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1 SYSTEMS PROGRAMMING 
JOHN J. OONOVAN .... 

background 

This book hu two major objocttve<: lo luch proc.dur<< fot lh< d.,i~n of .oft
"'"'' sy"a"' an<l 1<> provide 1 b .. i< for judg<lllenl in the deli¡n of .oftworo. To 
fo<ilitote our u<k. we hovt tohn s:p<ciflo "'mple< froni oy<tems progllm._ We 
di..:u,.the dosi¡¡n and U11plemcnta\Lon oí the major oymm ce>mponents. 

What i< syotem• pro¡;nmming? You m• y vist,.lizo o computer n<ome sort of 
"""' tl,.t ob<y1 all commond<.. Jt hu b .. n .,;d thot computen.,, bosically 
prople made out <>f metol or, convttstly, ptople ore «>mpUten m.ade out of 
ne•h ond blood. Howe .. r, once we gol clo<e to computen, we K< thot ihey are 
b"ically mothontl lhat follow very <p<<lf<C ond ptimitive in<lrUCiionl. 

In the ufly doy• of comp•llor>, p<Ople commun.:ated with them by an and 
off swilch01 denohng ptimitive ins:rucliono. Soon people wanted lo go .. mo~ 
cnmpl•~ imtruc!ionl. For eumplo, they wan!ed lo be oble to Y.~ X • 30 • Y; 

· gi.on !hat Y • 10, what is Xl P!O«n! doy computen connotunder>tond such 
l>nguos• witloout lhe aid of sy•tenu pro¡ram<. Syotomo progroms (• g., com· 
p<kr>. loaders, macro pro<OU<lts. op<ratlng oyotemo) W<« de.eloped lo m>ke 
tompu!crs boUer adapted 10 the nO<d• of their """· Furlher, peopl< w:antod 
more aniS1anco in tñe mochanios of pr<porlns their prosroms. 

Compobs oro oystOms P"'t' •m• that accepl people-hke languo¡;etlnd lranslm 
them into ,.chi,.languag<. Load•" '" syst•m• pro'""" thot prepor< mochine 
longua¡;e programs for exeCiltion. Macro pro<""'" allow pro~r>m""'" 10 "" 
•bbreviations Opetlting oy>lems anJ file oystems ollow ne.,ble storing and 

"""""' of informolion (Fig. 1.1) .. 
There •re o.o:r 100,000 rompute" in"" now in virtuolly ..,..1)' opp~oot;o,. 

The produco ivity of each computer io he.,~y d<ptndent opon ¡he offtclioet'IMS. 
ofndcnry, and soph.,ILOOI ion of the oyotemo pro¡;r>m$. 

In thi• thaptei w• inl roduce ''"'" teominology •nd outhn• .ñodoine <itucturo 
and th• ba•« !•11<• of '" opttatin& '}'>lOm. 

• 



'""" 
1 A<ll>i~lan Pf'<lll'.....,¡n¡¡ 1 . 

c-.,, ... 
--·~ -P'""'"""' 1 - 1 Te>ct oO•ton Oot>..ggrn¡¡ ~od1 f s...,h;og _ L 

L 110 1'1'"'7-) filo ,.., .... ,) _._ 
~~. 

""""' 1 .:.:;:::.,¡ ..::;::....¡ 
FICliR~ 1.1 Foondotlooo of 

1.1 MACHINESTRUCTURE 

Wo b<gin by lkotdting th 
(Fl¡. 1 .2). e gonorll bardwue orpnluticn ot • compuler l)'otom 

FiGVRE U 

lli .. ·-(;onortl !wd....,, 0 _;,_ 
· 'JI• ... IIon of • compottr "'""'" 

•• 

~lrmory b lbo do•icc whore informa!ion . 
11 

«1 
tlut o¡><ralo on rhis lnfo: r 0 

11 
or • ~ "'' lll• devict~ 

• ' ma ""'· "" ""Y~;.,. lnfonnotion ~--'"' 01m Of oneo ond zeros Ea h "''"""8 storod in 
M. Blto aro lyp,colly """",".¡, e one Ol zero h • ~'P•rate binory dJ!:•t ••lled 1 
'' • '" unots lha! are callod word h "•mor y loco bono tr< lp<eifl<d b dd '·e >rott<rs., or bytn 
lpecitlc byre. v.ord, 01 characte:r Y a "=•· Whete <>eh add,..,, ident1fi .. 0 

' 
The contento of 1 word moy be inlerpretod udara{VJ.luuto be op<rated on) 

or bu/1Uctioru (opotationo to be perform<d). A p1ocessor it o dovico that pc1· 

fofms 1 ~uono< of opentions q>«ifi<d by iru;!Juctions in niOmcíry. A pt'(lfTTmt 

(or pr,...dure) is 1 oequence of ino!JuctiOnL ~-

Memory moy be thOught cf u manboxoo ccnt.aining groupo of oneo and wc:r.. 

Below "'' depict 1 .. n,, of memcry loaotiono whose tddresses au 10.000 

thtcu¡h 10,002. ' 

10.000 
10.001 .. _ Co"'""" 

• 

An IBM 1130 prccessor !Jeotlng l<>calion 10,001 ao &11 inotnrction would Jnter
pr<l 111 conten\1 .. 1 "holt" inotruction. Tr .. ling the sameloc:oMn u numenc.l 

dora. tho ¡nocuooo would interpret 111 CO<I\<RII u tht binuy numh<f 001 1 0000 

0000 0000 (decimoll2,288). Thuo in<lnrctlcno IIId dato ohue !he same otor~e 

inedium. 
1nfo1111.0tion m memory 11 coded knto sroup• of bito thot moy b< intc-rpreted 

u ebau<t.ro. inotruetloru, or numb"•- A <Ode;, o.._, of rul<> fot inl<rpreting 

poupo of b>tt. '·'-· codes for repreoent>tion of d<cimal di¡¡to {JICD). f01 cbar
actm {EBCDIC, OJ ASCII), oo f01 trutructlono (spoc:ilic P'"''""' op-e.,hon 
ccd01). We havo depicted twc typ" of proceuon: lnp~r/()!Jtpul (1/0) processo" 
and Cenlrol hoct~uing Unlts (CPUo). The 1/0 procesoonare concorned wit.h !he 
tnnúet of dato b<tweu memory &lid peri¡the<ol deoica ruch u disl<l, d<llml:,_ 
pinten. :md typ-<VoTite<:r.. The Cl'Uoare r:oncerned with mtnipulaliOIII cf dat> 
otored in memory. The 1/0 proceuon exocute 1/0 irutru<tlcn• th" are otored in 
memoty; they are generally octinted by 1 comr11.1nd from !he CPU. Typiully, 
this eonsis\1 cf 111 ~uecuto 110"' inolruction wh<loe u¡¡ument !1 \he addrno of 
thr otart of the 1/0 prcgr~m. Tht CPU lntc<pr<lo lhiolnstructlon ond JI'=< tht 
ar¡ument to tho 1/0 proa:nor (commoo!y oalled 1/0 clunnel1). 

The 1/0 !notruction se\ moy be entlrely d!Cfer<nl from thot of !he CPU and 
may be executed uynchrohcully" (limultineoudy) with CPU opera! ion. Aoyn
chlonau, cpeution of 1/0 du.nnel•nd Q'U1 wu ot1< cf t.ho urlieot fomu of 
nwlliprocn:iJ1r. Mull!piO<O>O:Í"'I mean• h1ving mon tban cno proc...., cper· 

ating on the ""'" mernory oimuhanwully. 

Sin<e inotruotlono,lil<e dau, ore 1\oted In memoty and cañ be tr,.ted u dato, 

by cbanging tbe blt conf"rguration of IIl in1!NCIÍIIR- oddinJ 1 numb<J to ll - we 
may chango Jt 10 o different inotruc1ion. Pr<>OOdwe¡ thll modúy lh<IIIIOI ... ..-e , 



EYOLUTiON CF TI-< E COMPONrNTS Of A Pll0GRA!o1.'1/liNG SYSTEM 

1.2.1 Auem!J!ors 

l.tt ~• rnoo-o. """' ""''" of rhe d< .. lc ,.,. -
"""' sy.,om. P "1 of !he •~mponento of a pro¡;rom-

"-1 °0' thr•. 1~< comput<r pro¡ramni<r hod . 
lhot intorpretod lhrou·" h • al hJJ d•opo.,J o bo~c miChino 

• "'' "'"""' <ertoin fundomo ¡ Ptu¡;roon this computer b' ,..r¡1- ' . ; "" '"'"~CIIOns. He would 

' ' 
tnga"""o oneoondu ( e 

P "' 1 ""' onto th< me¡,0 ,, 0 ¡ ti l . ros "'"'"'"' lon~uog<) 
o ""'" ""' ond press a but; e ' omru!Orwouidmntojnr<rn 1 l . ' on.w,.erouponthe 
r ,-re (10m"'"'''"'''""'" rO¡;!Ommoa fuund it dJifiCUit 10 w . 

In their que.t fOl • m TJI< or r.ad progranl! in mochinelangua'; 
ore <Onveni<"t la"t"• ti b · 

l•¡·mbol) fc. <ao.'t "'"hin• inUrurt" ·~· h s<. "Y og:m lo"" a m""monk 
mto rnoolu.-.. lan<n ~. ,· " 10

.
0
•"' 10 they would tubstquently traru.late 

~- • '"" • mn<monic m 1 1 •~nrbly 1om;ru p " 1100 ongJoge rS m;rw calltd 
"{< • rov-amo kno"'"n as a<Jt:mbl 10 

lr;r.<btion cf ,.,.,~•- 1 • <TSW<!O wntlon toO U tomate lb< 
~z '"~' >nto rn>dtirro t.n, Th . "mbl<r Progmr. is ••'lod th< · <lOge. • •npu¡ 10 an u. 
· souru P~pgm· 1ho ou• · 

trontbtion (o~j= ,oro,;r.:r.,¡. ' .put "• machino languo¡e 

1.2.2 Loodors 

One< lhe ¡¡<ombler pro~"'" '" oh"oct 
'"'" "'"Mry ,n~ «<" "' 11 . 1 j rmgr,m, 11''1 rrog"m rnust be pl•ood 

·• "· " t" purpm< or th 1 
P"'S""" Jre placrd rn mo ' O>dor to """"' lh>l object 

Tho mo bl , onory 10 ''' •~e:uoablo fo1n1. 
rn <. could rboe ''" objoct ~ro am d -· . 

control tu ''· tho:oby e• u ,_ l . gr u ••. ly tn memory ond ttan;l"., 
! ••• g 1 10 m"hmo bn¡;oago Proor;un lo bo oxoou:b:l 

• 
Ho'"'""'· Ibis ..-ould ""'11' coto\ by lou:ing th• assrnrblot in <Mmory wlulo 1M 
user'; pto¡run ""boina uocut•d. Abo the pro¡;rammor would hov< to retrans
latt his prQtrorn w•th .,eh "'ocution, thu• "'ming troi1S!aLion time. To overeome 
the problems cf Wllted Lrlnst>tion Lime and waste<l m•mory, 'Yil<m• progtam· 
mm developod onoth., componen!, collod th• loador. 

A load<r i• • procr•m th.ol places pÍogromo into me~ory and prep>tet th•m for 
e.ecution. In o. lintple loading ..:heme, th• aS!embler outputs tho mocltine 
lon~u:rge t•inslation of o prog<am on a so<ondory sto"ge clevice ond oloodcr is 
phco~ in oore. Th• loadet pliCOI into mcrnory the m achino longu•g• ••nion of 
tho uset'o pro¡tom and ttonofen conttolto it. Smce th• I<>Odor ptogtam ;, much 
smoller than the •"'mblet. thi• mak" moro core .-oobble to the user"o progrom. 

Tlle reoliution tilo¡ m.any usen weto writing vhtuolly th< urno progrlms lod · 
to tho d ... lopmem of "toady-mado" ptograms {paó.a~••l· Tltese pacl:..og:o• "'"' 
writt<n by tlt< compute< manufactuT<r< or th.e users. Al. th< p top wtm<t brcrniO 
mot< >Ophisticate<l. ho won¡td 10 mil< and combino rcady-mado p<O&'arn> wi1h 

hi> own. !n !Oipcn,. 10 lhil demand, 1 facility ""'' ptOvidod wberrby th<t"" 
could write 1 moin pto¡rom that used ""''"\ oLh" programo or subroutin.,. A 
>Ubrowint is o body of computtt instructionl d01lgnod to"be u .. d by otlt.., 
routines lo >ccomplioh o t11k. Ther< ot< t"'o typeo cf tubroutin": do,.d ond 
opon ,ubtouLin" An opm >Ubn>uun~ ot macro d<firtltlon is one who" codo;, 
in.,lled lnto the rn•ln prognm (flow continuos). Tbu< ¡¡ th• '"'m' Op<n sub-. 
routine w010 calle~ fou1 tim.,, il would appoar in four ~.rroront ploc" in the 
collin& program. A cloml oubrourine c•n bo •torod out>iúo tloO main tnutine. 
and control transf011 to the <Ubtoutrne. A<sociated woth lh< clo>Od •ubrout<nt 
ore two tnks th< main prog10rn mwt porform: tran•ftt of control ond tron<fot 
ofdou. 

lniti•lly, dosed subrOtrtines h>.d lo- be loaMd lnto momory al a spociflc •d

drm. Foi '"mplr, tC • ""' wW.td to omploy a squ>!e ro<rt wbi<Nlino. bo 
would hav< to wril< bis m•in pro¡;ram so 1ha1 i! would, ttanof<r to th• \e<:ation 
assiprod to-th< squar< tOO\ rouhno (SORT). H;, program ond the sub<ouhne 
wauld bt ISsemblod logtlhot. lfa "'cond user wished to "" th< ume subroulino, 
he aloo wou klo.,.mble ti olon~ wilh htO own progr>m. ond th• comploto nuchino 
longu.>go U•n•lotion would bo \O>dod into momory. An o»mplo of coro a lleca· 
toon under lhis inO~~iblc Lood¡ng "heme "depi<t<d rn f ogur< 1 .3, whO!< coto " 
dopictod " a hnoor moy of \ocatrons w¡th th< progr>m '"" ~1adod. 

e 

1 M'ln memoty h rypi<>lty lmptemenl<~ "m•gr>"l' "'"" hen« """'"'' on<l ""' m""" .......... ~ .. 

• 
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FIGIIRE 1.:1 E.wn-'· _ 
""'""' allo<.onon '"' o,bo>hou loo.~ln¡ 

Note tlut pro0rtm 1 hu "'•' ... 
" '' m cort Prooom ' •-· de>~roys pon of lhe SQRT •ubrou;· · o m...,, and theteby P me. 

rogramme, wi<hed lo"'" subroutln< th f ' 
IJ' ond did not want lo be conwnod . ~ hat" orrod lo eooh oth<r l)lmbolicai
They rxp«l<d tloe computor sysle :·u 1_ e addr.,s of parlt of thej¡ programo. 
to lUb>iitu" odd""" f th . m 

0 '"'~" locat,ons lo thtir subroutinesand 
S 01 

"' 'Ymh<lltc references 
ymmt progromme" noted ttt.1 it would b · . . 

coutd bt "'"~"ed into 10 objeet f h • more eiT,ctent tf subroutin., 
b<IHnd tho user'opro¡rom The 1 sk or;m,t at lhe loador <ould ""looote" d~rottly 

• • 0 ' J0"•ng pro¡¡roms so th • 
tn O!utlr"y <ore lo.,.tiono is ealled r<lacalir;m , ey may u< ploc«J 
funcuonl' · Rei<KtJUrr¡lcadtro ptdorm fOolr 

l. Allocol< >PO<< in memory fcr lh · 
2. Resol..-.oymbcl;o r<f<!tn<<SI>o..:::~•nlo{a/.laar¡f<m) 
J . .O.d¡usl tll addreu<lopendont 1 . bieot docks {bnkb!,lr) 

r<>pol'ld to the IIIOo:.ltod 0.,,~, -~:"".'•. >Uclt U oddress «>nstonh, 10 cor. 
4 PI · 11 '""""'"'") · 'Y""' Y placo the mochín< instruolio!l$ -•' "!"' •t1 •nto memory (IO<Idint) 

noo v;rio<fs 1YP<• of le» don that ,.,. will discu ("" . · 
rel<>elting. diltot·hnking dynomic~o d" d u «>mpil<·and·BO.w aboolule, 
in the monner In wluch ,¡,.,e four bo.:O •;g, •n dynomk·hnkin&) d1ffor primorily 

The period 0¡ .. '<ut·o ; . unwons '" oocompi1Shed. 
'n ° 1 ""''' pro¡tam · 11 d · petiod of lronsbtino 0 use ' "ca ' <.tr'<!JIIon rrmo. The 

L t' wuroo progr&m \Scalled b'·· 
ood rime "''" lo lho p.,jod uf lo,d· 

0
" 0m v or <Ompiltrimo. 

<x<eution. . mg and prepanng on object progrom for 

1.2.3 Moero1 

To r<liovo pro;rommoro or the n«d 
lo repeot identkal n011 , 0; ,,,. 

~ " or progum, 

1 

DACK<U<OVND ' 
opml ing 1)' stem• provide • macro proceuing facllJtY, ~<~hidl p<rmilo th• pro
grommer 10 defino on abbr<viat¡on fOJ a pan of his prosrom and to "" the ab
bJOVi.olicn in hio prcsrom. Tho macro proceowr lrcots lh< idontical pllll.l of th< 
pro¡¡rom dcf~Z~<d by the 1bbroviation 11 a mJJ.rro dtfinlt/cn 1nd '"""' the dcfoni
tiOJt. Tht macro proceosor oub<totutes the definition for al] Oc.cuttOIICts of lhe 
abbrniotion (macro t:a!l) in tho pro¡¡=n. 

In add.ition 10 helpin& prcgrmunen abhmiar< th011 prop-orns. moero faoaítieo 
luve b .. n uiod as S'fl<lll toa\ lundl<rs ond for speciabt.ina optn!lng l}'storris lo 
ind1>iduat computet insta\lations. In 1ipCCiai\Zing cporoting I}'IICms (l}'stetns 

!enemion), the on1ue Op<lllin& >)'stem ;,. ~<~rillen 10 1 seritl of matro dofof"li. 
tiono. To l¡l<eilhu the OJ'Oilling ¡ysttm, ,·,.,;., of m1ero calll are WfiUen. 
Tb.,. are proce»ed by lhe nurro processor by wb>tiiUtin¡ lhe lpproprlate 
definit•on•, th<reby produdng oll tho progroms for ait cp<r&~in¡ oy>tem. 

·1.2.4 Compilen 

Ao the ""r's prob\ems bocame more cotegori>cd into "'" such "scientlfoc. 
bu>in<S>. and Slati.,ical problems, •P"ioiJZ<d l:tnguag« (high 1.-rl/ong!loge•) 
woro dcvtl_opod lh>t ollo~<~ed rOe uoer lo cxpre" cottoln problems conoisoly and 
eouly. The•< h•&Jl lovol longuagcs - exomples aro FORTRAN, COilOL, ALGOL. 
and PUl - aro proce,.od by compolon ond ¡nt<rPrttm. A romprltr is a prognm 
llul IC<opts a p"rogom wutten in • hi!,lt lev<l lan¡;uogo ond ptodll<<l on objoct 
prop-om . .O.n inl<rpnltr n 1 progrzm that oppean lo uocutc 1 OOUtoe ¡>10¡tram 

"as ¡f it Y,.,. nllthine lmgu.tge. Th< sam• nlflle (FORTJU,N. COBOL, otc.) 1$ 
oft<n used to d,;,;grulibolh 1 compiler and ito ossociatod bngu•s<· 

Modern tompilor• muO\ 1>o 1ble to prov;do the complh faclhtiU rhll pro
gramnion ar< ,..,.., demondin¡. Tbe comp~or muO\ furni"'- compln acceuina 
mothods for pointcr .. riableo ond data s~ructur.s used in lan¡;u1gn til<t PL/1, 
COBOL, and AlGO!- 68. Modorn ccmpol<:rs must intoract tlot.ely with the opet· 
oting systcm te h1ndle mternents concormng tho hord~<~ar< interrupto of 1 oom
pul<r (~ g. conditional ¡rotements in PU!). 

1.2.5 Formal Svrtma 

A furn,.l systcm il on unintooprmd oakulus. lt consi<toof on tlphab<l, • <01 of 
wcrd• call<d axoom•. ond a fonit< "' of relation, called ruin of inforonce. Ex· 

ompl" of formol ~01•ms ore "' theory, boolean olgobro, Post 'Y"'"''· and 
Backu1 Normol Form. Formal systems ar< becomms importont in•lhc d<~gn, 
unplomenoat•on. :.nd study of prop-amming longuagu. Spcdt.cally. lhoy can b< 

• 
' 



,, 
EVOLUTION OF OPEFIATING SYSTEMS 

lu<t • fow yelrs '&" 1 fORT'"", · " 
·' ' "''" prosromm" would ap fl th wu' lOS"'""' de:k in h" 1,¡1 honj · prooc e cornputer 

FQRTRA~ cornptl<f in his ,, ... ,, '~~d • groen de<:!< of Cords thot W<lUid bo 1 
,..., "'" · "' would: 

l. l'la~ the FORTRAN comp!l<t ( , d k . 
tho lOld buUon 111 · gr en "" ) '" tho <:ard hopp•r and pr ... 

2 l'ia • e rompu<er would lo.od the FORTRAN 
. te hi• ""'"" bntU>t< dock into the card h ' <Om¡»ler. 

Ptler would ptoceed 10 u ,.¡ • . . opper. The FORTRAN <:OJn, 

W1S pun<:hod onto rrd , .. ;; '''a mto 1 m:u:hinelangu.>¡¡e_deck, whicll 

l. Ruch rnto tho e3rcllib" for, ink 
place them in the card hory T~ dotk of Clldt marktd "loador," and 
i<s ntem,>ry. pper. ' oompu,ter ,'"ould load th< loador in lo 

4· Plo« his nowly tran~ated cb ect d l -
wo"ld load ¡1 into tho nu•hl J ec '" 1h• cord hopp«. TJ,e loador 

SPI '"'· · •"" in lho <ord hopp<r the d<ds cf '" , . 
c.:tl!ed. Th< lcad<t .,ould lo d lh b Y W~rout~n<s whkh his progr~m 

6. Fin,¡l"· 1 1 ' ' '"'"' rout.n<l. 
. '1 • 1 ": "" ""'ould transfer hoctnlon lo !)ro use • 

mtghl ttqu!lo lho ruding of dala tardl. ' 1 pro¡r.m, ...tloch 

lhi• oysl<m of muhicoto"d decl, '""'.., ¡, . 
<lrong motivo• Lon for m..,. ll un~atr1fa<tory, •nd lhero wos 

• mo.,ng lo • more nexible "' 0 valuobf<: oomputor lllll< wa " , ~ .,stom. n<: r'""'" was lhat 
h 1 ~""O wnteu "the moch"ne 1 d "di d 
>ndimg acliviiÍil and b•twoon iob< (A jo . ' '

00 1 ' urjng oard· 
ommblyofoprosrom)Toohm' 

1 11
. brsounuof•p•CJftrdwork,eg .. an 

prOVided.p<rmilttRII numborof ~~e 1~1 w~sto. the facdrty lo botch Jobs wu 
10 be road A l>a h . JO '

10 0 P •ood IO¡oth01 into the card h<:ppt1 
. 1< OfN1"011r1¡ 'Y<I<m performed tho si; r b 

n•mp"' tho batch <Y<I<m would r 11 o atchtng¡o~ .. For 
FORTRAN a>m~;¡., nd ,_d 'pet orm neps 1 lhtou¡h 6 >OO.. r.uiovin¡ u,. 

,. 1 .._.., tor:r ...:ondory SIO<a¡o 
Al tho dt1113nds for C<lmputor 11111, m<m , · . 

<ffici<nt "''"'"S•ment 0¡ lh • cry, do\'tc01. ond fil., increa<td,th< 
" """"""r'" ~'''""" more cr t 1 ' "' -"'"""""out mothod ¡ r '03 · n ""'Pier 9 we 

'
~ 'O managmg lhem. The<e rosour.,., ' ,, 

e '"'"'"' """'"<mtnt 0 ¡ • · 110 
"" U> u o, ond in· 0 tnem O>n be OO<t]y The m.a ' 

h" <vol><d., \11o <ostand h . ' · ••~<mont o <>oh '"ourco 

' 

. rop "l•cat:on o 111 "" lnCJOa"d 
n Simple b01cl\cd <Yot h · 

' ~m~ t e memory rerource ""' alkx.,ed totolly 10 1 

• 
Wt¡lo progrom. Thuo. if o progum dld not nted th< <ntire momory, 1 portion of 

thlt feoouroe ""'' womd. Mult.proc.runmin& opuobng <Y>l<rns wlth P<''rilionrd 
a>n "''"""" "'"' <l.,..lopcd to Circumytnl this problem.Mulrrpta,""""'ÍIII' ll
low! multiple progtom. to «sido in O<patato areu of cote o\ tbr: wtt< time. Pro
U''"' wero glven a flxed portion of coro (Mulhpro:rammiJW wllh Flxtd T~<l:s 
(MI'T)) 01 o varylng·siz• pOtlion of cJ)fo (Mu/rfprornzmmil!l wlrh V~rioblc Tas.b 

(MVT)). 
Oft<n In •uch p11lltioned memory oysl<ms oome portion couid not be u"d 

lince il "'"'too srnoll.to contain o prog¡om. Tho problom of "ho!eo" or unu"d· 
¡>011ions of core is callod frogmtntarlon. Fngmentolion hu b<en mlnilnl>ed by 

th< technic¡uo of r<loc.otabl• portltiono (Burrou¡hs 6500) ond by p.pr!g (XDS 
941), HIS 645). Roloallablt portlrlolttd Cl>rt oÍiows the unusc:d i>otllons lo be 
conden"d into ont contirruou• p.an of coro, 

hrirrl ;, o rneth<>d of mrnl(l')' tllocation by whi<:h th• program io rubd<vldod 
Jnto oqml pc<tiODI mp.ages, and coro is subdiVJdod ialo eqllll por\lono or f>loc.b. 
Th< po&es orelooded into blccl<o. · ' 

n •• ,. "' two pag¡ng tochn~ques: simple ond d•m•nd. !nsimplt P<llfnrollth< 
p.g<s of • ptogt>m mun.bo in coro for execution. !ndem<rnd pagin'g 1 proc.rom 
an be executod wi!hout all pogto belng in col'. te., pages m fotchod lnto coro 
t<thoy oro needed(d•,;,•nded). ' 

Th< tOldO< ... il! tocoll ftom >t<Hon l.l lholo l)'mm wilh "'"al procouorois 
!ormed 1 multlproc<sling l)'Ol<rl'l. Th< trd/llc rontto/ler COOidiru.teo tilo pruc ... 
oon ond the P•DCessn. The """"'e< _of ptocol$0llim< is ollocatod by 1 p<ogrorn 
known ostbt: sch<dulu. Th< proc'""' t:onc•"nod wlth !/0 is r•f=ed to "'"" 
1{0 ¡mrco.,.., and p<OEJomming this ptDC<SSOT iocalkd 1/0 ¡mrgnmmll!l. 

The reoource of m .. of infotmotion ls•lloe>ted by thofil< oymm. A sqm<m 
b a gtoup of inform•lion !hal 1 "'" ""slt•o lo ""' •• an enlity. Files oto tog. 
menu. Thero '" two typ'1 of f¡J.,: (1) directorios and (2) dato 01 progroml. 
Dirtcrorics contain tho Jocoliona of oth<r mu. In o hienrchu:al f¡jo systom. 
d~ocrori<S moy pcinl l_o oth« dlroc!Ot ioo, which in turn may poinlto direototi<l 
ot fJ!n. 

T rm,...sÑJrÍII(; is on• r:rethod of IIIO<IIin& pr0«$$0r limo. h it typieolly <hu· 
a<lertU<i by ;nteraetM pr.,....;nl 011d limo..Jicing of the CPU's IÍIII< 10 ollow 
quick r<lp<l....., lo "<h 11101. 

A vutual mmwry ¡,.,.. !piO<t, od<U<u .<pGC<') con>i>l> ol tiro" addroosnth>.l 
moy be &<nototod by 1 pr<o<I:S""' du!ln¡ execution of a computotion. The mtm

ary >PO« consim oí tho "! ol •ddressos th•l correopond lo physic•l momof)' 
locotionl. Thc techniquo oí segmomarion pro,idos o\arge """' •r•co '"~o good 

' 



" 
p'mtection meohanUm. Prottctic>n and Wrbg "' ,.!h<,ds Q[ tltov.ln¡ cruotrolltd 
o<:ens to tq.menll. 

1A OPERATING SYSTEM USEII VIEWPOINT: FUNCTIONS 

From th< u~er'¡ point of viow, !he purpo,. of an op.,ting l)iolem {monrtor) js 
lo Us:ill him In Ure m~dumicJ of rolving problems. Specincally, the foll.,..ing 
funcUons are perform<d by tho syotem: 

]. Job ,.quencing, ocbeduling, and traffic con!roU.er operatiOn 
2. lnputfoutput programm ing 
3. Protecting ltstlf from lho user; protocti113 the 11ser from othrr ""'" 
4. Seconoiuy stougo m>111grnient 
S. Error handling 

C<>ruioltt tM sit,..tion In ,..h·Jth ono """'hu o job Out takes four houts,and 
arolhrr user hoo o job thot tokeo fOIII oocondt. Jf boUr jobo w.re oubml!t<d 
<imultlll<ously, it W<>1Jld .. ., to be more •ppropriate for lho four-second user 
to h.,.e his rungo f111t. Bued on con~der>!iO!tS such u thlo,job ochedullng is 
tutomllically porformed by the operating S)lstom. lf ;t is po"ibl o to do input 
and output whll• <lrnultaneou<ly oxocuting • P'"!l'""': as ts tlle case with many 
computer 'l'Stems, all the¡e functions •re 10heduled by the uarnc controllor. 

A• we havo uJd, the l/0 dlannel mey be Jhought of os • .. porato computer 
with its own opecialized 101 of instrucJiOns. Most usen do not want to l<atn how 
Jo program it (in many coses qutte 1 cornplicaJed task). Th< user would liko¡o 
limply say in hi> pc¡rom, ~Rtad," au<ing !he monitor zysJom Jo oupply 1 pro
uom to tlre 1{0 channel fC< euanioJt. Sudr. a facili!y ¡¡ pro>kltd by opooroting 
'l'>lrnt$. In many ases the PI""P"" oupplied to the 110 channe! con.Uts cf • 
oequonce cf tlcsely interwo""n in!<frupl routinu that lundl< \he litulliOfl in 
tlr4 wl)': "Hoy, Mr. 110 Ch.lond, did ycu rot<ive thal chltactet?" "Y os, 1 re
ceMd it." "Are y01r ""'' ycu tocel>ed H?" CY.,, l'm sure." "Okay, 1'!1 send 
1nother one ." "Fine, "nd it." "You're sure you wont nre ¡o .. nd onotller oner' 
"Se!td it!" 

An eXIt<mely importan! funetion of on operaling zysl<m is to protecl th< usor 
frorto bcing "hurt, ohher moliciou~y or toctdentolly, by Oth<r use(l; that ;,.pro
teo\ him whon otllor Ul'fl lrt e>.ocuting or changing their pro¡ramo. filos. or do!.l 
b,o,... The operoling 1)10\em mu11 in!Ule inl'ioloblltty. As well " pro!<Chn¡ 
u1trs from each other, the opera \in¡ 'Y" <m mu.t alsc prolt<l u .. lf from 112rs 
l>hC, whether malrcio!Uly or 1<Cidenlally. might ~crosh" <h< ')'ll<m. · 

Sludont.s ue sr .. t dullengen of proteotiDO rne<:lwtiw.<.. ~"hen th< IJI!I<ml 

• 

i 

.... ~KG~C!Ut<D • 

• · . 
1 

Ml T ·we (lnd tlrot due to t!rolut< ~1111>b 
p<o¡;rorrurling oourse '* P...n 1 . · ., all~ ,rade ""''Y propvr 

· · · ltis vetY dr(1lcUIJ 10 pmcrn ' o1n1 tJr 
¡\udents particrpl\ini r tll< \'el)" limpie probl•m•- "'" y • 
on tlle macltine probleml. Se 01 ~- ' A'o in 1 regi>l<t 1nd 

bo 1 count the num""r o 
problem wlrldt may 0 hove wri!\en a grading prcgr&m tla! 
th< ..,..,.., in tnOth<J reglder- "": The ad,ng program calls !he stur 
cluded as par! of th< openhng <JI'\ "'·h- ·!.re problom the ,tudenl'l pr< 

'

rogram ond transfell control lO U. n 
1 

"
01 

"'·. swe< in anoth<r reBUte! 
f th< tcglotor, 1""" ,. .. n 

'
ro~ tlle contento O • .e ·'·• <e !lnd out lf the eo 

. .., Th< latt<J '"'''"" · 
retomo te !he groding progr · r regi<lef. Af¡..ward>, tlre groclln¡ pn 
number has been l•fl In the _..,. . tlr 1ns ond their grad<1. fo<UI. 
pri<lll 0111 a li.<ting of oll lile studen~ 10 

• • e . . . 

VIT,O..KOH .. 
RACHE~ BU)(S.O,ULI 
JOE LEVlN 
LOHI ZIIOEH 

COIIIIECT 
COAAECT 
tNCOAAECT 
COIIIIECT 

· , terliJtingbeganasfoUows: 
on ]OSI year 1 run, tlre c:ompu 

• JAMES AO\CHER 
EO MCCARTHY 
ELLEN NANGLE 
JQHNSCHWARTZ 

con~toCT 

COAAECT 
¡NCOIIIIECT. 
MAYBE 

dld tllis" - P."' him an A In the <>" 
(We ate not "'" how John Sch"""rtz •• ~. 'rorm•d by 011 operating <)'S 

""""''"' b 1 ..... pet ' · S«V>I/lmy I/OIIll~""' · d tJru second>l)' S\Olli' or 1 
. ,_ -~lh the ,.. of disk>. llJlel• 111 0 

ooo¡uru:~ .. •• 
p;og,oñuand da\&. ~ 

10 
.,.0,._ Por example,lfthe pro¡r; 

A o 0penting <)'_don\ mull ico1 for !he 00111putet to timpl 
. .Í.o<tld ovetllow • re¡¡islet: .11 ls no~ ~:.:~n error-occun, th< op<nllnG ' 

and wait for an oporator lo Ulterv<n ' 
mu•t uke appr<lpriatHcUon. · • 

OPERAT!NG s"Yl;TEM USER VlEWPOJNT: 
1

"
5 

BATéH CONTROL LANGUAGE 
. ' stem only lhrough lh• batch l)'ot<m' 

Mony .,.,.., vieW 111 operoung <)' . .,, ¡¡, lhl• section wr wnr 
eardo by v.·hlch tlley mu<l pr<fooo theu: P;:z'.,.¡, aui>ciated witlt JL Othe 

. pie monilot ')'SI<m and th< e<»Hrc . ' • 
~lex monitorure d;ocu...d ~n Chlpter 9. ' 

' 
' 



" 
Mcmmr u 1 !=n lhn rofm lo lil< control progrorno of an op<ll!lnJ sy<lem. 

T~pkally, in 1 b>tclt .oystern lho jobs or< sr.r.ied;, 1 urd 1udor, .,d !he 
mon.~or oyurm soqU<nlioJ!y procuseo each job, A jOb may coru!n of sn..11J 
Jt¡>anl< progrzms !~k eua.ttd ~equonlially, e•ch individ.,.J po¡fltrn beins 
talled 1 fob 11tp, In • l:otdr mcnt/0.' J}'.lltm ~~· u~er ccmmunicatts wilh thr 
oystem by wo¡. cf a cootrol bn!l'lgr, In 1 limpie batclt moru.tcr 1)'110111 we ha .. -
IWO d1Hta of contml <:ll/dS: •~ocutlon oatds and d<finition oardo. Fot example, 
an '"''"'•on cord mzy be in Ute following formol: 

Tho Job oonuol card, o dennition urd, tiuy tale on tho foUowin¡ fonnat: 

11 Job no- ./CB 111 ... -· ... u ............ ....,.., ""'" ......... .. ... ,. .......... ··-.. .-o!- 10 l>o "'"''-~ -
u..,ally lb<~ il .., end-of·OI< eard, ll'ho>< f<mnat mrght conwt of /', llgrlifyins 

tho termin.otzon of a co/Jectlcn of da<a. l.d uo tate tho followiñ8 exunplo of 1 
FORTRAN job. 

/l~~AM~LE 

1/STEP! 
JOB OONOV~N. TISII,I,HIO.O 
EXOC FORTRAN, NOPLtNCH 

AEAOg11lO.~ 

001DOI•1.N 
l2·J•J 
lJ·t•t•[ 

tm 1'!11NT9100.J,J2,Ll 
g1<l0 iORMAT [JIIOI 

EHC oeJOCT 

,. 
The r"'~ ~ntrol cord;. '" oxample of o ddiniliot~ card. Wo havr defoned the 

""' LO be OOJ!O"on. 'filo system m.ut "'\ up .., occounlinB r.Je for th< llf<r, 
no Ion¡ that h• Upe<h lo"'" one minule or time, lo otl'.¡>Ut 1 hundred ¡,,., of 
outpul, or>d to pun<:h no o.ord>. Tbe .,.~, ~ntrol =~. EXEC FÚRTRAN, 
NOf'UNCH, i• on <U!I'Fie of an <>mll;o, ard; thal ;,, tl:e sy01em is to~•=te 
litO pro¡nm FORT!\AN, giYen one "Jl!ment - NOI'UlOCH. Tiw or¡ument oJ. 

low1 Lile manila! 'Y""" 10 ¡><IIorm motO eiTioiently; sU>OO no <.11d1 ore to be 
punched, il n«d nol Ul1l1zo _!he purtch roullne<. TI.e dlt¡ lo tho cgmpiler is lhe 

FORTRAN pi<>gnm shown, terminol•d b)' >et end-nl-/•le card /'. 
The ne~t control caid is anolher uomple of an oxocu~on cotd and ·,, th.t 

" UCI<GAOUMO 

load<r The pr<>gnm thot h#\]U>l be<n comp•l..d 
'"'" """"' the eu~tkln of th•,, ~ · hne< nooemry fa• ¡ts uecution, wher<· 

. --•.,¡ v--w• "''th 1 ¡,.e"'" - . ~ 
wUl be ¡..,... • -~ •• . ~ ¡he $Ubroul11t<l 10 the main pro¡ram. Thi•¡ou <lep 

. upcn \hf: loadet wUl bind h EXEC OBJECT card ¡, 00other ne.,.. 
;, terrnina!..d by 00 end-of-fj]e 

00~;;: 1~ execu\e ¡he objecl prog¡am juU c<>m
tion card. cau,_,ng the monrlot .,.~ th ogt>m 1..:1 is followed b~ the end-of· 
p<led. Tho dota ca1d, ]0, ·,,input lo e pr · 

nle cord. , 
1 4 reten!• 00 oVerviow of on implem•nto· 

The ,tmpl e 1 oop •hown In f'S"" · P .,., ,,,1,m mu•t <eod in the nr~L cord, 
0 '''"'" The mom v . !ion of • botch mom or - • _, th• monitor '""" LhO "'"' 

• d In'"'"''""& a¡ou c.,u, , pre•umobly o JOu Cl! · , , o·• IUnit and lino p..nt l•m•t. lf 
•- ollotl..d '"""' <.l!u pu "' ' -n•m< account """'""'' ,. 0 '''' lhen the mon,tm ..-,n . ' • to be on execu 10 u, 

th• next wnucl card napporu -• .. e< ... and ""'''"' the job stop 
-•· rnoram from ''""'"''!)' ~ --..- _ lcod the corresporw•0& P-..- ., lf ¡het< is an etrOT dunng 

- o1 t ¡he ex=Uu e progt&m• 
by t11.nsfemng tO!Ilr 0 _, ....,.s b"k 10 proce" the nexl job 

. •• -••em note~ the enor '"" ~--proett<m&. .,~ 

il<JI; 

( SIM1 ) 
. . . 

1 
1 Rndl•stiobconl 1 

• 
1 l'r-"jobeo<d 1 

J . 

rl p1oco" <Ontrol "'dr \ 

. 
• 

Erro• Pt«:nl \ 

1 ft<>001> jcb ""' 
,_ 

.,_ 
. 

l"-1 Enrl o! jab1 J 

' '" 
""" 



" 
1.8 OPERATlNG SYSUM USEII VIEWI'OJNT: FAaUnES 

For lho appUo.Uons-nrlcntod ....,., tho fwtetion of tho operaüng l)'stetn la lo 
provJdo facillliello hoiP JOlvo problem1. n.. <¡"".UO.U oh:beduliog Of prot=
tlon uo ofno Jntereotto hirn; 111hatho 11 cono:eute<l. r;!th b tho awi)able ooftwaro. 
Tho foDol"'ng fQt;eo uo typJWJy proridcd. by modtnl. .,..tlng &yoltmo: 

l. A=blert 
2. Conlpilm, rucb u FORTRAN, COBOL, l!ld PL/1 
3. SIA>routlneliburloo, IUCh 11 SIN!!, COSINE, SQUARl! ROOT 
4, Unbgo editan l!ld pro¡ram load«! that blnd cubroutlnu together uul 

pr<ptro program1 for executlon 
S. Utflity mutinu, ruob u SORT{MERGEl!ld TAl'BCOl'Y 
6. A~plicatiori pacbgeo, ouch u circuit analy<b or <imul.oUon 
7. Dobtlggillg hcililieo1 lUd! u prc¡¡rarn llacin¡ and "o;:on dwnpsw 
8. Dota rnanog<:n~ent and filo~..;,¡ 
9. ~t.o.t of l)'rt= budware 

AlthO"Jgh.thio "f>cililmw ~o! I.D operatirq¡ 1)'~ 1111)' be of 81'0U 
lntornt to the !ISef, we foel lhat the IIISWff to the <¡\Qtloo, "liow !DID)' oom
pRm do•• th.ot opoutlng oyotem hawr' moy teD mwo about tho oriontation ot 
U.. montlfaoturer's markotin¡ forco llwl it doe¡ about tho olrui:Lure and o!· 
fectMne .. o! tite o>p<r•Un¡ 1)'01""1, 

1.7 Sl,.lM!iWtY 

n.. ~ c:ompommb ora~ oy<taU &re! 

t. Autmbltr 

Input 1 o 1ll auernbler ls an aslm!bly liJ~~gW~gt progrvn. Output !J 111 obj<ct pr<> 
&IZJ~ pluolnfo:ma~on thd enobl<1 lh• loador to prepuo tho object pr"'l''D' for 
U«'JUon. 

2. Mtc<a l'nl<.....,. 

A """"" <:<~// !J 111 obhreviotlon (or namo) fcr 1011>1: codo. A mJlC7f} d~f"'lrlnn b a 
~equenar of codo thal hu a n.,e {mooro tllll). A ""'"" p>CCt=r isa program 
lh•t Jllho~tutOI and •t><cialluo mooro de/lmUon• for macro eall1. 

3. Loador 

A Jo,ader Js 1 routin• thuloadJ 111 cbject prog¡arn md prepareolt fcr •~ec:otion. 

' 

1 
' ' ' 
1 

.. 
uco<a~CUND 

. · , sch<mts: absoluto, relcoating, ond di!<ot·linkin¡. In 
Th•ro .,, vaw>m lo.ad•na d link tho cbjool prog¡¡m, 

' 
·•e ¡<>a<~.r mu•t /o4d, n/oc¡¡rt, '" gen"a, m -

4 Cc!rll'iloro H 

· 0 ,ro¡r~m Mina hi¡h·IOYol bnguoge 
A compUor is 1 program thala~ptoasour . 
and prod~><H 1 conupcnd"'a ob,ieol progra<ll-

6. Optrotlng SY'""'' -
. d w'th th• alloa.tion cf resouro., and .. rv,on, 

An oporating <Y•1= "con cerne ' d . formation The op•rating •Y•l<m 
'"""''"' devlo.,, an m · -"' .uoh •• memory, P • lh< .. ruour0,., ouch u • ¡,,_,,~e 

correspcndingly indudeo pro¡r•m• te ""'~ nwdu/t, I/O prc¡ram•, ami o /11• 
comroUor. 1 f<ht:XfU/tr, mtmot'Y ~ 
¡yumr. 

' 

' 
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lnput-Output 
Devices 

DIGITAL PRINCIPLES AND 

1KID APPLICATIONS 

MALVJO/LEACH 

• 

lo any dig,lal ly>lem 11 is Mtes.,.ry lo ha•~ J hnk o( como>>unic.lli<On berw~t·n n>,on 
and m,>c~ine. Thi• communocotion lonk is oflcn ,,,llt~l lho ··m.ll1·n'-'chi"" intcr
Jac~·· and •1 !>'~"'"'' a nunot>ct ol problom>. D•~•l~l W"~"'' ~•• ""P·•IM ol 
-rotm~ on iñkorma1oon .¡ 'l)e<'ds muth greatet 11\.on m•ol">, ¡>K! thos is onr ol tl>r" 
mml im¡>011ant .,uobtJt.,_ For e_.m¡>l~. a large--.calo d•g•t•l com¡>uiC< is C•p•l•lc ol 
perform1n~ m(l<C than SOO.OOO add1t1Óns p~r ""'oM. 

Tht'problom hNe is to provode dala •npul lo lhe 1y>1om OL ohe ho~hl">ll><"''bl• 
rate. Al lhe 1an>o "me, thcrc is thc prol>:cm ol acceptin~ d.1t.1 <lut¡>ut i<om tho 
<y< te m al ohc i'u~l>cst po"ible rote. Tho r>mlMm " lurlhrr m.>~niloe<l ,;..., t' "'"" 

digllal w"eml da nÍII >peak En~••~. Ot •ny Olher I.>AR'-'·'~" lar l~,ll ""'"'"r, ,1n<l 
oome >r"rm ol 'Y"''"''' mmt '"""'olor~ 11<' ust'd lar commun¡cat.,n ulwr~ ;, at 
P"'"'"' ~ C(N,.fkr•Oie amount ol '""'Arch in ¡hi> ••~• .• u>d "'""' 'V"'"'" ha~e 
been d"""loped which will aCC"fll <f>?krtl comm.>nr.J> •nd ~'""oral reo.punw> on • 
limrt<Xl b.>sis). 

S once dwlal >yllom> op~•••• in • '"""'V mode. a number <rl <u<le >Y''''"" whirh 
OtO ~in,Hy ro¡>to>entotion> h,wo boen dovclopt•d ami"'" l>r•rn~ '-'"'d" the :,,nH'-'·'~'' 
ol communiCation ""'"'""" m,ln •n.d mochine_ In th" ch.l¡ltr•< we dr>Cu" ·' nur,I>Or 
ol the,.. ca<Jo> •nd. at lhe '"'"'" "me, cons.Jer the noco<wry inpul-ou\pul <"qurp· 

"'""'· lho prrm•ry ob¡ec,ve olthi> chap101 i< lo acquire th<! •bólity 10 

1. hpl•in how Hollerith codo •nd "-SCII codo oro u<.C<I in input/output nu><J,.. 
~. Or'-tU" 1t'Chnrque; lm masnctrc <<'(ntd rn~ ol <1 ·~•lol rnlurmallon, onclutl '"R ~l. 

Kll, .1nd NRll. 
l. Qeo,cril>e '"" lrm.,Mions ol • number ol drflerenl dr~"•l rnpui/Oulpu1 uM<. 

4. O<ow th<• l"l!IC d••R••m• lor • >rmple '"'" docndet .ln<l • h•l•n<od <nulliplito· 
lr\rt' dK(Id._... 



'" Digital Principies ~nd ApplicaUons 

10-1 PUNCHED CARDS 

One of d>O mo5t Wklely ~..,.¡ medra for enl..,i"'l daia into a m,1(hiM, or fo< oh. 
toining OUtpul dala from a mochine, i; Uoe pone~ card. s.:.m., common ••ampl.,. 
ol ~ card> .re coll~ "''!i51rari<m card,, IIOYernment che<b, monrhly oil com
p.ony >IO!ement<, and ban\: >l.oteroerll>. 1! ;, quote "mple to use thit medium to '"f>
'""'"' ~inary mlormatio'n, >ince only two condotion; are requored. T ypically, a hole 
in the card repres.ents a 1 and the ab<;ence ola hule ro-pre>en" a O Thu>, the card 
pro.idM lhe mNn• ol P<e><..,tmg info<matlon in bmary lorm. and il "only ne<e•
""'Y ro d<-.dop rhe code. 

Thr typi<al P<Jn< lwd card ul.<'d on lafJ!,e-scale Wota-processing IY>'=> " 7'1• rn 
long. l'/, in w;de, and 0007 in rhick. bc.h card ha> 80 •emr;ol columns, and 
the.- .re ll "o<1tontal row>, a> shown in fig_ ti).. l. The column> ore numberod 1 
th•ough IIQ •long tl.e bo11om M~ the cord. Be~onning a1 1he top uf the card, the 
row> .,., de.,gn.w"<l 12, 11, O, 1, l, l, 4, 5, 6, 7, 8, ~nd 9. Tbe bollom edge ol lhe 
card i• th• 9 tdge, and th~ top edge i> the /} f'd~e. Hol"' in lhe 12. 11, ar'KI O row• 
are coiiNI zune punche•. and holes in 1ho, O throogh 9 '""" are cai!NI di!Jit 
punche•. Notice that row O ls both a zone-ond a dtgit-punch row. Any number, any 
l"il., in tho, alphat«, 0< any ol~eVeral speci~l cha•oct.,... can be reprownted oo &.e 

cord by punching one or more hui"' in any ene column. Thus, the card ~· the 
cap.>city ni 80 numbe", leiM•, "' Combinaliono. 

PmiMhly lhe mo>t widely u•ed sy.,em lor "'<ollling inlo1m01•on un a punched 
u1d ;, 1he Hulle,.lh <o<le. In lhi• code the numbe" O lhrough 9 ••• '"~''""'nled bY 
a •in&l• punch in a venical column. For example, a hole puro< h.-.;1 in lile l1hh <OW 
ol column 11 rL"P<.,.,nto a S in tMt column. The leuero ol the alp"->bec ••• 
""""'"'"'NI by two ponchn rn any ooe column. The le!l.,... A t!llouglr 1 are 
repr....,t«< by • zone punch in row 12 anda punch in rows 1 throogh 9. The 
le•uero 1 1h1ough ~ a•e repre..,nt«< by a zone pu'>Ch in row 11 anda punch in rowo 
1 lh""-'Rh 9. The leners S through Z are l<"(>r<'<enlcd by a 20ne punch in row O and 
a pu'>Ch in row• l lhrough 9, Thu\, any o( the lO decirn;~l dogito ~nd any ol lhe 16 
l~11ero cf 1he .1lphat.>l Ciln t>. "'l"...,nled 1n a bmary laohion by punching lhe 
pro¡>er l>cl"' ,,; the catd. In addotion, a numb..r ol !opecial char.octers can be 
'""'"'·""INI by po.mchong cornbin.>tion\ o( hol.,. in a column which ar~ not u;ed lcr 
the noumbero ct lelte" of the alphabe1. Ti>eoe cMraCier< a~e \hown with the proper 
pui">Ch"' '" f ig, 10- 1. 

An eO\y device lor rememb..ring lhe alphabetic ch•racoero is lhe phra\e "IR. io 
11.:· Notoce 1ha1 th~ lellero 1 through R have an 11 pur>eh, tho<c beloro ha•e a 12 
punch, and !hose aher ha•e a O punch. 11 ¡, al"' """"'"''Y lo r~member that S 
b.-r:•n• oo a 1 and not ~ 1. 

Example 1()..1 

Ü<'CDde the tnlorrn;~lion punch....r in lhe card in ftg. 10-2. 

Solution 

Column 1 ha1 a 1 
l_ Column 1 h•• 

>Unch in rov. O anda punch in"'"' 3. 11 "1herefore the IO'Ioer 
'one pun<h "' row 11 •n<l •IIOih...- punch in ro..- 8. 11 " 

l 

' 

lnput-Output Oevice• 

• •• 
""'"" ··-

""'"" 

... 
•• 
' ""' ............................. . ~::~~:,:~::;::;:;:::;::;;;;;;;::::::::::~ .. ;;,;:::; .. ;:,;.;;,;;;;;;;;;;,;;;:;;;;; 

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

····················· ~:::::•:-'""''"'""'.'""'-'''~""''-'-'-'.'.'.''.'.'.'.'::~::::::: .... ---·--·•--""' 
fig. 11>1. Sl•ndard pon<hed <ard u<~ng Hollerrlh mde. 

'" 

lherelore the letlor H. Contonwng tn thi• laohion, you •hould""' lhol lhe ~umplelo 
meo ... ge 1ead\, "IHE OUln O>OWN IOX IUM"D 0V'" IH( LAZY DOC,, OACX. 

W<th 1his c;,.-d cede. any o!phanume<ic !alphaber.c and numeric) in!?'"'-''i'; ca; 
be u<ed as input 10 • dig1tal Oy\tem. On the othO'I hand, &.e >yUem ''capa e 
dehvt'ring alp"->numer.c OUIQ<II informa/Ion te the user. In "'"''*hC d>'o<tpl,,..., the 
inlormallon m•ght be mi.,ile lltght numbe1, location, o• guid~nce_ 1nlorm¿11on ou~~ 
as pitch roto, roll 1a!e, ond yaw ,.te. In buoine" di<cipltn.,., the tnlormaiiOn cou 
be actount numbe", n•m~•. add'"""'· monthly otalemen". ele. In •nv case, lhe 
onformalion "punched on li>e card with ono character po.-r column, and t~e cord " 
then capablt of conlainins a ma.,mum ol 80 cha<acte<o. _ . _ 

E h rd · con,;dered u one block cr unil ol inlmmatooo. S•nc:e lhe machoM 
opet~lec:.-. ~"" catd 11 a tome. lile poi">Ched card io often ref~~IL-d lo •• a_ "unll 

" .. ••~ -...er ohe d;,,,., -uioment uoed to pu.-.c:h ca•do, •••d cardo 1nto • t<'CQ/u. .-~•~ , ·~ " 
, """'• "'" card•. etc .. is 1oferred to ao "unil-record equrp~nt. . . 
V Occa.,onally, o he inlorm•t.on u sed w:th a dtgtlal 'Y"em "ontt<el_v ~umenc, lhal 

' 
• •-··e or ·~ial characters are required. In thio ca\e, ol" possrble to "· "" ~ P"""'"' .,... ..... · · ho " o 

onpul ¡¡, inlormaticn lo lhe Sy\tem Dy po'>Ch1ng the ca·~• 1" a otrarg "'~a Y 
fa•hion. In thi• 'Y'Ie<n, the absence ol • pui">Ch io a binary O. and a puncft. '' • 

fig. 11>2. ham,oo•'••:''~':_·;;--;---;---;;--;--;-;-;;-;;------,_;;; 
1 11111 

11 "''''" r-

''"'''" o ' co 
1 ·······································::·"·:··!::~·:::::::::::::!!!~'~:·:::::: ::::::::::::.:: .. ::::;;;,;,;;;,;;;,; .......................................... .. 
!'. '"'""""'"""""'"""'"""""'"""'''""''""'""""""'"'" ""'"""'"""'""'""""""""""""""''""""""""'""""' ..... " ..... " ............................................ ""' .... " ......... .. 

""""'"""""''""""'"""""""""'"'""""""""""'"""' 
""'"""'''""""'"""'""'""'""""""""""""'"""""""' 
'""'''•'""'''"'"''"'''''"''''"''"""""""&::··············· 
'" "'" '""" .... '" ""'"""" '"" .......... "'" ,..,:.;·""""""" 
.'!! !!.''.'!! ....... :::·! "!"!' . .''":!:'" ::;'~!.''!!.'' ·:::: ••• :::::•:::::•:•.• 
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bine<y l. 11 "lh<•n ¡>o,.ible 10 u h 
one CO<d, p nc BO >< 12-960 hi" olbinory inlorm~toon on 

Many larg~«~!o data-pro<u>in , >lem , . 
Lor,, [•<h bine k ol 36 b•l> ¡, c•ll~: .• ,..~,~·-~ ~nary ~nltxmaloM in bloc:;, ol 36 
<hapter that a rrgiue< C.pabl~ .,¡ , · W woll ro:.:. U lrom the P<<»<OU< 
The - .. ..orong a J(..bot W<>rd m 1 · · 

re" """""8 masocal aboutoh J& b "' coooaon 16 fl•p.rlop;. 
which ooerote wrth other word r: : '',word, Jnd there "" in lac1 Olher >r>tem• 
a t'd . ngon~ """so len ..,0 1 b . roang on word, ol J6 bil< mighol , ' IOw •nary onlormatoon 

The"· are lwo methud Th, r· " i>unchtod <>n card>. 
ho,zonlally by Pund.,~ :, 0 ,~"1 rn~l,hod " 01•> lho inlorm,<lion on the card 

h-~ . ., ro» "~ caru rom lo1t to · ht Th (' 
Pu'K: <>• 1<> row 9 in colum.os 1 lh<O<J h 3 ' rog · • "" ]6-bit wocd " 
Columns J7 through 72. lhe third wor~ i> ~- The S<-Cond word is al<t> in row ~. in 
on. Thu• a total 0 ¡ twenly-lour ]¡;.'-- "'n row 8. Column> 1 thraugh 36. aod "' 
b' ,, ~ 1 · "'' wo >can !>.pUnche<! · lile- "' . " ry orm_ 1" lhen P<>>.,ble 10 >tur~ 6¡,4 b 

1 
, · tn ca m <traig~t 

The !t'Cond m~tilod invol e· '"O tnlocmat•on on the card 
1 '~' PvncntnR the mi · -

,., '"' lhan row1. Bt·~tnning tn row 12 uf Col ormatlon vertical! y in cotumn> 
punched tn mw> 12 11 0 e umn l, the ltr>l 12 bot> or the word ""' 

JL • • ····-,9T,enextl2b-1 ". 
>nu In~ <em,ltntng 1' ¡,1¡1 are "Un e J • ' ' '"" runc,.ed on column 2 
p hed • ~ '""" '" column 3 Thu> '' b' ' une tn every thro<e colunm~ Th d , - • a u· 11 word can t>e 
lb-bit wo•d<. e""' "''-'" <apable ol containing twenty->ix 

The- >1 -mo common metl>od 0 ¡ ent · . 1 by"'"""' olti>e kO'-y-punch machine"'~';,8 on °1
;_atkln into punche::! <ard> initia!ly i> 

a type"'"'er and the ¡peed nd · "mac rneoperat~> Vltty mtKh the >ame a> 
' a accuraq olthe operat d -J 

OP<trator. Tho tnlormation on the p h d ton epe, ... ent~rely on the 
>Y>tem by mean> ola card reader ~;e -~lo <ard~ can tllen ¡,. tt•ad into lhe digttal 
at lile rato ar 100 10 1 000 e d · ".'" '"'"'0° Can i>e enter<Jd mto lhe >Y>Iem 
Wle-d, ' ' ' 'per mo~ute, rlepending on the type ol card reader 

_ The tlooic ~•d""'-llor chonging the unched · _ . 
troc•l signa!¡ ¡, •how~ in Ftg lO--] T~ rd onlormatoon onto the ne<;e,.,;ry ele<:
••e drawn lrom ¡1 One ata ,.;,., E · h e ~a ' are >tado-d in the te.ld hopper and 
eotho>r t>ruoh., 0 , P""'wcel!o Th- ''. "'' ~"'""' wnder the read head> which are 
and when a hole appea<> ~nd:t~l:; ~;:;c:d ~ead lor ea_ch <Oiumn 0~ the <ard, 

ea an electrocal !lgnal ¡1 generated. 

'.-. 1 

1 
1 

' ' 

lnput·Output Devices 26S ., 

Thu>, ~•eh signa! tcom the re•d head> r<pre;ents • to,n.,y 1. and '"" inloonoation 
can¡,.; u..-d 10 >el llip-flop1 whi<h lorm the input ""ra~e oegt>ter. n-,. tard> then 
pa11 """' otMr rollers and are ploced in tM "•der. Thcre i• qu•te olten a ....:ond 
read he-ad which read1 the data a >'-'Cood time to provode a valodoty chec~ on the 
•cading P<O<<">>. 

hample 10-2 

Suppo;c • deck of ca<ds hao hin.1ry data punched in thom. Eoch ca~d ha> twet1ty· 
lou< J6·bot wo<d~ 11 o he card> aoe toad ata <a! e ol600 catd> pe< mtnutc, wh.r ¡, the 
<ate at whoch data are entt"''ing th~ >y>ten>l 

Solution 

Sinco ea<h card con'-'-'"' H wor<l>, the data rate i> 24 ~ 600 -14,~00 wo•d• pe• 
n>inu!e. This i> equivalen! (O lb>< 14,400 • 518,400 bot> f>O• minute, or 
s 1 a 400/ o O • a 640 bttl pcr "'· ond_ 

Puncht'd c01d1 can ai>O be used as a m<Jdium lo< acoepun~ dota output lrom a 
dogt,.l <y>lem. In tl>i> <~>e, a >lock ol blanl< c•rdo th.wlng no hales punchcd in 
lhoml .,~ held in a t-.opper in • card punch which ;, Controlled by the dtgttol 
<y>tem. lile bl~nk card! are drawn lmm the hQPpe< one ~1 a time and punched 
with t'-' pmpcr inlotmation. They are then pa>"-'<l und..- reod heads, wh-..h Cht'C~ 
the "hdtty olthe puochong operation, and staded in an output h<>!>P"r. Cord 
puncil••• :M c•pable of operaung JI 100 to )50 catd> ""' ffiotlute, J,•pend.ng on th<• 

>v>tem ""''· 
Pun<he-U CMds presento numbcr ol importan! •dv•nta~e>, the ¡,., ot which is 

the lact lhat the cards repr .. enl a mean< o( sto11ng infom>olron pe•tnonently, Sir><<' 
the onlu<mat•on i, in m"chine code, ..nd >ince th" inlo•motton can i>e p11nto:od on 
lhe IOP t'dge ol trnt c~<d, thi> is a ve<y convenient means ol communicall0<1 
""""''""" man and machine. and belw.-en machonc and machine. lhcre ¡, •1\0 • 
wide vaticty ol pe11phetal equipmeno which can be"""' 10 p•O<e>> inlornt•tion 
>tort'd on catd>. Tlle rr>O>I common ate soner<, callatoro, C"ICulattng punclle., 
rept<><luting punches, ond acwunting m•chine<. Mott•o-.·r, it" Yt•ry eaoy Lo cot· 
<ect ot chon&e lile inlo•ntatlon """.,¡· >ince il " only necelwy 'to rcn•ove tito 
deoired c.,d(>) and replaco ittthem) with 1he corr,"<;ted onel>l. ftn•lly,the,c '"d' 

1{}-2 PAPER TAPE 

Anolhcr wid~ly u>t'd inrut-oulput medium '' punch<•d pape< tape_ 1t i> u•ed in 
mutll tht• >ome w•y as punchPrt otds. Pop~r tape wa> drvel<>f>')d '""""• fur tht• 
pu<p<t<c ol tran,mttting tele~t.tph m<'>>Oge, over wifl•> lt i> nuw u>•d "'"'"""'ly 
lot "oring inloomatton ancllor l<an>m<tltog inlo•malion lrom m.;chine to m,lChio~. 
Pape< t•pe dollers lrom cards in th•l ot ¡, • conttnuou; roll ol pape•: thu•. ony 
amoun\ ol inlormation c~<l ¡,_. punch<Jd into • roll. 1t i> tJO<.,_bie to r.cord any 

•lpr..be1oc: or numeroc '"-''""'"'· •• "e\1 a<~ number ol sp.cral chara<to<'- M 
P•P"' t>pe b1· pun<~•ng ~ol<-; in the t . .pc tn 1He pooper place>. 

• 
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• • • • •• o.. • • o • o ••• o •• •• •• • ••••••• 
•• • • o o • • o • • •••••••••••••••• 

o o • • •• o o..... • • o o •• 
• • o • • o •• 

• • •••••• •• •• • ••• o 
• o. o •• o •• • • • • • • • • o • o. • • • ••••••• 

"1 

• •• •••••• • •• 

Fig. ti)-.1, Punch..d p•por t•pe. !.i) Eig"l-holo codo. IN h•mplo l<J.l. 

There are a number ol codes lor punching dal;l ón paper t•¡>e. but one ol tilo 
mn•t wi<lely usfd "the erghr-hole code in fig. 10·4•. Hol"'. repre>onting d.,,, "" 
punched in eight parollel channels which run the length of the tape IThe cha<~nel> 
.ue lalx!led 1, ], 4, 6, pmty, O. X, and end of linel Each character,-numeric, 
alphobetic. or <pcci•l, - <>ccuptes one column ol eight po>1tions •«o" lhe width o( 
the <>r>e. 

Numbef> are r<'!>•nent..J by pu..ches in o"" ur more channel> label<'d O, 1, 
2, 4, •01<1 8, aro<! u.oh numbef is the sum of tke pun~h positions. For example, O io 
rrpr.,.ent<'<l by a >óngl~ punch in tke O ch~Mel; 1 is repre<Mied by • ••ngle punch 
tn th~ 1 ~hannel; 1 i• a Stngle punch in chann~l 2; J ;, a punch in channel 1 and a 
punch in ~hannel l, etc. Alphabeli< choracte" are re p<e<~nl<d by a ~ornb'tnaltun of 
punches tn channel< ~.O, 1, l. 4, and 6. ehannels X andO are u<ed much •• the 
1one punehe• in punchod cards. For e•ample. lhe leller A i•de<ignaled by punch~• 
in channel> X, O, and 1. The ope<:ial d>arocten are reprr,..,nted by combination> of 
pt,/J'ICh"' in all channel< which are""' u<ed to d .. ign<~te eithfi numbe" or lenffl._ 
A punch in the end-oJ.Iine channel signifi"' tke end of a bloc'. ,J informat'ton, ot 
tOe end ol .-e<ord. Thto i< the only time a punch appea" in thio channel, 

A• a mean> ol ci1r•dtng the validrty of the informotion punch.,J on the tape, tho 
t""'Y channel ·,. u><-d to enoure thal cach character i• rcprc>ented by an rx/IJ 
number of hui..,, For nample, the lener e i< fl'~>resenHed by punche< in channelo JC, 
O, 1, and 2 SrncP ~n odd number of hole• ·., requir<ed lor ~.eh charactcr. thp cede 
(O< tho leuer e ai>O ha> a po./J'I<h in the p.o<Hy channel, and 1hu• a wt.al ol !toe 
punch,..;, uoed lor th" 1~11· r_ 

Example 10-3 

wna1 tnform'"A" i• hr·ld in the perlo<atet.ltape '¡n fts 10-4bl 

i • 

1 
1 

1 
1 

1 ¡ 
1 
1 

' • 
' 
' 1 

' 1 
l 

• 
' 
1 • 
¡ 
• 

• • 

ó 
. 
• 

"' lnpui-Ourpm Oevice~ 

Solution 
1 0 0 

d 2 and 0¡,,. ¡, 11tc teuor T_ The 
· h eh•> inehanne< • ,an • i O ·o o 

lhe fi"l charae~er •• pun ' h re punche< ,0 channe • X, • an · 
oe<Ofld character ¡, the 1euer H. •ince 1 ere a. lh ..,me •' that punch.d on 1he 

hoo.Jid ""' thal the me><age " e eontmuong. you ' -
c¿rd in hample 10-1. 

..,., chonnel• ~ ar>d 8 arr suide hole•. u-.ed 
10 

The row of <maller nc,teo betw d - . , The informJtron Of\ !he IJpe on 
,, •nd drh•e 1he tape under the rea fKl" 1

'
00 

,. iO·> The method fo< readong 
gut<t e 11 > <hown 1n t~. · ' 
be "'"'"d by b•u<he< m pnoooce '• 1 · 1 the dog•lal >ystem i< ~ery ,.mt· 

1 e and inputtlnS ' '" 0 d ..,.J 
informalion ftom 1he P•P01 ap -~ d pependong on the lype of roa "' u · 

' 
10 that u>l'd ror read•ng p...,ch= ~·r '· 0 ¡ 150 to 1 000 ch.ar><ter; per 

•• d · ¡he sy"em •• • rote ' f on infa<mation can be rea tnto h. _ nly oltghtly (ooter than reading in orma" 
-" vou will f>O\OC• th.at 1 " " 

0 

""'"'"" ' 1 from punchl'd ~·rd•. f lin ,nformalion outPullrom • dos•ta 
Paper 1ape can be u•ed •• a meo_n• 0 acc-;; u~~h wh•ch en IN> the dala on !he 
l!rm ¡n lhi> '""' 1he 'Y""m drwe< a \ap 1 p unches are capobl•• ol opcraltng 

'Y b unchinS the propc1 holel. Typte>l ·~• p ch<'d wolh 10 chaoacl<"" 
laP• Y P · ..,.,ond and rne uata are pun d 1 .. 
al rate< of 1 > charaCI~" per ' , ¡roch "relerr.-d to •• tho "data . en" y, 

l>e 'nch. The nvmbe< of character> pe . h Recording denoiiY" Me of 
~~ tn' this ~·"' the den•ity i> 10 ch.>ract::,-..:n;~ich wil\ bo dtw:u>-.ed in th~ 
lh~ import.>nl lealur"' rJ magnom::-taP" r , , , . 

. h Th" uno\" v•rv .,mt-
n~~~::·;~;~ can al >O be pe¡lorated by • m.',."".:,'~:P~:,~~ ;_.,1r;c typewrile<l wiü 

lar lo aro electrtC typewrtter, :;;d '
00""0:: ~he accuracy and <pe.-d ol th•• melh,:" 

m..: ial puneh•"8 untl> • .,.,h ~re u• · One ad•antage ol thi> metOOd '' 1 • 
• 0 OC! 00 0¡ the machrne opera1or. 
or• aga'ln o u ' 

. • d di"S m..:l>anlom. 
Ft~. 1g.~. r.per·t•P• dn~ an '" 

Eight «•d br••"" 
"' pMto ,ell> 

• 
• 
• 
• 
• 

• • 

• • • • • 

>pro<k<O drt•< wh"l 

' '--
:f 
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th~ lyp~wrMr provrdcs a wroUPn copy of wh.U is punchW rnto the ••D•- Th" ropy 
can t>e U'>(•rll~r verd1Catron of lhe punchO<! inlurm.1tron. 

10-3 MAGNET!C TAPE 

Magnet•c laJl(' ha< become one el the ,.., .. imr>Jrtant m~hoG• 1<>< "<>""8 lars• 
quanlolo.-. ni infomtaliDt1 •. 1.\agnel<C tape o!lers a numbcr ol adv•ntagl"' ~
punchrd O«h ond ¡>tmched paper tape. Q,., of the most rm~r1an1 i< 11>~ fact tlwl 
magn~"C 1>1><' can be era'E'd and use<! ovor and over. Read'«>g'and ,;,.,ordrng arr 
murh fa<ter 1han w.th """"' card> 0< paper t>Pt'. However, they re<¡uire the u<e el 
• tape-d"v~ unrl whr<h tS much more e•pen<ivo than the equipment u>l"d woth 
card< and p.rpN !OpC On the other h;,nd, it i> po,.,ble lo Slore up lo lO mrllion 
chMac lt'e> on onc 2.400-ft reel ol magnetic t•r•. and rl o hrgh volumo ol d•l• ir 
one of Lh~ •yMOm r<"quiremen", ¡he use ol rn•gnetic tope is well juslll1«l. M01t 
commonly, m.,~noto<: tope '' ,uppll<'d on 2,400-ft rtel>. The tape 1t1ell ;, a '1>-in
wide >lr¡p ol pl•ltoc Wllh a m.~netic mdde co..ting on one 5ide. 

Data aro f('(ordM 011 thP tope in "'""" ~r.lld ch.nnct, •l""g the l~ngth ol the 
!.!.pe. The ch•nnd> are labo:ied 1, 2, 4, 8, ,1, 8, and C •• ;hown •n Fig_ 1().6. S•f'l<e 
the <nfomt.I<OII rotord«l 011 the tapo> mu>t ¡,., dogilalon lorm, thol i;, thl"fe muM be 
IWQ 51<11..,, 11 i< totordod by magnet12ing spot5 on the t.ope on one of two d~tection<. 

'A "mphfo«l p,..I<WAtion ol o he wnte and r.:od operooions i> >hown in Fi~. 10-7, 
The m•gMtic "PP" aoe recorded on the <ape os ot p¡¡.., o..,., lhe.wr.te hoad a5 
>f>own in fiR 10-7 >, 11 • po"t~>e pul"' ol cucoent is appliOO lo the wrile-hoad coil, 
a< shuwn in the f•~ure, > magnel~e nux iiiPl up in a clockwise dorect10n around the 
wf<le I>Pad. As lh•> nux pa>S<'I lhrough the rO<or<i R•'P· it 'lpre~ds ,t,ghtly ,nd P"'"' 
through the oxide cualinK on lhe mognetic tape. Thi1 cau><''l a small orca oo.th~ 
tape 10 be magnetizcd wolh the polarity <hown in the logure. 11 a cur.ent pyl>e ol th• 
oppo5ote pol~rity i• apph<"d,tho nux " ,..¡ up in the oppo<ole dore<:toon, and • opol 
magnetiz.-d in the OPP05ole dorf'Ct1on '' oocoodM on th• tape. Thus, ir ;, p0>5oble to 
re<:ord d.>t.o on 1~ l.lpe in a digit.11 fashion, The >P<>I> >hown in the fogute are 
greatly exaggerat<"d in >ize 10 show !he directoon ol magnetoutoon deaO y. 

In rhe rNd or>erauon <hown in Fig. 10..7b. o magnetiz!'d opof on the laP!' ><'l> up 
a nu, in ohe re•d he•d •• tl>e taP!' palieS o""' lhe read gap. Thi; nux induces a 
(mal/ volrage on the ,~.,1-hedd cn<l whoch can be ampl1ficd and u'ed 10 S<'l or re<et 
a flip-nop. Spots ol opPO<•te wl•rotoe• on th~ I•P!' induce YOitoges ol oppo5ole 

Fi~. 11).6. Mognetoc-lope <ode. 
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ropr"'ent<!d b'! •po" in ch•nncl< 1, A. ard B. 5•nc~ th',. "only three >P<ll>, an add1• 
llon,ol 'P<ll is reomúo>d 1n chann~l C '" "'"'"""" P'~" pa,ty lor this choraco~r. 
Th~ >econd •v••~m is !he horilontal ~'"'v-cht'Ck b11. This ., ><>melrmes' r~lerr.-d 

lo a< lhe lon~llurhnal paruy bit, and 01 " Wllllen. wh~a n<-ed<.>d. at the end 0¡ a 
blo;::k ol inl<mna,.on or «<Ord. The 101al numl,..r ol brt. rec<><d.-d in each chon""l 
"monHor.-d, arod al 1~ ~nd of a ,-,cord, a panty bn is "'"llen r/ ner;.,s.ry to k~ 
!he total numb<-r ol b.IS an PYPn number. Th..,.. ._,· <y>lems lorm an .,....n-~rrty 
wstem. They could. o! cour..,. juSI a> easily he 'ornplernent.-d 10 lcmn an odd-r>orrty 
'~""'m. tnlorm.:uion con ol.., be rer;ord.-d"" t~ "'~"'in straigM bmary form. tn thi> 
ca..,, a ]{,..b.t word '' wrrllen a<rms the width olt~ tope·,, gr<>up• ol><> bit<. Thus 
•1 l"'l<>""' '" column< to rec-ord one 36-bol word. 

The -~~t<:al •n•<•nR l>etwe~n the recorded >Poi> on the tape" l'<ed by the poSI· 
loon> ol the read¡w,le heads_ The hori>ontal >pacong is a function ol the tape spe!'d· 
and the r...cordrng spl'e<;l. Tape lpeed> Yary lrom 50 to 200 in/1, l:>ut 75 and 112,5 
inJs are quooe commcn. 
T~ rna«ffi<Jm numi>er ol doaracte" rl'<orde<l in 1 in el tape ;, call!'d th~ 

'"rl'<ording den.,ty,'" and •1 "a funO>On el the lapC speed and !he rate at wluch 
d.lta are ..,pp¡...,; !O th~ """1~ head_ T)'l)ical rl'<:ordrng densitoes a<e 200. 55&. •nd 
600 ¡., pet •oct.. Thus 11 CAn be ""'" lf1at a IO!al o/ 600 >< l.-400 )( 12-
21.02" 10" charoct..,, can be 5tored on one 2.~00-lt ,...,¡ ol tape. Thio woukl 
mean tha1 !he data W<>Uid h.>~• to be slored wuh no saPo i>e~Ween characlot< or 
group> ol cMaractero. 

for pmpose• of lotat.n~ •nform•Mn en tape, 11 "mo>l common to record inlor· 
m•o•on '" group• or IJir>d> c.lted "remrds."' In l>I!!WpeOI rl'<ords there is • blank 
•pac~ of tape call.-d thP "1n1orretord gap." Th., gap ioty~itally a 0.75-.n •P•<~ ol 
bJank ,.pe, and il is po<rtioned o~er the read/wrir~ he•d> when 1he tape SIOP'. The 
'•nl~/TKord gap provod~ the spoce nec.,s.ry lor 1ho ,.~e lo come u~ to ¡he ~r<>per 
!;>e<'d ~ t!'<:<><chng 01 "'admg of mfo~to<m can r.ke place. The total numl>er 
ole"""""" recorded on a l,)f>"" 11->ffi-.loc a hrnctoon ol the record le<>glh !or 1he 
tolal numl:>e< of inu,trÓCord ~P•. sioo::e thev rt'P""""'' blank sp.:u;e on r~ tope), 
T~ data as rer;ord.-d on the tape. including recon:h f•Ctual d>lal and interrer;ord 

1\ilP'• can be repre>ented., shown in Fig. 10.9. illh~r~ ""'"'no interrer;ord gaps, 
the tola! number ol ch>ractc" recorded coufd be found b>¡ mull•plyrng the length of 
the lal"l '" inch"' i>y thc recordrng denSity in characocrs pcr ~nch. 11 the record 
were exae1ly the SAmr l~ngth a> the interrecotd gap. the total •lorage would be cul 
rn ~.>11. Thu>, il ·,, d~•irablc to ke~p the «<Ords a< long ~• """"ble in order to ""' 
lhe l•pe mo>l elfrcrrntly. 

'" 1npu1-0Uipul Device• 

· s;mplemauerlode--d 1¡,0 recordon~ dcoSity. Ll "• 
Gi""n any one tape 'Y"em an C<Jn< der lhc len~lh ol l,lpe com· 

oeom1ne ¡he actual <(Oiage capacroy ol tMe 
10

:"'' - ~ o l0-9 This lon~th ol tape 
" " e record ~ap o< <nown '" '" · < posod ol one t('(Oru anu on ' < h ¡ the oape Tilo total numl,...- o 

·" nd ovcr down 1he engt o - · 
is repoalc.., O""' a _ h' 1 glhof¡ape"the<umoftheth>rltters•n 
charl<l~" •h•t could be stored '" 1 1 ~. ~n co Id be , 101.,¡ in the record g.ap. The 
¡he tl'Cord R and tl-.e character> "' '' ~ . 

1
..._. g.>P ;, e<¡ualto the recordong 

'\ number ol charocte" whrch could be ' 1° C ;~ ,¡,._. total number o! char•ctr" 
~n>•ty O mult¡p\oed by tl>e 8o'P lfflgth · "' '--· R + GO lile rot•O of the 

ed - th-s leogtil o( ta~ 1< 81""0 "' • · wilich could be >10< m ' l 'bfe could ¡,. called a tope-<~t•lllllion 
characte" actually n:cord.-d Rto the lota pos" -
factor f ar.d is giYen by . ' 

f- R+CD 
(10.1l 

how> thot ¡f 1he tol,)l number ol 
[xamon>toon ol 1he tape·ullli:o~ron lltto, r '

01 
charaCtl'fS whrch could be .rored 

· •- ord "e<¡uai1C the num"" • •- sed 
charac•m '" ''"'""' ed 10 0 s. Tni• utiliz•llon foctor can"" u 
10 tM gap, tM ulilrtlllon !actor' ucn_, - ~-- 13 _ ;¡ the recOftling den>ity 

1 >~e uo.oc'oty '" • m•!t""~ ~-
to d..,ermone 1~ oota >tor..., h tM tol•l number 0¡ characters '"''ed"" • 
and tr... recotd lenglh are known. T u< 

la~ CHAR ~ gi""n by 

CHAR-t0f 
(10-2) 

whrre t- length of tape, m ¡, 
0 .. recordtng den>ity, char•tler> P"' •n< · 

--•-J > 400-11 rtt! of taPe ha•ing a 0.7S..rn rl'Cord gap. tr... lorrnula in [q. 
Nn 1 ""'""'m • 
(10.21 reduces 10 

CHAR"' 
2.•00 x 12 X DR 

R + 0.7SO 
(10.3) 

Example 10-4 . 
1 2 00•11 reel 0¡ magnetic tape ,¡ dato are 

What is t~ tmal llorage copaCIIy 0 • '
4 

h nd lhe record lrnglh " 100 
recorde<l 11 1 den•ity of 556 cn. .. coe" per '"' • 

chor•ct""l 

Sol ution 1o-Jl 
The 10\11 number ol characoe" cAn be !ound USinS [q. 1 . 

2.400 >< 1l ~55& X ¡00- ].10 )( 10' 
CHAR ~ 100 + (0,75 >< SSó) 

, k- 0 i<ed '--• c•lculat.n~ lhe 131"'-uldilation focv.a_ 
Th•• "''ull can '-"' '""' "' ~ . ' 
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f 100 1 
- 100 + (0.7S >< S'>6) • s. 17 " 0.19 

CHAR • 16 0128 >< lO'><-'--' 
• S.17 10>< 10° 

10-4 DIGITAL RECORDING METHODS 

T~ere ••e • nwml)("r ol m("lh<>d< lor rccordrn~ d"a on a magnP!lC sutlace. The 
mclhod< foil onro two ienerol c.,¡~~0"'"'· cal'ed "'return-lo-zcro"" and ""non-roturn
to·lem."" and lh€y apply lo m,lgn~tic-laPe recording"' woll •• rccordong on mag
n<'hC U11k and drum surl>ccs (m.>gnPI<C -d"~ and magnehc·drum >lorJge will be dir 
cu~<l'll in a later chapler). 

In tl-.o pr'"'""''" ><"<l•on. •1 wa, ""od that dogotal onlormalio<1 could be roo:orded 
on magr>rh< "'¡>e b) magnelil<ng '~"'" on 1he la¡>e with o~posote pola"l•<">. Thi> 
lype ol rccordong '' kr>Own •• r!"lum-lo·zero. nr RZ lor •i>Oil re<ordong. The tOO:h· 
no<¡uo lor <<'<ordin~ daoa on tare using thi> mcllmd is to apply a ,..,;., 0¡ curren! 
puiH•• tu lhe WrHe·head wrn~rn~ a< ;hown •n Fog. TO· 10 The curren¡ puhc1 S<'l up 
corrc-;p"ndrn» fluxo'- •n the """'" hoad. •• <huwn in the frgure_ The lpol> magnc
""'~~ on lh~ l~pe h<"P polarolr~s >OHe<ponding 10 1he dl!e<lron of lhe Ru• wave-
lurm. •nd it "only ne<~<,.rv lo change 1he drroo:lron ollhe 1npul curr.-r>~IO wrole 
1> Ot 0<. Nni!Ce lhalll-.o input <urrenl and !he nu• wav~lorm retum 10 ~ •~m refer
"'"~ 1~·•1 beiWf'Cn indiv<lual b;i>. Thus thetcrm "retum to zero." 

Whcn rl '' de"'cd to r~a~ ohe reco<dcd onformat•on irom the laf>", lhP lo1¡>e is 
POH<'d ove~ thc 1ead head< and thc magnetizcd •Pot> induce volla~es ;., the 1ead· 
corl win.J,~ 01 >hnvm on tho• fo¡¡urc. Notrcc thoL lheot• ,; >omewholl ol 0 problem 
hero. ""'" all the pul••• ho•·e both po<rlrvo •nd negatrve P<>rtoons. On~ melhod of 
del<'< long lh"'e 1'-"'el< pro¡>l"rlv "lo >lrobe the oulput wavelorm Thal "· 1ho outpul· 

o o o 

Fr~. 10-10. •••urn-IO·>•ro 
recordrng ond re•dong_ 

1 
lnpu1-Qulpu1 Oevices 

. ' II."Ofd 

'""""'"""""' .¡ 

Rud 
"indrn¡ ouoput 

o o o o o 

voltage waveform ;, applred to one inpu1 of an ~NO ¡¡aoe la lo"' b..ing amplifi.-d). and • 
a dock o< >trnboo puiS<' ¡, appt.f'd 10 lhe other inpu¡ to tho gato. The strol>e Pul,.. 
mu" be very carolully timed lo rn<ure that ot samplc> lhe output wavdoml a\ ohe 
pmpet time Thi• r> one of the majar dofficulues of oh" typo of roo:ordrng. and ot rS 
¡herefore ,.,ldom uscd e>.eepl on ,...gnctoc drum•. On a magnetrc drum. the "'"b-r 
waveform can be roo:Otded on one uack olthe drum. ar-.d 1hu, ohe proper ¡;mmg is 
achoeved .. 

A se<ood dolforuhy wolh th" typo ol tf'Cordong ¡, 1he faCIIhot belw<tn bots th<'t~ '' 
""re<ord curren\, and \hus b<>twecn th~ >poi> M lhc tope Oh~ magnetoc •urlaco is 
rar>domly ouented. Thos mean> lhat il a new re<ord•nB ''lo be made over old dat~. 
the new data llave 10 b-r recordcd pteci.ely on top of lh<' old d•ta. lf they are not. 
the old daoo w1ll not be etased. and 1he tope will contain a conglomeration ol in lo<• 
maloon. The tope could be era.e<J by on,.allong another >~1 ol er•<e head>. but thi> i! 

\:Costly and unn<'Co•sary. 
A me-thod lar curing th..., problcm> is 10 b;a, lhe roo:ord ho>ad with a currtt11 

whido will satutale the "'¡>e in either one dore<:lion or \he oor...... In lhos •1"1em. • 
current pul•• ol pos"ive polauly i< appli.-d only "hen i1 ;, d~"'"ed 10 "·rote a 1 on 
the tape 0, shown in Frg. 10·11. lio all other trmes 1hc n~, in tho w<ile head> ''>uf. 
ficient lo magnetrre ohe en10re t<"d in lhe O d<!et\ron. Now. ro'Cnrdrn~ data ove< 

old data i• MI a problem "nce the 1.1pe "~rreci<Vely "'"'"'1 •• "P•'<«'' """' the 
t<'Cord heads. MOrrover. 1he tomrn~ '' nol "'crrtrcal s;nce ol i> nol nece»ary to record 
~X<t<tly ovet the p<evlllY< data_ Who>n data are re<orded in thrS la>hoon and ohen 
played back. ¡pul'" •PP"at• al ti-re nutput of the re~d windong only when • 1 ha> 
been tO<orded on the "'P"· Th1> ""'~"' reading the inlormahon (rom ohe "'pe much 
•impler. 

The non-<elurn·IO-le.-o. or NRl, r~rordtng lechnrque " a vaC~atoon ol thr Rl 
oechnique wherc the WIIIC curren! pul;es do not returr1 lo >ome relerence levd 
b-rtween bol>. The NRZ recordong t.-chnoque can be 1"'" <"•t>l.,.nod by e.aminin~ 
ohe <ccord-<;u'lenl wavefo<m >hown on Fr~- 10·12. Noli~c th.H the curren!" >1 ~~ 
while r<"Cordong \ s ar>d ~t-1 whole r<•cordrn~ 0> S once th~ <urren\ "'"'" are ~lw•v• 
at eilher +1 or -t 1he record in~ probl~m, ol lhe fo"\ RZ '""'~m do nol e"" h~re. 

:-,:otice that lhe volta~e al lhe •~•~·w•ndong m>tp<J1 h., • pul"' only when \he 
reco•ded data ch•nge fcom a \ lo • O or voce versa. Th<'lelO<O. ><>me me>ns of 
;en<rn~ 1he r<'(orded data ;, nt'CM~HV for the 1e.1d opor.>lrno. 1t the <e•d-wrndrng 
vnltaKe ;, omplrfied and usod In,., nr re<et a flrp·fi<Jp" <ho.vr~ m ihe lrr,u""· thc A 
,.de 0¡ 1he ll•p-1\op ;, h<gh durrn~ oorh trmc ohat a 1 " '-''""'~ ro•.•d. lt " low cl,.rong 
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10-5 OTHER PERIPHERAL EQUIPMENT 

A. wide vo<iety of peripheral <"quopment has been dcvoloped lo< use wtlh digot.l 
>yllem>. Only a cu"o<Y de<;e~iption of >o me of the vanous equopmenl woll be g~>cn 
here, ar><l the readeo il cncouraged to study ~quipment o( pan.cular ontere" by ro.,_ 
wlttng the data manual• el the vanous manulootu"'"-

Oneof the •impiMI mean• <>1 inpullong inlorm<IIÍ<m into a digotal 'Y"" mis Dy th• 
"'" of swotct>e.. Th.,.., >witd>"' coold be ~>1>-bullon, IOggle, OIC-. bu\ the iml"'t· 
tantthing ;, ¡he f.cl l~allhey are capable of repr..,.,nling b.na'Y 1nformol•on. ~ row 
of 1 O •w•lche; could, for e•ample, t.e •w•tchcd lo repre"'nlthe 1 O binary b11> in a 
IO·b•l word. 

Sirnil.,ly, ene of !he •imple>l mean• of road,ng dato ou¡ of a d•g•l>l <)"lem " lo 
pul l•ghll on the oul¡>ut• of lhe fli~flop• in o storage regi>ler. ~dm1Hedly, ih" il a 
rat~ •low mean• ol communicahon, •in<:e the ope<otor ""'" convert the d,,_ 
play«! b•nary data iniO "'mething more mean.ngful. N~hel.-.•. lhiS repre;e<>" 
an ine•penoive and pracllcal meom, of communicallon b<.iwt'l'n man and machone. 

A much more ""phi,.iCated method for ruding data out of a digotal •v•lem ¡, 0.,. 
mean• of a cothode·ray lube. OM lype ol cathod,.._-.y tu be u ... d ¡, very ••mil., to 
lhe tube uoed in oscilloscoP<". and the operaliOn of 1he lub<- "neady !he <.ome. 
TOe unol ;, ge,..rally uoed to diSplay curvM repr..,.,nllng inlormation which N• 

·¡,..., p«>ees;ed O.,. the syStem, ando camera can!>. auach..t1o """'" unil> 10 Pho
lcgraph 1he d"Piay lcr a pcrm.>nenl .....:ord. The informatoO<> dooplaye<! might be lhe 
transienl '"'PO""' ol an eler::tr•cal network or • gu•ded·mi.,ile lla¡er::lory. 

A "':ond type of cathode--r.~y lut.e lor dioplay ¡, call..t a "charawon." ll ha• 
lhe ahii•IY lo d"play alphanumer~c chA<aC1ero on the lace of li>e •creen. Th" tubo 
operalc• by •hoollng an ~ler;tron beam tl>rough • mal"' lmaokl whicn ha• each of 
the ch~racle" cul in <l.-~, lhe Oeam ""'"'' 11-.nugh lile molrix il" •hapeod in lhe 
lorm ol tM char<>o:tet through which 11 """"'· and thi> •haped bo-om " then 
lccu..,.;! on !he lace of th~ "'""""· 5ir"ICe tM opcratiM el'"'" eler::lron beam "\<e'V 
1~"· ol "po"ible to wrlle 1nlorma1ion on 1he face oftM 1ube, ar.d lhe operalor un 
th~n read the dioplay. 

So me tu be> of lhi• type whl<h are u...-d 10 lar~e 'fdar 'Y>t~m> h~•• ma111ce• wolh 
thc P'Oper cha.-clP" lo di>play map coordm>te•. fri~ndly •ircrah, unf11cndly 
airtrah. etc_ TOe opeootor thu• "'"'a diwlay of lhe ourroundong arca compl•te with 
allaircraf~ properly de•ignaled. in the vocinuy. Th""' >Y"•m• u>ually ha ve an add~ 
ho""l acc"'""'Y called a "hghl pen" which ~nabl~> tM opcroto' 10 input informa. 
toen into the d•s•tal •ntem by placing the l1ght pe<> on the surface ol li>c tubo .>00 
·""""""g 11 ThP operalor can do >u<J> lhingo a• expandan a roa of 1nle,..SI, request 
in(ormatoon on an unidcntll1ed fly1ng oUjeC1, and de,.gnatc cc~ain "''crafl a• 
w~el>. 

A "'m<'Wh..l morp common piec~ ol O'<lvlpmenl, but neveni>cle" u><'ful wl>en 
¡.,ge quanlohe5 ol dal~ a•e being Nndled, ;, the prmlPr. Ponte<> ""' ava,labfe 
which will p11nt lhe out¡wl dala '" wa•ght bina')' lorm, OCtal lom"l, or all thP 
alphanumecoc charaCic,._ The lyp•cal p11n1cr ha> 11>e ."lblhty to p"nl informallon cm 

• 110->pace hne al J.>IC> from o few hundr.-<i 1"'"' up tn "'"' 1.100 hnc• PN 
m•nutc, Tne "nlplo<l 1'""'"" or~ «IO>ve·rh•ol, m <pc•co.•lly mo<lo. elect"c typew"''~" 

< 
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10-f> TELETYPEWRITER TERMio'\'AlS 

1 
' ' 

l. 

m 
lnput-Oulpul Devicel 

,1,.. equoppc~l wioh a p.J.per-I.>P'' p·.Jn<h, and ohu• o•ooher i11put d>1a or output d•" 

can l>e ,.,co<tlrd on punch<-d P·'P<'' tope. 
Most modcm nYs """ an eighl-Oole p<rnchrd pa(l<'r t~IX"- 1 he<c Ns ¡,_..., on at

oemptto •tand.irdlle on an alphan..ome"< code. and the Amerrcan St.>ndord Code 
lor lnfoomatoon lnl~rchange IASCIII" wodely us'-'<1. An eoght-C.Oie codr h•< 1' = 2S& 
combonohon<, '<oHociNll lo P'"""le lor booh upper<•"' Md lowerc.-e ,>lphabe"· 
1he 10 numeral<. and " numl>e< ol spe<:ool charaoler< and conlrul signai>. The 

ASCII code is shown in Tablc 10-1. 

10-7 ENCODING ANO DEC001NG MATRICES 

Encod•n~ and de<:odong mwi<:c• are ollen used lo alter lhe lorm ollhe dala be'ong 
~nte~ on1o m l.t~cn out ol a <Y•lem. A dr:-<:odong matm " u<cd 10 dr:-<:ode lhc 
bonary inlorm•lion in a digo1al S)'<lem l>y changong •l onto <,<¡me other numbo:r 
sr;rem. Foo e•ample, in a prcviuu< chapl<"f the bin;ory oul¡IUl ol a rcg'.,ter was 
decoded into decrmal letm l>y ,....ans ol •><o gale>, and the de<:oded output wa• 
u«<! to drovO "'"~ oubes t~coding info,maho~ ;, juSl lh~ rov.r...- P'"""'' and 
could. lor e.,mple, involve ch•nRiog de<:omal signals onlo equivalen! b'onary .-.gnals 

lm eolry in lo a digotal sy<lem. '-
The meso waightforward way ol df'coding inlormaloon ;, simply lo const•uclthe 

ne<:"""''Y ~,.o ¡¡<11"', as wa• done lo< 1he ni•i~ lubo:s. Oe<;odong in thrs lashion i• 
quo1C "mple and i• most ea"ly accom¡>lishe<l bv u•ing 1he lruth tabl~ or ,. .. elorms 
lor the "gnal• involve<l. The docodong ol a IO<JI·II•p-flop countcr would, foo e•· 
ample, requioe 1& four-inpul ANO f\Oles. •inco th~oe aoe 16 pn"ihle stooe• dPicr
m1ncd by thc lour nop-flop< Th•• tyre ol decodong thcn '<'<luirr• n X~· doodes, 
wr..oe n "¡he number of fhp-llop<. for lhe complote decodon~ no•twork_ 

Example 10·5 
Draw thc 16 S"'"' n...c:es"'ry lo decode a louo-n ip-floP counorr. 

·solution 
The """"'"''Y 1\oJles can be<l be implemcntcd by u.ing a trulh oable lo dcterm•ne 
the """"'"'ry gale conne<:l•""'· TOe gat"' are shown in Fig. 1 0..14. 

There is a <e<ond melhod ol decod<n~ which can ~use<! lo oe~l,,. • ,.,.,ng< tn 
dood"'. ThOS meohod os •efrrf<'d 1n as ""t•~e drcndong," and ol o~sul" on a re<Juct•M 
olthc nomh<·r ol ro>Qu,rd dooM< by g•oupon~ thr '''""'lo 1,., olro·orlc•d. o~cod•nR 
ol the lour-flop-lloP <:ouniN do'otuS<ed 10 lht• p<cv•oul r•amplc can be •<· 
comphshe<l by <cpaoaling the counl< inlo louo ~roups. The<e S""-'"' are 0.1.1.l: 
4,5.&.7; 8.9.10.11; and U.1J.l4,1S. Noll<~ ¡hat 1he for<l ~rouP c.>n \M: oJ,.,. 
tongu,.hed by an ,,.o gate who"' outrut ;, DC'. the <f'CMd ~roup hy liC thc thord 
gooup by OC", and tho lo>l ~tout> by OC. E.lth ol lh~se lou• grour• can ohen b<" 
do.oded in h•lf hy uSin~ B or lJ Thc<e coshl S\Jb>:"'"~' can thPn k lu<ther d"odc•d 
on1u lho 1 ó rcunl< by usong A onri A The comple10 docodon~ nr•twO<k '' <hnwn in 

fog.1(l.\S. 
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hbl<16.1 
TH[ AM!~ICAN STANOAIIO CODE roa INFO!tM.O.TiON EXCHANGE' 

[.,mplo • • 

N!ILL 

"" "" "" 
'" "'" '" IMLL n 

1 "' 

" 
-. 

" V/1,0.8 

" 

~.--------- &, 

Tho ibb ,..;ot;o.., ..,... in lk< 1 ,1,.., .,...,, 

Null id lo CR 
St"' Ql mml!< 50 
End or tdd•<" 51 
End ol .,.,,.¡o oc, 

(nd ol "'"""''""'" 
OC, -DC, 

··wno '" yOOJ !" "' "At< YOO,, .!" 5YNC 
~od•ble "!"'' "" Foomot olf«I<Y "· -so' 
Horit<>l'I!.OI "b"'""'" 

s••• IP<>"'"'" '""1 "' lono l"d .~ V"""' llbu'"'on 
Focm lt<d "" 

' 

''"''&< "'"" Sl11ft owt 
Shift m 

0"'" "'""ol (j) 
~ ... ""'. ,., .... 
linó .,..,. 

O...•ice '"""ol ¡,.,,. 
SynduonoU> idle 
lo.;"•' tnd al mdi> 
5<0ir0101 (•"'"'""''"") 
WocO "'""''"' (blonk, 
nom .. lly non-•""''"~ 
"''"-1«11< u •• ,,, • .., ,,.,..,r 
b"P' 
(loJm id lo 

• 

' lnput-Output Oevices "' 

·, 

~D-o !D-~ 

iD-' '!D-9 
" ' • • Coun< 

• • • • • • • • ' ' • • ' • ' 
~D-1 iD-lO o . 

• • ' ' ; 

• ' • • • • ' • ' ' • ' ' • ' • ' ' ' ' 
1DJ ~D\1 

' • • • • 
' • • ' ' ' • ' • " ' • ' ' " ' ' • • " 

iD 4 ~Dll • • 

' ' • ' " ' ' ' • " ' ' ' ' ' " • • • • • iDs iD-\l 
iD-6 iD-14 
iD-7 ~D-tS¡ 

,_. 
A '"vmg of 8 drodes h;os tocen achi,...ro, sin•~ th~ prevrous docodrn~ sdr~m•CO 

requ~ed &4 diode< aod this m~thod ooly requrres 56. The savrng in dood"' h~rt' ;, 
1101 very specw=ular, but tlle c""WUC1100 of a matri• in rhi< rrunner to d...::ode five 
flrp.nop• would result in a saving of 40 diode<. As the number of !lip.ffops to be 
d~toded increaM'<, the <aving in diodes rncrea•e> vNy ropidly_ 

Th" type of demdrng matri• does have ti1e di..,dvantage th>l the d.,.;oded 
signal>-must po.« througll more than one level of gol el hn the previou< method ¡he 
<rgnal ~"-'""' rhrough only Of'IC' ga.rel. The ourput >isnal ¡.,..e] may thcrrfore wffer 
consrderable reducuon in amplrtude- Fu<tr..rrno<e, there may be a >P<"-"'1 hmrlatron 
duc ro the numil<'r <lf gates thmu~h which rhe docoded si~nols "'"" pa<!. 

A third ¡ypo nf detodon~ m•lwtHk il knnwn " J "h.11anc<•d multrpli~auve 
de<oder" Tlm alwoys rP<ult> in thc mrnrnrum numb<>r of drodes r«quir.cr for thr 
d<'Codong pro<•"· The idea" m'-".h rhe ;ome"' a tree dcccxfN, sor•cethc counl< to 
he decoded are d.-;,jec<l into grouf». How"""'· in thO< system the ffrp-flop< lO !, 
dr<oded .,. ''"'df'd rnto groupo of two. and the rc'>UI" "" then corr" ~ rn gov• 
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Fog. 10-15. Trn d«odmg m•tn•. 

lnput-Output Devices '" 
!he de<orcd output sign•l>. la decodc the (our flip-flop> do...,u<....d prev•oo•lv. lour 
gcoup> ><e lom•..O by comboning nip-llop> C and D ¡u<l"' t..ln•~- In addotoon, floJ>
Oop> B and A are combined in a >~m•lar arron~~m~nl. The oulpu" nf these poght 
gate> ore then combonO'd in 16 ANO gale> to lorm the 16 out pul >ignal>. The re<ult• 
are >hown in f'ig. 10-16. 11 can be""'" thal a total ol 48 doOO.< are re<¡uo,...¡: a 
"'ving ol 16 dnxl"' is then reali>ed ovl'f the lirst me~hod. while a ""ving ol 8 
dood"' i> rulized ovr< the ~.,.. rnethod. This ..::heme a~ in h.\s tr.. wme di<;odvln· 
tageo ol signal-level dogrodlloon and spe..d limotaltOn asthe ''"" decoder. 

Encoding a number i> ÍU>I the '""""" ol dC'<oding_ One ol the "mplest •••mple< 
ol cncodong would boe the u<e ola thurnb-wheel •wotch la 10-po<otoon ;w.,chl 
whkh "u<-Cd to enter data into a doKotal •v•t~m. The operotnr can"'' !he •w•lch to" 
any on~ ol 10 P<>'"'ono which repre~oCnt de<:imal number>. ihe D<JIP<Jl ol 1r.e •wolch 
;, th~n tran•lorml'd by a proper cn<od•ng matrix whod>¡o:hangn the de<:,mal 
nurnber lOan equivale-ni boN.ry nurnber. 

An encodong matm which change• a d...comal number lo an equivalen! binary 
nur1ber and "ore• il in a reg.,ter "•hown 10 fig. 10-17. St•ttlng the swooch lo a 

fog. 11>-17. Decomol <ncodong m.>Orix 

1 . 
~·, 

"¡lli 
,_.. 
~ 

' 
' 

,/ ~~ 
' 

,,_ 

"" !"' ~ "" --1"5 ' • 
l'l.i>l. 

'"' !>J. •r-' 

"' "" ~ !"' "" ' ' 1\\ 
"" cf--' 

!'t. 1 1 !'t. . 
¡, 

' ' ¡, "' ' 'f--
_j't.l\ "~ 1 

' " ' 
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Digital Principies and Applkations 

'-

) 1 
R, .. , e 

R<1<tB 

p<JSition plac~s a pos'l'vt' vohag~ on th~ lin~ <OMKted lO that posoloon Not1ce th.<t 
lhc fl. ar>d S on¡l<i\IQ ~ach flo~flop '' e,,....,,..,lly th~ output ol an o• g>te. 

For e>;ample. tflhe >wtt(h i<wtto posiuon 1, 1..., doode• conne<:ted to that hn~ 
hav~ •' P<l'''"'" vohoge on theor pi"e' l<hcy ar~ therefo•e lo<Ward-bi•sedl Thu• the 
>CI inp"I_To flip-flop A gnc• ht~h whiie the r~>rl input> to lltp-flop> B. C, and D go 
ht~h. Th1< se¡, the btn~ry numl>er 0001. in the _ll¡p-llops, whNe A "the le"t "gnifi
cont btl Notoce th.<tth" encodong matfl>< '<'<l"""' 40 diodo~ "' mi~ht l>e e><pecl..d.. 
"" JXl"tble to rf!duce IC., numlx-t- of dH;>d"' ro'<Wired by combónong tho input fur.c
hOn< as was done wnh d...cndons matfl<"'- Ooe method of do,ng thi< is <hown in 
Fog. i0-18; •t ropresenls a <avong of 7 d1odes, <Loe~ Lhis scheme requores only J3 
dood~s. 

1 

1 
1 

lnput·Output Devices 

Any eocod~r o• de<:oder can be con<truct..cl lrom b>."c gaL<'> •• >hown on Lh" 
sectLon. and when only one o• Lwo lunctions ore n<""l"ded Lh" may pro•ide Lhe be•L 
L"'-hnoque. Howeve<. as shown Ln Chap. ). many of Lhe more comrnon decodong 
fun<l•ons are av>Liable •• MSI 1(• Examples art• the 7441 lor Nt~l) BCD·IO· 
decimal dO"Codcr dr~ver. ti-o! 7•43 excesrJ-Lo·d.Omal dKoder. the 7~4ó BCD·IO· 
""'""·;egmont d<'Coder duver. ond lhe 74 14 S 1 -<>f-1 O de<:odor dmer. The•e o•e 
num"""'' othffi, and yOLJ a<e urged to o:on>UII manufacturen" data shl'<'t> lor <~· 
coi1C ,nformaLLon. 

There ore al<o a lew encode" ••aolable a< MSI l(s-lor e•amplc. the Fa,chold 
9116 eLght-inpul prio11ty encodrr. Th" uno\ •cc~pts eighiLnput• and produces a 
bon•r; weight<""d code ol the highc>t-<>rder output Again. you >hould consult spe'
cohc: manulaclunm" dala >heel> lar detaoled inlormohon on encodm. 

STUDY AJOS 

Summ.ar; 

' Punched cards provOde one ol the mo<t u"'lul and widely used rn<"doa lar <toring · 
b1nary informatLon. Each card i< considcred as a blod or unn o( onlormai<On and " 
thcrefore referre<l to as a ""uM record."" funhermore. ponched-tard equipment 
!punches, !.Ortcrs. re•decs. ele.) "commonly c•il~d ""unL<·rPCord ~QuLpmeot."" 

Alphanume"c "'formaLoon. as w<"ll •• speciol characte", can be puc.chl'd iniO 
c.rd• by mean< of a code. The mosl comrnnn code in u<e " lh• Hollerah codo. 

A somilar medoum for inlormatoon stouge '' punched p•~r tapo:. Alpho.numoro< 
aod •pecial chora<ter< a<e r...:O«l.d by perlo<aiLng 1he tapo: according 10 a codo 
There are a number of code>. 001 the one mo" commonly used ;, Lhe eLgh¡.hole 
codc. A perlorat"'l role of p,,per Lape i> • conlonuous re-cord and i; ¡hu• d'"'"'' 
lrom lhe unot record lpunchod c"dl · 

For h•ndlong large quan101oes oiLnlormaiLon. mogneiO< lape is a mo•l convenient 
recording modium. /YI<!.gneloc lape offers lhe Advontage• ol much higher pro<Msing 
rale and much g¡ea1er rocO«long de•"''""· Moreover, m;ogroetic ta~ can M.,.~ 
and used over and over. 

The L~ree most common me1hod• ~r r~cordong on magnehc tape are Lho <oturn
to·zero IRZ), the non-reLurn·IO·ZNO INRZ). and ¡he non·<e!Om-lo-zero-in•erte<l 
INRZI). The NRZ and NRZI mcthods efle<lovefy erase or clean lhe tope outom•· 
locally during ¡he record operotion and thus ehminote one ol Lhe problems of RZ 
recordmg. Th...., IWO me1hods oho lend them"'l""' 10 highcr r«ordmg 111<'>. 

Encodong and docodong mOLrice< lorm an impo<taM p;ort ol inpuH>utpul .-quipo 
menl. lhe>e matr~ces are gencrolly used lo ch•ngo inlormalion lrom one lotm to 
another, lor oxample. binary tn octol. or b•MIY lo de<:imaf. or de<:imal to b10ory. 

Therc ¡, a w•de vanety of diK•'·'' pNipher•l equopmPnl including unLI-rNo<d 
..c¡u•pment. printers. cathod•· roy-tube d"plays. and plollers. The cho•ee of fl'"nph
eral equopm~nt to be used woth any >y>Lom ;, o maJOf engin,.,.ong de<:i.,on. Th• 
d<'CL<LOn in,olvc. e>!ablishmH the >y>tem ft'Quitcments. >tudving the avaolotMe 
equipmenl. "'"""''"~ wLlh lhe equípmenl monulactu<""- and then m;ok10g th~ • 
dec,.ion ba,.d on opcraloonal chataclenstic>. dolivery tom~. ond co>t. 
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1, De>crobe >Ome ollhe problems of thc man-m,chine interlace_ 

'· Oe.cribe • 1'/o•cal pune hed ca rd l5fle, number ol column>. num bet ol row•l. 

l, \\'hich <O~>~ ar~ th~ lO"" PY<><h"' on a pur.ched cardl 

•• 

'· 
•• 

'· 
" 

V..'hkh rows ""' the. d,g •1 punch"' oo a puncMd a rdl 

Whot ;, the Holleroth codel What doe, ")R. o< 11" signilyl 

Hnw is binary rnlurmation represenoed on .1 tard; le .. what doc• a hole re¡>
tt•scnt, and what docs 1he absence of a hole repre>entr 

What" the m,aninK ol uM <P<Ordl 

Name lhre<> pil"<eS ol un.t-r-0 " -,,.,,,., · "" · •• ru ~· >"' '"' o:qurpmcn~ a gove a briol 
d.-.crtptoon of t.ow th<')l at~ .,,...,¡, 

Dc...::"l>e :ne eo~ht·hol~ mde usod to punch onlorma¡,on rnto paper 

Delfr,be hnw 1< and {1< a<e recorded on magn~tlc tape by m~an5 ola 
n<"Bc record hNcl, 

How ;, alph•num~roc inform.>hon <e<:orded on m¡~gnet>e lapel 

How ¡, bOM<y 1n!onmt.on reco.-d..:l on m.lgnetic ,.pe¡ 

E•pla•n lhe dual-panty 'Y"""' used in magneiK:-Iape r....:ording, 

mag-

1 

14. W~al "the purpose of an •nterrecord gap on m;,gn~uc lapet 

' • 

15. How can thetape-ut,lizol•on f.1cllrl be used lo d~lerm,nc lhe lolal numl>er of 
char>cler> >tored on a magnetic tape/ 

u.. De<critJe the o¡>e<at•on ol the ¡¡z r..:ording mO'lhod. Wh.>t are sorne oJ the dof· 
f1CUII1~ Wllh thj, >Y.tem/ 

17. Oe..:ribe the ope1al"'n of the ~¡¡z recording method. Vllhal advan,.ge> d<><"> 
this m~thod offe• over ,RZ r...::ordong/ 

lB. Describe lhe NRZI re<:ording l'-"hn1que. 

19. Why i• a d•g•••l in<remenlal plorter a true digilol plo11.ng •YSiem/ 

20. Wh.at ;, the dlrference between an eocoding ancfa docodong matrox/ 

lll-1. Mai<e a skeleh of a punched card and codo your Mm~. addre», and >O<ial 
>«u'l<y numbcr """8 <he Holl~<oth code. U>• a dark •poi \~ reprOSMI a hole_ 

1 ll-2. Ch.ange y<~ur SOCial •ecunty number lo lhe .-qu1vale;ll b•n•ry numbor. Make 
• >i<elch of • puoche<l card, and t<'Cord thi> numbe< on lhe rard '" the horilOPlal 
bonary b>h>on. 

1{)..1. Rep.,.l Prob. 11).2, hui rKord the number on the card on the vertiu! 
fa>hicn. 

10-4. "'"""'" th>l alphanumoric informo,.on ;, he1n~ punch'-'<1 into card> al lhe 
rote of 2SO cards pet minute. lf lhe cards ha vean average of 6S rharaCie" each, at 
what rate in chorarlers per •econd Í> the •nformat100 be•ng proce.,('()l 

lG-S. Mi.ke o ,Ketch of a lenglh of p.aper l<l-P•- U•ing tr.e eighl-ho¡e rode, r.-cord 
your n;ome, add,.,,_ and >0<131 >eéurity number on the ... pe. Use a dar k >POllO ro>p
re<enl a holt. 

11).6. Whatlenglh of paper la pe i> requ"e<l for \he >IOrage of 60.000 eh• rae le" of 
alphanumeric inJormaiiOn u•ing the ••sh•·hole code! il»umc no record ~ap>. 

11).7. What length of magnetlc tape would be rcquired lo store lhe ,nform.11ion •n 
Prnb. 11).6 i( the recording Gcnsi<y is 500 bits per tnchl A"ume 1\0 record gop>. 

1{)..3. As!<lme that data are r.-corded on ma~octio; tape at<> densioyof lOO bot> per 
onch. lf the record length ;, 200 characlers, and lhe interrecord gap is0.75 in, what 
" 1he tope-utilization factor! Using lhis s.cMm~. how many ch,.racter, can be 
stored in 1,000 h of tape 1 

10-~. Vcri(y thc solution lo Prob. 10-8 ahove by u>ing fq 110-3) Nolicr thal the 
2,400 in thc equalicn mu" be replaced by 1.000, >incc lhi> is the tape len~lh. 

lll-10. Repul ?rob;. 11).8 ond 1{).9 for a den••IY of 800 b<l> per tnch. 

1 {)..11. Wh.al lenglh o! magnelic tape is req01red 10 store 1 O' ch.,actef1 re<orrled 
al a den,1ty o{ &00 bu• per 1n<h wolh a r.-cord lenglh ol 500 ch.ar..ctersl 
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11-J. V~<oly th~ voll~g~-outputl"'"'l' lor ttl~ oetwor~ ol Fig. 11-S '"'"g Millman'• 
lh<"Qr~m. Oraw lh~ <quovalenl c"w;,._ 

11·~- .O.."umP ¡¡,~ dovod~r m Prob. 11-2 h,o, + 10 V full-~e•l~ 0\llPYI. and lor>dth~ 
lollowing: .. 

1•1 The chan~~ in oulput vol10g• du~ lo a chan¡je in ¡he LSB. 
lb) The oulput vollog~ lor an inpu¡ ni 110110. 

11·5. A 1()-b•t ••sioti~ drvoder " conwuclod such t"at the current through the 
lSR '"'"lor i< 100 ~- Oo:l"'m'ne lhe mhimum currentth.ot will How through the 
MSP '"''"0'-

11-~. What ¡, the luii-Meal• oulput volloge of a six-b11 bmary ladder il O • O V ar.r;l 
1 • + 10 VI What " 11 lor •n eight-bot ladderl 

11-7, Fond the outpul volidj!eof a ~··bit bmary ladder wolhlhe IOIIow,ng mpul<: 
la) 101001. 
lhl \11011. 
kl 110001. 

11-8. ChecK tr.. "''<lit> ol Prob. 11-7 by add1ng the indi•Klual bit cowobuMn•. 

11-~. Wh.at ;, the rc•olution of a 12-bil D/A con,..,rter whioh "'"'a binary 
l•dMrlllthe lull-><:al~ outpul "+10 V, what i•the resolut1on in •olt>l 

11· 1 O. How many b•t• "'"" required on a binary ladder to achoeve a rt»olutoon ol 
1 mv ,f lull ><:ale os +S V/ 

11·11. How many compara!O<> afO: rt'qu~r..J lo build a ¡,..,.bol "multaneou• A/D 
con,..,er/ 

11•12. R<"de;ign the ~ncodong malm and read gate> ol f •S· \ 1·20 """8 NANO 
K••••· 
11·13. Find tOe lcllowing lcr a 1 2-bit <OUnler·ly¡>e AJD co,....~rter u•mg • 1-MHo 
clocO: 

lal Ma•imuol\ ccnve,.ion tome. 
(b) """"~" <on•~"ion lome. 
1<1 Ma•imum conv'""on raoe. 

11-14. What clo<:k lrer¡uPney must be u"'d wuh a IO·b1t counler-ty¡>e A/D con· 
vr•Mer ,¡ ot mu;t be cap.>.ble ol making al lea<! 7,000 ccn,..,.,ion; per oecondl 

1 1·15. What i\ the conve"10n t1me ol • 11-b•t •uccnsi...,..appm"rnatio""type 
AID con""""' u•ing a 1-MHl dock/ 

11·16. Wil<lt" the conve"1on lime o( a 12-bot <e<:toon-counter-type AJD con
•cner "''"8 a 1-MHz clockl The countel os divid<"d 1010 thr.,. equal oecticns. 

11-17, What overall accuracy could you re.,onably e>pectlrom a ll·bll A/D 
<nnvPrterl 

11·18. Wl>at dcgrN' ol '""'lutoM un be obra mM u•ing a l1·b•T optic•l ~""oder! 

11-19. R<"de,.gn 1h" Gr~y-1o--bonary encoder in Fog. 11·11 """& M~O go>le>. 

11-lD. RNle••gn ~~~ Gray-oo-b1nar, encodcr in'F•g. 11-11 "''"8 exdu"v.,..oo 
K••••-
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Magnetic Devices 
and Memories 

Thefe is a large das• of dcvoc.-. and '~""-'"" whoch ·~ u~ul a• dig1tal ele~\\ 
be<:au~ of lhelf magnOiic behavior. A lerrcmagnOioc maoerial can be mag,.Tized in 
a paroicular d11eclion by thc applica,.on ol a su otable m•gnellling force la magnetoc 
llux <5UITing lrom ,, current flow), The maoeriol rcmaon\ mognNized in thoo direc
oion alter the rM>oval ol the P<COIOIIOn .... pphcatoon ol • magnetizing !orce ol ohe 
oppos11e pelarity will •wotch tOe marcri<l, and it w1ll r~main magneloz<'d In the 01>
poso\e direc:hon afocr '"""'''al of lh" e>c•tahoo. Thus the ability 10 .Wre informatoon 
in IWO doll"'""'' OI>Te< ¡, available. and a latR" cla;s ol bina,.,. ~lemen" h.os booen 
devi""' usmg oh...,. proncoples. In ohis chaptcr Wi' inWO<togale " number or ti>f;e 
device• and s)"'~m< that make u~ of them. 

Alter studying thi• ohapter you sh<.>uld be a~e to 

1. lllmtrate how magneli< <ore• are um:J to "'-''" bonar, inform•t•on. < 
2. E>plain the lund•mental ¡lroncople• o{ a cooncident-current memof';. 
J. De>eobe the ""'"'ation ol a "'mkonductor mernory u"ng eoth.-r bópolar or 

MOS devic.-.. 

12-1 MAGNETIC CORES 

One of the mo•t widely u>ed magnett<: clements is the ma~ne!ic e ore_ Th~ typical 
core i\ toroidalldooghnut-sh.opedt, •• ""'- 1n f•S- 12-1, arod " u•ually conr.lructed 
in one ol twO wayo. The me!al-nbbon core "comtrucoed by w<ndong ~ ~ry thin 
metallic ribbon on a ccramic-core lorm. A pcpo.¡lar "bbon ;, '/o-m•l-thl<k 4-79 
molybdeoum-permaloy lknown •• ullralh•n robbon), ond a typ•~al core m<gM cnn
'"1 of ~O ourns ol lhi• r~bbon wound on a 0.2-m·dl.!mco~r C<'lamiC,form. 

fernte <ores a<c con•lructM lr<.>m a f1nely powdt•<<"d m .. ture of magnctote, 
var10u• bJValenl mttal• <u<~ •• magnesoum or ma~n..,.e, and a bonder mat~rtal. 
The powder i> prn>ed into the d<"S~r<"d •hape and for.-d. Ouriñg fonng, the powdtr" 
fv""' mio a "'lid. ho,...,ge""""''· polr<rv•oalline form. f~rrioe co<e• •uch •• !ho\ a<•. 
commonly <OMitucted wioh 50 mil ouo .. de doameoe" and JO md om1de diamele". 

• m 
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Fig. 12·1. Mognehc «>ro. 

femte c:ore< can 0., CMslructfll in smaller domenl-ior1s thin mml.ribbon corn 
•l'ld uwatty h•ve b<'tter unif01mory al'\d 1.....,.,. CO>L Fun~ .. more. lertite corn 
ty¡m:ally hove re<i.ioviti<'S 8""'ler than 10' n-e;.,, "'hich mPans .-ddy-cutr1'1"11 los .... 
are r.eRiig,ble ond thus cor~ heatong is ~uced. for lhese r~a,.,M, they are widely 
us<'<l as 1he principal memory or storage elements in lorgc-ocale digital compul,..,. 

Metal.r.IJbon cores. on lhe orher hand, tuve very good magnetic c:harac\eri<tics 
,M g<'ne<aily r,quire a Sffi<llier dro•ing currpnt for switch¡ng. They are som<'Wh>.t 
b<!lte~ lor ""' ccw>>lruc:t>On oiiOI!Oo: circuots a.-.d shoft regi.rers. 

The brn.iry charKt..,•<IK• of a COIC can be mr:>01 ea\i!y """"' by ~"'mining the 
hyst""''" curve lora typical co"'. Hy<l....,iHDm,. fmm the Gr'-"''- wmd hy;~Pmn. 
whKh meam lo lag behind. A m.a¡¡n!!'lic COIP exh,bots a lag-bekond characterostoc '" 
th~ i>y<low"' cu""' shown in fjg_ 12·2•. In lhis r,gure, the magnetK flux densrl)' B 
is plone<J •• a functoon of the magnetJC loi'Ce H. How"""'· oince th~ liu• denSily B 
" dlfo.:lly proporuonal to lhe flux .¡., and •ince the m•gnolic focld H io dorec;tly 
proponoonallo 1he c1.men1 1 producong it, a plol ol .¡. """'" 1 is a curve of the ,.me 

r.g. tl·l Ferru.-.core hy>te-• cu....-s. 11) M>8netic 11ux c~en .. ry • ""rw' m.ognetoc 
h.-Id H. lb) M>gnelic nu• • '"""'' cunent l. 

' • 
1 • • ' 

' • 
" ' 

' • 
' 1 ''• ' '· ,., ,., 

Magnetic Device¡ and Memories 

goneral sha¡>e. A plot el fl~' in lf>e cOte <1> ~er.us drovrng cu"""' 1 '' ohown in Fog_ 
12-21>. We >h.oU b.o!t' our do..:ussoon on thi< cu~ <ince it i> g~""'~lly ea>i~ to t.olk 
m te<m> ol th...., quantil..-.. 

Now, suppo"' IMt a cur"'nl "'""'e ¡, anached to the windinR• "" llw coro 
<h0Wf'1 on Fog 12- 1, ond ~ pos,¡,ve curr~nl i> applood tcurrenl llowo in lo the upper 
l<'tmlnal of the w•ndon&). Th" crea te• a flu• in the core m tr.e clodwi>e dir<>etoon 
,lmwn in tf>e figure lremembe< the righr-hand rule). 11 the drive curren! is ju,¡ 
>loghtly greal"' th.on 1. ~n in Fig. 12-2. 1M ~atong poonl ol the coro i< ..,.,...._ 

whfore between poinh b ande ortlhe ~ cu~. The magn1IUd. of the Pu• can ,....., 
bl' read ftom tl>e .¡, ••" in thislrgure. 

11 the drive curren\ ;, now remo..,.,.j, the operalin~ poinl ,.,..,. al.mg the 01 
cunte through poinl b to pomt ri. Th<' corp " ~ow •toring ,.,Prgy wrth no input 
••gnal, >rnce lherp i> a r~mainmg or rt'rr.anenl flu• in lhe core al th1> pu1n1 Th" 
propeny " known a> remanen~~. and thi> ¡>e>lnl i• known •• a rem.ment point. 

The repealed applicallOn of pmhi"" eurr,.,l puhe. >impfy cau"" the operat,ng 
poinllO move "'-"-' poin" d ande on the 4>1 curw. Notrco thit lhe op«aling 
poinl always come< l<> rMI at point d wh.-n a U dri~e cun,.,l i• ........,..,.1, 

U a M¡dlive dnYI' cu.......C "'mewhat great.., thin -f. i> oow applird 10 the 
windrng l1n a dim:hc>n Oppo>lle to lhit shoWn in Fig. ll-1], lhe OPO'Iating ¡>e>int 
m<>YI'S from d down through e and stop> ata polnt som<'Where betw'-"'n land g on · 
the .¡.1 curve. Atthi> poin11he nu• ha> switched in 1he core and" now dit<'<ted in a 
counterdo<:kwise diro.:ucn 1n F1g tl-1. llthP drive wrrent i> now rl'moved, 1he 
OPO'Iating poont com5 to "'" at poinl h on lhe <f>1 curve of fog. ll-2. NoiiCe thallhe 
Ou• Ns appro .. mato-ly the """" magnill.'de but ;, 1he no:gawe of whil il was 
previou!.ly. Thós indiCOlr:> th..t the core h;r.! been magne1ized in Lhe opposi!<' ditP<
tion. 

R.,.,aled applocation ol ""'l'li"" drive curr.-nt> woll <omply cau"' the ope.-ah"ll 
poonlto mo"" betw.,.n poi ni> g.and h on the 1/ol curve, but 1he final re;ting place 
with no applied ~urrent woll be poi ni h. Poinl h lhen repres~nts a <O<:ond remanent 
point M the <j>l curve. 

By way of •~mmary, a ccre i>a> IWO rem,lnent 'lates: poinl ri >lt~r the apphc:ation 
of one or more >"''•love current pul..,., poinr h al!,.,.the applicaloon of one or more 
nepti\<e current pul..,._ for 1t-., eme m fig. 12-1. poinl d corrnponds 10 the core 

magnetized with Oux in a do<:lcwise dm-ction, and poonl h COI<npond• to magne
liuti011 with Hu~ in the coonten;:lo<:l<wi>e d""""""· 

Example 12-1 
CO«"• can De magneuze<J by uulizing the m•Kn•t•c field surroun-dinK a current-car
ryon& wire by simply rhreadins the co"" on 1h~ wore. For the t...-o possoblc correnl 
darc:toons in the ,.¡,e ohown in Fig. 12-1, whal "'" lhe corr~ong dorec:1iom of 
mogn<'lonuon loo- the COI<!f 

Solutioo 
According lo 1,. rigi>t-h;md rule. a curr~nl ol +1 m~gneht"' the core wuh 1he flu• l\ 
in a clockw1>e dorec:l10n oround Ol•e CO<~. A< uroont ol-1 magneUlOS th~ m o e woth C... 
flu• in • counterclo<:kw1se J "<'<!iOn a•ound the e ore. 



330 

1 

r' 

Digital Principie• and Applications 

Fis. U-l. 

11 " """" <;uite ,. • .,. 10 = how a ""'8nclic core ;, u..-d a< a ¡,,.'l' .,.,...~ ~i<:e 
on a diHIIal •rw:m. The core ho< two .UW>, and we can >1mply define 0..., oltr.e 
"ale~ •• • _1 a ...O tr..: other Sl,>le •• a O. ll i• perfettly O<botmy which ;, which, but 
lor d•.cu"'"" pulpo"" le\ us ddone po1nl das a 1 and point h a• a O. Thi• mean> 
tha\a P<>••to~e curren\ wtll ""'"'da 1 and re;uh in clo<l<wi.., Hu~ in the core on f•g. 
12· ·A negatrve cu"""'l wollli'CO<d 1 O and ,...,¡¡ on a CD<<nl!:n;lockwio.e n · .c. 
C0<1:. ' u• <n ""' 

We"""" 1>.1~ !he mean• lO< tt<:Otdong,. wnung a 1 ora O in the c<><e bul..., do 
no< •• 1"-"1 N•e any ~n< ni det«:lmll the onlor=toon ,.,,..,¡ in the core A 
••~pie le<hn1<¡u~ lor ;occomph<hing thi< i< 10 awly a currMt tn tho> u>re which :;;'; 
!Wtlch '' to a ko>Own "~te and dotl'<l whether or nol a large flux change occur 
Con,.der 11>< fOrt' •hown in fi~. 12-~- Appl<cahon ol a dri•e curren\ of -1 wi~Í 
•wLtth lhe <<>r~ tothe O !.L>Ie. 1( the core ru,, a O >t<>rod on n, the oper~ting point will 
tnOVI' ~ poonl>_ g •nd h on the ~curve (fig. 12·2), and a ~<'1)' una)! liu• 
<""nge woll_oc~ur. l'hos >mil U change in flu• will induce a vwy sm.1ll V<>lt•ge ocross 
the sen.,...wo~ong t~rminal•. On lhe ot/1er hand. if the '""'has a 1 storod in 1~ lhe 
o~raMg poont woll mOVI' from poont d to point h on the oJ>I curve resultong' 1n a 
much larg~r flu• change in the corc. l'h" change in flu• will induc; a much larger 
voltage on the sense wind.ng, •nd we oon thus detectthc pr.,..nce of a 1 

l'o IUmmarize, we ca'! d<'IP<l the canten" of a core by applying • t~od pulse 
whoch resets the core lo the O Woll'. -.-M oui¡>UI V<>lt.oge al !he ""'"' wondong ¡, 

fog_ 12-1, S<i>J•ns tho contont• of o coro. 

1 outpol voll.ige 
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fig. 12·S. ,..l"..,"''core switchona tomo 
ch•r><tero•hco. M•(Mlo< loo'd Hl<>r<m~•l 

much greatcr when the eme cMtain• a \ than when ot contaiM a O. We can 
therelore d.-tKl a 1 by d"tongui•hing l>etween the tw(> output·voltage ••~nals. N<>
toc:e that""" could .el the core by applyong a tead <111""'1 of +1 and deto:<:t the 
laf80" outpul V<>llage atthe .eme windong a> a D. 

The outpUl vol!age appe•ring ., tlle "'""' winding lor a rypocal '""' " ah.o 
shown on Fig. 12-~. Notice lhat '""'"' i> ~ difiere-n<~ ol about ) to 1 i~ outpul·V<>I· 
tag~ amplotude belw""~ a 1 and a O output. l'hus • 1 c~n be dele<:lf'd by u>ing 
simple amplitude d"crimination ,n an amplofoer In l~oge -v>tem> whNe mony ~ores 
are used on co'mmon wir>d<ngs tsuch •• tr.e larKe memory systems on 'digitol com
pulersl tr.e () outpul V<>hage may ~><:come ~onoid,.,.ably larger because ol addotive 
dfeas. In thi• u,.., ampht..M di>enmmation i• quote often u,.,.j in combmalion 
woth a >l<obmg ~hnique. E ven thoo.ogh tt... amplot"'"" olthe O o•>tP<>l ...ollago> <NY 
"'"'e•"" bo-cau.., of add•"""' elle<:!>, tfle width of the oulpUl will oot inc~a.e 
appre< 10bly. l'h" mean• that the O outpul·voltage "gnal w11i have de<:ayod and w1ll 
be wry •mall i.>Pfme the 1 outnul volt>gc hos dP<oyed. Thu> il""' otrobe the •e•d 
ampl1l"'" "'"'"lome alter the applicat<on of the ·~~d pul•e flor ex•mple, b<>tween 
O. S and 1.0 ,., in Fig. 12·4), thi• sf>ould impro"" our dete<:toon Gboloty. 

The owo!Ching time olthe e-·,. commonly defonod a• ltle time requ'.--.d lor t~e 
output ""ltage to go from 1() ~ro::eru up throuRh il> ma•imum value 1nd bacO 
down to 10 ~ro::ent again ('"' Fog. 12·4). l'he •w•tchmg tome lor any one CO<e ;, a 
funclion of tfle drive curren! •• sf>own 1n F1g. 12·5. lt i> evtdentlrom th" curve that 
an mcrca"'d d11ve cur~enl re>ults >n a de-coe.-ed \wotchong lime. In gcnooal. tl>e 
switch1ns lime loo a core dcper>d> on thc physical "'e olthe <ore, the typeol e ore, 
and tlle materi•l• u<ed in it> construCH<>n, •• well •• the manner on wllocll it ¡, u'-"'<1. 
lt witl be IUifo::ientlor our fl<lfliO""' to know that cooes are available w>lh >witchn>g 
Um<'S hom 1round 0.1,., up 10 milh>e<ond" wolh drive currentsof 100 mil. to 1 A. 

12·2 MAGNETIC-CORE LOGIC 

Sir.ce a magne!K core " • W>•t biNry elemenl, it can be used m a numbeo of 
ways to im¡>lementlogiul iur.cl"'"'· lle<:auoe ol '" inherent rug.gf'dl'lelo" thl: core i> 
a partiCularly u>efullogical element in applicalOOfl> wherP t'l'lvironm~nlal extrem<"S 
aoe P•~"""'rocod, for example, the temperature e•treme'i and ;•diotiOI'I e•P<>"''" ••· 

peroenced by •pace ""kicle~o. 
Sine e the core "essent••IIY • "oo.:oge devo<o ond "' contenl " 

u~g the rn•• to the O >tate. ¡ny lo~1< <y<(em u>in~ co<es mus, 

•ed by ........ ¡;¡ 
s .... tr "" • 
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dynomic <)·<tem. The h.o>i> for u>ing ~Oe core ••' logical element ;, ohown in fig. 
ll-6. 1\ 1 input to the core,. r~pr~"'""-d ~y a eurrcnt ol -t-1 at the mput winOrng; 
thi> "'"a 1 in the eore (magnetil"' it in • dor::~wi>e d"e<tton). An advance pulse 
occur< ;omelrme after !he inpLJI pul•e ha< di>Jppeared. Logteal operotion< are 
carried out during the time the advaneo pul•~ appear< at the ~dvance (resen 
winding. Atthi< time t),., COre i< forc<.'d into thc O,..,,. and a pulse ap~u" at th~ 
O<Jt¡lut wir>dmg only 1f the core prevtOo>ly >torod a l. The curren! in'""' output 
"'ir>ding can then be used •• the rnput for othet core-; or other logrcal el......,l>. 

T""'re h <eme energy lo" in '""' core during <witchtng. For thi< rea<en. the 
outpoul winding normally ha, more turn< than ctther the input or advance windings. 
"' thM the out¡lut will be copable of d!fving ono or more <ores. 

Nutice that a O can be >CI in thc core by >pplrcatrun of a curren\ ol -1 al the inpul 
windtng. Alternatively. a O coulú be sto,ed by a curren! o( +1 in lo tfre undotted •id e 
of the inpu< wir>dins. Tfre im¡>erunt lh<ng te notice i< that etther a 1 ora O can be 
>tored in the core by applic~tion of a current to t~ proper terminal of the jnpul 
wir>ding. 

lo simplrfy our di<eu.,ion and '""' logic diagram<. we .hall adept the symbolslor 
the core ar>d its winding• shown in Frg_ 12·7. A pul >e at the 1 input"'" a 1 in the 
core; a pul>e at the O input '"" a O tn the corc; during tOe advanc~ pul..,. a pul-. 
•ppears at the output only ,¡ Lhe core prevtou<ly h~ld a 1. let u< now con<,der 
"'"'" ol the l>a<ic lo&t< func¡inn< u<ing the <ymbol •hnwn in Ftg. 1l·7b. 

A method lor implern~nting the o• functton i< <hown in Fis. 1 2·8a, A curre ni 
poul>e at e,ther the X or Y inpu" seiS a 1 in !he rore. loomet,me altor the input 
pul..-!>1 have been terminaled. ~n advance pulse occu". ll the <:ore ha< 1><'<'11 se! 10 
tho 1 "ale. a pulse appea« at the output winding. Notice that thi> i> truly an 01 
tufiCtion <io<:e a pul"' al either the .~ or Y input or both Set> a 1 in the <ore. 

Th~ method <"own in Fig 12·Bh providos the me>n< lor obo•ining the complo-
ment nf J '"iable. Th~ sN rnput wrndtng to the coro ha< a 1 tnput. lhi< mean< that 
''"""1! t~e onpul pul•e tinH• thl< wtnd'n~ .,!wov• h"' • 501 'npul cutrcnt. 1( there i< 
nn curr•nt" t~e' rnpul l•i~n·lyrn~ X- 0). tire cnre ">eL Then, when the advance 
pul ;o- r><-wr>, a 1 •PP••" ¿¡ th~ output. "gntlyin~ that l<- 1 O~ tOe othcr hand. rf 

1 
1 
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• Fig. 12·7. 

X= 1. a current appea" atlh~ X input during the <el ttme, and the effect< of lite ~ 
inpr.rt curre ni ond the 1 tnput cur.-ent cartee! one anoth~r. The cure theo rem"'"' in 
the rcoet '""~ (rccollthat <he e ore i< re>et durrng thc .>dv.nc~ pul.,¡, In this ca<o no 
pol•e appea" 01 the oulpul during the aUvanc~ pul<e •ince the coro rreviou<ly con· 
tain<.'d a O. Thu< thc out¡lut repreoenl< X- O. 

Tr>e ~NO function can be implemented o•ing • core a< <hown in Ftg. 12-Sc. The 
two inpu!> to the core are X a..:! í'. and there ar<' four po"ible combin.>tion• of 
th""' twO rnput<. tet"< e.amine th""' inpr.rl combination< in detail. 

fóg. 12-.l_ B••ic <O« logic tunc~orro. 1•1 ~~lb) CornplernenL 1<1 ••O (d} lxclu•lv ... o• 
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l. X • O. Y • O. S once X • O, the Core cannol be'"'· Since Y= O, 'i' • 1 •nd ohe 
co"' w1ll then be r<"Sel. Thu<this inpul mmbinalkm '"""'' the rore •nd ~ ;to"'' . , 

l. X • O, Y • l. S once X • O, 1he rore "ill cannol he ><t. Y • 1 •nd therefore 
1'•0. In th" tnpul comb•n.ltion, ther~ ;, no input curren! in eithe'r windin~ 
and the rore cannot chan~c >Late. lhu> the <U«• <emain• in the O""" he<: a u' se 
ol the P'""'""' adv•nce pul..,, 

3. X • 1. Y • O. The <urrent in tht- X wondong wil! •nemptlO set a 1 in the core. 
How"""'· 1" • \ and thi> current woll auempt ''-' ,..,.,,,,.,. core. Th......, two cur
<enll olf•et one anolher, •nd the e ore doe• not change "''"' 1t rem•ins in the 

O """ tx•cause o( lhe P'""'""' od"mce pui>e. 
4, X • l, Y • 1. The currt•fll •n o he X windm~ woll "'' ,; 1 tn the <01e <1nce l' • O 

and there " no curr~~l in l~e Y wmdm~ Thu• this cv<ni>tnaltO~ stor~s a 1 '" 
oh~ rore. 

In •umm.>ry, '""" mput X ANO i' ;, the onl) combination which r"'ult< in • 1 berng 
>1or..-d rn or.. rore. Thu• thi• i• trulv ~nANO lunction. 

lln ~·clu>ive--o~ function con be implemente<! a> •h.own in fig_ 12·8d by ooing 
o he output< of lwo AND·function core,, 

Example 11-1 
M.>lo a oruth oable for the e.clusive-oo funclton <hown rn Ftg_ 12-8d. 

Solulion 

' ' ~ 
,, XY+ X'Y 

, , , , , , ' " ' ' , 
' , ' , " , 

One of the ma!Cr problem> of <Ore logtc becomes app¡lrenl in tl>e operatron or 
the e.clu>ive-oo <frown tn f i~. 1 2-Bá. Tht> is the problcm of the trme rL'Qwed for 
ohe rnfumwrun to shtft rl<>W" tlw 1'"" from one tO<e In 1he ne.l. ror tho e.clu. 
"ve-oo. the rnpu" X •nd Y OPI'<'O< 01 time Ir. and the ANO mre< are >'"1 or te<N a¡ 
lht< ltrn~- 111 trme 10 an advance pulse;, applied 10 lhe AND cor~• and 1he" oulput, 
.re u><'d lo <l'l the o o core. Th~n al h<= 1, an advonu pulse is applied lo the o o 
coro and ohe ftnal outpul ap¡¡ea"- lt >houfd be obviOU< fram t~i< dt<eu,.ion th.>t 
1he op<'tJI•o~ Irme lor m'!"' "'m~fkatt'd log.r f~n<l•<>n> may becomo "''"''ivefy 
lonR. 

11 >r><und <hffrcll!ly wilh ¡h,, trrc of lo~ic i< ,¡,,. f.cr ohat 1he mpul pul><"l mu•t 1~· 
ol e.;co!v th<" '·""'" wrdth, Thi> '> r.ulteul,ltly lrU<' lor luneltOM <U<h JS lhe 

co""""''~· rhe ANO,'""'' oh,• tnpul "~"·'1' "" otlimc< required tu cancel 
uo< ar>oll>t•t_ .> opport•nl thJI rf oneof lhP rnpul <•~nal> '' wrder than the other, 

r~o· «•«· tnay con~"" '''""'""'" d"'' "'"'' lht• in¡)(OI '"''"'' h»e dr>->ppeored_ 

¡ 
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Yoo will r..callthat rn O<der 10 swoteh a coro lrom one >late 10 onoth"' ~e~ 
minimum Cufl•nt 1. " requi~. Th"" ><>metiml'> r~f~red 10 a< the <el...::t cutr 
Tl>e C<>te ~rrangemer11 <f-.own rn fig_ 12-11• rar> be u>ed 10 impl""""'t an A~ O¡, 

tion if the X and Y input<""' each limlled to one-half lhe <ele<:t current '1>1. In 
way, lhe only Irme the core can toe ''" is when OOth X and Y are presenl, <ince 
i< the only time the eme receive\ a lull >elect curren! 1 •. (ore logic function¡ 
toe coowucted u>ing the half-<clect currenl tdea. Thi> idea i< quite importor 
forrm 1he b.o<" of one type ollarg .... <eale memory 'Y"em which we di>Cu><l>~• 
th" ch.apter. 

11-3 MAGNETJC-CORE SHIFT REGISTER 

A review ol the pr<'VtOU< "'<lion wdl reveal thal a masn•lic core"e.htbil< al 1 
two of the mo¡ur cha•a<ter,.trco of • nrp-nop' ('"'· rl "J l>tnarv d~vtee rop•bl 
"oring binary informaliun; l.e<;ond, it Í> c..pable of bootng <el or re;et. Thus ,¡ w 
""""re•sonabl~ to expeo tO..t the core cou!d be u>ed lo constrt.rel a shi~ r01 
cr a ting covnter. Cor., are inde«! frequently used for tM>e purpo..,.., and in 
<e<:trori we con>ider >Ome ol 1he nK"'<ary precaulicr" and techniqu.,... 

The main idea rnvolve< conoecltng the outpul of eoch core to the input 0' 

nexl <ore. W~en a <Ore i• resel lor •~11. the "gnal a~peanns al ihe outpul of 
core i> u>ed lo <ellor re>et) lhe next core. Surh a Ct>nn~CI•on berween rwo e• 
called a ">ingle-diodetran.ter lccp," ">hown in Ftg 12·9. 

There ><e thre.o major ptoblem• ro overcome when u<ing the >ingle-d 
transler loop. Tl>e flrst pmblem ;, the garn through th~ cor~. Thi< ;, <imifar 1< 
p<oblem di>eu>sed p<evioo•lv, ond tl>e <elu!tOn i< 1M ...,me_ Th.>l is, tl>e 1"'" 
signal thtough the core can be overcome br con<tructing the OUIPUI windtng 
more turn< lhan the <nput winding. This en>u<e> 1hat the oulput "gnal wtlf have 
ficienl omphlude lo >Witch th~ next core. 

The second problem concern< the polarity ol 1he 0u1pu1 >ignol. A <t~nal ap¡ 
attl\e oulpu¡ when the core ;, <el or wh-.n the <ore i> re>ct. The<e two <ign•l> · 
oppo<ile polaritie<, and either i> capable o( switchrng the ne•t coro. In ger>~r,l, 
d"'irable that only one ol the 1w0 O<Jipul •ignals be effective, and 1hi1 ro 
achi""ed by the u;e of the dtod~ >hown in fig. 12·9. In this frgure, the cu 
ptoduced in the oulput windt~8 will !O thtough the drode in ohe forward dirc
(and thu> <el lhe nexl core) when the core i< resol fmm lhe 1 "'"" 10 the O m le 
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produce th~ wortfOtms shown '" fi5. 12·10b. Notice that afler lour advaoce pul""' 
!he 1 h;is bH-n shohed com¡>le~el~ through the r<•gi<~et. ar>d the output 1,....,. all 
rema in low alter thislime. 

The need lor a owo-pha;e clod or advance pul"' 'Y"~m could ¡,;,: elim•nat...d il 
'>O me del ay were introduced betweon 1he output ol each coro and the input ol oh e 
ne•t core. Suppo.e thal a del,y g•eaiN than the widlh of the advance pul'"' W<'"' 
in1roducod b<:tween each pair of coros. In this ca>e, it wuuld l>e pos<1ble lo <iflve 
every core woth the same advmce pul"' sine e the output ol any e ore could no1 ar· 
nve al the input lo the r>e•l cor<! until aher the advance pulse had drsap~art'<l. 

One m"'hod for inuoducing a delay betw<'en core< i< <hoYm rn Fíg, 12-11. lhe 
advance--pvl"' amplrtud~ is >everal time< the minrmum I'"'!Uired lO •witch !he cor~< 
and will "''"' all core• lo the O "ale. lf a core pr,..iou<ly conoained a O, no 
swilchmg occurs •nd thu• no <ÍKnal •rrP<'•r< ot ohe ouopul windin~. On the olher 
hand, da cure previou>ly contained .r 1. curr~nl flow> in ohe ourpul windrng .rnd 
ch>rge> o he capaCIIor. Sorne ameno llow> ohrough rno >el windin~ of the """' coro, 
but Ll ;, >mall ""'"""' of the "'""'""" ol the resinor: fun~wrm<:rre, il i< ove,idden 
by the magnitude of the advar.ce pul,.._ Ho...,ver. al th~ c~"alion of the advor.cp 
pd>e, e rem<oins charged_ Thu< e dr..:h.l.rge< tWough !he inpul wrndmg arrd R, 
and "'" co"' 2 oo 1he 1 state_ 

In th1> >y<tem. th• omplrtude of the advan<e pul<"' i< MI roo cri,cal, bul lhe 
widt1 mull l.rt• matched lo the Re Irme conmnt of ohe loup tlrhe 'Jv,rrLCO DUIW> 
are too lorr~. or •'rematlvely if ohe Re time cor>;lant i1 l<r<> shnrt, tire cao•<llor wrll 
di>eharge Lno much durong the advance pul>e !lme and will lw rncJp,rble ol "'ltrn~ 
theco'e ¿tthe ce»atron ol ti>e ad'"n<e pul..,. The Re''"'" constan\ ma~ lomot t~l<' 
u¡>¡>er l<<:quency of operati~n; itshould be noted, how""'"'· that re><'t:ing ¿ core in
duc"' ~ CUfiL!'IIl in i" input windinS in • dor<-<lion whi<h o~nds to di><:harge ohe 
capaC>Ior. 

Ti>e arrangemen" we have di<euS>ed here ""' called on~-co<e-per·b<l regr~ters. 
There are numt•rou> nther me:hnd> !too many to di><:US> here) fur omplemc•nlrr<~ 

Fig. 12-11. C:o<e >kilo rogi>tor u"ng, c•p•«IOr lo< O•l•r bo!tween oore>. 
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reg'"e" ond rounte", and the reader i; r~fe"'-'<1 to the referon~e• for more ad
vancl'd le<:hniqu"'- \.on>e ol the other melhod> include lWO<Ort'·J)er-bOI <yslem<, 
mod•l«<i·.d~•nce-pub~ >y<l<'ms. mo<Mrrd-winding-<:or<: 'Y""'" .. sp/0!-winding
core •Y>tem<, •nd currMHOuung-transkt S)'>lem>." 

Example 12-3 
U;on¡: '""' <ymi>ol• and the tapwtor-delay l<'<hniquc, d~aw thc dtagrom lor a 
lour--..a~e rin~ counter. Show the e•pKtf'd wavclorm•. 

Solution 

A rlr>g rounl.., can be lormed lrom a simple shih rog,.ter by u"ngthe oul¡>Ul of the 
'"" rore '" the input lor the ¡,,, rore. Such a <y,.em, along with the expe<:tcd 
wavdorm<, "shown in Fig. 12-ll 

12-4 COINCIDENT-CURRENT MEMORY 

Th<' cor~ •hiit rCgiSter dacu•>e<J in the P"••iou• o,ectiOil "'SS"'" the pomibiloty of 
u""'' an orror oi m•~neloC <ores lor ;tOMg word• ol binary onlormartOn. for e•· 
J~>pi~. • 1 O-bit cor~ •hrtl •~H•>'er coold b<> u<e<l lo ;¡m~ a 1 O-bol w<>r~. Thc opera· 
rron wo.,ld l¡o ""''' on Ioom, much lrke the 10-birllip-~op shill regisl~r dr<cu"ed 
oO<ioor. Ir '""'1~. "'"'""""'• 1><' •urr¡e<r lo oh~ "'m" ,,.-.d lrmrr•hon< ob>orv.d in tho 
>or ... l ll•rr·nop """ror. ln..r "· smr~ •><h brr mu" ""'el down lh~ r~i<1er lmm 
<or.-ro <<u~.~''"""""" n clod po,•riod< ro <holr an n-btl word inro or our ol In~ rrg
i""'· lhr> >holr Hme m..y become e•ce""'<'ly long in ><>me ca~. and a la.,er 
method mu>l rhen be de.eloped. Much la,er Oro<"<3110n c•n t>e achreved il rhe in
lom1.1hM i1 wrirten rnt~ .1nd read our olrhe eme• on a pJrollel mannor. Sonce all 
rhe bol> Me p"roce~<ed srmultancously an enl"~ word e in t>e rranslerred in ooly on~ 
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dock period. A •traight parallel wstem would, howe"er, requir~ onc rnput wue and 
one D<rlput wire lor ••<h core. For a large nUmt>er ol cor,.. rl>e rotal numt...r or 
wir~• ma1<,.. thi> <>rr•ng.,ent imprdctrcol, ond «>me olhe< lorm of ~ore sele<hon 
mu11 t>e de...,loped, 

The moll popular molhod lor Slonn¡; binary 1nformatron .in por•llcl forrr> using 
magn"etrc cor€• i; lhc coincrdenHurronl drive 'Y>Icm. Such momory sy<lem• ore 
wodoly ~•ed on •11 type• ol drgital 'Y"~m• (r~m small-sc>l~ Op-<'cial·purpo<t' m•
chine• up lo large-,c•le dtBrtal comput=. lt-.e ba,c rde~ itwolve• arr•nging cor~o 
in a mat<i• and using two h•(f.;elrxr cur~nl>; lhe merhod is >hown in Ftg. 11-1). 

The m• tri• con•im e( two >ets o( dnve woreo: lhe X drrve wires (veMicaiJ ond rhc 
y drivc wrres (horrzoniJI). Nolice lhat ea eh e ore in tl>e m.rr" is threaded by one X 
wirc •nd one y wirc. 5up¡JO<C one h•ll·selcct curren! 'hl. io .1ppl i<•d \0 fine X, •nd 
onc half-•el..-:1 currenr '1•1~ ;, •pplr"" lo lrne Y1. Then ihe corc which is throado-ci 
by both lines X, and Y, wrll hove a rotal of '1>1. + '/,1~ - r. P•"in~ lhrouKh ''· •nd 
ir will switch states. The r=aming cor"' whkh are rhread<'d by X, or Y, woll <"·lCh 
re<e'"e only '{,J •• •nd ¡hey will therclorc not •witch •t..>rc• lhus we h.w~ '""" 
ceedt'CI in •wilching one ol thc 16 e ore• by •el..:ung two el rhc inpur linM (on~ ni 
thc X fines and one ol tOe Y lino•). Wc de"~~·"" the core rh>l swrlched in rh" "'" 
",·ore X, Y,,''"'" rl w.1S ''"''"·hed by •ele<:t1n~ linos X, an<l Y, Th~ dc•iK0•11 ;nn (',j 
X y ;, called the add1rn ol the core •incc ol specrlres rl< ln<ahor'l. We c.1n rhcn \X". 
' ' --' \' \w11Ch any rore X, Y, ln<M<"d at oddre" X,. Y. by applyong 'lrl. t~ Iones l.,""' •· 

for ~.ample. the <ore located in lh<- lowcr risht-hand co<ner ol th• ,..,¡, ¡, >1 lhe 
ad<:l'"'' X, Y, and can b<! \Wrtched bv opplyong 'l,/.10 liM'\ }(, •nd Y 
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In orcl~r thot ti>~ ><"l..:t<'<l core ,..;11 ;w11ch, ti>~ dor...:t•o~• ol lhe hall-•ei<"Ct cur· 
r~nl5 thro.,gh lht X Ion~ .•nd the Y lone mu;l be •ddoti,e in the core_ In f1g 11·0, 
the X <cle<t current< mu•l now through the X lme• lrom the lop toward tho lxmom, 
v.·hole the Y ;elect currt•nl< flow through thc Y lino> lrom Ioft to r.ghl. ApplrtahM ol 
lhe rr~IH-hond rule wtll dcmonwate that currents in thl\ dor.-ctoon ;wioch the core 
•u eh tfottthe e ore llu• i• in • clockw1>e dire<ltOn (looking irom the to~). We deltne 
thi; •• switchon& the core to the 1 ''"'"· lt ;, obv•ous. then, th.>t ""'""mg the dite<· 
t>On>ol bolh the X ~nd Y linecurrents will >Wrtch tho core 10 theO state. Nohce that 

ilthe X a.-.d Y lonc currcnt> ore in a <ubtractiw dotKtion tbe select!'d core "''"''~'"' 
v.r.- v.r. =o a M th~ >or~ dO<"< not ch•nge ""'"-

Wroh this sysoem w~ now hav~ the abilrty lu 1wrtch any one of 16 ~ores by 
,..loctrnR any two ol oi~hl wrr"' This is a >avi"S ;,¡ ';(1 p<rcent overo drrect parallcl 
"'lr•ctron •y<l~m- Th1> ~l'in~ in input wores becnmpr ovr-n more impresiivo il we 
<•nl.rrge the exi,.ing m.11ri> lo 100 core; la sq~are matm wrth 10 cores on each" 
!rde). In this Co<c. ""'<1•C able lo swrtch any One ol 100 e ores by <eiKtor\B any two 
el Cllly 10 "'"""'- Thi< "'Pri'Wnl< .úeducliOn of 5 10 1 Qll(!r a slraight parallel ..,le<:· 
tóOn sy.,em. 

Atth" point we n.ro lo <l,.,..lop a me<hod ol sen><ng 1~ conten" ola ccrc. Thr> 
<" on IX' very ea<iiy accomplo;he-d by tnreadong one '""'" wire throush cvery corc in 
thc matrrx Sin<e onl1· ono coro is "'le<:led l<wrtch<-dl 01 a lime. any oulpul on thc 
"'"'" wrro "ill Í><' due 10 tht• ch.1ngrng of •>ote uf tbc wlecte-d corc. and wc will 
>Mw which corc ol r1 ''""' the e ore •ddre., i> P«"'"l""''" lo <clectrun. ~·olite lhal 
''"' .,.,,._,, wrre ~-"'"' lhrouHh h.1ll the <o••• rn une drrecrron and lhrough 1he orher 
h.r.l rn the nppo'll~ d~<~tlion_ lhus lhe outpu\ •·~nal moy 0., eroher a D"'"'"" ora 
ot·~>flve pul >e for '"" rea.on, the output lrom th• "'"'e wrre" u>ually arr.pliloed 
•nd r<"<;toloed to produce M O<IIPYI pul"' whot:h al"~l• appears wuh tboe ,.me 
polaruy_ 

hample 12·4 
l'rum the "andpomt ol <On>l!uclion, the core mol<i• tn frg 12-14,; mme con· 
v.•n;cnl. hpioin tho ne<~>'·"Y Urre<lrom ol hal(.,c;eu "'"""" rn the X ami Y Iones 
for proper operalron ol thr n,.t•i•. 

Solution 
Coro X,Y, "~.a<liy srmrl,u to the prevromly órscu""ed m.l\11< in f·~- 12·13. Thus • 
cuorenl P"""R Oown tl>rou~h X, and lo the rr!(ht thrO<rgh Y, wtll "'' e ore X, Y, lo the 
; ,¡ow. lo <el core X, Y, 10 the 1 >late, curr.,.,¡ mu<t pa" d""·n lhrough lrne X0, l>ut 
~urrent mu.: ~'-'" lrom lh~ n~ht lo lhP IPh thrnugi> IoM Y1 lcr.t:-ck wLih 1hc rr~ht· 
n•nd tulc¡. Procr.,~lrn~ on thi• (a.hron. \~e"'""'·" '"'" X, Y, ">rmrla< 10 X,Y1_ 
Therelorc, curn•nt """1 p.m through line Y1 lrom loll lo rrghl. Sm~ol;¡rly. coro X1Y," 

'"'"'·" 1<> coro X,\", .1nd nurrnt mult lhereloro pa" tn.rough lino Y, l"'m 11ght lo 
lt•lt. In ~~neral. rurrenl mul< P•'" lrom le/1 10 rrRhl through the odd·nomt>ered Y 
1 rn~>. ond lro;, ro~ht ro Ir~ tlvou¡;h evrn·numbcred Y fine>. 

""""· <rnce curren\ mu" P-1" lrom lefl lo "ght thrC\IKh lone Y,, Ll" ea,.ly ""'" 
thot current mu'l ¡>.>•< upwarrf thoou~h h"" X, in ordcr to "''~ore X, Y,_ By an 
or~umenl "m1i•r tu th>l grv<'n loo tne Y hnes, cuot<'nl mu" !"'" downw•ro" th>O<lgh 
th•• odd·numhcred l lrnc< •nd up••ar<l li<!Ou¡;h lhr• ~en·n~mbered 'lone>. 
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lnhrbrl out 

'· -l/1/m 
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x, x, x, x, 

jl/llm j1/ll., j1121mlll/llm 

~'"" "'"""1 
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lhe matm >hown in Fig 12·14 ho> onc e>lra wimlr11~ whi~h we h>w nor yet 
dr>eu»ed. Th"" th€ inhibH wor<•. In order lo undcr>tand "' o~erabon ''"" functrnn. 
lot us ""mme the methods fo• vml•n& inforrn•llon onto the m•"" ano wadrng on· 
lonNI>On f•om '"" m<rlra. 

To wnl~ • 1 in any co•~ Uh~l"- lo,..,, thc core to th~ 1 >1~1e1 •1 ;, onl) nt'<e>,.ry 
lo apply Vol. to thc X and Y ¡¡,_., ..,le<;tmg that <ore adt-fn•» 11 we <losircd to "'ite 
a O in any eme {lhat is, sel th~ <"Ole to the O "~tel. we could <impl)" •ppiy • turren\ 
of-'/•1~ to the X and Y line; >Oicctons ihal coro •dtloe" We ron o:,o "''"~a O 10 
any rore by m•<•ng u;e of tho inhibH wire •hown in fi~. 12·14. iWe """"'" thal 
all cores MC illrti;¡lly in tho O >toro.) Notice that thc .lpplié.1lron o! 'hl. to thi• wi~t• 
in the drr~cllon <hown on the lt~urc r"'uiB in a complt•le c.mcelf>llon ol the \' linc 
sel«t currenl (11 ai>O lend• 10 <anccl an X line curren\1. Thu< lo wt~le a O 1n any 
core. <1 is ooly n<"Ce>'-'rt lo «'it'<t the w•e in the >ame manne• ~• il wrrtrng • 1, and 
.>llhc ,.,... tome apply ~n inhibo¡ curren\ to thc 1nhibLI wire. The major "'"""" ID< 
wr<Bng • O 10 tho> la<hron will br:"<ome d~ar whcn wo ""' ¡he"' mat<1x plan~, to 
lorm a <omplete memory. · 

To <ummar<ze, W€ wrile a 1 on .1ny "'"' X. Y, bv •pplyin~ '1,1~ '" thc <ele<ot linos 
x. and Y, A O can be wr<llen in 1he ><lmc la<hion by >rmply .1pplyrn~ 'hl. to the 
rnhrb•llrnc" thc <lmr time til .tll curr'> ,ue mrlially rr•<t'l). 

T o rtod tho inform;rtron """,j "' ony coro, we ,.mpl)" ,1pply- 'hl, to Lhc proper X 
and Y line< and dct<"Ct the ouLPul on lhe >en<e wore. The <d<><1 curr<'nt< nf -'lo!. 
re"" th• core. and 1f lhe cor~ pteviously heid a 1, on oulpul pul<c occurs_ 1( :he 
rn•e pte•.Oou>ly held a O. 11 cloe> ool <witch, and '"' out¡1u1 pul;e oppoar<. 

Thi<. lhen, i< lhe ~ompiete <oino<ient·current ><'loctroo <1""'"" fot one pianc_ 
Notiu thot readin¡; tOe inf~rmdl<>n out of the morno<Y rt•<ults in a com~:~r~ lo" of 
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iniOl<tnotion from the m...,..,ry, >in<e all co1es are ro>\01 durmg the read o¡>orotion 
Tn" " refetr.,;j to •• • d~>ltuctive re;odour or ORO •Y'tem. Thi> matrl• plone " uso:d 
lo <tore one bol on a word, ~00 U i• neoco>\"''1' lo u"' n of th""' plan"' to "oro on 
rt·bot wn•d. 

A rnmrlo·le r.ualieo «"ncidMI·cu«ont momof]' w•tom "'" be coMI<uCtNI b 
,,.,.,n~ 111~ '""' mommy plone1 in the monner •hown in Frg 12-1 S. Ail th<• ; 
d"ve Ion"'"'" connecled on •e10e< from plane lo plone •• are all the y d"ve lrne• 
Thus lhe a~piKahon el '1>1~ lO lino• x, and Y01esul1< on • sel"'tron of core X v · ' 

' ' 
. •'•'" """";,!;. •r¡e-

1 
In th•~,:,•hoOII we. con simullaneou•ly •wuch n Core•. where n is the 

n~rn ~ P """'· 1 "'n corn repr.....,nl one word el n bil<_ For e•ample,lhe IQp 
P•~no mo~hl be the lSa, the M•l to lhe top plane would then be the ..-.:oOO LSB 
ond 50 on; the bollom plone would then hold the MSS. ' 

To re•d inlormation lmm lho rnemory. we simply apply -'1•1~ lo tl>e propor 
odúre>S ~nd •cnse il>e outpua on the n •cose linos. Rc•rncml>er ¡hot rcMiout resul" 
r~ <e'-<'llong oll core. lo the O"""· Md thus that werd P<l"lron in the momery ¡, 
CoOMl'd lO all Os_ 

Y O~ w~orc ·~lormal•~~ into '"" rnemory, '"" <imply applv V11. 10 the propoor x •nd 
"'''''". hn,.,_ lhr> "'''· how...._.,, wrole o 1 rn o>very <ore. So lo• the co"'s in which 

we d~,,~ • O, "e >lmultan<"Ou,ly •pply '1>1~ lo the inhobrl Ion~. F~< ••~rnplc, lO 
wrote 1001 on the upper lour pl•no• on Fi~. H-15. we opply •¡,!~ ro thc pro(lo'r X 
.;nd Y lono1 and at lho •·•me hrno appiy •¡,/~ to the onhoóol 110.,. of the second and 
tl>uJ pl,;nes. , 
• Th" melhod ol wriring o«on>P• thal all <:ores wo•re previou<lv on the 0 >lote. ror 
,ht< •~•'<>n ll "common lO dl'fonc o memory (yde. One memory Cl'cie is def1nl'd 
•' a re•rl Ofl('t,>liun ><rilnw.d by a M !le operauon. Th" ,_..rves '"'o purpo"'" ¡,., n 
en•mn lh•t •11 liw- <Or"' are in the O s:ato du"n~ ¡h(o ...-ro~e operahon: -0<1<1. 11 
provodn tt>to "-'"'loo dt"'i~non~ • nnnrlt>W<Ktive •eadourii'DROJ 'Y"Cm. 

· Magnetic Devices and Memories 

11" qu"e lr>COn"enient lo lo<e ¡he dat. "orrd in the memary "''"'Y l1tnC they are· 
re~d out for this re~l<ln, the NORO ha> be<:n developed. One method lar aC· 
compl"hing this lune~k>n is to '""d the inlormation out o! the memory into a tem
po<ary >torage'r'1!i>tcr lflop.flOJl' perhapsl. TM outpul> ol the flip-1\oP< .,.. ¡hen 
u..:d to drive the inl>ibit Iones during the wrole cperati<><> which lollow> (inhib<lto 
write a O and do not inhihotlo writc • 1). Thu> ti>e b.l>ic memory cy<;le allow> us lO 

lorm an NDRO memory lrom a ORO memory. 

Example 12-5 
Oescut>e hQw a coinddent-current memory might be ~on.,ucted ,¡ rl mus! be 
cap,able of stoung l,CH twenty-bot wotds. 

Solution 
Sine e thete are 20 bilS in each word, there "'""be 20 plan"' in ¡he memory (¡here 
is one plone for each b1t). In erder to <lo"' 1,024 word•. we could make the planes 
oquarc. In this case, eoch plane would cont.;in 1,024 core<; il would be CM· 

Wo<ted wo\h 32 row< •nd ll columns since (10l41'"'-12 1~"'-2'-32. Thi< 
rnemory is then capable ol stonng 1.0l4 >< 20- 20,480 bits of inlormation. Typi
c•lly, a memo,. olthis size mighl be constmct.d on a J-in e u be. Nolice that in this 
m.-mory>we h.>v-e the ob.lrty to switch ony on~ ol 20,480 corn by conuollong the 
currenllo>vels on only 84 wirn (32 )(Iones, l2 V hn"'- and 20 inhibo! lrnes). ¡hi> i> 
indeEd a mode.l number ol control lone•-

Example 12-6 
Devise • moans lor rnaking the memory sy•tem in !he prev100' r•ample a NDRO 

'l"lem. 

Solution 
One method for .ccompliohing'thi>;, •hown in fig. 11·11>. The b.u'oc ~ore array 
COMists ol rwenly 32-by-J2 coro plane!. fo< convenier>ee, only the thn•e LSB 
plane• ar>d the MSB core plane are shown in rhe diagram. The w'""S and op<',a· 
uon loo the other planes Me the ~<~me. For cl., .. ty, the X and Y <el ce\ tino• have al so 
f>orn omiuod. The outpul '""'" linc of ooch plane is f.,;j inlo a bipolar ampl•f•er 
whkh ,.,.,,,f,cs and amplifoe; the outpul so thal a posú•e puhe appra" any ¡ome • 
""core is re"'! lo the O <late. A complete mcmory cy<:le consist• of ~ deJr pul"' 
followed by a re~d pul"' lollowro by a wúte pul..,. The propoor ... ..,rorm• are 
•h<rwn in frg. 12-17. The dear pul"' forst sea •11 flrp-flop• to the O •tole un;, c/ear 
puls-e can be gener.r'!<llrom the trailing edge of the wute puls-e!. Wh<-n ¡he •ead 
lrne go"' high, all the ANO gates dnven by the bopolar amplofoefS are eMbll'd 
Shortlv alter the liseol rhe read pul•e, -•{,¡~ "appl,ed lo the X and Y lonr• de"B" 
n.111ng thc address ol the word to be read 0<11. Thi• rr<ot< oll cores in lhr sele<ted 
word to thc O st•le, •nd any core whoch containrd a 1 will sw1lCh. Any core which 
switchcs ~enerate. • pulse on the •ense lone whoch '' amplilol'd and apprarS ., a 
poSrtive pul"' •t the outpul ol one ol rhe b<polar amplil"'"· Sonce rhr rrad A"'O 
gatn are en.abll'd, • po•oHve pul,.. al the output ol•ny amplofoer p.,..., through the 
A"'O g.ate and S<is the llrp-fiop. Shonly ¡h.,e•lrer the ha]f.,_.ltcl Cr" • ~ts di;appear. 

< 
< 
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Digital Principie~ and Appli<:•tions 

11 1~ re>d I1M ~"'" low, ""d tht• flop-flop< · now contain the d•l• which were 
¡><evioll<ly in thr seiocte<J CO•c•. Shortly Mtcr the re.ld hnc goe< low, thc wrile 11ne 
~nt•< hogh, .md lh" enohle< lhe v.rrle 'ND 8'10> IC<>nn~clrd to th~ inhiO¡¡ line 
drM·r<L The O <itlr ol any f11p•flop whoch ha> • O <tor«l rn ot i• h1gh, and th, 
rnabl<"'·lhe wrote ANO g,lte lo wt-óch "i> C<>M<'<I«l. tn th" m•nner an inhobot cur
ren: " •PJ>l•.-d lO any e ore which previou,ly heid a Q_ '>hortly alte< 1he ,¡ .. 0¡ lhe 
"''''" pulso. IJO>il1ve holf-wi...::l curren" ••• applol"d 10 ¡O,. ,_me X and y lin.-._ 
'"'""" 'elt-<1 rurrent< se\ • 1 in •ny core which doe• nnt h•ve an rnhlt>il currenL 
Thu< the i11fnrn1,<l•nn >tofCd in the f11p-flops i< ~'>rotten_dllectly bock •nlo tne cores 
lrom whirh "'''"'"· The half • .,•leot rurrent> "" thcn rt•ducec' to zem. ond the wme 
line goe> low. Tho fall ol thc wiiiC lone" U>ed 10 re>el the flop-~op>, .~d the ;y<lem 
"now rcadv for another re~dlw•il~ cyde. 

T~e NORO nwmorv 'Y>Icm do«u>-.«1 '" the pr<..-ed•ng e,Amp:e pmV1de< the 
rr-~•'"' foo "'·1<1'11~ lnlorrn<trr,n l1on, 1\>e >y>lem w•HtOu\ lo<rng lhe ondo"o<fu•l bot< 
>\Or,•d on ""' "'"'' Oo ""'''' .1 tompoete memur·¡ >Y>I~m. we n1Ust ~•ve tne 
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c.pábololy lo wfite oMormaloon into the core> from sorne e'!erMI source le~-- input 
data]. T~e wrl¡r operaoion <:An b< , .. lized by m•kong u>e of the ••A<:\ >•me NDRO 
wavelorm> >hown in fog. 11· 17. Wc mu•~ how""""· add "'me Add,tion•l gole; to 
lh~ >y<tem wch thoo du""R •"-' re~d wl"' !he d-.1..> ..,¡ into thc nip-Oop1 will be the 
e.tem•l do•• we wi>h <tor.-d in thr tnre>_ ThiS coutd N>ily be acromplrlhed by add
•ng a <..cor>d <el ol AND gatc> whorh ~on be u•c•l lo '"' the flop-flop>. Tho l<>soc 

,. diagram lor lhc complete memmy •y•lem "shown in Fr~. 12-18 For "mpl;doy, 
only the LSB ;, >hown >~r>Ce 1 he logic lar every h•l i> o<leol•c•l. 

For lhe complote memory <Y"""' we r'-"'ognize thao oherc •re two d"t1oct opera
lion>. They ••~ wrne ioto "'""'Ofl' (i.e., >lorc e•trrnal dato in the ~ore•t ¿nd tead 
ftam rnpmory h. e, e•t<A~! d-'• irom ltle COfC< 10 1-., u'<<l el.._.,.,·herel. For !h""' tW<> 

Of"''"'"'"' wc mu•l o.-ce"atoly ~oncraoe lwo d.,tinro "'" ot <Mtrol wov~IO<m•. H>e 
wavelotm> lor read from ,rnem"')" are cxaclly tho<O •hown '" f 'S 1 2-1 7, and the 
even" ere <llmmarized '" fullow.: 

1. TOe clo~r pulse res-el> all llip.ltop<. 
2. During tn., tead pulse Ail cor"' al ohe <elecoed oddrl'" ""' resel !o O, ~nd thc 

dota <tO<nl in lhem ><e tranolcrr.-d 10 lh<> flip-Pop> by mean, of tn. rcad •NO 
gale>, 

3. During thc W'fle pul<e, tne data hcid •n onc flip.llop> ore slorrd bock rn tl-.e 
rore• by ·'l't>lying posrh>'" hall-"'''-"'' curren\\ l<hc inhrbro nm<•nl< a<e con· 
¡,olled by o he O •id e< ol thc ll,r-llap, ond p<ovodc ti>o rneans o( >luring 0< in the 
core>). 

The wtoto into memory wavclorm5 ••~ e•anly lhc "'me •• •howo in Fog. 11·17 
woll> ono c•<ephon· tMI is, ¡he rcad pulo,e i< replou-rl wi1h thc on<or ¡/ata pul,_.,, (..,: 
The evcnl> lor wrole onlo menroryore >ho"n rn Fo~. ll·l~. and •re summa~o'zt.d as 1-
follow" 

1. The ele., pul<e "''"" all llip-llop<. 
ll. Du<ong ohc emcr d•M pul«', on. ""'Kati<·e h.1ll-,.,lecl curren« rM<'I •11 <O<e< at 

tn. «-il'<"ied Addre><. Th~ <O<e oulpu1< ~re nol u<Cd. """"""'· ''""~ '"" .-..>d 
'"0 ~'"'' "e nul_en,,hlr<l. ln<tearl. ~·•~•n•l rloiA ~~~<el •nto ohe fl<p-flops 
lfl<o<J~h 11'<' ""'''' AND ~ale•< 
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f•~- 12-14. Complot• ND~O m<me>ry 'Y'""" llS8 plano onlyl. ,,, 
l. úunng thr wttle pulse. d•ta held in the flip·fiOP> ••e Otmor;l in the core• exactly 

•• bt>fooo_ 

tn condY<•<>n • ......, ><"<' thot wo-it~ into mPmo><y ond ,~,,¡ ¡,om ,.,..mo<y "" e.;><:dy 

the »m~ OP<"<atoon< woth tr.. ~•<eptoon ol 10<- data stored in the flip-flop>. The 
-.•velmm< -·~ ~-.cuy ;ne '"'me when the <c:>d and ~~ter dot• pul"'' ••• u....:l 
OP!>'OP"•""Iv. and ihc S<lme total cyde ttme i< require-d lor eother operal10:>n. 

lt should be pomte-d out tOal .1 numbt>r ol dolloculties are encountered wtth th•s 
type ol 'Y>Icm. IH>l of all, since thc >M>e wore in .. eh plaM th,.ad• ~very core in 
tN.t plane. • numt>er ol und..,ir.d •ignal, will be on the <en>e wire. These un
destted >ign•l• ""a '""''' ol the lacttNl rNny ol the core> in !he plane recei\<e • 
haif-~le<:l curr~nl •nd thus e•hib<t o >light n~, ch•ng~. 
Th~ geomctr<col rattem o! coro arrangement and w~rmg •f>own 1n F<g. 1 ]·13 rep· 

••~n'> on atLomrL to minimize lhe senn••l.ne n0150 by concelbtion. For e<Omplo. 
lhe sign~l• induced in thc ••n~e line by the X •nd Y drive cu,.cnts would hopelolly 

e'"' 
Eno<r 0>1o 

"'""" 
¡/·". Ho11 ·l ... n 

"'"" •1.,11 
'""""¡' o ·1..,11 

1 m.mmy <y<l< 
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Magnelic Devices and Memories "' 
bt> canc.led out since the '"'"" line """"' th"'e Iones'" lho<Jppo;ite doroclion lhe 
s.uM numbt>r of time; r urthermore, the •en• e hne ;, alway• .lt a 4S" anglo to the X 
and Y ~lt"<Ct line<. Somilarly, the noi.., signal> iOOucod in the '""'" line by Lhe par
¡,.¡ •w•tching ol co"'' re.:eiving half-selccl currenl> >hould carocel one anoth••
th,.,_ ...,_""'· aswme> th;ol all iOfes are ident>cal. which ;, Nrdly ~\<et l<Uel 

... nothrr method lo• eliminaiLng noioe due lO cores re<:e•vong Nll-selcct cuttinl> 
would be to haV<l a corc which e>hib'" an abwfutl'1y u•ctang~lar BH.curve"' 
•hown in F1g. ll·lOa. In th" case, a hall-select curren! would move the opcroting 
pmnt ol the wre perhap• lmm point ;¡_ to po•nt b on lhe curve. However. <ince the 
top olthe '""'" ;, ~rizon!al. no ilu• ch•nge would O<c~r. and therelore no un
de"'ed signal coukl be induc.d in the ~nse wire. This is ¡n ideal'"""'· ~_,.,.e, • 
and cannol 00 re;~lized in aclual practoce.ll mo:asure ol coro Quahty i> goven by !he 
<Q«~"'n." t~lio, which i> defined as 

Squareness ratio-~ •• 
Thi• isthe ratio o( the flu• density at the remonenl point B, lO the flu> d~n"tY atlhe 
swttchins poinl B~ and i> •hoWI' sraphically in Fig. 12-20b. The .deal volue ;,, of 
course, 1.0, but values between 0.~ and 1 O ore the be>t obta1na,ble. 

12-5 MEMORY ADDRESSING 

In th" >l'ttoon we '""'-"'"s•tc the m~.•~• lo; "ctiv•tong t'"' X aOO V <el«!tnn ¡,.,.., 
wh«h •upply the holl-.el<'<t cunen" lot <wotchin~ the <<>•<• '~ Lh~ memorv. Forst of 

011, •ince ,, typiColly <cQwto> lOO· lo SOO mA on e.\rh ,e:en l1ne tthot 1!, 1~" 
typ•cally t>etween 100 ,,nd 500 m ... ). ••.eh <~lo<:t l1~0 ,,,,be dmen by o CLJr«nL 
amplil•er. A spocial da,. o! tra~•i>to" h>< Dc•n devdo¡l<"<l lor th>S pu<(>O"'' thoy 
a•e ,..rettod to >< COl~ driwn in data,¡,...,,_ Wh.ill i> th"" n.,..j...d i< the mean• lor 
activ.,ing tOe proper COte-driver ampl,f•er. 

Up to thi; point. we ha ve deo;igna!ed the X line> as X,. X,. X~ 

Fig. 12·20. Hy""""' ru"'"'· lal lde•l. 101 Proct•c>l lre•louble). 
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lono> '"Y,, 1',, Y, ....• V •. For a >quare rnatm. n '' thc numl>cr of c;ore. in each 
<OW or column. and Lner~ are thcn n' cores in a plano. When thc plar.es are ar· 
rang.,O on a ,¡,wk of M planes, whe"' Mi> the numl:>rr of bo¡, in a word, we have o 
"'"""''Y up.thl~ ol "'"'"R n'. M-b•t words. ~nv two ,...r..:t h""' can thm be u"-'<1 
10 read or """'~ a word in memory, ar>d th<> addres> ol that WO<d ;, X. Y .. where a 
a.-.J b un be any numl,.r hom 1 lO n. For e•amplc. x,Y, ''-1>'""'"" th~ column ol 
<<ot"' at the iniN"'<toon oC lhe A1 and Y, "'lo<"l IooM, a<><l""' can t"'-n u y that the 
..-Jci,..,s olthi> word "H. Nohce tn..t th~ Iom do~ol in lh~ addr~" "thr X hne and 
1ne ><"Cond d1g•l '' 1hr Y hne. n,, "aobotrary and could b<- ,...,N~. 

Th" meof>od nf add<e" de,gnahon enlaols but one problcm: '" a d1gotal w<tem 
we can use only ohe number¡ 1 and O. The p<oblem is easily rer.olvtd. however, 
>in< e ihe •rld!!'" ll, lor ~-"mp1o. con be repro>oniod by 010 011 in b,nar~ form. 11 
wo u>O lhrt<' '""¡,,!he X lone pos<tlon and three bolO for ll>e Y hAo l''"i110n, wo can 
then Ot·"~n.oh' ''"' Ml<irc" of any word in o memory l»viO~" c.>ronly of 64 words 
or ¡, ... _ ihr< ;, e.1w In '""· """ w11h 1hree hit< we c;;n r~pretent eight Mdm•l 
num """· w h<r h mo•,on• we Can Jefine an 8 X e = 64 word memory. 11 we cho;e M 
e1gnt-bol «dtlro•«. lnur btll for the X l1ne and lour bols fm lhe Y linc, we could def1ne 
a momory ha»ns l' x l'- 16 X 16- lOó word•. In genoral. an addre» ol 8 b1IS 
"" b<- u<ed lo ddrne > square memory of 2° wonls, where lhere are B/2 bo!S for 
th<- X lone; and Bn hot> for the Y Iones. ffQffl lh" dr;ru"Oon •l is ea•v lo ;ee why 
i•r~e-><~1e coincodPnH:urrent me-mo<y <yslcms u>ually have a ca~cil)l which " an 

"""" f"lW<'< of 2. 

i:x;o.mpi!' 12-7 
Wh•< wouiol 1><' lhe wuc<ure ol the binarv adOre" lor a m...n>Ory •w~m haviog a 
copanty of 1,024 wcrds! 

Solution 
<,.neo l"- 1,0/4, lht•«' would have Lo be 10 b11' in <he addro•i WIJ<d. The fu<l five 

'' lOOJirlbe u><•d lo tlosi~n,lle one ni the requored 32 X lino•. and thc sccond five 
'' could be v<ed lO designa le one ol tne 32 Y l1ne1. 

EA .. mplc 12-ll 

f<~ the mcmorv <y,.em d...cnbed '" toe previou• exampl~. whal is <he d<'Comal 
.dd"-''' for <he loilowing bonary adcires;eo;l 

,_, 101100010\ 
11001 0!010 

le) 11110 00001 

Solution 
iJ1 lhP ¡,,¡ hv~ bol• are the X line and correspond 1~ <he d<'Comal number n_ 

The ""'""d f,vo bol> represen! thP Y line and correspond <o tho de;;omal numbe< 5. 
~u• lht• ,,ddre" ''l., Y,. 
obl 11 00 1 , • 25 , •• 1n<l O 1 O 1 O, ~ \ Q,_ Therelure, thc addrr•;< i• X,. Y,._ 
(cr The addro»" X.,, Y,. 

Aa~nctic Dcvices and Memorie.1 
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nops colltd the '",l<ldre" r11gi"er." Tho add'"'' in hin;ry fotm muS! <hen be 
decoded inlo d""'omallorm in order todrove """ of lhe X ltne d"""" and o-nc of lhe 
y ¡¡""' drrvet ampliliers '" shown in Fo~. 1 2·1 1. The X and Y decodong ma<ric"' 
shown in 11k> {,~'"" can be id~nlocal, and Are ''"''""ally bonary-<o-d..:omal 
d<"Cod...-s. BonAry·<<>-decimal decodong and appropriat~ m~<roc"' were doscu•""' •n 
Chap. lO_ 

12-6 SEMICONDUCTOR MEMORIES-31POLAR 

R~ductd cmt ood >ile, impr<>ve<J reli.1bihly and •re~d of orerallon, ond oncre"ed 
p,,ckin~ <lm•IIY M<' omonR !he <echnolo¡;'<•ll odv.lnre< whid1 hove m,1de <omlcon
ducto< memorie~ a 1col 1ty in mo<lern <h~lta1 <Y<I<'Im_ A i>irol.lf memory "con. 
ll<uctcd utinB \ho lomoli;r l>opolar <r,m"<l<", whilo th<• MOS mt•mory m.1ke• u>e of 
the MO)HT. In th1> >l'Ciion we consoder the ch,,o,toriShCS of b,polar "'"''con
ductor memoroes; MO> mcmoroeo are con<idercd in thc nc•l I<'Clion. 

A "memorv cell'" is a um< cap.oble of >!O<IOR bin.>ry on(orm.lhon; oh~ l>asK: memory 
uno< in,, bopolar '-"'mo<onductor m~mory i< <he liop.flnp rlaochl sMwn on Fog. 12·22. 
lhe co•ll ">ei<'<lrd 1"· '"'''"~o toe X ,~lo:>CI hnc anrllh<' y >ci<"CI line; oh~ •~nte lines 
~re both tl1urn<"d lhrough 10\' _,,.,,lance >en>~ om~,¡,..,, lo ground. of ¡r., cefl con. 
I••M • 1, curren! •> pre>enl m <he 1 sens~ lone_ On 1hc o<l><.'r hand. ,¡<he cell con
tain• a O, curr<•rn i> P'"""'' on ohe O t~•me lme. 

To wrol~ informoho-n in<o <he cell, ¡he X and Y WIC"<"< Iones ore hcld htgh; holdoo¡¡ 
ohe O trn>P lone htSh i+V"I wholo the 1 sente line" ~roundrd wiiiC> • 1 into lhc 
cdl. All<•rn•u""lv. hold1ng thc 1 >eme line high I+V,:I"and Lho O <en>~ lone al 
~touml <luron~ a ,_,.¡~<1 wri<e> a O 1nLn the ccll. Th~ b,,,.c bipolar '"'·morv cell on 
f1~ 11-22 c,,n 11<' uscrl 10 llore onc b1nary dio¡,L ll>ol), and 1i1u1 mony <uc.o celi< "P 

'e'IU"~d"to lo<m ·' mc'mo<y. 
~i,Lecn ol lhc R5 ll•r-IIÓp cell> '" fig_ \2·22 h.we br<•t> Mran~ed '"a 4-by·4 ma-

' ' 
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''•' !O IO<rn • 11>-wo<d by ont'-bot rnemofr in FiK. 11-ll. 11 is 1efened lo u • 
,,,...:om "'""' mrrno•y tRAMJ since ••eh bol;, indi•idu~lly addres"'b~ by <.e
"'"'''"~o"" > ¡.,.... .lr<l one Y lme. l1 Í> .,¡.., • nonde<lr...:table readoo¡ •mee the r~Ad 
"'"''"''on cio<" nol >her lhe slale ol the "'lo<:lt'd no~flo~ lho; memory come• on • 
""~le "'miconductor ch1p [in a songle packogo) •• ;hown on F1g 11-14a lo'""' 
'l:uct • ló-WQrd nlcmor; wuh more lhan one bol per w<>rd requ"e' "adin~ th~!< 

,b,.;c ""'"- For e•ample, '" ol thc>e <h<P' oan be u;..U lo con>lructo lb·wo<d by 
><>-hil m<'mnoy ,,, shown in F1g ll-24b. The X Md Y address lines a<e all con
nonod in por,1liel. Thc units 'hown in f1gs. ll·H ond ll-14 are e"enli.1lly 
"~"'voleO! 10 the Texas ln"rurnenl> 9033 and Fai«h•ld 9)407 15033 or 9033). 

hample 12-9 
U"n~ • 90]), e•pt•in l>ow lo constr"'t a 16-word by 11-b<t memory. 'h'l1at 
oow"'' wo~ld '><!1'-"'t !he 1 J·bLl word lormed by the b•to in column 1 ar.d row 1 ol 
~arh pl¿nel 

Solution 
(onnt"<t twdw 1b-word by on~·t.t memory pl¿ne> in parallel. The addrc" 
~·,x,X,X,Y,Y,I",Y,- 10001000 ,elect< the bol in ihe ¡,"' <olumn and the ltr<t row ol 
eoch plane ¡,, 11-b<t word represcnted by tho vcrticJI col~mn of 11 b11>). 

For l.,ger mcmn,es, the approp•iate addrc" decod,ng, driver ampl,fi • .,, ond 
•r·,r<IJwrrH' logre MC all oonstwcted •n a sinslo pockagc. Such a unrt.lor example, is 
Uw f"'<h1ld 93~15-thi• ;, a l,ON-word by one-b•t tNdlw"le Ri\M Thc I!Lg<r 
d.a~r>m i• ,fx>,.n 10 Fig 12·15. 1\n add•e" ol 10 bit< ;, r<'quir<"d 
,.....,.,,A,/\,1\, ',A,A,l lo oown 1,024 wo•d• That "· • bol> p1ovide 2' word 

• 
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location•. In thOL r••~. lhe 10-bit addr5; ;, tl1vrde<l into lwo group• of ¡,..,., br" 
each_ The f•m frvc (/lo. A,, A,. A~ A.l sel.-ct o unique ~r<:Jup of 32 hn~; from lhe 
11-bv-32 array. lhr ...:ond fr..- lA, A.. A,, A.. AoJ ..-foct e"'clfy one of ,,._, 11 
preselocted l;n., IOt readrng or wrotrng Thcse ba<ir un u' ••e l~<·n >t..c~ed in r>aral
lel a1 shown prevrou<ly; n unu, prO\'rde • nlCmQ<y h.wing 1,024 worrh by n bll•

Another '""'"''""~ an~ u..-lul ty¡>c ol <('mrcontluctcr memo-y;, •hown '" Frg.• 
\ l·lh. ThiS ''a hrpol., TTl •~od-nnly memory (~O MI. The rnfo<motion ;to"-d in a 
ROM r:.;n be rt•.HI out, hui new onlomMtron c.rMol be wl•tl<'n rnto 1l. Thu•. tlw in
lo•m.1llun 11ored i< rcrm.lnent rn n.llure. ROM; can be u<cd 10 !lore m;llhem.llrr:al 
toble;, codo lransl,lliom, and nther f~>ed da1,1. The lo~ic'r<•qtmcd for a ROM" 
generally •impler than that rCQu~retl for a reod/wrjr~ m<"ffiOry, .md the unll >hrown ,n 
Frg 12-lb fequivalont to >TI 9014 or f•,child 914)4) prnvrr1o< ,;n ei~ht-b•l orJiput· 
wo•d ior each fove-hrl inpur ,,<kJre>l There are, of '""""· H word<. "neo •n 
add'"'' oí l1ve b•" P'ov,"d~> )1 wurd< 12' ~ l;ll. 



• ' '• . , 
16 ~urd • 1 bo< -. 

'• "''"""'Y 
X • '· 

'· 
,,, 

,. ' 

fog 11-l'l 101•-word" 1-bo¡ RAM. 

Word 

""''"' 

Digital Principies and Applications 

'Fog. 1 }1•- 1•1 logic d"~r>m. lbi s, chop> 
>IOcl<ed 10 gel i t&-word ~ 6-bot memory. 
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Magnetic Devices and Memories • 
Example 12·10 

How many ~ddrfls bn• ""' re<¡uired lor a 12)-word by lour-bot ROM conSlruct<d 
similarly 10 ¡h~ unit in Fig. 11·261 How many '"~"""Y cell• are there rn .wch a 
u ni!/ 

.Solution 

11 requir ... se•en add'"'' bot>, sirn:e 2' ~ 118. ThNe would l>c 118 X 4 ~ Sll 
memory celh. 

12-7 SEMICONDUCTOR MEMORIES-MOS 

The M" e dcviCe u<Pd 1n the construction ol an MOS >OÓmoconduclor memorv is the 
MOSFET. 8oth p-channel and n-chanr><l d ...... oce> are •••ilable. The n-channel 
memories ha'"' •impler powt"f n:quirement>, uw~lly only +V.,.. ~od are q1úte com
~trble with nL sioce they ~"' uwallv refe,.,nce<l t<> grouod aod """" ¡><>Siti"" 
signallevels up lo 4-V~. The fH'h>nnel d""kes gcner>ll~ roquir• two power-supply 
vollages and may roquore signallnve.,ion in arder lo t.. comp•hble with TI l. MOS 
dcvice• are somewhot simpler than b1pola~ devicc•; a< a re•ult, MOS memooes can 
be cons!ructed wrth more bits on a chip, and they are gene,lly le" c•penSive than 
bipolar memorio:>. The inton<ic co~cotance a•><><iated W<th an MOS device Sen-. 
erally mean• tNot MOS ,.,..,.....,,;., are sk>wer than bipolar un•t•, bul th•• cap¡><i· 
tance can be uoed 10 good advan1age, "we •hall '""· 

' '• ' _l _l _\_ _l _l 
c..¡ Addrou ourr,,. \ 

1·. k 1·. 1· 1·. 1· 1· ' 1·. '· 1 ol 32 
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An RS fiip-flop co•"'l"'cled using MOSFHs ;, ,¡,.,,..,m Fig. 12-27. ll ;, a •tAn· 
d>rd b;>table <lrtU>t with Q, a.-.d Q, •• the two Oct1ve device~ ond Q, and Q. 
O<llnR a! active puli'UPS le .. entiolly re,.;tances), Q, and Q, couplo the nir>-llop 
o~l~u!< lo the lwu Dr/ line!. Thi> e<•ll is conslructed u>ing n-channel device>, ond 
wl.,.,hon is accomplished by hold1ng both lh~ word line and the bt( >elecl hne high 
I+V.,.l. The po;oli...- vohage on lh~ word hne lurns on Q, and Q.. and the poootive 
>e>ll.>gc in the bil !ele<:tline turn• on Q, and Q,_ Under this conthlion. ¡¡,. fiop-fl<Jp 
OUI;>UI! ore coupl«l dot<•c:tly to the bol ouipul amplilo~r (one 1npu1 "de is h1gh, and 
:he othcr musl be low]_ On lhe n1hrr hond, dat.l Coln be <IO<t'<f in th~ cc•ll when •1 il 
,o:o•cted b-, applying 1 orO i+V., orO V del attno dolo mpultrrrninal The Wsk 
m~mory c~ll Jn fi&. 1 1-V is u"-" lo <onstruct a l.Ol4-bot RAM havong a losic 
<l••~·~nl similar 10 f1g. 11-15. Th" parucular uno¡ i> a 2Wl as manulactured by Sig
n~IIC< (mp 

A memory ceil """8 p-channel MOSfET> i> 1i1own on Fog_ 1.1·16. Q, ond Q, aro 
lnP two actove deoice> lormon~ 1he llip-~op. whil~ Q, and Q, ,1c1 a< active load 
res•>IOJ<. TOe cell i• <ele<:ted hy a low logk level al the ¡,., sei<'Ct onput. This 
couples the cont~nts ul the Oo~flop out to appropoiate arr.plofoe., la> in fig. 11-271 
1t.r""sh O, or><l Q,. 

A ,.,ic mPmory " com~l'<'<i ni colll <·•rol>le ni storing binar¡ inlorm.lhM •n· 
¡l,•loOIIely ror n lo. 1he b1pol.1r m MOSIET ll•p·l<op rem.lrn> IN or ~e<N "'Ion~ 

M~g.,etic Devicc> and Memories 
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Fig. 1l-2B. 

Fog. 12·19. aaso< dyn•mic momory cell. 
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'"""'" "~"·* ->r.J ¡.,~,~ "' pcriodllolly reltc•<h the dynanlK memory ¡,a d~<advan
••.:r·, llut Lho ¡,~hN >peed• and lower Pow<>r J~<llpatron, and 1h~rolore the 10_ 
c_'"·'"'d cell den,.ty, outwe<ghs the di»dvantaRC>. r--ote thot • dynamic memory 
'""··'·""' enoer~v_ onlv when read,r·~- wntong. or <Pireshrng cell1. A lypocal dynam1c 
""'"'""' ceol '' '"""'" in F1g. 12-29. 

1~><.• dvnamx; m~mory cell in fog. 12-29 11 consuucl'-'<1 úom p-<h•nn~l MOSHh. 
Tho ,;.>le capa~•t••_"'' I1Mwn •• a doued Cop.lciiO,') i> u;ed a> 1"'-' bdsic stmage 
el(,ment. To wnre HliV lf'>e cell rf'Quire1 holding rhe wme bus ola l<>w lugo~ level; 
lnt-n ·' low level JI lhe }"file da(J mpu¡ chor~~' rho ~ale <"apac1ronce l>lure> a 1 1n 
¡r.., cell! Woih lhe W11le i>u• hold lo". ond a high log1L levcl {+V,.I o11he wnle da" 
or>pul lnc H•le cap;¡(ol.lnCe i> di~ehargod la O i> "O!ed in rhe cell), 

To oead lrom the c~l! 1equir~ holdrng lhe read bu> inpul al a low logic leveL 11 
1"'' g.>le <:ap¡><:rlanc~ os tharged (cell CQnla•n> a 1) !he readdar. hne goe. lO +V -
of lh~ cell '""'"'"'a O. lhe read d•ld IUle ro>rnaons,low. "' 

Tho memory coll in Fi~ 1 2·29" u'od by a numt>er of manulaciUre" ro con<lrucl 
lh<' w1dely u<ro 1103 1,014-bJI rll'nJmiL RAM_ The logoc doa~rem i> •hnwn in Fog, 
1 J. JO R<•!er lO "'·'""l." lurer>' rlm <h""" lor more oie¡,.,¡.,.¡ operar inR '"'""""hun_ 

12-8 MAG,\:ETJC-ORUM STORAGE 

,.. .. ~n<'hC <O'C> and "'micotlducror O..Voc" arranged ;n three-dunen>ional form 
ofle< Rreat odvanta~el •> m.-mory sy<lem>. By {;j,, ¡he mo<t impo~~nl advanla~e ;, 
IM >peed W•lh which daoa can be_ wrollen '"'" or re.d from the memO"t' '~"cm. 
Thol" C.1llod the "''''" torne, anrl lO< <O•e memory •y>len¡s 1¡ 15 11 mply 1he lime 0 ¡ 
""'' oe.lll/wme cydo•. Tkvs lhe a<ce" ''"'" i; <i•ll•ctly rel•:ed 10 rhe dock, ond >vpo
'~' "''"'" ·"" lrom leS< lh.•n l lO a lew ml<r<><cconG• The~e IYP•:• ol memooy 

1 
¡ 

1 
1 

1 
1 

1 
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Digital Principies and Applications '" 
'l"l~m• ""' ,.id lo be random·2<<<U >ince any word in lhe memory can ¡,.. 
selecred ,¡ rarodom. The pmnafY d•..Wvanlage of rhis I)'P<' of memofj' >r><em is the 
cO•l of con>nuctoon for !he amount of >1orage ava.lablo. M an e.ample, 1.-call¡hal 
• ma~nclic lope is capable of stoling la1ge quont•l•c• of 1l;o1a ata relat1vely low e<>S! 
pe1 bol of >IOrJge. A typical top-e mighl be capablc ol >lo11n~ up lo 20 mollion 
characlel>, which cor~e>ponds lO 120 million b11S IChap. IOL To conmucl iuch a 
memory w1th magnetiC cores le<¡uirel about 3 million core> P<'r plane, a"uming 
we ""'a stack of J6 plane> com-sporoding 10 • 36-bil won:L lt is QU•Ie ea•y 10 uro
de<Siarod ¡M imp,.cllcallly of conSiruUing sudo a •rstem. Whal o> needed, ohen, i> 
a 1y>1em ca¡»ble ol "ormg onlormalion wilh le» CQS\ pe1 b•t but having a g•e11.-r 

capa<:1ty. 
Su<:h o 'Y"""' " lhe m•g"eric-.hum >torage >)'110m. The bam of a "'•'l!no•h<: 

drum '' a cylon<lncal-•h>pcd rlrum, ohe <udace of which ha< heen co.tlod Wllh ,, 
magnetic mOINiaL The drum "•ctoted on '" axi> •• 1hown '" Fig. 11-31, and ¡he 
n:~d/wro!e he•d• are u..-d lo •eccrd info•motoon on the drum or reod informalion 
from the d•um. S•nce the wrlace of rhe drum "mognei1C, 11 e.hibits • rectan gula!· 
h)"'elesi>-loop p10perty and can thus be magnetiled. 1he pro<:e>s o[ recordong on 
the drvm·i• much the ,_.me •• lor 1ecord•ng »n magn<"hC ,.pe,"' doscu>sed '" 
Chap. 10, and rhe ;ame mclhods for rocord•ng Jre commonly used li.c., RZ. NRZ, 
and NRZII. 1he dota are rccordcd i~ tr.1ck1 around the c~rcumference of lhe d1um, 
ond lheiC i> one rcadlwrire heod lor o•ach lrock. Thcre ar<• lhrcc majar melhod< fm 
>loring inlo•m•tion on lhe d1um >uri.JCc; rhcy •rP bol-serial, bil-parallel, •nd bll· 
seri~l-par•lld. 

ln hrt·se•oal rocord•nl'.- all lile b•IS in one wo1d are >lor.d >equenoially, side by 

<ode, on one 1rad. of rhe d•um. a,. . ..,,;.¡ >IOrage "•hcwn in Fig. 12-H•. 510rage 
d""''"""of 200 lo 1,000 boll per in ore typicol fm m.1gnei1C d•ums. 1\ typocal drum 
might be B in '" doameler Jnd thus h.wc thc capaCIIY lo >1ore 11 x B '" X 200 ~'" 
per in- 5,024 boll in each lrack, D•um• hove becn con>lru<led wi1h anywho•¡o• 
fro"m IS lo 400 lrnch, and • spacin~ ol 20 Ir," k; lo rlw 1nch "typocal. 11 we ,,.. 
>ume thi> partie<Jbr clrum is O in wocle and ha< a tol•l ol 100 !rack•. we <l'C im· 
medi•rcly thal 11 ha• • storáge copacily of 5,0H b•ts 1""' uaci< x 100 lld<h-

¡ 
1 '"'; lr><kl 

1 '"' 1 

"'· 
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Word 1 
Wo<d l 
Word ¡ 

"'· 
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b.Jmple 12-11 

A cer<a,n m.>sn~ric drurn " 11 in in d•ameter and 1 , 
<opa<r:y o( th• drum ,¡ there are lOO 1 e k d d 2 '" long. What '' lh~ •toro se 
>GO b,., per mi 10 San Ola are recorded al a d~m>ly 0 ¡ 

Solution 

Eo<h !rack h..s • ta~aCily ol" >< 11 in x soo bu. 1 
••• lOO rr.ch. 1,.. drum has • 10 1 _ pe '" ";! !8.840 bot•. S.""olhere 

. 1• capac,ty of 16.840 x 200- 3,76B.OOO bJis. 

m lhe P'<'<<'<J.r.g e><mpie, ea<h Ira e k has the obdlty lo Slmo at>oul 
we u.e a Jó-brt word we can "ore• abo 1 523 d . 1 a,S40 bits. 11 
are •lo• M >e<¡uentraiÍy arourld tho d u r.d wo• ''" o.>eh l<acic Son<~ the wo•d• 

rum .. a Slnce tnere 's only one , .. d/wti¡~ 

·• 

Magne1ic Dcvices and Memories "' 
head lor 1h~ lro<k, it" ea< y lo sec thol wc may ha•e lo waot toread aoy M<" Wfl<d. 

That "· tl>e drum is rotating, and lhe word wc want Lo read may MI he under the 
re•d hud at lhe time we choo"' toread it. lt may in fac1 havc jusi pa.,ed under the 
head. ar>d """ will h.V<" to wa1t until the drum completes ·nearly a lull rO!VOiution 
belore •l is ur>d.., the head again. This points out or>e of 1r.. major diwdvantages of 
the drum ccmpared with the core "orage_ Thal is the pmblem of access ¡,me_ On 
the av<"rage, we can a;sume that we will hav<" lo wan th• tome required for the 
drum to complete one--half a revoluhcn. A drum i> 1hus sa.d to have r.slrkt.d 
access. 

Example 12·12 
lflhe drum in hample 11·11 fOI.Jies al a ~ of l.OOCI rpm, what i> the av<"rage 
acce,. tome lO< the druml 

Solution 
3;000 rpm- 50 rps. Thu• the time for onc revolurion ;, 1/{50 rp•)- 20 m• Thu~ 
1he averase acce" time is one--half the time ol onc revolution. which i• 10 m•
Contrasl this wilh a coinc.de!l1<uHent core memory whoch h>s a d.re<;tacc.ss time 
ola!""" móo:roseccnd>.. 

Not,ce in the p""'iou> nample that 11 requires a >hort perood of t1me toread the 
.16 btts ol thc word, >ince they appear under the r~od head one b,t at a 11me in a 
>e,allash•on. Tt>e actual LimO <equirod ¡, •m•ll rom~ored wt1h lhe acu\S \Lme and 
'' louod 10 be 120 m</•1/ISll words per track) ,. 40 ¡.<>. Tho> tead um• can be 
reduc.-d by "oring the data on the drum in a parallel manner. as shown on Fog. 
12-32h. 

The OV<',.¡;t acces> time lor btt-parallel >IO••s~ i• the same •• lor bit-"'''"' 
•torage, but Ll ;, possible lo tead and re<:ord inlormation •t a much r .. t~r '"" with 
the bit-parallel 'Y"em. let u< u .. 1t-.e drum in E,ample 12-11 onc~ more. Since 
there are 52) words around eac;h !rack. and sonce the drum rotote• at 50 rp,, we 
can reod {or wnte) Sl3 word• por reV<Jiution >< 50 rps- 2&,150 word, per >e<ond 
11 the dato ""''• •lo red in porallct 1.-hion, we could read lor write) al 36 limes thi> 
rate.or ala <ate ol 18.640 w<t<d> per """"lution X SO rp>- 94l,OOCI words per Se<;

o.-.d. We would. of courw, anangc to have 1he numbcr ol trads on the drum an 
e""n multiplc ol the_ number of b1ll in a word. For e•ample, with a 36-bot word we 
might uso a drum having lb or 72 or 108 trad>. 

ll1hird m<thod for reco1drn~ data on a drum i, called "bll-serial-po,.llel." The, 
metr.od Ll •hown m f,g 12-Hc and "commonly u>ed lor "or1ng OCD mforma· 
Mn. The acceu and read (or wr,!e) hmes are a ccmbin>110n of the "'"'al and paral· 
lel tomes. One BCD ch;,rac!er occup>e> ene b•t in each of four adjocenl ~ocks. 
Thus, ..-.ery !""' tracl<5 mighl be ulied a '"b-ond." and each BCD c~racter oc
cuplc• one •pace on tho b-ond. lftr..re are )6 BCD character< in a w<trd. we can 
>tore 52] word• on the drum of hample 12·11. 

Ou1IC afien the •<Ce5> hmo ;, •peedod up by tho >dd,tion ol ••t<a 1eod/w~rte C..: 
head• around tl>e drum. for •••mplo: we might u•e two ,.,. ol he•d• placo>d on ·Q:
oppo'''" •od.s ol thedrum. This would olwiou>ly cut the acce" ¡;me on hall. ,o.lter-J 

' 
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Rdl•""'v. "'e "''Khl ""'lhree "'" of head• "'"''Sed arouOO t~e drum al 120' a~gl .... 
Thi; would redu<:~ lile acc"'' ltm~ b) on.,..lhird. 

Sin<~ writmg on ond <e>ding lrom the drum mu<t be ""'Y 'carelully !1med, one 
tr•ck in tho drum i< u;uolly <e;cr.....-d •• o timing track. On thi• l!O<k. o.,.,;,. of 
11m1ng pul>"' i< ¡><•rm•nently recordt•d ,tnd i; u>ed to >ynch•onize thc wrM <md 
read operation<. fe< tho drum d'"""'-d 1n Exom¡rl~ 12·11, there die 523 word; in 
each trock around the circumfcrencc ni lhe drum. We might thcn re<o<d • <erie, of 
51l equally ""'ce<l timin~ ""'''' around the Ct<Cltmlerence ol tho llming traá. 
Each pul<e would tilen de>~gnate tr.o m>Ú or wlrte po<•t<>n lora .... ord on the drum. 

STUDY AIDS 

Summory 

A wrdo v0'«'1Y ni m•~nctic device; can U.. ust-d •• bmary devico< in d•s•tal 
'V"""''· B1· Id< the rnl>>l wideiy u>ed " the maM<>ellc core Core; con bo u>ed to 
implemont •·'"""' I<>R•c lun<tlon> >uch •• ANU, o•. and NOT, and moro cornplr
Cdt.-d iunc:t•""' c~n h" torrnod frorn combinahM' o( the"" ba«c CIICUit<_ Magnet•<
CO<e ;Mt oc"&i"''" ~nd <ing <nunter> can be con>lructed by u>•ng the >ingl~-<liode 
t<dn>Íe< looP IMw<·~n co•~•- .Y.ognet.c-cor~ logic i; poniculody u .. ful in appli~a· 
hM' €>PcnentinK L'<1> ironm.,ntal e•l<em•·•· 

D~re<t-ac<~» n•~morre> with vcry (~>1 •<«"" t,meo can be con•eniently con· 
>lructod u><ng eotl•"r "'"gnctrc cor~< or I<M>i<'or>. lhe mo<l popular method tor 
constru<tin& tnc"" memorte< i> the co1ntrdent.current te<hn1que. Memoti"' con
<twcted u>in~ eme< are tohetently DRO·typc mcrnonel but ton be \r,JO<fo<m.-d 
into NDRO rncmorie> Ly the addiuon ol c•ternJIIngic_ 

Semicondu(lQt memorie> con..,u<:ttod lrom bipolar tran<"tor, or MOSFET< are 
ava•fable. B•poiO< memonc> are •lot.c rm.morie>, bu• a,e a.ail•ble •• randorn· 
~"'' ROM•. Ot a> complete re~dtwrite unit<- MOS memorie> can be e"her <tatic 
or d1·nam.c, and are availablc a. RAM>. 

!•.Ugnetoc drum• and di;b providc lorger <torage capacitie• ata lcw.,. cO<l per bit 
than ccre--type memorie•- They do, howC"o'er, oller lhe d,.adYan,.KC o[ ,ncrea..-d 
acoe,; time. 

acceu time for a Coinc•dent-current mema<y, ot " the urne required lor one 
re~d/wtrl~ cycle. In gen~ral, 11 ;, the l!me requor.-d 10 wr,tc one word iniO 
memory orto read One word lrom m•mo•y. 

addre" A,.,.,,. of b<I\Ory d'S'" u;.ed lo ope<ify Íhe localion of a word <101ed in a 
memcr;. 

<oin~ident-<~<ir•nt >e!O'<"tion The t~chn•que o( oppl,,ng V>l. on co<h of twc lin"' 
P»•in~ tiHough o rn.>gnetiC rlev,c~ in •uth a way thatthe net cutrent of l. will 
•w•och '~"' <i<'VI<<", 

ORO o~"'"''"'" rc".i"u'-
d,·n•m•c n"'"""' A ""'"'"'Y ,.hme n.nlent< "'""!,e <e>tored perio.i1Cally 
~"""'""' ll••"vod trono th<• Gt<·e~ wnrtl l•y<J<·rem. whrch m•·an< to lag t>ehind_ 
,,.,,,.,"'", "''" Gencrolly J plat uf mazr,otrt llu• don>lly B '"''"' magnel1C force 

1 
' ! 

' 1 

. 

Ma¡;nelic Devices and Memorie5 
J ,., 

·' 
mem H. Can al >a re(.,- 10 !he plot of rnagnetic flu• 4> vei<U> magnetr:ing ~urrent ¡_ 

ory cyc/e In • co•nc•dent-(lJrrent memory oy>tem, a re~d operaliOn followed 
by a w"t~ ope!al!On_ • · · 

NDRO Nonde>tructive •e•dout. 
RAM Random-.cre" memory. 
ROM Re;d-only mcmor;. 
>~lect current l. Tht: minimum curren! required to >WilCh a ma;¡nelic dcvice. 
1!ngle-d1odc tr•n>ferloop A method of coupling the output of one maHno\<C c0 ,¡, 

to tile •nput o( the next magnet•< core. 
;quarMe<> r~tio A mea<ure of core quahty, From the hy<tere<i; cu<ve •1 ;, the 

rattn 9,/B.. ' 

«.>tic memory A memr>ry capable al llcring binary inlorma11on indefinit~ly. 

' 
'· 
'· 
'· 
'· 
•• 
, . 
•• 
•• 

'"· 
n. 

"· 
n. 

"· 

Name nne •dvantage of a fer .. te co•e over ,, metal·nbtxm <ore. 

N•me one advanta~e of a metal·rrbbon cor~ over a lernte core 

Describe the m~lhod lor dele<ting ~ >lO<t-d 1 '" a core_ 

Why ;, • >trcbing te<~noque oiten u;.ed lo detect :r.o output o( a owi!c~.-d 
~ore! 

How "<u•~ >W•tching l•me t, affect.-d by th<• '''"tching cu<renll 

E>plarn why mure compl1co<ed log1c funchon; u>ing e ore• can le .. td lO <'•<e;
"ve operoung .""'"'· 

Whot i< the purpo<>>e of the dio¿e in the <ln~le-diode lran<fer loo pi 

Why i> a delay in >ignal tron<fe• between core, de;iretH 

fxpiOlin how the R and C '" fig. 12-11 intrCxluce a delay rn ;ign•l tron>ler 
be•ween COIM. 

.E•pl•in the operatiOn ol the ;en se wire in a m•Rnetic-coce rn•t•i• plan~. Why 
" ol PO<>•blc \0 lhread every core in the p!Jne wrth the <ame wirel 

f<plain how " " po,.rhle 10 ,¡o<e • O in ,, ('OinCident-cunent mr•mory core 
"""8 the 1nhi~rl fine. 

Why i• .• ba<1c coincident-cullent 
>r"em! 

core ""''M<y •nherently a 0~0-typ-e 

What i> tlw drlference between the ""'"• inro memory and the 
memory cycf,,, lor o co1n~ident·current coro m<·mory ;y<teml 

~>plain the mo.!nlf•g ofthe lrt'r· "(,4-wor~ i>y r·r~l>~ bri ""'''" ~AM_ 

Why "'" thece "0 dynom1c btpolar m<'n'oti<•>l 

What doe< ll mean to "ref<e;h" a dyn,m1c m~n>o<yl 



..1~¿ Digital Principies and Applicatíons 

18. D~l(lolx- tho óollerence belw""n r~ndom-ac<"<> and '~""'"od·•cc~<S mem. 
OfoM. 

t'rohlftm 

11·1. Or,lw > lypocal hy""'"'" cur"e lora coro. and ,how the lwo remanenl 

''"'n". 
12-2. Show ~r.f>hl( ally on a ,¡,/ cu"'e o he path of lhe o¡X-rohng f'CI'"' •• o he eme 
" >w«hed from a 1 10 a O. Repo-.11 lor >Wolchong from a O 10 ~ 1. 

12-l. Draw the >ymOOI lor a m.ogne1ic-<me logi< elen~tr1. and e>plain o he lunc· 
l•nn ol each wind1n~ 

12-~. Dr.lw ,; '"' ol "·avelorm> >howing how tOe exdu.,vo-oo corcuol ol Fog. 
1 !·>1<1 m"" opoo,11e lnollr;e •1 oequiro• only two dock• which ore >paced 150" out 

"' """'"'1 
11·5. llr,;w • '<n~l,..diode tron>ler loop between lwo e ore~ and e•rlaon '"opero· 
toon '""' """''iorm; ,¡ ne<'de<il. 

12-r.. Q,,,,. ,, ..,.hema"c and 111e wavel<>rm> IOI • cOie ""8 counl.., which pro
vJ<I<"> ;even O<JI~ul pul«>>. 

12·7. Draw o '''"eh and e.plain how a core can be >wooched by ¡he coincidenl· 
currenl mo•thod. 

¡:¡.a. M.ll<• ,, ,ketch ,m,lor lo fo~. 12-IS showtog a li>•~o·domensionol core 
mcm"')' c.p•ble of slorong 100 len.bil word>. Show 411 Input and output ltne< 

·c~e<llly. 

11-~. Do<cnbe ohe geometry.ol a coincid..,t..:urrent coro m~moty capol>l~ ol 
<Oorin& 4,09& ohirty->i>-bn words (L~ .• l>ow many pl~nes. how maoy ccres per 
pione, e<e.l, 

1 2-1 O. How many bit> can be stored in the mcmooy in Prob 1 2-91 

11-11. How maoy control lines &le requi1ed lor the momo<y m P1ob. 12-91 

12-12. Show graphically the mean1ng of squarene" 1a11o lor a magnetoc core. and 
"'~aon il< ompof\on<e lor m•gnetoc-core memorie<. 

'o2-1J. IH<crobe a wucture fcr the addre" which coold be u~ for lhe memmy 
ol Prob. 12·9. 

12-14. 11 ,, cM.lln core mem<><y "comPD•ed ol <quare matricc>. whal "!he word 
cap.«lty 1f the .1dd«:" •> 12 binary li•~•t•l 

11·1-'. llow mJny bit> ore requored in !he addre« of a 25ó·word by one-b1t 
read/-lle bipolar RAMI ' 

12-1~. Draw ohe pol.l<tly of ¡he <IO<ed charge on lhe g.>l~ c.opacotance shown in 
lhe b.>.sic dynam;c memory cdl in Fi¡;. 12·29. 

; 

! 
! 
1 

1 
i 

1 

Magnclic Oevices and _Memories '" 

h d 'p b 12HÍifuroloiC<"I 
11-19. What i>thcaveraRe acco,.hme fort e ~um '0 10. · b a (actor of 21 
36 .000 rpmt What cO<Jid be done to reduce th" acce" hmc Y 

e ' · p b 12-18 al what bit rate mu<l data be mo"ed {o.c .. 11-lO. for tne rum 1n ro · • 
1 

. 
read or wntel ~ lhe drum rotal.., al 36.000 r¡>m 



lntroduction to 
Digital Computers 

il4J 
The digiial principl"' di>Cu"ed on th~ pr~voOU< ch.Jpt~" kove bcen uuli1l"d to 
d""i;e ,, R'~•t many dlflert·nl dt~•IOI 'Y'~~"''· Tl1e appl.c"'""' '"" m•ny and '·"'~d. 
Thcy include <1mplc 'Y"ems •u~h a> <nuntCI' ond do~"·'' dO< k,, and mu"· <<>no
pie• appli<etoons <uch •• dtgiral voltmo•tor<. A/D <onveroe". lr,..¡uencr counre,., 

.. and hme-period m~asuring systems. ,O.rnong the mo<l «>phi"icoted dogttal systcm• 
Oevi!ed •"' digi!al compote!S, induding ,peci•l-pmpo..., m..chines . .,.,..u sencrat
purpmc computer< buch •• the Digotal tquipmenl Ccrp. POP-6/Et a<>d lar~e 

genetol-purpose computot• l•uch a; thc IBM l&O and 170 •y>ICm<l In \h" ch.;pter 
we cnmtdcr ;ome ol thc bo>1c principie< common lo dogol,;l compulcr W"•"'•· 

Alter >Ludytng th" ch.lP"'' vou 1hould 1~· able lo 

\, Sl..lte the d,fl..-ence be"""en • >i>'''"•l pur¡x>se anda ~~n~ral purpo><l do~ota( 
<=<rmputer, 

1. Do.cu.s the 4 m>in hlod.> in a sener.ll P•"f"l"' <omf>'JIN. 
3. Write a ;imple cornputer program u;i11~ mnemonK corte . 

. 14-1 BA51C CLOCKS 

The opolr\llon o• control,.¡ • d1~11>l >y<lom c.1n be cla"il"•d •n two ~,.,.,.,,,1 •·11· 
egor~e;-wn<hronoo> •nd •wnchronou;, In a ;ynchwMu• >y;tem the fhp-lio,'" 
••• CO(ltiOIIed by the •y>tem ctoc< >nd e an thcrelow chan~e >lote; only "l>rn ,¡,. 
dock ch.onge> >tate. lherelooe, all tl>e fli¡r-Oops and lag..: g.•te> ct>an¡:e t('l'tl• "' 
lome lor on syochronisml with lhe dock. ¡l,n ~·•mple of wch a >yrochron""' """"' 
"thc p.11allel countcr con>IOucted u;on~ th~ m.Jtlrrl>lave clo<ked n,~.Oop>. tn tlm 
countcr, ¡he 11 1p-llop; can change MOle unly whcn lhc rlod goe< low and" "" 
other time [notice that ";y<tcm could tw cnn>1ruc1ed <wh th,\1 lhe llop-llor' ~,.,~¡ 
change >tole when the dock~""' ho~hl. o~ the othor h.11">rl. in ,,n ·"""'"" .. "'-~.,.. 
>)">1~m th<: !lip-nop< ••e rnntooii,.J lw ev'"''~ ..... n,ch o<cu< ot •oedom !•••~- 1•~· 



~ f--e""'"'"'"'"' 
JUULfUL 

'"' 1•8- 1•-1. a..,, 'Y"""' dod. 

1Me ll1p~lop< m>Y chonge """"'., "ndom and are not 1n >ync;hron.,m Wilh any 
'""'"~ "~n.ol tu eh'" a clock. An e<ample ol >u eh a >Y<Iem miAhl be the operation 
ni .o push bu ti M by • human operalor D~p•e"ion ollhe pu>h bu tlon would cau>e 
,, J],p.nop to cl>.ln*' >tate. Son<:e lhe OP<'ralOr c~n dep""' lhe boJ non at any tome he 

or.....,. <ko.ires. 1"- n,p-nop would change Slales al "'m~ random """"· ~r.d ¡hi> i> 
ihorf'lore an a<ynchro<JOu< opera,.on. Me" largoncale digtlol <y\lem> operale in 
lhe >ynchmnous mode; ,¡ you 8"0 • ltltle lhousht lo ¡he chrdnul and ma1nlo· 
"·"" ,. ol •u<h ·' w••cm. il ;, ••w 10 <ee why. 

Sinrc alllo~ic ~peration< m a wnchronou> mathine occur in >ynchroni>m wl\h a 
dock. tl>t' <y,.em clock becom"' the b,a,;c limins unil- The >Y>II'm doc< mu<l 
provode ,, periOdoc wao-elorm wh,ch can be uwo:d as a >ync:hronilln8 >ignal. ne 
<o;uorc w,we >hown in F•s- 14·1• i> a typOcal dock wa....,lorm u"'d in a d•RIIal 
>v-Iom. 11 <ho~old 1><:' noted lhJI thc dock nt•ed not be a pcrle<tly >ymmel•ical 
'I¡LJ,l<C ""'"' '" >hown. 11 could >1mply be a ..-rio> ol posiiiYe pul•e• lor neg•live 
""'""' •• <Oown in F•g 14-lb_ Thi• wavelorm could. ol <OOJ<>e, be con•ide.-ed •• 
•n •"Y""""'"<JI "'W'~ WAW'. Thc maon <<'Quir""""'l ;, >1mply lhat ¡he clocO ~ 
'"'''''<"Y pe.,od.c. ·"""'" 1hat the clock dehne> a """' llm•n~ inl~rval du,ng 
""" h lo~•< up••·"'""' mu" t.. po•ofom>ed. Th" bd»C uming '"'""'"' " d~f,oed '" a 
.-¡,, 1 cycle ''"", .ond ;, equ,>l lo one perood of ohe clock wa>elo11n. Thu> all lo~ic 
l';,•menl<, illp·flnp•. coun>er>, gat,... etc., rnu" complele iheor loan<oliom In le,. 
tha" one dock cycle time. ' 

hample 14·1 
\.\'0.11 i> the clock rycle l1me lor • >y<lem which "'"'a 500-kH1 dock! A 2·Mfl> 
rlock! 

Solution 
11 <locl cycle timp ;, equal lO one P<!uod olrhe dock_ Therelo1e, the dock cycle 

'""''lo' a 500·011< clock " 1/1500 X 10') ~ 2 ¡<!. Fm a 2-MH> clock. lhe clock 
< )<'"oe ''"'"" 1111 X 10') =O 5 J<<. 

Example 14·2 
Thc tnt.>l prop.lg_olion del ay thmugh a m.,let/<1.-~ <locked llop-flop is g.ven a> 1 00 
n>. What" 1he m,.imum clock lre4uen<Y that can be u>ed WO[h th" flip-llopl 

Solutíon 
A.n ah•maliV<' "'"V of e•we,.in~ 1h~ ~u""""' i>. h<w. 1.-1 can ¡he n,¡>-~op oper•tc/ 
lht• Rop-llop mu" romplote "' "·'"''"on in le" ¡han one dod crdc hme_ Tn~••· 

\ 

f•A· 1"1-
cill•to<. 

( 1~-1) 

a.soc dock mcuil>. .. 1 f, ... ,unning rnuiH~ib•>~or. lbl Wo•n·b"d3• O>· 
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lnuoduction to Digilal Compu1ers 

fig. 14-1. O.cill•tor 
~nd ~ut¡>ul amplifoer. 

o.:m.,or -
) "" . -

S<l'lm•U 

'"!!&" 

None ol the oi':•IIOio" shown 10 Figs. 14·2 ond 14-] h" a ,qu,lfe·w.l'e oulput 
wavelotrn, and •l i> l~erelorc nece"''Y lo con""<!lhe hosoc Í<equency rnto a >quare 
wa..., b<.lore u>e in the >Y'ICm. The >implesl way ol accomplishing lró> is 10 u<~ o 
Schmltt trigger on the output ol the bas.c osc,llatm a• >hown in Fog U-4. lh" 
pro"'des two advantageso 

l. ~ provide• a squore wa"" ol the b.o>ic dock lroquencv a> d..-ir..d. 
2. ll cnwres tMt 1M clock-ootput omplifoe< llh~ Schmin t<isgcr in tho< c.<el 11.1> 

enough power tO drivc allthc """"'"""" circu11< w1thou¡ lo~dong the has« o>· 
t1llator and thus ch.1nging lhe nsdlloMg froqucncy _ 

14-2 ClOCK SYSTEMS 

Qwle ol1rn il is des¡rable 10 hO'• clods ol mo,c lha" one l•equency in a ;y,.cm. 
Alle<nol<vely, 11 m1gh1 be drsiroble lo h•ve the al>•l1ty lo "~"'·"• J sy"en> ot dd· 
fercnl dock frequencies. We m•~hl 1hen begon w>Ü1 a b;,;,c dock which i• the 
highM! lrequency dr,,.ro and dl"\'('lop other basic docl<s by simple frequer><y 
drvision u •ing coun1e1~ As an e>ample ol th«, "'PPQ>e """ de"'e a sy•tcm whoth 
will p1ovod~ OO.,c dock frc-queno¡c-; ol 3, 1 .5, and 1 MH>. T!>i, could be ac· 
comploshed by"""~ the clock;y"'""" shown '" F1g. 14-5 We l:t<-~1n w"h a 3-Mifr 
oscdlotor lollowed by a S<:hm•III"S!II'' to provide lhc l·MHz clodo. The l·MHr 
signal is lhen fed ¡hrough one fli~!IO!> which divid<-S lhe signal by 2 10 provide 1he 
l.S-MHl dock. lhe) MHz signal is olw fed t,..ougha d•vid,...by-1 counlc>, which 
P•ovides the 1-MHl clock. Sy•lems havong muhiple doci< frc<¡utr><le> can he 
P'ovidc•d by using thi; ha>1C me>horl. 

r.:· . oun" 1\J\f 
1 Mili 

J ,.,,, -A7 S<hm<tt ' 
or 

""'"'"o' I>'AA" 

1 
o 

1 .l ..,,., 

JUlf 
) "111¡ 
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. 

:r¡ ' 2 MI h ~ ''"""" ' ' " h ""'"'"" '"~&" 

1 

<Oo<nl" 

' 
JUlf J1I1J .JLf1..¡-

2 ""'' 
1 l.t>;t \00 iMz 

hample 14-4 
Show a tlo<~ ;ycJ""' whjch wiU provide dad fr<"quencie< ol 2 MHz. 1 MHz, 500 
<Hz. at>d 100 (Hz. · 

Solut'•on 

~hP do•;"rd ty<l~m ">hown in fig. 14·6. Beginning 'wah a l-MHz oscillatot and a 
S<-hm<lllto~pr, the 2-MHz dod appea" al tf>e outpul of 1~ S<:hm•U '"&11~<- H1e 
'"'' ilop.llop dovod"' the 2 MHz "Bnal by 2 10 prtwide the T MHz dock. The 1<'<

ond rr,p.fiop d'Y1de; \he 1-MHz dock by 2 to provide the 500-kHz clod. DividinR 
ohe 500-kllz dod by S ptovodes the 100-kHz clod. 

1t ;, <('lmeoomc; <i•w-•ble lo n.,,... a ¡wo-ph.>"' cbck in • dogo,.l 'l"'•m. A ,....,._ 
pha<~ clod ;omply ""'•"' we hove two dock .,gnals of the '"'""' [<eque.-.cy which 
are 180" out ni pho<" woth one another. Thi; can be accompl'"hed w'0¡h the 
outpul< ola (lop-flop. The Q outpul i• on~ pha•~ ol the clod and ¡he Q outpul is 
1ho oth~r pha,.., TheS<' tW<J •ignAif ~¡¡,ele a <Ir 1si:l" out ol pha"' w01h o~• a""ther. 
"""'" one i< lile compl=ient,ul 1h~ cther_ A'~"'""' lru dev<>IOping a rwo-pha"' 
dcc~ el 1 MHz ¡, ,oown ir> fog_ 14-7. For di,.onct>on. the two clc<k• a.-e "'"'"''m"' 
relerrcd te a• pha<e A "•nd ph"e 8. You will 1<'011 that one ""' lor a two-pha•c 
el oc k <y¡tom is to J, {'"' the magnetk-coro shilt regi,.er doocusS<'!;I in Chap. 1 2 lfig. 
\l-10). lt ;, ii''·".;"'"S lo .-.ole thatthe 1wo-ph"'" dod 'Y'"'"' can i>e u sed to cvcr
come tlo~ •.oce problcm cncounlered wolh the basic p,arallel countor discu,sed on 
Ch.:op. 8 lfog. ll--5). Tho race problem os ..,¡,...,¡ by d"vong the odd flop.flcp• li.e .• 
Hop-tlnp• 11. C. f. ele 1 w1th pho'e A ol ¡he clock, and the even llip.flop• (o.c .. llip
llo~• B.{}, f, ele_¡ wolh ph"e 8 ol lhe clod (;ee Prob 14-11). 

The <.l~e pocbJem a• inotially doscu•sed 1n Chap. 5 can occur any tome two or 
more "gnal• al the inp<lls el a galo are undergcing ch.:onge> at ¡¡,. "'""' umo. The 

j 1 ~IH, .l\:r 1 ~''"''"' 
1 ., .. , 
.nnr 

' ' r;, .... ["'<' o 
. 
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lntroduction to Digital Cemputers 

f¡g, 14-8. The use of • "'obe pul>e. 
pul'"· lbl Wo.olorm• for the •" 0 gOl<. 

,., 

. counl~" and c~n cccur anywher~ •n a d•g•tol 
prob1rm ;, therefcre not un!Que tn 

1 
, te olten developcd using ¡he ba•ic 

sl"!em. For thi• reawn,a strot>cpu•e ",~~~econcl•t•onolagatealatimewhen 
el<>< k. Thil "'"be pul'e ¡, "'"d 10 mt~rrog~ ti the gale lovel• render the Bote 10 • 
the input 1evrl• te ,he 1\-110 ale nct eL '"8'",' , ol lhe ••le when the stroi>e ¡>U loe 

~ · ¡,.. appoa" al tne nu pu ..-t<ue ccnu•Ucn, ¡ pu 1 F- U·8 a strobe pul••" 1M'<! 
¡, apploed. 11 the gate ;, laiS<'. no pul•• apP<"•:~· ;h~s,:,. • ...., 1~,m; clearly ,hcw th•t 

10 onlerrogale the •imple th:ce~•npul '~ 0, ,''.,,· 1~ lhc ., 010 are ¡rue; 11 ¡, al•o quite 
1 when '"" ''"''" ,npu ••~ ~ o oulpu" appear on Y 'hl '" "nce the strobc pulses are pi><<!<J e•actly 

de., that no r>«ng can!'<>'" ' occ ,. .. _ trobe ,i,nal can be deVPiopcd m 
. ¡,., the nput.le....,l lran<•I>OO>. ""' ' ----,-----,

mOdway twem ' w " ui dollerentoate !he wmplement of the clock. c<o<K. 
o numi>er of way1. One •Y nd m,.hod would be to dolforenllale tn.
and "'" only the pO!•l•v• pul•~•- A '""0 
clock and leed ¡¡,nto an "ofl" l!an<tllnr"' •hown '" fog. 14-9. 

14-3 MPG C9MPUTER 

o>erPd Ulle 0 w 1de varie<Y ol the topic• s~ne1ally en· 
Up to tht< rnml we h•.e < q S e of the ¡opico have bcen doiCu"ed in 
cO<Jnlered ·,n tke 11udy ol d•g•t.l 'Y"""''· om 

Fig. 1<-9- o...-.topins a wobo P"1"'· 

.,, 



Digital Principies and Applications 

~"'"' <iet.l'll. while GLho" hove be~n trcoted in o mure genef.ll way, In ony e••• y<:>u 
sh.,uld no"· hove ihe n•ocs!.1ry b.lckground ro study any dig,tal sy>tem w'th good 
compre...,nsK>n a<>d a minimum ol ellon. h<'n so. you may bo "'mewf>at unsure 
about thf' o,.,rall Of$OniUt01n of a digot.:tl >v>tem. In an cllon 10 o•..,.<ome dus 
f,...lm~ and 10 atlempt to tie together many olthe lopo<:S discusloed in lhe previous 
ch,o~l··"· wp shall •1 ""' IFme con"der the implemen,.IIOn of a small spec'i.J.pur· 
po<c• do¡:11.1l co':lpuler. 

;,,., >JJCCIJI·purposc computer we shall consider w1ll be u"'<J to cakulale the 
miie1 per ~ollon ola motor veh11:le. thus tho Mme MPG computer. 11 '"a 'P<"Cidl
purpo>P compuler '"'"" lhi> i< the only uw lor which '' '' rnlendl'd. A. Beneral-pur· 
pose comput<."< "ould be • more comphcal.-d mocho.,. which mrght bo uloed lor a 
number ol doflerer.t applica,.ons. 

The ¡,,., st<'P in lhe designo! th~ MPG computo< rrio<: cece"""ly be ttie deter
m¡nJiion ol 1he <Ystem pt•rlorm.•nce r<"quironrent<. The forsl ror¡ouomenl mrght Le 
thJtthc >Yilem be c.pobl~ oloper.,ling lrom o >opply voltago oi :;!:(, or ±12 V de 
>mee 1..., machme wrll be operat«< ,n a molo< vehode. The •<'Cond fff¡uoremont 
mi~hl ~ lh.atlhe readoul ol lhe <Ompuler be in de.:imal (orm. Nr>ie tubo< mighl br> 
;oooci lar tho;> "''doo.ot. but th~v r .-qrru~ an addr!rOnai power supp/¡· ol OIOU"Cl + 100 

\':o o¡>rrate lhe tubo;>!. Drgnal module! aro commercially available whoch provide 
oec,mal roadout, and lnov opor.,e on +b or +12 V de_ lhelo modules do r>OI 
fOGUOCO lile +ID{) V, aOO n¡'oghl be a be11er e hu•< e in thi> case. Tire !onal demoon 
w.i: pe ono or economics The thord requirement r< thatthe compute< calculote the 
rr .. le> por gallon osed l:rv th~ >ehide toan a<eur,¡cv of =:1 mile pt" gallon_ The 
!o"""' <<"quorement we >holl 'rmpo"-' ;, lh.al the <omputer perlorm a c~lculaiK>n at 
1,-~,; once every l S , when the whide i> tra>·eling at a speed greater than 1 O mph. 
:~ '>:her "ord>. "ewould lol,e lo wmple the mileage performance ol lhe vehrde al 
loa!l on'e "-"''Y 1S , lla>1or <amplong rate> are ae<eptable]. He lifth rr•quirernenl '' 
lh,ot 1he 'ompuler be <~n•bl~ ol operoting in vehides """S fud ol ratos b~twe<en 
10 ond 40 miles pcr gallo~. we <•n now summori¡~ th<' l1ve basic requorements ol 
lho MPG computer •• follow" 

1, Pn....,r->upply •olt.lgc is ~ilfl<r ±6 or ±12 V rk. 
2. 1ho compute< must provide • decimal readoot rn mil._ per gallon. 
J. lh<• wmpuW mu" prov1do lho reodoul lOan occur•cy ol.:!: 1 mole p~r gallon. 
4. 1hr> wmpuler mu>l provirle-' re.tdoul ol milos pe< gollon .11 le,l>l once rvery 

L\ 1 when lhe vohoclt• is travelmB .ll a <r>eed R'"·""' !han 10 mph. 
5. ·~¡,~ comPuler mo>l be copoble ol calculolling milo< per gallon l>etween the 

lomrls of 10 a<>d 40 mil~s per g.ali<>n_ 

•l 'nould he nnl«<th.al the system r<"qOLrement> lor lhe compolef un<ler "..dy here 
.,,. quoto ormple ond oom..whot le« stnn~entthan in the..usu;l caw. The t<'Qulle· 
menl> herc are lnlenloon.llly m•de •imple in ordor to s•mpltly 1he discu>S,on_ Nev
erthr>lt•» tho princopb are 1he same rogordle<> ol the severlly ol the >y>1em spectf•
catlon\, Md the stud)' i• thNelore '"""'<love_ 

We ~""""' 1hat we h.ve av.ool•ble two tran!ducers "·hich are 10 be o>-«1 AS an 
inlo,;ral parto! the MPG compute<- The lim tran!ducer ;, med lo mea,.,ro lhe vol-

1 
1 

1 

' 

i 
1 
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fog. 14-10. 
gallon. 

Pul"' from 
rtow "'"'d""" 
p.,1,.,¡,,... \'\t\\\lll\1\ 

d"'""'' "'"1<1"""' 
Tran<ducer putoe< for the 

a d cer providP< an electrocal 
u me 0¡ fu•l flow1ng ;nto the cng;ne. Tht> 

0
':: tranh ", The seconcltran..Juc"' " 

._ '1 ¡ (t.lllon ollucl P>"'" luroug '· 
pul"' eac" tome , ... O a 1 and " driven bv ¡he sp<-e<lom~P' cable. 
u..ed to measure the dostaoce_ """" ed 1 trical pulw coch tome the whocle h•s 
This dtst.:to>ce tran<ducor provode> an e ec 

travelod a d~>tance ol '/,,..el • mole_ . l th computcr let U< •>amono 
Now in order 10 impl~ment lhe nCCC<>·'7 logiC L 

0
1' , ""'-'~'" hy a;sumtng thal wc 

¡he oolpu" ol the now and. di,ance tran\;;~,•~:;,,: e~d lime 1 ~allon -,. u,.d, and 
hove a now transduccr whoch 8""'' an ~u tp 1 pul"' ~ach u me tbte ""h•cle 
we h.ave a d1>t.:tn« tranwucer which grv"'. "." ou u 1 ,¡,,hdv better than ¡1) 

.1 11 0¡,-cfe " .,!~•·"'"& • m o eaw h,astraveled 1 m• e. ou<v 0 a<shown'rnFog H-10-Notoce 
mil"' pe< g.allon, lhe uansducer wavetorm• •Pr;'_"•' , 0 Oow ,..:,1..,, ¡, e••ctly 

'd 
1 , appearong ._.,¡w<'<'n w ~-

lh>l the number o r>tonce pu"' _ .. • uldlr tbe mole• P'" ~.1llon 
e ., llonweM<orc Tnu•weconcaoc 

equal to '''" m• e• per ga · ' rrin" bctween ¡wo flow 
1 · the number of di"·'""" pu ''" occu 1 by <imp Y count•ng _ h. if the vehide wore opNaling al lO m1 "' 

pulses. We can check thll by noung 1 al, l be """ two llow pul"-". t-;oll<e that 
per gallon, 1here would be lO d1>tance puso> ;;:;n.. and <rt thc ..,me time lhe do,. 
il lhe flow transducer supplrl'd lO pulws per,ga " .__ -, wa...,form in fog. 1~·10 

'ded 10 pulsM pe1 mr e. tue """ 
tan<~ rr•n<ducer prevo _ h numbcr ol d•>loncc pul><" appearon~ ¡,... 
would remam unckangod. Thal "' 1 e 

1 
lhe numhrr ol mole. per ~ollon. 

twPen two now pul;cs wnuld '1'11 be"~'~' ~~e anv numbcr ol P"l'e' P''' g.lllon 
From lhl> 1! •hould IJc olear lhat we ~anh' u the sarne numher ot pul"'' prr mil e 
from the llow transúucor 10 long •• we e oo>e ~ tn u;~ in lile MPG rom· 
lrom \he di>tance tlan..Jucer. The lra~,)oc, ',',' wc •.:;; ~o~ pul"" P~' mile 0 ¡ ¿,,_ 

,~ 1 000 ~·1"-" pec gallon o ow a • < ' puter prOvtue • "" _ 11 CM be oblain«< by simp Y coun • 
l'fle,¿ore the number o! mol"'~><'' 81 on 

lance. • < bel """ <on,e~olovc ~ow pul•e•-
ing the number ol dt>tan<o pu ,e, w '-- n bu e>"mining lhe tome 

' 

· o the>e '"nl<iuce" can "" '"" r The reason Ol U>on" 
1 

, l(iuct•J ¡,0 ving onc pul;e pN 

t.:-tween llow pulsos. lCI u11L"t con><~:• lhc nowul~';,_, mlle. 1¡ the vehicle wo:re 
gallon and the disLance transducer havong ~ne P lse would occur evcry 10 mil"'

obtaining a rale of 10 mil e• per g= ~n~O ~:;:.~he flow pul.., would occor ot • 
11 ,no, vchrde wcre tlavelr.ng ata ¡ nou h wmplin~ r•le. On tOe othe< 
""' nf one pet hour .. l'h•s is cle•rly nol ~lo:' : 1,.,,

8 
oc:cur at • rate ol. 1,000 pui><'S 

hand with the >pe<:rloo-d tran..Jucers, tho ~ doc '''',,me condthons. Thu> 
' 11 000 l•c• pt•r nour un ' ' 

P"' gallon and at the ''""O • P" ,;, 1 ¡,, Thr< ;ant¡>lon~ ''"'~ i; clearly wolh<n 
thc flow pul;e> occur every 1 hr/1000 - · h n the vehociP r>blain• the ma.,nrum 
the ,pec,fied rale. The ""''" ca<e oc:cuiS '.:t "

10 
h tnc llow pul"-" oc:cur ~••'Y 

mil"' per g.allon. A.! ~O mliM ~"'' ¡:allon • h mp mum-wmplrng-lome rrqut<e
).6" 4 _ H.4 ,, we h.ave tllerelorc mel 1 e mono 

meol>-
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lhe logk dia_gram for th~ MPG Compuler can now ¡,.. drawn; i¡ i< shown in Fi 
14-11 <>long wrlh the complete w>velorm•. The llow pulses are le<! into a cond~: 
'"'"'"8 am¡>lofrrr and tf>en rnto a on.-.shot to deveiOP !he wa~eform OS, and OS,_ 
lhe d1<raoce pulses arealso led rnro a conda;oning ampliher. Since we de.ire 10 
COunt the number ol d"tance pul..,, occuring betw<'t'n two pul"''· we use the 
dOI"n<e pulses •• one 10putto thc counl •No •ate 11 ("g ¡. '"'" , <' <' · h- ·· o· , ••• u.,neo,errnput 
ro 1 ''ANO gare, 11 ' ' enabled betw.,.n n_ow pul<e•. and the d1<tance pul••• appe., 
ot. "' outpu!. We ~"' tl>e pu l•e• appoarong at the output ol the counr 'NO g<!le lo 
dnve • counter. SU>ce- d"'"" lo di'fllay the miiM "'" g¡ollon betwo:en lhe lrmrts 

Fig. 1+11. Complete MPG comput<r. 
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ol 10 and 40, wo uso a lrve-flip·flop >hift counte< lor the umr• drgr¡~ and a rhrr 
Oip·Oop shifi counle< lor the ren< digit< o( mil e< per ~allon. 

One comer<ion lim~ "the rime ~tween rwo llow fMJI>e<, and we wantto •' 
tl>e accumulatod COUnl in:o r'>e di'Piay flip.Oops al tl>o end ol each cOn•e" 
cycle. Noüce frtO! of alfthat, when Q!, is low, the counl ANDg;>le is di..,!)l..,t ; 
therelore the unr!S ond lM! co•Jnte" cannot chonge m ter. Iris durins thi> time 1 

we musl shilt the contenl> ol theoe Countc" into the di>play llrp-llo¡>S. We u>e 
leadrng Pd~e ol 05 1 lo trigger the <~rll one--shot Mcl de•elop tho shrtt WOYd< 
05,. lhe lalling edg~ ol 05, ;, "pplied ro the shift BaLe~ and at thi, trm~ tho ce 
"ored in th~ umll and "'"' counte., i> >hitl!'d into the dr'Piay llip.<lop>. lhe lali 
Pdge of 05, " t"-"n u>ed ro .._..., all flip-flops in the unrr< ~nd '""' cOunter>. 
contenrs of the dr'l'l•y flLp.flop> are then de<:oded •nd u..,d to ollumin.ttc the 
drcatur light<. In th" sy"em, the dr;tance pul>es can be conside"-'<1 lo be the b. 
>v"cm efod. The llow pulse, lorm a variable cont•ol gate IJy meon, ot lhe cor. 
on.,..>hot whk!> dotcrmrne> the period ol trme thOI the coum •NO gate ;, enal 
arld lherelore t"-" number ol drStance pulse> countod. The outpul ol the •hil¡ e 
shot 05, can be considere<! .s a Wobe pul.e which ~rlt> data f<om tl>o cour 
rnto the di 'Play flip-llops in Such a w~y thar ra<<ns is ovoide<!. 1,. w"em ele 
has an accuracy ol "'- one co"nt, which cotresponds ro± 1 mil e per gollon 

14-4 GENERAL·PURPOS( COMPUT~R 

lhe MPC campo.. ter dro<u<sed in the p<eviour secr.,n "con>ide<!'d a >¡>e<:ial
pose compuler >1nce rl ;, de>ignod and <M<tructed lo perform a <~nsle luncrro• 
olter rt <o th"t it could perlmm anolher luncrron wuuld re<¡ur<e a moJO' '"'"f 
de>ign. On the other hand, a general·purpo>e compute! ¡, de>ignod >t> ih,ll 11 

pcrlorm a Mmber ol fundamental operations-addrtion, >ubt<actron, O\ultip 
¡ion, divi>ion, comparison, ere. lhe computer can the~ be u>ed in any n~mb 
d•ll.,.,nt awl•catron> by simply inltructing it to perlo•m t~e approp,;.,c I>P'"" 
in an ordcrly fa¡hion_ The lunctions lo be perlomrod, li•L•d in '"" ordcr rn " 
they are to be accomplished, is ~nown as a prosram [inrtructron ><'l). Th10 Ir" r 
srrc><:tron>, or prog,.m, il normally llore<! in the computcr memory, whon the , 
Q<Jler ;, ><arte<!, it >imply periormr these\inmucriono in the order 11ored. H 

Uc< the drllo<ence t>etween an el'-"lronic calculalOr and a general.putpooe d 
computer-1,. calculator perlo•m• a lur>etion !add, subtract, etc.) each trrr 
operator dcpr..,~> a OOnon, b.Jt the store<J.program computer perl?""'}h~ 
plete li>t ol >torcd instructions without human intcrvontion. Funhermorc, the 
~utcr i> capable el completing li>e in>lruclion ICI in a vcry short p<•riml ni 
laddLtion rn PNhap• a lcw micro•etund•l. and the opcration ",.;,¡u.1lly ""0' 

The srmplrlrcd bloc~ diagraÍn in fig. 14· U 'ho"'' tl>e ha sic uorts 10 bt• lo~ 
any gene<ai-Pu<pooe COf!'PUter sy>tern. lhe inpu</Ourput bloc~ repro;ents <he 
lace belw'-"'n man and machine. ll could simply be a tele1ype unr~ whore inp 
lormatron "typed rn on the ~eyboard and ourpul inlormatron rSp<in~t-d Cn pa¡ 
could •l•o reprc•ent any olthe other inpuUoutpu\ n',, · "vrou1ly dr>éu<Sed, 
a• punche<! P"P''' tape, pun<hed unrt-reco<d cards, or ;netic llpe, ln_a "Y 
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CoouoO 

fig.1•·12. Bo<;rcompu<e< 
""''bloc< d;.grom. 

inpul dala ore 10ken into the 'YS<em and >IOrt·d 10 the memory a<cord1n~ to the 
appropria>e ••gnal• •• gcneratt>d by the cotHrul i.>loc 1<. '>omi!O<Iy, ¡he coñlrol unot gen
ero les the appropriaoe <~gnal• to reod dooa lrom lhe memory and mo .. 11 to ohe 
OUII)UI bloc k. 

TM ar.thmetk unil consi"s of the r.gi<le<,, counte", and logic required lor the 
l»>iC op.eWions, including arlduion. subt<>Ciion, complemenlalion, •h•htng right or 
lelo, comparo son, ele. Since lhe manipula~ion ol data is accomplo<hed in th" unit, it 
" •<>meum"' <ele• oed '" ·" rh<: c~n!ral proco'"'"~ ""'' ICPUI. Tht• lop•c• ~rev1ou•ly 
co.,,cd (n1omber •ysu·ms, d1~i1>l amhmellc, <'1C.I provide an in•iHhl inlu the logic 
<><<U'" and conligurarion• roquire<l 1n a CI'U. Again, rhe control unit pro,,d.,., the 
ne.;~,.~ry •ignals to mo•e dara from the mernory unir 10 the .rithmeric unit, per

torm rhe de•ircd daLa manipulation, ~nd mo>c the re.ulting data b.>ck into memory. 

Th~ memory blor;k "'~''""'"" the a roa uS<'d 10 More t~e '"" ty¡><."' ol inlormatu;m 
pr•«-nt in the compull-<; namely, rl>e li>l ul rn>lru<tion• !program) ar>d the dara to 
lw operare<! on a• well A< the re•ulting outpu\ dara. Thc memory ""'11 could be 
r nnwuc1ed u•ing any of rhe devke-; ~'e""""Y d~>cu"e<l- magn!'l re cure•. mas
nelic drums or d"ks, >emiconductor memnry unih, magnelrt rape!, and so on. 
R~ading ddla from or wriling d~la roto the memory ;, again under 1he suidance ol 
th• control unit. 

1~ control unit generaTiy con1ains lhe counle,., r.-gi•le~, and lagic """"'""'Y to 
d.....,lop lhe coottol <ignal< reQuired lor mo•ing data into and O<JI olihc memory, 
ar>d for perlormrng the neC<"'•MY dala m.lnipulation• in the anthmelic unit. Th~ 
'Y''""' clock ¡,a pan ollhe conorol unil, and i¡ ;, usuolly rhe >lan>ng point (or 
got><'<oting rhe pcoper conorol <ignals o. d''LUI\ed rn rhe fi,.¡ pJrl of this chapoer. 

lo i; onoere<tm~ lo comider '"actual ~ent>r.ll-pur¡;oo<e digoial mmputer in light of 
lht> •bo•e dis.cu,.,on. For thl> purpo<e, a bloclr diagram of-lhe Oigiral Equipment 
("'1)_ POP-O!E i> shown in Fig_ \4-ll.' NO!e f>ow ttoe <Y>lem dragram Gm ~ 

bto~en into t~ lour buic bloch pr""iously di..cus>ed -inpuoJuutpu~ a•ithmetic, 
memory, and conorol. 11 labiO'-model PDP-6/E i; >hown on fig. 14-14, and the 
lollowing ex ce.-¡>! give> J genero( de<cripoion uf rhe-.y>lem. 1 

Tho PDP-6/E i< sp...;ially de;igned as a ~en••,.( perpo<e computer. 11" la.,, 
compact, onexpemiw, and ~••Y 10 inrerlacc. The PDP-8/E ;, de>igned 10 meet 

'·~11 G>mpuo"' ,_.,ndl.,ol." <"-'P- 1. o,~,,..¡ !qu"""""' CO<PO<a,.on, Mo;,..rd, Ma»., 
1911, 
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Digital Principies aod Applications 

o 

lntroductíon 10 Digotal Computers "' 
The l.l/1.4 mlcro,c>toocl cyclé time ol lhe rnacfline prov.,les • compul.o· 

tion rat~ of l~S.OOU addrhOn> per <.e<ond. Each .1dd1tmn r<<¡uiros 2.6 n11cr"'"" 
conds (wrlh one numbe1 in ohe accumulator) and sublrachon I"'!Uire, 5.0 
mocro~orKh lwith tl>e wbcraho-nd in tk accumulalorJ. MultoplocatoM "¡><'<· 

lo<m<'<l on 256.5 micro><"<onds or le>> by • "'hroutine that Dl"'rat.,; on 1wo 
sign«J 12-bll numl:>e" 1<> produce a 24-b<l prCJ<Iucl. le.wrng o he 12 mO'Sl <•~nol
icanl lnls on the accumulalor. O•v~<oOn oltwo sr~n<'<i 12-bot number1 ;, per
lormNI in 342.4 m.cro"..:onds orle<; bv ,, subrou.,ne that pcoduces a 11-b•L 
quohenl in th~ accumulalor and a 12-b•l r~m•mder rn rore mNno•y. Simll.l' 
signod multrpho;ahon and d,v,ion O[l<'roloons .u e pedrmnod ·~ o1ppro•Ün.11oly 
40 mjc;ro!<.'<ond•. utili>ingtr.e oplio~al E<lended Arllh"""jc; llem~nL 
Th~ n~•ibl~. hogh-Cai)OColy onpul/oulput capabihUe> of lh• rnmpu1er olio" 

ot lo operote a l•rg• varoely ol pNiphor.>l m,>ehine<. A"'"'"' ohe <l.1nd,"'l 
keyl>Oard and paper-lope punch and reador equipmenL, lhE'>C <nmpuiC'I "" 
C"pable ol operating in <<>njunctlon w1lh o number ol opunno 1 dcv":e' l>u< lo 
•• h1gh-~ perlorated·u.pe puoch and •••der equipmenl, card rearl•r 
eqmpmen~ hne prinoe.,, analog-lo-d1go~<ol COl\...,.riCr>, cath<xle rayo u be ICRTI 
display\, magnelic i;!pe equipment, a 32.71>4-word random-•c<e" dt>k fM, • 
262,112-word random-acce" dt>i< lolo, et,.). 

14-S COMPUTER ORGANIZATION 
ANO CONTROL 

In lh" •horl chapler devoted-to digital computer>, we c-nnot rxmibly ~;,. •n 
e•hau>llve trealment ol all m.K~rne>, howevor, we can di>eu" in ~en••ol wm• 
tho>e awem ol computer orsani>ation and oper•toon whoch aro cmnmon lo many 
dolfor•N IYP<'' ol d•s•tal compulers 

The inlormation stored in the compuler memory "of twc IYP<'I-O•lOer dat• 
WOld' (numero<: onformAh0<1) or onWuctocn word>. In 50'<. ll·l, we con<idero>d in 
.a m~ det.,l the varOOU\ formal> •v~ilable l01 >lctong numt>o,., or>eludon~ both ¡,..,.¡. 
point and lloatmg-poont numben. We mu•t now con,.der an oppropriate lormdtlor 
a computor mlruelion word. 

In genor•l. a computer imtruCIIOn word will h,l\·e lwo d••t,n<l le<hon>," 1hown 

1n Fig. 14·1 S. In thi• c.s~ lhe word lengll1 i• 1 2 b•l•: howe""'• thr number ol b•t• in 
• wotd y¡rie• from m...ch,ne lo mao:;hone fes~ lb in the tBM 709017094, ]2 in thr 
IBM J60, )& in the Gf b)S, and 12 tn 1M PDP-8/[)_ The ¡.,¡ «'<lion (lhe thret" brl\ 
on th~ lelt in th" '""')Me u..-.:1 for the Opo'talion cede (op.code) ollhe in<truettOn 
to be perfotmed. The op.code• are deftned by lhe compuLcr deli~ner when Jhe 
mad-tone ¡, initially de•i~Md. ror example, the op---codo fm addotoon n1ight b<
dehnc-d,. 001,. In th11 e,,.,.., 1here are only tha·e bit< re,.rved for op-coOc,, anda 
rompulcr u•ing thi> lorm•t would thereforo be limoted lo 2' • 6 op-code>-

TM rcrnainong bit\ in lhe in>lructton word ihown in fr~- 14-15 "'" u!ed to •P<-"<· 
ify the •dclre" in memory to which the inllructoon applie\. In lhi• '""'· the nonr 
b11\ c.ln be u>ed lO •p•nly o1ny one of 2'"' Sil lo<:otion> in m~mory. A, an e•· 
Jmple, the in\lluelion wotd 001 000001100 mean> odoi iOOI) thc canten" ol tho• 
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mffllOry local<~i .11 •ddr<"'s 12,. !0000011 00) lo the cont<."f\1> ol !he accumulatot 
'"~'""' rn the "":tu"'"'' unct. 

Frequentl~ lnc mo•mory " broken up into "'<toons call..d "pa~es" in order lo 
pruvode lor mure elfrcoenl odd"'"'"S- for e-.mp[e, tOe I'DP-Ait ha. a bdsic 
memory of 4,0% lwetV<•·hot worJs The memory is bro<en up onlo );' pa~;,, 0¡ 128 
wr"'l< on each P>g<'. Thus any word on a Pase can be oddreS>ed by means 0¡ only 
>t'V<'n bits t2' • 12BI. Tf><. in<truclion word for the PDP-8/E ¡, then ""•nged n 
shown m fi;. 1~- 16. 11 lhe addr"'' morle l>t (bit J) "O, o he o¡>-<:ode simply relea 
to """ ol the 118 1>dS" ad<J,......,, s•~rn by the la" seven ¡,¡" in the wurd. How..-ver.
,1 1!\e addres< modo brt is 1, indotKt addt..,_<ing is indic au.>d. This mean> the control 
""'' wril ~o erlht•t In page O or rema in on lhe cur;ent page ld~pendrng on whelher 
U.1 4 " 1 oc m, '·'''' lhe conr~nt> ol llw ~l,en addre», and lrc••l 11 •• anolher 
orld"'" Tlw ¡.,,, l"e '"" of 1~11 new odUre>S >pccrfy which ollhe Jl poge> 
li' ~ 321. and 10~ «•mornmg '"'"" b1« g1ve lhe addrc" on lholl page 12' ~ 128! 
coniMnrn~ the dot,l lo w~kh 1he op-code .app(;..,_ 

on lhO> way, lh<! on>I<\OCloon •vord lorm.al,..,.; oniy ¡..,,.."-"'~"bol> devoled 10 an 
,.rj"""'· and 0<\IV ~n occ,.,ion.>l 11-b.l addre" word ;, "'-""'<'<~lo rele¡ence data on 
·•'- MP ollhe olher 31 av•il•hlt· page>, Clearly lhr< word form•l "mare ellrcienl 
:h.;n "rnplv e""' on¡: 1 1 12" ~ 4 .OQ¡,; l>rl> ¡,, ad<i"'" loc.Jt1on> in memory. 

A' an e>.lmpir• ol rnd"<'<l odJre>Sin~. >Uppme 1he data t>ring operoled on are 
"orc>d nn P•He 15 ol the memory-in urde¡ lo gel lo another p•ge, one mu>t u•e 1n. 
d"<'<:l adOre, in~. The rn>lru<:t1on word 001 10 0001110 mean< odd (001) the COI\
Iel\" <>1 thedot> located ifl •<kl•~» 14,. 10001110) on page o 10 lhe cOntcnt>ol 1h~ 
~cc~mulator regm~r on the anthmelic Untl. Note lh3llhe 1 in 1he lomlh !}.¡ po"lror> 
11'<"•1••• indi.-ect add..,.>inS< and lho O in lhe Mh bol po>ilron rele" 10 page 0 
Now, illhe <:on1onl> ni memory localion 14,. on pageO ;, 001010001111, the 
<lot• lo l>r ,1dded In iho accumu lolor wrll be lound on pJ~e 5" 100 1 01) tn locar 10., 
15,.10001111). 

frg. 14-16. POP-6/[ on•ltu<I<O<l wof<l lor,.l. 
• 

Oe<<>.l< ,,,, 
"""""" ¡""-¡-'--,'''-¡-''-,-'''-¡-'''-;-''""T-''-,->'-,r''-T""'-¡-''!'-, 

1 1 

' Addr<l> Modt __J 

Oc o-...-t 
\: l.0~...-1 

~ p,,., 
Oc P•Of'O 
\: Cun.,¡ P•i• 

• 
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M<mory Mtmory 
M<mory 

•ddrn><<l buff" r<g_ 

O; 

'""""''"" '"' """"'" " ,, ' 
"'""''Y 

•ddr<>> <<J. ~ .. "r M<mO<"t 
:::t buff« lf~ 

lopul 1 
Out out 

)l 
A"thmoh' 

'" h¡. 1•17. o.>i< compulor oporotong r:yt:l••· lol f<t<h. (bl be<ulo_ 

< 

T~e 1nwu<t1on, to br• "'"<uled by 1he «>mputer are nu•m•lly 'lored '" lhe 
memory ;0 the ordcr tn which ¡hoy are 10 bo ¡><••lorm<'d. To bcHrn an oror.,hon, lhe 
ddri'S> in the memory oltl-e lrr;¡ in,ouclion lo be e.oculed "ont••red rnto 1he 

:nachine by an operator. Lh~ control unol lhen INch~> lhis in>l•uction l10m mEm
ory, exe<:uii'S lhe proper operalron, aOO proceed• lO ihe nc>l tnotruCiton "ored m 
th<! mo-mory. Th" lu•ic lw<>-C'Icle proc•'" continui'S until •llll>e mwuctoon< have 
b<;>en complt1ed and 1he m•chine •tops. Thu• ¡~e operation ola <:omputer can be 
c>pl;¡ined m ¡orm> ol two lundamPn,.l cycle>-INch and """'u/c. let'> e•am1ne 

.• thc'c twn cyclc< and doiNmine lhe to>k> lo be accomplr>hcd by lhe conlrol UOII 

during c•<:h cyde 
The compuler unm involw<l du11ng a letch cyde aro •hown tn F•s- \4-17a_ 

During a l•tch cyclc, lho lollowing oper~looM a<e perlormed: 

'· 

'· 

Th<! add""' 1n m<>mOI'/ olthe ¡,., ;nwucloor> lo he e>ecutod <> placed 10 tt>e 
inotru<:uon counlcr. 1~;, add'"'' " 11••d tolo tnc mcmory a<ldoe" rcg•stc-r 
(MARI and'a rcad/wiiiC cycle ;, •nrliotcd in lhe mcrnory. 
The imtruction Slored .11 the grvcn oddre" m momO')' ;, road into the m~mory 
buffer regr>lcr IMBRI. 
Lhe o¡>-<;ode porltOn cl1he rn>truclion in lh~ MBR is then ""'..d in the op-<ode 
'"ll'"~'· and thc add""" portio~ "plac..d in 1h<! MAR (tn pi~ e ol1~e prev'""' 
acldoc") m prcp.oo~loon lor !he 1ollowrn~ ~·Kulc cyde. 
Lho in,roclion counlN i• inne•;<'d by onc rn ordcr lo be •cad> for tn~ ne" 

fetch cyclc. 
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1~~ compulor uml< ac""" during an ~•e<-ule cycle are shown m Fig. 14-170. and 
lho lollowing opor>tiMs are performed; 

1. Th~ .!ddre" '" memory containong dato to boe read out, or where dala i< lO ¡,.. 
"orod. "nmlarn<'d in the MA~ as a resull olthe prl"V;.,.,S /~ido cyde. Simi
:~rly, lhc op-cooe •> coooain<.'d in 1he o~ode <egi"er- • 

l. 70,. <enlenl> o; the o¡>-cocle rego,.er are decoded and lhe conuol unn l"<>•ides 
1-w nece'"''Y con.,ol <ÍRn•l• to rNiorm lhe operat.on colled lor-e.g. read 
d."·' lrom an in~ul TTY, inl<> the MBR ond •tor• 11 al the addres> in memory ac
Co'!i.nR lo !he conJrnt. ol the MAR; or, read ddta lrom the addre" in memor¡· 
;., S•vt'n by the MAR, and move" 10 lhe ahlhmehc uM vra ¡he M61(; or. re.ad 
dala lrom lhe me-'l'Kiry via lhe MBR and print lile dala an a nY: or, re..d dala 
lrom l~e ""lhmetrc unrt vi a lile MSR and >~o>re il in t~e memory atllle addrr.< 
<pecJired by the .\.1AR. 

l. Atlho compleiron oltile ~><.'Wie cyde. return to lhe noxt lorch cycle. 

T~w lol< hje><"Cule mothad ol o~erallon ;, qune common 10 mo" gonerai·~WI><>'<" 

dri"·'' ~nmputo". """" lt>ough !he ''"' "•'"' might ~ rel..-rt'd to by doll..-enl 
""''""'· Whrn an o¡>o-r.llr<>n ;, bo-gun. the control umt lr"l place< the comput..- in 
r.,e l~!rh mD<Ie, and therealter altern•le< ~•f'<:ul~ and leich mode< unhl lhe des~re<f 
u;wr.llrun "cnmpiete. A..,,¡_. o/ ciock pul<es lpeih•P' lour or f"rve, nr <rvM lent 
r.urrn~ '"·"" l<"lclr qci<" 11 uwd Lo lime the vorioul operauon>. A 11m llar >eqwnce 
ol clu<O pul><'';, utriJled·durrng the """<u<e (\'{le. 

l4·b CQMPUTER INSTRUCTIONS 

herv ~enor>l-purpose cnmpwor must h»e an ·,n.,<U<IJM set. There may be only a 
low 110 ur sol fm ,, ;moll c~mputer, whrle a larse compute< m,w h>ve hundreds ol 
Jn>i!Uclion> The wl ol inwuction< u>ed wilh anY particular compute< "ol <ou"e 
n<"Vi«<l rluring the 1niti•l d"'ign pha,.,;, and an~ofl!' wh<l u~• that compu1er mus\ 
i><.'C:<>me intim.>teJy lamrliar wrlh its in>lr<Kt;on "'L lncidently. an individual who 
'P«"'Iize< on ~llro;iently arrangong compult'f in<tNCH<>nl klr the pufi)O>e of ..,fvong 
pmiMm; " known a; o compuror prowammor. 

lll'lde lhe compute/, t'v~ry onstruCIJon mu1t f>e repoe;ented ;; a group ol b1nary 
numbo" le g .• 001 1or addotionl. bu1 ro cal<' lhe burden ol the programmer, the op
C<><'"' "e lrequently a<<r~nod mnemonjc trile, for ex•mpl~. ihc oP·<ode lor addo
lion miHht ~ 00\. b..ol w~ could code it •• ADD. The programmer could th~n ""' 
A,JD in •"•"~'"8 ho> lrst of in<trucli0l1s, and whe<> the alphanumOIIC m~ul ADD 
ap¡>earod at the compuler input. "would SJmply ~ enct>dcd •• lhc in>truclion 001. 

1 n general. lhere .1 re lour drflerent type; ol in<IIUC\ron>-arithmetrc, data manip
. ul;t1nn, tran•lcr, and rnpul/outpul Let's li;t a locticooU> sol ol JnSituLIJons and then 

<<:<e how they might he >~ron~ed a; a program lo '><llve a problem. (ven rhougi1 th" 
·~>lru<loon "'\ " lrctr<ious. o\ i; qulle >Ímrlar 10 thu•e focnd in a<lua: computer 
>y>l<·rn;. {.>e~ '"'1'"''""' ;, ~·"~" rn mnemonoc lorm. wnh it> bon~ry code on pa¡en; 
th'"'"· ~nd • d.,. ~n olthe oporatron •1 n•quire<. 

'" lntroductron lo Oig11al Compulers 

HL T IOOOOl 

d . ~ lh~ 

' ' 
0

_,,,,·00 o~rator n»y "''tart by ep«""'" 
H;" compu er .- · ~-

<t.Ut button. l n X ";ddcrl to the contenl of the 
ADDX ¡()()tlll The cuntcnl of mem!>'Y ncatro • _ 

a«cumulat~' 'l'!l"IN in the •'ithmetoc "¡"'t. X " ~ubl! actt'd lrom the cono en\ 
SUBX iOOlOl Th~ content of memory ocatJon 

0 ¡ the accumulator "'~"ter "' ti>o aruhmeuc_ ""',t. . h ~red r.... the content ol 
1 rnl'mD'Y loc:atoon "mu '•·' ur . 

MI'YX (0011) Tn~ cnnt;nt 0 . nd the roduct i< <tmt'd in ¡he MQ regr;-
the MQ <<"S"'"' 1n the anthmetrc uno!. • -.. P 

1er. 1 n X "dJV~<Ie<l ,01o the cantono ol 
DIVX {OJ()Ol lhe conteo\ uf memmY oc•too 

<tnred 1n lhe MQ regr<ter. 
lhe MQ '"~"'"'· and the c¡uolrent" . 1 ed 10 memory tocallon X, 
OCAX 101011 The contenl ol the ..rcumulator" > or 

and 1r.., accumulalor o> deared to all z..-o>.. . 
1 

red 10 memory loc•lion X, 
DCQX (OJlO) The content ol the MQ '"8"1"' "' 0 

and the MQ re~o"cr i> clea<ed 10 "1! '"~'· ¡ om memory locat•on X. 
¡MPX 10111) The ne•t '"'tructlon '' 10 en ' 1 red inlo the MQ regis· 
lDQX (10001 The contenl ol memory locatiOn X "en e 

ter. 
RfDX (1001) one wmd ol dato ;, 

memory at •dd'"'' X. at add~• X and pnntt'd 
PRTX 1101 0) One word ol dala " read lrom merncrv 

on the"oulpul t.l<•v"o<e. 

. 001 <o"' Irte 0000~¡, to .,llow evr•ry JlO\;rble 
Thos li" of rn•tnrtloon• '' of cour"' P h 1 n~ua~e pro~10mm•n~. No-

i>u . 11 to iliu•L!.t~ b.:o;oc m.O< ont•· • 1 op<:r•IIOn, t ot a ows U> h ode· thi; ;, """'"'"''Y >if'Ce "'~ w~nl o 
to<e tl>at there ~re lour b•" '" e~c op-c . ' ' ,,hQr <UppO>I' th'""' <<>-

. h bu 1 lhan 16 <n;ln><loons. u '• 
onclude more tl>an eog l 1 ew~r compute< hav1ng only \ 18 memory 
WU<IIM' •re u•t'd in , ;mall genrrol·~urpme 

bbl<l4-1 
tnuo>t;lron •• """"''Y 

'""""'""' loc•uoo storor:l on ,..,.,ry 

~"""' 
RED 50 " 1001 0\t00\0 

Read R a..d store >t "'"""''Y add'"'' 5(). RED SI 
1001 Ot100\l 

""'dA ,nd SI oro at momory ,dUre!> 51. 
RED S2 ' 

\!l<ti 0\\0tOO 
R<ad y ond '""" •' momooy addro>< ;¡. DCQ\11 ; 0110 \tll\tl 

(1"'' MQ <O~IIIe< DCA1l7 • 0101 111\tll 

Clo" >e<""''""""" tDQSl ' 
u:m Oltmll· 

PUl A in MQ M"" Sl ' 
m\1 onmoo 

Mulupl~ A b> Y ocD" ' 
OltOOtW\Ot 

<;toreAYinSJ ~OD 10 • [)J(\\ 011"110 

rut R '" '""''"''"'"' ADO 5J • "l<l1 Olt0101 

AJd AY to R '" '"""'"
1
"

0
' DCAS4 '" 

!IIOt 0<10110 
IOIU OOIOtt~ 

~'"'" l '".,. PRT S4 " <•"'' (lu.O<l r""' "'"' l "" " H•il 
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locatiO<IS 10 ,n,, •~ rmuuch<m word i> composed o! 11" bots-loor bi,.ol OJKodP 
and ''"'"" bots lor memory add"'"· 

~'ow, h'l'l urilil~ ~~~ instrucloon• f<>r our loctitious compu<er to 10lw the problc-m 
Z ~R.,_ 1\Y. lh~ prog<am will rt•.ulth~ •Jiue5 ol R, A. and Y, perlorm the ""'",_. 
Sdry <elcul,wuns, ,,,J pr~nt uut tht• v;,'uc• uf?.. The com¡¡l~ll· program, ., "'""''" in 
rna<hin~ l,,.,~u.>ge (mn~rn<mrc ruJo·) JmJ a, stored in m~mory, would appear » in 
Tahle 14-1. 

To inouore the pro¡;ram, th<: operator <eiS the onwucMn cO<mter at O and 
depr~"" l~e sl.1n bt.tnon. Tht> computor inotiJte> a ft·tcl> <vete a-.:1 ob!ams IJ>e ltr<l 
insuuction tREO 50) (rom tn<'fOO'V .>ddr.,.;s O. This ;, lollow<..:! by ar>. ~•..-ute cydc. 
The nc•t ÍN<h qde obtoi"> tht• tnWU<hon rn m~mury addt<><;> 1, and ><> on. Th~ 
prosram ~n<l< alkr thP computc•d voluo lor Z ""'"'"'tl out ond the Hl T imtructiun 
i< oUt,lint•d "' r1wmory .1dda•" 12,.. 

STUDY AIDS 

Summ•'l' 

Thore •"" lJ;,ically two typt•s ol di~·••l <ompukr>->peci;l purpo<e and genPral 
purpo>e. Stwri.ll-purpa"' <umpul<'r> .rre rlc"f<n~d lor • ;in¡:!e purpo>e unly, w~ilt• 
~eneral·l><"l'""' rn><htncs C.Jn 1"• Lll<·rl '" ·'"' numl)l'r uf rltlforenr Jpplic<ltiOn>. A 
R~neral-purpm~ m.>ehrne ;, de>i~nt•J W'lh .r b.J>ic "'' ol in<lructions, and a pro
S«mmer r.m u•~ <C~Ch • computt·r l<r ><.rl'e >f>('<rfrc Pruhlem•. l he campuler ><>lve> 
problem• by ~•,.,utmg a''" al in>troet•an, which ha•e lK-<.-n ordered and placed in 
ttle <:Qmpuler memory by a programmer. MO>t ca"""' e" oper-ate in a lwi<: two
cycle' lerchJe•KUI~ modo, and lile •pproprrote control ,lgnal• are Renerated in th~ 
control uriOt in •ynchrani>m wrtil tlw >)"tern dock. 

awnchrcmoo> •r!lem 11 >vstem in whi<·h lusic operat10n• and l""el changes <Xcur 
Jt r.mdom rime<. 

drxk cyel~ rrme One dock p<"<i<>el; the redprocal of <:lock lroc¡uency, 
compuf<•r psagram A li>t ol sp«rlrc in<tltJ<tron> "hich a compute< ex.cut<'S 10 

>OI'~ a &<>'-"' probl<"''-
looch/e•~ul~ Tht· !wo ahr·rnahog mr.>d"' ol aperation in a general-pu!JXl<e com

pute<. 

~enecJI·J!Uif""~ compurer A < om¡><r~<•r <le11Bnod lo acwmpli<h • numbcr ul '"'h 
for ,.,,,m¡rle, ,rll the "'"hme!r< operarían> as wdl '" tlt•<i<ion maktng !i.e., 
equ,1l lo, gre.11er th.1n, le.s oh,Ln, ~<>. nu gol. 

imtruc!ron wouJ A <omput<>r word h>Ying twa s-e<;liM<, the op-code section and 
the addrc-;; ""'ion. 

mnPmumr lntendc..:l 10 a"i<llhe "'''"''"Y-
OJ>--<ud,..Upt·<.l\"ln ende Th-e codt• which c!efones a <pecifoc compuoer oper;ttOn. 
O><rllaoor "•¡,.¡,,,. lhe "abil<ly ol t!r~ frequcroq·.of o><iiiJroon; u,Jally e•pre»cd 

m P·'"' 1"'' t~o,_J>aOC or part> f"'' mtllton tora pe,rod <>1 ¡,me 

l 
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o.cOild•ry clod A clocl. of lrequenC'; lowr:< than ttle ba>ic "''"" ~lO<~ "¡,;.,., " 
derived lrom the 00->ic >y"em dock 

op..:i~l-pwpo>e ~omputer 11 computer de.,gned 10 accompl"h only on,• '"'~• lur 
ex"mple the MI'C computer tn this ch.wter, 

wobepul>e 'A pul"' dP.t,lurcd to interro~ate B·"''' orto >h•h dota 01 ,, I"'W >uclr 
that '"""S " "vuidc~l. _ 

synchwnou> sy>tem 11 W'lcm rn which log.c o¡>erauons and levt•l chAn~t"> ot cur 
in >ynchroni>m wrth • >y<tem docic_ 

,...,.pha>e dock The uw ol rwo cloc~ wa~fotms ol th~ "'me lrequ<•ncv which 
Are 180" out ol ph .. e wrth one another, lor t·<Omple. the 1 Arrd \l ootpul> ol • 
lltp-tlop. 

1. hplain why a clock mu<l be perf.ct1y periO<Jrc. 

•• 
S. Wh,11 ;, the purr"•e olrhe Schmm trr~~''' in fi~. 14-41 

6. Exp!otn one metlwllur abtaintnH a lwo-ph."c tlnck 

7, Wh.>t i> the main purpose lor de,eloping a wobe pul>e> 

8. \\lhy is it advantageous ta develop ttle strot.o pul<e in fig. 14-~ bv lurnm~ the 
tran•i>tor on rol~ th~n off! 

'· Explatn the d 11rercnce between special- an<l gt•n<•r,,l-purpo>e compute·<>. 

10. Wha! is a <:ompul<'r rragram!. 

11. [>pla•n whal is mcanr Uy fetch ;md e•etutc in lerm> of compul<'r DP<"'·''""'· 

Probl~"" 

14·1. B<-grnning "''h a •ymmetrical ~qua re wave, >how a method lar do.,..,loping 
a el<>< k con•isting ol a •~rio< ol ¡xr•itive puhes. A ''-'""' ol n<-gat •ve poi..,., 

14·2. What ;, theclock t.ycl< l•me fora sy>tcm u>ing a 1-MH> clockl A 250-kHz 
clod! 

14-l. What is the maximum del ay t•me lora l:ip-flur illl '' to he U><'<l in·' >1'\tt'm 
hoving an 8-MHz cla<.k! 

14-4. At whar lrequetrey will the muluvibrator in fig. 1~·2• o><:illare rlll• 100 
IJl. e- 100 pf, \',- 20 v de, and v, ~ 10' del 

14-5. What will he thc <r<•ouencv of thc ;,uhl\·ti>rat(H in ProlJ 14·4 rl "• '' 
chansed to 20 V dc 1 
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1~-~- Wnol '"~ue ol C " "'Quote<:l lor th~ rnuhovihrato< m Fig_ 14-2a of 
V,= V~. R • 47 <U, and tf>e d.,;,.,.¡ f•<'Quency is 100 kHt! 

1~-7. Wh.n ;, oh~ o•coll,>tm~ fr<'<¡ucncy ol lhe Wien-b<odge Oocollator m fig_ 14·2b 
, R- 47 k!l. a~'<l C- lOO pf> 

14-11. 11 1hr <'l'>l.ol 'I'>Cilla1or on F10:. 1 4-J h., a <lahiloty of±J p•ns in JO' pe~ day, 
"~·" '"" ohe mao.mu"' ,lnd """'"'""' lre<¡uen<;•~• of the oscillator1 

;.;.~. 5how the ~·e n<"Ces"'ry lo d,..rlop dock (requencin of S MHz, 2.5 MHz, 
1 '''' i..<, ar>d 200 i..Hz. · 

14-10. Thc 5-MHl a«;iliotor in Prob. 14-9 ha• a "•bilo;y ol ±1 P>rl in 101 p.cr 
day What will be th,• rrMx.mum ond min1mum lrequency o( the 1-MHz 'clockl 

ld.JL What wnuld be lhe moximum and nünimum (¡equrncy ol thr 200-kHz 
<be~ m ProiJ. 1~·101 

14-12. Ooaw 1ho wuveforms lora porallel bi""ry couniN berng dri,en by • lwo
"''-"•"' doá. Shnw ln.Jtthi' \vill •e•ult rn • wluuon 10 thr! rae e prcblem_ Remember 
;.,,,, .... u, Urp.nop ho, a linue del•y """'· 

o4-1l. Hnw could the MPG <ompuo~r be mod,fr..d to give a solu!ron 10 the 
"''''""' 1/10 mol~ por gollon/ ' 

14-14 _ Dr•w • bloc k d••g• am •howrn~ lhe four ma¡or hluck' in a generoi-Purpo>e 
'""''""'"' 'Y'"'m. 
14-1S. ttow ""'"''Oil-Code ~' would be <equited rn a mochine h,wing 35 ;,_ 
'''"' """'/ 
l~·ID. How ""'"Y oddre,. b•" would be requ"O'd lO h•ndle 1,000 words ol memoryl 

H-17. How m.tny p•ge addro., bits would be tequired lo lorm a 1(,.page 
h\On\<Vy 1'-'Ymg (,. words per pagel 

14·1.1. Wnte ~ m.l<hrn~-langu•ge progr•m to solve 1he pr-oblem Z ~ )R/(A + B¡: 

Appendix A 

States and Resolution 
for Binary Numbers 

woro 1..,-,gth 
1 n bi<> 

" 
' ' ' • 
; 

' ' ' ' '" 
" " n 

" 
1 " 

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

""' numO.r ol ~MCluloon o/ a 

'""'"'""''""' "'"''"lodO., ,. 
·~ 

' ! 
~~. 

• lSO {KXI • 

• m~ ' 
'" "~ ' " J 1 1'>0. 

" 15 fol5 

"' ¡ 81 ¡_5 

''" 1 906.15 

'" '"\),1) 1 
1 014 97b.% 

1 , .. 
1 

_,. 
1 m ]4'-14 

a t92 1 111.07 

ló lU4 

1 

&1.04 

Jl 7M JQ_5¡ 

65 5l6 1 5.16 
1]1 llll 7.&1 ~ 
162 ,., "' 51<1911 

~..,_ 

"' 1 G-15 576 0.9; ~ 
]lJ'j7111 0.46 

' 194 ID• "-l' 
• 5 lila 6(11! o." 

16 711 116 •• ·--
4!} 



centro de educación continua 
división 

fllcult!!d 

de 

de 

estudio a de posgredo 

ingenierio u no m 

INTRODUCCION A LAS MINICOMPUTADORAS PDP-11 

Ar.Q!JITECTURA DE PDP-ll 

DR, ADOLFO GUZMAN ARENAS 

JUNIO, 1980 

Pala<i<> <lo Mlnerlo Callo <lo Tacuba 5 Mhl<o 1, O. f. Tol: 521·40·20 





P D P 11 

04/34/45/55 
' PROCESSOR 

HA!>IDBOOK CHAPTER 2 

SYSTEM ARCHlTECTURE 

2.1 UNIUUS. 
Moot eomputer 1ystem comp<>nent. and po"pl>erat> connect lo and com· 
muniC<tte w1lh uch ot~er on a ""HI• lligto-•pe~ bu< l<nown n the 
UNiaus- • koy to t~e POP..ll"o many otrength<. Addre .. et. <loto. an(! 
cont'OI inlormolion oro oent olong tho 56 linos ot t~e buo { 

Figure Z·l POP·Il System Slmphf•~ Block Oiagram 

The tormo! communication i• t~e sorne ler "'"'Y device en tho UNIBUS. 
T~e proces•or •••• tito ume set el Oignots te communicete with mem· 
ery as w•th porophorol device•. Poropherol doviceo al>c oso \I'IS set el 
sl¡nols w~en common•cohng ,.;¡h the proc•••or. memory or other pe· 
rlpheral d""icH. EKh device. includin¡¡ mem<>ry loco1ieno. proco·nor 
registe.-.. ond peripher.l d~e reg<>lers. ro n$lgtl~ en a.ddre" on the 
UNIBUS. Th,., poripl>erol device r<¡;isiO<$ may 1>e manipule!~ es ne•· 
lbly •• cortt momory by !he central procouor. Atl the instructions thot 
con be apph~ to dato In coro memory con be appl•ed <Qoolty w<\11 t<> 
doto in ~ripherol de••<e reg•s\et$. lh•o is on e•pecootly poworlul lulure. 
considenng lhO opeoiol copobil•ty ol PDP·ll inotructions te proc~•• dota 
In eny momory loco !Ion nlhough lt wero on oocumulator. 

2.1.1 Bldlrectlonol UnH 
Witl> il•dorectionol ond osyn<:hronouo communication• on !he UNIBUS, 
d"".c:es can sef">CI. ~··••. •hd ••<hongo doto independenlly wolhout 
proe .. sor intervt"nt!On. ror e•amplo; o cathodo roy tube (C~n dooploy 
can refresh noolf lrom o dosk lole wh;te tho central proce•sor unot (CPU) 
ottondo to othor t .. ks. Beca use 1\ io nynchronous. !he UNIBUS ls com
patible with dovlcoo oporot1ng overo Mdo "'"8" ol speeds. 

2.1.2 M .. ter·Siove ~elotlon· 
Communicaticn b-on two devices on tho buo is in tho lorm ol o 
mutor·•I•V11 rolal•on•hip. Al any point In time. the"' i• ene d""•<O that 
l>es control el tho bus. Thi• conlrollong dovico is termed !he ""buo mas· 
tor."" The meotor devico control< l)oe buo when communic&t1ng wtlh 
onether dov•co en tho buo. term~ tl>e ""slave."" A typ1cal .,omple o! 
this relot..,nship is t~o proco<sor. os mootcr. felching an in•tnr<:lion lr<>m 
memory ("'l>ich lo otwoys 1 Olave). Anothor eumplo i• lho d,.l<. •• ,., 



m .. tor, trooofemn~ doto lo momo<¡~, •• olovo. Moster-•1••• relo!ton
- ,n,ps oro dynomtc. Tilo proce•s.or, for •••mple. m•y puo buo control 

1<1 o d10k, The diol<. •• mltter, could tnen eommunrate Wtlh o olavo 
momory bank. 

Sineo tho UNIBUS is I>Hd by tho proc .. sor and oll 1/0 d~oc:e1, thore is 
• prtorlty tl"'cture lo dtlotrnino whieh d~ico goh control o! tho bu>. 
Eve<¡~ dovlco on tho UNIBUS which " copablo o! becomlnil buo m .. ter 
'" ''"lin•d o pnonty, Whon two Oovtcos, which ore capoblo ol l>ocoming 
o buo mottor. re~ueot uso o! !he bus slmultaneously, tho Oovice wtlh 
lho hi11her prionty wrll tecolvtr control. 

Z.l.l lnterlo<ked Communlcation 
Communtcotron on !he UNIBUS io >ntertot~ed so t!>at for ooch control 
S<gnol r!1ued !>y !he mostor device, thero must be a rosponse from the 
sl"e In order to complete the transler. Therelore, communicotoon ,. 
••dependen! of tho physocat bu> length (lt lar os \tmms ls concerned) 
ond tl>e ltmtn,g o! oach tronoler <S depen<lont onty upon tho response 
flme o! !he maoter ond olave oevoc: ... TM osynchronou~ opero\ron pre
cludeo the need lor synchronrtong ""lh, ond wooltng lor, clock impul..,.. 
Thus. oocn S)'>lem is oll<>wed lo operote ot l!o me.,mum I"'S"'ble spoed. 

lnput/output device. tron•lornng dorectly lo or frnm memory oro g1von 
highest priortty and may roqueS! bus m .. terslllp ond stool bus and mem· 
0"1 eycl .. dunng inotruc!lon ope,.tiono_ Tho pr<>eo•sor '"'"'""" opaco· 
!ion lmmodlately altor the momory transler. Muttiplo d..,.;o05 con 0 pe,.te 
>imultonoously ot mulmum dnect momO'JI •=ss (DMA) roleo by 
"oloohng" buO cyr;tes. 

Full 16-~rt wordo or B·M byleo ol inlormotion tan be tron•forred on the 
bu• betweon o moster ond o olo•e. Tho ttiformotion can be lnstructions, 
eddro .. u, or dote. Thlo·type o! operalton ocouro when tho proce,.or, os 
mootor, io tetohing in•tructlons, operond5, ond dolo lrom momo<¡~. ond 
olortntr the rosull> +nto memo<¡~ alter nocution ol <notructlono. D"ect 
dolo tronifors occur betwun o penphe,..r dtvice control llld memory. 

2.2 CENT!Vol I'ROCESSOR 
Tho control processor, connected to tilo UNIBUS •• a subsy•tem, con· 
trols tho ttme allocotion o! the UNIBUS for perlpherolo ond performs 
arlthmetio on!! lo¡¡ic operottons ond instruction doc<>dintr. ll oontorn• 
mul!tple hl¡h·spee<f genorol·ourpose rt!fiOI<ro whrch con be use<! u occ,. 
mulolors, oddr= po~nters, index "'K'"'""- ond other speaalozod tunc
t<ons. The processot tan pot~rform doto tronolers d"ectly bttwHn 1/0 
dev't<e• ond memo<¡~ wrthout dtS\urb'tn¡¡: !~o procoooor r<¡¡:tOters; d""s 
bo!h srn¡¡le· and doublo·cperond oddre"'"i ond handles bcth 16 ~:• 
word ond 8-hit t>yto dota. 

l'.Z.1 Gonorol Re¡¡lo!~rs 
Tho central P'OC<'SSOr """'"'"' 8 general re¡roters which can be u>ed 
lpr o vanety o! purpOoeo.(T~e PDP·ll/~S. 11/45 contoino 16 general 

'' 

\ 

regl•toro.) Th<l ,reg10!ero con "" u>ed •• eccumulotor~. tnde• rog'"""
autooncrement "'ii>lefl, outo~eorement re¡,.!oro. or as otock pornters 
for tempcllf)' otoro¡o o! doto. Choptor 3 on AdOres>rng deso:rlbeo the•• 
~•• 0 ¡ th• gonerol regosten in mort! dellil. A"thmetrc o~tottons <»n 
be from ono ¡enerol r•11•1ler lo anothor, lrom one momory or dev•<• 
reg,.tor te onotller, or -bfl,..on memory or o d~rce registe< and o ¡en· 
er11l ro¡¡:lotor. Refer lo Fr¡ure 2·2. · ."-:-• 

.n~.m " 
" ., .. 
" ., 

" ¡., 
''"'" """''" ., <> N 

OOOGUM """"'"' 
F11ure 2·l' The Genorol Ro¡itten 

R7 lo uood u the maohln•"o ""'"'"m eountor (J>C) ond contains tho 
addron o! ti>e no><! instruction to be. oxocutod. lt is a gonerol ro¡islor 
normally used only lor addronmg purposes on<l not n on oo;cumulatO< 
lor ant~metlc openotiono. 

T~o R6 rellister is normolly usod oo the Sta<~ l'<linter indlcatlna- tho ¡.,.¡ 
entry In the oppropriot.-otock (• common tempora<¡~ otmo¡¡e orea wllh 
"LooHn Fi<St·Out" choroctorlt\lcs). 

Z.Z.2 tnotructlon Se\ 
Tho instruction complemont "'"' tho !l"'tblllty o! lho ll"norol·purpc<e 
"'lfis\ors ¡o provide """' 400 powerful hard·wited inotruction_,ho most 
toml)t'Ohonsilltr ond 'pOWorful lnstruction r•Pirtoiro o! any computer in 
tho 16-blt ··claso. Unlil<e eonvonll011al 16-bit compu!ers, which uoually 
have throo clo"'es cllnstructions (merncry referen<e instructoono, opotl<· 
ate or AC control instructlono ond 110 instructicno) oll operotlons in the 
POP·II ore accomplished W<lh one ••t o! rnstructlon•. Stnco ponpll~ral 
devic• rag"leB eon be manipulate!l ao !to•ibly o• ccre momory by the 
cenlrol pro<B0$0<, ln•t•uctlons !hot ore uoed to moorpulate doto in con! 
memcry may be us.e<f equolly well lor <lata In Plrtpl>eral devi .. re¡~ers. 
for •xomplo, dala in on utornal d~ice r•11•~••• can l>o tntad o• mocli~e<l 
dnectly by tho CPU, wtlhout brtn~mg ~ lnlo momo<¡~ or dtSturbin¡ the 
gonorol regioters_ Ono oan odd doto dtr<ctly to o ponphorel d'""ice re¡¡-
15\er, or oompore lcg•colly or arithmettcatly. Thus oll PDP·II ln~truoticns 
can be u<ed to cr<oto o new dimenslon In ti>e trelltment o! compulor 
1/0 •nd tho need lor o spoctol elooo of 110 lnslructicno it ollmlnoted. 

The beoie ordor codo ol tho I'OP·ll uus bcth single ond doubt• oporand 
oddrt!SS onstruct<ont 101 word• or bytes. Thl PDI'-ll therolora pot1o.rm• 

·;-:. ,_, 



ve')' dic•entl~ In ene •t•~. •""h opera~cns n addon¡ cr lUblroetin¡ t..<> 
operando, or movon¡¡ on operond lrom ono )oeatoon te ooother. 

ADD A,B 

LOA A 

ADDB 

STA 8 

Add., .. ing 

PDP·ll Appra.ch 

;add ccntenls el localion A to loco· 
tion B, store resulto al lccotlcn 8:. 
Conventionol Appn>och 

;load contents ol memory loca!lon A 
into AC 

;•dd conlenls ol momo')' locaHcn 8 lo 

" 

Much of the power of tho POP·Il i$ de<Ned !mm ilo .,;do rton¡¡o ol od
''"S>ing ca¡>~-b•h1•"'- PDP-11 add~•••"B mO<fe. include •equen~ol 
>dOlessong fe.-woods or hackwordo, addre..,ng induinQ, inditect oddtess
ong, 16-bot werd addre,.ing, 8-bil by10 oddr<S>oni, and olock oddre .. on¡¡ 
Voti3ble length onstructocn lermatong allows a monimum numbor ol bits 
to b-e used for eoch oddresSin¡¡ mode. This res4lls in efficient use el 
program stor•s• •pace. 

2.2.3 Pmcesser Slotuo Word 

• "OOE ) 
USEOONLYONPOI'-!l/l •. &!li'SWlTH 
MEMORV .. ~N~GEMEN1 

figu"' 2·3 Processor Stotu• Wcr~ 

Th& Prcooo•cr Slotu• wcrd (PS), at lcoaMn 777776, contolns lnfcr
m>tocn en tho curront ototuo el thc PDP-ll. n .. lnformotoon lnclud"' 
tho curren\ procuocr priorlt!C cur~nt and pre"cuo cpero\ocnol modeo; 
tho cond•toon CC<Ies dHcrobong !he '"'ull> of tne las\ onotructoon; on~ 
on in~>eotcr for dettcton¡: tho e•ecutoon of u on<\fUetoon lO be trtopped 
dunng p<cogrom dobuggll\ll. 

l'rocencr l'rionty 
The Central Proconor opemn ot any ene ol eigM 1,.,..10 ol p<oon\¡1, (J-7. 
When tho CPU ,. cperat.n¡ ot level 7 on e>ternal de•oce c.onnct interru¡>l 
it with a ~unt rcr .. rvoco. Tho Central Proce>>-ef must bo cperoting 
oto 1ower proel'\¡ltn•n tho e<tornol d••·~·s r'"'lu"'t in crdor tor tne' 
interruptoon to tol.e oHe<t. Tho curren! pfiOflty l$ moontoined on tho 

"'""""""' otatuo -..ord (bitS 5-7). Tho 8 l>fCC"'SOr levelo prov>de on 
olloctlvo · onterrupt m05k. 

Condition Codot 
Tho condrtion co<l~< contain information en lho reoult of the la>! CPU 
oporot•cn. 

Tho Mo oro .. t •• lollcws: 

'"' 

Z = 1, 11 tho reoult was zero 
N= l, 11 the reoull wao negativo 
e = l. 11 tl>e ope•otion resulted ·,no c.orry lmm tho MSB 
V = 1, 1! tho cperi11toCn r .. ultod In OR onthmotic ,.,.rf\_ 

Tho trap bit m ean 1>e oet or cleare-d under prcgrom control. wt>en oet. 
o proc .. ocr 1rop will occur lhrough locobon 14 on complction ef irys\ruc· 
\iOn e>tcut•on ond a new Proce•sor Sfafu• Word woll be leoded. Thi< bit 
os os~oclolly uoeful for debugging programo •• ot provodes an efficienl 
mefhod of onstolfong brukpO<nts. 

2.2.4 Stock• W 
In tno PDP-ll. o otocl< ls a temporo')' data otora¡e oreo wh<eh allcws a 
prcgrom to ma~o elfocient use el frequen\ly occnud dota. A prcsr~m 
un odd cr delete words or bytoo w"hln lho ol<ock. Tho staCk ''''" the 
"lost-ln, h~t-aut"" conoept; \hot i•, varicu• 1\ems moy toe added to o 
Slock in •eq~entiol arder and retn'"'od or dolotod frcm the stack in 
revoroo crder. On tho POP-11, • stock Slorto ot the hlghest !ocati<m no· 
oorved lO< ot ond «pond< loneorly dcwnword ta the lcw""\ addre<< os 
otems are ocldod. The stock is used eutcmotocolly by prcgram interrupto, 
oul>routono colls. ond trap onstructions. Whon \ho processor is inler
rupled, !he central pmcessor s\otuo wcrd ond the prce1am counter ""' 
"'ved (PUJhod} onlo the <tock oroa, wh;le \he proce»or service• th~ 
interrupting deolce. A new status W<lrd io then aulcmatocolly ocqulred 
from an orea In core memory "wh1Ch is rooervod for onterrupt instruc· 
liono (""ctor oreo). A re\urn frcm lhe inlorrup\ ln<lructicn restar .. the 
or~g•n•l proces•or •loluo ond roturns \o \he lntorrup\ed prcgram Wllhout 
saftworo lnterventicn. 

' ; 



2.3 MEMORY 

Momooy Dr¡ortlzation . 
A memol)' con ~ voewod u • .. ,;.,. o! locationo. with 1 number (od· 
dro,.) ""igne~ te each location. Thus an S,l9l·...,rd POP·ll memory 
could be shown ao in F1¡uro 2-4. 

• 

Booouu PPP·ll momon .. aro d .. ignoo:l to occommodo\e t:>oth 16-M· 
werd1 ond 8·b1! by!e1. the total nunober el oddr .. ooa don no! corre
opcnd to the numbor of .,.ord1. An SK·wmd memel)' can contoln !6K 
byte• ond con51SI el 037777 oot•l loo•ticn1. Wordo olw•r• Olor\ at .....,n. 
numbored locatoons. • 

~ PDP·ll word 
fiRure 2·5. 

• 

i• dlv1d0d tnto a h1gh byte and o low b)1o •• •hown in 

. ' • -· ...... 
Lt>W bytes ore storod ot ovon·numbe"'d memol)' locotions ond h1~h 
b)1n 01 cdd·numbored memol)' loco\ions. Thus ot 10 convonoent to v.ow 
\he PDP·ll momory as ohOwn '" f•suro ~-6. 

. ! 
........ , 

" -· ~ ±:: - -{ ·- --· - - -· - - -{ ·- -- -{ - -
• 

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

F1¡ruro 2-6 Word ud Byte A.dd~ses 

C.rtoin memory location• hve been r .. erved by \he I)"'IIOm for inter· 
rvpt and trap hondlong. prooonor •t•cks. general re¡is\OB, ond poriph· 
oral dovK;e re¡i•lers. Add"'"""' from O lo 370, are alwo)"'l rosorvtd ond 
thooe te 777, ore reoorvod en lor¡o S)"'llem confi¡urotoono for traps and 
interrupt handlin¡. 

A 16-bit word uoed for byte oddress•ns can ¡ddress o muimum el 32K 
word•. H-er, the top 4,096 word lccaricno are rese<vod lor por1pheral 
and regooter addre .. es ond \he user thereforo nas 28~ o1 core lo pro· 
gram. W<th the PDP·ll/55 ond ll/45, the "'"' can up.and above 
2BK w1tl1 the Memory Monogement. 111,. device provideo •n IB·M 
en~lve memory addrns Whlch · permib addre,.ln¡ up te l24K wordo 
el ocutol memory. 

11 the Memory M•nollemont opt.on '" not "'""· on octol oddr .. s be
twoon 160 000 and 177 777 os onterpret~ •• 760 000 te 777 777. That 
io, 11M 15. 14 and 13 oro l"o. tnen Ms 17 ¡nd 16 (tho o>londed od
d...,ss bits)""' considerad tobo l's. wh•ch relocatu lho IUI 4~ wordo 
(SK bytos} lo becomo tho hoghost loca\1on• accn .. d by tho UNIBUS. 

2.1 AUTOMATIC PRIORITY INHRRUPTS 
The mul\l·level outomotoc priOnty onlerru¡>t system l"'•m•ts the proces:sor 
te re•¡>Ond autcmotocally te e<>ndotoons outslde the oystem. An1 number 
el oeporato devoces can be otlochod te eactllevef. ·•~-
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fl¡uro '1.·7 UNIBUS Prionty 

Eact. penp~oral de.,co in tho PDf>.ll O)"lem hu a porn\er to IU cwn 
pa1r DI memooy -..ords (one poin\S lo the device5's se,..oce rout•ne, and 
the other tonta••• Ure new ~ocess.or slatus onformalron). lh01 untQue 
rd•ntrlreatoon ehmrnates tho neO<! lor pOJhnE ol devrc .. to idontlly M 
¡nterrupt, sioce tho interrupt serv.ce Mrdwore •electo <Ond C•¡¡rnt ex· 
ecuton¡¡ the oppropr~olo .. rvlco mutrno otter ha•rng oulomotrcolly ... ed 
!he •totus of the lnterruptod progrom segment. 

The de .. ces' interrupt pfloroty ond '""''"" routrne prlority ore indepon· 
don!. This ollows ad¡uotment of system l>oh>Yror in responu lo reol·tomo 
condrtron•, by dynomicolly chan¡mg the pt¡Ocoty lever ol !he 11!\<lce 
routlne. 

The inteHupt system ollo"'1 \ho pro><:e»or te contmuolly comparo 11> 
""" prn~rammoble p""nty woth the pnaroty al ony intorrupton¡ d.,.,, .. 
ond te ock..,..¡edgo t~o dovicO wlth the higheot ¡..,..¡ ob<ovo tho po-oces· 
oor"s prionty ¡0110t. Tho Hrvocin¡ al on ontorrupt lar o dovooo ton be tn
terrupted in <O<der to Hrvico on lnterrupt ol o l>gher prionty. S.rvoco to 
the '"""' P"""'f devoce ;, reoumed olllomatoulty upon eomplotoon ol 
the ho¡her tevel s~rviclng. Such o pr<><•"· cotted nested lnlerrupt •er· 
vocmg. can be carned out to ony level Wllhout ro<¡u1nn¡¡ the sottworo to 
'""" ond r..,.tore proce .. or ''"'"' ot e•ch l~ol. 

Whon a d""'oc• (othor thon the control proc••"lr) ,. capoblo ol llecom· 
ing bus master ond reQu••l• u•• o! the bus. ~ 15 gonorally lor one ol 
lwo purposes: 

l. To mo~o 0 non pr<>Cenor ttonster ol doto doftlctly to or lrom 
momory 

,, 

2. lo lntorrupt a prosrem e•ecutoon ond lor<e lho proco .. or to 
go lo a specohc oddre,. whero on onterr .. pt servoco rnuhno 
r1 located. 

Dlrecl lotemory Acc...s 
All POP-11'< prnvrde lor dorect ao::oso ~o memory. Any number o! DMA 
devicoo moy too ottached to the UNIBUS. Muimum p.nority is ¡iven 10 
DMA devocn. thus allowmg memory dato storoge ot rettievol ~\ memory 
ey<:lo opeedo. Respon.., ~m• io monom•ted by tne orgonizalion and lotic 
ol \ho UN~BUS. which .. mples rec¡uests ond pr>ontoe• in porallel wlth 
doto tronolof1. 

Direct memo()' or ó11ect dala ~ran•fers con b<' occompiiShed t>otween 
ony two pero~herals wrlhoul proc .. •or supo"'ISicn. TMse non·pr<>co .. o• 
re~uesl tr~nofe ... calleó NPR levol dota tronolero. oro uoually m•de tor 
D•rec\ Momory Acce» (memory to/lrom ¡;non <torage) or direct dcvoco 
tr&nslers (dos!< relreshing o CRT di5ploy). 

Buo Roquo•lt 
Bus requo<ts frorn externa! devoces c•n be mado on one el lrve rec¡uost 
llnoo. "'-'"""' p.rooroty •• os"B""" to non·pr<;><;e .. or roqueot (NPR). l"ho.o. 
oro dorect me"""Y access typo tranofef1, ond ore honored by tho pro
cuo.or 1>0\,..en \>loo cycles olan insttuction e.ecution. 

Tho p.roc .... o,..s pnority oan l>o se1 undor PfOllflm <:Ontrol to """ ot ei¡¡M 
tevolo u<in¡¡ boto 7, 6. and 5 on the proce .. or ototus "'8"'"'· These bl\0 
set • priorrly level thot •nh•bots grontong ol bu• re~uosts on lower loveto 
or on the ..,m• level. When \he pmc:onor"o pnorlty " set toa tovol, tor 
••~mplo PS6, oll bus roquoslll en BR6 ond ~olow ore ignored. 

When mo"' than ono dovlce is connectod lo tho .. mo bus requeot (BR) 
lino. • devico noaror the central procusor h"' a h1gher priority thon a 
dcv1co lor\her oway. Any number ol dovlces can be c:onnected to o given 
B~ or NPR l1ne. 

Thus \he pnorrty oystem •• lw<>·d•mensional and provideo uch devtce 
wo\h o un<Que ¡moroty. Each devoo. may be dynomoeally. "'te-ct;vety 
enobted or d•<ablod under program control. 

Once 1 devoce other thon \he prO.:et<oi hao ~on\rol o! the bus. i1 moY 
do ono oltwo types ol operatoons· data translef1 or internrpt operolions. 

NPR Doto Tnrnslers 
NPR dota tran5le" can be made bet...,en any two poropnoool dovoces 
wothout the supervi.,on of t/oe pro-ce .. or. Normally. NPR trano!e" aro 
botweon o maos otorago dovrce. >uch n o dosk. and core memory. The 
struoture of the bu• al so pornuts dovlce-to devoce tronsfer>. allow1ng 
cuOiomer·des•~ned peropheral controlloro to occcss otllor devices. suoh 
os d"""· dor.ctly. 
An NPR Oevoce ho• very fB>l acco .. lo \he bus and con transfer 31 hogh 
data rate< once ot ha• control. The proco.,or otate •• not aHectod by 
the transler: therefore the procosoor ton relonqu~<h control whrle an in· 
otructian ,. '" progress. Thoo c•n occut al tloe end o1 any bus c:yoln 
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ucept 1n belweon o read-mod,fy-.,rlto oequonco. An NPR do"''" In con· 
trol ol th~ bu~ moy tronoler )6-br\ word• lrom memory al memory opeed. 

BR TronlfOfl· 
Oe"iceo thot gain bu> control .,,¡h ono ol the Buo Requoot lin..- (SR 7• 
BR4) .. n take lu!l odvantago ol the Conttol Proceooor by requeot1ng on 
inteffupt. In thro way, tho en~ro onotru<l•on .el iS o"oiloblo tor manrpU· 
toMg data and otaluo ro¡¡iote<S. . -

Wlren o oervice rnut,ne i> lo be run, \he curren! tasi< bein¡: performod 
by the control proce .. or i> lntorruptod, ond tho de•rce oervlce routine 
os 1nrt<ot0d. Once IM requool hu beon .. ti>t,ed, the Proceooor returnl 

lo r\S lermor '"'"· 

tnlerrupt Pr<><edure 
lnterrupt hondlin¡¡ is automo~< in \ho POP-ll. No de.ice polhng io •• 
quored lo dolemune which ""'"lee rouline to .. ecuto. The opetallono 
roc¡urrod le oervo:e on interruP, ore n loHDw5: 

1. Procu"" ,.llnquoohes conttol ol tho bu$. pnonlres permittln¡. 

2. Wlren o meoter g01n> ccntrol. ~ oendo tho proce•=r an lntorrup\ 
commond ond on unique mtmory oddre>s which ccn\aino !he od· 
dre" ol IM de.rce's oervico routroe, c.tted the interru~t voctcr 
·add,.n. lmmo<ha\ely loltowrng th01 pointer oddreso ls o word (1<>
cotod 01 vector ad<!res• -t<) "'""" 00 •o bo Uled oo·o no"' l'rooo,.or 
Stotuo Word 

3, Tho proce»or stores lhe ourron\ ProceSO<>f Status (PS) ond lho cur· · 
rent Pro¡:r11m CDunter (PC) '"'" CPU lemp<>rory res;otoro. 

4. The now PC and PS (intemrPI vector) are lo;en lr<>m the specilrod 
adtl..-..- Tho old PS ood PC ore then pu.tre<l cniD the cur,.nt otock. 
The '""'"" rnutine i• then lniha!od. 

5. lho devo:e seNice mutinO an cauoo tho prccessor to resumo lho · 
ontorrupte<l pr"""'' by executin¡ IM Return lrom lntorrupt ln>\ruc· 
tion, doscrib<d In Choptor 4,-whlcn pops \he two top wordo lrem 
tho Cuffenl prO<osoor stock ond u<&S them to lood lho PC ud PS 
re¡ost•"'· 

A devlco rout>ne con be rnlerrupte<l by o hl¡her prienty bus roc¡ueot ony 
tomo otter the n...- PC ond PS havo been '<>aded- 11 such on lnterrupt 
cccu~. \ho PC ond PS ol \l>e .. rvico routlne ""' ovtomaticalty i!Drtd 
in the temporory <egrote"' and tJ>en puohod DlliO the_new curren\ stocl<, 
and !he"""' device routino is inLUOtod. 

tnto.,upt Sorvlc:lng 
Every hardware devico oopablo of intortupting \he proce .. or n .. a uniQuO 
><1 o! locatrens (2 words) re•o,.od lor lts lllloffupt vectDr. Tno lirot word 
contoono lho lDCotion oflho do•i<o'o oorvlce routone. ond tno ••conO, \he 
Procenor Sto! u> Word that ls io be u sed by \he SONico routine. Throu¡h 
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prDpe< uso 01 tho PS, tho pro~trommor con switch tho oporotlon&l mo-do 
ot tho proco•~or, and modiiY lho Proce»or'o Priemy lovel \o mas~ ovt 
lewer leve\ Interrupto. ' 

Reentrant Code 
Both tho interru¡Jt handling hard""" and th~ submulino all lratdwo,. 
lacllllalo wnlong reenlrant codalor \he PDP-11. This lypo ol co<1o oltowo 
o olntiiO copy DI o ¡!ven oubroutlna or "'<>llrom ID bo oharod by mera 
lhan ono proceos or took. Thio rod~>Coo tho,om<>Unl ol coro nHdod lor 
muiii·IUk opphatrono ouch 11 tho concurren! """""'"il ol mony periplo· 
oral ~""""''· 
PowLO<" ron ond Restort 
Wheno~r AC powor drop• below 95 vol\s lor 110• powor (190 •<Hs lor 
220v) or outsid@ o limi\ of 47 lo 63 Hz, as meooured by OC poWfff, the 

.powor foi\ ,equenoo lo lnilíole<l. Tho Cec.tral Prooe .. or •utomolr<ally 
trapo lo tDC&tlon 24 ond the 1>0""' foil program Iros 2 mue. \o uve atl 
vololila infDrm&tion (doto In rel'olor$), ond lo condltron per1phoralo lor 
poworfoll, ' 

.wtren -r ls res!D- lh• pn>ee>ocr tropo lo locoli<m 24 and ... cutos 
\he -~ up routine lo rnloro tha mochine te ~• oloto pnor lo -r 
lollu ... 

' ':-

" 
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CHAPTER 8 

PDP-11/34 MEMORY MANAGEMENT 

8.1 GENERAL 

8.1.1 Memory Managemenl 
This choplor describO$ !he Momory MonaR•mont un•! o! the U/34 
Central Proc:ns.o<. The POP·ll/34 provid@S the hardware Jaciht•H ne·ns
'"'Y Jor complete memory monogoment and protoodoon. tt" dno¡n.., to 
"-o memory monog<>ment !aclhty for ~y.toms whe<o the memory sl>e ts 
g< .... ter !han 28~ words ond lor mutti·user, mut\i-progromming '~"'""'" 
where prot..:toon ond retoc:otlon fociMi@S ore necol .. ry. 

8.1.2 Pro¡;rommlng 
The Memo')' Manogemenl ha<dworo h .. been cptomiZ<d towa.-ds a mul\1· 
pro¡¡romm~n¡ en•oronment and \he proc:e .. or can operote on lwo mod.,, 
Kernel and u .... Wloen in Kernel mode, the pro¡¡ram na• complete 
COl!trol and un "'ecute ott lnltructoons. McnoiOrS """ su~rvi""Y Pro· 
gro m• would bo e•ecut.., on th01 mode. 

When '" U1er Moo:te, \he progrom " prevented lrom .. eculing certoin 
onstructoon• thol could: 

o) cau•e the modilocation el the Kernel prog<am. 
b) hall the compuler. 
e) usa mcmor:. spoce ""'&"«! to \he Kernel cr Olher use.-;. 

In a muiU·P•OI•omming en••ronmen! ~eve,ol user pro¡¡ram> would be 
"'''con! in memory M any goven ""'"- TOe •••• el tOe supenoor.o.-y pro
gram woold ~o; control tOo e•ecutoon of \he vonou~ use< pr(Og<amo, 
manogo the ollo<otoon el mc"tory or.d per~pherot d•••ce resou'c-~. ond 
sofeguord tOo onto~rlty of tho system ., a wholo by careful control of 
each u$or prograrn_ 
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In o mullr·pro¡¡<omm'"¡¡ S)'<lorn, the Manogemon\ Unrl provldoo the 
rneons for our¡¡nrng oogos (<elototoble mornory oegmenls) lo o user 
progrorn ond prevenlin¡¡ tnol uoer /rom rnokrn¡ ony unouthorirod oe<:eoo 
lo \hose po¡u 0<0\<ido n .. "'oigned ••~•- Thuo, o uoer con dectively 
toe prevontO'd lrom oe<:rdonUrl or ..,nlul deWucti<>n of ony O!het u .. r 
p<ogrom"'r tho optem e•oculiv<r progre m. 

Hordworo rmplomontod looturoo onoble lho operotrn~t oystorn to dy· 
nomicolly alicate memory upon demand whrle o progrom io bern¡ run. 
Theso feotures are portrculo<ly uselul when ruMrn8 hr¡her-level longuo¡¡e 
progrom~ ... nora, lor e._.mplo, arroyo ore construcl«l ot uecution Irme. 
No f,.ed opaco is rese"'ed lor thern by tne eompiler. t.rrcking dy..amic 
mernory ollocot<On c.pabrlrty, tho program "'ould hove lo e.lculoto ond 
""""' oulf•<•Onl memory spa<o lo o«ommodolo tho "'0'"1 , .... Momory 
Monogemenl elrrornoles tnro lrme-con•ummg ond wast~Tut prr)codure, 

8.1.3 11 ... 1. Add ......... 
The oddreneo ¡¡on~rate<l by oll PDP-ll F~mily Control Proceuor Unil< 
(CPU•l ore 18·blt drroel byte oddre .. es_ Allhough ti>~ PDP·ll Fomrly W<>rd 
length i• 16 blh, \he UNIBUS ond CPU oddro"'"i logi< ootuolly io 18 
b1!S. Thus, whrle tne PDP·ll "ord can only contoin add<ess rolerenc•• 
up lo 321( wor'ds !64K byteo)the CPU ond UN IDUS con referonco od· 
d'"''"" up 1<> 12BK w~rd• (256K byte•)- The .. "'''" two bolo of O<ldron· 
rn¡ lcg10 provido !he ba<-ic lromeworO for expandrng memcry rele.-.nc"'-

In oddrtron to tho word len¡¡th con•lroinl en bo<ic memory oddreosing 
•P•«. tno uppermo<t 4K word• el oddre<s •oaoe i< alwo~s rooerved lor 
UNIBUS 110 d0>1loo <egr.tero. In o bosic PDP-11 memory conlrgurot.cn 
{wrtnoul Monogomonl) oll oddren rolerenceo to tho upp<!tmost 4K we<d< 
el l6·brl oddroos <paco {160000-117777) ""' eonverted "' full l8·brt 
rele<encO'S wrth Dots 17 •nd 16 "'"'"Y' wt te l. Thus, a 16·brl reference 
to !he 1/0 devico <egiSlOr ot orldre .. 173224 ,. ou\r:lmalrcolly inlemolly 
oonverted te 1 lull l8·bll relerence lo the regoster ot oddren 773224. 
Acccrdingly, t11e bosio PDP-l¡ conliguration con clrreclly oddreu up \o 
28K wordo el \tu e memcry, ond 4K ..-ords o! UN IDUS 110 devlce te¡isters. 

8.1.4 .o.ctlve Po¡e Reg,.ters 
The Memory Monagement Unr1 uoes two <el< ol or¡M 32·brl Ac\1ve Pago 
~og,.te.-.. An APR ,. actualty o pair ol 16-bil reg .. ter.: a Poge Address 
Regoster (PARI ontl o Pago Oeoerrptor Re¡¡iolor (POR). T~es<t reg"'"" 
ore "'""Y' uucl n a P"" ond conlo1n oll \ho inlormol<on n<«lO'd lo 
descflbe and <elooate \he currontly octM rnemory pagos. 

·, 

One >O! el APR'o ro use<j in Kernel rnodo, ond tl>e other rn User mode. 
The chorco ol .,¡,,,¡, oet lo be used '' oeterrnined by the curren! CPU 
modo contar neO in the Pro<e,.or Sto tus word. 

" 

" • 
' 
'' 

··--'"o 

"" ... ' .... 
o• o 
o• o 

'"' .... 
•o 

" • 

'". 
'" ' .. ., . ... .... 
o• o .... . ... 

-'" 

"""'""' "'"' """ 

·~~· -.,,.,,,., 

--· _, .. .... ""'"''""' """'" 
' Ftgure 8·1 Actr•• Po¡e Re¡rsters 

8.1.5 Copobilltieo Prolrlde<j by Memory Mono¡emont 
Momcry Srzo (word<): 1241(. mox (pluo 4K !or 

Modos of Operol10n: 

Stoc~ Pornte .. : 

Memory Relocation: 
Nurnber el P•¡es: 
Pago Lenglh: 

Momory Protecticn: 

8.2 RELOCATIDN 

a.z.1 Virtual Add,...sln¡ 

Vrrluol (16 bits) 
Pl\ysocol (16 brt•) 

Kernel & User 

2 (ooe lor eocn m <><lo) 

16 (8 lor eo<h ntQde) 
J2to 4,C96 wcrd• 

no occe., 
rood only 
reod/wr~t• 

110 & re¡rstot5) 

Wllen tho Memory Monogement Unrl is oporotrng, the normol \6-brt 
drrect byte oddre" is no lon¡er interpreted u o drrect Phyorcol Address 
(PA) bul •• • Vrrtuol Addren (VA) ccntornrng rnlormollon to bo usad in 
construclln¡ o """ 18·bl! phy.,col oddre ... TI>• inlormotron contatnod 
rn the Vrrtuol Address (VA) rs ccmbtned wrlh relocation •M desorr~tron 
inlor,.,otron contorneO rn lho Actrve Pago Regioter (APR) to yietd an 
18-brt Phyoiarl Add""o (PA). 

6eoou<O oddro<<05 aro outcmotrcolly rel.,.otod, tl>e cornpu\et rn•y be 
considored to be operot1ng tn ••rtuol oddreu spoce. Thro mean• tnat no 
rnaltor wl>ere • program " looded rnlo phyoroOI momory, rl "'" not h••• 
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·. 
lobo •·re linl<ed''; 11 alwayO o~peors to be 11 tho oomo •irtual locollon in 
momory. 

The V<rtuol oddre•• $pace" d••ldod •nto eJght 4X-word poge$, Eooh p1 ¡e 
•• reloeated separ.tely. Th,. ls o u>eful futuro in multJ-proarommod 
tJmes~oron; syotem>. 1\ perrnoto o new lar¡¡e P'Oi•am lo be ~dod into 
<l,.contonuous block$ al i>h)'oJCf[ memory. 

A ,n¡;o moy W •• smoll •• 32 -..ords. •o that short procO<Iuoh or doto 
ore .. neO<! occup~ onry os muoh memory os .-...uired. This i• o unful 
leaturo in reo1-11mo control syo1oms thot con\oin mony separoto smoll 
'"'"'· 11 i• olso a U•elut featuro lor stael< and bullar control. 

~!»sic lunclton ls lo porlorm memory rel<>caoon ond p"'VIde e.-tended 
memory ldd<noing capal>ohly lor O)l<l<ms Mlh moro !han 28K el phro· 

""-1 rnemoty. y..., >el> ol pa11 oddress '"1!'"'"" ore I:Sed to r<loeolo 
-.irtwol oddrnooo lo ph)'$•<11 oddr .. <h in momotyo Those oeto ore uood 
n hard..-ore retocabcn re¡,.tors thol permit , ... ,.1 usor's pro11romo, 
9Ch stortina 11 Yortual ld-dteoo O, to reoide 5omultontously in physlcal 
rnemory, 

8.2.2 rrovom Rei"""IIOn 

The p•~• odd•o .. "'~"'"'" ~·• u>ed to d<tennlno tl>o start""' addrau 
o! each relocot«< prcaram in p/lyo>co! memary. r.,u,. 8-2 ""-"o l-lrn
pl<fiO<I uornplt of the reloeotion cotM:ept. 

Progrom A ol•rt•n¡ addreu O io reloooted by o const..nt lo pro••de 
ph)'$•tal od~reu 6400,. 

~''""' 
. """'''""' """'"' '""" .. '' ,,., • o .. """ ,_,_,. 

e;;;:~J 

' ~ 
,.,"'., """'" --· oouoo -

f'l¡ure 8-2 Simpl¡f••d Memcry Relo<•tion Conoopt 

lf tho ne.-t proceuor virtual odóre .. ,. 2. tho rolocat<on censtonl w•ll then 
cou .. phyoioal oddren 6402,, wh•<h os tho '""ond olem o! Pro¡¡ram A. to 
be ICCHSed. Whon Pro¡rom 8 ;, runnona. lhe •elocation constonl ,. 
chon¡¡O<I lo 100000,. Thon, Pto¡.--.m 8 virtual oc!dro"'"' otarton¡ otO.""' 
relocated to acce.o plryo>caloddte<<@S storton¡ 11 100000,. Uoin¡ ll>e a<:
bvo po_p address regist..,..lo prrMcle reloeotion e~monatn tho Med lo ''n
link" o proa.--.m ea<:h tJma 11 " lcaded onto o dJ!Ie..,nt phyoocal mamory 
tocatlon. Tho pro¡¡rom olwoys appeoro lo otort ol the qmo oddf11SS. 

~ prc¡rom ls te~tod In pagos conolslin¡ of trcm 1 lo 128 blo<k>. 
Eoch blOCk io 32 wotdo In lon¡th. Thus, tho rno .. rnum lon1th of o pap 
io 4096 (128 X 32) WOt<fl. U5!n8 Oli al thl l•iM IVI!Iabfe ICIIVI pa10 
"'¡¡ooleB on 1 MI. o mo.,mum pror¡tom llft11lh el 32.768 -..ardo con be 
occornrnodo!-.1. Ear;h al lho "'ght ¡:oageo can 1M ret"""ted onywhere '" 
tho pl>ySoc.ol memory, oo Ion¡¡ os oKh "'locoted p&Re W¡ins on • 
bo\fr>dol)' \hti " o mulllplo ct 32 wordo. HOWO"o'u, Icor papo thot 110 
omotllt then 4K wordo, only lho momol)' octuolly OltOCIItad lo lhl po_go 

rnoy !>" """"'"""'· 
Tho .-.locatlo<o oumpOI o-... in flF¡te 8·3 lllustnot" -rol point.. 
obout '""'""'Y "'locltlon. 

o) Altllough tho ¡>J'Ogrom oppoors \e W In contiguous addrass spoce le 
tha proco•sor, tho 32K·wcrd Physicol oddress •pace " o<:tuolly 5CI!I· 
tored through '"""'"' separato orou el ph)'$iO.I momery. As long 
•• th• 1<>1.>1 ••oilobl• ph)'$1001 momol)' space ;, a~equato, o pmgT~m 
con be lcaded. Tha phys¡..,¡ memery spoco need not_bo con~guouo, · 

b) Poifl rnoy be nrloeotod to higher or IO'OOor·ph~•ical oddteiSK, wit~ 
tftpect to their ••rtuol ~~~re" rangeo. In lho e•arnple Fl¡uoe 6-3, 
poQI 1 1• relocaiO<I lo o hog~et range el phy>Ocal oddress ... pago 4 
,0 relocoled to a lo~r ronge, and poge 3 ,. not telo<otod ot all 
(•••n lhough its rolo<ation conslont ls non->oro). 

e) All ol the pago• •hO'IOn In !.loe •••mf)lo •loo! on 32-wotd tooundorieo. 

d) Each page i• retoc.otod independenrly. The"' 1• no '""""' why two or 
rno"' pag.,.. coutd not be teJooo\ed·to tne same physicol memory 
opaco. USing more thon one pogo oddre .. regoster '" the '""' lo 
occe" tho some space woul~ bo ono way ot pro•iO•ns d•Werent 
momoty occes.·r~ghl> lo lile .. mo dolo, depend•"S upon whlch port. 
ol o pr<>,(lrem ,.., r•'•"'Acing thot doto. { 

/.tomory Units 

Block: 
Pago; 
No. o! poges: 
Slle o! reloootoble 
memcry: 

32 wotd• 
l lo 128 block• (32 to ~.096 ..,,,¡,¡ 
8 per modo 
27,761:1 woo¡¡,; "'"' (8 x 4,096) · 



figu.., 8·3 RelocatlOn el • 32K Word Prcgr~~m in!~ 
l24K Werd Phi'O'col Memory 

8.3 PIIOT~CTION 

~ trmoshorong system p.erforms multrprogrammrng: lt ollows se•eral 
ProRromo lo resrde in memory .,multaneously, ancl te operate sequen
llally. A<;<;OS$ to the•o Programo, and tho memory >POCO tlrey occupy, 
mull be >ln<lly dol'"ed ond controllod. f>everol typu ol memory Pro· 
toelron mus!_ be aflorded o trmostrorin¡ oy>tem. For •••mp¡e: 

o) Uoor pr<lgramo "'"" not be ollowod to ••p;onC beyond ellocatod 
opoco,_unle» authonzod by the oyotom. 

b) U•ero 'mus! be proventod from modifying common oubroutin .. ind i 
ol~orrthms thal oro ro-ordent lor oll ·u~"- •• 

e} Unrs must be p.-.vented lrom plnina control ol or modlfying lho 
oporotm,¡¡ sy>tem o.o!twore. 

The Memery Mono¡¡emen¡ optron p_rovlde. !he hardworo locihtres te tm· 
plomen! all of !he abe•• typos ol momery pretectron. 

8.3.1 lnacceosiblo Momory 

roch page hao a 2·brt eccess control '"Y .,.ociated wrth rt. The <ey io 
o;si¡neo under program control. When the key io oet te 1), \he pago i1 
del•nod n non-r .. r<len\. Any ottempt by o u.er prog•om to •=•• 1 
non-rurdent wge ,. pr...-ented by an ommedrate abort. Uorng thr> leo· 
turo le prov.de memcry protectron, only those page> .. .,.,oled w•lh the 
curren! progrom aro nt 10 legal occeo• keys_ Tho occeu control keyo 
of oll othor progrom P•S•• are oet lo O, wh1ch provento •Ilegal memory 
re!eren<e>. 

8.3.2. Rood-Only Memory 
The &«e» control key !ot o.page can IHI m to 2, wnrcn •nowo rud 
(fetch) memory releref>Ceo lo !he poge, bu! rmmodro\ely oborts any ol· 
templ lo wrrte rnto that page. Th" reod·only \ype el memory p•oteotmn 

•• 
• 

con bo oflcrdod le pageo thot ccntarn ccmmon data, oub""'"nn, or 
>hared olgorothm•- Thro typo ot memory protoctren allowo tho access 
,gnto lo o 8••en 1nformolion module to be uoer·depondenl. Thot os, the 
access rigM te o g1ven rnlormatron module moy be varrod ler dolieren! 
uoers by olte""i \he accoss control key. 

A pago' addreos re¡¡ister rn each el the oeto (Kernel ond Uoer modes) 
may bo oe\ up te "''"'ence !he $ame 'pnysrcaf pago rn memory- ond 
eacn moy bo keyed for dlNe,.,nt ... ..,, rr¡¡n\1. For e•omple, tne U~r 
acceu contr~l key migM ~• 2 (reo<t-only acce$$), ond ttre Kernel ecces> 
control key mighl be~ (ollowrng complete reodlwrite acceos), 

8.3.3 Multiple Add,.,•i Spoco 
TM.-. ore twO completo IOPOtO\e PAR/POR ••t• 0"''"cleo: ene set !or 
Kernel mode ond ene .et lor User mo<le. ih~< oHords t~e trmes~ann¡ 
~y>lem w<th oncttrer typo o! momory protoc:\ron copabrhty. Tho ..,ode o! 
operatron i• •pe<ilred by the Prece•>Or SIOIU1 Word curren\ modo field, 
or provrou1 modo l<eld, n deterrnined by ti>e curren! inotructron. 

A.sumrng tho curren! modo PS bito o•e valrd, the octrve poge regrs\er 
seis ore enobled •• followo: 

PS(bot<IS. 14) 

00 

" w 
u 

PAR/POR Se! Enoblod 
Kernel mo<le 

lllegol (all relerenc"' obortOd en o<ce»} 

User modo 

Thu•. o Uoer mod• program •• f'l!le<oted by 1\1 own PAR/POR se\, os ore 
Kernel progroms. This mokn i¡ ompo .. oblo tor a·progrom runnong rn 
ene modo to accrdentolly relerence opoco allocoted to onottrer mode 
when tne octove pago ••8•111<$ •re ut corroctly_ For •••mple, o user con· 
not tronsfer to Kernel •pace.- The Kernel mode oddreos op;oce moy be re
oerved for resrdent oystem mon•tor tunctrono, •uctr •• tho b"'•c Input/ 
Ou\~ut Conlrol routineo, memory mooogement trap h>nd.,rs, and trrne
~ha,ng oeheduhng modul .. _ By drvrdrng lhe !yo•• ol ttmUhorrn~ oy>tem 
pro~roms lunctionolly between tnO Kernel ond U••• mode>. a mmrmum 

·amount o! sp;oce cootrcl i>Du~Oeeping io requrrod os t~e tomesha.-..d 
oper•lrn8 oy>tem oequenceo from one uoer progr.rm to \he n .. t. Fcr 
e•omplo, only \he User PAR/PDR ••1 needo le be updatod •• eoch new 
user program os '""'iced. Tho twe PAR/PDR '"'' implemeoted on lhe 
Memory Monogement Un11 ore snown '" F1gure S·l. 

8.4 ACTIVE PAG~ RfGISTERS 
The l.lemory Management Unrt provrdes two- sets o! ergO! Actove Page 
Reg•sters (APR}. Eoclo APR con.,;ts or • P•ge Addren R•goster (rAR) 
ando P~¡¡e Descrrptor Reg'""' {PDR). T~••• regi""" are alwoy>~UOed 
ao 8 p•ir and oontarn ollthe rnlormotron requrre<! to locoto Md deiicrr"" 
the cun~nt achve p•geo lor .,cn modo el operM10n.'One PARIPDR se\ 
" useo '" Kornel modo ond \he ot,er " used rn User modo. The cur
ren! modo M• (or in oc-me coses, the provrous mode brts) of the P•C>C•o· 
'-Or Stotu• Word de\ermi"e whrcn ••t .. in t>e refe•e"ce~ Jor ••eh 
memory occ•" A prcgrom ooera\rni in one mede cannol ••• tho PAR/ 
POR oeto el ¡he other modo te occe" memory. Thus, tho Me ><ls ••• 

' ' 

..... 
e 



o •~Y loolu•O 1~ prnvodon¡ a fuliy pootocted envi""'m~nt .lO< 1 ti..,.. 
,¡,...,d mulll-pro¡¡rammong •yflom. 

~ op<Oif•c procenor 110 Oddrus io ••••gnod to eocn P,O.Il and POR of 
""eh ut, Toblo 7·1 is a com~lote flSI of add"'U oulgnmem. 

NOTE 
UN !BUS dovices e&MOI,ae<:eu P.O.Rs 0< PORo 

In o fully·pro\o<:tt<l mulli·Pro,¡romming environmront, lhe imp!iClrtion 11 
t~al only 1 pro8r•m ope<al.n¡ In t~e Kernel modo ""'"Id be allowed to 
wnte onto lhl P.O.R ond POR locationo lor !he purpeoe o! mappin¡¡ U$1r'l 
pro¡¡roms. Ho .. ever, tioere aro no ,.,traonts tmpooed by !he logic lhat 
wolt preven! lJoer mode pro¡.,noo from wroton¡ into theoo regislor'i. Tho 
optoon ol rmpoemenlrng •uch o f .. ture 1n the oporotrn11 oystem, ond thus 
••ploc•toy protoctong \he•• locatoono from ""'''' pro¡¡rorm. is •••ilobll 
to \1>~ oystom """"'"'" <leo•gnor. 

Toblo 8-1 P.O.R/I'OR Md,...5 A01f¡nments 

o 177640 777600 

• 777642 777602 

' ' 777644 777604 

' 712346 "''" ' 777646 777606' 

• 712350 772310 • 777650 777610 

' 772352 772312 ' 717652 777612 

' 77l354 • 172314 ' 777654 717614 

' 772356 772316 ' 777656 

8.4.1 Po&l Mdrets ll•!li•toro (I'.O.R) 
Tho Poae Mdr,... R<g'ltor (PAR), s~awn in fl~ure 8-4. contar'ns tho 
12-b~ P111e Addron F,.l<l (I'Af) llul! •peof•H IM t.. .. 3ddrns DI t~e 
~p. 

" • . ., 

B•to 15·12 aro unu..,d •nd '"'""'td for p<l»ibt~ futur& uoe. 

The Po&e Mdre" Res•""' moy be alle•notovely thought ol •• a teto. 
cat1on conSlont. or as a bose reg•<;ler conta~nong 1 bo.., addr•••· Eilher 
inteopoetotoon •ndocales the b .. tc h>"cloort o! lhO Pogo Addre>O Ro¡¡ooter 
(PAR) in \he retocatoon s<home. 

8-4.2 Pa¡o DeKnptor Ro¡,.toro (POR) 
lM 1'010 Deocn~tor Regoster (POR), sn-n rn f•IIUf'l 8-5, tont .. nt ¡,. 
tormotoon retoiO>e to pa~e .,panoron, o•g• ten¡tn, ond oece.s control. 

'' 

' ' 
. . ' ' 
lrl·lm!i!íH •· 

• 
1 ' .1 '" 

fliJUtl 8·5 Page OHCrrptor Reg,.tor 

... <Cd$ Control Field (ACF) 
Tn;, 2·bit f•eld, Mo 2 ond l, el lho POR dos.crrbes tho oe<:en rl¡!lts lo 
lhis part•cular pago. Tho occoss cedes or "keys" Sp<cd~ the monner 
In whlch o pago may bo O«O»ed and whother or not o gr~n occeos 
•hould resoli in an obort o! lho corren! oporotlon. A memory reforonce 
t~a! eoruse• an abort lo nol completed and it termin•led immedi•tely, 

.O.bono ont C>lü<e<j lly ottempt• lo """"" non ••••dent ~•ses. ~•B• 
l~n¡th orro,., or ICCHt Yoolol•on,, •u-eh os att~rnpton¡ to """ rnto a 
read·only pago. Traps ore uSO<! •• an oid on ¡othenng memory monago-
ment •nformabon. 

In tho contut o! ICCfllf control, the term "wflle" ;, u•ed to indocole 
\he_ oc\oon o! ony in1lruction which mod•f••• tloe conlenh o! ony •d
dronoblo ....,,d_ A "wrilo" io ovnon>mou• wilh what i< o<u•ll• .oll~rl • 
"sture': or "modify'" In mony computor S)'llom1. labio 8·2 li<ll the ACF 
keys ond thoir lunc!lono. Tho ACF ;, wrotten lnla lhe POR undor pro¡¡ram 
tontrv!. 

"' 00 

O> 

>O 
H 

,., 
o 

' • 
' 

Toblo 8·2 A«est Control fleld Keys 

Rosident ~eod·Onty 

(unuotd) 
RoStdent reod/ wfite 

Funcloon 

Abort any •tternpt to ooceos th10 
non-ro.,denl pago 
Abort ony attempt to wr~o onto 
this pago 
Abort ott .O.ccosses. 
Reod or Wrrte olf""'od, No lrop 
or abort occu,._ 

(xponolon DI1'11Ctlon (fO) 
The EO M tocated in POR bol PD<~I•on 3 lndicotes the autho~ztd di..,c· 
lion In .. n,cn the po¡¡o """ ••Pinct. A kla•c o '" lhrs M (ED"' O) indi· 
eotn tho page can expand Ul"""od from rola!Mt zem_ A logre 1 rn th10 
b<l (EO := 1) ond~eoteo the pago eon exponcl <tow-nward to .. ord ret~tive 
•••<>- Tho EO M ro wrol\on onto tne POR under oro~oom =nlrol. When 
tho oxpon .. on do..,cllcn " upwor<l (F.:O e: O). the poge lengttt- 10 incre•sed 
by oddong blocl<s wtth h•gher relat,_e oddretses. Upwan:l cxpanoion ;5 
u•uolly •poelfo<td for ptOIIt>no or data pa¡¡os to a<ld moro o•oRr~m or 

. loblo tpace . .O.n exomplo ol P-"8• expansion upword" shown in fi11ure 8-6. 

Whon \he .~xpan<oon doroct•o~,. down,.ord (EO = l). t~oi pago oon¡¡l~,. 
oncroutd by ~dd•"E bloc'< "''~ lower relat•~ addre<<es. Downward 
"'ponsoo~ •• soec•f,od 1<><' •lock page• oo lhot more <tack •cae~ can ho 
added. An examplo of pago ~•oonsron d<rwnwotd is shcwn on F•ll"'" 8-7. ,, 



1··· 001 " ···11~ 0101001 •••• o ,,¡ 

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

NOT(: 

Te sp.C1Iy • block len¡¡!h ol 4:.? for on """'"'d ••pandol>le page, "'"!• 
h1gheot olllnou,e<j bl<><k no. d"eclly 1nto no¡h byte of POR. ll<t 1~ n; 

not uoed t>ecousethe hoghest ~llowoble block numt.er os 111,. 

"-"" o 

""'""''.,._' .,.. ........... ..,.,, 
''"";O<' "•' ""'' '""" . ....,, 
"'"'"" ·-

----'------- L ___ _,c.o,_J ___ ,,, ._,"' ...-.. 
~o¡ure 6-5 (••mple of on Upword E>pandoble Poge 

'" 

wnuen lnto (W). 

The W 1><t loeale<l in POR bol P<»•l•on 6 indocates whether \he pago n .. 
I>Hn wntten onlo ornce ~ was l0<1ded o rilo momcry. W = l " offormo· 
t•ve. The W M ;, outomahoally cleored when the PAR or POR el thot 
p•ge io ""'tlen 1nto. 11 con only be ••t by the control log.c, 

•, 
In d"' owopping ond momo<y ov•"•Y opphco!ion$, the W bol (brt 6) <an 
be uoed to determine wnocn ""ges on m~mory havo been modif••~ b~ o 
u~r. n,.,.., that havo bMn •mtten onto mus! be ••""11 on their tu'fent 
!orm. Those \ha! have not !>Mn wriMn into (W =O), nee<l no! be save<l 
ar>d can be overlayed w1th n-pagos, i_l nou•••ry • 

l'ogo lon¡th fietd {I'U') 

Tho 7·bit PLF looaled on POR (bit• 14·8) •pec1f1es lhe outhon••d l•ngth 
or the progo, on 3~·word block•. Tho Plf hotd• btocl< numbero from O to 
177,; thu$ allowong on~ PIS• tength from 1 to 128., bloci<s. llle PLf 
os wrotten on !he POR ur>dor pro¡:"'m controL 

l'lf lor on Upwo<d E•por>dob!o l'ogo 
When tho poge e•pondo upward, tilo PLf mu•t be set to ono leS> ttoon 
!he inlonded number ot blocks authori•od !or thot pago. ror e>ample, 
if 52, {42,,) block• orooutilori<ed,lloe PlF •ose! to 51 1 (41,,) {f1gure 
8-6). Tho hardware comporn tho virtual oddren block number, VA (Mo 
\2-6) woth tho Plf to de1ormol>ll ol !he virtual oddro•• lo "'!hin tho au
thoroud pago long:"-

Whon the v1rtual oddr"'o blOCk number io le., !han or <Quol lo the Plf, 
the vo<t•JOI Mdre« 10 w•th>n lhe autnOIIl&d poge length_ t! !he wtuat M· 

dro" " greator thon lila PLF, a p.s8• tetogtlo lault (addro" lO<> hl8h) 
IS deteclod by lho hord.,aro ond "" abolt occurs_ In th,. ••••· the v.r
tuat add.-es• spacelapl to lhe progrom,. non-=nt•guous be-cause the 
th'ft most 50gnlftconl Mo o! the v1rtuol addr.,;, are u .. <l lo ••lec! !he 
PAR/PO~ s.et. 

PlF loro Downword Expondobte Pago 
Tho copob•IJI~ o! pro•;dong downword ••pan .. on !or • pago i> lnlended 
opeco!icolly lor tho•o peges thal are to be u sed as stocko. In the PDP·ll, 
a stock •t•<t• at tho li•Rh<111 tooallon '"'erved lor ot ond exponds down
won;! toward the lowoot ~ddress as itemo ore edded to tho otack. 

When tho page " to bl down.,ord ••i11ndobt~. tho PLF muot be set to 
authorozo • pago length, in blocks, thot ot•lt• at the h1gheot addres. o! 
tilo pa¡e. That ls otwoys Ble<k 1771. llofor to Fogure 8·7, whoch shows 
on o.omplo ol e downward expaodabto poge. A pago tength,of 42,< 
bte<ko •• orMtatlty chooen so that tho exomple con bo compered '<vith. 
lho upward expandob<o eumple shown In Figure 8-6. 

"n 
The ••m• PAF" used on both e•ample•: Thro '' 
don• to empha•"• th., !he PAF, as lho baoo 
3ddre", o>ways determones the towest addreos 
ot !he p.os~. "hether 11 " upword or downward 
e•pandobt~. ... 



~===:; .• ;:=·::·:·-.:~: "';·:·:·:_o-:••«:·~·-;;=====~1 
l;~·~·~i·~·~·~:·~·~·~;·;·;·;l~~~·~· ;·~·~·[· _·:·=~·~·~·~·~] ' ·1 ..... 110 \ 1 "' ,,., ..... 

'"''. """'-"' ... ...,.,.. 
lo •peelfy pago lenglh !oro downword expMdable po¡¡e, wrlto comple· 
meot of bl<><:kS requl<ed 1nlo hillh Dyto o! PO~. 

In tnls cxamplo, • 42-~locl< pap 1• requrred. 
I'Lf ls dorl-.ec! U follow.: 

42,. =52,:,...,., complement"' 1)61, 

o 

• 

• kO<• ........ _ 

'"'"""'' "" ........ ~ .. 
""'"' .. '""'""'a'ot '"' , ...... """ 
""'"" ·-· 

fl~ure B-7 ExomPio o! 1 Oownw"d Expondable Poge 

8-12 1 

• 

Tne colculohons tor cornplernenun¡¡ tho numl>e< or bl<><k• requlfed to 
obt.oon \he Plf os •• follows: 

MA~IMUM BLOCK NO, MINUS REQUIRED LENGTH EQUALS 
177, 52, = 
127., 42,. = 

8.~ VIRTUAL & PHYSICAL ADDRESSES 

m 
125, 
85,, 

Tne Memory Mon•8•ment Unit,. locate<l bet-n the Central l'foeessor 
Uno! and the UNIBUS •dd•••• ltnos. When Memory "'""aaement •• 
ena~led, tne Proc•••or oease. te oupply address on!orrnotrcn 10 the Uni
bu•. ln<tead, oddoeue• ore sent te tho Mernc.-y Monagomeot Unot where 
they "'" rolco>\od by vancu• con>lont• cornputed wothio the Merno.-y 
Maoagornoot Uor\. 

B.S.l Conotructlon <>1 o Phy<l<al Add,.OI 
Tne M•ic inlormotron needod lor toe ccno\ructoon cf o Phyoicol At:ldre" 
(PA) come• lre>m the VH1ual Addreu {VA), ""'"" ,. olluWoted on frgure 
B-8, and tho opprcprille ,O.PR seL 

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

foQufl 8·8 lnterpoetolicn el o Vortual AddftiU 

The Vrrtual Addron {VA) conoi•IO c1: 

l. The Acto.o Po~o rreld (APF). lnro l·bit l'eld determoMO whioh of 
eigh[ Activo Poge Res•Slers (APRO APR1) woll be uoe<! lo !crm the 
Phy.,col Addre., (PA). 

2. TOe Oi$placoment freid (Of). Th,. ll-b•l h•ld containo on addr••• 
relotrve te tho begrnntng o! • POse. Thi• peomrt< pago len¡¡t~• up to 
4K wcrds (2" :o 8K byte•). Tho Of " lur"ther $UbdryrGed •nto lwo 
freid• ao oh-n in Frgure B-9. 

.. o - ... 
Figuro 8-9 Or<placement Fiold ol V•rtual Addren 

Tho O.splboome<'l Foeld (OF) "'"'"'' of: 

1. Tho Block Number (BN)_ Thio 7-'or\ ¡,eld i• mterproted." the block 
number W11hln the """""' 1>0&•· 

2. no Oioplacomonl rn Blo'~ (DIB). Th" 6 bol !re'd 'ontoln< lOe d"· 
plooomonl "'""" the blook rel"'od lo by \he Blo<k Numbor. 



no romooond~r ol \he •nlormo\lon noeded to con•truct ttle Ptlysicol Ad
dr••• comu lrom tho 12-bot Pago Addr••• fiotcl (PAF} (p.art ol tho Activo 
Pa¡¡e Rec•ster) and >pecofon the st..-ting addre" of the memary '"hich 
that APR descnl>oo. The PAf is octually o ~tock numl>or In tho physocat 
memo<y. o g PAF = 3 ind•c•teo o <lart•ng oddro" ol 96, (3 X 32 = 96) 
wo<ds '" phy>ical memo<y. • 

C· .,. • ~· 1=-.... ~ • 1 o 

fo¡ure 8-10 Construclion ol • Physical Address 
• 

The ro¡;ocol oeouenco invOivO<I in mnstmcton¡ o Phyoical Addron •• •• 
fotlowo.: 

2. TM Activo Page Field of the V•rtual Add«<> o< u<ed to •eroot an 
ActiVO P•ge RegiSI<r (APR0-APR7). 

3. n.o Poee Addr•<> roeld of lho seloot•d Actove Pa~e Reg'oster con
tains lhe ot..-ton¡ add<eos ol the cuuently actove pago •• • block 
numl>or in phy>ical memo<y. 

4. TM Stock Number [tom the Vortuol Addron os added·!O the block 
number f<om the Po¡e Address field to yoeld the num~>or ol tho 
bloc'- 1n phy<ical memo<y whooh w111 contoin rne Physicol M~ress 
Dein¡¡ ccnstructe~. 

s. Tne O••pracemeot in Bloc~ !rom tne Oo>~lao.ment fteld ol lhe Vortuot 
Addro" "jomed to the Phr>ocal Block Numl>or to yoeld a truo 18 bol 
Pnr>o<ol Mareo._ 

8.5-Z Oo\orminíng lho Prc1r•m P~y•icol Addrou , 
A 16-hit virtual ad~re., con -c>ly up to 32K ""''"'·in the ronge lrom 
u to 177776 0 (word boun- are even octal numbers). The three 
mo>t ,,~nolocant vonuol addruo boto deoognote the PAR/POR >el lo be 
referoncod durmg P&BO oddroso relocohon. hble 8-3 1"1' tho vortual 
add< .. > ronij .. thot $peColy each ol the PAR/ POR •eto. 

8-14 

NOTE 

' ' • 
' ' ' 

Any uso ot page lengtho leu rnan 4K wmdo 
cau'"' holeo lo be left m the vortual adOre .. 
spoce. 

86 STATUS R[GISTERS 
Abort> generated by the proleotoon hat<lwore are vectored through ~ernel 
wort.,.llocalion 250. Status RegosterS #Ciend #2 are u•O<I 10 oetermine 
why lhe abon. ~urred. Note thot on obort te a locatoon which " il<ell 
on i""ol1d Mdr .. , w11t couS<> anothet obort. Thus the Kernel P'"l!'"" 
mu>t ln>ure thal Kornel Vot1ual Addro" 2~0 os mapped onto O valod ad
dte<S, otnerwi>e o loop will occur whoch woll requlfe conoolo on\ef'lentoon. 

8.6,1 Slalu• Regiotor O (SRO) 

SRO Contams abort "'"'" !jags, memory moOogement enaboe. oluo other 
e»ontool o_nlormoloon '"'~""""' by on opoulmg oy01em to roco•er from 
an ol>ort or U"'o<e o memc<y monogomont lrop. The SRO [orm31 " 
>h<lwn in Figure 8-! !. 11$ odd<ess is 777 572. 

' • • • 
• 1 1 1 ' 

1 o:;j 
~ 

1 
• 
1 

Figure 9-ll Formal ol Stotu• RegiSler #O (SRO) 

Bots 15-13 •re tho ol>on flag•. They m•y be conSidere<! lo be oo • 
"PriOii!y Queue" '" thot "110¡> to the roght" "'" le<s .,gnofocant and 
ohould 1>o ognorO<I. for e•ample, • "non·<esodent" abo<! •ervo<e routooe 
... ould ignoro p.a¡e len¡¡th ond oec .. • Ct>ntrnl flags. A "po¡o lengltl'' 
obort <eNice roulln< would 1gnore an o<cen control lault. 

NOTE 
B<l 15, 14, or 13, when >OI (•bort cond•t•ons) 
cau>o (¡,e log1c to f<oero the contento ol SRO 
M• 1 ro 6 ond >taluo reg,.let SR2. Thos io done 
lo locohlote reco>e<y hom the obort. 

8·15 



Protocticn ,. ~Mbled w~en a~ addrus ls be1ng reloeate<l. T~is implo .. 
t~at O<lher SRO, bit O i• .-qual te 1 (Memory Managemenl enablf'l) O<" 
thal SRO, bit 8, "equatto 1 ond tne memo')' relerenee is \he r.nal one 
ola a .. hnabon o;,tcul•!lon [m.o•nte...,nce/destonation m<l<le). 

Note thal SRO bits O ~nd 8 con be .. t ~nder prcgram control to pro
>ide meoninFiut memocy mano¡emont control ontcrmat.on. liowe..,r. 
lnlorme!lon w"t!en into ~11 olher Ms os na\ meanongful. Oniy thll In· 
lermation wh•c~ ;, automat•cally w"tten onto \he.e remam•ng bit• as a 
re•ult ol hardware achcns ¡, u>eful •• o monotor ol the status ol lhe 
momory m•nogement unot Setting bl" 15·13 under. progrom control 
w1ll not '""'" trops lo oecur. T~••• b•"· ~ow•""'· mus\ be resel to O 
alter an aborl or trap ha• occurred on arder to Tesume monitorln¡¡ 
memocy managemenl. 

Abor!·Nonresident 
B1t !5os the ''AbOrt·Nonre••dent" bol. 11 is ••t by altem~~ng to occeu 
0 pago w•t~ on oc«" .xonlrol r;ek; (ACf) '"Y <qual lo O or 4 or by en· 
oblin¡ "'louticn woth an illegol mod~ in th~ P5. 

Al>urt-Page L.eogt~ 
B•t 14 i• tne "Abort·Pa~• longth" bol. 11 " sot by ottemptin¡¡ te accns 
a locotoon 1n a pa¡¡e ""'ha bloc• num~r (v1<1uat add«ss b<ls 12-6) thot 
io outsode the area outhonze<l by the Pa¡;o length Field (PFL) of the 
POR for IJ\11 p.age. 

Abor!·~••d Only 
B•t \3 o< tOe ··A~ort·Road 011ly" b•l. lt os sot by a1t•mpt1n~ lo vmte in a 
"Rood Only" page t>avong an occe" koy ol 2. 

NOTE 
There aoe no restrictions tho\ ony obofl M< 
coutd not be •et somul\one<>~osly by the ""me 

""'"'~ attempt. 

~oinle,.nce/ rlntiMiion ~<>de 
Bol B spec,¡,., maintenanoe u>e o! t~o Memory Manogement Unit. U io 
use<l !or d.ognostic purpos ... for t~e instru<lion• use<l in the in<IJOI 
d1ognc•t•c program, b•t 8 ,. sot .o tl\ot only the lmol desltnatoon refor· 
ence io reloeated. lt ;, uoelul te preve the capab1ioly ot relocolong 
odd•e•oo• 

~ode ol Opero!lon 
Sotl 5 •nd 6 ind1cate the CPU mOde (U>er or Kem<i) ossociat~d wolh 
lh• pege ca."""8 !he ahort. {Koonet = 00, User = 11). 

Po¡;o Nurnber 
B•to 3·1 ccntaon the page numbe( ol rol<'ence. Pag.,., loke blocko, are 
numbere<l Ioom O up,.ards. Tho po¡e nurnber b•t o< used by tOe error 
fOCO\fO<y rcultne \0 ident,ty \M Pl'IJO being bCCe-5•e<l Lf an •bOrt DCCU"'· 

[noble R~toc.otion ond Protection 
Bit O •s tne ··Enacte" b1l. When •l '' ••t te !, on addre"e> are rolocotod 

and protected,by the rnemocy manogement uniL Wl>en botO os oet toO 
the rnemocy mono!J•ment unot i• dosab'O'd onó aódre .. es are neothor .;. 
loco\ed """ prottctod. 

8.6.2 Stot"' Reelstet 2 (SR2) 

SR2 i~ looded with lhe 16·blt Virtual Mdre., (VA) 0¡ the begtnnin~ el 
each mslructtcn fetch bul '' nO\ Urntated il the in<lruction l•lch lotls 
SR2 i• read only; • """'" ottempt woll not mod¡fy o\1 contont•. SR2 ,. 
the V.rtual Addross Pto¡¡ran> Cnunter. LJoen an abort. the oesull ot SRO 
M• 15, 14, or 13 l>O<ng sol, w1t1 l!eeze 5R2 untolthe SRO obort flogs 310 
cteared. The addro<s el SR2" 777 576. . 

Fi¡uro 8·12 Formal ol Stotu• Reg;Oier 2 {SR2)) 

8.7 INSTRUCTIONS 

Memory Mono¡¡ement Pro•id"' the •b<lity te communocote ~twoen two 
spoce$, a• deleomined by th,t cwent ancl P'""'OUS mo-dos of tiLo Pro· 
cusor Status w<trd (PS). 

Mnernonic 
MfPI 
MTPI 
MFPO 
MTPO 

ln•lruction 
movo from previous m•truction sp.ce 
ntovo to pre"""' lnstruoto()n <paco 
move from r<""'""' d>ta •P~Ce 
mov~o prevoou• dato •pace 

Op Cede 
0055SS 

'006600 
1065SS 
106600 

The POP·IJ/45 Memory Monogement ""''· t~e KT!I.C. Implemento" 
<oporote iostructoon ond data addre,. space. In the POP·Il/34, there 
,. no d<ffor~n\lo\lon belwoen ln>huct•on or data spaco. The 2 ln•truct<ons 
MF.PO ond MTPO {Movo to ond fron1 previou• dato spoce) c>Ocute lden· 
tically te MFPI ond MTPI. 
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• • 

MFPO 
MFPl 

rnove lrcm 

mcve lrom 

" • • 

Operolion: 

pre.,ouo dat" space 

provrous instru<:tion 

• • • 

(temp)<-("<) 
I(SP)~(temp) 

1065SS 

·~·· 
OD65SS 

• • 
• 

Cooditlon Cede>: N· •~t rf the sour<e <0. oll>erw"e cleored 
Z: .e\ rl the •oure< ,Q; Mher.v"e cleored 
V; cleared 

E•amplo: 

C: un•ff•"•d 

Th'> inslm<:t•On pu<hH ~ word onto lhe cu'lent <tocO 
trom an add<O<$ rn provr~u• spO<e, P<O<O<OO< St•tu• 
(Ms 13, 12). The oource •ddress rs computod ""'"B 
1M Cu<rent ~S•>I•rs and momo.,. map_ 

MfPI@ (R2) R2 = 1000 
1000 = 37526 

The <•ecutron ol thrs rn<lruct•on cauo ... the- contont• ol (relol"<) 
37526 DI tne prevrous addres. S¡>ace to be pusMd onto the curten! 
""'"-as dotorminod by the PS (bits 15, 14). 
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MTPD 
MTPI 

move to pH!vious data •poce 

move 10 prevrous instruction 1¡>ace 

106600 

006600 

" l • • • • • • 
• • • • • • l 

Oporo\lon: (temp)-(SP)l 
(dst)<-{temp) 

Condrtlon Codo.: N: set rf the •ouroo <O; otherwise cleared 
Z: set rt ll•e •our<' :0, otho"'"" clo.,ed 
V· cloared 

Descriplion: 

E•ompte: 

C: unallecrod 

Thrs instructron poP'S o -rd olí the curron\ stoc~ 
determrnod by PS (Drl> 15, J~) and "ore< that W<>rd 
iMo an 4ddre'" in proviOu5 space PS (M< 13. !~). 

The desto""hon oddrn• '' computod u<On¡ tho cur· 
ren\ reg,.tero •nd merno,Y rnap. An "''mpte is •• 
lo'lowo: -

R2 = 1000 
1000 = 37526 

MTP1 @ (R2) 

Tho "'"<'Ulion of this instruction '""'"' the top word of tl>e curren! 
sttck to get otored rnto the (relotrve) 37526 ol tho prevoous eddtess 
s¡oaco. 

• 

8·19 



MTPt ANO MFPI. MODE O, REGISTER 6 ARE UNIQUE IN THAT THESE 
INSTRUCTIQNS [NABLE COMMUNICATIONS TO ANO FROM THE PRE· 
VIOUS USER STACK. 

MFPI, MQOE O, NOT REGISTE'R 6 

!:'KM+PUM, PSW 
1:-1. -216) 
%0 
@ltSRO 
%0 

: KMOOE, PREV USER 
: MOVE -1 on ""'n•l ""'" -2 

: ENABLE MEM MGT 
: -(KSP)~RG COIHENTS 

Tne -1 '" the kornel s\ack ,. now reo<ocod ~y the co.,lent: ol RO wn,cn 
io O. 
: MfPl M0QE 0. REGISHR 6 

MOV 

"" MO> 
M O> 

'"' Mf~l 

#UM.¡.PUM, PSW 

" ..-KM+ PUM, PSW 
"'-l. -2 (6) 
@#SRO 
%0 

: SET Rl6::0 
:K MOOE, PREV USER 

; ENABLE MEM MGT 
: -(KSPJ•·R\6 CONTENTS 

The -1 in tno kemet •lo<• ,. oow replocod by the coOlonto ol Rl6 
(u•er >tao k poonlor whrch i> 0). 

lo obtaio inlo lrom the"usor ot•ck d tM stotuo is >el to kernel mO<Ie, 
prev uo<r, '"" oteps a~ neodod. 

MFPt %6 
t,;;~: G(5J¡. 

:gel cor.lento ol RIG"'uoer poonter 
' s•l "'"' poonl« lro•n kernel <toe k 
; uoe odd'"'' obtoonod to ROl doto 
: lro'Tl uoer mode """8 tho prov 
:modo 

Tne M<orod data lrom the "'"' """" " now on tne keonel staok ao\CI n .. 
ropto<od tno "'"' st•<• oddrnl-

8-20 
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' ' 

MTPI, MOO~ O , NOT REG!STER 6 

MOV #~M+PUM, PSW ; KERNEL MOOE, PREV USES 
MOV #TAGX. (6) : PUT NEW PC ON STACK 
INC @#SRO ; tNASlE KT 
loHPl %7 ; %7~ (6J+ 
HlT :ERROR 

TA6X:CLR @#SRO ; DtSASLE MEM MGT 

Tho new PC io poppod off the cu,ont >l•<k ond since thio is modo 0 ond 
not rego>ler 6tho dutonotion '' ,.11¡0¡ 0, 7. 

: MTPI, MODE O, REGISTER 6 

M~ 

"" MO' 
M O> 

'" MTP¡ 

# UM+PlJM, PSW 
%6 
#KM+PUM, PSW 
1:-l. -(6) 
@#SRO .. 

; "'"' rnode, P<ev U•er 
: ••t u>er SP:O (RI6) 
: Kemel modo. prev user 
: MOVE -1 into K otock (R6) 
: Enoblo MEM MGT 
; %16 -(6)+ 

The O'" Rl6 is now replaoed "''" -1 lrom tho eontento ol the l.ernel 
stock. 

lo pleoo lnfo on the user slook ir the status is ••t to kernel m0de, prev 
usor mode, 3 oop.>roto otops ore needod. 

MfPI 
MOV 
MTPI 

%0 
#DATA. -(6) 
@(6)+ 

:Gel ocntent ol Rl6=uoer po<nter 
:pul data on cu"ent >loo k 
: @(6)+ (hnal oddress roloc:.ted]~ 
(R6)+ . 

rne doto de>ired io obtained lrom the keroel slack tllen the destinot.on 
odd'"'' io oblainod lrom !he komol otook and relooated throu~h tne pro· 

• V>C>US mO<fe. 

"' 



MINICOMPUTERS FOR ENGINEERS 
AND SCIENTISTS. -----

Mode o .. criptóo~ 
In K~rnehmodo !he operat,ng program h .. unrestric!ed "'" of the 
mochme_ The program can rnap users' program• anywhore in core and 
thu> ••PfrCrlly protec! >ey ar<as (oncludrng !he device reg<>ter• and the 
Proce,.or Status word) from tl>e User operotong envoronment. 

ln u .. r rno<le 1 program" rnhoboted from ••o«llrns a HAll instruc!oon 
and the proc~»or woll trap lhrough tocoloon JO ,¡ an attempt " made 
to •••cute thrs rnwuctoon A R[SET on>~<uctron oesutts '" ••~utron 0¡ 
o NOP (no-operat•on) rnstructoon. 

Thoro ore IW<> •t•<~• called the KorMI Stac~ ond !he User Staclo. 
b)' tho central processor when operatong in eother tne Keonol 0 ; 

mO<f•. respeo:-tively. 

Stoc~ l'mit violntoons are d"oblcd in User mode. Stock proteclron 15 
pro.,ded by memory protect featur<S. 

lntem¡pl Cor><fltiono 
The Memory MMogemen! \inot retocates all addre.s..s. Thu•. when Man· 
O(¡e<T'On! rs enobled. all ttap. al>ort, and mtorrupt v.-oto•• are consid~ror:l 
to be '" Kernel mode Vortual Add<ess Space. WhOn a veotor<d trons!er 
nt<u<S. control " translelfed ~«ordong to a now Program Counter (PC) 
anO P•oce,.or Stotu> Wmd (PSJ conraoned on • two·wmd ooctor r<located 
lhrough lhe Kernel Aotr"e Pa~e Regoster Set_ 

.Whon • trap, al>or1, or inlerr<rpt occu" the "push" of tne otd PC old PS 
osto the User/""rnet R6 stack spec.tood Cy CPU mode bots 1~. ¡4 o! the 
new PS rn the "eotor (00 =Kernel. ll = Uoor). TOe CPU ntode bits 
•l>o doterm1ne tlt~ new APR oet. In thO> manner '' " pOUible tor 0 
Kernel mode proeram lo hove complete control o""' .. ,_,_0 us•gnment 
ter all rntermpt ccnd1hon•. so neo \he inlerrupt ".-ctor os locoted rn Kern~ 
>pace- The Kernel progrorn_ m~y O$$o¡¡n the '"'"«o! >Ome ot the>e con
do!IOn• lo a U ser modo prosrom by stmpty settrng \he CPU mode b 1 
of lile new PS in the "ector lo relurn control lo tOe appropriole mode~ 
Uoer ProCeS>or Status (PS) o perat os a• follows: 

PS llits 

Cond. Cedes (3·0) 

lr•P (4) 

Prt<lniY (7·5) 

Pre"ous (13·12) 

Curren! (15-14) 

• EophCit operoto' 
U••( spaoe. 

U••• Trops. 
u .. , Rll. RTI fnlenupto 

loaded Jrom loadod frorn 
sta<k veotor 

loaded from l011ded trnm 
stock v.-ctor 

cannot be l""ded frorn 
_chan¡¡ed vector 

cannot be copied from 
changod PS(I5,14) 

cannot be lo>ded frcm 
chOnQed •o-etor 
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E•plieit 
PS Acco$$ 

• 
cannot toe 
chan~ 

• 
• 

• 

1 1 

1' 
1 1, 

' 1\ 
1 ¡ 

1 '1 ,, 

•• 

1/\'TERRUPT SYSTEMS 

S--9. Simple lntcrrupt-systom Opcration•. [n 

dcvice-Hag lcvcl (INTERRUPT REQUEST) 
pro~ram on complctinn of tire curren! in•truction. 

callM'S a sobroutine jump {Sec. 4-12): 

an interrupt sy•tom, a 
intirrup~> the comporle< 

Pro<r<.,or h•ud ... ro thcn 

1. Contcnts of the incremented pro~ram coonter and of othcr sdected 
proe<:ssor reg1Siers (if any) are automatically sovcd in specific memory 

Jocations or in sparc rcgisters. 
2. The program countcr is n:set !O 5\arl a ncw in•truction oc-qucnce 

ftnfcrrupt~r>k" subroutin~) from a specilic mcmory )ocation ("trap 
locanon"l "-'SOCiated with the intcrrupt. The interrupt thus actcd 
u pon is d,.ab/odso that it cannot 1n1errupt its own serv1ce rou\Lne. 

M,nicompulcr intcrrupt·scrvice routincs mus! usu•lly firsl '"'"' ¡/rr roll
l~nl.s af prdcts.sor registus {such a.r accumulators) which '"~ n_.drd by the 
main program, bUI which art no/ wrwJ aurommicnlly bf ¡h hardwart. We 
mighl also have to savc (and later rcstorc) sorne pcripheral-devicc control 
rcgi•ters. Only thcn can the actual intcrrupt scrvicc procced: the service 
routine can transfer data arter an ADC-convcrsion-completed inlcrrupt, 
implcment emergency-shutdown procedurcs after a power-supply failur<:, 
etc. Either the service routine or thc intcrrupt·system hardware must then 
d~ar 1hr inurrupl-causing flag to prepare it for ncw interrupts. The service 
routinc ends by restoring rrgi.<lrrs and program counr~r 1<> rrrurn ro liJe original 
pro¡jram, like any oubrautino (Sec_ 4-12). A• the service routine completos 

its job. it must also runablt ¡h~ iruerrupr . 

EXAMPLE: Consider a simple minicomputer which >tor<-> only the 
program counter automatir::.1lly after an interrupt. Thc intcrrupt·•ervice 
routine is"ln r~d an ADC aflor its conversion-eomplete intcrrupt. 

Locatlon Labd lrL•lruNiM or Word Dala 
(main program) 

curren! instfuction 

Commenl• 

¡lnlerrupt orxurs here 

1714 1 lncrcmentcJ program 
1 countcr (1714) will be 
1 5\or<:d hcre by hÍnd· 
1 ware 

JUMPTO SRVICE 1 Trap location. conta!ns 
1 jump 10 relocatable 

SRVIC~ STORE ACCUMULATOR IN SAVAC / sen·ice routine 

'· 



3602 

'"' 
·~ J605 

1714 

"' 1~HRFH1~C T!lt. "'"IC0'1PUHR ~ltH 11tr OUTh1Df wo•tD '" 
S~VICE STO!IE ACCUMUlATOR IN SAVAC 1 SJY< accumulator 

REA.O ADC 1 Read ADC into 

1 a"cumulator and 

1 cle'lf ADC flag 
STO~ E ACCLJMUlATOR IN ' 1 Swro ADC read1ng 

lOAD ACCUMUlATOR SAVAC 1 Rostorc accumulator 

I'IHRRUPT ON { Tum intcrrnptl>ac~ 

JUMP INQIRECT V lA = f Rcturn jump 

(main program) ' lnterrupted prog'"m ' 1 conlinues 

NOTE: lnte"upts do t\ot work when the ~omputer is HALTed, so wt' 

cannm lefl mrerr"P" "he" 11eppir<g a program marr11al/y. 

S--111_ .\luhipl~ lntorrupt~ lnterrupl·S~<tem ol"'nnion would be simple if 
there "'"'" on!y ano poss•ble source of ir.terrupts, but this is practically 
nncr true. E•en a ¡t:ond-:olonc digiwl computer mually has se>e'"l 
intorrupts correspon~ing to peripheral ma!functionl (tapo unit out of t:tpt", 

pnntor out nf P"P'')- and 1\lght simubtors. space-vchicle controllers, and 
process..::onuol ') Sl~ms may ha ve hwodrrrls of d!ITerent imerrupts. 

A practica! multi¡•lr-inlorrupl sySiom will bve to: 

1. "Trop" the pro¡:ram lo diffcr<nt memot)' lo<ations corrcspondmg ro 
sp«itic indiYidu-•1 interrupts 

~ As.ign prioriti .. to simultan<:ous or s~cce:ssi•·c inteorupts 
3. Store lo>~er-priuril)' interrupl roquests !O be s<rvi~d afler higher

priority routines are complctcd 
4. !'ormit highor-priority intoTtup!< to intrrrupt lower-príority seniee 

routínos as soon 1U the return address and any automatically saved 
.-gister< are safely stored 

Note that prvgran" and/or h.Hdi'.Lte m<J!l carefully "'"' 'uccos;i•o 
lr•·els nf progrom-<<mnter and rr~i<tor contrnt•, which will ha•e to be 
recovcred as needed. lntorrupHy•tem programming· wi\1 be further 
discussed in Sec. 5-16. 

\loro snphisticatod sy<~ems will be able 1o-rea.t.•i9n new J"i<lfilit~ througiP 
proyrmm,,,.,¡ in.mucrim" as the ncells of a pmcc.s or program change (scc 
alw Sccs. 5-12. 5-14. and 5-16). 

!'-11. S~ip-<"h~in \dentifoc>lion of lnten"up!,. The most primiti~e m<!ltiple· 
inturupt s~<lems simpl)' OR ,,:; imcrrurt ftogs Qn\0 a sfngf< inrorr~p! lwo. 
Tire rn!rrrr<pl·.<err'ia Nllrtln<' tlr<·n emplm•s .1'<'""'/<kip in11ructi"n< (Sec. 5-S) 
1~ te" <ucremt·t dt.,lc• jl"'i' in Mlirr o{ de<,·enrlinq prc~wy. 

'" 

'" PROC.UM.CO~'TH0\,1.>'1> \~'TO:HHl!l'l """~" 5-ll 

Suppose that the simple interrupt system diseusscd in Sec. 5·9 wa• 
connected no\ only 10 the ADC rcque.ting serví~ bu\ alm to "emergern:y" 
imerrupts from a fire al . .rm and from the computer power supply (Seo. 2-1 5). 
A skip-chain scrvice routine w•th appropri~le branches fur ftre "larn1, 
emergency shutdown. :.nd ADC mightlook like this (only the ADC scrvic-.: 
roullne i< actually shown): 

SRVICE 

'"' 

SK;IP lf FtAE·A~ARM FlAG LOW 

JUMP TO FIRE 

SK;\P lF POWER FLAG LOW 

JUMP TO LOWPWR 

SKIP lF AOC DONE FLAG lOW 

JUMP TO ADC 

JUMP TO ERROR 

STOAE ACCUMULATOR IN SAVAC 

AUO AOC 

STORE ACCUMULATOR •N X 
l0AO ACCUMULATOR 

\NHAAUPT ON 

JUMP INDIRECT VlA 

SAVAC 

1 Fire alarm~ 

1 Y es,!!" ID service 
1 rou1inc 

1 ~o; pouer-supply 
1 trouhle? 

1 Y es, go lo service 

' routin<• 

1 No; ADC service 

1 roque.t? 

1 Yos, SCt\ÍCC Íl 

1 No: spurious 

1 iolcrrupt· print 

1 ""'" "'"'"'~· 
1 AD(' •ct\Ícc' routine 

1 Rc<lorc -•ccUmul.llor 
1 Turn interrupts bad.N 
1 on C: 
1 Returo Jump 

The skip-chain system require< only simple electronics and disposcs of 
the priority problem. but the tlag-sensing prograrn is time-consuming. 
(n devices m~y rcquin: log, n successivc decisions cven if the nag sen.ing 
is done by successrve hinary <!ecisions) A somcwhat faster method i< h> 
cmploy a flag s1aru• lt'ord(Sec. 5-B), wh.ch can be tcsted bit by btt or '""1 
for indireet addre,.ing of dJITerent scrvice routi nos (Sec. 4-l la). 

Note also that nu1 pnmili\e ORed-intcrrupt systcm rnusL ~utom;!lic;oll)' 
disable al/ interrupts as soon ""d as long as any inlerrupo is reco~n<?e<l. 
We cannm interrupt evcn low·priomy interrupH.crv.ce rnutine>. 

5-12. Proerom-controllcd lntorrupt Moskin¡:, lt is often u..:fulto cnahlc 
(orm) or disable (di•um) in~ividuol interrupts undcr progr:Lnt control to 
meet sp«ial <Ondilions. lmproved multipk-intcrrupt S)''\cm> p1e it1di• 
vidual interrupt·requo" 11ncs Wtlh m"'k tlip-tlo¡" which "'"be '"1 ""J '"""' 
by programmcd mst ruet ion,. Thc <H<icrcé set llf m" sk flir· r"l" ;, "'""¡¡,. 
lreotod os a control register lintorru~t m"'~ ro~i,h·r) "·hich ¡, lo:.dcd \\Íth 



I~TfOf<Cl~G TilO. 'II~ICUMPUTF.A "lTH 111E o..,-n;m<: W!lOI.IJ '" 
;1ppropri;lle O; ond 1; frmn an uccumulalor through a pro~wmmcd 1!0 

1nmuc1ion. Group> of intcrrupts qu¡te often have a common mask fl1P· 

flop(sccalsoS<:c.5-l4).. _ ... 
A >UY impol1an! oppllcotinn of programmcd ~a•kmg IMtru.cllons '_'lo 

~¡,-0 S<k<l<·~ portion< of main pru~ram• (as ""ti •• lnlorrupl·•omc~ roullncs) 

grcatcr or ]<,_,., proto<tion from inl<rmpl'- . . , 
1'-'ote thot wc will have to reston: the m"-'k n:g1ster on n:turnmg from an) 

intcrrupt-scrvia: routinc which has changed Lhe mask. so program ."' 
hardware must kecp ''""k of mask changos. We mu~t a_lso stdl prov1dc 
programmOO in<truction• to cnable and d1sahle the ennrc wtcrrupl"Y'lem 

with~ut changing thc mask. 

EXAM PLE: A okip·dwin syl!em wirh mask flip-J!ops. Addition of mas k 
níp-flops 10 our sin1ple skip-chain interrupt sys_tem (Fig. 5·9) mak"'. 11 
practioal 10 intcrrupt lowcr-priority scrv1cc rouunes_ Eac/1 such rou/'"'' 
mu.</ IK>Il' /1o1~ irs o>nl mrmor_> I0€<!1ÍOM ro snl't rllt program counrer, and r_he 
mask mus! he re<tarcd hdore the interrupt ;, dismi.sed. The AOC serY~cc 
routine of Scc. 5-11 is mod 1fled as rollows (all inlerrupts aro initially d"a hled): 

"' STO~~ AGCUMUlATOII IN SAVAC 

lOA O ACCUMULATO~ = 1 S01 ve program 

STORE ACCUMUlATO~ IN SAVPC 1 counter 

lOAD ACCUMUlATOII MASK 1 Savc 

STO~[ ACCUMUlATOR IN SVMSK 1 curren! mas\. 

LOAD ACCUMVlATOR MASK 1 1 Arm hi~hcr· 

LOAD MASK R[OlSTER 1 priori!)' intcrruph 

lNTERRUPT O~ 1 Enable interrupl s;·stcm 

REAO ADC 
STORE ACCUMVLATOR IN • 
INTEIIIIUPT OfF 
LOAD ACCUMUU\TOR SIIMSK 1 Restorc 

LOAD MASK IIEO!STER 1 prc\·ious 

STO~ E ACCVMVLATOII MASK 1 mask. and 

LOAD ACCUMUlATOR SAVAC 1 rcstore acxumulotor 

!NTERRUPT Oro! 
JUM~ INOIRECT lilA SVPC 1 Return jump 

Sincc most minieomputer mask registers eann.ot be rcad by the proJI,ram. 
thc mask •wing is duphc01ted in the memory locatLon MASK. Sorne 
minicomputw (~.¡: .. PDP-9. PDP-15. R_aylheo~ 7~) allow o ni)' a re:tncted 
sct of mask• and provide •p..::;al innrucllon< "'hlch 11mphfy ma~k r.aV>ng and 
reswring (see also Sec. 5- 15). M achines ha •·ing l wo or more aoxumulators 
c;1n rc>orvc ono r' · •:m to ,tare thc mask and thus ""' mcmory rcfcrcnces. 

i 
' 

'" 
""'" '"""""" 

lO "'''"""' 

' ' ' ' o -
' 
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.D(VlCE·FCAG ,.,,.,.,. 
"' """ .. .. "'""IOI ... J 
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¡ 
o 

o ... 

~'-' 

• 

' 

' 

Fo~o ~9. ln1mu¡>1 m"\ i•g- 11>• m.,k n,p.noro"' , .. ,«! "• «>nboL "'f"L<r(mo.•l "~'""l. 
which "'" ,. deof«< ond loodcd b1 110 in>!nl<linnl. 

' 5·13. l'riorit)-1n!errupl Sy,tcms : R<<jLJ<<t{Grant Logic, We could re place 
the skip-chain systcm of Seo. 5-11 with hord .. ·aro for pollong succ<:ssivc 
intcrrupt lines in order of desccnding priori! y. bu 1 thi~ is still rclativoly slow 
if thcre ar• many imerrup". We prdcr thc prioriLy-reque<t lo~ic of Fi~s. 
S-JO or 5-t t, which can be lrx:atcd in the processor, on •pocial intcrfacee~rds. 
and/or on individual dcvice-conl rollcr card• 

Refer 10 Fig. 5·10a lfthc 1ntcrrupt is not disablcd hv thc mJ<k flip-flop 
or b;- thc PRJORIIT lO" lino.~ sen ice '"''"cs1 (dc,·icc-fla~ le.d) wl\1 se\ thc 
liEQUEST flip-llop, which is dockcd by ponodic pra<:<:<<or pulses (1/0 
SYO"Q to fi¡ thc procc<Sor cyck •nd 10, time thc priority dccision. Thc 
re5Uiting limcd PR 1 QRITY R EQ UEST stcp has llore< jobs; 

1. 1t pr=nable< the "ACTIVE" flip-flop bdonging to the •~me in!errupt 

circuir. IX 
2. Jt hlocks lcwer-priority intcrrupls. ¡..... 
J. 1t informs the procossor that an intcrrupl is wanted_ 

lf the interrupl system Í$ on (and if thcre are no dircct-mcmor,·-acc'CI.S 
rcqucl\l pending, Sec. 5-l7),thc proccssor ~nswcn with an I}.TERRUI'T 
ACKI'o'OWLEDGE pul><' just hcforc thc curren! instruclion ¡, comp]ctcd 
(Fi¡:. 5-13). This sets !he prccnablcd "ACTJV E" n;p.flop, which now g~tes' 
thc corree! trap addrcss onto a sc1 of bus lints-Lhc intcrrupi is ac\i>t. 
IJ'o,'TERRUPT ACKO"OWLEDGE also resets al/ REQUEST H1p-flo~s lo 
rc .• dy thom for rcpeated or ncw priority rcqucsts. 

Each on\errupt ha; thrcc slatc>: inao1i>c, waitin~ (dc•·ice-nag 01p-nop sct). 
and acli••· Waiting in1crrupts will he scrviccd as soon as poss1ble. Un le"' 
reset by program or hardware. lhc dcvicc Oag maintains !he '\•~~ting" -";1(0 ' 
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'non. Thu> th~ 1i1ned re4u<:<b from hi~hcr·pt'o>nly Je•ice' b:ná low<:r· 
pr•<>fll~ rcone>t•. The PRIORITY IN lerr.lino\ of lhc highest•prionly 
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device (usually a powcr·failure, pari1y-error, or real·time".clock inlerrupl 
in lhe processor it•elr) conn~ts to a proccssor flip-ftop ("master-rnask" 
flip-ftop), which can thus arrn nr disarrn thc cntire chain (Fog. 5-lOh ande). 

Thc computcr progmm c"n lo"d mask·rcgister flip-flops (Fig. 5-IOu) to 
,¡,,3 ,m oekcted interrupts in such a wired ch•in, but the relativo prioriues 
of all armed interrupts are determined by their position• in the e ha in. h is 
possihle, though, 10 assign two or more doiTerempri~riti~s toa given de vice 
flag: we eonncct it to two or more sep~mte proomy corcu11< '" the e ha m and 
arm one of thcm under program or de,· ice control. 

Fi~ure 5-11 ittumates the seoond type of priority-propagation logic, 
which p<rmit< every armed in1erruptto set its REQUEST fli¡i-Hop. The 
timed !'RIORITY REQUEST steps from dLiferent interrup!S are combine<.! 
in a "prioril)'-arbllr~tion" ~ole cirruit, which lets only !he highest-priority 
REQUEST step pass 10 prccnabte '" "'ACflVE" flip-flop. Sorne larger 
digital computers implcment dynamic priority realloc:ation by modify_in_g 
their priority-~rbilration logic under progmm control, but most m•n,. 
compu1ers are conteO\ wi1h programmed masking_ 

The two priority·propagation schemes can -,. comhintd. Severa! mini· 
computer systems (e.g., PDI'-9, PDP-IS) employ four separa1e wired
pnonty eh a m•, c~ch ;l!mcJ or d,,,.,ncd by • common "'m,\stor·m~sk" 
ftip-flt>p in the proci:'>SO<. lnterrupts from the four cha.ns are comb•ned 
through a prioflty·arbitr•ticn ne<work which, tOgC<hcr with the program
comrolkd "'ma.,or·ma;k" flip-flops, e•wbli•hos the relativo priorities of 1 he 
four chains. 

5-!5. ComPleto J'riority-lnterrupt Sy•wns. (•) J'rogron'l-controlled Ad
dr<"<S TtOñ.rer. The "'ACfiVE"' flip-flop in Fig. S-lOo or S-Il places the 
soarting oddress of the corree! interrupt-service routine on a set of address 
hnes common to all inlcrrupts. Autom~tic or "hardware" priority
inoerrupt systems will thcn immcdiately uap 10 the desircd addre« (Sec. 
5-15h). flut in many small computers (e.g .. PDP-8 series, SU PERNOV A), 
the priority logic is only an "dd-on card for a b"sic single-lcvel (ORe<ll 
interrupt sys\em. Such systems c~nnot access different trap "ddresses 
direetly. With the interrupt system on, • .,..,,, !'RIOR!TY REQUEST 
di.ables further interrupt5 and c-~uses 1he program 10 trap to 1h~ sam~ 
memory loc.•t•an, '"Y 0000, un\l to storc the progra m coum~r, jusi as in Se~. 
5·9. The trap lo~otion contains a jump to thc sorvico rou11nc 

SRIIICE STOAE ACCUMULATOR IN SAVAC / Unle<swehvc 

AfAO INHRAUPT AOOAESS 
S ' ACCUMUtATOA IN PTA 
J~ ,' INOI~!CT VIA PTA 

1 
1 

n spare 
~ccumulator 

'"" 
REAO INTERAUPT AODRUS is an ordinary 1{0 instruction. which employs 
a devicc scltctor to read the interrupt-address lines imo the accumutator 
(Sec. 5-9). The 102 puloe from the device selector can serve "' the 
ACKNOWLf:DGE ¡)uloe in Fig. 5-lOa or 5·11 (in fact, thc "'ACTIVE" 
Hip-flop can -,. omittt<l in this simple sy>tem). Thc program then 1ransfcrs 
the addr= word to a poin1er locmion PTR in memory, ;ond an indircct 
jump lands us where we want to be. 

Unfortunately, thc service routine fN each individual de,·icc. say ror 
an ADC. muS\ save and restore program ooun1er, mask, .. mi accumL:_ovr 
(sce also Stc. 5-12): 

"' LOAD ACCUMULATOR 0000 

STORE ACCUMULATOR " SAVPC 
LOAD ACCUMULATOR SAVAC 
STORE ACCUMULATOA " SAVAC2 
lOAD ACCUMULATOR MASK 
STORE ACCUMULATOA " SVMSK 
LOAD ACCUMULATOR MASK " STOAE ACCUMULATOR MAS~ 

LOAD MAS~ AEGISTER 
INTEAAUPT ON 
AEAO AOC 1 Usdul "'or~ 
STOAE ACCUMULATOII " " 1 dnneonlyh<rc~ 

lNTERRUPT OFF 
LOAD ACCVMULATOR SVMSK 
STORE ACCUMULATOR MASK "' LOAD MASK AEGISTER "' LOAD ACCUMULATOR SAVAC 2 

lNHRIIUPT ON 
JUMP \NOIRECT VIA SAVPC 

Note lhat mo<t of the time znd memory uoed up by 1his routine is ""'"ht2d 
devoted to storing and saving rcgistcrs. 

(h) A Fully Automalic ("l!ardwarc") Priority-intorrupt Sy,ttm. In an 
au\Oml!lc or "ho.rd"a'"" ptiority-int~rrupl <)'SI~m. the "'ACTIVE" flip-flop 
in Fig. 5-IOa ot 5-ll gates thc 1rap address ofthc active intcnupt into the 
proc:essar mcmary addross register as soan as the curTCnt inmuction is 
completcd (Fig. 5-12). This requires special olldre" lino- in thc Input/ 
ou\put bus 3nd a hule e~\ra proc:essor logic. This h~rdw~re buys improved 
response ume and simplifies programming: 

l. The pr"~rum trap\ immediatcly.!(l a dilfor<n11rap loo111ion for t•odr 
lnterrup1: there is no need for the progr•m 10 identify thc in•crrupt. 

2. There is no necd to sa,·e program coumer and re ; twice as ir., 
Sccs_ 5-11, S-12, and 5-15a_ 
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In a typical system. c;och hard warc-design.otc.l trap localoon ;, loaded with 
a moJif,..,J JUM P ANo SA VE inslructio~. (Scc. 2-11 ). lts effective addres<. 
S3Y SRVtCE. wil\ '""" thc interrupt rcturn aJ<lress (plu> <omc <tatus bits): 
this i> foll<>wCJ hy lhe interrupt·•~"ico rnutine, which can be rclocatablo: 

SRVtCE uxx 1 lncrcmcnted prog<am· 

1 couoter reading 

1 (murn address) 

1 sa>ed herc 

STORE ACCUMt.llATOR " SAVAC 1 Savc ae<;t~mulator 

LOAD ACCUMUL.ATOA MAS~ 1 Save curr<nl 

STD~E t.CCUMUlATOA " SVMSK 1 mask 

LOAD ACC(JMULATOH MASK ' 1 G<O 

STORE ACCUMUL.ATOR " MAS~ 1 "" 
lOAD MASK REGlSHR 1 mas k 

INTE~~UPT "' REAO AOC f Aclual work begins h~re 

Savi"g (and la ter rostoring) lhe interrurt m"'k in this pro~r.1m is the •nme 
as tn See<. 5·1~ .tnJ ~-15a an<l ¡,'"""lo be 4<HIC • .;:umber\ome operatlon. 
A hnle emd proce"or hardware can >implify this job: 

l. \\"e con combinr: lh< lOAD :"ASK REGISTE~ and ,,.T~RRUPTION 

inltr.,c110n< i:tlO" s.nglc 1/0 in>trUction. 

'" 
2. Wc can use only m"'h di<arming al/ interrupts with 

loYel 1, 2, 3, . . . . Such simple ma<b Me oasicr 
matically. 

" 

priofllios helow 
to store auto-

_ In th~ more sophisticated imcrrupt systems, thc intcrrupt rclurn-jump 
mslrucnon" replaced by a speclalmstructlon [AETUA~ fAOM l'lTEARUPT) 
which automaticaii.J restores the progmm-counler read 1 n~ an<l all """': 
mattcal!y_save<.l r<gmers. l!c sure lo consu!l thc intcrfm·e manual for your 
own ~mmcomputcr lO det«mine which hardware fcaturN and software 
technoqut:10 "" a\·ailable_ 

5-16. Discu.,ion of lntcrrupt·•y<lom Foatur<>;. on~ Applicol ions. 1 nlcrrupl< 
are !he ba>~c moch"n,;m for sharing a digital computcr betweetl tldfcrcnl 
often _time-crüical, !asb. The practica! dfc.:tivcncss of a minicomputc; 
inlerrupt <ystem will depend on: 

l. Thc time ncc~cd lo •cnicc possiblv critica! •ituation< 
2. The '?tal lime "~'~ pro~"'" o•crh~od i "'P'""'' by >.tvi ng. restoring, ;1 nd 

m.l<ktng opcrattons associatcd >'>tlh interfupts 
3. Th• _numbcr of priomy lcveh ne<:ded ~""' the numbcr u·hich C:tn t~, 

re•<l•ly •mplemented 
4. l'rogrammi01g fle.,bihty and cottvenocncc 

The minimum time needed to obtain .. .-ice will indudc: -
l. The ."raw" latonry t~me, i.e., the time needed 10 complete the longes1 

posstble.processor <nstructton (tncludong <my lndlrect addrcs,ing): 
most nunocomrutct> are ~lso de1igncd so that the rrnee.,or woll 
ah•·ays exccute the insuuction fo1lowing any 110 ~EAD or st"SEI 
SKlP inSlluction. Wo are surr you will bc nble te> 1ell wh! Check 
}'OUT int~rfa<r manual. · 

2. Thc time ncrdcd for any nceessdr~ saving andfor m;os~ing opc"ltion. 

A loo k al thc interrupt-sorvice program• of Sees. S-11, 5·12; 5·15<~. an~ 
5-1511 will illumate how <ue«:<Si~ly more sophi•ticated priority-inlcrrupt 
<ystems provtdc laMer scT\·icc wtth les. ovcrhcad. You should. hnlve>·cr. 
takc a hard·no<cd atlttude to e<tabllsh whcther you rc.ollv necd thc 011 mc 
advanced featur<:< in your specific applic .• tion. . 

lt i•. us.eful al this potnl to li<t !he principol apph(.tlions of iuterrupts. 
Many tnterrupts are associatrd with 1{0 routine< for rel.otwoh· slow dcvice< 
such as teletypewriters and tapo rcadcr/punehc>, ond thou,:onds of mini· 
computers servicc these happtl)' with simple <k<p-chain 'Y'icm;. Thin~s 
bccome more critica! in in<trumematoon ;ond coJtrol ,v;tcm<. which mu~t 
not miss rea\-time-elock intcrtupts intÓ:ldtd to tog lime. io te"~ i~st,umcnt<. 
or 10 pcrform conuol operation•. Time·critical jobs rcr¡ui re¡,,, '''!'""''"·'· 
lf thcre are m•n)" timc-criti,·,tl ~pcrations "' ;on) llmc-sl"' rcng c~m ]'ll\:tti M<. 
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lh< compuling ¡ime wa~led in onerhead opn111imu bttomes intcreslmg. 
So me re~l-1ime syotems may ha ve periods of peak !oads when it !>«:o me< 
actually impo,.iblc to s.ervicc al/ imcrrupt rcquests. At lhis point, the 
desi~ner mus\ decide whether 1 o bu y an i m rCovcd <y<tem or which inlerrupt 
requcsts "'"al lc:oSI lcmporarily ••pcnd:oble. lt is in thc !auer conneclion 
thal d1·namic priod¡y ul/oco/i<m bc<:Omes useful: il may, for inuance, be 
c.pcdient ro mosk crnoin imrrmf)IS d11ring peak-load periods. In olhor 
SIIUalions we might, 10Siead, I!H<W lhe rdmh•e priori/y of¡he moin compoler 
progrom hy 1mma<king odduwnul imermpl,, during p~uk real-time /oads. 

!f two or more interrupt-s.ervice rouline< employ thc samc ¡ibrary sub· 
routine, we are faccd, as in Scc. 4-16, wilh thc problem or reenrrom 
proyr11mming. Tcmporary·storage toc•tions used by the C<lmmon sub
rouline m"Y be wipcd out u nlc.s we eil hcr duplic•te lho su broullnc program 
in memory for cach inlcrrupt or unless wc pro vide truc rccntrant subroutine<. 
This ;, not usually the case for FORTRAN-eompilcr-supplicd library 
rolllines. Only a few minicomputer m •• nufacturcrs and'l;tlftwarc hous.es 
prov1Je rcenlr:•nl FORTRAN lsomclimos called ·•real-lime" FORTRAN). 
Thc bcst way 10 stor<: >avcd TOJ'Í"crs •nd temporary intermedi:ne results is 
in a ''"'" (Sec. ~- 16); a '"'"k rmi nlcr is :odv:o r.ccd whell(:\er a new intcrrupt is 
.ecognized :md re1rac1eJ whcn :on inl<rrupt is dismi»ed. T/¡r h~51 mini
"""1"''''' i11to·rrup1 -'15/<"1111 /J<II'I' /rard"'"''' for uuiUIIWtic·~/h• <ui<•wl<:illg onJ 
rnrurtmg ,,,¡, a ,·wcl. pmm<·r (Seo. 6-1 0). 

lfvcry fas1 inlerrupl .ervke is nol a p;oramount C<Jnsideralion, "'~can g<l 
around reemran/ codtng by programming interrupl ma~h which simply 
pr<t•em imerruptioro of critica/ .<rro1'c< rowints. 

t n conclusion, remember lhat !he chief purpose of i ntcrrupl sy<tcms " lo 
initia~c computcr opo:ration• more complicated lhan simple data transfers, 
Thc bcst mclhod for time-critica! reading and writing as such is notthrough 
inl<rrupt-scrvice roulines with their awkward programming ovcrhead bUI 
wilh a dirrct-memory-ocun .ryslem, which has no such problems at all_ 

DIR¡,:CT MEMORY ACCESS AND 
AlHO~lATIC ll!,OCK TrtANSFEIIS 

5--17. C~·de Slcaling. Slcp-by-Slep program-<:ontrolled data lransfer< 
limit d01a-1ransmission ratcs and u«: valuablc proc:es.or time for alternate 
inmuclion fetches and exccittion: progr:tmmiílg i< a!so tedious. lt is oflcn 
prelerable to use nddLiional h;trdware for imcrfacing a parallel data bus 
dnectly with the digital-rompulcr mcmory data regi•ter and to re.:¡uesl and 
grant l-cydc pauses in proccssor opo:ration for direct tran,r.,- ol dolo tn 
m from tnemory (intcrlaec or q·de·"~:llin~ op"ralion). In larger digilal 
ma<:hines. and opltonally in a fcw mtnicomputers (l'Df'-15), a d;tla bus can 
•'·en acc«s on• 'Tlemory b.1nk Wtlhout SIOpping proccssor mtoraction with 
o1hcr memot ks al all. 

'" 
No¡e lhat cyde sleoling in no wov di•lurb• the pr,.~ram ""<lUt·ncc. Even 

though smalkr digilal computcrs mu<t slop comrutalion dufing memof\' 
lran.lers. thc program simply skip< a cyde at the end ofthe curn:nt memo..;,. 
cyclc (no nccd tn complete the currcnt in.muwon) nnd btcr reSumes juÍI 
wherc it left off. One docs not havc 10 savc rogiSicr cor.lcniS or other 
informalion, as wilh program interrupts. 

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

....... ..... ...... " • • ·...~ . 

. ' 

5--18. DMA Jntcrfa<e Lo~ic •. To make dirttt mcmory acc~" (DMA) 
praclical, 1he interface must be able to: 

l. Addr""-' do<ir.-d IO<ations In memory 
2. Synchronire cycle steal10g with processor opcration 
3, lniriatc tronsfcrs by de•ice rcquests (t h is in el u dos elock-ltmed trnnslers) 

or by 1hc comp~ter program 
4_ [)cal wilh priorili .. and queuing of .ervicc reque<ts if 1wo or more 

devices req~cst data transfers 

DMA priorily/gueuing logic is essentially lhe samc as thc priorily·inlerrupl 
logic of Figs. 5-10 and 5-11; inde<d, identicallo¡:ic cards of1en scryc bo1h 
purposes. D:\1A service r('<¡U'-""1-• uc a!w•y• ginn priority o•tr roncurrrnl 
inl<rmp! reque;ts. 

Jusi as in Fig. 5-11, a DMA •cr•ice rt·qucst (caused by a device-~ag leve!) 
produces a cycle-s~ul rr<¡uMt uniess it is tnhtbitcd by • highcr·prioTit)' 
rcquest; 1he proces.or an~wrrs with an ukno.,lrd~~ (priorit)-¡:ront) pul .... 
This ~ignal then seiS a rrocessor-<:loded ··ACTIVE" 1\ip-nop, "hi<"h 
•trobcs a swtoblc tncmor~· oddrcss in10 thc processor memnry ;~ddrc~~ 
regillcr anC then causes memor) and dcvicc logic 10 lror<f~, Ó\a fmm "' 
10 tht DMA data bus(Fig. 5-IJ). 
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In sorne computer systcms (c.g .• Di¡: ita 1 Equipn1ent Corporation !'DP- t 5~ 

the DMA data lincs are idemical with the programnlCo.l-uansfer data hne>. 
This simphfies inw·conneetions at the e\pense of prott>sor hordwan:. In 
other sy,tems, thc DMA d.,ta hncs are also u'>«l to transmot the DMA 
;lddrcs; lo !he proce«or l>ef,,rc d"t" are tran,fcrrcd. This funhcr reduces 
thc nurn~r of bus hnes, but wmpltcates hard,.·are and timing. 
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$-19. Automotic Block Ttonsf~rs. As wt described it, th~ DMA data 
transfer is d,•t•ic.·-inttiatcd. r\ program-d•p~nd~m decision 10 trans/er data. 
e ven dircctly from orto memory. sllll requires a pwgrammed instruction to 

c"me a DMA servicc rc<¡ucst. ThiS i~ hardly worth thc troublc for a 
.u11ylr-word tramb. Most DMA tr.>nsfcrs. "'ilcther device or program 
initiated, lnvolve not sin¡:lc words but blocks o/ tens. hundreds, or even 
thousands o/ data words. . 

Figure 5·14 shows how the S1mplo DMA system o/ Fig. 5-lJ may be 
e.p.tnded in:o on automolic data chattnt•l for block :ran<fcrs. Data for n 
block can """e or dopar! o<ynchrono1l<ly, and th, OMA contro\\er will 
<leal C)del o< needed and f!Cnntl the program lo go <>n bctwa:n cy<:les. A 
bloc\. of word< lO be lrJnlferred "ill, in ~<neml, occupy ., corcesponding 
~locl. of "djocen! memory ''T"""· Sucee,sivc momory nrldreslc< can be 

;' 

"' ~-lO 

gated into thc memo')· aJJrcss registcrcd by a coumer. the curronl·od<lr<-.,"' 
eountu. Bcfore any data transfer tah• place. a programmed instruction 
'"'' the current·addre" countcr to thc desircd initial addrcss; the dcsircd 
num ber of words (block Tcn~lh) is set into a second countcr, the word counT<r. 
which will count down with cach data lransfcr until O js rCHChe<l nftcr thc 
desired number of transfers. As scrvice requests arri•·c /rom, sa)". :~n 
analog-t<>-<li¡:ital convertcr or data link, the D .\1A control lo_.ic implemcn" 
<ucccssive cy<:le-steal requests and gates •uccessive current addresses inw 
lhe memory address registcr as thc currcnt-addrcss caunter caunts ur l«c 
al<o Fig. 5-511). 

Thc word coumer is similarly d.cremented once por d:\la word. Whcn a 
block transfer is completed, the "'ord countcr can stop the dcvice front 
requesting further data tnn>lcrs. The word..;:ountcr carry pulse can also 
cause an inrcrr11p1 so that a ncw block ofda1a can be proce•scd. Thc word 
countcr may, ir dcSJrcd, al;o ;crvc for '"4uencing dcvicc function, [c.g .. 
for selecting successive ADC multiplexor addresses). 

Sorne compulers replace the word counter with a program-lo3ded final
oddr"" •'"l:i•trr, whosc contCniS nre compared wrth thc currcnt·.!ddrc>> 
counter to determine the end of thc block. 

A DMA systen> often involvcs several <)¡¡¡a ch¡¡nncl<. c.tch wrlh a D\1A 
control, address gates." <:~rrcnt-address counter, anda word co~ntcr. ~>it~1 
differont prioritics a.si~ned.to diffcn:ntchannels. For cffic~cnt h:rndhns of 
randomly timed requests /10m multiple devices (and to pre,·ent lo" of d:n:t 
words). dal¡¡·chnnnel systems m ay incorp~rate buffer t cgi,tcrs in tho itllcrf.tcc 
or in devices such as ADCs or DACs. 

S-20. Ad<antag<"< of D\IA S)""l"1ems {se<: Ref. 6). Din:<:l·mcmory-aett>., 
S}"Stems c•n transfcr data blocls at vcry high rates { 10• words/sec is rc.•d tlv 

· possiblo) without claborato lfO progr:1mming. Thc procc-.sor C"<nti.tll;. 
Jeals matnly with buffer arcas in its own mcmory, and onlv :• fow liÓ 
instructions are needed to initializc or reinihdlize transfcr!l. 

Automatic data channels are espec.ally suit:.ble for servicing p<riphenrls 
with high data rates. such "' disks, drums. and f"st ADCs •nd DAC' 
llut fas\ data transfer wtlh mínima! progr:tn\ overhe,,J is "'lrcmcly v,.]u.thio 
1n many 0\hcr application•. cspeet~lly i/ lhere are many deviccs to be 
serviced. To indicate the rcmarkablo cfficiency of cyclc·<tealíng dircct 
memory access with multiplc block-trans/cr data channcls, consider thc 
opcration of a lratnmg-type digit:d night simuh:or. which sol'""' nircrafl 
and engine cq\l:tl ions a mi scrvices an el" borato cockpit rnock ·U r wttl, """''" 
eontrols and instrumofit di<ploys. During each 160-m"c time increrncn;. 
thc interfac.: not only per/orms 1 i.:. ~Miog-to-éigital eon•·c,.ions requirtng 
a total eonveroion timo ofl. 7 msec but al•o ~~O di~ita!-to-;,nalog conve,.ions. 
an d han die. 540 ctghl-m r byl es of J i.<cr etc co ntroi inform.tl ion. T.'tc ac! u a' 
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time required 10 lransfer allthis information in and out oflhe data channcls 
,, 143 msec per lime tncrcment, but hccause of the f;ISI direcl mcm<>ry 
transfers, cyclc-Sieal ing sublracls only 3.2 msec for each 1 60 msec o[ proccssor 
time (Rd. 2). 

5-21. ,'\lommy-incromenl T..,hnique for Amp!itude-di•tribution Moosure
monr.. In m¡ony minlcompulers, a spccial pulse input will.incremenl the 
conlents of a mcmory location addresscd by lhe DMA addrcss lincs: an 
imerrupt can be gcncrated when one of1 he memory ce lis is full. Whcn ADC 
outputs represeming succ~sivc samples ol a random voltage are applied 
to 1hc DMA addrc" lines, th-o momnry-increment feoture will effeeti•d)' 
g1·n1·role " modd of lhe input-•oltagc ampliludo distribnlion in lhe oomputor 

• 
: : 

¡ "=· !-1~. ~" •mrhoud<--<l~n·buo;on d""'"' obooon«< by 1!.< '""!wxl or Fo~. ,.lk ID••"•' 
r,,.,,rrn•·•• C•"P"'""''" • 

1 !7 

m~mory: Each memo!)' addr.ss corresponds toa voltage class Ínler•al, 
and the comcms ol the mcmory register represen! the number ol >omple< 
lalling into that cla" imerval. Dola laking ;, l<:roninalccl ,ncr" prc,~t 
number olsamples or whcn the first mcmory rcgi>lcr ovcrloads (f'ig. 5-!Sa). 
The empirical omphwdc dislribution thu< created in mcmory may be dis
playcd or ploued by a display routine (Fig. S-15b), and Slati,tics such as 

' ' X=- L x, n ,_, 
X' .. ~±x¡ 

N •= 1 
~ 

are readtly computed aftcr the d!>tribution is complete. This te<:hnique 
has been cxtensively applíed 10 the analysis of pul .. -<:nergy spe:tca from 
nuclear-physics experimcnts. 

Joinl thSinlmllrlll.\ o[ lwo rundum vllriullb X, Y can he stmilarly e· o m rtled. 
!1 is only nocessary to apply, say, a 12-bit y,•ord X, Ycomposcd oltwo 6-bil 
by1es corresponding to two ADC output• X and Y lo the mcmory ~ddr<:" 
register. Now each addres!.ed mcmory location will corre>pond to thc 
region X, S X < X,.,. Y, S Y< Y,, 1 in XYspace, 

S-22. Add·to--momor~· Technique of Si~na! Aven~ing. Another command
pulse input to sorne DMA interface< will odd a da~a word on the !/O-bus 
dala ltncs to the mcmory location addrc$<ed by the DMA oddrcss linos 
without ever bolhermg thc digital-computcr arithmctic unir or thc program. 
This "add·to-memory" feature pcrmits uscful line"r operations on da!:< 
obtained from various insauments; lhc only applocation well k no"n at this 
time is in d•ta a>era~inc. 

Figute 5-16a and h illustralcs an espocially intcrcstíng applica1ion of daw 
averagtng, which ha> ¡,¡,en very lruitlul in biological·dOia red\lc·tion (e g., 
cle<:!roenccphalogram analy••s). Pcriodically applicd stimuli produce the 
•ame syslem response after uch s\1mulu• so th:u onc ob1~ins an analog 
waveform periodic woth the period T of thc applied >timuli. To pull the 
desircd funcuon X(•) out of additivc 7Aro-mean random noisc, one add' 
X(l), X(l-+ T), Xlt + 2T),. Jurtng •ucccssivc P"riod> lo e11hancc ihc 
signa!, while the nolSe will 1end 10 average out. Fogure 5-l lor >hows thc 
c•traction of a signa! from addiuve noise in succcSSIVC data-averagíng rum . 

5-23. lmplcmonling Curren!-addro'IS and Word Counler<ó iñ lhc Proces.•or 
Monoor}·- Sorne minicomputcrs {in puticubr, I'DP-9, PDP-15, .lnd !he 
PDP-8 series) ha ve, in addition to their regular DMA lac.lnies, a scl of fixed 
core-memory ]ocations 10 ¡,¡, u'"d u data--channel address and word 
~ounters. Ordinary processor imtructions {not 1/0 instru(tions) lood 
1hese locations, respcctively, with the block slarlíng addre" ;ond "ith 
minus the block con nt. Thidata-<:hanncl interf.lce card {Fíg. 5-17) •ltpplios 
the address ol onc of the four to eight address--coun\et locations "Va1l,oble ir~ 
!he proce<soi-: thc word (OUnter is !he location fotlowin!' the nddr<s• <Onnter. 
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Th~ uocnwry el~tncnl> in >t~tic and dynamic RA,i.h may contain 
"""· two, thtec, ur (.,.,, transistors. We do nm have the time to go into 
thc circuit dc.ign of ''"li<: ~nd dyn:>mic RAMs. For the remainder of 
thi> lwok, ""' di'"""ion is limited lo Lasic id""' hchind the sl•tic 
HAM.' 

Three-State llA~I 
... ' • 1 • 

.Figure i-i2 ;, tlie oymiHil for a three-st,¡te ;!~tic RAM. T' 1 i '"'' ,¿ 
~"Hfit:!i ,:oJ.....i.,..¡,¡. 11 Íf'n! .. !l '~( '¡:ittu lQ be tt.Hl oato1 toJitt--TIPe prrql '!!"U"!!> tt¡;:,.,t "T lw,;, 

¡;r,lw,> • bo!rl '!""Id ,, "rite I!P•"!Ii m · • 't1rm;¡rl:~r! 'n Toh!A'-·3 
BrieAy, here's what h.,ppcn•. ,w ... "/Wlj.,hlg•_¡h,._DHJ ,"Jliraln!l 
k .. { lwJ.I ... ,..t! ... ,.._.l.h.ill!I-W]'"''"i"n, ;"'--'!.;, 'i•{le, .....,; A 
~i-'4&-..-1--1~"-·' o •1 1' ,. oti.o...,..;..-th;-.-.w,., a<.l
,¡,~, ... L, · 1 "i>l"":m"''l~l¡'lü(_ Fiuallr,o..-higl.oM:~.,J.J.i;;¡h 
WEi--Mi• e .,.;,-.p...,.~hiS mtam: n,. " ;¡-l,..¡,._¡Jo ·ddrr!ltd 
J€!!lltel. 

o, 

•• ---¡,.,.,.,,,.,,c;·;···,.,,,, __ j 

o ••• 

fiK 7-12. Symbol for lhroo-•t.ato'""'"' RAM. 

As shown in T;1ble 7-3, the output lines ore flnatin¡¡ dunn~ a hold 
ar write operatian but ronnected during Bread operotion. Memorize 
Table 7-3 for later use. 

TABLE 7-J: RAM ACT!ON 

"' '" O¡!ttll¡io•• Oul""' 

• ' ltold Fl<»tinl 

• A~~d Conne<t.d 

' w,,. Flootin~ 

' p "! 
r!nin<' , •CJd pr wrile CF"'' 

·~~!. 

, 1 ], ], 

!'11 

UAMPI.E 7·7. 

D. t.._¡· JW" t; 

,.._.¡,¡ ~ ¡;,.,.,,...w¡,;,_¡....,, 
n., r.- ~\L = 10 n< 

,, ' 

1' 

(;ctup). 
(;~tup) 

{lwiJ) 

(hold) 

. ,. 

11 11 

-



'" "' Dlgi!OI Compulu ~loettonlct 7c·c•~•m'""•""'"'---------------------------'~ 

smunON. 

"fhc mldw"·tu-\11E >c!\t[l time is 5 ns. This me~m lhe ~ddrc .. muS! be 
nppHed at lenst 5 n> befoce WF. goes high; otherwise, the manufacturer 
does no\ guarantee that the corree! register iS wrinen into. 

The dat:o.to-IVE •elup time i< S ns. Thercfore, the data has to be 
appbed at least S ns before the WE goes high Unless this ,"Ondition" 
,uti>hed, we cannot be oure the data will be cr>rrcctly enten•d. 

The address-from-WE hold time is 10 ns. This means the address 
n1ust be held atleast 10 ns after WE goes law. 

The data-from-IVE hold limeis a!so 10 r><. So for a valid write op
eratoon, !he data mu;t be held al least lO ns after WE goes low. 

E}(AMPLE 7-8. 

How does the RA).I ofFig. 7-13 differ &o m the one ofFig. 7-12? 

SOLUTIOI;, 

It's •till a ~tatic RAM, but the control inputs are inverted Those bubbles 
at the WE dnd ME inputs mean complementary operation. In other 
word>, the WE and ME entries uf Table 7-3 ·.re tnvertcd·. IX gives a 
holJ. 01 pruJuce> a rcoJ, and 00 ¡:ivcs a write. 

·-

words. to satisfy the RAM setuptime, the MDR ls louded bcfuru u wrBu 
upcration; to ,.atisfy hold ti me, thc M DR retains its conl~ nls after a wrt le 

operation . . . 
The SAP.2. computer use• a 256 X 12 RAM (see Fig. 7.14). The MAR 

again supplies the address word, but this time it e<>ntains 8 bits rather 
than 4. This means the binary addre•ses are frum •. • 

• 
A00RESS = 0000 0000 

'" 
ADDRESS = llll 11 il 

The et¡uival~nl decimal addresses therefore are Oto 255. 
The ~56 x 12 RAM can store 256 words of 12 bits each. These wordJ 

are loaded into R.. R" R,, ... , R.,,. Noninverted WE and ME •ignals 
control the operation ofthe RAM; a low ME creates the hold condi~ion 
wilh a fl'oating uutput, a h"tgh ME and low WE result in a read onto the 
w bus, a high ME and high WE produce • write operation with a floating 

output. 
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The memury d.,ta re¡:htcr of F'i¡¡. 7-14 " ~ 12-bit buffer reghter.1 
lt• two-~t~t~ output ~"'" to the HA~! d~t" inpm>. Therefore, the ~!DR 
.<llpplies the word lo b~ >lorcd in ti"' HA~! As indieated, the ~10:1 has 

185 • 

o LOAD (L0 ) in¡JU\. A low Lo prHents the bus word from enlering the 
~1DR; " high Lo ami j><JSJtive dock edge load the bus word into the 
~1DR. . 

hwident.11ly, thc memory data register (MOR)" alw known as the 
memory buffer rcgi~tm (MBH). In this hook, we prefer us1ng MOR be
"""'" ti pinpoints the fnn<lion of the regí; ter; the D in MOR stands 
for "d,ua"; thi> Í> mure L"ll<TCie than using B, which stands for"bulfer." 

Fi~'"" 7-15 show• p-<rt uf a compllter. A thr<•c·state program counter 
dcliv"'' an 8-bit nddre» lo the W bus when E, is high. As usual, a high 
e,,.,,¡ po,itive clo~~ ~d¡:e in~r~ment the I'C. 

An in¡mr rc~iorcr (1) <<'<·dv.,, imtruuion an<l data "'<lrds from the 
outsiJe "'cr!J. Al the mcment, dw input word is 10 • This word L"<lme• 
from a peripl.cT<rl dedcc ;u~h "' a punchcd-r·ard r~ader, a magnetrc-
t.lpu r~.1der, a td.,tn>~wnler, ct~. 

lnrtiall)', a CL/l pul,~ re>cts tire progrmn cmrnter io Os. lfthe input 
word h 

10 = 1100 0001 1001 

what will happen if a pusitive dná edge·ocCllr< once during eaeh uf 
the fotluwin¡: C<HIIrnl wrrr<b? 

SOLUTIO~-

C.E,.L.,W,. 1>1.L,L,E, = 0110 0000 
C,.E,.L,. 11', ,\!,_L,,L,E, = 0000 00 10 
C,.E,.L,.W,_ ~1, t.,L,E, = 0000 OHJJ 
C,.E,.L,W,_ M ,_L,L1E, = 0001;· )1)00 
C,.E,.L,W. M,,L.,L,E, ~ 1000 0000 

' In the ~r;t ~"<lntrol wnrd, E, Md 1.,. are high. Therefure, the e<rnlents of 
lhc pro¡:mm r•ounter >Ct up the MAH ':;" lhc W bus. After !he pr"itivc 
dud. etl¡:~ strikes, 

MAR~ PC 

'• 
""" -1:1-
" . ,, 

,.,..,., .. lntM 

--~ • " '"""' - ~ ' '" "" ,, 

'• 

'" ~· • 

~·)-., 
71o5·12 

·~ " ., 
i} 

'" "'" " 
ftt- 7-15 Port ol lh< SAP·2 computer. 

In 1h~ second control word, 1..1 is high. When the ne•t positive dock 
cdge hils, thc instfuction or d.ll~ word from the pcriphcral device ;, 
[oad~d ¡nto thc input registcr 1<¡ gel 

I~IJOOOOOIIOOlj. 

Lo andE, are hi~h in thc third control word. This mean• the con
tenis of the input rcgi<ter <el up the mcmor)' d"t,t reg1<ler via the W bus. 
Th" nexl positivc d"<:k edge th~.eforc lo.td' the MDn wilh thc input 
word lo gel 

_\lDH'"' 1100 0001 1001 

In the fourlh control w<Hd, \VE aml ,\lE ar<· hi~h Th" produ~es a 
writc o¡wratiotl. Sin ce thc ~\A)\ h .Hidt cS>ing lite 1\. oe¡:ister, 



Computer architeclure depends On the applic"tion. ]fa com
puter ;, to be time<lwrcd (used by many people al the snme 
time), 11 will be lar~u, ¡wwerful, ~ud e•pen.,ve. On the other 
hand, a cornputer drdicated to on]y one pmgram is usually 
smal!, lirnitcd, and inexpensive (like a micro<.·omputer). 

The SAP (simple as possible) computer has been designed 
for you, the begiñner, The rnain purpose ofSAP isto showyou 
all thc crucial id(•as bchind computcr operatiotl without bnry· 
ing you in unnecess:.ry detail. !lut even a simple computer 
like SAP covers many ad,·anced L"<lncepts. Rather than born
bard )'OU with too much all at once, we will examine three 
differcnt generation< of the SAP emnputer. 

SAl'·! is thc lirst phase in the cvolution tow•rd modem 
eornputers. Althnugh primitive, SA!'-1 is a hig step for a he· 
ginner. Really dig into this chapt .. r; master SAP-1, its arehi· 
tecture, its programming, and its interna! circuit operation. 
Then you will be teady for SAP-2. 

8·1, ARCHITECTliAE 

Figure 8·1 shows the architecture (structure) of SAP-1. All 
registcr output< to the W bus ~re three-stat"; this alluw• 
unir,.] y ~ommunic~tion and data transfer. Al! r~gister outputs 
not ~unncct~d lo thc W bus are twu·>tate; the>c outputs <·on• 
tinuously drive the bo>es they are conn~cted to. 

Most of the regi<tero of Flg, 8-J were discusscd earlier. 
What follows is a brief descnption of each bo>; detailed e>
planation• come !~ter, 

Program Counter 

The program countcr (PC) conn!S from 0000 to 1111, equiv
alen! tu hexadecilwtl O throngh F. The l'C ;, re>et to 0()00 
],~fore each computcr run. Alteran instruction'has becn 
fetchcd, the PC ;, incrcmented by on~. Therefore, at the b.,. 
ginning of each fetch cycle, the PC holds thc address of the 
curren! imtruction. 

M""'"')" Addre" l'!cgister 

Th" mcmory address register (MAR) receives binary ad· 
dte<>es from the program count.:r. Becau;e the PC count• 
from 0000 upward, t~e MAR •ek-cts thc ROM wonh >IOr~d at 
he>ad~cimq}'~~l.>es O npward. Note that thc outpnl of thc 
MAR;, tw&-i'fli. · 
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The 16 x S PROM is switch progr~mmable; ther~for~. by closing and 
opening switches, )'<Jll mn store <lll)' 16 words <Jf 8 bit; eaoh. Th~oe 

,r'"'i,ords, lnc.•t~rl al ndrl""'~-' O thmngh F, are >yml><Llizcd by 1\,,. 1\,. H,, 
'LJ., H1 • When E~" high, the addrc>scd word i> rcad ont< W bu,, 
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lnstruction R~güter 

E>amples 7-5 and 7-6 showed you hoW ROM Íll;tructiom are read onto 
ti><· W bus. E•ch ROM .n~tn•~tion is then luaded into !hu inslrucl!o" 
rc<:i•·tr•r (lH) by applying a high !., and positivc clock ed~e. 

The eontent• of the instn•~tion register are split'inlo two smaller 
word;. The four MSBs (mmt signiScant bits) are a two.stUe output that 
goes directly to the wntrul unit. The four LSBs. on the other hand, are a 
thrce·"ate output that is read onto the W bus when E1 is high. 

Control Unit 

The contrul unit (CO~) males a computerwhat it is: an automatic data· 
pt u<:c»ing macl d ne. Befo re ea~h eomput<"T nm, CO ~· -<~n<h a C LR signa! 
to th<' instmelion rcgister and progn<m countcr. Th!5 wipes out the last 
imtruction in the IR and resets the PC to 0000. 

C0,\1 aho send• a dock >ignal to al! reg,sters; this •rnchronizes the 
nperation of the computer, cnsuring well-dcAned internal states. In 
otltcr word s, al! rcg i;ter tramfu" and change s occu r on thc positive edge 
of" '''""""'"dock ;ignal. 

The b1ts from the bottom ofCON forma 12-bit control word, 

This word determines how thc n:gi>'ters will reuct to the m:xt positive 
clo~k edge. For instance, a high C, means the prograrn counler will be 
incremented, a high E, and L., mean the ~"Ontents of the PC are loaded 
into the MAR, ele. · 

CON is li~e the cond\lclor of a syrnphony. lt synchronizes and 
orcllt:,tmles all · thc di ffercnt pi<:ces in the SA l'-1 •·omputcr. 1l y genemt
ing dilfcrcnt rO\liÍncs (similar to E>amplcs 7·5 and 7-9), CON rnakes the 
oth.,r circmts fetch an instruction, load the accumulator with a nurnber, 
add two numbers, etc. 

Acoumulalor 

Chapter 6 introduced the accurn.,lator (A), a group of Jlip-llops that store 
inlermediate answen during B cornputer run. In Fig. 8-1, the accurnu
lator has two outputs. The two·slate output goes directly to the arith
nw\Í<:-logr~ unit, The three->lale outpul ~onm:<'\5 lo the W hus. Therc
fore, the 8-bit oco:mnulator wonl continuou>ly tlrives thc ALU; the >am~ 
word a¡>¡>ears on tht W bus whcn E, i> hr¡:h. 

Arilhmcll,~Lu¡:ic Unit 

The ;<rithm~ti~-log:ic unit (ALU) l'ont~ins a 2's complernenl adder/sub
tr.octor (rcvicw s~c>. 4·7 through 4·il if neccssary). Wheu thc subtract 
(Sd irrpllt ¡, low, thc ALU fmms thc algebrarc >u m; therefmc, it> ~On-, 
tenl> are 

ALU-A+B 

Whcn Su is higk the ;ol~chrai~ dilfcrcnec appears: 

ALU-A+B' 

(Rec.dltlu! Z'o eomplcrncnt is C<Juivul<·nt to dcermnloign ch""~"-l 
Thc ALU ;, "" llii{lotchmno"• (undoeked) circuit, this "'"·"" its 

~nntcnl' can chmo~e m >0011 as thc input words change. When Eu is 
high, thC>C l'UHI<:Oll• ,t¡>¡>c;or on the W bus. 

B Rc¡:istcr 

A high L• omd posili•·c dnd edge luad the word ()O the W bu• inlo the 
B registcr. Thc twu-stalc umpul of thc !\ register drives th" ALU, suppl)'
ing thc numher to be ;tddcd or •nhtm<·ted from thc'contents of the ac
ctnnul;~tor. 

Outpul !lcgi>tcr 

Al thc cnd uf a comp" ter mn, th., ac<·u m u lator COll tai '" the answcr lo t he 
pmbl~m hcing: sol>cd. Al tlm ]>011!1, we necd to tran,f••r the '""wcr lo 

the oulsidc world_ Thi; is wherc th~ mr!¡Ju! re¡;isler (0) is used. When 
E, and L., are high, tht next po;itivt dock edge loads the accurnuLllor 
wllrd inro the llul[lul rc¡:i>tcr. 

Typic;ol compulcr> h:rve severa! output reg:istcrS, which are <'On· 
llCCted to int~rfuee <'Ír<:<n!S th,l( rlnve ¡>cnphcral ,]<,vkes. ln this way, 
pn><·cssct\ data can drivc printc", ~athade-ray !libe>. teletypcwriters, 
el~- (An interf~ce circuil tailorS thc dato> for each dcvice.) 

Binory Obpby 

The binary disp],¡y (D) ha horiznnt.tl row of eight li~ht-emilling drodes 
(LEOs). Hccau >e each L ED c<.Jnnects to one Aip-Oop of the output regi;-

'· ·- • • • • > 



"' 
Thcrcfon:, aftcr wc've transfcrrcd an an<wcr from thc ae<>urnu]ator to the 
output register, we can see the answer in binary form. 

8·2. INSTRUCTION SET 

A c•omputer is a useless piJe of hardware until someone program• it. 
Thi• mean; loading step-by-step in!tructions into the memory before the 
•!art of a CQmputer ru?- But befare you can programa compU!er, you 
must leam its •n•lr;¡ction set, the basic operations it can pcrform. The 
SAP-1 in>lmction set follows. 

!.DA 

LOA stands for "load the uccumulator."' A "omplctc LOA inslru~tion 
indudes a ROM word. LDA R1, for example, means "load the acc·umu
!ator with R,." Therefore, given 

R,= llli 0000 

thc execution of LDJI. Ro re>ults m 

A- llll 0000 

Similarly, LDA RA rneans "load thc a"cumulator with RA," LOA JI, 
meuns."load thc accumulator with ll,," and so on. 

ADD 

ADD is anathcr SAP-1 instruction. A complct~ ADD instruction in· 
dudes a ROM word. For instance, ADD R, means "add R, lo the ac
cumulalor c-omenu""; the <u m in the ALU replaces the original conlcnt< 
of the aceumu lalor. 

IJ~re's a numcrical eumple. Suppose dec,ma12 is in the accumula· 
1or and dccunaJ 3 i¡ in the n, 1cgister. Thcn, 

A -oooo 0010 
n,- oooo 0011 

During the excculion of ADD R,, lht fulluwing tloin¡n happen. F;.,l, 
R, is loaded into ll•e B registcr lo gel 

~ ...... . 

"' 
Clgltal computer Elettronteo 

anli ahnost instanlly the ALU forrns lhe sut~ of A nnli ll: 

ALU= 0000 0101 

Second, the ALU contents are loaded inlo the nccmuulatM to gct 

...... 0000 0101 

A• you see, lhe accumulator winds up with the sum. _ 
. The foregoing rouline is used for all ADD lnlln!Cloon<; lhe ad

dressed ROM worli goes lo the B rcgislcr and the ALU oulpul l<> !he 
accumulator. Thio is why lhe execuliOn of LDA R, adds R, lO the ac
cumulator eonlents, the execulion of LDA R1-adds R, lo the accumulator 

conl~nt<, and ;O on. 

SUB 

SUB ¡5 another SAP-1 instruction, and it too is ineomplete without a 
ROM word. For ~xample. SUB Re mean> "sublracl R,- fwm the ~onl~n!> 
o/ the accOlmulatm"", th~ d,fl"cren"e fonned in the ALU repla~cs the 
ori~inal contents nf thc an·mnulator. 

V<Jr a ~-um:oclc cxamph:, '"'" "'" Jc~imal 7 is in 1hc il<.t:umulator and 
decimal 3 is in the ROM Re ,e¡;íster. Thcn, 

A=OOOOUlll 
1\c = 0000 00 11 

The exccution of SUB Re takes place as fol!ows. Fir>t, Re is loaded in lo 
thc B reg,tcr to gel 

B = 0000 00 11 

and almo<! inslantly the ALU forms 1hc differenC<" of A and B: 
'. 

Al. U= 0000 0100 

Seeond. lhe ALU contento are loaded lnto thc accumulator lo get 

A=OOOO 0100 

So the acenmulalor cnds up with ¡¡,, di/ference. 
~-~' Thc fme¡;oing routint: applies t<> all SUB instructic :he ad-
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dressed ROM word gnes to tJ,e B regi<ter and the ALU output to the 
accumulntm. This is why the execution of SUB llc "'btracts Re from the 
contents of the acc .. mulator, the execution of SUH n. subtracts R. from 
the acrumulator, and <o;> on. 

OUT 

The instructíon OUT telh the SAP·l eomputer lo transfer the accumula
tor content• lo the output register. After OUT h:n been exe<:uted, you 
can see the answec to the problem bcing solved, 

OUT is complet~ by itwlf; that is, you do not ha ve lo include a ROM 
word when using OUT because the instruction does not involve the 
memory. 

HLT 

HL T stand> fur halt. Thts instmction tells the compute< to stop process
ing data. !-IL T mar~• the end of a program, similar to the wa)' a period 
marks the end ofa sentence. \'ou mun use a HLT instruction •t th~ end 
of evcry SAI'-l pro¡:ram; otherwise, you gel computer tra>h (mean ing
les! answcr. causcd by nm;~way pn><·cssing)_ 

HLT is complete by itsclf; that is, y~u don't have to indude a HOM 
word when using HLT because this instruction does not involve the 
p>emory, 

Memory.Jleferen~e lnstructions 

LOA, ADD, and SUB are called memory-referencc instroctioru (MR!s); 
you must include a 1\0M word when using thcsc in•tructions. OUT and 
HLT, on the other hand, are not Milis becausc thcy do not involve the 
memory. 

Mnemonics 

LDA, ADD, SUB. OUT, and HLT ai'e the in,truction sct for SAP-1. 
Abbreviated instructions hke thc<e are called nwemonie> (memory 
aids). Mnemonics are popular in compute< work because typical com· 
puteTS ha ve hundred• of instructions in their instruction scts. Table 8-1 
'""'m::.r!ze< :he ~A?·l inst,.,ctio:> set. 

TABLE ··1. tNSTRUCTION SET 

en' 

'"' SUB. 
o m 
ltl. T 

Load •ce>Jmulator wllh llOM word 
"dd flOM wtud lo "'"nmnlolO< ... 

' SUbiriét RO.\! 'word from oÓcumulolO< 
l<>•c! onlf'nl regi"« w>lh .a:nmnlotor word 
lhlt 

Here's a SAP-1 program: 

LOAR, 
ADD R, 
ADD R. 
ADD 1\ 0 

SUB R0 
OUT 
i!LT 

What does each instruction do? 

SOWTIOH. 

The ~r<t instruction loads the accumulator with R0: 

A = R, 

The second instructi<m adds 11, to the accumulo.tor content<: 

Similarly, thc ne>t two in<tn•dions add ll" and Re. 

A-II,+R,+U0 +Rc 

The SUB instruction subtracts Rn from tltc accumulator cont.,nt<: 

A= H,~·R, +H.+ R0 -R0 

The OUT instruction luads this accumulator word into the ourput 
re¡:ister; thcr~fore, the hinury <li<play shows 

- ' 



... 

The HLT i!lslruction stops the data pn>c·essing. 

8-3. PROGRAPMIIING 

The X's of Fi~. 8-2 "'" switches on th~ operator P·'""J of SAl'- l. These 
switche> program the <·ontenls of tlw memory. A dosed switch loads a 
binar-y 1; an open sw•tch, a binary O. Sinee therc are 16 ROM re~isters, 
we can store 16 words at addre5Ses O through F. 

To program iostmction and data words into the memory nf SAP-1, 
u.<e the operation codo (op-code) nfTable 8-2. Th" u¡Holle ],¡¡, go intu 
the four MSB posiliuns anll the adllress bits into the four LSB pos•tions. 

TABLE 8·2. OPERATOON 
COOE 

Mn<munic 0¡¡-Co<l< 

'"' = wo =· '"" 00'" 
""' ll JO 
IILT lll J 

Here"s how to program LDA R, imo the Ro regisler. The op-c:ode fcr 
LDA is 0000. and lhe binary addre., for R,- is 1111. Therefore. ynu musr 
program !he switches in the R., regiotcr like thi-: 

Since op (opcn) loads a bina')· O ami el (dosed) loads a binary l,the R. 
regi<ter has been prugrammed with tbe word 

R. = 0000 1111 (LOA RrJ 

·':"c·:'·:'~'¡''i'-¡m:':":":':":":'":•~·~':"~'"c'::.:"~":o:':'c·~~~~~~~~~~~~-- " ' 

' 

How wou]d you pro~ram ADD R. in the R
1 

regislcr and SUH !k, in 
the R, '"!li>tcr? Aga1n. pul the op-codc h its in thc M Sil positions '""r"the 
addre" hit. in the LSR positions_ Aftcr thc SW!lchcs are pro¡¡r;¡mmPd, 
the stored WOT(Is are 

R,=OOOIJIIO 
R,=OOIO JIOI 

(ADD R.J 
(SU!l R1,) 

The OUT and HLT instmetiom don"t use addre" bits; therefore, 
we can disre¡¡ard the switches in th~ LSB position<. For examPle, to 
SltJ:re OUT in the R, regislcr and HLT in the R,regi5ler, setthe >Witchcs 
tu get 

R, = 1110 XXXX 
R, =· 1111 XXXX 

lleca"'"- tloc nddress Lirs are no! userl, t!,., LSFl ;witd'"' can be open or 
clo;ell. 

MQchirw iiJroguage is thc binary words a particular coomputer responds 

10. Tramlate the pro~r~m of Examplc 8-1 into SAI-'-1 machinc language 
and store the coded instructions at hexadecimal ado.lresses O upward. 

SOWTION. 

All w" ha ve lo do is replace the mnemonics by op-codc bits and tlw ROM 
words by address hits. For imtanco:, LDA R, tramlates into 0000 lOO l. 
After translatins the erllir¡. program of Example 8-l amlloadi!l!( ir into 
thc ROJ1.1, wc ha-e 

R0 =0000 1001 
R,=OOO! 1010 
n, = ooo 1 1011 
11, = 0(}() l 11 ()(] 

-R,=OOIO 1101 
R,= liJO XXXX 
Ro= 111) xxxx 

(LDA R,) 
(ADD R,) 
(ADD R.) 
(ADD Re) 
(SUB Ro) 
(OUT) 
(IILT) 

, lncidentally. any ¡lrogram likc the fore¡:oing that's wriltcn in 

(
IU~chine langnage is c.ollcd nn objccl )Jrogram. The origin~ 1 --.rogram 

th mncu>onic• and !10~1 words ;, <-dlled a source wogran SAP-1 
~ 



8. SAP·l u 213 <;]4 

tlw operator translat~s the snurce progrum into an ol:.jcet pmgmm wheo SOLUT/011. 

Digital Computet Elo<:lronooo 

programming tloe ROM switches. 
A final poi o t. The four MSBs of a machioe·language instruc!ion in 

SAP·I spccify the operation and the fo!lr LSBs give the address; from 
""w on. we will refer to the MSBs it,; thc o"nstruclinn field and 10 the 
LSlh as thc addre.s field. Symboli~"ally. 

R, = XXXX XXXX 
]nstruction fie_l_d_----' ____ _jl 
Address field · 

CUMPlE J.J. 

!low can we simplify the appearancc of the source program given in 
Example 8·1? 

SOLU1l0N. 

The R in eaeh rnemory·rdt•rence imtructinn os rcdundnnt information. 
In other V.·ords, when we tramlate to machine language, all we need is 
the mbscript. For instancc, LOA 9 givcs the same information as LOA 
R,. 

By deleting all Rs frum the mcmory·refercnce instruclions, the 
>m!fCe program uf Examplc 8·1 becomes 

LOA 9 
AOD A 
ADD B 
AOD C 
SUB D 
OUT 
HLT 

This is the standard practi<·e m industry; from now on, we will write 
source pwgrams lih this. 

UAMPLE ~-4. 

llow would you pfOgram SAP·I to solve this arithmetic problem? 

·!6 + 20 + 24 + 211 ~ 32 

You c-an u;e the program ofthe pre<:t"ding example provided decimal 16 
is lnaded into the R, register. decimal 20 into the R. register, decimal 
24 into the R. regi;ter, aud so oo. 

After progr•mming the ROM switches, the mcmory wni-ds are 

R, = 0000 1001 
R, = 0001 1010 
R,=OOOI 1011 
ll,=OOOI 1100 
R, = 0010 1101 
R, = 1110 XXXX 
n, - 1111 xxxx: 
ll, = 0001 0000 
n, = 0001 owo 
n. = 0001 1000 
110 = 0001 1100 
Ro= 0010 0000 

(LOA 9) 
(ADD A) 
(ADD B) 
(Al)!) C) 
{SUB D) 
{OUT) 
(l/LT) 
{ Hi,.) 
{20,.1 
{24,.) 
(28,.) 
(32,.) 

Notice thc program is stmed aheml of the data. That os. the initial 
program mstruction goes into the R. r.-gister, and remaining in<truct;,n_, 
g<> into successive addrc»eS. Th;, is essenlial in SAP·I becBU<C the 
pwgr,,m eounter start' woth lllna<y addr"" 0000. Sit1ce the PC hold, the 
n<ldrcss of the in;tnoctinn to be fetchcd ncxt from tloc mcmory. wc• rnust 
¡,.,d the progmm ahead ofthe data. 

!ncidentally, a storcd-program computer is onc in which an obj.,ct 
pro~ram is stored in the memory before a computcr run. SAP·l is an 
c•ample of n •torcd-program computer. lt uses frolll·p;mel switc·h pro
~ramming. thc sionplest hut slowcst w~y to load a program into a ~"m· 
puter memory. 

CKAMPU' 1·5. 

Shnw the contcnts of thc accumulator after the first r.ve instructions are 
c•ecuted in the program nf thc preceding e•ample. Show the <."OO\Cn\5 
of the output rcgbter after the OUT mstruction is e•ecuted. 

SOWT/011. 

For convenient ..... the .uur<..., program is rcpeated a long woth the dt•:omal 
data: 

n, =LOA !J 
H, =.'\DO A 



R,=ADDB 
R,=ADDC 
R,=SUBD 
R, =OUT 
R, = HLT 
R, = 161t 

R, = 20 10 

R, = 24,0 
Re= 2810 

Ro= 32,0 

(In these equatiom, the- sign stands for '"is equivalen! to.'") 
After LDA 9 is exccuted, the contcnts of the accumulator 11re 

A = 0001 {XX)() 

The ~xecution of ADD A gives 

A= 0010 0100 

After ADD Bis executed, 

A=0011 1100 

When ADD C ;, executed, 

A= 0101 1000 

Executing SUB D gives 

A=OOII 1000 

(16,.) 

(36,.) 

(60,,) 

(88,.) 

(56,.) 

The accumu1ator contains the answer to the problem. After OUT 
is exeeutM, the con tenis of the output register are 

0=00)) 1000 

Al this point, HLT stops the data proccssing. 

8-4. FETCH CYCLE 

' ' The control unit is the key toa computer's autmnatic operatinn. After l 

Whilc e,tch instnwtion "fetched and exeCutcd, the romputer paS<es 
thmugl• different machme pl>ase•, periods during which register con
tenis ch~nge. Leú find out more nbnut these pha5e,. 

Ring Coulltcr 

The ring counter of F'ig. 8-3a (part ofSAP-I's control unit) has an output 
of 

T = T,T,T,T,T,T, 

Al the heginning <>fa e<>mputer run, the ring wmd is 

T "' 00000 1 

Succe.sive negative ciad edges pr<>duce rinc words <>f 

SUl.._ILCt~ 
~,,,,-,,rl- "" 

1 1 1 1 1 
T,r,r,r,r,r, ,,, 

L '•+'•+'•+"•+"•+'• + '•-' r ""'" """" """" ""'" '""" ""'" -~-¡ 

'•---- L=t=== •.. ___ j 

,, ___________ __j 

•• 

•. 

the program and data are loaded into the memory, a •tart •ignal tums 
control ovr''\CON. This unit then generales tloe control words that 
fetch and 1 ,1<" each in5ttuction. 

~ . c.·:·~'-':':··:• ···-········:':··~·:·:·:·':·:·'~':'·:•:e:'·:·:' ····":..:":'":'":":::"':'':":':· ___ _ -.--
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i 

. ,----------------~-------'';"-''~'!'-------------------''~'''~"'''~'"""m~p•t•r Electtonlco u u 
T- 000010 
T .. 000100 

T • 100000 

Then, th~ ring counter resen to 000001 and the cycle repeats. Each 
ring word rt:presents onc rnachiue phase. 

F1gure 8-3b shows the tirning pulse• out of the ring counter. The 
initia! phase T0 starts with a ncgative dock edge and ends with the next 
negativ" dock edge. During this pha>e, the T, bit out of the ring counter 
is loigh. 

During the next phase, T, is high; the following phase has a high 
T,; then a high T,. and so on. A< you can '""• the ring <·ounler produces 
si• pha>es. Each instruction is fctched ond e>ecuted dc~ring the>e •i• 
pitases. 

Address Ph.,e 

The T, pha<c is called tire addres. l'ha<e ll<'eau>e the ~ddress in the PC 
is transferred to thc MAR during this ph~•e. Figur& B-4a shows the 
c<>mpuler sections that are active duri<>~ this phase. (Active parts are 
light; inacti\'c parts are dark.) 

During the addres< pha>e, EP and L, are high; nll other control 
bits are lcw. This means CON is _sending out a control word of 

CON- C,E,L.,Eo L,E,L,E, SuEuLoL., 
. - o !JO 0000 0000 

during thi< phase. 

Memory l'h~se 

Figure 8-41> shows the active parts of SAP-1 during the T, pha<e. Thi• 
phase is c·alled the memor¡¡- plta<e b.,,_;ouse the addressed ROM instruC· 
tio'n is tmnsf~rred frnm the memory lo the instruction~registcr. During 
the mcmory phase, CON is producing a control word of, 

CON= C,E,L~E• L,E,L,E, SuEuLoLo 
= 000 1 1000 0000 

As you see, the E. and L, bits are high. 

lncrement Pbasc 

The T, phase is ca!led th., incrcment p/wsr hecause the prog•am countcr 
is incrcn•cnted during this p].,l>C. Figure ll-4c ;huw< the a<·tive parts of 
!:iAP-1 during the ineremcnt phJse. Thc only higlt control bit durin¡¡ 
this phase 1> Cp, and the wmd out of CON is 

CON~ C,.E,.LME" L,E,L,E, SuEuL 5 Lo 
.. 1000 ()(}()() 0000 

F"tch Crde 

The addre>S, memory, and increment pha•es represen! the fetch cyc/e 
of SAP-1. During-the fetch cycle, CON •ends out the three control 
words jusi described. Tabl., S-3 repeal> this control routine. 

TABLE 1·3. FETCH AOUTINE 

rh .... C,E,L,E, L,I:,L.t:. S.E,L.,L0 ""' 
T, !•cidro") o l l o o o o o 0000 MAfl • PC 
T, (m<mo'Y) o o o t 1000 0000 IR- R.., 
T, (ln<r<m<nt) tOO O 0000 0000 lrn>«m•n< PC 

During the addrc:os phase, EP and L., ar., h<gh: this m~ans the PC 
sets up the MAR via the W bus. As shown earlier in Fig. B-3b, a positiv~ 
dock edg., """"'' midway through the address phase; this load• the 
MAR with the contcnl> of thc !'C. · 

Dudng tbe mcmory pha•c, ER and L1 are hi¡¡h. Therufurc, the ad· 
clre»ed RO~! regi>tcr seiS up the <nstruction regist~r via the W bus. 
,\lid"")" through ¡h., m"'nory phasc, a positive duck edgc loads the 
1f1 with the addresscd RO.\t Íll<!rucliun, 



C~ ;, the only high conttol bit du•ing !he inc.ement pha>e. This 
sets up the PC 10 C<lunl pnsitive dock edges. llalfway thwugh the incre
ment phase, a P'"Í!Jve clc>ck edge hit> the PC and advanc•cs the contcnts 
by one. 

8-5. EXECUTION CYCLE 

The next three phases (T,, T,, and T,) are the eucution cyc/e ofSAI'-1. 
The tegister transfers dming the cxecution eyde depcnd on the par
ticulnr in> truct ion bcing cx"cuted. For i nstan<:c. LOA g req u ir es di lfercnt 
Tegl<ter tJansfeJS than ADD B. What fnllows are the rontrol •outines for 
dilferent SAP-l imtructiom. 

LOA lloutine 

For a concrete discussion, let"s anume the instrnetinn reg-ister has 
been lnaded with LOA ü: 

IR = 0000 1 00 1 

Ouri"ll the T, phase. the i"<lnoctinn ~eld OOQ() ~"'''In lhl" CO~. where 
it is d~L"fl<ied; the addTeSs fleld 1001 is loaded intn the MAR. fi¡.:nre 
8-So shows the active pans ofSAP-1 dunng this execution ph;¡se. Note 
thal E1 "nd L,. are high; all other control bits are low. 

Ounng th~ second exPcution phase (T,), E6 and L, ¡::o higlo. This 
means the addresscd data word in the ROM will be lo~ded into thc 
accumolator on the ".ext positive dock edge (sce Fig. 8-SU). 

"' '" f,g 8·~ LD'- rou\lhe. (o) fml oo«ulwn ph .. e. (b) '>«1>nd "'""""""pi"'"· {e) F•n•t 
u<eulion ph .. e. 

1 

T, is '' dfl·notl.in¡: phase. DuTing thi• third eoecution phase. al! 
registe<> ar~ inactive (F>g. 8-Sc). Thi; means CON is sending out a 
word cnntainmg al! Os. 

Table 8-4 ""n•nMizes thc contTOI rouline necded to implement 
(carry out) the LOA instmetion. The fint exerution phas.; scnd> the 
add,css field in the in<tn•ction re~i>ter In the MAR. The scrond execu
tion pha;c h>ads th<: '"ldresscd dat-< wnrd 1nlo !he a~cumodatoT. Th,. 
third e'ecution pha;~ marh time;'' doe; nothing. 

TABLE 8·4. LOA ~OUTINE 

p¡, ... C,E,.L.J·;, /.,E,/.,[. S,).",I.,L 0 Eff<<l 

o, COto o 1 00 0000 MAR ADORES S 
o, OUUI 00 t o o uoo A • R,oo,.,, 
T, o o o,, o u u o o o'"' Do nothin~ 

AOO Routine 

Suppo;e al the end uf thc fetch cycle. the instru<tion Tegisl<'r contai"s 
ADO B: ::, 

11\"' 0001 1011 

During the first e•ecution phase (T,), thc instruction field gocs lo thP 
COL\" ;nHI the dddrtss field to the MAR (se e Fig. B·6u) Ouring tht< phas•:, 
1!. 1 clnd L.,"'~ h1gh. 

Control bits E. and L0 are high during th~ next exeeutiou phasc 
(T,). Tbi• all~ws tho addressed data wotd tu set up the B register (Fig. 

'" '" 
,,, 

F ,~ !1-h. Al)D .mJ S tll! ""'"""' lo) F'"' o>o,·uo;oo ph»e 10) 5eoond <"<Ot<;¡ion pt .. .,·. 
1<1 f"•n•t """""""" ph.-~. 
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B-6b ). As n mal, loading takes p];l(;e midway through thc phase when the 
positive clr>Ck ed¡¡e hits the CLK input ofthe 8 regJ<ter. 

During the third exe<:ution phase IT,), E,. and L. are high; there
fore, !he ALU sets up the accumulator (Ftg. 8-6c). Halfway through this 
phase, the pnsihve dock edge lo~ds the sum into th~ accumulator. 

lnciduntally, setup time and propagation delay time preven! racing 
of the accumulator during this Anal execu!ion phase. When thc positive 
clocl ed~e hits in Fig. 8-&, the aC<."Umu!ator content• change, forcing 
the ALU <·ontents to change. Thcse new ALU rontents retum lo the 
.<ccumulatnr input. llut thc ncw ALU contcnts don't gel there unt;l two 
propagation delays aftcr the pmi!ive dock edge (one for the accumulator 
and one for the ALU). By then it"s too late tose! up the attumulator. 
This prcvents accumulator raciug {loadin¡¡ more than once on the same 
dock edge). 

Tablc 8-5 summarir.es the control rouline needed to implement the 
ADD instruction. The A.,t execution pha•e sends tbe addreS5 fleld in 
the instnrction regí""' to thc MAR. The wcond execution phase lnad5 
the arldrmsed data word into the B registcr. The third execution p)H><e 
luad> the ALU contcnts (SUM) into the ae<:nmulator. 

TABL~ 1·5. AOD ROUT!NE 

PI'"" C,t:,l.~f., L,f.,L,f, 

'· 0010 o 1 00 

'· o o o 1 0000 

'· 0000 o o 1 o 

SUB Routine 

S,f.,.L,L, 

0000 
0010 
o 1 o o 

MAR • ADDRE;SS 
B • R,_,.. 
A•SUM 

The SUB routine ;, •imilar to the ADD routine; the only difference ;, 
rnaking Sv high durifl~ the final cxecution pha;e. Therefme, Figs. 8-6a 
through e <how the active parts of SAP-1 during thc three execution 
phases. (A higl, Sv drives the ALU in Fig. B·6c.) 

Tabl~ 8·6 summadzes the SUB routine. The ~rst C<lntrol word sends 
the addr~>S Reld frnm the instruclion registcr lo the MAR. The sccond 
r•ontml word loads the addrcssed data word into tire B regisler. The 
third control word loads the ALU contents (Dlfo'F) into the a~-cnmul~tor. 

T.._SLE e-1. Sl/11 ROIITINE 

n ... C,t:,L~I:, L,l;,l.,l:. S,f.,I.,J. 0 i:¡focr 

'· 00 l o OtO O 0000 M.._R"' ADDRESS 

'· o o o 1 0000 00 ! O s- R • ..., ... 

'· o o ,, o 0010 1 ] o o A•DlfF 

OUT Routinc 

Suppu>e the in•trudion reg¡;ter ~"<lntains the OUT instruction at thc 
end of .a fetd> cyde. Tlu•n, 

lll= IJJO XXXX 

Thi! instrudion field ~"~' to the COK'. After this field is decoded, the 
CON sends out the umtl,] ro"tine n~eded lo load thc accurnulator 
contcnt; into tire output register. 

Figure 8·7 •how> the ;oc·tive •cctions of SAP·l durilll]: the execution 
of an OUT in;tnrction. Sin ce E. and L., are high. the next positive clr>e~ 
ed~e lr><rds the 'K""IIIllllhtm word intn the motpnt regl\ter dnring the 
first cxcclltiom ph,l>e (T,). The rem;oinrng exccution ph.'>c> (T, 311(] T,) 
aTC do nothiog!i. 

THhlc ij. 7 >hows thc OUT routine. The first control word allows the 
"c·cumuLuor to >el up the output rcgister vía the W bus. The ne>.t two 
control word., d, nothi<rg ncept rn.ork time. 

IILT 

ll L T do es not ""l" ¡,.~ a contrnl ro u ti n~ becausc no rc¡,:i>tc" are invol ved 
in the exe~"lttion of ~n HL T imtnrction. When the IR contain• 

IR=llll XXXX 

the in.truction ~eld 1111 tell• the co" to stop proce .. ing data. co~ 
st<lj)S the computer hy turning off the dock (circuill)' di•cussed latcr). 

'" ¡.·,~ ~-7. Fmo "'"'""'""' p]..,.e .,¡ OU J '"""'"'"'"· 



lABLE !·7. OUT ROUTINE 

p~.,, C,f:,L.E, L,f.,L,E, S._E,L,L 0 Eff«l 

'· 0000 0001 000 l OUT • A 

'· 0000 0000 0000 Do nothing 

'· 0000 0000 0000 Da I>Othtng 

.\la~hin~ Cyd~ 

SAP-J has six phases (three f"tch aod thr~e execute). These six phases 
are called a macltine cyc/e (see Fig. 8-8). !t \.tkes on~ machine cycle to 
fetch and execute each program instruction; thcrefore. the duration of 
a computer run is dirt-ctly proportional lo the number of program in· 
struct10ns. 

SAP-1 has a 1-MHz elock How long is a machine cycle? How long is 
thc r·mnputN run for a program with 12 in<tructions? 

SO<UT/ON, 

The dock has a frequency of l M lh; therefore, the period is 

' T=JMHz=1¡.¡.s 

Referring to Fig. 8-3b, you can see that each phase last• for one dock 
period. Since there are six phases per machine cyele, each machine 
cycle has a duration of 6 1-'-'· 

A program' with 12 instructions takes 12 machine cydes to complete. 
Therefore, the duration of the computer run ;, 72 ¡u. 

EXAMPU 1·1. 

Figure 8-!l shows the six phas~s of SAl'- l. The pnsitive dock edgc 
nccurshulfway thrnngh ~ach ph'""· Why i• this importan!~' 

SOlUTION. 

SAP-1 is a bus-organized com¡lllter (the e<llnmon type nowadays). Th" 
allows its registers to cornmuoicat" via a bus. But reliable loading of a 
register tales place nnly when the setup and hold time are sati~fied 
lreview Sec. 5-3 if nccc;,ar;-). Waitn>g half a c;-cle before lonrling the 
regiskr 'ati.<fi~s the >dup time; W;LOting half a cyd<• after load in~ satis
fie5 th" hold time. Thi• is v.-hy the positiw cloü edg" is desi~ned to 
5lri~e the rcgi;ter< h~lfw~y through ead¡ phase (Fig. 8-9). 

ThcJe"s ~nothcr re.1>on fnr waiting h.tlf a cyclt• hdore ]o;ul>ng a 
rcgbter. Whcn the f;NABU input of the send,ng r<"gi>ter gnes hi~h. the 
eonten"ts of this register dre •uddenh dumped onto the W bus. Stray 
cap.>cit.mec and lead inductancc preven\ the bus lineS from immedi
atcly re.lching the corred voltage ].,veis. In other words, we gel tran· 
sien!> (ex¡>nnentinl. ringing. etc.) on the W bus. Wc ha veto wait fnr the 
data tn >~ltlc on the hu> lines if we want rcliable loadrng. The half-cyde 
clelay bdore cl<>el.:in¡: is illlequ<lte for al! transients tu die out. 

HAMPU 1·1. 

The followin¡¡ pro¡¡ram atld data are in !he SAP-1 m~mory: 

!l,-LDAC 
R, ~ADD D 
R,,HLT 
!le- 15,. 
l\ 0 '"" 33., 

Sltow the regt<ter change< for .,,.~h pha•e or the R. machín~ cycle. 

••• 
1 
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( J...,I\P·l Í> a l'Oill]'Uier b~cau>c it ;tor~; a program and d.t 8. SAP-1 (··-) ~2~ 
"-"'""-'~"------------------------'" l!cforc cokul.otiom lu:gin; thcn, it uulOlll<lli"ally <·~rri~> uur 

SOlUTION. 

Befare SAP-1 can mn a program, thc operRtor has to push a CLR button. 
Among other things, thi> rescls the program I'<HHller lo 0000. Thc opera
tor th~n pus hes a start button and the computer runs the pro~ram. Here 
are the regíster changes during the first machine cycle: 

T 0 (see Fig. B--ta): 

MAR ,. PC = 0000 

T, (Fig_ 8-4b): 

IR .. R.~ 0000 1100 

T, (Fig. R-4c): 

PC .. 0001 

T, (Fig. 8-Sa): 

MAR .. ADDRESS = 1100 

T, (Fig_ 8-Sb): 

AzRc~OOOO 1111 

T, (Fig. 11-Sc): 

Da nothing 

-
Wíth the program and d;~ta given in the prcccding "'amplc, what are 
thc register ch~nges duri ng the •ccond machine cycle? 

$0WTION. 

The PC holds addrc« 0001 al the beginning of the second machine 
cyd~. Here are the registcr doanges. 

T, (Fig_ 8-4a): 

)>lAR"' PC- 0001 

the progr~m in>lm<lioll> without human int<:rvention. AnU 
ycl, SAP-l 15 primitive, !ikc a !'-:eanderthal man compa•ed 
toa rnodern person. Somethin~ is tnissing, somethiug found 

:in cvcry mude m compulcr. 
SAl'-2 is thc !1~>1 stcp in thc C\'Olutic"' toward mod.,rn 

compulers. lt indude> j'""l' io,.rr.,ci!On$, These new in
S\mctiom fmce the comput<:r ro repe~t or skip part af a pro· 
gram. As roo will discnver, jump in>tructions open up a 
who]., '""'' world of l"<lmputing power. 

'9·1. ARCHITECTURE 

' 'Figure \1--l >hnws the architL-.:Iure of SAl'-:! A> before. :di 
· regi>ter outputs lo the \\' hus are thme->l.tle; tho;e not con· 
nected lo the bus are lwo·ol.llc. A bricf dt•ocriptiun of c.>d1 
hox ;, given 11<1>1', with det~ib to fnllow lalcr. 

Subroutine Counter 

Thc wlmmlirJ<• CPHil/el (SCI c.Lil piuch hit fnr the pmj¡r;un 
t"l>ll,.lcr duriug n eomputer nm, TI u; OC<'"" whcn a new in· 
;tru<'lion (thwu»Cd L>t.,r} totkes program c·ontwl aw¡¡y from 
th" PC aud givcs it to the se. \\'hile it hao control, thc Se 
semis the binary address of thc curren! in>lruction to the 
MAH; after the in>twction has been feteh~d. the Se i< in
etcmented by nnc. "Program e<Lntrol '""'"¡"' with thc SC 
untilt.,rminated by another ncw imtnt(OI>on. 

l'rogmm Counler 

Thi> lime, thc pro¡¡ram c<>tHllcr h.<> H lnt>; thcrdorc, il ~""" 
c•ouut from 

PC = 0000 0000 (O.,) 

PC= 1111 111! 11'1'11 ) 

A CLR >ignal re•et• the l'C hcfurt: "~eh c·on<pul"r mn; ><> 
thc data processing starl< w1th thc R. imtTllction. 
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Memory Addre" llegisler 

Dufing the fetch cyde, the MAR receives 8-bi! addresses fmm the pro
grain ~ounter or suhroutine enulller, whichevcr has prog"ram control. 
Durin~ the execution cycle of memory-rcfm<:nc·e instructions, the !>lAR 
receivcs an 8-h•t addres• field from the in<tn•ction regís!<,._ 

Random-Acce>< Memory 

The 256 X 12 HAM can ;tme any 256 word; of 12 hit;, Tlw«o words, 
locah:d at addr<:>Ses O through FF, are symboHl~d by R,, R

1
, R

1
, ••. , 

R,; 11,., 11 11 , R,., ... , R,-,. W1th WE low and .lfE. high, the addressed 
RAM word is read onto the W lul<. Woth WE "'"'ME luglo, thc <:Ontents 
of thc M D R are w ri lten into the .rdcl rcssed RAM lo,·atwn. 

Memo!"} Data Regi<ter · 

A hi¡:h 1.0 and positive dock edge load the MDR:The two-state output 
then <ets up the RAM. The MDR al<o has a three·state output; tlrerefore. 
a high Ev read; thc t·<>ntcnts of th~ M DR unto thc W bus. 

ln<truction n~¡:ister 

Dmin~ the execution of a memnry-reference or ~ jump instructiun, tbe 
four MSlls in thc iu<lruction regi>lt•r represen! thc instrudion flcld and 
tbe cight LSBs are tbc address Reltl. During the execution ofan o¡¡eratc 
instn,ction (explaincd later), the eight MSBs in the IR farm the in<trut· 
!ion Reld and the four LSBs are don't cares. 

'a C"ntrul Unit 

"' The control unit produces CLR, CLK. and CO;>; to coordinate anC 
1 synchronize al! regi>ters. Because SAP-2 has a bigger imtruction set, 
1 tbe instruction-field decoder has more gates. And because of the new 

rcgi;tcrs, the control mJtrix has more hnrdworc. Although tire CON 
word Í> b1~ger, the Idea is tire s~rnc' The CON l.rits Cletermrne bow the 
regis.tcrs rcact to the '""' positive dock cdgc. • 

i lnp~t Rcgisler 

CON 
1 lnt~rf;ll'C circuils con;ert Slgnals from peripheral devi<·e< ,.,,u,dred· 

r," ,..¡ ••:·é':•:""''"":~:•:•:"c· __________________ _lr •ard rcJdcrs, cassette-tape readcrs. telNypcwrilers, etc b1nary, 
_ ¡ sign~ls suit.able fo• ~n1ry intn a <"<>mputcr. Th~ design of an rnte•face 
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depend> un the pcripher-.11: a teletypewriter (TTY) no·cd> one lind of 
inlerf.¡ce; a ca<> elle l'<.'older, ~nother. 

In Fig. !J-1. tlw hinary word from an interface eir~nit >ets up the 
in¡ml r~¡.:i>ter. Thewfnre, a high l., and positi~e clod edge load this 
wnrd into th~ in¡mt re¡.:iste<. During another pha<e, a high E. can read 
tlw Íllput word noto tiH• W hu> for tr,nsfer lo th" accumul.<tnr As shown 
in E,,unple; 7.g and 7-10, .1 o·ontrol rotttine e<ists for lo.1ding np lo 256 
in>lflldion und data wor<h tntn the SAl'-!! memory. 

Accurnubtor 

Thc lwo-st.tlc nutpnt of the ac·comu,]atnr goes In the ALU; the t(,ree
;t.ttc outpnt In the IV hm. Therdore, the 1l~-bit word in doe ac~utnulator 
continuou>ly drive> the ALU, Unt !hi> '"me word appcar> on the hu• 
nnly w h~n E, is hi gh, (A.,,""' and A""' will be e•pl ai .,.,d ].tter.) 

Arilhmetie-Lo~ie lJnil 

St.utdard ALU>""' ~uunnerci;til)' avail.<iol~ "' iutegr,ltcd circuil>. The>e 
ALU o ],¡¡ve.¡ or nH>rc "'lc·et lnls tho1 detenninc the :u-ithmetic or logic 
npcr.\linn pcoformcd on words A and 11. 

Thc ALU of Fi~ !J-I "c·omparablc toa st;ondard ALU. Beeall!e the 
sdect bit> {5, throu11h 50 ) cover 0000 through 1111, we can select 16 
arithnwtic and lngic functions. SAP-2 uses three arithmetic funchons 
(NULL, ADD, SUB) ami scvcn logic functions (complt!ment A, com· 
plem~nt 11, OR, ANO, NOR, NANO, aud XOR). 

B Re~ister 

A> hcfure, a high L, .1m\ po5itive cloá edge lmd the B f<'gi5\er with a 
wnHI from th" W bus, and thc twu-;tat" Olltput eontimoou<ly dnv"> th., 
ALU. 

' 
lndc• Registcr 

The ll!dex re¡¡is!er (X) ha, a load >nput l.x to control lo~ding from the 
bm ;¡n<l an cnahle input Ex lo ~ontrol readonl onto thc bus_ fllfther· 
more, th" int!ex register ha< all incr.,ntent input INX aud a d.,t•tement 
inptn DEX. 

\\'hen /NX is high, the !Hl<t P<>>itive cloá edge increases th" ~On· 
tmol> of the in<lex r~~:i>ter by"""· Whcn DEX i> high, the ncxt po>ltive 
doc\, edg" decred><'5 the contcnts b}· one_ In other words, a high INX 

means the inde• registcr eounts up; a high DEX means ;¡ counts down.' 
(X,.,.,. and X,.,. are c:.plained latcr.) 

1 Output Register 

Again, !he contcnts of the accumulator can be loaded into the output 
registcr (0). This way, an answer can move from the CPU (central 
proce.,ing unit) to thc outside world. The output register connects 
to an Íllterface cireuit. Thc design of this circnit depends on the pe
ripheral device being driven (printer, CRT display, teletypewriter. 
etc.). The interface circuit converts the contcnts of the ourput r«gister 
into sig.,ah su1tab\e for dri vi ng thc periphcral device. 

'9·2. MEMORY·REFERENCE tNSTRUCTIONS 

SAP-2 has an ins\roction •et with 28 Ín5tructions. This sccüon ;, about 
the six mcmory-reference instructions. 

Recogni~ing an MRI 

1 The SAP-2 fetch cycle is the saonc as bcf<>re. T, is t'he address phasc 
(MAR .. PC), T, is \he memory phase (IR .. R,d, aud T, is the incremeut 

· pha•e {advance PC by one). All SAP-2 in•tructiom, therefore, use the 
' 1 memory during the fetch cyde b"cause a pro¡:ram instruction i• trans-
ferred from the m~mory to thc im\ruction rcgister. 

During the execution cyde, howe,·er, thc •nemory may or may not 
be used; it depends on the type of imtruction th~t has been fctched. A 
memory-reference instruc·tion (M IU) is one that uses thc mcmury du ring 
the execution cycle. You can always recognize an MRI by the registe" 

1 med in the lirst execution phase (T,). 
Figure 9·2 ;hows th!! active parts nf SAl-'·2 during tbc T, phasc. 

When an MRI is in the instruetion register, CON send< out high E, and 
t ... bit•. This mea m the addre" lleld of the IR i• loaded into thc MAR. 
The T, phase of "ny MRI therefore results in · 

.\lAR,. ADDRESS 

1 Remember thi•. It will hclp you distin~ui•h an MRI from othcr typcs of 
j instructions discussed later. 

1
' lf mle<•>led on th< d.,;"" of "p/ch>wn e mm !en,'""~ P_ Mol""" •nd D P. l.ench, Dig· 
Uo/ Pnn< ;pi" ond A¡>plocotwnl, .'1oGIOW·II ;lt H,.ul Comp•ny, Nov. Yml, 1975, pp 2<&-

"' 
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F>K- 11-2. T, 1>h>-•• uf all MRli. 

LOA, A_'?D, ~nd _SUB 

/ 

1 
•• , ...... , , .. 

The fir>l lhrce MHb in SAl'-2'> imttu~tion sct are the sam<: as before, 
allhough now wc c.m choo>e from 256 memOr)' words, located ~~ ad
drc>Ses O through FF. For instanee, LOA 23 mean< "Load the a~-cumu· 
lat<>r with 11,," ADD 7C meam "Add R, 0 to thc accnnnolator," nnd SUB 
FF mean< ''Subtract R,-, from the at-cnmulator:· 

lncidentally, any wonl being loaded, added, <ubtracted, or other
wi>e oper,1tcd on io t·¡¡lled an "l"'"uu/. In th" f<>regoing ex;nnple>', ll", 
11 1c, aml 11.,- are operanth; 23, 7C, and FF are thc addresses of thc 
nperands. 

STA 

STA i> tloc mnemnnie for '\ton: tlw >teettrnul'ltnr word." E:very STA 
- in>lruction indudc> a "'""""Y addrc>s. STA 56, f<>r "'"mplc, nwom 

"oture ~. ccumulat<>r wortl at a<hlrc" 5!i." lf e 

A= 11110000 0000 

the execution uf STA 56 resnlts in 

R,. ~ 1111 0000 0000 . _,"" 

LDB and LOX 

The las! lwo MRls in SAP-2's instruction set are similar to LOA cxcept 
that the addrc«ed mcmory wnrd \S loodcrl inlo thc B re~isler m intn !he 
index rcgister. 

'LOB is the mnemonic for "le>ad the B regi~ter," and LDX is !he 
rrinemonic for "load the indcx regisler." Tn be complete, thcoe onstruc~ 
tions mus! includc an address. For in>lancc, LDB 45 mean< "lnad the 
B register with R.,," and LOX 78 ""'~"' "lo.1d the index regi>ler with 
R,." 

Write a pro~ mm that •dds three numhers (a, IJ, ande) und winds up with 
the sum in the a~-c-umulator, the B rcgister, and the indu regi>ter . 

SOLU/1011. 

Herc's one p10gram that wil! worl, 

. ' 

11, =LOA 20 
R,=AD021 
H, = ADD 22 
11, = STA 23 
11, = LDB 23 
R, = LOX 23 
1\, = HLT 

R,.= a 
R,, = b 
11, = e 
R, = (SUM) 

Jnst;uctions R, throu~h R, '"Id th<: three nnmbers lnstruction 1\, stores 
the sum at address 23 lmtnoctinns H, and R, load lhe R r~~i>tcr <Ond 
inde~ regi<ter. R., stops the data procesung, al which pnint lhe •um ap. 
pe.ors in thc :lC~llm!dator. H register, nnd indcx reg:¡ster. 

'The data (o, b, ande) i• lnaded into addr,»e< 20, 21, ,,nd 22 bcf<>rc' 
the compUI<'f run. Dunng the compuler run,-d~ta i> •tu red al ~•h!re>S 23: 
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( l 
the parentheses around SUM indicate thi• data is produced b)· the com- '• 
puter. 

9·3. JUMP INSTRUCTIONS 

Memury-rderence inslm~tiom are one type of instruction; jump <n· 

>1 ructwr~• are another. SAP-2 has six jump instructions; these can change 
the pmgram scc¡uence. lnste~d of fetching ;,.tn~chons at snttessive 
addre>":l. the computer may rcpeat or skip part of the program after a 
jump itl5truction has bccn ex.,cuted. 

j.\lP 
• 

During the T, e•ccntiun pha,e of all MR!s, thc address field in the IR" 
tramferrcd to thc MAH (J'ig. 9-2). Thi.> i.> how you can recognize an MRI:'" 

J mnp instructicns are dilferent. To bcgtn with, J M P is the mnemonic 
for ""jmnp th" progmm c•uunter."' Every JMP imlruclton indudcs an ad· 
dre» lo he lu"ded iutu the PC r.tther tlum the MAR In other words. a 
J ~1 P instmctmn diA'ers from an MRI beeause of the registers u sed in the 
T 1 ex~cution ph,"e (;ec Fig. 9-3). 

Wl><·u ~)MI' instr.,t·tion is in thc IR, the CON >ends out high E1 
and L, bits. This means the addres. f,~ld of the 1R lioes ~o the PC ,-;,_ther 
than to the MAR. The T, pha;e of any JMP imtruction, therefore. re
sults in 

PC- ADDRESS 

The T, and T, phaseo are do nothings. 
Sinee the PC contains a progmmmed address after a JMP is exe· 

cnted, thc instructian fetched next comes from the programmed address 
mther than thc usual incrcmen!ed addrcss. This allows the computer to 
repeat or skip part of the progr.un. 

For instancc. after the R,, instruction (J~P 40) is cxecuted 1n Fig. 
\1-4a, the PC eontains athlress 40 Thc next instructwn fetelted is R.,; 
therefore. the t"<lmputcr will repeat the program between R.., and R,_,. 

On the other h.md, the e>t"CtLiion of the R., instruction ()M P 70) in 
Fil(. 9-4/J fon;e.> the t·nmpnter to jutnp tu the R,. imtrU<:lion, thcreforé", 
all instructions bctween 11., and,l\,. are slipped. 

Examples 9-2 unward give you practice with the )MP instruction 
and sh"rpen your underStanding ofth1s powerful instruction. 

]AM 

JA~I rc>cmbles JMP because it ~-.,n t·h~n~e the eonten!5 of thc I'C. But 
it differ> from ]MI' hcc;u~>e it produt·e> a program Jurnp only when a 
<¡wc1al conditÍ<Jll i; sati;ficd. 

'· 

" 

'" 

¡, 

"' 

U 
,.,..e, 
~'-

FJg 9-3. T, ph••• of ]MI' ;""'""<tlon. 

' l .. 
• 

"· ... 
. . 
"• ... 
"• 
"• 
"• 

• ADD 80 

• sua "' 

• STA~\ 

• SUB 01 

• LOX 93 ......... 
. AOO .. 

R,, • lO X 9S 

R50 • ADO 9ll 

R01 • JMP 70 

R., • A0091 

R,_, •STA98 

Roo • lDX 83 

R)1 •$1A.4 

'" 

' 

¡'"' -.... 
,~,. 

'" 



]A.~t is the rnnemonic for "Jurnp the program counter if the ac
cumulalor is minu>': m sirnpl)-·, "jurnp if aecumu)ator minll5." Every 
JAM imlrucli<>n indudcs the addres; tu be loadcd inlo thc PC. For 
instann•, JAM 40 mean• "jump to address 40 if aecumulator rninus," 
and ]AM 60 mcans "jump lo address 60 if accmnulator minus." 

Fi~llre 8·5 •how> the effcct uf a ]AM 40 Durin¡: th~ CX<'t'Hiion of 
the R,. instwclion, CON test. the conlents of lhe a'-.:urnulator. lf the 
acemmd,¡tm i> minus, the program j11mps back lo the R,0 in5lruction; 
otherwioc, the progmlll euntinues with the fl, i<tstruclion. 

After the SUH 92 i> e•eetltcd, a ]AM 60 appeat5. Again, thc CON 
test• thc acctumdalor c·ontent>. lf the>e contenu are minus, lhe pro· 
grmn jump> aheali tu the R.,. ir" t ruetio"; olherwi>e, it eontinucs with thc 
R., instructiou. 

JAZ 

1 AZ ¡, thc mne ttwnie fm ''ju mp lhe pmgram counlcr l f thc aet·u m ni al<>r 
is ~~m"; or >imply, ')tnnp if .tecumulator 2ero.'' Every JAZ in<lruction 
inchales the addrcS> tu be ioaded into the re. ]AZ 32 means "jurnp tu 
addr"" 32 if ~ecumulat<H zcro, othcrwisc, eonlitHIC wilh ti"' nc•l 111· 

stwdoon." 

JtM nud JIZ 

prograrn <X>unter if the index registcr is zero"; or simp]y, "jump ifindex 
1 zero." 

1 
Every ji M and J!Z instruclion il!cludes the address to he load~d into 

lhe re .. For instan~e, JIM 94 means "jurnp tu addre5S 94 tf index minus"
JIZ 7F means ''jurnp to address 7F if indn zero." - ' 

JAM, JAZ, JI M, and JIZ are called conditionaljumps became the 
program jurnp oc~Uf5 only if certa1n cond1tions are salisfied. On lb e other 
hand, JMP ;, uncandilional; once this in•truction is fetched, the e~ecu
tion cycle always jnmps the progratn lo the ;pecified address: 

JM~ 

A tubroulil•e is a program stored in the m~mory for po5>ihle "'"in an-
othcr progr .. m. Most computen have 5Hlnontines fnr finding >ine>, 
cosines, tarogents, logs, >quarc t()<>IS, etc. Thcse >ILl>rm•tiHcs me part nf 
the •oftware <upplied with modern romptlleTS. ("Snftwaw" refers lo the 
pmgrai-n• manufacturer• prepare for use with -computers. Besides sub
roulines, •nftwarc includes a.semhlcrs ami compi/crs, pmgrams tiHot ean 
tramlate '""'~" programs into object programs.) 

j)I.1S ;, the mnenwnic for "jumpto subroutine." Every JMS ins!rut:
lH•n mu>t include the >l~rting addreo·• uf the dcsired >ubroutine. F'or 
imtance, if a square-rO<lt subroutine starh al address A2 anda log sub
rontlne at nddreu C5, then a JMS A2 will jurnp lo the squ~re-ront sub
nnttinc a.,,¡ a JMS CS to tl«·log •uhroutinc. After the subroutine iscom
pleted, the computer retums to the original program. 

When a JMS is e~ecuted, pro¡¡rarn control passes from the pro¡¡rarn 
J ! M St~nds for "jum r tite progmm en u lller if tite index rcgi,ter i s mi nuS': counler ¡,, thc subrnuliuc counter, Aftcr c.t~h su brouti ne instruction is 
or simrly, "jurn¡> lf index minu•." ]12 is the rnnemcmic for "jurnp the fetched, the se ;5 incremented by one. ln,this way, the se pinch hit; 

---,:-:-,,-,---'----------------------- for the program counter during lhe ueclltion of a •ubroutine. Atthe end 
~ ;" ofthc suhroutine, progrRm control reverts to the l'C. 
R.," AI>!>OOJ JMS is unconditional,like JMI'. Once a JMS has becn fetched mto 
R., • <TA 0 ' the instruction register, lhe computer will jump lo the starting addre., 

": lt A "''""' 

R.., • "'"' <0 

n., • sue o; ::: :::: J '" """ 
n., • Loe 98 ... 

Foo. U-S jll\1 '"'"P'-

~--------------,( 

' 

ofthc st~brout•ne. 

Sumrnary 

During the exccution of an .\fRI, the )..lAR receive_< the addre" ficld. 
During the cxecution of a ]MP, lhc progmm counlcr ret:cive> tl.e 

addtess Reld. During thc e•ecutiou uf ]AM, ]AZ,JIM, m ]IZ, thc pro
~ram counter recei\·cs lhe address field if ""rtain condition• are sati,. 

{ f,~d. D uri ng thc c>~cuti o u ()[a J MS, the 5\l hrouli ne cOutH~r reN!ives the 
addrcss ficld and the program counter .1aues (retainsl thc incrcmented 
address. 



·''''''--: D1vU•I Compulor fleouonl< 

Mlll.< are the wor\.h"""' uf an in,truction se!; they load r~gislers, 
,.,¡,¡ aml SHbtta~l addr~»~d wonh, ,.,,¡ ''"'" wonb in the uu:mory. llut 
1 ht: j ""' p i nstrH~I iom are tlw re;d "'"Mi~ of an i mtruction se!; they make 
t he computer n:pcM p;Lrt of a progr.tm, s~ ip part of a program. and jump 
to oth~r ;uldre""' in menwry wh~re H>cful snbra!ltineo are >lored. 

Tahlc 9-1 ]¡,¡, thc mncmoni<.:.> and op·codc for SAP-2"s nwmory· 
rcferen<·c nnd jump.in>lructions. 

TABL€ 9-1. MAlo ANO JUMP INSTRUCTIONS FOR SAP·2 

LDA 

'"" '"" m 
LDB 
l. D.\ 
1 ~u· 

1-"' 
'" J ,_,, 
JIZ 
1 ,,, 

"' 
fUMPtf t-2. 

"m 
IKK!I 
oow 
OOH 
"'00 
UHJI 

""" lll 11 

'". •oo• 
1um 
IIJI J 
ll!lll 
ltOI 
IJIO 
1 1 11 

Lu.oJ nt·c·nmnbtur 
Ad~ •ddro><ed .. urd 
>nl~r..::t •ddo<n<d wonl 
'""• •c~-umul.,or wmd 
l.n.<d 11 u·Hi>ler 
Lu.nl uod« ·~~l>le< 
jump 

Jnm~ of "'"''""'!.""' mrnn• 
1" "'1' d """"" ¡,,,,., <ero 
Jnm¡o lf inde. monn< 
jump ,( rnde• zoro 

'"""' '" •• b ..... , .... 
1\:ut u>o·d ' 
1\'ut u1ed 

Sot u.eJ 
Opoc>to ln,.ruellon !Seo. ~-4) 

Descdh., what happen> during the e•ecuhon of thi• program: 

R.,'"' LDA 6 
R,~SUB7 

R, ~ JAM 5 
R,=JAZ5 
R.~JMPI 
R, = IILT 
R.~ 25,. 
R,=U,.. 

llecan•e uf the jump iot>lruchon,, p.trt of !he program will be repeJte<!. 
\\"e can >ummari;c tite d.tt,L prccc>SiLLg hy li•ting a commcnl after ,.,dt 
Ln,tntdic"' that ;, "'"""¡,.,). 

Fi"t l'""' 

9. SAP-2 

/nstructwn 

11,., LOA 6 
R,•SUB7 
R,-JAM 5 
R, .. JAZ5 
R.•JMP 1 

Commen! 

A= 2510 

A= 16,0 

Nojump 
Nojump 
Return to R, 

~55. 

D11ring this first pass, the LDA 6 load> the accumulator with the binary 
equivalen! of decimal 2.5. The S U B 7 subtracts the equivalen! of ded mal 
9, leaving decimal 16 in the accumu lator. Be<:ause ¡],., accumu lator con· 
tenis are poS1tive, the )AM S und ]AZ 5 have no effcct. Then comes the 
]MP l. which returns the proeessing lo the SUB 7 in>truction (>ee Fig. 
9-6a). 

Second pass: 

ln•lruction 

R,-SUB7 
R,-JAM 5 
R,-JAZ5 
R.,. JMP l 

• 

Commenl 

A~7,0 
No jump 
Nojump 
Retum to R, 

On the second pass, the .SUB 7 reduces the a<·cumul.ttor contents to 
decimal 7. still positive. The jAM 5 and ]AZ S are again ignored. The 
JMP 1 returns the pwcessmg to the SUB 7 inmuction (F"ig. 9·5a). 

Third pass: 

lns!ruclion Commen! 

R,•SUB7 
R.• ]AM 5· 
R,- HLT 

~OAO '"" J ~· 
"" 
~" 

"" ,,, 

A= -2,. 
Jump lo n, 
End of program 

lOA 5 

SUB 1 

~] JA.Z i ,.,., 
"" 

'" 

,~. 

SU9 1 -· ·~ 
JAZS "'"'"' 
JMPI 

"" ·~· 
'" 

ftg 9-6 A >amp!e poog,.m with JAM. ]H. •n~ )'IP. 



On thc thin) paso, thc SUH 7 mnke.< tlw ~ccninulator o•ontenh negdtiv" 
(th~ ;ign illt dl.lll\lC' from O tu 1). Tlu: JAM 5 now forc"' the cmnpu!erto 
¡mup tu thc n, in>lflldi<u>. At thi, point, the data prncessing stops 
(Fi~- !1-b/J). :, 

The c<~mput"r run thercfore has lw<1 retums !O SUB 7 and the final 
e.«·ap~ to llLT (F>g. !l·b<'). 

A ><¡uare-root subrontine >larls at addrcss AZ and a lo¡¡ subrO\Itine at 
addres. CS. What doe> the following program do? 

SOLUTION. 

R,"' LOA b 
11, =]M$ AZ 
II,=ADD7 
n, .. JMS es 
I\,=STA8 
1\1 ~ !!LT 
n,"' 400, 
11, =so, 
El.= (ANSWER) 

Wc can suutmari2e thc d.tt.t processin~ hy lisHng a comment after each 
Íll<lro~ction is exúCIIted. 

/tis[mcli<l!l 

l\,- LOA li 
n, = ]MS AZ 
R,=ADD7 
R,-JMS C5 
11,"' STA 8 
R,- Hl.T 

C\lmmetl! 

A - 400, 
A"' 20,. after subrontine 
A= 100,. 
A- 210 .tft<:r subroutine 
R,., 2,. 
E mi ofprogram 

The LOA 5 loads the accntnulator with 40010• The j),.\S A2 jumps the 
cnmputer lo the sr¡uare·root suhrontine. After this snbroutine is fini;hed, 
thc accumtolator cont.dns 20 10_ Thc ADD 7 increases the accumulator 
c·<>nlcnt> lo 100,.. Th~ JMS CS re;ults m a l<lg subroutine, nfter which 
th" :K-.,umnlator l'OU!aim 210 (the common logarithm of 100,.). The STA 8 
st<.>res the ac·cumtd,,tor word at .ddress 8_ 

F•gu•c 8-7 ilhmr,tle> thc pr11~""" '"'I"""''C, A' shnwn, the first e'il 
from the main prugr.un <"-"<:nrs aftcr thc <:xecution of ]MS A2, After com
pldinn r' tht: ><¡uar.,-rnnt >ubrontinc, we reenter the mam program a• 

\ 

'"". 
JMSA1-------¡ 

fog 9-l. Prug<am O<QU<Io<~ for •ubroutm<> 

ADD 7. Aftcr JMS C5 i> executed: we lea ve the main prngram for a 
seeond time. Upon completion of thc log snbrontiue, we reenter the 
main program al STA 8. 

Notic~ thc RRR instruction-ilt thc cnd of c.tch snhrontinc. lliHl is 
the nutem<nlic• fm "l.r~ndt buc-k." Tlm >nstntclion takc> prog:rum con
trol away from the •ubroutine counter and retoros it to the program 
cmmter. -BR!I is discuS>ed further in the next seetion. ' -

t 9·4. OPEAATE INSTAUCTIONS 

' 
An operate instruc!ion neither uses the memory nor alters the program 
counter. Jnstead, it opcrates On words airead y transferred out of m~mory 
into workutg registers (li~e the occtltnulator, 11 wg:i<Wr, index re~i>lcr, 
etc.)_ What follows is a brief dcscription of t"ach SAl'·~ operatc imtn.c. 

ti<>n. 

NOI' 

1\'0P ¡5 the mnernonic for "no operation." During the e>ecut>OU of ~ NOI' 
instn,ction, all the ph.>ses are do nothings. Thereforc, nothing happens 
whcn a NOP is exccuted. 

Why us¡• a NOI'? After writing ,, long program, Y"" almos! always 
ha veto debt~g it (local e and corree! the errors). This may reqnire adding, 
ehanging, or removing instructions. lf you remove an instruction, YOU 
can fill the gap with a NO!'. 

For iustance, in Fig. 9·8a, the sccond ADD E2 is an unintended 
duplication. ]f rou pull thi• instn•ction, a g.1p .1ppears in the program_ 
Thc easic>l way to Hll thc g:ap Í> with a NOI' o-'>11- \J-8!;). 

Sorne microeompllter m.tnllf~dll rcrs re~:nmmend starting !l pro~ram 
with a NO!'. The ,.,,.,0n ~iven i• that pmcntial ra<cs "'''' 'tt the he· 



Dlgltol Cornputer Ele<t<ontc1 r ~,. '''''''·''----------------------

~o • LDACl 

R;¡¡ • AODE> 

R21 • A00E2(Em><l 

R22 ·~UP'l 

"' 

R;¡¡ • ADO E> 

R,, • NOP 

Rl:l • ~uo El 

A .. • ~ll 

'" fig. 11-8. Uoin¡ o ~OPto Rll o ~'1'-

ginnin¡¡ of a pro¡¡r~m. By leadmg offwith a NOP, the>e potential r~~es 
h~ve a chance l<< di~ out. · 

NOJ>s are abo used lo produce dclars- Br repeaHng a NOP a few 
hundrcd times, rou can dclay the d~ta processing whilc sorne adivit 
takes pl.tc~ el;ewbere in a cumputcri•ed system. Y 

Cl.A 

CLA means ''dear the accumulator." Th~ exe<·u!ion of a CLA resels all 
accumulator bits to zero (fig. 9-9a). 

XCH 

XCH ,·, h ' •• h 1 l e mnem"nic or exc ange accumu ator and index." Dufing 
the exectLlion of an XCll, the wo"ls in thc accumulator and indcx 
register are transposed (Fig. 9-9/.o). For tnstance. if 

• 
1 0000 1 0000 1 0000 1 

"' 

A - 0000 0000 1111 
X - 0000 0000 l 001 

•• e' .•.• 1 •••• , uxx ') 

1 xxxx 1 x.xx l•xxx 1 
• 
"' 

(15.,) 
(9.,) 

' 
F>g !) !J 1•) Afte<CLA. ¡&¡ Thc XCI!"' ocoiun 
~~~~~--------~ 

the executiun of an XCH results in 

DEX 

A= 0000 0000 1001 
X=OOOO 0000 1111 

{9,.) 
(15,) 

DEX meam ''decremerit the index regi<ter." The execution of a DEX 
dccrease> the conten\S ofthe index regi>ter by une, Civen 

X = otlOO OllOO l 00 1 

the execution of a DEX produces 

x .. oooo 0000 1000 (8.,) 

INX 
l:\X is the mnemonic for "inorcment the inde, re~i>ler." Thi> imtruc· 
tion adds one w thc inde, regi•ter. 

CMA 

CMA stands for "complement the aL-eumulator." The execution of a 
CMA inverl> each bit in the ac~umulator, ¡noducing the l's <ompl~ment. 

CMB 

C~lB is the mnernonic for "@ntplemen\ the B register." This instruc~ 
tion inver\s each bit in the B rel(t>ler, re>ultin~ in the l's cornplement. 

<OR 

IOR means "indush·e Ü~" identical to the Ofl function di<cuosed in 
e~rher chapter<. The execution 11f an IOH will Ot~ the corre<ponding 
bits 10 thc a"cumulator and B registcr (Fig. 8-10); the re>ult appears in 
the accumulator. lf 

A=llllll101l00 
B = 1111 0001 0000 

(9 .l) 
(9-2) 



tl.e e<ecution of an IOR gives 

A•llllii!IIIOO 

AND 

E<eculing an AND produce; bilwi>c ASDing of the a<·~umulator a:)d H 
regi>ter (Fig. 9-10). with the re;uh appearing in !he accumulator. With 
the inilinl nlues gi•en U)• E<JS. (9-l) •md (9-2), !he e<e<"tolion of .U\ ANO 
produces 

A•llll 0000 0000 

NOR 

This in•tructicn Nüll> th~ c'Oillenl> uf th<: accumulator at><.l B regiUcr on 
a bltwi•c ha;h, A> u.ual, the re;.,lt "PJ)Car> Ítl th<: a<"<'lUuulator. \V¡lh 
the value> of Et)s. (9-l) and (9·2), thc c>m:ullon of a NOR give> 

A • 0000 0000 00 11 

N Al' is thc mnetnonic• for NAND, Again, the corrcsponding bit; of the 
aeeumul~tor and B registe< are operated on. Given the values of Eqs. 
(9·1) and (9·2), the e<eculion ofa NAN results in 

A• 0000 llll 1111 

XOII 

An XOR inslrut•tion will e>clusive OH thc conlcnts of lhe aceurnulalor 
and B register bit hy bit Civen the values of Eqs. (9-1) and (9-2), the 
c>Ccutinn of an XOH pmdllt~s 

A•OOOO llll JIOO 

\ 

from 

'"""'" 

xxn xxu xxu ~ 

r·,g 9-1 l. INP tr•n<f<" input wnrd froot int<riooe cucodt tn •<"<umul•'"'· 

RBH 

BRB ;, the mnemonic for "branch back." The BR!l is used at the cnd of 
ea eh subroutine to get bacJ¡ to the m a in program. BRB is toa subroutine 
as HLT ;, lo the main progrum In olher wnrds, if you forgel lo"-'" a 
BRB at lhc ~nd of a subrontine, you will gel Cornputer trash when thc 
subroutine ts called. 

'"' INP means "inpul."This imtruction is execuled in two phases. The Rrst 
cxceulion phase loads the ín¡llll rf'gislcr wilh a wurd fmm the interface 
circuil The second cxecution phase Jransfers lhi1 word lo the acc·umula· 
tor (see Fi~. 9-11). 

OUT 

OUT stand< for "uutput:• When this instruclion is executed, !he BC· 
c•umulato 1 word i; ]<J.lded 1ntn the output regi;ter. 

IILT 

What docs every program end with? Righl, HLT. Tiris imtruction stops 
the data processing. 

Op-Codc and Seleot Code 

Earlier, T.rble 9·1 showcd thc up-cod~ for all MIHs and jump instruc
lions 1100, 1101, und liJO nre uml>ed words. bul llll indiealcs an 
operale instruction. That is. all operate ínstruclions havc this f<>rmal: 



'" mgaol Compuler flocttonir• g_ S.O.P-2 
~~--------------- "' 

lll 1 xxxx .xxxx 

o,.,.,J, __j ¡ ¡ 
Sele<:l <:t>d~~ 
Don't ~,,,.,,~ ____ .;_ _ _j_ 

Tuhle U-~ >hmn the :.ei<·cr cm/e, the middle 4 bit, u;ed for ea<·h 
op<:ral<' instrudion To pw¡¡ram any operatc ill<ITllCtiun, ;tart with four 
h, fullow w¡th the >ele<! <:ode, dnd end with four don't cares. For 
in<lan<c, the •nnenH>nk; and er¡uivalent machine words for the ~rsl 
three operate lllSirnction; are 

NOP= 1111 0000 X."-.XX 
CLA- llll 0001 XXXX 
XCJI- llll 0010 XXXX 

(Tlw,. >ign ''·""¡, f<>r "" "'l"i"alcrot to_") 
],ddenl.dly, .\llll> •""1 Jnmp ilo;tructJom '"" an .uldre>< fidd but 

o¡>er.ile instrudio"' dou't, beeau•c all the uperand• ar<: alre.Hl}' in 
wmlin~ regi>ler>. 

Y Oll now l~;1vc the en ti re SAI'-2 i 1 O>lructioB set: G ~j nI>, 6 jumps, "' 1d 
16 o¡wrale<; a tot,ol of 2/l in>truetron>. 

TABLE 9·2 OPERATE INSTAUCTIONS 

·'ln<mu•óc S<l«l COO< M...,nin~ 

~(JI' ~ No op<roW•n 
o .. ~ 0001 r:r., '"""""""' 
XCII IXIIO E>ch•n~< f. and tnd<> 
L:IEX w" D<.::temont indo> 
II'X "'00 lnorem<nl ind•• 
CM~ CJI U 1 Complotn..,nt ~ 
C~IH tliiO Cutnploment lJ 
1011 o 111 lndu><•<·<>R 
Al'!) 

·~ A~D 

"o' •oo• ,o. 
NhN ww NANO 

X<J 1! IUIJ Exduoive·<>• 
UIHI noo u ... ...,h b"'·' 
1 :>1' 1101 Input 
OUT liJO o,.<put 
IILT 1111 llolt 

EXAMPLE ~··· 

How many times·is th~ DEX e"xecuted before the }IZ 4 jumps the 
processing to the HLT in the following program? 

SOWUOI<'. 

R.-LDXS 
R, "' DEX 
R,-JlZ4 
n, ... JMP 1 
R, .. HLT 
R, .. 3,0 

The LDX 5 loads the mdex rc~isler (hcreafter cal\ed mdcx) w1th 3,,. 
DEX reduce• the index to 210 • JIZ 4 is ignored because the mdex" not 
•ero. ¡:-tP 1 rcturns the program to the OEX. 

The s.-C<:~nd time the DEX is executed, the inde• drops to l 10.JIZ4 
is again ignnred and]MP 1 returns the prograrnto DEX for a secnnd time 
(see Fig. !l·l2). 

The third DEX reduces the inde• to zero. This time. JIZ 4 jurnps 
!he program 1<> HLT. . 

A lnu¡1 i> part of a progmrn that is rcpe~ted. ln this c'"mple, wc 
havc passed through the loop {DEX and JlZ) threc tirnes as shown in 
F1g. 9·12. Note that the number of passes through the loop equals tite 
number loadcd inlo the inde• register. 

1f wc changc R, lo 7,. and rcrun the program. thu eomplltcr will ¡¡a•s 
thrmtgh thc loop seven times. Simdarly, if we ch.>n~c R, 111 200 10. the 
compuler will pass through the loop 200 times. , 

The poínt lo remember is this We can set up a loop by induding an 
LDX, DEX, JIZ. and JMl' in a program. The mtcgcr loadcd into thc 

~ox • 

'" :.::: l ·-Jtz • 

~" 

"" 

,_ 
'"'"'"' 

fi~ 9·12 P<o~tamming a loo¡¡. 
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lll.- MOOOS DE DIRECCIONAMIENTO 

1.- ESQUEMAS DE DIRECCIONAMIENTO, 

La unidad central de proceso (CPU) en las computadoras debe 

realizar las siguientes funciones; 

Obtener y traer de memoria primaria al CPU la siguiente 
instrucción a ejecutar. 

Entender los operaildos, esto es, definir la localización de 
Jos operandos necesarios para ejecutar la instrucción y 
traerlos al CPU. 

Ejecutar la instrucci~. 

Para llevai a cabo las funciones anteriores el CPtJ debe con-
• 

tar con la siguiente información: 

El c6digo de operaciOn de la instrucción a ejecutar. 

Las direcciolies de los operandos y la del resultado. 

La dirección de la siguiente instruccH'm a ejecutar, 

Existen diferentes soluciones que satisfacen los requerimientOs 

anteriores, los cuales determin3;n la arquitectura de Jos proc~ 

sadores que las utilizan. 

Se supondrán operaciones aritméticas en las que se tienen dos 

operandos y un resultado ya que son las que proporcionan el 

caso más general. 

a) Máquinas de "3+1" direcciones 

El formato de instrucción en este esquema de direcciona--

miento contiene todos Jos 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 

m. 1 

~ughcv OIR~~C;IUN 
PRIMER 

OPERAC, OPERANOO 

OIR~C'C'_i()N 
SEGUNDO 

i ~IREC<;i~_N 
RESULTAOO 

OPERANOO 
FIG. III.l 

DIREC~~!~_N_IJ_E 
LA SIGUIENTE 
JNSTRUCCION 

Palabra 
· n de 

memoria 

En este caso se tienen cinco campos en el formato de instrucción: Uno 

para el código de operación que sirve para indicar el tipo de opera---

ción a realizar (suma, resta, multiplicación, etc,), tres campos para 
• 

las 'direcciones de los operandos y resultado de las • operaciones, un 

campo para indicar la dirección de la siguiente instrucción a ejecutar, 

Las instrucciones para ésta máquina podrían ser escritas en forma 

simbólica en la siguiente forma: ADD A, B, C, D donde AOD representa 

el código de operación suma y A, B, O y D son nombres simbólicos 

asignados a local!dades de memoria. 

Suponiendo que existen las ióstrucciones suma (ADD), substracción---

(SUB) y multiplicación (MUL), entonces una posible traducción de l,a 

expresión A=(B•C)-(D*E) en FORTRAN a lenguaje simbólico en la m.1-

quina de 3+1 direcciones sería: 

Ll: MUL B, C, Tl, L3 

L3: MUL D, E, T2, L7 

L7: SUB T2, Tl, A, LB 

LB: Siguiente instrucción 
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3 ' 
donde Tl y T2 representan localidades temporales usadas para guardar 

resultados aritméticos intermedios, 

Las conclusiones más importantes en este esquema son: 

Los programas no necesitan estar almacenados en memoria en forma 

secuencial ya que el campo de dirección de la siguiente instrucción pe.E 

mite conocer donde fueron almacenados. 

Debido a que cada instrucción contiene en forma explícita tres direc--

clones, no es necesario tener en el CPU hardware para guardar los re· --
sultados de las operacione~. 

b) Máquinas de "3" dir ecclon es 

Considerando que Jos programas se escriben secuencialmerite y que 

por· consiguiente es muy lógico almacenarlos en este mismo orden, 

se llega a un nuevo esquema de direccionamiento en el cual se sus 

tituyen todos los campos de dirección de la siguiente instrucción 

por un solo registro dentro del procesador que lleva en forrrn Se-

cuencial y automdtlcamente la dirección de la siguiente instrucción 

a ejecutar. Un posible formato de instrucción se muestra en la 

fig. m. 2 . 

¡ui7ecci6n 
de la 

¡ig. inst. 

.Keg¡stro 
en el 

procesador 

¡c~igo llJi ~ecciOn 
de pnmer 

loperac. Operando 
FIG. lll.2 

. 
Dirección ¡Ui rección 
segundo resultado 
perando 

Palabra 
o de 

memoria 
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Utilizando este esquema de direccionamiento la expresión A::(B*C)~(D*E) 
• 

en ·FORTRAN1quedarfa expresada COfr!o: 

MUL B,C, Tl 

MUL O, E, T2 

SUB T2, Tl, A 

Siguiente instrucción 

Donde se ha suprimido la dirección de la siguiente instrucc!On ya que ' 

~sta es llevada en forma secuencial y automática por un registro del 

procesador conocido como contador del programa (PC). 

Con el esquema de 3 direcciones se logra aprovechar la memoria en 

forma n;tás eficiente y reducir la longitud de palabra lo que redunda 

directamente en los costos de la misma. .• 

e) M<lquinas de "2" direcciones, 

En las operaciones aritméticas no siempre es necesario guardar 

el resultado en una localidad de memoria y preservar los operan-

dos, por lo que se puede pensar en utilizar uno de ellos para----

guardar el resultado una vez que la operación se ha efectuado. Las 

consideraciones anteriores llevan a presentar un posible formato de. 

instrucción en esta méquina, mosrrado en la figura III. 3 

nJR, DE LA 
h¡(;,- INST. A 
!EJECUTAR 

REG. 
EN EL 
PROC. 

D. 

OP. 

DIR. 
P. 
OP.-

OIR. 
OP. 

SEG. Palabra 
n de • 

memoria 

FIG. IIJ, 3 
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En este· esquema se usará la dirección del segundo operando como la 

dirección del resultado una vez que la operación se haya efectuado, 

por lo que el segundo operando serA destrufdo. Asf pues la expresión 

MUL B, C 

MUL D, E 

SUB E,C 

ADD A, C 

La eliminación del campo de dirección del resultado perrrilte reducir la 

longirud de la palabra de mémorta y los costos de la misma, lo que 

permite usar este esquema en máquinas medianas y chicas. 

d) Mdquinas de "1" direccH'm 

Este esquema de direccionamiento permite eliminar de :odas las lns 

trucciones el campo de dirección de uno de los operando y sustitu·

irlo por un registro dentro del procesador, el OJal contendré. a uno 

de los operandos. A este registro se le conoce como acumulador.-

El formato de instrucción para la máqudna de 1 dirección se mues-

tra en la figura lll. 4 

~~· de ta 
lg. inst. a 

ej: 

Reg. en el 
procesador 

. Reg. en el 
procesador 

F!G. lll.4 

¡cuD. 

OP . 

~IR. 
P. 
OPERANOO 

5 
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Lo a,nterior implica la creacibn de instrucciones que permitan cargar 

el acumulador con el segundo operando (LAG) y depositar el contenido 

del·acumulador en memoria (OAC). 

Es importante hacer notar que todas las operaciones se llevan a cabo 

implfcitamente contra el acumulador y que éste contendrá el resultado 

de"la operación efecruada. La expresión A"'{B*C)-(D*E) en FORTRAN; 

podrfa traó.tcirse a: 

LAC D 

MUL E 

DAC Tl 

LAC B 

MUL e ,, 
SUB Tl • • 

• DAC A 

Este esquema de ·direccionamiento ha sido ampliamente implementado en 

una gran mayoña de las mi~icomputadoras, como por ejemplo: PDP-8, -

PDP-15, IBM-1130, IBM-7090 y COC 3600. 

e) Máquinas de "O" direcciones 

Este esquema de direccionamiento solo utiliza el campo de código 

de operaciOn, por lo que es necesario contar con algún mecanismo 

que implícitamente permita conocer los operandos. 

El mecanismo anterior se implementa usando una pila 6 stack, el 

cual se puede pensar como un conjunto de localidades contiguas de 

• 

.. 
6 
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memoria accesaOOs usando una disciplina UEPS (últimas entradas, pri-

meras salidas), De lo anterior se concluye que en cada momento se 

tendrá disponible el elemento que se encuentre en el tope del stack. 

El formatu de instrucción para este esquema de direccionamiento se 

encuentra en la figura Hl.S 

l>;i!. de la 
sig. lnst, 

puntador .~1-' 
oPe del stac 

Re g. en el 
CPU 

Reg, en el 
CPU 

¡ro¡:i1GO] 
~ 

FlG. III.5 

Palabra de 
memoria 

Es· necesario contar con instrucciones que permitan meter elementos 

de menorla al stack (PUSH) y sacar elementos del stack a memoria-

(POP). 

PUS!i D 

PUSH E 

MUL 

PUSH B 

PUSH C 

MUL 

SUB 

POP A 

en FORTRAN,podrfa 
_f_LG.__Ul ... !L. [:Qff ____ _ 

~T 

~T 

~T 

expresarse como: 

(Apuntador al tope 
del stack). 

8._:___.-T 

7 
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En la fig. lll. 6 se ilustra el estado del stack despu~s de cada una de 

las inst, anteriores, 

Se puede concluir que el conjunto de instrucciones de la máquina no 

está formado solamente por instrucciones de cero direcciones ya que 

también se requieren instrucciones de una dirección para meter y sa

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 -

tambUm quedará en el stack, 

8 
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2.: M E TODOS DE DI R ECCION AM 1 ENTO 

En las mAquinas de una sola dirección el fonnato de las instruccio-

nes que hace referencia a memoriB. consta de dos campos: el campo 

de código de operación y el campo de dirección del operando. Si s~ 

ponemos que el campo de dirección consta de n bits, entonces la 

máxima capacidad de memoria direccionable será 2° localidades. Lo 

anterior puede resultar bastante drAstico en el caso de las minicom

putadoras ya que, por lo general tienen palabras de 12 6 16 bits y si 

se asignan cuatro de ellos al campo de código de operación solo se 

PJ~den direccionar. 28 = 256. localidades de memoria en el caso de ~ 

labras de. 12 bits 6 212 = 4096 localidades de memoria en el caso de 

palabras de 16 bits, lo cual resulta insuficiente para la gran m¡;,yo-

rfa de las aplicaciones. 

Lo anterior ha ocasionado diferentes modos de direccionamiento, en 

Jos cuales el campo de dlrecci{m sirve para calcular la dirección 

efectiva del operando, logrando una mayor capacidad de memoria di· 

reccionable. 

a) Inmediato 

En este caso el operando puede estar contenido directamente en 

el campo de dirección 6 en la localidad de memoria siguiente a 

la instrucción, 

Sed necesario dedicar un bit de la palabra para saber como se 

debe interpretar la instrucción. 
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b) ·Directo 

Existe direccionamiento directo ruando el campo de direcciOn de 

la instrocciOn contiene la direcciOn del operando O cuando éste 

campo combinado con algún registro O palabra de memoria gen~ 

ran la direcciOn del operando. 

· b.l) Usando página cero 

Uno de los esquemas más comunes de" organizaciOn de me 
' . . 

moria, ·'· ... ' . ' ' ' .. . . divide ésta en n págwas de longitud 'fija, donde n • 

dependerá del ramai\o de la rre moria y del tamaño de las 

páginas, 

Las máquinas que usan estos esquemas generalmente usan 

la página cero con propOsitos especiales, como son: mane-

jo de interrupciones, traps, localidades autoincrementables, 

etc. 

La forma de indicar si el comenido del campo de direcciOn 

lU 

se refiere a la página cero, es usando un bit para este pr_9 

pOsito, p. ej. si este bit es cero ei·campo de direcci(m 

apunta a una localidad en la página cero. 

b,2)' Usando página actual 

Si el bit de página está en uno, se asume que el campo de 

direccH'm apunta a una localidad en la página en la que se 

encuentra la instrucciOn. 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 dirección de la ins 

trucción. 

b.3) Relativo al PC 

En este modo de direccionamiento el contenido del campo 

de dirección de la instrucción, interpretado como un ente-

ro con signo, se suma al PC para obtener la dirección del 

operando. 

b.4) Relativo a un registro índice 

~· El contenido del campo de dirección de la instrucción, in-

. 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 más de un registro fndice es 

preciso asignar los bits necesarios para su identificación. 

e) Indirecto 

En el direccionamiento indirecto el campo de dirección de la ins-

trucción contiene un apuntador a la dirección del operando 6 este 

campo combinado con alglin registro ó palabra de memoria genera 

un apuntador a la dirección del operando. 

Mediante un bit en la instrucción se puede saber si el direcciona-

miento usado es directo ó indirecto. 
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c~l) Usando pAgina cero 

El campo de dirección de la instrucción apunta a una loca-

lidad en la pAgina cero, A S\J vez ésta localidad contiene 

la dirección del operando. 

c.2) ·u sancto pAgina actual 

El campo de dirección de la instrucción apunta a una loca--

lidad en la pAgina actual. Esta localidad contiene la direc--

cibn del operando, 

c,3) Relativo a 1 PC 

El contenido del campo de dirección de la instrucciOn, ínter 

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.dlreccibn de la instrucción, lnter-

pretado como un entero con signo, se suma al contenido de 

un registro índice para obtener la dirección del apuntador al 

operando. 

La combinación de todos los métodos de direccionamiento anteriores 

con registros de propósito general, permiten lograr modos de direccio-

namiento bastante poderosos. Cuando ' se usan los registros de propósito 

general, el campo de dirección de la instrucción especffica que 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 Pr?P-11 es una méquina de dos direcciones por 

lo que su formato de instrucción tlene campos para código de 

operación y operandos. Lo anterior se observa en la fig. 111.7 

1211 98 65 32 o 15 
1 ! Modo 1 Registro 1 Modo 1 Registro 1 

COdigo op. di r . fuente dir. destino 

F!G, lll. 7 

Los bits 12-15 contienen el código de operación 

Los bits 6-11 contienen la dir. fuente 

Los blts 0- S contienen la dir. destino 

Las direcciones fuente y destino serán utilizadas para el cálcu-

lo de la dirección efectiva de los operandos, interpretando el 

modo y el registro usados. 

La dirección fuente contiene dos subcampos de 3 bits cada uno, 

de esta forma es posible indicar cual de los ocho registros de 

propósito general será usado, así como la interpretación que se 

le dará de acuerdo a los ocho modos de direccionamiento. 

El modo y registro en la dlr destino se entienden en la misma 

forma que en la dir fuente, La dlr destino también será: usada 

para almacenar el resultado de la operación una vez que esta 

se haya efectuado. 
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b) , En esta máquina existen instrucciones que solo requieren un 

operando en cuyo caso se utiliza un formato de instrucción con . . 
campos de cOdigo de operación y dirección destino, según se 

muestra en la fig. III. 8 

15 
1 

COdigo op. 

65 o 
1 MODO i REGISTRO 1 

Oir. destino 

FIG, Ill.8 

La interprelaciOu dada a la dirección 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; así mismo se asumirá que todos 

los números están en ocwl: 

Mnemonico 

CLR 

INC 
INCB 

COM 
COMB 

AOO 

COdigo Octal 

005000 
105000 

005200 
105200 

005100 
105100 

065500 

e) Direccionamiento directo 

' 

Oescripc iOn 

Limpia (pone a ceros el des 
tino). 

Incremento (suma uno al con 
tenido del destiño) 

Complementa 
destino 

Suma 

lOgicamm te el 

' 

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 

De ser i pe iOn: El registro especificado contiene el operando 

requerido por la in'st:rucción, 

OPR representa un código de operación en forma general. 

Modo: O 

Ejemplos: 1 

c. 2) Autoincremento 

Forma general: OPR .(Rn)+ 

DescripCión: El contenido del registro es increrrentado des

pués de ser usado como apuntador al operando, Si la instrucción 

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) 

De ser i pe 1 ón: El contenido del regí stro es' decrementado llntes 

de ser usado como apuntador al operando. Si la instrucción es 

de palabra se autodecrementa en dos y si e-s de byte en uno, 

Modo: 4 

Ejemplos: 3 
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c. 4) lndice 

Forma general: OPR X(Rn) 

Descrlpci6n: La suma de X y el contenido del registro se 

utiliza como la dirección del operando. 

Modo: 6 

Ejemplos: 4 

d) Direccionamiento indirecto 

Existen 4 mcx:los de direccionar en forma indirecta, los cuales 

utilizan los modos básicos (direccionamiento directo) en forma 

dferida. 

d.l) Registro diferido 

Forma general: OPR @. Rn 

De se ri pe¡ 6n: El registro contiene la dirección del operando. 

Modo: 1 · 

Ejemplos: 5 

d. 2) Autoincremento diferido 

Forma general: OPR é\:Rn)+ 

Oescripc iOn: El contenido del registro es incrementado des

pués de ser usado como apuntador a la dirección del operando,

El autoincremento será en dos, tamo para instrucciones de byte 

como de palabra. 

10 



Modo: 3 

Ejemplos: 6 

- 17 -

d, 3) Autodecremento diferido 

Forma general: OPR @-(Rn) 

17 

Descripción: El contenido del registro es decrementado antes 

de ser usado como apuntador a la dirección del operando, El 

autodecremento será en dos, tanto para instrucciones de byte 

como de palabra, 

Modo: 5 

Ejemplos: 7. 

d, 4) lndice diferido 

Forma general: OPR @X(Rn) 

De ser i pe i ó n : La suma de X y el contenido del registro se u ti 

liza como ap.~ntador a la dirección del operando, La palabra de 

rndice X está almacenada en la localidad de memoria siguiente· a 

la instrocci6n. 

El valor de Rn y X no se modifica, 

Modo: 7 

Ejemplos: 8 

e) Uso del PC en direccionamiento 

El registro siete, tiene el propósito específico de servir como con 

tador de programa (PC), por lo cual cada vez que el procesador 



- 18 

usa el R7 para traer una palabra de memoria, el R7 se incremen 

ta autom1!.ticamente en dos de tal forma que siempre apunta a la 

siguiente instrucción a ejecutar O a la siguiente palabra de lil. ins 

trucclón que actualmente se está ejecutando. 

Lo anterior permite usar el PC con propósitos de direccionamlen-

to, permitiendo lograr ventajas cuando se utiliza con alguno de 

los modos 2, 3,6 O 7. 

e.l) Inmediato 

Forma general: OPR#n, DD 

O e ser i pe i 6 n: El operando estA en la localidad de memoria Si 

guiente a la instrucción. 
> 

Modo: 2 usando R7 

Ejemplos: 9 

e. 2) Absoluto 

Forma general: OPR @#A 

DeScrlpc ión: La localidad de memoria siguiente a la instruc 

ción 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-

trucción, sumada 'al PC proporcionan la dirección del operan-

do. 

Modo: 6 usando R7 

Ejemplos: 11 

e. 4) Relativo diferido 

Forma general: OPR @A 

Descripción: La localidad de memoria siguiente a la ins-

trucción sumada al PC proporciona el apuntador a la dirección 

del operando, 

Modo: 7 usando R7 

Ejemplos: 12 

LUIS CORDERO BORBOA 



l.J .. 
005200 

l.2 

105102 

1 . 3 

060103 

20-

EJEMPLOS 

!NC RO 

' ;sUMA UNO AL CONTENIDO DE RO, 

Antes 

001:!02/005:!00 
_$0/000000 
_$7/001202 
-$5/000000 

' 
COMB 

Despues 

001202/005200 
_$0/000001 
_$7/001::?04 
_$5/170020 

2U 

;coMPLEMENTO LOG!CO DEL BYTE BAJO(BlTS 0-7) EN R:!, 
7LAS INSTRUCCIONES DE BYTE USADAS SOBRE LOS 
;REGISTROS GENERAi.'.ES SOLO OPERAN EN LOS BITS 0-7, 

Antes 

o o 12()6/1 05102 
_$.:'/103.:'52 
_$7/001206 
_$S/1700:!0 

' 
R1,R3 

· Despues 

001206/105102 
_$2/1031:!5 
_$7/001210 
_$5/170021 

;sUMA EL CONTENIDO I•E R1 AL CONTENIDO DE R3, 

' 
Antes 

001:!04/060103 
-$1/000005 
-$3/000007 
-$7/001204 
_$5/170020 

Depues 

001204/060103 
_$1/000005 
_$3/000014 
_$7/001206 
_$S/1700:!0 



2 . 1 
005024 

2.2 

105024 

2.3 

060022 

Antes 

-~~}5b86ns024-
_000010/174216 
-1>7/001210 
_$5/170021 

Antes 

001212/105024 
_$4/000006 
_000006/173215 
_$7/00121::> 
-$5/170024 

' 

" 21 -

21 

CLR CR4)t 

' 
ílJSA EL CONTENTDO DE R4 COMO LA LtiRECCIIJN ltF.:L 
iOF'ERMHtO, F'ONE A CEROS EL OF'Ef~ANitO(f'ALABRA) E 
iiNCREHENTA EL CONTENIDO IIE R4 EN DOS. 

' 

CLRB 

Despues 

001210/005024 
_$4/000012 
_OQOOl0/000000 
_$7/001212 
_$5/170024 

CR4l+ 

íliSA EL CONTENIDO (oE R4 COMO LA DIF>ECCION loE:l. 
iOF'EFIANDO. F·ONE A CEROS EL OF'EF~ANDOCB'I'TE) E 
ilNCREMENTA EL CONTENIDO DE R4 EN UNO • 

•• 

ADD 

Des pues 

001212/105024 
_$4/000007 
_000006/173000 
_$7/001.:::>14 
_$5/170024 

RO,CR2)t 

' iEL CONTENIDO DE RO SERA SUMADO AL OF'ERANDO 
iCUYA DIRECCION ESTA CONTEIHI•A EN R2, DESF'UES 
iSE INCREMENTA R~ EN DOS. 

' 
Antes 

001:::!14/0600:::!:::! 
_f,Q/000007 
_$:::!/000024 
_0000:'4/000007 
_$7/001:::!14 
_$5/170024 

Des pues 

001214/0600:!2 
_$0/000007 
_t.:!/000026 
_0000:'4/000016 
_$7/001216 
_iS/1700:::!0 



3 .l ' . ; 

005245 

3.2 

105245 

3,3 

064401 

12 

~(R5) 

¡EL CONTENIDO I•E R5 SE DECREMENTA EN !•OS y 
;DESPUES SE USA COMO LA DlRECCION I•EL OPERANDO, 
;EL OF·ERANDOCPALABRA) SE INCREMENTA EN UNO, 

' 
Antes 

001216/005245 
~$5/000020 

~000016/002222 
~$7/001216 

~fS/170020 

lNCB 

Des pues 

001216/005::!45 
~"5/000016 
~000016/00::!223 
_$7/001::!::!0 
_'$S/170020 

-<R5) 

;EL CONTENIDO DE R5 SE DECREMENTA EN UNO Y 
;(IESPUES SE USA COMO LA !•IRECCICIN DEL Of'ER!!ItWO. 
;EL OPERANI•OCBYTE) SE INCREMENTA EN UNO, 

Antes 

001220/105245 
_$5/000347 
_000346/0437::!1 
_$7/001220 
_$9/170020 

' 
A Dr< 

DesptJCSi 

_¡g¡¡¡gm"" 
_000346/043722 
_$7/0012::!2 
_t.S/170030 

-CR4) ,Rl 

;EL CONTENIDO OE R4 SE DECF(EMENTA EN DOS Y 
;DESPUES SE UTILIZA COMO LA [llRECCJON DEL 
;oPERANDO QUE SERA SUMAt•O AL CONTENIDO DE Rl. 

' 
Antes 

001222/064401 
_$1/000017 
_$4/000032 
_000030/000045 
_$7/001222 

Despues. 

001222/064401 
_st/000064 
_$4/000030 
_000030/000045 
_$7/001224 



- 2.3 -

4. J 

005063 000100 CLR- 100CR3) 

4,2. 

10516'1 000200 

4,3 -

' ;sE PONE A CEROS LA LOCALIDAD<PALABRAl 
;DIRECCIONADA POR LA SUMA [tE 100 Y EL CONTENiltO 
;DE R3. EL CONTENIDO [!E R3 NO SE ALTERA, 

Antes 
oo12::!4/005063 

_001:?26/000100 
_SJ/000004 

• _000104/177333 
_$7/001224 
_SS/170020 

' 
COMB 

~spu~ 
oot:>24/0o5063 

_001226/000100 
_s3/000004 

'_000104/000000 
_$7/001230 
_SS/1700:!4 

200<R4) 

;COMPLEMENTA LOGICAHENTE EL CONTENIDO DE LA 
;LOCALIDAD(BYTEl DIRECCIONADA POR LA SUMA DE 
;200 Y R4. EL CONTENIDO DE R4 NO SE AL lERA. 

' 
Ante-¡-

001230/105164 
_001232/000200 
_$'1/000002 
_000202/174562 
'_$7/001230 
_$5/170000 

_De~es.

oot:úoíió~)l64 
_001232/000200 
_\4/000002 
_000::>02/174615 
_$7/001234 
.. ~S/1:?0031 

066360 000010 000020 AOD 100'13) ,20<ROl 

tSUMA EL CONTENHtO DC LA LOCALIDAto DIRECCIONADA 
tPOR LA SUMA DE 10 y R3, AL CONlENHtO DE LA 
;LOCALIDAD DIRECCIONADO POR LA SUMA DE 20 Y RO. 

Antes 

001234/066360 
_001236/000010 
_001240/000020 
_f0/000030 
_$3/000050 

. _000050/000037 
_000060/000075 
_$7/001234 
_$5/170031 

Des pues 

_88l~~1J88BM8 
_001240/000020 
_$0/000030 
_$3/000050 
_000050/000134 
_000060/000075 
_$7/00124::> 
_sS/170020 



S.J 
005011 

5.2 
t'os212 

6 

005234 

24 

24 
CLR '" ¡ 

; EL CONTENIDO DE Rl AF'UNTA AL Of'ERAN:)O QUE 
;sERA F'UESTO A CEROS, 

Antes 

_2?}33~6~~5011 
_000044/035240 
_$7/001::?42 
_tS/170020 

' 
INCB 

Despues 

001242/005011 
_$1/000044 
_00004'1/000000 
_$7/001244 
_$5/170024 

I?R2 

;EL CONTENIDO DE R2 AF'UNTA AL OF'Ef"\ANDO OUE 
;SERI't INCREMENlADO EN UNO, 

' 

Antes 

001:244/105212 
_$2/000070 
_000070/000000 
_$7/001244 
_tS/170024 

Des pues 

001244/105;:>12 
_$2/000070 
_000070/000001 
_$7/001246 
_$5/1700:!0 

INC IHR4l+ 
;EL CONTENIDO IrE R4 APUNTA A LA DIRECCION 
;DEL Of'ERf\NDO QUE SERA INCREMENTflfiQ EN UNO• 
;DESPUES DE LO CUAL R4 SE INCREMENtA EN DOS, 

' 

Antes 

001246/005234 
_$4/000036 
_000036/000054 
_Q00054/000007 
_$7/001246 
_$5/170020 

Des pues 

001246/005234 
_t4/0000~0 

_000036/000054 
_000054/000010 
_$7/001::.!50 
_tS/1700~0 



7 

005155 

8 

25-

25 

COM e-tR5l 

• 
iEL CONTENIDO DE R5 SE I•ECREMENTA EN DOS, 
inESPLIES DE LO CUAL APUNTA A LA DIRECCION 
iDEL OF'EF;ANL•O QUE SERA COHPLEMENTAI•O 
iLDGICAMENTE. 

Antes 

001~50/00~155 
_$5/000040 
_000036/0000:!0 --
_oooo:!0/000000 
_$7/001:::>50 
_$5/1700::?0 

Des pues 

001250/005155 
_$5/000036 
_000036/0000:!0 
_QQ00::?0/17 7777 
_$7/00125:::! 
-$5/170031 

067300 000:::>00 AD[t @200(R3) ,RO 

iLA SUMA DE 200 Y R3 DETERMINA EL APUNTADOR A 
iLA DIRECCION [TE LA LOCALillf\D OUE SERA 5UMIH1A A '>0• 
; 

88""1 8"'"8 - 1::54/ 0020 
_$0/000015 
_'$3/000010 
_ooo:::>to/oooot2 
-000012/000016 
_$7/00125::> 
_$5/170031 

-Des pues. 

001252/067300 
_001254/000:::>00 
_$0(000033 
_$3/000010 
_000210/000C·I2 
_000012/000016 
_$7/001256 
_$5/1700:::>0 



16 

9 

01~704 000010 MOV t10oR4 
; 
iMUEVE A R4 EL NUMERO 10 

-----
JQ 

; 

Ante.;; 

001256/012704 
_001260/000010 
_$4/000000 
_$7/001256 
_$5/170000 

~----

. 063701 000100 
; 

· Despues 

001256/012704 
_001260/000010 
_$4/000010 
_$7/001262 
_$5/170020 

--------
IH1QO,R1 

----

;sUMA EL CONTENIDO DE LA LOCALIDAD 100 A Rl, 
; 

Antes 
001266/063701 

_001270/000100 
_$1/000033 
_000100/000073 
_$7/001266 
_$5/170000 

Des pues 

_88ll%>88u&! 
_$1/000126 
-000100/000073 
_$7/001272 
_$5/170020 



- 27 -

2'1 

1l 

005267 000044 z 

12 

' ; INCREMENTA EL CONTENIDO IIE LA LOCALIDArt 
iSIHBOLICA Z EN UNO, EL CONTENHIO IIE LA PALABRA 
iSIGUI~NTE A LA INSTRUCCION SE SUMA AL PC PARA 

Antes 
.. 

001272/005267 
_001274/000044 
_001342/000000 
_$7/001272 
_$5/170020 

. "-

Despues 

001272/005267 
-001274/000044 
_001342/000001 
_$7/001276 
_'lS/170020 

005077 000040 " 
iLA LOCALIDAD. SJH[<OLICA Z APUNTA A LA 
IDIRECCION. DEL OF'ERANDO QUE SERA F'UESTO A CEROS, 
iEL CONTENIDO DE LA PALABRA SIGUIENTE .A LA 
i INSTRUCCION SE SUMA AL PC F'ARA OBTENER LA 
HIIRECCl ON DE Z, 

Antes 

001276/005077 
_001300/0000'10 
_001342/000100 

'_000100/000073 
_$7/001276 
_fS/170020 

Des pues 

8
01"76/805077 

- 01300/ 00040 
_001342/000100 
_000100/000000 
_$7/001302 
_fS/170024 

WJS CORDERO BORBOA 
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P D P 11 

04/34/4;;/55 
' PROCESSOR 

!IANDBOOK 

4.1 INTRODUCTION 

CHAPTER 4 

JNSTRUCTJON SET 

n.o ~pecifie.t'on lor eaoh in<truct""' in<lude< tho mnomonoc. <><:tol c<><le. 
binary cede. o doogram <hcwing the formal of \he '"" ruction. o <ymbolic 
nctalion de>C"bing 110 oxecuhon •nd \M oHect on tho condOloon cedes. 
• dooeription. opecoal commento. ond oxompteo. 

MNEMONIC: Tbls ;,· ind.cal<"<l al tho 10~ comer o! uch pago. When tho 
word in<tru<l•<>n hn a byte equivalen!. !he byte mnemonic is al so •hown. 

INSTRUCTION FORMAl: A doagram occom~anying ea<h instwclion 
•hows !he octal <>P codo. !he binary <>P codo. and bit oni¡nmonto. (Note 
that in byte instruct•ons the mo•t oi¡nolo¡;an\ bol (M 15) 10 alwoy1 o L) 

SYMOOLS: 

{ ) = contents of 

SS or sre = oouru oddr••• 

DO or dst = destinotion addre" 

loe = loution 

+- = becomes · 

t =< "is popped lrom slack"" 

1 = "is puohed onto stai:t•• 

A= boolean ANO 

v = bOolean OR 

- = boclean not 

Reg or R = regi<lor 

B = Byto 

lor word 

lor byte . ' 



4.2 I~STRUCTION FORM.O.TS 
Tho mojor inotruotion tormo!~ are: 

" 

1 

" 

" 

Single Operand Group 

~-· 1 

Doublo Operand Group 

~~· 

' " 
'" 1 

Regi>lar-Sour<e or Oestination 

~., 1 

Br&nch 

,a ... 

, :~ 
• 

. ' 

'' 

., 

' ' 

' ' 

' ' 

,. 

'" 1 

··~ 1 

" 

' 

" . 

' 

Byte lnotruotiont 
The POP·ll ploce»or inoludes a tull complornont ol in>lruotron> 11••• 
monlpulate byte opecondt. Since oll PDP·ll oddre><ing it ~yte·or•ented. 
byte monipul&tion addre .. ing is •trarghtfo""ard. Byte in•truction> -wrtn 
outoincrement or outod..:rornent dorect oddrening cou•• the specrhe<j 
reg,.ter lo be modrlred by one to pornt to li>e ne•t ~yto ot dota. Byte 
operationo rn re~tl>ter modo ooce" tne tow·order ~yte ot the speerhed 
regi>ler. The•• prgvision• enol:>le the PDP·ll lo per"lorm u e1ther o wor<l 

· or byto procen<rc. The numWrins scheme for word ond b~le addrenes 
in toro momory lo: 

'HIGM B\'TE 'o\000 C>'t B\'TE 
ADOI!IOSS AOORE.!;S 

OOZOOl BYTE "" ' 002000 

~oo• "" ' "" ' oozooz 

The mo•l•ignllicont brl (Bol 15) ot the rnstruction word i• •ello indicate 
a byte instm<:tion. " 

hample: · r" 

S~m~ollo 

"' CLRB 

Octal 

005000 
105000 

NOTE 

Cleor Word 
Cleor Byte < 

The term PC (Pcosrom Counter) In lhe Opero· N 
!ion "'plaoahon ol the instructrono relero lo \he 
up<lated PC. 

,, 



4.3 UST OF INSTRUCTIONS 
ln•l"'<loons are sho"n in ~~~ lollowln( se<¡u~nce. 0\her ln<tru<:tions ore 
lound in Ch~plors 9, 11, ond, 12. 

&-Tho SXT, ~OR, MAR~. SOB, and RTT ln•truct•OrlS are impl<nlented 
'"!he POP·il/34,)1/45 and llf55._ 

•-Th• SPL instruc~on ;, implemented only in the POP-ll/45 and PDP-
11/55. lM MfPS ~nd MTPS instrvctoons are lmplementrd cnly on !he 
PDP-ll/34. 

SINGLE OPERANO 

Mnemoni<o 

G"ne••l 
CL~(e) 

COM[B) 
INC(B) 
OEC{B) 
NEG(B) 
TST(B) 

Shllt & Ro~te 

c;lear deSionoloon 
complement ds\ --------.......................... . 
oncrement d•l 
doto<ment dll 
n•sote d<! 
l••t dst 

ASR(B) •rolhmetic •hit! right 
ASL(B) .r.lhmellc 5h1tl lel! _ 
ROR(B) rOI•te flght . ., ______ .............. ._ ____ .......... . 
ROL(Bl r<>late tett .............. _ 
SWAB • • ..-ap bytes ..... ------. ............. ___ ........... .. 

M.,ttlple Procislon 
AOC(B) • •dd c.rry ........ ------- ................. ______ ,_,,., 
SBC(B) ,ubtroot Yrf)' ------ ............ . 

"Sn •'8" e<tend ....... ----- ............. . 
MFPS move ~)'1e (!cm procc,.or statu• . 
MTPS move b)'1o te proce»Of st•tus 

·OOUOLE OPERAND 

Gener>l 
MOV(B) 
CMP(B) 

"" '"' 
Loglcol 

BIT(B) 
BtC(B) 
BIS{B) 

• xon 

mcve source te deMm3tion . 
comp.ore sre te as! ............. .. 
add sro to d<l ________ _. ....... 
1Ubtract sro lrom dst 

bol le•t .. 
bot cleor 
bit 5el 

......................... ,. ________ .,,. ....... 

Op Codo 

•05000 
.-)SIDO 
.05~00 
•05300 
..:),400 
•05700 

.06200 
o0630D 
.06000 
oOGIDO 
000300 

.:J55DD 
rú5600 
006700 
o1067DD 
ol064SS 

olSSOO 
o2SSDO 
065500 
16SSDD 

-3SSDD 
o4SSDD 
..sssoo 
074~00 

Poge 

H 

'' •• 
'' 4-10 
4·11 

4-13 
4·14 
4·15 
4-16 
4·17 

4·19 
•ro 
4-21 
4·22 
4-23 

4-25 
4-26 

"4·27 
4-2B 

4-30 
4-31 
4-32 

4-33 

' ' 

1 
' ' 

• 
. PROGRAM CONTROL 

. ""' 
lll!nomonlc 

e .. ,.~ 

" '" BEQ· 
BPL. 

'"' '" '" BCC · 

~· 

lnlrtNctlon 

bronch (unconditronol) 
branch 11 no\ eQual (lo zero) 
bronch ti e<¡ual {to >ero) ..... _ 
btonch !1 plus--- ................................... . 
bronelt ¡f minus ..... ----......... .. 
branch 11 overflow ;, cleor ............ _ 
btanch ¡f ovorllow ls >el ............... --
branch 11 carry iJ olear . ---- ......... .. 
branch •1 atl)'" .. r ... ------~ ........ .. 

Si¡ned CondltioNII Bron<~ 
BGE branon 11 ~reat•r \han or eQU31 

"' '" •u 

(te >oro) ....... 
br~nch 11 1•" tOan (zero) 
br•nch il ¡¡re>ler lhon (<ero) ........... . 
branch il"e" lh3n or eQual (lo <Oro)_ 

Unsl~nod CcnOotionol Dronch 
BHI br3nCh il ht¡¡Oer. 
BLOS brancn of lower or '""'". ---- ........... -
BHIS bf~nth 11 higher cr ume 
BtO bronch 11 lo..,.r ........... .. 

Jump & SubroutinB 
JMP jump ..... _ ............. . 
JSR jump te subroutrno ............. _ 
RTS telurn lrom subrnutlno .: .. ----- ....... .. 

._ MARK rrorJ, , ___ ......... . 
• SOB suOtraot one and br•nch (if"' O) 
• SPL se\ priorlty levol .. _ ..................... .. 

Trop & lntorrupt 

Op Cocle 
w 

Buo Cocle 

000400 
00!000 
001400 ·-·~00 102000 
102400 
103000 
103400 

00]000 
002400 
oo;~ 

003400 

10!000 
101400 
103000 
103400 

000100 
004ROD 
~w' 
006400 
077ROO 
00023N 

~MT emulotor tru ............. . 
lRAP trap , ___ .......... _ 
BPT breakpolnt trap 

104000-104377 
!04400-104777 

000003 
IOT inpu1/o"lput trap .... ----- .......... . 
RTI murn from ;nlerrupt .: ..... -----....... . 

"'RTT rflurn lrcm inlerrupt ... __ .................... . 

MI5CHLANEOUS 
HAll halt .................. _ ---;r--•- .......... .. 
WAil wait lor intorrup\ 
RUH '"'el o<terno! bu• ....... 

Con~itlon Codo Oporation 
CLC, CLV, Cll, CLN, CCC 
SEC, S(V, SU, SEN, SCC 

e loar 

"' ,, 

"""' """"'' oo=• 

000240 
=~ 

''P 

4·35 
4·36 
4-37 
4-39 
4-39 
4·40 
4-41 .. , .. , 
4-45 .. , .., .... 
4·50 
4·51 
4·52 
4-SJ 

·~ 4·56 
4·59 
4-59 

"' '" 
4·63 

·~ 4·65 

·~ 4-67 

·~ 
4-n 
4·73 
4·74 



• 

4.4 SINGLE OPERANO INSTRUCT!ONS 

CLR 
ClRB 

clear deshnotion 

ID" 1 

o o o o 

" 
OpO<oloO<\; (ds!)«O 

Cond1l;,n Cod .. : N cleO<od 

'~ 
V_ cl .. n!d 
C: cleO<od 

o:o 
•OSOOO 

OJ ' ' ' ' ' ' 
• , o 

Wa<d: CMienl< o! S,...c•l•od deolonotoon ore <eploood wolh ,. 

·~· B)'le. S..... 

Btf<><e 
(RI)-171777 

NlVC 
1 1 1 1 

. ' 

ClR Rl 

"" (Rt)-OOCQOO 

NZVC 
o 1 o o 

COM 
COMB 

005100 

1"'',• o o o ' ' ' ' ' ' 
" 

Cond~kln Cocl .. : 

. , o 

N 1<1 o! ""'' ~(!nolo:ont t><l O! '"""' '' oeL tleo«d ot~~ 
Z: '"' 1! result ;, O.'"'""" oth""""" 
V. clear<d 
C: ~~ 

ROQia<es lho contonl$ ol l!>o d .. 11not10n odd«ss by th<" log
lc.ol complement ( .. eh bol equ•l 10 O,. ,., ond "''" bol oquol 
lo l lo ''"-"'od) 
Byte: Sa,me 

e.,.;.. 
{RO)- Ol3~ll 

NZVC 
o 1 1 o 

• 

/<ZVC 
1 o o 1 



INC ~-· 

INCB. 

·ioéromMt d<t •05200 

·¡ . o o ., o o 
1 

o • • • • •• 1 ""] 

" • • o 

Cond~10 n CodO<: N~ Srt ,, result ,, <u ''"'"d "oti>o<wt>l 

· lumpo. 

"!: .... ,, ·'"'"" .. o. , ...... "'""""'•'' : .. 
. v; '"'!! (d>l) """ o7n.n (word) or 1n {~yte) 
. . · ,, ... ., "'"""""" 
·~· not oll.,.:tod 

: Wo«l. A.o:l <>"'0 IO.COtiiM!I (JI Jio'""',;;;," 
A!¡M. Somo. 

~(R2) --oo.JJ~:or• 
NZV~ 
oooo-

' . 

IN~ fl'i 

-~ zvc 
.. oooo 

1 
1 
' 

1 
·l DEC 

DECB 

•05300 

• • o • • • • • 
" • • 

Oporotion: (d<l)oo(d>l)-l • 
e,...,~lon Cod": N: set '' "'"" '' "0. clroroo othotw"e 

l . .. , ol , .. utt ''O: <l•o•od ot,_...,.. 
V."'',¡ (O"),.., )I;O:)XI (word) or 20(1 (byle) 

clu•od olh.,..., .. 
e not •ll«ted 

P•loro 
(RS)-I;O:)XII 

NZVC 
lo 00 

.. 

DEC RS 

'"• (RS) • 000000 

NlVG 
o l ~ ~ 

• 
o 



NEG 
NEGB 

n~¡ate dst 

o o 
., 

o 

Op"'"'""" (dst).. -(d>IJ 

o • • • . ' 
CoM~óo~ Coc101: N ,.¡o! the rewll" <:Q-_ ctea•«< ou • .,..., .. 

Z: >el ;¡ rnu11 " 0: clured otn.,..,.. 

• 
o 

V:"'' •1 tne re<ull '' 100000 (w<>n:IJ or 200 (byte) 

e· clea<ed 11 the "'"" ''O. se\ olho,..,,. 

lle><riplion.: ' W<>"d: R<l)lous tilo"''"""" ol lh< d<>tm•t•on oódr .. sl>y o!> 
,_., «>mO'Oment, Noto thot 100000,. ,.,.,.,..,by O><il {on 
two's romptement notallon lhe mnst n"l!•I"'O nYmber hu 
no """'"" eounte<¡>•oi). 
Bytoo Somo 

NZVC 
oooo 

NEGRO ... 
(ll0)-177770. 

NZVC 
1 o o 1 

·. 

TST 
<'TSTB 

•0900 

o o o • • • • • • ., 

Cond~lon CoOn: 

. ' 
(dsiJ..O:d>l) 

N: sol ,¡ tne '""''' " <0: ctoarod oth"""'" 
Z: >et ,r •null "0: <1ured oth..W••• 
V. <:lO.~ 
C: cl .. rO<I 

o 

Word SolO tho oo•>~M•oneod"' N ond z.ooordon¡¡ to lhe con· 
tenis ot tne dostm•toon addreS> 
Byte: s. .... 

··~ \Rl)•01234CI 

NZVC 
o o l 1 

TST Rl 

• 
NlVC 
0000 

• 
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ASL 
ASLB 

onthmell< shift left •06300 

• • • • • • • • 
" . ' . 

Op..-otion: (d<t).o(dst) 5h!lled o~e pla<e 1<> lile leM 

Cancmo.n-~"""" N: .. , ol high-or<lo< bot o1 '"' '""'" is ""' ¡,...,., < 0). clooro<l 
othefwose 
Z: oet ol the rowlt -0: cleMod othe""''' 
V: loodod wolh lho eoelusi.e OFI o! lhe N·b•l ond C·bll ("'sol 
by IM oomplo"or> ol the sMI opo<al•on) 
C. lood«l wolh ,,. "'sh-otder l>t o1 '"" -hnot<>n 

o...;,;,.,;on: Word 5nofto olt t>" ol the d"''"'•hon Ioft ono place Bol O" 
loode<l "''" on O The CM o< the otatus '""'d" looded hom 
'"" mo<l <ognoloeont bol ol t!>e d"UNil<N1 ASl p<o1orm• a 
>'itltd mu"oplutoO<I or l,.d.,l•nahon by 2 ""'"o_._ on
d.,.hon. 
Word: 

[']- o 

" 
ey<e. 

[']·- ·0- -· " 
__ ,., 

• . .......... • 

., 
• 

rotote right 

1"'' 1 
o • 

" 

w .. d. 

l¡J 
Brto: 

• 1 '-, • 1 .: • • • 
• ' 

• • • • 

ROR 
RORB 

•O&ODD 

• 
• 

N- .. , ol U'< 1\;gft-ord« bol of the resutt is ott-{rew" < 0): 
cl.,.rod Olh«W<>e 
Z: sot '' all bit• of ruull-0, cle.,ed oth"""''" 
V: toadod "''" the [rc<u•i•e OR olll>< N M ond C bit (n ~ 
by ll>e campl<~"" o! 11>< folole o~a~oo) 
e· lo.odod woth ti>< lo~·of<l« bol ol !he de"'"""OO 

Rot>IO< all bols ol lho doslinaloon f•glol o"" Place Bol O i• 
looded •nlo lh< e bol aro '"" P'"'"'u' coolent< o! lhe e bol 
.,. loadod ;Mo bol l~ ol 1he 6<1.1"'"'"'" 
Byto: Same 

1 .. 

.. L__I[']J---"• . 'Le:J_j' 

< 

4-15 



ROL 
ROLB 

rotato Ioft 

("" 1 o • 
• 

• o 1 o • • • • • • 
• • 

N;,., ol tho o,~n-oo~er M ot the dt<l•natoon '' ut 
(reouU < 0)· cloarod otr.e""''" ~ 
z: ,., ,, ~~~ Ms ol t"" dnM•hcn - Q: er .. rocl otr..,...,se 
Y..l<>adod -~~ 11'< E""''"'~ OR-o!, .. N bót ond C bol (oo ... 
~~u,. tomplehon oJ l'e '"'"'' opo<a~onl 
e toodod "'''" tho h•Kho<de< Mor tn• ~ .. lmotoon 

Word l!otote all ~h ot lho de>Mot"'n ~~ ""' ploce M 15 
~. lo><IO<I onto th< CM ot tho sliltuo -d o"'l 1"" p. .. oous 
oonton" ol 1"< C M "" ICIOded •nto B•t O o! '"" dO>lonotoon. 
s,to_ Some 

Watd; -

4-lE 

owap byteo 

1· 1 o 1 • 
" 

c.,.,.dltlon C<>dn: 

Dot<riptlon: 

SWAB 

000300 

• • • • 1 • • • • • • 
• • • 

llyte ll!ly!< O .. Byte OIByte 1 

N oot of nogh-orde• bol otlo,.-o•d"' b)lo (bol 7)ot onul!" ••t 
'"''"'" otn.,...,,. 

l: .... ol low·<>rde. b,-lo ol <~11 - (); Cl<orod ol,_,..,.., 
V: cl..,red 
e_ <•eo•od 

E.chon¡¡ .. h•g+> ord« byte ood low-O<d« byto ol 1"< deotmo

h"" ""'" {d••"""~"" ""'! .... ""'" - .... ~ 

B<fore 
(Rl)-017717 

NZVC 
1 l 1 1 

4·17 

SWAB Rt 

'"• (Rt)-177577 

NZVC 
0000 

' 



.. 

Mu~lplo "'-<-~1.., 

1! '' """<!"""' ~e<:0$>0')' lo óo anlhmohc o~ Op<">~d• consodorod •• mul~plo 
""''d' or brin T1>e PDP-\1 ""'~' >p«<ial p<ovoS>On lor w<11 operal"'"' "'\h !loo 
"ll>"utlo:"" ADC (A<Id ea.ny¡ ond SBC (Sublroct e.,oy¡ ond ll>eor bylo oqu"'o· 
lcnlo 

For •••mplo lwo 16-M word> moy bo oomb1nod oniO o 32-bol doublo pro<<$<"" 
""'nl ond oddoo:l or sobtroc"d •• •-n bekl"' 

' 

... -1 

·~· 

' Eumplo: ' 

" 
•• 

" 

•• 

" ? 

·-- .. 
• 

1 1 . .. . " 

• • 

Tho odóoloon o( -1 ond -1 coold be ¡>erlor""'d •• !olio"': 

-1 - 31717171171 

·• 
• 1 

' 

(RI) • \17177 (R2) • 117771 (R3) • 177717 (R4) • 171717 

ADD Rl.R2 
ADC R3 
ADO R4,RJ 

\.Altor (Rl) and {R2) ••• oddoo:l, l "lo.ded •nto ll>t e bol 

2. ADC on>lru~;hon adds e bol to (R3J. (R3) • O 

3- (RJ) a'ld (RO) oro oddod 

a_ R"'ull" 37777777776 or -2 

4·18 

ADC 
ADCB. 

005500 

• • 
• . ' 

Cond~lon "Cod•: N sol il '"'"~ <:ll". ,, .. ,.., olho....;,. 
l: ,., •T ''"'"" -O: cl .. rod olho""''" 

' • ' 

V: 001 ol (dsl) ,..,077777 (-..onl) or 200 (byte) 
ond (G) ""' 1: o:l .. .-od 01h.,....,.o 

e· ,., ;¡ (d>l) .... 177777 (word) "' 377 (byto)' 
o"<< (Cl wos 1: cloor«< 01h«w'>o 

' 

J.Ods t""content• ollhe C-bol """ tho d"'"""~"" T"" ..., . 
""" lho ,,..y Ita>'~ !he oddoloO<l ol !he klw oroler -•• 10 be 
,.,.,.., onto lhe h<lh O<der '""'"· 
8y\o, Somo 

>lr<><toon ..-que<>c. 
AOil AO.BO 
ADC 81 

'AOO AI,Bl 

4·19 

: Odd low-"'d<r porl> 
: add e.or.y onlo Tugh-Qrde< 
: add hogll O<dor porJ• 

~· e: 



'1 

SBC 
SBCB-

•OS&DD 

¡o11
1
ooo o o • • • • • • • 

• 
Op"'obon: 

• ' 
(rlst~ld•I)-(C) 

N: <el r! oeoult O; cte.,O<l ot~e""''" 
Z: "'' ol ro•ult b: oi .. <O<J otno""'"' 

o 

v: sol ,¡ (d•t) wa> lQ{X)OO (vt<>rd) or WO (byte) 
cte.,ed ot~e'""" 

e: ·set 11 ld>t) .,., o a<>d e wa< 1: cteored otn~tw!se'· 

WO<d- Subtro<IS tl>e """'"'" ol !he C b<l lrom ,.,_ dnt"'•· 
l<on. Tho< po<m<,.IIK! <.,ry """' lh< "'b11~t:1o<Jn ol """ ,... 
"'""' 000«1< to be <ubltoc:od hom tN no¡;n O<d<f poo1 o!'"" 
<e:;uiL 
By\0' Somo 

Doubi< p"'<io;on <ubl•><loon" dooeb1: 

SUB AO.IIO 
sac at 
SUB Al.BI · 

·• 

4-20 

1 

1 

SXT 
U••<l in the PDP-11/34, ll/45 ond ll/~5 

•i¡¡n utei'HI 006700 

o o 

" 

Condl!;on Cod01: 

o o 

• 
{dot) • O if N bit" cloor 
(d>t) •·1 N b<t,. <ot 

N: unoNectod 
Z:. oot tf N M ct.ar 
V: clo••O'd 
C: unoHe<ted 

• • • 1 • • • 
' o 

ti \he <:Otldrtron codO bol N" $01 \heno -1" plocod rn the 
dO$\'"ot.on op.<>nd: rl N bit '' o~ .. r. tnon o O., ple<od 1n ttle 
d .. lon•toon OIIO'•nO. Thi> onstructron '' pa"'cutody u•tlul rn 
!rullrp!O P"""""'" •nltomoloc boeau .. rl ¡:oo<mr[O H~ "i" lO 
bo odor<lod '"'""&" mullrplo ><Otds. 

"' 



·• 

MFPS 
mo•o byte lrom proc:O<•or stotu• wonl 106700 

1 ' 1 •• o ' ' • • • • 

CondiUon Code 
8il0;. 

hamplc: 

(ilst) <- PS <0:7> 
dst lower 8 brh 

N= ••1 if PS b<t 7 = 1; ct .. recl otl>e""''" 
z =m,¡ PS <0:7> =O; cteorod othe""' .. 
V= cteored • 
e= no\ oH.cted 

The•8 bit con1oint• el thO'PS aro moved te lhe elle<· 
trve de•ti.,.llon,·u dostonotoon·ismodo O, PS bit 7,. 

·.,gn'ortended 1hrough tho upper byt• el !M "'gi<lor. 
The de•l•notoon operond oddr.>O to traoled as o byte 
oddre<>. 

MFPS RO 

bolero •flor 

AO [O] RO [000014] 
PS [000014] PS [000014] 

MTPS 
. ., 

U•ed on tho PDP-ll/34 

106455 

1 ' o • • ' ' ' 

PS <0:7> <-- (SRC) 

Conll~;.,., Cod...: Set occcrdrng te elite! IV<! SRC ope<ond bits ~3-

De<crlptlon: The 8 brto of u,. elfective operand rep~c"" the cur
ren! contento el lho PS <0=7>. The sourco cperond 
acldre•• " treated os o byte a dd1ess. 
Noto thot the T bit-(PS b•t 4) connot bo •01 woth thio. 
inotruction •. Tho SRC, operond· romains unc~onged. 
Thi• lnolruction con be u>e(j lo chonge !he priDnly bits 
(PS <~:7>) in !M PS. 

4·23 
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CMP 
CMPB 

CoM~oon Cod .. ; 

• • :- • • • 
• • 

N, ••1 ,¡ ·uult <0; <""<d ot~'""''' z. ,,, ,, ro.ull -o,,,..,.., ol~•""'•• 

•2SSOD 

• • • • l. 
o 

v. oet ,, ll><r< ,.,, '"'~"'"'''' overilo« 11>01 "· ope.-ard> were 
ol oppoMo "~"' ond IM ''8" ol the d .. ~n&toon ..,., 1"< 
.. ,. _. V>e -.gn olthe rewll: ci<,.rod otlwnoo"' 
e- c10ared ollhore ,.., o '"'Y ,,.,.., '"" moot >•gBh::.anl 1>1 01 

'"" "''""· .. , otile"""" 

Comp;or.,; tll< '"'"" o.-.i 0.,\,.\lll•on 01>"'""'' o"<l '"'' \ ... 
cond•t"'n toO<> wnocn moy V>en b< u>«< !or '"llvn<toe """ 
log"'' eoMoi>Qn>f ¡,,....,.,... 8oth opo"nd> "' unolle<!O<I. 
Tne ooly .cl<>n ¡,lo oet '"" condohon <Meo TI>< eomp"'" 
eustoma"IY luii<>Wed by o conOotoonol b,.ooh on>l<ucloon 
Noto lhOt unHe tOo >ubt<o<! '"""'etoon tt.o order ol oper
OI•>n" ("eHd"~ MI (d<IH>r<~ 

' 1 

' 
1 

1 

i 
J ... '" 

o 

" 

" 

lo dot 

o • • • • • • 
. " " • • 

N' >el'''"'"" <O: <leor«l o!'><,...,,. 
z, <O't ol reoull - O. ''"'"" olh€""''' 

AOD~ 

065500 

• • • • 
' o 

V >OI of ""'" wao anlhmelo< ovorftow" o rooull ol lile oper
"""' tilo! '' bol~ ope<•""• -• ot \he ''"'' "Kn ond !he 
"''"'~ wu ot 11>o oppoo<le ••K'l. ,, .. .,,do l...,..>< 
e-,.,'' u~ .. wo> • c<r'Y hom !!>o""'" "1'"'""'"' bl o! ll'lo 
<<$ul!. CIOo<«< othe""' .. 

Adds tho '"""' ope••od lO lhe de$1onot•on ope-.od ond 
,.., .. tho '""" •' th< do>lonol"n odd'"'' Ti>e or•gonol <On
len!S ol the d<>I•Nt<On oro lOS!. The CQnlents o1 1,.,. """"' 
••• not alfe<loll. T wo·s <<m'lpl.,.,onl odd•lo>n " p.rl-. 

Add to re~•ster. 

Add to m""''<)'. 

Add <<g<SIO< lO <O¡<stt<. 

ADD 20.RQ 

ADD Rl.UX 

•oo 111.112 

ADD@ # 177~,XJO( 

XXX'' o p«>g<ommor clof•""d mnemono: !o< o memO<)" k•:•· 
\ooo. 

1 
' 



SUB 

l6SSDD 

1 1 
o 1 • • . • • • • j • 

• . .. • • 
• • 

' 

Con~lt">~ CoOooo N ul o! resu~ <O: tloorod "'""""" 
i: H! of <e>ull ~0: <Ooa<«< olhe,..,. 

•• 

~;n,,~.,n: 

Ve "' <1 u .... .,~, ""lhmobc _,.,..,.. n o ,..,.u of '"" -·
ohot>, '""' ,. <t ""'"'"""' ~ ot owosolt .,.,.. ar><llho "'K" 
ot ,,.. ~ -• '"' .. ..,. •• "'" "'"DI tt>t ,..,.n, <Jo-. .__ . 

. e- tlu'O'd ol tho<e .,.,. • <Orryln>m '"" "''"' "'"lcot>l t:ol ol 
lh< , .. ult ''" "'""""' .. 

Subl<att> \he !.OOCC< operond lrO<Ill"" dnl<noMn operand 
ond ~<-• 10. rnull at ,,. dO>I"'"'"" o<ld<ns lhe ong .. ol 
ton'""'' ot u .. <le>IO'IO!"'n ><< IMl TI>< tol'll<nn ol ti>< 
""'"'~ "'" not atl«ttd . ., -fl'oel50\ ontllm<lo< tl>r C

l>ol. ""-> <ri. ond<c.olft o -----

~~ 

(Rl)•O)!Jll 
(R2J•OIZ345 

NZVC 
1 1 1 l 

'" 

SUB 111.112 

"" (RI)•OULII 
(!12)•001234 

HlVC 
000 o 

.. 

""" These "'''"""'"'"' ha .. lllr ••molo<rT\Ot as lhe <loublo operand ""lhmel" K"'"P· 
~ peom~ opo<at"""' on doLo ot lho M leve!. 

• 



BIT 
BlTB 

bit test 

1"'' 1 o 

" 

Eumplo: 

J ¡ J . ,, .,. 
·- ' 

1• • • • • • • • • • 
,. " . ' . 

(>'<)" {0.1) 

N ... 111 hogh-orde< bol el <OOull >et cl .. red ot"«w•~ 
Z: ,., o! , .. utl -0: cleO<e<l othe,...se 
V· cleo<od 
e- ""' ottoctod 

. - . - -- --~ 
Peo1on.,. 10gle>l ··ond-'«>m<'"'""' ot ,,.,. ...,.,"' ond d<•h
.,.¡,on ope<Ond• o<>d rr<><lol.., <Or<lo~on""'" oe<orclongt,_ 
N.oot,.. tt>o .,.,«< fiD' de•lo<~at.on oporond> 1'0 •IIKI<d 
Tho BIT'""'""''""''"' bo u•od to •••' ,,.,he<'"' ol the 
e<>«<>p<>n<lmg b•" tnot '" oel on !he <l<ot•nohon o« olso >et 
m the ""'"" "' -hoth., '" <on.,po<>d•og M> >el on the deo
!oftlll•on ••• , .. .,. in !he'"'"'" 

"' •JO.RJ : , .. ,,.,. 3 '""-~ or Fl3to

'' tx.tn ••• O u 

{30).:0 000 000 000 011 000 

4-30 

bit clur 

1"" 1 • 
" 

. . " 

BIC 
BlCB 

045500 

• • • • • • • • • • • • 
" " . ' . 
N «1 O! ho81> 01<10< bol O! 10$UI! SOl: CleO'ed O!,_.,, .. 
z: >o!,, '"'"'t -o.,, .. ,.., otl>e""''" 
V: ele.,.., 
e not ottocto<l 

Clea" eoon bot '" tr.. d .. t.na<ocn th>t "'""'"""d' too ,.¡ 
t>ot on tt>e SOU<<o. lh< <><•gmol <00\tena olll>o clal..,hon ., • 
lo>! Th< <eml0<1h Ollh< wu•co ••• unalh•:tod 

6•'or• 
(R3)-00!2l4 

(R4)-00llll 

NZVC 
1 1 1 1 

Before: 

After. 

'"" (R3)•0012l4 

(R4)•000101 

NlVC 
0001 

(R3)=<:1 000 001 010 011 lOO 
(R4):oo0 000 00! 00! 001 001 

{R4)=0 000 000 001 000 001 

4-3! 



BIS 
BISB 

bol •ot •sssoo 

! 011 1 o • • • • • • • o • 
" • " • , o 

Condilion Cod"': N: «t ol ¡,,~~ o•der Mol '"'"'' ••t. cle"ed othe,..,oe 
z. set ol ... ull •O oiO••<d oli><""'>• 
v_ <' .. •«! 
e_ na! •ll«lod 

Po><r<"'ion; i'<<lcom• "ir><:lusove Of!""Op«OI•"" betw,.n 11>! ooulco ond 
clo<!•nation o.,.,.o.-.:1• aod 1 .. ""' tno '""'" ot th< de>l•oatoon 
add'0$0: lhat ''· co".-;pondong b•ls •et '" the sourco a< e sel 
in the o .. t•natoon 1'"' co~tent> olthe de.,onaloon a<e lo<l 

[umpl_., 

Bc!O<O 

(QO) ·00123-0 
(HlJ·OOllll 

N ZVC 
oooo 

BIS FIO.RJ 

AfiO< 
(R0)•00\234. 
(Rl)•00\335 

NZ~C 
0000 

(ROJ=O 000 001 010. 0!1 100 
(Rl)=O 000 001 001 001 ·001 

(Rl)...O 000 001 011 011 101 

4·32 

Und in !he PDP-11/34, ll/45 end 11/55 
XOR 

e•<lusove OR 014ROD 

/ e 1 ' o 
' ' 

o 1 • o • 
" • • • , 

Condit"n Codn: N se! d the <O>ull <:0. cle••od olkor..., 5e 
z ,., ,, "''"" -o. ,, .. ,.o oth"'"'"" 
V. ciOM<d 
C. un•IIO<t«l 

' o • • 1 
o 

. Ontriotoon; ,T,. '"'''"'"'" 01'1 o! the "fJ'"•' '"" <1<11"'''"'" op«ond ,, 
>lo<od on 10. dnl,notoon add'""· ConiM" ol <q:oil<i ;,,, 
~n•IIOCIOd A"ornbl"' lo,mOI ,, ~O~ R_D 

t .. mplo: XOR RO,R2 

~ .. 
(R0)~001234 
(~2)~00llll 

Bolo.-e: 

Ah.,. 
!ROI-001234 
!R21-COOJ25 

(RO)=O 000 00¡ 010 Oll 100 
(R2)=0 000 00¡ 001 001 001 

(R2)=0 000 000 011 OJO J<Jl 



4 & PROORAt.l CONTlffilltiSTRUC1101tS 
Bron<l><o 

.. 
•· 

TO. onst<uc:toon tou>n • bran<:h lo o lcoatoon cl<hned by \M wm ollh< oH<ei 
(mu~oploed by 2) a.-.:1 tl>o """""'«>'!len\> ol tt>e Ptogrom C0<1nlo• ot· 

a) tl>o bronefl inSI<U<:t>O.n i, oncond•~onal -·· .. ···-
])) ol io cood•l•on•l •nd tt>o cond1li0'1> "'' m., an.,. l<>h"l 11'1< tcndotoon · · 
cod .. (1lot.a ...,,d) 

t,. olf><!" ,,. r"olmbe< ol wo•d>t.._ t!>o "'"'""' contenh ol t!>o f'G_ Note t~t 
\he"""'"' conton" ol \he PC PG•nt to ttl< ""''d lollo"'"l ti>< bronoh i"'truch0<1. 

AltMugh , ... PC ... ,., ... • l>flo od<lle" '"" ot!Ht" e•p<e>st<l on -d>. Tho 
ol!'"''' auiO"'bh<oiOy mu~•pl•ed by"'"' to ••o•n• .,.., befO<e" "•dd.O to tno 
PC. B•t 7 '' "'" "!." ol the oltoet:u o\;,"'·'"" otf>ol" neS"' .. •nd tho branch 
"done'" 1M bo<k,...,d duoclion. Sm>llort,. ol 11 "no\ soL lhe olloot •• pos•l• .. 
ond th< b<oncn io """" '" th< to,...,rd do<e<toon. 

Tht 8 bot ottut olio"" bronct.ns '" th< bo<k,.,d d"""'""" by 200. ,....d, (400, 
byt~) Ir<>"'> \he«"'""' PC, onó., '"" to"'O<d d""''""" 1>y \11. --i< (376. 
l>yt.,¡ !rom tMo """""' PC • 

TM f>DP ll '"ombl"' ~andt" oddrO" anl~mel'c loo tho "''' ond comput .. and 
o•sombleo \hO p!Opo< "'""' !oold ter b'Oneh onotnJctoon:; in the !orm 

a.. toe 

Wl>o<o "9"" " ti'!< b<onch '"""'<l•on ond ··roe·• ,. ti'!< oddre" to '''"'h !he 
b<on<h" lobo modo. The OS>I!mbtÓr 8" .. on "'"" ondoootoon on thelnWu<toon o! 
!he peo-mo.,obl< b'"ncl\ ••ngo ""'"""""' Broncl\ '""'"'"""'"'"no <l~t on 
ooodohon COd01 

4-34 

' 

· BR 

brancl\ (uncondotlonol) 000400 Ptu• otl<ol 

1·· • O L 0 • • 
• . ' • 

Opofalton: PC .. PC + (2 • ot"o!! 

Pro.,do• o woy o! lm>>lomng p•ognm contml "'"'" o 

''"10 o1 -126 to + 121 ""'"' ... tn o ono ""'" '"''""'!'""'-

. N~ PC oddro.,.. = updote<! PC + (2 X eNut) 

Update<! PC = oddre,. ol bronch ln•lru<ti<m 4' 2 

Eumple: W1lh lhe Bror><h mslructoon 11 loution 500, tho toUowin¡ oN· 
•rt> opply. 

New PC Addron 

'" "' ~ 
00' 
~ ,, 

Olhel Codo 

"' "' "' = 'oo• 00, 

4-35 

Offset (<locimol) _, _, 
" _, 

o 
+• 
+' 



BNE 

- branch 11 not equol (lo ur<:>l 001000 Plus onoet 

' . ·~· ' . ' " " 
F'C .. f'C + (2•oll$et)oTZ • O 

Pd<"ploon' Te<h \"" •tot• oll~o Z bol •~d e.u••• a bronch ol lhei bit,. 
''""· BNE il !he tomplementory opera~on lo BEQ 11 ;s usod 
totO>( '"""'"""" tou,...ng a (;MP_ to tnl ll>al """"'boU ... 
on !he O•""'"b"" wort olso on '"" >llu•«. follo"'"!! a BIT, 
cnd gMeflliY. lo le•! tilat tOo '"""'' ol the Jl"O•oous ope•· 

otoon "'' nol """-

CMP ~6 
BNE C 

... nl;nnohtOCol A fe B 

ar>d tl>o ...:auonco 

AOO 0..8 
BNE C 

: oompore A ond B 
: b<onch ol tl\ey "'"no\ equol 

'""" uo B 
: S<oncn oOhe rnultls ""' 

oqual toO 

bronch 11 equal (to '*ro) 

' ' 
PC • PC + (2 • olfsttl ol 

CMP A.B 
BEQ C 

"'lt<o<>:htoCoiA • 8 
and tl>o O«l""''" 
AOO A.B 
BEQ C 

BEQ 

001400 Ptu• offo•t 

• 

' -' 

;coomporeAondB 
; b<onch ol they ore equol 

(A-8•0) 

;add.t.toB 
'b<on:l1 iltho rntrit •O 

woll bronch to Col A + 8 • O. 

"' 



BPL 

branoh 1! plus 

• • • • • • • 
" • ' . • 

PC .. PC + (2•oi~!)'IN•O 

Douriphon: Tosts the stato ol the N·M and eou••• • bronch ol N lo· 
cloar, (posrti•o r .. ul\). ' 

4-38 

BMI 

broneh if mlnus 100400 PI u• oHoet 

1 ' • • 
" 

o ! " • • 
• ' • 

PC .. PC + {l•of!Mt)iiN•l 

Teoh tho •lote el tho N-M ond cou•~• a broncl> 11 N io 
>O!, 11 is uoe<l te te.! lhe si¡n (meo! oignofocont bit) el' 
tho '""~ of the previouo operotion), bnonchin~ 1! ::ij¡¡
ativtl, 

1' 

4-39 



BVC 

bnnclJ if """'"""' •• olear 102000 "'"' oll<et 

• 

BCC 

, Of'FSET . ' • 

PC.PC + (2,oHse\)oiV-O 

Tosts tilo <tole o! ll>o '/bol ~ <0>1'"' • b<ord> ot tt>e V bol " 
<le>'. BVC" oomp>emenl>')' ope.ot><>o lO CNS. 

·• 

btanon 11 carl")' •• olear 103000 Pi u< ofloot 

• .. • . ' • 

T•"' "'" '"" oltll< e bol aod ""'"' • b,.ncn ,, e is o••·'' 
BCC" 11\o comp'.,..,enla')' o..,ratoon to BCS 

" 
OpOO"otlon. 

.. 

., 
' 

BVS 

102400 Plus O!f><t 

• OFFSET . ' • 
PC-PC +(~•oll>•l)oiV-l 

Te>l>ll>e ""~ol V bol (o~low) an<:1 """""' 1 ~><•nor. ol tt" 
V bol •> <el BVS •> useó 10 dotO<I a<IU....,etoo .,..r1\::lw on 1!>0 

po-"'"""' opero!<"". 

-

----~--

ses 
bronch 11 eony io oet 

103400 Plus oJf'"t 

! ' • • 
• 

• OFFSET . ' • 
PC.PC + (2•o1Mt)o1C-i 

T•st. lhe $tole ot the C b•t and oauses • bcon<h 11 e,, >el. 11 

'' ""'d to t .. t lor • <II"Y on '"" •••ult ol • 0,."""' -· •toon. 



S<!.~od C..-.14o>n,; BtO<><ho> 
Putoeu'"' e•-"''"''" o! 1he COOdot<>n Cl)ÓO l>ts "'" to.,ed "''" ti>< .Ogoed con

, dohonal bran<M• Th.U on•lrv<lo<l!" "" u•ed lo 1<'1 ti>o '""''" ol on>l<v<lo<>"' on 
,,;,.en the opo<ond> "'"'" con"d"'od " •ig""d (:""''' .,_ptomenl) ootuo> 

r<oto tt>al tno ...,.e o!"~~"'"" co"""'""""' doflet• l<om \hoto! un.o¡nod com
P"'""'" in 1hl1 on sog<>od 16-hol, two'• compl...,onl a .. ttunelo: !he-~ o! 
'"'" .. ,,.,.!olla~' 

077777 
077776 

""'"' """' 171777 
177176 

177777 

1 BGF 

branch of g<eater than or equat 
(lo <ef'O) 

002000 P1uo oll•et 

iooooo o 1 o ll"FSE'T 

Opoution: 

• ' 
f'C ... f'C + (2•oll>el)oiN•V- o 

Cau ... a t>o-on<ll ol N or-.cl V •~ eoll>o-< bolO <l<at or both set 
OCiF; '''"• complemento.y opeuloon to BLT, ThU$BGE ..,,¡ 
olwoy• touoe o broncl> ,....., il tollo"' on oporoMn that 
tauood &dd•to>n of '"" _.~ ... numbo<>. BGE wdl ·~ uu.e 
1 brorch on o '"" <.SUII. 

' 



.BLT 

branch 11 '"' tMan (zero) · 002400 Plu• o!hcl 

o o 

BLE 

Qf"FSET o • ' o 1 

' 
o 

, C.u'"' o bfono;;h il IN '"úcl<>•"'• Or''oiiM N ond V"'" oro 
l. Thu• 8Ll w•l! '"''~" l,...nch !olloMn,¡ on opo<ol!M !l>ol 
od6eO ...., nogot..,. ..,,~;~or,, oven,¡ -r100w _....,..,._ 
In portotu"'· BLT woU olwoy> eou>O o b<on<h ol ol toUuwo o 
CMP on>lt\ICIIOn oporaMII on o ,.gato"" wur<o or><l • pooi· 
lo.ede>t.-..t.,n(....., ol o....-flow occuned). Fuo1 ..... 8LT .. 1 
"""" <M> .. o bro.-.tl> """'" •1 lo~""' o CMP imt<Utt•on opor· 
111ng on o pc50iovo "''""" ond nogoh .. ""'''""''"" Bll .... ~ 
""' cou•o o broca. ol "'" '"'"" oltho 11' .. .,.,. o..., o toen Wll 

'""' ¡ ... , ......... --1-

l>nlnch il leos \l>an a< oquol (lo loro) 003400 PI"' otrset 

o 1 o OHSéT o o o ·. 
" . ' o 

PC .. PC • (2 o olhol) 11 Z u(N u \1) • 1 

Poocnption: -Oporat10n " '"'"'"' to SU wt tn -•l•on .. o ,.., .. o 
bronch 11 oho '"'"'' oltho proviou• oporoiOon wo> •ero. 1 

., 
' 

BGT 

branoh ~~ greoter lll.lln (zero) 003000 Pluo olfoet 

j o 1 o o o o o l 
" . ' o 

PC ... PC +(2oollwt)oiZ>(N•\1)•0 

DOICiiphon: Operol10nol BGT 11 somolor 10 BGE. o<eopl BGT "'" t>OI couoo 
o b<o<>eh on o roro ,...,¡¡_ 



BHI 

branc~ 11 higher l Ol 000 "''" offset 

. " 

Doocriptoon: 

BHIS 

o ' 
" 

,, . ' o 

PC .. PC + (2•offset)if C•OondZ•O 

Ca u= a braoa. o! tll< "'..,,,..,. o-•'"'" cous,.. o<>lh<r o 
<MrY ""' • '""' '""'l Th,. w~l ""W<" on CO<I'IPO"""' (CMP) 
o,.rotoono •• loo¡¡ "u .. ""''"" hu o h•ghor unso~ne:;! ••lue 
lhon 1"" deol•noloon · 

103000 Plus olio<! 

o ' o OHSU 

• ' ' 
P<;,.PC + (2<0!fwl)o!C • O 

BHIS '' the some mol<uctoon " OCC Th" mr>e""'n" " •n· 
<k><IO<I oofy 1., ..,,..,......,. 

BLOS 

bronch 11 lower o• oome 101400 Pluo ou,., 

" 

1 ' ' 
" 

~mlp11on: 

. ' ' 

Cous•• o branch ol lhe pre•1o0us O<>e'Oiion oouoed eith .. o 
CotfY or o zoro resvt1. BlOS " tll< <ompltm...,l>'Y o.,..,.,.., 
to BHI. lh< broneh '"" oocur '" """'"""""' opo'"""' u 
Ion¡¡ •• the oo'"'" '' oqu,¡ to. or n .. o la.. .. un<1~n!!d volue 
lhon "'" deot..,.toon_ 

BLO 

103400 Plus oflso< 

o ' ousrr 
1 • o 

PC .. PC + (2<oll>el)oiC•! 

BlO" """ in*u<loon "'BCS Th" mnemon" '' ondtoO«. 
onfy lo• co"""n•en<e 



JMP 

JUMP 

o o o 

" 
o- o o 

' 
o o o 

• 

0001[)0 

• • • • • • 
' • 

Op ... ,;"": I'C<!(d<!) 

Co""''"" Codft: not ol~ted 

Deo.<;nptoon: JMP ~"""d"' "''"" ne .. blo 1>'"11'"'" ""'""~'"; lh;ñ pro...:IO<I 
W1lh \he b<o.-.:h '"'"""'""' Conlrol m>y be'""''"""" 10 
•n¡ l<xo>l•on on m.....ory (,.., '""8" lomrt>loon) ood con b< OC· 
ooonpb>M<I ,..¡n tne lull ''"'bo'•"' ol lho aód•••.,ng mOOo<. 
"""' ,,.. e•oeptoon ot '"K"'"""""'" O_ [•"""''"'" ol • 1""'11 
W1lh mod< O wotl ''"'" on ··ool~ol '""NC\oon··con<M•O<I
(Prog""' conl"'' o•nnol b< tron<lmod too '"B"'" l Res"· 
te< d<ferred rnode •< legol ood ..,11 ''"'" P'"'l""' conlrol to 
b< ¡,.osle"ed to 11>< od<lre" held m lf>w ""'"'hod ••C•""
t<o<e thOI om\ruct"''" .,. w<~rd doto· on<l "'"" tOO<elore b< 
tete- Jrom on ev<n numbor<d •ddre». A 'bouodo')' er
"''''I"P coodoloon ""'' '"'""""'"\he p<<><OISOI' o~empl$ lo 
tetoh on onslruol•"" trom ~· 0<1<1 oddr .. s 

Dolme:l '"""' modo JMP onsoructmn> pormot lronsl« o1 
control lO tho •ddreu oontoonO<I •n • seiO<IOOio e<emont ol • 
10blo ol dos¡oalcl> •t<l<n 

4-54 

$oob-.tN "'"-' 
fll< wbnoul.,o call itllhe PilP-Il P'<MdM lor automol•< neston8 ol •ubfoul•nes. 
, .. nt<Orocy, and mullfple enl<y paoniS. Subrou(,,., m•y coll ol~or ,ubfouMes (Ot 
lndeed lho""•"'••) lo ony lovel ol neston8 woll>oul mo~ong >pedal~'~""'"""" lor 
Olo<Oge or relom oddro<"" ot e..:h leve! or oubfoulono cotl Tt-.. wbrnutone ua. 
;.,8 "'"""''""' -· not fl">C>j<ly any l"od tocaloon on memocy. II>UI Pf<Mclm¡' lot 
roenltorocy. Thi• olio.., one eopy ol o .ubf""''""'" be ohO<od omong >oveoat in 
to<rupM8 ptoco""'- F<>r "''""dolO oled do<ero¡>loon ol subroutono Pf"i'Ommi"-1! 
- Cl>oplet S. 

4-55 
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RTS 

Q 1 o 

" 

Eumplo: 

Boloro: 

Altor: 

• o lo • 

~·· •-(SP)O 

• 1 • : ' • 1 • • 

. 

. 

00020R 

• 1 1 ' ' ' 
' 

' ' • 

lo.ods <01'\o'lls 
u ... P'«<<>O<. 
R~um I'Om a 

ot ro¡ tnto PC ..,d """' '""'op elemon1 o( 

'"'"""" '"• .. sub<out,~e <>~ 

lacl< onl<l U>r ..,..,rood '"S"'•· 
non r...nlronl >ut>rOUIOle 11 typocolly ma<lo 

mo «S•II., ohol "'"' """" on '" <•"- Thu<. o 
od wollla JSR PC: d•l .,,t. "'!h o RTS PC aod 
'"" "''"a JSil RS. C.l, moy pcl< up P4'0· 

• """"'"'""' eo ......... "M\1\ odd< ''""' m-• (RS)+, X(RS). ar @~(RS) 
ond !onol~ '"' ' ..,¡non RTS RS 

. 

' " "' 
(PC) _ " 1 '" 1 

St•cl< 

"" " ~ DATA • 
" " 1 

~ 
1 

" 1 
~ 

1 

" 1 
n+2 

1 - DATA O 

"' 1 " 1 

"" 

• 

" 
Opoutioo: 

MARK 

l/Hd In the PDP·ll/34, 11/45 ond 11/55 

• 

SP.- PC + 2nn 
PC•RS 
R!>.o!SI'J • 

00 64 NN 

o o • • • • • • . ' . . • 

nn ~ number of paromeleB 

Condition Cocla: un.~~l!ecto<l 

hamplo: 

Uwd •• PO<I el, .. olo"<lord POP 11 out>ooutono return con 
-h<>n. MARK IO<:Oiolaln lhe slacO cle.on up pr<><odur~ .,_ 
vol•ed on <u~<OUI<ne '"'· A"ernble< Torrool .,. MARK N 

~· RS.~P) :plac. Od R5 oo "xl< - PJ...(SP} 
;ploce N """""""" 

""" 1'2,-lSPJ :on the •t•cl< lobo 
;u5ed lh«e by lho 
:.ub•outono - ~.-(SI') - ., MAR"N.-(SP) ;place< the '"''"'"to"" 

"" SP.R5 
,MAR~ Non the •look 
:oet uo odd•e" •1 M.."' N •n· 

"'"'''"" "' PC.SUtl """'P to sutwwtone 

At th•• poont tn. •tock ,, •• lofloW'i. 

1· ="' 
" 
" -· =• 

"' e: 



ol lhe SUb<OUIIM 

"" 
RTS RS 

,O•e<ol'"" Cl lhe "'"'"""~' ,¡ 

~· 

tho coolonl> o< RS lo b< p<••"" on 111< PC ~h~h lMn '''""' 
on the e<ocut1on ollho 1n$louct100 MAR~ N, Tho coolool> ol 

old PC "" pioted on RS 

MARK N e o'""" (1) \1'>0 stot• ""'"'"'lO b< !ld¡u>lo~ lo O<I'Ol 
lo thO old RS valuo, 12) tho "'"' '''"' '" RS (thO old PC) lo b< 
ploce<l '" 1¡,, PC, oo><l (3) conlonto ol li>o \he old R~ to bo 
popP<'(I u>! O R5 "''" com¡>l<lon¡ !he rotu:n lrom >Ub<<>UtulO, 

'"' 
• 

SOB 
Uotd In tite POP·Il/34, ll/45 ond 11/5~ 

subtract one ond bronch (;f o! 0) 077ROO Plu$ ollool 

• 
" 

1 • : "''""' • • . , • 
~ .. ~ -1 ol thos oesull ,. O ltlen f'C .. f'C -(2, ollwl) 

unolloctod 

Tt>e <el!'""" -~nle<l ll <1,. not oquoltoO. '"""' ll>o 
olloet •• "'blracted '""" '"" PC ('""'" ""'"''"i to the lol""'· 
in¡ wood). Tho oll"'l" lnlorprote<l 05 a '"tHt po<•lwo num 
be<, TIMo ul>I<UC!IOO piOVIdOO 0 I0$1, otltcoO<ll ""'lhod ofloop 
CM\n:l!. Anembler oynt>• ''' 

S09 ll.A 

Wh..-o A"'"' >dd<O<I lo ""och """''" '' 10 b< mode ol the 

""""""'""'" ~ ;, nol oquolto O Notolhot ll'>e SOB '"''""'· 
""" "'" not bo u><d lo lransler control 1n lhetorword d...., 
loen . 



SPL 
U<er;l in lho POP· 11/45 an~ ll/55 

S•t Pr~ont~ lovol 0002JN 

oooooooo 

" 
• • • • • 

' . . 
Operat""'' 

C<mdiHon Code.: 

~.eriptil>n 

ltOM 

PS (bo!l 7·5)-Pnor~ty (pliO<,ly ~ n n n) 

no! allocted 

The teut <tgnohunt t~ru Ms ol the •n•l<uctoon 
are loaded mto the Prcgtam Status Word (PSJ hlls 
7-5 \huo <'"""i o Changod P"onty. The old P"oray 
¡, l<><t. 
Ao..,mbler •yntu ,.. SPL N 

Noto· Thi• ino\rocloon io o no op on Uoor ond 
Superw<<>r m0<1 ... 

Trap '"'''"'hO<Is proY<delor colls lo emulotors. 110 montlo•• debug¡•"ll ~·
•8"' and uwr-de!•...O interpro!Of1. A trap os etfect,..,., an iol.,nJPI g"""'''od by 
.attwon>. Wl>e<l • trap =urs lhe tonlmh o1 I~<Urrent Pro¡um Countor {P'C) 
1nd Po<>g<am Staluo Wonl (PS) aro po,¡sl>od anto the pr~><O$SO< stao~ ood re
~~·~ by tho conten10 ola two word trap •ector '-""'''"'"'l a"'"" PC ond """' 
PS. 1M ro!um '"'!UO'IU lrom a !<Op ,,..,,. .. eAOCut.ng an IHI <1< RTT in>truc
'"'" """'h rnt<UStl>o oM PC 011<1 01<1 PS by pop,.,g tnom ""m tt.. otoc~. Tt•p 
""'-'"'' ••• IO<li!O<lll po<t<,.nmtly •n•¡:nect lo>ed od~'"' .. 

emulator t<IP 

• •• 
" 

(lpo.-.tion: '(SP)..PS 
'(SP)..PC 
~,,., 

I'S.(3l) 

• • 

c-~ion Codos: N, Ooodod '""" '"" ""''"' z, toadO<I t.""' ,,.., ,....,o, 
V, loaded lrom trap •o<lor 
C: toodod bom '"" "'<tor 

EMT 

104000-104371 

• 

Oftaip!ion: All o,...•hon -.,, kom 104000 lo lU4317 .,, ~MT '"''""'' 
lto!\5 and may bo u50CI to '""""'' !ltlormal•on to the """''" 
'"11 roultne (o~. luo">tl•on lobo pe<tormod) Tho •••P ••ctor 
lor E~T" ot oddr"' 30. Tho "'"' PC" tokonlrom tM ''""" 

ot odd<M• ». thr no., CO<OI<>l !>""'""'" '"'"' (PS) •• tak..., 
l•om tho word al add'"'' :n 

Bolore: 

-
Alter: 

C.uloon: [MT " u~ ltt<tuentlj by OEC <y>t..., "''"""" atld 

"IM<olo<e ""' """''""'"'"''od lor 11"""'' ""· 

" 
"· "" 
•• " 1 

" 
"" 
" 

... 
""' 
" 

(32) 

• 

"'" 
·-· 

4-63 

Sllck 

DATA 1 

DATA 1 ., 
"" 



TRAP 

trop 

o • 
., 

IOT 

• o • 
., 

Op ... lli<><l: 

Do..,iption: 

• • 

Y(SP).oPS 
f (SP).o PC 

f'Coo(l-4) 
f'S,o,)6; 

., 
• ' 

N· loodod !rom !np ~or 
Z; I~O<Iod !rom lrop •<et<>r 
\~ too.W~ l<om ttop """'or 
~ ,.,.,.., fron: lrap ...:tor 

104400-104777 

• 

·• 

Oporlll~n cocl"' !rorr: 104400 to 104777 ore t~AP instruo
I<MI. tRAP$ ond E Mil oro i<lent ... l in opo,<aton.' O•tOill 
l~ot ~~~ ">P VO<Ior lor tRAP;, 11 O<ldr .. $ 34 

Noto: s-no:~ D<:C oon .. aro "'"""' fre«uonl uoo oT EMT, tOe 
~"-"Pon''""'""";, recommend«< for gOM111 u~-

• 

f(SP).oPS 
,¡SP).oPC 

f'C.o(20) 
f'S,o(22) 

• o o o 

N lood«< Toom 1rop ..ctor 
Z-10- Trom I<OP -=tDr 
V lo•dod Ttom t .. p •OCIO< 
C·io>do<l hom trop •«10< 

o • • o o 

• 

Prrtorm>. trap--·"''~. """ vrt!or - ..... ot zo_ 
u .. d to oall t~o 110 E•ocut• .. roulone IOX '" rne <'li>"' IOP" 
•oll-w-•« ''"""'· ond tor e"or repo~•ng 1n tOo D<>k O,.r 
ohn& s,..t..-n 

(no •nlormobon" "''"'""'"" '" ttiO '""' btl<l 

breokpo•nt I<>P 

• • • • • o ., 
Opofo~on: • (SP).o PS 

1(SP)-.oPC 
PC .. (14) 
I'S •(!6) 

• o • • 

Cond~lon Coclft: J'l looded irom \rop •«IOr 
I loodod hom trop """"'' 
~- lo.o<lod f<om ttap ...:;tor 

e lo.><lod !tom lrop '""'"' 

BPT 

• • o • 
• 

~ 
Periorms • trap ~Qu..-.eo w•lh o trap •otlor Wdre., o! 14 (;¡ 
U- to c.oll dODuU"'i o-:f•- Tho .,...,. "caul"r>«< oga.n<t 
on.ploy•ng O<><IO 000003 '" progrom• run undor tho" do 
bu¡¡g<ng a.d• 

(no onlormollon,. tron....-.~od ·~ tholow- ~~,.) 

• • • • • • 
" 

Oponl>on; · pe..[SP\.0 
PS.[SP)• 

• • • • o o o o 

Co"d;lio• Coc! .. : N· loado<! lrom pr~xe»<" ""'" 
l: loO<IO<I lrom oro<"'''" $10<~ 
V looded lrom proco»or >to<O 
C· loodo<l lrom proco•wr •tocO 

RTI 

""""' 
• 
o 

lln<tiptiQn: .; Use<! lO O"t lrom a• tn!enupt or TRAP'"""'" rt>UIIn< ttiO 
PC •,.; PS ••• rt$lore:l (pOppod} from 11>< i><OC<"or ""'' 



RTT 

roturn <•m 

o o o ,, 

Used in t~e POP-11/34, 11/45 and 11/55 

'"'"'ruot 

o o o 

P!;.o!SPI • 
f'S.o(SPJ • 

o 1 o o o o 

N, loo<led lrom prO<.,..,. <l><k 
Z lood..o ''""' P'"'""'" •toe< 
v_ lo><l«< trom PI'<><••- ''""' 
e 1000..0 l«>m pH><n...- '1""' 

o o 

"""""' 
' 
o 

TM ,, tne ""'" o•tl>e Rll mtruol<m <«•PI that ot rni>•M• 
a"'" '"P whole Rll ""''"''''a trae< Uop 11 • lr.oo trap" 
.,..,.,.ng, '"" '"" '""'""'"''' alto• th• Rn """.,. ""'"''"' 
P"" to 11'1< ,.,¡ ··T-'!!op In the ""' ol IM RTI onWocloon 
tn. ··r· ''"" woll OCC\I< ommed~tely oller 1"• RH 

Re""'"" ln>irucl•on Trapo · lh••• aro <ou•ed by >ltemp" lo o.ooute ''"''"""'" 
<od .. '"""'"" lor lutu<e p<Oe<"o'' ••o•n,.on ('<""'"" '""'u<"<>n>) o• '""""' 
toon• "''" ;log-¡1 aOdreS11Jii mooos (tUq., in•trucloon•l- O•dOf '"''"" nol COitO 
s¡>on<hnl lo ~ny ol tOe "'Sif<><l•m• dowot>ooo oro co,.,d .. e<J •~,.. ,,..,;"'<'<! .., 
muct.,n• JMP >N> JSR "''" ,.ii<ler l"lC>do de•Matooo• aro olleg>l '"'"ut"""' 
~-'""'"" • .,.. IOieg>l •n•lruct.on l<>o• oecu< •• <le><"t..o.:l unde< (MT. bul ,,.P 
lh<ough voelo!S 0\ oOd•o"n JO ono 4 ro•pocl,.ely. 

51><0 O.or!lo" l<op 
Buo [,..,.. Tnpo- 8uo E11o<·l•ops •••· 

l. Boundary E<ron.·ol!empto lo •efe<ence inol<li<:Mns o< "o<d 
operonds >.1 odd odd<e""'· 

2, Time-Out Error>· otlempts to referenoo add<uses en the bus 
lhol mode no response wilh•n o cortain len¡th ol lime. In ¡eno<O!. 
thou ore oau••d by otlempt. lo '"'"•nce non·•""""' f!'omo•,. 
and ouempls to ~el••en<o non-o"''""' peHphe<OI dev•oe•. 

Buo "''"'tropo ""'" "'"""""' '''P' '"'""€" lh trop """"' >ód<e" 4 

T<o« l••P · T<Ooe Tnp enobl., b•l 4 <>1 \he PS ond ''"'"' p. oc"'"'' !tapo •t 
th• ond ol ;nWuCI•M "'"'"'''""' Tho •nWu<!•on lhat " o«•wted oHe< lt>o •n· 
•Uuchon \tlol oet "'" 1 b<l w~l Proc-: to compietoon and tl>on cau .. a J><ocn•o• 
'''P thfou¡h 11>e l<ap ""''"' ot odd'"'' 14 Note !MI tl>o l<ocei<Op os o'~"""' 
~-U'"f "d ond '' ''"""''"""' to lt>e ¡;o.-..<01 J><Og<ammer. 

lile !cllow1ng ''" '~"'''' <•>e> •nd "" dolollod '" ouboOQuon! P"'•K••oh• 

1. •~• '"ced '""'"'''"" ,, .. ,.e t"• r b<l 

J. T"• t•oced '">I<U<UOI' ''"''" on "'"'""t-on Hop 

'. Tno I10<W '"'!'""'"" "''"'"" ,, bu• """' ''""' 

5. Tl>o t•acro '""'""'"" ""''~o otocO ""'""'" I<Op 

6 T ... ~""'''" oniOO'ntpl"' 1>0:....., l ... t .... ellto T 1><1 wOI ~ ol'<l ••.o 
lt!UII"C ot !"' onOI<LI(I<On '""' wao lO 1>e troced. 

7. 100 ttoced ~nolfuetoon "" '· WAIT. 

a 1h< t"ced lnol<u<I<O<, ""o HAll. 

9 Tl•o lt><<d 'MtN<n«> wa• • Rotu•n '''"" Tro;t 

Ao ;n<lructlon 1"-1 cl .. rod lhol-bll · U~~n l<tthon¡¡ In< lfOC<Od '""'""'"" on on
lemol !'•~- :ne ''"" '"'~- ,., oet. tne ttap "'" Oltlt ocw< ~llhoond ot .. .eu\Ocn 
o: lhtS "'>'foJti<On. T"" ><><•ed •toluo WO«<. ,_.,..,_. .. ~ ,. .. o d .. r 1 b<l. 

An lnolrue1ton 11>•1 "'' tho T-Oit- ~<n<:elhol·bll wos al< .. dy >el. oenong" ogo1n 
ha• no e~leC<. Tno '"~ woll or~ut 



A" ins\ruclicn \ha\ cauo~ on l">lructicn Trap. Tloc mOirucl•on lr•p " 
>pru"g and the ~ntu~ roulmc lcr \he oetvoce trap '' e>eculed 11 the 
un,.ce rouhM .,,¡, wolh on RTI or on ony 01ner way re>tor"' the >taO"~ 
o!JIIu• ..,,d, the T·M •• >el aea•n. tho rnstruchon lollow>ng tho trocod 
in>truc\oon r> uecute<j and, unle;, ot " one o! lho >poc•al ca>O> noted 
obove, a troce trap occu" 

An in>lmc\ion thot cauoed o fluo E"or Trap. Th" " trea\0'<1 •• an In· 
.uuctron TrOp. The only d•"erence " thot the error >ernce io no\ •• 
L•kety ro u•t woth an llll, >o that \he trace trap moy not occur. 

An instruclion \ha\ caused • •lock o.erllow. The 1notruct•on complete• 
~xeculron ., usual-the Stock Overflow does not cause a lrop The 
Troce Trap Vector is looded intc the PC Md PS, and !he otd PC and PS 
are pus!>~ onto the stock. Sla<k Overflow occurs og01n, and thiS t•me 
tne trap'' made. 

An interrupt belween .. tton¡ ot \he T-M and fetch o! \he troced intru<· 
\Ion. Th~ ~nhte '"'"""PI '""''ce routone" executed ond then !he T·b•l 
¡, se\ ago•n !,y the exoMg RTI. Th~ traced 1nstruct•on " e•~culed (ol 
there ha"e ~~n no other mterrupl>) .nd. unle" ot is a speco31 cose 
noted obov<., causes a troce trap. 

Note' thoi inlorrupts may be ocknowted¡ed omm~doololy alter the IO»~on~ 
0¡ the new PC and PS 01 the trap "ector locavon. lo locO out oll '"'"'' 

.rupt•. the PS al the trap vector shoutd '""" the proco,.or p110roty lo 
le ... t 7. 

A WAIT. Tl>e trap oo;eu,.. immediately 

A HAll. The p«>e.,.oor hallo. When tho contmue ~..,. on the conoole" 
pressed. the onstruc\IOn followong !he HAlT os fetched and executed. 
Untes. il " uno ol the e•cept1ons no\M abo""· "'" l<ap occu" lto•me· 
doately lollowong ••ecu¡;on. · ~ 

~ Retum ¡...,., Tr•p. Tho retum l<om trap ;n.,ruwon e~ller cFearo or o<1o • 
the T-M. ll onhtM• tho trace trap, 1[ tho T·bot was set and RTT io the , 
traced •n•trucMn tho trap os detayed untlt completton ot !he ""'' ••· 
slructoon 

Power Follure Trop. ,. o stondan:l POP-ll tea\ u re Trap oo;eu,., whenever 
the AC power drops below 95 volls or outoode 47 to 63 Hem. Two molh· 
seconds ore then aii,....S tor power down proces,.ng. Trap vector for 
power failurtt ,. at locotoono ~~ "'"1 ~~ 

'" 

Trap prlor!tieo. In cuo mul\lple proce'""' trap condotiono occur <lmul· 
• !Jine~usly !he followlng ~n:ter of PI•~~ toe• ro oboo<YM (from high to low): 

ll/04 
l. O<jd Addre" 

.•. 
2. Tirneout 
3. Trop ln•truc\iono 
4. Troce Trap 
5. J>ower Foolure 

ll/34 
l. Odd Addre" 
2. Momory Mona¡¡omont Voolatian 
3. Tomeout · 
4. Paroty Error 
5. Trop ln>lruc~on 
6. Trace Trap 
7. S!Jick Overflow ..... 
8. Powor Fool 
9. lntorrupt 

10. HAll from Con>(lle 

11/45, ll/55 
1. Odd ~ddreso 
2. Fatal Stack Voolal•on 
3. Segment Violobon 
4. Tlmoout 

5. Ponty Error 
6. Console Flag 
7. S•¡¡men\ Manasomenl Trap 
8. Wornong S!Jic~ Viola\1on 
9. Powet Failure • 

Tho detatl• on the trace trap proceso hove boon deotfll>ed in \he trace 
trap oporalional descnption whooh ln<ludes ••••• •n whoch on instruc· 
toon boing tracod cou••• o bus error, instruc:tion trap, or • otock over· 
flow trop. 

11 a bu> error is tausod by tho trap Proceu handling in>truct•on trapo, 
trace traps, stack <rvr!rflow traps, or 1 previous bus error, tho Pfo«!"or 
,. holtod. 

11 a <lock over11ow lo cau•ed by lho trap procen in handl•n& bus erro<>, 
mslruction trapo, or trace traps, \he proceu ls. e<>mpleted ond then !he 
s!Jick overflow trap ls opruns. 

4·71 
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4.7 MlSCEllAN[OI,I$ 

HALT 

hait 

1· ! o • 
• 

""""" • • • • • :- • o ) ' • • • ,• • ' • 

C.u ... !ho "'"""""' .,.,.t.,n lo ,..., ... The consolt ,. 
E•ven coo,¡,ot o! the t>t" Tho """'"'' dat• logh" d"ploy the 
contont. o! RO, the consolo odd<en h,..t> do<ploy tho od
dr""' •Hor ll>ellolt ,;,>lructo>n Tra.,fers on !he UNIBUS oro 

''"'"""ted ,.........,,.t<<r- The PC pointo to !he""'' imtruc:· 
t.on te be ••ocute;l, P,-g''"-11 !he contonO>O '<> o,-, tn. oonoo" 
<OU$ .. p<oc .... , operation lO r<$.Umr_ No INIT S<gn.ol os 
gl...,, 

/'jote. A 11•11 '"u<d ,., 

• 

"' 

1 

WAIT 

wool for io!errupt 

• • 
• 

DOKrlptJon: 

• • • • • • • o 1 o • ' 1 
• 

not Affectcd 

Pr<Mdes o w~y for the prccusor to •olonQuosh uso of 
tho bus Wllolo ot "aots lcr an e>lernal •nterrupt. 
Havong boon Govon a WA!T comonond, tno ""'"'""' 
will not competo lor bus uso by letchonR 1nstruc\10no 
cr operands from 'memor)l This permito h1gher tran•· 
lcr rates betwoen o d~vico and momor)l, smco no 
proce,.or·•nducod latonciu '"" bo oncountored by' 
bus requosts from the dovoce. In WAIT. os •n •11 m· 
structions, 1110 PC pomh te the ne>t •nstructmn lol· 
lcwing th~ WAIT o...,ratooo. Thus wh~n en 1nterrupl 
cooses !he PC and PS te be pushod ente !he pro
ce .. or st•ck, the addro" e! !he ne>l inolrootoon 
lollowon¡ !he WAIT " $••«~- The ~.,¡ fr.cm tho_ on· 
leri'IJpt routine (•-•· e•eculion of an RTI onSII'IJct•C<O) 
w111 """'" ,-,oumptkon el \he interrupted proce» el 
the ¡nstruclion follow1n¡ tho WAlT. 
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RESET 

o ., o 

Cand~oon Codos; not •-lod 

• 

S.Od• INIT en the UNIBUS. All d""'co' en lhe U NI
BUS are'"'"' te the" stoto al powor up. 

• 

Cool<l~lon Codo o..,,., ..... 

CLN SEN 
CLZ SEZ 
CLV SEV 
CLC SEC 
ccc scc 

cond>lion codo c..,r•tors ='~ 

" 
o ¡o o • • • • 

• • • • o 

S.t •nd ele., cond'''"" cO<Io M> Se1«10ble comb•noMI>> ot 
these M• moy bo cl .. r,..j o• sel togother _ Cond•IIOn cOdo I:MU 
correspond•n& toMo on lhecoodotoon codo oporotO< tB•IS 0-
3) ore mod•IO@d•<eo«~•nato lh< wn"' ol bd ~- tl>o se!lcl.,.r 
bol of 1/1< operotor. •·•- Wlhe b•l>p<'<•hod by bolO. l. 2 or 3. 
ol bol 4 "• l. Clear corro>pondong bolo •1 bol 4 • O. 

Mnomonoo 
Opo,.t<>n 

"' Cte" e 000241 

"' ct .. rv 000242 

"' a .. ,z ='" 
"" CleorN ='~ 

'" 
.,, 000261 

"" 
.,, 

~ 

ou .,, ='" 
'" 

.,, 001.mo "' <r 

"' SetdCC'• 000211 

"' ClearoiiCC's =" 
CJeor V"'" C 000243 

""' No Opeoatoon =~ 
Combomtoon> ol tl>o o!>c>ft W O< tlea< _,.,.,., ma, M ORP<I togother to lorm 
comb>nod onotructrons 
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MINICOMPUTER SYSTEMS 

• R. H. ECKHOUSE, ]R • 

PROGRJ\.MMING TECHNIQUES 

Mastcry of a b~S\C imtmction set is the fir<t st~p in lc'a:rning to program. 
The next s!.ep is to learn to use the instructlon set to obtain corr~d result.l 
and to obt.a.in t.hem efficiently. This is best done by studyin¡; thc follo•dng 
programminc techniques. E>.amples, which should further familiarize the 
r~ader with the tnt.:1J ¡nstruclion set and íts me, are gi"en to illustrate each 
~.echnique. 

4.1. POSITION·INDEPENOENT PAOGAAMMING 

Most pror:ram< writum to run on a cornpuU!r are written so asto occupy · 
specified me.rnory locations (e.g., the curr~nt lncatJOn cmmter is used to 

Í'lefine the locaüon of the first instrudion). Such programs are said to be 
absoh.Jt.e or position·d~pendent progrdms. Howe"er, it is sometimes desirable 
to haVe a st..•ndard program whkh is av"ibble to nnny different users. Since 
J\ will not l>P known a priori where the standard pro¡;rnms are to ht' loaded, 
it is necessary to be able to load the program into difieren! areas of cor~ and 
to mn it there. Therc are sP;eral waYs todo this: 

l. Reassemble the pro¡;'"m at the desi:red location. 

2. Use a relocatin~ loador which accep!..< specially coded binary frorn a 
relorat.able as,mloler. 

· 3. Have thc pro¡:rarn relocal<! itsclf afler 1: is loaded. 

4. Writ.e a prograrn that is posii1<Jn ·indrpel\dent. 

On small machines, reasS<•mbly is oflPn porformed. Whe:'; the required 
core is availabl~, a relocatinc loader (uwally called a /inlling loDder) is 

"" 

.c . .., " 
prefcrable. lt genero.Jly is not economical to llave a pro¡;ram relocate itsetf, 
s:ncc hundreds or thousands of addresscs may need adjl!stm~nt. Writin~ 

position-independent code is usually not p0<5ible be.::ausP of ihe ~tructur<."' of 
the addrcssing of the object machine. llo<>cver. on thr PDP-11, position· 
indopendcnt code (PIC) is possillie. 

PJC is achicved on the PDl'·ll by usin~ addr~Ssin¡: modes which form an 
effeclive memory address relal.i\"e to thc program counter (PC). Thus, if an 
in<truction and its ohjPct(s) arf moved in '"~h a way that the rolativ~ dis· 
tanre between them is not altore-d. the s~me offset relative to the PC can b~ 
used in all positions in men>or;·. Thus l'lC u<,ally ref~rences locations reJa. 
tive to the curren\ location. l'lC ¡>ro~•ams m~y mah nbsolut.e refcr<•nccs as 
long as t~c localions r~ferenc~d >~ay in tho srun~ pbce while the PIC pro~'l"nm 
is relocated. 

4. 1. 1. Po!ltlon·l ndependeM Moó"' 

There are th>..., position-independent mode• or forms o! instruÚions. 
They are: 

l. Branci1es: the conditional branches. as well as the unconditicmal 
branch, BR, are position·independent, since thP branch ~o:!!lress is compu!Pd 
asan offset to the PC. · 

2. Re/ati~~ memory refuences: any relatiw uwmory rrf<'rcnce of thr 
form 

n•· ~ 
MO>" X.\" 

"' 
is position-independent becausr the ass••!llbler n ... embles it asan offset in· 
o:!e~ed by the PC. Thc offset i> the difference betwecn the rofer<•ncrd loen· 
tion llOd the PC. For e>:a.'llple, n.«umr that the instruction CLR 200 is ~~ 
~ddress 100: 

Addth> 

000100 00~067 
00007< 

S}·mbol;< 
ln•l•uCtogn 

CL!l 200 ;F\J\.~T WORD OF !NSTRUCTIO'." 
:OF FSF:T=200-1 o.: 

The offset is added lo tlw re. '!"he PC canlain< 10·1. whid1 i•lhP nddrc« af 
thl' word following thc offset ( the s<'cond word of tlt ;, t wo. wort! ;n<~ruction ). 
Note that although the forrn CLR X is position·ÍIHI<-r~nri~nl. thl' rorm C!...lt 
@X is not. W~ onay s~~ lhis wlH"n Wf' c-omidt•r tlw Í<>lio"·in~: 



Add'"'" 

001000 

002000 

'· 003000 

PROG "A "''m<l T<"C,.,<!QUES 

Conl<nl.o 

005017 
00071( 

003000 

000000 

Lo bol 
Symboho 
l~•lruc<ion 

CLR@X 

.WORD A 

.WOJW O 

Comm<nl.o 

:CLEAR LOCATJON A 

;POTNTER TOA 

The conlents of location X nre used as the a<ldress of the operand, which is 
symboli~ally lab~led A. Thevalue storPd at loeation X is thc absolute address 
of the s;:mbolic location A rather than the relative addre<s or off..,t b~tween 
location X and A. Thus, if all thc code is relocat<,-d a!tcr as.sembly, the con· 
u·nts of locatlon X nmst be al\ered U.> reflect the fact that loc~tion A now 
sl.ands for a new absolute nddress.T lf A, howel"er. was the name "-Ssociated 
with a fbced, absolule location, sta\.ements S and X could be reloca\.ed be· 
cause now it is imporlant for Ato remain fi.xed. Thus the fqllowing code is 
po<ition-indepcndent: 

Lin< Symbolio 
Numb•• AdCre" Contoneo L•L•I In"'"'"~" Cumm•nl< 

000035 A m 36 :!'"IXED ADDI!.ESS O!'" 36 

' 001000 OOJ.07i CLR <O>X ;CLEAR LOCATION A 

OOU7i4 

' 00201l0 000036 .11"0!10 A :POINTEI\ TOA 

3. Jmmed;a/e operands: thc ru<Cmbler addressing form #X spedfies im· 
media te dnl..1; that i>, the u¡wrand is in the inslruction. Immediate data that 
are not atldressc> are posi lion-independen~. sine e they a1~ a part of the i n<truc· 
tion and are moved with the inslruction. Consequently, a SUB ~2,HE!l.E is 
position-iralepcnd~nt (sine• ;;2 is r.ot ao address), while MOV I!A,ADRPTR 
" position·dcpendcnt if A i; a >ymbolic •ddress. 'fhis is so cven U.ough 
the operand is fet.:hed, in both cases, usin~ the PC in the aut.oincrernent 

tTo ,.,¡ry lh;, pb;nl th< Jen<l••" •otou<O¡<d lo ce!nr•l< \Ice cmlo, afler ><><·mbly. 
int<> loe .. ion, 4000, ~000. and 6000. By doin~ '" ~ .• .,;u d",.,o,., lh" th< c<>n\on\< of 
tho,. lnc•<;ons ••• lh• nm• "' fm lho ""~•nol <od< and \hot th< <<>n!•nls of locat¡on 
MJOO du nol poi' oc"¡"" 6000. 

POS!T!O.~·!~ O~PF.~OENT raol': RA"" IN(; 

mode, since it is lhe quantity fetehed that is being us~d ralh~r tC>an its form 
of addreuing. 

4.1.2. Abtoluto Mod•• 

Any time a memory !ocation or register is used as a poinl.t'r to data, the 
refcrence is abso\ute. lf the referenced data remain a\way• fixed in memory 
(e.~ .• an absolute memory location) indepet><h·n\ of \he position of thc PJC, 
the absolute modes rnust be u<ffi.t Allemati•·ely, if the da~a ar~ rPluti•·~ to 
the position of the code, the ab~olute modc• musl not be u~C unles. the 
pointers lotvolved are modmed. r<estat•n~ this point in d•ff••rent words. if 
addressing is dirPCt and relative, il is position-indep~ndent; if it is indirect 
and either relative or absolute, it is r.ot pos"ition-independent. For e.,ample, 
tho inst11.>ction 

"m ove the cont.cn\5 of the word pointed to (indir~ctly referenced by) the PC 
(in this case ab•olute loc:.tion X) lp the word indexed relative to the PC 
(symbolically cal!ed HERE)"' con1.3ins onf operand that is referenced ind•· 
rectly (X) and one operand that is referenced relati•·ely (HERE). This in· 
struction can be mot•cd anywhcre in memO!)" os long as absolute loc"tion X 
st.:>~·s the srune. that i<. it does not move with tlw im!11.>clion or pro¡;rarn: 
otherwise it may not be. 

The absoluto modes are: 

•x 
@¡;cX 

"' (R)+ and (!!.) 
~1!.)-l- and ~!!.) 
.>;(!!.) R•H o' 1 
@XIRI 

L<>oation X i• • poin<or. 
Th< imm•di"< wo•d i< • poinlo•. 
TOe ro¡i"" "• poml••. 
Th< ,.¡i•t•• ;, a poinl«. 
Th< ,~;,.., poinls lo • poinl<L 
Th• b,.e, X. modi~ed by (!!.). io th• addoe" or lhe op•rond . 

'l"h<· ~""· mo<h!ied by 11\). ¡, • point ... 

The nondcferred indcx modes re'Juire a litt!e clarification. As described 
in Chapter 3, the form X(7)tt ¡, thc normnl modo in which to ;efercnce 
rnemory a.nd is a rdaii,·e mode. lndex mode. usin~ a r~~isler, is also a rela· 
tiYe mode and may be used com·eni~ntly in PJC. Ba<ic:tlly, th~ r~~isl~r 
pointcr points to a dynnmic storo~e area, :md thc index mode is used to 
~ccess da1.3 rel•tive t.o tht• pointl·r. Once th~ poinv•r is set u p. all data arf 
referenced relative to the point.er. 

twh•n PJC ;, not b<in~ w.;\\on. nor"'""'"' •~ t .. od l~c.,ion• m•y be p.,r .. ,med ~·it\.• 
OOlh« th< •b•olul• or relali•• ro<m•. · 

• wh•« PC·R7. 
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A utom~tic P le is code that requ ir es no alt.era~ion of addresses or pointen;. 
Thus m<•m<.>ry refercnces are limited to relative ¡nodes unless the l<.>cation 
re!t-r~nc~d is f1Hd. In addition to the above rules, the following mmt be 
obsen·cd: 

l. Starl the pro~ram with .=0 lo allow easy rd<><alion u•ing the absnlute 
loader (see ehapter 7). 

.. ._, 
~~~~~~ 
N·~~(•7 

~Ot·~~ti ~IH~~ 
(o(<I<~(•Z ~~r·7(·~ 

(•{•17~~ 

~~e~t·~ {•1~(·~7 

~{>(·7~<' 

~~(•(•12 (·~~(·77 
[>~[•7l2 

(o(o(o(•l~ nt•t•<•~t• 

" 
<·~·~U 
,,.;;{ 
nO>' 
~~(· 

f·c. '~ 
oH-~-~.<-~ 

. . 
"· 

,[..FiliE H 
• t•EF 1 NE f"O: 

·'-~. •~<~"' or $)•2 
,K[·[• lt! üFF"$ET 

2. A!! Jocation·settin¡; slatem~nts musl be of the form ·"'·'X or ... func- !•l•H•t·~ - • .. ;;;~ 
tion of symhols wilhin the rJe. For Pxample, .cA+ lO, where A is a local f•f•HO~ t·~~MC• x· 
la be!. 

. ~C·f·ú ~ 

3. There musl not be any absolute location·set!ing st.atements. Thls 
mr•ans that n block of Pie cannot set up specified core ruca.> at load time 
with sU.t~mcnt.. such a< 

Thc absolute loader, when it is telocating PIC. relocates nll data by the lo3d 
bias (see Chapt.er 7), Thus the da~ for L'1e absolute location would be 
relo~ated lo wrne other plaee. Such arcas must be set al "ncution time: 

oHM~. ~oHto 

oH~.~o:;·~ 

4.1.4. w,itin~ No11autom.,ic PIC 
'> 

,f"ltl ~¡.¡.<·!N ~ES Utt >•~ 

;t'INO·t'1[5 LOC~IION )<2 

Oft.er. it is not possible or economical to write tot.ally automated rJe. 
- Jn these cases same relocat\on m ay be e:u;ily performed al e~ecution time. 

Sorne of thc required methods of solution are present.ed below. Ba;ically, 
the meUmds opernte by examining the PC to detennine where the rrc is 
actually Jocat<:d. Thcn a relocation factcr can be easily computed. In all 
e~amples it is ~"umPd that thC code is ass~mb\ed al zero and has b,.en re
locat.ed snmewhere el se by the "bsolute ]odder. 

Now if this program is ]o¡¡ded inlo lontions 1000 and hi~her, it should 
be clear that none o! '.he pro¡;ram ,·a]ues is chan~ed. This point could be 
shown pictorially by taking tlw Fi¡:. 4·1 material, r<"Copyin¡: it, but changin~ 
only the vilues in the l~ftmost column, thc .'<ldrcss column_ Thus if otw 
were to look in. say, locotion 4010. U1e conteni..S would be 7G6 ~nd ~lte wtlu~ 
!ound in location 5000 would be 2000 {i.e., neithcr value is chan~cd). 

Givcn tha t the pro~r3m da:a ha ve no\ chanR<•d, thc 'l uc.•ti on ;_,; l !o w docs 
it work? The answ"r is that the offset 1\-S-2 is C<JUIV~lcnt lo A-(S+:)! and 
S+2 is the value of PC which is placeo:! in RO by thc s\.al,.m~nt ).JQV PC.RO. 
At assembly time the offset value i• ,\-Peu, whcre PCu=S+2 antl re. is 
the re that was assumed for lhe pro¡::r~m whcn ""cmblcd bc~inning at 

']ocation O. 
Later, a!ter the program has been reloca:.et!, the move instruction w1ll no 

longer stcre re. in RO, but a new ,·a1ue, re., ~>hich is t1w ct:rr<·nt vilue o! 
re for the ~xecuting program. ]-]owever, the add instruction still nd<ls in the 
immediatc value A-l'e0 , producing the lino] re>llll m HO: 

which is lhc demed vo!ue, since it yÍ<'Ids the n<·w al"otute 1ocation of A 
eonsider !ír.t the prcvious o,xampl~ to clear lb~ cont.cnts of A indircctly. , [e.g., the assembled value of A plus the relocncion factor (PC.-Pe

0 
)). 

The poinler to A, contained in •ymbolic locntion X, rnust be changcd 1f the: 
code is te be relocat.ed. The pro~ram ••·gmcnt in Fig. 4·1 rccornputcs the ( 4,1 6. Reloc•sin~ Poin'"' 
¡JOintcr valu~ cach time that it i• ~xecuU.tL Thus !he roiniN vilue no longer 
d~pends 011 the ,·alue of \he location count.er at the time the program was 11 point.en; must be used,_they may_be relocaled as w~ hnve _iust s!town. 
a<Ocmbled, but on the va!ue o! U.e Pe whNe it ;~ loarled. For examplc, assum~ tha~ a list nf dnt-.1 ts lO be n~r•·"cd ws\h the 1n.~ntn1on 
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ú~ú[•&~ 

~~ü!IM 

~(•Po~,; 

(o(l[o(>t~ 

(>0(•0H 

~N•!•~~ 
M<U~n 

D~~(,~< 

I<Dt•~~~ 

MO~lt< 

~ü(o{•l~ 

ú[•ül•l• 

PkOGR AMMJ NO T!:CJ!NJ QtJts 

Tllc pointer to the lisl, list L,may be cakulali'J at execution time as follows: 

' "' "' 
, ~ET (u;-; (NT f"C 
, H~D M'FHT 

Another variation is t.o cather al] point.en"into atable. The relocuion 
factor may be calculated once and then applied to all pointers in the Ulble in 
a loop. The prorrmm in Fig. 4-2 i; an example of this technique. The reader 
should verlfy (Exercise 1 at the end of this chapter) that if this pro ¡:¡-:un is 
relocated so that if it begins in location 10000, the •·nlues in the pointer 
table, PTRTBL, wlll be roooo, 10020. and 10030. 

ú~8~&0 --~.~~ <>er.r.t•l •t•'-'1 
~¡,¡,~M F·¡·=~~ 

~ú(·~~l f·t;-~7 

úH•H~ " MO>' 
1i~7(>ú ~u¡· 

úúúú(l2 
H<nt MOl' 
¡,¡,¡.¡,¡o 
[•iúú~! """ t•t~-r~z MO>' • 
~~6(•U 

~~"~~1 LOOP: "" l<l•~-1~2 m 
~(<U7~ BNE 
(•(•{•~1•0 H~LT 
0(•(<~{·3 nLLHI•J 
C•l•OOUO PTUBL: . ~0~0 
{•(•(•{•~~ 

(•{<l'(<)0 

{•(·~~Ül . (1<0 

PC. ~~ 
o;:•Z. ~1" 

>F-HTI:L.U 

·~- ~i 1 T~LLEu. RZ 

··~. (~"11• 
R;: 
LOOP 

~. LO(tf·, F"!RTBL 

.DEFJU( ··~ 
• (tf(!NE "l 
,QEFINf ~·z 

;f•EFINE ~C 

;ROLl•Ci<H ~Ll E:IITR!ES W f•H>aL 
•Ci<LC~Li<TE HLOC~TJOI< ~i<CTO.<· 

' TO f·H TE:L 
• ~ET Ltii~TII ~F TABLf 

, •ELC•(ME HU EIITR'" 
; '0~.-1 N•WN 
,¡:,·i<•trH JF •WT ~(tfJE 

; STN· ~M[I,f ~(tU( 

, LENUTH ÜF T~I:L( 

Fi¡. 4·2 

Care must be exerdsed wh~n rest.arting a pro¡¡ram that relocates a t.able 
or pointcrs. The re•tart procedure m\at not include the relocating again 
(i.e., the tablc musl b~ rclo";,¡,.d cxaetly once •fler each load). 

4.2. JUMP INSTRUCTION 

Althouch mentioned earlier, the JMP instruction ha• been ovcrlooked 
somewhat up lo now. 'The astute read~r will, no doubt, rccognize that the 
ncee<5Íty of a jump instruction is dklated by the fact that the branch in· 
struclion<, ulthough rclative, are inc•po!Jie of branching more than 200 words 
in either a positive or a negRtive direction. Thu5 to branch from one end of 
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3. The value of index is doubled lo Ull<e careo! thr fact lhat labe\s in 
the tab\e ar~ slon•d in ~ven o<ldresses; i.e., full words; memory to anoth~r. a jump in.truclion mus\ b~ aparto! lhe in<Uuction set 

and mus! allow full-word addr~'-<ing, 4. Th~ address {or the J:-IP instruction is utilized both áS indexe<! and 
The jump instruction is ind~~d a par\ of the POP-11 instruc~ion set and 1 indirect, such that it points to an address to be jumped to in !he table. 

bclon~s to the single-operand ¡:roup. As ~ '""'lt, jumps rnoy Oe r~l"tive, 1 · 
absolute, indirect, and indexed, This flexibilüy in Uetermining the effec~ive Allliough the jump instruclion l!ansfers contrOl to \he conect program 
jump addre~ is quite usdul in sol\'ing a part;rular class of pro!:>l~ms that label, it does not specify any w~y lo come back. In the next section, where 
occur in pro¡;rammin~. This class is bPst illm:.ralt·d by ·~=pie. Wf' shall consider subroutining, we shall see lhal a sli~ht modification of the 

jump instructions allows for an orllerly t..ans!cr of control, and a· rel~rn, 
4.2.1. J"rnp Toble Problorn 

1 
írom "?" sedion of code to another. 

A common lype of ptoblem is one in which thr- input dota represen\ a 1 
code for an nction toLe pedormed. For cach coo;!r, the pro¡:ram is to take a 4.3. SUBROUTINES 

cert.:lin adion by e~~cuting a spPCifie~ block of cO<Jc. Such a proLiem would 1 
br roded in FO!tTRA~ as • A good programming practice to gel into is to separate large programs 

into srnaller ,ubprogmms," which are easier lo m:rnage. These subprograms 
are activated either by a m~in progr:>m or by each olher, allowing for the 
sharing of rou~ines among !he different prograrns and subprograrns. 

!~J[)( 

<1~. ·~~.H. 11~~ •. 

In other words, basod on the •·alue of index, ihe pro¡;rnm will go to the 
st.:lt.ement labelf'd 1 O, lOO, 37. and so on. 

The ''comput.ed GO TO''i.'l FORTRA:--' must~ventually be translated into 
mochinelan¡:uage. One possibility in thr langu:~~r of the PDP·ll would be 

HAO 
~OY 

"' "" "' r~atE: . ~¡·•o 

- '> 

JND(~ , A PSF:ll~O-INSH'~t;f!~N 
1 ~DH. ~1 ; f'L~t;( 1 T 1 N R! 
Ri ; ~{•INDEAC=~.<o>:-1 
RO,O:l .r~~M ~·l~H• 

{•lRPL[n·i) : lh't•JóEO JUMP 
U~. L1~~. L;.7. Ui~~ •. ,. ,l7 

The method u sed is called lh~ jump t~b,'e m~r!rod. •mee it uses atable of 
addresseo lo jump lo. 1'he rnethod wo,ks as follows: 

l. The. val" e <>f ])\'!)EX is <•bt.,Íned. 

2. Sin~e the r~nge o! J;.<DEX i> 1 .;; lNDEX .:;: m:u:imum value, 1 is <Ub
tr.or1Ptl from lhe inde> >O that it• ranRe i> O <;; l"Df..X <: m :u< - l. 

The savin~ in memory space rcsulling from having Only one copy of the 
n~eded routine is a definile adnnla~e. Equally import;mt is the saving in 
time for the progr:unmer, who needs to code the routine only once. How· 
ever, in arder to share common subprograms, then• must be a m,.;hanism to 

1. Allow !he transfer of control from one routine to another. 

2. Pass val u es arnong lhe various routines. 

: The mechanism that a~complishes t11ese rcquLrcment.s is called the subrouline 
' /inkacc and is, in general, a comblnation of hardware features and software 

conventions. 
Thc hMdwarc fcatun·s on !he l'DP-11 which ".sist in performing the 

subroutinc linkage are the instru~tions JSR and RTS. Thcse instrudions are 
in the subrouline call and r~turn ~roup and have th•· following assembler 
form and instruclion formatt: 1 

1 

'" 1 ;;,,,.,,, '"1 ll.n 

1 1 1 : . 1 

' " 
8 6l4:> o 

' L IJ'"""" ooo "ldr<u 

toopo~don~ o;on t~e moJ• uf oddrc11in~. on• nr """' word• ••• u,.d fm th• JSR 

in>"uction. 
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Both in<tructions mal< e use of a "stack" mechanism similar to the sl~ck 
mechanisrn d<>scribed f or zero-addre55 machines in S<"Ction 1 .2.8.6. 

4.3.1. Stoc~ 

A $/ach is an area of rnernory set aside by the pro¡:rnmmcr for temporary 
storage or subroutine/i.,tcm•pt ;ervice linb~e. The instmNions that facili· 

·iate stack handling {e.~ .• •ut.oine~rment and autot!ecreme-nt) "'~ u<eful lea. 
tures that may be found in low·cost computers. They allow a procram to 
dynamically establish, modify, or delet.e a siack :tnd itcms on it. The stack 
uses l.hc losl·in, firs/·OtH or J,lFO conrepl; thnt ;,, voriou< iterns may be 
add<"li t.o a stack in M'qu~ntial orúr nnd reiriev<>d or del~l<>d"frorn the stack 
in rc,erse order (Fig. 4-3). On !he PDP·ll, a stack staru al tl;le l•i¡:he.<t loca. 
tion !l·scrved for it ami exp••l<ls lineorly rlownw:<rd to the lowes~ oddress ~i 
¡!.cm> are ad<.lcd t" the stock. 

The programmer does not n~ed to lceep tr•clc o! t.h~ actuallo~alio~.< h1s 
data are b~íng stackt·d into. Thi• ;, done autornalico!ly throu~h a .<loch 
poinlcf. 'l'o lleep track of the IJst ilr~l adrl~d to the slncll (or ""whcre we 
are" in the •tack). a gcnenü rc~ister nlways conl•ms th" men.or" a<ldress 
where the !ast it.em is stored in the .<Uocit. In tlll' PDP-!1 any re~isler e~cept 
rc~ister 7 (the PC) may !.>~ U>Pd as a stack pointer unr\N pro~"'"' eontro!: 
how~ver, instruction; '"ocint<·d with S\1broutine \1nb~c un<.l ;n\P•Tupt ser
vic~ automaticolly use re~ister G (R6) ru;" h.ordware stack poinwr. For t.his 
rea•on R6 ls frequent\y rdem·~ toas thc •ysl<'m SI'. 

St•ch in th~ llDJ'.Jl may be m~inloint•d in t·itlwr full-word or l•yl<> unit<. 
This ;, true (o, !.acle pmnlt·d to by any re¡:isiN PX<"<"Pl HC., whi<"11 mu<l be 

CHAP.' 

organizcd 111 full·word unils only. Byte sl•cks (Fig. 4-4} rcquire instnrclions 
capable of opNating on bytes ratiler than full words (byte handling is dis· 
cussed in Section 4..6). 

00>~ 

001010 

00707~ 

001074 

(l01076 

007100 

00710~ 

, 
,, 

' 

OOJOJ 

onJol 

00707 

007100 

Wo<~ <l><k 

¡,,.," f 4 

ll<m ~] 

l«m # ~ 

l«m ~ 1 

a ' ' % y n ac 

ll<m~• 

l'<mlll 

ll<m ~' 

ll<m ~ 1 

SP 1 00701~ 

-- sr 1 001011 

Ntm:av'""' 
'"'"''d '" "'"'d' » loltowm•· 

ltyl< .1 Üyl< l 

Dy" 1 a,,. o 

F;~. 4·4 Wmd ond byte""''· 

It.ems are add~d to a stack using the autodecremenl ad~ressing mode wi~ 
the appropriate point.er re~ist~t. (See Chapter 2 for a dPscription of t'>.~ 
a u loincrernent/rl<"cr~m(•nt m o des.) 

This operation is accomplísh .. d as follows: 

O> 

$0U~CL -<$P) 

This iscalled a "push" becausc data are "pushed onto t.>-,e ~tacit." 
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To removc an itcm írom st•ck t~e autoincremcnt adrlrC$$Ífll: molle with 
. the appropriate SI' is employ<·rl. This is accornplished in tlw followin¡: 

manner: 

< Sf")+, PtST .~['\'[ ~t>TIN~TIUN W(l~p Off ~-l~CK 

• 

Rrmoving an 1tem frum n sti<ck is •·n!led a J10P, for "r'OI'[lin¡: from the st"ck." 
Aflcr an il-em has b~cn popl"'d, it< s!.:lck loc~tion is considPred fr<'<' ~nd 
anilable !or other use. The s:.aá point..•r poin:.s to th~ last·us.-d location, 
implyin¡: th"t tlw rw~t (lower) location ¡;free. 11,-us a s!<lck m'~' rq>rcscnl 
a pool o! sharcable temporary stor"~" local1om. 

When a JSR is e\rcut.ed, the contents of thP linkJ~<' registn are saved on 
the syst.em RG <taek as if a ~10\' re~,-(SP) h~.< hfoen pcrformPd. 111en the 
samc re~ister is loadcd with the m<'Ol10f1' arldre<S following th•· .lSH in.<tnJC· 
tion (!.he conl<'nts uf the current PC) anda jump is "'"de to tlw enlry loca· 
tion specified. The effed, then, of e~ecutin~ one JSR instroction is lhe 
same a; simul!.:lneously executing two :>lOVs anda J.\lP; for c:\nmple, 

'" 
~DV OE:G.-<~rJ 
1'10~ f·C.<EG 
JMf' ~-t•LR 

, r<><:-~ <Ei,l\:.lE<: INl~ TKE: Sl~C( 
,1'\'l ''Ul"~ f·r INIO <;e;GI$1[~ 
• JUMf· 10 SU!'HO<II J N[ 

' Figure 4-5 ~ivPs u;';, ,;bcfore" ancl after conditionB wlwn neeutin~ \h~ sub-
routine-inslruction JSH. R5,1064. 

00117 

00171 

00177 

Htfoct 

(Rjl•OOOIJC 
IR(,¡•OQIJl/, 

JrcJ • JKl 001000 ,. 
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' ,, """"'m 

00111 

.-cece-o uollJ 
-sr on111<, ()[11'7 

All" 
<l<~o•OUIU<>-1 

!l«o1•001'7' 
II'C.-<I<lo 1\010.·' - • 

' 
' 0001•: -;---- sr j J•fl 174 

o 

oocoo o """""" oo:ooo 

PRO~~""' M ING TECI J~!QUES CH;.P. < 

In order to retmn from a sllhroutine, thc RTS instnJction is ~~~cut.Pd.' !t 
pcrfotms the in,·crse opemtion of the JSH, Lhe unslacklng and. restoring of 
the Sllved resister vo.Jue, and the return o! control \.o the instruction follow
ing the JSR instruclion. The cqui,·a!ent oí an RTS is a concunent MOV 

instruction pair: 

MOV ~·EG. ~C 

~C•I' <Sf·I•.>':EG 
;<tSTC•<·E r-e 
;<ESI(>~E <U>IS'IE"' 

The use of a staá mPchanism íor subrouline calls and returns is particu
larly aclvantaceous for two rcasons. First, many JSR instTUctions can be 
cx('Cuted withoot the necd to provide any .aving procedore for the linkage 
informntion, since all linka~e information is automatica!ly pushed into the 
s\tlck in scQ\lPntial order. Returns can simply be made by outomatically 
poppln~ this information from the 'stack in opposite order.•. Such linl<age 
address bookkeeping is calle(! aut.omatic nl"s/ing o! subroutine calls. This 
!e"ture enables the pro~r:uilmer to construct fast, efficient 1inka~es in an 
~asy, !lex1ble manner. lt even pcrmits a rouline lo be recalled orto call 
itself in those. cases whe,-,. this is meaningful {Sections 4.3.5 and 4.3.6). 
Other ramifkations will appear after we examine the interropL mechanism 
for the PDP-11 (Section 6.4). 

Thc s<'cond advantase or th~ st.ack mPch"nism is found 1n its case of use 
for SliVing and restorins re¡:isters .. This case ar\ses when a sobrout\ne wants 
to use the cenera! reclsters, but these resisters were already in use by the 
callin¡: program and must tlwrelore be returned to it with their contents 
inl<ld. The c"llcd subroutinc (JSRPC, SUBR) could be wriUen, then,'as 

<hown in Fis. 4-6. 
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The 5~cond routin~ uses two fev.er words ¡wr rc¡,~strr •~vejres~ore and i linl<age r<:~ister of the JSR inslruction. ·Since this rcgisler points lo llw fust 

allows another routine to use !he l.emporary s\..~ck slora~e ~t a l~tier point 'l word foUowing the JSR instrudion, it may be used as a pointer to the fu;t 
rather than ¡wrmanently tying s'Jme memO')' loeati<>ns (Tf:~ll'S) toa p;u-tic· word of a oector of ar¡;uments or argument addre.,es. 
ular rout\ne. 'Jñis abi:ity to shore t<ernponory slora~e in the form of a sL~ck is l . Considerin~ :he flr.t case whcre the arguments follow the JSR instruc
a very economical way t.o s.lv<' on memory usn~e. <·<p,.,ially whcn the total: bon, the subroutine hnl<a~e would be of !he form: 
amount of rnemory is limited. 

R~. Ml'l ;(~L.l ~llll!PLI' 

/.'ó~LU(, I'V~LUF.: The rendPr should note th~t the subroutrne cnll JSR PC,SL:BH is a lc~iti
ma1R form for a subroutine jump. The in~\n!clion tl,ws no\ u\i\iz~ or stac~ 
any rePsters bul the PC. On :he other hand, the in<tntction JSR SP,gUBR. Thcse arcuments could be accessed using autoincrement mode: 
whcrr SP = R6, is not normnlly considt•red a nwanin~ful combin~tion. 

Laler, holl'ever, utilizing register 6 w!ll be ~on>i<l.-r.-d (><''' f'Pc'\iun ~.3.7). 

4.3.3, A<~umont Tranomi.,ion 

'· 
The JSR and RTS inst.ructions h~ndle the linb~e problcm for transfer· 

ring control. What. remains ;, lhe rrohlem of p~1«inc :tr~umen!s hná and 
!orlh to the subroutlnc durln~ its invocation. A< lt turns out, this is ñ !airly 
st.,ightforward prcblem, am! thr renl gH<•stton bNomps om• of chousin~ one 
solution from !he l:trCP number of ways for P"'''"~ vnh!eS. 

A '""'>' simple-mindl'd approach for argument tr:>mmi .. ion would be to 
agrPc ahead Or tim~ on the locntions that mi~ht b~ u•~d. For e'~mple, sup
pow Ú1at thNe e'ist. a subroutin<• ~:UL which mulliplics two 16-bil wunls 
togelher, produéng a 32-bit result. Tbe subroutine f~pects U1e nmltiplier 
and multiplicand to be placed in symholie locntions !\RGI and ARG~ re
'~p,clively, and upon completion, the Stlbroutinc willlem·e the resultunt in 
the srune locations. • 

The subroutine linkage nee!led to set up. ~alt. and snve the gcn~rat.ed 
: results migM loo k like: 

""' ~- ~<·~· .~tiLTIF'LIE' 

"' ~. H~H , r.(llli F"ll ( HNt-
JS~· >-c. MOL • ( Ñll Mt'lii'L'' 
MM r.<·~~- ~·SL T , 0-HV( '"' T~O '"' r.•~~. ~-~L 1•2 W(•> t· <·Et•L T 

Asan alt.ernative lo lhis linkage, one conld use ú¡~ rc~isl!'n; for \he •ubrou
tine ar¡:uments and write: 

>:, ~1 
,. ' 1-2 
F-~. ~VL 

, MVLTIF'LIE< 
'rli\.TIF'L.l[~N~ 
• ( ~L.l tl''l T 1 F·L. ,. 

This last method, althnugh "ccepb\o\e, ;~ snm!'wh~t Je>tric'.ed in th~t a 
maximum of six ar¡:uments could be tr:msmitted, t'Ofr<''POO•!in~ lo tlw num
ber of general registero n•·ailab\e. As a n-su\t of U!i< n·<tri~tion, "na\hn :\!. 
t<•rnativ~ is BS<'n which múes uw of th~ nwmory I<><"Otions pointt•<! to hy the 

·~~>+- ''1 
·~~>+- ''2 

; ~ET t!Ulll PLI E~ 
.~El ~ULTIPLIC~>l[> 

At U.e tim~ of return, U.e value (ad<lress point.er) in RO will have bren incre-
mented by 4 so that RO contains !he addre<Sof lhe next e~ecutable instruc. 
tion following the JSR. 

In the second case, wherc thc addrcsses of the argum<•n\s folluw the 
subroutine call, ilie linkage laoks like 

R(', M(ll 
>.~C·t-f, ''Ht-C•R 

.(~Ll M('!..llf'LI' 

. ~'C.'-'"~"1, 
For this case, !he "alues to be· manipulat.ed are fet.ched indlrL"CUy: 

IWL: MOl' 

'"' 
~<H•)•.R1 

(•(<'~H.R2 

,HTC~ MLILTIF'LIE~ 

;HTC~ Mlllllf'll(A>l(• 

·' 

AnoUoer method of transmitting a:r~urnents is to transmit only !he ad· 
dress of the fiTst it.cm by pladn~ this address in a cencral-purpose regist.er. 
1t is not n~ccssary lo hñve the actual nr¡:ument lis! in the same ~eneral area as 
thc subroutine cal\. 1'hus a o.uhroutine can be c•ll<·d to work on d;¡ta locat~d 
anywhere in mcmory. Jn fact, in many cases, th•• operations perfonned by 
the subroutine can be applir-d dir.-ctly t.o the data located on or pointed to 
by a stnck (Fi~- 4·7) withnut ever actually M~ding to m ove these data into
lhc subroutinc arca. 

,,,.,,#, --~] ~""'"'"''''"#! ¡-.=e:..:_¡ ~: .. 
'• 
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. sn t•r- r·eon.:ro: 
,(Hll ¡.(IN'OliT!NE 

, Ht·~ !l[M •! 10 !lE M o; 
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Given the<e many ways to pass arcuments to a subroutine, it is worth
while to ask, why have so many bf'Pn pre•en~~d and what is the ration:Lie 
for pn•senb1g th~m al!? The snswer is lhat rr•ch mdhod was presented :.s 
bein~ somewhat "be:t.er" than Lholast, in ti>at 

l. Few re¡;i<t.ers w~re used to lnnsmit ar¡:uments. 

2. The uuml><r of pammeters passed co\lld be quite la:ge. 

3, The link~se mechanism was simplifi.-d to the point wh .. re only the 
addres.s of the subroutine was needed to trcmsfcr control and pass pnrameters. 

Point 3 require< sorne additional explanat.ion_ Sinf'e s\lbroulines, like 
any other program~. may be·writlen in position-'nde¡>endent eode, it is pos· 
sible to wri~ and a.;semble them independenUy from ~he main pro;:ram thM 
uses them. Thc problem is fillin~ in the appropriale udd,.,ss for lhe JSR 
imtruction. 

F>lling in the address fi~ld in the JSR instruclion is the job of th~ linking 
loader, since il can not o01ly relocnle PJC pro¡:rnms but o\sn fill in subroutine 
addresses, i.e., liul< them t<>set.her. The result i~ thnt a N"locnt.~blc <ubroutine 
may be !oaded anywhere in memory ~nd be linked wiUl one or more e!lllin~ 
pro¡:i-ams and/or subpro;:rams. There wi!l be only onc copy of the routine, 
but it may be u~ed 1n a n·pdiiivr """ner by olher prp¡:r.tms locMPd any
where el se in menwry. 

Anothet point not to be O\•erlooked in r...:appin~ ar¡;ument passin~ is the 
~significan\ difference in the method• us~d. ·n,e !irsl technit]UC< pre>ented 

used the simple method of p:'l.ssin~ a ua!ue lo tlw suhroutine. 'rhe lntPr trch· 
niques passed the addr~ss of the v..:\le. The di!fNence in tk•e two tech· 
niques, cal/ by oolue and cal/ by nrldrcr.<, can be quite import:>nl, as illus
trated bl' the fo!lowing FORT!l.A:\-like pro¡;ram fx,.mple: 

'"' 

E-·~
N-JHT,fl-~ 

.C~LL ~"M(1,.~. 

~·1. 

(··~-
H ]N T. ~-E

f"~ 

0-l'[''(>UTJNE ~OJHf•r; 

"""'"~ ,,., . 
O'=l(Mf 
HTU,'N 
ENl• 

lf the real constaMts a:e passed in hy \'al\le, both print statem~nts wlil print 
out a -l. This occurs b.,.,nuse su broutine S\\' AP int.erchanges the values thal 
it h:>S received, not lhe ~etu:LI conl<:nts of the arguments themselves. 

llowever, if the real conr.tants are passed in by address, the two print 
sLltements will produce -L and 1,, respectively_ In this case the S\lbroutine 
SW AP references lo real consLlnts themselves, inter<:hanging !he actual a.r¡:u
ment vlllues. 

!ligher-level l"n¡:ua~c, such as FORTRAN, can pass para1net"rs bolh by 
,-aJue :>nd by address. Qfl<>n the normal mode is.by 11ddress, bul when the 
ar¡:ument is an expression, the address repr<"scnts lhe location of the evalu,.!.ed 
expr<""ion. Therefore, if one wiohed to call SWAP by value, jt could b~ 
perform..d as 

C~ll ~~~~f'<1. •1., 2. -~. 1 

causing !he conl<>nts of the expressions, but not the cons\ants themselves, 
lo be switched. 

These te<:hniques for passíng parameters are easy to unders\and al the 
asscmbly languace leve! because the programmer can se~ exacCy what meth
od is being "'ed. In higher-le\•el l:mgu,~es, however, where the tcchniquc il; 
not so transpare~t. interesling results can occ\lr_ Thus the knowledgeable 
hi~her-\evel lancuase pro~rammer must be aware of the t.,.,hniques us.-d if he 
is to avoid unusual or une~pected results. 

A subro\ltine, like any other program, will use the registers during its 
exec\llion. As a result, lhe contcnts of the ,.,gisters at th~ lim~ \hat the 
subroutine is invok~d m ay not be the same as when lhe subrolltine relurns. 
The sharing of these eommon resources (e.¡:., lhe registers) therdore dictateo 
that on cnt.ry lo lhe sul>rouline the registers be saved nnd, on t•xil, reslored. 

The respon<il>ility for performing !he s;~ve and rt'store funct10n fallf 
eilhcr on the callin~ ro\ltinc or the ca!led routine. Althou¡;h ar~uments hÍ<l 
for makin¡: the calling pro¡o;ram save the r~~isters {since it need save only th< 
one~ in current use), it i> more common for the r.uhroutine itself to <ave anc 
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re<tor~ al] re~is~t·rs med_ On the I'DI'.Jl tlw savt• a~d r<·;\or~ routine is 
gr<"atly simplif,~d hy !ht> u;.e of a <!.ack, ~• was ilh•slrnt<-d in Fi¡:. 4·G. 

As pointt>d out pr~vious!y, Slack< ~row downward in mt"mory and are 
\ruditional\y deftn~d lo oct'upy the LLL~mory sp:~e·e imnL<·diat~ly prt•<·•·din~ 

th~ program(s) that '"" them. On~ of thc fi"t thw~s thot any pro¡;ram 
whieh uses a stack (in p~rtlcular on~ thnt ~~~et•tPS" JSR) mnst do is to set 
the stack pointer u p. For e.,anlplt>, if SI' (i_e., RC>)" to hP u;ed, tlw pro~r= 
should b,·~in wilh 

"'" 1 5T 
.-c. ;c,p _,,,) 

,¡·(G 1~ T~E rH;-ST 
. IN$1~\IOI<'N {•F lHE f<·{•G•«~ 

;!•E(<EMENl Sf· ¡,,. <: 
.ft h•~H ('"H• lHE Sl~C. IJ]ll 
:0-lt•<E lHE !·MTH ~T H~-~ 

This initialization routine i• wnttt•n in PlC form, ~"d hnr.l ili><·Pn ""'"mhle!l 
beginnins at location O {.•0), tO;,. pro~ram >Ould l>!' """IY rl'lo,·al.<•d. Ttw 

· routln~ uses a pro~r;1mmin~ tri,·k 1.0 <iccrcm~nt. tlw statc: lt '"''' tlw t~st in· 
st.ruction in autodt'nement mode nnd i~nores :h~ '"\\in~ of tiH· eom!i\ion 
codc<. The aliernative t.o usi11~ :h, TST tn<lru.-t ion would he lo S l • B L~.Sl', 
lmt this wnuld requir~ an extr~ instmction word. 

4.3.5_ Reont<oncy 

FurthN ad\•ant.Jges of stock or~am7.otion bt•conw appru-ent in corñplrx 
oitunlions which C:l.n arise in program systcms th:ot nn• ""~"~"d in \he concur· 
rent handling of S('Veral t.,sks. Such multitask ¡>rogr:un en\'ironments mny 
range from relativdy simp]P sin~l~-uscr applicntions which mu<l mnnn~e an 
in\Nm ix o[ J jO wrvice and bne kground com P"t" \ion to 1 '" ~~ com l'l"x m ul ti· 
prob'Tamm ing syst<'ms ihal mnnnge ~. V('f}' intri<'nl<' mixtmt• of t•wcuti•·e "nd 
multimcr pro~ramming situatioris. ln 3H Uw«" :opplications tlwn• is a ncNI 
for fle~ibility und time/memof}· eeonomy. '11w llW of \lw <tn.-k provitl~• 
this economy and f1ex1bihty by prr>vitlin~ a llH•l!wd for aHow1n~ mnny t~•ks 
to use a single copy of the SIIJ11<' routin~ :md "•impl,., t>n:~mhi~HOl>< !l!Plhod 
for keeping !rack of complex pro~r~m linko~es. 

The ability to sh~rc a sin~IP n>py nf ,, ~"'''" pro~r~m amon~ "-"''' or l:t<~s 
is calh·d rcentraÍlcy. Rec111"11lt i'"'h'Tom ronti11es differ from onlinary s\lh· 
routincs in that it ls unncc<·ss.~f}· for rt•entronl routirw~ lo fmish proccr.sin¡: 
a given task before thcy can b~ t1wrl h}· ~no\lwr ta<k. ~1ultiph• ta•k< can b~ 
in vario!ls stages of cornph·lion in th•· """" routmt• al nny tim<·. Thu~ th~ 

situa!ion shown in Fi~. 4·S may occm. 

Ptal'"" 1 
l'<o¡:<""': '"h'"''''"' A 
l'ro,ooot .1 

Pn>;rom 1 •. 

("cn .. ot io,l>~pr<»ch 

r,.,,..,, 1. ~ • .,d J "'" 

''"" '"h""'' "" A 

11 "P"'" <OP> of•ohrouton< A 
mu" b< p<O.,d<d foo '"" p<OI""' 

Thr chief pro~ramminc distinction between a nonshareable routine arod a 
reenlr:l.nt routiroe is that the T<·ent.Tllnt routine is co,,;posed solely of pure 
code; that is, il contains only ins1.r1Jctions and constant.s. Thus a <ection of 
program code is rre~trant (s!lnreable) •f and only if it is non·•elf·modif)•ing; 
lhat is, no information within it is subject to mod¡f¡c"tion. The phl\mophy 
behind pure cod~ is nctually not hmited to reentr-ant routin<·s. Any non
modifyinc procram segment that has no temporary storace or data assodated 
w¡\h it willlle · 

l. Simpler to debog. 

2. Read-only protectable (i.e., :1 c:m be kept in read-only memory). 

3, In !emJp ta blc ancl res larta hle, besi des. being reen trant. 

Using rccntr:mt routincs, control of a given routine may be shared ru; 

illustrated in Fi~. 4·9. 

""""'"' 
"'"""' 
' 

2. Task A temporarily relinquishes control of r~entran' 
.1tnrrupted) hef ore it fin ishcs prnc~ssing. 

tine Q (i.e., is 



SEC. 4 ~ 
,~ 1 

3. T~~<k B sl.l<rts proce>Sing in the •ame copy of n·cntrant routine Q. 

4. T.a.<k B relinquishes conlro! of r~cntr.tnt rnut!ne Q al somr point in 
Íls prOCPSSÍng. 

CIIA1'. 4 

a st:>ck ~ap~ble of rnainL1ining both the ~urrent valu~s of FACT and the 
return pointers eilher to the function 1tself or its ca\ling pro¡:rarn. However, 
the funclion may be co<.l~d in PDP-11 assembly lan¡¡uage in a simple fashion 
by t:>king advantage of its slack rnechanism. Assllmin~ that the value of N is 

5. Task A re¡:ains control of re~ntrant rou:ine Q and resumes proe¡>ssjng in RO and lhe value of N~ is to be lc!t in R1, the function F ACT could be 
from where it stopped. i cocled recur.ively as shown in Fig. 4-10. 

The use o! reentmnt pro~'l"amming allows mnny tnsks to shme lrequently 
used routines such as de•·ice ¡prvice routines ~nd ASCli·Binar;.· con•·ersion 

1 
routines. In fact, in a multiuser system it is po<.~ihle, for insl:mce, to con· 
struc'. a reen'.rant FORTRAN compilcr that cnn be uscd •• a single copJ Oy 
muny mer programs. 

lt is often meaningful for a pro~mm se~menl to call it,..,lf. Th~ ~hílity to 
nest sul!routine ca\ls to the '"me wbwtlllne is called •df-rcr~llmncy or 
recursion. The use of a st,.ck or~anization permits easy unambi~1ous re
eursion. The technique of t<•cursion is of ¡:rr~t c<e to lh~ m~:lwmotic:il 
analyst, as it aho permits lh~ Pvalua~ion of .ame o:herwis~ nonco:,puuoble 
m•tbematical functions. This U•ehnique oft<·n p<-rlnlls vcry si~nifi<:ont mem· 
ory and spefd ccnnomies in the lin::mstic op~r.1lions of c·ompilers ;md other 
hi~her-level software prOgt:l!l1S,"' we s!l:ill illustnte. 

A classic~l e~ample of thr technique oí recursion c~n be> found in com
puting N fact¡¡rial (N!) .. Allhouch 

N!,. N • (N- 1) • (N- Z)* ... •1 

it is also true lhat 

N! .. N•(N-ll! 

1~ - 1 

Written in "pseudo-FORTRAN," a function for c"lcl11ntin:: /\'! would look 
like: 

' 

l~TH.H FliN(T](m f~CHNl 
!F <N ><f l> ~~ T(• : 
fKlhl 
<[H"N 

m '' ·" ,.¡ .. ¡.-· "' (Y.!T • \"($ 
MOV <·(>, -<$P) , $~YE " 
~E( "' • 1<'1' ,._, 
J S<: .. C. HoCT , ( (•MF'l'lE (N-1>! 

RET: Mül' (';R)+.I'<l .<EH~ f~·(oM STA(~ 

JSR ~(- Mlll ,MLOLTif'L\" 1-'~LtiE$ 

HIT: ~·rs ,., 'HTUO'N 

FiJ. •·1 O R•cut.ó>< cOdin~ of f•cl<>róal function. 

The pro¡;rram of Fig. 4·10 calls itS<elf r~curoively by executing lhc.JSR 
PC,FACT instruetion. Each time it doe& <n, it places bolh the cunent value 
of N and Ule r~turn address (Jabel RET) in lhe st.ack. When N e O, the RTS 
instruction causes the retum address to be p¡¡pped off :.he s:.ack, !'/ex\ an N 
value is placed in R1, anda nonrPcursive call i< rnade lo the \lUL subroutinc. 

The subroutine multiply (MUL) use; the valuc of R1 to ¡wrform a multi· 
plicatlon of Rl by the value of an interna\ number (initially 1), held ln '1-lUL, 
which represent.s lhe partial product. This partlal product is also Jeft in Rl. 

Upon returning from lhe multiply subroutin~, the program next en
counters the RTS i;tstruction again. Eilher the stack contains lhe retum 
address of the cnlling program for FACT, or el se another oddress-data pair of, 
words genemted by a "'emsive ca\1 on F ACT. In the latter case, Rl is again 
Joaded wilh an N value that ls to be multiplied by the partial product being 
held locally ln lhe \lUL subroutine, and the above process is again repeated. 
Othcrwise, thc return to the calling prograrn is performed, with N~ held in Rl. 

~.3.7. CC<CUtin .. 

In sorne situations it h•ppen< thal •cveral pro~ram sPgments or routines 
are highly intcrootive. Control is pas;ed back and forth betw~cn tlteroutine•, 
and eaeh gocs throu~h a p~riod oí susp~nsion bef"'e bPing resumed, Because 
lhe routines maint.,in a symmetric rdationship lo cach olher, t'ley are called 
coroutines. 

Bnsically, lhe coroutine idea is an ~xtcnsion of lhe subroutine concept. 

EN~ calling program while the ~orou\ine is no t. Consequently. passing control is 

f~Cl•N• fKC(><·I) 
<EHI<'N The difference between th"m i< that a ~ubroutin•· is subordin"te toa largcr 

This code is pseudo-FOil. TitA~ brcnuse il cnnno\ ~ctu:illy br transiaU'<! diffcrcnt for the two concepts. 

m il ! ; 
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nc. • l <UhiU)UTINts "' 
When the cal! in~ progrnm mnk<·~ n col\ toa subroH\ine, it '"'I"'nJs 1\s~lf 

and trnnsfers control to the sutirou!ine, Th<· suhroutine is c·ntt·r~d at it.s 
beginnin¡:, performs ils function, and terminales br passin~ control back t.o 
the calling program, which is theretJpon res"m~d. 

ln possin~ control from one coroutine tu another, executwn be~ins in 
the newly nctivat~d routine v.h<·rc it las\ ldt off-no! at thc en trance to thc 
routine. The flow of ~ontrol pa.s~s back and forth lwtii'Pt•n corot1\ines, and 
c~ch time a coroutinc ¡:ains control, i'.s comput"•.'con.ol l'W~'T<'SS ;, .,d,·an~,·d 
until it passes control on to unother coroutirH·. 

The PDP-11, wi\h its 11arcJw~rc st•ck f••a\urc, c~n IJL• ''"'"l-' pro~ramm•·d 
l.o implcmen\ a ~oroutine rc·btionshtp i>PIII'<·cn ¡wo intt·"•t·\in~ wutin•·'
l!sing a spe<:ial case of the JSR inst.ruclion li.e., JS!l PC,f•1(!Hl)+], whit:h 
exchances the top el~ment of the re~i>ter (i procp;;or st.ack and Uw cont<•n\5 
of the prog-ram count~r (l'C), \he two roulinc_, mny he pcrmit\<'d lo >Wap 
prOb'T<Ult control and resume opera\ion wlwrc they st<>p¡wd, wht•tl r~callc·d. 

This control swapping is illustratPd in Fig. 4·11. 

Rout o no # l ;, o !'<"> lln 1. " 1 ho·n 

"'"""'' 
JSR PC, (•' (R6) + 

(1) t•o;,~op¡><dlromth<•l••" 

ond "" sr ·"'' "''"'""'"'"" 

m SP ¡, '"'"'!"'""''"'"' '"~ "" 
o1d PC !t e .. I'C'll ;, P"'"'~ 

0) '""""' ¡, """'"''d lo 01>< 
'""''"" PC11i '-·"'"''"' ~ ~~ 
Routone ~ l 11 ore.-..,nc. H lh,•n 

"''""" 
ISRK,(•'(R61+ 

.... ; Ll ' ti ,, ' ''"'" ' 1 " ' 1'(' ' ;, " ,., "' ~··· 1 
lor I'CI on tiLo"'" >Od <onuol« 
"'"''""'~ !>.od lo'"''''"' • l. 

SI'-

• 

"' ---- § 
Fi~. 4·11 CmouUn• inltro<lion. 

The power of a coroutine structure io to be fo1111d in modcrn opernting 
systems, a t.opic beyond the scope of this book. Jlowe\"er, in Chapter 6 it is 
possiblc lo demonstrnte the use ofcoroutines for tlw clouhlP lmfrt•rin~ of !JO 
wh1le ovcrlappin~ c01nputation. '!'he exnmplP pr~«·nlc-J in that ~h~pter is 
elegant in its scemin~ simplidty, nnJ yet it represents one of the most boSLc 
!{O operations to be períorrned in mmt operntin~ >Y''"""· 
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Para efectuar una función de entrada salí da, el progra 

mador debe especificar donde se encuentran los datos, de donde 11ie-

nen o van y como el dispositivo de entrada salida debe ser manejado. 

A esto se le denomina programaci6n de entrada salida. 

Dependiendo de la función de entrada salida se puede 

requerir que el procesador espere hasta que la función de Ijo sea • 

completada o por otro lado el procesador puede continuar ejecutan-

do tareas simultáneamente con la ejecuci6n de la !unci6n de I/0. 

El poder programar una computadol'a para realizar cá_! 

culos es de poca aplicaci6n si no hubiera manera de obtener resulta 

' dos de la máquina.· De la misma manera se hace neceoarioproveer 

a la computadora con información a ser procesada. Por lo tanto, el 

programador deberá contar con medios par~ transferir informacl6n 

entre la computadora y los dispositivos perif¡;rócos 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 gue una instrucción especial 

para la entrada salida es innecesaria. La arguitectura de la máqui-

na permite direccionar los registros de estado y datos de los peri!!_ 
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ricos de manera directa como localldades de memoria. Por lo tan 

to, las operaciones en dichos registro~ como es la transferencia 

de informaci6n a o de ellos as( como la manipulación de datos den

tro de ellos es llevada a cabo con instrucciones normales de refe-

rencia a memoria, 

El uso de todas las instrucciones de referencia a me 

maria en los registros de los periféricos incrementa gradualmente 

la flexibilidad de la programación de entrada salida. Todos los re

gistros de periféricos pueden ser tratados como acumuladores. 

Actualmente en la PDP-11, laB direcciones corres

pondientes a las 4 k palabras superiores, están reservadas para -

los registros mternos del procesador y para registros externos de 

entrada sahda, por lo tanto, en ca8o de tratarse de una máquina <:hj_ 

ea, la memoria se verá limitada a 2.8 k palabras de memoria Hsica 

y 4 k de localidades reservadas para los registros del procesador y 

dispositivos de entrada salida. En caso de contar con "Memory 

Management" lo que provee bits extra de direccionamiento 2 en el' 

caso de la PDP ·11/40 tendremos una capacidad total de 12.4 k pala

bras de memoria física aparte de los 4 k del área de re¡¡istros ;m

tes mencionada. 

Todos los dispos,tivoa periféricos son especificados 

por un juego de registroa que son direccionados como memoria y 
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manipulados con la flexibilidad de un á.cumulador. Para cada dispo-

sitivo hay 2. tipos de registros asociados: 

l. ·Registros de control y estado 

Z. Registros de Datos 

Cada periférico puede constar de uno o más registros 

de control y estado (CSR) que contienen toda la información necesa-

ria para comunicarse con dicho dispositivo. 

El unibus es una v(a común que interconecta el pro-

cesador, memoria y periféricos. Debido a la arquitectura de la má 

<:pina s6lo puede haber un d1spositivo controlando el unibua en cual-

qmer tiempo, A este dispositivo se le denomina Master. Los 

dispositivos pueden solicitar ser Masters, ya sea haciendo una solici 

tud de Eus o una solicitud de no procesador a la lógica de arbitraje de 

prLor;dades del procesador. 

La solicitud es atendida si es la de mayor prioridad. 

' 
El nuevo master aBume 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 iniciar una transíeruncia -

dt: datos sin intervención dal proc.,sador. 

Las •nterfases en la PDP-11 pueden clasiflcarse en 

3 tipos: 
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l. Slave (esclava)- Esta interfase no está prevista 

para ser Master. Ella 116lamente puede transferir datos a o desde 

el unibus por comando de un dispooitivo Maestro. 

2. [nterrupt (interruptor)- Esta interfase tiene la. ha 

bilidad de ganar el control del bus en el orden de dar al procesador 

la dirección de la subrutina, lo cu.al es usada para atender la soli

citud del perif~rico. 

DMA. Esta interfase tiene la habllidad de ganar el 

control del bus de manera de transferir mformación entre ella y a_! 

gún otro periférico. 

Un sola interfase puede emplear los 3 tipos antertor-

res. 
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La interfase para Hnca asrncrona DL 11 es una mter 

fase para comunicaciones designada para convertir datos de serie a 

paralelo. La interfase cuenta con 2 unidades mdopendientca, (r~ce:e. 

tor y transmisor), capaces de establecer comunicaci6n simultánea 

en ambos sentidos, 

La interfase DLll lleva a cabo básicamente 2. opera-

cianea: recepci6n y transmici6n de datos asrncronos, Cuando reci-

be datos, la interfase convierte un caracter serie asíncrono prove--

niente de un dispositivo externo en un caracter en paralelo requerido 

para una tranderencia al unibm:1. Este caracter puede ser mandado 

por el bus a la memoria, o un registro' en ul procesador a algún otro 

dispositivo, Cuando se transm.iten datos en paralelo desde el bus son 

convc:rtidos a.uerie para su transmisi6n a un dispositivo externo. 

Debido a que las Z unidades son independientes, es posible estable-

cer comunicaci6n de manera simultánea en ambos sentidos. El re 

ceptor y el transmisor operan por medio de Z registros, el regís-' 

tro do control y estado, para comando y monitoreo de funcione~ y-

el buffer de datos para guardar los datos antes de transferirlo8 al 

bus t> a un dispositivo externo. 
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Descripción DLll Teletype Control 

Transmtsi6n 

Cuando el CFUbus direcciona el Untbus, la interfase DL 11 

decodifica la direcci6n para determinar st el teletipo es el dispositl-

vo externo seleccionado y si es el seleccionado qué función debe desem 

pel'lar, entrada o salida. Si por ejempÍo el teletipo ha sido selecciona

do para Bceptar información a imprimir, datos en paralelo proventen

tes del unibus son cargados en el buffer de transmtción del D 11, En 

este punto la bandera de XMlT RDY baja debido a que la lógica del -

transmisor ha sido activado (la bandera vuelve a estar baja una frac

ción de bit después si el transmlsor no se encuentra activo en ese 

momento¡. La interfase genera el bit de arranc¡ue y transmite bit por 

bit en serie al teletipo, de nuevo pone la bandera XM!T RDY (tan 

pronto como el registro de buffer se "encuentra vacCo aún cuando el 

registro de corrimiento se encuentre activo .. Despul;s transmite -

el númaro requerido de bite de STOP. 

Recepci6n 

La seccl6n d<J receptar la longitud del caractcr es se 

leccionable por medio de un selector. El caracter recibido aparece 

justificado a la derecho en el registro buffe¡· recepci6n eliminando

los bits de arranque y parp. 
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• 
El caracter completo es' formado en el UART y es 

transferido al registro buffer de recepción (RBUF) en el momento en 

que el centro del primer bit es muestreado. En ese momento el bit 

dl\ recepción efectú.a el registro de entrada-y control ea prendido si 

el bit de !nterrupt Enable se ancontraba prendido se genera una señal 

de solicitud de interrupción. Los bits no usados son llenados con ce 

ros y los bits 12-15 contienen información acerca del caractor inte

grado por el UART. N atece que el programa tiene un caracter com 

pleto de tiempo para retirar el caracter completo del buffer de da

tos antes de que el nuevo caracter sea colocado en el registro de r~ 

cepción por el UART. En el caso de que el programa falle en leer 

este caractcr anterior, se pierde y el bit de exceso y error son pren 

didos (bit 14-15) en el registro buffer de recepción. En el caso de 

que no se presente normahnente el bit de paro el UART presenta lo 

que supuestamente recibió, más el bit error 13yiS prendidos. 

Programación 

La interfase entre el programa corriendo en al proc~' 

u.dor PDP-11 y el DL-ll se llc':'a a cabo mediante 4 registros. Es

tos t.on registros de estado de recepción (RCSR}; 2} registro buffer 

de recepciÓr1 (RBUF); 3) registro buffer de estado de transmlción 

{XCSR); y 4) Regis~ro buffer de transmisi6n [XBUF). La función de 

cada uno d<i ostos bita se da a continuación. 

• 
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CR- 11 

La lectora de tarjetas CR-11, lec tarjetas perfora-

da.B de 80 columnas. La lectora está diseñada para lmr l!ecuencial . -
mente, los datos en 80 columnas empezandO con la columna l. Ca 

da cohunna tiene 12 zonaa o renglones, una perforación es inter-

pretada como un uno binario y la ausencia de perforaclón como un -

cero. Los datos son le(dos de la tarjeta una columna a la vez. Los 

datos son presentados en dos formatos para entrada a la computado 

, .. 
Modo Comprimido.- Las 12 zonas de la tarjeta son 

codificadas en un byte (S bits), permitiendo un almacenamiento más 

eficiente de la información. 

Modo no comprimido.- Un bit <HI empleado para pr.!:_ 

Sentar el estado de cada ~ona en la tarjeta. 

La Lectora CR 11 consta de 3 registros para comuni 

carse con la computadora. Estos son registro de estadO"}' dos re-

giatroa de datos, Uno de los cuales preaenta los datos no comprimi 

dos y la otra comprimidos, La selecci6n de formatos se lleva a C.'!_ 

bo seleccionando el registro apropiado. Loa datos en ambas formas 

se encuentran siempre presente". A continuaci6n se presenta la es-

tructura de dichos registro11 . 

• 



RJP\)t-

El RJPV'-1 ca un subsistema de disco de cabeza m!i-

vil el cual consiste en u.o controlador RH 11 y de uno a ocho drivers 

de disco RP~. 

• 
El Unibus provee la interfase entre el procesador la 

memoria, y el controlador RH 11. Todas las transferencias e!ec-

tuadas entre la memoria y el RH 11 por medio de la facilidad de 

DMA del Unibus. 

El RH 11 contiene dos puertos en el Unibus: uno de-

signado como un puerto de control y el segundo como un puerto de 

datos. 

Los datos pueden ser transferidos a través de ambos 

.registros. Para operaci6n normal con memoria conectada a Unibus · 

A como se muestra en La figura 1 s6lamente es usado el puerto de -

control, el puerto de datos no se usa. 

El RH 11 se encuentra dividido en dos grupos funciona-

les, Hnea de registro y ~ontrol y lfnea de DMA. 

La Hnea de registro y Control permite al programa 

· leer y/o escribir en cualqui"r registro contenido en ~1 RH ll, Hay 
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un total de 4 registros en el RH 11, 15 registros en cada drive y l 

registro compartido que es parcialmente compartido en el RH 11 y 

en el Orive seleccionado. 

La lfnea de DMA funcionalmente consiste en una me-

moría FIFO de 66 palabras por 18 bita y su 16gica de control. 

La funci6n pr.imordial de esta memoria, que de aquf 

en adelante llam.a.remos SILO es el de buffer de datos para campen 

sar fiuctuacione~ de retardo en el Unibus al solicitar el DMA. 

CUando una instrucci6n en la PDP 11 direcciona el -

RH 11 para leer o esc'ribir cualquier registro en el RH 11 o en algún 

Orive, se inicia Wl 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 ~egistroa permite el acceso al 

registro apropiado. Si el registro direccionado es remoto (contenl 

do en uno de loa drives, la lógica de control de loe registroe inicia 

un ciclo de control de Massbus. El acceso a loa registros en el -

Orive por medio de la lógica de control del bus no interfiere con la 

transferencia DMA la que puede llevarse a cabo simultáneamente. 

Loa registros locales del RH ll especifican parámetros tales como 

direCción del Bus y contador de palabras, mientras que los regis

tros del Orive especifican parámetros como dirección deseada en el 

dico, información de estado, etc. 
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La lfnea de datos de DMA funcionalmente consiste en 

el Bus de datos Masa bus, .la memoria SILO y la l6glca de NPR del

U ni bus, 

La figura 2 presenta un diagrama de bloques simplifi 

cado de la línea. de D~ con un sólo Unibus ._ 

Loe 3 comando de transferencla de datos que pueden 

ser llevados a cabo por el RH 11 son escritura, lectura y checado de 

escritura. 

Antes que cualquiera de estas operaciones ocurra, el 

programa especl!ica una direcci6n en memoria (MA), una direcci6n 

de cilindro {CA), una direcci6n deseada de sector y pista (DA} y el 

nÚinero de palabra e. La dirección de Memoria representa la locali

dad de memoria donde so iniciara la lectura o escritura, La direc

ci6n de cilindro deseada e$ la posición en la que la cabeza deberá -

posicionarse. 

El !lector y pista deseado t"epreaenta la dlt>ecci6n de 

inicio en la''mpcrficie del diaco donde los datos aerán 611critos o~ 

lefdos. 

El número <le palabt>as a aer transferidas a o del difl 

oo. 
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La Hnea de datos de DMA funcionalmente consiste en 

el' Bus '¿e datos Massbuo,.la memoria SILO y la lógica de NPR del

Unibuo:1. 

La figura Z presenta un diagrama de bloques simpliª 

cado de la l(nea de DMA con un sólo Unit>us .. 

Loa 3 comando de transferencia de datos que pueden 

ser llevados a cabo por el RH 11 son escritura, lectura y checado de 

escritura. 

Antes que cualquiera de estas operaciones ocurra, el 

programa especifica una dirección en memoria (MA), una dirccci6n 

de cilindro (CA), una dirección deseada de sector y pista (DA) y el 

número de palabras. La direcci6n de Memoria representa la locali

dad de memoria donde se iniciara la lectura o escritura. La. direc

c'ióo de cilindro des Bada es la posición "n la que la cabeza deberá -

posicionarse. 

El sector y pista deseado representa la dirección de 

inicio en la superficie del disco donde loe datos serán escritos o -

lefdos. 

El número de palabras a ser transferidas a o del dis 

o o. 
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The Mini Computer as a Control Element 
D..!dley B. Hartung 

Management Methods, Inc., Waltham, Massachusetts 

Mini computers have been used to control a wide variety of processes 
and functions including machine tools, chemical processes, stee\ 
milis,· and warehousing systems. Articles in technical journals and 
talks at seminars have describcd in sorne detall many of these indivi
dual applications. &i.t what is a good application -- when do you use a 
hard wired control system :lnd when should you consider a mini com
puter? 

The decision must be based on costs dollars per function -- and reli!!, 
bility and maintalnability, In general, reliabiliry can be disposed of 

1 

as being indirectly relmed _ to dollars. The slmplest or mass-produced 
system is normally the cheapest system and also the most rel!able 
system. Mainta!nabllity can be given a cost value. The decislon, there 
fore, can be directly related to costs, Costs narurally refer to the inf 
tial capital cost of the equipment and also to recurring cost of opera=
tlon, including the aforementioned 'maintainability cost, operator cost, 
quality of product value, etc, Sorne of these costs can only be rough
ly approxlmated and may be intuitlve guesses, The cost of the eq.lip-
ment, however, should be fairly easy ro derive by knowledgeable ¡:a:¡i? 
during initial planning stages. 

A control system -- any control system -- cons!sts of !nputs, outputs, 
and declsion makers. In compar!ng hard wired systems with compu-_
ter systems, the inp.Jt and ouq::ut devices probably stay comparable 
In cost. Input and output devices consist of op€:rator swltches, sen-
sors, solenoids, servo or discrcte (on-of!) motor controls, etc. The 
decision maker Js the logical system which determines the effect of 
input changes upon output actions. With a hard wired system, each 
subdecision or each functfon of the control system has lts own logic. 
A mini computer time shares lts logic to accomplish manY functions
with a relatively small logical device. The mini computer, therefore, 
becomes essentially the complete decision maker, even when there 
are hundrcds of inputs and outputs with varying degrees of interrela
tionship. This is where the cost savings of a _computer system come. 

Many more decisions can be made per dallar with a computer comp!! 
red to hard-wired logic. 
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The··are sorne lnherently costly aspects of a computer system. Hol
ding functions must be stored externally. All inputs and outputs of 
data are in hlgh speed serial word which means that switch inputs, 
for instance, must be held on until polled by the computer, The 
holding device might be the operator's finger, The outputs must have 
holding relays or their salid atare equivalent. Inputs and outputs to 
the computer are always the same binary words at low levels, requi
ring filtering and leve! conversion at the Interface, No power is avai
Jable for force·type functions, requiring amplifiers and power relnys. 
Of course, sorne of these restrictions apply to many hard-wired con
trola. But if the decislons are very simple, the inpUt and output hllfe 
ring, filtering, nnd holding may be more expensive than the complete 
hard-wired control. · 

The computer ltself is limited by speed and by the size of interna! 
memory utilized for storing data and computer program. It may be 
cheaper even in a computer controlled system to do sorne complex 
but frequently used and repetltive tu_nctions ~xternally. For example, 
a .servo loop could be performed in a computer but in most cases is 
done externally. Interpolation for a machine too!, which is the pre
cise control of velocitles in two or more axis to draw a straight 
cut or a circular cut is expensive in computer time In that it takes 
a large portian of a computer. A single computer can do all inter-
polation and control one or two high speed, high accuracy machine 
tools, Jf the interpolation is done externally, 5-20 machine tools 
can be similarly controlled. 

2 

So how is a decision made to go hard-wired or mini computer? The 
system coses must be estimated in both ways. This requlres sorne 
understanding of the end of procesa and the requirements of both a 
liard-wired system and che capabilities of computers, In many cases, 
the computer can supply additfonal functions at very low cost which 
have to have sorne value placed on them to honestly compare systems. 
In other cases, che function to be performed is so complex that it is 
immediately obvious the computer is the solution. Labor costa of both 
of the design and building of a gystem and the operation must be con
sidered, 

Costa also include effects of lead time variation, set-up speed, and 
rejects. All of these costa vary and relate to a particular applica-
tion. 

Rules of thumb are dangeroos and can be misleading, but there are 
sorne systems where computer control should be looked at very care
fully. lf many simple decisions -- or many monitoring points, such 
as those on a transfer line, are required or if very complex relay 
trees or.log:lcal decistons muse be made, a computer should be con
sidered, Complicated decisions requlring mathematlcal tunctions, 
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particularly if changing either between runs or over a period llÍ time 
or the requirement for a great deal of stored data for look~up tables 
or Individual parts programs suggest computer control. Finally very 
specialized problema or machines or processes with only ene system 
or a few systems being built, pnrticularly where modlflcations bet·
ween initial concept and final operating equipment are foreseen due 
to technical unknowns, are particularly good applications for computer 
control. This is true not only because of the possible savings in hard 
ware costa, but more importantly, because of the normally much lo--= 
wer design cose. 

TI1e mini computer can be a panacea for many ills, and should be 
looked at by the builders and users of any controlled system, Jt will 
be found that not all systems justify on an economic basis the urili··· 
zatlon of computers, but converscly, it will be found that what seems 
like an expensive and sophisticated control system can often be easily 
justlfied purely on an economic basis. 
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proper on\'ho...,.nt, opouror lo roqulred to 
lnlthu the sourco cont<ol cycle or the ect""'l 

the lo<tu h co.,plttod, tho 
.....,uslly lntrhto tho ntum 

,...,sphulc condltlou. <:'lthot 
~.;; .,;~~~~;:: such ... ¡low dtoct>argo 

monudly lntro.luced In tho 

5 

.111 o u to ... : ;,: :,:,~ ::;;; :::: ;::: :: 
Tho .dva.otAgeo ouch o con

ore outlt:.&.;! ~~ 0 ou!>nq""nt ooctlon. 

It """ notod eult.r lo thio pope< thot o 
"''"""' depodtloo ~roc .. o lo ,.do up Df 4 no=bor 
of d!'frr•~" "? nUono, e>r~ e' ·!,!<'1.-U>r..oU-

!~1~!.~¡~ '::!~;~i;;;· ~!.:~·;:. On:':O! ·:¡ An~ <•<-

Conuoll~~ F=<«ono: Th• outo<Da<i< vacu"" 
dopooU!ao prooeoo <M«olle~ oou.ld b• oap¿blo of 
putor=J.ng tilo !ollowin' toncO!o"": 

"' 

1 :· 

' ,_ 

"' o! the 
' 1 1; .:_ ' 

' ' ' . 
' ,f .. ' 

and/ -· '· ~~ 

(2) pro .. ure control= control 
dao>¡)er valva to koep ct..,$or pre,uu 
const0<1t at a prcoet valuo !or part 
or all o! tilo nporating cyclo. 

1 • 

:-'~-· 

(l) Subotnto enndltionl.ng ccMrol: con
trol heat~n¿ (to ba~e o: codt:i:ci:;; 
t=pontu«), annealiog, .wd cooHn¡¡ 
of <ha oul>otrato. ,,, 

,, 

"' 

,., 

turn on p~e .. t 
tar¡¡Ot pow•r 

po!nt in cyclo 
~ooi

tor ur¡ot c>~n""t ·~ytter<n¡. 
l.J>totnlpt tbed u~«enco ""d ootmd 
a.la"' if eu>:ront dropo bol<I'O o prc .. t 
ulu&. 

~1"" dioch&rgo cloa.n.!n¡: turn • f1X<>d 
P""or OUJ'ply on for a preoot til:>t ln
tot"Val 4t any o! severa! pre-pro¡¡r.,..,nd 
poinu b tilo cycle. 

Subatu<e rotatloc: tun> o..!.• troto 
rototlou 1t>tor ou an<l ofr a< pro
dderm.loed polou In rhe cycle. u~od 
spood ("""'-ually vuioblo vb control 
uot provido<J). 

:_.¡ .• 

-· 
. -• 
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(9) a.11 Jar &tld ba .. ploto coclln1: tur:o 
eoolant oyu•= en ond oH. lul'11 on 
vlumevor oonud t""'''erotuu """"..,¡" o 
Ut poi.o.t vduo. 

Controtlor Deocrlotion: 'I'llo outamatic 
votWIII dopooltion eontroUe< "ould bo bued 011 o 
• ,.u di¡H&l- m;lolc""puter \11th a tud-ooly 
-17· Fi•un 1 lo o bloelt dio&<""- oh""in¡ tho 
robttonobip of tho controlht te tho uc"""' 
dopooitlon oyotem, ,¡,ae FiEutc 2 1o o olmpll!tod 
Uook diaStQ o! tho outo,..Hc eont<oller itaelt. 

----

_..,_ ... 
. """"" .... ,., .......... 
•<><>m•ot .......... 

--
~ ..... 
........ ·-· ... 
'"'"' 

""''"" -·""'-"" 

""" '·--~ .. ,. •• ,., r ., .... ,., 

~mit would hov~ ccnnMHo.>o at the rou 

:;,;;; ¡,;';'~~;•;!• ami 

ats
providd 

tho voHo¡o ot thou 
oigndo. Th• nomoli<ed ol¡noh aro lod to tho 
eo:put-r ~y .,Mns of o =ltipluer and .., =alol
to-41g1tol eonvertor. 

li 
et.,,) could bo tottoduod vio tho thumbvho&l. ', 
Mtch: (Altunotivo mothodo of intTo<!ucln& thuc 
ioputo 1111ght l1>0lude: (1) poten<io=otoro, whou 
oueput UF>alt '<Ould bo ocot •~ tho eo,...uur vu 
tho "ulU~hnr &<~d o~dor-«o-diglnl eo"""nu 
and (2) a pu;lehood eord ond eord-rudet 
arrans•-ot.) 

;¡ 
r .. ~•r ' . 

•• 

1---j ""'"" '""""' _, 

---

u h011. l>cll-ju boi&t 
b.a••Hod in tho ..... 

o! tho •10<•• control 

"cyelo 
' ""uld 

by ., • ...,. o! o otatuo 
tho proce .. , ouch 

• 

Tho input and output iDter!oeo drcuito 
.,ould be mou>>tod on plu¡-io cardo ood houud in 
lmWIOd opace in tho c0111putu e&binu. l'ho onüro 
auto....tic ccotroller coul<i bo pochgod U. a om•-11 
bonch-top cabioot, or ao o om.all tock--:ou.o.tod 
W>it, occupyinR lc55 thon 24 inchoa of pan.! 
hdilht. 

On<o rho voriouo .....,u.o.l input o &re oot, 
<>Onzoal opuot1oo of tho oyote!ll conoi"'s li=PlY 
ol pauin~ tho "cydo otart'' Outton. ~o !uc
thor otten<ion 1o roquir•d ""'U the auto,..t\c 
cydo bao be.,. t"'""'lud ond cho bdl Ju tl.oo 

" 'jM" 
' . 

. . 
G , ·' 

. ' ·1 "'. 



bo"" rai .. d. F-!OVtaio~• fo< noet and othor con
tr<>la "ould bo providod, """"""'• for uu >1\ion 
..,...._r intnnation 1o (o.lt n .. ouary. 

Advantag•• of C=puur Automotion 

the va~uum dop<oatt1on ¡i~~f:i:::;:~. tho """' odvantasa 
tho u.oo of a numher 

con<rol =dulu to 
&CC""'JJli•h th ~""'• objeet1vo. The dtasr010 
-""""' rol~th" coouollar coot vet5uo tilo rda
th'L do¡; .. ot aut.,.,.tion, 
footureo autolb.ated !~r tha vill 

. ,}r·~~o:~ato lhe crwooover 
L ~- point at tho cott of cocput~: au:""'ation 

,! ,< {11 • drop.o bol""' that of tho ..,dular cootrolt.r 
:'i .'•·"' opproacl\ ottun >1\ion ooly a rolativdy r-

' 
oporottono are to bo aut~t~d. Modular can
trollar• au oot kno<.m to ba ovailable ot 
pruoM for •o= o! tho feot~roo ic.c!~~•d uit.~in 

tho oeope o! t!-.e auto:>.>tic vatu"" ~opooition 
proe .. a cootrollot d .. eribed horoio. 

ULATIVE 

= 

AELATIVE OE<i.EE 
QF AUTO .. ATION 

P11ure 3 • Coot Vuouo P•i••• of Auto ... t1au 

lh• c010putor out""""ted cootrollor al.oo 
reaulto in o nw:lbe< oi pu~o=u or opora
donal odv""'"S""' 

'" 

,, 

"' 

"' 

valuu "-• booo oet, 
w:~1fc...,lty o! thc re•uHoot 

7 

All of thuo are ulu-...coly ro!lected l,n 
oc<>no>IO.I.c odvanto¡¡e.t of out""""'i< co=¡>utar coonol 
of ;.oeu= depooicioo prcocu, 

~;::::::;: to computoc·':::::::::·:<:;•;:::::: 
~ pcocuo .. Oot~ tcchoicolly 

ocooo"'cally .ttnct1vo. Auto.,..tcol eoMrol 
oHou o nw:lbe< o( O?"tatioruol odvonu¡; .. ovor 
pnuntly u.•ed oo:oiouto""'t1c control m«~odo, 
""'ny of o.lhiel\ oro ulti:110toly tefl•e<•d .. o<ld1-
t1onal ocon..,ic A4not•¡¡oo. a•oco it IUX Oo 
o><poctod that cor>pu::u aut<>W.tioo of <.~• cou<rol 
of voc"""' dopooittoo ~t<>CO .. •< ~lU uhio~o Jt,.,_ 
i.<>g 1=p<ortO<Ico io tho ooar futuro. 
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Batch Control with a Minicomputer , 

R. YOUNG, Emcry Tndmtri~s, luc. ~od 
D. E. SVOBODA, Jackson AsW>CUt.-.. 

Ar Emery Industries, o minioom~wle• tO<>"o'' t-:.1<" 
production of chemiccls, cons•st.ng ot ~,.,,.f.;c'·""' 

ol fcny o~i;h with o·,~;,~¡, 

FOR .\PPUC:I.T[OC\'S, it's often more 
1 

of 

"' t 1. u<u3llv 
be pro¡¡ramrneJ lora computer "''h Hule diffioulty. 

The process control sy•tom descnbed in thli 
Artide perforrns ~ v:zrietv of fnn(tiom t•·pic~l of 
romputer-bas~d These mdud,. 
• oont.;~t-" 1~sure" 

--~ ''!;;!~~'!,; and oulput. i ;' 

Hordwore for the rnini 

sy,em tnc1 .::'"""""'='" 
' 

tim•T "1!.1 lo,,,,.,, '-• •1- ''""' f,,,.. l•r~f!•1irü 
,, ,,,.,., _, ,·~:1 .. : "'"· -""! • r.:.i;.'~!!S!.. for 
]:!:'-'"'~- fl¡-.. 1 ,1.,: ,.,..., ... ~,, •n ¡m-.... ·nktl th;ou¡;h 
an .mu11n<1.1i~r ¡'Lln•l 

Tlk """l"''' 1 ,,.,., .... ¡,.,¡,¡, rh~ mnttcl procrom 
.tn<l rJ ... !"'"""-""" •·~.._,,.,¡ ""h <.Kh P'oJuct 
1: .. ot "ill : •. .., .. ,,.,; .. ,h,,.,J. Ti.o· m~~.,~UO·<~t~ 

-., ''1 . ',--'~-,, mt•mo"· '"""'"" n! • '•• •. "' ""''"· .. _ • • 
l.f~mit-,,~,.,,,,.¡ ,,,¡, """"· 

Compu!1·t ] () ,_,.,¡,,.,., «>1>''" el !~·input ~nd 

12-output tl .• t• ;.,,.,, D~u "" be .,.¡,.~~,-¿ ~t:cl 

¡>1.!,-..·d "" ,;,. ,.,,,,,, ¡.,,., .,, ""'"l~···cl f,~,., th~ 

inpLOI litt•·• .ol "1'1'"'1"""' tomo·s. uon!er rontrol ,"JI 
the prn~r.om In o~.i.ttn,, "' •tldrt·<> ¡,.,. • ~"-.':,~u 
b> ti"W < <lo-no•l ] ·~·< lO :~•!le tuput n; <lUf[>UI <l11J 
1~ ur lmm ,.,,.m,] "]utpmrnt "'d-• at conto.ct
do<nrr ''""'".oc,] ]l.\"""'"'''""· Co>ntrol line< 
thot tc.tn ],., pu!~o"'tl nr l<·ti<·d by th• F·'~"'"' 
S) ochrunll<" th~ ,.,,,n,_,! lu~'lc .. -nh \1-t~ Nn•.rol 
pr~¡;ram. 

C~ntoct..:lo.ur< i"P"'' uc Jrr~n<:od ~nd ~ddre .. od 
¡11 ~mu¡n n~ :2 •r .. u •--<>rn"<f••r.d to th<' 12~uutnut 
J.ot.t ];,,., <>i Ü"· r<om~nter. OC 111pul c:rcmto con. 
mt ot JlC fi:t,·n ,1<> t.,~~ Ootl cnnt.>cl·hnL•nc~ r.Qi<~' 
f~IJo,,'tl f,y ~hrnttt tri<:;::t·r. (:o <--ounrt ir.put< 
¡0 lo~ic 1~>~1,._ .~C inpu~• p~" throu~h i<.>],,. 
\ion tron•f<>rrn~n ,,.¡ J,OC~< for rom·er,i.m 1~ d~. 

e~,,.,,.,¡,,.,,,. ~,,.,,,, lmlude "~''·''' irom '"" 
JI""""'·'"" ¡;..,¡.,·:, "l""f~lor pmf,i-tutto~<. vll>e· 
l""">nn itnul ,..,.,,hr<, lnd lt•>d det"C'Orl. 

Cmot~<t-do>ut~ o•JllJ\11 h trJ" l •~ c~n•i<t < mo:r\y d 

,,¡¡J.,IJI~ J 1-1 """'· In•« fot ac output ~nd '''"'"'' 
~01 ,,,,,:,~ .. !•>< ,¡,. u··~~ut. .-\!<.o. rday>, d:1>M 
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Umit sw"cll" Soleoood ,;,., , 
(21) KPBIL P .. tt loo! 
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' 
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(18) 
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(lB) ' 
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' . ______ _.¡ ' . -' -- ----~ -· ~-- .1 

___ .J 
• . .. 

by tr.>os!•tor<. are used whcre continuity is des!r
able in ca.,. of- a -logic -pm••er Supply failurc. The 
contact-dosure outputs are ~ho arfanged in groups 
of 12. 

Each contact-clooure output ha., a •torage flip
flop which recriv~t and hnlds tlw data lrom one oí 
the output linc,. Croup• of rontact-closure outputs 
are 1elected to receive data by codes pt<~'ided on 
the si~ addre,. lines. The out¡mts include signa], 
lo the annun<otalor panel, motor s!ort/stop signols, 
~nd signals to wl~twid-operate<.l pilo! valves that 
oupply air to the prucess valves. 

to an A/D 
and purin'io 

... 

output data ond 

" A 
1 !_ " 

1' 

"' 

. . . ~- --~ ···- --

The stoll alarm C"Oil!Í51 of two 10-millliecond tlmers 
that can be re"'t by the program. The timers must 
be reset "' that at !east one !s alwars running, 
othe,..·ise. an Jlann signa! is produeed. 11 ~ pro· 
grom error or hardware maUunctLon ahers the 
normal s<""qu~n'"" of the pro¡;ram. the timers ·•:O!! 
not be reset olten enough. thereby actuating a st.;.:l 
alann. 

The telerypewriter and dock are n•cd In a cOn'"en
tional manncr lor evcnt loggin~- Time in hours, 
minutes, and scconds ca~ be rcad lrom thr dock 
and printed br the telerypewriter with a t;-piwl 
message: 05:16:57 THERM!)';OL FIIOM ESTER!-
FIER LOW FLOW. ' 

Software [or the mini 
Thc computer pro~rllmmin'"' or software. r<.'gt!lates 
thc oper~tion of o computcr-controlled proceS<. and 
consritute, a major par! ol the dcsign and dcvclop· 
ment effort of such a ·~~tem. Some ol the gc'Oeral 
tasks !or Emery Industries" computer cao be men· 
tioncd; they are typkal for a contrnl computer th•t 
is npplied to a batch process. 

Dq>ending on thc product"s f<"']tJirements, the 
soltw~re sequenc~s the vah·es. pro' id es nming. ond 
momtor< th<' stahtl functions thlt ddermin.i when 
•t•P• shoukl be tahn. The computer check! six 
voriahle nnd H logical (y~s ~r no) "endpoint•." ony 
cnmbir~at,on of "\,i~h can controlthe dm·,uiÓn ola 
step or the branchin¡; lo ene of '"'eral possible 
n~d •t~P•- Comp11ter •Oit\\are mu>t also check 3 
total of 50 km¡.crotme,. 1n~nu~l v.ohe ¡>l)sitioO>. 



. . 

' ·-1 .. -... 
and other status signal'l thnt show the s; .• tem ts 

· o.,ernting norrnall)·. Critica! st:ttw ermrs can stop 
the chemieal proceu. 

The-annun(iation func!i~m of thu s~ftware putJ 
out · • ion the te!etypewríter) ron-

. indicators and program How, 
detects and annundates 

'F~~~:f~::::~~~: a prngram ': sequence and dura-
!ion of operation<, thi• opproach grcatly short-
en• its length. 

;]1 

:~::;":~J,:Ch=~ ging of the pro.:es.s •r•tem can 
•• many a¡ lO rime< during the batch P'""""· A 
change takes two program statemcnts, a valve
change subroutine eall followed hy an enroderl 
combination. The vah·e-chang~ suhroutine d<'<'Odes 
the combill3tioo, selec!s the valve• to be Of"'nd 
or closed, and produces a valvc-change mc,.age 
which gets printed by thc at\nundator ;ubprogratn. 
Finally, the proper valvc• are .1ctuated by the up· 
date subprogram which does all 1/0 functions. 

T<~·:~'~''".'[.'ll• another familiar roo! that ha• been 
systcm, Simultaneo"' of 

;~¡~a~~;;~~.:·:·,~:":"1'':';"'~printing. delection, and ddc 

' 

s!ot dur
accumulator is 

progrom proceeds 
not tal<en place. 

control" •ubroutine (an un· 

<"<ln<litlonal jump) p~nmts pmgramming in ont. slnt 
to alter thc flow of th•t in .mothrr >lot. Pa.ometer 
, .. Jue• in one hme $lo! """ be rud ,,. modib<-d 
front another slot. 

The ddc loops gn into a !Ingle time slot. Those 
loop! are the digital-comput~r e<Jui•·alent of analog 
controlloops that opcrate oah~s. fi•·e ,.,_h~s con
trol nine procc., •·ariable5. bch loop h:l• setpoint 
inputs fmm the m~in pro<;ront ~nd proceso vari· 
ahle inpllls fmm thc updat<· progrom. The control 
algorilhnt r<•>emblr• that nf " normal analog loup, 
e•cept that >ummation rrpb"''' analog intergration 
and di~llal dillcrrntoaHon ropl~C'C< ano.log. 

A "tune-up" controlpond permiu rapid aptimiza
tion of •·ar¡ous oun•tol\1> fur tlot••c loops. Can.ider
ing <he ~-omputcr sp-ccd an<l the time ronstants 
of thl• application, the d<lc control is indistingu<sh· 
ahle fmm analog control but it ls much ea•i~r to 
tune ami mod!l)·· 

In Emcry Indu.tries' s)'>tem, .,, . .,.,. phase of real· 
tim~ compuler U$dge is repr"<Cntcd-from <imple 
o.larm•poinl monitoring ta unatretuled direct digital 
ormtml woth ,~)f-checling f~atures. The sy•tcm h'< 
boen designe<! "" that the oprrator """ interact 
with the control system to alter <Ctpoints of neces· 
••ry, or adjust the control system lo har.dle preces; 
upscts m~nuully if lloe need ari<es. ' 

Sorne of the softv.·are concepts borrowcd !mm 
computer tlm.,..sharing technology (whkh pcm1it 
many mbroutines to be activated simuluneously), 
oonlrt~oned lo the 6exibility of the systcm. Thts 
organi<alion permito a new main program lO -be 
wrilten !or an enltrcly new pmo.lud with a míni
mum ol effort, inaunuch as tbe main pro~rams con
sisl prim•nl;- of a sequence of calb ro the variou< 
utdtty •ubroutines, along with tbdr rcquir<o.l e,d. 
points ~nd setpoints. 

Dr. Rob<rt Youn' ls Dlf':<iOr oi Eni•n«riol •1 Emoty 
lndu""•'- ]no:., Cindnn>h, Ob!o; Dr. lku\ E. Svob<>da 
a • <un>ultonl w•!h )oobort ~'"'<i•h•r, Colombur, Ohio. 
/u"tid< ~ ba"d M POP<r pr<><Oied •1 the Conl<ronce on 
S<>hd-St"• o,,.,,., for Industrio\ ,\pplk•toon>. '!"'""'~ 
by n:.e;& ,..,,¡.!S.\ ora ..,1"',..,""1 -"'Y· Ct.vel>nd, 1970 

lU 
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Part 5 
Process Control Applications 

lncluding Direct Control, 
Supervisory Control. 

and Advanced Control 

lntroductary Comments 

Automotlon in tho procoso industries hu been under wty lar mony yearo. Tho •oriety of 
oppHootl!mo is oxtonoivo. Oorl 0 OfSii 

ihlp.Eiildtil IIIJiiy appiÍMI;.,-.;.,g¡.,.plont. The advont of t,h.o....a¡i¡¡ic,Qc)p<!te' bi<~O 

--'te~~~U.IIlioi=~LtO • •''X;le.U>lo-""'~'~••=1~ 
nymbe• o1 ro !,o~~- This app:-oach 10 outomat•on has beon termed"iolondoo' .w.tomation" 
es nppw?<L •oc "'li .,.,_l)<.,.d ;, "omu'on ;;¡l..,.pie- This IH<M, el OO\Jrse, 1<> an alltrnato 
.. 1 of problems, imeroomf>'"P" IOHW>Ib<IÍ<:.,.;on, since variou• minJoomputer applioation• w.ll 
be requirod 10 ohare inlcrm•tion concerned with resourC111, order<. etc. 

The P.P"fl Cn thio P.rt dtscflbe tr>e various c<mtrOI IPPI.,.tiono Ü>l\ "'"' in indvotri>l 
processe<. They a<e >ele<:tod in arder to illuotroto the va,ety el »roblems, \he variá• ot control. 
thoor~. and tochnolo.,... that can t>e appliod, om;l the problomo ol implomonting suo~ svstoms. 
The '"" P'P"" by R ' ''" ·I!C d<SCr!bO! ;._ "" detalt'V':lr'lllm'~¡;p1;atróñl'7i'i"in\'íiiUI'CtOoOis 
plwr wbjcl> p•o~il.a..J;¡pport~.~c,it~J.....,_~ut.•~t,...o~dif+o""""con1'1'0t't!1eo• "' to 1><-e,.P:<e<l. 
The org•nilltion of ouch o oomple., control systern is impQrt•nt, fcr it n~y me•n the dilloronc• 

t..tweu, wccen •nd foilul? in ony specific instonce. ,._~,¡,... ""' "'"""'""' 
"""" h«d Ol ,,__"'rtoi 1 ¡¡ Oll tloe¡¡ oso!oroo '"""'-!I'<I'Wid jo prdcr tn,ll<)ll:Ld::....ul..o.LIWiv• 

-=· 
T.......,.,.,.,.,r pa~.~ 'l.:.,mbe•do-ótooc<ibe< """""*_I>I-I.,.....M<..,I;-rr..,ely;-"'"0Ct 

Q:O"""'l""""__,ho-......,..rort·of 11 •< <O-I.O<lr.l""!t-"W"<:i"""tiV"!!I_,i-I'Ut~!vel.~..,..;.,_<l>e 
¡¡:...,t. Qj impartlOCE ~.ort i~1, Uf t.L Op 01 r 'pt .... -l<ll ''"'"'o; Ut ¡., 
tbo ,...,.,.w,~.;.,.pweo bY rotla~rn:y. In particular, the dnign of the opplicotion mu" to~o 
inlo account t~kvp-<ri-!~.---.:o<1tro~~-...:ot._~~tet;,.,.,.. . ...n.a-n..-ue 
~ itch'1J.r:""·""' rn:o m P'll" r=n=t ·;¡rm """"'""""n-ttCII entt...nidl inll""~~eM ~ rnrly t~.e 
o~•¡..,,,,;,l <1- <!i;e.::t r.:gitol ccn:,cn·,-;:om.. Thi; ~¡;or ¡i;;:: iliun<Jton '~' va''"Y el lnP~L' 

OUtput de'J<COI t~rou~h wh•ch 1 min;compo..tor m~•t ccmmunio:o1< with ~um•n t><mll' ;¡M th< 
PfOCC". Tl> .. t!>i.<ipaper, by E. H. Go~tocr. M. Fl. Hurlbut, ·~~ E. A. E. Ricn, ~""-l-.:.:~~~ 



>oth o. Wl .. ;:tlltl lbntrol. TI o¡'""' 1he ""'""ie .. ee tlon loo• hCLa gs¡¡led ~0111 ttnoliol• 

i~d jo C"'' H:úrty rement ~ 10'1 "Ad tf'· · Qr '"' co¡¡¡¡¡¡c oiCBIÓ( 0 i•l foo'"'j!o-t<ld 
h.ardwo<A and <qflwa~ljj;¡J~.~l .. do!tóil. 

·p., '11 1 1 P•ll"'' l,.,k al •m•Ue. P'O"'"~.UmL 5 9 Ba:.IW'"'"o""*<l,.....ho 
a¡~¡;iic"igo d • =;a··.,pp t1' 'O •ha roe BOl gi ~< •9'1 o ¡j -,-oc a pe¡;oo .,...:n;..e. 
Th" '""' mo• '"'o'' io tl\io p>f& i· >1>:1> o IOoilione<l &llph<&hOOf 50th &5 Uoi5 Jtlii oec;¡cioes o 
roth•• caw~r•, b:¡r~:..:>ttw.,......, ........... ~IU"múe ;,..,¡¡.,.¡;.e, That is, on 

aa •• 1 i e 1 a ti o · "'~" ""''''"·" ti<>Q..,o.f..tha-t211dboc" o-•olo .. lq<ll'iil\mo-lhoomwloos, .-d.di.tíotwi 1 
IQrhpiQo os 'o• det"'mÍ"ÍOij •pprnpr;,.'IO-p;t'iiJI>Oil<lo-<'' •be • 0•uo-. o-4-dhig¡¡ oó tloa <eou~Mg 

controller p?''mow.....-..... """ ¡ ~·ed'e :: . ...., p '" soltwora. This, caupltd with 
eo¡;t o ••-o•too• nq -,., oe '"· ¡, ~roo tltattoen ;., o.:kdiC&tcllapp al! 
01 loo o"'"" be'"'' ce•eiullt eo•11ic1toed i~ 1~i9o. -¡:-. 1ao1" 4 "don" rl · ¡~;_., 
o·o t" ·u .. ~~=t"<>hh~'N'ITT(II:ollat1'01\t'!lrm'llrlmm~~· oco o 'nd"Urioo. 

T' 1··· o p "'· e P Pracht m .. .u.,_...,_...,..,,,.o, t o uoir.oCG444POLCI5, iihich 
smnco be ecooom¡r.tll, o~p·"od iU•oulo ~- .. , o ~'""''"'· Thio ;, in eantrt51 to many oppiíca-

12 

tions whore the com¡>Jter d"piíoat•l the funetion of '" onalog con!Tol oy51em but ptfhl~ :n 1 . o 11 
:::;,;,"~:~~ !:.~;n~/ cf tag . .;m. •im'll!1ino re'••i..W~ •e.mpiO< i>'~bh "csor be,ol"od l l '~C 1 

"\ _, ·~ . Ti o oottOII Oi!IEIII &f ~h'¡ pw io • -¡¡, ""~" l"''"'ll"i ~~~li.,..tíoh> tloat can be 1 r: JJc• 
omph-..nt<d nit!O uoinicompu>•u in •he.P<OC"" conuol...,..¡,..¡.;,¡l!J<H>niT'trr'anniJM9ina-' ')fo' 
tiooo. Howe-.er, ~""'~tot;.,....oeo,aoods o aü·-tlooo ·ogn..~...,"!!Mlys~e¡ 
~. ·•q"''",.. nts, "''"""" "'Q"''-"monts, o~~~otion, h~olt-
'tl•'" ond rhe rhonn• Qe<e"Of.....-.pp<>.,..t~o opplication. 
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llioo tiOSJ ladasttj 15 >t<oeulod. Tbo ceolnl _ .... 
n¡j¡w¡•"'t: iJ Utt teotuáqao ;ln-1 ;hich t5< jltO<tii ol o o> d "" ~~~~] 
oc ' <.,_,.Q ¡¡¡ojatimre«mploñod 1¡ i!U <11!• oJ r"•...!•. ''" 
V""''ll "' Í'F9Prl "" •' oet!ootry. 

61 · e &iD«tltrr-;, e•" O 1 
' ' .. ·, 'CPnW ·o d...,ed, 

on 1~00 OjiO<n io Mi" J ''"* jlj>O::±idd, Oitooaldool -·· •• 
eoutr.o._.,..-r:mrre'<fewoO; uampleo o! lh<oteúWIJ o< er¡>eri
"'""l.l)ly dev<lopod modo\• ••• giv<a. ¡,.. • •os ·"o' opplo<a• 

""''"4 '"'""1""'--"'-"''"·' """"'"· • 
¡..... co6ojfo'!lloioiS bi ti o pro~--...J«I -i p>rtku''~' rrrpuo-

~'"""wo¡ ¡ -·.., · ' o¡oct m tbo o 0 .U 
elopm..,t. 

[. IN'rROPlJCTIO>I 

re...,¡tttlon. Thu mf!Chouúo~l ~g• hBd begun, ohar...,terized 
b,-, in tne ""ro~ or ).l~l.u!mn lll, "lb•'Q"~.,¡,r "' Itas-
C •.. ,,,,,. ,,. · , ~• __ .. ,~·--•·~"'~ .. " 
·-•' '" Etc e <ltiLEG or m~-· 

• w'.:.Li.L;..~!l'pb~,_¡.,.¡;"¡d ... l .... 1 ' ••• f :!;• 

m~...,_¡t!oo~"Wf\O!<ttt tót their-inte.":l.C• 
lion.o w! thr bch:>.rjor gf t he-proccss :l!l'o. wb.ole. 

The mo¡e1t9'>ic ·l "t'? j¡ O'" ' o • ding. W e lU'e living in the 
1 .~1 "e~-" The in/ m.,¡.,..,,..,Jution-the proeess of 

(~~S/ our tlme-is t11king place, foreing U'l to reshnpe and re
:::Y structure our proc.,.,..,. and to ""'" e indotl~lJ "l'lbill 

fNIF'W'od1 ol "• mttl in!m.tel toutool ¡:oae~,..,. 
p~lo.y ,.~¡,.¡, in•~.<¡n..,ntow, and SJ4Cttliltlc toii 

·-
SOO(i" H, ·'""·" !om!:nmm:t~<otE w~ioacoi~· 

IL GE'li:IL'L SnTI:M~ E,;m,.EERI"O Co~~F.rr.> 

A. [kfinitícru 

h ' ' . . -~· Wh~~ dote term.'l' "''"'cm• lE "itt o ""~""'"'" 
Il'"'att? There "'" o.lm~.t a> ffi:LElj' dclin.ition" "' thcre 11re 
writ~r:; on th~ subj~d- Th" concep tu r ,-~-<wm• t. 11n 3ncicnt 
nnc. ~ 0 '. ";.,ea. e bll I!C t<lUTitf ii1 tl:i ¡;¡av t •i 

.... 

¡;;, p 1¡, "Tl • m·1nr m~mh"" •• · b~horl;·." 
A modern <lefinitio01 (2] rc,,..ls M f.,lluwo: .. ...,...,..........,.,.,. 

! 

'f M lit f 5 ul ittldsctltt~ dUttettb !hit opto aLMO ':ldn~ 
mm"""'1!1''"'1." Sys\el'i1!1 enginoerinl> i> thc &r~ or the t.-ch· '1' ~ i 
nique of building oy~telm!. Tht., in ;~,..,¡¡, would not t_., " • '1 
new &ctivity wcre it 110t for _.,elm'!E'..m~'th~r.lrf~TI'l:e ~ ,l ;_-:; 
~y<LM" •vsin.ee.ciu~p.u\.-C..~•" ..,.,.,·ent'*"'"! ~ 
e"':in""""-1!:· n. ~. 'Í&Cl(St is do< i=~--:rm!~thc .;' 
i>oo¡>Mtttnee-.,p..;,._,.....,, ;.,., Lo' ,.~¡,..1"'n....,,;~,""'o.. 
'J:bc o,cc0pd (,·'~• .;...u......,.,~__,¡;;,...,.;n~ ·implie!'in· 
~.,,W.,n, 1t so.ys tho.t the ><hole ;, mo..., tloan !he >Um of 

th~ P'"'" 
Ilcoieni"'' 1 wom ,,-,.- i"toof..·t,.,.n!hti .. , ~- .. .,_ ... 

TQCt' 1~10 o 'P""jljo·.Jiow> .,¡.~~~..,,.,...,..behutlt. 1'hcrc 
..,., two fund.o.mcntll.lly diffc...,,t approaches to thc •l'•teM 
de.ign problcm. T-l"l &lt, as ticftttt~ lo; Ao~.!j;-rlle 
d.i.t .e· e o doi ;.,, appoontlt toud tit.e a.aal oPocano.ltord--<op-
p......,ho-f1-tg:-l). 

1'' e .H.,wt anooeaeh k oict!l tefutl!d w as-are .<1! of 
~ing. h oonsist. simpi)· of building a sy~tem whi~h 
do., the job. The dirt"Ct o.pproach is acceptable lor oma\1 
aystcms, but ""' aystems beco>ne inc,-,...,inglr "oouplic~t.hl 
and UteMive, tt js frl'f)u•qtJy jn<ViO<Ju.ote if ontim•tt~d,_ 
Szy i• to ¡,., ochi~t;d- l.n :t.ddition, the ri>k :l.nd co•t• ÍEl· 
voh·cd in e~tensivc experitn<>llt,tion might be prohibjoi,·e. 

TI" ,, 1 " sbrtti....,.¡....,.~,1~~·-¡,...¡..,...¡,¡-mnic.,t-t>" 
se=tl~~rO~eh; it ~;¡in< with. the repL.t.cem""t uf the 
real l\ttrld problcm bv" problem ;,,-okinp: m:L\h••ntO\tic~! 

' ---··-rehtion~ltip<.- In o\hcr woro.l<, thc f•"t ,;tep """''"" uf 
tOrti~;;;¡:¡l'iug !L. su.it"blc motid uf t!te physic'ü oh~ 
o:.--uetu objectivc>, ~"d the in.po;ed con;tr..~itth. 

l. ; .. , 00\ ji. 

" 

·' "" ,, 
" 1 • " ',¡¡ 

t~• .... ~;~,.1-..rr••'"'''""'" ¡,, , ,. ·h ;, likd,- w 
be u;e¡,\ i.n ü-,c ~mlcuuin~ uf Lho WÍlQlt• >)'•ten>. wh·n·" 
th~ $lt!ud.u-d ap¡tro..tch. "~11 be W\te-il ~" thc dc.i,:n uf 

Rop.-.ntod hom!UE f,.,, Sv.r. S<:i. C.li<m , ool. SSC-5. PP- J()(l.Jt~. O<t. 1969 

'" 



variou• oomponent.s. Thft otand&rd approach hu beeo 
exten•ively wed by engineef'!! for tho design of control 
systems. 

The m.o.ruifacturing prnceu is the oystem wc are in
tercsted jn. 1 stmll diseu.5 it.s natun~ from a sy•tem.o en
git~eering viewpoint atod p~rticularly examiM the role of 
the infor1nstion nelwork nnd show how it tebte:! to the 
eeonorni,. of prote$.<1 control. 

li' \'ie'"'tAieal 1\oeess t\iiftibl [4], [iiJ 

O ~~~11ottmin¡; OJ•Iem, wloollwo il ha IIIAÍOI p!O-
J )1: ress • r'•nt,........,~¡>Mrr~-<>pti atio11, a tOIIipttnY'r"'"""'"""' a 
,tJ-1~ wloooi<Hndmtry, c~n he <-.k~¡.,..._...¡,""f":~mtd .. ~•truc~ 
• 

1
·-· ture sh....,;....;n FtG. 2, oonoiS\tng of ..........,,,moo:1:.,.i~t.s. ' . 1'-:~ the P~"1'"''- :S :htd-tlie thltlJ'Ol.ler. n ...... ~t.._r'5 

' )1 foln·•imv+,>....,o"l"f~•"'""""~~-,....,,.¡,_.....,ptlfftlze 
JÍ, í,{ ti o ¡1~ec 0 vi•~l--1<>-t~m.foetltrÍn~y"l""'-ob-
1 t1''_.j~!. 
[~/ s-tn.-•bi'::t:tH\5, iC I.:C!aielo) .¡ 1"'-io-..riftg 
• c~[!!rtCÜon••·~::~n-be-irlllh!ilted. Al the ~el, we 

. find the P'"' ' IJ 1 ht!"'""'-AOco-;,...-.,¡...t~.-..mgle
,. ' •ahipl~ble-ecnrro~mrie! uom•ll~·""'''"'"i"lo!d 
,;,¡, ,¡,., t:<mtrnl..,¡.l'lott'" V!l'ifs. R- ' 11" 0 '"i>r<Jirooot 
u.. • ee ~· .,¡-.¡~ ,-;-oh.,....g>~irl s11re-lm-t h-e>-'tttiH:rntim....,f 
~ion fo.<::ili t.iaoo;.iL.<:oWeN '"''~""vitlt!'M ~..!nling, 
; w · ,..., ,,.. ...,.,...,~...,.,.,trnl .~:tn<t- in.,.,ieíng. The rrum-

,J: ~""mcnt ooutro! fuuction< d ,;,~ third levd indude the 
;/"" .:tting of objeNive• t.o be nchioved by the system l)ilhin 

the comlrnints of policy. 
~. " " 1· 11 1 "1 1 w.IIS<' lovels, we r!UI -:l·f"" '1 oogotlltl-1 ••• , ~ 

~ idcr_,t.lly ? · ions- n, 

;ff(A. ;!, .• ~::::~ ~·h.~~· ~~ ~~~~ v;!~~Trii;·*c;;~";.: ~ 
0t.;;erved tha.t, ·¡ 'o . >d ~h<o-bi!;h" lo ,11 ~r 
cqpt rgl t be 1•mrJ..,;....,..~fre.phjsii!!ltTm'm¡,¡...,.,n, ""'"<el as 
tboo S''POmic •·¡o¡•j.oJ.ol~~i¡.-j!~n'IJ'"'r!~-~~· 

\g 'be d"('Í~üt-AOhl,...¡_¡:tti'll':'rioll.•. 
Other importan! ch~rneteri•tio.; oi the cno•lr·)l•y•tem are 

the rL..o=• ·~,;,.,.¡!ICIIC] ;f tiHt CJII!tbllt'r"!tet!~tl i\lld the 
iosreASin¡¡ """"'¡>loox.i.l)"'1 <h. l.emi<>l._._¡;,;,,~~"""'"" 
one nse. through t!>e hier;ll"th}' of oontrol levek lt should 
also be IJOÍnted out thO>t eB"' 1 poViem>Y ac _th..-i'"""""' 
leve! are c.""'nfoully lh~ a( a o:t..o....-•.........,...lem, 
wherea$ u ane ri-e· tt· '"gJ..4lo& ho~hy, the n"ture of 
the problem• beevm"" Íl'"" ',¡n~IJ' ;:milia.bi!j~:_ic. . . 

Thi.• hicmrchic~\ coptrol ;truclme c:m he Jdcnllfied m 
mo.i! iwlustriul !"""~""' ~ltlmugh llill alw~y; in u ,;ys,. 
temutic form. \\'e finJ that nmchines, ;uch ""' controllers, 
oequen!inl contrul sy;tems, ete., ure e:uni.rog ou~ nuto
matic:~lly O<lme of the co .. trnl hmction" :>\ the Jo"-~"t l~vel 
of control, · ~ 11 
NT+I •lir¿¡,¡_,-....1,.; ho•m•l' ki.ngs !~• !''"'"~' 
....-~·~1-l,J-tl<l m~rr:<~ef'l) .. \~' ' ·• •· o o"'" 

............... l.. .. ...,.....,.,; 1 '1\' ' " ,Aloi.Ciili..,., • .t:,.¡ ~ .............. ' """''" ' 

o!..or""t"'j..,:j"" t ' · re 
P"'' 01 •be illfl![ot;¡¡jnu pc!'l"od· •Í Tl:r·.o.Jo~'""m. 

.H 

_ ..... -
·-~"-~""" ..... ~~· 
·~"··· ' 
~~~ .. ~ 
~·'"''"' 

l 
_,.,. ........ --
.... --·-_,, ... -~ "" ......... 
~"""'"'" "'''"'' 

' 
_.,~ --" -···--·· ........ 

•wko pit¡·l <o<¡WÍP""'"!...I6J. 
Efforts"' ·¡¡<qwo!Obl"" ' ¡ ¡ ÍYIIttÍOitS mqlace 

iMüie"r 11 tbe~...,....,¡..,.;,lt-t.._,¡>pli.....U.... of 
¡¡ro>"P"' cont¡oller.~. f ¡u¡ wa!O•bo-.!onc M tltt-tiigher 
jr¡wsl· 111 ~~-y......,._,.go, ,,-..._.¡,~M-;......m..th&'digital 
,_~¡,.. ~¡ruf-..-n~rn. T~nd 

indn ,,· 1 owd~•"'"' lh im..tmMio,....,..,...,hr<iorr,- .. ~iolh 
bo' o 1;¡pJy d • if 1:· ,.¡¡~•••J.our«+n""!JI.-nf"pro"""" toJttt!nl, 
~~wo aomewhttrdiSt!!let"l'!\th On the 

' one hand, ,.¡¡1 '1 • 'hbili') ,.¡;....¡,.t'lrjltOt e'""'~~
th~ha.>:e beeo "'"le •n *'"''"'...oo-po.rkll' the 
c~ 1 '" 1 fwu:tioo'" e! tl'l' •hiuLiovel. Qon.o~o>nd, 
<lwin~ ¡J¡*'I""'....W,~pltf~lt•.'~'l~· Ílibt a•fm:ly 
.,... .... r ,, d u .. jpd¡¡s! rj:¡j p¡pri)S+ omdrcr ion e •••• .,¡,.;¡eJ<i 
Wthe fno•.,.............,.,i-levels. 

Today, tJ. g¡"J ,t,;lir¡· qf rr]hhlc no.lin"!''P' 1 O"m· 
1 otp&ltiS looa~~~..__J,..¡,¡,.......,e 

t .·,. · r ,,....;.., holw ,]. o' tJ-!'<'>"'•Wi"n p;o <c ; ""d 
1 L ,.1 r -"""'"S' 'd"Jffl~'' i 11 pe·'orrn..=urol 
fm • ., liil a~ll-luei1'l ¡¡f'it-hie,.,..,hy. S11cn syotems are 
technologically f""-'ible. Why should they be in'IJ!"' 
mcnted? 1: 1 1 gical i "'"' i¡.,;;j•;r is """ <!ll>agl • r.,...,....¡ 

· _,,¡,¡_.......,"""""'i<! .. ..t- ~fwo......,.;,..;ti=-i-HorLe 
•Hiid e.<to!r!!;tvt'iy'by Wlilf~titfv,.1mJ.•strio'.'!. In ordor to 
&ruwer the queotion, we should ~~~mine tloe n.o.ture uf the 
r 11· hipth11.t · · ~ · ·-rol 
¡,,;, 11 ,.,¡,,~,.nJ-Lh& """"'"""io:s-<>1 thc proce;.s. 

C. Proa., Control t<nd Proau Eco110mia 

We know, intuitivPiy, thut thcre ;, u relatiun•hip boo
twecn the;c two subjact.<, hut it Í! ""ly ""'"ntly, h01•enr, 
that the qu:>ntÍ'"-tÍ\'C a;.tuno u[ tiW ro!Mivmhip h;~; ))e.,¡¡ 

e:<Ubli>ho~!. Tmpemikov showa in 3 ,..,.,ent p.~pN [7) 1h~t 
OO>l!lr~lli"K a proco"" CO!lsi;ts in nrd;•rirtg inform.<tio~ . 

. - ... .. : ·"'O':'":rrnrtl!'>ol .... , .. h-
. '1·•--"'-<o-........,,.....;,,.......,¡.,~¡, Ji 11d•rly; the ¡,.., j " ,....,. • 

"' 

~,¡~' 
JI ' ' p );• 
[V~' ,,, ' .,, 
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III. SYliTE>l!l EscmrEERZSG '-" THO: Gr..'-"" isnWl'!lY 

I shaU now review speei6c enmple• of npplication,; of 
systorns enginoering concepl• in ~he gl""" industr;·. 1 
•htUl focw on two subjects---process mudeling nod com
put~r control S}-sterru~. 

A. Prou:•• M odel• anJ .1! O<hhn¡¡ T•chniqun 

.15 

The plant or process ;, the centrn! a.nd lltrn5t fund~

mental issue. In proc= control, knowleJ¡;e of pro<:e->S be
tu.vio>r com"' first . .l.lodds whiclt "'present the ""senti~l 
a:spect" of the pro=• are needed in arder to npp\¡: the 
standard appronc~ to syst~ms ¿.,;~, ' . n . .!t 

-........¡.,~rdo.·IHRd :zs '!1" t¡l!'.1l'lti'r!l'tre m (jl.""~~m·e ~ 
r.;¡w_...;..¡,w.,,....t~.,...o........J..amr .. hat~h"""'""'M...t- Y 
f· r'- •'-''" ,,,,(,..,~ .. J.,;cl..,...,.signiñ~r f.,.-the·purpo,,e 1} ;1/ 

· l..i.n¡¡-eon•iclered" [e> J. W e shall not enn,idcr cithcr phy,ic~l /,, 

::f¡ro~~~:'l'~'"'~~-¡·¡.r~om~w~;~n~;oio¡•~•-3~. i"::::::·:·:·:>-. · IIC:llc modds, su_cl~ as t:J.nk models using vi;;cous ,.,)utin~~< ~"" -, 1' 11" IO]-IHJ, or actLvLI•· model,, such a• p¡:¡rr, but ,.;.n d1>- f. ] 
tza!!' 11 el O ~· Í' 1 

.__,...., •• , Q1 ~~~~~f d~ 
1 

O 
o· ' .; 08 e M .J.• ' ¡. . ,¡,. fxwl<efiuo< - .,.._ cuss oWy rnodel.s in which mnthe""'tics ís usOO to describe ]\Y"L!! 

the salieot /c~tures o! the proccs.s bch¡wior and which ~re ll 
• Ú'P'!...rrwn'•' '"' ·'il>oot.i¡¡..,.l"~--th<o ~~ •1-

intended primnrily ior use iti the syntbesis ol comtrol sy:;
~....S·<»ntrolil!fm'!'t!~!ldh ¡ 

B0 being the mep,¡¡ure of thc d~g¡-.e ol diwrder in the ays
t<lm lll'l'!O-Ciated with th• nmount of control inform~tiQn fts 

Efficiency •houkl be taken here in p. very ~:eneral "'"'""• 
aod Íl> ¡:mrti~c:.!ar, it ct.n be lookOO at e• profit. The rda
tiooship, illu•lrnted ;,..¡;:.;g, 3, can be lookcd al "-'a Jormal 
o:><p""""ion of thc 'll:r f diEEHIIL<ittllg itltiim" mol tite' .. 

t •''stti!ttft'"' 

r •" -,• •'llwelo. 
J) S ' r¡,.; • ..._,,,...¡,, .• ,,,,mal uf i11fonrutio~the 

hi~ f • 
1 -ol., w-.......,;.....,.¡,..¡,;o¡ ;. atlo-rrrion &<;, "t.rhtion"lly' 

the m;~jor function of \C\>trumectt:>tion aL>d cocttrul en
ginc-tring h.'-' l>ttn lo in~"'''-"' tb~ orderin~ o! inlorm~lton 
o.l 1h~ procc-"' comrol le,-el, th.e bNt le,·el ol lhc cou:rol 
hier.>reby. The amom~tic coordin~t~l COI!trul o! ""'jor 
uuit.< !J,._, not pr•>.;re-~.,_,,¡ :" r~piJiy, b,,.ic;\lly boC.i\l!-•e until 
wcently no c .. mtrul tool; wew ilva!lablc to Drocc-» rt•li~bl'· 
wntr<'l jr¡form.oti'"' in re:>! time. lt shuuld, <tlll"'-'I'ICntly, 

Jl.l.,.., ~ .. ~,,.¡.~......_~:,.,~_b;d,,_;,;::.W:.l.~ .. e,,..¡ lo,. "''e 

~::...t.o ~<.::J.!.- l!i¡J,l!.ilu ~r JJ,.¡, u "JlWÍ "'-"'' ;. ·' , n>-u~J l,.:L.."'"' ;, t 
¡J,. , :-c- .,;.,. •• :.wuUt.ll. 

tem!. The rt~J>thelll.!I\Íc:~l rehtionships ol intC!'e$t ~re 
those whicb rela.te tbe proees.~ inpu~. maii.Ípulaled vari
aLl.,, nnd disturbnnce• lo the intermedinle vari3ble• a01d 
outputs ¡o;;¡ ......,a, ¡¡¡eooos..,l!ul ¡noblec.l 

a¡.~;,.,.;""·' <11'!1~ these !tbhoi<!hi¡,.•attOUiit l~he 
d: RoÍ: hehavi.t...,L.c.l""""'"'""· 

~!odel• con be ' - • ,,., · tb· ·"''""! 
nccording to lhe techniqucs through "hich <hey urc de
vcl<>pffi. j require;" thc ob
servation of the proeess variable; in order thnt the state of 
the proces.s may k reoonled under a Yariety of conditions. 
I tiona! ¡J€1C4Ltl mn¡:l,....¡,e 
,_~td Otllffiblc_ t!R<I_,;~]]!""t--"." t.o 
~M RO"Of ...... lt!.tmmt'rips, .,.¡.,¿o..,.¡.,. 
c¡s S' 1., i ,..,..,.,·,ti 1 "~'"'" aua pro.....;n.,: 
'"' 1 ' ; t-.l.oo...dt'lM'ri'I~""''ÍtMI~...:...,¡ ... .,.,.ío-t~; 
th' 1 ;.~ ....... .........,, .. ...,.,.,.,. .. ,¡,¡,¡,._ 

{,..¡Jo té! e tiútl LLI,._¡,.¡¡,.~~· ..-........... ;...J..t-r~f 
•h nroct i• l,.,·tu__.-il-inr¡.,.,..,~.,._~;.,....¡,;,.h 
g. u , .... IJ,..J..o~.,.y W.-d- Wwo-p""-"""•.••rueh ,......,...,...,"'. ~ W....Oi 
"""'-'· "'"'"R ¡ urod-............ o...--..nd•Hre·.frmrinmcmt<f't'<'(tt~s 
l.i..ot,.....-.¡-t.-l.,........,....wol.fu¡j.i.{l..,.,., 

In o.ny e:wl, the \so.hditr omd uscfulneo;.; ol the modd 
gcnemlly depcnJ he:wily upon the Íngt>nuity uf the mude! 
Lllilder, his dear under.;tanding ol the purpo"" uf the muJel 
o.ud he,; prior knowledge ol tlw IJ!UCe>s. 

Scvernl e~amples ol e\perinlent,.l and thcurel!C;ll 
mud~l; deYeloped for the d.,;,., o! comrol ~y.tetM in t~e 
gl.,-., iHd\blry u~ll be rcvie\\ed in thc fnllo\\in~. 
~.;.¡. T \' tJ elnSS >!...J,{ [l:J¡; l>loj tir>•""""\mple 

¡,0 "'4' pf ¡¡e• ""''~t.o<.-uu¡,!.,¡j, Tlcc probl.•m i< !U Jc~ 

wlo~ "" S r•,....tft>e. 

~-
Th~ proc""'' ia ohowo in !'ig .. i. Cl.""' i; Jclivcn~l to tl.o 

fornÜC\¡¡ ¡¡roCL',jS throu~h a relr,•Ciory rin~ pl:lc<.,_¡ ~~ thc 
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!. 

--

- ... ~ ........ 
'T 

..... 
OOttum of the bowL A ir¡, blnwn through n pi~ in !he ten
ter ol the rit~g whllc thc tubin¡¡: is dr;~,wn by "' pu!ling 
=bine. At the end o! ti>e runw&y, a cuttíng ma.chine cuta 
the tubing into tu~ of propcr lcngth. 
~1 spuio' ¡' 1 -·hem•t'gp' mrli!,J JI e 1 ! J..>. 

· .. ,.,,¡~, 11[ t11-q p r'· TI Gst! ~ 

~¡......,..¡.""01it<>UU.Willeoo liol eq~g 
~~.Opo;..!¡.u;W"C" tbe m·,uipuL:U.t>.i.o.<...U.ble/"TS¡.,e Fi;¡._ 7. 
~¡.,IOM~in~i~t~..-....,.m.ble, Í<>oB•i~!"'* 
-•,.kl............wll.c<i .. J..:;>rÍ'lhlc di on"'t~r. Tlo.ooot-I.Wlo~ 
g;.-,,.J..,¡, btrri.,.,.¡ • ...,.._¡...,.;~,,., 

t~ues. 1•' 
'" ~ fonning pressure - r,. + 1 K, •. 

=~+",ercrc,-+~., a vr.lve position <>T1• + 1 T,'s' 

d. t•·l-• f..:¡ 
.l _tameter .. K,e-.... J J• ) 

a forrrung P"""'""' . Üf · ~t- ,J · 
Thc WG+•"d 1"" .-! •( 11-•.....&..l.i.o.lloe ola~~i¡>- J 

t• o d Ww• .,,,.,..¡;,..~bll'. i¡ ,;, r ;_, ú rile 

t. fg.rw r,' fl''~'""~"'-.T¡,, j ) ICI fk"\r:l, 
o , _ .• , , <'!t.hiiCitt o¡¡ IIE!t>rtll ,, ' 

i'y._s; 
quemly,. 

11001 S 

ill mL pl.tcc u.t 

,,...¡¡¡_¡ 

in. Canu-

Iltt)UCJ¡Cy. 

~· ;.....,.¡,_ 

Powu •pooctr&-m.u>u~l ond ouloma~o control o[ tu~in1 
dóamo~l • 

.. ··-

Vello tubi.oc 

' 

" 

P""""' ,.;,h automatic doam•«• oootro! 

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

• 
(•) 

• 

o 

. .. ,. ·-

, .. "' ..... ""'"" 
'_.pftwe

!ioa-·,1.1. •,;,•l.t (%·•• 4~e " •¡·~· J Fig. S. Hiotogo..w... .;/ d~ ~"'" i•l :,:.., .. ,.¡. oh)"'"~"'"';., 
~tor eontml. (~oto:~ out~mo.:Jo ~ ~-~ • ..,.,.,,.;,~_¡ 

"' ,·,., f b""' "'"""" -J> cm. 
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Thr.r yrgr· -"xicls, inn r 51' !'ff •¡,; 1 WIÍOII.i1 

puter 
S}'"" 

nud '' '' ,. 
~irm¡l·•'ÍCt!! 1. 1 m·alr¡ 11 

~;iti.sac 

'"' ....,p, !lild the ,¡·. 
tmr<J..-jd•b loop. 

The h¡,togro.m~. 

T" 
-u, \ 

tbe••-stc~,.,.,t 'Q'.,"'' ·n¡lg¡!li'P'J!Í""'''LI lrj oen 
d. ' 11 'L otic 1 >0 1W co"'m' rp<•m _, o 1 ,;,, olirMnool.cr 
._¡ .. J,jO' t 1 J' ;;o. ,...., ... t. 

2) lNAm llqcL ·, -Ruto " JtOEI<I [H ): '!:,., •• ·lels 
l\"'ffi den:lopt;d jq rc•a··•r•j " .. ¡¡,¡.,.,¡,¡..,..¡.,.¡~om· 
p~ ... .....w.........,..,.,IHOI &f-.fte-dim...,.ions 
ol*ullw ""~..,...¡,¡,........,..,m...,.\¡.·'1:""~). Th""" mudel• 
w-hlch accciunt for tho proCeo;$ bchavior, indudiug the 
qua!ity oontrol Sllrnpling proeedures, "'ere w.ed in a digi
tal oomputer símulation to evalMte alternare control 

!. 

" 
l! 

11 '"' 
" L ¿ 

' ot 1 ¡•;, ,, 
'"' "' " ""''"" •e ''" &.Eig.ubte di .. 

pa~cro. 

u. \ "'"' pcoue e 1 ..,¡..""'' n 
¡;¡~ 1 l .,....¡ .. ~~>J~htor-~k~' .,,,¡;..,, The 
amom.!tic oomr"l ul tbe Juw-frequency comp:mcnt.• of the 
~rrur oign~l r<';ulted in !l significan! reduction nf the 

r variab!lity uf thc• prmiuct riimeuoious. 
-:-.J.t JJ e - ,.;, ,;¡,.¡,.¡, .t..,;, , ........ ,.,,r''••••''•'"''"'';"_'u' f.t,?" hY'' r· ~......_;..... '· . .JI~,.;.....¡,r-;--<pl~e • 

d.--~.,.·gl~'""'"""k·-tl·.~l. \\"hc<1 the-.; · · of 
ti,, l.qh i11 ' ., .... ,._,....:.,,,.,, iw"!!oll~,.¡...,¡"""1>tly, 

there "ti].;:...:.:..,... ·-i· •% on "" "l.< e Ji •• pom:otr .t. the' 
out¡• • rl e -·k. Comp ·'·· -' ,: 

• tran,in h ···i~.i ~ 

• 

....... ......... 

o .,_ .•.. 
~ 

! !.oC!: 
( . ··•·· 

l·: L' . 

•o • 

1 

'"""' ·'-<"" 
. 1 
.•• i· .. 

r;z. n. 

! 
1 

.,,..,. 

' . .. 
•• 

' 

• 

1'1 

' 

.. ......... . . ..... .. 
• 

~1:1 
1..-..1 . ,_,\::.1 

' 

o • 

' o 

• 

o 

l:_ ....... ...!'• 

.. .. , 



.. 
n:a . .,.,.N .. C"nOtlo o~ snn.wo ""'~"e• 4HD ._., ~n••-nco, o=••" l~ó'J : 

..... 12. 

••• -

Gl..oo l>lmi'"JOitioo ""P'?~'I" to &lt<p ohaop in bo.lch 
rompo•"'""· 

.

·:•:·b:·:•:'~-~' :·:· ~·':·~'·:,:·:cr:·;T~oi'~~;.:;~~~;1,~ a· C.:.mpsring T,, c;and T,. 
,'lt'> can give sorne ides u lo what e•tem the glMS is id ... Uy 

{J. . ruix!'d. Tbe derivative of the step te>pon.e ~ves tbe 
\. ,\ residenee time di,ttibution of the gl=. Ftg. 12 tllW!trateo 

';\' ~ .,me ex~rimental resu\u. 
t. t''(,(' For a funmce with a gl= ~np3cit;· of 200 t.oM and a 
~t. pu\1 of 9G Wnsíday, T,. - :,0 hnu"'~ the tmru~fer f~ct'ton 

\1.. without cullet relurn_ coru,tw,J of a tmnsporl11tlo~ lag 
1:! T, • 3 houn and 3 lime con>l~n! r - ~O hou,... \htb o. 

c:uUet n:turo of 5() percent niter :?0 hours, the tran.oporr.a-

}

tion lsg ,. . .., 3 hour:¡ DS hefore, but the time constD.nt ¡,. 
crea..M tn 100 hmL,.,, 
· •. s ' 04 1 .\l&fil. 'YIIo jorol•auh: J 1 1 zlepo:d 

{~~~~,¡;¡._,.w..,_...¡.¡.;.wi!u,o-.-he~gy 

\/ ~~==·;;,:_·;:: 7~f.·b=.7::.~;;~:: 
" ' --.J...,.J'...U...u.u,¡-Moo!-lof.;.,nmrt:.t~ lht!'Syl-

~~,.._n..-¡ o>~¡>hy.ico.U:•"~J\4¡>pl_....,pp"'Pri
at• be•wol..-y ..w.d .WUi.l.l c,¡;mdid~ll.5,.11Wi.JJ .u.l'"""~.eq
~')'"a.rnoly>ical u< """'~ricMI<nc~ns. 

The f~rehe..rth •leliven< t he gl~·• in on opcn eb:mnel from 
lhe funu~ to the forming m:~chine ood conditioll9 t.he 
gl.= lo a predtkrmint<.l..ic~wry l<'"'l"''"~run: t.y.m""'n.' o!' 
wind cool~lt and go• heotillg o• ;h~"·" in Fig, 13. 

,, 
equntion-Tho diffen:ntiol 

' ¡'' 

~(k'!!:)+~ (k' aT) _ ,a. c,c,v,TJ ay a~ ~z.az ~ 

m U. of enctKY input by 
r:onduction IUld radintian 

.,. 

-----
l'lll<! o/ energy 
input by lllliSi ,. 
-

rnw o! &eeumub
tion o/ ener¡:;y 

'" 

(2) 
.,. 
" :;;~"'~~~~~t~~~~~~3~:;;~:-nlerior of the 

.¡,(zJ) is ~peeified 
(~) 

T(:<,y,n·) .. .¡,(z.o•) it ~pecified. 

ü) At the in..illf~l!r.t~ern th~.zla»_0!!!\.Lh.u;'" {y -
d) , the bo u n d !l':'..:..i<.u;¡,<i.il\ T.Í!J;;.,ba ~ '.>d-10:..\l:h~~;~:. J tu:. g~""' 
ls exc h" n~!¡_!? d i" n \..fi'P&:Y -l'"illl.lhe...l' b..J..¡¡ucl.tac 1~ "' '" 
¡..,¡¡;;:[;;"ry cro"'Tl). Funh".'..:...E..h! t.'!:!.i'!...!!!.<:..'J'.;!.~~J¡.;t\I'C~n 
the gl:l.<O 3nd the cro\1~ io1':J!.."5.tl¡.t¡>;;eo:..he;:.l.¡:;il,h the 3 
tem lhroJ«~h com·,...tÍ'!l\...'41.>1-!:;!...rl_i:'.'J~~:..l'.!!."-!9-'l..".!;'m 1, 

'"" ,ra,,:~"" interine" is uge~in do•rÍ\'cc! h~ocd on othll'l!Y 
. -----~·~-~-~~------hbnce-- k' aTI -al' [T.,...,•- T•¡- h(T- T,,,) (~) ,,_ 

"' 
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'""' ,, .... 
¡·· ... 

. 
""'T '"' "' , ..... .... ~ .... ....... ... 

···~ 

••<ATJ<< 

'"''ff""T1 

~'"' "'"""'' I<>Lts ~"" """ '""'"' ~"""' ''"'. "'"'" ... IAT" '"' "HH ""'"' 1,. ...... - ..... u • O<L<>S M~CO 

J'i&. 11. :.lelti.ng 1)'1~ ><!>ornotic. 

• 
F 

• T...,.,, 
T-

Ste!a.n Bo!t~man eonstant 
view fii.Ctor deriv<'li "~th the 1!.831lmption th!.t 
the gla.ss surfncc nnd thc crown are two oppooite 
inlinlte parallel pbne¡¡ 
¡u heat transfer coeflidcnt 
these l.ernpen~tul'l':!! aro input. to lhe model and 
mu•t be eithtr "-'!sume<:! or det~rrnin~d by 
metl8uremc<Lt on actual fo!'<'hearths. 

"' 

.........,,;.. .. ..; 
-.n ,..,· 
~l..-..-1."'1" 

¡¡;_ 4·o~i<""""'"....mp'""",.,..,_¡f,_¡......,... 
t.i.M._,., .... , .... ~;¡¡ • ....,.,~•~'"'io'"'"l"ofte 

¡,.¡, ..... .~ ... .,...,..,.~ 

' ti•· 

,...,_..._ "' .,.~¡,.~.,.'"""""""""ifo.""""t'UI e r. 
e) ,i . · .;._..¡ri: Thl1 ntOdo•l ;. upplicable 

t.o the S}-"*';r o< •WP' -~em 
f<>r ~n ~~..........,,...,,¡,, .:it ......... ~e 
~ .......... ~-...., ..... ;.,......, .... ,,,, ....... J.!!.o!.:j. ··.gl"-"' 
M C"'- ,.,......,, · ...,,.;.,.. • .,..,.¡,;ne ......,., 
r-..,¡:~;...,._.,..,. ,M.,ni~~H':ttr.,t":':':ttl~.""!rnn

b>-~......,.....:.~..! .:.:......~~..._...~o!>o•'¡;"'. 
.)) .1'-'"'' ,;.¡..v.¡,: O.,c• <>t' thc• e.trlicot ~·umpb 

of ~he "l-'Piir;~t ion oi mn• IPiih~ tecilHio¡ u~' lo the ;~ronlyoi.> .,¡ 

control system ptoblems in tbe gl= industry is given by 
OppeU (17 J. ¡¡¡, papcr presen!.'l a conet'ptu.:~ol element..ry 
multivariate d}·namic model of a gl= tank !Uld oug¡::ests 
improved control 5\ra.tegies using feo.odback ~nd feedfor
w~rd tecbniqufl.'!. 

... """'PI" al tbM•re•=o 1¡.., ol>li~the 
~y.:... .... ill~u.iir..l>i~..l ¡,.,.,,;.tm~w.m~-
1 •..-i 1 - i>op!i!l ... ~~mclr.m.rmt;·a!>d ~10"'1:"1 -melt-

, i~kt-noo·y~¡.., . ...,.,.¡.,..mtror ~ms '¡;¡, 1' tC:.' 1 11 .. 1~ 

~•o¡,"-fl~) i ;.,.,.............,, <1 1 i1 ilueluv-• ttl!XIels wt 

1"" "w u1tit.:l, sucb a.o ,¡ ~· (1 "'"'""· ecc sud 

'•= ey&tem· 1 iso ~ .,,,,,- tlnau,h iÍirihh<tOon. 

The first step in appronching the problem is to roustruct 
matbem:ttical models for all the proc~ units by tuking 
one of the mo.t importunt n.spect< of the entltoe proo:ess into 
con~iderntion: the phyoical trAnsformatioc of g.,.o;utar 
materi"-1. · 

A general model is dcveloped which, when sperinh:ed, 
c&n be used to model •ilot1 mixc,-,, and mi~ing tahl..• ~Ion; 
witb cther pi"OC6S eomponent,;. This gonoro.l modo! "ill be 
dc,cribcd briefty lora silo. 

A ;ilo "'delincd us a tcmporary otor"ge de vice" hcreby 
grunuW.r matcriul is dumped int9 thc top, >!ore:!, and ~t 
~eme lat~r time removed from the boucm. The rnodol w"" 
dcvelope<l u11der the fol!O\\ing "'"-"""ing. 

n) Tbe fillecl silo is dividcd into >pOCO$ of b~tch .-<J]ume 
size (reier tu Ftg. 15). 

b) A~iated with each space is a corres¡:>Ondir.g batch 
• rutd j¡_, dc.cribin¡r; eoru;tituent \"ei'tor. 

e) When a ba~ch ;,. remot·ed from the bottom, oll the 
batch eonstitLLent veetono above ir noo,·e dowu ene ~pace. 

d) When tb~ rrmteriul ~ etther entol"l'd or extracted, it is 
dune di,;,retely in time. 

~) Bec~u,.,. uf the mixin~ dfe<:"t betv.""n a1ljoc.nt 
bo.tc·he•, the output batch is •nmo,.' combin:ttiOrL of 0.11)" in
ÍJUI l>«tch. 

"' 
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Fi1. 15. Sebematiooilo. 

, . 

f) All mJ<terial• which are plnced in the eilo to¡ether 
have equnl or nenrly e-qua] den•it;,... 

g) A batch of m .. t.rials, or un y part thereof, ha! a mari
mum nntl a minimum leugth uf the ,iio to transve,...,, and 
thi1l trnn"vcl'll.li or.cu"' within •~me ma.~imum o.nd mini
mum number of outpul ba~heo. 

Theae a;~;umptiuo•, t<o¡;ether with Dl483 &nd impulae 
balAnce, yield the fo~owing oet of "'! uatio...,: . . 

Y(K) - L W,(K) - X,(K) (6) 
'. ' 

• 
ElrCKl-1 (7) 

; -· 
• 
E JV,(K- i+ l)- X,(K- i + 1) -X,{K) (8) .. , 

X,(K)- X,(K- l) X,(K-2)-··· 

"' X.(K -m+ 1). (9) 

By ~batituting (9) into ¡S), th~n renn-angiug it, there 
""'ulta 

• 
.W,(K) - 1 EW,(K-i+IJ 

'.' 
(10) 

.. bere 

X,(K) con.tilucnt vector of the matorinl at thc ith 
. position in tho compartment:lliud oilo, just 

prior to tOe kth output 
}'(hl .Kth output b~tch ooustituent vector 
m m!>Ximmn r~nge owr wh:h ~n input tmteh will 

be •Prtnd o\·er d'" oulpm b:~tch 
W{K) the "righing valur whorh d,•,ignuo""' the p<>r

cent:lg•• of inputs th~t are in the output a: time 
NT. 

-·--·- ............ 

.~ .. """ 

·--- '"""' """ 

""' "''" 

Fi¡. 16. Aeth<!ty rultn.. 

The weighlng vnluea are II.Mumed to be of a suti.<~ical 
n.ature. The pnrticulur disturhl!.nce o.<.<Oeinred with tl.~ 
random varinhlr• of the modd is tlep<mdent upon the par
ticul~<.r a1lo to be modeled nntl thc m~terial to be 't•«·cd. 
Thus the weighing vnlues not only must Mti<fy th" eon
stro.ints imposed by (7) and (lO), but nlso must be '!"ncr
nted in =rdance with the iniormation e.,.rnetetl fmn> 
the actual dnta obtained by eonducting e~porimeut .. on n 
pnrticubr SL!o. Once the weighiu~ valw" me dt•!ermirwd, 
(6) c~u be u....tl to e:<',"''"' thc p~y•ic:.~l tr::.•dor;n:uion 
tal<in& place between Íilput and ontput bntches within the 
ailo . 

The second !tcp is te co•nhÍile nll the componen! 
mc.del., ÍI>to 11 "multiactivity ay•tem." llro..Jiy dcfinetl, the 
modt! 1., """'~ of four ..ctivity r~;alms (F'¡g. 16). Thc 

.fil'llt renlm defines the functiona of the compo<>ent• of the 
proce!l'!.The second rculm define• the intemctions an<l p~r-
form!l atrocture coordÍilation. The thirti rc~l!n defines thc 
aupervisory functio..., (control), =d the fourth te11lm do-
6aeo the policy making and p!anning functiot'-'. 

The complete system modrl for b~tch •yotems ¡, umcn
ahle to dígit~J computor ;imul~tion and lws heen u>c•d to 
investigate prac.-ss dc;lgn and control ~robleJT.o. 

6) ..,\,-.i, d.to ¡::.ucs; m· 

: • 1 
·1 • 

: ~·· 
,, 

dw•P , 1 il nppo .11 o <Íl"l!o •he' ltt ,,.;.,; ¡ '"""" "> 
nwd 1 t'll ,~,,¡., •••••-~-ie '" rJ.e ;.,,,,._......,,a·,' 
"'" :1 1 suttd tütl .d s;stmt'i'"'l.l "·'' ~"·' • wdu•c.y .. \< 

•• & rule, ....__,,.,,o are \ " 
~iM. J'. 

Although · "'+ o inotnLI .t :,., ;.,,.,_.~¡, 14-.II .. •·~~·.c i ~~ • 
"P'l,._,¡..,.,.,¡_~..;..¡,tll- ,\ ' 

.., · ' ;d-'iu¡:. th .. ,. ,; o!-nJo>d,.¡l:'lrof'¡il'~~ • t..~ e., 1 ',, ,. 
, ..... ,....,,.;.,,_ i·n~-t..;.......,,~,.. ,.,.~~"-;.." "''"¡'_.:" 
th~ "'"' uawJ,.¡;..;r...,.,._¡_,..>m~M ... ~¡....;<i,~ ... •l,·l- ,, .· 

. <JY.· ;,,, ;,, U1.i1 u..,.~n. Althou~li ,,. •• ..,;..,~--r->...,.is ;..:--

b..,.;,.. ·. ,,....,..,. '~ ¡ •• ,, 
..,.... .;.igh. 

''"'~"'"'j,...,\...,,"'"'"1 .. 
· ,..;.;--·pr • .._.,..., · ·j~·.' 

~A 
Y'/ , , 

¡\ ·: 



ri::.~ll-,, .-.-.l!~ .• --. .<.. .... K.n,..:.,,..t~,..,. ..,;...,,""¡~·~ 
_,!,..,...,,:,.-.'-t•·dmok>¡;-ri~ .. ~"";_~,.:f 

_ •e > ~-:<~-:-i~ '"""-~~lt '· .1-¡ · -''c.,.t...:;.._..,F'-'""'•~~ 
-·, ''·-'*•·:-~n•=.,.,;n,_;...,¡,__ '· .~ .... ..:! 

!''•• ~>..>ential role pby<'d by the con!ruHer of the 
:·· '"~' "'' 1 to:in~ r-rue~;s, 1 he inlorm~t ion fod" ork, \\ "' d is
, __ ,,;! 1n .<:cction JI-B. lt ""' •tnt.d th<ct th~ computtt 
1.--:::.~c·lo:;::>' r::O~,.. ot oow po;,ible 10 ""lor::ut• contr~l 
, •.•. _ iv•ts ,¡ _,]] itt·t'l, of tlo<• hir·rorch)'. l! i; Wl[],;., doi~ 

i ;,. " .-,,o,]: 1 h~t "e wlll now >UrYey, 011 t~e boú.s o! """ rct 
¡ _,_;;,hd bi<olm,:i~n. the Sl~lu< o! the im¡;i~r~omati'r. 
.. ; ··_;cio '):.•ltmo iu ti•t ~Le;..< il>du,Hy. 

,::;,.,, d oflc Ílr>l '~"'¡>uror rontrol <)">ltrr.." ;,.,~;,,_,,._,,_¡ 
;,, :h fÍ~:> indu;try """' tncn<iontd i.1 :he •t-e:ioro Olo 
. ,.,,,~ r.;oddi"; \S,·c•'~" ilJ..-\.). lt is tl.e roorc,, cuno

"' c·•·rMc! 'Y'''"'~ cO:e\"clú~J<"d fo: t!•e .;mcm~tic ""'"''"' 
t.~ ,O:,!.<lr. ,,._.,;,;,.. 11~1- Ti,;, ~.l>t<m ~rr."o11no "'--'"""¡ 
:~:.o:;o~• ~"ly. "Jl.c ,¡rucoure nf o be ,y,letn ;_, oh·rieoed in 

""~"· "'"" 

1 
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Fig. 17. Qu"lity umlrol iufonn.uio, is rrol"'''li ~"'""'":liJ;· 
and proce;.sed by~ protr>.• conuol cornp,.toc<•. hiel. On ~.,,. 
m:mipubtes n mnnOrr of l":o:'i.<blc; on !lo~ iorel"·.tli, -__ : 
riL\.:>n ,.ocbiroe. 

Anolher rx.om¡>io of J""C<"--<' ron:p~tor rcmrol "i"J>.i•.• · 
tioo"i.!! g;,-,, by thr coo:trol ;yslem ""'d in t:.~ 1''"'·'' r! 
tloe Owe"'i· Coruiug fil~·O"J:I:o• Cor¡x.,~l io!l. Q, 1 '-.,. LJOio ~~ 
puiJii•kd ininrmo1t1011. '' "i'l"'""' !hu¡ lhh' ,_,.,,,,.., ,._, 

~''"n t i~lly pro ce·. ro!l 1 ,.._,¡ -:·· ••·m~ pcrlor;~i«;: ~-' ;~ ;.,-. -¡ 

ron1rol functiOII; in the nwlliu~ :oud r:it]Í\r~· "'""' oi ;;,. 
prou·""· ohhnugh --<>n"· pr<><11lroioiL ,chc-duling noi_,;:,, -1-" 
eil .c:ed ¡, ;oone ;,,, '"''<<·.< 11 '.1 1- ¡21 1-

0!Ioer 5up.-r,·i.-.ury ro¡;uol "PPIÍr~lÍO~ bo·o" ~~'~e-·--. 

~: •. -.o~ortd ••·c<·.-nl¡- by ;;1:,_,; roO>t~inor n:o.oub;·:~"'" 
~~~ ). : JJ ! Cvuo:,.u 1 or ' c•J: L :-.>~ •.)"> 1 < m; o re h ¡.,~ u,-,, f,,, •: •' 
cc.:o:.-ol d o_:ci .. c.:;. tr.eloi:•g. ,,,J i~~-;.-<..,:io.; c;--::~li~o--' 

1he !.:~.ior>~- F!r., pl~n< of O"'"'· !llinoi<. Tnc :•n.:: 
p/ tioc cun:¡,u!to Í· oo ~u¡.. •. -.-;," ~,J r..~:.::cr ;; .•. """ 

!"''"~'-'· 
ri.e-.-..o-;-- . .:.~·.:.....:.:...:_..;:~..;...:....:...-'..l.o.;...-:.....:.,__ :.2:-·-

~':ltró:'"";':i c:r:---'J'll~=· ·~....,rti-M ...-~-----'-'-~• 
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Fig. !S. Plant P"'""" conl"'l O<>mput.r oyal~m ,.;th "'otral """'"'! ""'"'· 

..,.___....."'11"' 

qn .r·: " ¡,.. _ _. .,. ht 

wl•< ir ,,.,!,.,.,,,¡ 0' .... ,. ,. •. ~ ..... ' 11.-.• ~ 

' 4~ !\.,..~· itl E~ L! 5H b,Eeih,¡; h •-•·;re '"j ok 

g·~ · ''B · Oon<; .,,¡,¡"""'" "' r""'JI' •tt • -•!'l'i:c.t>iu<U 
_.,_ Th~ ~~·m~t ~on

trol '"""¡' ·¡, r~pr~>ent..U in Vt¡;. 19. The oper~rur c~r,-o[e, 
on-!ine printer,.~brm typ~\\rirer. ~elevi.io11 di<pby ~nd 
r.-cordiu~ de,·ice>, ~nd g;,phi~. P""~l• c•UJ lx• identiF.C'd. 
Tbe s.:ord!Y oi roxordin; ÍlbtrUnlenr• Í< app~r<·M. 

On thc lu.L; ~r th"·"' extimpb, it l<nulJ "l'f't"-' tl.:.t tboo 
¡bu indwlry, fo!J.,,;,,¡ th~ rr,•n.J pioo""n-d t.,. G<~..., 

' 

Fi~- t~. c.ontnol n;.om-Ford 
)lich-l. 

' 
1 



• 

. -
1\ ' 

. 
MANA(,E~EfH 

~:-'"''~ . ..- OR~ANIZATlON ........ ,.,. 
' 

. 

"'"''"~ .~,. ... ,, ...... .,,..~ 
PROOUCfiON l j"'""" ..... 

• CONTROL 
• • S. YS TEr.! .. • • 

. • . ¡¡ 
• 

' 
. ....... • .. ff¡ ''"'"" ... ~ " n PROCESS 

" CONTROL 
SYS T~ M 

' 

1 " '][ ' " " ' " " ' " J\ . 

. 

''"''~ '"""' .. ,,_ ....... a"""' ........ '"'"" w••< 
PROCESS . 

'"'"" 
, .. _,, ....... ... .,q 

·~··" 
....... ""'' "'" 

,_,.,, ..... EO.UIPMO;r 

~'---- . 

,. """''" 
oF• oououw<•ur,o•/•••"''-

Fig. ":!0 •• lol"ll<•t<KI pl~n< <»ntn>l 'l"''•"'· 

proxe"" inr!u•trle;, ;, 1lowly moving, in an evolutionary 
fa.shion, t<>ward computer-direeted, cent,...l, proces. con
trol sy5lenu. 

It is hlioved \htot the trenrl toy;~rd ln!egr~tion will Mi 

stop al thc proce;;.; controllevel, bu! thnt produotion con· 
troJ and mlnngemeM ~.omrol functions wiU pro¡;;ressively 
be induded imo the dr;ign of fully integr~t<d on-linc, 
real-time control •Y•tem". 'flt.,.dins,"'"~in•F~...:20.-il].¡,.. 
¡.,.¡,.. U.., ,.,.~" "W ..,. ...C ...... ¡:.o..,ihl.. ~ l>t"!l r ,.¡.,d.j.il~ 1 o I.C!l.!l.l t~ l 
.,....1'..........,,.,,~ .. ,. ¡,.,...,..¡. ..,,..;,~rn.r.• 1-d ... ;~,_.' ,;,........_; .... 

t .;,; r,..t..d ..> ~ .,¡m>< ' b.:lca ....,_ i q>ui ~ ro \.11 h.>th -1.1><>· 1 ><.,.,.... .¡¡,<Id 
~J~n ;,,. ""' tml -t~n~n~n..-on ¡;.,., ~ . ..,-!- io "'" .. ~ti-.:rue 
i.;;. r,..,,._. ¡, ,,. ·f., ,.,_.--:J_" ... • u ll.o ~ 1 iu 1 h • ,.W. r • ¡ .,,,_..'P'"" '" 1 iu n _ 
~._¡,,;~M;-. ~""'•ruo.:.>d. T¡-.......,,.,,.,.,._...;.:,~~ ri-.ilic.--"'l.tin: 
~;,., d\,.iialol~ <>n·IO·rroin~t<l-U>--minc.:;o:_ W..i.<. Th<.¡Jt'[· 
,,.;,.,. • ¡,.,...~, T ..e 1 i 'n:"- ;,. p ;,.,,..., • ,.. ~ ~ ,.._.......¡ ~ ,, u "ul-n . ~""ll e~ 
m-.._,¡,.,~1'" ~ wit-lo- ,¡,..¡,;.,, ... .,,...¡.,..,... ,¡.., b,i~ 01 q U"'-'· 
ti ;....;...,. .;,.,·,.,. """ ;.,., • " "" i 1-,b le-... ¡,.,_...,_.. ..nd -."' he~L =<:<\«!... 
Thcre is no evij~""'' th;~t ,ueh inte;;ut,.,-1 '""""! ,y.-ro•m• 
dte Í!l Openl[inn fohi"y "ilhoHI~(o, ~" WC "P'IIIi~11e.J JHL
V;O~oly, ;¡eme oi ~~-~ ni.<tin;; ro".ltd ')"'"~" m;;;ht al
r<~dy hn>e dc,·du¡•~oltu incbú~ """'" pruducti<>:> eculrol 
func~iono. 

' . 

Tbe series of dingram•, the la<t one irl particubr, ~~ 
eugge~ls 11 c\e3r trend tollatll m~king com¡n:.\ing ?C" 
avaibb\e as a. uti\ity throu;hout th~ sy!tern in muoh 1: 
samo wuy ns dcctric po11u is ~·.-aibbl" lo•by. 

The integrateo! control system" appronoh shou\d n,ol 
.-..•Jy ¡, ~xpected to nffeet our bo.sic c"O~~•pt> of phn• 
•ign and O!""notiou. In partieubr. itoOOolol be "-'P'"':"'i 
hnve ~ vcry signific:\lll impnot on the mliM~eL\Ient " 
orgnr.it)lionnl structore of thoi pbnt. This is the su~,. 
tbt wi!! be discu$$ffl in tb~ iollo"ing se(:tion . 

IV. HV'J-"' l'Ac;vr.o [~61-[~~] 

The emphasis ol this sur;ey h~< bc'<'n <0 hr on t! 
eeonomie and t<"<hnologio:>! a<fl"C:> of sy;terru a~vc•lo¡ 
mc~t in the gla'" indus:ry. 1\'c kH di;cu,,C<I prob!~" 
rdnting to the do•,·el<~pment of !he ""tomo\ lÍe co:>trol h 
repre.,._.ntC<l by the díagram in Fi¡¡. ~1. .<)'mbo\i:io¡; t 

phyo¡c~l P'""""" controllod hy ~n on-Uue cornpour .• ll_ 

n_s !"! \ ·~~·! ·~ n ..:;..:;;:•! e ,n \ '. '-'.!:':'.~E~ to :; • .nl:!." ~ i ·~~ ~:· ;:.' .~ ~] · ·. r n; " • 
'~'"'"·' '' ¡.,,,,_. c""'l'"'-''"" are· n.,n "'''¡ ,,.,.,.¡,,." •. "~.! ~, 
e7>í'iñ:O ,~ :-;;;. ;; ,-¡; , ; , ~ -, ie i" ,., k." " , ;, l i " "- -, , .. ': tlw i i "- .' .,. ¡,; ~ .-.. ----·-- '--.- .····---···-~-···---- .. comr,,..,, ~.,.il. ~~~!;.;...:.:.:.;·--,•·r ,. mvor~rcc~• 
<.~-¡;"';·m,;. p:....:...ci u ... .L\.WW• • """"; "-~i<..~. ""' .Fl , 
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l:!!:~~¡¡~~¡¡j¡¡¡~~~~~:1]:¡:;¡:j::¡;1:;~ ·~-~--no 1 n be Rn cvolu-
tnu<t be 1 and d~~ 

a:. !he subsystem(s} ils. 

1 Fig. :?3 !>Chematieally rt¡>rw~n!s do• man-machine sy~ 
U. m d~velopm<:"~ e y de. ""'¡ ne~d ., _,....¡.,...J..¡,,Kent 
Wú .J ,.., .,~;¡¡,.¡ • _.,,¡,...,.r.-y,._¡.,.,.,....,},.j.,._¡.i_,.nd 
tll'imi.ta tes ;,, ,.¡..,;..¡.,,...._.¡.,..¡¡.,!!"...¡.g._;.J'~m~I......C 
~"' 1>-t. o ....,n...,rt~Y"m-.,......,rnl ' . o l e 1 o i o o e., _ J:.:,;,.r-ro.i • ¡, 
~_,_..r..,....¡..._m¡ 1' eml (IL>·..i<:.:.l ... y~l-t<IM -j.''<>o>•...-1-otl 

~~ r· u., 1 m~r~ev..l"l" n"' .,<-<>--< ¡,..._.,....;,.,t'"ll t-:rloid¡-rlt.e 
r.:uap!e.~t~as:stooob:t-<1 fonr~-rin:;-onod-tr=in· 

i"(:.it"!KW:IIóo' .. l~r--openoti<>n. AJ--~1..-ou;....¡-"--"~~ed in 
t_¡¡¡ ~3, Uu.-p.<>Pftl:,.,¡...level"¡m>""t o E üw . .t.\l.,_.,..j..,......u.h-
5)'0Wm o d " "" --.mMn-tt,-... o.}'.; .. .¡>! !"-.i.t~.d .,., ... ¡,.. ..l<>p-
_,¡_ One of the prim~ry ,-~Ju~; lo be gaíned from ""rh a 
mo.n-maehine ,ystem< development n~~.:.lw ,..._ 
)>V ' rd o • r__,. ·, go i~ ~ O'l'tCci,,.._-.;J,.. U>e...o.lw-el "l M ....-A:-'-~ e 

• tu·q 5"b'l);~ tPU •t ¡:,- r>-• ¡;.o~I,""'J"""Iopm~nt "'Y' le. 
In ftddition to liSIIUmini; !hM all ~uir¡-j rOmponCills ::re 
nvailable at a •pecilied <nd point, the contiuuing inter
:u:tion.l cantcit.~t~ imr.>cn.1cl;.- te prc'·"nting tl\C t:ccd lor 
costly and ti me-eon•u m in:¡: retrofit ,;,g, of "0"'1"'"""" Hnd 
mn)or system mOOilirations. To acoomplish t hi$, howe,·er, 
implies the ¿~,·elo¡¡ment ol an Rbi!ity oo eomn,ur\icate cf. 
fectively and Íllterrelate on the put of r-epr~•,etltntives of 
diven.e disciplin ... Compromiscs Rn<! tr~<le-<>ffs ,.-¡11 be 
noquired. Uhimnte optimi•ation of ~ach subsystem will 
undoubtedly not !_.e po5>ible, Lut t.otalsyst•m optin.iution 
and rfft•ctivene'S will be more dosel¡• appro.•im~t<>d. 



Whntcver !Le cnJ ¡¡ruduct of an iukgrnted pl11nt or com
pnny control sy~tcm tu m• out k> be, it is almo.! cert.ain to 
n:qui"' diifercm appro~ches to lhe otpni>:~tion, mnn.o.r;e
ment, deveiopment, and maintenanee of the bum:m com
ponent.s. \\lhn1 1 Ílilf :· 1 tl;. 1 1 ·. 11 ·• pi nning 
• 0 ,..,,_rothc nocd_,.,._~ ¡, "" ml~g•~"''"!'
pm•.-b l"- tho br!m''l>-=poiiCil\.....<L.-.ci.l¡>"'<>ll' ~~~~~g 

..Wh lh•r""!'l.,........hy"~~-"'""''rmu""l"l':Íh ,.,,_if 
~· , "" º"b""',.\lW>igh· '·~c!....M~teó-nmtrol'in 
tk' ,.,.bly..,..,,.¡.,,.,., 

V. CoNCLUSio¡.;s 

In this survey we have di.cusoed 110me of the e<:onomic, 
te<:hnologicai, and humnn aspeds of •Y•IeJJ\:1 engineering. 
We aee systems en¡¡ineer'.ng as the te<:bni<¡ue through which 
tbe electri~ technology, exempli6od by the digital eom
puter, is being appli;><l lO our indu.;try. 

Scve'!'l major trcnds th11t characteriu thc tvulution of 
qatems engineering technology in our industry luwe been 
identi6ed: 

>)'~··~·~"::':."' '"''''''''":''-''~·o·~··••··-:~·~•''"''''-~•ieo•o·'::~·~e:lin
~Pfutc$,i,..c¡¡n¡,ro~d 
,......,.g~m,;;¡. eullt.rul íunctioru. • ... , 

\?) ~•g·koolmUru-...!'la""'l!'""",¡"",_¡,g¡,. im
P"'' • "' ~ .. w:I..Ju.uld ¡,~d-'~d.,.;~ eh>pi;.,u IQ"'))ll

fe?> o 'brougb-IM· int.l'gra;.ion <>ktoc-d~tlle·f!mres5 
.......,t-rt-.,ntrn~!tem. 

3 ) T¡.,.,.;,Jl<',UI.....,...,~ ·-huma;,.. fM~· -cAnno t '1' ,e--ovet
~ized_ O..~in(:"'~!"t~(!'l'e"f!\ottlo~ ·.~ "'* of 
~. " 1..j_km...,r....-r-ib'1"'1n---imf"<<rlll,... one, 
~ li~ ~rt l:e 'T'Itt · 'of ;mp lemenutio,. o~ ....:.de!o~~,eth
ool gy in indnMry. 

Al¡ engineers, we find ourselve. iocre..,ingly moving in a 
po•ition to inRnenrc directly social nnd hum~n pi\tterns. 
Thc na\ure of our work mus! change as our caoentilll 
n:lp<JMibility bceomcs one of edu<l!ltion of the pubhc m 
modern te<:hnology. 
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, IM~ndw»trwl-Pf~--•n-~t ..... llutbiltl)'-<n " . . 1 a:¡.plemwung· ever ~tl ~)'· pr~><:~so- .:on tro~ . problem"-as 
f\ .,¡., -~~·•••ll<ivanceO eomro!-m·lt>W<:r-overon~y!le....-nrst. 
.J Control conccpts for continuous processcs u5e the 

computing, monitoring, information >toragc and 
analytical ability of !he dircct digital control com
puter. In thc batch or discontinuous proce5llhc com
putcr's logic cnpabilit;· is cmphasized. To peñorm 
batching operations, a comprchcnsive logic 5ystcm 
is nccessary. lmplcmentation of •uch a system using 
digital technic¡ue• provides many advant~s•• over 
implemcntation u•ing analog equipmcnt with auxiliary 
digital logic circuill. 

To fully appreciate these ndvantages, the reader 
must ha ve a basic undcrstanding of continuous control 
syotems "" well as the batch typt: systems. The fol- · 

_,., 

t ;;;:,-~;;; - _"!"!f'!.. >?.!.~ !!'- - -, 

' ' ' ' ' 
' ' 1._...:_ __________ ...J 

lowing will describe single loop control. severa! ad
vanced control concepts and cuntrol of •emlconlinu: 
ous processes, as an in!f<xluction to digital computer 
application and backup. 

s· g' 'veptcmrol 

Sioi:¡Ac 'ingle-lwl' ftedl.-raek'-=nm:-1--i,....tl:e- mc~t 
oummon-contr<;>(~ f0<1 .,j.. in-~ i>o- proces,._; J>d USI rin.-JI 
;,.....ocd- fe •..,;on t rolli n g ·lloW", ·leve!; t cmpmtur.-;'I'TCS -
>üf-<l...,nd-m~nl""'ttlh;,o._v~riables. Boi~.J""'\",--,~d 
el .. · t •~ " ¡.,.._d...,;.;.. • ' ro· • ., • • il ~w.....w h ;.,¡,....,'li\l ¡ Oe- ·t h ¡ s 
1~--GOIIUOI. 

Ba.ical!y, thc•e eontrollers compare the znea.urc
ment of a vari2blc with its dosired nlue or >Ct pOÍnt. 
[f !he two values are not equal, the contcollcr ~dj~sts 
a control value lo minimize !he difference (Figure 1). 

In action, the controller is an analog computer 
which cakulatcs a one, two or three term expre>'ion, 

b 6 

---

··---.,. "'" ...,_ ·-~-• -•""'n 
... --'"'' ~·~ OM"O ""'<<>< ....... 
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1 ne Plac~ Of Digital Bac~up lr.The Direct Oi¡;ital Control System 

F~" 1-Adv..,.,. control t«boiqun •ppt;cd"' a 
hoot <>oh>n&er 

depending on the type of control action required by 
the process. T.t-!ln•~·po!effm d~!ln.,...p<opoAionat, 

roo~· .... oo-um~~>~i~nuol.a~ion. Ouring process 
otan-up, cndficiems oi the tnree terms are manually 
set on th~ controll~r to ¡¡rovide the bes\ re>ponse 
under normal operating conditions. U..:.¡¡.etil.lin.g-eon· 
W!i we .qbt~ngo....,....u;....process oprraror "~s-the 
w...poino-radically,...¡lle.i:aelfLcienlo--are--no·lo.>ngcr at 
op<imunrw.lues. 

• ~~ ':/· • J .,....,..,._,..,~upH 
\~··'\'f.· • 1 ¡h oo~!..-Jllem.he..;.,nw;..mOie.co<.~pli....Ud, 

7,-~t >;;? sii:Lgk loo p..io:.c ~k.. .:oruto t..i ... n<.>-I.:>H g., ...;uffl cte n l. ¡if' F.i¡;~>r,._.2..i)lulolrate~-threc- lYI""f'<>f tidYaPCC<l·<.'Ontrol: 
V jRf.,reHiial. fte<lf""""td and ~e. 
~ n.C<:~e n.\.i;¡J,..:untnll,., • e 1~ ¡¡..,,. hi 1'" ;,. ... 1cu t...! cd 

N-..._¡,·,¡,<),.,(;J-ffi<l<"""mco.,~ren•c·ms~which•i....,,ed 

_,..¡ ,...¡, th<>-<!e..ir.,J · but · " m n~ • • u rable-.. ariftbfe:oohl 
~-n-.tho-Bm·cumput<r· """·,,.IT!$-a-c..tculation 
~IJl.e._,JiiT"'~"~" -lxA wecn•rhe-..,uJkl-an4-inlet 
-'P"'•~¡..,..,..._K>~ili<>-h<•l·<~du.ng.. \ T2- T 1) ,.,..¡ 
~-·t-t-of process lluid through the heat e~
changer. T¡.~•l..tiun.- ..... mc.o.ure~of·· lho-hea\ 
tr ..... rcrr•.J ·1<>-·t.h"-P'"""~',_ llual - d.ot..-tmine- he de
,_,.¡..of • ho'<•,.,_.,o Id- 1\u id ,=J.:Il. ¡.,,.n:w.im.,¡ n. ~ es 5 
lluid -•por r<m!>"raturc T'.L 

Analug computin~ de•ic~s po:rform the n~cessar) 
c~tcul~tion> ~nJ c"ntral c~n be c~ecutcd \;Í\h oon· 
Ventional ~n~to~ cuntrol de•i:es. AUdit"'""l cakulci· 
tions may be nece>ury hdor" ~omc '"riabk> are 
~ombined. !'"or cx.u;:¡:l:, t~.- 1iff:,.:::::.l ~~.,~~ere 

>ignat provided by the commonly used orifice plJtc 
is proportionat to lhe square of the llow! A eomputing 
element is therefore ne~~"ary to extract the square 
roo: of the diiferentiat prcosure •ignai. 

iii¡¡w; ~..,;¡¡.., tfUI.;;s..J'&.:J::.:>;:,...arJ e" 111 ru l. .-..: "' 
,;ab , 1 .,, Ín"'of -hea Hro~Mfer•( 8W ). r;Ue.is..:.' f..,._¡ Í "'"'aod ' ' 
U<-adjuo¡...¡l>e- Ilo-uó .J..,.<íng ...,,.-<;o<.>ling-llui<i •11nd 
Qha nge· lempera ture" B-:-'fhi rr eedf oi'Wllrd e al e u la :io n 
!Wii<;;p~te•· disturt>"nces· in bolh inle: tem¡><:r~ture T 1 

' &00-proo:en·flo.,..F-l. "ti-po""id""'.....-t~ble-..,nnu·ol 
Q.l: TJ,.tl!eofeedfon••.or.J,.,;gr.al•lllllicipa!U !ho chang~ 
i¡¡..J¡e.U.inpul- r~quired. "Ibol.-al•~niwde--of ·lh~ · f<crl· 
Wl:l.llai d~ ...._..¡¡~ i~ -u•ua 11 )'- d~ te rmino:J. --by - e • pe ri · 
•=~;..,,,_,.,.¡_.mar Ita ve- to t><l adjuMcd ~rwdic;¡Jjy. 
s~the-he.;u.-U"...,fer .characlt!riuic,; o(.thc .he~! ~~ · 
~e• .:hange·with age. 

A.•hi..J.,ontr<>lt~hnique ilht,trntf"d by·Figore·2 is 
ClhiC1\d~rr.;ot :o ·a· re:hrrique- where· on'e cnmroikr 
a.d,ju.it....U..,..,.e¡ ¡>Uin¡ ,,¡.~oothn coootoll~r,-Thc out pul 
oi-lem¡><:NI~re · con"uller • .C 1·- i~-fed·· (CftSC1lde<l\ ·lO 
¡¡.,....,.,t-poont""Üf·t~mpc:r.>tUre·conlmikr- C 2 d hrough a 
mukipl~int·devicc M. l!cd •• ctt_ ... e• ia p!C.<>I 
~ .. 'P'"··«om¡......,.,._T;¡.,"!Te.-Ro""t..,f"""•..-! 
ccDUo.I.O=o-,S...,_oltit.r.~tc1,..-m~mrl!ITI'""IJ'I1!'"tn!"l~'fa· 

-'· T~ o '''"'tmioo~d~~~,.·~('l>li....t 
.........,.;""""''""f'"""M'<t"""ni..:~'O~~ rrMr!t~~y 
C$IJ.) i• ;.,., , • ..., i ' ;, .. ,.,.¡ \"'"'"-'miOO- pr .x ~ "'"· •et-r•'"' 1 

J¡.,,.,..,_~~e>. Th..,.cit-~:·•<i:,,.,,ncnu>O 11 ... , ....... ~·-· 
;J. ~.....,.;...¡.,,¡...,\¡...,.,«'firicitn•~ ,...,....,;.,. ~~~c.-..~r:• 

. •· 
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tii'ws .,..11-bel!!'<(d ¡iHXnt.•usc of<:.~.:.:*~: .. :,:.:,:,.~~~.,::.:~:B:,:.:":,::and tempcrature rate1 of ch~ns<. p,.,. 
rnollU..wbuld. ~ • cn-··timucd. Many hi¡¡h production ..., • ._ ·oe\rol..¡><ubkm' or.a.~-rcqu;......-,,me 
pctrochemical proces.cs are •n the ccntinuous process ~"""~"'>ftln>l•th~ortl>e•fecCh...:J.,.f...,.¡fconvaN e,.;. 
f;altgO!'y. ....hjlió!riat>!e.,.con!!~~- .!-bis __ , 
Conuc/ of •~miccntinuous proc~JUJ 

Ei¡¡Hre.l •PI~a·proccas.COUIIOI"J)l''O>k'~re 
~conditiom·BTC'IOI>f ...... Ífttained. ~ 
~uiru a :o;ou.>f ... }"!tellt IO'hiel! 
oltHf!~Uni •• ~u • ..,......,.,.,.'di~rr•· 
~ntlti..,..-"":lte<l~le. ¡,atdt 01 >ctmcon· 
tt""O"~· o > ttqullt ""''tmll<:cl->equeaemt be· 
e-: 'vari<>t•• ..,., . .,._,....,""'~,.,ro ·~ped 
f~tly, pro<lnct ttc(lliren1~e'h3n~e !'teq...,mty 
and.,.Qpc.<~in~ r-~ cluo.n~e. 1t should be notcd 
thal Ol.........,..><:i COHlltllllOU~'i"00hKS SUtl U$C 

feetll:.ldo.,.c:ontml, but -...ilh..ptl<>@um- Lcl>o.oge> of 
con !(e Ló4o;>o i o t. 

figure l il!ustrates a simple thcmical reactor. 
ln¡;re.:lient• are added sequenti.olly and tempcnture 
is maintained accorclíng to various preset program> 
lo provide the chemical re~ctions necessary for 
variou• products. -¡:¡..,.,.,.,..;~~iil\Ú>.l.'tc·-l"'an 
~Wil-~~miv~o>-uool>errnic.dw:Íf>!ttile pro· 
iluoclio>JI..;;yde. !-l.loc.o. io~<>r.J.:r, t.o Mld a oeL tcmpnoo.
~ ti:<!., con.u:ol • •J<M• r o ¡u.,. Y• 0.:. . requit. -....1 ·• <> "w it.c h 
~h<:aunl!' •l>e ~...,.,..~..,cooiin~·.uwne,.~ .... 
a.:t>on a.tnrs ,.,. genente- it''"""' ·heato 

1 <>• tlle-4 ~ pi.oal.-:l:~'l•ic.tl...-.: L.,-¡ ,...~ ' i r 'S • e • ocl, 
di.fi'~<Jn¡.,...,n(roi~__,...,.,.,.,._.,,_.,........o.,.....,..,,.,,...lm 

exh.Jo~.,... f""'.!""~· for instance. !h~re T:llY be eh,..;~~ 
in sp<:ciliecl ir.i'!"co.licl\t mix ;,nJ h~~:in¡¡ an..J cooling 

~~rn-prngr;;!il111Cd.-,eqt.<.'lh."ing->~-... 
iocl.iolj;¡~.tquip....,et-••srting a11d ~l<lppmg. 

In Fisure 3, lhe cord.l-..l...r-redCt;_.¡c:m-¡><>n~t;,n.,.;):.j 
+..., b.,•j.· •11)1-> ,.. fce<lbac.k"CCn!n:'>l-·pmblem. H ow ever, 
the p¡,.¡bkm • ..._compli<'a!ed, sin="LI<r.ltlSbehoo;e at 

'ü...,ptq¡>:o.li!UU, some.l,imco.ol"~"''-fu<>io" anJ 
mt¡~....._l........,mrol~...t...-ale. AI>O, the seo,u~n<o 
of evem• must be readily changeJ, depcnd:ng on the 
intended product. 

C\lmbinations uf spcdal ptu·pOsc di~it~l an~ ~r.alug 
control equipment have beon built whi~h S"-ti<fy th~ 
de.,ands of the di$COntinuous process. Howevcr, 
the programmin¡¡ of this equipment is reloti><!y in· 
flexible and the control cannot be well-tuneJ bc~.,~se 
of the cyc!ic nature of bat~h processes. Many of lh~s~ 
sy•tem• are not used at fui! opcratinc speed, sin•c 

r
the control consta~ts are a compromise.fí¡·~ ~rrJJ) 

Applyin~ t!.e Ji:¡it<J! computu U 
Di!i..,k<>ntJk>lo<<l " gf ,; ~n'k .,._¡,,;......,..«>- rhe 

~Ñ¡..pn:><., ..-.c:om ,.,¡. r .. l.i-..<~u,. •· ;,.· tlf<ri F'"<lbi lit y 
~"p;ogr¡om~"Ui.W _,.im¡>k '""'·'lreomple' 
4><1'"'~"'eWios>,.¡,ip>, c...,.pu:~n>hl~>wMctl"llto 

~,..""'....,"'bk. """.,;...,...,¡,"''"'""'~......._¡U.:. e 
.lciiu.~in~ tu,. poepl.>nnc<l oc ~~cu::. OC::<.-:'s,i¡ .. l 
IIQI!l!)ll«:..;.-..;wl~ 1_-;.,.-...,,wl..<...!.'l .• t, 1!1~ .~,.,¡1;~ · •Y•· 
t.:ll'.· t'm!"·ó':ti~t.. .. ---~~""•!;•·n "P""~""~ ~ '" 
ad·-- ·t • o•..e<:.l:....,.;;u:cl.>:o:.= ~ao.:h.:..;¡¡.:~ i;;. ;;.=."!:>&"· 
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¡,Y J 
¡v Jt~ "J'TIII"';.,;,...,.. • ,;~¡,, ~~pm.....-ttd ,,,,U,,ctionr""· 

......Ns. a.-~¡,¡" '"'"'"ilil,......t'!'it~tts 
-.lwi<>lt~""'"'' aod ins1 ,p,L:,..-.w..;m ·w pw-
4''' pi·~T-i--.....U.....,.¡,..¡,~,. ~lany 

of thc in><allatioul U>C direci digital control teehniques 
on all or sorne of the control problem>. 
. Table "-""-"'P"fCS~~emotoeach•""in~r~ 

4isitat • ....,..uol '"o;tusively. ·~•o ·-cuminuous 
~!ic.oli.>n in·"" oil retineTY"ha•·:'3•>•tmalog 
meuoorementroÍ•which·275-iól ....... ......:iate<kYitll-'eon
ti>IL>:llkulaJion', thc other inp!lt'Mtre torr-eo lot manee 
rnQioi.l• ' ,¡G ¡;.-A<JJ ~~ v ~"' u • • OIJ<'f"•Tion ·'a naly, i s . ~"' 
.;17 s-."'nnrot·.ojnpu\5 ;-'1 ~ !)<-are" '"ed • for...t ~·"""' ro 1 
~pie,-loops; ¡~>e,........,;ni~5ooft~11"'11.d> 
~1rol. ~r..._~,, ... ,,.¡,...,,_¡,;ro 
~5...Íilf"''-"'"'"""iated~wiilt-ccml....t .... -.""" 
lliO.J;npkmem-muliívariabla.,and-.ndV!lr><~on•rnl -· Tot4 t -Compori><>n of oompmet oyo<em in,.tlootptJl 

b<tlwon oon1inu011o an<i bo!<h proo:o" oon!rol 

!""'....., "~"' '"'" "iiilll 
"'~ .. ~ .. , . ..,, '" "' -· '""" .. , .. , ... -· '" '" 
'""" ,..., 

'"'" "' '" CIK"' " " '"' '"""' " ' 
.......... , '""""" "' (un)~ 

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

Table r .... mr shows the input/output dimibution 
for a !~o l f<il """""1 iustolhlt~lly bcing 
implcmen\ed by ~ di~ital computér S)'S\em ........... n. 
~~fctr"Wli1T'"lli..-e!'!"nlffillbli~"(ne

v,e;al~iunili," oiJII-incre~..,..;n """""'''''"""""¡"~-k
llllilnt...,~""'"IT"Ol ""IJ'Uf"'· l ~nce 
.... cn~.,..tite""ba re h ~ ,.,,...,..Dlü>4......,.,..,.,. b , ; • Oj ,..,.,f 
,.., •. , --cqUÍpiiKIII üinl- COiidÍIÍMI>. Also, ..,.,..¡., .. 

-( '\irc• runo¡ bt 14o<~T. w-;.¡;...¡,.,.¡,..¡c~-
t•m. Gl•l\oO....,¡,¡,,... eommunie:.non-n~l....-;.,. 
OI'OitSe, lnneased number of pu<h buttom. >i~mll 
líghts and !ho increased ,ize of digital ~ispla~• re
quite more digital inputs and oulpuu. 

lt is ~~.W....,;,¡..¡ha\.iA.._ .. ,_..,.__.......,,_ 

p>~¡¡...j1.\lS~""""~It-."'"'~n.>J,¡~ •inf'"" 
ta.:<~!!?c •Mrrt:~~tl:m. T-h~tmmofP'm"t"'JT<~ in 

•/ t>otc~ ,,,.._~~~-,,.._,¡ 
,/-- c..o~~,_..,.,,..,.;...,¡.,¡¡¡r~....,,._"-"'el<'TK"fll> 

=.1-wit~. ·.!~•~~1-!:'="""'t!nn<, de;'<"~o""r 011 
th ---~ """ . ....:,..,..,"" ¡_,o. t n.....c .ru~~~- ,.,TG .. t rorri 11 B 
of .... ¡u:p¡neni. 

~· ' \\lit• th ;.,¡,..,.¡urti<m m ttn:-ln;:t!':!t-emn~<> ¡r ,_;~ 

Th~ pl:ilowphy of D[)C 

U.· pm··..,....,:ml-field;-il · b.,..:,.n,.._.,,j,¡kc:...:..~.;~.l.tcl.~- ,..:: ·• • 
W,..,~inle·wa~ · kno.>W11"~b<rot-"""~~'"""~~:_,,¡ / 
~..,,~eaulcr·not·"b'e-adequa1d,......,rr~;~nteJ .by /• 
!YIII!h ema t io:al· m orle 1~...,.,.¡, ich-.omuiú--~¡ t- i m 1" v•c J 
prneo:-s no n t ro l. 

E.&J1,_. 1 te rnp<• r .,_,. pp1 ~ i n¡: .u......t il{i~»> -cumpu t.cr 
ea1pl w;i te<l • > u peM oorl" -<=u•m u 1 .1 n ...... h i~ h · thc · cu r;¡ • 
!'l",.,....,dju•lcd ·th<.-.e .. poool . uf. ""·and1vg·cunll vli~r. 
In tl~~..._u-,..,~,.,..,ll..,il<"'"'t~ain~d-!he 
~r'!II.,....,.,.,Ym~mg;""lf-1 IK e ()h tpUI e 1" fuilc d . 
On ...,...;.....,.,, p<w<oses. thi.a..:.>w.wl-=-qui~••uis
r.:.wry; iri fact, ~lb.:.-~>.~m..,.~r..Un".-.Ú'· 
C...:.<u<.ily. j¡,.,lftlld,..¡.u~,j¡ftcreoc~hllhe< ''he.-cam· 
put.:L. ~-~ hen= -<»"<fl<'t. 'R.c-opaat t>oO«>UkJ . st i i 1 '" 1 J '"' t 
~......_,'"""' . a.....,._¡id..ober ,....,.. ¡,.,..¡.,.,HI 1~• io"'"" f 
•he 111 P'"'h;..,.,~cr. This madc thc P<""""" 
Qó>C'?tlr.....b.>.¡¡py, bu\ in rnany in>tances the 'Pf"<"""S 
&ngi•-•• Bnd pla111 '"1'"' mm s •••o-""'· Thcrc was 
no guo~ranl<< ihat the openo\ors would achicvc ¡he 
optimum control setlings for lho plan!. 

Whal a.L.Iitiona~ages....t.id.t~polcf"pro· 
ftld Jf so desired, tlwo.compuT<:I"'cm!ld-'mit~<''fe'td· 
k>rwttrd, -te anJ irVcrenli~lonc"k:""'-'i<>n~·wil~h 
"""'*'...,•im<T(!>'1;....,1m¡..,~¡"1'0irt•••fnr..ecooom<u-or 

¡orOO""'Iion ·~'"" iller.n io n '· E ""'""'"'ic-eon <11'!1 i1l t s 
r~d{)c!l .. kri•LJ,~I•nce. thr,.~~pt>~ntOI"}', 
ele c,wL-Jb · ~opell. In a scnse, ~mic 
,,.,lwrxw•;.•4mo.><lo:l "'i>OS5ible. "-hereas a-f'I"OC""~ 

' 
rwN' •1 13 •?' stilL.d!ll">euh..ro>a~hi~~hrdl""'':f 
"p.t_k,_,ie<Jge. In addition, ihe on·line process 
compuler performed other U>eful wor~ 10 aid np<rll• 
ton, plan! supervisors and pr<Kc~s en&ineer.: sec 
Tablcll. 

1 ol" / 

/í 
f 

T•bto Tl-Somo non-<ntioal !une! ion• of •n oo-liO< 
pB><<" oomput" 

e C~LCUUIE ~HD Oi~PLU DPE~~TO~ GUIDB, 

1 IHIEGAAfiO,• OF ~~!Ht~l Fl0\1 

1 R[POU 011 PROCES~ SfHlSliCS • ~~lERIAC USEO 

fUEl USME. IHROUGHPUT, ETC. 

1 i;ALCUUH ~~~~ DISPLAY Cñ RECORD UN~(~SUHl46LE 

VARI48Ln Sin:<! ~~ 1\U UIE, ~~~~ f\.(11; 

1 ~OHIIOR ~liD ~LARK PROCESS LIMIIS 

1 RtCORO P~GCESS [i[NTS OURING UIIUIU~l OISTURS.:"t¡S 

1 HJJIIfOR ANO RECORD CHAII<:;E.\ IN SEI POINTI,Al!R.~ 

LII<ITS, HC. !1!;[ SI ¡~¡ OPH~I~~ 

1 P~OVI~E OH ~¡:14110 OPfR~I~R ¡~.F~R'l!ION SUCH <S 
IREH~ R((OROI!IG, ILA•;~ \l~l'JS iiEPORT, 

LODi' I<T POiNT .<iiJ ¡;¡::.LC:HR O>T.l 



11••---~~"' .eoo;.,..,..,...,.. ' di$it!Okom-
1"''1 as ,..,,;otukn~ ptoccss anal¡sis, OIMiftOring 
an1 · .. ,. • pi·,..._..,l.' ll was r~asoned that 
DDC would reduce thc cm! of a procus comrol cum
puter by climinating thc cost of thc individual fced· 
back controllers. Since the controller mercl)' per· 
fonns a cakulation, why couldn't the computer per
form thc cal~;u)atlon? Se~er.>l e~ptrimental ,·enture• 
showed that the DDC concept w~> ph)sically pos
sible.'·' The fe~db,\ck control luw Wa.> cal<;ulated 
within a general purpo1c computcr and thc rcsulting 
signa! outpulted dircctly 10 thc control valve. 

+ •rfi••z,.i~red-ih~•.,¡,,..¡,d("<lff·""•--=n-in
w.,wpaf•loop-·eomrolle,.....arnl- a d i<ect •digita\..wntrul 
(ODG) computerwa!r in !he are~ of:!OO loop~:·Tilere 
wa:s~•··hooker;·however!·Th,; · tr::~de-off· did · no t .. Íll· 
clude•=r provisi<>no-·in· case· the ·romp<>ter-- •y•tem 

1 Loii~J,.F..,,.muo.t inJtallations this mean! using analog 
-mrol!eD· m·back- up-•the · DOC· ~omputer•on-ench 
loop- conoiUtred crillcal. 

The ~C cqal¡;mem v:u.-tk<ig.itd so tlhh.li lile 
=p.~t--"ri!ed. eiOcl~kl «lloa:,,.;, io; la;t 
d~oie11 W>ltu bachd u¡• lo¡ ""~lut comrol. 
Coioi<mi-IOdps ; eoc l>~~<:ke<l lo) "'' an~ ... Uer 
''-' .. ~fcil >~oto!! .... !! .. t.!i. ··"' :-::-:!!rnl-o....cornpote-.o-f~ii
OI<C. co,.;o•l ¡¡]vc\"'(lrtl\7"01:"'-"r-l->f~e 

"~n" at ~~·•·<>•ll--4ho:..oper;¡¡m rrmld 
m,....W~~~bich 

~d ttJd oalve positlüti a11rl ptotc33 "'""'"'""' 
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Figure 4 shows two toops from a large ~ystem. Thc 
measurement ~.t¡rfudxt'""""""""""""'~ .......... n~l. 
en<ble. tk ·-..w .. ~l;;.-o¡¡.c~A~J>•..,.¡.,..,.\o' ,, 

, ........m 111 re. ·¡,:¡.,...J.<~ ll"""'-"'-t.;~iniflg 

............ cown! 'i ..... O<'-.i ; 1 
., tMiO Qh "'""~nr«>n· 

•mllr• f¡).Ob· .¡.,...,.¡....,= """'""''ome~o-M¡ ia fa•.....:t· 
i~~..,.¡k:<!.to....,....._¡¡~¡_,r..,r--With !he cvolutiotwy history of digital proccss 
computu equipment. it Ls impo,.ible to more than 
estímate ~ntii1Tt1 (MTBF). For 
!he smaller digital comput~"• i11duding input/<>utput 
cquipment, lhat have been applied to the pwcos> 
control problem•, calculated MTBF has ran¡;ed from 
1000 to 2000 hOurs. Adyancc; in circuit d:si¡;n indi
c~lc that ij'ljchjlit~nef't:a;c, but reli3bility sta
thtics cm integratcd circitÍIS :•re not yet ~vailuble. 
Huwcver, ~¡ .. , 9rdbe"'"""'.ÍOCIÍOOW;"!!nd"1~1-
o..! - l laimwtoot~-~~~Fe,;.,.;ngioocumputc.....,... 

~~=,._,.,.¡_.;¡¡..,<'...clim--ml. 

hiv"'f.>r .. ,...GOnlWI>-OC<Ur•tyo.,mu.._.lwa~ .... ho-.wn
.W.,....¿m,..~nstallationac:<>nls>mp~~'ting--.::L 

~!'>"lar. 
For contiºO'Co +optocesscs. inwloht~ lb\ lh~n i50 

luops, il'""P .......,_h-"'1!~~-itl>- set 
!""n' 1 ~ • ' ? S · ·ontrnl>-nr""Ü Oe-wi :h--a ,;~ iu!O'-"'-:;:.U p 
a~..,..¡~06-et• ',,....,.H,;e..L-.!oo;:..o:•""'~= ti:~ 
m~nse: Howcver, the user must be futly aw~re 
that l ill gi u a~..........,~n•rol 
"!'';mhration, as well as thc funetions listed in T?.ble 
11, if..&l, litpul~ls. Pcrhaps most importan!, 

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

1 1 
.. --·-·- --"'(-l!-·-·"··lf·-1 " ---------- .. _, ' 
.. -~-- "~ '~"'' , ....... ,_, ___ , 

l • 
.... ______ - ·-··· 

"' ""'·~"'"" -~ ~~ m1-
-·38 

~ 

~ ' ' 8 
• 1 -SE} >-~-t~l' 1 ' ' 

J' 
1 ......... , . ~" '. ' ~-•" .... <:e~ <RO.. 
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¡1, 1
n sny a~"l"m!Tmltt.at was dependen: upon the T~k-111 <hw· "VNÍn~in¡:"!!Mfs!!dl'datu' 

G .\J"' COffii'Uter, such as ít:uif-ro.J,- ·l..multi- which compnre the availability of a single computcr 
l¡t~',¡ Kniahl•,¡¡;i!i h 1 ...,.o.J..U¡¡~n. sysleln with a parallel compllter system. The table 
O '"'-he Ím' ll·•ip¡¡.\ll.hu'-OOP'N1 i· '""··....U..-s, anumes that the M'HJF ""-'"~pu~lcm 

b• · !wro , ~ir..O..uq«~...:.i~mr--u .. e, tlwo-uoe •ma.f<lr ¡""h"""""putcoio.nbooyst"'....r.lhe 'tJ of~e ol.>f!..:<><~.~<ullo"'" i- ·t oufiMient. ~...,_....., .. pm.._.,....tl"'tl. E\perience has shown 
Th.e campm•r...prutoiJ..,..~~illg .. nol 1%.;...-ftiysis that re;>air time for variaus failurcs, with on-site 
·~hieh m ... ~doup, if.,""'"" &¡oca""'"'"¡., to maintenance personnel, a,·uages between 5 am.J e 
~d. The pr~""lftrUI,mll'lem ls IIOf'Solo;ed hours, depending u pon the skill of the maintenance 
by.l«>epmg'llll..::ontml·.,.,tUII~tllti<>""rJM•~m- personnel, the avatlabihty of spare equipment, etc. 
p..r-yot=•'"linlure. In a.~io-n:ftCIM>"f- in· With the pamllel system, it appears that lhe average 
stan~~,.....,¡¡.¡unl.l...,..,.,...,lidif)'-"""l'~"'~a¡¡ can repair time can be maintained under 5 hours, sincc 
"ru...,. .. ~y," if the pr""e" stl""{'Oint-Í."1'0t·d"'lll!td the system incorporales el~borate programs for self· 
attbe>pou~ lime. diagnosis to ensure proper transfer to the backup 

~ •. ,....,:u,.. ; o m 

Fitutc s-;ttumate; a pruat¡,I-BOC. e"mpuler 
S)Hil.,_hich-r\ot Oiil¡ Pt avide:.-"'>!Mf""e ......... cltttp 
~>u¡....,::¡,¡,.,-tl'!'"' th~;~hated onalcs oud di¡:m.t
[npuifou<pUt"eqttipmc:Tt'Whiclt tOtttt«n-th,..«>.,.puter 
t-he-v:!!riou~ me:~•melitclll a!tJ cont..,....,lolmeats. 
11 p'¡ backs cp att""ltttcdoop tolllioh, as noU as 
alt S""!H< e o'""""'¡ action. 

In addition, thi...._.;·Wm" ·,.,.,.;,,se ió puMtm 
t~tot."l- funC"'!on~lT""ll!-ti!Me'""hsted-ln 
T~.,,o¡!. lt thercforc ,.,.,·nró• ¡¡tool ~!"<!u e 
e\'U+-ir......n.:..o:.:mwuw· ... C<J/..Ir..;,-t.i,...,.~n........,._¡¡:o 
eq¡¡Íproe;¡tn•l>nuW- f~il. Note that i{.,¡¡,¡,)l-4rih · ¡ime· 
sh~r .. ~,, procef' .,.., .. J.iwy.p•ferred 
lo the t"kll¡; ¡;¡~cm. 

' ... 

.. 

Table 111- A-.,;t.ttoihl) ...:oi"ff< compoi<t •"- óuol 
comp•i<t "'"m 

···~ "" . ..• 
............... - -..... ' •.. .. .. ' .. -.. 

·-· wo "~"' w! "'"' ~U "'"' .:::: .. H ~~ """ 14"' "" "" ............. . 
.. "--· -~ """ __ ,.,.- .... , -....... ·-· ·- ..... 1 

.. ~ .•.. ""-·¡·~·t·"· __ ¡ ..... 1 

,,.,, ,.., ,, ,,.,, ' .. , .. , .... ,.,,, 
""' . u!!..o<A"''••••••' ""' .~ ... 

'·~ ··~-·--... '"' ~ """~·~ -···-··'«"~' 
o -· "":- "" N• u "'Y" •-••- "'"'"'"" •-•• ··- .. ·· 



s~tem. The failed CDmputer.>ull:.ystem is avnil,ble 
for self-checking while th~ b~ckup 'ub•ystem main
tain:. proéess controL 

S¡· .. m .Wh~~P•>·nu>l · ~,·~11'-"'~ntelive 
•iw· 'h) poovide ...,, &nlr-t"'-b'er.linL-eontml, 
batoott.e..,..tcmo .ecuAt,...-...UL-1~>-~•-
"'0V opcraf1<'llls. A parallel C(}ntrol processor using 
direct digital C(}ntrol techniques takes full adv~ntage 
of the ~igit~l computer's process control c~pability 
withou\ rcservation and compromise. 1! can indu¡\4 
advanced control techniques, >UCh as self-tuning oo 
a<'lap!ive control which t:annut be obtaincd wilh Jet 
poir.l control. The paralld comput~r pmtcssing s;·s
tern may provide these features and, in additicm, may 
<>ffer cost advantages o ver a conventional analog con
trol system for the lar¡:e continuous process. 

1 f'opoflre"t'ti ñ tiñUOli s p roC'H 'fiii'T~b 1 e·! :-t11 ..et!"'l"'lle r 

1 '"""""'i"s tlie equlvtt1ent""Ur--:!'7z-·:m~IU("t't<mrolletT. 
· lll\ple1ne~~1ati o., •of'"l! ''SY~ le riN'If •1 h i-ize-wo• lto 1 J !.lo€ 

a.Ddootrntlog-bal: lo! p eou Id' e t~ e d 1 h e coot of impl.em.eA. 
~h rhe"pm-allel <A"'Jedun-dant cnmp<:n•r-.ch<:me. 

Jnput/outpul tqurpm~n! 
Figures 4 and 5 show !bt in DDC, as in alt control 

SY$lems, measuring elemenu :•nd final control oe· 
vices are nill essential. Eacn measurcment i> in· 
<lividuall}' ~nn<!itioo.ed before beir.g red to the muhi· 
plexer of rhe computer input/output ~ysr~rn. Failure 
of any input or output thertfore is similar to t"ailure 
of a single eontrolltr and will not disabl~ other loop~. 
Tb • "l'"om--should. bcoorJesigned• S()<>!fnu •fwlu"" of 
~~~clemerwwill not coru~..-tlm m•n:rf'any«om
llW<"pD-....,,...uppjies. Al•o, i..-or-p<>"""" f~tl""'· 
11>1 11 be-batt~""l:"p"' a .. cdtmdam-opc.-..-er 
w¡oply. . 

~lrco cautíons-trt:rs~b!':T"Y.-do-i~ógn of 
~r..Jie¡..~!Uen• i.rJ!.lrf.,~-....:quipment: 

T.boo& ysl.em.·mmt ' l>e-·«ble. LO, iJ em; r ,...,.,__¡ ,.,¡ "'~'"""'" 
U.,..S~ ' ~ ny · ri m.,.•hr"oi . r n r• 11 1 (}utp"l ' r;qo t i p '"" r t r 
....W.OU¡., d i-m•¡>l ' ng"" con r ro 1 . '1"1-.e..., '"""'" ~'" !«.>¡,._~..., -
p ""'......,.0..' ¡,. IMo::k "1'"""' y;t e.n- '1 '''-"' IC-bm Ir-· ..-..n r ni n 
se .,.. • .,¡ -ir opu<s ·• nd--ou1P"t .... ...rnc h • r.:at>r.·bo ~u'"'d ' ll!r 
liOll!lal.~&oD.;llf!e;,t~>U;;a,of.JIO·<>pernrion-;..-eganl· 
~ ... ~hi.;l.. .... b~y~te;n • tY·COnTrolling'tnl!''fl<OCC''· 
s.-.f..lloo:-le-.1-tnfltl1'$"011C"nlMTICt'"!~.,.¿.,,.nce 

<i¡n~[s ''' kr!h_.fO •<XIOOCC\ed •1..-,~!llllt""I<'Jnlg~ll', 
cllli.kl¡¡. ltw..u..¡. IUQ (Y.i.. l hf u~,:..l.<!<l~h "'-' ba y.ste m . 

All failed device• must be e.,_sily removed for r~
;>l~cen:ent. Any dismpti,m of normal funr!iom dur· 
illg repair ~nould be limired to th~ few inputs or oUl· 
puts which ¡hare :he >ame p<inted CÍ<euit ~- the faikd 
elcmem. 
T~M'Ild"ttr: .t ·ttno~rrt"'t,...prt'"'"~m'" ... trich 

-..:.df~ ..... '. ··~:;., ..... ,; . .,;..::,.;..(aJ:....: ......... ,.,....,,; 
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G.>tp¡.¡hJ:l•wices, for v~:tionin¡¡ + on.;;;ff 
co ntrQJ.......,!,jj;t'"' •"llli r-.:-~JIO!"''"C"'"'" ~o· mai n tain. lhcir.. s tm u s 
arujlu.;4'lq¡u¡,..i~n~l. shouldl.a..o-.a¡,.O.~s~tl<-minute 

l>at~ syucm. in c~se of sysrem AC power 
!oss. 

The ,,,.,,. ""'"~Mtoot ¡¡,.failutc 01 Jtr) .!.tu!· 
é·ow'~..,¡.,..._,l-fn...(hc iupmi&mi'UI &)o-trol 
ln¡i - a no\. ;u•W<n.lll!COI] l Y"' ~"-~ fe h"-"fo~ tglml"" 1!" ,;e k u p. 
While o pe• dtiou ;,.-m...,.m,..,¡._.,l'"<T'odc. the fei~··e•m· 
t¡lll.-\ogi<:.A>uot•bo><>lcctrieall,...-i•nlat~nd''Tnhibired 

fr........,pcratins,input dnd-' out¡mr·eontml'devieeo. R~
pair can tben procccrJ v.ith no fear of accidental in ter· 
ftl""nce with proecss control. 

·In no..,.U..Of'C"'tion, W!l~he _...,~puter 
W.;:o:¡¡n'nli>Od, the b~l<!m-mu~-minually 
!illaclt.it•.;..,..n/<mtl"ll •opemt Í<mP!&·en•""'"' hat-bnc i< • 
u¡Ws.."" oüJ ah 1 e . 

The inhibit logic mu~t be fai]-safe so that its failurt 
will r.ot di$turb the system in control. lt must b<: 
tested automa1ically t<> cnsure that transfer to bac~up 
can take place ita tran~fer ¡, commanded by a failurc 
detection. lf inhibit logic will not tmnsfer th~ o:her 
computcr :r.utomaticall~, the wstem should annunci
~~~ that fa~t and provtde an indcpendem m~noal 
overrido which forces transfer of thc cl>ntml of thc 
;n¡:mt/~:.;;p~l ~quipm~nt to the othr conlpül<r. .. 
Oth~r S}'<Um ár1ign r~q:.iremen/1 

The s~ o a :l6mf"ll""'ltFCV.ttputer 
ca,-em,•ni.:a;iot>-link which cO<>IOIW~Ill'-'pr.lat_.lfrc 
t...t.J;.;¡¡o,.pn:t¡¡,r¡u¡¡, ..üat.o. • nd -. '- r .........,,.... , periOOi<;..ii.xt:d 

· tinlr.:..b.its i s . 1 '11....0"" k" ~"-"'' "'""te""'l"'"""""""'¡.,.,.,.,¡ y . 
n~tin~ondiri!fO!'""'W!!~ItT a shc11 tittlt 
p<n'ied (in the order of seconrJ~ for :r. b.ttch prorcs.]. 

~rol-coropr.:.¡¿..o,;. .. P<'ralin!!"l ¡,., p+oc eo.~oliW .w ,¡ ,..,1· 
~a:red '-lO • m.,.bo,,_k upr<::OTflmO. eom putCJ,...._b-1 tn>......un~ 
.u ....... Thó-!'<buio¡; mnst it~clude o¡ ....-:mJI'.,_I,..,~e< 
10 .te<t<wo......üin!~-¡¡...,. ... ~....,..¡,....,p-rugr~m 

' cb.;.u~es. 

,\-b.JII<--tr.emmytr.'lnl"'tt U<td.,.. botlt ""mrur~r 
~~ilt"'the tli\i.t)"-fornmla•""-t.-& !"<>!:'"m• 
t!M.Io-f!o,......._<a¡uioed. Bul~l'-<'a"""'""....,._,.'Uiin 

¡,....!'*",......_O,"!'"""'" ro """"';'~""""'"""fi.oo.,..>f a 
b;¡¡ci¡..program, rJiagnQ.>ti,.,p<v~t",.._f " f wl• Ut:te(• 
l> """""r...J-¡>r.>pnmT"nr!li<:t...,.,.,j11'1 ermnc e . So p bis t icar e ' 1 
man-machine communicatiun pro~rams. wni~h in· 
voloe lengrhy mess.1ge stor~ge, c~n ~lso be includcJ. 

[)i_g_l"'""'"~l&.tH ill':"'lh" COtttpU.tl ol(l"':nttlpU!Cf 
communicarions hnk shoulrJ.l~~-·f.,....~"""!':!:lure, an
n~-thll'·fuiiu,_l"t<!"'CCmman<l"rtfC l~J~eo•·~¡ 

to_lt.c:,J:¡;.;:lo.uf"-'•YStem. A progr~m ¡ystcm permiu 
upd~ti¡¡g dotd un·lme Ji,.~mhti~l while time·sl1a:1n~ 

the rcal·llm< pm¡;r:lms m bulk mcmory. 
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Ti1ue si,OI<~t'em·f'l'~·· -.< )otom 
diws ul~gr .. .--;.,......,.ep;.i .,.r"f¡F ... M ;,.;;..,_¡ 
~m- Anothcr procedure and pro~r~m 1S re
quir~d tu trJnsfcr ~:1 opcrating proBr~.-m fMm thc 
ba~kup subs¡•stcm back to thc rcpaircd computcr, 
without interfering with pr .. ccss contml. 

·WMn-th.:-OOekttf....,Y'I!eou ¡, uot cu tolit,..¡.-..i<; 

,,.....;lahh•·«"'"T'..,Ul'nt=1T'tft~cbussioog ao.d •'' atoo 
l~loition .... •ins•tiMrtC"Jt--Ínl"".....,.¡..,,..¡l"'u.,..lt 
llWU..»~rfom...Ui~!!oo..li,....t~•...u..w, 
~aes-""f.,..-ta~ec'""'.-.;,-~~·"""'i· When backup 
computu mkcs nvcr prO<=e~• cumrnl. thcse programs 
are discontinued. 

CONCLUSION 

By U>ing DOC v.ith complete input/output comrol 
and computer bdckup, thc parMIId•<K" •potcJ pooo.,.•
~og,, y.Mé~Q:.o )'~l oni 1 ~ . u n<,"O.l r ic 1 ~d -~pplteaticm '01 ..:et,.._ 
JU!k.•L..:.:.r-.rr•>~ctcchniquc~. 1t takes full advantage of 
the logic and compUt<t!Íunal ability of thc digital com
puter, wherc,., a COf<tptncr system which depcnds 
un analog set poim conlr"l or analog backup c.;nnot 

The parallel control cumputcr system progr.'lr.l ~tor
"ge ~b:ti;y, tose:hcr with backu~ of !ocie con:;ul, 
progrom >cqueoce and funnul~oion, makes it ideal! y 
suited for comple~ batch or st:lrt·up ond !hutd.,wo 
applicatiom. 
Comple~ cuntinuous control systems would also 

bc!lefot with this control system. Built w1th >lato· 
of-the-arl electronic5. the system shuuiU ch~llengc 

ihc econ<>mics ofcomputer sct poi m control and >ingle 
compuler dircct di¡¡ital control wioh analog backup. 
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lo;u! ":-",¡ pruc""" <«nll»l '"""'l""•·r _,, ,,.,,,_ .\ ¡,,,,,,,, 
1 d . . . 
'~" '" UICfCII<l!lg o'\'idcnc<• !lo~! '""''"'""ic l:ct dit.• .,¡ 1¡,,. 
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<I•III~•Lij•ol''i"'"-' '' ' ' ' ' . '. ,,. "" ·'" '"'1> "''"'"' "'"' 
:1¡ Tho• ,¡,,\"{'J .. ¡ 11 111'111 uf "' 1,., (IJ.L ¡,. Íll 1 1 •J ,-,,..,. ,., ;, ,,., l <1, '" ,, J 

¡,,,¡,,,".In :"1.'1'' 111<• '"""""'''"" ,_,oh'lll 1, 1¡,.. 1,,,., ... 
·'"" '" •lu• 1 , . .,,,¡,. ll•iug lll{· ,.,,,,.,,¡ ,_,,t,·m. 
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!) ·n ... ¡,. ,,.,,.¡1'!-\ ·'"·'''''"''·' ¡,_, 111.'"·'· ,·,g:o~o·ol iu pi'"" 
ole·Í~IL 11 •. 11 "'"'"""¡¡,. 1"""'''·" ,.,.,,,,,,I["Í'-''1'1', 1"''''"[,. :o 
t""l• ¡',,. ,,,,ku.~ .;,.,¡1;,.,,.,, i"ll"'"''•'""'"" ¡, """'l' _,. 1,., o. 
,.¡ pl:u·l ,¡,¡~''· r, "'""' ,.,,, ¡t,,. ,,,,¡ pb"' ;,,,._.,.,,.,, 
lO'OILOÍ!Cof ;, f.<\'oiL.ILiy .dio,.,,,,¡_ 

.'oj Tl1o· b1·g•· 01:!'1'1'·"'' "1 [.,!al :Llli<,ILI<IIC t'<•llll•>l 1•1111'
tLI<II• t.,.¡,.~ pu·f,,,.,¡ 11l1• re '""j"" ,.,,,,.;,¡,.,al:,,., .. 1 ''"·1, 
""'•·lll.llic <'ollll••l'•· tal-,., i11 ,¡,.,;¡;, "'"1"1"-'"';,,, ,,¡' '"''' 

Cel<"·"t plaiLI>. Tlu· 11.<' 1><1'11 '''1" ci.dl,l '" ¡,,, '''""' t•i.L><t' 
do·i~,,.,¡ hJ 1-:,,,.1,. ""·'-

•i) '11,- '""'~'"'' ,.¡ ,.,·ailal,ili<y ,¡ """""'"¡" p,..,.,._ .. 
"'-•1111'ol•y•lc·:ll-• 1\ln·ll ,¡,,. lll:oi••t 1'''"'1'"'"'"'-'"i 1hc: •)•lUlo 

35 ,._,, 

"'e •Lipplied ~<Í!It tlt•[·ded 1'"" ,., h)' "" i:ooloLieol "ek;~ll" ri,le· 

th ''"'~h 1'"" t•r >~>pply. 
1) 1'1w 1'00!'111 dc·\'1'1")''"''''' nf ""di o>l·milliCumptLicr 

Út h [LIIo•<¡Lia( <' 'llj'[)Ol'l Íll~ j,.¡. t [,.o '1' h:>l'< 1 \1 .ll C H IHI .:o~fl \la o , 
m:oh-; l""·•ihlc I'CUIII•Il•Ío: "''¡'"''·''¡,. •·••<LII'nl uf",.l>alll·r 

><'~""'"'" of the ["""'''" 111·'" ""' l"·"'licd hith•·1to, ¡, 
,·Jfo·!'l, :C lllll<'l'c> >Cl-\1111'111 ho•<'o>tll<"" !'ullllnll•d il)' ih U\>11 

"ch•dic:.dc·d" com¡HLin. 'l'ht· -'""'11 ''""'!'"'''' IJli•Vido·,; thc· 
jl<J.<3iloility <Ji CCIJILI.,nÍc.dly addiu~ ""'""""¡" """''"! lo 
oelect•·J pa.-1" uf '""'o)' ,.,¡,¡ i 111; '" 11 ,.¡¡ a• I",·W pi""¡,_ 1'luo 
¡, e>pt-ci,, 11¡• lrutJ 11 he•< ,. p LliL 1 < le;Í~II ·" 1 d ut••r. >t i11g rec>lil ¡,._, 
favor a ;lretd,·ol mil «lt•p-hy-slt'l' :Lj>j>O'uat·l, 11i1h .L mi01i· 
ntum of iult•tac!i"" bd>"'''" <'<trio ,.,.,. o1<')1 LILI<Itht»e ol
rewly l:tkoll. 

l'>:ul'l.>: !-'""'''"'~ 
"Pc~•l•lc i:tc!U!'I" lliC tlo~ ou:ojno kc) l<o adoic•\'illg >liOCt•;..,

fl!lprnlilablc antou>;olic pn><<''' ""''""'- Eo~n •ome ,1""''' 
tir,!-g•·t<o"r:<iiuu p<üC<'"" e<uLirul """'1'"'''"' '"" ,,¡lt ear,iuo; 
tlu·ir ":<)' "lku :lllrqunl(· 1"'"1'1•• l:oct<>r• h;o>"< L-een Cr<.ttl·d 
and n>:tilllaillco\ iu pbcc ,,.,., t he• )''''""- The f,_,,,, :>.!.d more 

1""''''-f"l tloi"t- aud f<>Urth·l-\<'IL<"ta\ÍI<Il ""'"~'"'"'-; tlu llút 
Lri 11g "'""''"" "ht•m lld!'qU:o 1 ,. '"1'1 "" tiug pellplt• bctnr, "'" 
""' cle.•igut•d :om! !llaiiL!aiiH·d ¡,. plnt·e. \\'lwt a> e -·onw'ur 
thr-:- pcuplo fuctuu 11hil'h """he c .. ,,¡,¡,., .• ,¡ •·it:ol w 

'"""''"'' .1 F"'"'"''le 1•-'•"·i"'"''"'"l ¡,, l'rnluJI r;,,¡,.,¡ U¡ .. ·•al""' 
Thi, fm·onohl., '"'vi.-""""'"' o~hit•h ¡,. ow.tlt•d rn .. ·tly<:, 
pi,11L1 m.u1:ogcmelll i11duL [,•, t IIL' t'o>IILH\ i11~ 1) Theo ~ ohoulo L 

1"' ''" «1""'"' ""• 01 ¡¡,,,,., '" lhc """':ry uf, tl>o· u¡l<'l'alll!· 
ti' ll1e a~!Oin\atic "l"'""' Co11ll'ol~ tlu· !"""' .._, bl'ltct· uver,.ll 
lh.tu lftt' U~CL:Liul'>< d01. :!) Tho tC <[u;u\d ¡,,. 1! oiL·,¡a- Ul! IILL• 

1 "" < of ,.,.e), "'"" wl ov•·rnl'" :>mi 1 ¡,, ir ""!"'' ''"'""' ¡, th,, 1 
tho _,-<tal!/ tl:t• cuto!L'lll •Y•It•m lo -•LlCCccol, they bdit'l'< thc•y 
e·"' h~lp umkc j¡ ouecccJ. "'' ,¡ !1"•)' la!.r !he uen·,~r.)' "'"1'" 
'"'""k" it ""'"""'l. Fi.,:olly, thi, rt•,ult• ;,. '~" n·.lll•,,t¡.,, 
th:tt makiLlg thc ")'>lcnt \\lll'k "'·11 ¡,. rc.LIIy" co»toihtt!iun 
lo hi.< comp:uoy', proliltthilit )', lwo•r•• !o L-e u el' job ,..-eurity. 
;t¡ Therc ,,houh! be 1\ ritlou :tt>J o o•adily "''ailnhle up.-r.tiÍilC: 
ruice. Tu be dfo-clivc !lw!e """'be <Íml'l~. dohd) lit thc 
l<oc:tl •L!l<ali~u. :un! lh~tt ¡,.. ,.,¡.,,~,,¡ L•i•l:·- \-el "'•'""' 
"""'Le relaillt·<l fm ucce¡llio·~ '""1 ¡ol.«io:¡; iu dYe~·1 v,,litl 
'"~~c-liou.• !u,- ÍU'i""'"""'"'-' (<lll<liL~ ¡,.,, v;>o·r.ltillg 
l'<'l''<IL > 1 ' c•l , 

1',.,¡.,¡,~ ;,-,1,1,¡,.,. .. ,,,,¡ 1,, n,,,,¡,,,. )!,_!,.--/.,·,· ('""'·"'" 

!~"""""'" :tÍ<tl mi>-<·•HtcCpli""' ,,¡,.,," .:>:!""""'"" .c:e " 
nl'Ljnr ·"'"""" ,.¡ appro·ILL·I ,¡,., al""" -'"'""'"'¡"" '''' !lh· 
p.llt ol UIH''"'"" nrulthtir "ll><'ni•<ol•. 'l'hi' i~1 "1"'"'' ¡, 
,¡',,., 1\t•ll cli<~ui.-.•tl. 1\'t•ll·dl-,¡~.,,.,¡ lt'tllllil-~ .LIIIilor'lo-,[,-r 

CIHlf•<'-'· <'>J'CCÍali,l' lnÍI<><L<i (<o ll11· llC<'<[, ""¡[ L',ojd!:litioo 
(¡f (),,·.·t ¡n•I'>!;ILUI'i, III'<>Vioh: :L l!ll'lflll 0<'1 <•1\octÍI'<' ""-' tn 

,[,.¡,,.[ _,,fl,,.¡,.l,¡ '!>""""'''" :tb"'" ·""'''""''''" "' lh.tt g.,,l 
!""'~''"' ¡, nc[,icnd. 

Tlu· be,! ,,,;,¡,K''"""""(,, "1"''·""" ~,.,,·r:olly r~,.,¡, 
•d><·h 1'"'1""",¡ ,,,<[ ndmil,i.<lo•l'eol ¡,_, ,¡,.,,. h.ol'itt~ ''"i""''i

¡,1,- do;>r;,co• "'"1 "dnti"i"n"i"" ,¡ ,.,.,,<r.,l .,f tho· ""'""''' 
.,,,.kiu~ 1"'"'''""· Slu•rt Cnlll"'" ,,¡ lrait,il<~ iu , . .,,,,.¡ ')'-·· 
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1 o-In nono·o·p!' "'" 1 applit·al ¡, ,.,. are ,¡ .. , tlo·.ir:oblt> lur hi~l.,·r 

h·n·l> uf ro·wo·u\ phu! "''""'~''""""' ;uoJ ft¡r \ ho,.._,. "'1"''" 
l"i•<•l'.l' !'•"'"'" •'rl " ¡,.,, " hil<• "' ol 1 1'>1 tnmihlc fur l'' • "''""' <'un· 
n .. l, ;i~• 1 ifi<":olllh ;oiTo·t•l ih lo•><Lih h)' !In• •¡llalil¡ ,.¡ ••IP• 
1~!1! ,.,,¡ IIIHlt•l'-•\:""lill~ ¡1,,., ~"''' iu oli"·l"'rgiu~ 1l11•io· 
olulic<. Tminiu~ """ ¡u.oo·ti<·•· iu mainh·uoot.r~ uf '""'"n"
!Í<III ''""'1"-'"'""1> ¡, al•u ,-;,,.¡_ l"·noL!l_\" lhc loi~ln-,.1 ,.,-,.;¡. 
ahili \y nu «"'1 1 .,1 h,o< l>eo-n (o,nntl 1" ,.,¡,¡ whcre lln• "" ,,.., 

.~, .• "'"'1 of ho- '"'"""'''"''''"'""'''""-k""""''""",¡,,, 
,y;o,-,, '''""1'"'"'"1'. T,,¡,¡,!l "' 1'""!.\''""'"'i"g ¡,,. ~ '" :¡ 
•···w•·"t plomo ,,., • .,,.,,,.1 i- ,.,_"_""'fui. TI«·""""'".,¡ 11"' 
ro"l\l<"tll lllaki~o~ 1'"~-,.,_, Í• •IIth tlo:\1 ('<t:<litÍull, .,fi<•u 
eh:ou~t·. ·nu··•· ehau~,._ ""'~ ari·o· ¡,..,.., ~o·:tr, <h,.,,;,.,l "' 

]>hpic"ll""i"'I\Ío·.-: oo111l c•lher ""'"""'"'· ,\ l'(•a>on.aLie 1"''" 
licic~oo·~· in ,,,,lif;i~o~ tloe out<tl-ol !""~''""" '" du•<·l;· 
ac·to"'"""'blc· ,¡,..,., do:<10~1'8, 111"'" ilu•,l' ;offo·('l 1"'"'''"' 
O'<>llllul, oltll"> 11\LLdo to IIO:oil<t:oÍII ~"'"1 noiiW•I o·llio-Í!'Ih",l'. 
1-AIH:III_, hnp<lll""'·" ILi¡.do toul~oi<•11cC lo•\"el in lh<· pro~'<'"-"' 
1'""""1 ,_,.,,.,, il-.·11 ;.,¡.,.,cLy maion:oiucd. 

.1•/jll•li"rl ;,,¡, /J,.,,.,i¡oli<"'• uf 1'/aul S11¡ocrt"i>m'y .,..,¡ 
¡•,-,.,., .•• ¡·,.,,¡..,,¡¡•,.,-,.,,.,.¡_. Tite¡;,,,¡ ~r thi· ;.- '" ""'~" tlw 

,J,•,nipliom """'" ¡·]o,el;· ht 1he r<•.olitic• <of "ut<olll:oLÍ<· 
l"'u<·r"' <•nlllrtol. 1-"t,- ''"""l'le. lite (<ollr m11joo· ,,.,,¡,,,.,.,,. 
p;olU .,¡ """' t'toll~lll]'hlll' (r~w griouli11¡;. ILulll(l~,.,.¡,;,,g 
ur Llo11<ling. hunoiug, aud ¡;,¡,¡, grill<liug) hi¡;l,l.l itoH·mct 
11 Íl h <·:o~h ol hor, t">l'< ei:1 lly ¡, tht• do\\ I:•He.•m •lirt1:1Í""· 
ll'l:o11t• 1\hÍ"h u•e lwl ~iltJ go.< fortloyi"~ lmn~ve11 """" 
o·uon1•lc~ iul ,., :1(·1 ;,, ~ ,-,u o rul ]ll-uhlo·Jll>.) llow o!\01 • ,],.,., '"•'' 
'"'" \o:o 11 ILlÍ 11 <ljl<' J'al<l\ _. L 10 L i llg aOI itHI.• \\),ido infl <lt'llt"l' < h<'lll· 
i>ll)', or vit·1• wJ-;a, l>ut willo<oll! CO<>I<Ii<HLIÍil~ \\Ítlo the 
,.¡.,.,,¡,,, lo""'"'" vwo·all miuimmn I"'Tiurboili<•ll> 1<> tl«-

1"""'"""? C<>~oco•¡>llt<lll.\", <lo~ bo•,( ""''"ll~m~ul>, 1a~Íil~ 
""''"""1 ic e""' nol of 1 lw pr"co·•s Íu\ o ;or<·uunt , l<>How. 

1) .-\ _,j,glc "'"''·'~''' of IH'Ol'o·><l cunllul \\bU :ot lc;H<! 
lll~>lla).\t'o< "l"'nolill~ ''"'''"'1 ,.¡ 11·•· ~··iocl111g, bl<-oulit1¡;, '"'el 
,,,, ,;,,~ "1"'1'.11\""'· 11·· i- '"'~'""';¡,¡,. ¡,,. 1,,;,;,.:¡, ,,,¡ ,¡;,_ 
t''l'liuo• ul111(· <"<·nll·al "1" """"'- llo· ¡, ,,¡,_,, Jll"t"<•Utn:ohlo· fnt· 
, "1"" IOII ¡,, , uf t h<· '""" 1 i "H<>U • ,,, rt> ,.¡ 1 ¡,. ]ltu<<· '-'· 

~) Th., d~o·mit·al ,.,,¡ <oll~o·r "l''''"'Í"A l""'""'"'""l acl 
'""' o ·" ,,,¡ ,.,~,-,; '" lloi, 1 '• ,.,.,.,, ( '• .,,, n ol .\ 1 """~''' hu\ "Íl h 
'"' dio o'Cl aiLI ,,,.;,_,- ,,.,., ,.,., Ll'a 1 "1" 1 ,, 1 ing 1 .,., . ._,.,, 11•1. 

:1) Thio ,;,~¡,. !'"""'''" t·,,,,-,,1 \laiL;o¡~o·r "'"'clly \\ill 
m,ol.o• minor jll'"l''""' :o<lill·tono·ul' 1>!'('1''""1" 1<0 L¡·¡·p 
;oLJo"J\'1 .,¡ Jlll<rt"M tlo.ll•~·-· .,,.,¡,, ,,,.¡_,. <lo--in·ol ""!''"'"'"' 
tm·hli. Tlob com lw ddo-~'""1 ;., w!o~olo or ;,. parl to ~otlwr.o, 
hui Íl ;, hi.- "'•l"'""iholll.l' '" jo,]g,., it.<t;oll. wrir_,., '""1 
li <~all.'' dc1o-rmi11e 1 h·· ,,,,.¡ "1""'' nf .,,.¡, ,. ¡.,,,¡;;,.,_ 

·"''"'" ,,,,1,< ¡,."'" ,,,,,.,,¡,.,¡ 11 ... ;, "'1"'''"'"'''·' ,,,., 
"]ll'lHiill~ .;11UCI\IIo'< ICJ :O!·hio•\"t' ""'('\._,fu) "U\ulltlllit
]'ll~"o"S <<>Hli'UI >1Íih Uo .,,., . .,,JI ÍloCI!•;I<¡• tol 1'<"1'"""01. 
. ~ullll' o!loo·r ]lblll• )o:l\"o• ,,.,.,;,.,,¡ \r;uliiÍuual julo ¡].--crip
lioJlJ>. Tl 11• loight-•1 l'houl •lljlo-r\"Í.<Í~ou ¡,,._, h-o"i"l '" .,,._,
h!!>:ly .• ¡,,.,.,ely, ,,,¡ "'l:olivol•- '"""r ¡,,,, ,,¡.1,.,.;,~ 

tln·lll·<' 1\-,., 1" a< lj H>l i 1 og 1" 1 1 "' Í><ll ,¡ ¡,," 1 ¡.,,.. nf ''' ""' "" t ¡,.,, 
l"rll•lr:oli¡o~l~ ,.,,,.~1>. ,.,,.¡ni ti"' f:oihnc·> ,,,¡ ,,.,,1,-l:•h• 
•Oll'!'<'·'"''' ''"'" ¡,,,,,¡ ¡,, ,¡,, t·l:o•·. 

/'r"i'l< Far~~, • •if A "'""mii"" S"l'l'¡,-, · ,_- -~"1 •l'li•·o·\ 1"' •PI•· 
;ore a hy Íllgrt-olio·HI iu "";,,¡,~ :• ,.,., .,¡ "'""'""1¡.,,. l<o 

,,.¡""'"'' """'"''"'fui ,.,, ',,, "' 11 ,. 1" "l\"•, ··-]"'d.d 1~- \1 ¡.,., ¡

;qopiii':Oiioll "'fl"'"'' ¡,.,. 1""'''''" , . .,,,.,.,¡ ¡,. l"llt·II.Nol. 
"l"l~r·ir ¡_,.,,, ·1""', ,, ... ¡_,;,.,.,1 "iolo '""" -h<oW ,,¡,¡,. "" '" r'> 

¡.-¡m·>o·nl:o1it•o11, borgo·lr ]'llJ\"Íolo> tlw h:o-i• for ll11• l.ot.·r 

"'""'""" t<r failllrt• of t!w lll'\1- "'"''"¡ --~ •1<·111- Tlw llt•n•l Í• 1<> 
\wiiH (Of~IIIIÍtl• lhe pl.11110i11~. lr.oiuÍio~. ÍH·\;o)hlliooiO, .olo<l 

"l"'l.>IL<>Io ,,¡ :n•lotn;oti<Jl> '·'''''"" ¡., m:ol-r ,,,.,.,," ""'"" 
l'l'tl;oÍII. 

lllltl:O"T ])J<>I'I'\l, ("oVIf<"l. 
])])(" 1 inw .¡,,.,,., 1 he oli.eio "1 ,.,.,,,.,,,., 1" ,¡¡,.., ' l.1 ,.,,,1 "'1 

1ln• liu:ol •kmt•U1, -udo a• a,,.¡,-.., d:""l""'· •·11·. ¡·.,"11'
'' "'"" r .. rm ,¡ b~kup h"nl" "' ,. ''"'"""'' r '"'"''"'¡ "'"' i""• 
"" "" ''"""i>lc-o·,i•l• "" olw ,.,,,.,..,¡ ''!"'""'"'''> 1'·""-1 fcor 
,.,,..¡, fi11111 uLILpul ,¡,.,-¡,.,, ¡,,.;,.~ '"'''"'llo·ol. ·n,¡. ¡,,,..¡,,]' 
oiC\"Í<"<' "l<u ¡mo\'Íoio-S :O lll<";oll> <•f 11\.ILI\1:<] ... Jjii•IIII••Ul 
uf 1h1· liL>al ~ul¡ml olt•vice 11h•·11 liw ,-,,nputo·r '' '''" ,,¡ 
'"'"·ice. h lllll)' cn•n be in 11u· fullll ,¡" full ,.,,,.¡.,~ ""'" 
Hull•r. 

"""Y o! lb<·,.,,..¡¡~, cruwllt '""""""'"" •)-"'"'"" ,,¡¡¡.,. 
rnlll"o•nlinll;ol n11nlo~ i\\<lnmll·~ot , . .,,.,,.,llt·J-s \u 111 .,,;,.,¡,.,,. 
lll<>·<" j\I()C<">o< \':o.-i:tLit-s \\)oi<-)¡ oil<' 11i!loiu llll" L'aJ¡,oJoiliiÍc·s 
.,¡ •U<·h Joualoo~ eoulmllt·r>. C'otpo-n·¡.,,,_,. ¡,.~~c . .,ftou t·:ollc•d 
'· 1-<•vcl ~." o:olo\\l;ol ,., lhP <llll 1 "" ,;~,,.1, tn caLh<" lll;o~oipub-

1 iom ul1 h~ ""' lk>ÍioT> ,,¡ '",.]' ""'' ~ '~""' u,J!,·r•. Su¡ h·n-i-ory 
l• ·-~~e ¡, lhcd to h.mtllt· t ¡,,.,. ,.,,,, ,,.¡ -it u:o1Ínl" " lwo ,. '' om· 
¡,¡,,.,;,,,,uf iult••··"'""u' \\ÍLio ,,¡¡,.., '""''"1 1""1"· ,,.,,,. 
¡¡,,.,,,.;IÍL'>, v;.:t·y )uu~ 1''""'"' ,¡,.¡_,,-•. :ond loi~hly Ílo\Ohod 
t:.>lo·nhli<>l"' n; 11 ke \\•01:11 1<11-tlnl' ,-.,lltl'"llo·l"' l<'i:>IÍVo·l; ,,,,_ 

¡,.,.~. Thi" "J''I~m ¡, ,¡,.., ~'"""' '"' <il~iwl ,.,,¡,.~ o·u<llml 
(i).-'oC); or <lib~laiiY <lir{("h-ol ,.,,,¡.,~ ,.,,,,,¡ lllllc\t") . 
. \• h:~t-.l~o 01re, "'"1 ,.,1,·ci;oll) ,, ~·~"'1 ""l'l"'"i"~ ,..,!\.,:ore, 
¡.,.,.,,,,. "v;oil:ohle ;, thc b,l h;olf .,f th<· 1~11~)",, IJI )(" "1"'''"1 
,;, 1hat """' it i.; ¡¡,,¡ ,.¡,,¡,.,. iu '"""-' "'"" Ín•l.,]l:oiÍ"'" 
.-\11tnt1g tlot• aoh·:llll"~''' IJ!J(' ]"'"'lde<, 1<' l'""'l'""''l .. ;,¡, 
101111 e <'<>loVo'lll ¡,.,,., 1 '""' 1"~ Í L>•l I'CII<Ic·ul :11 Í<>ll, an• 01· l«llo "' •. 

l) 'flu• ])l)C t<>lll]llllel' lt":ulil) doeol..•liuoil,, l""'i·h·< 
<li~i~;ol loll(•riu¡; .,,.,., ¡.,,.~ ¡•·tÍ••I· uf time. "'"h- 1l<a11W
"'"Iiral c,,lwlatio><O<, :oud olow; ,¡,.,.¡,¡"" m,,l.it~¡:·-"'·"'·' ní 

" hích """ ,¡¡u¡,., 1 1 ,.,. impno~·l ¡,.,¡ ";, h "' '·' ].,g i' ., 11 '"'"'"'"" 
1 ;.,, , qui¡H>>o'lll. 

~) In mauy ;,.-~,,,,, ..• """'" ¡•n·o-i>c """"'"¡ "'""1'· bt-
rau"" lht olrif1 ¡•mblcm ,;,¡,;,. tlu· n·~nlal"' i1-t·ll '" 
,,,,~ .... 

:J) The u"" uf DDC ¡, ... , .. <•l"''"'o'' to h- -•Y•h·m:ot¡,- iu 
tlutnmcllti 1 ·~ all """""'"'$ ,,,.,..,,.¡,,'",¡ 11Íih o·:odo '"~ubti~o~ 

¡,..,,. Tlois ¡,'"rol) ,¡,""' 11ith "''·""~ ro•gul:oiÍI•~ "~'''''"-'• 
:ollh<oll~lo ""'h >,l"i<'m> ""''Id'""]; bo·tto-r if >U<·Io ,J,.,·\1-
\J\>'I.tao\~,,. '"'" olo.t~t· ,,,¡ hpt ttp In obl~. ,,,.¡ lH<! tu 

maio:oain bo"t>l aolju<tut<-111> . 
4) lliJC ¡_, '""'l"'t.ni•-d;- .. ,.¡¡_,. '""'"~··•11"' l.,,.p¡ •. .., 

11''" ,¡,., fur olillo·r~lll ,.,,¡,.,uf •·1~-raiÍull, ]•11'1-o·t<IÍ<>Il of 

""' ·1 11 ¡, ,,¡,'1'• :11 ,ti ""\""'"' ¡,. f, i 1 "' ,. ,¡, ll ,-¡ i<on. 
;,¡ \l'illo 1 )1 J(" ,,¡.¡;,;,.,, ,,,¡ .],·1· ,;.,, ,.¡ h"'l"' :oollll'lo.u"'''' 

;, ll11· ,.,,,¡,.,1, '"'1"·''''", tu]¡,.,_,.,¡,,,.,.,,;¡_,-,).,,, .. TI,. 



''" '""" .,r: "''"''""' '" '' '"" "·"" 

<¡' >o, --o;'o ~···T•••"' " ; ' 

'( \ ~ -~~ ~~~·~.T-~ ~~ 
. 1 "· ~-·::~:~::··- I:~~~:if 
'¡:·:~ :; ......... ~ \\~i, ! ''" """ "" " lUI """ 1 - • .. .. .. .. .. 1' 

1 '·'" - ""''' ••-'~ t.J~.o.u¡. l: ----··-.--·-e::-:;- -- .. \J 
---~- -'-'--·-·-· 

Fio 1. 1>1>1".,,..,.,.,, .• ,,,,.,10. 

1''"· -· '''""""'""""' ""'' Clfl' ,,,..,.,,, .• ,.,,,.,¡,. ¡,,. ''"""'"' 
1'"""" "'"'""· 

i.• •"·"I""'·Ctlly ..... -f ul olurirog" 11 '""'·' 1ic .•1m Hll> ~,,¡e hu to ho" 11 

ui '""Í"' ¡>mB ,.¡ 1 h" 1 "'"' pn>co"• oluri11~ "hich 1 '"'"'''tll 
''"' "i 1 oub 1 ÍtHI nf ""'·' ,.,] 1'"'1'" ¡, <>ft<•n ,.,.,1,;, ed. 

ll) lu " ])])(: ""'"1""''1" Tl1<• I!Vt'J"II hi~IL<'I lo•Vo•l uf 
i""'"''··• ('ool>tl"l (cnlh•ol f.L'I• 1 ~ m ,,LIIIo'I'\'L><"j Cn11(1o!ll 
,,.,.¡.tu 1¡,. """" "''"i1.1· oluue •IOIC" ¡¡,., "'"''I'LLI<'I' mu•t ""1.1· 
,.,, ""'""ic.rl•· " it h ih.-lf '" cbnw· "'' 1 !'"''"-'• .,. ir eh lo" op.; 
i " "'" l "'" . "'' •l i ,.,. "''" ,., 1 , . ., "" t ¡., ". . '" " l "' fort h . 

1 J 1 n "'"ll_<·lilll( .,.,., .... ,¡ ,.,¡,¡;,.¡; iu;l:db!iull> it ¡_, ~··iol~"t 
li111l a ,,..¡¡.,¡,,,,,. car..fully rlruught·lhuough .ouol ""11· 
"1'' l'lllc•<l ,h~ilal "'''"i'"'''' ·')•h•uo u-i11~ ato,olu¡¡ro·gulaluJO 
"" '""1'' ¡",.,. \1 hio·lo 1 h•·,\ '" ,. o'Lit.>lolc C::oll ¡o~oovide e'"'""' i:1ll\ 
'" ~· " ,¡ a ""''lo' ol 'of 1 ho· 1" .,,.,.,,; "·' ea11 1) IIC lul' llo,ury JI" 1 1, 
orl' ,¡.,. cunli10uuu< \'l'll't'"'· H<lllo•\'o•J·, thi> '" aul ""'" 
ohmto~ ;rut<>tn,.ti~ •1'111·11¡> .. \. lho• cum¡olc\ily uf 1h~ n·~

u Oa 1 i u ~ l• • •P• i ro e n ·.o •• •.. (.-ucl 1 ;o' '"" 11 • o• a ., ·" " he re cut 11 p l•· ' 
~.:>• llo•\1 IJ.lllo•l'l." o•\i•l l,.tii<TII 1:\10 l(tilltlillg :10111 tho• killl· 
o'n"'''' ol.·pao·llt"'"'), IHIC I'I•JVido·, ,¡~,¡n,.""' wi;,'"'·'W'·' 
¡., lo·.,lil_l" ]>t'tlloilliu~ ''"'Y ,,.¡,..¡,.,g· ,¡' ,.~.,l.tli~oc, ¡,,,.,,, 
..... ¡ """!i:_,·ill¡; d ... ¡,.¡,, ........ '"""",,,.'"';_,¡,;,.~ .•.. ¡[,,.,. 
'"'''"''·lid!~'"'"'"¡,_,,., .. 

!-<~ 1 .¡,. ,.,., ""~ forno ,.f " 1 l IJC "!"''·''"''', , . .,,..~,lo• .,_,,.,¡ 
(,,, 11 ... "'"" """'l">lo·rilll<tl""'' ;, .r Jtltl' •).•lo·,,, l"i~~;. ~ 

>1"'"' a <alht~l, .. ra) ,,,¡,,, (C'IlT) i••l"ll '""1"" '""""lo• 
IIUII'o• t'< ,·,·r.tll' ;o;·arlahl,· ¡,., ccU<•'III 1•l.o10l , . .,,,,.¡ ·¡·¡,. . .,,.. 
,¡ ('1:'1' .,., '"·" lil,..!." ,,, .• ,.,,.,,.~, 

htt.l<''" l.('""''·''" "" """"' '"'· 
'fr,.,,,l- .uul •='1"'''"'"'"' ch·:ody ,¡,.,,. lh:ot o·.···•·t.ti:ol i"

~····li,·ht· ¡,, .-m·c•·>.,fLJl CE"ntt'llt ""l""'"liull :ol·<o io,tludo• 
:o.j, .. ,, .. ,,..,_. .. ¡,,, lf,,.,l~ 1) ,,,.. ,., ,,.,,¡ ''"'""'' "'""' 

!lo\ 

do"-1~11 ;llnl tho• t'ollll:ol o¡><·r.oto>l• lu o•uc·Jo ull.,·t, ~) tl<o· 
lllii,ILJ"tiur¡ C"Olli'L•LI<'Iol• lliiiL tito• jJJ'OH"<"' ""'1 it.• lB;<• 

doiJo,·r-y; :¡¡ the plaut t!~,¡~, ~<ilh lhe ""l"nt'LiioHL •Y·''""' 
1) ti,. pbnL pu"<r Ji.-trii>ILii"" O}>lo•nr l~yurll .,;¡¡, tlh' 
11111 """'t '"" •Y•lCIIt; ii) m""'' olriW.< ,,,] their oout nol "it h 
thc lugtc iu lho• atlt<!IU:~tiun ·,_,,,,.,, 11hcre :tulutLJ.olio ·"'""" 
up·,luottlollll ;, imludetl "' ¡¡,. '""'""·'tiull O\otcr 11 f,r 
,,.¡,.,.,,.,¡,,,,¡" ,[tloe pi:L<>t ,,,,,.,..,e;. -

Othcr fo.cl"l'".''·'i't The futt"~"illg :JI'C the tiLu.<l iiiL· 
purt"lll. IJi<CII.<_,Ut< tof ~"eh [.,[]o¡\\;, 

l lol"'·fuci"9 Ctll/ral (".,¡¡¡mt/1.~-n< rl'illo 
( ·,.,¡,"¡ O¡•ro·a¡.,,., 

:-;;,,p:ilio.otio,u of ti.,• byuuto uf¡¡,.. <'cntnd 1\)l)llr "'"1 ul 
tl~o· oc~ot1"l "1"'""''"'.< ¡m11el (COl') is II~Lih<~hilc. Rorch 
,int: •lirmo 1 ¡,,., lt•ln 1 < lo ln11 er tui! iLLI ,., ,.¡,; fnr Cé!l tr.d 01" 11 rul 

'""" <''t"il'""'"' :tml wiri11~ O¡oer:oti11~, lrouble-ho>otin¡:, 
atnl <><;<illt~l"""'" l"""~olure> ure gtc;<lly oimplili~,J if ¡:,o••l 
e""' •"Ph '"" lt-<·ol in -u eh byuuls . .\nwll~ the factor< '' h ido 
¡oc·oouil g'""l 'inqolilio.rtiu11 1\ithonl ;,tcoifici11g uper.thili<•· 
o~r r..li.rhdol)' "'o:'" ¡.,¡¡,.,,_ • 

!) lt ll•>l•lollw lli>e tooimplifr thc <'uiolml room> "1""1'·•· 
lur·', ¡ub .. \ l)pi,·:ol cenital "l""ral<H' ¡, hurol-wc~••·•l l•> 
ellc<"tLI"o·ly '"""¡¡,, a11tl pmpo•rlr rc.•¡>oml lo muo e li..U>" 
f,•ll" hu o 11h ,.,¡ oli- ph<,l'c•l ilem• uf iufut "'"1 inn. Yct '""" ·"'""'"" 
!im ... - lio .. l .• " COl' iu a cenrc11t pla11t h,,..¡,g IOOil ~llOil 
olitTo·ro·ut ¡,.,¡;,.,,tillg li~hh, .";0-~IMI ;nl0111<'1c'to atJol it>· 
cltratul', ~1) 10 ,., ('u"lc'"• ~l)lJ-IiiXl l"l•h-hutt"" ,,,,¡,,,", 
111nl ,,.¡,.,.,, .. ,,¡¡,.]e,.,, :\0--li~ """ltull•" ,u«l <o'l l'"inl 
_,~,,¡,,,, o•rc. ll'loy , 11 "'·"'Y'' 

'!) ln tire ,¡,.,igto sl"gc <igitlly qnc>IL<>II 11h..tb••r il 

i.~ llcet·,ar¡ fut o•ado devicc to b~ i" 1 lw c~"l'"'rl '""'" 1 f il ¡, 
"" ammcl<r priuo:trily i"tcmlc•l fOI' maiulero;Ho<e ""''• it 
I""'"'Liy ¡,,.¡,.,~, "" rhe motor cuult<LI CciLICr fur tlw '""''"' 
¡,,·,l"''ciLOI1 Ir ti is ~ll l<Ldic.<liul\ li~lrt ,]\..,.,¡,~ ,,,.¡,,, 
ul "" iocoli<idu:ol ,¡,¡,.,., ,r,,¡ "''" rloc "1''""'"'. tln "I'"Llt 
tlo,ol lq¡l•t~ tlfto·l> '""'' ''"''" ligltl> "'" Lt•llo" ua llwi1 olt·· 
ll;lfii"I'LLtal lln¡f<>l "LLrtrul C<'IIIOI' <>1" "'")" ¡J.<ne\ )l.oilll~· 
'""'"'' m:<)" ¡,,, lln·it ¡u·im:ot'}" putpo.·~. !1 '""· it i. bett~r tlo10c 
hy lr:,.·iu~ -m·lr li~h¡, "' the nootor e<ntllul cetttcr or re[,,.· 
1'"''"1. lf it i• :o"'""'",¡,., .. \\Ottl<l HUI lhe jl\!J]lu•e uf th·,, 
1'1'1\ll,d upc'l"l"r ¡,.. Lo•llcr ,CJH'tl if ht• '"'" ltmilc•ol I<J 

t:h.LL 1• ol lill" ''1 j¡j,·,d \";ot'Í"hk> 01\l)'",' (JIILL'I' :Oil:tit•~ \":to i:dtiL'.• 
""" l>o· ,., . .,,¡,.¡ loy .,itc·ILLII~ lo ot:•· ,,. """'' ,].,,e.l n·
conléc> l'ho·IL >tn·o·i:d ¡~,h ;u•tl ,~.,.,.,.,¡,,., ""' !11 1,.• 
,,,¡,._ 

;¡¡ (;'""1' .•o,,.¡¡,.~ ui a com:oletc ;,:tindi"g mili.,¡,¡, j¡; 
·""¡¡¡_,.¡,._ "',,¡'a ,nholq<oorlmeul p•·r111ÍI< ""~'' roclHe!Íoll<.< 
"" ,¡,, CO 11' ul 1,11 ,¡, l>o,tt· 11 " ,.,,,¡ ¡,.,¡;,."''"~ li;;hh. r:,.,,1, 
;u,.tin~ lul¡·.< l1i~hli~hl tl11· di.-IÍ11t"li"" in the olc--i¡;ll •l;,~o· 
b••I<O<'<"II 111''"'' ,j, 1 ¡,.,_, ro·all\' ILCC.it·ol "1 th,· CIJI' "tLLIII"'"'" 
,¡, •\'LCo"- Uo·o ,[,.,] f<ol' lll:O ¡, 1 o' U 0110"<', IJ,. \' ic·<' (otr m:oillh'll;" ,,.,, 

"'" ~··uo·wlh """'" u.•ofal- ,.,,.¡¡,,, '"'i'•."t.,il<' 11\"o•r.'ll 
if [,.~_,,,.,¡""tiLo io '""'"' , . .,,.,,¡ ro·Ul< t ur th<· o~·ut·i;.!(·ol 
••·l:·y 1'"'"·1 ·n,,. ¡,,.,,,;,., ,.¡ ;,.¡j,·iol<t:ol olriw ·latu.• i11· 

,¡¡,.",¡"~ ,¡,.,.¡,.,., ''" tilO" ''"1 1< 'l'""'li"~ do·p;" ""' u<:ol "'"'"' 

-



"-'' '"'-"""'""" "' '"'' "'''' '".' ,,, '' ""'3''8" ''"""•"''·' ,, .... , I'•:J 

o·uul¡,.¡ ,.,.,.lt·r '" n·l:oy l"•l•t'il"'' ""'' o¡11Ío·• faullli<<!liJ 1g b,\ 
1''·'"''''"·' 1'1:LI jWI',>>III><•I \\IHII 111(· <'>'llii':Oi lljH'r"lc¡r uoiÍfit' 
,¡,.,,, 11 •. 11 ",¡.'1"'''""'· of .•<:.rlll>g o·a1111••l h,· ,.,.lnplr·le<l. 

~~ 11'htre fully ai""""'IÍ<' ''"'"1"'1' l·oliro•tlr•J >l:.rHlp 
;~url ,¡ 1111 olo11 11 ¡, IJ<·Í 11¡; pl1""'' ·• l. Í 1 H'il1dÍll~ 1 ,..,,,¡,.111 m:o 11 ip
uh1Íu"' úf ¡·c·¡¡u],,lin~ ¡,.,,,,., """"~·· lh.ol liJe ¡,..,,.,.,luro·• 
¡,,, """l\JJd '""l '''''"1''"''' •l:ol'l·up' ;<lnl ,)nJid~o\'1" b,. a• 
•imibr a> po,.il,h·. Thi· lu·l¡" 1,.,.,¡, 1h" to]ll"ral<>r ""'"''''' 

l"""'"<hlft> Ly ki\'Íu~ hi111 ,.¡,""""''' """l'llh·r 'larl-u¡•• h 
" l"' l 1 d 1 h !In• o¡ ~ ·n 1 < u r .,.,...., a "' 1 < 1 i.o ¡;""""' d ilhcuh ¡, ·; ,-¡ u· u 
. ,,,.,¡,¡,~ " """~' 111 
ro•lnre. 

1 ,./rrjaci"g .-!!atmoali<m " i/11 ll•r /'"" ro• an<l ,.;¡¡, 
11> .\ladoi<;cry 

T., eual rul '' 1'"'"''-'" li"<t 1 <'< ¡ui1 "' ¡-ra•ul tabl<· ~11"" leolg•· 
Ly IIIL• 1"""""' Clllll<'t•ll<·r 11f l'f"rt•-, COIHIÍIÍ<.nS. ~ÍllCt• mllo
"'"lio 1'"''""~" C<>llll'ul tligital C<•llllllllo·r< on· l'it•druuic 
dc<·ir,·;, tl,·ir pmm'<'l Sial U!! ku.,\\l<•tl¡;c cuna·s frum ¡,._ 
lj\!1'111 ll 1<111Íluri11¡¡ .,¡ •1 11 1 "" ¡,f "'lvt•i<•d I'OHI aOI,, a111l :llwiu~ 
~i~ual• ... a 11 olo•1 iwol fro •In ¡ ,,., ,,.,._,, ,., ,,.,¡ il iolls. 

:-;" iL<·I11·s aut] lloi'Í r "'""" 1 Llt"<'l" hl'ip <lt·l "rl 1""'' ''- li>llll,, 
111<><"• ·.- fl<"' -•. [,-v,•l,, •1111-V<II ¡, 111, a 11ol "'' fu1 1 h, ""'\ l>l'-" ;,¡,. 
( 11(' ('"llll'L!il'l' liJ"] 1 loo• COII(I <~1 "1 U'I':L 1 "' VIl a 1 •la \ IL• Í llf•ol nJ:<· 

tÍ•>II. ¡..;,,,.uf lhr"'-' "'ilchPsnl"'' 1""'"¡,¡,.1""' ,,¡¡¡,,.'"'di-
1 iuu al Jl n .cc,;-fl '"' "~"' ¡u , · u c•t i 111 <' t· ],.r k in g. 

l'rocr-• Vllrb],¡,., '"d' "~ ><•lcclcd lt!nperalnn··, flml' 
1-:~tc;, jlrrs.<ur<·s, '1~ ... ,¡,, ;uul ...,, .f.,rlh, ¡nuvide !'"-""''~ 

1.,, ""' lo~ 1¡;~ t u t J¡¡ • C< unpu1 < ·r 1.} · ""i"g >U i 1,, f>le 1 r.m.•u¡ i t h ·e-
lo "" nv < ·r 1 1 o •1 1 i 1 :o lo 1~ '" 1 :o lu ¡: inpu t ~igna 1 < t ~ t h~ c•.m•¡ nlt t·<. 

'11w ~lo·:or lro·uol f11r "''~ <"<><>>ln>rlion i~ lo flt lr:l<! tnak~ 
•llt'h f~t·dh:ock ,j_~llll]!ó C<l!ll)lllliblo• \\llh fiiiUre ¡<m<:.•,_, t'IIIJ• 

tr.ol """fJUh-r>. 
Thr .•t·toJll<l>n:ojoJr ¡,~.,,., ¡,. rernold<- ,.,,¡ ""'"'""licalh

o<>u<rroil<<>g lhc poot<""" i• th:>l ''ll V;ll-i:lbl<•> f>'ljiiÍI'ed ,;, 
"doievc ]lr<•<"t'.•>< lmld¡u.i.,,. mn•l lu• ph)»c.dl)' al':ollabh· 
,,.,¡ ,.,.,wi<'l)' '""'"dl.d·lt·. ·¡•¡,.·, 1-,., 11 1• ,¡¡.,.,.1.,,.,1 ¡,,, ·'1'

p!_,.¡,.~ ""1 ''""'' ¡, '" • """ '1 "" 11 '¡, "'''·'' lll<':ur ' 1) -IJIH i 1 "' i 11)!. 
·' d: LJ• ,, hl<· .,,,.,., 1 1"" '11 iv.-• ¡,,. d.,,¡,..,- '"" 1 '" ¡¡, l j..".i- 11 .. 11 
,.; .. tat, in >tnlli'<·""""; ~) """"'")!: 1 1<111 :oll ¡,,,.,11 1 oll iv,., ·"'d 
1 ¡.,.;,.¡,.,.,¡;,¡¡ ,¡..,.¡,.,., ¡,,.,. :l<lt•qltlll" 1 '"·' .;,.,.¡ 1 '"'~·· .,¡ ¡,.,.,¡ 

t a 1 ,., lu ""'"' ,,_1 ,.,¡ 1" ""•-~• , . .,,1 url ""' d<; :¡¡ 1" .,,·ioli 11g '" r
¡¡,.;,.,, 11 <lllllwr <>f ;.,,¡. ·¡wlldt•nl 1 L!l\' 1 ,., . .¡,.,.,; '"" 11 1111 1 ¡,,. 1-) 11.1.,. 
ic:o[l,,)¡] puÍnl< ,¡,.,¡,"¡ '""• ;,. fael, ¡,. ,,.¡,j¡:l't-d \\ÍI] 1,.,1 
'·" c--i ve d < '1"' nd ' · 110 o· " n ol 011 n• t r<• '"" hl ,., <1 i u¡; (, 1' i 1 i r ;, ., t " 
hupdnlly rn«kr Ujl fnr •Hidt•l1ci<•S iu thi• :~re:<; l) ·"'·h·tiull 
uf kiln, t<>Oio•r !:n•lrs, mo<l utlo<•r dri\'r.,"" lh:ll tl1ey ,..,. ¡., 11 
<lriit, bve prd<-ralol_l ,,.,.., <lo·:ul-baml iu c .. ul rol, ¡,",".,. cun•· 

p:<r:>IÍ,vly 1\.ot ']"'" l·l11r<¡uo· cur"••, ,,,.,¡ <'111 lo.we 'WII~ ·r 
'¡>c•Hl ~IJ:tll!:<" uowl~ uf "" [.,11 ""O. 1 ¡x·rnul 11 lu·u r<~¡uiml; 
""'1 :;¡ :~rr:•u¡;iu¡: .. n .,.,.¡, .. ,.,.,,,,.,,¡,.,¡" L<Ti .• b\,., 11ith 

,,.,., . ..,.,.,)" cunt]J<LJu·lot> "" lhal llwy ""' ''""'1"'''¡,¡,. 1<ith 

C<>>nm,,,,j, f"'m !la• "'"'1'""'' aurl ih "'""';,,,,.,¡ ,¡,._.¡,.,., 
11i1l""" le•jl<iri"~ ¡"~'"''"''""by l"""l'lc; ,,.,¡¡"' .¡,..,,¡.¡ 
1'\L•'-"''\'l" "'''" llf ti"·¡¡,,¡ .... -d,,,¡.,, 1<'•1111 ""''' ""'·· 
Í• ,., , . .¡ '" ¡,, ~·· ,,,,¡.,.1'-' ,¡ .,,,,11 , ... ,,,,¡ ,.¡,_111;>1"-, 

}¡¡/¡·, jiii'IIIU /'hlld })¡••iy<r ~¡·¡¡1, ¡/,, . \ ¡,¡,,¡¡¡ ¡,.~ 8~../¡ ¡¡¡ 

TI"·,,.,.,,¡¡,'" lno~dif_,. 111·11 pbcq rl,._.¡~,, tt.uol ''1" ,,,;,~ 
1'""''''¡,11<·1<) :1111] tiLt• 11UI<r111.11i"" >).•1t•m ¡,, IJ<·I<•·r IÍI ,.,,.¡, 
<>ll>o·r. Fut ,.,;.lj¡¡g ¡>I.1CII", "'""' urc '" dt·>Í¡;II!'Il :o• r1,, ''' 

br· '''''-" <"01llji:Oiihl<• witlo :llll~>nwtic 1'""'''"" "''"''"1. y,., 
niauy ,.,j.¡j¡¡g j>l;olll• '"" ''"'"i"LIÍiole 11itl1 ""1'""·"''"' ;, 
,.,.,¡,¡¡¡ jt:!f!S of 1hdr 1''"'"""· ¡·,r llu"'• !la• ,,.,.,,1 u, 11 ,.1,¡ 
II•Íu¡¡ <nitJicoon>j>lllrt' lo•uol' 11• b,. 11 "~'""[ lit." -~l•·eilor 
olo-l:oib uf pbut d,._¡~, Í¡¡lprfaeill!( \\Íih ,.,;",.,11,,,¡¡,, ,,. 
'· b l1< !tlll < -<1 i " 11 f ull<>\1 h •!' .., ·e 1 iu u uf 1 lo ¡, ¡•: <j'Wr . 

¡.,¡,.faci¡¡~ 11·• /'ld'll ,.,,,, j)j,¡l.,/.uli•"' s,,.¡,,., l.agul</ 
or i/1. . ! 11/ om al iou 

.\ ~~~oJ lrt'ltcl b:~...-ol '"' '"""" •·Hgiut·< rítJg, bul ,•mph:<-Íl<·d 
h,1 tllti<Jmntic prorr,._, C(<l11tnl "m<id,·r:llion• ;, 10 •lrirth· . . . 
,],.p;cnm~nt"lit<' nll pu111•r rÍr<'IIÍ'-' Thi< m,;,'"'· ld 11,;d 11 
1"'"''' fe<olrr• O<·rvc lhe ¡-;111- olo¡r:nlmrnl fn¡¡n 11><· 1;(\\

"'·"'''i"l ¡,.,.,¡., .. mHic·r ""' ,;¡.,, '" th~ i1qom, tu"'" ¡,,.. 
n >11¡;1''.'¡,¡,~ •ilo• liiL!liHol hiu¡: d•r. 1 A·l 1 he c~mrlll ~,;,, liu~ 
eiL•t'll """ \ 1""' el' f,.,.,)~r> ><'l 1'<• 1 ha! dt'p:trlnll'lJ\ a lid U<•lhit,~ 
,.¡., .. llllll "'' '"'• lhl'<HJglwu1 ,¡,. plau1 .. \\llllm.olic I'O!IIt<rl 
¡,.¡1" hi¡;hli~lll lhc impui\IIIII'C uf a \\fll lni<l out jlUlll'f 
di•<ribuliuu "·''>lcm, '"'l"'<"Í:dly 11heu :~utum:otic ;tart-up 
:>llo\ ,¡,Jt,]uwn ,,-e plnlltl<'<l. 

P.n 1 uf 1\w iut orf ucitrg uf 1lw :llJtnm:<ti<· pr,..,,.,_. '"""""' 
~-'"'""" 11 i1 h t he 1'"'"'' di,ltiL«I iu11 ') >'H'tn ;, lo ,.,,..¡ uii;
'""'";,Je¡- in :¡¡h·~,ce lln• •·fl¡•rls. jlf<'''~llliun, auJ o·11re of 
•nrgc• :o¡•pr~rillg in !loe l"'"''' di.-1 riLu1 ;,,, >Y•t em; .,¡ \,i~h
•jle<-d n·rlO!<ing b;· r<"tn10<e miht)' •·irmit brr:~k,-,-;;; """" 
<Í.-Ht \'uhngc t!irs nut! lo;,.. .. .,¡ .,).,llevrr tlur:<IÍ"" ,.,,¡ 
urigin; Knd just whcrc 1"""'' for the ]>rr<"C"-' t-unltol 
,),,.n)tl actnally \w la~~~~ frunt llw m11in pow,·r o!Í·!t~>U· 
< oon >)""km. 

.-\u X·ray """ly•cr ¡, 11,. ¡,¡,,.,,,.,,.)- 1but ¡, '"1"'"''''" 
lu •wldin¡¡ """'''" h••I'C o•l•t• i u 1 lw ¡•bllt, ur lu "~'"" ;,_~ uf " 

IJ:tll tnill """"'• '''"ch. '" lw H·lati,.,.¡,- """'"'"" ''' ,¡,.,.,. 
llllll""· ]u flltl, Íl 1\lll)' 1'\'pu ~Í\'!' <oHI ·,.,,-,meO<>• d:ll:o .. \ 
1'"""- >l<j•J•Iy ¡,,. thc· ,,.,.,.,., ,.,,,,,llaken hum o·i1·,-ni<• 
~>l<i<·h L<re "lhÍ<"CI IH fo·r•¡oll·ut '"""g''" ur ¡,,y,. ,,.,.,.,.0 
--•·· ih-ld11~ ,., .. ,io111~, ,,,.¡, ,. r,., ··1 ""''" "" ,¡,,. 01 , ,..,¡. w 
:.bo be :o 1"""' ,¡,.,k,-. Tllllt•Í<•UI ""•'f\'ult:og<·>< a11d ,_,.,.,.,, 
,¡,,, t ci 1 cuil" in ¡, 1"11· ''"11M "i' i 1, J'.l , 1w •'\•eh ¡,_., ... ),,.,"" 
1 "IIÍ'l' '" 0 ,. ' • > " '' '"'' '"'"!:<' "' ,.,,., __ " "'"''"'"''" Pr<~''''" ,.,.,,,,.,, 
•·quipme,., ;,. t<•m<-111 ,.,.,¡ ¡,. ,.,¡,., ph 11 t<. r., •• ¡ ;,,..,¡,,.,. 
tllgiurl'>ing el thc l""""l' oli.•llilmlion ,,·,tcm ,.,,¡ ,.¡ ,¡,.. 
"HI<IIll:IIÍc ]Jr<>C<''" t'UlM"l i" a,¡¡_.,¡,.,., l;el:d O'lld Í> ll<ollh· 
"hih· '" do eurrcCily .• \ >]l<ri!ic ,,.¡.,,¡,.,, lo m,,,y .,r 1 ¡,, . ..,. 
¡ombkm• i• ¡:h·,·n ;, ~"'"'''' ,¡,.,.¡¡ ;, , f"ll""'"~ .,,.,;, .. , .,¡ 
,,¡ <hi~ p:op<·r. 

1 ,¡¡,., jm" in y 1) ,-i • ,_. a ¡¡¡/ 1' ), < u ( ·.,,. f' .,¡ ,c¡¡J, _ 1 " ¡, ''""' i ,. 1 ',-,. e» 
('.,.,¡,.,,¡ 11'/.<·11 .-lutu.,,ll/r SIMI-f'p 0,,¡ S/o.,¡,¡,,., 0 ,, 

1 "' /¡,./, ,¡ ¡,. nr 3 "l.,>..ali"" 8yol<., 

\",.,_,. f,·w ,.,.,,.,, 1'"'"'' i11 <lw ¡·,¡,,,¡ :''"''-' ¡,,,.,. ¡.,. 
,.¡,,J..,¡,,,.,,.,,,¡,."'"''"~',,,,¡ _.¡,,,1 •• "" .. r _.,.¡,..,,.el, .. , .. 



'·" "'" ,., "': ... ,.,,. "''" "' •• '" '' ,., "1• 

'""'"uf thc !"""''''·'·' Í1o 1iu"r 1"''''''" '''""!""''' ,.,.,,,,,.¡ •J•· 
teou. \f.Lio)' :ero:.¡.,¡,.~~'""[' <l;ol 1 Ín¡¡ :o~o-1 .•IO>i>i'Í"~ .,f d1'ÍH• 

uul)" by olh~l" ""'"'"· IIÍih ll1c "l'•"l",ol"' """"l"'laiÍit~ the 
loop; for th'o lnu»iclol ,,.,,¡,,¡,,,. olotli"¡¡ >'Ldo ot."I·LL¡o· 

'hutd""":· rim"''"'"'· " '"" ¡.:"'"1"'·'""'¡..,¡~,,.,¡ [:¡r¡¡o: 
throo~[opll( loo;\\ Oo;IIH"IIt piLLIIt< io'LVO" j,,.¡Uoio·d ""'h f<"II11Lr>'8 
Tlu• ll<irl; .,f ti.,;,¡¡ thÍ<.<hoo\1> thal IÍ~••O•"'' ,.,,,.,.¡;.,., lll\J.ol 

be p;oiol tLL tl1e ["'"'''·~' ""·dw11Íc.,[ •"'l"'i'""'"' ""'] tu Íh 
rclinhilily "hc11 pnt 1 ,¡"''<»'<·mil 'Y''"'"• "' 11dl n .• lu thc 

•oJe.,i~LL (¡f thc LLUlomLLIÍC "'"ri·U[' ato!! .•iLLLiduLI·IL ]"gic Ítodf, 
jf re LL [ < LLOCO '.~ < i 10 C > CCU l Í B¡; l h Í.; fU IOC't ¡,!\ IS tu feO lL Jt , 

Th·· Ínlpl<'tncutiu¡; uf thi• ""'"""llic ,t;.rt-up ,,.,¡ ·hut
,¡.,"" dc;orly >hnll' ¡),.,¡ IÍI">l d . .,_~ inlerf.oco• Oll!';inoeriu~ 

b\'lowo·u m:ocloiuo·ry huiloh•o'<, ¡obtLt deoÍgut·r-•, :ooul motu
!u:otic ~"'"""''cm otro,[ <h·>i¡:;owu i~ bo·'t aCC<><np[i,!teol b.fu<C 
t lw pl.tnt i~ phJ ,ic:olly buil t, S u! uulr "'"'t complt•l•• 1'""¡_ 
hl o· "' ., 1 u~uco• ·' uf 't ar t • u p '" " 1 ' hm d., " u aud t he i r ,. :o ,¡., 1 ;.,, • 
b,· fut c...:c u a '" 1 ,,..,.,. '" 1 o•l )' ti o ·;cribo ·o l " l , "'" 1 u f t i m~ , bu t t l ,.. 

¡wrfnnu.ou<"c :ooul hdo:"'Íno uf oh,. "'"''"'' ~""'''" f\""' 
:out! Ir,,.,,;,.,., ""'"li1ino" "'""' :ol...,o ¡,. foro· .• co·" ,,.,¡ ,¡,,. 
..cr i ],.,,¡ '" ;oC eu r:< 1 o · [_¡· "' 1'""' i hl ,. ;L h o ·; ,.] uf l i 1\1\' \\' h, .,-,. ""' h 
"-" 1 ;o ri~'"'""" llo i11 ki 11~ ¡, dLLILP. ''"'"l•l••to·l; duo iu¡¡ 1 ho· d.-.igtl 
-''·'~'·· :oUt<llttati<• <l:ltl·LLp :nul •IHotd"""· Íut'iotdioo¡<, thc 
"'""'''"\ '"""it"lllli•oll ,,¡ ro·~oll;,IÍtl¡; h>['"• h,., • .,,.,., ""''" 
e:HI¡ '"'"'"''l'li,loc•ol. \\'hcu "'d' ri~'""'" th11d.i"~ ;, '"'~ 
ol'""' :oht•.od .,¡ ti~ou·, ,¡,,.,oh e "''ILL;,l inopleme~ollllg <ot' the 

'''"'""1' ,.,.,¡ ohutoluiLLL '"'"1" lu ¡,,, oumc l""''·"·ted. """ 
1Lt"<"c .•.•• llily '''I"'"·'ÍI'o', :o<ul ]llub.ohly tite fllt1CIÍo11 ,¡,.,,d,[ 
uut ti1•'LL lw Íll tl1c ''"1111'"''''· Au ciTect uf ap¡ol)'Íil~ ¡¡,¡, 
lu11d1"11 "lro•LLd)' ha;¡.,,,.,.¡.,,.,,,¡,¡¡,,¡" t" """lilic;oti""' 

111 1""'''"" "'"1 m.ocloiuo· ,¡,.,¡~"· 

io:rt·~r.Tl'L IJ>' .\l'T0\1 ITIO~ '" ['(.\_,,,. Jlo·_,l(" 

!h·re i• 11herc" lnLiy "'citiro¡< "'l"'"' ol """""·'tiuu bo·· 
~¡,,lo be cvidt•llt. (;,.,,¡'"""'""tic l>fiiCC>., """''"¡ tiu:oll¡
;>tul'iolco :o "'"""'uf oua~iu~ "'"' mah•ri:d' ¡,,., lilli.-locol 
ceto,..ut rcl.tti<'ely <tl!Íckly ~,,¡_ ~coumtcly une<' 1he '""
ma<•·rbl· me C<Huu>Ítleol iuto tlo~ ra\\' gt-iudittg oy,le'"
l'··rr.,;,; udo~r ;,,.¡.,,¡,¡"' lm•·•· U<>ICJ ;ttul t~ko·" :t<lv.uota;;•• 
uf tl1<• :~bilit) ol ""'"lnatic pru-c<:>o.. Cn,.trul tu lt~lncc tloe 
,¡,.-,o~t· b<'!I"'O'LL '""''''""ÍI'o• fnll<>\lilol': p:Hh ül tll<' ¡>f<><'e·--
11,.• o·.-uwotl iudn•I<J' i• bo•giu .. iu¡¡ t11 tt•t' th•-·C tl'·luoiqU<· 
LLIL•rc :<11<1 ,,..,.,. (11. :i,·],·t'lt'l ;o-¡wct, fnllu\0. 

/(,,,. /Jc¡•"'""''"' '""' (',,,,,.,¡ 
f)e•ig"I'L.< rol Olu' n·httk,•l¡ "''" \'uit.·ol :-it.ot,··· ,.,.""'"t 

tol.o111 ,,.,.¡.,,,t,oHI :1110! Íloqol•·lo«""'' d tilo' ido·;o uf noÍ,ÍILoÍ<Íto~ 
ILL<u' ,j.-J~<}-'1 I,·IILo ''" """ looÍI[ fo·o·of,.,,, :owl <¡ILÍ< ki,l .,¡,,.,¡,_ 
Í1og :LtL<l ;o<littl( "1'"" c-ln·HoÍ<-,1 ¡,¡,, ILO.<I '"" :ohuLLI 1 In· ·1 '''"o" 
g""'~ ¡,.¡,. tii<'ÍI doL\IL•tlo·."u l."""'~' loi>o•t'. l!y ,,..,,¡,;,¡"~ 
(011-IÍIIO' X-1'")' ,.,, ,,,.,,¡ ~ ... o~i"~ ,, •·ILioÍ•¡tt··· .,¡ ~~""' ,¡ '-'" 
('<•loll·•o·IIÍ<IH Ll Íllo ,¡.,, 1 IÍiou·> h•< 11 '"'·"i''" 1, ,,,1111'], .. LI:.oh ·Í•, 
,,,,¡ ''"IH<'ti\'1' '" oiO>Io·. tl .. ·_o· L\o'l<" LLI!lo• '" <toÍ[Í,o-" ,¡,~¡,. 
~ [,", ¡.¡,.,.,,,.~, ,¡,;l•g ''''"·il.,·t,\o·o·" ll,·iro.o" ol<¡•.llllln'IOI 
,,,.¡ oluirl.il~o '''•'1:.11, lh•·Y fo·lt1lo:o11lli','l'l""'"ll •.ll·,d 
,¡,..,, "'' ;,.,., .. ,,,. 1,, ,,r "~'~'"'''"'·"··:¡- 1 ,,;¡¡¡,,, ,¡,,¡¡"~--
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f'ig. 3- Tino• detap '!"" ••~ ,.,;, "'"'!'_¡,¡.,., o>~t~.l ~"""'·"·ie.. 
lO) lde>li"d 10~ m".,.,,..,¡''''""' fur ""'tl"'"'~ ""'" d<l'l'' 
'""'"'' hmtwc<ni"' oi>inc- lh) l·~lf«t• "1 ,;,.,. J.Lo,·, ond h'"""" 
~eniror ,;,. on row m:< "'"111•1. lo) t·:llo• t. ni "'"'"o\ i"l<" •1 ""'! 
''"••• lhH< Jet.>¡,"" '"~- ,.,¡, '""""1. 

.-\.uotheo· pl:not in \\\·.<tcm Eur"l''' ~,.,.¡,;,,-o! g .. Kl on
lioo· ~U)l.Íug uf"'" "'" cln•o,.i~:<l '""'l'"'itio" :11 1loe ,¡¡.. 
el'"'~" puiut ol the m\\- mili ~tioulilll( .:iu~oit ,¡¡¡, .[.,,rt
'""<' d<•b)' i<l lltakiug • .,,,.,.,;,.,,_ ,.,.,¡ 11ith cuulp,.ter 
t<>lLII'>I iol ,¡,,;, (HPIHH\LU!(C"i'i"~ pil,• LoJildill¡¡ ,.,¡ C<lm
jJlller guid:oll<'r· iu o¡u:HI") "i"'"'IÍull, lly ],•;,OliÍIOg tlu· tc·clo

"'''"''' aoul- ¡ot•o[ooi'LtlÍio)¡ llH'Iol t'•>n;i·to·Hii)' ,.,·11, ''"',\ ""''C 
;ohle lo """'1'¡,,,,.¡¡ ,.¡¡,,¡,,¡" ,¡,.,,,,,,,.,,"' 1 1 """'~-'·"ÍYÍI<¡: 

<'o t"ipmcul " it lo the ""' ' ,.,11"",¡¡,~ 1, igh "1 "'"" "'~ ·-~wu '" 
<Ji 0\H'h Yl'»l'i>. 

Auulh<T U.S. ¡ol;o1ot <•o·i~iu,.[ly li.u[¡ol .,,,..,¡ I<L LL.•<' i.H~,· 
lnÍII fo•o•o[])IO" lwtL\O'O'H lit(' ""' lnill ¡',.,.,¡,., ,,,.¡ <•:od! l'.o\\" 

'"ill. ,<,,,,¡,·,;,; of tlw o·ll',·•'t< .,¡' 1111· tiro>-· <l<•l:oy., '",.¡' ,,¡¡¡ 
IPod hi<¡'- ,,,¡,¡ ¡,,,,. "" d 1·CLOLL."ill~ ]H<'.·Íh[u 1 ¡,. ILIÍC:<i 
:>I'Cilr:L<'ÍL' lcd 1he111 lo ¡·[inoÍtoLLI<: '""h 1.11~•· ¡',.,.,¡ ¡,;,, ""'[ 
1P<i1u-o the ,¡,.].')" ;, dut 1"" ti"" of ti,.. o>o:oto·ri.d '''"'"l""t 



,,,, 
" ' ' ""' ... -""'" "' ""' ·- 1 '" "'' ••• " " "· ,.,., " '"' ,, '· " 1.1 ' " '·' _, ,,; 1 

,.;,,-,;1- '" ,f,.,n 10 ,,;, ;,,¡,.,.,¡ .. r liw ~ h pb,,,,..,¡ '"'~'

""11_,-' 
.\JJ .11dytic:ol "l'l"""''lo lo :o~·i·t ;, "'"h·o•br«i<tlg !he 

,.¡},.,.¡, "" l~·dudiwJ uf 1'""""·" oh·\.o.l '"'"']"'"· '"'"1'¡;,~, 
:w:o !_1 - i '• :m< 1 mrn·c 1 iu " 1 i u o o• i " i " o 1 " " I'Í "~ 1 1 "• ,.,.,. 11 rae ie< 

uf pn"""" "'"""'· ;, ¡¡iwu iu Fi~. :H;o)•(eJ. 
Fig_ :'l(n) ;, o \Jlo><:~ di:o~r:lln uf :o ,¡,,l,¡¡¡;,.,J r '"' ,.;x '"''' 

or .. l ,_,·,¡~,, th:ot c:uo bo ""'"] tu o·.do·ul:.te "1'1''"'''""'" 
""r,t ~"'" ,.,,.,._, iu 1 he h«non~onizo·r au;o]y,L• due IU •.'"•1<'111 
1 r.o•o-¡>ul t tina·<. TI"" ¡¡ri11<li"¡¡ <•ireuit, t ¡,.. ''" ll)'\Íllg •y•kon. 
¡¡,. •:omplin¡; interl':d, :11ul llw ,.,,.¡ rul iut ,·n·:ol aro• tn·alo•d 

,, """''"¡¡ .implc tiuw ol<·l:o)'' T., T., T.,. ,,J T" ""l'"·c· 
,;,·ely_ The ¡.,.,,,,~t"itiu¡: •ilo h:" :o Jillill¡; tinw 1"1 ,-,.,re

'l"""ling: tu lht· :1<'1\l:d "fullu<'""" :ot 11hicl< tlu·;il" ¡,;, ¡,,C( 
op,·r:.!l,.g_ \1'\,.·u "" ,.,,,, ,,.,.,.,~ iu lhe ft•<•tl ,.,,.,,.,,;,¡,,,, 
the ,.,.,,,,.,,,, <"OIIIoul pnogr""' I'ILI\ d11 t1uthiu~ llli!il 11 
olt•tects !he,.,-,,,. :ot tl1e nlli]Hll of lho "'""Jdiu~ ,,y,lem. 
11 m:t)" 1:1ke up tu tlu' >um ,¡ :~\\ tln•,c oldo_,, ¡,., ol,r ('nn
tr<JI prugr"m tu detect lho o·m" 1111d "'"'t•ct tloc fe,·<l••r,, 
Dmi•og thí' lirn" tla•H, :o lotul uf 1'; + 'f', + 1'., + 1', h of 
lo:ul me<l<rÍ:l) h:o• ~~''"";,,tu ohe -<J"•Iern. 'fhe "'"'''""m 

''"'" i11 thc huliW~<·~<iur C<HIIpu<itiou \\ill "''""' if tl~t fc~d 
t"JJ ur .. ecur, whe11 t].,. humo¡¡o•Hi«•r i> '"'Ur f ull, t~nd 1111•rc i; 
""lime )eft tu ¡·ur,-,.ot the crmr. Thu> \xoth the holl-h uud 
cuJliÍHIIOU> homogoniuro mny he rm~<idcred lhe '''me, 
anoltht· ma~imnm fraction uf t!U' Íll)'<ll <'oror llo:<l 11ill loe 
pn·-.·ut in tlw homug~uiter u11t pUl i• t ho•IO ~ivcn by 

¡·, 

F., 
• 

'f, +T.+ T.,+ T, ---------r, 

u .. ;, humo¡¡<·ui«·r "'"'~'• ''""'''1"""\i"g tu " '"''' 
raw m:oteriollc<·do•r o-\,.•mit•ul '"'""IH"ÍIÍ<oll ,.,..,, .. 
Tran-purt okla)'O ¡,, tim<' ''"""'""·d loy ""'lo·o·i:ol, 
travelillg fr .. m 1 "" ln:llori:ol f<•t•<lt·J"- '" tlu· "'""l'liu¡: 
,t:,tion, lo. 

1'., t',o~n¡•lo· ¡,,,.,,-,.],lo("'"'¡,,. •<u-lill•'g:<~I)!,Íh~ i11 11«• 
<·~'""]Jit· 1•111 ¡, l«nn· fiiJ" l,l,.,t':IIOI',\' .'\-"'.' aud 
,.,,,,.,¡ dwnoio•:ol :owo]_,,,.,¡, 

T, s""'~'¡,. 1,-,. 1 ..... ,,;,, ,,,¡ ,.,.,,¡_, .;. ''"'"· ¡, tn n~:. 1o 

'""<]in t'~-""PIC)-
1', c .. utrol ¡,.¡,.,,-"], h (t;¡oit:;dl; :t "''" l<Ol h). 

ro~. :J(lo) ,,..., tloi· '''t"'"'"" t" ,¡,," ,¡,, . ..rr,.,.¡ ,f ~,;,.,¡. 
iug: ,.¡,.,.,.ji tr:u.-¡:oort IÍ111c.• T, "" ¡¡,.. l"'"'"~··ui«·r •·mor 
}_', fur l~tomog•ni<er> ~tith r~. 12-, onu! IS-h lollito~ tiuo~· :oud 
:o·.-mnin¡¡ a routrol l""l:"'m iuh-n•al nf l h (T,- 1.0) :oud 
:o 1.".-miu -~mpli11g oionc (T, • 0.2:, h). Tu''"'" 11.< illl
plio.oti<Ho• ol llo~-1· <·OJr>"<'~, ¡-ou•ioh·r a -~,lt·no o.itlo :o o!Pbr 
uf J..-, lo,..,,¡ a lilliug lÍ"H' ol 18 lo. flthr olo•b)' ,,.,.,.,.,.,lo,.-'"¡ 
!<O tl10."o h. i]H• .:lllll' Ot"•lllt't"«I\)O]l«• :...JoÍ<'I"<"<] .,j¡)o :O ,j], «1 

,,.,_ 1~-h ""'"'~;,_,-_ 
Th,- 1<"<1\t- •IIOt<\ !1 Íll l"i¡:. :t(loJ \lo· o o• utot:oÍ11•·d I'Íllo ,.,,, 1 •·<

¡¡,.,,_ ,.,.,,,. "' 1 ¡, '"''""!-. n~ :t(d ,¡""" ,¡,. ,f!,-t u\ 
;,,,.,.,.,.¡,~ ,,,¡ ,¡,., ... _,_¡,~ ¡¡,,. ;,,., ,.,.¡ 1,-t "'' ,., ''"" ,.,¡ .. ,, 
(T. t. Ji,.,,,¡,,.,,,., oh.t ,¡,.,,,._,.;,~ ¡¡,. ;,,,."-,,11" ,,-,¡, 

Fog_ (. o.,.¡¡,,0 :-;.,,,_1 , 1 .. 1.,;,,.¡ ~-'""' ;., .,.,,,.,., pi"'''-

1 - ,- .• -·--¡ .. - ' 
1
-=;_ e::.··¡ 
1-·· ·-·~-' .,.. ,,;¡:·:...·.· 

,] '·-- :~-

11l · •ce·-- 1 
,JI ,..,...__ .... L.._ r1 

(;":'..:.,.:-J '-/ 
F,~ ,;_ L,,¡,,,,,,.,_,. ,;.,.,, .t,..,,¡,,¡,,.,¡~.,-r ¡, ,,.,,.,.,, od '"'· 

,how> ,,,¡¡ ¡¡nin 1<1lh a l:?·h Jilling time, hUI tlo:tt 111-
creasing the interno! In 2 lo '""""'"a ,.,.,,j.Jer:ohle In";,. 
occurncy. 

"l1w<e r<"•nhS •ho" 1h~ necc,.,il)" uf >hurh·hillg the for-
1\":tr<l palh """ fcc<lh:o~k ¡oath tiuw <lela)'"¡,. !lo~"'" ,,;, 
-~ •lem_ 

The ]JO'-<ihle implie:otinn; uf rt·dl!t·iug Íul~-·llll<'ll' 
in the "front end" ni tht• ¡olnlll by u-iu¡; J<rÍ"eiple

'hown in Fi¡; .. 1 '"l'"''"''"' " Ji,tiucl and rt·lotin•l)' "''" 
1rend ,-hich 11-i\lli~<·l)· ¡,. ,.,.,¡ '"'"'' Íll tht• fuhlf<·- Fi~,. -l 
nud ii ;huw \"Í~II'-' uf .'\•1:<) c·\,.•ouic•al au.oi.\Z<"t• u.,.,¡ iu 
t·emtnl ploul;. 

f "'l"w"'g ¡,; ¡¡ ,..r·,.,r.-.· lh-.<i~" r ·,,,,. <'l'r' ¡..,.., a 
Co~t/oo/ \'icU'jl<'l<i/ 

.\11:11)""'' nf ¡],.. tn·nd< -lln\1 ¡¡,,. ¡,]1,,, iu~. 
l) ¡,,.,,.,,.,,¡; ''"'t•h:o·Í< ¡, ¡,.¡,,¡( 1'¡,,,.,] ''" ,,.,,,;,,~ ''"' 

:orn<ll~t·IIH'U( ¡,f t•l<•<'<'>' ~(1\1 :tll<i :t<I'Í]i:ll',l oh•1 l<'t" 111 tlw 
1-,iln·t·wol.•o ¡·ou·uil '" ,¡,,,,¡,, "' l"'"ihle. 

2) Tht• ''''"'""'"'' ah<>Ut tllai'LlCio·oi•tie• ,,,¡ :.fl:oll~<'
nwnl' uf kil01, ,.,,,¡,.,, ¡¡ralo•, "'"1 ,,.],·e1<'<l fati ol1in-< pre
' iuu-l)" ~" ,.11 ;, 1 ¡,¡, t'"]"'' :ol'<' :L]'plit·:olol<·., 

:¡¡ Tht• ¡_,-_e,·r ~r.do• 1)'1"' nf ,.,.,¡,.,.,.aY<·'"""' ,.,.,.,,lt,.lo\,• 
¡¡ imlJÍ"it\u:ol driw- ·'"' t,,,.¡,¡, . .¡ \<o'""'"'' :o ir n.,\1- '" meh 
major """'t'""""""' ,,,¡ f<>r tln• ,.,,¡,., ,,,h:oli-1- Th~ nldo·r 
J!f:oCtiee of ,,;,.~ o·cry r~" ro><•IN {:,,, ;nratog..J \<ido 

"''!"'",¡ ~ < h111 1'"'' 1 " , . .,,. 1 rul " i r flu 11 l< ' ''"' 1 ' n "' ju r .-. '"'1 o:.r1 -
m~m mol..o·- ¡.,," l"ll~h """""]hloilil) ton•l,¡,.,., "flo~ ln·n,l 
¡. 1 u l"'""j,J,. '''1'""'1 <' f:on' ¡,,, •":!<·lo 1 .,,.., ¡.,, ,., • "' 1" ]~'""¡' 
lhl" ,,.,¡,., '" "' ¡,¡,.,-,. ;,, t, .. , ¡.,.,.r,,.,,,,.,. a• :o \w_,, ro·
' 1\¡;er:tl~<l' rw.r "'a<.,.,¡,.,. ni,.¡¡,.¡,,., 1."•~· 

l) 1\'\wu <·na]¡,,.,.,¡ ;<• :o f,.,.J. tho• '""10<1 ¡,tu lr,l' In l'o·
dllc< th·· <,u·i,.tiuu,iu '"'"1'"'¡,¡.,.,, ''i""''iall• !he,,¡,,.,.,,_ 
,,.,.¡ '" oJ,.. ,,,,,¡ :<uo·h <';<Oi.,¡;,.,,, ¡,.,.,.¡,,.¡,¡_. l•''"ILI<'<" "¡,¡,. 
,._,,,;,,, ¡,, ,.¡,.,,;,-,,¡ ,.,,,,..,.¡,¡,, .. r ,¡,., ¡;,.¡,,, "¡,,._. ·' 
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Fog ü. T•" ,¡ . .,., ,¡ '''""1'"'"' '""""' ,¡, otm·l.t ~¡¡,, 

' u 
1 • • .. 

""'jm co«q ""~"' ¡, ¡¡,,. ,¡,¡,.¡) •·ur_nu¡<; a·h """'""' o.l llw 
co.al '" Íl "" 1 "'' 1 ¡,,. lour uiu~ !""''""· Ble«tliu¡; ol ;udo c.,,,¡ 
"'"'- help l'uu·h.o·Íug ltithet ¡;t-dde <:o:tl may h1•1p. ¡::.,,.,,, 
hu H' ,.,.,., ·hiito•oll" <>lioer IY!><'> ollu~l :~< th~ proloJ,.,,., :nul 
"'"'' ,,¡ ,.¡,~ ",.,¡ ha•·•· be<ouo~ mm• erirleru. 

:,¡ .\null,.r lro•u.l ¡,lo •chocu du,J lo the kiln ;, ""''"" 
.,,,¡fumo """"1''' 1 •> ''"1''""" et>nl rullabiltty_ A , . .,b,rhi«r, ,¡ 
,¡,,_, iu ],.,,.!"''" ,.,,¡,., poecipilalo~» '" tlusl ,,.¡¡, . ..,,,, '""1 
•i,lfi'Ín~ t.t' du•l lo, . .¡ al oThcr lime'> an: bcl,o·· h·ouliu¡¡, ¡, 

"''t"i"· ,.¡,¡,.,., "''"""¡ a•·lion_, tu n•,ron<! '" .,.,.¡, k1l11 
,,.,.,[ I"'"HII<;o!Í••H<. TJ.,. to·o•ud ¡,leo lro·al l'cll<IIL olu•! '" llll· 
'H [ ,,.,. ·o·p·11 a 1 ,. k j l1 o f, .,., 1 ·oll<[ Íl'-'la [ 1 a ¡·e( u 1'1L dthl ,•0!1'~<' i1 i 1, 

,,,,[ •dUI'U <[11•1 111•'1\·oill~ >"Ojllll>lll<'lll 'LIJ,!II~od 111 gr.,.[. 
11.dl.1 """l11l:~lo• ¡¡,.,,-,,,."~'· o••IIIOH tiiH fo•NI o aro• ''' ltl 11,. 
~''"' 1 :•1 lt•\ ,.¡ ,,( 1o·l 111 lo <[ll·t lwi11)', g<'IH'I'alo·ol. 

lil :-;¡,¡,~ ,,¡¡ 1""'-'''-' ""'"1 ,,,,.,,, _,uflicio·llth ¡,,.~,- ,.., 
"' '" 1""'¡,¡, ............. r .. , ''"lllnol "li<Jp pn"l""'l'"' <olio-,;, 
.,,.,,¡.,., ltl't"l. 11 ¡, dillio·"lt lu altaiu lo>p qubi1y roHLI<'"I if 
rl,. iuolue•ol <lnolt ¡,.,, ¡.,,.¡¡,.,.,¡,.,., kilu ,_¡,;,·e,,,,,¡'" f1111h 

'"" "!"''·'''"" ">~iolo• up·u" al tl ... ir to¡> limir. i ,, . ""' .,¡ 

'"'·~··-
; 1 '1 low · i < u '"' • • • · 1 " 1 ,¡,, ' • ¡, ¡,, •i " g ph11·••• 1 "" llw r•-u'l w '" • 

,¡,, a•¡a·cr ,,¡ !1,.• ,.,.,¡,., J.r <>lol:oi~oi"g 1"""1 .,.,-,.,,¡_,, "' 
1 ,.,,. 1" "'' "''' lu•',o·UI ··Uu·((l • .Ltu! ll" 11 h· ¡,~ ·" ¡,., 1 tJ:tl ,. [,,~¡,. 
1•· '''"l'ha·Í"· [,,.,,, lo'< ''I"'I'.Liion. >iO!III<' h.L\'c ¡•i"'" ,.,,,¡ ,,.,.¡ 
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l'io• 7, T••> ''"l''''l ""'"" '', ""'"'' ,.¡ "'""' ,.,.,.,.,, kiln "' ;, 1-i" L\ 

l"""'''"tcd itt makiu~ ~'"'<1 "'''"""''"'""1; ,¡ "'''""'ho,'." ail' 
le "'1'" '"1 "'~. 

l'ig•- 6 oud 7 •ho\1 gomd c<>mpara!k~ !m! l)'pic,ol ,. .. .,¡¡, 
·~ilh nnd >~Ílhoul com¡nllo'o- <onlml on a kilu-Co<LI,•r in ;t 

C<.'n>CUI p!:Uil. 

1;.-im/irov .1/ i/1 e io·rwl De>iy" ami .4 hUJIIIOire 

/',.,;e•• Comlml 

Th< ha>ic obj,•ctiv• of goimhn¡; mili circuit roontwl ¡,In 
maiutai" li~oene.-.¡ 11ithin a'""""' [m,,\, U.<t¡.dly :1! ,m><<' 
ru:o<Í111uUo pmdlleti"" levd >'<lll<i .• reul 11ith the .,_,¡,¡¡11~ 

['''' IL'• ·.•.< u mi nl;u· ¡,¡,,.. ""'H l'l<i 11 t '- Ü •Wt lly i 1 odirwt llh'.l ,,,..,._ 

1no·11l.< ""' requi"•ol •Íncv '"'' ll1.11oy liiH'tl•.•< "'"'"1' ato• 
)<'l "l"'l'"liu~- Yo•l .L lre<L<i ,¡,,.., L"\1•1 tn up¡oly :<thl U·•· "'"''' 
li"''"''" "'"·""'• l''"'i""l.orl,\' 111 t'I'UI•"III ¡•,liH,[ill~ rnill 
tío , ,.¡¡' [ll [. ']' .,.,, [, ;, gri1 "1 in~ mi 1 1 o>rcui t ,¡,._,¡~., \\ hido ,, ,. 

<n•pha.•Í«·d "'''" luotl .. ·r by """'itlt>r.o!io."' ol ""'"'""¡¡, . 
PI•IC<''·' to OHI n¡J iLJr]uo lo· 1\ll' f,[[ol\·ing. 

1) {)1,¡,.¡,, ~~~~~ ""'"'"'"""'"!> of mili le.·tl "''''', 
,¡,¡,., J.y <lo·i~hí"g ¡,.,.,¡,.,. nr by a "'"nhin.>lio<! of l•ot:tl 
onillf,·• J r;oh• ""'1 ..,.¡, • .,,.,¡ "··ighiu¡; ¡,.,,¡~,.,. r .. r ,.,J,Jni•·e--. 

'l) l11 o]<o..,··l-eimoit ).\TilldÍhK, .,.,,;,~ of in¡onl ,-""' '" 

ole ,.,. t "'"", "''! '·".o : "r -. '"" 1 h, 11 t "i 11 • i , " ¡,, ") • 1"• •f ··too lo¡,. 1 " 
all em¡,t i11~ 1 •> ohrain ,., 1' 1 ,. .. .1.-nl ""'"-'"''"""'"'' .,.¡,~ • lo¡, ,. 
ia¡>U< ""'1'•"''"-•· ¡•,,,,,, •) .,.,, ,-,¡¡_,~,. allnt• ,¡,.¡,,. ÍHI'"' 



• 

JI' 1 '"'"'" """ '" '"'' "'" '"' "'·" ""· ,.,.,,,.,,,,,, Jl"l' ",,,.,, 1'•71 

]',.,. .• ~ "'''""' '"'"!""''' ¡,,,,,¡¡,,¡.,,.in mn~n\ 

plonL 

""'1"''~~ hu\ onh ·lighd.' afie;<- olri•·•· iupnl \\lllh Th11, 
,.,,¡ r11l \o:o,..,d "" :tlll)l<'"-' h "diu¡:• ""')', ni 1 ion"', bP ha-<'d 
"" (,,¡,,. in fmmal ÍmL 

3) Tl11· trontl ¡,lo ph•o· """'' o•oupha<i· .,\, :nh¡11111<" ,¡,. 
;,¡: ol nll ''""'l"'"''"b uf llw wi11di11~ ,,¡¡¡ <"ÍJ'ciOII. Thi< 
o·;¡•«·iall;· ap¡•lll•• "' 11""'' ¡,,.,¡¡¡,.~ ,.,.,.,., . .,l,,¡iu¡¡ hui. 

1:'""1 Ciotllro•l """ 1"· '"'1"'" Li<":ol if "'""''.,¡lile I'<"<'ÍI'cubt
ÍIII( ].,ad au,ili:u'"''• "'uf nli11·r I'<HHP""''"'·'• ]Jft'\<'ill adt·
'1""\t• h:tralli11~ uf1lu· flo¡\\ ""'' 11hich mn,\' be Í11lu·n•u\ due 
1 u \';<rÍ;tl '"'" in 1 la• 1'"''"''"' mal orbl> ud uall¡· u,.,d 

-1) .S.omc nno.-JI\ phul- <lc·-i¡:;ll<'d b)' EllmiH'."'' ;on• """ 
I><"ÍHII buih ,,,¡] ;,...¡,.1~ f,•,,IU<1'~ for du,..•l-lo•<p ~o11lml uf 

n .. ~,,.,.., " .; " g ,., " , , ; , , """' tí ,. ""·"' ,..., , ... , ,-,._ 
1-j~"- S and IJ _-hm• " 1"""~-" """~'""'' i<>-l;olla1iun ¡, 

" c•·nw '" pl:tm-

T""·"" ·~ .\t"'I'II\IH"' (\'"'""'· r.·~···-,"-~' 
llt;o.~<; 1'>.111 '"""'"' 

Tln· lll.oj,.nl,l' 1of L:11il<•d SI ;el o•,' ,., 1111'111 1•l.ouls ll•llll( 

,]j~it:.l 1"""''·'' Cl•lll¡>lll\'' ,.,,,,l<>lto···IIIIÍo¡l"'' ILI\'1' "l'l'"''d 
il .. ·on 1<> 11"' o"lll\lrul ol "'"' ,,¡, ,.¡,. . .,,¡,.,.¡ 1'""'1"""'""· k1l1>· 
,., ,.,¡,,, ,.,,.¡ rul, '1'"'"'' ,.,. 1 irli1; ,.¡,,.,.~ Ílll( 111111 a 1:~1111 l"¡:;~i1o~, 

l•''"iol!CIÍII<I :<1<11 II'Cll<i ol:<b llo~I(ÍII~, al,j d:oil,l "IWJ':<IÍ"~ 

1 <')"'''-"· 
(~u .. ding null J.,a<l ,.,,.,..,¡ "'"1 UD(; ;¡n• :d . ..,l '-'l"'""i"g 

iu" "umber of C.S. ct·flwm pi:Ull< "ilh DVC l1cing mu"' 
\1-i<.l<·lr ""'d in ti.~ ho·l f<'" )"""'· ~1<><1 llc\1 u-mcul pbnl> 
ullhide ~of lhe L11ih«l Stall'' uu<l Callada""' 110-•Í¡;uc•l h)' 

Europe:<n'- !u'"""' i11stanc~-< ,...],•ch-11 Elll"l,.'"l ,],..¡~111'<1 
<t"FI«'III planb ¡,,,..,. l><·t'IJ •i¡:uific.oull,l" Bho·n•d ÍFI ¡],.¡, 
<II''ÍJ.:FI C<!un·pl• l<o la·llt·r Ílllt•rf:te<' 11illo :tlii<JII,;otic !""'-'"' 
''""""' plÍiwipJ •. , ,.,,¡ •·<¡uÍIIIII<'"'· 'J'],.. 1''"1''"1' h:t· :d-u 
¡,.,., lu ho·o·p ""'1':<11 Íl!l'l"-111"'"1 l<o ·' """"1"""· Tloll· :< 

11'<'1><1 f.,r ·•u·], ¡ol,o<ob i- ''' ""' unl,<- ]" tf'"'" llo,- 1.,,., 1.,1 ,.,.,¡ 
"1"' 1 ¡,,., ,¡,,_ ¡.,,, ¡¡,, . .¡, ¡,, '" ,¡¡,., ¡,,.¡,.,¡,., .1• "1'1'1"-

4 e, 
priat <•, ;lllolil ÍI!ILid fnm:l i1n1• uf l., 

1 ) o¡narr,\' sl·lo<·dt~IÍII~ ¡(IJÍ<b 1 l<'l', 
~) l•et-l~<•llUI~I'IIÍ,.i,~ pil1• htlll1l111~ ''"l!trol; 
:1) I"·"]"'""'!:''"Í<iu~ pi!.· huiloliug ,-,.]<·nbliun•; 
~) ¡:1·iudi11g mil! ¡,,,¡ , . .,,, ,..,¡ " Íl h m."imitiuR :o• "o•ll .o• 

~l<·:~d)'·-•lale \'er•Í<>I'" ¡.,.¡,.~ nlili"<·d '"',¡ \tillo lill.-t,.---

1<~·1~'. iu "'!In~ ~"""'· lwi11¡: 11--<•<1 loa-.·1! "" '""'¡""""' 
fillene-- """"""'' 

;¡¡ rrnwut mi' eul!l]~•·ÍIÍ"Il <'out mi; 
\\) C<"llll'B( .•ilo lllllllÍIIJJÍII~ ""¡_[ \':<hdil) <la·r\,ÍilJ:; 
-¡) """' i 1<11 i"ló nf driY<'' r." llll•rlwdlllo·d ,¡,,, 11<111 1 ,. ; 
~) :llllllllWIÍ<: >l:trt·lljO ,,,,¡ ,Joutdonll ,f l'"lolÍIIIl""' 

}'111('('.-' ''''1""11111'111< b)' ]lt<•~l'"nl""'" ¡,,~'"· ill.-lll<IÍII~ 
ll':ol!-i<·ul """ 1 i 1'" 1.·, ¡;,., ,.¡ n•gu bl ;,~ 1""1" '" '"'11 :o• "' "1'1 
I"I•Birul 1,( ,¡,¡, ,., lhem-tln•o; 

\<) "'"'''"' <1f '"'t·r:oll loo:11l ''""JllÍllg for 11.-jl:ol'll)""'' 
IJel~<•·<·ll 11l1ith rebtÍI'<•l)·low ,,,·~e ""1""-il.'' r .. r ""11, ,¡,.¡, 
,..¡_,1 ,_ 

. 1 10"1'~ oletailrd <lr,.,-ripl ion ol man)' of 1 ht>l' fu11< 1 ¡.,,, 
,, ~i\'en in 1~1. 

!wftF.\~l~(l ,\\'Al1.\UlLITI 0~ .\t'TO\l<TU'J'Hi~·;;.,. 

C"'"oo~ SnT&"~ U\' _'\UE<,tt'.<TE l'o""" Srr•·ur.-

.1- !.rio'fi)· mrntimwd vrc,·iou-ly, a dt<tincl '""l'ol ¡, lo 

"""" llilll'<lll~hl)' anulyze th~ interrl'btiull .,¡ !111· !'"'""' 
<<tpph- f<H lhe :a11<111oali1· 1"1''''''' wnlr<ol '-'"'''"' nud it; 
"'"1"1' """'1"""""'" ami IIH• JHIWel- Ji,lrihulillll '·' •lo·m 
<il:.lo!l'lo•l"lit·"· 'J'Ill' di<III~<'IÍW •oo]uiÍoll- .LII<i IJ'<'II<I 

f"'""l u,eful "' '""")" 'udo .. ulo111alic 1'''"'''"'-' 1'''"''"1 '·'" 
''""'' i< lo i•"llll<• lho !"""'' •uppl_,- for tiH· 1''"1'''" '""'1"1 
"'""l'uler nrul o•crlaill <·•ilieul •1'"""' ("ll-h a•X·r:!\ ~'"'"'' 
"1"! ,..,,,]_I'Z<•r, '"~'g1•11 atlal\t~·r. ,,.,.¡ 'l'lo·<·i<•d Í.·.-ll•llll<'lll:o· 
IÍIIII). Thi< i><obll·d 1"""'' '"l'l'h- i- ufl.-11 ¡, ¡¡.,. ¡.,,,, .,¡" 
-..·p" ra 1 ,. i "' h1 rl Í<on "' lit· "'" 1 "'"" ! ri w• n a 11 e " 1 " 1 "1 ,., 111 ip¡ • ., 1 
wi tlo H ft y 1\ he• l :nn 1 1 n 't'< '"'" r) ''"" lrol "' rido• 1 hh '" ~1 o """1 
1"-""'' •)'-'l~m ''""'Í1•n1 IIÍ,llorl>:uoo<·'- Sudo "" ¡..,,h¡,.,¡ 
1""'~' ""VI'I.", \\')wll ¡mopt·rl•- <lc·i~11ed, ¡on>\'illo" o·h•an 
1~""'' '" llo~•>r 1'<11111'1>1 ''"l"l'"lll'llh 

Tl11• r<'slllt uf II<ÍII~ ,,.,.¡, a11 ¡,.,lalo·ol <•h·au ridt•·llol'•<t~h 
I><O\\~f slllll'l,\' ¡, llo.LI tiH'III"<-<'>• \'hlllrn] <'ljiLÍ]IIIh'lll ¡, lnol 

li.!lmt•ll, ,,. t:~Lo•ll '""uf _.,·n·i<'l', d<Lri11~ "'""'''"'·") olip• 
01 l'<•lla¡:;o•l.o.-P< Í11 11"· 1nai11 1'""''' •nloply_ l11 ,,.¡,¡.,¡,,,, 1lol' 
<llJI(('' 1\ hi1·l1 '<ll!l<'iÍIIu'>' ~o·l i1111o tiH· llOaÍII 1 .0\l<'l' dÍ•Il'ihu· 

liull '"'"""' "'"] it; rnajul' ''""'I'"IH'lll' ,,-,.'~·-¡•1 '"" ,,¡ tl..-
1''"'''-"' , . .,,llr<>l ~-I¡LiiP""'"' 

,-\, piKnl• nl'<' do·-·i~ll<'ll 11hit·h illl<·;;rall' .llll••lll:tiÍ"I' :ou.! 
pbnt <h·-igll 1<ogr1 ho•r '"""' o·an·hdl) ,,,.] i 1 1ehul1· :olll """'' .,. 
, 1 arl -u p '""' • ¡, 111 1 1 "" 11 <o[ __,.¡,., 1 1~ 1 1 "'" iun ' 1 ,f tlw 1 '' • <t• ., •. 

1 he i-..oht ¡•J ri1IO·I h1<"1gh J'IJ\~<·r '"l'l'h· ''""""1'1 ¡, 1"\lo·n.l.,l 
lo .-.! .. o Í11th11h• ]"'""' '" ,¡,. ,...J:,;- ,.,,,.¡.,,llin~ tlw ""''"' 
,-.,uln>l l'o·ult•,., tlll'm .... -lw<. T¡,j, 1:,,-, a¡.,,,¡, f.,r r:opiol n•· 

.•1 a rt .,¡ .-rit ienl¡ "''' i1m> <>f 1 ht• ¡on '"'"-' f, ,11"" i11~ "'"'1"'' :.1 ;· 
,)n!<d"'"" due '"a ;lmtl·knn In---,¡,.,¡,,.~,.¡,. ll1<• 111:1Ítl 

pb1o1 1"""'' •;•l<·m. 
lu "'""' Ílo;la<lle; ¡¡,,. rid•·-lh'""ll-1' 1"""'' •ll]•pl;- 1><" 

,.,,,,., ¡.,,1,·•; '"PI"'"''"¡.,,,.,,. 1 ... ,;.,.¡, ,.¡ ¡,,,, :, '" :;¡1 
111111 Íll !11<1<-1' l•o ¡n-I,OÍI •l:tllt]lo_\' :ot"ih:ol'_\- !)¡,,_,,¡ <'II~ÍII<' 
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U 1 O, Tk" •" ""'' <•' "1"""" "1''•1""" "'1'1..- .. 1 .. ,-,,11 ....... '"" 

·¡·¡.,, ll11o·o· ,.,¡,.;,.,tllj<<llf·r-loa•o'tl llllluru:tll<"l '·'·'''''"' 
'''""" i1• j'¡~-- Hl-1~ ""' ¡,, '·"' ,,¡,d.,.rnrtalt·•""l''"ili"" 
,,.,¡,.,1, for lrlu ,,,¡,-,.], aud ¡,,.. <'\l<'l"lo·d <ll~tl:d ,.,.. 
pahili t_v (i nchr• 1 ¡,1-\ w r.o·rie 1 l PC -.ofl '"" <·}. f:ao·h ') •1 , . .., l~:.-
1 1 "' f" lluwi11 g ,., '" 1 " ol '·• ¡ ui ¡om wl :11 11 1 "J-<' r a 1 iuna 1 f <·:o t 11 ,. •• : 
¡].,.,- ar~ all Luilt al'""'"l :o ,;,¡,.,.,II'IJier ') •l•·m ,¡)o,,,¡. 
"":, . .,,,¡ ,,,.,,¡,,,.¡ lilmor_,. !'"'~""'"' tlt•.ignr·d '" ,,.,., 
1'' "''''" < <>111 rnl• • ·< 1 "¡ f• 'llleJI1 '; .. -,.,,,., •l• 1" ,,.,.,, 1 h ri•IIJ;h '" 11 • 
1""" ¡,. cuJilrul ,¡,.,.¡"''" l.l'pLc:olly "" 1lit• C'Ol'; ,.,,..¡, 111ili"'' 
"'"""'" reli;,h]e ,¡,.,.¡,.,., fur illl>•rfae<' 11i1lo "IH'ralo¡r ,.¡.¡,.,~ 

'·'~" ,¡ npewl 11r', t'UII---<olc plu• 1.'1"'' ¡.,, t<•11lloi11at'l<"' 
"i"'r:ll<>r's lo¡( ,..,,¡ ubrm l<>g; <·:och Í• " ""'OI•l•·h• :o1ul 
;,,1,-pt•udo•ut '·"''''"i o·.odo i-1'""''"''1 frum :o liolc·-tl"""~h 
1 '"'"'' -uppl)'; :nul o·:t<·lo ,.,,, t<IIOtllll\1 io-:.1 <' "Íl h "' ¡,,., ",¡,;. 
''''"l"llo·t-b;;.-.¡·d ·'·'''''"'' hc·hm)(ill~ In "' """ r,.,,.;¡y 
'" "l'l""l''iale. 

'l'lot· raw mix >.<>klll •homn iu Fig. 10 i••clnoit'' "" .'\·1".' 
'"'·'""'' f,r rlt·IM·ut,l ,,.,.]\_,¡_, of thc .-~w nli\ -llt·:om 
""";,¡,._ Thc ftltlrtiuu:ol eonln>l jlt<l\'idrd b¡ llw ¡m•
,.,~¡,.,.,.,cd ,.,rtwarr \<Jll wlllrul l!p lo ,;, """ m"'''l'i<ol 
¡,.,.,¡,.,.,, ,.,rreding ¡,.,.,¡,., ,.,.,, ''" IU·«·.-ar-,· '" maint:<i" 
11," """'PI•• nnulJ·•i. ni 11«• 1"''1'''' ,-¡,..,,¡tal ''""'l''''itiu". 
The ,,.,,,."' 11·ill ,.¡,., <'ollll'"l 11p In l\1" II<Hl\ug•"iZt•r:< lo lw 
lo.ol ,.¡,· '" ,,.,,¡,,,.,, ¡¡¡¡,.,¡ ¡.,, :o -¡~,-ifrr o·hrmiral ''""')""¡. 
1in11 h) adju;li"g !],- thenoir:d romJII<,itiml hohl ¡a>inl f<>r 
1 ]1,. '"" mi~ '''"'"", A d""ni-t', lng wil h J••per t copr pomelo 
,11 ,] rt•,,ler for d11m1 ,¡,~ ,,.,]1, .,,.¡;,.g J ""lO"""'' :m· ¡.,,. ludo·<l, 
ao< ¡_, IIH· c·apadl) f,., \':olioot• l'll•lotll opliun;, 

'l'hc kiln-rollllOI;_,._,,, . .,, ,¡,"'"' ;., Fi~. 11 l'""itlt•.• 1111' 
¡,.,_,"' fuuctim" ,.¡ ""'¡""'"'"'~ 't:oble kilu "l"'l'alinn 
lhruu~), P""l·•·r ,.., 1 iug '""1 ,,ljH-1 meul <>f 1 he ¡>rÍIHar) kilr1 
•·miahlc, •IIth "' ¡,.,.,¡ r:olr>, .-¡oeo•<l, lu~l Ao11·, :mol air·lt•· 
fLlel ral io. Cunh•r l(ral o·r a 11rl ~·" fioll ni r a!'!l r"''' ,,u,.,¡ '" 
·'i'l""l"iale lo¡¡,.. 1,\'jl<' ,¡ oliu~.-¡ tt"ole1 ""'(], 'j'],. ')'~' '" 

]"" lhe ta¡dolhl\ oof lu•i11g ahle lo t(llolrul IIH• \'"'"'"' 
1.1 1"'" ,¡ kiln-e<,,l;., ''""']¡iu:~li<"'·'• ,¡,-_r ,,¡] 11<'1 ¡,.,.,¡, 11Ítlo 
,.,.,¡ 11illmul ¡on•l., :oler. ¡.;¡¡, ¡wrlormouoct• 1"~ ¡, iuo-l\lOio•ol, 
.o<;, the '"l'"cil.\ fur , .. .,¡.,,, m-1""' "JliÍUII>. 
Tb~ _,,·,tenl f,.t ,.,,,.,J,.,¡ di~it.tl •·np.oloilit.• 1.,,,,;,¡,._ ¡¡,. 

' . ., , •. ,.;, _,: f "' ~· 1 ,., ,¡,.,. '1 :¡(" ""' jllhil ¡,."' ¡, ,,. ''" '""'" i' lg ",.,¡ 
,.¡,,.,.,;,,¡::, ,,.,¡ fcol' olail_l ,.,.,,.¡,,¡¡,.,. •nmrn:or), '""1 "''"'1' 
l•·gg'"l: fou,cliu"-"i '""1 t'<Hnloilltd 11ill1 lhc ,.,,,.,.,¡,.,. tl:ol.t 
'"-'!"Í>iliuH c:op:o< it.\' i; ti"• ,.,-,;].,loolity uf lli¡C _,,¡¡"""' 
¡.,, ,¡ i¡;il.ol ''-'"'mi nf auy ,,, :oll¡or••''·" ¡," •v•- 1'he ,.., ¡~,¡,¡, 
f,., 1),. DDC l""c''"-' l<••p• ar~ ""'"'·'11.1' -'-"1 al tbe upPta
'"''' l'idt•o-lype < """'1<•, al1 ¡,,.,gh '"1~·1-l'i-.<Jt)' oun11 ,.1, nf 
!lo<>><' "'' puiul> ¡,..,, .LIL<•Iloer liiÍili<·•olllpUio•r ·')''''"' 
1,, 11 ¡¡,- ,,.,.,¡,,., ¡, "'"' ,,.,¡¡,¡,, (Fi~. 1~)-

lrt udtlitiuiJ lo IIOL• l•ll'l'inll<l\' ,¡,.,,.,.¡¡.,.,¡ <'<JilÍjOlnWI ""'] 
"l•·rnlioonal f,•;olllrt••, lhr ,.,,.,.,.,.f,¡l llrÍIIiC<•tll¡o<llt•r-h.L't'd 
'"ll,.>n:oliom S)->1<·11111""' t·uulillllt '" in.-luole tho f11ll o<om
pluno•nl uf •11 Ul)t:<Hi,,,,;,.,,] lo;otkiltg by l"'tlr "'-'''" u1ool 
<l!J']'Iit•r, iur·lutlin~ ,,,,.,.,.,.,.,,, lr.ti.,iHg, '""1 CnllHOIÍI1W'tl1 
1"' tlu• ll·!'t, ,,,¡ i01dLtoli11g ,.d,·qunlt• iu,oall.t!t .. <J H:o~l-llp 

,:.Í•I:cme, :.l•d f,.lloll-"" -o·nire nl',oil,,lrilily In lile •UJ'· 
1,¡¡,.,_ Tloe ,,¡,,¡,.,.lllllll1<-r-lo,···d '·'''''" ''"" ¡, ·1111pl)· "" 
•·<lt·11-iu11 of llo<• i.dhl ""'''"'·''¡,,, ¡,.,¡,,,.¡,,¡:_,· 1" ""'''1 ¡¡,. 

,., .,1\-;,~ '"''.,¡,, ,f 1 h•- ,.,.,,..,' i ,,¡,,, r-' .. \ 11 , ,¡ ti,.. r'" ,,¡,,,., · 
'"' "''l"i"'""'"'' ¡,, ""''"''" '"11 ''"'' ·""1 '""'' ''"""""'' 
'" ,,. ""'' ¡,,-,LJ,.,., .. ,¡,,¡ '""""'"';,,, '"" _,,_ 

44 
\\'o· "'"·'' ,.,,,t¡,,.¡,. 1 1,. f,ll, '" ;,,g_ 
]) 'fht• <'t'llll'lll pl.11ol ""lwl '""1 ¡,¡_, lo'jii'•'"'"''"Ín· 

lo.ll'<' anoil.olrl<• ,.,.,., ""h·1' ,¡,,¡,.,.,!loan¡.,¡,.,. a• '" lln
,¡4,._, ,.,.¡ ra1r:rloili1 ;, .. ,¡ "'"'''" '' ¡,. 1'""'-- ,.,.,,, ,..,¡ '·' ,,,.,. 
1d1ich the\' c·:<n ··<uw•li1Í<·.oll< ""'· 

~) Thi·· lonooulo·uiug ,¡ 11;,. 1.,,,,. ¡.,, 1'"~''''' '"'luiH"Iit· 
,.,,,,,0] tllllll'lllt't• tu,.¡.,;,.,.¡.,,],. 11,. ln;,.;,.,.,,l"'"'''• ... 1,
'l""lely '"l'l·••ri•J h_1· ,¡,.,..¡,.1'<1 ,,.¡,,,,,. "'"1 ¡,,,,.,¡,,.,. 
1,,-,¡ 11 "''· 11\<':tl" rh.ol "'·"'.' , IÍ•I i11g ¡ol""'' ''"" 1"" ,. aLJI••
'"·'1"'" "1'1'¡¡,.,¡ 1« ,¡ ¡,.,,¡ 1"'''¡,,, ••f11wir 1"'''''"' >~ludt 
"'" \' n n 1 b l't' he >'ll ' o' 1'\ · ,., ., "" m io' :o 1 !ti 11 "' rl " , 

:l} -~deo¡U:ll~ j><'<Jplo• f:o<l<•l' iLorl11dit1g "1'1'"-'I>''Íah· joh 
~~~-i¡;;nm<"lll> of Ullt'r;olillg ~~-<..,•l!HPI "'"lllu•ir '"i"'"'i-Í<OII. 
rombiued 11ith g<~od ;,;,¡~¡ all<l ,.,,,,¡,.,,.rllnoillill~ ll'lllolill 
vital f<rr •\\cto·>.< 1 n ll<ll Llllllll ¡,. ,., ''" mi. 

~) 11ot• f""'ibilllil'' orf """lif.1 i11g lo.r<l<' ¡olalll ,1,--i)(U ¡,, 
""" pbnl> (o lo<•ll<'t .llhpl '" illt' l"'"lhihli<·,,,¡ ""'''."'"1;,. 
prooCO"-" o<mlrol "'" <'>eiling. Tht•y b)' a b,,_,¡, f,r ·•~Lodo
,.anlly ch:ougin~ fm lho• bell1·r ,,,,.¡ pl:ml Íll\'<'-''""'"1 ;11ul 
'oper~l ing 1'" ofol :Jloilit ,- _ 

:1) "-"""''"-'in :oohirYiug alll••""'lic 1''""""' """"''¡ 1- nol 
,, 11 an·ioh-111. Suct<'"' ;, IJ<'el o 1<''1~1" ·ti· Íll fmm 11..- 1 "·gi~o 11 in~
T" he "''"il«'<l, ilj1li<O<i¡"dl,l ;,,..¡,,.¡,., """''' ;.,,.,.h,,,,.,, 
f11om lh• lu·gimoiug ,.,,.¡ tliel't·.ofh•r ¡ohl' lw.ll')' '''l'l'li,-1 
ion ulrcmt·lll lwm 1 he ¡,..~;,.,¡,.~ 1 1111 1 "l"'!in~ ,,{)' a> "1"''"
liut> oll eolllrtol Jlr<OC<'t·tl•. 

li} Pri1wi¡ml ,...._.,..,.¡¡,.¡ ingroolio·1JI' f,.r >\lOo!',.. \lith 1lw 
l)]>ÍCal ,,..,.,.,,¡ahilil)' hor ,.,,.¡, lo:ll'l' """ 1,..,.,. ;,¡,.,¡¡¡¡,.,¡ 
f<rt <Hll!llll~lj, jOIUl'<'"-' ('"llil'"j >_l'<l<'ln.< ;, O't'lll\'111 lll.olo\\
f:o!'llllillg pl:o111>. T)'J'Íl'al ,.,.,,,,.,,¡,. lot.,dot> ,¡,.,;,.,.,¡ ¡,,.,, 
""·n·~·fnl nultr<Ollllic 1"'"''''" ,.,,,,,,.¡ b_v di~i1al <''""Pula 
i " ,¡,¡] l. , 1 io u 1 "" ·• "l-.. o kr11 i<l ,. " 1 i fi ,.,¡_ 

ll] Cu"'l"''''' ]'.,.,. '""i"'.''"'"• "~,,,..¡,..,,.;] ,.¡ l''"''- "''""J , .. ,,,.,,,.," r,, ll ... -,..,.,.,, ;,,¡,,,,,, .. 1..,.,.,1,.,¡ "' '"' ''"!'' 
l!CJ-.1·; (;,.,,.,, ¡,,¡,_,,, ']',., '""' ,.¡ (',,, "'''"'"• T'"''""'· Uro<. r.,.,,J,, ~~ .. - l-1-1·, 

1~1 Ji r:. ¡;,.,,:"'"'J. 11, 11 .... --,<,.,.,.,. P""' o(,,., .. , .... '.".'"i""" ,.,;,,",1 •1 c.r,r,.,.,,, r-.. ,,_.,. .. 1 ,., . .,,,.,,, ('.,,,.,,,,r," 1 n 1-." T ~w-. 
r.w a,.,_ .1 ppl., , .. ,_ 1< :kG, ~.- 1 ... o,.,_ ,~;o, ~~·- • ;~ _,,,, 

1:¡) S. ir. H. Opio-, "lli"'' .to,io.ol '""'"'1-• ,,_,,¡ •.<>'"" -•1• 

l
orun<h," wo;; u:t:t• ('von·. /!-'. , _ 

l<l !. Et<~~o-•, "!>•-·••" '""' """'''"'"" ,,¡ '"''"""'_,¡ ""!""~' 1 ''' 1 

"'""'"' pj.,., 1•," !I.'J'lc' '/'"""· 1 ,.,¡, (!,.,, .1 n-1 , -..1. 1< i \-.o, :\ "" 
1),.,. IH(I\J 1'1' ,-,~-·--·" ' 

1-11 .\1. 1<. 11 .. ;11,.,1, 11 L Loppi11, ,., .. ¡ 1: ~ 1·. ilido, ".l¡•pl)• ;""'" 
,¡ ,¡;~itnl '""''"""' '""''"' '" '"·" ,,.,,..,, ,,,.,.,r,., ''·"":• ,.,,_ 
,.. •' , .... ,.,.,.,,., "'" 1%, 1•·'-~'-'"'".'"" ·'"'"'""'" ( ""''"' 
;,, );,. .... t\ ,,,.,.,, ... ~t c.,,.,,.,.,,.¡ ¡,.¡,.,;,,, ,,.,_,.1., 1<··'""""· 
,..,. .. ~-11 1 1 

161 J 1\'o.--lon.h oud ¡;_ ~- !'"""'• "A'"""""'-~""\'·~"":".''. 
.,;,., • ., ''"'""' ;,¡ .,,.r,.,, ,.,. .• .,¡ 1'.,¡ • .,;,,.,¡ '"""'·'· 1/.H. 
r.;; ... ¡,.¡_o ••. lrp!' .... 1<1.~---. :->nv.'lle<. ,..,~ •• 1'1' ;;:¡-

;;, ' • ,. ,. 1 ' 
ji] ]'_ Lolo.-l, A,<;,._,,"'"' 1!. 1:. 1 """"""•" ''"'1'"1<'< < "'' '"" "' 

,,.,,,,)' ,,,,,,.,;,,, .. .-- /.',~! ¡•,,.,¡,.,¡., \¡,, 1>11;7_ ' -
1 ,, " 1 ,.,.; ... , """ ,, ,,,_, ;,. ",.,¡ .,, ... ,.~ •• ~ '' .......... ,,, "'''' ,. ' '""1 ""'"' 

.. ,,.,,,;,,.,." .\lh-..... ~ .. ,.,,,,,,., (', ,.,,.,,, .. r:.~l r ,.,.,,,._ ,,,_ 
1'067. 



.......... ,,.,¡_, ,, '""""" "' '' ~·" '''·"'' 1 '. ' ;_) ,,,., 

i''l 1! 1> lk.l"""'' ·""'J. IL 1',,11.,.,, ·-¡,.,.,.,,.,,,,¡,.< '""''"' 
pi.""¡,.,,¡,~",¡"'"''"'"'' "'"""1." /S.\)_, ),',.,-, I'Jo;:: 

[t'"i 1·: ,\_ t:_ lloolo, 'l'o'"'-"' -"'"""·"''" 1',,-,,-· P"-""'"' ·" \1, 
1 ,,.;,-, 11 1 :1-: {',.,., . .,, ¡,,,¡.,_ "' '\ ,., ¡,.,¡, .o\ ( ·.,.,¡,., ""' e·, .\11•·"1"~". 
l'.o, \1,,-1'-1 1, 11011 1.1!, """"~- \\' ,,_ \(,,,1 .... , '"''"· 1 1'1 .. 11•1•", .. ~, .. ,; ... ,, "" "1 

~;,¡, "''""'1'"1'' '""""' -.••1"'" .. ~'""''"'''''·" 11 .. - ,., .. 1 11·.1·'1· 
("""""' 11"'""''-~ ·¡,.,,,,, <1 (; .. .,¡"''"''"· ¡•,..,.,¡,.,,o, c,.r,r. 
_\¡.c. 11~17. 

[l.<] J.~ •• ;, .. ¡;, ... , ... "1""""1'"'"''''"" ,,,,¡ ......... ¡ '"' ,,.¡.,,,,¡"¡ 
.,,;,.,.,,,¡, '''"""'" ""1 lnlo"o,'' (.',..,, 11i"'"~ _l/ol, /lu/1, J.,(¡ 
,.,¡¡-, 

1111 J. 1:. ¡¡,.,,.~ •o .. l \\- 11 -"'"'""• "-'l•l'li,-_,.;.,,. .,¡" ,¡;";"'¡ .,..,.. 
1"''"' '" lho ·~·""'"l·ln>''"K ["'~..._,.," t}:t:f: 1'roH•. l••'· 
t:lu1.-oo. r,.u_ /~,J,r.,m .. ,.,¡, 11.('1-<-<, .lpr. t%H, pp ~-·•-

JI 1[ {;_J. 1 )Ío•l and 11, ( i. ~' hl."" h. l.ou "" ,¡,., o linko•t <>••let "i"'t,O • 
"'"'"•" P""""'"' "' th• :trJ \wo". C""'""' ¡,.loblr) 01"-~•· 
,¡ .. .,, "'"'''""• ('h ........ 111 .. :-; ... _1b-~'- 1!061_ 

.. ' 

(,' \·, 

\ 
. / 
L 

E. H_ G.l<otn,r,Jr., "''" ¡,,,., ¡, .\[,hllt•, _\.1,,, üH .\p"l 'ili, 11r2:,_ He rt'tt'i\o'<l tlw IL~ ,¡,.~"''' iu 
,.¡,., 1 1 ¡, .. o r ,. ,~; ,,.,., ;,~ r, ""' ll ""'' u"; ,.,.,.,1 ,_, , D•"l'-1 '" ".e., ", .. r h"- ''"K"~··· 1 ;, ""''~~ ,,.¡ 11.1 1 ,. 
\\ "' k "t t he !' "" ""it¡ of l'itt,bur~lo, l'i lt<Lott ~h, 1 'u., ,.,,.¡ the Vio~¡,.¡,_ 1 '"1; to·o·h "¡,. 1 "'' d U 1 o•, 
1u .••. , .t .. ,q; . 

11,. ¡,,., bee11 "-i<h <ho 1\'o·.rio,~holl"' t:lo~<tie Corpordtion, <h< Elh .. ll l'utotl'""l'· un<l u,.. 
l'llt•l,..,~¡, !'hoto Clo-., Conop<~n¡. llo i•>ineolthe Goto<·rnl El•oorit· f'o<ltpony ¡., 19!;1 ,..,,¡ ¡, 
1" ' .• ,., t 1\- ·""''"¡"' S.o lo, und . lpp ¡;,.,, ''"" ¡;,.~¡,.,., ,, t ,,,;, ,\{, oub' t ,,¡,.K ""'¡ l'l'""'·" . '"'""'''. 
11"" lll;;,,.,, 1\'e.l T.ynll, ,\{ , .. _ 1[., i-1 el¡wde.,cetl in the """'"""'"" ,,.,,..,,.., •• ,.¡ ;,.,¡"'";,¡ 
d1 io ,,, ,11 "1 1,.,,..,,,,,,, ¡, lh", o·ml'lo1, ;leo•l, o\lld gl,,,, ¡.,,¡"''' "''· 

My1on R. Hudbut (~·o.; .\1'.'>'1 ""-' !,,.,. ;,. Kl""""h ]-',; .. , (),.·~ .• "" :'e¡•tetnbo·1· 2, itl;J,, !le 
... ,.,.¡, ,.,¡ ,¡,. 1 \ ~ . .r,-~, ,., ;, ,¡,., ... ;, . .,1 ,, ,.~¡,.,.,., i "~ r""" 0 ,.. ~"" ~ .... ,. 1: ,;, •• ,¡, ,-, Cur,·alb, ;., 

lk ¡,.;,.,~lllh· Gotu·ral Elt•t•lfit· Cuou¡oahy upu" ~<ntlo.oliuiO :u,;l """'I'I<•O<d lheir .\olo-~otce<l 
i :.,~"·'"'"i"g l'ru~r.o 101 in 1%1 . ,\hor " y~ar '" Supt•"·j,._,, .,¡ 1 ho· _\oh-oto<·t'<! Engiuet·dn, l'rQ

""""· ¡,.. -¡ .. ·ur ¡,.,, )'''"'' ~"L~in~ in ''"'"i"Ll~ri<etlpatio•tot "'""''"''"~ '" ¡>oort of lhe uu~lic"l 
,.¡,., . ., "'' ¡, ' wurl- a t ¡1,.. '1: • H") llt•¡on 1 t ""'"' i" ~loloi'Mikn•, \\ ;,, ~ i~o<·e 196ti he hai 1\'uth-t\ i lo 

,.,.,.,,.", 1 ,;,," L ·""" 1"" 11"", ~ ,.,, 11 i1 lo t lw 1 'ro• ,., C""'l ,,¡..' ]l,·p.<i 1 1"''" t, 1 'lwoni '• .\ri<-, "'"' 
1"'-"'"'" ni\lt llco· _\[,.,,,r_,,.¡oiiLto~ ,,,.¡ !',-,"''''' .\uo'"l•-•11"" )¡,,¡_,.,;,.g ll'l'"''""'"'• \\',.,, 
¡_, "" .\1 o·•. !lo- ¡,,., ¡.,.,., ·"' .mi• ,, 1 t h.,.,· 1'·-' tcOL '' fo11 "'"" 11 \ ~ iln o·on <• ,.¡ >); ''""· 

_\lo llurll"n ¡,.o ,,. . .,,¡,..,. ,¡ l'hi !;,,1'1'·' l'loi, T:t<< 11.-ta 1'1, f:t.o Ka¡1pa :\'<1, ,,,.¡ 1'< ~!11 

f 1 .. ;¡,.,, ..... r ¡, ,, ll··~i-"·"~r ¡o,.,r, ... i .. .,,r 1 :""''"'"' ¡, rr ... -~'-'' ,. ,¡ o¡,;.,, 

' . 
' 

/ 

... ,. ... '"" 
. ·.--:_;~: 

~· . 

-· -,__:. 

/ ""-( 

Ed w ord A. E. Rich (.\ 1 'a~-~ \1 · -l.i 1 " "' Loo· u i" ~.Lit L.okt• ( 'it¡ , \-"'h. i" 1 U Hi. 1 lo L·oco•iwd 11 ,. . 
11.~- ,¡,,~"'" ¡., ri•••·H it·.tl , . .,~¡,.,.,., ¡,~ """" tb< l-,,,-er,i\¡ u( l't"lo, .~alt 1 ,¡_,.('o(\, iu 19:L;. 

1!" ¡.,,_ ),,,.,. l'ilh tbo• ¡;, . .,,.,,¡ Elecltic Con•p•nr •in<·e 19:!7. !le '1"'"' '""Y'·'" ito '""¡,.,, 
h··< olo·p.Lrlu,·nt •--iJ:"""'"' • .ond <i~h t ¡ """ •• a tlo•isn« of -)'".-lormuou_, m~eloi"""· ! 11 19 1; 
loe¡.,;.,.,¡ thc lwi•Ho¡ ~_,¡, .. _,,,¡ ¡.:,.~¡,.,.,;,.g Opor:olitJ" ~d .. ·m·el,,[¡·, X. '(_, atJt! ¡, "'"' 
¡ .. ;,,.-1 1,,.11)' ;,.,-,.1\,•d ¡, c,,,,..,,,r l:lo•etrie', eugiu,,.,¡.,l( ,..,,¡ ._,¡,, n·l.ui""' ,.[th <ho· ~!.1" ,.,,,¡ 
,.,.,,. . .,, ¡,.,¡.,,,..¡,., ¡¡,. 1• ,¡,.. ·'"1'"'' ,,r """"''""' ¡ 1-:r-:1-: ,.,.¡ ,.,¡,.,. ,,.,¡,,¡o·.d 1'"1"''" p« .. , . .,,,.,¡ ;, 
th.- u,;,,.,r ~'"'', ,., .. r ;,,.,,. . .,.,,,,.;, .• 

~Ir. lt1.-l1 ,.,-, d "' ~ •. ,., ""' ul ,¡,,. C'""'oollwlot<ll)' l'""""ioto·o· .,¡ Ll,.. IEEE lli.l (;,.,,,, 
¡.,, ,.¡,.,, ... )'<'"'' .... .r" "'' -· .. ol¡ t:¡,,¡,"'"" ,.¡<he c .... trul 1\'.,,,;,.g (;,,,,1' uf lhe cr •••• llo
tht.l" ¡·.,,.,,¡.,,., .. ~ .... -,. l'l<i<i lw 1o~, -co.,.J -'• \'ttc e¡,,¡,.,,,.,, l'o¡o•-•-·, nf thc Toduoio·al 
1 !¡ ... r.;t ""' J),'l'"' '"'""' .. r ,r,.. l!; .1 r;'""i'· 1 ¡,_, a~" "'"'"! a- ,\lt•tn loo·r•.U· ¡_,,~,- ul 1 he Gr""l • 
,Id['.,,., ltt 1!1¡-11 llo· ,..,,.¡""1 tlH• \'Jio0\ l>i<<i"gui•lteol Sen-in··"'"',¡.,¡ tlw Co'lll<'tol I<L<hhlr.' 
{ ',' 1" ,,.;¡ ,,.,., 



:JNili~~N<Oh"U ''-''"''"'-' 

-uo ow¡no¡ro """ ,;n,dwoel ·'4.L ·¡uomoll!'"''"' J0J -<¡ 
-Jo¡n~OJ pOJrdOJd "'1 Ul";) s~¡q•!m~ ~U!U!PP·-<I!Irnb J<> 
"""'!n• pu• su•ow puo 'I""J poo~pOJd J>d ""!ldmn< 
·Uoo JlG\1 '"'1~J UOj\O!>pOJd ·sop~J\1 J~d•d \UOJ>!I!P 
JOj ~J)\llU~J"d UO!l~J~!I~O pu• SO!l<!J>10CJ1!40 
U!>)\~J<\!1"' JIOuo¡uou 'o¡dmn.o JOJ 'JO S!S~¡<UO >>Id 
·WO;) (1411!4 SWJOjlod pun S>JG~!l"' g~!U!J>p·.\\ll~nil 
JO S\UOUJ>J!>SPOW <>hj>OOJ JO)!>dWOO >4.1 "SWOI'·'•qn< 
~UilPJodn ~"o'"" <UO!I'"'"lU! JO IOJ1""' P"~''"!l"'IJ"' 
OJOUJ '1~11<>1'1\ ÁlliV.nb PI>JlOJd liU!AOJdll<! JO O<OJJI1d 
>q¡ H>J OUj<¡JOUr J>cl•cl R 01 po!Jddu 04 Ám.u JOJnJu~r>O 
¡r¡!S!I'" ·"oq '""4' ¡ >Jn3!,[ JO weJ:Io•p 10n1q "1.1. 

W3l'll> ¡OHUOO ¡~¡nduoOO aA!JO••>JU\ 

"OJ!>1<!0W [>OJ puc 01"1 

"'"U 1""~ ,;,p Oluonyuo O\ wo¡s.(s "'11 4~"'"41 ~"! 
-~~~rdl'ld 1U~JJ pOJUO.IOJd OJO OJOn>Jd ~UF.] 4"'Y pu• 
>Jn,.,d ""!1 w•ol< JO <I>OJ\> 0~1 'doo¡ 1"""''' "'1' 
JO O~UI'J ~~wr.U.(p >41 Ullji!M "SJ>IJOJ)Uno O!l"UIO>Lid 
gúJOU" 'li"' pO)UO!U>IdWj Áltl'WJOU S! IJOIII'Od OIJI" 
wr.o¡> n¡ >JOSSOJd um;n< lUOJj doo¡ ~"~GP">J oqJ 

"[>>J 041 JO 1U>1UO~ OJOI<!OlU 
>ql pu• \411!>" "'"4 041 JUfl\OSdn WOJJ IÍ~UOI<!< 
·UOl U! U0!1~U8h WJ0\·U04S IU~•>Jd 0\ nqJ!!J <! don¡ 
;ISa P~l"l"'l"~ 041 JO no¡npsn >4L "14~"" S!>rq 
JO vrqp»J ¡[q pou!WJ>I>p S) 1t10Y J:>qy JO 10!'"4"'1 
WJ>\·1JUO[ 01{1 '"MO:><¡jOJ1UOO pool! 0\[~J<)tJ,' 001 IOU 
OJO \JOJJ.> 110!\".Jqj[P.O >IP1S·,(poo¡s 05>41 'J>h>IIO[) 

"""!1"''\!t"" "'""' ·''""' 
·<!SUOl 041 uo ll•cllU! OJ01P.JOdmo¡ puu ><jou ~U!P'"J 

·''""''!'""" .(q P"'""ll" :>q 11!·" 'UO!l!SOcl "'Ir.\ v~\< 
01 dSa p>~•¡no¡ro WOJJ ~o¡o 'doo¡ ~oeqp.»J "4J. 
"-"OU VOl> pu~ -'""""-''"""JO 1lnpoJd oq; "' pou~op 
<! pue '(.1Sa) NIOg ~lO\~ .(lp se ~YI1U>p! <! 1110g 
1"'\U '>[4~1 041 U[ ">'J•• ~lO)S 041 punOJr. [01\UO) 
pop•~IP.O !:q '""Y JOqg >Z!I!'I!1< 01 ¡np<n UOJJO S! 11 

'UO!WWJPJ pun 
'OJniS!OW '1~~!~-" 5!'"4 '" qons 'IÍl!t~nb PnpoJd >41 
Jo¡ suopco~IJods 01 p>1"1"' '>[G"!'H uodn <>IG"!"" 

p>iP[IlÚ!UP.UI JO S]:'-'11•' SI1<>0LJP11rllll." <O]t"IPU! m¡e 
>j4CI O~.l "<doo¡ ['.lJIUOCl ~wqp>.'J ffU]\IIIOJ lOJ SO!\ 
·mqo«od P'OJ!" so1q•!J"' ¡»\r.¡nll!'"'w pun p,Jns•~¡-.¡ 
""'14"!"·' ooueqml<tp ~41 JO "'"'1'!" ~ql WOJJ '"'"1' 
uoo¡c1nJ, '!1ewo1n• IOJ poou """4 ~q.L -~¡qe¡ '!~1 
JO ~pnl< C WOJJ ~u~>p :>q {C\U '"'!IO>fqo [OJWO:) 

-p~xnq OJr. p:thl><qO :;¡q uro 10~1 S>JG"!'"A pur. p:.1;:¡ 
-nd!ur.w IÍII"WJOU "" ~<!JOJSn UP !Íq pop>,Jd S>IGU 
-IJP,I. "I>IG"!""' ¡u;puod.1p ¡o"""" on P"" 'S1nÚU! 
UOilU[OÚ!UTittl 1<1 I01U"G"l\"P wopU!" JOijl!" Oq ÁCUJ 
)eLI\ S>¡q"!'"' 1UO~U>d>pll! IOilliO<S> ~tlllUJI" S~!>ISUO!\ 
·UIOI 0.1!\CII[Onb S>4<![qr.¡SO o.'Jod l .O U oq1 Ull >¡qc¡ ·''ll 

... uaouu! ""!40PW t&ded 

·¡; purc•P11 "! f"'<l!"''"P •r. p>1041~a '"-" •P!llr. "'~' 
uo p>'n •1•p ¡n\U>IU!J-><.h> •4L ·¡; pu• ·~ '[ ·r "SJ01! 
U! SJr.oddr. SW~I\JO~I" U!OlJOO UO JOqlne >41 ¡(q ~10"' 
SM\.10Jd "POJ<O~~n< <! \ "]01! 'JÍ¡¡snpU\ JOÚ>'Ú >41 lOJ 
l!U![>POUI l"'!lOW>qp•uJ 0\ 4~<:0JdJ\l ICJ>"O$ ~ JClo( 

"U'-'! I")UOUIOJÚtU! lll4ll10~] r. p~10~!JS!l[dOS 
>JOW HlJ OIG!SSOd ~· ,{¡!o•de~ JOlndwoo l'"l!li!P 40nm 
se u:>do sdoo~ ~W!I owcs ~41 w pur 'l>nroJd wd¡no 
~41 snold<U! 1Íp0>1~ jo,{ '»[dWO~ 001 10U '! W'ISIÍS 
[OJ\UOO SUtl¡ns~J ~4.1 "S>nbiU4""1 au!¡ndouo> WJ!'3•p 

JO '""od nnJ >41 ~u!Jo¡dwo •t!4·" s¡oJJUO> Jo¡cur. ~"! 
·1<!"' JO >~e¡un•pr. <>~·\ 1r41 UJO\<.{S JOJ)Uill f. ~U! 
·\OOJ)SUOl Jq pOIC!I!U! >q Jcw IW'i<''40S OU\40PW 

-JOdrd OuouJ" '"~!l'"'"u! JO ~111[[>11"4 >•.'1"'11:::1 
·q¡iluom 1~>4< "! uo!'" 

·IJH" P"" \U>IUOO >Jni<!OW Ul 10sdn ur. q1oq osnn> 
lir.w ¡qj'"" mcq "! <>~u•~o 1U>Odi>< :uov¡ "'" <uon 
·>• xoqp•>4 {JOJ!!<UOclWro '"[Un UI>!IIWJOJ 1odr.d 
Oluonguo .lcw soliuo4o ~od• :¡o"""' >Jn1SIOW 1osdn 
hern SlU>Wl<nfpO J>UYOJ '.(llc>~":>d$ ·urd J>q\OUr. 
"! 1osdn ;o sooJnos JOfcw :>q """' S<>lOJd nr.J>hn >41 
JO 1md OUO U! U>1nl OJ! 1e41 SUOI]OC j0J1UOO 'UO!IOUlp 
-1000 q>ns ln041',\\ ·p.1>J vo¡s pu• po>o!• pur. 'J>Üp 
pu" 'xoqp•>4 'l>UUOJ •• <W>J>.\sqn< lptl< JO UO!l 
·CU\PJOOO opnpU) 1SOW [OJ1UOO OU\40PUJ·JOúr.J p009 

·ou¡ '>amseaV\j "NilfjVd ·a ·3 

sau!4::>e1111 Jade¿ !O ¡oJ¡uo~ aii!PeJa¡u¡ 

·wai<A• ¡oJ¡uoo-amlS!O'-" 
f146!aM·S!UQ e 01 pa1¡dde aq üw anb!u~>a1 u6!sap "41 
MO\l sMoq• pue ·uoo1'"'"'"! q>ns ¡uno>~• ow! s~,N ¡e~¡ 
OUI4~0W JOded" lO] W~i'AS ¡OJIUOO e JO U51<0¡:> ~4¡ ·~qll>s 

·•P •l~!llH S!lll ·uo•J~O JOil\JOO 1uopundnpu! 01 pa"n!qns 
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lino Ü•< truc crm;-dircctiun protile; ol, sa¡·, b."'' 
wei¡\hl, b<.>ne-dr¡ "'CÍ~hl, and niOL>lUrc. 

·¡ i1c« and oth<:r "'"11pkx functiuno are routi11el¡ 
pcri"urilled a; ;húV.II in f-igure l, v.hcro thc curnpul"r 
implemcnt> algorithrns to supplement thc an:~lug con
trul of lo""l opcrations. Thi> system incorporJto:; fc.o
Lurc> Ü1a1 are n<.>l gcncrally includcd in papcr· 
mJchinc cantruL 

To illu"'"'" thc mcthuds u;OO, a rclativcly •imple 
')'5teon fur controlling bam weight and moi>tur< ,.¡¡¡ 
nnw b~ di;cussed (l'rgurc 2) 

Thc >Ub>y>1Cnl fc¡r rcilp·llow CUn!rúl OLlO<i"; uf~ 
lluv."l<l<r fccJing a Si&"·d lo un all.liog llo" con· 
trullcr, v.h1ch thcn OlJnipulote> the ;toe\. valvc pu,i
tion. A con>i>tcnc; meter tran;rnit; a ;ignJI to thc 
digital computer_ A program pro,·iJc><-ligital tiltorin~ 
fur diruinating high-frcquco~y nui"" a<>odatcd "''ith 
th< coo>i->tcncy mc.t.uremcnt. After ouisc rcmuval. 
tire pro~rJm c-llculatc; lluw sct-¡m;rll CUtrC>PunJtng 
lo líber fiu"' (<liy ;tod, llo" ur DSF). lmplcmcn'"· 
tiun uf this luo¡1 with .¡ mi<turc of Jnolu~ and cli~it.ol 
h.otdV.'MC pwvidc> a prolitablc bJiancin~ llctw""" dy
nJnoic pcrfuronanc'< and '"'1-

Thc dr,cr-contrul s;stcrn ¡,a con,·entional pnw
m:oric control loop rcgubting thc ''"·'"' prc;•urc in a 
dr"r sec1ion, usu.oll) lhe one dtre,ll) ahe.1d uf !he 
b.J",;¡, ""ight .ond rnni>tu'" »-•nt><r. 

'111' ,upervi><Jr) C<!lllrollcr uti\lle, "''""'"'"''"" 
Df b.,;i; "-<igiLt Otl<l nwi>turc nhl.illh'•i (pref<talol¡) 
al scan11in~ >P"'"I' hct""'" 500 and 1.001! in. pcr 
mio. lhc>< ;p'''h en.obl' the compLJtcr 1u h.11·e bctter 
P'""" infOlmJtiun tu work "ioh in. fur e•Jmplc, 
~~kul.tti~~ cru.s-direction prufi),,_ 

Pr,ce'' idoMi~c.,ion 

'\he objc.;rive ,r p<uce<s identificatinn Í> 1" tktcr"1inc 

P'"""" d)"""'ic' P·""'"'t"r,-a "'"'' ''"1' in ""'. 
muc·ting thc P"'"'"' no.othcm.llic.ol mn<kl if Jfl adc
<jUJIC contr~l system ;, ¡., r<sult. Thc p.<famelcf> ·"" 
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s~,,:,·_·_·_··_'_'·,,·,,.'.o,.¿?-c-[_ W 

e~"'"''"'' •ol.o moto• "'""' 

HG. l. ..lo m.,,..,¡,. "'"'pl' of, combin«< ~,,¡,.~.;¡;hl .. d 
mu;''"'"""'""""' ')~''"• 10• ~·~~ ol d<,.~<d di><<l>•""' In ohl> 
.c<ldo, 

required for bolh 1hc d<'ign and the tunins pha>es 
The procedurc is tu in!roduce small up>eU in the 

manipulated variablts and collect the respunsc data 
in compulcr n>emury. Aftcr a small perluJbatian of 
the stock valvc, for inslance, a vari>lion in stock 
1\ow, con<islcncy, b·•sis ~<cight, and mais1ure .,.¡11 be 
ob<er>ed. Ag:oin," >mall "riation in Mcan1 pre,;ure' 
setpoint wtll cau;e "hangcs in <tcam pressurc, mois
lure, and basi; "cight that are tran;mincd to th 
C<lmputer. Thc ret¡uirc<l parametcrs are nlllaiae<l by 
an:o lysis o f such rc;pon '" data. 

The crilcrion fur " good rnodd is 1hat it proYide 
lhe basis for guud control-s¡.stem tuning. The d~gree 
of needed accuracy of parameler cstimation abo de
pcnds on the lcop ..-nsitivily to dir.crcpancies be· 
tv.cen assumed mudel strUclure wilh paramelcr 
valuc< and nclual proce>' d}·namics. 

In thc applicalinn b.:ing di•cussed, an '"bl""'" 
modcl >tructure can he dcnved frurn rhc wel-cnd 
modcl c~u"liolls <Jf IJccchcr. Ref. l. lgn,riug the 
hcctd bux lime .Cml<lant. the sirnplificd linc~r lntodd 
éc-·clop<.d by Bccdoor is 

.'IBW 

.'1 DSF 
,. - .. ·'c+c.'c'':' 

- no e <,, <+ ,, 
10.herc.l BIV •ba>is wcight change allhc red 

(') 

!'.. DSF -ch"ngc of concentrated pulp no"' to 
papcr m"chinc (galluns dry pulp p<r m in.) 

K, "'S·"" cun•tant 
r -lr"n>putl dclay frum 'lod. vulve lo red 

r, ~.ni,ing tirne constan! in thc wirc pit 
r1 "'lhc frac¡iun of fikr ftow lhJI do« not 

circula¡~ ihrougb thc v.-ire pit (retention) 
J ~ l.aplacian op<rator 

This modd hcing ac-·cplable for lhe "'"1 cnd ui thc 
machine. 1hc dr}ot is ncXI ~onsidercd. Thc n•ture of 
a rcs¡xmse tu a •mall s~ean1-pre,sure chango;, ob
laincd from a h<al·fl~" "naly>i> nf thc drum, Fi¡:11re 

~.,;,.~•'o~• '"'""'"' 
' 

). 1f thc fclt is the <ame \cmperalure a• thc pocket 
air, !he hcal fiow per unit area mJy be modeled a; in 
figure 4. The dri>ing •ignal is thc temperaturc on the 
inner surface of lhe condensatc_ "!ñe sheet is cansid·_ 
ercd as having a wct and a dr}· seclion, 1he lattcr re
si>ling water remo> al The rate of "a ter rcmonl is 

F •. - CU,~ (T,- T~) (2) 

whore C,. reciproca! enthalpy <>f "ater evaporation 
U,~"" he"t cunducti>il)" pcr unir "'"" bel""'" 

the we\ shcel node 
T, • lemper Jtu re of the flbcro in 1he sheet 
T. - lemperature of 1he ""1<1 in !he sheet 

\\'i1h tempcra1ure as thc analog of vol!age, heat 
capacity as the analog of elcctrk capacil)", and beat
tran<fer numbcrs as analogs uf clecl ric cnnducli\"llies, 
thc transfer function for Figure 4 ma~ he "riucn 

F.,.(s) _e~ A 11 

1"0(1") R,(<+AJ(¡+B) '" 

' - u,_ 

u,.+ 
R.,+R .. 

R, - R, + R,. .¡. R, 

R,,. R.,+----'--
u,~+ 

.. incremental (4) 
dr }~r dlicic~cy 

,, 
(6) 

R,.,.-!- R,. 

R,,- 1/U,, 

A. B '"thMactcrislic r~dian frc~uoncie< of thc 
ne110.0rk 

V>hen the shcel is transpon-t<l lhr<>uch thc dr)er 
>cction-all of "hu<e drums .ue J"Uil><d lo hJ>"C :he 



o 
' 

.,,_. ' ' ,, .. ,.., ... ,, . ,, -
•kOI d 

0 "'>""'""' " '"'"? mod<l, Fo~"" • 
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':hcrc "'(/,;lo) •"'<i,>< f ' un , • o water ~cr U"<< ,,,, 
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) ]{;, ' \lool<l lot d.,¡,;, ol • crO>v<oople<l conUoll" 
4....., .1>«1 la 1"'- c"-"""PIU.c ""' '''' te<lo<n 
'Hi•'l• "''""'''" l>ut pmJuc<O o ¡,,.,, 
,;,\ '" '""' "" '""''"". 

(A( 1 ,, 

1 ¡,;, J•• , • .,;;,., •P«J '"""lO< ~,.¡, "'''l•t (A\ •mJ omhMo lll) 
,;,., 1tJ'"'4<nl un lb< ••I•<Of P•""'""' • <>PI•ln...S in ""· 

d~crc""''· ba>is weight and moisture ,.¡11 be ~ffecteJ 
according lo respun>< curve> indic"tcd b;· f and g. 
lJu~ lo pruCe<\ inter"ction, n<>l only Íl <nuiltu<c 
changed but b.O<is weighl i> alw upS<Ot. Ev~otually the 
b,,¡¡ "'eighl algurithm C21 woald rorrcct 1he ba.is 
"''"g111 errur, but thi> nceclk;o up>el is ~v.,iLicJ b¡ 
or'"" 1 Ío>n U r thc decúuplin¡: tdgc>ritiHn S e 12 lHhl e:> 1 

Alguri:hm C~ 1 ,.¡11 ha ve alrc~J;· ><en the moisturc 
error d lh.lt uúurr<'<l "i1h th<- «:lp<!ÍOI ch.on~~. and 
t•lled l'or J >l<>d.·~uw tlccre .. se ir, '1 h•< ha< rc,ul«d 
on a nullif]Ítl~ cll'ccl Orl moioturc ~,.¡ hJ>i> ~ci~ht '" 
indic~teJ b)' >ign.o!. j anJ k. Prop<r sclecrion of :~1· 
g~rillorn Cl2 CJn >imil"rlJ t.>ff><:l Jhe elf~<:l of J b.,,;,. 
wcighl •<tpclint .:h.onge ül1 tltuimtr<. 

¡,, arltlitiun rw inrer.lOLiun.fr~e <Clp~int d\Jnge, ,¡,, 
do,:touri.J c<mtrullcr Jchi~•·e, much r~''"' conoro\ uc· 
ti<>n thon du inJcpcnJct\l b,,;i; wdgln and muislur< 
cuntrulkr>, Figure 11. Using niHm.rli¡ed UllÍI> tn ;.,. 
dicot~ rie>iotiun frum sctp,inl, th~ graph sho"'' n.oi.
rurc r~>run>< Jo an upscl "hcn tbe t"'o c<:mtruller> 
are upplied <dtiHJot dc"oup!ing olgr,.ithms. 1hc 
grotph ""'" be wmpJred with nwi,¡urc "'-P"'"" 111 
Figure IOfl, \!ohCI< much tigiHcr control ¡, t.>bl"in.:J 
"'ith g<><.d ""hilit¡·. 

1 he d<c'JH¡>kd LOnlf<>li<r P'"'""" U!111C>C»-'r) 

--'<Sr=¡-...=-· J ··------:--, 

,,.,, • o ..,,,, 

• t~;i 
~Yr 

1'11:. q, Ul;>lr.<ll•< ""'""'"'P""' """'"' 
lot ''""" of H~"" 8, 
""'-U.g bow di""'b'"'' ol <llb" ><<1"'1•< 
o~l "'"''In •• olf><l ol rbo "'"'...S 

"'""'"·"-' '" ''"' '"'-'""''"" ''""""1 ,h_,,,e~, 

. ., 
• 

' l 

' 

' 

500 1000 IJOO ¡,.,.o, 
... ·- .. -· .. 

FIG. ti, IIO!i"'""' '""" ol rh< ""¡''"" ,;J, of · 

<onlro'l<< ~hl• ,11 ''""""'"f""~ "'""""· ~"" 
o...,m:'"'> ""''"la<,.,¡ • .,''""' uf 

· <b• po,.m«or •. 

' ' ·------·-- - '·---
control actions. Wheo a_cunsistenc)· •ari;ti<.>n cau>es 
~irnultoncous upsel in ba•i< "'cight anJ rnoisiUre, foo 
"'"mplc, the combill~d clfcct t1f the .1lgor11hms in 
Figuro 9 w;n cause a stoá·v•h·e correction, le.1ving 
•tcam pr<>Sure unoffectoJ. 

lt is hllpoJ thJ! this di.cu.sion of" ""mbineJ ba•i, 
WCLght ,LIHI m~islurc·ctlnor"llcr Jc>i~rl IL.1> indi,·ntcd 
how the basic principies ma)' be upplieJ to mu~b 
more<·omple< control syucm>. 
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1~ J 1- lo b-~har"tn ~lph""'-"ll""" >trin~. The ac·· 
counl inform.1tion mJintain~d by the sy~tcm incln<Jcs 
thc Wm:ct P•>'"'Ords ror O~h lJ!C JtH.l IJ!I na>nc. 

You """""¡ ""'" "~'"" to thc >).'>ICIII no1le" )'ou 
typc tl1.' r-•I>W<>rd tltJI ,·orrcspOrllh t" tllc UIC' or 
n.nn~ yuu ll.LIC entacd. 

So thJt )'Onr t'J'owurd rcnuin• pri-.k, thc wstem 
olüc> rlOI pnnt t:>c 'loaractc" you !\)le in rc,ponse 
t<> PASSWOHP:. 

11 ·,,¡u <.!v not know ynt" UIC or pJ>>word, cont.>ct thc sntcm man"~cr, 
or whocvct controls thc U>C of thc >YSicm at your imta!tJUUn. 

Exomplo: 

•H~L (CR> 
ACr.OUNT O~ NI\HE: CHARLES ~CR> 
f'A~S;;OkD: GREY ..:e~.> 

f<S~·l!M f<LI~ MULTI-USE~ ~YSIEII 

~OO!t HORNINO 
~:-MAr-n 11:07 LOGGH• ON T[~II!NAL IT4: 

~Y~T~M >l!l.L lo>; [oUUN ltil'AY HoOM ¡~;00·1~:00 FOk 
C U~ h'l'L' T 1 V( M A 1 N 1 !;!MNC~ 

··H~i. <CR> 
A~COl.INT 011 NAHEt CHML(S •CRJ 
N•S~WD~'!t! .CR,• 

R!U-IIH TollO HULTJ-USEf.. SYSTEN 

til11l:• MO)f<N T N ti 
~~-M{of·/7 L;':l·\ l051if.l• ON rr.~MHmL TT•t 

~'~ ·HAY-77 

Sut'l"''"i"~ ,¡ CCO fiN ( f)ll N ,¡,1/H: l'mm¡!l 
An•>lh~r "'"Y lo >hnrlen the mne 11 lak~, 10 1<>~ '"' ;, lo cnlcr the !!ello 

~o m'"'"'': "!\<l U 1C { ur l;"t n" "'" 1 1>11 1 he '~"'" li nc: 

HCL Z0!/31~ <CR> 
f·r.~;~WD~!I: 

En1enn1; Thc '"'"'""·'"<! 111 '"" 11.1v •"'"'""''"' TITe r~ced rnr tlw pr<>illpl 
,\CCUU.-.: 1' UH :-:A~! E:. 



ú Cort v· rr""fil'"'""c- n..-~ o. r.J ... ~ oS':> ~l 

')~IJtJ o.r.J,:~/ru.~i~ ( 1~f. .... 
1

. 

J ~- ...... ~ 
,. Co'Y•r -4 . .-ee.. \ "'d-... le-~ 

) Ro t.J +o. t-t<>... / Sw i +c.4o 
1 ";> p;y.. S -r !> 

9uJ ;./J. R.sr:: t"'T 
1 

~..~ 
:1(" .J L V " ~ J,.J. ~ 

• e o."' r;.Jo . .,. e~~ .12-"¿f ""-c.: .,.'" \ 1· 
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After li>hn¡: the ~irc~tory. PJP Ji>piJ)"I lis tJsk promp¡ JnU w~its tor 
further in pul. Tu tcrmtnJ!C PI P. typc CTRL/Z in rc"">pon•c 10 the protnpt 

PH":...cr~Lt~: ., 

The PIP d ir e e 10ry 1 i>tin~ in e 1 u de> 1 he 10 llu wi n~ 1Jl (u rrnJ u o n: 

'D 
'D 
D 

The physica! de•ice unit on which thc ,-¡k~ Jre >lored. Jnd the 
UIC t~al owns the ·dircctory. Tlie unil n:uned is your SY:: the 
UJC ;, your currcnt UIC. · 

The o..IJte JnJ time you issueJ thc PJP reque>t. 

The size <>t"Cldt tilo in bl<>cks. A block is 512 bytest ~56 word~l 
h>ng. 

.~/re Files 

;]) The lwer C if thc file is contiguous. that '·'· not •Piit imo 
rnysiLJIIY separJt<d sector! on \he dtok. 

·,-¡'\ 
''-' 

The cumulalive ~ize tn blocks of allthe files lisled and lhe num
ber of blocks a!located for all the files. 

Figure 3-1 :1wgns the leilcf' •n the ah<we liS\ lo the ~pprOPfiJIC parts ofa 
dircctory listín~. 

~DD.O~JI~ 
.,~0.13~: l 
.>PD.HAf·l! 
,;[ID.SIT<It 
.>I•J•.Ffr/11 
,¡,~.15~1] 

·l•D.OBJII 
.;!o(o,JS~I:' 

Dí<0100!•31~J 

1•:•8 

~9. 

¡yf•[ : 

" 

) ·) 
:'!:-~~y-77 

·:o-~Ar-;7 

2s-~~ •- n 
~:";-M~Y-77 
CO-H~Y-}7 

' .::S-M~Y-77 
:'0-MAT-77 

' :.'0-H~I-77 

8.· FILES 

1 FORM~I <' ENTE~ 1\.10 NUH~EFtS- ti,)<"'¡ 
II[LfJ·J :.'o~IL 

: 1 o~-~~~~ '=''~' 
JH[ J.~IL 

~ I{J"M~l l' JH[ SUM 15 '.!51 

14 : 3 1 
l': 3~ 
1 4: J:.' 
14: 3:' 
1s::o6 
14:33 
151:'7 
¡:;::.'8 



PERIPHERAL INTERCHANGE PROORAM 
(PIP) COMMANDS 
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IBL~ 
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·-~·-

_.... ........... ool ___ ... ,.._,., 
filo. ...... _., .. -, ............. - .............. 

ICO. 1«1, Spo<!fioo o ......_,"' -· oo<po< No ··= 
11'0 Filo- ""''"'' "" Ul'tll-•• F_ ... ____ .. Lioo_No .... l 

_.. .............. ...---. 
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-01· """'"'~"""'"' 
~-·-""·-- ... --~ ........... .. ., ................... ,.._ ........... -
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~ ............................ ..... 
Filo-""•""'" ....... Olollf't> --m:o.---
.... lo ... UIC oo1 L1oo -• "- PIJ'. 
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; 

'<CIC•I<ZI '"""""I•I-ol• '"'""""""' 
~·~· .... """"' ....... ,_ ... ~ ...... -"' .... 

~OUTIO~ DA TI """'OICD •IOIIIo 

......... - .................... "" - No ........... "" 

.............. -_ tno• ........ - .. - ........ - .. ........ -

OtfAU<T 1"""-lo.m~Df 

""'- ,._ PIP ....... ·-...... IJ>1l 

DILUI -olll<ri-DI 

~""' OlooiU>Io o...-,.._. ... ,_, I'IP lo la< Lloo filoo ""'"'"' 

'"~<»-O>LI"'"OO!WFI-..-
-·•""•ooi-.Uio_. .. ,.,. u..._ .. _ ... .,...,. 
- ,..,, ... P!P -o lXII' o< .... ,_ ...... ool ... looo -lo ... No 

1 "" ........ '"'"""'""~"" ., 
[""" • .,...,,. b o No io' ""_,. .,,. '"-.. ,,.,.,.. .. ,. --...... _ .................. o~.-,. ....... .- .. ... 
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PILI ID ..................... - ......... 

--<lllo .. '"liJo '"'"""""'"' ........ """' IQ 
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APPENDIX 

SUMMARY OF EXAMPLE PROGRAM 

Th~ folluw111¡: lmm~ i\Ullmanzes the development of the FORTRAN 
prop~m AJ)!.J 3nd \he manipulalion of !he resultan! file1. 

>ff(L <CIP 
ACCOUNI OF< Nll/1[: CHAf<LES <CI<'> 
Ffi55U0f<!o: GHY ~C~. 

R~X-1111 hL16 MU~TJ-USER SYSTE/1 

~001• 1'\0f<NJNf, 
~~-MAT-77 11:07 LOOOEO ON l[RMlNAl TT~; 

SYSHI'I YILL !lE DOIIN TD~AY FR0/1 U:OO-J~:OO fOJ; 
CORI<CCT !VE 111\INTENANC[ 

>[!. A!>[O,fTN <CR.
[C~I AT\NG N[U fiLE) 
l NI Ul 

TYPI: l <tr, 
FO~·MAl <'ENTE~ TloiO NUI'Il<ERS- lhH'l <CR~ 
Af"f'[\Ef'P\CCEPT 2olúL <CTRL/R~ 
ACCH'l ::Ookol <CR• 

~ FOfoHAT t:!::!-,2\J~) (Cfi> 
f'RJNT -u 

'" •f" ,'f'k 
ICX!ll 

rnc J•~+L .;;cF<. 
FORMAl 1' Hl[ SUi'l !S 'tiSI <CR;. 
!<TOf· ~Cil 

!"N!• <CI< 

~f·tr· TJ:•Aron.FTN <CF<) 

' 
' • 

' 

rn-r 1 
FO~MAT 1' EN TER H/0 NUH&ERS - I1•N' 1 
ACC[f'l ;'oK+L 
FO~MAl 1~1~1 
TYrc JoktL 
F0~11AT 1' THE 5U!1 !S 'ol!;l 
STO• 
U/), 

:Et'! Anl•,rJN (CRJ 
IOOOOY LIHES ~EAU IHJ 
r•Ar.E ll 
flO~AI( fHTER <CR~ 

1 fO~~AT (' EHTER HIO NU!'!BERS- !'!oH'I 
•C>IANO(I[NTE~·ITYPE/ (CR> 
1 fDR!'IAT (' TYF'E HIO NU!'!~ERS- !IoN') 
U([Xl <Cf<.• 
H'RJNT <CR;. 

ACCEPT 2oKtL 

A·l 



Summtlr)' of E;xamp/t J'rogram 

flOCAH SUI1 (CR> 
'! FOf<11Al l' lt!E SUH IS 'd~J 
oCH~t.GL/SUII/RESULll <CR;. 

FOF<Ml (' f)([ RESUll IS 'ol~l 

3LOCA1l 1::>1~) <CR~ 

Lo(OI<lJ 
no•· <CR.-
• :CF< . 

TYf'E 1 
aE.XIT <CR> 
{fXITJ 
>E~1 AOP,FTN <CR> 
L00009l llNCS f<EA~ IN 
(1-"AGE 1] 
UNSERT <CR: 
t 11115 PROGf<lillt AfiDS 1110 "NUIIBERS TDGElt!ER <CR> 

..:CR> 
oLOCIIITE NUIII<ERS <CR) 
1 FDf<IIAT (' TYPE 1110 NUIIBERS /toN') 
JI;IIDI• !INPUT f'R011P1 ..:CR• 
lf'RINT (CR• 
1 FORI!Al (' TYPE TWO NUIII\ERS- II•N'JIJNI'Uf PROt!Pl 
OLOCATE REGULT <CR" 
J FOf<IIAT 1' Tt!E RESUl T 15 ',!5! 
OOEl[fE {CR:· 

TYPE JoKtl 
fltlSCf<l ..:tf< 
~ HJF.IIAl (' THE SUII 15 ',)5) 1 OJSPllll RESUl T <CR> 

<Cfi 
llOf' <C¡;, 
•~cr, 
! THIS PROOf<AII 111005 TilO NUIIIIERS TDGETHER 
diETVf"C C 11011 OISPLATS Tt!E SUII DF 1110 NUIIIIERS <CR~ 
JI;LIST ..:e¡,: 
C AllD PISPLATS TliE SUM OF TI/O NUH~ERS 

TYPE 1 
1 FOF<IIAT l' TTPE Tllll NUMI<ERlo • /toN' J !INPUT PRD11PT 

ACCEPT ~ol>ol 
: FOIII'IAT (;!J5J 

TYN: Jo~tl 
:' FOF<HAT (' Tt!E SUI'I lS 'oi5JfPJSPL•T RESULT 

5101-" 
ENL• 

O[XIT <Cf< • 
llt!Tl 
~ro~ AO!O,M•I••A[oJ• <CR> 
•T~I< AU!OoAIJI'•A[oJ••A!Oto 
-~·uN AIU• ..:e~< • 
TYf ( TIIU t!UMIIERS • lloN 
7, J •,C:R' 
Tll[ SUII IS 10 
TTIJ -- STOP 

~f'.UN ~r·n <CR) 
TTI-"C H/0 NUHtoERS - 11•1< 
~·~:'•<'•~[· <Cf; 
TH[ SUI"\ 15 1150 
TTll -- STOI" 

>fiUN ATo!• <CR~ 
lYP( TUO NUH~ERS • 1'\•H 
~olf> <CR> 



. 

IHf SUn IS ::!5 
Tlll --STOP 
)fJO •'CR • 
tlf !L! <CR> 

DI~ECTORY D~Qt[JOloll~J 
Z~·IIAY-77 H t4B 

Af•!O.CI<JI~ '· ~D!o.TS~it ;'9. 
Al• l•. 1'\Af' ¡ l •• 
AD!•.ST~fl '· Al<l•.fTNl 1 L 
AI•I•.TS~i3 ;'9. 
AloJo, O~J¡ l ' . 
Al•I•,TSt,¡~ ;'Y. 

SumnlQry of Examplt Pro¡:rgm 

~5·1'\AY-77 14131 
C ~O·IIAY-77 HlJ;' 

~~-1'\AY-77 1413:.' 
;':.0-IIAY-77 1413;' 
::!O·I'IAY-77 151::!~ 

e ;,>~·nAY-77 14133 
:00•1'\AY-77 151:!7 

C ::!0-MAY-77 15l2B 

TOlAl Of 9Y.nl2, I!LOCI<:S IN 8. fiLES 

f'lf' 
f·)l· .• CTI<l/2' 
;¡·JI' A!oLo •• lfU <:CI';' 
>F"ll' ILI ..:Ch. 

l•lk'ECTO~Y loi<Ol[30loli4J 
:.':.0-MAY-77 14l~b 

A!O[o,(li<Ji:' '· Al•Jo,MIII'll •• 
ADI•.~li•;J ' . 
AI•L•.FHH: •• 
Al1li,TSt;;:> ;'9. 

2!.-IIAY-77 
::O:.O•MAT-77 
;'~·HAY-77 
:.'0-IIAY-77 

' 25-IIA7·77 

TOTAL Of ]9,/49, I<LOCt;S IN 5, fll(S 

'f· lf· Af•lol~O, * 1 ••AIIQ, •1 */RE <;CR.· 
of·JF· ILI ,e~ 

~HECTO~ Y !•!•o:rJOI o314l 
;'~·I'MY-77 lóH3 

M•!•IUO.O~JI~ ' . A!•!•lUO.HM'Il •• 
A!O!OTUO.ST!oll '· A!•!olUO.FTNil •• 
At•l•IUO.TS¡.;lJ ~9. ' 

;'5•11AY·77 
~~-HAY-77 
~5-HAY-77 

~0-HAY-77 
~5-HAY-77 

TOlA~ " 39,./49, ~Loc¡.;s " '· fl~ES 

14 : J) 
1413~ 

1413:! 
151:.'0 
14: JJ 

1 • : J 1 
14: J~ 
14lJ~ 
¡:;:~6 

14133 



f'IP 
____ PIP>Til=*y~~Hi~\N 

ACtfPl 15ol 
l":ó FOfiMATfJ2\ 
¡.~ FOfm¡\ff2);,'/I!W f•l'ilfl CNTC'RO(>'.':I f'i"oF'o", H,HU- '•1' 

CALL JI 
CALL C 
TYf'F :'Ool 

:>0 FOI'.'HAT<:'X•'llt\TO Lf.II•O r:tJ HAIN>' '.I::!) 

--, Erw 
f· I P ~TI :=-B. <TN 

10 

' '. •' 

., ., 

. ' 

SUIIROUTINE I1 
~-ORHATf2Xo'f•AR DAIII ENrrCfWfXXl f·M;,~ f,lJt;.!.<= 'o$l 
TYP!: 10 
ACCEPT 15,J 
FORHATfi~l 
f:t.LL 11 
CALL E 
TYPE :~o,J 
f'I•I·:M,,l C!Xo 'DflTD U:"JJ•O ~-N Sll[l.{<" ', 1:~1 
l;t:·o URN 
ENll 

PIP'>TI!=C.FTN 
Sllfii\OUTINE r. 
TfPf !O 
ACCEPl ~5.¡; 

!~ FORMflTf 1:-!1 
10 f"O""MAT!::!>:.,'!Ir,(j /lf"\'IP UHf"f\OfX)() ~"Afifl ~;[)/l.C"" 'd) 

CALL F 
Ct.l.l G 
T Yf-•E ;>O, 1\ 

::!0 f(lh'M(",f(;~Xo '!>AJO L!:I!I(J [U óilli,.C, '• r:!l 
Rl.TtiRN 
ENT! 

PIF'>TI :=D.FTN 
SUfiROUTINE 1• 
TYF·E ¡O 
f"Of>MATf:•y, '1~/HF'r.l/llfl A !)Ufi.I•' l 
TYF'l. :10 D"> 
FURMATf:>Y.· ·~~¡,Llll'llrl l>C ~¡JI<, 
RETURN 
nw 

1 f:l,fL": F 1 N 
SlJfrROLJl l I!F. F: 
nr·E t o 
F0~"11A 1 ( :''1· 'niTRM'l•fl A ~IJI<, F' l 
rn·r: :-o 

:''J fflRMA!I:'Yo'!O.C.!.JL:rHID [>f" Stl!:,[' l 
f·f:llt~·ll 
[111> 

r·u·: Tl·:~~·.rr,¡ 



PROGRAMMING E~~LES 

1, PROGRAM TO COUNT NEGAT IVE NUM.BERS IN A TABLE 
¡ 20. SIGNED WORDS ' 
¡ BEGIN!IING AT LOC VALUES 
¡ COUNT HOW MAN'l ARE NEGAT IVE IN R,íl 

R.íl"\íf 
Rl•H 
R2.,\2 
SP.,\6 
PCa\ 7 

START: MOV I.,SP 
MOV IVALUES,Rl . 
MOV IVALUES+4,9., R2 
CLR RJJ 

CHECK' TST (Rl)+ 
BPL NEXT 
INC RjJ 

NEXT' CMP Rl, R2 
BNE CHECK 
KALT 

VAl..UES' iJ 
• END START 

; SET UP STACK 
¡ SET UP POINTER 
;SET UP COUNTER 

;TEST NUKBER 
;POSITIVE? 
;NO, INCR.EM.ENT COUNTER 
;'lES, FINlSHED? 
;NO, GO BACK 
;YES, STOP 

II. PROGRAM TO COUNT AllOVE AVERAGE QUIZ SCORES 
;LIST OF 16. QUIZ SCORES 
; BEGINNlliG AT LOC SCORES 
; KNOWN' AVERAGE IN LOe AVRAGE 
;COUNT IN R¡J SCORES _Al!OVE AVERAGE 

R)l•l¡J 
Rl•\1 
R2•\2 
RJ.,\3 
SP,.\6 
Pc•n 

START: MOV f.,SP ;SET UP STACK 
;SET UP COUNTER 
; SET UP POINTER 

CHECK: 

NO: 

AVRAGE: 

SCORES: 

MOV fl6. ,Rl 
MOV ISCORES,R2 
MOV IAVRAGE,R) 
CLR R)l 

CMP (R2)+, (RJ) 

'LE NO 
me ,, 
DEC Pl 
BNE CHECK 
KALT 
65. 

;COMPARE SCORE ANO AVRAGE 
;LESS TI!AN OR EQUAL TO AVRAGE? 
;NO, COUNT 
;YES1 DECREMENT COUNTER 
;FINISHED? NO, CHECK 
;'lES, STOP 

25., 7JI., lilil,, 6JI,, 65., 8)1., e ¡J., 4JL 
55 .• 75 •• l¡JJI •• 65 •• 9jl. • 7)1 .• 65 .• ?)1 . 

. E!lD START A-19 



-·EJERCICIOS DE COMANDOS MCR 

1.- A) Entrar al sistema de tal manera que éste nos reconozca, 

B) Inicializar el dispositivo "DISCO., cuyo nombre físico 
es DKl, con el nombre de PRUEB l. 

C) MOnte el DISCO. cambiando las protecciones de DEFAULT 

D) Crear una UFO en el DISCO con un grupo y un miembro de 
113. 2 resoectivamente. 

E) Reservar 20 bloques par8 el archivo de C!IECi<POINT en el 
DISCO,. 

F) Definir el nombre l6qico Dll al dispositivo físico DISCO 

G) Desplegar en la terminal las asignaciones LOGIN Y LOCAL.ES 

H} Borrar el área que reservamos para el archivo de CHECKPOINT 
en el ~ISCO,, 

I} Borrar las asignaciones ldgicas especificadas como locales 

J} Instalar la tarea PIP que se encuentra en la cuenta 1.54 
con una prioridad de 103 

K) Desplegar en la t ... rminal el estado de la tarea instalada 
PIP y también su descripción general. 

L} Cambiar la prioridad de la tarea PIP, a una prioridad de -
DEFAULT. 

LL)Desplegar en la terminal, informacidn acerca de todas las 
terminales reconocidas por el Sistema. 

M) Terminar anormalmente la tarea PIP TI, si previamente la 
activamos con la siguiente instrucción: 

P!P TI:~ (113,1) CARTOl.LCS 

OONDE TI Es la terminal donde estamos: cuando 
el nnmero de terminal sea menor de 
10 se pondr~ TTn: 

N) Igual que la M pero sin indicarle la tarea que vamos a ter 
minar anormalmente. 

n¡ Desmontar el DISCO. 

O) Concluir la sesión con el sistema 



2,- A} Entrar al sistema, (Sih que nos pregunte ACCOUNT OR NAMEJ 

Bl Inicializar al DISCO. DKl, con un nombre PRUEB 2 y cambian 
do las protEic~iones de DEf'AULT. 

C) Montar el DISCO con una prioridad de DEf'AULT 

D) Crear una UFO en el DISCO con un grupo y un miem~ro de 
lle,3 respectivamente; y cambiando las protecciones de 
OEFAULT, 

El Con qué instrucción se instala, CORRE y REMUEVE la tarea 
EDI que esta en la cuenta ·1,5~ 

f') desplegar en_la terminal los números de unidades lógicas 
asociados a los dispositivos fisicos de la tarea EDI. 

G) Manejar minOsculas en la terminal 

~) Listar velocidades de las terminales y, cambiar la veloci 
dad en la que se est~. 

Il Hacer lo contrario de la G. 

J) Dejar la velocidad como estaba antes de cambiarla 

K) Desplegar todas las terminales que estén LOGON 

L) Si por alguna razón no sirve la terminal 4 y vamos a eje
cutar un programa que hace uso de ella; para no modificar 
el programa, hacemos que use la TTJ ¿Qué comando le ind~ 
camas? 

LL)Para probar lo anterior, en lugar de un programa usaremos 
la siguiente instrucción: 

PIP TT4:z(ll2,6) PRUEBA.LCS 

NOTA: usar los nOmeros du terminales que esten LOGON. 

M) Desmontar el DISCO D..U_. 

O) Crear una UFO con un grupo y un miembro de 113,3, respec
tivamente y con un protección de DEf'AULT, en el DISCO 

P) Mandar el mensaje: "HOLA,MI NOMBRE ES:n a la terminal O 

0) Mandar el menSaJe: "ADIOS, MI NOMBRE ES:" a todas las ter 
minales que esten LOGON 



3. 

R) Desplegar la descripción de cada participación en memoria 
eXistentes en el sistema 

S) Desplegar las tareas activas de todas las terminales. 

"T) correr la tarea PIP que est.:i instalada, (checar que esté 
instalada) después de transcurridos 3 minutos y eJecutar 
la cada 90 segundos (checar el estado de la tarea) -

··U) Igual que la T pero sincronizado a segundos 

V) Desmontar el DISCO OKl 

W) oar por conclu!da la sesión con el sistema 



EVALUAC!ON DE COMANDOS DE MCR 

1.- Tenemos un proceso que debe ser checado cada minuto por 
~ prograMa que hace interfase con los controles que 
afectan al mecanismo de control, 

Escriba el comando 'para que el programa CONTRL corra ca 
da 4 minutos, 

-2.- Tiene usted una cinta cuya etiqueta es 'CINTA' y contie 
ne un archivo aue usar~ su proarama 

¿Qué comando v formato deber~ dar para aue la cinta pue 
da ser utilizada por su programa? 

3.- El programa 'RECORD' es mny utilizado en su instalacl6n 
y quiere usted evitarse el trabajo de instalarlo, cor.l·,r 
lo y removerlo, las veces que se use. 

¿C6mo hace para lograrlo? 

4.- Entra usted por la cuenta (11,27), pero necesita estar 
en la (300, 300). 

¿C6mo le· hace? 

5.- A diez oficinas de usted se encuentra la máquina y el 
operador principal, usted necesita que está montado el 
disco con etiqueta 'PROCESI' en la unidad 2. 

Notifiquelo desde su terminal al operador. 

6.- Si se ha realizado la sig. secuencia de comandos: 

INS (1!)',1¡1') PROG/TASK= PROGl 

SET /UIC= (21J, 29) 

a) Si deseamos ejecutar la tarea PROG instalado que hace 
moa? 

b) Si darnos el comando: 
RUN (1JJ, liJ) PROG 

como abortamos el programa 

e) Si damos el comando: 
RUN · PROG 

que proqrama e;ecuta {y como lo abortamos) 

d) Si darnos el comando: 
RUN PROGl 

que programa ejecuta (y como lo abortamos) 



1:·- Si se instala la tarea 'CRAX', como podemos averigu<:~r slls 
asignaciones de unidades lógicas. 

8.- Si la tarea tiene la unidad lógica 6 asignada CL:. como 
se la asignamos a LP: ? 

9.-. 

10.-

• ihl 

Si una tarea 'XXX' esta contrulda para correr siempre en
la· partición 'XXXPAR!, y en el momento en que queremos 
ejecutarla, esta partición se encuentra ocupada, ¿COmo po 
demos ejecutarla en la particiOn 'gen', -

Si se estan ejecutando 20 tareas de una misma prioridad 
50., y en la tarea 'AA', que también esta ejcutandose, 
esta elaborando un reporte que le urge al gerente de la 
empresa, y por la cantidad de tareas ejecutandose el pro
ceso se vuelve algo lento, como podemos hacer para apres~ 
rar la generación del reporte?, 

' . 

. ' 
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PIP -EJEMPLOS-

Editar 2'archivos con los datos que se desee. Deberán llamarse: 

PRUEBA. OAT 

DATOS. DAT 

(cada uno con varias versiones) 

También se usarán los archivos A.OAT y a.OAT de la cuenta que se 

crearon para practicar EDITOR. 

COPIA DE ARCHIVOS: 

l) Copiar a su propia cuenta los archivos A.OAT y B.DAT 

2) Crear una nueva versi6n de A.DAT por medio de PIP 

3) Crear un archivp S'l: C.DAT que sea la uni6n de los ar
chivos A.OAT y B.DAT. 

4) Imprimir los archivos PRUEBA.DATyB.DAT, de manera que 
salgan como un s6lo archivo en la impresi6n. 

5) Hacer el archivo DATQS.DAT contiguo. 

6) Teniendo. el archivo A.DAT;2, copiar el archivo B.DAT; 1 
a otro archivo que se llame también A.DAT;2 sin usar el 
switchjNV; ver que sucede, y luego hacer lo mismo pero 
usando el switchjNV. 

7) Copiar DATOS.DAT a un archivo que se llame PRUEBA.DA1' de 
manera que éste Oltimo contenga s6lo la informaci6n de -
DATOS.OAT, perdiéndose los datos que tenía PRUEBA.DA·r an 
teriormente. 

8) Copiar de una cuenta a otra todos los archivos que se lla 
men A, de cualquier extensidn y s6lo las Oltimas versio
nes. 

9) Realizar A.DAT;~ ~ B.DAT;~/SU y ver que sucede. 

CONTROL DE ARCHIVOS: 

1) Listar el directorio para saber que archivos se tienen en 
la propia cuenta • 

2) Ejecutar el comando necesarlo para conocer los nOmeros de 
identificaci6n de todos los archivos que se llar..en PRUEBt. 

3) Listar an forma reducida ~1 directorio propio, en una ter 
minal difer~nte a aquella en la que se esta trabajando. -



2. 

4) Conocer el ndmero de bloques que se esta ocupando en total 

Sf Oorrar las versiones m<!s llntiguas de todos los archivos de 
la propia cuenta. 

6) Cambh.r la protección del archivO A. DAT de manera que sólo 
puedan leerlo tanto el dueño como los dem4s miembros del -
:rnisi!D grupo. 

7) Listar este archivo en la terminal en que se trabaja. No 
se ·desea el directorio, sino el contenido del archivo. 

8) Comprobar que la protección A.DAT realmente se cambió. 
9) Borrar todas las versiones dél archivo A. UA'r y volverlo o 

-copiar de la cuenta 

101' Purgar todos los archivos de nombre B y de nombre PRUEBA, 
en un sólo comando. 

11) Teniendo DATOS.DAT;3 y DATOS.DAT;S, realizar el siguien"te 
.comando entre OATOS.DAT/PU:2 v ver que versiones de ese ar 
chivo conserva. 

12) Conocer cuanto espacio libre hay en el dispositivo de DE
FAULT 

1 3 l Copiar al dispositivo de OEFAULT, bajo la cuenta en que co 
rre PIP, un archivo A.OA'::' de otra cuenta, sin especificar
archivo de salida, y ver que sucede. 

14!' Establecer un UIC de default, listar el directorio corres
-pondiente a ese UFO y regresar a la propia cuenta. 

15) Agregar el archivo e .DAT a el final del archivo B. OAT. 

16) Realizar el proceso anterior usando como archivo de salida 
~.•¡• y ver que sucede. 

lB) Cambiarle el nombre_ a C·.DA'l' por el de CAMBIO,OAT. 

19) Cambiarle a la versi~n m~s antigua de B.DAT el nombre por -
el de CJ\MBIO.OAT, usando el subswitch necJsario para que no 
marque error (:Ambos CJ>.MBID.OAT deben tener igual nt1mero de 
de versión). 

20) Cambiar la extensión de los archivos OATOS.OAT y PRUEBA.OAT 
por • OTO en un s6lo comando. 

2 1 l Crear una nueva entrada en el UFO del archivo DATOS. OTO que 
se llam"e INF. oTO · 

22) Crear otra entrada de OATOS,DTO sin especificar archivo de 
entrada y ver que sucede 

23) Remover la entrada INF,DTO del UFO 

24) Listar en la propia terminal el archivo PRU~BA.DAT;~ por me 
dio de su ndmero de identificación. 

.1 
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CHAPTER 5 

INDIRECT COMMAND FILES 

S.l ltllllRf:CT COMMI\ND f'ILES 

An indlrect. eommand file is a te~t file containing a 1ist of commands 
e~clusive to, and inteopretable by, a single task, usually a 
~yste,.-supplied compOnent of RSX-llH, such as I!ACR0-11 or the Task 
llullder. In addition to task co~npon.,nta, HCR has an indirect file 
processor [ .•• 1\T.) whlch interpreta commands and etther acts on thmn 
or pasees them on to MCR for processlng. 

Jndirect files are inltiated by replacing the com,.and string requl!ed 
by a task with a file apecifler preceded by an et slgn [@). 

For example, to lnitiate a flle o! MACR0-11 commands, the user "'ould 
Input: 

>MAC @INPT.CMO 

After r.ACR0-11 is init!Hed, \t acce611es the file INPT.CMD for tts 
commands. 

To initlate a file of MCR comrnands, the u~er would 
file specifier preceded by~~~ at (@1 Bign, aa shown 

>@filespec 

anytime MCR will accept input. 

simply 
below, 

The dehult file type fo~ ln~irect comrnand files is ,CMD. 
file w.ay contaln any command interpretable by the task to 
dlrected, but n<> othera. 

en ter '"' 

An indlrect 
"'hich lt is 

Indirect files tor ta~ks other than MCR may not contsin lndlrect file 
reterences. 

MCR indlrect files may reference other MCR lndirect files, but the 
rna~1mum nesling depth ís limíted to four levelB of files. MCR wlll 
display on the requesting terminal every command retrieved from "'" MCR 
lndlrect command file. 

5.2 HCR lNDIRECT fiLE l'ROCESSOR 

"The MCR lnd<rect file processor task (AT.) 
command input file and lnterpreUng each 
be passed directly to MCR oc a reguost for 

ls capable ot rea6ing a 
line as elther a co.,mand to 
actlon by the task .ltself. 

' 



INDIRECT COMMAND FILES-

Commands for MCR are simply enteted on a line, cequltlng no speci~l 
prefix characters, "'hereas commands to the indirect command file 
proceliaor always begln "'ith a perlod (,J. Cowments are lndicated by a 
leading exclamation point or aemicolon and are prlnted on the entering 
termin~l. 

Co¡¡,manda· interpreted by the indlrect file processor ptovlde the 
follo,..ing cápabilites: 

Define a label (.label:); 
As k a question and "ait for reply ( .ASK); 
Delay e.ecution tora 8Pf'Cítied period of t!JIIe (.DEL.AY); 
Branch toa label (.GOTO); 
Determine whether a tuk is active cr not (.IFI\CT/.IFNI\CTJ; 
Determine whether a symbol ÍD·defined or not (,IFDF/.IFNOF); 
Detenoine whether a task is tnatalled in the systelll or not 

, . (.IFINS/.lF!HNS); 
:Determine whether a symbol is true or false (.IFT/.IFF)¡ 
'Branch te a label on detecting an error {.ONERR); 

Pause for operator action (.PAUSE); 
Set the value o! a symbol to true or false ¡ .SETT ANO .StTf); 
Wait ter a task to flnish execution { .WI\IT); . 
Start a task, pass a command llne to lt and continue {.XOTJ, ana 
provide commentary ("lte.t".OR ";text"J. 

5.2.1 S)'lllbOIII 

It ls poss1bla to define symbols which represent true or hlse values 
and which may be tested to control !low through the indirect cornmand 
file. Symbola are one to alx 1\.SCII characters in lenqth. Numbers, 
upper and lower case letters, and speclal characters are all valid. 
Symbols are def1ned by the .ASK directive or by the .SE"I'T and .SETP 
directives. The flrst appearance of the symbol In one of these 
directlves def¡nes the aymbol and seta it to true or falset 
subsequent directivea may test th" value or redefine !t. 

The<e ls one special symbol Which le al'olays defin"d and is 
determine whether the system on whlch the user ls running is 
umnapped. Thls symbol is 

<MIIPPED> 

used to 
mapped or 

The brackets are requlred ayntax. lf the system is unrnapped, <MAPPED> 
has a value of talse; if the aystem ls mapped, it has a val u" of 
t<ue. 

Example: 

.IFT <MAPPED> SET /UICoo(l,54) 

If the system ls mapped, the Set command ls passed to MCR. 

( 



INDJRECT COMMAND FILES 
• 

5.2.2 Comm~nds te MCR 

A Co!llmand Js nennally passe~ directlY to MCR for processing, ~nd the 
>OdHect flle processor walts until MCR has processed i.t befare golng 
on to the ne•t command in the file. llowever, lf the first ch<Hacter 
in the line is a peried [.), this sígriala that the command is to be 
interpreted by the lnditect file precessor and appropriate action ls 
to be taken.·,The cOIMand ls scanned ""d precessed from left to tight. 
When the flnal com!ll,.nd on the line ls processed and the condltions are 
true. the rest of the line will be passed te MCR. lf the condltions 
are false, the rest of the line wlll be ignored and the next line will 
be processed. 

' '.IfNINS .•• PIP INS [l,50)PIP 

lf task ••. PJP is not >nstalled, the co!Ollland INS [1,50)PlP will be 
passed to HCR for execution. lf ... PIP was installed, the 
INS 11,501PIP command woul<l not be passed to MCR. Each command passe<l 
to MCR lB also displayed on the enterlng terminal as a log of e~ecutcd 
colllmands. 

5.2.3 Switr:hcs 

'Ihe indi.reCt file processor accepts two s><itches: /TR and /DE. 

/TR In<l¡cat~a that a trace of each llne processed la to be 
prov1<led on the entering terminal. Thls function is ua~ful 
for debugglng an lndirect coo:mand file. Each command line. 
includin"? those that begin with "a perlod {direcuve¡, >S 
displayed". The period on the first directlve in the line ls 
changed to · an e•clamaUon mar k ¡r:omment] "'nd dlsphy"e<l. lf 
the comman<l causes sorne act:ion to occur, the next llne 
printed wili lndicate the actlon; uaually. this llne 
consista of the MCR co!llman<ls issued as a result of the 
previous directive. 

/DE Indica tes that t:he indirect command file ls to be delet.ed 
when processing la complete. 

These switches may be -prefixed with ~ minus sigo {-) or "NO" te negate 
lhe ~Ction of the switch, e.g· •• /NOTR will not generate a trace. The 
<lefaul t~ are /NOTR snd /NODE. 

5.2.4 Multi-Level Indirect ril .. s 

Up tO· tour levels of indlrect coinmand fllea may be, spec"ut .. d.' Each 
time.~ new level is entered, al! symbols previously defined are ·m.,sked 
out of th" symbol tllble, and only symbols defined in the current"t"evcl 
are av.,liable; aymbols a"re local to the· level of command file in 
which thcy ~re de!lned. lo'hen control returns to a previouB level. the 
sy,.bels defined iil th~t level are "available again. 



INDIRECT COMHAND FILES 

5.2,5 Syntu 

All directive• are separated 
space. HCR coUanda are 
space. 

5.2.6 Directlves 

5.2.6.1 Define a Label 

• 

from' thelr argWQents Dy 
separated from dlrectlves 

at leaat 
by at least "' '"' 

1 .label: 

Labels are always at the beglnning of the llne¡ they may be on a line 
with "dditional dlrectlves and/or an MCR cornmnnd, or on a line by 
themselves. When control la passed toa llne with a laDel, the llne 
is processed as it the label was not there. Coml!landa do not have to 
be sep~rated f<om the label by a space. Only one label is permltted 
per l1ne. Labels ue 1 to 6 characters long and muat be preceded by a 
period and terminated by a colon. Any val id IISCII cheracter is 
a!lo.,ed in a label. 

Examples: 

• 1 00 ' 
,IIERE: 
• 1 o S : 

5.2.6.2 Aal< a ouenlon and Watt for a Reply 

'the ,AS~ dlrective wlll ask a questlon, walt for a reply, and set a 
specllied •ymbol to the value of true or false, depending on the 
reply. If the symbol is not defined, an entry will be made in the 
symbol table. lf the symbol ls aluady deflned, ita value wlll be aet 
by.the ~nswer to the q"estion. 

Forrnat: 

where: 

BSSSSB • 1- to 6-char~cter BYJ!lbol whlch ia aasigned a 
truejfaloe value. 

txt-strng • ""Y ASCII atrlnq of characters whlch must be 
pceceded by at leaat one blank. 

The text-strlnq will be preflxed wlth an aaterlsk and sutfixed wlth 
"7 (Y/ti):" when it la displayed. Three answers ate recognized by the 
lndlrect file proceasor: 

l. 'i<CR> 
2. ti<CII> 
3. <CR> 

set Gymbol QBIISSS tO 
set symbol saasss to 
set aymt>ol to talse. 

true. 
false. 

<CR> indlcatea carrlaga return. 

• 



lNDIRECT COHHAND FILES ' . 
Exa~nple: 

.ASK A DO YOU WANT TO INSTALL PIP 

will diBplay 

- >* DO 'i,OU WANT TO lNSTALL PIP? [Y/N]: 

' on the entering terminal. Syr.~bol A wlll be set to true or falee. 

5,2.6.3 Delay Executlon for a Specifled Pedod of Time 

The .DELAY dlrecttve is used 
indirect flle for a specified 

f'ormat: 

.DE!.AY nnu 

where: 

to .dellly further 
periodo! -time. 

no • Number of tl•e unlts to dellly 
u • T ticks: 

S seconds¡ 
M minutes, and 
H 1\0U<B. 

proceeslng 

· r ,DELA'/ 

" , .. 

The parameter nn ls octd, unless terminated with a period. ror 
example: 

lOS ls 10(8) ;econde 
10.8 is lO(lOf &econda 

When the QE¡:,.o,y dlrective h executed, the message 

AT. DELAYlNG 

ls issued, 

Wh .. n the time period expires and the taek resu¡oeq, the Jlessage 

1>'1', CON'l'lNUING 

19 .Í S!IU<!d. 

Example1 

l'he' düective 

• DCWIY 20H 

wlll delay proc.,ssing fo• 20(8), or 16110) minutes. 

,_, 
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5.2.6.4 Btanch toa L~bel 8 
Btanches !roJO one 1 ine In an 
wlth the .GO'TO dlrective. 
and the speclfied label are 
bacXIiard in the file. 

lndlrect file to anothet are accompllshed 
All ccmmands betlieen the .GOTO dlrective 

ignóred. Branches may go forward or 

Format: 

.GOTb label 

where lllbel ls the name of the hbel, but 'o'1thout the 
·and tra!llng colon. The label 111ust be preceded by at 

Example: 

The directlve 

.GOTD lOO 

lead ing 
Ieast one 

per iod 
space. 

will transfet control to the llne containing the hbel .lOO:. 

5.2.6.5 Loqical Test !IF) 

There are a nulllber of dlrectlves lihich 111ake tests; if the test. is 
true, the rest of the command is proce~sed. Loglcal tests may be 
r:ombined bto a compound logical test with the .AND and .DR 
directlves. 

5.2.6.5.1 Test if Symbol Js True of False 

• 
' 

• II'T/. 11'1' 

The val uf! of a &)'lllbol may be tested for true or false 1 lf the test is 
true. the re~t of the command la processed. 

Format: 

• II'T ssssss 
• 11'1' sssass 

If sy¡pbol sessss ls true • 
If symbcl sssass is !aloe • 

S)'lllbol must be preceded and followed by at least one 
the. end of a llne, In whlch case, it n&ed not be 

bl~nk. 

Example< 

.IFT A .GOTO 100 

.lfP ll .COTO 200 

blank. e•cept 
followed t>y a 

1 
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$.2.6.5.2 Test lf S'f!!lbol Is Deflned or Not Deflned .!FDF/.lFNDF 

A test can be made to determine whether a symbol has been defined or 
not. deflned¡ lf the test is true, the r"5t of the .;:ommand ls 
processed. ·This directlve does not test the value of the symbol. 

Format: 

• lFDF SSSH!I!I rf sy¡obol ussss ls defined • 
• IFNDF ssssss If syPlbol ssssss is not defined . 

The symbol ssssas must be preced"d and followed by at least ene blank, 
e~cept. at the end of a line, in which case, lt need no t. be followed by 
a blank • 

• IFOF A ,GOTO 100 
.IFNDP A .ASII: A DO YOU WANT TO SET TU!.E 

5.2.6.5.3 Test lf Task Is Installed or Not Installed .IFINS/.IFNINS 

A test c11n be mt~de to determine whether a task is installed in the 
syst.,m; lf the test is uue, the rest of the comr.uorod is processed. 

Format: 

• IFINS tttttt It t~sk tttttt ls installed • 
• IFNINS tUttt IC t~sk tttttt ls not lnst~lled • 

Tne t.,,.k n~llle tttttt IDU&t be preceded and followe.d by at least one 
bl.iinl<. · except-at.th" end of a line, in which c<~s,., the tralling blank 
la not required. 

' E•a01ple: 

:II'INS ••• I'JP .GOTO 250 
-.II'NINS ••. PIP INS [l,SO)PIP 

5.2.6.5.4 Test if Task ls Active O! Not Active .lFACT/. IfNACT 1 
A test can be made to deterroine wh<!ther a t~sk is active; ll the test 
is true, th<! rest of the c011111~nd is processed. 

form~t: 

."!FACT tttttt If t~sk tUttt ls in execution. 
• IfNACT tttttt If task tttttt is not in e•ecution • 

The task name tttttt must be 
bl~nk, except at the end 
follo><ed by a blank. 

preceded and follo><ed by at le~st one 
of a llne, In which c~se,_ it'nPed not be 

,_, 



Ex¡omple: 

.IFACT REPORT 

.IFNACT REPORT 

INDIRECT COMMAND FILES 

.COTO 350 
fiUN REPORT 

5.2.6.5.5 Compound T"•He 

•. 

'· 
• .1 
' / 

"It" ~eats''..,ay be eombined vía th" .ANO and .OR directivea. In 
addition, an implied .ANO ls effected when IAUltiple IFa appear on the 
aame line wHhout being separated by an .ANO dlrectlv.,, In thia case, 
the command 1s executed only it all tests ar" true. The compound 
operators .ANO and .OR muat be preceded and follo.,ed by at least one 
blank .. 

Examples: 

.IFT A ,ANO 

.II'T 1\ ,IFF 

.IFTA ,OR 

, tri' B .COTO C 
B ,COTO C Same effect aa first line 
.JFF B RUN PIP 

5,2,6.6 Branch to Lab<d on Oet.,ctlng an Ercor 

Il one of the following errors la detectad: 

l. Undeflned symbol referenced, 

2. Symbol table overflow, 

3. Undeflned label, or 

4. Syntax error, 

• ONERR 

control wlll be passed to the line contalning the speclfied label. 
This feature provides the user wlth a m~ans of galnlng control to 
termina te command file processing in an crderly manner. 

format: 

.ONERR label 

Control is passed to the lln~ surting with ".label:" upon dtHec:Ung 
an f!rror. The .OtlERR dlrec:tlve may be IBBU<!d lit any place In th~ 
c:ommand file. If the directive ls executed, E!rror proc:esalng wlll b~ 
passed to that label until a"""' .ONERR dlrectlve ls executed. lf the 
label speclfied by the .ONERR directlve does not IIKiSt and an error 
c:ondition has occurred, the task will exit. 

Example: 

,QNERR 100 

• 
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5.2.6.7 PauSe for Operator Action • PAUSE 

It is' possible to inter<upt the procesaing of ~n indirect file ~nd 
wait for operator ~ction. This is done using the .PAUSE directlve. 
rssuing ~ .PAUSE directlve wili c~use the ·indirect file processor t~sk 
to supend,itse!f. The operator IUY perform some specilied opHations 
and then c~use the task to resume. 

Fonut: 

.PAUSE 

When the indüect file processor 'ta5k _suspenda itself, it dlsplays the 
following mesuge on the entering terminal: 

AT. -- PAUS!NG. T<l CONTINUE T'IPE "RES tttttt" 

where: 

tttttt • la the n.!Hiu~ of the task. 

When the operaror is ready to resume, he types: 

>RES tttttt 

The taak then prints out: 

liT. -- CON'nNUING 

and lt continuas proceaalng whers it left Off. 

S.2.6.B Set Symbol to True or Fahe 

A syr.>bol may be defined or its value "'"Y be chanc¡ed by' 
.SETT/.SETF directivea. rt the symbol la not defined, a 
entry ls built and set to the approprlate value: if 
exista, the value is set appropriately. 

Pocmat: 

• SCTT ssssss 
• SE1'P SBSSSB 

Set symbol ssssss to true • 
Set symbol ssssss to false • 

The symbol sssass must be preceded by at letst one blank. 

Example: 

• SETT X 
1 SETF ABCDE 

.SETT/.SETF 

use of the 
aymbol table 

the symbol 

8) 
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B 5.2.6.9 Wait for a T"ak to Finlsh Executlon 

Procesalng of the indirect collllll .. rid file may 
particul"r taak h"s terminated by issuin<¡ the 

be suspended untll a 
.WAIT directive. 

Form"t 1 

·.wAi± tttttt 

The ·raak name tttttt muat be preceded by at leaat one blank. 

bamplet 

.WAJT PIP 

5.2.6.10 Inlthte Parallel Task Execution 

Normally, a coouaand ia paased to MCP. and the indirect file processor 
-..-aits until the command ia completely executed. Ho .. ever, ít is 
possible to tnitlate a task and not wait for it to complete before 
executlng the next lndirect file command. The MCR Run command 
lnitiatea taska, and the indirect file processor ,.¡¡¡ continue as soon 
as the Run command ls procesaed. But the u ser ls not abl" to paSs a 
command 11tring to the target ta11k via the Run cOJimand. Usin<¡ the .XQT 
dlrectlve, it ls poselble to start ll task, pass a command string to 
lt, and contlnue proceasln<¡ c<>mmand llnes In pHall"l with the 
lnitíated task. 

Forrnat1 

.XQT cmd command-strlng 

where t 

is the name of the task (e.<¡., MAC, PIP, 
DHO) • 

comrnand-str In<¡ is the ccmmand to the taa1<. 

Usin<¡ the .XQT coiQmand providea 4 facllity to inltlate parallel 
proceaain<¡ of t"sks. TO synchronhe the executlon of parallel tasks, 
the .WAJT dir~ctlve can be used to suspend command file processing 
until the speclfled ta~k has completeol. 

Examplu 

·.XQT 
.XQT 
.WAIT 

'. WAIT 

"' '" "' 
"' 

TEST,TEST•TEST 
BLD,BLD•BLD 

The example st .. rts an auembly and a task build executlng in parallel 
and then waits for the two tasks to complete. 

• 

n .. 
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AT. FILE READ ERROR 

An error was detect~d in 
Usual'ly clu~ to recorda which 

reading 
are ~ore '"' that 

indtrect 
BO. bytes 

f !le. 
:ong. 

AT. -- INVALID ANSWER 

In response to ~ questicn !rcm .ASK, the oper~tor 
sc~ething othu than y, N, or null, followed by 
return. The question wlll be repeated. 

entered 
carr iage 

AT. -- MAXlMUM INDIRECT FILES EXCEEDSD 

An attempt has been m~de to reference an indlrect file ~t ~ 

nested depth gre~ter than tour. 

AT. -- PAUSING. TO CONTINUE TYPE 'RES tttttt"' 

Notan error m~•sage. The indirect file processor just 
executed a .PAUSE d><ective. 

AT. -- RECORD LARGER THAN 80. BYTES 

A record larger than BO. 
-~~dmum record al~e is 80. 

bytes has been 
bytes. 

enCOYntered. 

AT. -- REDEF!NING SPECIAL SYMBOL 

An attempt has 
symbol (i.e., 
be redef ined. 

becn made to change the v~lue of o 
those bcacketed with "<" ")"). They 

"pecial 
may nct 

AT. SYMBOL TABLE OV~RFLQ;; ssSSS5 

The symbol table ls full ~nd there is no apace for symbol 
555SSB. 

AT. -- t,TNDEFINED L!.BE!. lllllll 

The label llllll speciti~d in a .GOTO or ,ON~RR d!rectlve 
cannct be found. 

AT. -- UNDEFINED SY~BOL SSSBSS 

tloteR: 

-rhe symbol ssssas ls be!n9 tested, but it has not been 
defined. 

l. The defeult file type for" indirect command files is .C!-Hl, 

2. When the indirect file procesaor reaches the end-of-tlle ~t 
the top level. fih, it wtll display: 

)@ <~OF> 

and uit. 



(!! IMPRIMIR 
>*TIPO DE PROCESO (COPIA,FIN): tSJ: COPIA 

>* DISPOSITIVO DE ENTRADA: CSJ:- SY 
>* DISPOSITIVO DE SALIDA: CS3: TI 
>* NOMBRE DEL l'RO<.RAI-1A: CS;J: IMPRIMIT!. 
>* TIPO DEL PROGRAMA: CS:J: CMD 
>* VERSION DEL PROGRA."'A: Cs:J: O 
>PIP TI: =SY: IMPRI."'IR. CND;O 
.SE'!'S COP "COPIA" 
.SETS FIN "FIN" 
. 10: 
• .'\.SKS TIPO TIPO DE PROCESO (COPIR ,FIN): 
.IF' TIPO EQ COP .GO'rD 20 
.IF TIPO EQ F'IN .GOTO lOO 
.GOTO lO 
• 20: 
.ASKS ENT DISPOSITIVO DE ENTRADA: 
.ASKS SAL DISPOSITIVO DE SALIDA: 
.ASKS PROG NO!>ffiRE DEL PROGRA'IA: 
.ASKS EXT TIPO DEL PROGRA.':J\: 
.ASKS VER VERSION DEL PROGRAMA: 
.ENABLE SUI3STITUTION 
PlP'SALi:=iENTi:'PROGi. 'EX'l"; 'VER' 
.DISABLE SUBSTITUTION 
. ASK OK DESEA COPIAR OTRO ARCHIVO 
.H'T OK .GOTO 20 
.100: 
1 
>* DESEA COPIAR OTRO ARCHIVO? tY/NJ:N 
>~CR 
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OVERVIEW 

CHAPTER 2 

OPERATING,SYSTEMS 

Tha succass ot the PDP-11 famlly o! ~perating syslems is largely altri
butable to lis abilrty lo handle manY div~rse data processtng applrca
uons_ For example, RT-t t previdas a stngle-user envrronmenl witlt 
toregroundlbackground processlng: RSOSIE provides 8 mulfi-user 
envltonment with economical ttmesharlng: RSX-11 M pro vides 8 multi
uscr on-lone envrrunment wtth data collectoon and proceso control: 
OSM-1 t (MUMPS) provides tite Sil me w•th data base Onlormation sys
tams. and lAS providea a multt-unr environment with simullaneous 
llmesharrng. real-tima, and batch processing. 

Basic concepts pertalnlng to the slructure ol lhese syslems are pre
sented tn tltls chapter. 

FEATURETOPICS 

• Componenls and Funcl<ons 

o Processing Methods 

• Data Management 

• Data Stor age and T ransrer Mode 

• 110 Devtces and Physlcal o ara Access Characteristocs 

• Physical Oavice CMaraeleristica 

• File Structures and Access Methods 

o Directories and Oirectory Access T echniquas 

• F1le ProlactioniFile Nam1ng 

• User lnterteces 
S pedal Tetmonal Commands 
110 Commands 
Monitor and Commaod lenguagcCommands 

• System Uttlllles 

• Operating System Comperalive Chart 

• 
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INTROOUCTION 
Operattng .systems ha ve two baste luncllons: 111ey provide serv•ces tor 
appiH:alton pro¡¡rsm development and Bcl BS an envlronment in wh1ch 
appllcat1on programs run. Tita character that an operating syslom 
has, that is, the services end envoronment ti suppl1es. is approprrate 
only tora certarr' ranga ol program development and appltcattOn oe
qwrements, in order to serve selected needs elhctently. Operat•ng 
sysrems tor the POP-11 lamily o! computers, however. share many 
slmtler program developmenl rechn1ques and prccesslng enwon
ments. 

COMPONENTS ANO FUNCTIONS 
An operating system IS a collect•on ol programs tMl organlles,; sel ol 
hardware devices tnto a worklng unit lhal people can use Figure 2-1 
illuslrales the relationship between users, the operating syst~~m. end 
1he hardware. POP-11 op..-allng system5 basicaity consist ol tvoo sets 
ol oollware: tne montlor (or e~ecu~ve) software and \he system u\111· 
ties. 

r------------------, 
' 1 "''~'""" 1 o"'"""' 1 

r<O'l! """''-"' 1 '""M -' 1 .1 

' ' ~------------------~ 
F•gure 2-1 Compuler System 

An operal•ng syslem monitor ls an integrated se! ot routrnes that acts 
as tne pr;mary Interface between !he hardware anda program runnrng 
on the system, and between the hardware end lhe peoplc who use lhe 
syslem. The monitor's basic luncltOns can be d1vided among the rou
trnes that provide the tollowrng services: 
o devlceand data management 

• uSflr tnterface 

• programmed processtng Sfltvlr:es 

• memory aiiOClltton 

• proc81sor lime allocation 

In general, a monotor can llave lwo d;stlnct cperating components: a 
permanoouy reatdent POrtian ende tranalent partion. When 8 monnor 
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os loaded into memory and starled, 811 DI the monitor is residan! in 
rnemory. lts f1rst duly ls to Interface w'•lh tha opera\or r~nnlng the 
system. The monitor slmply waots unhl an operator reovesla sorne 
service. end then pettorms tllat servlce. In general, lhese services 
include load•rtg and start•ng ptograms, controlling program execul•on, 
mod•lying or retneving syslltm lnlormation, and setung Systam param
eters. In most systems, these tuncttons are servlced by transient 
portoons otthe monitor. 

In sorne cases, when \he monitor initiatu anotMr program's execu
tion, t~ transienl portien ot the momtor ciln be over-wrotten by the 
toaded program or swapped out The permenently res•den.l p.orlion 
remal ory to act on reouests lrom the program. These gener· 
ay .nclude 110 servlces such as ¡,le managemenl, devi~ dependen! 
operallons, blocklng and unl>lockrng dala, alfocalrng srorage spaca, 
iand managlng memory areas. In larga systems, 1hese servlces mighl 
'atsp include lnler-lask communicarion and coordmBIJon, memory pro
le<:Uon and parily checi<lng, and ta.sk execution oche<lulmg. 

The (llvid1ng hne l>elWBen permanenlly resodenl end trans1ent por1oons 
ol the monitor, however. io nol s:r~clly buod on user-inlerlace lune
lions and program-1nterlace Tuncl•ons. In •eme systema, &Peclar mon
itor routlnes lhar serv1ce crlher the operator or programs mighl be 
stored on the system deY<Ce, and are calle(! mio memory only as 
neede<l. The ccncern for space in small systems usual! y d .. ermones 
wMt por1lons of the monitor are res•dent at any tome. The programmer 
or operaror can cor.trol the slze of the monitor, basad on the naeds lor 
me mor~. 

In somo cases, \he user c:an adjusr the slze ol \he monitor by 
elomJnat•ng features that ara no\ needed In en appti<:atoon en•Jron
menr. RSTSIE, R5X-11M, and ASX-115 are e.amples ol 5UCh sys· 
1ems_ Tne R5X-115 system's monitor (callad an executive) ls always 
permanently resodent when tM syslem is opertting. In this case. the 
user con cerned woth slze can ellm1nate routones that perlorm unneed
ed" operatlons. In general. however. all POP-11 operating systems are 
deslgned ro be fle><ble enough to opera te In a relatrvely wide range ol 
nartlware envlronmenls. 

System utilities are t\le ondMduat programs \hit are run under control 
al me monitor to perlcrm uselul syslem·II!Vel operallons sucn as 
source program assembly or compllalion. ol>joct progre m linking, and 
tolo managomanl. 

Sysrem utlloty programs enhence the capabllit•es ol an opereling sys
tem by provi<lmg users wlth ccm:nonly perfe<med general servoces. 
Tnere are tnree classes or system ulLlilieo: thoae used solely or prlmar-

• 
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ily for program development. thooe used lor file management. and 
those usad 10 perform speclaleystem managementluncrlons. _ 

Program developmenl ullllt•es lnclude te>l e<lllor5, assemt>ters and 
ccmpiters, tonkers, program llbterrans, and debuggers. File man.ege
ment urilit•e-s lnclude J¡fe col>)l. rrans!.,., and delution progrems, 1•1& 
formal translators. and media •erl!ocatlon and cl8an-ur> programs. 
Syslem management utiiii1US vary lrom systam to system. dependrng 
on the purpou and tunctlons the system serves. Sorne e•amples are 
system •nlormatoon progrems, usar accounhng programs, and error 
togg1ng and on-lone diagnostlc programs. 

PROCESSING METHOOS 
The basic diStinctions am<mg operating systems are Jh tM proces~.n~ 
melhods they usa lo exacule prcgrams. The dlst.nctoons lo be d•s
cussed ~ere are; 

• single-u ser vs. mul\l-user 

• singte-job vs. foregroundlbacl<ground 

• loreground/bRckgrcund vs. mulli-programmmlng 

• tomeshafing vs. evenl-drivon mulll-prcgrammmg 

A single-usar operal,ng sy.rem ~•ews demanda u pon ors resourr::es as 
emanating trom e s•ngle scurr::e. n has only to men.ege the resources 
based on t~asa demands. As a result, these syatems do nor reqwe 

• account numt>ers to access the system or data lotes. RT-11 isa single
u ser operetong SySiem. 

A multi·user opcra1rng sysrem rece,ves demends for ''" resources 
lrom many do!!erent indivrduals. The system must manage Ita re
SO<Jrces based on t~ese demands For example, aeveral users may 
want sole access 10 t\le sama devlce al the s.ame Ume. Tlle systen• 
must eontrollceess to these devoces. In addihon, the lndlvlduals me y 
be using the system lor do!!erent purposes, implying that so me privacy 
must be ma•nta•ned. Asan eflect, a muln-user sysrarn normally has en 
8CCount system to manage dofferenl uoer's IJies. The lAS, RSTSIE. and 
RSX-11M systems a•e all rnutti-user systems, and all provide Clev•ce 
allocation ccnl<ol and lile accounrs. tn the case ol the lAS, R5T5/E 
and systems. \he lile accounl st<uct~re rs al so used lo keep rrack of tM 
amounts of system resources an IndiVidual usas. Furlhermore, lhe 
RSTS/E syst~m extends privac:y by protecrlng Individual users al a 
system tevel lrom the ellcols of any olher users of the aystem. 

An RT-11 system can opera!e In two modas: as a slngle-Job system,or 
as a loregroundl~ackgrouod system. tn a toregroundlbac~ground 
syslem. memory lof uS<>r programs is divlde<l lnro n.-o separata •e-
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glon5. Tlle toregro\Jn!l reglon is occupied by a program requmng rut 
responH1o ~s demao!ls and prJorlty on ltu resour~s wnile it os pro
cessir.g: ter example, e real-time applicetion program. Ttle bac~
ground reglen is ••allable ter a low.prlority, preemplable program: Jor , 
e.ample, a compilar. 

Two lndependenl progra1ns, therelore, can reside In memory. one In 
!he loreground region and one In the bac~groun!l r~oon. The tore
ground program is g~Ven proorily an!l e•ecutes unt•l n relinquis/1U 
conlrol to the b3c~grcund pmgram. The background program is al
lcwed to e•ecute unl•l the loregrouM progre m agaln requires conuol. 
The two programs ellect•vely share the resources ollhe system. When 
the loreground program ls ldle. the syslem does not go unuse<l. Yet, 
whcn tM foraground prograr.". requires service, ltls lmmediately ready 
to uecute. 110 op11ratlons are processed independenlly oltha 
requeslin¡¡ job 10 11nsu•e that t~a processor ls ~sed e!!iciently as wett 
as lo enable W<l response 10 att 110 lnlerrupts_ 

Tha basls or loregroundlbackground processing ls lMe shanng ol a 
syslem's resourccs between two tas<s. An exlenslon ol rore• 
ground/background procnssing os mu\\,programm•n¡¡. In mut\lpro
grammed processlng, many jobs, instead Or only two. compete lor tne 
syslem's resources. WMe •t '" still 1fue tnat only ene pro¡¡ram can 
MeYe control ol thB CPU al a 11me, concurren! execuiiOn el severa! 
tasks lo acnieved because other systom resources, part•cularty tiO 
deYICe operations, can e•ecute in parallol. Whlle one \as~ is wail~ng !or 
an 110 operation to complete, lor uample, anolhar tasi< can have 
controlo! lheCPU. 

The RSX-11 lamily of cpera11ng systcms employs mult•programmed 
processing based en a pnonly-ordered que u e ol programs demend· 
lng sy&lem resources. In this case, memory '" dovided mto severa! 
regions called parlitions, Md alt tasks loade<l In the pertillons can 
e•ecute in parattel. Program euculLon, as In 111e RT-11 lore
ground/background system, os event-dri>en. Thal os, a program re· 
taons conlrol ol 1M CPU unlol ot <!aclares a signillcan1 event-normalty 
mean1ng thal it can no longer run, eo\her t>ecause il has llnoshed 
processlng, or bccause it'" wailo~g lor •~olher operation to occur. 
When a significan! e•cnt os declarad, lh~ RSX-11 execut .. e g•ves con
trol of tne CPU tD tne h•gt>est priorlty tas~ ready lo execule. Furtner
more. a high-priority tu~ can interrupt a tower-prlority task 11 11 re
quiras omme<l•ate servlce. 

Tn& RSTS/E and MUMPS-11 syslem• al so per1orm concurren! execu· 
11on ol many indapendent jobs. R:JTSIE and MUMPS-11, howc•e;. 
procen jobs on a tlme&~aring <atner tll!n an evenl-driven basis, Slnce 

" 
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tnis •• besl suiled lor an lnleracllva processlng enVIfonmenL Eacn Job 
is guaranleed a certaln amount o1 CPU llme {a llme oiJCe), and jobl 
recei•e time one afler anolher, in a round-robin lash~n based on Job 
pr~my Hovels sel by tna system. Tne syslem ilself manages tomcsll8r
'ng processing te obtain the bast overatt response dependong 
generally on whether jobs are compute-bound or 110-bound. The sys· 
te m manager or provileged users cen atso speclty lhe mlnlmum gua•· 
anteed l•me lor a particular job when 11 gets servoce, as wetl as mod•ly• 
lng ils prionty. 

The ti\S system ellectlvely cambones event-droven and timeshared 
procesSing on or<ler lo handle bOth real-t•me processong needs and 
•ntaractive timeshartng needs In 11\S, 110 tasks an!l any user-de••o· 
nated reat-t•me tasks are assigned high proonties and receive &erv•ce 
on an event-<lriven basis. Al! Olher tas~s run at lower priorotoes on a 
timflsllared basos, uslng any CPU tome remainlOg erter real·tome, hogh· 
prionty tasks have t>een serviced. 

01\TA MI\NAGEMENT 
O>g•tal ccmpute's d&al with b1nary 1n1ormation only. The way 1n which 
people ~nlerprel and manipulate the binary intormation is called data 
m~nagemen1 

Th1S 5ection descrobos PDP-11 sollware data managemenl slructurea 
and lechn,ques. lrom the physocat storagP. and transler leoel to tM 
logical organization an<l processing leYel. Thos mctudes: 

o 1\SCtt and b1nary s1orage tprmats - how blnary data can be In· 
terpreled 

o physlc.al and loglcal data structuros- the doflerence between how 
data slorage devices opera te and how people use them 

o hle 5tructures- how physicat units of data are togically organored 
1or easy reference 

o 11111 dJtectorJes - how ti les are loce!ed and retrieved 

o l•le &rotection - now 1iles are pro rectad lrom unautnorized users 

o Ido naming convonllons - how hles are identotocd 

Phyllcal and Lcglcal Unil$ ol Oata 
Pl\ys•cal unils o! !lata are the elements which <!igual computer duvlces 
use to slore, lransler and retfluvo binary intormat•on. A bit {blnary 
dlgilj is the smallest unit ol data mal compuler systems handle, 1\n 
example of a btl is tha magnehc core u sed in so me processor memo. 
riu 11\at is polarizad'" one dorecticn torepresent the bmary number O 
and in the opposi1e dlfecuon lo<epresen1 lile binary number 1. 

" 
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In f>DP-11 computers. a byte lo the smallesl memory-addressaiJie untl 
of data. A byte conslsts of eight b1nary IJ<\s. An ASCII tharactar code 
tan be stored In ona byte. Two bytes constltute e 16-blt word. A word 
ts the larg,..t memory-addrsssable unit ol data. Soma mao;hlne ·~n
strucllons are stored in one word. 

The smallest umt of data tMI en 1!0 peripherat device can uansler is 
callad lts physical record. The size ola physical record 1s usually l~>ed 
and depends on lhe type ol dev"1ee be1n9 relerenc..d. For exampte. a 
card reader can read and uansler 80 bytes or lnlormation. slored on 
an 80-Gotumn wnct>ed card. TM card readOt"s physical record tength 
is Be bytes. 

A block is the neme lor tlle phy!lcal record ola mass storage device 
such as diSk. DECtape or magnet1c tape. An RK05 disk IJiocl< con,.sts 
ol51.2 contoguous bytes. lts phyo1cal record leno;rth 15 512 bytes. 

Phystcat blocks can be group8(11nto a col\eclion callad e deviC1l ora 
p~ysical volume. This colleclLOn generally has a slze ~quAI lo tM ca
paclt" <>i :o~ ~o,;c~ "'eciu~, "T"I>e term physical volume os Qenerally 
uoed with removable mec!la. such os 01sK packs or magnet1c tap~. 

Looi~.;ol "nils o! data are th e eiements man"opulaled by peopte and user 
P"lgrams lo stere. transler and retrl""e inlormetoon. Tne intormat1on 
has togical characteristrcs. !or e""mple. data !)lpe talphabellc. decL
mat. etc.) and &lze. The tog¡cal characterlsllcs ere nol device 
.depe~dent; they are deter mmOO byth e paopl e uslng the system. 

A lleld is the ,mallestlogical un<t el data. For example. the lield on a 
punched card u sed to contalna person"s namets a togl<:<~l u M o! dala 
lt can haYa any tength determ,.,ed arbitranly by the programmer who 
det.,es the l1eld. 

A togical record is a collecllon of llolds treatod as a unil. 11 can contain 
any log,cally relate<! in!ormallon. 1n any ene ol aeyttral data !)'pes. and 
11 can be any uur-delermined len¡¡lh. lts ch&racterJstics are r>Q\ device 
dependen!, but can be physical!y delined. For eumple. a loo;rlcal rec
ord can 0ccupy oeveral blo-ci<s. or 11 can reside In a single block. or 
sevural logocat rec~rds can reside in a s•ngle block. tts characterlstics 
are determinad by the programmer. 

A Irte ls a togical collection ol data that occup;"' Qne or more blocks on 
a mass storage dav~e such as a dosk. DEClape or magnetle ¡¿pe A 
hte is e system-reoognlled tog¡cal uM ol data. lis cM,acteno\IC5 <:<~n 
~e determLned by tne system or lhe programmer. 

A t•la can be a collecllon ollogical records treated asa u mi. An e.am
ple is e emplo~ee 111e wM1ch conta•ns ene lcgical record in the file lor 
each employee. Euh record contllins an employee"s name and ad-
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dress and other pertinent lnlormat,on. tlthe log1cal record length ls 50 
bytes and there are 200 empJoyees. the complete employee lile could 
be stored In 20 512-byte Dlocks. Dependlno;r on \he lile suucture usad 
In \he syStem. the bloci<s could be scattered """' the d1sk, or coutd be 
located one efler the other. 

A togtcal vol u melsa collectlon ol lites IMI res1de on a alngle disk or 
OECtape. 11 ts \he logical equ1vatent ola physical dev1ce umtla PhYS1• 
cal votume¡ cons1s11ng ol phystcal recOtds. such as a disk J)ack. ne 
tilas on a votume mey ~>ave ni) spec1IIC reletionship other than lhe1r 
res1dence on H•e sama magnetic medium. In soma cueo. hoYievor. 
the lites on a volume may all be long lo the same user o! lhe system. 

Fogure 2-2111uotrates some el the kinds ol physloal and loglcal umts 01 
dota thal PDP-11 compuler oystems hMdle. 
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F1gure 2-2 Phyr;tcal and Lll\llcal Data S tora ge 
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" O ata Storago a~d Transfer Modu 
11.11 PDP-1 t opera!ing system~ use two ba51c methoós o! data storage: 

' ¡ ASCII and blnary. Data stored In ASCII formal contorm te the Amen- ' can Nat•onal Standard Code tor lnlormat,on lnterchan¡¡e, in w~ich o( o o( ncll character ts represente<! ~y a 7-blt cede. ihe 7-bit code 
o 

occupies the tcw-crder sevan b1ts o! an S-b1l byte. Dependino on the 
o o 

cpera\in~ oystem's storaga tochniques, the h•gh-ordar bU may be '1 -{ 
o _, 

-{ 
o 

use<:! for parity che<:i<ing and speclattormathng. or it m ay be lgncred. ¡ ;~ ·' o o ' l'ext files such as source programs are exemples ot data stored in ,, Z6 

ASCII tormat. 
•• " ' ~~ -{ 

,. 
-{ 

o -"'~ o ; B1nary swrago always uses all a1ght b1ts o! a ~yte to storalnlormat,on. 

' " l'he 5,gn111cance of any tul verles depend1ng on the k1nd o! tnlcrmation ' o 
to be stored. Machme •nstructlons, 2'S complement 1ntegor data, and o o 

' o 

ttoatmg point numeric dala ara so me examptes el <!ata otored in b•na-
o( 

• o -( o ¡ ' rytormat. ' o 
' ·• Figure 2-3 illustrates \he way In which b•nary dota can be Interpretad • lí -{ 

o 
E~ o{ 

o ' ns e1ther ASCII dote or mac~lne lllStrucucns. The hgure shows two ~ 

¡: " 
o • 

examptes ol a word ol slorage containinQ the same sequence o! bits, lil o ,, ,, • 
interpretad hrst as two ASCII characters and second as a machine > -· o ' 2~ --1nstruc~on. When a worcl of storage 15 interpreted as two ASCll char- • -{ 

l::~ 

~ 
o 8 o ' !)= 

ectef5, lhe ~inary dlg1ls are grouped 1nto octal d1g1IS In " bytew,se o ' • 
manner. Eoch byte is grouped into three octal d1g11s. The low-order o ;._ ~ o 
two octal d•g,ts conta1n l~ree biMry d1g1ts. The hrgh-order octal o,g,t ~ o .. , . -- ;:~~ contains two b•nary dtgtts. WMn a word ot storage ls lnterpreted as a o 

' =~~ , 7 ' 1.¡ ~ 
machina tnsvucllon, tne t:nnary d;g•ts are ¡¡rouped lnto six octal digots o o o o 
In a wordwtse manner. Proceeding lrom the tow-order blnary d1g1t, ! ' ' 

o{ 
o 

o{ 
o 

each group o! three b~nary dlg1IS is interpretad asan octal dig1t. The 
single rema1ning h1gh-ordor blnary d 1git ls Interprete<! as an octal d1g11. o o o • o o 

' -{ 8o 

-{ ' ' '¡ -o ,. 
o o 

' ' ! 'i 
1 ' ; -. 

' ¡- h o 

o{ 

o ¡ 
-{ ' 

o _, 
- o o ' " ' 8 -1 - -· • o • _¡' ' ¡ -h{-{ 

o 

' o !{: o ~~ o o 

" o 

-!{-{ 
o 

f o -! -
- o 
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In large, oophisticated ayatems such es RSTS!E, RSX-11, and lAS, the 
way .n whlch data are stored on t~e byte or bitleV<!IIa rarely a concem 
or the applica~on programmer. The opera~ng syslem handlesall data 
sloraoe and transter operations. In amaller systema su<:h as RT -1 1, the 
programmar can l>ecome 1nvolved In dala storage lormats. A paMicu
lar appllcanon may require lhe selectlon el a panicular storage forma!. 

The data storage formal is related lo the way in whic~ data are trans
lerred in an 110 ope1ation. 

Forma\llng can also l>e appl1ed al a higher leve! to define the type of 
data lila belng processed. In the AT-1 1 system, there arelour types o! 
binary tites~ each type sign•t"'" lhat a 6pec•allnlerprelalion applin to 
lhe kind ot t>•nary date slored For example,a memory lmage lile la M 
exacr pll;fure of whal memory w•lllook tike when the lile ts !oaded to t>e 
executed. A relocatable !maga file, however. is an executable program 
1mage whose instructlons have t>een llnked as if the base address 
were zero. When the file IS loaded tor execullon, lhe syslem hu lo 
c_hange all lhe instructlons according lO lhe offset !re m base addre!< 
zero. 

110 O u len and Phyolcal Data Acceu Characterlslics 
In e POP-11 computer system. dala mcves Ir cm extarnal storage de
vices lnto memory, lrom memor¡ onto tila CPU reg•sters. and out 
again. The windcw from externa! devices te memory and !he CPU os 
called !he 1/0 page. Eaeh external\10 device 1n a ccmpullng syotem 
has en externa! page address ass~ned to •t. Fogure 2-4 illustratu \he 
data movement path In a POP-1 1 computing system. 

" 

.. 

IUON 

··~ 

OPfRATING SYSrEMS 

-'"' """"""'~ -~"''""'' 

Fogure 2-4 Memory and 110 Oevlces 

Allhough al! e•ternal devlces uansmit and receive data through the 
UNIBUS, dev1ces dlfler in thelr abil•ly to store, retrieve or translar dala. 
Almost all POP-11 oparatin~ eyslems provlde dev•ce independence 
between devices tnat M ve similar cMracterlstlcs and, where possible, 
betwe<>n d•tlertn~ devices In tlluations where tne data manlpula:ocn 
operat•ons are tunctionally idantical. Primarily, POP-11 operatono sys. 
tems O"•!lerentoate between: 

• tlle-stru~turad and non-llle-structured devlces 

• bloc~-replecaabla and non-block-replaceat>le devlces 
• 

T erminals, card oeaders, papar tape reader~. paper tape punches and 
tone prLnters are examples ot de•lces that do not provide any means to 
otore or retrleve pnysical records selec!"ely. They can trsns!er data 
only In the sequence In whlch !hoy occur physlcelly. 

In contrast. mau •torage de•lces such as d•sk, OECtapa, tlcppy disk. 
magnei1C tape lnd CUt-elle llave the abillly lo atore and relria>e pl'lys•· 
cat oecords selectl•ety. For e.ample, an operat•ng system can selec1 a 
tole !rom among many log•cal cotlections o! dala stored on the medl· 
o m. 



··-· 

Mass stora¡¡e del/lees are callad fila-structured devices slnce e !!le, ;H 
consisting of e group el p~ys•cal rectlrds, can b<> stored en and re· 
tneved from tha <levice. Termlnats, card readers. papar tape read· 
e1slpunches and line pnn!ers are called non-lile struclured dev1ces 
because they do no! have !he abll1ty select•vely te read or wnte ¡~a 
ph~&lcal 1ecords const•tu~ng a lile. • 

Finally, mass sto•age devices d•tler in theLf ab!lity to read and write 
pnys•cat records. D•sk and DECtape dev1ces are block-replaceable 
devlces because a ~iven block can be reed or wrll\en without 
access•ng or d•sturbing allthe other blocks en !he medium. Magnet1c 
tape and casse\le are not block-•eplaceable dev.ces. 

"davice's physicat data access chafactenstics determine whicn data 
transter methoOs are poss1blc fm that device. Non-f•le suuctured de· 
v•co& allow sequential reod or wme operations only. Non-block re
placeaole dev•ces allow sequentlal or random read operaiiOns. bu! 
allow sequent•al write operahons only. Btock-replaceab!e <levices al
low both sequent•al and random reM or wflle operations. Figure 2-5 
summamestne readlwrite capabiliUes o! aoch category otilO dev•ce 
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File Pfotec\lon 
Master File anO User File Directorias form the basls for file access 
prolecllon In multi-user systems. Unauthoflzed users cannot BCI;ass a 
file unless they know !he account under wh1ch U ls stored Bnd can 
obla•n eccess to tnat accour.t. Accounl systems end file access pro
tect•on techn,ques are fBialed. 

Mult•-user systems ldentify the lndlviduals who use the system by 
accounl numberS callad User ldenl•f•ca\wn Cedes (UIC). The system 

.manager normally g1ves a user en accounl number under whlch the 
user can log •n to !he system and oblain access te i\s services. In 
general, e UIC consists of two numbers: \he hrs\ number is used te 
,,dent•ly a group ol users, \he second number ls useO te unlquely 
:,denllly nn lndiv10ual u ser In !he group_ 
' dn ASTSIE system.s. en Individual tila can be protecte<l agalnst reaO 
1 
acces.s or wme acces.s where disllnctoons are made on t~e bas•s o! !he 
UIC occounl number undar which a file is stored. For example. a file 
can bo read protected ugainsl al\ users whO are no\ •n !he same ac
count g1oup and wrlte protected agelnst ell users excepl tha owner. 

rne ASX-11/IAS file system pro,.des a pro!ecllon scheme lor both 
vol u mes and tites_ lt 1~ possible to spec1ly protect10n attr1bv1ea lor an 
ent11e volume as well as for !~e !des In the volume. A file oran enllfe 
vol u m o can be read•, Wfl\0·, exlend- or delele·protecled. D•stinctlon> 
are made on !he basls of account number, WMIB the system recog
"""' lour groups ol users: prlvileged system users. owner. owner"s 
o•oup, an<l al! others. 

¡ File Nomlng 
1 thO most common way users communicate thelr desire to process 
! . data ;s lhrough 111e specificatlons. A hle speclflcation uniquely l<len\i-
1 hes anO locates any lagical coltecUon o! data which is on-hne to a 
l. computar system . 

A oompller. for exomplc. needs to ~now me namo and locatlon el !M 
r;ou•co p1ogram Me that 11 is to compile; 11 also needs to ~now the 
noma lhalthe user wants to use fol the output object program and 
hst•"'l hles 11 produces. Most PDP-11 operallng systems snare t~e 
••me bas•c lo• mal for input and out pul lile spec•l•cations. 

In tno fll .¡ 1 system. a f•le spoclficallon conslsts of !he na m a of the 
~O VICe on which thA IJ!c resides, a file name, anda \•le name extension 
'" tne !ollcwmg tormBt 

dev:filnam.axt 

TM colon is pan olt~e device name, sepa1at:ng 11 from \he hlc name 

" 
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on tila rogh1. Thu pe"od ls part o! tha !tle name extenslon, separe!mg 11 
!rom the r•e name on tne leU. 

PDP-11 op~raling systems use \he sama de01ce na mes tor lhe devlcas 
they can eccess. A oallice neme conslsts ol a two-lener mnemonlc 
and, lor mulltple devicu olthe san;e kind, e one-dogot number indicat
•ng lhe device unit number, For example, 1he nama "DK1:" ls used 10 
odentily the RK 11 disk dr'tva unit number 1. The na me "DPO:" idenlilles 
the RPt1 disk drive unll number o 
In the RT-11 system, a lile neme ls a 1- to 6-characler alphanumerlc 
neme designated by \he user. For e.ample, "SYMBOL •, "Rlt2". and 
"NORT4" ere eumples ol lila nemes. In 1t1e RSTSIE and RSX-11M 
aystems, a ltla neme can be uP lo nine characters long. 

A lote nama eXIension is a 1· to 3-character alphanumerlc neme 
preceeded by a period. The extenslon can enher be asslgned by the 
usar or, il unspe<:olted, as signad by the sys1em. The e>~lension generat
ly indicates t~e lormal o! a lile. Sysrem-assogned and recogni>ed ex
tensions mau ~ easy !or the user and the system to diS!Ingu1sh 
between dollerent !orms of a !ola. For e•ample, a r,re hovlng the e~len
olon ".FOA" lo recognized bY the FORTRAN compile• u a source 
program wrlnen In FORTRAN. A lile with l~e extension ".08J" is re
cogn•2ed by tne Lonker asan Object program. a legal inputltle. When 
in ll'le proceso el compiling and llnl<ing a FORTRAN program,\he user 
hU only lo spo:ocoly a !ole name 10 lhe comp•ler and Llni<er_ The 
FORTRAN compoler woll compile IM ftle whosa extenslon ls ".FOA" 
ancl produce a lile Wt\h lhe urna 111 e na me whose extenslon ls ".ÚBJ". 
The Linur wlllllnk lhe file whose extenslon ls "_QBJ". 

In mutti-user systems such as RSTS/E anCI RSX-11M a dostmctton 
musr be meda betwean liles stored-under varlous acco'cmts on a de. 
.tce. Two dlllercnr users can nave e ltlo named "REFER OBJ" on a 
crisk. In these systems. therarore, a 10 e specllocat•on has en addolionat 
component to ldent,ly the user lite direclory or eccount undar which 
lhe lile rs stored: The baslc lile specrt>e:ation ls up_an<!ed to use the 
tollowing formar. 

dev.luld)l•lnam.ext 

The account number or user 111a directory ls elways enctosed In braclc
els 11 conslsts oltha project or group numl)er tollowtOd by e comma 
end s programmer or user number. For example, "(12,4J"Isan ex a m
pie el en accouM or u5er file d"ectory. 

' RSTS/E systems also inclucre a protecllon co<le as part ol the hle 
specol•callon, 10 lndlcate lhe proteetoon thall~e lile receoves. A com
plele RSTSIE file IPecil•catoon could be: 

" 
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OK 1 :¡200.21 OJBINFOR.DA T <60> 

RSX-11 systoms extend the baslc 11111 speclllcalion formal by addong a 
version number ldentlficatlon alter lhe lile name extenslon. For exaon· 
pie, wnen a rote ls flfSI crealed using \he editor,"'" asslgned a \Íi>rsion 
numr:>er ol 1. 11 the lile is "'-'bse-quentty opened lor edltlng, the ed1tor 
keeps the nrst version for bac~up and creates a new lile using the 
sama 11111 specll¡cation, bu! wllh a vers'oon number ol 2. A complete 
RSX-11 lile sPe<:of¡cation could be 

OPO./ 15,7JPAEPT ,MAC;1 

' 

tn most cases, the user dc-es not have to l:osue e complete file 
specifica.tion. The POP-11 operaUng systems use delaull values when 
a portien ola rote specifocatlon ls not supplied. The ltle na me axtensoon 
defaults. as lndlcated prevlously, Clepend on the kond o! operalton 
being perlormed. 

jlne device neme, 11 omttta<l, ls normelly essumed 10 l)e \he system 
dellice. For exampte. the tila specllicauon ''FILE_ DA T" ls &qUivalem to 
tM specloc•t•on "DKO·.FfLE.DAr', llthe system device ls RKtl drrve 
un1l O. Most systems also allow the u•er to omlt the ~nlt numt>er. 11 
cmtlts~. the unll numl>er ls assumed to De unlt number O. For eMm
pte, OT: is equW.Ienl lo OTo-: lt signifies DEC1ape drive unll O. 

11 the accounl number is ominad 1,-om lha lile speclticatlon, !he system 
assumes that it is the sama u the UIC unCier which the user logged In 
cr under whlch tha operatlon ls being performe<l. For exomple, 11 the 

1 u ser rogged In un<!er UIC 200.200 and ¡ssues a f¡le Specillcation :'DK3: 
SAMPLOA r·, llls inlerpretect es "DK3:1200,200JSAMPL.DA T". 

11 the version number is omolled !ro m en RSX-11/IAS ltle specilocat•on, 
t~e system assumes thalthe ¡¡e speciftcatlon relers lo the la test ver-
51on ollhe lite . 

for refersnces lo llle-struclured devices, e lile speciticallon must !n
elude e file neme. The devloe mnemonics, however, are atso used to 
teler 10 non-ftle structured devlces. In thls cesa, a fole name ls irrele· 
vant. For example. en operation to read th rough a deck o! cards and 
p<int the rnrormallon on a fine prmter ls lssued 1n most systems as 
lollows: 

#LP:•CR: 

TM 1 lnd>e~~les lhl!t an inpulloutpul command ls betng lnued; 11 os 
p11nted on the terminal by !he pro~ram lhat requests the 110 com
mand The uscr types the command LP:•CA:_ The • separatos me 
Input 111e speclflcation on the rlght from the oulpUI fole specillcal•on on 
the Jelt. The Clevlce na me LP: •lgnoloes that ll'le line Pnnler ls lo be used 
•• the output de vice. and the de•ice name CR: olgnt!ies tha~ the card 
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reader is 10 be u sed as t~e i~pul devlce. A f¡le namo,ll used, would ba 
<gnore<l, since lhe syslem can not oymbohcally rete1ence dala on non
J•Ie slructure<J devices. 

In addluon _lo relyong on delaulls in !he lile speco!ocalion, !he u ser can 
also pul an astens~ In place Ol o lile name, lile name e•lension, 
accounl number, or version numbcr lo lndocate a class ol lilas. The 
aslerisk conventicn, al so called tM w1ldcard convemoon, is commOilly 
u sed 1n PDP-11 operat.ng sySiems when perlormingthe same opera
tion on rela!ed files. For example, the lile specolicauon DPt: 
[2,t]PROG: refcrs lo allloles on DPt: under eccounl [2,1[ with o lile 
na me PROG and any exleMion. The 111e speclllcaloon DK:[',' 
JFILE.SAV 1e!ers to 1he liles under all accoums on RK11 drive unl! o 
named FILE.SAV_ TM lote spee<l:callon DT:'.OBJ refers to allllles on 
~~~ DECtape mounted on drNe UOII O lhat ~ave lha exlension .09J. 

USERINTERFACES 
A user inle<lace refers to both !he software that passe$ lnlormal!on 
betwe~n an opera lo< ande S)lstem and 1ne language lhala sys1em and 
an opera1or use 10 communicate. tn lhe laner sen se, a u ser interlace 
consists ol commands and messages. Commands ere the instrucllons 
that lhe u ser types on a term,nat kuyboard (or g1ves lo a baten proces· 
so<) lo 1all the syslem what todo. Messages are the lext fhat a system 
lmnts on a termonal (or lina printar) lhal 1ells tM operalor wha11s goong 
on: lor axample, promphng messages. announcameniS and error 
messages. nis section discusses commands, the portiM o! the u ser 
intertace that teiiS the system wi1SI to do. and prompl•ng messages, 
lhe mes.sages the system priniS w~.er. llls ready 10 recelve commands. 

There are basocatly tour lypes el commands usad in PDP-11 operatong 
systems: 
• monitor or command language commands- usad to requeSI ser

v•ces hom the sySiem as a whole 

o liD commands- used 10 d"ecr eny kmd o! 110 opeiatlon (Oiten a 
partot momtorcommands] 

• speclal terminal ccmman~s - lhese use keys en a termonal !cr 
specoalluncllons 

• system program commands - commands ~sed in system pro
grams that pertorm opera~ons <elevan! only lo< 1~e individual pro
gram 

S<nce oy•tem prog<am commands are <elevan 1 only for •nd•vldual sys
lom prog1ams, end not lor operatlng systems on general, this seCiion 
d;SC~5Us mcnuor and command lengua¡¡¡. ccmmar>ds, 110 com
mands and speciRI termonal commands only. 
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Speclol Terminal Commando 
Speclal termtnal commands are a set o! keya or key combinallons 
lhal. when type<l on a 1ermmal, are used lo perlorm speclallunctoons. 
Fcr example. a user normally types the carriage return key at the end 
el an lnpul command strmg to send !he comma~d to IM system, 
wn1ch responds lmmedoately by perlormong a carriage relurn end lona 
leed on !he termonal. The key labeled RUBOUT or DELE TE ls used to 
del ele !he laS! character typed on the mpu1 !me. 

Tne most signolocant special termmal commands are 1nose used wllh 
tne key labeled CT AL (conlrol). When !he CTRL key is Mld down (loke 
tno snoft key) and another key ls lyped, a control character os senl to 
U• e system to indlcate lhal an operallon os lo be performed. 

FOI e<ample. a hne currenlly beiflg enlete<l (whether n par! el e 
command oras lext) will b~ Ignorad by me oyslem by typlng a CTRLIU 
combinatien (produced by holding down the CTRL key and lyping a U 
key). The u ser can then en ter a newinput hne. The CTRLIU lunc!lon is 
tM same as typing successlve RUBOUT keys to the bet~•nnmg o! a 
llne. CTRLIU os standard on PDP-11 operallngoystems. 

MOiher exemple ls the CTRLIO lunctoon. 11, durlng t~e prln!lng of a 
long mcssag~ oro ltS\"'9 on tna ,.,,m,nal, the u•er types a CTRLIO,I~e 
1alopronter output will stop. TM progrem prlntlng lhe oulput, however, 
woll sllll conttnue. The user can type a CTRL/0 119"'" lo resume output. 
CTRL/0 os a s!andard luncll<ln on PDP-11 operattng syslems. 

Physfcal Devlcc Cha raclerlstlcs 
ond Logical Dala O rganizetlcnl 
One ol tt>e mosl lmpottanl sirvices an ope<aling sys:em provides ls 
tne mapping ol physical device characle<lsllcs omo log•cal dala or
gonl>al<ons. Users do no! nava 10 wnte the software needed lo handte 
•nput and output lo at! standard per~pheraf devices, since appropnate 
routines are supploed w•th 1ne operat•ng syslem. 

nere are generally two seis o! roolmes provided on any opera1ing 
syslem, dependlng on lis compfexity: 

o device df!vers or handlers 

o lile managemenlssrvices 

Devlce drivers and har.dlero can perlomi lhe totlcwlng operatlons lO 
relieve tne u ser ot the buraen ot 110 services, file management, Over
tapptng 110 conslderatoons and devke dependen ce: 

• drive 110 devoces 

• provide de vice lndepenaence 
o DIOd< and unbloclt dala record$ for devrces, il necessary 

" 
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• allocate or deallocate stor•oe space on the dellice 

• manage me mor y bullers 

These roullnes may exist1n lhe syslem al part ol the monitor cr ex<>t:u
tlve, as in RT -ti, MUMPS-11, RSTS/E, RSX-1 HA or RSX-11 S, orthey 
m ay be pro~ided as separata tas~s. a sin lAS_ 

An operann~ system can elso provide a unllorm sal ol lile manage
ment serv1ces. For enmple. tha RT-11 system providesllle manage
ment senrices tMough the part otthe monl\or calleO l/1e User Semce 
Rout1ne (USA). TM u ser Servlce Rout•ne provides suppontor the RT • 
11 111e structure. USA loads oev1ce Mndters, opens 11tes lor read/write 
opera110ns, and closes, delates anO renameoltles. 

In summary, en opera\lng system maps physlcal devlce 
characte<~st•cs ln\o tog1cal lile organiz•tions by providlng rout1nes lO 
Orive 1/0 devices and to interlace with use< programs. F1gure 2·6 
iltustrates the trans1t1on b<nween the usar Interface routmes and tne 
110 devtces_ 

. 
~·~ • 
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F•gure 2-6 oevice Control ~M File Management Servlces 

As en example olthe mapplng ol physical c~arac1erlsi1CS lnlo logical 
orgamza11ons, the RSX·I 1 and lAS systems' aev1ce dflllefS and 
1\aodlers and lile managemant serv1ces allow the user applleatlon pro
ora m te !real all l,le-structured devices In !he same menner. All ol 
tnese devices appear 10 lhe usar program lO be organl,ed inlo lites 
consishng of consecutiva 512·byte blocks whtch are numbered start-
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1ng from bloc• ona ol me ltle te the test btoclo. olthe l•le. In realtty, the 
btocks may be scanered over tM dev•ce and. In soma ene•. lhe 
devlce"s eclual physlcal record length m ay nol be 512 bytes. 

t<'I.RSX-11/lAS termlnology, ¡he actual physlcal records en the devlca 
(loo exmmpte, \ha sal;tors on a d•lk) are called phySical btoc~s. Al the 
devlce driver or handler level, tne system meps the~e physlcat bloclo.s 

1nto logicel blocks. Logical blocks ere numbered 111 tho/ same relahVe 
way tnat phystcal blocks are numberea. startmg sequenii&'!IY at bloc~ 
'"'o u the t~rsl nlock on the device to the last bloc~ on tM o~·-"lce. Al 
the user 1nterface tevel, the oper8ting system maps logical btoc~s into 
""""' block$. V.rtual block numbers become l1le relati>e values. whn~~ 
1og1cal bloc~ numbors ere vol u me retat1ve values '-

F1gure 2-7lllustrstes the mapp•ng belween phySICBI,Iog•cat &nd mtuar 
btocks In RSX-11 anc!IAS systems. The l1gure ahows two d1slo, oevice 
tyoes whlch have d1llerent p~yslcsl oecord lengt~s- In l~is case. 1he 
nlocks conslllu!lng a lile are scanered over lhe dtsk. The lile ls e lolal 
oto blocl<s long. Atthe tog•cal blOC!< level, tne operattng system views 
tne file u a set ol non-cont1guous blocks. Althe wtual bloC~ le•el,lhe 
0,..,, sollware V>ews the lile as a set ol contiguou•. sequentlally num
berell blocks. 

"" 1"' ' 

Figure 2-7 Physical, Lcgical and V.rtual81oc~s 

File Slructuru anO Acceso Met~ods 
A l•le slructure rs e method ot organ1Z1ng toglcsl record• lnto hles. lt 
~escribes the relall...., phys1cal tocations o! tne blccks constltut.ng a 
lile. ne t1te structu<e or structures thal a part•cular operet1ng system 
employs is a producl ollhe way In which th_e syotem views the particu
lar 110 <leV~ces and lhe l<inds ol data processing requ~rcments \he 
syslem lulfllls. 
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Fde st<uctu<e tS lmpmtant beca use a ltle can be ettectl•e In en appl>~a
tzon cnly il 11 meets specJIIC requiJements lnvOIYing· 

SIZE 

ACTIVITY 

VOLATILITY 

Grcwth 01 the lile may requ~re a changa In the l•le 
slruclure or repoSII·onong ol me ltle. 

The need lO ecces> many dillerent records 1n a ltle or 
trequently access the so me l>le ontluences <lata 
retrieval cthcoency. 

The number el addJtions or d"letrcns made 10 a ltle 
m ay allectthe access cll1ciency. 

An access method ls a set el rules tor select<ng log•cal 1ecords Ir O m a 
t.te. TM simptest access method is seouent•al; each record is p<c
colssed in the arder m which ot a~pears. Another common access 
method '" d~rect access: any record can be named ter \he "ccess. TM 
non-block replaceable <lev•ces, such as papar tape and magn&IIC 
tape, can onl~ M processed sequenlially. T~e block-replacea!>le de
vtCG$, such as diS~ aod OECtape, can be P<Ocessed by eother access 
methOd, bul d•rect access la~es grealest edvantage ot the device 
c~aracle,sl,cs. 

PDP-11 ooeraling systems prov1de a variely ol file structures and nc
cess melhOds approprtate lo the" processlng serv•ces. All POP-11 hte 
struclu<es are, ~cwever, based on soma lorm ol me lollowing basic Jote 
Slruclures: 

FILF. STRUCTURE 

L1nked 
Conuguous 
Mapped 

ACCESS METHOOS 

Sequentlar 
Sequenllal or Oire<:t Access 
Se<¡uent1al or Oo<ect Access 

Lln~ed !ilcs era a sell-expan<!lng senes ol Di oc k> whiCh are nol physi
calty ad¡acenl 10 ene another on lhe davice. The operat1ng s~slem 
records data blocl<s lar a llnked l•le by sktpping severa! blocks 
between each record.ng. The system tMn has enough t•me to process 
one block Whlll! tM rned1um moves to \he next block lo be used IOr 
record1ng. In O<der to conn~cllhe btocks, aach block contains a poinf· 
er to the next blOCk of the hle. F1gure 2-8 snows the termal ola tinked 
l•le. 
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Figure 2-B L1nk"d and Contiguous File Slructures 

Ltnked !Jie slcucture JS especoelly suoled lor tequentlal processinQ 
whera the l1nal slze ol lh" lile os not known. 11 readoty allows laler 
exlonsoon, >tnCe lho user can ~dd more bloC~ S in !he sama ""Y lhe ltle 
was created. In thts way, ltnl<od l•tes make elhcien\ usa ol stora~e 
space. Llnked hles can al so be joined together eastly. 

TM otocks ol contiQuous lites afe physicatty ad)acem on lhe rucordtng 
medtum. This formar ls espec•ally sul!eO lor random (d,rect acress) 
proco>Smg, smce lhe order ol the blocks is not relevan! lo \he ordcr in 
wn1cn the data ls processed. The system can reM•IY determine the 
p~yslc.al tocalton ol a block wltnoul relerence te any oiMr btoc•s In 
tne T•le. Figure 2-B also shows the formal ol a ccnloguous l•le. 

Mappe<l ttles aro virtuatly conllguous l1los; lhey appear lo t~e user 
program to be d1<ectly addressable sets ol adjecent bloCk>. TM ltles 
may not. however, acrualty occupy phystcally conl1guous Clocks on tM 
deY<ce. The blocks c.an be scattcred anY"'here on the ~evoce. Separa te 
tnlo<maMn. callad a lile headcr block, is rnainta,nM to •aenul~ all!he 

" 
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blocks co~Slllutin~ a file. Th•a metMd piovides an elf,cient use ol 
storage space and atrows lilas te be extended easily, while st111 maln
ta1ning a un•lorm program Interface. Figure 2-9 llluatrates a mapped 
t•Te tormat. 

~" 
., 

""' •• 
"''" •• 
.. ,, ., • 

·~-=· ... "' .. ,, • • 

"''" ., ... 
t<;IGlCAL . .,., 
~" y"'""-
"'"" OlOC• ., 

Frgure2-9 Mapped File Structure (Noo-Cont•guous Fila) 

lf desired, a mapped lile can be created as a con11guous hielo ensure 
the lastes\ random accesS>ng, In whlch case 11 is bolh VJTtuaily and 
phySJcally conllguous. 

The basic 111e suucturas diScussad above can be mod=l•ed or com
b•ne<l to e•tend \he leatures at each type for spec1al-purpose togical 
processmg methOdl. Some e.amples are 1nde•ed hles aM glo!>BI 
arra y files 

IMexad llles are 8Ciually t .... o conltguous l1les. One I1IB acls as an 
erdered map or a second l1la contain1ng lhe target data. The index 
poru(m er map centaln$ en~er an ordered list ol key data selected 
lrom lhe larget data racerds or pcinters 10 data record$ in lhe secoM 
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lile, or both. The target data recorda can be processsd In the order el 
1111 lnde.< pcnlen. or lhe target data record' can be selected by 
narchlng through the lndex ponion ter trie ~ey <lata ldenlLtying !he 
records. Thes.e me!hods C1 log•calty pre<:ess1ng the target data are 
callad inde•e<l sequenllal access and random acce!¡o by key, respec-
11\•ety. 

Global DSM-11 (MUMPS) array lile• dtaplay a spm;lal lorm ollinked 
lile structure. The arrays themselves are a log1cal lfee-structured or
ganil81ion consisttng ol ene cr more subscripted tevels ol elements_ 
AN elements on a panicular subscrlpllng level are stored In a single 
chaln el l<nked blocks. At tM end 01 eaclt bl<><:k In the chatn is a 
polnlsr lo the naxt black m the chaln. The levels ol thB array (all the 
CloCk cha1ns) are llnked together through polnlers m lhellfst block 01 
each chain. This lila Slructure en sures thatthe t•me 11 takes lo access 
ony element olthe array 1S mmimel . 

Dlteclorles and Director; Acceso T echnlques 
JuSI u file strvc;ture and access methods are required te locate rec
ords w•thln lltn. <llfe<:tory strvelures ond dtrectory eccess techniques 
ore required to loca te !•les wilhm volumos . 

A dnctory ls a systam-mainlamed structure used to organiza a vel
ume lnto llles_ lt allews the usar te IO<:ate mes wi\heut apec1lylng the 
physlcal a<ldresses ot thefiles. 11 is a dlrect access methad applied to 
lhe volume te locete ti! es. 

RT -11 suppons the stmplest klnd ol 111e direclory_ When d•sk end lapa 
med•a are rn11ra11zed lor use, the system creates " d.rectory en the 
daolce. Each Irme a lile '" creatod. an emry ls made In !he dlfeCiory 
IMt identihes the neme el trie lile, ils locat1en on tne dev,ce, and 11S 
1en~lh. \Vhen access to the lile ls requeste<l lherealter. the system 
e•ammes !he director; te l•nd ou1 wnere the file lo aclually located. 
The system can access the fila qulckly wiH•out havmg to examine the 
enttre devlce. 

rn mult1-user sySiems such as RSTSIE, lAS. and RSX-11 M, lwo <IJIIer
em ktnds ol directorias are used to aneble tha system to dlllerenliale 
betwaen files belongmg to dillerent users. They are the Master Ftla 
Dlrectory ano the User File Directerles. These doreclorles are 
mainlaoned as tlles trlemseloes. slored on lha velume lor whrch they 
pro vide e d~rector;. 

A MaSier File Directory (MFD) is a dlrectcry file contalnlng the namoo 
ol 811 tl1o possibte usars of a partlcut•r devlce. A User file Direclory 
(UFD) 10 a dlfectory !ole contalnmg the nemes ol all (he lllascraaled by 
a perucutar usaron a dev1ce. The system llrst chec~s the Masler File 
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Dtrectcry lO IOCIOie [he User File D"eclcry lcr the particular user, and 
then CheCK$ !he l.lser File Oore~lory to locate tha lile. Figure 2-10 ltlu
stretes the use ci!M Master and U ser File Oirectortes. 

Ftgure 2-1 O Master and user File Oore.;lones 

RSTSIE creata• en ~~FO on each disk when llls lnltlellzM On all diSI<S 
except the system dos k, !he MFO catalogs other user accounts on !he 
d'"~- The MFO en !he system dtsk has a specrat purnose. since 11 
meintatns a catalog olthe acccunts unaer whtch users can tog rn, In 
addrtron to tM user accou~ts on the diSk. A UFO e•tsts on eacn dJSk 
ter each accoum uMer wnrch ltles ere created. A UFO lor en accounl 
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is not crealed un111 a t•te is created t>y the """' under thal account. 
OECtape devrces ara considerad 10 be srngle-user d<MCeS, and 1ne 
ASTSIE system marntalns only e olngle dtre-ctory on DECtapes 

T~e RSX-1 1M and lAS systems al se employ MFD and UFO files on llle
structured volumes As with RSTSIE systems, the numbar al dlf&etory 
t<le-5 required depends en the numl>er ol users Ol lhe voluma. FO< 
s<ngte-user v<>lum~. only an MFD ts needed. For mulliple-user ·~· 
umes, an MFD Md ene UFO lor each usar are required. An MFD iS 
aulomat•cally created when the votume rs inittollzed lor use. A UFO ls 
created onty by lhe sys1em manager or prlviledged user _ 

File access ;n RSX-llM and lAS ¡¡ystems, hcwever," not llmlted lo 
usrng the MFO ano UFO ljes_ The t>asis ot Irte access using the MFO 
end UFO in these systems,. a spectallile celled !he mdex Ir le. Like the 
MFD, an index lile 10 created on each velume when rl IS iniltal12ed. Filas 
in tnese systems are mapped files, ano the lndex File contatns tne lile 
heeder lar each 1ile stored en 1he volume, includrng lhe MFO_ Each lile 
,. uniquety 'denlllred by a ftle ID_ A l•te header contains !he llle's 10 and 
tne phySiCSII<>CSI•on (logicsl recor<l number) el eaCh series el contigu
ou• blocks ccnsttlutmg a file_ By kn<>wing a ltle's 10 and searchrng 
wough one tndex lile, a prog<am can locete a !;ta (ond ony block wllhrn 
the lile) wilhoul havrng lo use the MFO and UFO oirec\Ones Figure 2-
11 lllustrates how an index lile ls used lo access lllos on a volume. 

Figure 2-11 tnde< File Access 
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All o! these operating sysremt also permit non-block replaceable 
media, sucn as cassettes and magneric tape, ro be grven e Ir le srruc
ture_ Tnese media M ve no dorectory because a dorecrory could nor be 
updated and re placad_ lnsread, ucn lrle ls preceded by ene or more 
neader records whrch conlain !he d"ectory inlormaliOn such as the 
trte's neme. The operaMg system can locate a lile by scannrng tne 
vol u me and readmg each file header u mil the correct ene rs lound. The 
trie can then be processed by a sequential access method_ 

110 Commands 
AS menuoned above, users communrcare tMir lntentrons lo process 
dato tries by lssulng 110 commands consrstrng o! al leos\ one lrle 
specrlicatron. Normally, !he 110 commands usad m e system are st8n· 
dard throughout lhat system: rn oddltron. most PDP-11 operatrng oys
lems sMre the sama basrc 110 command string lormal. 

Frn exampla, In RT-t\ systemt, !he mon.tor lnCludes a commend 
string interprf!ler routme t~al patsH and vati<lates l/0 command 
stnngs. T~e command slnng lnlerpreter routrne lo used bOth by \he 
monrtor and tna system programs 10 obtain a dellnrtlon Ir o m the usar 
el the rnput lile or lrtes to ce processed and' a detrnotion o! the o~tput 
lite or lilas 10 be created. user-wrltten programs can also call !he 
command sulng Interpretar to obraon t/0 specrloel!Uons lrom !he oper
ator at a termonal. 

A standard 110 eommand string consrsts baslcally ol one or mora 
onpul andlor output lile speclllcatlons. In an systems e•ceptiAS, an 
ti O command 6lrlng uses the IOIIowlng generallormat: 

lrlespec• !ilespec 

where lilespec ls a role specrti<:lltion and lhe equat sign ( •) represents 
a character (usuatly e-qual srgn or tess-rhan sign) that separatas an 
Input file specllrcallon on the rlgnt lrom en outputllla specrlication on 
1he lelt. 11 there is more lhan o na Input lile specolicatlon or output lile 
specrhcatron, lhey are separated lrom each other by commas. For 
e•ample, 11 !M re are two outputllle specl!ications end three input lile 
specoficatoons: 

!il es pec,l otespec ~ r ilespec,lr r espec,loles pec 

ti the progre m raquesung an 110 command strrng <loes not need etther 
an input or oulpullrte specrlicatron. \he equal sign (or le .. -than slgn) r$ 

not presenlln tho 110 command strlng. 

As an example, the u ser can run tha RT-11 operRirng system's lrn~er 
system utrloty lo trn~ one or more Object program lrtesand produce an 
executabte program lile anda toad map_ Tne 110 command lssued tO 
the Linker could ~e 
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"DK:REST0R.SAV,DKI:RESTOR.MAP•DK:RESTOR.OBJ/B:500 

Wllere: 

OK:RESTOR.SAV 

DKI:RESTOR.MAP 

OK:RESTOR.OBJ 

IB.500 

IS lhe promptlng characler prrnted Dy tne 
Llnker pr"llram lndicatr,ng lhat lt wants en 
110 command slrlng. Alter 11 ls printed, the 
user types the remarnlng characlars on the 
lrne. 

ts tha name of the executabte pregram fole 
10 be created. tt wlll be stored on the disk 
cartrldge mounted on the RKII drlva unlt 
zcro. 

ts tne neme olthe load map Ir le to becreat
e<l. 11 wtll be stored on the drsk mount&d on 
RK 11 dr"-'e unit l. 

ls the na me olthe ob)ect module (inpvlllle) 
lO !<e u sed lO crea le AESTOR.SA V. 

ls a command strlng sw1tch •ndlcating that 
1ne RESTOR.SAV program Os to be hnked 
wilh its starting address atloca~on 500. 

Command strlng swltchf!S are ~lmpty ways·ol appendrng qWIIIIylng 
onlormaUon to an 110 command sttlng_ The swltches. u sed vary lrom 
program to progrem. They are not usually requlred In an 110 com

. rnand strlng. sin ce most programs as sume delaull val u es ·for any 
swncn. 

Monitor and Command language Commando 
Tne primary systemluser inlerface is provided In PDP-11 operaring 
systems by elther monllor $Oitware or speclal command languaga 
lnterlaca programs that run under the monrtor. The monrtor soltwara 
and command languages ellow the user to requesr lhe system to set 
system parameters, toad and run prograrns. and control pregram axe
cution. 

An onput command line conslsts ot tne command name tan Enghsh 
wor~ that descnbes !he gparatron to ~a -pertormed) lollowed by R 
space and o command argument. For example, the oommand toruno 
program lstne word RUN rorrowed bythe neme of lt1elrle conlaln'rng 
oh e progre m 11111e command na me ts long, 11 cen usually be abbrevlao
ed For eumpte, the command lo set tM syslem's date lo August 15, 
t9a4 coutd be DA 15-AUG-84. Tne system coutd elso accept"DA 27-
AUG-75". A command input hne ls normally termrnaled by 1yp1ng t11e 
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carria~e retum ~ey on t~e coosole l<eyboard, althou~~ m sorne sys
tems lhe key labeted ALTMODE,. also used. Typong the carria~e 
return key ¡or AL CMODE key) tells IM system thattne command lme 
os ready to be processed. 

In tM RT -11 s~stem. a monotor ~om;xment Celled the keyMard mono
lar perlorms lhe luoctooo al notolyong the user that the m o Mor os re M y 
lar 1nput by pr~nl.ng a perlad at the lell marg1n. The user "nlers a 
commaM Wlng on tne same I<M lo!low•ng the per~od. a M terminales 
the commaod string by typ 1n¡¡ the carnag e return key. 

In the RSTS/E S)'Stem, the momtor aod the BASIC-PLUS language 
proce<sor sMre tM responslt>il•ty lor interpret•ng commands. The 
system pflnt• tne word REAOY on the termtoal and then spaces down 
two l1nes. Tne u ser then entcrs a command on \he ne .. tine and termt· 
Mies \he llne by iyp,ng IM carnage return key There ere lll!ee types 
ol commands the user can rssue: RSTSIE moMor commands, such 
as RUI'o:, ASSIGN, ot RENAME; E<ASIC-PLUS •mmedlate mode 
statements. such as PRINT. INPUT. or OPEN; cr Concise Command 
Language commaMs. 

A Gonc1se Command Langua~e ¡CCL) commaM ls used 10 run an'd 
pass arguments automatlcally to des•gnated programs stored In the 
system ll~rary. The programs can be system uiiii1JeS supphed woth t~e 
operat•ng system. or can be user-wn\len con""'le rouune programs 
that pertorm spec•al appllcat•On operahons. For example. RS TS/E ;,;. 
eludes a system Ullllly cal 1M PIP tMI perlorms a va11ety olllle man1pu. 
lal•on operations, inctu<11ng a lile copy oporat10n. The dralog normally 
u sed to run the PIP ut•l•ty and issue a copy command is 

READY 

RUNSPIP 
PiPVnM 
'FILEB DAT•FILEA DAT 
·:e 

REAOY 

TM system prims READY. 

Tne usar runs PIP. 
PtP onnounces •t>ell. 
PIP p11nls an asteriSI< 10 request 
an 110 command and the user is
suesa copy command. PIP pnnts 
an asterisk, ¡ndicatlng lhat the • 
operation was perlormed and 
thal 11 IS reedy lo accept another 
command; the user lypes a 
CTRLIC lO aborl PIP Bnd retum 
to the mon11or. 

Tne system pm>ts REAOY, 

The stan~lrd ASTSIS syStem also includes a CCL command named 
F'IP tnat can be issued to perlorm any ol PiP's normal lunctior 
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usad o< a CCL command. the dJaiOjliO perlorm the oamecopy opere
t•on ls: 

AEAOY 

PIP FtlEB.OAT•FILEA DAT 

READY 

The s~stem prlnls READY. 

The user issues !he CCL com
mand and the algument1h8lleiiS 
PIP lO copy FILEA.DAT lO Fl· 
LEB.DAT. 

The system prmts READY. 

A CCl command not only pro~•dO'S an easy-to-use command •nter
loce, 11 can alsc provode protect•on from unauthorlled use ol certain 
programs. For e<ample. il a part1cular program perlorms se~eral op
erat•ons, sorne ol whoch should not be a~ailable lo unau\hOri,ed users, 
tflfl s~stem manager can preven( !hOse users lrom lssuong lhe RUN 
commend to run IM program. b~l can allow them to perform sale 
operat•ons by using CCL commands. 

In tne ASX-11 systems. a commond interface callad the Monitor 
Console Routlne (MCR) allows \ha usor to perlorm system level opera. 
11ons. Wnen MCR is aclivnted, lt prlnts the characters MCA> on the 
terminal. The user enters a command on the sama hne as me prompt, 
and termtnates the lme wnh a carriage return cr an Al TMODE. 11 tne 
hne 15 termonared w1lh a car11age return. MCR p11nts a promp! and '" 
rUdy to rece•ve anotner command. 11 the tina is terminated w1th an 
ALTMODE. MCR does no\ reactiVa le. To reacltVala MCR ata terminal, 
the user 1ypes a CHILIC. 

There are rwo ~onds of commands that MCR accepts: general usar 
cornmaods and privileyed user comman~s. GeMral uSe! commands 
provide system rnlormal100, run programs, and mount and d1smount 
~••ices. Pfl.,leged user commands control system operatton an<l set 
system paramclers. 

To runa system utli•ty, the user can type tOe utll•ty's no me 1n rcoponse 
10 an MCR prompt. Wnen the u1il•ty is loaded, 11 prrnts a prompt to 
request a commeno stnng. Tne user can then en ter a command slnng. 
wnen ,¡ completes tne operat•on. tne usar can enter anotner com· 
mand or type CTRLIZ lo terminate the program. For e>a:'l'lple. 10 run 
tno PIP ulilllY program 

MCR:>PlP 
PtP>comman<l string 
PIP:>!Z 
MCR:> 
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lf fhe user wants to '"""" only ona command ro lhe util1ty,the us~· can 
typa the command Slring on !ha same hnewilh lhe MCR requa~t lO run 
tna utol1ty. For e~ample: 

MCA>PIP ccmmand s1nng 
MCA> 

In lhe lAS system, system/user lnlerfaces are proY~dad by programs 
calleé Command Lan~uage lnterpreters (CLt). The standard sysrem 
1ncludes a Cll calleé lhe Program Development System_ When 11 os 
actwated, 1t prints lhe promp1 POS> on the 1ermrna11o ind1cate u os 
ready to accepl and proceso commands. The user nas severa! optoons 
lor command strlog formets. 11 the user ,. uncenaon about a com
mand"s syntu, !he user can olmply lype !he command name and a 
carr1age return. POS Wlll ask the user lo supply each porllon ot lhe 
command slrlng lnd,.ldually. Users can wrlte lheir own Commond 
Language lnlnrpreters_ 

PAOGRAMMED SYSTEM SERVICES 
All PDP-11 ooeranog systems provtde access lo thelr serv1ces t~rough 
requesrs !hal prog rams or tasks can issuo durlng execulion. 

The RT-11 system provides a varrely of programmed requests. There 
are programmed requests lhat perlorm file manlpulation, dais uans
rer and olher system servlces such as iOadlng devtce handlers. senlng 
a mark time lor ssynchronous roul•nes. suspondmg a program, and 
caUmg the Command Str~ng 1 nterpreter. Mon1tor sorvlces are request· 
ed through mecro instruct1ons In assembly language programs. or 
through cans 10 !he system ll~rery In FORTRAN programs. The basis 
olthe progremmed requestsln RT-11 are lile Emutator Trap (EMT) 
instructions. When an EMT is executed, conuol is passed to the 
monilor, which e•tracts apprcprlate inl ormaliOn hom the EMT lnstruc
!IOn and execules the operatron requested. WMn the operalion ls 
perlormed, !he mo011or returns control to !he program. 

In the RSTSIE aystem, use ro wrltrng BASIC-PLUS programs nave oc
cess to the monllo,·s se,·ices through system luncnon cal!s. The lunc
uon calls allow a program 10 control termmat operatron, to reaa aM 
wrote co·ra common strrngs, and to JSsue cans to the system l•te proces· 

·a<>r. The lile piOCessor calls enable a program to set program run 
prlority ana prrvrl~ges. sean" a l•le spec•f•catron, ass1gn dev1ces. set 
termina! character~stics, and.perlorm d1rectory operallons. A syslem 
funct•on lscalled In a manner similar to norma! BASIC-PLUS language 
calls_ Wllen the lunctron CPflrauon LS performea, the prO!lram conun-
ues exe<:uticn. 

The RSX-11 .. and lAS execurcvu .. lnclude programmed serv1ces called 

OP!;/!AT!NG$rSrfMS 

executlve d1rectrvao. Directivas can be executed In MACRO¡._ 0tams 
using system macro ca lis provided wlth the •ystem_ The FORTRAN or 
BASIC-PLUS-2 prcgrammer can lnvoke directivas !hrough a 
subrouune can. The syslem uses onty the EMT 377 lnS1rvcl,on to •m
ptemenl d"ectlves. The directivas allow the progre m to o~taln syslem 
1nformollcn, control task executlon, declare slgnflcant events, and 
perfcrm 110 operallons. Alter the dire<:tlve IS p10Cessed, control ls 
normally returned to the lnsl,uction lottowlng !he EMT. 

The RSX-llM and lAS sys1ems atso lnclude programmad lila conlrol 
servicas. The file control servli:es enatoe the programmer 10 l)t'rlorm 
racord-orlented and block-orientad 110 operahons_ Thase s.ervlces 
are prov1ded as macrocalls. 

Th~ lAS sys1em lncludes a speclal set ol programmed S<lrvoce• called 
T¡mesnarlng Control P1imrllves. TheSe &Te avai!able ter use by any 
program lhat is wril!en u a Commana Language tmerpreter (CLI). 
Tne~ enabte a CLI to stan or control execuuon of other umesharing 
ras~s. and snare acoess to devlces wilh other llmesharing user~. 

SVSTEM UTILITIES 
PDP-11 ope,allng systems provide, 1~ general, !hree klnds ol system 
utrhty programs: program developmenl u!llotres, file management ulrli
!i&S, and specoal system management uldoties. 

Most POP-11 operallng systems include !he lollowing klnds ol 
program dev~topment ullllties: 

Tc•l Editor 

Assembler 

Llnker 

An editor ls used for on-line interactiva crealion and 
editlng of source progroms or data files. An editor 
uses severa! seis of commands lhat search lorchar
acter strtngs, insert, move or delete ChaT&clers or 
rones, and insert, m ove, delete or app""d wMie bulf. 
ers ol data. AltMugh a te~t editor is deslgned lor 
in!eracwe usa, lt can also usually be run under a 
batch processor ti the operating system suppons 
balch processong. 

An auembler accepts a source program wril!en In 
PDP-11 machina language and produces an object 
module as outpul. 

A llnker ls a program that accepts relocatable object 
programs crealed by an assembler or comp1ler and 
produces an e~ecutable program module. Sorne 
llnkera prov1de facilities for o~erlald program seg. 
mento to enable a lorge program lo execute In a 
smaU memory area. 
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Debugger 

OP~RA 1/NG SYSTEMS OPfriA TIN¡; SYSf(MS 

A librarian IS a program tllal enBbles a pro~rammer Most system mana~ement utrlities lncluded In an oper~tmg system are 
to crea te. update. mod1fy. lrst ana mamta•n l•brery dependen\ on !he luncllon t~e operaung system •erves. TMe ASX- 11M. 
files A 110rary l1le is an obtect module {or moc:tules) lAS. and ASTSIE systems p"wide speclal system management 
thal ls usad several tomes in a program. u1ed by: utrlmes. For example, ASX-1\M and RSTSIE lncluda system 
more than one program. or mut•nes that are relatad error logging and report programs. RSTSIE. and lAS and lnclude u ser 
and s1mply gall•ered togethar ro incorporate easily accourltong programs. 
into a program. ' 

A debugger is e program wllich enables a usar to 
troubteshoot program errors dynamically through a 
terminal keyboard. ll IS normaiiY l<nked with a pro
gram and runs as part ot the prograrn_ 

Sorne ol lile l1le mana~ement u\il1!1es available en many operating 
systems ioclude: 

"' 

FtLEX 

DUMP 

VERIFV 

Tne Peripheral lnlerchange Program WIP) is a gen
eral-purpose lrle u!llily package ter both the general 
user and programmer ""~ the syslem mana~er. PtP 
normally handles att hles w1th IM oparatmg syslems 
standard <!ala ter m a ts. In general. the progr a m 
trMSie<> data Idas lrom any dl!vke in lile system to 
any other devlce In the system. PIP can also delete 
or rename any e,isllng file. Sorne operat1ng syllems 
lncluda spec1al lile managemont operations In the 
PIP utilny. su en as d"ectory lrst,ngs. device lnlt•allza
~on and lormettlng. ar>d accounl creation. 

TM File E• changa program ls a speciat-purpose lile 
transler utllrty similar in operat•on to PI P. 1t prov1des 
the abllity to copy lites stored In one kind ollormatto 
anolher forma t. Thls enablas n usar lo crea te data on 
one system In a speciallormat and then transler tM 
data toa devlcoln a lormat that another system can 
road. 

DUMP displays all or setected portions of a lita on a 
larm1nal or lrne prrnter. In general, DUMP enabtes 
l~e user to mspect 1M tole in eny ol three modes: 
ASCII. byte. and oclaL In ASCII moda. t~e content ol 
eac~ b)'le is oronted asan ASCI! character. tn byte 
moda, tha cootant ot each byte is pflntM asan octal 
value_ tn octal mode. tlle content o! each "'o'~ '" 
pnnled asan octal value_ 

In general. a VERIFY program cheoksll>e readabtt1ty 
and val1~1ty ot data on a lile--structured devlce 
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INTRODUCTION TO THE RSX-llM V3.1 OPERATING SYSTEM EXECUTlVE 

This 

"' 

ay•tem 
which assu01es th~t you h~ve 
describes the Jremory suuctures 

1.1 RSX-llH SYSTEH 

of the ' 

'"' 

RSX-1111 is a real-time oper~tlng system. This means that RSX-IIM 
responda ouickly to input condltíons or input data, RSX-llft is al so ~ 
multiprogramonng systern. Thi~ co~.binatlon allows real-ti~.e actlVi~y 
(!or example, procus control) to occur along with progr~m de,·elcp!l'ent 
Iinteractlve ter¡:¡inals) and other user jobs. At one extre~~:e, ;;s~-ll~ 
c~n be a dedicated process conuol system, and at the other, ~ syste"' 
for developlng and running applications programe. 

1.2 SYSTEM GENERATION 

RSX-llM offers a wide range of servicea and utilities from wt'.l>'h te 
choose. ~ach insUllation selects from these options to shape ltS 
version of ~SX-111'1 according to the processor and peri?:,ecals 
available anc! the purpose of the system. You per~orm a s-¡ner. 
qeneration (S~SGENJ process to select these optlons, 

Every installation lntitlally receives an RSX-llM sy=te~- on 
dist.cibution ~edia. ~ou run this aystem and use its reso~¡ces to 
generat.e a target syatem configured to your install•tlon's needs. 

Sy&tem generation is done in two phaaes. Dudnq the firs< pha~e 

SYSGEN deftnes and asse~-blcs the Executive (the kernel or "br;o1n" of 
the operating system that responds t.o externa! requestsl by conciuctinq 
a dialogue with you. ouery programs pose oueations at a terminal. 
Your ans~ers to the cuestiona determine the ~xecutlve ser vice opt>Ons, 
processoc options, and peripheral devlces to be incorporated into the 
tystem. Duflng the second pnase, S~SGEN bullds the Executive, olloo:s 
you to define ~emo<y structures callee! partitions, ~nd Ou1lds ancl 
ln$talls the systam programs. 

You comolete the SYSGEN process by savin9 and bootst<app>ng the new 
system. Saving a syste,. roeans writíng the i01a9e of an ~Sll-11,. syttem 
that has been residcnt in 10ain tt.emory lnto the syatem image flle from 

·1-1 
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whlch it was bootstrapped. You do thls ... ith the save com01and, which 
saves the image to allow a hardware bootsuap or the Boot. command to 
latcr reload and restart the system. 

You bootstrap (boot) a system by elther usinq the sYitchcs on t~e 
processor control panel or usinq ~he eoot col"oaand. The Boot co=and 
bootstraps a system that edsts as a system i~.aqe file on a Files-ll 
(the RSX-llM file structure) volumc. The Boot com~.and immediately 
termlnatca the system In operatlon and starts another. The Save 
co~~~~nand, the Boot command, and the process of booting a system with 
the switches are all descnbed In the RSX-11.~ Ooerator 's Procedures 
Manual. 

i¡·~~~il~i·:'J';';·;·~~·¡';·J'' :': :·¡:·;:'¡·;·: :· :·: o' must another 
software configuration of an 
systern geneution. The RSX-llM 
system generat1on process 1n 

l.) IIAJOII. COI!PONEIITS OF !l.SX-llM 

!I.SX-llM re.:¡ulres the organized 
components: 

"' 

intuaction tollowing 

• Memory resoorce management. Memo•y is the proceasor storage 
medium 111 which loaded uoer proqra~s. tl:e Executive , and 
control blooks of data residt. Much of the Executive's work 
involves memory resource manage<T>ent and .control. 

a Task schedulin<¡ and processing. Tasks are system or user 
programs that perform needed function• and o:~nipulate dllt4 to 
achleve sorne goal. The Executlve cor.t:ols o~s~ ¡:>rocessing and 
handles spedfic reouests is•ued by the us<s. 

a lnterrupt processing. The EXecutive proce~ses synchronous and 
asynchronous events that occcr as a result of task processing. 
Examples of these events incluC:e soft•are errors, l/0 
completion, illegal instructions, ar.d ?o""' ~allure. 

1 . 4 MEMORY 

1.4.1 MelllO!y Partitions 

A partition ls a continuous area cf men:ory ¡n whlch executable 
programs called tasks can be run. The typlcal :remory organization 
consists o! an area for the Executive and Heas for system- cr us~r

controlled putltions. 11 partit>on haa the folJo~·1n9 characterlatics' 

a 11 name 

• A defined size 

• A fi•ed base address 

• 11 defined type 

,_, 

J 

' 
' 

' . 
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1.4.2 Partitiona In Happed And Cn11apped Syste.,s 

RSX-llH runs oñ al.,ost all models of the PDP-11 processor. The PDP-11 
addreasinq scheme allo~s a program to address directly only J2K ~ords 
of memory. For 1arqer memorios, DIGITAL has a XT-11 Memory Hanagement 
Unit (harcl~are) availab!e for all models of the PDP-11 except the 
PDP-ll/OJ/04/05/10/20 proceosors. The KTll Memory Manaqement Unit 
associates addresses expressed in programs ('virtual" addresses in the 
range O to J2K) with actual locations in 111emory ('physical" 
addresses). Physical addresses can range from O to 124K words on all 
processors other than the PDP-11/70. Physical addresses on a 
PDP-Il/70 can range hom O to l920K words. 

Mapping is the process that associatet virtual addresses with physic~l 
addresses. Therefore, a PllP-11 system that includes a KT1l Me~rory 
Hanagement Unit is called a !llapped syster::. Conversely, syst;~;:-.s 
without a KTll are called unroapped syHe:'Os. In a mapped ayste:o, a 
task can be instal1ed in any syatem partition or user partition large 
enough to cont~in lt. In ~n unmapped system, tho task is bound to 
physical memory and must be installed in the portition that stuts at 
the same memory address as the partition for which it was built. 

Whether 
e reate 
must be 
Builder 

a systeJa is mapped or unmapped affects the way in which vou 
tasks. Before a co,.piled program (object code} can be run, it 
processed by the rask Builder program (linker}. The Task 
produces a taek image that runs in a ~.emory partition. 

If a system is unmap¡>ed, you roust specify to the Tasi< Builder the ba•e 
address of the partition io which the task 1s to be rur.. You ca~r.ct 
run the resulting tas~ In a partltion that has a base addre•s 
di!ferent from the address you specified to the Task Builder. 

In a mapped system, ho..,ever, every t~sk (other than ~ 

mapped into the Executivel has a virtual base 
Tran&puently to the user, the KTll meps the virtual 
task to the actual ¡:hysical addresses in "h:ch the 
tasi< in a mapped syste:o can therefore "'n in any 
enough to cont,.in it. 

privileged cask 
address o: O. 

addresees oE a 
task resides, .:. 
partition Jorge 

You need not rebuild nonprivlleged tasks in a mapped 
physic~l partition boundaries move. This is 
nonprivileoed tuks or. ~ :oapped syste;r. runa< a v¡rtual 
of O, rather than ata physlcal b~se address. 

system .,c.en 
true beca~•e 
base add!:eH 

If you move the Syr."bols tt."t are referenced H. the code, you ,.,, .. 
rebuild pr1viicged tasks 1n either syste::- tecause they ar~ linl<ed toO 
the Execut1ve symbol toole file. You ~oy ~e reouired to re~~ll~ 

nonprlvileged tUl<! only if you change •ny of the task's attrit·"c~• 
such as checkpolnta~ility. The us<'a "n<ib·c~es can be changed ·.·c.~c. 

use the lnstall cc:c~r.and to inatall the task. You use the -:-a•< 
to establ the attdbutes when t~ilding a task. Consult t~e 

.1 for a co<rprehensive discussion 
Euilder switches. See the 

for ~ description of the Install 

1.4.3 Portition Types 

RSX-llM supports two types o! partitions 1n "h1ch t~sks can e~ecute• 

l. SysteD-cOnt rolled 

2. User-controlled 

1-3 . 
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In a syste~-controlled partition, the Executive allocates available 
space to acco~odate as many tatikS u possible at any one time. This 
alln~ation may involve shuffling resident tasks to arrange available 
~t>.,,., into a continuous block larqe enough to contain a requcsted 
t,.~. The Shuffler, which Js a pdvileged usk anda S'lSGEtl option, 
.:..h~Ulcs thc tas~s and memory space to make the needed space fot the 

. <~<Juested task. Only mapped syaterns sopport system-controlled 
f'flftitions. 

11 user-contr.olled partition 
tillle. Both mapped and 
partltion. 

is excluslvely allocated to 
unmapped systema suppor t 

one task at 
this type 

• ,, 

1.4.4 Subpartitions 

You can subdivide a user-eontrolled partition into as ~any as seven 
~· nonc:verlapping subpa~tltions. Llke its p~rent main partition, a 

subpartition can contain only one task at a tila. Eecause the 
subpartitlons occupy the same physieal memory as the rrain particion, 
tuks cannot be sirnultaneously resident in both the !:'.a ir. part1tion and 
one of its subpartitions. However, because each subpartitlon can 
contain a task, up to seven tasks can potentially run ln parallel 
wlthin a main partition. 

The purpose of subpartitlonir:g is to rec!aim large ~e:::ory areas 1n 

unmapped systerns. For exsmple, when a large task that recu1res a n:ain 
partitlon >S elther no longer active or can be checkpo:r.ted (~<ritten 
out to a disk to rnake room for a higher ?tiority taokl, 
~ubpartlt!Onlng allows a nurnber of amaller tasks to use t~e partltion 

. -space. 

1.4.5 Memory Structure 

RSX-IH\ 10emory in a typical systel!l can be dlvlded into ::.e following 
p&r ts' 

The Executive, whleh consista of: 

Trap vectors. The trap vector area co~t~;r.a t~e hard.;are 
and interrupt vectors; it reauires 120 ·•ords. During 
SYSGEN, you can expand this area to 256 ~o·ords. 

Sysa"' stack. The system •tack arca is an •~tern~! 
are~ for Executive use. The Executlve use! Lt for 
lnterrupts, saving reglsters and data, and ir.ternal 
The stack reauires 60 to 110 wotds dependir.g u;>on 
selected at system generation time. 

•touge 
nestlng 
calls. 

optlons 

·~t· 
System common data. Thia area contains systerr pointers· that 
are filled in during system generation ~r.d used by thc 
Executive and privileged tasks during executicn. 

The Executive code. The Executive coord~nate• and mana9es 
syste'" resources and processes speclalized syate:c functions. 
System generation options determine the size ar.d abilit1es 
of the Executive. 

., 
'' 

¡ ,, 

\ 
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oyn~mic Sterage Reglen (DSR). The Executlve continually 
uses te~tporuy storage In memery. The Executive acqdres, 
uses, and then returns the memery that ít used te the 
av~llable memory pool. rf ~ given Executive service routine 
requests dynamic storage .. nd it is unavailable, the 
Executive informa the user task, which usually w~its for 
some memory to become avatlable. The size of this regior. is 
illlportant. If it is too small. long waiting pe<io<ls er 
system deadlocks can occur. If it is too large, fewer tasks 
can fit into the remaining mernory. The size ef the reg1on 
ls a system generaticn parameter. 

You can extend the initial allocatlon ef dynamic sterage en 
line by issuing the MCR ~ommand, Set /Pool, from the 
·~onsole, Hewever, the use ef thia comrn~nd is limlted in 
that this expansicn can occur enly !nto sp~ce that !s not 
being used. This space, 1f it eXIsts, is "'et,.een the 
Dynarr.ic Storage Region space and the first partition o~ 
mernory. 

Device drivera: 

You can include three drive<s in the BK txecutive during 
SYSG~Nt, 

1. A disk drive< 

z. A cassette, DtCtllpe, magtape, line printer, or floppy <lis< 
driver 

l. A· terminal driver 

In general, Executives lHger than 8K contain additional 
resident ddvers which you lnclude during system generattor .. 
Sorne drivers can be made loadable: that is, they re!lÓe on 
disl< and ue leaded intc memory when they are needc¿, 
Therefore, loadable drivers save memory space because trey 
eccupy r:-.e:tory only ,.hen needed and they do not occ~~y 
Executive virtual address space. 

• Loader: 

The Loader is a tasi: that run$ in its o"'n 
resident in the Executive, Thus, it can 
systef'1 and user tasks, The; Loader, 
independent: 

partltion, ~·h1c". '" 
run in porallel ''"~ 

whicl1 is ée·:;ce 

l. Loads tasks upon initial load requests 

2. writes checkpeint•ble tas~s te disk "'hen reouired (see 
checkpointing, in this chapter) 

3. Reloads previously checkpolnted tasl<s "hen memcry becor:-~s 
available, ~llowing them te ~ctivoly co~.potc for prOCC$SO< 
rosources. 

• ~CR t~nd TKTN tuks: 

The Monaor Console Routine (IICRI processes system 
that you enter at a tcrmiMl. These commands ar~ 
to the ~C~ procesaor. ~CR eithcr e•ecutes the 
itself, or activares a system or user- ... ritten task 
ser vice the commando. 

,_, 

co¡m.~r.ós 

directed 
co:t.!r.~nds 

thH can 
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The Tas~ Tenninatíon Notiftcation Task lTKTIIJ performs two 
functions: 

J. It prints out messages and tries to print the contents 
of the registers of a tuk that has been •borted due to 
an error. 

2. It prints out meuages for device drivers. 

Ideally, TKTN runs either in a partltion in "hich all tasks 
are checkpolntable or execute qu!Ckly, or ¡n Ita own 
partltion. The reason for thla is that '!'KTi1 T:IUSt be in 
meJllory in order to print Jllessages. If ':'KT~ cannot get 
1ter..ory apace to execute, the Execuuve a~e~es up r.essages to 
TKTN, thereby us1ng up Dyna10ic storage J<eg,on space. ¡t is 
concelvable that al! the Dynamic Storage Region could be 
used up for thls purpose: this "ould cause the system to 
hang up. 

• The file system< 

Files-U is a aystem of formatting files ü.at are held on 
volu1tes. Flles-11 volun<es are magnetic <reCi~ (tapes or disksl 
that have been spedally formatted bv the .~CR com:nand, 
lnitialize volume. volumes that are not pro;::erly formatted 
are considerad to be "forcign, • RSX-llM !~eludes ~ f1Ie 
e•change utility that tr~nshtes files in o¡GITAL's DOS or 
IIT-11 fonoat into Files-U format. 

tour tasks that run on IISX-lH\ access dota 
riles-ll volu ... e• through the uoe of two sets 

• File Control Servlces lFCS) 

• Record Management Servlces (IIMS) 

wnhin files on 
of subroutines: 

floth res and II~S provide the abllity for yo~r t•t<s to perforJll 
record- or block-I/0 operationa o~ File•-:: ,·ob:::es. res and 
RI\S are system lntufaces between the I/0 9ro:;rarrs th~t you 
write and the'. files on the Files-11 vol~~H tC.ot you want to 
access. These interfaces provlde device t.~Ce¡::endence and 
allow you to ta~e advantaqe of di.ffe,e:-.: .-e::-.cds of file 
organization. 

res '"'poses a ungle 1-ogic~l 
logical organ!zation is 
organization and res tJllposes 
O<ed 1 u<n, 

organizatlon e:-. :·o"r ttles. Tllls 
called tt".e ge~·"er.tial file 

it on' all f:.:os regardless of 

In contrast to fCS, RMS provldes three file organizations 
seouentlal. rehtive, and 1nde~ed. 

The ~li\CR0-11 1/0 prograJllming that you do differs between FCS 
or RMS. Therefore, you must become familiar wlth the contents 
of the manuals that describe each one. Tee retpective manuah 
a r e : 

For FCS: 

• IAS/RSX-11 I/0 Ope<~tiono Re!ere~ce .~anual 

t RSX-llH l/0 Drivers Reference Manual 

) 
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ror RIIS: 

• Introductlon to R!IS-!1 

e tAS/RSX-llH RIIS-Jl !lACRO Pr29ra~~~r's Refer~nc~ 1\anoal 

The Flles-ll Andlluy cont!ol Processor (Flli!.CP) LS a group 
of Execotive ~ubroutines that proccss and control the I/0 
control structures and devices for RIIS or res. The Executive, 
res, and 1!115 use Flli!.CP: however, ltll operatlon is 
transparent to you. 

FllACP is available in three versions, The füst and smallest 
(FCPNMH.TSK) reguires 2N of mernory. FCPNHi! does ~ot •uppon 
multL-header files or RMS record blockir.9. The second 
(rCP.TSK) requires 2.5K of me~ttery. The thüd versien 
(BIGFCP.TSK) tequlres frem 4.5K te BK ef lt~o:ery, Yeu select 
these uersjons during SYSGEN. The RSX-11~. Syste"' Generation 
Manual fully d~scribes these versions, the rea!ons fer their 
use, end the rnethods of installatien. 

e The prlnt spooler: 

The pr int spooler tasl< (PI!Tl spee~s ~p the operation ot 
1\ACR0-11, the Taslc Builder, and compllers oecause they do not 
bave to wait for I/0 to complete on the relatlvely slow line 
pdnter. Instead, the listing files. are wdtten toa disk. 
Subseguently, PRT prints the files as they SP?U< in a gueue. 

Any tnk that uses the line printer te print files .~ay use the 
prlnt spooler. For uample, the !lSX-11~ Peripheral 
Interchange Pr09ram (PlP) can optionally use the PRT task to 
print files, 

• User task partitlons 

user tasks run in the remainlng memory 
structure. The pHtltiens and tasks can be 
system user 's requirements. 

1.4.6 Eu111ple Of i!. 161 Onmapped system 

in ~te 
configured 

mernory 
to the 

Figure 1-1 lllustrates the memory layou~ Of a sar.;>le lH ~nrrapped 
syslern. The Executivc rcg1on, which rec¡ulres 6K, cons,~ts of the 
Executive and the usu-centrolled main partitlen """·"d s~s~_,_;¡, T~is 
partltion centair.s the flle sy•tem (FCPNMHl, t~e ~.cc.nor Censole 
Routine (MCR), anO the Tu• Tenr.inatien NetiflcatLen rouor.e (TKTNl, 
The file syatem is chcckpointable and has a lower ¡Hiority th~n MCR o< 
TKTN. Therefore, if the file system is running and a system user 
requests 1\CR, the E>ecutive checkpoints the file systu·. and lo~d• and 
stuts HCR. 
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suBA 

suae 

suec 

' 

SVSPA~ 

"" 

' 

BYTES 
100000(81 

., 00181 

Pj\RBK •• USf.R -CONTROLLEO 
MAl N PARTITION VIITH J 
SUB·PA~TITIONS 

USI:: R-CONTROLL E0 PAR TITION: 
FCPNMH- FILE SYSTEM 
MCR- MONITOR CONSOLI:: ROUTINE 
TKTN- TAS~ HRMINATION NOTIFICATION ROUTINE 

OVNAMIC STORAGE REGION ---- --- -- --
OSKPAR SYSHM DISK DRIVER 

SECPAA LINE •R INTE R ANO OEVICE DRIVERS 

SVSTEM TASLES iSVST81 
EX!'CUTIVE COOE 
TAS~ LOAOER 
SVSTEM C0MM0N 0Afj\ 

EXECUTIVE 

SVSHM ST j\CK 
TRAP VECTORS 

• • 
Fl9ure l-1 Sample Unmapped 16K System Memory LayoYt 

\ 
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The user ~re~ contalns a user-controlled main partltion named PAR8K, 
BK In length. PAR8K contains three aubpartitions, named SUBA, SUBB, 
and SUBC. Language proce~sors and the Tnk Bullder use the 8K 
partitlon for progra~ preparation. These programs usu~lly have ~ lo~ 
priority and ~ay be checl:polntable. 

The three subpartitlons are available for real-time tasks. A task in 
the main partit•on is checkpointed if: 

• It is checkpointable 

• Another higher priorlty task needs the partition, or a 
subparition 

If tasks occupy the p<Htitions S~BA, SUBB, SUI!C, and SYSPAR and the 
U.sks are ready to run, the rxecutive gives CPU resources to ~he tas< 
~lth highest priority. 

1.4.i rumple Of A Mapped 12U-word RSX-llM Syatem 

Figure 1-2 is an example of a large mapped system. 

Besides the Executive, the system contains 
aystem-controlled partltion for loadable device 
terminal driver. Loadable drivers residing on a 
Uler command ~·hen they are needed. 

DRVPAR, which 1! a 
drivers includlng the 
disk are loaded by a 

SYSPAR is a 2K user-controlled partltlon that contalns the flonitor 
Console Routine ltulti-user (MCR~U) tuk, TKTN, and the Shuffler tas~. 

The Shuffler is dlscussed later in this chapter. 

FCPPAR is a 6K 
The 6K size 
blocl<s (fC!ls). 

partition for 
ia sufficient 

the primary 
to allocate 

file control syste~, 
approximately SO file 

All other tas<s run in the systel:'.-conuolled GEN partition. 

BJGfCP. 
control 
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1.5 Tt.SX PROCESSING 

To l!lake a task known to the Executive, you install it: When you 
install a task !by issuing the tnstall corn~~~and; see the ~SX-llM 
Operator 's Procedures Manual), the systeli'l records a number of task 
parameters in a sy5tem-residcnt table called the Systcli'l Task Olrectory 
(STO). The recorded parameters in dude the name and she of the task, 
the- disk address at "hich the task's image starts, and the addrc~s of 
the Partítlon Control Block (PCB) of the partltion in which the tasi< 
is to run. 

1.5.1 TIUII< State& 

lln installed tasi< ls defined as a task that has an entry in the STO. 
It is nelther resident in "'eaoory r.or cc,peting fo< system reSOIHces. 
The E~ecutive considers it to be dcr1:1ant until a running taak or -a 
co!l'.mand issued from a tH~lnal reouests the Executive to activete it. 
The Executive therefore recognlzes two task states: 

• 

• 

oonaant • ' dormant un ,, 000 that "" be en installcd (has 
an entry '" '"' STDJ, "' "" "" been requested <o r un • 

Active. '" active task ,, .. instUled taek that "" been 
reauested " run. " <emains active unt1l " exits, O< <¡ets 
abo<ted. " then returns " '"' dcrmant sute. 

t.n active task can be in one of two sub~tates, ready-to-run cr 
blocked. 

L !leady-to-run. A ready~to-run. task competes with 
tasks for CPU time on the basis of priority. 
ready-to-r~n task having the h>ghest priorlty obtains 
ti01e and thus becomes tr.e current task. 

other 

'"' "" 
2. Blocked. A blocXed tas~ is unable to co10pete for CPU tio:e 

for synchror.i.adon uasons or because a needed resource 
is not available. 

The distinction between dor~ant tasks and act1ve tasks is important 1n 
a real-time systeO'. ,>, dor01ant tas<. ~su !ittle memory: and yet .,t"_en 
the task is need<'d to se;vice a real-ci:re e•:ent, the Executive can 
quickl¡· and e!ficientlv introduce it lnto active cou.pet>tior, ter 
system resources. An 1~$tall~d cas<'s S"TD e~try en~ble~ th>s <>~1ci< 
rc~ponsc bec~us~ ic contoinn all the ?al~~et~rs the syst~m needs to 
retricve the recrueso~d t~~k. Note thJt the nu~.ber of lnstall~d, 
dorm~n~ t~sks c<>n, and o.nuolly w1ll, fH exceed the number OÍ act¡ve 
tasks. 

When the E~ccutive receivcs a reoucH to ~ctivate 
nonrcsident t~sk, lt performs a oeries of ~CtlOnS: 

• 
• It alloc~tes the rc<¡uired meo:ory resources on thc basis of the 

task's priority. 

• lt bring! tne tas< 1nto ~e~ory. 

• lt places the task ¡n ~ctive co~:;pc::itlon for system reaources 
with oth~r rcst¿ent t~s<s. 

lf t~s~a fully occupv the part>tton ,~. "~1Ch a tas< 1s installed and 
no rcsidcnt t~sk éan be checkpo1nt~d (s~c Chcckpointing in this 
chapter), the tftsk is placcd >n a oucue by pdority wlth Othet 
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activated tasks, eacb waltlng tor apace to become avallable in lts 
partition. 

l.S.2 fhed Tnka 

A task can be loaded and locked into lts parttnon. Such a tas~ ls 
called a fixed task. The Fix corr.,and [sce thc RSX-llM Operator's 
Procedures Manual) allows you to fix a task in memory. Tha Executive 
services subsequent requests to run tr.e task more ouicUy tecause the 
task is resident in memory and does not have to be loaded from tr.e 
disk betore it can run. The syste!> can fix a usk in me..,ory only when 
the partition in lihlch it U to be lixtd becomes availi!ble. · 

Fixed tasks remaln physlcally in memory even after. they finish 
executlon. Therefore, the Executive does not have to reload them when 
they are again reouested to run. ~owever, taska that can be fixed in 
m~mory must hav~ re-enuant cede if i t is to be reu~ed by ~nother 
progra111 or system user. Re-entr<~r.t oode must be use<l hecause ~he tu< 
cannot be allowed to change its own interna! d~ta base it another 
progum uses it. Only ~n unfix or Pemove co~.mand can free the mell"ory 
that the task occupies. 

See the 

The following rutrictiOna apply to t~sks that you >1ant to ft> in 
n:emory: 

' • '"" must first lnatall the to•~. 

• '"" c~nnot "' '" active :u<. 

• '"" cannot flx ' checkpo' r.:able task. 

l.S.J Priority 

Poctlve tasks co;rpete for syste>" re•ources on the ba!l! ot :C.en 
relotive pnonties. The Executo;•e 9ives control of the ¡;rocesSO< te 
the active tas< th~t has the hi~C.est priority and th~t ~Jso ~"s acc••• 
to all the other resource• it needs. ~·hen this usk beco::-es nloc<e~ 
(while walting for I/0 to cor.:plete, for exat:lplel, the Execut!ve loe<•· 
for another tas~ to use the procesaor. The chosen t~sk lS a~air. ~.·.e 
one that has the hlghest prlority and h<1s accesa to all the resources 
it needs. · 

You inltially aaaign a default ¡>norlty toa task when you :ask-~ullci 
it. Thís priority is a nu1t~er between 1 and 250 {decin-a!); htgr.er 
nuJ:tbera indicate hiqMer p<iortty. ~ater, you ean change the ?no:-iq· 
when you install the task; or the system can chan<¡e t~.e ¡><tor•:y 
while the task u running (se e Swapptng). 

In an ~sX-llM installation that «i>n real-time lpplicatio~s ~o<ith Jns 
urgent ~o<ork, hlgher pdority nul!.~ers should be assigned to l~.e 
real-time t<~sks. This asaigno:ent ensures that the E•ecuttve gives 
processor tlme to the real-ttme tasks ahead of the others. T•xt 
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edltors are an example of real-time tasks, becau9e they must respond 
within a short time pedod, Text edltors, commonly used for pro<Jrarn 

.development or text proccssinq, spend a larqo part of their time 
waltinq for termu1al 1/0 to complete and are therefore out of 
competitlon for processor time. However, when the 1/0 operation ends, 
the termino~~! needs a rapld response. To qet the hiqher response, the 
lnsto~~llation syste1:1 manaqer can assi9n to text editors a hlqher 
Priority than that of more processo• bound tasks llke the Tasl< Builder 
or Assembler. 

1.5.3.1 Esto~~blishinq Task Priority- You can establish task pr!ority 
"hen you use the Task Builder to build a task from an objec: toodu!e. · 
See the RSX-11~ Task !luilder Reference Manual for a descriptlon of the 
priority opt on. 

1.5.3.2 Installed Prlority- ~hen you install a 
Install coD~and, ycu can specify a priority dlfferent 
that you specifad when you built the task. The 
the Jnstall corr,,~nd overrides the priority that ''"~''''' 
tas~ in the Tas~ Builder corr:oand. See the 
Procedures Manual Eor a complete descrlption of ';,,.''i 

1.5.4 Round-robin Schedulln9 

~hen numerous corrpetin9 memory-resident tasks have eoual ?tioritle~. 
the E~ecutlve tends to 9ive processor time more often te tc:.cse t~si<~ 
that appear !irst in the Syster.: T.s< Oirectory (STO) oue~e. ~r.:r><" 
with ecrual pr10r1:.>es nor=•lly a~?ear in the STO in the on:er i,, "'~:ic~. 
the tasks were >nstalhd, Therefore, •the E~ecutlve favor• t""'" t.~H 
were lnstalled f>rst. To avo>ñ this probl<>m, ~SX-lL': ~roviclet a 
system qenHation option c~lled round~robln scheduling. Ro~nó-rob>n 
scheduling uses an algorithm tr.at ~eriodically rotates ü.e e~ecution 
of tasks of equal priority In the STO. The ovcrall effect is that 
processor time '" dlstributed rr.ore euenly o11010ng tasks. rach 
equal-priority to~~sk has lts turn to~ard tbe bead of tbe STD ~ueue. 

1.5.5 Check.pointing 

In a programming systern ~o~hete ~any tasks of eoual or dlf!erer:t 
priorit>e6 .J.le ccmpeung for ::e:::oty space and •yste~r< re•o~:ces, the 
Executiue .,ust haue a 01ethod of distributing processor usage and 
resources to al! the tasks. The /ISX-llH Executive uses a process 
called checkpointlng to allocate system resources arnong tas~s. The 
E~ecutiue uses task priority ~s the b~sis for the chec<polnting 
scheme. 
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In sorne instances, an active task cannot <¡et lnto memory and compete 
for processor resources bec~usc the partitlon in 11hlch it was 
lnstalled ls fully occup1ed. It the partitlon contains a task that 
has a lower priorny and 1s checkpolntable, the ~•ecutlve moves that 
task out of memory ~nd \Hites 1t on a disk to make room for the hiqher 
priorlty task. When the hiqh prlo<ity task ls finished, the E•ecutlve 
reloads the low prlorlty task, "hich is no" en the disk, to allo" it 
to contlnue processing from the point at "hich it .. as interrupted. 
This roll-out, roll-in procesa is called checkpo1ntinq. 

RSX-llM supports checl<pointin<¡ in bcth user-controlled and 
system-ccntrolled pertlticns. The ob)ectlve is te avold preemptinq a 
lower pdority task, unless a higher priority tas< can be brought In 
te 0\ake use cf the freed memcry. 'This cptimizes the use of system 
resources "hile maint~inLng a pricrity schedullng disci~line. 

1.5.5.1 Disk Sp~ce ter Checkpointinq- Te checkpoint a task, 
checkpoint space ecua! to the sue of the putition that ccntains the 
task 0\ust be avaiL!ble en disk. (Checkpoint space contains the 
checkpointed taSk while a higher. priority task executes.) Ycu can 
allccate checkpoint space either statically when building .the task, or 
dynamically at run time. Ycu can use both kinds cf checkpointinq te 
balance the advantaqes and disadvantoges of the different allocation 
methods. 

When you use the Task euilder to create a Usk frcrn an object module, 
you c~n request checkpoint space allocatlon in the tasl< image file en 
the disk¡ this ls the same disk as the ene en which the task resides. 
The task lmaqe ti le is the e•ecutable tall< on the disk. i'lhile the 
task ls runnin<¡, lts cl'.ec~polnt space a al.,ays allocated en disk, 
whether or not the E•ecutive actually chec<pcints the task. 

You can use disk apace more efficiently it ycu allccue checkpoint 
space dynamically. Instead of reservlng dis< space equal to the size 
of each checl<pointable task, you can create or,e or ... ore checkpoint 
f1les en disk te contain all checkpc1~.:ei: ::as<s. The si~e of the 
ti les depends en an estL::o~oon cf :~e cl'.ec<.~ci~t s¡>ace recuired at f.ny 
qtven time. When the system allocates e!".ec<;¡ootr:t ~pace dyn~micf.lly, 
tas~s need not be built ~• checkpc>n:anh. lnstead, you decide if a 
task can be checkpointed when the tU< io tr.stalled. You create a 
checkpoint file, independent of ind1vióual us<s, by iuulng the ACS 
(Allocate Checkpci~t SFacel command fro::" ::C.a ter-ir.al. Then, "hen the 
~xecutive needs to c~eckpOLnt a tas<, lt "rites t.oe task out into the 
available space In the checl<poino file. A drawback to dynamic 
allccatlon cf chec¡,point space ts t~.at apace 1n a chec•point file may, 
at ti10es, be filled. !iowever, sys~em per!cr.~a.~ce may be improved if 
the checkpoint file is on a f~st disk. 

for the Allccate 

1.5.6 Task Swapping 

The Executive rnust deal wlth thc Sltuatior. t~H oo-curs whcn severa! 
active tasks witt, eoual priorities co~cete fcr pardtion space In 
111ernory. A task c.,nnct normally C-'use the Executivc te checkpoint 
ancther task with the samc pricrity. Theretore, a task o! ecual 
prior1ty cannot 9et intc memory. The txecutive includes a taBk 
s"applng algorithrn that uses checkpcinting te allcw tasks of e<lual 
priority to successfully compete fcr me~.cry. 
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Swapplnq la a variatlon of cheekpolntinq that enablea the Executive to 
chee~polnt tas~s with equal priorities 1n and out of memory. Swapping 
does oot wor~. of course;. unless the taslia are cb.eckpolntable. When 
an eligible task t>e<¡ins • to run, the Executive adds a number to the 
task's non.al runnin9 priorlty. Thi5 nurnt>er is called the swapping 
priorlty and ls used for swappinq only. The old runninq prlority 
stil1 exlsts. As the tas~ runs, the E~ecutive decrementa the swapping 
priority. Eventually, the sum of the decremented swappinq ptionty 
and the tasl:'s ruonin9 priority causes the runninq task to have a 
prlority (for swappin<J) less than that of a cO!"peting task. When tnis 
occurs, the Executive checkpoints the runninq tasi: te make room for 
the competing task. The Executive then places the checkpointcd task 
in the queue of active taska that are competing for mel'.ory. The 
swapping priority dces not affect task scheduling or l/0 dispatching,. 
which are <,¡overned solely by the tasK's runninq priority. 

1.5.7 The Shuff1er Task 

" 
In tryiog te .accommodate the execution of as many tasks as pOSDible, 
the E•ecutive me ves tasks in an<l out of cemory depending· up~n 
available space, priority, etc. Thls operation can result 1n 
fragmented mernory, a situation in which rnany small tasks eccupy mernory 
11itb. unused spacea in between. Taken indlvidually, these spaces rr.ay 
not be large enough to a1low large tasks to be loa<led and e~ecuted. 
The Shuff1er task, a system generation option, so1ves thls problern by 
perforrnln<J memery cempaction io a system-controlled partition. 

The Shufller starta at the beqinning of the system-controlled 
partitlon and tries te rnove (shuffle) all tasks that are sitting above 
a qap ef free spaee down to the base of the free space. When 
possible, it al so chec~pointa" any tasks that it encounters thot are 
waitin<¡ for terminal input. 

Jf there are some tasks still actively competinq fer memory in the 
partitlen, the Shuffler createa an ascendlnq, priorlty-ordered list of 
the tasks in the partltio~. If the su::1 of the free space new 1n the 
partitien and the space occupied by the low prierity, checkpoinab.le 
tasks in the partltion is enough te allow the waiting task to run, the 
Shuffler checkpoints the lcwer pricrity tasks. The Shufflcr then 
compacts memory aqain to make room for the ~aiting task. 

The foregoing Shuffler aCtlOn ahould result in all free space bel~g at 
the top ef the putitien. Ho>1ev~r, there may be additíenJl Moles 
below tasks because •cm~ things ldrivers a~d regions) cannot be 
shuffled. These additlcnai holes cannot be rec1airned. 

1.5.8 Eatended Loglca1 Address Space 

An RSX-lHI task specifies an .Jddtess in a 16-bit word. The lnqest 
adilress that can be· expressed in a 16-bit word !a 65,536 bytes or 
J2,H8 werds (ccmmonly referred te as 32K werds). Te aveid limlting 
the effective sin ef a task to only 32K '"'ords, a task can use 
overlays that you define ~hen yeu use the Tuk !luilder te bulld the· 
task. Anether option is that the Usk can use memory management 
directives te acccss greater amounts of memory. 
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1.5.8.1 Overhys- 1\n overlaid task has parta called segments. The 
segments are the p.o.rts that overhy one anoth~r. The segments .ore 
also sometimes c.o.lled ovulays. The root segment, '"'hich ls always In 
memory and never overlald, and ene or more overlay segments compase an 
overlaid task. The ove<lay s"gments can bll read into rnemory as 
r~tqulred. Ho,.ever, all the ~;egments in memory at one time cannot 
IIXCelld J2K l.'Ords. 

tor a complete 

1,5.8.2 l!emory Manaqement Directivas- He10cry manage~ent directives 
allow task seqments resldent In memcry te aeces~ r.ore than 32K l.'Drds 
of physical memory. The memory manage,ent directives, a subset of the 
Exeeutive directives, use the KTll hardware to rn.o.p task addresses te 
dlfferent loglcal areas within the task, Instead of <!isplacing task 
segments in memory, the task can reside entirelY in !r.e"'ory and map ita· 
virtual addresses to dlfferent physical addreues, •¡ ,'/ . - ... • . . . 
RSX-ll!i 

• 

• 

defines thtee klnds of addreu space: 

Physical ~ddress space. Physical address 
th11 physical memory in which taska reside 

apace con5ista 
and e•ecute, 

Loglcal 
amount 
rights. 

addreas space. Logical address s;;ace 
of physical addren spaCe ~e ":hich the 

,, 
tasi< '"' "" 

total 
11ccess 

• Virtual address space. Virtual address sp~ce conesponds to 
the 32K of ~ddre~;ses that the task cen explicaly specify in a 
16-bit word. lf ~ task does not use ~er.ory rnanagero.ent 
directives, it1 logical 11nd vütual aódress" •?aces directly 
correspond ene to the other. l!ol.'ever, if the tu~ uses these 
dlrectlves, it can map Ita virtual addruau te different 
parts of its logical addresa space. ,The net effect is to 
allow a task's logical address space to uceed J2K, 

'l"he memory management directives also allo.: a tas< to expand 
dynamically lts logical address space. In ott'.er loOC!Cs, a task cari 
access logical areas that are not part of ita static tu< i10age lthe 
executable task produced by the Task 8uilder), ;. :as k can issue 
dlrectives' that create ·a new reglen of logic¡¡l space a~C then map a 
range of virtual addresses to the newly created ;~o;ic~. -~ tas~ can 
11ho "'~P lts virtu<Ol addresses to logical ar•as tr.<Ot telong ~" another 
ta.sl<. The mapped area then becomes part of the óor::er tas<'S loglcal 
address space. 

The 11bllity to cr.,ate and map to a new reglon allo"s tasks to 
corrununicate "ith ene another by means of sh11red regior.s. For eumple, 
at run time a task can creat" a new region o! logical space, lnto 
which 1t •ni tes a large amount of data. Any null"ber of tasi<s can then 
access that data by mapping ~ range of their virtual addresses to the 
region. 1\nother beneflt of mapplng to different regions lS an ability 
to use a greater numbcr of r:ommon routines. Tasks c~n map to the 
reoui<ed routines at run time, rather than link to the . ., "hen the tasks 
are bullt by the Task 8uilder. 
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1.6 RSX-llM INTERRUPT PROCESSING 

The RSX-llM· systeJn recoqnizes two kinds of hardware intertupts: 
proceasor tr~ps cnd externa! lnterrupts. Processor traps occur 
synchronously; thct ts, the saJne sequence of instructions causes the 
same processor trap to occut ct the sa~ne place ~nd time in the 
proqru>. Processor trcps u~ually hcve a c~usc ortginaung frorn within 
the processor. See Processor Traps, in this chcpter, for the causes 
ot process.or traps. ~xternal interrupts, which ~re usually caused by 
I/0 devices, are asyncl!ronous in that they may occur anywhere or at 
any time ln the program's execution. 

Proqrams that use input and output routines would sper.d ~nost ot theit 
tiJne waittng for I/0 devices to coJnplete their ope<~t,ons if it were 
not for the proqram inteuupt facility of RSX-llK. The program 
intenupt faCility allows asynchrono~s events, auch as !/0 complction, 
to interrupt the runnlng program so that a routine can service the 
lnterrupting device. An interrupt la anal~gous to a subtoutine jump, 
However, to preserva proqum inteqrlty, interrupts are allowed to 
occur only after the completion of en instruction and befare the sta<t 
of the ne~t instruction. 

Asan ex&rllple of the progra= interrupt hcility, prograres can continue 
operatlon after startlng a device, then allow the devlce to interrupt 
~hen lt is ready to signa! the program about its resulting status. 

' 
The addresses of the interrupt proceesing routines must be made known 
to the Executlve. These addresses are called interr~pt vectors and 
they ere in the Executive's low memory area. 

1.6,1 Intenupt Vectors ,. 
. . ' 

Each peripheral devlce conttolhr In the RSX-11!-t systern has a hardware 
pointer to its own palr of memory words. These words He located in 
the low l!le~nory of the E•ecutLve. One word·contains a vectot (address) 

·for the device's interrupt service routine. The vec~or IDliY be an 
'entry point address en an.Jnterupt·Control Block address. Jt this 
vector ls an entry point addresa, lt beco¡;o.es the co~t~nts of R7 the 
proqram countu or PC word) when the serv>ce rout>r.e Cegins its 
execution, For loadable drivers, the vector points to an IntHru~t 
Control Block, -

The other \o/Ord is the processor status IPS) .. ord, It contalns the 
01ode and the priority of cperatlon for th.; '"terru~" routine. 'I"he 

··hardware saves the ata tus of the inturupted prcgru· (ü.e PC cnd PS) 
betore the Lnter<upt rout1ne begins ita processing. 

,. 
·. 

The E•ecutive has an nrea called a atcck ir. 
reqister contente, vnrameters, or any othet 

.. .. 
' " l.E.2 Syste,. Stock 

which it sav~s status, 
d~ta that it ~ay need. 

·-• 
RSX-llM maint~lns a push-down stack using general regLster 6, which is 
the atack pointer or SP. Externa! interrupts, subroutine colla, and 
proce~sor ttaps use thls stack to save progrnm status. When an 
interrupt occurs, the hard.,aa first saves the current proccssor 
status \o/Otd (PS) and the program counter (PCI on the stack. lt then 
uses the n~w PS and PC from the trap and interrupt vectcr area in low 
me!Doty, and begins processinq the interrupt routine that handles that 
particulcr hlterrupt. A return from interrupt (BT!) H>struction 
restares the oriqinal PS and PC values trom the stack, theteby 
restorinq the original interrupted program. 
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1,6,) Proceseor Trapa 

'A variety of errors and programming conditicns cause the processor to 
tup to a set of fiKed locations. Thne locations ccntain the PC and 
PS ter the trap prccessing rcutines. Processor traps include the 
followinq: 

• Power failure 
• 
• Odd addressing errors 

• Stack errors 

• Tl~eout errors 

a Non-exislent memory errors 

• Memory parity errors 

a 1\emory management violations 

• rloatlng polnt processor exceptlcns 

• Ose of ' reserved lnstructions 

• Use of the T-bit in the PS word 

• Use cf the IOT, EHT, and TJUP inuruc:tlons 

Processor traps cannot be masked ot!. That is, when they oc:cur, the 
proc:usor lmmedlately entera the tnp nquence of pushing the current 
PS and PC onto the c:urrent stack, re:<ievlng the ne11 PS and PC from a 
specific hndware trap vector, and euc:utinq the code that bt~ins at 
the lcication spec:ified by the trap ''ector. 

• 
Although there ue severa! Proc:essor t<apa {see Interrupt and 
Vectors, below), the trap of main inurest is the emulator trap. 
EMT lnstructlon c~uses the emuhtor tup. This lnatruction calla 
E~ecutive whenever a user task has ~n Eucutive diractive wo~ten 
lt that requeats the Executive te perform sorne specific: tunc:tion 
EJecutiva oirectlves below), 

1,6,4 Externa! tnterruptlons 

Trap 

"" "' into 
(see 

Externa! interrupts are hard-wired into one ·of tour P<iority leveh e! 
the proceuor (labeled 4 te/, with 7 bein~ the hio;¡hest prlority). 
Theae interrupta are ~askable in that they can cause an interrupt only 
1! the priority Ievel held in the proceascr statua word is leas than 
the priority of the interrupting scurce. When an interrupting device 
causes a new priorlty Jevel to be loaded from iU< vector PS word, 
interrupts at the same or lower levels are blocke¡l out. The IYatem, 
howcver, remembers that the interrupts occurred and it proceaaea thelll 
in turn by priority. 

Certein traps, howevet, cannot be 01a1ked by the priority field in the 
PS word. Theae t<aps are1 parity error, JOelllory management vlolation, 
stack limit yelJo.,, power failure (power down), and tloating·point 
exc:eption. 

' • 
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1,6,5 Intertupt And Tt_ap Vector Loc:atione 

The followiñg chart sho.Oi so01e o! the interrupt and tup vectors . used 
by RSX-llH interrupt and trap processing. The PC for the lntenupt 
routlne ls taken ftol!l the specified memory location. The next word 
containa the ne~ PS word. 

Hemory 
t,ocation 

000 

"' '" "' '020 

"' m 

'" 

Interrupt and 
Tup Vector 

Reserved ter DEC use 
CPU euors 
!Ilegal and reserved instructicr.s 
Srea~point trap (BPT) 
Input/output tr~p (IOT) 
Power fail 
ErnuhtN t<ap 
TRAP inetruction 

Floatlng-polnt error 
Memory managernent 

Por a complete list of vectors, see the p<Htinent POPll Processor 
Handbook. 

1.6.6 Syatec Traps 

. ' System tups are transfers of control (also . called software 
interrupts) th~~ provide tasks \olith another meons cf ~or.i~oring and 

- reactlng to events. The Exec~dve initiates syate!:: ta~s ~-c~n cert~in 
events occur. The trap transf<HB control to the t~ú au~<;i<ted with 
the event and gives the ta•< the opportunity to serv1ce tr.e e;·ent by 
enterln~ a user-\olritten ro~tine. 

There are two distlnct kinds of system traps: 

• SynchroÍlOuS system Traps (SSTsl. SSTs detect e•.'er.:t Cirectly 
associated · \ollth program JnsHuction execuuor.. Tte,· are 
•synchronous• bec~use they always occur ~t n.e sa::e ~oir.t in 
the program \olhen previous 1ns:ructions ~re :o;aa:~d. For 

.exa:ople, an illegal •nstruction causes an SST :e c~~·~r. . . -
• Aiynchronous System Tr~ps ~!AST~), · ASTs dete~o:. 1ignific~nt 

events that occur asynchronou~ly to the tas<'• ex~cutionr 
that ls, th~ task has no dircct control over the ~'ecise time 

, that 'the evcnt occurs. Fot example, the cO~<plet>o~ of dn 1/0 
tran.sfer J~:.ay cause an AST to occur. 

To use the system trops, a task issues syste= direc:i·.·ea that 
establish entry polnt-s for use~:-,.ritten service routlr.es. Entry 
polnts for 55Ts are specified In a single taOle. AST entry,points are 

~~~ur~~ "t~~d~~~~-u=~te~; r~~~: v:~pr~~~ ia~~ch ro~~~~~ 0~ i~ST ~·r.e lih!~e~ i i~:~ 
entry polnt. • ·• 

Pebuggl nq a id prog r •m• IOn-! i ne Oebugqing Tool and E xecut! ~• Det>ugg ing 
Tool) c11n · be enteted frc::t points, "'~i.ch are called brea<?Olr.ts, that 
you lnsett into a memory-res>dent task. These breal<,;>Ol~<• cause a 
breakpolnt trap that transfers execuoon to the debuggin~ ud program, 
The debu.<Jging ~Id, by mcans o! its own table of trap vocton, can 

' . ' 
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1.7 ,EXECOTIVE DIRECTIVES 

An Executive directive is 
perfouo an indicated 
directives to control the 

• reo:¡uest horo • task to the Executlve to 
operation. A programmer uses Exe<:utive 

executlon and interaction ol taaks. 

Executive directives enable tasks to perfor111 function• su<:h •• the 
followlng, 

• Obtain task and syste111 inforlll•tion 

• Measure time interval1 

• Perform 1/0 operatlons 

e Manipula te a task' a logical and virtual addresa space 

• Suspen!l and resume executlon of task• 

e Request the executlon of another talk 

• Exit from a task 

System dire<:tiv'es allow task8 to exploit some major eyatem fun<:tionl, 
inclu!!lng the following, 

• Event fl•gs 

• System traps 

e Extended logical addreas s~ace 

RSX-llM MI\C!IO progra!llS exe<:ute Executlve 
eall1 and the EMT 371 insuuction. 
libr•ry routines to use the dlrectives, 

directives 
FORTRI\11 uses 

l;ly udng rcscro 
OlGIThL~su~;::ed 

'l:ou should always use macro Calls ir.atead of directly executir.q ~r.e 
dhe<:tive. Then, · lf system chan9el are made in the directi;•e 
ape~lfic~tions, you need only to reasn,.ble the program rather t,.an 
edit the source code, 

' Lhted belo" is a brief su~tt~~ary of the dlrective functions 
pouible for RSK-11~. For a complete ducdption of RSK-11~ 
directives, see the RSX-lh\ Executive ~e!erence Manual. 

thlt ue 
Executive 

Tasi< Execution Control oirectives 

Al;lort T•sk 

cancel Time Based 
Initiatlon Requests 

Causes tlle 
executlon 
directive. 

E•ecutive to terr.-.inate 
of tlle tasi< n~,.ed in 

.,. 
this 

Causea the txec'utive to cancel 
all time-synchronized initlation 
reque•t• for the e•ee~lon of the tasi< 
na!lled in tllis dire<:tive, re91rdle81 of 
the sourc~ O! each request. 
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Eztend Task 

Request Task 

Resullle Tllsk 

Run Task 

Suepend 

Task Status Control Dlrectives 

1\lt<!< Prlority 

' . 
Disable Checkpolnting 

Enable Checkpointlng 

Info<~tlonal Di<ectives 

Get Partltlon Parameters 

• • Get Region P~rameters 
\' 

' 

Get Sense Switche~ 

Informa the Executive that the task 
iesuing the Exit has· coropleted its 
execution. Unless the exiting tas~ is 
flxed, its memory is freed for use by 
other tasks. 

Causes the Executive to 
slze of the task that 
dlrective by a positlve 
nurober of J2-word blocks. 

modify the 
lssues thls 

or negatlve 

causes the Executive to reo~est 
lmmedlate execution of the task narrad 
in the directlve. 

Clluses the Executive to 
execution Of a task that 
Suspend directive. 

resu~e t!>e 
has issued a 

Causes the Exeoutive to schedule the 
e•ecution or the task named ir. this 
ólrective ata time speclfied ir. ter:::s 
of a tí~r.e period fto., tbe is~uance of 
the directiva. 

·cauSes the Executlve to sus9end 
e~ecutíon Of the taek th~t issueci t~e 
Suapend unt!l explicitly res,;r.ed, 
either by a Resume directive froo: 
another task Or the MCR co:::~rand, 
Resume. 

causes the E~ecutíve to chang" t~e 
running prlority of the lnstalleC ar.ó 
active•task named in thia directia. 

Causes the Executive to make the tas\; 
that lssu<!s this directive no :o:.;er 
checkpointable. 

Causes ·t~e Executive to 
prcvLo~·sly issued 
Checkpointing dlrective. 

nullif-1 :~.e 

oisa:le 

Causes the Executlve to flll a 3-... o<d 
buffer, which is speclfled 1n thla 
dhective, with parameteu related to 
the merr.ory p~rtitlon specified in thu 
dhective or related to the tas~ that 
issues thls di[ective. 

Causes the Ex.,cutive to flll a )-·.-ord 
buffer, "hich ls spedfled in tds 
directive, with region p<lfameters. 

Causes the Executive to return the 
settings of the 16 consolé switchel to 
the task ~hat laaues this direct1ve. 
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Get Task Parameteu 

Get Time Parameters 

Event-alsociated Directivos 

Clear tvent Flag 

Cancel llark '!'ice Requests 

Causes the E~ecutlve to.fill a 16-word 
buffer with parametets rehted to tho 
taek that issues thls directivo. 

Causes the Executive to return the 
current till!e pau:<eters (year, I'IOnth, 
day, hour, minute, second, tick and 
ticks/second) o: the tasL 

Cause• the Executive 
flag specified In 
return the previous 
flag. 

Causes the Executive 
TillE requests t~at 
the taak that iss~es 

to clear an event 
the dinctive and 
polulty of' the 

" nave 
this 

cancel MAIIJC 
been l!ade by 
dhective. 

Declare Significant Event Causes the Executive to declare a 
signlflcant ever.t. The Executlve 
scans the sro !or tr.e higl'.est priority 
u.sk capable of execudon. It then 
saves the context of the currently 
executlng tu~ and starts the 
executlon of the c.e~· hl~hest priorlty 
task. 

Exitlf 

Mar k rime 

Read All Event Flag• 

Set Event Flag 

walt For Slgnlficant 
Event 

Causes the Exec~tOve to cause an exlt 
of the task n.n '~~\!es the dlrective 
if, and only l!, a ·specl!ied event 
flag is clear. 

c~uses the E•ec·~:ive tQ declare a 
signi!lcant e>·e.·.: J~ar ~he expiratlon 
oC the tiOle ic.a,·:al s:e:>fied in the 
dltectlve. l! a:: · e·a;'lt flag ia 
speclfled in t:.e dac~>ve, it la 
cleHed 01hen tC.e C'-r~ctive is isaucd 
and set "hen :c.e olg~i!icant event 
occurs. !f ac. _:_;y:_:~.rc~cus Syatem 
rr~p [AST) e~"''' ?:;c.~ aC:lress le 
specified in ::.! ~i:ec:i':e, an AST 
occura at ü.e t:::e ::: :.-.e !>gnificant 
event. 

lnstructs the Exe::~tH'e te return to 
the t~sk that :H\!e~ this directive 
the polarities e~ all 6~ e1·ent llaga 
in a 4-word Cuf!er. 

Causes the Exec~tive to set an 
indlcated e>·er.t fla~ snd return the 
prevlous polarity e! the indicated 
flag (ldtho\!t a :leclar~tion o! a 
signiflcont evo c.:). 

Causel the E•ecutive 
executlon of t~e :a;~ 
directlve un:il t~.e 
event occura. 
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Wait ro~ Loglcal o~ of 
Event Flags 

Walt ro~ Single 
Event Fhg 

TÍap-aaaoci~ted Oirectives 

AST Service Exit 

• 
Diaable AST Recognition 

Eneble AST Recognition 

Speci.ty FPP Exception AST 

Spee!fy Power Recovery 

'" 

Specify Recc!ve Dna ;.sT 

Speclfy Receive By 
Reference AST 

Specify SST Vector Table 
For Debugging Ald 

• 

• 

C~uses the Executive to suspend t~e 
execution of the tasi: that issue~ the 
<!lrective untll or.e or ~Ore· specified 
event flags of ~ group o! event flaga 
la set. 

Instructs 
execution 
dlrective 
apecified 

the executlve to suspend the 
ot the task th~t issues the 
until an event flag that is 

In the directlve is sct. 

Causes the Executive to terminate thc 
execution of the AST secvice routine • 

.. 
C~uses the Executive to disable AST 
recognitíon .for tr.c tasl< th01t issuca 
this directive. The ASTs are oueued 
and only their recognition ia 
inhibited. 

Causes the Executi'!e to enable AST 
recognition for the ta&k that isuues 
this directive. 

Info<ms · the Executlve thot the 
apecified AST ro~tir.e "'!thin the task 
j5 to begin ~·xe~~tion "'henever a 
floating-point processor exception 
occurs, or t.on floating-point 
proce5sor except:o~ ~ST& ~re no longer 
vanted. 

Informs the Exec·;ti•.·o \olhether or not 
power recovery ~srs He ·•antod for the 
task that lEs~~' ~C.io d!rective. If 
the 1\STs He ;,·~,.a:;, this directive 
indicates ... ~.ere cC:'ltrol 1S to be 
tran5ferred ,.r.e"- o.-.e ~Sr c:c~rs. 

1nform5 the Exec~-:i·:e •-)".ether or not 
rece1v" dat~ ~ST:< :-cr :C.e u;,< isaulng 
this dHectíve s'~ ·.o,.:ed. l! Lhe 
ASTs are •·ar.ts~. tH< execu~1on is 
transferred to :c.< ~.Oéass cf the AST 
service <Octir.e ·.i:c.::: the t~5k "'hen 
data is pl .. ced i". :::e task's receive 
queue. 

Inforrr.s the r.xecutive to transfer 
control to an address in the task 
ape<:ificd In the directive when the 
~eceive-b~-Reterer.~e 1\~T occurs, or 
th<~t recelve-toy-r~!ear.ce 1\STs ~re no 
longer des l reci !cr the tasO< that 
issucd thls Cire~:>:·;:o. 

Spcc1fÚs the aG~res~ oi a table of 
synchtonous sysa.r. trap scrvlce 
routine entry po<r.ts !or 11se by ODT or 
other debuqglng aids • 
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Specl!y SST Vector Table 
For Task 

Informs the ,Excc~tive that the tnk 
that issues this directiva contains a 
table o! addresaes of aervice routinea 
to be executed upon task trap or tault 
conditions. 

J/0 aqd Intertask Relatad Directivas 

connect To Interrupt 
Ve<:tOr 

Get LUN In!ormation 

Get MCR Command Line 

Oueue I/0 Requeat 

Oueue I/0 Request 
1\nd wait 

Receive Data 

Re<:eive Data Or E>:it 

Send Data 

Causes the Executive 
physical devi<:e unit to 
number (LUN). 'The LUN, 
and device unit number 
In this directive. 

to assi<¡n a 
a lo<¡ical unit 
dev1ce nama, 
ue ~pecitiad 

Causes tha Executive to allow a task 
to procesa hardware interrupts by a 
routine spacified in the directive. 
The Interrupt Service Routine liSR> 
!llU$t be in the task's own space. 

Causes the txecutiva to return 
infonnation reqardin<¡ the logical unit 
apecified in the directiva to the taak 
that issueB this directiva. 

Causes tha Executive to transfer an 
MCR (terminal) command line to the 
task that isaues this directive. 

Causes the !:xecutive to queue an I/0 
request tor ·the inuing task. 'rhis 
request is queued by priority for e 
log!cal unit wh1ch is asslgned to a 
physlcal unit. 1\n event flag, an 1\ST. 
and en . t/0 status block l!liY be 
apecified as t/0 CO!!lpletion 
ind,catíons, 

Similar te the queue I/0 re<1uaot 
directive except for one aspect. The 
Oueue I/0 Re<!uest 1\nd Wait directive 
apeci fies an event flag and the 
Executive executes an implied Wait for 
Single [vent Flaq directive, 

Inforrns the Executlve that the task 
that issues this directlve is ready to, 
receive data (in a l3•word data block> 
that has been sent fro01 another task 
by <:eans of t.he Send directiva. 

Causes tha Executive to attempt to 
receive data (dequeue a 13-word data 
block) for the task that issues this 
directiva. If no data is recelved. 
the taek th.at issuea this directiva 
exits. 

Causes the Executive to declare a 
algnificant event and to queue the 
13·word block Of data that the task 
named In thls directiva ia to receive. 
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Memory Management oirectlves 

Attacll Region 

Create Addreaa Window 

• 

Create Region 

Detacll Reglen 

Eliminate Address windew 

Get Mapping Ccntext 

Map Addreaa Window 

Receive By Reference 

Send By Reference 

Unmap Addresa Window 

1.7.1 Event !'la~a • 

• 
Causes the Eaecutlv<! te atuch the 
task that isSues tilia directlve "te ·a 
&tatic cornmon region er to a named 
dynamic region. 

Causes th<l Executive to create a new 
virtual address window by ~llocHlng a 
windO>t block fr001 the header of the 
task ·that issues this direcuve and 
establislling the window's virtual 
addres3 baDe and size. 

Causes the Executive to creHe a 
dynarnic region In a system-controlled 
partitien and. as an eptlon, atta<:h lt 
te the task that lssues this 
directlve. 

Causes the Executive to det~cn the 
task that issues this directive frern 
the pcevieusly attached region that is 
specified in ~his directive. 

Causes the Executlve to delete an 
existing address wlndow, unmapplng ít 
first if necessa<y. · 

Causes the Executive to return a 
descriptien of the cunent 
window-to-region mapplng assignO".ents. 

Causes the Executlve to ~.ap an 
e~isting wlndow to an attached cegion. 

Causes the' Executive to dequeue 
next Packet in 
receive-by-reference cueue of tne 
that iasues this directlve. 

'"' '"' task 

Causes the Executivc to insert a 
packet contHning a reference to a 
region into the receive-by-referen•e 
g~eue of a · receiver tasl< that is 
specified in this directive. 

causes the Executive to un:na? 
window that is specif!ed In 
directivc. 

The executlon of certain directives causes 
eccur, In hct, mest signlflc~nt events are 
or lndirectly. by &ystem directlves. 

signiflcant even~s to 
caused. either dircctly 

A lignlficant event occurs when a task lssues a system directive that 
hoplicltly er explicitly suspends a task's executien. or when an 
e•tarnal interrupt occur~ that can affec.t a task's execution. Cvcnt 
flaqs are ossoclated wlth significant events. When a signi!lcant 
ev~nt occurs, the event flag indicates the speciflc cause ot the 
signlficant event, 
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The Executive uses signiflc~nt events and event flags to ,.~nage tasi< 
e~ecution. However, usks can also uoe slgniflcant events to 
coordlnate interna! task activlty and to communicate wlth other tasks. 
ror e~ample, a task can issue an Executive directive to associate an 
event flag "'ith a speciflc signlflcant event. When that event occurs, 
the Executive sets the assoclated flag. Therefore, by testing the 
sute of the flag, a task can deter111ine "'hether or not the event has 
occurr.ed. 

Sixty-four event fhgB are available to enable tasks to distlngulsh 
one event from another. rach event flag has a corresponding event 
flag nur::.ber. The first 32 fl~gs are local to each task and are·set or 
c;le~red as a result of each task's requirements. The tecond 32 flags. 
are c:ommon to all tasks and are therefore called global or COI:UIOn 
event flags, Global Uags can be set or cleated as a result of any 
task's oper~tlon. Taaks use global flags to corr.rnunic:ate with othH 
tasks beceuae one task cannot refer to another task'5 local flags. 
Eight of the local event flags an~ eight of. the comll".on event flag e are 
reserved exclusively for the Executive. 

1.8 THE MCR IIITERFJ\CE 

rou cofnl!lunlcate with RSX-IIM by entering comm.,nds ata terl:iinal. The 
ter111lnal driver direc:ts the co..,.ands to the r.onüor Console Routine 
(MCR) proc;easor. The MCR proc;essor either executes the commands 
itself, or it activates a system or user-wr1tten usk that can service 
the commands • 

• 
MCR COI!ll,..nds allo"' you t01 

a Start up the •Ystem 

• r.anage peripheral devices 

• Control task execution 

• Obtain system and tasi< lnfor~ation 

• Act!vate system or user-written task• that request input from 
the terminal 

The MCR com!l".ands that control task execution ate particululy 
significant to system performance.' rou must use •n MCR command 
(lnstall) to tnstall a task tnto the $ystern. Therefore, you establish 
the base of installed tasks, whlc:h the rnc:utive, other installed and 
ac:tive tasks, and further MCR commands can menipulate. 

1.8.1 Privileged Co~ands 

'l'O restrln the ute of c:ommands that dlrectly affect ay5tUI 
performance, RSX-llM c;onsiders some MCR commands and corcmand options 
to be prlvileged. rou can issue a privileged cornmand only rrorn a 
privilcged terminal. In multiuser orotectlon syseems, Individual 
users are either pdvileged or nonprivileged; ... nen a user loga on, 
the ter10ína1 assu11es the privilege status assigned to that user's 
ldentiflcation c:ode (UIC). '- uter can iasue an MCR co~:~~~and at 1 
privilegcd terminal to modity the privilege status of any othu 
terminal connected to the system. lf multluser protect!On support is 
not included during sy&tem generation, all terminals are privileged. 
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1,8.2 External S~heduling Of Ta&~ Executlon 

An l~nportant MCR funct!on is the externa! schedulinq of tuk 
exacution, This type of scheduling works in ccnjunctlon with thc 
Executive's priorlty driven interna! scheduling of active tasks. You 
<:en include time paumeters with the co!M'.and that activotes an 
installed task. The time parameters request the Executive to run a 
tll&kl 

• " • apeeifled time from "' cunent rr.oment 

• " • tpecified t !me trom el oc k u ni t synchronization 

• " 
., absoluta time of day 

• Jmmedlately 

All of then time opti<ons are avallable with or "'ithout periodlc 
reschedullng. RSX-llM also supports an unlir.ited nu~r.ber of progra•uud 
timere tor each taak in the system. The user task can create its own 
timer, which the Executive then decrements at regular intervals. When 
the timer reaches :ero, the E•ecutive sets an event flag or generates 
111> Asynchronous Syatem Tup (AST) that passes control to the task at a 
prespecified addretl. 

1.9 TERMINAL OPERATIOII 

In RSX-1111, • variable nu01be! of terminals can op..rate concurrently. 
ln additicn, each terminal cperates independently o! otr.ers in the 
syatem te allcw each te run a different task. In a system that 
aupporta multiuser ptotection, a user rr.ust lo9 onto a t..rminal beíore 
1ssuinq further co01manda. In other RSX-llM systerr.s, a user can iuue 
commands whenever the termi~al dlsplays an appropriate prorrpt. 

1.9,1 Attached Termlnals 

RSX-llM allows tauks te reouest input from a terrrinal. "i:c ensure that 
a requesting task receives input intended for it, the task uJUally 
attachea te the terminal. 1\r.ile the task is atta~hed, the terminal 
dire~ts all input to tt.e attached t~sk, wlth or.e exce;Hion. The 
exception is a control e character lth"' e key p<essed .. U le preulng 
the CTRL keyl, ~o~hlch ga¡ns the attentLon of tl'.e :OCR pro~easor. An 
attached terminal ensure• th•: a solicitíng task ~roperly receives its 
inp~t¡ but lt also allows a user te interrupt the tas<'s conttel o! 
the terminal to communicate with ~:el!. Note that attaching te the 
termin•l is • functlen of the task rather than of a user. 

Some appllcatlens "'"Y require that a user be denied access to MCR t:ut 
allowed access to • apeclfic task only. In :this c•se, a taak can 
attach to the terminal with a special subfunction. The subfunction 
causes the system to generate an AST for the attached tas~ whenever 
semeone entecs unrequened ir.~ut, including CTRL/C. at the ter,.inal. 
Kowever, m•klng the ter~~:inal a shve terminal is anotl'.er '-'8Y ef doing 
this. 
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1.9.2 Slave Tentinal" 

When your instal1atlon needs to dedicate a ter~lnal e~c!Usively to one 
or more tasks, you hsue an t\CR co<nmand (or a task issues a special 
I/0 function) that sets the ter~inal to slave"status. The difference 
between a s1ave tenoinal and an attached tur.dnal is that the system 
ignores all unso1icited Input, including CT!!L/C, that is entered at a 
slave terminal. Untll you issue another t\CR co::-.-:ar.d to delete the 
&lave status, the terminal can only be used to CO"--:ur.icate with the 
task • soliclting Input from the terminal. An 1/0 !unction is1ued by a 
task can al so delete the slave status of the terr-ina!. Slave 
terminals are o!ten dedicated to real-time applications. 

1.10 KOLTHISER PROTECTION 

Kultiuser protection, a syotem generation option, allews an RSX-llM 
installation te monitor and control Individual users of the system. 
Individual uscra are either privileged or nonprivileged. The ~ystem 
manager, who ls the ene assigned responsibillty for system 
configuration and eper~tlon, assigns a uaer identification cede (UIC) 
to each user, which determines the user's privllege status. When 
logging onto a terminal, the user supplies " hst na::-e or ~!C and a 
password. If the user gives a na~.e. the syStem finds the usociated 
UIC. The syotem then checks that the password matc~.es the h9t name 
or OIC, and seta the terminal to privileged or non;:rivileged statU$, 
according to the user's OlC. 

1.10.1 Publie And Prlvate Devicu 

In a multiuser protectlon aystem, sorne co!Uilands aEc•· yo~ to do thlngs 
that "are not allewed in syster.s '"'ithout ;oulu~se; ~rotection. For 
example, the 1\llocate co,.m~nd allews you (or any ~sen :o allocate a 
device (a disk drlve) as your private device; •llc:a:ing t~e deviee 
ptevents otr.er nonprlvlleged users from accessir.:¡ i:. 

1\ nonp<ivile9ed user can acce~s a private dedce :c.•: :-.e ~.u allocated 
to perferm .~CR functlons that are norn:allv :::r:·;ileeed. These 
functions include preparlng a disk er magnHic t!,.,· ::r ·.i$e by the 
Rsx~tlM file system. 

To comp1ement the private devi~e feature, muÚtuser ,:c~ec~ion allows 
the system manaqer or pivileged user to decla:ce c<>r:o:c. Ce,·ices to be 
public. Public devlces cannot be allocated to ;~¿,._.,¿~al usen. By 
declaring a line printer te be public, for ex~:c¡>le, c:ce syscem rr.anager 
can ensure that all users have access to that cor..cc~ly used out~ut. 
device. · 

1.11 SYSTEM MI\INTEIIANCE 

1.11.1 Error Logglng 

!ISX-llM provides an error logging facility as a systet:: generuien 
<>ption fo< systens that are 24K words ot la.ger. ::-.f error logging 
facllity monitors the h~rd.,are reliabi1ity of an RSX-11~ syaut::; lt 
continually detecta and records information a~out dlsk, OtCtape, 
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~lgt~pe, and memory errors as t~ey occur, reqardless of ~hether or not 
the error is recoverable. The Executive automatlcally retriea 
recoverable errors. Howevu, you might be una.,ue that the error 
occurred. The<efore, at user-determined intervals, a formatting task 
can be run te generate individual error and su~~ary reports en some or 
111 o! these errara. 

Pleaae note that only the Collowing tour types of errors are logg~ble: 

1 Device errora ldisks, magtapes, DECtapes) 

• Undefined interrupts 

1 Timeout 

• Hemory parlty error& 

In au.,.ary, the error logging facility pe<forOt& the 
tunctions: 

following 

• Detects a hardware error as it cccur!l (done by Executlve 
modules) 

• Gatheu in!ormHicn at>out the error 

• Stcres the infor~ation in a file 

• Form<~ts the infcrmaticn te produce an enor report 

Control of the fadlity la ah<!red bet\<leen routines in the E><ecutive 
and apecific error logglng tasks. These rcutlnes and tasks intedace 
with each other te carry out the four operaticns deseribed abcve. ,· 

Ycu can generate a wlde vadety of error repcrts, l<o:cn<; .,any options, 
you can specify a repcrt that covers only a certa1~ tio:e pericd, a 
eertain devlce or grcup of devices, or perhap! a cennn type of 
error. You can al&o rec¡uest a report that contains or.ly information 
on individual errors, ene that contains cnly surr.-ury infcrmation, or 
ene that conhins both kinda of statistics, 

llecause the error log files ~ay be "'ritten te a removable voJume, an 
operator can gonerate the reports either en si te or at any other 
RSX-llM installation thtlt 1upports the error to'qging facility. 

1.11.2 Diagncstic Taska 

RSX-llM also provldes a group of diagnostic tas~s ~·h1ch you can 
incorporate into the ~xecutive support at syste~ gener~tion ti•e. A 
diagnostic task tests a specific device to ider.tify the source of any 
errors. RSX-llM diagnostlc tasks test for ~alfunctions en most disk&, 
DECtapes, ~agnetic tapes, and tertninals. The tUI<I ue simple te use 
aod require little memcry space. 

~hen used in ccnnection with error logging repcrts, the di~gnostlc 
tasks can significanlly reduce system do;¡nti~e. The system manage< 
should reguhrly gcnuJta error reporu to check en hardware 
performance. When a nu~ber of errors indicaas that a particular 
device la beginning to mallunctlon, the man~ger can run the diagnostlo 
tal< for the erring device te help isolate the source of the errora. 

~ach diagnostic 
service t~ode. 

ta1k has two aodes of operation' cus(oiOer 111-Cde and 
In culltOIOer .,ode, the user ~ctivates the appropriate 
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Uosk, which then runa to colllpletion 1.nd re:ports ita findlngs. 
(Because the testa destroy any data resident on the de:vice beinq 
tested, only authorlzed users should be allowed to rull diaqnostíc 
tasks.) Service 10ode is intended for use by DIGITAL Pield Serv¡ce 
enqineers. servtce 10odl!i allows the user to modify the test content 
lnitlally and to interrupt the runnlnq test to make further 
onodiflcations. 

1.11.3 Power Failure Restart 

RSX-llH can execute 1. power faílure restart that smooths out 
intermittent short-teriD power fluctuations with little losa of aervice 
or data. Power failure restart functlons In four phases: 

• l'lhen power beqins to fail, the CPU traps to 
which atores volatile register contents, 
system operatlons to a controllsd halt. 

the Executive, 
thereby bringing 

• When power ls restored, thc E~ecutive again receives connol 
and restores the preservad state of the system. 

• The Executive then schedules all device drivers that were 
active at the time of the power hilure at their power-fail 
entry poinu. Drivers have the option of bein9 scheduled one 
of two ways: 

l. Whenever power fails 

2. Only when power fails whlle the dri,er is servicinq •n I/0 
request 

The drivers can then make any necessHy restoratlons of state 
(repeat an I/0 transfer, for example). 

• The Executive then determines 1f any user-level tasks have 
rec¡uested notification o! po .. er failure by issulnq a syste!:l 
directlve reo:¡uesting an AST on power recovcry. The Executive 
initiates ASTa for any tas<s that have requested them. 
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Directorio de Alumnos del Curso IntrcducciOn a las Minlcomputadoras 

1980. 

1. Jiéctor Javier Arrona Urrea 
Centro de Cálculo 
Facultad de Ingeniería 
UNAM 
550.52.15 Ext.4150 

2. JesO.s René Acosta Chavira 
Aluminio y Vidrio Rulz, SA. 
Insurgentes Sur 1864 
México 20, D.F. 
548.60.61 

3. Silvia AguiJar Morales 
PE MEX 
Marina Nal. 329 
Z.P.l7 
53 l. 57.56 

4. José Qu!Uermo Almeida Reynoso 
SCT 
So..1bsecretarfa de P. y Marina Mercante 
Insurgentes Sur 465 
México DF 
564.57.28 

S. Jorge Alvarado Trejo 
Comisión de Desarrollo Urbano del D.F. 
Fdo. Alva Ixtlixochitl 175 
Col. Tránsito 
Z,P, 1 
542.10.21 ' 

6. Octavlo Ararrla Espinosa 
Cfa. Contratista Nal, S.A. 
COCONAL SA 
Periferico Sur 6501 
Tepepan, XochimUco 
2.1'.23 
6765555 Exr.IOS 

7. Miguel Alejardro Arenas ROOríguez 
COCONAL S.A. 
Periférico Sur 650l 
Z.P.22 
6765555 Ext. U6 

8. :\oberto Astu::lillo Sarabfa 
PECK SA 
Calz, de las Aguilas 101-4° 
Las AguHas 
Z.P.20 

Feo. Morazán 219 
M. Balbuena 
México DF 
768.06.62 

Perseo 149 
Prado Churubusco 
Z.P.l3 
582. 06.38 

Penitenciaria 12-4 
MoreJos 
Z.P.2 
789.15.64 

Troncoso y del Paso 226 O 15 
Z.P.9 
552.29.07 . 

Fresno 116 
Sta. Ma. la Ribera 
Z.P.4 

Convento de Tepozotlán 45 
Los Reyes lztacala, Edo, de Méx. 
537.88.78 

Relojeros 46-L 
El Retoí'io 
Z.P.l3 
5::12 94 09 

calle 13 #ISO 
l. Zaragoza 
Z.P.9 



9. ' Yolarda Patricia Avila Azua 
Alberto J. Pan! ll2 
Qla, Satt!lite, Edo, de Méx. 
562 79 19 

10. María Elena Barraza GutWrrez 
SAHOP 
Analista de Precios Unitarios 
Xola y Av. Universidad 
Z.P.12 
530 33 36 

1!. Juan Rafael Callejas Castai'!ala 
SAHOP 
Dir, Gral. de Carr. Federales 
México 12, DF 

12. Rubén Carranza Vázquez 
Cfa. Contratista Na!, S.A. 
Periférico Sur 6501 
Z,P.23 
676 55 55 

13. Carlos Córdova S. 
Televisa SA 
Bl~. Adolfo L.Mateos 232 
Z.P.20 
595.74.69 

14. Conrado Dávila Garcfa 
DDF 
Jefe de la Secc, de Ana. de Sist. 
Sn. A, Abad 231-7° 
Z,P, 8 
588 32 27 

15. Arturo de los Santos Díaz 
Tlevisa SA 
Blvd. A. L. l\1ateos 232 
Z.P.20 
595 74 69 

16. José de JCSL1s de los Santos y del Angel 
Banco de Mcx SA 
Insurgentes Sur 2375 
Z,P,20 
550 70 ti 

17. RuMn Draz 
Cerro Gordo 168 
C.Churubusco 
Z.P. 21 
549.71.19 

Mitla 113 
Narvarte 
Z.P.l2 
519.7606 

"' . ' 

B:lif. Olarango Depto. 202 
V. Panamericana 
Z,P, 21 655 r:J7 05 

Paseo Sta. _Clara 53 
Jardines Sta, Clara 
Ecatepec, Edo, de Méx, 

Miguel Laurent 61-202 
Z.P.l2 

Limones 60 :Mza. 94 L.Sl 
Jardines Ojo de Agua 
Edo, de Mb::. 

Laguna de Guzm.lin ll9-5 
Z.P.l7 

Ing. B. Romo A 21 
Coo, lrdustrial 
México Dr 
537.34.29 

--. -~· 
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18. Sixto Domfnguez Martfnez 

SA R H H, De nacozari 242-3 

' 
Clavijero l9-3d Veracruz, Ver. 
Xalapa, Ver. 2 25 49 
7 53 37 

19. Jos~ Luis Estrada Bolai'íos 
Comisión Na!. de la Ird. Azucarera Valle de To!uca 39 
Av. Morelos 104 El Mirador 
Z.P.l Edo. eh MCx. 

560. 02 25 

20. Gonzalo Flores Girón 
Serv: Profesionales de Ing. SA Río Verde 44 
Melchor Ocampo 445 Fracc, Viveros del Rfo 
Z.P.S Tlanepantla 
525 02 09 3983034 

21. María del' Carmen Gil Rivera 
Centro Latinoamericana de Tecnologfa Sur lll # 635 
Educacional para la Salu:i AC. Sector Popular 
Presidente Carranza 162 Z.P.J3 
Z.P.21 
554 86 55 

22. Edmurdo Gcdfnez V 
Televisa SA Casahuete 9 
Bivd,' A.L.Mateos 232 Unifam. INFONA VIT 
Z.P.20 lztacalco 
595 74 69 Z,P, 8 

657 98 93 
2 3. Sergio 06mez de la lbrrera 

DDF Platanales 174 
Cerro Gordo 168 Nva. Sta. Ma. 
C,Churubusco México DF 
Z.P. 21 556 65 37 
549 7t 19 

24 Juan David Gómez Me lo 
Evatepec Automotriz Cerro de la Libertad 398 
vra Morelos 169 Km 23.5 C. Churubusco 
Carr. Mcx. P.1ehuca Z.P. 21 
Ecatepcc, B:lo. de Méx. 549 03 39 
569 81 00 

25 Rolardo González Soto 
Comisión de Desarrollo Urbano Torres Adalid 1977 
Fdo. de Al va Ixtlixochitll75 Z.P.12 
Z.P.l2 5 79 95 98 
5220461 



2 ó Víctor Manuel Hernán:lez González 
Servicios Profesionales de Ing. SA 

Melchor Ocampo 445 
Z.P.5 
525.0209 

2 7 Mauro lfifguez Covarrubias 
SARH 
Reforma 45 10" 
México 1, D.F. 
592.0108 

2 8 Ernesto Iñ!guez González 
UAM 
Ulidnd Xochimilco 
México, D.F. 

29 Leonel Hernán:lez Hernárdez 
U A G 
Ese. de lng'. 
Av. de la Juventu::! sjn 
Chilpancingo, Gro. 

30. Antonio lrigoyen Reyes 
SAIJOP 
Av .. Universidad y Xola 
Z,P.l2 
519.27 70 

31 jo sé O. Izquierdo Buenrostro 
COCONAL SA. 
Periférico Sur 6501 
z p. 22 
676 55 55 

32 Luis Alejarrlro Fraustro Jirnénez 
O O F Analista de Sistemas 
S. A. Abad 231 
Z.P. 8 
588 28 06 

J3 Rafael José Salín 
C M. La Raza, IMSS 
Jacaran::las y Vallejo 
México, DF. 
583 63 66 Ext 2106 

34 Jorge llumberto Lozano Mcd!na 
O ir. GraL de Const. y Operación Hidráulica 
DDF 
S. A. Abad 231-7" 
588 32 27 

Sur 1U # 335 
Sector fupular 
Z.P.I3 

Bucareli 101-ll 
Col. Juárez 
México DP 
592 38 49 

Av. Tres #72-5 
Sn. Palro de los Pinos 
Z.P.I8 
277 64 OI 

18 de Marzo No. 5 
Chilpancingo, Gro. 

Erl ificio D U Depto. 701 
Torres de Ivfixcoac 
Z.P.I9 
593 35 32 

Con:lor 156 
Col. Alpes 
Z.P.20 
593 56 86 

Andrés Malina Enríqucz 761 
S. A, Tetepilco 
Z.P. !3 
532 34 47 

Lordres 25-1 
Col, del Carmen 
Z.P. 21 

.6890498 

Calle Central E 31-21 

• . . .. , . -

U. H .Alianza Popular Revolucionaria 
Mexico 21, D.F. 



•• ... .. . 

• 

35 Javiei- Mardueno s·. 
era. Minera Autlán S.;: A. de C. V, 
Mariano Escobedo 510 
Z.P.S 
250 19 77 

36 Viliulfo Rolatrlo Martfnez Navarrete 
Tdevisa SA 
Blvd. A. L. Mateas 232 
Z. P. 21 
595 74 69 

37 José Luis Miltán Vargas 
PACK SA 
Las .Aguilas 101-4 
Z.P.20 
593 63 DO 

3 8 Gabino Gas par Monterrosa Reyes 
DDF 
Dir .. Gral. de Const. y Ope, H. 
S.A.Abad 231·7° 
Z.P. 8 
588 32 27 

39 Erlc Moreno Mejfa 
Facultad de Ing. 
Profesor 
UNAM 
54896 69 

40 Eduardo A, Nanta yapa Gómez 
S P llngenieros SAde C V 
Melchor Ocampo 445 
Z.P.S 
525 02 90 Ext. 61 

41 Germán Naranjo Torrea 
Teso.( ería D D F Depto, de Soporte Técnioo 
Nii'los Héroes y Dr. LA vista 
Z.P. 7 
761 22 66 

'• . 41 Carlos Mario Ocampo Cano 

Arnkrdo Ocaranza García 
Bco. de México S A 
lnsuigentes Sur 2375 
México 20, D. F, 
550. 70. 11 Exc. 251 

! 

.r"t.:· •. · 

Thiers 251-9" 
Z.P. S 
250 17 99 

Emiliano Zapata 93 
Sto. Domingo 
Z, P. 21 
597 73 99 

Esperanza 28 
Vergel 
México 13, DF 
593 63 00 

Saratoga 1017 
Portales 
Z.P.13 
532 46 59 

Chiapas 202 
Z.P.7 
584 82 65 

Pennaylvania 31-13 
Coyoacán 

. Z.P.2l 
549 83 32 

Sur 75·# 4423 
Col. V .Piedad 
Z.P. 13 
538 33 62 

Av. Sánchez·Colpin 40 
Ahui.zotla , E::lo.re Méx. 
576. 12.65 



4:\ Carlos Peregrina Ram[rez 
Libros Me Graw Hill de Méx, S A de CV 
Atlacomulco 499 y SOl· 
Col. Irrl. S, An:lrés Acoto 
Naucalpan 
576 90 44 Ext 123 

4 4 Arturo Ponce de León Huerta 
Dir. G'ral. de Planfificación 
Plaza de la Constitución y Pino Suarez 4° 
Z.P. 1 
512 70 94 

.¡S Ignacio Quiñones Padilla 
Servicios Profesionales de lng. 
Melchor Ocampo 445 
Z.P.S 
525-02 90 

4 6 Moisés Raml'rez M. 
Televisa S A 
Blvd, A, L, Mateo a 232 
Z.P.20 
595 74 69 

4 7 Juan Manuel Ret:ollar N!rez 
Tesoreda del O D F 
Je'fe de la Ofi. de l'vtantenimiento e 
Instalaciones 
Nii'los Héroes y Dr. La vista 
Z.P. 7 
588ll.06 

48 Jorge Arturo' Ro:::lrfguez C,jrdoba 
U AG. ESC. DE lNGENlERlA 
Av. de la Juventud SfN 
Olilpancingo, Gro, 
2 27 41 

49 Enrique Ruiz Martfnez Garza 
¡,lJ\NCOMER S.A. 
Av. Universidad 1200 
Z.P. 13 
S34 00.34 Ext. 4067 

SO Jaime Sierra lbarrola 
SAHOP 
Dir. Gral. de Maquinaria y Transportes 
Miguel Laurent 840- S" 
Z.P.l2 
SS9 16 38 

Alcázar 26-8 
Col.. Tabacalera ·f·~l 
Z.P.l • . 
591 07 07 

Fue boll!S-2 
Col Country Club 
Z.P. 21 
549 41 82 

Lucerna 75-6 
Col, Juárez 
Z.P.6 
591 04 70 

Calle 651 # 133 IV y V SEC, 
Sn. juan de Aragi:·n · 
Z.P. 20 
595 74 69 

Ca!imaya 36 
Lomas de Atizapán 
F.do, de Méx. 

A. Guerrero 10-B-2 
Chilpancingo, Gro. 

Luis Kuhne 25 
Col. Aguilas 
Z,P. 20 
S93 14. 06 

Av. del Arbolillo SS 
Col, Ha,das Coapu 
Z.P.22 
671 25 88 

' 



- . -
_51. Jorge Arturo Soto García 

Comisión del Plan Nacional Hiddulico 
Tepic No. 40 
Z. P.7 
584 12 01 

52. Juan Germán Ve!enzuela Ramos 
DESFI 
UNAM __ 
México 20, O. F. 

·53. Mario Villafán González 
S AH OP 
Analista de Precios Unitarios 
Av. Universidad y Xola 
Z.P.l2 
530.33 36 

· 54. Beny Zimrlng Nlcolajevsky 
COCONAL S.A. 
Periférico Ote, 6501 
Z.P.23 
676 55 55 

Feo. l. Madero 67 
Col. Huizachal 
Edo. de Méx. 
589 90 17 

Nte. 82 B # 5816 
Col.. G. S<rnchez 
Z.P. 14 
551. 16 36 

Xochicalco 705-8 
Z.P.l3 
559 ff7 83 

• 

Av. Panamericana casa C-34 
Pedregal de Carrasco 
Z.P.22 
655 06 83 
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