmputers. peoplo cornmuniated .-ith Llrem b)" on ond 
off owllclln denotiq, ptirniLivl: inl-ttlloCllou. Soort peoplo Mrlted to &i .. ,.,.. 
compln. instruclions. For uample, they Wlllted 10 be oblo 10 ay X* JO • Y; 

• """" rlu.t Y • 1 O, .mor io X"! "'"'"! doy compul.ln eanrsot u!lderstond ouch 
lanl"'C' withOilt lh-o aid of syotems provom•- S)'dm11 ptt~gr~ms (<-J., com

pliers, Jo.odon. mocro proonso<l, operotii>J oystrnu) ""'" d ... loped ro make 
compu"n btlter odopted to tht n.,.do of theír UIOII. Furtloor. ptople wontod 
moreoalstona ¡, the meohonit;s of pr<plrlnltheir pfOII'Im•. 

Compilen aro oyllems 1""1:''"'' thotoce<pl pooplo-lol:e lln¡ul&"• ond tranololt 
. th<m into modrint lonsu ... t.o.ci<nore oyltlmo pr,....... tlut I"'J''" mar:bint 
1.,1"'1" po-r>¡roms f<>< eÍrecuH011. Noao proce110n ollow l""''lm""" to..,. 
obb.r .. loUOIIo. Openl<in¡ oystems •lid rllt .,.,~...,, olklw lleiible llorlni ond 
retrO..al or mfom~~!lon (Fil- 1.1) .. 

Thtoe ooe .,.., 100,000 :ot11'"\0n Jn u• ..,.. Jn riruWly ... ry tpptia!lon. 
Tbe p<OdiK!MI)' ol each compur .. JI horrily depondent 11p0111he dfectiYoneiS. 
emcioncy, ond oophisba.tlon ol \he lfll<mS pn>plllll. 

In this cha¡noi W. introdll« some wmlnoJacy ond ou~inc l!llclWre siructutt 
o!ld ~ •• boslc !-">!'• or"' Operoun¡ syotem. 

' 

• -



• 

""" .-....c.u... ......... ~ .. __ ...,., 

Sd ..... ...,.._ 

1 

1 

"" .;-. 1 
1 
1 
1 

,, 

' 

' 
Tbii'Ofllenls oC o 'IOOfd 1111)' bt lnlttpntod .. .,...,.. (valuouo be opeuted en) 

or ~ {optl'otloao to \HI paformed). A proccu). 11 1 diTke lhll pel'• 

forma o ""'l""""" of opcntlol>l op<CifiOd by blotnl<:tlofllln ....-y. A_..., 
(or proccd•n) ilo'"""""""'" of LMtuotiDI>L 

.. a!IOI)' 111:1)' be tllóup.t of U mtfbnuo COII!aiflq P""1"' of-pd ...,.., 

Ddow .. dopict • - of _,. ka- wlooot oclob .. 10,000 

tbroa¡h !O,ool. ' 

-.... 
10.001 ,..,. 

< -
..... UIW ll30P>"'"'..,. tra.tla.l;localloa IOIXJI 11 •lllrWetlon....,¡<linter

protit> toatalts u o "11111~ bull\ll:\ioll. Tra!lrlllloo - ka\ioll u II'UIDerio::al 
data. 1111 """'"' ..... ~ llllcr¡ltd lll ... leolll. lbo l>lllu)' ........... 0011 0000 
0000 0000 (dcdmd tl,lSS). n,. klstnlclloPI oa4 da11oblret11e _ ...... ...... 

lofonnatiOn In momory lo «>ded lnto lfO"'"' of blto lhat nu.y be Interprete<! 
u clw""""'• lnltrucllono, or numben. A rod~ llo •• of ••tet for i~\Ot¡><etins 

POIIPO of blll, ·~ codu for r<pr<IOOUIOI of decimal di&ito (liCD), for thor· 
"""" (EBCDI.C, or ASOI), or r .. iolstn>ctlo..a (~pedl'lo Proe<..,. operotion 
eodt>). Wc hJ.., d<plettd twolypa ..Cproco..,rt: /nptU/OI<IJOIH{I/0) pr«nsotl 
ud ~ hoct-., fiNII (t1'lJo). Tbe 1/0 P""'-"'1 111 c«o;eraai With lho 
lnnd'or of clab -..., _,. 01111 ~btral dmc;Q .udo u 4i.Jb, dnornl, 
pdntao, anol typcwrllon 11M CP\Io ore ... ...,,ord •1111 ....,....- of dau 
01om11n ,..,.,.,<Y. Thc 1}0 p,....,.,, ~u 1/0 lmtr...:tlollllllot.,.ll<>l'ed ia 

mcmory; !hoy are pncnDy tetl'llltod by o """"""lid from 11M CPU. T ypially, 
thlo to..Wo of 111 ~eucut• 1/0" lru!no:llon "'""• .oqurncnt lo lhe oddr .. d 
tbo ot.at of thc l/0 l""'ftm. Tho O'l.llnlcrpn!U thlo LmW<tiDIIIIId pusa tbo 
arp.rnent K> !he 1/0 pn><:~uor (wuuu<lldy called. 1/0 cballft01o). 

Tho 1/0 lllstructicNI ..t IIIIY bl ontlrely dlltom• r ....... w. or w CPU ucl 
1111)' b1 .-.rtod ~· (tianll~) .. 1111 CPU opon-. AJy~t
duo_,. opentloll oll/0 chaMtl• llll4 CPI.Ia ... - ollh< .u.. r- ol 
~- Wllltlpi- ' 1 _. hPq ....,.. tbuo-,. opa"· 
lllq OD lbo ..,. ....,_, ll!mllw.oud)'. 

Slnce lllstructioN, llk• dato, ... II.Ofed 111 ....,_,..., .. ~ bl ._ ...... la, 

by thaa&lnl tht bll ..,.,......,..u .... olllllortnlelloo - ..Wbli ............ K> 11 - •• 
1111y ~ lito a dlll'orenl lnatnoollon. Procod"'"' that ......til)" ~.., 

-.. ~ -• 



• ~VOLUTt""o~TH<c ......... 
•o.n °~"~~oo ...... .,,..., ovsn:w 

o•lkd lmpt,.~ pniccdwe~ Wming >Ud! p:occduro -
Oth<t PI"G'OmlbCf> flnd !Ioom doffo<tdt lO rqd lll p<IOI' p10Cfmlntln¡: PI lObeo.. 
llt:1rnl by mult!ple Ptoct'SIO< hd. • ond ....,....,.., they <annot be 
mod,r,e¡ 111 <enronrs. Anot• s. proceuor """'"U"I In impuro pr~.,.. 

""' pro<t<>Or au.,,,. 
••dwo moy •nc~umor doffer . 111& lo u..:ure ~. wne •~ 

<nl lnUructl<lnl or d 11 T" 
tto nor rt><fily rcuAblo A.,,. 1 · ""'·Impuro pr<><:<dure, 
, - F""' pr,.,.dure doe¡ nor d • , , 

'"' ln<trucrion1 '"' rho ,. . mo "Y olsct •• To enturOtlut me each lllll< 1 prno , 
('"""'"'"' mde) ore ..,ploy<d, -ollm '' uoe¡l, puro procodures 

1.2 EVOlUTION OF THE COMPONENT$ OF A 
PAOGFIAMMJNO SVSTEM 

1-2.1 Auombloro 

Ur "' •••n romo o~¡>t<t. or th< d 1 · · 
mmg s¡·u=. ..,. oprnrnt or tho COIIIpO:Ionro or • J>lotram-

Ar_onet.,,0, lhe compur.,. Pro :unni.r .. 
lh>i '"'"P"tcd rhlou,h • •• gr had 11 hos dospoul • buio machinc 

' "1'"'""' «rtoin fund • Progrorn rlus compu'<r b> • ,- ' . •menltr inlltU<Ii<>ns. Ho would 
, <J '"11 • ,..,., of on., a • 

P"« 1i1om in1o lho •••inor> , • . •~ zoros (maohlno Ion~'""•) 0• '"' mad¡¡no llld p b -.. • <ompultr "Ould mrt lo ¡01,,,,01 • . ' "" • Ullon, whoroupon 1he 
r luom u irUttU<IIon1 rc&r>rnrnoro found il drffioul! 10 . · 

In lhoir q110., ¡.,. 1 me,. eon.. wr~e or read prc¡;ratns in m&<hinelongu..go 
(.ymbol) for uoh ~o in• nr~nl """"'"·'"'>" bopn lo"'" a m,.,.,0,; - "'Ciron wlnth lh~ " · uno maoliinc Jan.,,., ,..... · ' _ ., """' tubscqumlly transloJe ... · .....,, • mnomon., m..:h· 1 
ftUI7rbly /Q"lfMMt.l'ropznu k""-.. ""' """"""' il now <al!tti on 
lrznllation of ,...,bly lo _ =b1mwno~ll.,.loaul01111,. 1ho ••- ngu:rp rnlo "'"""''"" r... ....__ 
....,...,., P•ocnm ;, <>11«1 lhe """" · - ........ '"" ln¡lul lo an ... 
tranll>lion (o/>frrr pmf¡rtJm). • /)I"Ofmr!; lhe OUipul ir o OII<Jti,. lango:rp 

1.2.2 Lt>Koro 
. .- . ~ 

Onco lhe Ulrnrbler produus on Ob¡._
1 

• 
rn1o rnomory •nd <xooultd 11 _ lh Proaram, 1ha1 pro¡ram mu11 be Pb<td 
prc¡;rom1 ore Pbc<d rn .,.,;,.. 

11 0 Pr.rtpon of tite loador IOUSU:<Ihal Objoe! 
Tiro Y rnan <UCU .. blo form. 

ourmbl<r eould pbee lho ...._. 
oonlrol lo 11 r•-.a. . ""'"'' procr.., direclly 1n--.... &nd , __ _.. 

• n<J<v)' CIUlld¡ Uro ma<bi b -·····-, ,,...,...., 110 IIIIUSO P<OStom lO be <xt<trtt.l. 

' 

• 

• 
ttowu.r. lhil word4 Wllll =el by leavinc lhe usnnbler in 1110mory while tloe 
..,.,.; program wu beinl ouctrted. Abo tite progromm<r would ha>* lo,.,,. ... 
late his prQ&tltn wilh oado exoculion. thUoM•hng uansla1ion ""''· To o .. r~orne 
lhe problom1 of w111od. tundotion lime llld wastcd memor~,s~mml progrom
mcl"l de .. loped onother compo110nl, co!led thc loader. 

A loi1der ill progrom 1h11 plac01 P'08fU!I' 01to me~ory ond propore• thom for 
cxecuhon. In 1 Simple loodíng ..:horno, lhe """mbler ou1put1 the ma•hlne 
long~ lron~>liOn or 1 pro¡rom on 1 ...:ondal)' llora¡e d .. lr:e md olooder lt 
pl:lc«<in toi"O. The loodor p!..,.slnlo momol)' lhe mac:hine lan¡u•l• •orlion of 
rhe user'o pr0if1111 and lfllllfers OOJ!Irol lo 11. Sin<• \he lo,odor pro¡rllll il mudo 
.....U.i tholllhU1$0mbler, tllil ...u.., moro toro anilable lo thc u•r's P'"'ff"'· 

The raliution_ lh>.rrnany ""'" ""' w-rilina rirtually tilo"""' p..,.....,. ltd · 
to thl d ... lopment of "rudy-mlde"• progruns{podr. ... ,¡. n ... pacb¡tswore 
w-r1ltcn by the compu1or 1!1111U(a•turell or lhe ,.., .. Al thc propll'lmet became 
moro >Ophillialltd, he wanttd lo.,,_. and .:ombille rady-mode pto¡r:urn wilh 
hil own. In rc<p01110 10 lhil dcmond.l faeüity wu pr<rvid.td whmby tho ""' 
toUid w-rile 1 main pro¡ram thll Ul<d ,....., .. olhor prop1m1 or IUbror.rHnes_ A 
*"bmulino il 1 body of •omputor ln>trU<Uont derllflcd •o·tre u10d b~ othor 
JOulin" lo ICCompl!sh 1 tot!c. Thero ore IWO typts of wbroulln01: <losod and" 
opon wbroulintl. An o~ ~~<bro~rlll~ or "'«t< d~f!nlllon is ono "1\olo <01\< is 
inlertod !lito tilo 1111ín propam (noW conlinu.,). Thus lf th< '""'' opon wb-. 
rouline "'"' caU.d f(lr¡.l Um01, 11 would appur in f(lr¡.r dr!Terenl plac•s in lho 
ealli"' prognm. A c/oW 11<btoviiJV o>n be olorod outsid• thO m>1n rouline, 
IDII eo.otroltnnsfcu to thc wbrouu: ... Asso<ialed wilh tbe do1<d subrouto,. 
~te lW(I ll>b thc "'"" pfOC:'UI\ must potform: lnnsfor of connol &nd ltznú« 

-~~ 
lniti:lly, dosed. l\lbloutin<s ~lo be looded inlo memory 111 specif., ad

dress. Foi uom¡>le, jf 1 user wishtd lO cmploy 1 squoro rool s~broulin<. he 

would h,.c te wril< hi• main progr"" "'lhll il '"""Id,''""''" lo lh<lor:&tion 
a.,;gncd lo \he "'~""' rool routjnt (SQRT). H11 pro¡l"am and tho subrouline 
would bt wembled IOCOiher. lf 1 oecond ""' wished 10 u• 1ho S>one suboo~une, 
h~ aho would aSI<!Ilble ltatona with his' own progiam, and 1ho comploto madoi"' 
l•flllliP ltlllslllion would be lold«ilnto mrnrO<)'. An eumple or <Or<alloc:•· 
lion undor Wo lnfk:xiblo loodirr& .:heme ~ depi<:ltd in Figu10 l.l, whert '"'" is 
depi<:t«< as o Hnar ano)' oC loc:&lioas wil!r. lhe ptogram llnsohodfd. 

' 'w.r. mftiiOt"/ lo IJpk:r~, ..,.. ...... oo! "-11< """''-..,_,- ...... 11< •• .. ---~·-
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• 

.. ., SQRf· • - ··- -

Notr thar progr.., 1 i>al"hot .. ~ . 
rinln:>yo ¡wr of 1M SQRT ,.broutlne~ corc. f'nlcram 2 ororloys and lhotoby 

PrOJto-. wúfled 10 u.- b · 
1)' 11111 did not "''"' 10 b< ==~::~':::':el '!"'d lO eaolt otl>n l)'lllbolicz!. 
They Ull«ted rhe eomputtt ryottm 10 . ~ ~ oi IWII or thtrr l''"'ff""'. 
lo lllborituto oddr"''' r.,.. th< , _, assrpr OCittom lo 1/ttrr subroutinOI and 

S "•Ym"'"l< r<f<r<nce._ 
Yll<ml PfOIIImmon nol<d th•t ¡1 would b< 

<<l\Jid bo tranolu..t in ro 10 ohj 1 r more eftoc~ent tr oubrou""" 
bohind tho u .. r'o progrom Tho <e_,_ ot,m ll\ll _tho loador oould "relocote" dortrtly 

• 
- 11 .. o ld¡uoltn¡pr~•om , 

rn 11 lUir)' coro loc:otiono is talled "'""'" -o- '"' tuey moy be plooed 
'""""""" IoM. Rdxt.rl/11 loadero p<ffotm four 

l. A.IIOCite'P>« ;0_,..,1 fot •h• -
2. Rnol .. <Ymboli<: referenco1 b<tw~{•lloazli:ln) 
J. Ad¡"'' 1u lddross-<~ nd . ott;.cr dtclu (lmWq-) 

•pe ent l0<:1uons ouch dd 
rnpo,¡ to the olloc11..t opaco (rtlocrr ¡, •• • ,.,. constant\ to cor-

4· Plt)~<•llr pl;oce th h- . 1 n) 0 tn1C rne tnotru<riOQIInd data into ( . 
TI · m<mory I<Mdmg) 

ro V"tou, IYPOI of lo:rdm ll ' 
ttloc.,ins. dirocl·linkrng. dyna .":;.:; ""'11 di"'"" ("comprl<·and-go," abwJuto. 
In the rnrrnn<r in ,.hrch th<IO ro:\ . 

1¡'· and dYI'>Itnir:~inkinl) drtror P<imltrlly 
Tite p<riclcl f . r 1110 uoctlonutt occomplilfred 

o U<Cutron or 1 .,...,' · 
P<tir:rd of 11&11Sl>~no 1 n-• """"" ;,. ca.lled 01'<>1/1()~ 1~ Tilo 

--.. ~ ' ""'mo Procram . ca.lled . 
Lc.rJ 11''" «fon 10 rht p<riod or 1 d " o...,¡q Of """'''ik '""~
.. mttion. "'· "'1 •Dd Pttp:tmr¡ on ctr¡ecr P"'S'am for 

1.2.3 MKr01 

To · " 1"" procrommero of rho n .. d 10 r<p<ot ide r" _ · · ' 
. " 1 patts oi lhtir pro&ram, 

' 
. opuaunB l)'t!<mo J)tOVttlo a macro prl><l'Siin& faeility, whi<h permill th< pro
Sflltnmef to dcf~ne an llrbr......,tlon for a pa<l of his pfOIWII ond to u10 th< •1>
bf<VIIlion in hio ptO&f&lll. Th< rnz•o """"'""'' uuts !he ~ol parto or tbe 
pro&ain deftn<d by the &bbmi>tion u 1 ""'""' dt/btit/t;Nr llld '""' tho dofW. 
tion. Th< m>oe>o proccsoot substltul., tire def'iNtlon foo aD oc:cwenc., of lhl 
altbrniation (m>oe>o call) itlthe proa:Jm~· 

ln_tddition to ht!pDI& p<O&flnlr<ltfl altbrevtoto th<ll- Prt~Jn~"•, macro faeiitics 
111•• l>een uio:J n &enero! rur hrrndters and fo.- spocllll:inl optrlllnJ !l)'lttrm to 
rndividaat computor ln•nllllionL In opor:iilitin¡; op-eratinl l)'lttmt (1)'>1-<ms 
i<n<lition), the emll-e ope11tins sy•t•m ls writr<n •• a l<fir'l of maero defini
tions. To ¡pecioliu the openting l)'ste:nt,o'IOrin or macro call1 are writton. 
Thnt are pr<><eued by the macro pfD<euo< b)' t~,~b"ltutin& thc appropriat< 
defrnrtio01, thcr<by producin& alllhe P'""""' for ail ope11linJ I)ISl<lfl. 

fu the ""''' probl<IM boumo mofO ca1o¡ori.zod lnto arou sw:h IS scien~fic. 
b"""""'• and >latilllco\ P'oblm", >p<<i•l"ed lona••1n (high /tvtl /<l~r) 
wm dt•o\op•d thol ollo .. ed >he "'" to expr"l «rl,in probl!ml conci,.ly ond 
eo~ly, Tho" hillt le•ellonsu•8" ~ Oumpl<s oro FORTRAN. COBOL. ALGOL, 
ond PL/1 ~ore p!OC<I'Od by compil<rs and interpr<l<" A rompi/tr ~o progrom 
üral o<eepll 1 p'ro¡:ram Wlittell iD 1 hi&h ie>d lon;u.:rJ< ond ptoduc .. an ob¡tc\ 
program. An imttpnlo ¡, 1 Pf0112111 th.ol '1'1"'" lo uocute 1 oource prognm 
u rf it Wore nlxhine lllliJI'F- The '""" rume (FORTRAN. COBOL. rte.) il 
oflon u..d lo dé...,..te both ocompiler ond '" aUO<IJl<d lancu""'. 

Modern cornp~en mu11 b< 1blo to p<O•ide tht (ompleo faeilrlin <1"111 pro
&romrfiers "" now d<m>ndrll&- Tho compü" mu" furnr>h <ompl•~ aceeuin¡ 
mothod1 for pornttr •ori>bln ond daustrucluru U1<d tn longuog" llkei'L(l, 
COBOL, and ALGOL 68. Modern compilenmull intcr"t clo,.ly wllh lhe op<r· 
atins systcm to tllndle lllt<rMnlS conc!fnin¡the h01dwar• rnlmtrpll of 1 eom· 
puter (~-!- condiUonalmte~nll in PL/1)-

1.2.5 F ...... hll .. l 

A form.l l)l"<m ;, PI 11111nt<rpr«<d colculus. lt COMrSII of PI 1lpbob<t, a "1 al 
woods alled uioms. ood o r.,ite ,., of r<lllionscaUed rule! of inferente. Ea· 
omples Or formalsyotorm ore: 1<! tbtot)', boolton •l&<br•. PQ<t sy•«ms. and 
Backu1 N«m•l Form. Formol l)'stems are be<omln& lmportant in •th< do!isn. 
implornentatíon, orod otudy of p<oa<omming lan¡ua¡<l. Spocrr.cally. \hoy all be 

( --
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.oin¡lr prcpam. Tluu, !f 1 pror;run did no! n .. d Lile ontire memory, o porlicm cf 
that IHOUI'U Wai ... Oled. M~ltipiOI<ImniiOI opcralin¡ I)IU<ms Willl portldonod 

CON .......,. wero d..-dopcd 10 cirou,..nt thil ptobl<m.M~Iriproro-mm,-, al

""" multlp!o P"''l•riu 10 rrsld< ID .. por ate onu cf ro:ru\ the Alll< timo. Pro
lfl"'" wae ¡lnm o llud porUon of eore (MW~ wlrh FI=J T~ 
(WFT)) oz , Olt)'lai..W: pOn!oa or =• ¡w~ wttll v..,;,bk Tut. 
(MVT)). 

onon 111 IUth p&rtiUol!ed rnemocy q11emo ...... pon1an c:ould not be uotd 
d!lc;e U wu loO small 'to contoln o PfOII'UIL The problcm of "bo\aM or u:nued 
por!lcno of .:ore lo eallod /7llrMnutt>n. Fnamontallon 1w bea1 mlnilnlud by 
the todl:llq.,. ol r<!ocolable portiUoao {Bunt>upu 6500) ond by pl&in¡ (XDS 
9-10, HIS 64S). Rrtx.t.J>k IM'IitloMd..,., lllowo tho unuoed P<>rtiono te be 
condenl<'d into 0010 corulnuous pat o( core. 

Pclrlr is 1 metllod ol "'""""Y allocotlaa by ..tUdl LIIIJ>f0111m is OllbdMciM 
lnto <qllll peltlolll 01 pqes,tnd core is mbdmded inlo equal partiaao or b':tcb. 
Thl paan 111 Jooded inw blocko. 
• Tbore m twv pllinJ uchniqun: limpio lftd delllllld.lo ,;,plf POf61J 1111 tho 

poan of o P"'Ct""' muot be In oore for n:m~tloa. lndmtllfd_.¡, o pracram 
C&ll be ucc~IOd O<lthout aU pqco b<!q iD ..,.., Le., poaeo lfC fotdoed into <OR 

lit,.,. ... n.etded ( dnÍian4ecl). • 

The roadcf wBI rccall ffOftl """tlo" 1.1 '""' o l:)'item wilh ~ poa<<-oio 
termod a mulllprocndnl11)'11...,, n.o tn/]k '"'"'nolhl ...,.dim.t" !be proc .. 
oon aftd tho p<oetso&!1. Tht r.-ct of proc:oaor Umc la &llocal.td by 1 prosram 
~ "'tho .......,.,.,., lb< ptoc:o- """'"'""" with 1/0 la rrlemd to u thc 
1/0 PfO«-, olld JlfOII'......U... thb proteta~~ la Wled 1{0 PI DI" o::ilr. 

Tho ·-- of fila cf w ...... ticn btllocoted by the¡wqr~...,. A~ 
la 1 11J0UP of inrcnaatloft Wt 1 .,.., ...W..S to lftlll u "' onUty. FOa IR oq-
1111111\l. Thao tr1 r.o rypcs of filq: (l) di=ICI'ies aftd (2) <lata or procrams. 
Dllutorin ccnlll:l the lclc>tloou o( oth<r me .. [ft 1 biorarchicol filo 1)'11. ..... 

duoctClicOIIIIY poinl l.c Olher direc\Ories. whl;h i:l \Unl moy p01111 lO olirectorieo . ""' 
n-Mrilt' lo - mo\hod of alb:alilll pr- limo. !tia t)'pially dial· 

actt1iud b)' lntttactiloe p<ocusin& 111111 u- 'Ona of thc CPU' o rin>e to ollow 
qllid: mprlftlf lO itldl ...... 

A ,,. _,. (- JOWf, ~ 4*'1') consisU of thooe IO!olteun tbat 

1111y b< re-a red b)' 1 prOCftXIf dl:till& acaation of 1 """'P"I>tion. Tho,...,.. 

""' JOWf -.iolo of che .-1 ot IO!olr .... s tbat cure"""'Mito phroicll ..,.,_,. 
loar-.~ techniq,.. o1 fiVIt'!Uiio>r provideo 1lat¡c .....,. """"" and a JOOd 
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piot«:tion me<lunJim. Protoctlon l>ld "'"•lnatrt rntthodo of oUowin¡ <X>nltoUed 
'"""" to """"'nto. 

U OPERATINQ IYSTEM USER VIEWPCtNT: FUNCTIONS 

From the uoer'• point of •iew, tlle purpose of on Dpettlln1 lyltom (monitor) ;, 
to auht him In the ~i&t of ooMna problemo. Specitoally, tl>e fo!IQI\'i"'l 
f=Uoru 1<e pttformtd by lhe ll'llm~: 

l. Sob '"'l'J<ncin¡, ICh<dutina. and tr~m. CCMroll., ClpOll!ion 
2. lnput{OUI)l\U Prtlp1:nm!o¡¡ . 

J, l'tot<clill¡ l!df ftom the uw; ptotocu,. the ...., fi'DIII othor usen 
4. StrondaJy uor.,.,.......,..,, 
s. EuorhUidlil>¡ 

Coasider tllt lit.,.tioa in ,.¡,ith ono ..,.. has 1 jotllllat '*" fow hOIIrJ, ond 
anoth., 1ISef 1m , /<)11 th.ot W: .. fow lla>ad~ lf bolh jo!>$ "''"' a~bmiued 
litrnl!taneoody. 11 wouid _, lO l>o ~~len IPP<q>tilllo for tbt fOUf.l«:ond ....,. 
to how hh ""' 10 fin!. 8Qcd 011 <OQK!enou.:... I\ICII a rhls, Job ltbedulin¡ il 
lUICJmlliQDy pe¡foonwd b)' the optrotq IY$Imt. lf lt 1s poujb!o lo do !Qput 
lll<l output trlúJo limolt.,.....dy uocuu.o, • P'"''""l, a lo U.e ;ur Wtlh m.ny 
CCIDj>uteJ ll'Ut:ns, 1!1 tMse '"""'"""" .,.. odwdul<d by tbt uamc tc~~:~Uoller. 

Ao.,. ¡q .. <lid, the 1/0 dlanarJ ~~~ay be thou¡ht ot ••• oo¡>~ratc computOf 

•itb ill - 'l'ftidind 1111 ol irlstrvctiofta. lolost usns do not "''"' to k>rn h""' 
to PIO&I'IJII il (U! llllny QSOS quito 1 <Om¡olk.otOil 1,1dt). The .,.., "'""Id lilcoto 
oimply IIJI 1:1 bil P"'t•m, '"R .. d, ~ eo~s~na lht monotor IIYottm to suppty 1 pro. 
cmn lo rbt 1/0 <banntl for urcutirlll. Sldr. 1 focillty io 1'10\'lded by op.,otma 
oy>t....._ In "''"'Y ca,.. the "'"'"'m lllpplied to lht 1/0 ohan:roJ consilts or 1 
oeq..,.,.. of dotrly int...,.OYOn lntonupt rourineo thot llll'ldle llro l.ir..,t;o, in 
litis woy: ~!ley, Mt. 1/0 Ch.l011d, did you rocelw thot dlaroctorr MY,,, lr .. 
ai-..:1 ir.~ ~Are you Sllre you rocelwd it?~ :"Yto, l'm '""·" "'koy, l '!! send 
onothor one.~ ~f'IDt, 10nd it. ~ "You'ro 111re you Wtnt me ro send lnollror one?" ~s~nd il!" 

An •~tr.....,ly Importan! fur>t:tiorl of 1n o¡roratJrr¡ IIYSicm lo to protocr the user 
from litina llwt, either llllliclaur!y cr 1e<klen11lly, by oth"' t.tscrs; tlllt is, pro-
1!1:1 hlm when otJro¡ """" tre tucutlna or chan¡~n¡ thelr P:O&rams, files, o:r dato 
b"to. The <>pcroti"' IIYllcm must lnSllre in>lolabUity, Aa weiJ as protr.:tlna 
"'"" from eaeh other, thr operoUn¡syuem mU'Itoloo protectltself from "'"" 
who, whether malicir>lllly or IC<idont.olly, ml¡ht "crolh" thr 1)111em. 

Studenu are ~~~ clulle~~¡<ro o( protettlon meetwu..t.. When tbt oystems 

" ~~~OUND f 

· · . 1 Ond thlt due to tht Lor¡o rNml>er: 0 pro~ln&cour• la ¡Jwn 11 MJ.T., w ....,olly ¡rode """'Y pto¡nm nm 
otudenll parUclpalln& !t li .. ry d!flkl>ll 10 :pie problom

1 
_ orrtainly lhe r.n:t 

on lhe m.achlne p:oblomo. So fortlle wry 1 bo f A'l in 
1 

rq.llter 
1
nd Le..e 

be 10 COIIIII tho num r o thll . ¡,. 
problem whkh "':.r /CIJIIft' _ 111 /uve wrlltm 1 &ftdinll PIOJI";;: 

1 

: 

1

,

1 tbe onswer In &RO llem Tho ¡rodin¡ PTOI'OIIl ulll •' u n 
cluded u par\ of the opentln¡ ry ~~~ .

111 
l• problom the studen1'1 p:opllll 

pro¡ram llld lr&IISftn control lo h. in 11 :,. ~..,....., in &nOthor rq.l>l<r, oDd 
pr-...a !he cont•n.ro of tho rqlstT~ ~;:; ellocks 

10 
r.nd out JI' thc ~ 

rettu
01 

to the podon¡ pro¡run. slt'l Aflorwndl, the &fldl"' pro&furl 
number hu becn leflln thc t1ISIWI" rfl) ci...w tholr pa4eo. Foruample: 

"nll 001 1 lidln¡ of oll tho 1ludonli ln 1~ . · 
~ . . . 

VOT ... ~OHN 
A,t,CHE~ eUxaA.UM 
JO[ ~EVIN 
i.Of'TI U..MH 

COIIR~CT 

OOARE~ 

lNC01'1REC1' 
CQAAECT 

-

bq:t.n .. foil"""' 011 bst yev'llllll, 11M computa 

1.6 OPEAATING sMM USER VlEW?Oitór: 
BAltH CONTROL L.ANGUAG! . 

' tem only llrrousJr..lhl batth r)'lltm co:rtrol 
Mony """ Yilw 111 operatln¡ IY' tht!l 1011"1"'~ In thlucc:tlon we w~l dl"""' 
ctrdo by whlth lhey 1111111 prefl~ ,!¡ wdiiii!XIIted wlth lt. Othcr,.,.. 

limpie monitor l)'1tom ond tho cont ' _. 
:.npleK mon.iron 111 dlto:uued .ln Chrrprer 9. · 

-----
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" 
Manllw la o tomo 11>11 tcfao to lho coaiiOI "'"*"""'" olllloptl'ltll\l .,.-., 

T)'picfJiy, lo o IIIW. I)'R""' lllt jobo uo lbclod la 1 c:ud rada, llld lho 
IIIOiliUir oyctont KqUQtlally pc-11:1 t.m Job. A jolo 1111)" conlllt ol-•.d 
ltJ>WIIO p~ lobo CUCII!cd JOqllftllllll)', tldlllo4MIIud II<"P11III boiJit 
alioli • Job lltp. b 1 /Midt """""" (lllmo lho WiOf CCIIInlllllbl .. 11'1111 1M 
I)'Jiom by '"'Y of o coalrol ~.lllo liq>io boldiiDC)altor ll)'ltco:l .. ha.. 
IWO duoef ol <CIIItroJ cudt: UOCI!tbl cardt 11111 dollrtJiloa Wlh. p.,. UIIIIJ'It, 
on euculioa caniiDIJ' bo In tho follawq fo111111: 

f/ l<>b - Joll IUoot -· -·lf'oi.olo.o.- ....,. __ ....... 
.. ..-...... po<tod-olcotdotolloP' ..... -

u....uy <MR 11 an mcl..,{.f'd< can!, ,.hoto f011111t ~~ <OJISUI of ¡• ,llpifyinJ 
lb: ~tioa af ualle<:tion ofdoll. Let liS lab lho follconi, fU:Qplo ofo 
FORTRAN ;ob. 

/IEUUI't.E .lOa Dm!DY...... TIU.I,IO(l,G 
/IIIUPI EXEC fOIITR.t.N, ~t;>t 

lilAO RIOD,N 
001001•1,1; 
1}. 1"1 
13•1'1'1 

11lll I'RII;Tfl00,1,12_13 
1100 FO>lM.o.T Ul101 

'" r 
1/STU;/ EXECUJAI> 
r 
//IITEP3 EXfC 08JICT 

" r 
Tho fu>~ COJtlr<>J <vd la 111 aatnpJo o! o do/Wtlon eud. W. "'"' do!lht4 Lho 

...., to be IlonooruL n.o .,.._ """' 1tt Dp.., .....,..,.u.,. fllo for lite u101, 
no•in& th.ot M clpOCIJ to ua .,... mlllutl ol timo, lo output • h1a1dr.d lineo of 
output, ll>d lo ,..ndd no ...W. Tho 110;! COlltrol c:atd, EXEC FORnJ.N, 
NOPUNCH. is .., qaoop~t of • .,.,..,.lioa can!; lhot la. 1ltt I)'Simllo touocutt 
U.. pr<lii'OIII FORTRAN, V.. a Oft<IO'J"'I''O'I- NOPUNCH. Thia """"'""! oi
Jcnn the monit<x ~~'"""'lo porfor:m- •fllcionll¡l; llriCll no cuoh art to be 
puno:he<l, U fl<od ""' ulilioc lhr pull<:b routi<ln. Tho dau lo lbt com¡Hlr• is tht 

FORTR.UI. """""' """""'· ttrmiltOitd by 111 ond-of.folo t:atd ¡•. 
The DUt t:onll<ll t:atd io -ther oumplo olu ouculloq Qrd •d ltl UU. 

" 

( Stan J 
1 

J 

f l'r<><: ... lob ...... J 

.. 

1 "(<;;;" 1 



• 
t.1 OPERAn NO SYilUI U$EA VIEWI'OINT: FAQUnU 

Por the opplklllofll..,;;.nlod ,....., !he lunetJall. d tbe opcroUna: l)'nem 11 lo 
prov:lde fodlltieo to beiP \tiM problems. Tilo quldiolll ol dlodu!IDf ar Jlt'OI~ 
U<lCI ore ofno tmaat lo bim; ..Wbo blXI--t wlllr. 1t tilo ...nablo ~ 
Tilo !oDowin¡ úc.8itia lf1l lypiollJV ~ by modml qJenllo¡ ~ 

l. Awmbltn 
~. Ca!lpllert, IIICh u FORTRAN, COBOL, llld f1JS . 
3. Suhroui!Qe li><Wia, llldl • &IN!, COSINl!, SQtiARJ'! ROO't' 
4. l.JU:ap ~ llld prcsrw kadm tJrat biDCI .. broutiDta tcsecboJ llld 

l'ftl'UI pmpil1l (or _,¡011 

5. Utility roldirll:s, rudlu SOJlT(MtroB an4 TJ.l'R COI'Y 
6. ApplicaUo:i ¡whr, ruch u dfa1ll: analylb cr IIPmlLtioll. 
1, De!)ugina f..,¡¡jüeo, IIUdt U Jlf')Srllllllldl!¡ wl ~¡:Qie dWI{IIR 

8. O.!a monoz=""l lrld !'lit ¡nocnsin¡¡ 
9. ~~ of ~cum hani....,. 

A.ltbtrJJb, thls "fíoillllcs" ~ of &11 oponlb¡: qllem 1119" k ot p..t 
lnterert lo thr ....,, we fMJ lhlt lht 1111n1 to !he qllllllaa, '1low 111111Y
pJitn doe1 U..t operatln¡ I)'Stem hMr mq tellman ahwl the aden!allCIII ol 
tho .llllntlfactunr'• I!Wbtln¡ force tbul lt ... dlwt u. -llrll 1011 of. 
t~otthe oporatlnl 1)'<1-. 

1.7 I~V 

1hl ""*"~11 oft~')'rlfm~ 

,,.....,...,. 
la\!ul toan uaeml!ltt ls ~~~~~pmrr¡¡r~. Ou!put.lsaa ot;octp 
¡q¡~ plus lnfonnalloo llu.t ~ lhe loldet to prepa. tbo oiject pr<lSW'J far --· 
2. ~ ... 1 ., 

A m.r= tJ//0 b 111 obb<nlallon (Of-) far Qlll code. A -tk/lnllltm lla 
llqllence ot eode that bu a-(- all).. A -jii\ICQb iltPf'OIII'II 
lhat cubtllt~tn llld .,-dol!zniDICitl clc&ilklal for ~roQ!b. . ._ 
A loader b ·, roullno tlqt bdo 111 objectii"'PPIIIA<l PJ'Ptill It for' tUC~~tioft. 

• 
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Devices 
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il([]) 
DIGITAL PRINCIPLES AND 

APPL!CATIONS 

MALVIO/LEACH 
In •nr d,R, .. I >Y"~"' il il noco1'0<) In h>v~ • lorlk of comn•~"'''"'"" betwc'<'n "'"" 
o"<l m•choM. Thi> ccomn>unoc,,.ion linl ;, o(lcn c>:r,.¡ tl•e ''m,,.,.m,>clnnc in•r<· 

l•c~" ond 11 P'"""* o nunol>cr ol p<o!J!~m• Di~·'·'' >Y''''"" .1<<' <.•n.1iole ol 
ore<Ot•n~ on onlorm.>11on oi >PP<'<fl much ~reater thJ" m,,,·>. •~d ''"' " ""'' ni ''"'" 
mo>l "npnrUOI •uubul<•>. r (JI c"nlp!e, • lor~c-><•1<• d1~1\,1l COOij>Uter •> c.o¡>oble ni 

porform•n~ morp 1hon 100.001! o<ldooiOn> p~r >•<ond. 
Th<'oroblcm h<•rc i> lo P<M1<IC <i•U onpul lo ''"' >Y<I>'n> ,,¡ lhc ln~l><••l I"'"''M 

r>le. Al ohr "'""' ''"'"· th<•lo is lhr proi>lrm ol ,>ece¡llint: d.>l.l "'"'"" úu<n <In• 
iy<lcm •tll>o hiHh"" i><>><ohle r~l<. The l""~lem "lu<1hec '"·'~"d"·d """' noml 

dogot,11 <Y<"·m• do not 1pe.tk En¡¡l,.h. m .tny otlter l.tnHU•'H" ''" tlo,ol "'·""''• ·""' 
oomo 'Y"''m ol ·~ml><>l• mu•l thNofooe 1><• u«~l loo romot>unoc.lt•nn ""''"' ¡, .ll 
poe.ent .1 '"'"")"',thle .tmoun\ ol r~•c.udt in¡¡,., ><Cd, ;¡nd "'"'"<V'"'"" hJvt· 
t..en d...,ol<>¡>td wltidt woll •«epi wo<en commJnJ• o mi~"" or.>l '"''""""''"" • 
hmol<'<l oo,;,¡, 

Son<e d•K•i>l 'Y"""" op.,.,.oto in a bon•ry mod~. • numheo of <<~<lo •v•h'"" whi<h 
.,. l>on.uy roprt'"'""'ion< ho.e ¡,.:.,., dcvelopo'ti ond "''' l•··n~ u•o~l •• lito f,ln~u·•~·· 
of rommuno<:ohU/1 ""'"'OM mon .tnd m.>ehio>l'. In tilo< dM¡>I<'< w~ di""",, ""'"'"'' 
of thne code< ond, 11 thr ,.me tome, ron•ider thc ""'"'"''Y onpui·OIJtpul <"lu•P· 
men!. 

T"" P'"''·''Y oh¡ochve ol lhi• rhopl.., ;, \o acquioe the •b•lily 10 

1, !•ploin how Holle,th code •od ASCII codo '"' ..,,._~¡ in onpu!Jou•oM nl<'<l<>. 
1. D<KU» l<."<:hn~tU<'S lor ""S"'"" r«ordong ol do~•lal infoonll\<on. ondudon~ ~l. 

Kll. •<'1<1 NMZI. 
), Dncrobc 11>1' ¡,.,,.,.,;on< nf o ""'"""' of dlff...,nl digotol onpul/OIItput "'""· 
•· Q,.,., ¡h(> ln~t<: d•.>~••m• loo a <•mplc \01'0 d"mder ond • l>•l•ncod onult<plo(~· 

ti•• d,.,;OOer. 
< 



"' Oi¡;itll PrincipfM ~nd Appliu!ions 

,~, PUNCHED CAROS 

On~ of the mo" .,..,d~ly u..-.1 medi• Jor ..,,.,.;OR d•t• inlo • """'h'""· or 1<>< ob
l.loning ""'"'" clo"' lrom a ""'eh'""• i> th~ l>ll<><~l c.rd_ Somo! com,..,n nampiL'i 
ult- rard> are coil<'gt' regi>trahoo c.rd<, lt"wrnmt'lll cl>ech, rnonthly ool com

pony ""''""'"""· •r'ld bank ,,.k"metll1. 11 i> quHe oimple lO""' thi> medium 10 '"~'" 
,.......,, I.Hrwrv inlorm.ot;,n. <of'll:r only IWO cotld'"""' .,.. l'ft!Uo<IOd. Typic•lly, • hol~· 
in,.._, urd """"""'''A 1 •rod the •bo«>cr ol • 1-.ale """"""'''a O. Thu<, tl.e <•r<l 
PfU\'i<fe.lt"" ""'""' ol pte'lf't>Ung rnlom..,titln rn t.;,~ry lurm. •»ee ir '• only .....,..,_ 

wry to ""''~"" tt, LD<k. 
The IY)t""'''"'~htod c•rd ,...,..¡in I•<¡:""OC•I~ d.ito-proct .. >ing >)"tern> io 7'f, rn 

lung. l'f, •n """'· .md 0.007 in thK.t... E.><h c.td ''"' 80 ~"""'•' columM, •O><J 
th,~c •«· 1 l hototMI.li '"""· a. ihown in fig. 10-1. Tl>e column> ore numOOtO<I 1 
throosh au •'""R thc bouom <"d~ the c•r<l. Begonnin~ •• the top ol the card. thc 
r<>W> "" dc.,~n,ot<'<l 11, 11, O, 1, 2, l, 4, 5, ~. 7, 6. and ~- The l~"torn odge ol th@ 
'a<d ;, o he 9 edgt•. and ohe l<lp e<IR~ i> \"" IJ <'<1~<·. Hnlt-s m o he 1 l. T 1, and O rowo 
••• coll.d z<Jne puocheo, ~nd hule• in the O through 9 rows are c~II..O digrl 
puocher_ No!tce ohat row O·,. hoth a wn .... lnd > d'HII-¡run<h row. ,O.ny number, any 
l"'le< in the alphabet, or any ol ,......,,,,¡ ~>t'<i•l cha<act~rs <:an be repreoented on 11>~ 
<"rd by p<mchin~ on• o< more hot._... in ""Y one tolumn. lhu•. ''"' CO<d 1>.1• lh~ 

c.oucoty o( 00 number,, 1"''"'" o< coml>ination,, • 
ProbabJy the """' wirldy u<ed 'Y"~m lor r<-<Ofdong inlmmat.., 0t1 a pun<:horl 

ratd" U... H<.JII~rrlh c/Xk_tn thi> code \he numhenO lhroogh ~ •"' ,._,...,nted bV 
• oon~l~ pur><h in a ..,.,.;al column. f<>< .-ample, • llole puoclu;d in the lofth row 
ol column 11 ''-'?'....," • 5 in th.ot column. n,., 1<'11<.~• ol the alpha.bet are 

'"P'•''''"'>d by two p<ne""' in •ny ooe column. The '"'"'" 1-, thtO«gh 1 are 
,., • ....,,ro 1'1' a mne punch '" row 11 •nd a pun<:h in ro-.; 1 th<O<J8h 9. n,e 
''"'"" 1 th"-"'gh ~ ., .. ,.,,,,..,,,.,¡ by • ""'e ptlflth in row 1 T aod a punch on rnw> 
1 tl>rou~h 9 The lelter• S thfOfJ~h l ,,.. r<'P'<'><-ntt>d by a zone punch in oow O ond 
a o>unch in"'"'' 11h<ou~h 9_ Thu>. '"Y"' tht• 111 de<·onoal do~i" and ony o( \lo~ lb 
loll"" u( ohe .1lpi>.:obet can be ,.,"""-'nlt~l in o bonJry laohion l>y punching th~ 
proper holc, in ,..., card. In add11ion, a num\x•r ol >P<-"<i.ol charoCic" can l>e 
re¡~<"-~ntt"d by punching comb1n.Liiuno ul hub 10.1 column whoch are not u ... d (or 
lhe numbcro 01 lett•r< olth~ alphai><•t. TJ\eoe characl<'" ar~ •hown with tMe propeo 
pr.ooch"' in fig. 10-1. 

An ~••v d..-ic~ (Ot rernembering ¡t.., ,lphal>etic ch•roct"'' io tf>o phr•"' '"IR. i' 
1 t.;· NotiC~ tl>.lt tlle lt'll~rs) thtO«gh k h.o"" •n T 1 puoch, 1ho>e btofore h~·~ • 11 
punch, ••>d tho>e •ft"' hoV<: a O punch. 11 i• al"' nt'Ceowoy to remembeo that S 
\>o>JIIII> on • z aod no! • L 

hample 10-1 

0.-<ode tho onlo«na1i0tt punchod in !he caod in fig. tG-1_ 

So1u!ion 

(<olumn 1 ha• a· 
l. Culumn l h. 

· pr.rn<:h •n mw O and • puncl1 in row J. 1t" therefo<e the leUO< 
zone pu<>{"h in row 1J >mi •notl><>r punch in row G. 1! u 

• • 

' 

lnput·Output Oevicu "' 

lig Hl-1, 

.. "'"" ' ''.m"""' .......................... .. 
""''""'"'"""""""'"""~~- ' " .... ' - - _ _.,..... .. '. ::::.;.:;;.,;;:;,;;¡;;;:.:::,, .. ,;: ........ , .................................. ,. 

'"""""'""'""'"''''"""'''""'""'""''"""''"""""'"'" "' m• '""'"""'"""'' ' .. '" ,,, .. "'" '" ""' ..... '"" ... ,,, '"' "'" ... ' .. ..................... ',, ...................................................... .. 
""'""' ........................ "'"'""""""" ........................ . ..... 

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

' " .. .. .. . "" 

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

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

.... ... ... "" ..... . .... "" 

Stand.><d punche<! wd "''"~ Hononlh code. 

fi8. m-2. h>mplo10.1. 

""' ' " "' ''"' ~ 
1 '"'''" ,. ' ' ,::-::-. • • 1 ............................................ . 

::::!~:::!~:·~ •.:· .~::~.:: :::: ·-;, ; ... ;;,;:' :. ;;;;¡.;;;;;:;:;;;::::::. :;:.: .... ........................ ........ "''" 
'"""""''''"'"""""'"""'""""""'''"''""'"""'""'" " ..... -" '""""""" ..... '""'""" '""" """" ...... 
:::::::::~::::: .. : ..... : ................................................. :::::: 
'"" .... """'"'"'"'"''"'"""'"'""""""'"''""" ......... "'"' \ " ""' ...................................................... '"'"'" '"'"''. ... . 
... "'"' ..... '' ... " ........ '" '" ..... " ........ ""' ................. , • .. ... 1 ..................... """ "'" "'"'" .............................. '..... ·;-
:: ::::• :::•· :.::.•;: .. ::•::"::" .. :~;·" •:: ,, :":' '"::·:•:::. ~2:..J 



... 
hin.oty 1, h Íl ..... pctll.(ble ID punch 10 X ll- 'NO bitJ ol bin.ry iMDrnuliot! Bfl -C•rd. 

Mlfty 1..,....1Ufot ~'"'int: ._.,. ""' ~ inlurm.otion in blotb o1 ll> 
bit>. ~h blod. o1 J6 bib 11 c.>lled • ·•won:~:· You will -..11 ~ruto! !!le P'ft'Oclul 
~ lhll • fWiisler e~ o1 -~~~~ 1 li-bll """'~l.,... e_,¡~ JI> ftip.r'ia¡», 
n.o. io !WIIhioli ""JiU! o'-! !he JC..bit..,..¡, ond lhere..., In 1«1 Olhoor oy>~em1 
whicto .,.,...;~~e wilh Olhtr WOid l..,.ho. f~ 10, le!' o- how ~ lnlurm.o1"'" 
.. ..,..:~ ¡, -.k ol U. bito mlthl 1!. ll'Uncllftl on clold •. 

T......, ,,.. t.u -hods. Tilo, for>t ""-"hod .,..,... the inl""""tion on !he can! 
hoti10n1•lly by punchi"8 ~""••he c•rd ¡....., I<JitiO •iKilt. The'" J6-bu ""'"' io 
J>UACtwd m fOW 9 lrt .:alumno 1 l"""'ah Jt.. The iOCOI>d WOid il 1110 in ..,... 9, In 
columnoJ7 tlwol.sh 72. The third wood "on row 8, columns 1 rhJOU8h l6, •nd 10 
on. Thuo 1 10,.1 oí twenty.four 16-bit WOflk con bl' J>Un<lled in'"" c1Jd In otf•i~ht 
bi_., bnn. lt i1 t'- posoible ID 111>re 1164 btl$ o1 '"'"""'lion"" !he ca•d. 

The oeconc1 mcr"od ill'tOIYft punchins lhl! lnlor,.,tion vertlcally in o;olumn1 rathet~h•n """""· lk'II'""Í"'I in,_ !lo( column 1, tlle 11111 12 billof !he word 111' 
pomched >11 rowo 12. 11, 1), •••• t:n.e ,.., 12 1>!1< •~ puncJ.d In Calilmn l, 
and The ~'"" 11 bit. lte "'"'OChed in column J. n..,~, • Jf•·blt WOtd can be 
pUnchtd in h'ef)' rtwee colun~no. The c.ord lo 1hoon op.obl~ of contalni"' -..t'l·•i• 14-bit WO<do. 

""' moM ct>ml't>ol> method ol flnf!ol'/ns info<m&lloo 1- puncfled urdo iniU•II~ lo 
by rneono o/ the ~punch n10chi,... Th" mo.chi,. oper•teo ""'Y """'" 1he ,....., •• 
o lrPewfif!ol', ;ond 1he IP"ftl•nd Kcurao:y of lhe oper01loo depend ...,,;,.,¡1 on 11le 
operotor. The •nlonn.o1ion on lhe punche<! t•rd• tan 1hen be rNd into 1he di&i"l 
~ ¡,.. """'"' ol • cord "''""'"'· Tloe informoHon con be enlefed ln!O !he •r•~m~ 
111ho "le ollOO 1u 1.000 c•rd• per minu1e, depf!nd;"' on 1he lr¡N! ol urd ,.,.od.., 
""" 

The b;o,k mtlhod 1or chinsln&lhe punct..c~ lnfonn.lion inlo !he ~ .. ry t~· 
uiul oi1""1' "o.hown in fis. !O--J. The tordo ore MOCI<ed '" 1he n:MJ hopper ond 
'"' d""'" ltam it 011e ., • lime. E.~eh c.rd p ..... unde~ 1he tN.d he ;>d., which .,, 
eitho< bru,hn or pho10ee11._ Tho,re ¡, OM tNd hNd lor e.><:h column on lhe cord. 
•<Id when • hole ~·" und .... lhe rwd heod •n eleclt"icol "8""1 !o llfl'l"•l<'<l. 
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"' 
111~ IYI'l'wrol...- pr<>vodM a wriiiM copy al wh>l ;, pYnchC!d onlo lh~ 1ape _ Thi> c<:o¡rv 
can bo u~ lbr V\"f<kallon ol lhe punchC!d onlatmdlion. 

1().3 MAGNETJC TAPE 

M,ogll~l<c IOpe ha. bcc....,._ one o/ ~ 1'I'IOSI omporunt m<."!hod! lO< nwong la'IIP 
qu•nlii•PS ni mlo,.,..lion. Magnetic tape oil..., a numbor o/ advant.>ge> o..-r 
¡>unt'i1<d C.lf<ls and punchcd p.!per 1ape. O""' ollhe most \mpcmanl ti 1he lacl 1""1 
n>.r;ncl•< '"~"'can be ora"'<! and u>ed o.,..r and o.,..r, Readong·and r.cording ·~ 
much la<IPf '""" woth ,..,¡,., card> or papet tape. Howw"'. !.,.y >equire tOe u.., O( 

• ~>pe-<lrovt! unil wh-,..h i> much mor~ e•......,oive lhan lhe <'qU<¡>mrol u<e<~ woth 
ca'lls and IMP<t IOP<'. On l.,. o1her hand. ~ '' P<ll"l>'~ 10 Slo~ up lo lO mollion 
ch,lf>t!<'<' on one 2,•00--ff rpej ol mapli< lai>e> and il a hogh \OQiume ol dato i' 
one ul th~ sywm "'<!Uirt'mE'<1!$. !he ""' o/ magnellc tope " well IU!t<li<'<i. Mon 
cummonly. ma~nN<C 1.1(1P "<uppli,.¡ on 2,4()0./t ""'"- The 1ape ,¡..,¡¡ '' • '1>-in
.,.,de •"•poi pi•"•< "''ha md~""tic o .. de c.,.tin8 on ono: <K-le 

Oa<> •"' "''">•dod"" IH rape on WV<"n p.¡ralld c~nnel< alnn~ ,...,. l~n•th of lhe 
I>P<'- The chanf!<'I>.,P la~lod l.l, 4, 6, .-'1. 8. •nd Ca! <1\(own in fjg_ 10--&. S•nce 
!he in/ormahOn r{'(~rdcd"" 1h~ tape mu<t be digital in lorm, th>l "· lhere mul( be 
lwo <tal<"<. ">• re<:ord<'<l by rM~<><."!izing s¡>oll on lh~ l,lpe '"M~ oltwo d.reclion< . 

.-'1 "mplif<ed p•Me<>t,uion ollhP wf<IP and ""'d OP'('<at•OM i> •hown •n f1~ 10-7. 
The ma¡¡n<."!«: 51><>" dff' ff'<CO<d,.¡ on lh~ tape a! il Pa!><"S o•e< th~-W'IIt' h~.od •• 
V.OWn in Fi~- !0-7,¡, 1/ a Jl<l<olive pul.., o/ curren~ i1 applil'd 10 lhe wdtC'head coil, 
01 shown •n lhe ¡,~""'·~ magn<l•< nu• i• ..,1 up in a cloclm-•oe dilt'tlion atound the 
vmtt-l>ead_ ,0,< th" nu, P•'""' through !he ~ord g:op, •! >p,..ad> <fighlly and pa•,.... 
tl\rough t.,. o• >do coallnK on 1h~ magn<:li< tape. n" cau"" a vn.ll •·~• on_ rhe 
ldP<' 10 be magn,.izod ,..,,¡, 1he polarity !hown in the ~gure. lla CU"~nt pul.., ot lhe 
OpJI<I>•I~ pOiariiY "appliO'd. 1¡, nu•""" up in 1f>e o(l¡>O<lt• di~hon. anda opor 
ma¡¡nelw'<l \n !he oppc""' do-IJOn i• rt'Corded on !he lope. Thu,." ;, po"ible to 
"'cOrd data on ,...,. taP<' '"a dig,ral fa•h•on. ne IJI<It> •hown m 1he 1'8""' ••• 
gre•IIY •••~eral"<! '" 5ize lo -.ho-w lhe dorf'<tion el magn<."!~<atoon dea•IY. 

In the r<"ddO(Jerat•on lhown in frg. 10--lb, a magneto2ed s¡>ol on th.e tape >ti> up 
• nu, in 1he re-ad hcad •• the taP<' p.o;..., ..- the rNd g.p. Th" nu• •nd"""' a 
~11 voltage <n lhe rrad.¡,ad corl which can be ampltl•ed and u"'</ lo >el or re<el 
• nip.ltap. Spou o/ Op¡>o;<te pcl.oril.., on the 1ape induce "011•8t'S o1 o~<te 

fi,. ltl-6, Mqn<loo;-ta¡o< «>de. 

o' >"""o •oto"~"' I<L''"0">0' ruvuu 
c...>{cíl: ( lt--11 ,-11 1 11_.1__!__11 1 ,_:• r=·--~-- --¡¡-¡-rrlllllr, 111 r1r 

,. 111111111 '1111111 
f•. ,y· 11 11 .11 
., 111 1111 1111 1111 ......... ![', 1 11 11 11 r: 11 11 11 11 
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Digit~l Prinnples ~nd Apphc~Jioru 

,.,.,......_..,,..., by 'l'<l<' on cho....._~, 1, 11, ond B. S•'~<< tho> "only lhtft >POh, on .cid~ 
I!Orl.ll 'f'")l " roxor<k<J tn ~1\onn .. C 1t> ""''"~'" ..,.., 1>0"1'; for '~" ch.ot.,.;t~. 

Tht- >P<Oncl <Y,.:<...,¡, U.., ho<~>onu/ j).lto!y..:h<'C~ b.l. Thli i> """"''n>es ~1,.,-roo:J 
10 •• thc longttU<I""'' J>.l"l'r ¡,;~ ond ol is w.oncn, .....t>m ~- ottho md ol o 
block of onfom..11oon or =onl. The kUl numbt>r ol boto =<><deod in ~.och cko.......t 
" mooo<ott<J, •nd •• tflo, md n( • =ont. 1 par!ly bd i> wrll!m if ...., ..... 'Y to O..,. 
tk 101•1 numb<-< o( b.ts >o ......., ""mber. These rwO 'Y*"" fonn on ~Polflly 
·-T~ cot>ld. ol "'"'""': ¡u<l •• ~"rv ¡,.. ,..,p~emen~ 10 1orm •n <><10-poriiY 
'~""'"'· lnlorm.l!ooo un ol.., be recotdl'd on '"" r.~ in ll<•isht birwry lorm. In thol 
U"', • Jb-l~t word •> ,..,.u.,. "'"'"' ll>e wodlh of!"" r.poo in Btaupl of oi• bits. Thul 
it ttt¡uo,... '" column> 10 n:cotd.,.... ]f..bor word. 

The ~Mocol '~"'<'"8 -..._.., tl>e ,...,otd.,.j 'POI> on <he t.>P<' ¡, r,,.,.¡ t>.,. the PQI.i· 
tion> o( the "i'.od/w"~ l>eorlo. Thoe ho<izOtll.ll '!>King i> • fu~~<:hon o/ lhc- upe ~
•nd '"" rewrdtng >~><"'<~- T- """"""' vvy /rom SO 10 200 inl•. b.t15 ond 111,S 
in/> •re qu•lc common. . 

n.., """"mum numbrr of ch.or•C1<'f\ ~ in 1 in of t.o~ ¡, t•fl«l ""' 
"recording den•ily." •nd it ;, ~ lu<>etion of thto t.opoe opeed •nd""' •••e •t which 
dal.l •re ..,pp¡f('!( lo ""' wrr~ ~d _ Typic.ol "-"<ordong ~"'"'' •re 100. 556, •nd 
500 boh IJ'I'I r<>eh. Thus rt e= 0.. ......, rhat • tol•l ol 800 >< 2.400 >< 12-
21.02 >< 10' ch.or•ct...-. <:.n be ·~ on 011<' 2.~00-lt ,..,¡ el t,ope. Thi• wouk! 
mr-;on th.or rhe da•• would hove to t... SIOtO'd with no~¡, t...twttn th.orKII!n Ot 

gtO<>P• ol ch.oracr,.... 
~Ot put¡)O\e'; ni loc•lln~ rnlorm..tion on t•poe. ol ;, """' com...,., ro r«Ottl inJor· 

malron rn !VWl>O orbjoclo;s callO'<! """-"Cord,," In~' ....:o<ds rh~re ¡, • bt~nk 
<p.><e olr•poe c•tl«l <he .. ,.,,........,on:f gop." Th" g.op ;, t~p.c.>IIY • 0.75-m o¡w:~ ol 
t.ran< l~pe. a.-.J rl is ¡>osilloned """' the fÑ<i/'wMe ...._,d, .,.¡,""' the t.lpe !-IOP<. The 
interr..:ord ~p prnvrdo» ti>~ <p.><e _._.. .. ..,. lar lhe ,..,. to e"""' uP ro the llfOIJ'I'I 

'f)ef'd l>efo<.. n"Cordong or re.odrng olrnfotm.ot""' can t•ke ploc e. The rot.ol numbrr 
of <:h.oracren roc<V<lod on • t~pe ;, then •lso • lu<>eri<rn ol rhe ~Kord length (O< ¡he 
tot•l numbe< ol intOt>É<:ord gap<. •ince th.-y l<'p~l blank op.;rce on the t.opo). 

lile d.11.1 •• >Kord«< on d"' t.ope, includrng >KO<ds loclu•l 0..<•1 a<>d rnl<"lrecord 
~ap<, can 0.. l<'pln..nr«< •< .nown rn Frg_ t().'J. 11 there _,.,no iniOt~Kord g.opo, 

the tor,¡l numbe< ol ch.oroc~rs l\'COid«! could be found by multtplying tn.- lenglh o/ 
the t.>pe rn inc""' by tfle '""ording den.,ty in chord<le" per onch. 11 tile record 
""''" e>Octly the .. ...,.. lengtn ~• the rntor"-"-ord gap, the tol.ll stor•8" "'""Id 0.. cut 
in hall. Thu•. il "d~<o•able 10 k.-.p the record• •• lorrg •• pos.,bfe rn arder to ""' 
lhe t•pe mmt ellrcienlly. 

·-
' 1 
' 

\ 
1 

---------

lnput·Outpul Oevicei 

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

. ' 
F- R+CD 

CHA~ • (0F 

~ L ,. lrngr~ ol r~pe. in h 
0 

_ ....,o«f,ng 0<-noity. ch.,o(lfll p<'f rnc · 

"' 

(10.2) 

. reco<d S.IP 1n.. forrnul• •~ !q. 
-~- __. 1 .wo-.lt ~ of t-oPO h.o•rnQ a O 7S-on • . 

f<><• ......... u ' 

110-21 rcdu<:es lo 

2,@X\2X0R 
CHAl!"' R + 0.750 

(IO.l) 

Solution 

' 

c.. , ch.oroCI~" un be lound u1rng Eq. (10-ll. 
Tlle tot• ~Ym""" o 

'!"-·- '·'" ,. 
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lnpui·Output Devices vs 

10..5 OTHfR PfRIPHfRAl EQUIPMENT 

1'1. ... ide uorioty ol ~tpMul equipmen1 h.u bHn ~loped for ""' wotl> d•~•Utl 
11"1""''· 0<t(y 1 CUIIOty dH<11piiOII o/10""' of t!t<e VIIIOU> OQUipmerll Wtil be 8"/efl 

h<!re. orod 1M ~.OO. i1 rncoura&ed 10 1111<1y IO<luipmen1 ol p.ol\teulor ont..-..1 Dy COfl· 
... 11ong me doto monu•l• ol tn.e VII!OIIo m.ankllacturen. 

Onf' ol1ho ,;mp~n~ """•n• ol inpuUtng infl)fmlllOfl inlo a dt¡otalov<i..., '' b-1- '"" 
uoe ol •w~'""· Thne •wol(;he> <o.~ld be pu..,_bu!IO!t. tog¡¡le, ele .• but lile impor . 
1on1 thong i• tn.e f.ct lh&1\hey ~ <op.oble ol ~ti<>S bol\lry informobon. A row 
oliO''""~<"" co.~ld, 1ot ~umple. be sw~ched 10 te¡wuto~ the 10 binary bol$"' o 
lG-bit ..ord. 

Similorly.- ol lhe ,i~lt11 ""'•m ol ~..ting dala 01>1 of • dogotll •r11tm ;, to 

pul li¡hn on tho: OIIIPUI• of 1M m.,_~~ops in • SIOrap rqi11et. "'<<mtnodly. thol io • 
rath~r !IOW mean1 ol communicat10n, ,;nc~ tf>e os>r<ator mu.t C<lllve<i the do ... 
playod bin.ory dato omo oomelhing """" 1Min111glul. N""""f>elfi•. lh11 ''"~''""""' 
on ÍM•pen1ivr arod p<.Ctiul muno of communication betwftn m.an •<Id m•choM. 

A much "''"" oorrho!licotf!d ~00<1 for "'.ading d•'-' out oi• d•1•'-'l ,.,.,...., "Dy 
meon• olo ulltod,..roy tubo-. One type of cothor;le-roy Wbe u sed i• uery ,,,.,.,,¡.,lO 
the tube usf!d in o"illo""~>"'· ond the oper•toon of the tube io nNrly th< ... me. 
T~~ unit ;, gene<•lly usf!d lo d•'!>lay curv"' "'!>'Citnling i~k>rm.>tiO~ .. nich hn 
t..on proc~,,...; by t~e 1y11~m. a~d o cam.ra c~n be altdched to ,.,,.... ""'"lo> ph,. 
!08••Ph thr di'!>loy (ora porrn>Mnt record. Tho informatioc. di'!>lared misht be ll>e 
1r•n<i•n1 re'l">n"' ol on •lectricol network ora guodod-mls~le traLPCto..,.. 

A O<.'Cond lYP'" o( ntl>odl'-r>Y lube lor dt'!>l•y i< calle<! a ""char•won."" 11 ha< 
th• aboloty lo di•pl•y •lphanum•ric charactero on tl>e lace of the .creen. Th1> lube 
O!"'••te< hv ohootong •n cle<lmn beom thOWJgh a m•l11> lm••<l which 1>•< each of 
the charortc" cut in il .. ,. the beam 1>0'"" lhtOUgh the "'""" it ,. •h•ped in tl>r 
fo>rm ol tl>r choroch:r thmugh wl>ool> 11 pa'"''· ond th" •h•ped b.!•m " thon 
fo<:u..-d un th< lace of the "'een. Since the operation olth~ el..:tmn (){"a m 11 ""'Y 
(a>t. 11 "PO"ible lo wnt~ inlormaloon on the foce nfthe tu be, •nd the operotor can 

'""'~Id the di1¡1loy. 
So,... tul.e. nf th11 ty?e which • ..., usoffl in lac~e r~dor •YOlem< lt.we matme< "ith 

the P'<>P'"' choraele" to d1'!>lay m•P coordon¿l.-.;. froendly ai«••lt, unlroendly 
oi<Crak. <"IC. The operotor thus ....,. a do<plov of the turrOOJ<Idon~ are• compl~te Wllh 

•11 oiruofl proptrly <lfooo¡notf!d, in the uoconoty. These syOlems uwally l>aue on •dd•· 
lioi\IIICCfi10ry collf!d a ""hght pen'" which enables tM operot<>• lo input informa. 
tiOtl into tM dogotal <vlle.n by t>lacon~ the light pen on the ..,rface of th<iube and 
actlvaltng ''· Th< operator can do......,¡, t~••&• •• eop.ond •n •••• of tnt.-r..,. ,..qu,.., 
in/ormllion on an unidenttfof!d Aying ob~~ ond <!Mign.ote c<'"'llin 011<11h a< 

llf((IPI'. 

A ~hot mo<o <"""""" p...ce ol ,...uipment. but """"rt""l..,. u..-lul "'""" 
lor¡e quontoto.., of dot• .,.. beong handled. is tl>e p11n1.,. Prontct1 ore ova,loble 
..,hteh will p<ont tho "",.....' d.1ta in <!fa•Mhl binar; lorm. octol form. or all ,.... 
olphanum""o<: dYrOCl..,.s. The lypoc•l pr•nl<'f h•• lh<> olbthty lo prrnt onform•t•on nn 
• 110·-<~ linc •t l•t~; lmm ·' ¡.,.... hundrf!d hn<" up to """' 1.100 lin,... P<'' 
monute. n.o "mpl"" prinl~" M~ con~ort...-1. or ..,..-.:o•lly '"Arle. ele<lll ""''"'~" •• 

... 
e: 
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lnpo,¡t-Output Oevices 

•1"' e<¡uippcd ""''" • .--1.11"' P<l"' h. •"" thu• ettM< •~PI'' <41.1 or oul¡)<lt d•'• 

con be roc<mkd on pUn<;hm !"'l)et U(><', 
,..,., modem nv, ""' on ~·v--Mie puroch<'d I'•P<'f , • .,.,. Th..,e "'" ¡,._..,., •n ••· 

temptto siir>diotdtl~ on on alpNnuml'<oc cod~. •r<l the ¡t,m.,.un S~>nd••d (ode 
(or lnfo~Hon lnlo«honge IASCIII "w~I<~Y ........... An eight-Oole code h-" l" • 2S& 
combonations, wff<•cnl lO ptm'lde lor bo1h uwe«>"" ond IOWt"<O.,.. .1l~habel<. 
the 10 numer~<. ord o numboor ol <¡>eciol chorocton ond contrul s•gnol<. The 

ASCll code ;, ,hown in T ahle ti). L 

10-7 ENCQDlNG ANO OECOOING MATRICES 

·: EncodinA ond d...:odin' mauice• are ofien "'""' to oh.,. the lorm olthe dat• b<>•n~ 
<"OW<><I into or token out ol o <Y>I~m A d<eodinR malr,. o< u...O to dccoM the 
bina')' onlom>~hO<I in a digU.ol <yO!em by chang•nB it onto <Ome othcf n..Jmber 
oy5tem- For e ... mp¡,, in 1 pm¡IOU< ch.J!)1Ct 1M bil'lllf)' OOJIPUI of 1 teRi>let w¡• 

o;!Koded tnLO de<trn•llotrn by ""''"' e>/.,.0 ptes. •nd the decoded <>v1po.ot w•• 
u..,.; lO dr,.... "'""' lU""'· Er>Codin~ .,.Jom>otóon i> ju" tM ~ J><0<"'' •<><~ 
could. Jor eurnpie, invol.,.., chongon¡ d..,;i>NI oi¡n.oll into OQUiv.lef't bon.>ry ''B""'' 

Jo< enlrY iniO • di1•t•l oVOiem. 
The """' w•o¡hdor•••..:l way ol del;odt"' '~'"'" " oompl y 10 ~""'""'" the 

n..::essary A><O ..,, .... ¡< wn done Jor the n••ie lube•. Dec<>dong m th" f..ohoor> i• 
quol! •imt>le ¡r>d lo mo>l e•>tly •rcomplov..-.1 by u>ing !M. trul~ table or wo>'<'lorrm 
Jor !he •igrwh ·.......,¡,..,..;, The decodon~ ol • lout·O•p-Rop counl..,. would. "'' e•· 
¡rnple, requite 1& Jour·in~>Ut•~" ~'"" l<t'l<e tMre ore 1& P""ible "•'"' d..,..,.. 
moned by the loor Rop.llop<. Tht! ll'fl'l' ol dt><oding th<>n roqui,...; n >< l' d;od"". 
wh<"e n "the numb<or of n,p.flo»>• k>r ¡he com¡>lel~ decodm- ,..,wNk 

Example 1G-5 
OraW the 1 b Q•tes nece•sary lo d«ode • lour·nip.Oop counl.,, 

·solution 
The nece$sary ll<'lel c•n be<l he ompi""'""'"" by usong • ¡rulh !Oble 10 determone 
the necessary ¡¡ole conncction•. TO,. ¡¡oiM ore '""""" in fog. \0.14. 

Tt.er.! i< • """"nd rnelr.od al dKodin~ whick c•n be u.ed ID re•h•e • .. ~ong< in 
doode$. Th•• metr.od i> re(.,.,., lo •• ''ttN drcod•"S·" and •1 te"<Jit< '" • ~uclton 
of lhe number eX re<¡uirt'<l dtodM b. grouo•nR ,,.. <1>1"' to be dt><odod. Qecodin& 
of ,,.. four.Rip.RoP coonler d'"""'w:d '" thr prevtDU• e .... mple c•n be .C· 

comP'"¡,ed by """"'•''"" ,,.. """"'' '"'" lout ~roup•. Th~ groul" ~~ 0.1.1 .J·, 
4.s.&.7; 8.9.10.11; ond 11,Jl,l4,1S. NoolCe tk.>t the l•r>! grouP <•n he"'" 
tinguiohod by •n •~o 11-11• "'""""' ""'""' ;, CX:. '"" ""'ond S'""l' by lic'. th~ tho,j 
gmuP by OC • ..-.:1 the 1•" group by OC. f.ach olli>Me iou• grouP• c•n 1/'tefl bt:
doV«l.d in h;dl 171' u,.ng 8 m 1/. Th""' ~·sht wbtlmup< <•" ll'l~n be lu~h., dovtd...d 
on!<> !he \6 coont> hy uoi~R A •nd ,{, Th• c~ete d..-oding """'ork ;, ,-.., '" 

r,~, 10·1S. 
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lnput-Ourput Ui!'Vkn '" 
iD-o iD-· 

' iD-' ~D-9 
fD-7 . ~o-10 ' ' 

' ' • • ~· 
• • • • • • • • • • • • • • ' iD-· ~D-11 ' . 

• • • • ' • ' • • • • • • ' ' • ' ' • • • ' . ' ' ' 
iD-· iD-Il ' • • • • 

' • • ' ' ' • ' • " ' • ' ' " ' ' • • " 
~o-' iD-n ' ' • ' " ' ' ' • " ' ' ' ' " • • • • • 
iD-6 iD-'· 
iD-J •--' T)-~.... 11 ( 

.... 
~ .. v•ns ol a d1ode• has bo<>n xhi~...-d. '""'~ tne ¡orev•rna d<'<od•nK -.ch~m~O::: 

requ<rNI ~4 diod~• ond ¡¡,;, m~¡hod only r¡;qum•• 56. The s.A'iinK on d•<><lc• h...., " 
nOI very •pect.cular, 1111! the tonstructoon uf" malr" in ¡ho; "'•nncr 10 d,..-od~ lov<! 
llip-flop• woold ":wll in • .. ving ol ~O doode< "' lhe numllt'r of fhp-flop< lo b<' 
o;!Kodod incre•"''· !he .. ,.,ng in diode• •ncre•«"< v<!IY ropidly. 

TI"' type of de<odins malri• does h•ve the do.,.dvanto~e th.o the dP<rxled 
•>iln•l• "'"" PlO" thmug~ more !han one 1....,1 of gatn (on th~ P'""""'' -lhod tne 
so¡¡n<ol pa<,... thro«gh only one sa"'l· Th.e output <•gn•l l,....el m.>Y thcr~ ...,¡¡.., 

•• con<ide<abfe 1odo.o<tion in ampl,tude. Funh<-rrr<><e, th""' moy t>o • •f'<'<"'lomo,.toon 
eNe 10 the numM< of &O'"' throuKh whi<lo tlw <ll'<oded sigouh mu" i>l'"· 

" tlu!d type ol d«odinR netwO<~ ;, known 1< a "b.olann-d mu~opl<•""" 
dol'<odO"f." Thos 4lw•y¡ '""''" in the mini,...m numt...r of d•O<i<'> roqu"ed for tl>e 
<i<'codong pro< e,.. The idea i• mo.och !he"'""' •• a Ir~ <i<'coder, <ince lhe CO<Jnl< 10 
bo> cle<oded are dovid<:d inlo grouP'- """""""'· in th" W"""' 1he flop--flo[H ID bo> 
do;coded •~ d¡.,.iole<f into 8"'"1>' ol two, and ohe "-"Uitl •~ th<-<1 comt'--' to giV<' 



DigiUI PnncopiH and Appliutions 
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' "'" ' "'" Fi¡. IB-IS, T- decodn1s molri•. 

f,,, 111-1&. B•l•oced multophat••• de<odet. 
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lnput·Outpul Devices 

!he ,¡....red outpul """'''·lo d«ode 1M four ni¡>-1\opo disc:us~ pO?o"iot.><l~. 1our 
poupure fotmed b\r comb<ni"' Hip-llopo C 1nd 0 Í""- ''~-In Midotoon. 6op. 
flopo 11 ard A '"' cornbined in a s;,rula< on..-pone<>~. Tht O<ilpiH ol theoe e;g.l 
pln 101! tMn comb<.....t on \& ""'1> pln 10 lorm lho 16 DUiplll "~""''· The """ltJ 
- shown in Fi¡. 10.16. U can be lft(>lh.oto 10111 ol 18 diodfos are ~ui~; o 
s.o.vn>a ol \6 dn:>dn io 11\en 01!o!iad o- tho! forsl melhod. wh1le 1 .. ving ol 8 
diodn 01 re&lirtd ovtrlhe '""' m~hod. Thio .cr..""' lg.Jin h.u !he ume dosadvon
UCO'I of siJn•l·level dfosradation 11'1<1 'IJH(I limitotion •• !he U.., decodtt . 

Encodin11 numbcor 11 ju>IIM ~ of d«odina. One ohhuim¡)lnl ..... rn¡>~M 
ol encodl"' would be tM ""' of 1 1humb-whfd sw.tch !a \l).po<iLiotl SWi!<.hl 
whkh it .....t 10 ftll"' ~10 inlo a diWiYI lyilefn. Tht optillt>< can wtthe swikh 10 
ony DM of 10 pooo);.,.,~ whi<.h ~nt dec;,J .... mt~en. Thl' OUtpllt ol tM sw~ch 
io tMn tran~ bv a l"'lP"f l!ftCOdins motri• which¡c:hanp:o Ll>e dec..,...l 
,...mber toan oquivalent bif\ary ,..mbe<. 

An encoding mat<,• wnich <h•nR"' a d..cimal numbe. toan e<~uiv•IMt IHf\ary 
nu,.,be< and oiOrn it in a regi>~er io ll>own In N¡¡. 10-17. SelllnR tht •wott:h tO • 

Af;. 10.17. Oeclm&l encodin& malrl•. 

., 
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"' • 
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' + 
• ' 

1"' flo. ~ t-• 
!"< i>kl ~ "" !"' "' ' • 

i ~ ;, ' 'r 
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~ ' 
' 'r -!"<~ ' 
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lnpui-OulpUI Devicci 

,...,.,., ~ncoder 01 doocodo;r can be c,.,~rucred from ~ic lj.Otel n"""""" in t~is 
!«!ion. and w~ only one"' two lunchoM are needed th" ""'' -Ode thr! best 
t«hn"rue. How<>-.... as <hown on Ch~p. }, many ol the mote common d«odor~~ 
funct<>ns are avaolable al MSI \Cs. E•ampleo ""!he 7441 101 74141) BCD-U.. 
decimol d«ode< driver. the 7._.3 ~><ee"·l·to-decimol decode<. tM 7446 BCD-1<>
so:ven.segment dO'<oder dnver. and the 74 US \-o~ \0 decod~r d"ver. There ore 
nu,.,.rous Olhers, and you are urged to '"""'lt monufactu""f doto •hftls for 5I>"'" 
Cofoc inlormatoon. 

Then' are al"' • ¡.,... ""~ •••U.oble •• ~~ ICs-!01 e><omple. thr! farrchild 
9118 erght-inpJ\ PfOOfrty en<oder- Th" unrt KroepU ergh¡ inputs and p<od..ces • 
bln.ory weighred coo:le oltM highest-order ~t Again. you ohould conoult ..,..._ 
e .roe manufacturen' dato !heel, for de~.oiled inforrn.otron on rneoden. 

STUDY AIDS 

Pur.ched card• -ide """ of the ""''' uoeful and widely u.ed ..,....., fo< >tcnng 
blnory informot<>n. bch card ¡, CMsi~ u a block ot unu of inlormatron ond is 
the..,fore referred lo •• o "unrt record."" furthermore, punched-cord ..-quopment 
!¡>une~ ..,rre,.. roO<Io,.. ore.) " commonly c•ll<"<l ""uM·record e<¡ur¡>ment." 

Alphonumcric iniOim;r\roo. 01 well a• •Jl'I."<:•Ol chorocten, can be punchod inro 
Urdo by meon• ol a cod~. The most common codf, ;~ "'"' i• tM Holk~oth cod~. 

A oimilor medourn ir.>< inlormotron ""''~e;, punched P•P"I tope . .'llphonume<OC 
ond opec¡,l cr.....oct.,.. ar~ r«O<dod by perfoWing th~ ta;>e K<O<don¡¡ toa code. 
lhe<e •~ a numbet ol codn. but lh~ one most commonly u.ed ¡, the right·hole 
cod~. A perl01.olm rol~ of p;<pe< IOP" is a contonuouo recOtd and io thus di"incl 
from the unrt recOtd (punche<~ card~ ' 

For handlong la'3" quontitie• of inlormatoon, magnt1oc '•P"" • ""'" conveni<"t11 
.....:cfdong med•um. Magnetic tope off,,. ÜIO •dvantoges of mvch iligher pmces,ing 
"'"' and muck grrater rec:ordong den«tie>. Moreover. m>g,..tic lApt' can be e<a~ 
and uoed CNer and over. 

The three mo,¡ common med>od• for ft'Ccrdong on ma¡:ne~oc topo' ore tM retum-
10-Zero .U~Zl. tM """""""""""'"'""' fNII.Zl. and tl>e non-~turn-to-zm>-in~ 
lNRZI). Tire NRZ and NRZI rnetnod¡ elfectovely "'""' ot clean tM tope •"""""· 
licolly dunng 1M noc,.d OP"f01io<1 aod thu, eliminote o"" of tM problern• of RZ 
R"COrdong. 111M< two method• ol"' lend thern..,lve to higllet recording '"""· 

~ncoding and dccodong matriceo !01m an importan! part ol inpul·OUtput e<¡uip. 
ment. These ,matrice• ore generally u>r<l ln ckonge inf~rm•hon lrom one form to 
another, for e><ample, binary to octal. or b<nary lo decimal. or dO'<rmal to binary. 

Ther• i• 1 wide variffl ol di~il.ll prripherol O<¡Uipm<"t1l includong unot-record 
e<¡uipmenL printen, cathodoe-ray·lubo! diwlays, .ond plotttr~ Th• ckoree of pt"fipfo· 
eral equipmentiO t.! uoed Wil~ any oy>lem "a majo• enginee<ong dccosio<r. The 
dr!'Cision invol~n e.,.bli•hong tM >Y>letn re<¡ui,.,ment>, Oludying tM >Vailable 
ec¡uopmenL nttetong wrlh lhe ec¡uipmrnt ""'""factu ....... and 1~ ,..o;ng 1M 
decisoon ~.ed on "PP"'•lional ckaracte<i11i«. dolivery """'· .ond co>l. 



Digitil Principies ~"d Applic~rions 

1• O..C.rob.o "'"'~ of rhe prol>ems of th~ m¡n-machine ;n¡.,.¡ace 

l. ~se roblo a tvp.cal pUne !>M C~rd foiu, number of columno, number of row>). 

l. Whoch row. are the zone pUnCh.., on o pUnc'-ed cordl 

4. Wh1ch rowo are '""'-digit ""nci>H on 0 pUncho-O uJdl 

5· Whot ¡, rh<o Hoiierith codtl Whol doro "IR." 11" oign,fyl 

'· =·}~d~ryt-!1:;:,.""" ~rod 011> card; i.e., ..n.r doro • hoJt "'11"
,.,.., .. t of • I'Oie ~1 ¡ 

1. Whot i> _the meaning of un 1t retordl 

1 · i'io""' thre-t piece, of uni!-rt<ord pt<i~eral equipml'nl 
di!Kropbon o( how tl>'-"1' ar~ uwd. 

ond giV<! • bdef 

'· ~scrobe lhe eogM-hole code >ed o. -u to pune .. rnl<>rmation 1n1o j).OJ)el La¡>e. 

~. ~~·;!;:;-;:.,~~andO< >rt rt<ordod"" mallf'eliC ro~ t.¡ ""'""' of 0 m.og-

1. How io olp/wlurnerrc rnformotion re<~ "" magne~rc 1I1M'/ 

l. How io "'""'Y inlotmatron rt'Cordod on magrre~-< 1lpool 

l. bploin 1M duol-p.onty '~"~""' u>f'd in mogr>e~>c-~ re<ordin¡., 

' ' 

1 

lnput-Output Devi(es '" 
14. Wbot io 1M pur;>of<! of an inltirt<tnd pp on ma¡r>etrc f-11>1"1 

15. Haw can the UI><'-UUiiulion laciO< be uoed 10 dtl..,.•ne 1M totol numbe< of 
ch.or•cter> •«>red on • mosnec>c Lapel 

15. De<.crrbe rhe ope.-arinn of lhe RZ ...cording ~hod. Wlurt ore wme of ti-te dif

ficulti"' wori1 th1> •yoteml 

17. OeKtibe the o¡>eral•on ollhe N~l r«ordrn¡ mett.od. Whol advantog.., dOM 
lhi1 method clh!r over ltZ recordingl 

18. Oeocribe li>o NltZI recordinB lfCM;que. 

n. W!ly is a dip111 itlc,__.l plolu:r a'""' dq¡ital ploninl oy<~eml 

10. Whot io !he diff~e ~ on .,.,odo.ng ond"a decoding matroxl 

....... 
111-1. M>.ke a oketch ol • PunchM card and code your namt. addreu. and social 
security numbet u~ng rne Hollerith code. Use ¡ dark ~~ to re;:o~t • hole. 

10.1. Ch.onge your IOCiil .ecurity numbe!- lo thl' .-quivolenl bin•rv number. M¡ke 
> okerch of a punc'-ed c¡rd, and reco<d thrS number on !ht ca<d in lht ho<izonlll 
biot>ary J.o>kkln. 

10.3. Repeor Ptob. \Q-1, but record tn. number on lht cof<l in ti-te V<!flical 

la>I\Oon. 

to--e.. M"'me 1~1 •lphonumeric lnlor,...tkln is bein~ pun<hM inro C>!ds 11 rht 
role ollSO cards P""' minule. 11 lhr c.ords haV<! an """'•Bt oi6S c~racterS each, ¡¡ 
wh.ol rate in choroclerS ""' ~«ond iothe inlormalkln btrns prcr;esoed! 

1~S. Make a sketch cf o length of ¡>apeo' tape. U>i~B lhe eight-hole code, .-..cord 
your narne. addre>s, and sor:;i¡,l securil)' numbtr on '""' Llpe. Us.e • dark spot 10 <e»
rnornl • hol~. 

1o--4. Whot ~sth of pape< upe " requim;llor the SIO<>&I' ol 6(1.000 c~roctets ol 
¡lpllanu.,..,-ic inlor!Ntion uoin& 1ht eighr-hole codel A'"'""' "" .-..coJd g¿ps. 

16-7. Whollengrh of ""'gnetic Llpe would be required lo'""" the onformalrOn '" 
Prob. 10--6 •llht r«ordrng den••ll' is 500 b•ts per roc:hl A•"'""' "" .-..cord B•P"· 

10--1. As"'me tlurl data ore recortled on m.ognetic tope ola denoitv ol200 biu ~· 
inch. lflhe record l~nglh i! 200 ch.oroct=, ond the rnt...-,..,cord gap il 0.75 in, w~>•r 
io rhe lap~ulllization loclorl U•illll this se~. how many clurroct..-. can be 
•lofed in 1,000 ~ of t;r.pel 

16-9. V...-ify tht ..,lul!On lo Prob. IG--8 above by u•ins [q. (1()..3). Not•ce rt..r tM 
2,400 in 1M -..rOan muU be replocM by 1.000, ><Me lhis " lho 11pe ~~lh. 

10.10. ltopNtl'n>tri. IQ..8 o.nd 111-9 for a den>ill' of 800 b.rs prr incll. 

10.11. Whatlqlh of magnetk t;r.~ is requirM 1<> ~ 10' chlrao...-> •••Ko••"""" 
ar 1 deft<ill' of 800 br1l per 1nch wrth a record 1""8lh of ~ ch.oroctenl 

.. 

' 
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"' Digital Principl~• •nd AppliuhOns 

11-l. VNot.. ti><• ,..,:~pul l.-lo ID< the -o/ F ... 1 J. S"""" MollmM>'o 
,~.....,_ Orow the "'''Jiv•lro>t C>l<:u~• 

11·•· Aowme thc divodt>t i~ Ptnh. 1 hl h .. +10 V fuil·sc•le oulput, •nd flnd lhe 
klllowina: 

¡,,¡ m~ don~e in<>"'''"' vnlt.•¡;oo du~ toa c~onse in lile lS!I. 
lhl The output volt•K~ IOf on in¡l<ll ol 110110. 

11-S. A IO.bot rt'>i'l!i~ d;.idc< '' coollrutted ouch tkat!M cur<entthn>uRh the 
LS<I ,,..;,..., " 100 pA_ De<.,..;... the """'"""" c.,..,...,t!NI w~l 1\ow ttvo..al1 !he 
MSII ~UO<. 

11-6. Whot i• 1M fuii-!Qie OOII>UI ..,.1011\" of a sio-bit bu\Uy ladder if O - () V and 
1 - + 1 o VI Wh.lt io il Jor on e<P,t·b'•t IM!drtl 

11·7, Find t~c outpul "'"'"BP ol • .,,.hit boi\Ory 1•~ with ,...,. Jollowing inputoo 
(,¡¡ IOIOUI, 
ibl 11101 l. 
(e) 11(1001. 

11-{1, (~k the re-;ul¡, ol Prob. 1 f.¡ by odding tl>o ·,...r,..r;Ju•l bot c""tnbltl<)n$. 

11-9. What io the ......,¡uhQn ol • 11-bot 0/A con..,rl<'< whoch '"''' • ,.,..,.,.. 
ladóo,rl 11 t"-' full-;cal~ out¡>ut ;, +10 V. wh~;, tl>e re.olut!Orl in volal 

11-1 O. Hnw m,tny bra a/0' rrequrr.,;l in a brnary ladd~r lo achr~ a '""'lutron of 
1 m Vol MI >e ale "+5 VI 

11-11. Hnw m•ny com¡>a<ato" .,.. rrequrred !O burlO a lrve-i>rl "mult.onffiu' ND 
e<mv ... terl 

11-1~. R-..~n t"-' en<odrn1 matrrx ond toad g;~ot..,_ ol fis. 11-20 """8 ><•~o 
Kat.-.. 

11-13, F .-.:lt"-' followrng fot a 12-brt counler-type ND conv<'!1er u<rng a 1-MHl 
do<~: 

tal """""'u"' m<>"'-"""" ¡,,...,, 
lbl •'wera~e con'""'ion 1-""'
lc) Ma•imum coov<,.;,on rol~. 

11·14, Wh.rt dock irc-quo•ocy mu>l be u""' wrth a 10-brt counteHype A/D con
.-~~~~ rl rl mu•l be capablo of m~krnR al least 7,000 conv.r••on• per >ec0<1dl 

11-15. Wt~o~t "the con..,..,;...,''""' ola 12-b•t ••><:Cfflov~-.>pp<o•imation-ty>"' 
ND '""'"''"' us.ins o 1-MHl clocl.l 

H-Ilo, What" t"-' '"""""ion"""' ol • 12-bot •••uoon..;ount.,.·tyP" NO,.,... 
Vf'l!...- """8 • 1-MH• clockl l"-' <oun:ter ;, dovidod in!O ltl'ft «¡ual <r<IIO<IS. 

11·17. Wh•t .,....,..n a<euracy could ~"" "'"""""!:>~ ••r>ect lrom • 11-br< A/D 
conv...-t~rl 

11·18, What de~<<'<' of re<olutl<on can be obtained u<ing a 1 2-brt optrcal enc00...-1 

11-19. Red<:>i~n the Gr•~·to-brnary encoder rn fig. 11·12 U>rng ~•t<O gale>. 

11-lQ, Red..,ign t"-' Gray-10-bon.ory ....,od.., in
1

Fig. 11-ll u,0113 "'du"w--<1' 
g;lol..,_ 

1 

1 

. 

--- -----------·------·-·-

Magnetic Devices 
and Memories 

Th...-t- i• a largo cla<> of devir..,_ and >r>ton" whrch ore u<eful •• digrt.>l elem~nl> 
1><-<:au,.. ol ~~-,. magn<"lic beh•'ior. A ltrrom•gneti< mattrral can be m•gneuzed '" 
~ ""'t><:ulat di....:;ti0<1 by !he application ol• wii.OI>e magnel•t'"8 lO« e '• m•gnet.c 
Ru• ~1Uf18 from • e><......,! flowl. T~ m>teri•l rernain• m•gn<"lit<'<i in t!>or dr.-..:
rron alter the ~•1 ol tl>e ~•crt.ot.,.,. A;>s:>lrCO!rO<l of • magn<"litmg fotte ol t"-' 
epposite I>OI•fllY woll '"' rli:Oh 1~ material, and <1 wrll r~m•in m•RMlil<'ff rn r~ op
"""'~ drr=tron ''"'' "'""'••1 .,r oh< ~•crtdtion. Th"' tn~ •b•l<!y ro >l<wO rnfo<rnatkm 
in two drff~'""' ""'"' i' avoil,oble, •nd a 1•'1!<' da" of b>nd<y ~lt•n>C<•" h.>< i><">n 
"""'""' u"ng ¡he,.. prmciple< In ,¡,,. ch•pter we inve>t•s••~ a n .. ml;.er ol oh..., 
O.vic~• and >y>l~m• that moke U'ot' olti1om. 

Aftet 11udying thr> cha.ptPr you >hoold be able to 

1. Ul">!fato how ""'gnetic <""" ••• u'f'd ro "ore binary i nform•t •on. 
1. hplarn t"-' lundl.,...,lal p.rr>e~lo> ola coir>eirknt<une<11 mootnorv. 

l. Onctrbe tho! op«Ot1011 ol • ><"mr<:onductO< """""""' u><ng "''""' 
MOS dnrc.,, 

12-1 MAGNETIC CORfS 

' 

"' "' 
One of the mtnl widely u..-d m•g"'""' ol~mont>" t"-' m•gnelr<: core. T"-' ty¡>1C•I 

e""' i• toroidal (doughnut-.n..~. U ~n rn FiR. 1 2· 1, •00 " uwally coostructed 
in """ollwO w•r>- Tl>e metal-l<bbon '""' "conUrucl<'d by '"lndrng • very tlnn 
metaii<C nbbon "" • ce••mrc<Ote lorm. A popul•r trbboo i• •t .. mil-th•d 4-79 
molybd~u...-..p..-matoy IKnown •• uhr•thin rrbbon), and a rypocal coro might cor>
>ist of 10 turn> of th" rrbhon wound on • O.l-in-di•mctcr ceramr<: form. 

Ferrote '""'' •re <on>trurred ftom • r,.,..¡y powder<'d m"luro ol m•~nerrte, 
vonou> bi•~lonr met;ls such •• ma~ne•ium O! <M¡¡anese. ond • bind~r materral. 
Tne powder i> pre>""' into the de.irrd •h•ll'' and f<f<'d. Durrng frrrng, th~ powdor " 
fu""' 'rnto ~ 'IOird, l>omoseneou>. poly<ry•tollrne lorm. f.,.-trle cor..,_ >u<h •• th" .,.. 
<om"""'ly C0<1Sin.r<:tod witl> 50 mil 0</lsodo doamcte" •00 JO mol rnside dr•ml'l.,<-



Digital Pnnciple~ ~nd Ap¡Jii(alions 

f•J· 12·1. Moa-toe co'-'• 

r .... rrl<' e o'" can be conotructod '" ....... u.,. do,.,n<ion!than moul-"t>bon corn 
•.-.l ""'allr h•ve be<~ unilormoly ond lo-. co.t. Funherm<!ff, fefrrte corn 
typocallv hove ,.,;,.; • .,,.., M""t•r than 1 o• n..::m, whdo mean o .d~v-<:u"""' '"''"' 
are ""~ligo!tle and thus core h~al1ng "reduced. For rh..,e r~ason,, thev ore w1delv 
uU'd a. lhe princip.:rl memory or storoge elemen11 in larg,.scale dig1!al rompytm. 

Mctol-llbl><>n core<, on rhe othCf hand, havc .,..'Y good magneric characteri<trc> 
and senl!foll~ rC"Qurre a sm.tller drrvin¡¡ curront for >Witching. They are som<'Wh.ot 
t.lter for rhr '"""'uclron of logic cm:uoiS and >loilt res""'"· 

n.,. b<nary chara<trri"'" ol a co~ can ¡,., ti"'(J<I •••ily"""" by <!1ñmrnrng !he 
h)'1if'rr<i• cur.e kor • typiCal wre Hy<te""" cO,.,. lrom t.,. e,.,~ word hy!l-.n, 

whrch mean• to l;rg brhrnd. A ma¡neti<: COte c>hrbot• o log-belund ch.ora<l"""" in 
the h)'11"""'' ~urvo: \hown i.n frg. 12·2•. In rhr< lrgur~. the magnt'lic flu• dMSil)' B 
i• plotrod •• a lur>CirO<l ol the magnt'lic /orce H. H.,.....,..,,"""" the tlu• dm,.ty 1 
" drrl'<tly propo~ro~ to rr.e flu• .¡,, and srr•rce !he mognt'liC freid H '' dire<ctly 
propon<>n>llo tOe rurn:onll pcoducrng "· a plot ol .¡,ve""' 1 i> a curve o( the ,.m• 

fig. 12-l r~rr,•e·core hyOieresio curveo. (>) M•gnetoc flux den"''l J '"""'' m•gn~tic 
foeld H. lb) M•~nelrc flu• • "'"'u' cu'"'nll. 

' • 
1 ' • ' 

' • H ' 
' ' 

1 -'• ' ' ,,, ., 
' 

Magnetic Drvices and Memories 

11"""'•1 r.h.oP<!. A nlOI of flu• in th~ e~ O...,...,, d,.v,~g curronr 1 ;, •hown in Fr~. 
12·lb. W~ r.h.oll bo"' our dr<cu''"'" on tn" cu,.,.. IÍI'IC~ 11 i• g.....,.•l·~ ~o,;.,. lO ulk 

~~ '''""' of thnco quonl<l•"'· 
N.,..., klll'P'>"' th.ot o c..r"""l ..,.,rce " on.ochfod In tho: wrrrdrng< ..., IP>oo <Off 

iliawn in Fis. 12·1, onda J>rl'ilr.,.. curr"'l" •PPl•f'd tcurrenr r.oM rnto the upllf" 
lt•rminol ()( rfw windinl!). Thr< cro.liM • llu• in lht• rn"' in ,¡, docln• ''" rh<l'<lrr>n 
<hown '" tho frgure [remember rl•e ri"IU-hdoJ rukl. 11 the <l"ve curr~nl " ru'l 
<lishily R•eator than /0 shown rn fig. 1l·l, !he O!"'<ahng >"lint of tho e ore" somt'
who:re bol""'"" poin" b ande on th<' .j,l curvt•. Tho magnot»<le olrhc llu• can lh"' 
be read from the .¡, ••i< rn thi• f•sure. 

11 thc drive curren! i< now removed, rhc oP<'f.lhng point """"" oion~ tho .¡,1 
cu""' thtOugh poinl b to point d. Tho: cor• ;, rouw >IOhnK ..,..,.gy wrrh ..., input 
•'3"•1. sine• the"' is a .....,.inr~g 01 ,.,..,ont'nl nu, in ¡¡,cOte al thr< porM. Th" 
P'OP<'rt'l' is k"'>Wn u "-""'OII<'r>Cr, ond thi< point i< l<tlown •• a ,...,., • .,.nr po;,r, 

The "'!>Nied opplicatoon o( po-ili"" Cuf'<'nl p¡rl~ •imply cau~ 1~ Op<"toh"K 
pointiO ~ [,.,,_., PD'"" d orod e on rho .¡,r cu-. Nouce 1t>at rhc opc<ar,n~ 
pornlalwo)'1 comn 10 IMt al pornl d wh"" oll rlriv~ currt"nt i< c~nmV<'d. 

lf • nr¡¡~li-..:' drivt" cutroo( somf'Whlt RleaiPr lhon ·l. "now •;tpliod 1<> rho 
wm<long (In o drreclion oppoSrte 10 that shown in Fi3. 1 l·\l. rhe operal•n~ P<l•"l 
"''"'"' from d <krwn thror.rgh e •nd nop< al o po1nt som<"Whe<e IX"twt"<"n l•n<l ~ on 
rh~ <Jol curvo. At tl>is point the llux ha< <wrtched in the cmr •nd i' now dl!eclcd in > 
countm:lodwi~ direction in F1g. 12· T. lllho <lrive rurrent i• now '"''""'..,¡· th• 
opetating point comn ro r51 al pr;rlnr h on r~ </>1 '""'" ol f·~· 1 2·2. Nohr~ li'rotrl>• 
Oux ha! •P(lro•imarely the same magnrlurle bul "the "<'8•""" ol """' rt w•• 
pr...,iou\lv. This ind.cot"'lhallhe coro h.os r.,...., mag~i>«:: in¡¡, o;»>os•l~ drrtc· 
hon. 

Rt'P"IIod ~p¡~icatoon of nqati.,.. driYe rurr....,t< wrll Srmplv cau,... 1~ Op<'1otong 
pornll<> movo"""""""' poir.t> g •nd h on \"" .¡,J curve. buithe (inal "'"'"S pi•<• 
witlt r>O appli«:: '""""' will be poi ni h. Point h th...., "'P'""'"" • ""'nnd reman""! 
pornl on 111<- 4-1 curvo. 

B~ w•~ ol >ummary, 1 coro ha< twn remanenl <101~<: poonl d olrer rhe opplicar,on 
o( one or ""'"' po"11ve curren! pul <e<, point h allrr the appl.c.,•on of one or moro 
nega\iw curren! pul<c<. Fot the coro in írg. 1;1·1, poinr d corre<pond• to !loo cor~ 
magnerizl'(j woth flux in a clockw'"' d"echM, •nrl pr;rinl h corre•pond• ro magn,.. 
hzalion wrrh flux in lhe cor.rnrerdnc~wi"' drrtcl•on . 

Example 12-1 
C""" can be magnMilod by utilizrng !he ma~II<'!IC fo~ld "'"oundrng a curr~nt-car· 
<yrng wrre by oimplv lhre~dmg rr.e corn"" 1M wr,., For '"" two 1>0'"~" currml 
drrectrons in the wire shown in frg. 12-l, what ""' ,¡, corrnpondrng dirtcl•O<l• ol 
magne'I!Uioon l01the corel 

Solution 

Accmding lo th~ rrghl-hand rule, "currcnt o( +1 mo~nel•••• the core with rh<- (lu• l\:) 
in a dockwi"' d•rec110n oround rhc co"'. A curr~nr <>1 -1 magnel•2<'< lhe core wrlh C..., 
nux in a countorclockwr"' d11ecl10n arourrtl tl>e <ore. 
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Magnelic Otvice~ ~nd Mtmoriel 

Flg. 11·5. Ma¡¡,.,tOc.;:or< O*<lt~ln! 1""" 

tN<"'•""""· 
"""~ i"'lle< when !he CON! conto•n• ·a 1 th.on wh.., ,, conuin• .o O. We c•n 
~ <H1ecta 1 by doUongu,.hi"'l b<:1w\"ef1 IM IWO OUtpiii·YOila¡¡<' "il"'l•. t-.o
tic~ lhol"""' .;oold .el dw: <O"' by applying a re•d cut..,nl of +1 and de!IOCI 1h~ 
lar¡¡.., oulp<Jl YOIU.ge otlhe "'"'" wind1"3 a; a O. 

The 011lpu1 ...,jtage appeoronR al thc "'""" windin~ lot a IYP•<•I core " al"' 
,t,own in Fig. 12·4. NNic~ thatthote "a dtffcrcnce o( aboul J lo 1 on outpul·V<>I. 
uge amphtode beiween a 1 and a O output. Hu< • 1 r•n be Mle<:lecl by """~ 
•impl• ompl•tude d•sc,.minatoon in an ampliúet. In l.u~e ;y.,om; whe"' manv co"'' 
a•e u~ on common windtn~• ¡,.,eh as the lar~e memory systcms '" digotol com. 
p<Jiet<l 1..., O 011tpu1 voltaRP m.lY become conside<al>y lar¡"' hecau"' ol addtl>'e 
o{!«.,. In thi• ca;e, amphludt dt'IC"minaiKln ,; <¡UOIP ol!rn u<e<l on comh<.uhon 
wilh a wobing lechnique. Evrn tllough me amph1uM ollhc o ""'f"J' •<>lt•s~ ,,,.v 
incro .. e because of add1tove olfiOClS, lhe w<dt~ ol 1"• ouli"Jl will nnt ir>e•~•..,. 
apprrcoably. Th" mea o< lhotlhP O oulp!JI·YOiiaSC •i~nol w•ll how. decayc>d and W'<ll 
De ""'Y small belot<! ihe 1 oulpul v<~ltage h,,. dec,,yod. Thu• 1f w~ wol.e the "'•d 
amphf<t"" "'me rime aft« the applo<ahon of lhe rP.Jd pul"' l(or cHm¡>ie, b<:"twern 
I).S •.-.J 1.0 ><'in f¡g, 11·•), th<S Shoul<f im¡XOYPOU< d~le<hM ahlf1ly. 

r¡,., •wilchins rime ol ,¡,.,coro;, commonly O. fine<! •• obc u me requ"i'd lor ~~~ 
out;>ul volta¡¡~ to go from 10 pt'ftenl up through ia m>""'"m value and ba<k 
down 10 10 pe<eenl agatn ¡..., Fo~. 12·41. T¡,., ""''!<hin~ ,;,... for any one cor~ •• a 

lunctoon al tM dri•e '"""'" •• ohown ;¡, fo~. ll·S. 11 ""'od..nl Ioom thi• e u""' l~l 
·; an oncr~a<r'<l d""" cutrenl •~la '" a dec.,o,.-d swuch•ns tome. In ~ene•ol, l~e 

•wotch~ng 11mc for a eme d"!"'nd' nn lhe pÍ>y<ic.,l si te of the <O«!, 1r.e lYP<' of co..,, 
an<ltho matenals used in ill con,.uct•on, o< well "lho maM"' on which 11" u<..O, 
11 wlil be sulfidenl (orout puopose< to know lh>t co•e• are av•olaiM wllh ""'tchong 
tomM from ¡round O. l¡.¡s up to molhscconds, wilh drive cun~nll o( 100 mA 10 1 A. 

12-2 MAGNETIC·CORE LOGIC 

Sinc:e a magnet.c cote " • bo•i< btnary clem<'fll, ti can O. u,.-d in a numbor of 
woy\ to •mplementlogtcal fur><toon;. E\e<:<UJSf! of ta inh....,nl 0'\<¡¡g...dnO">, '""cote¡,' 
a p;~nocularly ""'fui logicol ~lemcnl in ~ppficatooM where ~nwonmental .. ~~mM 
aro expenei!Cecl, fot c-.mple, 1he lemperolure extreme• and iadiahM e><¡)<>'" re ••· 

pencnced by "'ace ...nicle•. 1 
Sine e the co"' i• "'"'nlially a <lor.tge dev.ce antl 011 cont~nl i> de~ectecl by "'''"· 

tong '"" ,.,... to the O uoo~. •nv loROC •v"'em """K co••• mu\1 n._.. ·oly De a•' 



Oigit;~l PrincipiM ;~hd Appli«tions 

fl •. 12-6. _&.oo\c ....... llc<ore loflc ., ... eo\1. 

~"' ·~><em. Tl>c ~oio for uofns !he cO«! ., a r.,.~c.ol etement ls ,¡toown in fig. 
12~. A, 1 input O> thoo co.-e i> .._,......,.,.. by a cu"""' of +lat thoo i'IP<I1 wlndi"!!; 

llli< >el> a 1 in d-.. co.-e lrn•gne1iz,.. ~ tn • clo<kwl"' ditet:tiofll. An ~~pUl"' 

occun wmott""' alt<:< ,..., "'PUl 111'1"" h•o di,.ppe.artd. logiul opeo-atllln< ""-' 
c.onied OUI durong ,..., ltmo U-.. ..Jv•nce pUl"' oppear1 •t lile advance ~Q 
windif"lll. Al thls trmo the CO<e i<lorc.,d into the O .Uie alld a""'"' &JIP':~I1 •t 1110" 
OUtp.rt w'ndin! only j the core prnOOU>I~ orom:la 1. T ... cuneo-.t in,..., outpu1 
wlnr:lirrs c.on tl-..n be u<ed u tl>c input lot od>et COto>< or od>et logical elotnmt>. 

There io """" enef8'l lo" ;,. the core during owiiChing. ~or thi< ~·-· !he 
OUiput windrng norm,o!ly ho1 mo~ lurM thon etth« the mpul or ....,,/ICe wlndingo. 
.., lhot !he output wil! be ~ble of dt-ivin& one or more core<. 

No<ice that • O un be""- in !he core b'l' appliUbr>n ola rutteo\1 of -1 at ti-.. irrp!Jt 
windi"!- !lltem;r.ttvely. a O could be ~~ b'l' • currl'nt el +1 tntr> the undoru:d ..ele 
of the in¡:rUI winding. The irnpoorl4tnt thinsto notice io that ttll-..< • 1 era o can be 
~ in ll>e core by •pplocark>n el • currenr to the PfOI)tf termi""l of the inpr.¡t 
windtng. 

Te ormplrly ""' duruo•ion and thc logic dlagramo • ..., oha!l odopr rM symbolo lar 
the a:>re and rl> windinl!' ol>own in frg. ll-7. A pul"' O! lhe 1 Input ""-' a 1 in the 
<:ore; • pul.., O! t"" O inpo,rt '''"a O in tf><, CD«'; during the advanc~ pul..,, a pul"' 
appe.a~ ~• ,..., OUtpr.¡l only ti the cere pr""iouoly held a 1. ter uo no..- conoider 
- ol the ba<ic lo¡¡ic lun<:tiono uoing tho tymbol ohown in f'tg. 11-lb. 

A me1hod lor im~l..-nmting the oo fvnttion io ohown in fig_ 12·8•. A cum•nt 
pul.., al ""'"" the X or Y inputo "'" • 1 ~~ th~ core. Sorneti""' alt..- rn.. input 
pul<ebl h••• been '"'"''nal<"d, ., adv;mct• pul"' occuro. 11 thecore ha< btoen !el to 
the 1 .,.,.,, a puloe ~ppoan 01 1he out¡tut wlnding. Notice 1hat thi> io truly an 01 

tuneti"" ""'" • pul.., at eltfter the X or Y inpvl or bot~ W> a 1 t~ the eme. 
The mothod ohown in Fig. 12-8b provideo tfte mcano lor obtaininB '"" comple-

"'"'" of • YMiable, TOe <el input wtndtng to the co<e ha< a 1 input This mean< that 
tluri"C thc rn¡>ut rul.., time thi> windtng alwayo hJ< a 1e1 in¡>ul current. lf there ;, 
no cwtnl di the X inputt"gntlyinM X- 01, th<: cefl• o<"''· Th~n. when lhe 8ivan<:e 
pulle r.ccu<>, a 1 •ppear< ~~ the ouwut. <i~nilyin~ ti1at 1l- 1, On t"" other hand, ti 

·. 

.. 
M;~gnttic Otvices ;~nd Memorles • 

''"'"'y)D-' .. ' 1 Out,., ,, " .. 

O in out 

!•' '" • Fi1. 11-7. 

x- r. • cu,..,.t •PP<•" al t..., x it>put du•ing the "" ''""'· •11<1 ,..., eNoo:1< ol !he _x 
input ament and or.t. 1 inpr,rt cum:nt cancel one at>Oth<'f. The core then rema•n• '" 
the reoet """ lrecallthatthe cO<e io ,...., dvrons t~e •d•ance pU!,..¡. In thi> ca"' M 
PIJI"' •ppe•~ ot the ootpr.¡t during ,..., od_,nce pul.., <ince '"" <<>1<' previouoly con
tained a o. Thus ,..., ouiPul ~~u i -o. 

n.e ..,o lunction can be impl.,..,~ uoins a CO<e., u.own in FtJ. 11-~c. T..., ·¡ 
!..-O inpuU to the e,.., are X and 1", and then: are foor pouoble co.,binauoru ol 
~ rwo inPt.t"- let"o e>amine th,... input combtnotooM in detail. 

' fi!J 1H. Baoic coro IOJI'< lunction•.l•t no.tbl Con'lf>I...,.,,_,<J ... o.ldl hd""'....,'- \ 

• 1 

' 

~--···· 
~··· 

• 

' 

• 

"' 
,, 

• ! 

' 

'"'A_,, 
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Olgl!al Príndp!es and Appliatlons 

l. X "' o. Y'"' O. Slnce JI' '"' 0, lhe COte canr.ot ""' se~. Sinee Y'"' O, V .. 1 and tko 
core will tkon be rewt. Thuolhk lropur cgonbi~~l"'n ,_,die ccwand ir·~· 

" 1. X • O. Y .. l. Slnce X .. 0, 11>e COI'1! oiill conno1 be set. Y .. 1 and ~oeoeJooe 
V-O.IIIItr.is input combil\lltion, ~ io no input~ in eilloe'r windinR 
and !he core c•MOO chonge ot.ue. Thu• die tolO' .emoino in die o Slllle bet.ouse 
o/lhe ~arh~~~~~apVIR. 

J. IC • 1, Y • O. Tlw curreN m tko IC windon~ will ~ 10 $el a 1 in lke CDf1!, 
Uo ••-· f .. 1 and ltr.lf curreru will •uO"mplto """'~!he ceno. T~ two cur· 
rentl oH....,.., a~. and 11-eeote ~ no1 clwoniJO' <Wto. 1t .emoiM in,...., 
O~ bet.ou..- ollhe ~ ..ct.;anr;e pUlse. 

~. X • 1, Y'" l. The cuntnl in !he X windin¡r will $el a 1 in !he core since 1' .. O 
ond ihefe i< no CUITetll In !he Y windi"'. Thus this combin¡olion """"' o 1 in .. _. 

111 ......... ry, cto. input X .... o V k ltr.e only combirw1io<l whict. .....,~~¡in a 1 bo-ina 
...,....¡ in !he Clft. Thus llrllllin.rly .,. ""'0 funcl.ion. 

M ~us~• ~ncllon Clft l:oe lmole"'"rrtt;<l n >hown in F"lf. ll..ed bv Dli"' 
!he CIU!pUII ol r- AHU-funaio<l coreo. 

Exampre 12·2 

Mlke 1 IMh toble lo< the IO'ICiuoi-oo funcl;;,n ol-.own in Fig. 12·8d. 

Solutlon 

' ' ~ 
,, ri'+iY 

• • • • • • ' • ' • ' • ' • • • 
Oroe olil>e .,.¡o, problf"mo ol <ore l"!!ic becomeo app.a~ in ihe operotion ol 

tko e>~tlusive-« shown In Fls. 12·6d. Thio i< 11>e problem oltt.e ti""' requir«< '"' 
llw Worm.otion "' "'"1 clown ihe line lrorn .,.., core oo the r>nt fot the exclu· 
s.io-e-or, the inpu!l X and Y -o• lllitl'lll 1~ and the ""'" ~ .,.,·..., or rest~ ol 
ltr.io lont. Ar lime r, an .,¡,•"'~ puloe io appli«11o <he .... o e~ and rheir oulp<lts 
11e used oo ..., the o• core. Th<-n •• rimo r, on olld.:u><:e pulse io appli«< 10 !he 01 
e- ond tko fioul or.rt¡l<ll -.. ... 11 >looold be obviouo fforn lhis dis.cu<<ion thar 
!he opeorllion time fot- complic•l«<lns~~: ~nc1iom m.o.y becO<r"oO- """es>Mo4y 
long. ! . 

fl 1«ond diffocuhy ... lh !hlo rype oJ q;c io m, f.ocl lfwt rhe inpul pul..,. mu,¡ ¡, 
oJ eu<~ly rhe .. ,. width. Thio 11 p,of1ocul•rly rrw b" func1iotlo """ •• rhe 
e,..,_, .. ,~, ond llw •~<D, oinc~ !he inpul .;Mnal1 ore •t 1imn required to cancel 
one onocher. Ir i• ·~,..,, lh•r ol one oJ rl,.. ifiPUI oignal• ¡, wider than 1loe od,..<, 
m~ con: rrwy CO' .,...,.......,, doLO altor lhe ir!p<Jt pulseo hove di..,pj)Nn!d. • .. 

' 
1 

1 

1 

1 
' ! 
' 1 
1 

1 

1 

Ma¡netlc Olll'lt.:es 1nd Memories 

You wiii~Kal! ltr.ar In onfer ID swil<h a'""' from.,..,- 1<> onotl>et 1 artoin 
rnlnlmum a.,..,. l. io requlred. Thio io «>rne~iml:'l relen1!d ID oorhe ¡el..:!,...,...,,, 
Theeoti! IITIIII.....,'hown in fig. 12-lla con be u<er:IID irn~emtnlln AND lur\C· 
!Ion lfthe X and YIOj)Uis are each limiled 10 one-lwo~lhe oeJec1 curte~~! Vor •. In rhi• , 
""Y· !loe only lime the C00'1' can be ..., io whert both JI' and Y""' j)fiVn~ tlnar thio ' • 
ltlloe only lime !he core receW..O a full oelecl cu~r /_.Cote loalc luncllonl con 
be con~~rucred uo1n1 !he holf.oelect current Ideo. Thi$ lela lo quite I"''IQ(Unl; it 
fomts lhP boois ol one type of lorp-ocale memory ,,_,. wtolc.h - diKull lote!' In 
lhio~. 

12·3 MAGNETIC·CORE SHlfT REGISTER 

A~ o1 i!oe prev;ou, l«<lon will rewat ¡hol • .,.....le. core" e.hiboH ot lu" 
"""o/ !he rrwjot clworarre.i!oloc¡ ola ftip-ftop: finl. it i< • buury dr:>ice up,obfP of 
ll<>ri"'l bi"'lry inlorm;ltion; second, ~ 1$ apable oJ beina ..., ,.. re<er. Thu• ot """'Id 
_, re.,on~e ID ftPKI tl\;rt th1 CO<e could be uoed 10 a.norn.a 1 lloi~ "'8'"'"' 
«o rinc coun..,.. C.,......., indeed frequondy u<er:llor dw$e 1)Ur¡)ORt. •lid in tl>io 
t«tion - con<i~ """"" ol tko nece~~ary preooutiom and techn~. 

The main idu ifowl...eo connect"'s !he output ol ur:h core ID 1he IOj)UI ol ,...., 
no>l CO<e. Whero 1 C0Je b tese! !o< se!), lhe <ignal -lling Ot lhe DUI¡>UI of ..... , 
coroo i> u....r lo oet (O< te""'l m, """' con:. Sv<;h • cot>n«o""" "'"'- """ <Oift. 
colled o "••nKI.,.giode transfer lo:>p," is ohown in Fig. 1 2-\1. 

There o"' lh""' rnajor problerno 10 <>ve«;orne when uol"'l lh" <lnsiHiod<! 
transfer loop. The fot>t proi:>lem is tlle gain thmugh tl>e ~. Thio io oirnilar lO the 
problem diocuooed pr~iously, ond lhe ooluMn i< lhe ........ Thol io, the lo•oe< in 
oiJ¡,.,.IIh<Qu&h 1t.e CO<e con toe .,.;etCOn'N! try cor>•lNcti"'l the outputwindi~l wilh 
""""IUms lhan the rnpul windins. 1his e<10Ure< lhol !he DUipuloiJ¡rwl woll ho•e ouf
locient •mpl11ude lo lwilrh lhe ne•t core . 

ne oecond prublem concern< the polarily ol1he output <~gn.ol. A •isnal """""" 
•tt~ oulput when the co,.. ¡, oet or when 1h" core io reoet. Theoe lwo olgnall h•~ 
"''!))!!>Ie poloritle<, •nd eid>ef is copable of owilehi"' the r>nt co,.,. In gener•l, il io 
~irable 1h11 only ot.e of U>e two OU!put slgnalo t.. ftlective. ond thi• c•n t.. 
ochieved by the use of !he diodo showro in fi¡¡. 12-9. In lhis logure. 1he cur'""t 
prcduc:ed in !he OUt¡)UI wit>ding wil! gn lhruuah tko diode ln !he lotword dircaion · 
lond rhuo Wl th• nexr con:l when the core b rPRI from the 1 stote to the O Ullt. On 

flB. l~.t. SI~~· Hano!er loop, la! Orcv~. lbJ s.,mbolle ..,_..,.!Ion, 

flohon« ... -~ _ ... 

.. 

,., ., 
' • 

• 



'" DlliUI Principies 1nd App1ln.liom 

M 
,,1_ 11-10. Four~ .~,n rq¡iote<. 111 s,...bo!k <lrcult. lblwa.eforms. 

d"' olhet ho.r><l, when the Cp<e io being M!! !O !he lttJte, the diodewill pr~ CUI• 
rem flow In 1ne out;>u~ ~nd U...s the ne>t tort UMO! be owi1Ched. ~Oiiu that the 
C~~>PC~~ile oitu~!Ocm c0<11d be "'ali¡M by oi,..,ly ~lng the diodo. 

Ttw lhird .,.,bl~ arioeo from the IKt '"'' rneui"'l e- 2 induces • cu.....,nt In 
windi"' ¡.¡1 .. h;ch will p.a" throu¡¡h d"' dN>de In the lorwa.d directoon ond thui 

!ero:~ lO "" a 1 In CG<t 1. Thi< con<litulft the uaMfet ol Worrnotion in the ,_ 
dr....:toon .ond 11 lljghly unclesirable. fortunotoly, the ..,.ut;, 10 thl! fu-<1 JI'Oblem 

1ttwt ol &>in) rnulu in a "'luhon lo< lhi• problem •• _,_ That io, ,;...;e N, "'' 
1- windinp IN.n N~ thi> ....,..._ oignal wlll not hove wflcient amplin.ocjt, to 
swJtch cor• 1. With thi• und..,.....nding ol the b ... >c olngle-d.odeuar»fe< loop, le! uo 
in~igalethe operation ola ounple cort ohilt rogi>ler, 

A IN•ic rnaJtiiHic..:ore shifl regio~ In oymbollc lotm io ohown in Fis. 12·10. Two 

""' 0 ¡ odvance windi"'!l are '"'""'""""lo' !hiltlng inlormotion dcwn tke Tino. The 
..tva...:e pyl~on occur olte<n•tely n ohown in tl>c! llflure. ~. i• connecled lO coreo·! 
¡orot;! lord WO<Jkl be connected to all <>dd-<lum~ cor"' ID< a largor resi>~et. A, ls 
connected to ,.,.... 2 ond ~ •nd """"''d be c:onnected to oll ~ven-numb<-red cor ... 11 ,... ,.<ume lhot oll coreo are ,...... with the e>etplooro o/ Core 1, it i• cleor tlwl the 
odvon« pulwo w>ll shtlt thio 1 <1own ~ <qi!.l<!r from con to core until lt is shilted 
~au~ the tnd"" when core ~ i> """'"'· lhe -••ion lo u folk-s: !he font A, pul"' 
""""COl<' 1 1nd thuo ...,, core 2. Thi> i>lollowed b"f' on A, pul"' which,..,... cor~ 

1 ...:llhu>""' '""' l. The "ne.t A, pulse rtwtt ccre l ...:! -cote •. ond !he • 
lollawi"' ,o., pul"' ohlltt the 1 uoo.rt the ftld'" b"f' re.e<~ins e""' 4:Nod« lhotlhe 
rw0 pha,... o/ Won<e pul..,. ore required, lln« i1 io no! pouibl~ 10 ..., a e""' 
whole on odvon<e ID< reoet) pul"' i1 preooml. 

l~··<>UtP<Jt ol coch core wir>dina c•n be u..-d ao on iopul lO an amplifoet lO 

i 
' ' 

·--- --------------·----~~ 

"' 
produce !he --..efotms shown in Fil. 11-IOb. Nobce 1M olw< b,. Mlvan<e pul,... 
tbe 1 t-.o. *" shihed eotr4>letely thtoush lhe rqóWr. aAd the outPut li,_ all 
"""'in 1ow •htt lhi> Hme. 
~r.-lb- 1 ~"'dock 0< Mlvaroc~ po,¡loe l'f'll"m could be elimi""led if 

50ITlll! dtloy ....-e intltldoct!d be!ween the OU1pUl o1 e..:h cor. oAd the input of the 
ne>1 core. SuPfiOtetiwll delay gro:atet th.on the w>dth oltl>c! odvoroce pulsn were 
introdiiCtd between eoch p,¡tir o1 con:s. ltl this , • ..,, il would br po"ibJe 10 drive 
..-., core wolh the lime odvona pulse llro<e the Otllput o/ any core COIJid no1 ••
,;...., 11 the Input to lhe neot core until ofter the odvoroce pul"' hod di,.ppe•red. 

One m<1hod lor l<>troduclns• delay between co .... lo tl>own in Fis. 12-11. The 
odvan<_,l.., omplitude is oeVetal ,,,_ '"" minlmum .equi~ to switch tl>e cor"' 
•Ad will reoet oll coreo lo the O o~te. lf 1 core ptel'iouoly contli~ o O, no 
switchin1 occu" aAd thon 110 oisn;ol .appevo at the output wlndin1. On '"" O!~ 
lwld, of 1 cor. jlf"tVioo.r1ly conui~ • 1, ~~ fl,.. in the""""" windin& • ..; 
chatteo lhe C.OPM:oliOI. Sorne '""""' flOW\ thmugh the set wiAding ol tM M•t core. 
bu< n io WN.II beca""' ol""' pro:oence o/ !he...,,.....,; funhel...,.,, ~ is ~ 
by tho: .,..B~it~ ot the Mlvana pulso:. Ho-, al the co:.uHon ol the ..W•roce 
po.:l..,, e rem.ainl c,..t¡ed. T""' e disch.>.""' through U.. input wir>dong and R 
ond t.ell cor. 1 to the 1 •tote. 

_In lh" •vst~. 1"" amplit>Jde of the ad.ance pul"" " not too criticar. but the 
width must be mat<htd 10 the Re time comtont of thr loop. lf the advance pul"" 
•~e too lonR. or alternati...,ly il the Re time conotant is too thllft, the cap.o.color will 
dosciw'lle too m~~Ch durlnR the odvonce pul.., tomo: oAd will be inco!"-ble ol .. ning 
!he core 1t the Cft,.tion of the ldvaroce pul..,. The II:C tome con,..nt may limit the 
upper lr""'"""C)' oiQPeration; otohould be note<!. ho-. tlwt .....,,inB a core in. 
duc.,. a cutJont in ito input wiAding in a dirKtion ""'ich tetld\ to di«:h.>.rse !he 
CII)KiiOt. 

~ orransanm~o ,... """" discuued ~ '"' calltd ~-bil tqisl..,.. 
There are nu.........,, ot!>et methods (too many to diloCUII heteJ lor implrmenl'"l 

fig. 12·11. Coro ohoh teSIOter """! • capocitor !Or do4oy bt_.., co,.... 

' 
' 
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' r<'~•>lcro •nd caun¡,,,, or>d ,.,.. re.J<k:r " r~ 10 1~ n:l...,...;n fot more .od-
••r><<'d lothn>Qur<. Soooe oltho: Olho:r _,hod, irocl..O.. ""'><ort'-j)ef·bil o)'OII!tm. 

modri.M-odvanc ..... puhe •y<ll'm.. JTOOdjf;.<J..wlndin¡j~ .,.--.. o,o/ol-windU.,· 
COI1' •vo~em~. and =-....,.,..,._,..,.,., I)'MI!ml.. · 

Example 12·3 

U<~"ll ,.,.... ovmboh •nd !he c~ill>t-<io:t.v ~e<:h,.;q.¡e, cr.- lhe diaJr;arn for ~ 
loo.or·,..~~ rin~ counc.tr. Sloow lh! "P"Ch:d wavt'lormt. 

Solution 

' A ring ccunt~r c•n !><.' k>rm<:d from • oimp~oholt ~i>lfot by using the oulpUI oltM 
1••1 core •• the input ior tho- for>J '""'· Such a o)'>lem. along wilh th~ !"!'KIO'd 
.... ~ronm. .. """""' in f ... 12-12. 

' 
12-4 COINCIOENT·CURRfNT MEMORV 

Tho Con: ''"~ ,....,. do<eu..ed in !he ~< -lion "'~~~""> 0.., p<>llrbd.:y ol 
"''"J; •n •"•Y el ""'snctoc e~ lor ...,..;,_ words o( bin.ory inl""""'""'- For n· 
a~e. a l().bot co,.. <hifl ~Í>I« could D......,.. 10 11<><1' o l().birwOtd. TM <JPI'I'f
hon would bo ~riol in k>rm, mudo Ir.., lile IO.b.t nip-nop ohilt rosis~r diocuowd 
.,.,,.,,_ lt would, h'"""""'· l>f' oub,e<l to tho- .. m,~ hmii•I•Om ob>e....ro on rne 
>e<ool nop-llop "'"'""'· Th..lo "· oinc~ ~acn b<l mu>l tr•vel down ~~ ,.~,.,~, I<Vm 
<ore lO e,..., "rrqu,,... n dod r><~Kxl< !<> ohon an r>-bil won:l into 01 out ol th~ rfJ· 
'"~- rn, ,n,ft tim~ m.oy bocome <>C<">iW'iy long in ..,.,.. c.o...,, ond ~ r~"~' 
"""hod mu<llMn be devo-W:>ped. Much b~ """'"'""' c.on be ochie'Vftl ol 1M on
fom .. t""' '' wrott"" on!O ond re..J out ol tt.r, <~~tn in • pot~llel m.n-. Sinc:e ol! 
IM bol< 01e pl"Oce...-.;1 >imulW>eou<ly •n ...._,.,. - con ¡, ll"U>~ferred in only ,.... 

' fig. 12•12. Four-•tog• ""1 <"OUntet for ha..,pl• 12·). 

'"""" ----,---------,---------,,------------; 
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Mq;netic Devke• and Memories "' 

. 
• 

clocl ~rood. A otraight pa1ollel oyotem would, ~. require one '"f>'J' wire •nd 
,.... OUipUI wh !01 uch e""', for • large nUmbeo- ol ~ '""' tot.al num~ ol 
wltt"> tn1W lhio •rr...,ement i""""cbcal, and oome 01he< l01m ol core ..,lection 

""'" be deY<!Iopecl. 
Tht....,., IJOPUI.or ~ lot <totor~,~~ bonvy Wottn11""' .in poral!ellorrn """S 

fNIM!ic cotrJ io 1M coinc:i<knl<u"etrl dlive ..,.,.._. Sud> -.nory •yotftn< •te 
widfly uoed in alll"tl>M ol di1otol 1~ ltom """11-..:a\e opecial·pu'IX>"' rno
chl"" up (O l.atg,...5Cale digitol compute.,, Tho! basic ideo invol~ or<of\lli"'l ~ 
in a ""''"' ond u>ing lwo 1-./1-¡e/1'<:1 curten!>; the me!hod io ohown in F•~- ll· !3. 

The motro• cons•m o!IWO seis ol dtive worM: the X drive witt"> lvertocol) •nd the 
Ydti•e "''"''!horizontal l. Notice thot each e ore in lhe mat<i• io lhreadtd bV one X 
wite ond o~ Y wi.,., Suppo~ one h;o.ll-~lecl cu,...nl 'lo!~ i< ot'J>itd lo lone x, ond 
...,..lo&lf·oek-ct cum:nt 'ltl~ is appl>ed 10 li~ Y,. Then '"" core ,..¡,;.-h ;, ohre..Jed 
by bcM ¡,.,...X, ond r, willlo&ve' IOUI of Vol.+ 'lo!~ -1. pa1<in1 thn>uah il ond 
il -n ,....;~eh""'"'· The rema•nina coreo wtuc~ ate 1htudood by x, or Y, wdl ~och 
<e«•ve only Y•l., and th..,. Wlll l~e no1 ""''"'h >~ao.-.. Thuo - ho.,... wc
ceeded in owit<;hing one ol 1~ 16 """" by <eleclifll 1WO oi!M inl'!ll lin.-. lone ol 
lht X lin<" and one o( the Y li...-.). We deso¡;nate t~ con; that •w•ICI>o!d in th" C.>f' 

as cote X, Y,, since ll was •w•tcllcd by ..,I«M8 ¡,,..,X, ond Y,. T"" dn•l!"•li<m N 
X, Y,;, colltd !he addt~~n ol lhe tnre oince it s¡>ecili<" in i<>ut•on. We can lhen ([' 
owilch ony core X, Y, loc•ltd ~1 add'"'' )(,.Y, by •pplyina 'ltl, 10 lin~• )(,. 1nd r,. 
FDI e .. mple, !he cote ""'•ted In the low.,. fighl·h•nd comer ol !he molf" " 01 ohe 
..¡,¡,...,X, Y, ond c.on bo- owitcllcd by oPJ>y•ns 'loi~ 10 hnn X, ond Y,. 



' 
Di¡:iul Principln and Applic.ltiont 

In OfÓI."I' th.llilo~ ><"IO'<'Ied con. will OW!Iek. 1~ dofKlioM olllw to.Jf~oct tvr· 
"'~" lhrough thc X¡,,... •rod tho> Y line muOI b. oddoti-e rn ihe core. In Fif¡:. ll·ll. 
tlw K ><"1«1 cu"''"" n>U'JI flow rhrou¡h rhtt X hnn lrom 1M top l<>wonl ~ bonom, 
whrle 1M Y W'l<'<:l cur~nn fl""'lhrough the Y U~ lrom lelr 10 tight Applicat..., ol 
lhe rl¡¡fll·h.llld NW wrll dt!'m<lnOirate thlt Clll'm.H in thi< directlon •wit<:h u.., core-· 
"'eh lhaL lh~ ro,.~ ... ·., on a dockw"" dorec(""' Uooki"'l fro<n !he IOPI- We defone 
lhiuo .,..i!Ch•ng tlw cone 10 tho! 1 uate. 11 i> o~Moln.then, tt>11 -.inalhe lllirec· 
'""" ol balh IM X otw;l Y ¡¡..., cu~IS will rwiKh 1M"" 10 !he O AIW. Notice IN! 
if !he JI .ord Y ¡.,. C..nml!o are in a ... bttaclive cfi~oon !he teJcded COte f'IC~ 

'lol.- Vol.- O W lhe cote <loe. nol ch&np uate. 
Wuh lh;, •'flletn ..., nuw !\ave 1M &bility 10¡ IWoiCh a"Y """ o/ 16 <:o<ft bf 

wl«Mg •"'1 r.... ol e'¡hl w;,..._ Thi• ;,. a .. ~i"l o/ SO percent ove< • direct ~Ytallel 
'""""''""' ·~- Thi• wving in inpUt wira bM""'" .....,n........., imp<eo,.;.,... ¡f ~ 
""'''lle....., ""iOiin& m.lti• to lOO ...,..... la tqUIA! motll• with ID co,... on octi 
•.Qn In lhi>n .... _,,.. able to swrtch any One ollOO corn by ,.¡Kting any two 
o( only lO wira. This ._......,!!. üt."duc~io<1 ol S Lo 1 """'1 t1r1i¡IJ! po.r•llel o.elec:-
1;.,~ sy~. 

~~ lhiS poi ni wel'lefd to Mvela¡> a ~1-.od o( _.noins !he cor>l..,b o( a ,.,...,_ lhio 
ran be ....-y e.,.ilv orcomph<hftj by thread in¡""" senH wU. !h""'gh eYery """' in 
lhr ""'""· Sonc~ only OM core i< wl""'~ (-oleh«!lll a lime. ony O<lfpU! on 1M 
W<~W wore will be dueLo the chan¡>ng of u.¡,~ o/ che~ corr. o.-.:1- will 
l<now wt.;ch ,.,..., o! i• <ince !be rore~'"' i< pmft!uiliie ID wl«tion. ~ lho1 
!he -oe wi"' ~"" throush hall U.. corn in OM doreaoon olld lhrough !be Olho. 
hao('" lhe n¡>poli,. doiKIIOn- Thu< !t.. O<o(flu! .,R'\11 rn.oy be ell""'" a pas.¡Mo or a 
~'"""pul-.,. For lhi• rea!OII. ct.. oolpu! frorn ~"" _ _. wire;, u ...... nv amplifoed 
alld rKiir..,.¡ ID produce .., D<Jipul puhe wt.ich llwayo IPI'NA wOih 1he ume 
polarily. 

Eumple 12+4 

From the •lanUpoinl ol can,lnoc!ion, '"" co"' rn.otri• 1n f•8- 12·1• "m~ con-
V<'n>enl. fopbo~ the ne< ., .. ry do!Ktiono ol hal/-..,1"<1 currenl< in lhe X alld y linn 
¡,_,.. pre>po'r Oll<'ral.,n ollhe m.olri>. 

Solution 
c.,... X,Y, "~ .. rlly oimilar Lo lile p~iou'-'ydoowowd ,.,...lri, in fig. 12-ll. Thus 1 
cur.......c p.¡"inw down lluD<Jgh X, and Lo U.. nghli!lto.ah Y, will ..,¡ccre r,Y, to u.., 
1 ..Uie. lo..,¡ core ),Y, 10 !he 1 otole. cu,.,.,! muU ~' ~n lh""'gh line r,, but 
curren~ mw P"" '"""!he rogh! to !he ~ thtough ¡,"' r, tct..ck wolll !he right· 
~><ond tUifo). Pm<~ong on ¡hio lo;hoon.-...., lhat '""'X, Y, fs ""'''"' 10 X,Y,. 
n..;.,,.¡.,...._ cur..-nl nouu PI« !hrough lin<" r, fmm 1<-11 to nghl. Similorly. '""' X, Y, i< 
"'"''"'toca..- X, Y, 1nd curren! mu!-1 therefore PI" th""'lh liM Y,lmm rig!o! lo 
lell. In gfn<'l>l. rurrrnl m<l<l p;>« !mm lelt to riK~I lh.-oosh '""' odd-numberod Y 
Ion,.. and fmm riHhl 10 1~1 througlo ~""~-n~mbo:rod Y li.-.n. 

Now, oinc~ curr~nl mu" po" from lefl !<> ri3~1 !hroush line Y,, it" •~•ilv ....., 
lhat cur,.,nl muot p;o• upward through fine X, in arder lo o.et COl<! X,Y,. By on 
~rgumenl "m olor lO lha! go~ for lhe Y loM-S. Currt'n! muUpa" downward !luoush 
d-.e odd•numlx«!d ~ lints and "pwa'fl tlo.-ooRh IM .......,_numbo-red K¡.....,_ 

.. ~--- ---··- ~-

'Mqlletic ~ces ;~nd Memories '" 

The ,...u;, v-n in f•l- 12·14 h.oo""" exlu windin8 ,.f,óc:h- h,o~ no1 ~"! 

<litcuooed. Thi• i1 !he il>~ibot WJ!"f. In arder 10 under>t.and il> ....,....., ..... and function. 
le! u• nomine !1-.e merl>odo lar wroW>g inlor<mtion iniO !be ""'"'' and readi"3 in
lorrnatio<11rorn 1he ,.,...,.,.:_ 

Towrik'a 1 in ony core llhat i<, 10 o.et 11-.e ~Lo the 1 Slltel. olio only nKtsW"'' 
10 a¡¡plv VIl. 101M X alld Y l"ontJ teled'"i lhol core add<e<J. 11....., dt:<irod 10 wrile 
• O in any <Orfl nhat io, >e! tM ccre 10 !he O otolel. we could oimply a¡¡ply a c...-renl 
ol-'/,1, 10 the )( 1od Y Ion.-. otl..,linw lhal co..- addr.-.J. We c.n aloa wrile 1 O in 
..-.y core by moking uoe ollloe inhil>it wi"' shown in fiR. 12·14. !We a•>Ume tloa! 
all core• arfl iniliallv in'""' O Ul!e.) Notóc:• IN! 11-.e •ppl.c•t•on o/ Vol, lo lh" ..,¡.., 
in !he dorK!ion !-hown on !he r'llu..- rnults or. • compte<e concrll.uc>n ollhe Y fine 

• • orjea cunen! (il aloa !en<k 10 c•nc~ an X lino cu...-nO. ¡n.o, 10 .....,,. • O in onr 
c.,..., it io only noc .. wry 10 ..-Ita !he core in the ,...,.. ""'n- •• if -ilons a 1, and 
al ¡¡,. ......., time ~V .., inllibit current !O iloe /nhiblc wire. The <Nior """""' lor 
writins • O in 11-oio l.uhion wiU bect><r-.e dear wl-.en - uw thtM- ""'~"' piaM-S 10 

forma corn~ "'""""'· 
lo "''"""''"•·- wrile • 1 1n any ~X, Y, by app-ly"ons 'fol. 10 ~loe o.elec:! lin.., 

X. and Y .. ~ o un be writl;,., in che wme faohior! by "m¡>ly opplyins Vol, to !he 
inh1bi1line 11 11-.e umelome lol 111 CO"" '"' inotially ...... u. 

l"o read '""' inlonnahon oto..--d in ony core, - simply apply- 'lo!~ to !he propoer X 
and Y¡;,.;, and d~lthe ou<¡>ul on 11-.e .en"' w,..,_ The ..-loct '"'"'"" of -Vol. 
rfiWI. '""' core, and il the core pn:viously held • L an outpul pul.., occuro. illhe 
~ pn:viou<ly hf!ld 1 O, ol dOf'o MI swol<h. and no oulpl¡l pul_. •we•"-

This, tl>en. lo 1t.. cotl"l])lele coincideiu..:urreN ~ion ..,.wm lar """ pi•""· 
Notic• lh.ot ..,.cfinstM intorm.ollon out of t~e mernory '""''" in a c<>rnple~e lo" o( 

"' "' 
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M1gnetoc Devices anó Memorie~ '" 
11,. <I~M ioxon"""~ l<> looe l~d.olO ~in 11>1' ........otV e-·e<Y ,..,.. 1t.:y ~,.. 

•~M:! ouL For thi• "'•"""· ¡ll(o "'OitO ha• boo:n "'-"'eW>pe<!. On~ n><1hod lor oc:
compi!Oh ·,"3 lhi• lunct""' ;, l<> <ead li'M' infonNtoon ""' o1 th<! '"""""Y inro • trm
~><>~•rr <loro~ ,egi~ lfltP-flDP' JW<NP>I- TOe ou<puto ol t~ llop.flol" •"' tken 
u!ed 1<> dri"' ¡he inhibilltnM durinR th~ wr•>~ ope<at.on whtch foiL<.Lw• ltnhobol to 
wnle a o a 'Id do not inhoh•llo wnl~ a 11. n,.,, lhe bo<ic roetno'Y cycle aloaw> u• 10 

forman NDRO ..,..mory from a ORO mernory. 

bample 12·5 
~'""' how a coonckleo!-cuttent ..,..mory mighl De conWU<.l«< il ol mu>t be 

Cap&Die uf o~Qnng 1,024 -ty·btt WO<d•. 

Solution 
Since !he«!.,.. 20 bou in uch word, t~ mu!l be 10 plaMS in 1t.. ""'"""' Uhe<e 
Ll 00'1" pl•ne lor eoch biO. In ord~ ro"""' l,OH w<>rd<, we could tn,lke lh<> pla""' 
Jqua,... In thi• ca..,, ~ach plane would contain 1,024 CO"-"i ol ""'uld be con· 
.WCied wiLh 32 rowo and 32 column• •ince 110241'" -12"1'" • 21 

• ]2, nns 
mrmory " lhen 1;.1.paDie ol ""''"8 \,024 >< 20 • 20,480 bil1 o( inlorm•Loon. Typi· 
cally, ~ memory ol ohi• "'" might be cnn•lruct«< in a 3-•n e u be. Notoce 1ha1 in lh•• 
m......,ry,wo: h.ove 1~ abohty to •woKh any one o( 20.480 e ore• by conl•ollon8 th<! 
cunent l,..els on only 64 wire> 02 K ltnr•, l2 Y liM•. and 20 in~obollone!). ThtO is 
ondeoed 1 mod"" numt>er ol con1<ul Ion<'>-

Ex.ample 12-6 
()ey"e a rne.ons lnr tn,l~ng,.., m<"mOt'f !Y'Iom on lile P'""""'' e .. mpl~ o NDRO 

"""" 
Solurion 
a..~ m~hod lo< accompli>hing lhis i< <llown in fig_ 1 2- 16. n,~ b,.,c cor~ ano y 
"''"'"' o( twenly l2·bv·l2 core piones. Fnr conv~ni~nce. only ~~~ oh•.,. LS9 
plone• and th~ MSB co•~ pla"" ""' shown in oh~ d••gram_ Th" w"ing .1n<l ope<O· 
üon for the otker plone• a<e the samo. for daLOiy, the K and Y <oiecr 1 '""' ha ve al .o 
1>..-n omill!'d. The output <enle line ol ea<h plane " k•d onlo • h•p<>:or aor.~ltfier 
whi<h .-..clil•.-. and amplifoe• Lhe oulpul "' thal a po•itiw pui~ ,tp;>f'•~ ony tome • 
loe! cote i•,..., 10 tke O ,_¡ale_ A complel~ memory cycle con''"' of • ele a< p<Jioe 
lol~ by ~ t<'Od pul.e fol~ by a w•ite puloe. TM PrQP<'f .. .-... lorm• .,.. 
ohown on Fog. 12-17. The clea< pul"' foBI,..,. oll HoJ>-Ilopo 101M O""'" (th" c/Nr 
pul<e can llO' pnerolftl from ~~ uaohnR edge of the ""'''" P<JI>e¡. W!>en the re•d 
lone K""' high. all 1~ ANO aates dro"'n by th<' bipolar am¡>lor..-., or~ e<1oDietl. 
'il>otlly al1.,.1he LJ>e ol tho r<'Od P<JI,.., -•1,1~ i< opploed 1<> ¡he K and Y lmes de,g· 
nohng th" add"-"S ol th<! wo<d to ¡, <ead OO'- Th" '~"'" oll <o••• in the "'I<N;I«< 
wonl to lhe O stale, and any oo<e whoch conlao<>ed a 1 wJII '""'""· Any eme whocn 
switch"' genetalt'S a pul•e on the JP"J" linP which '' amploltt'O """ op¡~t"a" •• a 
Pl>'+llV~ pul"' ot the oul¡>ut o( On<' ol the bip.>lar ompltf..,r<. Since 1~ reod ANO 

&Ole> ••• .....,bl«<, • P""'"" pYI..- otlhe <>utpul of any omplofier PI',... Lhrough the 
"""&Ole o'ld <ets lhe (~p-HOP. Sohonly l~after the Nll-.eiKI c""""'" do .. ~ar. 
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c.opÍbililV 10 wrote i~lo<m.ol10<1 inlo ll>e Core> from "'""' e•ternal 1.0\Jf'<:e le.s .• onp..l 
dal.al. T~ wrMooeralion can be realo'"d by making ""' ol ¡¡,~ ••><1 ume NO~ O 
waYelormo lhown in fog. 1 2- 17. We mu<l, """""""'· add """" <>ddotional ""'" lo 
tlw svvem such tilo\ durin~ the r~.d J>UI.,..¡fw <1.01.1 ..., into 1M nop.flws ,..,u be oht 
e•ternal data W<! wi•h <torro in lh~ e""''· Thi< (ould ~••ily be .occomplish.O by oc!d
onK a oecond ..o ol ANO ~·""' .,..¡,och can be uoed lo -eo '"" Uo!>-Rop•. The lo8oc 

•• d-am lor lhe compj~le memoty '~"~""" is ohown in foK- 11·18. For simploco!V, 
orlfv IM LS6 is ohown since lloe logk lor ......-y bol os .O.ntocal. 

For lhe c.omc>l"'e memoty ·~ W<! '"'"'gnitt lt...< ot.cre •~ two do,.oncl ooe••· 
liotlo. They ""' ,...;,.. intO "'""""""Ji. e., >10rc e•l~,....r do,. '" lloe <"<>11'1l .1rocl .,..,¡ 
frono l!l('mot'f li.e .. ntrao:t dala fmm lhe coreo 10 be U"l-d ,.¡...,....¡,...,¡_ For thne IWO 
-aloon> we mu>l nec.....,_rolv ~....,.ate lwo do-tonel,..., ol C<mlrol wavt'lorm•. The 
wa~lormo far t1'ad lrono """""'Y are """"llv lho<e >hown on Fig. 1 2· 1 1. arocl the 

......... ...... "'"'""''¡z...r •• follows . 

l. The d~Jr ¡IUI"' ....,..., all Ro!>-flo¡l'-

1. Ouron~ lhe ~#(/ J>UI..,, all COI1'S ~llhe ...-lec:ied &ddrf'" ""' '"""' 10 O. and oho
dat• <!O•ed '" 1~ ore oran<lerrt'<l lo the olop-no¡n t>y mean. ollhe re•d •~o 
f!o1!C<. 

l. Ouron~ th• wru~ "'-''"'· the dato held on lhe (lop-llop• ••~ <1mrd t..< k '" rhr 
co"'' bv ap¡>lving po<oh~ hal1-•clect '""~"'' (lh~ onll'boi cu"~"" ore <M· 
oroll<~l by !he O oiMs of lhe flip-flop• and proV<dc Lhe meon> ol ,.o,ing 0• on tnr 
rure>l. 

The wme inro mf'mory wavdorm• o<e <•>a<lly the •ame "' >hown 1n f•S 11-17 
wolh nne e•cep11on: li1at "· lhe ,,..,]pul..- ;, rt'plac..-J wi¡h !he emer d~l.l pui,.., '-'0: 
Ti1e """""lo' wme inlo memo.--,.- ate shown on ro~. 12-1~ • .1nd ••• lumm•r<•ed •• 1-
fullow.: 

l. The dc•r pUl"' rt'""'< •11 fli!>-R"''<-
1 J, Our.ng ohc ,.,,., ddid pUl -.e, the o.,;.ll!\•@ h.lll-"'1'-'<1 cuucn" ~ •11 '"''"' •• 

1M \CI...-t...-1 addu•«. TI><> cooe ootput. "'" nol u<l'd, hQv,,....,.,._ •iroce the "'"'' 
'"0 """"' ••• r>OI,(>r;alol...-1. ln•tead, ~"e'""' dalA ··~ ,..¡ ·~•o lhe n.l"aop, 

lhrO<J~h '"'' <'f\ler ''"' ""'"'-
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a,,"''"" 

fiH. U-1~. CompitO o "ORO memory o)"'tom llSB plono onl~l. 

l. 0uM8 >he w"IP pul..,, d1t.o l>old in lhe Rip..Rops '"' >10"'<i in the <""'"' e>O<IIy 
•• bPI~. 

In conclu•i<m . .,... ,....11\.ot ...,;¡~ ink> """""'~" •nd =d '""""""""'Y,,.. 0__,1y 

lh<- '"""~ OJM'<II""" woth the ""'"~''""' o! tht> &t• ~ io d"' Rop.n.:,p., Tilo 
w•..-lorm• '"' tY<:dy tll" .. ,.., when the "'Id •nd Ml<'t d•l• ""''"' '"' u...t 
l;>:>mpr,.oclv. •nd lile .. ..,.. lol•l cyde t.me ;, reqt.ior..t fe< o~l>for OJM'<IIOO<>_ 

11 <hould b. ,..,,ml'd oul tl\.ot • number ol dilfoc;ultie> .,, =counwed wolh th" 
lype of 'Y"'""'- r '"' ol •11. ,inco u·.., >m,. .,..,,.. in .... en pl•ne lh"'•dH~ry coro- in 
th11 plan<•. • nun•l,._., el """"''.--..! ,;gnal• woll be "" ¡¡,.. "'"'" wiro. n,,.., un
d..,.-ed ><gM< ••e • '"'""'' of ¡¡,.. la<t that m.>ny ol the.,.,... on rho pj.¡,. "''"'~ .¡ 
1\.oll-"'le<;l ~ul!t•nl ,>nd thu> t>hob.l a ,¡,~¡,¡ Ru< change. 

The ~""m~l<K",,; ;J,\II'"'n ol éOrc orr>ngemenl •nd w~rong ,huwn in f 1g. ll· ¡ 3 rtp· 
<~>en" an >U••mpt to monom•te 1h• ~eme-lone no>~e by a.-.:ollation f'n1 c••mpje, 
the "~n•l• onduu~! ;n the •~n•~ lone by th~ X and Y rl11vo cutt~nto Wtluld hof'l'fully 

f•~· >l- 19. NO~O wa,.,torm• lo< fog. 1l·16 twnto ••>o ...,mo'l'l· 

- ' '"'"""" ,,,r. o ... 
~ 
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be unc:eltd out >inC<" 1M Je~ .. lin~ croS>e> lhe"' ¡,.,., in th~<>PPD"te d110<hO<> lhe 
...... numbtr ol ¡¡,.,. Funher"""'", the "'""' """ i• dlw•v• •t • 4S' .ons:e 1o the ~ 
ond Y oelect ¡¡,..,_ Similorly, the ""'"' 5i~nal> indurtd '" lloe •~n•• lino t>y '"" p.;or
'"'1 -otch;nl ol Cllff1 ...:eoving h.oJf.,.leo cu....,nu r.hauld co.-.:el oM •rooll>o<. 
Thi> . ...,., • ..,,, .,.,.,.,. ..,.., all c.,..., ""' ideni!Cal, whoc;h io h.on:lly .....,, lrutJ 

"""'""' rr>ellood fe< olominalms ""''"dUO' lo cor .. rec~i"'"R h.oJf • ..,l""t cu"~" 
--..Id be lo 1\.o~ • ~ wl>ich nhil>lli on ob>olu~y ,...;tangul.r IH cu.....- •• 
>hown in fig. 1l·2o.. In lhio co ... • hall·~ cunonl ...,..Id- ll>e opr:'I"Otin~ 
pool\lol <M coro pertwp, f""" PQ<nlo 10 po;nt b"" ¡¡,.. cuM'_ '-""'·'"''Ce tf>r 
""'o1 tilo: curw" '-i.ront.ol. roo Ru• cl\.onge ...,..Id occur. ond therdOte roo un
dnirtd >•gnol could be induced in the ..,., .. ,,.._ Th•> i> an idt.ol cu,...,, ~~
ond COMO! be ...,lind in aclliol pr.oo;ce. " me.¡>u<c of coro quali~Y ;, 8'""" by tilo 
oqu.o,..,.,, rotio. which ;, dtfiom., 

Th" ·.,>he r•tioof the ~u' d"""ly atlhe rem•ncnt point B, lo the flu• dens•IY ot th• 
owttching pointl. •nd io ohown srophiully '" f1g. 12·l0b. Tr.. 1deal voi"" ''· ol 
courw, 1.0, but val.,... betweon 11.9 and 1.0 are ¡f>r be>l obtoin~ble . 

12-S MfMORY AOORESSING 

In lhi• -'""' .., in....,•Pte !he r.-e• no for actov.¡hn~ ¡¡,.. ~ •nd Y ..-IO<toon ¡,.,... 
which IUw/Y the h.oll.,.lect cutter>IS fe< !w>tchin~ tho en•., '" tf>r ""-""<>rv- f "" ol 
oll, '""'" ,¡ typicolly '""""'"' 100 10 500 mA on .,.eh ,..;c'CI line lthdt ''· l. " 
typiully brtwo-en 100 ond 500 mJo,), eoch ""l""tlon• mu>l be d~oven by • ctm~nt 

0mplof•"'· A"'''"""' d•" or u•n,.uo,. n.,, """n doov<'IOj>l'd lnr lho< purP"J•~: >he, 
••~ ,.¡..,.,.,.; lo •• ca"' dr;~, 1n data •h<"t~•- Wh•l" lh~ IH.'td<'<l "tn.;. me•~• fo, 
•~BYotin~ tht pro~• cor""d"""' ~m¡>l•l•~r, 

Up lo th" poi no,- haY~ d••;gno!<'d th~ X looe. •• K,, X,, K,, .K •. ano the Y 

Fog. 1l-llt. Hyotorc•" <"""''- (•J Ideo l. !bl PrO<I•c•llr .. h"bi•J . 
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;,,..., •• 1',. Y,. Y,_ ..• Y, For • 'I<I'Wt ,...,, .. n '' ~ ""mbcr ol <or"' on -h 
......... nt onlumn. •nd thml • .., ll'>en n' e""" ;, a pi.,..-_ Whc'n ,¡,., p;...., •"' ... 
t,m,;._~l"' • -t.« O ol A.l "'"""·~M;,,...,. numbct oll>ob.,. • WO<d,,... h..o~ a 
"""'""'Y • •l>'l.O. ol >l<"'"l n'. M-b<l ......,.¡,_ An~ fwO IOMtt r,- Qn then ¡,. u>ed 
"'ff'<><l or ...,.,,~a'~ in n'lr<n<><y, •nd ¡M oddreu ollhot ......,...¡ ¡,X. Y .. ~ • 

•"'-1 b c•n '"' ~nv """'''"' ¡..,., 1 111 n. fot t•ml(llr. 111', ·~· the column o1 
""'" ·" ti•• int~·toon olthe ~. and Y,""'""'''""· .and,... c•n then .. Y tNtlhe 
,.¡.¡,.._,., of this word isll. Not<r lh.ot ~~~ rofOid•~•l in d...,~.,. u.., X¡,,.......; 
11'1<' >«:ond do~u "¡i'o(o Y¡..,.,_ Thio io arl>Oir•'Y aM could bo> ~sed. 

rn .. """ho<l ni .oddrns óni~,..lion ..,¡o,l• but one probl,.,.,: in a digital '~"""" 
- Cill1 u"' nnly the numbm 1 andO. y¡,. ptOt,r.., io usily ,.,.,1...,.¿, ~
,.nc:~ lho- .ldd«•« /1. for h~mplo, can ¡,. ·~~ b')o 1110 011 1n binary form. U 
_, U"'th= ¡,¡, iur lile X''"" ¡>r><ohon ond thffl' boto for lhe Y¡,¡, P<>""""· wecan 
lhl!'n d..-i~MI~ lloe ,,dd"-"• ol onv wmd in a memory ha.;ng a capac•lyul &4 word• 
Of ¡,..,_ Th>< " "'"" 1<> "'"· .. ,ro .,.,,¡, ti1o~ IM> Wf' r•n ""''""''" e.ghl deóm.ol 
oumi)<'C>, wh.ch noN ni w• e.n doline an 8 >< 8-64 wo•d memory.ll w~ eh o"' an 
e~¡¡nt-b" ackl""'· lou< '''''lar the A line and fou• bots for lhe Y lme, Wf' could delone 
• merno'l' hav•nR 2' >< 2' - 16 • 16 - 256 wordo. In &efl"'•l. an acklreo< r>f 8 bus 
can be u «!tt lo def,ne a <qu••• n'K'mo<y ol 2• .. or<l>. where lkere • .., 80 INIS for 
lhe X Ion"" and 8/l M< lo< th• Y''""'· From th" doscu.,ion 11 "ea>y lo ..-e why 
larg<'-scale co<ncidenl-curr..,t mernory oystoms uwally -.~ a cap.acity which ¡, an 
......,., ,.......,, ol 2. 

¿~ampie 12·7 

Wh.>t ...,.,;,. 1,.. lhe .rrucltlft! o/IM bi"''l' odd<t!n lor • -...oty >y>lrm ~~in1 a 
ca~oly ol 1,024 1001<111 

Soll.ltion 

>inco 2'"- l.OH.I~ ...,.,Id h,o..., 10M 10 bo" on theMldreU -· ~ forsl f""' 
.,, «>u id he used 10 <k-$i~,..,.- nf lhf: lftluwed J2 X¡;....,, ;u,d lhf: >«ond r,..., 

,.,. <or.rld be u'<'<l "'dPii¡nate""" ol lhf: l2 Y 1;....,. 

h;.mple 12-ll 

For ti"' """"""' 'Y"•m drocnb<od in ll>e ~""'' ••ampl•. wlwl ;, lhf: decom.ol 
.oddre" for <he lollowinJ b<n•'l' addres'"/ 

'" 10110 00101 
IHIOI 01010 

le) 1111000001 

So!ution 

ioll The ¡.,, ''"" b•ts .,., the ~ l•n• and correspond lo the deti""'l number 22. 
The W<:und f<ve h<ts '""'"""ni ohe Y lino and co<n'I>Ond lo lhe decimal number S. 
~us the od~'"" is ~·.,Y,. 
obl 1HXH 1 - 2S,. aod 010 1 01 • 10,.. n,.retor~. !he .addr.,.., ;, x., Y,.. 
le) Tt>e addreoo" X,.Y,. 
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Y"'j' 
.. ,,.ocr Y·>t• • .... ,;. 
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, ... 1 
•dd«» j 
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nop• ull<'d 11•~ ",>Odres• ff11i>l.,." The addr.,s in binar¡ lorm mu•t lh~n h<" 
riooc~ <nto dK'omal lorm 'on ord... lo dri"" """ of the X lin~ drov<:'" and one tof '"" 
Y li~ dri- amplol""' •• •hown in Fi~. 11-2!. The X and Y de<od•nS matn(P'\ 
V.OWn in 1),., fo¡w,.. c.n br """"ic•l, ud are ...,.,lially bonar;·l<l"decomol 
dKodo:ro. 8•M'l'·lo-do!<:o,..l dKDdins and a¡:opropr<ate m•tric"'........, doKu<«'d on 
Chip. 10. 

12-6 SEMICONDUCTOR MEMORIES-BIPOlAR 

ltodu<:<'d <0>1 and size. imprny<'d reli.obiloly •<><1 >¡>ee<l ol npeor•tion. and '"""'•So<'d 
~kin¡ dm,.ry Ir<! amor>g ¡¡.,., !«;knolot!ical ;><hiOI>CP:I which h,o..., m.,¡., ~ic
duciOI """"""''"" a re•lily on moóc.'m d<g<lal "V'l"''"· "- b,po/~r ,.,...,.,.-y " Con· 
wuclfd ""ni rhe ¡.,,¡ .. , b<polar t<•n•i"or .... .¡,;¡., '"" MOS m<mory mokn ""'o/ 
11M: MOSHT. In lhi> ....,uon ,... con<id<'f ene c~r•ct"'"'ic' of bopolar "'moc,... 
duelO< mrmort<!<; MOS m<•molri .. are con•id..,..,¡ in the """....,¡ion. 

A. "memory cell'' "a un<l u~ble ol >IOron~ hinal)l inlormation; the ¡,.,., mrmo<Y 
uno! in • bopoiArwmiconduCior ""'mol)'" ohe n.,.nop ilatchl '"""'" on F•~· 1l·2l. 
The <~11 ,, """" 1<"<! 1'1' roi«n~ th" ~ ,rlocrline antlli1e Y ,..¡..,¡ lone; !he >en•e lin"' 
are both rO.urnt'd through lo .. ·rc<illan<e ten,..an>pl<l.,,. 10 ground. 11 tho cell con. 
oains • 1, cu,...,nl "pre...nt in the 1 "'"'e lone. On the other hand, ol the cell con· 

'"'"' • O, curr~nl 1• pr.,...nl in !he O '""'" lme, 
To Wl<le onlormat'•on into the <tll, ¡he~ ond Y selectl<nc• .,.. held h1gl1; hold<ng 

¡h~ O,~..,,~ tone hish (+V.,) wholo tho 1 <M>e line ;, grounded w"le• a 1 into lh~ 
coil. All<•rnoli...,Jy, OOidinS the 1 ,onse line high (+V~fand the O >en>e Ion~ 11 
~round durong o >elrc:l.wrol,.. • O inl~ lhe cell. The ba•ic b<P<>IAr memory cell in 
Fog. 12_.22 con be u....J to ""'"o"" b'onal)l d<gotlb<~. •nd thu• man1 ....:h cell< are 
requi•ed' lo rorm o ""'""''Y· 
Si•l~n olo~ ~5 n,p.tlilp roll• in flg. 12·22 "'-'~ befon .,ongood on • 4·b1·4 ""' 

• 

"' "' 
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lnx <o IO<n> • 1~-wt>td by on<>-l><l momory in f•~- 12-ll. 11 ;, ,.,¡,.,.,¡ 10 "' ~ 
r.1ndom .ce .. , m<•mory lllAMI •ince eo<h bit Í5 individuall~ odd•~• .. bl~ by oe
·<'<ln>g Me X lme •M (11'1~ Y¡.,._ 11 " •l.o • nonde11tuC!obie "'•dout 10nce 11M: l?ad 
,,M'fJI.o<> do< .. ""' ~l!<'r l"e ... ,. <>f lile ~lffied fl,p-r.op. Thi• _,... come< on o 
'·"~le ~mi<ondU<k>< <h•p hn • >ingle poock..;¡~) •• shown in Fig. 1 Z-24•. To con
"'""' • 16-....,n:i ""'"""Y wolh mor• tkon O<>@ bol- wortl requi,.... u.od.ing 1~ 
b,,.c un<l•. Fot •••mple, '" Oi lt.e... ch1¡>< can !>.. u~ 10 <OO<In.>CI o 16-WOfd by 
><~·ffit ,...,.,..,. •• >hown on f•8- 12·241>. T~ X •nd Y .odd~?So ¡,,.....are all con. 
N"<lod on ¡w•l~. Tt.., unitl lhown in Fig•. 12-ll and 12-14 • ..., """"l.olly 
''<!""'•~ 10 ~~ ... t .... , IM~ñ.mf<ll< 9013 .....J Fai,.;hJd 93401 ISOll 01 90ll). 

Example 12·9 
U-in~ ,, 9f<ll, ~·p:Jin how'to con'l!rucl a 16-word by 12-b<l m~mory. What 
a.lú"'" "ould "''""' lhe 1 2-b•l word formed by lhe boto 10 column 1 •nd row 1 ol 
~ñ>h piJne/ 

Solution 1 

f~MI'<t twt'l.,, l&·wt><d bY one-bot memory pl•nM in por~II~L The ~'"'' 
X.X,K,K,Y0V, v, Y, - 1 000 1 000 <elecb the bü in the l>rst <olumn ond tho ¡,..., ,..... of 
eOH:h pl:o"" lo Jl-k>ol wctd ,..P.e<en~ed t>y tM ""<ticol column olll bot•l-

1 
For l:org<"t """"""~ llM> oppo-opri.;ote addr.,. de<:oding. dri""' omplor...,., ond 

~.uilwnte !ogo<: •~ •11 <Oftlolru<led on a single p.ocklgt'. Such a uno!, r,.. cumple, i< 
the Foor<ho!d 9HIS-this is o l,OH-....,d by o,._b•l rNod/Wrile RAM.¡¡,., lu¡¡K 

doogr~m is "'- in fiR 11·25. ,O.n •<lc:lrM• ol 10 "'" io -uim;l 
tM,WAA.A~ 10 obt.oon T,OH word•- Tlwt ;,_ • bol\ proviM l' word 

¡ 
j' 
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•• 

•• 
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•• 
1 

-<) 1 

··- + w .... ' ' • 
.\",Y

' -•• 1 - ¡,,. """"'' •• 
E.tn ..., • .,. ·~ ..... .. 
-~ ............ . •• 

locotoon<. In th" c1-., the 10-bot add..,., io dovklod into two gr<>up< ol fove hot; 
e..,;h. Tho ¡,..., five 1 ...... ,o.,, A.,, A,, AJ -.lect o Unoquo Ktoup of )11on<'i f10m tr.. 
H·bv·ll orrov. The "'-'<Ontl f•ve lA,......_ A,, A,. A,) -.len e ... ctly one olthe Jl 
P«'""lect"" lin.,., lnr re<Odong or wrolinK- The-. i>a<ic unoto ••e lhon Olockod in p•r~l-
1~ .1< <hnwn pr.,.,.oou;ly; n unot; pruvode a rnemory h~vinK 1,024 wor~> by n bii'-

Mooth"' intt<e>long and u""lul IYfl" of oemO<ondu<t"' n>emory "shnwO '" fog. 
ll·lb. Th" is • bopolar TTL read-<mly memory (ROM). The information Olorod in a 
ROM c•n t.. lt'.>d out, bo.ll>t'W inlorm1tion rannol 1-.e wrottt"n into ot. Thus. the in
f<>rm.llion ""'od i> P"'f'TW""nl on n.11ure. ROM< can bo:o u!ed In''""' m.otht>matocal 
i>l>M, r<>M lto~<loborl<, •ntl ot""" lo.ed d.>ta. The lot!•c "~uor<"CC ¡,.. • ROM " 
l!<"'""•llv >ompkor thon llwl ~u;red lora ,....d/wrir~ mt'l'r>Ory. d»d lt... unot <hawn i~ 
fo&. 12-16 lequov,i<oniiO • TI90H "'faot<:hi!d 9HHI prowM •n eiWll-bot oulpl.>t 
""""' ¡,.. PMh ¡, ....... ¡,¡ !~;>ul od<J<<'i<. Thete ""'· ol cnu,..., Jl """"''· sinr:e an j,..,, o1 ¡,.., ¡,.," providt-o H _,m u•- Jll. 

----
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Oogital Prmciples and AppliutiOIIS 
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Magnetic Oevoces and M~moroes 3Sl 

Eu.mple 12-10 

How many addre01 boto '"' roquir<:d kor • lll-word by fo~r-b.o ROM conWucte.;J 
>imUoriy 10 !he unot i.n fig. 12·261 How manv .....-y coll• are lllete in wcn a 
unit! 

Solution 

1¡ rtquires - ;¡ddreso bili. •inc:e 2'- 128. There would be 118 x 4-512 
meNXl' co/11. 

12·7 SEMICONDUCTOR MEMORIES-MOS 

The booic dn'a uoed in !he <Dnlln>CII(N'H>I in MOS ..,mo<;onduc!Of ""'morv ;, 1"" 
MOSHT. Both p-chan!>l'l and r>-ehonnel d<'Viceo are •••ilobl~. The r>-eh•nn•l 
memo<in """" limpie< powe< rtquorem<!'I>U. uw;.lly only +V,., and are quote com
patible woth Til lince thrv are u1ually rehlro•nc.-d 10 ground and ha"" po<•h•e 
>ig<W levelt up to +V,.. Thep-clw\nel d<'Vice• -•llv requiretwo power·wp~iv 
vohoge> and moy requore 10gr>1l invenion in ord.,.. lo be compaoible will1 TI l. MOS 
de'fi<H ""' ........what oimpit< th.on bipolar devices; u o rewll, MOS memo"•• un 
hecon>ltuCial woth """"bit. on • chip, and lhey are g~ally lno e•pen"~ ohan 
]>;polar memorie1. The intrin•iC capocol.>nce ••soci.tl<'d wolh an MOS U.-..oc• gon· 
~l!y ""'""" thot Mbs ~in ore *'-' th.on t>ipo4r uml>. but this cap.co
lance can be u<td 10 good adv•ni•Sf', •• we ohall '""· 

''8· ll·l6. ~bit Pl·-td ~ &.botl MOM. 

' •• •• •• •, ' 
( 1 ( . ( 1 

'-1 A<ldrlt• """"' 

1· k l. 1· !. 1· ¡, l. !. l. 
' ' 
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An RS liip.foo¡• con.,mutd ~""8 MOSFfr. ;¡.no.., 1n f•M· 12-ll. 11 j¡ a "•"" 
dard boila~e coc<~ol, woth Q, ami Q, a• lh~ """ac1.-e d,..;c<"\. •od O. ond Q, 

aC1•"11 •• ~'"'" pull.u~ l"'""'"ally ""'"""""'). O. and Q0 couple 1ke fli[>-fio¡:l 
Oulpuli 10 thP lwo IN lonPJ. Th" <r•l "con>tructed u•ing n-channel dt•"ic~•. and 
""""'""' +> ><cO<l>nli;lw;>d hy holdon~ bolh ,¡.., ~~ ¡¡...., and tke bo¡ •~IKt lone high 
i+l'rcl. rl·~ ¡x>"ti•·<• vol tal«' on In~ word lone lurn> <>n O. and 0~ and the P<>"''"" 
>CHd~e m th~ M "~"'lline turn< on Q, and Q, Une~ lh" ccnclobon. lhe fi•[>-flop 
out~~l< ore <(Jup:<'fl d~rE.'CIIy 10 tkr bot outpol ampill<'r lonc onpul <ooe" hog/1. and 
lhe oth,..- miJ!l l•• ;, .. ¡, 0n 1ile nther hand. dala can 1><" >10<\'d in ti><- cr!l "hen 11 ;, 
..,.;,ocu•d b-; applyonK 1 <><O f+l' .. <><O V cki ~tthe ,¡.,_. inwt lermmal. TI"' b.u•c 
momory c•ll m fo~. \l-21 •• u'<'<l to ccnslruct a 1,01~-bol RAM hav•nK a lcgjc 
d•ao¡ram >umlar 10 Fo1. 11-U. Thiipol1ocular uno\ is a 2&02 •• mon~factu~ by S.t
lll'li<' Corp. 

A ,..,_,. ceH ~'<nR p-dta"""l MOSfEh " ihown m F,~. 11·18. Q, ond Q. are 
th" \WO OC!•"" do"C<"> IO<Inl'lK 11>~ fl,p.flop, whol~ Q, ar>d Q. a.rt •• •CloV~ lo;od 
rc>i>lOI•. lile rell " >ei<'C\o'd 1'1' a low ¡.,¡¡"'" ¡...,.,¡ at t!.,. lm JeiKI inpul Thii 
'oupl<"> lhe C<><IU>"" ,¡ tiN> fi•JJ-Oop out 10 opp<Opri~te omplof>en ¡,. on fis- 1 2·211 
tl.rounh Q, and Q, 

A >IOii(" """"""' ;, CO<hJJII<rd ni c~H• uroblr nf otor!l'g bittary mf<><rn.~t""' in

dd 'n•l<"iy. r or '''·'"''""· th" brpol,v n• MÜSf(llll¡>·flnp reo t.> in• "'' m '"'"1 o< long 

.. 

i 
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12-8 MAGNH:C-DRUM STORAGE 
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Drgital Prinóples and Appli<;;~.lions "' 
'Y'I"""' are uid 10 bo tmdo,..,.<:C"'' orn<e any ,.,.,..,¡ ;~ tne ""-""""Y can bo 
..,l.,.;t<!d ot ra<ldom T~e prorn.ory drudvantage ol thi1 ~ ol memn<y oy.,em " the 
~,.¡ ol construction fof !he amount ol ua<o¡e •~•ilable_ Ao on example. A'Call l~t 
• rn.o~M'IoC L>.pe i¡ c~¡>.~ble ol fl<>rinlllarge q~ntit~ o/. d,u at • 11!larively low cml 
poer brt of >!Oro~. A lyprcal lape migM t.. cap.oble of ¡toring up lo 20 mrlhon 
dwocte<>. which CD<11!opondo 10 120 m•lloon boiS 10\ap. 10). To COI'Wu<l ""'" • 
memory wrth magnE'!O: c<><el fft!Uira abol<l ) mill;.,n ,,,.., per plane, ouuming 
~"""a ..rxk ol 16 plo,neo conesponding In a llrl>it wom. 11 "quite e••v to """ 
denl.lnd the impr~Cii«!~v o1 COMirvc~na """" • '"f'lem. Wh.it " needod. then. is 
a oyolem capabje oí IIO<ing onformation wrth '"'' coot per bll bul hav1ng o gteal,.,. 
capacrty. 

S...:h • t'f'l~"' '' !he m•s~.cic-<1"'"' Slor•g<o syolem. Th~ bat•• ol • magnl'lrc 
drum io • cylinrlrical-ohaped dru.,, ¡he ..,,rae~ ol which hai be<'n <:o.!I<'CI wrlh • 
magn<'lr< ""'l.,ial. The d"'m;, rot.oled on ili "i'" >hown in f•l· 11-11. atld !he 
rNd/wtM h~~• '"' ~s.d lo m:ord 1nlorma1.on on lhe drum or r~ad inlormJiion 
from i!>r drum Sinr::e li>o .lUriO< e olthe dNm " magnetir:. rl e•h1brl• a rectongular
~.-foop P'OI""f'y atld un lhuo be m~i>ed. Tt>< proc:"'' ol rer:ordong on 
the drum i• much lh~ .. ,., •• l<rr recordin8 on magn"'ic oape, •• dii<u"od rn 
Cho¡>. 10. and !he~ metrootk 1ot reconlins ~ commonly u!oed li.e_, RZ.. NRZ.. 
""' NRZO. The d...,""' recorded in lracks vounrl tl>o cin:umleA!nCe ol !he drum, 
•nd there io one A!ad/wr•lf' l>oad lot each tt.w:k. The1e '"' th""' ""'io' ~hodo lor 
IWinB inlotmatH>Il 011 1he drum wrloce: thrr '"' b<t·•erial, bit-p.orall~l. ond M· 
-ial-porJII•I. 

In brHeri.ol ....:ording. all ¡he b<l• in ~ ''"''" '"' uorOd ""'!...enli.olly, oi(lt, ¡,. 
ode, rn one !rack olthe dru"' 8~-...,.,al •torage i! \hown in Frg. ll-l2a. Sto<•~• 
deniitraol 20010 1.000 brto PI'' in'"' (ypical for magnetrc drumo. A lypical drum 
mi&ht t.. a rn "'di.ome1er and thuo hove 1he <:•~•IV 10 """' n "8 in " roo lr•1• 
pe< '",. S.OH briS in each trae k. Orum• havo l>een con,.ruco«< wrlh anywlrere 
from 15 10 400 trae k>. anrl a ~~>Mina ol 10 tra<:ko 10 1he inr::h io typicol. 11 "-e ,,__ 
.., .... lhr\ ¡wrticular drum ro 1 in wode anrl hao a tola\ ol 100 tr><:h- ""' rm
medrately that '' ha! • Sloraa• ca~•l'l ol s.oz• brto per trad x 100 1r•d•'" 
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M!od lor lOe L<ocl<. "io eooy 10""" th•t""' m..y have 10 woit L<> read •ny one W<>lri. 

Thoi "· t~ df1Jm ;, mt.oling. and t~ word ...., warll to "'"" m.lY nr>t;.., uod<:r tne 
~•d M•d •• tOe lime we chom~ 10 re.,¡ rt tt may in IKt ha ve just p•s«"i und"" t~ 
Mod, and ""'will hove 10 wa•t untrlthe drum COm¡>et_, ne01ly a lull '"""lut•on 

.• be,(""' ot is ur>dO< the hiPad agoin, Thio poinn out ont' oltho m.ljor dnac!vantOI(_, of 
the d"'m compa~ wilh thc ccre •lo<age. Thot i> tn., problem o( acce" tome. On 
!he .rve<al!", ""'an ••"""" tllat ...., wrll ,..,.,. 10 waitthe tome ~~~~~ lor U.. 
df1Jm lo complete onc-half a ~lutLQn. J, df1Jm io lhuo ,.,.; 10 hove ...Uiat</ 
K~e>>, 

Example 12-12 
lf l"" df1Jm in E .. m;ole ll-11 toWel 01 a spo:ed ol 1.000 rpm, whot is !he •-•8" 
occ:"'' t•me fcr !he druml 

Solution 
1,000 rpm - 50 rps. Thus lile time lor one revolutiM LS 1/ISO 'P•l - lO "''- Thus. 
U... •-•ae .e<:"" time is one-hooll lile tome ol""" re.oiL<loon. whicft " 10 mo. 
Conl!a>llhio wolh • coinc,.Jent..::urm~t eo<e m.,-nory which ¡,~a dorect accns ,,...., 
ola r- mocrooeconds. 

Notlc<! in !he p-ious e•ample thal it requi"" a short period olll""' to re..t t~ 
l6 boto el !he woo-d, tin<e ~ -·• ...-.deo- !he ~.1 loead """ bot ot o tune in a 
,.,.;ol fuhion. T"" octuof t•me ..,..,;,m" WNII co~~ wilh the or:ces• '"'"' ar>d 
i1 lound tO be 120 molr)/(521 wold> per troclol • 40 ¡.J. TI>" "'ad tome can be 
~ed by stori~g !he dato on !he drum in a por111~ ,........,., ••,.,.,..., "' Fig. 
12-llb. 

Tbe •-aa• or:ceso lime lor bot·I'Orollel IIIOrl.l'! " \he '""'e •• lo< "''·....-ial 
~. but" io pouible"' read aACI reco<d i-nlorm&tJon ata """'Ir r .. ,.., ,.,~ wilh 
tOe bir-p.o/OIIel •yttem. 1-et ut ""' tbe df1Jm in e .. mp(e \ 2-11 once more. Son< e 
tl>efe are SU ......-do a.......a uch trock_ and since !he df1Jm mt.otn at so rps. ""' 
con •e•d (or write) S2J wo<dl per revolurion X 50~- 2&,\50 wordt ¡>er o«ond. 
lf U.. ~to were •~~>~ed in porall~l ra.n.on, we could ~•d (or wrJtel ot J& tomes th" 
rah!, cr 11 A ra1eof 18,840 word• per revoiWon ><50 rps- 9~1.000 wordo per >«· 
or>d. We woold, of cou<,.., arran!J" la h•ve the number ol t<>cko on tOe drum on 
e-..:n multiple ol t!M!,number of brts in a M)!d. for e-.ample, witil a 36-bot word we 
migllt use 1 drum 1\,lving J& or 12 cr 1011trocl<1. 

A 1hild melhod lor re<:ordong ~~~ on • drum io called "bi1--ial-porollel.'' The 
rMthod ;, o11owrr '" fog. 12·JU and ;, commonlv ll$!!d for ...,..;,.8 aco ... rorm.,. 
1ion. The a<cMs aJ>d ~•d lor Wl'ote) tomes""' a combination el t"" ..,..,.¡ oACI poul
lel tomn. 0.... OCD choracter o«u¡>ie> """ bo1 in each of bur odjocent lrKits. 
Thuo, '""""' four tracl<s moght be called a "bond." and each OCD clroroct"" oc· 
cupoeo""" lp.ILCe in lhe balld. llthere ..., l& OCD choroch!ro in a word. ,... can 
110n: Sll word• on tiM! drum ol Eumple 11-11. 

Quo\e olttn \he acc"" time Ll opi!<'ded up by !he addotion of e1tra re..GI..,r~ C 
loeado arcund \he drum. For eumple, we might u"' two ...u ol heod• piKed on C: 
oppoo.ote sideo ol the drum. Thio would obviouoly cut !he KCL!'U lome in holf. A.lte<· 



Digital Principie~ and Ap¡JIICa.tiont 

...,,,....y, .,.~ miRht ""' th~ wts ol he.o<k 1rranged ••ound !he drum 01 110" •nsJn. 
rn,. wuuld Mluc~ the acce" time hy onP.third. 

Srnc~ "'''""~ on ~<Id m>din~ lrom the drum muu ~ wry ca~ull~ timed, one 
trod in !he drum i< uwally r~ •• • timrns t<o<k. On this tr1ck. • wrin ol 
timing pul>e~ is ~rmanently rocordL-d ond i• uwd 10 ·~nchronin tM write and 
¡p;¡¡d ~""""'· for the dn.rm dr>eu•wd in E .. mple 11·1 t, there ore 52) wat<!o in 
eac'h tr.o<k aroulld the circuml""""'~ olthe drum. We mrgln then r«ord • ...:nes ol 
S1l rqually <pam timinR nwh a"''"Kl th~ r;ircuml.,.ence oltM timina tlick. 
[.ach pul"' woold ¡¡,., dhi¡n.tte tl>e n•.><JO< w"tP ~"""' lor • word on the drum. 

STUOV AIOS 

A widc vorrety ol magneto< devic.,. can he u.ed a; brnoty d~i<Ce; in dogotol 
•VU<"ml. By IJr ti>< mo>1 willely used is the mag,..toc <111'1!. C~ con he u!ed to 
o~....-1 "'"'"' 1"11"' fu""'"""' ....:1> •• """· o-. •nd .roT, and ,..,.. compli· 
cate<! luncti<>r" c•n he lornocd from combrn•tiono ol tOe>(' bo<ic cifCUo". M•BMii"· 
core \hrft «''li>tL"<> and oing countc" con he con>tructed by u<ing the •in¡IP.diode 
uaml.,. 10011 bo-!We<'fl core>. M.l.~netic..:ore logic lo p;~rtrc:ubrly .....rul in IPPii<•· 
tron< "'periel'dng envrronm..,tal e""'""''· 

Direct.accc" memorre< wrth very fast I<Cft< ,,,.,... un be <onveniently con· 
otrucled usint eitl>el magnetrC cO<n or trln<iiiO"- 1M """'' popular methoc! /0< 
conot!uctins t~ memoric• is th~ corn<rdent-cu~nt te<hnrq.,., Memori.-s con. 
>tru<:~f'<l u>rng co'" ~re inhe!..,tly DRO·ty¡>e memorin but con be tr1noforme<l 
lf\10 NORO """"""'in by tl>e .oddit!Of\ of e•IL"<""I logic. , 

s...mrronductor memorie• con•tru<:ted lrum bopular tronli>IOr< or MOSFET< are 
~va•l~ble. Bopolar n.....,.,,....., are >l,lloC "'""""in,. but "" avaH•ble •• random· 
occn> llOM<. Of ao comp1Cie fl.".Jd/Write ~M•. MOS ""'""'".,. c•n be erthet •talic 
or dynan1ic. and ore avarldhlc •• RAM>. 

Mas,.t·c drums •nd disk. (J'<wid~ I~•S"" <lO<age capac~~ at • lowe< <o<l ~bit 
1hon '""'·type memorin. Th<-y do. """""""'"· otlet th<' di,.dvan\dllf' ol '""'~•!ed 

accen ''"'"· 

.CC!'I< hll><' For • coi.ncident..:u,..,.., mernory, ~ io !he timl' teQuir«< lor .,.,.. 
r•ad/wrM cyde. In se,..,rol. rl i> the time requored to write one word into 
mem<>ry 01 to read onc word lrom memory. 

oddln< A oero.,. ol bi"""' digrts u<ed to <91-"ily 1~ location ot • word >1ateel in • 
m"""'"f. 

comddMI-<.urrMI ,..¡,..:;,;on TOe t<..:;hniQue of apply1ng 0/,t. on each of two """' 
p.o>Sing mrough • ""'B""'ic d<'>'ice in ooch • way thal the n<"t C'UI'fetll o/1. will 
>Wol<h 111~ devi<~. 

ORO De<tru<tove "'adoot. 
dynamic m~mo"· A memory "''''"" c<>n1en1< mu>t he ....Wed l>"'iodicalh. 
hy>l<"'~>i> DcoM!d lrunt tt ... G"~·l wurd hy>l<"""'"· wltidt mean< to la~ behind. 
hv>t~""'" t·urv•• C~nerally • plot of rn•gn<trc rlu• densitv B versu> <naKMIOC fot<~ 

1 
• 

' 
•. 

Magnetlc Oellices and Memofies "' 
H. Con 1lso rd<"t 10 the plol ol ,.,..!netic flu• 4> verw5 ,.,..8netrziOR tu"""' 1. 

m"""<'"' cyc/e In • coirrr:ident·Current memory 'V'"'"'· a read opcration followed 
by 1 Wnle O¡>efiiÍOtt. 

NOIIO Nondnlructrve f1!adout. 
RAM Rando"'·OCCn< memorY. 
ROM Reod-<1nly rnetn()ry. 

oelec! currem 1. The mininl1.JII'I curren! -equired 10 <wi~h ~ magneto< d""rce 
¡ing/IH/iod~ !tan>kr loop A met~ of couplrns the ootput ol <>11<1 magneti< c....: 

10 tilo! rnp<.¡t of !he neot m,ag>~e~iC COfe. 
squ•,..,•-<• w;o A ""'"'"'e ol core qu•hty, Frnm the ~y>lete<i> curve. rt i> t~c 

ratoo 8,./B~. 
llaliC mMrory A.........,..,. c.tp;lblt ol uorin1 bin.~<y infotm.otlon indel"rnitoly. 

I~QunlioM 

•• 
'· 
'· 
•• 

'· •• 
'· 
•• 
•• 

... 

... 
u. 

N ame one •dv•nt~ge of • ferrite core oyera metal.ribbon (ore. 

Na""' one illdvanlaJP ol 1 -l·ribbon e""' over • /..,ne core. 

Oe<eri~ the methoc! for dete<tin~ a uored 1 in a core 

Wh~ " • >trobinw tec~nique often u>ed to detec1 tite ootP<Jt ol 1 sw•tc"""' 
COff'l 

Haw ;, tore sw~ching ''""' r. aftected by me •wo!chrng cu<ff'nt! 

E•plain why mOle complrcaled losic lunctron• uolng corn can leod to .. ces
<ove Q91'fllina ümn. 

Wh•t ;, the purpo•e or tite d'rode 1 n the olngle-d rode tt•nll'er 1 oopl 

Wh~ ;, 1 dela~ in lign¡rl tranofer between <Ofn de•iredl 

E.pldrn how the R and C in fig. 11·11 intr¿.¡uce a deloy on <ignal traMfer 
betw"""' corn. 

Explam the op.,.atlon of the <eme wi"' in a magnetiC..((Iff' matri• pl•ne. Whv 
" ol P<>"ible «>thread e"''Y CO<o in tt>e plane wim the ,. ....... wirtl 

hpl1in ltow rt" pr:>«ihlf to otof1! a O in • comcldent·Current memo<y core 
uolnathe inhibit line. · 

Wh~ io ~ b.o<rc coinc;dent..:urreñt tO<e memory 1nherentl1 1 DRO.wpe 
oy<l""' 1 

• .. 

"· In t~ b.ooir memory cyde lo< • coincident..:urrent core ""-"""'Y ly>tem. wh• • 
mul! tf>e r~od operotron come belore tho Wtr!~ operalionl -w; 

Wh.lt ;, thto diffPfPf'l<e between tilo! wra .. in10 mernory and me ,.,.,¡ lrorn c.;: 
,.."''"V cycko; for • coincidMH:uroent <ore memo"f <11teml 

... 
"· ... 
"· 

E•plain the meaning of the trt!e ""6(·word bo¡ eight·bot_>talic I!AM.'" 

Why ""' ti>e<e no dynamic bipolar memone51 

Wh>t doe> ot mean ta ··,.,tre\h"" a dyrumic memoryl 
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! lntroduction to 
1 Digital Computers 

1JAJ 
TM dogitol principiM d,<ev><ed in thr ~iou• rh.lptc" h.lw been ulllitl'd In 
de>i"' • ¡;<rOl mony dofl.....,nl d•Kitol 'Y"""''· The opphcohon• ooe monv •nd ''~"""· 
The~ onclude •imple >Y<tom• •uch 10 counters ,1nd d•~•••l clock~ •nd "'""' "''"'' 
pi.,.. ~O:abOtl< wch •• do¡otal voltmeten: ND ,.,..~.,,..... r""''""'""" co<m'"''· 

•: ond lome-poe<.od meowring Sy'-lem<. ¡\mong the most sophi<llcated rlowlol <yUemo 
devioed ""' dogot<ol COm¡lulero, ind...dmg <¡>Ki•l-purpo<e machinco. <mall ¡;encr~l
pur¡><M compu~ lwch n the D•a•ul tquipmPftl Ca<p. PDP.a/El, ond 1•'11~ 
gen.,..ol-purpo"' compute" louch •othe IHM J(>O .md 170 sy,.e.mol. In th•> ch.lpt~r 
._ cnn•ider ''""" ol tC.. t,,.,,c p<on(ipl._.. comm<>n to dog•t.ol computer """"''-

Aite< 51\ldyillg this ch.1pt._.,. voo V.O.. k!~ oblc to 

1. Statc the di((...,nce i>o~n • '!>«•ol PUI'Jl<N' on<J o MOflN,ll ¡>IJr"'"" doK•I•I 
com¡><~ter. 

l. Do«u" tOe • moin block> on • R•neral p~rpo<e <omput~r. 
l. Wrole • .,mple compuler P<O(Irom uoin¡¡ m""mcmrc ende_ 

.14-1 SASIC CLOCKS 

The operoli<>n or contml of o drg.,¡f •v•t= c•n ¡,., <1•,.;¡,.¿ tn two g~n~r,tl "'" 
egO<it<-synchn>nOili •nd asyr>ehronous. In • syn~~runmJt S'f'lem th< flrp.lkr¡>< 
~~ controlled l:1y \he •vstern dock and can th~for~ c._,n¡¡e <tat~• onlr wt>tn ''"" 
clod chao~! state. Tf-..rdore. all thc ~rp-llops •nd l"!!i< g.>t~s chango lev•l• In 
time 10t rn oyochrorHsm) wilh the dock. M e<am¡>le of wch a syoclrr""""' '1"'""' 
"tM INrallel rount~r con"mcl<'d u>ln~ tht- m~>le•l•la,.. clodt'd ~.p..nop•. In th" 
couniN. 1he fiip.n<>l), can change <l.>lc only when thc dock go<'l low ,,,.-J" "'' 
01h"' """' (nolr<e 11\ol a'"''""' could ¡,., conwuc1od <och ll>.>tlh< n;,._,Jop- ~,..M 
chdnge ""'e whM lhe cloo;k 3<>"' hr¡¡h). On lhe Olh~r hand. in •n .,, .. ~,.,...,, 
sy.lem lh< flip·fiDP' Me ronlroll<'<l lry •"•'"'' whtrh <r<<Ur 01 ran<!<>m , .... "''" 
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-..¡ ,--a.,., cy<l< ,,.. 

JLJL..JUcSL ,., ., 
f•~· 14-1. B.o,.;c •y•l<rn <lo< O. 

'"" ~.p-llop. !f••Y ch.o<>llf' ....,, ... •t rondom and.,.., not in ovn<!v<>ni<m ...,¡¡, ony 
""''"~ "~""¡ -och o.~ dock. An nampl~ ol •~eh • s)'<lom mi¡¡ht 1>.- the Ofl't'tltoon 
of .1 push l>t.toton by • hurn.on opf'rolO<. ikprfl<ion ol 1~ puoh l>,¡tton WOOJid """"' 
• ~op-lk>l> 10 ch.onll" soa~. ~inc~ tho! <>Pft;>tct un <1.-p~ 1~ l>,¡tton 11 •<>Y tun~ ~ 
or ;h~ <1"""''· olw ~ip·llop woo.M ~nang~ ;la l ... al"'""' random time, and tho• io 
1l~•olo<e on o;ynchronoo• "Pefll><>n. Mo<t lo~""'¡" dig¡W >}'lolom• opt"t••~ in 
oh~ •ynchronoo• mode; ol you aMo a linte thoush< lo tn.. ci>Kkcut and moonte
"·'"'P of <uch ·' •v•oem, it os ea•y 10 ...., why. 

~·nc~ aliiO!<iC <'l)erahon• in • <ynchronoo• ....._hint oc:cur in synchron'"" ... ith a 
dnclo, oh.> <ywm cloclo b.oo;om... the Do>i< timing unot. The >ystern clod mu>t 
PfOVode > periocloc wa..-f<><m wlúch ton be u>«< a• a ;yoch10ni~ong "gnal. The 
oquo~ w.>ve "'""""" ;, fi¡. 1~·1• ,, • lypi<;al élocx .... wtorm u>«< in • do8ooal 
'Y''""'· 11 •hoold be nc>l<"d that ohe <lock f"lel'd n<>l O. a perlectly <)'l"nmelrl<al 
"~"""' .,. • .., a< .....,...,.,_ 1t cOYid .,mpJy bo- • ...,,... al"""''"" pul>e< lo• nq.oti>e 
P<ll<e<j •• """"" in Fig. 1•-1 b. Thi• w•..-fo<m could, of coune, be con.,der<"d •• 
,1n ,¡;ymmrorocal <quar~ wave. The maon '<'<!<>i~meno i1 "mply tlw.1 ohe doc:lo be 
p<"tÍrc!IY J)l"r<Odic. N<>hCe lh.at tho! <loe k detone-! a bo<IC timon& interval dutong 
"h.ch lo¡¡oc opetdi•<>M must be perfO<m<"d. Thi• ¡,,., limong '""'rvol <1 d.,r;n<"d a< a 
<loe i cyd~ !<me and i< ~,..1 10 one ptnod of 11>r dock wavelorm. Thu• •11 O>gic 

"''"""""· ~op.nop.. '""""""' g.,¡..,, .. < .. must compt.,., theor """'''""'' "' '"'' 
ohon """ cluc< <~el<' 11me. 

úample 14-1 

\Vh,U" ti"' ri<xk <vele''""' foto sy<lem whict. """ ~ 500-loHz doclof A l·MHz 
~lockl 

Solutioo 

A clod cyd< ''""' o< "'!"al lo onc period of ohe clock. Tt...refore, the dock <)'<:le 
time¡.,, • 1.00-loH, dnck ¡, 1/(500 ><lo>¡"' 2 "''· fOt ¡ 1-MHz clock. Lhe clock 

C}'<'le """'" 1112 >< f()")"" 0.5 "'· 

hample 14-2 
TI><• lota! prop•M•I•<>n dola~ th""<Jgh a m•siP</>Ia'-'t clociced nop-flcp i< gi""n •• 1 00 
"'· Wh.ot is tho! mo"mum clock 1......-.:y tll&l an be ~Ofd with thi< Aip-llq.! 

'solutíon 

~~~ ol~ernatM> wav of """"""""' t~ <;uest>On i<, llcw fast <•<> <he flop.fl"P opera!e/ 
Tho• flop-flop mu•' 'mpl~le ;,. "·•<>•ilion on ¡..,, "'"" ooo clock qcle lome, Trw<e· 
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lntroduction to Digital Computen 

IIJ. 1.-1. O!dlalor 
- out¡><ol _.,,..,, 

0.:•"""' 

-----------

"" 

None ol the M<illator> -.hown in fop. 14-2 atld 14-1 ha• o "!lloU~wa"" OUl¡>ul 
waveform, aruJ ¡¡ i>lherelore tleCM.ar; to CQn""rlthe Da>iC !requ~ncy inlO o !q~Or1' 
wave Delore u~ in lhe S'f>l-- The Oimpl,..¡ way of occomphoh.ng lh,. "l<> ""' • 
S<:hm~t lt•K#f on W out¡>ut a( !he buOc oocill.oiOr •• tllown '" Fif;. 1~-4. lhi> 
provid""1WO advontogeo: 

1. 11 ptOVide!. a "~""'"' wave o/ !he bo>i< dock J~uoen<;y •• dnirod. 
1. u enwre< thotth~ clo<;i<-o<Jip<lt 1m¡>lir.er !lhe S<:hmin triSS"" fn th" c.,.., lu.s 

enou8h !'<"""' to driv<> alltC.. ntte,.•r; <•rt:uil< will>0<1l lo>d•"i the Daoo< or 
collal<lr ar>d tlws chongo"& th<! o.cilloting 1"-"'o>eney. 

14·2 ClOCK SYSTEMS 

Q.lito: ollero A;, dnirable 10 N"" cloc:'u o1 rnor<Oihan OM lrequency i.n 1 svuem. 
All.matively, it mi¡ht be do:sirable l<> ~ • .., tt>e ability lO operate a sy<~em al do(
(eront dock IJ1!Quencies. We m•ghl tOen hq¡in with a ba•ic dock wh1Ch io lhe 
hig!otosl ~~~ do:slred a..d ~1111> Olher basic: do<ks by simple l,..qll<'ncy 
dovioion usong coun~rS. A, an e•ampie ol this. ....,_..- we do:sore a'~"'""' whic:h 
will P'"""!e ba•ic dock lreQUC<Od"' ol J. 1 .5, and 1 MH!. Th" could bo ~
compi,shed by u•ing lh<' clock ,ys~em doown in Fos. 14-S. ~ i:oogon woth • 3-MH! 
mcillaw followed by a S<h""tt tri~ la provide the l·MH• dock. The J·MHz 
•ignal is lhen lod through ono flip-flop w~ich dovide-s tr.e oignal by l la provide lhe 
I.S·MH! dock. Tilo:) MHzsignal i• al.., lod lh""-'gh a diviM--by-3 counter, which 
P'O"ideo lh<' 1-MH• dock. S~ h.oving muhiple dock lreqUftleiel can be 
provi<led by u•ing th" ba•oc m<'lhod. 

Hltlt - S<nmol! ' 
o 

oodl>ooo ....... 
' 

JU1f 
) ... ,, 

--• 



"' . . . ·.' 

Jj i J lll<t 1 -Aor r:::;;-¡ - 1 1_....... ~ 
1 

JU1r 

' ·h- ., 
' 1 

, ... ,., 
,.~ 

fx.Jtnple 1~ 

~how o <lud JV<II!'m which will prov_idt cloe~ l~encon ol 2 MHz. 1 MH.r. 500 
íH.r. MIG 100kHz. 

Solulion 

>he! ~•rd '"""'-""';,,...,_.,in Fi¡. 14·6. a.,mno.s 'wilh a 2-MH• oocUI&g and • 
Schmo11 ltiqfo<, lf>e 2-MHz clock """'""" ot- ooll)<lf oltt.o. S<hm.m Ir •. n.o 
¡...., ~o¡>Got~ d"'odet lile 2 MHz oi¡t~~l br 2 10 P<QYid~ li>t' 1 MH1 clocl<. The M!C· 
cnd flo¡>-llop di,•;Jt< lhe 1-MHz dock by a ID ¡><uvode lile 500-kH• dock. OMdint 
111e ~kHz dod br 5 ~u. 100-óH.r dock. 

11 is ..,_,;m., desiroble 10 h.owe o ~"' clodo in a digi~l on~em. A two
ph,u~ docl .,mpl~ meons - h.o"' rwo clocó o~lo ollhe .ame r_...,y """icl• 
.,.. leo" OUI o/ pll.¡..., wilh ....., O<IOI!wr. Thoo can t.. occompliohed """' ¡¡.,. 
OU!pl,rl> o/ o Oop.flop. rn., Q oo~pu~ io o~""'"' o/ lile clod and ¡..., O ou'""' ;, 
¡h~ <>1M< ph.o ... T~ two <iJ.Ws • ..., dnrty 180' owt of ¡m,.., w~h one another. 
<•nt<',.,. " lhoo C<>m¡)l..,_ o/ lfle ochtr. A >l"'lem lo< """"""'"" o ~ 
d>ciof 1 MH• io""""" in Fis- 14-7. fotdoslonCioon_ 1M twQ clocks ""'IOmelomes 
11'/erred lo •• ph.o,.. A 'ond pho"' B. Yoo w;u t«oll th.o¡ one ~"' 1ot o ""'>-p/1.¡..., 
dock ll"ll!m "lo drn.. !he ~ic<Gn! <MI te¡o<lft do>e<~Ufd in Ch.ap. 11 lf'l-
12· Hll. 11 •• onl1treolotl¡¡ 10 ..,.e lhouhoo """"'hue doc:k '~"~ c:•n t.. ul<'d 10 over
<"<>m~ th<o r>e~ ptoblrm er.c:ountered wrth thoo b"'IC ""'•11~1 coun!et drKul"'<f in 
CJ\o¡>. 8 lf" 8-SI. ~l>r- r~ problom i1 tOiwd by dr.\<i~ !he odd llrJ>-nops li-~~ 
fir¡>-ilopl A. C. E. f'IC.I witlr p/lol<e A oi ~ dor;ó,. •nd ~ ~" ~11>-fiOplli.~~ n;p. 
fiop• 8, D. F. r:tc.J ....;eh ph.l"' 8 of thoo clodr 11ft l'mb. 14-12). 

Th<o ••ce P<llbknr •• inr~lly drKuu..t in a..¡,. 8 con occur ¡ny ti~ two ot 

""""'"""'!' •• ~ "-• ola .. ~ ano ~r~róup"' w,... • !he- wne. The 

Fr¡¡, 14-7. 1-Mt;., -...-,.oc dad. 

c::J 2 ..... 

f.!~"· -'\r ~··'"''" .nnr ... .._ ' ' • 
.nJV tr..HI,Piw<A, 

l..rLrL 1 ....... ""- 1 

1 
' 

1 

' 

Jntrociu(tion 10 Di¡;W Computeu , .. 

"' flf;. 14-l, Tho 11M o! a ........ puiR. la) flwtol,.u\ .... ini ....... IH b,- a ....... 
""'"· 11:r1 wa .. loorrro fot .,.. ..., ..... 

14-l MPG COMPUTER 

Up 10 m .. JICII"' _...,,..ca""'"" qui!~ ;.;::r:r·;:~~~·::::~~~ 
counle<<d rn !he <tudv r:tf drgor.l <yllemo. 

Flf;. 14-,, o-lo¡r-in&• woboe .,..r,., 

.,, 

'·nn~fl o , .... ~. loo,.l 1: l'c:u_ 
(1 .,H•I ~"-

4.7~ 

... .. 



-------------,, Digic~l Prinople~ and Applic•lions 

~;¡•Jt de!••:. who;~ othe" h•ve ~n lte•o<:<l in • mor~ ¡tO<IWal w>y. In 1ny Cite you 
.;..,..Id now ,..., lhr n«<">.....,. bockg<ound ID study •nv di¡¡t~l '~"'""' wi!h 8ood 
rompm,en'""' ond 1 monimum ol ello~. h'l'tl oo, you m•y ¡,.. ..,,...,., uniUte 
Ji>.><JI the ovo••;¡ Or,:.>ni~o¡.,n ol • d<~ol.ll •l"'<'m. In on ellort to a""r<ome lhio 
l<'<'lms and to •'~'""PI 10 lie IOQether ,....,y ol t~ topic> diocu•"'<< in lhe ~iou• 

cl••p!.,.,""' >h,ll "!hi1 ''"'"' con•odef <he ""pl_,..toon el• ...,.,¡¡19ft'~-PU•· 
1'0"' do~•••l compUte<. 

Tl>e ~¡>«iol-pur¡:>o"' compuh:r w. oh.oll «msider will be u"'<! 10 colcul•le tM 
mil~• ~ gollon ola motor Vl'hicle, lhuo thl' name MPG compute<, 11 il a >P«i•l· 
purpot~ com¡w1er O<n<:<' th" js the only use 101 whóc:h 11" intend<od, A ,.nerol.pur
po>e compuler would bo • more complio:;otc:l ma.:hoM whoch m!JI>t be o !e<! fof 1 
num~ ol dofl"""" •pplicauons. 

Tho ltrst <t<'p in the d"''tgn olthe MPG computer ,;u~ nete>saroly ¡,., lhe d<"ler· 
min.>tion ol !he OYOI~on performance rpquiremO'nl'- The forn requir.,.,nt mi¡ht be 
that the '~"'""' be upable of oprral!ntt ff'll<t'l • ...,pply ..,.to¡e of :i6 <>< ±tl V de 
since (l.., maochi,.. will be optrated ¡,a motor ....,hOrle. lile -ond ~ui~nt 
miglu be thot the r~odo!,Jt ol thecomput~ be in d«•mal lorm. Ni•ie tu bes mi3ht be 
~<>od lar the readout, but they ~""" an addobonal pOwt'r supply ol around +TOO 
V to o~•"' tl>e tu be<. Digotol modules are c"""""""i;JIIy n·ailable whoch prno,~ 
d«im.ol rudout. aNI lh<-1· operate on +6 or +12 V de, Tl>e.r: ,.-...¡.,do 1101 
""'~'"'!he +100 v, alld migll! be • bettot cllooce in ,.,i, caoe. lile IHlal de<:i>ior> 
wofl be one of KOn<>mocs. The third requirement ;, that tl>o computer cakulato tho 
mil<>~ gaflon u>t'd by tl>e ""hiele toan accura<y ol ±1 mile per gaflon. Tho 
lourth requ11~1- <hall ;,_oe ;, thal the c<>mpo.¡l'Ot per{orm a calculation at 
1<•" 011<0 """'Y 1 S ' when !he w-hicle " ua...t<ng •• a 'P"'"<< groa"" than 1 O mph. 
:~ othfor words, .,... would lil,o to wmple the moleage ~lormance ol the vehicle al 
lea>l on<e """'Y 15 ' ¡l~ster ,ampl ong rales '"' accept..blol. The Mh requir.,.,nt ;, 
thattile computo< be ca<»ble ol operalof\8 in ....,hicln u>ing (~el al rat.s be,.,....., 
10 and •O mil<'1 pet ¡.ollon. We can"""'.......,..,"" !he¡,.., bo>o<: requo<=>enU of 
U,., MI'(; computer •• foil,.,..: 

1 • Pn-r->upply ~~<>ltage ·., e"olher ±6 or ± 11 V de. 
l. The C<>mpulO< muot prtwOdoe a <k.>c:imal n:.odout in mil.., por gallon. 
J. Tbe comp,Mr mus~ Pf<>'o"Odoe tho ,.,...tou¡ 10 an a.:cutacy o( ± 1 milo pe< g.>IIM. 
l, T;, compo.¡tet mu>l pn;wide a readout o( milO\ per g.:~llon al le .. l once"""'"' 

1 S • when the wh•cle io lravolong at • ~ gre¡oter than 1 O mfil. 
5. The compo.¡l~r mu•t be cop,¡ble of calc~l~ti"8 miln ~ gallon ~ tho 

hmi11 oliO and 40 miles por gallon. 

ll sl>ould be noterl th•''"" >Y',.,m requ¡remento lor the compo.¡ter undcr study hero 
are quote >lmple •nd "'mewhat lro> str¡nsent rJ.an in t~ ""'al caoe. Th~ requitp. 
ments hffl! are int•nhonally maM li"'!>le in ordet lo S<m¡>hfy ¡;, dioc~,.ion. N ... 
e<lhel..,. ¡;, pronc1pl0\ >11' the o:.me reg.>rdl..., ol tl>o ~•tr ol the •ystem """"~~ 
coloons. otod tbe study" lherek>re iMtructo..,. 

We .,..,.,., th•t wc have available two tr1noduce" whic:h ""'tu be uoed •• on 
•n~ral p,an of tl>o MPG _computer. The font ttan!ducer " ~..,¡ to me;>>Ure !he .,.,¡.. 
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oltO and 40, we u"' a f"'e·ft•p.nop oh1~ COI.Inte< fo< '"" unrll dog1U. ando t~ 
ftip-ftop •~ik count..-lor \he ~no digoll ol mile• ~ ~ollon. 

Onc C<'>IWo>f!">n li- ;, lhe lime be!woen lwo flow pu!"''· •ntl we wan¡ 10 shOfl 
lhe a<;<:umulal<'d coun1 inK> the displav llip·llop> 11 1he e.-.d of eJch conve,.ion 
cycle. NOI!Ce lir>1 ol all 1ha1. when OJ, islow, the counr A~ O ¡;.>te i• dr .. bl«< and 

ther..m the un"' and ren< counle<' connot change ""''"'· ~ ;, during thi• ~- ¡h,>t 
w<: mu>l shiflthe conte<1to ol th...e co~nle" into the do>¡JI•y flo¡,..t'op>. We "'"" tloe 
le.<Jing edse ol 05, 10 lfil!l!el the <MI one-•hot and de•elop lhe •h•h wa•~l""" 
05,. 1"he f~lling edge o1 051 i• opplied 10 tlle >holl go~n. and otthi>ume the '"""t 
stored in tlle uM< and ten> counter> is "•lled m !O tlle d"l'lay tlop-1101>'. The follinK 
edge ol OS, i> then uoed lO re<oel all flop-fl<JJJ' on the uno!J ond t<"n> CO..IIIe<>. The 
cont""!S of the d"play nip.flop> are then decoded and uoed to illum•n.llc ti"' in· 
dicotot ligfu1. In th" <y<tem. the d"t•n<;e Pul \M can be eon>ide•ed tu be the l~l>ic 
syo.tem doc~. The flow 1'1'1..-s form • •orioble col\lrol BOte by meo ni of the cont~>l 
01"11'-ihol wl1oó d<1erminn the period of time th•t ltt~ co..nr A~o ~~<''" ;, on•bled 
and therelore the number ol distance P<JI..., co..nted. The output of the .tlolt on.-. 
>1-ot OS. CAn be con.,dered a> a >trobe pul >e whoch >hlft> dala imm the co"""'" 
into the display flip-flo¡>< in <uch a woy that racing i< ovoided. lhe >y>tem cle.orly 
"'' ~n accuroq of :=one coun~ which <:Ott<"lo¡>Ond< 10 = 1 mile ~· s•tlon. 

14-4 GENERAL-PURPOSE COMPUTER 

Tloe MPG compute< di>eu>oed on 111<: P'ftioo> ''''"ion "con•;d~ed • >4>"<0.1-po.•· 
pose compute< ¡ince 11 h deoig<>ed ond <:on>tn.octed Lo pe<fo"" • ''"Kie luneto""; ro 
alrer 11 w that ot could per!orm anoth~r function would require • m•jor <:han~e Ln 
d<-oign. 0n the oth~ hand, a generai·P<'fJX>S" comll<Jt~ i> de<•gn!!d ..., thot it con 
~ a numt>e< ol lundJmental ~lion>-Add,toon. <ubtractooo, multophCO· 
toon. dwi>lon. comp.>.r;..,..., «<. The comi"Jier can lhen be u>«! in ony number ol 
d 1(fe,.,nt applocanon• by "mply in<tructon~ otto P"'IOrm the •PI>'<>P"·"" op<•<JriOn• 
in an ordPrly la•hion. The functionllO be performe<f, li>lrcl "' t'>~ order in which 
th~ are ro l>e ~ccompli.tltd, i> l<nown a> a prcgram lon>trud•on ><.~). lhi• l1>t ol in· 
•tructH>n<, or pn:>gram. ;, nonnally >101ed in the COOTtputer me<l>ury; wlwm the com· 
puter i< >ta•ted, it >1mply perlorm> theoe lnstru<:tiono in the Ofder 1tored. Ke<em 
lie> the dilference t>erween an elect•onic calcul•tor and a ge.-.e<>l-purpo"' d•~•t•l 
compU1eo-the calculator perform< • function ladd, <ubtracr. e\<:.1 each tino~ an 
operator depreo..., 1 buftOI", but !he >101.-d-progrom comfll.'ler ,..rlorm• the wm· 
pt.,., li>t ol ¡!Of<"d in>tn.oct10n> W>thoul hum¡on illl~oon. hmh~more. tlle (~f'"l· 

I"Jier " cap¡oble el wmpl<1ing the in•truct•on <el In o '"'"" '""" period ol ¡,..,.. 
(additioo in I'Oihap> a lew micr<)>Kond<l, and the o~ration i• wtually error ''""· 

T"" simphlit-d block diagram in Fia. 14-12 show> tlle basic unHI to be foun<l '" 
In y gen~al.purpose <omP<Jter <yuern. Tl>e rnp<oi/W(,P<II block'<?'"""'" the onr~·· 
/>ce between man and m.chine. 1t cwld >imply be a lelotype Un•~ wWe onpul on
lormarion i• typed in on th<' keyboard and ourputlnformation i•p•inled on pape<. lf 
coold alw 'efl""'-""l •ny cf the oth"' inpul/ou!pul media previwoly di,.u<>ed. ""'h 
aopYncl>ed poper ~. P<Jnchtd unit-!KDrd can:f>, ond magnt'lo<: lape. In any u,.., 

• 
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input dota are tak"" into lh<' •Y•tem and >toted in t...._. mentory occording to the 
appropri."c signal>a> ~"""'~lc>d by <he loutrul ~lod. Srmrla<lv, tM<ootrnl unit 8""' 
oral"' the approptiatr >i&n•l• to r~ad da,. lrom th<> ""'mory and mow it 1(1 1he 
OO!pl/1 block. 

The •"'~ic unit coooi>" of !he regi ....... CO<>nt.,.., •nd lo@.o<: n:QU;,od lor ~ 
bo<ic opoorat•oo<. includinJ odd~;,. >uiMt<>etlon, comp~......,..,,.,;.,.,, sholling "8~1 O< 

lrit. mini>'-"""'· ele. S"ICt the monipulat•on ol dala i< acrompliohe<l in thi> unit, " 
;, ..,..,....,,...... ...-lerred ro •• '"" <~"'"' plO(~ums uM (CPUI. TO., topic• pre•iou>ly 
COW'~ lnumbe< oyotemo, tlis•IOI afithmet1c, etc.) provide an in,ight into rhe logic 
Clrcui" and configurotiono require<;l in a CfU. Again,lhe control I.O'Id pro>«!es the 
"""e>U')I signals tomo...., data ftnm lh<o m<mory unn to the •"thrno1ic uni~ .,.... 
Ioim ~ d.-siro:<:! dat.¡o monipulation, •nd "'""' the resultmg dota b.ock into memoty. 

Tt,., memory blod '""'""'"" ~ ••~• uW'd 10 >IO<e '"" 1WQ tyll<" ol informot""' 
pno;ent in the Compurer: rwm~y. the liu ol inlltuctions lprogram! and tOe dato 10 
be operatod oo •• well •• lhe re.ultinK OOT~»JI da!a. The memory tl>ell <ould be 
mn~rucrod U>•ng any clthe de>ic,; prc>ioosly di>eus<ed-mas"""< cotes, mag
n<~i< drurn> or drsk•, scmrconduo:tor memory uni!S, magn~lt<: !ape>, and "' on. 
~Ndin8 da!alrom or wri~"'l d.to into ~ memory ¡, ag¡on under d>e tuidanc~ of 
the corurcl unit. 

Tl>e coolrol unit -•llv cootain> U.. coume<>. rqiueR, and lolic r>ec"'sary !(1 

~lop the rontrol llignol> required lor """''"~~doto into and ool olth" memory, 
and k>r perlcrming lh~ n..: .... ry dala maniP<Jiation• in m~ •nthmeHc unit. The 
•y<tcm dock i• a pan el rhe conlrol uM, and it i> usually the <!arting point for 
generating lhe proper cootrol >ignar, "' di1o<u>>«< in lhe ¡;.,, pa~ ol thi> chapter. 

11 is intN""'"ll to Con>od"' an .><:tual 8"""'"1"""rpo"' digt!al comi)Ut.-r in light ol 
~ .~ di>cus,__ For rhi> purpo>e, a block diagram oflh<> 0•8•1.11 Equl¡>mmt 
Corp. POP-811 is .t.own in Fi<¡. 14-13' NoW how lile 1y>tom d•agram un t.. 
brolm iniO tl>e four b"'k block> p""'iou<ly dll<u<>«<-input/OUII)U~ OIOihmetic, 
memory, and control. 11 table-model POP-a¡E i1 >hown in Fig. 14-14, and lhe 
followins e.cerpt g·,,...," sener_,l de.cllplton uf rhe oy>tem.• 

The POP-8/E il 'PI'Ciolly d"'iiV'<-d a1 a gen.-ral perpo>e Compul.,, ft i1 la U, 
Ct>rnp.ICI, inexpen.,..,, and ea>y to inte<f.><e. The POP-8/E i1 d..St¡ncd 10 mee1 

'"Snn.oll Coo\-oet Hond'-1.." <~. 1, 0'8'"' (quopn'l<flt COipO<ot.,.,, Meo''"""· Meo"-· 
191P . 
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The 1.2/1.~ micro;.,..ond qcle t•n>l' ol L~ machone prn.><le• a com¡J<JI•· 
too o ratc of J6S.OOO adliiBon• pcr ""'ond. Li<h ~drhllon "'1""~' 1.6 mo<<O<<'
ro<>ds (w,¡h """ nunolX'r in thP ~ccumolatur) ,.,,.. wbtr•<'"'" <l'q0""' S.O 
m"'r<»e<cond<twolh ~ wbtrane..d "'thco Kmm..Lotnr!. Multoplicat""' is P<'<· 
k>tm<'d in 156.5 microl<."<ond< or ~' bv A >Ub<OIJM~ lh•t """"alt'< on lw<> 
•igr>t<l 12-bot numbl~• to produ<<' • 24-bit prud<Kt l~vong '"" 12 """'' <>~nol• 
icant bit. in th~ accumulato<. Dovi,.on oltwo •isn<-rl ll-b11 numbe" 1> ~

formPd on 342-~ mi<"''O>C<Ind• or less by a wbtooMc that produc""a ll-h<t 
quotirot in the .accumulotor and a 12·~•1 """"'r>dc< in <ore momo..,., Som•Ll< 
<i¡<>ed muiBpl.;atoon and d"iOOn opl'latOon• are ¡N!tfnrm<."d on apprn>Om.>t~y 
~ m;c""""onck_ utililing l~ oploon.>l E•tended Arott.nw.l.c Elemem. 

The fle.,ble, bigh-<:•~<ity inpui/OUI¡)YI capabolllie< o/ lile e<>m>"lt"' •llo>l 
it to Opt~ate a l~rge "'"'"'Y ol J>('fiph<!ul modn~. ilo!1od<" ll>e st.1t>d.Jrd 
keybuard and papcr-13pe punch ;nd r~ader equip<!l('OI, lh~"' ~nmpuiP<• or~ 
rop•¡,¡e of o~etalrng in cnnjun<lron woü> • number ol ~llional deo re e• l•u<~ 
a> ho~h-'>P""'d perloroi<•d-taP<' punch ¡,,J re..der equ1pmen~ card re•dor 
equipm~~ ¡¡.,., prinre", analog·lo-drS•"'I con"""""- call>ode ray lubo' 1n11 
di,¡pla)", mo¡;nd>C "'pe equ,.,.,-~ a 12,7&4-WO<d ranclom-~Ce<< d"O fole, o 
2&2,1 1 2-word ra~<:e>• di•• fole, ou;.l. 

14-5 COMPUTER ORGANIZATION 
ANO CONTROL 

In thi< .non chap~ devol.d ro dogoul ~on-.pur.,.,, we <.>nool P'""t.ly ~,,... •n 
e•hau<live rreorn>ml ol all m~Oinn; nov..,..,,, _, can do«:u" in g""er•l '""'" 
thQ"' "'~""'" ol compute. orsoniutoon and operat"'n whit;h are common lo mony 
dofferenliYpe• ol digrtal comput..,., 

The rnlormalocn .ron:d in lhe cumputer memO!)' i< ni two lype•-eilher dOlo 
word< lnumerk: inlormationl or r~llturÜOfl ,,,.,,rJ,, In~- \l-1, we con,.der.d in 
""""'detailtM •a•ioo• form~l< aoaolable lor ""'ing numbcn. <I'ICiuding bolh fi<ed· 
pointand floaung-po<nl numt>rn. W~ mu<l now COfl,.det an apprcpriole lorm.~l fe< 
a COO'J\PI!Iel' ''"truelron WQrd. 

In g""erol, a computer in•lrucrion wnld will """ rwc do<lor><'l ""'tion<, al'""""' 
in fig. 14-15. In lhi• Co>e lhe W<lrd O,nijth ¡, 11 bil<; howo""'• rhe numhc< ol b<ll '" 
a word varie• fr<>m machrne 10 mochine le g .. 36 in th~ lB M 7090/70'!4. )lrn lho 
111M 3W. 36 in the GE &JS, «o><l 12 in the POP-6/EJ. The fi"l wclron lthe thr~ bol< 
on the lefl in thi• UK') ore u;ed lO< th~ oper,.iC<I cr><k lop-<odel nlthe on<1ruc1>on 
lO be performed. l'he op.cod,.. ""' de{,,.,.,. by 1he compo,otor de.i~nPr wl>m '"• 
....chrne i• initoally dnigned. Fe< ""omple, lhe 0(1-Code lor ..ddil"'n mighl be 
defrned as (1()1 1. In thi• ca<e, thrr~ "" only rhr"" brt• ro~ le< o¡>-<:od,.., ond • 
comPI'10f u,.ng rhi• lmmal would lh•relore be l•m<tod Ir> l'- 8 cp-codos. 

The rem>oning bill in 1r.e on..,uchM word •hOWO\ on F•~- 14-15 ""' u'od tn •po<· 
ify the oddreo• in memcry W which '"" inllru<hon «PPhO<. In this ca«", the ninr 
b." un be u~ ro lpeCily ony """ ol !'- 512 loc•hM< in rnemory A• on ••· 
omple, lhe inwUaion word 001 000001100 rM•no .>d<l.001) tl>e cOfl<~ll ni rhe 
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f•B· 14-!6. POP-a¡'[ on>Uu<11on wo•d loom•l. 
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F11. , .. ,1. llaN< """'~"''"' -•11111 qdn. (IJ fot<l>. lbl ho<vN. 

The instruction• lO be e•ocuted by th~ compulor are normahy "oree! in ti>e 
memory in tbe O<dOt in whicl> they ate lo be perlormed. Ta ~'" on c;>eroMn. ti>l' 
;oddr"'' in t1w mernory ol lhe fo"' ifl<truclion lo be no-culed ;, en,....., inLO 1M 
machi"" bv an opetato<. TI-o. conlf'OI unolll>en l«cl>n lhi> inwuchon llotn ,..,... 
ory, eo«urn lhe PfOPOt OPf"l"•liM. and ~· ta tbe ne.t ,.,.,...;;ion stor.-d '" 
lht memory. Thi• bo>iC two-c"f<;l~ proce» continu~• until ~11 the inW\oCiion> ho"" 
~n compl~ted ond tM """'"'""stop>. Thu• ti>l' opl'ration ol • campuw con be 
e•ploined in ttrm• o( IW<> lundlme<ol.11 cy<l .. -l~ldo and ~-u<e. L~> tumoot 

• • ........, lWO cycln •nd dE"I"""i"" ti>l' u>i:s LO be occamploshftl bv""' con1ot>l uM 

durong eo<h cy<Le. 
T"" com»UIOt uni" in...olved durong a fetch cycle ••~ >hawn on Fig. 14·171, 

During o le«:h cycle, tl>e Jollow•n& opeulions ote per/ormed: 

1. The ;oddrt'll in mernory olthe r,., in<trucliorlltl be e•tcul«< " pl.oced in '"" 
in.,cuction coutlle<. Thio ;odd'"' io re.od inlO ~ ,.,..._y .....,._ rqo>tel 

lMMll and a teld/wrlle cy<le i• otuti;oled on lht .,,..,,.,. 1· 

'· The on<truction 11ored al tht 8'""~ addrn• in ""'mory io ..,..,¡ '"'" '"" memory 
buffer r1!gi>let IMBRI. 

l. The Q¡>-code port.an ollhe in<lruction in lhe MBR is then <IQted in !he op<ocle 
•eK•"'"'· • nd t1w 1ddre>> IMI'Iion " placee! ln t1w MAR (in p¡.ce ollhe ~~ 
~>l in -.uon fo< 1M lolro..ing necutt cyclt. 

••• T"" in>lructoon counter t$ incru>ed by""" in oróet 10 
l~h cyole. 

be ~ "" 1M ...... 
' ' 

• 



------~---- ------- ----. ---~--- ----~----

·-
----. --· ------ ~ --------

' '" lnlroduction 10 Di¡¡ill.l Computen ' ' 
"' DigiW Principies 1nd Applic¡tions 

ne compul~< unll> '"'"'"" durong on P<KUIP cycle '"' .no..n in f<l- H•17b, ond 
ú-..lollow"'s ope<OI""''.,., periOtTMd: 

1. lh<' ·""'""' on "''"""''Y conta"''"' data lo be ,.,,d 0011, or ,..._.,dota is to be 
"or«<. '' ~Ml.:lon,..j in lhe MAR ~·o resull of 1he pm-ioY1 klch c\'Cie. Slmi
l,orlv. 1he o¡rmdc il contairwd 10 1i1e op-code '"8"1er. 

l. !he rontcnl5 <>'• 11>1' c;>-<odo: rq¡'IS!et .,ed"<<ded •nd 1"-e OJnlrol un11 pro• des 
11~ <>Kes,.')' convol .;¡¡nols 10 ¡>erfot-m ú-.. _._..., ull«<lcr-e.JI.. ,.,.,.¡ 
do!• from ¡o in¡~~~t TTY, inlo lho: M8R and ~ ot 11 ~Maddn:s! in mm.ory •<· 
ro•d•nR 10 lh<' Ca<:tents of 111~ MA~; cr, "'•d d•t.o lrom the add,..., in mcmo<y 
,, g'"en b• tho \-1AR, •nd mcwe ot tu the a<ilhmetic unol ,¡, tho MB~; or. read 
d•to lmm th~ m""""'' via lhe M8R ond prinl !he d.olo oo ¡ TTY: o<, ,.,.,¡ d;>to 
lrom me a"thn1etk unit •oa 1"" MBR ond ~ il in lhe """"""~ o¡¡he .odd"''' 
'PO'C•fo«< by lt•· ."'AR. 

J. Al the ccm¡>letoon of the P<Kult' cycle. retutn 1r;r tJ,e neot 1.-t<:h qcle. 

T"" INch/e>..:ute method <>1 operat•on" Quite common lo rno<t g""eral-pu~ 
dogit.ll CO<I'I¡>I<ter>. ~ lho<ogh the two .Utes migM be f2fen-ed lo by diff.,.-..,1 
~>a.....,.~ ¡n Cf"'fabon i> begun. IM conlml unil /.rst pl~es the computo< in 
'"" klch mode. •nd the<eM!ot allo!<notn ~IP and 1<-tclt rn<>M< unlil the ~ 
op<'t<OIIOn is compiote. A ""'i"' of dod pul..,.. lpem.,P< loor or r...,, or even 1""1 
cJuron~ e•rh fe1d• Cl'<;e i• used to hn~e lhe varOou! Dll'!flloons. A""''¡" sequence 
of clod: pul"" i< uhhl~'durong tho e•Ku!e cycle. 

i4--6 COMPUTER INSTli:UCTIONS 

[V<'r'JI ~""eral-f>IJ'f>OSO' mmpuler muot h01c an 1nst<ucl10n <el. There may be only a 
lew 110 o<,.,¡ fo< • .,_.,,¡¡ comput~r. whole alarg~ computer may havt' hundrl'ds ol 
onwuction•. Tn. ,..¡ of >nllruCt>Ort> u«<< woth any porticulor compUto< ;, of cou"" 
<1<-vo-..-d duron¡¡ rhe >M,.I des1gn p~w...-., ~nd an'f<>'><' who u..,..lhat computer mu11 

""""""' intomalciy f.omoloar wnh ~' inllruction Iet. lncidenlly, an indi•<lual who 
'PC<'i-11"'•' 10 effl~ocntly orrang1ng C<>mpuler inllrucliono fo.- ti1e purpo..- of !Oivong 
pmblemo « known os a computer pru¡¡rommet. 

ln<ido ll>e compuler, NI!!')' tn!lruCiion must be repr.,...ntl'd as a BfOUP of bonary 
numberlle.g., 001 lo< .oddolion), but 10 ea"' lho! burd"" of W progr¡mmer, the cp
<<><1._.. .,.. frequently ouignoed mne"""'i(: totles. fa< •••rnple. the op-code lor addi
tion might be 001. bu1 we could code il •• AOD. The ~ovom<not could then use 
ADD '" arr¡ngmg his li<1 ol tnstruction~ ond when the olphanu"""'" ;npul AOO 
appeorl'd ¡¡ tlle ccmputer in pul, i! wo..td >imply be encodl'd •• tho 'onotrucfoon 001. 

In ¡¡ene< o l. thlo<e l'e foor dtff..,.,l IY!>"' of instruttoon<- arithmetic, doLO mano¡>
ulot.,.,, ttansleo-, and inpui/DOJ!pull~• hst a foctociou> se1 of ""truc:t""'' ond thott 
""-' how they mo8hl be arransod as a ¡>rogrom ID 10),.. i problmt. fven lho<ogh liti> 
inr.truction <el is focto<OOU>, it i> nuote >itnilar to lhcKe found in ;octu•l c<>mputer 

'Y"""''· E.ch in>troxlinn "~N"" in mnomonic lwm, w1111 '"' bin•ry code in poten: 
'"'"'''· and • de.cr· 'olthe <>jlet'Ohon ol reqwes 

• 

,.._10101 ""'Y"'""''""' U.p<<-<>iOllthe 
HLT ¡()Oil()) Hall! ~ompoJ1et OP'"""""· '-'>" 

<1~•1 l>utton. ion X" added 10 1he contento! li>P 
i\DDX (IXIOll Thc cont('OI of memor~locat 
,,,.,.,....,l._,or rr¡¡nl<'< tn 1hr;- oroth~or: uml. ""' ~ ,, ..,bt,~~ f<Om the contenl 
SUBX ¡()010) The contenl of m~mo"' local -

1 n ¡t.. ar'thm<loc unot. f 
cf 1r.. accumul•tot rq¡•W: ' • 1 ''""X" mult•plied by 11te conh!nl o 
MPYX (0011) The cort~nl of ':""""'ry ;:i~he P•oducl i! sto«-d in 111e MQ reg.,. 
!he MQ ..-gister tn tne ""'"~"'"' un~, 1 

'"'· el,..,...,...,. local.,; X i< dovtded into tho: e-l ol 
DIVX ((1100\ The conu•nt _ to<,..j on the MQ ff11iUO!f· 
¡he MG t"'lill'-". ond tne <¡OOhe<>l ''' 

1 101 ;, st,...,d in memotY locatoon X, 
OC" X ((1!01) The con1~nt of the occumu • 

ond tl>e XC\!mul>lor ;, clNrl'<l 10 • 11 '"'"'· . torl'<l in rnemor; localoon X, 
QCQX (Oll(/) 11-.e conl""l olthe MQ "'8'""'"' 
¡nd the MQ "'&'""' is cle•tOd 1(1 alll.-ra>- lrom""""""" locouon X. 
¡MI'X 101111 The oe•l omtru<:lJOn "ta~"" liar< JI" ""lO!ft<l inl<> 1t.. MQ rq••
lOQX 11000) The cootenl of me,..,.-y au 
1er. _, ~- , d , 1 the in¡>UI de-vice and •1~ in 
REDX (1001! 0ne word "' ""1• " reo 
memory al .oddr..,< X. lfom """""""al..tdre>> JI~ ptinlod 
PllTX {1(110) On<! word ol dot.l "reood 

on the 'output ~'"'· 
• , . 1 con>Piele ei'D'Jgh to ailnw every ~moble 

'lhis ¡;,. al '"'lruc110no o< of _cou<<e "" him•-l~n~u·~~ pm~wnmm~. N<>
o¡>eratiOtl. l>ut ti 111.,.... u> t~ tllu•l<ot~~~il " ""'"-'' .. ...,. ••nc• we wa..C 1<> 

toce tN.t ~.,...tour~ ;::;;..n 16 ,n~ru<tions. furtho'· •uppo>e ohne '"' 
•ncloxle more lhon "'ght l com¡II.Oet havona only 1l8 ,....,.,.y 
"""'""'"are uwd in a ,moll sener• -?Jr¡¡ooe 

la~, .. , 

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

1"'"'""""' 
~~ ....... ~ 

Ope<>lio<o 

RtD SO o H)OI ()110010 

Read R aol<l ""'" >1 '"""""y odd< .. , SO. ~EO SI 
1001 0110011 

R.o<l i\ ond """ •t ~ OÓ<I'ft> SI. RED §l ' 
1001 01101110 

RN<l Y ...0 - >t ,.._.,. ~ Sl. OCQ ll1 ' 
OliO 11 11 1 11 
0101 1111111 

CIN' MQ.qo,.... DCA 117 • 1000 01111011 ct.,.r .ccutr1uloto< lOQ SI ' 0011 0110100 PutA 10 MQ M"" !l ' OtiD OtluiOI Mulupiv A m Y OCQ Sl ' OJIII 0110010 ~AYonSl ADOSO • Ollll 0110101 
f\tl R "' ""''-""""''"" AOOSl • Add AY l<> R"' ICCUI"''Iol<>< oc•• '" 

0101 OUIJIIO 
101~ ouott(l s..... l in!>< 

~·- " --Pnnt out l 

"" " Koll 

~ 
~ 

' 



Digital Principie.- ~nd Appliation1 

fOQ!i<ln• .o W! an ir>A~U<tlon won:l ;, ~ al! 1 • bit>- bJr bill of ~ 
and -.. bit> lot mtrnc><y ~-

Now, lo:ft U!ifinlt.., inslruc!Kin• lor..,. fon~ious ~ 1010ive1~ P<Obl'""' 
z- II.+AY. The~m .. ~r ~!be~ ........ of R. A. ond Y,~~~
....., cafcut.uon._ ..-.;! P<int ""' !he ~~~ al l. The cao:;:lt<~~ I)I"Of;rom. •• wrm"" in 
rruc:l""" longua~ (rnnr:orror,ic <"""') and ul.lrftd in rnemory, would appear •• in 
Toble 1•-1. 

lo ini!rah! 1~ pmwam, !he .,..,alar oeto !tle instn><Uon <OIJnlo:r a! O .,><! 
clepoeo~ !Ir ~~~ button. The Compu!o:r inriio- a ktcl> cyd<' and <>bt;lins 1M firn 
in!Wu<1i<ln IJI.EO ·SO) lram rnemory ;oddr .... O. Tl>io is fols.-ed b,. an ~<reute cyde. 
The ""'' ktcl> cycle obuins lf>o. ino!ru<:!ion in rnemory ;odd,..., 1, and «> 011. The 
f>IOSI""' """' atn_'f ""' cr>mp<rlft! val..,.. loo l " p<inoed OIJI and 1~ HL T ,,..,ruc:1., 
" obl, i"'-..:1 in """"""" ;ackl ""' 1 2 ,.. 

STUDY A.lDS 

Tho:re .,., buteally two typn of digi!;JI compu!ero-<P«:ial """""" and seno:ral 
""'fiOM!- Speciai·P<J'fiOM! Cotn¡>IJtero ""' rl"'i¡¡n«l lO< a •ingle purpoor only, while 
seno:roi·P<Jrpoo.e rruc:hi""' can be u"'<l in ar>y num~ of Mfl'renl opplic;uions. A 
1.,...•~- mxhl<>e it d"'isne<i w~h • b>Ur: ""' of im!n•c:ti<lnl. and a pro. 
fV""'me< tan u"" wth • ""'-"" 10 >01"" <P«:rfoc pooblt:m•. The compu!H ool>fl 
probl""" by ~•PC\oli~ 1 Id ol imtruc:1iono which """" beo:n ordo:rt'd ond plact'd in 
the C<lr'nj)<Mt rnemory by • PfO!p"amme<. Moor: ~..., ~·te in a t:la•ic two
cycle ~lrf••ecu!e mode, •nd the •PI>""!>riah! CO<>trol ''8""'' ore B"""ratt'd in lf>e 
conrrol uM in synchronism with rOe''~'''""' clod .. 

"'""'""""""' J)'Stem A,.,......,., ....trich lo&ic optfations ond ~ Cho"'H occur 
al ran<lom ti""". 

dock <r<le ¡;,.... O"" clock po:róal; the reciprocar ol dod lrer;¡uenq. 
compui<V proglam A li,¡ ol •pecilic inotruc!ion• whkh a compul<!r execu,.,. to 

"'1"" • aiven ¡wablen•. 
ltcchie•rcutoo The twt1 •llo:r"noO!inl """""ol OPt<abon in 1 eene<al-pulflO<e com-

~·· -~·-or ~ A compu~rr.........., 10 ac:"""""'i$1o a ""mbo:r <>f ta>k>. 
For ~..,,.,le, allrtr ororhmelic optforion• •• well •• d«i•ion ,..l<i"' fl.e .. 
.qu•IIO, ¡rNto:r th.on. leu thon. ¡o, no fiOI. 

innwc¡jo~ ""'«~ A C<>mP<J! .. wOfd loaving two ""'''""'- '"" op-code ""''ion and 
lh~ ..M reos ""'I>On. 

mn...,.,.;.; lnlended 10 aui01 the ..,.muo r. 
(lJ>-CGid.-Opor•ri<ln code_ Tlr cede ..-kich dl'f.,.. 1 >PKifoc Ollf'OP<t!n operation. 
oocdl•tor ,..¡,~ lhe ~t.:rf'¡ of tM lrequeno;:y of r»eoll•toon; LIWOIIy t•pn»>ed 

rn P>rt• "'-""-wnd Of p.>rt> l><'f mrll...., IQr a l><'fiod of time_ 

. 

•. 

lntmduction ro Digital Computert 

""'"""'•'Y clock A c\oc\ ol fr~u,.,<y lower rk•n rhr b.o"c •v.r~m dock whorh io 
drri""' from the b.o>ir: ..,....,m dock. _ 

¡p«ia/-puiP<If" comti<IC"' A comP<Jh!r designe<! to occomplr\h nnly one ,.,k. lor 
ex¿ml)le, t!w MI'C compu~o:r Ir> lh<$ chap!H. . 

Jtrobo, pul<t> A P<JI"' drveloped 10 inlefTQIJh! P'"' 0< 10 "''~ da,. 11 • """' ""'h 
rh.lr rac:ing i> •v<>idt-<1. 

oyncl>mnou> ''~'"""' A •ystem in wkich lot1ic operationo and level ch&nle> 0<-cur 
in ..,.nchroniom witk • 'Y'h!m dock. _ 

two-plw5e dock The U«' o! !WO doá wa,.,f<>rms of rtr "'""' I"'G'Je-ncV whrch 
are 180" oul ol phase "'"h """ • ...,.t.o:r, lor ... ,.,le, rhe 1 •"" o OIJ!put> o! • 
n;p-Pop. 

R...t.w Questiono · 

'. 
'· 
'· 
•• 
'· •• 
'· 
•• 

•• ... ... 

h~lain why a clock mu01 be poorlecdy per>O<Ioc. 

How can rhe clock cy<:le rime be lound lrom the clock lrequ<ney/ 

Why "'"" flip-1\opo ¡,..,a <!tlay ti""' le" rh•n one dock cyoc!e tim<'l 

Wh.at lacton al~t tt... o;r;i!llli"' freque-ncy ol the multivobraror in Fi~. H·21 

Wha! ;, the purpo<e of me Schmrn rriuer on fi1. 1(·41 

E><¡>lain one metlrod for obuinlns • rwo-pha<t> dock. 

What io the <na in ""'PO"' too- drvelopins • srrobe pulse! 

Why i• it ldvantlrfle<IIJOIO dnelop the ~ P<JIW! in Fig. 14-'1 by Mninslhe 
traMi<!Of on ,.¡t,.,. thon off/ 

[>pl•on ¡he dolf4'r""ce bo~n opecial· and B<'rltr>I·P<J'PO"' compul~rs . 

Whal "a c<JII'II)Uter prosr•ml 

E<plaln wh.al ;, mean! by ~h and e><e<~ in ltrm• ol comP<Jl., optfotiott . 

Proble,... 

r•-1. ~·nning wirh a lymmetrlcal «;uare w••~. •':"'w a mr!"lhod IQr d...-.lo¡>ing 
a clock con•iS1•~1 of • ""i"' ol pooiti..e pulse<. A"""" of nt¡alr"" ""'""-

U-2. Wl>al ¡, ~dock qcl~ t'- lar a ..,.uo:rn .,;"1 1 1-MHz dock! A 2SO.\Hl 
dock/ 

14-l. Who! il the muimum ~lay lime lor a flip-flop if 1l i• "' ¡,., U>ed ;n • 'Y"""' 
h.avins •n 8-MHl clock1 

1•-c. Al whol fteq"""""' woll lh~ multivlbrator in Fi¡_ 14·2~ .,.,;ill;tle illl- 100 
r.n. c-roo pf, v,- 20 vdc, and v, •JO • del ,-

1._s. Whal will be~ koqueriCl' of lhe muTU•rbr•tor in Prob. 1•11 rf V• ¡, 
chonged"' 20 v del J 



.lco 
>~·"· Wh-'1 ,.,-.:,,~ Ul C •> ""<l~·retl h l~e ~•ul:,,,¡, • ...,, '" f•M- 1•·1• ol 
\f, ~ 11 •. /{ ~ •7 "1, .>nd oh~ d~<·•ffi 1'1'<1~~'" V ¡, 1 00 k< lll 

1 .¡.1. Wh•l '' lh~ ""''·11•~~ l""l"""'Y ni ll>e W•~~-bcod,¡~ OKoil•l<>< "' f ~- 14-l:l> 
,, -~ .. '7 ¡,¡¡_ • .,., .:- 100 pf! 

14-J, lf¡r., <r)•iol .,,..,ll~lo< in f·~- 14-llc" O <!.iholoty <¡/ !;;) p.ortl m 10' ~do~, 
""""' """ oho- ....,,,m~m Jflll n•inin>cm lrrq""nc:'"' oí ¡h~ =•ll,¡l<lrl 

: .¡.•¡, )l"'w o tu, ~~~·e n<'<C>""'Y 1<> <l<:•el<>n dock lroquerw:•c• ni ~ Mtt<, l.S I.'HJ, 
i \1tlt.•nd lOO ;;H<. 

¡.¡_¡o_ n,. S.MHr .,.,.,,¡¡'""in Pr<>b. 14-~ h .. a <l~bili<Y ol "'' p;¡rt in 10" ~ 
a..y. Wlw1 ...,¡11 be¡¡,.,""''"'""' •od min.rnum frno<>encY ol W 1-~1H• dorl<l 

¡.¡.¡¡, Wh•t ><oul.t (>f' lh~ """"'""' •nd minimum lreq""'no:~ oltbe 100.kHr 
clock on p...,~- 14-101 

''·11. Dr~w lhe "•M'Iurm• lO< • par•ll~l ¡,;,..')' coun•~• ~~n~ ~'M'<l l>y • lw<>
¡>h.!,., dO<¡, Sho<• th.:Jt thoo wiil """'' •n • »>ution 10 L'le ••ce p<ok>:em. ~..,..,bof 
th.-tt e~ch Uop-Rt,p h.I; • f"'''" <k)ay ¡,.,.,_ 
1~·1J. li<OW coolrl 1he MPG C<>m¡>uter be- modoloed toSÍ~ • !QiuM<1 10 d'f: ,.,,,.¡ 1/11} mole~ s>llool ' 

14 -14. Dr•w ' bJod di•go,lm ;howon~ !he lour major blodo m o general-purpo>l' 
compul<"'" •)'<lem. 

u-t~. tlow ""'""~l." wo.,l<i bo. <<'qui.-.d m a <NoChón< N~ins l$ m,, _ _,,-, ,.,.,,¡ 
1-1-H,, How m•ny •ddr.,. b•" would bo, <O<¡uired lo k•ndl~ 1,000 wor<:l• of 
mcmnry/ 

14-11, How many p>8• .OÓ""' bot• would bP ""'"'re<! to lorm • 16-~~~ 
mM><><Y ~>••in~ 6-1 """""'l>f'< p.oge/ 

1•·18. W"'e a mJ..:ho~nll"•~ progr;un lo ool-.• the pn:¡bltm Z • 3RIVI + 8¡_ 

' 
\ 

.~ 
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Appendix A 

States and Resolution 
for Binary Numbers 

WO«lle"'l"' 

'""'~ 
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' ' ' • 
' ó 

' • 
' .. 
" " " " 
" .. 
" "· 
" • 
" ,, 
" " 

,...., ""'"'"" ol ~~"'""' ol • 
O)., ...... ,.,. "'"'"" 1.00... 

" -
' 

~~. 

• l>CI 000. 

• '"roo . .. 
1; 

~~ soo. 

" JI~~-

" 
OS f.IS. 
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1 

1 e1 1.$ 
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''1$).11 
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6 1~1 '¡¡,01 
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61.114 

J2 71,. .,. 
&S 5ló• 
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1~114' 1.a1 
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1 ~J76 ••• 
¡ U.IIQ •• 
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PROC!3SSOR 
HANDBOOK 

2.1 uNtiUS 

- • 

CHAPTER 2 

SYSTEM ARCHITECTURE 

MM! """'¡>u!er oyotom compon~ntJ and Pf"P~Itolo eot~noe! to ond tom
mum .. IO ..,¡n oach cther en o tingle hr¡h opee<! I:H.oo On-n oo lho 
UN•BU5- o koy te tho POP-ll't mony •tron¡tho. Addr""'· doto, ond 
«><~!rol lntcrmott"" .,, Mnt oton¡ th• 56 llnn el '"" buo. { 

fl¡u,. 2·1 PDP.11 Systttn Simplrfrod Block Dto¡rom 

no lorm or communlcotlon is tho tamO for 0110ry d,.,.;ce on the UNIBUS. 
Tho prWftoor ... , '"" Hmt Hl ol stgnalt to communitato W\lh "*"" 
Oty oo wrtll penJ)hoql dovices. Ponph<!rol d .. ;c .. ,,..., uH \hi• oet of 
"'1""'' wl>ltn communlc.ting Mlh tM proceuor, memory or othor pe· 
rlphorol dovicn Eoch dovico, lneludtng momo')' tacati<>no, procoooor 
rqclstott. ond peHpllorol devico rq,.tors, '' "'"~""" on odd.....,. 011 tho 
UNIBUS. Th .... _.pt>e,..l d..,iee '"l"lors moy be mo~ipu!ete<l n ftn· 
lbty 11 eo... rnemory by lho contr.l ...-oor. M the iMiruo:tioft> lhot 
c.n be op¡>lie<l tu dota '" <o,. memory con be opphO<I oc¡uolly woll lo 
doto In perlpher.l dO•«• rogrstero. Thl> io on oopecr•I'Y poworful lealurtt, 
r:on•.terln¡ the opec,.l capabil•ty of PDP-11 lnotrur:tiom tu praceu dota 
In eny mtmor)' IOcotlon n thou¡n lt wer."" KaOmUI&IDI. 

2.1.1 Blr:ltroctional u-
Witn l:>ldl...:~onol ond IS)',...hronouo communieehons on tilo UNIBUS, 
d..,oc•• con send, rocoivo, oM o<ehongo doto lndependonUy without 
prr:IC9UOI lntorvontion. For ••omplo, 1 cothodo ..,.. tulle (CRn <lisploy 
""" rttfTHh rtsetlln>m o d••~ mo whlle tho ""ntr.t p<oceUOI"Irn<l (CPU) 
ottor>do 10 othO< tlloko, lilecalrW <1 lo asyn<:hn>n<>UO, !he UNIBUS 1> cam
~iblo wtth d~ ""'"'''"' owr o wtdo "'"P of opeedo. 

2.1.2 Mutor·Sio"' Rotott011 · 
Communlcotion bO-n !""' d.--ices on tho buo is in tho lorm of o 
mosto.--ot.YO ,.tatioftshlp. At OR)' polnt In t...., U..nt is 0110 deooeo lhot 
hn r;ontrol ol ttro bu>. Tlüs oontroiUnl d..,,.. is twnnoc1 ttro "bus mo-s
~r." nro mosr.r d..,leo eontroto the buo whln communlcotin¡ ..-lth 
on<rtloor <hnrico on tho buo, tormtd the "olov.,." A typleol '""mpll of 
thoo relotk>nohlp 11 tho proceo..,r, a mooter, flleloing on lnottuetron lrom 
memory (whlch 15 olwors o ....... ). Anottror ..,.mpolo is t1>1 dialr, u 

"' 
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"'"''"'· tron•fomng do~ !o memory, os tlovo. Mnter-•lovo lttlotoon· 
'"'"' o<e dynom<e. Tho proceoS<Jr, lor <•amplo, moy p .. s bu• e<>ntrol 
lo o drsk. Tho d"l<. u muter. eould then eommun•cote ,.,¡n 1 sloovo 
momol)l b&nk. 

$.1nce thO UN18US is uM<I by lho procnll<l< ond 111 110 dwi<;u, tho,. i1 
o proority stru<luro to detormono which device goto control ol tho buo. 
Evory d""ico on tho UNIBUS who:h ,, CI!Jilblo ol t>ecomina b<lo mootor 
io "'"'¡neO o l>fl<>rlty. Wl>on""" -- -..h.::n .,. upablo o1 boeominr 
1 buo maolor, rec¡uest .,.. <>1 tl>e bltt olmulbontously, the d .... a wl!h 
\M hiif;or prioroty Mil ...,.¡.., control. 

l-1-3 IMerll>tlood C<>mmunieotian 
Commun•CO!t<>ft on lhe UNIBUS " onterloc:kod 10 that tor ooch control 
oi~not l .. ued by tlle mntor dovrco, ¡h.ro muo! be o reopcmoo trom tno 
oiOYo in crdor te eomp4olo \he trontlor. Thorolore, c<>mmun•caMn •• 
rnde¡>endent ol the phyoieol bu• ton¡t~ (., '"' n toming lo concemO<I) 
ond ttoe timin¡¡ of QCII !ronofer ot dlpondont only upon Uoe re<I>Ot'U 
tome el lile m.ootor ond ~ .... d .. o<n. Tilo .. ~nchr<>n""' .,.,_,0¡;.,0 pro
cfuan !he niO<I fe< oynchrcnozin¡¡ wlt~. ond wooton¡ lor, cloek lmpul..,l. 
Thuo, ea<:h oystom ,. olfowod to oporolo 11 •No muomum ponlblo opoO<I. 

fnpVt/oul""t a.,..;c .. tronol..,nn¡¡ do!KIIy "' or fr<>m memc>l)l 0~ ¡¡oven 
ho¡heot pnonty ond may req..,..¡ ~~ m.oote~hop ond ole<ot ouo ond m< m· 
O"j cyc'"• dunn¡ inotruction oporotiono. Tho ~fo<01oor reoumoo oi>Ofl· 
!len lmmedootoly ollor tho momory tronoler. Muttopte de.icoo c.n oporato 
oornuttone<>uoly 11 mu.lmum d•toct """""!Y ocuoo (OiolA) roleo b)' 
"otollin¡" ~~ q<OI ... 

Full 16-M...,...., or 8-bot byloo ollnformotion con be tronoro......r on tilo 
buo 1>1-n o mutor lnd o olo•e. Th< onf<>rmotoon can be inotruc-tiono, 
odd~SS@<, or dota. Tillo type of operotoon DCCUfl whln ti> o procossor, n 
moolor, " Wctoin¡ instructlon .. e¡oorond<, ood <loto lrnm momory. ond 
otonn¡¡ \he '""'" into .......,'Y oll.., ••ocutoon of inotruc-t"'"'· Dorwd 
Ilota tronolo.-. occur be-n 1 petlpl>orol d1Y1C. cont~ ond momo¡y. 

2.Z CVHIIA~ I'ROCESSOR 
Tilo central PIQUSsot, connected to ¡he UNIBUS u o ouboystem, ccn· 
!~o th< tomo otloe&toon ol the UN18US lor perlphorolo ond pe.-!ormo 
orithmollc ond k:lgic oporotoono ond lnstructlon de<:O<Iin¡. tt containo 
multople 111¡1\-1.,..0 pnorol-purpoM ro¡iSters ..-hi<:h con be u..a oo 0eeu· 
mutotors. 1&1,..1 pointe~ ;na .. ..,,.~m~, ond other specioW- !Un<;· 
\oons. Tlle pnxessor can porf<>rm <!~!• trano!ors direc!ly !>rl"'""n 110 
a .. ices and memory wlthout dosturbing lho pt<>Ce .. or reli"lors; doeo 
bol~ oon¡le· ond doubto-operond oddru.,ng ond hondleo both >6·blt 
won:lond 11·~1 byto doto, 

2.Z.t e;.,..., Re1 .. tero 
rtro central ~rocessor contolno 8 pnorol ra¡lotero which con be ulod 
lor 1 vonoty <>f pur-.(Tne PDI'·II/55, 11/45 contoino 16 gonorol 

'' 

' 

ro¡loto.-..) Tho ·"'"'"'"'" con be u•l<f 11 ;w;cumuloton, ondu re¡iotors, 
outoincrement regosters, outodecromont regostors, or ao otock pointero 
for tomporory otoroge o! doto. Choptor 3 en Addresoong ducrlb .. rheso 
uon ol tiro ¡onorot re¡oston in ""''" de!lol. Nothmo-toc .,.,_,.¡,ono can 
be 11om ono 1101111 re¡10tor to oll<>thlr, ftOm ono mem<ory or d""•co 
1e¡ootor to en<>ther, oi'bft"'"n mo_mory oro a .. ·,co nr¡¡'ostor ond o llln· 
orol "'llstor. Rolor 1<> fo11uro 2-2. 

"' 

.-' _ ... _. 

" 
" 
" 
" 
" 
•• p. 

: """-
" r.-cr 

""""""'""'"'"' 
fguro 2·Z Tiro a.,,....¡ lh¡loto.-. 

• n : '- • 

R7 ¡, uHd os tho moch,no's pro¡rom countor (Pe) end contoono t~l 
oddross ol tilo n .. t inllruo:toon to .... oxocutod. ti " a ¡¡enero\ ro¡¡iill< 
1>0<molly used onty for O<ldrouinll pu- orrcf n<>l os on occumuloiOI' 
r...- onthmotoc opoootkwos.. 

Tlle R6 re¡iotor lo normllly usod 10 tho Stock l'ointor lndlcoton¡tho -
ont¡y In tho opproprloto O!Kk (1 """'"""' tempotll)" 11<>1110 oreo wtth 
"loot-ln forst-0111" ctrorac:tonotlco). 

2.2.2 l...trucllon S01 
' ' ,._ 

Tho instruction ccmpromont ..... tho ftoXJbitoty of tire pMral-¡ou.._. 
ro¡iotors to pf'O'Iido ,..., 400 powerlut nord-wimf inotru<;toon-lho """'' 
comproto<on•IYO ond po-worlul in•tructlon reportol"' of ony computor, In 
tho 16-b~ clooo. Unlike con..,ntionol 16-t.t <:OmiiUters. whocn usuolly 
n.o .. thfw doson .,¡ lnllruct•""• (momory morooe. Qostr..ct•ono. ...,.,. 
oto or N:. cont"'t inSiruc-tiono ood 110 lnolructoono) oll oporotoons in tM 
PDP·ll ar<r acecmptiotrod woth ono oot of instructlono. Si- p01ípherol 
d .. lco rO¡¡<Itoro o;.on bo monopulolod 11 noxobly 10 coro m•mo¡y bY tho 
control proensor, tnotruc-tlono 1~11 oro used 10 monipuloto doto In ce"' 
......,ry ""'Y be uoed OOQuolly ""'lllor 11110 In -lpllorol d'"'"co ..,;slers.. 

. f"'oxomplo, doto on en o•ternal ao•oco 111••,., c.n be t"r.d or modlfled 
dortc-tty b)' lho CPU, witlrout'Drin¡lnt >1 into momory or dloturbint 1~• 
¡onorot ro8lot•rs. Ono con ldd dota di!KIIy to o ponphorol dOYic• "'11" 
!olor. O< comparo togoa>lty or orithmotlcatty. Th"' 011 POP·ll lnotruc-tlons 
c.n be uMd lo cr10t1 o ......- dimonololo in lh<o traotmont ot comPUIIf 
110 "'"' tilo noed for 1 opoclol cloos o! liD IMttuetions lo ollml...-tod. 

Tho r,esle ordor «>do of thl POP-ll ""'" both tlnafo ond doubt• opere_nd 
.cldross lnotr..ctlono lor won:lo"' t.ytoo. TIMo POP.ll lhotoforo perfo<mo 

. . ,., 
• 



; 
' 

1 
1 ' 

i 

:1 
1 ' 

1 
1'· 
¡ 

" 1 
1 

... "-----·- , ______ _ 
,..~ .tll<iontl)r In 0t11 Uo~. ouch o~obo<ll os lddon¡ Ot s~blrKIInf t'ooo 
ope"'ndl. or """''"2 on opero,.. ltOm one loeatoon to ooott>er. 

ADDA.B 

ADD 8 

STAB 

Add..ulni 

I'OP-11 Approoch 

:..se! contoftb el looootlon A 10 loc::a-
1- B, lit.,.. f'Hu!to ot -"" B · . 
c:om..nUonol ~ 

;- cont....U cf momory location A 
lnto AC 

;lldd contonto ol momory locatlon B lo 
~ 

'-!uch ol tho powor of tho PDP-11 lo dorind lrom it. wldo ,.,_ 01 •d· 
drns!ni to¡>oboht•••- PDP·ll addresoin¡ moos .. lnc:h>do WquoniOII 
oddl'n""li l""""td> or I>AC:kwords, oddres.,n¡¡ indu:inr¡. lncli~ acldre<o
¡,._ l&l>t -"' o<l<lrwooint. S.l>it- odd'""'"l. onclotK- odd,..oong. 
Vo~oble llniJih lnstruction lormotin1 ollowt o mlnlmum numi>Or ol Mo 
lo be Used lor eoch oddressin¡¡ modo. Thls •••~ns In ltf!K:ient u .. ol 
PfOII'I"' otor .. o opaco. 

2.2.3 ,_..,_ - -

UIKO ONLY ON •o•-LIIst. O 111 .. ""'" 
,..,,O~Y,....,....,.,...,or 

F,.u"' 2-3 ~ Slalus Wcfd 

Tho Proc:osoa< Stotuo - (PS), at location 11177~. contolno lnlot· 
mo- on U.o tunwnl o\alus ol 11>1 POP-11. Thio in-n indu<l .. 
tM eunont processor pr1onty: cu...,.¡ ot>d p<ñiouo 011'0'"~""'1 rnodH; 
t~o eoná~lon Ol>dn desc11bi"l1 t~o '""110 ol lh• 1 .. 1 IIOJtructlon: ond 
on lnáoootcr lor dolectonc !he hOOuiiOII ol on lnolruction lo be tnoppod 
duri"' 1>1<>11nom dltCiuqo,.. 

l'om .... Prlattt)o - . · . 
Tho Cootrol ~roc:ouor oponotn al ony one ol ~ihl levelo ol priority, 0.7. 
Wloon the CPU lo """rollng ot levol 7 on .. temol dev;c. cannot intorrupt 
<1 wlth o roo;unt r.,.- ...,loo. Tho Control l'rooftsor murt be Of>*<olon¡ 
ot o - prionty thon !he htOmol dovloo'o roqunt in ...-- ¡.,.- lho 
inr.rrupl!"" to ttko otloct. Tho curront pnority lo molntolnecl, In t;o• ,. 

• 

----------·-- .· ~-

1 
¡. 

1 

1 
¡ 
1 

1 

f 

l>fiiOHI« statUs --.:~ Cblt• !1-7). TM a """"""" -· Pl'oriOo '" 
otlootive·lnterrupt mask. --. TlMo -ilion ""'" conlaln lnlorrnatlon on - fftlllt of tilo 1nt CPU 
opo"'tlOn. 

Tilo blto '"' MI n ,_., 

Z::l,lltho-..~-•zetO 

N:: l, 111¡,1 '""" w .. ne¡otlvo 

'"' 

e = :1, 11 tho operotion resulr..l In o carry lrom the MSB 
V = 1, if lhl oporatlon '""lteclln In onlhm.ticoverft-

The troo bit (T) con be .. r or cieol'@d under P"'l:'•m <»ntror. Wloen MI. 
1 pnocuoor trap ..tll oo:cur throu¡¡lo loclloon 14 on com~;on ol iQrtrvc· 
!ion o•ocutoon onG o new f'roc,.._ stotus Word ooill be loodecl. Thll M 
is eopeclolly uoelul for debuUirlll pro1rams 11 H pr<>v~deo on elficlont 
method o! •nstolll"ll breakpolnto. 

2-2.4 Stooluo' W 
In the POP·ll. o otoek lo o tomponory doto rtoroc• oreo whlch ol-1 1 
prq¡rom lo moko oflicionl uoo ol froquootly occo-oooct 4111 . .., pnl8rlm 
can - or deleto --.:lo or b)'l" ..,¡Mn ttoo otook. The rtack usn lhl 
"1"'1-in, ~m-our· concept: 11>11 is, 1tlrlous otomo moy be odded lo 1 
stock In ""l""nliol ofder ond "''"-d or dolllld lrom the stoc:k In 
,._,.. Ordor. On tl>e POI'-1 L o ""'"" storts 11 1~1 higtrnt locltoon ,.. 
..,......., ~ it ond .. ponds hneorfy --••d lo 11141 -.r eclclrns lO 
otemo oro Oddod. The nack is "'*<! outomotocolly by pro¡¡rom 1nterrupts. 
su~rau~no colls, ond trap lnotruoloono. Wnen tho proc:uoor " ;ntor· 
ruptod, !~o control proce .. or ototuo word ond \he pra¡¡rem counter "'" 
uve<~ (ou~hOd) omo the otocl< "'"'"· ..nile U>o ptoeft- oorvltes tloe 
lnterruptong _;.,._ " new st.otu• _..¡ os then outomotiully o.cquirecl 
from on """ in eore memory 'whoch lo ,., • ......, lor interrupl lns!ruc· 
tiono (vector ereo). " return from tho lnterrup\ lnotruc:bon rootoret the 
Origino! P'OUS..,.. rtotuo lnd rl'lurno ro tl>e lntarrupr.ci P"'',.m wltloout 
- .. lm,.._,tian.. 
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Fl¡ure 2-7 UNIHUS Prlonty 

Eoch penphero+ Uv•ce rn tho PDP·ll ~tem hu 1 poontor lo 111 ""'" 
porr o! memooy •ordo (one poma to the dovrcn'o oervoco roulono, ond 
tho other conta•n• lhe n..w proc:ouor ototu• rn!ormoMn). Thil uni~uo 
•denMoootlon elominoteo the n~ lor pollong ol dft'lcos lo idontlly an 
lnlertupt, lorw:e tho onlorrupt ••"'•ce hordwaro IIIOCIS ond boii,. ••· 
ecuMc tho oi>I)I'Cphoto service roullt>e of!er .,._,n¡ olllomotocolly uved 
tho 1t.tn o! tho ln!Ortuptod l'f'Oi<lm segment. 

Tho d011ocos' rntertupt proorrty ond Hf\'oce roul<no P"Oflly ore indepen· 
don!, lhOJ oll<nOS odjuotment o! oyolom l>ehovoor rn ruponse lo rttll-trmo 
condollon1, by dynomkany chongon¡ the PfiOnly '"""' o! tne ""'ico 
IOU!ol\l. 

n.o rntorrupt S}'$1..,., ollcwo tho p<O<:noor to contonuolry eomporo rlo 
"""' P"'i<lmmoble pnonty wrth tl>o proonty of ony mterruptonM dovocn 
ond t~ oe~n.owled¡o t~e d .. •« wo!" !ho ~~g~es! '"""' ot><we lhl proceo
oor'o p.,onty Ho•el. no .. ,..icing ot an ontorrupl for a d .. oce <In be m
te"upted on on:lor to .. rviee an ontorrupt 01 • ~IMh•r P"O"Iy. Se"''"" lo 
t~e lower pooo-it~ d .. oc;o 10 resufN<! outomotocoll~ upon ccmpletion of 
t~e ho¡her leve! MfYOeln¡. Suon o ~·•· colloo:l neoted ••torrupt .. ,_ 
•ocon¡, con be comoo:l out lo ony r .. el ""'"""t requollng the oott.<oro lo 
.... Ond ,.,toro pn><eH<>r •tatuo lt OKh ,.,...,,, 

Whon o dovico (othot thon thl eont•ol procenor) lo cop.bll of bocom· 
on¡ buo master ond <OQueotl uH of !he buo, lt lo pnerolly lo< ono o! 
two purposeo: 

1. To maO. o non-pr-ocnoor tronsler o! doto direeuy to or- !""" 
~ 

'' 

2. To lntorrupt e p!'08<om eoecutren ond !orto tt>e procnoor te 
110 te o opoelloc oddreoo whoro on lnternrpl oonolco routrne 
,, locoled. 

Dt-.1 "'-1 .l.ccou 
All PDP·Il'o prevido lor direet oeeeos lo memof'j. Any numbor of DMA 
dovle<oo may be ottaohed lo l"e UNIBUS. Mulmum priorrty io lli•en lo 
OMA d .. .c ... thus ollew.ng memory dato otorop or retri..,..ol ol memol)' 
cycle speeds_ Rloponse ~me io monim'led by !he O<gonout/Oft lnd IOli•C 
el lite UNIIIUS. which sampln rOquoot:s ond llf"""''" in porol-.t witn 
dototronsten. 

Olroct memOf'1 or d1rect doto tronofe .. con be occompliohod belween 
ony two JN!"P~erots "'thout proceuor suporv11oon. These non-proce,.or 
ro<¡uost ltanoforo, called r<PR ¡...,.¡ data ''""'foro, ""' usulll)- ..,.do for 
O.rect Memol)' Ar:co'So (memory tolfrom (fiHt olorop) or do..ct lle.i<e 
trontiiOI$ (doo~ .-ol.-.s~ing o CRT dllploy), 

Buo ROq.-to 
Buo roquosto r.-om .. terna! d""o«os con be modo on ene o! fove roque" 
tlnu 1-ligh••t proollty lo usigned !o non·proco.,or 111Queot (J'<PR). r~~e .. 
1111 d•re<l momory occen typo ''""''-"'· ond "'" honored by l~e pto
cesoor -• bus cydeo of on lnolructron l<t<:uiiOn. 

n.. proceuo~o pnonty eon be oet unr:lor P'Ollflrn ccnlrolto ono o! eigllt 
lnolo us;ni boto 1, 6, ond 5 ;n tne procossor otlluo '"l"'"'· Tloooe blts 
U! o prloroty tovel lhol rnhobito gron~ng of buo r<Quoots on le'""' lovels 
or on lito oame '"""'· Wlten tite proconor's pflo~ly io Ht lo o lovel, lor 
""mplo PS6, llllluo ror¡uests 0<r 8R6 ond below oro i¡ncroo:l. 

Wll"" mote !han one de.ico io eonnocted lo tho oomo bus r.qunt (BR) 
lino, o d .. i<l nu,... tho cotnlrol proceuor "" o ltogher prionty Ilion o 
drvlco forther owoy, ""Y number ol de-tlceo con be connected lo o ¡No-n 
BR e• NPR tono. 

Thuo t~e ptoonly •yotem " two<lomen••onat ond provideo eech ~•ice 
wolh o uniCIUI prln<oty. Eoch d .. oce moy 1>1 dynomiQity, Hieet>Y@iy 
,,..1110<1 "'drsablod under 1"08""' cont<ot. 

Once o de•ico othor thon t~e ptQens.or neo control o! tho buo, ~ rmry 
do ene el two typoo of ~perotiono: Gotll tronoloro or- In temo pi ..,.,.t;ono. 

NPR O.to Truoloro 
NPR doto tnn•foro con oe ltW<Io ""'-"" ony two ponphotol diYi"" 
..,¡hout tite upo.-..oron o! tno proeosoor. N""""lty, NPR tronsloro •• 
-· 1 mno lloro¡;e dovoco, tuoh oo o dook, onr:l <:ore "''"''""1· The 
otrueturo ot the buo oloo pormoto deviCO·Io<lovlce tronslero, lllow•ng 
cullomer-deolgned I"'"Pherol conlrolloi'S lo oe«oo othor d..,..lcn. oueh 
o• dooks, dt..clly. 

An NPR de.,ce hao .. ., foot occno 10 tne lluo •nd con tr:anoler ot high 
doto ,.,.,. onco lt hoo ccntrct, The proo:eucr otot. io ,..... olf.etoct b)" 
the lronol•r; tho.-olete tne Pn>r:11SOO< con rolonquion eontrol ""''" on i"
llfUetlon " In proa-s. Thoo con occur 11 tho ond o! ony buo cyclos 

'' 



l. 

¡. ,, 
' 

ucoto~ on botween 1 rel<l-modoly-...,.<to •oquoroc<o. An NPR d .. ico in con· 
trot of tl>e t>us may transfor 16-b<t ....,,ds from mamory at momory speed. 

BR Tronslers 
Oe•ocos thot goin buo contrcl .,ilh ono of !M 9uo Roquost llnn (911 7· 
8114) con tako luot odvantoge ol tho Control Procesoor by .-qu .. tong on 
'"''""PL In thos .. ay. tne entiro inslructoon oet lo ovo.tot>lo fO< manipu
t.o""¡ doto ond ttatus .-.g .. ters. 

Whon o oervico rcutono " lo bo run. tho Cufftnt tnk bein1 porformed 
by tho control prccosoor is lntorruptod. ond thl dovoce oorvlce rcutono 
io •n•t•ll•d- Once tho reque<l hoo ~n sotlsfied, \ho PfOCOioot re\urns 
to ololormer tasi<. 

lnl.,fUpt Procodure 
ln!Orrupt handlin¡ is outomoll< In tho POP·ll. J'lo d .. ico ~thng •• ,.. 
quorod to determino which ,;e,-,lco rnutino lo o•ocuto. Tho oporationo 
.-.¡uorod to '""'"'" on interruP1 ore •• folloW'I' . 

l. Pnxesoor .-.llnquith"' co"'not of lho bVJ. prjoritoes pom11ttonr. 

2. When a master ll•ins control, ~ 10nd1 lho pnxes.sar on lntorrupt 
commoncl ond on uniquo momory oddro., whlch conto•no lho od· 
"'"" ol tho dovoce"s sorvoco '""''""• Clllod tl>e lnterrupt vector 
oddr.,.o. lmmod•otoly l<>ltow.nll' lh10 p<>lnlor odd...,•• lo o W<lfd (lo
a<!od ot v«tor addr"'• +2l •hich is tobo oned as o .... PrucesJOr 
Stotuo W01d. 

3. Tho procossC>I' storos th<o curront PfOCt!Stof Stotus (PS) ond !he our· 
nrnt Prcgrom Counter (PC) In!~ CPU tom~flry rogistort. 

4. TM """" PC ond PS (onterrut>l vector} ore token frcm tne opoeifll<! 
l<ld""''- TM old PS ond I'C .,. then pus~~~<~ onto lh<o eur.-.nt staeo.. 
Tho H"''"" ""'ltnolo then lnitlatod. 

S. Tho d"'ice '""'Ice routone con aouse !he processor lo rHume tho 
onterruplod PfOCOSS by e .. c:utlng 111<1 Roturn !rom lntorrupt lnotruC:· 
tOOll, dotc:"bod In Cho¡rter a. whld> ~~~~ !loe lwo lop ....,rds lrom 
lho curn"' prgcnoor stKk lnd USIS thom lo load th<o I'C ond PS 
rqlrlors.. 

A drr.c:. mutino """ bo lni....,.Ui>\od by o hi~Mr pnon~ btro .-.¡uest any 
t1m0 altor lhe """ I'C ond PS havo -· toodod. 11 ,,.,., en lnterrupt · 
"""""· lloe PC ond PS ol !he ..,..leo mutino ..., "'tomotla<U)" storM 
in !he temponuy roflotert and thon pUollod onto !ha now ou,.,...nt rtecl<, 
afld tho now- do.ico routlne lslnlt•otecl. 

lni,.Npt Sorvlt!"' 
Evory hordwaro d .. leo copO~ ollnterruptl"'lloo ~hao a uniqul 
MI o! k:ulions (2 .....,.,,) - for lto lotorrupt -· lM ftrst word 
r::ot~t~lnt lloe locltion ol !loo """co·s ooi"Yicl rou\IM, ond ti>O '"oond, 11>0 
PfOCIItor Jltatut Word lhot 11 lo bo usecllly tho ""'"'" rt>ullno. Tl\rt>.,.tl 

HO 

. • 

-,---·--···-

' l 
1 prnpor "'" <JI tho PS. tilo Pf"Oirommor an -.:n tho apenotlonol mo<IO 

ol tho procosio<. ond modlly lho Pruc .. ..,.., Prio<oly - lo muk out 
low01 IIYII i"'orrupto. · 

Reontronl Codo 
Bolh tho lnterrut>l hondlin¡ hardwaftt ond tl>e subrcutine Clll ""'""'"'" 
focihlo!a wr<tinil <Mnlfl"' COdo lor tho f'OP-11. Tl\ot typo o! code olk>ws 
o olnfle COPl' o! o 11von oubrcutinl "' ~m to bo o.hored lly O>a<l 
\han ono prncoot 01 teok. Thlo roduca !loo·""""'"' ol """' - 101 
mulll tao lo OJ>pliationo ouoh 11 1111 cooeu,.,.."' ...,.,.In¡ of many poriph· 
orol O...lou. 

l'owor FoH ond Rortart 

Whon,...., AC power ""'"" bok>w !15 vo;o1to for 110. - (190 vo1t1 lo< 
no.} 01 DIJ!sido 1 Mmit o1 47 to 63 Hz, n muoured lly OC -·· \he 
_, foil sequenc:o lo inrt .. !ed. Tho C..ntnol """"'""" outomall<otly 
trapo to locat!on 24 ond the """" foil PfOIV'IM hu 2 msec. lo SIYI atl· 
vclotilo lnlonno!lon (doto In re¡lolart). ond to cond~lon perlphl'olo lo• 
~·1•11. ¡ . ·:-" =~·=:-=-'~ :.:oto~":'ot!4,;:": ::: 
lollu..,. 

. -~ . ·' 
' 

.-"" -

' 

2·11 
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CHAPTER 8 

PDP·ll/34 MEMORV MANAGEMENT 

1.1 GENERAL 

1.1.1 Momary IUnapmonl 
Thro ehop!er dncnb.,. lho Mlmoty Mono¡ement uOtt o! the 11/34 
Central Proco .. or. Tho PDP-11/34 pro.odn tho ho"'"'"'" f~cll•hes M<n· 
ury for completo m~mory mano¡oment and proUtt\lon. 1\ is desi¡n.ed lo 
be o memo')' mano¡ement 1.-;rhty lor rystems where the memary slze '" 
rnatot '""" ZSK ""'rd' oncl lor m•~i·u .. r, muttl prog,.mmrn¡¡ S)'IIO<M 
"'hero p<'O!octron and relocotiOft !.oh\~ .,. ntoefl .. f')'. 

1.1.2 l'r1>l:rommin¡ 
Tho Momo<y Monogomont hord"l<l hu been optrm"od towards o mulh· 
progtommrn1 on•nonmeot ond tho procnsor con operote rn tw<o mod ... 
KOfJ>el ond Uut. ""'"" in Klrnll mocl<l, tho pro¡¡rom hn comptm 
COft!rDI ond can necuto oll lnotrll<trono. MoMo~ ond wporvi..,ry P">" 
1nomo would be uKVtod rn !hro mocle. 

\Yilen in Usar Modo, tne proarom •• prevttUecl ltom execulinc cottoln 
lnstr>JC'I<onl lhll could: 

o) cause !he modiloca!iotl ol 1~1 Ketnel -••m. 
b) ho~ tho compUtor . 
e) uoe mlmOfY II>KO o .. lr>O<I to 1~1 Kemtl ot crlher usen. 

In o mulli·pro¡¡tlmm•ne: env,.....,ment '"""'"' ... , P<otflms would ~ 
'"'ident ·~ momo'll at ony ¡<ven time. T~e too~ ol the suporv<SO'l/ pro
e•••~ ""OUid be: contr~ !he o•eout<on ol tho vor<ouo uoer pro¡roms. 
manqe lile ollocotion ol metno')l ond porlpllerol dftlce tHour<:~s, ond 
.. recuortl tl>o '"'"'"'Y ol the oyot•m u o '"""'" by ""'"'"' cont"" ol 
eoch ..wr procrom. 

., 
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o ,.,. r .. turo on pro~~idong o lully prot.cted onvlronment .lo< 1 tuno· 
ol>ared mu•t•·pro¡¡rammong oyotom. 

~ speci!ic pt<>< ... or 1/0 odd,...u io oul¡....., to -h PAA ond POR of 
ur;b Mt. Toble 7·1 lo 1 oompOMo 1>11 of oddrwu no!gnment. 

~" UNIBIJS dwie<oo c1nnctoecon PARo ot PORI 

In a lully·~tect.d mu~i·pro¡¡,.mmit>g onv.ronm .. t, tho impll<otion is 
lhol only 1 progtom operohn¡ '" lho Kornol m<Kio ...,uld bt 111- to 
..,.,¡, into tho PAR ond POR loe&ti<lno lot lile ""fl'O" ol mappin¡ user"s 
P"<'l'""''· H~. the<e oro no •oottl•nt. omi>OM<f bJ' tilo loco: tllet 
woll pr•••nt Uoer molle progromo fl()rn "'"llng onto HIIH '"8'''"'· Tho 
option o! implomentln¡ such o looture •n lho oporatln¡ oystom, ond thuo 
o•Pii<olly p'DI.ctln¡¡ th.,e lc>cotoono lrom user"s pro¡romo. io avo•l<lblo 
to the O}'ltom oolt\ooro "*'i¡¡nor. 

7776'10 
777642 777602 

' 772344 77231)4 ' 777644 777604 

' "~ "'"' ' 777646 "~ • 772350 772310 ' 777650 777610 

' 772352 772312 ' 777652 777612 

' 772354 772314 ' 777654 777614 
m~ 772316 ' 777656 777616 

~' ,.._. ~ .... Roam- <I'ARl 
Tho 1'111 Addr ... Ro¡ooter (PAR). sllown In fiiiUII 8"', o:ont.lno lho 
t2·b~ l'lp Addfftl fiold (PAf) tllat S~"C•roes tiMI boH ldd,... ol tilo -· 

foiUII H hp ~1110 Rqlotor 

Bltt 15·12oro un..- ond ,... • .-.~ lor pOOolblolutwo ""· 

Tho "l'l¡e AddiiU R-.;tter mo~ be Utn•oto"'l)o tl>cu¡ht o! n o reto
eotion eonoiiM. Of n 1 bue rq;oster oontooning 1 1>111 odd,. ... fither 
lntorpretotion IMieotu the boslc lunotion o! the Po¡¡o Addrlts Ro(oner 
(MR) in tho <OIOC.IIIOII ocl>ome. 

1.1.2 l"'cl Oesatptor Rll!i•iof'l jP'DR) 
Tho Po¡o DIKNpto• Ro¡ioter (P'DR), """"'" in Fi¡u,_ B·S. contolno in· 
tormo~on ,_ lo 11111 ox¡oonolon. 11111 lonlllh. ona oecoso <Olltrol. .. 

' 

,,,,,, 
lbl·MH ., 

o 

1 ' 1 
fiiiUII 8-5 l'lp Des<;nptor Ro¡ootor 

Aeceso Control Filld (ACF) 
Tnos 2·bot fiold. boto 2 ond l. el tho POR dose,blo tho oeeen ngh!O te 
thls ¡>~rt•culor ¡oogo. The o<con codo> or '"Oeyo"" opealy tho mannor 
In wll1ch o pa¡o may be o<:uslld ona ,.hethor "'" ""'! a !"'"" ac:ces> 
~Id tesult m on obort o! tl>o cur<ent oporoticn . .o. memo'l' rolero1'><;11 
lhot Olllwt,'" obort lo no! eompteted 11'>11 i1 tormlnllod immodiO!oly 

Aborto oro uused by ott.lmpto to ""'"'' non-rn.dent P"ll"· pqo 
l011lllh lfr<IB. or occess violotoono, oo.>ch u ollempton¡ to .,,¡0 , 0 , 0 o 
-·only p.oao. Tropo ore ulld 11 on l•d in 11•thenn¡ momo')' monap· 
mont lntormotoon. 

In tho conl<r><l o! occ"'s ocnt<ol, lho totm ··..,~··· 10 ~sed te ondoate 
II'HI 1<:1..., O! ony l.,.truct""' "'hieh moo:tdleo tilo cofl\oato o! onr od· 
drosnblo ....,.G. A • ..,.rile"' 11 ornonvmouo w.lh whot " uouoUv '"""" • 
"olcro'" or '"modil)o"" In mony coml>l'tfor systoms. Toble 8·2 tosto !he ACf 
•oys o na th~r lui>CIIono. Tilo At:f 11 wr~n lnto tho POR undor ""''""' 
control. 

Toblo a.~ Acceso Control flold Koyo 

'" "' OoS<ript•on F~nctoon 

" ' N""·'"-'dent olban ony ottompt: to oee"'s thi• 

" ' Rnldont reod·only 
nOn·-•dent ¡oogo 
¡l,lx¡rl ony ottompt lo wr~o into 
lhlo ¡>~p. 

" • (unu-) ...-toiiAec'"'"-

" ' Rnodont rud/ omto Rt-.1 or Wnto 11-. No lroP 
or lbort occuro. 

ú¡l.ono.ioa Olrooctl<ln (lO) 
TIMI EO bol IOCoted in POR bit petootion 3 incheolot tl>o 11111\orinod dlrec· 
~on in wtooCh tho pop con o•pon~. A loiJIC O in thoo bol (ED =O) lndi
cotoo 1~1 ~'~*' con ••P•nd upword lrom llllltiw !lf<>. A logic l '" thiS 
bit (EO = 1) lndiCIIfl lho Plll Clll op.ond -"*llrd !Qword ,.illtivl 
JHQ. TIMI [0 bol 11 ...,.otlon •nto tl>l FOR undor procram <Onl(ot. wc
tl>l ••pen...,n dorooctlon lt upwatd (ED"' 0), tho PillO ~Kilt-11 irrereoMd 
by oddong bloc:•• with hl11her llllli•• oddfiiOIO. Upword ••ponoion ¡0 

· uonlly specinod lor P"'ll'""' ot doto pqoo te odd moro ~""'1m or 
. t.blo opoc1. M eqmpJe el ""'' "PIMion upword lo IIIOwfl In filluiiB-6. 

Wllln tilo .o•Pinooon dolldion is cSOwnward ((0 = 1), tho ~¡e lllnlllh ls 
oncroosed by oddong bloc~• Yo'llh la...< relotl•o odd,...s ... Oownwlfd 
••ponoion il spoc;•liod lor stock P'la•• so lhll moro oto<k opoc. ton loo 

ocldod. oln oxamplo el pqo -"""" -•rd 11- in fliJI"" &7 • 

•• 

• 
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~===:;-;::·:··::-~ ""';·:·:~::·:~~~;;:=====j ¡ •••••. "' •.• ¡ ¡ ... ,.... .... ...¡ 
......... ..... ,... ..... ·····-·- 1 

lo or>tCII)r pqo Ion¡!~ !oro a-n .. ord oxpoOidoblo -· wtito -"P'*
monl o! l>loc~o roquited ••11> hi¡h l>yto el POfl. 

In thlt eumplo, a 42·~1oc~ po&e lo requored. 
PtF lo de,. .. a •• lonowo: 

4~, 0 =:52,; two'o compiO""'nt = J,Z6,. 

•o.e><o_, "" --""'"""'"''-~ ... •. ,.,. ... ...,. '""' . ..,., 

-·-
f1¡ure 8-7 E .. mple o! 1 Downword (xponaob!o Po¡o 

. , 
' ' 

Tho colculo!Klno for complementon~ the numb .. ol bloc•• requ,.ed to 
Otlloin tne Pl.f " as tollo ... .: 

MA~IMUM BLOCK r<O. MINUS IIEQUIII[O LtNGTH EQUALS 
171, 52, = 
127,, 02,, = 

8.5 VIRTUAl fo PHYSICAt ADORESSES 

"' 125, 
85,, 

Tho Memory Mon•H•ment Unit •• loc•l«1 bolween \ho Central P«>ceo<or 
UM and \M UNIBIJS oddro" hnes. v;hon Memory Mano¡oment ,. 
o""ble<!, the Proces- c .. '" to oupp!y O<ldrn< inlorm.otoon to the Uf\o· 
but. lnsteoa, addren .. ore ... , to the Momory Mono¡oment Unot wtoero 
tt>oy ~~~ rolor:ated ~~ voriouo conotonto computod wo!h1n the Memory 
Mon.comont UnoL 

._,.1 ConotN<tlon of o f'trrslcotAdd,..o 
Tho ~•••e inlormotion noedod lor tne construcMn ol 1 Physkol ,l.ddreu 
(PA) com"' lrom thO V¡rtu•t ~dd<ns (VA), whoch 10 olluotrotod ¡n fiKU<O 
8-B, and tho opproprilto APR set 

Tho Vortuot Mdreu (VA)''"'""'' of: 

l. The Acl~>o 1'110 f11ld (~PF). rnos l·bll 1.-ood dotormin•• whlcl> of 
o•&nt ~<ti,.. 1'011 Ro¡10tero (APAO-~PR7) wott t>o used lo lorm tl>o 
Phl'50c.ol Md~ .. (I'A). 

2. Tho o;optacomont Foold (Of). lhoo 13M foofd con!lon> on oddr .. • 
'-'"""" te tho t>o¡¡<nn1ng el • oogo Thlt porm1tt p.ogo loni\hO up lo 
.K -rdt (l" =:: BK bytn). Tho Df 10 furthOr tub<lN<dOd 1ntO 1wO 

loo1do u o-n '" f•l'"' 8-9. 

" • • - ... 
""" ..... 

Tho O.oplac:omonl folld (DF) conlloto of: 

l. Tho Bloc~ tlumt>or (Btl). Thit 7-M iootd ls ontorproted "' tho blo<~ 
numt>or withon tho cuiTenl P"i'· 

2. Tho o .. ptocomont <n Block (DI8). Tti<O 6-l>lt J,t1d cont.olns tho diO• 
ploeemont "'''~'" t~e block rolorrod lo by tho 8toc:k Numbor . 

' "• 



The rom.orn~er al tho in!ormot'ron nH~Od to conotruct tito Pltyor .. l Ad· 
drno conreolrom tito 12-bil Po¡e A.ddro•• frold (PA,F) (~rt 01 tito Actrvo 
Po¡e Ro('I!Ot) ond opecofreo the otortin¡ &<ldrno of tito ,.mol)' wh~h 
!hit APR dnc:n""- The PAF il aetuotiY 1 tol«k numl>e< In tbe ~hyoocat 
momory, o.¡ PA.F"' 3 ind,..tn o ot.or!rn¡ od<lrno 01 96, (3 X 32 = 96) 
worcto rn ~hyorcol momo!)'· 

Tho JormotiO<o 01\ho _PII)"IIeot Addren lo llluotrototlln ~ro 1-10. 

LI
0

:.'-::':I1'::" ::::'-~·:::;::J' 1L:' =:;;-=::J· 1 = 
• 

g ,~· :;;;!-~· ,: L-.~ ....... 

---
' 

--·-
Fl¡uro 11-10 Conotructlon ol o Physleol A.rldnroo 

T>ro IO&r<ol oroquonce '"""'""" In <onotru<trn1 o Pnr>l""l Adcl,... lo 01 

tonows: 

1. 5o1ect o NI 01 ~ Poi• Roar ..... dOt>end••• an cu....,¡ modo. 

2. no .&.clive Poao Fiotd ol tho Vrrtuol A.ddreoo ro uo&<l to Hloct on 
Adl"' Pop Rqrrtor (.o.f'R(l-.\PR7), 

l. Tho Po¡e Addrnt Freid 01 tiro Hlrtel.ed Act,.... Po¡¡rr lltl'ster Con· 
tolno th• llortlnl oddrnt o! \he currently ••""" P'IO 11 a bl<rel< 
numtMrr in phystc.l memo!)'. 

4. Tho Dtoc:l< Numtror rrom tito Vutuol Addrno io 1<1~0<1·\o tho blocO 
numtror lrom tito 1'1110 Addrnt fiold to yrolrl tite numtror ol lito 
bloc~ In ¡lltyol<ol """""!)' 11rhrch wrl contirn lito Phylroll A.rldross 
troln¡ eonstructld. 

$. Tito Orspl ... ,.nt in BlOCk f<om tiro Ortptocomont fiokl ol titO Vrr!"'l 
Addro10 " jr>IM<t to tho Physrcol Block Numbtr to yretd o truo \11-brt 
Phyolcot Add,.n. 

&5.2 o.torminll!c tbe PIOI>"am l'ltysieot Adctrnt 
A, t6·brt vrrtull oddro .. con IPO<rly uP lo 32K wordt, in !ho ron¡o lro.,; 
e to 177776. (worct boundo"n ato -· oclot numbta), Tho throe 
most s•~nrlrCOn! >rrtuol addrno bits dUr8t\IIIO tne PARIPCIR Ht to tre 
moroncod dunn1 1'010 od<lrno roloc.otron. foblo 11-3 IIOb t1roo ~·rnuol 
lrldrno ron¡n thot Ope<:o!y ooch el thl PA.R/PDR o.tl. ... 

Vlrtuol Addrno lo 

"n 

' , 
' • 
' ' ' 

Any un o! ~~ lonlltho lnt \han 41( worcto 
oou ... holeo lo tro Ioft in thO vortuol oddrnl 
opoce . 

Ll STATUS REGtsni!S 
Aborto gonorotld by tho pllOIOC\oon ltorUwore ore •O<ta<e<t through Kernel 
Ylr!UIIIocotlcn 2~. Stotuo Rogrole.s #O ond #2 oro used to determino 
wlty !he lbort occutted. Not• titO! on obo<'t lo o lr>eo!!on wltrch ,. itnl! 
on rmllid odclrns wl!l oouw onothor obort. T>ruo 1M ~onrol l>fotitlm 
muot lnouro thot Kornol Vrrtuol Addreso 250 ro ""'- rnto o wolrd •d· 
drou. otltorw"o o loot> will oc:cur wltrch wrll r.qulro conoole rnlol'lontoon. 

Ll5.1 Stot~r~ lle¡¡ittor e (SitO) 

SilO contoono obort Orro< nago. momory moOogemont enoble. PIU> othor 
onon!lol ln!Ormotoon roqurred 1>)' on cporohn1 oyllom lo roc:ovor !rom 
On ol>ort Ot .. ,., •• o momo!)' mone¡¡omont trop. Tho SRO tormal " 
OhDwn in frcuroll-11. 111 &<ldrno lo 777 572. · 

fi¡uro 8-11 Formol o! Stotut llqrotor #O (SilO) 

Br!t 15·13 ''" tho obort no&• Tltey moy IH! conord<red lo bo on • 
""priorlty quouo"" in thot ""!lago to the "ilht"" aro Ion olgnolrtont a.a 
ohoutcl tro i....,red. for o .. mplo, 1 ""non·ros•dent" ot>ort Wl'lroe roul•oe 
woulcl ig...,... ~11" ten~~th ond or:c"'s control l'llp. ~ ""poao length"" 
obort 1ervrce routrno would il""'" an occu• control toutt. 

"n 
Brt 15. 14, .,.. ll. when set (lbort condrtion•} 
cou"' \he lot•< 10 ''"'" tito contento of SilO 
brb 1 lo 6 ond otoluo roe••ter SR2. Thoo ro dono 
\o foerlototo re<o••'Y lrom tho obort. 

8·15 



l'r<ltKilon lo ll\llbled whon on oddrHo io l>eon¡¡ rolocated. Thil lntpliH 
Hoat oott>or SRO. bit O il ~ull lo 1 (M...,ory Monapmont Ol\llble<l) 0< 
U.ot SRO. bit 8. ls ~ual to 1 and u.o momory ..tarooco ;, tilo ~""1""'" 
oto dHttl\llt>on colaolaloon (nlllntt"fl.lncO/dntl...tlon modo). 

N<>lo lhot SRO bits O ud 8 con " MI undor pro¡¡rom contra! 10 pro
Yodo meononiful momory mano¡¡omont control onlormolion. Hc.....,r, 
ln!ormatoon w~tton onlo all othot MI 11 not moonln¡ful. Only thot ¡,. 
I-lion .,nido ,. aulamoiJC.OIIy wntttft into 11>1.- oomatnina bits •• a 
rHult o! hlnl>ol~ adiono " uM!ul 11 1 monotor ol \be stat,.. ol 11>0 
""'mory monqomont · unot. Settina bilo 15·13 .,,.,.,. PI"Oll"'m oontrol 
will not cou" traps lo occur. Tno.- bito. now....,r. must bol roool to O 
altor on obort or trop 1>11 occurrwd In on:lor to ,...,,. monltonns 
momory ""'""pmoort. -· Bol !S iotno ''Abort·Non,..lldom•• M. lt ls MI by ottompttncto oeo:oss 
1 poso ...,th on occ11o eontrot fiold (ACF) ~oy ~uot toO"' 4 or b)" on· 
obiona rek>clllon w~h tn lllllilll mOdo In _tilo PS. _u..., 
1111 11'" '"" ""AborH'•P len¡tll"' Dtt. lt '' wt by ottemptina lo ocuss 
o""'"'""" In o P"l<" wotn o atoe• """"""' ¡ .. nuoo odd,.... bl,. 12~) tnot 
11 oulllido lho 1101 outhoflzed by lhl Pqe Len¡lh Fntld (Pfl) ol the 
POR for thol pop. 

Abo<t-OniJ 
8~ 13 oo tilo "Aborc·Rol<l Onty" bol. tt ls oet by -mpl>ns to ..,;to In o 
"Read·Only" PIP lllvinaon oa:e"' ko¡o ol 2. 

.on 
Tl>o,.. ""' no rootret""'o thot ony ot>ott bilo 
could nat bo 1001 simulta-.ly b)' tl>o limo 
ICCUiathmpl. 

Motntenonoo/OntinatiDn Modo 
Bol 8 s¡oeo•!•n moontononce use ol the Memory Monogoment Uno!. lt is 
ust'd !ot doognostio ~~"""""- For t~o lnotruct""'l uol<l in tho in~ .. t 
d11gnostoo J>fOiOOm, bol 8 io oet oo !ha\ only the fiMI dlltino!JO<> rrior· 
"""" is ,..tocotl<l. 11 io IIMful to P""'' tl>e COPibolny ot ,..,oca~ng 
oddrOSIII. M- of OporotiOon 
loto 5 ond 6 in<hcate tho CPU mocto (Uoor o' ~ornol) ouoctotod ..,¡¡, 
111" PIP Cl.''"'"ll tnl Ollorl. (K.....,.I:: 00, U.-r: 11). 

Pop Numbot 
9ots 3-l <01>\oon the PIS• number ol ... roronce. P11n. tol<e blo<l<t, ore 
numberod ftam O upwordo. The pop numbolr bit io uaeo:t by tho orror 
,....,,,,, routiM lo idtftl•f)o \ho po¡e bolong oc""oe<l 11 on ot>ott """""· 

[nabto RoloeotioJI 11>11 Pn>toctlon 
Bol O 01 tilo "Enoble" bit. Whon ot lo ""' to 1, oll odd,..OHO ""' ,..¡oc:otod 

8-16 

ond protoctod .by !he momory monapment ""~- Whon bol O 11 oet toO, 
tho memory monas......,! unll 11 <looobll<l 11>11 addrHOH ""' r>Oithor,... 
IOeatod n.or Pn>locttd. 

8.6.2 Stotuo Rtcioter 2 ($R2) 

SR2 io I<>Oded wilh \he 16-blt Yorcuol Metro., (YA) 11 tho l>eslnninl of 
ooel> lnotruetlon letcl1 bu! io not Uodotod lltho lnotri>Ciion fotell tollo. 
SR2 ls nlod only, o ""'''" ottempt will not mo<lil)o ott CC<Otents SR2 11 
lho Ylrt,..l Addtooo Pro¡¡rom Countor_ Upon .on ot>ort. tilo resutÍ ol SilO 
bito 15. 14, Ot 13 bolng stt. will lrMq SR2 unto! tilo $110 obOrt ftop oto 
·Citare<~. Tholdd,..oo o! SR21o 777 576. _ 

fiiUfl 8·12 f<>tmlll of Stotuo Roai.otor 2 (SR2)) 

1.7 INSTIIUCTIONS 
Momory Monopmom prn.ldoo tna •""~• to cornmunoooto ,.,_n ...., 
IPI<H, 11 dolormlnld by U., cumont ond poroyious m-• of tho Pro· 
conor Stotus wotd (PS). • 

lnoltuctlon 
....,.., from p.-s ino1ruct•on lpo<& 

"'""" to p,..oous in.,n.oetlon ~paco 
move '"'"' ,_,ouo llolo •PI•• 
m~ P-ioul dl!oo OPICO 

Tho POP•II/45 Momtory M.onO,.,..,¡ unlt, tho KTII-t. lmpl<.montl o 
Mporote to1truotlon ond doto oddrHI IPICo. In tho POP.II/34 ¡noro 
lo no dillonontlo~on -• lnllfl~Ctlon or dllf ~. 11>o 2 tn~tons 
MFJ'O ond MTl'll (M.,.. 10 Md ltom PN"<Iou• dato -) ....re. lden
llcolly 10 Ml'l'lo"" MTPI. 

., 



MFPD 
MFPI 

mo.o lrom p..-..ous dolo spoco 

....,.. lrom .,.....;o... onOirutl""' •-• 

" • • 
• • • • • • 

Openobaol: (tomp)-(srC¡ 
1 (SP)o-(ltmp) 

Condlll<>n C-: N: oot ol !he oourc. <0: othotwi .. cleored 
Z: set ol tho ocourtl =O: l;llhorwiH cleored 
v: cinte<~ 

C: uno~d 

• 

OHcription: Th11 lnotruction POJihH o word onto the curren! otoc~ 
lrom on ocldreso in proviGUI opoce, Proc:esoor Stllus 
(l>to 13, 12). Tho -reo .dd,.n oo comwt<M~ on.in¡r 
U.. cutnnt ,.¡¡;~n. oncl memol)l mop. 

!zamplo: MFPI@ (R2) R2= HlOO 
1000 = 37526 

lho eo«utoo" o! tn,. ¡nlfruetiOn CIUUS tho """'""" of ¡,..,,,..¡ 
37526 o! !he pr....,.s ..,d,..o ,_.. lo be pUahod 0<1to lho cu<rent 
ollcj, lo de!O<mlnecl tr,o lhl 1"5 (boto 15, 14). 

.,. 

MTPD 
MTPI 

' ' 

....,... to prevtouo elato spo .. 

mDYO to p...,.,.., lnOinrctiOn ~¡>~e<~ 

" • • • • • • • • • • • • • 1 

Openollrln: (lomp) o-(SPJ 1 
(dll)o-(lolmp) 

C<>ndltlcon C..: N: oot olthe _...,<O: Cllhorw•se tlel<e<l 
Z: Hl of !he -<e• =0; 01- Clelte<l 
V: clnred 
C: uno~edod 

Descrlptlron: Thoo OMUUCI- P<>l'> 1 *Ord afl lhl Cut"'nt otock 
detormonod by P$ (bits 15. 1() ond IIO«P< thot-d 
onto on add"'n in p...,;,.., opo« PS (boto 13. 12). 
Tho d""linotlon od<lroso <1 computod """11 lhl eut· 
,..,, roaiOie,. on<l momor¡r mep. /l.n o .. mplo is n 
foil-.: . 

R2 = 1000 
1000 = J75zt; MTPI 0 (RZ} 

Tho ox..:utlon of thlo inotruchon caoaes tho top *Ord ol tho ""'"'"' 
otl<:k lo pt rtoow;l onto !he (rt!IIIYI) 37S26 of the ptovrouo add'"" -· 

8·19 
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' -- . 
•'. . '•- -,:_.-·, . 

• 

' MTI'l ANO MFPI. MOOE O, REGISTER 6 ARE UNIQUE U~ ntAT THESE 
INSTRUCTIONS EN.O.BLE COMMUNICATIONS TO .t.ND FROM Tio!E PitE· 
VIOUS USEII ST.f,CK. 

; MFPI, MOOE O, HOT RE&IST(R 6 

MO< 
M O< 

"" '" MFPI 

#KM+PUM, PSW 
it-1. -2(6) 
%0 
@·~ 
%0 

; KMODE. PREY USER 

; MOVE -1 on '''""' otock -2 

; ENAIILE MEM MGT 
: -(KSI')~RO CONTENfl! 

The -1 in tho ""'"'' otoo::k ;, now "'PIO<od t., t~o e<><>te"'o ol RO wtiH:n 

"· ; MFPI, MODE O, REGISTU 6 

MO< 

"" "" "" '" Mfr• 

# UM+PUM, PSW 
%' 
t>KM+PU,., PSW 
#-l. -2 (6) 
@IISRO .. : S{T 1116;0 

; K MOOl:, PREV \/SER 

; ENABl'[ M[M MGT 
; -(~SP)+-1116 CONTENT$ 

Tlle -1 in tho- ot.ock,. now ,.paae.d by \No CO<II<oMo el 1116 
(uwr stock poontoor wl'licll io 0), 

lo olltoin info ltom lh.uoer ototk il Hoo 111111,1 lo 101 lo O.mol modo, 
p ... w .. r. f'onl tllptl,. !IH<Ie<l. 

IIIFPI %6 
MFPI @(6)+ 

: pt contonlt ol 1116=.,..• po1ntor 
: 101 uoor poonlor lrnm k<ornel tlltk 
; uoo ..:1~'"' Ollllontd lo JIOI dato 
; !""" .,.., - USUIJIII>o prev ·-' Tho dn•,... doto lram lho ""'' ota<l< io ,_ '" t~o korMI otile- ond ~ .. 

roplacod tn. ,..., ot..:k ..:ldrno. 

., 

' 

; MTPI, MOO( O , NOT RíCISTfR 6 

"" "" '"' "'" '" TMit:ClR 

;tiiiii+I'UM, PSW 
#tAG:t (6) 
O#SRO 

"' 
··~ 

: KERNEl MOOE, I'RE\1 USES 
: PUT NEW PC ON STACK 
; ENABlE KT 
; %1- (6)+ 
:ERROR 
; OISABlE MEM MGT 

TM·n- PC il poppod <>11' 1~1 eurront dock ond oineo thlo lo mo<lo o ond 
no1t ..._¡otor 6 lho destll>otlofl lo f'OIIotor 7. 

; IIITPI. MOOE O, RíGISTER 6 

"" '" "" "" '"' MTPI 

11 UM+PUM, PSW .. 
#KM+PUIII, PSW 
#-l. -(6) 
O#SRO .. 

; uoor mO<Io, Pre• Uur 
;HtuoorSP=O(RI6) 
; KHnl'l mod~. P ... IIIOf 
; MOVí -1 rnto 1( Uoelo. {R6) 
; ENibiO MEM MGT 
, %16 -c&J+ 

Tho 0 In Rl6 lo ,_ f'OpioCod .,,lh -1 !""" tilo cont.,.to DIIM ¡,...,0¡ -To pi ... inlo on the ,..., otaek 11 lho ototuo il ut to kornol módo, prtv 
UHI modo, 3 UPiflte O!Optl Oftl n-od. , 

IIIFPI 
M O< 

"'" 
•• #OAT .... -(6) 
0(6)+ 

: c.t <Onfonl ol Rl6:UHr poinlor 
: Plll doto on eumrnt d.ek 
; @(6)+ [Hnll Oddtl'" rolocot..:tl-
(RGJ+ . 

TM rtoto doslrod lo -.t'>od '""" 1~1 -lltoek tMn tho dostrn&l..., 
-'"" io otltll'*' lrom ure kl,.,... otocll ond rolooo~ tb-" tM pro· 
•lolll mOdo, 

.,. 



',. 

' " 

Modo O..crll>tio<1 
In Ketn-' omo<le tho o~rotoftll P"'f'""' has unfO'Stridtd uu of the 
ma<:hine. lhe prosrom c•n mop unrs' protromo onywho,. '" ""'" lnd 
thus e>pi.Colly protoct key oreoo (mclud•n¡ the do•lco regollo,. and the 
Proceuor Stotut word) lrom the User oporo~n¡ en•oronmont. 

In U••• modo a pn>¡rom it inhobottd lrom oxec~'"ll o HAll inslructron 
onD tne pr'O<onor '"'" Uop throu¡h toco\Oon JO 11 on ottompt <1 modo 
10 •••cuto lh10 lnstruetlon. A RESET lnotructron rooult• on ueerrtron of 
1 NO P jno-opororron) lnstruttOon. 

Thoro .,., t..., otac>o alled tho Komel Staclo and !he Uset Stock, uurd 
!>)' !M control proceuor '""'" operotln¡ in oothor the Kornol or u .. , 
mOdo, roopeetivoty. 

Stock Umot •iolob<>nl •'* drsoblwd in UHr modo S!Kk -oel•orr lo 
proyrdtd !>)' momory protoct lolluroo. 

tntonupt Conditiono 
The Memory Mono¡"""'nt UM '"lociiH otl add•Ho ... Tnuo. .. non Mon· 
opmonl io lnobloa. 111 trop. ltlort, ond inter<upt -lO<$ oro considorod 
to be tn Mornel modo VortuOI Addr .. s Spoce. Whon o vectorod lronolet 
occuro, control is tronoletred oecorainl lo o new Prot••m Counter (PC) 
lnoi Ptoco .. or Stei"' Wo«< (PS) co>nto•ntd rn o lwo·- -tor relocottd 
lllr""ll" 1~0 Mornel AciiYII Po¡o Rogrstor Sol. 

Whon o troo. obo<t, or 'onterrupl occuro tho "ou•h" o< tho <>Id PC, ol~ PS 
'lltD tno UHr/Kemcl R6 stKk opecol>ed !>)'CPU mOdo bots 15, 14 o! tne 
~- PS on !too vector {00"' Korne~ JI = uoer¡ The CPIJ modo boto 
oloo detormlno tno new .o.PR Hl. tn thro monnor '' ,. pouoblo lot o 
~ornel mOdo progrom to hnro tomploto control,.,., oervoe- .. .,¡nmento 
lor oll intorrupt eondo\IC>ns, oonoo tne onterrupt ~ctor ro IDcot..a •n Komel 
•-•- Thl Kornet 1><011rom rnoy oooii" tho S<trvo<e ot sorne o! tn<·>e con· 
G~;ono to o u..,, mocto p"'f<om by ormply sett•n~ the CPU mode boto 
ol tho ""'" PS in tho .. ctor to rllur~ control to lho opptopnote mOdo. 

Uoor Ptoeftoar Stlhtt {PSI oporot ... os lotlaws: 

Uo ... Tropo, bpllcrt 
1'$ Boto U141rRll. RlT ln,.rrupto ,S Acceso 

Conr!. Codos {3.0) too.dfl! lrom tooded ftom o 

stOCk ~ .. 
ltOp (4) loodO<I lrom toodtor:l rrom ann<>\ bo 

IIKk ~·· """n¡¡ed 
Pnooil)' (7·SJ "'""01 be toodod from o 

.chonp01 ""'"'' p,....IOUI (13·12) an~ot bo cop"'d lrom o 

•"""lt'd P$ {15, 14) 
CurTOnt {15-14) .... - bo 

_., lrom o 

chan¡¡od •Oe!Ot 

• [•phcol oporotiono an bo mode ol tho P- Stotuo ro rnopptd in 
u-. opaco. 
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'\'TERRUPT SYSTEMS 

S-9. Simpl~ lotemzpi....,)'O!cm Opcution,, In an intcrrupt system, a 
devicc-Hag level (INTERRUPT REQUEST) intcrrupb tbe computu 
prognom ""tomplctioa or tbe curront in-*ruction. l"~r budware tbnl 
u...n a ..,brot~tiae j11111p (Sec. 4-12): 

l. Contenu of thc incumcnted pro&ram countcr and of other sclected 
procnsor rcgi•te~ ¡¡r any) arc automaüca.Uy s.a\'td in spectfic mcmory 
locations or in •pau rcgine~. 

2. The program countcr is resct to •tart a ncw instruction K<¡Ucnce 
(llltmvpt..enia: subrouti,...) [rom a •pecdk memory location ("trap 
location'') associated with thc interrupt. Thc >ntcrrupt thu1 acted 
u pon is áilabl~ti•o that it cannot interrupt its own scrvice routinc. 

Minicomputer intcrrupt-5Crvice routÍnC$ must u1ually fir1t saor th' con
t~nts 4 pr<>uuor reglsurs (such "-' UCCllrnularot~) wilkh art netthri by th, 
...,¡, program, but .,.lt/ch are not saO<!ri autonuJticolly by tht lrartiwart. Wc 
might al-o have to s.avc {and latcr rcstorc) oomc pcriphcral-devi<:c control 
rcgillers. Only thcn can thc actl&al interrupt 5Crviee proceed: thc scrvicc 
tO>utine can transfcr data al'lcr an ADC-c~>nve~ion-<:~>mplctcd intcrrupt, 
implcmcnt cmull"ncy-shutdO>wn procedurco al'ler a powu .. upply failurc, 
etc. Eithcr the scrvX>e rO>utinc or the interrupt-•yotcm hardwarc must thcn 
c!Mr th~ int~rrupt·catrsing flag ro preparc it for new interrupto. The nrvicc 
routine ends by r~storú~g r'9isur~ arul progra"' ~ounttr to '~""" to ti~< origilltJI 
program, likc any 1ubroutinc {Scc. 4-!l). Al thc scnricc routinc completes 
its job, it must also rulltJble rlr~ ini~'"'P'· 

EXAMPLE: Considcr :a •imple miniromputcr which 1torcs only thc 
program countcr automatically al'lcr an iruerrupt. The intcrrupt......-icc 
routine if lo rcad an ADC alter iu ronvenion-complcte in!crrupt. 

IIIStnlclloa or Wori Datot 
{main program) 

curren! instruction 

'"' 

ce--a• 

flntcrrupt occurs hcrc 

f ln"cmcntcd program 
f counter(I7!4)"'Ulbe 
1 storcd hcrc by h.ard-
/ warc 

0001 JUMP TO SRVLCf f Trap location, contains 
1 jump lo rc!ocatablc 

- IRVICE STORE ACCUMUV.TOR 1~ S4VAC f ocrvicc routine 
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·~· -~ --· 
17U 

'" """"''~C. Tln '"~1<0\0I'l'Ho >IlTH ""- "'""''' I<UOU> '" 
SAVICE STORE llCCUMVlATO~ IN SAVAC 1 S"'" accumulator 

REAO ADC 1 RC<Jd ADC 1nto 

1 accumulator and 

1 cl.,.~r ADC flag 
STOAE ACCUMULATOA IN ' 1 <>torc ADC rcading 
lOAD ACCVMUtATOA SAVAC 1 Rostore ao;o;umu!ator 
INTtAAUPTOIII 1 Tum intet[UPI back on 
JUMP INOIAECT VIA - 1 Rcturn jump 

(main program) { lntcrrupted program 

1 continucs 

NOTE: lntcrrupts do not work whcn the computcr is HALTed, so Wl' 

~01111111 /~JI intrrrupH k1rrn llrpping o progr<lllt mtJIIUDI/_y, 

S-10. Mul!lplelnterrupt•. !ntcrrupt-system opcration would be simple if 
therl' were only one pns..iblc sourcc of intcrrupts, but this Íl practicall~ 
new:r truc. Ew:n a ~tand-alonc digital computer usually has !CV<:ral 
intclrupts corrcsponding ro peripheral malfunctions (tape unit out of tupe. 
printcr out of p.,per), and ft<sht ,imulator:s, sp,occ-~ehicle contrnllero, and 
pr<>ens-<ontrol systcms may ha~ hundrtJ< of dof!'crent intcrrupts. 

A pr•ctical multipl..,¡nlerTUpt .,.stem will ha ve lo: 

1. ~r .. p" tbc ptO(ram lo dlll"cmtt _......., lc.:ootl..,.. corre<ponding to 
specific individual interrupts 

2. Assign prloriri" to simultaneous or succcnive interrupt• 
~- Store lo,...,.-ptiorlty intem~pt ffif1JCS1J to be !Crvic:ed after higher· 

priority rouHne-s are complcted 
4. l'crmil hl~h0r-prlo1lty lnturupt• to intnrupl lo .. er-prlorlly ser>lco 

routin" u s.oon u the return add1""S and any automatically savcd 
registcn "re 'l.:lfdy •tored 

Note that programs andlol hardware must cardully .. oe suo::cns.ln 
lr.rl• or ptclf:n"'"""'""'ter and rqlsfrr tonttnts, which will ha~ to be 
m:o~red ~s rn:eded. !nterrupt·system p1ogrammin¡ · will be fu<1he1 
discussed in S«. 5-16. 

M"ure sophi1!ic;tled systtml will be able lo rfQs.tign ntw prioritits thr<N!Ih 
f"'<l""""''~/ i1mnooirrno "' the need> of ~ proccs< 01 program cltange ('CC 
al"' s.,._ S·l 2. S-14, and 5·16). 

S-Il. Skip-<hain ldn~tifkalion uf lntnnrpts. The mo<t prímiliv.: muhiple
intcrrurt ,ystems simply OR nll interrupt flag.~ onto o srngle imerrllptlmo•. 
Thr imtrn•f"·Jtrokt romine ti"'" rrnpln.-s .wnulskip imtriJCiions (Scc. 5·~) 
tn Utt <ur,..-uitt' th<•irr Jfnqo ;, "'duo[ tk"rmlinq pdoriry. 

'" 
Suppose lh•t the simple inlcrrupt <)'\lem d1stu"cd in Scc_ 5·~ "'" 

connected not only to thc ADC reque«tin8 servicc but ~l;o 10 ··omcrgcnc~ 
ontcrrupts from a fire alarm and from thc computcr power ;upply (S.:c. !-1 S 
A ski¡xhain •crvice rout1nc w'oih "PrroPrt<lle bnmchc< for lirc al.trn·. 
cmcrgcncy shutdown, and ADC mightlook likc this (only th•· ADC ..,rvic 
routinc ;, actually ,hown): 

SAVICE SKIP IF FIRE-ALARM FLAG LOW 

JI)MP TO Fl~~ 

SKIP IF POWER FLAG LOW 

JUMP TO LOWPWR 

SKIP IF ADC DOI<IE ~LaG lOW 

JUMP TO AOC 

JVMP TO fAROR 

STORE ACCUMUI.ATOR IN SAVAC 

REAO AOC 

STORf ACCUMULATOR 1"1 X 
LOAD ACCUMULATDR 

I"'UR~UPT 0"1 

JliMP t"'DIRECT VIA 

SAVAC 

1 Fire al.orm? 
f YC<. go to servicc 

1 routine 

1 
1 

No: r~"•r·supply 
trouhlc' 

1 Y es. go to sc1vicc 
¡ routinc 
1 No; MK serví<.-.: 
1 rcqucot? 
1 Yc•, >ervice it 
1 :-<o: •ruriou> 
1 intcrrupt· print 

J ""'" me«a~o 
1 ADC><:nic"l:ruutine. 

1 Res1ore .<ccUmul.ltOr 
1 Turn intcrn<pts b;.c•l 
1 on e 
1 Rewrn jump 

The skip-chain system r<:QUÍri'S only simple electronics •nd dispo'e' of 
!he priority prnb!em, but the llag-serutng pro¡ram is tome-consuming. 
(n d~ may ll:quire log," •ucccs.ov.: decision• ev.:n if thc H.1g SCn>in~ 
is done by successiv.: binnrydccisions). A somewhut raster m~thoJ "'" 
cmploy a Jfog Jla/1'-' worri (Sec. S-8), which can be te<ted bit by bit 01 u,_-<! 
for indirec1 addre.,ing or dilrtll'nt Krv:icc routinu (Scc. 4-lla). 

Note also !hat our primil•ve ORed-interrup! systcm must autom.lllo.illy 
disable al/ interrupts as won and as long as any intcrrupt is """ogni~col. 
We cannot interrupt cven Jow-p1iority interrupt-5CIVÍCC roulin ... 

S-12. P1ogram-controi!H lnlerrup! Maskln1. 11 is of!en u""fulto onahl.: 
{orm) or d,sable [d""'rm) individu~l intcrrupts under prognom control t<> 
mee! spccial condition•. !mpro~d multiple-in!errupt sy•tcm< g;tlo indi· 
vidual interrup1-rcquc51 li oics with mosk fllp•IIOJI'l which can be <et ami rc,et 
by progr~mmed inslmctions. The orde1ed set of mask Hip-nops ;, usu•IIY 
!rcalcd ata control r<:giStel (int~rrtlJII m"'k rogl,t<r) whir lo~<loot""ith 



. • C•. ' ''"' ,1n ,occmnulat<>r tlliOU"h a ''"~roullmcd 1/0 ·•PI'"'I''"'t• u ,, V ~ 
1n,lructi<>n. I.J;Oup> of intcrrupts ~uotc <>ltcn hLWC a common '""'~ flip· 

11<>¡> t<c-.: ~l<o Sec. 5-14). . . . . 
A >rry imP<lrt~nt applicatlon of prn~rammrd ma<~on~ ,n,tru_ct•o"' ~' lo 

~¡, 0 "'l<clrd p<>rlim" of main pro¡:roms 1~• ,..¡¡as intrrrupl·"'"'ce rouUnM) 

~"""'"' or ¡,.....,, ptoloc:lion from U.t.,rrupt•. _ . 
Note that wc will hd\1: ¡0 rC'torc the mask reg,.tcr on rcturnmg from ~ny 

inlcrrupHcr\'Íce routinc wh1ch hd> changcd thc ffidSk, ro program or 
h"rdw•rc must kcep tr•ck of ma•k chan¡es. We must abo sull providc 
programnhxl instruction< to enMble and dir.able the entire interrupt •ystem 

w•thout chan~ing the mao.k. 

EXAMI'LE: A ,¡_;~choin •Y•Irm ,.;¡h ni{JJ)(j!¡p-jlops. Addihon ofmask 
lli¡.-nnl"' ¡0 our oimple ski¡Khain interrupt sy1tem (Fig. 5-9) makes_ >L 

practical 10 intcrrupl lowcr-pr"<orLLy •cr-itt rout"one!. Eoch such roulon~ 
"""' lrOL\" lwo ,, il.l """" ""''""'.'" /ucation (O-"''"" IIIL' pro¡¡ram nnmter, and L_hc 
m.,.k mu<L 1>c ..cstorer.l bcforc thc interrupt ¡_, d;.missed. Th<: ADC ocrvLCC 
routine ofSc<:. S-Il ;, moo.l ifi..J as follo M (all intcrrupt• are inítially di..,blcd): 

.,, STORE ACCUMUlATOII IN SAVAC 

LOAO ACCUMUlATOR = 1 Sa<·e program 

&TOIIE ACCUMUlATOR IN SAVPC 1 countcr 

lOAD ACCUMUlATOR MASK 1 Sa•c 
STOIIE ACCUMUlATOIIIN SVM$~ 1 curren! mask 

LOAD ACCUMUlATDII MASK 1 1 Arm higher· 

LOAD MASK REGISTER 1 priority interrupt> 

INTEIIIIU~TON 1 Enablc mterrupt •y•tem 

REAO ADC 
&TORE ACCUMULATOII IN ' LNHRRUPTOFF 
LOAD ACCUMUlATOR SVMS~ 1 Rc•tore 

lOAD MASK AEGISTER 1 P'""""' 
STDAE ACCUMULATDA MASK 1 mask. and 

LOAD ACCUMUlATOR SAVAC 1 r~tore accumulator 

LNTERRUPT ON 
~UMP tNOIIIECT VIA SVPC 1 Rctum jump 

s 1ncc mo•L minicomputcr mas\; rcgi>tcrs cannol be rcad hy the program. 
thc ma•;., .euing ¡, duplicated in thc memory location MASK. Sorne 

minic~>mputcr< (c.~ .. PDP-9. PDP-15. Raythco~ 706) aii<>W only a r~trictcd 
<el nf mas k• anJ providc special innructoons ""h<ch S~mpl¡fy mas k s.wmg and 
r.:storing (scc .llw Se<:. 5-151. Machín .. having two '" mo"' a•:cumulalors 
an rcsc<"e one of them to •tore the maok and thu• .ave memmy refercnccs. 

• 

--

0"•• '""""" "' "'.""'" 

fl~ 5-9. lo'<""P' m.,kong Tno m"O Rop·n<>p< "" ,..,,od" o«m<ml "ll"'"'"'"'l """''"''· 
,..tu<h """ ""<1 .. .-..J onJ l<>&dod hr L;O '"'"'""""' 

S--13. I'riority-inltrrupt Syslo""': Rn¡-{Granc Loc;ic. We eould "'PI•ec 
the skip-;::hain sy~tem of Sec. 5-11 with lllmiwa~ for polhng sue«ssive 
interrupl lines morder ofdescending priority, but this is still relatovely •low 
1f there arl: many interrupu. We prcfer !he prionty-,..,qucst lo~ic of Fip. 
~-10 or S·ll, which can be located in !he processor, on special interface cards. 
and/or on individual dcv•e<:--controllcr ~~m s. 

Refer 10 Fig. S-lOa. lfthc intcrrupt is nol di•ab!ed hy thc m~s~ nip-fln¡> 
or by the PRlORITY IN line. a oer>iec roqunl (devia:-nag levellwill oc! the 
REQUEST ftip--Rop. which io clocked by pcriodic prc>ec<.,or pul>cs (1,0 
SYNq to fit the proceuor cydc anJ tu 1'"'" thc priorny Jecis.on. The 
re>ulting timcd PRIORITY REQUEST step h~>lhru jobs: 

l. Jt pn:cnablcs thc "ACTIVE" ftip--fiop bc:longing Lo the same inlcrrupt 

-. 

circuit. l\: 
2. lt blocb lower·priortty intcrro¡>ls. t-
3. !t informs th!: proccssor that an intcrrupl is wantcd. 

Jf thc inlerrupt systcm is on (and 1f thcrc are no direct-memory-acccss 
rcque<ts pcnding, Sec. 5-17). the procc•wr answen with an JNTERRUPT 
ACKNOWLEDGE puhe jusi before the eum:nt instruction is completcd 
(Fig. 5-!3). Th,. set• the preenablcd "ACTIVE" fiip-ftop. "'hich now fOl .. 
the oorreCI trap addrc" o~to a M:L or bus line.-the lntcrrupt is ooct~n. 

lNTERRUPT ACKNOWLEDGE al<n '='t> dll REQUEST ftip-fiof" to 
ready them for rcpcated or ncw prmruy rcquesls. 

Eaoh interrupt ha• thn:e stale.: ina~ti•~. waiting (devocc.n~g fi<p-flop •~Ll

and acli••· Waiting inlerrupt• w1ll be Jervie<::d a• won as possibk. Unlcss 
'='1 by program or h•rd,.ar~:. !he devi<'(! Oag m~intains the "waitinf' !!~Le 
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Fo¡ l·l :1 Th< o\CK NOWI.EDGE ho< "'"'""'"" w oll onleT<upll un >"- <h•••- No1< how 
oh,· n,,..n,,,.. ·'"' '"'"'J 1>) !be P'"'-"•~•t->urrl~-.1 110 WNC pul...,, M~~l ER ( ltAR ¡, 
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"hde hither-prioroty ~ routine. ron and even while its interrupt is 
di,.,rmtd '" "'·htle the entire imerrupl system is tumed off. 

5-14. Prlorlty Propogotion ond Priori! y ChanCM- The~ are lwo basic 
mcthod• for suppressin~ lo-r-prioruy interrupto. The first is the ..-1~
priority..rn~ln mcthod tllu•trat<:<l in Fig. 5·10. Refcrring to Fig. 5-10.., thc 
I'RIORITY IN termtnol of the lowest.prtority device is wircd to thc 
PRIORITY OUT terminal of lh<: device with th<: ne.r-higher priority. and 
"' cm. Thus the lim<:<l f«<UCl;\S from higher-priority devices btoo;k lower
l'•iority rc<tllem. Thc PRIOR!TY IN termin"t of lhe h•ghest-priorily 
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"' "'"' '"' '""''""''''" "'"" '"' "''""'' """'·" '" 
Jo•..:• ("'""11\" a f'l<>"'-cr-f¡pilure, p;omy-crror. crr rcal·time:.Ciock imerrupl 
rn tho p<P<c"''or 1t>elf) connocn tu a proce<sor flop-flop {"m;"tcr-m.osl." 
flop-flop¡, ,.hich c;pn ohus "'"' or di•arm thc cntire e ha in tf•g. S·IOI> anJ •·). 

Thc c01.,pulcr progr¡pm can lo:l<l n""k-rc~i<tcr Oip-11ops (Pig. S-l<k•) tu 
,¡;,,,., .... ·lcctcd 1ntcrrupts in •och a wircd chain. but the rdative pnorniC> 
of all armc..J 1mcrrupts are dc!crmined hy their positions in thc chaon. 11 ;, 
f'l<>"iblc, though, tO assign t"'o or mor<: doiTcr<:nl prioritics lo~ given de• ice 
n.og: we cunncct rt to two or more scp;tr;rtc priori1y circuits m thc charn and 
arm oru: ofthcm undcr program or dcvice control. 

Fi~ure S-11 illu>tra\C> thc >C~,:Oud 1)]>.: ol priority-prop<~gation logic, 
which permits cvery 1lfmcd intcrrupt to >el íts REQUEST flrp-Hop. Thc 
timed I'RIORITY REQUEST stcps from differcnt intcrrupts are combined 
in a "prlority..,rbltra!IOII" ta" r(..,.,¡¡, which le!! only the highe:st-priority 
REQL'EST stcp P~" tu p=nuble it< ''ACTIVE" níp-Hop. Sume lar~r 
digital compulcrs implement dynamic priority rcaiiOC<ltion hy modtfying 
their priority-arlri(ration logic under program rontrol. but most mini
computeN ~re content \Orith programmed mast1ng. • 

The ¡,. 0 priority·propa¡;..11ion schemes c~n be co,hintd. St:~ral m1ni• 
compu!er <y5!em< (e.g., PDP·9, PDP-15) employ four scpauto wircd· 
prionty ch~ins. e"'h armcd or di<anncd by a common "muter.masl;" 
flop-Hop in the proceuor. [ntcrrupts from the four ehains an: combined 
through a pnoray·arbitrntion nCI\Orork which, together with the program· 
controlled ""mastcr·m:ISk"" ~ip-nops, ostabli,hes 1 he relalive priorities of thc 
four ch;tins. 

~~~ Complm Priority..;nlornl]tl S~OIIt$. (l) f"rotnnm-corttrolled Ad
diTSI Tronsfor. The ·•ACTIVE" ~1p-Oop in Fig. 5·10o or 5-11 places thc 
swrllng addross uf the corrtct i nterrupt ·<ervice rout ine on a Jet uf add rcss 
¡¡,., common tu all intcrrupl<. Automatic or "hardware" priority
intcrrupt >ystems will thcn immediatdy trap to thc desired addr"'' !Sec. 
S·l ~h). Rul in many sm.dl oumrutcrs (e.~ .. I'D I'·S serios, SUI'F.R NOVA), 
the priority logic " only an .tdC-on o1!fd for a ba1ic single-level (ORed) 
inre,-rupt system. Such •Y'I•m• cannot acccss diff=nt trap add.-...••" 
dircctly. With tbe interrupt ,ystem on, ~,..ry PRIORITY REQUEST 
disablcs further interrupts ;md causes the program tu trap to rhe sam~ 
memory locruion, !<>Y 0000, ~nd to •tore the program countcr, jusi as in Sec. 
>-9. The trap loc:>lion contains a jump tu the se"'iee routine 

SAVICE STORE ACCUMUlATOFt IH SAVAC 1 Unleso we ha•e 

1 u spare 

1 ~crumulatot 

AEAO INHIIRUPT ADORESS 
STORf ACCUMUlATOR ,. ~· JUMP INDIRECT V!A m 

'" < <0\1 ep_f fP. ""'""'H·I~ 1 f_k.l I>T "' H "' ' 
AEAO lNTERAUPT AOOR~SS is an ordonary !¡0 •n>lfU<'.'on. "hich Cmplo 
a dc,ic, •ek-r:tor to rcad !he inlcrrupt-ad,lre,¡ Ion~' ·n:o 1hc .rc.:<rrllu':n 
(Soc. 5-9). "!he 102 pul"' ffl>m the dcticc >e~ecwr can '""" '" ti 
ACKI\'OWLEOGE pulw: in Fig. 5-lüa ur S·i 1 ¡in f~c:, the ""ACTIVI 
flíp-flop can be omiued in this •implc sy<tcm). The pro~rom then tran>fc 
the addres< "ord toa pointer location PT~ in memory, .tnd an indit< 
j11 m p land s "' where wc w;, nt 10 be. 

Unfortunately. thc service routine for cnch indi•idu~l Ce•ice, s.ay r, 
an ADC, mol! <;~ve and restare progrnm counter, ma•k. unJ accumL7M¡. 
(see also Sec. 5-12); 

"' LOAD ACCUMULATOA ~ 

STOAE ACCUMUlATOA ,. SAVPC 
lOAD ACCUMUlATDR SAVAC 
STORE ACCUMUlATOA ,. SAVAC2 
LOAD ACCUMULATOA MAU 
$T0Rf ACCUMUlATO~ IN SVMSK 
lOAO ACCUMULATOA M A SI( 

STO~t ACCUMUt.ATOA MASK 
lOAO MAS~ REGISTER 
IHTE~RUPT OH 

AEAD AOC 1 L',.rul wor~ 
STOAE ACCUMULATOR '" ' ' <'ono ,rnly here 
IHTERRUPT OFf 
LOAD ACCUMI.IlATOA SVMSK 
STDAE ACCUMUlATOR MAS~ "" LOAD MASK UGISHA "' lOAD ACCUMUlATOR SAVAC ~ 
INTERAUPT ON 
JUMP INDIAECT VIA SAVPC 

Note !ha\ mo•t uf tho time and memory used up by thi• routine ;, o•or1te~c 
devoted to storing and oa~ing re(iisters. 

(b) A Full) Autom•tl~ ("Hord•.-.r•"J Priorlty·lntcrrup! S~>lcrn. • In :or. 
atrtomatk or "hord,.a..-" priorify-lntrrrupl sy.,em, rhe ",\CTI VE" flir·nor 
in Frg. S-l(JQ or S-11 gatcs the trap address ofthe acrive interrupt into the 
processor memory address reginer u <oon a. the current inotruction i' 
complcted (Fig. S-12). This ret¡uim sper:i~l 1ddr...,. line< in the input¡ 
ou1put bus anda ltttle c~tra proce<Sor logic, This har~"""' bu y< improved 
response time and simplifics programming: 

!. '1ll<e Pf01 .. m lnrJI' fmmt<llatoly lo • dill"..,..,t 1r1p localion fr>r ndo 
bnerrttpl; rhere ;, no need for thr progrnm to i~ent;f) 1he interrupl_ 

2. There i• no need to save program counter and re!)sters twicc "'in 
Secs. 5-IJ. S-12,and s.J5a. 
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flo· ~-11. t 1mon~ ~"""''" '"' lh< p,;..,,~.;""""P' lo,,. or FtJ>. 1·10 ••~ 1-11. 1he 
ACKNO\\'UDGfó pul" "'""'"' ON un1ol tlo.; "'P -~~'"' " \~n.rm..J l<"'ther omm<ol,.!<ly 
O\<t lp«UI oJd<<M ¡,,.... ot hy • P'•'l"mm<o.l "''"""';,¡. 

In 0 typicol <Y>Icm, cae~ hm<.lwarc-Jc,ignatc<l!rap loxation is loaded with 
a moJin"'l JUMP ANO SAVE irutruction(Sec.2-11). h•elfe.:ti~eaddr .. s, 
<al" SRV\Cf. will •tore t~e inlcrrupt rc1um addr= (plus 'IQIDC status hit,); 
th ¡, ·,, followed hy t~e imerrupl·service routine. which can be reJoca¡ahle: 

SRVIC{ •xx~ 1 lncremented prosram· 
1 o:ounter rcadins 

1 (return uddress) 

1 ''"«1 here 
ST0R{ ilCCUMUlATO~ '" SAVAC 1 Sav.: aco;umulator 

lOAO ACCUMUlATOR Mil SK 1 Save curren! 
STOAE ACCUMUlATOR '" SVMSK 1 mas k 
lOAO ACCUMULATOR MASK 1 1 Go> 
STOIIE ACCUMUlATOR "" MASK 1 ... 
lOAO MASK AEGISTER 1 ma>k 
lt,¡TEAIIUPT Qt,¡ 
AEAO ADC 1 Actual work begint here 

Saving (and later restoring) the intcrrupt mas k in thi< program i• tloe .. me 
"' '" Secs. 5·12 and 5-15a \lnd is "'"" to be quite a cumbc.,ome oreratoon. 
A hnle C<tra processor hmdware Clln simplofy thi• job: 

l. We c~n o:ombine thc lOAO MASK REGISTER and INTfAAUPTION 
in<lructions into a ""~le 1/0 '"'""c11on. 

• 

'" ""' \ "'"~ ,,. '"' ""' ' '"'""" >' , 1 "> .. "" ... ,., '"·" '"" '.,, 
2. \Ve c•n use only m~•h di.,rming ,,¡¡ interrupt< with priortti~, h.-lmo· 

le•cl 1,2,3 ... Such <tmple m;csk' .ore""""' 10 '""" :11110· 
matically. 

' !n tbe more sorhisticatcd interrupt sr-te m•. the interrupt return-Jump ~ 
instruc;tion is replaccd by a spe<:ial in~truction 1 RETIIR ~ FROM INTtRR UPT], 
which automatic•lly restort< the program-ruumer rea<.lin~ und "11 ;out<>-~. 
matically saved regi;ters. Be sure to o:onsult thc inte<f~ce manuul for Y<•ur'' 
own minicomputer to determine which h~r<lw•r• fea(Uros nn<l sonwnro!; 
te<:hniques are nv;oilahle. 

!i-16.1 Disctmlon of lnterr"ftl-<nlem Fuflrrr< •nd ¡\pp!intio""- Jnterrupts 
are the b<osic mco:hanism for sharing a digital compuler betwccn <.liffer<nl, 
often time-critical. tasks. The practic.ol cffectivcncss of a minimi!opllter 
Ín!err\.pt sy.tem will depend on: 

t. 1M timt M'fdod ¡o wn-Jn poo<lbly oritiaol •ituat;..,.. 
2. 1M 1Gtal llntt •nd pro¡¡rom o•ei"M•d impascd by "''in~. rcstori ng. an-d 

masking operattons a.socwed wit h interrup" 
3. The number or priority lc~ls necded ver<u> the numbcr which NO¡,.., 

read1ly implemcnted 
4. Prosramming ne~ibtloty ,md conv.:nocnce 

The minimum time needed to obtatn servicc .,¡11 indude: 

L The .. raw .. lattney tlntt, i.e .. !he time neetkd lo complete !he longosl 
poS<ible proceS<or instruclion (including any indirect ¡¡Jdres<iug): 
most minicomputers ue also designed so thal oho proce«or w;l] 
alw~y. exco:ute the instruction following any \JO READ or SENSE/ 

SKtP inmuction. We •re sure ~ou will be able to tell why' Cll«k 
your interla~ manual. 

2. Thetime n~cd forany neces .. ry saving and/or mnüing opcralion. 

A took atlh<: interrupi·5Crvice programsofS...:s. 5-ll, S-1~. 5-15r!, and 
S-!5h w1ll iltustralc ~ow sue<:cssively more sophist•C\Ited priority·intorrupJ 
systems provide l:oner service "'''"len ov.:rheud. You should. howevcr, 
take a h~rd·nosed anitude lo tslabtish whother you re .. Uy n""d the more 
advanald leatures in your speei~< app!ication. 

TI;, useful at this point lo li<t the pr'oncop,ol "f>flhc-.!li<>n> of 1ntcrnoph. 
Many interrupts are a<sociated "oth !jO routincs for relat iwly ;low Mvice> 
such a1 teletype,.·riters and tape readcr¡punchc>, an~ :hou.:ond• of mini
computers <ervice these happtiY with simpk •kip-ch"in ')'lcms_ Thin!;S 
become more crilica! in instn,,entation and control <;<~cm•. "'hich "'"'' 
no! miss real-time-dock intorrupts inlended to !og ¡[me, to re:od instrumcnts. 
or ro perform control orer~tions. Timc-critic~l jobs rcqu irt jim ""P"'"'''
lf therc are many 1'1 me-cnlical operatinn< or ;ony time->h.tr;n~' 'UIHJinu\ 
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¡/ro• ~"'"/'""'"' /l<n<' llml<'l m mWIMul o¡watio/1,\' hccomc,, inter«l'ng. 
S""'" '<·.::-tune 'Y>Iem\ m.oy huvc r<rio..ls uf pc.o~ lo"Js whcn ll becomcs 

•clu•ll~· rmr<"<iblc 10 scrvke u//1nterrupt "'""""'· At thi• ro•nt, the 
dc<i~m:r mu<t decide l>hcl hcr to huy an impro•"C<l •Y•tcm or which interrupt 
rc~ucol< '"" "' le;"t lcmrmr .1r1ly cxr<=nd.,hlc. ll is in thc lancr co11ntttion 
lh.ot <hnumir priori!\' alloca/Íim be.:omc< u>eful: it m;oy, for in11""""• he 
ctpc'<licnt 10 mmk rrnain illl~rmpf.< du•inq ¡wok-loud puiut!.. In other 
situ•tions we might, in•t•~d, lawer t/1r re/mil~ ¡morily of 1/oe muin cmnpu/cr 
pr1Jf11Dm by rmma.Tking add"imw/ intermp/< drm'ng peak real-time loud.<. 

tr two or more interrupHcrv•ce routinc• employ the samc lihr;ory sub
routine. we ~~ faced, >O in Se.:. 4-1~. with the problem of runmmr 
l''"!!"'"'"'inq. Temporary-s10rage locations u<ed by the rommon •u!>
routine m.ry be wiped out unle.s we erther duphcate the •uhroutrne progr;rm 
in memory for ca~h imerrupt or un le" we provide true rcentrant >u hroutin0'5. 
Th" is not usu~lly !he c-.r<e for FORTRAN-comp'rler·suppl'red l'rbrary 
roulin... Only a few nrinicomputer m~nufaeluren and soft"'a~ hou~ 
p•ovide reentr.rnt FORTRi\N (sometime> called "'real-time .. !'ORTRAN). 
The bc<t w.1y to .rore savcd regi,¡ers and temp<rr•ry intermedi;rle re.ults is 
10 ,L •t.ock (Se-c. 4-16); a wtd porntcr ;, adv;rnc'i!d whenevcr a new interrupt ;, 
r«<>gnized :rnd retracte;! whcn an interrupt i< dismiuetl. Thr l>.·•t ,,.,,.,. 
conoptll~r iiii<"""P' n·51~rrt< /mr~ hardvo·¡¡rr fi" auromatk<ll~t• adroncing urrJ 
rrmrrrirrq >lk'h u <lar k t><•illl<"r (Sec. 6-10). 

lf ""'Y fast interrupt <erviee i> not a paramount con.,deration. w~ con grt 
around reenmmt cading hy programmi11q rn/~rrupl mo>k< M•hiclr 5imp(r· 
prtt'<nl inUrruplion of crrtkal Jrn-k~ rotllinu. 

In rondusion. n:member thatthe chicf purposc of inte!TIIpl systems is lo 
initiate compuler operation• more complkated than simple data transfers. 
n 1e !>cst method for ttme-critic:rl readtng and writing as such is not through 
1nterrupt-<ervice routine< with the,r awkward programming m·erhud but 
,.ah a drr«l·mrnt~r}"-Q{"<r>S '!'•t~m. which has no sudr problems al al l. 

OIRF.Cf MtMORY ACCf'_o;¡g ANO 
AllTO:'>IATIC RLOCK TRA:o-.'SFERS 

~17. Cydo Steoling. Step-by-ster program-controllod dato lransfers 
limil data-transntission rates and uso valuablc processur time for Hllernate 
in,tructinn fctche< and execution; progr:tmming" a1sn ¡edious. lt i• often 
prefer:rblc tn use additionol hnrdware for interfaeina a parallel data bu• 
drr«ti)' "-1lh thc digitol-computcr memory dat:t register and lo n:que>t and 
grant 1-cycle pau'""' in pr<><:e .. or oper:ttiun for direc:t t~~;nsfer of doto lo 
or from mommy (intorlae< or cyde-\loo!fn~ or>cration). In largor JJ~ital 
mochine<, and opttonally in u fow minicomrutero (PDP-15), a data bus can 
"'en "c-ce.s one mcmury h;tnk wuhout •topprn~ pro.;eswr intera,tioll with 
<>th<r mcmory h;rnl.. al ,tll. 

• 

·~-· '"" '"'""" ""·" 
Noto th.tl cydo •tu!Jng in nn lla~ di,lurb' tlw pro~ram '"qtrcn<o. r:ven 

though >nt.tller digrt~l compulcrs mu'l >101) comput:ttion ~uring mcmOr)
transfers, the progr~m simply •kips a cyclc at the end of the currcnt mc,..ory 

cydc (no need to complete thc current "'·'"'"'""") :tnd !,rtcr '"'""'"' jmt 
where it left off. One does not haw to >ave rog~<tcr ,-ontcnt< or otho' 
informdtion, as "'ith progrurn interrupts. 

' 1 

1 

" 

• 

5-111. 0\1A Jntffl'IK'I: Lot~c. To make dfrn:f memor~ l«<n (0\1A) 
practica!, the interf•ce must be able ro; 

1. Addr"" d"'ird loutions In memory 
2. S~·nchronize e~ le stcaltng with proc.,¡sor operation 
3. lnitiato trnn•fm by de•·ir-e requem (th ;, inc'.ud e< el ock-ttm«ltran>fcr<l 

or by tho computcr program 
4. Deal with prlorllfe• and queuing of scrvice requcm if hvo or more 

device• requost data tronsfen 

DMA priority{qucuing logic ;, euc:ntially thc same •s the rri,.uy-inrerrupt 
logic of Figs. 5-10 and 5-11; indeed. identi"tllogic card• oft,•n 'ervc hut.'t 
purposes. D:\IIA ..,..-1ce rt<JU"'l' are ol..-oy• ~i•·cn primity ~•<r eoncrrrTont 
ml~rr~ptrrqu~tl', 

Just n in frg. 5-11, a DMA .. ..-feo "'1""'1 (cau<ed by" dcvice-ffag Tnd¡ 
produces a cyd~••l ffillleSI unte•• it is inhtbited ~y ,, ltighcr-priorrt) 
request: tite procciSor an<"CfS with an ocknowl~dg• (prlorlty~r•ot) pul«. 
This signal then sen a proce,.or-clocled .. 1\CTIVE .. nip-1\op, "h.,.h 
Strobc• a mitable momory addrC"<S into thc prOCC5SOf ntemory addrc,, 
register and thcn causes memor; and devicc lo~ic lo tran.fcr <'ot~ fro111 "' 
\o the DMi\ data hu• (f'ig. 5-1.1). 
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1 n ;o me com¡>ulcr >ystcm< (c.g., Digit;o] Equ1 pmcnl Corporation PO 1'·1 S). 

1ho D\.1A dat:. line$ are idcntical woth thc programmcd-1ran•fer data lines, 
This simphfies interronn«tions at the upcn"' of processor h~rdware. In 
othcr S)'Siem•. tho DMA da1:1 lincs are nlso mecl to transmil the 0\.iA 
adclrcS> lo thc proce"or hcfore dat;t are tr:m,fcrrccl. Thi• further reduce• 
th' number of bus lrne<, but compltcates hardware and timin¡t. 

......... , 1 

"'"'" ··"""' 

1 Oo<o : 

• 

""'" 
on """"" 

5-19. Automa!lc Block Tralt<fc.-.. As ..,., descnbcd it. the D\.iA data 
trnnsfer is dtt•ic,...initiatcd. A P'"ª"'"'.Jr~11dent dccision to uansfer data, 
O\'Cn directly from orto mcmory, Mili rcGuire. a proGrammcd instruction to 
cause a DMA sc.-ice roqucst. Th'" is hardly worth thc trouhle for a 
-<im¡l,~~-ord 1ransfer. Most D\lA trnnsfers, whether devi~ or program 
initiatcd. involw not single word• but blocb of tenJ, hundreds. or cvcn 
thou,ands of data words. 

Fig11rc ~-14 <hows how thc simple DMA sy.,em of Fig, S-13 may be 
••panJed 1nto nn automallc dato ehanno! for block transfero, Data for ~ 
block can arri'<C or depan asynchronously, and tbc DMA controller will 
steal cydes as nceded and permit the program to go on between cycles. A 
block of word! to be lran•ferrecl will, in general, octupy a corresponding 
hlock of adjacenl memory regislers. Succe<Sive mcmary addrCS'<S can he 

•. 

,, 
A<» "r "'" "' n'" "" 1 '" ••• 

gatW imo the mcmory addre<> rogi>lereJ hy a ,uumer. the <urre<~t·oddr<"' 
rountrr. llcfore anv data !ransfer takes p'aco. a pro~mmme<J in<truction 
"''' the current-address countcr to the desirod initia: a<!<!ross; the d<>irod 
number o: word< (block !enRih) is ••t into a second counter, :~e word rounler, 
which w¡]] count down woth each data transfcr until O JS re.•cl•od "ftér •'•e 
desired numbcr of tranofel"l. As service requc'Sl< .orrivc from. sa~, "" 
analog·!o---<ltgital conwner or data link, the 0\.1 A con:rol :o~'c imp!emen¡, 
•ue~:essivc cycle-steal roquests and gates SUCCC>'IVC curren! addres"'' inlo 
the memory aJdres. rcgi>ter as the current-addrc.- counter """"" up I'Cc 
al<o Fig. 5-Sa) 

Thc word counter is similar! y dccremented onc.: per data "ord. w hen ,1 
block transfer is complcte<J, the word countcr can stop t~o ~cvicc front 
roqucsling further d"'" tr.tnsfcrs. Thc "ord-<:ounter carry pulse c.on ,,:,o 
cause an """"'PI so that a ncw block of data can be proccs<ed. The "o"! 
counlcr may, 1f dcsircd, airo serve for 5C<jUencm¡; <levie~: function' k.~ .. 
for selecting sucec<sive 1\DC multiplt .. r addres ... -s). 

Som~ compulcr< replace the word coumer "'th" progr:tm-loadcd Hnol· 
oddrKS ro::i•ter, whose contents are comparW ~>ilh '~e current-:o~drc» 

count<r to determine lile cnd ofthe block. 
A DMA •Ystem often iovolv~s "'veral da<a chonnels, '"~" "ith a 0\1,\ 

control. add reos gates, a 'urron\·address coun\er, ;m~ a word c·ounter, " llh 
diffcrcnt prioritie; assigncd to d•ffcrent channe!s. For etflcocnt ~"nd 1 ong ~· 
random!)· timed reques!< frOm multiple dev•ccs (and lo prc,·cn! :o" of "'·"·' 
words), dat~-<:hannel system< may incorpora te bul'lú rogister< in the in!<r: •• ,., 
or in devic.:s such as ADCs or DACs. 

S-!(1, Ad•onto~"' of D\1A S~""" (see Rcf_ 6). Direct·mcmory-accc» 
systcms can tr~nsfcr data b!Ocks at vcry high rates 1!0" "'ord;¡sec ;, re.•<.!il' 
po<Sible) wnhout elaborate 1/0 programm•ng. T~e pro~c'<<Or essent .. ,:~; 
dcal• mainly with buffer arcas in its own memory, aod 011!y " fcw 1:0 
instrucuons are needed to initialize or rcinitializc transfer._ 

Automatic d~td channcls are especially suitable for ;crvicing peri¡>her,,l, 
with high data rates, such as disks, drums, and f.•st ADCs •nrl 01\C<. 
But fas! data tran>fer w'1th m·m·omal program overhcad ,. e•trcmely va!"" h'c 
in many other applications, espeo:ially 1f there are man)· dev1ccs lo he 
scr.·iccd. To ind1ca1e thc r<:mdrkablc efficicncy of c,-ck-•te;~lin!'- <!;rect 
memory accc:u W1th multiple block-tranofer data chdnne~ •• comider thc 
operation of ;1 training-type digital ftight Slmul;otor. whicl1 mlve> ;llrcr;,ft 
and engine equations and scrv1ees an elaborate ~ockpit mock-up w•th m""' 
control< and inslrument d .. pl3y<. During each 160-msec time'"""'"'"~:. 
the interface not only performs !74 anatog-to-digital convenions requinn~ 
a total conversion time of7. 7 msec but al so 430 d ogotal-to-•nalog conl/ersion,, 
and handles 540 eight·bit bytes of di<erete mnt rol informatior The ac: ~-•1 
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time tequin:d to transfcr allthis information in and out of thc data channel1 
is 14) msec pcr time increment, bu! bccausc of the fast d•rect memory 
transfers, cyde-steahng subtractsooly 3.2 msec foreach !60 msec of processor 
time(Rcf. "). 

5-11. Memory-lncroment Technlque for Amplltlldo-clistrlbutloa Mn..,r~ 
mCfiH. In many minicomputers. a spccial pul.., input wm incr•m~nl the 
contcnts of a memory loa.tion addresscd by thc DMA addteS$ lines; an 
interrupl can be gcnetatcd whcn onc ofthe memory cclls is full. When ADC 
outputs repre..,nung successivc samplcs of a random vohage are appHcd 
to the DMA addrcn lioes, thl' mcmory-lncremcnt fo•ture ,.¡¡¡ etrecHnly 
~n<'flle • """""' of titl' lnput-•olta¡:e omplltlldc dislrlbo<tloa In tbc compul•r 

• ¡; 

n,. ~~~- A o om~h'"~'-d;,.,;h"';~, d"~'•• ohlnme<l hy lhe melh<><l or FIJ. 1-llo. (Dio"•f 
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.........,.,, Each memory addrtss cor~ponds to a vollag<: d~ss inlc"'<tl, 
and thc rontenn of the memory rtgi>t<r rcpreo;cnl the number of somp!es 
f•ll•ng into lhat cla" onlctV<d. D.Lia tuking i; t~rrnmalcd aftcr a prc,et 
numher of samples or when !he fim memory reg,.ter o•wlo.ods (Fig. $· r 5a). 
The empirieal amplitude distribution thus created in memorv may be di>
played or plolted by a ~i<play routine (Fig. 5 -ISh J, an<! st.llmics such as 

.... 
are rtadily c<~mpuled afler lhe d~&tribution is complete. This tcchnique 
has l>een extens¡vdy applied to the analysis of pulo;c-energy srcm~ from 
nucleM·physi"' experiments. 

' . . Y~-¿x, 
n •·• 

Joint J,.m!>utwm o[ two wn.U.m ll<l•iuhl~r .'(, Y can b.: similarly compola.J. 
lt is onl)' nect<<ary lo apply, !la y, • 12-bil word X, Y composed of \1> o 6-bot 
bytes """"'po~di~g lo two ADC outputs X and Yto the memory addre" 
n:gister. !'>/ow oach addresKd memory locat•on will correspond t<> thc 
regocnX, S X< X,.,, Y, S Y< Y,,, inXYspace. 

S-22. Add-1<1-,...mory Teclmlq~ ofSipal A•enEh•c- Another Nmmand
puiK input tO •ome DMA interf¡¡ces will oJd a data word on the 1/0-bus 
data linos to the memcry location addresscd b~ the D~A address linos 
without ever both<:ring the digital-ccmputcr drothmetic u~it or tbc program. 
This "add-to·memcry" feature pcrmits useful hnc.r opcr"tion• on d;ota 
obtained from various instruments; the only •pplication well know~ "t this 
t1me is in dato a•erazhtg. 

Figure 5-16<1 and b •llustr<Hcs an especial! y interesting application of d~ta 
a.eraging, which hu been very fru'1tful '" b'•ologic~l-<lata reduction 1•-8-. 
electrocncephalogram analym). Periodicall)' applied stimuli produce the 
'"me systcm reoron« after each <timulus so t~at one obtain• ''" analog 
wavoform pcriodio with thc period T of thc applieJ stimuli. Ta pull 1hc 
dcsired fuoctiun X(l) out of addi11ve :ero--mean random noise, on-e add> 
X(t), X(t + T), Xlt + 2T).. . cluring suc<:o:<;si•~ r<rioo.h lo en ha•"'" lhc 
signal, while the noi'IC willtcnd lo a•erage out. F1~ur< 5-1&- >ho"s 1hc 
~xtraetion of a si~nal from additive no;.,; in succeui~ data-a•·cra¡:in¡: run> . 

S-23. ImplemCfiHnE Ctrrrml·addr..., •"" Wor<l C011n1o.-. In !ho Proeossor 
Memory. Sorne min•computcrs (in J"ltticular, PDP-9. PDP-15. and the 
PDP-8 'ICrics) ha ve, in addition lo thm regular D~A faciht•e<. a Kt offoxcd 
core-memory locations to be u5ed u data-<:h~nnel addrc<s and word 
counters. Ordinary proceuor instructions (not 110 inS!ructions) load 
these locations. respccti'o'Ciy, with the block •tarting addl"C's and with 
minus the block count. The data-channrl interf•ee eard (Fi¡: S- 1 7) supplics 
thc address of one of the four 10 cight address-countct locations av:oilable in 
the proce,.or: !he word countcr ;, the location fo:towing !he addr<S< cou nter. 
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111.- 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 localizaciOn de 
los operandos necesarios para ejecutar la instrucción y 
traerlos al CPU. 

Ejecutar la lnstrucc!On, 

Para llevar a cabo las funciones anteriores el CPU debe con-

tar con la siguiente lnfonnación: 

-· 
El código de operación de la instrucción a ejeaJtar. 

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 determinan la arquitectura de los proce 

sadores que las utiUzan. 

Se su¡xmdrén operaciones aritméticas en las que se tienen dos 

operandos y un resultado ya que son las que proporcionan el 

caso más general. 

a) Méquinas de "3+1" direcciones 

El formato de instrucción en este esquema de direcciona--

miento contiene todos los elementos necesitados por el CPU 

1 
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2 
para realizar sus funciones. 

Un posible formato de instrucción se muestra en la figura 

III.l 

DE 
Palabra 

" de 
memoria 

En este caso se tienen cinco campos en el formaw de instrucción: Uno 

para el código de operación que sirve para Indicar el tipo de opera---

clón a realizar (suma, resta, multiplicación, etc.), tres campos para 

las direcciones de los operandos y resultado de las operaciones, un 

campo para Indicar la direcci6n de la siguiente instrucción a ejecutar. 

Las instrucciones para ésta máq..~ina podrían ser escritas en forma 

simbólica en la siguiente forma: ADD A, B, e, D donde ADD representa 

el c6digo de operación suma y A, B, C y D son nombres simbólicos 

asignados a localidades de memoria. 

Suponiendo que existen las insnucclones suma (ADD), substracción---

(SUB) y multiplicación (MUL), entonces una posible traducción de la 

expresión A=(B•c)-(D•E) en FORTRAN a lenguaje simbólico en la má-

quina de 3+1 direcciones sería: 

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 aritm!ticos intermedios. 

Las conclusiones más im}XIrtantes en este esquema son: 

Los programas no necesitan estar almacenados en memoria en forma 

secuencial ya que el campo de dirección de la siguiente instrocciOn pe_! 

mlte conocer donde fueron almacenados. 

Debido a q..~e cada Instrucción contiene en forma expUclta tres direc--

clones, no es necesario tener en el CPU hardware para guardar los re· 

sultados de las operaciones. 

b) Máquinas de "3" direcciones 

Considerando que .los programas se escriben secuencialmente y q..~e 

por consiguiente es muy lOgico almacenarlos en este mismo orden, 

se llega a un nuevo esquema de direccionamiento en el cual se su_2 

tituyen todos los campos de dirección de la siguiente Instrucción 

por un solo registro dentro del procesador que lleva en fornn se-

cuencial y automaticamente la dlrecc!On de la siguiente instrucc!On 

a ejecutar. Un posible fonnato de instrucciOn se muestra en la 

fig. 111.2 • 

Keg~.stro 
~ ,, 

"""-"-""'-' ·procesador 

Palabra 
" ,, 

memoria 
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Utilizando este esquema de dlrecclonamlenco la expresión A9B•C)-(D•E) 

en FORTRAN1quedarfa expresada como: 

MUL B,C, Tl 

MUL D, E, T2 

SUB T2, Tl, A 

Siguiente insrrocc!On 

Donde se ha suprimido la direcciOn de la siguiente instrucción ya que 

l:sta es llevada en forma secuencial y automática por un registro del 

procesador conocido como contador del programa (PC). 

Con el escp..~ema de 3 direcciones se logra aprovechar la memoria en 

forma rt:~As eficiente y reducir la longirud de palabra lo 

directamente en Jos costos de la misma. 

CJ.IS re<Lnda 

•• 

e) Máquinas de "2" dir ecclon es. 

En las operaciones aritméticas no siempre es necesario guardar 

el resultado en una localidad de memoria y preservar Jos operan-

dos, por lo que se puede pensar en udllzar 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 mácp1ina, mostrado en la figura III. 3 

• 

REG. 
EN EL , 
PROC. 

evo. 
OP. 

DIR. 
P. 
OP. 

1 o>IR. SEv. 
OP. 

Palabra 
nde 

memoria 

FIG. III.3 
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En este esquema se usará la dirección del segundo operando como la 

dirección del resultado una vez ~e la operac!On se haya efectl.Jado, 
• 

por lo que el segundo operando será destrufdo. Asf pues la. expres!On 

A:(B•C)-(D•E) 'en FORTRAN, quedarfa: 

MUL B, C 

MUL 0, E 

SUB E,C 

ADD A, C 

La eliminacil'm del campo de dlreccH'm del rea.tltado pennlte reducir la 

longitud_ de la palabra de memoria y los costos de la misma, lo q.¡e 

permite usar este escp.¡ema en máquinas medianas y chicas. 

d) Máquinas de "1" direcciOn 

Este esq.¡ema 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 contendr4 a uno 

de los operandos. A este registro se le conoce como acumulador.-

El formato de instrucc!On para la m4quina de 1 direcciOn se mues-

tra en la figura 111.4 

inst, a 

~''""dO 1 perando 

Reg. en el 
procesador 

Reg, en el 
procesador 

FIG. 111.4 

¡wo. 

OP, 

~IR. 
P. 
OPERANOO 

5 
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Lo anterior implica la creaclOn de instrucciones ~e permitan cargar 

el acumulador con el segundo operando (LAC) y depositar el contenido 

del acumulaOOr en memoria (DAC). 

Es importante hacer notar que todas las operaciones se llevan a cabo 

lmplfcitamente contra el acumulador y que !ate contendrá el resultado 

de la operación efectuada. La expresión A=(B•C)-(D•E) en FORTRAN) 

podrfa traducirse a: 

LAG D 

MUL E 

DAC Tl 

LAC 

MUL 

SUB 

B 

e 

Tl 

DAC A 

• 

' 

Este esq.¡ema de direccionamiento ha sido ampliamente implementado en 

una gran mayoría de las minicomputadoras, como por ejemplo: PDP-8, -

PDP-15, IBM-1130, IBM-7090 y COC 3600. 

e) MAquinas de "O" direcciones 

Este es<p..~ema de direccionamiento solo utiliza el campo de código 

de operación, por lo que es necesario contar con algOn mecanismo 

que implfcitamente permita conocer loa operandos. 

El mecanismo anterior se implementa usando una pila 6 stack, el 

cual se puede pensar como un conjunto de localidades contiguas de 

' 
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memoria accesadas usando una disciplina UEPS (últimas entradas, prl-

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 lnstrucciOn para este esquema de direccionamiento se 

encuentra en la figura lll.S 

Reg. en el 
CPU 

Reg. en el 
CPU 

FIG. lii.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 

PUSI-I E 

MUL 

PUSH B 

PUSH C 

MUL 

SUB 

POP A 

!§JT 

~T 

~T 

expresarse como: 

(Apuntador al tope 
del stack). 

~--·-- -T 

8<--·----T 

'/ 

' 
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En la flg. 111.6 se ilustra el estado del stack después de cada una de 

las inst. anteriores. 

Se p.Jede concluir que el conjunto de instrucciones de la má~lna no 

estA formado solamente por Instrucciones de cero direcciones ya que 

también se requieren instrucciones de una direcciOn para meter y sa w 

car 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 -

tambilm quedarA en el stack. 

8 
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2.- ME TODOS DE DIRECCIONAMIENTO 

En las máquinas de una sola direccllm el formato de las Instruccio

nes que hace referencia a memoria consta de dos campos: el campo 

de código de operación y el campo de dirección del operando. Si su 

ponemos que el campo de dirección consta de n bita, entonces la 

ma.xtma capacidad de memoria direccionable será 2° localidades. Lo 

anterior p..~ede resultar bastante drAstico en el caso de las mlnlcom

p..ltadoras ya quE; por lo general tienen palabras de 12 6 16 bits y si 

se asignan cuatro de ellos al campo de cl'ldigo de operación solo se 

p.~eden direccionar 28= 256 localidades de memoria en el caso de pa 

labras de 12 bits O 212= 4096 localidades de memoria en el caao de 

palabras de 16 bits, Jo cual resulta insuficiente para la gran m(!fo-

rfa de las aplicaciones. 

Lo anterior ha ocasionado diferentes modos de direccionamiento, en 

los cuales el campo de dirección sirve para calcular la direcciOn 

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 direcciOn O en la localidad de memoria siguiente a 

la instrucción. 

Serd necesario dedicar un bit de la palabra para saber como se 

debe interpretar la Instrucción. 

9 
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b) Directo 10 

Existe direccionamiento directo ruando el campo de dirección de 

la instruccio!'m contiene la dirección del operando O cuando éste 

campo combinado con alglln registro O palabra de memoria gen~ 

ran la dirección del operando. 

b.l) Usando página cero 

Uno de los esquemas mAs comunes de organización de m~ 

morfa, divide ésta en n pAginas de longirud fija, donde n 

depended. del tamaño de la rre moria y del tamafto de las 

pAginas. 

Las mAq.¡inas que usan estos esquemas generalmente usan 

la pAgina cero con propósitos especiales, como son: mane~ 

jo de interrupciones, traps, localidades autofncrementables, 

etc. 

La forma de indicar si el contenido del campo de dirección 

se refiere a la pAgina cero, es usando un bit para este Pl!l 

pOsito, p. ej. si este bit es cero el campo de dirección 

apunta a una localidad en la pAgina cero. 

b.2) Usando página actual 

Si el bit de página está en uno, se asume que el campo de 

dirección apunta a una localidad en la página en la que se 
' 

encuentra la instrucción. A esta página se le conoce como 
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página actual. 

La dirección del operando se determina sumando los bits 

de orden superior del PC al campo de direcciOn de la ina 

trucciOn. 

b.3) Relativo al ·pe 

En este modo de direccionamiento el contenido del campo 

de dirección de la instrucciOn, Interpretado como un ente-

ro con signo, se suma al PC para obtener la dirección del 

operando. 

b,4) Relativo a un registro fndice 

•• 
El contenido del campo de dirección de la instrucción, in-

terpretado 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 direccionamiento indirecto el campo de direcc!On de la ins-

trucción contiene un apuntador a la dlrecc!On del operando O este 

campo combinado con algún registro O palabra de memoria genera 

un apuntador a la dirección del operando. 

Mediante un bit en la instrocci6n se puede saber si el direcciona-

mienw usado es directo ó indirecto. 
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c.l) Usando página cero 

El campo de dirección de la instrucción ap .. mta a una loca

lidad en la página cero. A su vez ésta localidad contiene 

la dirección del operando. 

c.2) U san do pagina actual 

El campo de dirección de la lnstrucc!On apunta a una loca-

lidad en la pagina acrual. Esta localidad contiene la direc~

ci6n del operando. 

c.3) Relativo al PC 

El contenido del camp:¡ de dlrecci6n de la instrucc!On, inter 

pretado como un entero con signo, se suma al PC para ob

tener la dirección del apuntador al operando, 

c,4) El contenido del campo de direcci6n de la instrucción, Inter

pretado como un entero con signo, se suma al contenido de 

un registro índice para obtener la direcci6n del ap.mrador al 

operando. 

La combinaci6n de todos los métodos de direccionamiento anteriores 

con registros de propósito general, permiten lograr modos de direccio

namiento bastante poclerosos. Cuando se usan los registros de propósito 

general, el campo de dirección de la instrocc!On especffica q...¡e registro 

se usa y como se interpreta la información que contiene. 
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3.- DIRECCIONAMIENTO EN PDP-11 

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 

operacibn y operandos. Lo anterior se observa en la fig. III.7 

15 1211 9R 65 32 O 
1 1 MOdo 1 Registro 1 Modo 1 Registro 1 

Código op. dir. fuente dir. destino 

FJG, lll. 7 

Los bits 12-15 contienen el código de operación 

Los bits 6-11 contienen la dir. fuente 

Los bits 0- 5 cont~nen la dir. destino 

• 
Las direcciones fuente y destino serdn 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 

propósito general serA usado, asr como la interpretación que se 

le dará 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 almac~nar el resultado de la operación una vez que esta 

se haya efectuado. 
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b) En esta máquina existen instrucciones que solo requieren un 

operando en cuyo caso se utiliza un formato de instrucción con 

campos de c&iigo de operación y dirección destino, según se 

muestra en la fig. III. 8 

15 65 o 
1 1 MO~ ; REGISTRÓ 1 

C6dlgo op. ir. d est1no 

FIG. m.s 

La interprelacióu dada a la direccH'm fuente es la misma que en el 

caso de dos operandos. 

Para poder ejemplificar los modos de direccionamiento se usará el 

siguiente conjunto de instrucciones; asf mismo se asumid q.¡e todos 

los números están en octal: 

Mnemonico 

CLR 

INC 
INCB 

COM 
COMB 

ADD 

C6digo Octal 

005000 
105000 

005200 
105200 

005100 
105100 

06SSOD 

e) Direccionamiento directo 

DescripcIón 

Limpia (pone a ceros el des 
tino). 

Incremento (suma uno al con 
tenido del destiño) 

Complementa !ógicamm te el 
destino 

Suma 

Existen cuatro modos usados en direccionamiento directo, los cua 

les se explican a continuación: 
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c.l) Registro 

Forma general: OPR Rn 

DescrlpciOn: El registro especificado contiene el operando 

requerido por la lnstrocc!On. 

OPR representa un código de operaciOn en forma general. 

Modo: O 

Ejemplos: 1 

e, 2) Autoincremento 

Forma general: OPR (Rn}+ 

DescripciOn: El contenido del registro es incre~rentado des

pués de ser usado como apuntador al operando. Si la lnstrucc!On 

es de palabra se autoincremente en dos y si es de byte en uno. 

Modo: 2 

Ejemplos: 2 

c. 3) Autodecremento 

Forma general: OPR-(Rn) 

DescrlpciOn: El contenido del registro es decrementado antes 

de ser usado como apuntador al operando. Si la instrucciOn es 

de palabra se autodecrem'enta en dos y si es de byte en uno. 

Modo: 4 

Ejemplos: 3 

15 
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c. 4) Indice 

Forma general: OPR X(Rn) 

DescripciOn: La suma de X y el contenido del registro se 

utiliza como la direcciOn del operando. 

Modo: 6 

Ejemplos: 4 

d) Direccionamiento indirecto 

Existen 4 modos de direccionar en forma indirecta, los cuales 

utilizan los modos básicos (direccionamiento directo) en forma 

dferlda. 

d.l) Registro diferido 

Forma general: OPR 6Rn 

De a e ri pe iOn : El registro contiene la dirección del operando. 

Modo: 1 

Ejemplos: 5 

d. 2) Autoincremento diferido 

Forma general: OPR S:Rn)+ 

De scripc IOn: El contenido del registro es Incrementado des

pués de ser usado como ap.¡ntador a la dirección del operando.-

El autoincremento será en dos, tanto para Instrucciones de byte 

como de palabra. 

., 
lü .. ' . 

' 



Modo: 3 

Ejemplos: 6 
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d, 3) Autodecremento diferido 

Forma general: OPR @-(Rn) 

17 

Descripción: El contenido del registrO es decremen(ado antes 

de ser usado como apuntador a la dirección del operando. El 

autodecremento serA en dos, tanto para instrucciones de byte 

como de palabra, 

Modo: 5 

Ejemplos: 7 

d. 4) lndice diferido 

Forma general: OPR @:X(Rn) 

Descripción: La suma de X y el contenido del registro se ut.!_ 

liza como ap.Jntador a la dirección del operando. La palabra de 

fndice X está almacenada en la localidad de memoria siguiente a 

la lnstn.tcciOn. 

El valor de Rn y X no se modifica. 

Modo: 7 

Ejemplos: 8 

e) Uso del PC en direccionamiento 

El reglo;tro siete, tiene el propósito especffico de servir como co!! 

tador de programa (PC), por lo cual cada vez que el procesador 
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usa el R7 para traer una palabra de memoria, el R7 se incremen 

ta automáticamente en dos de tal forma q.Je siempre apunta a la 

siguiente instrucciOO a ejecutar 6 a la siguiente palabra de la ins 

trucciOO que actualmente se está ejecutando. 

Lo anterior permite usar el PC con propósitos de direccionamien-

to, pennitiendo lograr ventajas cuando se utiliza con alguno de 

los modos 2,3,667. 

e. 1) Inmediato 

Forma general: OPR#n, DD 

Descripc i6n: 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 

Descripción: La localidad de memoria siguiente a la lnstruc 

ciOn contiene la dirección 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*-

trucc!On, sumada al PC propOTcionan la dirección del operan--

do. 

Modo: 6 usando R7 

Ejemplos: 11 

e. 4) Relativo diferido 

Forma general: OPR GA 

Descripc iOn: La localidad de memoria sigUiente a la lns--

trucc!On sumada al PC proporciona el apuntador a la dirección 

del operando, 

Modo: 7 usando R7 ' 
Ejemplos: 12 

LUIS CORDERO BORBOA 
JULI0-79 



005200 

1 • 2 

105102 

060103 

' 
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EJEMPLOS 

INC RO 

lSUMfl UNO AL CONTENIDO DE RO. 

' 
Ante~ Despues 

_001:!02/005200 
_$0/000000 
_$7/001202 
_$S/000000 

' 
COMB 

001202/005200 
_$0/000001 
_$7/001204 
_$S/1 70020 

2U 

lCOMPLEMENTO LOGICO I•EL BYTE I:IAJOCBITS 0-7l EN R2, 
iLAS INSTRUCCIONES DE BYTE USADAS SOBRE LOS 
lREGJSTROS GENERA-r.'_ES SOLO OPERAN EN LOS BITS 0-7. 

' 
Antes 

001206/105102 
_$2/103252 
_$7/001206 
_SS/170020 

' 

· Despues 

001206/10~102 
_$2/10312~ 

_$7/001210 
_$S/l70021 

lSUMA EL CONTENJI<O DE Rl AL CONTENIDO DE R3, 

' 
Antes 

001204/060103 
_$1/000005 
_$3/000007 
_$7/001204 
_SS/170020 

Depiles 

001204/060103 
_Sl/000005 
_SJ/000014 
_$7/001206 
_$5/170020 



2. 1 
00502.11 

2.2 

105024 

2.3 

060022 

- 21 -

21 

CLR CR4lt 
1 
PUSA EL CONTENIDO DE R4 COMO LA DIRECCION DEL 
;OPERANDO, PONE A CEROS El OPERANPO(PALABRAl E 
HNCREI1ENTA El CONTENIDO [!E R4 EN DOS, 

Antes 

-~~Hlb86~85024 
_000010/174216 
_S?/001210 
_$5/170021 

Antes 

001212/105024 
_t•V000006 
_000006/17321!; 
_$7/001212 
_$5/170024 

1 

1 

CLRB 

' 

Despues 

001::?10/00S024 
_$4/000012 
_000010/000000 
_$7/001212 
_$5/17002"1 

CR4 lt 

lUSA El CONTENIDO DE R4 COMO LA DIRECCION DEL 
;OPERANDO, PONE A CEROS' EL OPERANOOCBYTEl E 
;INCREMENTA EL CONTENIDO DE R4 EN UNO. 

' 

ADD 

Despues 

001212/105024 
_$4/000007 
_000006/173000 
_$7/001214 
_tS/17002<1 

RQ,(R21+ 

IEL CONTENIDO I1E RO SERA SUMADO AL OPERANDO 
PCUYA DIRECCION ESTA CONTENIDA EN R2· DESPUES 
PSE INCREMENTA R2 EN DOS. 

' 
/vltes 

001214/060022 
_t.0/000007 
_f,:!/000024 
_000024/000007 
_fo7/001214 
_t.S/170024 

001214/060022 
t.0/000007 

_s2/000026 
_000024/000016 
_t.7/001216 
_tS/170020 



3.! 

005245 

3.2 

105245 

3.3 
. 

064401 

- ~ .. -

-<R5l 
; 
IEL CONTENI~O DE RS SE DECREMENTA EN DOS Y 
HtESPUES SE USA C0/'10 LA I•IRECCION DEL OPERANDO, 
IEL OPERANDO(PALAliRAl SE INCREMENTA EN UNO, 

' 
Antes 

_2g}í5086~85245 
_000016/002222 
_f?/001216 
-•S/170020 

' 
INCB 

Des pues 

001216/005245 
_$5/000016 
_000016/002223 
_S?/001220 
_$5/170020 

-<R'Sl 

IEL CONTENIDO [lE RS SE DECREMENTA EN UNO Y 
IDESPUES SE USA C0/'10 LA DIRECCION DEL OPERANDO, 
IEL OPERANDO(BYTEl SE INCREMENTA EN UNO. 
; 

Antes 

001220/105245 
_$5/000347 
_000346/043721 
_$7/001220 
_SS/170020 

' '" 

_¡gmsm"'" 
_000346/043722 
_$7/001222 
_SS/170030 

-<R4l,Rl 

fEL CONTENIDO [lE R4 SE DECREMENTA EN DOS y 
IDESPUES SE UTILIZA COMO LA DIRECCION DEL 
IOPERANDD OUE SERA SUMADO AL CONTENIDO DE Rl. 

' 
Antes 

001.22.2/064401 
_U/000017 
_f-4/000032 
_000030/00004:5 
_.7/001222 
_fS/170000 

Despue!> 

001222/064401 
_fl/000064 
_.4/000030 
_000030/00004:5 
_.7/001224 
_fS/170020 



4 • 1 

00:5063 000100 

4\2 

105164 000200 

4. 3 . 

2J 

CLR' lOOIRJ) 
; 
iSE PONE A CEROS LA LOCALIDADIPALABRA) 
;DIRECCIONADA POR LA SUMA DE 100 Y El CONTENIDO 
ODE RJ, EL CONTENIDO DE RJ NO SE ALTERA, 

Antes 
00122.4/005063 

_001226/000100 
_SJ/000004 
_000104/177333 
_$7/001224 
_'f.S/170020 

; 
COI'IB 

""'~"'"" .. '. 
oot224/0oso6J 

_Q01226/000100 
_$3/000004 
_Q00104/000000 
_t-7/001230 
-tS/170024 

2001R4) 

iCOMPLEMENTA LOGICAMENTE El CONTENIDO DE LA 
;LOCALIDAD(BYTE) DIRECCIONADA POR LA SUMA DE 
0200 y R4, EL CONTENIDO DE R4 NO SE ALTERA· 
; 

¡\nt~

o0t230il05164 
_001232/000200 
_f-4/000002 
_000202/174562 
._,7/001230 
_SS/170000 

~~es.-
00123ó/105164 

_001232/000200 
_i4/000002 
_ooo:!o2t174615 
_t?/001234 
_SS/170031 

066360 000010 000020 '" 10CRJ),20CR0) 

' ¡sUHA EL CONTENIDO DE LA LOCALIDAD DIRECCIONADA 
;F"OR LA SUI'IA DE 10 Y R3, AL CONTENII•O DE LA 
¡LOCALIDAD DIRECCIONADO POR LA SUHA DE 20 Y RO. 
; 

Antes 

001234/066360 
_001236/000010 
_001240/000020 
_,0/000030 
_,3/000050 
_000050/000037 
_000060/0000 75 
37/001234 
_,S/170031 

Des pues 

_ssm:;s8!M8 
-001240/000020 
_,0/000030 
-'3/000050 
_0000::>0/000134 
-000060/00007::> 
_,7/001242 
_,S/170020 

' • 



S.) 
005011 

5.2 
!'05212 

6 

005234 

. - 24 -

24 
CLR OR> 

' IEL CONTENIDO HE Rl APUNTA AL OPERANDO QUE 
;SERA PUESTO A CEROS, 

' 
Antes 

_n)i2i6SS50
'' 

_000044/035~40 

_$7/00124~ 

_$5/170020 

' 
INCB 

Despues 

001242/005011 
_$1/000044 
_0000411/000000 
37/001244 
_$5/170024 

!IR2 

IEL CONTENIDO DE R2 APUNTA AL OPERANDO OUE 
;SERA INCREMENTADO EN UNO, 

' 
Antes 

001244/105212 
_$2/000070 
_000070/000000 
_$7/0012'14 
_$5/170024 

Des pues 

001244/105212 
_$2/000070 
_000070/000001 
_$7/001246 
_$5/170020 

INC @(R4l+ 
;EL CONTENIDO [!E R4 APUNTA A LA DJRECClON 
IDEL OPERANDO QUE SERA INCREMENTAI!O EN UNO, 
IDESPUES DE LO CUAL R4 SE INCREMENTA EN [!OS, 

' 
,Antes 

001246/005234 
_$4/000036 
_000036/000054 
_000054/000007 
_$7/001246 
_SS/170020 

Des pues 

001246/005234 
_$4/000040 
_000036/000054 
_000054/000010 
_$7/001250 
_$8/170020 



8 

7 

005155 

-- l~ -

25 

COH 1!-(RSl 

' IEL CONTENIDO DE R5 SE [oECREMENTA EN DOS• 
;DESPUES DE LO CUAL APUNTA A LA DIRECCION
IDEL OPERANDO QUE SERA COMPLEMENTADO 
ILOGICAHENTE, 

' 
Antes 

001250/005155 
_S':i/000040 
_QQ0036/000020--
_Q00020/Q00000 
:..s7/001250 
-1-5/170020 

Des pues 

001250/0051':55 
_$5/000036 
_Q00036/000020 
_000020/177777 
_$7/001252 
_$5/170031 

067300 000200 1!200(R3l ,RO 

' ILA SUMA DE 200 Y R3 DETERMINA EL APUNTADOR A 
ILA DIRECCION DE LA LOCALIDAD OUE SERA SUMADA A RO, 

' 

'""' 
88'""8"<88 - 1~ .. 4/ 00-

_t0/000015 
_$3/000010 
_000210/000012 
_000012/000016 
_t7/001252 
_$5/170031 

Despnes-

001252/067300 
_0012:54/000200 
_$0/000033 
_$3/000010 
_000210/00Q{o12 
_000012/000016 
_$7/001256 
_$5/170020 



- 26 -

9 

01270-4 000010 

JO . 

M tes 

' ;HUEVE 

' 

001256/01270-4 
:...001260/000010 
_t-4/000000 
_t7/001256 
_tS/170000 

063701 000100 

' 

HOV 

A R-4 EL NUMERO 10 

Despues 

001256/012704 
_001260/000010 
_t-4/000010 
_$7/001262 
_tS/170020 

&tlOO·Rl 

2o 

;SUMA EL CONTENIDO DE LA LOCALIDAD 100 A R1. 

' 

Antes Despues 

oot266/063701 got~66/8'''8' 
_001270/000100 - 01270/ 001 o 
_tl/000033 _t1/000126 
_000100/000073 _()00100/000073 
_$7/001266 _$71001272 
_$51170000 _tS/170020 



• 
• 

• 

2'1 

11 

005267 0000-44 '"' z 

12 

' iiNCREMENTA El CONTENIDO DE LA LOCALIDAD 
ISIHBOLICA Z EN UNQ, EL CONTENIDO DE LA PALABRA 
; SIGUIENTE A LA INSTRUCCION SE SUMA AL PC PARA 

Antes 

001272/005267 
_QQ1274/000044 
_001342/000000 
_$7/001272 
_SS/170020 

.. '-

Despues 

001272/005267 
_001274/000044 
_QQ1342/000001 
_17/001276 
_$5/170020 

005077 000040 CLR ., 
1 
ILA LOCALIDAD SIMBOLICA Z APUNTA A LA 
iDIRECCION DEL OPERANDO QUE SERA PUESTO A CEROSo 
IEL CONTENIDO DE LA PALABRA SIGUIENTE A LA 
IINSTRUCCION SE SUMA AL PC PARA OBTENER LA 
IDIRECCION DE z, 
'·. 

Antes 

001276/005077 
_001300/000040 
-001342/000100 
_000100/000073 
_$7/001276 
_SS/170020 

Des pues 

881 ... 76/goson 
- 1:'500/ 00040 
-001342/000100 
_000100/000000 
_$7/001302 
_SS/170024 

WIS OORDERO ~ 
JUU0-79 
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PROCESSOR 
HANDBOOK 

•. 1 INTRODUCTION 

CHAPTER 4 

INSTRUC'r!ON SET 

Tho IJ'KIIicatlon f<>< ooch lnotructlon lnclud ... th~ mnomonic, octal codo, 
bino <y codo, o diolrom ol1owing tho formal ol tho lnstructjon. o oymbaloc 
rK>totloto <le$<0\bonl ~· e«tCuiK>n onol tho o!lect on !he oonolotoon tod-o$ • 

. o dtsetiJ)Iion, .....,_,, com.....,ts. on<l """"'"'"'· 

MNEMONIC: Thio lo lndic.ol.c' al lho top ccmor ol uch poco. When tho 
Wllrd lnstructlon hu o~· equi•alenl, lho ~· mnomon1c 10 otso sho,.n. 

INSTIIUCTION fORM.O.T: A doogrom occompanyln¡ eoch inslructoon 
•howo the octot op codo. tho binary op codo, ond bilo .. o¡nments. (Nolo 
lhotln byte lnWIIctlono !11<1 mos11i¡noficant bil (bol l$)11 olwo)'S o 1.) 

STMSOLS: 

( 1 == eantento o! 

$$ o.r sn: = """""' oddrn• 

00 or tht = doo~nati<on oddrno 

loo:=location 

... =1 .... 

t = "lo PDPI*I lram otock" 

+ =''lo puohed onto staC:k" 

J..= bool .. n .<.NO 

w=-..nOR 

.... = oxd...,., 011 

- = boolnn not 

Rea: or 11 = rqlotor 

• = Bytt 

.. r: 
••• 

' ' 

•• 

• 



--- .. ------ -- ----

4 2 IIOSTRUCTIO" fORM,O,TS 
T~e ma¡or in•lruc!IOn tormats aro: 

" 

1 

" 

1 
" 

• 

Single Operond Group 

~-· 1 

Doublo Oporo,... G""'p 

~-- 1 
• " 

~ : 1 

Rqlstor·Sourco or Destln&t•on 

' . 
Dronell 

. ' 

' . 

1 
• • 

• • 

' 

•• 1 

OIIMI 
1 

~---··--------~--

·-

o 

1 
o 

o 

o 

1 
i 

11111 lnstri>Ciion• 
Tilo POP-11 p!GC:e""'' •nclud .. 1 full complemont or onotruoMns that 
monipul~te byte op.ron~o. Since oll POP-11 Oddr .. tonR is byte-OrrPnled, 
b)'1e man1pulot•On oddres.,n¡¡ " "'"'lll>tlo""ard. By!e on>l<uctoono ""h 
outomercmen1 or autoctoc;remon¡ d"tcl •ddru.,nr u<> .. the o~>e<ol•od 

~i•SI•r lo b. mooM•I'<I l>y ono to poont lo 1h1 ""'' byle el dato. Byte 
oPerat•ono on '"'"'"' mOdo .eco'" tno low-ordor byje ol the opec 1f,Od 
f4rli!ler. Tllno PfOV<'JOns en~ble thl POP·J 1 to por!orrn •• OO!her o word 
or byte proc:ooaor, The numborln¡ otheme for word ood byte oddteueo 
in core momo')' lo; 

'":"'~ ~~~ 
•oo•Ess _, 

"" ""' ~ 
"""" "" ' lrrTE Z -· 

The m01<t sl¡nllieont bol (Bot 15) or tho rnotruction wotd lo set lo indlcoto 
o byto rnstruotlon. 

[UmJ>II: 

~mbollc 

"' Cl~B 

"'"' 
0050t>O 
105000 

NOTE 

Crear Won:l 
Crear Byto 

Th.o torm PC (l'<o¡tom Countor) '" !he OI>Otl• 
tk»> ooplonatoon of !ho rn•lru<:t•on• rolo,. lo IM 
upclllld I'C. 

,, 

' ' 

' 1 

1 l . 
.. 1 
.. 



., 

·' il i 

" •• 

' • 

-- ---·---· --··· . 

4.3 LIST OF INSTRUCTIONS . 
ln•trucllon• ortt •hown in t~e lollowl.,.- sequonco. Othot ln•lf\ltHo.,o ore 
found in C!loptors 9. 11. ond 12. 

A-TM SU. XOR. MAAK. SOB. ond RTT l ... tfiiCiiO<IIIre impl..,eni<NI 
in t1>o POP·1l/Jo4.ll/45 olld il/55 .. 

•-TM SPI. inoULICitDn 10 <mplomenled only in lho POP-11/4~ ond POP. 
ll/55. The MFPS ond MTPS lnotructions orelmplemonltH$ only '" lho 
PONl/J-4. 

SIHGU oPEit.lND 

Sl>llt & Rotolo 

lnWuctlon 

eHiot d,..llnolion 
eomplemont do! .. . 
ine,..ment do! ............ . 
Gtoettmenl do! ••.• 
no1oto do! . 
!el! Gst 

·······-········· . 

·······. ········· 

ASR(B) onthmet<e shllt n¡hl ..................... . 
ASl(Bl ll<lllm<lte oluft l.t\ .•.....................•... 
ROR(Bl tO!ote nghl .............................•.•.•... 
ROL(B) rotote Ioft . .................. . ..•••...•.•... 
SWAB . lwlp byioo ... .... ....... . . .............. . 

Mllfllple """"-
AOC(B) ocld cotry ..•... . ..•.•.•...•.•... - ... . 
SBC(B) oublrod cotry ........................... . 

• Si<:T "11" o>tlend ..................................... . 
MfPS movo byte ltOm processor stotuo .. . 
MTPS mo•e byte to proceoo,. ototuo . 

•DOUBU OI'ERAND --· MOV(BJ 
CMP(B) 

"' '"' -· BIT( O) 
BIC(B) 
BIS(B) 

o XOR 

movo '""""'" 10 deotonoi>On . 
tomparo src lo do! ........•.. 
odd orc 10 do! 
su~tro<t src from drt . 

bol , .. , .... 
bit ctear . 
bll oet . ··············· 

, .. '""'"" OR 

··············-····· 

... --~---·········· 

.,~. 

.0~00 

.05700 

oOE200 

~" 
~" 1()6100 
000300 

.tl5500 _, 
006700 
oW6700 
oi064SS 

"P 

•• ., 
•• • •• 
1·10 
4·11 

H3 
1-11 
H5 
4-16 
4-17 

·• 
4-19 
•ro 
4-21 
4-Z2 
4·23 

·~ o u 
"4-27 

'" 
··~ ... 
4-32 

074R00 4·33 

' 

t 
1 
1 

' 
., 

PROQRAM CONTRO~ 

"' ·-... ~. 
" '" BEQ· 
.~. 

'"' ·~ ·~ '" ~· 

~ranch (uncondl!IOf\01) ........ . 
l>nlneh 11 not .,.,., (lo un>) ...•.• 
~ranch 11 -.;uol (to atO) ....... . 
bnonch 11 pluo ..............•....•..•.•.•. 
~ronch 11 mtnLlO ..... . ............•.... 
brorn:h 11 .,..rllow lo ciH• .. . 
branch 11 o•orllow 10 oot ..... . 
br•nc~ il corry is ciHr ......... ·-------······ 
bnnc~ 11 tarry" MI .•.•......•.. 

$l¡nool ~~ Branel't 
IIGE branCh ot ¡ruttrtbon or eQüll 

e•~ •• ..,¡ . ················ 
BLT branch 11 lo" !!Ion (zetO) ......... . 
BGT branch 11 ifii!Or th•n (llf<>) ...... . 
BLE branch IIJo-st thon ~• oquol (lo ZO(tl) u,...... ~~ lnnel't 
BHI b,.nch 11 h•lhtt ...........•...•.•. 
BLOS brai>C:h lllo-...r,. qmo 
BHIS bronch 11 hl¡hor or umo ............ . 
DLO l>nlnth <IIOWir ··--- ........•.••.•.•....... 

Jumpt.-DI 
JMP jump ......................................... . 
JS-R jump to •~Dr<kll•ne ···-··-·-·-···········-
IITS "tturn 1n>m ..,btou!lf\0 .•..•.......... 

1 MARK rroro . . ................ _ 
• SOB oub!root ano ond bronch (<f"" 0) . 
• SPL MI prloMty lo""l .. -·-···············-· 

Trap & tntonvpt 

"'"" • 
~--

"""00 001000. 
001400 ·-·~00 "= 102400 

"= ·~00 

oo= 
002400 
003000 
00-

101000 
101400 
103000 ,_ 
000100 
OOoiiiDO 
0002011 
-00 
077ROO 
00023N 

EMT e"'ulotor trap .......................... l04000-IOU17 
TIIAP trop .................. 104400--104777 
BPT btnkpoonl trap ... ............. ...•..•........... 000003 
IOT !nptolfoutput trap .. ••••......... .. 01J0004 
/ITI return ltOm lntorn.pt .................... 000002 

• RTT return IJOm lntorrupt .••..••........ _ 000006 

tCISC:ELI.oVCWUS 
HAI. T ... 11 •••••••••••• ·••·····T····~ 
WAIT -it for lnl..-nopt .............•..... 
/IESET ..._., o•lernot b"' ................•..• 

""""" '""''" """"" C-ltlon C<>do O¡Mnllon 
ClC. CLV. CLZ. ClN, CCC eiHr ...••............. _,~ 

SEC. SEV, SU. U~. SCC set .................. . 
-~ •• 

~p 

4-35 
4·36 
4-37 

·~ 4·39 
4-40 
4·41 . ., 
·~ 

4-45 
4-46 .., 
•• 
·~ 4-51 
4-52 
4·53 

·~ ·~ 
·~ 4-59 
4-61 
w 

··~ OM ... 
··~ 4-67 

··~ 
4-72 
4-73 .,. 
4·75 

··~ 

• 
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" 

¡ 
' 

.... ·-·- ---- ---,-----·- .. 

4.. SINGLE OI'E~.\ND INSTRUCT!ONS 

CLR 
CLRB 

["" o 1 ' ., 
o o o 

CondHioft Codo" N ci .. •Od 

'~ 
V. clu•ed 
C. ciOO'od 

• • • • • . , o 

~"'"' W"'d c..,,..,,. ol \.poclood ""''"'•too" ... ,..,_,. ,.,¡n '" 
~ 

&yte: s.m. . 

6o!C>'O 
(RL)•l17111 

NZVC 
l 1 1 1 

" 

CLR R! 

JHVC 
0!00 

¡ 
1 

~ 

' • 

1"'' J o 
o o o 

" 
~··" 

(d•IJ.o-(doiJ 

• • 
• ' 

• • 

COM 
COMB 

• 1 • 1 
o 

tandlllon C..: N· Hl o! .,.11 &\l'""f""'n\ bol oli'HUil tS oet cit..., o!._...« 
l: Hl rl ....,,, ,. O: cl .. t.cl ol'-'n .. 
V' clared · 
c .... 

Deo<~pllon: Roplocool!>e contonts of tno dosM•I•on a<ld•eu by ll>e>' log
oeal complomonl (ach bol eq.¡alto O " <e! •n<l .. en M <quol 
lo 1 .. d••oó) 
o,t.: s.m. 

~(IIO)•Olllll 

,.zvc 
o 1 l o 

" 

... 
{110)-lf>UU 

NZVC 
1 1)0 1 

... 

• 



·• 
INC -
INCB.· 

. . 

• 

... 

' . 
• 

. ' 
005200 

¡o, 
1 

" 
' - . 1 -'' 

' . ·. 
1 

o l 

' 

. . .'> 

. . 

o 1 ' 
1 • •• 

• ' 

-'c:.;,•lo• c.d.o ·; .. : ... ,i~;.: <:a; d ....... "'-· 
· · ··•· -"z. MI o!,rowlt" c-. <IOoood 01........,,... 

• • • 
• 

. ·. : ' . . , .. v; .. , u (d>~) ""'d o>np <-n:11 OQ< J77 (i>Ytel .. 
·; - 1ioorod ot.....,..O · · • 

1' 
1 

". ' ,_ . . ~-
. , ·' 

... 

..•. 

• 

:·t: "'" "'OC!"<I ... 

... 
, lloforo 
c.<R2)-ooon3 

HZVC. 
OOI)Q--

.. 

-. ·-
1~ IIÍ •, 

.,. 
(Rl') •800334-

·HZVC 
0000 

•. 
'• 

... 

-
1 

1 
1 

. -· . 

)"" o 1 1 
• 

" 

• 

1 
1 

r 

¡¡ • • • • • • 1 
• ' 

(llst).o{ <lst)-1 

N: .. ,'' ruun,. <O: <lUr"Ocl ou'"'"'ose 
Z:"" il raull "O;-~ ...... , .. 

• • 1 

DEC 
DECB 

• 
• 

V: MI ol (do1} .... 10000(1 (.......,) or 200 (bytO) 
C-OUMifW..., 

C: no! otloctod 

Word: SublfKI 1 lrom !M conlon .. ol ll>o <inloN~an --
··~ {R5)• OO:X)()l 

,. z ve 
1000 

•• 

OEC R~ 

"• (!15) • OOOOCIO 

NZVC 
0100 

' 



. ' 

. '-·-··"·---·-- ·- -·-···· 

NEG 
NEGB 

" 
Op•ollon: 

• • • : o o • • • ! •. ' • • . ' • 

t.oo.ldlon e-: N: se1 o! !M r.....tt" <O: Cleore<l ot,...,.. 
l: 101 ,, ,...,., ,. 0: cloMe<l O!l>etw•se 
V . .. 1 o!!,. ,e ... rt" lo:.n:.>cl (won:l) or 200 (byte) 

cloorod othe,.. .. 
C. cturod o! tt>e resul! "O. oet otho,... .. 

Oos<ripi!On: Wan:l: ~<Piote>ll>e ean!"'" ot tne dostor•Uon _...,.. ~ ot< 
two"soom¡o!omont. Noto tftot IIXXlOO,.._ tJr ~Sdt {., 
two"s oo~l rootob"" tM mMI no¡¡ot""' n.....- ""' 
'"'pooo¡, .. COYntO<'p.o") 
ay~o s-

NlVC 
0000 

•• 

NEGRO ... 
{110)-111110 • 

NZVC 
l o o l 

·• 

t .. t ~SI 

l"''!o 

• • 

• • • 
• 

(dst)..,(dst) 

• • • 
' 

TST 
··rsTB 

• • • 
• 

c-.a ..... CoNo: N . ..,¡ o! t .... oown" <0. ele- OliiO<W ... 

Z: set ,f ttSull" O: cleated "'"""""" V:,,.,., . 
C" cO .. rod 

Ootcrtpllon: WO<d" Soto tho oondol•O<\ «><In N onil l oceo'11"'1lo tM con· 
¡...,¡, ol !he -t~notoon •1111..,, 
""-

homp!e< • TST Rt 

BotO<o 
!Rl)-012340 

NZYC 
00 1 1 

4-11 

... 
(RL)-012340 

NZVC 
0000 



' 

1' 

Sholt• 
Salonc d•ll tl)lloctor< o! tw<l io ~·- tl)lllle Sl>oll i"'l•»<Oono: 

loSA • AroHomebc <Mt ro(l\t 

Ast • Atolhmehc ""'" loll 

·• 

rn. "K" "'1 (l>ol l~lolllle .,.,....,d ¡, '"!llo<•ll<l on stN!h lo ltlo f'C~l. Tho Jow 
,.....,.. "'' •• l>lll<l wolh O on shollo to 1"" lollllot> stNhl<l ""' ol !loo e "''· n"-" 
'"'""!~lo ...... ,.. ..... lOo!. 

Rototn 
noo •ot•l• onst•u<loons oper•to oo tM ~e•!"'• han "''"d •"" lhe C 0•1 os lhouKh 
1~ Jaomod • 11 M ""Clf<ulor bullor'. ~ onslriKloan> locohl•lo sewentoot "'1 

~nonc ""' ,...,.,.. ~~o~ "'""'""'"'""'· 

---·---------

'' 

i 
1 
' 

1 
' 

' 

1 

1 
' i 

·- .. •, 

·• 
' 

. 

•· ·o. o o • . • • 
. ,. . . , 

(<lsl).,(dot) ••h•ltod OhO ,._ to 11>0 "K~l 

. 
ASR 
ASRB 

•06200 

• • • 1 

CoNIRIOn C..: N: >el ol ll>e m~ bol flll>< ,, .... ~ oo M! ("'"'" < O); 

. .-.., "'"""'"" -z, . .., ~ ! ... ,..,11 .,O: ciUrod e-•• 
, V: ~o>O(Iod trom lhe ["lvsivt 011 ot th• N O•tofld e 0o1 ("' '"' 
, by 11>0 oomplol1on ot lhl Ohttl opera toa<>) . 
e ·- trom ...... rn ... "'1 cit ... ótOiof>atoon 

•. · OO,oo.oo;;.;·.~-~ '. ' · -·&olio ÓlllliiS o! lho _,,.;al.,n nrtrt ""'piRo Bol lS 
• .; • • ...... rO(>II .. Iod." Tilo C:bot '' ,.,.,_, trooflr.l O otlllo dnMahon. 

ASR perlormo ••1nod d"'""""' t1>o <1<1tontt.>n by 1.., 
WOI'd· 

' 



,, 

' 

-------

ASL 
ASLB 

•nt~moUc •Mt Ioft 

1"" 1 o 
• -- • • • • • • • • • • . , • 

Cc>ndH!on Codn: N: ••t o! '"I~·O<do< bot ol n~ ruult '' oe1 (<nul! < O~ clo><od "' ........... 

Dncrijlllon: 

l: «1 o! tho r..utt - 0; CIO.,od Olhe""H V: lo- "d~ !ho eoclo.o,. .. 011 ot tho N toot oncl C-bot (oo ... 

tr, tho """"010- o! !too''''""""""'""') 
C: - "''~ lhe "'11~- bol o! tht óHt.IOt.,n 

W""" S>olts o!! bol$<>! tho d"'"""'"'" Ioft ono pt- Bol O" 
loO<Ie<l "''"anO Tho e bol o! tho •t•tuo ..,..., "loO<Ie<l hom 
tt.. mMI ''1"'""""' bol ot ""' "'"''""'''"" .o.s,- ~,to<ms o 
...:nod ""'"""""'~"" o! !ho ~n~notoon by 2 "'"' o>«llooo ,,.. 
do<at•on 

••• 

... 
G-lr.,:;:::~-~-¡,~,,;=:;,;JI--•~-r¡ ;::::~, ;;, ;;;;;;;:, =::)1··• 

!-, - -· • L., '"' ¡¡¡;(;¡¡¡ • 

4-!4 

' 
1 

• 

O...:ript!on: 

....... 

• 

WO<d. 

., ' o J • o ·1 • • . , • • • 

ROR 
RORB 

•06000 

• 
• 

N: ,., o! tne ho¡¡h ordor M ot the reoult ,. 101 (<«u!! < 0)_ 
oleared oth""''"' 
Z: ..t o! ou l>ts o!'"""" -o, cleO<ed "'""""' .. 
v: '"'""" """' n.. r.w .... 011 ot '""N"''""" e t:oot ¡ ..... 
ti)< lhe canp•etoon ot !too 1010!0 Op@'Otoon) 

e- ~- .,¡n , .. ""'-o'<* boto! tn. do•M•hon 

Rotal .. o!l b•t• ol !ho d .. tonot"'n n~h! """ pl•c• 9d O,, 
ioode<l '"'" the C-bot •nd the t)!h>Ous '"'"""" ot tno e bit 
"'"lo-"'"' 1>1 15 o! lho -Mal.,n . .,._ 

[i:H. 
' .,, 

·¡ o 1' 

4·15 

' < 



,. 

-

ROL 
ROLB 

1'01111 11011 IOfiiOD 

• • 1 1 • 1 • 
jo,ooo

1 • 1 1 1 o • 

--

• • 
N 101 il !he hiSI> Ofdor bi! ol lt>o dnbnallon ot .. 
''""'' <o~ ci•tO<I o~~>o<>o~.. • 
z· .., ,, olt bb ol ,,. OOSI"'at""' • O: do- -
~-"'"'"'"E-.. O!! o1 !M N bol ...,C-oot (os MI 
11y N eomple~"" oi!M rololo o,..n...,¡ 
C: loofád W1!1> 11'11 h•¡/1-0<W M o! ll>t dor.t..atioln 

Wanl.lloloto ou bo1o o1 tn.dool"'''"'"...,..,.,..... 8<1 U 
,. loOOOd ;m., 11'11 Cbot ot 11>o <totus- ond H• _...,. 
"""..rnoollllo C-Dot oro..,_ onto Bit O oll!oo _.,010011. .,._ 

-0-r, 
1 1i 

• : 1 1 ,. 

-~1 ~·=~'1'::::::, :;:. :;.:;;JI 
ÍL_[;J_j' 

! .• ':"', ¡ 
L--EJ___Jr 

... 
! 
1 

1 

• • 

SWAB 

000300 

¡1 ;;;.,·~. ~·c.:·ti.~·c,j:·:.~.~.~·:::·=:;,JI::~~·:::~· ;.~·=· ~· :.;;~1 

N, MI ~ h1g1>-order bol ot .,.,. o..- by!o (bol 7¡ ol .....,,, ,. ><!, 
.,._.,.~ ... 

Z: 101 ~ kho-otdoo' oyto o! '""" • 0: - .,.........., 
V: ciN< .. 
C.clu..:l 

úclla- l>i8h-<>r<lo< bvle ond '"" Ofdor byte ot ,... ,...bno 

""" -.1 ~-... - ...... , bo • - -·~ 

~~ 
(IIL)•On177 

NZVC 
1 l l L 

sw...a Rt 

'"" (FIL) •177577 

NZVC 
0000 
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" 

,, 
,: 

SBC 
SBCB 

F", o 

.. _.,.-

• • • • • • • 
• ' 

!cl>l).o(dotHCI 

N: set •1 ,......,, 1); c~at<!d o!~,..,., .. 
Z: ser o! reoultll, cleorM ot~erwo" 

• • • • 
• 

..... ' .. -

V: ••• ,¡ (do!) wu 1000:00 (-) or lOO {byte) 
clear..O ot~e<woH 

C: ~et o! (~ol) .. u O ond C ,. .. 1: clea•t<l Olll{oty,.j~' 

"'""'' Subt<0<11 l!>o amlonlo oftllt C bot '"'"' lllt clo<Ma-
1•""- Tho$ po<m~l.,....,.,. '""",. -0<-. ot- ...... 
_,.-.loto bo ..-ttlecllmm tho "'1~ Otdo< port ol t1'lt 
mul1. ... -
'"' ~ 
'"' 

AO.BO 

" "'-'' 

. 
• 

SXT 
UMCIIn u.. PDP-11/34, n¡•s """ 11/~5 

olln -r>lf 0011700 

• .. 
0p OIIOo¡; 

twn...,CoolooE 

Ou< '¡1*" 

• • 
• 

{dol)-+ O 11 N~~ lo cloor 
(da!) -+·1 N bot lo .. t 

N: ..... rrectoe~ 
Z: ..,ifN!>tclur 
V: cluro<l 
e: unoWoctecl 

• • • 1 • • • 
• • 

11 lho OO<'<IIl•>n o;odo tot N 1S se! 1- o -l n pia<;OCI on 1!>o 
-"'"""' ~-- ol N bol il a.r. ''*" • O'' p¡o..., ., tl'>o _,.,,,..,OliO''""- Thoo onstru<~on" portiQJior., uw!ul., 
...,.~plt ~....., ••ttwn.toc l>ocluM ~ ptrnw!o tt>o "~"lo 
bo ft!O- !htOu¡¡t'l "'uHoplo -· 

.... ..... 



. . 

· .. 

·• 
u"" ·~ tilo POI' ll/34 MFPS 

movo Dylo lrom p<oco .. or I!Oius W<lfd 106700 

• • • • • • • • • <] 

ope .. tl<>~~: 

Dnll:rlpl"""·" 
·-~-----·· ·'•' ... ' ' , . 

(tl•ll - PS <0:7> 
~•tlowor 8 bots 

~ = 001 if I'S brt 7 = \; clearftl ott>e""i .. 
Z =NI of PS <0;7> =O; cleaf<MI ot~o...,lse 
V= cleorm 
e = not all<ded 

Tt>e·8 b<t eontonts cf tr..'PS o.-,_ to \M elite
-ti.,. d .. li-n.'lf dnlln.,i<>ll 11- O, PS b<t 1 il 
·· Oi8n .. tel'>ded 1brour¡h 1~1 upper 1>)'11 ol !he "'at-tor . 
no ~o1Moticn ope•ond oddreso lo t,.olecl u o byte 
addr401. 
-~- • _ _,. · •• - ;;oo. '""'' '· ..., ,.,., ,,.. •·f~ <><c-. ""• • • .,.o - ~-·-· ~ __ .... _,...,~~,.,.~-, .... -

~ ,. MFI'S RO-,> ·- <"'"'. •',, , ... C l , , . .,._ .J< ·' 

bolo,. · IOfttt • -.. '"'''~~~o •"; '"",. • : <-.. ,~,<lo , . ...,lo 
RO (O] " ·•, "'"""''" RO [000014] 
PS (000014] ~'-' .. ., ·~- a I'S [000014]¡~·-J 

-..,-~~"V' ... , "·•·"''-
~"'-~ ó! """ "''' ' -·~- -l ',, .... -~ 

~ ..... ,.._ 

''':>1 ,_,' _,_, 

4-22 

' 'i 
.¡ 
' 

:1 

1! 
1 

·' 
1 

1, -·-

MTPS UMd In lho POI'·ll/34 

....,.... bylo lo proc..- 1totu1 won:t- IClMSS 

• • • • • • 

PS <0:7> o- (SRC) 

Dncrlptlon: The 8 bl\l of !~e olloctl,. operand ra~aees tho cur· 
ront contento of \!lo PS <0:7>. The Of>IJrC<o operar><! 
l<l<lrl"llil treated u a by! o oddre ... 

·"'' 'o• •' '···Note INI lile T 1>11·(1'11 btt o4) <""no! be "'"' wol!l IIHo. 
· ; "~ , 1 ~ ··• lnstruction. TIMo SRC, -rancl · rtmaino unc:luln¡ed. 

... 

Thlo lnttruetlon con be uHd 111 ero. na• tM pnonty boto 
(PS <5:7>) In tho PS. 

-~-· ·-<:· .... ''""' ..... .......,. ........ :...,., 
~ ~· ·-~·,· ,, .. <"'-·" ....... . 

..... ".•1>- ~ '~" •••·• •¡; ., .... _ "'·. 
'"'"' ~· ',, '"" .__ .... •f .. '>;><4'1. .. 

..... 

' ..... 
;: .. , .... 

. ...,.. ) -~ ~ ,- . -· ~.~.:;:.c_:j:t:::~:;.:::;.~,.;:::.;::::~ 
'~" e"'"'·~ o;:J('ltl~ 

Olo:l ~r.. .. t:dl\:)'T' JI\{: o.~ IJ\i<> 

··~ 



., 

' ~ 

C.5 OOUIIU: OI'UIAMO INSTliUCTlONS 

Ooublo •-•od ""'"""'"'" -de on ;""'""'~"" la"" ,..,., _..,. focoi•IY 
sonu 11>ty <lomonolo l"e need loo- "l:loa''otld .. ,..,... ,.qu- ouch oo 1no.e 

usod •n '"""""''''"'"''""'ed moc"'""· 

·• 

1 

1 

• • • 

(dSI)4{0te) 

. ¡ • • • 
• ¡ ! 

MOV 
MOVB 

• • • 
'o 

-'"" eoo.., N ,..,,, ,.,.,, <O: "'""'"" 
l .., d {O.te)•O: <leared 
V. <IM•o<l -''"'"·''~''~' ,_, ' ·~ e ""' ouooo~od 

O.Ocriptlon' WO<d ,..,.,.,. 1"< """'"" operond to t~o de!.hnotoon tocol•on 
Tho "'"'""'ron!..,,. ol '"' dfllonot•on ••• 1<>1!. Tl>o ton
loniO "''"" '''"'" _, • .,"" '"'' otlo<tod 
Byte- Somo" loiOV. n-.. MC1.'B"' o'""" .. '"""""' '""'<"C 
byl<o ;..,t<UCbon<) "''"""' 11>t """'''ll"'lunt ""' ot '""""" 
orOt< ~oy,. ¡,.,.. ..,.,...,.¡ or ......... MC1.'B """"''"' "" 
byl<oo ""'~' M MC1; _..., .. on -<k 

[..,...,, . MOV XU.RI : ~odo R•I•>IO•I,.I~ IMcon
'-nto ol mo<mrtloeotoon. XXX '"""'...,,. o I"OI'Omm•-do:· 
'"'"".........,,.."""lo..,._"'·~ loco'"" 
MOV •21J.IIO ; IOoól '"'_..too< 20 '"'" 
iloc>ol• 1} ..... ,...,cotn Hoot 11>t .., .... 20" ll>t --

MOv 0•20.-(116) : P<~SIIH tho opo"nd""' 

'"'""" '" l<>eoll<>n 20 """' '"' ''''" 

MOV (R6¡ +,O a 1175611 : Pl>l" IM ..,.,...., oll tho ot.ock 
'""- ,, '""'.......,.y 10<.01- 1175611 ,,........, ,..;.,. 
""'lt<l 

M0Y Al,lll 
,..,11., ltonsl• 

: _, ........... '"* 

r.lOVII O•Jnsu.o•Jn5611 : mo>ouo ,.,. .. oc~., 
ftom 11tm1Ro1 kO)'I><>II'd """" 10 t...,onal pnnto• ""'lot 

··~ 



CMP 
CMPB 

" 
Opora!""': 

\ 

' o ¡ . • • 1· • 
" " • • 

N .. , o! ·nult "'O; '"""'od o!........, .. 
l_ >el ,, ,_,, -O; '"""""' ""'"'"" .. 

----------

•ZSSOO 

• • • • 
• 

V; MI ol 1l'*t ""' ant!wrel>< -~ ,,.., 0$. OfiO"''"" -
ol ow<l"'" "'"' and 11>e '"" olll-0! <le$!""""" '""' !110 
....,.,. •• '"" .,." ottno .....,,t. cloOttd ou,..,. ... 
e- clea<ecl '''""" wa< a cor~ I<Om u,....,., "'8'"'"'"' bol ot 
U>o rosult, oot ol,.,.,..,. .. 

Compara tho ......u a<>d <lnbtlobGn operando a<>d ..,, "'" 
cond<t.,., coclft. ""'<h moy u.n t>o ..seolot oniiWNio< ond 
"i'COL COI'4b""OI b<an< ..... lk>lll_.a ..... ...., unolloctod 
Tho ""~ ot.t"'""'" leltt>e cor'ObOtl tode>. Tho a:.o>~o os 
oatomo"ll toil-..,. • CO'I<ht.,nol b<oro;;h '""'""'''""
Note thol ""''~' tho wblroct onolnl<b<m lho order ol -
obon" (Oft)-(dot~""' (<kl)-(or<). 

1 
1 
1 

(lpwotion: 

1 

• • • • • . " • • 

N." .. t '' , • ..,~ <ll' cleore<loth<""'>< 
l. MI,¡ ~1 - O. cleO<od oro. ....... 

AOO 

065500 

• • • • 
• 

V, MI •1 '""'• ••• ""'"""''"' .,._,"'* •• • ''""'' ol ti>< opor 
"'"" '"'' ,. t>:>tn •-•""• ,..,.. ot '"",...,."K" or.d tho 
'""''~ "" ot tho opposotc "~"' ''"""" .,,.,,..,. .. 
C .... ollhot< "" o<o"Y l«>m tf>o ""'" ootrolunt M otthe 
•null, ciN<od othoe1.,.t 

.t.dd• '"" 50urco """''"" lo l!>e <l<'lt•nlloon opo<ond oM 
11 .... iho tnult alt"o de!.I"UI.,n Odd<t .. Tt>o orogor>al con 

-•o! 11'10 """'"'""o".,.""''- Tho Clt"'""" "''"""""'u 
- ,..,, atfeetoO:I rwo·o _,_,, • .,.,.,.,., ,, -'""'*' 

-..... , ..... .._. .• , 
Ma ~ tomornory_ 

ADO 20."0 

ADO Rl.XU 

ADO ~1.~2 

-"DDO • U1!jO.lXX 

XU ''a pnJC1itn'N-·dot•IIOd _,.,.,.o......,..,., toca· · 

''""-

4-27 



'· 

'• 

_____ .. _ .--

SUB 

•<>btro<l >r<: frt>m do\ 16SSOO 

o l . ·- • • • • • 
• . .. • • • 

o, ... ~ ... , (Oo!J.(d,.)-(Ot<l 

Condition c-.: ro set ,¡ '""'~ <ll o:loor«< ou.,. ..... 
l: 101 ,¡ ~~ -ll cturod au--se . ·• 
V_ w1 rl\"ere ""' 0"\""'"h<- ••• .-.ltol lho _. 
~On.t .. l •• rlopo<o.n<f!,...., o! o-te"""" ond tl>t "1" 
or t"" ><><>r« wu tllt .ame os t1>t "1" o! tho "'"'11. Cl .. .ed ·-· . e oloorod ''t""•• ,..., C."Y 1...., tht ,_.¡ .,.,.rutrt tot ot ..,......,,t .. toll"'""'se 

. S..W•eu tn. """"" _..ond lrorT¡ t.,. <le<t"'"b"" operond 
ond ,..,.., \"" roo<>lt oltho <lnto.,.,on oddren. Tho ""1""" 
'"'"""" ot t"" dnhnot.,n o<e io»t. Tho -~~~ ot , ... 
tou«O ore no1 olfctO<I In -111•1"<"""' or.tllmObc lho C- · 
bol, ""'""MI. tnok.oln o . ._,_..._ 

~(Al)•Oll1ll 
(112) •01~3ol5 

I'IZVC 
1 1 1 1 

o a 

wa 111.112 

"• (AI)•Olllll 
(112) •OOIUl 

NZVC 
0000 

~ ... 

,, 
' 

Thno .... tn.ottions "- tl>t...,. tonnot n""' - _.rd ont-oc: """" 
~ porm~ _,¡..,.. on 4otl ot lho bol --

' 

., 



' 
ol.l .. 
UF 

i: 
• • 

' t .. 

' . :, 

. ·1" 

BIT 
BITS 

M-

.. ... • • 
' 

• • • • • • .. 
'e 
• 1 

o.-- {tll:) A (dot) 
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JSR 

)um~ to oubr<>utlne 004ROO 

o 1 o • 
o 

~ .. , 
• • • 

• 
1 • • • 1 • • • 

• . , • 

(puoh re11 cont..,t• onlo proc:o .. or meO) 

(PC hcldolooatl"" tono,.¡nc JSII; tho O(ldr..o 

""" '""' ., ••l 
PC4l<loll (PC """" poónto 10 sub<Oo.lt;no dntl,..Uon) 

In .. """"'"' ot ~too .ISII. ,,.. old """'"""o! "'" opo<>l•«< "'l· 
,., .. (tno ""liNI<olGE POINHR") aro out"""toe.oly pu
onto tho """"*""' <loe• ond oew 1onko1e '"'""""''"" pj~ 
'" tl>t •ot!•$!or. Thuo ou~roulonos no<lod "''"'" oubfoutmo>¡ 
to ony dopth rnay oll Do col~ '"''" ll>e .. .,.. l•nko¡¡e re¡¡ootor 
Thore " "" n...O ootllo< !(1 p.., th< ""'''''"'"' <lopth ti """"" 
ony poO'\ot\00" subr""!o"" '"" l>o e.lle<:l or lo '""'""" rMIN0::-
1...,.. ., -" ..,..¡.,. to ..... ond - ,,.,., ... ,. po.,te<. 
f.,.!o«, "'""' ol '"'"-1" ore..-"' o '""lralll.....,.,.... 
on tilo pn><e>...- 010<1< ...:u!- o! t --no _, bo in 

lomlpted. tl>e....,.. suboout"'e ·-- ond ..-:u1«1 Oy .., • 
· tnle""pl- ro<otlno. E>«u1on o! IM ''"''"' subroubno 
.., thtt1 bt ,...,m«<_, ot!Mtr .. qu .. b tro nhohod. Th" 
P'(ICOOO (collod nnltnl) CO<I proc- lo •"Y ~1 

A ..,brOu~no coll«< w<lto o JSA fel.dO! .,,lru<t- eon ..,.... 

....... -. lo'l-·""' ~1 ""'" .~ .... ""'"""'....-_....,g. (101) + . (~ ... ....-~ ...... ,,.,. ..... -~oii!'J 
O< 111" i- oddrn'"'&- ~(rq). (~ _....,., ronr:lam O<· 

óo<). T- -'"""1 - mor alto bo do!e<I"Od. 
@(rOl)+ ond @X(r<lll d 10. ...,,,....,.,..ore-- od· 
drnseo rotOor 1~an 1t>o oporando ~-

·• 

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

Belon: 

-

.ISR PC. 11>1 00 • '""'"'' cose 01 11>0 POP 11 >11b<ouMo <a• ....,.bit ....... ,.. • .,, ........ ""'' """ ..... ' .... ,.re.. 
'"'""e" lOo i"""'"' "~~'""''- Tire sP and ,.,.. PC oro H10 ""'1 
<q:r>l•• lira! mor loo mo<lrhod 111" lhrs oolt 

A.noH..,. lf>O<rOI , .. ,. ol lho JSR rnstruchon rs M PC 
@(sP)+ whr<!> "'""""'"' lho too.,...,_, of tn. proeosso; 
sta<k ond ti>O """'""" ol ,,.. ~>'<'!~""' eounlor. Uso o1 llrlo 
•>~tnoclron aJio .... """ tOuhn .. lo ,.,..., P'""'''"' «mi rOl ano:1 
,......,. """'"''"" -n '"""lOrd '"'-" ,...,. , .. , oll S..C:h rou 
b.,... .,.. eoliO<! •·aHoutJnoo ·• 

R .. urn '""" • sut.-cuMe "done lll"lhe RTS '"''""'""' RTs 
ro¡ OOO<Is l!>o eontonto ol '"1 rnlo tho PC oM popo ttre loo 
.,..,.,, ol 1ne processor >la<~ rnto '"" ._,,,«l ro101tor. 

JSR RS, 5811 

(PCJ 117 

"" " DATA O 

" 
" "' 

" 

4-57 
"' "' 



RTS 

' 
On<ription: 

L<omple: 

8e!C>IO: .. 

Aftor. 

. ' 

~~ 

'""' (5P)I 

o 1 o • 
' ' • 

U>a:l• conteots ot •ea "'" PC ond pop1 \M top .....,..ni o! 
1110 pnxnSO< otock •uo lhe """"'fio<! ~"'•-
Retum lrom o ,..,M-I<ont ..,broul..., io fVI>oUI!y modo 
Wou(ltll~ somo ro¡.ottt thol ,. .. u.-l on •lo col. Thuo. o 
subtooJ!mecoll<d "'lh o JSR PC. dlt .. ols •1" o RTS PC on<l 
o oubrou""" caiiO<l W1lh o !SR liS, ds!, ""' p<<k up ""'' 
molo" w1th oddre""'ll .,..,., (115)+. ~(115). or @X(RS) 

- t..>ot!y """ "'"' on RTS ~ 

Rn; 115 

.~, " '" 1 Stock 

"" .. ~ D.I.T" O .. 
" ~ 

" ~ .. "" DATA 0 -
" .. 

O·Y 

" MARK 

UHd in lho PDP-11/34, 11/45 ond 11/55 

m•• 00 154 NN 

! o o o o • o o • • • • " • 

• • 7 • • • 
Oporo!IOIL' SP,.PC+2nn 

I'C•IIS 
11'1-o~). 

Used •o par! el 11>o sl""d""' POP ll "'brwto•,. rolurn oon 
venh"" M.O.~ K ,,.,_,,,, .. ,,. st>ok clun uo II'OCOdur .. .,_ 
VCivtld in sub<oul•"' .. ,!. Ao>embler lo"'"'!,,. IMRK N 

~· 115,-(SP) ,plo~ <>'d liS on """" 

~· PI.-(SP) ,ploce N • .,,...,,,,. 

~· P2.-(SPJ :on '""'''''lO be ·"""'"'"'""'' ... =-""'"'" ""' PN.-.{51') 

""' ...... RKN,-(SP) :¡>la< ........................ 

""' SP .RS 
:'-'OIIK Non tho •lock 
,.., up oddr .. o 01 Mork ,. 1n 

"'"""'" 
·~ PC,Sl!B ,Jump !O •ubrOu!<nt 

01.0 •• 

" .. 
-· 



""d 111< pro¡¡rom 
o1 11>t oubr011t1n0 

"' 
RTSR5 

... owt,.,., el , ... """"""'"'' ,, 

~· 

¡noeonlen!$ o!~~~ to tw p,.oed '" 1"" PC """'" '""" '"'""' 
"''"""'-'""'o! 1,.. '"'1""''"'" MARK N Tt>t<onlento o! 
old PC ~ p13ea;1 on R} 

MAR>. N <o u= ( 1) 1 ... ol><:k _ni .. 1<> bo I<IJu>IO<I 1<> poont 
lO tho old liS v•lue: (1) t ... vo1uO now '" 11} (tho cid I'C) lo t>< 
pjo<Od on !he PC. •nd (ll contonh ol 1"" IPIO Old R5 lO b< 
Ptot>oed '"'O R5ihu' <ornoloMS lhe "lurn trom oubrouhoo 

• 

sos 
Uood In tho POP·ll/34, 11/45 ond 11/55 

• ....... .. • • 1 • • 
'4 R •l o! "'" raul!,. O tl>tn PC .. PC -(~o OIIMt) 

Cloo<riplloft: Tho '"'"'., 11 doc,_ntf<l 11 ot " nol oquol lo o ""'e• "'" 
oi!WI 11 """""cled lrom '"" PC (OOw poonh"& lo lho foil"" 
'"11 """d). Tho olfwl-" 1nt•r,..tod os o '""'1 """"'" num· 
be<. Th01 '"'''"'""" pravodoo o'"'· eiiiCI..,I ""lllod o! looP 
COIIIrOI. A .. - 0)"'11" 11. 

SOil R,A 

Who<1r.O." lhe odclrn& to ""o<!> lronoler" lo t>< m- ollho 
dCr.,.,.ntod R i< ..,, """''''"O Note thot tho SOB •n<lr'-'0-

tion, con ""' be IIWid lo tnnoiOI' control "' '"" '"""'"' dor..,_ - . 



SPL 
Uood In !he PDP-ll/45 ond ll/55 

s.t "'"'"'> L-1 00023N 

" 
Oporal;on: 

Cond~lollc-: ....... ~ 

••• 

• • • • • 
' • 

PS (M• 7-5) ~P,.omy (prionty,. n n n) 

not oflected 

• 
• 

Tne , .. ., ''~~"''"''"' ¡nr .. "'" ol tilo rnotructron 
,,. tooded onto tno Pto(¡rom Stot<>o W.,d {PS) bolo 
7-5 tiluo """""i o chon¡ed proonty. The old P"<><"r 
io loot. 
A,.embler oynt ...... SPL N 

NGIO: n.. '""""''""' 11 o no 011 rn U>or ond 
S..PI....,..,r m<>ftt. 

Trap lnlt'U<\oono pro.;.;. !or <OJIS to om.IO!on. t/0 ...,,.to'l. -.,1'1"\11 --· .,.. . ..,~ .,...._,nod "'""'-'"- A !np " o!lecto""'y on ofll-t c-•1ocl by 
sollloOfO. - O tr011 OCC1ofl lhe ton'*"'l ol 1/le <llf"l"'""t f'rolt..., CouroJor {PC) 
"""f'rolt..., SUttos WO«< (P'S) ant -""" OtilO 1/le - stt<lo 011<1 tO 
pll<od b)' t/le tOtll<'lto o! o twG--.:1 tt011 -tor """10'""1 •,..., PC •11<1""" 
P'S· Tho ...tum ""1""""" trom o tt"'l '""""" .-utong a~ !ITI or !ITT "'"""'· 
toon wi>IC!o '""tore• t.,. old PC ond old PS 111' I>O;IP."' t..., Ioom 11>1 otoc:k. r,.~ 
-toro ••• lociiOd ot """""'-uy o~&nod ''""" •-... 

" 

omuletot lrop 

• • • 1 o 

" . ' 

~lon Cocles: N loa<'ed 1"'"' "•P vec!or 
l. lo"'*l from """ -•o• v· ,.,._ r..,.., ~<op _,"' 

e '"""""' '""" rrop """'"' 

EMT 

104000-104371 

• 

Doooulplion: AJI o-•l•on """'"' lrom !04000 lo 1.-.Jn .,, EMT "'"""' 
Mno ond moyl>tuoe<l to "'"""'' "'o'"''''on to ,.,. ""'"'" 
'"l "'"''"" (•g, '"""'""lo tN- -f"'m""l noo t•oo .. <lo• 
lor EMT '' ot oddro" JO. TM """ PC '' toQn lt<m lht ...,,d 

Boro,..: 

Altor; 

Ol -, ... 30. lt>t "'"'c.,\ rOl """'""" O!Oiu> (PS}" to•oe 
r.om , ... - •• ·-:u. 
c. o~""': EMT" u1«1 r,_o, tw,. ore '"ten>..,,,..,,, onc1 
os tM<ofo"' nol ·--lot ,.,.,.,, '""-

~ 

117. PC 

!16. SP 

~ 

" 
~ 

~· 

"' 
" 

"" 
.~. 

" • .. , 
• 

OATA 1 

01\TII 1 

~' 

"' 



TRAP 

... 
" 

. ' 

o o • o o 

• ' 

N: loodt<l 1""" lf11p -
z· 1D0<10<1 lrom ,,., _..,. 
\'. loo<leé !..,.., trap wci<>f 

C: loo- fnll>• Ira~"""'"' 

1044!l0-!04777 

·. 

Oporolloo oWes frO<t, !04400 to 104717 oro TRAP '"''""'' 
loMO. TR•P• ond EMTo oro idoniiCIII In opottl.ll\ t•<OI>I 
thot t~• l'>p .. cto• lor TRAP io ot odd<o" 34. 

Not<· S>~~«> O<C sollwa'< "'""" lrtQue1'11 use ol UH, 11>0 
l~~P tn>lrud""'"' .._......_ lot .. ,...., use. 

., 

brNkpolnt trop 

o o o o o o 

" 
O,.-; t(SP).oP'S 

o(sP).oPC 
I'C..:(\4) 
PS.,{I6J 

o o o o ¡ o 

Con<lltlon Cocltl' .N k>odood lrom 1•01> vector 
l. 10><10<1 '""" trop """'"' 
~--too- lrnm O.op ""''"' 
e loodOd '""" trap ...,w 

BPT 

o o o 

o 

"-'''""" • lrOP •equ"'eo ,.,¡no lfOP •«lor odd••" ol ¡o 
UMd to coll dobugon¡ <'d• Tho "'"" "<out.,,.,¡ o¡.,,.l 
-p¡oyo.g codo 000003 on _,....,, run UtiCie< tt>o .. do 
bua.,,.,.¡, 
(no"'"''"'"~"" os uon.,.."t<l '" tl>et- l>ylo 1 
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RTT 

" --

U .. d in t~e PDP·\1 (lo', ll/45 and ll !55 

~(SPH 

PS.,(SPI • 

o o o 

N IO>de:t Ir<>"'>"'""""" >loe• 
l . ..,....., lrom P'l>t<""' Sl><k 

v. lood.., f<om "'"""""" ""'' 
C· lo.ode:t lrom P"""'"'' """ 

o o 

o 

Tn., ro lhe , 0me .. the R!l mslruCI""n e•cepl lhJI rl ,nno"'" 
'"'<• trop whol< RTO ""'"''"o troce lcop 11 O I<O<o "'P '' 
-·ng. ,,.. '"'' onWuCI"''' olle• ll>e Rn ..,¡¡ Oo oo..:utm 
ptOOI to lh<> ""'' '"T"'trop In""' c. .. ol IM Rll <nii<LICI•on 
lhe ··¡•· l<itl> w"l oco;ur ..,,_.,,~o flor l ... RH 

•·Y 

"• ' 

Roso .ved lr,ot•owon r,.,.. Th••• ••• uu>Od by oMompl' lo"'"'"'' '"'''"<Mn 
oodoo , .. ,...,.., (Of Muro proc..,So•' ••P'"''"" (ro•e"'Od rnmuchono) or '"'""' 
bons ;,,¡n •li<pl apd""'~ ''""'" (ollta" onslruct.ono). 1)-p.,. codoo ~ot <.,,. 
<pondrng lo en, ol !l>t .,,!rucl.,ns '""""!Hl<> ,,. <O,., p.,«! •~,. ,,...~ "' 
Sl<<><:l>ens. >MP ono JSR "'"' ~·~""""' dtSI>noloono 0'0 AlOI•I '"'I<LICI•on• 
R .. e......: ant' •ltfol '""'""'~"" !tWS <>«ur u deo«>t.«< <>r><lor fMT . ..,, i'"P 
tnr.,gh ••cto•s ot a<ldre,. .. 10 ond 4 rt<l)oe!l .. t, 
SIO<k o..rllow Trap 
Buo EmM; Tr0110. Buo (nor T10ps ,,.. 

l. Boundi'Y [rto" · ~ltom~lt \G roloronco onWIIC!iMS o• wof<l 
oporondo ot od~ oddreuoo. 

2. Tlme·Oul Erron · att~rnlllt te reforence addr .. ou oo tne bu• 
!!too! ""'d~"" '"'PGn•e Mthln 1 Uo1&rn ter.¡¡!~ el tomo. In peMrol. 
the'" oro coute<l Dy ottom~lo 1~ roloronce non·O'IIIont rnomery. 
ond ol!omph te r.olerence """ o<~Siont poripherot devoces 

Bus error liat» couso procew11 tropo throuBn the trap vector •ddro" 4 

rr .. o lr• . Trou T ttp ...,,bln b" 4 ol lloo PS ond '"""" P'O<"""' t••o• ot 
\loo ond of "'"""''""' t>e::utio...,. Tho •rt>lruc~on th>t '' o•e::ultd oHor '"" ,. 
ll•uchon thot m lht T o;,...,, ~ to """'"'"""" """ tloon ,.. ... o ,...., ... ..,, 
lfliO !tln>"'(h tlltiiOP ..:ter ot t<lclr.,, JO Notetnot '"" troco '"P ''o"""" 

"""""'"• "" .,.~ .. "'""""'"' lo ..... _ .. """'""'''"". 
Tho loUo.oon1 oro WOOfl co>n and ott dtto~td '" out»O<tuont J>OIOI••ph• 

l. Tho trocod '""'"'''"" cloa,.d tl>o T Do\. 

2. T~ tro<Od '"'''"'''on ,., tho r "''· 

4 Tho 1--.1 tnO!r""~"'· u.•N • buo ofll)r trap. 

S. Tho l'tt«i in>l<u<bGtt e>ou .... O,,...,_""'""'<>" hO~ 
6 Tno t>«>«<> .,., lnlofi•PI"' tol- 111< lomotloo T-Dot "" 1011nd 1~.0 
folchonc ol tho •nstl\lollon lhot ""'' te Do tr.cea. 

?. lholroct<1 inolruchon ,.., r. WAtT. 

~ lO<tro..:l "''''""''or . .,., ~ lf.O.I.T. 

9. '"" trotod "''''"'"'"" ""' 1 Rotulo> trom Trap 

An l~slrtrC'jon tiW tlo- IJI< T·blt . Vpe<> lot<h•"ll tilO tr•Cfld '""'""'en on •n· 
tomol •··~· tho traco '·••· "" 10t. Tho trap "'i stott O«ur ot tlooon<l o!'""""''"" 
el th11 '"'''"''"'"· '"' tl><ked status'"""· -·*'U"""" 1 ctur T bol. 

An iM"'-'<<ion tltal ""'tito T-bll· !onu tho f·bo! *"' olteo<ly Ul. M""' oto¡on 
hao no of.lo<t. Tho ,,.., ""' ~· · 



M ;.,.truction thot c.ou>od on tnslruchOn Trap_ !toe •n•lruchon lr•P os 
oprung ond the ""'"" rouhne lor the '"""ce trap " ••ecuted. 11 lhe 
OeNote routroe """ w•lh M RTI nr rn an~ Olhor way r'"'"'"' the <tack..,j 
otatuo wofd, the T M " ••t agorn, tM •nMrucl1on lollow<n~ \ho ¡,.ced 
inwuction is execulod and, unte" ot os nne of lhe spotoat '"'"' noted 
a~ove, o trace trop occun 

An in•tructron lhat cou1e<l a Bu• Eff"' Trap. Th" " 1=1 ... a< an In· 
Wu<loon Trap_ The only doHe<ence " that the error oervoce ,. not as 
hOely to ""' wolh an ~TI. so tnatthe trace trap rnay not occur. 

An lnotrucloon that cauHd a stock -Hiow. The •nstructron cornplete• 
•••cutoon •• usuol-the Stack Ovortlow do"' not cauoe o ""P Tl>e 
Trace nap Vector '' loaded 1nto the PC Md PS. and \too Old PC ond PS 
are pu<hed onto ttoe >loCO. St.cl< O.orllow "''"" ·~arn. and thoo tome 
the trap is made. 

An lnle'"'~ l>etwftn oeWnc <>1 the T-bot onol fetch ni the troc<il intruc· 
'"'"- ne enhre tnlerrupt 1e"'"'" routone " e•e-cutetJ and then th~ T·M 
,. '"' agoon ~y lhe o .. ton¡ RTI. The trotod on>tructoon " O>OCU1 ... (of 
there Mve -n no othor onterru~s) and. untess ot os a spe-c1ol" '"'" 
nolod obove, c•u•e• o trace trap. 

Note tl>ot •nteo-ruph moy 1>e acknowte<lfle<l ommed•otety alter the toadonfi 
of tho n~ PC ond I'S ol the lrop ve-clor to<:atoon. To tock out oot onter· 

.rupt•. ¡he PS ot \M trop •«lor <hould ••••~ lhe proc .. oor pr_.ty to ......,,,_ 
A WAtT. Tlre lfop """"" imme<liatety_ 

A HALT. Tho proc .. oor halts Whon !ht conhnue key on the consoto ;, 
pnt,.e<l, ltoo '"'"u<t•on lollowong tho H~LT ,. felchod on-d ••owt«<. 
Unte" ol " ono o! tl>o uceptlono noted ab...,, \he trap oceurs imme
dtett!y lotloMng nocutoon. 

A 11e111m from Trap. The roturn !mm lfOP "'structoon eother clu~ or seto • 
tho T-brl. 11 onhob<b the troce trop_ !1 lhe T-M ""' ,., onol IITT " \he 
trocod •n>lructoon tho trap '' del<>yed untrl cornJ(Ietoon ot the nut on
structoon. 

Po-r Foilure Trop. " a >londar<l PDP ll l .. ture. Trap occurs .. nenever 
tho AC ~r dmp• bekl .. 95 votl$ or out.,de 47 to 63 HertJ. T...c molll
ooco<>ds af11 lhon olt- for ~r d""'n proceo.,nc. Trap v«IO< lor 
po...-r fooluf11 io ot ll>c&\oono 24 and 26_ 

4-70 

Tf11p ptlortlloL In .... mullf¡olo pmceosor trop COnd~•on> O<aJ( sornul· 
· taneo~~oty the ICH-n¡ on:lor ol pnonton io otoso...,¡ (lrom ho¡h 1<1 tow): 

ll/04 
l. Odd •ddron 
2. Timoout 
S. Trop lnstructoons 
4. Troq Trap 
5. """""' faihlf11 

ll{:M 
l. Ocld Aclclrooo 
2. Mornory Manqement Violotion 
3. 11moout• 
4. Po~ty Error 
5. Trap lnstructoon 
6. Traco Tf11p 
7. Stock owrtt-
8. Powor foil 
11. lntorrupC 

10. HALT Fmm Consolo 

11/45, 11/55 
l. Odcl Adclrots 
2. ratot 5ta<:~ Y-
3. Se&ment Y-
4. r.m..,ut 
5. Porlty frror 
6. Corlsoto flll 
7. Sosmont Mone~rnent Trap 
8. Wem•nl Stac;k Vlor.tion 
11. Pl>wtt failuN 

Tha cletools on \he traco t,.p proeass- h.-... bMn d'"cnl>ed in "'" v
trap OPtrotlonol dn<:ription wttlch tnclud .. •- In whoch on lnl\rue
toon b<oin¡ lnclld eau011 1 bU"t """'· !JtltrucHon lnlp, or • oloc~ ..... 
11- trap. 

11 1 I>U't ,rror io eaused by tb<o lnlp ......... t.ondllq onstructoon tf11po, 
tf11<:e lrlps. IIKk ....,,_ lnlps. 01 o PfiV<OUI bus ....,., tllor -
io hell""-
11 • otKlo. .,...rllow 11 eaOIMII by tllor ltlp procea. In honollin¡ buo arro...., 
lnstruct""' t .. ps. or tf1101 tta¡Mo, tho proceoo 11. cant¡ot- and tl!en tl!e 
lt.c:k -rft- t .. p io IP<Una. 



---"'""""!~-·--

1 

HALT 
1 

WAIT 
""" oócooo 
rr;:~· :·:.::·:::~·;.:·:::·o:::·:::.:·:·:·~~·:;, :·~:·:::·o:::.:·o::::·o:::.::~l ... rt lor rntettupl """"'' 

' 

C.UHS '"" l)rO<OIIIO< _., ... !O -M. Tm. tonto .. <O 
11'~'«> cont..,r or tho bus. Tho contole dO!IIIfhto d>l¡>lo~ ¡..._ 
contonto ol 110; tht. =--• JIJhto <lol¡>lay tl>o od· 
-ortet ll'lo hU .,,tn.ct.,n Tranot ... on "'- ~·aus.,. 
tetm;.,.bld lll'"m«<,.tlly. T"' PC 1>0<nls lo lr10 .,.., ,,.,....,. 
t:oon lo 1>o ....,.....,_ ,.._..,.. ,.,. ...... ...,. ~ 001 .,,. -• 

C&ISn PI te· _ ...... lo -- lOo INrT ~ ol -1 
• ''111· 

• 

" 
• • • o 'o • • ' 1 

• 

not oNoctod 

ProvldOO o woy tor tne pmce .. or to rehrw;¡UIOh use ol 
the DUO wMo 01 "''" far on e<l•mot lntorrupt. 
fliVUII bHn it•On 1 WAIT cammt">d. tl>e ~I'<ICO'HOI 
""' n<>l compelo !Of ,,,,. uw by ltl<hl"l inst~oons 
or cnoot~ndo lr<>m rnen><>t¡~. Thos permolt h•¡her lrons· 
fer ,,, .. ~n o d,...ice ond m10m0ry. sonee no 
p<o<oosor·lnduct<l lotonclH woll "- oncoun~e- by 
buo reQUOIII ltOm !he d,._.rce. In WAIT, 11 •n oll tn· 
otructlono, tho PC poinh to the no>t onot,...Citon lol· 
lowon¡ the W,t,IT Op<fOI>On. Thuo when on onter<upl 
.. ""'' lhe PC ond PS lo be puoh.,. onto the ~ro
ooua< sta<;k, tt>e oddrn• ol tno no><C lnstrucH~n 
lollcwinJ tho W~IT os .., • .,._ The ""' rrom tt>e_ ,.,. 
torruPI tavtono (lo. oot<UIIOft ol on RTI lnot<Utt.,n) 
.,;1 ...,.,.. fftumpt..., o1 the '"'"""pted "'""""' rt 
tl>f lnlt<UttÓOII klllawinfl tl>f W~IT. 
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MINICOMPUTER SYSTEMS 

R. H. ECKHOUSE, JR. 

PROGRAMMING TECHNIQUES 

Mastery of a basic instruction ..,t is the fi!"'t step in learning to program. 
The next •tep is to learn \o use the instruction se\ 1.o obtain corred results 
and to obtain t.hem elfieiently. This is best done by studyin¡ the fo\lowing 
programming techniques. Exampln, which $hould further fami!iarize the 
reader wit.h the to\.al instroction sd and it.s use, are given to il!ustrate each 
technique, 

4.1. POSIT\ON-INDH'ENOENT PROGAAMMING 

Most pro¡;ram• written to run on a computer are wriU.om so as to occupy 
•pecified memory locations {e.¡., the current location counter is used to 
~efine the location of the first inst.ruction). Such pro¡¡rams are .aid to be 
absolute or position-dependent programs. However, it is sometimes desirable 
to haVe a stand:rrd program which is available to many dir!erént users, Since 
it wil! not be known a priori where the standard pro¡¡rams are to be loaded, 
it is necessary to be able to load the prograrn ioto different ateas of e ore and 
to run it there. There are several ways todo lhit: 

l. Rea .. emble the progr~m at the de•ited location. 

2. Use a re!ocating loadcr which occept.s specially ceded binary from a 
rc!ocat.&ble assembler. 

3. Hnve the program relocate ilself aJter it it lo•ded. 

4. \Vrite a program that isposition·indrprndrtlt. 

On small machines, reassembly i1 often perform•d. Whe."l the re-quired 
core is available, a reloc~ting loadet (uoullly cal!ed a linking /0<1der) is .. 



·¿ 
" 

preferable. Jt ~en~rally ¡,no! <'<'011omiclll to have a progrnm tl'lo~nt<- it.self, 
since hundrcds or tholl.•and• of :uldre~••• m:oy nP"'I udjustment. 1\'riting 
posilion-independc•nt ~ode is ti•U~lly no\ possible h"<<~USI' of the structure of 
the addre1sing of lhe object machín~. !!ow~ver, on th~ l'D/'-11, poaition
independen\ code (PJC) is possil.lle. 

PJC is a~hieved on the PDl'-11 hy u~inl( nddrf'uing mode• which forman 
effective memory address rd~tive to the pro~rum coun~r {PC). Thus, if an 
instrudion and its object(s) ~~~ nwvffi in lt<ch a wuy that tl1e rl'lative dis
t.ance betw .... n thl'm is not nltered, the snm<' offset relative to \he PC CM bf' 
u sed in al! position• in mt•mory. Tinos PIC usually referenceJ locations reb
tive to !he curren\ ].,.,alion, PIC ¡no;.rams moy mak~ ab•olu!A! r..!~r~nc ... as 
long ru; the location$ rt'f~r~nced ~llly in th~ s.amr pbce while thr PIC pro¡..'ram 
is relocated. 

4.1. 1. Pooition·lndopondonl Mod•• 

There are thr<>e po•ition-independent modes or forms of instruNions. 
They are; 

l. Branch~•; the condition~l bntnchtl, L< well u !he unconditional 
branch, BR, are position-independ~nt.lince th branch addr<'ss is compuu-d 
asan offset to the PC. 

2. Re/ori~e memory re(erence-= any relatw~ memory ref~rence or !he 
r~m 

is position·independent brcou51' the a .... mblrr ossembiH it u an off51't in· 
dexed by the PC. The ott ... t is the differt'nce b~!wi'Cn the rrfer~ncPd loca· 
t.ion and the PC. For example, ::t.<1ume that !he instroction CLR 200 is at 
address 100: 

Lino 
Numbor 

' 000100 

Conl•nb 

00~067 
00001~ 

Symbolk 
lno\ru~\ion 

CLII 200 

C.:.mmPnU 

;f"II!ST WORO OF !NSTRUCT!O.>.: 
;OFFSF.T•2"0-1 n.: 

The offset is added to thP PC. The PC contain• 10~. which is !he ~ddress of 
the word following the offwt (the second ,vord nf tlú two·word in~truetion). 
Note that although the form CLR X i•poJition-in<lt•pt•ndent, !he form CLlt 
@X is no!. We nwy see this whPn we consid~r th~ following: 

, ' 



' .. 
'j88 UOGK ~M MI NC T~CU NIQUU en~•. • 

Li,. Symbolic 
Numb<r Add•• .. Conl<nl.s Lob•l ln•lrucLion Commonl& 

' 00!000 005077 •• CL!I I>X :CLEAR LOCATION A 
00077' 

'· 002000 003000 X• ,WORD A J'O!NTER TOA 

003000 000000 .WORD O 

The contenls of location X are used as the address of the operand, whieh is 
symbolically 13l>eled A. Thevalue otored at location X is !he absolutf addreu 
of !he symbolic location A rather !han !he relative address or ofbet between 
location X andA. Thus, if all the code i• relocated after assemb\y, the con
tents oí location X must be altered (.o renect the fact that \oe::ttion A now 
stands for a new übsolute üddress.t ItA, however, wu !he name ""ociat.ed 
with a fixed, absolute location, slatemenls S and X could be relocated be
cause now 11 is imporl.ant for A to remain fixed. Thus the following code is 
pos i tion. in de pend en t : 

Lin• Symbolic 
Su m bu "ddr .. , Conl<nlo ~~· [n.,Nclion Common\o 

' 000036 A • 36 ;J'!XED "DDRESS OF 36 

' 001000 005.077 •• CLR t>X ;CLEAR LOCATION A 
000174 

' 002000 000038 X• ,WORD" J'OlNTER TO" 

3. lmmediale opuandr: the assembler addressing fonn #X specilín im· 
mediate data; tha~ i1, the opernnd is in the imtruction. lmm.-diate dala that 
are not addres<es are po•it.ion·ind~pendent, oince they ore a pu~ of !.he instruc
tion and are moved with !he inst.ruclion. Consequently, a SUB #2.HERE is 
position·índepend•·nt (since #2 is nol an address), while MOV 11 A,ADRPTR 
is position-dependent if A is a •ymbolic address. This is so even though 
the opetand is fet.ch.-d, in both cases, usin¡: lhe PC in the autoincrement 

fTo ••rlfy Lhi• poinl lh• roador ;, •n<OUfll<d Lo t•localo Lbo codo, aflor a ... mbly, 
into loc>Lior>~ •OOO, 5000, and 6000. By doin1 "'ho woll d;..,o .. t Lhal lh• con ton" of 
th< .. localion• ••• th• umo •• lor th• ori~'""' oO<Io ond Lhol Lh• <Onlonl.s ol lo<>Lóon 
5000 do not poinl to locoLion 6000. 
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mode, ,;nce it is the quantity fetched that is bt>ing u<ed rather ~han il5 !orm 
of addressing, 

4.1.2. AlnoTutl Modn 

Any time a mPmory location or regist...r i• u....:! as a point...r to d~ta.. the 
reference is absolut.e. lf !he rderPnced data remain always fixed in memory 
(e.g., an abwlut... memory location) independent of the posttion of the PJC, 
the aU.olut.e mode. must be I!SI'd.t All.ematively, if the da\.<! ~re r~l~tivP to 
the position of !he code, the absolute modes mmt not be u<t'd un!oss the 
pointers involved ~~re mod>fiffi. Restatin~ this ¡>oint in different won!•. if 
addteS5in¡ is dir...:t and r~lative, it is po•ition-ind~pendent; if it is indirect 
and either relative or absolut.e, it is f!DI position-ind~pend~nt. For e~:unple, 
the in•truction 

~~\' ~""' I<HE 

"move the contents of the word point...d lo (indir...:Uy referenc<'d by) the PC 
(in this case absolute location X) to \he word indexed relative to \he PC 
(symbolical)y called HERE)" cont.alns one opcrand that is r~ferencf'd indi· 
recUy (X) and one operand thal ;, referene<>d relat.ively (HERE). Thi• in· 
sltuction can be moved anywhcre in meffiOJY as Ion~ a.s absolut.e location X 
st.ay• \he same, that is, it docs not move w1lh the instruction or pro~ram; 
otherwise lt mny not be, 

The absolute modes are: 

" '" "' (R)t ond (R) 
II(R]+ ond lil>""iR) 
X(R) R.,._6 cr 7 

II'X(R) 

l<>~ot'1on X·,. • po'on(Or. 
Tho lmmodi•t• wmd ;, • poinlor. 
Tho ,.~¡,,., i• • poinlor, 
Tho ,.~;,¡., ;, • poin\<l. 
Tho ,.~;,.., poinu to • pointu. 
Thr b .. o. X. modifood by (R), ;, tho odd'"" or tho oporond. 
Tho ¡,.,,, mo<hfiod hy (R], ;, o pointer. 

The nondcfem'd index modP• require a little clarification. As d<'seribed 
in Chapter 3, the fonn X(?)tt is the normal mode in which to reference 
memory and io a r~lative mode. lndu mode, usin~ a re&ister, is R\so a r~l•
tive mode and may be uS<'d CO!l\"Pniently in PIC. Bn•ically, \he tt'gistfr 
pointer points to a dynamic storn&e area, and the index mode is usrd to 
acceu data relat.ive to \he poinU>r. Once the ¡>oint.er is se\ up, a\1 d~ta are 
referenced relat.ive to the point.er. 

fWhon PIC io not btinr ,.,¡,,.n, r~for•~ to nud l<><•ti<m• m•y b• potfonnod w\lh 
•lth., lho abooluu "' rol•li•• fotm._ 

ttRoull thal X{7) io ~wl•>lon\ to X(R7), whi<h ;, o<¡or••lon\ to X(PC) ,.h.,e PC-R7. 
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4.1.3. W<iting Autom•tie PIC 

A u Loma tic PIC is code that requ ires no alteration of addresses or pointen. 
Thuo tnfmOry r<•fcr~nces are limited to relative modes unless the location 
r~ferenced is r,.ed, Jn •ddition to !he above rule•. the fol!owing mu•t 11<:' 
ob..,rved; 

1. St.art the program with .-O lo a!low easy relocation ,,.;ng the absolute 
loader (see Chapter 7). 

2. All location-setting •tatements mus! be of the form .-.!X or .- func
tion of •ymbols within the PI C. For e~ample, .• A+ 10, where A is a local 
label, 

3. 111ere mu<t not be any ~bsolute location-•etting statements. Thi• 
means that a block of PJC cannot •et up specified core ""'as at load time 
with statemenl< such ru 

. •lU 
. 110"D 

The absolute lo:tdet, when it is relocatina: PIC, relocates all data by lhe load 
bias {..,e Chapter 7), Thus the data for !he absolul.e location would M 
relocal.ed t.o oome o\het pl...,e. Such areu must be sct at execution time: 

IT~AF'",U!O('I 

•:;•0- "''"~ 

4.1.4. Writi~g Nonoulorn•Tic PTC 
> 

, F'UT 1'10~~ !H A~~ LOC 141) 
;~HD·fi~S LO(FII!ON ¡12 

Often it is not possible or economical t.o write tolally automated PIC. 
In these cases sorne relocation maY be ew;ily performed at execution time. 
Sorne of \he r<'quired melhods of solution .,.., present.ed below. Basically, 
the methods operal.e by examining !he PC to determine where the PIC i5 
actuo.lly ]ocated. Then a r<'location fact.or can be easily computed. In al\ 
examples it is auumHI!hat !he code is a .. emblHI at 2ero and has be..n r~ 
located somewh~re ehe by \he absolute loader. 

C. 1 .S. Seui~t Up Fiu<l Co•e Loc.otio~s 

Consider first the previous example to clear the contents of A indlrectly. 
The poinl.er lo A, contained in ;ymbolic looation X, must be changed 1f the 
code Íl to be relocat..d. The program ~egment in Fic. 4·1 rccomput..s the 
pointer value ench time that it is execut.<-d. Thuslhe pointer value no longer 
depends on \he volue of the location counter at the time the program w¡¡ 

assembled, but on the volue of !he PC where ít ísloaded. 
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~ow if thi1 program is loaded into loc•tions 4000 and higher, it should 
be clear that none of !he program ~alue5 is ch:m~....:l. This point could ~ 
shown pictorially by taking the PiG. 4-1 mnterial. r<.'copying it, lmt changin~ 
only the values in the leftmost column, the oddrcss column. Thu~ if one 
were to look in, sny, location 4010, the conl<>n\s would he 766 ~nd the vruue 
found in location 5000 would be 2000 (i.e., neithcr value is chan~ed). 

Given that the pro~ram data ha ve not t•hnn~~<l. !hr que•tion i<: !!ow does 
it work? The answer is that the off•et A-S-2 ;, <·~uivalent to A-(S+?.J ond 
5+2 is the value of Pe which 1s placed in RO by \11<' st..11PmPnt \lO V Pe,RO. 
At assembly time the offset value i• A-Pe0 , whcre PC0 .,S+2 nnd Pe. is 
the PC tht wu as.sumed for the pro~am when :USPmbled l.>eginning nt 
]ocation O. 

Lat.er, a!t.er !he program has been relocated, !he move instruction will no 
longer •tare Pe0 in RO, but a new value, re., wluch is !he current value o! 
Pe for the executing program. However, the ~dd inslruction &till adds in the 
immediate value A-PC0 , producinG the fin~l rP'Itl~ in RO: 

re.+(A-PC0 ) z A+(Pe.-PC0 ) 

whkh is the desirod value, since it yields th~ nPw nb•olut.e location of A 
[e.~ .• the assembled value o! A plllS the reloc·ntion factor (PC.-I'C0 )]. 

4.1.6. floloc.oting Pointoro 

lf pointen must be used, they m•y be relocated as we have jud sllown. 
For example, assume that a list of dn\41 is to he ~rr .. <SCCI with the ins!ruction 
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The pointer to Lhe !ist, list L, may bto ca.lculated at execution time &1 follow~: 

, ~E T Cu'·~ [liT F'C 
, ~~D OHStT 

Another variation is to gather all pointeoiinto a table, Tht relbcation 
factor may ~ calculated once and then app!ied to al! pointers in the labte in 
a loop. The program in Fig. 4-2 is an example of this tedmique, 1'he readet 
should verity (Exercise 1 at thc cnd of Lhis chapter) that if this program is 
relocated so that if it begins in location 10000, the values in lhe pointer 
table, PTRTBL, will be 10000, 10020, and 10030. 

e~~~u ~~-~~ .OE~lll( " M~~~1 <-l•Xl , OErJ N( " .. ~~~~2 . ~-::~ ; t>E'JNE " 1>6~~~7 f·C • V ; 0En11E " e>~H•I' ,. "" n.~e ; HlOC~T! "" UJT~lES '" F'TI>TBl 
h~lt·{o Wl: ·~·"· ~· 'Clo~CULillE ~ElDCiol lON HoCTO>-
C•C•O&DZ 
J'o1~7H "" orr~rrl.Rt '6ET ""' 'EL(•OHE " rown~ ~{o(l~:\1' 

~óMU "'" 
, . ..,_u 

"" r¡~T~l un~z "" H~LLEN. ~2 ¡ GET LEN~Til " Tl'l!:l[ 
pOOO~] 

o,;ee~l LOOP: "" kfo, {~lh ; ~'ELOCME "' ENlkV 
00~·192 "' " ;(OVNT Q{t~N 
O~l:l>~ '" LOOP ;UANC~ " ""' OONE 
6(<{10~0 >ti'ILT ; STOP WMEN &ONE 
ot•6ee¡ Ti'LL(H•) ,l(NGT>t " IA~lE 

O!•~OOO PT,.TBl: . ~o<-o ~.LCtOP,PTHFL 
(•0!•0:'0' 
eMeJe • 
{•L'0001 . (N~ 

Care must be exercised when restartina: a program that relocates atable 
o! pointen. The restart procedure must not indude the relocatin¡ a¡ain 
(Le., !.he t.able mutt be reloeated exacUy once aft.er each load). 

4.2. JUMP INSTAUCTJON 

A\though mentionl.'d earlier, the JMP instruction has been overlookl.'d 
somewh•t up to now, The astute rea<ler will, no doubt, recognize that the 
n"cesoity or a jump instrudion is dictated by !.he fact that the branch in
structions, Rlthough rclative, are incapable or branching more than 200 words 
in either a positive or a negative direction, Thu• to branch rrom one end of 
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memory to another, a jump instruction mu1t tw ~ purt of \he inst.l'uction •~l 
and mus! allow fu!J.word addressing. 

The jump instruction is indPed a parl of th• PDP·ll instruction SO'! and 
belonp t.o \he •inEle.o~rand ¡;roup. A1 a rt'JU!t, jumps may bt relative, 
absolut.e, indire<:t, and indu...J.. This flexibility in detcrmininc the effecti~ 
jump address is quite u1efu! 111 soMng a particular c!ass of probiHns that 
occur in programminr¡:. This das• is best iUuslra!i'd by exnmple. 

4.2.1. Jump Toblo P•oblom 

A cornmon type ot problem is one in whkh the input data. repreoent 1 
code for an action to be perfotmed. For each code, \hp program is to t.a.h a 
certain action by necutinr¡: a spe<:itied block of cotlc. Su eh a problem would 
be coded in FORTRAN u 

URO. INOH 
GO TO (U,1&1'1,37,H,I'I •...• 7).1N~~K 

In o\her words, bue-d on the value of index, \he program wi!! go to \he 
1tatement labele-dlO, 100,37. and so on. 

The "comput.ed GOTO"" in FORTRAN mult f'Ventually be transla!Pd int.o 
machine languzge. One possibility in the lan¡:ua~c of the PDP·ll would be 

~tAO 

"'' "' "'' '"' TA~U: .11~~0 

. > 

]~OEX ;A F$[l100•1NST~UCTION 
IN0[>:.~1 ,Pl~ct IT IN ~1 
~1 ; ~(•INO[>:<•M>:-1 
H. ~1 J r~~~ ~·INt-E>< 

tTAPlE<~1) .IW~IHCT JIJ~I' 

l1 •• ll~~.l37olll~f •... ol7 

The method u sed is call~d the jump thble mtthod, >en ce it """' B table of 
addresses to jump to. The method works as follows: 

l. The value of lNDEX is obtaincd. 

2. Since \he range of !NDEX is 1 < JNDEX < m:u:imum value,lls sub
tractcd from the index JO \hat its range is O < !SDEX < max - l. 
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3. The value of index is doubled to· ta~e ~are of the faet lhat labels in 
lhe t.able are storml in ~ven addr~s..-s; Le .• fuU words; 

4. The addre"" for the J~IP instruction !1 uti\ize.d both .1 indued and 
indirect, &uch lhat it points t.o an addre&& to be jumpeil to in the table. 

Although the jump instru~tion 11ansfen control t.o the corred program 
label, it does not spPCify any way t.o come back. ln \.he next section, wheno 
we shall consider subroutining, we .hall ...., thal a slighl modification of the 
jump instnoctions allow1 for an orderly t.ranofer of control, and a return, 
from one .ection of code to another. 

4.3. SUBROUTINES 

A good programmin~ practice to get int.o is to sepuate laree proir&ml 
lnto •maller subprograms, which are easier lo manage. Thesoo subpro¡:ram1 
ue activated either by a main proJ:Tllm or by e&eh other, allowiÍla: for the 
sharing of routines amon~ t.he diífercnt programs and subpro¡nuns. 

The savin~ in memory space reoultinK from havinK on!y one copy of the 
no-eded routine i5 a definite advantage. Equal!y imporlant is the uvin1 in 
time for the pro¡¡rammer, who ne!"ds to code the routine only on.,.,, How. 
ever, in order to shaN common subprograms,lhere must be a mechanbm to 

l. Allow t.he trander of control from one routine to another. 

2. Pass values amon1 the various routineJ. 

The mechnnism that accomplishes these requirements is called the s~<bro~<line 
linkage and is, ln general, a combination of hardware features and software 
conventions. 

The hardware fcatures on the PDP·ll which assist in perfonnlng the 
subroutinc linkn~e are the instructions JSR and RTS. The&e instructlons are 
in !he subroutine call and return group and have t.he following assPmbler 
form and instruction fonnatt: 

1 1 1 1 
"" l'ti" 1 

"" 1 1 
6 S 4 ) ' . 

to~pondin1 on 1.be modo or odd .. ulnl, .,,.. o• '"" "''"d• ••~ uoed f<>< lho JSR 
lnotru<tinn. 
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Both lmtructions malle u.., of a "stack" mechanism simil~r lo the stack 
mechanism de.cribed for zero-8ddri'<S m~chines in Sf'Ction 1.2.8.6. 

4.3. 1. S••ck 

A stock i• an lln'B o! mPmory set oside by the prol1!"ammer for temporary 
stol'3ge or subtoutine/interrupl servke linka~e. The instnoctions t>,a~ facili

·tal.e stack handlin¡ (e.g., aut.oinclt'ment and autod~creml!<lt) nno '"eful ~ea
tures that may be found in low-cost ~omputers. '/'hey allow a program to 
dynamically establish, modify, or delet.e • stack and itcms on it. The stack 
uses the /ast-in, (irst-out or UFO eoncept; that is, v:uious items may be 
added to a stack in sequential arder nnd retrieved or deleted from the stack 
in rever.<e order (Fig. 4-3). On the PDP-11, a st""" stnrts at the highest loca
tion reserved for i~ and ~"pands lineorly rlownwMd lo !he lowen ~d<lress as 
items ar~ addf'<l. to the stack. 

The programmer does not ne~d to keep tr~ck of the actuallo~alions hi< 
data are being stackf'<l. into. This is done autom~tic:t!ly throll¡;h a .•rack 
pointa. To keep trll<!k of !he las! llem addf'<l. to the st..1ck (or .. where we 
are'" in !he stack), a ¡;en;.t,.¡ reg1ster always conlnin< the m<>n>ory o<ldres.s 
where the last ítem is stored in the<lack. In thel'OP-11 nny r<>~i<l<-r~xc·ept 
reg:i.<ter 7 (lhe PC) may be used ns a <l~ck point•·r und<>r prol(r;un control: 
however, in<t.nlctions 3SSOCÍatl>d with •ubroutinP link:tg<> ¡¡nd ;nt~!Tupt ser· 
vice automatically use register S (RG) ns a h.1rdware •tack poin!Pr. For thi.< 
rea•on R6 i< lrequenUy referrcd toas lhe sysU>m SI'. 

Staeks in the PDP-11 may be maint.1in<>d in t•itlwr full-word or byte units. 
This ia t.rue for a stack pointed to by nny regist<>r •·~~ept J{C., which mun be 
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organized in full-word unlts only. Byte stacks (Fig. 4·4) require insl.rU<:tions 
capable of operating on bytes rather lhan tu!l worda (byte handling is dll
cussed in Se.:tion 4.6). 

• 
' • 

00>
oom> 
00707 

00707 

00107~ 

001100 

00710 ' 

007071 

007076 

007071 

(1(11100 

w"'~"" • 

l«m ~ 4 

""" ~ J 

lt<m 1t ~ 

¡,,,.,, r 

T"m 1' 4 

H<mll 

u ... 111 

h«n 1t 1 

l'l •. 4•4 

- S, 1 007071 

-sPI 001015 

No~<· B~lnor< 

'"'"•«1 io ""'d' 
•• folk>wofll" 

9y« .1 By1ol 

Br•• 1 Br•• O 

Word •tld byte otu~•-

ltems are addl>d t.o a ot.ack using the aut.odecrement addreuinr mode wilh 
the appropriate pointer ·~~ister. (See Chapter 2 for a deocription of the 
autoincrement/dPcrement modes.) 

This operntion is nccomplished as follows: 

"" SII\!RtE.-15~) ; 1ICIV[ SOV~C! WO~O ONTO filE STIICK 

50U~CE. -ISP) .~O~E"SOU~CE ~VTE ONTO TIIE ~TACK 

Thi5 is coJled a "push" because data are "pushed ontQ the st.ac\." 

ts.. Soclion 4.6 r,,. a di><•ulon ot by~ inllruclloru. 
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To nmove an item from stack th<> autoin~rcment alldrcs~in& mode wlth 

the appropriate SP is employ~d. Tlns is accomplished in the following 
manner: 

"" .~0\'[ OrSTINATION 1101':1> OFF 5H•CK 

1!0~8 

Remo~in~ an item from a stack i$ ~a.ll..d a pop, for "popping from the st.ack." 
Afler an item has been popped, it.< st.:lck l""ution is ~on.idPred frt't' and 
avuilab\e for other use. Th~ u.ack poinlcr points to th~ last.us~ll loc~tion. 
implying that the next (lower) locnlion is free. 1'hm a •lllck mny r<'J>H'""nt 
1 pool oí shareable temporllt'Y stom~e location•. 

• .3.2. s~b<O<Jti~• cono •~d Rnu•n• 

When a JSR is e"ecuted, the contents of the Jinkn~e re¡tider nre saved on 
the system R6 stack as if a MOV re¡¡:,~(SP) t10.s bel'n pNformed. Then the 
A/lle register is loaded with !he men•ory address !ollowin' the JSR instrue· 
tion (the contenll of the cunent PC) Md 1 jump is m~de to the entry loe• 
tion specilled. The effl'Ct, then, of exl'Cuting one JSR instructinn i$ the 
same ~• simultaneously executin& two !>lOVs and a JC\o\P; for exnmple, 

110~. ~!O, - < ~f' l 
1'\0~ f'C, ~EG 
JI'\~ suu 

;PUS>< ''EGISTU IIHO TI<E SlfltK 
;f'VT Hll••·o; .. r INIO HO/S1(11 
.J~nf' ro s~lr•·ovtr~<E 

Fi¡¡ure 4.5 gives the "before" ond after conditions wh~n C:<I><'Uting th~ sub
routine instroction JSR R5,1064. 
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In order t.o return from a subroutine, \he R1'S instruetion is execu~d. !t 
perfonns the invc!V opcration o! the JSR, the unstocking and restorina o! 
the saved reGistcr value, and the retum o! control t.o the instruction !ollow· 
ing the JSR instroclion. The ooquivalent o! an RTS is a concurren! MOV 
instruction pair; 

~o~ ~EG. ~e 

~~~ <~n •. ~EG 
¡ ~·ESTOkE f'C 
;~($10~( ~(~TSTE~ 

The use o! a ot.ock mechanism for subroutine cal!s and retums is parUcu· 
larly odv~nto~eous !or two reasons. Flnt, many JSR instructions can be 
exeeuted without \he need t.o provide any uving procedure tor the Hnklce 
in!orm~tion, since al] linkage information is automatically pushed into the 
stáck in IO'QU~nt.ial arder. Returns can simply be made by automuically 
poppin¡: this information from the stack in oppoosite arder.• Sudt Unkl(e 
addre .. bookkeeping is ca!le<l automatic nedin1 o! subroutine caliL This 
feature enables the programmer to construct Cut, effieient linkageo in an 
ea..y, flexible manner. lt even permits a routine to be recalled orto call 
itsel! in those cases where this is meaningful (Sedions 4.3.5 and 4.3.6). 
Other ramifications will appear after we examine \he intermpt mechanism 
for the POP-11 (Sectlon 6.4). 

The second advant.age o! !he stock mechanism is tound in i!s use of u~ 
for savin¡:: and re<totine r~gist.ers. This case ari$es when a subroutine wantl 
to use !he ¡::en~ral registern, but these regisll'n were alteady ln use by \he 
calling program and must therefore be retumed to it with their cont.ents 
intact. Th~ cnllt-d subroutine (JSRPC, SUBR) could be written, then, as 
shown in Fía. 4·6. . .. 

~CI\' 

"" "' TE~•·s: . u~~o 

'" uoinJ <h• o(u~ N 
• 

Sl'~~: "" "" 

"" "" "' 

H. TE~I>S 
O"~. TE~I>S•2 

TE~I>S•~. ~~ 
H~P~.H 

" ~. &. ~. ~- ~. ~ •• 

H. -<1''' 
~2.-(J-l) 

(0'~1·· .. ~ 
<R61•· 0'1 

" 

; SIIVE H 
'~~\'( 112 

• ~·EPCtH 
, ~fSH,~E 
.~ElU~·N 

,, 
" 

; So'II'E "'"r" 

, F·l'SM " • />VS>< " 
, F'OP " ' F'(tf' " ¡ <:EHI~N 
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The sccond routin~ u <es two r~wer_ wonb p~r n·¡,~stcr savc/n·s~ore and 
allows another routine t.o use the t.<•mporary •t.ack stora~c nt n lalt<•r point 
rather than permnncntly tying somc memory loc:>lion& (TE~lPS) to ~ partic· 
ular routine. This "bi~ity lo >!mre U•mporury stor"~" in the form of nst.1ck is 
a very cconomical way to sa,·• on mcmory usn~c, c•pcdally "hcn th~ total 
amount of memory islimit.E'd. 

The reader should note that the subroutinc c:lll JSR PC,SL'BR Í51 l"':ili· 
matt> form for a oubroutin~ jump. The instruction dO<·• no\ utih~~ or <:.:>e~ 
any regist.ers but !he PC. On the othet hllnd, lhc instmction JSR SP,SL'BR, 
where SP ~ R6, i5 not normally considcr<'d a mt•:tnindul combin~:ion. 
Latcr, ho ..... ever, utilizing re¡:ist.er 6 will be considc•r.•d (,.'f" ,<;,.,_·tion 4.3.7). 

The JSR and RTS in•lructions handle the link~!:" problcm for transrer· 
ring control. Whnt remain1 is thc problem of ¡m"ing ar~uments h:ock and 
forth to lhe subroutine durin~ its invocation. As it turns out, this,. ~ f~irly 
straightrorward problem, and !he renl qucstion b~conws onP of choosin¡: one 
solution from the large number of ways ror passinG v:olues. 

A very simple-minded approach for ¡u-gument trnnsmission wou!d M to 
agree ahead O! time on th<' locations that might be uo;cd. For example, •up
pose that there exisU a subroutine ~IUL which multip!ics two 16-bit words 
together, produdng a 32-bit resu!t. The subroutine expe<:ts the multiplier 
and multlplicand to M p!aced in oymbolic l"""ntions ARGl and ARG2 re-

··~pectively, and upon completion. !he subroutinc wil! leave the re•ultant in 
the .ame l"""ations. 

The subroutíne link•Ge needed to ~~ up, <"rúl, and 5-.We the 1:('!1f'tMed 
r"'ult.s might look like: 

"" "" m 

"" "" 

~- ~·Gl 
v.~kG2 

o·C, ~Ul 
~•·u.. o·n r 
~O·G~.O·SLT•2 

.~t'Uif"LI(~ 

.~UlTI~LI{~N~ 

,{I!LL ~<'UIFL~ 
, S~''( H<E TW(• 

WC•H• ~ESUL r 

As an alt.ernative to this linkage, one could use !he re¡:-isten for the oubrou· 
tine arguments and write: 

~-~1 

~- 0"2 
PC. MOl 

,~liLTIF"LIH 

.~~LTIFU(~NO 

,C~Ll ~l'LTIPLV 

This laot method, althougb acceptable, is som<'whM rcstrict<>d in tlut a 
maximum o! six argumen\J co~!d be transmittc>d. eorr<'<J'On<linG to th~ n~m· 
ber of general regist.ers available. As a r<.'sult of thi< rPstriction, anutlwr al
t.erna\.ive ís used which mnkes use of the m~mory loe~tions f>OÍOI•..-1 to hy thP 



15 

• 

!inkage regi•ler of Lhe JSR instruction, ·Since lhis regisler points to th! !int 
word foUowing the JSR instruction, it may be used u a pointer to the !1nt 
word of a vector of ar¡:uments or argument addreose•. 

Considering the first case where the ar¡:uments fol!ow the JSR instruc
tion, the subroutine linka~e would be of Lhe form: 

~~. I'IUL 
<W<LU(, WALliE 

¡C~Ll "ULTli>L\' 
J ~~·(,lii'I(NTS 

These lll"guments could be accessed using autoincrement mode: 

"" "" 

'" 

(''8)•, ~1 
~~~,·-~2 

.. 
¡~H I'IULTIPlt(~ 

,GET "'JLTJI>LIC~ND 

At the time o! return, the value (address pointer) in RO wi!l have been incre
rnent.ed by 4 •o thaL RO containl the addreu o! the next executable instrue
tion following the JSR. 

In the second cmse, where the addresses o! the ar¡:uments follow the 
subroutine ca!l, the linkage look11ike 

~O.I'IUL 
XloOO~. I'AOOR 

,CALL IIIJLIIPLY 
, ~·(',VII(NfS 

For this ca ... , !he valuel to be manipu!a~d are fetched lndire<:Uy: 

"" "" 
"' 

t(UH, •·1 

•<~•'*· ~2 

" 

¡F[T(H "IJLT!"LI~J. 
;FHC~ IIVLTI .. LICAM> 

,HIIJ~N 

Another method ot transmittin¡ arrument.l Íl 1.o tran•mit on!y !he ad· 
dren ot the ftrst ítem by placin~ this addreu in a ~fneral·purpose re¡is~r. 
lt is nol neceSS<l1)' 1.o haw the actual arcument list in the same ~enenl area as 
the subroutine call, Thus a subroutine can be called 1.o work on dat..aloca~ 
anywhel'1' in memol)'. In fact, in mKny Clllft, the operations performed by 
the subroutine can be applied di1ectly 1.o the data loca~ on or poin~ to 
by a stack (Fis. 4·7) without ever actually nudin¡ to move thrse data into 
the subrouline nua. 



lü 

' 

U(:.··~ 

Callinr: procram: 

"" IPO/NT[J, 11 

"' ~t.Sl•n 

Subroutine: 

"" (U)•, US) 

SUB~OUTUoU 

, !lt 1,!~ ~0/NTU 
, (ioll SOJtJ(•l•T /ti'[ 

,' ioOO l T(ll 11 1(1 !Tlll ll 
,f'll<(( HSl'lf IN /TUl U " ¡f'OINTS TO /~[11 12 NOW_ 

; SIIM UFf(:T AS l<&l)Y[ tXUIOf 
:T~ioT 101 ST/ll '"01 .. 1~ lO 
¡ 11[11 01 

"' 

(;inn thne many Wl)'lo lo pass arr;umenl.l to 1 subroutine, it b worth
wbDe to uk, why hiYlt so many bHn presentf'd and wh1t il tM ntionale 
f<R ~tinr: them all? The antwer il thlt each m.U.od wu prewnted a 
belnr; somewhat ''better"thln the lat. in that 

l. Few rqis~n werw wed to trammit ar¡:umt'flts. 

2. 'nM number of puamnen puRd could be quite Jarre. 

3. Th1 linh;e m«hlnllnl was tirnplified to tM point where only U.. 
addrea of U.. 1\ibroutlne wu needt-d to transtn contl'Oinnd p:w paramet.en, 

Polnt 3 requilel oome addltionll npl111•tion. Since IIUbtout.lne$. llb 
In)' othn pror;r&nll, mi)' be writt.en In potit.ion-ind~nclent code,lt ls pOt
llbte to wrlt.. 111d aaemble them indep~~~dently from ~he maln PI'Ofl'tm that 
use. them. The problem b ffilln11 in the appropri:lt.e addrea for the JSR 
lns\nlction. 

Fillin¡ In tha 1ddrea fiald In the JSR lnsttuetion i• the job of the linlr.inr: 
loader, i.inc11 lt can not only 1\'la<:at.e PIC progrnms but nloo fill in su~tine 
1ddreues, l.e.,l/nh them t.o¡¡elher. The result i1 thnl. ~ rel...,ntnble subroutine 
m1y be loaded mywhere In memory 1111d be linkf'<l wiU• one or more clllin¡ 
pror;ram• and/or subptocraml. Thcre wlU be only one copy of the routine, 
but it mi)' be u5ed in 1 repetltivf mannet by OthPI' pro¡:rams loc1ted any
where else In memory. 

Another point not to be ov~rloolr.~ in rec~ppinG ll'g\lment paulnG is tht 
1ir;ni!leant diffcrenc>c~ in the methods uud. The first LN:hniqus pnosented 
uled the simple method ot passinr: a 110/ue to thr J!Jbrout.ine. ThPl&I.Pr t.eh
niques pused the add~ of the vlliue. Thf di!ffl'l'nt'e in thr"'" two t.ec:h
niqun, cal/ by ualue md col/ by addreu, cKn hP quite import:~~~t. as illu• 
tnoted by the toUowln1 FORTRAS-Iike prornm n~tmple: 

• 
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PR(I<1"A M"' ~G 'tO:CII NJQVES CKAP.t 

linkege re~ster of the JSR ln<truction. Since lhls r~g·oster point.s to the first 
word following the JSR instructJon, it may be used •• a pointer to the !un 
word o! • vector of arll'Uments or ar~ment addres.sea. 

Considering lhe font case where the nrgument..s !ollow the JSR inslruc
tion, the <vbroutlne linkace would be of the !orm: 

JS~ 1'&, ~~L 
. 110~(> nkLUE, WALll[ 

'CALL ~l'LIIf'LV 
, HGUI!tiHS 

These ar¡:uments could be accessed using autoincrement mode: 

I!UL: "" "" 
RTS 

~~····,e,¡ 
<Rfll•. R2 

.. 
.~ET I!ULTJPLJEJ: 
;~U 11\'LT!PU,f<NI) 

At the time o! return, the value (address pointer) in RO wi!l have be-en lncre
menUd by 4 so that RO contains the addres:s o! the next exe-cul.>lble inltzuc
tion !ollowing the JSR. 

In the ieeOnd case, where the addresses o! the arguments !o!low the 
subrouline call, the Hnhge lookslike 

JS,C, l'O, I!UL 
- 110"'1> ~~C>~~-. ~~C>t>~ 

; C~lL lll'l T II'L Y 
, i<~GUIIENT~ 

For this ca~, the valuet t.o be manipulaU.d are fetched indirec:tly: 

IIUL ; "" W"'~)•, .<:! ,F(HII IIUlTIPliH 

"" ~(~eh. ~z ,rETCII IIOLTII>LICANC> 

'" " • ~(TO~N 

·-· ' 

Anolher met.hod o! tran<m\tt.inll argumenta !s lo transmlt only the ad
d"'s.s of the f!nt it..m by pladng this address in • c~neral·purpose "'gitter. 
lt is not necessary lo have the a~tual arl(llmcnt !ist in the same ~eneral are& as 
the subroutine ClllJ, Thus a subroutine can be called lo work on data located 
anywhere in memo¡y. In fact, in many cases, the operations performed by 
the subroutine c~n be applied directly to the dat. loceted on or pointed to 
by a st.ack {FiG- 4-7) w1thout ever actually needing t.o move lh.,... data into 
the subroutine arca. 

""'" ti ~ 
'""'tll -NI 1 I\On"lo•l••••ll 

. ' 
' ' 
' 
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Callinl pro[lTam: 

"" II'O!NTU,Rl 

'" l't. ~l'6'R 

Subroutine: 

"' <11th. IR11 

"' 

SUOMOOnJIU 

, ~El Of' PQ!NTfR 
,(foll ~Utl'('l!TINI 

; ~00 IIER ll TO IT(R U 
J!'Lit(( o-f:$-("-1 IN JT(n U . .. 
J!'OINIS 10 rrtn 12 ~ 

J Sfl"': (~r(CT liS fl(:(lyf tl<((I'T 
¡TH/11 ~1 SI!Ll f'OINT5 10 
J HEn ll 

"' 

Glven these many way1 to pus ..-¡:umml.l to a subroul.lne, lt ls worth
while to uk, why bave &O many bHn p"""ntH! Qlld wbat i1 !he rationale 
foz presentlnc them all? The answer 1s that ench method w111 prHl'nUd as 
beincsomewbat "b!'tter" than the Jut, In that 

1, Few relisten were utf'd to lransmit ar¡:ummta. 

2. The numbo!r of parameten puse~ could b.. quite Ju¡:e. 

3. The linka¡oe meehBnhm wu simplirie-d to the point where only-the 
addnA o! the rubroutine wu nee-ded to t.ransftr control and pau panunel.en.. 

Polnt 3 requlres sorne additional uplanat!on. Sinee oubroutines, like 
any other pro¡¡ram1, may be written in posi\.ion·independftlt eode, lt i1 pm.
lib!e to write and assemble lhem independenUy fr'om the main progrvn that 
~ Uu-m. The problem il filli/\1 il\ the appropri:'lt.:- Dddress for the JSR 
lnst.ruction. 

Fill!n¡ In the addrns field in the JSR lnstnlction is thr jobo! the !inkinc 
Joader, Mee it can not only reloc:al.e PIC vroc=• but abo rm il\ cubrouti,.. 
addreuea, l.e.,l/nh thl'TTI tog;ether. The resu!t lo th~t n retoc~!.nble ~ubroutlne 
may be load~ anywhe.-. in memory and be linkf'll with one or mor. tallinc 
prOifllllll and/or subprograms. There wiU be only one eopy o! the routine, 
but it may be used in 1 .-.pe\.iUv• manner by other pro¡:rams Joeated 1111)1• 
where else in memory. 

Another point not to be ov~rloohd in rec~ppin¡¡ &rgument paiSinC i1 the 
lignltlcant difterenee il\ tbe methods used. The fiqt t<-ebniqun p!'f'Wntfod 
used the simple method or pu.sinc a VIII uf to the tuhrouline, The lat.er t#ch· 
niqun passed the addre# o! the vlllue, The di!!•r<>nce in theoe two techo 
niques, cal/ by 1'11/Ut and cal/ by ~dd~u. e~n be quite import:~nt, u illus
tnted by the foUowinc FORTRAS·like pro¡:ram Pl<lll\'lple: 



~~·¡·~··~~ H"!U\" 
~-1. 

~-~-
HINI-~-~ 

¡~l.~ ~wAF·( t .• ~- ' ,., 
6"•2. 
F·•r~r.~-~ ... 

·~o[ .• {llii!OIE $W~I'C~.\"1 
1(Mf'•A 

!•\" 
\"•I[MP 
I"[TLt<·~ ... 

CHA~ .• 

U the real constants are paued in by value, OOtb print statement.s will print 
out a -1. This occun because suhroutine SWAP int.erchangt'S the values that 
it hns received, not th• actual cont.ents ot the ar¡(umcnt.s themselves. 

Howev•r, if the real connants are passed in hy address, the two print 
statements will produc~ -l. and l., respt>ctively. In thi• case the subroutine 
SWAP teferenct'S to real conot.ants themst'!ves, interchancing the actual uyu
ment values. 

Higher-level Janguage, 1uch as FORTRAN, can pass paramet.en both by 
vaJue ;urd by addreu. O!ten the normal mode is by address, but when the 
>U"g\Jment isan expression, thc addreu represen t. the location of the evaluated 
npression. Therefore, if one wished to cal] SWAP by value, it could be 
per!orme-d u 

caus.ina: the cont.ent.s of the expr,.nion&, but not lhe constaots themRlvea, 
t.o be switche-d. 

These t.ecbniques for passing paramet.ers are easy to understand at the 
assembly language leve! bPcause the programmer can sd exacCy what melh
od is beíng used. In higher·levellangua¡es, howe-.~er, where the technique Íll 
not 10 tra.nsp:u-ent, intoresting result.s can occur. Thus the knowledgeabl• 
higher-level langu~ge pro¡:rammer must be aware of the t.echniques used \t he 
is to avoid unusual or unexpect.e-d result. . 

•. 3.4. Sub<OUI!M Ro~ltor u..,. 

A lUbroutine, !ike any olher program, wlll use the rtgisten durin1 ita 
e>eecution. A• a re$u]t, the contents ot the reg\sters at !he time that the 
suhroutine i• in•oked may not be !he same aa when the subroutine retums. 
The sharin11 of these common resources (e .g., the registen) therefore dicta tes 
that on Pnlry to lhe subroutine the •ecioters be sa•ed nnd, on ex!t, re•tored. 

The re$ponsibility for perfonning the uve and restorc function falls 
either on the callin~ routine or the caliPd routine. 1\lthou~h ar~uments e>eist 
fot making the calling pro¡;ram uve lhe regist•n (•ince ít nct!<l save only the 
ones in current use), it is more commoo for the oubroutine itself to ~ave and 



•~c. • • 
re•lore all re~ist<>n used. On lhe I'DP-11 tlw '"-'V" ~n!l rt·•t.o•~ routine i1 
greatly simpliried by t.h~ use of a si.ack, as was illustmt.-d in fi¡:. <1-6. 

As pointed out previously, stacks ~row downward in memory and are 
traditionn.l!y d~finl"d to ~upy the memory spnce imm..-diat~ly pr..,edin¡ 

'th~ program(s) that ""' them. One of th~ fir<\ thin¡:s that any prol!f~m 
which uses a s1.ack {in parlicul&r on~ that neeut<·s n JSR) must do is lo set 
the stack point.er up. For Pxamp!e, it SP (i.t., RG) is to be used, th~ pTOJ:rrun 
should b.-gin with 

aEG: 

,¡,[(, l~ T~[ rH·:>T 
, lNH~l't.T!O,. O> l~E F<-OGIM 
, H··R~~~ FEG•l 
• Ho·E~EIIl ~-r <el' 2 
;(4 rOJ$H ONTO T~E ST~(· II!Ll 
¡ HO~( H<E t·•H~ foT E'EG-.: 

This initialization routinc i• wrilt<·n in PIC foTm, and had il hrPn a .. emhl<"<l 
bc~inninK al location O (.= 0), !he program could ht• rasily r~loca\<'d, Th~ 

· routine use• a p1ogmmming tTi<·k to rlccrement thP ot.nt.c: !t u<t-s the \Mt in· 
struction in autodl'Crement mode and i¡:noTI'< thc •rttin~ or the condi\.ion 
codes. The alt.ernative tQ u•inK the TST imtru<"lion woutd hr to St:B l.2,SP, 
but this would re-quire an e¡¡tra instrudion word. 

4.3.5. Jloutrano:y 

Further advanta~es o( sta~k organintion oo~ome app111ent in ~omplex 
situations which ~:m arise in pro¡¡rnm syst.ems th~t nri' en¡:;ogo-d in thc concur· 
rent handling of severa! tasb. Such multitask pro¡:rmn •nvironm•nl.l may 
range from relatively simple sin~le-user applications which mus\ mannge an 
intenn ix of 1/0 3<'rvice and back~round comput.otion lo hu-ge comrlex multi· 
programming systems that man,ge n very intri•·nt<> mixtuTP of ~x~cutivt and 
multiuser progran1ming oituatimis. In all the.<~ "l'!'lkations tho•l"t' ís n necd 
for !lexibility and time/memory economy. ·nw """ ot th~ •t.1~k ¡>rovidct 
thi• economy and ftexibility by provídin~ a m<·thod for altowin~ mnny tasko 
to use a single copy of th~ san1e routinr ;u1d a •ímplo•, uomnlho¡..'IIOU3 mPthod 
for keeping track of complex prof<rnm linknges. 

The ability to shan' a &in el~ copy ora giv<'n pro~ mm nn1on~ ""'''" or taskl 
i1 call<"<l reer1traiu:y. Reentrant pro¡:ram routin<•s diffl'r from ordinnry sul>
routine• in that it i& unncce<~my for r~cntrant routin<•• to fini•h prm·c.,;in~ 
a given task before they can b~ ""''d by anolh~r task. ~lulti¡>l~ t.1sks ~an br
in variou• •lages ot completion in the .•amP rou\inP nt nny tin>e. Thus the 
1ltuation shown in Fig. 4·8 m&y ~ur. 
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The chief pr~min¡ distinction betwe-en a nonsh..,.,.ab!e routine and 1 
reentrant routine is th~t lht> ref!ntrant routine ls composed solely of pure 
coile; tllat i•, it contains only instiuct!ons and constant.s.. Thus a section o! 
pro¡:ram ende io rft'ntrant (<hareable) it o.nd only i! it is non-self-modifyin¡; 
thi.t is, no in!ormation within it is Subject c.o modification. The philoaophy 
behind pure.code i5 actually not limited lo reentrant toutines, Any non
modi!yinc pioGfam se¡¡:ment lhat hu no t.emporuy storae:e or data assoclated 
with lt wiU be · · -' . 

1. Simpler t? debuc-

2. Read-only proU<:table (i.e., ;.1 can be kept in read·only memory). 

3. lnterruptable and re<tartab)e. beside• bein11 reentl'ant. 

Using recntrllllt routines, contl'ol of a given routine may be,shared as 
illustrated in Fi¡¡. 4·9. 

• 

""'""' -
l. Task A has reque.l.ed proccnin¡: hy reentrant routine Q. 

2. Task A tempornrily rtlinquishe• control of reentrant routlnr Q {i.e., is 
lnterrupted) before it finishel processin~. -



SI<C, •-1 "'"-t&I>UTit<U ... 
3. Ta<ll lt s!.,rts 1'""-''""ing in lhf' ""rn" t"<ll')' af ,_llltnt Pl>llli"" Q, 

4. T~t~~ll U n•lin<¡ui.!u'S conl.rn! of n•<mlr.ult rouURC! Q at !IOfl'l• po\nlln 
it.srroct'Piftc. 

&, Tuk A l'l'l:nlns control of rrrntnnt r011t.IM Q ancll'ftl.lmt'l proc:t'Ullll 
ftorn wtl'"ll•topptd. 

n. .... of '""trant PfOCllmrnirc .!tows many t.ks W 11'1- ruq-1\lr 
uwd routlnn sueh u dniee JHVietr rouUMt. 11nd ,\SC'll·Biri:V)' conwnlon 
routinet. In fact., In a multhnn- oyJWm lt il puo&fhl•, ror insta...,•, w "'"'" 
struet a reenlrl.nt FORTilA.-.! eompUer that tNl ~ u ...el N a s!n¡:le eopy !)y 
many usn- p~ams. 

Jt 11 otl.en mnnlnrful for l pro¡:rarn ~nt to c:all: l~lf. 1'1\e llolllly lo 
nest. submutlne e.!ll to the s:am• .,broutlne !1 en!led •lf.rrr>~l,...~ or 
ncul'lioll, 'I'!M! IUl of • &tac:lt orpnluUol!. pmnlt.s ...., un~~~~~bl¡:uow -
cunion. The tec:hniq,. or fft'llnion 11 of Cfl"t uw to U.. 1113t!lf11t•tkal 
analyst, lll lt elso ~rmlu the noaluatlan of wmco otherwiM noncomputable 
math .. matit:al functionl. 1bl1 ....mnlqut!.-ofl.oon ''""'lb_.,. ll¡!!'iir ... ant '"""'" 
ory tnd speed <"Canomlel in the lln¡rul1Uc DPf!'llliOM of L'Ornpn.n Md oUwr 
hi~<"r•ICW1l10ft..,.. J>IOj!i#hll, DI Wf s.':oaJl Ulustnt.. 

A elauio;>¡l <'"-lmple of tht t<"ehnlq,. of ....,,,,.ton eDJL ~ found In t'O..,. 
putin~:N fxtoriai(N!). Althougt¡ 

ft b atso u... that 

N! • N o (N- 1) • (N- 2)• ... •1 

N!-N•(N-11! 

1! - 1 

Wrltt..n In "p~~eudo-FOilTRAN," 1 funct.ion fnr cooleullltlnJf N! would look 
tille: 

1"1(~(· 'VHCIIOM ,_Citt<) 
,, (111 111( l' 6(1 1(): 
r~tTol 
lt(TOJ .. III 

S ,~th~of~CIOOI•1-' 
llt~U 

'" 
'J'hll eadlt il pteUdo-FORTRA~ bft'11.11e !t tRnnot Rdulllly be tn.nllauod 

by m cm FOilTRA!'I: eompllns: th• probll'lll 111 th:ot \h,. m:u .. iw ean noqulrn 



"" 
n stack capahl<· of m.<intaininc Loth the curren\ valu<•s of ~'!ICT nnd the 
r<•tlJTn pniniN> <·illwr tn th~ funclion il"·lf or il• callin~ J>F<>~ram. !!owev~r. 

th~ funcLion may lk• •·<>d<·d in PDl'-11 ""'·mbly Jan~~'"!!~ in a simple f"<hion 
by t.~kinc ~dv:mt.a~e uf it. •t:oek tJ<I'chnnism, Assoonin~ thal tlw valu" of N !S 

in RO ami thr voh•e uf N! ;, Lo be l•ft '" ltl, thc fnndion FACT •·ould b.. 
crnled r~<:ur<ively as shuwn in Fig. 4-10. 

1~1 

"' ti[<'' 

"' 
"'' "" "' ns 

" HIT 
•·o. -<~n 

'" f·t. r;oc T 
<SF )+. F'l 
'"C-"UL 

" 

, !S F(\•(<' 
.vH . ~-~-·[ ~ 

, H'\' ~-1 

,(C•n•·t•lt <N-1>' 
.roe~ nún Sl"C"-
• ti\IL T Jl>l\' W<LUH 
·•·rn•FH 

The prob'Tilm o! Fig, 4-10 calls itself r~cursively by executing tke JSR 
PC,FACT inslluction. Each time it doe• so, it plac" both \.he current value 
of N and lhe return address (label RET) in the st.ack. When N ~ O, the RTS 
inslruction causes the retum address to be popped off the st.ack. Sext an N 
vo.lue is plat·..-.:1 in Rl, and • nonr...,ursive cal! is made to the .\lUL subroutine. 

The suhrouline mulliply ().1UL) uses the value of Rl to perform a m"lti· 
plication of Rl by the vo.lue of an in t.> mal number (initially 1), held in ),11J L, 
which represen t. the partí al product. This p"artial product is al so left in R l. 

Upon r~turning from the multiply subroutine, the program next en· 
counters the RTS l;astruction again. Either \he stack cont.ains the retum 
address of the cnUin~ program for FACT, or el se another address-<lal.l. pair of 
words gcnNnted \Jy a rr<:ursive cal! on F ACT. In thc latter case, Rl is again 
londed with an N '"alue that is lo be multiplied by U>e partial product bein1 
hPid loc:>lly in the ).1UL subroutine. and the above process is a¡:ain repeat.ed. 
OtherwisP, the return to !he callin¡: program is perform~d, wi th N~ held in R l. 

ln sorne situations it happens that severa! pro¡:ram ..-p;mcnts or routineo 
are hi¡:hly int.<>ractive. Control is pas.<ed hack and forth betwcen theroutines, 
and each ~oes thro.,~h n period of suspPnsion before brin¡:: rPsume-d. B<>cause 
the routines maint.:IÍn a ~ymm~uic r~l~tionship to each other, t'1ey are ~alled 
coro" line$. 

Bllsically, the coroutine idea is an extension of the subroutine concept. 
The dilrcrcnce bctween them is that a •ubroutine ;, subordinate toa larger 
calling prO~'Tam while the coroutine is not. Consequently, pa~ing control is 
diff~r<·nt for the twoconcepts. 
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w~~n !he callin~ pro~rarn mnk<'s a ,-oll 10 R suhroutine, it su>pcnd5 its~lf 
and tronsf"" control to thP sniJr<>utine. 'lñP suhrouline IS ¡•nl.<•rPd at its 
¡,,.~innin~, Jl!'rfurrns its fundinn, :md l<•rrnina!es hr J'""in~ ~ontrol hnt"k to 
\he ~.tllin~ prograrn, which is tlu•rr•tiJ'<>n r<"sunwd. 

In l'""ing <"OU\rol frum ,,,.. '"""'!inc \o annther,<·x<-.:·ution h<'~ins in 
thP newly activM<·d routinc wht•rp it las! )pf\ of~--not al Uw t•ntrance Lo lh<' 
routine. Th<' tlow of control P"'<P< ba<"k anc! fnrth ht'lw<•t•n t·nroutin<"l, anc! 
pach tinw a coroutine ~ains •nntrol, its cornptlta~;nn:~l JlfO~'r<•" i< a<!vanco·d 
until it J'~sses control on to anotlwr <:orou•.in ~. 

ThP POP-11. w1lh its hordware s:aek fp"turP. can 1,.. ~n,;!r [lro~ramm<'<l 
t.o irnplement a coroutine t<'!,lion<hi¡> IK"tWt•en two inlt•rad'"~ routin<·s. 
L'sing a sp•ciaJ case of lh<' JSR in•truction li.e., JS!l I'C.'·•'('IIil"-]. "hid1 
e~cha~<'< the top ~lcmpnt o! the re~;ster G 1''""''""' s!..wk and lh<• ~onlNlls 
of t~e progmrn ennnt<•r (PC), !he two routi1ws "'"Y he lll'rmiH~d lo >Wnp 
pro¡:ram control and resume Op<'ration whN<· lhcy •to!'P<'d, w!wn rr~nn..c. 
This control •wapping ;, illustrat~d in F'i~. 4-11, 

Rouhn< O 1 ;<O(I<r>hn~. <lllo,·n 
u<rul<<-

JSRPC.~'IR61• 

111 l't'l"f'Url'-·dfoomtf><•l>•' 

•nd '"' sr '"'"'"'""'"'"''~ 
1!1 SP" '"'"''""""""" ""'''" old I'C (o t , I'CII n ,_10«1 

l.l) '""""'" """'"'''''" "" 
'"'"";"" I'Cl (i ... '""""'. ll 

Rout•n< • l """'"'""'· >1 lh"" 

""""" 
JSR PC. "'1~•1 • 

W>Lh "" t"ult ,,_, ['{") '> '"''·"'~·-<1 
loo I'CI oo 1ho 11><1 •nd '""''"'" 
"'"''""'d h"l. <o "'"""' o l. 

SI' -· ··-

' e> 
..... , ' . 

The power of a coroutine stn•cture is to be found in rnodcrn O['>cratong 
sysl.f'rns, a topic berond the scope of this book. l!owew•r, in C'h~piPr G it is 
poosible to drmon<lrate the u•~ of coroutinc• f<>r th<· ,rouhlr bufferin¡: nf !/0 
while ov<·rlappio~ computation, 'rlw exnmplt• P'''"'"l.ed in thnt chnpter \S 

eleganl in its seemin¡: simptieity, and yet il rcpre>'-'nl> onp of t~e mmt bMic 
1{0 operations to be p<'rformed in most oppralin~ •Y~I'-'"'"· 
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Para efectuar una funci6n de entrada salida, el progr!. 

mador debe especificar donde se encuentran loa datos, de donde \rÍe

neo o van y como el dispositivo de entrada aalida debe ser manejado. 

A esto se le denomina programaci6n de entrada salida. 

Dependiendo de la función de entrada sahda "" puede 

requerir que el procesador e apere ha ata ·que la íund5n de I/0 sea -

completada o por otro lado el procesador puede continuar ejecutan· 

do tareas simult:í.neamenh con la ejeéuct6n de la función de !/O. 

El poder programar una computadora para realizar cá.! 

culos es de poca aplicaci6n si no hubiera manera de obt~ner result!_ 

dos de la máquina.' De la misma manera 1e hace ne<:esario proveer 

a la computadora con informaci6o a ser procesada. Por lo tanto, el 

programador deberá contar con medios para transferir información 

entre la computadora y los dispositivos periféricos que permiten -

cargar datos de entrada y obtener los de salida, 

Para la familia PDP 11, la programación de los peri

féricos es extremadamente simple, ya que una instrucción especial 

para la entrada salida es innecesaria. La arquitectura de la máqui

na permite direccionar loa registros de estado y datos de los perü! 
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ricos de manera directa como localidades d., momoria. Por lo tan 

to, las operaciones en dichos registros como es la transferencia 

de tnformactón a o de ellos as( como la manipulación de datos den· 

. . . 
tro de ellos es llevada a cabo c'on instn;ccio~es noi-males de refe-

reacia a memoria. 

El uso de todas las instrucciones de :rO.ferencia a me 

mor1a en los registros de los 'periféricos incrementa gradualmente 

la flexibilidad de la programación de entrada salida. Todos los re-

gis tras de perif6ricos pueden ser tratados como acumuladores. 

Actualmente en la PDP-11, las direcciones corres-

pendientes a las 4.k palabras superiores, están reservadas para • 

los registros internos del procesador y para registros externos de 

entrada salida. por lo tanto, en caso de tratarse de una máquina ch1 . . -
ca, la memoria se verá limitada a 28 k palabrao de memorla fr~:lica 

y 4 k de localidades reservadas para los registros del pro.,esador y 

diapositivas de entrada salida. En caso de "ontar con "Memory 

Management" lo que provee btts extra de direccionamiento len el 

caso de la PDP 11/40 tendremos una capacidad total de 124 k pala-

bras de me mona Hsica aparte de loa 4 k del área de registros an-

tes mencionada. 

Todos los disposttívoa periféricos son especificados 

por un juego de registros que son direccionados como memoria y 
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manipulados con la flexibilidad de un acumulador. Para cada diapo-

sitivo hay Z tipos de registros asociados: 

1. Registros de control y estado 

2, ~egistros de Datos 
•• •¡ 

Cada periférico puede constar de uno o más registros 

de control y estado (CSR) que contienen toda la tníorrnad6n nece1a.· 

ria para comunicarse con dicho dispositivo. 

El unibus ea una vfa común que interconecta el pro-

cesa.dor, memoria y periféricos. Debido a la arquitectura de la má 

quina s6lo puede haber wt dispositivo controlandO el unibus en cual-

quter tiempo. A este dispositivo se le denomina Master. Loa 

dispollitivos pueden solicitar ser Masters, ya aea haciendo una solici 

tud de BUs o una solicitud de no procesador a la. lógica de arbitraje de 

prtorida.desdel proce .. ador. 

La solicitud es atendida si es la de mayor prioridad. 

El nuevo master asume el control del bus cuando el actual master -

libera el control del bus. El nuevo maestro puede solicitar que el 

procesador atienda el periférico o puede Lniciar una transferenc•a -

<le dato8 sin intervenci6n del procesador. 

Las interfases en la PDP-ll pueden clalllíicarse en 

3 tipos: 
' 
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1. Slave (esclava) - Esta interfaBe no eat' prevista 

para ser Master. Ella s&lamente puede tranderir datos a o desde 

el unibus por comando de un dispositivo Maestro. 

Z. tnterrupt (interruptor) - Esta interfase tiene la ha 

bilidad de ~anar el control del bus en el orden de da%' al procesador 

la direedón de la subrutina, lo cual es uu.da para atender la aoli

citud del periférico, 

DMA, Esta interíue tiene la lulbdidad de ganar el 

control del bus de manera de transferir información entre ella y al 

gún otro periférico. 

Un sola Lllterbse puede emplear los 3 tipos antertor-

ren. 

. ·. 
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DL 11 

La. interfase para Hnea asfncrona DL ll es una inter 

fase para comunicaciones designada para convertir datos de serie a 

paralelo. La interfase cuenta con 2 unidades independientes, (receE. 

tor y transm1sor), capaces de establecer comun<cacl6n simultánea 

en ambos sentidos. 

La interfase DLll lleva a cabo básicamente 2. opera-

e iones: recepci6n y tra.nsmici6n de datos asíncronos. Cuando reci-

be datos, la interfase convierte un cara.cter serie asfncrono prove--

niente de un dispositivo externo en un caracter en paralelo requerido 

para una transferencia al unibus. Este caracter puede ser mandado 

• por el bus a la memoria, o un registro en el procesador a algún otro 

dispositivo. Cuando se transmiten datos en paralelo desde el bua son 

convertidos a serie para su transmis16n a un dispositivo externo, 

Deb1do a que las 2 unidades son independientes, es pos1ble estable-

cer comunicaci6n de manera simultánea en ambos s<lntidoa. El re 

ceptor y el transmisor operan por medio de 2 registros: el regia-

tro de control y estado, para comando y monitor e o de funciones y-

el buffer do datos para guardar los datos antes de transferirlos al 

bus o a un dispositivo externo. 
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Dcscripci6n DL!l Teletype Control 

Transmiai6n 

Cuando el C:Ubua direcciona ellhíbus, la interfase DL 11 

decodifica la duecci6n para determinar si el teletipo es el diapositi· 

vo externo selecdonado y si es el seleccionado qué función debe deaem 

pei'lar, entrada o salida. Si por ejemplo el teletipo ha sido selecciona

do para aceptar informa.ci6n a impdmir, datos en paralelo provenien

tes del unibus son cargados en el buffer de transmici6n del D 11. En 

este pUnto la bandera de XMtT RDY baja debido a que la 16glca del -

transmisor ha sido activado (la bandera vuelve a estar baja una 11-ac

ción de bit despulis si el transmisol" no se encuentra activo en ese 

momento~ La interfase genera el bit de arranqu" y transmite bit por 

bit en serie al teletipo, de nuevo pone la bandera XMIT RDY (tan 

pronto como el registro de buffer se encuentra vado aún cuando el 

registro de corrimiento a e encuentre activo. Después transmite * 

el número requerido de bits de STOP. 

Recepci6n 

La secci6n de receptar la longitud del caracter es S!;. 

leccionable por medio de un selector. El caracter recibido aparece 

justificado a la derecho en el registro buffer recepci6n ehminando * 

los btts de arranque y paro. 

·-
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El cara.cter completo es formado en el UART y e~ -

transferido al registro buffer de recepción (RBUF) en el momento en 

que el centro del primer bit es muestreado. En ese momento el bit 

de recepción efectúa el registro de entrada y control es prendido si 

el bit de Interrupt Enable ae encontraba prendido se genera una sel'lal 

de solicitud de interrup<:lón. Los bito no usados son llenadoa con ce 

ros y los bits IZ-15 contienen información acerca del caracter Inte

grado por el UART. Notece que el programa tlene un caracter com 

pleto de tiempo para retirar el caracter completo del buffer de da-

tos antes de que el nuevo cara.cter sea colocado en el registro de re 

cepción por el UART. En el caso de que el programa falle en leer 

este caracter anterior, se pierde y el bit de exce8o y error BOn pren 

didos (bit 14-15) en el registro buffer de recepci&n. En el ca8o de 

que no 8e presente normabnente el bit de paro el UART presenta lo 

que supuestamente recibí&, más el bit error 13yl5 prendido11. 

Programaci6n 

La interfase entre el programa corriendo en el proc~ 

sador PDP-11 y el DL-ll se lleva a cabo mediante 4 registros. Es

toa son registroa de estado de recepción (RCSR); Z) registro buffer 

de recepciiin (RBUF); 3) registro buffer de estado de tranamición 

(XCSR); y 4) Registro buffer de transmisión (XBUF). La función d10 

cada uno de estos bits se da a continuación. 



CR- 11 

La lectora de tarjetas CR-11, lee tarjetas perfora

das de 80 columnas. La lectora está dise!'lada para loor secuenctal 

mente, los datos en 80 columnas empezando con la columna l. Ca 

da coluJn11a tiene lZ ,.;onas o renglones, nna perforación es inter

pretada como un uno binario y la ausencia de perforación como 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 computad!' 

Modo Comprimido.- Las lZ zonas de la tarjeta son 

codificadas en un byte (Sbita), permitiendo un almacenamiento más 

eficiente de la información. 

Modo no comprimido.- Un bit es empleado para prc 

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

gilltros de datos. Uno de los cuales presenta los datos no eomprimi 

dos y la otra comprimidos. La selección de formatos se lleva a ca 

bo seleccionando el registro apropiado. Los datos en ambas formas 

se encuentran siempre presentes. A continuación se presenta la es-

tructura de d1chos registros. 
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RJP~ 

El RJP~ es un subsistema de disco dn cabeza m6-

v1l el cual consiste en un controlador RH 11 y do: uno a ocho d:rlvers 

de disco RP~. 

El Unibua provee la interfase entre el procesador la 

memoria, y el controlador RH 11. 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 corno un puerto de control y el segundo como un puerto de 

datos. 

Los datos pueden ser transferidos a través de ambos 

registros. Para operaci6n normal con memoria conectada a Unibus 

A como se muestril. en la íigura 1 s6la.mente es usado el puerto de -

control, el puerto de datos no se u8a. 

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 

registro compartido que "s parcialmente compartido en el RH 11 y 

en el Orive seleccionado. 

La Hnea de DMA funcionalmente consiste en una me-

maria FIFO de 66 palabras por 18 bits y su lógica <le controL 

La función prtmordial de esta memorta, que de aquí 

en adelante llamaremos SILO es el de buffer de datos para campe~ 

sar fluctuaciones de retardo en el Unibus al solicttar el DMA. 

Cuando una instrucci6n en la PDP 11 direcciona el -

RH ll para leer o escribir cualquier registro en el RH ll o en algún 

Orive, se in<cia un ciclo de Unibus y los datos son dirigidos al o de 

el RH 11. Si el registro a ser direccionado es local (se encuentra 

en el RH 11), la 16gica de control de registros permite el acceso al 

registro apropiado. Si el reg<stro direccionado es remoto (contenl_ 

do en uno de los drives, la 16gica de control de los registros inicia 

un ciclo de control de Massbus, El acceso a los registros en el -

Orive por medio de la 16gica de control del bus no interflere con la 

transferencia DMA la que puede llevarse a cabo simultáneamente. 

Los registros locales del RH ll especifican parámetros tales como 

dirección del Bus y contador de palabras, mientras que los reg<s-

tras del Orive especifican parámetros corno dirccci6n deseada en el 

dtco, tnformación de estado, etc. 

. ' ... 
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La línea de datos de DMA funcionalmente consiste en 

el Bus de datos Massbus, la. memoria S!LO y la lógica de NPR del -

Unibus. 

La figura Z presenta un diagrama de bloqueB simpli~ 

cado de la Hnea de DMA con un sólo Unibus. 

Los 3 comando de transferencia de datos que pueden 

ser llevados a cabo por el RH ll son escritura, lectura y checado de 

eBcritura. 

Antes que cualquiera de estas operaciones ocurra, el 

progra!Tia especifica una dirección en memoria (MA), un!' direcc<Ón 

de cilindro (CA). una dirección deseada de sector y pi ata (DA) y el 

número de palabras, La dirección de Memoria representa la locaH

dad de memoria donde •e iniciara la lectura o escritura. La direc

ción de cilindro deseada u la posición en la que la cabeza deberli. -

postcionarse. 

El sector y pista deseado representa la dirección de 

inicio en la superficie del disco donde los datos serán escrttos o -

leldos. 

El número de palabras a ser transferidas a o del die 

co, 



... 
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(ll Subo troto rotot1on: tur:o oubotroto 
rotot1oo wotor oa ond off n pro· 
olotor-..lood poiou la t~o qtlo.- n~od 
opood (_....._117 varl.oblo Y1o cootrol 
oot pr<>vidod), 

-~ ,'1 ' . ~ . 
' ' 

~· . 
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. ' 
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- uh..S. PTvottolono lo< rooot ot>4 other UD• 
truh ..,uld IHI provtdod, h..-Yu, fn ,... 'llloB 
-..u ll>U,.....,Uom lo folt QOCOO .. I'J. 

"""t &dvont•c• 
neu011 do-ltioa 

of o n.aber 

""dul .. '" 
l'loo d!O!f<"" 

u.t "Nrotd t.ho rel.-
Tha ooot ..., ..... 

-ulor opprca<h vtll 

' to e""'p~to~'~'¡'"¡';,;_~~~~~~~~~~¡¡::;. 
1

:0"pYopr1oto lntorhco circuito. Tho ,,.., ....... 
.t J, ~ point ot >ol>iclJ tbo coot o( «*¡>u ter ...,tam.nlon 
íf"''~ • dro~ bdow Chot of tbo -dulu oontroll•r 
. ,•··" •Pl'rcacb occun ""-•n <mly o tolotively ~-

/.;o"' ; opu.nio<ls ou to h """'"at~d. !lodul .. - eom-
' • •. 1 tr<>lhn uo ""' kn<>'m to IHt avoJlablo ot 

· ~,. · prue~t for • .,.._.. of th foe:=• l~c!<:<!~ ll!tM.,. ¡- . ' . 'r,-~- tl:to •=!'• of tho ou<=><ic n~- d•!><'dtion 
¡ puco .. cootrollet ducrU.od honiD. 

" ; ,. 
"' ,,. ) 
·) 

llUATtvl -

~!lATIYI OtGilU 
o• OUTCIIoUITID" 

' ' . 

tilo ca.putor ..,,"""'-td c01:1trollor oLio 
reoulto 111 o Qucl>cr Gt per!O"'""'-U or op .. a
Uoaal odY""'"I'""' 

'" 

'" 

'" 

,., 

7 

Ul of tl>uo uo ultl.a.aul7 ntlocte4 ta 
o=-1<: adY&nto¡u of autoiYI,I<: .._,.._, COI!t«>l 
of ,...,,.,. d.opoaltl.oll. procuo. 

... ~ ..... 
to~hnteUly foulblo 

oconaaiuHr ottro~t!vo, Autoaot..S contnl 
o 11u=bu o! opuotio,.d uv-to¡u "'"' 

prouatl7 """d o....to"t""'"tle control ..,,~odo, 
....,, ..t Wlch ou ..J.tl.utoly tdloctoK u a.Ui
dODal ocon-1~ odvuto$n. Boa~• te -1 bo 
._ood thot coa¡>utu out-.otloo ot tilo COI!ttol 
ot "'"'"""' dopOo1tloo p«>c&uoo \1111 ocl>l*"' ....,... 
1.q t"""tta.oco lo tilo our futuro. 



Batch Control with a Minicomputer 

FOR PnOCESS 

H~rt!w~te {~r th<! mini 

R. YOUNG, Emcry lndu•ITies, lnc . .and 
D. E. SVOBODA, Jacl.:son As....W.t.-. 

Al E'mery lndu>lrie<, a minie cm ~~~e• < """~', t>::•<" 
prod..c:tion of ~h~miccls, ' "'"' •.;: •. ,... 
reoclions cf fctty a;l,;lo wirh ·'• · -~, 

"' 

,_ 1 ¡ 

. '"'"!"·''' ""''"''" ¡_.,¡,¡, t!-.• «mtrnl proi!Tom 
.on<l tln• !""""''"" "'""'''••l "''h r>eh r,JuN 
¡¡ .. ,1 "¡il :.- "'"'"""''""¡_ ¡;,,. m~~"rl~ll"""-'0" 
m<.,.,",_,.,,.,,~· i"•' 1~-f.,• "Mtll. ac.~ ~;s ~ 
Lfi.-mk:""'"""l "d• ,,.,, .. _ - . 

Com¡><>l<f 1 o'~":''·'"' <ou•nt of 1~-in¡>oot ar<l 
l2-oo1tp.>l d.t~ ¡,,., • l)ol~ <>n b. ,..],-,;r,¿ ~nd 
pJ.,-..~1 "" thr '""i~•l ¡.,,., '" ><••·¡~-.:! ¡,..,.,. thr 
m•out ¡,,.,., "' •t·r•":,,.,,. tomM. "...:er e<>ntrcl ~~ 

rh~ !"""~'-'"' ¡,. .•. :,i.tw •. "' •ddrr" hot·• >;~_,,~d 
h•· ¡¡.,. , "' ,,_,¡ 1 --~-< !a '"'•'• '"1'"' <>r cutput <hl> 
t~ cr frorn nlo'""! '"1"'1"""'"1 '"oh ~• ront~CI· 
d..,,,... "'""'" ->r.•l 1) _, ,nn•o·tt<·"- CAntrol l.n~• 
thor •·an ¡. .. 1'''~"~1 nr "''"-d b~· t!t~ f'-'~:-:lm 

1 
'
''' ,.,,,. __ .¡ to,~c "''h ,¡,e cvntroi ·~ ,,. """'"" ··-

pru¡:ram-

C.>nlo~t·dO•"'" ;"~''" ..,~ .u•~n<~:••d and ~ddtess.e-d 
-n ~""'!" .. .' :~ •: .. u '""' •pr,nd_ ro ti;.>. 12:<Jutout 
<]_,1; Ji,.,, ,., ,.,,. '""';''·''"'· OC >npul e:teu>to con
"'' 01 ¡¡C ~:,,-n ''' r.,;.~ "''' c<>nt~<t·hounc• n~i~) 
lolk."'<-.1 ":· .,..;,,,,, lt•::.:!<"" (tn ~nHrt ir.puts 
ro !.>tic 1~"-h .H.: inJ"''' p~ss thnm')"h ;,,¡a. 
!i<>n tr>n•fn,_,,.,_ •·d <!o«<'~• for ~!l\"H>Í•'" ~ d~. 
C.•~l-let .:.,, . ., .. ,-~'"' >nolnd~ •i;oah lmr.1 the 
"""'"""''"' ;•••, :, •'1''-<-ll<>r pt~shiluttono. valv~. 
!"""'''" ;,,..., ,,...,.,;,,.,, ,,,.¡ l~•d det~cton. 
Conto<t·d"'"'~ "'''l'''' h•;d\\',11'\' con•ist> f:lOot!~ d 
,.,f:d··•~r< e!,-._,,..,'""" lnt ac uutput ond tron•l<· 
:or '" ::. 'k• ;.,, t!' U'>';>Ut. .-\ f, .v ruiJys. d:tl~a 

" .. ·:-'-'· 1·•; l'•m. 
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by transUton, ue used where continulty lt desir
•ble in ""'~ of a logic pnw..-r supply bilure. The 
cont.act-dosure outputJ are aho arran¡;.-.:1 in groups 
of 12. 

Each ronlaN-dosum output h3s a 1torage llip
Hop which recdve• and hnld• the dato. from one o! 
the output lincs. Croup5 of cont~ct-dosure nutput> 
are selected tn ~ive dota by codt< provid~d on 
tbe siz addreu l!n,... The outputJ include <i&fll.l• 
ro the annunciator panel. m<>tor start/stop oignab, 
and s!gnals to so!enoid-opcrated pilo! valve1 that 
supply air to the pru<:e" valve•. 

•• - «>nnr<Ns 
Royl~n~ter "' 7-<lll:m"'l MOA? 

~ • 

L'IO~ O';!¡:ooi. 

~~ .... .. 
. 

'" 

. --· ' •• -4-. . . 

. Tbe otaU alarm con•i•t of rwa IO.milllseoond timen 
that can be n">el by the prngnun. Tbc timeo murt 
be rnet so that at leas! on.e 1< .olways running. 
otMJWi<e, an alann signa! ;, produc:ed. lf a pm
gram em>r or hnrdware malfunction alte,.. th~ 
nonnal s.-qu~n<'<' of rh~ program, th~ timer< .. _-!!! 
not be rescr olten eoough. !Mreby actuatlng a sta:! 
alann. 

The tdetypo:writer and dock are u>t<i in a oonven· 
honal manner for event lo¡;gins. Time in houn, 
minute<. and seoonds c~n be read from thc dock 
and printed by the teletypewriter with a typico.! 
meo:sage: 08:16:57 TIIERMI:>;OL FROM ESTERI· 
FIER LOW FLOW, 

Softwue for the mini 
The oornputer prosrarnrning, or .oftwan:, regulate• 
the operation of a oompur.,r.oontrolled proeess. ~nd 
const!tutes a majar p:trt of the de;lign and dc,e!op. 
ment effort of such a <)>tem. Sorne o! th" general 
tasb fnr Emcty Industrie .. computer can be men• 
tioncd: they are typical for a control computer th11t 
;, ~pplied lo a b.1tch proce<S. 

D.-pending on thc pnxluct's r«]UI,..,ment.s. tM 
soft"'.>re "''1"''"'-"' thc \'ah e•. prov>dn timing. and 
mono!o" the •tatus funct>ons that detenniM when 
<lep$ •hould be tüen. Th" compu!er chech ,;. 
variohlc nnd 14 logtcal (¡·e• or no) "endpoint.s: any 
,·ombi,ation ol "hi<·h ran control the dur,¡tion of a 
slcp or the branching t<> one el •ev•ral possible 
ne.r •t~p1. Compu!cr sol!'"'"~ ffi"-'1 also ~hrck a 
total of SO tem(>l'ratures. manu~l val•e po1itiono, 
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1 

1 
1 

i 

. ·- . 
' and other ttatu• •ign~l_, th~t show the .<v~tom ;, 

· :>pemting n<>trnally. Criti~al 5!3!u.< crron ~an stop 
tt>e chemlcal P•""~"-

The annundation functio;>n of the ..,ftwarc pub 
out me•<age• /<>u the teldypewriter) «>n-

s:ahu indiaoton and p.-ogn.m 9ow. 
function dd~t< and annunciates 

;:;n~~?f~~:;;:·, 

' 

a program 
~~nce and dufll• 

gnoatly short-

··,e:: proceu system """ happen 
during the bat<:h p~ A 

rwo p.-ogfllm •talnn.,nts, a valv,._ 
change •ubroutine .,n fo!lowed by an encoded 
eombinatlon. The valw-~h•ng~ •ubroutine decode• 
the combination, scle<:t5 th~ valves to bo opened 
or drued, and produres a •·al"e..;hange m"l:•age 
which geto printed by the annunciator mbp.-ogram. 
Flnally, thc p.-oper ,-.h·et are actuated by the up
date 50lbprogram which doeJ all [/0 functlom. 

Tlme-sharlng b another familiar too! that has been 
applied In thls Jystem, SimultaneO<l> o! 
functions tuch :u 
detectíng. endpoint 

- .tatemcnt to bP 
time •lot) are <aved by the 
on to the n~xt tlot. and on to the lSth. 

At th.! llar! of the corre<ponding time slot dur· 
lng the <>e:<! '< second pan. the aecumulator ;, 
restored br the eucuthe and the program proc...-ds 
11 if the interruption had not taken place. 

An executlve "forl: control• tubroutine {an un· 

"' 

conditionol jump) P<'trni" prro.:ramming '" ont· Jlot 
lO alter thc flow o! that in ~rouoh,•r ,Jot P~r.omoler 
.-alue< in onc time slot ran be read or mod<fi~d 
from another slot. 

Tloe ddc looP1 go into a •in~!e rime •lo!. Th~ 
loopSare the digital-comruon "'1 0 ¡_.¡.,,, a[ a11.1log 
control loops th.tt o¡><•rao,- uh·s. Fi,.., ul.rs ron· 
trol nine procx•" '"ri.•hlr•. Eoch loop¡,,. <otpoint 
input• from tho main prn~rdm Jnd proeess vari
able inpun frorn thc u¡><btt• prngram. The «>ntrol 
algorithm """"bies th.tt ,¡ a roormal a11.1fog loop, 
"'""P' that •ummation f<'pla<-co analog intergn.tion 
and digital dolf,·rt·nltJ!ion r•·pb<"C< onalog. 

A "!une·up" controlpand ¡><-mut• rapid Optionlza. 
tion of ,-aoiou• "'"''""" fur ,¡., . .,. foops. Consider· 
ing the <-omputer •P<"ed and the time eonstants 
of thU applintoon, '"" ddc rontrol i• indistingunb. 
~hle from ~nalog control but it 1s much easier to 
tune and modtf)·. 

In Emery lnduurirs' •yotem, e'ety phase of reol
time computor "'"'S" U repreJcnted-from simple 
alarm-pomt mon•toring to unatlended di=t digital 
<ontro! wnh ,df-cheüing (.,atur••- The system ha• 
heen designcd ><> thot the operator can interact 
with the <-ontrol !)>Iom to ..!tor >etpoint• \f ne<:es
,.ry. or adju5t thc rontrol sy5tem to handle process 
up!-d> m:u,ually if tite ne.-d arisc>. 

Sorne of the software concept• borrowed from 
computer tÍill<'·<haring technology (whi~h permit 
m•n)' oubrou~ne< lo he acti\'ated >imultaneou>ly), 
eontnbutc'C! tu thc Jl~•ibiltty of the system. This 
organizatiun po:trnots a new h\ain program !O -be 
"'ri!lon for an entirdy n.-w produ~t wtth a mirú
mum of elfort, inasmut·h .._, the main programo eon
sist priman!y of a ><'<¡uencc of colh lo the various 
utilitv subroutinro, along '-'ilh tl•tir requu.,.j end· 
¡>Cinto and ><!pamts. 

Dr. llobort Youn~ ¡, O.r«to: of Eni•n .. rUol ao .r.....-,. 
!<><l~or...._ In<, C"'<•.,.n. Ohor. Dr. O.:tn E. S.-cboda 
,. a conrul.,f w01h /occk.on A<_,., .. _ Columb.._., Ohl<>. 
"-"id< lo b.u.d M P•P"r pr<,.ni«Í at ti-• f'.onf<l<n<O on 
Solld-Sto!e De•"'" fot !ndu>ln>l ,\ppf"""'""~ •von"'red 
by IEEE .-,¡h !S.\ •• • coop<1'>'"'8 -«ty, Cl<-.l•nd. !Gro. 

lu 
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Part 5 
Process Control Applications 

lncluding Direct Control, 
Supervisory Control, 

and Advanced Control 

lntroductory Commcnts 

Autom~tion in the PfOce'll Industries hao beon undor way for manv VU". The •ariotv of 
~icotion• io tdtnoive. 5orl; ,,, o ''"·K'"W""rlor¡opo-UIO tool-po.ot .. ..., 
inrpiC!ihEiil ¡¡;a¡¡¡ appHcvlio " no a .;..glo-,._.,t Tt>o tmont of •b• ro!nlcomP"Uer h" pco·i<IO<I 

o 'tootoatll•, •. a.ol!lf, ''" <lodo<ation.nU.a¡igirnom~!A>J<.«,...al.;noot,..o...,...¡o. 
nym>r• e' "'Ued to>N r. Thio op¡>."'OC:h to aYI.,.,..tioo h"' be<n urmed "ioloo rl r' OHI,....tian" 
N OQptTed '<> < ·!! • "•llgn!od "!lcm•lhn '•""'""" Thio ........ ol COU'", o.an ol,.rnotf 
•t ol ¡>roblems, i¡¡,toroo"'l" • =<M......,..,<>n, oince various mini<;<>mputer applicationo will 
bol roquirod to ¡haro inlmmatrcn concrrnod with r'ftQurces, orden, etc. 

Tho pope" (n !Mio P.,rt ditscnbe tho variouo control applic•tio"" thor an~ in indumilt 
procn...._ ~V aro .. loctod in or<:le< (Q dlustrolllho v o<oety el p<oblomo. tko .. rilit< ot contro~ 
ttworv, ond technaloVY 11\at tan b! aPI'Iied, ond t~o pmbtorns of imp+omontmg wth <Y>:tm., 
Tht lim P'P"' by P 1 1!· •~"• ~."cribo·· 'e deall~o:K1Ppr;t:olr6i\f ;h i rv~~rftor:Jb 
t:¡;•n• ,.,bjch P•C•~-<>iwJao..a.¡¡rqt_•....,~ot c!itt<,....,....,.,.,..,, tloeo "' te be I'!"PProd. 
Tho or~nization of such 1 eomplex C;>¡"IUOI oyltom is important. for ;¡ n10y m .. n l~e <lifforonot 
b<twoon IUCC<il lnd fa'I\Jrt in any opedlio inotoneo. ~-...,...¡>...,.,_.,, 

"''"' ntod &ilt! 1 1\IW "ttlllto ora tllli'''"'- . ....,..-~.u;d...in.""""-l.<l.~~il!~..oúfu;¡i•o ...... 
TJo,o oowo•:J·¡:a~·~"t:-i..~o;bH.cont<<t0-6t-1,_.¡_,."'--;-.,~eet 

~-¡.., "-ti<lnsaf \111 tO.IIWf'Oi"lt'l\1 d~ .. "' t 0 lipY!iie nloti,...,.¡~ ............ 

pl.oo>t. Of im;>o•tana- ~_,,. i .. ls'w -.,,.., 60. Di di, o,e oto •-.n.-oo' o ""'" r ·., 
tl;oo; u • .,,.;...,11 i; pol0\1 trrJlll>t.'lhv. 1 n p.micular, 1M d .. i!l" ol 1~0 l;>!llitat;on mu" UO.q 

inlo lOCO~nt t~k~~l"'r"mi"''· ti o o eol'ed·><IPI 1 ,. .. ;.,.,. .,¡,...........,...,. 
---~~lttn--t>erwH~ 1:0m¡nrter """1:t'll-...7 "'"'mol eo...-trn• ..,.; omic-t> '"'~ ~'""r the 
o"""""'•o;o:, _,, :~ .. diooct <lig•tol eon:rol ¡-,-,:om, Thi< poper o. oc illumo:., :be '"''"V ol;nput! 
ootpur dO'Jice• throo~h wh;ch • minic,mp..t•r muot eommuni<•!! with humon O.•r>g• or.d thl 
po-O(<,.. T~<lpoper, ~V~- H, Gautl<r, M. A. Hu•toot, •~~ E. A. E. ll•c". ~=...lóo~• 



oiOii 01 COiii;Jól!i lbntrol, >lo¡ ouno tlo; O<¡¡tlitlotO tl4t liis b :o §ohoeil Fou¡¡¡ C<hiliOh 
i~d jp py•rJbi.J:Iy crm•g1 o'""' 
lwci'M!CI •od •pftw1re prqbl•m' '" +toil. 

• ;·, " "f te oc o hU' icot' s 

Tto 1 1 o • P"JX<> loo" ,. ·=·!lo· 11' • • 'M!<rl • *ms. li 8 9 tr ~-= "" ,,.., 
.. p ,._. n • .. , '· ·n ~ ... ·, tl>oo o do~ ouod epplototlcii su(!¡ oo this oUII ,eqol•n o 

,.U.• "cmpkla bar-[s.ot""'""' oer.,ol tloooo¡ """'" tt>-o'rlclco 01 oQ*ti•e. That il, "' 

torhpjq ' 1N detormjnjng OfP'"'''"'o!p p¡•¡tp0\0 "-<If 
CQQtm!ler O"'mOie,.......• """' ¡ ;od\ ti 

" ,. ...... ,,...;., 
lq ¡ "'""''· 

'"o oclt IR '"' eeoololl¡ <O•hldeoed ti u d .. .,._ -
•ho .... ~ doig ol ¡¡, wuUO..g 

eo ""''"' RJIIW01'1. This, coupled with 
<ll!<IM!OL&~ oppl c:t' e o o oU 

1 """· Tt ¡ '··: r 1' • "" e p Pné' .,..,.,,, .. ••· ,., eJ._,_.., &Off i o: i :ica puoo s. Hhioh 
mron !w •mramica'W..PI'I o~ ·,~""'a dig'!al ..._.cer. Th" io in cene ron te mony appjic• 
tiens whore tho e<>mpUtcr dupllooln the lunction of an onalo>g controi ovstom bu! c•rhaps ot 

12 

. ;; i' lower toSt- T' ••g' ·O. o Q¡lw .,_ •1c#J'ioo 't\"0.•,1, fh• por# '"""be 1(1\•od r! o' 

!mrl 

' ,, 1 1 iltilt el th"t p1·• ', " -TI"""" •hor '"", ,;,,, ~· ,,, •. ,.,MG th&t CBJI bo 1 r ;fJ" 
o te<l hldi o¡¡j¡ •ieou•p,,-.ic.-W P<""'" """'""..,'o is ¡;¡¡,;leó ""l>r1IT"""";,g;..• · ! 11 ' .. 

-. Hcw .. er, -•m• ' ,..,,..,,.,,'"''" o '"'"'"nd a oall=• ol o gl s¡;N¡¡if 11101ys1S o: ""j 
~· <0<1' • ;nts. ''*"Pi" ,.._LLi··-nu, opwato· ·m riaMien, hod r •-• ocll· 
v..:•·• wd •h• •"·on; , ... ,...,...,.~ocien. 
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RAY:V!OJI:D ,!, ~IOULY, BE>;IOR >IUBER, IEU 

·-~ """'p llid=¡ li ¡¡i&=t..S. Tbo <e<1tnl 
•!Po óq¡'" tilo tochnl:¡ o :• o4l Olch t!ti P•ottooolold d ;; 
'h f.o' ~; 1010hd04 pf hd b¡ 1!10 ~~ f p 'or 10 

•• m· e i' , ... • ' lduotry. 

' •• 
0111 el ¡ J "'"' o."""' io 1 ' d oo e FJllmldo:l, ftlumhi:ol 

'" coo.a l ¡ pOitr~owocl; onmpleo ollheorotiodl¡ or o:rpori
m..,lall¡ deT<Olo~N modolo &ro V...,. 
d , a m2¡m u"'.rto ''"":o a J • ...,,;,.m··¡· 
lomot'·c e "'"'"'',. ooaá,;..,• of _..., 

~~~IDOEkAb<kl &IIW&ik· 1~~~~~~:¡~;:,¡¡~~¡¡~~:¡;;;:~~~~~~ 
' t&J¡kllltctol>ool ¡ l ·w·m ¡·rn<r'od•m"""' .. S1 Pnl:''l4om rnmrmcwb,· _11' Hitl!ld.'··" 

A rnoxlem definiti<>n 121 re-...U"" follows:" 
• • t ' '· ..... ..,u ri : ,¡ i¡¡lttml!lii dttmm.• that optiSI€ '"a~ 

., · oomw 101-.!-" Sy8\CrM eogineeúng is the art ot the teci>• 
nique of building sy•tern:<. This, in it,.l[, wou\d nol ¡,.a 
new &etivlty were it not fur 1 foolats 01 hidt!!t!l!rltiln'!'l'•e 

I. bTRODIICTIOX ' ,, . . -
N'~~ ~=G:; :~ .. N: ~: ·.:::r ~.:' ~::: :::. 7'a~ Í' !'pt''i '· = eonY-.L ..... al , 

~l~ rewlottion. The ru~Jw.ni""l a~ bo.d begun, chAra.cteri•cd 
ü;".-1 by, in the ..-onh of Ho' '''"" [\], "'h • k · oi ·,.., 

:;., mep'a!ÍPE é·' j HIE t uueo f ¡.....,¡,;.o ' bP' 'OWf," 
-~!! __ ,. .,..:~ ..... ,~ ... .:. ) 1 ti ... ~i"id 
.... ,. • • ' ·--' - ... 1 . y'' 111'"' ¡>11ts ¡¡¡¡ ruu. liUt ro ooilttta 1St tiltii ;!Kt'r:w:-
•: • , • c_b • o e C-L ~ toon.onatpeoc 3P?'r'op•occssll'!r'aw .... ..,. 

Then '"P'c·'•""i'M"' díng.Wearo~vill.llintluo 
~ -~1 "e .. e' ia age." The inf ar ioo ro..,[ution the pr<>COSII uf 

-·, 1 o/ our titn-¡, taking pl.tloe, foroing "-' to reaha.pe e.nd 1'&:-v otrueture our proce!J51l!l r.nd to ,.., e iltE.<OiUb!$ lfutu 
fNp·nt:d 0 tloii, amt iulotntd coihlol p•aolicea Ni a 
~bi'oi"phy al 11hk:ol1 ic 'lo'MIKUW, SUd SJSUdUdt Wil 

'I'bae otatemenll provide thé background for the lUn'tY 
tb.at fo\low¡¡. h co!Wsu of t.hree n>Ajor ~ · 

II. G!:.'I"ERAL Sxsn>U E.'iO!St&JIISO Co'fcnn 

A. lHfinUio,.. 

What do tbe term:o ""'·r!rm• •p•' ·. . •. ..,o ¡;o¡¡¡¡¡" 

me:LnT There ""' a.lmo>t ,... many deli.nitiou u thore •"' 
writu,. on the !Ubj,"Ct. The oonrept o! >)'Slerrl> ¡, llli.O.n~icnt 
onc.Ao l_tdtitte<c:ttt!l1:!'1<'11mlttiithisqaa 1' ·'-

eot:ineuing. Tlt fit 1 :Uttm is thc lottus~lhe 
·,., tl&ICt uf ínter,.;,. btt "" tlw...,.n_:.~-. 
The ·=url ¡,•leo .. 1 1 • a MKÍt>tttin~~mplin'n!
tag<Mioon. lt ,..,y, that the dtole ¡, <II(Inl th:on the .um o! 
thto parto 

Pc:¡jgpjpg e u··Jcm '9P i·aoof.trstt!l:st;L., _ ._!, .. ;s'!C 
s e,......,_¡,.,...,¡¡¡, Th~re 

a.re hi'O !Widamentt:llly diflereut approt~ehes to the •Y•Iem 
d""ign problem. Tite; aLL, '" <ielimd [;_ At!••m~·flj:-l'he 
d.i "1 l /wo apptosels and tire w cal &! &tanolord-"1"' 

¡ a 
• a¡·•tem .,·bieh 

1 omall 
1 · complic..u:U 

ftlCtltJH) thc dblg¡¡ Oi 5 dtgd ,¡¡¡el Odhtjih.< •J>it.!l i• 
OÓI< h aelti•• rJ • r,,.,, u¡h • br• e •mbj¡"• 1 1' " .. ! • [;• • lj ,~¡_[ 

¡,¡,..,¡,owikt•J ~·· Thu tlin...,t appru~ch !< iikd,1· la 
be used in t~.a .tnioturinr; "r t!Jc whole ')'·'''''"· ll'ht·~·.\; 
the alat>Lvd "Pl'"""h witl be \aken !ur the dc.i¡¡11 of 



varioui 1>1mponent.s. The ~tD.ndnrd npproach hM b,..,n 
e.t..Mivdy uoed by engineo-r.~ for the d""i¡¡n nf mutrol 
lylll<:'ms. 

Tbe manufo.eturing proce..1 is the S}"stem we ..,.., ,,.... 

"'""'ted in. 1 •hall di>eu:<1 it.. natun from ~ "'-'"""'""' ~n-
p¡¡..,ring viewpoint o.nd partioulariy c><Sttúne the role nf 
the informalion netwnrk and ohnw how it r..lnte. to the 
economiCJ> of p!'"O<leS.'! control. 

........ .'ó.'•ooo•oO>,,o<ooo;/;¡P'o•m~O.O"'''''''''vf .. ,{ii''J, /Sf 

1''1!i J•:-n; ;,.'>l~~~i.::l.::.:c:;·,;rbt:\',;:,~ .. :,',",;';:'.!':.: 

' ' " ~ •'" ';>, \ ,. 
.q ·\ 
'~ ' l 

/
¡_ __ -__ ._-_-_-___ \"" ...... "' ~ ·') ~ ,, 

--- h\ 
' 
' 

'14 

-...... 
4~4·-
-~ ... 
~-·4= ... --·-
....... ~ -· ·~· .. __ ,., __ --
---, .. -·" -·---4·--.... _ ... ·-
..... ~- ... ...... -· .. _ 

' !.! 
/.-t1-/ •..._.,d~ry ... ~,be~~..,módal-otruc
V'" .j:· \u"' oh--n h~ .•. """'"•tmg of 1 o lt nut! tlt!HénL.: 
r.' ,p/ rl the p~ fi!OtttlJ &lid tht L~li\!OIIer. T.h liilh dlolo 
(.~·:¡; . fouoe!in-i·-,..,¡f'W¡&I.,...•'-f"-'•~ in<Jr<l~r ........... ;..,¡n 

'"'t> ·~ L.' • b-(_}" j.\ .• 1 1 out "''n IC.•pwlt..,_o,......,.., ftcl.ttnn¡p•pt..,......, 

~ 1 .... ··-' .. ,. . 
~ TI '' bait=•rl tin Íilfoonoation !ltltiOik «it!~ti \he~ 

D!O"Uf.gtni"Í¡¡.jf,P"Wns f......,<>~L~ ~04.4CMp"""i~. "'-i9 •
1
,¡,.1''.9¡· 

·~• •IÍto¡o¡: ·· e wltoch telsi.b t.le O!~e ifY 
t·ri•ls, """-, -y, el, 

.tt> s-""' tnl:otmulj, !t itictzth; r..uu •• Íllh etift~; 
,;r mni 1 fu'"'titm.T-e:m-~idomttn..:l. Al \he el,"' 

findthepr..., o ,,.Ir~.,,-¡' hócio-io 1•1 11..-.iu.,!c
··4 ooalripl~~tml"-..et~...-ll,..-"'lod 
o· 14 11,. ~lml·af pttA<" anit•. R i ,.... ""lrol4 al 
tlooo OCC Hod•i~,...¡,..¡.¡,.._pif!o,.,...fo~~...ti!ia~f 
pmh,.!io<o (,..,ilil.i.oo¡tt.oowe,... ohelr1<ttioitit., M.,,¡ ~dultng, 
iomo hrJ"'~n!ml; oo•l ftmtrol.•llnd-~,g. The man-

.J: n;.:=nt control functíoru ,.¡ ti.~ third leve! i.oeiude the 
{ 1;..- oettiilg uf obj•cti'""" tu be aehieved by the systen> within 

tij
;..<. the COMtr:o.into uf pulicy. 

~· p "1 ; ti" hielltl.ij C: "'" 1 lo,els, we ~= 
oC 1 

¡dcrotif)· a I(Jn.• "· 
n-a.s we 

. mo•·e t~ward the top uf the pyr.unid. 11 can aloo be 
ob..erved lhat, ~hu lo 4 ¡, G/ 

f opulr ,J thceuo¡+ i on 'h.-p+:y.iellt-nrioo~ 
•bR ecanomic , .• ,;.u""i l·o Mn h-~mpun-to 
ip 'b" de6'i no.-m•kin¡¡ ....__lll".,i-ftt....-non.-.. 

Othcr impurtunt elm.....,teri•tic< of thc cm4tral ó)""t"m are 
tlwo &·= ·"II:'¡'*'I&ELLLJ uf dié CJIII!O!!et .t\'1111!4 and tbe 
'•·sm·i··~ -~~4!t"l"'"'""" u 
...,, meo thruu;:h the hiern.n:hy of control fe•·el.<. lt •hould 
abo be poimed uut that e o' 1 ¡ *''""'"ce tlit 1""""1 
Jev,.[ • .., e,.;enti.ooily th<>o!e of a rioiOOO'~•i 'io •- tem, 
,.h.,.,:l!! u (>ne ri e- tb .... ~loo-lh..-hiomm:hy, the uatur~ of 
the problen¡,. L>ec.,me• "'"'"'4"4 ·u 1'r .;>l'~<tic. 

Thj,., hi.-fl•n:hic~l control "nwture c·4n be ide,tifi•d in 
mo•t iro<.l:l<lriai proc........., .,¡¡h,ugh not :o.iway• in o •Y"" 
kon:uic fnrm. We finoltlu.t n~~ohin ...... •uch ""' Mntn¡lleno, 
~um¡i,:¡ M:otrul $)"ite""', etc.. are o::.rryin¡; nUI autu
rnnti~lly IUme ,¡ the oJntrol iunotio•~• al the low""t lovel 
uf cuntrol. 1 
'"'111 l ,J;_IJ.!-0-.~ l.ao:owo.. ~'!' 1 

""''-~~"'""'""j"j-004M[ m~M."N). ,\11 ""o· u o m 
W lloo 4 lrt<n,....J.wiu~.w....:Lu...._,...,_,,. • ..,,.. .....,"'"'"'' 
alooor-OM;.,. t "' 

'" 

n;d capjt?l eq'!ipment [Gj. 
Effol"t$\u•,.'pm•l p lcoll llliott lWkpl&ce 

iei'i•'lr .t ¡h~¡.,.,¡ of aou...,¡.....w,..o~11•f liou of 
~C&" rog'¡olien. ["ctl ••al••·b. 4io:¡e a¡ ihe bigher 
Jouoo!e lil 'X), r- oLgo>, wftetr..the in o tnliCio oC ·tfte.of~tal 
'*'lpulti """'k~ .... hegin~ a new era. T~ond 
imh ••·· 1 ·wol ,.;..,, ''" ;,r,.m~~~i<m.-,.rn.h 
b .. ~ ? lcoadl" o'oopl: dWol · w...,, t.uueepi.< trtpmoe.-.-1'47!1T1"'1!. 
h •• ol •lsp 1 r lo"' ~·,, '"'":t wl~ttrttt¡r.llh•. On the 
une hand, wl•• ·Lo o "lub"lit:· .r <iat,..pcuo.t lilg h>a-
ch" OulMplo A&l.:• b&•n rnade '<> "i'Ometo poo.n-..1 tbe 

loe SCI t land, 
dow" 1 lb pao~ ; =•, wmpattt.> bsoc ~"'" ,.,;o:gly 
p· ¡" le~ U....inoh¡ott¡.¡ proc¡:S' Pmd"rli n • "1....0..jje[oi 
~¡,els. 

Today, 'h p "[jhili•r o' oolj"b!. QQ lios I'"H"4 1 'Cn-
lO 1 • 

~-" 
p to.4S moit o i1 l"'..,¡g¡. •o 1ff0o1 ¡, ""1 ioio 
s 44\Í44oo14to"eftO•~d-¡""l"' 

.....,,..o;, 1 d •.v- ••st .,;a pArfenn OOntrol 
fon·o· *' aii lcHh<if~hy. Such •Y•t~ms are 
techaolugically f=<ihle. Wby should tbey be imple-

ol p;i,ooli .it.ili.>.> i:sn"•• ;lo 1'••....:..1 
o4it.oeot-_....,¡,¡,..t¡. -!,ho, 1Hi444Í4!.,.. ~ 

'+f "ied e.<Ct!L>i 1 eiy b;t Ctlhl]>e<n-n.e--m.n..,trie$. In <ml~r to 
anawer the qu.,ti4m, wo •h,olol ~xu.mine tbe nature of the 
r "p that keweeu t~e p!oot ;,g r e•i!rol 
inWw "" lioon .....! >-be ""'""""~¡ t he proc""'-

ment.OO? T 

C. Procu. C<m.trnl <l>4d Proau E""M>n.k. 

We know, intulli•·ely. th:it then: is a rebtion•hip OO. 
twwn the:oe two subjeo:~<. bu\ it is oulr reeen! ly, hu"·ever, 
that !he r¡u:t.n!\' ~tive nature of tru.. "'latiun•hip hn.; """" 
""'"bli.•h•-d. Tril.pe•nikov •howa in~ ""'""t pa¡>l'r (7! Th>>1 
"'>ntruilu,~ a ~"'"'""" ~"""i.;t; in ord~nn~ infornwiun. 

':::::::::~::~:::::::.·¡.tlf QIL.it, n~!"rt"'I--Ji-
tl ~~._"""'-,..¡...,_...1,• hderly; the 

' ' 
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.,..tmPJ' of tM •ptem .,.-jll inc,... ....... 

TU. Snnus Eso~m<ll'ltii<Q ¡,.- THE Q¡....,. bo.,onT 

I sh:i.ll now review apecifio uamplet o( o.pplication• of 
•ystoms enj¡l~ring concepb in the g}A$S indUflry, 1 
olui.ll {oew¡ on two aubjt<:t-ptOCeD modelín¡ and oorn
put~.r control oyoto:ms. 

A. Proua JI~ and J!oddii'IQ Tc/lniql<n 

15 

The p!o.at or proeess is the eratral and most fOJUda-
meotal issue. In JII'<XleSO control, Jwo-..-!edge ol proeeM b.o
halior comes fint. !'tlodeb which repreoent the e!!Mmtia! 
upeets of the proe= are nceded in order to appl)- the 
standard opptoatb In 5}'5\emo desi¡n. n .3-

, d 1 i& cidaal ll!' J qaafltllhtlte ot qualita!ive ~ 
'"SFW"Í 1•'' .. !Ol-~...-.end~hlo-.,¡NW$ tht ti- Y 
rw•· ' ' •bese 1"11<>"' .. y - ,Pprlf ....... Jer the pw pea .¡.>A/ 
hejql ""WiidttM" [8]. We oho.ll notconsidl'reitber pbysico.l /~, 
ocaie modelo, ouoh as tank rnodel• wiog >iscoW! ... tution• f'tu 

'ro,. 1 ·h •" 
io 10 o ,,,,, d lho s:owbh af 

'.ñnfl C· r'd is .,¡, íw ooá~ 
• ñmde-n'·' rel·•ion.!.ip re!·•e.s lbe r¡m' 

'kjmrv 'P the amcnr• ..,¡ wuliol"!d10111bll"6ii l 

di& · """"only model• in which mothematio:s is used to describe ]!JY 
the saUe.ot lcmtures of the proc,... beha•·ior and which a"' (l ,,_ 

·- (1 - BOl Ull~J 

B. ban¡ the measuno of thc degtee uf dioorder in tbe oy&
t.e:n .....,.,;ated with the amount nf control inlorm~!Í<>n fo-

Efficieney •lwul<l !¡, t.aken here in R very l(fncrBl oense, 
aDd in pnttieula.r. it cnn be looked &t "" proth. The ...,¡ .... 
tioalhip, ill.m,.,.ted """'"'" 3, can bol looked al as a fanna\ 
-¡w - 'o11 ollhe "1 f dimmi!<.Jng tttattu" o¡¡ o! lile' 
" • g ofomt'"" at.tttrJ!Ill'~'¡:J K~p5i!tl ro cmuocl .,,.. 
s.-..lt ¡, 1 '¡¿ j¡¡¿¡., ... the r 'lia tJ lxoped :e&.-;..n
aloip bet'fl·oen retum a.nd elfort expressed io monetary 

'"' ... 
Importan\ pmetic~l conduoiono can be dr:I'VTI lrom 

thae COII.'lidemtiono: 
l) p ffwu n•" :,_... r p"dl¿ a: ¡¡, : i1h 

ipen<iPII h<+»ledge, bu• ' e oí tJ;c ""' ie aon-
lillMri'!' ·.l tbe relo:¡,,,.hip, \he '"''""' 101 mtro\ 
sl:-ou!d nc' •" ~ a '"''.,;" "ulltitJn\1_ -~ .. hl" 

'""'· ,, 
nq:• j• '¡ IOOoe·-~oUo'• ''••••m· ile~I&O 1 ·jl,.•ive:: 
ww• .... !lkweb. 

3) S ' •1' ... LI '"'"'o utitol of in.'uiiii~lto...,..the 
hl¡¡b ?S 1 ,¡, b O"" ,;...,...;·lÍo alkii fi&il ao, 1 taditionally, 
the tN.jor funclion uf in•trum .. nt"tion ~nd control <fl

!>in~rin~ ho.o be<,n to incrt":\1-1' the ord~ring of iuf~rmn!iott 
o.t th~ pl'OC:f'!<l control le, el. the ¡¡,.¡ le-.·el of tlu! """'rol 
hiemrch>". Th~ "uto=tic c<><>rdinatod crmtrul n! m"jor 
uttit.i 1~ not prn;;re<><e<l ,,, rapidl.1·, ba>ic:>lly t>.<ou'"' umil 
""""'U)' no control too\;,...,.. avaibble to P""""'" reli"bl_v 
e<tntn•l iolumutiun itt ~e.l time. lt •hould, ron.""'t'"-~itly, 

>ll: • .¡ ¡ bj ,L -rJnr'. ·•·o·•'' 1,.,• 1, ... 1¡ '·e,,,. 
o' '1 'Í"' ·T""'--hj¡¡'I.ÍPiprp•·!!Í"t' oli><>PÍ"" '"" li_..¡.,..,..¡ ol 

in tended prim:.rily lor use in the 1}-nthesis o! control•y• 
tema. The mlf,\he.-tical ret..tioMhil"' of interat n,., 
tbosa whieh "'b.te the prooeos inpub, manipulat.ed viLli-
able:o, and diaturbanoeo to the intenrudiato: vuiabloo and 
outpuh ifi& ') ¡' · ., 1 p ooutiól pmhkon 

Jo 1 al· 11&1 jktl!iib"t'" ¡ tb ,, t1uw¡:lo ~.e 1 
,_.;¡oodated 
eh''•,• 
Qft é 

101iahlt o aml Íilj ;O io &saall,.., to 1 
W!ftlooticmlhil!"- · -... 1 
i anm •~"• ~ 1 w¡nÍHitOm &lid ¡noa• in~t 

........,.¡.,. ti'" j iiÍUf"O ni tie .. i!L¡>S 

In &ny c:>se, tbe •·o!ldity &nd ~flllneos of tbt modtl 
generally dtpcnd hes•·ily upon the inl!"ou.ity of tbe nwdtl 
buildtr, bio eltM under.rt=din¡¡ of the p~o! the nwdtl 
:uul hi.• prior kno" ledge of the proeeu. 

-Se•·tr.d exomph•• o! e~pcrimtnt~l :uul ¡¡,..,,.,,¡e,,¡ 
nlodtlo dovelopcd for the d••igt• of control oyo~mo in the 
gla.._, iadu<try 11ilt he 1'1'\'i"wed in the following. 

t.l • · ,11 • r,¡¡, · u r - ,... ' •oo~or u.11: T, - ",... .. umpl~ 
¡, or· ~1 "" ~1.!01,~. The problem i; to d ... 
ve10p ~n 

·' 
"""' Tloe pr&ceu il 1hown in Fi¡. ,;, C"'-"';. dclivcrod to 11,e 
fomling proceM through o 11-'fr:\Ciory ring placN ~~ thu 



..... 
bottuno of the bowl. A ir i• blnwn tbrou¡¡h B pif"!' in tbecell• 
~r of !he rin¡: wb.iko the tubUt¡¡ ;.. dr:on"D by a pu]lina" 
mac:loiM .. \t !he end of !he run"'-"J", !1 cuttisog macbine cul.l 
the tubing iuto tui><'; of P"'P"' lcng¡h. 

'h of t¡¡q ['O"'l T],g lj•·· fiiMO .... 

'liliiah Íl 1 en=~- oliliu tliol oqt< ,· '""'" 'ng 
u.....,¡, •i u o l>ipi-b<tl.w"""-.U.....wnn4>u.4''"' ··o Pi o~ le¡ -"e 
w if , tt..-ini'O'nMdi'"'" pooa.w .. Mble, f~ 

--~ tf o ctrollcl rnhbl· dj •ut•~r. T' 

¡'1"9' 1 '• 

1
·" 4 forming presl!ure .. T1o + 1 K1 

¡ni •"" 

4 vrJve pu1ition aT,, + l T1'•' + zr T .. + 1 
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'bol 'be ""'otot 'i• mm•m] '1" hm • 1 1 11 1 
1·rie!ict'" by '.0-r-;e!ol. 
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2) 12oMe!' !Cqc+i. t 9 tt .lroiftl l14j: T"l! DI ·'·lil 
were dm-rlow' in muurc•i·" nit• ·' ' ·8 .,¡ o-corn
J"'It: •pum fe· !he e"' ··• 1 ol of lht ,¡¡, iono 
ol ,twJhp m •de ep a ril' 1 umdúnt (ióir'9). Tl>eoe modo!. 
whieb =un~ far thc P""""" behavior, indudin¡ the 
quality ront.rol 811mplin¡ prooodures, .,·ero \IStd in a digi
tal computer 8imul•tion \(> enlua.te alU.f11li.!O coQlrol 
otrater;ies. 

Tia§:¡ wsl-1 · ti = ·;,· iiet JO. 
mir.d "l'pori· • 1 11 )1 •nd mp•e.•n" •be "11 ,. 1 'oil"' 
'h' '"i<l Mlnsn tbc mrn,t_:jmi.figpt pmce" , . .,·.b!e. 

Titttmndme:del"" 1 
• pi ' '11 '.oieof 

,,.¡" 1." • lli-g '" IK i!w:t 
U el tul:¡ snmll, !Cilihtlj báltqaent amplts o/ ti& tud 
pmd"'l ~aulill oaa be obtaittttl 101 léedbDOi!ll &iritrol. 

n Tbi· problern ""PI ¡n,.p •ig 1 1 in u di!f'el oomp .... oi••u· 
)' le!ioc ·•,.,¡_ fa""' tatbble COI.dOIIOOp Wltllt¡OJIItY Si" d•" werl Qj tbe ffl'b·ck me?e,.,men• ud •long (r.>Ja-. ~J.~~:.::. L\:;b,;:;·;.:; :C,:C.!!;.:s ::":;:; 

~¡1\1 no•jpp\o]ew·"·!" ,¡· !WbSiR!tW!dtoiUij Htturb,-,.9". 
Tbi· uodz- i 1~i1e· J tlml 1he Mntpl , 'u lio · 
Ít •. &!01 uf &ICI&QC p10Ct33 ptiiO!UUllct ~ 11111 lhe 

ttobili'!' ·' •be . · • wpcux M che a:signsble dis
tu•hgnel dw"Prlo' ·n'3 •r u lhe counul s¡steuo l ¡n 

Fe 11 -"-"~ . Tbe 
aulomatic eontrol c/tbe ]c,.·.frequeacy oomponts~U of the 
error signal n:oulted in a signífies.nt .-..luetíon of tbe 

f 
variabihty of the produet dunensl!lnJ!. 

' 3) . .. ~ 
V w dvl" 8 i.o !!'' lo_ "~ 1 ·' , ¡,,. '" aaipt'r ui l.he 

d¡ osw ef ~-=thlol When the f 
t tly. 
there ,.-;n' r ., e u o he~'-"*' eou."""'.t.o.1 Jt the 
out 11.:. Comp·,.·v, ·b· é l"lfl i" g' e r 
p?"it're JI" 1 1 1 1 ••] •),•¡r~lll(rr 1¡¡1 'IÍ~Il 
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··:•:·~·:·:·:·:·:·:•:·:·:•~·:•~,=~;· :T;·;·~:~:~~~~~~~ ~ Comp:uing T L• r, li.Qd T,. 
;."> caz¡ pve sorne id~ .u Co ..-nsc ~•tent \he glass ¡. idefllly 
{~ • mUed. Tbe d~rív•civ~ uf the ouop re.ponoe gív"" the 

\ ,~\ taide""" timo W..trihution of the glnu. Fíg. 12 illu•trnlell 
, ~· ¡f. .:.me exp<'rimentul re•ulb. 
• ·\f ' Foro furno.ce with a gLI..> •~r,.cily o/200 tons and • 
\\ 1 pull uf 00 lun.oj d•y, T,. • 50 lmu...; the Lrm"lfer function 

~\.- / W"ithcmt rullet ntum com~•ted of 1 tran!pOrtati<:m ~ 

1 
TL • 3 houn &hd 3 time ''<tt~>t~nt r • ~O hcm.,. With • 
eullet nturn uf 50 pel'<'<'nt aüer :20 houD, the uv..port.n-

)

• tlon l&g ,. . .., 3 hou"' a• befure, but the üme const.nnt in
ere.....,.¡ lo lOO hnuno. . . . 

1\a. 1 i>wli' :Jv! 1-~·-oh&.o-n..d<>iogy 
-v.~/ u:.......-~;;:,I'UM 11 rlm>l't"'iMI m<l<!~l i>!oed-"" -p~iul 
V 1 ~Th •- · · el 

u 1 '1!1 jm-.,¡.,,..,¡¡¡.¡~Mmal.tt~ th~"!cys-
' stt • ,,..,;..,. .......,¡ n•~ ¡;lt y oi.c.t.:.l.. ..-.,_ :l \.&¡>,.l_~~>ooppruprí
ac· t,.,..,c~ •• _~ ~ initi.:ll c¡¡n<.Jiuon•,

1
au!.l ,1j ...,¡...,.,_¡,.,.eqllll

\io¡¡o., ..,.__ly tic.o.l ot """"''"'~lmeat.,, 
The ¡,,..h~orl h d"lin,-,. thc g!>-•.; itt an orrn rha,ncl !mm 

ti.. furw.ce to the forrniHg m.tchiu~ ;md eond.itioru the 
1la."' to & pr«<~l~rrnin<-d tk~wry !~'"!"'"~'U"' b.v-uz~,_, ol' 
&·iud cooling_ 11nd g.., ho~ting ._. •h<>wn in Fig1 131 

"' 

,, 
eqlUltion-Tlw 
tl'llll<fer of a 

' ' 18 

: Tite ~ic encrgy 
ditrel't'ntiol cquation for b ... t 

.!. (•; ") + ~ (·· ") 
~ ~ a, .az ' - -(-'"'YT) a:z ""• • 
n.te of ener¡y iapu~ by 
o::~nductioa &nd r&diation 

n.te of energy 
input by llla&5 

"'• -
n.te of aocurnult· 

tion of e.nergy 

T(:z,O,.r) - .,_(:z,f) i.t ~peeified 

,,, 

. ' 
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Stef:m Bolt..man constflll~ 
vlew f&etor del"ived witll the .... umption tho.t 
U... ¡Jau surf&ee nnd the crown are two oppooite 
infinite parallel pL~= 
p& but tn.nsfer coefficient 
tbee taupcratum are inpuU to the model and 
miiSt be eitber a.S$Umtd or detennined by 
_,.,meut on actut.l. forebearth.s. 

' " li 
1 1 E 1 ,. " 

';¡¡ ·, lo 

idi !. 
e) .Ay;,. 'o/; Thi• modo•! ¡. applic:1ble 

tot~~ ~m 
for an oWio; f ¡¡¡p¡ trlh. tlt 

ate ine _.¡,e 
r ~~'!lki ;....\..<1'"~1'n[Llld!<•. Jlri· 
b¡· • · ·[ooCt'H">¿ ...... • ~th.,!l~~-

.5) ,IW" 1 ·· 1 ' ' ' ¡j •Ü: Or.c of tbe earlitot e:umpleo 

conltolo)Nitem problema in the glaM indu..try is given by 
Oppel\ [17). Hi' papt•r presente a conoeptw.l elementary 
multivarinte dynamic model uf a ¡IM• tank and sugKOOts 

improved control 1tmtegies using feedback &nd feedfor
""'ni techniques. 

O ' 1 · =¡' o' lb·rn·f· ' J ~ag n"rthe 
~)"Úfm lllwou•1..d ie F;f!' 11; zi::tj"'l' .,¡ E&W"""'· 
,,..el i pv' ..,,d _..,,, baml>mixin~ and wKE !11'1-melt
iur Ct.!lr\ ""':l'oh·...O....mrut,.,..rn.""'. 'R:e .J11id_o ¡¡¡ .• de 
lo,¡· 8," 8 !liJ i i ¡e · "' 1 1 i1 den lo; oooodcb fu¡ 

ito, ouch u ., 
loe ase of 11n ' lo iLL >he a:nrlpa uf 

of the appUe:uion of !IIO<Ieliu¡ tedm~¡.- to lh~ anaiyoi. af 

,, 
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.. ,,.,. 
Fic- U. Sct.omr.tio oilo. 

O All ~n~~oteriat.. which 3re plnctd in the oilo to¡ether 
bave equal or nearly equ3l der,.i!ie!. 

&) A b:oteh of material., or un y pa.rt thereof, has a ma;o;j.. 

mum anda minimum lcn¡th uf th.l oi:O to tnonsvene, n.nd 
thia 1111MV(:""'] oceura ...;thin Ot>m~ m.a.'timum ar>d rnini
mllm r~um~r of output h<ltcheo.. • 

Th"!e usuonpti.:>M, to~ther wltL 111:0$$ and impul3e 
~. yO.Id the foilo•in& wt of f<{uatíono: 

• 
Y{K) • !: W,{KJ - X,(K} 16) ·- ' 

• 
EWCK) .. 1 
·-' 

• E w,cK- i+ ll- x,¡K -;+ 1¡ .. x,CKJ (SI 
'- ' 

X,(l\) '" X,(K- 1) • X,(K- 2) .. ··• 

.. X.,{K - "' + 1). ,., 
By JUb.titu!ing (9) 

ruult& 
into (!'t), then '"rranging it, there 

·h~ 

X,(K) 

YIK) 

"' 

• 
W1iK) .. 1- ~ W,(K- i+ll ,.,, (I(J) 

Coll!!tÍtU<'nt ,-.,.ror of the matcri.o.l at thc ith 
po•mon m the comp~r!tno:nt:dizcd olio, just 
prior to thc kth output 
Kth outpul b~tch cone!iurent veetor 
mtuimum mn~e ""'' whido ~n irqmt bntch ,.-ill 
be ,p,...ud ~'""' the otllput batch 
thc ""ighi"~ ""'"~ ~-hieh -J,._¡~""'''' •he f"''• 
~ .. "~"i'~ o( input• th~t are in thc ootptl~ at time 
NT. 

4U 

The weighiog vaiues are nsstnned to be of o •bti;tical 
nature. 'The panicular di.•turho.noe o.;soe;..ted with tl"' 
random vari:tbie,o of th~ modei i.'< dePf'ndent Ut><m thc pnr· 
tieuiar fii<J to be m<>dcled and the m~terilli to be stnred. 
Thw the ;~;eighin;¡; v:U= not only mW<t .,.¡¡,fy the eon
otr:e.ints impo.oaed by {7) and (ID), but al'!O m•'-'1. be ~nor· 
ated in aeeuro:boce a-itit tite inionnation e~t..,.eted from 
tite aetuaJ Mta obtained by ronduoting e~perimeut.; on a 
P'U"'icular •ilo. Once t!w. weighiu¡~; valllf'.• are detnminl'd. 
(6) '-""" be 1!..-ed lo ~-'>'""" tl::c phy•ic-.tl tr-ru:fcmr .. :don 
\aking pbce betweeD input an<i output bal(itco within t!w. .... 

The 11ee0nd 3lep ¡, to combine aJl the <:OmP<>ncnt 
model.o into" "mult:&ttivil}" ~·•tem." Broadly ddined, tite 
mode\ ;, o:om]JO><'d of four acti>-ily re:~lrm (Fig. 11)), The 
lin11 re:~lm defin"" tM funetio"-' of thc romponeou of the 
p-. The ...,.,nd realm d~fines !.he in te=~""' and ;>~r
forms •trueture ooo:-dination. The tltird roal:n defi~"" t:.., 
.tUpo:rvi.ory funetion.• (o:ontrot), arul tite foutth rulm de-
fmes lhe policy making ~nd pl:mning fu'tctio"-". 

The complete oy>lem model for b&tcit •y•tem.• Í-1 ~m~n
able to di~ilnt '"<lmputer simul~tion and h:t.S lx-en W«'d tu 
inv .. tigate P~' ,¡.,:gn and control problerr,.. 

6) e ' óo ''·' "'-4 j¡¡ otl.Ei pto11Si ]n· 
du ·• · t ., npptat, tht el" ¡,.,. 

• 1 ' moi" 11 R ojoo b illletoilt.iiiiJtL.titla-,' ... 1 1 
ÍIIÓIIS ti .... . • \; 

. ' 
' 

\i' 
t~..W•e i1~ · 

-.1""' 1) ,,. 11 1 m- v\ · 
... , •• ~.¡;,g, th ~h!i~ di jij\j(if¡; tl!io<< "'""'' 

' ,. 
1 ""'' '""'·" 1011'"""' ;,, •• --··- .. , .. g,.,., "" • -1\ ¡¡1 ,,., 

n.I,...,....,...J,:,I. 1 . ..<1 
~-• .,o[¡¡ ,.¡,¡;o. 

)ligh. 

" .... , 
,.r;y 

( "·""""' ...,. ' ,¡,.. ""'"'"" ¡~ 1 
·~;¡ 

.. 
1~/ 

~~~ .. 
m W> 
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~YS fE U 

PI'IOCESS 
CCI>ITt'IOL 
SI"'; TEU 

-- -· -- I"~"'KI-·-L·_·_-_,L·_-_ _JIL ___ ·_ 
PROCESS 
HI.Ul~\!C:Nr 

T• .. ._, • .._ 

t/< ................. ,~ ... -

Fic- 17. Plo:>t p,.,._ «>ntrot o:ompu\er oyo\em. 

FinaUy, 
M'fl el el l<!tliiRO"* J'ou lwq¡c 

iihktSS U.IU.<. 

9 9 op ('J 1 1 Cs 'zJ¡qJ 

The essential rol~ pl~yO-'d by the oontrollcr of thc 
mnnufaotuting pi'<JCtSA. thc information network. W:Ls do.
cu.-.:1 in SN:tion 11-B. lt wao otntO-'d thM the rorn¡mt~r 
technLlogy rniokc.• it no<1· p<><,ihle to tuotoi!Ull~ contr<>l 
funuions ~~ al! lcnl• of th~ hicr-~rchy. lt i.s within thO. 
frarnework thnt 1.-c "il! now .u,..,·ey, on the ¡,__,¡. of =• 
publiohO-'d iuformation, tht •t~tus of the irnplcmentation 
of •uch ~y3tcn'-' in the ¡¡1= indti>try, 

One of the 6nt cornputer control oyott""' implemtutN 
in th~ gln•• indu•try """--' mentioned In the ...,tion on 
proce~, moJding t&•otion III·Al. lt i• the pru-ec,_; """'" 
putu control •Y•Iem d•reloiJ<'d for the autom.:~tic rumrol 
of & ribbon mnchi11.- (U J. 11ti,¡ Sj"olem pon'o""-" rototl1.oi 
funetiono only. The otrueture of the 'Y•t•m is drpirt<.'d in 

Fig. 17. Qunlity control infonuutio¡¡ is eutet'fd manually 

ln:lnipubt., a number uf '""ri:tbl"' ou the fo~be~rth and 
tibbon mnehine. 

Another '"""'pie of P""'''"" romputer coillrol appliea
tion is ¡h·tn br the ro.,rrol >y<tcm tl5<'d. in the pbnt• of 
the 011 en,..CorniUR Fil•·r,.:h• CotpJtatian. Ou the ba•io nf 
publi•h'-'<1 iniornl"tio''· ti ·II'P"""' that thr.•e •Y•torru are 
rsoenti.J.IIY prot"<.''- n•!Oinol ·-'-•<cmt porformiug li!">t len! 
control function• iu lfop "" ltin¡: attd deli-"et}· """-" of the 
prorr.•<. nlth"11~h """"' l'""l"''i''" srht-clt!lin~ mi~ht be 
efiertc-d in <Onw i.,.,~,,-,._ 1 !'.! 1-j~l ¡_ 

Othor >U¡><'t\"i"'t}- ('O!Oin.ol a¡•plira<ion.; ha\·e al<o bo,..,n 
annou11cru ,,_..,,.,¡Jy by ~l:c-; coutniner m.•nut\.rtun:rs 
(22 ), j2J j. Con,¡•uter ro11ttol•y•tcm• are beiu¡ u;ed iur the 
CO!I!rol of batrhill~. mdt it•~· a¡¡J in.•pertÍI•I OJ"'r~tion; at 
the Lakdand. Fh., pbnl !IÍ Úll<'!l-•, lllinoi<. The funni"n 
of the compl!l<'t '-' oo .upen '--<' un.J monitor the <'IIIÍ"' 
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~ Th~ procc...., NJm]Jutor oontmi L(l[-
1 oyatem coulrul•" ~u:tl gla-; m•nnfo,·uuiug pruoe.•s [24), .'/ 

1.1.0. NMoE I.IEtH 

ORC.4NIZATtON 

PRODUC:TION 
CONTROL 
SYSHI.I 

PROCESS 
CONTROL 
Sl'STEI.I 

PRonss 
(QUII>I.O!>H 

T ....... , .... 

.,.. . - • - .. ~¡< ... <' ... 

[['_'_ l [:'!.$), 'P .' tiil :U iilt-tL.Li! .. i i ·~· 1_4 t<.tlldh •P
p~J...;.,.....O ' ¡, •~ ol " 1111 tt h • 7" .1111! "'TTMtfi 1 i ( 1 t to 
{¡ln."""'...,..~,..;,m¡<', The r ""' ..... ,· ~-

. . \1 
TI 

' 

..; 
ol 

• 
"'" "'· Tho Cl•utr~l eon-

tn•l room i• n"P"""'"'od in Fi~. !!1. Thc oper:otur •rm•ol•, 
nn-line ptÍUh't, "hrm t¡·pt•~·rilt•r. tdt•t·i,ion tli•pl"y ~nd 
,...,,¡¡.,l rl•tirP>. ~,.,¡ p-ophio f'"'"'¡• c·tu h.• identifi.,J. 
The """rcity oi ~nlin;¡ Í!<•lntml'nt, ;, •pp:on•nt. 

On :h~ b.;.,i., ~f lht•><• oxampl~,, it IHHtld "f'P< :or tlul tho> 
Kl.'\.<11 indu,otry, fo!l"'•·ing lile '"""d pion""rt'tl by other 

'" 

•.. .. 

e'"""' "'"'~·! ""'m-f,."i 
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-.~I<IAC.E,.{~T 

OA~~H!Z~flON 

PROI)UC: TlOH 
CONni)L 
SYHE,. 

PRO< ESS 
CONTAI)L 
SYSTE!d 

PAOCESS 
EO.UIPUENT 

~- ... ~'"" 
:/e. '"""" .......... ¡ .... .... 

Yoc. ::0. l~topt.lo!d ploot "'ntroloys!om. 

proc""' industri ... ilt slov.ly moving, in an ~o!utiona:y 
ffl.$hi<Jn, townrd cornputer.Jirected, central, P""'""" oon
ltol ayoteln$. 

lt io bllli~vcd tht the trend !ow~rd int~lltiun will nnt 
otop a.t the P"""'"" control lo•·d, but that ptodu<tinn oon
trol a.nd rnanngomont <X>ntrol funclion:! ..-iil pi"OJl..-i•·ely 
be included intn the d""ign ol fully intrgr~~trd on-Iine, 
real-time control system•. 'il ••• FiM.··»ill&:.,.. 
t ' tl•er"-~''!!<"'":.1 ~•t..c<LWrol 

F el o : ~t.,ll'r m.,...¡......,..¡,_,.¡,.,n~H! ... ;.;._¡t,;..- in
ta¡•·Snd+;·..tu.o.·!w:"'""'"i.l..,..,¡,,.,..,~...._,._.....:l _..,...¡,.,. .....,trnHnnt'tie:-' u¡¡¡¡,... ~,.;.¡,..,_¡,."--•"D..e 
in' r tior,·tlo- d • .,.¡;..,.;,,~,_...., .. ,., ~,M....;.,n 

w-l.Íj<lol)· ,.,.w..-.:1. TI-wr ....... ...u.~ ai.t.lul....w\l.re 
~- ~.,.,.¡¡,.¡,¡" on ,....,,nu.....W.ml.u.uu¡ L-..4. "tloi;..~r
..,._.¡,...~ñ...-ti"' imp........,.,..~~..._._¡y,...,,c,J.m......,...e

m-lu.~1- wio.h,¡,.,.¡,..,_..,..w.-..,l-1 .. b...;..oi qu....u
ti~¡,.¡.,m,,.¡.,.,_,..,¡.,¡,¡, "~"'o ....J-,.hcl~;.:.~c"ll. 

Thore;. no ,.,·idenco> that •Ut·h in:ogr-~1<-rl r.mi~Ll.•)"•t•·ms 

""' in opomtion ¡,,ny 11ltho1L~h . .1-' "'" Oll"tl\Íoowd pn.
viouoly, "'""" of thc c~i·!IÍB¡¡ ro".trcl 'J'.•ttrr., m'uht ul
re.ldy hn•~ dcvclop<"<i to i:wlude onm~ producti~" <"Lilltol 
function~. 1 ' 

The 11eries of d~gr:o.mo, the la.st one in pa.tticular, at<O 
rug¡¡:esU. a c!ear ltcnd lownrd making computing power 
available as a utility througbout thc •yotem in much tha 
umc w~y as el~ trie powcr is avallahle toda y. 

The integnu...d control •Y"Iem! npproach ohould natu
rally be exp<"Ct...d lo Olffe<" O)UI" b:>oic <"O!OC<'Pt• of p!~Dt de
oip and opemtion. lo particubr. lt should he cxpe<"ted 10 
h~ve ,. v~ty •i~"ifi~Atol impaot on the maong•men\ nnd 
or¡;unitationnl.,tructurt> of tbe pbnt. Thi• is the sub¡ect 
that 1\"ill be di.ocu~ in the iollnwing $eelion. 

IV. Hc>m; FA<:'roi\.S {261-[29) 

The emphasi.o of thi> •nuwy hoo b!ocn '10 f:tt on tbe 
eeonomic and t~th!lolo;¡;ic~l a·p~t• of 'l""'"""' devdop
noetll in the ¡¡In.<,¡ indu·m-y. \\"" h:wc di'"""cd problcm! 
N•lati!tg to the rl<'\"~lopno~nt of tfm autnmatie oontrolloop 
...,p...,...nted by tlo~ diaO{Tll.m in Fi¡. 2!, •ymbolit<l>¡¡ the 
phr•ioal pr<><"l"'.< oontroUed hy Jn on-lino rnmpur••·~R,!t.t 

~ ·~ ·~· !:.! ~-''A.:l:" ~·· n••, :\ '!' ,m ;'.." ::.tmtl!i.o!!:. ::.Y.:.'~!'.'': nrg:• '!.\· 
1::o t :u L "' " !""" " •no po L• • '" • ;on · n " n :11 • ..! n ""' hn u• < • < ied D 1 · ~ -·-·····""" ""·•~· .. ····· .. ~n!~·~:··;;' '""" •.~P.'.'' nk ... "~~-~~ i_:'~ •.~·!~·~lwr. '9 a• ¡,:~'"·"• " 
tnmnoutJ ""·'¡_ ~cJ.o...!,;¡JJ:¡ ·1!\LLD'"t''" e .. u....,..,...,..to<o] 
.¡ -¡;.,.,;·ll'!,...r', .....i W....l;.uw.a.~~...,.;,. , ;,..;, ... .r~ 
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fl&. 21. Tbo &Uiom&l~ """'"'' ¡,p. 

-~·· 

ru¡¡eat&. '!. :tli d:e .4JS1Ail dutRigll pro
IC:wmie'!l r -1 d~mt"ftl~,¡-¡.,stououtftWion."'"' 
(J"\1 

JO lo L' ..,.¡OIR"'T 'h""''!~-
qf l '' i' ' o!li!!.._.¡ud~IIM "'' ·,d o ulue•, dK jk o ¡...,,_ 
•' !1 u1 .. ,;, o • el ieo¡ ¡, .....-........loiob"¡ "Íiui..d 

edeq"o!e Ol.o'l"' in>al.a)'--i..r....wce. 
Q' f f· ' p . .., "tt IQ 'MJ 'q sb. ·• ion~ •LO..do-

1'1] j hAllO OPÓ·itolooi!:t 'fli ..... >l. .... _..yoloo_ ....... """"'"~ 
o{.....w. II.Oj>,~MI¡>OOQAI W, ¡¡"""'~m'Kbipe o,)'

...... A IL>!•_.La¡.....,.¡..,eo.embl&·.a...-~--
~-._. ¡,..u-·oompooem¡. PLtnning ior the d .. i¡n 
aad <.!e<;~lopment of hurn.:m componen!• of .<J•Iem~ has not 

\l'J~ been 111 oyol~m~tic:>lly pu,.,ul'd in !he p:<ot no it mi~ht ha•·e 

._,}/be~-"-~~-. _·, _io .. l~;¡ ':'-(tlll! lftit!',di_:•~, .. ~ ... ,.¡.h ... 
~~- , .••. ,""' ... -·~" .............. ,_.,._.....,. ......... 

,A .,.,,._,.. ...,... .. ;.....¡ ci......,. ..,.;,.,...r-,.,r...,...!<l·¡,..~,., r 0 ...... ~¡._¡,....,.;,,.u.o.,.u¡.--rJ,¡..,.:-_,,_ . ._¡.,¡_. ¡.,...,:.,¡¡v.;y 
\ _.,. ~--r-¡..:¡, ....... u... ..u .... ~.,¡ """""'••)' .,. • ..,.. 

\''\.~ 1 """""D>i1i:.."' ·"""""""'""'~"""'-'"·""-- ~- ••• ~ .... ,..,.~;.,. ,,I/ •--..io-velo1..,.j . ..,¡ ·thr .. .,f!ef!··f~r •y!'tl"!1\~t!o · do.oign 
~/ &tof..,¡....~lopment d lmm&n oy .• oe.m "OI~P''"''JOl.il. In thc 

"~'Y illl
:md..Qperation of tho!SII! a'IID

. een no longer be "" n<du
mu•t be p]snned &nd de

¡ 8Ubsj'!jtem(;) is. 
Fig. 23 ochernatic~lly rep,.,..,nUi thc man-machinll o,ye-

t.em d.velnpment cyclo.. t 
ll l ; • 111 olljvooi u:d 

e l ¡j 1&119 in ....,., .... ,., lo:wiio ~ " •b iguoneu~; el 
"'' hu; r.. w,¡. 

Iom ;; 

1 ' 

1 re<¡uired ... 
' ~ oostly " i i 

maior sydem modi/ieetion3. To .oe.:oomplísh 
impliel; the de\•elnpm~nl nf an .obi!ity 

,! 
; loi 

Ji 

; 
the -'" 

fectively and inlernt!at~ "'' tite p&rt rep"""'ntativto of 
diveree di.ciplines. Compromise• Rn<l tra<fe.off• will be 
noquired. Ultimate uptimization of e3ch subsj'!jtem will 
unduubtedly not t.e po""ible, but total orot.em oplimiution 
and efl"~tiven- will be,.,,.. dos.Jy !IPpruximated. 
¡r¡:fb ¡¡ 

ooptncJ pjt,j]j•ieo Mo W...f ..... oq Ít! o OOUit' uf the 
~;.,., .... lo.,ft-...,..,y-¡••o•e·ot.o1..:rfte:implic"" 

.,,.,,,, .. ,_,._~ ... mpli<o,( ..,,.,¡,J.o-r~>e--iollow. 
~: 1) T !". zl o¡ •• 1 't'lrll'te! mor hin· 1 

<mó 
oupl;x si'h·' 11 l .,,. 

1 ''"'"" .... o.. 
C4Uo'lo rl. "¡ lr!clj•j '! d • "'Ot 001 hit CU2hlódf'tl. 

llo ' 1 · o a iihHt'~n-

··' . .,.· . .,,.¡,_._,....,. .. d••lcio:ct.~iGeoNt"l 
1 ' 1 " ol ·· 1>i -..;,,.,,¡,. oi loi•loeo ~ oel:: 
,..,u • 0 1 1 • .. i, and "'"!'""'-" s::::l Lill il:cd_ .o p:eps.e 

d' i1io 1 •-l""Í"""'il\+ 61 ~- ,.;,e 
'Ji! ióOJ •lo'AI YOk~R<Í tol"loa...,¡~f 

'"=<. ..., ··-- e• 
~~--~---~·-· •. "fr.¡r 
mooiio~k¡¡q""'!''\ll"!it,~ "tihiU:J~P:C,*l 'O'!" Al •• 
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~llrb.::,.., ..... ~-=·· """'""I:!M~i!!:'<l 
fo~· ~)". 
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Wb.u.tcv~r tite end product of an iulegl'11te<l plunt or com
pany control "Y"lem tumo out to he, it;, nlmost certain 1<1 
rt<¡uire diffcrenl appro:~.eheo to the organimtbn, mana¡re
ment, development, and m"inten..ncc of thc human com~ 
ponenll<. Whai i i:::¡ r J il' 1 1 H ,¡ ' F1 IIF!Íng 

• d '"'"'o Ww d O..r,.., h '"' int ~' 1 oí o.p-
pmprb •e tbe buwoQ,,CQm¡..,ncpt,oicnlnpb!lU' ]~¡g 

1 '¡) '''"' ph,....hy·-·~--~""'"" l*'lii" ... -;¡ 
m 'X 'o sbie:r'"lhe..bj~hM' elo of ial:t¡¡ialul oolttrul"i.u 

·~· ...... ' ,.. , • ......,. :ma~. 

V. C-oNcr.uaJOI<11 

In th~ JUI'\·ey we h&ve dioc"--<i oome of tite economic, 
teehnologicnl, und humru¡ o.spe<t~ uf •yste"'" ~ugit~O('ring. 
We- oysterm <n¡¡Íncer'.ng u.s the t«:hnique throu¡:h which 
U... elcctrie teehno~, cx•mplili<'<l by the digital CGDl
puttt, i.s being applied to nur illdu•try. 

Severa] rno.jor trtmds that oharaeteril:e tho evolution of 
Q'lltemll enginNring tedmology in our industry ha ve been 
ident.i6ed: 

t) n pw•d-o'' ' ·' 'b. igc•ooosl m· 

' 2) ~~ho,iqw•• """"~'- i '1'!"-~ooe:=ingi;o im-
pod•••<...,.¡,......u¡....,¡¡¡..JM,¡'*~~ 

~~h-ol..,-in~.oHa..de··go I>II~J!metw 
t ef it-ntrni~•t.em. 
3) ,._Íf>tJ!<m.ll....._..-ftu__.'""""" "~IIIIOHJ.!-Im!fo 

uoplaa«ed. O aoo1Hs1audo1* o! tM!ior~u !1 oa of 
••• ,.jer •~'-¡ooaoibt,<~mpoo1ul one, 
~lmtrtM-"I"IIfe'"'ot--imp~Mnent,¡iw o€-..~h· 
r 1 «J j ij .¡,¡ """J'. 

Ao on¡ineers, .... lind ou~alv ... incl"tOISiilgly mo;in¡ in a 
pmition to influ~noe dire<-tly !!OClal aod human patterrno. 
The n..ture of our work must change .... our ...,..ntial 
respo,;bi!ity b«om"" ooe ol edue&tioo of tho pub!U: in 
rnodem tfehnoJov. 
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no plaso el digi!a~baekup in the 
Eiireet-digital-eonli ot- system 

'¡ ' lh ~QMB-'-AQO 
Tlw Ft»tboro Cumpa~y 
fOdtD<t>, M;u.u,cbuKtto 

\,11 p•:, .. ¡.f-
~~ ¡.t T' ' , l 1 •.~ o u :e es& uf diitCI digital eouhul un 

vlol· ~ ¡ toA.· ilol p mm lóe• t.Htr&x.ihiiK~ 
V ··p'· .... II..,...C'\1~-pr...,..·Wttlrol-pfob~-

(\ 1/1 " 111 • aA.,.II<!ed couuol +ot !moti &>ti alnyoic"' wtt. 
J Control oon«pts for continuou• procc11n use thc 

computin¡, monitorin¡, information ltota&C and 
onalytkal obility of thc dill:CI dignal 'ontrol com· 
putcr. In !he batch or dis.continuous proccu thc com· 
pulCT's logic: capability ;, cmphasized. To pcffonn 
bakbln¡ <>perations, a oompnhcnsiv.: lo¡ic sysu:m 
is ~cssary. lmplementation of tuch a syorcm usin¡ 
di¡ital tcchniquu pro~idcs IIUUIY advantqu ovcr 
imple~~~Cnwion usin¡ allllog equipmem with .uxiliary 
di¡i!al loaM; cin::uito. · 

To fully apprcciatc thcsc advant~s. thc readcr 
must havo a basic undcntandin¡ of continuou• control 
l)'llems u .,..,u as 11M: batch type sy•tcnu. Thc 1-

r-.-.... --~~----, 
' ' 

lawinK wiU describe sin&)c loop control, scvcra.l ad
vanccd control concept• and control uf temicontinu: 
ou• proce,tes, as llll inlrO<Iuction to di&it.al comp•ncr 
appl~n and baclr.up. 

S" 1 ' cp t&IIIFOI 

s· pl -, gt< loop fhdbuek c&<:t:el i. the"n!!><!t 

oo "'"'"' ClOftlrel- fOtLr:d--tn-~ pmc:eoo-industries ... lt 
· r-.-trolklifl flow:·~;tem¡n:rnrure. p:es
"" f a.•d-~~ariables. Ji ti: p::ca::tat:c and 
1 'UÍI ~ ... ·., 'FII ···il bh nlo-oh p¡OYid~ltis 

t}lff ef eoow-<>1. 
llaticaUy, thcsc controllcn compare thc .mca.lurc· 

mont ora ...Wblc with itt dctircd valuc or tct pOint. 
lf thc two valuct are nnt cqual. the controUcr adjusts 
a control ~alue to minimilc the diiTercnce (Fi¡urc [). 

In Ktion. thc controller is an analog computcr 
which calculatcs a one. two or thrcc u:nn npn:uioo, 

b o 
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1/IIF&
/Jt:NTIAL 

depending on tbe type of control action required by signa! provided by the commonly used orifiee plate 
tite proccss. TI tln:c '"'"'" de¡:j"'""f'I"'F r"w•l, is propOrtionalto the square of the nowl A t1>mputing 
~,._nd-deri_ ... , 4'0Atroha~n. Durina procn• elemcnt is ther:fo!'<' neccsury to uU"'Ict the <qua,n, 
uan·up, cnefficients of the tnue tenns are rrull!ualiy root of the differenliai pre>Sure •ignal. 
aet on the controllcr to providc thc best TC>ponse FH 2 ' 1 •illwl t C...Mow1ard control....., 
under normal operating conditions. " ?~'!: ,. ¡ 1 n- ~ ·'-t~Bw.¡,ra!e js ':.Co.l.~d" 
d't" b o¡t; oc .b. proceS! op=O'º' cbwa-the 
u· poÍDI radiad!) 1 •be "ooffgi--y are-no lou¡e; at 

opW.ru,tr-'llllucs. 

~[~~
,· .:. ••":-"''~'M'~"~"'•• ~r~piJ 
'" ,, , 'h S?D''21 pwblem h'"CT" mg .. 9"Dp1iP'nl, 

•inaJ· 'oop fe•db•rk roNro' ;. n la'lo81'~nt. 

F.i¡lolf .. J..illfolt,l~l~~lld a oi..W.oii!OI: 
i~ntial, f-'~d and concudc. 

'11 adj"M .. ne- flo-.of..ne.ti~·fluid....,.¡ 
eh· 81~ra1Vre-~iMcedf-.d calculat.i<>n 
·e:· 'patn·d"'rurba~in both inlel!cmperawre..T~ 
a.l.-f'I'I"CCs•llow-F-1. ~blo !rol 
QL+l, 11" feoctr~olsnal.at~lio;Opalu.·tiKI dlan¡e 
i~requin:d. n; m·~";" d ol-tbe·fced· 
fgp"' ~ -·· . ,, L, ' .. "' • w "" •• =- ¡o-uc.oe;¡¡m • .,-e-ren· 
f'llepla!¡.... ..,..¡..may hll'<e- lo be adju¡led. puiodic;¡jly, 
sjqce lbe buJ.-tfamJer-GharaciCrisW oi.lhe.be;u U· 
cb¡p ... .o;ha;~ge-...;th age. 

' sj,!"QNF<>La-f61 ,. h ... iooJr•lu!Cd 
-.,.¡¡w........,as<.!CiiltMI .. hic¡,.i.-.rkd 

_,..,~.oot ... nmen..,,..bk: oziablc. In 
Fi¡aoe ;¡,...¡~-f'<ILH•·perl"twm~ """"lowla!ion 
~-~_.,.,.¡~tlel rn 1 inlel 
-.per~~~~,...¡,...,- ¡T2-TI) _. 
~ .... ,. ... of proce•• fluid through tht hcat •~
chngcr. T · · ur&•ol"--lho~fteaL 

tr-'«rotd-1<1> lh .... proce~lluid •' :· noi11t1 &toe de· 
n · uf lwlf·~ n.,;o .-.J.od..~ ... ,w.-:n• 
nuid _,.... '""p:r.uure 11. 

Analog eon>puung de•ice• pcrlonn the nectts.lr)' 
eak;ul~lion• and control c~n l>c nccuted "i1h con
Ver.tional an.alo~ ¡;ontrol dc,i:u. Addnional ca.lcula
tions nw~ be nece.....,ry bcfore somo v.uüblu are 
.:ombincd. For namplc, thc dif!=~:!al ~~-=~•~re 

m 

,• ti j¡~ WP>!rol-tedmlque-""'"tmed by·fillJre-2 ÍS 
c-~mroi~Ji·tt~hnique--.wllen: -one controller 
"N"s!!UÁO-~ l")int oi-a001hcr ~<min>lle:o.-The Oiltput 
"'-lempmoture ·COntroll.or. (; 1-i&-feO··ictnC!ldedl ·•o 
thoc: atl ¡;ojnt--of·tempen~ture-controii.,...C2 lhrou10h a 
mukiplyinr·dcvice M. llettcc cltJtige; "' ¡Po«" 
fly"d _,... ......... "' ,...n ..... tt.,...........,..,..,, d 
cenid' e- PV!!~iittlr """ttam vtMIM 1em~t'ra· 

-·· Tieso 1 kopi d; CUSiid 1114 o Qqw:; ~ 

"'"" o 1t ; wric iT Ojltl lit 51 ill!l i\tMy 
..,_.¡;,¡,, ...... ;:lt-eM-.n;n.ol,. _____ , 

,¡,;, ilU)I'I:e>. ThOfl'tt'4 .. 14iJ1-.-"«•PII""""....._. 
""'....,!) 

""'-'ha~ ,,.11!-.,o'n!!MI . '· . 
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C0111ro/ o/ ltmkDIII;,._, ptoctJUI 

aonc: 

' • • 'ÍRI sc "r" • • te a p:e· 
1M duk. Batch 01 KU · o ... 

t'n:rw" r a :uqui:u eaauelled ucqac:wi::¡ be-
~:variA!!' • "¡ iil tiiWI be SiUIMi 1 J l'pcd 
~tly, p¡adoct otqi111ttiltlits euau¡¡¡; fteqwntly 
and rv•"ÍAI·P" "'-'¡c. lt ahould be noied 
dial m ' b ' h ¡ tli11UCU1 pi Al ai.JIJ u&e 
fccA ontrol, but wirh r a d dwnp:o or 
contml rol r~ul. 

Fi¡un: 3 Ulu1tratea a aimple cbemical ruo;U)r, 

lq:redicn!J are ad.xd seqOJenlially and tcmperature 
b maimair>e<J ~n¡ \0 variCHU presel propams 
to provide !he cbemical rao:;tions necpury for 
variou• produc!l. n -··e· wüh;. •b 'ran 
pm fwmcryh' · M •-Leo .,.;,..w. F<>-
+w' u ;yclc. 1' dor 10 bcW.a 
w .. ·w u •·•r·rm.a·¡ m .. 'NI od :o s: Mh 

U..-teac:w :o -~¡,,1 *a' 
....__""" "•• , .... neuo 

Ja-.1he I.!'P; •. ,o ·hmie=' 1<&<.161 o: ¡ui ;j¡¡¡ ;ose!, 
dé«·••L .... "' .,¡ -~~u·., .. ¡, eoeu; f&o 
evf pmd l. For instance, !hero may l:te ch.an,es 
in sp«;tied in,¡n:dient mi~ and h<:atin¡ and wolin& 
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, __ .... _____ ... __ .. ______ _ 
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la Fi&ure J, thc 
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.n! f 11 

D". , . & ee: F un 

ipo, e 
n?' f ''y -blc, 

'! ill -• 

HJio ¡AiiM&u. HowevCT, 
cd, .; at 

e "IJ'"Gnt! "p• 1 1 tte 

' • 
lt omiablts #l~cli me 

• 
-Pi'?: 13 !) p·d¡¡s• "U 1' tb!.t 1i't iQ'i'II'Y!• 
-fioode ilifficell, it tJh be eas~r PNiia<li,•wd to 
•dapr 'be O"'ral' 'OD''º! !!IJ!Sm '0-d 1 1 iop sor 
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1 í.e Place Of Di¡:ilal Bac:ltup Ir. Thc Direct Di¡ital Control Sysltlll 

2 9 
J 

4Jil*' m tsri:!: 1 q i¡;¡¡¿¡¡¡ aud posduelieLL •- Th~pllilosoplryofDDC ··~ }.i~J 
-..ds. en w¡.h •' · l:o~accitLLI ol' ilit dllhil eam¡Aileo <o ~),l. 

lo\· p-eun coaliul field, il jdrn¡ •ba• re'·· (1~ m" pb u 11 .. ·" ' 1 1 ¡ .. , p'a"s. Many 
of the installation• use direc¡ d~tal controltechniqucs 
on all or SOlDe of tbc connol prublcmo. 

T .... 
'ifi' 1 

P'SSP S rrr r'ion in e oitlef.:AA;I 

•w' u 'a&ions, thc otl pou aoe fwpak: ''' 
1M •, 8 , -¡ ·ew g¡ atiou Li&lysis. ~ 
?U el ítipütS, ISO ate üstel ft J' 1 u tMl 
o{ ,irsp!: 1 po; Ehl 1 t:si:oiu¡ H &E üXd 1¡¡ MI 

'O jnpl 
'-cb 

5

1 
:akí:a:éaMc c::ol J ' IGI 

T-1-~ of""""''"'ll ,, .... ~pul 11<1 __ ........ ___ _ 

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

tho IS~uen ·• n' •'•PI 
a( ;mp111ent. 

5:1'""2 ""'" t'M """'' 
00 oo. 

000 -- • • • 
" o .. 

"o (i>n )o" 
000 ,. 

d rt a a= ; s a~~ ;¡uppinz 

"' 

•i ') li11~-);¡¡owuaiX>cu mool pe :ce lb" . / 
r &Sts eoold' uoL be &deqaiicl¡ ;c¡w onWMl-Oy P 
IIN!Iicmwical modtls u; hielo ucald po:w~l i=~ 
pcvcesa tolhrol. 

Sed¡ Mloeu¡ll ¡¡')iallh' d"lil·' •=P""'r 
""'j>CIOi-~-«Wih~lM-C<om

f Ji• 1 J ti>e 101 ¡¡ • 1 .,. •• 1 1....-trollc:r. 
In ih"· ••"·m tb 1 8 1 sflet lttaintd tlle ,, 
o. 

opaiCI LúihiO[ 

'->ry; iri facc. 
fMiaaily, l 

'· 

Jtllin¡, 1f diE : pa101 

'· ' 

•b· wp=p,f,u; 1 ter. "Thi$ made the 
gp·ntam b•ppy, but in many i~Wtances the 

14dtd. 

i and plaih Njkiiiwn e: zt .. lñeil= wu 
no ¡¡:uanntee lha.l lile operaton would aclúcve the 
optinnun wntrol settinas for !he plant · 

Wbar · ro-
.-e? lf 11> desin:d, ¡t p :e ecalil! lilll ittXI-
kl ad, ~. and 

... .. 
nbt"·1 13 m !n 1 ' 1 nc::e, th1 ¡lipa:; j¡¡ catory, 
•• S?!M b ' lopcd. In a ILnst, ' mnil: 
m tibe ' ' as pus;ble. whcrcas s 
m t 1 '1,. "ill ··m 1 a hieoe, doc to l&:k of 

¡e. In addiiion. the o ... Jine proce$S 

computcr pcrformcd other useful work co aid opcra, 
tors. plaru supervisors and process cn&ineers: sec 
Table 11. 

~ 11-Somo ~ flmctiono ol011on-line --• LOG GtERAIING OIU IN (NI;IIU:(~I~G 111111$ 

• CJLCULITE 11!1) OISPLA! QP(RHQ~ ¡¡¡JIOU 

• IMTEG~IIIO~ OF ~IHRIIL FLOW 

• ~EPORI 0N PROCESS STITISTICS • ~ITERIIL US{Q 

FUEL USAGE. T~RQUGHPUT, ETC. 
1 • CILCULIT{ Ul\l OISPLU D~ RECORD UW14EISURU&LE • 1 

VIJIIACLH SUCH A$ 81U RilE. ~US 'LilW 

• -~~~ IHD llUH PRQCUS li~IIS 

• R(CORO PIOCESS (IEMTS O~ING UNUSUAL DISlua&~ES 

• ~OHITOR A!jQ RECORD CKINGES IM SE! POIMTS,4LARH 

li~ITS, ETC. MADE 81 THt CPERATCR 

T~EH~ ~ECOROIMG. ALI~ $111US REPORI. 
LOOP $[1 POoMI iUi~ PIR~~EJER OIU 

l. 
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¡~~ª§§§g~g~~~~~§~~~al Fi¡ure 4 tboWJ two loop~ l'rom alar¡e sy¡.tcm. Tbe m- measu~nt t, 
p•el 1 p fe¡¡¡¡j::g piCCU$ ilo .. ,is¡ illOLLÍZO,in¡ C h 

1.1 lt was I'I':QOned that n:. 
DOC woutd redw;c thc wst ola proeess controlen m· n-
puta" by eliminatinJ the cost nf thc indi\riduaJ fced- •m'kr k; b,.':::r ( 4 il 11¡ ·a s at• 
back conln.IUcn. Since thc conuoller mcn:ly per· 
rorms a ~culation, why eouldn't thc computer per
fonq the uk:ulation? Sc~ral cxperil1tl!ntal ~cntun:1 
showed tbat tbe DDC ccnc.cpe wu pbyt.tcally pos
oíble.',. Thc feedback control law W&!l eak:l.lla!ed 
wilhln a ecneral purposc computcr and thc n:sultin¡ 
1i&nal outpmted dirrcctly eo thc control valvc. 

··e ·· ;: ·u ••••,...•adeuft'tcrnccllin-
d", ·' lol80; =eholhlti' ...o-..-diroct,..¡jKilal =rol 
(QIX;}·eomputer- in tlse area ot2001uep¡. ~~ 

a book<:l :" ~r ... Thi,- mut~-otf>did ·not'"in· 
c& 't *"! pnmmnriu case th~putn--.yoo&om 
h!'-d .-,., ~t-i ... tallatiOM'!his melnnesfnran.Jog 
_.~to-t.c:Jr.up thc DIX}-eomputco o:: each 

r con..idaW o;riiK:al. 
Thc DP8 eqWjhlltiil wa; dcsigueJ so di4i1 Ji¡¡¡, 

'Cmp; 11 failcd, e 
di ¡1 ., 

Clit"ul 1 
·:iou aultl> backtd ap b¡ auahsg control .. 
r ::etc ~ lo~ b¡ aa ••=l•s r ~nn r 

Yd!ich culd mahJtSi!l loe•, toi!.:el e• u ;pete; MI~ 

-- Co 
1 

1 ~rheJ ut me Otile; lii)B6" hsr "' 
"lock ~ i.n" attbri· 'W e tp '; b ¡ ••· cg;cytm CP'lid 

hu 40Did :ead hrhe pwidou a::d ¡u SU :OkUUOC· 

"' 

-With tbe cvolutioaary h.iJtory of di¡ital process 
computer equipmcnt, it is impossible to roorc lhan 
estimate J'P" 1 1 

celi ftlli&ICS (MTBF). F<X" 
!he rmilkr di¡ital «~a~PUici'S, in<;]udin¡ input/outpul 
equipment, that h.avc becn applied lo the proo;eM 

control problcms, ~lated MTBF bas BfiF'd fi'om 
1000 10 2000 I>Oun. Ad:Vances in circuit dcsi¡n indi
cate ttw "'ieb'!":t 3' · use, but rclíabilit)' sta
listics on integratec;l órculta an not yet a~ailablc. 

However~ wsud''" ñ ti j ctd dit UJ-

For corui 
loops, i 

p: UIIC'S. in·<ehhig IUI tlliri ISO 

"' 

¡i~p 
~}e 
¡,,~1 
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aJ51em. TM railed t00111puter,ouln~tem is anilablc 
fDr sc:lf~heckina while the bac:kup sub\y&tem m.o.in
laimo proc:eu conli'QI. 

S¡; r'th'ttu en k' 
,. ,h 1 1 i~e •• e;~¡ 
~~~- $) • 

" ... hs"r "!:eo:i:e 
""nti:! Rai, 

t p r :idtiiU. A paralleL control ~- usin¡ 
~ di&it.J control teduiiques takes fuU ad"antage 
vi die dl¡ital computer's proceu coatrol capability 
.-itboul teld"VIIion and compromise. lt can include 
Mhranced control tecbniqun, such u self-runin¡ or 
adaptM co::!rol wllid! cannot he obtained with s.et 
polnt control- The panllel ~omputer prouuin¡ sya-

\ ""~ ,,. 1 ~1 
'l tli 

" hLl 
• 
1 
1 

h "' ti 
. 1 n " 

I'V'fll}OMIPIII tquipmtllt 
F":aun:$ 4 and 5 show tha! in DDC, u in all control 

ayste::m1, measuring eleiMnfs and final conuot oe· 
~ are l1il1 ess.ential. Each mcuuremcnt is irt
dMclually «JJIdition.cd before bein¡ fed to tbe multi· 
pleur of !he componer inpul/output l)'stcrn. Failure 
oluy illplll or outpul therefore i• similar tu failure 
el ali~ cootroller lnd will not disable other loops. 

· ol 
1 "II:Jiewsct!aiOisorw:;umr 

·cn r 1 ¡ ; tieo. Also. · ~. 

" -·· GU : eaOt!OIIS 111051 lk COse> od '¡¡¡ of 

•be ' 1: f Pie: :d :¡nut nt 
.,, 1 d apÚ:el -rol. n.. x:: ¡-

p , ; d IIN • locp arsle::: ""!:oeld Nld: wmain 
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OWpa' dh ces, for on-off 
conlre' nt'p> q 1; · · ··:bdutatas 
l."d/n '"'P"' "1nal, ihflllld b ' 4 U 1 Jet le 

br" ; 1 bcp sys1em. in eue of l)'ltem AC powcr 
Ion . 

Tbe 11 

le ti 

trc' 1-,· hJ cd illd' hi16ited 
fe 1 ¡ 1 1 d CW!ptll Wbtiol dCilt~l: Re-
paír can thcn procc::d wi!h 110 fear of accideatal int:er· 
fereno;c wiih proceso control. 

In 110 · 11, :clil: !le -,al eeeputer 
i· S •'lalld, the ' 
"P . .it•ble. 

TM inhibiilogic mu•l be fail-safe so ihal ita failure 
will no! ditturb lbc s~tem in coa~rol. li must be 
tested lillomalically lo CLIIIITC tha! tranlfcr to backup 
ean lake place il' 1 uanstcr is eommanded by a failure 
dc!cction- lf inhibil logic wm 110t !Q.Qsfcr lbe olher 
computu automalically, 1~ eys!em should ununci
ate 1/u:t f.ci llld providc an indepcndent manual 
o>"Crride wbich forces tmufcr of tbe control or !he 
inpul/outp::l equipment to tbe ot1w:r eomputer; 

' ' -·· 

Tho ·~ 
' pi 'd"r G d 

lime besjs. n. b 1 , r 1 ?! ¡j 1$ ":za :ly
n ••• aiaQ w:ididOill wlt'ldll a sho:t time 
pwied (in !he ordcr or ICCQ::do for • batch ¡m::cus). 

• .... , jiLOil4111 thili¡<ES a; de oc: Li;:t :: hiks !l:e ton· 

..;;o.- A l 11: iiiCIIIOI f llld$1 J)e bSCd $LL lail: toLLL¡Ait:er 

•mom·:!iC on-lig• ..1Elli9a ~o vpe:ao' 1 s J 
In cf ;: hir"' :OP~i••~onuoll!ng ll:e ¡;:o.::eu. 
S r IL tou i +•" =e ceLLLLecte:lo.,: :ek:e::~e 
•i¡mtle O'bccs - re LLitcte:t ;o Otripa! ICSI tlgilals, 
c'nina ib !'!! +w;M 'bw:d; ·e-·b-....t:.,.em. 

AU fai~d ck~ices must be ca!óily removed for re· 
pl:u:ement. Any disrup1ion o! normal function< dur
ina rcpair sl:ould be limitcd :o the few inputs or OUI' 
puil which shlrc thc s.&nle printcd circuit u thc failcd 
clcmcnt. 

Tkiis alss SIIOüld be U d:agliOJiit p10¡1tutt ;¡rtch 
....,...fe'' i" ; .. 

tu b e su' d. 

"' 

•p' 11 iei&ILL 

¡l:.otq ¡1 ., 
ll:c ILL&LLJ fu:malu &Lid fU&J .. ih$ 

;d. Bullo :::o:e:c:¡ llii al •¡ajn 

' . 
~. di~"'IÍ' p;;sn ' f,. fau!t detec
tioa J p:c¡:au:s 10 aid maillitll&iiCC. Sophillka!ed 
man·m:;"hinc communication programs, which in
volve le~gthy mcnaae stora¡e, can also be included. 

P' 1 ,- r CJ&LL:S J'o: ll:t camputtl la ;o:;:puter 
communicllions link dL¡QO:L! 1 1 f li11k l'lulure, an-
nupcjr .,.,"-f:¡ilaee d LDLIILI$4114 !hE d?&ii¡eover 
l~ .. lo;;c& p oystem. A pro¡ram system pcnnits 
upd;uinll aod on·line dia¡nostks while tim~-sharin11 
!loe rcel-time pro¡noms in bullt memory. 
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'A s a sl:nld k: a u¡ r::::: ; ; ' m 

M' ¡ etem. Another ptocedure and pro¡n.m is re
quired to transCer all operatin¡ pruavams from thc 
blo:kup subsystcm ~k to the repaired computet, 
witl!out interferin¡ with proo;css control. 

•'Vt 'bt k Fll ap 1)111::: io ILOI O ; CJO:Iiil¡ Íl il 
·• '': f p ce cm eanpiliii¡, debaaiug a¡¡d p:ab 

Whcn badup 
computer talles over proeess con!rol, theae pro¡rams 
u. discontinued. 

CONCLUSION 

By usin& BOC with complete input/output 'ontrol 
and computeT backup, the pan" ' •r 1 : p: 11-

,,. ±el ' ':•a. 1t tllkes Mledvanta¡e of 
lhe Jocic and com~N~ational ability o! thc di&ital com
puter, whereu e c:omputer oystem wtLich dependa 
on anak>t; ~~el poia.t control or analoa t=kup cannot. 

. ' 

" 

3~ 

Thc parallel con1rol wmputer system pro¡ram aor
a¡e ability. toaether with bachp or lo¡ic control, 
program scquenc;e and formulation, makn it idcally 
Sl,li\c4 for compln b:ltch or 11811-up and sllu!down 
applications. • 

Complex continu011s control systems would al10 
bcncfit wilh this conltol system. Built with SIC\~:< 

oC-thc-&n electronics. thc o)stem V.ould dlallen¡e 
the economics of computer sc:t poi.nt control and tingle 
eomputer direct digital control with analog bKkup. 
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1) TJ,.. Ílll't<·;,•\¡-~ :o\\'Uf~ll<'"" b! ntulll w¡:o~rol Í<> pl1uot 
,¡,._.¡~,!h.,¡ '""'"'"<IÍ~ J'.....C~~ euo;!l><ii"ÍIIOÍ¡>It>OJl!UvU\~ 11 

h . ., ;. fu .- "'" ~ i 111( • i g" i (ie:o 1l 1 i m 1' '"'"" 1l 11 •u 1 ; i 11 11 "' " )' "-' ¡wc! ; 
oi' J>ku·l ol<>il!:ll. In''""'".,,... the !<J!nl pl:"'t it.ve;tmellt 
"''t<>Íil·ol j_, {itV<Jtahl)' uffect ed. 

;,¡ Tho• lu~•· it.rte:<•l' uf tut:ol :tU!unoatic culltt>ol f<,.C· 
¡¡,,,. ¡,..;.,¡¡: i"'l'l»tllotol \\ht•rc ""'j"r CUI'-"ÍJo·r-~t:or~ .,¡ flldt 

aut""'·'''" """'"'' ;, tuke11 ;, d~>iA" ,,,¡ "i"'""'"" ,¡ "''" 
""'"'''" ¡•1""''· Thi· hu; bo "" """' ci"l!.'- .. , fnr .. m,. vi'"''' 
olo·i~,.,,,¡ hy 1'·'""1'''""'-

ti) Th•• ÍIICre.o"'' uf :<V:~ibbility uf uutomta!Íc P""'''"" 
"'"" 1'1>1 •} •1<'"'' \\ ht'll 1 ¡,,. majl)t comptllu•ut; .,¡ !he >)"•Ion• 
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are -•ttp¡>lif'li "ith ncedeJ 1'"'' o·r by ion ;,.,.,rated "cleun" riJe. 

thr<>ugh """ er •upplr-
7) The re<:enl devo•luptuo·ut of •n•~ll ur míuioomputers, 

with <t<lt'QUute supportiug iuterf:tce hard,.nre nnd ooftwnre, 
m11k~• v-ible eeo110mie nutr.matie control of mu.ller 
&<'jOn~nt• of !he pn><""" thm¡ 11-.t11 pructiral hit~erto. lsl 
elft·ct, " prucc .. """"~"\ becomes cuutrulled by Íl3 ""'" 
"d<'llie¡,ted" eomput.•r. Th• srn~ll romputt>r provideo the 
;>olllibilíty of t"mllomic:tll)' addinl! ILU!onoadc contrul lo 
aelc<:teol pQtl• of ntnllf ~xiiLtin¡ 1111 well M neu· plo.nt•. Tb;, 
ils cspt<:ially true w~ere plnm desiKt• nnd operatir~g renlities 
fsvor a otretch~d uut •tep--by1top "''l"'''OCh 11ith • mini· 
mum of inteructiun brtwet·ll eoch """' •t•~ Rlld th""" al
noady tMk<>n. 

!'"'>reo: f~cro"" 

"!'..,pie factoro" are the ntajnr key iu llchievillgoueeno-
ful profir,.ble nutonl!L!ÍC prur~., eo11trol. F. ven Hnrnc •lown 
fi.,.t-getlt·tuiiun psoc""" eoutrul con•~uten1 are AlilleAmin¡ 
their '"'} 1\hm nd<•¡w\le PI"UPIC l:telu"' huve bo>cn c .. uteJ 
and msintained in pli\Ce uver the yaan. The r,..ter ar.d ""'"' 
ptH\etful third- 011d fuurth-¡enen•tion oomputero do 1101 
brin~t ~uce...& "h~re adtqunte •upporlilo¡ ~ople factofli are 
no! desig11ed nnd mnilltsim!d in phulc. Whar ue sorne o( 

the ... • i>I"UPIC fnctotl! which can be oor•idered vital 10 
•ucee.os·: 

A F"'"',-obJ' ¡;:,.,-..,,.,.,,,¡ fm· Contr<li Conlr<>l fJp<noiMr: 
Thi.< fa•11n&ble envirunm~ut which ;, oreuh-d "''"''ly <!>y 
plunl "''""'g~ment includco !he foJ!o,.iog 1) There ohould 
b.. no Ah!lme on, or thte11l lo !~e .. curil}' of, the operut<>r• 
if !he uutoniAIÍC •YAiem rontrols thc proeno beller ovenoll 
thau !he opt•rotonr do. 2) Thcre •hould be B d..,.¡,_. on !he 
part ni e.tCh comml o¡>erator and their •up<'rvisun; in tlutl 
th~r '"l"tth" oontml ">'letn lo •~tcC<ed, they lotli<Wthey 
can help n•akc it surcecd, ond they lal.t the '"'''""""') •lepo 
lo muke it sue«<"L J'in;ol!y, th¡, n=lt• in the rettlintion 
th.nt maki111t; rh~ s)-.teno ll<>rk ""ll ¡, renllr a cont.-ibution 
lo h,. comp:tny'• profilability, hene.> to beneo- job occurity. 
-1) Thcrc •hould be 11 ritten u11d ...,.dily Mv:>.ilt<ble opornting 
tUl<"!. Tu b.. cfl'r-etivc thMe mwtt 00 simple, dwel¡· ht the 
IO<'nl •Í1LI!IIion, n11J th•u be ~ufnreed fairly. \'et tntnno 
nm•l b.. rot<oiu,·d lor urc,•p!Ít•J( :tnd plncit:g ;., ,•lfect vulid 
•UI::{<'-•IÍO•-• for imptu''""""l" comiu¡ lru111 <>)>er.UÍug 
P<I'><>IIIICI. 

Troi11i"~ S!lpp/emtlllttl b, R~¡tdor Htf•rU.tr Ca""""" 
IJ(n<><;LIICe at!d nLi,.,·ullccp!ÍnOI< "bout nutuno:IÜotl "'" ;; 
mnjur ... mn:e of nJ>pr<•he~ >ion "buut IIU!nma!Ínu on tlll' 
V'"' uf oprtlllo1'11 nnJ their >'1111<'<'-¡..,,., Thi• i~ron.nee;. 
uftw 11rl1 di;¡¡uÍ>ed. Well-d<·.-i~""d lt11ini,;g ""J refr,.hor 

"""'"""· e>)>\"Ciallr tailor .. l to the n~ed• ~nd ""l~•hiliti•• 
of tl~<•;e t""•'>lltlel, proviJc" l~ctful yet eiitcsive ""Y 1<> 
di·pt•l •nlhl'i~ur ÍRnunu·re about :~11\nniU!Íou ,., th:tt Kood 
pr"~"''" ¡, 11ehieved. 

1'hc bt_.,.t ln<ÍIIÍI.¡¡ f'<>UI>-eo f01r "lll;<atu"' K<'ll<'t:olly ti.'OUit 
"lwn prep,.red a¡;oJ :nlmÍilÍ<Ieted by ti....., havin¡t '"'P"'••i
bl•• chnr¡¡¡• ~··J :tdmilli;truti,, ,¡ «>utr<>l ,¡ the c.noe11t 
m~kÍIIJ( pr<>l'<'"'• Sh.,rt """""'" .,¡ lr<tÍIIÍI<~ in C!H>III•l•¡·•· 



1rm '' '""''1>1' ,.,,¡ applicati•u '" me 1<1><.> <.IC><irnblt• for higlu•r 
ln<•l> uf c<·m<·UI r>lnlll "'"m'~"m''"' and fur lh<~ •urer
vi-<or¡- r~·n•tumd """· "hil• Uu1 resp<~u><iblc fur 1'" .. '"" otn•
lrt>l. •i~uilk"u11,,- affo·ot il< r<••ulh• by 1ht• <¡uali1y oof ""1'· 
¡N1rt :rud undrn<~ou<lin~ 1hf.' l(ivr in di-ch~r¡:iu¡: thrir 
r)ulic•. Truini11K !1!><lpn<o1ir<• iu nl'tiulru!luor of :mlmn:,-
1~'" t·umpon .. ut~ '" ,.¡,.., vi1«L 1·,,,11." lhc high,.,.l nvnil
nbilil)' "" <'<m1ml h:" b<:~n fum,.ll<> ,.,;., wl>••• lht• """"' 
'~'''" m""t of hi• owu 0\HtÍ!>IrnalLo<' 1\ork "" •u1u!n•tiuu 
•¡·•1~1n Cl>mpollt'!ll>. Tr,iuin~ in prup;<mming fur :? or :¡ 
urnrll1 pl:uot )><'""""'") i• '"<'!'." U•tful. Thp l""lure ol th• 
"'''"'""1 m;¡king ¡>l"OCr-. i• >Uch thnt t:ulldili<>n• uf1~u 
ch:m,;r. Thr~ rh~n¡r;r> mol "ri<t• from "PHt, .,¡,,mie3l ot 

phpic:tl l'"''"·rür>, nud ,thor ""'=-"· A '""'"''"ble pttr 
lici~uc~- in mu<lif,-i,g 1he OO!Urol progntm> lo ei....-J~· 
,...,.,mmooblr !he~ eh:mg,., "loru thrr ali<•<'1 ptoot"" 
•~•tllru!. dO<'' nmeh lo nwi111'<ill ~KI eoulrol ellirion<:}. 
F;.r 1uMll~· impothll>t. ~ high ruufid''""" le,·el in thr p..-
"''"' rrol •r•t~m \1..,11 ;, 1hrreby m:tiulaiued. 

Adj,ufin11 Jub /H«:dp1im10 af P/arlt Sts¡Kil•i""'"!J onrl 
Pnw .. Cu<>lrol p,,..,,,,tJ, The goal of thi• i• 1<> m:d•• th~ 
<l'""'riplion• more d~Jy ~1 lht rr.lili~ of :mH•m•tic 

¡>roe<'"" contrul. For examplr. the loot mnjor <""'''"'""" 
p•rls of mo•t eemen1 plnnt> (m" grin<ling, homogerli•ing 
or blendin~~:, bnroin~~:, ~ml ñu;.h griuding) highl,· iuteraet 
\\ilh <·oeh nlhrr.~•r><doiiJ in thr dawn•trenm di1eoriun. 
(l'l:not• "hich u-e hot l:ih> ''"' lor drying hA ve ~.-en mtlll' 
ru.np!e~ imernclin¡: ruutrol probl•m,.) How oft"" ,J.,.., oo.~ 
""~ bull mil) nperototl' lftkill;¡ uetion• '-' hicb influeur~ chem
i.11)", or vit<> ""'"""' but wilhou1 eo<~rdinating \\ilh the 
d~t•mi•l• tu =~ore awmll miuin\\om Jl<•tturbnlion• lo the 
¡oroct ... ? C;u:C<'JliUAily, thr bt-..1 arrnngtmt!!IA, 11\kÍnJ!: 
:uolamntio oun1 n•l of th<· P"-"''""" ion o nrrount. lollow. 

1) A •in~le mun,~o·t ol \'""'''"" oot~trul who ni ]e,,.t 
m:tn~~~·~ o¡l<"m!Ítl~ <'<».!rnl uf lh• ,¡rindhLg, bltt>r.fmg. :~ud 
hurni»¡t o¡wratiun•. He ;, tO>[lOu;iblr for truiuing n»d di ... 
cipJ],,. ul th• ernlml o¡•·rnl<>r•. Ho i.. nl.<o.• aN:<>uu1oble lor 
<1'"""' iun uf th• ouutinn<oU' pnrto ul1h0 pr<>c<'tiS. 

2) ·n,. che,ir.~~l ,,,¡ other "~""""''"' r>m-<•"'"1 ·.<o:t 
"'""' "" ,._¡,¡,.. ,,. lo lhi> l'roc"~" Crontrol :\lonn¡;<•r but wi1h 
uo din•o1 nUiorily uvrr c<•nln!l o¡oemiÍ!l~ Jlt!''"''""l. 

3) Thia .inl(io f>J<lC<'>OI Comrnl :\lam<Ker u"'II'Llly will 
mnk~ minur ptoK<<>m >«liu•tmcu1• """""'"''~' 10 kecy 
abron>! of Prot'""" ch:wg"' rmd lto m,.~e <.lr;ired im¡>ruW. 
'"''"'"· 'fh~ <:<>U be delega! NI iu \\bol e <>r iu pnrl 1<> othrn, 
but i1 is hio roop"n"ibilily lo judge, k><1all. v<rif,,·, ftlld 
li11ftll) detenninrlh• """fuln""' ol ruch changr~~. 

Sume pluul• hov• m<•kruized lh~ir •uperv\our.r ""'¡ 
u¡)('rn1in¡o; •ln!<IU,... to arlúve •U<'C!'...t"ul nu1~m,lie 

pr<>O....., rontr<>l uith !lo onmJl iu~re~><" of l"'"'"'"'rl. 
R,,ne "thcr pl;ml• h:ovt• r•1nined 1r:toliliunlll jub ,)¡-...,,;¡~ 
tion•. ·n.~ high•"' pi~"' ""l"'tv"'iu" h"" .... .:r('<! '".,,.y 
bu•jj."· >iuoerely, nud rel:<tiv,.Jy ulut<f lrutn ,,¡,¡,.., .. ¡,~ 
lh~m-..r,-~,. lo rodiu•liu¡o; 10 11"• impliea!Íuu• of n>!toma1 iou. 
I"N•!r.llit•gi.-' rutlllgh, mu•l ,.¡ Tlw hil>1rca ,.,,¡ m"l""'"' 
.•uec~"'"" "'" ¡,,.,,d \u lhio el•••-

l'ro¡•lt Fado• • 1>/ A ulrmra!im< Su¡•¡•h••·o: Hup~Jier'• i''"•Pir 

aren k.): iu~n,lieu1 ill '""''"''"~'a'""''' of NUiul!""'"" 1u 
~fhievo """"'''·fui """t rul ol 1 he prueC~<S, '"'IJrciMTl)' "lwre 
a¡oplio,n1i"" ,..,¡¡"""' fur pruc~"" cr.ntrul io purdo:r•r"<l_ 
Their ~'"'" -huu , run>biu"l "ilh knuu ·htow uf 1hr "" ,,.... 
n'l"''''''nla11\•<'0, ln!'I(P]y ¡>ruvi..Jo> tht' bw.i• f<>r 111<' b<t•r 
>Uot,.,. ur fuilur<• uf tlw uow ruutwl ·~··• em. Thf 1 "''" 1 ¡, 1(> 
bo:1ttr <>!l(JL!>ilO• H,.. ]ll~oo»ii>M, truiniug, iu"t~JI.doon, :u>d 

0po·ratiou ,¡ au1umRtion <')'•1om• l<l moke "'r•<""" mnrr 
C<"!l<li!!. 

Dnmt."r J)¡<ltT'L Co~TUOL 
DIIC t ionr •h:~r"" the di~~t:<! won¡mi<•r lu dirt>eT ))" <• out mi 

1hr fmol dNIWHI, ,.,,¡, ,._," •·nln, tl•mper . .re. t••w•U¡

""m" furn> ,.¡ b:<r~ up h:<rd" are- <·t•m]>»ler """"'") •1 :<ti<on, 
!11' "" r>:<mp)~~e•i•'" on 1hr ceutral <>pt·n.1or·o 1>""''] f<or 
co<ch linal ml!)>ut dl'vire booill~ <"U!lt!'Ullt-d. Thi• b;wkup 
dcvirr ~loo prov"\Jr• o "'""''" of monual ..dju•tm,·ut 
ol thc final ou1pnl drvice when !he oompu1rr '" "'" tol 
..·rvicr. l1 m''-" ~,.,., be in lhr fnrm .,¡ " lull """I"K """· 
1rvller. 

:\Jnny ullh<· rao·lier ce>nenl :<!Uomutiuu •y•to·!r.> utililt' 
~uven1ionnl nu.•log ins!run>e111 ctontrullers lo m"ni¡oul~IP 
tf>o..e pruce"' \'nri:tbl .. uhich "'" \\Íihiu 1hr r.,p:<hilities 
of •uch ltiL><lng cunlrullo~. Hu¡>t>>"Vi><>tY lngic. uften cali..S 
"1..<-vr12," ~alrnlal"' th~ output .ignnh< lo Cll""'" tn:tuipula
tinu oJI1hr •tl)><oiul" <>f "''eh :!U><I<>K cuul rull<·ro- S\ljl~n-i .... ry 
~•Kit i• u>*<l lO h:m<il~ 11><,.... ouu1rul "i1u~lion" "ho•tf "''m
Oiual~'"' ol inl<r.•rliuuo \\itlo "1her «>Uiro) h.oP"· !><>H· 
liu~milie•, ~_1:1") lmog 1''""''"' d~la)·~. and highl,1· iuv .. lwd 
e.;lc>!lat~ot'" n111ke \l<ual """1"~ rm<1rolloro r<'lativrl~ «"<~ 
lr"''· This •pl.om ;,. "1"" ktwwu '"' r]i¡¡i1al """'1"~ r<mlrul 
(DAC); or oligi1.~11.'- ,¡¡,...,,..,¡ '"'"1"11 oomrul (llDA('). 
A• h"rd'ntte, >llult'>prchlly n• ~·••l •upportiu~~: euf""'"~• 
bte>tme avnilab\e il> \he ln"t hall uf 1 h~ l !1!10'•. 1) UC 'I'!'C:<d 
ou thut nuw i1 \s fin<! elw.•ÍC• in many new ill•t•lhli«n•. 
Anwng tllC '"h·nu1n~•·• DDC )>lovid<•, ""coinpate<l \\ilh 
on<lr<' convrutiooml "'"'1<>1( iu><1nlnl<"n1:<1iun, ""' "' fulk'"'· 

1), 'fho DDC ""'"l'"'er rr,ulily clwck8 limit•. l""'"id•·• 
<.ligi1al fillrring !IV<r l<>llK ]lt'tiod» of time, nuo~e;o malhr
m~tical ~-'<lrnlalion•, nud dor• dl'Cil<iou making~m•u)· of 
;< hich nre dilll<·rolt ur imrr«c! ir·nl wi1 h omnlog i>:•1 tlllnrut<>· 
tion t~¡uipm<'UI. 

2) In many ;, """'"""'more pr~doc coutrul oe.•ull• bt·· 
caUtlt' •h• <lrifl prnblem "\thin the <t'"Julutror i!•df i• 
obo;e.u1. 

S) Thr ""'' of DDC foro< .. <>)lt'tnton to be .•yot<mn1ic in 
ducumrmit·g all eon•t~nb !IIIH>CiR1Hl \\ith ~:>eh re¡¡ul~1i11g 
loop. Thi• ¡,rore!)" dmw \dlh :m,.)ug rr¡;nlating "·"''''>nB, 
~lthungh >uoh •Yhlrm'" \\O<tld \\ork bt1trr Ü •uoh <looru
nlro.t:!tÍ<m '""' d<>UC ""d ke¡>l up lo d"te, aud ,.,.,¡ U> 

""'¡"'"'" b;.,l !ldju,.lmt·n1~. 
4) J)lJC ¡, <'<>m)>llnot"!\·rly , . .,_,)ly ~• nmged for bmnplt"<S 

lrno.fer r.,r dili<•ttnl ,,r.],.. <>f <~><·r•ti~n, \Jf""'""''"" uf 
rooet ~-],.tlup. oo,d ftl11omHIÍC f;~i!ure dd«tiun . 

."i) Wit h DDC :o<l.li! ¡.,, "'''1 t.lel<•tiun tof I"''P" llUd do" L ,~,-. 

iu 1hr e<n.lrol. '"'""''"'" 1u bo· ,,,.._¡are <'n•ilr ~ouo. TI;,. 
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"" m " ,¡ .! : -" '"~ 1 "", .,. ,., ~·-" "·'.," 

l'i•- l. 1>1>C nponohw'• .,. .......... 

f'o•- ·o .l(.,,¡,.,.,¡.u., with C!IT u¡¡oralo"'• <'llo•nl• ¡.,,. ''""'"' 
p~ • ..,... '""'"'· 

;, • '>1 ,..,.¡_,11,1 ""·lul JU1 ;,~ ""l"""'~ic >ll>'t-u¡o """ ;hutdu\\ " 
ot' "'"Í"' P•>rt• .,¡ thc totul pruc••• duriu¡¡; whioh tr.u 1·i~11 t 
"' " " i !'" b t ;.,, .,¡ "'" o t " ,¡ luu¡» i• n/1 ~" '"'1 uiretl. 

til lto " Tll!(" C<>h>)IUier the owrall hi¡¡hPI l,•vd uf 
pr .. o····; r.ontr"l lraiJ,¡ l.•wl 2 or '"P"'vj,..,.·¡· cuutrol) 
to·hol• ¡., b.. """C ,,.,;¡y dn11~ .<i11ee th" C<>mput~r mtM 011ly 

'""""'"''""!' "ir!t il ... ·lf tu ch11 ~e .. r I'Oi"'"o "" ite!t hop• 
iu "'"1 uut. """lil¡ e•JUI nol ~t¡u;~tiun,., auJ "0 /orth. 

7) In "'"' ly•i111< <ev~rul e.\i•ti"g i 11-•tullutin"" it Í-< evid•11t 
th;tt " 11\•ll•tlu<.e cort•fully tbought-thtou¡ll <llkl "dl
"1" not"l t!iKital eumputer >)'•lem ""Ít:g "'"')Ojl." reguhtoro 
''" lo.,p .. lw "hi~h th•y ~r~ -•uituhlc ca ti provi<l1• e-""enti¡dl¡
'" ~,.,,¡ "l'>lllrul .,¡ tln• 1"''-"'e"" :t.o """ DOC fm mauy 1'•"'" 
of tloo• l'Jutim"'"' prucr ... Hol'~V<>r. tbt. ;. no! 11111• 
d01riu~ ~"'""'"'¡~ •lari·UP- A• th• rompi~>ÜJ uf the rcg
ul" t ¡,.., lo••i'' itocl "" .,., (•uch "" """"' """'-' " lwre C<>ill¡>l¡•\ 
~-•· ¡¡.,,. l"oltnt • ,._,¡_,¡ bot~>een '"" ¡rimliug ,,J the k.il!l
C••olo•r J,.l"lrlllll'lll), 00C prrovi.lr> •ixnifi~allt ud\'aU!IIIj,o-, 
h.1 t<-,,.]oi_~- po·tmiuiu~ ea.•y ""itrhit:l( ,¡ r•"KUiatiug loup.• 
ano! ttt,.lif.lin~ tho·ir foll'lll< tu foil•>"- tito· y,,¡,.¡,¡,. Ka• H"''·' 
"hiel. ·11<"11 ¡ti""'' havo•. 

l"i¡:_ 1 -1~"'' ou~ ¡.,,.,,«fa ODC upocr.l!<!l 0
; l'llo-.olc '""-'] 

f,r ,¡,.,,,.,_e,,,,,.,,,, ¡,,.,.,f,c~ ;, "DIJC '!"'''"'" !-"ig. 2 

''""'"" oatho<h-.n:_l lulk• (CHT) iuput-<>ulpttl """'"''" 
"'"''o· n·co•1.th :>V!>il"blt• lur eetnrllt ¡rlant l'llotr.,J. Th• "'" 
.,¡ ( "111" .,.., m• ¡,~, 1.' 1" .•J>r<':t<!. 

h ·r "'"- '' >. Cnwt:r•h .t ~ 1> H '""" ""' 

Tro·wl- .otul C'l" t;o·llet•• rl··~rl)' "'""'" th:tt • .....,,_,;,.¡ tt:
~····li""'" f.,r """"'"•-•fui cemeut ulll<Hn<>liou 1d•o Í<.duolc 
,.¡, •¡owto·l; itllo·rf,u·i")l; 1) th<• Ct'lllml cnutrt<l room 

3"1 .. , 
d~•igl< ,.,,¡ the centr,<l upctotton< lo each othet; 2) th~ 
alllou>a!i•ll> C<ll11jJOllell(; >~Llh the ptoce'" ""':! it• ,,,_ 
chillo'/";; :)) !he plntlt t!O>iga "ith !he nutonoati''" •Y•Ie!ot; 
4) tb~ pbllt P<>"cr di.•trihution systent Lt.yout "itll the 
aututn:otion oyst~m; ;;¡ "'""Y drivt•8 and theic control "i¡h 
~he IOKÍC iu t he aulontaliolL •rstem where nuf,!lllll!ic ,lart
up-•hutdoll u i• inoluol"-1 Íll tht• nulomalioll sy>tem for 
S<'l«:teJ i""'to of the pl~"t """'"''><:!/. 

Oth<r bcto"' "'ist. The fore¡;oiug are the m<>'l int· 
puri:Lllt_ DioOLLN!ÍOU of each fo~l!uiiK. 

hllt<fa~il•g Ct~~IO'tl! Cvntr~ R"'"'' oriiA 
C<nlr<tl Op<>·aw• 

Simplific,.tiull of the l~¡·uuts of th• central""'"' ut<d of 
the ceutml o¡>er .... tor'" patoel (COP) is worth·hile. Such 
>implific.~tion te11ds lo lo11 er iuitinl 00111.1! for ce111r111 C<mtr<>l 
""""' equipm~nt nod 1\Ínng. Opemti11g, troubleohoo>IÍII~. 
uutl rn.oi11l<lla1100 pmce<luto•, ore gte<llly simplifoed if Rood 
C<>U~o·pto ~re u.<ed in •uclo byuuts. ,\tnoog th• fneton; "hich 
po!rntit gwd •in>¡rlifi~<li,tt 11ithout ..,_,rificiu¡ o¡>embility 
ur r<•linbilily '"'"""'fulJo"" 

1) lt \\uuld be,.,.;, lo ointphfy the control room op.·m
tor'• job. ,\ ty¡>ic.;l centntl operntor is h!.ni-pre--l'et! 10 
dTecti>·,·ly nwTJÍiur n>t<l pr<>perly '"'i""'d (o IÍ>ote ¡).,ut a 

fe"· htt<~<lro-d displa) e•l it ''"'' uf infürmutiou. r el """ ·'"""'· 
tim•• fittJ.< « (01' ¡,u Ct'Ote11t pbmt tuvin¡r; HXXl--~'1100 
dilft•renl ;,.,¡;c<l!ÍnK li~ht•. .:0--200 ~mmete,. aw,J ln
diCHior", ro- lO record~,-,, 200--GOO pu•ll-bull"" ,,,,¡,,, 
"'"¡ "'"lecto>r •"itche•, :10-ro cmllroller< oud "'-'' puiut 
<tatiun•o etc. Why "" nuotoy? 

:.!) In the d"'ign "'"K'' 1igidly I(Ubtinn whetho·r it 
ÍO """"'Sltry /or Mch de vice to b~ Íll the Ce~>t rulro>Unt. Jf it i• 
uu tlnHneter ¡>rimaril}· Ítllt•nde;l for nwiutcnouce U.'<"o. it 
prub:tbly bdo11pt un the nwtur control ceuter for tl1c m.,t.,r 
in que•tion_ 1/ Í! i• an iudicotiu¡ ligh! •hu11·iug ''""'' 
of atl intlilirlu,>l driY•, 11h<tl can th• operulnr do nhout 
thnt líght? Ofteu •uch ''"'"" li¡ht~ ~re better o11 their d•-
1>"''"'""'"1 motor COUINI c•uter or relnr panel. llaint•· 
""'"'' 0\'o'-.'" be thPir prill\tLt)" )t<>rpo,<t•. lf r;o, it is betl Pr ,¡.,,~ 
by IHtVÍlLg "lrh lighh <~1 the motor C!u\lml ocnter or relu>' 
j!3!1<'L Ir it ¡, '' rl'<'t>td!•t, IIOUid no! the pu.-po.>.-e of tb~ 
renlr:tl OP<t":tlut bo b.-lter ,...n-M if he wne lin1iteo,l tu 
chat T> .,¡ 1 he rritiral variahll'; unly~ Other ~n:tlog noria bit•• 
Cal\ bo• n·co.,lo·d by i'11itcloiug lo Oll<' or more ;)wrcd "" 
<<>r<lt•ll! llht•t< tJ>t'<"i"l 1•••1" <U'J ot.-.·r-·atiu•·• nt1' tu bo.• 
matlo. 

;l) (;ruu¡> ,r:or1i11g .,¡" conl!•l<·le ¡¡;ri11ding mili 11ith i\• 
"" ' il i_ • ric• nr of a ouho ¡,, 1'" r t '" e n 1 ¡>o ' rmi t; bt 'lle ...Uuct iun• 
on rh·· COl' uf pu,h b~u:,·; ,,,¡ indir,,!ittK li~ht;. C.wu[> 
•l~ttln¡: hdj', hÍKhli~l\1 !ho• Ji.tiOieiÍoll iu the do.<i,ll;n >l:tg<" 
b<'! ll't'''" 1 ¡,,,., dt·I"Íe• • ro·all,l' 11\'edt·t! ,¡ t he COl' ano! th"'" 
dt·vico·• """¡,.,¡ r .. r ""'''""'"'"'"o·_ Devir.,. lor tn,iut .. ""''"'" 
""' K<'"'"">ll;- '"""' ,._,.fui- ,.,,¡) luo '"'!>e' •i•·• ,,...,-,!1-
if localt~l ou tht·ir '""'"' ,.,,,,.,¡ eo11t11 '" 1),.. ~mor"10 ,_,¡ 
rdHy ¡>utol"L Tlw l"c:tti"" uf inoli•·idLt:d tlriw "'"'"" ;.,. 
Ji~;tl in~ Jeviec• "" ! ht• '""'"'!""" li11~ d .. ¡,rlmt·ut<ol tw•hot 
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,.,,, '"1 r<·ut <·r ur rd:o.v ¡nmel¡ "·nuil, <¡u ir~ ¡,,11 li,.11iu¡¡ by 
l>t:lii<I!'I>:OUCC prrs<>l>l>~l \\hrl> lh~ Ct•nll":l) U]~·r:oi(Of IMoiÍfit:, 
ll»·on tluol. <> '"'"l<ICI>Cr <o( •1 :tr> i»~ '"""""' h<• <>o>nplrl<"<l. 

1) 1\'l»·r~ fnll¡• :oululwotir '''""l""'"'·tlih·>"l<•d •br\-<>p 
:uul •luol tlu\1" i• b<·i~>;¡ pJ,uuwol. iudntliu~ 1 '""'¡,.,, ""' 1 oip

nbiÍ<><I' ol f<'!:'ll~ling l'"'l"· "'""'!!'' lh:tl tll<" pru·o"l<lr•·• 
fur nlln»ml Hl><l <'<>lll)>lllt•r .•1<«'1·n¡» ,,,¡ ,hntd"""'' bo• ''" 
<iiTiibr :»! ¡><>..,.¡b)o. Tl1;.. hd¡>.< t,.,,.¡, thc "!"""''"' r<III'Crt 
pn.-<"lur't'• b~·Jm,·iu¡¡ him »h-<·n·r r<•n>p<ll< r •l:orl·u¡,... h 
ol-<> hdf"' lh<· "'"''""'"' O<"IISC ""'1 di:o~"""' ohOicultit•S "hru 
"'luo·thiu~ i• .. •mi"' i11 th<• ""'"J>Uit•l'·<"ulmllo•d pro
""lnr~. 

1 .,,,.,¡,u:i>v¡ .! ul<>maliu .. or>!h rl.o /'ma .. o>ul ,..;u, 
¡¡, .1/adoi"crv 

Tu """' rul ,.. 1"''".,.. fil>'t ""l"ire; N":o.-ou~bl~ l>ou" l..dg• 
by 1 ht• t""'""" cont rollor o( !'"""""" condit iuns. Siucr mllo
malic prucea CO>lllul digital compnl•r• nre ~h·clr<»Jic 
d~'~"""· lh~ir P""'""" ~tatu~ lam•l..dge rom<'tl fruno fl'<'-
4"""' muuiturin¡: of •lntu•of •d~cted """'""'" alld •n.o lo¡: 
•i~ll:<l•--nll rl<•riV<"<i fnom prure"" roudit iu11o. 

Rwil rh..,; '">d thrir tr~u<dur<'nl help det<'<"l pi'<~>·"" limits. 

P""'•'" Hu"•.lo·vd•. "'""""''""· m><l"" lurlh, "'Id pro1·id~ 
th• <"<•m¡mt~r nnd thP coulrol UJK'rul or vitul <1 ""'' iHform3-
timo. ~'"'"uf thc'"' >ll"itdu,. ,¡,..., providt• \):ol't of tho• lrndi
tio"'' 1 pruc,...fuw <'<'<¡umeo ¡, t~rlt>e~ilog. 

Pn>C<""" "•ri:tbl .. •uch "-' ""l<"tted '""'P<'"'"'""'• Ao"· 
I"ILII'"· '""""""'"· •peed•, a11d "' fnrth, pro"id• J>l'<>rr"" 
kut•ll l<'dge tu thc eomputer b~ u•ing •uit "~}' 1 r.<>l'>nitt~"' 
to <'<>U\"o•rl t<.> ;>lit:~ble Kunh•g iu¡11Jt ;ig11al• tu th~ rut»J»lWt. 
Tl11• <·h•:~r lt<•ud fur llo•w con,lmrtiou i• !u al len•l m;oh 
>-m·l > Í<•<..Jb:tck •ig>\1\l• ('omp:ot ihl. 11 ith l11t ure prore"" ""'
ln>l <"<•n>pu<•·ro. 

Thr -•<>.mol major f""tur ¡, rcmoteh :ond ;out<>mnticalh· 
<'<»<lr<>lliug th~ pr<>Ci'"" is lhnt t~ll ,.;tri.ohk• n•t¡uil'e<l ;" 
:~chir•·c pmrr"" boldJ~>iut; mu•t b<o ph,-.ically "''"ilobl~ 
U!KI t<·mot~l¡ rouln>lbblr. TI><· !rcl>d' ,¡¡,...,.n10<J ftt>m :o¡>

pl,l io ·~ :outum'l!iuu ,¡,.," llllll 1\1 ¡,. 11\><)" m<'"": 1) •llh<l j¡ ¡U iu~ 
"rljll•h> ble >-¡>o•od fu u driv"' for "'""l"'l' ~olllr<>lkd ~""' flu11 
d .... uil' iu mnw """"""; 2) u<.•uriuJit hat "11 lo•t"<i<·r driv0,. mod 
1 h~ic h"<'liu~ <lt·Vic .. havo :~h·<¡U<otc plo.' •ir:ol r.ou¡¡e of f<·..d 
r..t ,.,. lo m~ot "ctua.lpo '~'''" cmol nol n<'e<l•; ~) Jll'"'·i~irl~ ,,¡. 
ficio·1>t I>Utllb.•r uf il>d<·¡•·ud<•nl ""' Í<'t'<lt·r~ "" 1 ¡,,., tlw d><·m· 
i~.,J 1><>1<1 poiut< dwir.•l can, in lo><:t, b<• urhi~v .. l 1\itltu<ll 

. '''"~--i\'e d<'l'l'll<lcll<e <>11 do"""'"'"m blronliu¡¡; farilitir• 1<> 
hOJ••ful!¡· m11~r up for tlcfidt•llcit•o in thi• urca; 4) ••1<-ctiun 
of ~ ;¡,. oool~r sratta, :md uth~r drives "" lhat the\" ~·~ l•"' 
olrift, lo:ove prdrl":lbl)" •rru dt•:od·h»od iu Co»trol, h~w oom
patlltiv~l)" ~:ot 'P<"<d·l<lf<JUC ,.,,,.,.,, :111d """ lo:<ve v.,,,¡,., 
'11<'111 do:mg<" m:ule of H!' lu\1· "" O.)¡><"r<'l"lll 11 lwu r•• tllil'l'd; 
:U>d :,¡ am<1>Jti11g "11 •uch "'"'"'"""'l,..j" noriobl<"" 11i1lo 
>101'<"->HI')" """'!~""'"'""" tlo:ot >hey ""' to.mp;o!ible 11ith 
""11111\:11\<l,. ft•>m the l"<>mpl11<·r t»od it• """"'"Í:Oh"l tlt•\'ÍcP> 
wilb<JIIl ro~¡•1iriug inlo·ncntit•u b¡· l""'l'lt•: u~illoer <hou\U 
e.\rt'""'¡,.,. "'""' <of tlw lin:tl mt.,hnui•m ., ... ,11 \\)l<"u •ub
jo•o·t o•olt" 1:» ~<' lotlll\bo·l'>' <>f •n,>IJ <'>no! 1 o\ rlo.ll '~"'· 

------·-:---~ .. '"'!::~-;:V":-

1 "'"}"n""tl l'!a .. t 1 !r.iull " itlo ti«· A ,¡ .. worion S¡¡•l<'"' 

Tlw tt•·<t<l ¡, '" m••lif~· '''"" pbn! do~igu• {:ouol "P' not iu~ 
]>r<><"cthu·e•) !md 11><· lHll<>mnti<>ll "~"lrm tu lwllt•r lit t•:odo 

other. F.,r nj .. ¡¡,~ pla11t•, '""'" o<re '"" ,¡,.,¡~,,.,¡ "' ""' '" 
b.• l"rry """J'>Iihlo• WJib ,,;,.,>1\HilC \<""''""' l">•l•lrul. \'1 1 
""'"·'· ,.,¡.,,¡,.;¡ p):ml> "'~ """'\"'lihh• wilh :o~tluno:oli<>ll ;., 
ro•rt:~i01 1'"''' uf tl11·ir pror.o•>•. Vor tiU!ol", tlw l><·ud ""'""1 
,;,¡; miuir.,mp~to·,.. '''"'¡' lo be " "g<ood fit." i'1•·c>lir 
drbil, o( plm¡t dP•i¡ru iHto•rfucÍH¡¡; with '""""'"''"11 "'" 
••bh<>ml<-d i11 "follu11 ;,,~ """' iou uf 1 ¡,¡,. J>>1J>t'r. 

lJo/orj~á"y !lor 1'/a¡¡/ !''"'~' Dísii'Í~~Iimo Sy•lrN> l.ag.,11¡ 
,.·¡(/, .1 l<lo11mlio1< 

A go{)(l 1 r~ud b,..,.,¡ Oll ,..,,,,¡ <'l>)!;ill>'( ri11g, lm! o·mph.o•Ízo•d 
b,l' ~utnm11tic prorr"" control roll>•ith·mtiou•, ¡,lo 'trirth· 
d•p."lm•lllnliu oll 1'0"~' eirruil>. Thi• m~nuo: 1~1 m,,¡;, 
1""'"' f<•eolor• 'rrv• tbe r~\\' <l•partmelll fr"m tk r~ 11 -
mntrrihl r~edero "'"'"' "'" .n,.. '" t!.e iuput" '" "'"" hl>· 
n\<Jge~>izi»g •ilo, 11nd notloing ~¡,.,., Lo! !he ct"m~nt J(riu<li,~ 
•lectncal )>OI>"~r r •• d ... ,..,,.. th:ol de¡mrt m~nt "'"1 uuthi .. g 

<'1'•· auJ ""<m, !l><oughon> tho plnut. Aulunullic routrul 
help; highli&ht the importnuce uf n ll~lllaid out """"' 
di>tributiuu '!•t•m, ""P<'<'i•lly 11heu hUium"tic ""rt·up 
m>d shu>o\UIIIl :~re plao.nt'd. 

Pnrt or the inlerfocing uf the HU!<1mntir j>rvt>'"" tol>lm] 

~y>oteml1 11ith 1 he JIO" er di.<t ribut iou "·' •ltm ¡, lo c:on•fnll•· 
roo,.idet ;, ndv.1<Jce tbe <·flo-cts. pr~v•ntion, no•d r1>re ~1 
"'"·ges :IJIJIO:oriug in thc !'<>" or di<l ribut imo ') ,:t cm: uf 1 ,¡~h
>pec'<l n•r!IJI'lng by t~m<JI~ nlilily •·ir<"uit bren~~ ... : trnu
•icnt rohage dipo Rnd lo•<>r• 1>f "h~levu dnr•tiull ,,,¡ 
<>rigin; ~11d iu•t \lbore P<>l>l't fur tbc P"'''''" ''''"'rol 
•houl<l "rtunll)· br lnl.en from thr ntnin !'<>""'oh-tribu. 
1 iou >) 'l<·m. 

A» X-rro)· '""'IY<rr in >ho·labor"tuoy that i> "'1'""'¡,.,. 
to ~>c•ldiu~ """"''""'"""el >e iu <l><· p].,,¡, orto 'l"•tting of 0 
1>.111 mi11 ll><>!or, 1t•1>d>o.t<> 1"' ,.,.¡,,¡,.,.¡,. ,.,¡.,~ :•1 ,¡,,.~ 

tinw•. ¡, fact, it m.,)· ,.,.,., ¡;iw ""' ~rrom•<Ht• oht• .. \ 
"""''' '"I'Pl.l' für th~ !>"""''"" ,.,,,.,.1 ta~cn ¡,,m,.;,.,,. 
11hirh nre >ubjo-cl In fl"<'<>ll<'nl <»lla¡¡ro or bvr ><"\"o•rc 

•IIÍ!ChinK lrm>·l•ut•. •noh '" f'""' rrnut!' on 1 hrm, ten.!• "' 
"1"" !;,.. ll ¡ou<J> e huir<•. -r,,,,;,.,¡ ,,., . .,.,¡,,.g<·• n>><l ,,,,.,re 

>1 '"' t cio cuit• i1o iOipll!-"111)1\11 "¡,.¡,~ \ '·' vr <'llch [:,,.,.,, '""" 11 
lu ""iP<' <out" l.org¡• "'·cti,.,,, uf au!.,n>;otic )JtuC<',... "'""rol 
o·<¡llipmeOII iu ft•rnt•nt uuol i11 ,,¡,,.,. plat>t•. c;,.,J inlcrf.>cr 
O!l~il>rcoiu¡: of the pm.,·r di•llihuli<HI <y>-ton> '""1 ,¡ t!oe 
KUiom11l ic prucr~• rolll rol i• u di.tuort t reo.d nnd i; 11 <•11 h· 
\\hilo !<• ,¡,. rorroct)y. ,\ 'l"'~ific >nlulion !o m:m~ ,¡ >hr,.. 
proobh'IM i.• ¡ÓI\•11 iu ~'""'''' tiO'I:Lil iu A l«llo11iu~ ,.,,;.,,.uf 
,¡ thi- 1"'1"''· 

1 ,¡.,¡,,;,y /!rior• a<~d Thtll ('.,,¡, ol <Tith .1 141h«<Uiio· /'.,a., 
Co•d>'~<l 11'/.r" ,.lulm<>a!ic S!oul-/."¡> .,,,¡ s/.,,¡,¡,,., n,r 
1 ,,¡.,,¡,,¡ ¡, t/.e A n!tmm!io/J .~y.!em 

y,.,,. f,." nn><·ut pbut• ;, thc t"ni>r~ >;'"''"" haw ;,. 
rln•l<"<l "'""""'''" ,l:orl-np ,,J ,¡.,,,¡,,;, ,f .,.¡,.,.,ed 1.,,. 
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,;.,,,uf the ~,.,,.., .... , iu their pn•···~· """'~'"'''' '""'"'' •}>· 
to•m: \ 1 nuy "'" do,¡.,~ ~ruup •<artiu¡¡ 01 oul •l!>ppiu~ of dri• ,., 
uooly 1>)' OJth~r "'''""'· ,.;,¡, the <J¡oer;.l.,r m:ouipubtiiL~ rlw 
''"'1'" foor thc truu.•io•l<t CUI<olitio"'·' duo·i"g •uolo >latt·tol' 
•hutol'""'" l!""~'·er. o 1•"· f:ur .. po•:on·~t·>Í~ned luFJI:t' 
t hrou¡;hpHt '"'"' oemeut pbHt• hiLve j.,drL<Ietl •uoh f¡•aho!'t'S. 
'[ho ,.·orl. Q( ,¡.,;.,¡¡ thi• .•luo" • tlu<t ri¡r;umu, ni h'HI ;,.,. mu•t 
b., wit! '" the 1'""''""' tnerh,,,¡c~l eo¡ui~m<ILI ami tu it> 
reli:obility "loen ¡onrt o( ilh uverall •y•tern,"" wcii!IS ro the 
d""iKH of thc nutom&IÍC "'art·llp and ><hutolult" logic ihrelf, 
if ~:ol ;uc<:e"< ;., e>ooulin¡¡ lhi.; functi"" i• to l<'llult. 

Th•• in1plo•uo•ntiug of lhi• ~utc>noatic 'lt,.rt-up aud ~hut· 
.!""" el<"arly "h""·~ thnt fit":<l d:•"-' iuterf!\Ce e"¡:Ír"·~ri"J: 
b.•tiiC<"" noachio"''Y buiiJc,.,, pbut d""igowr:<, "'"' uuto
oio~t ic P'"''""" <"<mi.,,¡ de,OgowN ;, ¡,.,,, accom~li>hrd b.fom: 
tlw pbnt ¡, ph} _,ic:olly built. Xut uuly tnlht comvl••tc ¡>o."'i· 
bh· '"'1"""""" uf "tart-u¡> ,.,,¡ ;hutol<m u and !he ir vnri:.t ¡.,.,, 
1><- f'""'""'' ,,.,.¡ :oocunttety do•,crib.<l a he:,.] of linu·, h<ot tlu• 
t"tf•>""'"'"" '""1 kh"Vi<or uf tho• v;<riuu< ~o·oce<>' 1\ull> 

ato<l ""'"'""' oouuliti<HI' ""''' "'"' bt· foT<·.-ec" ami do•
'oril,.>J '" accur:otdy "" ¡~,,.,jbl~ "ht·.td oi tinw. \\'lw,... ;udt 
e~tra rib~"""" thi,.kihl( ¡, dome"' <Jttplt•!•l)' duriug lhe de,Íg!l 
>l"g•' '"'luumlic •tart·u¡o anol •hutti<Htn. i<tdlltlittK 1he 
lr:ou.i<•llt mani¡nd .• ri"" .,¡ reKUI:otin~ l<>'J'', bc<:unoc; nwt-e 
,.,,,iJ.<· nreo>tnpli..to.._t .. Wheu ;udo ri~'"""" thi~tl.lug;,. tl<>l 
dono• .ohc.10l of tinw, th•" tloe uct 11:ol intplel!t~hlÍlog uf rhe 
>!,111·11(' ,.,,,.J >hLLtduu u Wnd• to b<> mO>te prutraole<l. ,..,. 
toüc.,_'>ttily ""l''''"i'·~. nr"l prub:tbly 1he futtction •huuld 
not ¡¡,..,. b<> in !he e.>mput~r. An efTecl oi upplyiu¡; th'
fun~!i·"' :olro·:hl¡· hM l>.·~n '" cnutrihu<e to nl<~lilic:oti,,.,. 
iu pn><"<'<• ~nd muchi11• •le,i~t. 

En·Ecr>< <>>' .\nu" <T'"·' "·' I'L\H Dure' 

Hor~ i< "ho·r• rt trul) c.,cili"¡¡ '"'POol <>f uutom:otiou be
~"" tu h~ evido·l!t. r.,J<>d aulom,tie pro<:e,c< '""tml ~.,ally 
l'''"·ioh•• a l'ntaoo- ul ma~Ítog r:LI< "'"teri:ti• into fir!Í•he<l 

""""'"' r<lati«ly •¡uickl,<· and ae<:otrtltdy once the ""'. 
Uo:llo·t·ial< me rommitted i111<• the mW grint!ittK •Y•I•tu. 
Ct•rt,.iu ()tkr iwht,trie.; luov• Mt..J atl<l t~keu nd•·unwg•· 
ul ¡],.· .• hilit,< of <lntunmlk prv<:r"" ro'Lit"l lo r.duce ti"' 
<tor"~'' l~·t<<Ot•u >LL<X'<'I<t'ive fullouiu~ J""'' of the proct""'· 
Thr ''''""'"' iudn-try Ílt bt~tottill~ lo,..,, tl\\'.<o tedtni<¡U<'' 
"'"'·e ., .. .¡ "" '' ,. 1~ 1 . S, b·t '' 1 "'1"'"'' r ,,th, . 
f(,.,. l>q .... t,,,.,¡ ~,,¡ (',.,¡,..,¡ 

!),._,¡~,.,.,.,. ,¡ '""' ,.bri•·dy "e" L·,;,, . .¡ :>''"""' """''"' 
pl."'l uudt•t>l·~~t ami impl~tnetllt·d tlu• ¡,¡,.,. of ntihitoll>Íto~ 
¡¡,, .. lcb,<> hdot•'<'IL "'" mili f,·"lu·, ~ml <JHÍc~l.t· ul>t,,i,. 

i ro¡;: '"" 1 :orl iu~ "''"" ch<'tllit·od i,¡,,.,,..,, j, "' •;h<11tt tloc '"'''"" 
~,iu;: ¡,¡., ¡]¡, it d"""'t•·o·.tuo hOtonu~,.,.;,,.r. B,1 c .. mbiuin~ 
.,.,.tin•· :X-r:o,<' el.•·"oie"i ~,,,~¡,~ l<·clot•Í'I"''' ,¡ ~'""'·'¡ '·'" 
"""'1' o-itiou \l i rh ,¡.," 1 t ¡,., '·' fllr l!'lllt,p"t t, """i>¡,. """ly-i-, 
"'"1 t''""'l'IÍ<'<' ,,..,;,.,,., tlwy """' ,.¡¡¡.- IOt utili«· "-i,~l·· 

' 1 .", lo hnnt"~'· " i ' i " K ".,._, · 1 tw 1 '·" ., ·" 1 h• ·i r ""' ,¡, p. " 1 11 "· 11 1 
,,,,¡ ,¡.,.¡, ~ilu. <>•·,·r"tl, th.·y f..tt lhal thi- ''i'l'"""h ,.,_.,.1 
ol..-uo au ;,,.,.,¡,.,.,, .,¡ "i'l'"'·'Í!llat<•l)' 1 nrilii<>t< •lnlla,.. 
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~\o;. 3. Ttn•• d•t.p ••1<1 ro~ ,.,;,rompo~¡,¡.,,. runln>l •<•'"'""''""· 

lo) ld.,¡,,.d ro•· mi.< '"'"'"( '~'''"' loo •n•h·,in~ lÍm• dolo.)'ll 
.,.,.,., hotnl-"ioer >i•"'&· oh\ f,ff.,,. ~~timo del"''' ono! """"" 
ronio" ,¡,. on '"w "'",.,,,¡,,.(.(O) Ell'e<U ol <untn,1 int<O'Vol •nd 
')'lltom oim•d•lo¡ • '"' ,.,~ ,.,¡, "''"'"''· 

Annthr•r pbnt iu \\'c,rrrtJ Eut"(J'' e<>ntbi"<"l ¡t;ooJ ul\· 
¡¡,,. gau~i"g uf ""' n•i< rhomir,tl con.pu-.itiou "' the <Ji5.. 
chargc• pl!ÍUI uf tlLt• """ núll gr'm,liug eiretJÍI 11·ith •lturt· 
1i11re Jd:o.'·' iu n,,,l,iu¡¡ <<>rt't·rtiotL• oud "itlo """'P"ter 
Ct>Lll!lll ,¡ lht·it ]"'..!l()n\O>)IN•Í>.i"g pi!,• hui],Jitt~ '""¡ron>
~ut<r ~uid''""'' iu '1'""''·' .,~er~tio11. lly l«.ruin~ thc· r.·ch
ILÍ<t<Ll'.' '""1 J•etfo>r~uin¡¡ theon "'""'i,tently L<t·ll, tl,e)' "~re 
:tble to ournph·h•l.1· t·liouio"''" d<>Wt<>1"''"" h<.nt.,~<'tiÍ>ing 
"'1".'1'"" '' t "ith th < """'''i"'ndi"g high "l""r.•tiu¡; ··~!"'""' 
of •ueh W><cl>. 

Anothc-r U.S. pla"t oo·i~iually h.ul pl,lluot·d '" u.,e br~e 
mili fceo! biu' bo·l~<•·~u th< ""' noill ft•<"l<'t"S Qnd .-~oh""'' 
mili. .\n:olpi• of lht• !'!T,•rl< uf \he time do•l.•r• ,.,..¡, mili 

f•'l'•l bi"' """¡,¡ h:m• "" dcc"'"'itl~ ~,.,.,;Lic d"·noic:tl 
oteru"u:·u·led thou• 1<> rlimiu"te -<<eh br¡.:e f,•ed hi.,, ,mol 
T<'durc ¡¡.,. olt•la;• i11 tlmt 1"'"''"' ,¡ tho• ,,.,.,,.,¡,.¡ '""''1"'" 



--.......... 
II.>.>.TH"•Inl"'' '" '"" •TKI ""'"" "'" "'O'I.o< ''"'"•'''Ll/oo·o.o ·~ ¡,¡¡J 1 

' ' 

,.¡.,.,¡,, '" ;ol"'"' 10 miu ¡,.,,.,"¡ ,.f ti"·~ lo p~;t,,,.,¡ .,,;¡..~· 

n.dl¡ . 
. \u oc:oalyti""l "l'l"''''d' '" ""iH in uuok••l:owli"~ 1h~ 

di.TI• Ull "'h><"lioll ni )'r<Wl'- oi,J;"· 11"1111'1'"'· '""'Pli!l~, 
"• ,,.¡_, ,¡,, :md coom'Cti<JII 1 imc.• ¡, ¡,,,.,,.,.;,.¡.: llw "' < ur:,•ie• 

uf 1 '""''""" '""'rol, ie gi\'<'11 in Fi~. 3(a)· (e), 
ri~- -~(:o);," bhc~ ,¡¡,.~''"" ,r" ·ionplilit>tl ""' ,,.;, , ... ,. 

¡,..,¡ ,¡->t<•m lh"l """ b<• tL•od '" <•,okul-.ot~ "i'l"'"im·.olf' 
"o''""' e"'" erro,. in 1 h~ )~onJ<o;trnÍ<er """l)·•i> dHe lo ') •' t•no 
tr.o"I'J>ott timrs. The griu<li1 ·~ •·irruil, tht '"mpliu¡; •plem, 
tlu· •:Ln1pli11g inltr\'nl, :oud 1he C'!1llrul iulo•rvnl :orr tre•t•·d 
"" o•:ou-•iHg •impl~ timt drb)'' T,. T,. T.,. mod T,. r,·,J~·C· 
til·o)¡-. Tloe hom,.~euh<hog •ilo hu" a filliHK llmo T 1 rorr"'" 
•l•oudiHg tu thc <«luol "luHnus" al whi~h thHilo ;.;,./u el 
o¡wr:oting. \\'hrro ''" """' orruoo ¡, lh• lerd r"m¡l<>'ition, 
tho <·<>mpuh·r CQntrol progrnm c.•u do llothin¡¡ Ulltll i~ 

d<•teeU !he rrror ~1 the output ol thc •~mplin~ >J•trm. 
lt moY ta~e up to th~ •om of all thr.., delu~·" for the con· 
1rol prugr,om to detect the ••rrur and correet the fefflers. 
Duri··~ thi" time lheu, a tot•tl of T. + T, + T .. + T, h ol 
h:ul nH<I<tiol h•ts ¡¡une into the •ratem. The m.nimum 
''""' J(J 1 h~ hom,geui<er ronli>O•itiun llill oeo·nr if the lerd 
t•rror tJ<"Curo "hen the hom<~gPnizer io near lull, and thrre Íl 
""time lelt to cor""'t thr error. Thu.• b<>th the batrh ond 
c<>11tinuou~ hom,.geni••"' onay be mn•ide!'N the Nlme, 
""d thr ma•imum fraction of thr inpu\ errur thal wi11 be 
)"""'"' in the humogonizrr out pul i• theu given by 

¿·, --
T,+T.+ T,.+ T, 

T, 

t:. l"·nit hornog~ni•er errnr, wrn-,¡xmding to a unit 
"'" material /pPd"' doPmical romlJ">ition ~rror. 

T, Tr•n>port ddo.)"" fut timr con•umed Ly material 
traveling from 1'1'\1" mnt t•rialfr,•dtrt! lo !he >:•mplin~ 
•lnti<>n, b. 

1",. Sample inten·nl, b (zeru ¡,., ,,.,.lin~ gaugitEg in thr 
t·~ample but i• rnnrt" for llll,.:.ratwy X·r:tv nnd 
manual chemir•l anal.''"'). 

T, S,n,plc p~"t"pa111tion ·'"J """l.,.•i• time, b (002'i h 
u"'d in •~""'pie). 

T, Coto troJ inten•Rl. h (t¡ pically 3 m in lo 1 h). 

1-iJ( .. l(b) u"'' thi, <'<]llati<>u to ,lrow tire eff•·ct uf !'rind· 
;,.~ circuit lt'"'"I"Jl"l tirnr-" T, on the loumo¡¡etOizer ~rror 
1:.', ¡.,, lr<>mogenire"' "·ith &., /~ •• ""d l8·h filli11g time• nnd 
:L"'Utnin¡t; a control pmgram imen•o.l of l h (T,- 1.0) ""d 
a ¡;,.mio ••mrliog time (T. - O.Z.'i h). Tu,¡,,., th• im· 
plic~ti~>n> olthr>t' curveA, '''""ider a ,_,·•tcm with ~ deiJ\) 
ol 1 ,;, h and a lilling 1 inl<> nf 1~ h. rf t ;,.. th•la)" "<·r<· ll'dlltrd 
ton n:, h.tlo<· ''''"" n•,lllt., ,..,,1,¡ hr :oellit•wd 11ith" ,¡¡.,,.¡ 
wd¡ f~·h •~l'·•city. 

TI,.• n--ult. ·IJI•"" in Fig. :r(b¡ "~"' ,,t,t.•iuffi "" h c"rrec
ri""' ,,.,¡. :•1 l h illt,n·sk Fi)( .. ;(<)<hU\\> the <'!iect ni 
,.,,.,., ,..;,~ auol ol<•c!'t':t·i"~ 1 h~ i,terv;ol het" ten ,.,., n•t 1 ¡, "" 
(1",1. lt ~""he.,.,.,. 1]¡;,\ ,¡..,.,,.,,.iuf( tlo<• inten·al '" Q,;, h 

~~--- · c .. c.--.~-•w~.•ww•,--·•••-••·•--•••'"" -----
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•holl< Sll10JI gAin \\Íih a 1~-h hlling lime, hut th•t in
cr~a-ing th~ interntlt<> 2 h cnll.- B «m.;der.oble ¡.,_. iu 
~C<:UrtiCJ". 

The"'' re•lllt• >hmo thr nec~""i1J' of •horteninJE: thr lor
\1 ard poth ,\11<1 feffib.~d. l"'th time dtb) • in lh• ""' mi~ 
sy>tl'm. 

The ¡oo....,ible implication> of r<·du.•ing inw<tmen! 
in tho "front end" of the piAul by u•ing vrinripl"'" 
<howJI in FiJE:. 3 re¡•'""""' " dj,,¡, .. ,, snd rt"loti,·el.' """ 
trend which "·illli~•l.1· I>P u..-d m""' in the luture. l·igs. 1 
and S •huw ,.; • ., .• <>1 X-r•)" rTEt•mic~l EU!R/)ll'"' ,,..,¡ ·,,. 
cernen! plan!". 

lmJ>""''''lf F\i/7<-r,.,.¡.,. ne•ign ('o.,u¡¡J~from a 
c,,¡,..J l'iN¡,.,int 

.\nol_,.,.,. ni t he t "'"d" •hon 1 he ¡,¡~'" ir1g. 
l) I110f<'u•ir1g t·mp).,,,¡, ;, heiug placnl on !.N.-piur, lh• 

""'"'~•m<•nl uf ¡oruer,;.• flow nnd nuxili,.ry rl~vico' i11 the 
kih,_,.,,.,l,,r cirtHÍ1 n• .<Ímple "" pu.•,ihle. 

2) The comm~nt• ,.b,.ut t•h:tmot..ri•li'"' ""d arr::oug<'
men1• of kiln. <'<><<l<'t, JE:r~t~. atod N"lec1<•d r., ,¡,¡,.,. pre
, ;,..,.¡y giwu in 1 hi• p:t)>Ot '"" applicat:.le. 

:1) Th~ larger ¡;rate typc ol .,..,¡,.,... ,,.,. mur~ """' tullnhle 
if intlividu"l drin, nrr prm·iolt·d tu tutltl'<>l a ir /lo,· to each 
m"'j"r rmn¡,lrlm~nt 3Ud for 11•• "'"'l~r •·•hnu•t. The older 
¡moclice <>1 u•in¡r; ,.,.r:-· 1•" «~>lec fm<> ,.rrmog~d \\Íib 
N')>~"' 1 ~ d:u!>)lf't• 1 u ""' 1 .,,¡ " i E' 1\u " 1 u <' ' «•1 ' nH<Í< • r cum p.tM · 
mo•tl\ mroh• f<>r " 1 ""~¡, """' noll;, l¡jJity pn ,t,lem. TI¡c tr~uol 
i.· ht l'"""io)(• '<'!'"''"''' ¡,.,,, r .. , ,.,.,.¡, Útllrt ;,,, '" ... '" ¡l<"nnit 

tl~t• t'uul,.r tn t.chio•\'4' it• tK"1 t"''f""""""'' :<'" henl ., .. 
•·uper:tl<or ''",¡"'a r•-.ter ,.¡ clinl.o•r j:,]. 

~) \\"h,•u roa! i• ""''¡"'a :.,,.1. ll«• Heud i•1o try tu n~ 
tluce tbt• 'ariati""' Í11 <·torn¡•••ili.,n. '"'l""<"iallr \he a>h ("'011-
lt·lll ulthe coml. !<urh l"ari•ti""' illl'\'Íiuhly l'"'"horo• wiolt· 
l":ori,.,¡,,.,, ;,. t"l.t·mir:ol , . .,"'t""iliuu ,¡!k dink~r ,.¡,.,..." 

1 
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"'"j.,o· <"""'~'"""' i• 1h~ "idel!" • ~cy ¡,.~ tt><h "''"'""' ull h" 
<"'>.~1 :L- Íl ""'~"' lhe burni"g: pruo~""· fllrrH.ling o! ;uch ron! 
"'")" h~I¡J l'uldJ.,.in¡¡; hi~h~r gradr ro~l m'l)" he)¡>. ~ome 
h:<' e ~' en ,hifto•d tu oth~r IYP<• uf fue! a.< th• prvhlt•n" and 
~.,,¡, .,¡ u•i11~ co•:ol h:we becon•• mol"<' ~··illent. 

.3) .\u<'lher tn•nd i• to "'tuno du.t lo the kiln ;,. "mooe 
11 niloo"ln "~'""'"' lo im¡""'"" ootllrullahility. A valnuching of 
,¡.,,,in h"l'l>"'·' under ¡.>reei¡.>iluloN or dust roll...,tot"S nml 
"'"" ·,.,~ .,¡ du·t ¡, o•d at o>ther lim"" "'" faetoro trnding to 
n·•¡•lio•• <iolenl cuutrul :trtion• lo tl'>f-<>hol lo •uch kiln 
l•o•ol ¡~·tto~<huti""'· Th~ lto.•ud i- tu ltt•:ol returu dtH "" on· 
.,,¡,., ''"1"''"''"' kd!i fo·ed uuJ iu.-1:~11 a n·luno du.'t .-urgo• hiu 
·""' n•tum Ju-1 rnt'leriug ~qui¡onouot Utl"l>.ll~eol lo> gr"d· 
•<ally ""~'""'"" th~ '""'"K'" rcturu du-t lo•e<.l mi~ !u lit lho• 
~"ll•·r.o 1 Ir' o•] • ,f rO'! um "doH bt•iu.o: Ketwmte<l. 

o;¡ .Si<iOIJ!: "'' 1"'"'~"' rom¡<>t><·ut- "'llicio·totlr l:trge,.., 
·'' '" 1'"" ¡,¡,. "ro~om" loor conll>~l :ti tu~ ~roolu~tiotl r:tiC> ¡, 
"""''"'' ttt•"d lt i> <ldlicult 1<> attaill lupq.,hit¡- coultul if 
rt,,. ir,lur•d <lrah fan. lm•l fer•d.-r, kil11 dti\·o·, aud ""'furth 

·"• u¡n•t:.liug ""idr "WI•'" ''' th•ir I"J' limit, i.•, uut nf 

'·"·~~. 
; 1 '! '"''" ¡, "'""' ~nopl.:"i" bo·Í"~ pl"'·o•J "" the r.·cllj>t'r~

"'"' "'1"""' ,¡ tho• cwol,•r by ulol!liniu~ RO<><.! """'""lary air 
""'"l·•·r.o!ltr~ m•".t·nro·ntelll.• and thell u-ill~ ~do•o¡uato•logio· 
''• '''"Ph'L'il<" he;ol ft'cup~ratiut<. S<ome bv<' ~iunl"'re<.i ""<.1 

""-T 

.. .. , 
' ... _' 

41 ,. 

~"""'"red in mttl·, "K K""'! 111eu.•ur~ments of ,..,.Ott<bry a·., 
IPnopernture. 

f"ig,•. 6 MOid 7 """'' gox><.l companHi<·e but t)"picul re•ulto 
uíth Rnd without com¡.>uler control on 11 kiln-«<ol•r in n 
cemettt ¡obnt . 

r;,.,-nding Jf ill Cirruil Duigll n~d A u/Dmalic 
Proa., Cmli.r<JI 

The b:o,it obje<:ti~e uf grinding mili oircuit control is to 
rn;Ünt~in ~n~n~.'f \\ithirt" nn<r<>". bnnd, u.<u~ll.•· ~~ s<>me 
n>.<'hotum pro<.luctiol\ l~v.l con>Í>tent .,¡¡¡, th~ e.•i•ting 
vm<<"'" a1t<l moehine con<lr:.tilll3. Uounl!y indi~t mP:L'UI"l'

ment- :tte requireol ''""" nnt m""Y lin~"""' ""'"""'"' ""' 
) el "l"'faliug. Yet ~ treml d<.>e> .-i,t lo apply ""d l!.'<' mor<' 
fiu~"''"' ''~""'"'• pnrticubrly in ~emeHl ~riudiug mili 
dn:nit.' [6[. 'l"n:ttd- in ~rin.!iHg mili circuit dhi gu "hich n"' 
em¡.>h",¡,,.,¡ ~~t·u lurthN by co.>l>,iJ~r.tliom of ""'""'"tic 
pn,ce;.< tn¡d rul ittdutlt• the lollm• in¡:. 

1) Ohtuiro ~oool "''""'"'"•·nu'!lt; <>f mili leed rute,, 
eitlwr h) ,,-,•ighiu!( fo•"'l~,.. or by;> combiu.oli<on of total 
mil! r~rd r:ot• nuol ,.¡,.el,.,¡ "eiglting fo·cJeJ"> fur wlditi•·•·'· 

2) In ej.,..,.d·oireuit ¡¡;rinolio.g, •cr,.it¡g uf input '"'"' lo 
e le v ut "" , >e¡J ara t "'' , "'" 1 ¡,, 11 m i 11< i• nho :<) .< 1' ,,.¡ ,. rabie t" 
uttem¡.tin¡; 1<> oht '''" t•t¡IIÍValo·tol me:1><urcnoeut' u.-in¡r; drivt 
input nmpcn·.-<. l'n"<'>" "·'''''" vuh:llle ~lfcct' Jri,·e input 
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¡~,.....,. ""'""¡ """1""" ;.,,,,¡¡.,~'" ¡, '"'"'"' '''""' 

:omrx·re• bul mol) ,Ji~hlh' affo•C1> rlriY• itlpUI 11•11•. Tl1u< 
"''lllrul ~>.,:+<~ o>o atnp<ro· ,,,,¡;,.~, "'"·'· "' >im~•. be bo-<'d 
no l•l•• infutm•l~m. 

3) The t ,.,,,¡ i• lo plaeo• "'"" ""'Jllm~i' O!l ;orlf'IIU~Ir _,,.. 
;,.~uf oll to>npunrnl> d >lw ~r'lllrlill~ noill <·irouit. Thi• 
o·•rx•t·iall) IIJ>plie. 1<> lhON' hm .. !ling reriro-lll•li11g ],,,¡_ 
(i<><od ro >lll rol m o) 1. .. itnprar! ira 1 if """'' of 1 h• M'<'iJTubl
in~ ],,,,<) ,,,,;rixrie.•, or ol ~lfwr ''""'1'""''111•, J!"'"'"l orl•
'l"""' l"md liug olth• fto,- t•l• "hirh tn>t_\' b<• inhnrul ,¡,,. 
1<> vari•1l i"'"' in 1 be P'''"'""" nuotui.tl> nciUall.v u.'<'<i. 

~) ~ome rrrr.eul pl 1>11l' ,¡,,;~ln•tl hy Europ<on• atf' """' 
loeiu¡: huill n11d ÍllClurle l~•lnr<>~ lor cl<»<'d·lonp r<>nlr<>l ni 
linell<'"' .,,¡,.!' n>nl iutw<» ~ntT><'"' ..,,._..,,,... 

Fil'•- 1! :uod!} •IW" a 1""''""' <<>!lljHit<•r iu.•l.,lloTÍ<>n in 
"r<•n,·nl pbnt. 

Toa:-1,, ",\l'1tl-11HI<' Co~JHul. FU"71U~~ 

ll•"~" I'>.><J "'"""' 
Th•• \uaj~rily uf {illllt·d ~1101<>' ro·on~nt pbnl< 11-io>~ 

.Jigit;o) !'""'""' rulnj.>ul~r <o~>troll•'dmi<¡ote< h."'" "l'l>liffi 
llwm 1 o 1 he '''""rol of "'" mi' chemic.1l e"'npu<ÍI io>1, 1 iln· 
,.,.,¡,,. ounlrul, """'"',-"lit!>!)' cJ,erkit>g attrl al:mn 1<>:(11iu¡:. 
¡m~lueliun ,,,¡ ll'<'!ld rlnla I<J~~illg, ,.,,¡ rlaily <>)~'""in~ 

rt'J••t'\8. 
C:rit>ding nnlllo•d c<Jnlrol •ond DDC .u-e :~1"' o¡>t'r•1iug 

;, n HUmh.,rof t:.S eo·mrt>l plan!; 11ith JJDC heiu~ rn<>Tr 
"ide)¡- ,,._..¡in lh~ l.t•l r.,- ¡enr> .. \lu<ln<" "''\O<otl pJ,,,t. 
,,,,_¡,¡,. ,¡ lh<• tinit,·d Si ale• ,,,¡ C:111ada ""' de.>O~>,<•d l>y 
r:uru¡"'""'· In"'""";,.,¡~""'"' -•·it·<l•·d J·:""'i><""' ,¡,¡~,..,¡ 
e<'!Mnl phtni> )1:1\'e ken •i¡¡lldi""'ll)' llilt·n•tl in lloeir 
,¡,.,¡~" ''""' epi; tn IJ<·tl•t inl ,·rfac~ "il h nul omol ic )'""'''" 
\'l,ttlln>l jJrÍIJ<'Ípll'' .cnrl <"<JLlipnwnl. Tb,· l""l""P ""' ;ol-e• 
¡,.,., '" l<.,.JI ,,-,.r:oll im'"''""'"l t .. ",,¡,;,,,.,_ ·n,.,," 
11'<'1<d ¡.,,.,,..¡, ph111- i' ltt otol <<tJI¡-]~·rf,rm I)J<'<'<>I<Ir<,] ,,,,_¡ 
,,¡¡,..,. ¡,,,..,i,,,, jn•t li-lcd. hui'",¡,,., Í>Jdll<le,,,,.l'l'ro-

------.-. --.-~., .. 

1" ¡,, ,., ,.,],)il ''"'"' ,.,,.,.1 ;,,, "1 42 
1) < J"'" '." ..,·)wduliH~ ~ui<la>><'e; 
~) pn·],. ,,..,~,.,.¡,¡"~ pi le ¡,.,¡¡,¡¡,~ ,., '"' rol; 
;¡¡ 1'"''"''""~' .,;,,in~ pilo· hllil<litt~ <·:,Jrul.,lintt', 
1) ~,¡,.¡¡,~ onilll«:ul C<>lllr<>l «ilh ,.,,_,¡,.,¡,¡,,¡: "' ""11 "' 

,,,.,,J)·-I:ol<' ,,.,,,,,_, l~<•tng >Liili4·<1 aud «Íil> liowlt<'"' 

''"'1"· ;, ~•"'• '"""'· IH·i"~ .,..,,¡ l~o"<·<l on ,.o,ti>u><>>t-

linenr-..• "'""""'; 
.}) ceot.enl mi• <On>)•J•ition c<>nlrlll; 
fi] t·ettwnt >iln muniltttil>¡¡ :uod l';>)idil)- d"·d.:iu.:: 
i ¡ "" >1111 oriu¡¡ of dri""" f<>r lln--rlot'lltol•·•l •ln1hlmo 11': 
~) aHh•m•lic >latl-ttp and •hu<olo"n ,,¡ '''"'i'"'""' 

1'''"""' ,)•p"rtmrnt• by pn•~mmm!'d l<>~ic, itochnlito¡: 
1 r,,,,;,.JJI "'"'' ipul111 ion .,¡ rc~ulat i »¡¡; ''"'P" ,_, "<·11 ,,. "' -"' ,
"''"1 tul of ,¡,;, o• 1 h<•m..,.lves; 

9) ounlml ol o<·~mll lrnod <·m•pliug fur <lq<aril»'"'-' 
Lel\le•n 11-hich roblivoly lo\\' >LJr¡te C"Jl"~it)· f<>r 1!\:oh-ti,.j, 
exi~r.._ 

.\ """" tlel•ill'<l d~><:tiplinn of "''"'-"ni lh<'><' '""' ,¡,,, 
1• J(iv•n in [.';j. 

b<'HI:A''"l-\nu.ll>tL1Tl' o.- ArT<>'LlT><' p,;,. '·'' 
Cu~11<oL S•·•n"' "' .~<>l:Ql'<TI: l'o"~M Srro•uo;.-

.\_, J.ri,·fly m•ntioned pre<'Ím••ly, u di•lind twetl ¡, In 
"""~ lh<>l'«>l~ltl.- :tMI.'•~ th~ im•n-•l~tion ni •lo~ i"'"~' 
'"l;p)¡ lor lh• aulom:olic 1""'""" <nutro! ;y>km :oud 1!> 

m•jur eom¡><mont• nnd lhe 1"'"'' tli>lribo>lion •.'''''"' 
,.¡,,,.olt·ri-<i"- Th• di•ti>lrlh-e «>lulion- ""d lrt'tJd -
fomod U-<'ful i11 man)- •ueh "utomalic 1"""''"" ,.,,,,.,¡ ')-
1 ""'' i< to i>Oiat• 1 h• JlO" er •llppl_l' f<>r 1 hr pr«<"<''' e< >ti! "'' 

runLpith•r nnd OOt'\Kill t•nli<·nl '""""'" (•t>rh "' X-r:"- ~·"'~" 
and :tnal.' ter. o-'.' !'<'ti :1\ml) 1<''• ,.,.J ,.,.¡,.,.lt·d ;,,,, 1 >>n><·1<1"· 

1iu11). Thi• i-ubled ]'""~' •t>j>Jll.l- ¡, <Jflo·u in lite¡,,,"' <>1" 
"<•1-'"'"1 <• Íll<lUrl ;,, '" d~ m<>tnr--dril eu :oltew:tl<.>t "1"¡1 '1"'<1 
with ~ ll¡ "]oerl nnd """'''""' C< >111 rol In ride 1 ),,-, "'~h nl<><l 
1"'"" ')-•lem >r:ott'iOnl di,lml~"'"'· Sllrh "' ¡..,,J,,It·d 
JI"""' •u¡opl)-, <~lwn ¡orul><'rl)- ,¡,.,_¡~lll'<l. l'""·i.Jr, ,.¡,.,,, 
)~'"''' lu lht"<' ruJJII<>I ''"'"1"""'"''-

·n,,. ,--,,¡¡ ,¡ u•iJJ¡; -ueh "" i-<>blo•d ,.¡,.,, ride-oJ,,,..,~h 

)>Ulltr <L<JII>j_\- i-' !hJtl lh~ )>IIIC<'"' <'IJtllf<l] <'<¡otÍJIIIWJol j, ""! 
IJ:<rmffi, '" l!oken oul ,¡ ... ,.,.¡., .. dotri>l~ monWttlar,l' di¡"' 
ur 1 nlt " g~ lo""•' 1 n 1 he m~ in 1-'"" 1' r -11 pj.>ly . 1 n a< 1< 1 i t ¡, n. 1 lo e 
'Urgo·; wloich """'"'ime-• ~el iu!o lh•· m~in 1 ""~' di-T>ibu
lion •)•l<•m :llt<l il; major """'Jl<>nenl• "~'~' k,-pt o"' uf lh~ 
pnor,... cmolrol <'<luipm•n!. 

.\• pi""'" ~"' d~-i¡:tt~d "hirh intPgrnle ""' <•m:ol ;, '" ,,d 
plan! de<igll 1 <>¡:ell~<•r m,,.,. ,,..,.¡,¡¡." :md iudnde :olll orn:otic 

>lnrt-tlp "n<l -hnlolnwJt uf ><•lrt·t<•d ¡wtliuT>> ni ti"• !'""''"'· 
111<· ¡,,.¡"' ,•d tidr-1 ¡,, uugh )"'" er •Upj>ly ''"""'Jll i- ''" ,.,,.¡,.,¡ 
1" ni..-, i ,,.¡,,,k l" "' er 1 n 1 J.,. roi.L,I ' «>ttt nolling t ¡,,. """ '" 
e«<>ln~ et·ultr> lht·>n><·l~<'> 'fhj, by·~ b:o,¡, lor r.qoi<l ,,~ 

'1 " ti of , · ri t iro l purl i Ot\ • uf l ho• pn><·t·"" 1 nll"" ÍJ\ ~ 1 e In pn, ~ tY 
>h>ll<iulll>' du~ lo~ 'h<>rt·l<•rm lo>' «1 l'ult11g• in thr n>"in 
pbul 1""'"'"'-'''m. 

111 '"'"" in,l:onor• lh~ titk·llort>ll~h ""'"'' "'1'1'1) hr· 
"""'''' 1,,.,,.,_, ""l•J!<>rl<-d ¡.,,, '·')· pcno.J• .,rro.m ¡¡ '" :10 
ttli<> iu <>roJ<-r 11> J•~J<>ÚI _,,,,IJ,, ""'ili,,t)- f}i,~o·J on~it>~ 

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



" 
'"' "'. ,, ,¡_, """'" "'"' '" '' ~·" ''-" •• 

~,.,.,.,,.,,., .,.,, '" 1"· tu·<i•:ot ... t ""'''"~'- '"''' <lo•• fou..-t;,.,, "' 
"'I'I'I)Íu,¡ r-ritio·,.l lntul· ¡,., ,¡.,,. <mr1i"~ o.f ti,.• ~iiH, fur 

"1·' oaliu~ 1"""1"· hr1•. "'"' ,.,,.,¡, t ~l.olo•• durin~ loo•.· uf 
1•"'"''- f""" ¡],.. """""' ,,,.¡, ¡>m•·r "'"liW 1" tho· ph"1, 

'llw :dJ1I1ty tu o¡uid.l,l n·•lall <lu• o•uuliuu<ou- ~""'"''" 

1'"''' ,,¡ the pi,,.,¡ ,ofto·< ".•h•<l•l••"" oluo• tu'""'!"''''''! ¡,,._ 
••1 1""''''" '·''''''" •llf'j<ll ••oltaw• i• ¡,,,.,., .. ;,,~ ÍrlCio·a-iu¡¡h

¡,.,1""'""' in """¡¡,,.,. ""."· ~¡,,.¡ iuh•"-"'""""''1 p-dolio,• 
111iloly ~""er ._,,,,.,.,, "''''' ,.,,. hi~l··-•p••t•ol r<'Ci<"ÍH¡; "" 
,¡,..¡, J\1tiÍII Ira"'"'¡.,,¡,.,, hh~.< ho ""''1' ·•·pat:<lt· geheruliug 

•l :o t ¡,,, i 11 '.' w•l """ i •n 1 d 11 r i 11;¡ .¡,., rl ri 1-cu i 1 • o.orourri11g "" 
¡¡,,., "l1id1 inh•rcunn~et •urh ~··no·!~IÍn¡; ~ta601~·. L"nlo~ .• 
r h •' • 1 " •r 1 ci n.; u i 1 ¡, n· '"' " ,.,¡ i'" ""1'!1 y arnl t he i ni ~rrotu .,..,. 
tiuu t~'""'~" Kt'lle"''"'' l>'•h>n•l l'"""l'tly, !),e "'Paml~ 
~·-ll•"r:IIÍII~ •laliom· h·utl '" .,,¡,~ ")ltlfl ;utho\enll! ""th"l 
tilo•; ra1111u! he ·'"f~l.•· redo"!•d tngt•!ho•r "itbuu! d;t-
t. '"11 o· 1 Íll'I'•COII •IIIIIÍII)!: fC.;,\ UCh 1 "" Íl.ÍII~ iJioJ\'Í":UII•. 

'l'ho• oiT•·cl· .,¡ \hi, hirh-•t»•t•d ,¡,..,.\·rÍJ~Liil in!t•rn¡pllur< 
,,.,¡ •nl"'''l"''"' hi¡;h-.-pt•••<l lt•d.,.;.,~, "'' •<'t'll ,.¡ tln•«•JoWIII 
t'h"l ¡,,.,., ¡, that p•n"'' Í.• lu-tlol' l)pio·all,l lj;J-11~•. nftco 
,.¡,¡,.¡, 1"""'~' romoe-• ha•·k fruno thc• utilll)-- Durt11~ that 
·1''"' IÍIII•', tnu.t doi<'t'-• •h101 tJ.,,.,, 1111<' tu their 11•11o¡; in

·''·""'"'"'"' tun:e1 •·olt:tg.• prnto•rl '"", 

)d" <ro .,,.n~n-· > ''~ e r. '" _q I'L< ~,· ConHoL 

Uu1Í11~ "">--•1 of the tim< ¡,. ,],irlo Jigit,.l pn"'""" C<llll-
1""''"' lo. o~ r !,..,.,, :lj'¡>lied 111 "''"''"' ¡ol~nt '• ;¡(I,.,IU"l' ,.,u_ 
"""'' ,.¡,¡, into-cf,"'' hnrd"""' ,,.,,¡ "''''''""'"'l- po.·ri¡>loeral 
'''I"ÍI'"'''"' h.w~ beeu ,,,,¡].,t,l .. .,.,¡_,- ,.¡,¡, medium-•ÍZI'<I 

1'1'"''"' ''""""1 e"'"i"'l"•~ Tiu· .• ,. ""•dinm 1"'"-'''' cuultd 
''"'"1"1"''' ¡.,,,.lit<' r.op<~hilit_l ,,¡' ,¡,,¡ .. ~ ""l or all 11f the 

"""'' ¡,.,, li.·t ,.,¡ ;., 1 ¡,,. pn·< , • .¡ i11¡\ «·•· 1 ¡,.., uf thi, 1'"1 '"''. ,., t het· 
.,,.¡¡,.¡,¡,.,u_, <·r >intuhcu"''"'·'l;. 1J,.,""'"' ,,..¡, <lledoun• 
1" • ,,.,.,._ ""''')" 11 "'" h,,-,, •Uh•Lo~tl ;,, 1 '"' ,.¡ C>tpnhilit ie•. 1 he y 
1 ··udo•d 1•' ¡,,. ""''"'"'""' ic " h~11 hei" g C<ll ,; .. ¡ m•.! fnr ,1 •in~le 
1' : tr 1 ¡,. u b r ""' 1 '" 1 fu nct i "'' • LL<· lo "• . ft • r • " otllpl• . ''-" o t ru 1 uf 
"'" 111Í1 rh<'IHÍc,,l c'UnliiO'ititu>. 

~'""11 '" minil'.,nt¡ll!len- ¡,,,.-~ ¡,..,. .. <I'Caih~lr for tnuuy 
·''''"'· Y.•t L_,- thrm-<'l<t•< th,•_.- JI>' n-bti\rly "-"'Ir<> un n 
r,•,.I·IÍI\1•' pr•H'o··-· c"llltol juh Ull], •• , nn utlr•JU;<tt libr-.1ry 
"' .,,,.,,¡,..,¡ .,,¡,_,,~ ;Httl g,,,.¡ npplir:~tioa ...,¡¡"'-"'~ 

• ·t• ,.¡.,u_, btit,,.,.,J fnc reol-tim" 1'"'''''-'·' ro1.tr"l :tre nv •• il
:ol,t,-.. \[,,. . .,"''• tltt' bek .. r n•l•o¡a;oto• '"l'l~"ting inter· 
''"'" l,,.,,l.,,ue pttt't;cul.uly ""ÍI•••It11 t],. lwlll•trio·• tu he 
.,., 1 , '1 1 ,_,.¡ ,.._.,¡,,.,., 1 t h•·tt H·••ful"''" i11 "..-1, itul11•l L ¡,.,, 

~111'\o·_>< of "'""-' HÍ•!Íilg,c.•m••"l pf,.,.¡. 1!1 th•• l~11ÍI••d 
,.,,,¡,., NI•C<'I'<@~ oJ,.. po¡_,j,jflt," uf ;oppi)'ÍIIg :tiii"II"'IIC 
i""''''" """'"'[ ¡,,,.,. ,¡¡.,.¡,.,.,¡ ,¡,_,, th.·l•· ¡," '"''"¡',,,¡" 
l'"'''hli,,) ll•ef,,¡.,,._, f.,,- mir~ie""'l""'''' if ,¡.,._,- ""-' _,.¡, .. 
'1" ol•·l,<- o•quip¡ .. ,l 'lÍth -'"l'l"''lin~ •!:o!l<l.,nl ,.,,,¡ t~PI•I;,.,.. 
,¡.,,. .,.ft\\.,ro·. n•r,•,,-ar;- Üot•ri<o<'>: ¡,.,,,¡,.,.,..,~mi '"PI••tl
¡,.~ .. ,¡,¡,~ ,.,.,¡ .,¡~, .. , ÍIH,Ibtitt:o ~·"-¡,.,.,_ 

-~ll<'lo ,, r>'<'o•llt dewlnpii<Citl ¡, •h01111 Íll Fi!';•- 10 !! 

·n,, .. ,. ''~'-'"''·· .¡,,., r,t.,ck ,Ji"~"""',¡" lirw ,.¡ n•iui<>•m-
1 "'' ,.,_, ¡,_.,., ,,, l111• 1 11 "' l•·•t"·'''' '''"'' I.Lt d ,. ,f¡" ,tr•·, h:tn¡,,.,.,., 
. <11•1 "'1\ Íc•t•• .di aÍII" ,1 :tl <l'l 1 Íll~ lhÍ• >I'~IIWill llf tflt• Cl'lllt'ILl 
11 '·' 1 ,,(.,·'"' ¡,~ ;, .. 111-lr)'. 
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"'' "1' ""''"''""' "' "''' '"" "'' '·'·" ''"· ,,.,.,_,..,,,,,_" ,_, "'•' ., l't¡j 

TI"' tlor<·o· "'"';'"'"l""",-.1,,...,..,1 '""''"1"l'"" ,_,,,,,,,, 
,¡,. '" " ·, r 1 h""· l O • 1 ~ ,.,.,. f,.r ""' mi x d"'1 n ic" 1 ,.,, " 1 • ,,¡ 1 ¡, '" 
''"lllml. f,r ~ih1 ""'lnol, '"'d f<or '""''",¡,,¡ ,Ji~il:ol •··•· 
J<ol•ilit ,- (iu~l11oliu¡: ~·-•"·ríe 1 l llf" ,.,¡," _,.,.¡. ~: ... ¡, ') ,,,.1, ¡,,, 
11,.• fnli"" Íl>¡! ~""' ,,.¡ l'<jllÍJ>UO<'lll :<1" J ") o•r:oiÍ<•<I:.I f<-,,t tll< ·•: 

,¡.,.~,.ro· :oll louill "'""'"'" l"i"i'-"'"'"n"' '.''''"' ,.¡ ¡,,,¡. 
"·"'' ,.,,¡ •bUobrd l'd.,·ary I""W""" ,¡,._;g,,.,J '" ,.,.,.¡ 
1" .,,.,.,, ,.,,,¡ ,..¡ n•t¡uÍr<'lH<'lll >: ' • >1<1 ,.,.¡, 1" "' ''·" 1 111 ""~-'¡, <•U 1• 
pul' lu umt.-.>1 tle\'ÍC!'' t¡·¡oio·:<ll¡· "" the ('()]': o·ado utilj,.., 
ln .. oh·ru reli:tble tlt••·ite• f,r ÍlllerJ,cr <~Jth "l"'ratut·\'Íol,•••· 
1.'1'" of overalor', ron,..,J~ plu> t;p<>r for ,.,,.,1,;,,,,¡,.,, 

"!"'"'""'" Jug m1d Al•rm J,g: ~;•eh i• a ,-.,mpl.-t~ :tiOd 

i>nl,-¡,..udent _,)-;le>n; ~:odo i• 1"-'""m frum" ri.Jo··lloruu~l· 
1""'"' •llpply; •nd e;och r~u ouomn01nir"1r \1 it h ol hor ,,illÍ· 
o·umpulo·r·b"-<t>d ~)''"'"' b.-Ju.,giug to Íl• """ r.,,¡¡~ 
'"' "i'l'ruJOTiale. 

TIH• ""' mh -'.l'•l~m ,¡,,,,,. iu Fig. JO ÍJ•tlud•• "".\.,a~· 

'"""'"'' for <•len:rllllll '""'l."i' nf lhe """ 1ni' .•ln·:tm 
,.,,,.,¡,Ir"- The funriÍ<tll>l •·<>nlr<•l l••mir!Pd by llot• i'I'O· 
""~inorred ,_,rt,ure <~JII ('Ulllrol IIJ> lo ,-ix '"" m:oteri"l 
¡,.,.,¡,,,, rtorreclh•g feedo•r rrot(> '"' """"''''~ lo m:oin1•in 
tl>r ""mple ahal)~is ni lh<· pno¡orT rhemi""l <"Om]•>·ll'oc>IL 

Th-c ~"tem "ill al"" rntlll<ol up ¡,. h\o homo~ru;.,.,.... to bf' 
h:okh. '" ru>ot inuou• lilled ¡,., " •!'<'<'ifio th•micol < ntni~"'Í· 
titou ¡,- ;~dju-IÍllg tho• rl.emiro) rum¡•o>'ilion hold J<UÍIO\ (,.r 
tho· 1,;, mi• ,!re~ m. A cheniÍ<t'" lo~ l'ith paper ltojll' l"""·h 
"' 111 ¡¡r,,¡ er ( nr d urnpiug o1utl 1,,,.¡ ll 1~ pn>gram> are ;,,..¡.,,¡,.,¡ · 
"" ;, 1he r;o¡o;oc·Ít) for YHtÍotl' ''""""" option•-

TJ,e kilu·r<Onlml >.' •1<•111 •)"""' iu Fig_ ll I'I"Yi<l<', thr 
h:t•ir ruuo1iom of m•ÍIOil<iuiug -•l;obiP kiln "!'"'"''"" 
1 Ju.m;:h ¡m•p~r ,..!1 iHg '"'d adjml m•nt of tk prim.,~- ~nn 
,.,,;,¡,1, .. •neh..,; f••d r,ot~·. •¡,....,¡, fnd !lo".,,.,,¡ nir·l<>
fu•l '"'in. ('ooler gr,.t er ,,,,¡ ~"' tlow n"' :ti 'O ron>l rull,·d 11> 

n¡o¡>to)'TÍ:o!~ to l~e 1~ 1"' nf di11ker rooler U-<'d. Thf' •.-'•l<'rn 
lo:'-' 11 10• c:.p:tbilit)- o( h•inK nhiP lo cm1lrol lh•• l':orion" 
¡ \ ¡ "'' nf kiln·C<>Oier c"'"hiu:ol ;.,,,., d~ and \1 el ¡,.,.,¡_ 11 it h 
,,",.,¡ ,,iohout pr<"he>ter. 1\il" IWrformoueo 1"!( Í< ¡,.,.¡,,¡,.,J. 
"'in tl11• C>lj>:I('ÍI) fol -''"IÍ<•<" <'i<<LI"Il <•¡>Oinn•. 

'1'1,. .,.,,,,,. ft.r t·•l<•rt•hl di¡(ilal ''"l'·"'ilit~ l''"''ioh·, tJ.,. 
''"1''"-''1,~· fnr ni <·n•i• ,. oht" .oc-o¡ui-il '""· for '"""i''" i ~~~ ,,,,¡ 
;obrmiug .. w<l f<.r dHil¡· ¡on"hlcli"" """'"'~I;~. ,,,,¡ .,1¡.,., 
lo1!<1ÍU~ funrtions; '"'d comloilOI'<I llilh !he r~t~U>ÍH· ohh< 
:ot'<¡ui•ilion r"J>atily Í• lh~ ,,-,.¡l,.hilit;- of IlDC ,.,(¡"""' 
fnr <!i¡;il al ,.,,.1 nol o[ ,,_,- "' ull 1'''"'"" l'"'J!'· Thc _..,-1 J••ÍH'-• 

fur oh~ onc proc•"-' lu<>Jl' ""' ""'""'"·'· ""' :ti lhe "!"''"· 
lur'.• 1-irleo---1-''1'" euwole, ,.¡tl'""gh •UJl<'I'I'Í-•ury control• of 
lho<t• .,.1 point' from nll(ollt<•r minie,mputer 'l'l''"' 
fumih· '"~ml1<•r ¡,al"'' ¡>O_,iblc (FiR. 1~). 

¡., ;oddiliun to the pre\Í<IlJ<I)· ol<•t·ribo><l eo¡uipmenl ,,,.¡ 
"!"''"';,.,,¡ fo•.•lur<·'· <h<' ••n·1·r--fnl ,;,.;r,.m¡>UI<•r·b,,_,.,¡ 
;out">n"' ¡.,, '·' -1~m Hll>•l ,.,.,., '""'' 1 o iudmle t lw 1.,11 ,-.. m
plo-mo•nl of nll <•rgalli>.:t!~ourll h:~ckiu¡; lo\ l><>lh ""''"' ,,,.¡ 
•IO¡oplier, iuohnlir<~ ·'"""'"'"'· traiuiug, ;ond rummilmo•tot 
¡,) o be u•<-r, ,,.,] im:l.,lito~ ,.,¡,.,1,,,te ito•l:&otÍ<oll >larH!p 
""Í•t:•IO<e. ,.,,¡ follu•H>U ,..,;,., al';oihloil1ty ¡,, ''"' ,u¡o
]•:io·r. Tbc ,,¡.,¡,,.,111""' l'·l•;o-.d >.'•lo·ln olwn ¡, '""1"1)" "" 
,. , 1 ,.,..¡, ,, .. r 1 1 ,. lat ,.,, ·"' L< ''"'' 1 ;.,, 1 •·rh'" ,¡,'K.'' t•' '' ""''1 lit<• 

·--. , .. • - ,<" - ---· ... 

,., ,,¡,-;,~ ,,.,.,¡, ,1 t 1..-, , ln•·ul iudu•l r~ .\11 ,¡ ¡¡,. f1m<b ono·to

l:ol ""t"'"-""'"1' r .. , .,,..,,._. -till ,._,;,, "'"1 "'"'' "''"''""'' 
1" ¡,. '"'"' ¡,,, ,,,.,.,.,,fui ""' """'' ;,,, 1" n·-ull. 

('u~n• '""' 

\\',. '''"-' '''"' 1,,.¡,. 11,· r .. n,,,;,~ 
IJ Tlu· ,.,.,,,.,, 1'¡.,,, """''~' "'"¡ ¡,¡, "1'"''-"'"'"li,-, .. 

b,,l<' ;ol;oilaloh• ,.,,., 11idr-r ,.¡,,,,..,., tl>:lll ¡,.],ol'<' :1> !<o lh,· 

>ÍZ<" fll\<1 o·;o ¡o;ol oihl ¡,., <¡( :1111 """'' ic 1 '" ,.,._, ''""' 1 "1 '.' ·1 '''ll' 

"hi<h lhr.- """ "''""""i<·ally ""'· 
1) Thi• lmo;ul•-.,iu~ ,( lhe ¡,,..,. for l''"r~'"' ""'"""'''" 

'"'' 1 rol rvm ¡ou 1 ,. ,.... 1 u :o 1.., ' i 11< l<1<lo• 1 h~ m i "io ""' 1 " 1 1< r• , aolo ' 
<¡ll:otel~· '"l'l""'·d h~· •l;ot"l"rd ..,,11"'"" :~nd ¡,,.,¡,.,.,. 
¡,,)f(l \1 :or•, mf';lll• 1 ],.,, m.<ll) ··~Í·I Íll~ ]'1:1111' O;th f,ol'e .1Ul <o• 
m:oiÍ<•n ,;pplio•d lo al lea<t l""lioorl• ,.r th,•ir 1"'"'''" "hirh 
"' " \ n lll h, "·e bo·o• 11 \ fl') · < ~-.,,. "m i "" 1 h i 1 ho· rl " . 

:Í¡ .\ole<¡uale 1"'''1'1" l;~cl•"-' wd.,oli11g ;op¡•ru¡,.ial,. j,,¡, 
;o.-ig.,uwnl• ,,( "l"'"lliug l"'''"""el .llocl lho•ir "IJ•o'l\'i•Íoll. 
cmnhiOH·d \1 il h !L:""d -,,\li•l an<l ,.,niÍl>l!ed 1' ·' ¡,.¡.,~ 1 •·m .,¡,. 
1-ital l<•r -ntt<'" in alll ""'"'ir '"'"rol. 

~) The pu.-il>iliti•• nf ln<Klif)iug ha-'lt plahl \k•Í,o.u (.,r 

11~..- pln1l ! ' 1 " h<-11 rr ;o<la 1'1 1 u 1 hP ¡ "''' i hi li 1 ÍP• uf '" " " ll>: ' 1 i e 
J>'<><''o~~ rulllrul ;u-.• o\citing_ ·n.~y ~~~-a I>:>•Í> ¡,., -i::nih· 
t,ll>ll)- cl">ngin~ (.,, tht l>t'll~r lotnlplant ÍI0\'<"1"" 1<1 :<1wl 

"1 "'"'lin~ pr<of<l nbilily. . 
:,¡ ~,,.., .. , iu athie\'Í"~ ""'"""'''" ¡mocr,. ,.,.,,.,,,] ,, ""1 

"n "rriolo 111, Sm'C''"" ¡, ho•l olo·<l~llrd·Ín fn>m IIH• ¡., ~;,,,.;,.~. 
T~ he ;otl;oiu<•d, Íl l'l'h>tÍp11ll~ indwl•-' """"' ;,.,.,,1\,·m<·>' 
f¡om tlw lo~¡L:-Inll·,,~ "'"' lhe>'t"aflrr 1->ln• h<·R\',\' >llppl'te. 
Íll-' ,,J.-rm('l\1 J r.•m tlw 1 "'~ÍmoÍn¡¡ hui IO!petin~ <>ff ;o• "!'"'"" 
IÍ"" ''" cunlru] ¡on><O<'t'<!>. 

r.¡ f'riuci¡ml "'"''Uii~l ÍIOJV''<Iu•ul• fm •Utro,,.. ,,¡,¡, >he 
11pical ·'""""'''1hilll)' for e;orh h.ov<' """' bf'<.n id··tolir...U 
¡;,. ;1!11 ""'"¡ ie !"'"''""" "'"1 r<>l •.' •lt-ffi> in CClOI<'nl n};llHI· 
f:..-lmiug plan!•. T;pio·al ,...,. .. .,míe ht•uefi!' <lo·ri,,.d fr<om 

-•t><·eo•-•ful "'"""'"líe !'"'''''"-' '""tr<ol hy di¡.(il,l ''""'!"""' 
Íll•l :ollal ;,,. ha 1 e "¡,, 1 ,..,.1' i<i<'l' 1 ifieol 

,,, 

"' 
l-11 

'" 
1-\l 

'" 
¡;¡ 

"' 

Cu"'i'"'"' 1-.,.,, s.''"l'""'"'· "~,.,<!.•·"d uf i'~"'"' .. ..,.,.,¡ 
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The opatation ol a papar ma~hine is oriticallv aHected by 
the comple> inteoaction of subsySlerns thatl!aditionally ate 
subjected to independent conuol acti<m. This article de
scrobes the dasign ola control system lora paper machine 
thAt ta~eo into account such intetact•on, and shows how 
the des'gn techn>que may be ~pplied ID a bu•s·weighV 
moisturc-contml system. 

1 nteractive Control of Paper Machines 
E. B. DAHLIN. Mcasurex, tni:: 

Good papcr-macbine conno! must indude cowdina
tiun of such subsy<~ems as refiner, headbo~, and 
dryer, and spced and stock feed. Without sucb coor· 
dination, comrol •ctions that aro taken in one par! of 
thc overall process may be majar sources of upset in 
anothcr par!. Specifical!~, rofinct adjuotmenu may 
"~""' moisture control; spccd chdngcs may inftucn<;C 
papcr forma1ion unle" compemotory beadbo. ac· 
tion; are t•ken; sctpoint cban!e• in basis weigbt may 
cau.e botb an up<et in moi.,uro cuntent and a oari· 
ation in sheet suengtb. 

~ffective handling of inleractions among papcr
machine subS)·sicms ma)· be initiated by conmuct· 
ing a oon!rol S)"Cm tbat ta\es advantagc of c•i•l· 
ing Jnalog rontrols whilc cmployingtbe full powcr of 
digital computing techniqu«. Tbe resulting wnuol 
>)>l<m is not too ~ompl ... )Cl greatly improves tbe 
output prnduct, dnd at the same time kecps opcn n 
mucb digi1al computcr <:apocity •• poS'ible for more 
wpbist icated algorithm implcmcntation. 

For a general approach to mathcmatlcal modeling 
for the papcr indumy, RcL 1 i• suggcstcd. PrevioU> 
'""'k b) the author on ccruin algori1hms appcars in 
Refs. 1, l. 4, and 5. The ••pe.imental data med in 
thi' ;~nicle~ . .,, g•thered "' descrihed in Rcfs.3aml5. 

Paper maehine inn~encn 

Tl·e tablc Otl thc ne<t p'lg< c"ablishcs qualit•live rel~
tionships arnong e"ential indepcndent vari4bles that 
rnay be cither Jandurn di>turbanccs or m•nipulation 
input<, :.nd an array of dependen\ ••riablcs. Vari· 
ahles preceded b)' an astcrisk are norrnally tn.tnipu
lated and v.triables thal can be observe<! aro boxcd. 
C~ntrol objcuives ma)' he: defin<d from a study of 

Ibis table. Thc b:.sic nccd for automatic regulation 
stcms from lb< e•i<t<n<e of tb< dioturbancc \ari>bles. 
.\k.¡,un·d and manipulated variables afford possibili
lics ¡,,. ftHming fcedhacl. <Onlrol loop•. Thc table 
also indical<S simul!ancous ciTe<:!> of manipulated 

.. riabks upon variables related to •pecification• for 
the product quahty, such as basi• ~ight, moisture, 
and formation. 

h i• often uscful to stabili.« fiber no" b)' cascadcd 
control around the stock valve. In the tablc, fiber 
ftow ;, idenufied a• dry stock ftow (DSF), and i• 
deflned asthe produCI ofconsi<tenq· and stock fto"'. 
The fccdb"'k loop, closed from ,·alculated DSF to 
stock valve posilion, will be aiTected by consi<tcncy 
rcading noi,., and tcmperature impact on thc wnsis
tency metrr calibration. 

Ho~<cver, !hesc stcady-,latc calibration trrors are 
not too criticalto good control beca u <e the long-t'erm 
behvior of fiber llow i• determine<! by feedback of 
basi• wcígbt. Tbe uscfuless of the oalculated DSf 
loop io rither lo preven\ •hort-term variation in oon• 
siotency from upo.cning the baois "'~ight and !he 
mui•ture content of !he reel. 

The feedback loop from steam prcssurc lo steam 
volvc pmition is normally implemente<! ,.·ith analog 
pneumatic conno1kn. Within 1he dynamic range of 
this control loop, the cffects of """m line pre«ure 
and ftaoh tank pre.,ure are prevente<! from propaga!· 
ing through tbe •ystem to inftuence dr)er heat now 
1at< and rod moi>ture. 

lolo<aelive compulor conuol oySiem 
Thc block diagram of Figure 1 show• how a digital 
compulcr may be applied 10 a papcr machine for the 
purpo<e of improving product quality through more 
•ophi>ticat<d control of interactions among upcratins 
subsy¡tems. The computer reccives measurements <>f 
qu&ht;-<lcñning <ariable• and pcrform• highly com
plc• ana\ysis of, for uamplc, nonlineu calibration 
charactcri<tics and ealihration r.rameters fur 
different f>dper gr•des. Production rate•, fil>c:J con• 
sumption per produce<! rccl, and mean• and vari4nces 
<>f quali\y-dcfining variable. can be prepared rcgular
ly for m•nagcment. Thc computer can calcu\a!e on· 
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linc rhc tme cro .. -dir!X'tion prutlles of. s..y, b<lois 
,..cight. bonc-dr} weight, and moinurc. 

Thc>< and othcr complc~ functions ate routincly 
pcrfurrned •• shown in Figure l. whcre thc compurcr 
implemento olgorithmo to supplerncnt thc analog con
trol of local opcrations. This syotem incorpocatos feá
rure< that uc nO! ¡ene<ally includcd in pal'<'<· 
mdchine conrrol. 

To illu<!rate thc n<cthods uscd, a relatively simple 
S)'Otem for cootrol!ing ba•i• wcighl and moi•ture will 
nu" ¡,., discuoscd (Figure 2\. 

Thc subJystem for pulp-~o" control cunsisrs of a 
flnwmetcr feeding a tign•l Lo un analo¡ !\ow con· 
troller. ,.-hich Lhen m4nipulotc. the <loe~ vatvc po•i· 
tion. A cunsi>tency mcler uon<miu a •ignal to> Lhc 
digiLal computer. A program providcs digiLal 6herin11 
for diminaling high-froqncncy noi<e: associatcd with 
Lhe o;on<i<tency measurement. After noi<e: removal, 
Lhe progrdm calculaLes How set-poinL ro""'P<'"din¡ 
lo fit.:r Aow (dry <Lock flow or DS~l- lmplcmenta
Lion of thi<loop wiLh a mixture of onalog ond digital 
hJrd..,·arc provide< a profitablc balaneing bc:tween dy
nJmic pcrf,rmance and ca.t. 

l'he dr)Cf·CIInlrol <}<Len• is a convcntional pneu
matic contmlloop rcgulating Lh< sleJm prcs.urc in J 
dr¡er ><:ction, usually thc onc directly ahcad of lhc 
bJ>i> "cight and moisLurc s.;•nncr. 

Tho .up.:rvi>Or} conLrollcr uLililc• mc.lSurcmcnt> 
of baSI• "cight and moi<tUre obtJinOd (prdcr"bl)) 
al scanuin~ •P<'ed> l><t,.ccn 500 and 1.000 in_ p.:r 
mio. The-e sp.:cd, cnablc th< ront putcr Lo hJ•c bc:ncr 
procc>• inform•tion Lo work with in, for c•Jmple, 
cJicubti"g ~ro.s-direction profolc,, 

Proces• identilication 
The <)bjcct Í>c of proccss idcntific.tt ion is 10 determine 
pruce>; J)nJmics p•ramdcr>-o must stcp in con• 
muoting thc pr<x;c<o mathcmJticul model if an ad~
quatc co:>ntrul systcno is to rc>ult, The pJram<tcr> Jrc 
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requircd for both the design and the tuning phasea. 
The pro~~·• ¡, lo introduce small upstls in the 

manipulO!«! .aríable1 and cotlect the response dau 
in computer memory. Aftor a small perturl><ltion of 
the <tock valve, fnr in•tanee, a v.trialion in stock 
How, ronsistency, basis "oight, and moisture wiU be 
<>hserved. Again, a small variation in Jteam pressuro 
setpoint will cause changes,in neam ¡>rcs•ure, muÍ$
ture, and basis weight that are tran<miw:d to !he 
computcr. Thc required parametcrs ore obtained by 
analy•i• of such <C'Sponse data. 

Thc criterion for a good modd is that it provide 
thc b05is for good control-system tuning. The dcgree 
of needed accuracy of p~ram<ter estimation also de
pends on the loop u:nsili,·ily to discrcpandes be-
1,..., 3Uumed model .uueture witb paramcter 
'alun and actual proce..s d)namies. 

In the applkation bcing diocu"M. an adequatc 
modtl structure can be deri•ed from thc wet·end 
model equation• of lkecher, Ref. l. Jgnoring the
bead box time ron•tant, the <impbfied linear modd 
developed by lkeoher is 

C~RW ~x,._ .. l+r,s 
;o,DSF l+~ 

'• 
whcre.i BW -basis,.cíght chango at thc recl 

(') 

"'DSF ~change of conccn!tated pulp ~ow to 
papcr machine (gallons dry pu lp pcr m in.) 

K, - gain con>tant 
r ~tr•nsport del ay from stock va]vc lo teel 

-r, ~,,;,;ng time con.<tant in the wirc pit 
r 1 ~ thc fraction of fobcr ~ow thal doe5 no\ 

circulatethrough thc ,.¡,. pít (retemion) 
s ~ Lapladan opcrator 

Thi• mode) bcing acccptable for the wct end of the 
m•chinc, the d<)ct is neu '"'"-<idered. Thc naturc of 
a rc•ponl<: te a >mall ste.rm·prc,.urc change is ob
tained from a heat·ftow an•l)'SÍ> of the drum, Fi8UfC 

" 

• 
,,,., ........... tpoO .... 

4d 

. 
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3. lf the felt ;, thc same ¡empc.-ature as the pockct 
air, the heat ~ow pcr unit arca may be modeled a> in 
Fi8ure 4. The dríving signa! is the temperaturc on tbe 
ioncr surface of thc condenute. Tire sheet ls consid
erod as having a wet and a dry section, the !alter re: 
•i•tíng water removal. Tire ratc of ,.a ter removal is 

whero 

F. • CU,~ (T,- T~) ,,, 

T, (') R, (' + A)(s + 8) 
(l) 

' - ;-;::~~"=·~·¡:;; u,~+ 
R .. + Roo 

R, R,.+R,.+R, 

R.~ R, + 

R.,~ 1/U, 

• incremental (4) 
dryer dlicioncy 

'" ,,, 

A. 8 ~ch.Hactcri•tic r•dian frcquencies of the 
nctwork 

\\'hen thc sheet is tran>polled <hrough the drycr 
l<:ction-all of "hose dcum> are assumed lo havc the 

• 
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same characteristics--thc totol w•ter cuntent of t~e 
•~etl dcmcnt is 

w(r1; 10) • ~-(10 ; lo)-!" 1 F.dt (1) 

whcro M·(r1: t 0 ) -wcight of water po:r unit arca a¡ 
time <>f the clcn•cnt tht entered thc drycr section at 
time r,. 

T •thc fraclion of thc total dwelling time in 
thc se.:tion during which thc sheet element i• in con
tacl ,.¡¡h thc stum drums 

From thc conccpt of Equation 7, lbc wa!er content 
KCO by ~ fiud o~rvcr (QCaled al !he end of thc 
drycr so:c!ion and w~tching !he shecu go by can bé 
"'P'"""~ b) !he diffcrentialequation 
d"'(l) d ... , 1 . J 
--- -(1- ~~)- r F(r)- F(t- t¿) 
dt dt 

(8) 

wh~rc "'(/) - walcr wcight por unit arca al dry~r cnd 
w, ( 1) - w~t~r wcighl pua al dryer entry 

r~ - dwellíng lime in lhe drytr Soction 
Taking lhc !.apiadan transform or Equation 8 and 

combining thc result with Equalion 3 yíclds lhe 
drycr-~ct ion tran>f<r function: 

~-(•) rCI' A B -- -- -- --- ---
T,(J) R, s+,.jJ+B '" ' 
Th consranu A and B dcpcnd upon the heat

tr•nsfer coeffidcnu and the hut capacities of thc >ys
tem. and ~re difficult to e<!imJte_ In a t~pical dr~e<. 
A varíe. "iddy "hile 8 U relati>el)- lndepcndent of 
rhc hc~l tr~n,fcr to thc drum, Figure 5_ Thc A 
rclle<h the condition of thc Ínlcrnal heat tr.<n<fet or 
the dmm. An~lysi• of heal lr.!nsfcr b<:i.,.«n drum 
an<l <h«t. wet and dry sheet nude., and sheet to air 
podct sho""S that A and B ore OOth fJirly indcp<n
dcnt ofthcsc pdlamctcrs 

Equotiun. 1 and 9 define a rea.onably adcquatc 
modd Structure for purposti of proce>S id.,ntifoc·~· 
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tioo. h is in proclice fea•ible, ReL 3, to combine 
t~e<e two mucturcs into a •ingk form: 

Kr-•· __ !:_ (10) 
, +C 

"here K,;.andC are gain, ltdn•ron dda)·, and 
pole, re<pecti>c!y. Each of these P•r>mctcrs is indi· 
>idually determined for the two ~ran•fer func·tions uf 
Equations 1 and 9. lf lhis simplifoed form is used, 
there must bt; vory •hort intervals het,.·ecn ¡>Cr1urba· 
¡ions on the identification proc•es,, Rcf. ]. A melhod 
fur dctern1ining K. • , and C by •n•lysis of the data 
from an idcntificati<ln experiment ;, given in Refs. 
2 and 6. 

Figure 6 •hows !he re•ponsc to pcnurhation• dur
ing "" idenlifocation cxperiment of A, basi• "cigM, 
and B, dry uock 1\ow. When the input lime <erie• 
dala of Figure 6B i• u•ed to drivc the b .. is·"eight 
modd, the solld curve of Figuro 6A resull1, indica!· 
lng by agrument witb plolled dat• th•t a good pro-

- ·-·····--· .. , ....... ,. 
. ' ~- ' ' ' 
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r<'s modcl ha< been est•bli<hed in the computa. 
F.'po<ing the >leam·pr .. sure •erpoinl to per· 

lurhatiom )iclds the nonlincar beba,ior shown in 
Figure 1 A, rcvcaling the waler-remo•·al limitations of 
1he Slc3m drums. Figure 78 <hows correspondence 
het,..ecn ob>ened response of moisture contenl and 
•~•ponsc oblained from dri,ing the model with the 
dala of Figure 7A. 

The n•clhod illu<trated here has been telted o"er 
many ''"ri~bles on a ''drlety of papor machines. Tbe 
conctusinn ;, lh•t effecti"e 1uning of larger systems 
c .. n be an·omplished by this method of process iden· 
tiflcalion. 

Tho eontt<>l algo•"hms 
For lhe >)'Siem of Figure 2, atgorithms are designed 
to obtain a spccified re>ponse to setpoint chnge! in 
eith<r moi,turo or ba>is "'eight. Thi< response is over
•hoot·free and has exponential senling ch .. racter
i>tics. Observation• of do•ed-loop operation ha"e 
been made on many installaticns. and the effective
""" of loop decoupling and transpon dclay has bcen 
"crified, Ref<. 4 and 5. 

Tbe prou» model of figure 8 is used for con
troller de•ign. The hold blocks maintaln a continuous 
oulput signa! updated periodically by the computcr. 
""'ich acu "as a sampling device. The hold functions 
are incorporaled in !he steam manual-auto station 
and the analog Ho"' controller <ho"'n in figure 2. 

Tbe clo•ed-loop d)·namies of.,the <team·pressure 
loop are represemed by a single pole. E. Cross
couplina ch.uacterist>"" >re indic3!ed by paramctcrs 
"• and "•- An illustrati"e uample of crc•><ouplins 
net.,·orh ;,,_;,en in Figure 9 and di<eu<sed later in 
some de!a~. 

The d)nam>c effects of <oeanning, and of the '""oh· 
in3 conlrol by !he cro<s-machine a•·erag"' for moi>
lure and basi< "'eight {alterna!e]y bone di)· and con
dnioned), are included in ¡he model of figure 8. The 
a"crage> are calcula!ed from >ums formed over the 
l~mples 1aken during 3 single sean. In the model. 
conlinuous inlegralion serves as an approximation 
for thi• calculation. Such approximation significantly 
reduces thc complexi¡y of thc final control algorithm 
without producing any effccl on control->ystem tun
ing. Tbc symbol ,-• indica tes a lime shifl equalto !he 
<canning time increment T. 

In fig~Jr< lO, spttd of sel~ing is shown as bcing 
dependen¡ on a parame¡er (X ) that is choscn a< hi~b 
3S po"ible consisten\ with permissible frequency and 
ampliiUdc for steam prcssure and stock-Oo"' changos 
dcmandod by !he controller. Bettcr control rcquires 
¡:rea\cr •cti"ily in manipulatlng \'3fiables. Often, 
however, the ma•imum value of ), is de¡ermined by 
o"<r>hoot characteri,tics gcnerated by nonlincar phe
n.>mena not ""counted for in the model. 

Asto dccnupling, let it be assumed that a mnisture 
<elpnint chan~c is made, Figure 9. The algori!hm 
Cll will then <ce a positi"e moisture error d and call 
for a Sleam pr<>surc decrcase e. When •team pressurr 
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de•""·""'· ba•" "cigbt and rnoi>ture will 1>< affccted 
acc"Ording 1<.1 r••l"l""' cu"e.r indicarro by fand g. 
Du< lo pro.."<<1 interacrion, not Gn!y is moisture 
chJngrd but basis wcight ¡, also up><l. Evenrualty r~e 
b.-i• wcig~l algorithrn Cll would corree! thc ba•i• 
"'"i¡ht error, but this ncedless up¡el is avoided by 
op<r 1tion of the dccoupling algorithms Cll and C21. 

Algorirhm C21 "'illltave alreaJ} S«n thc mni•tur~ 
"""' d thJI oc-.:urred "'ith thc setpuint change, and 
c•ll•d for a stoek-now decreue h. Thi• ha< resuhod 
in a nullil}ing clfcd un moi>ture ""d bJii< "•ight "' 
indicatcJ by sirn.rl>j and k. Propcr sclection of ~1-
g.,ithm Cl2 can •imildd¡· off se: thC eiT<~I of a bosi>· 
"oight <<lp<~inl ch"n~e on rnoisturc. 

In odditiúfl ru interaction-free set¡:>Oin: chdnse, the 
doc"urkd C<>ntrollor achie"•• much faster control ac
tiun thJn d<> independem b"'i• wei~hl and moisture 
c~ntrolkr,, Figure 1!. U•ing normali<=<i unir. to in· 
di,;~te de• i 11inn from >etpoint, tho gt Jph •ho.,·s moi;· 
tUl< fC>¡>un>c to an Up>cl "'h<n thc 1"0 controllcr, 
Jt< applied with<>ut de<:oupling algorirhms. lhe 
~raph nlJ) l>o conlpJrcd ""ith rnoisture '"'""""' in 
Figure 1011, "hor~ much tighkr c•>ntrol is o>btJincJ 
,.¡,h gooJ •tJbilit¡. 

lhe dwwplcd controllct prevents unnc,·ehJf) 
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control actions. When a ~on•istency variation """'"' 
1irnultanrou• upsct in bási• weight and moi<turo. for 
e<drttplc. th< combincd effccl of the alsorithm, in 
Figure 9 will cau"' a ,roü-valve rorrectlon. leavin¡¡ 
steam prc;;uro unalfected. 

lt is hoped that this discu .. ion <.1f a rombincd basis 
weight and moisture-<:onrroller design has indicarc:d 
how tbc ba>ic principl~• may 1>< appli=<l ro rnoch 
mnre cnm¡>l<:' control systcms. 
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In ·¡¡o:ner..J, the uclmology available makos 8· to I1·bit D{A con•erte~ ' 
(eit\1or l>inaty m lwo lo th1 ee digito of JI!";D) commonploce. Lowu resolutloo 
dO<• n<>t "''o • m;,nu faoturer appred~ble co11, whi!e hitf>er re~luLion pruses a 
m.uJUfa<:IU«I tow.ud •l¡;nillcllltly CO'tlie.r drcuits. The drcuH of 1 D/A 
convertcr rs combinioúonal. Furtll<rmorc, tlu: ..:tUing time of lhe oulput in 
respont< lo • rha"&e on the Input U r .. L For examplc, the lime for \he 



SEC, 7-1 ACTUAT10N 

Si¡;nillcantJy, tJ\0 rorque tran•mlucd by a hy¡teresis clutch is l'irtu•liv 
indep<ndenr oftho ;poed of c!thcr thc lo;ad or lhe oc motor, 

To drive ;udr dow:cs, wc cor> use • low cosl d¡gilal-ti>-Oilalog (D{A) 
~on•<rtu to provide ~ •oltage or ~;Urrcnt prop<>rtionol ro a digital ill¡>ul. Wuh the 
odve<H of hi¡¡l!-rorfurmance int<:gnted-circwt conlponcnts, these D{ A rm,vcr ter> 
are being builr by many manufacturen wHh ••u-improviliB ¡>erformancc 
s¡.,cir.cauon• md dropplng eDil,, An cxaorplo of a low-~o>t !2·brt D{A 
cnllv<rtot i> shown in Fig. 7-9. U convcus • !2-brt sign plus two'• c·o,rrp!crncm 
il1put (from DTL or ·tTL !ogic) !nlo a bipoiJt ourput vol U[:!: proporrional ro tho 
input and b<twoen t 10 V. 
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Fíg. 7-l Tron>i"or .wit<hO>. (.!) B><i< '"""'"' ~~llt-~; (1>) \!¡¡M d:iY<:-; (:) m.luot!Y< lold 
d~•<:, (d) c"'<!u<""' lo.>d dn••n hov~ f•U<r IUrn-<)ff, (•) i.•d"u" loo:! ~rl>ot h .. ing fut<r 
'"'"""" arul tmn<>fl; (j1 "'"'ded trom.i!\or ..,;tcho>. 

¡f~tly ~"llle1d of ahNptly wher. the tur.sioto: is :ulClod off. These modifl::tions 
lT< made to proten l.he tran.>i•to: from '"""'''' power dissipatior. during 
rnitthing o~d from valuge bre.kdo..-n duriog l~m-<>ff d~e :o ao induc:;, .. 
\'Citogo r~rgc. 

Althou~ !he c!rcult of Fi¡, 7-lc wUJ drivo any lndueti••• óov::e, afien the 
pc1form>n« of the drvke con be <igniflcanlly lmpro"d ifthe currcnt can b< 
1u:ned on and off fm<r. Thus a s1epp1ng moto: can be mld< to stop faner a.~d • 
pri:tler ca:: be ::o a:!: to prinl ola hish<r rato. 

One of :1-o modifie•tion• •hown !n Fig. 7-!d is often usod to speed up 
r.trn·of[ of L'" ourront in !he induetive ccD. Tur~-off is :cco!e:oted ~':' 

~;,.,p:Ut~t er:<:.,. in either R,, <u the Ztntr die-de.~· z.e,., ?<<mil< th< 
breakd""'~ ,·oiu;e cf :he uln¡i.<to: to be ~~~rct:hed me:"! ck,.,ly t.bn R, 
doe¡. A!,~. i~ ~~is :h curren\ ot • cn,;tznt (mzx~"tlt:."';'t) :oto. h co~:rzst, thc 
omrent ~~ thc R, circuit pcok< cio~ 10 the ""'"' ma~im~m ,tc .. an<i Li•~ it> 
t•te dn•ys ·~·?7't~:i='-'Y. 

Tho ci,.;~l: cr Ft~.-7-1~ o¿::,~ :oili:co R, :~ •reod uc rum.-,r. cr th: 
e-~rren:. To ¿o :r"' i'« ::>::<::too ber:!S<<! '"::"':in :b:: ste•óy .:::• t.'><: 
büucti"' icoC '"'' i:s ;o:d voitar-. l~e:ezsl~o V::: zn¿ R, :~ti::: in this wry, 
·~· •:feet. b::::•;<ts ~>,· _J,.,.~ rnJ<Jn~-v •••• • ... H,; .~- · • 1 - • •-· 
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SEC.1·> llCTVATION '" 
infinito !O"Jtce resislzn.i:e (i.t., !f !he lo~d wc"' n:pplied from a swildled cunen\ 
souree) !he curren! buUdup would be instantonemn. The trade-off !nvolved in 
increa<]ng R, is !h~ power Wssipatod inR, oncl !he lne~e.,od power required of 
!he Y,., power •npply. 

fn rr.any ~~.!he device cunen!;, ruffl.dently Luge ¡o !hu Y, corum! be 
dt:iven dlroet>y from a p!.e out pul. Figure 7-1/ showJ a transistor "''iteh dri"n 
by :;¡ In verter whos.e sole fu~ci!On il to prevido curren! gain, permittin~ •lnwer 
v;l~e of R 1 !han a gate output oan drive, 

SometL"tln whe~ fine• control 1s requlred thon oan be •chieved with 
r.o=l en-off O?<rotion, this finer oontrol can bc obtained wh.Ue still relair.ing 
the timpllcity and pov.;or efnmncy of a tr>nsistor "'itch, By U$ln~ fast, 
llme-~voraged switohing, we <;311 obtain proportion:U temperotw-c control of 1 
gyro in ""inerti.1! g:.¡id.l.nce systt-m, ;u !ho,.·n In Fig. 7·2. The duty ey<le T1JT, 
ca,"l be contmlled digilally with a ~;ountor to proo;ide l;oat ir.put to the ¡¡yro 
directly proportional to !he errm betweon !he ilesired and •ctu:ú tempe13lure1. 
FurthermO<e, !he !herma! respon<e of the hooter wir.ding "i!l s:nooth 111:: input 
to ib avoroge value of 

Direc: di~tll control of sl,~ft polit!on ~~be efficiently achieved witf, a 
>Up;ting moror, such., that s!>n,.r. in Fig. 7-3. With the many manufaclliJe'~ 
w!t~ preví <!e L't<m, <lepp!ng moton are !\"illob]e hal-'ing 2 b<c:~d unge of to¡;~e 
rat.in¡;s, wit.~ou: gea!ing, from a froction of an ou~oe-inch for omolllnstnm~<nta
ti~n steppL~g motors u¡> lo hundre~s of pound-'m:hes fm !>rge unit<. r:~:y are 
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SUX Gi'!OUP 

Tb~re an~ tou<: prugrams in this se<:itJS. 
tions ("ach u,;ing a diffenJnt ad,h•:~si:H¡ 
¡nn~>!<Jm: 

They of{tJ<: solu
moJc) to thc same 

T<>lJles A, Ll, and e ea eh contaln flVtl one word entries. 
A<ld coc·respor:ülng entries f~:om A and B and store the 
result in the correspond!ng entry of C. Do this with
out modifying tablcs A dnd Bl i.e., A(I) + B(I) = e{I). 
liote: The progr..m~ do not lo~d t.ilb es A or B. 

PRUGRA"' $1.."'11 
THIS VEHSiON US!o:S AUTOINellE."..ENT ADDRESSING 

START: 

MOR!:;: 

DONE: 

A-<l¡lp-j! 
B=2¡J¡J"_B" 
C""JUM 

MO'J IA,R¡i 

"'V ! B, Rl 
MOV te, R2 
MOV (R¡J)+,(R2) 
AOO (Rl)t,(R2)+ 

""' R2,.Cd2 
BEQ DONE 
BR MORE 
ll!U.T 

.END- START 

A- 21l 

;SET tJP STARTING ADDRESSES 
;OP TABLES 

;GET ENTRY FROM TABLE A 
;AOD ENTRr FROM a, STORE '"' 
;f'INISHED? 
: t:o ' GO BACK 
¡ YES, STO<' 



Pl\0~?-A:i SUH2 
'I.:.RJATHm 011 ;.uTOJIICREll(tiT ADt;R~SSit/G 

S!ART: I-IOV 1-S,RJ ; ~ET UP COU/iTER 
HOV M,Ril ; SET UP START!NG AOORESSES 
H\JV IB,Rl ; úf TABLES 
nov #C,R2 

110RE: MOV (R~),(R2) ; G[T ENTRY FROM TABLE A 
AOD (R!),(R2) ; ADD ENl RY FRDM 8, STORE IN e 
INC RJ 
BEO DONE ; FIHISHED? 
TST (Ril)+ ; 110-- lllCREHEIIT REG!STER~ 
TST {Rl )• 
TST {P.2)• 
I!R MORE : GO BACK 

oor~E: HALl ; ~ES, STOP 

.EIJO START 

PROGR.\M SUM3 
TIHS VERS!ot~ JMPLEI'--IITS !NOEXEO ADDRESSitiG 

START: 
I~ORE: 

A•lklslil 
ll•lil12 
C•2i!;fl 

' ' 
CLR Ri'l 
MOV A(P.Ili,CIR'I 
ADD S(R~ ,C Ril 
CHP R~,#B-A-2 

BEQ DOIIE 
TST (R\l)• 
BR MORE 

om~E: HAL T 

. [J,O START 

; SET UP Ril 
; GU EIHRY FROM TABLE A 
; /,00 ENTRY FROM TAnLE B 
; f•JR TH!S FURJ1UL.A TO hiJRK, TABLE B 
; MUST H1MEDIATEL Y FOLLO!< TABLE A 

F ltHSHED1 
; 110, HICREMEtiT Ril BY 2 
; HIEN GO BACK TO MORE UOT START 

A- 21 



; riWCRf·H 5L'H4 
; TIJ 1 S VE!IS 1 Oil USES REl..AT lVI: MOOt, IllCf<.Ei".EilT lNG 'fHE 
;OI'FSI-.'f' '!'O ~C(':.t::SS THE TABJ.ES o~· OA'f'A 

STAR'T: 
Ah: 
as, 

.. ·,·,,! 
B~2)1fi'Jl 
C'- h!J11 

~nv j-5,Rl 
!10V A,C 
AOO e,c 
INC " j)J::Q [)QNC 

¡SET UP COUNTER 
;GET EIITRY FROM TABLE 
;ADD ENTRY FROM TABLE 

;FINISHED? 

A 

' 
ADO I2,AA+2 ¡NO, AOO ' TO THE OFFSET$ TO 
AOO ¡ ~, !U\+4 ;ACCESS "'"' t:;TRIES IN TABLES 
AOO ~2 ,BB+2 ; A, ,, ><NO e 
ADO f2,BBt4 

" AA ;GO BACK 
DONE: HALT 

.Etm START 

A-22 



'¡'SST T~;S C'C:OlTll'~l CC!JE i::IT(S) 

T 

C:'FSET 

TO -ua (+127 ~>ORCS WORDS) 

!? CC:<D!TlC!-.(5) 1:1:."!', ~?.A!:C!-! ~·e EFF;;CTI'It !illé)PSSS DS~'!NED ~y Ci'fS=:T 
!F Cl!\Ul':'JC::[s) !'C..T O'i:."!', E.':~C!J!'E ~-D.T SEQUEt-'l'lAl Il.STRUC"l'IOI: 

SI(¡¡.';::¡¡ (':'~;'C'S Cr;•_r; ::!IEI\"1') tl!SP!ACl:~·Et.''!' Wr'l'P.IN F BITS SPECIFYING 
T"'E. ::·,:".=t.~ ff ·~·cll.DS FilC!~ T~lE ~f-C.~T:::n PC "'C 'l'!lE :i:l'FECTJVE .'illDiU:Ss 

~Al cu:.A:'::-::: 

'T:-!E 1-'..t.?m:;..p~; ACCC•I-'PtlS!iES T~ilS !JY S!!I!-':'I~G T!lE C>F~"SI:."T C~ICE TO THE LE<'T 
(.1'-'ITlrLY ~y 1) M-TI siC;;; !-:X'l'.!::!o!Jl~G (BIT 7 TC J'iiTS 8-15) TC FCI!~ A 
16 2:~· :.L•:·;,~)l. 

-200 

_, 

' _, 
-2 

-1 

• 
•l 

., 
•' ., 
·' 

CFfSS;' 
{!_C~I 8 3!TS) 

'" 
373 

"' 
m 
m 

m 

N~\! 

'" 
1'~2 

,,, 
~ ,14 

liJ5 

1 
EfFECT!VE AODRJ::SS'" 

{C:'FS:t:T • 2) ~ (• + 2) 

OFFSE'l' "" 

E;fFECTlVE kilD?ESS 

1 

J.+ 2) 1 :.;.:___¡ 

NOTE; .+2 15 THE UPDA~ED PC 



' 

' 

" " 
' c. 

" ' o 

' 
' 
c. 

' 
' 
o 

8Pk!ICU ----
lTFI\DR....,.f'C 

EAA~!CH TF PLUS 

ti' tiK.II, E:I-TADR~PC 

~?J..~<CH If 110"1" EQOJ,L = 
il" Z..)l, t:¡"FADR-t PC 

BAA.I!CH I:P [)Vl:f<.r"LOW Sl:r 

U" V•l, l:ff).DR-f PC 

llRANCH ll' CJ.RllY S[;T 
~--Ir C•l, ur;.DR-fPC 

na.;!IC!l U LCII'ER 
If C•l, I:f:rADR-1 PC 

B~Al¡.,;H I1'" HlCh!:R OR S1.X!: 
l:P C•.\l, EFFADR-H"C 

• 

A-24 

"l"I<AH~Fl:R COliTI<üL TO O"FMlR tmCOtiDIT!CAA!.l.T 

Tf".~li~FDI CCN":"ROL m I:f"FADR IP 11 BIT l!; SE"r 

BPL ITFA!lR lll?il.lljl+o::x 
TAAtiSl't:R Cúi;TROL T0 U'r.>.DR Il'" N BIT IS Cl.L<.R 

llEQ El'"rADR ~¡¡H¡.,.._xxx 

TJIJ...~sn;R Cúli"Tl'<OL T0 Ul'ADR IF Z BIT !S Sl:"l" 

BNE I'JTADR .\lJH>J¡l~xx:~~: 
TRA!1SF:Elt COII"TROL TO DT.t-.DR IF Z BI"T !S CI.VJI 

BVS ITFADR 
Tl'A!ISf"ZR CON"!"ll!lL TO ü'FADR IF V BI"T 15 SE"r 

BVC EfPJ,tR 1.\ll.llll~o::x 

'I"AANSFI:R co=L 'l'O En'ADR IF V BIT IS CLEIJt 

BCS !':FTAOR 
":"llA!•S!""l'..R COI>Tl>OL m OTWP !f C IIIT IS SE"r 

11CC ITFAPR 1.\llil.IIP..><= 
"I"I!ANSF"l:R COUTI<OL m P'l'ADR ¡y C BIT lS =R 

l!LC E!TJ,DR 
TP.A!ISF!:R COIITR:OL m <:r"?ADll lf e BIT 15 51:1' 

BiliS U'"l'IUlR l~)~~j}+lOU 

T~SF<:ll COIITIIDL "tú O"PADR Il' e !liT IS CLEJJ! 

BLOS py;.¡¡¡¡ l)ll4)lj}+x:n: 
TRl'.llSFI':R CC!i"!"l!DL T0 UFADR lf TliE RESIJ":.T Ct 
C BIT IORed IIT'1"1l Z l!l"l' <:QU.U.S ONl'! 

Blll !T!'ADR l)ll;l.\lll+:o..:z:x 
TRI.N5tER COil"l"ROL "ro O'"P"ADR l:r ~ RZStiLT Or 

C BIT lOP..od WIT!l 2- aiT EQUALS Zl!R:O 

BL"l' EYFA!lll 
"!"R.\NSF!":R CONTII!lL T0 ErfADR IF TH!'. JU:SOl.T Of 

N BIT l<Oited >11:-\1 V lll"l' EQUALS GNE 

TAA.NSfER COI<TP.OL ro En'"ADR IF T"..!: R!'SU;."l" C? 
N BIT XORotd WI"n! V BIT 1.""QOALS ZOlO 

IIW: l':fl'}cOR SJ¡lJ4SJ¡l+o::>< 
"nAliSF"f.ll CO~ITllOL m U'TADR lf TitE !!!:SOL":' Cf 

Z IHT ;oRed WlTil (N XORed \IJT!l V) UJ!l"-l.S O* 

t!GT" n'FADR ¡l)ll))lljl)l+:o:;cx 
Tf<AliSf~il CO~lTIIDL T0 &n""-PR lf TliE R.EStiLT Of 

Z B!T 10Red \11"!"11 (N XORed 111<"!1 V") EQUALS ~ 



LOOI'ING TECHNIQUES 

PHOGI!!~'l SEG~:ENTS Bl:L0\1 USED TO CLI:":O,R A 5Jl". ¡.,'ORD TAllLE 

l. AUTOHJCRJ::HI::tiT (POINTER lúJDRESS TN GPR) 

LOOP: 
~OV iTBL,Rif 
CLJ< (H;l)+ 
Ct·U' R)l,#'l'Bt+ljlff. 
ENE LOOP 

2. AUTODECRE~IENT (POJ!JTER Al:O tiMIT VALUES m GPR) 

LOOP: 

MO'J i'J' lll., Rjl" 
MOV iTBL+l~.IL, IU 
CLR - (Rl) 
CMP Rl, R" 
BNE LOOP 

3. COUNTER (DECREHENTil/G A GPR CO!ITAINIUG COUNT) 

-._ ,, 
' 

HOV iTBL,R¡J 
HOV ~S)J. ,Rl 

LOOP: CLR (RjJ)+ 
OEO Rl 
BNE: LOOP '·' 

4. INDI::X REGISTER HODLFICATION (I!,UF.XED MODE¡ MODIFYING IliDEX VA.LUE) 

CLR ,, 
LOOP: CLR TBL (Rii!) 

ADO ~ 2. R.ll 
CHP RjJ, ol¡l.(f. 

""' "''" 
5. FASTER Il-lDEX REGISTER MODIFICATION (STORillG V<\LUES IN GI'R) 

HOV i2,Rl 
HOV noo.,n2 
e ce .. 

LOOP: CLR 'rBL(R¡j) 
¡,o o Rl,RI! 
C!1P Rl!, R2 
Bt~E LOOP 

6. l;OD!lESS MOO H' ICA'r 1UI1 ( I:lDI::Xl::O 1-lODE; MOOL'Ylt!G Bl,SE ;.ODR!:SS) 

l.OOP t 
.'101.' !TUL,Rjl 
CLR ll(R") 
.~JJO ~2,LOOP+2 

CU' LOOP+2, i ljljl. 
Ft'IE: UJOP 

--A:.2s 



Th.Jce ;:,re four pl"O<]C<'!ms in this series. They eilch 
cause diffaH:nt.. p.ltterns of light.s to be moved 
lhrou<jh the con~ole <!i.!til lights (not so on the 
11/.115). Cach is b.,sed upon the fact that R.ll 
iu displ;,yud ,.¡,"";. llt:SJ::T instruction is executed. 
The number of consecutive RESETs necded for the eye 
lo !>Íck up Llu:. p~t.t.ern dnptlnds upon the speed of 
th" m~ch>ne (2-3 is comfortable for the ll/2Jl'). 

Program LIGI!Tl 

l. This progr= mcves a series of four lights throu<Jh 
t:l>e dato1 lights frorn right to left. 

2. At sorne points, only three lights will show due to 
the use of lhe C bit in the ROL instruction. (Note 
t!>e use of lhe MOV SWR,R3 instruction instead 
of 1'S1' SWR.) 

PROGRAH /\OVES SET OF 4 LIGRTS THROOGH THE DATA 
LTGHTS. MAKES USE OF Tl!E RESET INSTRUCTION HHICH 
CAUSES 'M-lE CONT-EtlTS OF RS TO BE DISPLAYED IN THE 
DA'."ll LIGHTS (NOT SO O~ ~'I!E ll/jl'5) • 

.. 
.. .. 

STAR'!': MOV ;117, Ftjl' 
110\'E: ROL R)l' 

HESET 
RCSET 

HOV SWR,R3 

BEQ MOVE 
HJl.T.T 

.1::10 STI\RT 

11-26 

¡ INITIALl U ll:)J 
;ROTATE VALUE IN Rjl' 
;TWO RESETS OK FOR ll/2)'1 
;HORE 1/EEDED FOH ll/4Jl' ANO 11/45 
;\iANT TO CONTHHJE? 
;CHECK THE SWR 
;OSE NOV INSTPUC'rlON BECAUSE 
;IT SETS Z BIT ¡.¡-¡¡1-;REJIS TST 
;SETS THE z BIT BUT CLEARS 
;THE C BI"r--VALUE IN RjJ WÜIJLD 
; DISAPPEAR 
;CONT1NUE lF ZERO 
¡ IIALT IF NON-ZERO 



Progt..m L!GHT 2 

l. This program moves one Ught (st«rting with bit .lll 
from right to lcft up through bit 15 or to just 
l.Jelow a single bit s.;t in the SR .HL<i Lhen b«ck 
a9ain Lo bit ll. 'the procedure con~inues (one CJcn 
chan9e the upper li.rnit on movement simply by 
changing the single console switch set) 
back and forth until ••• 

2. Progra.rn halts when a one is placed in the SR. 

Ra--w 
Rl=ll 
PC=í7 
SR..,l7757ll 

START: MOV i 1, Rll 
MOV ~l,Rl 

LPl: 

LP2: 

F lll: 

ary SR,Rl 
BEQ FIN 
RESET 
RESET 
RESET 
RESET 
ROL Rll 
C..'iP Ra-,SR 
BEQ LP2 
BR LPl 

ROR RJJ" 
RESET 
RESET 
RESET 
RESET 
Cl1P RJl',Rl 
BEQ LPl 

BR LP2 
HALT 

.END START 

A-21 

;S'::'ART WlTH RJJ"-1 
;WHEN SR=l, !!ALT 

; ROTATE Rll TO LEFT 
;DOES Rj"l EQUAL LIMIT SET BY SR 
;YES--STAI<T RlGHT ROTA'i'ES 
;!lO--CHECK FOR HALT OR DlSPr:.II.Y 

; ROTATE Rjl" 'l.'O RIGIIT 
;DISPLAY Rjl' 

; HAS Rjl' RO'l'ATED BACK TO = 1? 
; YES--ST/,RT J.!OVEMENT 'J'O LEFT 
;i'-GAIN 
;110--COIITINOE RIGHT ROTATES 



Proyr"-"!1 LIG!ff3 

1. Thi~ proqram ~tarts with the t~o miCdle lights lit 
(bit~ 7 and 8) ilnd then oov~s these lights out in opposite 
directions to the eüreme li9hts (bits 15 and jl) and then 
hac~ agai11 to the cent~r, so on and so forth until ... 

2. A non-z~ru vah1e is plac~d in the console switches. 

START: 

MOVZR)l: 

O!SPLY: 

L!MIT: 

ROTA TE: 

AGA Hl: 

; PROGAAM HOVES CO!ISOLE LIG'fTS FROl-1 CEiiTER 
: OUT TO ErJDS, E'.ACK TO CWJER, OUT AGA!N, ETC, 

Rll•l.ll 
R1•11 
R2u:2 
S>IR•17757jl 

. •2jl~~ 

MOV 12~il,Rl 
MOV ;4jljl,R2 

110V R 1 , Ril 
ADO R2,Ri1 

RLSET 
HE SEr 
RES[T 
RESET 
TST 5;{1{ 
BEQ LIHIT 
HALl 

fST R2 
BM! AGAIH 

ROR Rl 
ROL R2 
BR HOV2R.II 

f).)V 11 ,R2 
t',OV 1 l.ll.llll.C.II,Rl 
JI'.P HOVZR)l 

• Ell D START 

; PLACE LIGHTS 
!U CEmER 

RP BUILT FROH Rl ANO R2 
: COULD USE XOR AriO MOV INSTEAO 

DISPLAY 

IF I;Q:-1-ZEíl.O Hl SWITCHES, KALT 

HAS R2 BEEH ROTATED All THE WAY LEFT7 

NO, ROTATE Rl RIGHT ANO R2 LEFT 

; SET UP OUTSIDE COUDITIO!IS 

: DISPLAY A~O ROTATE 
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I'ROGRN1MitlG l:>:N-!PU:S 

l. ?í<OGI<..',.'1 '!'O COUllT NEG/I'rlVE lli.JI·tbEJlS lN A '[AllLI:; 
;20. SIG.lED h'ORDS 
; hf:GT:illWG AT LOC VALUES 
;COL::J'l' !!Oh' HAtlY ARE lll.:C:ATIVJ:: H; R;l 

START'-.._ -· 
''MOV 

MOV 
CLR 

' 
jVA.LUl:S,Rl 
:vAJ.UES+4JL ,R2 ,, 

;SE'!' 
; SET 
;SET 

"' "' "' 
STACK 
POIN'l'ER 
COUliTER 

C!lEG:: T<T (Rl) + ;TEST NUMBEH 

"L NEXT ;POSlTIVE? 
!NC "' ; tlO ' INC REME"NT COU!JTER 

NI:XT: DW Rl ,R2 ;YES, FIJ1ISm:o? 
BUE CHECK ;NO, 00 IlACK 
><ALT ;YES, STOP 

VALUES: ' .E!lD START 

li. PROGRAM Tú COUI'<T ABOVE AVERAGE QUlZ SCORES 
;LIST OF 1_6. QUIZ. SCORES 

START;,., 

CHECK: 

NO: 

!WRAGE: 

; BEGilW'lNG AT LOC SCORES 
; );!l0V.1l AVERAGE 111 LOC l'.VRAGE 
;COUNT IN R\1 SCORES ABOV!:: AVEP-'l.GE 

. ' 

;-~VI 

HOV 
HOV 

'"' 
00' 
RLE 
INC 
DI::C 
BNE 
"-"-T 
65. 

;:Lb.,Rl 
ISCORES,R2 
H.VRAGE,R3 

" 
(R2)+,(RJ) 

"' "' " CHECK 

;SET UP STACK 
; :;¡,;•¡• UP COUN'l:l:R 
;SET UP POWTER 

;COl-1PA.Rr. SCORE A:ID AVRAGE 
;LESS THAN OR EQUAL '1'0 ;.VRAGE? 
; u o, couN'r 
;YES, DECREMEtlT COUllTf:R 
; !' Il1 lS!!ED? NO, CHECK 
;YES, STOP 

~CORES: 2S.,7jl.,J¡J'jl.,6¡J'.,65.,8í,!.,S¡l.,4jl'. 
ss., 75., l¡H!., 65. ,9jl'., 71l'., 65., 7P'. 



l. Autoincr,•mo:mt MUV (I<S)+,R\1 

To il.<O<:""" ~equcntial a¡gw<.ents as operands. 
JSR RS,SUB 
1a¡1. 
t¡:¡1p 
6 ~¡J~ 

2. ñuLoincrement Deferred MOV @(RS)+,R)1 

To acccss sequential arg~nts as effective addrcsses. 
JSR RS,SUB 
Jn.nt 
t'LD2 

3. Induxed MOV 4 (RS) ,R,II 

To access argumenta r<'lndomly as operands, 
JSR RS,SUB 
1 11' )'!. 
2t¡:l. 
6 7 S, 
34.5. 

4. Indcxed Deferrcd 

To acc<lSS arqll!Tlents randomly as effective addresses. 
JSR RS,SUB 
Fr.OA 
PLDB 
PLDC 
PLDD 
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SUBROUTIIIE nAMPLE 
!IIPUT 1[1! VALUES, ~ORT, t.rm 
OlJlPUT TllfM 111 S~\ALllST "' L/,kG(ST ORIJER 

. ' 

' 

• . . 
1 ¡;.~~17756ll 
T~a~TKS+2 
TPS•TKB+2 
TPB~TPS+2 

-~~llllíl 

IIHTSP: 1. - .. 
JSR ~C,CRLF 
JSk RS, OUTPUT 
LIIIEl . 
59. 
JSR PC,CRLF 
JSR RS ,OUTPUT 
L!NE2 
26. 
JSR K,CRLF 
JSR K,!!!PUT 
JSR PC,SORT 
J~R PC,CRLF 
JSR RS,OUTPUT 
BUFFER 

"· JSR PC,CRLF 

"" 

; It-IITIAUZE STACK POHITER 
; GO TO CRLF SUBROUTINE 
; GO TO OUTPUT SUl!ROUTINE 
; SA OF LINE 1 BUFFER 
; IIUMBER OF O'JTrUTS 
; GO TO CRLF SUBROUTHIE 
; 00 TO OUTPUT SUBROUTINE 
; SA OF LHIE 2 BUFFER 
; NUMBER OF OUTPUTS 
; GO TÜ CRLF SUBROUTIIIE 
; GO TO IIIPUT SUBROUTINE 
; GO Tú SORT SUBROUTIIIE 
; GO TO CRLF SUBROUf!UE 

GO TO OUTPUT SUBROUTINE 
lllPUT BUFFER AREA 
tiUI\BER OF O<lTPOTS 

THE Erm:!!! 

; SUBROUTHIE TO OUTPUT A CR & LF 

CRLF: TSTB @NTPS ; TEST TTO RfAOY STATUS 
BPl CRLF 
110YB 115, @HPB ; OUTPUT CARR !AGE RETURII 

UWD: TSTS @i!TPS ; TEST TTO REAOY ~TATUS 
BPL UiFO 
I~OVB 112,@HPB ; OIJTPUT LlHE FEEO 
RTS PC ; EXIT 

; SU~ROUTl!IE TO OUTPUT A VARIABLE LfJlGTif MESSAGE 
DUTPUT: 110V (llS)+.~ilc PlCK UP SA OF DATA BLOCK 

110~ (RS)+,Rl PJCt: UP llUMBER OF OOTPUTS 
IIEG Rl r:EGJ\TE lT 

AGA!N: TSTB [O#TPS TEST TTO f/[,,DY STATUS 
BPl AGAJ!l 
MO'/B (R~)+,@#TPB OUTPUT CI\ARACHR 
lliC Rl BUi~r COU/OlR 
BtiE M;A!II 
RTS RS 
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; SUUROUT!I!E TO WP~T HN y.;LUES 

Hlf'UT: MOY !P:Jff[R,H~ 
110'1 1-lll. ,Rl 

111: HJB t'!TKS 
llPL Tri 

OUT: TSTB f:';'!PS 
BPL OUT 
HOVB G;~TK8,l!HPB 
MO\'B [owTKB, (R~)+ 
WC Rl 
BIIE W 
RTS PC 

SlT UP S1\ OF STORAGE BUFFER 
SET UP COUIHER 
!lST KYBD RfADY STATUS 

TEST TTO ~EADY STnTUS 

ECfiO CIIARACTER 
STORE Ci"P.AC!ER 
/tiC COUUTER 

; EXIT 

; $USROUTB!E TO SORT TEII VALUES 
SOR[: 110Y 4-lll.,R4 
:!EXT: 1\0V COUIIT ,il3 

m~ IBUFFER•9. ,RJ) 
ADO R3,R)l 
HOVB (Ril)+,Rl 

LOOP: CMPB (R0)+,Rl 
BGE GT 

LT: HOVB -(RJ)).R2 
mve Rl,(R0l~ 
110V R2 ,Rl 

GT; IIIC R3 
e~IE LOOP 

HISERT: HOVB Rl,P.UFF~R•10.(R4) 
11/C R4 
lriC COU~IT 
BIIE tiEXT 
MOV t-9. ,COUIIT ; RESTORE LOCAT!OU COUNT 
RTS PC ; EXIT 

COU/H; .WORO -9. 
LltiEl: .ASCI! /U!PUT AIIY TEtl SHI!>LE DIGJT VALUES (ll-9); l'll/ 

.ASCII /SORT AIIO OUTPUT TIIEM Hl/ 
LHIEZ: .ASCII /SHALLEST TO ~RGEST OROER./ 
BUFFER: .~.+l)J. 

.EUO iii!TSP ; Ft/HSHED!:! 
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Dlgitot Comp"t~r Eloctronlco 

·1 
jtl '! 

1 
~~~'.II'~'!'L, TI,,• !"11\r' JjAll.-

IJ•o...!lw ·11!\"111' IJ''' ql h!"i!hl) ,. ··-t..Hie; th~> me;¡m data " a•t.,inud in 

the ~ote "'gi;tct> uY<!!l tlwugh !he power is tumeJ off.::~~:~~=-~ 
MQt n • H , ~ .. l,w•·'t , ,__._ ~ ... , ¡ .. ,,n 

.....,, 
~"""''"' !il¡¡oi,_~"'"'". d ¡. rc•Jincd ; .. ,¡_r;, 

~-~~1.1-<J,_/\jp-11~ Üt tl ( ,¡, 
fl•,'l , '"' ,. ·~•- ... 1 ll@6f'!!'f.,.r¡,.,;...¡,. tio-lw¡ 
•;;;r•·.;,,,. ,L.,r-1-:.-.Ji,...tlo-tmed data '"""be tt/•esln~ 
.,,;w.~. ,.,1Lt. 1· ,~0 ,, rt·• dad 

The memmy dcrn~nt• in static and dy10~mic RA~ls may contain 
one, two, threc, '" rmoJ transistors. We do nor have the time to go into 
the dn:uit dcsi¡:ro of ot,tlic• anJ Jynamic RAMs. Fo• the remaindcr of 
thi' hnol, "'" tliocu»i<!n i> hmited lo basic idea. bchind the •talle 
RAM' 

ThT<•e·Stotc HAM 

Figu;e 7.i2 i< tl;e ";ymhñl for" ~ thrCe·Slatc static RAM. T 
~"REIS~ .' lw· >. d"' )' rtic··l., n 111 oi;gis es tQ be tt.rd 

l'lc "'W'''"m)¡'!Cri'"l!1'[ 1mw l.l 

'" 15lld! 

,1!"!"'.' b~!d •nd · · ·<irc Gp"rl'"pc • mm;¡¡izcd jp T.J.• .. •-

Jhi"fiy, here's wh.ot hnppcm . .W • "E ,.ljph!e' ¡h .. nnt !'Q~'iPicn• 
,,,_,.,¡,L..,.¡,.,,.....J.W,.¡o..M>p#P'Íop; "' "i · time, U'!\ hm'• O"U'. A 
""'¡...w~]...l~.,¡,._ •• ,/ ·~·.,,¡¡_..;-;.;_.~\' ad· 
,1"' ..-1 • ""~""!';>e.•1"!"':1t"tl1!"'!t".~~r:: e e. fi n~l~hi g¡,¡,¡-¡;..,_,,l..hi¡¡h 
w~;.,c o • .;,_,p....,.tte~l~s tucs .. re .. " .,_.¡_u-d. ,cirlrc,.i::d 
t.~mcl 

7. Momorlol 

"' 
'· 
), 

~ ... /OIU ENAB<E 

AODAE<S '"'"'"" ... 
., MfMORY i~A9lf 

As ;hown in Tabl~ 7.J, the output li11es are Hoating during a hold • OT write operaliOn b!li conncdcd dunng a read operntton. ,\l~nH>rÍZ<" 
Table 7-3 for latN u•c. 

,. 

d 

'1- ,¡ 

TABLE 7·3: RAM .O.CTION 

.\1.1.' ., o,,.,~''"" Outvur 

' ' Hold fiO>ting 

' Be•d Connect.d 
1 Wntc fl"'""~ 

p !' " 

!!" 

'" s l'v:.'nz 'º'' p .... 
1 )· ,_, • .J!ó¡ , ""' 

. ~-r.. ..... : ¡,¡¡;;... -'1¡..,.,, 
f.l;,¡.t...r..,...,...\~ ':cr'ns 

(,~tup) 

(,etup] 
(hol¿,t 
íh~j¿, 

.... 

f 



ll'g<tat ComP"'" Electro"'"" ~'·e':"'''"'''"''''----------------------- "' 

Thc mldtc _ _,.,,,_\I'L' ,,el u¡> titnc ¡, 5 liS. This "'~"'" the addrc•>S n1ust lm 
<lppli~d ut k•st 5 '" bdor<> WE goe> higlo, oth~rwis~, th~ manuf~ctur~r 
doe's uot guanmtec th:u the conect regi.<ter is wriUen intO. 

The datn-to-\I'E sctup ti m~ " 5 ns. Therefore, the data has lo Lr 
dpplied al ka;t S "' bdure th~ II'E goes htgh. Unless t!us conditwn ;, 
>at"lied, we cannot be oure th~ data will be correctly entered 

The addre"·frOm·WE hold tune is !O rl<. This means the ,ddress 
must be held atle·dSI 10 nS aftcr \VE goes low. 

The dat~-fmm-WE hold time is also lO ns. So for a valid write op
eration, the data must be held al leas! 10 ns after WE goes !ow. 

How does the RAM of F'ig. 7-13 differ fmm the one of Fig. 7-]2? 

lt'. still "statk RAM, but the t·ontrol inpuls are in>erted. Those buhbles 
~~ tloe ll't:: and ME inpuls mean comp]ementary operation. In ntlwr 
worth, tlo~ lilE '"'J MC clllrie• uf Table 7-3 are inverted' IX give; a 
ho]cl, 01 prodllé<!> ~ rcdd, and 00 gives a Wtlle. 

7-4. l-1-liio.WEMORI< ng• PáGts-:rER 

1 1 .1 

11 • ]n other 
~· 

... ' 

F,g, 7-13 

wurd;, tu oatisfr the RAM setup time. lhe MDR lolouded iJdoru u wr~w 
11 pcrati11 11 ; to satiofy hold tim<'.the MDH '"tnins ti• co11tent• o.fter c. wrJt~ 

1 

operuloon. · " . 
The ~AP-2 computer uses a256 )( l2_H~M (s_oe Fog. y-14). The MAR 

again supplies the addres. word, bul thos tome ti contall" 8 btt< rather 
than 4, This mean< the bmary ~ddre""" are from 

ADDRESS = 0000 0000 

" 
AOORESS= 1111 !111 

The eQoivalent decimal addresses therefore are Oto 255. 
The 256 x·12 RAM ca11 store 256 word> of 12 bit> each. These word• 

are ]oaded inlo R,; H1, R,, ... , H,.,. Noninverted Wf. and ME signal• 
control the 0peration of the RAM; a low ME creates the hold condUtott 
woth a A"atingootput, a high ME and low WE re>uh in a ,ead m>tO the 
W ¡_,115 , a high ME and high ll'f. produc~ 3 wnte Opcral•nn wtth a Aoattn~ 
nulptH. 

. w "" 

'" " 
. 

'" "'" • 
.. 

{•y ·-

M 

' l!o6> tl 

"'" " 
"' ,;o 
'• 

'" "" " ' 

1 Fi~ 7-U 
MAJ\, RAM, •nd MPR connec10d to W b•"· \ 



'" 
Tb~ mcmory d.<l;< rcgi<tcr of F1g. 7-14 is a 1:~-bit buffer register. 

lt> t"·o-;tatc output !:"'" 1~ the RAM d.Ha illpUI<. Therefore, the MOR 
-'"pplie; 11"' word to lw ->lorcd in tb~ HAM. As •ndicated, the MD:'l has 
,, LOAD (Lv! input. A low l.D Jllc•·enl> the bus word from entering the 
MOR; a higlo !.b and po>ilive cloek edge load the bus word into the 
MDR 

lncidenta!lr, thP <llt!lliOf)' da1;1 tt!gi.<ler (MOR) is abo known as the 
memory lH1Ifer regi>kr (\11ll\). In thi• hook, we prefer U>Íng MOR he
c~u>e it pinpuint> the funNioo of the register; the D iu MOR >tands 
for "data''; thi< io mor~ concrete than u•ing B, w)deh st"nt!s for "buffer." 

Figm" 7-15 >hows fl'"t of a l'Omputer. A threc-statc prugram co,.nter 
ddiver> .on 8-bit addre» lO the W bu> when E~ b high. As usual. a high 
e, .. uul p<>>it"·e dod ~d¡:e io~•~rnentthe PC. 

An m¡lrd re¡;>Ut•r (!) re,cive> ""IHIL"lion and d<!tJ words froto the 
m'loid~ world. Al ti,.., ,nomen!. the in¡mt word i> 10 • TlllS word ,"<Jmes 
from a peril'lwra/ d~uice sud1 as a punched·card reader, a magndic. 
tape reader, a teletypcwriter. el<:. 

J,.itially, ,, CLR p .. lse '"'"" the pruyram cou .. ter tu Os. lfthe input 
word is 

1, = !lOO 0001 lOO! 

what will happen if ,, JlO>Íli,·e doc~ cdge o'-cur> once during each of 
the followi .. ¡: mntrnl wonh? 

SOli,JTION. 

C,.I·:,.L,W, M,L0 L1E,"' 0!10 0000 
C,.~:,.L~\1'~ .\l,LoL,E,- 0000 0010 
C,.E,·L~W, M,_L,L1E1- ()(){){) OJO! 
C,.J.!:,.L..,W, M,L,L,E,- OOO)j JOOO 
C,E,.L~W, M,_L.,L,E,- !000 0000 

In the Rr>t control word, C,. and [._.,are high. Therefore, the rontelltS uf 
the progmm c<>unter ,et up th~ hiAR vía the W 1""· Aftcr the pooitiv" 

• do~k NI¡J"e strike;. 

Siti<:C the !'C "'""' itOito.olly dearN.l, 

~!AH -1HJ00 0000 
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In the serond L"Ootrol word. L 1 i> high. Whcn the ne•l po<itive dock 
edge loit>, th~ instiuction <>r data word frnrn lloe peripheral de,•ice 1> 

!o.tded into the input rcgi<ter to gel 

1- 1 roo 0001 1001 ,. 

L, and E1 are high in the third control word. This rneans tl.e wn· 
tenis uf the input regilter set up the memory data regi,ter vi a the W bus. 
The ncxt positiv" ohock cdge therefow lo,,ds the MDH with thc onpul 
word to ¡;¡et 

.\lDR ~!lOO 0001 1001 

In the focorth "moro! w<lrLI. \\'E ond ME ~re h1gh. Thi> produces a 
.,..,;te oper~ti<>n So o .ce the MAR is add '""ing ti o e R, re¡;ister, 



• 

O•n .,,,,., a•ei1il~c- ,., ··- ·~,,¡, •>;. thc appll<:,lliru• lfn ~um· 
¡;~,,., '' to be r;,,._,¡,,,-.;o, "'""d i·r ln-111)' p~opl,• .,¡ the same 
tuue). il will Le L;,•c·. f""·~rfr::, ono! '-''JleoHi\·~. On the oth~r 
i1.md, o COI"i>Hler d•"ii"~'"'j t" ,,,,1)-' """ pru,;r.un "U><IJII)-' 
>mal!, !imited, on:O mexpen>in• (loke a microcúmputer)_ 

The SAP (>Ímpi~ a> possible) com[lllt~r ha; b<•en desi~ned 
for )-'Oll, the hcginner Thc m.li, Jlllrposc of SAP is to sl10w yrm 
all the ~rucial idea, bclund <·omputer operation withoul bur)'· 
ing ~ou in unlleces,ary detail. But e\'Cn a simple computer 
like SAP ~m·ers rnan)' adv.<nccd conccpts. Rathcr than Lom· 
bard )'r>u with too mt•ch all at once, we wi!l cxxmine three 
dilfcrent generation> of the s ... r <.-omputer. 

s,.,p.¡ i> the fir<t phase in the evolution toward mo<lem 
~Om¡>ulers. Ahhough pnmitive, SAP-1 i; a bi~ >lep for ;¡be· 
¡;moer. R~a!ly dig into this chapter; ma<ter SAI'-1, il< archi
tecture, its programm1ng, and its interna! circuir oper.uion_ 
Thcn you will he re~dy for SM'-~. 

8·1, ARCHITECTURE 

Figure S-i shows the archrtrct.,re (structure) of SAP-l. A!l 
regi>tct outputs lo the W bu• ilre three-statc; this allow> 
otderl¡· c·onnll"nicati"" and data tramfcr. All n·~;<ter ""111111< 
not cunnected lo !he W bus are two-state; these output' <"On· 
tinuou<ly drive the bo•e• they are connccted to. 

Most of thc registns of F1g. 8-1 were diS<'US>ed ~arlicr. 
What follows is a brief description of cac·h hox; detailc<l ex· 
planations come later. 

Progr:un Counter 

The program counter (PC) cou.,ts from 0000 lo llll, et¡uiv
al~nt (O he•adecimal O through F. The I'C i> r<!>el lo 0000 
hefor<• each t-omputer run. Aftcr an instruction has heen 
fetchrd, thc I'C is incrementrd b~ on~. Therefnre, ~~ the be· 
ginning uf each fetch cyck the !'C holcls the addrc>S of the 
curren! imtruction_ 

Memor¡-· Address Regi<t~r 

The •nemory 11ddres< registcr (MAR) re~eives binary ad
drencs fram the pro¡:ram coun•cr. Because the.PC cou,-,ts 
f.-om 0000 upward., the MAR lelects the ROM word• stored al 
heudech •ddr~"es O upward. Note that the o~tput uf the 
MI>R ;, t· tate. 
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The l6 X 8 PROM is switch progmmmab!c; thercfore, by closing and ' 
opening •wltche>, ~ou can >tnre an)' 16 word; uf 8_ bit> each. Thesc \ 
words,]o.,..ted at addre><es O thrnugh F, are syrnbol12er' t.,. R.. R,. R,, 
.. , , R, ..• When E. is high, the addrcssed word is rcad' the W bus. 



8. SAI'·1 • 
Jnstructim1 Registcr 

Examples 7-5 and 7-6 showed you how 1\ÜM inslructions ar~ rcad onto 
the W bus. Each 110M instruction is then l"ad~d 1nto th~ in•trudiun 
register (IR) by applying a high L, and po>itive dock edge. 

The contcnts of the instruction regisler are split into two smaller 
word•. The four MSBs (most significan! bits) are a two-state output that 
goes directly to the control unit The four LSBs. on the other hand, are a 
three-state output that is read onto the W bus when E1 is high. 

Control Uuit 

Thc coMro/ 1mit (CON) makes a compntcr what it is: an automatic data· 
processi ng machi ne. Before each computer mn, CO t" sen cl s a C 1./l: signal 
to thc instnlclion reg1sler and p>agram counter. This wipes out the last 
instruction in the IR and resets the PC to 0000. 

CO:\" also sends a dock signal to all registers; this synchronizes the 
operation of the eomputer, ensuring well-definecl interna) states. In 
nther words, all register transfers and ehanges oceuron the positive edge 
of a common dock sign•l. 

The hit> f"'m thP hottom ofCOL\' forma 12-bit control word: 

This word determines how the register~ will rcact to the ne<l positive 
dock edge. F"or in<t.once. a high e~ mcans the program counter will be 
incremented, a hi¡:h EP and L., mean the contents of the PC are loaded 
into the MAR. etc. 

CON i< li~c the conductor of a symphony. [1 syn"hronizes and 
orch~\trale< all thc diffcrent pieces in thc SAP-1 computer. Jly genernt
ing differt'!ll rolllillCS (similar lo Exom¡lle> 7-5 and 7-9), CON makcs the 
other ClfCtnts fetch nn imtruction, load th<! Rccumulator with "ntLmhcr, 
adcl two numh~r.. etc. 

Accumulator 

Chapter 6 intrncluced the accumulator (A), a group of Hip-Jlops that Uorc 
intermedi~tt" an<wcrs during:; computcr run, In F"1g B-1, the accumu· 
btor has tv.•o ollt)lH!<. The two-•tote mLtput goe> <Lreuly to thc arith· 
m~tie-logic unu. Th~ thrPe-stat~ outpll! connect; to the W bus. TI~<• re· 
fore, the S. bit aL"Ctl 111 lllaiOr '' 01 d """' inHoll ,¡y drivcs the ALU, thc '"m~ 
word appea" on thc W bus whc·n E, il hi¡¡h. 

'"' 
Arithmctic-Lu~ic Unit 

The arithm~tic-\ogi~ unit (ALU) <"<>ntaills a 2's ~omplement adder/<ub
tn1ctor (revicw $ce•. 4·7 throu¡:h 4-ll if n"cessary). WheH tlw subtract 
(Sv) inpllt ;, luw, th~ ALU forms the ulgcbraic sum; therefor,, its <·on

tents are 

ALU-A+B 

When Su;, hi¡¡h, thc algebruic difference appear<: 

ALU~A+II' 

(Hee.dlthe 2'• c·<>mplemeot is ec¡tllv"l''lll to dee1mal <ign ohange.) 
The ALU ¡; an a•·y¡¡c/uonous (1n1doücd) ~~rcuit; thb mcaos '" 

cnntenh can <·han¡.:e "' >oon a> thc input words change. Whcn Ev " 
hi¡::h, thc>C l"OOt~nt< .lppear on the W I.Jn$. 

B Rcgi>ler 

A high L.'""\ l'"'itive dock ~dge lnad tht• wurd on thc W lntS iuto thc 
B lt¡:i>lct, Thc two·_\l,ltc nntpnt oflht• U 1 c•gi<l~r ,¡, i''~' th~ AL\!, Slllltlly
mg the numhcr to lw .Ldrled or ;ubtl,<otcd fwm lhe "onlell!< of the ac

cumulator. 

Output Regiuer 

At the tnd nf a , "'"Jlllltr run. thc a<·~""'"l~tor contains thc answer to the 
problcm bdng ,.,¡,.,.,¡ At thi< poi ni, w" ne<'d lo transfer thc "'""""'lo 
the lllltside world. Tlm LS wl1ere tht• ""¡put n•gisler (0) is used, Whcn 
E, and Lo are )ligh. tbe next positi;" ~ln<"k eJge lo,Hh th~ ¡¡cculllLilator 

wonl in! o tlw <>llt)1nl c~glSter. 
T•vieal c·wn¡Jutcr> have s~v..r.ll output regi>te", wlndt al.- con

nect~;! lO ; 11 urfuce ~>rCu1ts that drive pcriph~ral Je,•ices. In thl> wa•·, 
pn><·c,ed rbta can dri\"C prinlcr<, eathodc·T:l)' tubes. telc<rr>~"·litcrs. 
et~. (An int~rface cift'uit t.ailnrs the l]at.l for each de~icc.) 

Binnr)' Di>rln)' 

The ¡,;'""" ,¡,phl)' il~) "a hori~nntfll ruw Of cightlight·~lllilling diotles 
(LE]),), lkeall':'-' c,1ch LED e nnnect. \(J on~ fh p-llop of the outp<ll re~is-

• . . . 



Tht:I efore, afie Wl' -,.,. t.:"~< •e:-r~d 'In an<wer Ero m the ~ccumulator to \he 
output regi<ter, w~ 1'~1\ <ce thé answer in binary furm, 

a-2. INSTRUCTION SET 

A computer '' a usele» pi] e of hardware until sorneone programs it. 
This mean< load ing uep-by-S!ep '" structions into the memory befare the 
<tart of a computer run. But befare you can pwgram a computer, you 
must leam its lfulruction ur, the basic operations it can perfonn. The 
SAP-1 instruction se! follows. 

'LDA 

LOA stands for "load the accurnulator." A complete LOA imtruction 
includes a ROM word, LOAR,, for example, mcans "load the accumu
lator with R,." Thcrefnre, g1ven 

. R,- llll 0000 

the e>ecution of LDA R, re<u!t< in 

A-lill 0000 

Sirnilarly, LOA RA mean< "load the accumulator with RA," LOA R, 
means."load thc accumulator with R,," and so un. 

ADD 

ADD is another SAP-1 instruction. A complete ADD imtruction in· 
eludes a ROM word. For instance, AOD R, means "add R, to the ac-
cumulator contents"; the sum in the ALU replaces the origmal contents 
of the accumulator. 

Here's • numcrical example. Suppose decimol2 i~ in the accumula
tor and decimal 3 iJ in the R, register. Then, 

A o:-OOO'J 0010 
n, ~ oooo oou 

During the e~eculfon of ADD R,, the. follow(ng things happen. First, 
R, ls loaded into tl.e B reg!ster to get 

!"~''-------------------·ce''''''"'''''"'"''"'""''"' , ... <. 

and almo>t ins:antly the .O,LU forms the sum of A and Jl, 

ALL' -oooo OlOI 

S~cond, the ALV contenl> are loaderl into thc accmnulator lO gct 

A- 0000 0101 

As ynu see, the accmnulator winds up with the sum. . 
Th" foregoing routme is used for all ADD mstructrons; the ad

dressed ROM word goes to the ll rcgister and the ALU output to the 
accumulator. Th" is wh,· the e•ecution of LDA R, adds R, to the a~
cumul~tor content<, the c•ecutinn of LDA Rr adds R,to the accumulator 
contcnts, •nd >0 on 

SUB 

SUB ;5 another SAP-1 tnstruction, and it too is incomplete without a 
ROM word. For e""rnple, SUB Re means "subtract Re from the contenh 
of the accumulator"; the dilfercnce formed in the ALU rcplaces the 
nri"1nal cnntents of the accumulator. 

l'o.r a ~'"":rete c•a.,;plc, ~"""'" llcdma\7 i• in lh~ ~l'I."UlllUiator and 
d~cirna\ 3 is in the ROM ll.c reg15t~r. Then, 

A - 0000 O 111 
Re - (}000 00 ll 

Thc execution of SUB Re take• p],,. . ., "'follo"''· first, Re" loarl,·d "*' 
the B register to get 

s -oooo oou 

and almou inslantly the ALU fonns the difference of A and B: 

ALU • 0000 O lOO 

SeCond. the ALU conte•lls are lo.aded into the accumulator to gB\ 

A'- 0000 0100 

So, the accumulator ends up v.ith the dÍfference. 
Th~ foregoing wutine a;oplics to all SUB instT >ns; the 



b. SAP-1 

--~~~-------· 
dres>cd HOM word goes lo th., ll T<lgist"r and the ALU output to the 
a<·c·urnulator. This is whythe cxeeution of SUB Re subtracts Re from the 
~unten !S of the accumnlator. the c><•cution of SUB R, subtracts Rt from 
the accumulator, and so on. 

OUT 

Tl•e in<truction OUT tells the SAP-l<·ornputer to tramfer the attumula
tor l"<>nlent< to the output register. Aftcr OUT has been executed, yuu 
,.,., "''' the an,wer to !he problem being <olved. 

OUT i s comp] e te by itsclf; th,,¡ is, yuu do not ha ve lo incl u de a ROM 
wmd when using OUT bccause the instnwtion does n~t invulve the 
me,.ory, 

IILT 

HL'f st.1nds for hah. This instruction tclls !he computer to stop pr<>eus
ing dala. HLT m.uks the cnd of a program, similar lo !he way a period 
marks the end of a sentence. You mu<t use a HL T instruction at the end 
of eV<"f)' SAP-1 program; otherwi>e, you gel com¡mter lrus/1 (meaning• 
le» <II>Swer> cau<ed by runaway ¡m"·essing). 

HLT is complete by itself; that is, you dnn't ha veto indude a ROM 
word when using HLT because this instruction dnes not involve the 
memary, 

M .,,.ory-1\eferellce 1 nslru~tions 

LOA, ADD. and SUB are mlled m•morv·•e/<!rer~ce insln.cliar~s (MR!s); 
you lnll>l indude a ROM "ord when U>ing th<•se in>lructions. OUT and 
IILT, on th<: othcr hand, are nat .\tRis b"""'"'~ they do not involve the 

"'""''·")". 

f.DA, AD!J, SUB. OUT. ~nd IILT are the imtruttian set for SAl'· l. 
AIJhr<!vi•ted instnwtions li\-e th<·"' ar<: <"oll~,¡ "'"emonics (memorr 
aid>) Mnemonic, a• e pap~!ar ;, computer work b<:cause typical com
putcrs ha ve humlreds of insoructions in !heir imtruction sets. Table 8-1 
sn¡nn<ari:w< the S:I.P-1 in<~lO-:Jon ;et. 

"" 

EXAMPU 1·1. 

D•gltol Com 

TABL~ &-1. INSTRUCTION SET 

'" .OD 

'"' ""' "" 

I..ood oc<:umulotor wl1h ROM wonl 
Add ROM w«rd 10 '""'mul>t<>< 
Sub1rae1 ROM word [,...., oocumulator 

Lood out¡>ut ·~~'""' wnh oocumulotor word 
Hah 

· floo<ro~l<o 

l!cre's a SAP l program: 

LOA 11, 
ADD 11, 
ADD 11 8 

ADD llc 
SU!l 110 

OUT 
HLT 

What does each instruction do? 

SOLUTION. 

The first instructian load• thc accun>ulator with R,. 

A • 11, 

The ,econd instruction adds R, 10 the accumulator contents; 

A .. II,+R. 

Similarly, the next two iootrucli<>rll add 11. and Re: 

A-R,-t 1\,+li,+Rc 

The SUB insuuctinn sobtractsl\" from the accumulator coments; 

, A-11,-+ H.-+ 1\"+Rc-Ilo 

Thc OUT i;htructwn luad.> th" ~CCllmo!lator word into !he output 
re¡;; ¡ter, th ~rdore, the "<:on~ry disp)ly >hows 



D=A 

Tht 1 !L T imtr.>' tinti stops UJ ~ .~ota proceS> in¡;. 

8-3. PROGRAMMING 

The X's of Fi~. 11·2. ore swttche; on th~ op~nttor p.mcl of SA!'-1 Th~le 
;witelte; pro~""" tlw eontents oi thc memory. A closed _,witeh lood~ n 
binary l; an open ;witch, a binary O. S1nc~ th<·re are 16 ROM regt~ters, 
we can store W ,,;ord; al addre;;es O through F. 

To program onstruc!ion ano:! Cata word; into the memory of SAP·l. 
use the operation code (op-code) of Tabl~ 8·2. The op-wde bit> go into 
.the fom MSB positt<>ns and the address bm into the fnur LSB poS!tions. 

TABLE ~-2. OHRATIO" 
COOE 

.\fn•manic Op-Caolo• 

'"' '~" wo ~' ;o• 00<0 
000 t 110 

"" 111 t 

Here"s how to progrnm LOAR, into the Ro register. The op-cod~ fnr 
LOA is 0000, an<\ thc binary address for R, is 1111. Therefor.,, you must 
program the switcltcs in thc R., regi<ter lil<e this: 

op-op-op·op <l·<.'l·d·d 

Since op {open) luads ~ binary O ami d (dosed) loads a binary l. thc R., 
regi>ler ha> Leen programmed w1th th~ word 

R., = 0000 llll 

~12 

How would )'OU pm¡;t1m AD!J RL j:¡ t},., R, re~Í>Ict.!nd Sl.'t; :;,, iu 
the R, r~~iSie,o A::~1n,pu: thP cp·cnGe bth iro tlo<• .\1~h po<iloon< •n.fth~ 
addre« L1ts m 1he t.:>B posolion>. Afte, the swilcht• are proo;ta;;¡;nc<], 
the stcred wnds are 

H,~OHOJ 1110 
H, = 0010 l!Gl 

(.>\DD R,,l 
(SUR il 0 ) 

The OUT and 1-lLT instructions don't use addrcss bits; thereiore, 
we ca11 di>1egard the swtt<:he> '" thc LSB pomiono. Fur toXdmple, In 
slore OUT in the R, r~giuer and HLT m the R,rq:istcr, set th~ ""·i<ch•·• 
to get 

R,= lllO XXXX 
R,= llll XXXX 

u~""""e the ;tddre>> bit> ~re 11ot '"cd, the LSil ;wlldtc> nn ¡,., open or 
dosed. 

nAMPlf 8·2. 

Maclti11e IMtg.,ag~ i< tbt• binary words a particular computer responds 

lo. Translo~tt the program of Example 8-1 into SAP·l machine language 
and "ore thc eod<'d instrut•tions at liexadecimal addresses O upward. 

SOllJTION. 

All " ~ ha,.~ to do Í> rcp] a<:e the m~ emon res by op·<·«<lc bits o nd the RO~~ 
word; by aolohe.; ¡,;¡,, Fnr instance, LOA 11, tronslat"s mto OUOO JOOJ. 
After tmnslating thc ~niJTC program of Exampl~ B·l Hnd loading it into 
the RO.\!, "'" ha ... e 

n.=oooo 1001 
R, '"'0001 1010 
R, ~ 0001 1011 
R, = 0001 1100 
R, = 0010 1101 
R,= lllO XXXX 
R, = 1111 XXXX 

(LOA R,) 
(AOD R.} 
(ADD R5 } 

(AOD Rd 
(SUB Ro) 
(OUT) 
(HLT) 

lncidentally, any program like the · foregoing that's wriuen in 
machío~ languag~ is called an obJtCI progrom. Th\! ori; · pro~ram 
with mneinonics nnd ROM words is c:olled a sourc~ 7>•o¡¡r~ .... In SAP-1 

' 
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the ope •• -~r tran>lates the source prognnn into an object prograrn when 
prugranwnng the ROM •witches. 

A fin<tl point. Tfw four MSBs of a rnachine-language instroction in 
SAP-1 specify the operalion and the four LSBs ¡,pve the address; frorn 
now on, we w;11 refer lO the MSB> as the ins/ructionjie/d and to the 
LSBs as the oddreufield. Syrnbollrnlly, 

R, ~ XXXX XXXX 
lnstruetion field------J j 
Address fie!dl----------'· 

!low can we simplify th~ appparancc of the sourc., program given in 
Example 8-i? 

SOlUTION. 

The R in cado rnemory·rdcrence instruction is tedumbnt informat•on. 
In other \vords, whcn we translate to machine language, all we need" 
the subscript. For ;,,,,once, LOA 9 g1ve• the same infonnation as LOA 

•• B)• deleting all R• from the memory-rder.,n<•e in>lructiom, the 
source program of Example 8-1 becomes 

LDA D 
ADD A 
ADD B 
ADD C 
SUB D 
OUT 
!ILT 

This '' tbe standard practice m industry; fram now on, we will writc 
sourcc prog•an" liJ...e this. 

EXAM/>I.E f-4. 

Huw w<lulrl you ¡JJngr;,m SA\'-1 to >olve thi.< orithm~tic problem? 

16 -1-20 ~- 24 t Vi- 32 

' 
SOLUTION. 

You can U5e the progrum ofthc ¡ne<·~ding cxample provided dec1m~l 16 
,, loaded intn the R, register, decimal 20 into the R. rcgister, ,]~~m<al 
24 into !he Ra rcgbter, ami •o on. 

Aft.,, programming !he ROM switches, the m.,rnory word> Hre 

R, = 0000 1001 
R, = 0001 1010 
R,=OOOl !Oll 
R, = 0001 1100 
R.= 0010 llOl 
R,= 1110 XXXX 
R,= llll XXXX 
R, = 000 1 0000 
R.= 0001 0100 
R1 = 0001 1000 
Rc~OOOl 1100 
Rn ~ 0010 0000 

(LOA 9) 
(ADD A) 
(ADD B) 
(ADD C) 
(SU!l 0) 
(OUT) 
(IILT) 
(lli,.) 
(20,,) 
(24,.) 
(28,,) 
(32,) 

Notice the prngr~m is Slored aheod of tl•e data. That is, the tnitial 
program imtruNion goes into the R, <egistcr, ""d rema•nmg instr,.cti<lns 
go into 5\lC<.:<'S"'-e add1esses. This is "'"'ntial in SAP-1 bt·caLLs~ th<• 
progrum <:Oll n l<'r 5\arh w ith binary addre55 0000. Si nce the PC h.,lJ> t he 
nddrc<S ofthe uJ>tru<tion lo be fetched ne.t from the memory, '"' "''"! 
)o.ld the progrnm ahc:~d of the data. 

lncidenW.l!y, ~ stored-wogram comput~r " on<: In which an ohject 
program i> stored io the memory before a computcr run. SAP·l <San 
cxarnple of n stored·program cornputer. lt """ frnnt·p,n>el ;witch pm· 
¡¡ramrnin¡:, the simples! but slo ... ·est "'3)' to load a pro¡;ram i"to a com
putcr "''-'"'ory. 

EXAMPU 8·>. 

Show the contenl> of th~ •c-cumulator oftcr the fir<t f. ve in;l ruction• nre 
c•ecutcJ in the progr.>m of the p>t'Ccding enmple. Sh<>w thc LOnl~"ts 
0 [ the output registcr 11fter the OUT instruction is e•ecuted. 

SOlUTION. 

For con,·en'""""· the WUJ<"e progr~rn is rcpe~tet! along with tl1e ded mal 
data' · . 

11, ~ LD,-1. lJ 
!1,~.-\.DDA 



. ~ ... , .. , 
P.,~Al:'D B 
1l,~ADDC 

l!.,~SUBD 

n,"" OUT 
11,"' HLT 
R, .. 16,. 
R. '"' ~o,. 
l\0 '"" ~4,. 
ll.c- 28,. 
1\0 "" 32,. 

(In these eQuatíons, the = <ign stands for "is equivalen! to. ") 
After LDA 9 is executed, the rontents of the aoc.,mulator are 

A=OOOI 0000 

The exe~'Ution of ADD A gives 

Aftet ADD B ls e•ecutrd, 

When ADD C '' executed, 

' 
Exe<'uhng SUB D gives 

A= 0010 0100 

A=OOII l!OO 

A=0101 1000 

A- ()()JI 1000 

(15,.) 

(35,.) 

(50,,) 

(BS,.) 

(56,) 

The accumu\ator contains the an•wer to the problem. After OUT 
'' <:xccut<>d. the contents uf the output regist"' are 

o .. 0011 1000 

Al this point, HLT stops the data proccs1ing. 

8-4. FETCH CYCLE 

The control unit Js ~e key to a <:nr.lputer'• automatic operalton. After 
the pror~m and data are loaded intr.the memory, a mrt sign•l tum· 
control r to CON. This unU tben g<nerates !be rontJo! word< Iba 
fetch ano uecute each illStrucl!on. 

Whi!e ~"eh i••stm~tion" feteh<•d .cnd ~xe~uted, th<: '''"''1''"~' p.ne, 
thruugh <l'df~rcrot HWÚHHC ¡•ha;,·o, p~riml> ,iurin~ which ~~~"t~r cuc.· 
teniS chon¡;~. Le(s ~nd ~t:t :nNe abm!t the<~ ph~•~•-

Rin¡; Counter 

The rin¡; cuunter of Fi¡¡. 8·3.:1 (par! of SAP-l 's ,;Qn!r.:ol unit) hao an oulput 

"' 
Al¡],., he¡;n•ning of a com¡HIIN n1n, the rinR word i< 

T= 000001 

'-,-,·-·,•_"_",'•_·,,1=J c:fUL-IL ca 
1 1 1 

r, r, r, r, r, .r0 '" 
'"' 

,. 
f"o~. 8-3. Rlo1~ <<>omo..,. • ~,,,,,.,¡, 11>\ Clo.L ~•d l>ming pul,.,. 



l. S.O.P-1 

T ~ 000010 
T"' 000100 

T=- 100000 

Then, lhe ring couuler re<eh lo 000001 and the cyde repeats. Each 
nng word n•pre•~nts On<' muchin<: phase. 

F•g01r~ 8-3b show• the li111ing puhc< out of tbe ring counter. The 
initial phast' T0 slarts with a ne¡;ative cloek edge and ends with the next 
negalive dock edge. Uuring th i; p ha;.,, the T, btt out o f t he rin¡; countcr 
i; lu¡;h. 

During l11t• ncxt phase, T1 is high; tbe following pbase has a bigh 
T,; then a high T,, and "' on. As yuu ~an see, !he ring ~0110!er produces 
sh pha>es. Each instmction is fet<:h"d nnd executeJ d11rin¡; the,., •ix 
pbases. 

The T, phase is ealled the addre<o ¡¡hase because the addres. '" the PC 
is transferr<:d !O the MAR during thi> phase. Figure 8-4a shows the 
<'OHiputer sections that are actJve dtuing thu pha>e. (Ael•vc parts are 
lighl; in.wtive part• are dark_J 

During lhe addre5S phase, E~ and L,. are higb; ~!1 other control 
hits are low. 'n,;, means CON is sending out a ~ontrol word of 

COl\- C.E,L.,E. L,E,L.E. S,.I:: 0 L,l"' 
-OliO 0000 0000 

during thi• phase. 

l>i '" 
Fl¡¡ !>-•. '" 

"" OtgHol CDmputet Elo<l<onleo 

j 
1 Memory Pha•e 

Figme B-4b sbows the active part< of SAP-1 during the T, phase. This 
phase is called the memor~ phase because the addrcssed ROM insttu~
tion is transferrcd from the mernory lo the instruction register. During 
the memory phase, CON u producing a control word of 

COt>.' ~ C.E,LNER L,E,L•E• SuEuLol..o 
"' 000 l 1 ()()() ()000 

As you see, the E, and L, b,t, are bigh. 

ln<:rement Ph•se 

The T, pho;e is ~alled tite '"Cremen! phase beca use the pro~ram ~ounter 
is incremented during thi; ph~se. F1¡:ure 8-4c sl1<.>WS the a<:live p~rts of 
SAP-1 during the in<:re•nent pha•e, The onlr high control btt during 
this pha.e is e~. and the word out of CON ;, 

Fetch Cyde 

COl\' = C.E,LNE" L,E,L.E. SuEuL0L, 
= 1000 0000 0000 

The address, memory, and increment pha•es represen! the fetch cyc/c 
of SAP-1. During the fetch cycle, CON sends out the threc COntrol 
words jusi described. Tablc 8-3 repeats this control routine, 

T .. BLE 1·3. FETCH ROUTIHE 

p¡, ... C,F.,L.E, L,F.,L,f:, s,r,L,L, Eff•cl 

T, (•ddton) o J ) o 000~ 0000 MAR•PC 
T, [memory) oc o J lOCO 0000 IR~~"" 
T, lln<.omont) J o o u 0000 0000 ln<fement PC 

Duling the address pha•e, EP ami L., ue high; this tlwans th~ PC 
sels up the MAR via the W bus. As shown earlier in Fig. 8·31>. a positive 
dork edge occurs m•dw.•y throu¡;h the addre" phase; tlns loads the 
MAR with the ~~ntents ofthe I'C. 

Dunng thc rnemory ph">e, Ek and 1.1 •re high. Tht•refm.,, tbc ad
dreS<"d 1\0M re¡;islc' se!< up the instroction registm via the W bus. 
Mid,,·ay tl.rou¡;h the m~n>orr phn•e. a po•itive dock edg~ loads the 
IR W1th ¡i,c ¡tddu•.<>td íHl~J inslrtJ"ti""· 



• 

B. >.AP-1 

e, ,, the ,,,, ' UJI11r<>1 hit <lnrin¡( ~~.., increm~nt phJ;e. This 
set; up the PC '" enw:• ¡'D•,,,,v~ dnck .:Ug.:s. Ha!fway throu¡;h the ino·re· 
men: piLa<~, a :'·"<itove dm·, "'';~ hit• the I'C Rnd advance> the cO:ll~nt> 
by ot!e. 

8-5. EXECUTION CYCLE 

Th~ ne<t thrce ]Jhascs (T,. T,. a"d T,) ~re th~ ~uc"tio" cyc/e ofSAP-1. 
Thc re¡::i>ter transfers t!uring do~ e•e<•utir•n cyde depend on the par· 
t icn !" lnstruction being exeeuted. F or in stance. LDA 9 rcq ni res di lkrent 
register t:ransfe.s than ADD ll. What follows arethc control routines for 
different SAI'-1 ;.,truclions. 

LDA Ruutine 

For a o-oncrete diseussion, l~t"> assumc thc lnst:ruction rc;¡:i"er has 
bcen i<Jatl.:d with LDA 9: 

IR~ 0000 1001 

Duriug th.: T, phase, the in;truCH<>to licld 0000 !J.nel tu the CON, wh~r~ 
it is de<·oded; the addre'> fleld 1001 is load~d ontn tl.e MAR. Fi~ure 
8-5~ shows the acth•f< parts of SAP-1 during this exeL~•tion phase. Note 
that E, and L .. are high; all other control b,u are low. 

During the <t.-olnd c•eCutinn phase (T,), E• and L, ¡:o h1gh. This 
rneans the addressed data word in the ROM will be loadcd into thc 
at.-curnulatar on the next positive dock edge (see F1g. 8-S!.o). 

" '" 
l'•l s.s. A n>utino !•) F;m ezeeulioo p!¡&,e. jb) So."\)nd ... """'" pl .. ,e. !el Fir 
•>«ullm .d-e. 

T. ;, ·' .:o-::tl/1,~;; pLas~- During tlm óird e""'"t."n ;>'la''· ' 1 

re.:i>le" -1f<' iu~ctl\e (Fig. 8-Sc). Thi' tn~an< CON" 'cmin1~ "''' ¿ 

wood ~ontai11ing ~!1 0<. 
T>1hlc h-4 "'"'m.otiuos t!le <ontrol rout•ne !lecded lO w¡p;,.,,.,., 

fcarr,· oc~t) the LDA instnJ~tiOn TI1e ~rst e>t-eution phá>8 sends the 
addr~ss field in thc in<Trucucn rc~isler lo the MAR Thc sc-cond e-xe~u
tlnn phase lo~cls the "Jdoe,sed data word into tÍI~ ac~umulator. The 
third c•eclllion pha,c• ¡narb !>me; 1t doe> n<>tbing. 

veLE •·•· ~DA ROUTI~E 

f''"" C,.t;,L.J:, Ll:,t-,r:. S.,E,).,J,, 

'· 11 o 1 o o 1 o o 0000 M.-\~ • Hlfll\ES~ 

'. <111 u 1 , .. !100!1 

ADD Houline 

uOIO 0000 
oOOO 0000 

A •R • ..,..,, 
Do nolbm~ 

Sup¡>o•e a\ the end of the fetch cyde, th~ ir~•tru<"lion register cnnt.Lins 
ADD ll: :. 

JR~OOOI 10!1 

During the first ex<:cuti!Jn pha•e {T,), the in~truction field goes 1<> the 
COl'-' and the addre» fidd to the MAR (se e Fi¡:. 8-6n) During thi> phase, 
E, and L., are hi¡¡h. 

Cuntwl lnt; E, arrd !., ""' high rluring the ncxt exccution phas~ 
(T,J, Tlois a!luwl the atldre>>cd dat• wnrd 10 set up the H rel(i>ter (Fig . 

,,, lb! 

F;~ 8-ij ADD aod SU!l "'"'"'"'· lu) Frr<l <>ec-utron ph,.e. 1/,) Sec-on 
1<1 F;n,l e•ooutiou phO>e 

Ut!OO ph.>•e. 



' 
B-6b ), As Llsual. looding tak<:s place rnidwa¡: tl1rou gh the phase when the 
positivc dock edge hit> !he CLK in¡ml of the B register. 

During the third e•ecution phase (T,), E~ and L. are high; there
fore, thc ALU <et> up the accumulatur (Fig. B-6c). Halfway through this 
phase, thc positive docl< edge loads the mm into the accumulalor. 

lll<:"id.,ntally, setup time and propagation delay time preven! racing 
nf the at·cu mulator during this final e•~eutlon pha•e. Wben the po,itive 
docl ~d¡:~ hiU in Fig 8-&, the accumulator conlent• ehan¡;;e, forcing 
tbe ALU content< to cbange. Tile:ie new ALU conlents retum to 1he 
ai.'CumulatOJ input. 1\ut the tJew ALU conlents dotJ't gel th"w untd twu 
propa~ati on delays oft~r !he po•itive e !oc l e dge (one for thu ""< """' lator 
and one for the ALU). By !loen it'> too late to sct up the at-ctmmlator. 
This prevents ac<·urnulator raeing (loading more th~n O!lce on the <ame 
dn<:k ed¡:e). 

Table 8-5 surnmari7"' the ('CJntrol routine needed to implement the 
ADD instruction. The first C>eCution pha<e send< the addre'" ~eld in 
the instruction register to th., MAR. The second e•e<:ution phose lnarls 
the addreS5ed data word mto the n regi<ter. The third e•e~ution pha'e 
loads tho ALU cnnteuts (SU~t) into the aceumu!ator. 

l.O.BLE l·~. ADD RDUTINE 

T, 
T, 
T, 

SUB Routine 

" " 1 o 0001 
O O O D 

o l o o 
oooo 
0010 

0000 
o o lo 
o 1 o o 

El!«< 

MAR- AODRESS 
B -n,,_,., 
A•SUM 

The SUH routine i< similar lo th~ ADD routine; the un!y differenee is 
making 50 high dttring thc final e>ecution pha>e, TheJefote, Fig;_ 8·6a 
through e show 1h~ active ¡1arts of SAP-1 during the thrcc c\ecution 
pha<es. (A high Su drives the ALU in Fig. 8-6c.) 

Tablc 5:6 >ummarize< thc SUB mutine. Thc first <.•untrol word sends 
the addres< fidd from the instruction register to the MAR, The •e<oond 
control word load¡ the addre«ed data word into the B reg.,ter. The 
third control word loads the ALU <.·ontcnl< (DIFF') into the a<.-.;umulator. 

UBlE f-6, SUB AOUTPN~ 

f~ ... C,(,l..E. L,¡;,L,E, 5,(./.,1., Eff•« 

T, o o 1 n o 1 o o 0000 M~~ • .<DDIIESS 
T, o o o 1 oooo 0010 ~ d ~ ....... 
T, ('""" " u 1 ~ 1 1 o o A- D!Fl' 

OUT Routine 

Suppo 5e the in•lruetiml registet <:ont.uns the OUT instn•ction at the 
cnd of a r~rch ~ydc. Tlteu, 

IR= l 110 XXXX 

The in>lntction ~eld gu~• l<t !lw CON. After this fidd is decoded, tbe 
CON •enrl, ""t th~ C<>ntrol ooutüw needcd to load the ai.'Curh(!btm 
<·ontenl> inlCJ the 0\11]1"1 tcgister. 

Figure 8-7 ,¡,,,.,' the a<' ti ve sections of SA P-1 duri ng the. ".' C<"Ution 
of an OUT instrucli<m. Sincu 1::, and L0 are hi¡:h, tite '"''1 P<'Stlove dod 
cdge )o;¡ds the a~-cumulator word into the ottlpul r~~i,ler d~tring ~he 
flr>l ~>ecution pha>e (T,) The rcmaiuiug e>eo:utwn plt.»e< (1, and r,) 
are do rHt!lung,, 

Talrle S-7 ,)ww< t!w OUT routinc. The firsl c•ontrol word al!ows the 
aecumnl.olnr to •et up the nutput register '-'13 thc W bus. The ne>t two 
control wonh do nntlung c•cept mark lime. 

I!LT 

¡ !L T dne• nnt ,.,,111 ; re " <,,,¡ro 1 tolllt "" ln·eau se no registcrs ore involved 
1n the exet11tinn of .on I!LT tnslruetion. When the IR contaius 

lR=llllXXXX 

tite in>truclion field llll tells th~ CO:\' lo stop ¡>roces,ing dat~. CON 
slops the computer hr lllrning off the dock (Clf<:uitry dis<:ussed l~ter). 



).bchinc Cycle . 

U'JOG 
OüOO 
0000 

o no¡ 
u o on 
cooo 

0001 
0000 
000(1 

OUT • A 
!Jo nolhicg 
Do no<hmg 

SAP-1 has six phases (three fetch and threc exccute). These six phase$ 
are called a mcchine cyc/e {see Fig. 8-8). 11 toles o11e machinc cvclc to 

ictch and ~xecute cach program instruction; thercfore. the dura(ion of 
a computer mn is directly proport•onal to the numloer of program in· 
~truct.on•. 

EXAMI'LC''é!O·;•C· -------------------------

SAP-1 hu a 1-Mllz clnck. H"w long is a machine cycle? How long is 
the computer run for a pro¡::ram with 12 imtructions? 

SOI.UriON. 

The dock ha!' a frequency of 1 MHt; therefore. ihe pcriod is 

' T-= 1M Hz~ l ~"' 

Refcning to Fig. 8-3b, you ~an <ec that ~ach phase la.t<-Íor one cluck 
period. Sin"e there are six phases per machine cyclc, each machine 
cyde has a da ration of 6 ¡¡.S. 

A ptogram v.•1th lZ in•tructions toke• 12 machín e cydes to complete. 
Th~refore, the duration of the computer run is 72 1'-'· 

··-+ .. -+-··T. -+-··--+- .. --.1 
t:::::::::··:·:·:····:::::::::!·~·:.::=b-1-"'"' ---1 

"-><h;oo "'" ---------j 

Fignr~ ll-!J •huw• tlw ... t''·~-•es of s.~P-1. The ]IP>IÜVP 

')(·~nr<half-..-,;· t],.,,.,!:h ~".-1, ]lh-""· Why is lhi• unpn:'~"¡? 

SOli!T/0~ 

SA!'-1 i< a hus--organized computer (the L-ornmo" type now"lays). This 
allow; 1ts registe" tn communie.ue ,-;a a hus. Bu! re!bble loaJing of ~ 
re~ister mkes place only when the <ctup and hold ti:ne are >atisfied 
(revit!w Sec. 5-3 if ~>eCe<>ary) Waittn¡¡: ha!f a cy<:l" loefure loading the 
register satisf•es th" setup time; Waiti11g half a cycle after lo~ding sah<
fies the hold tim<'. "fhis is why the pu><tive clock edge is designed lo 
stri~e the re~isters halfwa¡• throu)lh each phase {Fig. 8-ll). 

There"• dnother re.,.on Jor waiting half a cyde bcfure l<>ading a 
re~istm. \\1•en the E~'AIILE input of the oendi ng regi Her go"s hi¡¡:h. the 
cont~nt> of ¡[,¡, r<•gíster ore suddenly dumped onto !he W bus. Stray 
cap;>cil.wcc and leod ind11ctance prev~nt the bus lines from immedi· 
a1ely r~~dling thc ~orr~~~ voltagc levels. In other words. we gel tran
<ien1s (e•poneuhal, rin¡:ing. c1c•.) on the W bus. We hove to wait for the 
dat.l to settle on the be> line; if wc "'ant rcliable l oading. Th e half-cycle 
.!~by hefore clocking i> ndequate foral! transients to die out. 

UAMPtf 9·1. 

The folluwing progrom nml data are in ihe SAP-lmemory: 

R.~LDAC 

n, ~ADD D 
n, ~ HLT 
Re"' 15,0 

R0 ~ 3310 

Show ihe regis!er chnngcs for ea~h phase uf the R, n.ach,ne cy<:le. 

·- ·-1 ¡ 

1 -~~~-·1 ....... . ..... 

.. ~ ..... • •• 
1 1 1 

'"'"""''' 1 '"''"'"'" 1 h«u"O" 1 bO<u•oon ,...... ...... . ._ - -



SOLU710N. 

Before SAP-1 rnn ron a program, the operator has to push a C/.R button. 
Among other thi ngs, this r.,sets the program cou nter to 0000. The 0 p.,ra
tot then pushes a <tart button and the computer r11m the program. Here 
are thc register changes during the lhst machine cyde, 

T0 (see Ftg. 8-4a): 

MAR- PC = 0000 

T, (Fig. 8-1b): 

IR '"' R. - 0000 1100 

PC ~ 0001 

T, (Fig. 8-5<l): 

MAR= ADDRESS = 1100 

A""flc=OOOO 1!11 

T, (Fig. 8-Sc): 

Do nothing 

With the progr.tm anr! data given in the pr<'et"ding e'ample, what are 
th~ rcgi<tcr dtalll:<'S t.! un ng the •econd madtine ~yde? 

SOUITJOH. 

The PC holds addrc>S 0001 at the beginmn¡; of the s~"'""d machine 
cycle. Here are thr. r~giskr changes. 

T, (Fig. 8-4a): 

~lAR= PC'"' 0001 

, SAP·I Í> a compute• be"'tu>e it stores a program and U 
~ ],efme calculations begin; then, it nnlornlLii~"lly o•arric> '"" 

thc progtam instruotiun> wtthulll llltnMn intcrvention, And 
yet, SAP-1 is primitive, lik" a ~eundcrthal rnan L"Ornpared 
toa modern person. Son,ethrng '' mi~>in~, something found 
in evcry mude m compo ter. 

SAP-2 is the ne•t step in the e\'olution tow;ml modern 
<'<nnputer<. It include> jom¡>•instmc!ronS. These new in· 
stroction• for<·e ¡h., compnter to repeat or skip part of a pro
grarn. A> you will di,eovcr, JlllllP instruc!ions opeo op a 
wholt• n~w w,rld <1f eornputing pow"r. 

9·1. AllCHITECTURE 

Ftgurc !:l-1 ohow• the .m·hite<·tl!r<• of SAl'-2. As l>cfore, all 
r~gistcr output< t<> the \\' h"' ·"~ thr<:c·•tate; those not con
ncctetl to the hu.' are hv"·>l-lte. A hrid lk>cnption uf each 

¡bu,;, ¡:iven now, with dct.Lil; tu fulluw btcr. 

Subroutine eounter 

The wbnmtine cou..rer ¡se¡ c·an pindt hit fnr the p"'gram 
eounter during R t•omputer "'"· Thi> oc·ClLT> "hen a nCw in· 
>lrm:tion (dis<:ussed lateJ) takes progmm control aw~) frorn 
tlw Pe and ghes it to the SC. While it has control, the Se 
,.,u<ls the l,inary addreS> of !he curren! ins\roction lO thc 
~tAl{; Ater the it"truction ha< beco fetched, the se ;, in· 
nconcnted hr onc. Progrnm control rcm.ti'"' with thc se 

'until termin.ncd by anlJthet ncw !LL>ITLLCIIon. 

Program Counter 

Tht> time, the progrJtn cf>unl~r h,., 6 bit>: ¡),~rdoJe, it """ 
<·unnt fwm 

PC ~ 0000 0000 (O,.) 

<o 

1 PC-Illlllll (F'F") 
¡ 
·A Cf.Il •igna: re•ct• tlll• Pe hef~r" e.,dt <·unL¡mtcr 

tite dat~ pr~c"''i"g >tnr!' with ¡¡,. H, instt'-'ct•un. 
run; ;o 

1 
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~lt<ttot} Addret< Re.ci>trr 

Durin¡¡ tht" f~tc!:t ere!~. the )\·lAR rec~ives 8-bit address~• '""" tn~ "re· 
¡;mm CO!!nter or subro.,tinc· o·ounter, wi,clocv~r itas prugr~rLl co.,r,oi 
Dunng th<: '""""!ton cyde nf memorr·<<:fe·~'!Ce inslr~ctwm, the ),!AH 
r"co:ives an 8-btt addre>S Se Id [mm thc 'ustruction reg~;ler. 

R~ndum·i\cces, !\tcmory 

1hc ~S6 x 1~ RAM can store an_,. 256 words of !2 bH<. Thes~ word~. 
lncated at aJJo~'Ses O tÍHough F'F, are symboli~ed by R.. R, R,, ... , 
Rr, R,.. R,,. R.,, ... , R". Wíth WE low and !\fE high. thc ~ddr~>•~d 
HAM wcrd i~ read onto the W bu;. With \1'.1: and ME higlt. thc ""ntenh 
of the M DR ~re wri !ten i nto th<• addressed RAM locatia!l. 

Mcrnnt)" Dala liegíster 

A high Lv ond positive clocl edge load tite MDR. The two·stat~ autput 
tl ,e,, >el< "P th~ RAM. The M DR .<!so has a th ree·state output; therefor<:, 
a high E0 re•ds the contents nf the MDR onto tbe W bus . 

' 
lmtruction llegisler 

Durin~ the e>ecution uf a m<:mory-teference ora jump in•ttuction, thoo 
four MSBs in the Ín>tnJction register represen! th<: in;tnJction fie!d and 
the ei~ht LS!ls are tite a.ddreu fie!d. Durin~ the e>ecution of an opera/e 
inttrvction (e~plained later), the eight MSBs in the IR formth~ imtruc·
tion Reld and tbe four LSB• are don't cares. 

Control Unit 

The ('<>ntrol untt produces CLR. CU:, and COI'i ro coordinate and 
synch<ono;:e "11 n•gist~rs. n~cau>e SAP-~ has a bigger instru~tion oet, 
the instruCI!On-lield decodcr h11s more gate1. And b~cause of the """" 
rogi<ters, the cvntro! matrb has more h~rdware. Although the CO~ 
wnrd is bigger, the idea is the •ame: The CON bit• determine how the 
registcrs rea~t to !he next po•itive dock edge. 

1 Input Regi•ter 

• 
J Interface circuits com·ert signals from periphera! devict Jnch~d-

Ft• \1-. .AP-2at<:rttu.. 1 card readcrs, cassette-tape readers. telctypewritc", etc.¡ '" binary "' -

__:c_c_c::::_;__ ___________ -------------- signah suií..ble for entry tntO a compuler. The design of an interf•~t 
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d~p~ud; on tloe p~ripheral: a teletypewriter (rrn nceds un~ kind of 
notcrf~<·e; a ca.setlc re~ller, nnother. 

means tloe indeoc register ecunts up; a high DEX mcans it counts clown.' 
1 (.'<.., • ., and X,.,., are explained later.) 

ln Fig. !l-1, thc hinary word from an intetfacc corcuit seis up the 
input r~gi;ter. Therefore, a high L. and posi!ive dock edge load this 
word into th~ inpul reg~>IN. Dunng moother phas~. a high EN can read 
the input word ontn the \V bn; for tramfer io the att"mnlator. As •hown 
in E\.omplc; 7-9 und 7·10," ~ontrol routine cxists for loading up to 256 
insttuetion ond d.1ta word~ onto the SAP.~ mcmor)'. 

A<•cumulator 

Tio~ twn·ot.otc outpul uf tht ~c·wmnlator goes lo th~ ALU; the trjree
>l.ok ""t¡nol In tlw \\' ¡,,,_ Thctcfore, thf' 12-bit word In the nc•cumul.otor 
C<>nlhHIO<al) J,;, . .,, tlo" ALU, llnt thi; '"""' word a¡•pear; on the bus 
nnl•· "·hen E, is high. (1\,..,., andA,,,. w;]] b~ e•plained later.) 

Aritlunrli<~Lo~i~ Unit 

Stand.<rll ALU> are ~ommer~i.tlly :n·.oll.ohle U> integr.<ted l'ircuits. The>e 
ALU> h,a•e ~ Or more ,eJ.,~t hil> tloal Jctcnnine the aritlometie or logic 
upcration pcrfornH•d om "ords A and B. 

Tlw ALU of F1g. 9-1 "compar~bl .. toa •tandard ALU. H.-('ausc thc 
,t],.('t \,n, (5, through 50 ) c·over 0000 through \!JI, we can sclect 16 

• Mithnoetio: and logoc functions. SAP-2 uses three Mithrnetic funetion~ 
(NULL, ADD, SUll) and son-en logic r.,nction> (c>nmplemcnt A, cam
p]ement 11, OH., ANO, NOR, :--IAND, .1nd XOR)_ 

B Re¡;i>ter 

As loefure, a high L, ~nd positi\e dntk edgc load the B rcg¡;tcr with a 
wonl from the W bus, and the twn·>tatc output ~Onhnuou>l)" dri<•e> the 
ALU. 

ln<'l<•< He~ÍSlcr 

Thc ;,de~ rcgist<'r (X) h"; a load input L, lO c<mlrol loading from thc 
bus aml an cnablt: inpnl E, l<1 ~ontrol readoul onto the bu>. Furthcr
mort>, thc ind,., rcgisto:r h~< an incrcment input /1\'X anda decrcm<:nt 
input DEX. 

When J,\'X is hi~h. :he uüt ¡>Ositi,•e cloc~ cdge increa>cs the ~On· 
t~nts ofthe ind~, re~i>kr l>> one. \l'h~n OEX is hi~h. th" 11~>1 positivc 
duck ~dge c.lccrc,"e' t!<<: etml~nlS hy one. \¡, otl.er words, a hi¡(lo l.\' X 

1 Output Re¡¡istcr 
' 
' Again, the contents of the a<·('urnulator can be lcaded into the output 

register (0)_ This way, BO answer can movc from thc CPU (central 
pmcc»ing unll) to the outside world. The output register connects 
lo dll interfd<·e circuoL The design cf thl; circuit depcnds on th<: pe
riploeral device being driven (printet, CRT display, tulctypcwrlter, 
ele.). The !Uierbce drcuit convens the contents of the output regislcr 

1 into siguals >uitable for dri vi ng tl•c p~r.p IO<•ral devicc. 

9·2. MEMOAY·REFERUlCE JNSTRUCTIONS 

SAI'-2 has an instruetion >el with 28 inslr\Jctinn>. This section is about 
tloe six memOry·refercnce inslnichons. 

i Rt:cognizing •n MRI 

The SAI'-2 fetch cycle i• the Sdme as bdore. T, is the addre>s pha,e 
(!>lAR~ PC), T, is the memory phase (IR~ R..,), and T, is the increment 

. phase (advance f'C by ouc). All SAP-2 in<tructions, therefore, use thc 
mcmnry during ti, e fetch cycle beeause a program instruction is trans
ferred from thc mcmory to the lOstruction <f'gister. 

Domng the Cxecution cyde, howevcr, the memory mayor may 1101 

be used; 11 depends on the type of instructioro tloat has been fetched. A 
memory-refer.,nce lOUf\Jction ( ~~ Rl) ¡, rme that me; the memory duri ng 
thc e<ecution cycle You can always reeogodze an Mili by the tegi$1er> 

. nsed in the lirst e•ecntion phase (T3). 
Figure 9-2 shows thc active parts of SAI'·2 during the T,_pha,c_ 

When an MR! ;, ;, tloe in<truction register, CO~ sends nut h1gh E, a,d 
L., bits. Tlus means the address fleld of the lR ;, loaded intn the MAR. 

, Thc T, phd;c of ail)' MR! th ... efore result• in 

~lAR= ADDRESS 

, Remember this. lt will help ynu di;titlg<~bh an MRI frorn other types of 
• in<tructions dhcussed lat<:r. 
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The fi,¡ thrcc 1\!R!o in SAP·2·, in>truction set ar~ the ~ame a> before, 
al:lwu¡:h nuw we ~"" d"'"'" foum 251i memory words, loca.ed at ad
dre>Se> O throu¡:h FF. For in>tanec, LDA 23 means "Load the accumu
latar with R,," ADD 7C mean> "Adtl Jl"· to the accumulator;· and SUB 
FF mean> "SubtraN R.,. from the al·<·tonHilatur." 

Jncidentally, any wurd heong loadecl, added, subtrat:ted. nr other· 
wise oper.oted on ¡, cnlled an <JJ>trtmd. In the foregnong e•ample>, R,,, 
R1c. and R, .• are opcmnds; 23, 7C, and FF are the addre.ses of the 
opcr11nd>. 

STA 

STA h thc mnemoni~ fnr ''sto«o thc accumulatnr wQrd:' Every STA 
imtrn• ; inc·lmle• >1 mem<>ry nddreso. STA-56, for e.ample, me: 
">tnr<> , "'"'"'umu\,\!or word al ~ddre" 56." lf 

- ~-· . - '" 
A "" l 1 1 ¡ 0000 0\i()(l 

ll .. = llll 0000 0000 

LDB and LDX 

Tlte last two MH!> ito SAP-2'< in1troction set are similar to LOA .,,cept 
that thc addresoed memof\ word is l<>O<i~d intll the li reg;steror into thc 
iodex re<¡ister. 

LOB is the mnemonic for ''\o.,d the ll regist~r," ~nd LDX is tío~ 
mnemonic for .. load the inde• register."' To be complete, tl,e;e in>troc
tions mu5hndude an adc!re ... For instance, LDB 45 m<:an; ''lnad the 
B r~.gistcr with R.,, .. and LDX 78 mtans .. load the ind~• rc¡;bl<" woth 
R,. 

• 
UAI'IPlE ~·!. 

Write a pro¡;"'m that adds three numbcr. (~. b. nnd e) and wind; up with 
the su m in the accumulator, the B f<t•gister, and the inde• re~ister. 

SO!V100N. 

Here's une program that will work' 

1\,~LDAZO 
R, .. ADD~l 
R, .... ~DO ~1 
R,-STA23 
R,- Ll)B 23 
R,"" LDX 23 
1\,- HLT 
R,.-Q 
R, ~ ¡, 
R,-=c 
Rn"" (SUM) 

lmtruction• R. throu¡::h R, ;~dd the tltree numLers. ln;truchon R, stor~> 
the su m at address 23. lo>tructions R. and R. load the B regi>ter and 
index regi<ter. R.. <I<Jp• the data prrx:.,<sing, al whkh point tloe ;um ap· 
pear~ in th~ accumuldtor, B register, and index register. 

The data (G. b, ande) is loaded into addresses 20, 21, 02 befnre 
the rompo ter run. During the computer ron, data is stored ~ ... .Jdr.,ss 23; 
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the par~nthe>e> nround SUM indicate tllis data is produc.,d brthe cono-- '• 
puter. 

9-3. JUMP INSTRUCTIONS 

,\\emory-reference inslntetiuns are one type of instructkm; jumr> in· 
,,,.,,,,;""' are another. SAP-2. ha> six jump instruclions; the•e can <:hange 
th~ prograrn s.,<¡uence. lmtcad of fetching Ín<lruction< at successive 
addresse>, tlo~ compll\er ma)' repeat or skip part of the pwgram after a 
¡ump in<truction has becn e•ecuted. 

J~IP 

!Juriug the T, execution phase ofall MRh, the ,oddres. fie)d in tht> IRis 
transferred to the l-IAR (Fig. 9-2). Thi< i> how yoll can rel·ogni~e an l-11\l. 

) ump inolnlclinm are di ffcrent. To Legi u with, J MI' ;, the mnemonic 
for "jump the pru¡:ram counter." Evcry JMP in5truc!ion includes an ad
da•.s {O be Jo;¡tlcd into !he PC rathcr than the MAl\. In other wurds, a 
)MI' imtructio" ddfero from an MR!l>ecau•e ofthc regi>!crs uscd m the 
T, c<ecution p\oa;e (see Fig. 9-3). 
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Wh~n a JMl' instruction is Í!l the IR. the CON seuds out high E, 
and L1• bits. This m"ans the odd1e>< fleld ofthe IR goe• lo !he PC ,-;.thr 
than to the MAl\. The T, phose of auy JMP instruotion, therefore, •e
sults in r,g, 9-3 T, pha>< of JMP in•tJudoon. 

PC=ADDRESS 

The T, and T, pha;es are do nothings. 
Since thc PC contains n programmed address after a J~lP ;, exe

cuted, the in<tructinn fet~hed n~xl <·omes from the programmed address 
rather than the usual ino•remented addr<:"· This allows the compuler to ~40 • AOO ID 
repeat or <kip par\ of tl•c program. •., • susa1 

For wst~nce, :ofter the R, instruction (JM? 40) is executcd it< Fig. 
9-4Q, the PC cont.•ins addres• 40. Th~ next imtruction fetched is R .. : 
thercfore, the ~omp\Lier will wpeat the progmm bet"-·~en ll,, an,l 1\03 • 

On th~ other h,1nd. the "'e<·utio" of the R., ltlS!ruction U/\!!' 701 in 
Fi~. 9-41> force> the wmputer lo jump to the 11,. instruction: therefore. 
al! in>lrucli<>ns between 11., and 11,. are •~ipped. 

Examples 9-Z. ouwartl give you practice "'ith the JMP in;!Judi<>n 
and .<harpen your und~rstanding of thi• powerful instructiun. 

JAM 

"• 
"" 
"• 
"• 
'• 

•STAI1 

• SUUl 

• l. OX ~J ...... ., -
. AOO'l<l 

A., • •OX$ 

A00 •A0000 

~ ... -''" 70 

R_, • A00 07 

R,_, • STA 'le 

... • <OXIJ 

"n • STA •• 

¡.¡ 1•1 

' 

IAM te;embles JMP Lecanse it cau change thc ~ontcnt> nfth~ PC. Hut 
it diffct> froll< J~lP btc'"''" it prm!uO"es ~ programJt:mp onh "]lCU a 
'l•<·dnl condtUon is sa;i,fied. 

Hg 9-t. !o)l""'P;,.o b." lwood U>) )urnpin2 fo.-wo«!. 

1 '"' ..,.,., 

'"'" 

• 
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j.'\,\1 i; :: .. 11 ·~"·' ·''" !or '"'"~' the Prog'~'" ~ounlN ¡r !h~ "-<· 
cur~ulator is "'·""" '," ""'Pi}, ';ump 1f ~l'C"IllUlat.JT minu>.'' E•ny 
J'/.1 1n,truct•or. '"d"""' tk ac!dre" toLe l<•od"d imo the PC. Fo_: 
m<t.wec, JA~I !O m~an> ''¡urr.p tu address ~O if a,·~un<ubt"r m"'"'· 
and JAM 6J rr.e~m ''¡.1mp to .tddreo. ¡;() if a~~umuiJ!Or rnmu•." _ 

Fi~nr., D-5 ¡\HJW> tlOt• .,fre~l uf" jAM 40. Dunu¡; th" e•eculiun o~ 
the ll,. in>lru"tion. CUN t~st> th~ cnntcnt> of the aN:umulator. lf the 
ac<:umulatur" minu>. !loe pro~ram jun1ps bac~ to the R., instru<:tion; 
o!hcrwi,c, the ¡nogrJill continue> with the R,. imtructfon. 

Aftcr the SVl\9~ i> e•eculed, a JAM 60 appear>. Ag~in, the CON 
test> the •c·~"mulntor cnuteng, If th"'" <·ontenls are mmus, the prn
gr,un ju mp• ah~;,d tw the R.., instru~tion; o:h~'""""· it cuntonu es ""'th t he 
R., instruction. 

JAZ 

j ... z" th~ "'"""'""'" f<>r ''jump th~ pro~ram counter il t!Le a'·oumulator 
is o.~w''; ur ~·mply, ··l'"'•P if a~eHmHlator zero."' Every )AZ in•truction 
includes tl<e address tu be loadt'd into the PC JAZ .12 mean! ''jump to 
address 32 if accutnulatm <ero, othecwisc, eontinue with the ne~r m
Sintdion.'' 

JIM and j!Z 

J ¡M sr.,"nds f or '"j ump the program c·ountcr i f the index regisfer is m inus''; 
or sin1ply, '"jnmp if indc> mmu>." JIZ is tlw mnemonic for "jump th" 

:~: ;::~] 
. ""'";""' 

ROO o JAM 00 

R
01 

• SUP g2 

:~ : ::: : J HA mi""' 

..... ~~- .. 
Fi¡ 9 ,AM J"mP>-

"' 
pro¡!o.un cuutJtcr ifthc inde, rer«~«r is o.ern'': or dm¡:>)), · ;~ ''P: " · .. _ .. .. ' 
'''"'' 

E very J l ~~ and J IZ ;, "trucu-:m includ~s the addre" lo L-,- !na<:e<! 1 --.~o 
t!Je l-'C. F~r inst3n~e. Jll>l ~!4 means '}.llnp tú "ddtc» 9-l if r:.<i< mi ,. " 
JlZ OF' mear.:; "'Ju:n~ lo adJress íF ,[ indcx ~er»."' 

j,-\M. JAZ, ji M, <.nd JIZ are ull.,d cow!ltionolju"'l'" be~~u;e :h<" 
prngmm _ll<rnp nccurs ot<lr 1 f ~crtao n con<Í>Iion> "'" ;~¡;, 6ed. On t!.e other 
h•nd, jMl' is '"'"'""ditio,al, ""'" this in>rru~hon is fNched, the execu

'tion c¡•de alwa"' ju:nps the prograrn to thí' Specilicd oddre«. 

JMS 

. .. wbwutme is a program <tored in tlw rnelnury for P'>"iblc m~ in a,. 
nthct program. Mosl romputer< ha\'e suLJ<JU!J<>eS ior findmg siues, 
co•ines, tang.,nts, lo~s. H]\lale rlXl!>, de. These subruutm<'s are part of 
the &<•f!uJare >upplied with modcrn l'Ornputers. ("'Software" rdcrs lO th~ 

1 pwgtaJttS n>anufacturers poepar., for ust: witlt computers. Besides sub---

1 
routines, software includes OS.<em/,le<> a!ld compilers, prograom that ean 
translate source programo ínto nbject programs.) 

JMS is the rnn,.monic for "jump tn suLroutin~:· Ev~ry JMS instrue
tion mus! include th" "'"/in¡¡ addre.<.< of the desired subroutine. Fur 

¡n;tancc, tf a "¡uare-root suhmutinc •tarts al address A~ onda lo¡: sub
routin<' at ;,ddres. CS, then a ).\IS .-\2 will jump to the >'l"-""·root >ul>
routínc anda jMS C5 lO thelog subroutinc. After the subroutine iscor.l· 
pl~ted, the computcr retums to the original program. 

When a jMS is cxecuted, program eontrol passes from the prog,.m 
coonter lO the subrouline countcr. After cach subrouti11e instnrct>on is 
fetched, the SC is i~remented by one. In this way, the SC pinch hit., 
f'or the progr-.om cnunter during the ~\ecutiun of a subrou:ine. Al the. end 
ofthe snbroutone, prugram control reveru to the PC. 

l jMS ;, um·und<tiona!, Hke j.\IP. Once a JMS has bcen fetehed into 
.th,. instruction reg15ler, the computer woll jump to the starting address 
ofthe subruutine. 

,Summary 

During thP. execution nf an"MRI, the MAR receives the addrcss field. 
Ouring the executinn of a JMP, the prugram counter receives the 

addre., held. During the execution of jAM, JAZ, JI M, or J!Z, the pro-
gram couoter receives the addrcss !ield if certain conditions ~re s~tis

jlied. During the execution of a JMS, the suLrnutine coumer r~ceive> the 
address lield and the program counler 1aue1 (retains) the ."menred 
Rddress. 



"' 
MRh ""' th~ W[)rlhor><•< uf"" in<tru<:tion 5el; they load Jegisters, 

add and "'btrad addJe«ed word<, and stote word> in the memory.llut 
the jlltnp i•"lru~lion; úr<: the real magicof MI in<trudÍOil S(•l; they makc 
tl1 e l'IHllJlllle r repe~t ¡>.~rt of a program, skip par1 of -1 prograrn, a tod ju rnp 
to other addre""' in ¡nemorr wh.,re 11scful •ubroutine• ~re stored. 

Table !>-! h>t• the m•wmonics alld oi>·code for SAP-2'; mernDT)• 
1 rdere!l<:e and jump in<lructi on;. 

TAPU 9·1 MAlo ANO JIJMP INSTRUCTIONS FOA SAP·2 

'"' ~1)0 

'"' '" '"' 1.1).\ 
)MI' 
)A~T 

}AZ 

J 1 ~~ 

"' J liS 

01'11 

v1, Codr M .. nin~ 

000 Ln.,d o<~·"mnlot<>r 

""' AJ J add cem.J w...d 
0000 Snl""''' odd'"""cl ,..,,... 
00" Sto,.- oc<nnud.rm v.ord 

"00 Ln..d U '"~'""' 
IJJOI u ... t ,,d •• «H'''" 
'"Jo )ump 
"1 1 1 jom¡> ¡f •tcumulotor minus 

ltKJCJ Jnmp ,¡ O<...-..mulator """ 
1 C~)J J "mp ,¡ iode• m in"' 
IOIU Jump ;f indeo '""' 
1<>11 juLnp w >ul>t<>ULin< 
1 HlO N<>l u;<d 
IIU 1 1\"N .,,ed 
1110 y.;.,, "'"cl 
1111 Operote '"'"""'"" l~oe 

R,=LDAfi 
R,=SUB7 
ll,"")AMS 
n,~JAZS 

ll,=JMP l 
R,~HLT 

JI..- 25,. 
n,~ 9, 

9-41 

Jl~<·amc .,[ tlw J." ·Hp ¡,,¡ ru~t' uno. ¡>.!ti of 1he progr dtn will hu rq>~a!~d
\1'" ~·'"""""'""''e thc d.lta pr<><:<'"ing hr li>ting d u"'"""'nt aft~r t·.!<h 
j!l;[wctinn that i> e'c~uted_ 

Firot ¡;~<>: 

~- SAP·2 

/nHrucJion 

R,"" LDA 6 
R,~SUB7 

11 1 -= ]AM 5 
ll,ooJAZ5 
R. .. )!.1P'l 

Cummen! 

A~ 25,. 
A~l610 
Nojump 
No jump 
Return \o R, 

"' 

Duting this f,m pa". the LOA 6)0ad• the accumu!.<tor w•th the binlry 
equivalcm of d<edmal 25. Thc sun 7 subtr~c1> the equivalen! of <lecimal 
9, l~a,·ing decimal 16 in the accum<Jlator. HeNU5e tloe aecum,]ator COn· 
tenis are positive, the )AM 5 and JAZ 5 have no elfect Then comes the 
]MI' 1, which retllrnS the proce5Sing lo the SUB 7 >n>truction (•~e Fig. 
9-6a)_ 

Second pass; 

11, = SUII 7 
111 =JAM5 
R,=]AZ5 
R,"" JMP 1 

Commenr 

A= 710 

¡.,·o jump 
No jurnp 
lleturn to 11 1 

On the st'con<l pass, the SUD 7 r~duces the ac·cumulatur conlents lo 
decimal 7, still positive. The )AM S and }AZ 5 are again ignored. The 
J!.lP 1 returns the proce<SinS tu th<• SUB 7 instruction (Fig. 9--M). 

Third pass: 

/nsfrucliun Commenl 

H,=SUII7 
11,.,. )AM S 
R, = HLT 

lOA f 

'"" l -· 
~· ,., -
"" .. , 

A"' -2,. 
Jump tu 11, 
End of pr<•gram 

lOA 6 

sua 1 

~-] ~" 

"" l 

"" 
"' 

lOA. 

'"'~ JAN S T"" 

JA,Z' <OMM 

~ .. 
"" -..~ E"'"'' 

.. , 
t-••. 9-6 A ,mplc ~"'"""' "ILh /AM, /AZ, or•J / ~1P. 

1 



Pn thc IIHrd r:'''• 1'•- ~'; l! - '""k"' thc ""ruinu]alur con!ent> 1\toJ:»li\'C 
(rhe oi¡:u hit <;!;;\•:::<-·> írorn O tu 1). Th" JAM S now fon:e• the <-~>mpul~t ~~ 
j<nnp 10 thc i',, ;,,[,,,¡¡,.,,. .\[ thi< point, tht: <Lta pr!l<:e>S•no; ol<>p> 
(F•¡:;. <J-1>1;¡_ :. 

Tlw t:omputcr wn the•eforc has l"'o rclums lo SUB 7 alld thc final 
escape tn HLT [F•g. ll-Gc). 

A sr¡uare·root mbmullne starrs .. t addr.,>S A2 aud a log subroutinc al 
"ddress es .wh~t doe> thc folluwing program ¿,? 

SDUJTION, 

n.~LOA6 

R, "'JMS A2 
11,"' ADO j 

11,--JMS es 
H,""" STA 8 
ll,=HLT 
1!., = 400,, 
R, = 80,. 
H, = (ANSWER) 

We c01n •ummati2e the d~ta pro~-..ssing !oy lhhn¡; a <O<Jmment after ea~h 
1mlro1Nion ;, exe"ued. 

1 '" 1 '" (' 1 ¡.," 
R.,"' LOA 6 
R, ~ _\~1$ A2 
R,-ADD7 
R,"' ]MS es 
11."'" STA 8 
R,~ IILT 

c""'"'""t 
.... = 400., 
A~ :?.0'" after subroutine 
A= 100,0 

A"':?.,. .,flcr subroutine 
R, =:?.,o 
End of pmgram 

The LDA 6 loads tlie 11<-"<:umulator with 400,.. The jMS A2 jump< the 
<.'<lrn p< oler to the •quare·root subrou Une. After this subrout>ne is finlohed, 
1he a~-cumubtor crmt~ins 20,0 • The ADD 7 increa•es the attumulator 
eontenh 10 100,0. The JMS es re,.,!ts in a log subroutine. aftu which 
the ac-cumulator contains 2 10 (the common logarithm of 100,0). The STAB 
store> the aecumul.tlor word •1 addreS< 8 

Figure 9·7 il!usln<tc• the progmm sequencé As shown, the li<Jt e~i• 
from ti· 'ain pru~mm nccurs nfter tlte "'"c"twn of]M$ A2. After ~OL 
pletiuR lhe >quure•ruot .ubroutJnc, we reenter lite main progntm n• 

U>~~ 

, .... ~·-~~~~~ 
.,.,~ .,, 
:~:·-u~ p~· li· .. 

' 
\ Fr¡_ 9-7. l' ro¡rarn •"'l"""~ for "•b>uu(ono>. 

ADD 7. After JMS CS i• t•xecuted. we ]ea•·e the m.<in prngl1'm f~>r a 
sectmd time U¡wn comp\ution uf the lo¡; !ubrouline, we reenter lhe 
main program at STA 8. 

Notice the lllHl ioblrl<e'IHm "1 tite end of each Hthroutine. I!RB 15 

1 

the mnemonic fnr "'brand> !Jad ."" Thi> ill>lructiou Late, pro¡:r.,tn con· 
trol awar from thc subroutine ~ounler and returns il to lh~ pro¡:ram 

. counter- Bl!.l:l is discu"ed funher in the nnt ;~cti<m. 

9·4_ OPEAATE INSTRUCTIONS 

An operale instmclion neither <»e> the men'"'l' nor alter. the program 
eounter. lnslcad, it operates on wordo aln•,dy t r .m,fcm•d ~u t of mc 1nory 
into working registN> (like the accumulalnr, B r~gi<ter. inri~• rc¡;o<ter. 
etc.). What follows ;, a bricf description of each SAP·2 ope•ale n1>11LL~· 
tion . 

NOP is the mnemonic for "'no opera:iou." During the e•ecu\ion of a NOP 
instruction, al! the phases are do nothings. Therefore, nothing happens 
when a NOP ;, executed. 

Why nse a NOP? After writing a Ion~ progr•m, )'OU almos! a!wor.; 
ha veto debog it ()oca te "nd corree! the errOr5). This may rer¡uire adding. 
changmg. or removing instruc\ions. If you rernove ~n instruction, you 

• ca" flll !he gap with a NOP. 

1 
J1or instance, in Fig. 9·Sa, the second ADD E2. han unintended 

doplieation. Jf yoo pu!l this instruction. a gap appea" in thc ¡>rogram. 
The easie•t way lo fill the gap i• with 11 NOl' (Fig. 9-Bb)_ 

Sorne microcOmptlter mJnufartoren re<."Ommend startÍ!>b ,Jrngr,un 
with a NQp- The reason ~iven U th.at pntential rn<e• e•i•t ~~ rh~ be. 



"' 
Ro • LOA C) 

P.,. • ADOE2 

,,, 

R0 • lDACt 

"-lo • "DD E2 

11., • NO• 

R:> • SUB(¡ 

"v.·HlT 

"' Ftg ~-B u.,nt a NOP to 011 a ¡t.op 

lligltal compulor €1ec!roe' 

ginnin¡: of a progmm. By leading oiTwith a NOP, these polential raw; 
have a chance to d1~ out. 

NOI's are alw H>ed to produ~e dclays. Hy repeatin~ a ¡.;Qp a few 
hundred times, you can delay the dau proees•ing while some activitv 
tÜe• place elsewhere in a computeri:>.ed syst<::m. · 

CLA means ''dear the ac·cumulator," The e•ecution of a CLA re;cts all 
accumulator bits lo 2Cr0 (Fi¡. 9-9~). 

XCH 

XCH h the mn~.munic for "exdwng<' ac~umularor and index:· During 
the e>ecutton of an XCH. the words in the accumulator and index 
register are h'dllsposed (Fig. 9-9b). For in>tance, if 

• 
cwo """" 1 0000 ) 

,,, 

A = (l{()(J 0000 1111 
X = 0000 0000 100 l 

1 >XXX 1 "" 1 >XU 1 .. 

• 
"' 

(15,J 
(9,.) 

the e>ecu(ion of an XCH resuhs in 

DEX 

A~ 0000 0000 1001 
X = 0000 0000 1111 

• 

(9,.) 
{15,.) 

"' 

DEX mcom "decrcmcnt the indcx regl5ter." The execuhon of a DEX 
d~creo>e> the cunlelll5 of tloe inde• register by one. Given 

X= 0000 0000 1001 

the execut!On of a DEX produces 

x~ oooo oooo 1000 (8,.) 

J:>.'X 

INX is thc mnemonic for "increment the index '"~ister." This 1mln1~· 
tion add; ene to the index register. 

CMA 

CMA stands for "complcment the accnmulawr:· The cxecutiun of a 
C!.I A invcrt> each bit ¡ n the accnm ulator, produci ng thc l 's complement. 

CMB 
C~1B ;, the mnemonic íor "complcment the B regi•ter." This instru~~ 
tion in~crh each l>ít in thc B wgi>ter, ao>ulting in the 1'< complement. 

!OR rneans "indusivc OR," idcnticaJ to thc OR funchun discu•sed in 
earlier chaptt•rs The ~xecutlon of an IOFI wil! Ofl the correopondtn¡; 
bol• in tht'" ~U:tHnula~or and H reg~>lcr (Fig. 9·10); the remlt appeaT> in 
the ~vnmnl"!or, 1{ 

A~llll !llO ¡¡00 
D ~ 1111 0~01 OOOC 

• 



1 '"'~ 1 '~'" 1 ~ .. 7¡ ~ 
"" "" '"' " " " " " " " " " " " " 

1 XXXX 1 XXXX 1 ,,;;:;:-) B 

the e>e<:l'lio" of an !OR gives 

A~ llll llll 1100 

ANO 

· Exe<"lOiin~ an ANO JlrOduce, bil"·ise Al<Din¡;: ofthe accumulator a::.d B 
register (F•~. 9·101. with thc re;ult appeanng on the ac<•tnnulator. With 
th~ initia! value; ~ivcn by Eqs. (9-1) and (9·2), the txtcution of an ANO 
produces 

A~ 1111 0000 0000 

NOR 

Thi; i n<lrudion N DI\; thc eontc n!> uf !he accumu !atar ~nd B rcgister on 
a bitvcise ba•is. A• u•ual, tht ,.,,,]¡ appea.s in the accumul.uor. With 
the ~ahle• of Eqs. (9-1) and (9-2), the exccution of a NOH give• 

A = 0000 0000 0011 

NAN 

:-./Al' is the mntmonic for NANO. Again, the corre•ponding bits of the 
accumulate>r and B rcghtec are operated on. Given the value• of F:qs. 
(9-1) nnd {9·2), the e>tcutiun of a~' .... !" resuhs in 

A-0000 1111 1111 

XOR 

An XOR instruction wi!l exclusive 011 the contents of the accumuldtor 
and B regi5ter bit by bit. Civeo !he values of Eqs. (0·1) and (9-2). tloe 
eu:cution of an XO!l producel 

,,_ 
'""''"'' 
"'~"'' 

¡BRB 

1 BRB i~ tlie mnemonic for "'branch bad •. ": Th" RRR is u sed at the end of 
each >ubrou!ine lo gel Lack lo th~ main program. BRB is lo a subroutine 
a< HLT is lo lhe main program. In other w<mls. if you fnrget to use~ 
BRB al lhe end of a suLroutinc, ~<>u will get cumpulcr trosh whcn lhe 

1 suLroutine ;, called. 

INP 

!NP m~ans .. j nput. ·· This instruction i> executed in two phasc5. The fi r>t 
e•eculion phJse luads the input regi5ter with a word frum the interf~cc 
ci o coi!. Th ~ •~cond cxecution phase transfers this word lo lhe acc\l rnula
tor (see Fig. 9-11). 

·OUT 

1 

OUT st.ands for "outp.,t."" Whcn thi; mstruNion i< executed, the ac· 
cunmlator word is loaded into the outpul rcgister. 

HLT 

What does every program end wilh? Righl, HL T. This imtruction stnps 
the dala proce.sing. 

Op-Gode """ Select Code 
1 

Eurlier, Table 9-l showed the o~de for all MR!s and jump instruc
lions. 1100, 1101, and liJO are unused words, but llll 'icate, an 
opcrate ÍIJ<truction. That is, all operate instructions hav~ ·' formal: 



'" 
1 

tlog•l•o Comp"'"' Eoeebono« 1 '''-'''''''"''----------------------

Jlll xxxx xxxx 

o''""'' 1 1 1 
Sclect c·od~=:='___j 
Drm't c·are;,---------

Tal>le 0-2 >hows the ulecr cmlc•, tloe middle ~ bit> u":cl for e~ch 
npemle instruction. T11 progr¿.n any opcr~k ui>lru~twn, >lart with hmr 
h, follow w¡th the selc~t <"<>de, ~nd cnd with fonr d 1u 1't cares- For 
LflSI<Hot·~. the mnemonit·> ami equivalen! machinc word' for thc first 
llnrc OJ><";<Ic in>tru~tior" ""' 

NOP- 1111 OUOO XXXX 
CLAo.llll 0001 .XXXX 
XCH'"' Jlll 0010 XXXX 

(The ~ >i¡:n >t.onds for "j¡; e<]nivalenl to.") 
ln~l()ent.dly, MHJs ""'] jtomp instructions use an addres> ficld Out 

opcr.•tc Íll<lrndiom duu't, l><:causc all the opetands aa: aheady in 
WOJ\.iug: IC!;I>Icr<. 

You """' ha\e th" clllire SAP-2 imlru~Uon set: 6 /\IRis, 6jumps, and 
16 operatc>; a lot•l of 2R •n;tructions. 

TADLE ~ 2. OPEAATE UiSTRUCTIONS 

Mn<Ouumc Sd<<l C<><lo .-~ ..... .,.<: 

NOP ~ No c¡=oMn 
e~ ""' Cloar •«·omulooor 
XCH oow E•cl,.n~o A ond onde• 
Df."l: 00" Doc'<m<nl wde• 
IN'\ "'00 ln.,omont Jn<le. 
CllA "I(JI Comol•""'"' A 
ow OliO Cmn¡>le<n<•nl H 
1011 1>1!1 !n<lu•lv•·Ofl 

··~ IJ '~ "" Mm JOOI ''OR 
:-.'Ar-.: lO JO ''A~l> 

),()JI 101 1 Eodu'""'"" 
UJI U 1 Jll(J ~ ...... n b .. L 
!SI' 11 01 ,,,,,,, 
oc; 11 w Onlpul 
lll,T ..L 1 j JI ll•l• 

HAMPLE ~·· 

How many times is the DEX executed beforc thc )IZ 4 
pro~e5Sing tu thc HLT ;,. the following progr¡¡m? 

SOlUT/ON, 

R.=LDX5 
R,= DEX 
R,=JIZ4 
R,=JMPl 
R, = HLT 
R, ~ 3,. 

jumps the 

The LDX 5 loado the index regisler (hNeafter t•alled iml~x) w1th 310. 

DEX reduces !he inde~ tQ 2,.. ]JZ 4 Í$ ignorcd becaus" th~ index is uot 
zero. JMI' l returns the program to the DEX 

Tioe second time the DEX is executed,the inde. dwps 10 l,.. ]lZ 4 

is ogain i~nored and JMP 1 returns the program !1> DEX for a sec1>nd time 
(sec Fig. 9·12). 

The third DEX reduces the index lo z~ro. This time, jiZ 4 jumps 
the program to HLT. 

A loo¡> is part of a program that i> rep~at~d. In this ~•ample, we 
have paucd through the loop (DEX and )IZ) three limes ns shown in 
Fig. 9-12. Note thar the noonber 1>f passes through !he loop equals th" 
t~umber loaded into the inde• register. 

Tf we changc R, to 710 and r'erun thc program, the computer will ¡;ass 
through the loo¡; sevcn times. Similarly, if we chonge R, lo 200,., the 
conoputer wdl pass t}JTough tl~<: loop 200 times . 

Thc pOinl to remember is this. We nn set up a loop by indudingan 
LDX, DEX, ]IZ, and ]MP in a ¡>rogmm. The int~~er loaded into th~ 

'" 

'"'"l ~·· '";.:;:'" 
111< • 

J"'" 1 

'"' "''""' 

HCT Eo<""' 

f ... 9-!2. ~"'~"'"""n.¡ •IMp. ---
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NOMBRE Y tJII\ECClOU 

1, FRANCISCO JAVIER IIGUILAH JUAREZ 
Ermita atapalapa. tlo. 442-24 
Uniüad Modelo 
México 13, D. F. 
Tel. Sst-32-64 

2, JAIME ART!'H!O AGUILEAA \I\.2QUEZ 
,Jos~ llcilbuena Vela no. 7 

·Col. !<oS Ciprf!ses 
México 21, D. F. 
l'el. 677-56-48 

3. JUAN MIUIUEL ALOUSO MARTINEZ 
Martín Mendale No. 1429-1\ 
Col. Del Valle 
México 12, o. F. 
Tel. 5J4-90-73 

4. DAVID ALVAREZ SüLIIR 
B~rth" llo. 195-2 
col. Nativitas 
México 13, D. F. 
Tel. 672-78-91 

S. JOSE DAVID hNGELE!; O. 
Concepción U«<uiza 266 
col. !.as Camelias 
Morelia, Mich. 

6. VICTOR GhBRIEt. BARBOSA GI\OCil\ 
~Urtín Castrejón !lo. ?2 
Col. F. Del Río 
!olo::"elta, Mich. 

EMPRESA Y PIRECCION 

TELE!'OtlOS DE MEX!CO, S.A. 
Parque Vía No. 198 
Col. CUauhtémoc 
México 5, D. F. 
Tel. 518-82-20 

E.N.E.P. ZARAGOZA 
Ignacio Zaragoza E~q. Guelatao 

S.!i.C.P. 
Palacio Nacional 

ltlOETEL, S.A. 
Antiguo Camino a San Loren~o·S/N 
Col. Zona Industrial 
Toluca, Méx, 
Tel. 4-24-44 

ESCUELA DE !NG. ELECTIU~ OMSNI! 
Ciudad universitaria, Ese. de 
Ingenierra Eléctrica, 
MO::"elia, 11ich. 
Tel. 2-77-?6 

ESCUELI\ DE ING. BLECTRICA U~.SNH 
Ciudad Universitaria, Ese. de 
Ingeniería Eléctrica, 
IJorelia, !1ich. 
Tel. 2-77-76 



NelUIRE Y DIF.ECClOII 

•- .".<!< \l :"¡.._-;e,; -·--
~~7. TEOOOkíl BOGAIUN NU!mZ "" ·~.q::z 

Ourango 535 ~-'· ., 'l 
Col';._· Rosales~ r .cj <;;\.d.• 
Culia<:án, Sin.··_¡-_ 
Tt>l~. 27021 ~ ' 

5-l. PA.,"'JC[, •.. -J·-·~ '- • • .~:.-.D 
8. VICTOR MANUEL.CASTILLO OOI'Ur!GUEZ,~\..,, 

Plau. d~ la República 26-,5" piso 
Col·:~~·abacale~" 

I'.<Íxico S, D. f'. 
Tel> S46-24-21 

' .. 
A· .::;,, . .,._,, :; __ 2011 

9. !'.ANDEL DEL VILLA.R CASILLAS 
r.uto 16 .•_, 

Col. Sla. Ma. la Ribera 
México 4, D. <'. 
Tel. 541-19-21 

o •U, 1 ..... :~ • . Oo , ;..1!.1\P~:-~ ,..,., 0 •; 

s,J:.;:lc,z CJI!.J: : ..... }fú 
cu:. ·- .: ;., · .• -e,.• 

10. JU\IE!ITI~O, OECSl\.N'I'IAGO ,GRACIDA 
Sta:\Croz,156J . ..'>.l. } 

- 1 ' 

"· 

Col. Portal"s 
México 13, o. F. 
Tel., 532-99-22 

~.u, ..;c,:,t.: '"""V!:l '';'~".::::3 ll!':RRERA 
:.......•=··' d- ·, n .;.r,..e :;;¡, i96 
Cn~. V ..: . ..w,: 

c;.Ri:oS1DIAÍ 'ROiJitcu~ 
Cafetal 473 
Col. Granjas ~~xico 
México 8, D. F. 
Tel. 657-1775 

···;• '· ...<~>.'EL 

; .. ! --~ -~·'-'· 

' ' 12. FAAilCISCO AL!lERTO DOM.INGUEZ ROCHA 
Av.-'.20'de nov. 91 Dpto. B 
Col. Centro 
Mé.doo 1, D. F. 
Tel. 512-72-61 

EMPRESA Y OIRECCJON 

ESCUELA DE INGENIERIA DE LA OAS. 
Constitución y Andude 
Culiac:.'ín, Sin. 
T'll. 2~49-70 

COMISION FEDERAL DE ELECTRICIDAD 
Pla2a de la República 26-5° piso 
Col._ Tabacalera 
Méxioo S, o. F. 
Tel. 546-24-21 

'· 

Bllr'ETE INDUSTRL\L DISEftoS Y PKIYECTOS 
S .JI. 
Tolstoi n 
Col. Anzures 
México 4, D. F. 
Tel. 533-15-00 

'" 
S.A.I!.O.P. 
Xola y Av. Universidad 
Col. Narv .. rte 
México 12, D. F. 
Tel. 574-82-17 

~ ., . 

C.A.P.F.C.E. 
Vito Alesaio Robles 380 
Col. Teooyotitla 
México 20, D. F. 
Tal. 554-67-91 .... 

, ...• 
e ' 

SEC~TARIA DE HACIENnA Y CREDITO 

PUB~!cQ· , 
Tel. 512-81-32 



' • 

NOMBRE Y DIRECCION 

1 3, RICAROO ESPRIEU.A GODINEZ 
Calle 2 Edif. 26 No. 12 
Col. Fovissste 
México 21, o. F. 
Tel. 6 77-96-61 

14. RJI.H:m FEXAS FERHANDEZ 
Viena 156 
Col. El Carmen 
México 21, D. F. 
Tel. 554-06-88 

1 S. LUIS HUMBERTO FRANCO CAR!lENAS 
Av. universidad 465-4 
Col. Del Valle 
México 12, o. F. 
Tel. 523-49-36 

16. LUIS GARCIA REYES 
Martin castrejón 35 
Col. Felicitas del Río 
Morelis, Mich. 
Tel. 2-64-25 

17. JOSE MANUEL GONZALEZ GONZALEZ 
Nogal 122 

Col. casa Blanca 
TOluca, Edo. de Méx. 

19. JOSE FRANCISCO GlRON ARVAYO 
Cumbres de Maltrata 409-3 
col. Na.-varte 
México 12, O. F. 

EMPRESA Y DIRECCION 

FI\CULTAD DE INGI!NIEIUA, U.N.A.M. 
Cd. Unive~sitaria 
México 20, D. F. 

SEC!ll:TARIA IlE I!ACIE!IDA 'i CREPITO 
PU!ll.ICO 

Palacio Nacional Edif. 5-2" piso 
nél<ico 1, o. F. 
T~l. 585-40-11 ext. 2134 

BANRURAL 

campeche 290-7" piso 
MéXico 11, D. F. 

ESC. DE ING. ELECTRlCA UMSNH 
MOrelia, Mich.· 
Tel. 2-77-76 

INOETf:L, S.A. 
Antiguo Camino a San Lorenzo, S/ll 
Col. Zona Industdal 
Toluca, Edo. de Méx. 
Tel. 4-~4-44 

PLASTICOS REX 
Ferrocarril de ~ernavaca 324 
Col. Olivar de los Padres 
Tel. 595-31-00 



NOI·\i!RI; Y OIRECCii)tl 

19. FI':R:IAlJOO GRIIIALDI DE G'IVI'!S 
Retorno 911 No. 17 
Col. Centinela 
Y.éxico 21, D. F. 
Tel. 549-96~ 19 

20. ELE;Jt, GOMEZ !!ICARDEZ 
Génova 107 
Col. valle Dorado 
EJo. Ju Hé><. 
Tel. 567-66-00 ext. 2243 

21, JOSE LUIS GUISA TORRES 

T<J.bacos 26 
Col. San Mateo 
Edo. de México 
Tel. 373-33-17 

22. LAURA IJERNANUEZ PALET 
José 1-111. Olloqui ~ 161 - J 
Col. del Valle 
Héxico 12, o. F. 
Tel: 534-75-53 

23. MARCO TULlO IIER!!ERA 11\JGEZ 

"1. 1\.RTURO HERNANDEZ LEOESMI\. 
Valle Arispe 78 D Opto. 303 
Col. Valle de A~agón 
Erlo. de :.!éx. 

EMPRESA Y DIRECClOH 

S.A.)\,H, 
Reforma 51-13° piso 
Col. c~ntro 
México 1, D. F. 
Tel. 535-6!!-65 

INSTITUTO MEXICANO DEL PETROLEO 
Av. de loa 100 Mts. No. 152 

Col. San Bartolo Atepehuacán 
México 14, D. F. 
Tel. 567-91-00 ext. 2243 

INSTITU'!O MEXlC\1«1 DEL PETI'OLEO 
Av. de los 100 mts. No, 152 
Col. San Bartola Atepehuacli.n 
México 14, D. F, 
Tel. 567-66-00 

C.P.N.H. 
Tepic 40-2" piso 
Col. Roma Sur 
México 7, o. F. 
Tel. 584-QG-68 

5.1\..R.H. 
Reforma 51-13" piso 
México 1, O. F. 
Tel. 566-00-64 

S.II..R.H. 
Sie~~a r.o~da 23 
Col. LOmas de Chapultepec 
M€xico 10, o. 1'. 
Tel. 520-56-77 

' ' 
.. 
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NOMBRE Y DIRECCION 

25. ROSENOO ISLAS SOSA 
Vía de Neptuno 13 
Col. Arcos de la Hacienda 
Cuautitlán Izcalli 
Edo. de Méx. 

26. LUIS M. LEON ESTRADA 
cacahuamilpa 12-202 
CoL Condesa 
M6xico 7, D. F. 

RAMON FELIPE LOPEZ GOAL 
Gabi"iel Mancera 1430-305 
Col. del Valle 
México 12, D. F. 
Tel. 575-62-37 

28. ELSA LOPEZ LOPEZ 
Edif. 5 ent. 2-201 
Unidad Tlatelolco 
México 3, o. F. 
Tel. 567-66-00 ext. 2626 

29, JAIME ANTONIO AACHUCA GOUZALEZ 

30. VIRGILIO CESAR MARTINEZ VASQUEZ 
Insurgentes su.- 418·12 
Col. Rema su.-
M~xico 7, o. F. 
Tel. 584-62-74 

' ' 

EMPRESA Y DIRECCION 

FACULTAD DE l!!GEUIERIA, U.U.A.M. 
Ciudad Universitaria 

o:r.F. 
Amores 1270 
CoL Del Valle 
México 12, D. F. 
Tel. 559-91-43 

C.P.N.H, 
T~pic 40 
Col. Roma 
México 7, D. F. 
Tel. 5?4-14-97 

INSTITI.I'ro MEXICANO DEL PETROLEO 
Av. de lOs 100 mts. 152 
Col. San Bartola Atepehuacán 
México 14, D. F. 
Tel. 567-91·00 ext. 2636 

PRODUCTOS ESPECIALIZADOS DE 1\r:r.~<.o, lJ .r •. 
Poniente 134 No. 854 
Col. Ind. Vallejo 
México 16, D. F. 
Tel. 567-70-22 

C.P.N.H. 
Tlaxca la 92 
Col. RO"'a Sur 
México 7, D. F. 
Tel. 584-02-23 



NOME~ i O!RECClüN 

31. 1\I,FRJ':DJ MASIJt'IO !JIAZ MhEOO 
Palenque 111 
C.:.l. N!I~VIIrt" 

~!~i~ 12, O. F. 
'!'el. 519-74-0S 

:J:l. ,1\)}IGE AR'l'\JW H~~'I'ACHE FLORES 
Col. ~éxi<:o 
Mli~iw 13, o. t'. 
1•-.1. 5?5-3S-53 

33. GABRU:L MENDBZ llOTELLO 
r.v. llicolh León 192 
<::o l. Jl&~·d[ro Balbuen.a · 
Mlil<ico 9, D. F. 
Tal. 552·53·34 

34. JOSE LEOPOLOO HIIW<DA 'l'ORRES 
Retorno S da Iglesias Calderón No. 18 
Col. Jardtu Bslbuena 
!!éxic<> ~. O. F. 
T"l. 502·57·49 

J3. SEaGIO 11i.JRIZ PEREZ 
Mariilno Azuela S-18 
Col. su. Ma. la Ribera 
México 4, o. ~·. 
Tel. 535-20-76 

36. J. ROORIOO MUOOZ O. 
Trípoli 507-4-A 
Col. Po.-tales 
México 7, D. F. 
Tel. ~32-25-68 

EMPRESA Y DIRECCJON 

C.P.Jl.H. 
1'npic No. 40 
~>deo , o. P. 
Tel. 5¡14-72-74 

FACUL'I'AD DE JNGENIERIA, O.N.A.M. 
Ciudad Universi~aria 

C.P.N.H. 
Tcpio 40-3° PISO 
Col. Roma 
Míixico 7, D. F. 
Tul. 574-10-73 

S.H.C.l'. 
Palacio Nacional Edif. 5-2° piao 
Col. Centro 
M<lxico 1, o. F, 
Tel. '510-21•99 

liiSTITUTO MRXJCANO DeL SEGURO SOCIAL 
Av. Cuauhtémoc 
Col. Doctores 
M&Kioo 1, D. P. 
Tel. 761-11-22 ext. 2122 y 2179 



NOMBRE ~ DIRECCION 

37. RA!·~m NORIEGI\ SQLORZI\NO 
carrillo Puerto 368-5 
Col. Anáhuac 
México 17, o. F. 
Tal. 527-97-26 

Ja. PABLO QLLERVIDES AGUIRRE 
Playa Tabachines 36 
Col. MQrte 
México 13, D. F. 
Tel. 579-34-00 

39. HECTOR PAZ CONCIIA 
Ote. 9 No. 112 
Col. Reforma 
Cd. Netzahualc6yotl 

40. ALFO!ISO PHITO CONCHAS 
Colima 191 
Col. ROma 

México 7, o. F. 
Tel. 514-66-98 

41, ALFOIISÜ QUIROZ CHAVOLLA 
Xochicalco 51-103 
Col. Narvarte 
México 12, D. F. 
Td. 530-05-49 

ll. JUSTO MIGUEL RM!IREZ CABRERA 
Td¡.ooli 310-306 
Col. Portales 
Mexico 13, o. F. 
Td. 584-72-01 

EMPRESA 'i DlFECCIC'Il 

!NSTITUTO MEXICANO DEL PETROLEO 
Av. de los 100 mts. 152 
col. Sn. Bartola Atepehuacán 
México 14, o. F. 
Tel. 567-66-00 ext. 2347 

INDETEL, S.A. 
Antiguo Camino a San Lorenzo, S~l 

col. Zona Industrial 
Toluca, Edo. de Méx. 
Tel. 4-24-44 

PLASTICQS REX, S.A. 
FF.CC. de Cue1navaca 324 
COl. Olivar da los Padres 
México 20, D. F. 
Tel. 595-11-00 

PJIDDUcrOS ESPECIALIZAOOS DE ACE!W, S.A. 
poniente 134 No. B54 
col. Ind. Vallejo 
México 16, o." ~·. 
Tel. 567-70-22 

S.A.R.!l. 
Reforma 35- Mezanins 
Col. Centro 
Médco 1, D. F. 
Tel. 546-63-9~ 

c.P.N.H. 
TEPIC 40 
col. ROm.t 
!'léxico 7, D. F. 
Tel. 584-72-45 



NOMh~ Y D!RBCClON 

43. ALEJANDRO AAMIREZ MACIEL 
c .. ue 4 No. 149 
Col. Pantitliin 
Héxico 9, D. F. 
Tel. 556-03-86 

44. MI'.RIO PDJAS LEON 
Cdlzada da la Viqa 1416 E-108 
Col. Sifón·. 
México !l, D. E'. 

45. ENRIQUE RUIZ GONZALEZ 
ChihuahU<O 47 Opto. 502 
Col. Roma 
México 7, D. F. 
Tel. 564-80-95 

46. ISMII.EL SANCHEZ GOMEZ 
r;ogal 18 
Col. Sta. t:a. la ltibera 
México 4, o. F. 
Tel. 592-37-03 

~7. ROBERl'O SANCHEZ li'ODRJGUEZ 
Av. Universidad 2016 Ed. 3-102 
Col. Ccpilco Universidad 
México 20, D. P. 

. ¡¡¡, J. MAH.lO SANCHEZ Vl::I.ASCO 

Emper~dores 224·402 
Col. Portales 
MéKico 13, D. F. 

EMPRESA Y DIRECCION 

S.A.H.O.P. 
Xola y universidad 
Col. Narvan.e 
México, o. F. 
T~l. 519-66-00 

D.I.F 
Amores 1240 
Col. Del Valle 
México 12, o. F. 
Tel. 575-91-51 ext. 32 

FACULTAD DE lNGENIERJA, U.N.A.M. 
Ciu~d universitaria 

· M<'Íxico 20, o. F. 

'C.P.tl.H. 
T<!PÍC No. 40 
col. liorna 
México 7, D. F. 
Tel. 574-14-97 

S.A.li.O.P. 
Constituyentes 947 
Col. Balcón de las Flores 
Tel. 271~30·00 ext. 456 

C.P.N.H . 
Tlsxcsls 93 
CoL Roma 
México 7, D. F. 
Tel. 584-08-23 

.· 



NOMBRE Y OIRECCION 

49. Am'ONIO SJ\NOOVAL LEYV'A 
L9-M9- Fracc. Alvaro Obregón 
Col. Paraiso 
México 13, o. F. 

50. GI!,BERTO SANTOS AAAOZ 
Rep. de Costa Rica No. 44-17 
Col. Morelos 
Mé><ico 2, D. F. 
Tel. 529-19-84 

51. VlCTOR M. SEVILlA A. 
Petén Sur 46-22 
Col. Narvarte 
México 7, o. F. 

52. LUIS MIGUEL TERAN MARTINEZ 
Av. cuítláhuac 163 
Col. Potrero del Llano 
México 15, D. F. 
Tel. 556-00-36 

53. MARCO J\N"I'OtllO VAZQUEZ ESQUIVEL 
Alajuela, Costa Rica 

54. EUSI':B!O VEU!.ZQm;Z 

EMPRES11 Y DIRECCION 

C.P.N. 11. 
Tepic t!o. 40 
Col. Ralla 
Moil<ico 7, o. !'. 
Tel. 574-22-06 

S.A.!I.O.P. 
Xola y Universidad 
Col. Narvarte 
México D. F. 
Tel. 519-51-34 

FACULTAD DE INGE~UERJA, U.N.A.M. 
Ciudad Univereitaria 
México 20, O. F. 

C.P.N.H. 
Tepic No. 40-2" piso 
Col. Roma Sur 
México 7, o. ¡,·. 
Tel. 584-06-68 

UNIVERSIDAD 01!: COSTA RlCA 

S.A.R.H. 
Reforma 35-Mezunin~ 
Col. Centro 
México 4, D. F. 
Tel. 546-63-93 



NOMBRE ~ DlRECCION 

55. ENRIQUE Zl\.RATE LP.'iVA 

56. FRANCISCO JAVIER Zl\.Vl\.LA. !t:IRAU:S 
Manuel Ma. FlorPs * 149-A 
Col. Obrera 
H~x!_,o 8, O, F. 
Td. 578-00-01 

S7. PRA.IICISCO ZAVALA ZAVAr.E'l'A 
Calz. Vallejo 583 
Col. Magdalena de las SaUnas 
México 15, o. P. 
Tel. 567-44-79 

56. BERNARDO ZEtlOEJAS ~RAI.J:S 
calz. de la Viga 1416-E 108 
Col. Sifón 
México 8, O. F. 

EMPRESA. 'f DIRECClON 

S.A..!Ul. 
Reforma 69-9° piso 
Col. Centro 
Mé><i"' 1, D. F. 
Tel. 535-65-95 

CQJo!PANIA MEXICAnA AEROFOTO, S.A. 
11 de Abril 338 
CoL Escandón 
México 18, O. F. 
Tel. 516-07-40 ext. 126 

C.P.N.U. 
Tepic !lo. 40 
col. Roma 
México 7, D. F. 
Tel. 564-08-23 

D.I.F. 
Amores 1240 
col. Del Valle 
México 12, O. F. 
Tel. 559-91-29 

\ 
..... 


