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The PDP-11 Family 

The PDP-11 ha• cvohed quue dtfferently from the other computer. di,cuo;ed 
in thi> book and. a> a re>ult. providc>an indepondent Jnd intcrc,llng \IOT~. Lil.e 
thc nlher cmnputers. the factors that have oreatcd the \'ariOu< PDP-11 mJchines 
h.l'e hcon market and tochnologv ba,cd. but thc; h;,ve gcnorated J IJrge númber 
of implcmentJllons ttenl ovcr a rdativcly ;hnn (ci~ht-year) ilfetll1l<. Bccau>e 
lh<re ""' •nu .. 1ple Jmpkmcn\Jtion_, ;panning J performance range at the 'Jme 
time. thc PDI'-1 1 pro>Jde< problem> and i n•ight "'h1ch d1d not occur in the e,·olu· 
tion• of the 1rad1tional mini ( PDP-8 F ami 1) ), the optimal pt<cef?<rformanoe ma­
chine• ( 1 O· bit), and the high .,erformancc time<h.,.ong machiJe> (the U EC ') >tem 
10). The PDP-11 de;i~~· co•·er a ran~e of 500:1 in <)'<tem price ($500 1<> S2S0,000) 
and 500.1 in memor} size P ¡.,:v.ord> to :' ~lv.ord<). . 

Rath~r th~n ~ttem;n 10 surr.mawe the ~OJI> of de•i~ne". •er.timer.h ,,¡ UICr>, 
or the thought< <lf ""~rch<r•. thc di•cu"ion uf thc PDP·II i; di;ided intn chap­
ter. " hich. in mo>t cd;e;, ron>Í;\ of pape" ~ flllcn contemporanenml1 " 1 1 h l'ari· 
ou, importdnl PDP-11 de>elopment•. Tne d•¡>le" are "''""!'"d 1n fi•e 
categmie~: introduction 10 thc PDP-1 1 . con«ptuJI basis for PDP-1 1 model<. im­
plementatiuns of the PDP-11. nalualton ofthe I'DP-11, Jnd the •·irtual aJdrcSI 
e'ten•inn of the PDP-11. 

INTRODUCTION TO THE PDP·t 1 

Chapter 9, fim pubhshed when the PDP-11 ""' announced. i~trodu<:<:o the 
PDP-11 archttecturo. gi•es it> goal$. 4nd prodict> ho" it mtght "'"""·Tite con­
cept of a family of mac~ine< is GUÍte •trong. but the actual de>elopment of tltat 
family ha< dtffered a good de~l from tlle projectton< in thi, chaptcr. The major 
re~>on• (di<cu<Scd in ChJpter 16) for tll< di<p;¡m~ bet10.e<n lile predoctcd and 
actual evolu.tion are: 

' 

The notion of éesign ing "ah impro,ed l«hMiog>. , especi;¡IJ; for " f• mtly 
of m achine>. "•' not unde.,tood tn 1970. Thi; undcr:stand1ng ~ame bter 
and wa< pn:l><ntcd in a pJpcr tn 1972 [Bdl rr al., 1972b]. 
Thc U m bu, prnvcd un•ca:ptablc for i ntcr<ttmm unicauon< at l he I'Cf)" high 
and IO\\·end de,ign<. Althuugh ChJplor 9 .<ugge<ts a multiproccS'<>f ~nrl 
multiplc Unibu<e< fllr high·<nd dc•i~n>. >uth J <tructur< did not C'olvc "' 
a >tandard_ 
The address space for b-oth ph¡sicol and ;·irtual memor)' ""'too small. 

"' 



' ' 3 
<32 l><E POP·ll FAMilY 

4 Scv<r.JI Jutl·I)'PC C\\On>inn< ~<ere no\ prcdtclcd. Although floalin~·P<llnl 
""'hme\Lc "'·" ""'''ioncd. lhc t:han•.:tcr \lrin~ and decim.JI npcr:I!Ím\\ 
""'" nül cnvj,j,¡ncd. nr :n ka,\"''" nnt dc,crihcd. Thc>c d,na·t)¡>C> 
«oil·ed in rc,pon>c 1<> market nccd' thJI Jod not "'"1 on 1970. 

CONCEPTUAL BASIS FOR THE POP-11 MODELS 

Ch;¡ptcr; \0 and 11 con,;,, of \V.!) pa¡>er> 1ha1 form '""'" of thc runccplual 
ba<i.' f<>r ¡he variou< PDP-11 model•. Chaptcr 10 h) S1rockcr ¡, an cxpo"l">n of 
cache n:cmory >lfUCt ur< Jnd 1" dc•ign para meler,. Thc cac·he mcmory Conccpt " 
the ha>" of threc PDP-11 model•. the PDP-11/34A. 1he PDP-IlfW. and the 
PDP-IIj>O. in addinon to thc "'"he-S (Chapler 7)and lhe K L JO procc""' for the 
PDP-10 (Chopter 21). 

Strcücr givc' the pcrformance C\aluation in tcrms of cache m"' ratios, 
wherca> tho rcadcr is probobl_,. intercotcd in p<rformoncc 0' spccdup. Th~se two 
"'"">:Jres. sho" n in Fi:urc l. ore rtlatcd [Lee. !9~9] tn the follo,.ing way (assum­
mg an infonitcly fa" proce'-"lr): 

p ~ Total numbcr of mcmor) ~=''"' b; thc procc,.or Pe 
m '" ~umbcr of memor) ~cce.-c• th~l ~re mi,.cd b1· the e~.: he ~nd 

havc lo he refcrrcd 10 thc primar¡ mc:nory Mp 
l. e ~ C;dc time of 'athe mcmor)· .\le 
r.p "' C;dc time of ;mmu¡ mcmor; ,\lp 
R = r.pfr.c(ratioofmcmor) spct<h). "hcrc R i•t;picall; J to 10 

Thc rcl~me '"'"ution •PC<:d• ore: 

l(rJOcacht!" pR 

ti JO tachrl " p + mR 

Thcrcfore. 

1pr<•dup " p/1./(p.,. mR¡ • R/(1 + (mjp¡ /1.¡ 

a ~ """·' rmi" • m/p 

<petd11p " R/(1 + aR! m 1/(o + 1/Ri 

:-.:me 1hat: 

lf a ,. O (lOO% htl), thc spc~dup is R 
lf o • 1 (ICIO':t mi.-). thc ;pccdup is R/(1 + Rl. i.e., thc >peedup" 

les< 1han 1 (i.c .. time lo rcfercncc both memor~cs) 

Chaptcr 11 contains a uniquc d1.cussion of bu•••- thc communio.!ILon' !JnK 
bet" een 111 o or more computcr 'l '\em componen". A 1¡ hough bu••• dte ~ <tdnd· 
.1rd of intcrconnc<tion, thoy are thc lc~>t undcr.,ood clcmcnt of computer de.,gn 

' 
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'• '""'""""o'"'"'"'"""" .............. " 

'""'" o• "'"'" ""'"" '"" ""' . '"' .. '""' "'' .... "" 
"""""'""' 

F'g"<e 1, Th• >1<UC!uoe of Pe Mcooh•. 
aod Mp ol '"""d coor.pur••. 

hec""'' their ¡mplcmer.I""Oil ¡, dr."nbutcd in \'~rio~' oornpuo~nt>. Their beflo•· 
ior ;, difr.Cult 10 ''P'''' In" •l:>te d'••fram ur other con•cnt<oP"I represent.Hion 
( except a ti m in~ di.tgramJ beca u'~ 1 he opcrallo" of bu•c' ¡, m~crcn~ly pipdmcd: 
hcnce. dc>1gn principie> and undcr>landrng are min1mal. 

In Chdpter JI, Lev} r.rst charocletilo. the mtercommunicatlon problem into 
the oon"ilu~nl dialogue> thal mU>I tú e pilc< be! v. eer. pair> of com pone~l5. A tter 
gil'ing a genero! model of iotcrconnection. Lev) provide• e•~mple> of PDP-1 1 
bu''-' that charJCI<""' 1 he general de<~ gr. spdée Fma!ly, O e dJSCU"os the •·ari ous 
intcrcommun'c~t,~m (model) .!<poct.: arbnrauon (dectding "htch componen" 
can tntercnmmuni~ate), d•ta lran•mi"ton. ond error controL 

IMPLEMENTATIONS OF THE POP-11 

Chapter 12 ¡,a descflptive nur"llve obo<1l th<de•i>" ofthe LSI 11 at thech:p. 
board, and bad.planc le,·ds. S:ncc it ~-as "Tillen from the \'tc\lpoint ofa knO"-Í· 
edgeahlc usor, it lad,, ;Ome of tho do~ail that ~he de>lgne_, "1 \\"e>tern DtgJtal 
(Rob~rt;, Soha. Pohlm~n) or at DEC (Didht:t, Dickman. Oi.-.n. TJlelbaum\ 
mi~ht h"'" pro•idcd. A dotatled account of the chip-lc•·ei dc,ign "av~ilable, 
howC'·er [Soha and l'ohlman, 1974] 

Two design te veis are dcscribed: the thr« chi~ "" mlCm~ro~r Jmmed computer 
u~d 10 intcrpret thc PDP-11 tn,truction "''· ar.d the rarticul"r P.\IS·I~•-cl com­
p<>nents that are integrated into a b~ckplane 10 forma hord"'"'~ '"tem. ChJ pter 
l."' ,¡,o pro•·i des a di.cu.,ion of thc m tcroprogramm•ng Ir Jd<off thJt too k pbce 
hct" oen thc chip and module leve h. Thts tradeoff "o; necCS>Jf\ to CJtr) out the 
dock. con sol e. ref rcsh. a nd po" er- fail funcHOns "h ich a re normal!; tn ha'~" are 

S'tnet: the time that the Sebern papcr IChopter 12) ""' "rttten, pacbging fur 
LSI-11 S_l'"em' ha; moved in tv.-O d~tc-cllon' IO\\ard Ü1c single buJrd micro­
C'0mpJter dnd toward modularn;·. The •ingle boJrd micr<><;omputer concept ¡, 
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tho hi~he<t perfnrm•n,·e m•chino n( the f.1mily • .1nd thu' ho" tu hJ'e th~ ri~h• 
bJ bnce nf fc.aturc•, pri.:e. and perf<>rritince ag• inst cnleri.t l hat ;He u• u a lly '··~uc. 

Fnur intore<tin~ .-pect• of comf.lTu:i" e'n~inecrin~ ~re sho~<·n on 1ho PDP-1 1/~(¡ 
the cacho to reduce Unihu> traiT.c: trjce·dri•cn de>ign nf n,.,;ng·p<>lnl 4rith· 
metic pro"'-"'"..: "ritJblc controlltorc .• nd 1proal featurc' fnr rch"bilny. "'" ¡¡. 
abilit~·. and m"intainabilay, 

Tho Unibu' ""' found tu 1><' inadequ••• for handling all tho d.tta traflic in hi~h 
performance s~slem•. but by u•inM a '"<h•. most proc<>sor reforencos do not """ 
the Unibus and so kJvc it free for 1/0 tr•fr.c.ln the PDP·ll/W .. or• de-.nbod 
in this ch•pter. Mudgo use• Stredcr\ ¡Chapter 10) program traces .md me•hod· 
oh>gy. The cache design proc"" i• imphc.t in the ""} in "hich the "o'' iscarricd 
out to determin~ t he wuctu re param•••"· ScnSit,vity plot< ar: uo;ed to d~tcrmine 
the effects or \3tj'ing e"h pJ rameter or tho de.,gn. The u me hct" ecn chango' vf 
conte•t is an impc\ftunt,pJtameler becou;c all rNI·time dnd multipro~rammcd 
system< havo mdnJ contc•t '"'itch<<. Thc •tudy leadinr to 1he dctcrminJtiM nr 
bloc~ sil<;, al<<> given. 

Microprogramm1ng i< U>ed lO provide b~th incrcosed ~•er·lc,·el capohilit; •nd 
increa;cd reilabil'tt>. a' JÍ lahthty, and ma1 ni JlnJbi lit}. Tho ~ t1W ble control \lOro 
option ;, describcd tog:ther ~<ith liS no1d u<e for do;a storai'<. Thl< option ha' 
been retenll> U-'d (or emuiJti ng 1hc PDP-~ ot the OS /B oper JHn~ >)'>l<m lc,·cl. 

Chapttr 1~ pr••ents" comprchcn•ive rompori>on ofthe eigh• proce<sor implc­
m,ma\Íons used in lhe ten POP.II model>. The '~<Orl. "" oar:icd out lo in\C\1• 
i~ate vario~. dc>i~n \1) k' for a gi1 en problem. n•mel;. t he intorpretati<>n uf t t.c 
Po p. 1 l inmuc1ion '"'· Thc ta blc• pro\lde , ;tluahk in,i~ht '"'" procc"or impk· 
·~~nlJt"m'. and thc u.,la ¡, p.micularl~ u..,(ul bccJ~'" it t'nmc' lr•>IU Snuw •nd 
Si e" iord.. non- ntc ob'"""" e~amtnln~ 1 he PDP· J 1 machine,, 

The table< mcludc· 

)_ A <et of inst ruct1nn frcq uencie•. by St recker. for a set of ten dofforem appt i­
"nions (Thc frcqu<ncie< do not rencct all mc1. <.g .. thcre aro no noating. 
poim in<trucuon,, "'"ha< oporlt1r.g >)'>tem code been JO"i)-lcd,) 

2. lmplcmonlation :ost (module>, integroted circui(\. oor:,rot >lore width') 
and pcr(orman,-,. (micro· and mocroin>truclion lim<>) JOr each modcl. 

3. A canonicat d~'" palh for all I'D p. 1 t •mp!<mer.tat•cn' aga,n;t which each 
proce.,or is com~ared. 

W,¡¡, thi< bJcl.ground data. a top-do"o model i' buih "hith ••PI"ins the por· 
forrnancc (marroinmuc¡oon time) of the '"rious implcmentation• in tcrm• o( lhc 
microin<truction ••ccution and primar¡ r.1<mory c~dc time. Bt:eJUSe those t~<<l 
parameters do not full; ••plain (modcl) r<rformance. a bonom-up appro•ch i• 
•l•o u,ed, induding 'ariou, design t«hno <¡'.J<• and th o de~rtt af procc.,or over­
lap_ Tbi> anal),-, ora con>lr.tined problem •houid pro..;dc u""ful ir..,ghtlo t>oth 
computer and ~cnerol di¡;ital 'l-'tem• Uc,igners_ 
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ncmpbfied by thc boundcd •)•tcm 'h""'" ln F;gi,c 2. Thi, intc~r~tcd ')>lem 
co:nain• ~n LSI-11 chip'"'· n K"ord• ofmcri.ory. conncelo" for ,;~ <ommu­
nicJtion linc intcrf•=· anda conuoller ¡,;:,..,, nop¡>J di,\. dri>e•. h use• 115 
cir.uit> (lo implcmem !he <ame funetion>li1Y ÍÍ"n~ >l3ndard LS!-11 modules 
"<>U Id requirc 3 75 intc~rated circuits). Thc modul>rit)' directton ;, .xcm phfied bv 
thc LSI-11¡2, for "hich l)'pical option modules are shO"'" in Fi!urc 3. 

l:nltl.e ¡he repon< from Jn ~rchitoxt"< or rc¡><>f!cr"> >i<"I'<'Ínl. Ch.,ptcr IJ ;, a 
dtrcC\ JCCount of lhc de"~" !'"'""" from 1hc proj<el •·ie"¡>Otnl. ,\ mtd·r"ngc 
111JChine ;, an inhcrcntl)' dirf•cult dcoi~n h<ocau"" 11 ;, ncithcr 1hc '"""'' cu<t nur 

1:: l. "'" .. '""~"'"" . 
"'' VED ~ ~ "" ... "'"""" .. '"" .. "''"" ,,., .... "'"'""' 
~ 

"' ""'"" """" 
! 
~ ~ ~ 

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

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

..... ... 
"" 

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

••• , ......... 
'"" 1 

..... ' -·· T 
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EVALUATION OF THE POP·11 

Cho¡>l<r 1~ c,·,olu,lc\ 1hc I'DP-11 "'" m.o.:hioe fm o.cc.nin¡>. FORTRAN. B<­
""""" FORTRAN;, !he n1mt <>foen.-e.:ulcU bn~ua~e for thc PDP-11. 11 ¡, om­
pon"nt 10 ,,n,erve thc PDP-11 ""hi¡cc.urc "''"""by thc '""~""!'." proce»or ~u' 
u ser. Thc for\t FORTRAN compilcr J nd ohjcct (run) tLmc "''tem are de•cribcd. 
\O~cthcr u.ith thc evululiunJry "''"'·''~"' 10 impro>< ¡x:rf~rm"nce. The FOR­
TRAl" IV-PLUS (~pt•milin~) compikr ;, only brien) di'""'"'d hccame n• im­
provcmcnts. IJ rgd)' duc \O compolcr upll mÍ<"'O<>n toohnolugy, are le" relevan\ lo 

thc PDP-11 orchitccturc. 
Thc chapt<rlitk. ''Turning Cou\ÍM onlo SLStcrs." ovcr.tatcsi11c compatibilit) 

prob\cm <incc thc r,,-c variatoons of ¡he PDP·ll in•Lru~tion .ct for no.ung·poont 
~rithmetic ~re madc compauhlc h~· "''"""JII~ pro•·i ding !O >e <eparate objcet (run) 
time >YSl<m< and" •in~lc cumpilcr. Thi' LrJn,parcnC)' i• pro•idcd quito easil) b) 
.. lhreaded code." J conccpt d""""'d in the ch•pter. 
Th~ r,,.¡ •·erston of thc FOKTR-\S m•chine ""' • <imple <tJcl. machine. A, 

<UCh. til< c"cution umc> turncd out to bc quotc tong In tite sccond ""ion. the 
rec:o~nition of thc •pccial hi~h·froqucnC~ ·Of·u<c ca-.• (e g .. A r ll. A r ,\ + 1) and 
the impro•cd con>entiom for thrce·Jddr<» operauon• (to and from the >taú) 
all0 ,. 0d <pecdup facto" of U •nd :!.0 for lloaung·point •nd inteser>. 

h i• intcrc"in¡tto comparc Brcn~cr'< idcal'lcd FORTRAS 1\".Pl.US machinc 
"ith thc l'loatin~·Point Procc,,orqon the P()P.\1/3~. !1/~5. 11{."5. ll/60. a~d 
11{70). lf thc fOR.~RAS mJchinc Cc,;;ribcd in thc paper ¡, implemcntcd in mi· 
cro<:odc and m~dc to úperatc"' FloJting·l'<>int Procc""' spc:cd<. thc re•ulting 
machín<> opcrate "'' rou~hly thc -.me >pecd ~nd program, occup; rou~hl~ the 

!ame prosram <pace . 
Thc ba>i< ior ChJpter lb. '"\\'ha: H»·c \\'e Leuncd From the PDP·I P""IBe\l 

and Strcckcr. 1976] ""' "rlltcn ¡o cruique tite original "'P"'itory papcr on the 
PDP·II IChapter 9) and to compare the actual "i:h thc predioed e~olutLon. Four 
critic~l tc<:hnological '' olutions - bu• b .. nd,.·idth. P).iS <tructur~. addreM <pace. 
and data·\) pe- are ... mined. along "ith ,·arious human o~anitational a•pe-.""1< 

of the design . 
Thc flr<l <ection of Chaptcr 16 comparO< thc orisinal ~oal< of the PDP·II 

(Chapter 9) "ith thc ~oals of po>>iblc future modcl; from tbe original dcoign 
document>, Se"· thc 1 SP and r:-15 "'o lutions. indudil>g the \',.>,X e<ten<ion. are 
de,mbed. Thc Unibu< charoctori>ti« are c<pcciall; tinere>tieg as thc bus turns 
out to be more cmt·offccti>t o•cr" "i&r r~n¡l< than ""~lci be "'l''"'ted. 

Thc <eC\lOn of thc chaptcr "hich dcal, ,.¡¡h multipr"""""" and multi· 
compute" ~i>c> the ratoonalc bchind thc >lo" cvolution ofthe.e structurc,. Be· 
cause a number of thcse comp·Jtcr "ructure• ha-o bccn butlt (e>pccioll; al 
Carncgie·~1dlon t;nl\ef\it;·), tho~ are d«cribed in dctail. 

Tl1c ~na\ ;ection ofthe ch.lptcr tntcrrciJtc' tcchnolo&.' """ thc •·orious tmpk· 
mentatior< (in<luding VAX·Il/7f.OithJt have oocurred. Tableó ~ivcs1ho pcr· 
formoncc charactcn,tic' for the -.ri'"'' n1odcl' ... ;th tho rck,•nt technology. 
contnbution>. •nd implomcnt•tion tcchnique' rcqutred 10 >¡>Jn thc rango. 



. ' 10 Tt<O POP-\1 fAMILY ~J\o 

VIRTUAL AODRESS EXTENSION OF THE POP-11 

Thc l.oic'l ¡ncmh<r nf ihc J'DI'-11 famlly, tho Virtu"l flddrc" E•tcn'i"" 11 "' 
\'AX-11. ¡, Jc"·"h(d in Cha¡>l<r 17. Th" papcr. h.' ihc -•rchilccl nf V/1.\-11. 
d""""c' 1 ho neo. ., re hnccl u re .,,d ''' r.r>~ implcmcr.: .,u,m. t he V A X- 1 1 j7 XII. 

\'.\X-11 c•tcnd• 1hc PDI'-IIIn pro'lde" largc, 3C-ha vin<J.ol .odJrc" '"' <'.och 
'""' !'"'''""· Thc ,,rc·h itcclurc •nclud.' a compol1 h1l ": mndc ihal "11"'" I'D 1' · 1 1 
progrJm< "filien fll! the RSX-11\1 progrJm cn,·iror.,.,cnl h> run unchanpcd. In 
lhi< "·'Y· PDI'·II pwgr->m' cJn he mo,e<:J among \''\X and PIJP-11 c<>mpu\c". 
dercndong un lhc mcr'> addrc" ,;,, Jnd comp~!Jli"''"l •nd ~cncrahl} nccJ,, 

Chaplcr 17 pr<WidO< a clcan, <OffiC\\hattcrse. :et comprchcn'i''" de-.ription ol 
t~c \' A:'\-11 archnccture. Beca u-e the \" AX p.m oftO" •rchitc"urc ;, "' c-um¡'ll<l< 
in tctm> of da\~·I)P<''· O[l<ra\or>. addrc-;sing "~d r.:cmor) man"~emcnt. n ,·an 
al>o >tr>e "'a te\tbool. modd and c.-e <tud:. for aroc<tcct~:c in general. (io>"l'. 
C<ln>tr .. in a. and '~"0"' d<"ign choice' a:c gi,·ce .. al:c.ough e\planation> nf "h•t 
"'"' a .. dcd """') in the de,ign choice> are nm detaikd. 
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A New Architecture 
for Minicomputers 
- The DEC PDP-11 

C GORDON BEL-~. ROG.ER CAJV HARQ:_!) McFhR~ANO. 

INTRODUCTION 

The minicompuler• n.,, .1 '"de •·.mcty of 
"'<" ,·ommunlc:nion• ;:ontroilcr. in•lrumcnt 
conlrollcr. IJrgc-•;stcm prcprocc""'· real-time 
d.1ta acqui,ition •;•tcm,_ . d.,, calcubtor. 
Hi,·oricall;. Di,ital Equipmtr.t Cc1rporation"s 
(DECl PDP-~ fJmily. "Lth 6000 ln<tallalion> 
ha< b...,n thc archc1; pe of thcsc mi nicomputers. 

In sorne •pplica<lon> curren> mini;:omputers 
have IJmJUtions. The>e limitation; show up 
"hen the <cope of :heir imtial ta.k ;, increa<ed 
(~-8-- U<in~ a higi1er levellangu;ge. or process­
l.lg more •arL.!ble.). lncreasing :he scope ofthe 

BRUCE A. DELAGI_ Jt..MES F O ~OUGHL1N 
RONALD NOOilA • .__ a M WILLIA~.~ A ','>II.Jc> 

'"'' ~cn 1or.tll; rcqu""' 1he "'' of m<>rO """"·· 
prehen,ilc "'eruti1e, ·'"d <}<!cm etwtrol rt<>· 
~r~m,, honce lar~er mcmorie' and m<>rc 
procc"1np. This larg" ",¡cm tend' !O be,!\ !he 
l1m11 of curren\ min~Cumputtr LapaOilu;. thu< 
the u'er receive< dJC~in;,hir.g returns wnh e<· 
spec! w memor.'. speed efflc1ency. and progr~m 
dc'"clopmcm time. Thi< limolation is not ,ur­
pri<ing ,;nc~ 'h~ basic "rchncct ural conccpo > r.,, 
Cll rrent m1 n•compu<<rs "ere fo•med in '~• '"'1; 
196(k FoN. 1 he design "~' constrair.ed by ''":. 
resuhing in rothor ,omple proceswr logic and 

• Th< P!>P-11 •k"~" ¡, ""'""'"d "" """' , "'""'"" of ""' '"' "'""' or '"' """"· '"'"'· "''"'· .. ""', «~"'""" "·'""" 
"'·"'''" 1\ ' ~ ol\ dc·fm< ION "'rr·" " ód<"OfiO' 10 '""''""" of Lh< th1•d ''"" .CJOO looloo""" '"'"" '" """'""' ·~-•k 
'""l'·•l•"<' "'·"'' '"'"""1"¡~'· """' , ·'"' m"""'l ~·•• ,~,1, ""'' Qf no-: •'·, ''Q'' "1• .. r •-10 \!H1 . ,, '""" 
~'"'~""' k llh '"""""" "d ""'11' •PP:"d Lo do'"¡ ' ""'""'" !o<l 1< ¡ <MtrOI!<n, • "''"'"'~ or comm ""''''"'"' 
¡,,.,., !''<P'""~"'! !o• • '"''" ') "''"· ~''"'" ,ontroll Th< •r><<"l'"" "''"" "' d<fJO<O " IQU""" 
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rc~i,tcr conr.gur~tiuns. Sec·ond. opplic~tion ••­
p<:ncncc "~' "'" a-ail~hle. For eumrlc. the 
e~rl) con'1f"inl> often cr<ated compulln~ de­
,;~"' ~<ith "hat ""no" romidc' """kne•scs· 

l. limitcd addre.,ing capaboht•·. particu­
l~rl) uf l~rgor cnrc sile<. 

2. · Fe" r~l<ters. general regi•teo>. accu· 
mulators. indn registe". hase regí''""· 

3. No hard"are <tack f.;cihties. 
4. \.imited priontr interrupt >truclUrc>. 

and thu< slo" comext -''"t<htng among 
multiple progr•ms (tasks). 

5. r-o b~te ming hdndling. 
6. !"u re~<'--úi11J memor;- (RQ\1) :-acilit•es. 
7 \'orl clemcntary ljO rroce,.ing 
8. ]\;o largor model comput::. once a user 

out~r""' a pantcubr model. 
9. High programm,ng co<ts b"·ause u•ers 

progrom in machme languJge. 

In de•·cloping a new comput,or. the .orch,. 
tccture ,hnuld ,¡ ica>t >o in: 'he ahovc prob­
klm. Fortunatcly, in the late 1960;, integra1cd 
cireuh '"mic<>nd uctor technoJ.,g: be: o me ovail­
~blc so th"l """"' corr.puters codd ~e dc>i~ned 
lhat sohe 111e><: problems.: lov. co<l. A.l>o. b~ 
1970. ap~lica~ion expcrier.~e "a' ava1lablc 10 
innuencc the design_ The ne" architecture 
should thus lo"er programmir.g ce" v.hik 
i'nain'"ining the low brd"O:rc co,t of mini­
«>mpc·ter>. 

The DEC PDP-11 Modo! CO is :t: r,m com­
puler of a computer family d~i;ned to span a 
range of function> and perfor;r.ance. Tite 
).lodel ~O is specific~ll; discumC. olthough de­
•ign guidelines are pre<;ented for other members 
of tl1c family. The Modd ~O v.ould nominall)" 
b<: cla"ir,ed a. a third genera<ion (intct'rated 
.:ircuil>). Jl}..bit v.ocd. one central proccs.or 
,.¡,¡, e1ght 16-hit general reg"'""· u"ng No's 
comp lement amhmeti~ and •ddr<l>ing up to ~" 
8-bit byte> of prim.Hy memor: (coro]. Though 
cl~";r,ed •• a g~neral regis:er proccssor, thc op-

1., .. 
er -•nd an-e«ing m,-.;ha n1<m all0"'' it to i'<'rfurm 
c4uall) "di a, a (1. f"•Ü), 1· (general rc~i't~fl. 
and 2- (mcmor}'·h~mcm<>ryl addre" com rutcr 
The comp~l<f• componen~> (procc"or. m~m<>­
ric,, control<, ¡crmin~l,¡ are eonncctcd ,¡~ ,, 
'ingle '"itch. CJIIed t11c Unibus. 

The machi no;, Je•<r1Í><:d u,in~ lhc procc"o:­
memOr}-<"itclt (P~tS) nol~lion of lkll and 
~cwc\1 [ 1 Q71j at diffcrc~t lc•·el•. The foil"" in¡: 
d<><:ripti' e <ection; Cdf'<•f10nd to thc le' el.: C\­

tcrnal de>ign conWaint, k'el: thc P.\IS )e\d­
the ..... _,.componen!' Jrc inlerconn..._,.d Jna ,,¡. 
¡,,,. informJlion lO nov.: thc prO$ram lc•ci- thc 
uh,tract machinc th.<l intcrprc" progrJm>: and 
~nally. thclt>yicJI dc•ig~ le\ el. (\Ve omt< J ~:-­
cussion of thc cireuttlc•el. the PDP-11 bc1n¡! 
c<>n•truclcJ from TTI. intCMfJICd cÍr<Uil>.l 

DESIGN CDNSTRAINTS 

The prin«pal do'i~n ,,bjcetivc ¡, }CI '" M 

lo-tcd: namdy, del U>Cf\ lll.c thc mach1nc'~ Th1• 

"ill be lC•Icd h,llh tn lhc m.Hhtplacc ,,nJ h; 
the foaturcl lh~l "'" emul"led in ocwcr '""' 
rh1nes: it "ill be tc>lcd indircctly by thc lifc '~""" 
clf thc PDP·II ""d .<ny offspring. 

Word ten¡¡th 

The mo" critic~l ron>traint. ~<·ord length (dc­
~ned hy 111M¡.""' cl1(L•~n to be a mulll;>le of' 
bt"- The memor) ""'d length for lhe Mm!d :o 
is lb bi", alth~ugh lhere are]~- and .¡g.bu in­
<ltuction' •nd 11- and 16-bll data. Other mer;¡­
bcr< of 1hc famil~ mi¡;hl h•'"e up 10 ~0-hll 
instruction' "llh ó-. 16-, 3~- and 48-bil dat.L 
Thc in¡ern.tl, and prcfcrred cuerna] chatacter 
<el. ""' eho<en 10 be •·bit ASCII. 

Range and Pertormance 

Performance and function range («l<n­
d"hilil:) "ere thc mJin de>ign cOn>train": 1n 
f•cl, they "crcthc m4in rc~•ons to build a""" 
eomputer. DEC •lrcad) ha< four compu1er 

1 
l 
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T>!f POP 11 fAMI"V 

re."..n.~hly larj:e 
1o1he user. 

~uilding bluc•b aro J\"ailabk 

' 
Mic•oprogramming 

A n,,:c on mi"oprosrammin~ ;, in urder be· 
ca u <e of ourrenl inter<:<t in lhe ••firmwaro· con­
cept. \\"e t>elie•·e micr<>programmin~. as "" 
undefitJnd n [\\"ilkes and Slflnger. lQ5J). <an 
t>e a """h~ hile ¡c<;hnique "' it applies 10 pro­
""'"'' desi~n. Fore\.tmple. micropro~r.tmmin~ 
can pr.>':>.Jbly be u sed in larfer eomputers when 
n<'alin~·P"im d~t~ Dperators are needed. The 
1 R~l S: <te m 360 hu< m a de use of thc \cchnique 
r,,. detlning proccso<>r< \hat ioterrrel both lhe 
S<stcm )60 instructiun <et and earlier f.1mily in· 
<tru<ll<'n <cts (qt. I~Oi. 16ZO, 709111. In lhe 
PDI'·l :. the basic in<lructinn ><1 ,.; qui1e 
straii'h<for"'arO and d<>.s no¡ nece,.itatc micro­
pru:¡.rammed interprelation. Tbe l'"''"''or· 
merr.,;r: connection ¡, a<.<nchronou>; t~orcfocc. 
mcm~r; uf ~n: <pctd can he connc.;ted. The in­
muotion set cncoura~cs the u..:r '" """ "<•n· 
trant l''"~'"m'. Thu,. rcad.,r]} mcm"'.' <~n 
he U>e~ ~' part oi primar~ me mur; to ~.o in thc 
perm.tnoncy and pcrform.tn~c normall; allri­
hutcd to micmprogrammon~. In fac\.thc )v(odd 
lO <<>mputcr. "-hich w<il not be further d,. 
cu;,~d. has .; 1024·«<mi road-only memory. 
and .J l~S-"·ord road-~rite mcmmy. 

Understandabilily 

Cndorstandabilit)' """' perhlp•the mo•: fun. 
d.tmen<JI con<Oraint (or ~oal) ahhou~h it i> no" 
sorne ... : . .,, le>< importan> 10 ha~• a mochine 
th.tl '"~ t>e undento<>d quiül;· b; • no•·ice 
comru:ec "'"' than i1 "as a fe" ;car< agD. 
DlC• :arl; succc-' ha< b<en predicatW on scll­
in~ ''' J n inldligent but ine,pericnced u ser. L!n­
dcN.t;.~ahility. though h.rd 10 mea<ure. is .;n 

impc>rt.onl ~n.JI hcc'HU>C "11 '(p<>tcnual) u•er<; 
mu<t undcr,tond thc c·omputcr. A '""i~hl· 
fnr« ard dc,ign ,h.-uld •implify thc ;; •tcm' pro· 
rrammin~ '"'k: in \he ca'C ,,¡ J compilcr. it 
,h,luld n1akc tr.on•lation (particular!; ~ndc ~cn­
cr.ttiun) ea;icr. 

POP-11 STRUCTURE AT THE PMS 
lEVEL" 

lntroductlo<> 

PDP-11 h.;< the ••m• organin1ional <truc· 
tu re "' OC.Jrl¡ all prC\cnt·da; com pule" ( l'igur~ 
1) The p"m11iiC PMS componen" are· the 
pt1P.1.o r, mcm->r< ~~ p " h ich h"IJ, thc rro~ram' 
"hik thc ccntr"l prncc"nr Pe int~rprct> them: 
1¡0 con1rol• K in "hich manag~ dJta tramfe" 
hct"''"" 1erminal• T or <econdar) mcmoric- ~h 
to primar) mcmM) ~lp: lhe componen" out­
;;ide thc computcr .ti periphery X eithor human• 
H "' •ome e"crMal P""'"" (c.v .. .~nmher com· 
put<r~: thc !'"'''""" ronsok (T.con•olc\ by 
"h1ch human~ .:ommunicarc ""h the computer 
.1nd ~b''"" it> bcha,·ior ~nd affect ;:h3n~e, in 
m ".1tc: .tnd a'"' itch S ""h iiS concrol K "'hich 
allo"' all thc mher componmt< 1.0 commu· 
nicJte ,.j¡h onc •nother.ln th~ CJ>e ofPDP.Il. 
tilo ceoHral l11~ical W•Jtch 'tructurc i< lmplc­
mcntcd U>in~ a bu, or chaincd ""tch S callcd 
thc Unibu,. J>\hown in f'iguro 2. Each phy;;ical 
<amponcn¡ ha> J '"''tch for pbcing me;sagco 
on th< hu' or tal.ing me<>a~es offthe bu>. The 
e<n!ral control decide< the neu componen\ to 
u <e the bu, for ~ "'"''""~" icall). The S (Unibus) 
diffú, from mo•t sv.itchc• bccau<e on;- com­
ponen! cJn communicate wirh ""' other co.ñ­
ponent. 

The !)pe< of me-<sages in the PDP-11 are 
along the linc< of the hierarchical .<tructure 
commM lo pre>ent·doy computers. Thc <in~le 

. 'o .. ,,., ... ,. '"'""·'·J•·•1'·""\ ""' ll\dt ·"'" "'~"1 10701 10 ""'""' ,,,. ""'·"'""'hi~ o>llh, '""'~"'" •"""'"""'"'' 
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hu< m•h• con,·cmion"l >nd mhor structur., 

l''""ble _ Thc mc""g~ 1'""'"""' in the strUClurc 
thdl utilil< S (Unobu•l "re: 

l. The cenlr"l¡>t<X<'"" Pe rcqu"'" lhat 
d"t" he r.•d or ""~'"" from or lo 
rrimory mcmor; \-1¡> fnr in,tructiun, 
and ~Jia. The ¡>roce"'" C.JII> a p.rticu· 
lor memot}' m<>duk b} concurrenll; 
,peci r"¡ ng 1 he module·, ,ddre". and tht 
Jddrc" "'lhin lhe mod~les Depc~din¡¡ 
on "'hclher the proce>'<>r requests tt•d· 
in~ or "riting, d~ta '·• transr.:ine<i e'<ther 
from 1he memory to thc proce-;>Or or 

\"ÍCI:' '"""· 
2. The cenrral procc"or Pe con !rol• !he in­

illdirldl•oo nf >cCundary memor~ \1< 
.rnd lermin~l T acli• '". The pro<~l<or 
«1' >lalm bi[\ in thc CüOirol ""OC13I<d 
"''h .L ¡>.Jttic·ul.or \1, '"T ... nd rhc de vice 
procccd' v.ilh rhc >pecif"red acti~n (e.g .. 
'""d1ng a carJ <lr ¡>tJn,·hing .± cil.H•ctcr 
inw pJ¡>cr laf'<"). Since <ome dcvicc• 
rr.n,fcr ddla <eclor< diroctl) lo primar) 
cocmor:-. thc •·cctur control information 
(i.c .. the mcmor) IOCdlion ar,d length) Í> 

~''"" "'innialilJliOn iniormation. 
J Conlrol; ;cqut>l !he prooe«or"• .mcn· 

IJ~n In lile form of intcrrupt>. An intcr­
rupt rcqucst to tho proccs;or has thc 
dfocr ~r changing 1 he <tate of i he proce>­

'"" !hu 1. thc ~''"'"""' bcg;n; necuting 
" progr .. m J.'""'i.ueJ ""¡, thc inter­
rupHng prOCC». :.;otc th .. t !he in:errup¡ 
p'oc"" ;, onl) a ,iJ!naling mcthod. •nd 
11hen rhc pr~s•or intenupt oc~""· thc 
in!crruptcr •pcCJt.C< • unic¡ue addrc>< 
'"luc to the procc>.<or. TI>.~ Jddro•• ;, a 
''""ing ,ddro;, for a rrogram. 

~- The tc"trJI procc;,or con control the 
!rJmrr.i""ton of dJ\J ~"''"'" a comrol 
( for T or ~1•) Jnd cnhcr :he proce»or or 
" prim"r; momory for program con· 
1rolled dJtJ tr.<n<f<f'. The de11cc si!n•l• 
for .mcntioo usins thc intcrrupt di" losue 
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~nd the centr~l procc,«Jr re•pond' b; 
m~n4in~ the dJt" \f~n,mi,.ion in a 
f."hinn •im1l.or tn tr.tn,milling in­
ttiali!aliun 1nform.H10n. 

5. St1tllC tlcl·i,•e Ct>ntrol' (f<>r T or \-1•1 
trJn;fer <.lata tlncctl) tojfr~m prim•r; 
mcn1or; "ithout central rr<><e .. or intor­
'ention. In thi, mode thc dcvicc hchavcs 
SlmiiJrl) to a ~m«'-'"'; a mcmory Jd· 
dr"' i• sreciflcd. and thc doto ¡, t'ans­
mtlled hct"cen the d,vice and prlmary 
memory. 

6 Thc tranofcr nf Jj\,t bctwcon '""c-on­
trnls. e.g._ a secondary mo:rw')-' (di•k\ 
and .ay a terminal/T. di,pby i> not pre­
dudcd. pro• ided thc t" u "'" compaubk 
me»•&• fnrmats. 

A> "" s ho" more de lO 11 in l he <tructt:re 1:1ere 
"'"· of COLH<e. rnore "'"""g<> (and more simul­
LJnenu• :tCIÍI'Íty), Thr Jhot·c dn," nnt dc>cribe 
the <h,JTed tlln<r"l .;nd "' """CJatcd '"itcbing 
11hteh ;, •rr•~al of a m.tgnt"liC tare and r:1ag­
netic di,l. 'econclart mcmor) "><cm;. A con­
teo! for a DECtapo mcmmy (Figure 3) has an S 
("DECl~pe bu') fm tr~""'"rtin~ d~t .. bc1" ccn a 
single"tape untt ~nd Ü;c DECtJpe trans;:>O''­
The e'istence of :hi' kind ,-,f,lru~ture is bd'i-ed 
~n :he rdJti•elY htgh cost nfthe control rolau•·o 
to thc co't ,,f thc tape and thc valuc of he~ng 
o~lc to run cont·urrcntly •>llh o:hcr tapo.. There 
;, also a dialotUc "'' the ~criphcry l;><twecn X-T 

... ., __ 
·-~"-~". 

¿ ...... 
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Jnd X-M< that doc' nnt ""' the Unihu<_ o·,, 
.;~:unplc. the rcmOI',Ii of a m .. gnetic tape red 
from ,, l:l¡>e unit m a human"'"' 11 <tril.ine a 
L\PCI\fÍLer l.o~ are \tpical dialo~ue>.) 

,, 11 of Lhcte Jul"g""' lcad "' t he hior"' re h~ , 'r 
pr.;,cnt compUL<r' (f'¡¡•urc ~~ In thi' hicr"''h' 
"e e .on «< 1 he ~~~ h• n; " htch 1 he "' b.>V<: mc·-­
\JfC' "''" pa"ed: P,:-\lp: Pe-K; K·P•: 1-.:i.,.T 
and 1-.:io·M>: ;md Kin-\lp: and. JI lh• p.:r· 
i;>hcr). T-X and T-\1-: and T_ con.ole-H. 

Modcl 20 lmptemenlalton 

Fi~urc S 'h""' thc dct,ilcd ,tructurc nt " 
unipfOCCW>T .\!odcl 20 PDP- 1 1 "ith ;,, """"~' 
cnmrnncnt> (option,)_ In Fi~ure 5. 1hc Lr.oh~' 
cnar~.;teri>Lic; are 'uppre>o,ed. (fhe dct .. ilc:l 
propcnie< of!hc '"itch ~re de>eribed in th•lo~­
icol de.,gn >0C1Íon.) 

Ext.,nsicns lo lncreas" P"rlormance 

The roadcr >hould "'"" (Figure 51 thJt Ih< 
importJnt limito!ion< of Lhc nu, "''"' a cnn· 
currcnc;- of onc. nJmd;. cnl} onc dialogue con 
occt:r JI a giv•~ t1mc. ""d" mJ.,mum lrJn,:cc 
rJto of one 16-bi! ""'d per O."lS micro'-Ctoi!C. 
gi,ing" trJn,fcr r~t< ,,f 11.3 megabit>i>erontl­
\\"itilc the hu' ¡, not " limit for ~ un1prncc"''' 
<<ru«ure. it ¡,a limn for muluproce<>or "'"~­
rure<. Thc bu1 JI"' im~o'"' "" oniflci .. l bm.: .;r, 
the ')'t<m pcrform;¡ncc "hcn high-<peeo oc­
ticc" (e g .. T\' came•-"- di>l.>) "''" tr"n,fcrrin; 

• 
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<lata w muhiple pr1mar; memoric>. O~ • br~cr 
,ystem ~<l!b multiplc indcpendent mcmorie•. 
the •urrl; of mcmory cyde< o; l'l mc~a­
hrt•/>econd 1 ime> tOo numbcr of module>. Sine e 
th<rc i< <uch a ldr~e suppl;· of memor} cycb 
per •e~ond .<nd >rm·e tllc ccntrdl procc"or can 
ab""t> onl; appruximately 16 mega­

. bit>/•ecMd. the <imple one-Unrbu< wucturc 
mu<t he modil"ied to ma~e thc memor;· cyde< 
a~~•l~ble. T"o ch.1ng:es are ne«<>ot)'. Fim. 
each of thc memory modul.,.; ha. to be changed 
so that muhi¡>le unit< can acC<» each module 
on an indcpendent ba<Í<. S<:<·ond. there must be 
independent control acce<sin~ mcchani>m<. 
fi~ure 6 <ho"' ho"' a <inHl: memor; is modr-
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focd 10 h~u moro~"'-'"" rorrl' (i.e., connccl \<l 

four Unibuses). 
l'i~urc 'l •how•, <;,tcnl "-llh 1hrce indepcnd· 

cnl mcmof' mcldub thal '"' ooce,.cd h¡- \"'" 
inJo:pondont Uniho~e~ . ."nrc that two of th<: 
'"cond•r: memoric' .~rrd nnc of th~ "~n,ducc" 
are conncc\ed 10 hnlh l)nihu_;es_ lt <hould he 
no\cd th.ll dc~ic~, tha\ c•n potentiall:- imerfcrc 
-..i\h Pc-.\1p acces>e< are con<tructed v.ith l"-O 
porl<: for •imple •:•t~m,. both ~orts are con­
ncc-ted lo the .ame bus, but for >)~tcms ""h 
more bn,e<. lhe second e<1nnection ;, . ~a o in de· 
pendent bu<. 

figure 8 sho"' a m u\tiproce"or sy<tem "ith 
'"o ccnt rol P• oce"o" and thrce üniou>e>- T" o 
of the ünibu• contr<>l' Jrc induded "'thin th< 
!~<o procc"""· :rnd the 1hird hus ts controllcd 
b)" .ln indcpcndcnt cOnlr<>l un11. The structurc 
als<l h"' a 'ocond '"ilch ¡,, .11low cithcr cf [\>O 
procc,<or> (U nibu,c, 1 1<> ,LCCC» common >h.lred 
de<'""'· TOe interrurt m~ch"ni'm ~llo"s ci¡Oc' 

¡;:¡ 
l!l_ 1 1 1 

o 1 1 

o 1 o 
F,gore O 1· OM •·N><I rPeroory module> PMS 
doog<am 
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prooo''"' In reopond 10 dn m<orrupl. ,,nd ~im­
,¡_,,1; cither proco"or mJ) ;,-~. inilialltotion 
inform,.ion on an .Hwn'm"~' h"\L<. ,, control 
unn ;, needcd •o thot 1"" procc"o" can com­
rr.~oicalc "ilh onc .lnothcr. >hored primar)' 
me:-r.o" ;, nOrmall; u,ed to cJr" the bod; of 
th~ me"a~o. A contrnl connoctcd lo l"O Pe", 
IF:~ure 'l can he u«d for rol.:•~•l11y: cithcr pro­
"""' or Unthu• could fJil. ""d :he 'hared M' 
"ou!d ,ull be acoe1"blo. 

.. 

H1gher Performance Pro~essors 
lr.crc.l\ing tho bu' '"Jth ha• thc greatc.t 

dfect on periorman<" . .-\ ,;ngle hus limit• da¡, 
lTJmmi>.,on lO 21.4 megJhi"/<econd ... nd 
thou~h \todel 20 mcm<>ri<' are 16 mego· 
bib/<c-.:-ond. fa>tcr {or 1üder) data path .,.¡dlh 
mo> lul"' ~<ilt be limotcJ h~ ohc bu•- The M<>dcl 
2D" not r<'tru;tcd. but f<>r h1ghcr pcrformar.~c 
pr<ll'l."'''"~ opcr~tin¡¡ un J.,uble·"Ord (it•ed· 
pnonl) or triple·"•lrd (ll"·"'~~-roint) dato. 1"" 

' • • • 
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¡ 
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or threc acc-e""'' are ro~uire<! fur a 'in~lc dat.L· 
tjpc. Thc dircct mcthod to impro•e the pcr­
fMm .. ne< ;, lo douhle m ln~le the primar~ 
memor~ .. oJ ccmrJI procc"or data pJth 
"idth,_ Thu>. the bu, dat• rate ¡, automatically 
duubled m 1ripled. 

for J1-"' 48-bit memurie•. a oo~phng con­
trol unit ;, nceded '" that dc•iéc' of etther 
"'idth ;,pp<.Lr i•omorph.c w om ;,nothor. The 
couplcr maps J datJ requc'l of a given "ldth 
into a hi~her- <>r lo\\cr-" idth rcqucst for the bu> 
heing couplcd 10. "''ho"n in Ftgure 9. (The 
hu' i> limnod lO a ~\cd numbcr of de••iccs for 

"" " '"' ~ ...... , 
. ··- - ·~ .... " ... . 

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

fogu•• S Compute• w.¡~ .0~ b.t Pe "" "''" 16-~•t 
M•. T PMS o.o.<>m 

dccmcal re;;on<: thu,, to ~\tend thc bus. a bu•­
ref"CJting ur.Ll is necécd. Ti; e bu,·re;x:atin~ con­
tra] unit ;, .Limmt identi~ .. lto ti:~ b"' coupler.l 
11 compmer o.ith a ~O-bit prima,,- memor~ and 
procc"or and 16-bn sc~ond~ry mcmory and 
t~rmin"l' (trJnsducers) ;, >ho"n in FrgJre 9. 

In summ.rry, the design g<>~l ,..., to ha• e a 
m~dular mucture providm~ the fLnal user "itb 

A MW ARCHII!CIUR! f0R MLNICOMPUH'RS H~ 

frcedom ;tnd n~\Lhilrt; tu match hi' n~cJ, .. \ 
><«lndJr! ~""1 <Lf th~ t:nihu• ¡, opcn-endeJn~" 
h) prn•iding multipk hu•<• and dcfonin~ '"""' 
pJ!h hu"''- Fin.LIIy. Jnd most importJn'- t~c 
ünibu' ;, >trJi~htfor,..ord. 

THE INSTRUCTION SE'f PROCESSOR 
I!SP) LEVEL·ARCHITECTURE" 

lntroduction. Background, and DesLgn 
Constnunu 

Thc ln,truotion S<t Proce,.or j!SP¡ i> !he 
mJchnc dcflnod hy thc hardworc and¡'or "'it­
""''" thal i11tcrprch P'"~r.om•. A; ><>ch."" ISP 
¡, in dopcndcnt ,,f t<chnnlog) and >pccifLC tm;>ie­
mentaliom. 

Th< instruciLtln ><1 ¡, ono ofthe l<a>l ""Ocr­
•tc>Od "'~'""'' <>f compu1er dcsign; currentl>. rt 

¡, .tn a rt. Thcrc ¡, e u rrcn ti~ no thcOf) of in'" U e· 

tinn >CI>. ;rllh<Lu~h thcr< ha• e been aucrrorL• '" 
'""'truct thcm j\bun:r, 1966]. •nd thcrc h ... 
•l•<> !leen "" .Lttcmpt '" n~,. a computcr ,or~­
gr•m dc<isn an in\tru•tion >el )Hanc). l',lio). 
1\'o ha•e u"'d \he .:un,cntion .. J .. ppr<>~ch ir. thi, 
dc•i!!n. f'im." b .. ,k ISP ""' adopted dnJ thcn 
incrcmcnt~l de•i!!n mo-Jirrc,.ion• ""'" m .. J., 
(bJ<ed on the '"'"h' uf the benchm~r'-•¡.t 

Althoush thc approoch 10 the de<i~., ""' 
con,entlon.LI. the re·~hin~ machinc ;, not. ·1 
eommon c].,,,¡,.,ati,m of proce<>ors i' "'O-. 1-
1-. J .. or J-p:u,.].JddrCJos machLne<. Thi, 
"'heme h•• the form: 

op 11.12. IJ. 14 

• f~, •••rJ ... .,.h.:,cru" .. ~'' "'''" """·""'""11' defined J•mO,onl ,., u/, IOMJ•• ""Lh< ,,,. """' "'' ·~•L<m ·" "~" '' 
"'"~""'""'- • ' . tho· '""""'"·'' '""""" '"" looc'"'""'' "-'""'"'· "' """'" rr"m rh.· "' ;-'"'"""" "' '"' ""·' ¡¡, ... _,n.J 
'""'"" Lhe 1'""'' J<"~" '"" Lh< """;"¡ •mr'"'""'·•ILon:· 

',, """'"'""' "'"¡"""''" '''"'"'"" "-" r·cp .... -d 1h." ""'"·' ,,,,¡ , r ,,;~, """'" ""··hm "l r"'r"'"' ""' '"''''·' .. ,. 
,.,,.,, "' "" "'"'"'"""" .. "'·"-'"'''· .ond "' ''""''' .. r Lh< "'""-'" "'" '" ¡cr • m ... h:n,· Lh.•\ •·"' '"' "''' "'"'' •. ,, <'•· 
h,-,.,hm ¡•l• In" -•rrr,o,~cn h.LU '"''"1 f.¡\'"'''" H.c• "'·"'""' ~-od rto• "'"" ,h,¡t.loLo·r "' "' •'•0 Lh< Ln."'~HO< "·'' ~rL,,;' 
'"~""'o m''""' Lh< ""''"rlc ""'"" ""'' ·'"'~""' ,,, •r"'~' '""'"""' '"" ¡,,,, "'h,r,·nr •·1"'""''"'"' '" ''"" -.,.¡; .. -. 
Lh< ,, . .,,.,,. "'' ,~, "'·''"'"' c.J ""' cd•""' ~.-111"' r•·•r•·'"'' •''~" '"·'" '""""''"m'"' n,;,,n,.._,, '"'- ,md ''"-'lh. 
u•mr.r"' "·" •·~•' '"¡, "'"'"'' "' "" '"·''"'"' -•Pr>'·'"~ '" o. J-r,;.,,,, '" ".,,,. "'""" ·'" -- '·''"·r""'" "'·""'"'- O.•J "''"• 
"·'"" ,,,¡, 1 1 """ ·' """"'"'" t:,.,, .lwl r """ th•n -.·r·'"-"' n,., 1\,,,, ¡.., ,,,n "'·''"'"'· ,,.,. ·•Or•""' n;~n r•·•l .. rm ... o .. 
""·' "·"'' ~"''" <iu<h' Lhe r"'"'"·"' '"~'"''"'on 
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~- The stac~ ha< ~ bouorn. ~od ~<hen 

pl.tccJ in •lo~<cr rncmor;. there i< • ~··· 
forrn~nce Ion. · 

5. Subrooune lr~mparrnc) is not ""'"ly re­
~l'lcd "l\h ont <tack. 

6. Vo~riJhlc lenBth data is a"·kward "''ha 
<1-'Ck. 

\\·e ~cneroll) concur "ith poin" 1. ~. ~nd ~. 

P<Jint :" is an ertoneous conclusicn. ¿nd point 6 
is irtelev3nt (lhat i<. ~.,,.,.¡] n:gister machines 
ha> e the sarnc problcrn). The gneral re~ister 
scheme al•o allo"' proccs<or implemcntattons 
"ilh a high dcgrcc of parallchsm since all in· 
<lructions of a locJI block can opetJte en «v· 
eral rogtster> concurrently. A set of truly 
scneral purpo'-C registcrs should also ha>·e addl­
tion~l "'"'· For .,ample. in thc DEC PDP·IO. 
general regi<ter• uc u>ed.for addr"'' inte¡;ers. 
indning. ílo~ting poinl. Boolcan ,.OCIO" lbit>). 
or ;>rogr~m !lag¡ and >l3ck pointcr<. Thc gen· 
eral regi>ter< are abo addressablc "' primar; 
m<mN). ~nd lhus. shon program loop' rJn ro· 

_, "dt \\t\hln thCm JOd he LO\Orpf<lcd fa;\O(. ]t 

"""'' oh>on·ed in oper .. tion thot PDP-10 ''"'k 
uporation. "-<te vcry powerful and often u-.d 
(accounting for a. many as 20 ~er<ent of the 
c-.;:~<ed :nsuuctions in <Offie programo. e~-· 
1he •ompilc,.). 

Tho ba<ic desi$n decislon lhat sm the PDP· 
11 opart ""' ba.ed on the ob<ena,on thll b) 
u<1ng ¡rol•· general register> and by suitable ad· 
drc<,ir.g mcchanisms. it was possible 10 ton· 
,;d., the mo~chine .!< a 0-•ddre" (stad). 1-
addrc" (general regi"er). or 2-address (mem· 
Ot\·to-mcmor;·) computet. Thus. it is pmsible 
to "'" "hich<>er addressing .chcme. or miuure 
of 'cheme<. i< most appropria1e. 

-\~other imporlani design dccision for the in· 
struction .et ,..,, 10 bavc only a fcv. dal~·l)"pcs 

in tho b~S!c machine. and 10 havc a rather com­
plete sct of operatiom for each data-wpe. (AI­
l<rnJti,·e designs might ha~e moro datJ·l;pes 
""h :·ev.· o~cration<. or fe"· data·t;pe< v.i1h fev. 
operations.) ln p•rt, this WJs dict~tcd b; thc 
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.~•achine <i.te. Thc con,er<ion l>ct"ccn d~l~­
" pe< mu't he occornplí>hcd •~"ly eithcr auto· 
ma1icall~ or "ith one '" tv.o in"ru<·tinn•. The 
d"tJ·I)pe< sh<Jold JI<<J be ,ufr.cicn!l) primiti'e 
10 allow othcr d:tW·IYPC> to he dc~ncd hy '"ft­
""rc (and by hardwJre in more pcmcrlul ver· 
•iom of thc maehinc). The ba<ic dato~·!; pe of 
the machinc" the ]l).b\1 inlcgor \\h<eh U'Ci the 
,,.o·s complement convcmion for 'ign. This 
dJ!a·l}pc ;, also idcntiCJI \O an JddrtS\. 

PDP-11 Mcdel 20 ]n5truction Set (Basic 
lnstruct<on Sal) 

A formal dc<ctiption of ¡he basic i "'' ruction 
_,<:\ i< given in the ,,,¡~onal pJ~cr {Bell .; al .. 
1970] u,:ng the ISPL n~tal!nn [Bdl am! :"e..,ell. 
!970]. Tho remaindcr of 1hi< =•i<>n .. ;11 disco« 
;Oc machinc in • con>entional manner. 

PT<marv Mamorv. Thc rrimu~ memor; 
i~ore) i.< addrc"cd "' eith<r ~·· h~tc< cr 2" 
110rd' m•nf a 16·~\1 ntnn~cr The hne . .r .Jddre\~ 
'racc i< "1''' "'cd 10 Jccc" the '"D~t/ou:put de­
l iCe' Thc dc,·icc '''""· dJla and control rc~is­
ter< Me rcad or wriucn likc normal rnemory 
locauons. 

General Regiuer. The general rcgi<t<r< are 
narned: R[0:7]<l5.0>; that i>. 1~cre are eight 
;cgiste" each "-tth 1~ bit.. Tho naming ;, done 
<tJrtin~ at thc lefl "'''h bit 1:" {:he si~n bit) 10 
thelea<t signir.c•nt bit O. Therc "" >)nOn~ms 
for R[6) a~d R[7): 

' 

' 

Stad Poinlct\SP<l5·0> 
:~ R[ó)<615:0> 
Us~d to aCCc<> ~ special stac\, th.lt i• 
u<ed to stort the stat• of interrupts. 
traps. and 'ubrcutint call<. 
Progr•rn Coun1cr\PC< 15.0> 
:- R\7)<((!.15:0> 
Points 10 1hc curren< instruc\i11n bein~ 
interprctcd. ]¡ will ~" >een th~t the fact 
thJt PC " one of the gener _,¡ registon is 
cruciJllo 1hc dcsign. 

f.":~,;· 
¡'; . .,. . -· 
(~ ..... 
' . ·,:'" 
'i .. -....... 

<. 



Tt<ó PDP·11 FAMILY 

''"·' ~cneral rc~l'tor. R\0.7]. c"n be U>etl "'a 
,¡~el. ¡><>intcr. Thc 'l'<''·iol St,,\. Po<nt"' SP hJ, 
Jdduion~ll'"'l'<rlie, that force u to he u,cd for 
,·hJnfinf pr,,cc.,o>r <lJtc intcrrupt>. trJ¡>< .. >nd 
,uhn>utinc cal k(\\ al"' can be u,cd to co>ntrol 
d;-nJrnOC \empor.L<)' \\l}f•t• suhro\\tin«.) 

In Jddnion to the .Lb•wc rc~"l<" lhcre .H~ ~ 
hLh "'"d Ur<>m ,, ~''""blc 16) for procc""' >la· 
tu>, calkd PS<i.\:0> rc~ister. Four hit> Jrc lhe 
Condiüon Codc>\CC ""OCÍJted ,.¡¡¡, ar<lh· 
melic re.,uh<: the T-ba controL- aacong: and 3 
hn• oon<rol thc priorny of r~nnin~ pro~ram> 
Pri<>nt< <~·0>. Lndi<·idual hit> ~re map¡x:d in 
PS "' >hO"n in the ~rrem:lix. 

Oata-Types and Primiti~e Operations. 
Thcre are'"" datJ lcn~th.<'" the ha"c mJ<:hinc: 
b_\le> and ~>Ord,, "hich aro S Jnd 16 h11'. ro­
<¡>ec!il'd)'. Thc nonui".Jl dJta·typc< oro "ord· 
leo~th into~ "" (". 1.): b.' tc-lcn~tt! intc~c<> ( hy.i ): 
\\Ord-kn~lh B,lnl<~n ,-ec!or, (" b\): i.e .. 16 in­
Jopendent h1h (B»olc.m;;) i;. a 1-dim<n,i<mal 
arra:: ""d b_\lc-kn¡nlt BooleJn v<ci(l[> (b,.h,-)_ 
Thc oporatiM• on h:te Jnd 11ord !lookan vcc­
wr, .ore idcntic~L 5Lnco a common u•c of J hytc 
"to lwld '"'"'JI n_.g bir,(llooloan,¡, tho opcr­
Jt1on• cJn he ,·umb,ncd 10 form the <:Omplcte 
><1 of 16 opor Jlion•. The logi,:-~1 <>,~era\ ion, are: 
"dear." "compkmcnt." "incl~<i,·c or:· and 
"impli>atinn" ¡, ::1 y"''' V y). 

Tnere ¡, J compl<1c set of amhmcuc o¡><r· 
.Jtion> r,,. thc l>o>rd in1cgcr> ~n thc bJsic tmtruc­
¡i.on >el. lhc ,¡;j¡l1me1ic np<r.>tion• are: "Jdd." 
">ubtr JC\." "l\1 u ltip ly" { opliúnal). "d"·idc" 
(option"l). --.-:nmpar~--- ''.<dd """·" "'ubtrJct 
ono." "clcar," "neg.ne." and "muhipl) ond d1-
,-ide .. b} r"""" of two (sh1it). Sin ce the address 
intercr •ite is 16 h•t>, thc'-' dl!a·<y¡><, are mo<l 
impona~t. 8) tc-length inu:ger< ~re oper J«d on 
a• "'ord> t>y rno,·ing :hem to the general regis­
<ers v.hcre 1hcy take on the ~~luc of v.ord In· 
tcgcrs. W,rd-lcngth-integcr upcroriM< .He 
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c~rricJ '"'' Jnd thc rc,ults .ore r<turncd h> m~m­
"'l (lnln\'Jtc•d) 

Thc O"Jting-p.>in< <n-1ruct"'"' deftned h) 
<-oft"~'" fn<>l ¡>:¡n of :he h,,;.: in•truction <e<) 

rcquirc• 1h..• deftn11Íon of !"" addnional datJ· 
tlp<> (nf lcngth \"o ""d thr..,). i.e .. doubk 
"'"d' (J.",) .ond lrtpk ""rd, (1 .... ). T"o oddi­
"'' n;ol JJI.<·I.' pe'- douhle in<e~cr ( d .i,) Jnd trlpk 
noatin~·r•>illl (t.f "' f) are prnvi~cd for ari<h­
'""""· Thc'c d~IJ·t:res imrl_,. ~crtJin add1· 
ti~n•l "~'"'"''""' Jr.d the con•·crsion to ¡he 
more primui•e d"l~·l)p_c>. 

Address (Oi>P•~nd) CalculaliOn. The gen­
"rJI mcth'ld' ¡>ro•·i<icd for accc"ing operand, 
>re thc m'"' inlore,<ing (perhJ¡>< ~nique) rae: 
of the m-'chinc·, '"~"'"'"· By ucfinir.g ,.,eral 
""""'' mcl\>•>d, 10 a <el of¡!~ncr:ol rcyi>ter.~ to 
mcmury. <'< W J 1tac~ (contrúllcd hy J ~cncrJI 

regi<.tcr). lh.: cr.rnpu1or ;, ahlc to be~ 0-. 1-, and 
C-addr'"' m•chine. Thc cncoJi"'' oftne inwuc· 
ti<>n wurce ($) flela; and Jc,tinJtion (0) foeld> 
are gi•cn in fi~u,e \0 togethcr "uh a li>t of IÍ'.c 
''"<ÍúUI ~c.: e" n10de, l h• 1 :ore po"iblc. (The a;>­
pcndi' ~i•·c, a formal de>Lription of the effec· 
iÍ'< ad<lre'' .;~lculation proc~"-l 

1t >hcwiJ h''"oted fr"m f'1guro 1n 1b1 all thc 
common ~ceo'' modes ~re oncluded (direct. 
indire.:l. imm<dÍliC. relatl\e. indc\cd. and in­
dc,ed indirc,'ll pi~, se, eral rd~\1\Ciy uncom­
mon <>n•'· Rcbti,-e (<o PC) acce>> ís uo;c<l ''' 
,imphr) pro~r.,m loading, "hile •mmed~><e 

mod< 'J".'-'d' ~P c.cc~tion. Thc rel•tivel) lln­
commM ~ceo" modo,, "UlO·inorement ~nd 

au¡,,.dc.·rem.;nt. "'< used fqr l~"o rurrowo,: ·•e­
"'"' 1~" <t~<k t.mder con<wl of thc rcg<>tcr<" 
and """"" to b\\o; or word< or~anizcd a< 
<trin~• or •·eetor<. Thc indorcct lC>e~< mode JI­
lo"' • >1~<l to ~old addrc,<es of d•la (ln>lcad 
of dat")- Thi> modc is d"'irabk "hen manipu· 
1Jt1n~ lon~er ~nd variabk.lcn~1h dala·t.\pc; 
(e.g .. >tring,. doubk '"ed, and t<~ple Oaa!in!' 
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~"inl). The regi>lcr auto-mcremem modo may 
be u•cd 10 ~cce" J byte ming: thm. for ex­
•mplc, aftcr eJch acce.,, the regi,ter .an be 
mJde W ¡><.>intto thc ne>l dJta item. Th1> ;, u<c<! 
lor m o> ing dJI" block•. •earching for J>>rlicular 
elemenl> "'a "ccl<>r, ~nd h'te·"""~ oper~llons 
(<.$-- mo,~ment, C(lmNri<.<>ns. edLlingl. 

Thi> ~ddrn"nF structure l''"'·ide' llcxibiht) 
"hile rc:ainins the •ame. or hc11cr. codin~ cfft­
cicnc)- th~n ci~"ÍCJI m~chinc-,. ,.,, an cxampk 
of !he ~oc\ibiht)' po"ihlc. <:(lmidn thc ••ria­
lion• po,.ohle ,.¡¡¡, thc mO>l trio'ial ""'¿ in­
uruellon ~~ 0\' E (T ablc 1). Thc .\10\' E in•:r~c­
IÍon i< code-d in oor.•c~tio'l>l :'-~ddre'>S, 1-ad­
drc•• (general re~i>tcrl and O·addrc« (<tackl 
comp~tc". The 2-addrcl.l form" ;, particubrly 
nicc for ,\10\'E, t>.:c;,u•e ;, pro,·ides an cfficient 
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encoding for tho common ClpcrJtion: A - S 
(notclh•t 01c <t.tck and general rc¡:"t"" are not 
in,olved). The vector movo. ,\111- Hil) is al•o 
effocicn•l;- cnwdcd. For thc rcncr•l rcgistcr 
(Jnd 1-oddrc" formJt), there ore "bout 13 
MO\'E oper~tion. that are comrnunl) u sed. Si~ 
movc• can b< cncodcd fo1 thc >!Jd, tJboutthe 
>ame numbcr found in stack machine•l-

ln~t<uction Formal$. Thcre ore ..:•eral on· 
•truction dccod•ng formau d<pcn<:!•n~ an 
~<h~thcr Icra. anc, or t"a opcrand• ha•e ta De 
e'plicitl) rcfcrenced. When two o~crJnds are 
rcquircd, thc~ "re idcnltflcJ ~~ >O'J:CC S and 
de>tin~toon D 4nJ the resuh is placcd at de>tina-• 
tion D. Fnr <inj!lc opcrJnd in>truotion> (unar} 
opera\a:s). thc instruction action ¡, D- u D: 
and for t"o operand in•truction- (binM; opcr­
JtOr,). thc aétion i< D- D b S ("h•« u and b 
are ""J') ar,J hinJT) opcra!Of>, c.~ .. - .. - and 
+. -, x,¡, ,.,pcotildJ. Jn.,rue~i"n' ·"" •rec•­
focd b; a 1~·hll "'"d- Thc mo>\1 """""''" hinary 
operal<•r fmn•.Lt llhJL for opc"ninn' r«¡~inn~ 
two llddrc\\t>l """ h•11 15.12 10 •rcctf; lht op­
crati,m cCldc. h'" 11 ·fi to •rcnfy thc ,¡c,tinotion 
D. and n,, ~ IJ to •rccify thc "'"''" S. Thc 
other in5~mcliun formah ore gi•cn in Ft.;urc 11. 

Jnstructicn lnterpratation Process. Thc 
in>truction IOI<rprctJticn proce>.l ¡, ~i,cn in 
Ftgure 1:. a11d follo"' thc common fctch­
e>ccutc "'ele. Ther, are three rnaiM >IJLCS: ( 1) 
interrupting- the 1'(' and PS are pl.tctd on thc 
stad. Jccc"d b• !he S1ad. Potntcr¡SP. and thc 
no"""'";, 1ai.cn fr<>m an Jddrc" •rc,·ii•ed by 
thc •ource toGJe,ung thc tr.tp or intcrrupt: ~~~ 
!lace (controlied by T·bitl- «<cnti.tll; ""~ on­
•truction .ti a time is c•ecutcd "'" ll.te< trap 
occur> ~flor e.och ir.strucuon. and (.')"'"mal in­
<tructior. intcr~rct•UOn. Tho r"e (lll"<n \l.ttc• 
in the dta~r.tm ~re co~ccrnod ""th io-truction 
fctchin~. oper.md f<t<hin¡'. C\CCutin~ :he Oper· 
.<tion <pccil•od b) thc Ín11fUW•>n .• nd "orin1 
the re,ult. The nontri<Í.<I dcl.<tl• f,>r fctching 
""d 'tllrinr thc or•crar.d' are nO\,¡,,'"" in thc 
dl3gr.tm but c•n ~e conmu.:tcd frllm thc ciTec­
ti< e oddrc>< c;okubti~n prOCe<< (a¡>pcnd" 1- The 
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,ute di~grJm. tho<~glt ,;m~l,:l:d. i; simil .. r to ;>. 
~nd 3-~d<lr<l> compute.,_ b~t ;, di;tinC!l) dof· 
fcrcnt tlt~n J 1-Jddrc" (1-"~,;¡.·mubtor) com· 
putcr. 

The ISP dc,criptit>n (.ip¡ooncix) gi'"' ¡he op· 
· erotion of eJ;:-h .,r thc in,truwons. ~nd the more 
con' cntionJI di"~'"m ( 1-' tgu re 1 1 ) •ho"' the de· 
(Odtng of on•lnlcti<tn (IJ""'- The ISP dc>crip· 
tion ""'mc"hat incomple1e. for examnle.lhe 
Jrld on,uucuon ¡, dcfoned as 

. >. DD t: • h,>p = 0010: l o:> (CC. O •• D + S l 

-~dJim"' éoe> not e\JCtl~ d"'et'ihe thc chan~•' 
to lhe Co>ndition Codc; CC ("hi.:h mean• 
.. h•n•• cr ~ bin~•l orcod< {bopl ofOOIO: OCCilf~ 

''ll"'" ,, 

thc ,\DO tn,truction ¡, ~'~culcd "ith thc dbO"' 
dfocl\. In ~encrJl. th~ CC "'" ha$ed on 11tc re­
•tJit. thal is. Z ¡, ,., ,¡ tlt~ rcsult ;, <<ro. S if 
n<f"'""· C if~ c~rr' .occur<, ond V if ,or. ovcr-
11"" ""' dt~ected "' ,, """h of thc upcrJiioln . 
(.¡ndo',IMJI hrJ~Cit insorucliuns mJ) lttu• fol· 
lo" thc drl;ht:l<ll" or.,truc·tion 10 '"'' the rnui~< 
of th< ce bots. 

Examples ~~ Adclressing Schemes 

Uu as a Stack (Zero-Adclressl Mactline. 
T •blc C 1"" t);>kal O.addre" m3chine '"'"uo­
,;~n· to~eth<r ""h !he PDP- 11 in•uuclio>n• ota: 
perfor:n !he >Ome funcucm. 11 •hould be r."tod 
thJI """'llli<>n (comrd"tion) from norm"l in­

¡,, "'~''"'"""' '" '"""" Polish " " com· p,.,, .. ;,eh '"""1\J;\. Thu•. ~n• of thc pmnJr) 
f<J,•ln' for using ''""\.'" f.,r the e,·aluJ\Io>i\ of 

"'P'""inn; on '"'""" Poh>h form . 
c .. n.ider .n ""'gnmont "atemcnt of ohe 

form: 

D-_>,+B/C 
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Jable 1. Codinv lor the MOVE ln•truCloon To Comparo with Convonuo.,ol Mochinu 

2-Addr .. • Mo<hoM 
formot 
MOVf B. A" 
MOVl' ""·A 
WJVO SIAl!. AIRZ! 
M0Vf IR3)T .IR4)+ 

Gonorol-l!ogostM" 
Mo<hone Fonnat 
'110''' A. Al 
MOV~ Al. A 
M0Vi: ~A Al 
MOV~ Rl. A] 
~.OVE Rt, AIA1J 
MOVE "'AIAOI. Al 
J..'OVE (RI), RJ 
MOVElRTI+.R3 

Stock Moenono Fa<mol 
MOVE •N, -iRO) 
t.IOVE A_ -IROI 
t.tGVE "'IROI+. -IROI 
.,.OVf IROJ+. A 
'-'OVE oRO)..-. t!IROI~ 
MOVE IAOJ. -IROI 

EHe<t 

._' 
A-N 
Ajli- Blll 
Ajlj- Blll 

1 - 1 .- 1 

Al -A 
A- Rl 

R1 - MfAI 
Rl - R3 
Ajlj- Al 

Rt- "-:"1'11 
~\- MjR2j 
Rl ··M,Ij 

S •• -~ 

' .. 
S -'Al SI ,_, 
\1jS¡]- s,. 
'.' 

o ' O.oo!o"""""" ot '"''""'• """'"""""" 
""'""'"'' '""'"'' .... 
''""'moot ~"'"' ''"' 

.. '"'"«' 
'""'' 

"hich ha' !he rever>e Poli>h form: 

DABC/ +-

Reploo. A ""''~ conren!l ol 8 

Reo4oco A "'"h """'""' B 
Replaoo oioment ol o Cont>KIOI 
Roploeo elomont ol O '""'"'·""'"*lo neot oJoment 

l(IM '"~~'""' 
StO<O '09"'"' 
l<>od oo ""'"''"""OC" ... ol-onl A 
R<g••l«·to-<«;~<010< uon•''"' 

Soo•o '"""""" 111>.1<1 """"""' '"' llo.-o) 
~ood ¡.,. >lO<ol """''"" '""''OCI 
~ ... "'""o<t , .......... . 
~oad ¡.,. ""'") ... .,...,, """o<t ''" ·•~"•' -no-o 10 no•l ... ......,, 

lwd ... ,, '"'" ........ 
loo<!''"" """tonto<.!> •' A 
loB<l """ "''" memO<y opo<olood ov '"~ ol ,,., •• 

S•o•o ""'' '"A 
S•••• oto<>. ••~ '" momo•v """'">e<~ b, .:.e• cop •1 
Ouohco!O oop ol ll.C• 

and 1\0Uid normally he ene<>clod on ,, '\Jel. m"· 
chtne "'follo"" 

coding and run time, "hile nc>t lo¡ing the '""' 
eonccpl. o\n oneodin~ intprol<menl i~ m•de h) 
<J"in~ "" Of'<'rJtion tu thc tc>r o( 11'te <tad. from 
J dorc.:l·me mor) IOCJI ion 1" hile lc>Jd! n~ l. Th "'· 

thc P""'""' c..unplc ""uld he "oded "'· 

LoJd •tack addreos of D 
loJd ""<~A 
L.oad ""ck B 
Lo"d <tJd. e 
1 

Stme. 

Hu"c'cr. ""h lhc PDP-ll.thcrc ;, on ad· 
drc" mcthod fo>r impr<lling lhe pmgmm en-

Load >tad; 9 
Divide ''"ck by C 
.·\dd ¡\ lO "aek 
S1oro •tJd D 

Use as a 1-Address (General R~gis!er) 

Machine. Thc PDP-11 i' a ~cnorol re~i,tor 
uon1pu1cr ,,nu 'hnuld ~e judg<d ''" thJt o.,;,, 
Bcnchm:"\.' h-"" P«n ,-,•J<d '" """'P·"" \he 
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tran>~ction< opcr~tc indcpendcntl) of tho bus 
\onjlth and '"'P""'" ¡imc of thc mastor and 
,la\0. Sonc~ thc bu'" t>1,!1roctional and is u><:d 
b) ~n de' ice>. an; de< ice c.1n communicate .,.¡,¡, 
an; L>thor dcvice The controlhng de•ice os the 
ma,tcr. and the de< ice 10 wh¡ch the m~ster is 
eommunicatong ¡, the ,\ave. For e\amplc, ~ 
datJ """'fer from proct"'" {ma>t<r) to mem­
or; (uh>J)' o <bv<l'""' thc Da\J Out dialogue 
r.coiLt) fm "ritin." onda ¡ron,fcr from memor) 
lO proc<s<Of ""' the OJI" In dialogue focilil~ 
for rcJd¡ng. 

Bus Control. \\ost oftl:e 1 imc the proceswr 
is bu< mJ<ter ktchtng in<tructio~> J!ld oper· 
and' from m<r:Wf\ and storing re.U\1' in mcn\· 
Of). Bu, mastef>hlp " cletormincd by th< 
curren\ proce""' prL<lf<t) ""d the prioTLI)' hne 
u pon wbch a bu' re~u.-,t i< maCo Jnd the Ph:<>­
;c.Ll placement of .l rcq'""'i"g de''''" on thc 
ILn',ed bus. The J'>i;r.men\ oi hu> mJs',cr<hLp ¡, 
d~ne concurren\ ""h norm.Jl cammunL<o:ion 

(d"<logues). 

Unibus Dialogues 

Three t\p<> of diok>B"es '"" 1he Uniblls ,\11 
the dialogue' ha 'e .l common pcot<lcol th.l\ f1f>\ 
con"''' of ~btaLning thc bu• m"'""'h<r (" hich 
"done concurren\ "<lh .> previom tran.,<ctoon) 
fo:IO>'ed hy a datJ exchJng~ wnh the re~~e>Led 
device. The dialogui" are: lnterrupt, Data In 
and Data In Pause; Jnd D.lta Out and Data Out 

Byte. 
lnterrupt. lnterr~?' con be <nitiated by ~ 

"'"""' immedtatel) alter rece"·ing bu<"'"""'' 
shtP- An addrc» ¡, trJn,mine<l from the master 
w the sla'e on lnterrupt. )';ormally. >Uhordi­
n.Jt< control device' "'" th" method lO trammtl 
an <nlerrupt »gnJl,Lo th:: proces.or. 

Data In and Data In Pause. Thc>e '"'O bu' 

opera\'~"' "~"'"'' ·. <I.J<~·' data ("hose JdJre» 
"'~«:trt~d by the ma«cr) to the ma"er. For the 
D.Jta lo P~use oper.,unn, dat" ¡, re.Jd into the 
mJ«<r ond the rTO.l<t<r re5pond• ,,,.,¡, data 
"hich is ¡o be r"'""'"" in the slave. 

Data Out and Data Out 6yte. 1 he-e \"O 
<>pcr.ltioo> tran,fer data from ¡he m.J't~r 10 thc 
,\J\0 at tbc addrc" 'P<'ciftcd by the ma-1~'· hH 
DJta Out. a wmd al the addrc" >P<.:<ti.;J h) thc 
addrc» linc> ¡, uan,ferrcd from mJ,L<f "',¡.,,e 
Data Out B_"e ~llo"' a >ingle Cat; b\Lc w ;., 
\rJn>mtll<d. 

Processor logtcal Oesign 

The Pe" de<i~ncd Lbing TTL logical dc'i~n 
componen\< and o~'l:u;>i<-' apero,imJtch cighl 
8 ioch x 12 in;;h printed """"¡' boJrd,. Tn~ Pe 
i; p!Lysically connc;;ted \o 1"0 olhc: com­
p~nents, thc con,olc Jnn :he Lmbu'- TOcc-on­
tr~l for the L:ntbU< " hou>ed in the Pe and 
occupies nne of thc prir.ted eircun onarci' The 
m"s'. regulor porto[ the Pe is the omh:":\C1i<: "nd 
st.>te >ection. Th~ l(>."ord scralchpad recmory 
o~d combination.>l logic data oper.•tors. U 
( <htft) •nd D 1 oddor, logical ops). fo''" 1 he mn.t 
rcgdac par\ of rho pr~cessor'• ;trucwro. The 
16-"ord memory nold> most of tho ~·" ord ~ro­
ccssor 5tatc f ound in :he 1 S P, and the ~ b"' t hat 
form the St~tu; "ord .Jre storcd in an ·'-·btt reg­
ister. Thc tnpul \O the .Jdder->htft nw,ork ha• 
'"o lat~h.- "h<ch are e~thec memo nos or gates. 
Thc 0 utput of the adder-sh1ft net'-'Oú oon b~ 
read to eithor the data or adctre,s P""' of the 
\Jnthus, or b"ck to the scratchpod ·"'"Y· 

Thc imtructi on Cccoding and "'" hmotic con­
trol are les, rcgubr thnn the abo' e dota nr.d 
>lJie nnd lhc>c Jfe ;hown in tOe l<wer pan of 
the f1~ure. Therc .l<C \"O n1JJ0f <eC\;On;_ the •n­

>lrUC\LOn f<t~hing and decod1n~ coc . .ro: ,ond <he 
tn"ruction ,et tnterpre\er \"hicil. in ctl'cc1. dc­
ftn<s thc lSP 1. The bter control ;cctLM o por .>le> 
on, hencc controls. the amhmelic .>nd ''"'" 
P"fl' of the Pe . .-\ fmal control '' conccrncd 
""¡, the tnterface to the Unibu, (Ji,Lic.ct frnm 
the Unibu' contr0lthat ;, hou-cd in lh< Pe)-

CONCLUSIONS 
In thi' paper we hJ\"e endco\ ~red 10 gi\'C a 

complete dc<cripiLon of the PO P-11 .\1odel 20 
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,; :: four dc<cripri'e le>cl~. Th'"'" pre­
-:-: :e_- ~:":"~bi~uou, •pccir.oarion al ll•o levcl• 
· -- ' '· ~ ;; -:rucwre ~nd rhe ISP). un d. in addi· 

-:~: ·· .. lh< Sln<lraint' for 1hc dcsi~n al rhe 
, .. - : -.d ¡:i•·e lhc •c•der '""" ide; of rhe 
:-:-:·:::ion~~ the both'm lc•·d lo~icJI <k· 

- ;· v,: .cJ•< ,¡,o pre•cnled ~uiddrnc• fM 
:·"- e; , :~nion;\ mod•l• thJt "ould t>clong 10 

:c.< ,:.7.: :',mily. 
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ACKNCWlEOGEMENTS 

The auth<>r• .re grJI<f,lLIIo Mr. ~i~bcr~ of 
lhc l<chni<Jl ¡>uhli.:o~tinn d<¡>.mmcnt .11 DEC 
Jnd to rhc rc•i<"C" f<H rheir hel¡>ful <r~tici>m. 
Wc are <'¡>C<ÍJ\Ij ~JJ\cful lo )>ir•. Dororh• 
J"~¡>hson 01 (.¡rnc~ic·'l.lcll<on Uni'Cf.,l} ~or 

ryping th< nntatiun•ladcn manu-cript. 

AF:,E,.:JIX. DEC PDP·11 INSTRUCTION SET PROCESSOR DESCRIPTION (IN ISPU 

- .• '::· '"'"g dcscri¡>rion grvc• a cursor} descr~ption ofrhe in<lruction• in Lhc ISI'L lhe inai.•l 
-.~·-· .. e- · Bcll Jnd No .. cll[1971]. Onl) lhc proce»or ""1< ond" bnd J~•cn¡>ti<>n <lflh< Ln'LrUt· 

::e·.-~'" ;'·•n 

?:-.. -.o:-. \,~emory State 

•< ·.~; '\lemory[0:""-1]<7·0> 
'-:.. '- I]<IS·O> :• )>J[0:~"-1]<1·0> 

?;';':-e;.- $\3\C (9 \\Qid•) 

: ~.<;.·tcr>[0:7[<1~.o> 
~C< .5:0> ;• R[&}<IS·O> 
?•~< :5.0> :~ 11.[7)<15.0> 

.,_ .. 
P<2:0> ·• PS<I:S> 

=e ·-=: ~dition·Codc><l:O> :• PS<3:0> 

C ,,.,.:. C :• CC<O> 

Byte mcmor~ 
\\'orO mcm<'!') mop¡>in~ 

Word ~encr"l rcgl'lc" 
Stac~ puin1er 
l'ro~r"m c<>untcr 

Und<r pro~r"m :onLrol. rnout• lc•el oi 
thc rrne<>< currcntl) bcin~ intcrprc«d. J 

hi~Ocr lc>c·l "'""''" m"-' inr<rrupt nr trae 
¡¡,¡, procc>'. 

,\ rc;u 11 <nnd irio.~ codc indtCJilng on ;¡rith· 
mene <4r<) from hit 1 ~ of th< b;~ up<r· 
arion. 

A rnuh rondLlion .:orle indic~tin~ lo<\ re· 
.<ulr "a> n<~JIÍ'<. · 

,\ rc•ull ••>nditiun <\>de inditJLin~ IJs\ re· 
,,¡, ""' J<ro. 
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Ocorno,.·\·:~ CC<I> 

Tracc\T ·= ~T<4> 

L'ndcfined<IO> := PS<I~:O> 

lnstruction Se! 

28 

,\ rc>nlt ~ondlli01n cm!. inJi•·•lin~ .on .orolh· 
mctk "'orll''" .,¡ 1hc 14'\ "f'<fJiiun, 

O.ncuc, " h<l hcr ;,,, ruo;ti "" Ir ,oo;c 1r J r '' '" 
nccur .Jilcr cach Íll,lru<IÍ<>n ¡, ncc'utcd. 

Ocnol<> nnrmal "'c.:ulinn, 
Dcnolc, ".oning ''" •• n i>ncrrupL, 

Thc foliOI'I~~ instru,lic~n ,,, "ill be dciLnc! bncn) und ¡, in•omplotc. 11 ¡, in1cndcd 10 gi1c Lhc· 
r<.JMr a •ir..ple undc"tundLng of the machine opcral1on. 

\10\' (:= hop = 0001)- (CC.D- S); 
\10VB 1:- bo~ ~ 1001) - tCC.Db - Sb): 

lJ,nury Arithmctic: D- D b S 
ADD {:~ bop ~ 0110) -iCC.D- 1) +S): 
SUB(:= bop = 1110)-(CCD-0-S¡: 
C\1P (:= b"p = 0010)- (CC- O- S): 
C:C.1PB{:= bop= 1010)-iCC-Ob-Sb); 
\lUL (:= bop = 0111)- (CC. D-O X S) 

DIV (:= bo;> = 1111)- (CC. O- DfS): 

CLR (:= t:op = 050..)- (CC_O- 0): 
CLRB (:~ uop ~ 10.'>0.)- (CC.Db- 0): 
C0'-1 (:= ~op = 051.)- ¡CC.D- oO): 
C0:>.1B (:= uop = !051.)- (CC.Db- ODb): 
I'\;C(:= uop =OS:'.)- iCC.D- O_,_ 1): 
1:--.CB (:= uop- lOS:',)- tCC.Db- Db _,_ 1): 
DEC (:~ uop = 053.)- {CC.D r D- 1): 
D!OCBI:~ uop = 105~,)- iCC.Db- Db ~ 1): 
'\;f.G ¡·= uop ~ 054,)- (CC.D-- Di: 
:-.·EGB (:~ uop = 1054.)- (CC.Db-- Db) 
ADC ¡;= uup = 055.)- (CC.D- O_.. Ci: 
ADCB ('= uop = 1055,)- lCC.Oh- Db _,_ Ci. 
SBC(:= uop - OS6,)- (CC,O- D- C): 

Mrl'c "'"d 
,\~()Ve h)IO 

"' Sub:rJCI 
Word comp~re 
Byte compare 
Muhipl), if O ¡,a regi•:or thon 
a douhlo lon;1h opcrator 
D~>·ide. if O is a rcgistcr. 1h~~ a 
rcmaiodcr is sa,·ed 

Clcar "ord 
Clcar b~lo 
Complcment ""'d 
Complcmcn1 h)1c 
lni:rcmcnl "'ord 
ln;;remcnt b~tc 
lkcrcmonl "ord 
Dccrcmcnt b)tC 
Sega1c 
:"ogatc byte 
,\dd thc "~")' 
Add lO b)IC 1 he CJff) 

Sub~rarl ihc CJff) 
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SBCB (:~ uop = 10~6-1- (CC.Dh ~ Db- C): 
TST (;= uop = 057,)- iCC- D):­
TST (:= uop = 1057,) - tCC ~ Db); 

Shift Opcr,tiom. D- D x 2": 

ROR 1-~ >op = 060,)- (C O D •- C O D/2!rtHot<l): 
RORB (:= <or = lOoO.¡- IC O Db ·- C O Db(2!tmol<il­
ROL (:"' "'r = 0111,) -·IC O D- C O D X 2 ¡rmote:¡: 
ROL!!(:= sup = 1061,)- (C O Db- C O Db X 2 !rot~lc(). 
/\SR C= >üp = 062,)- iCC.D- O X 2): 
ASRB(;= sop = 1062,1- (CC,Db- Db/2): 
ASL(:= >op = 063,)- (CC,D- D X 2): 
.>,.SLB (:= <np = l0ó3,)- tCC,Db- Db x 2): 
RQT (:= sop = 064,¡- (C O D- O X 1'): 
ROTB (:= sop = 1()64,) •· (C 0 !)b- D X l'): 
LSH (:= sop = 06:i,)- (CC,D •• D X 21!1ogic"l]). 
LSHB (:= sop = 1065,1- (CC.Ilb- Db X 21¡1ogic"li): 
ASH (·= sop = 066.)-(CC,D-D X2')· 
ASHB (: = sop = l()t,6.¡ -tCC.Dt- Db X 1 '). 
:"OR (.= •op = 067,-(CC.D- normali'c (D)); 

CR[r") -· normali:o'--'np<>nent ID¡): 
:'\ORO(:= sop = 1067,- (Db -~ormallle (Dd)). 

IR)r"]- norm.llllc'--'c'por.cnt ID)I: 
S\I"AB (: = sop ~ J)- (CC.D - 0<7:0, 15:8>) 

Logic•l Operations 

BIC (;- bop- 0100¡- (CC,D- D-O 1\ -,S¡: 
BICB( = bop = 1100)- iCC Oh·- Db V --.Sb); 
BIS('"' bop = 0101)- (CC,D- D V S); 
BlSB (:- bop- 1101- (CC.Db r Db V Sb): 
BIT (: 3 bop ~ 0011)- (CC- O 1\ S): 
BlTB (;~ bop ~ 1011)- iCC - Db 1\ Sb): 

Branches and Subrou1111es C•lling: PC- f. 

JMP (:= sop"' 0001,) -iPC ·- D ): 
BR(.- brop- 01,.)-IPC- PC +offset): 
BEQ (:= brop- 03,.) -IL- (PC- PC + off;et)l: 
B''>!O (:= brop"' 0:!,.)- (oZ- iPC- PC + off,ct)J; 
Blf(:- hrop"' 05 1,¡-(:>. 6 \'-iPC-l'C + off,<t 1 .. 
BGE(:- brop- 0~,.)-(:\ = \'-lPC-PC +off<ot¡.: 
BLE 1:"' brop- 07,")-• (Z V¡:-.;$ V ) -tPC- PC + off•": ,¡;_ 

Subtr""' frnm h:tc thc """'" 
T e.<t 
TC'i byte 

Rnt.ltc ri~ht 
B)IC rnt:llc n~ht 
f-:diJIC lcit 
U)IC rnt"lc lcft 
Arithmctic 'hll't nght 
B:te •nthmellc 1h1ft nght 
!lrllhmctic ,hift lcft 
B)IC arl\hmctic >hlft left 
Rotatc 
B1te TOldL': 
l.ogical ,h,ft 
B)to 1ngical shtft 
Arithmctic >hift 
lhte Mtlhmello sh1ft 
:o-.·orma1tze 

Sormolite dnuhk 

Swop bytes 

flll clear 
B)te bll clear 
B,t >el 

B)1C bÍI '"' 
!l1\ te." under mo<k 
flqo bit leS! under mdsk 

Jump uncondttJOnal 
flc"nch ur.condHwnal 
Equa1 '"/ero 
:o-.ot cqu•l !o /ero 
l.c" than (>ero) 
c;,.,_,ter th.on "' equ•l (/ero) 
l.c,; \han"' eyuo1 (tero) 
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RGT(:• brop • 06 10) ~ (-,(Z V (S@ ~)l- (PC- PC + 

offset)); 
DCS/BHlS (:'" brop ~ 871,)- (C- (Pe p J'C + off.el)); 

BCe/BLO(:• b<op ~ 86,.) ~¡-,e- (Pe •. PC + off.el)); 
BLOS (:'" brop ~ 83,.)- {C 1\ Z- (Pe- PC +offset)); 
BHI (:'" brop ~S!,.)- ¡¡-,e V Zl- {PC- PC +offset)); 
BVS (:'" brop .. 85,.)- (V- (PC- Pe+ offset)); 
BVe (:• brop • 84,.)- (oV- (PC- PC.,. offset)); 
BMT (:• brop ~ 81 10)- (N - (PC - PC + offset)); 
RPL (:• brop :o 80,)- ¡--, :-;- (Pe - PC .,. oiT.e~)): 
JSR (:'" sop ~ 0040,)­

(:1?- SP - 2: nexl 
:>.I[SP)-F[.r). 
R[sr]- PC: PC- 0): 

RTS(: ~;"' 000~0.) ~ (PC- R[dr]; 
R[drj- M[SP]: SP- SP + 21: 

RTl (:"' 1 .. !,) - (I'C- M[SPj. 
SP - SP + !. ne,l 
PS- M\SP]. 
SP-SP+!): 

HALT(: "'t ~ 0)- {Run- 0): 
WA!T(:=i'"' 1)-(Wan-l): 
TRAP(: " i" 3)- tSP- SP + 2: next 

M[SPJ- PS; 
SP- SP + 1: r.e,l 
~[SPJ -l'C: 
PC-:>.-1[34,]; 
PS-M[\2]): 

E.\IT (: ~ bro¡> - S2,.) ~ {SP- SP .,. 2: nexl 
M[SPJ- PS; 

SP - SP - 2: ""'' 
;-.i¡SP] - PC; 
PC- :>.-!(30.]: 
PS- M[32.]); 

JOT (: "i = 4)- (see TRAP) 
RESET (: .. 1 " 5)- (no\ describcd) 
OPERA TE(:" i<::15:> "~~-

(i<4:>- (CC- CC V i<3.0:>): 
-,i<4:>- (CC -eC 1\ ••<3:0:>)): 

end 1 nstruction..._.... e<ecution 

le" ~reater lhJn (lcr<.>) 
C~rr} '"" hisher or ,ame tun· 
>igned) 
C~rry c\car: \o;o.er (un,i~ne<.ll 
lo"cr or r.ame (un•i¡;ncd) 
Higher th~n (un•igncd) 
0-.rflo" 
~o o'"ertlo" 
Minm 
.Plm 
Jumr 10 >uhroutine b; pu:un~ 
R["l· l'C on >Lad. andl<1Jd1ng 
R["] "'lh PC. and go:n~ 10 
'uhrouline al D) · • 
RcLurn fr<:>m ,uhroutinc 

Trop 10 :>.-1[34,] '!ore ,t.~:u• 
and PC 

F.n1er ne ... · proco> 
F.mu\3101 trap 

1/0 !T3p 10 :>.-1(20.] 
Rc,ct 10 c\lernal de,·icc' 
Cnndi1ion codo opcr•t• 
Set codes 
Clear .:odcs 

' 



31 

The Evolution of the PDP-11 

A computor is not soldy determincd by 111 
~rchnecturc: ;, rencct< the technolo~ical, oco­

.nomic, and or~Jrúational "'poc1> of the envi­
ronment in ~>hioh it "'"' d•·i~ned onC built. In 
the imroduC!ar) choptcrs the non.lfÓH<etunl 
de<>ign factor;"'"'" discu,.;ed: 1he a~·aolability 
~nd pncc ofthe b"'ic elcctronic t.chnolo~r. thc 
various go,err.ment and induslr~ rdc; and 
<landards. th~ c~rrent and futuro maúetcondo­
tions. a.'ld the ¡;¡ar.uf.Jcturing proc..s. 

In this chapter one can '"" 1he resu\1 of the 
interaction of 1hese ,-ario u; forccs in the <>olu­
tion of the PDP-li. T,.·clve di;tinct modcls 
(LSI-1!, PDP-11¡04. 11/05. 11!20. ll/34. 
llj.l4C. 1 1 jJO. 11 {.!.5. ll/55. 11/60. 11/70. and 
VAX-11/780)e\ÍS! in 1~'18. 

The PDP-11 ha< been succc«fu\ in :he mar­
ketplaet: o'·er 51l.OOQ '-'ere <old in :he fim ci~ht 
~·~•• that n "a' on the mor\.ct (1970-1977). h 
;, nm dcar hO" ngorou, a te<t (aside from <he 
marketplace) the d~si~n has heen given. since a 
Wrgc and agyre"i'"e m.,ktring oryanilation. 
umed "'ith sofr"are 10 corree! archLtectural in· 
comi<renc1es and omissions. can ,,. .• a\most 
any design. 

C. GORDON BELL and J CRAtG MUOGE 

Many idCd> fr<lm thc PDP-11 ha'"e migrdted 
to othcr computcr> l'i:h """"' de;ipr.o . .-\1· 
though <omc of thc fcJture< of tho PO p. 11 are 
patcntcd. md<hin"' hJH hecn made with sir:-.­
tldl bu o and tn;truction ''"' ~roce<'><lr uructures. 
Mdn)" computcr dcsi~ncr' h~vc Jdopted a unÍ· 
ficd dJta and •ddro" bu' <imtbt to the Uni~u, 
•• thcir fund•mental .rchitectur•l com¡mncnr 
\\an) microprocc;sor dc>Í~n> incorporate the 
PDP·ll Untbu• notion of mlpping 1/0 and 
conrrol rcsi•ter$ into the mcmory addrc" 
spaoe. eliminaung the necd for I¡O in.truction< 
"uhout complic:uing thc 1¡0 controllogic. 

lt is the nature of compuler cnginecring lo be 
goal-orientcd, "'ith pre11urc to produce deli'· 
cr•bk ptoducu. 1t i< thcrefore dtffic~tiL 10 plan 
for an e\leMive lifetime. :"c,-etthele"· the 
PO p. 1 1 cvo],-ed rapidl.' O\"er a much "·ider 
ran~c than c,pccted. An outlinc of a famil; 
plan""' sct forth in" memo on April J, l'.l6q. 
by R~ger Cady. hcad of the I'DP·ll engin..,r· 
inp group 01 thc time !T•blc 1 ). The actual <'O· 
lution "<ho"n in trcc form in Figure 1 and ;, 
mapped nn1o a co•típcrformance rcpre<enta· 
uon in Fi~urc 2. 
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THE E~OLUT!ON O> T~O POP-11 3St 

EVALUATION AGAINST THE ORIGINAL 
GOAL$ 

In the original 1970 PDP·ll pap.r (Chaptcr 
9), " sct of d"'ign goals .1nd conm•int> "'~" 
g1vcn. hcgi nning "ith a d """"ion of the "ea k­
ne,_le< frcqucntly found in mrnicomputcrs. Th< 
designers of the PDP-11 faced each of thc;c 
kno"n min1computer "cüne»es, and therr 
goals indudcd a solulion to e.tch one This •ec­
ti•>n re•·ie"s ¡he original goals. commenting on 
!he succc>S or fatlure of :he PDP·ll in meetmg 
c•d-. of lhem_ 

The "caknesses C>f prior designs that were 
noted werc lir,.ited addre,;ability, a small num- · 
ber of regi>ler>. ab.cnce of hard"ore stack fJcil· 
it•es. l>mitcd rnterrupt muctures. abscnce of 
byte strrng ilandl1ng and r~od-only momorv h­
eiliti~>. elemenl"')' !jO pro~e;,ing. absence of 
grov.lh·path famtly mcmbers. and hiEh pro­
grammlng co"'· 

The flr<t v.takness ~f m1mcom~uter; "'"' 
tOcir limited ,ddre<SJng C.Jp;b;hty. The biggc,¡ 
(.¡nd mo>l common) mi1take that can be mado 
1n a computer de,ign is thal of no! pro•·idmg 
enough "ddres< bas for memory addressmg ar.~ 
mar.ogerncnt. The PDP·Il followcd lhi> hai­
lowed tradJtion of skimp1ng on address btt>, but 
J1 v.-as saved by thc prmclple th~t o good d<:<ign 
can evol>e through at leost one major change. 

For the PDP·II. the limited addres. problcm 
was •olved for th• short run. but not with 
enough flne>Se to support a l1rgc family of 
minicomput:rs. That wa; inde<d a costly O\Cf-
5tght. resulllng on both redunda;;t developmc~t 
and lo<t sales. lt JS extromel;- embara;sing that 
the PDP.Jl had to be redcsigncd with memOr) 
managemcnt• only tv.-o years after wriling the 
paper that outlined the goal of pro~iding in­
crea<ed addreS\ 'pace. All eMiior DEC d~sign• 
suffereJ from the same rr-oblem. and only l~e 

• He "'<mUo) """'~<meno "'" <d •~o oOh" ["""'·'; b<"d" "~ondong lh< ló-btO proe<<>Oo-~oom«d Jddre~..,; onoo 1 ;. 
, "" l'o,ho> •ddr"''''' ~~o~mm r<loc"""" onO P>Of<<toon 

' 
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PDP-!0 c>·ol>ed ovcr d lan~ po:riod (!5 yc~") 
befo re a chnge o .:corred LO incrca•c iL• addrca 
spacc. In '"'""J'CCI. it ¡, dcdr 1ha1 another ad· 
drcss bi1 i, requircd cvcr} '"" or 1hm: yOJf', 

si na: momor; price< decline abou1 )0 pcrecnl 
yearly. and u;ers tend h> bu y co n>Lant pricc suc­
cessor s;.,ems. 

A second weJkness of minicomputer> ""' 
their lendenc; to sl.imp on registers. This was 
corrected fur the PDP-11 by provi<ling eight 16· 
bi1 regi>l<T>- Later. '" 64-bil regi<ters v.·<re 
added as the accum<Jiators for noating-point 
arithmetic. Thi• numhcr '"""'' to he adequatc: 
there are enough regi"e" to allocote two or 
three regi<le" (hcyond thn'c "lrcady dcdicated 
10 program countcr and st;ck pointor) f<lr pro­
gram globJI purposes .tnd st1ll ha"c registers for 
IC<al ""wn~n! compJt"tion.' .\1orc rcgi!tor' 
"ould incre"'" the e''"" .t '" 1\ch time and "'Or· 
'"" thc "'~'"'"' al1ocltlon pw~km fnr tito U><r. 

A third ""~~n<» ofmin1cornputers "'" thcir 
l•c' ofhard""'" >toü cap•hilit)'. In thc PDP-
11. this "as sol•·ed v.ith the autoincrc· 
mer.t/autodecremem addresstng mechanism. 
Thi< <OI~•ion i< unique to thc PDP-11, hos pro­
•·ed to be 0\Leptionall;· useful. and ha> beco 
copicd b; otlter designcrs. The sud. limit 
checl., ho"c'er, ha' not been widely u"'d by 
DEC O¡>erJti~g syuem,_ 

A four-th v.ealne«. hmited interrupt n~abil· 
n;- and slov. conteu '""cbin~. "·as es..,ntially 
'-01\c~ h; •he Unibuo intcr!~pt •ector dc>ign. 
The b2.ic mechanism is ''"')' hSJ. requirios only 
four memory ;;;eles from thetime an interrupt 
request is ¡,~ed uolilthc r,r,¡ im:ruction ofthe 
interrupt routine b<c~ins e\e~ulion. lmplemcn· 
tations could go further ""d <a•e the general 
registers. for e<ample, in mcmor) or in spcci.l 
r<gisters. Tni' ""' not >pecilied in the archi­
lecture Jnd hd< not be<on done in on; of the im­
plementatior.s to date. \'.-\X-11 pro•·idcs 
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e•plicil load and •~•• pr<><:e1> contc" in,"uc­
tions. 

A r,fth "C~Lnc" of cdrlier minicomputc". 
in~dcquJlc ci1aractcl bndling c~p;bohl>. ""' 
mct in thc PDP-11 b; providin¡: diroct b;tc ad­
drc.,inl'- <;ap.oboltt; . String inslruction• "ere not 
providcd in the hord,.are, but thc common 
<1 rint operltion' 1 """''e, compare. concatenJtc} 
could be pro~rammcd with vcty short loor'­
Early bcnchm.lfL, 'howcd thatth" mcchJni<m 
"'"' adequatc. lln"c'er,.as COBOL com~tlers 
havc impro•c•l and d< more uodc"tonding of 
upcra!Íng 'Y'I<m> ""ng h~ndlong ha¡ been <>b­
tained, a nccd for a >tring instruction 'ct "~' 
fclt. '"'d in 1977 'uch" '"' was •dded. 

A si"h v.eoknc;<. the inabtln~ to use rcad­
only mcmnric> _,, ¡>rimary memor;. ""' 
a-.1ided in thc I'DI'-11. Mo<t codc wn\leC. for 
the PDP-11 tcnd> tn be reentrant -..nhoJ1 ,re­
<'iJI eff11rt by thc pr"grammer, allowing o oead­
onl)' memory(R0.\1) lo be <l~cd direcLI;-, R:Jd· 
onl~· mcmoric> are u,cd e<tcnsivcly for boot­
m•r loJdcrs, progrom dcbuggers, and for 
,;mpk funct1on1. BccdU>e 1argc read-onl; mcm­
nrics wcrc not a••i!Ji>lc ot the ttmc of the origi­
nal de•i~n. thrc are no archllectural 
eom¡>Oncnt' de,igncd •pccif•cally "it!-. largc 
RO).!. in mtnd. 

A >e>cnth "'"~"""· 9ne common w "'"") 
minicomputers. ""' primmve 1/0 capábilnies_ 
Th~ PDP-11 an<"c" •his toa cenain c'tem 
>~ith i!; impro>cd intc;rupt structure. h:: the 
complete!; ~~oero\ •olutio~ of 1{0 compu:er; 
ha; not ~el bocn implcmc~1ed. The 1¡0 ~ro<«· 
•or coneepL i; u;ed e\lensi~ely in di,pl:l• ¡>ro­
"""on;. in communication proccsso,.,._ ;nd in 
signa) pr~»ins. HJ>io~ a single machi::: m• 
,¡rucuon that tran;mits ~ blocl of dJta ''' <he 
intcrr·Jpl leo el v.ould dectCdSO thc conttJI ~ru-­
C~'"' o•·erhead pcr character by a factor oi .': it 

• Son" dod"'"d "~",." ""' ""d for "'h Comm<t<o'l ln,tru<l•on So:t tCISI '"'"""'""· '"" ~"' no lonrcr "'"' ~'"" r \~ 
~" .. dd.O 
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•hould have bcon addcd to the PDP-11 m<tiUC· 
tion <Ct for impkmentation on all machines_ 
Provi"on "'a' m~dc in the 11/60 for invocation 
of ~ micro-levcl intorrupt "'"·ice routine in 
"'"tal>lo control ;tore (1\'CS), but the r~mtly ar­
"hitecture i< ¡etto be extended in thi< d"cction. 

Another common mlnicomputer "eakne" 
wa• the lad of S}'Lcm range lf a u~er hada 
•)•tem running on a minicom;>ut.r ond v.amed 
Lo expand it or produce a che:tper turnkey ver­
;ion. he frequentl} had no recourse, since there 
""'" often no larser and smaller model, v.ith 
the s-ame architccture. The PDP-11 ha• been 
•ery succe.,ful in meeting thi; gual. 

,\ ninth "eal.n"'< of minicomputef§ u a; the 
high co;t of pro~rammin~ cau.cd by program· 
min!' in lo"er le,oJianguag<" .. \hny "'""pro­
grammed in a;..:mbl¡ l""l"lgc. uithout thc 
comfortable en•·ironmont of high-le,el lan­
gua~c•. edotors. filo •¡<tem•. a~d dobugge" 
a\'3ilable nn hig~er •y<toms. Thc PDP-11 does 
not <eem to h~•·e o•eroome thi< ~>oeúne«. •l­
thou1h it appe4" th.u more comple. '~'tcm• 
are ~einr ''-'"-"(o"fully huilt v.nh the PDP-11 
th~n "-ilh it< prrdC«"-''"· the p[)p.¡, and tho 
I'[)P-1~. Sorne')'""'' P"'F~mming ;, done 
u•in~ highcr lc,·d IJngua¡:c.: ho~<c•·cr. the opti­
miLing c~mpiler for RLISS-11 al fir<t rJn only 
on the PDP-10. Tho u<e of BLISS ha> been 
sln"l)· g~ining acceptance. 1t "" fir<t used in 
implememio8 1hc FORTRA:"-IV PLUS (optO· 
miline) compiler. lt< u.e in PDP-lOand VA X­
I 1 sy,¡em• programming hu becn more "idc­
<pread. 

Onc dc>Ígn con•traint th41 turncd out to be 
o•ren<i,·e. but "orth it in thc long run. v.a< thc 
neCC•Sit) fMthe v.ord kngth to be J m~lt1ple of 
cight hit•- Provinus DEC dc•i~m wore orient<d 
IO"-:ttd 6-hit ~huract<r>. and DEC had J l•rge 
inve>tment in 12·. 1 ~-. and 16-hll >)'§!Clm, •• d<­
'cnbed on Pnrt< 1! and \'. 

Mi"ropr~grammahilll) "'"' not an c'plicit 
de,ign soal.('Jrtiall) bec4U>< fJ<t,l•rgc. and in­
"'P""'i'c road-onl) memnric. "'"'" not »ail­
able at the ti m~ uf tho ror" implcmontatinn. All 
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•ub•equent m.ochine< hove been mlC:U· 
progrJmmcd, hut ""h wme difflcult)' hccJU« 
<ome pJrl> of the in,lruc:tion SCI prncc"'"· '""'' 
a• cor.dition code <elling and in<twcrion '"''''" 
1ef decodin~, ~re MI idc~lly mat<:hod to m~e-ro­
pro~rammed controL 

Tho d,•ign ~oul nf undcr•~>ndahility ..._•,-m, to 
ha•e rccel\·ed hule ol!ention. Tho POP-11 ""' 
inotoa!ly a h~rd m~ohine t<> undemanG ~nd ""' 
m~r~et~ble onl¡ 10 IÍ10>c ;oj¡h C\\Cml\e co:n­
put'l nperience. Thc fim progr~mmer,- bnd­
boo~ v.a< not ;·orl helpful. lt i> ;till unoleor 
"-hether a u><:r "i•hout progrJr..r::mg o\;>e­
rien>c o•n lcarn thc machine solcl; fr0:11 ;nc 
handbook. Fonun .. •d; . ..,,.,.~1 ;;omruter ,;;;. 
encc IO\Iboo~' IGeJr, 197~: Eckho~,c. l'F5: 
Stone and Siov.iorel. 1905] and other lf~lni~? 
hooh hJ'< hecn """en ba<ed on 1hc PDP-11. 

S\fue:ur~l flc"bilo¡; (modularit;) for h.ocd­
ware oonfi~Ufdlilln> ""' ~n irr,pof\;r,; ;:.·•L 
Thi; .uccccdcd hc)ond "'~ectation; and ¡, J;,. 
cu«ed e\\cn•i'd) '" the Unibu• Co<t ané l'~r­
form•ncc iCCl!on. 

EVOLUTION OF THE INSTRUCTION SET 
PROCESSOR 

De>igning the '"'"~ction '"' prott"or le• el 
of a machine- th4t collection of characteri"''' 
,uch "' the •e• oi d.l\o opcrator;, adare<,tng 
modc<, trap and interrupt <cquentt5. rc-;i''"' 
orgonitation, and other feat~re< •i<iblc to _, 
programmer of 1he barc m~chine - Í> an C\­
tremcl) <llfflcult pwblem. One has to """"<!er 
the p.rform.<nct (.ond prioe) range; of lh< "'"­
chino f.<mil; '" "di "' thc int<nd<d oppli­
C.<ticn,, .. nd d•f~cult 1radeoff> mu<1 oe m.oJe. 
For oxample." "ide rerformance rangc "'P~ 
for differcnt encodon~< o,.r the r~n~e. for <n"oll 
•y<tcm> a hjlc-oricnted ~pproach ""h >m"ll 
addre«~' Í> optim•l. "hcred> larger 'l""rn' rc­
quore m o re operation codcs. more regiSI<"- ·"'d 
brger addrc'>CS. Thus. for brgor m"chinc,, ,n­
strU<IlOn cod.ng dfoC1cncj can be \radcd f~r. 

performdnce_ 
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Tt:e PDP·! 1 ,.., origin•ll)' conccived a. a 

1mal\ machi~e. but O>er time 111 range »as 
grJdual\~ ••tended 10 th~tlhore i> now a factor 
of 500 i~ price (SSOO to ~2S0.000) Jnd mcmOr) 
>lze (8 Kb)'le> lo~ Mb)·te>') t>cll•cen thc small· 
0,¡ ""d brgc•t m o del<. Thio rango compares fa· 
vor•bl) "'th thc r•ngc "r thc lB M sy,tcm )60 
famol) (16 Kb)'lCS lo 4 Mb)te•). Nccdlc., 10 
<Jy. a n~mbcr of probkm• h•ve amen .S the 
b.1si~ dcsign "'"' extended. 

Chronology ol t~e htanSoons 

A chronology of thc C\!cn,ions is ~iven in 
Table 2. Two major e\tension•. the memory 
m.ina;emcm ""d lhc floating p~int. occurred 
with :h: 11/45. The mo>t recen! c'tcn,ion is thc 
C ommerci•l l nmu<:tion Sct. "hich wa. defl ned 
lo ""h; nce performance for thc chJracter ,tring 
a~d decimal arithmetic data·t)P<' of the com. 
mcroial Janguaí'C< (e .g .. COBOL), ! 1 intmdutt<l 
the ;"oilo"ing to the PDP·! 1 orchotecture. 

¡_ Data·t¡pes rcpre,enlin~ charactcr sct<. 
ch~ractcr strinpo. p~d.cd decimal 
<trmg>. and 1nncd Uccim.1l otring< 

2_ St,in~' oh.irÍJbk length "•~ tl1 65 l':cha· 

3. lnstruction• for procc»ing chdtaCter 
strm~s "tn ''"eh dat:t·l' pe (move, add. 
s•.tbtracl. muhiply. dtvide) 

4. ln<tructions for C<tn'<rting among 
bin'"Y integer;. pocl.cd dccimol strings. 
and 'oncd decim•l Mring• 

5_ lmtruction' to mo•·o lhc de>cr>ptur< for 
the ,·ari>ble lenglh >trings. 

The initial de>ign did not have enough oper. 
a11on code space 10 accommodate in<trucuons 
for ne~ d~to·type> ldcall¡·. th< complete'"' of 
operJtion codes should ha•·c b""n •re<ined at 
initial de.ign time so that e\tension• "'ould flt. 

With thi• approacb. thc uninterprcted orer· 
ation code< could ha~ e l>een u\Cd lo callthe v•r· 
iou• oper.tion fur:ctions. ,uch •• a noating. 
p.oint addttion. This "Ould h••• 3\0idcd thc 
prolif<r4tion of run·ttmc ,upport IJ'ItCm\ for 

·!he \'JfÍOUS hard"3fC(<Oft"3fe noatÍOg•point 
Jrnhmclic mcthod• (f.\tendcd .,mr.met•c Ele· 
mcnt. E-tended lr.,tructi<>n ~er. floJlinM In· 
muction Set. Flo,ting·l'oint Pr~c«sor). The 
cxtracodc lechniq<Jc ""' .,,ed in the A11Js ond 
Scicntifrc Data Sy,tem< (SOS) dcsisns. bur 
these techniqucs ore O'<rlookod b; most com· 
puter designer> Beca use the complete inslrUC· 
tion set proccssor (or Jt leas! an ~•tcnsi~>n 
framework) ""' umpccofred in tf.• initial dc­
sign. comploten<" and OTI hogonalt l)' ha ve bcen 
s.1criflccd. -

,, t thc 1imc thc PDP·l 1 /~ 5 " ., éesign<d. '"' · 
er .. l oporaHon codc e>tcnsion s:heme< "ere ••­
am!ned: an csca~e modo tO odd <he noatin~· 
po"1nt o¡><"rations. brin~ing ¡he 1'01'·11 bac< 10 
be in~ a more con,entional general register m>· 
chine b: rcéucing the numbcr of add:es•in~ 
r:1od<'. and fir.all:. ¡,-pong ¡he data by addin~ a 
glob.Jl mode tha' oo<Jld be >»Hched 10 •ele<:< 
Oo.Uing paint instead ofbV!e Operauon& for the 
'"'me opcration COdO>. Thc no~!Íng•point in· 
muwnn set. tntroduccd wtth the ll/H. i> o 
1ersion of the second altcrr;ative. 

11 also bec"me nece.sary 10 do something 
ah<>Utthe small address space of the proce<sor. 
The !Jnibus limitó the ~hysical memor;· to tho 
26".P4 by1d addrcssable by IS·bit>. In !he 
PDP·l 1/70. the ph~<icul -.oddre<> "as extended 
10 4 Mbyte• by prol"iding a Unibus map •o lhat 
del"!e<s in a C56 Kb)" Unihus >pace could 
trJ~<fcr into thc ~·Mh;tc sracc •ia mapping 
reg,.ter<_ While the ph;,ical addre11 limit> "'" 
a:cept"ble for both the t!nibu, and larrcr sys­
tem>. '"• addre11 for" single program io <~ill 
COnfined lOan instantaneuu< >pace of 16 bito, 
ttle u>er ,.;n~il addrcs;. Thc m•in method of 
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Table 2. CI'Jro,ology of PDP-11 ln.,ruction 
Sel Processor IISPI Evolution 
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dcal1ng wnh relativcly """11 aclclre<&<cS 1S ,.¡, 
proccos·ortcnted opor•ting <}"<tom• that h•ndle 
man; <mall talh. This i>" trond in operaung 
'!"•m•. ••pecially for prnce" control and 
tran;dction proce,.ing. lt does. howe,·er. en· 
force a slructuring discipline in (user) program 
organllation. The RSX-!1 ,.,;,. of operaltn~ 
<}>tellt> for rhc PDP·11 are organiud this "a~. 
aod th~ nt"Cd for !arsc ~ddrt"~<< is lessenod. 

Th~ initi31 mcmory m~n.ogement proposalto 
extcnd thc virtual mcmory "'"' prcdicatcd on 
dyn.¡rr.ic. rathcr than «otic. "'signment of 
mcmorj <esment regi<lcrs In thc curren! mcrr.­
ory management schcmc. the .. ddress registers 
Jrc u ;ually consi<lorcd lo b,; ,tatic f or a ta;k (al­
thoagh ;omc opcra1ing sy,tcm' provide func­
tion> to gel addttional <cgmcnl< dynamicall;). 

1\' tt h d) namic a .si~ nmcnt. a u ser can addrc<> 
a c.umber of <egmcnt name>. vta a table. and 
dnectly load the ap~ropriate segment registers. 
Thc ;cgmcnt rcgi;tcro oc1 10 concalcMtc n¿¿¡_ 
<iu~al addrc;s bta in a h3<c address fashion. 
Ttcrc havo been othcr schcmes propo>ed :hat 
e>tona tho addrc«e.< by <>lcndins the length of 
lhe gcner>l regi>tors ~ of """""· «tended ad· 
drc-«> propaga te throughout thc cle<ign and in· 
elude double len~th addrc" ,.,,ables. In effcct. 
tho "'tended pan;, loadcd with a base address. 

W,¡h largor machinc< and process-oricmcd 
ope<.>llng sy•tcm>. thc cuntext s~·itching umo 
bocomes an tmporlant rorforman"' factor. By 
pro,iding adduional rcgistcrs for more pro· 
e"'"'· tho time (ovcrhcad) 10 switch co~:ext 
frorr. onc procc.; (task) lo •nother can be re­
d~~ed. Thi> Option ha< not been u sed in thc op· 
eraung S)Stem implcmen1a1iom ofthe PDP-IIs 
to dot~. ahhough thc 11/~S cucnSJOns indudcd 
a second <et of ~eneral registcrs. V arious alter­
nati,·es ha'e bccn •uuesled. and to accomp!ish 
this off~tively requires ~ddition~1 operalor. ro 
handle the many a•pccts of pro'"" s.cheduling. 
This ex.c~;ion appcars 10 be rdativcly unim· 
ponant "neo 1hc rango nf computers coupled 
wllh nell•orks lcnds lO allevrdtC lhe need by •n­
crcasing lhe real parJIIelr<m (J> opposed 10 the 



urNrcnt·N•alloli>m) b) n.vio!! va"""' inde· 
r<ndont r''''"""'' work un th< <cparate pro­
~"""' in pJrallol Tht nten,ion> ofthe PDP-11 
for bel!er COnlrol of 1/0 dc-·iccs lS cle"riY more 
'mrnrtant in torm' of improved performance. 

Architecture Management 

In retrosrect, m40J of the problcms a"OC>· 
oled with PDP-11 cvolution '-'Cfe duc 10 the 
lack of an ongoing ~rchitecture management 
function. A• cJn be <een from Table l.the no­
tion ofplanned evolutton ""' ''<T) mong atthe 
beginning. Ho" ever. a formal architocture con­
trol function ""' not •~• up until earl) in 1974. 
In •ome 1en~ ¡~¡, "'"s airead)· too late- the 
four PDP-11 models de1igned by thot date 
(11/20. 11/0S. ll/~0. 11/~5) !nd in­
eompatibihtie:; bet"'""" them. The architeelure 
control function sin'< thcn hos en•ured that no 
further di,ergo:n.:e (e>etpt in the LSl-1!) took 
pl:~ce in ~ub<equent model< . .,nd m fJOt rc;ulted 
in sorne con>ergenet. Al the time the Com· 
mcrcial lnstruction S.:t ""' added. an arch•· 
tocttlfe elten<ion frame"<.>rk "d' ado~ted. 
1 nsufftcient cncoding' <>isted 'o proc•ide a largc 
number of additional oml!uct,ons u"r.g thc 
••me encodtng s¡yle (in thc >ame >pace) as the 
ha•ic PDP-11. 'o.e., ti1e opcrattor. codo and oper: 
ar.d spcci~er addre"'"& modc 'l'ccofier., ""nhin 
a >ingle 16-hit "ord. ,\n in,truction extension 
iramework w~s adopted "hi;:h utilized a full 
word as the ope<!de. "ith operand addres,ng 
·~ode •rccifie" in succecding tnstruction 
meam "ords along the lino. of VAX-11. Thi• 
architectural e'teosion ¡>ermns 512 addnional 
o¡x-odes. and instruction• may ha\c an un1•m­
i:cd oumber of operund addres<ing m o de speci­
fters. The archnecturo control function al•o had 
Lo de al "ith 1 he Unibus addre" •paet problem. 

With V A X-11. :~rchitecture managcmenL has 
been in place sinee thc beginning. A definition 
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of thc •rchitecture "J' plaetd under form.d 
chongo control "-<ll h~fnre the VAX-11/7~1J 
""' huilt. and both hJrd"ure and \Oftware en­
g,ncering gruup' "Orhd "ith thc -.me doc·u­
mcnt Anoth~r >igno~cant diff~rence "thot "". 
e>tcn<i"n frame""'" ""' ddined in the origino! 
.trchaecture. 

An Evaluation 

The critefla u,ed 111 decide" flether or not w 
indude a p•rticular copabolit)' in an onstruct;on 
''" "'" highly •·ariable Jnd border on the art[,. 
tic.• Cntie< ask that th~ machine appear ele­
~ant. "'here eletance i' a combined qu.tlny of 
in.uuction format• ret•tin~ 10 mnemonic •i~­
nifoconet. opcrator fda:o·t~ pe completenc" J :;J 
orthogonahty. 40d addrc"ing consisunc"' 
H"'·in~ complete!) rcocral facih:ie; (c.~ .. rq;,. 
ter.) "h!Ch are not comnt dependen! "-"i'¡, ic. 
minimizin~ the numbc: of in>truction IYf"'• ano 
ir, increJ<ing under,tondabi!il~ (and u'd"!­
ne<s) The outho" fecl :hat the PDP·II has pro­
voded OtilO. 

At tho time the Unibu• ""' de:;igned. Jt "'"' 
felt that allowing 4 ¡.; b:te; of the addres; '1'-'" 
f or 1/0 control rcgi""" ""' more tha n enough. 
Ho"e,·cr. ,o mdny diffcrent de• ices h>'e beon 
onterfJccd 10 the bu' 111er thc }CM• thot ti is n<l 

longer po,ible to a»i¡:n uniquc addrc""' tu 
every de,ice. Thc architcctural group has thu, 
becn saddlcd "'ith thc .;horc of device addrc" 
booHeeping. Many •olutions ha•·e been pro­
pmcd. but none ""' soon enough: as a '"""lt. 
the;- are all "'~O>tly that ot "chcaper justto h•c 
"ith the rroblem and th: attcnd~~~ incon\Cr,-
ten ce 

Techniqucs for g~neratinB codc by the humar, 
and compiler ••r!· "idel! and thus affect in· 
•tructian sel p!Ott»Or desi1n. The PDP-11 pro· 
'ides more ~ddres<in~ rnodes ¡h4n nearl)' an~ 
other computcr. The eo~ht morlcs for source 

. 
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and dc"ination "ith d~adic o¡>cra\Or< r,o,ide 
"'h~t ~mounts to 6-1 po"iblc ADD ins:ruction>_ 
B} '->Oci~ling th~ Progr~m Counlcr an~ S:ack 
Pointer registcr• ,.¡¡h the mod .... c1cn mor< 
d~ta accc.sing melhods are pro,idcd_ For C\· 

a.r.plc. !8 >.oricti<' of thc ~10\"E ir.>ltaction 
c~n tw: di5linguished a< the m~ch<ne ;, c-.ed in 
l"O·~ddms. general regi<~er. and >tac~ ma­
chine program forms. (Thuc ;, a prtce for thi> 
generaht~- namely. r ..... ,. bi" rould h"'' bcen 
u-..:d ta CT!rodc the addrc" mod"' !ha! are ac­
tual!:- used most of the time.) 

How th& PDP-111s Us&d 

In g<:ncral. thc PDP-11 ha• bcen u•ed ::-.o,tly 
"' a g-<O(:rdl regÍ>tcr (i.e .. mcmory lo re¡;;stcr>) 
rnachine. This can be >ecn b} ob.<er.·in$ l~e "'" 
f•equency f rom SlT"d.er" s dala {Ch>ptc.- 1 ~ ). In 
"""cose. it "a' obsef'o-ed that a u>or "~'" prc­
•iously us.ed a one-~ceumulator rompo! e! (e.g .. 
PDP-&). continued 10 do ;o. A goner.i rqmer 
machi no prov:dc; 1hc grcatc>l pcrfo,monoc. ~nd 
thc COSl (in terms of bn;) ¡,!he '"m<~' "hen 
uscd ~-' a >!ack machinc_ Somo compMr,. P"'" 
ticul:.rly 1he carlv M">. are >laá nrico.tcd ,in oc 
thc code production ;, eo-icr In principie. and 
,.¡¡h mach care. a faS\ >lack machinc cocid he 
conslfucted. Hoo.e,·er. >ince most ""' ma­
chines u;e primar}· memo'}· for tne mck. tOere 
is a loss of performance ev:n if the 1op of the 
<1ack is cached_ Whik a stad ;, thc cawral 
(and nettS>OT}) <lruC\ure \O interprct the oe>led 
bloü <!rUClUrc language<. it doe> nO\ oeccs· 
'"rily follo"· that thc intcrpretallor. oi d!l \tate· 
m~nts should oecur m thc conte<l oilhc ;¡aá. 
In panlCIIIar. !he preéominancc of registcr 
lran;fer 5\atcments are of tho simple 2- and 3-
addrcss forms; 

O 1 (index \) - f(S2{indcx 2). S3(J nde\ 3 ))-

3~J fME EVOlUTION 0f lHE POP-11 "' 
Thcse do not require the ,¡.d org•nuation. 

In dfL"C\. apprapri"tc ~"•~nmcnt a !lo"'' a ~en· 
nal rc~i,¡cr machinc to i>< u,e<J as a ''"d ma· 
chine for mo" '"'"' of e>pre,_<ion eva\uation. 
Thi• h~-' thc dd<~ntage of provid1n~ r~mporar). 
randnm accc" lo <ommon '"he'l"""i"n'· a 
capahiht} thJt ¡, u'u•ll) hard U>c•ploit in,,_.,-;. 
~rchJte<nlf••-

THE EVOlUTION OF THE PMS 
(MOOULAR) STRUCTURE 

The end ~mduct of !he PDP-11 d"'ign ¡, thc 
com~uter n-o", and in thc c'·o\ution of the ar­
chi!Ccture ooe c.tn '"" imagc-< of the 0\oluuon 
of 1dcas. 1 n thi> <ection. !he o rchilect~ral evolu· 
tion ¡, out\incd, "ith a •¡>ccial empha•i• on 1hc 
Unibu•. 

The UnJbU> i> !he architectural componen\ 
that connects !o~ether all oi the oth<r major 
component1. 11 i• \~e ,-ehicle o•·er "'hich data 
Oo" bc\\\oecn poir< of components 1ah' ploce. 
tu "ructure ¡, dc,cnbe<l in Chapler 11. 

In gonerol. thc Un1hu• ha' metal\ "'f>CCI•· 
tiom. Se•·oral hund•cd typc• of mcmOTJe> and 
peTlphcra\< have bcen Jnlcrfaccd 10 it; j¡ ha> be· 
comc a "anda•d arch11ccturol componen\ of 
-'l"<m> 1n the S3K lo S lOO K price range ( 197~). 
The U m bus doe> hmil !he performance of thc 
fa>tc>l machines and penali1c> thc lo<~tr pcr· 
formancc mochines with • higher CO>'- Reccntl} 
it h.1s bcco:nc dear that the Ur .• bu• i; adequate 
for large. high performance 'Y"•m• ~>.hen a 
cache struc!urc i> used b«:ause the cache r<· 
duces 1hc traflic ~clween pnmnry memor; ¿nd 
the ccntral proceS>or since about one·temh of 
the rumor; refercnces are out,ide the cache. 
For >lill larger >;-.;tems. supplcmentary hu'""' 
wero added for central proce"or to pTlmJT)­
memory and primar! memot! lo >econdary 
ncmor• traflic. For very small >}>1oms IJke !he 
LSI-11."' narrrl'-'er btJ> wa; de>Jgncd. 

The L'nibus. J> d standard. ha' pr~\ •ded an 
archllectural componen! for casily conf,suring 

• 
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S}"~m<. An~ comp~n>·· not ju,¡ DE C. can CJ•· 
ti) build componen" that interf~ce ¡o the bu<. 
Good bu>es make ~ood cnginrtnng nei~hbors. 
Slllcc people can concentra te on mu<tured de· 
<ign. lndeed, 1he Unibus has •reated .1 s<:"ond· 
ary indu>try providtng a\tcrnat~>e •ourco, of 
supply for memorie<; and pcripherals, With the 
e'ception ofthc lB~ 3M Multiple,~r/Sclcctor 
Bus, the Unihu• is thc most v.idoly us<d com· 
puter interconncction •'"nd>rd. 

The Unibus has JIMI turned out to be in­
,·aluable a. an ··umbilical cord" for factory dt· 
a~nostic and checkout procedure>. ,\lthough 
>ucb a capabi\it) "'" not part of the o,;ginal 
de,gn. the Unibus ;, almos: cop•ble of con· 
trolling 1be ·~•t•m componer.l'(e.s .. proce"or 
and memor)! durin,ll factoo checl.out. \deJ!ly. 
the '"'heme "ould let al\ rci'ir.«rs be ""'""ed 
during fui\ one:llian. Thir. is ~o-,ib\e for all de­
vices e,ce-pt thc proccs!.Or. B~ hni('f: all ccntr .~1 
proces:¡or rcgi>tcr; anil3bk for readiog and 
\Hl\1og m :he samc "'"l' tha: thcy are availablo 
from tbe con•olc '"itchc,, a occond systcm ''" 
fully monitor thc romputer undcr test. 

In mos\ re.:ont PDP-11 model<. a 'erial com· 
munication< ltnc. ca\lcd the 1\SC\1 Con<ole, is 
connectcd to the con,olo, so thot a program 
ma~ remotdy enmtnc or chan2o ~ny informa· 
tion that a humnn opcrator cou~d e'amine or 
chango from thc frant ~an<l. e,·en ~'>hen the <)S· 
tem is not running_ 1n thi> "'"' computcrs can 
b<: diagnosed from a remote síte, 

Oi1!ieutties wilh ti\• D••i;n 

The Unibu> design i~ not "ithout problem;. 
Although NO of the bu< bit1 ""'" ;ct aside in 
the ori~nal de<ign •• parit~ bit<, thc; havc not 
becn widely used as <uch. ~emof} pant~ v.as 
implcmentc.d direot\)' in thc mcmory; thlS phc· 
nomenon i< a ~ood e.amp\e of thc <orh of 
prob\cms encountercd in cogineerin~ optim,u­
tion. Thc trading ofbuo pant) forme mor~ par­
ily C'changcd higher hardv.·orc cost and 
decrea>ed performance for decreascd ••rvicc 

cost and bc\\cT d~l:t inte~rit~. lle<:~u ..... • <'Jl¡'inccr• 
are usua\1;· jud~~-..1 on hov. .. e\1 thc~ ,¡,·hic\C 
production cost ~oah. pant)' """'"''"inn ¡, an 
ob,ious chaice topare from a dc,i~n. ''""" tt 
mcrea<e< the cost and decr<><C> t he pcri'nrm· 
a neo. As \ogtc co_,¡, de crea .e and pro .. urc"' in· 
elude \\artant~ Co'l' as pan oi thc pwJuct 
design co>t incre"""'· 1he d~c,.ion 10 lr.<n,mit 
parit)' may be recon,dered. 

Ear\y attempts lo huild tigh11) coupkd mulli­
p roces>or or mult icnn1puter st ru:wrc• 1 ~; m.Jp­
ping the addre» >r~cc of one Unibuo ontn 1ho 
memor, of ano1hor), called Unibu, "tnd""~ 
wcre be,ct v.üh a lo~ic deadlo<l. prolllem. The 
Unibu> cl«ign docs no1 ol\0\<' mor~ than nne 
mostcr al • time. Succe,sful multiproocwn' :o· 
quired m u eh more 'ophi"icatcd >h~lln~ ;ncrh•· 
nism> such '" shared primar¡- memor~. 

Unibus Cost ""d Performance 

Although ¡><rformanco is al"•>• ~ d•-·~~ 
goal. >o ;, lo" cost; 1hc hoo go"l> .. -onf1iCI 
dlfect\y. The üuihl:< ha< tumed out 10 he ncari~ 
opt,mum O'"" J wide range of produc"- 1t 
"'ved "' "" adequate memor)··rrocewJr int<r­
conncct for ,¡, ofthe ten mod<ls. !lo"'""'- m 
the ;malleS\ 'Y>t<m, OEC inlfoduccd th• LSI· 
l 1 Bus, whtch U«S about hall thc numb"r oi 
conductor>_ for the largc<t ~y<tcm\." >cp~ro:e 
3~·b•t dJta path is used between procc,,or ami 
memory, a\thougb thc Unibus ;, '"·¡¡ """d for 
commumcation "'ilh the mojom~ of the \jO 
controller< (the slo"cr onts). f•gurc l ;ummJ­
rizes thc evo\ution of mcmor;·procc"nr :mo;­
conne<:tioos in tbc LS\-1\ Famil~. Le,·y 
(Chapler l \) d,.cu .. cr. the evo\ution in more de· 
tail 

The band"'idth of the Unibu• is ~p;>to>.­
imatdy l.i mogab:-tcs pe!' .. cond ar .•50 ).; 
tran¡fersf.c•ond. Ortly for the b¡~c.t can­
figu,.ltion~ u•ing mauy 1/0 d~\'ÍC'O'l "'!~ ••~ 
high dota r.~tcs. ¡, this capacit;- cu"Cederl. For 
most conftgurJtions. thc demJnd pul ''" "~ 110 
bus tS lím<tcd b¡ thc ro\3tioo;l deiJ) and head 
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¡'OO<Íitontng o[ di<k< and thc rdl~ "' 1\hiCh pr<>­
~ram; (u•or and <)'>!~m) is<ue lfO reque•t<. 

.-\n e'pcrimcnt to funhcr thc undem.1ndin~ 
of Unibu• CJf'JCÍt~ and thc dcmand placa! 
d~am<t it ""' c~mcd out. Thee'p~riment u•<d 
a >}"nthc<ic ""'~load: li~e dll s;·nthetic "ork­
lo .. d<. it can be ch~llengcd a< no< bcing rcprc· 
scntati<·c. Ho,.e•·cr. it «a< gcnctally 38fC'I:d !ha! 
it ,.-na hca<~ 1/0 load. Thc load >imulatcd 
tran<acüon prot<:>'"'~- '"'appin~. and back­
ground computing ir, tC.e configura:ion <hn"n 
in Figure 3. The load"-~' run on livc ""em<. 
each placin~ a differcnt demand on the L'nibu; 

Each run produ~~d tv.o numbc": ( l) the u me 
to oomplele :'.000 !famaeliom . .1nd (2) !he 
numher of neratiom of a ;nogram callcd 
HA:->01 thm v.ere complcted. 

Bcnchmar~ :\umb<t of 
Time H4.:"\0J 

S)·stem tminU!c>l' lteration; 

11/60 cuchc on " " llf~O cache off " ' 1 l/~0 " ' 11f70)..1BCBCS " n 
llj70Umbus ,. ;s 

• ~.000 "'"'""'""' pM •~appm~ pi"' HA :-.01. 

1/0 throughput. For :hi; "'or~load ;he 
Unibus band"i~th ""' adequatc. For 
sys«m< 1 through ~ thc I/0 octivit}" 
too k thc ''"'" amount of ¡j¡;¡e_ 

2. llj70 L"nibu'- The run on th" •:·•tcm 
(no use "a' m a de ofthe l2·b" "'id e pro­
ce"oc/memor<· bu<) took lor.gcr bc-­
CJU>C of th: rct'i""' caused by data lates 
(appro~imatdy 19.000) on the mo•ing 
head doú (RPO--I). The e>tr3tirr.e takrn 
for the bcnchmark allo"ed more nera· 
\ion• of H.-\:->01 to oocur. Thc PDP-
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Fogu•• 3 1-. ""'""'"' wooklood u .. d =o moa<ure 
UmOu$ oopaeot\' 

11/70 U ni hu> hada b.tnd"idth ofabout 
1 mephylo. 1t ,. . ., le-,, ihJn 1he u;u;,l 
Unibu> (ahout 1.7 mcgah>ot) h<c•u•c of 
thc mar dday (100 nJno>ccund>). thc 
cacho C)clo ¡:40 "·'"'"coonds). and thc 
n•~in memwy bu; rodri•·ing and >yn· 
chroni.-ation. 

3. ll/60 rache. S~su:m• 1 and 2 clearly 
>how the cffectivenc" of a cache. Yiost 
momor~ rdercnces for HA:-.:01 were "' 
the cache and did not jnvolve thc 
Unibu<, "'hich was th~ PDP.IIftiJs !jO 

Bus. S;~tem• 2 ond 3 "'"'" cssentially 
equivalen!. "' e•po:cted. Thc~ arc No 
re;,on; for the !l/~0 h~\ing slightl~­

morc compUIC b.-,nd"!dth th .. n an 11¡60 
"ith its cache off. F1r>t. thc 11/40 mem· 
ory Í! fnler than the llftiJ bad;ing 
01ore. and =<>nd. th~ 11/-lO proce<sor 
rehnqui•h<:S the Unibus for a direct 
me'llory aa:e" C)"d<. the 11/IIJ proce.v 
..or mu;t requeot th~ Unibus for • pro­
ecs<Or cyde. 
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The~ ore "'ver~l annbutc' ,,¡a bu• thJl 3f­
fc~t in ~0'' •nd ¡><:rform•ncc. One f~cwr aff«t· 
iog p<"rform~ncc ;, >imply thc d~la rate of a 
,;n~le C\loJuclor. There ;, a d1rtCI lr.o~eoffin· 

IO]Iing "'"\, perforrn•noo, and rcli~biloty. 
Sh•nnon )194~) give< a robtiomhir h<:twccn thc 
fund,,mcno.<l "~nJI b~ndwidth nf a hnk and 1hc 
error role ('1~nal-tn-no1<e ral10) ""d data fJlc. 
Thc pcrfurm.tncc JOd CO'l <>f J bm are al<o af· 
fcctcd by n' lcngt h Lon~cr cJblc; C<>>l propur­
tiunatel~· more. since thc)' requirc m1HC 
compk' ClrCUl\T)' lo dri•·e thc bus. 

S•nce a single-conductor linl, ha> a fi•cd data 
rate, the number of condu~;~or> affeca thc nct 
>p«d nf a bus. Ho"e~cr, thc cmt of a bus is 
dirc<'tly proponional to the n~mber of con­
ducto". For a ~;,en number of "'""'· time do· 
m~in muhipk,ing and ddta encoding can be 
u•cd to trade perfo,mance and log1c com­
plo. lt). Sin"" logJC tochnolog; i< dd>·ancing fas· 
ter than v.ir.ng tech-:oiog~. a seem• likdy that 
fc>~cr conductc" ,.¡]]be u>cd 1n all futurc 1)"'• 

tcm<. c~"ept "'he re the pcrform~ncc ren~lt~· of 
timo dom.1in multtpbing " un~ccoptat>ly 
great. 

lf. duri11g the o'igin"l clcsi~n of \he Unihu>. 
OH: clc>lsnero could have fore,ccn thc "ide 
r~nsc nf applic~tion' to "h1ch 1\ "'ould b~Jp­
plicd. tts design "ould ha ve bce~ dtfforent. lndi· 
YÍdual oontrollers r.1ight ha' e bccn rcduced in 
complc,Ít> hy more ce~tral control. For thc 
IMgeM and ,mallcst <~stems. it '-'O U Id h.-e been 
use fui 10 ha>e a bm tl1at could be comractcd or 
e'pandcd b; muluple~ing or c'panding thc 
numbcr of conductors. 

Thc co<t·dfecti•·e"es.< ofthc Unibu• ;, duc in 
largc partto thc high corrcbtion bet,.-.cn t:lCm· 
of} StLC. r.urnbcr of addres• bits. 1¡0 traffie. 
and proce><or spoed. Gene Amdahl's rule of 
thumb for lllM compute" is th•t 1 byte of 
mcmory and l b)"te¡\ec ofl/0 are requircd for 
eaoh instructton/sec. For tr~dnion"l DEC ap­
plication<. "ith cmp~·""' tn the <eicnttlk and 
control applic~ttom. thorc i• more cumputalion 
rcquired pcr lllcmory word. Furthcr. thc POI'· 
1\ in"ructton >e:s do not contatn thc c"cn>Í•C 

cnmmor<:ial in'""ction' (charaucr ''""~'1 \~¡>· 
1C~I ul 1 B\1 compute". '" a brpct numhct of 
in•truct>on' nm't be c'c"<:U\cd lo .t.:c·•>n>r>li•h thc 
<ame t~sl.. Hcn.:e. for DEC <•>mrut.:r,. ti "l><l· 
ter \O "''umc 1 b\le "f memnr.> ¡,, c.1.:h 2 Ín· 
'trut;\tnn•/'<C. ""d that 1 h~tcf•qc of lfO 
""'""" for c.1ch in<lr~otton¡,cc. 

In thc I'DI'·ll. un J'<f.J~C omtructinn """ 
""""' 3~~ hytc·~ ofmcmur.•. "' """'"¡"<" 1 h.> te 
,,¡ 1/0 lor each in<lfuctionjscr. thcr< are 4~6 
b¡.tes of mcmof\ occc;,ed on the '>Cf.JB< for 
each ir.muctionf>«. Thereforc." hu, th.Jt cJn 
'upport :> me~ao>tesf.ec of trafftc rcrm•'" in· 
>trUCl>M c-ccut,on rote< o[ O.B-H.~ mc~~·in­

'\ructions/,ot Thi• implies mcmot} '""' of 
0.16-1}.:!5 m~~.lb;te<. ,.hich m"tche' "oll "ith 
the m.¡,;m~m ~llo" .1ble memor~ of0.0&-:-0 ~56 
m"8ab;«>. By ~•ing a <~che mcmor; on 1hc 
proce<;or. the cfíe:IÍ\C m~mory !''"-"'~''" r>tc 
can be ine<c-'''~ to oal;n;;e thc ''''"'" funh..-. 
1 f fast !1oati~~·r.>ir.I ins:ru:;ti~n' "ore odded t" 
tho in,tructton >el. tho b~l.~n~e mi¡:ht up~roach 
th.lt U<ed O; IB\1 and therct>; rcquirc mOI"C 
mcmory {Jn dfe.:t ;,;en tn thc PDP-11 /70). 

The '"''uf 1¡0 "'" pro,·iJc r,r thc tramfcl 
of dato from pwphcral t~ prinl.lf)" memory 
o.hcro it con he orcr.~ted on h) ,, r"•>"m in u 
proc·c"l.;nr. Thc pcripheral; are .. ocncrally ~low. 
in hcr<r,tl~ a>; nchronoa•. an d m<>rc crr<>r-pron~ 
th.1n the ~roces'"" to whtch t~c; Jrc Jllac·hcd. 

Historica!J~·. 1(0 tr.!n,fcr mcch.~n;,m, nave 
o•·ol><d through the follov.·ing four >tagc.: 

l. Direcl ;e~u•nti3II/O und•r ccnn~l pro­
c.-.<or ronrwL An instruClion in the ¡"U"<>­

ce"or cac:>c; a data tran•for to take 
pbce wi:h a ~e' ice. The pro.:e,'(lr doc-; 
not ""~"'• opc;ation until thc ~tan,f•r ;, 
comr>l<te. T~pically. the <!<>·ice "'''"tol 
mJ>" share the logic of the P''''''""". Thc 
f,r,t inputjCJutput trJn<fct iiOT¡ in,tru~· 
tton tn thc POP·l ;, an "'·""Pi<: the IOf 
dfe"" lron;fer het"Ccn thc ,\,·cun>ula· 
tor and J ;clc"cd dc•ic·c. Dircct i¡O 
,impli~e< programmin~ hccau'e cvery 
operalion" ,equential. 
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3. 

Fi"'" buff-., 1-inmuctíon (untrollor-. An 
ln>lruction in the central procc><or 
'~""''a dota tr~nsfcr (uf • ~urd or •c.:­
tor). but in 1his c.-.. 11 " tll a buffer nf 
the <imple conlrollcr and thus ot a <r>«d 
matching thot of the rroco .. or. Alter Lhc 
high speed tramler ha' occurred, the 
proce<Sor connnuc• "hile on a<;nchro­
nous, slo"er tran•fcr OéCurs be!,.cen the 
buffer and the de, ice. Communiootion 
back to the prO<:e,.or is ,¡a the ~ro~rom 
interrupt mechanism. A single instruc­
tion toa SJmple controllcr can allo cause 
a comple<e block (\'cctorJ of dala 10 he 

• tr onsmit:ed bell<een momnt\ dlld the pe· 
ripheral h this o•><. the trJn>fer !Jke, 

pbcc "" the d~rect mcmory ""'"" 
(DMA) link. 

S•parato 1/0 pwc'"""" - the ch•nncl. 
An independem 1¡0 rr<.>ee,wr .,.j¡h a 
unique ISP contrQ); !he noo. ofJ,ta be· 
t"""" rrim:or~ me1:1ar.1 "r.d thc p<riph­
er•L Thc StrUC!Uf< l> th~l uf !he 

mult<ptoce"or. and 1 he 1/0 control pru­
gr"m for the Jcvicc i< hdd in primary 
mcmor:. The ccntrJI pro'e"o' inform> 
the 1/0 procc~wr ~bo~t thc r¡o pro­
gram lo~ation. 

1/0 computer. Thi' mec~anism i> al"' 
as) nchror.ous "ith 1~: :eo.1ral pr~cc••or. 
but the 1/0 computtr ha< a pri•·ate 
memory v.hich hold> 1he ljO pro~ram. 
Rcttnth-. DI::C communication• options 
have·~cen hum ,.;,h cmbodded control 
progroms. The f~r•t e\Om;>le of "" t¡O 
computer ""'in the CDC 6600.(1964). 

The authors believe th~t the >tn~le-inmuc· 
tion controller is ;uperior lü the 1¡0 proce"or 
as embndted in the 18M Channel mainl¡ bc· 
cJu<e thc Lmer concept n., not B""" f•r 
enough. Channel5 ore co•tl; lo tmplement. ;uf-
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fl<:icnily cnmplcx to rcquircthw nv.n pr~t••m· 
mins """'~nment. and }~t not quite pov.crlul 
enough to a<Sume tho pr<x:es,ing. •uch a< r.tc 
mana~cmcnt. thJI one ,.ould lil.e to ofl1o.¡d 
hom thc prOCc«or. ,\[th()ugh the 1/Ü tr•fr.•· 
doe> reqmrc ttntral prore"or t<"">Ourc.-. 1 ~.e •d· 
dttion uf" ,ecund. ~cncral.purpo"' centr .. Jpro­
"''"'' ¡,more co,¡.cffccti'e tha~ usin~" ccn"~l 
procc"Or·lfO prore-;;or or central proce"!.>f· 
muhtple 1/0 prncc<Sor <tructure. Futur< 1.'0 
>}>tem• "ill be me><~~c·onented, and !he,,,¡. 
ou< !jO control fonctior.s (tncluding dio~no'· 
tiC< and r.le mana~emcn~) v.ill migrate lo thc 
;Ub>ystem. When thc 1/0 computcr ts "" «.IC! 
duplicale ;o¡ lhc centr~l prOC<»OL no\ onl} " 
thcre an econom} from the ocduc-ed ~umbcr of 
¡>Jfl typcs but al so !he '"me pro~ramming ""' i­
tunmcnt con be usod for 1/0 ;oftwJre de~el­
opmcnt and main program de>·eloprr.er.l. 
No>ticc that ¡he !jO computer mu<t i:npkmcnl 
prcci<d) the ••me sct off uncttons "' 1 he pro""'. 
'"' dotn~ dircct 1/0.• 

MULTIPROCESSORS 

lt ;, not ,urpri<in~ that multtproce"o" "'e 
U>~J only in highly spcciolll<d ~pphc01ion' 
>uch "' thosc ccquiring hi~h reliabiht)" or hi~h 
a•-aibbiht). One ""l "' "'tend tl".e ronge of a 
fJmily ""d also provide mo'e perfo:m~n,;e .J. 
tcrnJti•·e• ,.·ith fc"er basie COt.l.¡>Onents ¡, :o 
l>u>ld multiprocessors. In this >ection >ome fJC· 
tors aiTecting rhe d.,.ign and implementauoo of 
mu\tiproce.sors. and tnoir diect on the PDP-
11. are examined. 

\t ·.s tht naturc of engmeerio~ lo be con•en·•· 
tive. GiHn 1hat thcre are airead; a numbet uf 
,¡,¡_, •n•·ohed 1n brtngtng a ~roduct to tPc m•r· 
loo t. it Í< not clear why une should butld a h1~hcr 
rt<k •tructure that ma; rcqune a ne" ""; "' 
pro~tJmmtng. 1\"h,¡ ha, re>ultcd is o <ort úl 
dc"Jlock >iut•t•on· pcople CJMOI learn ho\\ to 
P"'Sram multtprooes.ors •nd empl<>) thcm in • 
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single ta<k until •u en machines e•i", bu\ manu· 
fa,;turers "ill n!>l build the machino untilthe~ 
ar< •urc thatlhcro "ill be a dcmand for 11. i e .. 
rhat thc program• ,.¡11 be rudy. • 

There i< hule or no market for multi­
processor.; ••en lhou~h 1here i< a necd for in­
crea>«! rcliabll!t) and a' •il~bil ity of machwcs. 
JBM h.1s not promotcd multlproa:""'rs in thc 
marke!pbC"C, dnd hcnce the market has laggcd. 

One reason 1hat therc is so little demand for 
multipr<.>Cosoors" thc widesprcad .!cccptance of 
the phHosoph1· lhat a hcl!cr <in81e-procc"or 
>j'Stcm can al"ays he built. Thi< approach 
achiev.., performance at the con•idcrable «· 
~ensc of •r.re part<. training. reliabiht)', nd 
fle;uhility. 'llthou~h a multiprott<<Or arch•­
tocturc providcs a musurc of rdiobil!~)·. 
b.ackup. and <!M<m tuubilit) unrc~chable o~ a 
con•-entional '! Slern. the biggest and fastnt ma­
chines are uni~r<>.:cssor>- ne<;>l in thc cose of 
th~ lkll La bo ratork> Safe~uord Comp~ler [ Bcll 
Labor~t<>rie:., 1975]. 

)..lultiproe<S>or <y>t~m• have been built out 
of PDP-IIs. Figure 4 >umm~rile< the dc,ign 
and performance uf >oine of the,e machine<. 
The topmo>t >trtJcturc """' built using ll/05 
proceS<or>, bu¡ bccau~e of Jnadequatc arbJ­
ttaliOn tcchniques in the prOceS<or, the e•· 
~ted r<rform ance d Id not ma'"riali«. T able 3 
,~o"' th: e.pected rcsuta for muhipk 11/05 
pro=sor> sharing a •ing.lc Unibus 01nd com­
pares them "ith the PDP-11/~0. 

F ro m t he resulh of T a ble 3 one v. ould e>pect 
to use a• many as throe 11/05 processor< t<> 
achJOve lhe perform~nce of .1 model 11/40. 
)..Jore than thrco prooo<sor< ,.,]] incrcose the 
performance at the c•ren>c of the cosl·crfec­
tivcncss. Th!S ¡,.,,;e •lrucrure ha< b~en appl«d 
on a productíon ha>ÍS in the GT40 series of 
grJphics proce"o" for the POP-11. In th!S 
scheme, a second display processor i< added to 
the Unibus for d"pl•y_picture mamtenance .. '\ 
similar struc¡u~ Í> u><d for connctting >;>eci~l 
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•i~nal-procc.,in~ con-.puter> 10th< Lin1hus •1-
thou~h the<e <tructures are tech~it.oll_,. cllupled 
compute" '"thcr than mulnproc<>•""· 

As an independcnt chd on the •alidot) ,,f. 
thi< approach. a mult1pra.:essor >J•lem ha> 
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Tablo 3- Muluplo PDP 11/06 Proceo<oro Sh•ll~g o S;ng\o Unibu~ 

Numbor ond Pro><o•oor 
PtO<"'•""' hrlormon<O Proco- Sv><om 
Mo<lol lllolouvo) ,_ Pnco•/PoriO<monco p,.._ 
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becn buih. bascd on thc Loáhccd SUt:: [Orn,. 
tein "al .. 197:). This moch1ne. U>Cd a> a high 
<¡><"Cd communication• ,..-ooc;;or. ;, d h}brid 
dc>ign: u has ><>en du~l-rro«>!o()f compu1cr. 
v.ith <:<<:h pair ~haring o <~mmon hu<"' out­
lincd abo•·e. Thc >c•·•n p,,¡,, >hJ" \~>o mul¡,. 
pon memori<:< 

Thc second t) pe of str.rcture gi>en in figure~ 
i• a con•·enhonal. ¡j~bt\) coupled muhi­
proce"or m1ng multipte-pon mcmories. ,\ 
number of the.e sy•tcm< hove bcen in>1alled, 
and the~ op~r .. tc qutte cffcwvcl). Ho,.cver, 
theJ· have only been uscd for >?cdol!tcd appli· 
cations be~au>e: 1hcrc h» b~n no op<r~ung •Y•· 
tctn >Uppon for thc <eructurc. 

POP·11 Based Multiprocessor: Carnegie· 
Mellon Unlversity Research Computers 

Thc PDP-11 ~rcho1ccturc has bccn cmploycd 
10 pionecr nc" idcM in thc area of multi­
procc<>ors. Thc thrcc multiprocc-.ors built at 
c .. rnegie-Mcllon Un,.·ersily (C~IU) are dio­
cus«:d: C.mmp ¡Wu \f and Bcll. 19721. a 16-pro- ' 
cc<Snr multiprocc«or: e,,·mp ¡s,.,.iorü ~~aL, 
1976]. a 1riplicatcd. ''0\\~g mulliproce<sor oom­
putcr for hi~h rcliabilnl: and Cm• (Chapicr 
20), o sct of comput<r module• b.,.cd on LS!· 

"· The thrcc C:l-1 U m~l1•pr<>ee'""' are ~ood c.-
amplcs of multiprocc"ar dcvclopmcnt dircc-

IÍ<\n' b<CJUSC 11" ~UI\C l1kcl) 1h,L\ 1CChnoln~; 
"ill force thc cvnl~tion o f com pu1ing llfu-t "'"' 
1<> conver8C into thrcc >!)k' of muhi~rooo""' 
comf'Ulcr;_ Ol C.mm~ 'l)io. for hith pcrform· 
..on<e, incr<m<nt..ol porformJncc, •nd .,-aibb:lll; 
(m;¡int .. lnobiht) ), (:2) C \mp O\) le for \Cr; hi~h 
.:v..o:bbLill) mnli,·a1ed b; in"c~,;ng ma1n1C· 
nance com ... nd (3) loosel; couplcd compute/' 
li~e Cm•to handlc <re«ahlcd proce;,in~. ~.~-· 
front end. fole. and .ignal proc.,;sing. Thi; argu­
mem i• ba-ed on histor). prc«nt technolo~;. 
and rcsulting prico ""'"P"Iations· 

L .\10.~ 1echnolog; appCJn. 10 be mc«..o>· 
ing in both 'peed and deMLI) fa>!cr than 
the technolog; (•u~h :u ECL) fro:n 
"hich hi~h rcrformance m~.::!:in.- ore 
usu.lil)' b11ilt. 

2- Standard• in the semiconductor indu,tr; 
tend to form more quiÚI) far hi~h '01· 
umc product>. For C\atnple. in 1he ~-bl\ 
mtcrocomputer marht. one t;pe •ur· 
plic> abou1 ~O rerccnt,of the marl<et Jnd 
thrce tyrc< suprl; O\':r 90 perccn1. 

l Thc pri.:e p<f ohip of 1he •ingle .\tOS 
chip prace,sor> dccrc..o!.C' at " •uh· 
'1aoti•ll) ~r .. Jtcr rate tban for the lo" 
volume, high performance sptt:al de· 
sign,. Chip' 10 hoth de•ign• hJ\·c hi~h 
dc,ign CO<I'. but thc >ingle-MOS-chlp 
proce"n'" hJ''C a much highcr \olum•·· 



IH( PDP·I \ fAMILV 4{i 

J. Se>er~l l~·h11 P""'"''"'·on-a·..:h'r pr<>­

"""""· '-'Ílh .1n adM~" '~'"'" m"lchinJl. 
and arrrorri"l" dat.L·IJJ'C' m.llchin~ 1hc 
rcrform~nw. ,., ¡,, 1n 197K. <;u eh~ com· 
modit! can form thc ha•i• for ne~rly all 
fu1uro computer de>i~n>. 

5. The perforn1"nce ¡in<truetLon• per •••· 
ond¡pcr ch1p. "h;,h ¡, Jiready ~rC,I\Cr 

for MOS 1'"'""""1 chip> !han f'>r Jny 
other ~ind. ;, impro,ing more <Jpidl¡ 
than for IJrgo <cJ\e oomputo<l. Th;, ,.;u 
pu\1 u'Jg< m<>re rJpidl)' 1010 IJ,~< ana)> 
(1( p!00C"M> hCC.LUIC of thc <"<nli.ill)' 

.. f rce '""" of !''"''""'" (c>p<éi.ill; rola· 
u•e 10 l•'ll•· lo" 'olumc cu<tom-buill 
mJchines). 

Therdorc. moot ,uh•eq~enl compul<l> "111 
he bJ"d on 11.11\darJ. hi~h 'olunw p.1r\1 l'nr 
high performance "'"''hine,, •incc !'"'•""'"~ 
p011er is a,ai\Jble .u c--onliall)zcro CO">\ from 
procc.,>Of·On·a·<hi;>·b~•<d proce»<O". IJr~e 
'"~le comput•n~ 11111 ""m" from arra~> nf pro· 
e"<'""'· IUSI J,, me~r"l.' •Uh'Y>lenl' JIC hu1lt 
fr"m "'"" nf ¡..¡ ó'b11 intcurutcd cirouil> 

The n;ultiproce"'" re<~arch projecl> JI 
CMU h•1e cm;>h.J,itcJ >¡mhesi, Jnd m<J,llf<· 
menl Opcratir.g oy<tcm, ha'< \>een butlt for 
lhcrn, a nd \ ho """'"ll"ll1 M u><r pro~r Jm> hJ'C 
becn carefutly """l)t<d. ,\lltile rnuiHproCC"OT 
imerforenc.,.,. o~erbcad>. ond •)·nchronilJ\ton 
problem• h"'" bcen [J:ed for ..,,eral apph· 
cutionso lhc rc•uhunt p<rformJnce hdp' 10 pul 
lhoir actuJI "'"\'in per,rc~ti<·e. Figure~'"""'' 
the HARPY .<pecch rec~~ni1ion progrurn Jnd 
compares the performance of C.mmp and Cm • 
~>Ílh thrcc Dl:C unlprooe,...,rs {PDP·IO ,.¡,n 
K A 1 (} P""'c"or. P D P· \(} "'it h K l 10 proce"or. 
und PDP-ll/40). 

C.mmp 
C.mmp ( Fi~urc 61 a 1 b rroce"or ( o 1 1 ~0• Jnd 

11 1 20s) 'l •tem n.~, :> .5 mili ion "ord< oí 'hucd 
primJr) mcmor)'. lt "J' huiltto in«>IÍSJI< the 
progr.ornming (and rc~ultin~ pcrlorman.c) 
quc<ILon• J'"'cia¡ed "ith h"""S J IJrg< ¡,,,n. 
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''9"'" ~ A pe<tuom•n<o <Co"pa"""" O' \NO"'""'. 
o•o<.-,0 ., e "'"'" on4 Cm·. ""'" '"'"" •'•>'"' ""'"'., 
e""'"'' '·'"''"" u"'""''''' roe ""'''"'"' '""" '' 
H .. ~~V. O 'O<e.h •CLO\I'>•l•On O<O~,.m ;,,, 0"0h '' 

,. .. o on """ no· • ~V """' Dleono<' 1 1 ~ 1 ~, o<·O P<To• 
Fo.Lo• 01 CMU 

hcr <lf P""""'"~- Sincc ;t., limo tO .. t tho 1<111 
pJr.:r [II'·Jlf ond l!cll. 197:'.] ·.•a• ""\len. 
C.mmp ha• hccn ¡he objec\ of "'"'" ll",!crc,tin~ 
,n die>. \he re, u\\' O[ \1 hict. ~re >Ur.trn~nl<:d be• 
lo ... 

C.rr.rnp ""' m<>IÍ'J"d n, 1ho nc..:J t'"' rnon: 
"""'I'Ulln~ N~'-<' lo >01'" .•peech rc«l~nllinn 
and ,;~nal "''"'""ing problom> .~nd w undcr· 
;tand the muhiprO<e>SOr •oft"aro problem. 
Unti\ C.mmr, <1nl1 one l"!"'· ti¡;htll c"Oupled 
mullirrocc><or h.~d boen built - \~e llell LJbo­
raiOILC' SafcguJrd Compu:.r [ikll l..ibor•· 
\011<•. \975]. 

The Ollgir,JI p.1¡><r [\\'ulf Jnd lloil. 1'172] ok­

'<.'rtbcs tOe ""''"''mio Jnd 'cchni<'al 1.1CW" in· 
t1ucncing mullipr•l<.<"''' fco•ibij,t~ .1nJ ~~~U<> 
f,, lh< ILmcl,nc" nf 1 he re'e~rch, 1' Jll<lW. ~wh· 
Iom> 10 be ''''''J<Ch<d ;nd a di•~""'"'" ,,f p.or• 
ticubr de>ign J<~<CI• .<re ~il'cn. l'"' <'"Jmplc. 

>i~ce C.1:1mp ;, pr~d'c"•~d on J "'',.."'"" opct· 
~" ng 'l ""'~'- thcrc are 1,. o ><lUr_.,., "f <kgr~dJ· 
llon: n1Cnl<>rl cllnt<nllon Jnd h!o."k wrnentinn. 
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The machino·_, thcorct,cal pcrformJncc '" a 
functio>n of memorJ·f'f('>te<-,or 'nterfcrencc ;, 
hJ;cd on Sirc¡;~er"s [1971)] ""'k. In practice, 
he¡; a use thc mcmory ""' not built "uh lo\1-0T· 
dor "dóre" inlorlea,·in¡;. memory Ínl<rfer<nce 
"'J' ¡¡rra1cr than <>pccted. Thi1 problem "'"' 
>ohed by havin~ ""'eral copies of the pro¡:ram 

-«gmenu. 
.\s the nLJmber ofmemory module, and prO· 

"'"sor> bc:comc> '"'l large. the theorctioal per­
formane<O (a• mcasurcd by !he numDcr of 
accesse. to the memor) by thc proce»or>) ap­
prclaches half the mcmory band"idth (i c., thc 
numbc:r of memor) module. mcmory cyclc 
lime) ]B~.•eu and Smilh. 1976). Thus. "llh in­
finite proces<ors. therc i1 no mHimum limit "" 
performance. pro\Jdcd all procco>or• are nol 
contending for the >ame mcmOr)'. 

_.>,lthough th<re is a di,~u.SJon in th< original 
papcr outli ning the de>ign d~rectio n of 1 he oper­
.ning >v,tcm. HY DR.\. lator Jcso,ption' 
'hould be '~"d [Wulf r! ni .. 1975]. Stocc thc 
'm~ll addrc" of the I'DP-11 noce,itotod fre· 
quent map cMange;. PD P- 11/~0. "tlh writabk 
control storcs wcr< "'"d w implcmcntthe opcr· 
ating systcms call' which change t!-.e s.gment 
ba"' regi<tcn. 

There are thrce basic approachc< !O tttc effcc• 
tivc appltcation of multiprnce"uf>" 

l. Sy;tcm be\ "or,load dccomposition. lf 
a "'Oflload cont~in< a lm of inherentl; 
independent actl\ i ""'· e g .. comptlatton. 
editing. fLie pmc:s<Ong. and numeltcal 
computation. it wtll natu!ally dccom· 
p01C. 

2. Program decompo"tion b; a pNgram­
mcr. Jntimate l.no"ledgc of the appli­
cation is rcquired for tht5 time· 
consuming •rproach. 

3. Progr~m deoomposition b: the com­
piler. This is the ideal appro .. ch ll~w­

ever. ro;ults to date h3>~ not becn 
espccially note"orthy. 

C.mmp ... , pr<dicatcd on the first t>~O ap· 
proache<. AlGOL 6&, a language v.uh faólitie• 

48 

for nprc_"'"~ p.oralh:li'm in progr.<m,_ iu, 
<m~ hoen ¡mplemcntcd. h h." J<S"ted gro.Jth 
,.;¡h program dccompo•ition ~nd Jooh b'-e " 
promi,ing genor,ol appr.tach. lt is tmp<rati•c. 
!"'"""'· to e•toJ>d o he qandJrd languJgc> \(} 
h~ndle vectof§ and arra~·s. 

The contentinn for ,h. red ~•o a roe• in 3 m~l· 
tipr.oce«nr S)>tem ""'"" ~~ <e>-eralle>cls •\t 
thc lnwest leve!. proce>Sor< contend ot the 
cro><-point >witch lcvcl for memor). On "' 
h~her ¡.,elthere ¡, comemion for sh:.rcd Ó<J 

in thc Of>Of~llng '}'tem l.nnd: P"'""""' con­
tcnd for 1/0 dc"C<> and for 'oftv.arc pro<<>"-''· 
e g .. for memory management. At the u•er bd 
,na~d datJ implie< funher contention. "i ~Uto J 

poin" to modoh on •9erimental dat" "' ''·"" 
d.ffcrcnt levels_ 

\hrathc"s da\J shov. :b: t!lc sbred data of 
H YO RA is o!pnitcd i~to enoug~ .eparatc u~­
joct' •o thata "'·' 'm"ll dcgradation (le" tit,,n 
1 pcrocnt) re>ult> from oontc.111on f,, tho-. nh· 
jert<. He "'loo built " qucuoing model "b'h 
projcctod ,¡,, th< contention lc,el "ould ~" 
"bout 5 percrnt in a ~O proce,.or '~'tem_ 

Olcinick [19n] hJ< u,ed C.mmp 10 condcct 
"" ''P<:rime<>t•l. "' opposed 10 thco.-.:tit"l. 
,wd; nr thc implem~~•ation of parallel ~1-

gort.thm• on a multipr~LeUor. He •tudied the 
opcration of Roo\~nder. a program thJ\ is "" 

T able 4. Rele.enc:es lor E.pe,m&<~tal De<a on 
Con<ent•on 01 E•clt ol Three Levels in the 
C.mmp Syst"m 

Contontion , .. 

Cro..-wom 

'"'"'" 

Úleont<•Jl978] 
Fullo< ana Oioond [1 9161 

M"'"'" lr>d Ful~r [19771 

s .. ,en '"" S"""' 11976¡ 
Fo0e•l1976) 
Sue,•otj19701 
Wu"f '"" Bell ¡1972] 
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e~len>icn of th~ hi,cction m<Ih<ld for ~nding· 
the root• nf an cqu.,uon. 

A n~tural dc-compmition nf th hin~r; -oarch 
for a root into n parJIIel Pf<>C«•e>" hl«:olu.ote 
the funwon "mul~;mcou•l} "' n pnint>. tJndcr 
ide~l conditions. ~11 proc""'"' "ould (lni·h thc 
function e•·~lu~tion (requircd ~~ c.>ch <1cp) al 
thc same time. and then \Ome bri<f ho<>k· 
¡,ccping would take pl~cc tn dct<rmine thc """ 
•ubintep·al for the n proox>'e> to ""'" on, 
H ""e ver. beca use the t imc to "'·"Jua¡c thc func· 
tion is dat3 dependen!, sorne proce»e• are com· 
pletcd bdore others. ~I<Heo-.r. if the 
boo~kccpin~ ta'': ;, t•me con•urnin~ rcl.Lli>< to 
the time to """luatc the functioo. 1he •;><cdup 
ratio will >Uff<r. Olciniü '}>temo:!call~ <ludied 
each sourcc of nuctuJtlon in performuncc :ond 
found th< dominJnt une!<> be tOe mecil~ni<m 
u>ed for proccs. s:-nchror.i>ation_ 

Four diffcrent lod;s for prooc" s;nchro­
niution. cullcd: (1] '1''" locL (~1 'crn<l wmo· 
phore, (~)PMO. und (~) P.\11. "'" ,¡IJ¡],¡hlc '" 
thc C.mmp U>cr. Thc <pin 1<1<'1.. thr mO>l ruJi­

mcntary, d<><' nnt """'" an ctllf) 1~ tho 
HYDRA opcruung •)-'<tcm. h ¡, " 'hnrt ,,. 
qucncc of instruction< "hich cor.:in"all; '"''a 
semaphore until 11 cJn be ><t >ucce>>full•. Thc 
proccss of l<"IÍnB for the a•Jibblht; of" re· 
<ource • .tnd seiling thc rc<ource tf aqibblc. 
could be called TEST-A:>;D.!.OCI-;:, ll'hen the 
""""'ce ¡_,no longer needcd, it ¡, '"!eJ>cd b¡ an 
USLOCK proce". Thcse '"" ~roce<!.« are 
:::ollcd the P Of>eration o~nd 1he 1' Ojl<'>tion rc­
<pectively. a< oriBinally no~mcd h.- Edgor Dij­
htra. The P and V operations m ¡~e C.mmp 
spin loá are in fact the follo" in~ PDP-11 code 
'-C<-\U<nces: 

~- C,_,P SEMAPHO~E. 

" B~"E P 
r:'~C SlOM~l'HOR~ 

a-..~ P 

5~.\1APHORE•l? 

:leop ""'''" " 1 
:r><.:«m<n' 1 e '1 IPHo• 1. 
:lf OO( <~"'' (1 ,~\O p 

\'• MOV ,¡, S~M\PHOK~ :R"'" \E\1 IPHO~F.'" 1 

Ahhough thi> rcpcating polling"« c\lremcly 
fast. it hos t"o major dra" bac••· for•t. 1hc pt<J-

4fJ 
TH( fVOlUTION OF THE PDP-11 

cc"or i< not frccto dn ll<cful ""'"· 'cco11d.thc 
p<1ll in~ prnce•-< .;on•un1« momor;- c;clc' of 1 he 
memor;- han~ th~t mnt,,in' tho <cmo~rh<>r<. 

The !.erncl <cm.<phúrc. implcmcntcd 1n 
HYDRA. ¡, thc ILI"' IC\C] •;nchronlf,o\Í<~II 
mccho~ni,m intcndcd lú he u'cd b; >'>!Cm pro­
C<»C\ ll'hcn J pr<>ce" blo,k_, O! "J!.e\ "P· a 
;¡·ne chango l<>r that procc>< ;, mdde in<idc •he 
~crncl of HY ORA_ lf" pr<JC<" block> (f_,,¡, to 

obtJin a nccdcd re<ource¡ "hik tr~ing to P ltc<t 
and l<lCk) a >emaphorc, thc kernel '~'aP> thc 
pro<:<:<' from thc pt<><:C>\or. and thc pag« b<­
longing to that proec» "'" l.cpt in priman_ 
mcmor¡ Thc othcr '"maphorc me<hani>m< 
(P,\!0 and PMI) '"'' proportionatoly more 
time (>1 miiiÍ;ccond). 

C.vmp 

C.•mr. ;, "IC1pli.:otcd. 'uung mult•proc'c""' 
do•i~ncd to undeNdnJ thc dimcult;- (or ""'"J 
of "''"~ •tandard, ,,IT-the-,helf LSI-J h '" rrn­
•idc ~rc;Jt]) incrca,cd rcliahtlll;. Thcrc ¡, "'"' 
can for in,·reJ"'d rchuhilit¡ b.:cau'c •pl<m' 
dte be~omin~ more complex. are u•cd for moro 
cfl!ical applicalion<. and becJU>< m.,ntenanc~ 
co<t< for oll S\'\ltm> Jrc incre,ir.~. Beco~u•e thc 
deSiper> ,¡,.;,,.h-e> """Y out and analyl< the 
"ct~. thi; se<Ücn provide, f¡r•t·hand in,-1~ht 
imo high rdiahili•y d•"~"' and thede;iHn pro­
cess- "'l"'"'ally its evaluation. 

Se,er>l de>ÍJ!.n goal> wcre '"' and thc \\Ofk 
hJ, hecn c.lfricd out. Thc c_,mp <;>tcm ha• op­
erJtcd •m« ]~IC !977. "hcn tho ¡¡.., ploo~>C of 
"or;., "" compk•cd. 

Thc goal "f >Dft""'" and hard\\are tran•­
pJrenc; turncd out lo be caSier lo allain llrJn 
e.pccted, toccau>c of Jn idio•;·ncr3>y of thc 
tlopp; disk n>ntrollcr. BcC,U>C thc controllcr 
effcct> a word·.JI·J·timc bus tramfer from _,. 
~nc-'C<:tor buffer. ,·o:ing can be carric<! out ot a 
'er; ''"' lc>el. lt ¡, uncle.u ho"· the •y<-tcm 
"ould have hccn dc;J~ncd "'Lihoutthi• t}pe of 
controller: A\~ mínimum. ;ome part ofthe •ofi­
""'" tran>pM<ncy go•l would not h.1vc bCton 
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met. and a <L~nif1c,nt con~tollcr mod,r.cation 
"ould na,·e bccn nccc-.ary. 

A number of modeh are g1ven b) "'hich lhc 
d<"l'n is e'aluatcd. Prom the d"cu.,ion of 
comroncnl rclio~~dlli"' thc rcador ,no"ld gc1 
sorne in•i~h• into thc f~ctors contnbutin¡t to rc­
\iabilit~. lt sh(luld be notcd that a cUMom-de· 
"gned LSI n>l<r " necclcd 10 ~el a >Uff,cicntly 
lo" e(lst for a markctablc C.vmp. Whilc lhc in· 
ten\ of C.vmp dc",·e\opment "U nota product. 
it d()Cs pro,idc much of the ins1ght for 'uch a 
producl. 

cm• 

e m • ;, descrit><d in Chaptcr CO: howcver. be· 
cuu'c 11 " ene of the thrco C.\1U mJchines 
poiming \0 future tcchnolog_,.dnvcn tr<nd' •n 
mu\uprocc,.or u<c of LSI·II atc~iiCCturc. it ;, 
givcn <omc mcn\lon hcre. Thc Cm• ""''· 
'P""'ored h~ 1hc 1'-".ltionll St"noe Fc>undJtion 
(."SFl and thc Advanced Rc,c.rch Pro¡ec" 
Agcncy (ARPA). ¡, "" ~':en,ion of earlior 
NSI'-•pon,mecl r<'car<h \Bdl <"!al .. 19731 nn 
regi•ter tran•f•r Je,·cl n1odule<. _..., largo-scole 
intc~rohon Jncl ver) larg<·<c~lc ir.¡cgratior, en· 
ablc conwuction of the P'•'C"<or·on-a-chlp. 11 
1> app~ron: 1hat ]ov. levcl re~l>!<f Ir an<fot mod­
ule' are ot..oletc for thc con.tr~o:ion of >1! but 
low volumc cor;¡pute". Allhough t)le re'ea"h 
;, pred,catod on "ructure, cm~ioying a hun. 
drcd or '" processors. Ch,11er ~O desc,ibes the 
cubninoticln 01f the f1m (IO.proc-e;,or) phosc. 

ln Chaptcr 20 thc auth<>r< hase thcir "ork or. 
d"econom)"-of·scale ar~umcm,. To pro' ide ad· 
ditionol e<lnteq f"r thcir '""'"'·· computcr 
modulO"> (Cm•). mulliproce.,or; (C.mmp). and 
comp~<er net"orks ~re de,cr~Oed in ttrm• of 
perf ormancc J nd problem •ui: abiln~. Thcy give 
a do: .cription of thc m odul.- >tructurc. 101get her 
""ilh ''' "'"';;ia1cd limitauon' ~nd J'Oicnual re­
<oarch problem• 

Thc groupir.g o f p roce"or ,,nJ momory into 
modu\"' and <he hicrarch) uf bu• muo~ure, -
!.Sl·ll Bu•. Map Bu'. and lnterdustcr bu,. 

rodinl dep.lfl ure• from con <cnuona! com putcr 
'"'""" - ts ~i•en. Thc 11nJl mo-t 1mporlant 
r•n of thc ch>pter cv"lu ·""' t he rcrf<.>rm•ncc nf 
Cm• for f~>e d1ffcrcnt pfl>hkm>. 

Sinec 1he ILme th.il Chapt"< :'0 "'" v.riucn. 
con<Huotion of a .'0 cnmru<cr module, Crr.* 
ha<. ~un and "'\\he oper;uonal b~ the cnd "f 
¡q]g f,lf e•aluation in 1919. Thc C'1en•ion o] 
Cm• i, known "'Cm •¡ ~O Jnd i.l >ho"n in l'i_g· 
u re 7. 11 "''ll be uscd 10 '"" P"ra\ld procc;<ir.~ 
mcth•>d•. fault toler~nco. modularit~. and thc 
e'lcn'lbilot) of \he Cm • ,¡rucl u re. 

The POP-11/70mP Experimental 
Mulliprocessor Computer 

The PDP·\lflOmP airr,, lo e>ter.d the r<ha· 
hi!ity. alail.!hilit~. m;tir/.>Ln"b:lit] ~nd pe·:. 
formane< '""~<o[ the PDP·II Famil). 11 u,o• 
llj70 pro;:c»or hard""'" and thc RSX-11\1 
so[ll<:orc ·" t>~•ic buildmg ~~.,,;..,_ 

Thc 'Y""m' can ha'C ·Jp ~u four !'""-'-"""" 
"hich h•w acce" :o com:non ttr.ua\ memuno• 
"''hm•n in Figl're !i. f.ach 'lOS primal) mcm· 
or¡ cont~in• 256 Kh)tc '" \ l>lbytc anda p,,n 
(;" itch) by "hich up 10 four prOCe><ors m a ;e JC· 
""" it .. \ [,iled mcm,r;. m".' be i<ohtcd for «· 
?"ir. Usuolly (WO proce"o" •hare (havo aocc, 
to) uch of the f/0 dCli"'' through a Unihu' 
o'-'LlCh or dual poneJ d.,~ momorie>. 

f~ilure of .1 h•gh >rced "'"" >'.oragc bus"''"" 
trollcr. a p!oe<"O!. or onc rort of a devic< "1\l 
no1 prcdude me of 1h0< Je•ico throup.h t~c 
othor pGn. Thcse Jo, ice, can "~'" be Í>ol¿«d 
from lhcir rc>~ccti>e b"''' •o ÜlJl failure of a 
de,· ice "'11 not produCe aoce" 10 othcr de''""· 

EJch o[ the ¡>r.Kc,ur unil> ha, a '"01<· 
th:ourh cache mcmor.'. Through norm~l ')'· 
1om operJtion. data o,ithln the!oe local coche' 
m:" bccome incon'i,ten\ "ith d01a clsc"l"'ro in 
lhc 'l >lem. T o elimina: e th1.; problem. the ncor· 
ating s;.<tcm and ~~~ h~od"'a'" componen" 
h.wo hcon modtfl~d. Thc RSX·\\M ;~stcm ci­
tbcr clea" th: coche .o( incomi>tcnt dat., "' 
•'oíd' u•in~ thc cache for ,pec,fic <Hua\i''"·' 
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Thc ,~¡¡"'~'" lo m~nipulatc the coche¡, con· 
lained in lhc c>eculi,·e aod lS n•n•p~ron¡ 10 
U<cr pro~r~ms. 

,\o lnlcrproce"~' lr.:crrupt and San!l~ 

T1mcr {IIST) pro,;dc, ¡he "'"""'''" •oft,.arc 
with a mcch"ni•m lo intenupt proe<:"or' for 
rc;chedul ing. Thc 1 J ST inci~de> a timcr for cach 
procc"or "hich ¡, pcriod.cally rcfr.,.,hcd h) 

softwJrc oftcr C\CCU\¡on of diagn<"'i< chcc~ 

routi Oc<. 1 f 1 he rcfrc<h comm;,OÓ< do not owur 
'-'tlhin a prc.<crit>ed in1in·a~ lhc 1\ST "ill i"uc 
an i~tcrprocc""' in«rruptlo inform thc othcr 
procc""" of !Jult.l operation. Thc IIST ol•o 
contains a mcchanism for in•tia\\y \oading 1he 
multiproce.,or S)>l<m. 

Thc '}'stcm dc>i~n rcsult, in an c\lcn,ion 10 
\he PI>P·\ 1 thal ;, tran<p~rent 10 u ser progr>m< 
and ~idd< ,ncrca><> in performoncc '""' a 
<in~lc prm>:.<or ll/10 ')S\Cm. Th" pcrform· 
ance incrca<c ¡, duc to thc 'ymmctrj, <UCh th.11 
nc~rly any rc•ource can be o<rcssed b) an)' pro-

"'""''¡,mínimum o>crhedd, ,\\'"· ~nhc mul· 
tt¡:le COr.1pctcr >.'<tcm• that commu,.,icdl< ,¡~ 
high 'r<ed hni-•. 1ne b•.;e prim~r~ me"'"'~ c~n 
be oombtned ""d u"'d b} a >On¡;de procr<.s. 
:-toreo'•'- d~n~mic·;;"i~nmcnt of ~'""'"""' to 
>pocific computer s)•lems (fi~ure 9¡ cdn be 
m•de. 

The '-''le m ha< bccn de•igoed lo i.~Cf<"-'' the 
•'aolabthly h~ rcducing thc impa<OI ~f fa1lurcs 
on <~>tem ptrforniJnCC thruu9h tho "'" ofmul­
lip\e redun~ont componen". In tht< "") fJilcd 
eicmenls cJn be "olaled for rcpatr. The J,.,,gn 
i> ;uch t~JI the '~'tem ma) be eN\) recoJnfi­
~urd so that >)•Lcm urerotLoJn >•n be rc>Ur.led 
and the f,.led componcnt repail"<:d ,rf-\inc. 

h::miom to lhc diafnouic ,,,,-"'·"" Jnd 
hard""" cr:nr dc¡ootion mechani,m- fat•lllale 
qujc;_ IOCJ\Í<ln of f au\t,, t_;,Cf ·mnde dto~O<IIC> 
are run concurrontlj "i1h the ;pp\¡.;"Li<>n soft· 
~Jre. lht< pcnnll• mdin~enon¡c of •he d"' and 
'"P• unlb to h< d~>ne On·ltne. 
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:-.·o" that the 11¡70mP h~s intplcment~d Íl< 
HST and ddmcd an archit"cttJrol "'ten"on fm 
multiproce"ing. another ro.ldblt>d, to tllr: use 
of m ult iproce,sors has bcr:n pa"cd: nJmcl }'. o n 
c'tension for mtr:rproce><cr ,;gnJhn~ hJ> bcr:n 
dcftned. This rr.Ogh¡ ha•·e becn dcfmed much 
earloor in the hfe of the PDP-ll. In thc 11l,\J 
co,puters the SIGP instr~ction "3' not J\'Jil­

able on J60s unul the no e•torÍ>ions. 

PULSAR: A Performance Ranoe mP 
Systam 

PULSAR" a ló LSI-11 multiprocc«or com­
putor for in•esttga<ing the cost-effc-ct'tvenr:S< of 
muhiple mocroproces.ors h co,crs a petform­
ance r.n8< of appro,imalely a 1in~lc LSI-1 1 lO 
hener ¡han a PDP-IIj70 for ;1mple inmuc­
tion>. 

Thc brcadbo~rd s;su:m (f'~"'" 10) ¡_, b~-.d 
on the PDP-11/70 P"''""or-memorJ-'"itch 

wuc¡urc. includ1n~ multiplc in1crru~t lc•d• 
and 22·blt ph~'ic~l addrc"ing. Ho,.c>er. i1 
do"' not imrkmcnt in>lfUCIIDn ¡1¡ and dalo (DI 
spocc or Supcn·~>or modc. and it l~ck• 1he 
flo .. ting·Po,n! Proce<>or>. 

The procc"o" IP- BoMd,) e o~ "l~nic•t• "11h 
clch oth.,. thc C.llh> ln1erl~cc IUBJJ. and 3 

Common (.¡;:):e •r.é Control"" a high-band­
"'idth, >.lnchro~Ou> bus. 

Thc Con-,;non Cache and Control.:ontaim a 
l"r~c (~ K"ordl. diroct-m-'ppiny. >h•rcd cache 
'-'Ílh" 2-~ nrd block '""· inlcrfJcin~ to thc :>- or 
~-"l)' inlcrlcJIOd 11/70 ~cmnr.l Bu!. T~is prc· 
''""" thc rncmon ;uDsy>lcm from bccoming" 
boulencck. 1n •p1:e of tl1c l•rge rcduclion in 
b3nd,.idlh de:n>nd provided b¡ !he cache. Thc 
comrol pro,-ide. •llthc mappinr funclian> for 
both Unibu1 ar.~ P'O"">'Or "'"'"'"' 10 memot). 
The Unibu• "'"~ rogi5tcrs and th~ procc.s map 
rcgi•l<" for ~ach pr<><:o;•or are hcld in a •ingl~ 
bipolar me mor). 
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Thc Un<bu< l~tcrface rroviclc, lho Unibc, 
con\ rol functio~> _of d con' cnlionJ II'DP-11 . ln­
'"""1'" Me fod~cd b) the fll\1 COJbkd pr,._...,,_ 
501 \OÍlh prdercntial 1f<Jtmcnt for an; 
proce""' in WAIT S\atc. 

Each proces;or board <'OOiaÍO\ '"'" indc­
pcndcnt mirro~rocc.""' eh ip <ct' "it h mod•f•cd 
microcode. lntomol comcntwn fur 1he Jd.optcr 
;, climlnatcd b}' runn1ng 1hc two procc.so" (lUL 
of phc>c "ith each othcr. Su eh contentinn os 
doe• "''" JS resoh·cd by tOe mc<hJni'm fm ar­
bitratLon of thc proc.-ssor bu• molf. The l'l}L­
S,\R has a >otial lino (ASCII) con<ok 
int<rfJcing ,-¡, a micr.xodc dnvcn comm~­
nicalinns controllcr. equip¡><:d ,.¡¡h modLficC 
microcodc. In ~dd.tion. ~ debu¡!Si~ panel h•• 
di>pl.')' for t\tf) Sld!'e ofth<l'fO.:C"or bJ• or.~ 
~onaolkr pipeline 

Como le opero ti M> are cffoctod hy the Un­
lhU' !ntcrfJce intcffO¡<Jtin¡< 01 ~h:onging ~ •••• 
:ore• for each proco»or, ph')'\ÍCJIIy ~-<Id 10 the 
m"p¡>tng ."trfJ), •·~ r<.<pm"c to ,\SCII mn,~ic 

rr;c""~"' O\l;r :h~ Unobu>_ L,,;,c ,~''"''"'" 
~bcc, all arroro¡;ri.Jtc ,¡atu< in the '"'~ "'"" on 
c•er; HAL T. ~nd ''""'"' from the '"" •reo 
prior 10 ~cting upo.~ e•ory CO'-TL"-UE ~' 
START. 

The PULS\R ')<Iom ;, pipdtne oriontcd 
"it h •pc"<itic tt me <lo:' íoc ea;:-h p r~co'''"- Th '-' 
~ormit> a •in~lc >itnpk orbitrJtJOn mcchJni.•nt. 
r"th" th.m >C¡>JTJ\C ,·umplc• onc• for CJCh rc­
;ource. 

Once 1 he pi ¡><"1 Íno i> J"igncd to " Lr .J O>JCtoon, 
:he •ucc"'>i•c intc,.·:d, of time are ,,.¡~ned ro 
th~ follo"in~ re,uurcc, in orcier: 

' ' 
' 

Tho marrin~ •rray. 
The ~ddr<" 1r~n,Jation logic. 
The cache. 

~- Tl1e addrc" ''>lidotion lo~ic 
5. The datJ lmc• of the P-Bus_ 

Tn• mcrrwry <ut><;>lorn. "hicO" r.ot .o rurt ,,f 
'"" rosourcc rirdino. hJ' an independcn• arbo-
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Toblo 5. Ch;root""'''" of Voriou• PDP-11 Basod Multiprooe<Sot and Multicomputcrs 
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-··------
TTL, .tnd " 'pood 1 f'''" cr im ¡>n>vcm:"' h:" o<· 

currcd in thc '-'" 1''"'"' S.:hotlh tLS¡ '"'"'· 
Dcp.Lnurc' frnrn nH:diLLm-•c-d< •n:cgr.tlcd or.!l>­
,j,¡oHr~n<i•IOr,h•gic. in tcrm< nf gole den"''· 
""'" bccn fe". but dfc"il·c. E•.Jmp!" • .re thc 
h"·<hce in thc PDI'·II,':IJ Floating-Poic.t Pro­
cc,sor. the u•e of rrngr~mmabie lo~oc '"""in 
:he PDP-11/04 and I'DP-11/J~ oon:.·ot ur.'"· 
ar.d the u•• of emiucr-coupled log¡o i~ •nn>e 
d"c~ circullr;. 

\Jemor; den\'¡''"' Jnd "'"b ha• e '"'pro-cd 
rapidlJ. <ince 1~6Q Jnd h-"' thu• had '"" mo>1 
impac-1. Rcad-writc mcmnr; chip' hl'c ~onc 
from 16 bn< to ~.096 h'Lt> in den"' Y an:J rcJd­
onl} mcmoric_, frnlll 1!. bit• l<l tho' N 16 K boL• 
"'dely "'·JJiahlc in t9n. Var1<>~> <emL· 

conductor mcm<>r,l '"" Jl'"''"hol'rlic< "'" ~11en 
in Chapler C u< in~ Lhc mnJc! ohcmiconduot~r 

écn'll} d<mbling "-"" '""' ,inco 196::. 
The memor~ te.:hnolng; of 196~ ir.:¡>o<ed 

;e••r~l conLtr~int;, Ffr,t. cor< rccm~') ""' 
''"'·offecti>e for thc pdm;r~ l¡>rl!~r~::-.¡ mcm· 
~r;. bu!~ dn, ¡,:n~ tr'""'d ,,,.,,~o.-~~~:or 

~nm~r) mcmof\ "~' 1 ;,ihie. S.co,,cd .• :.eco ¡he 
b,;o;t hi~h ';><'Cd re>J·"rLI< mr;-no"O• .J\411· 
ahk 1\Cfe jo,¡ ló ~ord>. th number <if r:ore.L· 
,o.- reg~<Ler> h;d "' t>c l··rL •m.11l. Tbi.-~. :Oere 
""'"no 1arg< high >rccd roJd·onh rr.:mo""' 
tha~ "<>u Id ho•·• rcrm'rtled "miorop:ugrammed 
"P;>'o•ch 10 thc prooc'"" dc>ign. 

These <:on<lfai n<> «1 Jbl 1>hcd four de,;_, n a:ti­
t~G~< tov.ord 1he /'[)1'-11"> ,,rchnect·ore F~r,t. JI 

>hould be ~'ln:h•oocu•. ~nd lhcrcby copohlc 
vf ace<;>ting do ff «cnt con~gur:nion, of r::emory 
t,-,o: opcratc •l cifferent ;¡><cd1. SeconJ. >1 
-~ould be •'pandJ!lk lo ll'-e e•ontud ,.;,·a~· 
:•~• of a larger n~m~r of rosi''"''· Ootr. "'"' 
••: i<!<•• for nc" col.l-\ ~ ?<> a nd onl '' n <1 re~i;­
'"' for imprOHd mnon: '"itching. "'"'lC"} 
m~ppin~. •nd proteotcd muh>pr"g'"""·miog. 
Taird. it cou1d bc r<l•ti"'l) compie\. >o 1~.Jt • 
r.-.icr"'c·ode •PPr<•"ch cou1d O'fntuall; be u,ed 
to .d~ >nWfC: ne11 d.J¡,·l) re.\ cnuld oc uCdcd to 
lho" ln>lruclit>n «l '" in.:r<u•c perfamunc"'· 
"'"" lhough 1he_1 mi¡;ht •Ud c~rnplo1i:) 

lH( i\'OllJTtQ~ Of !~¡ PDP 11 

F<HHih, th.: IJnrh"' "id:h •hrr11iJ he rd.lli1cl_1 
l.or~c. lO ~Cl "' riH<LOh pcrlo)Crl" .. t11Cc '" r<"'jl>ic. 

""'" Lhc ·"""""' ,,¡ "'"'~'"'·"'"" p<Nihlc rcr 
"'"""') c;c·lc ""' rcl.lll'dl '"'-'11. 

,\, wmicondu,·t<lf mcmc>n o: 1ar;ing P'"' 
.lnd pcrf~nn .. nce hecamc ~~~ii.J~Ic. 11 ""' U'<d 

10 lradc on•l fo' p~rform~oC< ""'O'' a fC~•ton. 
~bly "i~e r;r.go of PDI'-11 "'"~ch. Differ~ot 
tochniquc• ""'" u>Cd o~ d,:·ie:eo¡ m.:>Jd, 1<' 
pro,-iJo ¡ho r~n~o. Tho•c «oh:-.i~uo; ind"dc 
rnicwpro~rammrn~ for al! rroodeb "'''"P' Li-.o 
11/~0 Lo Jo"« <~•1 Jnd e~h"nco ¡>erfortnJnc•c 
"i'h more d.JIJ·l: P"' lfor "'"mr:c. f•qcr ~,,,,. 
ing r"inll. me ol' i~<ter rr.'fr""' menwric• fpr 
hrulr:·ft>r<'C •pccJ im~ro,cmcc" (e.~ .. 11¡4.' 
'lllh \lOS rrim4rl mcmún. 11/55 '-'ilh hop<lhr 
prLn"'') mcmor: .. 1nd thc li¡60 "'~ha larf< 
""lahlc c·nr.tro1 ,¡!lrr;): u.c oi cach" 111/70. 
1r;m. ,nd 11/)lC¡: .tntl <'ro~dc<J "'" or fa•l 
rc~i,¡or, in,ido thc rroce"o' lthc 11/-l:i ,nU 
.lbOH ). Thc U lO of '<tnÍCOr.G "'"0" 1 """' COTe• 

for primar~ "'""'"'·' ¡,a>'"'"!;- e;;onomie ,.,,n. 
,jdCf'IIÍOO. "' u,c""'c ic C:lJ;>kr 1. 

Tablo () 'h""' ch.OT.t<Ole:J•:io, of C.lch of 11:< 
I'I>P-11 m<>dch "lúng II'Ílh lÍ1< lechmquc> u•cd 
10 '1'·'" ,, C•"l ond pcrf~r:-cc.-.ce ,_,ngo. Sn<>"-' 
ond Sie11 '"'"\. J(haptcr 1-l) g;, e a det"ilcd c.Jtn· 

¡>Jmon nf thc prooe<>m;. 

VAX-11 

f:nlarging the 'irl~~l•dd<e<· ,~oce of"o •r· 
chliCClure ha1 for moro implroot•o~> lhon <0· 
lar~in~ thc ph!"'"l addrc" •¡>Jcc. Thc "mplc 
Uc,ico of rei<X"ttng pro~'""'.'"ncraled ad· 
dre'"'' can'"''" ¡he l•llcr ~•ob!e:::.. The ph\•· 
icdl .. Jdr<" ,p .. ;c. lh< """·0""' <1f ph)•Í~al 
m<mOf) oh•t -~~ be addrc•<eC. has bcen in• 
crc:t•cd in 1"0 '"'P' in th PDP-11 Famil~ 
(Tabk 2). 

The 'inu•1 Jdd«" >f\J<e. o' n~mo 'i'"'"· "• 
murh "''''" f"nj_,m<nla1 p•r: of an urchi· 
tcCIUfc. S<J"lt ;,dJrc""' .trc propomrncr gcnct· 
•tcd·. "' n•mc d.Lt.t ubjcc\'. tOe'" aurco.tte~ 
{"hCLh<r ¡he¡ hc ;ccWr>. m4ttÍces. '""· ot 
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<h.Lfcd <141" '"~"'""'') ""d in,lrtL<1i""' (•uh· 
'' ~IL i nc :oJdrt:-'-"''· fur c\am pie) S .o me\ "'"" h1 

"an inrli•idu.ol !'"'~'""'"'" p.on <>1 "I.Lfgcr nJn\~ 
'N<'~ - th.ot m.tn.o~cd h; an upcr.onn~ <)•t<m 
.ond j¡, ""'"'i"lcd bn~u.o~c """'l.uor• and olb­
jro.lim~ >~ •l<m•. An opcratin~ "'''m pro• ido\ 
prn~ram 'h..rin~ and protcotion amon~ pro· • 
~r"m' u<Í ng !he na me <p.!Co of the architoclur<. 

.\< tbc I'DP·II/70 do,ign PfO~fC\\cd, 11 ""' 
'""hrcd th.n for •<>me lor~e Jpplic>~inn• thcre 
11ould '"""he a had mi•match hcll'ccn !he M· 
K h.> le n.un.: 'P~'" :on<l 4.,\( b) 10 mcmor.' <paco. 
T"'' !fcnd, could t>o clc.orl; \ecn: (1) mini· 
con1pulcr U\Cf< 1\0Uid he pr<>t<'•ing larfC ar. 

"'·" of J;ot.o. panicuLorl,· '" fORTRAl'' 
progr.tnl' (onl¡ ~.11)6 doublc prcci,lon 11o"llog· 
pninl numher> "'" ncedcd lo fill a )( •. o,, na me 
spacc). ""d (:') applic"tion< pwfrJm, "-<f< 
s '"" in~ r J pLdly in •ite. r~nirul"rl;- 1-Lr~c· CO­
ROL P"'~ram,. '1<>fCLJ\ cr. antici;>"led .nemor; 
pricc dcdine' rn~dc tbe ~mbkrr. '""'•· Thc 
nccd for ~ 31-bit intcger d"'•-<.',~• ~-'' f<ll. bu! 
lhi, ""' r~r le» impon~nl thln lÍlc nocd fur 3!· 
ha addrc'-ing of ~ n.mc 'JhlCc_ 

Thu•. in 1'!74. architect~ral ""'~ bcpn on 
C\lcndin~ tbc •irt~"l addre" 'P"'" of 10< PDP· 
1\ <;c,cr~l rrnr~•~l, ""'" modc. The rrrncip•l 
go.t "~' cumpallbllit; wllh the PDP-11. In thc 
flnJI rr<>p<>>ed architecturc OJ,h ol ihc «ght 
general rcgj,¡crs ""' <XIcndcd lo .'2 n,.,_ Thc 
:JdJrc"ing mc•dc\ (hencc, Hddrc" arithmclic) 
lnhcrcnl in th< PDP·ll Ji[O\'o<d ihLI!a he a nJl· 
ural. C~>) <•l<n,ion 

Thc de•ign of the "ructurc '" he plJccd on a 
32-bLI •inual addre-. prescnld the m<"l dLfft­

cult;. The "'"'' PDP·I \ compatiOk >tructure 
"Ould >iC"- a 12-bol addr"'' "' 2'" \1>--hot PDP· 
\ \ <e~men", CJCh hAin~ thc ,ub<lrUClU" of 
lho mcnlOf) mJna~cmcnt arcbiteclu re prc.,.ntl; 
bcing u-cd, Thi• ><~mcntcd ~ddr<" •r•~•. al· 
lhou~h 1'[)1'·11 <eompatihlc. ""' Lil·•u>l<d 10 
FORTRA...; .ond mo\l olh<r langu:o~c.. which 
e>pcc·t "hnoar ;oddrc,< 'P~""-

,\ \C\'<fC Jc,i~n cnn;tr"int '"" :hot ""'ting 
I'DP·I 1 \LJhrnuiLnc• rnu•t be o.dl.ohlc fron1 prO· 

lHl EVO"!lJÜN Of THE PQP·IL "' 
~'·""' l'hich !,on in thc l.\lcndcd ,\Jd'"'' 
11h11k. lhc <LL.>in prohk:a ·""'""-ere in <'l"h· 

¡.,¡,,,~:o P'""'",¡ (nr "'"""'""'"'""~ .oddrc""' 
(bci•Hcn pwgr"m' hct"-ccn thc <•pcratinr ')'" 
tcm• .<nd P'"~'~m' nn thc <>C<:urrcnc·o QÍ inlcr· 
ruph). S••ing '[>lo llhc pr<>~rJ!Ll cnuntcr ~nd 
itc 011 cn,ion) on the ·l~ck ""' ,¡ r ~ig~.1f "'" ard, 
IIO"-<Vcr. tho Jccc,,ir.l uf lin~:ogc "ddrC<><> on 
lhc ,,,,,]. aftcr ~ ,·,bwulinc c.oll in•\fUCllon or 

intcTrupt "'""' ""' nv\ •lr~:;:hlfo"'"rd. Com. 
pli.;,Hcd •oq ucnce; "ere nccC'-J!; \o er.;uro th>l 
th< co>rrcct numbor of h;tc• lrepr<,«Lling ;1 _1,. 
hol"' ló-bit Jddro,;l """ rorred from lhe 
<! •• d •. 

rhc ,,,lullon 'IJ' h"m:oercd h; !he f"ct lhaL 
DFC cu,:omcr> pro~rJm:;¡cd !he I•[)P.II ''' oll 

k•·cl•- thrc ""' n,¡ dc"r "'"' k«l. bolo" 
"hi~h ll~C hJd <:o::-.?:c:< cor.1wl. ~' ¡, 1hc <J>< 
,.¡,n thc l!l.\1 s.'""m 36() or thc I'DP·IO u•ing 
thc TOI'S· 1 O o: TO P$- ~O mnnuor,_ 

TiLo l'"'í'''"'d a:ohitec¡~rc "·"!he rc>ull of 
"m\. h~ cn~i~<~h. ·" 'h"""'· ~pcr •Ü~~ 'l >!~m 
dc·i~n~" ~nd com~ikr de"!'"'''- ~lor«ll<r." 

"·" •uhj<eted :o el o•< "'"""·: h; ~ "ider ~rour 
,,f cnginc<r• ""¿ ;oro~rJn:mer> .\\uch "" 
k"rncd "ho~l tl·.o ;;oc.cquoocC\ of <lrict PDP-

11 "'"'P"''hiht~. 1r.c no"''"' ,,r dcgrco of<om· 
p.LtiiLLhl). and !he ,oi'.""'" '""' v.hich v.uutU 
t>: in•ur,.cd b.' _n <>lcndcd l'DP·ll archL· 
(O,LLJfC, 

f,>flur.Jid). the FOJ<Cl "'" dL<conlin"cd. 

·1 hcrc ~<ere mJn.' '"'""'""~"' a!>Owl il' ,.¡". 
hil1\)'. 11 ""' fe\1 t:·.ct the I'DP·I 1 cump~libilit; 
"""'""inl C.><»<d :oo mLch compromi1e. An) 
""" architc.;ture ""cid requirc" l.>r~• ooft"'arc 
in~e,lmont: ~ q•Jantu:;¡ j~n:~ "'<T tho PDP.jl 
""' """ded to_i~,,;:·; tno dion. 

In ,\prLl 19i";'_ "'"'un" -'~-h:1 •rchllecture 
""' <l.med "" \ ·,\:\- 11. "u t. the ¡:ool o f build­
in~ a ma,hone \\)-..eh""' cul:urall) comp~loble 
"ilh PDP-11. Thc ir.lllal ~rn~p. c"llcd \'AXA. 
c.>n•i,tcd orGordnn Bol l. l'e~cr Conl.hn, DJI< 
Cutlcr. A>ll Don1mcr. fom Ha>LLn~s. Rich) 
[ .. Lr). ]),1\C Rod:¡;cr,. StC\C Rothm.>n. and Boll 
Strcácr '" thc ~rinc1r.>t "rchllccL ,,, a rc>ult ol 
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1 5\'STE/>.'\S PROGRA:>.!i\IJNG 
JOHN J. 00:\'0VAN -

background 

Tl11< boot hJ< twv m.1jor ubj<~tioo.: to l<•~h pro";!""' for lh< do,;~n of >Ofl­
w"' >)'<l<lm and lo pru,ido • b>~! for juJsomont in th, d<>ign of !Oftware To 

¡,_,,_.,,, our t>lk, "'' ¡,., ""'" •r<cin' "'nrrb fmm >) "'"" progran11 \\'o 
dLscu" the de,.gn ond ~mplom<nutoon of tho nu¡or S) !l<m compon<nl> 

\l'hat " >Y>Iem• p¡o¡;ramminl; You m>)' , . .,,,¡¡" a <omr'.ltor •• •om< •o•t of 
b<o;t do>! ol><y> o\1 command<. h 11.:1, b<<n uid that conrpu"" .,, ba,blty 
p<opl< modo out o[ m<lol 01, con•·<r<ely, r<opl< 31< """P"'"" mad< <>UI of 

n,~, •'l<l blood. HowO>u. once .,., got c\Mo to <omru '"~ '" "'' llutthoy are 
b"ioally m><hin" lhat follow \"<1) <p<ciflc and phmrlM ;,.>l!uttoOn>. 

In lhe early d•y• o[ compul..,, p<opl< <ommunir>l<d "llh them by on •nJ 
off switch" deno!Lng primolivt in,:oue~ion, Soon re~pl< "'>nt<J lo P''' more 
""~1'1<, in«ruelions. Foo <"mpl<, ol,.~ WJol<d to b< aSo lo .a¡• X ~ lO • J'. 
~"'"oh" Y • 10. v.hJI ¡, .\'1 P«"nl d>y computm c>onot undo,lan~ sud• 

l>"f·"¡..c w•lhouo 1110 ,;u <>f '~'""" prO&r>m> S¡mms pr~paml (e~. con\· 
pd<•~ loJdcr~ In'"" poco"'""· opwoio~ ·~•l<m•) ~m dO'·dopcd le> mak< 
CO<n]'Uim bOllO! a(),lpl<d l<l il,o 110'<1< of thW "''"'· Furlher, peoplc v.ant<J 
more J<li•la•>cc in lloc nooch.lllÍCs ,¡ I'"P"in~ lh<lr pro~"""· 

l"mnpolm "' 'Y'Icms prosronns tllJI ""PI pcopl<·l•k< l>n~uagO< and ll.tn<I>IO 
ll"•m 11<\0 '"" btno la II&UJ¡;C. looJm '" O) <toms pro~r>m• lh>L p<Opare 1\llCh•n< 

• longu1¡.o propam• ¡,, """''""· M>cro P"''"''.or' allow pro~r>mm<" lo "" 
ahbr<•.,tionl Op<<llll\~ <)'SIC0\0 '"~ ¡,¡, •¡<l<m• alto>' nexoblc $1oring and 
rctr<">l of 1nlorm><ion (1"•~ 1.1) .. 

TI=«<,, o;~r 100.000 con•pul<" In"" now '" •ntu,Uy <><r)l applocati<ln 
1 he produ<l.,ll)' o[ oooh comrut<r l< lro»dy d<p<n~<r.t u('<'o th< clfc<li\01'1"'· 

<f~oi<ncy. ond "'!'hi•tiulion nf th< <1 ""'" pr o~tJm< 

In tlus cha¡•t« "'' 1nu;>;lu" "'rn' l<!m.nol~n' aod outl•r.< r.uolrin< '''""'"" 
and ti" b .. ic !'"" • o( '" ~r<• >llnt 11 Ol<m 
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FICUntl.\ 

l.l MACHitJESTRUCTURE 

w. bt'¡tn by !k 1 
·"e ting tho gen<nl h"dw.,, orzanizatio <>1 

(Fi¡. 1. 2). " • «>mputer sy>l<m 

Ohk 
O• drum 

GmmllwJw ;,_ 
• "'

0
'''""" tbn or • compo ~~ ,, "'"' 

Mrnwry ;, ti -• · 
" "'"'" where infolm>t' · 

th,¡ cporatc on thi< mfor"'''' O ron "'lored.l'rocesiO" '" thc u.,¡ 005 

' ' 

"'""· nemayv,. · r 1" o ton o{ <>n<< and '"" l • w In ormat•on., be m¡; , 10,.J 10 
• '· 03< one 01 <<ro· 
U.Dotlar<t¡ri<ally~;<ou ,.,¡- _ "'"'P•rot<bu>arydt¡;Llc.tlledo 

~1 P 
1
" """' thot '" <alled • ~ 

emory lonlion, ''' ,_ ·¡- ~ ~ '""'"'·'"'"''"" or~''"' ..,--CioeuuyadJ h • · 
<pocillo b¡ te, "Ord. 01 <h:ltlC!er '"""'·" <r< t>ch addro,. id<nlif¡e¡ 0 

1 

1 
' 

1 
' 

1 
1 

' 
i 

-~-

' 
Tite,..;,,,.,, el a word m2)' be intnpretod udara(nluos to be o¡><rottdon) 

0< úumutlonr (o¡>t<ations lo be perfonne<l). A procruo< "o del'i« tlut p<r­
frnm• 1 lt<lu<n<< of o¡l<U\lOO> spocifltd by ímtrU<tion> '" me<l>lf)-. A progr~m 
(01 procodure) is 1 oequcnce o[ inoliuction'" 

M•mory mry be thOugllt of •• mailbo•., contaiflin! poupo o! on., ond te<O'­
B<Iow we depict o serl" of mernory locaüont wbotf addie= u< IO,otX) 
throush 10ll02. 

Ad~-. .. 

10,000 
10,001 
10,001 

An IBM liJO proc'""' ll<>l"'~ lo<:zti<>n \0.001 .. ., umn!e\i<>n wou1d intO<· 
p!<t "' cont"'ll •• a ~lu!t ~ ins!ruol)on. Trtating <~• wnt l<>:ation ., numericlll 
d>ta, tll< P'""'""' wou!d interpr<1 ia <ontents ao lh< bU'W)' numb<I 0011 0000 
()C(I(l 0000 (dec\11\al !2,2&8). ThU> in>Uuetlono and d>l> >1111< tbe "me •tongo 
m<drum. 

lnformatlon in memo!)' ;, eodcd mto groupo of b.<o Iba\ may be int.,pretod 
., eholl<l<l!, lnstruetrono, m numben. /1. codo kl 1 set o[ rul<• !m int<rr«ting 
grou¡'l of bit~ •-~·· codeo for repr<sentation o! d<e<mal di~to (IICD), lo• ohar­
aetero (EllC[)]C, m ASCII}, 01 lor imi<U<tlono ($pecrfle pro"""' Op<talion 
cod"), We h•v< dcpkt<d two IYP" o! prOtoi10f>' /npur/ ()urpur(l/0) pro<:oSWro 
and Ctnrrol l'>oc.,n'ng Un in (CPU<). TM 1/0 rl<l<<Si011 u e conc.,ned with the 
t"núor o! data botween m<mory and pertpb<nl dev.ce, <l><h •• dr>k•, dnmu, 
ptinten, ond typewlit<ro. Tho (FIJ, '" wncetn<d w¡!l> maniput.tiono of dota 
ll~<d In mtmory_ Thol/0 P'-""" "<cutcl/0 m>tru<t;on, 11>>1 are "orod in 
n1CRI<l!)'; \lloy U< gen<rally aeti .. tod by a tQII\RUnd from !l>o CPU. T ypi<a\Jy, 
t~is con>i!h o! a n "cx<cut< 1/0" inolructlon ,..llo,. 11gumml ;, 11>< odd!cli of 
tll< tli!l ~~ the 1/0 proyom. The CPU intctpreu thio;muuction ond p.s><1 thc 
11gumcnt to tho 1/0 1" "'"'"' (commonly collod 1/0 <h.annch)-

The 110 in•l<ucticn '" m•y be ont~ely differonl fram th•L o! the CPU and 
moy be u<cuted osynchroirouo(v (•\11\u\t;neou,)y) 9/rth CPU operaticn. /l.r¡n· 
chronou< operotion of l/0 e haLl no\, ond CPU o"" ono of 11>< <iLt\i<tl formo of 

"'"lriprocmint. Multrpto<.,•in~ mnn< ha>ing mOt< th•n ono proo"'"' opor· 
atlng on th< "'"''memo!}' sinrulunoourly. 

Sin<< omtruttion$, hko doto."' llOted in memory and c.añ be !t<Ot<d "ó>lo, 
bychonging tbe bit configunL,on o! an in•uuotron- oddJng o numbor to \l- "'' 
may cl~>ng< il to o dilf<r<nt inolruction. l'loceduto< lhot modrf)' U.<m.,l>'<> oro 
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1 mg '"'" pro<rJur" ¡ 
Llo<r pro¡;r>mmc" r,.

1
J '''' , ,,. ' 'poor P' n~1 anullill~ pm 11<< 

· "'"' ~eutrorooJ J · 
'''"'" by n•ult•plc nroc ,- 1 • • '" "'""""" rhoy ""rmt bo 

,. '"'0 "- E3C-\ proe<ssor " "'"'¡,n., iu con«nu A e'" · ""'"'g an '"'P"'" pruc<Juro 
· 00 "" r•ocossor atltm r <rdnr< m•;· <n<Ponto d << r ong 

10 
"«:u:o tlo< llme pro-

' 1 <«ni msrrue~ 1on• 0 J ;• 
aro OOI road•IY rou>:~bl< ; 

1 
ata. ""'• lmpu!O procodur" 
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. ' pu" proe<dur< d<><> ""' od r . . ' 
11< ou!lru"ionoa~< 

1
¡,

0 
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1
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1
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' < '"" tuno 0 P'"'"' -(•<-""""' codo) aro omplo;·cd. -..-om """~- pur• proc<dur<> 

LVOlUTION Of THE COMPONENTS OF A PHOGI1AMMING SYSTEM 

1.2.1 1\mmLict< 

L<l "' ,.,.¡,,. ''""' "1''<1> of th" Jo• •1 , ""''•' S)'ll""· ' 'opm<nl of rhe mmr"'"ILIS uf' prusram-

'11 ""' """· ll« <mnpolter prog•ornni<r h• . . rh.r Wl<rprorcJ, rluou¡lrl»rJ" · _ d >llnsdi>pO,_,I' o,.¡, m•d•in• 
"'· Wl3tn funJJmonl 1 · 

pro¡ro"l tlus oumputor h>· wr 
1
- . ' mmuclions.llo would 

1 1 ong a,.,.., of onrs •nd t ( C 
P "' th<m in tu tho rnomor. < , , ' ros '"" '"" lon~uJ~<) ) o 1«< r:udrm< aa.:! p b ' 
mupulor wouiJ SlJ!l ro rnt<rnr<l l . ' " _ ""' u !Ion, ~h<¡oupon rho 

r ,. '""' "'"'1'"""""'-
""''"'mo, found 11 drfficull lo~-,. 

In lhe
11 

que>! for • mor , _ 
10 0

' •••d pro¡;w:" in m>doin< """"''' 
¡ " 00""""'"1 l•ntu>g< th ¡,. " 

1
)'mbol) fm <>dt ""<hin< insllu ,. C cy pn ro"'" • nrnrmmri; 
, C ''""·""chlhoy,.ould •· 

'" 0 m..:""' I'"S••r• Such - '""sr<¡uenlly 1''"''"' 

' 

· · ' mnornoooo mochin< 1 . · '''«" •(•· la•w•acr l'w•r • '"S
11
'f' " """ e>H<J '" · · • •ms ~"""" "aJ<r.,bl rs · 

"""'"'""uf li!OOrbl; l•n• e "'"""'""'"'"IOillltolho 

'' 

•'"S' rnto "'"bmo l•n• 11 . 
""''" pru~r.lm "collcJ 

1
, ~'"S'· r< urput r11 '" as-

, -" "'""" prugram; tilo out · . 1 ""~' 11"" (<'/-f<W /'t<'tronr) • pul " ' '"·'''"'" LLn¡•,u,1t< 

11.2 Loodc" 

O neo ti" , « 1 •-e ' 1 '"" pwJwc'> op ob 0 
mru """""Y 011J n<cut<d l! - J cr pmg~>m, tlr>t prOt""' n•u•l be piJC<:J 

"rhe purpc« of th< 1 d 
P"'f-""" >te pb"cl 111 nr<rn "> 00 

''lo""''" lhat obj<el 
11 ' '" " 1 O.O<u,.bldorm 

"' "s.<ml•lot could pbe< rlr< objo, 1 -
contml lo 1\, th<t<b) <>U>i"t, rhe ,:,.\''-"'P"" ~rroell) "'rnomor¡- on~ uo

1
"r" 

• ""' bntu.¿o r••tum ro be <x«utJ:d_ 

• 

1 
1 

• 
l!o~·"'", Ibis wouiJ ""te"""\ by leavins th• o:.<mb\or in memory .,.,¡,¡¡, thc 

u•«"; pwg10m "'" b<mg n<euled. A\su th< pmt'""""' "oulrl b'< lo rrl' """ 
1•10 hi• prQgrorn y,ilh uch <~'culion, 1\rus ""\Ln& uon•lo:.on 11me. T o omcome 
the p!oblems nf wasl<d U>nllollon lim< and "'"t<d momory, 1) slems p!Og!Om­

m<" devo\op«< anotk« componen!, ca\led th< loadot. 
A /caJrt i< o pro¡;ram thot ploce• pr<>gramo into momor)' ond P"P"" them for 

<x<tulion. In •. •onpl< lo>dir.g "'horno. th• auem~l<t outpul< lh< m><hin< 
lln&UJf< tran•latinn of a proyam on a ,.cond>~Y sloll&< d••i« and alo:r~or ;, 
pb«d in cor<. Thelo•M• pi•'-"'' in lo momo!)' the m><hin< bngu>¡;< "'~en of 
tl>< U>'l'> ptot\Tl"' >nd tr•o•fm oonaol \o il. S mee tire lo>dot proor:•m \smuch 
,-mllot than the """'~lcr, thi> mak" moro coro •";\Jblo lo rho ""''"' pro;:rom. 

TILO rooli> o !ion rh>t many ""'" wer< ., riting •irlu>lly lh< '-''"' p!OS""'' lcd 
to tb• d"doponcnt uf "roody-modc" proS"'"' (patbSOI). Th<l< r"k>g""'" e 
~·t~IL<OL by rhc cmnpuler n>anuf atl•""' or tbc """· A• tilO pro;;nmm" b«JI'10 
"'"" soph11licmd, h• wonled lo mi>: ond cornb1ne rea<ly·mJde ptOS""'' ., LLh 

hi< ""''-In response 10 thi• demand, a f"tl1t)' "'" ptoviJecl "''""by tire'"" 
could '" '" a nt>in progmn ti\Ol ""d "'"'1 otb<r pto~ronn or >ubroullr."- ,\ 
~rhtOulmt "• bodY of compolcr in.,ructl<tn> d.,lgnod to'bo u"d by olltrr 

tOHt.n., to "compbsh ' task. Thero '" two IYP" of '"~'""''"": dosed '"d 
opon subrou\<J\<0- An open subroutjne or m/1<10 dtfinllion 1< on< whowtodo" 

'"""'J onto ti~< nmn pro¡¡:am (flow continu.,). Thu• lf th< ""'' o¡o<n ,ob-. 
rourin< ""' <>ll<d Iom lim<>, il "'<lUid opp<>< in f<>Ut doffot<nl pi>"' in rho 
colhng proyom. A cla<t<l <t~bro"lint can b< olorod ouiUdt !loO "'"" routin<, 
and conuol l!onsfers to 1ho .ubr<>UIIII<- A•>O<I>I<d '""h rho clo><d wbroulit>< 

aro ,.,.o "'"' rhe main p'llgrarn "'"" p<rform' uan•f" o! conuol and trao<kr 

of dota. 
ln•li•ll)', clo<ed suhroutin<l h>d lo be \t>odod Ir\\~ rnerM1Y" a o:¡owfLc •d­

Jr<"- i'nr '""'pie,,¡ a""' ~~~10d lo ornp\oy' •qu>r< toor •ubr~utin,,l, 
"'""id lr:LW ¡o WILIC hi< m o in propam so thol rl would. lllr,.fot 10 tho l0<011<>n 

'"''1-"'d to thc "1""' roa\ roU\LnO (SQI\1). ili• progrom >nJ '"' snbroulor•< 
"'nuiJ be .mombled tu~othor.lf, '"'""'1 ""' wi,i10d tu u !O ti .e ""'' subroulio<, 
¡,, olln wuuiJ ""'"'"'' rt >looB ~·ith l;" owll rro&'·'"'· ond lht eontpl< 1< moobon< 
i>nguo~< lun<l>tion wou:rl belo>d<J '"'" n\Cil\OIY. ,\n '"mplo of coro olh•­
t.ul1 unJ<r 11m ;nno~ib\c \o>dn•B ><h<m< i• JopicreJ in F <guro U," h<:< coro 11 

dopitrtd " a 110<>1 '"') d locarions wi<h the prO!""' '"" ;.¡,,d,d. 

lohln ....,..,r h •;r;con> ;,"P""''""~ ""''"'""''""'·lo<'« "'"'""Y '"d ''"" "" ""~ 
•> •••r ""'"~r . 
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1.2.3 M"'"' 

To "'"" r<o¡;ram r 1 · ' mm 0 11~ l•«d lo rerut <dtntical p:ul< of theu 1,ogr:tm, 

·• 

' 
opm11nr <)'''""' r•o,·idc a m""' p1ocming facihty, wlHch pcnnil> tho pro· 
pomm<~ 10 defon< on obbmiatlon for • P"l of hi• p¡op;m >nd to ""'¡he ab· 
br<>L>I10n in hl< ptogtam. The m•cro P'""""' uc.tt the idon\ical pub of thO 
pro¡;,...n delinod by the obb!Odot;c>n u> morro dcjjnitlon and ""'' the d<foru· 
uon. 1 he moctC> P"""'"'' >U~>Iilul.., ¡he def1niliOn fo1 otl oecmrer.e« of ¡he 

obbrnL>1ion (m.aoto call) '" th< p1ogum. 
In oddolion to 11olpin~ progr•mom< abbro•i•to 1heir propom>. mocro {.oaiti" 

h.<YO b«n uKd ., gen"o\1"1 hondler< and for '{l«i>\i<ing opml<ng S)'>l"'" to 
¡odll'id•,,l eomputor ,mtallatLOO>. In >P«iohlill~ opot:tl!ng sy<tln" (s;>t<m> 
g«IWii~n), tllc Ol\tir< up<r;ting !y mm " ""\len "' '"'Oc' of nl>CTO defint· 
tions lo •poc't.11LIO th< opor>IL<Tt I)'>ICht, ,·,.,¡_, of macro <OI'.• "" ""''""· 
The<c a<< jlfO«"'d 0)' the '"'"" procc"~' )'Y sub"itulir.g the ;tCI'"'"''''' 
dd tntlton•. ther<b) producmB >IIth< prot"'"' fot on opcr>ting ')'\ICllt. 

1 .2 4 Compiltn 
,\! th< ""'''' ptoblmu b<""'' mor< c>teg<>riz<d into oto" ouch., .:oontlftc, 
bu•inm. and !l•lt>lk>l ptoblo:m. •r•dah.zN l>ngu>g" (htl;h lo«l IJt'f'>".t"') 
wcro df'<lnpod th>l otlo"cd th< "'" to <>P"" ''""" probkm! conciotl)' and 
""\}'. 11"" htSh IO'd ;,n~o'g"- '"'"'P'" "' FORl RA~, COBOL. ALGOL. 
alhl 1'\jl - "' proco>~<~ by comptlots '"~ l'llctpr<tm. A """'P'Icr"' prOB'''" 
''"' ""''" J r'ro~rom wrill<ll Lll • hith l"ol lont•"R' onJ ¡•tc•d'·''" on o\•¡<ct 
¡Hogram. ,\ll ir>tcrprctcr ,; ' progtOm thal appom lo """'" o sour" pro~"'n 
•• 1f 11 wOI< nlochtnO l>ngto>gO- Th< "''" nam< (FORTRAN. COBOL. el<-)" 

o( IOn mod to d0••sn•te both • compMr •mltt< '"""'''d l>n~u•r•-
Mod<tn oomr~'" "'"" b< obl< lO P'"''d< titO oompl<~ fa"llli" t\"1 pro­

~~''"',;,,. .,, """' dor.~>nd,ng Th< <omro\0< "'"" furMh comrl" acc<"in~ 
m<thod• fot potnlor ,.,;,b\" an<l d1u .uuotut<! ""'d '" \angu>B'' l.!.< PLfl. 
CO!IOL. anJ ,\L.GOL 6S. ~lod<w compol<" mu" inlet><l do!<l}' "ith the opt<· 

'""S wstom to lo•ndie "''''"'~" concern,ng lh< hltd"'"' iniW"?" or • com· 

poll<l (o S condttional "'""''"'' '" PLJ\) 

l.2.5 Fo•mal Sy$lom• 
lo fu'""'' 'Y""" "'" "'""t"r'"'d coi,u\ta. \t con;i'" of an >irhab<l," "' ,,¡ 
w!l!J> coll•d oxiom<. and a f11Hte <1:1 of !OIJOion• "lltd rul01 of .,,roren" b· 

•••PI" of futnul s;•stom< .,,- '" thoo<y, boot<On a\geb.,, Post 'l'"'"'· •nd 

B>d•"' Xo••"' room. Form•l i)''''"'' '" bo<ommg .mrottoo: '"'''" <l'!il"· 
1mpl<nlfn"liOn, ,nd ,:ud; o! pto>g<ammin~ langu'!"· Spwl"ot>ll), \h<, e>n bo 

·-
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smgle progtam. Thus, if a prog""' did 001 nood th< enli!O nlOmot)', 1 portiun o[ 

tt .. t "'"""' w•i w"tod. Multop1ogram•ni11g npe,.ting •Ylt<nl> wlth !'llflilloneJ 
rore n.rmory wero de'Oio¡lOd !G circurn'<nl IIHs pwbl<m. ,1/u,'/ ¡¡•rogrannnin¡¡ >1· 

\ows molltple progra.Ta to re,.de in"~''"''"'" o[ COl< •1 th< ,.amo tin10. rro­
gr•m• w<r< givon o fued portLon of co<e (.llu/n)>tt>,v~m""n,r ,.,-¡h Fixod Tark.! 
(MFT)) oro ;·arying-sizo pOrtien of cor< (M~IIiprof""m"''"' wirh ~~riabl< Ta•l:s 
(~IVT}). 

Oft<n in ttJch P'"'"""'d "''"""'Y ryotoms oom• portien eould nor b< uwd 
>in<< it ,.., too """tl ·,o con,.in o prog!lm. Th< rrn~l<m of "bol"" or unu><d 
po<!ion• of cor< " colled fragmentori<>n. Fropnontalio<> h11 b<en minimi:<od by 
Lh< l<ohnique of rtlocal.1bl< parhlions (8unoupu ~SDO) •nd by pagin¡ (XDS 
940, IHS 64S). Rek><arablo p<Uiilitm<d ron >11<>"< 1M unu,.d portio"' to be 
t<>nden,.d into one continoou> p>rt of c<>rc. 

F'agi!r& i> • r:rcthod of mernory allocot;,n by whicb the pro¡rarn" subdi,;ded 

>nto <q ualportions or p.og.,, and t<l!O i< "'bdr>ided lfll<> equa! pa<tion, or bio<ls. 
Th< r•E" .,eiooded rnto b!od-.1. 

· Th<re >r< rwo popr.g t<ehniqu<5· ~·mple 1nd demanJ. In Wf!plr poging a\1 th< 

pog« of • progrom rnu<t b< m core for """'ion. In d<ff.,r>-1 poguig o rr"'l'""' 

<>n be """"" wllhout o\1 p•g" being in cote. i e .• p.g .. are fotched in\o coro 
u they are n«dod (d<monded). 

Th< read<r will rocall frum sc<li<>n 1.1 rlrat o O}"<l<m wnh ,.,.,,.¡ pro<<Sior> is 

t<rm<d • multlproe<.,in~ systern. Th< lraffl< "'"rro/ltr <<Wrdinol" th< proo:os· 
snrs •nd the proco,.cs. Th< resource of pro«<wtim< ;, •llo<oted by • pwg"m 

""""" "the rchedrrlcr. Th< pro<0$!01 concotnod ""llh 110 i< l<femd lo ><tho 
/jO procmor, ond progr>mm,ng this pr<>cmor is otllcd 1/0 propamming. 

1 h• '"""'" of !Li<s of inforrnation is allo<ated b)"lh< filt J)"</rm. A Jegtncnr 

i< a grour o[ informalioo rh•t o u;er whhes lo tr<>l os •n '""'Y· FrltJ aro "g· 
monis. Thore are two typ., of fUu (1) drt<cturi" •nd (2) d,¡, or programo. 

Drrr<lorit> conl"n the locotron< of otbor frleo. In a h;,rar<hi<>l filo •Y•I<m. 

duoctor;,s m•Y point t~ other dt~«tori« ... hi<h rn turn ni>)" FOint to dt!«toties 
or me,. 

1im~Ur•'rnt "one rnethod of ollocoring procu.or trm<. h., l)pioolly char· 
•m•iz<d b) rnt<r>cli>"t proceuing •nd t..,.-slrdn¡ cf Uro CPU"o lomo lo •liow 

quick '"'~"'"" to uch "'"· 
A •·utuol rnmwry ("""'' SI"'<'· oJJr<u SI"'«) «>n•i;U of thos< >ddro«•• th>t 

m•r bt g<nerat<d b)" • P"''"""' during """lion of • <omru:,.krn. The ,,.,. 
my !{Mee <on~"' of 1hc ><t of >ddr.,;e• th" co""f"'"~ 10 ph);icol m<rtLOf'" 

locotions. The te<hnique of Jrgmrmar.on rro,ides • lor~• """' >r><< ond • gOO<l 
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Fronl _rho user\rout[ r>f l'itw, illr purpose uf'" o 
lo •""t lum in tho mcc/¡,¡¡¡k< ofs 

1 
pooHm~ >)<lrr" (nwn"ot)" 

fun:tiom ar< p<.fOrm<d ~~ th< sy¡t~~:og problems S[><dflcolly, ¡]" f oll<,¡vmg 

l. Job s<quor~illg, ocheduhn nd 
2. l"put/o_urru• pro&r•mmrn!' • trofllc con!!oll<r orml iun 

3. l'rotootmg itstlffrom th< ""''" ,01 cr 
4. Secondl!y <IO!l&O m>n>ttmo~t ·• '"& tho ""' fr~m orher UICIS 

~- EHor h>nJiing 

Coosidcr the "'"Jiion 10 ,.¡,'i<h oll< u h . -lnOI~<r us<r ¡,,. , job 
111

,. 
1 

,_ > '" as' JOb thal l.1k• fo"' ltouro onJ 
" ]1 ''"' our "'coods lf bNI · b ' 
'"" '""'"'ly, it wou[J '"'" 1 b · '1'-' '"'"' submrttoJ 

to ha1·e h" 
100 

&" flr>l R ··' " 
0 

mor< appru¡Jrtato fur rho fotLr·..coml use 
· '"'" Oll cot>S·dorat'on ' ' oulomaticolly porfiHmo<l 

1
,, '' '_ 

1 
'suc 

1 
" tlli>,job sdlOJ"Iir·o ,·, 

' "<'f'Or>lmg s · 1 lf · 
and ootput ~hito ~rnull.ul<o"~~ "" , )' om .. 

11 
"r.>"rbl' '"do brpnt 

compu Lor s¡·mms. •11 tho" fun 1 o utmg a progoaJtl' as is Llr< «« wrlll "'"'Y 
A , h 'r ns are !elrr<lvlrJ by 1 · 
. '"' .a>e ,.¡J, tho 1/0 ch.mnrl mo be '-" 

1
"1f<c '""ltollor. 

""h lis own sproialito..l s.ct f , Y thougl,t of a., ,.1,,,,. '"'"''"''' 
O UlSIIUC(IIln> ~~ l J 

lo pro_¡;ram ¡( (., "'·'"Y ''"'' quite 0 com · li< 
0'0:"''~ o not ~"" tu lcarn loow 

nmp])wymhispro••am"R ,., p., l>>')lheu><r"'ou!Jiilo.olo 
"' • ''" couunglhe 0 - 1 

&ro m lO the 1.'0 chonntl for ·~ ' . m m Ot '>"''"" 10 soprJ¡· 
1 

"lO > ' ocu¡.on. Such • facil . - •· · >• '""·In mony ,,.., tho 
0

' · rt) "pro•lded by 
0

..-,
01 

• ro¡¡am >upphrd 1 h 1 '· 
1 

'"'~"'"" of closrl)' inlfn•D ·en · 
0 1

'' 10 chann<l '""'"''uf 0 

IIU! "''l'' "!Ir y, M t. 1}0 Clr\"MI;~·~~~upt tOutm" tl:>t handlr ti" lilu>lillfl in 
cei•·ed 11." "A!O vo , ' . you 

1
"

0
"'' thot dr>mmr?" "Yo ' 

' U '"" }OU t<c<r>oJ i!'" "Y , >. r<· 
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proyommln& coutsc ;, B<ven al Ml.T.,'we fiod th>l duo 10 thei>~E• numbtf of 

stuJonls pa!licip>l'rng il;, 1'<1)' d,ff~rcli!O personoiiY t"d' e>~l)- pro&"m run 
un ¡he mot:hine p<oblem<. So for tho 101)- olntrlo prubkn"- cerlainl) tilO f~•l 
pwblom wllioh m•y be to counl lh< numbor of A's 'LII > ,.gi,l<! ond 1<'10 

1110 """"" ln anothor togislor - we ¡.,vo wri\\On , g10din¡; program lhal is rn· 

du~od;, 1'"1 of 111• o¡>el'ling ,ystom. Th< l'J'>drng prng""' c•ll• th• ~u:I<ILÚ 
l""g"'" or>d tromfm control to ¡l. In tbi• ~rnplo problrr.L ¡¡,, student's prO!'-'' m 

p!O<<ISCS the ,otltonls of tho rr~i,trr, 1.0''", hil !tn"''" '" onothor ¡eg'L<Ier, aod 
roturns 10 1110 gradin¡; prO¡;t:Lffi· Th• laller chcc~> lo r.nJ out if the conect 

numb<r hu b<<n lcfl in the an•wor ¡tgÍSI"· llft<"'>tdS, the grading pr~gum 
p¡int< out • li<ling of al\ the studenh ¡n lho e bu and the~ gnd"- For eumple: 

y¡TA L<QHN 
RACHE~ BU~BAUM 
JQÓ lEVIN 
l.OFTI ZAOEH 

CQAAECT 
CQAAECT 

INCORAECT 
CQMECT 

011 1>'1 ) "¡'s run, the compuler lisúng begon Ol! olio•••· 

COARECT 
COAAECT 
LNCOOOECT 

MAVBE 

JAMOS AllCHtA 
tP MCCAllTH'i 
Elll" NA'1G\.E 
JOHI' SC~WARTZ 

tll'o or• nol '"" lrow John Soh~·>ll' did this: \VO p.e hom on A in lh< ;;our.,.) 
Srwo.i>r"J <lor;gc m;¡"'gomenl is 1 tao!< p-t:¡fo,-med b) an oporaling <) "'"' ln 

conjun<lion W¡lh th< us<: of dW.s, ¡ap.,,and oll"' srcondal)-· >toPg< for • u><•'• 

An opot>ling .,·mm mu" r<>('ond lo wot<. For eu.-r?l<. if ¡he prosr•mm" prDtrom• and dol>-

~roqlJ ov<O~O" o rogi>l<r, )lis nol cconomic>l for th< rornfUI<r lo sdtrply stop 

ond woil for on O!'crato< lo inloMn<. 1\'hcn '" cnor """"· th• opmtLng •pt<m 

nlU>Iioh Oi'proprr•l< ael)on.· 

1.0:0 OP~!lATtNG SVSTEM USEA VIEI~POINl' 
BATéft cONTROL LANGUAGE 

Mon¡· usrn ;·jciLI an opemlin¡; S)-'<i<nl only throu&h tho b•l'h system control 

,.,Js by ,.¡,;
0
¡, thcy "'"" prtfo:< thoi1 pros••m• In thi• '"tion ~• will di"'"" 

• •dtrt•lc monitm SI- •t•m ond th< conuol c>td• """iJt<d ,;th it. Other moro 

corn¡4c• morutor< ar• discu""d in CJ¡;¡piOt 9. 
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" O•ERATIHG S<STOM US.R VIEWP(liHT 

.lfanllcr i• a l<>m that refm lo the oonlrol proguo" of an opo.alin& <}'>l<m. 

Typ;caUy, In 1 ~mio !)'!!<m lh< jobo.,, m..>.<J in a c>rJ rc.J<I, and the 
monitor system oequentllll¡• p!<>C:<ue• oaoh job_ A job ma¡. wns.i<l of se><rol 

><parat' pro¡;~•mr (o be exocuted oequontiolly, u<h inch•idual progam being 
e&lled a job 1tcp. In o hat~h rnani:or ¡yuom lile ... , commumwro ,.ith the 
')'!l<m by woy of o conl!ol bnguage.ln o •lmple ba"h monitor sy<lem '"havo 
lwo d>IS<I of control card>' •••cut ion ca<ds ond doHnition c"ds. For OMmplo, 
an execution CO!d m•y b< in the following fonnat: 

// ""' "'""' [)[¡e Mm< of P"'0'-'" lO /,o '"<olro, A•g•n.,onl 1, A•g•unon/ 2 

The ¡ob conttol C>rd, a J<f""' ruJL wd, '"'Y take on !loo followin~ fo<m3l. 

//lOOr'~"" JOB lu,., """'· '"'""'""'""· ,."""ed ''"'" "'"· ''"" to 
"' """"" oot, "0001«1 "'""""ol ""'' lo "' P"""d 
oo• 

V>u>lly lh<!< i! an •nJ of.folo '"J. wloo,. fe""''' mi¡.ht con si" of /". ~rgnif:r ing 
th• t«minotion of • colloclron of ~m. Ltt "' l•k• the follo"'iltg '"mplo of a 

1'01\TRA:--1 JOb. 
1/HA ... PlE JOB DONO\/AN. T1óe.1,100.(1 
/ISTEP! E><C FO~n!AN. NOPUNCH 

REAO 9\00.fi 

t>O 1001. '·" 
, • 1'1 
IJ •1'1'1 

llll ''""19100.1.12.13 
9100 fOflMAT 131101 

'"' ,. 
/IS!EP2 ,. 
/fSTEPJ U[C 08JtCT 

" ,. 

o 

Tho f~st tnntrol ,.,J 11 an oum¡>lo uf • ~ofmiri<m oard. We h>,.. dofmoú th< 

"''"lobo Donovon. Th< !)"mm"'"""' up'" a<countrnt, file for the uscr. 

""""8 lhat he "'1""' 1<> \lit on• "'"'"" of '"'"· 10 output • hunJrrJ lo neo of 
nutput. ond ro punoh no <>~d>. 11" noxt w11trol wd. E.\I.C roRlll.AN. 

NOI'UKCIJ. ;, "' .-omplo of "" o;.ocution ,.,<[·. th't i!,th< !)'tom ;, lo rx<c"\0 

tiro pr\l¡;mm füR 1 RAN. fil'<r> 0110 orzuno"ll - IWI'UNCII. This "t""""' <1l· 

lows tiro"''"""" 'Y"'!" l<> l'"f"'"' """' cff"i<ntly; ''"" "" carJ1 'r< In bo 
J'""""J. it n"J UQI utrluo 11" 1'"'"" tOUIII\0$. 11>'J•t> IU Lho CO<IIIH!oo "11" 

1 ORlll.AN progr.1m •h<>"'", lrrmo~utcJ by "" onJ.,(.f rl< cord /" 
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1.& OPERfiTING SYSHM V:tR V!EWPO!NT: FACI LITIU 

Fo< \l>e •rrli>•lions<>rienloJ ""''· the funotion of !he op<r•liPg s¡,mrn ls to 
l'f<l''ide focilili<llo heti> sol \'O problomL The quostions of •<..heduün8 or proteo­
tion are of no Jnlt!esllo /tim; Mu the ls concerned .,.¡th ;, the ava~ablo I<>I'IWlre. 
Th• followins facilities aro typically pro•ided by modem oper.tiJ,g oy1rem<: 

l. Autmbllrl 
1. Cornpilm, .,._h 10 FORTRA.>.:, COilOL, ond Pl./1 
J. Subroutino libtatieo, IUI:h u SISE, COSI:-.'E, SQUARI! ROOT 
4, UrW.ge <di ton and propam load<" that bind mb<oul!n<s toztthor onj 

propare pro¡:r1m1 for ••.cution 
S, Utilil}' t<lutinn, ruch u SORT/MERGE ond TAPE COI'Y 
6. AppiLmlon p><~agu, sucb u tirouit onalyo:il or simuLition 
7. Debucging fooUities, such as prCJ!lram uao<ng and "core dump•" 
8. Data m•n•gemont and fiJe processing 
9. Mamgement of oystem twJwat< 

Altho"l(h tlds "fa<rhtiOi" aspeot of on oporoting oystem ""Y bo d great 
illtereu tu the user, we fcd lhat !he"'""" lo !he qucollon, "How ""'")' com­
pilen dMt 111•1 opc¡tling !)lol<m ba,.,?" may lell moro oboul lho oriMiation of 
th< ffii<\Ufactut<!'o maokoling fO!OO !han il dooo obout tho olructur• and <f. 
fe<ti"""'" of tilo OJ><llling r;yotom, 

1.7 SllMIIIAA V 

lbO IIUjor compononto of o progz>mmill¡¡ r;yst<m ore: 

1. Auombl•r 

Input lo an outmbl" b an ••Y!mhly Umguage program. Out pul io "" obje<:t pro­
gr¡ro pluo informoUon that cnable¡ lhe loador la r"P"'• tilo obJOCl progr¡m for 
ueeJtion. 

2. Mwo Proemor 

A macro cti/1 is on abbrCI'loi'Lon (or narne) for som< eode. A m~~em ú<finJ/Ion " 1 
.. quonce of codo 1.1\ll ~ .. o naono (mooro <aJI). A macroproccm>r ir a P"'S'""' 
lhll subsiLlUIOI and spoci.al"'' macro derm,~ons far macro c.ll1 

3. loodtt 

A loodor b 1 rOutiM lh1tl01doanobjoclprog¡1m and pr<JU¡osil for uoa~tion. 

" 

5. OporotingSvst•m• 
_ d ·¡h the a\l<><otion of r01our<<< anJ lt'''""• 

An op<rOling <yOlem "eonmn< .~' __ , C _,,,,n.lh< op.,ling sySI<m 
d<l'l(<S ""' ¡n °"" 

su<h " memory, proc•"""· " the!O ''""""•'• \U<h "o 11>//i< 

' 
. ' , "'"'"m' 10 manage • ~, com•r~"J'n~ Y '"' u~os ,. -• 1 ¡ O ""'i'•m<. on~ "''e 

' 
roan!Igemenr m'"'"<, L ,_.. 

conrNJI/tr, 0 <<h<<it• cr, mrmory 

<.f'llt'nl. 

' 
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lnput-Output 
Devices 

DIGITAL PR!NCIPLES ANO 

il([]) APPL!CATIONS 

In ~ny rlo~.t.<l W"""' it '' netel>"l' to h;\'~ ,\ ¡,.,, ol <0""""""·"'"" '"""''''" n>MI 
•ncl m~cM•n~. Tn;, con•mun.c•!ioo l1n~ 11 oi1en c.>ll"l ¡¡,. ... ,,,,.,.m,>el""'' "''"'· 
l.cc" •nd •< r•~•onh ·' """'l>o• ol pm'>~Cm¡, 0·~·•·•1 'Y''''"" ,;re <,>p.;l,:e ni 
opN,>I<n,; M "'""rn.>I·O" Jt '•'''C'll rruch ¡;rcoter thJ" ,,,,,,·,, ·'"': 111" ".,.,, . .,¡ '''" r 
""'" impor•.>nl '"'"i>"LO>. fur o.omp'e, .1 l,n~o·"'·'''' <l•>i•i.ol '""'''""''" <·•P-'il•<' o< 
r>eli<>r"""'' mort• '"•'" \OO,OCO adtl.t•O"' por >econd. 

lho'l"""''"" '"'"'''lo wo•·•do <:at.l '"-P~I to lh<' ,,.,,..,., ,11 ti><' h.¡;hN pm<o!ie 

r,\lo·. At lhP '·'"''' l•mo, tho•ro ~~o he proi>'"" ol ·"''''"¡"': th',l '""''"' ¡.,,,, ''"' 
'~''"'"' >! ohe h ,:;l•e•• pul .. lie role, lht• l'"'b'''"' is 'orLiw< "'·'~".!'"' '""'' """' 
~·r,•to~l SI'IL••nll do ""' •pe,> k En¡:ltsh, '"·'"Y nthe< l.onRo,o¡;•• "" '"·" "'·''"''· ,,,,,¡ 
1omo Sylt~m of ;ynol.-,1, "'"11 Lh<'•efo,e lw u><·d lur '""""""'·<•"''"' ,,¡,. . .,. ;, oL 
prc1en1 ,, con>i<b,li•le ·'~•oonl of <~IOO'c!o ;, ""' ·""·'· ,,nd '""'~ IY"•'"" !»vo· 
l>o.·~·t d•••r:op,,l wh,do will acccpt spo\,en <onHn.t"J' on<l ~"e o• ol "'''"'"'''' un ,1 • 
l>nt 1rol l~liÍ\1. 

Son(~ ti•~•O.ll 1~\L<""" ope•ale in a bin,\f\' ln<Xfe, O nun>l>\'f of <•~le >)''''""" w!.:Ch 
.,,. bi"·"V re¡~rrwn•,,tion> h•v•l"-""' <)c.e:o¡.,~l ond ,,,..¡,.,,"~ ""'<1 •• oh,• :,,n,;c.t~t· 

of <M>n>un.<ot•on \x>!wocn """' •nd m,>c'>ino _ In t'"' ch.>¡,<·r "" ~"<~" ,> numl><>< 
ol úMc cuM• >nd, at l~e "'me time, con;i<\r• the ""'~""'Y >npui·OUtpul <"quÍp· 

"'""'· 
Tlw 1"'"'-"V ob1eci<>O uf t~i\ choptc• ;, :o acqui<O Hte ~lrLirLy <o 

1, [>pl,tin hnw Ho:te.,lh co<le •nd ASCII mM><~ u•ecl in in¡>u'/ou'¡>ul """'''· 
1. (),.., "" ,,.,h., ioouc< lor rnognel.c «'< n«h,; of d•r.•o•l inform,,¡ •on. '"""'! •n,; ~l. 

IUI, ,,,,¡ NRZI. 
1. [),.,,¡, 1ho [,n111,tl•on< ola nuntl>e< ol thlfc<~n\ tli~,.,1 in¡'"'/Ouli>"' U'''" 
4, Dr,1w tlw i<>>:i< <l•·'~'''"" lm .1 "m¡>' o '<oC d\'I;OdN M•d J l>.>l>n<~d onul:i¡>~<C.1· 

''"'""'"""'· 
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10-1 PU:--:CHED CAROS 

Ooe <>!oh~"''"' "i<lely ~"'1 m<"<I<A lo< Pnlerin& cl.JIJ in!o o m.oloin<', O< lor ob­
wning oulput d.<t.> !!om ,, m•~hon<', " 11>e pune hui e"'"· Son,.. comn,.,n e>..1mple> 
of lho"" CArd> MO co:le¡w f<•gi"r.11i<><1 <J«h, gooemmcnl <h<'< h. n•onlhly oil com­

p.~n1· ""'""""""· ond b.ln~ <l.oh•n><•nl;. 11 ¡, qwoe "m¡>le lo""-' \hi< rn<·<hum In"'!"­
"'"'"' hinary onlo<m.lt<O<\, ,;.,, <' nnly '"" <on<hloOn< M~ "'CJono·d, 1 ypi<•lly, a hole 
in ¡he c.l'd oepr<·<•'"'' .1 1 ,1ml lh<• ,,¡,,,·no• of J holc ropre<c•nl>" U, Thu>, ohc '""' 

1""""''' ¡he""'''"' ol ""'"'"""f: inl"rmJtinn in h"""Y lo•rn. ,¡nd ,¡ "ooll¡· "''"''­
>J<V 1() do'"' 1 Op 1 1 H' O O< !(• , 

lino 1\'P•<.d '"'"d>o·d <.oul ""''in l,o¡y,<'•'<'o!e d.<l,<-p<U'<'-'"'~ <yllvm> i; l'lo i11 
Ion~ l'/, •n "'"·'•·. -Inri IIU\17 10 Lhicl Each <N<I !o," 1\0 ><·f1it.ti U>lumn' and 

11'1'1<' ''" 1! bor.zont.ol ww<. '" >huwn in fog. 10-1. lho Lulumn> '"" numl••r<"<l 1 
lh><>U~h ~U .olonH lh• ''""""' <"<l¡lt>c¡j lhe L3<d. BeHtnning ,1\ H\<' 1<>¡> ul lht• < ,>1<1, lhe 
IOw> a<e dt•oi~n.l!<"<l 11, 11, O, 1, 1, _1, 4, 5. 6. 7. 6. 3nd S lht• 1""""' <"<lit<·.,¡ lht· 
c.ttd i; lht• ~ ,..Jg~. •nd ohe tu¡> <"<l~t'l> O!• e !} NlgP. Ho'L'> in oh~ 1/, 11, M>d O t<>w< 
3'l' c.>llt>d wn~ puoc/.,•<. dnt! hule> in lht· O lhmuglo ~ '""'' ~·<· tdllt'(! di~ol 
punche; . . '-/otic~ oh~l ro" O i> huth • zm>t~J<>d • dog;:-pund> ''"'·""V numl><.•r, .1ny 
lo·nor in~~~ •'ph~bt·t or .1ny ol .,.,.,.,,,¡ >1><..-i,¡\ door.oUer> ton'"' •~n•e"-'"'"' 0" li><· 

c.ud b) punchonH O"" Qo """'' l>nlc< in ;my ont· <olomn. llo~<. lht• '·"'' h.>< lhe 
<•P•<tly of 80 numb<·"· letlt'r<, or combtn.lliOn>. 

P<ol.,h!t tne n•o•t wido·ly '""' >y<to·n> lor «'CO<dtn~ "''"""·""'" ""• pull<~c-d 
< • ,¡ ;, 1hc• 1 l<illc'" ti> u~ /, • , 1 n 1 h " < od o • 1 he nu m ¡,, • ., [) th ""' ~ h 'J ,u t• , , 'l'" '" •ni c·d h-i 
• ,,,~¡~ 1>11nch "' ,, "'""·c,tl <nlorno. for "'''"'pie•, ,, ¡,.,¡,. l"""l"·d in''"' ltlllt "'" 
<>1 <olomro 12 "'!"""''"'.o S i•> lh,tl <uhm>n. Tll<' ll'Ht'r> ni''"' .li¡JhJI~·t ""' 
«!l•<·so·nled l¡y lw<> ~wlch<•> ill .1ny une <o!umn, llw lo-tl<'f> A LhH•<>tlh 1 att• 

H'P"'"'ntc~ hy • """' punch in rov.· 1~ .>nd a pttnch '" "'"' 1 ""'"'~" 9. lhe 
lo·llo''' ll'ocou~h R '"'' ""P«'><"<Ht-.:1 by •' ""'" punch in fO',-, 11 ,\rod 3 ¡>unth "' "'"'' 
1 ohwu~~ 9 Th<· le\t~f> S throu~h l. .l<e <~P'~>On<<'<i h) a wn,. i>U<>tlo in ruw O •nd 
Jpundo in •u~> .' thn>u~h ~- 1hu>. dny 01 lhe ll) <'ecim•l d•g•" .1nd Jn) ol thc lb 
,,.,~,,ni oh,. ,>'ph,>h.·t c•n b<• «1H<''I'f11t"d m" hon,H\ IJ<~ion 1>v punching ''"' 
p<opt'f fHJ't'> in tht• <a<d, In od•l•l"'"· o noml><.·< ol >Pt'(i,ol dw""''" CJ<\ lo<• 
<qne '"'""'by pm><hing <on>l;in;!i<>n> uf l>ol<-. in a toloo•n "ht<h J<~ '"'' u;o:d lor 
olu· numl>e<> 01 leue" ol thc •lph•I~·L Th<">c ch.H,\Ch'<> ,,.. '''""" wtth t~e prop~r 
P<J"'''"' in fig. IÜ 1. 

/<n <'»Y deV>CO lor ¡emcml!t•<in~ ohc olphaO.,t,< ch,H,><O•·" ¡, tlw ph .. «> "IR " 
11.:· No.oltC~ '"'! tl>e lt·l~" 1 tl><oo~lo R h,w,, J<\ 11 puntlt thn>e IJt•ff!rt' ¡,_,.,.,, 12 
t><«Klo, .l·ld LIH>'C .tfl<,r h,wr· ,> 11 jiUflo,h, ll ¡, ,,O,o ot·Ce».t<y lu to·t>~<·mlwr llt,tl !> 

l~·¡:tn> on " 1 ·"'" on¡ o 1, 

fxJmple 10-1 

f)o'(o~io· Lhe onturnl.lllon ~Ufltl><•d on II><><J<~ i11 ftg IU-~ 

So'utiorl 

\.i•'oonn 1 h•• • zooc punch ón """O Jnd o puoch in <o" l. • ;, '"'""""''-'"-'len<" 
l. Culomn 2 h•• • '""'' ll<H>(h ;, <uw 11 •n.d ,,,.:;:he< rundo in rnw 8. lo ;, 

' ' 

! 
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"''" ••• , ... ¡.. \ n ~ 
""""' 1 ;( ""'"'""""'"""""'"""'"""""!'::·• ·~'"'"'~!~::~:·:·::·::·:·: t 1 ~ 

,¡, k• ~·1 XL-.~~. 130\t 1, 

"'""" 
::: .. ,,::: .. : .... ;,¡·:;;; .. :, ....... ;. '"""",""'"'' ..................... 1 

,,;,, ......... , ... '"""" '""' .. ,, ""'""" '""" ..... ""'" '""" '"' 1 

1 

'"" ..... "'" '""" "'"'"'"'" ...... ""'" .. """"'"' "' ........... "' ' .... ' .. ' .............................. ,,, ....... ' .............................. . 
,., "'.''' ""'""' , ......... ''' ...... ,, ""'"'""" """'"'" '""'"'"' 1 .......... '"" ............................... " ........................ '" .... : 
,,,,,,,,,..,, ... , ... ,.,,,,,,,.,,,,,,,,,,,,,,,,,., .. ,,,,,.,,,,,.,,,,,,.,,,, .. ,, 

1 :;:¡_; ;;;::: ':~~~:.:_~::: :::: :; ·,;: :: :.:~;:~;;:;~;;; ;; :~::;~::~;;;;;;;;;;;;;;;::;;;~ 

r.~ ,~l- ¡.,m'"""'"'"~'c· _____________ _,,_:::-------;:~ 

¡ :: :•!;: ::~::: ~:.::~: ~·.;!: ·.·~ :~:.:. ::; ::::; ;: ~:::; :;;:;:;:: :: ;;;:::;:;: :::::::::~ 
'"""'"""""""" ""' ! ''''""'"'-''''"'"'"''''''''"'''''''''"''''''''''"'''''"''''''"'''''' i ,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,.,,,,,,,.,,,,,,,,,,,,, 
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'""''''"""'"'""''"''''·""''''""""'""'"'"""""'""'"'' 

1 

"'""'"'''"'"""''"'""'"'"""'""'·•""""'""""'""'""'"' 1 
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Di~ir~l Príncipt._., and Appiication• 

lig_ t(l-J. c .. d.re.oding <>prr>HQn. 

1 
1 
1 
' 
' 
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tnpur-Oulput Oevice• 

lhu<, eoch ~~~r>al """' the re.>d h~ad• repre;<>n" a brndiY. \, arrd t~L> rn{urnr>''"" 
<•" O..· u>t"<l w ><·< flip·f'op< whoch fo'"' the Lnput <.t<>ra~e r~i>'<''• lhe ,.,d, '~"" 
p.r>> o""' oilwr rollcr< ,111d ;r<' p!.wed in thc >tacker_ lho·rc,. ~u•r~ <>Hen; '"'''"'1 
¡e;rlbe•J whiCh re,od< the d.m ,1 'ccond time tu wo>ide a ,,,l"htv tht·r k <>n <'•<' 

re.1ding pro<<'" 

hample 10-2 
Supp<»<' a d..:~ o{ ca<d> ha> b'onary ~at.l ptHlChcd rn them. !o<h c¿rd ha; rwcn•y· 
four J~-~'l rvord;. \lti>C (,l'rl>•"' n•ad ata rateof 600 ca<rl< pN m'"""'· "lul i; ''"' 

r.11e al whi<:h dota a.-, onrorlng tl>e systc>ml 

Solution 
Sin<'' t•,<ch ea<d contarn< 24 wurd<, the data rate r< H "600 • ,.,400 """''¡m 
nrin

1
rre lh•> ;, ,.,10 rv,rlt•n1 tn ló )( ¡4,400 ~ > 1 U,400 !J•h nor "''""'"· o· 

51 u.~oo;r.o ~ B,G4D ¡,·,¡, 1"'' "" und. 

l'unrht"<l c.rcl> can ,>1><> Le u<ed ''a medium for •ctepti~g ,¡,.,,, r>u1P~>l rrom ,, 
dr~rr>l ,,.,,em. lo thi> CJ«', • <1,rd. of lJ!~nk cards (h.>•·ing no ~.,.,., pcoot l·c•d ''' 
lhe~•l are he!d <n ,1 h.,pp<>r in a card punch whrch ;, c"nl•ul~<'<i b,r rhe d'R''·'' 
;y;tem. Tho b'•nk c.rds .,~ d<Jwn Ioom the h<>PPC• ont• al • Irme •n~ pune~ 
..,-,¡h t~e prope< ;n!onnJtion. lhr.'Y are 1r.e.. pa"od und~r ~~•d ht>•d•. "hich <~•"-~ 
1h~ -.lid.l~ ol 11-<> punchins OI>O'Uir<>n. and >taded in •n outpul ho!>P<"· C•nJ 
punch~, a•e capob'e of QP<'<O!r08 al 100 lo 1>0 c.,d> ~"'' m•nute, d,'P,.,.,d·e~ on ,¡,... 

' ' ,t~m u«~'. l'unchcd ca•d> W""""' a 'numkr ol impOrtan! advan\aS~• ~~~ frrst of "h•<h ;, 
1he r,.cl th.ll ,¡,.. ,,,.d> rcprewnt o rn~on< of >to<ins infurm•!•unp<"m.>nently_ <;;neo· 
1hc tnlurnJJir<>n r< in n>Ochino codc, and s•nce this rn!om••ti<>n r.n 1~1 P"""'l "" 
,,.,. •op t·dge ol thé <.rrd, llir> h • ,c,y con•en•ont "'"'"' .,r '""""'"';'·"""' 
¡,.,""'"" rnJn ond m.>clwu·. ,rnd l><·rwccn nuch,nc Jnd n>J<!>illt' 1h<'"' is ''"' .• 
"ido 1J1it•ty uf porn>hetJI ••<;uipn1enl ll'hid• COrl \>e ""~1 \O pru«"" inln<"'·"'"'' 
"'"''{] on "''"'''· lhc rM>I <r>mmon ar~ "'"'""' coiiO!OrS, '"~<u'>tro~ p~nchc•>. 
¡~prod~con~ puoo:hP•, ""d ;<tounl•o~ mac~<oe;_ Morc'O'~'· it •• w<) <'·"Y lo ror­
re<l o< chdn~e 1hc intorma1ron >tor<'<l. <ince il ;, only "'-"''''"''''"""''"''"tilo 
cie>rr"! o•dM aod ¡..plo<e ol lt""-·ml .,ith the corr('(;tcd 0<1<"1<1. f •n•lty, the,e ca•d> 

JI<' <¡u•le rne>pot'n;ive. 

10·2 PAPER TAPE 

A~o·her wod,•ly ,,,.d inpur-oul¡lUl me<hum '' punche<l P>P''' l.rpe. ll 1, u,...-f '" 
"""h tire'·""" w>Y •" pur><!><•d r.rn!>. P>r<'' ¡.rpe ""' t

1
cv<·'or••d ,,¡¡,,,~ly IG• tk 

purpo<o uf tr.tnlmrtt•ns wlo•w·•P~ ''"'"'go> 0'0' w1ro•>. \e·,.~"" t~<·•l ,.,rc•r\\ÍI'C'f) 
Íu< S!oring rnlorm•tron antl 1"' trJn;mrltoO~ rn(u<r<•orron rron1 n•·" r,;,.,, 111 ni.Khrne_ 
I'~P<'< tJpc tl.tl<'" lrom <,1«1• '"tiro\ rt i; ·' conttnuoU• ro'! <1f p,tper; ¡hu>. ·'"Y 
on•ount o( inlonodtron l",<n ¡., puochffi •nlo J ro!l. 11 Í> 1"-'wb'c lO rc'(O<d ,)•W 
.o'phoberi< or ocnrcrir th.><,.CIN. •• "e!! ~· • numbef o< """i,.t ch.lr>ClC", "" 
l'•'l"~ !,>pt• \¡y punthin¿ ht>lo; in U"' 1-lPC in j(re p•opN !>~·'''''-
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fog. 1~<. Pundwd P•P"' r.pe. !•) b~~t-hole mdo, (lo) l"noplo 10-1. 

The¡e .,. , """''"'' ol wJe• fo• punch;"H d,,,,, '" f>Oper tape, but "'''" ol ''"' 
m,.,,, widel1 u<ed i> tl1<• ,.¡~~r-l>olr· cod~ in f ig 1 0-.,, H•·'~'- repre>enr '"8 ,¡,,.,,_ .>·~ 
pun<h<-d rn eighl p.>ra'ld <h•nnd; w~ich run 1lw l<·n~rh of rhe l•r<"- ITht• th•nnd, 
"'" IJbe't"<l 1, l, .,, H, l~•·•ly, O, K, •nd t•<><l of 1«•~1 (oc!l cha•dct.,.,-numo<rr, 
•lphol"-~'<. or >p<"Ci~l.- O<rupi~• o"" rolumn u( t·ishr po><tion; .>ero" t~e v.idth ul 
the tope_ 

Nunrber, >re <t'l"'-""''""' 1'1' pun<h<·< in 00<' '" 0101e rhannel> lahe~o<l O, 1, 
1, 4, .H>d ~- ,..,,¡ ,.,, h "'""''''"¡t., >um olth••punchrn<il>nn<. ror ••·•mr'<•. O;, 
""P""'""'"d by,, ""glt• P<>I1Ch rn th•• (] chanm·l; 1 '' "'I~<O>tl11ed t>y a "ngl.• ¡>un do 
;., t!w 1 ch,1nrwl; ) ¡, • ;i11¡¡l¡•pon<h •n < h,,,.,,.¡ l; .! "J punch in ch.1nno•l 1 ,ond a 
r>unch in <honn"l '· ole. 1\ 'ph •• l~·tic charocle<l "" ,.,,., . ., . .,".d u\- " (0"'"'"·'¡,'"' "' 
¡ouncho> on ch,1nnel> 1, O. 1, ~. 4, onJ 8 Channcl> X •nd O ••• U~<'d tnuch "' t'•o 
'""~punche' in pundo"l Cd<<l>. for «•mple, rl>t· lt·tL« .-'. ¡, de<ignated b~ P'""'~'"' 
in channe¡, \. O, ·""' t. H•o '1"-"< ial <lhl<a<ter> Mt· u-nro•~n!ed by ~oml~n>tion. ni 
pu"'-h<•> in •11 ch•nnt"i> "hich aro not u"<l lo do>ign.:c el!her numb<~< 01 !t·tt•·<>­
.-'. ~undo '" t~e end-nl-hnc d••nncl ''S"'~''' thc en U uf; L'oá ol inlormJ!<un, '" 
tlw o·nd of r.·tortl l ¡,;, h thc ""1\ t.n)t- .1 ponch ·'1'1"'·"' in thi< dr•n~>el. 

_.,, ·' """·"" "' ,¡,,.,_,,.~ ""' v,,r,.r.t) uf r!w ;,r,,.,.,,,¡;,., punched on the tope, oho 
t»"IY ,-~,\llllo'' i1 01"1 !O <'n>\1'<' ti>JI hHh Ch,Lr,>(l<·< 1< I<'I>'•'<CI1!>•d l¡y .1•1 ndd 
nu>'ll><•r rot '"J'<·>. For <·•a•np1c•, 11>c lr•"e' ( i< repn•;crH"I hl' ru,.cht"l in Cll,\1\nt•l• \, 
O. 1, • .,~ l '""" an o~J llOmber ol ho''" ;, rt~¡Uil<~l r,., ,.,,,¡, '''"'""'"'· tlw , .. ¡,. 
tor tho ¡,.,,., e "'"' !• ... • PfJ"'-~ rn the P""V , ha"•~·l, an,l thu> a tot.>l ut 1.,. 
puo<~<"< ;, u<ed for thi• lor•o·r. 

hample 10·3 
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"' Di¡;ir,rll'<inripl~> ami Ap,olicat'•onl 

' 1hc trPC""'N pf('vi¡lc> a""''''" cupy of wiMI ;, por< h~d ;,¡o ¡/,p t•po. Til" co¡oy 

can be ""'' for Vf'ilf1cat•on ol thc pu.,ch"l ;, '''""'''' i<><1. 

10-3 MAGNETJC TAPE 

M.lr,nCIIC r.we ha. l>ecome Me ul rhe mo<t imPIJC1;)111 mcrhod• for ""''"~ IMge 
tiUOnl•t•PI ni •n(O,mil!lon. Mo~n<•lic rape ollt•" a numl>_.r ol adv,lnt.lgo·< "'"' 
punch<~l <orrl• and punched po~~~ ••r•. Onc uf lhr mo>l 'rmP<.>rlanl is ill<' lacl if,.l 
"'"~nci•C ¡;pe can be crO<f'd •nd US<'d ovcr and '"'''· RrMiong•ood ,¡_., nrJi"g ''" 
much '"'~"' ¡~.on w.rh p',¡ht•r <ords or P•P<'• l,lpe. How'""'· rhey requirr rhr u«' ni 
a top<'-d.,ve una <vhich ",uch more "'P<"nsiw• rh•n thc oquopmo•ot u•<'<i worh 
c.rd• •~d p•per 1>(><". On tho othor h¡nd, ir i; po;<ihlc ro ,rore ~P tu 20 mHioon 
th>r.l<le<S on onc 1.400-ft r<"<•l ol m•gneli<: l.lpC', and ,¡ ~ bog~ volum~ col ~Ma" 
on• ol ¡he W""m ""quiromonls. lho u<e ol magne¡ic oa¡>t> i> "~11 ju•tif.ed. Mo<l 
commonly. m"'~""loc lapc is <uppl•ed o~ 2,400-lt ,,...¡,_ rrn- lap~ io«:ll i• a •¡,.;n. 
w",Je <ltiP ol pla"•< ~o·olh a magnohc n•i<l~ roOiiog on nnc <i<l~. 

Da t.> are tttorded on 11'<" o.> pe on """"" p.o•allol channd< aiM~ llw l~nsoO ol oh<· 
ta{X". The channoi< a< e lab<l<"<l 1, 2, 4, ~ • .o\.. 8. and C •< <ll"" n ·,n f i~. 1 O.&. Sine o 
the in/o,mdl\oJI r<'<ord.~l on <1>~ '~ro mu<l O. dos•t•l"' lorm, lll.oo "· lhooe mu<l t.. 
'""" "Me<, il i• '<'< ru<l·~l by magne"''"8 '11<>1< on lhe Ido><' on OnP ollwo <lfi<'<IÍOn>. 

A '""''hlo<'d p't",...nl.olion ol lhe wn"le and f<!dd oprr•loun• ;, ;ho~o·n in Fo~. 1 0-7. 
Tr.e "'"!!lleliC '!>01• a<e <<'<:o<dt<l un ,,. la~ •• •1 P"'"" o•N lho ""''' l>r•<l •• 
<hown on F•8· IO·la. 11 a 110"''"" pul..- ol cu.,enl ;, appli<'<l!O oh•• wr•l,...t.rad <:o<l. 
•• shown in tl>r fi~u<~. ~ magJWiiC fiu• i; ~ up.., a doc .. wi>(' ditl"Cioon a<ou<>d lhe 

"'"-'<' head. A> ,¡,;, ""' [ld'""' ohrough lh~ «"<"O<d g.>p. '' <ptoo<l• slisMiy •<>d P•'"'' 
¡hro.,;~h the o'do coolin~ on lh~ mag,..ti~ ,.fl<", Th;, '•""'' • ..n•ll ar<'a on.o~e 
to;>o< ro be m.agnt'liz<'<l wol~ ¡he po!.,~v """"""in lhc f•surc. lf ~ cu«enl pul,.. ol rh~ 
op;>o••IC polarity '' o¡>¡rlo<"J, oh~ nu, is "'' up in lhc oppo<o<o <liltthon, aod o •poi 
m·~nctiz«< m lhe OPP<J<Ue d"f'<'lion "¡ccord<'<l on ¡h• lapo. nu;. il ;, P<J<!tb.'e to 
;ceo•~ dóia on thc l•pe •n • di~,,,,¡ l.,h.ton. The <fl<>t< >hown in lhc 1'8""-' are 
~"'"''Y e>o~gn•led 10 '"" '" •l•o" lhe dorf'<'l:nn ol mo~nel"ation cle.>rlv. 

In lhe f<·.rdopt''"''"'" <hown on Fig. I0.7h, • m,>gnelited <1>01 on lhe l.r;>o >01> ur 
a llu< m tht• re•<l /load as th~ '·'~• r><«> over thc '••d g,or Tho< ilu, Induce• a 
lm.lll voii.Jgt 1n lh~ IP,l<l·heJd cnil wloi<"il can l,.. .lmplllot'cl ,ond or~('{) lo sol O< re•el 
a l;ir-flor>. S¡>ul< ol oppo,.te polarii,'c< on llw '·'1"' ltttluct• \'OIIogc> o/ OPI"''"" 
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1t.... rlla<inlLJm num¡,._., ol clw,lfl<'r< lh,,¡ ca11 be _<lmed on lhe tape;, 2,4UO >< 12 x 
SS!.- 1&.0128 ~ lO': Mu_llipl¡ing thi, by l~e ut•lll.rion factor g<ve< 

CHAR-1&0116~ ' 10'><--~J IOx 10' 
5.17 

104 DIGITAL RECOROI,...;G METHODS 
• 

T~r~ are a n~ml)('r of ""''"'"'' ¡,, tO'<o"l<ng d.O> on • m>goeli< wrf>c~. lhe 
melh<><l> 1•11 n>lo '"'o gen~,.¡ <ato·,:moe<. rolled "'rclu•n-\C>-zero'" ,1nd ·•non.r""""' 
1"·"''"·" '"" lhey applv lo m•~ncl •<·l,>po• ''"' o•d•ns '" "cll •" <Cn>rd·n~ on m.>~­
.,,.,'' d"k and drlJm ""~""'' (m,,~nctic-di<k ,nd m•go<'hc -drum >torage will ~ cJ". 
cu.-etl '" ,, ¡,,, .. '"·'1'''''1. 

In'"'' 1'"'"'""' •e<lion. •1 wa1 "'"'"' tkoL d•g•l>l u>form•!ion cuHid ¡,p rotorded 
ton °1•1J:'WII< l,lpO .by ma~e<·li,in~ •noh ''" !he IJpe wi¡j, OPI"'IIIt• poiMil'~l. lhi> 
1¡¡·~ of n..:or<l,ng '' knuwn ·'' '~'""' lo-/o<O, '" Rllor,~o;l, lt-..orrl•ns- lho ,,.,¡,. 
"'~'"' (,., l<'<ordLe~ <l•ta on t.>pc u>ing thl' n•<lhod "to •rrly • """"'u( cuHNII 
Pu ¡..._~ 1<> '"" "'"e·heod '"n<hn~ •• •hown in r •g. 10-1 O. lhe cunont pul«', wt up 
<<orr<"pond<n~ flu>P• <0 ~~~ "'"IP he.>d, •• ll><run in il>e (,~ure_ lhe <PI>I' m,>gne. 

'"'~1 '"' 1ho "'''" """" IX•'•"''"' '"'"''pond,ng 1<> 1he onxhon ol ,¡,,. nu• ... ave. 
lurm, ond il " nnlv n<'< "''"'l' tn Lh•nge 1ho d11<•nio.~ 01 the 1011ut cunenl In w1 ,1,. 
l,nr 0... t-;nlit~ lha¡ tho <n¡>UI <un 1•nt an1ilhr flm ,..vdu::n «tu<n lo a ,,.,0 ,~,.,. 
'""" iP,cll~·tv.·~en in<IMdual h,,,_ lhu• tbe tt~nt"rrlurc, lo <010." 

Wl"'"·'' i> d<''"Nl lO rearl '"'' r..-orrl•-<1 inlorrnatio; from tne ,,,pe, 1he 1.1pe i• 
p,...-d ovrr the '""'' lw><l< and th<' rn,gn<'1i,.'<l '1'<>1< ie~uce vo.'la¡,'<'< '" Ll'< 1<\ld. 

~'"' "''~"'"~."'""""in lht• ''~'"''· NoiiCOihol lhe"'" '""'""h•t ,.¡ ,1 p<ohlo•u, 
C!l', ''""' ,,.l¡ho Pvl<o• "'"' l>,lh """'"" .lnd "''il·""" porl•<>n> Om• nwii~<>Ú "r 

<1<'1•'< 1 '"~ ''"''" leve], wn,o<•dy " lo 1l1nl>e lhe oulp111 w.wefoom. Th.ll ;,, 1 he C>Uiptll· 

""" "'""'"' ""''"' 

fig >0·10 ""'""'''" 11·ro 
oerol{l•o~ '"d <N<I•"M 

>UI·Outpul Devlce< 

Rt<<><O . ' 
'""'"' ""'"' - 1 

R<""dllu• 

R<>O 

""""'"I""'Put 

volt•ge .. ovr!orm ;, ~ppl<«l to one input o! ~n •~D ~le C.1!1er bo-ing implif•od). aod 
• dod. 01 wol><' pul"' ,, ¡ppli.d 10 the othe1 input lo lhe gote.,lhe .:robo- pul<e 
mml Do- w<y c•r~r...lly t•mcod lo""'"'" thil it ""'P'"' th• oulpul wavel01m al lh• 
PIOI'"' timo. Thi• i• one ol 1he mi¡O< ddflcuii<C< of th" 1ype ol recordong, and '' '' 
lheoe/o¡e ... l~oln u>ed cx<<'pl on 0nag'le\<C d10n"- Qn • moRne1o< d1um, lho sloob<• 
wO>dorm can be <e<tlltlNl on one Ira e k o( !he oh u m, .1nd ¡hu< the poope1 tim<nS " 
ach1evoU. 

A <e<unrl d,((Ocully w•Lh th" 1\'no o( «xonlinB ;, tho lo<llh.ll bt•two~:n bil< ¡heoe ¡, 
no «'<u<d cullt•nl, aod ¡;.,,. '''""""" lhe 'Poi• M the 1.1p~ lh~ ""~net1c ,,,rae~ ;, 
ra~domly OILMil'<l. lhi• meon> thal <fa ncw re<01d•n~ "w be m.>de ove1 nld d.1l,>, 
lh~ O{'W d•IA ha'~ 10 be- o..:ortl.d preci,dy on lop ollh~ old da!>. lf \hey •'" MI, 
lhc old daiJ will 001 bc ero.....:!. and 11>~ la>"' .,.m <ool•in • <Mglomc,;tion ol infOI· 
mJ\;on. l)u, la~ could be .,,....,.J 11) in"alling •""'hO< !.el ,¡N are he•d', butlh" " 

'.coslly a nd """"'~'"''Y. 
A mo1hod !or cming lhe<e p1obi=• ir 10 bi•• tt.e lt'COid h<'Jd wilh a corwM 

wluch w;ll "'tur•le 11><' l>.pe in ei.r..r on~ d"""'""' or lhe olher. In thi< ry<l<'l\1, • 
cwenl pul"' nf p<I<<I<VO pcMrity ;, ap¡>lo.d onl)' w\wn U ;, dc•ir.d lo '"''le a 1 on 
lh~ lapo"' •hown in fig_ 10-1!, Al oll o1hor 11m~• the llu• in th•• wril~ h~•d•" •ul­
f.t1e,\ lo m,>Rntli>E• lhe enhoe uack '" tnc O ri01t>< ''""· N.,w, rec<><d•n~ da!,, o'"' 
old ,¡,.,,, il nol ,1 P<ohlom •i11ce the l,>¡>o "efltch....,ly , • .,,,.,-¡ .- •1 p,w.e< """' lh•• 
•<·«>ni htwll. Moll'«VN, the hminB " nol '~ cnh<·•l ,;,., <' '' i< ""' n~re~SM'i 10 rtconl 
e•a<Liy o>er tlu• p1ev1<<U1 doto. \\lhcn ,¡,,,,, J<l' rc<n«l('d in lh« fo•h•nn >r.d thl'n 
pl.wc.l 1>.« k, ,, 1"' ~e op,~ea" .11 tho• <>111rut 111 1h~ r~,,,¡ ,.:,nd.os onlv when a 1 h,,. 
bccn re<ordrd on lhe 1.1p<. Th« makr, I<'Dd,n~ the ,nl~<mil•nn (rom the l3pe rnuLh 

""''',"'. ln<' oon·<ewm·l<>-1~"'- o< NRZ, lt'Cor<l•n~ 1..-hn~¡u~ ;, a ""ahoo of tho Rl 
ll'C~niqur whcre lhe wrilt• curr~ot pul"" do !101 I<'IU<r• lo .,me ref~rencP ~~~ 
b<"''-""" b•"- lh<- f,:R7. r'-'Cotdins tcchniqu~ c•n b< llH1 e.¡>l.,n.d by e.amm·~~ 
¡he oc<nr<l-<urrenl wavelorm ,¡,own in f•~- 10-12. l'ol>ii<~ lhot 1he '""""' i< •1 ~t 
whole re<"«hng h on<l at -! "hole '""ord•n,, O< S<n<e thr (Y<<enl le-.-el< a,e alwa)' 
al r'•lher +1 nr -( lht• 1<'<0'~'"~ prol~''''" of <he 1"" RZ W'""' do nol e<«l h~oe. 

Nol,re lll~\ 1~e vollo~e >1 tOe ,,.,,¡.w,ñd,.,~ UuiPLII h•• • pul<e onlo· v,hen the 
retolllt~l d;to rh.1n~e (t~m ,, 1 '"a O"'"'" •·oo;o. lhero•lore, <Omr mean< of 
'''"'"'~ lh<' rt'CordeU d.11o ;, ne<<"'-"' ¡,,.ti\!' «'><1 "''"''"""· 11 the ,.,,.¡.,.,oduo~ 
vol\.1~<' ;, .•mpl,fll'd '"d u<t•d lo'"'"'"'"'',, li•:t fi<,P ·" ,n,wn 1n lhe ~~~'""' th~ A 
"dP ,,¡ th<' llop flop ;, l<>~h du"n~ ,.,,;h ''"''' thal ,, 1 "l"•io~ n•,d. 11 "\ow "'"'"g 

.... 
" 



' ' 

'" 
'"~"P"'"'''<I by <¡>ot• '" d""""h 1, A. and u. soncP th"" ""'' thr.-e '""''·'"~m¡,. 
,.,..,1 '~"" ;, t<'<ordé<J '" ch•nnei C lo m•inl.<rn '"'"" porit} for rh" ch><o<IPr. 

Th<e =ond <l~rm i< thc horilo•ot.l~ P"'''' -eh« ¡ /¡,¡_ 1 ho< •< "'''""'"'""' rPIPtr...d 
tu,, t~e lnn~itudon•l p.lr'IY bot, ;¡nd <1 is .,.,;uen. "''"'" n<'('(lo,J, ,1/ ¡he md ol ,, 
blo< k uf mlormo>IH•n m'"'""'"· The tot,,l numl•·r ul 11111 recordcd in eoch <hannt•l 
"mnnrlored, and .lt the t•n<l uf o rotOfd, a poroty 1>11 ;, wrrttcn ,¡"""''""'Y ro koo·r 
tho• tol,<l numbo'l of '"'' ,,., even numbw. TIH•W tw•> 'Y''"''" lnm1 on cw 11-r'·"''' 
''"""'· They wuld, ni"'"""· jull "' ea,ly l>e im¡Mn·er<ted tu lorm on odd-¡>.ll<ly 
''"""'· ln!orm,11ion can al"' k <t>tu<ded on the t,lJll' rn •"•i~hl binary lorm. tn lho~ 
''"'· • J&-hot wo«l" wril<en •cco" the v.idth olth., tape 1n r,'<>Up• ol '" bo11. Thu• 
it ,..,..,.;,~, ,;, column• !O •ecord """ 1~-hol wotd. 

The,·Moc,tl <Pa<ing h<'twt'Cn the <eco•dcd "PPI> on ¡he laP<' is ¡,..,.¡ b)' 1he posi­

'""'' of lhe ~~•dfw"!~ lleads_ lile r.o.-iZ<ml•l <pocin~" a fuf>(li<>ll of lhe tap<• ""'cd 
and 1he reco't!tng 'l'<""d. Tape s.pl'<'<l> vary ftom SO lo 200 in/>. bu: 75 and ¡ 12, S 
in/1 ."<' quolo <Ommon. 

The "'''""'""' nuOJf>.•¡ of <h.t•a<l<'" ''""'llo-d in 1 in ol '"re " <ali<~l ""' 
:·,·n>erli~~ oi<'r>><ly,'" ollld " i; ,, lun<l•on oltho lo~ ro <rt'<-rl ,tn<l the '"'" al wlll< h 
<l.tiJ .uc <uppli<•<l 1<> 11"' IWii<• h<•.od, Typi<,tl toe<"'li,~ d 0 <>1•l•e> ore 20U, 5~G. ond 
600 ~'" re~ '"'h. Thu1 il can l>e l"en <h,tl a lo¡,ol ni 800 x 2.~00 ~ ll -
l1 Ol >< 10' chJ<,nl<•" can bo.• >toce-á oq on<' 7.~00-lr ,,..,¡ oltaro. Th" wnuld 
nwan that ilw d.lt.t wnuld ""'" to t>e ;!ored W•lh no gai" bet"""-'" chd!acl~'' or 
~mup< ol ch..< a<!<'<' 

for py1¡,.,.,... ol loc,lUnK inlon""""""" lap<', •1 "mo•t common to re<:o1d mlor• 
malion •n g1ouP> nt t>oc<> cdlled "t<'<o«k" In IK•iw«-n 1<'<0«1> there i> a blon> 
<p,><e ol lape t'I:,..:J th<• "intolre<;ord ~·r-" Th" ,._,r i< typ« ,11; • 0.75-in ~>><~ ol 
b:An'• t.p<", and ''" P<l>•tr<ln<'<l owt lhe '<Od/W/jf<' hood' wh~n lhe lof"' 11np<. lh~ 
onl<•rrfford g.op P'"""lo< the <¡>,¡ce nec~<...,ry fm ''"' t.tpelu <<>me <'P lo Lhe pro¡wt 
•r.,.:J l>elor~ '"' •>«fin~ "' ·~.td•nH of 1nlnrmat1on '"" t.ok<· p:." e ne tol,tl ""'"IH•t 
olchMMW" "~"rohl un,, t.tp<' i< th~n .>1><>" lunel'"" uf ll·r• t<•cor<llt•c·,;th W tho 
lot.\1 n~ml>er of ''"''"'' .,,,¡ ~.tp<, ""'" th1•y reptO>MI lrl,<n~ <race on !lw ••r~l. 

The data '" r<'< o~<k<i "" tho• lo pe, includmg f<'<ur<h l•cto.ti dot•J anoi onl<•rrccoal 
~.>r>, can 1><' I<'P<O>etot<~l A<''"'"" •n fi~ 10-9. 11 111<'10 """'no ,,.¡.,.,~ood H•>P>, 
ti><! !otal numbo:-r ol <horo.l..-; I<'('Ooded co...rd l>e louod by mult•pl)oog the leniilh ol 

¡he t.>f)e on incl><-> by tlle I<"<O«:lrng dm>•IY '" C"->IOCIN> '"'' of>(h, l( !he r<"<ottl 
""'10 e•a<liy !ho """'" len~lh d> tlle interr<"<"o'<~ gop, llre lolar"slor"&" "oold r... <ul 
'" h,tli. Thu>, ti i< dr<iral~e !O lu:-.,p the <«ords •• loog a• possobr .. on or<lo•r "-' u<~ 
thc 1ape most eJI,cicolly. • 

f•¡;. 10-9, 
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Solulinrl !tO-l>-
Th<· l<>l->l oLJnrl.-r ,¡ cbaraciN< c.on 1~· l~uml """S fq. 

1,400 >< ll >< \'>{, X \00 - ).lO>< 10' 
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10-6 TELETYP[WRITlR. TERMii\ALS 

Input-Out pul Ocviccs 
m 

•l<o "'i"'i'l"'fl W>lh a p.>p<"<·IOI"" punch, antl ü>ul ~11h~r ¡,,p~l ,¡_,,_¡ or O<¡t¡wl da» 

r.>n he re<or<it..:l nn p01nCho><l pa¡,.-.r ,,,pe ' 
MO>l m<>dcrn TTYs u•e •'" eig~>-hole 1"'"' hr"l l'>f!OI la¡¡<", 1 ner~ !>.1< "''''" .'In ,1t­

Wm;>l H> <t.whrdll<' on an alpl'l.'lnumer<C codo•, and lnt' An'lc-oc~n '"·'"d"J Cnrle 
for ll'llorm.>11<>n lnl!'r< hai'I~O ¡;.,<;(11) i> w1d••ly u..,d, An "'ght.~mle wcie h•• !' • 1:.~ 
<eomllln,'l1iol1,, ¡ulfononl lo pmvide lor \Jolh u¡>perca"' a~d '""""'"' al~h,ob•_·"· 
the 10 nunH•r,li<, and ,, nomber ol <pe<-i.ol characte<S ar>d conltoi "~nal< l~w 
A,<,(ll r mle ¡, •hown in T .ohle 1 0- 1. 

10-7 ENCODING A:--:D DECODING MATRICES 

[o~cud'n~ ,,nd do<ml1n~ matrin•s are ollell uY,d lo .>ltor the lo'"'~.' :'>e rlot.• be 1 n~ 
"""'""" inll'l oH l,l>t•n out ol ,, W<H•m. A d.--cmJ,n¡, "'·"'" i; ~"'"'lo <1<-corlc tlw 
¡,n.>r, inf<"'n,llnln in ,1 diSit.'ll <\''"'"' by d>an~1ng ,¡ onlo "'""'' olh<·< oumi>er 
,,,,.m, ''" r>.l"'ple, '" • p«••ioWI choptcr the i'lon"y nutpul o'" "'~"'"' "'·" 
<i<'<.<Mi<•d '"'" do•cimo>l lo<n'l by OIC.lo\S of ANO g,M<, iir>d th~ dt·(('ICed nutpul wJ\ 

u;<"<l to d""' ni"o ,,,¡,., [<1<<>rhn~ IOin<mOlÍ(ln i; ju\1 tno rr,e·«" pc(>[P<> on~ 
< ,,,Id, lo" O•·•n•rl<·, in<·nl,·c ch.1 ·<~lnK <h•cin>,ll ''h"·'l' in lo ~u ·,_,:rnt ¡,,narr· 11gn,l; 

lm o•wy 1n1o ,, diKIIill <y•l•·nl. 
11~· mo<l .,,,,;~htlmw.\ld "'•'Y ul do•c• l(i,nR ,nlorrn.liiM " "'"l'i'r to <M'"'" 1 1he 

"""'"'"'~'ANO ~->tco, "' w,l< dono• lor th•• ni>iC tulx-< D.-.codon~ ir.'"" ¡.,nion" 
<J<OÍ1e <im¡M on<l ;, mn\1 e,,;ily '"' nmpli;h<"<l by"""~ rhr truth tab:r or w>vci()<m< 
lur tlw <ign,ll• •nvoi><•<L l he <i<"<oding of il lou<-lhp-llop <ouo•e• "ould. lo< "'" 
.>n>ple, "''1""" 16 I<Ou<-inpul •Nr> ~\-''"'· 1ine<• lhe•e are \6 po><<obi~ <!.lll•< 0~1~•­
mi~NI by !lw four lllt>-flo~<. Tn" \ype ol <len"hn~ tiwo '"'~"'""' n ~ r d'od••· 
"hl'<t'" "t~c numher of ll,p·llup,, lo< tlw tomp:ro~ ~<"<<Xl•n~ nt•tw,>rk. 

rumplc 10-5 
[)r,IW ll.v \ (, ~illt•l neCO•S!MY \O do•«>< lo• • (ou•·ll•p-llop counln 

Solution 
Th<- 0{'<0<<.'11)' r,.\1~< Ciln bt><l bo• implo•m••ntcd h1· u"n~ il trut~ \4!>le \O dc\Nm>OC 

¡1-.c nt•<c;,,,,..,. ~·''" < onne<tÍn<"- Thc K-M<·"'' ;hown on r'~- ;U- :•_ 

T~<·rr ¡, • '"'""d n>elhocl ol olecnd'n~ wh.ch Cd1'1 1><" ~I<'Ó 10 ..,~¡,.,. ~ "'-"'"~' :n 
d,<><ll'<. Th01 method "<t•ferl<'d to., "tre~ rlecod"'~·" a"'d '' ,.,._;,, '"a '"'""""' 
,,r ll·r numl>er <>1 rcqu:rc<l d1nrle• by woupoog lh~ <lat"' >e• bo• C"'""-lc..-1. De,od,og 
<Ji 1hr (.,ur·II'P liop count<'< rl'"-"'"'d in ti\C pr<"'>'""" e•il"'~'c <an ;,._, •r· 
m•n;•:"h"d by <ep.V.<>in~ \he'"""\' inlo lout ~!QUP'- Tl•<"r "''"'~' ,'l·r O-U.); 

~-~ r,7; ~.'>.1<1.11: ·"'" L l,l k \4,1 ~- NoL><r oh.>t •~• r r•\ "''"'~ '·'" '"' rl.•­
''"~"¡,¡,,.._¡ )Jt •n •NO 1(.110 """"'""'~''''" DC. thr """~" ;:•o-..p b, [K.Ir-<•llwrl 
~'""" i>y nr. •• >nd th~ 1~•1 ~'"''1' by rX. ¡,,el-o ni t~ •ou' ,.,,~, r•n lhen he 
''''"''~1 in h•lf by u<ing B m~- Tht'«' "'~l\1 s.;Dt:m••p• <>" ,,...., ;"' ~~''"~' d,.,JNI 
'"'" Lh~ ¡¡, <oont• by '"'"~A,,,,¡ ;;;_ !1"· comp••·•~ """'""'"~ ~rl><o•> "'~""'"' '" 
t ,, I0-1>. 
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l,l~t\0-\ 

Tt!{ '"'ER<CAN Sl~NOMll COD' f()~ IMO~"'~liON lXCH~C.0l" 

000 ·001 

0000 NUtL OC0 
0001 50li oc, 
00\G EOA DC¡ 

~ w•r ¡ oc, 
UlOO t:Or DC, " ... 
" ••• 
OliO 

01 \ 1 B!LL 
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v"''": ''""'"'"" 
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011 • \00 
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' , 
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" .\1) 

" oc, 

nc, -oc, ,.. 
\Y.I(; 

"" so •. ~o, 

10r 

' 
' • 
' ' 
, . 

' 1 1 

1 C:c-

(""'>"''""'" 
'"•l<o"' 
lt ,, '" 

Ot"" '""''"' G) 
"'"'""" '"' "'" L.o 1 ""r'< 
\)<>;<' <Oot·ol 

[""' 
~'"'~'Q"""' ""' l•<~>l <Od o( mtJ" 
Stemlo< (ool"''"'"'""l 

""'" "'""""' '"''"'· ... .,.u, .... "''"""d 
Ac>nowl•d•< 
u •• ,., •• , .. ,,.,¡ 
["'"' 
\!<1<1< '"'' 

' ~•·fo<<Ototl lrom 
t•~<,u. t%6 I· 

[),.~,¡,,¡ ( ''"''""''' fo,nrl.omen;,, ¡, Oy 1\>e>nla; C B.or<eo 
<c(;1,1"·11111, lno·. U"'<l wo¡ll I'O<n'l><l"" ~~ ~\¡(~'•''·' 

C"PY"&ht 
lhil B"uk 

CI""''·'"'· 

1 
1 

1 
! 

lnput-Ouiput lJ<.>viccs 

;D, :DB ¡ '-' 
" 

' ¡o-\ ~o-~ 1 . 

-"1+1-Htr"f- ;D-1 ~o~~~ o o 0!0 o 
o o o'\ 1 

,_, ,_ 
o o 1 o 1 o . o 

o o'!' 3 ~Dl iD-11 o 1 o o • 
o \ o 1 ; 
111\0 6 

-'- J_'~-f 1 

' o o o 8 

iD 4 'D ' o o \ 9 ~ 11 ' g : w :~ ' ' . 
' 1 1 o o ' 11 
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1 o 1 l 1) iD; íDll 1 1 o i )4 
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ti-\ OOo-----¡¡---

~D-6 ~D~· 
iD, ··o-" " ,_ 

" 
r-s •o-11. fou•·llo¡>-ll"p <ounl<f d«<:>d•og. .... 

A ,._lVil'g ni fl dot.C"' h•' l>«'n "hi'-'''<:'<1, sonrt· <he P'<'V"'"'> d••roJon~ <eho·mt•OO 
rc<¡u 1t<-d (>4 do <><lo\ Mld th" rMih<><l on!y '«l'"'e' '>6. 1 he \0\'Ín¡; '" rln~lo> h<'"' i; 
""' '""" ;¡,...-l•rul~'· bu\ !he con<:'"<toon of • o>at<i• on thi1 m.IMO< to d" nM J"e 
flo¡~nopo, would ,,_u\1 in a <JVing ol 4Q ri,O<Ie•. A< oh~ nyml"'' o( lhp-llop< In¡,.. 

dO'<<><l..d inoN'<". ~·• <.>•ing in dnxle~ once<'><.<'< •·~ry rop>dly. 
ll"' IY[>I' o( cl•'CO<I 1n~ md\ILx doM h>vt• lhP do;.ldvanl>~o that t\oP drc:odrd 

•i~n.ll> mu<l P·"' thro.,sh "''"~ tnao onP \"'el ol l(.lll'\ l<n the p•~•iou< mo•tho<l tlle 
>•~MI P"'"'' through only onP ~·lo· l. 11>.• outPul >iRn•l 1, .... ~1 m>Y thNd<>rt" >ulf<'< 
<on>i<l~r.11~P rrdo.ct•nn in •mpl<tudr. ft"l~r<mO"'• rhrr~ may bt• • '1"-.ffi lomol•t•on 

·• tlu~ t<o tlu• """'""' ol ~''"''"'""~".,_¡,;en the d('Co><l,.d <i~n.ll> mu'l P.'" 
1\ \h"cl IYIM' .,¡ d<'.-o<lon,t netwo¡\. " <nnwn ._ > ""b.•l•nn-d multo¡>l•C-•I"e 

~ • ..-<><k•r." lhi< ,¡,""Y'"""'" on thr núnomum nunlbcr ol dood,.., requ<l<'<llnr t~<' 
tlo•<o~l.n~ poo<r<;, '"" iii<•J ¡, "'"'-h lb<'"""''.- a'""' d<-c<><ler, ,;neo lh<' tnunt< In 
¡,. olo«.dNI ,,.-,, ~"·o<l~<l onlo ~onw•. llov. ••vrr. o o lh<' •y•trm, ti-<· li"':ll<ot" \o 1"• 

<)o·u"INI ·"" dovi<l<'<i 101<1 ~«>UP< of '"'"· '""' th(' r<'<l<il> orr lh<'O e<m""n('(i 1'> ~''" 
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Digilal Principie• and Applications 

f•g. 1"-lb. 

1 

lnput-Outpul Deviccs '"' 
lhe d~"red ou\put <•gnah. lo dc<odL' thc lou• llo¡,.flor• di.cu<.....d prevonu,ly, lo>LJr 
g<oup; are formed by comb1ning ll•p-llu¡¡s C •n<l D ¡u<t O' l~·ln•<•. In add•tion. ~~r­
!lop< 8 anJ A '"" cnnibil1e<l '" a lin,lar ''""·'~""~ni, The vulpHI< ni th~'<' "•r.Ot 
galc<arc theo <un>b~owd 1n 16 'Nll s;tc; In lo<nl the lfo <>UI¡>ul ;i~MI> Thc IPtHii< 
are <hown in fig. 10-16. 1\ <:On be ,.-en thal ,, 1'>1.11 uf 46 diOOe1 a<L• roq'""'l: a 
5oWL'lg ol 16 donde<" thcn rcaH•ed ovcr the first mcth<><l, whde ,, ••••"~ ni 3 
d,ode< i> re¿l iled over thc trce mclha<l, Thi< ;chtn>e ,\~,,in h-11 the ;,,M d ... ,dv,,¡. 
tages ol sign•l-level dcgr•~Jiion and SfK'c>J lirn<i<>linn "' the lrec dt'<<>Jor. 

lncod•ng a number i> iu>llhe rever <e o! tlecodrn~. On~ o( tho >imPI<'<I e<An1plr• 
ol erwodrng would U<- lhe "'" nf o :humh wb<'<'l >Ml<h ¡,, lO-pn~rlinn <w•1<hl 
who'ch i> "'"d lo ente·• dat• into o do~it.1l w•tem. Thc nporalnr can wlthc <wil<h tn 
an\' one of 1 O pc><•loon• whid> repre<rnl dr<•mol number>. lh• outpul of the >wrt< h 
i> then l'-'n<formed b¡• a pro¡><'< encodin~ "'·'''" whith¡<:honsr• thr docrm.1l 
numb<>r to ;n equrvalent brnary numO..r. 

An encn<lin~ matrrx ;o,tuch d"nRe• • d.cim.•l numb<•r to an "'l"iv>lent binary 
nu~•O..r and <IOrc• rt rn o regi>ler i> >hown in Fig. \0-17. Set\ong the '"''''" to • 

fis. 11).:7. D..:im•l ~ncodins "'""'· 
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,r---_ 
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- Stt 8 

pn,,L,M pl,l<,•< d pm•lllr >'Oit.1~r on lht• ltnc connc<l<~l tu ¡h.11 P"'"'"" Nohot•lh•¡ 
tne R • nd 5 in¡M 1<> c."h n,p-!lnp " c·«cnh•IIY ¡he uutrul of '" o• ~·'"' 

for "'·'"'~;,., ol thr "''<l<h "'<'11<> ¡><>\<loon 1, ¡¡,,, d1ode< <onM<:od 10 ¡h" 11110 
h..!>·c ·' ~"'"<' ''"''·'~~ on lhr" ni> te• llhry o<r ¡hcrdorr lorwMd·b.aS<'di Thu> lho 
>Cl onvuttn lup.lln~ A ~oM n,~h" n;;,, of>e rc>rr <r.P~I< to ilip-flo{'> 11, e_ •nd D ~ 
ho~h. lh"."-"1< lhr bon~ry r.umh<" 0001 '"¡he n;l)-nop,, "hrrr 11 ¡, tht• ••• , <ign<fi. 
cant M. 1'01o<C lh,,¡ lho; rncodonK "'~~., fl.oquirr, 40 diO<b. 11< mt~hl t.<- t "'Pr<IN, 
<l '' ¡x¡s.,blc 10 lf'<lucc o he numb.•r of d.ode• n-<¡uirc-d by comb,ning ¡he inputlu<><­
tiOns •• ""''done wllh dt'<<Khn~ """K"' Qnp mcthod of doing th" ;, •hown •n 
Fi¡; 10-18; <1 '"P""""'' • '·""~o! 7 d<ode~ son<~ ohi< schem~ ''-"~"""' only )) 
d·o<lo< 

1 

1 
1 
1 
1 
• 

i 
1 

' ' 

·. 

"' 
.O.ny ~ntndor or <k<oder can he <nmlruc<<"<i from b.1<oc gol"' •• •hown on u,., 

<rn.on. ontl whrn only onc or lwo luncl;ons Me nM'd.-d thi> m•• provodo lhc I>Mt 
l"< bn'quo. tlo"e..N, " shown in Ch.'~- l, m>Oy ol iho more <ommon d<'<<><hn~ 
lur><lion< .ore ovail,,b\e a< M)l l(<. [xamrle< are the 744\ 101 741411 BCD-<o· 
deo ;,n,11 drcode< d<~vcr. thr 744 J "'"""- ]·IO-d..:i"'"' de"'• IN. <he 7 44{, UCD-Io­
"'''<·n·<~wm•nl drcodr< d11vcr, and lhe 74\45 ¡.,¡.¡Q d...:•~lrr <lr<V<·r. Thc<C Mr 
numrwo" o<hr"· and you are urged 1n con">ll m.u>uloc¡,,rr<' d,u,, shr·rl' lur spr· 
cif•c onlor<>'-l<iur>. 

Tho•n• .><r ,,:"' J lt•w rncodrrs ovool,1blc ,,. MSI 1(<-lor r,,,.,¡,lr, lhr f,>i<ch.ld 
q\]~ ,.,~ht·inpul p<ionty enco<icr. lhll un<l ·'«"!''' •;ghl io~u« an<l produce< • 
bin.1¡y We<~h.,•d cod~ ollhe hi¡¡he;t-ordor output. A~OOf\ you <hould l'OI><UII '1"'­
c.fic m•nuiO<IU<~.,· do:a <hc'<'l< lor d~tail~d iofnrm.lhnn on rn<od~"-

STUDY AIDS 

Punchffl o.ocl; pro;-ide """ of <he mo<\ ""'fui ¿od wkleh u«'<l nwd•• for <l<><inR 
bin•ry iolo<m•hon. [<>eh card i< cun•iMr.d •• a hloc~ or unrt ol inlorma,.oo aod ,, 
thcrelure «'fcrrcd on •• • "unrt <e<:md:· funtwrmo«', pun<twd-ntd equipmcnt 
lp<rnch..,, Klrte«. reader.._ etcJ "LOmmonly ulll."d ''un<l·«'<<>rd «<<><Pnlenl." 
A<phanum~nc onlorm.;\.on. •s weli ,, ,.,._...;,¡ chardCICI', con b<- p<rncl>cd '"'o 

CMd> hy "'"·'"' ni a c<><IP. 1l>e rnost wmn1on cod<' in ""' 1; the Holie-H\h cr>de. 
A ,;o,;:,, m<"<l•um lur <nlmm>l<M ;1U<d~e" pun<h•d P•P"' t.<¡xo. "lphanum<'"< 

•n<l ;p..cial ch,.,actc<> a<r oY<"otd<'CI 1>1' perfo<ahng the \,11"" ><CO<d<n~ to ; cor;!e_ 
1her~ ore o numhcr ol ende<. hui thc one mD<I cnmm.-,nly u...d '' lh~ eight·IWic 
ende. A perlori>1ed ro:c ol P·lPN la¡X" " ,, conoinuou< record .1~d i< <hu; d"t•nc\ 
lrom tho un<\ trcord (¡,onch<'<l (M<il. 

fu< handl.n,; l.1r~c QC<,ln1;1;r, uf inlornl.ll<on, ma~n"'•< l.<p~ ;, • n><><l <n<lv~nler.l 
<<'< ocd"'~ tned'""'· Mo~nrt1C la¡,~ off o" !h<· "'''''"'''~"' <>f much hi~her ¡>~><'''""~ 
,,,,. ,,,.,¡ <TH<ch f><t•o1e< ,.-cord '"» dc•r,«t<r<. Mo"'"""', '"·'W"''•< l.lpL' c•n be rra<od 
,,,,¡ ll'<•d uve¡ ;o<d ovo¡ 

¡¡,,. llm•c mm! mtnmnn mothml> lor "''""l'n~ "" "'''!:'"''" l,<pr Me >hr <<'Lu<n­
'"""""' l~li. 1ho nnn-<ctum-lo-n•ta I~R!I. '""' Lhr 11!10·<cL<JrrHo-lrru-in'l•rird 
11'-.R/11. 1he r-<Rl ond ~KZI me<hod> ell."•cliwly ~ra<c "' cle,;n lhc 1.1p0 ouloma­
lic.,l\y <hmn~ tk rt'C<>rd "!"''"''"" and <hu> c\,<n1n.,e Me,,¡ üw p<<>blrtn• ul RZ 
trtord•ns 1hc.c two mclhod< "''" lr11d lht•m<.<•kr> 10 h.,;her <r·<<>'d<n,; r.1<rs 

[ncod<o~ and Ue<:r><liog mal<i~o< fmm ,,o i<n¡><>roanl 1'·"1 ol ;,pul-•>ulpul ('CIUip­
"'cnl. 1hc;e m.Hocr< diC ~enN>IIY 1L<r<l '" ch.lnRc iofnrm•linn lron1 o<W form to 
•nolher, lor C.amplr, ¡,,..,, lo or1.1l, '" hin.>ry 10 d~rlm,ll. o< d...-.<mal lo b<Mf) . 

Thrtc ;, a wodc v><iet;· nf d;f,it>\ pr<•t'hcr;l ...,uipm~nl illCiud<ng un<l-r~o.rd 
e<¡wrm~nl, p«ol~:<. calb,.je-ray-ILJhr d<<t>l.ly<, and plot:~"- Th~ ~llo<<r• ol ¡><'llph· 
e<JI oqu•pmrr.llo be u<e<:l wrlh ~O\' 'l'l""'" a"""'' rnfin~orrn~ <l<"ti<•ou 1hr 
di'Ci"on iovol'e' r'l~b'"'""~ oh~ 'Y'""'' <«<uirr,.,rnt•. ;<urlyin~ thP >v••\.11,;~ 

- <:'<lu>pmcnt. nr....,hn~ wrth ¡he <'<¡uipmrnt m•r'll•l.c"""'"~ >nd tbrn m•"'"S <hr 
d"''""'n b.>sr<l on op<'<JI<OMI cha<a<l<~"'""· dr\i\ e<y trme, •nd <<»1. 
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"" Digital Princ<p:c5 and Ap¡>lication, 

' ' Oe...;rit>e <oOme ol the probl~m• ol the m~n-m•cl,ne ,0¡,.,¡,,,,, 

'· O<-«: u~ • lyp.c•l ¡l<J<>c hed card I<~Ze, num ber of wiumn,, numl,.,r ni rows]. 

l. Which '"""'are the zone punche<"" a punche<! caed! 

~. Whoch '""'aro the.digrl f>\lnch"' on • punchf<j cardr 

\\'1\,t i• lhc Holi<>roU> codel Wh•tdo<•; "lit" ll" •>gnolyl '· 
•• 

'· 

•• 
•• 
.. 
'· 
'· 

llnw ;, binary lnlormation '<1Jt~;ente<i "" • '""l· 1 e ,.ha¡ 1 1 1 
ro·•rru, ,1nd whor do~ the "'""'"" ol" hole "'W~..;n\'¡ 'uc< a "'e rt't>· 

Wh.,¡ ¡, _the >nraninH ol unit rrcorcll 

De'<lo\>c lho O>o!lol-hole code uwd 1" MAr• - -u ~u-~n rntor:n.otion mi<> p.o¡><:r ld~~-

DN<tol>o hnw 1> and O• ore re<ordecl -
nMi< rt'<<>rd he ' on magn~to< tope by "'~''"' ol ~ mag-

" 
o-lo"';, alphanunorric rnlorm»O<on '"'"'d<'d 00 magnrtir l.lprl 

Huw i< bonary inlnrmat1on re<nrde<l on magnehr tapt•l 

(<plain the dual-panly •won, u<ed 1n n10gnetic -t.1pe .-.,.:;mdin~, 
' 
! 

'" 
14. WhM" thepurpo<e ol on intrncocord 1\JP on rn•S""''' '•rol 

1 S. ll"w '·"' thc l>pe-ut,:iral¡rln (OCI<" be u'ed to detenninc the total numt::M't of 
chor.•• ter~ ;tort'"d on o mognct" L1pd 

11>. 0.-..:r.l-.e 1he Of""·'\ion ol U•e RZ r<"<ord"'S rr.ethod. What JtC o,omc ol the d,f. 
f•c~lh<" woth thi• •Y•trm1 

17. O.><:<ibe the op<tat"'n ol thc NRZ rccording mNhod. Wh.ot a<kanlioge• do<'< 
thi• method ofler """" Rl u'(ordong! 

\8, Dc>C.•ibe the NRll recordong t<"<hnique. 

19. Why "a dogotill rncrrm•·ntol p:nller a t<ue digital plot11ng 'V"cmt 

lO. Wh.rl ¡, thü ddlrrencr betwrcn an encod.og and 'a dl'<odin~ n~atri<l 

P"'bl•m• 

111·1. M" \.e a •lo.etch of a P.,nchod c•rd •nd code your '"'"'"· addte<~ Md .ocial 
""'urity num\>er u<ing the Ho\lr"th code_ U<e a dark <pOI to r<:¡>rc"'nt a hale. 

1 Q.J. Charge your ..xiol ""<uro[f num~ to the '-""uiv•l~nt b;n..-y numbe1. Ma~~ 
,, ,;,~tch ola i><'nohed caed, ontl r<'<'or<l tl'lo< oumbet on tOe ca<d rn the hr:>tilOnt~l 
hinAry la>h1on. 

10-J. R~po,;l Prob. 10.2, bu1 record th<! number on the tMd on the vetl•c•l 
(,,.hion. 

10.4. A"urne thal alph,tnumoric inlotmalion "bernH pune h'-'<1 intn ca<d< al the 
''"" of lSO card< per monute 11 the cord1 havo an .-er•ge ol &S ch.:u~''"" o.oh, ol 
wMI rate in chafa<tc" P<'r <e<or><l ¡, the inlormation bo-ing pror:~<e<!l 

10·5. Maleo a <~etch ola lortgth nf papt't tapo. U••n~ thc e•ght-hr:>l~ codo, re<o!d 
yout '"""'· add•C«, and <aci.ol """'•IV numbef on the l..>f><'- u.., o dar k '!>(>110 rep­
r....,nl a hoio. 

1 O·h. Wh•t lcnsth ol ~aper l>p<' ;, '"'~" "00 lm thc slo<ogc of /,0,000 cMr.Kiet< of 
alphamJmtric inlo<motion u1ing the c:glll-hole cOOer.o..,umc no r..:ord gap<. 

10· 7. Wl"t len¡Jth of m•lii1CtiC '·'1'" .. m, id 1.-- roq,Jired In ''"'" th• iniOTn<.ltlOn in 
Proh. 10 ~ il the rcc;ordong d<•nlily ;, >00 h,t> por ~r•chl 1\~>ume no r<"<ord gap1 

1 O·il. A,;ome 1 hat d.t\.t m• record,•d on rno~net,c t.tpc di .1 <hm<~ty ol 100 b<i> pe• 
1n<h lit he record length " lOO ~~'~·"•''""· a·•d tho ontcrcerord ~·•P "O 75 in, wnat 
;, tho ldpe.ut•lizaMn bnorl U<in~ thi; scheme, how m•nv ch.u>cter; cAn l>e 
...,,O<[ on 1,000 h ol tapN 

\O·'. \'<Tofy thc ,.,rutoon to Prob. \().B al.oov~ b) ~•ing [q. f1Q.)). Sot•ce tl\o\1 toe 
2,400 in the equo\IOn mu" be r"'~o<<'d by \,000, ''"'" tn" "'"e IOpe l<ngth 

111·10. R~peal Prob<. \Q.6,1n<l 10-91m • Mn<oty ol600 b•¡, ,,.. rnch. 

1\1-11, Wh•LicnRth of n,.~notor ta¡w i; <Ú¡uorod to ll<uC 101 dwacterl t<'<-<orded 
,o\,, <len<ity ol ~00 ¡,.,, pet 111eh Wtlh a t<'<-o!d lensth o( ',00 ch.o<.tcle/51 



' 11-J, v.,.,(~ the voltog.,.owputl<••·~l• lo• the ~C'!I'O> 1 uf f ig. 11-S u<i"g ·'-'.dlmon'• 
theO<~m. Dr,lw lh~ equiv•lont ~""'"'' 

11-4, A•wmo th~ cl•\1de' on rn.b. 1 1-2 ho< + 10 V full·><•l~ cutpu~ o.-.:1 lond tl>c 
lollowing' 

¡,,¡ lhe ch.1nge in oll'pul v<Jito~~o dut• lo a <h,<ns•· ¡,, the L53. 
li>J The output vol~.>~•· lm '" '"rut of 110110 

11-5. 11 10-bil '"""'"" <iividt•r '' wnwuned 1uth tl"t iho cu<rPnt th<ou~h il•e 
LSB ""'"'or" 100 ~/1. Deto<mine tht· m••imum cuut•nt th.11 will liow thwu~h tht• 

• MSU ""'"0'. 
11-~. Wh>i ,, the lull·><>leoul¡l\11 WJII..>~~ ola ;i>-b•l b<n¿ry loddeo il O~ O V ond 
1 • -t 10 VI Wh.ll ¡, n lo• '" ~oght-bot l•dder! 

11·7. foorl tht• '"''~"'' W1IL.1ge uf o m-b•t bmo")' laddN w1lh the lollowon~ •nptJlS: 
(,¡] I!J\~01. 

ibi 111011. 
le\ 11110u t. 

11-~. Choci< th~ re;uli< oll'rob 11.7 lly A<IOong lh<· inrli"idu•l ¡,¡ conL"~ulinn• 

11-~. Wh•l ¡, ohe '""'1"""" ola 1l-01 DIA conwnc•r wh•ch u>e> o l01nMy 
1•ddt~l111h~ lull-scal~ oolpul ;, +lO V, "h•t ;, lhc re«>lutonn in "k'' 
1 1·1 o, llotw maoy bol< "" ,.-r¡uir<'<l tO a bm.3f)' laddrr 1<> othoe"" • re;oluhon ol 
1 m V,¡ lull sc•lc '' +5 VI 

11-11. llow m,u>y rompMatm> are "''lU<Ted In buold .J l1ve-bot '"~u:Oanoou> 11/D 
uorwt•rlo•rl 

11-ll. R<'<hign ohe oncud1n0 n•al<i• and reod gaL~< ull1r,. 11-20 u<ing """ ,.,, .. 
11·1). iind tl>e loilow•ng lo• a 12-b•l counter-lypt• A/0 ton•·en.,- u>in~ • 1-Miit 
clotK; 

1.11 ~t.:. .. nouon <onvf"l<on<> l<mo. 

llri "'•'·'"" convo"inn \o me. 
<el M."omum convw<oon <,11<'. 

1 1· ¡.¡, Wh.ot < lo<. k f<t~¡ut'o1C:V """' 1 oC u"f'd Wolh ,o 1 O-bol ( "·"",IC<-I)'jl<' Aj[) Ulf1· 
"'o\<·r i( ,, """' be cap.~le ol n»kins at leó>l 7.000 """"""""por >oroo~dl 

11-1:;, \\'lo,H "lhe co.ov<·r<on" Iom~ u! a 11-hot \UC<O"i>·c'-,\¡JPIO>imllion-Lypc 
A/D Cü<Wrllt'l u-on~ • i·MIIz <ltx ;,r 

11-1~. W!.al" tho con•·~·••M l<m<' ol ~ 1Z-bll ><-<ltO,Houot,·•-tvre AJO roo­
-c•rl~r """S a t-Mill dor~l lht' rnuntor ;, dovoded <Oto lh«'<' <'<l"·'l "'<tion< 

11·17. Whot ov~roll acrurorv tnul~ vou rea1on.lltly ••P<'<I lmnl > 11-bol A/0 
c o nwrlo•r 1 

\ 1-1~- R'-"<le'i~n lhe C•ay-lu l>1Mry cncod~r m fo~ 11·11 "'"'~ ~•~D ~.110<. 

11-10. R<'<it'•-~n tl>e Grav·to-honJry t>tlcodcr in'f,~ 11·H "''"~ ••du<i>~-o• 

~·~··· 
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Magnetic Devices 
and Memories 

Th<'f(' ¡, a 1-"H" cid~< ni 1h·ice! .•n<l <yllcrn\ wh,ch "''' u<elul ., <lig1lol ,.¡,.,oo•>t­
l••r.lll>l' nf their magneLic IO<•h><·itll, 11 lcrrorn,o~""'''" m.llt·ri.ol can be ma~"rt1l•'d on 
• pJ<Itr¡¡lor d~re<:\10~ by the orPII<:dlinn ol a IU<Ial~c· n>Jgnotil ing force ta maf"n<·lir 
llu• r<'\ulting ltu•n a rurrrnl nowJ. The maiNial rcm.1i<1• nt>~nNize<l m onat d-<!'<· 
l<on .. ltro thc "'"''""1 olt~r o•<•l.!tion. llppl.c•t•on of a =gndizin~ lo«e o!'"" 
Op;><»ite ~lariry w111 '" tlch tho material, and •1 will r<'marn magcc\1Zed io lht• o;>· 
po<o\P di!l'<.IIOo 3ltcr rem<»'>l ni tho ~><ll•llon Thu• ohc •b•I•IY to <lore informallon 
on \wu diHe..,nl 51->lei i> avoilohle, ,,,¡a ¡,,~o d.l<< ,.¡ hin,•')' <'it•moot< h,,, ll<"(·n 
dcvi"•d u<in~ the<e ;liiOCiplc•- In 1ho1 ch>pter wo inve>to~•lc a ouml><'r ni th<•;e 
<1<-,-¡, t•< .1nd IY>tem> thot rnol<e uw of lhom. 

llfLcr >l<tdying this chapler you >huuld 1,.- oblo \o 

1. lllullrate how m.•gnc\IC coro• are.,,..,¡ Ln <Lore bino<y mr .... m,•hon. 
2. [,pl•in 1he fundameoc.\ p«n<<ple• oi ,1 co•ncodl'nt-cu"enl memO!)'. 
). Do«:flbt.• tl>e <>P<''~lion ol • "'micooduclor memory v;ing eith•• t..pol•r '" 

MOS devire•. 

12·1 MAGNETIC COR[S 

One ol lht• mm\ widel ,. ""''1 m.l~t"<'ll< eionwnl< ;, tht• tn,oport oc coro, 1 he IJI"< ol 
rore " lornid•lidoughn~t-•ho¡><<ll. •• >hO"'-O in 1 ig 12· \, •n<l i< u\.UJlly con.:< U< 11<1 
tn ono ol two wa'f>. The melal-f<hboo COft' ¡, <DO•IflJ<l<'d by \\tndon~ a >el) th<n 
met.1llor ~obl>on on • tefdm<t·CO<c lo<m. 11 po¡>l!lor ~<bbun i; '1.-mil-thor' 4.;9 
mulybdeoum-l"'rma1oy (known O< oltr,>thin robbon), .1nd • typor•l rore moghl «>n· 
'''' ollO "''"' of ¡¡.,, <1bbun woond on ,, 0.2-m-d!Oni<'\Pr e<•ramoc lo•m. 

f••<ri\o toro; MC con<ifufiCd 1'"'" J l•ndy pnw<ler<•d n1ixture nf m.1,;o.r1 ;.•. 
vMio,j\ [.,v,llenl noc\.11< <Lidl '" "'•'l'""""m m m.o¡:.llll''l', .1n« ,\ binclcr m,o,•·ro,ol, 
ll\t' puwd<•• "p<e»tÚ tnl!l 1111' ,¡,.,..,,¡ <ho¡w d<l(i ¡,."¡· Ootin~ 1'""~· Lh<' ~"~'¡," 1\ 

lu;<-d inlo " <0l1d, h<J•no~en('{lu<, ¡oulytc)'IIO:i ine lnmo. f <'Hih• ""~' <o<h o< lh<\ -"~ 
<on11no11IY ¡·on•l•ucted wioh SO m1l oul,;de d•arnrh•r< •n<l JO,.,.¡ oM•dr d··•"''"'""-

317 



- ---~---

"' 

r ~'"le '"""' ' ·'" 1-: t•JO>Ircocl•'l on .,,.,,llo•r rltn>en;.on< th,on metal·r.lll10n W<os 
• 1orl u<uollv hO\'C l~·ller untforniiiY ,-.nrl lowN ""'- fu<tht•ronow, lwr•ll' mrc< 
t¡~ic,lly i>Jve <c>•lhV~tie< oro.llo'f than 10' ll-o·m, whioh.tne,on< Nlrly·<""'''" lo<""' 
Me .,,.~1;~,¡,:,. ,.,.,¡ Li•u• corc hP.llinH ;, red~«-.J. rnr lh"'" f<•,l\001, tlwv ,uo widcly 
u1ed o< lhe pronco¡>,>l m•"""'"' O' ""''"6" element> itl lo<p'<.eolo <l•¡;it.ol <ornp<tl<>o<, 

M••t•hhbnn cof("<. on lhc olhor hdn<l, t..-~ vory sor•l m•gnetic dw.lct<•rio,¡,c; 
OQd ~onoroHy ro<¡u.IO ,, "n,¡ller d,,¡n~ o;urrent for switchiog. They ,.re wmewh.11 
l>ellcr to· tho con,rruno.--.n ollo~ic <or<c"l< """ 1hift a•¡;i"""· 

The hinary cha<aclori<h<• ni,, tore c•n t.r- m~'' ""'ily '"'" loy '''·'"''nin~ the 
llr<:eoosi' curve lor • typ.ol tollo• Hyllere<i< cOnO<'< !rfJm ¡Jo,, (or<·ek word J,y,.e<cin, 
whoch mcon; to l•g t>r-hond. 11 m.>g~ellC eme o•hohol< a IJ~-I"•htnrl (iwa<le'llltc on 
ti~<• h)'''"'"'" curvo <hown oo Fig. 11-2a. In thi• lo~'""· thc r'n.i800!ic llu• clott<ily B 
1> piOll<"l o<,, (,.oction of lhc f7'A8neri<: fo,'CO H. flowe•N, >once the t~LI• <iOn<•ty B 

"dtre<liy p«>¡>o<I•M-11 to the fiu• r/>. ond <once thc ma~not:c fir•ld 11 >1 di<e<ll¡· 
propon"'"''! lo the currentl producong ''· • ploo ol .¡. vN>u• lo< • <u"'~ olthc •ame 

r¡~_ 11·2 F~'"'""Co•• /ry>lC«•i• <unre;, 1>1 M•g~etic llu• d""'''Y 8 '"""' mogne!i< 
l.dd >1. lb! Mognotlc llu• <j. ""'"-'' turront )_ 

• 

+r­hJ--
1 . 

'" 

< 

' • 

• 
' 

• < 

1 ' 

~ ' ' ' 
1 

' 
i 
' 

' 
' ' ' 

Magnr-ttc Devices and Memories 

genor.>l sh.>pe. A plot ol flux in lhe cnre ó ve.,u; dnving curr~nt 1" •hown in lo~ 
t 2-2b. We ;hall b.-e our d"cu .. ion on lhiS curve ;ince il is R""~rolly "'''"'lo t•l< 
in l<"lffi\ ol thes.e quan[lbc"> 

NuV>, >ut>ro,e th't a curr~nt <oU«l' ¡, oiLotlwd lo thc• wintltOKI "" the cort• 
shuwn in fig. 12-1, and J pmitil<' curren! " ·l!'rloe<J tcurrcnt t:ow< in!<> the "rPt'r 
tc•rmtn,11 of th~ "indingl Th" crcol<>< o¡¡,,. •n the cnrc in the clnc'-w"e rliro•<toon 
shown in the i•Rure {rem~n,ber the ri~ht-hand rulet. 11 the d"v" '""''"' i• t<"l 
slt~htly H•Cotcr than 1~ sho"n in Fig 12·2, the O¡>erohng puint ol tilo• '""' i' "'""'' 
whcrc bctNccn points bond e M the <!JI'"""· The magn.tudc ol lht• llux {.111 tlwn 
be read fwrn !he,¡,._;, "' thi' ftgur~ 

lf the doivo current ;, now ren•o><"L ohe orc·,,¡,nr, p<>int """''' ,,;,,.,~ 11.,. ,•,¡ 

cur"' lhruu~h poinl b \o potnt d. Thc coro is now "ooin~ eneo~y lvolh t!O in¡><ll 
sogn,>l, <once lhere i• • remaioin~ or rem•nt'n( llu• ,, tlw ro•e ,11 ''"' p<MI. 11." 
propc•rly o< known ól rtnl.lllCO{C, •nd Lhll poin> is known ,,; ,1 '"'"·"'Cili !"""'· 

lhe rcpeoted .lpplication of pmtltw curren! p"h' <tlllply ''""''' tlw "~''''•''"'~ 
puon! lo muve loetwcen roonts J ande on oh e .¡,¡ cu"e. Noltt<' th.11 th~ <•t>or,,¡;,~ 

point "'"·'Y' comes to reSI .11 p<ltnl rJ ~>hen ,>11 rJr"e cuneol ;, n•n•med . 
lf ,, ncgot"c drive curren! <on•ewhat ~'""'"' than -1m;, n<>w ,tpplood 10 ''"' 

wimlong ¡.," ol.rec!oon oppo<otc 10 oh,>t <hown in Fi~- 12·11, ohe opo·r,ton~ ''"'"' 
mo;e< f:om d do;; n lhrou~h e and >lop; al o J)Oonl ''"''''whero• IX"I"<'<'n 1 ,Jod ~M 
the ;\1 e""'"- At this potnl oh~ Jiu; ho; sw;tchrd in the o>< e and ¡, now dt'l'<i<'l ¡.,a 
<uuntrrclo<k"--i<e ol;;ert;oo '" Fig_ 12·1. li oho dri•o rur«•nl <1 M" ro•onoved, oho· 
o~loltng poiol <ume< to re<tat point ~ on Lhc <1>1 cu"·e of Fi~- 12-2. N olor e troa¡ ,¡,,. 
llu• h" •Pt>rn<im,,;ely ohe same magnotu<Jo b,¡ " th<· ne~·'''"" o! whal ol wó\ 

poeviou<ly. Tht> indocotes tho! thc eme ha< hcen magnollzcd tn thc uppo;ote d"<"C· 
loO'. 

R~pNIO<I applocatoon ol neg.>Livc drive curren!> will "mply r•u<~ tho oper.,ton~ 
poont to move beoween poinls f and h on oh~ .¡,¡curve. but the lon,,l re•tin~ pl.>cc 
wiLh no applicd turren!...,,¡¡ be point h. Poont h oh"" r<"P<~n!< • <O•o:ond rem.>nenl 
poont on the <!JI curve. 

5v way of >ummo;y, a e ore hos two '""'""""'<tole<: [JOinl d aftN th• •pplor,otoon 
of '""' o• more PD><to•c rurr~c.t pul"''· p«>nt h afte• the •pplicotion uf onc o• '""'" 
negatNe curren! pul= For the e ore on r,~ \1-1, poíno d cor"-"''''nd> to th<" <ore 
mo~nc~izecl wilh flu• in • dockwisc dirN:IIon, and point h cotr"'pot><J; lO rnag,... 
l•>ali<>n woth flu• in the countcrdockwise dot<"<hon . 

Exampl(' 12·1 

Core< c~n be mA~nclizecl b)- utilinn~ th~ m.lH''<'ti< ficld •utroundin~ • turrt'flo.c;r. 
ryoo~ """ ~~· ;;m¡>l¡• ¡);r<'Adm~ the corO"< on !he wore_ Fo• ohe '"o PD"'blr· <urr~nt 
tltr'"'-l•ons io lhc wire <hown in Fig_ 12-3, "f>AI "'~ th~ corre<pondong d"e<loon< ol 
m•~ncoizallOn lo, U>c corel 

Solution 

Accoodin~ lo tbc ";;ht-h,>od rule.,, cutr<"O! of +1 m•gneh'"' thc <u< o w.th tlw n,., l\; 
in • dod" ;«' dll<~t.un ""'""'' the COf<' A cunen! uf -1 O>OKtoPI<>•·• 1!1~ Coro '"lh C...: 
liu• in • countorcloc~"'"' dore<l<>n ·""""'¡oh~ <n•~-
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Ma¡:ndic OeviC<'> a"d Memories 

fig. 11·1. M1gn~l><·C<Ire ,,.;~eh•ng '"'" 
<hi<ICkllii<C>. 

.Hl 

mue~ weotr• y,hcn tt.e core contaim a 1 th~n wh~n '' «>nta•n• • O. w~ r.n 
th<-rclo•<' dl"!ala l lO) di"inguish,ng b<tw<'~n th>" two output·volt•~~ •i~~•l•. t--o­
lo<<• that we could <ot ¡t.e core by opplying ~ r~Jd currcnt ol ~ 1 And Mt<"<l th~ 
l••set outpul >olt.>ge at the <en >e "indin~ ~• a O. 

The tMput vt:~li<gp •we;ein~ o= tho '"""' winding lu1 • WP«•l co•~ i• 1i«> 
<hnwn in F•~ 11·4 r-.·oucr th>l there «a dt(lorence ol aboul lto 1 10 ou\pul·\01· 
t•~·· .lln¡>l•tutle hcl"-een • 1 3nd o O output. Thu• o 1 c.1n lw delce\ed by u<ing 
simrlc .>mph\llde di<c,minotion '" •~ ompld •N. In l,.rw• 'Y"'"''" whrrr "'·'"'" en""' 
·'"" '"'"rl "" CM>mon wond1ng< lsuch o> the lor~e m<'"'b<Y 'Y"'"m' 10 di~•t.>i <"om· 
n.,H•r,)thc O outpul wl~>1:<· m.1; bt'(ome <or>llfl•••.>hly IM~"' be<,\ul<' of ,,¡,¡,,;,·e 

.-lk< 1< lo¡¡,;,<"'"· ;¡mplllude """'"'"'""on ;, '1'"'" oih'll u;ed ·,n romh•OJ\1ol1 
wilh ,, Wohiog tccbni<¡<Jc. [ven though thc am:>l•tuole ol 11>o O ou111111 l'oil.w• m.>Y 
inno."e bt'<·""" ol ,,.J¡J,[;,.,. eHo•n•. tho wi<ith ol tho ""'i"'' ":11 not '""""''" 
.1ppn'Cio hly. 1 hi< m•··'"' 1h,11 tho O oulpul-vol1,>~<· <>~nol wdl h.wt• <IN·.oyo·d ,,n<i w.ll 
1•• vNy •m,oll bdmt• tho 1 oulp<ot ''"1"~'' h." Oc'<'oVod. Thu' ,¡ "'" "'"'"' olw re.1d 
ono¡M•e" '"'"" ''"'" alwr t~e opp\•(Jt•on ol "'" rt•.od pullo¡¡,,. ,.,,,mplo, '""'"'''"" 
O.> .1nd 1 o~· in f1g 1!·•1. ,;,., ;hou:d 1mpro>"C ou< <ielt•<l•<>" ,,¡,,¡,,y, 

l11P <worchinF rime ol lt•c e o• e i; commonly de[inf'<l "' tho time ronui•ed lo, the 
ouoput 1oiiJ~O lo Ro lrom 10 porccnl up thrOURh '" no,,.imutn I'Oiut• •nd 1>"' 
d<>" n tO 10 p~rcent -~••n (•ee f ·~· 1 !·41. lt>t• <w•ld>ll'~ linw fm •nl' ont• """ " o 
lunU"'" ol oht• d<>I'C <""""' a< <hown on f ·~· 12·;, lt •' e11d0N l•om th<' '""" 10" 
•n '"'""·>'<'!:~ d<il'C <UHCI\l tc<ul" '"o cl<'<<~·'"'tl "''U<h•n~ tim~. l~ ~~nN.•l. th~ 
'" '"hm~ \1mc lo< • w•c depcncl< on the pt,,..,c.>l ''"" of th~ rore. thc \\'))<" ol cou•, 
•nrl t~<' m•1<·1i~l• u;od in il> con<tru<hon. ·" ,.,.[l ~· th~ ""'"""' in "~ich ti ¡, u~ 
lt "illl><' •uffoc,~ol lo< O<lf purpOS<'< to ~now tMI <o•c< ~~~ •v••l~l~e "oth '" •l<hin~ 
lin>M lrom •«KIOd O."" up to mi\h<«;on<l<. w<th d~<v~ cuncnt• ol \00 m/\ to t 1'.. 

12·Z MAGNETIC-CORE LOGIC 

~'""" ,, "'·'~neti< <ore i< " h.1<i< '""·"Y <•loment. '' <>o IX' '""1 '" ·' n,.mb>:< ol 
"'<'~'' '" ,,.,p:enwntlog•c•l lunc¡,oo;, UN"""'" ol 11< •nh•r•nt "'~~"'"''"· th<' <o•• ;, 
,, ¡wlic.,I.><IY ""'[ullogic,li el•'menl ,, .•rl':•c.>liM< "loer<' ""'''"'""'""'·'' "''"'"""' 
,11 l" l"'i"'' •<'tl(C'i. for 0•001piC. lhe ll'rtlfONoliUIC C<tr~mP. dOd f.fiiotom> C•l'•""' 0 O<• 

¡wri("n< c·d by '1'·" e w•i.i< le~ 
~''"'' lh>• eme i< l'<«•nl•·•lil' .¡ <1<>'"1:•• oh'''',,,.¡ •1< C<>l'le•" "<iel•'' L••<l hy (('11'1· 

''"~ lln• '"""lo 1ht· O "·"''• .>n¡' l<·~ll 'Y·'·,.,, <Oiin¡: "'"'' "'"'' '"•"'1)' h•• ·' 
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dynamic >)'>tem. The L.,,, for """~ the e ore a> .a logical elern<>nl "sf>own in r.~. 

11-6. A 1 :npot oo the e o..., i> ""1"''"'""~1 by a curren\ of +: ·" th~ mi'"' ..,.;nd'nH: 
thi< ><1< a 1 in tloe co•c lmognotizt•< t1 on ~ clockwi><' d•"-'Cti<>nl. An dd\'MKP pul<e 
oxcu" """"'!<""' •ltt·< U•e input pu'"' ha> di.,.ppear<'d. Lng•<>l opeld\IM< ,,.e 
carried out du,ng the time thc dd>driC. pul"' 4PI>''-" •t the ad>.m<o (rotoQ 
wind,ng. At th;, lime !l'>e e ore ;; f~>t<o'<l ioto the O "•'• •nd a !>"l.e appea" at tO~ 
oul¡lut wir>ding onT)· il thc core prevoomly ""'"" a 1. nw curren\ in thc outp"t 
wLO<!Lng can then be u-.ed a> the onpul lor other '""''"' other logic•l clo'ment<. 

Tl>cre '' ..,.,e en.,.gy la» in the cure during swit<hing. For thi• ro~\On. th~ 
out¡>ot win<!ing norrnolly has mor~ turns than cit""r '"" input or ~&.•n<:~ wind.ngs. 
so that l~e output .,¡u be c~p.>blc o! drwing one or more cures. 

Nol1<~ th.u ~ O c~n be <el in ~~·· core by appiicat•on of a cu.,ont o! -1 att ..... input 
wind,ng. Ah"'"~'"d). ~O cou!d be ;torrJ bv a Cu!rc-nt of +J into the undott"l •ide 
ol tho> ofiPUI winding. n~ imporl•nt thing lo notic~ isthat cit""r ~ 1 ora O can b<' 
"or....J in t~e core by application of • curren\ lO the p<O;>cr terminal ul thc• input 
,.inding. 

T o "mpldy our d>Kussoon and thc !ogic dio¡¡ram<, .,e shall ado¡>t the <yml.oolo lor 
the coro aod ot< winding• •l>own on Fig. 12·7. A pul >e attho 1 input <-<1< o 1 in the 
e ore; a pUl"' at ~~~O input«~< a O in ti><.• <Ore; during th~ a&,,,_,,,, putw, > ~ul>o 
ap¡>eao< at the outpul only il tho """ prcoiou<ly hcld • 1. Lc1 u<"""' cun<idcr 
""""'of the b.<<ic logic luncl<on• ming tho• <yrnl.ool s1"'"" i" 1 ig. 1 2·7b. 

A rn<"lhod lor im~'emcnton~ lhc o• lun< '"'" i• ~~own in 1 r~. 12-Ba. A cuo r~nt 
W'"' at eoth~r thc X or Y input<"'" o 1 in the corc. Sun>ct•mc aitPr thc in¡rut 
pul><'"(" h"~ ¡..,....,. l~rm'nareo.J. M aJvancc•¡rul,.. or;cu ... IIth e""" 1o.,. b<·r•n <r110 

tho t ''"'"· a pufy• oppeors" tl•e ou<puo winJrnG. Nulicc thM thi< i< uult aro "" 
hmU•On ,;0(~ d pu'>e d\ cilh~r t!\~ t '" Y input or I•J!h """ ,, 1 on 1hc• <O'<" 

]lw rnd><od oboown in rig. 1 7·6b provid~< thc nlc•an• fnr <rlrtoining th~ wnop'<~ 
m~n\ o' • \,o<iab'e. The se¡ input windon~ tn the e ore h" • 1 input. Thi> me·"",,,,,¡ 
dv11•g t\e <np!H pul>e lln\e thi> wirod.,>g •lwJy< ~'"' •.<t•l on¡!UI e"""'""'· 11 thc·u• i> 
""'"'"."' oo the X inputf,gn•lyin~ X- 01, o he cooc "«•t. Thcn, whcn l~e advon<•• 
''"'"""'"'"·o l •PI'<""' at thc outpul, >i~n·f;·inR thJ! ?: • 1. On 1he oth<'t honol, ,¡ 

M,,¡;netiL Dm·ice> and Memories m 

X- 1. a curren! >PP<'"" ot the X 1nput durrng the <et tim~. and the e<fe<:" ol the X 
input'""'"" .>nd oh~ 1 input curre-n! oncel one another. The <ore th.>n <en";" io 
thc r0">\1 ""'" (rec.tllthat thc coro i< re"'t duri~g lhe odv.lnce pul"'). In th;; < ,,..., no 
pui>C ,lppP."< ~~ :ht• O<o!pul dunng lhe odvonce pu'"' <inc~ lhe core P'"' iou<1; con· 
taineo.J o O. 1hu• the outpu: repre>ento .l-O. 

\he •~D functron <M be omplem<'fltr:d u,ing a core •• '"""'" '" F1g. 12-Bc. lhe 
two inpu>< to the '"'" a<e t •nd Y, and t~e<c O<e tour po«;ble comb;nations ol 
the<e two rnput<. lel"< ~.amine '"""' mput com!>na<ion• '" det•il. 

' . 1 ' . "P\ ~ 
~-···· 

,/ 

1 

·~ ,-. ' 
• ,,, 

• 1 

' 
~.~ 
~··· 
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Di¡;rt.1l Pf1nriplt•, ,ond Appli(d\ion; 

l. Y~ O. Y- O. Sine.• X • ll. t~o· <o«' connot 1><• "''- 5•nt•• Y~ O, Y~ 1 ,onrl '"" 
e ore woll then br• '''"'', Tllu' tl•i• inpu1 n>lnhln,HI!on '"'"" the < "'" anrl ol ILO<O; 
• o 

2. X~ O, Y~ 1. S<nu• X •11, the '""'' oldl '-'"""' loe <e t. Y~ 1 anrl t~erefnn· 
Y~o. In tht> i11pu1 '"'"l"n.ol~<>rl, th •. ,.." nu rnpul current in ellher wind·n~ 

and the e o< e c,onnnl ""·'"~'' ''·""· liH" ti><•, "'" "'"'•""' in the O"""' ht•C,ll"" 
ol lhe P«'>'IO<l> ar/v,ln< <' pul"', 

3. x~ 1, Y •(}, Th• '"'"'"''" IIH• \ win<l"•n "''1 •t:en•pl lo <et o 1 '" the cure•, 
Howel<'!, 1 ~ 1 ,1nrl thi> """'"' will '""'"'~'' '" "'"'' t1•e w,e_ Tlw;e '"" our· 
<001> nfl><'l ""'' •"""1"'', ·""1 1iw «JI<> •'• '"' nnl < ~""t' · ,l,o.r·, 1t reonoi" in tho 
O >IJ't• !••c.w.,., of thr· P"''i"u' ,ld>,lncc pu~~<·_ 

4. X~ L Y • \, Tht• cum•rll in llw :<. '"ilúrn~ will '"' .< 1 '" 1'10 <O•~ ;i~'" 1' ~O 
"nd th~"' il nu <uo~<•nl i~ ti"• Y.,.,._¡,.,~, l!.u; ''''' coo,!M•Mn ;•me> • 1 in 
t~e coro·. 

In wmmorr, tlo~ in1'<J1 X A~l> i' i> the onl ,- comhin,,<>O ,-,hkil 'bulh in • 1 ""''"K 
>10«-d in the <o<e. Thu~ thi; i< tnol> .•n •~o fun< lit>~. 

l<n e.clu<i>·<'-o• lun<llon can ho: ionp!Pmcntt<l ., ,,..,.,., in Fig_ 12-lkl by o"ng 

the output< oltwo ·~o·lun<tk<n "'"''· 

hample 12·2 

Solution .• 

-'---,' -~~--~~~ X\'+ >Y 

" 11 1 n 1 " 1 o 
o ' • o ' 1 

11 i 1 1 o 
1 1 G U 1 u 

' 1 

One ol the n<djm pruh'<'"" .,¡ < "'<' lug"' '"·"'""'e' ,opp.H<'nl i11 tht• ""'"·'""" ul 
the e•CI<J><>·~~" >hown in f 'H- 1 ~·l!•f lh., i< oh o I""IJ'cm ol the '""" rc'l"'""' ior 
10~ <nlormooion Lo >h•ll ""'"' "'" 1.,,,. IJon1 01<~ to•e lo i!w "''''· to< l'•t• e>e1u. 
""-"·<l•, the rnpul, K Jnd \'di~"-'"' dl unw 1,, ,nl(l ihP A~D cott'> ·"" "1 o< n-,.·t >! 
l~i> l<o><e_ 1\t lim• 11 '" ddvM<t• pui>t• i> ,lppli<d \<> thc "o coro, Jnd '""" «oOput> 

·""""-'tito !<'tille o• """- "'"'' ,ot ,¡.,,.. 1, "" ,,J,,mce pu!.e i> "~'~''"'' to l'w <>• 
'""' •rod t~c hnol out¡>«< •1'1"'"" lt ''"•uld l~· ob>ioc> lrom thi, ,!,,..,.,,ion th,ot 

ti.._. "'"~ • t "'" '"~'' 1<>< n>o ,.,. < "~'P' " .1tt~l ln¡;ic Ion< tio<b '"·'l' l"-'< .,.,,, e ' <o''""''~ 

'""~ 
o\'""""'''"" uft, "''" 1''" hi><' ol 1o~l( i> 11•• IJct iho!lloe "'''"'poi>'-"'"'"'¡,. 

"' ,.,,,.,.¡ th•• "'""' wo<itr<. llu, <> p.ortoculoll, UU<' ior tuoCt•on, ou<h ;-. ,.,,. 

(Q'"""''' ,1nJ tJu• •~~. '"•••11•• IOlPUI "H"<''' o•c ,ll 1"''"' lo'fluire,! tu ,·,on«•l 
""'''"''t!ot·r. 11 "·•Pn""·nttho~t ol onc ol¡l,.· "'1'~1 >rgn.>l>" »irte•< lh>n ""' 11tl•cr, 
,.,,. wre m.w r ·iol "'""'''''"' rl,,l,l ,<(to·< tln• in~«/ pullt·-. h.lv~ '""'Pf'<',OIPd, 

M•¡;netic Oevices a~d .'-ll!mories 

You wilt re<JII ti'>a\ i~ order to 'witch o «><~ lron1 onc >~•t• tn anothe< 0 '"''"'n 
min'mum cum•nt /~ i< «'<)uirt-.1. Tloi' '' "'-'"'"1""~' rdcrrt•d to ·" tloe >el<'<t comenl. 
lhe CO<e M!Ongemcnt >hown in rig 12·0d C.ln IJt' u"•clto imp'~rnerll JO '~D fun<· 
tion il the X .tod Y input> ,1re e,l(h limit<:d 1<.> un~-h,,'f ¡¡,.. l<'lcct current '"'··In t'•i> 

wdy, il~e• only ''"'" the e ore c.Ln be >N il wlwn ¡,.,,¡, \ '"" Y''" ¡¡r<><"nl, <ince ,-,, 
i> the on!y Irme tloe <O•< r<'ce,vo," a lull selccl "'"''"' 1. Curc•lo¡:ic luro<l•no> "'" 
¡,., COnli<tKI<·d UIÍI1g Lhe hJ'f·>O't•CI Ct>tro·nl irf<•.l, lhi1 id<',l Íl <[tille llnP<l<tdnl: ,, 

fmm, the b011> ol onc lyp< ollor¡:e·•cole rll!'mory >y>len< whrc'• wr """"' ).,•cr rn 
¡1.,, c'••P"'' 

12·3 MAC~HIC-CORE SHIFT REGISTF.R 

1< r~•·icw ol the pr<:'viou< >l'<lion ,.,11 r~v~.ll 1'»1 • "'•~no•t'< coro' e•'•ihlll "' I~O>I 

lwo of lhe rnojur '~"'·"'"""''" 01 • fl•p·llop: 111>1, ol,. ,, binatt olc"n· upob't' oi 
lloring bina<y rn'o•m;>t•on; "-'<ood, •1 "cap;~l~ nll.l<•rn~ ''"m rc><t. T~u, •t "uu'o 
''-''"" •~•>Onob'<· lO 0>1"-'(t lh>! the to<~ <ould 1«• u;M to <onll•o<l • ,>,(¡ <eg·>'er 
O< • M~ countN, Co<e-< ••e indoo:! f<<'Qo<ntlv u~ lor tho>e PU'J>0'"'' on~ in thi' 
>e<tion we con>idPr "'""'o' \Oe ""'"""'Y p<O'C•ution> .1'Kl IO'C~niqul'<. 

lhe moin ide• tn>o',e; <onn<"ítmg the ou¡pul o! e.lCh core to> l~t· input of ,.,,, 

""'' core_ When • core i< re..,t (Of ,.,q, the <•g<•ol •I'P<'•""M Atll>o: output of '-"-' 
cor~ i; "'"" to "'" (or <e;et¡ tOe,..,, core. ~<ICh o conncctoon !l<t<'''-""' 1"0 co·c,, 
c.ll•'d • ";rng'e-diode lron,ler loop,""''"'"" in f<g_ 11·~-

Tbcre ore thrce mojar prob'cm> to o>ercun«· wl,en u>in~ t~e >ing't•-d•O<'c 
l!dn>ler loop. T'•c '''" prob'em i> the ~oin throu~~ th<• cu«•. lhi; ">imtl,, to 1~0 
proL'em dr>CuN•d p<evrou>ly, •nd the !olultM r< the '""'~· Thot i>, thc !u"e< in 
>'gn,l) thrnugh the Cure C•n ))(< 0\'CtCOm<• by (Oln<troo(lillg the '"''~ut wind•og "'"" 
moll• tu<o, ¡<,on lhe inp"t windrog. Thr< <'n<un•> tl].t1the uutput •isn•l ,,.11 h;,·e >cf­
lruenl ,,m~!rtutk lt> I»L\Ch lOe ne•t cure. 

l!•c ;ccood pmUit"" CO•K•·•n< thc polo~ril\' ul 1he ou1¡1u! •·¡:n"'· A,,-¡:"·'~ eppc·.lr> 
•lllu• outp,-1 w~cn the core i> <t'l o• whco ilw 'ore i1 ll'>CI. 11"'"' 1wo •'!:"·''' hwo 
O.Of'()>lte pol.1•rllCI, ond t·itl>('r i, c•pol>lc uf >wott hiro~ l'<e "''" <u<t'. lo ~''"ero!,,, •• 
dclir,,o:,. th,, unly o~o o! lh<-' lwo oulpul l•go>el> he elhlivc, .oncl 1hi1 c,,o !Je 
•Lh•r·,c.,J lJy the u>e ol !be dude >huwn rn 1 i¡:. 12-'J. ¡, ¡¡,:, i,g-J<e, tlw curot•o: 
¡oroduc<d '" tlle oulput wind.ng "rll go tilroug'• lh<· ~i<>dt• in lht• f<¡rv.,l'.l ,¡,,,,, inn 

l•to<l thu> <et t~e "'"'cote! ... n~n ''"' Co<c i> "''"' ¡,,,, '''" 1 ;l,<t•••u l'w O"·'"' O o 
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fig. 11-10. Fou•·<o•• •h1lt ••&'""'. lal Symt>DI<c chcu<l. ibi W.velo<m>. 

3.l7 

produce the w•"elo•ms >hown in fig. 12-lOb Notice thot alter fu~• ed""'" nuhc' 
the 1 h.,. bet•n >holtcJ comp!•."tdv d"'"'~h the regi>1er. and the outpul l•nc'' ,di 
<em•on luw Jlt~r th•' ltme. 

The need luo a two-phose eludo, nr ad.oote pul>e >y>tcm could be eltm'"·''''" .r 
'oOme del ay were inlruduc<'<l b<'IW<'t•n the output ol ""'" co•o .1nd '''" inpuo ol lho• 
nt••l core. Suppose lhao • cl.,lay gre,.,er th•n tOe w<dth o( the •dvanco puh,•s "'""-' 
tnlroducet! Loe·"'""" c.ch P·"' ol <ores. In this CJ>C, it "ould be po>\<Ve to dr~ve 
••~<y e ore "ith lhe !.1me advdnCe pul"' sine. the output ol ""Y co<c could not ,,,_ 
""' M 1~<- onput tn the ne>t COr<! unol ¿oter the advar.ce pulse hod do><>pp<,.rl'd. 

One metf>od lo< in1<oducio~a dclav b<.'twet•o <<><<> i> .hown ir Fo~ 11-1 L 1~c 
advancc.pul>e •mpht"d• i> ,..vCIAII•m<'< 1~0 monimum !{"<¡U Oled 10 <Wileh lhe Con'< 
and wi11 re><'\ all <Ore< to ll'>e O "•'"· 11 a «>•• p<~v;ou>ly conlain""l a O, t>O 

<witcl>ing occu« and thu< no •i~nal a¡>pedl< 01 l~e output windong. o~ 11\e oi~P' 
Oond, ol,, coce P-'~iOOJ<IY contained a 1, curren: t'ow> in ti>• wtput windmg and 
doa<~K lhc capa< oto<. Somo nor<ont flow< llo«>ugh lhe ""' windmg of tho nP,t cm~. 
Wt o\" "''a!l becau\.e ol 1h• Pll'>On(e o( tho •••;<tor, lu~h•••mooc," ""'"";d,'rn 
1>'\ tho· nod~Oolurlr of l~e •d••"• 1' pu 1..-. Howrvo~, a! rloo ce55ation o! !h< "'!vanee 
pe!"". C <em•in< cha•sed. Thu> C do><ha.ge> ''"ough th~ input wind•n~ ,>nd ~. 
and "'" co•e l lo t'•c 1 "•"·· 

In lh<> >)•lc<n, tlw ""'PI•iudo• ol the a~»ncp pu'>e< " not tou ""'cal, hu: the 
woJth "'U<I Uc matched 1u rlw RC tinw con<tanr u( tloc• loop. 11 :ho O<lvan<c• pu'"'' 
,,.e tuo lor>g. o• ,ollo·rn•tivt·ly if Lh~ ~C '""" com1.1M" 100 >iwo, ''"' cap•cii<J< will 
<i1>cha~ge roo muth u,,,.,g ¡l.,,·"'"''"" pul >e tin,~ ,,nd ,.,,, be 1nca¡>.ob\• uf'"'' "~ 
lhc• co<e "' lhe ct'»dliun ul !loe .<dvancc pul>t•. lhc RC time <on<lónl m,oy ''"''' !loe• 
Hpp<::r l'cqucncy of opt•r,l\100; 11 ,r.,,uld be nott'!J, l>o"~'"'· lhat ro>e"tor•g ,, <un• in· 
du<•·< O"""'''" on ol< iropul windong in a dHeqion .,¡,.,¡, lond> Lo do>Ch.i•&e t'>e 
<•p•titOI, 

The ••r•ngemenl> wo have d:><u•><"d ~e•e a~e ca'led one-core-per-h>l '"~"'"" 
lho<c a<e nume<ou> othN n••·thod, (too m•n, 10 di«u" herel ;.,, om~!c,,. . .,,;,,~ 

""""" 



"' Oigit~l P1inciple~ ~nd Applications 

w~i,ter< •~d co~nte". A..d tN> reA<tor " r~femd In lhe n•INence; for mnre ..;. 
vao<•'<l I<<Chn;que> ~·e ol the olh.:< methoch •ncl~de rwo-cow-per-I>H '~"'""''· 

modolol>d·~d~aor P-¡>Uhe •v•tem>, modoloed-wofldmg-ro,. '""""''· •plll-wit>dong· 
cor~ >v<lem\, .tnú cu"MI-rouMg·tran>let >V"~m<.' 

hampl<~ 12-3 
U"n~ "'"' •yntl»l> ""d 1he copaciiOHlPiay t<'<illú¡ue, dr.1w th~ diagram for a 
iuvt-<L,t~•· rin~ cm111lef. Show tloc O<p<'<l'-'<1 wavckH1n>. 

Sol~;tion 

A r.n~ wunter rao be lnrmed l•om a "m pie sh1il togi>l<-r hy """&o he outpul ol the 

la" "'"' '" lho• in~ul l<>r tl>e fmt '"'"· Sl<eh a <y>tem, •loo~ ,..,¡h the e•Pe<Jed 
wavelorm<. i><ho"n in fig 12-12. 

12-4 CQI,-.:CIDE:-.:T-CURREr\T MEMORY 

1iw '""' ,¡,.:"¡ "'~'""' do<eu"...d in thc pf<"Yiou• "-'<1>00 <utg.,;l> the po"obrl•t~ ot 
""~~ "" ""·'V oi m•~nrt« CO<O< for >tonos word• of b"'"l' infmm.>tto~. For <'•­
om~te, ,, 1 0-hot <un· ,;,, n·~i>ter couid i>e u<..t to ""'~ " 1 O·l>tl wmd. 1 he opr.•r•­
hun wo,old loo• ".,¡,,¡ '" lorm, mu<h ltke the 10-bil fl•p-fln¡> <hrfl "'&'''"' di><:u~<Ód 
twl.<><. 11 "'""ltl. '""''''"''', ¡,.. <uh1e<l to lhe <;o me 'l"'t•d hmtl,tl•o•" ob<ervod in lhe 
<Oro,tl ll'l>·flu~ to·t:"tr•r. 1h,ll "· ,nce e,1<h bot mu<l 1<,\vt•l tlnwr> the re~i<IN lrom 
cure to con•, ot H''lll ·"" n rlock r<'<IO<i< to sholl •" n·h•l word inou u• oul ol ll1e «~· 
"'"'· Th•s <h•ll '"''''"'·'V brcnme ""''""'t•ly Ion~ in '""'" r.t<o>. ond o f,111or 
n•ethod '""'' ¡¡,.., ·~· urvemf}e<i ,'>\uch f.-ter nperot<on c.1n loe •chi"'ed il the in­
l<>rn»toon i< "'""'''• '"'" oncl •<•d oul oltho m..-• ¡,o ¡w•llri manner. Sii>C< o:t 
tne br" .,., p'rtoc ,.,,,..¡ "mult.ooeou>ly •" ""'"~ word ~•o be lronde<red in ool,· ono 
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Fl¡. 1l·1l. MagnotK·COIO coin<idonl·<urrcnl momory. 

clock pe110d. 11 <lrdight p,u.>llel ;y>tono would, how.:ver, rcoquire ooo• m pul wirP anO 
one oulput "'"" for e>th rore. for • la•K• nUmt>cr ol cort'>.tl"' t<>iol """'""' ol 
wirc• mokt> thi• arrangement io•p.,ctic•l. and wme olhN formol co•e wiC<tkln. 
mu.l i>e de,..,lopro_ -· • ;, ' - ' -

The me><l populor m"lhod lo; >IO<<nK b•"""' inlormotion-.on porallel lorm u>ing 
mogneloc core< ;, the coinádenl-<u"~"' J,¡.,.. syst;,. Such momory •r"rm' ore • 
.,ot:fell' u>ed in oll ty¡><» of dogtt.ol sy;oom> fmr.t ;malf-.c~le >;><'<IOI·pu'l"'"' m•·,. 
<~'""' ~P 10 l•f!K'-«ale di~ilol comput~- The h.>• k ide~ .,.,..,,,.,.•rr•n~ins <or.., 
on a motr" and """S two holl->ol<"<t cur.-.-nU; the mell>od i> >i>own in f•~. 11-U. 

n., motm <On<im o( two "'" ol dri"" wires: the ~ drive wore< (\l.,localt arod lh~ 
Ydrnre "ire> iho,zontalt. Notke tbal each e ore in'"" matn• i• thrutll'd by ooe K 
wire and one Y w""· Suppo"' OM hall·~l'-'<1 <urrenl 11>1,:;, opplied lo liM x, •"d. 
ono• h,,lt->olec_l C"<rent '/o/~ i< •ppi:cd lo lme Y,_ Then the cor~ whi<h" thread•d 
hy Wlh lino> X, and y 1 w1ll h.we ,1 lnlal ol 'Ir l • ..- 'fol.- 1~ po,.;,~ IIIIOJ\L~h rl, orid __ 

il wrll<wttdt ;¡,,0, Thc ,..,,,,;,,,~e""'' whocl. ••e threotlo•d ~y X,'" Y, woll •·"" 
r'-'<eive only '1,1., orHI ¡ho•y w1ll tlw•dure nut w·itch <t,-ile> Thus Wt' h.t'O '"c­
<~eded 1n S<'itd1i,~ nnc ol ihe 16 coro< by >d<"Ct.rtS 1wo ol lhe ¡npulliu••• I"M ni_ 
the X ¡,,,., and one ollhe Y lone<l W" de"~"·"• the eme thot '""ch<<l in lh•; c.-~ 

' 

•• core X,Y,. >m<c• ,, "''" swol< ht~l h; <.<"lectrng ''""' X, atod Y,. TI><' de"~"''"nn (' 
~,Y," c.ll«i tht• ~ddrt'« of lb~ COOO ""'"ti <pt'CtfO<'< 11' In<""'"· W,. fOIL th"" 0 
<witch •ny coro X,Y, lo< atO<! al •rldrM< ).,Y, bY opplyto.; '1>1~ 10 lino" '• •"'1 Y, 
for •.om;>le, the rore I<J<,lll'<l in th<' '""'-" "~ht-k•rLd tnrner ol the m•l«•" •tlhP 
ad<lrM< X, Y, ood c~n ¡,._. '""'"lwd by oppi1··n~ '/1 1~ to ¡,, .. X, .,...¡ Y, 

•• ·-
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In o•dt•• ¡¡,.,¡ l'w ;~locL"d corc woll •w•l<h, 1hc ''""'''""' ulll><• h,lll·"'l<-<1 on­
Jt•oi-li>~<><'¡th lht• _\ i1nc• ,¡ncltlw \"l10w """' b<• odd,¡,,. ,,, IIH• "'"'· lll f•¡t IJ-13. 
th<• X,,.¡,., 1 < "'"''* """' llow t!"""~h th~ X l•ne; fwm ¡¡,,. lu¡• luv.,¡¡J lht• lx>ltom, 
"hilo•ihe Y •dt..:l "'"""" llow lhrou¡¡~ lho Y lines lrom ldtlu ri~hl. 1\~plocuhon ol 
¡¡,.. nghl·lo,ood •ulc "'11 <lcmon•Lr.>lc thol curren!> in th" d"rctiuo """<h thc coro 
·~eh lh.>llhc corc flu< ;, in a dockwi.o dir...-tion [loo-.ong from '"" ln¡l). \\'e def.ne 
¡¡,., ·" '"'"chon~ lhc w'e lo lho 1 <t,llc. h i> obvOou;, ti-en, th•t ''"'""in~ lhe d"e<­
o.on,ol holh lh•• X ,>nd Ylinc currcnl• will >v.otch ¡h~ co"' m tt...O "•te. l';oti(~ lhat 
illhP X .1nd Y hne currcna Mt• on • <ub!1.1<1o"e directi<m !he <d<'<lt"<l tor• receive> 
'1>1.,- 'hl.- O ond 1~e e ore cloe< nol rhongo >IO:c. 

Wolh lhi< •y<le"' "e ~ow ha,~ lh•• .1hdo1y lo ;w,;ch any unt· ni 1h """' by 
"':,.,,.,,~ ,1ny lwu ul Ol~hl w"'''· Tho~ i< d $dV"'H ol 50 p~rC~rll uvN .1 rl,t'<l¡>,l<•ilel 
"'''' '""' 'Y'Io•m. lh" llling >1' '"1'"1 "'"'' bo•com~• <•·o·n """'' lnlpro'l<IVO ,¡ we 
,,nJ,,~c 1ho e1illol'~ "'''''' to IOol "''"'lo ")uare matm woth 10 '""'' '"' eoch 
"'"'). In thi< c,ll(•, "" .ve oble In ""trh '"'Y Onc• uf 1 00 <<!"'' by '"'" ton~ any two 
ol onl,· 1() wire;. T¡,,. ·"el''"'""" 0r."<l~ri<On ol 5 to 1 qver a '"•'K'" I"".Jiiel ..-1<"<­
hon •roten>. 

111 thi< po;n: •ve nt"<"d "' de• elo,> • m11hod ol oen•·~~ ,..,.. «:mlenh o! ,, <<><<·. Th,, 
r .m be <·t·r¡ <'J•iit· oKCOmpii•h..d by lh«•adonR nne <en>~ wore thrtou~h <v>'<y co<e in 
:lO<• "'·'""· S>nn• nnl> nne coro " .. :.,. le.l lwvnchro¡ ",, '""~· '"Y '""1'"1 n.o lh<· 
"'""' ""'' "'" 1•• du<• lO 1~0 th,,n~"'" o( .,,,¡p ol lOe "'hl<'d «>«', .1nd "~ woll 
'""" v. lo id> cm<· •1 ;, 'lnce thP coro addrr« ;, I'"'<Cquisi:c '" ·~l,•<to<>n. i><>h<P lh,11 
'"'' "'""' ""'' ~·'"''' ihro"¡¡h ¡,,,(( llw <'""'in onc ,¡,.,,,,,on ,>nrl 1!"'"'111> ,,,. othor 
h.oir ;., ''"' op¡>u»lt• doreeli<"'· lh"' the uul¡>ut 11~11,11 n>ov be eilhN .o P""tivr (H" 
,,,·~·'""''1"''"'· for th" rea<on, lhe ou\put ¡,.,.,, 1he "'"'" w~ro ,, u<u.1:1)' .mo¡liofoPd 
""" ""'"1"-d to ¡ll(>riuce •n oul¡>trt pul..- 11hoch alway> •Pfl''"" ,.,lh lhr ,.me 
po.>loroty. 

hamplc 12-4 

f<<>m 11"· •<.ontl,>r.o.nl ol mnWu<lion, In<· ro<~""'''" m f¡~ 11-14 ,, mtl'P con­
' <'<>·•"·"· r .,,;,,, tl•o· "'"'e>'> 'Y <l~rectiun< ol hall-w:<'<l <'U<!enl> ;,, th¡· ' oo~d Y lmP> 

;,,. "'"'"'' "'"''"""" ol tho m.1:ri' 

Sululioo 

('""' >,v, "'"·'' lly ,,.,,¡,, 1<> th•• rrc•••Ool'ly ,¡.,Cl"''"' nML<i< in r;~ 1 i·l.l liHo< ,, 
t um•nl 1'·"'""~ rlown lnrou~h X, >nLI lo lht• fl~ht through l', v.oll "'1 ''"'' <,l', lo li><• 
; •l.lt<' lo <t'l crore ~,Y, 10 tbe 1 •t••~. cw~nl mu<l P·'" dowo lhrou~h ¡.,~ ·' ,. bur 
• "'"'"' "'"'' ¡>.><< lt.,m lh~ "~hilo lh~ MI throu~h l.ne Y, ich<"C~ "'lh the "81>1· 
OJ"<i t~I~J. !'""'"''"'' on tho< '"'"""'· we""' tnot rore \,Y,"'''"''" lo >,1',. 
~n,•rt'lorr, CU<!<'"' n>u•l '"" lhr«ut:f< 1.n~ Y, /mm kit lo "f,hl. ~;n.,ld>ly, ""~ I,Y," 
<,nul.>< ho «>«.<,Y, ,>nd rurrenl mu•l lh<'<t"(n<e P•'' lh'Ou~h lone Y, 1"'"' "Hhllo 
idt In ¡;••n••r.1i, < ""''"' mu<t P•"' ttom ¡,.¡¡ ¡., ri~,',, """"~h !he od.l <>umho.•r<'<l \' 
l.n• ·•. ,, '"' "' "'' ro~lor "' 1< '• Ll"ou¡:" ,., <'ll·Ouml••retl \' ;,.e,, 

"'ow, '"" o• < ,, • <>•nL nMI 1'•>« ¡,.,,., ldt lro <i¡¡h1 lhrO>Hih lint• Y,, ol " ,.,,,ly '"'" 
th,>l "'"''ni "'"" i'·"' u¡¡waul :n•<>u~h l.t't' .>, in '"~''' lo >el cr"t' .\,l', Uy .>n 
a<~umtlll """'·" '" th.>l g"~" lnr '"''Y llnt'<, curoenl mu•ll'·"' ''"'"""·'"lll"oush 
Lh¡· r~Jd.nun>ill'<>'<i 1 l.ne< ·'"'' u¡»v.r,.lll>rou~h lhe ev..,>-n.,ml"'"'' ' IH>t'< 

i 
! 

1 

"" 

Tio<· "'•"'" •hown in 1•~:. 11·14 h.1'one e>lr,l "''"''"li ,.¡,,el> wt• b.1w ~o• )Ot 
d1;cuw•d Thi< ;, tht• inloi~r( whe.ln (Otder lo un<lerlt,1nd ll< oper.ll•OO .\od i<>lltlonn, 
lol "' "''"""" lht• n>Plh<~l' ¡,, wrihng i11formJtoon into tOo m.llri' ond rt>>doog in· 
lomo•l•on Ioom lhe ""'"''· 

lo wtole ¿ 1 '" any cor~ (11>.>1 il, to "'' lh~ co'~ lo 1h~ 1 "·"''), ol ' ' onl)· """"'"''Y 
10 .>pply •/,/R to tl•p ~ and Y Ion« S<"i<"<MJ' thal cor~ aoklr"'' !( "~ d ... i•ed 10 "'''~ 
a O on an)' cow (lbot i<. ""' 11>1' e ore lo ti> e O •1•1~1. "" could ,;mply >p¡>i> ,> cutrent 
o{ -'1>1. lo 1he ~ and Y¡,,,., wle.Jing ¡h,¡ <u«• .><l<i>PII. w~ can •1<o v.rite ,, O io 

.lO\' rore by rMkic.~ ""'ni ti><• in/,bol wire '"""" ;, r;~ 1!-14, Lll<'c• """'"" that 
,111 <ore•• "'" in111olly ;, rhe O 'l.l:P.I ~'""" lh,<t thr .lp¡>t,, ,lt•on ni '!,l. to thi> "''"' 
'" the di,•ctinn '"""'" "'' 11><• li~"'" •<>ull\ '" • com¡>'>"IP < •"" ell,,:;,.,. uf tlw V l1nt• 
wl<'<l e""""' ¡,¡ al«> l<'nd< In , .1nt<•l ''" X lone om"nli. lh><l 1<> wnH• a O on any 
'""'· i< il only necP<wy to «'lect 11>< e ore in 1ho ~'"'" m.>nn••r ·" ,¡ wnt.ng a 1, ><><1 
,, !ht' <omc torne apply "" inl01brt curocnt to the "'hr/>ll wioe, The m,t¡nr <N<on lor 
"'"''"g • O in thi< l,><hion ,..;11 [>,:ocome clear whcn wc ""' lho<e mat<>< pi-'<'' lo 
lorm o cumpiNt• mPn>o<y, 

Tn <vmmM!ZP, WP w<M ,, 1 "'><>y cnre ~.Y,IJV ~nply>O~ y,¡_ In !he <e!<'<l !m~< 
'• ~nd Y,, A O can !,.. w<oU~~ '"!loe"'"'" la;hion by '""ply •rt>l'''"' 'hl. H> llw 
mhoiJ<I lir-e >O thP >ame ''"'P lif .oll CO"'' .1•0 inoto•ll¡· re<et). 

T o "·a<l lhP inl<><>>l.>l>"~ ,,,.,.,¡ '" ony rnoc, w~ <imply ,¡rplv - '!,1, In "'" ¡>r<>¡H·< 1' 
,\l'tl Y l1n~< ond <l<·l•" rlw '""''"' on lhe <eo><e """· Tln• .,.:,~1 tUrrt'nt< ~1-'hl. 
r~«ol II1C tore .• 1od 11 ti><• ""'' jl't'Vi<><>'ly held .1 l .. >n <>v'''"' pul«• """" 11 tlot 
C>>i<' P"'"'''u<ly h>ld o O,,, .r,,., '"'' "'''' l1. o>'d '"' ""'1"'11"'"" ,>p;w,>r' 

Jf"'· io>l'O, f\ 1'"' <OIP¡>i••lo• < '"'" "icnl·<UHC>ll <dt"<.l">n 11"''"' lor Onl' pf,><><'. 
~"'"'' lh>l re,1<io<>g 11><• '"''""'•""'" ""l "' lhc m<'mory w•ull< in,, <Or»pl•.">e lo« ol 

r 

' 



'" 
Y-<tl«t hn< 

Dig1tal PrincipiP< ond /,¡¡pl 1culions 

'1 
! 

<n!orm••'?" lrum 1he m'"'"''Y· '""'" oll e ores •re '"""1 du.,ng ''"' reari OJK:<•t•>n 
T~"" rerem.-d toa- a de![rucrive ,._,rJ~ul nr ORO <Wem. Thi< "'""h ~lane ¡1 0,,.j 
'"""'e one bot m • word, ond il '' noco<<.uy lO "'" ~ ni lbo><~ pl•n~< lo ""'" on 
n-1"1 "'"'~-

" ""''''''''" r.,.,,::o•o C<J•"'•d••nH<><ronl ono•mory 'Y"''"''''" ~y,. '"'""""''d ¡, 
''"""'" ""' h.o"' o~C'l10f\ pl•n<·s in lh~ rn.Jnn~r slorn•·n 1n F ll-'' .,, · ~ <1 • lf.. ' ' " ""' ' 
_ ""' "n'" ·'"' """""'"d on '"''~' fmrn plan~ lu pl.ln~ .- ••~ oli ti• e Y d"ve ¡, 0., 
·~"'ti·:· •noloc•'"'"."¡ '/¡IR In Ion~ X, ,.nd Y0 '~"':" •n ,, <ok<hun o! <OtP x_ y ¡~ 
'-"''" P••"<'- In '"" ;,,.nioo wo ~•11 <imultomoou•ly mold• n <ore< whoro n i< ~he 
n~"'bcr uf pl•n•••- ;he«' n cor••• "'iK<"<tr.l ont wO<d of n b<t>. r~r ,:.,,.pie, oho top 
,>-.o"" ""¡,hl l~· Ir e l5ol, !hP no·•l In 1he l<>p plon•• \\OLol~ lhcn be tne >oxond lS~. 

,,nd ~• ""' thc l""'"'·' ~'·"'""u" Id lho•n hold 1hc M'<l< 
~"."'•'d oni"'""'.'"" '"'"' '"" "'"""""· wo <1rnply ,,,,,,¡, -'/,1~ lo lh•• l""rer 

·"'""" ,ood '"'"'''"'' ""'''"" ''" lho•" wn<o lonc• ~''""'"''""' lh.o: "'"lnul '<''<>11> 
H~ '<'ll'l<oO~ ,1•11 COfo'l LO lh<• 0 "'"''· ,wd lhu< lh,,¡ WOflf VO"IoOn Hl IJ\0 nl(',,l(>f 
(,,.,,,¡ 10 ·'" (1, • y " 

V ;'.' "t<Le oniO<"'·""" tnto th.- ""'ntor,-. "'' <rmply ,,,,,:y 'hl. ro '"" 1''"1'•'< X ,lnd 
'<'·~' lonel_ lh" woiL ;,."-'<'"''· """'" • l on <"Ct\' <<>r<>_ ~ for ¡¡, wn•< ;n whjch 

wr <·O<•'<' • O.,"" ""'"h·'"'""';, .. 1pply 'hl. '" llw inlub•ilme_ for ~'''"'l'l~. '" 
""lo· 1,001 on '"'' <·O>;ll'r lour ¡>l,ooo_'< Hl [o~. 11-11. wo· ,o¡o¡¡ly •¡,¡~ 10 1ho i>>Ojlr'(), 

·'""Y'.'"''' o"d '" <h•-' '·'""' lllm' ,¡ppjy •/,r,. <o tlw ¡.,¡.,¡,,Ion<'' olthe ''-'"""" .<n<l 

''""' pl.o-w<. 
., 1M nOL·IhoJ ol -.vr""'>: •'""'"'' ll>,ll .o:l """' "''"' ''"'"'""'' 0., 1ho o"·"''· for 
· ''' "'•""" ol '' ••o""""" 1" olo•fu>c ·' me·""'Y t¡cle ¡¡,.,, ""''"'"',,,:,.o< ,¡,,¡,m~l 
·•' ·' tr•••' "'~'' >loon lo;low.-1 1,.,· • "'''P ol><'t.,oon. Th" <Prl ,~ '"" '''""''"''' ¡.,,, ,1 

'"''~'"' ll~ll .111 li<l" CO<f'< ar<' tO tloo O <Id le <luron~ ti~ <\~<IP o¡,..~l•o'l; ><'<"'MI 1 
¡lfOI •de< U. e ¡,,, too rio<>~non~ •1 nnnde>lruCii<'~ 1NdOul ¡.<.OR(J, 'Y'''"" . ' 

· Magnelic Devices and Men10ries 

1t" rto•l~ on<M"""'"~I lo lo"' the do<• sto<t'<l in th~ f'l'l('mQI)' "'-'rtrY time they •·~· 
INd nut. For thi; re•""'· thc :-oQRO h.l• bcen develop<'d. On~ ,..,¡i>od for a.· 
~omplr>hong thi> function i• lo rc.lclthc inlormJ\;M nui ol th~ me~•O'Y inln • r~m­
pmary ;toro~e reg~>ter (nip-flop< ~crhap;), The out¡M• of rhc ~ip-riops '"• tho•n 
u""lto rlrivo rhe ulllib" IHIC< <iuring the "'"e opcrotion wh1ch lollow< tinh,boi ll• 
"'rito,, O ,1nd do not mh,hit ro write ,, 11 Thu< the lhl>i< m~mory cyclc •llow< u; Lo 

form on ~DKO mernory lrum • ORO rr.ernory. 

hamplc 12-5 
0..«1ooe how o1 cooncidenl·Cu"""' mcmory m•ghl b-. ton<lf\JCI.-d if <t mu<l !><' 

u¡>able of \toting 1,024 twenly·bol words. 

Solution 
Si neo• ll>cte o·e 20 bol< in t•o~rh word, 1herc rnu<t l>c 20 ploM\ in the n•omo'Y llhere 
¡,un<' pi Me lot NCh bol). In or<h•t ¡.,llore 1,024 wol(/;, we coultl m•'" lho pl.,n<" 
<qu.oro•, In lhi\ co<e. <-.1CI> pl.1110 woulrl conl.un 1,014 co:e<: ti wnuld 1-..- cnn· 
<lrucled woth 32 row• •nJ 32 rolumM sonce 110141"' •12'~''' • 2'~ ll. ll>i• 
memo')'" thcn r•p•bl~ of """"~ 1.0l4 X 20 • 20,40.0 bol• o! 1nform•toon. Typ<· 
ully, a memo<; ofthil '''" mighll><" con.,ruCicd in a J.jn rut>e. Notic~ ohal on 1hi• 
mN»>f} "" ho-'<" lhe ,,b,loly lo •wot<h ;ny or-e of 20.460 cor'"' b1 con:tolling the 
nmcnlf<.,.cl< on only B4 "''"' (Jl X line>. n Y linPS, and 20 inl!lbol hn,..l. Tho<" 
>ndeod a mod~<l numl~·r of <onl!oll1ne<. 

hatnple 12-6 
Ot•Yi"'; "'"•"' fur m•"ns 11«- memooy <y>Lem in Lhc pt~voou• e>ampl• o NIWO 

'1"~"'-

Solulion 
On~ method lor a«omph<h•ns 1hi• i< ;hov.-n in f•~- \2·16 The ""'"'roro •"•Y 
'""""' ,¡ owcnly ll-1.)··32 <o•e plan~<. For con<rnienc~. only lho thtt•• lSB 
pl•oe> and 1he MSB <ore pl>nc >r~ >howo 10 oho <i••r-'·'"'· lhe "''""~ .,,¡ op<'ta· 
llf>n for Lhc ulhor plor"'' .ore,¡,,'''""'· For cl.o,.<y. lhc X .1nd Y <ele<lline< hO'e .olio 

keo1 onlllt<·d. Tht· ""'1"" "''"'' '"'" ol e,wh plano• ¡, fo'ff <OIO a ¡,;¡JOiar om¡Mocr 
"hi< h rt-< 11fie< onJ amrl1l1o< lht• outpul \O tha1 a fl<l••liv~ pu l<e ,>rf"'•r> any hmt ; 

"'' rorp ;, r<sello rhe O "Me. 11 mmplel~ memory qcle <0""'" ola de" p~l;e 
lo:lnw<'<l i>y a te•d pul<c followed b)' a '""" pul-e_ The proper wa-·elotn" ;re 
<hown in f•&- 12-17. lho de~r pulse¡.,., •t'l< ~~~ ni¡>-flop< lo lh<' O <la le nhi< rl<'-' 
r"l«" c.on il<' gl'f\er•l<'d froon the lrd<i:ng edge of lhP ""'~ puls.t). Whcn <he re,1d 
looe ~<><"< ho~,h. oll tho 'N" ~.,,,, dnveo hy the hofl<llor omplofoer> are on.>bled 
Sl«>olly ,,¡,,., the ""' ol tlw rt•,od ¡>ul<e, -'hl~ "•r•''"~l lo <he X and Y lone< <i•••i~­
"''""1: ,,.,, ,,ldn•« olill<• "'""11" lw rcwl out. Tho< ro•>el< .oll coro< on lh<• "''"'"'" 
"0"11" Lhe O <\J(e, ,.,.¡ ,<ny <nre wl.,ch ((l!\l.loned ,\ l wdl >wol<h llny "'"' whid1 

'"•<clw< ~'"""'"'e' o""'"' on 11><' '"""' hno wh.<h "••npl,fo<_'tl orod •ppe.m o<,, 
pn>•li•·~ pul<c •llh~ oull'ul of one of ibe hop<>IM ompl.f.er< S<nc~ <he re,1d '~" 
!~.-'''""are enob:o-d. • pO>'tovo pul"' •llhc ootput of Any ~,.~;.i.er r""-"' throu~h lioe 
•~o ~•te ••>d "'" '"'' flo;> flop. Shonjy lherulto'f lh~ h~l!->('"•<-<< curt~nl' do'-<rl"'"· 

' ' 
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"' 

,_,,,., "" ........ •"11 '1~"""11 

,Jo~l-<hr¡ ~~~ oau• 1·" "'" •WP 19U-"'1'·' '!'"''""l -l".'l'''~·••o ••< 'J"'~ ""' 
r·•·>• ~~~ ·'m" "'"""' "0'1 "p.>>O 1'~' ·"~ <Jnd1no ,,.,., •''ll "~•I'P• 1>•1 "-'1"' ~•11 
1•· >·'"'' u•· '"""' >1""""~ 10·'1·"-11"~ •'·"l'~i,•o ·"11 ".»¡•Kl •·wp ..,~~ ~'1' ~u~m(J · r 1 

">d"IJ J•:o 11" ""''" -»1nJ """) > "'11 "1 

"-""11"1 

<~ f>'IZ'Jl'UJUIO> ~·· pu• "61-rl ~~J U!"""'!' OJ<' ÁJ<O>U~IU OIU/ JIOI" Jfl) <IO.>AJ J41 
-,_,¡nd <'I"P '"'"" "';' 41!-" ¡»w¡d.>J ;o "'l''d 1"'"' 0~1 .,. 1•41 :uO•I<l-ll>a "''" 41'" 
tl·ll -9!J U> U"OlJ' >t ~WI'i .><¡1 A¡n•» J>? owJOj.>.W-" .Ü<JWJW OIU! JI"" J41 

.,, ... o' 
~41 u¡ >O~UUOh JO <U?OW ~41 OJ>''O>d pu• >dOI)-d>U OKJI JO •~P!' I}J>¡I <q JN¡IU>I 

-uOl ~·· 'IU->UO~ J>Q>~UJ ~>JIJ >IUOJJnl pa¡O<•)it4 """"'O<l ~U>.\¡okit• /.q iJ>O~ 
~41 u> ~l<'q J'd>Ol< "'" >tlori·cl¡u ""'"' Pt-'4 o•oop >41 '"'i"d Ol!>" •'41 ~""•'0 "( ,,,,,-)! 
o~• po•.>J ~41 JO iU?>W ,(q <<fo;¡·d>~ ~>JI 01 p.>u,l;>e•a aJO W~41 Ut p.'>OI< l'lt'P 
Jo¡l pu• 'O 01 I"""J OJO i>J>pp• pJ:-,.>;» ~41 ¡e'"~'-' 11• ·~¡nd po~J ·'41 ~uoJO(_j 

-,dou-<1•11 11• '>~>J> ~'1~'' '"·'1 > ·'~1 

-
., 
. ' 

""OI¡o¡ >P l'"'"'"w""'' JI? IIU3A~ 
~41 pu• 'li•ll -~LJ U! UM04< 0>0<1\ AJI"">O ale ,{JQUJJW WOIJ pe,u 00) "Uo>)JM!'M 
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1 '>LUJOJ·"?M JOJI~O) )O >l>li I>U•l"fl Q,.,.,, Jl?Ji>Wt .\¡uL'i>,I>J<l \IOW OM ;L"l'WJ0<1t> 
oMI i><d4\ JOJ "IMJ'""'!·' p.'>O "'1 01 >">O> ~~~ Will) ?!l'Jl L 1?>1>J "J IJ ÁO(>LI.'·><LI LuOoJ 

/"'~' pu• (>J•m a41 o> "'"P ¡eu>Ol'·' ~"'" •-a IJ .1/ow.l!~ O!U! "'"" '"" ~•"11 ·•uu~l 
.e;.><! o !>U>t<>p 0-"1 a¡f ~~~41 !?41 J"U~O>Jl JM Wa!<A< ,¡¡QW,JW d!O[<IWO> a41 OOJ 

·¡•>~lu>p•" >•q A1J'" m¡ >•~O¡ ·'4' .,,., UM04> '! \l'il •4> A¡uo 
"AIU>J<IW" JOj '9i"l\ ~>j U! U"04< >1 !UO<I·<> l.oOoUJ<U Ol·>J<I<OOl aql >0J UoOJ~''I' •. 
,.~o¡ ""1 <Jou-<'•1! oq¡ >3> o¡ p»o Jq ,., •P'4" ,.,..~ ~~• JO 1J1 !'"''"'·" • ~"' 
-p~P A~ p;>q<>[dWO)J" aq A¡~»'·' ¡>¡no~ »41 "5ollü> oll[l U> 1 •:>JO!< q>~·" aM I'ICP jt'UJJl'J 

~4l ó<Jil'"' >tlOU·dll) O <JI 01UI \O< ¡•¡ep •><JI O>jOd pNO J<jL ~<11111p ll'41 opni W.JI>.I< •"IL 

Ol <>le~ ¡eU0!11pp• ~WD5 ¡1p0 ''"'"·"04 'l<nw JM 'L 1 ·¡; 1 t> J U! UMU<JI '"'"'J·'"' '1 

ü~Ui'.: OlUl'> J)Oxa 041 JO ,1>0 ~u¡~ew Aq poto¡•oJ ><J UI'J UO~I?J.JdO 01,>1.'1 OljL "il'i<'p 
¡ndu! · s·o¡ o>JoO< ll'UIOL>3 owo< wOoJ <oom "'1' n¡u¡ """""'"!"! "'"" "1 Al•i•~ed••> 

"' 
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•»11 •>W'I 110»>1 0·" 'U>OJ>·" i..oO<UO<U aooJ<fWO~ • '""" '-'! ''"'-><>> 0•)1 UO P."OI< 

'1><1 I""P"'I'"' 0~1 ~u><O¡ I"'~JI'" w•J<~< •~1 wO'j <>•>•I?W)OJU> ~o•pe.>J JO) <W•>.JJ 

~~~ '"'"'""'~ ·'1'''""'• ~"!l"_,"d ~41 "! I"'''""''P '"·'';" ·'·"'""'" o~ao,; d4l 

-~¡ l~l J))o .... ¡p•o• -"'41""" >OJ Apeao """ " 
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l. Dur.ng lhe '1'111,. ~luhf", rldtol ht'I<J in lhe n,p.flo;" MO flo<ed in lh•• CO"'' O>óctly 
'" belorc 

In'""' lusion. '"''' w•• 11>.11 '""i<' ÚHu nt<"morv end rc•ocllrom mrm<"Y '"" e>actly 
llw '·""0 o,oo•r,.;on• Wolb IIH• t''"'"'"'n ol IIH• ol.ot.o '"'""' ''' tho• llljo-flo¡». lhe 
""•"'''{""~' oro •"•·l<liy lhe ''""'' wlwn lho ro.oJ ond cn<or ,¡,,¡,, ¡>cd>e• ore usod 
-~~'"Jl"·"•"l\1. 0>\<llh•• lome 1"1>1 <ydc hnre ;, ro•quiro•O for toiiH•< op~roliool 

11 •hn,,IJ 1,.. l'"'"'''d oul lh,,l ,, """''><"' ol difl.cuiliel are· encountercd w 11h ih" 

"'"' <•1 '''"'m 1'"' o{ ,>11, ''"''' tht• ""'"'' w"e in eoch pi.> no lhre.lll• e>t<y co•~ m 
<0•1 rt.,ne, a ""'"be~ <>1 undc•i«'l •i~nal• will l>e no 1lw "'"'" "'"" T.Oe<e un. 
""'"'-d "~""1' ·"'' ,, <C>uit ni'''~ !MI lh·>l "'-"Y nllh~ cor~' '" ¡h,· pla"" '"'""~ • 
ha:f.sei('< 1 """'"' .ond thu, e•hob1L d ,j,~l\1 llu• chango. 

bo ~mmNIIr,•l n.>tlo•¡n ni '""' •"·'"R"ment •nd wir10~ <ho"" 1n f 1¿; 1 2· 1 ;¡ rep­
f<'«"nll an aut•mpl Lo ,.,,.,;,.,.,,. lne '""'"''"" no:<e l•y eoncell.>i,on. r "' C>on>ple. 
lht• "bnal< ondveo-d •n lhr >M~e Ion,• ~> th• \ and Y <lri"' cm real< "·ould hop<"fully 

r.,. 11·19. 

e __ 
1 ""'""'' <><1< 

be conccled ou1 sine e lh~ "'"'" ¡,,e ero""' the>e l<nr< in th• "P»""'" d~r<etion thr 
'"'m• numhoer of ""'''' funhormor~, th• '""·'" hne" alw""' al a 4S' Mg:o lo the X 
and Y >('lt-<1 ''"'''· ~im•l•rlv. 11,.. ,,,;..,. si~n .• :, ind~«-d on the <cn>e i<ne by 1he ¡>a<· 
l<al •w•l<hing ol LOr<'O re(t•ovon~ half·>dal currenl> lhould Cd<Kel on•· •no<he<. 
Th"· hov.,·ocr, ao«Jmrs lhal all con·>"'" <donlo<•l. wh,<:h '' ha<d:o· ooe1 <roo: 

_.,,mllwt n>ethod fur eliminahng "'""' duo lo <o•~• '"" "'"'"~ hall-..-:<"<t cuu••nl> 
woold l>e to ho"" a co•e wh<ch e•hib,,. an ab<.<;>iuiPiy rectan~ula< BH curw ~' 
•l.own in f1g. 12-20•. In lhi> c.a...,, o h•lf-..-lect ru<renl wo~ld mo•~ 10~ op~<alin~ 
ooonl of lhc <:nrc IJol"hO¡>< front poi ni • 10 point b on the cur>~e. However, "nce lh~ 
lOp of tht• cu"'e ;, ho<imnlal. no fiu• ch•nRe woold o<cur, anci tl'lc<ofooc no ""' 
d~>i<<"<l ,;,;n.al couiJ lx> induced in ¡h~ "'"" w<l~. TI"';, an •d•ai curu, how"'-'"'· 
anci cannDI be- •e•lircd in atloal r><><lic~. A. mea«Jre of co•e quahly '' g<>cn by the 
squd<One<> fdUO, which is dd•ned o. 

. "· ldhO--

"· 
Th'' '' the '·'"" of th<' flu • dens•IY at lhe rcr"rMncnt I>O<nt B. 10 thc flu> densHy at th~ 
•w•t<hin~ poinl H •• 1nd i< •ho1<11 w•rh:c.1lly <n f1g ll·20b. Tho 1deal vdlu-e i>, ni 
cot~r..,, 1.0, IH<t v.livos brtw<"<"n O 9 and 1 O'"" the h<>>l obta•nahle. 

12-5 MEMORY ADDRESSING 

In lh" <ertion "''' ;,,., • .,,g,,w tlw ""'•''" lnr .lctiv.,ing the \ o.-.d Y"''"'"'" ''"''' 
"'"•<h "'I'Piy ¡¡,., h,lll·~<•lt,..l """·ni< {ur '"''lch•n~ th~ mre< '" th~ mcmor>'. f">l of 
all. •int<• u 1y¡>i<.1lly ro•quire< H\0 lo lffil mA 1n t•ach <eie<l hne nh•l i>, l. " 
tvp•t•lly lx•lwoon 10{1 and 500 on"-1. ,.,,.lo "'lc-ctl•n•• mu" be dr•ven ht· a curr<'"' 
'"'',¡,{"''· "- 'l"'ti.ll cl.m ol "'"'i''"" lw lx•en dr·wloued (o< Lh•> t<>>fl''M' 1~e\ 
'"' <eierr,•d '" ·" n<'r cf,;.,.,, i~ <J,Ho <~oc" Who!" !hen ""''do~l ,, 11<>• m~a11s lor 
""'"·" inH 11 "' l<><>i "'' <'Ort•·ol<owr •"'f>l,f,.•J, 

tlr lO LI<J\ i><MI, W<" hove <Jo .. ~n,tto~ :he X lm~; ., X,. X,. X,. .x. and th~ Y 

• 
1 • • 
1 

" 

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

~1 " 



•' e_,(,.• ---- .. 
"' D<gi!~l Prin~iple; and Applicalions 

lino<'' Y,,\',, Y,, , Y,_ for • "~""~ llldlri>, ni; lh~ numb<•r ofcore< in cach 
mw nr u,lun'"· dl1d ll>~re JIC ¡ben o' <Of!'' in ' nl.1ne. When the pl.ont> ••e a<­

''"'~··.l in ,, '''" < of ,\l pl•nc;. V>he1e M " Lh<' numl~ ·r '" ~'" tn ,, "01d. we h.-e • 
""'"'"'Y C.J¡dM o\ .:ooo.,g n', ,',J-lJ¡i wu"k ll11y 1wu «'lt•U l1ne< can ¡,'en 1"' u'cd 
lo rt•.l<l o• ""'" ,, ""''1 in mf.'mur)'. ""U lhe olddf!•>< nr11'"1 ""0•<1 i< ).,Y,, who•oc· o 
,,,¡¡¡,e,,, Le ''"Y ""'"l"·r (rum 1 1<1 n for ex.<m¡>le, X, Y, ro•pre;en" lhc• culumn ol 
"'"'' ,>111•<' iOliN<e<l•on ol tho X, ill111 v, wle<llo~w>, onrl we can then say ¡(,.¡ the 
,,.ldro·<~ o( Lhi< w~;<l i> 13 N oH e lh" tht' li"t el'~'' 1n tlw .1tltlro•» "the X J,ne anU 
lh<' ,c•tund d,g,l "th!' Y lone. lhi< 11 .lfOolrMy ,l'\<i wu'd b~ rt••ersed. 

lh" meli1od of .>~d<c" d~"~""''"" ont.>il< II\IL one pmlJiem: in a dig<tal >y<tem 
,.,,. (dO U~<' nnly tho• "~"'~.><!" 1 •nd O. Thc probl~m "~o>1ly re>Oi\cd, howcvcr, 
•in<<' the .1d0""' :' \, for "'·'mplo, can ¡,.. rcp<M<"ntcd by O 10 O 11 in bonJ<;' (o•m. 11 
"~ u>t thf<·e i><h iO< ll•e ~ l•n• po<ot:"" and th<CC bol~ lor lhe Y hr..• po><li0<1, "e <•n 
thc'f'< d'-"'"~"·"" ¡¡,. • .<<kl•c" ol •ny wo~l on o mo•m<><>' h.ovin~ • cApaco:" ol M word' 
"' i~"- Th" "e.lw :o«'<'. "n<e wllh ¡hu_'(' hit>"" c.>o l('piO'o'N ,·,,:ht ''"-•mal 
n"n'l~·<>, which "'"""'"e"" tldon•· •n 8 ~ 8-64 \\o<d "'"""''1- liwe cho'• ,,n 
,-,~nt-l"t .ukl"'"· ¡,,,, ¡,,,, tor lht• ¡, hne and 1011< ¡,," lo< 1~'<' \'lino, we c"ul,l dd•nc 
a memo'i' h•• •"'l l' >< ¡• ~ 16 >< \(> -1.'>6 worol<. In ~<·n••ral, an add"·" of 8 b'" 
'.1n :,.. '""1 lu <ic·l.o't a >QU-'"' m<·mory ol 2' v.wd•. "hcrc Lhere o<c U/1 b,:; inr 
lht• X lonc' .>n<l Ui! hol> ior tlw Y l•m·<. F«>m thi> <i"<u«ioo •L 1< ~••Y 10 >o:'P wby 
:,.r¡;<"-'<•>:l' < '"nc rlo,t·currl'nl mcn<n<) Sl''"'nl\ u;u,llly no-,·c ,, '·'1'·" ,¡~ \vh•ch ,, Jn 

o'"'" ¡<nw,.r ol }, 

:·,,,mp'e 12-7 

WO.H '"'"'"' 1"• lhP strunure of thP b~nary •<i<i«'S< '"' a memory <y>tem hovong ,, 
, •'1'·" '"' ul 1.024 wurd;r 

Solut•un 
\ . .-,o ;•• • 1.<1~ .¡_ t '"'e 11ou\d ~''" lo be 1 O ¡,., 'on lhe adJre,¡ "o<d lhe i<<>t ("p 

"<o.,:,¡ •~· ~""' "' c.e<;~""'" Mt' o>( lht requircd H ). IoM<, •<Id lhe '<"<-ond l"c 
·, <ould 1><- ""'i 10 dt'\ogootP onc o! oh~ H Y liMS-

:',,,mplc n.a 
"" ;¡,,. ""'"''"' '''"'"' ,r.,.,,,h.:<J in '"e P•L>Yicu> P•amplc, wb.t i< tbe decim•l 
odd• ''" (o, lh<' <<>.o;, ong bollA">' ~<kf<<"<P>I 

<-o lfd W Go1:fo: 
1 hi(Jl dlul~ 

l<l 11110 (l[l[h1l 

So;UIIOil 

1.11 lhe ior<L lo\P bol\ are the X 1"1<' ,,nd <WfP\I'""d 1<> tho<h•O•ól """'l>r•• 11. 
l ho• ,.., <>NI1.vo• b:, "'P<t>ent ihe r ¡,.,,. ""' <<>rrc<¡mrlll ¡., the decimal numbcr ,\ 
',." •1-•• ,,l~rc·« , >,Y,_ 

oiLI 1 1 0\l \, • ]'; 
0

, on<o O 1 0 10, - J(),_ H>Ncf<JLP, the od<.l<C« i< X., l'.,. 
le¡ Th~ .>dd"'" ,, ~ .. v,. 

Ma¡:nct.c Oedces ~nd Mernorie• 

' 

1 -r-· 

1 
1 

F<om 

'" ··~··» "'"'" ' 
y_,,,., 

1 
' 

' ,.,. .... 
m.r"' 

'" 

' r- N X-Iom --~ 

~ X·lm< """" 

' 1 ¡ 
-" o 

:J~' ll! 
-l 1 

llu¡» c,,llc•J thc · ,l(ldre<' 'e&"'"'·" Tho· ,l<ldr<•" on IM><Y form rnull iiH'" be 
do;-<mi<'tl ¡,10 ¡],-,m,>l lorm on order lo"'"''' <>n~ ol LO~ X li~o dril'!'" on<l onc' ni Jh<' 
1' :,no d"ver .1rnpl<1'~" ,>< <1""''" in 11~ ll·ll. Tbt• X ond Y ¡lecodo11~ '"'"""'' 
<11()\\11 10 the f,gutC Colll be i!IPnill"l, •nd ,l<O t•<IOOLi,\lly bonJ<)'- .. Hhi"'-" 
ti••• nJer<. lllnary-1<>-decim.d dt·(udinH ,,,,¡ •l'l''"r<iale mal11C~' "P<C <h«u«o•d '" 

Cnop. lll 

12·6 SEI•\ICONDUCTO~ MEMORIES--;BIPOLAR 

RNlvn-d <a>l ,,nJ ;i,~. improved rrli,,I,.I•IY ,,n<l 1peed o( <r-p<'fdhon, and in«••...,¡ 
p.>c'ing dro>«ty .re omong \he ''"""''logocAI ~d··•ncro; "~'eh ha.., n>•dc <-<'micon· 
duelO! memcroe' • rcahty on m&lern do~>IILI '"''~''"· A 1>•(><11." memor)' ¡, <""" 
"'""'-d usong thc l~mthar hrpola< "·'"'''"M, "hM the .\lOS memo.- y ma<~• u..., ol 
th<· MO~HT. In th<> ''''""'~ 110 con"''"' lhe ch.><Jcte<o<h<< of b<pol~< ;cmocon­
<lv< •~• memo11e'; MOl momo<io> orP con•i<IO<<~I •n lhe ne•t "'<:tK>n. 

A "m<'n'of't < cll" " o u M copoble ol <lo<on~ t>on.lf't' in(o,nol•on; thP lro"c m~morv 
uoil '" ,, l<ipnl,lf ''""''""du<101 momory i< IJ<<' llq> llop (latd>l <!<nwn on r,~ \ 2·11. 
lnt•, Pll ,, ,..¡,., ¡, . .¡ IJ\ ,,,;,,,1: the X ~t•ht hi>P .1nd ti><• Y •decr lono; '"'' <eme l1nC' 
M<' 1 ,,ti' rt•tu;nt•d th•uu~h lo\\·IO<i>l.l<ll t' "'"·'o ·'"'1';¡¡,,,,. '" gmund. <IIOc· cell wn· 
''""' ,, 1, """'"' "p«•;c•nl on 11,. 1 <erole 1«'<'. On lho• olher h•n<l, ,¡ lhe cell con­

'·""' .1 ll. ,-uo(•nl ¡, 1'"'><'01 "' Ll<o•Ü •<'LLIC li"''· 
1,, "'"'C <nlo•mal '011 "'"' tlw < o•ll, 1<w X oln<l Y IPINI [¡1'0\ "''' lwl<i hrgh: hniJ''"; 

11,.•11 "'Ll'l' l•o>< ¡,,~¡, t+l'"l whd•• ¡¡,,o 1 H'rt><' ''"'' i< ~rouncl••d WLIIOI .1 1 lnl<> th•• 
.,•11 .IIL•'IIl.lli''''IY. hulrl.n~ tho• 1 "'""' li"e hiRh 1+11,.¡ an<l the O '"""'[,no o; 
~""""' ,¡,,.,.,~ ,, "'lect "'"'"'o IJ ir''" ti•• <"<•11. Thc h•;•< h•poldl memo<> l<'ll '" 
h~ ; l·!.' '''" ¡,.,u,..,¡ '" ;10<P onc 1>'"·"1 d·~•l II><U, •nd thu; mony •u<h n•li< ,ue 

"''•'"'"''" '"'"'a men1o"'. 
'"""""o( ll•e R5 h<p·fii.v<"il' on ri~ ll·ll n.,e b<-,·n M<ongM on • •-h<-4 m•· 

' ' 



[.~. 11-ll. ll'l"'~' n,cnlú<)' <•·11 """''· 

-, 
1 

1 
' 
1 

¡,,, '" '""" ,1 l(o\\wd h; '"'"''"' nl!'ll'o<y in 1'11· 1!-ll. 11 i; !dPrrt•~ Lo" ol 
r. 1ndnm •"""" ""'"'"'Y IRAMI ""'" e•ch llot r, md•''"khlll,·ad<l«·<~ll>·<· hy •e· 
·''"'"~ MP ~ ¡,.-, •. >nd ron e Y hr.r, 1¡ "•l<n o oon<IP>L<Hfl>i>le re,,dout ><ncc• t\w "'•HI 
'\,.,,,,<M <icw1 ""' ,,,,.., ü·c '"''' ,¡ tOe ••IN Lt'tl 11>¡>-llop. Th" momo'\' < ome, on • 
,., . .;:o «'Mi<oo<lu"o' < h<r hr. • >in;:le P"<b~o) >• <ho·,·n "' fig. i 1-l4 ~-- 1 o u> O· 
, 1 '"' ¡ • ¡ &·W<>r<i '~""'""' w.lh mo.o oh•n one b•l po•r "o'd r«¡uire< «•e .ong tho"' 
;..,"e unll< For •••m~•~. '" ollfie><' chip• can b<- u .ro lo conwucl; lb-v.';d b1· 
,,,.¡,-1 ""'''"''1 •• <MI'n '" f,, 1~-24b. The X oM Y •ddre,. lone• ••• al <on­
m·ch~l m p,,,,:d. 1~o umt< '"""" in f1~•- \]-lJ .1~d 1!-Z4 •'• ,.,...,~tiolly 
''1'""·'1o•nt to tho• T~'·" ln>t<uO'-t'<l\1 901) •nd f31C{hold ~3407 ¡SOl! O< qO)li, 

h,1m¡>ll' 12·'1 

''""•: ,1 ''1111, ,·•p:,,;, ho" lo con<1ru,t ,, 16-wo•<l bv 12-bot ""'"""1'· Wh,li 
,,.,01 ,._,"""''1 ._,.,,.,, th•• 12-b•L l'oO<d fomoerl by l:or h•t••n coiurM 1 and "'"' 1 of 
o•,oCil pi,OIOI'I 

' Solu¡ion 

(OMo~l '"'''"' ;¡,_" 0,01 tll' ""~·llOI "'<'10101\' pi.l<l~> In P"•'lid. TOe 'dd•<'" 
' , ' ,. ,. y 1 Y - '0001 000 >N><\> lh<• ¡,¡ in tl>e ¡,,, cnlumn anrl tl>c 1">1 row ni 
'''"'"' h c.Kh plAn~ <• ¡¡.¡,., ..,0 ,¿ rep<<"<'nk-d by thc >Ntocol «>l,.mn of 12 •l>). 

f<~ l>rgor <lM'm""'~· ohe .,V<Op<i>IO .¡rldro" d<.·•od,n~. drn;•r am¡llol•c". M>d 
,,.,o<llovoto ongo.- ,,,. •ii c""'"u<:IN •n ,, •inglr r.>r~.>go. C,uch a uno!, for ~,.,.,plr, '' 
¡¡,. r,,.,dHI<I '>'l"l~-thi> ;, o 1,024-"'0rd hy onr-h1t rr.,J/w<M KAM lhc ln&•c 

' ' •,).'",. "" ·"''''"" ,,¡ 10 ht> " "'"'''"' n .. o~r.>m " '"Ovon on •K· -' " ' ' 
tA,_A,A,~,A,A,~,_A,~,A,I '" ob<>•o 1,014 "ord< ll>.ol ;,_' b•h P'"''>W' 2' """' 
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"'" M~~ ""''''-

''"·''"'"' In lhi< ·'"'· ,¡,.. 1111,¡ ><l<he"" ,¡,,il'¡J """ lwo ~mW' of '''" ¡,,¡, 
,.,,.-h_ Tho• loro\ hl'<' (A0, A,, A,. 1\,, A,l <cl<·(l a uno~Ll" ~""'1' ni 11 l•n<•> lro:n 1:10 

1!-IJy-.1.' •'~'·'\' liH' "·wn<l fo~•o f,\ A,, A,, A., A,l -.·!,-(¡ <''•'< tly Me o( 1 oo 12 

¡H<'<clt'c1<•d ¡¡,._ fn• '<'·"''"1'· '" "'"'"'~ Throe ¡,,,;, ""'" .l<cil"·" •l.llk,•d on p,,,,,¡. 

¡,.¡ ·'' •howo rro'"'""•l¡·; n ""''' ''"''''"'' • "'~""'"' "·"''"•: 1,~}4 ~O«ill>¡ "bll<. 
A""'""' inlc•"'''"'l: ,,.,.¡ u~·lul ty¡l<' ol 'CrniCnnJuo lor "''''"'"Y '' 'h'"'" '" r ·~-

ll- !(, Thi< i; ,1 hopol,, 11 l 1,..1U ,,.,ly memo<\' IROMI. Tlw lnhto>,>l<nn ''""~ '" ·' 
RQ"c,1,. he"'·"'""'· hut "''"' ,,¡,,,,,.,, c•nnoo ¡,. "'"'"" <nkl •L Thu>, 1 <' on-
1.,,,.,.,;.,, ,,0 .,.¿ ;, t><'<n>,<~<'nl "' o.~to·~. Rü.\h Cdn 1~· «"'fIn llore mathom.ltoc.,l 
¡,thb.-n><~· lrao,l,,¡ipn~ M><l ,~¡,,., f.•c-d ddl~. lht• ln~o< "~'""'"' f<>< A RO.\\ " 
~cne,.llv simplt•l Jhan 1h~l r<'<¡u>t'-'1 ¡., ~ r~,,¡¡,.,¡,~ ""'""'')' .. on<ltl~<• <mol ,h.,., . .,'" 
1 <H. ; 1-i6 :e<¡u¡v,llrnt tn ,, 11 GflH n< l'.wchoiJ g}4141¡>no"<IN .on O<~h1-hol Oo,t;>u1 

"ord ''" e.och f"'' hot in;•~l ,lfj,;,,."- Thow ,,.,., "' '""'"'· l1 ""'"' "n<e "" 
,.,ld•e" "' li\<' holl l""',"d,., \2 ""'d' ll' -" l)J_ 
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Maene-tic Device< and Memories 

Example 11-10 

How many addr~" b,,. are '"'l""<'d for a IH-word !>y fo.>r·b•l ROM con•lr~<tt"d 
oimil>rly to thr ""'' on r,~ 12·2~1 How many m~mory <ell• at~ there in >uch a 
untll 

Solution 
11 requore< ''"en addre" b,¡,, ••nce 21 - 118. There would be 126 ~ •- S 12 
memory <cll,, 

12-7 SEMICONDUCTOR MEMORIES-MOS 

Thc b.:t><C dcvo<r used ;., ü.., <M>truLlion of an MOS <emo<ond..ctor memory i< thc 
MOSfET. Bnth p-chonncl on<l n-channol d,.,.,,,. a1c available. Thc n-chooncl 
nwmorics h.ove <in tpler puwcr 1 NI" ircfl'ent>, ,,..,,,Hy ool¡ -1- V", o nd 3<C '1'"''' < .,,_ 
~-"'1M WLOh T fL <ince they o•r usualiy re!Ncnced lo g«oun<l anO h,we ''""'''''' 
>i~n•l le> el< up 10 -'- 1',._ 1hc p-channel d~'ic~• generally requt1e 1wo power.>upp:y 
•Oil.ges a,..j m•y u'{¡ vire >OI\t'•l •nve"ion '" o•der lo be romp,>l•b:e w•lh TH. MOS 
de> ir~> are "'"'•'"' h,,¡ <im~:,., ¡hon bi...,lar d"'·icc"'ó; a< a <~<u:t, MO~ memo"'"' >>n 
L<• '''""'uc<e<l Wtllt •no ro h111 nn a e Otp, and they Me &encrolly le·" e'pt·n~tve :han 
¡.,pol•u "'""'orie<- The u,\lii1>0C <•lparilanre -WnClatttl Wllh on MOS ricv•<•· ,;<'"­
~rally mcans th..t MOS m~mori<'< aro •lower thon bt...,ior uM1, bultllt> <Jpoci· 
lance can be uwd lo good adv•nlagP, •• wo •hall "'"· 

, ••. 12·26. ¡)(, b>l (11 word > ~-bit) ROM. 
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"' Di~ilal Principl~' ~nd Applicdlion~ 

O•to "----,------------,-----

-_, "'" , ______ _ --· ""' 

Ao N\ fiop-loo,, C<>nllwued uli~g .\IOSHT<" ;lmv.n'" fo~ 11-27. 11 i• • q,oo­
d•·d bo ... able {of<~-1. "•lh Q, and Q, a< th<' 1"0 •<~"O d,•,i(o<, •nó Q, •nd Q, 
·"''"~ 01 oct.1o ¡oull-"~' le>><.'n:o.llly ''''"'·'"<e<). Q, ami (l, cuu~:o '·'" flo¡o-ll~p 
o,r,oul< lo li>e '"'' 1,¡ l.no, Th" rt·ll "COO\IHKIC<i l'lin~ O·tÍl.onn•A Jo•>~«•<, ,n>d 
... :,-n,on" .Kcnmpl"11l~l by hold11>~ IKlih U>e wr>~d l•ne .1nd tho• [o,¡ _,d<:<illlw hi~h 
o;-\',,1 Tnc ¡"'"'''" vnitdge on lho• wu1d l.ne turn• on Q, "''d Q~ ""d loe p<>~>lile 
>o.:a,:o in lho bo: "~•'<lline ¡.,,,, on Q, ond Q,_ llnd"' lh"ronrlol•<>"- the nr~-!1op 
o,.:,out• ""' (flUpi<·ti rl•l<'lli\· tn ¡he¡,.¡ O!'lpur.rnphf•o• lo~e '"1">1 '"'"" ho~h, and 
:.w n:i·-r•r """' ¡,,. :ow~. [)n ti"• o1eo•rh.1nrL d,,¡,, o·,,n he >10rod in tlw <PII ,,¡.,., •1" 
'''·•''"'' Ir; opplyon~ 1 "'O H \',. nr O V del al tlw dJI" inpul tornl'nol. llw b.ISic 
,-,emory <~11 ,_, fo& ¡¡.¡; ;, ul-<.'d 1<> cQn>lru<l ;o \.014-bol RAM ho1·m~ a lo~•c 

"··'•i'·"" ''"'''·" ro fo~ 1 1·15. TI"' ¡>J~o<uloc uno! •> ;o ~601 "' rn..nula<turo'Cl by Sig­

'"'' ,, '"'"· 
~ rnen1o-y cc-i', • .-in~ p "'·'"'",. \",O~ftl• "<1""'" on fo¡: IJ-1~. Q, .onol IJ, Jre 

tlw h•O ,oCioVO Co•1in•• inrrn·n~ tOo• llop-llnp. whil<• Q, ;onol Q, ,,,_¡ ' ' ><lov~ I<Jad 
"''"'""' 'ino ce:: '' '-<'IP<tl'<l b1· ,, lo" lo~ic levd al tho ¡,,¡ •elec: oo¡>ul. Tt"' 
""·~:o,"'~''"''""" <>ltne l11p-llop oull" •PI""pri,te •mpi.ioo" las in í•~- ll·l71 
'""'"o:h Q, .1n<1 t)., 

A ll,l!i< "'em"'' ,, e<""P"""" "' ',,;;, c.op.•h'·· o/""'"~¡,;,,,.,.""'""'·"'"" •o­
,:.-:.o.h·ly. fm p· ·•¡¡:e. lh•' h•¡»i.11 no MO>t fl loii'-'"'P oe.,qÍn. "'1 '" '1''<'1 '" Ion¡: 

i 
' ' ' 
! . · f·~· 11-25 . 
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ll·3 1\',AG.'\ET:C·I'"JRUM STORAGE 

M<o,ory '"'''" 
Jl ¡_.w¡ 

l2 '"'"'"'" (IGl•lh.«) 

¡M 
1 

R<fr<,t, ""P''I'"' , .. ., .... ,,. '"'""'" 
1"'"' 

' 
"' ' 

1 o< l ¡ 
Columo"I<Ctor 

ou. '"o 

o;,.""' 

' ' 1 

' 
1 

1 
! 

1 
1 

1 
1 
' 
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)igil~l Principie< and Application< 

'Y"""'' ore ;aid to l>c ,,,odom-ac-oo>< •ince any w<>rd in th~ mornory un t>e 
wiO<Il·d .11 rondom. lne primary rli..clvontage of thi; type ol mt•mury SY'""" "the 
co,¡ uf wnW'-'<Iron fm thc ;mounl ni""'·'~" evo.I,,IM. ¡.,, ,,n "'''"'~le, rec,!l th,l1 
,, ""'~nctlc topo "op.tiM nf >lorin¡; large qu.1ntitre' of rlat.l al o rt•l,,.ively low co" 
p<'r '"'uf ;toragc. A typi<.ll loli'C .,,;~ht M capoble ol 'torinH "P lo 2n milhon 
thMatler>, which CO!rc•rond; lo 110 mdlron bit; !Ch.lp. 10). To conWuct •uch a 
mommy w<th mJgnotOc cor<'< t<'quir"' aboul J million co<<'S ~~ plone, a"um•ng 
....., ""' • "•ck of J6 plano< co"e<ponding to ,, J6-bil word. 11 « qu,¡e ~"Y 10 un­
det"Jnd 1he lmpra<l•<•ltl)' of ronwucting •u<h • •ystem. \llhol is J'<ceded. then, ¡, 

• sy>tem copable ol "oring lr>!ormation with le'S< <O" per M 001 h.>•mR • gre•t"' 

c•pa<•'Y-
>uch a <)'""~' i< the m•~Mtic-dr~m ''"'"~" '~"''""'· lhe ba•i• ol • ma~nel.c 

drun1 ;, • cyhrodri<,<l-•h.;p«l <lrum, the •unace o( which ha< N-.-•n co.ltod '"lh ,, 
maHneL•c mawrial. The drunt i• rot"od on •1• ,,;,a> <hown in fig. 1 l·ll, ,onn IC.e 
teadlw•de he,<d< ace u<od '" ll'<or<l inlorr\l.llloo on the dllJnl ur '"·"' ,n(,,m;,bon 
¡,.,.,.. lht• rl•um S<ll<O thc <Ur(,l( <!o( the rlru<l< i< m.•H•Wtic, 1t e,hi\><1' ,, o•ct,;n~o\,.,. 
hy>IC"''is-lt•op prupe1 ty .wl , ,u\ ti'"' l>f' tna¡;n•·t• >cd. Th<• ¡mx e" <>1 "" ortltn~ "" 
the Jrum i> much ti..- ~"nP '" 1<>' II'<:Uodor.g on m.lgMtic "P~. '" rh« '""'rl in 
Cn.;r. lO ond the '""'P o<~thnd< for r<-'<•>rd,ng MC cornmonly ul"d ti o .. ~~. NR¿ 
•od ;o.;~ZIJ. Th~ d•'·' .110 re<o'<lod in tr,ock• MOLJOd thc c<r<:t;mforcn<r u! <he drum. 
~nd thcre i> onc re.ld/wrt!C hoad for eacf> tr.lck. 1he"' ar~ th= n••jor method• loo 
otnnng informat<m on tl>e drum ;urld<e; they are bot-.<eri•l. btl-p.ar•llol, aod bot· 

>rrial-pa<ollel. 
n l>t-Y'ridl "-'<.Otd<nfl, •11 11><- bot> in one wo<d ••e ""'ed «"<turnt<o\ly, <.de t,.,• 

••de. '" onc ''•d of 1he drum. B•"''-'"o\ <toragc i< ;hown in r•&- 11· Ha. Slorage 
d<•n"ties uf ~00 lo 1,000 IJ<t\ p<'l on ""' lyp<:ai loo O>;l~nc\<C dwm•. A \ypital drum 
misht be 5 '" '" doan>CIE'< ,<nrl ohu< h.we thc capa<i1y lo ;lulo" X B in X lOO\"" 
'"'' in=S.!Il4 b•h 10 N<h "·"'· D"'"" havc h-e<•n con;trucl<~l "'''" ·"'l'"h'-'"' 
froO, l'; tu 4!111 or.otk<, ,,,¡, \padn~ of lO LT.<eb '" '"'' inch "ty¡acol. 11 "" "'' 
""''"oh" ¡>O.ticul.« dt<m\ "1) 111 widc ''"d h.1< a lolal ni 100 ""''-· we ''-'" lrn­
n>t~li,;~ely that 1t ha< o <tor.,~~ cap.<C•Iy ol 5,014 IM< pe• l<ad X 1(10 trd<h~ 

1 "'k l ,,.,, 1 
1 ,.,. ' 
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Magnctic Ocviccs and Mcmo<ie, 

h~."llor Lhc 1ratk, 11 is e" Y'" we lhJt wc m;¡y have lo wotl '" re'd any one Wt><d 
lh.01 ;,, lhe d<um,; rototong, ""¡j tll<' WO!d wc wontl<i WMI mly notiX' under olw 
INII hmd al thc time wc <hO<>«' 1~ <~,,d 1t. lt '""Y in la« how jtoll t••"ed und01 th<• 
head M>d "" will have lO wa•t unhl the dwm compietes ,,..,,¡y " lull rc•·o:ut.on 
hdo<o it is undcr the head ag.un. Hu, poonll o u¡ onc oltho major do,ad••antag'"' ol 
the dtum compaced wilh the co•r <lo<Ose. Thal ;, the probl., of acce<>> tome. On 
the avera~e. we can '"'""" lh.lt we wi\1 have to waotlhe tnne <<'<jui....O lor the 
d<um 10 compk'te ooe-ho\la revolution. A dtum i< ~"' wkllo hove reWkted 
are ou. 

Lxamplc 12-12 

11 tho• doum in hdl1lple 12-\\ rot•••• al a •peed ol ),1)00 rpm, wh•t "the a.erogo 
""""lime for lhe dmm! 

Solution 
l,OOO rpm- SO rps_ Thuo the \un" 1()( occ r~<oluoion i• 1/ISO rp•l- 20 m•. Thu;. 
1h~ """"~e ac<"'' tome o; ont'-h.>ll tt>e time o( one "'volution, whkh i< 10 m•. 
Contra;\ ohi> wi\h a coincrden\·Cur"'nt core memory which h.1i a drtt'<\ .«ce" time 
of a fow miuoseconds 

Nol¡n• i11 ohe prevrnm <'••nrplo• lhat 11 r~~uiro><" •hnrt ''""''d ni lime \o "'"d th• 
Jfr br" uf the word, •ince tl..-y oppeor under lhe read heod MC b" al a Irme in • 
><'OI.lll,.,honn_ lhe •clu>l hme roqtr><od is sm•ll eomp."f'd wilh \he <\<'ce" tome and 
o' lour<J lo\)(' (20 m</<1/1.111 wn'<l< per tr•úl"' 40 ~''· Th" read Irme can b-e 
r..du<<"<l by <toMg \,_, data on lOe drum in a parallel mannO'f, "'>l>own in Fog. 
12-.Hb. 

'" The »e••s• acce>• lime lor M·p.orallel '>IOrage lo U.e ,,une ••' lor bit-...,.ial 
sto"~··· b-..t o\ "poS>iblC '" road o.-.d uxord onlormatóon al a much fa,.er rate wilh 
tno hit-rarallel <Y"em. lM u• m<' thc drum in E•ample ll·\1 once more. Sif\Ce 
Lh<·r~ ,He ll1 word' aru"~Ó eo~<h !<oc k, and s;nce oh• <lrum rotaoe, •1 50 <P\ we 
e •n oo,,.l 1<" Wll\~1 :, ;u worJ, P·"' ""'o:~hon X SO rps - 2(>, L\0 word• pe< ..-.:on<l. 
11 lh<' rlot.l wcrc• ""'cd rn p,,,¡;,.¡ f,lSition, we <ould teod (or wrrte) at JG times tlú• 
r.to·, or " a ratc ol 18,MO Wll•d• per tcvololiOO X SO rp• "" 941,000 word> per <t'C· 
ond. We woold. ;,¡ coor«", """"Be to hove the nom~r ol orack< M the <Ír~m an 
""m mohrple ol t!.e_nu"'be< o! l•b in a word. for e••mple, wlth a J6-btt word we 
might ""'a drum having 16 or 7l O< \06 tr•cks_ 

A thrrd method br <l'Cord1n~ dala o-n a drom i< callod "bio-..,..ial-;>«rallel." The 
mcthr><l " >hm•·n in f;g_ 11-}2c •nd i• commonly uoed for '''"'"~~ eco rnlorma­
"'"'· Tho ,1eco•<> ·'"d rc.ld (or v.roto) tomes are a cnmbination o( the "'"al and Por>l· 
lo•l ''""·<'' Onc eco ch•r.<tt•r P<<upio> onc bio in c.l<h of loor adjacent trach 
11ru<, ""''Y lm1t track> n>rRhi he <alltd a '1Mnd," and c,<eh BCD choracter or­
CLrtllec, ""'' '1"''" tn thc bann. 1\ thero ot~ ]f> BCO chMactN• in • word, we e•n 
"""' 5 ¡ J word; on ohe drum of <••mplo 1 2· \ \ _ 

Qu¡\(! ol\cn t~e ae<e" ~rmo ;, <¡><'Ed..d up by tho adJrhon ol ••t•• reod/em!e C: 
ho·~d• aooond the drum. r"' ~·•mp:,._ we mjgho u"' two "'" ol hcad• placed oo O 
op;><>>r\(! >id,., of the Wum. ThlS WtKJ\d ob>iou<ly cut th~ acc.-.• Irme on halL Ahe<· 



'"' Digi1al Prinopl~> and App\lcations 

n,¡;.,•ly, "'' ro>if.ht "'" thrO'e >et• otl~·.tdl arra<>~od a•ound tho druno" 120" ~ngle> 
Thi> w<>u'~ r.1luce th~ "'' , • ., H'lll' hy nm• lhioO. 

Sinu• '"ihi1R on an<l <Ndinr, l"tm thc <lrum mu;t be vcry caro<ully limcd, nne 
"·''~ 10 the dwm is u>u,tily rt•><·tvt•tl ,,. ,, bming lrocl O, t!1i1 trad. a ;erie> of 
timinB pul~ i; permanently rrcmd•·<l and ;, me<! to !)'nthwnit~ the wH/e and 
fP.>d oper.>tionl Fm the drum th><.u"cd in ham~le 12-11, there ••• Sll word, in 

eo<'h U-"~ •rour.d the circumfcr...,ce nf the drum. We mi¡ht !1...-n r<'<O<d • <Ctie< ol 
·SH cqu>lly >Pdced timong ""'''' ••uu<>d lht• cir<umlrr,.,.._,, ol tke hming UO<~­
hch pul,.. woutd th~n de>ign,,,.. tloc ,.,d or "'"'" pmotioo> 1m a wnrd un the drum. 

STUDY AIDS 

lo. wid•• v.!1>d) al "'"gnetic d••vi«·• can t>e u>od •• bit1,Hy <le"i'"' in d-'H•t.>l 
'Y"~"''· B1 tor oh" ma,o "''dcl1· u,coJ 11 the m•gne\ic core. Co•~• con t.. u><'d to 
imp~-m<~>l "'"'"' loKiC fuocti<"'> '"'~ •• •~u. oo, .nd ~or, •nd nooro "'"'P'i­
' .ro-d iYn< '"'"' < ~~ t.. lom><"<l fron> <ombiro••ion• al ohc><- b:r;ic <ir<u•"· M>gl'lf'\oC· 
Lore >lt•lt ttgi<!t•f> ond ring '""""'"con be con•t•uct<'<l ~Y U>iO~ the sing!e-d>o<l~ 
"•"''''' loop l•·t""'" "'"'~ M.tt;n•·•rc·corc log•c '' ¡>aO<t\ll,orl, u,._.iu1 in opp'•c.· 
tion• "'r>"'¡,.,~ in~ env.ronn>el(t.LI o•<lreme>. 

Llll<'< 1 o<'«'» men•orio• "Lih ver y IJ>t ''''"" ti m~• <.•n b,• to11wen•~ntly <en· 
ltru<lt"<l u>inij t•¡thcr Olo~nOI>c tu'<~ <JI tr•n>i><nr>. lhe tltu>l l'"l><ll,n mothr>d lor 
con>lrll<'hn~ thc,o memo""' ;, tl11• , '"'"ident-currenl "'' hnlqu~. ,\Wmori~< con· 
"ruch-..1 u>>ng core' ••e inlwt<•n<ly 0~0-type memor't•l lolll c.>n 1.11' l<on;IOrmed 
mto NORO m~mori<» hy l~e ,tdd>HOn ol ~•terrul lag,~. 
~i<or>du<lor memorie< <oMI<UCir<l f<om bipol•r """''""" or MOSHh ~re 

•v~•l•l/". Bipol,tr memotie> Jr{; ''''"' memorie<, bvt •rt• ovoiiJI~e •• ·Jndom· 
oa ,.,, ROM;, Or •• comp~<'le rt"J~/>W<f~ unots. MO<; memo"'" <.>n be eo•h~r '"'''' 
o• din•n•i<, .>otl "'" •·•il<hh· •• Ril"•· 

M.>gnt•li< dru '" onrl ~¡ ''' IJ<<>> irft• l,orger >tor•re copoCiht'l ot .1 luwer <o<\ pe¡ htl 
th,,n ""'' L)'l'<' "'""'"'"''· llw, dn. ho"L'>er, oi1er 1~1· J"·"loon¡,,~e ol tncre.,.,~¡ 
Ji<t'\1\rn>e. 

•<'"" Irme For • coon<iden<·<u«~nl memory, 11 " the t•me «>q<>ir;,d ior on~ 
"'•d{Mrk cycle. In ~·""'·''· •1 " l~e t>me '"'luir.-1 t<> ""'" une ""'d into 
momo"> orto rNd ene word Ira"' memory. 

odd«'" A >er·r•, of binar y di&ot; o><~l 1<> >i><·<:<ly the lucJhon ol ~ won:l >W<'<I •n • 
>Oe(l1(>f\' 

<orn• .,¡,.,,.,""''"' <dox<ion lhe "' lonique of •Pil1)10~ '"'" "" r,><h o: '"O ~inr•• 
l'·'"'''t: tl><v,.~'' ,, "'·lE'"'' it' ''''"'' t• '" >uch ,1 "·'\' th.ot tlw nvt ,·urrent u; 1~ 11 •'1 
"''" ¡, ''"' ¡~, . .,, "· 

ORO [),·,Lillt ,,...,. ro.Iclout, 

dvn.l~"' ""'"""' ,\""'"""Y""'"'' rontPnll must b•! '""""'" ,,,_..,oo,<,>'1>. 
""''"~'" u,·.,u>d trum t~e Cr...,l, "'"'" hy>l<'•<·in. wh'< h meo,, to lag behilld 
'"'"'''~'" rurv" C•n~r•tlv J plor ol m•s~<"~i< tlu• d~n1i1y g ""'"'' m.>~<l<'lo< lO«~ 

1 
1 

1 

•. 
' ¡ 
' 

/;\agne!ic Devices and Memories 

"' 
H. C.tn al"' relot lo the plot of m•gn~tic llu• 4> 'e""' magn~¡;,; 10g '""""' 1 

m•mory <KI~ In • c.olnc•denl<uHN>I n><·mory wstem, a re;¡d op~r;tifln fo11ow~d 
by a >Hil<' opc.allfm. 

NDRO Nomd'""'" livc• readout 
RAM Rondan"'"'"" memof'/., 
ROM Rcod-onlv n>C<Mf'/, 

~!<'<! t~'fen! 1. The mommum currcnt requ><ed ro •wotch ~ mJKnehc de"'" 
<•ngl,..dood~ <r~ntftor loop A method ol rouplrng the ou•out o• one magn"''' cor• 

tu 11'>1' '"1'~1 ol the '''"' m•RnH•c e ore. 
"'u•reneu ,.lio A me.-•J•e ol wr~ Qo•hty. Fm'l1 '""~''"'""''curve ";; t~e 

r•llo B,.¡o.. ' . 

"•lic men<flt)' A mcmory cap.lb1~ of llorinB binary inforrn•tioo inrl 1 •irn>~<•ly. 

' 
'· 
'· 
'· 
; 

'· 
'. 
•• 
' 
" 
"· 
"· 
"· 

1 'o. 

N.•n><• onP .><fv.><>t>ge of a fetO le <oro ove< • metal·<ib!xtn <<t•~. 

."'•m~ o<\1' ad.antage ola metJI•tibbon <ore o""' a fe«>te CO't' 

0..•><"1~· ti><- method lor deo<"Cting ~ 1oktrc-d 1 in" <ote 

Wh) is • "rob•ng te<hniquo oi:en u.ed 10 <k1e<t the O<JI~ol ola '"i<tlo.-.1 
cord 

llow ¡, """ swotch1n~ lime<, alle<t<'d by th~ miocbmg '""''"" 

[>p•,,;., l'ohy mure complll•tecllo~ic iunction• U>in~ cure1 , Jn f<·ad '" """'' 
'"'" or''"""S IImb. 

What ;, the purpo"' o! the cliode in the <ingl."-di.,Ce tr•n1ter IOU!>I 

Why ;, ~ r!e'a¡· in •ignal ~•ndet beoween ca= de•irodl 

E>pl»n ho" lh~ R and C in Fig. 12-11 iotr~u<c a d~la~ in ,;~n•1 tranoll'f 
l:l<·lwN'n rores. 

l 'pi,,;., ti<~; npcrotion of thc "'"''' .w"e m' rn,<gn,•ti<-<ut<• m• tri, r>lanc•, Why 
"'' l'<'>llh<· "' tlm·a~ ''"''Y «o<e on the pl,\flC v.i<'• the <Jri\O wirr·l 

Expl.rrn h<>w 11 r> iX'»'hlo to "'"P ,, O in a <<>•n<•deo>Hurront men.ury cero 
"''"8 <he mhll"' lme. 

Why i< ~ ih><>c <O•nc•dcn<.nmt'flt ca•• momo,., '"""""'''• • 0~0-!>p<> 
l\'1''"''' 

In tho• h>sic n>emory <)<le for • coinciden~rurreot e ore "'"""''~' >v<l<'flt "h.:. 
mu>t lht• wa<l '~"''•"•on w•nt• belu•o the '"''" operai•O<t! · . 'I..C 

What ¡, 11'<'1 <r.rlerc•n<c• "''''"'''" lht• "''""'"'O mc•mur\ antl 1111• rc•.o<l (rvnr.:= 
'"''"'<"! < \< ''> lur •' '""""I"'<H<tllt'l11 t'o<c• '"~"'"'1 <y>1<·ml 

E>pl.>lll tl11• OH·arliog ol tOe ltt'•·' h·l·wro'd i>Y o:g'>t·blf ">ilr RA\.1, 

Wl>r ""'"""''no d)'n.1m'c b,pthr '"'''"mie.l 

Wh.11 ""'" •1 n>eon to "relre,'>" • dyn•mic memory! 



16. D~«.,l><• rhP rlrflerence loei~<~c·n ra.-.dom-•cre« an<l rc•rlrirl•·d·.l<Cr<l rMnr­
o<~<·<. 

1"1-1. fJr.m· ,r 111'·"' ~y>le<P<.< '""""lora eme. •nrl >how llll• "'"0 wrn.mml 
por c,h 

12-1. >bow '"'•'1''"' ,r,,. on • q,r '""P olrc• p;llh ol oh~ o¡}. raoin~ po"mt "' the e ore 
" '" ri<Ot'tl lron> ,, 1 lo a O Repe,oo ior swotching irom • O oo a 1. 

J 1-J. Dr•w 1'>~ wmboi lor a nMgnt~•C-<Ore log1c eirnrrnl, •nd ..,,.I.,,n the lunc­

"''" ol r•.rh 10hion~. 

1!-1. f},,,., ,, "'' or "·welooms <howing how the e>du<"·e·<>• <uur,¡ of F.g. 

, !·'>rl "'"'' <•1 ""·'"" '""''u' '' rc•qurcr, only lwo clock< "h reir •" ,, 'l'·"eJ 1 Rll' ""' 

1 1· -,_ 1 k,m ,r •r•·~~··-dH>t!<• tf,ln<lrr loo¡> l><·lwec•n lo\"ü "'"~- •rrJ e<plorn r',< O,lor,r­

;,.,,, '""" "·'""'"""' rl rrf'<·dt~l<. 
11-b. O.-.,., .r "lwmatrc •nd th~ ,.,,v..rorn" lor a cor• rrn~ counlcr whieh prn. 
•·rdr< <evro r>utpul 0>UI<r,. 

12·7. Or,rw .1 rkr•lch ,rnd e>~lórn how a <<>re Can b<' •wrtcht•tl i>y lhe COt~Crde<l\­
c"rr~nl .,,.,h,~l 

11-P.. M.1\.e ,, ,;.,·;eh <imrl"' '" fr~. li-1.1 •how10~ .l lnrr•t'·clintCn"ucal torr· 
.o.,·n,N\' C,tp.rb:e ni "Orrc~ WO t~n-brl wnnl> SitOW ,111 '"1'"' •nd outpr.1 ¡,,.,, 
cr<·.;rtv. 

1C-~. D<''"'""' In,• g<'<>on<-:ry nf a cuillC•de<.t..:~t<enl <o«· rnt'rnu'l ,_,,,_,¡_,:, ol 
'""'"" 4,096 lfli<1y-<"-brt "o<d; !i <"., how many plan,,.,, how many co•e> 1JPf 
¡) .. >C<"• t"tc.J. 

11·1'-'- ''"""'·"'Y'"'' c.rn IJ<• """'~in lln• mcmn<y on Proh. 11-'!f 

1111. H"" "'''"' «>•·,orol ¡,.,,,, "'"' rt·qurrerl '"' lh•• m<'"""Y •n l'roh 12-'1! 

;1.11. '>hm, ~'-'1':,., .olly 11-<' mr.,n:rl~ r>l ><¡uarene'< <i\lou lor , ""W""''' eme,·'"" 
,.,,,_-_,_, '" lmp .. n>I1CP lor magMI•<-cort' rncmoeie1. 

•t-13. 
ol Prob. 

D<-«:'<1"-' • >trucwre loe IM add•e" which coukl 1><- u«'<l ~J' th~ mcmo•y 
1 2·9. 

11-14. li ,, ""''·' '" cort• men>r><)' i< CMli>O>od ol sc¡uare nr>tti«'<. wlr.r: " 111< -... ord 
c.l,>oll'rt) ol llrr• ,Hi<lfe<l " 11 honor~ ,;,~11>1 

1 )- •. ¡·lnw 11\-" v b 1< M<' "''~""'"d in lhe >elcir~» o{ J ¡•,(, wnrJ by Qr.r·-b·l 
I(•.JrJ/Wfl((' br¡>.,l,\f ~r\.1,1/ 

1<-16. Or.>w """,..,;,.,,¡)o{ the <lo•rd chargo on th~ ~alr c.p•rol.Jrn;<" ,ho>~n '" 
¡r.e ¡,,;, Jyn,mic m<'nlO') cell in Fi~. 12-19. 
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lntroduction to 
Digital Computers 

1}4] 
1 he drgrt.>l rr,ncipl<'' <i"cu<«•rl "' th~ pre"m" rh,>rl<'" h.w~ beco utrlitPd 1<> 
Jc>vi«' a wo•t mony d.fferenl di~i:;l •Y<hm<. Tho •rpi!Cotro>n> ore manv .md ''"'"'d 
Th<~ ondud<- ,,mple ''""'"' <u<h •" rnomlcr> af'<l d<~olol do<1.<. •nd mu'<' ,.,,,_ 
pl~x a~plic~hon< <uch a< drgiiAI volln><""''· A/ll mn><'n""· lrequen(l <ounl<-<<, 
and lrme-pe<ood n>O,.,urong S)'•lem, Amon~ the mu" '<>Ph""'"'ed digrt,ll "<!Cm> 
de>'r"'d aro dr¡1•L.>I 'nnl;>ute", lm '"'k" <p<·có.>:-1""1""" m.1Ch<M<. ;moll ¡:r•<)<'r,ol­
rur~o<o con>t"'"'" (<uch '" tiH· O•g<l.ll l~uipmenl (<"1' PDP-~¡El, ,ond ¡,,,;,• 
gcnerai·P<•'I'""' <nmpul"" (<uch '" tll< • 1 ~ \,', J[,Q ,1nd 370 •Y"em<l. In th" < h.l¡Jto·r 
we cM<idcr "'"'" o( the bo;ic pdncople• <<•mmon lo d,~,,,¡ compuler '''"'''"' 

Aft~r <tudyon~ lh" cho~t.,- ''"' <lmulrll~· •l~o to 

1. Siól~ thc dolf.-rM<~ br>:vo~l"<'n • <P<'<•·•I "'"1"''" •.-.! ·' KPn..,•l 1"''1"''~ d•~ol,11 
cnmpuiP<. 

J. D"<ull LOe 4 m,1in blco< k<'",, ~··r.·r•ll""l""'" <On•no'<'< . 

.l. \V"Io ,, '""pi•• Cü"'l'""'' IJ'"W·"" "';"~ mm'"""'"' nodc. 

'14-1 BASIC CLOCKS 

TI"· n,•~ralin~~ nr mnlrol ni,, rl•¡¡.1.1l W"''"' c.m lw cl.md'l•d in 1wu ¡¡eno·rol rJI­

cgo<ic>- 'Y"' h""'""' and .<'\'nclort"'""'· In " <ynd"""""' <y>t~m tho• (:,¡> llo;" 
are con:rollrd by ¡he •v"enl dock .1orl c.>n Lhcrdme d>,on~" <t,HP< only w-'•'" 1l•c 

do<~ chango• "·''''· 1herdorr, all lho• thp-nnp< "nd lo¡¡1C S·''"' ch.1n~e l,•wl• '" 
hm~ ;"" on <ynd>rnn"ml wolh lhe do<'· An C'-"mplr of •uch • •;·oc loro"""' ""'"" 
"1k p.r.olltl m un ter con<lru<l«l "''"~ 11><· mo•l••Jol,,vt' cl<><l.ffi 11tp-flo~• "''"" 

'"""'"'· lho• fi•p-11~>;>> con ch.1n~o ''·"'' unl> wh~n ihc rlr><l. ~"''' lov- ·'"'''' ,.., 
oilwr l.n·" '""''' o• iiW ,, <y>l<nl coul<l lw Clln•lou<tod "" h [1\.\1 oh o• llop 1:"''' "' .,:,¡ 
< h.1n~C \1,\IP wlwn oh o• <Indo li'•''' h1~h\. On lho• ,,¡,,,, h.1od, on ,on ''"""' '""'""" 

'Y''''"' ¡he 111p-llnp< -"~ contmll,.l hv """'''' 11h1d' "'"" .11 '·""'""' '"'"'' ¡,.", 



"" 
-1 
YJL_JcJtSL 

'"' 1.,:.14-L R,.,, '>"emclotK. 

-·1 ¡~-Cio,, '"" """ 

__ fULJUUL 

'" 
tlw llip-llo;>< n\,11' <l>.1n~~ '''"''' ,1¡ ,,,nd,,m ,1nd ,,,,, 11UI in 'Y"''"""'"" W1th ,¡ny 
""""~, ~11,1l '"'h •" ,, doc~. !In <•>Jmple o( ;uch ,, <pie m "">:hr he ih1• opt,,<l<on 
nl,1 Pu<h huu.,n 1>1' > huma11 o;>"••t<>r. Dep<~<""~ '" rhe pu•h botiM wouid c.'~'" 
o iiip-flnp to <l>.<n,:P <late. S•n<•• '"'' o,~~••tor ~ AO O.we" rile b..uon al an¡· Urr"' l>e 
or •!>..· ,¡,.._;,~,. rlw liop-flop V><>old <t>ar.ge sial"" •• o,um1- 1andom tomo•. •nd thi< ¡, 
'"''"''""' .1n •"ynchroMUS op<•r,ll,on. Mn" l,ug,..,,,;c d.gital <¡'<leo" Of"'late in 
th

1
· <vnrh•Mnu< mnde; il ynu ~'"e" l,ule rhnu~hl lo rhe chpdnut ,onJ.m.

1
inte· 

n , "'"' nt "" 1, . ' '1 " ''"' , lt ¡; e'"" r., "'e " hy , 
>•o< ,. ,>11 In~"- ,-.p~'·"'""' in' <ync:hmnous mochine "''-"' '" ;ync hl<m,;m "•ih > 

ciod<. thc• <t;to·m do(< "''"'"'"' th~ """' t•mon~ un,,_ lhe w<~om ,·io<:k mu>! 
Dmv•dp ,, J>('roocli< "-,.~~unn 1\·hoch <An be u><:<~ •• ~ •ro<hron'""S <i&<••'· Th<• 

"''""~ "·"'' '"''"" in Fo~ 14.T,r "• typical <lock w•veforno u••:d in o d;¡;,t.rl 
""''""'- 11 ,¡.,,.,;,¡ l•• noaoJ th,,¡ tl•c clork ,.,,,.¡ not 1_,,, • perlt'<-11)' 'l'"""~l"c"l 
~ ; "· ' " · "'" ,.,. , , ' ,¡,, " n. 11 < " 11 <1 " nr,o ly be " se"' ~ " 1 1 "" 11 "" p u ¡,, ~ lo , oe~"""'' 
''"'"''1 ,, <IH>wn m 1•~- 14·11• lh,, WdVPform <<oultl. <>1 '""'"', ht• <<on<i<kn·d "' 
"" •"l'""''''"<,>l "'""'" '"""'· lht• m.lon rt'Quuomo·n1 i> simpl¡· 11<•1 th~ docl; be 
l><'<:<'(<ir tK'rtork. -"ohn• lt...t oh~ cloc~ dcf<M< • '"'"' tomong '""'"'al du,ng 
""'' h log,c npo.•r.otKon, n•~o,¡ 1>1• ¡~·rlorm<:-d. This t>.J,~ o:n<in~ onte,.•l ,, dolo~ed ·" ~ 
,-h 1 cyelr <m>e on~ " <'<]Ual lo ono pe<lod ol ¡h,. 1·1oc < wa\dorrn Th.,, •11 ''-"' '' 
,.;,.,.,P.,I<, riop.fin¡", (OUOI<'I<, ~·""'·~re., mu<1 <o.npleL~ thoir tr,,,.,;¡,.,n, in lol' 
'¡,,,, """ ' lu< ;. o·yc •<' '"""· 

fxampl~ 14-1 

\' ;.,, " ,,,_. d.,. ; <}'(lo "'"" lo• • 'I~INn "'toe h u"-" a ~00- kH, , n.. ;,¡ A z-~u '' 
clr>e;.l 

Soiulion 

A, be l. <r< lo• ''""' i< eq~al '" """ i><•roo<i ni tlw < 1,., '- Ti>orcfme, iho <lo .o:;, C}'ch• 
'""~ "" ,, 'ol)l)_;,¡¡, c:oü ;, 1/i:OOQ ~JO') a]"'· Fo• a l·'1Hz dro<.k, !lw doc!r 
,-\'(:~ ltnw " 1/1! < 1 0'1 ~ 0.5 ><'· 

hamplc 14·2 

low 1<>1.111"""''1i·•l•O" Jcl,,y ol"""lilr ·• '"·"'''1/,f.ol <' 'lr>c l<-U rl<p tl<lp i'I<'V<'Il.l' lOO 
"' Wh,ll 1< ''"' "''"'·~um 'Iocr. f«·qu<'O<Y lh•l <,ro be u<"i Wolh 111" rlop fJ~pl 
Solur(on 

,o.,, ,,lle<n,111<·<> "·'1 "' ~'ll"'"'"~ oho quc>Mn "· h'"' 
Tho•ll•p·l,'"<' ,,. ·ompo\'o ,¡, ,,,,,,;,,,, "' lo•" lh.ln r,,., '·'" oho• rr,,, ""r nre<'l.-1 

"'"' dn<l. <ycl,- """' T"""'-

1 

1 

1 
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¡,~, 1•1-l. 
c;noto<. 

\14-l\ 

,,, 

1"1 



"" 

.':xample 14-.1 

¡.,.......!.._ 
lr.RC · (1.¡_¡) 

Too mul'"'l"'""' "' r,, 14 ,, . ! 
' >- -,, " ><'In,; U<.ed "' l ! ' "":;unoq "iiQ¡¡ kll; .,,,,, • >Y\It•n, (U< .,,.¡ <·!><''•""'' '' , 

- ' """·"y" b<" '" • • 
lho• '"·'""'""' .1nol """""llm '"''ll"'IK , ;', '"'" J 1"'1> '" ICJ' ¡,.., rl.1y, ;.,h.lt ,Hp 

'"' <> t •e muiHv,l>C,l""' 
Solution 

Oo.- Pon m 10' <.m he <hau~hl ni '" 1 rvd 
l>e· JI""'Rhl .,¡ ·" ;> , , rlo, in 1 000 1 

~ m 1.000 < H h. h<> ro.ut- ¡0 lO' ,,,, 
l"ü ''"'''m 111'" ,;l"·' ,;~., 1 ' 1 ,,:,',' ,., 

5
"'<t'lht· mult"•'b'"'" """ .H IOtl u 11 

~ ' "' L\ti<'< ''""'' ' 1 '' 11 l !.1 l1 • l<lP C\·o :,., - lil{) , · f l , "' "'·'' """ 01 ¡,' ''•"'''" \' "'"'" 1 

'''' -- :•" ''' '"• ~ "'' ~ ~tlr. ·' '· ''"~ '"'' "'""""'"' '"'''!'"'''"' "'""'d ,,,. :on 

¡ 
' 1 

1 

1 
i 
1 
' 

1 
1 

! 
1 
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lntroduction lo Doglt•l Computers '" 

""' ~'""'"' r.g. 1•-•- o..,m.,ur 
.nd OUl¡lUI •mphfo<'-

u'""""' "•U" 

None u( thc u>edl.11"" 1h0w11 in frg< 14-J Jnd 14-J h.",, <quM<.'-W,w~ outp"t 
wa>rlorm, and il" ¡lwrt·lurc """""•<Y lo converi\Ce b.l'ic lrcoqu~ncy •nto ,, <.quMe 
w•v• bf'\o<e u"' in ¡he •v"em. The •imp\0<1 way ol occompli>i>,~ thr,·;, 1<> u«' a 
S<;hmiu trigger on u,.. oulpul ol 1f>o D.l<i<: o.crllator "'""'"'"in F•s 14-4. lf-,, 
pro.rdo; lwo adva nl•~o;; 

1. 11 pro.rdo; • "1""'" w,ove ol the h.»ic clock lr~quency '" d,<i!<~L 
1. 11 en'"'"' tha1 lhr clr>t~-oul¡>ul onr;¡l.lrcr (¡he >chrnm t<i~~·· ~n thr< c·.o«•\ h," 

eroough p<ower lu o\rivc ali 1"-e nc<•"'"''Y d«uits wit\>out ioadrng thel>.o«c o,­
e<llalor arrd lhu< chanKing tho u,ci\13ting lrcqucncy, 

14·Z CLOCK SYSTE,\\S 

Qu•t•• oí ten t\ i> do••ir.rt>!e !O ha•< do< l.< ul more Ll»" 00<' lre<luencv in a •Y>t<·m. 
1\.lt~mot.-ely, t! moght bf' de<ir.blc w havo ¡C, a\Jilrty 10 oper>te a W<lt'm al drl­
lr·rrnl do<< (rcquenr:i" We mighl 1\\en ht,¡in wolh • b.l>OC clo<< w~<e~ ;, ¡:,o 
h·~'""l foeque1'cy cl~•ir<-<:1 and d~'·clo;> ol~er b.1>i< do<~• b)• >implc fr"'lu~n<:¡· 

rlrvi,iun u<inR C<oun<cr~ A<"" e•am¡otc of thi<, ;upJ>O'" we de•i'~ • sy<to;-m wl>ich 
will¡>ruvide loo<ic ,In< k for·qcon,;~, .,¡ <, 15, ,~d 1 MHz. Th" <ould <•• ,,.. 
ron>pli<hed by u<ing the e loe k <\'<Iom •hm•n in fr~. 14·5. We l>c~rn Wlllo • l-MHt 
osc,lloto< foUow...-1 by a >chmitt tri~< to p<Ovide the _I.MHz clo<k. Th<. )-MH• 
>i~n•l ;, lhen (.,.! throo.r~h one flip-fio¡> l'ho<l> d.vrdr'< th~ <iiJI'•I by l 10 p<avide tO-e 
l.S·MHl clo<>. lhe l M Hz <ign•l i> al><> f!'d through • dovide--by-3 coo.rnt..-, which 
p<n--i<l('< 11-.<> \·MIIl clo<k. 5'('t~rns h,wing mul¡,plo clo<k i!<'l'luer><io'< con be 
l""vr<lod b) u<in~ lloi; IM<ic "'clhuJ. 

l "'" --- S'""''" .,.,n.oo• ''''"" . 

r:jí Jü'" 
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lntrodudion 10 Dig•lal CompuiN; 

,,, ,. ' 
''~- H R Tho u>e ol • wobo pul,., (ol Throo-inpul .,., '"'""ogat«! l>y , >t<ob< 

pul'"· lhl w.,erorm> lot oh• ,,., g.oe, 

problf·m ·., ih~celorc nnt un'1quo in oO<JniN> ~od can occur """''"''"' on ' d.¡¡i¡•l 
>Y'Iem. for ¡h.s r~ason, • wob<.> p~l,r i; quo1e oilen U.••·~:.,¡>OO """K 1h0 l.a<:c 
dock. Tho< ~,o\,.. pul <e·, u•ed 10 in•,o;r<>g>tc thc con<l•t•<>" of A ga:P "''' hn•e v.hen 
the '"''"' bel> 10 oho• ~''"are no: ch.lnR•OH 11 1he K•IIP ;,.,.;, <endt•< tho• ~-1\e '" ' 

t•uv "'"douon,, P":"' •'1'1"''" "' ¡ht• "'''''"' of 1ho H·"" whc•n the "'"'"' pul<e 
i< •rrl"•d. lf lh" gate i• 1,11\e, no pul•• .1ppoocs. In f,~ 14·8, ' <trolx• pul"" " u><od 
10 oolo·I!O~aiC the ''""PI~ thrO<"-inpul •~n g.Oo. Th~ WO'Oforn" doarly ,bov. th;U 
o~:pw> ~Pi><'"' oniY "hon 1hc ¡h.eo i~P<JI ;,... .• ¡, 10 lho ~·'"are lrue: ll i< ~~"' ~""" 
ci~M th-'1 no r.mn~ c.>n "'"''hly occut ;once lhe st•o"" pul"'' a'<' pi•• od c•octiy 
m¡Jv.,•i ¡,._.¡;o,,•on 1h~ "'P"l·le,·cl 1ran"'"'"'· TOe siOolw <i~n,>l can l~<• ,¡,.,.,.¡,p<><i on 
¡¡ numl .,., ni way5, (l,H. w•v ¡, ou d.ifcrellt,,lle 1ho• con>ri••mcnt uf o he el<>< k (l()cl,:, 
an<i u><" onl>· 1ho po"l"'' pul"''· A <o><ond meoOOd MJulO he lodltlcrcn<'<ate the 
cloc• ood r<'<'d il onln •n "oll" or•n"""' •• •ho"n in F1~. 14-9. 

14·3 MPG COMI'UTER 

Up lO 11oi; p0101 >V(' ¡,,,_0 C()\•Or<'<f qUIIC O W1d0 VOI"'I)' nf ibO top1C< ~o•nO'I,\ily On· 

"""'"''<"<l'n tl>e ;ludy nf d ·~•t.>l <Y~""". '\<>•M ol thc IOJ'<<> h"'" bo.~·n d•"' uS>ed on 



-· Digital rrincrpiF' ami AppbcJ\ion> 

• 8"'" drtoil, wh,:e oth~a ha"' l><'en I<Nif'<l in <1 rnoretrne:~l ""Y- In ony caw you 
;hoJid now h••~ th~ nNt''"''Y h,,lgruund to ;tucly .>O.)' d,,¡._¡ •Y•t~n> "'ilh t:oo<l 

co•~w~hen,:nn .1c.d • m:nin""" ol dr,,¡_ Ev<>n '~· 1"" '"'' /w """''"hJI "''''"~ 
.1bou: tho nYor.til nr~t~i1,11ion o! a drgd.¡l sy11o•n. In on d:ort l<O m·ercome thi; 
¡....¡,.,~ ac.J tu •ttempi\O ''" !Og~tl-e< many of the hJ•'"-' di><u""l m the pro>·iou' 
ch.>~to". w~ ;!'I.>.H .>l dm hme con;odor the omplo>mt!<n•:ion ol • ><>rdfl 'f'....:ial- pur­
po1e nr~ot.ll con>puier. 

iho 'rcci,ll-purpo;r_, C<lnl¡luler wo 1hall con51(1er wdl Le""'~ tn c.lkul,,tt' the 
mr,'e; per g•llnn of • molm vehrcle, thu; the na me .\1PC compulcr. 11" a <prcial· 
pw¡>o>e compoter ,:nce th" i• theonly U«' lo< which rt" in"-"'<1«1. A ¡¡I'Mr,¡ wr· 
pooe c;,mput~r would ¡,.. • more com~loco<ed machi o~ which mi~lol be u><"<l lor • 

nu 11iwr ol dolrC!~f,t appl ic .u,un> 
The !~r<tllep i11 :~e"''"~~ olthe MPG computer ,;u\! """""'"'ly Le the <1<·1<'r· 

monol•ort ol the >y>te:n P<"rlmmarxe l<"<jUiJement; The (.,,, rer;uiromont m¡ght t... 
tha: :;, "'''""' t.:· cup.,;,;~ o( OP<""""S lrom a "'pply voha~e oi ;.o;6 01 :!:ll V <k 
,,..,.¡he m.>e~•ne "'11 bo operalcd in o moto: vch•<ie. The >N;ond le<1uuem<·•H 

m.,,ht be th•t roe• "'adout ol tho computo< t><.• •n decin•·•l !orm. N'''" tu IX'< "''~hl '"' 
,:u·od Cor i"C I<'·'J"ut. Lul tho•y "'''" '"' ''" odd•l•unal powcr >upply ni around + 1 00 
V :o c;>erot.· r•.c· tubo<. D·~U.11 ,.,ot;[ule< ore commr:ciolly avu,loblc which ;><Mide 
d.,.;,,...;; ro.od"u~ ond th<') ope:~te on +6 01 +11 V <k. lt.clo<' mod"lc> do nol 
'"i""" tr.o • 100 V, •NI m•r.hl t._• a i>('ll<·l cho<Cl' in th•> Ca>e. Thc ¡,.,,¡ ""''"on 
"'':'"'e'- e o: •·cooo.-n'"- Tl•e ln,rd •<•qu.r~ment "thotlh~ c<m•[>e~l<•• c.•ku:,,t<·lh<• 
m1lh pe• ,_.:;,, uS<"<I hy 11<~ vch.cle lo an ae<UI.JCY ol ± 1 m•le ner gallon. The 
lou·:h requi<<"m<"11 we >hall <mpo<e ;, th•t the comp"t~l perlo1m ,\ Nkulo:.on •• 
¡, .• , on<~ o<c'l- \'; '..-O,·n the <eh!Cie ;, t<a<·eiin~ al • >p...d g•ealo•< tha~ 10 mph 
"' ''"-~' "Oici<. "" •·-oulri Me to <Jmpl~ thc mileage pc·<lo<mónCe ol lh<• ··eh k lo• .-1 
;,.,,q on<e o•,or; 1 5 < ti,.,¡,., ,,ompl•n~ r.M> are OC< ,.,,¡,,bit-). The {,{¡h 1 •·<10"<'"'01\1 1< 

'·'·" tbc '""'~""'"' Ue o·ao.lh'<' ol oporoting 1n vehkl<•< u;,ng l"cl al r,o1e> t>et.,ocn 
){) ,,-ri •o ""'"'por ¡:Jiion. We NO now >Umm•li<~ thc love ba•k 1<'<1<>"""'""" ol 
t~.e ~'.?C com,..'.e• ., loUm< .o 

1 , pe,,,.,,. '<•r;>:;· vo"t.l¡\1' ¡, oUhf'f = G '" ;!; 1 2 V de 
l. On• ("""•"''N mu>l prOv•d<' a dec·imof read0ul1t1 n,: .. , pcr ~,1ll.¡n. 
J. o-,. e"""'''''' "-'"' pmvi1lo: '"'' ,..,,,¡.,.., w an .l«u<J<y ol "- 1 .,;re i"'' g.,ilon. 
4. o.-..,"'"'~"'"' mu<l p:o<·ide • •eadout ol mM-. ¡x-r fOIIon >1 le.><t on(f· <"<'<"Y 

~'i, "h'~ 10<> ·~hllh•" trJve11o~ ,ll o >IW<'<i ~,.,.,,., tn.m 10 n>ph, 

·'· '"'' co1>puter """1 lx.• c.•p.>hle ,,¡ <•l<ulat"'S mil~1 fl"r g.,lloll 1~·1\"'<'n ¡¡,. 
h:"'" 01 ro •m: •o mile• por g.olion . 

• 1 ,¡,,~\1 •~· nOl<'<l t." al Uw >y>tem '"''""''""'"" for 11"· , ompulpr un<le• '""IV hcJ~ 
,,.,. •:·--'" "'"'':,. "d "'''"'wh,H ¡,,, >llinw'nt thon "'ti.,."""''''"'· 11,.. '''1""~· 
m,•nh ;,;•ro a·~ 1nt,'r.:-oc,¡lfy 11\o<Je >imnh• in order '" ""'PIIfy tlw di«"";.,' "''"' 
w:r .• •le« tkc r"nci ,,,,., ,,.,. 1kc "'me JC~JI<il<"<< ol the ;o\erot¡ ol th<" n<'rm >p<"CJ ,. 

e •tdln<. "''" 1"'' ><uc" '' thOtefo,e ir»tn.ctll e_ 
\\',• ·"'~"'~ '"''' .... "'" avaiiob:e '"<> tr.n<duce« whith aro to he u«•d " •n 

on:o,:ral palt of !he MPG ron•~trwr. Thc 1"" 1r.1n><lu<<'' i• ""'d lu '"''""Jte ti"·,.,¡. 
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uf 10 and -10, we '"" • l"e-lllp·llup ¡h1ft counl"' for th,• und< dig1t1, .oo<l ,, thrc<e· 
nip-flop >hilt counte1 fo1 ¡he <~n< J,g;l> of rnilc• I>N !!<'ilon. 

One e<>tlver<i<>n Umr i< lhe time l,..tw""n rwo now .,.,.,..,, a..d we "•nt to >hilo 

the oocumul•ted counl in:o tf>e di'fJIJy n;p-ll<>f>> JI '"" oo<l o< <ach <onve~>ion 
t yclc, Notice f~r>l of J 11 ¡h,l<, when m, i> low, lhe count ANO ~ote ¡, <li,•hle<\ Md 
thcrelore th\)u'"'' a~rl lt•ns 'ouoiN> o a MOl chango slate,_ 11 ' ' du,og ''"' ¡;,,.. lh.rl 
"" mu" sholt the coniOnl> ol t~e"' <ounler> inlo t~c ¿,.piJy lhp-r:'-'1»- Wt• '"" 1lw 
I~Jding ed¡¡e ol OS, lo trigger the Sl'uil one-st.ot and d'"""lop th~ sholt -.·avtlorm 
OS, Tt..• óolling edge ol Ü), ;, aprlred 10 lhe •hrlt gateó, aod JI thr; l·m~ rhe cu·~nl 
\lo<ed in tiH• unr/S ,n"ll~m C0Uni<'15 i< \bolted inlo> o he di•ni•Y llip-rlons, lhe f.l:loro~ 
edge of 05, "then uwd to re><·t Jil f!r~~up> in the ""'" •nd reos coun•c·"· llw 
cont~n" ol the clt>play n.~~Op< a« \loen ~ccoded and uwd to •'!umin,.,,. th~ in· 
rlrcator lo~~\\. In lhis Sy'lom, lhe di•t•nce Pul"'< con bol conli<:le"-d to bt• tire bo<k 
,yllern cltd,, Tho r!nw puls"' '"'"'a variable control gJie b) mean\ uf lhe (<lnl!ol 
one->hot v.h;c:r dt•wrnrines the ¡wriod oltom~ th•t th~ w<mt "" ~·"' ;, en.>bl,•d 
,nd ~~~re!or~ !he number ol dr>tJn(e pulses counted. Hw ou:p«t ul ¡t,.. >1ifl on{'­
>ho! OS,<><> be con•id~red., o wobe pul<e whi'h ,¡,ft, d••• 1•om rbe coun~e•> 
inlto the d•>ih) l'ip-~up; in soch,\ w;ry thal <.Kong" •vo1d<"d. 1"" W\t•'m dearly 
ha< an '"' U<JCY ol "= one cnunt, ~~>hich CU<I~>r•ond\ lo ;!.l mil e pt•r u.ollon. 

14-4 GENERAL-PURPOSE COMPUHR 

Th~ MPC compute/ d•'<u>>ed on tr.e previous ><'chon i< cun;idered ,, \l'l'<iol-pur· 
PD"' computer >•nce ot ;, de;igned and conll•u<l<"<l 10 perlor•n • <ingle 1Jn<:1 oon; '" 
alter it \0 lho\ '' <ould peáorm onolh~r lun"oon .... ould ro<¡uore" mdjor chJn~e in 
dcsign. On the other h•nd, a ge~erol-purpo>c' compuler i> de><gnc.,j >O th,ot it c,•n 
perfo<m a o>u:nber ol fundantentol npcrOiion>-adrlotron, <ui!\fatl"'"· noul!ip'·c,•· 
t•on. d,.(,ion, COmi)O<i>On, etc. 1¡.., comPuter can then t>e u.,..C on '"' number ol 
d<tierent •Pp'rca<i<>n< Lv ,.mply ;,.,trucoinR '' to pe•torm ohe oppropdole ope•.ll«>n• 
'" •" o•<k•rly f;,hion. The lconnron\ to be ¡M•<f~rmul, li,Lo·d in •~e order ,~ wlrich 
th~l are• Lo be JCCOrol~li>hed, '' \.11011>n as a ¡><0~1Jm (rn\lruc toon >t'll. TI .. ; !r;t ol rn· 

''''-"''"'"~ or prog••n\ ;, 11orma!ly soor<"<l in tho comput"r m< mo•y: wlwo~ 1\w <oorl· 
p<>\<' ¡, >l~rt<:-<1. 11 •imply poerforms the"' in>lruct•on• in 1~0 order •tored_ He"''" 
loe' lh<• dd1ercnre bei"een an t•leclronic ralculato< •nd a o;e~•••l-purpo"' d•~•tol 
cornpt"<'<-the rolcul•tnr p~rlorm• a fuo1rlinn loJd, "'hll•ct, eoq e.och \In"' ,rn 
opero~n• depr<'>><'' a hutton. Uui the \lorod-pro~oam rompuie• Ptrl<•"'" the corn­
pict~ li<l ol stnred in>truction; wit""'-'t human in:erventoon .. <urtlte<moro, 1he cont· 
pul<'' " cop:rl>'e uf compltton~ thc in<l<uct•o~ ><'1 in a ve<y s'>on pc•riud d ''"'~ 
(Jd~r¡oon rn pt•rh,r¡»" 1,,,. "''"'"'''OliÓ\), ,ln<llhc opor.•truo 1> ,;,,u,oll,· o"'" f,,., .. 

lh<• ;implifoed loi<K1< d>,lg<am in fig 14-ll •how\ lhe h.:l;ic u"'l>1o 1><• lcociiHI in 
•ny S<'n<•ra~-p~<P<I>C compul•~ <v•tem. l he inp~:¡oulpul U' oc'< "-"P'~wnl> the in'<•r· 
f•tc b<•t,.c<'n m.•n and ~tochino. lo <ould ;impl\ be a l<''ctyr<" un-l ... ~~re input in· 
forrn.lli•"' " typc<l ior on thr.• hyl~•t<d and <>uL¡lu\ inlorm,otion ;, p"nll<l on pop~'. lt 
coultl ,t'><> rq,<·>en\ ""Y olih•· other inpuUoul¡>ut medr,, P''-" "'"''V <i<><ll.,c<l. 'ucl 
a; puoc~<:-<1 P'l"'' I.IPtio puncht-d unH-rKo•d <cord>. •Mi m• a~~: '<e''"'-'· l11 any '·"" 
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lntroduction lO Oigotal Con1put~rs '" 

Thc 1.2JL4 n1icrmP<on<l cydc ""'"uf th~ machrnc Pr<W"'I<'' • com¡..,,.. 

tinn r "" ol J~'i.OOll odd""'"' per ><'cond, éacb .1<\rl ''""' '"'1""'~ 2.(> """"'"· 
ro"<~< fwul> on~ numl><'< in thc orcuntul.ooq Jo\d ;uhtrar""" requi<c< S.~ 
miuo""'o"'l' ''"'h th~ ;ul~rahcnd "' 11><' accumu\.,, "'- Mc.ltrp:,r •t•on " Mr· 
l.rn,.,l in ]',I,,S mouo>ctoncl< or b• by,, <.tth«>Yhn!' that <>\><"<>!<'< <>" '"" 
;iy,n<•d 11-btl nunrher. tu ptoJ,.cc ,, 1~-loit '"'~'""· le.wrn~ th<• 12 mo•t <•!ifl•l· 
•c.onl b•l< in thc accum<.iolor. Dtvi"on ol two "~'"..-1 11-Lrl nu,•bcr> ;, 1'"'' 
fum>rd tn 342.4 mi<:tO!ot'(Oods or 1~" l,y a S<Jl><oulio•c tl>a< prndu•e• a 11-irot 
Q,.,t 1cnl in lht• •rcumulato< anda 11-loot •em•i<><l<'< on co<e "'~'""'\'. S,nooiA< 
•i¡:m•d muiHnli< •1110n ,on<l <.l"'''iun o¡w<JiiM; a<c• p~rlnrmed in •rrrn•im>t<-ly 
40 noicrO<e'{(>nU<, u\ol 11io1~ 1 he ophnn,\1 1 <l~n<lt•d Ar~lhn"'''~ rit•noenl 

Tf-~ fle.,ble, high.c.lp.oril¡• onpulloulpul c'p.lhoh"~' of "'~ "'""l>uto·r ,ollu" 
•1 lo 0>"-nlc • l•rge 91i~ll' of p<"iphcr.l "'"'chon<". B,..,¿,... ¡¡,. •l•nd"d 
h·vlxwd .10<1 popc•-toP~ p"och and II'Jder .-quipmc•ll lhc><' cum~W~' ;r~ 
e ,op.1hlt ni "P"""rg in cu,jun<llon w•th .1 number uf ophuMI <.lrvice' llu< h 
., h,;¡h·s,~e<'d ¡oerlor•,.·tl·topc po11och ,ootl rtWIN <'q'"~'""'"'· c;¡rtl ,..,.,¡,., 
ec¡uipment. l.n~ p<imor<, •n;¡\og-tn-do~•t•l conwnr ... caln.xl<' , •v tubo• iC~ll 
cli<pl;¡y<, m•gnet1c lapc <'<IUopmenl, ·' J l. 76•-,.,..,m <andom-occe" d":.. lolr. • 
261, 1\L.wo•d random "''"" d,,~ lolr, el~.) 

14-5 COMPUTER ORGANIZATIOI\: 
ANO CONTROL 

In ti>i< <h<>rt chaptor rle,w"<l lo d,~;,,,¡ con'P""""• we <·'"""' '"'''ihly ~;,.e an 
•··h•mto~r t•c•tment of o\1 mac~ino~; ho><evor, we con do<Cu>' in g(•c.er•l l<''"'' 
tho'" a'P''"" uf «1~l]lu<<'' org•ni••l•<>n ond oper>tion wh,ch a<c <<>"""""" to ""'"Y 
r\¡lf..ro·nt \Yp<'> ni dogo"l <{)rr.pute". 

Thr inlu:m<~;oon ,lored in tnr <ompuoor ""'"'"'Y ,; ni twu ty¡><"•-<•otMr ti•'·' 
w<>rd< tnumo<ic in[oml.bOnj (1( iOWoKMn .vatJo. In 5<<. 1 J.\, wr coil<otl\·tod In 
oomc dct.\oltfoe v•nou• (0Jff'1•1> •v~il•ble lO< >IO!ong n~mb<-f>, in<:lucl.ng lxllil l"ed· 
¡ooint .1nrl l:u.ll"l(.-poont n"n-b<r<. WP rnu<l now con•idrr •·' opprop•O••~ lO<m•llo< 

' CúO'\lUI<'r IO'i<"<LIOil w·o<tl. 
In s••nrr•l. ,, compu/N in,ttu<-linl1 "'"".1 .vill ll.OVC lwn <1"1 •n< 1 <{'{lOo"'· •" ''"'"'" 

in f~ 14·\~.ln th•• <Me lhe word lo•no:t~ i< ll hot<; howr•·••, lhr nun•l•• oi '"" on 
,, wurtl '''"'r' !rnm m .. rJ,ine lo machinc le g., lb in In e IS'o\ 7090170')4, U in thr 
IBM .H.O, _\(o in the r,¡ (, \·;, aod 12 in th~ PDP-Bf[) Hoe ¡,,, """''"" ll~r ,¡,,..., l><i< 
on tho ¡,.(¡ in ti u; C,HC\ .lr~ u<.('<l fnr the opo•.1rion code lop-c,,.lo·l nf ih<> in<l"'"'"" 
\o b.• pt"dotm<-d. j¡,~ o;o-coCes ••• ddonod lw the com¡>llle< Oe<i~r•• "h~n tlw 
m•ch•re ;, in.tO•lly do;•l"'•'<~- fo< r••mp!r, tl>e o,..c<KIO for •ddohon mi~hl ¡,. 
dt'i ,ned '" (1\1 l ,. In lllo< <·«C, 1 ho•o Aro· only Lhro·o bol< triN"•ol 1,.- o.,_c,-,d('<_ •M • 

'-""'P"'''' u<inl: tloi' !"""'" "ould tlwrdn•c b, · '"'""''' In l' - ~ or· cm~"'-
lh~ !rOl,linong bll' in \1--e on<I<U< I•On Wotd tll<lWO on f1~. 14-15 ;¡n• \l<f•d In <;ter• 

,(y thr .-.ddrr" in "'"""''Y to whoch U•~ on<lru<"o" >PPioP<. In •no< '"'~. ohe n:rc 
b.t< e ,,1 1><' ""'" lo <¡>o•nf; .tny ""'' nf ¡• d '; 11 ¡,,-,,.,no• ¡n mcrr . .,.,.. 11< •~ n· 
'""1M, th· in.<Lm<LI<>n "'""' 00 1 Lo<\0\l(l\ 10:1 "'~·'"' ,,titl "'U; 1 lht < Oo\Len\1 o( 1 '·" 
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'" 
Th• compulf't un•l> .oeto.-.:• during an e><'<'UI~ ncle ••~ '!>o" n ;n fog 1•·171>. and 

""' :o;towing orcrot•m• "'" p.>rfom~ed-

1. Th<' .Hi~ro" 1n momory cont.1in1n~ dat.> h> !Je ro.HI out, nr "'"""' oiat.l i1 lt> he 
,1or<'<l. '' r"nl.lln<.'Cl •n the MA~ J< a ro•ult of the pre,iou• le<ch <y< lo•, ~imi­

l.>rly, lho on-<o.Jt• i; cont-lint>d '" lhe op-Codo regi•rer. 
2. Tn~ contenh o; the o;>-code "'8"1er Jle <lecode<:l .r1d lhe contcul u M rrovrd"' 

i'"' neco<wy conto:ol ,;~n.<l< lo perlmm the opecotion c,,¡:C'd for-o.~ read 
0,11,1 tmm .1'\ in:ll.l TTY, "''" lht• M~R ,,,,¡ <lore tlOII•"" ,,Jtlrel< u1 m<'I1H><\' ,,,_ 

combn~ lo 1"<' coc.lo'<"•" nf rlw ~~~R. m, <Nd data irom tiH• arld"'•' '" rnt·n.or¡• 
:.; ~iun by l~w .~t.~R. ""'' "'""' ilto tlw Jrothmel>c on•l vi,, ohe .'.\B~: "'· r•>d 
rl.l fd ;,.,., tb• """"''1 "'" '"" .'.\[!.~ Jrni pnnt th~ d.1t• O<l • TJY: '"· <C<ld d~•• 
ict!'ll the O«lhmet•< LJnol "•' the MB~ •nd "ore it in lhe memory •t 1he olcid«•» 
>;>ec'""d ily lh<• MAR. 

). "' iht• rMl~:..:,on ol llw "'"'"'"<~ele, relurn to th<• "''" k:cl, oyr le. 

n._·lel~~l<••<"<ok' method ol o¡>r<dt>on ;, <;¡U>lC common lo mo>t gonN.>I·t"'<I'<M 
<1•¡:;:,, '""'ll<fi•"· e1cn thou~h lhe two <l.oiP' mi~'>1 h<- u·le<rooi ro 1'1 d,r',•renr 

""'~''' Wlwn ''" "·"''·'''"'' "l~t•¡:un. tlw ''"·'"'; """ llf>L pl.>res oho '"'"~'"'"'in 
1 "' ir•[( h """it•, ,.,,J ih~te.ollor ,olt,·on,Oie< OXf'<~fe •nd le re 1> noodc•> unid ollf• de<lfr•d 
,,,,.., .. ,,.,, """np:o·tc " ;cric< ol e:"'-·• pLJ;~, lpNhJp< lou1 o· ir·.'(', m""'"" ton) 
""""~ coch lt•tr'l> < l"- •<' :, u""' to Irme :he >a<iuu< ope<OI•<>n>. " >im:lar ;equeroce 
o~ c:L><': ¡>ol<~l ;, "''"''"[-duro~~ ltl~ O>I'Cule Cyt:ie_ 

-;.;.1) COMI'LiTE;\ JSSH<UCTJONS 

[ <wv ~~o.-..11-¡>ur,.,..,..,. mmpuoer n>c': h,,, ~ An inll<u<-tion ..._.,_ Ther~ m» be <mly a 

¡, . ., 1 ;o or "'' ,·,,. .1 ,.,,,,,') <on>pu;"'· "'"'~ • IO<~C comr""'"' "'·'Y ha,·e hunrl<<'<i> o/ 
"""'Jttion1. ~¡,,, 'f'i ,; .nii<U<.Ii•"" u•o•d w:lh .10) parl,rol.or UJrnpol<'' ;, of ''"'"" 

r:''""'d duron~ th• ,.,,,,,,¡ de<ig11 pi;,\'<'• ,,,,¡ ,m,·nnt• """ ""'' lh.1t "'"'•"''''' '""" 
¡,.,~""' '"'""·''r:t· fJ,,.¡;,, '""' ot< in,l!u<hon <eL lncrdt•nt:y, ~n "";11•idu.11 "ho 
'•"" --•lrzt'l in o·ltr<•<'Otly .rran~iu~ rompo•~• in>t<oCtion< lo< lhc puq>OII' ol "'''·:ng 
p<ro:,:~m\" <nU<I•' >< il C<!n>¡JLHrf ¡JIU.<'O!rt>N. 

:'""'~ rl>e• < ""''''''"'· PI<'<Y '"'"''' """ mu<L be rep<e>enteJ a< a grour ol '''"·"Y 
nuo1br·rs lt< ~ , 00 1 lo< ,>dditio~l. ""' to """' oh~ burden ol oh~ P'~S'·' 1 "'"''· 1 i><· r¡p­
' "r·•~ ,>•o IJ<•¡ut•r.tl' "'"~nod mnpm.-Jntc 1 ,¡Ir·<_ for r-,.,~plo, lhe np-<<~1<• ¡,, ,,~([,. 
1:r1-o mi~~~ \J<' 001, ool we could co..-i~ it ., ADD- Tht- P<<>tl<.!mfl'<" <ovld then u;.· 

¡\.)~) m ""•'"~'"' "" '"' ol in<lnr<l•on<, o1nd when thc •lph•nt'mO"C rnr>•' IIDD 
•'i'W'.H<'<I "' tOo• (<>O'IlUicr lllpul, •L "Otild ;imply be <'ncr><h·d '" thc in><ru"i•><', 1101. 

:.1 h<'nt·r.ol. tiwn· ''"' luu< ¡j¡lir•fl·nll\'p~< ni ir>"nrn.un'-·'"'hme[IC, ,1.,,, nwl'p­

ul,ot•un, l' •n~ler, •nd "'Pulloutr>ul. iN'; ¡,., • lrc,c>ou; 1<'1 ,.¡ '"'''"' ''""' ,,,,¡ tben 
"'-' """ lh<'V mi ¡¡lit 1><- arran~<'(! a- <1 ;>n>¡;f.lffi lO 10lw • prul~t·m. twc. lhGu¡:>, lhi; 

t,",<lro~<liM «"1" l•nc•ou<, •l 11 '""'~"""lo< to tho<o low~l '" ""'·•· '""'''""'' 
') ,,., ''" '- (.><h inwwr, on " ~ ov~n "' mnemonir lorm, wuh il< hm.r<)' < .,,,~ '" r • "''": 

tho'<ll, and • ,¡, .. , ''i""'" <>i tll(• "•'"''''""' '' req(flfP< 
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2.1 UN16US 
Mo<l co1~put~r •y• te m compon~nt• ond J>rnp~orolt oonnec:l lo ond com 
monicol~ '"'h ~•<h olh"' on o oin&le hogh-•pood m.. """"" •• th• 
UNIBU$-- o key to tne PDP-11'• m•ny •l•ongtho_ A<14...,..,o, <!ol~. or>d 
oontfol lnlormohon •••. sent ""'"• th• ~ linH <>1 •M b"'· ( 

F'iaure 2·1 POP-11 Systom Simph!ood BloC~ O.•¡¡rom 

Thelorm ol communic•lion iotho ••m• lor •••1)' d•'''" on tl>o UN IDUS. 
The pro<"'""' "'"'tilo <Omo 101 of .,gnolo to communi«oto ""'" tnOO!I· 
ory oo with p<riphefOI O•v•cn Penpheral d•••cn atoo u•e V1iJ oe\ ol 
•'gnolo whon communicohn¡ "''" the proconor, rremooy "' oth<r po­
ripheral d"'icn. Eoch dovoco, includ•ng memory loc..t<'"'· """"0$01 
reg;nart, ond peripherol d011ico re¡;ow,., " n~¡nod on oddreu on \he 
UNIBUS- T~us, ~ripheral d•••<< re¡t>le"' moy k nun•putole<l u fle<· 
1bly a• coro memo,. by !he cenltol proce .. or. All lhe •nstruclion• \ha! 
cao bo opphod lo dato on oor~ memo!')' con be oppi•O<l equ•lly woll lo 
dalo In porlpheral de"ice '"""'""· Tnis ;, on "'i>O<•ally powe.-Jullnohot•, 
con•orleflng lhe ,,..,,., copobol•ly ot PDP-11 •n•tru<t•onoto proee., dato 
in ony memory loc•tion •• thou¡h otwere on O<;cumu'-1<><. 

2.1.1 Bl<ltr .. t.,nollltoeo 
Wllh bidor..,honol on<l ooynchronouo communicoti<Mo on Uoe UNIBUS, 
devoceo con ••nd, roce""· ohd ••chango dato i"dopondontly w1thou\ 
proce,.or ontor.entoon. For """'plo, a colhodo roy tubo (CRTI d,.ploy 
can relrosh •tull lrom a disk lolo wn,¡e the control prnce-<""' unlt (CPU) 
otlendslo o\her tosko. Beo:ou>O o\ lo osynchronous, lho UNIBUS is tom· 
p>l>blo wl\h d .. lceo opero ton¡¡ o•er o w.do ron¡¡o el speeds. 

2.1.z • r.taote,..SLo-.. ftot.otio<l" 
Communk.oo\10<1 botwo~n two ~••~<•• on tho lkts is in lho torm ol o 
rnastor-sta.o Allohonohlp. At ony point In \1mo. UooA! is """ de•lco tn..t 
h•• control ol tho bu•- Thit controlting d""'oe lt termtd tne '"bu• rnoo· 
ter.'" Tho rnootor do•ico contr~ls the buo whon communlcotlng with 
onother d""ico on !M bus, tormed ¡he ""•lo•o.'" A typoc.ot ••omplo ol 
thi• relatkln•hlp lstho proenoor, oo mooter, lotching on inst~lon lrom 
memcry (..-hk:h lo """"YI o or.....). Anotl>er oumplo i• Uoo dl~k,. u ,., 
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mos!Of, tr•nsle<nn• d~t• ro "'~"'"'>'• os ,:., •. r.,aoter-Sia•e rol•lion­
snops ore dynanlic. lhe proco.,or, lo< e•ample, moy P•" Ous control 
to o disk. Tho d·••, os m .. to•. coutd then communic.le w•th o slo.o 
momory bank. 

Slnoo tho UNIBUS i• u.ed hytb~ p nces;or •nd "'' 110 devices, thoro 1< 
o prio.,ty Wuctu•e lo dotermi'le ' l.¡olt dovico eet< conl<ol o! the buo. 
Every dou1co on tho UNIBUS wh1cto i, c•~oble ol bocomlns buo master 
lo .. sr¡n«l • prlonty. Whon two dc>;oeo, which oro capoble of t>ecomin¡ 
o buo mooter, requ"'t uoo o! lhe L~> simultan.ouoly, the de'!Ce w•th 
tho hl¡hor pn<lflly .. m r..:oii'O co~troL 

Z.l.3 lnterlocked Cornmunlcation 
Comrnunication on \ho UNIRUS '' '"t••lo<ked sn tloal lor each «'l•trol 
si~oal '"ued by tho mooW tlevi<•. thece """' he o ,.,ponoe lro•n tho 
tlavo in order to ton>pleto the t<an•lec. The<elore. communi<,l•on ,, 
indopon<lent o! lho pOyslcot bu• len¡¡th (a> lO< os hn•ing ls wnce•nod) 
""" th~ """"8 o! eoch tron>lor LS devendent only upon \M tesponoe 
time o! the "'"''"' ond slo•• de .. ceo The uynchronou> ooe•atoon pro· 
cludos the need lor synchrono>ong '"'''"· ond woiton~ tor. clocl< '"'P«''"· 
_7hu•. eath syotom 1• ollowo<l lo op<<ate al •1• mo•lmum ""'''bO• >p<ed. 

lnpul/oulpul d'""'"' honlfO<flng d•,.,clly lo O< lro<n memocy oco g;,~n 
hl~h••l prioflty and moy requ .. t hus masterslup ond stoal bus ond n1<111· 
O')l cycle• dunng lnslruct•on operatrons no prooo.,or rosumo< or•••· 
tlon imme<l•alely oftor tloo m•mo<y ''""''"'· Multipte de.ic"' can oporoto 
olmultonoouoty at mlximum d"e<t memory """'' (DMA) rate• by 
""oteollng"" bu• cycl... . 

Full 16M wcrd• or 8·M by!"' o! information c•n bo t<ansferred "" the 
bu• briween ~ mnJor ond o >l.o•~- Tno rn!o<mot•on can ¡,., iMlruc1iono. 
odd'"'"'· or doto. Th" typo o! opecatoon <>«Uro when the proc~nN. o< 
m"'to.. io !elohing lnotruolion•. operando. ond dolO !mm "'""'"'Y· ond 
oto/In¡ the reoull• inlo momocy o!ter ... culioo o! lnslrucliono D"ect 
doto t<Onsfers occur W.\weon o penpheral devico control ono meniory. 

l.2 C[NTIIAL I'IIOC[SSOII 
Tne uotral procu'"'· conne<IO<I to tM UNtBUS oo o ouboyoteno. con· 
\rolo tho lim11 allocoloon o! tho UNIBUS ror peripherors ancl perlorms 
onthmolll: ond losll: opefO\Ions ond '""'ucloon de<odong. 1~ conl~·fiS 
mult•ple hlgh·~ generol·puri'Ooe regiotero which """be used"' •ceu· 
mulotors, oddre" pointe•o. mdex resistero, ond o\hor >r><<i&l•red !une· 
toono. The procesoor Uln perlorm data tfans!•rs d.roc\1¡ h<tween t/D 
dovicO> ond memo<y w1lhout d•slo,bing ttoo P"""""' re~isters; <loe• 
bolh oinglo· ond doutM oporand oddco,.ing ond handles bolh 16 bit 
...,rd ond 8 bit byte data. · 

2.Z.l Gone•ol Rocllloro 
Tno c-ontrol Prot<"nor e<>n!Oino 8 g~ner•l re¡¡~Sie~ w~ocn can ~ uo«! 
lot 1 """ety o! PI''- (lho POP·ll/55, 11/45 conloin• 16 ~•noral 
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oe;:i•tero.) Thé .re¡lsle" un bll u•o<l e< accumulolot<. ¡f><l•• co¡¡i,t•"· 
outoincremeot rog<'lOrS. ou\odeC<emeot r•g>slerS. o< •• stook po•r·T~n 
for tomperory otoroge o( doto. Chopter 3 on Mdrn••ng de..:r;bes lhn& 
usos o! tho general ,,8,.¡,,. on more deto•l. A"thmoho op<ratoons con 
t>e !rom one general rog••ler lo ano\hor, frcm ono meri\O')" "' d•voco 
ro¡¡istor to anolhor. orb,lwoen me.mory ore de"co re¡istot ood • gen· 
orol re¡l•lor. Re!er to F<¡¡uoo 2·2. 

R7 lo uoM •• \loe mocloino"o pro¡¡cam oountor.(PC) ••d conta~ns tho 
oddro .. o! tho ne>rt inotru<llon to be executod, 11 ts o gen .. ol «¡¡i$\or 
normo11¡ us«< onl~ lor oddrossln¡ pu<po••• ond not •• en accumulolor 
tor oclthmetlc opetoloono. 

· The R6 re¡;;i.,er lo no<molly uoed as the Stat~ l'oontor indieotin¡ \ho tul 
ontry In \he oppropfll\e otack (o o;ommcn lo-mporory otOtltiO oreo wtth 
• •t.ast ·1 n r .r•l· D ut'" tho 'at!Ofl otoco) . 

2.2.2 .ln•tn>Ctlon S.\ 
Tho ~nstruc\ion cornOIOmon\ uooo tho flo•ib<l•ty o! tho seneral·purpnso 
rogi•tor> to pro.,do o•oc 400 poworful hord·wi.ed •notruct•on•..-the most 
corn~rohensive ond powerful inslruct•on reportolre o! ony computer in 
tM l6·bLI Ola ... Unlike con•ontoonal 16-blt compute«. wh•ch u•ually 
nave three closs.e; o! •n•tr!IChon• (memory roferenu in<truction<. oport· 
oto or n; control on•1mction• ond 1/0 in>l<uel•on•l oll op<•~t1ons in tho 
PDI'·ll ore occomph•hod wolh one ..,l o! instru<:Uon•. Sin<e t>O<•Phe<ol 
d""i~e "'ll'""" cu bo n>lnipula\o!d as fiexobly IS coro momory by the 
control p<o<e .. or. lnSIIucliono lhol o<e us.ed to monipulote data in coto 
moonory rnoy be used equolly w<"tl for doto In po,.ph<r•l d~v•c• rogiSte<O. 

. for oxomple, dol• in on ••t.,nol dovico oog .. tor c•n bo t.,ted or mod1Md 
dornclly hy tM CPU, witho••l b<ing•ne it •nto momo<y o< do$!U<bing the 
genO<ol regi>leB. One oan odd d•\a d.roctl~ to o penphorol de.,ce res· 
ister. o< compare log•calty o• a"thmet•<aliy. Thut oll PDP·ll onslruction< 
un bo u•od to croote o n..., dimenoion in tho trootmenl o! computo• 
1/D ond tho nted f<lr o spec .. t elon o! 1/D ono\t\IC\IMS io ohm>noled. 

Tho bos;~ ordor code o! thl PDP·ll "'""' bolh •;ngto ud doublo """'""" 
addr"' lnstructiono lor ...,rdo or byt.oo. The PDP·ll thorelore perlo•m• ,., 

• 
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¡ ellic•ontly '"CM stop, such opcr.tlol\' •• O<iriH'ó1 '" subtraot1ng two 
o¡.er.nd<, or '""""'S"" operond fr<.no ono locotoon tu OIIC!hor. 

ADDA.B 

LO~ A 

.O.DD 11 

STA B 

~dd.., .. ing 

PDP-ll Appro.o~ 

;adJ cootent• o! lo:.ltion A to lo<• 
tion B. otore ro<ulto a: toc>tlon a· 
C"""ontlonol ¡\,¡)prooe~ 

;lwd conlonto el momruy l~lion A 
1nto AC 

;add contento el momory \ocaüon B to 

" 
;.!ore re<ul\ ot loc:otoon a 

~·-~eh Gf \ho P"""' of \he PDP-11 "d••<vod l<om 110 ~'<!de <ango of aJ· 
drO!•Ing cop.ab1hl1o•. PDP-ll add<e.s•ng mede< include sequenl1al 
addr'"""i lotwardo o< bac<words, ed<!re .. tn¡¡ induing, ind•~l eddre"­
ing, J6-b1t we<d oddre"'"'- 11-M byte oddro,.on¡. ond uac• add..,soing. 
Vanablo lon111h lnWuction fo<m~ting oHow1 o mlnlmun> nurnbé< ol b<to 
to be ""'d lO< uch odd"'"'"S moae. 1n10 res~l\s In ~ffoc•en~ u..- el 
pro¡¡r~m o\OfOiiO f~<O-

' 2.2.3 ProtHO<N Sllltuo Wo.-<1 

·~· 
USED D~C ~ ON f'OP U! ... & 1 11" Wl!~ 
M[MCRV ... NAGEM[N"T 

Fo~u"' 2-3 Prnc•,.sor Sratus Werd 

• 

The ProcoS$O< Slotus word (PS). al locotlon 771776, oontains inlor­
ma!IOn on the tulfont >l•tu• of \he rDP-11. lhoJ lnfO<motion 1nctudeo 
tho """""' ptoc•.,.cr procrity: cu"onl and pro;,o<IS ope,.t•onal modu; 
the cond•lion codos rloscrob•nil \loe re•ulh of lhe la<l i11structoon; ••d 
an 1nd1c•to< lor Mtoctmg the e,.cution of an ln<tructlan lo be trappod 
dunng prog<am dol>ugg•ng_ 

Procusor PriO<ity 
Tne Central Prcu,.or cpe<ale> al any one ol eo¡ht '"""'' ol pnonty, 0-7. 
"''!len tho CPU ,. oporo\ong al t""et 7 ~n e.tern~l devoto cannol intelfupt 
•t wi\h o rOQuUt tor ••"'ice. The Central rroce .. or mu•l bé op.,at•ns 
01 o ltowe• pr.,,\y than tho olrternol dev~ee·, roqu .. t in order for \he 
lnl<!rrup\oon te \oko """"'- The cur<onl pnon\y lo ma~ntained on \M 
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proc:e.,or ;tatuo wo<d {bito 5·7). The a proce'"'' lov 
Pffeotive lnterruPt moo~-

Cond";on Ccdoo 
The ton:J 1t;on codo• contoin lnlofm>t•on en \h~ re<ult ol !he las! CPU 
operation. 

Tt-.e M• aro Hl u loHoWS: 

Z = 1, 11 \he IHUII WOO ><<O 
N= 1, ol tho rnutl wn negaloV11 
C = 1. if the o por&\ IOn re•ulled in a carry from lho ~59 

•V = l, iltho oporo\1on ruutted '" &n or~hmetic overflow 

Ttap 
'Tho trap bit (T) con bo oot "' cloared under pro~<om corot<ol. When set. 
a proce,.or trap will occur lhrou~h le<atoon 14 en compteMn o! l¡struc­
toon e>O<ution ond a ,.,. Proc"'"' Stalu1 WO<d will be looMd_ T 1> bit 
;s e<pecialty u•eful lo< dobu¡¡gong programs ~• 1\ provodes on err.c.ent 
me-thod of tnotalhn¡¡ broakpOintl. 

2.2 4 Stack$ 
In the PDP-11, a """ 11 o tornJ>O••ry dato 1toro¡¡~ or•• whi<h ollows • 
p<ogram to moOO or•,c•MI u<e of lrequently acc•oud doto A program 
can odd m deleto w~•d• or byteo w,thin tho otoc<. no <tock u•es the 
"t .. t-on, f1nl out" co,.copt: thot i<, vo<ious 11••~• moy be •dded lo o 
<l>ek in sequential "'""' e01d retroevod o< dololod Ioom the <loá in 
reve<Se o<dOr. On tl•o PDP·ll. • otack otMs ot tito hoghe•l localion re­
'""'ed for lt ond e<pond• toneo<!y downword lo lho tow••t addres< as 
lten'l> are odded. Tno olack 11 u•ed automat<utly by progrom interrupt.. 
•ubroutme cano. and t<ap in<lructoons_ When \ha procouor is inter­
<upted. \he cent<ol ~r«o .. or •talu~ word ond t~• ~ro¡¡r~rn countor aro 
oaved (pu•hed) onto \he otac;, orea, wMe t~e procos..,.. "'"'"'"' tilo 

0 

;nterruptong device. A n- o\atu< wc<d i• lhon outom~t•calty ooqu!<ed 
!rom ~n a<co In coro n<omory "whoch io """"''"" lo• ontorrupt lnsl<ue· 
heno (vector oou). A ro\urn from \he inlerrupt •nstruction •••tore; tt.o 
enginol ptoeo"''" •1•1"' ond relum> lo !he intO<ruptld p<osroon withoot 
ooflwa~ inteNont.on. 

'' 



~-l MEMORY 

M&mory Orpniutlon 
A memory r.ar. be vie,.·od os • '"'"'' o! J<>eation•. wo\h o number (ad· 
dreu) ••.,~ned \o ••eh lout<on. T~u> an 8,192-....,.d POP-11 memo')' 
CQuld be ohown "' '" Ftsure i4. 

'""'""' -' . 000000 -· -· -• 
• 
• 
• 
• 
• .,,,. 

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

i,-., •< ·.-·-· ··~·- • ' 

.. 

~··~ PDP·ll momoriu .,. de<igne<l to ae<ommodalo both !&M 
wordo aod 8-M byloo, tho \olal nunobor ol add'"''"' do>e> no!_ corre­
,_.d to the number ol "'"''" An 8~-word memor, <-M corMoo 161( 
byt"' and con•i<t of 037117 <><l.>llocation<. V.ordo ol••:f< O!an ot •••n· 
numMred locot;c.no, • 

A POP·ll word 

~·~~··~ 2·5 

" . ' """' .... •• 10" ... , 

~•11ur• 2-5 High & LoW Syto 

• ] 

low- bytes ore >tored ot ••en-numbered memo')' localoon< ond hogh 
byto• ot odd numbered memory locatoo,,_ Tt>u• Ll i• convenoent to I'LOW 
\M PDP-li memory" •ho•.oo LO FLgLLfO 2·6 

'' 
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1 
! 

-· -· -

'""' -­..,, 

... --
-· -

fisure 2-6 Word ond Byte Mdruseo 

CertaioL momo')' locotion< hove heeo re,.rvM by \he O)'>teon lo• intor· 
rupt and trap llondt'og. proco.,~r stoo••· genorol r<gi<t~r., ond f""<iph· 
er•l do•lce re¡i•tof1_ Addreo••• frcm Oto 370, ore olwayo '"'ervO<l and 
tho,. te 777, oro re,orvcd on IOfliO •y<tem e<:>nfigu~toons for ,,.1" on~ 
in\<!rrupt llandhniJ. 

A l&bot word usod lor byto add'"'""8 c.on add"'" a m"'omum of 321( 
"'ord<. However, !he lop 4,096 word IOUtiooo ""' ~rwd '"' perip~orat 
and registor eddre""' and t~e ut~r t~o,.,fc"' ha• 28K ct·cote te pro 
gram. W•th th< POP·ll/55 oM 11/4~, !M U$0l <-00 O>POnd ot>ove 
28K wtlh the Momoty M•nogemont. Th" dovooo prO\Iod., •n IIHil 
eHe<lovo ~·emory oddro., ,.hiel> permito oddreuon¡ up te l24K word< 
ol octuol monoory. 

11 the Momory Monag•onenl optoon ,, ñot u•od. an octal oddre" be­
-o 160 000 ont! 177 777 ,. tnlerpro!M •• 760 000 to 171 777. Th~t 
¡,._ ti brt 15, 14 and 13 ore l's, !hon brlo 17 o<>d 16 (lhe ••tended od· 
dr~'" brh) oro con•iderod lo M 1 ... wlllch nnoc•- the lost 41( -•d• 
(8K bytes) lo bec'>"'e the h•lJheol loutoono ~e5Rd b)" lhe UNIBUS. 

2.4 AUTOMATIC PRIORITY INHRRU~T$ 
The multi-l•vol outomotoc pricfOty int•rrupt system permito tho prcc .. <or 
to respend •utomoticolly te condotion• out .. de the •Y>I•m.' Any number 
of '"J>I!••to Oo<rces can be attached to eoch level. 

,, 
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Each p<mpherol d...-ice in tho PDP·I l oyotem h"' a pointor lo ''' """ 
p.oor ol rnemory ""'''" (one pomts te tloe d...-ic.-s'• serv>ce routone, ond 
tl•e other conta•n• tho new prooe<wr stotu< onformobon). lO•• un;que 
ldent•fl<al•on elom•nat•• the need for poll·n~ 01 devooes lo id•nlofy on 
interrupt, since tOe lnterrupt <e..,ir:o hardwore selects and beg;n• ••· 
eoutong the approprl•te servlco rool1no oPier 11ov1ng automat;oolty saved 
tho status ol the lnterrupted progrom s<goroont. 

ne de.,ces' onterrupt prior.ty ond '""''"" rool•n• proonty "'" lodepen· 
dent. Tni• oiiOW> od¡u>tment ct s~stem behovior '" reo¡><>nse to real tomo 
tondo\""''· by dynomlc.fly changong the prloroty '"'"' or the •orvi<:e 

"''"'""· 
Tne :nterruot ·~•tem ollows ths proce"or to <~n\onually comp.,. ,,. 
0 ,., progrommob!o prloroty w•lh !loo p..onty ni any onterruptin~ dev~ee< 
ond to ockoowledge the do""" w1th tho ¡,;~host leve! •bovP thn pror:e<­
,.,~, pnoM!y level. Tho oervocing of "" onWrllpt tor a dovo<e '"" M ,,. 
terrupted in ordor to oorvice an onterruut ol • h•eher pricroty, Sorvote to 
the I<>Wel pnc.,ty devlce i• re<umed outomotocal!y upon compl<tion ol 
the h>gh<' 1~1 •orvlc;n¡¡. Sur:n • P'"''""· t.>lled nosted onterrorpt •or· 
vocing, can be oorrood out to any ltv<!l w•lloout r•quonng the "'"""'" to 
save ond •••toro prot<<Ocr "•tu< ot e.tch oevel. 

Wh~n a dev~eo (other than the centro! proco .. or) os capob'e ~~ Mr:om· 
ong buo master ond teQu••t• use ol th~ boo, ll " generally !or one ol 
two purpose>' 

l. lo moke a non proco"or tronllor of dato rlireclly to or lrom 
memory 

'' 

2. To inWrupt o pmgr&m e•~oot1on ond focoo !M P'"""""' to 
KO to o spec1hC add<e" whoro an ontemopt •e<Yico ruu!ine 
;, roootod. 

[);re« Momory A«<'" 
Alt PDP·ll'• prov•de for direct oo<en lo memory. An~ num~r ol DMA 
devlces moy bt •ltached to the UNtBUS. Ma .. mum pnoflty •• Si"en to 
DMA Mv•c••· '""' ollow.ng menoor~ doto •toroge or retnevol al memory 
cycle st>Oeds lloopon'" t1rne '' "''"'""'"d by the organ•l'tion and logic 
ol the IJNI!IUS, which sanoples r~quosh ond pnorities In porallel with 

doto ''""''"''· 
D1<0<t memory or dorect data tr•n•lon ton be oocomptished hetween 
ony ¡....., pefO~herol• w•thoot proc..,.sor •upe"'islcn. The.., non-proceswr 
re-quest tra••'•"· c.olled NPR tevel dato tron•I•B. ore u•uall~ m~do for 
Doroct Memcry 1\ecess (memof)' to/trom o:""" slo<age) or dorect dovioe 
tronstero (diO~ rolrosllin,¡ o CRT dosploy). 

Do• Reque•t• 
Bus reque•t• ''""' ••tecnat dev•cos con be made on ono of 1'"~ roQueot 
hnes. H•shest pd~flty is ossogned to non proces.or reque•l (NI'RJ lh••• 
ore d"ect noemory acce,. tyoe tronoforo, ond ••• honored by tho pro 
oe,.or between bu• <ycle• ot an in•tru<:toon ••.-cution. 

The processor·• prioroty can be..., undor progrom ccntrolto one of eiQht 
t..vels using Ms 7, 6.. ond 5 in \he pn><:e.._or status register. The.e b•:O 
••t a P"""'Y lev~l thot mM>" gronton¡¡ ot bus reo.uests on to .. er lhel• 
or on the somo leve!. When the procoucr'• prior~y " ••t to o i•vel, lor 
•••mplo PS6, oll bus reqoest. on OR6 ond below om 1gnore<l. 

WMn more than one dov~ee i• connocted lo lhe same bus reQOO<t (SR) 
l•ne, a ~evice neotor the central proco .. or h., o h1gher prloroty than a 
devlte t.,¡her owoy, Any number o! dovico• c.n be CCMe<lod lo o gi.en 
!IR or NPR hne. 

Thus t~e pr.oroty •yotom is two-domen«o""l ond provid~• o&cb devioe 
'"'" a uniqoe pflonty Each dcvice may be dynomically, •~toct,.oly 
enabled "' dosabtod undet progran• control. 

010ce a de•ioc o\l>ot than tho prÓCe,.oi hu r:cntrol oltho bu•, it moy 
da one of two typo• ol operotiOn.:.dato \ranoters or •nlorrupt oporatlon<. 

NPR Dat• Tronofer• 
NPR rlata tran<fe" can be made b<'lwun any two peropho,.t del'''"' 
wothout the '""'"'"'Gol ot the protonor. No,.,oally. NPR ''""""" "'" 
bet,.een 1 mM> storago dov10e, ouch •• a d"k, and cero mM•of)'. The 
Wucturo ot tho bu• ol>o l>"tm•ts do.,co to·de>oce tronste", olio"'"~ 
cu•tomor-dooCgned per~ph«at controllero to occe" o!hN doviceo such 
"' dosks. d~rectly. 

An NP!! dev•c• hu very la•t occc" to the bus ond con '"'"''"' ol tug!o 
<Jata rate> onr:o 11 h,,. control. The processor •tate '' not olfe<led by 
tho tr•n•lor. "'""'"'" \he proce.,or con rehnquis~ r:cntrol "'"''" M in 
struct;on " in P<"'l'"" Tt><s """ occur •t the end el &ny ""' r;yr;lo< 

'' 



o.cept 1n bei>'IOOn o 1oad moddy w"t• >0q1>enee. An Nf'll de•·ice '" eon­
t,ol of the bus moy lronsfer 16-t,¡ wo1d> lron¡ rllOtnOty al "'emory speod. 

P~ Tronsfen 
Oevice' that ga.n l>u• tOnhol wotl> one of !he Pus ~•que•t lineO (BR 7· 
CR~) tan take luiL ad·.-anto¡;e o! the c~.llral P!O<O,.or Lj re<¡ues\on¡; on 
(nterrupL In ""' wo,, tne entor~ inotrutloon se\ io avoil~ble lo< monopu-
13\ong dato ond 1\nlu> rog.,te'5. 

When a se<vite routine is lo Pe run, th~ curren\ IO<k being perfo•med 
by \he e<ntral proce,.or is lnte""PI>L1, n1oJ the devlr" •ol\lite routine 
" initoatod. Once the reQuest has i>f><"" ,;.tMfoed, the l'm<~ssor returns 
lo ots former tosk. 

fntem•pl Proc:eduro 
tntettupl hond1on¡ is oulomotic '" the PDP-11- No deuloo polling " re­
qulred to determino whlch oe!VK:o roolrne to e>e-t\lte. TM cpetoticns 
roqu.,ed lo sorv:co on interruPt ••• ts follo"" 

1. Prooe,.or ~l•nQuishes control o! tho bus, priori"e• ~errnrtting. 

2. When o muter ¡oins oonl<ol, il •ends the pt«o,.o< on lnten-upt 
command and an unique memory add'"'' whlth oontoins tbo Od· 
dress el !he d~ice"s so,..ice rootone. ulled thi IO:errupt "'"'or 

·odd<US- lmmod,.tely loll,.,.in¡ this pcln!or od~rou l$ a word U<>­
to\ocl ot YO<tor oddross +2) "'llloh isle be """d ••• now Processcr 
St•tus Word 

l. Tho proceuor Olores U•e curren\ ProceS<or Status (PS) ond lho cur- · 
rent P"'sram Counter (PC) into CPU t0<11porot}' rrsM•••-

4. The new PC ond PS (onlettup! wctoo-) ore token l<cm \he spe<lf,ed 
o<ld••». lhe old PS ~nd PC ••• then w•hod cnto the cutrent <to<k_ 
The seNI<O <outlne lsthon lnillotod. 

5. Tho deuico ••n~lco routin;, con <:ouso the prO<O""' to resumo tho' 
lnterrupted proce" by exocutln~ tho.Return lrorn IOll•rrupt inWuo· 
tion, descrrbed In Chapter ~. "hi<h pop> the two top words l<om 
the cu1~nt pr~>~:osoor sloc~ ond "'"' them te lOad the PC •nd PS 
rogt>lo111. 

... 

A d~ulce rouhno con bo •nt~rrupled 1>)' o h;ener priontY buo roqueS\ ony 
tome •rt•r the new PC &nd PS hove been loaded. 11 ouoh on intetrupt 
DC:turs. tho PC ond PS o! the '""'''" routlne aoe outornotlcolty storOd 
In lhe t~mpo<Ory te¡i•te<s ond tl>en pu•hod onlo lhe,oew curren\ staoo. 
ond the ne., de•i<• routine i• tnitoa\od. 

lnte•rupl Se.-.lclnJ . 
Evet}' h><dwo<e doufco copoble o! inll.mJp\ing the proceuor has a unrQUo 
kl of loceliOns (2 W<>rd•) '"'""'"d lor iU lnlerrupl -tor. lhe first word 
oootolns the loo•t1on el \he douloo"o oon~lco routino. ond tho •econd, !he 
Pmcessor Status Word thot ;, to be used b)' tho •ervico routine. Thro<Jgh 

2-!0 

·• 

p;opor uoo ol tl>o PS, the pro¡;rommor con swttch tlle operotlonol mode 
of tho procestor, ond m<>dlly tho Procouor'• Prfo"IY lh'ol lo mosk out 
lo~r leuel Interrupto. · 

Reentronl Cede 
8oth tho ln\errupt hendllng hordworo ond the oubn>uline coll hor<fwaro ~ 
lo<ihtote ,...iting roentront code !or tho PDP 11. Tnro ty"" of code ollo..-s 
o olnfiiO copy o! o ¡¡~en •ubrou!lno or pro¡ram to 1>0 •h11ocl by more 
tnon one proceso or tu~. TOlO roclu0<11 tl>e.omount of cort neoded lar 
mulll-\os~ opplicoliono such os \ho «oncurnonl servicin¡ o! mony pefiph· 
erol deuic•• 

Powor Fo~ Ond R"'tort 
When~""' M; power drops bolow 95 votto for 110... _.., (19~ Yolt. lor 
2:ZO...l or oul<ide 1 flmit of 47 to 63 H1, n menure<l 1>)' OC I>'IW"r, t~• 

._.., lail oequooce lo ln~iale<!. no Cor.tnol PtocesSOt ou!omotiooily 
trapo lo IOColfon 24 ond tbe powtr 1•11 ~...,.m hn 2 m•O<- lo""" o•t· 
YOiotilo informetloro (dolo In ro¡ittoro). ond to cond~lon pen¡rhe••IS !or 
powor foil. • • • 
WhOn powe< ls iOstored tho pro<:.,tor tfopt to toc•tlon 24 ond "'"'"'"' 

'tho pcwer up mu\ine to rnto.-. tho mochl"" to it1 o\ol• prior to power 
!dura.· '-

~·. ~·, .. 
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CHAPTER 8 

PDP-11/34 MEMORV MANAGEMENT 

8.1 GENERAL 

at.l Mem<><y Ma•,gement 
Th•• eh>plor de>Crlb., the Memory Monogemont un1t ol u,~·ll/34 
Cen\<al Proee,.o<. TM PDP 11/34 provldes the hordworo UoiW<< ""'"' 
sa.y lor complete memory monogomont ond prnte<hon. 11 rs d.,ig~ed to 
~ a memory maoo~ement IOCilr!y to• oyotoms "'h•r• tho memor; '''" t• 
8'""'"' thon 281( w<>rd• and lor multi uH.-. multo-prog<ommong •rslem> 
whe•• pro\Oct•oo ond relocalton ta<ih\oH ore """""""fl'· 
8. l.l Pro&romming 
The 1/.emory Ma•logenrent hardwo•e ''"' bun "oPI•mizod loWord• a multo· 
programm1ng •"wonment ond the procouor con operale '" lwo n10~••· 
Kornol ""~ U>OI. "'""" in Kernel modo, tho program hu complot• 
oonll~l ond eon uecute •11 •n•tructmns. Monrtof"S Md '"pe"'ioory pm· 
grom> v.ould be ••eeuted 1n thls modo. 

V.'hen m User Mode. !he i>'Ogrom '" proventer:l trom ""teutón¡ <ertofn 
tnslru<l'""'' !MI could: 

' o) cau•e tho m<Hiol.oation o! \he l(e•nel pto¡rom. 
b) hall th• comput<r. 
e) use m••~ory •r•to oo.;gnod lo !ho Ke<ool or othor "'"" 

In • multr prur,ranunlng e'""'""'"'"' severo! uscr pmr.r·""' would be 
<e<;Mn\ '" mo,.rO•y "' any ~"'""time. Tno la<k ollhe supt<v~Sory p<o 
S'""' woul~ M: control thc e•eouMn el the vonous u,., pro6•ams. 
manago \he oll<>eaMn ot mon,ory ~nd p<!flpMrat devrco '"'ou<eos, ol'>d 
satoguard lho on!e&••IY ol !he systom n ll wholo br corelu\ cont~(>! o! 
each uiot prosrom. 

' ' 
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In a multi·pro¡¡rom01'l'nS syotom, tM h\onagomont Un.t ~ro•id" \he 
"'""'"' lor ""'ininQ pogo, (roloutob'o "'""'"'"" ugmento) to o uoer 
p<ogrom and prevenMg tho\ u .. r lrom moOirg ony onoutl>ome<l oc<ou 
lo tho•o po¡¡oo ou1Sode hoo oni~nM oreo Tho•. • "'"' con •"•ctlvely 
be prov~nlld hom ooolclontol or w•lllul de•lroction ol ony <>thor uoer 
prog!Om-<or ll>o oyotom execoli•o pmgrarn. 

•. Hordwore i"'plemenlod lootu,.o eno~lo !he ap•lfo~'"i oystem to d)i· 
nom«OIIy ollouo\e memo¡y upon d'm•M ,.hile 1 p·oarom ;, l><trng run. 
Th...e leotu<eo oro .,..rtoculorly u'"lul when running higher-le.ellon¡¡uo¡¡o 
programo, whero, lor o,.mpto, """Y' aro con•lrocted ot oxecution trmo. 
No f"ed spoco 11 rourlied lor tloem by tho co,pllor. Lac~ing dynonolc 
memoty oUot>loon copaM1ty, the program would ha.e lo calculoto on6 
ollow su««••nt memory opoce \o accammodolo !he wo"t ca.e. Momory 
Mon.¡emont otomlriot.., lhio tome-consumin~ •nd w>~teful p•ocoduftl. 

8.1.3 Bulc Addros•ln' 
The oddr• .. •• ~M~••ted by oll PDP-ll Fan'"Y root,ol Prnco"o' Uoits 
(CPUs) oro 18-M d"ect b\1o oddro••••- Althou~l1 the PDP )1 Fam•ly wo<d 
lenith lo 16 bih, the UN IDUS ond CPU oddrouing lo¡;•c oo\uolly ls lB 
bits. T~us. wholo tl>e PDP-JJ wo<d con ~nly coe.\oin o:ld<eso «lerencn 
up to 32K ,.,..¡, (64K b)oteo) \ho CPU ond UlliBUS con «fO<Onco od· 
d'"''"' up la 128K w<><d• (~6K 1>)-\o$). Tt>e<e ••t•• two bit• ol odd<en· 
ong lo¡¡ic ptovido tilo bUic !rome .. or< for ••p;>nd·n~ m~ory ,.,loroncu 

In oddoloon lo \he w<>rd lenglh conotrO<n\ on buic nooonory oddroning 
'""'"· t~o uPoormo•t 4K wo<do ol odd<e" spo« " ''"''Y' rUO"'od lor 
UNIHUS 110 oovLce resi•ters. In a bo<ic PDP-11 me,ory conl•gur~!oon 
(withoul Monogemonl) oLI Oddrou reloronoes to tno u~po,Mo<t 4K wo<d• 
ot 16-M oGdru• •~>K• 06000().177777) ore con..,rtod 1<> Tull 18-bit 
roteren<os ""'" bot• l7 ond 16 olwo~s .. t to l. Tnu• o 16 bi! roleronco 
lo \M f/0 devoco <Ogister al address 173224 " automat•cally intern,lly 
converted to o lull 18-bo\ •elooonco lo tT1e rogiotcr ot a~dre" 773224. 
A<:tordinsly, the t>osic PDP-ll conloguration can d""<tly o~dre" up lo 
2SK wo<do ol true momcry, ond 4K words oT 11!-IIOUS 1/0 devico ro¡;istero. 

8.1.4 A<tow Po¡e lleci•t•'" 
The Memory Mono~emont Un.t "'"' two seis ol o.g~¡ J2·M Ati<Ve Pa¡¡o 
Reg»l"'· An APR os aotually a pair ol 16M .e¡isters. a Poge Add<~<> 
llegL>Iol (PAR) and o Pago Desc<iptor Rog,.tor (POR). lM .. rogl•l•r. 
"'" olwoy• uoed •• o polr ond eontoin a'l the in!ocmotion neoded to 
dese"~ ond rttFocate the cunonlly active momory J>Og••- ·• 
One oet o\ ~PR"• " usod in Kernel mode, ucl the other •n U••• fT1od• 
Tho cho•<~ el wh•<h •et to 1><! used " d<termin~d by the curr~nt CPU 
mo~e conloonod on "'" P<oce .. or Stolus wo<d. 
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8.1.5 Co!"'billti .. Provldod by MemO')f Mon.•em""t 
Momory S.z~ (wor6s): IUK, m., (~luo 4K lor 

Mo<los of Oper&lion: 

St8C~ Poon:or<: 

Momory fleJocolio~: 
Numbor o! p,¡os: 
Pa¡e len&lil: 

Memory rrotect•on: 

8.2 RELOC~TION 

8.2.1 Vittuel Mdros .. n¡ 

V•rtuol (16 bots) 
Ph)'"'L<OI (18 bots) 

Kernel & U•or 

2 (one lcr eaol• mode) 

16 (8 lor eoe~ n>ode) 
32 to 4,096 wo<ds 

no'""" 
•••d oooly 
re,d).,ro\0 

' 

When t~e M•mory Monogemont UM " op<raUng. the nQHNI IG·M 
d"~ct byte ~adro,. i< no long•• ont••p•ot•d •• • """<! P~y1•col Addres• 
(PA) bu! " a V•nuol Addres• {VA) conto•n•ng onlorm•tion to bo used in 
eonslr<Jcling a new lB M phySLcot od~ress. The informoloon cont>ine•l 
on t~• y,rtuol Add•n• (VA) ts <omboned w•t~ relocatlon on!l ""'"ploo" 
onloronOiioo conl.,nod "' the ~<I•VO Pogo Regi<ler (APR) to y·••d •n 
lB· M Ph)<icol Addre-n (PA)_ 

Becouse oddresse< oro outomotico:t, rttlocatod, thO ccmputo• "'"/ ~. 
con.,derod to be ope,.toe~ '" virtu•l •ddroso spoce. Th,. me•n< "'' r.~ 
no.lllor ,.he•• o p<o;¡ro01 " too~od onto p~y<o<ol memory, •t ,.;u nc' ~·"• 
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lo !>e·-~ l1n~ed"; 1\ ol"a~o op¡;u" lo be al \he same vnloJal tocaba~ in 
memory. 

The v.rtuol Md«U space •• d"lded into •igh: 4K-woo"d pag ... [ach page 
•• felooal•d soporoteiJ Th'» ·,, o uoolul INI"'" "' multi·rrowommed 
l•meshoring s~oromo lt ~·'""ltl • new ler¡¡e pro¡:ram lo be l<:>~~ded into 
di..:ontmuooo blo<l<o ol phys·;;~l memory. 

A pa¡¡e may tHI os om.oll a< 32 WOrd$, o.o thot oh<>r~ proc:~ure. or data 
oreoo n~ oc:cupy only os !"oeh memoty •• requiroo'. Thos ls a uoelul 
feotu<e in , .. 1-tome control <Y<Iemo thot contain many oopa<Oto omoll 
to<ks. 1! " ol&o o us~ful reato« lor •lock ond buffer ><>ntrol. 

A ba.k funct<on lo lo ~,¡,.,, 01emory relocaloon and provi~• e.oended 
memory oddre .. tns capobil•ly lar sy<lo•n• '"'h more thon 28~ of phys­

'iool memory. Two ••ts of pago addro" regosto" ore u .. d to roloc:ate 
vortu~l oddr01seo lo ~hy<ie•l oddoosMo •n memo<yo Those MI• ••~ usod 
~• hardw~ro reloc.loon r~gi<ler$ tnal po:mul <everal uoet'o pro¡rams, 
each .ratl"'ll at ••rluat addros• O, lo ~•ido •imuttaneouoly In phy>ical 
memory. 

• 
8.2.2 Procom Reloeatton 

Tne pago adore" regoste" "'" used to dete<mono tM st.rt•n• ~ddress 
ol uch .-.loeatod program m physocal rnemory. Frgure 8·2 ohow< o som 
phfied e<<lmpt~ ollho relocat•on eoncept. 

Progt>m A stort.ona oód""s O 10 rolocoted by a con>tan\ te provlde 
t>hyoie~l odd,.... 6400,. 

~""" ""' '"'"' ""'"' '"""""' , .. , .. .... ,. 
• • 100000 t:?-:J 

-. -·· • ... -· 

foguro a 2 Somplll.ed Memooy Rolocation Concept 

•• 
• 

---· 

lflho ne>rt P""'"'<o• .,rt.u•l oddr<" ls 2, tl>e reloc~toon constan! woll then 
cause physical oddro" 6402,, whlch ls tho se<ond 11om of Prograrn A, lo 
~ oc<rsM<I. Whon Progrorn 6 i< runnin~. tho reloeo>tten conllonl ,. 
eh~nged te 100000,. Thon, Preg'"m B wtuol add'*""' startinlil otO, aro 
roiOCII\ed lo oC<"$ ph~col oddre< .. > otort•nll otiOOOOO,. Voona tl•o oc· 
tovt• pa¡e alk!,...o <e¡lstors lo pmvide relocatlon elomonates t~e netr:ll<> "re· 
ton~" o pro¡¡ram eoc~ tomo o\ 10 toaded into a doHe.-.nt ph)'5ie>l momery 
toeotton. The progrom atwoyo oppeort te ltart ot !he same oddreu. 

A proRrom is retc>O:alod rn pages conOillon¡ el trom l lo l~B btocko. 
Eaoh block is 32 wo•d> In IMgth Thus, lile mui1num length of o pa~e 
i• 409-6 (129 • a21 worOs llsing oll el the eight avaolable otl•vo P•e• 
re¡:i>ters in 0 •el, o mo•imum prngrom lon¡¡lh o! 32,169 wo•d• con be 
occommodated. (oCh o! tilo eight l'"ll"' con be •elocalod on\'Whero in 
tne ptoy.,cal memory, n l<>ng as eaen retocotod poge k¡¡on> on o 
bound•ry lhot i> o rnultlpe of 32 wordo H.,..,..,, for ""8"' thot ore 
smollu then 4K ..O.óo, only the memory o.ctuoiOy ottocoled to the po¡¡o 
moy be oceesóert . 

Tho relo-colien eomplo ohown. in F•¡ure 8-3 llluotrotes oo..,rol polnts 
oboout rnontory rotocotton. 

o) A"heugl> the Pf<lll:tom oppo:ars-to be In con\1(\louo oddron IP'U to 
tho p""'ossor, tilo ,l2K·word pl!yolcol odd,...o sPIICf>,. ""'""lly scot­
te,.,d lh!'Oii¡to OltV&tlll "'PII<Jie .arooo of physlcal memory. As Ion¡ 
u tho loúl .. oiloblo physlcol memory opoocoo lo odO<¡oalo, • pro¡rom 
un be I<>Ked. T~e p~yoieol memory opoe. nftd <lot_ be <:onto¡¡uou•--

• 
b) Pa~es moy bo t1110CIItOd lo h1¡¡hor or ¡owor physle>l oddro>•••. wlth 

rupoct to thetr vort.ual oddre•• rangoo. In the o .. mple fo¡uro B·:J. 
Pll8 .. 1 is <Oiocoted to • loJgloer <ongo o! phy,.ool addresseo, pa¡o 4 
,. <OIOCO!od lo o·l<>wer rango, ond po¡o 3 •• no! roloo:otOd ol all 
(e-.oen thou¡h ols rolocotioo con•lant ;, non->oro). 

e) All o! !he poi" shown tn !loo o•omplo oto•t "" 32-wo-n:! boundotieo. 

d) toch pa¡¡e is reloo:otod lndependo¡.,tly. Tloere '' no rea•on why two or 
moro poo•• could not bo relocotcd lo the oame physical momc¡y 
opaco. llsing more than ene pase oddreu regi>ter in tho 101 lo 
acc"'s !he somo opaco "ould bo ene woy o! P'<'-idtn¡ doWOtent 
memory aa:ess n¡hts to the .,mo doto, dopondon¡ upon whlch port. 
or. pro¡•~m ""' .... , ... ndng thot doto. ( 

Momory lln~• 
SI<><: k: 
rogo: 
No. <>1 t•age•· 
S·zo o! roto•:.ta~le 
memo'): 

32 word• 
1 lo 128 blocks (32 lo 4,096 wordo) 
B per modo 
21,169 words; mu (B • 4,09-6) -



• 

Fl1uro 8-3 Rel<><at,on or • 32K Word Progrom into 
124K Word Ph)"iicol Memoty 

8.3 PROTECnON 
A hme•hor.ng O)"item por!ormo multrpro~rammins' ,¡ olio"• >&>eral 

- program• lo reoide in menoory oimultanoously, ""~ tu operate >Oqu•m· 
!tally, Acceu lo these pro~'"""· ond lhe memory •pace they """PY. 
mu>t be OU•ctly defmed and c,onlrolied_ Se•<ral ty~eo of memory pro· 
tectton muot b<o a~orded o ¡,meohorirg S)">l•m. For e•omple; 

o) u .. r pf<>l[r&m• mu•l n01 be oiJowod to <•pon~ ,.yond ouocotod 
<¡>.ace, unlooo oulhonzed by tho ·~•te m. 

b) u .. ,. muot be pre•ented fron1 motMying common subroutrneo ond 
ol~onthmt that are resldenllor oll "'""- ". 

e) U<ero "'"" be pre'"nted lrom ga1011ng control ol D< mothtying the 
operal<n¡¡ oyotem <oltware 

The Momory Mln"$ement optron pro.,des '"" hord~ore lacrlrtre> to lm· 
p,.m~nt •n o! th~ abow typ .. of memor¡ proteotoon. 

1.3.1 tn~ocotsible Memory 

Each pa¡e h., o 2-blt acceS< control k.oy """~iatoU wrth rt. Tne >oy ¡, 
osoisned under pro~ram control, Whon 111" key is ocr toO, tloe pogo,. 
dolll\ed •• Mn ''"'den!. Any attempt by a "'"' prograrn to &ccen 0 
non·r•o,dont ¡>alfO i< pro•ontod hy on ornmed,ato obort U>'"S '"" '""' 
turo \O prtwode memory prolectron, only the»e pO~~· aoor:ratod wrUr tho 
current p<OJ!r>m aro set to le¡at ae<eS> ••Y'- Tho acceS> conlrQ\ k•Y> 
ol alt other p<ogram p.oge< ore oet lo O, wh><h pr~•MI< rllegat m•mory 
roleren<e<. 

8.3.2 Ro•d-Only Memory 
Tho aoc"'' oorotrol key lor a ;>nEO can be >el to 2, wh>Ch allow• road 
(lctoh) momory rolorenc .. lO lh< p•go, ~ut '"""0<1oa\ely aborts an)' ot· 
tompt to .. rrto <nlo that pog•. ll>•< read ont1 t¡~• ol me mor y protect,on .. 
.. 

< .. 

can be oHorded to pac., tlrM con\aon coiOlmon data. •ubroutinO<, or 
ohared algO<Ithm< ll"o typo o! r"emory protootoon altowo !11o aoce» 
<~ghl> tn a H'"en •nlormatoon "'odute to bo uoer (iepondent. That "· \he 
ato~" ri~ht lo a 8""" rntormatoon modulo moy l>e •or;ed for doflerenl 
usero b~ olteno¡¡ lho occen control key. 

A pa¡e' addre._, re¡¡:i•ter rn .. <h ol t"e <oto (Kern~l ond Uoer m :)de;) 
"'"'~>e oet up to reloronco the samc"phySoCOI pcoge '" momory and 
uch may be keyed lor d,f'erent ace<>•• ri;l>to. For .,,mpte, the U<er 
acceS> control key mi&ht be 2 (re•<>only •oc•••l. ond tho Korrool occoss 
control key n11ghl be 6 (OIIowin¡¡: completo roodlwrrto aco,..•). 

8.3.3 MulliP!• Addro .. S¡wroe 
Thoro ""' 1-..o oomptele ••poroto PAR/POR '"'' provr~od: one '"' lor 
Kornol modo and one oel tat U••• modo. Tnr• •flor~• tho trme<ha,ng 
sy<lom wlth onother tyt><" ol rnemO<ji protott,on eapabrhty_ Tho r>1od~ o\ 
opo••tron 10 opeoil10d by lho Proc~uor Stotuo Wr)fd curren! modo l~eld, 

or proviou< mode '••Id. •• deter<'>le<d by the """onl 'nstruct1on. 

A"u1nin¡¡ lho current rnodo PS Ms are ••hd, tho octovo po¡¡:e reg•stor 
<eto oro enoOiod as tollov.·o: 

f'S(t>o"l5. 14) 

00 

" " u 
} 

PARIPOR Sol Enabled 
K•rnet modo 

¡t,o~oi (all r~leronc.-. abort@.l on occe") 

U•er mode 

lhu•, o Uoer modo prog'""" relocated by rl> o"n PARIPDR ut, •• •re 
Kernol programs_ 1h,. "'"'"' rt 1mpos>lble tor a·pro¡¡ram runnlng '" 
one modo to aooident•tty relere..:• •pcoce atk><:ated to a""ther m~e 
,.hen the acti.O pago r~g"'~" •co '"' co.,e<<ly_ For ••~mpte. a u<or can· 
nol tronotor to Kernol '""'"- Tho Kernel modo oddres• >p><~ may be re· 
••,.,ed ter r••'dent •y•tom mon,tor lunctron<. >uch as \he b•"" Input! 
Out~"' Cuntool routon ... •10ernory meno¡teme"l trap handl~r<. and tome­
shodnQ <ehed"lln~ ""'~"'~' ay ""''"'"R the IY<>"' oi tomo>loorin~ oystem 
pro~""" lunc,onally bct"""" ti•'e Kerroel Md U>« mod••· • """'"'""' 
oorount ol •paoe control housokeeprng " roqu"ed •• tho llrno<loarod 
o~orollnit ·~stem <equen<e< lrom one "'"' pro~"'"' ta \loe ned ror 
eumplo, only the U>er PAR/POR'"\ n..,do to b<; updoted •• ••eh new 
u<er ¡>rogrdm ¡, ,.,.,leed The two PAR/POR oet• im~lemonted in lhe 
Memory ~•nagement un,t ore shown rn Fr¡u"' 8-1. 

84 ACTIVE PACE RECl~TERS 
The Mornory Managomonl UM proVIde> '"". ••1• o! Ooght Activo P•e• 
Rell'""" (A~R) Each AP\1 con•i>i< ol a P•¡e AO<lren Regool<r (PAR) 
and a Pago Poscriplor Ro~'""' (POR)_ Thooe re~i01er• are alwoys used 
os a~"" and """'"'" oll the rnlormation requlrf<l lo ~<>Cate and door;flbe 
llre curre ni a<lo"e p.oge• !or each modo o! OP'ratioo- One PAR/POR ><1 
" u<od in Kernel mod• ond t~ .• other •• used rn U>~r mocle. ne cur· 
rent rr•orl~ M< (or 1n '""'""'"'·\he P'""'""' modo M•) ol th~ Proc••· 
•or Sr.lu< Word dewmrroo whrch ><1 will ~~ re!e,..ncod lor eo<h 
memory occo" A proogr•m oporatmg "' oroo mod• connot u•• the PAR.'. 
PO~'"" ni fhO other rrrodo to occe" nrerHory. Thu<. tloe two '""oro 

" 

· .. 



.. 

•• •• 

o key loa! uro In provldon~ o lu<ly pro!oct«l onvironmon\ .lor a time­
•~~red multr-prog,amminl syotom. 

A IPOCil.c pr<rcoO!t<lr 1/0 o~dron i> o"iSned to qc~ PAR ond POR o1 
~h set.·Toblo 7-1 is o complote lis\ ol oddren aulgnment. 

"IT 
UNI BUS ~o, ice• cannot.acce .. PARo Qr PORo 

In o fu.,y·protectod mu:tl·pro.;r.,.nming ~n"iron'T1ont. tho implicotion ro 
thot ooly a program oporoting in the Kernel modo would be allo~d to 
wnto into tho PAR ond PDR localions lor the purpo .. of mapping user"s 
~rogromo Kowe .. r. thero ore no reoharnto impMo-d by ll>e logre that 
.,..ill provoot User modo p<o¡¡rams lrom wrrtrn¡ into th .. o rogiste,._ Tho 
oplron ol implemMtin~ ouch o r .. ture in the o.,-ro~rns syotom. ond ll>u• 
uplicrlly protoc~ng thuo IO<:atron• lrom u•et"l pro¡rom•. io ovaiiOble 
to tho o~tem soltr<Ore dul;ner. 

• 
' ' • 
' 

fi~LJ!o 8 4, con\orns"tho_ 
the bo•• od<lre" ol the 

The Page Ad~'"'" 
12M Po¡e M~ro.., 
poge. •. 

• 
••• 

fr(luro B 4 Pego 1\ddreos Ro¡¡lotor 

Brl< 15·12 ore unu<ecl •nd re.orvod !or po,,.lrlo futuro uso. 

Tho"P•s• Addro .. Ro¡;,,,, m•r be ollernolively I~OLrKI>I o! •• o relo 
colron constant. or "' o b">• '"8"'"' cont.,nrn~ • b•>• addre". [rther 
rnlor~retotron rn~root<s tho bo>i< lunCiron o! tho Po&• Aodreu Reo"'"' 
(PAR) in tho '!kl<•tron schme. 

8 •. 2 Poge Oelcriptor Retrolen (I'DR) 
The Po¡e Descriptor Re¡r>tor (I'DR). shown rn fr¡uro 8 5. conto•n• io· 
formoti<><o rola\"'o lo poso '"""""""' pogo lon¡IO,. ln<l ooce" control. 

,, 

' 

• 

.. . 
[iJ ···~···· li.l·WiWI·I·· ¡.;¡ 

Ae<os• Control Frold {ACF) 
Thrs 2-brt freid. 01\s 2 oncl l. o! l~o POR do•crl~>eothe acce« tiSirts lo 
lhr5 portrcular ""K'· Ttre occess code5 or ··~·~ .. •fl*crly \he manner 
In l'<hrch • ""go moy be occossod and w~ethor "' not a goven acce" 
ohould "'"" in on ot>ort ol tiro curren\ oporotlon. A memory <Oferenco 
thot c.ou•e• ,"" obort 11 no\ oomplo\o-d on<l i> lerminoted immedrot<ly . 

Abort> a<O touso-d by ottompts to occou non-rn>dent p;Jg ... p.o¡e 
length erroro. or occno .....,.atrono. wc~ u ottomplr"'l lo ,.,.¡, rnto o 
, .. ~·only pago_ lroi>' oro used •• an ord '" lfll~erin¡ memoty mono[•· 
mont Lnlotmotron. 

In tho contoxl o! ooo~;, <onlrol. the torm ••wrrto·· rs usM to rndrcote 
!he oetron or ony m•lrroclion """" modifr .. tho contonl> ol ""Y •J­
dr•subre -..ord. A ·•-..rilo"" " synonymoul wrth whot " osu•llv ,_,.,.~ • 
'">\ore"" or ""mo~rfy"' In mony computor •~tomo. Toblo 8-2 ido tho ACf 
koy, ond tholr lunctiono. Tho ACF,. .,...,tton lnto tho POR undor pro(lrom 
control. 

Tob!<o 8-~ Acceu Con!.rol flelcl Koyo 

AfC func~on '" Deocriptr<><o 

00 

w 
u 

o 

' • • 

Non·r~oidont 

R .. ldont rood-only 

{unu•o-d) 
R .. r<!onl read/ write 

E•ponsion Drr<!Ction (ED) 

At>ort ony onempt to accon th" 
non-r<>rdeot pago 
At>ort ony ottompt to wrrte Lnlo 
thil pago 
Atoort ••r A<:c .. •••· 
Reod or Wtrto ollowod_ Nc trop 

<>< abort ""'""· 

Tne EO bit IOCO!ed In POR brl po<r\ron 3 <n<lrtoln 1"" outhorr<ed drr<C· 
tron in whrch !he po¡o con ••pana. A lolfrC O rn thO> b.l {EO = 0) indi· 
cotos the p•ge con e•pond up.,ard lrom reloli,.. 10ro. A logic 1 rn th" 
brt {~O= 1) lndicotoo lho poge un e>pond downword toward reloliv~ 
>ero_ Tho EO brt " wrllton rnlo \he POR under prosrom cont<ol. Wlr.,, 
lhe expansion drrectirrn rl upword ({0 :e: 0). the po¡¡olengtH·r• oncro.,<d 
by oddrn~ bloc .. wlth hlgloer rolatrvo oddroo•••- UJ>W>rd o.paos•oo ,. 
u•ually s.,-crlro<l !ot pro¡¡r•m cr dato p.ll¡¡el to add ""''" pro&""' nr 
la~e .,..co. An o .. mplo el page upan1ion UP""Oid io """""'in Frguro B 6. 

Wnon ltre !'"""'¡"" drre<lron ,. d.,...n.,o<d ({0 = 11. tno po¡~ longth i• 
rneto><«< by addonl): bloc~, '"'" r""""' rol~\"" odcl, .. ,., Oownwa•d 
••Ponsron « 1p«rl,«< l<>r """ pag" so tnal ooore otock >I>Oco con bo 
oddod. An exomplo el p<r¡o e>pon•ion dawn..-ord f11hown in F;"¡ute 8-7. 

•• 
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~· . "' .. '• '""'""' "' "'""'­.... ''"""" """'""'­'"' ... '""' ~·"•"'"'== 

NOTE: 
lo ooe<1ly • block J<ngll• ol ~2 lo• an opwa•d «p.ondoble p;¡~e. "'"'" 
hoghcsl outhori>~ b~Q<:k no ~HO<\Iy '"'-• h•gh byro ol POR 9•t 15 ·" 
not "'"d becau~ tno hogh"'l•llowab:e blo<). numbor is 177,. 

""'"""" '"" """'" '"~"""'' "'. ,_, ,.,. 
"' •D<•> 

Wrilten lnlo (W). 
The W bot loc•l•<l in PD~ M p001 tion 6 mdicai<O whethe• !he pa~e ha• 
be•n wnt!M onlo """" ,¡ wos loaded onto memory. W = 1 " afr""'" 
'""· Troo W bol ,. ""tomatlcally cro.,ed when the PAR •• POR ol Hoot 
pa~o io wrltten into lt nn or.ly M sel by rr.e contwl logot, 

In di•O •wopping ond meonof')l ""••lay applic•toon•. the W bol {M 6) <•n 
~ uS«< to detormone whoch pag .. on memof)' ha•• ~n moooroed by a 
U$0<. lho"' that hvo been wrotten into mu<! be o-•Od in \he" CUfrOnt 
lo<m. lhooo thot ha-~ not Deen wntlen into CN = 0), need no\ b• ... ed 
and con bo o•ertayed wrth new P<lB ... •! nec .... f'l • 

Pago len¡th freid (Plf) 
The 1 brt PLr lo:aled '" !'DR (b>ts 14 8) ;pocif·o• tiro outhori<eci len&tlr 
nf \he P0€0, rn 32-word block• The PLr hold• blo<k non1bo,. lro'<' O In 
171,: tho• ol'owrng any po~e 1•-'Bih lrom 1 lo 128,0 block•. The Pn 
ts wrr:ten ntho POR uMe1 progr•m con u o l. 

Plf lor on Upwa..J Exp.ond•blo Pop 
When th• p•~• ex~onds upword, tl>e 'PLF mo<l be •ol lo one lO» than 
the intendod number ot block• outhotr2ed lot that p•~•- For e•ample, 
lf 5?, (42.,) blocks 010 autho,.zod, \he PLF •• .. 1 lo Si, (41,.) (Frgurc 
8 6). Tiro hardw.,e '"'"~"'"' tho •irtoal addr••• block numbor, VA tbrto 
12 6) wrlh tho PlF to detorm.rro llthe ••rl~ol oddre" is wrtlrrn \he •u· 
thorized fl"g• leeglh . 

When th~ vortuar add''" block number ;, lo" than or ·~u•i te tne Ptr, 
ti>~ vori·MI o6dro» r> wot/ojn tho outhotlt~ ""~" te~glh. 11 the "'llu~l •d­
Gr~U •• greator than tne Plf. o <"'e~ l~n&th lbu'l (oddrO<• too hi&hl 
0> d~lo<lod by !he ha<dworo oM an ab<;orl or;<u.-. In lhl< ca.e. the '"' 
tu•l·>dd'"" >paco le~ol to '"" prog<ano "non contr~uou• becau•• lh~ 
threo onost sienrlr<.int brh ol tM virtual at!t!re•-. aro U<Od to <ele<t lhe 
PARIPIJ!l oot 

P!F foro Downwo..J E•p•nd•blo Poge 
The C.P"b>loty o! provrdrn¡ downword e<p.onsron lot o J>a&~ " mlend~ 
>J><'OolrooUy lor tho<e pago, tnot "'"!o be u>ed u otock<. In the PDP ll, 
• Olock 11011< al lhe highe>l toc:alron re .. .-ved tor t\ ond expand> down· 
ward toward tne towe>l addre .. os itom, ore odd~ to tl>e >lack. 

When tho ¡r.,ge ;,_lo be downwarO .,¡,.ndabte. tt.e PLt" nrust be "1 10 
autho"'" a poge lengttr. m block<, thal sl>rl> ot tho lrr¡¡heot adóro<> ot 
lho P•t•• That ;, always Block. 177,. Refer to Ft~uro 6·7. whrch shm•• 
an ••ornpl< ol o downward ••~•todo~le paee- A poge IMolh ol 42,,, 
blocks" ••b•tror.ly cltosen "'tito\ tho exa:;opte ooo 1>11 corn~ored "'"' 
!he upword <>pandobte oxamplo >hown in rrguro a 6 . 

NOTE 
Tiro """'~ PAr" osM '" b<lth <>ompl"' • rn;. " 
doo. lo ~mph"'''" tlrol th~ PAr. u tho base 
addoe<'. "'"''' doto11nine< the lowo\1 oddross 
ol '''" uo~•. wh•thor rt '' upward 01 do .. nword 

"'"""""'''" 
'" 

... 
r: 
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To opetil¡. pago longth !or ~ do .. nward expondablo poge, wr.to comple­
ment ol blocks reQulr<d onto hi$h byt~ of POR. 

In this eoomple, o 42·tlloek pogo 1• roqu"ed. 
PLF is denved •• loi'O"O: 

42,.;; 52,: two'o compl~ment o= 1,26, 

"'""'" 

'" 

• ~<><· ~ ...... 
"''""" "" '""" "'' ~"" "'"" "''" , .. ' .... ''"". """ 
"~"'" '""" 

ll•o calculoMns lor complomont.n~ tho number ol bloc>• «qo,ed to 
oblam tilo PLr ''as lollo«O: 

MAXIMt.IM BlOCK NO 
177. 
!27,. 

MINUS ~EQUIREO l[NGTH 

"· 42., 

8.5 VIRTUAL & l'liYSICAl AODRUSES 

lQUAt$ PLF 
= 125, = 85,, 

The Me<no<y Man•gement Uno! " lo<aled between the Central Proce .. or 
Unol an.d the UNIOUS odd••" hn.,.._ Wl1en ..,emof)' Monoaernent is 
enobled, the Pro< .. >Or coa•"' to >upply """'"" in~orrnotoon to the Uni· 
bu>. lnS!o~d. addr..,..,. o•• >ent !O t~o Memory M•nogen1ent Uno! .,M,. 
thoy ore reroooated by ,aroou• cun<lonto computed wothin the ~emory 
Monagement Unit. 

8.5.1 Coo>lr<~<:tion of o Phy<i<ol Addro .. 
Tilo bd<i< 1nformaM" noedod for tho con•t•uct1on o! o Ptoyoicol A<idro" 
(PA) come< !rMl tho Vo~uol Add<«< (VA), whrch" 1llusoroted 10 rocuro 
B a. ond !he appropri,te AP~ oet. 

' • 
"'"'' '""''"" 

Fogure 8 S lnlerpretotoon o! o Virtual Addren 

Tho Vrrtu"l Mdre<S (VA) con<i•" o!: 

1. The Aclove Po~• F••l~ (APF). Tni• 3 bol !:o!d dote<minoo wh1ch o! 
"'l!hl Al:ti•e P•se l!e.:oslerO (APRO APR7) woll 1>< U>Od lO lu"n tho 
Phy><C>I Addre<< (PAI, 

' Too Do<placemont Foefd (Of), lh•< IJ·M t.eld contoon• on o~dre« 
retotoue lo the ~·~·~nin¡ of o p.og• TOO< pem1ot• p.oRO len~th> up to 
4K W01d5 (2"" 8~ byte>). ~~~ Qf "!urth~r •ubdo.ode~ 1~!0 1"'0 
''"'d' 0$ •ho .. n in rogu•e 8 9 . 

• l. T~e Btod "'uo~be• (6"1). lh•S 7 M fco•d ;, onte<p•et•C a• th~ btoü 

"""'~"' "'''"'" the '""'"'' ~o¡o. 
2. The D><pl~cemen! '" e:o<• (DIB). Thos 6·b•t ¡,.ro contoins lho d••· 

pto<e1nent w•thon the bta« <<lorred to by th• Bloc• Nu.,bO<. 

• 

' 



• • 
• 

me ''"""'"d"' DI lh~ iolonn.tioo> ne<d•d tu ro.,slruct tile roysl<:al ~d· 
dross come< hon1 tho 12-M Paoe Md••" foel.! (PAf) (por\ of 11>• ~<lrve 
Po¡¡e Re¡¡o<ler) ond opeo•'••• 111c '1"''"€ oddre•, ol l11o memory whith 
thot APR o.,orlbeo. TM PAr i• actu~l:y • bt<><< numl><r In \he phyo col 
"'"'l'lO<y, • 8 PAF =: J indltotes o storton¡¡ odd•••• ol 96, {3 X 32 = 96) 
,..,roo m ph1<icol memory. 

Tho /ormation o! tht Phyoitol Addre" ls illuOI•,~od In frgure 8-10 

• 

! • 

• 

f<¡ure 8·10 Conotruction ol o Pnyoiool Addre.s 

The lo¡¡rcot oec¡uen« on•o:ved in conolructong o Ptlyo.eol Add<e" lo oo 
loiSO...; 

¡, SeiK! o oe\ ol .<.c:ti.., Poge Re~oo\0'< do~nd•na on tu<fOnl modo. 

2. He A<tovo Po¡e Frold ol !he V"tual Mdte" " uoed to oele<t on 
Actovo Poge Ro¡¡loter (APRO·APRl). 

3. The Por,e AUdre,. >•eld o! the selocleU Acrove Page Regioter con· 
to•n• tho otorting oddro" of !M nmentty oct•v• pase ao a b1oc~ 
number in phyoitol menlOf\'-

•- T!>e Bloc'• J'<umbor !rom In~ Vrnuot Md•uo ;, odded !o the block 
number lrom lho Po¡e Ar:!~ruo field to vio<d the Mmbo. ol tno 
bltoek in physiut mo=ry -..hoch wott contain the Phy<root Addre,. 
be\"$ eonWL>t:lod. 

5. rne o .. ptoc••"""' '"Block rron• ti" o,,ptoc*"'""t foeid ol the v'"""t 
Adore,. 10 "'""'d to the Phys<<ol Bloc~ Nunr~cr to yreld a hu< lB ~,1 
Phyoi<al Addro.,, 

&.!1.2' Determtnln~ th o Progrom Phy•icol Mdrcn 

A 16 bit ••rtUOI oddoeu ton •P«ify up to 32~ wood•. in the >an¡;< ho"' 
O lo 1777ló, ("''rd boonda<••• oro e•en <><t•l nun>be") Tne "'"" 
rno•t "~"'''cant .,rtu•! Odd<e>< M• dn•g<>•te !hO PAR!PDR ,., lO hO 
rele>enced dunn1 po¡e addre., rei<>C>t•""- l•blo O J to<t> \M '"tu~! 
oddres. ron¡., thot oi)Koly ~eh ol ¡he PAR/POI! ••Jo. 

B-14 

• 
Tobl~ B·l Rot•tlng V>rtuol AddrHo to PAAJPDR Sal 

OC0000-17776 
020000·37776 
!v.0000-57776 
<IE>0000·71776 
\OOO!)(H\7776 
120000·137776 
¡40000·157776 
1&0000·177776 

NOlE 

PAR/POR Se! 

o 

' ' ' • 
' ' ' 

Any uu o! pago lenglho leu \han 4K wordo 
""""" h<oie< to be l<ft rn ¡he ~ortuot &<ld>U1 ·-·· u; STATUS REGISTERS 

AOOrts eeneri!Od by \he protoctron h~rddrtt ~'" >Kiored throu~h ~ernel 
vortuol IOC~Mn 250. Stotu• Re¡¡o>l•rS #O ond 1!2 ore uoed to deto,.ntno 
"hY t~• •bo•l occurred_ Note thot on obor1 lo a locotron wh«h " ot••ll 
an onvalrd oddress witl cause ooolher obort. Thu• the Ke<nol prov'"" 
muot 'on>ur~ lhat Kernel v.rtu•l Add'"'" 25(1 " mopped mio • volo~ od· 
dre'O, otho<WiOo • loov "''" occur wl•kh w•lt roqulfo <on•olo lnt•"'•"Fon 

8.6.1 Slotu• llo&i>!« O (SRO) 
• 

SRO contoono Al.oort eHo> !lago, ,.,omo<y m•n•~•"'~"' enoble, ~tuo other 
""~nt••' •n>ormation roquired by on o~rotong .,..to.n to rocO>O< '""" 
on ol.oo•l or oerv'l(p • "'""'o<)' ""'"•~romont 1••~- rno SRO !ormot " 
oho..,.n in f•lf"'" 8-ll. tt• oddr<" io 711 572. • 

lo¡;'"" 8·11 fN<nat o! Stotu> Ro~o•to< >1-0 (SR')) 

B'ts 15-13 ,,ro tl•o obort rrar.•. Thoy on•r 1>< Coo••d•r•d ro br '" ' 
"pnoroly q.,ouo" rn tt10t "flag> to !M "~hl" ••• '"" "~n,lrtar•l "''" 
•hou\d bo o¡¡,.ot•(]_ fN exon>ple, a "non •eoidont" abo•! '""''" '0"'"'" 
would •Rnmo i'/lgo longth and """" control llo¡¡o. A "po~o !t·ngW' 
abor1 '""«< 'oulon• woutd ieno•e •n "'"" coclrot laU!I, 

NOIE 
llot 1~. 14. O> 1 ), when •et (•bort co>nd•t•M>) 
c~o•~ the to¡:oc to ¡,,..,. tne conten!< of SRO 
M> 1 lo 6 and "•'"' '~2•"•' SR?_ l~•• "done 
to lot•<•W• >e<O>e<y hom tloe obo>l. 

8·15 

• 



P<O~e<lion 1• enabled when an oddre,. is being roi..Cated. Thts impli"' 
tila\ aither SRO, b<t O i• eQuol 1~ 1 (Memory Maneyement enable<!) or 
that SRO, M 8, io equal lo 1 and tho memory ~loronee oo \he fmat ono 
of a deotination calculoUon (malnto' ono•/destinot.on modo). 

Noto thot SRQ bit• O and 8 c.on be .. t under ~·o¡rom tontrol to p«>­
vice moanln¡rlut memory mana¡ement cont<ol onlo<ma~on. lio"'"""'· 
ln!DfmOtion wntlen into ott otl••• M• " not meonin¡lul. Only thot on· 
formatoon whith os automatoc•lly wnt!en m\u lh••• <otnoonmg bo\s •• o 
rosult ol hardware ae!lons" u••IJI os a mon1tor el tho •tolus ot the 
memory mena~eonont uni!. So\t1ng blto 15·13 undor.program control 
woll not cause traps to <><<ur. Tho" Lit•. howevor. mutt be rose\ lo O 
ottor an obort or t<ap hao oe<u11o<l in or<ler to resumo monitono¡¡ 
memol)' mono¡¡ement. 

Abo<t-Nonreoidenl 
ll<t 15 "!~e ""A!>Ort-Nonre•idont"" bol. lt i> ""by ottemptin~ to acce-o• 
o p.o¡o "''~ on &e< e>> con\r'" t.oJd (ACf) key equal toO or 4 or by_ en­
Obhn¡ ralocot.on w•th an lllogol-onodo in the PS. 

Abort-Poge lon¡¡th • 
B1t 14 ,. lho '"Abort-Pa~e Longlh"' b•l- 11 " set by ootompling to acce .. 
o tocotion In o p.oge with o blOCk number (virtual oddre .. blto )2 6) thol 
is outo•d• the oreo outhomo<! by tho Poge ltflllh foold (Pfl) o! tho 
POR tor that poge. 

Abort·R.-.d Onty 
Bot 13 " tM ""A!>Ort·Rud Onty"" bol. 11 10 se\ by ottempt.n¡¡ to .. nte in a 
""Reo<! Onl1"' pa¡o hoving an "'"" key ot 2 

NOTE O 
There ore no ro<tr«tiono th•l ony oi>Ort ba• 
could nol be sot oLmuLtanoeu•ly by lhe o•me 
"'""" attemp\. 

Mainlononce! Destin•liM Modo 
B,t B spec.t ... maontenonco u•• o! th• l,..mory Mo•'-'temer.t Unol. lt oo 
"'"d lor <!oo¡nost<e purposes. for th~ •n•t•uctoono uoed '" tl>e >notiot 
<loognost•c prog,om. bol B " "\ so that only the l•nol ~e<tonat•on reler· 
""'" ;, tolo<ale<!. 11 10 uo•lul to pro,e \M copohoi•IY ol relocatong 
Md'"''"' 

Modo ol Oporation 
Boto 5 ond 6 •nd•<•t• the CPU modo ¡u,., or Kon•ol} .,..,c;ate<! w.th 
tho pos• CO."Oon¡ the obort. {KOfnel "'OO. U~r = 1 l). 

Pago Numb-er 
e,,. 3-1 coota;n t~e P'&" numbt< ol reterenr•. Pog ... l••• ~lock,, "'" 
nuonborod lrom O upward• Tho page numbor LJ•I " ""d by the ouor 
<e<ovel)' rout•ne to 1dOO\oly \l>o P"i" beir.~ o«o"od it .,o oMrt <><curs 

E~~ablo Relo<otlon and Prole<:tion 
SotO" tho ""EnobO<"" bol. When ot" oot lO l. atl ad<\'0>'"' Are «Localo<l 

'" 

-· 

--~ ... 
-~-

añd protocted .by tho moono•y rnono~e~•ent unil. Wl>e" b1t O ,$ '"' lo ~ 
\loe memory m•n•gement un1t " dosabled ond a<!<! re""' are ""'"'"' ,,.. • • 
locotod 001 proleoted. r _,~-~ • 

8.6.2' Stotu• ~·ct•tor 2 {SR2) ,_ 

SR2 i• "'-<!.-:\ "'ilh !he 16-fNt ~•rtu~l AdrlfM$ !VA) ot the !)e~;uning ol 
O><:h lnotnoct.an fetch bu\ i• not updat~ if tho on~'"-'Cllon fetch laoll 
SR2 i• 16orl only; o wr•le ottempt wotl not,modo!~ d• content•. SR2 ;,· 
the V1t1u•• Address Pro&ram Countet. UPDn on obOrt, the '"'"" o\ SRQ 
bolO )5. 14 or 13 be<ngsot. "'1\lroO<e SR2 unto! l"O SRO >bort fl>g$ ••O 
ciM«td. Tho addres. ol SR2 "777 576. 

8.7 INSTRUCTIONS 
Meonory Man•¡¡emenl pro•lrlos \he abohty to commun10ote bet,.een two 
>p.o<o>. •• determined by th~ cu.,ont oM pre .. ou• modo• ol tl<e Pro­
"'"'Or S!otu• word (~S). 

"'""""'""' MrPt 
MTPI 
MF~O 

"'M 

ln•truction 
mo•• trom pro•iou• on•lructoon '""'" 
"'"'e \o PIC«I""' lnst'llct>on op><e 
move lrom provlou• dot.. ''''"" 
ono•e...l_o pre•iou• dala >poco 

Op Cod~ 
OC>65SS 

, OOf>bOO 
106SSS 
105500 

The ~VI'·ll/45 Memol)' Monogomon! ""''· th~ KTtl·C. implement; A 
'"POroto lo>lru<lion ond d•t• oddro" •P"co. In t~o POP-11/3~. th•re 
1• no dolloron!iabon be\\O'OOn i"otructlon or dato <poco. Tho 2 ;,.;tll.lctlons 
MFPO •nd MTPO (Move to ond trono provious doto •I>O<o) .. eeuto l;len­
t""'ll~ lo MFPI &M MTPI. 

-· 



MFPD 
MFPI 

"'""~ from pro•lou• ~ala SP<><o 1065SS 

0065SS move from p•evlouo inWu<l•on •paco 

" • • 
• • • • • • . .:J 

Operation; 

D.,.trrption: 

(temp)•·(.,c) 
I(SPJ~(tomp) 

N· oet rf the •owco <.0; olherw••• clo.1"'ri 
l: '"' '' tl>e source :0. othor""" clearo~ 
~, clea<e~ 

C: unaHected 

T"" in•lruttron PU$~1!$ a ..ord onto llre cu,ent otack 
lrcm an addre" '" P'""""' spo«. rroce$$0< Statu• 
(Mt 13. 12). Tl>o oource add<P$0" computed """H 

tho '"""ot '"~"''" and "''"'""' "'·'P. 

MfPI@ (112) R< = 1000 
1000 = 37~26 

Tloc e>ecu!<on or this rn•truction causes the contents ol (rélalwe) 
37~76 of \he previouo addre,. opaco to be pushed onto !he curren\ 
""'" •• determu•Od by tM PS (brl$ 15. 14). 

MTPO 
MTPI 

move to pev•ouo d""• op.co 

move to provroc• lnotructron •roce 
106600 

006600 

' 

O~tallon: 

Cond•tlon Codeo: 

Eumptr. 

• • 

(temp)~(SP)I 

(d")•·(temp) 

• • • • • • 

N: ''' 1f \he'"'"'' <O: otl>erwls• cleared 
l; ••t '1 the so u roo ::0; otherwi•o oleare-d 
~- cluced 
C: unaifect<d 

• ·] 

Th" ln•truc\ion pcos a word off \h@ curren! •toe~ 
d<lem.,ned by PS (Orto 1~. \4) and •toro< \ha! wor~ 
•nto an addre'> in P'""""' <p•to PS (b•h lJ. 12). 
Thn IJ<•strnetoon addr•" '' cornputed """ll \he cur· 
rent re~iote" and men><>'Y 1n•p. An ••arl'plo ,. as 
lollows: 

MTPI@ (R2) R2 = 1000 
\000 = 37516 

The e•ecutlon ot \h10 ln•tructmn cau•"' !M to~ word of tho OuHOn\ 
otack to ~~~ oto<ed rnto tho (relat>ve) 37526 of tho previous odd"''' 
'paco. 
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' . 
MlPI ANO ~FPI, MODE O, REOISTEH 6 ARE UNIQU[ IN THAT Tli[SE 
INSTRUCTIONS ENABLE COMMUN!CATIOIOS TO ANO FROM THE PRE· 
VIOU$ USEII STACK. 

MFPI, MODE O, NOT AFGISTÚ 6 

"" "" "" '" MFPI 

#KM+PUM, PSW 
ll'--1, -2(6) 
%0 
@#SRO ,, 

; KMOOE, PREV USER 
; MQV( -1 on ~""'01 Olil<k -2 

; ENABLE MEM MGT 
; -(KSP)<-RO CONHNTS 

ne -1 in tho kemelstac• •• nO« <Oplac~ by tho <Miento of 110 which 
,ioO. 

; MFPl MODE 0. REGISTER 6 ,,. 
"" ,,. 
"" '" MFrl 

#UM+PUM. PSW 

" #KM+PUM, PSW 
#-\, -2 (6) 
@#SRO 

" 

: SET RJ6,-0 
; K MODF., PRf.V USfR 

; ENABLE M(M MGT 
; --(KSPJ•·Ri6 CONTENTS 

lho -1 '" tno kernel slo<" •• """ replated by '"" eo-otonts ol Rl6 
(usor •toe• PQintor whoch ;. 0). 

To oblo•n in lo hom thO "'"' otock ol tho statu• is '"' te ke<nel mode, 
prev u•er, two steps oro noOdM. 

MrPt 
MrPt 

%' 
@(6)+ 

:gel co'nto"'' oiiUG=u><r ~ointe• 
; get ""' P01t1l<r hOnl k~rr.el •t"k 
; "'" •d~'"" obto•n<d lo gel dot• 
; hom U«f In <><lO "''"g t~e pre>~ 
;mod~ 

T~e dowod d>ta from lil< u .. r •to<k '' no..- rn th~ >ernol ota<k ond hn 
rttplated tno "'"' stac~ addro,.. 

'• 

; MTPI, MOOE O , NOT REGISTER 6 

MOl' 

"" '" MTPI 

"" TA6)(: CLR 

#KM-ó-PUM, PSW 
#TAGX, (6) 
@#SRO ,, 
@#S~O 

; KERNEL MOOE, PREV USES 
:PUl NEW PG ON STACK 
: ENABLE n 
;%7-(6)-t-
: ERROR 
; DISASLE M[M MGT 

ne new I'C" popMd off tilo Cutroot o loo> ond ""'" ¡n;1 ¡1 m<wl• O ond 
no\ "'lll•lor 6 the donrnaUon ro ro¡r•t•r 1. 

; MTPI, MOOE O, REGISTER 6 

"' "" "" "" '" MTPI 

#UM..¡ PUM. PSW 
%' 
# KM+PUM, PSW 
#-1. -(6) 
@I,ISRO 

%' 

:"'""'m <><le, Prov ll>or 
: '"' user SP=O tRI6) 
: Kernol mo<lo, P'"" "'"' 
; MOVE -1 •nto K Ita<~ (R6) 
: Enohlo MEM MGT 
: %16 <--(6)+ 

Tho O In R16" now roplocod wotll -1 lrom tho contonh ol tho kornet 
stock. 

To ploco inlo on tne usor <!Otl• ot tne otatu• is .. , to •ornol mo<lo, p'"" 
usor m<><l~. 3 sop;orote >leo> ••• needod. 

MFPI 

"'" MTPI 

%• 
#DHA, -(6) 
@(6)+ 

• 

; Got cooteno olll\6:u>er poioter 
; pul d•ta on curren! •toe k 
; @(6)+ (fonat addro" relocoled) •· 
(R6)+ ' 

The d•t• dosif<d ,. obl•oned Jrom ¡~e kornol ot•<" thon th~ deotlno~.on 
addreu i• ob!>inod lrom \~o kern•t ttack ond retoc:at-.1 \hrouih the p.e­
VIous m<>do 

'" 

• 



,,. 

Mo~o Oo>crlpU~n 
In Kernei'•II>O<la t~e operot•nll program ha• unre•toiclod use ot tho 
mac/lme. The prog,.m con mop users' program• onyw~ore m cm• ~nd 
\hu• OiphNty pro-toct key aren (mc:tud•~ the devoco '"K"'"" and the 
Pro<:enor Status "'0<d) rrom tho Lr•or operatmg en"ronment. 

In Use< modo o pwgram '' onhibot«l '"'"' e•ecuton~ o ><1\LT •notr~ctoon 
~mi tho proc:nsor ..,¡¡trap t/lrough locahon 10 of "" otleii>P\ is made 

. to oxe<:ute lh" instruc:Mn. A R€SET m•lrucl1on ''''"'''' on execut•on ol 
o NOP (no-opomtlon) inS!rurlion. 

There ore t .. o stock• called tho Kernel Stacl< ond tho ll•er Stoc•. "'"d 
hy U>O tontr•l proce .. or wnon operotin& in o>thor the Kerr.el or Uoer 

- mode, , .. pectively. 

StacO Lom~ voola~ons are d•sa- In u .. r m<Hio. Stock protoction io 
provided by momor;o prole<\ leolu!es .• 

lntem~pt Condotion• 
!too Memury Management UM relocates oll a<Jdrc><e> Thu;, wilon M•n 
as~men\ ;, onabied, all trap, obott, ond interrupl vector> "" con<o<l<re<l 
to be In ~ernel m<:>de Vrrtuol Mdre" Spoce_ When o vecto<ed t<an<lor 
occuro, corotrol i< t<an•!erred accordrng to o new Prog<,lm Couotot (F'CJ 
ond Proc"''" Stotu< WO<d {f>S) CO<Monod rn o '""' ""'d "'<lor rolocal<d 
thrau¡¡h the l<ernetActove Pa11-e fiOIItOI« Sel- ' 

When a trap, obort, "' lnterrupt <><<uro ¡he ··puoh" ol tho old re. old PS 
·,. to the U<er/~erne1 R6 ototl< specilrod by CPU nto~o boto 15. 14 olli,. 
new PS In tho vector (00 = Kernel, )1 = User). Tho CPU moJo IHlo 

·.oloo determino the new APR 101.- In thr$ "'""""' 11 " possibte lur o 
Kernel noodo program lo hove cornploto conlml over se<vice "'"g"'""''l' 
1<>1' oll rnter,.rpt condrhon<. ••neo tho ontorrupt v•ctor" looate<! rn K<rnol 
•P<>«. T~• ~emel progrbm may •••;gn tOe'"'"'" ol •onoe o! tOese con· 
d•t•on• ~~ o U•« modo pr<ri••m by ormply ••ttrnn th~ CPU ntode M• 
of t~e new ~ in tho vector lo return conl<ol tO th~ ~ppr<>P""'~ mode. ,, 
U.or Pro<e<Sor Sto! u<(~) oporates asf<>ll~<' 

U•erTr•pl, Expiro•! 

PS B•lt User IITI, IITI lnlernrpl• PS Ateo" 

" Cond. Codos (3 0) ~Md lrom loaded I<M• • 
'''"" ,{ • ·.vector 

Trap (4) ~edtrom, • loodAd trorn cannol bo 
•toe k Yettor changed 

Prro<lty (1·~) cannot be looded !runo • • • chongod vector 
Pr•"ous (\3·!2) connot be • copicd ''""' 

• 
ChOOGCJ PS U". 14) 

Curront (IS·l4) connot b< IMMd lm<n • 
chon~oO vector 

• [oplrcrt oporations can be mode rl tM Pro<<-<oor St~tu•" rrtaJIP"<l in 
Uoor, op.~e. 
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G.A. KUHN. 
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"' 
fERRUJ'f S'o'STEMS 

!\-9. Simple Jnterrupt·'Y''""' Op<ralion.•. In ~n int~rrupt s¡·•tf:m, a 
device·flag lc,·d (INTERRUI'T REQUE.Sl) intrrrupt• tho ~Omputer 

program on rnm¡oletinn of tloe """'""' in•truction.. l'rOX<"'oSOr hanl,.ar~ !Mn 
U liSO' a subroutinr jum~ (Sec. 4·12): 

J. Conlents of thc incrcmcntcd pro¡;ram coontcr attd of othcr sclocted 
processor rcgislcrs (if any) "'" aulomatically s,wcd in spcCific me mor¡ 
locatiott• or in sparc regislcrs. 

2. The program coumcr is rtscl to <l<~rl a ncw in<truchon ..,qucnc: 
{intrrrupl"Wnkc subroulinc) from a sp«:ifoc mcmory Jocation ("'trap 
location'") associatcd with thc ¡ntcrrupt. Thc inlerrupt thus act.d 
upon is rlunblrdso that il cannOl intcrrupt its own servoce routine. 

MtnJcomputcr inlerntpHervicc routin.- mu<l USL!ally firsl sm·e tlu• cmo­
ltnts of prou.<Sor reyisler> (•uclo 4.!" ucc.,mulatvrs) wbkh arr nr<:ded by 1/re 
nw.in program., h111 whiclr ar~ no/ Str~d ouiOmaliCally by th~ harJ.."/Jrt. Wc 
miglll aiso ha'e ro s..ve (and latcr restorc} sorne peripheral--de>icc control 
regi;tc". Onl)" then can thc a•tual interrupl scrvicc proettd: the ,..r.•ice 
routinc can tran,fcr dala alter nn 1\0C-convcrsion.(;ompleted onterrupt, 
implcmcnt cn'<rl'cncy-shuldown ¡noccdure> ~!ter a powcr-Supply !ailurc. 
etc. bthcr thc ser vice routinc or lhc i ntcrrupl·systcn> hardwa!l' must then 
dl"<l!" rh~ inrerru{>l-cau•íllfJ flag to prepare 11 for ncw imermpt~. The JCrvJce 
routinc cnds b) reJtorÍII(J r.-gí•teT> anJ pragram c<>unur lo retwrn lo tite original 
pragram. hh any •ubrouline (~. 4-12). As thc ..,rvice rouline completes 
ils job. it must a\so rreMble thr inlermpl. 

EXIIMPLE: Cnn,idcr a simple minicompuler which slorcs only thc 
program countcr aotomatic,,lly alter an interrupl. The intcrrupl-<e"·ice 
routinc iSlo r~cl an ADC aflcr its conversion.(;omplcte intrrrupt. 

Localiun Lal:oel l"'tn•clion '" Wurd ll•ta 
(main program) ' 

• 
1113 

• 

SRVIC~ 

·, 

1714 

JUMP TO SRVlCE 

HOAE ACCUMULATOR t'< SAVAC 

1 JncrcmcntcJ progr~on 
1 countrr(l714)willhr 
/ storC<I hero b} h.lfd· 
f ware 
f Tra;> loc~tion. comains 
1 jump to rcl<,cat•hlc 
1 •en ice wutmc 



J&OO 
3•01 

3&02 
3603 
3604 

·~· 
1714 

• 

_.._, 
'" 

SRVICE STOAE ACCUMULATOH IN Sil\/ 1\C 1 S,\VC 0CC\1l11Ui,llllf 

READ ADC 1 1\<,L.i f.l)C ln\0 

1 ~rcu:n~!alnr and 
1 dcar,\DCilag 

STORE ACCUMULAlOR IN • 1 Slurc ADC rcading 

lOAD ACCUMULAlOR ~.;.VAC 1 Rcstorc accl!tnllllllur 

LNTERAUPT ON 1 ·¡ urn interrupl hac~ nn 

JUMP INOIIIECT VIA 0000 1 Rcturn jump 

(main program) 1 lmerruptcd pro~rarn 

1 cominlle. 

NOTE: lntcrrupt< do not work whcn the cornputcr ¡, HALlcd, so Me 
(l111110I UJI im~rrup/J ~·hen .flepping a proyr11m mamml/y. 

5-10. Multiplc lntcrrupt~. lnterrupl·')'>tem oper.nion ~>oulJ be simp~c if 
thero werc only onc l'""ible >uurcc o[ intcrruph, but thi' is pradic.olly 
never ttuc. Even a ¡tanJ-alonc Jicital comrutcr uSiw:ly hliS sc.·cr.•l 
intcrrupn corresponding to J><ripheral malf11nctions {t•rc unit out o! tare. 
prioter out of P.'per), and Right simulator~, >paa·•~hidc rontro!k,., and 
proce•1-contro! 'Y> le m> may havo hunJ,.,¡, of di!Te~nt intcnupt;. 

A practico! multiplo·lntcrrupt systtn:' will haYe \o; 

l. "1 rap" !ht p"'l:rlm tn di!Ttr~nl m<·nt<>r) loootion• corrc<pon<l ing tu 
sp«ific individual intcrrupl> 

2. Auign priori ti.-. to simuttan<:ou< or •ucce«i,·e inlcrrupt> 
J. Storr lo..-er-prior!ty lnternopl ro~u.-;1< to be •er.i<e<l after hi~her­

priority routines uro Completcd 
4. f'<•rmil high<r·prlorlty interrupl' ¡., int<rrupt lowcr-¡lfiorhy s.nkt• 

routin•-s as soon as the rcturn nddrc.s and ""Y automoticaily ""·cd 
n:giste~ are safely stored 

Note th,1t progrrlmS and/or hardwMc mus! c.udully •a•e >u«c~<i•e 
to•<l> or program-countcr nnd_ rcgl<ltr cont•nts, o.hich will hm·c to b< 
recovercd as needed. lnterrupt-sy>l<ln progronnnitlg · will OC funhcr 
di<eusstd in Se<:. 5-16 . 

More <ophisticated sy•tems will be ablc to rca«ign nrw prior/ti~< lhrour¡h 

P'"')''"""""'' initrurrinn< ~· the nteds of" procc>' or prugr~m chango (><:<: 
"'"' s,·<>. 5- t ~. 5· 14, ~nJ 5-16). 

' . , .. -.-·- '- . 
~ 1 1 , S~lp-chain ld~l!tifk•1lon ef lnlcffnpl•. l he n>o;t ¡mn11ltve 11\tllllplo· 
intonupt >)''!cms ,;,,ply OR all intern,pt n•g< onlo a .rin~l• int<rrupr line. 
Th, ;11urr 'rriiict rourint then empJ,,., .<M<e/sl<lp ln<lrW:IIans (Scc. S-S) 
11> 1<'1! wt. .1~ d~,-~·~ fl,;g, in orokr u[,¡~., mdmi) fll iuril)". 

" .. 

'" 
Surr"'" th<LI the simple intcrrupt sy>tcm Ji'""""'l in Scc. 5-~ "·" 

cunnc.:teJ no\ unl)' tu \be AllC rc~uc,ting >cC"icé bul ai'u tu "crncr~cro9' 
int~rmpts from a firc alarm and lrom thc computcr po""' '"PI'IY (Scc. "·1 SJ. 
A skip-~:hain <eC~oicc routine Wrlh appro¡niatc brand•e• ft>r r.rc al:orm. 
emergency shutdown. and AOC rnight loo l. ti k e thi• (only thr AOC ..;n·icc 
routinc ;, act11ally •hown): 

SI!VtCE SK\1' lf FIRE.ALARM FlAG cow 1 Fire ;olaomC 
JUMI' lO fiRE 1 Y e,,~¡, to >en· ice 

1 r0u1inc 
SKW IF ~OWfA fLI'<G cow 1 ~o: poMt·>~•Pply 

1 tr"uhlc"' 
JUMP TO LOWI'WA • 1 Y e,, g<> \o ,orvicc 

1 r"utinc 
SKI!' tf I!<OC 00,¡~ FLAG <OW 1 Nu: AllC "'"'ICC 

1 r.:<¡uc,e 
JUMP lO •o o 1 Y e,, 'lenic-e <1 
JUNIP lO ERROR 1 ~u: <PIIriou; 

1 intcrrl11•l· prinl 

• 1 "'"" "'"'"'~·· .,, STOAE ACCUMULATOA " SI'<VAC ·1 A [)C """ i"'-' routinc. 
REAO AOC 
STORE ACCUMUli'<TOR '" • 
lOAD ACCUMUlAlOR SI'<VAC 1 Ro•torc accumul.•l<>r 
INTEAAUPT QN 1 Turn intcrrurb ¡,,,d,N 

1 oo e 
JUMI' !NQIR~CT ... - 1 Re111mjurnp 

The •kip-chai, systcm require• only ~implc elcctron•~:s and d"P"'"' ~r 
tho pt·ionty prub'cm. hut thc nag-scnsing prograrn ;, time-e~"'"'"'"~· 
(n deoices n'"Y require log, n '""''""'ve dccision• 'oven if ¡m, n.,g "-"·'";"~ 
is done by suc'Ces;i~c binMy dccision>). A som.,..,hat f"""' metll<-...i ;, i<' 

emplo)' ajlog <1<1111.! k'o•rl (Scc. 5-S). "'hi~h can be testctl bit by bit or """: 
[or indirccl acldre'>ing uf diiTerent .-:rvice routLncs (Sec, 4.¡¡ <1). 

Note 111"' tlut our prill11live ORetl-lntcrrupt I)'>ICm '""'\ aut~m.n;r;,,\!1 

disÓblc ¡¡// intcrn•pl> .S'""" ""d "'long"' any intcrHq>t ¡, r,'<Ognih:ci. 
\Ve cannot interrupt e-.n low-pr;omy intcrrupHc"ice ro,tincs 

5-12. l'ro~.am--controll,-.;1 lntenupt ~h,king. lt is oftcn uw'ul in en.o~~. 

(onn) or di<a~k (di.arm) indwidual interrupts undcr "'~'·"" '''ntr,,: w 
mcet spoci,ll condlli~n\. Tmproved n•ultiple-imcrrupt sy,l<:ll>< f·''" irl<li· 
vidual int~rrupt.;cq"c't line< with m o•~ lllp·ftops which Can he >el .tud rc,cl 
by prog .. mmed inslruction,. The ordtrod <et o( ma~~ nip-~op> i' ""1<'1!:~· 
\reate<! a<~ control regi>t<r (int~rrupl "'"'" f<'l:i'tcr) whi I<'~<'C<\ 1\ith 



'" ¡~(0.1\{1"; Hll: ""I('O'II'tiiF. "ITII 'lm Pln'IUI- """''' '" 
"I'PrllP•i.,¡e o, 1> frum an """"'"b'"' thton~h a pro~:arnm~~ 1{0 
instruction. Groups of }ntcrrupts quile oncn ha,-c a comn1on m•sk Oip-

nup (seo "1"' Scc. S-14). . . . . 
A ••rf importan! a~plication of pw~ramnll·d mn•k111~ '"'''".'"~"' ~' lo 

~i•·o •d«toJ pui!ÍUh> uf main ~·"~'"""(O' Mil "' ~o:::rrupi-:-<Fll« rouhnc-<) 
~rcatcr or k•>.<r protcction from int<rrupl>. . 

Note that wc will ha veto restorc !he m,, k reg"tcr on rclufnlllg from •'"Y 
intcrrupH.crvice routiné which has changc<! the ma<k, so rr_ogram or 
hardwan: must keep tr•ck of mask changos. Wo must also 11oll l'""'de 
pm~rammed ; 11,¡rue~ 1 om to cnablc •nd dLSable thc cntirc intcrmpt S) Sien, 
wnhout chMging thc mask. 

EXA ~lPLE: A ,¡Jp-rhain .•y<lem wirl! ma,<~ Jl•r-Jivr•, i\dd ilion or "'"''~ 
nir·nop~ 10 our simple skip-chain inlcrrurt sys_len\ (Fig. 5·9) mak~'- Í\ 

pracüt:al 10 intcrrupl lowcr·prioril)' Krv<<t roulLnc•. Each '"d' rourm~ 
"'"-" """- /un ,. il.< ""'" 01:emnry locarim• lo w< ,. rl<c Jl'Ofl'""' wunra, Hnd the 
m." k mu<l l>c r.:.tort<-1 beforc the intcrrupl is <.li>mi«ed. Tbc i\ DC so mee 
rouline ofScc 5.11 ¡, mod ifiod as rollov;s (all interrupl• are initially disabkd): 

"' STORE 1\CCUMUlATO~ IN SAVAC 

lOAD ACCUMUlATOR - { S;.•c rrogram 

STO RE ACCUMULATOR IN SAVf'C 1 wumer 

LOAD ACCUMULATOR MASK 1 S;¡,-. 
STORE ACCUMULATOR IN SVMSK 1 curren! mask 

LOAD ACCUMULATOR MASK 1 1 Arm higher· 

lOAD MASK AEGISTER 1 priority intcrrupls 

INHARUPTO"' 1 Enabic intcrrupl syslcm 

REAO ADC 
STORE ACCUMULATOR IN ' mHRRUPT OH 

LOAD ACCUMUlATOR svM&~ 1 Re,IMC 

lOAD MASK AEGISTER 1 1''""""-' 
STOAE ACCUMUlATOA MASK 1 ma<k. aud 

t0io ACGUMULATOR 
. 

SAVAC 1 rc;torc accumulator 

INTEARUPT ON 

JUMP I)IDIAECT VIA SVPC 1 Rclurnjump 

Since mo<l m<nioompuler mask regi•lers cannol be ~ead b)· lh~ pr<Jgr;un, 
1ñc mask •ening is duplicaled in '¡he m~mory location MASK. S_omc 
m in icnm rute" (e.g .. PDP-9. P DP·l5, Raythcon 706) allow on ly a rc~tnctcd 
scl ,,r ma•', and pro' ide special instrudion• ,.hich simphfy ma•• s;wmg .u1d 
re•toring (= al><> S«. S-15]. M achine< ha,·ing rwo or more accumulal<m 
c.ut rc;or•c nnc ofthem ro store ¡¡,j, ma'k and lhus •ave memory rcfetcuce. 

• 
. . 
'-·· 

• .- ·. 

' 1 
' 

¡ , 

.. , ''"'"""'""'""''"' ""'--"" .. ...,,.,,"''·"'" '-"'·"-
OR" ''""""'' '" '"""" 

Q(V(!·FLIIG 
lo,p. ''"' 

n,_ ~-•- '"'"'"~" m"''"~ 1 hr m.,\. Roe-Ro¡""' 1•<>1<" ... ron"ol ""'''"!"'"'' "'"""'J. 
~ htth "" "' ,¡,,,.,~ ""'' l<•·•d•~ h) l," "'"'"";""'-

5-L\. l'riorily-intcrrup! S}'lrm•: Rl'ljuMI/Grant l.<>gk. W~ could rrplo<:e 
lhc •kip-ch.,jn systcm of Scc. S-JI W<th hardwa'" for rolhng suea«i.-e 
i ntcrrupt linos in ordcr of dcsccn<ltng priority. but lhi• ¡, •till rd.U1vel}' ololl 
1f thcrc are many imcrrupt,_ Wc prcfer lhc priorilY·'"'l""'t logic or F•r-•· 
5-10 or 5-ll, wbich c•n be locatod in 11\c pro"e.wr,on spccial mrerl.wecanh. 
and(<'r on indovidu;¡] devicc·conl rollor ca rd>. 

Rder to l'ig. S-1 Da. lf thc intcrrupl is no\ di•ablcd by tbc ma<k flip·flor 
or by thcl'RIORITY IN lir\c, • •enia rl'ljuc.t (Jc•icc·fl.og lo.cl) will se\ rhc 
RJ-:QlJf.._<;T ni¡o-fi"P• which is dode<.l hy pcrindic procc«<or p01lso< (IJO 
SYNq lo f11 the pr<>ceswr cydc and to \Ín<C tbc priorily de.;i<ion_ Thc 
re•ulting timcd PRIORITY REQUE!;T,Mcp h;o< ¡ilrC"C jobs: 

1. JI ¡r;cenables 1hc ~ACTIV f." llip-flop be!onging to lhe s.1me inlerru¡>l 
Cif(uil. h' 

2, 11 b:ock< lov.cr·prioroty intcrrupl,, f-. 
J. 1 t •nforn" thc procc""' 111al ;o n <nterrupl is "·antcJ. 

lf the inlcrrupl sy<lcm i< on (Jnd if rhcrc are no dirccl-mcrnnry-acrc" 
re~ 110* pcnoli ng, Scc, 5-l 7). thc pracc•wr an<wers with an lr"\TERR Ul'f 
ACI\:\'01\'U:UG~: pul\t jusi \dore the current inslruction is compklcd 
(Fig. 5·1 3 ). Th" ,.,¡' the pw:n;ohl cd "i\CTJ V 10" flip-nnp, which now f·M' 
lhc corree! ¡r,¡p a<.lolrc" onln a <el of bus lincs-lhc inlcrrupl is aclh<. 
ll"TUI.RUPT ACKNOWLF,IlGE al<o reset• ~// REQUEST fltp-nop< tu 
ready thern fnr repc¡otcd or ncw p6oriry rcques¡,, 

E;ocll inlcr< "PI h.1< th re-e sto IC<. inarl ¡.,., waiting (d.-ice-flag r.or·nor "1 \. 
and acthc. Waiting intcrruph v.ill b<: <Crviccd a< sonn a• ¡>Os<lblc. link'' 
resct by pro&ram or hor<Jwarc. thc de>·i"c nng m a 1 nt•in< thc "w;o itíng" ,¡,,te 
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mcth<>d' f<>r •upprC<$io¡•. IO\\CI· } '""~""· Thcrc "'" two l"'"~ 
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~•s ·~·· '" 
·d.,;,., (u•u~\1:-· a po1><er-fal\ure, pari1¡:-error, '" rc~\-timc'..:t"'~ interrupt 
¡0 1he procc<>or itsclf) conne<"\S 10 a proccs<or ftip-flop ("IJ\,1\ter-ma,;.·• 

lfip-ftop),which c~n tlluÍ arm or '"'·""' thc cntlfc ch.tin (Fig. 5-10.'• ;¡nd e). 
1'ho computcr progr:~m can lo:1<l ma<k·n:¡~istcr fltp-fiop\ (I'Ít~- 5-IUa) 10 

Jj1,,;111 selcctcd interrupl'i in <uch_a wircd chain, but the rcl,ttivc priolllio> 
r of .1\\ armed interr'upls •re dct~rmined b¡· lhcir posit:ons in thc cltain. lt ¡, 

possil>\e,though, 10 assign t"o or moll: diiTcrt:n\ prioritie> 10 a givcn de•·ice 
flag: .... -0 conno:ct it to'two or moll: separa te priLtrity circuits in 1he cbain and 
arm nnc of thcm itndcr pr<>graoi or device wr•w\_ 

Figure 5-11 il\umato> the second lypc nf prinrity-propag<ttion \Ltgic, 
which pcrmil< cvery_.,rmed inter;ypt lo scl ¡¡, REQUEST fiip·fiLtp. The 
timod PRIORITY REQUEST stcps fron1 diiTcrCrtl intcrrllpts nrc cnmbmed 
in a "pri,;rlt~·arbitrotion" gatc clrcuit, whiclt 1<1< only the highcst·priorLiy 
REQUEST st~p p:tu to preenab1• ito "ACTIVE" nip-fl11p. Snmc largor 
digit~l cOmJ,uters imp\em•nt dYñamic priority roa\loca:ion by modtfying 
their prinrily·arbitrotion logic under program conteo~, but n10<1 mini· 
compur<:;·, :it-e cO~J¿¡,¡ wit~ pwgr:;mmed m;t<ki ng. _ _ 

Thc two"priority-rwraBMion schemes c:.n be eomNnfJ. Scver"l mmr­
compuler syslC<n< (e.g., I'J)P.9, I'DI'-15) cmploy four sepa"''" l'm~J. 
rriority chains;cach· aimed'or'dis.mned by a commnn "mastcr·m"sl" 
n;l'"nop in the piocessor.• lnterr~pts from thc [Ltur ch:ti~• are combined 
througli a PriMitY-arbitration network which, tog~ther "'''h the program­
controllcd ·ma,ter·malk" flip-flops, e>tab\,he< the re\ative priori tío:-> of the 
four chains_ - • • ~ 1 • 

'·' 

S-I~. Comj.lcro Priorlly-lntc¡:;;¡pt Syslcm,, (a) Pmgrani-ronlro!!cd · Ad~ 
d;r..., Triiñ,ror. · The "ACTIVE" Hip-ll"p in l'ig. 5·\0.r or 5-11 place< !he 
starting addrc" of thc corree! interrurt·<Ct vice mutine on " s~t <>f ad<l '"" 
linos coinm'On iO a\l interrupts:- Autom:ttic or "hardw¡ttc" priority· 
interrupl sy<tems willthen immediatdy trap lo the desi.-.:<1 addll:" (Se<:. 

- . 5-15b]. Bui in many •ma\1 compmcrs (e.g., PDP-& series, SUPER C'OV A), 
thc' priOri!)' \ogic "is on\y an 3dd..,o t•rJ ktr a ba<ic siog\e-\eocl (0Red) 
inttrropt syslcm .. S~ch Syitems canoo\ ucccs< dtiTercnt trap •d<lre«es 

- direcily. ~.With the interrupl system on, '''"''Y PRJORllY RE()UEST 
• di sable< fufihf:r ;,;terrÜpts nnO éaÚ'.C< _tite prorr"m to lfap lo i/J~ samc 

me mol;< loo\! ion; say 0000, ami '" storc the progr Jm countcr. iu<l as in Scc. 
5-9. The t-rap location contains ajump to rhc sef'·io:e routine 

S A VICE SlORE ACCUMUlAlOA IN SAVI<C 1 Unle" we have 

1 " '~""" 
' 1 nccumolatCII ., 

AEAt) INlEAAUPT ADt)RlSS 
STORE ACCUMUlAJOA " "" JUMP lNO!RECT ... "" 

" ' ' 

• 

" 

' 
-

• 

' " 

"' 
READ t..rTERAUPT ADORESS is "" ord1nary 1{0 Ín\\fUclion, "hich empi<'Y' 
a de~ice selector to reod the imcrrupt-•ddrc" lincs into thc "ccomul,¡t••r 
(Seo. 5·9). 1 he 102 pul"' frnm thc dnicC' sclcct<H c;on '"'"' ·.:;.rhc'­
ACKNOWL\!DGI! pubo in Fi~. S-t011 ,,, 5·11 (irt f.tcl, thc ",\CIIV\!" 
fiLp·fiop cnn he omittc-d '" this ,;mplc system).~ Thc rr<>gram thcn ''·'"-''"" 
thc adJrC>' "ord 10 a pointcr IOI.'¡¡tion PTR m <nCOLCIIy, .1nd an iml"c~·¡ 
jump land> U< <1hc.-.: wc w.tnl !o he. 

Unfortunatdy, the senicc routine for Cdcb indi•·idua\ Jc,-ie<:, SO) ¡,,, 
an ADC, mu" S:~<·c and rcs1ore program countcr, """~• <1nd ""~Ur.\L:_,.,, 
¡sce a\so Sec. 5·11). 

"' lOAD ACCUMUlATOR 0000 
STOR~ ACCUMUlATO~ " SAVPC 
lOAD ACClJMUlATOA SAVAC 
STOR( ACCUMUlATOR " SAVAC7 
1.0AD ACCUMUlAfOR M.o. SK 
STORE ACCUML11.ATDA " SVMSK 
lOAD ACCUMUlATOR MASK ' STOAE ACCUMUlATOA MASK 
LOAD MAS~ REGIST!;A 
\r.IHAAUH ON 
AEAD AOC 1 l!><:ful 1\orl. 
SfOAE ACCUMUlATOR '" ' 1 <!t>n~ oniy horc: 
I>!TtAIIUPT OFF 
lOAD ACCUMUlATO~ SVMSK 
STORE ACCUMLtlATOR MASK "' lOAD MASK-AEGISHA "' lOIID ACCUMUlATOR SAVAC 2 

lr.ITEIIAUPT 0"' 
JUMP I"DIRECT VlA SAVPC 

Note th•t tn<•<t of the time and~ niomory uscd up by this rottline i; O><rht·.td 
dcvotcd to <iorin¡<; ond sa\'ing registers. 

(b) A Ftttt¡ Aut<omotic ("llar~w•rc") l'riority-lnlorrupl S~'t<-m_ In "" 
Bttlmttotic (lf "h:tr~..-or<" prinrft~·intcrrupt 'l''lom, !he ",\C T 1 \' 1:" ll11'. lln:' 
in Fie. 5-1011 ~~ 5·11 gate< tho trnr ad<lrc,. of thc :.ctive intcrrLipt '"\0 Ü><' 
proccssor mcmor;- address rcgi<tcr as soon '" tho curren! in•:n,ct;"" i< 
complctod (Fig. S-12)_ Thi> rcquircs spc><=i;~\ •~•lrt·~, \in<'' '" thc inrLLt/ 
output bus and a liule extra proces'ür logic. Thi' hor~" ""' ~~~;-< improHd 
response lnnc ~nd 'limphfics programming: 

\. ntc pro~ram lrOp< immcclio(dy 1<> a ~ifft•rcnl trop \O<.'Otion for t'Odt 
lntcm•pl: thcrc is no nccd f<~r thc program to idontiry ¡he intcrrupl. 

2. Thcrc i> '"' <teCtl lt> s,1vc progr.Lnt countcr and r~¡·.i,tcr> l\lic·e '"m 
Scc<, ~·11, 5-12, and 5-1 5o. 
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• saving (¿nd- lat."r rmorinJi) the intcrrnpt mas k in th;s prÓ~ram is tht s•me 
as;, Sccs. 5-12 ~nd 5;15a añd Íl""rt1'to l~ <¡uit"" cum\>tr,nme oper"tion, 
A hÚ\e «trll rr.Xe.-Or hiÍrdWare~can' siniplify thiSjob: · - • 
:, . >...;; ... ~· .... _ "" , .. 
-.1. Wc can combir., :::. ~::;,, .•.:;.~)( REGlSHR on,l INHRRUPTION 

' 
in<tru '1 imo n tir.¡:Jo 1{0 in>lruction, . . ~ . .. - ---- -~ ,... '• .- · .. _.., 
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'" U!S(I '>!!1~ Ol I"<T> ORI ·Pl-~\''~ 1'" >l. H""'-'' A '1> Al'l'l OC ArlO" ''"' 
2. Wc """ u<e only llla>ks dis:orrning "" intOrrupts with priontio, ""'""'' 

kv<i 1,2,3, .... Such simpk ni:.s\;s are c,ooicr to store .ouw­
matically. 

. In th~ more sophist~atcd interrupt sy.tems, the interrupt rcturn-jump 
ms~ructton, re~laceJ by a specinl instruclion [AHV~"' F~OM "'HARV~r¡. 
whtch autornaltcally r~•toro• Ütc pwgr•m-counler remlir1g .,,.,¡ al: '"""' 
tuatically saved •cgi>ter>. He sure to ~umultthc intcrfw:e manllal for vn"r 
n"n minicompuler 10 detormme which hardware featurc> an<l soft;""' 
ltthniques are awilable . 

• '1-l~. Disou'l"llon ofintrrrurH¡.,.trm frotur"' ~nd Applkution,. !ntcrrup:, 
urc the bJSJC m~hantsm for sharing a digital C<Jmpuler betwecn tliffcr<nt 
~tflcn .time-criti~al,_ t;,k>. Thc pnoctical effectivene.s of a minicu, 1puto; 
tntcrrupt system woll <kpend on · 

! . Th~ ¡¡;, ntod<d to '<oniee po<dbly critkal situotion' 
2. Thc total time o~d Ff<>gl"::m O>cr!IC'od imposed by "''·in¡:. re>toring, ¡¡nJ 

m.1;kong operattons <I.SOCÍ.lted with interfupls 
J. The numher of priority le.els ncc<led versu> tho numher which c.tn ll< 

rcadily implcmcntc·d 
4. Progra mmin¡~ ,floxibility and nmvcttknce 

The mini m u m time needed to obtain scrvice will inctude: .. 
l. 1ñe ."raw" l~toncy tim~._i.e.,the time needed to complete thc ton¡:e,1 

posstb!e proo.:essor instructlon (indudin¡: any lndircct addre>':n~]; 
most minicomputeri are also designe<! so that thc !''"""'"'' wtil 
"lways e'ccttlo thc instrilclion following any i¡o ~EAD or SE'IH/ 
S~tP. i"'lructinn. W~ are >uro ynu w1ll be· ahlc to tdl "by' L'loO<·k 
~·~ur _intorf•cc monuoT. ·' ' · 

2. The time nec,Jc~l for ""Y ncct'<.ary saving and/or masking oper.tlion. 

A loo k al th'e interrupt-scrvice programs of Secs. 5-ll, 5-J ~. 5-I 5, a tto.l 
5; 1 Sh will i)lust '"te how su_ccessively more sophistic•tc<l priorit)-ink;,, ¡>1 
syst~ms prol'lde fa•tcr servtce with lcss overhc .. d .• You >lwultl, h'"'"''t'r, 
t1il.~ a hard-noscd ntlitudc lo e>lnblish whcthcr you rc.<TI¡. n<ed o he ""'re 
advdnced featurcs in your 're!'ific application. 

lt is. useful al thi< puint to ),.¡ the princip~l applications o~ intcrnopl•. 
Many tnterrupts ~re MIOCiate<:l with l/0 routir.e• for rel~ti\ol) slow d~, i,·c< 
such "' to)ct)'pewritcr> ar.d t"pe re.<dcr{p~n~he>. and !ttou>.tnd., of mini· 
compuler, <ervic~. the>e. ~ap¡lily with simple skip-chain sy,tem,. 1 hin ., 
be~""'" m'ore''ctitical in ittstrumenwtion and controlsy<lcm<, \\hielo <IHL~I 
not miss real-~imc-clock inte~r~p 1• int~nded to log time. 10 read inmunoettl '• · 
or lO perfor:n sontrol operattOil>. Time-critio;al jobs requi" rq,¡ rr.<pm"''''· 
!( thcrr an: mar. y time-critica! operations or ~o y tirrie-•hari m¡iutation< . ' . 
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rile compmi11¡¡ rim• wtnm/ i11 ¡¡talr<<ld "l'<'fi•IÍ""·' l>cco1110> intcrc;ting_ 
SomO rc,•l-time ~y>ttm< mJy havo perioJ, o/ p~.~~ load' \\hcn it h«omes 
•ctu~lly in•P<•"ihlc '" scrvicc u/1 interrurt '"'1"""'· 1\t lhi; puinl, the 
dcsigncr •m"t decide »hcthcr 10 huyan imprmotl ')'tcm or "hich imcrrupt 
rcqucm are :11 k;,\1 tcn•Prlfarily c'pend;,l,lc. lt is inlhc l.<llcrconnectiotl 
that J,•¡wmic p1iority ol/ocnrhm l>ccornc' mcful: it "'"Y- fnr in;1.1nce, be 
e'ped1cnt In ma<k certain imerrupt.r d"ring J'<'<lk-/amlperw<il. In other 
siluations we m•ght, instead, lowcr rl~e r.·lalio~·p•ioróly oj thr muin '"'"!'~ter 
pragram hyunmasking adduiana/ inurmpl.< dr<ring ¡wak real-lime /oml<. 

1f t\\o o;>r mor~ int.rrupt·"""icc routin~> <:n>¡>!~;· tbc "'me lrbrar~ sub­
routino, wo are r~ced, a• in Sec. 4-lf>, 1\Ítll !he proh!em or n•enrmm 
programmino. Tcmporary·sloragc locai'ro"' '"~''• b; thc corr'rnwn sub­
routinc m.oy be wipod out un le>< wC cilhor rluplic.r te tire >ubrmlti no program 
in memory for eadt rntorrupl or unles.• we pro,·iJc truc rccntr" nt >uhruutinc•. 
Thi< is not usua!ly the ene fur FORTRAN-compiler-supplred hbrary 
routin~. Onl;· a fow minicomputer m.lnuf.rcturc" and wftw;rrc huuse-> 
prooirlc "'"trant FORTI\A)o.: (.><Jnl<ltmcs c.tllcd "real-lime" FOR'I RA:-.:). 
Thc bes\ way \O >loro o•vcrl rcgi<rcr< and tctr1porary rtllerrllctli.llc rcsult> is 
in a sr.tck (Scc. 4-16). a •t;rd. pointcr i< ad,·anccd whcnevcr ci ncw intcrrupt is 
recognizcd and rclracteJ when an interrupt i< dismiS>cd. Tia• h<'>l milli· 
CO!"PUI<rf jn¡~rrl!p/ sys/~1111 ha•~ borrlu'tlre fur au/Oma/icul~" OÚI'ilndng onú 
rnrucfj¡¡g mrh o Sluc~ ¡><>jll/rr (S~. 6-1 0). 

lf ve')' f~<l interrupt <ervice "not " P.""mount consideration, M'<" con ge~ 
amimrl rt'<'lllra~r/ codi~rg by proªr<lmming mi<"W/'1 m<JII._r 11Mclr simply 
prct e,¡ intt•rruptjon of critit'al.wn'icr rominn 

In condusion, remembcr thal the eh id porpos.c of imerrupl •ystem< ;, to 
initiJte computor operations more compli~ateJ than simple data transfe,._ 
The bcst method for timc-<:ritical reading and "'ritíngas such ;, not through 
interrupl·"""'ÍCC routincs with their awkw"rd programming ~wrhcad but 
with a dircct-m~mory-acu.r.< <y.rtrm, which h:os "" such rroblem s ;tl all. 

DIRECf Mf.MORY ACO:ss AND 
AUTO\IAliC RI.OCK TR,\SSFERS 

5--17. Cydr Stulin¡:. Step-by-<tcp progr•m<ontrolle<l data tronsfer. 
hm1t dot,t-tr;onsmission rale< and me valuahlc ¡>roce"or time for "lternot~ 
1 n'truct ion fctchos ;md "'"""tion : prognunnr 1 rrg ¡, abo tedio<~>. It is oft~n 
prcicr;rblc \O use ndditional h;rrdwarc for inlrrf"cing a p;rr.<llel data bus 
Jrr<..;tly "nh thc <lignol-computcr memory d"l" regi<tcr ;md 10 ret¡uc<t ami 
~r.onl 1-C>o:k paU51;'; in proce<o;or operation for Jirttt lfon.f<•r of dota lo 
or from ,;,<mor} linlrtlo"" or cyclt-.l .. lin¡: orcration)_ In l;rrger digital 
n10chines, .md op11onally in" fcw minicompulcts (1'01'-lS), a data bus can 
"''" acCC<> onc mcmory bank without stoppit1~ procc.,or intcr.tetion with 

<>l!ler """'""Y b.rnh "1 .,](, 

1~.1 D\1A ""-"'-' 1 1 <)(;1(' 

Note thal c~·d~ •tealing in no way dhturh• thc pro::ram "'quenc~. E-en 
though >m~llor digital computors mu<t stop comput.rtion during menrory 
tnrn<fcr<, thc progr"m <imrly <\.;p< ,, c¡·clc al lhc end of tiro curren: m~n1N\' 
c)·dc (n<1 nccd lO complete the ,·urrcnt i"'""''lil>") ;rnd J,orcr rc,unlc' ju;t 
whcr" it lcfr off. Om: ,loe> not h"'" w "'" rc¡:iotcr nmtcnt' or !lther 
rnforn"' tion, as with program intcrrupa. 

... 

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

""'''""" 

¡ 

' 

5--IH. D\·TA Intrrf•~• Lo~le, To make dlrO<l mcmory oec«• (lniAJ 
practical,lhc interface must !le able to: 

l. Addrr"' de<irod loc.fion• in m<mory 
2, S~nchroni7c c¡·ck .rcaling with proces.or operJtion 
J. 1 nitial< lron•ft,. by do vice reque<;(S (this ind u de< c!ock -timcd 1 r .Ln>fCf>) 

or hy thc compLitcr J1fOtram · 
4. Dcal wi:ll priori\lc<; ami queuing of service reqocst< if two or mmc 

dcvic<:s rcqrL<>t data transfcrs 

DMA priorir ;'/queuing lt•gic is essentidllj· rhc <ame ai thc pri.,rit;-intc"upl 
Josic of Fig•. 5-10 and 5·11; indecd, idcntic"l Jog'c c"'tl< .,¡,,-n se" e ho:h 
purposc>. ll\IA ..,,.·ire ~L·quem >re ol~ay• gi>rn priorily "'"" !'O!I<LITWII 

ilr/o•rrr¡pl r<'qtwsrs. 
Just "'in Fig_ 5-11, a Il!\-lA scr>l<c t<quht (e<1used hy a dcvi,·e-n.og le, el) 

produce• " cyd .... ,tcol r<qut..,t unle<! it ís inh1brted by " highcr-rri<•llt) 
rrquo•t: the proceso;or a11•wcr. y,j¡h an oe~nnMiod~e (priorit~·er.mt) puiw. 
This signa! thcn scts a ptocessor<l<><:~cJ ·',\CT!\'E" nip-~"1'· "lrkh 
5\robc• a suit.1ble mt•moT! addrr~• into thc procossor nltlll<>r)' ,,.¡,¡,,," 
r~gi•tcr ;,mi thctt ca<r;c, tnCilltll]' "nd dcvi•··· logic lo tr;rn<fcr <!.ti.< frpn¡ ''' 
10 1 h~ l l M 11 dat:r hu> ( l'i~. ~- 1 .1). 



"''"'"'~" '"' '"~"'""'''''" "''" ,,,. "'''""' """'" '" 
1 n ><mtC conop '""' ;yston1' (c.g., 1 Ji¡:it=>l l'quoprm "' C\or¡ •or .otion 1' 1) 1'-1 5 ¡; 

tho [)C>It\ d.1\.1 liroc' :ore idcnlic·.,l "ilh lile pro¡•,ralllmcJ-trcltd{'J d,,¡,, [inc< 
lhis simphfics intcrconncclions al thc clp<'1l>< of pr<otc"or h.trtl".rc. In¡ 
olhcr >)stcms, 1hc DMA daHI \incs "'" a\so u"'d lo"""""'' thc 1)\\,\ 
addr-.s lo lhe proce"o' bcforc <htt.o ;ore lr;tnsfcrrc.l. Thi< furthcr rr<lucc, 
thc nu rnhcr of bus li ncs, h11t comrl•~:ott" ha"'""'.; and 11m in;< 

=· r"'' 

o,. ••. ......... 

fi•· ~-1~. A""'~''' •'·''" oh,,,,,¡ r,., """"""' l•t."l "·""!"' 
-~--- '. 

- -·-5-19. Autonootk !!In< k 1 '""'f'·"'· A< wc de'O;ril>e<l i1, 1hc D\1A J.,ta 
1ramfcr ¡, decire-initi,,tcd. A proh¡r!lm·dept.wd,•m dt.:i•il'n W tr.>n,~cr d.• la, 
e.·en di rcctly from 01 1<> nocmnry, >li,ll requirc' a pmgr:nnmc~ i r><troo,·l ion w . 

5-2fl. Atl•anl>~<.., flf [)\[,\ Sy•tom• (see Ref. 6). !Jor<Ct·ntem<>ry.~=·' 

<Y"'""' c.on transfor d,,,,, hlod.> ~l vC<)' high notes (lO' word<¡\c.: ¡, '"·"~''' 
P""ihlo) \11\hout ,•l,d"H·1\C 1¡0 prngrammin¡:. lho ¡>rocc.,sor "'CI11i.o\ty 
,o,,,¡, m.1in:y 111th hu!lcr '"'·" iro it< o"n "'""""Y· atod 010\) ,, fe" 1,'0 
in•lruct'""' are roco<!cd w inoti~lilo or reimtoah>e lran•f•"-
AutomJ:i~ <'"'" ch.uutcls are e<pc:cially suildb\c f<lf '""·icin~ rrrirhcr:oi< 

wilh high Jata r.olc,. suclt "'disk<, drums, and f."! ,\[)(\ :ond [),\(\_ - ' -e:o"''' a IJMA """ice r<<¡uc<\. 'lhi> " h:ordly worl!o ¡fl,• ''""b!,- ¡,, , lh•t f:t<t dat:t tr,,n,fcr \\ilh mini mol rrograno owrhead ¡,n:n:nwh •·a[u.il•:c 
''"fi¡, .. .,md tr.nl>fcr,_Mo>l IJ\lA :r.on,kr>, "hdl1cr r!ev.c,• '" prngr.•m-¡ :·. iro "'·'"Y utiJCr :tr¡>\i,·:llinlls, c'l'"'"'ll)' if thcrc are 11\.Ln) ,•,,;,,, "' l•c 
1n1ti oled •nvo'vc no1 \Ín¡;lc \lOrd, hui bloc~' of "'" ¡,.,.,'o •ds 'nré\'cn • '"• >c"ice<l. To ind><'alc !he ron>.•rl..d>lc clliócnry <>f C)cle·<lc.o~in~ <!irc't 
lh<11;.,.,"'j'ofd .. o;";;:.t.·Md<. ' ·-'•' ' ~ • , ,-_ n•e"'"'J ""''" \\Lih mult,p!e hlod-tt.omfer d.1ta ch,onn~''· eon<~,[cr l''" 

l'iC"'" 5·1 ~ ,ho~ how the ,¡mpk [)\ 1 A >)'<tcm of Fig_ S-1 ;¡ ""'}' ~J '1 •• , e:.' orrrali<•n of " tr .oinin~-1) pe digil.>l fto~l'!: Si;•!,.ulator, whido ,o[w, ~ircr .of1 
« p.111<lcJ i nto "" ou1omotk ~ara d,..;Ond fur hlock tr .omfer;_ D:ot.o for " -:;:- ::;-"- 11nd cngi "" "'t"·'~ ¡,,n¡ ;ntd '"" :,-.,, :on cl,ob<l;-;,¡e cock rit m<Xk·ur " ith m.on) 
hl<>d c·ato ·""'" or dcrnrt '~'Y'''"";":;"'Iy, niul thc IJ\1,\ co11tmlkr will - ·<-'' ;'J<'"IIIt"l' ·""' in<trutncOLI di,r:·"'- tltoring c.tch I(•U·m'"c 11mc incoconcOL:, 
,\IC.tl 0,1 deo os neeJcd . tnd pr:rmÍÍthc'¡lr<l[,: ram w ~" <>n [-.,1 >'Wn e') c•h. A '(" • 7 thO• i 111<'1 f.occ~""~ oni.l pcolnl 11h 1 7~ an,olo~·IO·digit"l COflWr<•o "-' 1 ''1" 111 "·" 
hl<'d uf t!Otd< to l>c lran,'crreJ ••ilt, in gcncr .LI, "'"'"1" :o CMfC'I'<'"'Iin~ ._'~.~<:1 al C<l!l'";'"o~mc nf7 .7 """" hui :ol\o ~JO d,~;¡,¡[.to-an" 1og CM\"''¡""'· 
h'.•d ,r "' u mcnoo•) re~i"""·~· ~u""""w ""''""" "'J,hc>-.o< c.1 11 ¡,,_. ~ - .·, "~'~~ lo.on<!'c' S-!Q~_co¡<!Jt·~i¡ !>ylr< <>! di>erot< con:rol inforn" Thc •1,-w,,: 

~·. .. ' ... ~ ~ ______ ,,. ... --=· 
_../ .. -.. ~:!'. ~·:.,.___ . .. -·~ ~-



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

... , .... , 

"""' ""''" (oc"""'"''""' 
~ ! : '. . 1 " (' ''. . 
"1'1''': ' _l>~>. 'L'~>:.L 

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

M 

'"""'' 

11~.l-\ ~. o,.¡,.,~;) ·lO<'<RF<n< <«~n'~"' o/"''""""! •mp'oluJ• J""'~""""' 1-'•~"'"' R,¡_ ól 
• 

oimc rcqt•ircd ¡(o tr;onsfor all thi• inform;¡lion in ami oul ~~ thc dal;l channol< 
i> 143 m>ee P"' time incrcmcnt, but b<caus~ <>f the f<F<I dirccl mcmory 
tran•fers,cydc·otoaling •ubtrac" only J.~ m <~Ce for ea eh 16') m>ec or proccssor 
time (Rcf. :0). 

S-21. :'>lemOc)·lnrten>cnl TocluFique fur AmplillodNisltibulion .\In'""~ 
mrnt>. In m.tny minic<>mpul<r<, a <po.:o:i,<l puho input 1\fll inm"""''" thr 
contcnts of a mcmory l"cation addrc»cd hy the ll:o.lA ;~dUre« lll<c•: ;tn 
intcrrupt C'~n b<: [<ncralcd whcn onc <>fthc me mOr) e<clls i< full. Whcn ,\ DC 
ompul> reprC">CFFlFng suCC<»ivc s.unplc> o~" r.mdom <olt•ge ore appilcd 
to !he [)_\lA ,,JJre<S lmcs, lh<• memory·incr<·m•·tFI foa!un• will off,•oti•rl¡ 
general< 1 modd of !loe lnpul->o!lo~c amrlitudo Ji,ttibotion In lh~ <ompu!<C 

,\ 
{ \ 

- .. " 
';/ .. ~ ; 

V 
''' <-o~~- '" •mol""'''-""'"""''"" ''"'''•\'"'"·'""''' Oy "" """''"'" ,¡¡ ·~ '11" '""'"''' 
1 ., .,.,..,, . ., r C ,., r. ,, ·" '"" ' 

'""' '-'" ,,.,,~ ( ····-""·'"""''' ''" '"'~~ {()( "' "' '·ll 

momot)'' F•ch rncnwry aJJr"'' curresp~m!s :o a .-o:tago c'a" inlc"·,d, 
;tnJ thc con:cnb of thc mcmory re~i,tct rcpre,cr.l thc n~mt.:r <>f >amp!c_, 
f;olhng int<> th;ot cJa,s intcr-=ol. D.ot.o t"ktng ;, !nmin.o!e,! aflcr ;¡ pr<,cl 
numb<t of <.LnFplcs or whcn the ftr>l mem<H)' reg'>'Cr t»<rl<•.'<!' (F1g. 5-15al 
'1 he emplflc.\1 ampliwJc ~i'tr1bu1ion thu• erc:.,c.! in mcmory m" y b< di,. 
pl.t;'e<l or pl~ll«l b) • di,play routinc (Fog, 5-l:'/>1, and >loti,tic> sudo·" 

\'~~).· . "' :, 
Vl ~ ,~ vl ·' ~ .. , 

/( ,-;-, 
' "'" reatlily cornpFFtcd ,ncr tho distribut;<>n is c<>mp!cl<". Thi' tcd1niq"' 

h.os """" ntcnli•·c'y appl1od :o thc analy•« of pu:•e·•~•'S}' lpc;tra r"'"' 
nudear-ph¡ ''"' npoorimeom. 

J ""' r dn " ihw '"" , <1 1 " " "mJ ""' 1 · ouohh·.' X , r ,., n he ' i m i 1 ,.,. 1 ;. "" '"1" le d . 
1t i; MI)- Iléte"·"Y tn apply, <.ty. a 12-bFI ,. Nd X • }' compn"·t! of 1<1<> ~- t>t: 
bytes c<>rro<p<>m.lin¡>; l<> ¡,..., ADC outpul< X and l"t<> thc '"""'"'' '"~'''"" 
rogi;•cr. '\'ow CHC~ ad,1rc"ed mcm<>ry locat·~n ,..;11 tMIC'Pc>ntl '" tl•' 
rcg1on ,\"1 ;<> .\ < X,. 1, Y, $ Y< Y, , 1 in X l'sr.l<'C. 

!'-~!. A~d-to--mrmor) T erbnlque of Si~nal A<rca~in~. An<>thcr comm;onJ­
pul>c input to """"DMA intcrr«ces will "'¡,¡" ,r;n,, wor.l ""tilo I¡O.hu, 
,r;,,. lmc< to tloo mernor)' location atl~re"cd by t!tc D\lA :F<Idrc" l11te< 
"ithout cvor bothcring thc dign:ol-computcr arithmetic unit or t he pwgr,m. 
Tlm "add-to.mcrnc>ry'' rc.,turc pcrmits moful l!n"'" or<'fOFtic''" on <l:.t.1 
nbt.omcd from '" riou' i n.trumcP.t': rho oniy :trrt•c.ttion wcll k IHI\\ n ;o 1 ti•'' 
time is in d"t• a•oro~in~. 

Figur~ ~- l (•o "nd b FliUSI rale< an O.f>OClally inter<sl i ng app!ic.tl ion nf •'·"·' 
awr"g11rg, \\lllch h.<' b<cn Wr}' fruitful in ~iologlt.FI·<1 .ol.L rcdudioro (<'¡t., 
ck~lrr>e!l<'<'JllWiogr.•m .mJI)"'")- l'criodic:tll) .opp:ic'<l >tinou!i pro<!llcc !],~ 
<.omo S)'<Fcm "''I'Oh<C ;oftcr e.lth "imu:us <<> th.ot eme obt"i"' :tn ,,,,,:,og 
w,,,.cf.,nu J'Cfln<!ic "i1h th~ pcrioJ T of <11<' app!ic.l ''"'"'1:. r., pul! ''" 
dc.irffi fLtrl<:l;on .\'"(1) out of "dJ11ivc zero-mc~n 'and<>m IF~i>e, """ .«!<1, 

.\'ji), .\"{1 ¡ T). _\"J¡ -1- 2Ti, ... durin¡~ '"'"''"""'' p.:rio•J, '" •·uh.""'C tloc 
<i¡:n.rl, ~;lulo thc ""¡" will '""" lo a•·cr:ogc ~ul. Fo~LifC 5-ll•c '!""" th-c 
c\lr:tction of a sign.ol frorn adJiti•·c noise in <UCC<Sii<e d.•ta -a< cr ,orin¡: '"'"· 

!'-D. lnopkmt·nlin~ Cunoni·,.~M•·" and Wmd Cnttttl<'r< in rho· l't"C<'""' 
:'>lt•mon. Snmc llli11ÍCOrFlplltcr> ¡;, p.Frticiii.Fr, PDI'·'!, Plll'-15, ""'l tho: ·. · ,. r ro,,,,-,- ·~· !'Dl'-~ <et1C>) ha1·c, '"aJo oto<>n ro 1 oelf rcgu Jt , """'""'·" '" <'· ·""'-
,·orc-mÓmory l<>c,Fiiün, lo he ""''1 '" Jat.o-C!l.Lnncl ;o~drc" ,•nti """' 
,·nuntcr<. Ordin,rry pr<oc<''>LH imlfFF<lll"" (not 110 ;""'"•'''""'! :"·"' 
thc"' I<>C,ttion<, fc"of'"ti•·d). "<th the blu.:\, startinf ;t~J'''" ;ond .,;,·, 
FLtinus thc hi~:k l'"" ni ·¡ he d.FL :L·d•:onnel 1111crf.oce '"'d 1 Fi ~- ~·!/o '" rp: .,., 
tiLC .oddrc<• ol onc nf the r~ur ro ei~ht ;td<l rc«·eü\l,.lot :oc"~ 'o.•n' ""·" l.1 h!c in 
ola· !"""'""": thc "'"J '"" nt.-r is LIF< loc.llinn ro:!o"' 'ng Lhe ,.,:,¡,,.,, cou·oLCr. 
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111, - MOOOS DE DIRECCIONAMIENTO 

l.- 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 
instn~cci6n a ejecutar. 

Entender los opCrandos, esto es, definir la locali:.::ación de 
los operandos necesarios para ejecutar la instrucción y 
traerlos al CPU, 

Ejecutar la instrucción. 

Para llevar a cabo las funciones anteriores el CPU debe con-

tar con la siguiente infonnación: 
·' 

El c{xligo de operación de la instrucción a ejecutar. 

Las direcciones de los operandos y la del resultado. 

La dirección de la siguiente instn.Jcción a e¡ecutar. 

Existen diferentes soluciones que satisfacen los requerimientos 

anteriores, los cuales determinan la arquitectura de los 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 instrocción en este esquema de direcciona-­

miento ccntiene todos. los elementos necesitados por el CPU 

1 
• 
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para r~lizar sus funciones. 

Un posible formato de instrucción se muestra en la figura 

m. 1 

Palabra 
o de 

memori:J. 

En este caso se tienen cinco campos en el formato de instrucción: Uno 

para el cOdigo de operación que sirve para indicar el tipo de opera---

ción a realizar (suma, resta, multiplicación, ere.), tres campos par-a 

\as direcciones de Jos operandos y resultado de las operaciones, un 

campo para indicar la dirección de la siguiente instrucción a ejecutar. 

Las instrocciones para ésra máquina podrían ser escritas en forma 

simbólica en la siguiente forma: ADD A, B, C, D donde ADD representa 

el cOdigo de operación suma y A, B, C y O son nombres simbólicos 

asignadns a localido.des de memoria. 

Sc~poniendo que existen las instrocciones suma (ADD), substracción---

(SUB) y multiplicación (MUL), entonces una po~iblc traducci6n de la 

eA-prcsi6n A=(B*C)-(D*E) en FORTRAN a lenguaje simbólico en la má-

q: . .lina de 3+1 direcciones sería: 

Ll: MUL B, C, Tl, L3 

1.3: MUL O, E, T2, L7 • 

L7: SUB T2,Tl,A,L8 

LB: Siguiente instrucci6n 
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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.! 

mite conocer donde fueron almacenados, 

Debido a que cada instrocci6n contiene en forma explícita tres direc--

ciones, no es necesario tener en el CPU hardware para guardar los re· 

sulrados de las operacionr=s. 

b) Máquinas de "3" direcciones 

Considerando que.Jos programas se escriben ·secuencialmente y que 
• 

por consiguiente es mliY lógico almacenarlos en este mismo orden, 

se llega a Íln nuevo esquema de direccionamienm en el cual se sus 

tituyen todos Jos campos de dirección de la siguiente instrucción 

por un solo registro dentro del procesador que lleva en forrra se-

cuencial y autom<1ticamcnte la dirección de la siguiente instrucción 

• 
a ejecutar. Un posible fomJato de instrucción se muestra en la 

fig. m. 2 • 

Ke¡pstro 
en el 

procesador 

aió;go Dirección Dirección Dirección 
do primer segundo resultado 

;operac. Operando lop;;rando 
FIG. 111.2 

Palabra 
o do 

memoria 
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Utilizando este esquema de direccionamiento la expresión A=(B*C)-(D*E) 

en FORTRAN1queclaria expresada como: 

, 

MUL B,C, Tl 

MUL O, E, T2 

SUB T2, Tl, A 

Siguiente instrucción 

' Donde se ha suprimido la dirección de la siguiente instrucción ya que 

ésta 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 mfis eficiente y reducir la Jongirud de palabra lo que reclunda 

directamente en los costos de la misma, 
, 

e) Máquinas 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 utiliznr uno de ellos para----

guard.::r e! resultado una vez que la operación se ha efectuado. Las 

consideraciones anteriores llevan a presentar un posible formato de 

instrucción en esta máquina, mostrado en la figura III.3 

~I.R, DE LA REG. 
IG. INST. A EN EL 

'"'ll~CEe,C"UcoT!:.AR,.___l PROC, 

OO. 

OP, 

DIR. 
P. 
OP. 

F!G. 111.3 

DIR. ;,EG. 
OP, 

Palabra 
" do 

memoria 
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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 h<:~ya efectuado, 

por Jo que el segundo operando serA dcstruftlo. Asf pues la expresión 

A=(B*C)-(D*E) en FORTRAN, quedaría: 

MUL B, C 

MUL D, E 

SUB E,C 

ADD A,C 

La eliminación del campo ct.e dirección del resultado permite reducir la 

longitud de la palabra de memoria y los costos de la misma, lo que 

permite usar este esquema en máquinas medianas y chicas. 

d) Máquinas de "1" dirección 

Este esquema de direccionamiento permite eliminar de todas las ins 

trwcciones el campo de dirección de uno de los operando y sustitu--

irlo por un registro dentro del procesador, el cual contendrá a uno 

de los operandos. A este registro se le conoce como acumulador.-

El formato de instrucción para la máqUJ:ina de 1 dirección se mues-

tra en la figura lll. 4 

,_nr. de la 
ig. inst. a 

b. 

Reg. en el 
procesador 

wD. 

OP. 

DIR. 
P. 
OPERANOO 

Reg. en el 
procesador 

FIG •. lll.4 

5 
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Lo anterior implica la creaci6n de instrucciones que permitan cargar 

el acumulador con el segundo operando (LAC) y depositar el· contenido 

del acumulador en memoria (DAC). 

Es importante hacer notar que todas las ·operaciones se llevan a cabo 

implfcitamente contra el acumulador y que éste contendrá el resultado 

de la operaci6n efectuada. La expresión A=(B*C)-(D*E) en FORTRAN) 

podrfa traducirse a: 

LAC o 

MUL E 

DAC T1 

LAC B 

MUL e ' 
SUB T1 

DAC A 

Este esqu{;ma de direccionamiento ha sido ampliamente implementado <.;0 

una gran mayoría de las minicomputadoras, como por ejemplo: PDP-8, --

PJJ?-15, IBM-1~30, :'BM-7090 y COC 3600. , 

e) Máquinas de "O" direcciones 

Esw esquema de direccionamiento solo utlliza el campo de código 

de operación, 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 
• 
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·¡ ' 
·memoria accesadas 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 formato de instrucción para este esquema de direccionamiento se 

encuentra en la figura !11.5 

~r. de la 
siu. inst. 

Re g. en el 
CPU 

Reg. en el 
CPU 

fC1lDiGOI 
~ 

Palabra de 
memoria 

FIG. III.S 

' ' Es necesario contar con instmccioncs que pcrmüan melcr clemcmos 

de memoria al stack (PIJSH) y sacar elementos del stack a memoria-

(POP). 

PUSH D 

PUSH E 

MUL 

PUSH B 

PUSH C 

MUL 

SUB 

POP A 

~T 

~T 

e>..-presarse como: 

(Apuntador al tope 
del stack). 

. '"' --T 

' 1 
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En la fig, l!I.6 se ilustra el estado del stack después de cada una de 

las inst. anteriores. 

Se puede concluir que el conjunto de instrucciones de la máguina no 

está formado solamente por instrucciones de cero direcciones ya que 

también se requieren instrucciones de una direcciOn para meter y sa~ 

car elementos al stack. 

Se requiere un registro en el procesador que apunte al tope del srack 

y se elimine el acumulador ya que el resultado de las operaciones -­

también quedará en el stack . 

• 

S 
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2,- METODOS DE DIRECCIONAMIE!\TO 

En las máquinaS de una sola dirección el formato de las instntccio-

nes que hace referencia a memoria 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 serA 2° localidades. Lo 

anterior puede resultar bastante drástico en el caso de las minicom-, 

¡xnadoras ya qu~ por lo general tienen palabras de 12 6 16 bits y si 

se asignan cuatro de elles al campo de código de operación solo se 

pueden direccionar 28 " 256 localidades de memoria en el caso de e 
labras de 12 bits 6 z 12 = 4096 localidades de memoria en el caso de 

palabras de 16 bits, lo cual resulta insuficiente para la gran m(l ... vo--

ría de las aplicaciones. 

Lo anterior ha ocasionado diferentes modos de direccionamiento, en 

los cuales el campo de dirección sirve pura calcular la dirección 

efectiva del operando, logrando una mayor capacidad de memoria di-

reccfonable. • 

a) Inmediato 

En este caso el operando puede estar contenido directamente en 
. . 

el campo de dirección ó en la localidad de memoria siguiente a 

>la instrucción, 

Será necesario dedicar un bit de la palabra para saber como se 

debe interpretar la instrucción, 
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c.l) Usando página cero 

El campo de dirección de In instrucción apunta a una loca­

lidad en la página cero. A su vez ~sta localidad contiene 

la dirección del operando, 

c.2) U san do página actual 

El campo de dirección de In instrucción apunta a una loca-­

lidad en la página actual. Esta localidad conticme la direc-­

ción del operando. 

c.3) Relativo al PC 

El contenido cid campo de dirección de b instruccUm, ínter 

prctado como un entero con signo, se suma al PC para ob­

tener la dirección del apuntador al operando. 

c . .t) El c.ont~·nidu d~l campo de dirección tle lu instnJCci(JO, inter­

pretudo como un entero con Signo, ~e suma al contenido de 

un registro indice para obtener la dirección del apuntador al 

operando. 
• 

La combinncibn de todos los métodos de direccionamientO anteriores 

c::m registros de propósito general, permiten lograr modos de direccio­

namiento bastante poderosos. Cuando se usan Jos registros de propósito 

general, el campo de dirección de la instrucción específica que registro 

se usa y como se interpreta la información que contiene. 

• 
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pAgina 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 fnd ice 

.• 
El contenido del compo de dirección de la instrucción, in-

rerprerado como un enrero 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 índice es 

preciso asignar Jo,; 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 algún registro 6 palabra de memoria genera 

un ap.mtador a la dirección del operando. 

Mediante un bit en la instrucción se puede saber si el direcciona-

miento usado es directo 6 indirecto. 



- LO-

b) Di re ero Ju 

Existe direccionamiento direcro CtJando el cam!XJ de dirección de 

• 
la instrocci6n contiene la dirección del operando 6 cuando éste 

campo combinado con algún registro 6 palabra de memoria gen~ 

ran la dirección del operando. 

b.l) Usando página cero 

Uno do;;, los esquemas más comunes de organización de m~ 

moría, divide ésta en n ~ginas de longitud fija, donde n 

dependen1 del tamaño de la rre maria y del tamai'lo de las 

páginas, 

• 
Las mác;uinas que usan estos esquemas gtmeralmente usan 

·' 
la página cero con propósitos t;spcciales, como son; mane-

jo de interrupciones, traps, locallGades autoincrementablcs, 

etc, 

La forma de indicar si el contenido del campo de dirección 

se rcfier0 a la página cero, es usando un b1t parn este pr_9 

pósito, p. ej. si este bir es cero el cilmpo de dirección 
• 

apunta a una localidad en la página cero. 

b.2) Usando página actual 

Si el bit de página está en uno, se asume q~ee el campo de 

dirección apunta a una localidad en la p<lgina en la que se 

encuemra la instrucción. A esta página se le conoce como 
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lJ 
3.- DIRECCIONAMIENTO EN POP-11 

a) Con dos operandos 

La computadora PDP-11 es una méquina de dos direcciones por 

lo que su formato de instrucción tiene cam-¡x>s para cOdigo de 

operación y operandos. Lo amerior se observa en la fig. 111.7 

15 1211 98 65 32 o 
1 1 MOdo 1 Registro 1 Modo 1 Registro j 

Código op. di r . fuente dir. destino 

FIG. lll. 7 

Los bits 12-15 contienen el cOdigo de operación 

Los bits 6-11 contienen la dir. fuente 

Los bits 0- S conüenen la dir. destino 

• Las direcciones fuente y destino serén utilizadas para el dilcu-

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 -¡x>sible indicar cual de los ocho registros de 

propósito general será usado, asf como la interpretación que se 

le dará de acuerdo a Jos ocho modos de direccionamiemo. 

El modo y registro en la dir destino se entienden en la misma 

forma que en la dir fuente. La dir destino también será usada 

para almacenar el resultado de la operación una vez que esw 

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 código de operación y dirección destino, según se 

muestra en la tig. !11. 8 

15 65 o 
1 1 MODO : REGISTRO 1 

Código op. Dir. destino 

FlG. 111.8 

La interprelacióu dada a la dirección fuente es la misma que en el 

caso de dos operandos. 

Para poder ejemplificar los modos de direccionamiento se usar.1 el 

siguiente conjunto de instrucciones; así mismo se asumirá que todos 

los números escln en octal: 

Mncmonico 

CLR 

lNC 
INCB 

C0.\1 
COMB 

AOO 

CMigo Octal 

005000 
105000 

005200 
105200 

005190 
lOSlDD 

065SDD 

e) Direccionamiento directo 

·.• 

Descripción 

Limpia (pone a ceros el des 
tino). 

Incremento {sum¡¡ uno al con 
tenido del dcstiilo) 

Complementa lógicamrnte el . 
dest:ino 

Suma 

Existen OJatro modos usados en direccionamien~o direcro, los cua 

les se explican a continuación: 



- 15 -

lo 
c. 1) Registro 

Forma general: OPR Rn 

Des e r i pe ión :. El registro especificado contiene el operando 

requerido por la instrocción. 

OPR representa un código de operación en forma general. 

Modo: O · 

Ejemplos: l 

c. 2) Autoincremento 

Forma general: OPR (Rn)+ 

Descripción: El comenido del registro es increrrentado des-

pués de ser usado como apuntador al operando, Si la instrucción 

·' 
es de palabra se auroincremente en dos y si es de byte ~n uno. 

Modo: 2 

Ejemplos: 2 

c. 3) Autodecremento 

Forma g~neral: OPR-(Rn) 

O es e r i pe i 6n; El contenido del registro es decrementado antes ·-
de ser usado como apuntador al operando. Si la instrucción es 

de palabra se autodecrementa en dos y si es de byte en uno. 

Modo: 4 

Ejemplos: 3 
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c.4) !ndice 

Forma general: OPR X(Rn) 

Descripción: 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 modos de direccionar en forma indirecta, los cuales 

utilizan los modos bdsicos (direccionamiento direcw) en forma 

diferida. 

d.l) Registro diferido 

Forma general: OPR € Rn 

De se r i pe i 6 n : El regí stro contiene la dirección del operando. 

,V1odo: l 

Ejemplos: 5 

d. 2) Autoincremento diferido 

Forma general: OPR @(Rn}+,_. 

De ser i pe i 6 n : El contenido del registro es incrementado des­

pués de ser usado como apuntador a la dirección del operando.­

El autoincremento será en dos, tanto para instrucciones de byte 

como de palabra. 

10 
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Modo: 3 

Ejemplos: 6 

d. 3) Autodecremento diferido 

'Forma general: OPR @-(Rn) 

1'1 

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: S 

Ejemplos: 7 

d. 4) Indice diferido 

Forma general: OPR 8X(Rn) 

Descripción: La suma de X y el contenido del registro se ut_.!. 

liza como ap.mtador a la dirección del operando. La -palabra ~e 

índice X t'St.'! almacenada en la localidad d<.: memoria »Ít,'Ui(mte a 

la instrucción. 

El valor de Rn y X no se modifica. 

Modo: 7 

Ejemplos: 8 

e) Uso del PC en direccionamiento 

El registro siete, tiene el propósiro específico de servir como con 
. 

tador de programa (PC), por lo cual cada vez que el procesador 
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usa el R7 para traer una palabra de memoria, el R7 se incremen 

ta auwmáticamente en dos de tal forma q..~e siempre apunta a la 

sib>Uicnte instrucción a CJCCUtar 6 a la siguiente p¡¡Jahra de la ins 

trucción que actualmente se está ejecutando. 

Lo anterior permite usar el PC con p:ropósiws de direccionamien-

to, permitiendo logrn.r ventajas cuando se utiliza con alguno de 

los modos 2, 3, 6 6 7. 

e.l) Inmediato 

Forma general: OPRI<n, DD 

Descripción: El operando está en la localidad de memoria si 

guiente a la instrucción. 
> 

Modo: 2 usando R7 

Ejemplos: 9. 

e. 2) Absoluto 

Forma general: OPR @o: A 

Descri¡Jc ión: La localidad de memori:l siguiente a la instruc 

ci6n 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 

1 !J 

LUIS CORDERO BORBOA 



]~ 

005::'00 

1.2 

10510::> 

1.3 

060103 

f;Jf.M!'LOS 

' 

wc RO 

' ;sUMA UNO AL CONTENIDO DE RO, 

' 
;\ntcs 

001 :~0::>/005::>00 
_$0/000000 
_$7/001::>02 
_$5/000000 

COMB 

Des pues 

001::>0::>/005::>00 
_$0/000001 
_$7/001::'04 
_$5/1700::>0 

¡¡:Q¡•;F'LiiMtNTO l_OCilCO !IIOL BYTE" f<A,IO<BITS 0-7) EN Fi2, 
¡LAS INSTRUCCIDriES IoE BYTE USArof,S SOBRE LOS 
lREGISTROS GENERru.:ES SOLO OF"EhAN EN LOS BITS 0-7. 

.. m tes 

001 :!06/1 o:;¡ 0::! 
_$2/103::052 
_$7/001::006 
_$5/170020 

"' I\1,R3 

· Despucs. 

001::>0¿/10510::> 
_$2/lü3125 
_$7/001210 
_'!Sii/00::>1 

;SUMA EL CONTENit•O [JE Rl AL CONTENII<O IoE r.::;, 

' 
Antes 

001::'04/060103 
_$1/000005 
_$3/000007 
_$7/001::'04 
_$5/1700::>0 

Depues 

00>::>04/060103 
_$1/000005 
_$3/000014 
_$7/001206 
_$5/170020 



2. 1 
005024 

2.2 
1050:::>4 

0600:!:::> 
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CLR (R4lt 

' ;usA IOL CCJNTENHIO IIE R4 COMO LA t<IRECCION DEL 
;OPERANDO, PONE A CEROS EL OPEfMNDDCPALABRAl E 
;JNCREHENTA EL CONTENIDO DE R4 EN I•OS, 

Antes 

001:-'10/005024 
_t4/000010 
_QQ00!0/174216 
_1-7/001210 
_$5/170021 

Antes 

001212/105024 
_14/000006 
_000006/17:.!215 
_1;7/00121:::> 
_•Hi/1700::04 

CLRB 

De~pues 

001210/005024 
-~4/000012 

_000010/000000 
_$7/001212 
_$5/170024 

;usA EL CONTENIDO DE R4 COMO LA [IIRf.CCJON DEL 
¡[WEf·:ANfLQ. f-•ONt;: A Cf:f>OS e:L CIF"E::I<ANDQ(BY!f:) E 
tlNC:REMENTA EL CONfENIDO DE R4 EN UNO. 

' 
oot:•J:>!1o~;o:::>4 

_f4/0ü00()"/ 
_ooooo~tt7Jooo 

_$7/001214 
_$$/1/00211 

RQ, IR2lt 

iEL CONfi:':NJDO DE RO SERA SUMI'1[P0 AL UF·ERtlN!IO 
;cUYA DIRECCION Eé>Ttl CONTENIDA EN R2, IoESPUES 
;SE INCREMENTA R2 EN l•OS. 

M tes 

001214/0600::!:! 
_t0/000007 
_f.:::>/000024 
_000024/000007 
_$7/00121'1 
_tS/170024 

001214/060022 
_l(>/000007 
_l2/0000~6 

_000024/ 000016 
_1.7/001216 
_tS/170020 



3. l 

005::!45 

- ' '·-
105~45 

3.3 

064401 

I NC: -(R5l 

'¡ ' 
~~ 

iEL CONTENIDO nE R5 SE DECREMENTA EN IoOS Y 
;nESPUES SE USA COMO LA fiiRECCION ItEL QF·ERANirQ, 
iEL OPERANDO(PALMIRAl SE INCRF.MENTA EN IJNQ, 

Antes 

-~~JBM6S8~:::>.;s 
_0000~6/002222 

_P/001216 
_1$/1700::!0 

' 
!NClr 

Des pues 

001 ~] ,,/00~:::>45 
_t!::./000016 
_000016/002223 
_tl/0012:::>0 
_$$/1700::.!0 

iEL CONTENIC!O I•E R5 SE [I[CREMENTA EN UNO Y 
;rrO:<WUE'ii SE USA COMO Lfl nlRECCION [IEL OF'ER,;N[rQ, 
iEL OPERANl•O<BYTO SE lNCRE:"lENTA EN UNO, 

tiiltes 

001220/105245 
-~5/000347 

_00034<J04 37:! 1 
_$7/0Cl:::>::.!O 
,_SS/170020 

·' 
Des pues 

o o 1 ~:·:·go os:::>4s 
_$5/0tl 346 
_0•~03 4L/043722 
_<j,/_/QQ] 22::.! 
_$5/170030 

-(F!4l rF:I 

' . - . 

iEL CONTE~!JIIO !rE R4 SE fii:CREMENTA F.N !•OS Y 
arESPUES SE UTILIZA COMO LA IrlRECCION IrEL 
;oPERANDO QUE SERA SUMAIIO AL CONTENrtoO IIE Rl, 

' 
Antes 

001:?:?:>/064401 
_$1/000017 
_$4/00003:? 
_000030/000045 
_1>7/001:?::!:? 
_$5/170000 

DcSpllCS: 

001 :?:?2/064401 
_$1/000064 
$4/000030 

_000030/000045 
_$7/001224 
_i>S/1700:'0 



4 • 1 

005063 000100 

• 

4,2 

105164 000:::>00 

4. :>-

lOO<R3l 
1 <: 

iSE PONE A CEROS LA LOCAUDADCPALM<RA) 
;(llRECClONAr•!'J f-'OR LA' SUMA DE 100 Y EL CONtENIDO 
iDE F\3, EL CONTENIDO DE'R3 NO SE ALTEJ\A. 

001 :~24/0050{>3 
_0012:.!6/000100 
_i3/000004 
_000104/177333 
_$7/001::!:.!4 
_$5/170020 

COMI< 

' i '1 

( 
·001:!::!4/005063 
_001226/000100 
_$3/(•00004 
_000104/000000 
_P/001230 
_iS/1700:::>4 

:::>OOCR4l 

iCOMF·'LEMENTA LOGICAMENH.: EL CONTENIDO DE LA 
iLOCI'ILJioADCBYTE> DIRECCIOIMDA POR LA SUI".A DE 
;:OOO Y RIJ. EL CONTENIDD,f•E R4 NO :óE AI_TERA, 

.• 
Antr:.~.: 

Mi ~3o; 1051 L 4 
-'}01 ::!32/000::000 
-· ~- 4 1 Q()(¡(j() :! 
_000~'02/1 74~ • .:.::! 
-~7/0012.~0 

.• ·;S/1}0000 

' De~pues. 
.. o o i ::i~o/1 o~• uA 
,. _or,¡ :!:•.:!t<~or,:-oo 

_ ·¡ 4/0ú''"·'o:· 
_VüO:!O:O/ 174615 
.. 17/\')(!1::>34 
.. t~·;¡;·oo:H 

0663!>0 000010 000020 10(F\3),~0(R0l 

; 
;sUMA EL CONTENIDO DE LA LOCALIDAD DIF\ECC!ONA!IA 
H·OR LA SUMA DE 10 Y R3• l'll COtHt:NH•O VE LA 
;LOCALIDA[I DIRECCIONADO F"OR LA SUMA DE 20 Y RO. 

' 

,\ntes 

001234/066360 
_001236/000010 
_001::!40/0000::!0 
_$0/000030 
_"$3/000050 
_000050/000037 
_000060/000075 
_$7/001234 
_$5/170031 

Des pues 

001234/06t360 
_001236/000010 
_o o 1 240/•)0oo:.:o 
_$0/000030 
_tJ/000050 
_000050/000134 
_000060/000075 
_$7/001::?42 
_iS/170020 



S.J 
005011 

5.2 
105:!1:? 

6 

00~:!34 

CLR 

' iEL CONTENIIIO DE Rt Af'UNTA AL OPERANDO OUE 
;SERA PUESTO A CEROS, 

Antes 

0012~2/005011 
_tl/000044 
_0000<14/035240 
-~-7/00J:C4~ 

-~S/17oo:~o 

lNCI< 

Des pues 

001::!42/005011 
_il/0000~4 

_0000·14/000000 
-~7/00 l244 
_1-S/170024 

;EL CONTENI!oO DE R::! AI'UNTI'\ AL OF·ER,~NDO tlUE 
¡ SERfl l NCF.EMENTADO EN UNO. 

Antes 

oot >'14/J o~;::12 
.12/000070 
_000070/000000 
_1>7/001244 
_1-S/1700:~4 

D~spucs 

001::44/10~:::1::! 
.1•::!/000070 
.0000"!0/000001 
_'f7/00t:'4!. 
_f.S/1700:!0 

INC ~ih4l+ 

ii::L CONTENIDO :•E R4 APUrHA A LA DIRECCION 
;m:;L OF'Ef\'ANloO QUC SE¡;,·A INCRE:MENTMoO EN UNO• 
iDESPUES DE LO CUI\L R4 SE INCf~E::MENTA EN f•OS. 

' 

Antes 

001246/00:':;::!34 
_$4/000036 
.000036/000054 
_000054/000007 
_$7/001 246 
_1-S/170020 

• 

Des pues 

001246/005234 
_14/0000'10 
_000036/0000ó;4 
_oooo:J•uoooo1 o 
-~7/00]250 

_lS/1700~!0 



7 
00;';155. 

8 

' ' ¿,) 

"-(F~5l 

1EL CONlCIIT[IQ I•E R5 SE TIECREMENTA EN !IOSr 
;r•ESPUES f•E LO CUAL AF"UNTA A LA DIRECCION 
; DEL OF"ERiiNJ•O QUE SERA COMPLEMENTADO 
;LOG!CAMENTE. 

Antes 

001:::!50/0051::i5 
_fS/000040 
_oovo:-16/0ooo:>o­
_QQ00:::!0/000000 
_$7/001250 
_15/)700:?0 

Des pues 

001:::!50/005155 
_tS/000036 
_Q00036/0000:::!0 
·_oooo:?0/1 77777 
_,7/001:::!5:::! 
_15/170031 

06/300 000:::!00 ALI[t !i':~OO<RJJ,RO 

' 

¡\ntc.s 

' iLA 
iLA 

' 

o o 1:::!5:'/06 7300 
_001:::!54/000:::!00 
_t.0/000015 
_$3/000010 
_000210/00001:::! 
_00001:::!/000016 
_17/001:::!52 
_"tS/170031 

' . 
SUMA I<E :!00 Y R3 fiETERI'1INA EL 
fllRECClON DE LA LOCAL~l•Aú OUE 

APUNTM1DR A 
SERA SUI".AtoA 

001 :·~2/06 7300 
_QQ1254/000200 
_$0/000033 
_t:;/0000JQ 
-00021 0/000C· 12 
_QQOOl:::!/000016 
-~7/001:::!56 
_tS/1700~0 

.~ RO. 



- 26 -

9 

012704 000010 MOV 

;MUEVE A R4 EL NUMERO 10 

JO . 

/IJltCS 

001256/012704 
_001260/000010 
_$4/000000 
_$7/001256 
_SS/170000 

063701 000100 

' 
AD[I 

Dc~pucs 

001256/012704 
_001260/000010 
_$4/000010 
_$7/001262 
_fS/1700:~0 

Lo'tJOO,Rl 

• 

;cJUM•~ EL CONTENlDO DE LA LOC:AL!DA!< 100 r_, R1, 

.\ntcs 

001:'6~/063701 
_001270/000100 
_$1/000033 
_000100/000073 
_t7/001:!66 
·-'f. S/ 170000 

Dc;;pm~s 

00Ji66/063701 
_001.!70/000100 
_$1/0001:!6 
_000100/000073 
_$7/001:::'72 
_tS/170020 



.• 

21 

11 

005267 000044 INC z 

1 2 

' ;lNCI~EMENTA EL CONTENIDO DE LA LDCI\I~IDAD 
iSlMI!OLICA Z EN UtiO· EL CONTENIDO DE LA F·ALAf<RA 
t!liGUTi':NTE A LA IN5TRLICC10N SE SUMA AL F·C F"ARA 

Antes 

001272/00:0267 
_001274/000044 
_001342/000000 
_$7/001272 
_$5/170020 

Des pues 

001272/00:5267 
_001274/000044 
_001342/000001 
_$7/001276 
_$5/170020 

00:';077 000040 CLR 

;LA LOCALIDAD SIME<OliCA Z APUNTA A LA 
;DIRECC!ON ItEL OPERANDO QUE SERA f·UESTO A CEROS, 
;EL CDIJTENIDO DE LA PALABRA SIGUIENTE A LA 
;INSTRUCCION SE SUMA AL PC PARA OBTENER LA 
;ttiRECCION DE z. 
~. 

Antes 

001276/005077 
_001300/000040 
_001342/000100 
_000100/000073 
_$7/001:.'76 
_$5/170020 

nespues 

001276/805077 
_001300/ 00040 
_001342/000100 
_000100/000000 
_$7/001302 
_$5/1700:!4 

LUIS CORDERO BORBOA 

' 
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P n 1' 11 

04/34/4.~/55 . ' 
PROCESSOR 
l!A~UBOOK 

4.1 IHTRQOUCTIOH 

CHAPTER 4 

INSTRUC'TION SET 

TM ope<llaotlon lor each inot'l>t\oon includ~ th~ mn~mon.c. octal e,.,-e, 
bina')' codo. a dia11ram ohowiog IM IO<mal olthe '"'"""''""·o >ymbOh< 
notohon dHI:nbinll oto e•ecutoon ond !he ollect on the condotlon code<. 
o d,..cflption, special commonl>. ond ... mptes. 

MNEMONIC: This is ondocoted ot tne IOP corMr o! eoch P•ll•· When tne 
woro lnotructoon ""'o b)'le «<""'"lonl, !he b)'le mnemonoc 01 """ ,,.,...,_ 

INSTRUCTION FORM..,T: " d••i'"'" occomp.>nyong eacn instfueli<>n 
shows \ho octal op code, tne bonooy op codo. ond M ""'llnmonto. (Note 
tila! In b)'lo ln>touct;.,.no the mo•t oillnoloc.onl M (bol 15) 01 alwa,• o 1-1 

SYMBOLS: 

( ) = contents o! 

SS or ore= oource add"'" 

OD or d•l = desUnali<>n oddren 

loe = loco\>an 

.,_= be<omes 

t = .. ,. pop~ lr<>m staek" 

l = "ós puohed onto otock" 

A = bo<>leon ANO 

v = bOOiean OR 

- = Molean not 

Rog or R = regi>ler 

B =Byte 

lor word 

lor b)'le 

.. 

' < 

' 



4.2 INSTRUCTION fORMATS 
The mojor lnstruction formol> oro: 

S<n¡¡lo O¡H!r•nd Grcup 

OP Cooo 
1 

" 

Dout>o O¡H!rand Group 

~~· ... 
1 1 

" o " 

" • • 

Bronch 

"'' ' 1 

• . ' 

•. , 

'" 
• • 

'" 1 

• ' 

• ' 

"""'' 1 

o 

o 

o 

o 

Byte IMtru<tlons 
T~e POP 11 ptocessor includes a full e<¡mplemenl el in<!t..ctroos ll•al 
manipulate b)lo operando. Srneo oll PDP·ll ~ddreS<ing os b)le onent<'<'. 
byte monlpulotoon oddreosrns is otri•RhtfOfW><d. Byte inotruclrons w.tlr 
•utorntrenront or &uh>decrement d•<oct oddte<Oine cau•e the sp~rl.ed 
res•ster to bo mod•lred by one to pornt lo tho ne•t byte ol dala By!P 
operation• In resrster mcde ac<e-. the low·ordor b>IO ol tlr• spec 11rod 
resiSter, Tl>ooo P<Ovr>lons e01ablo lt>o POP·Il lO perlorr10 as ortlo<ra word 
or byte proceuor The numborrn¡ oohome for word ond b)te addresses 
•n coro momory io; 

-~~ 'Mli'O C>'IIJr'TE •oo...ss OWO~[SS 

002001 BYTE arTE o 002000 

OOZOOl 8YT[ ' ~" ' ooroo: 

Tho mc>l ol~nilroanl M (Brt IS) ol 1~1 instruotion ...,...,. io so! lo indicate 
• byte inwuctlon. 

h•mplo: 

Symbol10 

"" ClRB 

Oot•r 

005000 
105000 

NOTE 

Cleor Word 
Cle3r Byte 

' ' 

·lne torm PC (Ptog-.,., Ccunter) in tho Opor•· N 
toon e<p1.1natron ol tl!e •nwuct•on• rolors to tilo 
upd.,ed PC . 

.• 



• 

4.3 LIST Of II'ISTRUCTIONS 
ln•tru<Mn• a<~ ohown In t~e follo.,.in¡ H<¡U~nce. Ot~r ins\ruction• are 
lound in C/loptef> 9. 11. ond 12. 

A-The SXT. XOR. MAR~. SOB. and RTT m•t•u<lions ore implomonted 
rn tho POP·ll/34, ll/45 •nd 11/óO. 

•-The SPllnotrutllcn" implemenlod only'" t~o POP·ll/45 and POP· 
11/55. Tne MFPS a<>el MTPS <n•lru.chon• are implemen¡O(! onty in the 
POP·ll/3-4. 

SINGlE OPERANO 

MnemonOc 

Genor•l 
CLR(a) 
COM(ll) 
lNC(BI 
OEC(B) 
NEG(8) 
TST(B) 

Shilt & Rot.te 
ASR(B) 
ASL(B) 
11011(6) 
ROL( S) 

lnotrucl<on 

clea< destinoMn 
oomplem,nl d•t 
'"""'ment d<l .. . 
detrement dst .... . 
nog>le d" ............ . 
test d•l ............. . 

onthm•tic sndt nght .......................... . 
onthm•toc .tuft left ....••..••....... 
rotate <~Rhl ...........•.. 
relate 1011 ••. 

SWAB · swop byte• . 

MuJtlpl• Procl•lon 
AOC(B) •dd carry .....•.......................•.•.......... 
SBC(B) subtracl CO!f)' ..•....................•.•.. 

• SXT sogn exlend ... . ................... . 
MFPS move byte !rom prcce,.or statu• 
MTPS movo byte lO prOCe"Of IIOIUS 

•OOUOLE OPERANO 

Gone<>l 
MOV(D) 
CMP(B) 

"' '"' 
LO,ical 

!llT(R) 
OIC(D) 
BlS(D) 

• XOR 

movc '""''" lo destmotion . 
comparo .re lo d•t 
•dd "" to dot •..........•..................•.•..• 
sublrKI ore from d<t .......................... . 

bit \e>l 
M cleor ........•.... 
M ••1 ··•······· 

exclusove OR 

•• 

.05000 

.06200 
o06300 
.-".)6()00 
•:J-6100 
000300 

..05500 
o)S600 
006700 
ol067DO 
ol064SS 

•ISSOD 
o2SSOO 
06SSOO 
16SSDO 

oJSSOD 
o15S00 
-~ssoo 

074ROO 

" . ' 
" " 4·10 
4·11 

4·13 
4·14 
4·15 

"' 4·17 

4·19 

·~ '" '" "' 

4·25 

'" "4·27 
<n 

4·30 
4·31 
4-Jl 

4·31 

' 

PROGRA"' CONTROl "' 
Bronch 

'" "' '" '" "'' ·~ 
·~ '" '" 

lnolrudlon 

brao>ch (uneondotocnal) ........•... 
branth if no! oquol (lo zoro) 
branch if equol (lo zero) .......... . 
branch 11 plu• . 
bronch ir mmu• .................... . 
br•n<h o! ovortlow i• ~oor ........ . 
bronth if overflow ,. ..,¡ ................... . 
bran<h il carry " cl .. r ............. . 
branth rl carry 10 oet ··········'······ 

Slcn"'<l Condltionel Bronch 
BGE bronch o! ¡¡re•tor thon or oqu•l 

"' '" 
(to ,.,.,¡ ..................... . 

bronth <1 len th•n (nra) ............ . 
bronch il groator lhan (<•ro) ..•... 
branch '''"" thon or equal (lo '"'0) . 

Unol¡nt<l Condotlonol Bnrnth 
BHI btUth ol h1¡¡hor ..................•.......... 
BLOS broncn •1 IO'<<r or ume ....•.•.•......•... 
BHIS bronch il h1¡¡hor or same 
BlO IJranch <1 lowor ............................. . 

Jump & Subroutlne 
JMP jump .............•...................•......... 
JSII ¡ump \0 subroutone • 
IHS return frorn subrout<no ................ . 

• MARK mar< ................. . 
• SOB •uhlr•ot o no and bronth (of,., 0) 
' SPL sot prlonty lev•l ..............•• 

Ttap & Jntemrpt 

Op Cede 

" ~·• Cede 

""""' """" 001400 
100000 
100400 
102000 
102400 
103000 
103400 

00,000 
002400 
003000 
001400 

101000 
101400 
103000 
103400 

000100 
004ROO 
00020R 
00&400 
077AOO 
00023N 

tMT omulator trap ....... . ........... . 
TRAP \rop ............ . 

104000--1()4)77 
l0440Q-104117 

BPT broal.poutt lrop 
IOT tnput}output tr•p ........... . 
Rll rolurn lrom int•rrupl ..................... . 

.. Rn return from !ntefrupt ...............•............ 

MISCUUNEOUS 
>IALT hall .................. . 
WAIT wolt lor onlortupt .. . 
RlSET r~ .. t exle."nal bu• . 

Cond•tiDf\ Codo O;Mr>IIDf\ 
CLC. Cl V, Cll. ClN. CCC <l•ar 
StC. S!:V. Sll. SEN, SCC sol 

" 

········ ........ 

OOQOQJ 
0000[14 -· -· 
000000 _, -· 
000?00 
000~60 

Pa¡• 

4-~5 
4-~6 
4-~7 

4·38 
4-~~ 

4·40 ... 
4-42 ,., 

.., 
4-46 

"' 4-48 

'" '" 4 52 

'" 
'" 4·56 
4·58 
4·59 

"' 4 62 

'" ·~ 4 G~ 

·~ "' ·~ 

"' w 

'" 
4 7~ 
4 15 



4.4 SINGLE OPERANO INSTRIJCTIONS 

CLR 
CLRB 

" 
o o 

Op.,"'"" (dst).oO 

Cood,1.on Cod"'" N '""""' 
l ,., 
V. cte."<"(\ 

e ele>"'"' 

o ' " 

•0!1000 

o 1 
·1 • • • ' • ' 

• , • 

Oo"""''""' Wo•~ Con''"'' ol '"""''"' d"''""'"o" "' "'''·"•d w.th ze -· s,..s. ..... 

E""""''· CL~ ~1 

Be• o• e 
(~1)•1>1117 

NZVC 
1 l 1 1 

•. ,,.. 
(R1)•C«.:OO 

NZVC 
o 1 o o 

1 
' 

i 

i 
' 

., 

complomont dst 

["'' 1 o • • • o j 6 • 
" • ' 

• • • 

COM 
COMB 

•05100 

• • 
• 

Cond>t;.n eoo .. : N· ,., ,, rnost ''~"''"'"""' bol o!'""'" " ••t '"'"'"" "'",......,"' 
Z. sot '' •esult" D. cloa<e<l otllefwoso 
V. ctwO<l 

e ''' 
On<riploon: ~eplo<e< the W>lenl> ol tOe de<tonotoon a<l<l•e" by '""'' to¡ 

''"' comp,.,moni(N "'M oquallo O'' "'' ot>d O'Ch b>t '"""'' 
to 1 '' cloaoe<l) 
ByiO S."'• 

BolO!" o 
(R0)•0\3333 

NlVC 
o 1 1 o 

" 

Alte< 
(RO) • 164444 

NZVC 
100 1 



1 

.. 

INC--::· 
I~CB: 

. . 

J•" o 1 

" 

• 

.. 

• ' • • • • 
• 

o.-····. (do\J..o(d>l) + l 

ComllO.n Co>doo: N~ 'ir. ol ,..,.,, " .<o. <Wa<od ·"'"""'''" 

E .. mplo: 

· ."!:..., ,¡ .r .. vtl ,, Q, <l<o•od o't-..,,;. 
. v; "'" Id") h<ld 011177 (wotd) or 111 (b;(l•_l 
.· ,,. ... d ~th ........ 

\; not >lfe<lod 

: W0<d AOtl Ono to.<,.,tonl< ol !l .. t .. nol;(¡, · 
,o,... S.n'< . 

• • Bo!o<< 
~(R1J~{l(XIl:l3 

NlVC 
0000 

.. 

INC rt;_ 

.,. 
(R2) • 000334 

NZVC 
0000 

• 
• 

, .. ... . ' 

1 
' 

DEC 
DECB 

•05300 

• • • • • • • 
" • ' 

Opo<•t;..,: (d<l}oo(dSI)-1 

CondüO>n Co>dn: N.'"' ol '"'"~" <ll <1<><«1 oth""''" 
Z: .... ol , .. ull os Q. <l<o•od o\t>efw, .. 

• • 

V .. , ol (d"J ,..., loo;)()O (word) cr 200 (b;(I•J 

''"""" "'"""'''"" C· not •IIKt..:l 

• 
• 

w.,.c. Sub"""' lrom ,,.. <Ont'"'" ol ""' o.stonot•on ""' ~ 

N ZVC 
1 o 00 

.. 

DEC ~> ... 
(RS)•(lO(k)O(I 

NZVC 
0!00 



NEG 
NEGB 

•OS40D 

1"" 1 o 
o o : o o • • • • 

" • , 

O,.or•l•«~- (dst¡.,. -(d•tl 

Condo!Oon Cod•: N «1 ol tho "'""" <:0, tl .. •ed olherwo" 
l: ""' ol '""''~''O.'''"'«! other..oso 

• • 
' o 

v_ set ,¡tOe"'"",, ¡QO:);.)) (woro¡ or 11)0 (byte) 
, ....... ""'""'"' 

e ct.a•ed •1 lhe '''"" "o. '"'o'"'""''' 
Doo.<~pt,.n· • W"'d ~O'pl•co• tho <onlent, ol tne de•lm•l•oo •dd"''' bj •t> 

two's romplo,.,n\. Note'"" ¡O()(o:<:J ., ••?1><«1 b, ,,,.,, (•n 
lw<l~ <O<npl...,ent no!a\oon '"" mO'>t no¡ol"'" na<>«< h•s 

M'"""'"' countO<oa<ti 

u ....... _ 

e,,.. S•m• 

~-· (RO)-OCO:l!O 

N l V C 
0000 

"' 

N[G RO 

'"" (Fl0)-117110. 

NZVC 
l 00 1 

', 

·1 
' 
1 

' 

1 

1 
1 

TST 
··rsTB 

•05700 

i•" 1 o o o • o 

,, . , 
Cood~oon Cocl.. N. ••1 •1 th• '"'"'' '' < O. e ~><ed oth.,....,,, 

Z: ,., '' •e•ul\ ''O. cleored otn.,.....,e V.,, .. ,.., • 
C.<'"''"' 

• • 

Ou<olptoon. w ... o S,..ts '"" oon<l•t""' co<lo< N • ...d z o«o<<l"'g to the «11'1 

'""'' ol the d•<Motoon •dd<ou 
Brt• s,m, 

t••"'lll.. TST Rl 

Bol.,., 
(R\)•01~340 

•nvc 
00 l l 

4·ll 

'"" (R!)•Ol2l<>O 

NZVC 
0000 

' 



Sh•M• 
S<olon¡¡ d•IO b, ''''"'' ol two ;, '""""""'.._, t>y tOe >h•lt onwu<l•<>n• 

TI><"'*'",., tt>ot 15) "' '"" -'""" ,, «ph<.1teol '" ''""' '" ,,.. <.ghl n .. ,.,.. 
""'" bol '' loleol .,,,h O'" .t. tu to '"" '"' B•" ...,,neo~ out .,,,,.e bol. """"'" 
'" , ... '"'"'"'"~~ ... mpl.~ .,~ l<»l. 

Rototo, 

'"" <otot• '""'"'""'" ., ...... ,."" ''" """'""'''"" ....,,~ •"<~ttoo e bot •• ll>ough 
lh•• '""""" a 1 7 bol ""cocula< """"''· -¡..,,. onWu<t•on• lot•<·l•t• "~"""'''' "'' •••'•"K and oel,.led bol """'P<Jioloon 

i· 

' 
t 

• • 

' 

o o. o 

" 
o •.•.• ' . ' ' 

ASR 
ASRB 

' 

CotHl~"'" CO<Ioo' N ••1 ol tn. n.gh o«<e< bll of lho '"'"" " oet ''""" < 01 

''""''" otn.<w., • . , .. ,., ,, '"" ""'" -o. <~•""" •• ~ ...... ., 
, v: "'•~•• t•om u ... (,,..,., .. o~ 01 t"< N b•t •"<~ e""'¡,.,., 
· by tne <=P'•''"" ol '"" oMt o,...oloon) 

'C- ""'<Jod '""" lO• O<<!of M ot "'" OU\oOatoon 

~iOn:' W<o<d Shol" '" "'" ot (too -tonotoon nghl """ pLM• 6•1 l~ 
-.,, '""""'"" 'Tn• Cbot '' lCOidod tro:om bol O ot IM d"l"'''"'" 

·' ASR ""''""'" ''g.....:t "'"''"" 01 tM d .. tonot"'n b' '"" 
Wo•d· 

o-• 

4·13 



ASl 
ASLB 

arlt~motic ohiU le!! oOG300 

o f ' • • ! •' • • • . ' 
(<10\).,0:d•l) oh•lled ooe place to-tno ''" 

• • • 
• 

Con<!~"'" Codn: N· oet ol hoghor,.. t.t ot l!>et<wll •• "',,..,..,,,<O~''""'"" 
<>!f>eno,.., 
l.''''' tho '""': -o. ,, .. ,eoJ oth'""" 
Ve IoM"" woth th< '"'""" 00< ol lh• N M •<><~ CM¡.,"' 
by the complol•otl of lh• "••11 opo<o\oon) 
C: lood<d .,,¡¡, lh< hoghordo• Mol lh< de>M•hon 

w.,..¡_ Sh"" •'1 t-I o ol IM dO>\fi>t.on !eH ooe l)loe• Boto" 
to.Ood wolh a o O ll>e CM olthe slatuo ••<l'd "loadod from 
lho mo>l Nml~>nl 1><1 ot tt>e de>t,n>to<>n. ASL Jl"rlorm> a 
"ttnod mun.¡>toe.ot•on olth< d•>"r..loon b, 2 "''" o•orll"" '" 
douhoo. 
Woo 

r-=;;;:;¡;;;;::::::y- {<J.r---1 ::;;:; •. :;;;;;. ;::=:::;1,1'" ·y o t...,-.- .... "'"'" 

4- 14 

1 
1 

1 
1 

' ¡ 
1 

¡ .... , o • 

Wo•d 

• ! o l . • • • • • 

ROR 
RORB 

•orooo 

• ! • 1 
• 

N "\ <llho holhD<ÓO< bol<>! 10. "''"""sol (ro.ull ., 0). 
clo.,od ot.....,,.. 
l: ><1 ,¡ oll "'" ol town-O; <1 .. ,.., "'~"' 
V, lo>ded "''" lho [.clu"" 00< ol too N M ond C t>ot (•• ''' 
b¡ lho compt•t•on ot tno '""'' ope<aloon) 
C- ''"'da:~ "-lh ,,.. "'"o•<ler bol o! lho d«l•n•l•on 

Ro,.l.-; oll b•lo ol '"" d"'""•lo>n "o!hl o,.. Plo<o B•t O" 
"'•dM •nto 11•• C bol on;:l \ho P'"'o"' eonlonls ol tno CM 
"' IOo<l«l '""'M 1~ ol 1..,. <Jé<t•not•on 
Byto· S->m< 

[j.H. 
Byto 

" .. L. -O·_j' • 
L.._ DI--" 

4-15 



' ' 

ROL 
ROLB 

rototo ltlt 

• 

....... 

' . • 1 o • ' ' • 1 • ' ' 
• • 

N. ~ ol '"~ no&n-O<do• 1>1 ol lho dtsMa\oon '' 0<1 
(r .. ul! <: Ot oO•rod "'""'"""" • 
l. ,., ol oll bol$ ollho O .. Mohon • O;<'"""" otn.,....,o 
Yo toodod .,,¡~ tho E«luo••• OR ol tho N M on<l C·bot (o• oot 
by"'* complot>"" ot lhe t<>hlo OPO<•I•on) 
C: load.., wolh u ... 1\olh<l"<l .. M o! 1 ... d"hnot.<>n 

WO<do Rotote oll bol< oltoo o .. tonoloon Lol! on• l>l><o. Bol 1~ 
os loado~ onto tht C bit ot tl>o •lo tu• '""" ond ti>o "'""""' 
contonto ol 1,. C-1>1 oro "'""od onlo Bot O ol lhO d«l1<lohon ....... 

W0<d: 

" : ' 1 ,, 

4-16 

1 

1 

i 
1 

1 

i 
' 

1 

' ' 

1wop bytn 

h • • 
" 

Edmpl"' 

SWAB 

000300 

' • 1 • • • ., . • • • • • 
• • • 

Byte liBylo O .Byto OIByoo 1 

N. <ol ol h•;:h "'~"' M olio" ,.~.,.. tryto (M 7) o! .-11 " '"'· 
c"'••od otn.,...,,. 

l: '"' ol low o'lle< byte ol rewlt -O. cloorod olt>eno••• 
Ve cleo•OO 
e cte"<d 

l•<"'"g"' "'"" o•d« t>yto oM ¡,... "'de• byte ol t"< d•><•n> 
Mn ""'d (dnM•I•on "''"' b< a ...,,d •ddro,.). 

~ .. 
(RI)•OI7111 

NlVC 
L 1 1 1 

4-)7 

SWAB Rt ... 
(R!) -111571 

NlVC 
0000 

' 



M~"i9~< l'roc.,lon 
11 '' "'""'Iom .. no<:<,.or¡ lo do '"'Omel'< on ope,.nd> oon,,d.,O(i " mul\opto 
""'~' or l>yleo 1M POP.Jl mokoo IPK<OI ~O~ Sien lo< tu<!> opo••l•on• "''h lOo 
ono~uchOM AOC {A<I<I C""l') o'l<l S6C {S...bho<l C.ory) a.-.:1 '""'' b .. e OQU"O· ,nt,_ 
Fo• "'""'piO two !!;.bol ""'•d> m.oy be oomboo«< '"lo o J1 o,¡ doublo PI'"''"" 
- o'l<l oóclod"' -racl«l oo '""'"" bt"'" 

... ~-
~·- " .. 

• 
"'-1 " -,, ? • 
"'"' 

" • • 

Eumpto-

Tho !ldd•l'oo o!-\ ond -1 eould be por!ormed "Tollo,.. 

-1 - 31771771177 

· . 

• 

{RI)- 111111 (A2) • 171777 {RJJ • 111111 {R4) • \11711 

AOD Rl,R1 

= " AOD R4.Rl 

L All« (Rll OM (R2l ''' o~dod. 1 " l.,.dod ,n\o lho C o,¡ 

2. ADC on$Uu<lo0<1 oócl> C bollO {RJ); (RJ) • 0 

J (RJ) ond (R4) ••• odded 

4 Rnul\ '' 377177171760< -1 

4-18 

! 
' 

• • • • • • . , 
(d>i).(d"l + (C) 

• • 

ADC 
ADCB 

o055DD 

• • 
• 

Coood4oon C<Nt .. : ro ,., ,¡ '''"lt <O . ., .. ,""' .,.,....., .. 
z .... ,, , .. "" -O: tl•••od ............ 

[u,.,pto. 

Y ,.¡ '' (d>t¡ "'' 011111 {,..,rdl cr 200 (bylo) 
ond (CI "" l. ''""od "'""'~'u 

e ,., , 1 (du) .. ., 1 nn 1 ¡.,,,.d) •• 377 (b)"'o) 
,...:~ (C) "" 1: < ....... , ............ 

Add> lM oon¡,..,¡, ol t"< CM onlo tOe de"''""'"" TM.,., 
"''" tho un)' lrorn tho odl!•t•o-n ol the ">* o•dO< word$ lo be 

<<><"0<1 ,r,to IM h•""C"'« '""'"· 
&yt. s,..,. 

DoutH• ""''"00 •d~•l<>o ""'' be do.-.."'''" tl>o follo"'"il 1n 
''"uctoon >OQutfi<• 
.0.00 .0.0.00 
AOC BL 
ADD A!.Bl 

a<ld ,.,.._,.d.,,.,,. 
a<ld <-o rey onto l>ogh«do• 
O <Id ho~h ooder p.o rt• 



SBC 
SBCB 

•ubtroct Ca<<'/ 105&00 

f" 1 o 
o • ' . . • • • • • • • • 

" 
. , 

N: ••t .r r~<ult O, <1<'•""() otiiN"'''" 
1 . .el'' rosutt tJ. c~oorod oth<"'''" 

• 

V; •et of (d") w>S tQOOOO (WO<d) Of Z00 (byte) 

<learod oth""'"" 
C: >N tf (d") '"" 0 Orld C ,,,; 1: CteareO otn'<w"~ 

Wo<d· ~01 .. •:1> \Oe <OtiiMI> ol '"" C b1\ !r<>m lho d<I\IM 

toon TM !><'""'" ,,. co•ry trom '""'"""'''""'o!"'"'"" 
"'""' ""'"' to b< '""'"''""''""' tno h•gh o<d .. pa~ ol th• 

'"'"''-llyte Samo 

SUO AO.BO 
SOC Bl 
sua At.Ot 

SXT 
U•ed on the PDP·II/34, ll/45 and ll/55 

olgn ol<lo""' 006700 

" 
• o • 

• 
(d>t) • O i! N bot,. <loor 
(dst) +·1 N M" ••t 
N, unolle'etod 
Z: sotol N bol <loor 
~: cloa,.d 
C: uno~eoted 

• • • • • • , • 

lf tOo coM•hon codo b•t N " sol \h.,.. o -1 o$ ploted m \ho 

"""'"'''"" ""'"''"" ol N b•l " cleo,, t ntn • O'' "''"'' '" l"• 
d"'t•n•t>On Opo<"'od Th,, '""""'''""" P><'boo.olo•l< u«M •n 
multoplo p<r<.,.on '"'""'"'e ~>e<•u« ot pe<m,n tho •·~" to 
bo e•lendoó Wough mutholt """'' 

"' 

.... ,... 



U>odonlhoPDPll/34 MFPS 

movo by!~ fmm proceS<or ''"'"' word !06700 

l ,,,,,,.;r,, •••••• ¡ 
- 1 ' ' ,_____.__,---l_:_j~_____._____. 

Operatlon' 

Conditlon Cocle 
Boto: 

homple: 

(d•tl ~ PS <0:7:> 
d•llowor B M< 

1'1 := <e\,¡ PS M 7 = 1¡ cieared otMrwlle 
Z =>el o! PS <_0:7> = 0: cleored othorwi.e 
V= cl .. <ed 
e= not Mloc~<d 

Th~·a M oonl6nto ol tho'PS a<O'm<Ned lo <he e~ec­
tove doslo,..tlon.'l! de .. inatoon onnoclo O. PS bol 7" 

·.,gn'«tended through the uppor l>)lle o! lhe <l¡o$!<>. 
The d"'hnatoon opo"nd odd! .. , is lreolod O< o byte 
oddr•"· 

MfPS 1W 

bol ore o!ter 

RO [O] RO [000014] 
PS [000014] PS [000014] 

1 
1 

1 

\ 

1 

1 

1 

¡ 

MTPS Uood in lhe POP-11/34 

move by\e lo procenor statu• word• 1064SS 

• • • • • • 

PS <1):7> - (SRC) 

CondHkm Codeo: Setoccordong to ofle<l•ve SRC operend ~its 0--3. 

One<Jptlon: The 8 bil> of the effi<IIVI oporond roploceo th• cur· 
rln\ oontent> o! \he PS <0:7>. The >oUrco op•r•nd 
oddr .. • 1• lreated no byle oddren. 
Note tho\ the T M (PS M 4) Connot bo •M wit~ l~io, 
lnw"chon. 1h• SRG. oporond· rernoin. w>el\.ng<d. 
T~,. lnolrut~on con !>o u•~ lo c~on¡o \ho prioroty btto 
(PS <5:7:>) on t~e PS. 

4-n 



• S DOUBU: OPEIIAtoO INSTRUCTIO+IS 

Oouble opo<oO<l '""'"'''o"' P""ldO oo ;""'""''"" (aO<l t•mo) "'~"!! lwlly 
,, 0, 0 thel el•mln•t< tho nee<:l fo• · lood''o<><l .. .,, .... qu«>c"" such " !hose 
u«<< on oocu""'loi<><-<>"Onle<:l ma<l>"'"' 

4-24 

MOV 
MOVB 

move '"""" lo dest•n•l•oo 
ussoo 

• i . • • 
• " 11 

N ,.¡ •1("'<) <0. c10or«1 
l .. ,,¡¡,")-OciO"'e<:l v_,, .. ~ 
e not off«le<:l 

• • • • • • , • 

Wo•d Mo,., '"' •ou,.-e OP"'>"d lo tho d"'''"'''on IO<•l•on 

Ttoo P''""'"' <>"'""'' ol lho ""'''"""'" '" loOI Tho <0<1-
tent> ol tM ""-'« ood•e" ••• not a!lo<tod 
llylo, Som• •• ... OV Tho MO\IB t<o o"&'""' {tln<¡uo omong 
I>Yl< '"'''""·""') ''''""' tho ma$1 >•en• l~anl M al t he low 
ord« b)'t• t••gn ,,,..,.,onl O!ho""''' MOVB ooo•ot .. oo 
bytn .. &<IIY., MOV ""'"''"' on wO<do 

MOV HX Rl : l<,.d> R'!:'"" l "''" lhecon 
lent< ol ,..,..,,,loco han ~~X <OP<esents o t><owommor de 

''""" "'""""'"'' "'"' to ropr.,.nt o momO<)' tocol•on 

MOV •:?O.IIQ : \oolb lho numt>or 20 onto 
Aeg'"'' o-... " '•"""''"' lhOI \he voluo :?O'''" oporo~d 
MOV@tt20,-(A61 : puohoo lho ope<and <on 

too".O '" '"'""'" :?0 ooto tl'oo •IK> 

MOV (R~l + <)t # l 71>66 : po~s '"• OP"< >nd off th~ Sloek 
and '"'"'"' '1 ·~lO ''""'""' locoloO<O l 71566 (\em\1001 pdnl 

""''"'' 
MO\I AI.RJ 

"~''"' '""''" 
¡>«<Ioom• on '"'•' 

MOVll @"llllo62.®'"111~ ,,.,.. •• ,~ .. 0<!..­
''""' ""'""-'' •.-,Ma<d bulle< lO,.,,.,,.,., pn<>W .._., .. , 



CMP 
CMPB 

comporo on: to dst •ZSSOO 

" 

1 

• • 
, " 

• • • . ' 
" ""' ol 'O<Uil <0. cl .. <ed OU>e""'.O 

l .. , ,, "'"" -o. ,, .. ,ed "'""""'" 

• • • • 
• 

V,,_, ol ,,.,. ""' o"tllm<l•O """rl1<11< l~ot ''- Of>O'ond> -· 
ol op;l,,.,,. ••&M >nd lh• ••gn of '"" d"tonat•on "" '"" 
"""''" :oe ''"" 0 ~ tt>< '"'"''· cleorod o\,.,.,,.,. 
e <'<••od ,, "'"'" "" • u•"' 1<<>"" '"' ""'" ••g,.lunt t>.t ot '"" '"'~"- .. , .,,. ....... 
Com!>o•"' U>e .w"• •oD do"'"'''"" op«•od• •"<l ""tOe 
condobon """""· wMh ""' ¡,..., b<- ut.«l 1>< '"''""oto< ond 
IOR•«I condotoonol b<Mth<! Both "P""nds "" un.~lfe<lod 
)he ont, acloon '' to >e1 1"<' Coe.dotoon <.OO"' The comp"e" 

'"""""'''' lu'l- by o CO<>dotoON!I t><ooch '""'"'''"" 
Noto lhot """' 10. >ubtra<t rns\<<>ttOOn ,.,. O<(lo< o! <>¡>«· 

"'"'"" h«)-(d>l). not (chl)-("cJ 

4-26 

i 
! 

·\ 

1 
i 
1 

1 

.. 

add ore to dst 

• • • • • • • ,, " . ' 
Condot>On Cod .. ; N ><1 ol "'"" ~o ,,, .. .., "'"'"''"' 

l ''' ol re>u11 • O, cto><t>d otOo<w;,. 

ADD 

I)(;SSOO 

• 1 • • • 
• 

V ''' ol !t.,..<"'''"''"""'''' """rl""• "• ,....,11 of \"" -· 
•h•~ th•l '' 1>0\h op«•no:l• ..,... of \,.. ..,..,. "gn >o\d 11>< 
"''''1 ,.., o\ \hO OP1>0"'" ••gn, ,,.,.,.,.; "'"""'"" 
C· ,., ol the<e "" 'oa•"' lrom thO mo>l sognol~ant bol ol ,,.. 
'"'""· <>""•1'<1 olho,,.,,. 

~O<;ptlo"' M<l• lh< "'""' Op«>no:l to thO d"'t•natoon operon.:l •nd 
"""''O he roswlt al lho <;I.Mtono\oon •ddr.,, Tl'l< orog•n>l con 
'""" ol the d"'''"""'" ••• tos t. Tt>o wnt..,ts ol the '"""" 
"'" ""' alloottol:l T wo'> compl""""\ •Od•lo<>n io .,.,.-lormod 

ADO ZO,RO 

"<<d to memO<)' AOO Rl.XX~ 

AOO R¡.R2 

Add memory to '"""""'Y AOO@ • \71>0.~U 

•••" a~"'""'"" dolo,..,""""""""'''" o memory toco 
hon. 

.,, 



SUB 

" 

Lumplo 

16SSOD 

o 1 ' '- • • • • • • ,, " . ' • 
(Osl)...(d<t)-(>"'l 

N ""' ol "'"" <o. cle>cod "'"'""''" 
1, ••• ,, "''"" - tl ''"'"" .,, ..... ,. 

·. 
V .el or tt•<fe "" 3Hthme1" o,.otiOw " a «>Yit ol 1 hO o~" 
11.0n. thal" ,¡ """""d' ,..,., of oow;••• <•ij"O '"" lk< "g" 
Ol H>< ,..,..., .. wU 1M"'""'><, .. <•gn Ol IM oe;uL!, cl .. ,.d 
ot ....... ,. 

. e '''"''" ,, .. ,.,. "'' • ""' lrom tho mo,t ''""''"'"' "" o> 
tho '"'"11 ,.¡ olhe<w"' 

SY~I .. <t< ,,. '""'« 000"<>'><1 ''""' , .. ""'""•I•CO """'""" 
o'l(l '<••es 11>< '""" oll,. d"'"'"""'" >dd•"''- T.,. o••&""' 
<ontonts ol '"" d.,;tonot;;m "" "'" lht eonten" ol ,,.. 
>ou<e• "' noo •llO<ted 1n doubt< oree•""" '"'""'"'' lh< C 
b•\, when "'· ond•c•l"' 1 ''!J<KOOW' 

a,,.,. 
l~ll•Olllll 
~~~~ • Ot2JAS 

NZVC 
1 1 1 1 

"" 

lll<r 
(Rl)•Oillll 
(R2)·0012JA 

t.z ve 
000 o 

' 

1 

1 

1 

1 

1 
i 
1 
' 1 
' 

1 

loglcll 

"'"" •n>l•u<l"'n< "'"" ll>o ""'' Ioom" •• lhe dOublo operooo;J '"'hmet" g<Oup" 
Tt>oy porm,¡ opeoal<>ns on doto ol tf>o t.t iovef_ 

4-2'1 

- . 



BIT 
BITS 

bLI tnt 

Opor,bon: 

Condlhm Cod"'' 

• ' o 

1 • • • • • • • • 
" " 

N >01 ol h.gh ord« M of ••<oll <et: ''""'d oo-.,..,o 
l· '"' '' '"'"" -O cl•••ed ou-.. .... .., 
V_ ciN<~ 
e- r101 oT<e<ted 1 

P<rloim, logrúl ·. •nd"«•"P"""" ol U>o ;o urce OM ·d.,¡¡" 1', 

""1•0"1 Op<'Ondl ond modrl•e< o<><ldrlron "•lo•> oao•drngt,_ 

,.,,,.., ""' -·u no< óe>l""''"" """''""' "' olloo<t«l 
Th< BiT '"''"><l•on m.,.~ u!.<d to ''" •~><~""' • ...,. ot tt>e 1 
<o"''"""drno¡ t." 1""1 "" Hl on '"" do11'""""" oro o M $01 

1 
on ti>< s<>o<co or whoth"' oLI """"'p<Jndong M> ""' on "'"do$ 
l•ool•on "'' '''" on '"" s<>u<co 

'" lf30,Rl : tnt bol> lo"'l 4ol Rlto ... 

rt bolh '"' oll 

' 
1 

i 
(30).=0 000 000 000 o 11 000 

1 
' 

4-30 

BIC 
BICB 

·~ssoo 

[o-· 1 • • • • • • • • • • 
" 

OporobO.,· 

CondltJo• CooHo, 

" " . ' . 
N ••t ,¡ hogh o•d<o" t>t ol '''"" ,,¡, """'"" ot'-"••• 
l ... , of '"'"'' -0. clearod olho,.,,. 
V, el .. red 
C not o!!ocl!'<l 

,Cioor, .ach bot on tM ,.,¡,,..,,on th•l corro•pond, to • '"' 
t>l on 1'< "'""' The .,,~'""' co•Honl• or !he ""'''"'""" .,. 
''"' TO. oonlonl> ol tho "'"''" ,,. unollo<tod 

aeto" 
(Rl)•001234 

(R4J-00llll ( 

N~ V C 
l 1 l 1 

IJelor~: 

Alter: 

BIC R3 R4 

APto< 
(R3¡-00ll34 

(R4t•00010l 

NZVC 
o 00) 

(R3¡,Q 000 00! OJO O!! lOO 
(~4),.0 000 001 001 001 001 

(R4)==0 000 000 001 000 001 

4-31 



BIS 
BISB 

bit set 

\e" ' • 
" 

Do«<lplion; 

homplo-

•SS SDO 
• 

1 • • • • • • • • • • • 
" " • • • 

N "' '' "'"" ood., b•l el "'"" '"- '''·""" .,,...,,., .. 
z "' ,, '"'"'' -o''''""'"'''""''' 
V (lo.-..:1 

e not •"..:'"' 

P""otm> "le<"'''•• O'l o<•">l•on """"'" tOe "'"'" anJ d .. ,, •• ,.," • .,..."", • .-.~ ...... ,,.. '""'" ,, '"" """'""b"" 
add"" \h•l o;. COHO<¡>Onó>"j! t><\> >01 oO the ""-''"'">el 
'" lho de>tln>hon Tt.e <onlont, ol lhO <le"'""'"" ••• lo•l 

••• (R0)•00!23' 
(Al)-0011!! 

Belooo: 

NZVC 
00 00 

"""' (RO) • 00123<0. 
(R))-00\ll~ 

N lVC 
0000 

(R0)=0 000 001 010 Oll 100 
(Rlt=O 000 00¡ 001 001 001 

(RI)=O 000 00! Oll 011 101 

"' 

1 
1 

l 

1 

USe<! in \~e POP-11/34, 11/45 ond 11/55 
XOR 

074ROD 

• • ! • • • • • • , . . , • 

Cood•l•on Codn· N ''' d 1he '<>ull <O Cl<<'<d othO'w•>O 

z "' '' '"'"" -o· '''-"'d otn.""'" V,, .. ,,.., 
e v"'""''e<~ 

O"'"'ol;oo: Tho ootlu"v' O!> ol toe ceo·<'" >nd ci<>I•O>t•on O<>•"nd ,, 

""'e1 on th< d.;t•not•oo ><ldoe" Co'"'"" ol , .. ," .. ,,, 
u""!"'<'od A, .. _., "''"'" •> X O"~ O 

s ..... 
(R0J•OO!H4 
!R2i-00ll!l l 

lk!o•o: 

Ao1..­

(R0o·OO!U4 
(~21- C>:.<Jl2~ 

(RO)=O 000 001 OJO OIJ lOO 
(~2)=0 000 001 001 001 001 

(R2)=o0 000 000 O!! 010 101 

4·33 
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BNE 

- branch r! not equal (to nro) 

joooooo 

001000 Plu> o!het 

OHS(T 

" 

• ' 
f'C • PC + (? < oti>Ot) rl 1 

r .... lht ,,.,. ot '"" l 1>1 ooo '""'"' • ~"""" ,, '"• l "'' " 
;\e" 9NE" ''- oomprerr•<.c,ta')' o,....,,,on to 8[Q 1< "u<«< 
lote"' rh..ilu•l•ty lollow•ng, CMP. to •••t lh•l ''"'"' t>¡, "'' 
rn ti>! d"M•I•M w.,.o ol<o on 1"" >6vrce loiiO,.,ns • BIT, 
-'ru;l g..,..o,y, to ''" tMl ""' ••<ul! ot the "''"""'' 0.,.,. 

"'"'" ..... ""' "'" 
CMP .11 B 
aM e 

ond lh< '""""'''" 
AOD .11.0 
e01E e 

""'' br>nch toe rf A 

"' 

• 

: compo<e A ond O 
: br>r><h rl lhey "• nol oQual 

:odd.llloB 
: O•oncn '~""' '"'"11 is not 
"""''!O o 

• *. 

1 

1 
1 
1 
' 

1 
' 

" 

h•mple: 

" ' 

o o o o • 

CMP -'B 
BEQ C 

• 

..,¡¡ b'l.-.:;h to C dA • O 

ond IM '"""""'" 

ADD A.B 
BEQ C 

BEQ 

001400 Plu< ottso¡ 

OHSET 

• 

: tomDOAt A o<>d 0 
: b<ooch rltn..,. o• e «:¡uol 

(A-B·OJ 

:od<IAtoB 
: bunch rl lhe "'Wit -o 

""ilbron<h!OCoiA .. B·O 

,_. 
"' 

4-31 
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BPL 

Dranch o! ¡>~u• 

" 
o 1 o 

• , 

·PC.PC .o(2oort>etl•IN•O 

100000 Plu• o!tsel 

• 

l<>l$ ¡~0 >late el tOo N·Drt ond ~""'"'o brooch r! Ni< 
cleor, (pcso,.ve '""'tl-

·~ 

1 
' ' ' ' 1 

1 
! 

! 

i 

1 
i 

1 
' 

i 
! 
1 

1 
' 

' ' 

.. , 
BMI 

\1<0 JICio il minus 100400 Plo>o o!foet 

• 
• • 

Te>ts tho •tate olthe N-M on<l o:;.ousn ~ br•n<h if N io 
ser. 11 " used to teU tho ••S" (most Olgn,rocont bit) el 
the result o! \he provoous opoorotion), bronohong '' ""~­
otrve. 



BVC 

b<anch ot o•ertlow i1 Olear 102000 Plus orloot 

[•
1

o o o
1

o ,CHSH 

o,-.,;,., 
' ' o 

PC.-PC +(2•ol ... l)•IV•O 

Toototno '"" or u .. V M a~d '""'., • """'" •1 tho Y bol" 
<leo•. BVC "complomon"'y oOO<>ho.> lo avs 

.. o 

' 
1 
1 

BVS 

branclo if Ovorllnw o< set 102400 Plu> ntlsH 

1 ' 1 o o o o o 

" • • 
PC,.PC • (2<ollw\)o(V•I 

T•"• \hO .,,,. ot V l>l (O>'e<llow) lnd """"' • """"" ol 11'>< 
V ho¡ ",.¡ B\OS o$ u...O to delecl .,,hm"'" o,.,IO>w '" ihe 
~"'''"'' o,..ot,on 

4·41 

',) -



BCC 

• 
" 

' 

o ,o 1 1 o 
• • 

PC 4PC· + (2<0it.et)o!C-0 

Te•" tho •'•" ol the e "'' ond ""~' 0 b<""'" ,¡ e " ,, .. ,_ 
BCC '' 11>0 '""""""'"""'"'._,,..,o lo BCS 

• 

" ' 

BCS 
bronch ol carry ,. •el 103400 Plus a""' 

• • • tHSET . ' • 
PC4PC + (2•oiMt)oiC•i 

T••" '"• """ ol !he e "'' •nd ''"''' a ~><•oc" ,, e ., ,,, 11 
"u•od lO !O'! lor o <a<ry on lh< resoli o! a o•ev•Ou< oper 
ohon 

4·43 



' 

Slgnod C<IM~oon .. B<...Chu 
Port•cul>• comboNl•O"' of lh• eonol•l""' <00< I>U ''" te<l<d wolh ¡,_ <<gnod con­
oi•110MI to<ontl>••- T!\oo< '""' "cbon• ••• u><d 10 1«1 1"" , .. u,l< ol on<l•'-"'1"'"' " 
wl11ch thO opooondo ""'" ""''"d"'<d •• ••gnod (1""' < complomenl) volu" 

'-ole lh01 IM ,.nu o! ••gne<l CO"'P'"'""' doll"'' Ioom lhol o• un.,~n•d tom 
~"''""'"' 11\01 on ,.gr><d 16M. two·• eompt-t '''"'"'"'~ lhe '"""""'"o! 
votuos '' •• iollo~ 

""'''"" 

011171 
071116 

-· ,_ 
111177 
!11116 

!11111 ·. 

... 

1 
1 

• 
' ' ' 

1 

• 
' 

BGE 

bronch il 8'eaoor !han 
(lo <<<U) 

or oqual 002000 PJuo orl >el 

o 1 o 

" 
OpwoUon: 

• • • • • 
' ' • 

Cau<e< • b<AO<h o! N ond V''""''""' both cl<A< oo both ><'1 
Br.E" tho rompiemenlory opeoal•on lo BL-T. Thu> RGf """ 
o<wo)'S c•u•• o b""'" wh<n •1 !olio"' on opeoot•on tilO! 
uu><d •M•!.:>noll.., po<>l•"" """'""" BGE ••llal10 """' 
• t<oh<ll en • ,.,.. or\u!l 

"' "' 
4-45 



BLT 

bronch il !"'' than {<ero) 002400 PI u• o!l•et 

o o o o o ' OffS{T 

• . ' ' 

C•u"" a"""'" ol tl>o •'(ocluwoOr'"ol lt>t N ond V~·""'" 
\, Thus Bll '"" ''""' Dronc~ lolln,.ng on O[><'OioM lh>l 
odd<'d two MI'''"' numb«s. """" ol oYOrl'o« o>ccutrod. 
In ,.r:cul.,, Oll ~¡¡ ''"''' ""'" o "''""" of •1 loliow• 1 
CMP onstrucloon """"''"1 on o ""i''' .. >Ourco ood • ,..... 
"'" dostmahon (<V<n ,¡ .,.,11ow oocu"od) fu"""· BLT "''' 
,.,.,. oou .. 1 Oronch wMn o\ foUOw• o CMP ln•l•uctoo.-. oper­
ohng on a pOS>Iov< wurce ond negot"• ~hnoto<>n Bll ..,,¡ 
""' ,.,.,.. a boo"'h ,, tM ,.,..... ol 1M~ ope<oMn ""' 
Te<O ("•tl>out """rl;ow) 

... 

l 
1 
1 
1 
1 

i 
br•nch i,l ¡zeot•r tnon ¡,.ro) 

io 1 oooo 

" 
' . ' 

BGT 

003')00 Plus ofl<ot 

or•SH 

' 
PC .. PC +(2•oll><l)oll•('I•Y)•O 

Oooaiplhon; Opo,.lc>nol BGT" ........ to BGE,ncopt BGT ,.., ""' ''"'" 
• ll<onth on o .oro , ... 11 

-::; 



BLE 

bronch if le" !llan or oqu•l (lo >ero) 003400 Prus offset 

., 
OFFSET . ' • 

Oporotoon" '""~"' :O BL1 OIJI •n od4oloon "'~ cou>O • 
b<an<h rt 11>0 r .. ul\ ot thol>'•'"'"' ..,...atoon ,.., '"'" 

"' 1 

' 
Unol¡nod Cond~ionol a,...,n .. 
n,. Unsogn<d Co<><M•on01 B"n<I>M on><id<o o m .. no t.,.. '""'"l! th< "'"" ol 
comp><o<M O¡>O<o~or" In ""'oh l ... -·OOd$ aro c""IOd .. ed ao ""''~.....:! '"'""' 

' e 



BHI 

bronch of hillhor 101000 Pi u• ofho! 

1 1 o • 
" 

(l¡Mnoflon: 

• • • O OH!;ET . , • 
+ (~oolt,.l)ol C•Oon<IZ-0 

C.u ... o b<•noh ol !ti< ..... "'"' oper>boo'\ Uu$od n.,lhoc o 
<>'ry ..,.. • roro rowlt TM will hoo¡lpen on ""~"''"" (CMP) 
ope<oi•On>., Ion¡¡'' !he "'ur<oo h" o noshor ""''~nod "''"' 
l"on tho "'"'""''""-

' 

1 

1 

BLOS 

bronch ol ,.,..,.,, o< somo 101400 P1u1 """'' 

• ,, • • • 1 
• • 

+ !:looii .. I)<IC•Z • 1 

e,..,, .. o b"n<h 11 lho P'"''"'" OP<'•olon <O<M"<I •·lf,,. o 
c.,rv or • '"'" rosul!. 6LOS •s 1'>< <O"'<>'""''"'"' 0.,..,,,.,., 
lo 6HI The b<oO<h -.di O<Cvt on «>mP'"""' -rotoon•., 
l<>n8 O< lho «>Y<ee •• oquol lo or ho• o'"""' un>•gnO<I "fue 
lhon 1"" dutonot•on 

4 ~~ 



• 
BHIS 

~ranch it hrg~~' cr s.a~ 1030\l0 f'lu• efrsot 

•• 
o o o o 

' 
l OH&l 

• 
PC~PC •tl•ot,.l)rrc~o 

BHLS" IM """ rns\<octron •• BCC Th•• m'~mon" '' •n­
<luOM ""'' tor <M•••"•"" 

' 

BLO 

branch i! ~ower 

"""'"'""' 
""'"'"''""' BlO" um• :no)ru<lron •• BCS. n,. mn<mon.< "-"<'"<!"' 

<trly tor <o""•n••no•. 
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JSR 

jump lo oubrout1oe 004RDD 

o 1 o 

• 

Oponli.., 

o o o o 

• 
[~· • • • • 

• ' . o 

(PC Mld> '"'"'"" lollo"'ng JSR. th" •ddr<" 
oow MI '" ·~1 

PC•(dot) (PC """' poinU lo sub•outon~ d~<lonotion) 

In eo..Cui><>O o' 11>0 JSR. 10. old <Onlen" of '"' >00'<•1•«1 rog 
1Stor (!no "ltf+KAG( PQ,NllW) >'< outomat""'' pu,hOd 1 
ooto too oroc"'"" '''" ar>o:l now hnO•s• m'"""'''"" plaoO'd 
.n , .. ''1!"'"' u.,, wb<o<J!".,.< ""''"" "'''"" ouboouh""< 1 
oo '"' d<p:n "''' ,, """"'"' "''" '"' """ ''"'--:• ~<&•"''. 
lhm " oo need e :h« to pl•n 1 h• """'""m depth " "'"''" 
'"' ~"hcul>< oub<o.JI'Oe """ bo call<'d"' to >'><lu<l< '"'''"' 
''"'" on o•::h r<K>Ime lo •••• and <e>lo•O !he hn"ll' p<><nl.,. 

Fu'l-. ><n<e '"'"'''ll'' "' ,,..., '" • '"""'""' """'""' 
on tn. P""''""'' ""'' ""''"'"'" ol • outxout.,. moy be on 
torrupied. 1¡, ""'' >ub•oohn• •eenter«l >nd •'"""''" br '" i 
on 1< ""PI ,."'~• oouto'>O E •O<Uioon ol lh< "''''' wbt<>uhn< 1 
'" U>M be'"'"'"""-~ otnoo ''"1""" ><o "'M'""' TI>•> 
p<ocos; (o.IIOO oo>"n;¡) coo P"'<•od 10 >ny 1 ... 1 

' A <U!J<Ou!«>< r..o<·•d wtl'- • )$~ <ei d>l ""''UC!>On un dC<"I : 
"' .. gumec.t, toU""'"" ti>< calt ..-'" ••'""' '"'"""'"""'"' 
add'""'"& t•o;l • , (•1 "g""""" ••• JC<«~ "'qu.nt•>ltr) 1 
0, by'"~""" "'"'""'""· X(oey_), (<1 "''''""' '" ••ndom o• 
d"') ln«e od~••"··•g mod•• m•y ·""' bo d•lm<d 1 
1<!1«~) + "'" @>:i•'>ll •' tno ?""'"'''" '" """"'dad 1 
d•.-.><> r><ht< '"'" tne op<'<O~d< tl><m>el••• 

. 1 

' 
1 
' ' 

lkt!ore: 

Alter. 

!SR PC, d><" • 'p<c"l "'• ol the i"D~ 11 >uboout'"" <elt 
•uota!¡J, loo sub•oul•OO C.ll> that !""'""' p.-amo:." 
lh<Ou¡¡l> lho &«>"' >1 'O!J:"I"' Tl>t SP ~.-.~ tl>t PC "'"'"' only ''!!"'"'' IMt moy be modtlood 1>y th•• o;;oll 

Anolhor >P""'' <••• ot th< JSR tn>tr<>etton " JS~ PC, 
@ISP) + wh~l> ••<"'nge-s tno top .,....,..,, ol tho 1><0< .. "'' 
"''' ~nd m<contonto ot tt>o ¡w~'"" c<>.<ntoo_ Uso ot '"" 
tM,uclton olio,.. two '""'"'"' to '"'P ¡wo~o•m Contool and 
'""'m" ope•alton wnon •ocallod wn..-. lh<')' l<ft oll_ Such oou 
'"'"' aoo c.ll<d "co <Out•""• · 

~<tuon lrom o >ub<out'"" "dono Oy tt>o liT S tnstr<>etton RTS 
••e '«•~• tho conlonl> o! '"!! onto the PC ..,, wo• tt>e top 
ol<menl ot the P•O«"<" ,•l•c• onto the >p<'<tl•«l '"i'""· 

JSR RS, 5911 

,~, "' St•<k 

"' " 01\TA 0 

RS # 1 

~T SOR 

~6 " ~ 

"' 



> 

RTS . 

rtturn from oubrout1ne ~~· 

o 1 o o 

" 

DH<rlpt;on: 

Exomplo: 

Befo ro. 

Alter. 

' 
o o 1 ' ' ' 1 ' ' 

o 1 o o 1 o o 

' ' o 

•~d pops !~o lop elo.,.,.nl ol Load• <Qnl<nl< ol reg K'l\o PC 
lhO proce>"" sl>ek onto !M'~"'< 
Re\urn !rom a """ ••.ot,.nl < 
tn<ougll ll>e .. .,. ••il'""' """ 
wb<ru!<M coBod ~.:n, JSR PC 

.... o '"1!"'"'· 
ub<outono '' l)p oolly mado 

"" """" on '"col! lnus_ o 
. d>l "''""''"O RTS "C Md 
115. d<t, o '"broulono c•lleO "'"' a JSR 

""''"" ,.,¡¡, odd<e>Son~ modos 
a<>:t l<u11y e"l< "'" >n RTS R 

(115) +' 

' 
may ~'"' up P"" 
~(RS). 0< @X(R51 

RT5 R5 

{PC) R7 "" Sta<' 

(SI') " DATA o 

" RS PC 

"' 
R5 n 1 2 DATA O . 

" 

.,, 

. 

mar~ 

., 
' 

Uoed in tl>e PDP-1 J /34, 11/45 and 11/55 

MARK 

00 64 t<N 

1 o o o o o o o ' • • ' 

" . , . , o 

OpoubO<'I: SP., PC + 2nn 
J>C.,RS 
R5-.(SP) o 

Dot.ulpHon: U«d >< P"' ol tno $1and>rd PDP 11 oubn>uhne rotu<n con 
''"''"" MAR~ lacdotal<> tho ""' cleon up wocedu<K "' 
l'<>i"'<i on >ubrout"'" '"' A"""'b"' lormot ,,. MAI!K N 

"" R~.-(SP) .plato ofd ~~~ on """' 

"" Pl.-(sr¡ pl"o N PO" m< lO" 

••• P2.-(5P) :on !no''"'' lobo 
'"'""\he,. o,, ... 
·sul>-ouMo 

"" PN -(SP) 

"" : MAR"N -(S"I .pl•<<> '"• '"'''"'t·o~ 
.MAO~ r.. on '"'" sto<> 

"" SP .11~ ·"" up odd<«> ot "''" N,~. 

'''"""'" ;~ PC SUB ;jump to $ub<OUILOO 

At ""' po<nl tko """"u follo"' 

0..0 •• 

., ~9 



And ''' o•ow•.,., '' 
"' "'" '"I"O<>hM 

"" ""'"'"''' ol 10e <ub•oul'"' '' , ... 
·'"" "'' "'" b<f•"' '"" ''""' 

lho conoenl< al RO lo 1>" plooM '" lho PC ~ho<h lhe~ '"'"'" 
,0 lho """"'"''' ol 10< ¡n<l<ucl•~n MARK N IM <Mienl< ol 
<>d PI; YO pi¡""" •n R~ 

MA P K ~ < , "''" ( 1 ) 1 "" " •<' ;'<JO ni -' 1 O b< >d¡ U"<"d to ""'N 
lo "' otd R' •alue, (2) lhO .oluo ""w '" 0'1 (H>" old PC) lO ho 
pla<od '" ¡no PC. •M (3) '""'""'' ol tn• thO o•d R5 lo ''" 
poope<l '"'" R5 oh u• <ompl•hn~ lhe "'"'" l<om <ul><oul•nO 

4-60 

·. 

., 
" 

" 

SOB 
Uoed in !he PDP-ll/34, 11/45 ond 11/55 

0711100 Plu• oH sol 

i ' . • ' • 
R-. R -l ol lh•S '""''',.O tMn I'C-. PI; -0 • oH~) 

Tne '~"'" "de<<emont«;; 11 '' "nol '"'"''lo O ¡,..,, "'" 
ofl«< '' ouW"Ied lrom ttoe PC (...,,.. o<>nl•n~ lo lho lollow 

ong ,..,..d) The off,...¡ •• '"'"'"'''"" '> • '""'' ""''''"' """' 
,.,,_ '"'' ""''"'""" "'""""' o las~ o tic'""' mel!>o<l o! looo:< 
eo<~t<ol A"ombW <ynt" '' 

SOB R,A 

V\'hO<o A'' lhe a~d"''' lo """n 1••~•·••" lo 0e M>d• o' lh< 
d«r..,.n:.O R" '""' "'lu•llo 0 NGIO th" th< SOB '"""·"'' 
!•on con MI 1>0 u>fd lo trao•l" co<Wol on IM l~n.••d d~O<· 
OM 

4-6: 

o 



SPL 

, , , 
" 

Condthon Codeo: 

¡}o><fipHon 

T•••• 

U><d in t~e POP-11/45 ond 11/55 

()002Jr< 

, , , , • 

' ' 
PS (b<ts 1 ~J··P"o"ty (P"0"IY 5 n n n) 

~ot •Hected 

• 

He '"'" ''&otl.c>nt HH•e Ms ol the '"'l<uC1tOn 
••• l<><>ded onto the Proswn Slatus word (PSJ briO 
1 5 tnus <•u"ng • chong~ P"""''· Tne oOd puo~oty 
<> lo•t. 
A."embl•• syrt" '" SPl N 

Note: Th;, tn;\ruclton os a no op '" U•« ond 
Supe<V<~o• mod.s 

Trop '""'""''""' P<CN•<I< '"'"'"'lo em.JI•ID<S. 110 rmn•to••- d•bll~g'"g paok· 
og.,._ o'KI ""'' do<oN<I rnlorproi«S A tr>p r$ etlotto~y on onl<<fuOI ~"""•'"<~ bf 
soft~ .. e ,.,..,., • "'P ocour< 1~ o;ooten!< ol 11\f cu<c<e,: P"';:r.-n Couo"' (PCJ 
ond Pto¡¡ram Stolus Word (f'S) >re pu<I>M onto tho P'""'""' stoo>. •<l<l •• 
P'·""' by the contona ol > twa ""'"trap"""'"' •onta•n'"g • ""''Pe .nO""" 
1'5. TOO r<1urn "'<"""'" hom' '"P '"'"'"'""-"''"il '" RTI or RIT rnshc· 
toon w~och rest<><eo Uro old PC ood 0'<1 PS by p<>poon~ lhem lrom lho >1><~ l"p 

""''"'' •·~ loe••«! al l'O'""""'U' •·~~,...! fu«< •d""""' 

4-62 

1 

1 

.. 

emulotor trap 

, o , , o o 

• " 
Op..-atooo· •ISPJ..oPS 

•ISPJ..of'C 
PC.(JO) 
P54{J2) 

• 

Co•oo:MK.n Cod"' N lood<d """' trap_,,,.. 
z- lo'dO<I Ioom 1"0 '"''"' 
v· toade.J lrorn •••P "''-'"' 
e loode<.l r.om ,,., '"''"' 

EMT 

104000-104311 

O..Cophon' ~ti ope.-•l•on codo> Ioom 1 t)o>()X to lJ4l71 ••• (Ml '"'"""' 

'""'' '"d ,., b< "- '" '""'"''' "''"""'''"" '" , ... ......,,., ong r<>utono 1• ~, lun<loon lo"" pe.-IOO'm"") lh• ''·'P -•o• 
for EMT"" """'"'JO lho ""w PC" """ Ioom thO ""'d 
.o odd••» JO, lh< ""'<""'"' P""'"'''" "''"' (PS) '' t>kon 
Ioom tho ""'d ato<ld<"'> J1. 
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TRAP 

" 
• • • 

f(SP¡...~ 

• ISP'*"'' 
f'C,o()41 
f'5.4,)o\: 

Co<>dlll"" Cod .. : N. !oad,.f !<O<n I"P vi!Olo' 
'- '"'""' I<Om ""P v..:to• 
>: ;c.!~: !m--.. "•P >r<;o• 
e: •""~"' ¡,.,..,. •••r "'-~tor 

Df.s.<<;~'"'"' [Y>'"''W <OO<> ''"'e, ¡¡y.4()~ 00 lOo!,, ••e TRA~ '""''" 
l<~'''· TI!•P> .,.., EM>< «• Ocl•nl"'"' '" OP<!•OI"<>. <•e<Pl 
tno: t~o 1 '!' "eto• ;o, TRAP'' o; '""'"' 34 

Note :;:n.:o O<C •~ft~"" ,. .... !roquont u>< ol EMl. th• 

1P.~~ '""'""'""" •«om""OC:<C !<or ~<,..ro'"'"-

~ b~ 
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1 

•, 

Opo<olo<><» •(SP'*~ 
•(SP4F'C 
1\:~(141 
PS 4 (1~1 

C..,d~"" Cod..,· N lo>d•d l<om t•Jo ,.olo• 
l loade<l lrom "'~ '"''"' 
V lo•0<"1 lrom '"P "'-'"' 
C l<oad..-J lrom "·'V "'<lo< 

BPT 

• 

Oo.<rlpl"'n: Pe•IO<m> • I••P '""""'<• ~-~~ • l<>p • ..:tO< •dd••» ol ,.. 
U><O lO <oll Mlluo'.i!'"~ ••d> T"< u~• " <>ui•One<! '~'""" 
<O>pfo¡•ng ""'' GQC003 '" 0'001""" run unde< tr>e" de 

bv>!i<'"" '"'' 
(.., 'nlor-not on " '""""'"'-"" '" too '"'" D,l• ) 

<.e· 

"' 
" ,,., 



IOT 

lnput/output trop 

Oporato.., • (SP}.PS 
•(SPJ.oPC 

f'C.(:ZOl 
I'S-o\21) 

o o o o 

C,.¡~O>n Cod .. , >IJoarl«l lrom '"" voc\or 
llo>d«l l•om uao '•""' V,,._ '""" ''"P '""'"' 
e'""""" trom '"P "'"'"' 

o o o o o 
o 

""''wn> • tc•P """""'" ~''" ''"" >«lo• odrl'<" ol m 
Us.., \Q cool , .. 110 <oooo.ol"< "'"''"" 10' on tno popO< :.oe 
50\twa'O >y>lom, and lo< <HO< repo~ong •n the p,., Opo.­

''"'~ Sy"om 
(no onlormotoon "''"''"''""' on thol<>W o,,.¡ 

' ' 

1 o o o 

" 
Op ....... , 

o o o 

f'C..oiSP\o 
PS.,tsf')• 

o 1 o o o o o o 

N loodod lrom pro<00>50' >lo<k 
l_ lo•U•d lrom P<ooes>Or "'''' 
V lrodod lrom P'<'C<>O<" ""'' 

e '"'<~«~ '''"" proc••""' ""'' 

RTI 

o 

o 

Used lo""'' hom on '"I<HUPI O< T~AP '""'" roulmo Tht· 
PC • c<l PS oc• oostoood (pofii'Od) """' tho P<O<:<'"" "''" 
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RTT U•e~ in tlw PDP·ll/J4, 11/45 oo~ 11/55 

rotu<n !rom onte"upt 

oooooo o o o o 1 o o o ' 
" 

...;..._¡SPt• 
PS•(SI'l' 
N to"INI l<om P'OC<<>O< <1'<> 
l lo•Md '•om 0'0'<'""' <1·"' 
V,,.,.~..:! 'rom """"""' ""' 
e- toa~oo t•om ¡»<><•>><>' """' 

o 

Thos" the so ne" toe RTI ooWo•-<•an "•Cepl '"·" '' '""'"'" 
, t-. <e tr.tp .,t,.le RTt pormoh > t•><• ""P 1' • '""'"·'0" 
""""'"'· ,.,, '"" '"'''"''""' ,,., '"" Rn ... u ""''"""'"' P''" 10 '"" ""' .. ,. tcop In tho <·'"al toe Rll '""'""'M 
toe •-t" ,,0 '"'" """' "''""'•'"''''' ·'""' tt·c 1!11 

R"""'"l h\Ol•cv;I•O" T"0' · ltoe>e a<e <OU>ed b> >l"•np\1 Lo eoecute '"" "'""''' 
<O<le> '"""'O<i lar luM• orO<O<SO•'"OM"<n ¡,.,.....,.., '""'"<!-~n•l o• '""'"< 
''""' "''" ''"'g•l o<'d«»•N; moo•• <••oe•t nwucMn>l 0.<1"' ca~ .. not "'";. 
·-~-<ndo•·~ to '"·> al tM '"·'''""'""' dosc,b..; .ca r.ons•~<'od :o~· ''"""'' .n 
'"""'""' ,1,1p ''"'' !SR "'" ,.g,l« mo~• ~e!l·n>l,on• "" dle¡¡ol "'"'"" "'" 
~..,.,.,.; ·~ oi'O<>I •n•l•O<han mo• Oe<ur., ~·"'''"""u"<<<' (MI,""' l<•p 

wo-""h """""., •Od<•""' 10 """ • '"'"""'""'"'· 
Sla<k OvMI<rw Trop 
Bu> E""' T<ap< Bu• Erro• l"P' -'" 

l. ~aund•'l' Erro"· ouempl$ to oeloretooe inSI<utt.on• or wood 
~pomnds >1 odrl •dd'"''"'· 

2. Time-Out Errar<. ouemPI• lo '"'"'""'" •dd«""' oo lloe bu• 
th•t modo no <espon•• ~"hin o <erto'n ••n~lh ol lomo. In rene<ol. 
ti.••• .,. couseo by attemol< ta reloren<e non""''"' ""'""'Y­
""~ >tlempt< 10 relorence """ O<lslenl poropherot Qevi<•IO-

Bu• "''"' I•OP> COu$0 C<O<O!'O< I'>O' througn lhoi"P Vt<l<)l •ddr,_, 4 

Tmolroo. ¡.,,,~roo oo•b'" b" 4 al tloe P$ •n<l '"""'' p<ae<,.or I"P' •• 
t ... '"" <>f '""'""'"" <•e<UI<lnS l ... "'Oiouc"on lOa\<$ OOKU\ffi oliO< UOO •O· 

•truehon '"" ••1 1~< T t.\'"" O<O<..,., lo como'•'"''' on<l lh•n '""" • "''''"""' 
I"P t'•Ou~ro tho tr•p '""'"' •t odd•OI$ 14 "ote IMt th< '"'" \roo " • "'"'"' 
d<bu,¡i'"' "d •od., \r.nspa .. nl \0 \~0 eenorOI pro~romonH. 

lho 'ol<rw..,g ••• '~><'<"' c••n """ ••• doto• .e'" <ub<<Queo't """'"""' 

l. Hoe '"'<'<! '"""'''"" <·••'"d \he 1 b•l 

2 lOo t<ae<d on>l•o<r on >t' li>O 1 b'1. 

5. 1"" t-oero "'""""''"' ews«' • "''' .,..~·aw '"o 
S ¡;,_ 0''"'"'· "'-' •nl•·.,uoioc• \;<'"'<n ""¡,me'"' f M~·" •el ond 1~ .• 
lo<:O·n~ ol '"' ''"""'''"" "'"' ""'lo ll< t•oe•d 

.., '"''our·.lon lh•t ,,.,,.d tho T-o;,- t:<~'• '"'"'"' tc.e ""'"' '""'""'""· ·'" '" 
"'"'¡ 1••o:. •1,< \O,o\o 1 ·',' ~" '<1 In> l«p wdl >lol' O«U• ,, th< 000 "' ""'"''''' 
ni""' tn>.•c<l'cn '"" ''"'«:\'"'"""''d.'·""'"""'·'"""""'<'-'' T t•t 

~· '""'"'"''" '"•t ... ·~· 1 •·< ;.,"' "'' 1-M ~•• .,,..,¡¡, ,.,_ '""·"• '' ,,.,., 
hoo na<·'·'"' Y no''"~"' ~'!.U' 



Ao in<lrutloO~ !ha! cou•~~ "" tn•lrllthO•I T<'P- Thc >n$\ur<t•on l<.1r" 
'P'""~ a"" the enhr• routrnc lor \hP '"'""" "·'1' " "'«oled_ 11 the 
.. rvice rout•no """ ~•th an ROl or'" an7 oll•cr wM restore. ll>e "~<"•d 
""'"' word. H•o T·h•l " '"' ,,galn, the '""'"<llon IO"O""'"R the trae<d 
on•trut110n '' e•etu!ed o"d. ""'"'' 1! '' o"o of Uoe >pCOIO! "'"' notcrl 
obove. • trate "•P oowro. 

An in•trU<hon thot cau5~d • Bu• [rtor Trap. Th" " treolod "' 00 In 
•truct.on T<ap Tt>e only doHorenco IS tilA\ lhe error '""'"" os nr•l o< 
hkely lo""' ""h ~n RTI . ..., tMt the tr•co trap may not occur 

Ao instruclion th•l c•u••d • """ overltow. The •n•l•o<toon comntor•• 
o>ecuhon -' u•uol-the Stac> Overflow do« nol """ ,, trop Th< 
Trace Trap Vocto< os loodod rnlo ll•o ?C and rs. and ti•~ old PC and PS 
.,~ pu;Md onta the 5tat>. StatO Overllow occu" '&""· ~nd '"" tome 
tho tran '' n13de 
ln int<rrup\ b<lwo~n •eWng ol tho T·b•l ond f<t<h ol \he lu<od tnuuc· 
toon. Th~ enl"~ onlorrupt -.rvoce raut•n• '' e•<<ul«< an~ then lhP f.M 
" sol·'>"'" hy tho e"!rl'g RTI. TI•< l<eC<d "'"'"<toan •• "'"'"'"'' l•l 
"'"'" l>ave b<<n no othOr onletrup\s) and, uelc» ol " ,, '0''''''' ca>e 
noted •bO••. cause• a troce "~P-

Note thol rnte<rup1> moY ~· ocknuwledg••tl omnoeJ•·•"'' """' the IO.tdong 
of tho now pe 01\d PS Ol the trap v"Ciúr tocatoon. lo lo<O out a<l ont« 

.rupt•, th< PS al the uap ve<lor ohould "·'" tho proco.sor or.or.ty 1<> 
••••• 7. 

A WAil. The trop o<<u" "'""edr.!ol> 

l HALT. The o«><•""' hall• When lh< <Mt•nue '"Y Qn tho conO<>'•" 
P'""""· the oH•tructoon lo:towong \1« ttALT " letched ond <•<tuted. 
Unteu ,, "001e of th• e•ceutoor~> nolecl oMve. '''" ''·'1' o«•"' '"""" 
drately lollov.1ng o•eou\LOn. 

A Return from Trop. The returr1 lrorn ''·'~'"'""'"o" eothO' ''"" 0' '""' 
the T·M. lt ¡nhobo\s ll\0 troce''''" lf IIH• 1-bot "'">PI""'' HTT" t\>P 
traoed '""'""'o" th~ trap" d"•y•d unt•l <r>mplcloon or t~o ne>t '" 
wu<tion. 

Power Failuro Trop. "' stan<l•r"<J PDf' 11 "'"'"'"·TrarO"'"' whe<>c>"N 
tne AC I)Ov.<" drops below 95 vol\• <'f OU"•dP ~7 lO 63 HNU ho ""'" 
'"'onds ar< th~n ano..-«1 lo< powc' do~n prot .. srng_ trap >«tor lo• 
powcr laolure " ol locahons 24 and 2ú 

'" 
1 

Trap prlontleo. In e••~ mulliple proco .. or trap cond•t•ons occur simul· 
·taneou•ty \he IOIIow1ng orner of pr1ontoeo io observod (from hrgh lo low)· 

11/04 

•• Otld Mdre.• 

' Ttmoout 

' Trap ln>lrlltltons 

• Troce Trap 

'· Power Forlure 

11/34 

•• Odd Addrus 

' Memory Manogement Vrolatron 

'· Ttmooul · 

• Panty Error 

' Trap lnstrutt•on 

• Trace Trap 

' Sta<k {Norflow 

" F'Owor Fati 

' lntorrupl 

"· HALT From Console 

ll/45, 11/5~ 

' Odd Addr .. • 

'· Fatal St~Ck Vrolatron 

' Segment Vootot1on 

• Trmoout 

'· Ponty Error 

• COn$Oie rtag 

' Se~rnenl Managemcnt Trap 

" Wam1ng Stock Vrolotron 

' Po'""' ro.tu~ 

no dota•ts on the trace trap proc"'s hove been descr~hod in \he Ira« 
trap operatoonot dncription whrth rnclud•• coo•• tn wh•ch "" onotruc· 
toen be•ng Uocod oauoe• a bu$ orror, rnslructron tnop, or & 01~<" ove<· 
fiOW trop. 
11 a bus error ,, caused by tl>o trap proce" ~andlong ;nwuct•on trap•. 
tr3<0 trat>S. 01ack o•orll<>w trap•. aro previoos bus error, tno proce .. or 
,. ~olted. 
11 A 01atk ov~rlto..-,. caused by \h~ l<ap procoss '" ha,.dlong bu• errors, 
rnWuct;on trap•, or uace l<•po. !he proc .. , ls tompl•ted and \hen ti•• 
otatl< overl1ow trap is •prung_ 

' 

'" 



~.1 MlSCEll.I•JUOV$ 

HALT 

h3l! oóoooo 

~:::;:·::::·::~·;:;:·~::·::•·;:;:·o:::;·::~·;:;::;.::~·:::·;:;~·::~·::::·;,~ 

o..enptlon: C..u>e> ti;< pro<e"'" """'''"'" lo <eaS. TOe <onsolo " 
"_.. """""' ol tOe""'· Tho """'"'"d., o !.g~t< d••<>l•r tM 
<OO!ont> o! ~O. tOe. consolo '<Id'"" l•ghlo dospl•t tn• od· 

dreu •fl" tno h>ll "'"'"""'" T '""''"'' on t»e l.IN IBUS ••• ,.,.,., ... ,ool ,.....,ool,.,.,,. no PC """'" to ,,. ..,.,, '"''"". 
hoo lo be "«<ote.l. Poeo,.ng lhe con! muo"'' on lhe con•ole 
C.Ou>to PfOCO$SOr ..,.,.,.,n lo "''""""' No INIT ,;gnol 1> ·-
Not• A Mil '""O<!'" . ,,.~ 

on 

WAIT 

wll\ !or lnte<rupt 

J o ,, o 

' 

Oe«rlptlon: 

• 

o • 1 o o o o' o o o o o 1 o o 

o 

no\ aHKio~ 

Provodo$ a woy !or ttoo pooc .. oor \O rel•l'<lui>ll uoo ol 
tho bu• whoiO ot wa.l> for an ••terMI ml•rrupt. 
Hlvor.¡¡ been &1«0 a WAII <omm•nd, 11\e P'""'""' 
wott MI compele for buo "'" by IPiclwo~ '"""'"'"'" 
0 , op<rond> hoo>\meonoc,. rn., "'"'"" hogher '''"' 
lor rato• belw<en o devi<o and memor¡. '"''" no 
proco,or·•Odue<d 1>\<0C•P• Wlll lo~ Ol'tou•O~er<O hy 
bU< roqu .. t, !rom !h~ ~evo<e. tn WAIT, O< '" •U on· 
wuot•on<, the f'C pomts lo the n<•t '""'"'""" loO· 
¡ 0 ,,.n~ the WAIT o~~rat·~n. llou• wtoen an "'lerrupl 
causo• tne PC •nd PS to bO pu•hod ente tho pro 

co.-oo <t•c•, tho oddr<" 01 "'" ""' '"'''""'"" 
Po'loo,ing lhe WAIT " sa-od. Th< e>•! lron: tho '"" 
torru~l routine {i e. e•e<:uloon ol on RTI ons.ru~loon) 
"'" ""'" re<umptoon of lhe •nt<rrupted p<o< •• ol 
tho in•l•ucl1on lotlowong the WAIT . 
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RESET 

••••1 o•Wnal bus 000005 

[;,·;,~·'::. ~·=·':;~·=·'::~·=~·::•·='·=·='·=·=::::~·':::;: . , 

~oiNIT o~ l~e UN18US.AII ~-t .. M 1~< U NI· 
BUS"'" rooot lo the~ """ at po;,ot up 

'" 
1 

' 
1 

CLN SEN 
CLZ SEZ 
CLV SEV 
CLC SEC 
ccc se e 

CQndiloOn cOdo operato,.. ooozn 

• 
, 
' H· ' !:El 
' • ' ' ' 

, 

S..l •nd ele" cond•l•oo cO<lo b•" S.'""'•~,. comb•nal•ons ot 
'"""" t>ts m" bo el .. ,.., Ot "' 10if11''" C<>M•t<>n <:00< b<IO 
correopon<M~ 10 boto on ,.,. cood•hon codo Op<'<a\O< !B•t• O 
3) .,. mod• l••d aw><d•n& to the '""'" ol 0•1 • lh' sotlcl..,, 
b.t ot ,,. Ol>t1'alo•. ' • _ "" the bol W<'<'''"" b> 1>t O. l. 2 o• l. 
ot M • "a 1. C•••• '"''"'r><>n"·"~ M<'''"' • -o 

"'-"""'"""' Ope"lion OP Codo 

"' Ci.,rC 000241 

"' ClearV {)00242 

"' o .. •l =·~ 

'" e'"" N =·~ 

'" "" 000261 
' ' 

"' "" 000?62 

m Sel 1 =·~ 
SEN "" 000110 "' cr 
~' S.t ·'''ce·, 0002/l 

= a ...... cc·, 000251 

Cl .. rVandC 000243 

'"' No Op.,.•l•<>" =w 
Comb'"'''""' ol toe 'l>o'e '"' o• el<., oo«ot•ons m;, t>e OR'-"' tn.:elhet In hm 

ccrnboned '"'''"'"'""' 
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MINICOMPUTER SYSTEMS 

R. H, ECKHOUSE, ]R. 

PROGRAMMING TECHNIQUES 

Mastery of a basic instruction >ci '' the first s\q.> m !~arning to ¡•rogr•m· 
The next sUp is :o lcarn to use ~he ins:ruction set to ob:ain corree~ resdti 
and to obt.ain them efficienUy. Thi5 is heu done by studyin¡: th~ following 
programming \<'Chniques. Examp!<·s, which >hould further famiharize •"~ 
reader with the total instruction set and its use, are ¡:;,•en to illustrate each 
t.echnique, 

4.1. POS\TION-INDEPENDENT PIIOGRAMMING 

Most pro¡:rams written \o run on a computer are writt~n so asto occupy 
specified memory \ocatiom (e.g., tht: curren! localion coun:.er is used to 
~efine the \ocat1on of the firs~ ins\.nlction). s~ch programs are safd to be 
absolute or posil,on·d"pencl~nl procr~ms. However, it ''sometimos é"s"ab:<• 
to ha~e a stanrl~rd program whkh is a,·ailable ID many difieren: users. s;,ce 
lt will not b~ known a priori "he re the standard programs are to b~ lo"ded, 
it is neces<ary to be ab~e lo load tlw progmm into differem ar~as of cor~ and 
to run it there. Thcre are severa! .... aysto do this: · 

1. R~asscmble the pro¡:ram nt lhe d"sire<llocnl¡on. 

2.. Use B re10'-'~ling loadN which accepts special\y coded binar)' from 1 
relocatable ""embler. 

3. Hav~ \he program rclocate ilsc\1 after it is \uaded. 

~ . Wfl\.e a prO!ll;, m that is Po>il ion -inclo•¡,ondcnr. 

On small maohiro~s. reas>Cmb\y is ofwn perform~d. 1\'\w:'> t!-w f<'<;Uired 
core is available, a relocating loader (usunl\y c;•\led a lwkm¡: /<>adcr) is 



uc .•. l " 
preferable. lt ~e~er~lly is not economical lo hnve a pro~~m relornt~ 1\.sdf, 
since hun:lreds or thous~nds of n<ldresses m~y need adjus~m~nt. \\"rótin~ 
ro"tion·in<l<-pcn<:!ent code" mu~lly no\ pos,,b:e b,cous.· of the 'tructun· of 
the addressing of tlw ol>j<"Ct machine. How~,·er, on the PDP-11, po5ll\On­
indep~nMnt rode (f'IC) i< possib:e, 

I'IC is ~Chi~ved on \he l'DJ•.:l hy mm~ ;¡cldr<·ssin~ mnd<'' which fo'm "n 
~ffect1ve memory addro·>S rc:atO,·e to the pro¡:ram counter (i'C). Thus, ,¡ nn 
instruction and its objPct(s) are nwv~d in mch a way tha: :he reiati,•e di<­
tance betwPun them is no: olt<·rcd, th<' '""''' offw•. rel;~tivc to lhl• re con \w 
used in al! posilions in m''""''>'- Th"' !'IC u;c·dly rcferences locaüons r.•la­
ti,·e to the currfnt loea~;on. J'IC pro~rams m;oy moke ab>olut.e rv~~r~nc<"> as 
long as th~ lo~ntions refer~o('(·d '~"Y in \he' ,,,nw r:,,,. whilc· \1:~ PIC pro~rom 
is r~locat.ed. 

There are thr~e posi•.ion·inGependont mode> or forms o~ inHn:ctions. 
They are: 

1. JJr~nclrcs; thr conditinnal hr,mches, "-' 1\r•l! as tlw u~cnnd'tiona! 
branch, BR, are po>illO!l·illdt·¡>endent, sine~ the hrar>ch adrlrro' ;~ corilpu·.~d 
asan offset to the PC. 

2. Relal1oe memory rcfcrcnces: any r<•lolL\'t' l)wmory rt'fNrnce of \hP 
form 

cu >' 
~('\' )', ,. 
' ' 

is pO>ition-indepcndc•nt be,·:m'e tlw assemblN "'"'01b\o•s it as ru¡ of!set =~­
clex:ed by the Pe. The o!fs~t 1< t.ho tlifference betwrcn t.he refer<•ncf'd loc~­
tion ond the PC_ For e:>.ample, :c"wne th•t t'<e inst.nrction CI.R 200 ;, at. 
addre.;s 100: 

000100 

S~ m bol!< 

'"''"""on C:ommonlo 

005067 CLI~ ~00 .FII(~·¡· WOf\[) OF 1:-I~TRUCTI0:-1 
\'0007; : 01-'F~ r:T=~r,¡-¡ "-: 

----------------
Tlw r>ffset is odded to tlw re. The PC co,t:ún< 10-1, whicb ;, i.lw ~ddre" o[ 

th~ wmd following thP off.c•t (~be S<'<'ond wo,J of ti,, t wo·word ""t.nJ<"l Í{Jl\ ). 

:\ot.e that ahhough :he form CLR X¡, position-in<kpt•n<knt, tlr~ form CLH 
@X i• not. \'.'~ moy "'~ this who•n "''' comidt•r Uw followin~· 



1" ·~OG!<A "'">W TEC1!~1 QVES '. :¡ CH A •• 0 

Lln• SymbolOc 
,Numb~r Add<t"' Conl•nl• Lob<l ln,<ruct;on Comm<nU 

• 
' 001000 OOW17 ,. CLR 'l'X ;CLl:AR LOCATIOS A 

000711 

' 002000 003000 ,. .WORD A ~"01:-ITER TOA 

003000 000000 ,, .WORD O 

The conU.nts o! loc~tion X"'" us<·d as the a<l<lr~ss of the ol'crand, which is 
symbolic:llly !abeled A. Thevalue stored a! loca:.ion X is the absolute address 
of the •:rmbolic location A rather than the relaüve addr~>S or offset between 
location X Bnd A. Thus, 1f al\ the code is rclocatcd af~~' a"embly, the con. 
unts o! \ocation X m~·st be alkred \.0 reflect the fact that loc;,.tion A now 
stands for a new absolute address.t lf A, however, was the name associated 
with a fi>.ed, absoha~ \ocation, stnlements S and X cm•ld be relocakd be. 
cause now it is unportanl for A to remain ftxed. Thus lhc following code i• 
posi tio n-i ndepe ~ d en t: 

Lino Symboh< 
.'lumber )..dd.o .. Conto•><• ~~' l••lruohon Comm<nll 

' 0000.16 A"' 36 ;FIXED ADDRESS OF 36 

' 001000 00~011 ,, CLR t>X .CLEAR LOCATJO.'I A 
00077~ 

002000 0000l6 .WORD A .I'Ol:STE:R TOA 

3. /mmediaie operands: lhe as•embler addressing form #X specifies im­
m~diate data; that is, !he operand is in the instruction. lmm~diate dota that 
ar~ not add rcsses ;u-e position-in<lt•p"ndenl, sin~e thcy are " part of the insttuc­
tion an<l nro mo"'•<lwith the in>lruction. Consequen\ly," SUS #2.HERE is 
po•ition-imlepentl<·nt (Since ;:2 ;, notan ¡¡<Jt)re>S), while ~\OV #A,ADRPTR 
is position-depen<lent if ,\ is a symboli~ addrcss. This ;, so ev~n t.hough 
thc opciand ;, feteh~d. in both <"i!>O>, \lSirl~ th~ PC in thc autoinnt"m<"nl 

fTo ,.,;ry lh~ poin< tho ,..,.¡., ;, o·n<<>un~od «> '''"""'' lh• ""''· >fl<r • ...-mbly, 
in\o loool•~"' 4000. [oOOO. '"" 6UOO By do'"~ •o h< will ol"co•.r tho\ \he'~"''"'' of 
\he>• (O<""\ion, oro \he somo ,. fm the ori~•nal <<><1• ond \ha\ tho c·onl<nl> of l<><"<ion 
~000 do nol pOinl 10 l<><olion 6000_ 
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' 
mode, since it i~ the qoantity fdc~<'d that is b<·in~ used rother ~!"on its form 
of addressing. 

Any time a mcmory location or r~gister is u sed as a pointer ~o C~t3, the 
rderence !S absolute_ 1[ t!le re:cr•·n~<·d bta rernoin :<!W~Y' !·"'<! On m<•nwry 
(e.g., an absolut.:o mPmory loc~tion) ind<•pen<l<·nt of tho• pos:t1nn of ~he P;c, 
!.he absolut~ mo<!es mus1. be '"'·d.' .-'>lt~m~:'o·e:y, if !he <!a:.:o are r~!a:f>·p to 
the position nf the codo•, t~e ~hw'~l•• IHO<i~> n••.J<t not bo• e;_,,.¿ 1>:1!•·" :C,e 
po¡n\Ns •m·ol,·ed are modi'•"c!. !l.~statin~ this :•a'nt in <!l:f<·"·nt wou!•. ;~ 
•ddressíng 's dir<·c: :tnd r~\a:i•·e, i: is posi:ion-~tl<!<';>Pn<!e~:; if i: is tn<!lrec: 
and eilhc•r relative or "bso:ut<\ it ¡_, nol pu,ition·itl<'<"!WlHl<•"t For eumple, 
!.he mstruction 

"move lhe conl<•nt; of the wor<l roinl~<llo (in<-Ha•ctly rcf<'renc,•<: by) Clw I'C 
(in :bis case absolu:e loca,ion X) ,_o th~ word i~Ce~~d r~:.,;;,.,, :o :he PC 
(,ymLolically callee! llERF:)" cnn,ains one o¡'<•rand th~: is ,,.r,•r<•nced ind'· 
re~:ly (X) ond Olle opo•ran<! that \S n•/o•r<-•nced ro•lativ,·iy (!-:EHE). This in· 
<atJCtion can lw mm·~d .onywhere i:~ m~mory ,, :ong .>s ab>o:ute locauo., X 
<tays the same, that is, it do~s no; move w'th ;;,., instruc:ion or pro~ram: 
o~hr·rwise ,; mny "oc be. 

Th~ absolute moC<•s nret 

~' 
~"-" 

'" ¡R)-+ """ (R) 
P(R)•· •nd o;;-¡ U) 

X(R) R#Gor7 

~X{R) 

)m,l>On )< 1' A p<Hn(<·r. 

Tllt ,,-_n\Orl'·"'" wmd ¡,a poir.<•'­
':'nt ce~i·W ;, "po'"'"" 
Tl>o· •<!"'" ¡,a poin<•••. 
Th• ;o;i'"'' po''·"' L~ 'po,r.<or. 
':'ht b>•'"· X, r:u><!if«~ h)·jR), iothe •U"•• or <h. O?er.nd. 
':'bo he.-, rno,,.[,.·d l¡y (:J.).;,,, ?Oinh·r. 

·-------
Tfw nom!~ferrt'<l mdex modes re<¡ui:e a :i::.l<• ~!,.,.ifi~a:ion .. \s d~'Cribc-d 

in Chapt.N 3, ¡),e /orm :X(7):t is :he lH>rm~: mo~~ "' \\hi<h lo rei~n·11ce 
me:nory :md is a rcioC.-·c· modP. :~<!ex modt•, ,,;ne" n·~i't~r. ;, nlso a r<'lo­
:·L\-e mode and moy b~ u<~d eon;·¡_•Jlion:Jy in rJc. B"'ic.~ily, :he r··~ist~c 
pointer points to a dynamic <\<Jr,o~e OJ"<'O, and the indo•x mod<• is uwd to 
noce>l dota rd•t:ve to lhe poin:.<•r. Onn t.h<• p<Jin:er :>>e: up, all dn:o ore 
rcfN,·ncPd relative :o the po;n:.er. 

two,n PIC ¡, ~ot b"r.¡ """"'""· .,.r,.""'"lo '~>•·<! '"'";""' m-•y lw perfurna·d wi<h 
"'!-." <~• •b,olul• O< «i><ivo fo,o>>. 
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" 4.1.3. WritingAutomnicPIC 

A u tomat1c PJC is codo that r~gu ircs no al ter~tion of a<!d rew·s or poin Wrs_ 
Thus m~mury tt•f••n•noes are !imited lO relative mode• '-'niPss the loc-ation 
wfNenced is ftx<·d. In a<ld1t.ion to tho above rules, th~ followin~ mus~ be 

oh"''"''d: 

1. Sta:t the program with .~o to allow oasy r<•location u sin~ tlw absolute 
loadcr (s~e Chapwr 7). 

2. All location-settin¡: s~at<lments must be of the form .=.oX or _= func­
tion of symbols within thc PIC, For e~amplc, .•A-10,,\\her<• A;, a lo•·al 
l~bel. 

3_ Tiwre must not be any abwlute locotion->ettin¡: s:at<•mencs. This 
m~ans that a block of I'IC cannot set up spccifted corea'""' a~ load ¡;me 
with st.at~ments such as 

The absolm.c load<·r, when it is r~locating PIC, rdocatcs ;1]1 data by thc load 
ll\as (see Chapt<·r 7). Thus thc da~a for the "bsolute loeation would be 
r~\ocat.ed to sorne o:h~r place. Such arcns mu~t be set at necution time: 

'"'~"~- ,.,,.,, 
·:·~· ~·"~ 

4.1.4. Wming r-.•on•utornwo PIC 
> 

,f'lll A~UI· i'' M!:$ L•:•( l<~ 

. ~~~- H~$ LUO:~ll (•~ C •;:· 

Often it is not po,.ible or economical to writ<J tot:llly a\.:IOmaw<! PIC. 
In the;e cases some reloc"tion m"y be easily pc•rform~d at ~•<•eution time. 
Some of the requir<·d mei.hods o! solution are presente<! below. Basically, 
the met.hods operate by c~amming \he PC 1.0 de!Hmine wherc th PIC is 
actually locat-ed. 'l'hen a r~location fnctor can bo ea>ily eomputed. Jn all 
examples it is asiUm~d that \he code is assembl<•d al zero and has b<'i'n re· 
located somewh~re else by the abs~lu\.e loader. 

4.1.~. Sottin~ Up Fi••d Cou loc.1tion• 

Consirl<·r ftrot the pr.,vio\" '''"mpl~ lo cl<•ar \lw cont,.nts of A wdm•dly. 
Thc pointer to A, containod in symLolic lncation X, mmt ht• ch"n~~c! if the 
eode is to be rc\ocat.ed. The prOb'l':un «·~ment in Fig. ~-1 rccomput~s the 
pointer value each time tha\ it is necut.ed, Thus t.he poinlcrvalu<• no lon~er 
d<•pends on !he value oC !he location coun\.er at the tim<' the program ""' 
ass.embled, but on the va!ue of thc PC where it ioloaded. 
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.l·CI'i"C <e 

.i·iJi~[ '( 

.f(•INTri TOO 

" 

~ow if this program is loo(!ed int.o locoúons t.OOO ond hi~her, n s!iou~<! 
be c)par that none of :he pro~'l'om value> io clmnked. 'J'his po:n: co11ld be 
shown picl.oria~!y by taking :he .1-'1g. ~-1 mM~r;~:. rt•cop_vir.~ ::,bu: <-h:m~,~~ 
on\y thc vah1es in the :eftmos: column, the oólrcss "":umn. Thus 1f o'"' 
were \.0 loo k in, «W, ioca1.ion ~010, the con\<'llt< \\'Ou\d U•· 7Gil •n•d 1be .-~:He 
foun<! in \ocotion 5000 would b.· 2000 (i.e., ne::hcr value is ,.!,•n~cd). 

Given ünt ¡,he pro~rom <!ato !10ve not 'han~<·<!, ~h~ 'l"~<:ior. i.: IOow <!o~s 
ít work' 'fhe answ,·r i< tho·. ~he off,e~ ,\-S-2 i> '''l"¡,.,,).,nt to A-IS-'-?) nnd 
S-'- 2 is the value of PC which ts p!ac~d in RO br Uw Ha:,•me!l\ .\:QV PC,RO. 
Al. n>Sembly 1-hne \he offset nlue is ,\-PCu, wh~re I'C0 ~S-2 o~(! PC0 !s 
the PC l.hal was nS>umo•d for lhc pr<>~ram whe~ ""''mlll<-d b~~c~nin~ 0\ 

l<><~tion O. 
La ter, afler 1-hc pro¡;ram has hl·en ro•:ocal.ed, the mooe in>truc:;o~ will no 

longer <!ore PC0 in RO, Uu~ a new ,-alu~. re •. whic·h ;, :¡,,.,·unen\ v;~ue of 
PC for 1-he execu:in~ program. llow<>ver, the add ;,..>:n•ctio~ <\ol: ndú in the 
immedwte value A-PC0 , produGing th~ fin:~: r<'<ult in 1t0· 

PC.-.-(A-PC0)- 11->-(PC.-PC0 ) 

which is the desired valu", sine<· it yit•ld• UH· """' al"oluto· lnca~ion of A 
(e.~ .• the assemh\...:1 value of ,\ plu• 1-he reloca:ion ra,·\or (!'C'.,-PC,l]. 

4.1.6. R<loo.at<ng Pointe" 

11 p<>intcrs muH be \0;<•<!, \hey m ay Le reloca\N! as w,• )""" jthl. •hown. 
For example, as•ume 1-hat a li•l of <i:t',;o i• \<> h~ ~''''''"''el with llw '"'lrtlc\lon 
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D~"~"D 
Dc•t·~t·~ 

(•[•(•000 

Ml•ól~ 
(•~(•&1< 

(•(•ll~~l· 
~(<M:';> 

" CI!AP < 

,,.~,·-~·! 
7 

The pointer to th~ lis t. list L, m ay bt ~alculat.ed al uecution time as fo!lows: 

". f•C. ·~ 
•L-M-~. ~~ 

.~ET !l"·<!;NT PC 
• •t·D '"'~( 1 

Anolher varialion is to ~ather all pointers into a tablc. The rr·location 
factor may be calculated once and then app\ied to all poin:t•rs m the table in 
a loop. The program in Fig. 4-2 is an example of this technique. The reader 
should vcrify (Ex,•rcise 1 at thc cnd of this chapll•r) that if lhi< program i> 
relocat.-d so that if it begins in locatwn 10000, the va!ues in the pointe¡. 
table, PTRTBL, w¡\1 be 10000, 10020, and 10030. 

o~~·~ij ~~='-~ 
(•~N•(•~ .,.-._¡ 
l•oe,•t·~ •:·::~ 
~{•(•(<C7 N=>. 7 

""'?<·~ ,. MOV 

'"~he ~-l'E-
(«>{•<'[·~ 

¡.,;c·7el M~V 

M~"1~ 

(•ó"~"' ~~~ 

M~T~2 MO'' 
Ml•(•f'J 
O(<•Oa LOO~· "' ¡.~,)1!2 He 

P.;, o" ... ~. ~ ~ 
tfT<WL. 

',., <l 
•H'UEN, 

~~. '~~)· 
;-;-

" 

" 

,(oHJNC <~ 
.~(F'!~E <¡ 
;~H~t.E <~ 

.t·c•r,·E •·e 
,<'El(<('<TE ~LL E><lF'lE~ IN P1<T8L 
,,~~u•c~TE <ELN~r:oN r~cro• 

, ro n<T~L 
, ~Ef LHH,TM O' lo't~L:!' 

, 'Hi•(~T( ~N I:NT~,, 

;{OU"il ~O~~ 
N•"ú::•' l•01ó ?~ tNE LC<OP ;!<~NCM !F' t¡Q-¡ ~ONE 

, s;¡QF· ~H(N [·(•NE 
,L¡:,·,;TH QF' !HE•t.( 

(•(•('(•:',, 

i<(•{•(• ,. 
Ml•l• ' ,, ['<<[• • 

i<i•L•{•[•f' ~OLT 

<••·~··~:. H'LLE~•J 

""~''''~ ~TOTeL: ~·o~ o ~. L OtoP, FTHeL 
(••'l•l•;oe 
(•Ol•i•:ü • 
{•<·1!~~1 "' 

Care must be nercised whcn restarting a program :hat relocates a :.able 
of pointer;, The restan proccclur~ must not include the relocating again 
(;.e., the i.obl~ mmt b~ r~l(lcaU.'d exactly once alter o•;tdo lood) 

4.2. JUMP INSTRUCTIOr.: 

Although m"ntion!'d carlicr, the J:>.lP instruction h;u bePn ovt•rloohd 
<omcwhat up to now. Tht• a•tutc rcaJer will, no doubt, recognioe that the 
nccc;sity of a jump m•truction i< dic•..ated Uy thp fact that the branch in· 
5\ructi<>ns, al though re]ative, are incapable of branching more than 200 word< 
in either a positive or a ne~ative dir.,ctian. Thus to branch from an~ end of 
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memary lo another, o jump in,truction mu•l be a parl af the im~ru~tian set 
and rnust allaw full-ward addressing. 

The jurnp \ns:ruction is ind~~d a part af the PDP-11 innruetion "": an<! 
belongs to the sin¡:!e·operOJ'ld h'TOUp. As a result, jurnps m ay be re!.,¡,ve, 
•bsolek, indireet, and "mdcxed. T~·,, tlex\b'~ity in Cetnmining th<• eff~,:,vc 
jurnp addres.s is quite use!'UI in so!ving a parti~ulflt ela<S or pro~le:ns that 
occur in prograrnming. This c!o,. is bes! illustrotf'(! IJy n.1J11ple. 

4.2.1. Jurnp T•bTt ProhTorn 

A ~onunon type of problem is one in which the input <!ata rt·pres~nt a 
code for an action to be performed. For each cod~, the pro¡¡ram is :o túe :t 
certain action by execuling a sr<•cif:ed block of codo. Such .,·prot:e:n would 
be coded in FOHTRA:: as 

PE~D. !~O!K 

uJ ro uo.,~~.:,?.a~~-- .. ?J.\N~rx 

ln other word•, ha.~d on th~ ,.aJue of ind~x. ~:,e pro¡:ram w1!l ~o t.o th~ 

st.atement lab~led 10. 100, 37, and so on. 
The "compu llld CO TO" m FOR TH.AN m ciSl c•ve~tc"Jiy lw :r~ns:at. ~d 1 nto 

m"chme ]an¡:uage. One possibility in the \an~'Ua~e o! •J,e PDJ'-:1 would bl' . ~ 

H~D 

""' '" "' '"' ~~~LE: , ~{'~D 

,A PS~ltDO-:SfHUCOlON 
.el~CE !1 1" ''1 
, ~(•! NDf •'( "·""''-1 
.ro~~ 2•:%<:• 

~T'<~Lf<•~> , ~-~I~ECI JUrJ• 
u~. L.~ O~. L. H. L11~~-, . • L 7 

The mHhod u<ed is called thc jump tobl~ m~thod, >m<e it u"'' a t~ble of 
adrlresses to jump to. The m~thod worl<.< a.< follo.,-.: 

l. Th~ va!ue of 1:\DEX is obtair.M. 

z. Since t~t ran~e of 1:-.:DEX is 1 <.:; I~J)EX <.:; m:~.xim\lmv;Uue. lis sub­
tracted from th~ index so L~at its rar.ge is O <; 1;\'0EX .;; ma>. -
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3. The v~lue of mde.~ "<loubl~d to tah care of th~ [3Ct that labch in 
the tableare uor~d in •·ven addr~s.es: Le .• full words: 

4. 1'he a¡!dress for the J~:r instrucliun is utili,.<·d both a";; indPx~>d and 
indirect, such that it p<>ints tC> an address lO be jumped te> in the tablo, 

Although the jun'l' in>tructJOn trnnsfers ronu-ol to the corree\ program 
\abe\, it does not spedfy any way to come hack. In the next ..,ction, where 
we shall co:->sider subroutinin~. we sha\1 see tha1. a ¡;\i~ht modlflt3Uon of the 
jump lnstructions allows for an ordcrly transfcr of contwl, and a r<"\urn, 
from one settion of code lo another. 

4.3. SUBROUTINES 

A ~ood p,c.gramndng practice to get into is to separa<" )¡u¡;~ pn>grarns 
into smaller •~bprograms, w~ic~ are easicr lO managc. These subpro::ram• 
are acti\·at<-d eother by a main program or by ~ach o~h<·t, al\owing for the 
sharin~ of routin es "m on; lht• d ifft·n·n t pro~r:oms and subpro~ams. 

The saving in memory !pace resultinc !rom having only or.e copy ofthe 
ne~ded rootine is a d<'Lnite a,!,·antage. Equally important ts the laving in 
time for the programmer, whn n•·•·ds to codo tiH' routme only oncn. How­
~,·er, in arder to share co,-,mon subprograms, thcre m~<st be a mrchanism to 

l. Allow the transfer <JI control from one routine to another. 

2. Pass val u es among the various routines. 

The me eh anism th at accompl ;,hes th~se requircments io cal! "d the '" brou t '"" 
lir~hcge and is, in genera!, a combmation o! hardware featurcs and software 
convention•. 

ThP hardware featurt!s on thc PDP-11 which ~<>ist in p~rfonning the 
subroutine linb~e are the ins:ructions JSR ancl RTS. Tlwse instructio~s are 
in the sobroutine cal\ ~nd return ~roup and hav" the following asse:nbler 
form and ins~n<ctiun formatT: 

" 
,, ) ~ o 
"--,:----'-

"~'""''-~,.,,,,.., ~"''"'" -~--___¡ : - (),,,,, ,, "'" .,,j,<', 

tn,•pondin~ on lho mod• .. r ,dd.o.,ing, une or 1wo wo.d, "'" u>ed for 1~• JSR 
in•UU<l•<>n. 
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• 
Op "'''' ----' 

"''"''"'"' 
00 

' 
' - o 

i\J 

Bolh instructi<>n< make us~ of a ">',ack" mechani>m s.mi:,, to t!1e >t"ck 
mechanism described for :uro·ad~:e;s machín~• in s~ctio~ 1.2.S.G. 

A ,rack is an aren of memory ><'\ nsi~e by the pro~ramm~r fo: tem:-oorary 
stora~~ Or suhrou:inofinterrupl se,-,.• ice ilnlt.t~e. T!H• in<~ruetiom that fn"ili· 

•tate st.ack handling(~.¡;., aut.o;ncn•ment and au:o~.·cremen:) m• u•ef~l f•·a­
tures th~t may be found in low-cost complllP:>. They allow a ;Jro~ram to 
dynamically estal>lish, mod,fy, or delete a st.ack ,Ultl itcms on it. The s•.ack 
ur.es !he /csr-in, f;rs/-our or UFO concept; ~a\ i•, ,-arious it•nl< may be 
added to a stock in •~quentin.l or~<-r and retri~ved or dei~Wd fron, Uw s:.ack 
in r~•·N•e order (Fi~. 4-3). On ~hr· PDP-11, a s::.L·k o.t,<rl> "t the hi¡:!1e>~ lo,·~­
tion rNerved for it and üJ'~mls \ine:uly <lown"~rd to th~ In" rs~ nd<ln·" as 
i:ems are ~>ddrd to lhe •tack. 

The programmcr does no\ ner·d to kecp trnd< o! the actua' loc~t.ions hJS 
data are being s·.aclted into. Thi< is ~nno• ""l<Jn1:1\0<"0lly thrnn~ll a <:acl< 
pomtu. To keep track of !he b,: item ndded to tilo• .. tack (or "'whero we 
are'" in the staá). a ~··no•ral re~"ter alw~ys <·nol\:Oin< tlw l"l<'lllOry arldr~ss 

where lhe last it<-m is ,toruü in tlw 'todc. In Uw 1'\Jl'-11 .1ny ""~""'' '''cept 
registcr 7 (the PC) m>Y he "'"d ns a st..á point••r "n<lo•r pro~l'-•111 <'<>ntrol; 
howcover, imtnJctions as"><"iatN~ with >11hrm•tin<- lml<O~•· :1n<l :OHt'rtUpt <H­
vice automotic(l]ly use n·~ister 6 (HC) "-'a h"rc~wan• <\ao·k pninlo•r. l'ur lh" 
reason R6 i• fr~quenUy refcrred to a• :he sys\<'<n 81'. 

Stacks in the PDP-11 n1ay be mointain<~l in ,.;¡ht•r full-word or hyte units. 
Thi< is tn.Je !ora stack pointe<'! •.o by ~ny n·~"t~r ••Vc•pl P.r •. wil;"h ~n•~t b~ 
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or~anized m ~u\1-word unir.s only. Bytu •tacks (Fig. 4-1) r<•quirc ins\ructions 
c•pabl~ of opnatin~ on hyt.e> ralller than full wmds (byte hand\in¡:" cE>­
eussed in Scction 4.G). 

0070 ... 

00101 

()(170) 

00107 

1>0101 

DOJIOO 

00110 
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' • 
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• . 

00101 

ooro• 
00701 

' • 
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007100 

" '" 

h<m~' 

ho•M\ ~ ) 

hom ~; 

lr.-m # 1 

" ' "''" 

1 '"" # • 

lt, .. # l 

""n#l 

,,,., ~ 1 

sr 1 OOJOJ; 

~ SI' c:·~O~·~·'">:] 

Mm By"'"" 
"""f'~ '" wurd> 
"fol~""'~~-

ltems are addcd lo a sl.:lck using t.he outodt•cremcnt addr~>sing mode with 
the appropriate pointer reGJ>h·r. (Sce Chapter 2 for a d<•;cription of thc 
a u toi ncren,cnt/d~cr<>rnt•n t m orles.) 

Thi• operation ;, accompli•hed ns follows: 

This is called a "puSh" because data are "pushed onto L>,e slac/:." 
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To remove an item from stack 

the appropriat.e SP is t•mployt'll. 
manncr: 

th~ autoincn·mrn\ ~dclr<•!>in~ n>Od« with 
This is a<·~ompli•ht><l in th~ followin~ 

i~F·>+.C·é5T .nO,'E OHTIN~ll~N EnE OFF ~T~CK 

Rcmoving an 1\em from a stack is cn.':Pd o pop, for ''poppi~~ fro:n th•· stac;.." 
Alter an iu-m has been poppt•d, it< >Utck lo<"ation ¡, con,k!<•rt•d fr,.,. nnd 
available for other use. Tiw slad< ¡mlnt..r poina :o th~ last-u«>d location, 
implyin~ th~t llw ne~t (lower) loea!ion "free. Thus ;1 ;tock may r<•¡ne«·n: 
a pool of shareable temporary stora~e locations. 

4.3.2. Sub<OU"''" C•ll> ond Re"""' 

When a JSR is ex..,uted, the contenl$ of thf'linka~e ·~~ister :li"C saved on 
the system R6 stnck as if a .\~OV r¡·~.-(SP) has h~e" perform~d. Lhen the 
same regis:er is loaded wi:.h th<" m~mory addrrss following the JSR in•truc­
tion (the contenL< of the curren1. l'C) e~ru.! a jum¡> is me~d<" to l!w en:ry loca­
tion spedfied. '!1w eff~ct, then, of (•vcu:i"~ one JSP. in<\r,ction i$ the 
smne as simultano•ous~y t•xecuting two ~:OVs ando .'\;P; for ~;,.~mpl ... 

"' 
~D'' <EG.-(~:f·> 

~o•· •c.•c~ 
JMP <O.t•~R 

Fi¡:urc 4-5 gi,es the "before" and 
routine ins~ruction JSH Il5,1064. 

~""" 
1~1!=00013: 
(Rio)=!J011U. 

(]'(') r 1M 7 J O 00 1 [)(}() 

,No,;.- 'C•>I~H<- !!JlO HE SHC< 
,l·t•l >Pe·_;,~¡ ¡,;¡, 'EGIO-~H 

··"'·"'' ro '''¡'¡.'''I'E 

o~<o•ooll••• 
rii,.•WIJl.¡ 

11'<1• Ll<]> • (>01Uo•4 

1 R 
oonn f-----11 oo 1 n ~ 1 
no¡n• 1 re:::::-• """ 1 """' ¡- ,.¡ 
00171h rc"'""'''"'m--ii--SP 1 OUillh 1 UOillb 1 

ou~ooo """""" !J"'""o 

• 
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In arder lo r<•Lurn from o "'l>roul;ne, the RTS instruction is e~~cut.ed. !t 
performs the in,·crS<" opc·ratlon uf th" JSR, the uns:.aáing and res\orin¡¡ of 
:he saved re¡:ist.er ,-aJue, and the r~twn of •·ontrol lo the imtruction follow­
in~ the JSR instruction. Th;, <•qui,·alrnt of 3!\ RTS is a concurrent ,\tOV 
instruction pair: 

~0'' 'E~.~' "¡,,· (Sf·)•.•E~ 
• •·nw~~ ~-'' 
·•·EST(••< •EGl$1H 

The use of a st.ack mecha."'ism for subroutine calls .. nd re~urr.s is par'.icu­
larly ~dvuntJ¡;enus for two r~a,ons. Fmt, many JSR instructions can be 
execul-fod without L'le necd t.o pro,·ide any .. .-ing procedure !or :he linh~~ 
information, since all linbge information is Jutomutico!ly rushed into the 
slack in ""<;ut•ntial arder. Returns can simply be made by au:omatically 
poppin~ this information from the stack in oppo•ite arder.·. Such linb~e 
address bookl-.<·~pin~ ·;s c'a!!ed automatic nes!ing of subroutine calls. Tló 
feMure enobics the pro[7ammer to construct fast, efíicient lin~a~es in an 
easy, nexible "'""'"''· 1\ even perm1ts a routine to be recalled orto call 
itsel! in thme ca.es wherc Ulis is meanin¡;ful (Sec~ions 4.3.5 anrl .:.3.6). 
Oth<•r mmifieations, will appear afi.t'r we examinr the interrupt m<·chanism 
for the PDP-11 (Section 6.4). 

The •rcond •dv:U.t:>~c of th•! stack mechanism is found in it• ease of use 
for saving and restoring re~isters, This c<><e nrises when a subro<l\ine v.-ants 
to \L~e tlle gen«ral n·~isU.rs, but the>e re~i•IRrs w~re o.lready in use by the 
callin~ pro¡;ram and mus\ thercfore be returncd to it with theJT cont.cnts 
intact. The callt-d subroutine {JSRPC, SUBR) could be wntte~. then, as 
shown m l"ig. 4-6. 

su~•·. 
__ ¡,,-
11D\' 

~ov 

M(•~ 

"~ 
TEMO~; . ~(·~~ 

m UR;Oi th• >l.Ok" 

Sti!<· ~¡.,• 

M(•V 

""' ""' '" 

H,lEM~$ 

·~.HM~"•2 

TE~•-~·~-·~ 
HM'~·'> 

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

<t.·<H> 
··~--"-~'-

«~>·-~·· 
·~,;,.,,, ,., 

. ~~''" ~' • ,:.,wc ~~ 

.•E;:H"E '~ 
,<,;:.T(•H" 

. '€''-"" , :;~vE ~•·E~ 

•''''S" '' . ,.,,,. ··~ 

,FOP •2 
,fOF' H 
, 'ETt,t;:N 



.. ' 

SEC. • 1 

The second rouline u<es two fewer wnrd< per r<·l:'i•[<,r <~V~/r<·•:vr~ and 
"llows anothn routine lo me il><· l<·mporary st,d< ;tor,,g~ ;,t" !.otter roint 
ra:hcr th:m p~rmnn(•nlly \}'Íng """e me:nor}' luc:otions ('!'E.\;PS) !<> n p;>,nic· 
ular.routine. This nhllity lo ;hare tempnrary stor;1g~ in !he furm of a <l;>ck is 
a very economit·al wny :.o snve on m<·mory u<>~<·, <'<)W~i.-tly w\wo t!w tO'.:I! 

"mount of memory islimit<'d. 
The r~nder should no:e ti1at t!w sllbroutinP c:~ll JSR PC,SL'!;IR is a le¡:¡t¡­

mat<• form for a >ubroutine j\lmp. Tite instruction ,lot•< not u:iliu• or s:.nc~ 
any n·¡;JSters but. the PC. On the othcrhand, th~ in,mlction ,!S!l. .SP,SUBR, 
where SP ~ R6, i< not normn!ly considNt'd .a "'"nnin~f"l ~ombinntion. 

Later, however, utilizing rc·gi>ter 6 will he <'On<itlc·ro·tl ¡,,.,. S<•e<ion -1.3.7). 

The JSR and RTS ir:strt!ctiono handle the Enb~~ prohl~m for ¡,ansfer­
ring control. 1\'hat mmains is thc problem of p~><i~~ .1r~umcn~' !.a~~ und 
forth !<J the suhroutine dming its ilwocatton. A< it. tmns out, lhis is a fair:y 
<traightforwru-d problcm, a~d thc re>.l ()\l"süon \.wcom<'S Oll~ of choosi.~:: onP 
>olution fr<>m th~ l:tr~•· numher of "'"Y' for P"'"n~ valttes. 

A •·ery simple-minded npproaeh. for nr¡:umen: transmission woul<! bt 1.0 

agn·e Rhead Of t11ne on the lotations that mi~ht ¡,. u>NI. For ··~amp:•.l'-'p­
pose that there "'"l!i a subroutinP ).1UL which mu!t;pks two 1G-bi: words 
togethcr, producing a 32-bit result. TI1e <ubroutine '''pects the Oll'l\ipli~r 
and multiplicand !<J Uc place<! in symbo~ic locations AI\Gl and ARG2 re-­

··~p~ctively, and upon compi••t:on. tlle s!l~routiM ,,.;!! ~~~,·e th~ re<"l:.nnt in 
u,~ >ame locations. 

The subroutine iinkage needed to set up, <"nll. and "'""~ th~ ~~"ernted 
n•;ults might look hk"' 

""' <1[!~ 

"' MV 
11JV 

,-, ~·~1 

"· ~'"" •-c. ~t'L 
H.-GL ¡ SL T 
,.,r.,;:.•·nl·~ 

-~~ur•uo­
,ML'~'l"cJC~<Nc· 

.CHCL nc<•-li'L\' 

. !'H\'E TME f~(' 

WC,Ot· ¡E~VLT 

Asan alterna\ive to this linhge, one could uw the n'~i't''" ror \he "'hrou­
tlne argum••nl> and write: 

,. ' ' ' , .. ' z 
PC-~Ul 

,MUlTif'LiEO 
,rVLflfL'(~N~ 
,(~Ll Mt'Lll''L\' 

This las! met.hod, al~hou~h acceptable, ¡, somewh,¡ r~•trict"d in th:\1 a 
maximum of si>: ar;:umenl!i cou]d be transmttlt•d, ,·orn•·pon<l'<ol~ to !he num­
ber of g.:neral registers a\'ailable. ,\S~ re,.olt. of thi; T••>lrinion, :~notlwr ;;!. 

ternative is uwd which moke> use of the nwmory locol""" poin·.,·<! lo h;- thP 



linka~e resisler of th~ JSR ;.,,:n•ction. Since this r<>~i•ter rmnts to lile f.rst 
word foUowing the JSR instruction, 11 may be used as a pointer to :.he fmt 
word of a vector o[ ar¡:mn~nts or ar¡:ument a<ldre.,es. 

Consi<lerin~ \he f!fst ~ ... whcre the ar¡:ument> follow the JSR ,nstruc­
tion. the subroutine linka¡;e would be of lile form: 

<~.~(IL 

~-~lUE· ,.,.~ll'i 

.(~lL MCIU!'·t~ 

;~'•><•ME~l$ 

Thcse a:r¡:uments could be ace<"s""d using autoincrement modc: 

MUL" "~)•.'"1 

('ól····~ 

" 

.~ET MLILTI<·Lif;O 

.~ET ~lJLllf"liC>.N~ 

At the time of rcturn, the value (ad<lrcss pointer) in RO wLII have been incre· 
rnented by 4 so th~: RO cont<lins the addrt>ss of the nc.ü e~t·cu~able i~struc­
tion following lhc JSR. 

In the sccond ease, where :he adCrt>.,;es of the ar¡:uments fol!ow the 
subroutine call, tht> linkage looh lih 

• 

•·o. M"'­
·-~t·~'. \"H•t·• 

.CM~t ~lJLT)f"l'" 

-~'"l'~""~ 
For th is c~s<", the •·a!ues to be manipulal<-d are r~tched indirectly: 

jHIL ~"'')•, ,., 
;o(ó~)·. ·~ 

.F~T(~ ntiLTJf"lló.O 

.<ETC~ ~VLTJ•·L:.;~,¡~ 

Anoth~r method of t'ansmJtting 111~um~nts is 1.0 transmit only ti".e a<!­
dress of the ft:-.1. item by placin~ this addre» in a genera!·p\lTpo<e rPgist~r. 
lt is not n<-cess~ry to h.¡ve lh~ nt\llal ar¡:urn••nt lis\ in th" 'ame ~eneral aroa as 
the subrout.ine ~nll. TI>Us a >Ubrou:ine can be calle<! to w·ork on data !ocat~d 
anywhert• in memory. In f•ct, 1n rnany c.«es, th<• opProtJOn; Jl<•rforJTlod by 
the subroutine can be applied d~rectly to the dat.1 loc~ted on or poin\.ed t.o 
by a stack (Fig. 4·7) w1thout ever actually needing to rnove these data in:.o­

the subroutjne '''"'""· 

¡,,.,,., 1 --wllr~'""'"'"n'"tj 
1 

L 
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Calling prograrn: 

Subroutine: 

"ü!•H<,<I 
f·c, 5\•H 

, O[l UF' <(•I~TE< 

,(et.t. s•_•f•6c•,-I•E 

11; 

,;,¡.¡. IH:~ <l Tú JH~ ·~ 
''~n(( 'CÓVL,- !N !HI' <1 <1 
,F(•JN:S 'i• ]•E~ ·~,·¡.u 

''""E [H!:rT ;,;- ;,¡-,:,,·[ [_-(EfT 
,lHHT <e ;:TILL F·(•l"TS Tú 
.IHI'Il 

"' 

Given these many ways topa .. argumena toa subrouti~e. it is worth· 
while to ask, why have so many been prc>••nlo•¿ and what ;, the ratinn,.;e 
for prese,ting them all? The answer is that P;Lch mt•l.hod W"-' l"e":n,ed "' 
bein~ som<•what. "bet!N" than the laot, in that 

l. F~w retster> were med to transmit arguments. 

2.. The number o! parameter> pas.sed could be quite !ar~e. 

3. The lmb¡;e mcchanism was simplifLed to tlw point "h••re only the 
address of the subrO'-' t.ine was n~ded to transfer con tro: "-"d P~-" parameters. 

Poillt 3 requires sorne addit.ional c•plana:.ion. SincP <ubroutme•, ;,~~ 
any ol.her programs, may be wriuen in pos::ion-:ndcp~r.<l~n: eod~. i: is pos· 
sible to write and a.>st•mble ~hem :nd~pendPnll)' frc¡,-, '.i'e 1nain pro~ram t!1~t. 
uses them. The problem is fLIIin¡: m t.l¡e •Ppro¡mat.e ad<.lress for :~P JS!{ 
instruction. 

Fllling in the aCdrc.<S field in tlw JSR ins:ruc:ion ;, t.:.~ )ob o! :~e link:n~ 
loader, sincc it can not on!y re:ocate PJC pro~r:Lil'.s h11: ol'o f1l' in subrout:nP 
addresst"s, i.e., Unk :hem to~et.her. The result" thal n relo,·at.nble '"brou:ine 
may be londed anywhere in memory and be linl<ed wi:.h one or more callin~ 
programs nnd/or subpro~'l'ams. Tlwre will be only one copy of lhe routin~. 
but it may be :ned in a repetit.iv~ mnnncr by o:h~r pro¡:r;uns loco:ed :my· 
where dse in memory. 

Another point no! to hl' ov<'rlooked in rec.,ppin~ IIJ~Ument pa"in~ ;, the 
si¡¡nifkant dtfference in the methods \LSed. Tite firot t.<·<·hni<¡Ll<'< pn••t•n\ed 
used the simple method of passin~ a MIUP :o t.lw SLLhrou tiow. Tht• bt.<"r (.('eh· 
niques pa,.ed the address of t.h<• v>.lue. The <lifl~n·nre ÍLl lh<••e ~wo l.<'ch· 
niques, col/ by w/u~ and c"/1 b.'' nddreH, c,<n h~ 'J"itc impmt,Ln\, '" LIILJ,. 

· trated by the foUowinc FORTR,\:\.Ji~~ pro¡:ram r~nmpl~; 
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f'f(•'•'A~ Tf·l(>\' 

""' ¡, •• 
···]~!.~-!. 

-c~u s•~Hl -2.> 

¡-·~ 

•·•:~r.~-~­

E'Ili 

·;u[<(".IT!NE: , • .,,,.,,,,., 

1E~F" . . ,. 
l'•lE~F· 
<Elt••N 

'"' 

Jf the real const.ont.s an• pa;wd in hy value, both prin~ st..:~·.em<•nts wi'' prin~ 
out a - l. This occur> b<'""'"" su broutin<• SW AP ~~ t~rch anges th e ,.aJ u es t!1 at 
it has ro·~eiv~d. not the ,cu:al ~or.l<'nts of th~ ar~umt·n~s :.hem>dl~s. 

However, if tht• r~nl con,t:tn(s are passed in by ,,JJre;,, thr• two prínt 
s:.nt~ments will produce -l. ~nd l., respectively. In ~his caSR l.he ;ubrou:ir.e 
SW AP rderen<:es \O n•al t'Onl\.<nis t he m «•lvt•S, Ln terrhan ~~ ng th<• actual nr~u­
ment ''"loes. 

Hi~ht·r-IPvel langua~e, s~ch as FORTRA,'\', c·an pas1 par.•m<•tér. bo~h by 
value and by addr~ss. Of'-"n :he normal modc ,. by a~<!re<s, but when the 
argttm~nt is ~n exprcs>ion, thc· adclr.·ss r~rr~;~nt.s tht• loc•tion o f the ••valunt<«:l 
~:<presslon. Therpfore, if onc wishcd to call SIVAP by value, it could Oe 
pcr!ormcd as 

causin¡: !he rontcnt.s o! th~· ""I""ssions, but not !.'le constants :h,•msc!~es, 
to be o.wiu:hed. 

Th•·s.e Udmiqu~s !or pa.>sin~ paramcters are t•asy to und~rst..nd at !he 
asscmbly lnn¡iun~c leve\ because the pro~rammer can seo! cxacGy what mélh­
od is bcin~ u•ed. In hi~hcr-level lan~.;¡;c>s, hnwever, whe,-e :he :cchnique" 
not so uansparcnt, intcre.tin¡; re>uhs ~an ocrur. Thus the know]edgeable 
h i¡:hcr-lcw•l hm~unge ]lrO~T~n\m~r mus\ be aware o f t h~ t~ch tli<wes u sed if O.e 
is to avoid um:sual or une~p~cu.d rcsu\U. 

A subroutinc, 1\kc any <>lhcr program, wil\ use the r<•gisters Juring it.s 
~x~cution. As a resu\t, thc oonl~nt.s of lht• r~¡;isters ~~ th~ 1.Ím~ that the 
subroutine is ln>'Dked n1ay not be the same as when the suhrouli~c return;. 
The •horin¡: of thcse common re,our~~s (e g., the r<•¡;ist~rs) ;,lH•refore dicta~<=< 
that <>n ~ntry to the su!Jroutme lile ·~~'l>t.ers be s:1ved and, on ~x1t, r~stored. 

-The n•<ron<ihility for pNlormin¡: thc •ave and rc.cor,• func:ion !alls 
~ilh<'T on the colhn~ T<>utin~ or tht• ca]led routine. Alt~luu~!l nr~unwnu eXl5t 
for mokin!: the collin¡; progr~m sovc the re~i•ters (since it n~<·d s.we only the 
ones in curren! use), it is more colnmon {or the <Cibroutine ;¡,,.¡[ 1.0 >ave and 
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••-e-<) "' 
rc<tor~ all r~gis~''" ">~'<~- On th" I'DP-1 1 th<• "'V<' :ontl '''''""' routine is 
Gtratly simplif1<•d Ly ti\!' uw of a >la~k, '" w¡" t!lmlrOl<'d in 1'1~- ~-G. 

As point~d out previously, s:~ch ~row downw:trd m mt•mory and are 
troditiom~ly def11wd to occupy the m<•nwry sp.J<·e in1111<•d~:o:ely pr<'<-'t•din" 
the prog,-am(s) that me them. One of the ¡,,~~ th1n~s thM ~ny pro¡:r~m 
which us~s" s\,,ck (in polTllclt!ar one that <'.\('<".<:t•s a ,ISR) mus! do i< lo SPl 
the stack point.er up. For v ... >mple, ¡( SP (Ü., RG) is to b<' u•v<!, !lw pro:;ram 
should h~gin with 

HG· 1'( • ,,. 

-. '' ) 

.ru. '' '~' r¡F;;r 
-'"H<t<(:!v~ ~e:~¡: ,,.1,~,~­
.~r-.;;¡.¡,, Eé~•L 

,<•H<F•1E_, iF' f"l' ~ 
·"' <·<J;~ o."•) T><[ ~·~e· L.'! a 
, il<J<E '"¿ ¡.i<f~ M Ei••-~ 

This initiali2ation routine i< \\'rllh•n in PlC form, a•l<l hod 1~ h<·o•n ""<·mhl~<l' 
b~~inníng at l=atwn O (.•0), th<· pro~'""' could h<" '"">ilr ,..:o,· .. ~•·<!.' Tht• 

· routm~ mes a progromming tri•·~ .to dc••·rc111~nt llw stnt<>; lt ,.,,.;ti·~ t•·<t in· 
str11ction in autodecremem mod~ nnd ,~nor<•' ~h·· ,.ttmg of thf ¡·ondnion 
codes. The nltrrnative t.o usm~ tlw 'fST i 11;tm<'l !o n wou:tl lw "' S\' !l L~.S r. 
but this would rco.quire an "' tra in,truction word. 

Further ad,·antoges of stack or~amzation L><.·conw apparen~ in comp!Px 
siWnt1ons which "an J.rise in pro~rnm system, thnt nr<• en~.l~<·d m tlW <"Onca•· 
rent handling of S<"veral t,,.ks. Such multil.>.sk Ptol!l"am <•!W;ronm<"nl..s m~y 
range from relati•e'.y simpl' sin~lo-us••r applicnt:ons wl1och '"'"'· '"'"'"~" nn 
intermlx of 1/0 s•·rvice and bnc:-¡:round compu!mionto lar~,. ,·orn¡,Jn mulu­
pro¡,'l'~rnminG systerll< that lllnn.L~L' a V<'tY LIH•i•·at<• roll\llln• <>f o·\o•cuti,•e and 
multtuser pro¡:rammin~ 5\llJJlÍO<l!o. In a:l llww :.ppiH;atiun< t 1 ~o·n• ;, n ~ .. ,.,;1 
for flexibility and time/m••rnory o><:onomy. '!111- '"'' of ~¡,..-'""'k providt•, 
t.h1> <'conomy and fle~ibi\íty by pro<idtn\': ~ "·"'l'.w<'. f<>r """"''"~ ,,,nny t;,¡, 
to use a sin~le copy of th~ same routir.~ anda simpl,•, "n;omhi)!llOu< nwthod 
fot h<•pin~ \rack o~ comple, pro~r~m iinlc"~'''· 

Th~ ab1lity to share a sin~l~ copyola ~"'''" pro~ram nmon~ ""'" or t"-<ks 
is eall<•d recnlrai1C,v. Rel'n:ra!1t pro~'Tam r<1lllÍ1W> <~iffpr from on]¡n:>ry suh­

rolJtines in that it is unnt•e<•<<nry for re~ntr:mt rnm;no•< to ¡,.,;,~, pron•<.<in~ 
a ui'·~n task before they can bo• "'"''d hy :uwLlwr la<k .. \l•.,tti¡ú ¡.,,:.-can bl' 
in various stages of compiNion in ¡¡,~ <onw romi11~ .ot ony tinw. '!'lnts tiw 
situation shown in F1~. 4-8 may <>ccur. 
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A "n•"' • c<>r) of '""'""""' A 
"'"' b< P'"""'" foo '"~ rro1"m 

CHA>. < 

• 

The chief rro~rcmmin~ di>tinctiun b¡,twcen a non,haro•ab:e routi~e anda 
reentrant routine ;, t.'la: the reentrant routine i< compase<! solely of p~re 
code; that is, it ~ont;¡ins only instructions and c.onstants. Thus a S<•ction of 
pro¡rram code is reentrant (shareable) if wd only if it 1> non-se!!-moó:ying; 
that is, no information within lt is subjec\ to moclifkatJon. The philosophy 
behind 1"''" codo is actun.!ly no\ 1im1tcd to re•mtrant routines. A~y non­
modifyin~ pro¡.'Tam segment :hot has no temporary stora~" or data •••ocl•kd 
with it will be 

1. Simpler to debug. 

2. RL·ad-only protectoble (i e., :t can be kept in r~ad.only memory). 

3. Jnterrup!.ablc Mct res~ar!.ablc, besides being reenttan~. 

Using reentrant routines, eontro\ of 8 given rout:ne rnay be shared a;; 

illustrated in l'i~. 4·9. 

l. Ta.k Ah"' r~que•t~d pr<>c<•s<in~ by reent.-ant routine Q. 

2. T"s1< A temporari\y relinqui<h~• ,·ontrol of rrcntranl routino Q (i.e .. is 
intcrrupwd) before it fn,ish~• proc .. <>ing. 

• 
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3. Task B start.< proce'Sing in thc same copy o! reenlrant routine Q. 

4, Task B relinquishes control o! r<•entrant routine Q ~~ some point in 
its proc~ssing. 

5. Task A re~nin• control o! r<'<'n\rant routine Q ancl r~s\>mPs proc~ssing 
from where it stopped, 

The use of reentrant programming al\ows many tasks to shar~ frequent~y 
usec! routines sC~eh as de\'iee ser\·ice routines and ASCJI-Bin"ry ~onvers:on 
routines. In fact, in a muit:user system it is po<sible, for inst.:'"lce. toco~.· 
struc\ a reentrant FORTRA!" com¡nlcr that ca.~ be uscd a• a ""~ie copy tly 
many user programs. 

4.3.6. Rocu,ion 

It is oft.en rn<•anin~ful for a pro~ram sc~rnc~t lo call i~<elf. The ahilny to 
nest subroutine calls lo thc ·s~mc subroutine is cnlled sc.'f·r<'<'111raney or 
N'cursion. The use of a stac~ or~anization pennil.l easy u~ambi:::uous ,.,. 
cursion. Th~ technique of r~cur>ion i> o! ¡:r~nt us~ lo th~ mat!wmolic:U 
analys:, as it also permits thc evaluation of som~ otherwiw noncomputable 
m~lh~matkal f unctioni. This techni<¡¡lP ofte~ ;wron i ls very sil"' itk '"'! me m· 
ory and specd economies in the lin:n>istic operations o! compi!ers an<.l other 
hi&h<'r-level sof\\""r~ pro~r.•ms, ns w(• shall ill"<\!~te. 

A classical examplc of thc \l>ch~ique o! recnr>ion can he follnd in com· 
pu tin¡: N faclonRI (N'). Allhon~h 

it is also troe that 

N!= N* (N- 1) • (N- 2)• ... •1 

N~'"N•(N-ll~ 

1! - l 

Wntl<'n'in "p;euclo-FORTRA:->'," a function for calcl•!Min~ ,\'! would look 
Hke: 

J-rHE' <UNCTJC•~ "CT<~) 

!F (' ~E. ll ~(• T~ ~ 

•·n•"" 
! F~CI•~·'~'(N·1' 

•·EH'P" 
E~¡, 

This code is pseudo-FORTRA:>i becnu•c it <:nnnnt netually he trnn,\atc-d 
by rnost FORTRA!\ compilcrs: the probl<·m is thn: :h~ recursiw• ca\! tequiri'S 

• 
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a st.ack capable o! main~aining both th~ CUI'T"nt values of FACT and the 
return point.ers either to the function iV.elf or its calling pro~ram. However, 
the function may be co<l .. d in PDP-lla•sembly language in a simple fashion 

'by t.aking advnntase o! i\s stack rnechanism. Assumin~ !Ílat the value of N is 
in RO and the value o! N~ io to be left in Rl, the function FACT could be 
coded recursively DS shown in Fig. 4-10. _ 

F~O: 

EXIT: 

m 
~HI 

"" "' JS~ 

"" "' '" 

" E'IT 
··~. -(SP) 

'" P(,Fo'I~T 

<Sn•, H 
PC HliL 

" 

. rs , . ..,.e? 

. ~rs 

.%~E ~ 

. n·•· 01-1 
¡ CO:.ttf·,'lE <N-U' 
, FETC~ F<-.:>M Sl~C~ 
.I'!<ILTlf·L'' ~~LUES 
, O(TUO:N 

The prograrn o! Fi~. 4-10 ca!ls it.se\f re<:ursively by e>.ecuting the JSR 
PC,FACT instruction. Each time it does so, it places both the cunent "alue 
of N and u,.. return address (labe\ RET) in the staek. When N ~ O, the RTS 
instruction en uses the re tu m address to be popped o!f the st.ack. ~eJ<t an N 
value is pla~.-d in Rl, anda nonn·cursive cal\ is made to the MUL subroutine. 

The ;ubroutine m"\\ip\y (MUL) us~s thevalue o! Rl to perform a multi· 
plication of Rl by the va2ue of an interna] number (initiaHy 1 ). he\<! i.-. MUL, 
which represc.-.ts the par~i~ product. This pa,-tial product is also \e!t in Rl. 

Upon returning from the multJply subroutine, the program .-.txt en· 
counters the RTS ll'struction a~ain. Either the stack cont:lins the return 
address of !he cal\ing pro:;ram for F ACT, or e\.e another address.dat.a pair of 
words ¡¡<m<·rakd by a rfcmsive cal\ on FACT. ln thc latter case, Rl is again 
loaded wilh an N va\ue tl:at is to be multip\ied by the partial product being 
he\d loc:llly in the MUL subroutine, and the above process is again repeated. 
Otherwise, \he return to t.!'. e cal\in~ pro:;ram is performed, with N~ held in R l. 

4.3.7. Co<Ou\in•• 

In 1ome oituationo it happen~ that <everal program se;menU orroutines 
are highly interactive. Cor. tro\ is p115$<'d back and forth betwecn !he routines, 
and each goeo throu¡:h a period of <uspension berore b<>in¡: resumed. Because 
th~ routines mamt.ain n symmettic relationship to each other, t"ey are cal!ed 
corou tfnes. 

Basically, the coroutine idea is an ext.ension of the subroutine concept. 
The <.!ifference between them "that a <ubroutine is •ubordinat.e toa '.carger 
clllling program while the coroutine is not. Conscquent\y, pas.<ing control is 

1 dirterent for !he two concrpt.s. 
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When th~ nllin~ program mnhs u oall toa subro<otine, it •u•pen<ls iuelf 

and tran<fers conW"nl 1.0 the subroutinc. Tl1,. <ubroutine is ~ntNCd al its 
beginning, perforrns its fnnction, and tcrmin,,tes by l'ussing control back to 
the calling program, which :, thereupon resumed. 

In passing control from one eorouttn<' to anot.her, ex~cu!iO.'l begins in 
t.he newly •cti,·at.ed routine where i: last l<'Ct o~f-nol nt the entrance to the 
routine. The flow of oontrol P"''"' back an~ forth ktwe~n C'lroutines, and 
each time a coroutine ~ain> contra!, it< COtllfl'-'I1Lt:on.,] prn~'n'" i< a<!\·~nC<"Ó 
until it pa .. es control Oll lo nnotht•r <"M<>U'>ne. 

The PD?-11, wit11 il.S h~rd11or<• <C.~ck ~<·a:uce, <un 1><· e~<i:y !'ro~mmm•·d 
to imp:ement a eorou\inc n·luliunship lw',wpefl two "1\'''-"''"'~ r<oHlin<''· 
L'sing a 1pecial case of thP JSR ins~ruc:ion !i.P., JS!\ PC:.Ii·('!Oo)~j, wluch 
exchan~es th~ top t·l~mon: of tht• rrgtst<•r (j prcoc't'"or st.<cX untl tlw con'.t•nl> 
o! the pro¡:r~m co!Lnt.cr (PC), the two roulln<•< m~y he P~':-ni::~d :o >"'"P 
pro¡:ram control an<! resumr, operd:ion wher~ :~<'Y >lop¡-.•<!, w!«·n r~~aCled. 
'fhis control swapping,. ill<Jstral.<'d in Fig. 4-1:. 

RouiOO< ~ 1 """""""~· ol t><o 

"'""''' 
JSR re.(~ IR6) • 

(1) ro;'"""""dfmmol"""' 
'"'<Oc sr '"'"'""'""""' 

(~) ~p "''"'"'''•""''"',¿ ··~ '"' 
o'd I'C ¡; < , I'CI \" i'"''"U 

()) """""' ;, "'"'''""'' '" ·~· '"•'>l•o• i'CJ 1' ' ' "'" ''"' # J) 

RuuHno •1" Uf><r.oHOS-" th<n 

'"'""'· 
lSRI'C.~'(Ról• 

W<lh 1!1< r<>Uit lhot 1'("~ o><""'"''"' 
r., re~ o• ''" "-"''"''"'"''o'" 
"•n>f<ntd t>.á 10 routom· • L. 

LC 

"' ---

The power or a coroutine •t.ructu . .,. ;, lo be found in m<>c'crn oper~ting 
systems, a topic beyond the <cope of 1.his book. Jlowev~r. in Cho¡n~r 6 it is 
possible to demonslr"tc the """ of coroulines for thP <'o"hle iJ1Lfferin~ of !jO 
wh1le overlapping comput.ation. The exrunp\e pr~,..nted in lha' ch~pter is 
clegant in'its seemin~ simplicil.y, and yet it "'l'"''""t' one of \~e m o.- b~sic 
1/0 operations to be per!orrned in most opn3\in~ syst~""· · 
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Para efectuar una función de entrada salida, el progr~ 

mador debe e~;pecificar donde se encuentran los datos, de donde \•ie­

nen o van y como el d<spositivo de entrada salida debe ser manejado. 

A esto se le denomina programactón de entrada saltda. 

Dependiendo de la función de entrada salida se puede 

requerir que el procesador espere hasta que la función de I/0 sea -

completada o por otro lado el procesador puede continuar ejccutan­

do tareas simultáneamente con la ejecución de la función de ¡jo. 

El podur programar una computadora para reah7.ar_cá_l 

culos es de poca aphcación st no hubtera manera de obtener resulta 

dos de 1" máqu1na.' De la m1sma mao~ra se hace nccesar•o proveer 

a la computadora con iniormac•ón a ser procesada. Por lo tanto, el 

programador deberá Gontar con m"dios para transfenr tnformación 

entre la computadora y los cli1Jpos1tivos perlféricos gue permiten -

cargar datos de entrada y obtener los de sal1da. 

Para la familia PDP ll, la programaciÓn de los per1-

féricos es extremadamente simple, ya que una instrucción especial 

para la entrada salida es inneC<lsaria. La arqmtectura de la máqui­

na permite direccionar los registres de estado y datos de los perifé 



'· 

ricos de manera directa como localidades de memoria. Por lo tan 

to, las operaciones en d1chos registros como e& la transferencia­

de información a o de ellos as( como la manipulación de datos den­

tro de ellos es llevada a cabo con instrucciones normales de refc-

rencia a nu•moria. 

El uso de todas las instrucciones d~ referencia a me 

maria en los registros de los periféricos incrementa gradualmente 

la flexibilidad de la programactón de entrada salida. Todos los re-

g1stros de periféricos pueden ser tratados como acumuladores, 

Actualmente en la PDP-11, las direcciones corres-

pendientes a las 4 k palabras superiores. están reservadas para -

los registros internos del procesador y para rcgistroa externos <.1~ 

entrada salida, por lo tanto, en caso de tratarse de una máqutna eh_! 

ca, la memoria se verá limitada a 28 k palabras de merr.oria ffs•ca 

y 4 k d., localidades reservadas para los regist.!"Os de) procesador y 

di,,positivos de entrada sal1da. En caso de contar cor. "Memory 

Management" lo que provee b1ts extra de direccionamiento 2 en el 

caso do la PDP 11/40 tondremos una capacidad total de 124 k pala­

bras do m~moria física aparte de los 4 k del área de registros an-

tes mencionada, 

Todos los dispositivos periféricos son especificados 

por un jue¡:;o de registros que son direccionados como memoria y 



3. 

man>pulados con la flexibLhdad de un acumulador. Para cada dispo­

sttlvo hay Z tipos de registros asociados: 

1. Registros de control y estado 

Z. Reg•stros de Datos 

Cada perifohico plledc constar de uno o más registros 

de control y estado (CSR) que contienen tOda la 1nformac.Cm nccesa-

ria para comutlicarse con dicho dispos1tivo. 

El un1bus es una vía com6n que mtcrconecta el pro­

cesador, mcrr10ria y periféncos. Debido a la arquJtectura de lama 

<pina sólo puede haber un dtspositivo controlando el unibus en cual­

quier tiempo. A este dtspOsitivo so le denomina Master. Los 

dispos1tivos pueden solicitar ser Masters, ya sea hac1endo una solici 

tud de Bus o una solicitud de no procesador a la lóg1ca de arbitraje de 

prioridades del procesador. 

La solicitud es atend1da si es la de mayor pnoridad. 

El nuevo master asume el control del bus cuando el actual master -

llbera el control del bus, El nuevo maestro puede ~olicitar que el 

procesador atienda el periférico o puede mi ciar una transferencia -

de datos sin intervención del procesador. 

!.as interfases en la PDP-ll pueden clasificarse en 

3 tipos: 
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l. Slave (e~dava)- Esta interfase no eat.i prevista 

para ser Master. Ella sót.lmente puede transferir datos a o desde 

el unibus por comando de un dispositivo Maestro. 

2. [nterrupt (intcrruptnr) - Esta interfase tiene la h,!l: 

bilidad de ganar el cont>"ol del bus en el orden de dar al proC<lsador 

la dirección de la subrutina, lo cual es usada para atender la soli­

CitUd del periférico. 

DMA. Estn interfase ttcne la habilid.,.d de ganar el 

control <icl bus de m,trnor.:.. de transferir mforma<:i6n entrP. ella y a_! 

gún otro periférico. 

Un sola rnterhse puede emplear los 3 tipos anterior-

res. 
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DL ll 

La interfase para línea asíncrona DL 11 es una inter 

fase para comunicac>ones designada para convertir datos de ser te a 

paralelo. La interfase cuenta con Z unidades mdependientes, (rcce.e_ 

tor y transmisor), capaces de establecer comunicación simultánea 

en ambos sentidos. 

La interfase DLll lleva a cabo básicamente 2 opera­

ciones: recepción y transmición de datos asíncronos. Cuando reci­

be datos, la interfase convierte un caracter serie asíncrono prove--

niente de un dispositivo externo en un caractcr en paralelo requerido 

para una transíerencia al un1bUa. Este caractcr puede ser mandado 

por el bus a la memoria, o un rcg¡stro en el proccs<tdor;:, algún otro 

dispositivo. Cuando se transmiten dato!:l en pari!.lelo desde el bus son 

convertidos a serie para su transmisiÓn a un disposit;vo eA-terno. 

Debido a que las Z unidades son independientes, es posible estable­

cer comunicación de manera simultánea en ambos ser.tidos. El re 

ceptor y el transmtsor operan por medio de Z rcgistro5; el regís-

tro de control y estado, para comando y monitorco de funciones y-

el buffer de datos para guardar los datos' ant"s de transferirlos al 

bus o a un diSpositivo externo. 
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Descripción DLll Teletype Control 

Transmisión 

Cuando el OVbus direcciona ul Unibus, la interfase DL 11 

decodifica la dirección para rlcterminar si el telcttpo es el rhspoaltl-

vo <n.-terno seleccionado y si es el seleccionado qué función debe dese'!: 

pet\ar, entrada o salida. Si por ejemplo el teletipo ha sido selecciona­

do para a'-ceptar información a imprim<r, datos en paralelo provemen­

tes del unibus 6on cargarlos en el buffer de transmictón del D li. En 

este punto la bandera de XMIT RDY b;,ja debido a que la lógica del -

transmisor ha sido activado (la bandera vuelve a estar baja ur1a frac-

ción de bit después si .,¡transmisor r10 se encuentra acttvo cn ese 

momento} La Interfase genera el bit de arranque y transmite b1t por 

bit en serie al teletipo, de nuevo pone la bandera XM!T RDY (tan -

pronto como el registro de buffer se encuentra vaefo aún euando el 

registro de corrimiento se encuentre activo. Después transmite-

el número re<¡uerido d<l bits de STOP. 

Recepci6n 

La secci6n de r<lceptar la longttud del caract<>r es s~ 

leccwnable por medio de un selector. El caracter recibido aparece 

justificado a la derecho eo el registro buffer recepci6n eltminando -

loa bits de arranque y paro. 
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'/ 

• 
El ca.racter completo es formado en el UART y es -

transferido al registro buffer de recepción (RBUF) en el momento en 

que el centro del primer b1t es muestreado. En ea e m amanto el bit 

de recepciÓn efectúa el registro de entrada y control es prondido si 

el bit de lnterrupt Enable se encontraba prcndldo se genera una sei'lal 

• 
de solicitud de ioterrupción. Los b1ts no usados son llenados con ce 

ros y los bits 12-15 contienen información acerca del caracter mte-

grado por el U ART. N' atece que el programa ttcne un caracte'r com 

pleto de tiempo para ret1rar el caractcr completo del buffer de da-

tos antes de que el nuevo caracter sea colocado en el registro de I'!:. 

cepción por el UART. En el caso de que el programa falle en leer 

este caracter anterior, se pierde y el bit de exceso y error son prcn 

didos (bit 14-15) en el registro buff"r de recepción. En el caso de 

que no se presente norrnalinente t:l bit de paro el UART presenta lo 

• que supuestaménte recibió, m:i.s el bit error l3y!5 prendidos. 

Programación 

La interfase entre el programa corrtendo en el proc" 

sador PDP-11 y el DL-11 se lleva a cabo mediante 4 registros. E'-

tos son registros de estado de recepción (RCSR); 2) registro buffer 

de recepctón (RBUF); 3) regtstro buffer de estado de transmición 

(XCSR); y 4) Registro buffer de transmisión (XBUF). La función de 

cada uno de estos bits se da a continuactón. 

l 

\ 
• 

' 
i 
' 
' 

' 



CR- 11 

La lectora de tarjetas CR-11, lec tarjetas perfora-

das de SO colmnnas. La lectora está diseñada para leer secuencia_! 

mente. los datos en SO columnas empezando con la c'?lumna l. Ca 

da columna tiene 12 zonas o renglones, una perforación es inter-

pretada como un uno binario y la ausencia de perforación como un 

cero. Los datos son letdos de la tarjeta una colmnna a la vez. Los 

datos son presentados en dos formatos para entrada a la computa~ 

• • 

Modo Comprimtdo.- Las 12 zonas de la tarjeta son 

codificadas en un byte (8bits), permitiendo un almaccnamu::nto más 

ef1ciente de la información, 

Modo no comprimido.-

• 

Un btt es empleado para pr_,;:_ 
• 

sentar el estado de cada zona en la tarjeta. 

La Lectora CR 11 consta de 3 registro¡¡ para comun_!: 

carse con la computadora. Estos son registro d<! estado y dos re-

gistros de dato¡¡, Uno de los cuales presenta los datos no comprim_i 

dos y la otra comprimidos. La selección de formatos se lleva a ca 

bo seleccionando el registro apropiado. Lo!i datos en ambas formas 

se encuentran siempre pre¡¡entes, A continuación se presenta la es-

tructura de dichos registros. 

• 
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" " 

El RJP94 es un subsistema de disco de cabe"'a mó-

vil al cual cons1ste en un controlador RH ll y de uno a ocho drivers 

de disco RP(,34. 

El U ni bus provee la interfase entre el procesador la 

memorta, y el controlador RH 11. Todas las transferencias eíec-

tundas entre la memoria y el RH ll por med10 de la facilidad de 

DMA del Unibus. 

El RH ll contiene dos puertos en el Unibus: uno de-

signado como un puerto dtt control y al segundo como un puerto de 

datos , 

Los datos pueden ser transfendos a través de ambos 

registros. Para operación normal con memoria conectada a Unibus 

A como se muestra en la figura l sólam'cnte es usado el puerto de -

control, el puerto de datos no se usa. 

El RH 11 se encuentra divid>do en dos grupos funciona-

les, línea de registro y control y línea de DMA. 

La Hnea de registro y control perm<te ai programa 

leer y/o escribir en cualquier registro contenido en el RH ll. Hay 
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un total de 4 registros c.n el RH ll, 15 registros en cada drive y l 

registro compartido que es parcialmente compartido en el RH 11 y 

en el Orive l!eleccionado. 

La Hnea de DMA funcio"almcntc coñsiste en una me-

maria F\FO de ó6 palabras por 18 bits y su lógica de control. 

La función primordial de esta mcmor¡a, GUC de aquf 

en adelante llamaremos SILO es el de buffer de datos para campen 

sar fluctuaciones de retardo en el Unibus al solicitur-cl DMA. 

Cuando una instrucción en la PDP 11 direcciona el -

RH 11 para leer o escrib!r cualguier r.,g,stro en el RH ll o en algún 

Orive, ~e inicm un cid o de Unibus y los do.tos son dirigidos al o rle 

el RH 11. Si el registro a ser dirc:ceionado es local (•e encuc:ntra 

en el RH 11), la lógica de control de reg1stros perm•tc el acceso al 

registro apropiado. Sí el registro direccionado es remoto {canten;_ 

do en uno de los duvee, la lógica de control de los registros !nrcia 

un ciclo de control de Massbus. El acceso a los registros en el,­

Drive por medio de la Hi¡¡¡ca de control del bus no mterficre con 1_. 

transferencia DMA la que puede llevarse a cabo Simultáneamente. 

Los registros locales del RH 11 especifican parámetros tales como 

dirección del Bus y contador de palabras, mientras que los regia-

tras del Orive especifican parámetros como dirección deseada en el 

dico, información de estado, etc, 
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L11 lfnea. de dates de DMA funcionalmente consiste en 

el Bus de datos Maa.abus, la memoria SILO y la lógtca de NPR del­

Uní bus. 

La figura 2 presenta un diagrama de bloques simplifi 

cado de la Hnea de DMA con un sólo Unibus. 

Los 3 comando de transferencia de datos que pueden 

ser llevados a cabo por el R!-! 11 son escritura, lectura y chocado de 

escritura. 

Antes que cualquiera de estas operaciones ocurra, el 

programa especifica una dlrección en memoria (MA), una dirección 

de cilindt"o (CA), una direcci6n deseada de sector y pista. (DA) y el 

neirnero de palabras. La dirección de Memoria representa la locali­

dad de memoria donde se iniciara la lectura o escritura. La direc­

ción de cilindro deseada es la posición en la que la cabeza deberá -

posicionarse. 

• 

El sector y pista deseado representa la dirección de 

inicio en la superficie del disco donde las datas serán escritos o­

leídos. 

El número de palabras a ser transferidas a o del di~ 

e o. 
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The Mini Comput<.!r U!ii a Control Elemcnt 
JAldley ll. llartunp; 

Management M~rllod~, lnc,, Wnhham, MassachtJsctt;; 

Mini computen; hav.: bccn l1sed to control a widc variety of processes 
und functions including machine wols, chcmical processcs, .~teel 

milis, and warehousing systcms. Articles in technical joumals and 
talks at fieminars ha ve described in sorne detail many of theRe indivi­
dual applications. But whar is a good application -- whcn do you use a 
hard wired control system and when should you consic!er n mini com· 
puter? 

1 

The decision must be based on costs dollars per function -- and relia 
hilitl' and maintainability. In geru~ral, rcliability can be disposed of -
as being indlrcctly rclatcd to dollars. lñe simple~t or mass-produccd 
~ystem is normnily the cheapest systcm and al so the most r~liahle 
systcm. :Vlaintair.abllity can be given a cost value. The dccj,;ion, therc 
fore, can be directly rclated to cosrs. Costs nnturally refer w thc inT 
tia] capital cost of the equipment and also to recurring cost of opera:­
tion, induding thc afurernentioncd rnaimairwbility cost, operator cost, 
qualiry of product va\ue. etc. Sorne of these costs can only he rough­
ly npproximated and may be intuicive guesses. The cost of th~.: eqJip-­
ment, howevcr, shou\d be fairly easy to derive by knowledgeable ¡:a::¡i.;: 
during initial planning stuges, 

A control system -- any control system -- consists of inputs, ourputs, 
and dcci;üon makers. In comparing hnrd wircd syswms with compu-­
ter systcms, the input and output devices .probubly smy comparable 
in cost, Input and output devices consist of operntnr switches, sen-­
sors, solcnoids, servo or discrew (on-oft) motor comrols, etc. The 
decislon maker is the logical system whic:h determines the eifect of 
input changes upon ourput actions. With a hard wired system, each 
subdccision or each function of the control system has its own logic. 
A mini computer rime shares its logic m accomplish many function:> 
with a relatively small logical device. The mini computer, thcrefore, 
becomes esscntially the complete decision maker, even when there 
rtre t1undreds of inputs and outputs wilh vllrving degrccs of interrcla­
tionship. This is where the cost savings of a computer system come. 

Many more dccisions can be made per dollar with a compurcr comp~ 
red to hard-wire<.i logic. 
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The are sorne inherently costly aspects of a computer system. Hol­
ding functions must be stored externally, All inputs and outputs of 
data are in high speed serial word which means that switch inputs, 
for instance, must be held on until polled by the computer, ·me 
holding dcvice might be the operator's finger. The outputs must have 
holding rela~·s or their salid state cquivalent. lnputs and outputs to 
lhe computer are always thc samc hinary words m low levels, requi­
ring filtcring and leve] convcrsion at the interface. No powcr is avui­
labk for forcc-typc functlons, rcquiring amplificrs and powcr n:lays. 
Of coursc, oomc of thcsc rcstrictions apply to many hard-win:d con­
trols. llut if thc dccisions are vcry simple, thc input and out]'XIt hllfr.; 
ring, filtcring, and holding may be more expensive than the completC 
hard-wired control. 

The computer itself is limited by speed and by the sizc of mtcrnal 
memory utilized for storing data and computer program. lt mav be 
cheaper even in a computer comrolled system to do sorne complex 
hut frequently u sed and rep~etitive functions externally. For example, 
a servo loop could be pcrformcd in a computer but in most cases is 
done externully. Interpolation for a machine tool, which is the pre­
cise control of velocities in t\110 or more axis to draw a straight 
cut or a circular cut is expensive in computer time in that it takes 
a large portien of a computcr. A single computer can do al\ inter-­
polation and control one or rwo lligh spccd, high accumcy-nwchine 
1onls. Ji th~ int~rpolatlon is Jone CKtcrnally, 5-20 machine tool;; 
c;Jn he similarly comrollcd. 

So how is a decision made to go hard-wircJ or mini computer'l TIJC.< 
system costs must be estimated in both ways. This requires sorne 
understanding of the end of process and rhe requiremconts of both a 
harcl-wired system and the capabilitics of computers. !n muny cases, 
the computer can supply additional functions at very low cost whích 
ha ve to have sorne valuc placed on them w honcstly compare ¡;ystems. 
In other cases, the function to be performed is so complex that it is 
immediatcly obvious the computcr is thc solution. Labor costs of hoth 
of the design and building of a system and thc operation must be con­
sidcred. 

Costs also include effects of lead timO" variation, sct-up speed, and 
rcjects, All of thesc costs vary and relate to a particular applica-­
tion. 

Rules of rhumb ar'e dangerous and can be misleading, but there are 
sorne systcms where computer control should be looked at very care­
fully. lf many simple decisions -- or many monitoring fXlints, such 
as thosc on a trar.sfer linc, are required or il' very complcx rclay 
trees or logical decisions must be made, a computcr should be con­
sidered. Complicated decisions requiring mathematical functions, 
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parti01larly if changing eithcr between runs or over a period of time 
or the requirement for a grcat dcal of stored data for look-up tables 
or individual parts programs suggcst compurer control. Finally very 
specialized problems or machines or processes with only one systcm 
ora few systems being b..ti\t, particularly where modifications bet-­
wccn initial concept and final opcrating equipmem are foresecn duc 
to technical unknowns, are porticularly good applicatlons for comp.Jter 
control. lhis is true not only becausc of the possibk savings in hard 
ware costs, but more importantly, bccausc Of the normally much lo--= 
wcr desi¡1.11 c-ost . 

• 
'iñe mini computer can be a panacea for ffii!fl}' i\ls, and should be 
lookc<.l at by the buildcrs and users ot' any controlled system. It will 
be foond that not all systems justify on an economic basls the utili--­
zation of comfJlltCrs, but convcrsdy, it will' be fotmd that what scems 
like an expenslve and sophisticated control systcm can often be easilv 
justified pur<::ly on an cconomic basis. 
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The sta!l alann consist of 1\t.•o 10-millisecod timers 
that can be rr.<tl l>)· thr progrnm. The timers must 
be reset so that at ln•t one '-' ah•·ays n'nning; 
othorwise, an alann si¡rnal" produccd. lf a p:-o· 
gnm ~I'T(Ir Or hardware malfunction alters th~ 
normal <rq·<~n~r o! t~o pro;:-mm, th ti11"'e': """:!! 
not be rcs.ct oft~n enough. thorcb¡ ~ctuatln;;: .a ,:..!: 
alann. · -

The telttypewriter and dO<'k are usrd in a conven­
tJOnal manner for ovent log¡;ing-. Time in hoc:"· 
minu:e:<, and ''""'"ds c:>n be 'ead frc"' thc ebck 
and pnnted by the telctypewriter with a t)'p•oal 
m~<.<age: 0.~:16:57 THER~!I:\OL FRO~\ ESTERI­
FIER LOW FLOW. •. 

Sof:ware for the mini 
The <:nmput~r progr.,mming. '" softwJre, fC';'.Jlatcs 
the opet:llion of a comru«."r·cor.troll~:i i''~''- anC 
con.,it,;te< a tr.aior part of tho t!csign and dc,c!op­
ment effort ol-such a o;·;tem. Sorne o[ th~ :;cn<r.ll 
tasls for Emcrv lnduotri~S co,nputN can b~ men­
tioncd; they ~re typkal for a control compute< th..t 
is app!ird to a batch prt>C'-"'S-

O..•pellt!m'g 011 thc prodUtú rw¡uirem~nts, the 
""ftware S<"'JU•·nc•" the •·ah es, prondes nmm~. and 
mon<tors th~ "ato" furJ<·tinm •hat detenninc when 
steps .<loould l>e t~hn. The ~<lmputer checks si• 
'""ahlt• "nd l·llo~icJl ()'~<~·no) "<•n¿pomt,," ~ny 
combin;~toon <>f whi<"h can contro!th~ dur~tion of a 
s:ep or the. hranchin!; to one of •~•eral pos"Lle 
nnt <l~l"· C<•mplliH <Oft"-"'~ mu<t also chtk a 
tot~l of 50 l<r.opcr.lture>, Jndnu...; l'dhe !"'>ilion>. 
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and o>ll><"r •t~lu< ""'t~i• th~t ~~ow tk <\"<l~rn i< 
· -:o;¡er:¡tin~ not.,.,\all;·.~Cr>tical 1tatt.:.< errors ~un 1top 

the eh•rnical ;~roce,.. 
TI1c annund~t>on fnnci>On olf ttte •uftware pttt' 

ou: printo.'<l m<:\Q~t·• (mt the t<"letypewriter) e<>n· 
ceming tltc statu; inJicato" ~nd ptogmm flon·. 
A self.d-.~ddng iunction ddecu and atmundates 
romputer tnalfnndion;, 

lt's imp"'""'~ thot the miniromputer has .,,¡¡¡. 
<O,;,,;;, for atl nf th~se (linC!ion<. 

pro;:ra~t 

nt ;, •eqncntl' and dum-
op¡¡ro~ch ¡;rea:ly ,hort-

" 

as many a< ¡~~:}:!~~;;1!;!~'~~;:\;¡~.;A~ chon¡;e t•kes two a 
change suhroutine 
combination. The ,. 
the romLi.,atwn, selccts thc ""h-e< lO be Optneci 
or clo;ed, a11d produces a ,·ah·c-change mc~<agc 
which g<'l> printcd b;• tht• annunciator <Itbpro~•tn. 
Fmally, the pror.or va]ves are actuntcJ by the <tp­
Gatc >~h!Hogram which does all 1/0 functions. 

Time-sharín¡: is onoth~r fomilior tool thnt has bcen 
oppliod in thi, S)'Stem: Simultoneoll< O!'<'fatiun o! 
funcHon< such os output printin¡;, 'Y""" PTTOr 
d~tecHng, end[>">int detectinn, and ddc w3$ durned 
nece;sary; thcreiOrt', n timc-intcmtpl sy>lcm for 
timC•Sharin¡:; \\'0< dt'\~<t,d. ]be P'f~!"re rnntml 
nro~ro'PJ.w!i.!.!<J.k\L.lutQ..J5....rn:.t~~e..,~!~:;,-~ch 
C"...l.h.~ rnr.'."''"...!.' "S> ... il:U~';..!'.r$..~~!:· Wr r ,.,., ¡¡yr ' e«>E'.\l.,ili. ~''0:.:.'.,1.~~ ~1:;¡ (:i,.J.I;I.!.¡¡;(l,' .uud 

_ .~!!.,.~f....ciL\t?.~~nts. M ,¡,.. ~,¿ 1>f 
tht•"'lfrSt'!~~·•econd ittterval wrthin each slo:., the 
ront~nts of th~ •ccumuhtnr and the ad<!"" of die 
next 'tal<•ment lo be executetl (in thar p:uiieular 
time ,)ot) are <.1>ed br the executi,·e beforc going 
on lo th r .. ·<l slot. ~nJ on to th~ 15th . 

. \t th~ st.lrt of thc cor;c,pomiing time slot dur­
ing tile nc<t v, <e<"Ond P""· the attumuhtor i< 
restorcd by thc exe~'llth·e and thc program procecds 
•• lf t!,e interruptíon had not tahn place. 

An executlve "fork control" subroutine (an un. 

'" 

ronditional jump) P<'Trnih l""~"lmmin~ in onC <lnt 
t~ oltec lile Row of th~t In "'""ht•r •lot PJ;.rm,·t¡•t 
•·~lu~s in one time •lot un L., re~d or modtF.o:d 
from another slor. 

Thc ddc loop< ¡:o into a ""~¡,. ttme <lot. Tht·<e 
loopi are the di~ttal-com¡>ut~r ~'l"i'·alent of onah>~ 
rontrol loops that ~:>•-'••t~ ·.~1·.~•· Fi>r ,·ah·c• ro:>· 
trol nine proct•l< \Ori.\hlo•<. f:.t<.h loop l10• «etpoint 
wpttt> from th~ moin 1'"'~'""' "nd pnx~ss •·ari· 
able inputs frnm the npd.lt<' pro~ram. The control 
ol~onthm r<">cmLI~• th..t ,.¡ ~ roorm"l ~nalog lOo.Jp, 
<'le<Pl that >ummallnn rrpb<t'1 .1na\og mtcrgration 
an1l di~itJI dt~f<•r<'nttOtinn to•p!Jc'" anab~. 

A "tun~·up" ro!1lrolpd!l\'\ p<'rr.>tl< rapid optimizo· 
tion of •·arintl< u>mtallh ¡,, ti,,..,. loop•. Consid~r· 
ing <he <"<tmplttcr 'P<'<•d am.l thc ltmc romtants 
of this ~rpliea:ion, thc dolc control;, indi>tingui>h· 
ahit• from Jnalog control hut ot ;, much ea."er to 
tur\C and m<>dtfy. 

In Emcry Jndu>trici •y>tem. cwry ¡¡ha>e <>1 reo]. 
Ume compu<er lt<·l~c Í< rt·prc5en<cd-from sim;¡i~ 
alorm·[>l>int n\ut>tturing l<> un,llt~mhi diro·ct di~tol 
control"''¡, wlf·d><"<l.m;: íeat'"~'· The ll'"•m bs 
hcc•n dc·<igrwJ '" that thc <tper~<ar c~n in:cract 
"'th th,• rontrnl s)'•t~m tn dltl'f IO!poim> i ntte•­
s•ry. or ~djmtthc control <~5tt•m tu h~·.cile prcccss 
upsds m:muall)· rl tire nc~ci orises. 

Sorne of thc sof¡o,o.·oU'c concept$ horrou·ed frnm 
rompukr time-,h~rtng technolo¡;y (whicil pc•rmit 
m>ny subrou<m~< !o be >cti,·ated s:mdt~~eou<iv), 
corotnbnkd to thc !iexJ]!l]rlv oi the sy;tem. ¡¡,., 
organi>ation pérm>ls a ''""' mam pro~""' to .Oe 
Wfllten for an ~nttrek rww produ<:t \o'tt~ a m:n¡. 
mum ol eifort, ina•m~ch os :he main pro~ ca m< cOn· 
>nt pnntdnl·,: o! a '"'!"<.'ncc ol colls to the '''\rCuu; 
uulity >uhrauur.e>, J!ong wtlh Ur~ir rer¡llircd end. 
poml• and setpoH•ts. 

Dr. Rob..rl Youn~ io D"Wor uf En.:;•O<eron~ •• ~mery 
I...Ja""'.'· tnc., Con<>~"'"· Oilio. Dr. O.>n E. ~,cboJ.. 
u > '"""'lbnt ~<tfo l•á·"'" ~'"""'"'· C.,l,onbut, O!uo 
Anide " bawd "" P•:><• pte><noed a( ,;,, C:onbon" on 
Sohd·S'>t< o,,_,.,. ior Jndu,trt>l .lrrl~<••"'"'· tpon.«=! 
by IEEE woclt tH"' > """"~"'""·~ "'""'~• Cl<•V<br.d, 1~70 
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Part 5 
Process Control Applications 

lncluding Direct Control, 
Supervisory Control. 

and Advanced Control 

lntroductory Comments 

Automation in the P'"""" in~umies has boen undor way for manv year>. TMe varooty o' 
applicnion•;. exte,.ive. s, 'o .,.. o 1 u .-w , .. · "'h'~i!OP'«•• ,_..,.,....,.po,. .. ..., 
~;~-~JMnt. The ad>ient ol th2..tc.Wi.::c¡¡¡p.,~pw..:O.d 
--~ ... a .. ;d¡, ·~~u mipjr:·rr;:,n•' •o > •i:>;l ... :a.I;;.Ql_at.mo>t,.a. ·~::.. 
n~mher al <•\ots<i-~1«". This app,oach to automation has t>e•n terr.ood "~,....toan" 
2o • WP":O" •e ; ··• • -A'lg<.+l•d ,,mm"k • gt ,¡ ploo ,,_ Thit ...... of cOOJrse, ... an ahtrMtt 

set of problems. ~~""''"'"""cation, since •arious m•nicompu<Or !PQIIcot•on• ,.;¡¡ 
00 roquirtd to 111are infcrmotion <Oilcerned with ~r08l, ordets, etc. • 

The paper> r:'n thio P,rt descr•bo the variooo control appli<2toons that orise ¡n indumi•l 
Q'0C"'"'~ TOr, are sel.ttod in arder lo iii..,.Uato tho va.oety el p<otoems, the varuir< ot con'r~l. 
tho~ry, and t~chnology tMOI ::an be applted. and !ha problem> ol imple:mnl<ng >ucn ''~""m'. 
The ti"¡ P<IP"< b\1 q 1 ''o··~ d,c,hes --"''" dotall •or":a:n1'~'j;1ic.it<o,..-¡r.-r\ltli::ort!Ot•l• 
~~~~~.,o~por~U<lit\<-J<><..O.g<Ut.•O<ioi~<!FI~rontrot tiiCOIFe> 10 oe ~~~<e<'J. 
Thtt o<gani:alion of wch a comolt< control >VS<em is impOrto~ t. fcr i¡ may rnun th• ddlerence 

borwe.r, oucco¡1 •r>d failur!' in &ny spoeilic innonce. ~'!\$. '""' pl.oon-o"' 
e ya nad dtllr!l'mf tOEEtFUfl '''""'""._, ""*'-~d..J¡¡,~~<.:..<..."'~\~-&!W::w• ...... 

T,lw.ww d -po;:<!Y'"bV":T.~.~'L~<;t.o, . ....,.¡,.,¡._,,.__,......,..._l«ori,-~..,..,..,! 

F;;t'>~WCI ......,,.._.,~tOn-ot"""~,..~"ee!l• .....,;putil'tr<'ll...,.,'...,~"",¡" "'' 
p&ao>t. Of imperunco ~-••• ;......,,.,"• "'.,.,.-or de. opet ato• "'~""' _...,....,,. • .., "' e i •• 
~-~~'"'"t>+<ttpOied trrJ'Oil~~:nrv. In particular, the ~.,;9" of tOe a~plicot:cn mu<t !ilf.o 

into acc<>Jnt ~~~~~,.,~teFIF. tl+e » cot~'"V>-••.,"*"~'* 
\K 1 [( l"l~bct\' ... O~CF'IIpt:t•l1!1Jntt:lf~ ll,diiU&I COII!TOI ...... -~ Íl""'~ ~,....!tY !~0 
o~•<óo••<>l ,,,._~.,...,d.¡~ con;rci'1'r s;!m, Thi• p.;·_.,, """ FHuo:r;i:.s '~" va·••:v el :~p~~· 
OUIP<Ft <!e'JF""" ihro<J~h wl\ocn o mo~O:om!llot•r mult comrooniwt• w•tll hum•n D01ng< aod '~~ 

prccus. T~~por, bY 0. H. G•ut•or, M. R, Huo1l>.l!_ ·~~ E. A. E. fl•Ch, •;:.uo.,•~~rfloW'Oo 
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Mil O. CtJt .• ;;Giii tbntrol, Ti o¡ t <b El" o•~t't LCé ti¡¡¡ lo» I>W §dOiiC\1 FLli\li toliiliOI' 

i~d. ;0 o· 9' rt¡¡¡!l(~ll'·m po~.., .. .,. ,..,.,. •: , '" '" 
hzrthr''" w1·o'•wa=~'•'L 

c¡¡io¡¡ o o • .. ' 

1'1 ' '", o p,p...,1 ,.,k,¡¡ •m,u.......,.~ .. cam•al '"'""'· E ¡ S¡tjio <~="'• tllc 
• · • •mpll .... 'º ti·· "OC'rl1 0 1 boi.i •• 

T~'"'l<l.-lhio-pOI' , ;, thol ' ""d....-a~~l;eatio >acli as cliil sull ooaahu • 
n•h•• ce mole·• t.;·~f<Am...,....-o..,.¡ "'""'' o¡ m" to "'"~' it eflfct¡•e. Thol io, 1n 
oliO~"""' ;o oto W.1, a#,..,..., 
...,.b,'p •O' <etor~..,.._Qa.:.artll>im o(•bg oy01'r" o'lol-~t;.,g 
~crewllgconmow._.. ... ,_, ! ~~~··~-'"' o -., ••"' sof.wore. Thi;,coup!odwiltl 

..,.. '"'"'"" '· ot>, ;,..,,¡ : tl<ot "'" i....,'*<lieJ1Mo;>piLcZ>Iic ti rall 

~~...,~-·'''''" Moógn. ' ''" · n .. , .,,.. *=e-of"tl1e"be!r.f~llt'ótT01o~otlpoteto ;., th. p•oce•••••~""-
' T0 1·;,-f p b,.1 e p í'•-.;!-• ·'loou.t .. .uw.o......,~"""''''oot o,¡ ¡FIÍFF>ed¡p¡poitLI,.,.,ich 

cwnc"" e·cncm'r¡L~ógi,.._tor. This ;, in 0011tro>t 10 monv •Pplico· 
tion• where t~e com¡MJIOL duphCO!O" tho l~nction ol an &nale<¡ control svstom bul port,a;>s ot 

lowor c.o<t T''~::'~''''''h,-·-·<·•'''''"'''''''m~·<•'i m~"''"''';coo~O"''''''i=••••l'''"''"~''''''~""<obl""!' .:"'" bn~l"ed 
rN<I•Ii 111 a"!rn"trnñe""mañOer. ' ' " no JICiall "''"'·' oi-<1,"• ~'" , •o '" ·llzt" thol-11>• •o•iow "~""""""" tl!at ea . ...-t& 1 o •1•,. 
Ílll~\ed lfi ti 1 '"'1'01ie<>mpo.t>.......,..ilio, p<<IC< .. -""'>U>ioOfW"~!od-onty-t,yO<" S 01 IIOgÍ l. ·• ~! J\_ ' 
~ However, ~.....,.,._,,.1;,¡.,,;.,,.,..,.,......\l,t••tloooouqto·~Y""-~• { 
~-"G..;.....,.,,,,, ~ . .......Umonts, opo.<>._.,;cllio~. ~!t·J 
'W'P' m~ •be •h·c• ... ;eceo•r.,._~!.hll ·OJ'hcot•on. 
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Systems Engineering m the Glass lndustry l:J 

""" ti>SO bodasn¡ ls ''"""'"~· The '""""' ••• 
-n:p oa¡ iO '"" lttlwlqoc 1 o otl •Mclt tbo piUChsUI o<i Uno; 
•"· "' 1\&Lien IO<ololloo 01 l '*pli~ot. bj U!t Jt¡lt 1 P"torwil 
o• ,;.,·=v·uoo' ldostry. 

~J' · ¡notC¡L¡¡:;...,..,. -~.· " .. ·-o .... ; ...... 
d ! ,.;, """f" .. .-.,¡, 

<o O p]Uitoltlo<j, ltiti&IOiÓCO( 

•• 
OO'IItl-.~...:'mrrov'/owc<!; enmfl;"?"¡'¡"~'~'¡'~'~"~oill~oª"~·~·~·¡·~ """'u.D.r de•elopcd mo4clo •« gi•eu. 
li•oo r n.>JO! .oeu~~r.k.o~v ,.,, ....... __ _ 
Iom¡•*" ¡ · •o ~.,,,.., •. _....,;,, ol .... , 
Ue<trd r•y·~--"'W::-'" "·' ll(to>ok. e 
1- cuntpU~tiot ,,..,¡...,~~ 

"P"'"' , <lopao..,t. 

B':;: =.;~,, :~; ~ ;_:·:'!o:,;' 1:c: ::::,::; 
"""""tion. The ruN:h,.nic:J.I a~o had bc~n, char~ctcrized 
by, ín :he .. -onh of l ¡,¡, ''"" [11, "• 
m~·n··ti 1 ljO..l.l.,.¡...;_t-~,e e, e«~,¡:~.,.,..,¡.,;., • ,.¡ .. ,.J.>f!!•," 

,-;~ _,...-'~iu.-~JTp!:~.., ·,.¡¡~Kio" '""'' _¡,r,r "l' 
~ ,,.·,.. m ........ ~~thn~~~'tlll!ltt'tlr-iOi titi!ÍT•imc=· 
~/ tiOil ~~e bebo,-; ·• o' •ho p1ocws~a whole. 
• 'I'he '"' ·1 nio.d '""';. 1 '1".-dti~. We nro livinK iu the 

; ,,\ "e'c ,, ;, s~c." Thc in' mn••;,,,.,_.,¡ution tbc pi'<>CeU of 
,·,:ir', <><H" tirno--W tJ>king pbcc, foreing u• \o ne•hap" nnd re­
~v structure ""' proc.,......,. and t.o ~- e t.tc.wta~rs ildtn 
/ f 1 1 . 1 1 • r"'o•r'l.\'",1 " Ftf. !];¡ti, iii.OI.,,S ((ih\!0. ~'"""""' ...... 

p~.,o.~;..;.,.¡, ino....,....,e04, sad SJ\IItmsclc Wti -
The,e statements p;o,·iJc the background lor the surver 

that fol:ow•- It ronsists of thcee mjor p~rts. Ji:óo 1; i-
S........,,...#,-_..,,,,, fa.tda .. itat_J ·.'·''11< eupan•i~­
""'~¡;¡.~_.::.,•t·<l. Tr. ....... ioo-~..ou .. ,·,w; rl" ••ü.o 
"P.l r, .- " ei 'fht--• ,,..,~.,...,!1e'~-h'" i:uh:su) « i11""1>e 
P""'''~ fiMIIy, ~·• im· n• • h. • 1 1 "¡ l:maa:t iaelots 
io.·. ''<'1' 'Dli' '"!"wili&J¡,.,¡¡ • ..,t;"'+KWC;'D1 P•Y· 

A.. Dcjinilions ... 
W1wt do tbe tcr¡n_• ""+'''cm- "P' 01 tugi • lling'' 

meM? Thcre ar" :Jmo;t ~" ""-'OY detiuüiun; "" tbcre ""' 
writcr:< o~ the sub].-.ct. Ttu> C<.mc'!l't of >)'Stem. is ;¡,n ~ncicnt 
onc. ~-~~- "¡,,,...,""" c:n1 l!ri'l /trn¡rlf j¡¡ tltto 1''" ,·. ' un 

.. 

ea P .t: "~:~~~:~~~~~~~::~'·•:•:!.~··· .-\. rnodem definition [2! ~M follow;: .. ._,.. 
oolk ooio" si inettst tillb e!cuttllt• tn:n np. r ·""'m ,.~m.....,... 
mm mg pBI." Sys...,m. e'JgÍn...,ri.n~ i• the &fl GT the i«:il· \. , .. · · 
niquc of building spt~rru<. Thi"' in n-dí, would not :,~ !l. •• ,·. 

new aeti,·i~y were it no~ ior l iaco"' TO\né ~!•~r:u:rcrl'ze .- 1_-/ 
S)"I'?P • "O~!tWn¡r ""'d Bi•t .il...a.l"'-'1 bo<" "'>fWeat¡..,a[ ~ 
e..,.;tte...U.g. Tlu k i.ttd!13 t!R :etil.i~---'"'s~1thc ·'" 
iMfdtsm:e-of.in......,.ioe ~ ·j, -1-f'iorl..,.,¡,....., •• ,_. 
TM sccond ru.,·• i '""'' e. o 1' ""' 1 H¡¡i.....nno: im;lii-tTm-
t.o;¡< .. ~n. lt ""'Y" tluot lh• whole ;. more tb11 the >Um o{ 
th~ P"~"" 

Q¡•¡i¡wj•w ., j"['''' ''"' io•.of·t"'m~,.j"=":-·> .. ~±" 
mcN ie'º ¡; •¡wi"C"' ;,,., ..t ·~• ;..,,.,. .. .,...;~ ;,.,¡11. '¡,.,,.., 
ue two fundl\m,·ntlllly dtffcrwt approilche, l" the >Y'tem 
de.ign problem. T-lt_J '"'• "' ltli•••l • .. \Ht'<~,-1~ 
<ii " " ,.¡ ., , uppwaeh .<iid Lile a nai,' •<Mt<l~,.¡. . .,.... 
p-d·ifig"'l). 

TJ." cliP<•'' e!>P"ó«th i . ..,¡¡e_¡ tdtlttd ttJ a• thr:>'~ 
•n 11;, ·ering. It o:on><i.<t:o >Ímply of building o ·~·-;tcm 111ticÍl. 
doe~ the job. The dirttt &ppronch i.s ilCcep..,b\e r~r om..!\ 
sy•te=, but ,._, systc!llii be<:ome inc.-co.sin~\y c<ontplic~t.d 
s.nd extcru~ive, it is fr<''l"':ntly jp:.,\equ:>tc if optimltn.)..,<l<­
•ipt ;_, 1<> be nchis;:';'i· In Mdition, 1he ri,k ¡¡,nd e<H.; in­
vol~tod in f~ter1:1ivc ~'periment~tion rni¡¡:h\ be prohtbiti,·e. 

TI· ¡ ,.; oo SCSiló&IG ~Jl · io ;.,..¡,...-,_..,.¡,;orr,r 

1' 

tt J it ~,; with tho rcpbccment of the 
b,· o. problem ¡,.,.,h·ing m·ttlwmoHiC:ll . -~ .. ---

othcr word•, th•' f.r;t ;tcp "''"'"'' <>f 
a 'uitablc m<><ld of the phpical prueo-•. 

""d the ''''''"'"' l. ,; 

., ¡,, ' l 

in .• 
stMid"rd ~ppr<>.tch 

• 1 ¡, . . 
ii~dr •~ 

'Y''"'"· ,.-~ .. -~""' 
for the de>i,-;:t uf 

"' 



\'~rious oomponents. Th~ 'tnnd~rd :~pproach hM OC..,n 
Extenei\'cly mcd by engin~''"' for thc Jcsi;:n of control 
S)"'tefT\11. 

The mamtflleturing prnc~ i.s the oystem we ~re 1:1-
terested in. l o;hall di;cu., it.1 nature from a oystern• en­
giueerin¡: VJewpoint anci panicularly ex~min<> the rule nf 
the inform!l.tiun n~twork ond •how how it r..J,.(e< to the 
eoonomio. uf proces~~ control. 

¡ji !Ji >a d\ico! PnAtSS OJI";Jillb/1'11. 

~ ........ ...-~ toitlg \l>lem, w~t k a 111¡¡jOt p!o-
1•.'0 )1: .:~'~"a;p;.._.,...'"'l"""":lt;.,,, a' "-W• !· "' '""a 
r 1' w..........,du<try, t~n be .a.~,K .. ~.h..,.yrornid~~•truc-
·rf .... , · · r ·· '---'- ••· ', •· ture sh""'...¡" r~;;. ~- OOIL•J>hn~ o -'""'""'""'"'""""'' "~'''""· 

.) ,¡. . r e '( "''"- •. ~"'' r.' 1·.' the plol"'>""l"f'""' os .t.n -t .. ~:ln1"'· ~'- ,_.......,_ r! 

-·-
--- 1 

C>, 
-~ ': __ , __ ....... 
~~ :::.-:. 

' ~ ,, ···~- ' ' 

• ~-· ·/ ¡.........,...;,.-~.......,~,.;pun.,. •. ,t--¡,¡,m...,._.,.....,_~_,,e 
~·-r. '" 
S 1 ~ (' •-'---,_.,._,.,.¡r¡,........,...,~ . ...,._tr,..."""...,¡""¡"n"~.,Y''""'·O•,... ' ,. '~,"~ 
'! ./'. -j_..,.,_ . 

~ T' p ba ooo tn· eLe m>nmotNitt llttt.otk «,,lill't"the l}k': 
'P"P"¡""' """tt•l""""''" t.:>nn<>l..-be-- "" "wpn...;•ed. ..._.. !: ~~ 
·1 .. ,.(.,~ 1 ae wltieit tdset'l tlte oc!t~i li<~ ';?' 

· : -u,¡,, """'-, -y. r ··eJ, 
I·J."' s_.m,,,..,.,.¡~,,.ml<, ~'lri~n,.......u..-;..,.,,.,,et.,¡¡ 

.()-' m¡•.,-.1 functi<m....-t:t!T'be id!'lltified . .-\t the li 1 lou•el, wc 
·.' find th~ pr...,.;..._,~,..,.,;.._.,.¡,;~¡,.¡nrl ,,¡, t¡,..~,_ 

a ......... tltipl,....=i:>b!!!'ttl~tmi·~¡i.,...urually·a"""!iawd 
,.;;.¡,...o.,. =>t,.,..l m--pro~",.. •. ,,...,._ n. 1 ..,. '"" -tro~-t 
tlo.o "· , .. oo~l~ .,.¡ ,-;,......., . grnd~,;,... io~ t he>-mrlir.t. ~~ r 
p ..... ..,.ion 1 ...-il i ti&¡ .i~ ov~"' ••tdtüct!V'l~"'-"'""h""aling. 
;w;.,...,,..,...,nt~rrtml,~,_nd- in~ie-ing. The m:ln-

i' ~~~mcnt' coatrul functÍolJ>.; al _~:,~ tOoird :~vd ínciud~ \~e 
(,,;,.' «-1ting oi obj,.,-ti!~• •n b<> n~htc·.-ed by the system Wtthm 
:/::' thP con>tmint• ni policy. 
~~- . " ._..,.c!s, we ~.40 :é :d~'.''i~y "- ~ o io~• n M ,:.:; 

iJf(~-mo.-~ t.>w~rJ the top nf th~ Pl''"-"'id. lt c~n nlso be 
$%]; 1) o!,..,, .. ~,¡ th~t. . . ~;.-¡.,,loo.,¡ 
1' 0 .1 .... 1 '~6 , n;.¡~"-i~h.-~=~l.l;l•~•• • "" 

•be rc· 1, ¡u ·e .. ...,¡..w--¡J..,._..._,_,......~I!lp!m-•le 

;, tbo rl ci~" .,._.,.,,.,.,¡..¡'~,. •. 
Oth~r import~nl ch:>r.lr.teri,¡ ic< of the r.ontr.>l sy.<tem are 

the , ... , · ;,,.. ''"'i" .. t) •f ti!€ E.Htt,Ot:<'!' rt.!ltftt nctd th• 
i"!"o''''J:14·"""'-;>I•";~....._,; .:L,.,...b:i,¡_._;.~,~"~' M 
""e ri.-, :hr.,u;:b thc !licra,.,-,hy c.f oontrollev~l. ... !t 'houlJ 
si"" be ¡¡ointc'CI uu: ,¡,~¡ e_.,¡ ¡ 1 ,;,;, hl* M t'Ft€ Í<ll'ó..,t 

le•·el are "'""'r.ti:>ll} :h""' of a ,......,,,¡,,¡,¡;.,_ g-' tem. 
wlwrM< a; ono ri ¡ •h· -o;h ~~...-.hy, the n,;ture of 
tho problem> t,c.,me- Mor·'' ·~~l¡·.;r~<t_ic .. 

Thi, lúr~rehic,\l OO)totr.¡l o!mrturr c~n be rdet:ttfied tn 
mo.·~ ¡11¡_J,_,triul pruce_,_,... althoo¡gh not :.lw~~·a in a <)'!1-

tem~no furm, We fino:! til,;\ nt~ch:ne;, •uch "' onntrolle,., 
st<JUenti<~l control •Y>t~ms, eto .. ""' o:mriu¡¡ ou: uut<>­
matioallr ;ome of thr o.,.trnl ittnctiutli nt th<' loll-c<t leve! 
of tontrol. 1 - • · · !1 
~VElo 1 •l¡o·...,.¡_.~....,.-~iu..¡-¡ .. , 
.. ,1 ..,,~ ........ ~"......._"'¡ ..,..,.,~ors) . .\'' '., · 

-m.tnu F :,..¡ "g:¡ ,Ht..,..._..,¡,il-...-h..\. .... ~ ................. , 
~;...:.;..;.¡ 

pv' ,f tbr ltt~L!Pl'>)Ífl" BC{\I'Od <J' '%'!'"¡{>In, 

n¡¡A o¡ i•n' "'I"'P""-' (6]. 
Efforta :" "'1' ww' o 1 o.,.,"'"' .wk l>lscc 

iQi•j¡¡ll¡- ·• Oh&.Ji~...,.....,. . .,¡,fr.+fo....a;>pli....:.iooo of 
~"e con' rollen. J ·q¡ .. ou~Q.¡,...,¡"''· se tl.t loigher 
l~ )'E!II<I">O-ag<l, ,.......,_.,]wo ¡¡¡oention.•>Í ~io;it.o.l 
<MRJ~itlc. """ ke<H.~>& boor;iñliÍD!(!7!' s ne« ~ru. T~n<! 
inrl 1 'iot ''''QI.,...._,t~f...,.,,_t;.,.......,.,~;,,,. ,-,-;,;.h 
··- "

1
·c• d;· j¡ ;- ';· o"· >! .¡..,,.,..,.,.,..pt,o;-nt~ .. LO .. <. •J. 

h~'l,'"''" r FOJiltt!Whl!r<::'i-lt!n(t'¡mths. f)n the . . --.,,.,. ,, 
ouc b.and, '"'l.b •1 

r.e •. 11:· • ato"'"P"".'- ""'~ rl!S-
chiro ... ttaro~lw.·~~t.<.o •th1"1P<t..l"'c....,· !he 
e-~uoc•ioo• ,, <!w.Wrd...le>.-el. Q lo tlwo.O.,.nd. 

'
4

1!'. l ¡M, r••,...w.~, """'' """"P'f'""'"'~.,,..,......;,-,gly 
P"'""' 1 d U,.. jo¡lp. •-'.::.ló).'\lO"MJ)VJ!"s'' '" """'"""..O."'eid 
~J,.,.el"- ,_ 

Tod~y, t.1w ... , '.,.,r gl rt"'hlo or 'in' w.. "ln· 
1 ¡ ''' '-' ,,.¡,,.. •• ~~~- ¡¡.,., ohe 

. e 1 t!- .r,,, 4IÍ044 "'' r'· ,¡ "-pn.d t"i?" ~· « ...,d 
h ¡ 1 ~...,.,.,.,¡,~¡,.Y•~·+ill pu-Lm~ol 
Ir ""il-lenr...,.~n;.,....,hv. Sueh sy.tem~ ""' 
t.cohnnlo~ic~lly ¡.,_,¡b)~. Why "h•ould they be imJ>IL~ 

•--'''.,. ' •• 1 • • .. - • ... '"] mon..:q. u , ''"" .& .,...,~""' e "'•< o 
... l .;.;, ...... loi .............. ....., ........ ~;,.,. "'"'""'""''*~ 
~~bJ """l"'ifino·in.tw..!lriE':I. In order to 
ar,¡;wer thi gue;ti~n. we shnul<i ex~!"ine ~~~ _n11turr oi •he 
rol · oóoip that · ' .. pteoooict~ >1 ''P' rol 
;,..........,..¡,..,.,.,ll¡.t.~;e ...........,;.,..or the proc"'"· ' 

C. Pra«,. Co,;m! oM p,..,.,,. EooMmÍot 

We know, intuiti,·dy, th~t the,.. i.s n ,..¡,.tiunoloip ¡,.~ 
twe<>n ¡h""" two •ubjec~<. hu\ it;. o¡¡iy recently, huwco·er. 
that the qu""·''•' Jti,·c n~tu.re ,,f thi.. rtlatiun,hip ha• Oe.n 
eooahli•herl. T,.,.ye:nikov ohows in" n'Cent pnper !i! :h .. t 
rontru!lit • .,; ~ pruce<' "'""i.<ta.in ordrring inf~mutio~. 

... .-. ,, .. .: - . . . ,.,.,.¡.,.,...¡,.. 
ti -1-!~"--~..;,.,N-t!o,:i_l ,., ,; !"-rlr; the 
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' ' 
~ ! \ 
::.-¡ ! 
' ! 
' ~ i 
~1 
.1, 

\ 

=tn>py of \he syo\.em "ill inc"""". ,.. 
•m'!" "1!1 ·¡,. ~· i ..-...~....-r. ,¡ <lw ." 
?e1 lriRH C ..W· 'j 1 '' h«Ati<.¡Íii¡¡'. 

1 ' •od .. m.w tal •.!nioo,h.i¡:. re!ot~· .IJ:o,•• _,. __ ,. 
"licirrcr tp :~' ""o ., ' .,f"'(OOI'rtro!"T!:!I'Ol't'..:ltlliD. l 

B0 heing tbe me~L>ure of tOe <lo.-gn.., of diwrder in the oy,_ 
t.em asooci~ted wit)) th~ l1mount ,¡control inior.mnlivn 1 .. 

F.ffi~¡,.,,~· •h~ultl 00 tahn ~~re in a wr~· ~ner.1l """""· 
=<:!in ¡m.:tio;,!:u-, it c~n he iooked o.t ~' ;m,fit. The n-1~­
tioruhip, illU>tr~ted ;.,..¡;;;:. 3, osn he lookc<i nt""' a t'onMl 
expres;;ton of thc '«: : tl .. tnL.-Ii.lll!: lt.UIBS" u ui me' 

" · .tLit.s" t~btt:'!!!.~Tl~lllj\!tl""tl:r tt sud ''"" 
""""'· h i ~·;,• itLiilm .,. ~;,. ¡,.,,;;;,.. i;. O!ftjM ol o el o\Onn­
shiop hetw<<m return and elío't e•pressed 10 monotary 
units. 

Import~n< pr!>etio.d conci~~:~io113 ur. he dr.;wn fron: 
t ¡,.,.., con> ide,.. .. tioru : 

i) B= 1oopidl.> •1 ~~ t ...;ob. 
i¡¡&OC"''''l"" ~n'•"'"!c<l~. bu ·-on-• 
u..,....;~.,....o>L!.i1o;...r~ip. the ;,~n;oont_,_,tro\ 

~/,n¡¡'d-" 1.- """·~i.-r·-.no>mi<."f<il."-i-kA"bie 

'-'· 
,..,.¡ 4 [ ,_......, .... ..,...:.wóo_.,¡,.. ... wo, ~'~""'""¡ ,¡¡, otive­

'l.!.;.,·eio. • . 
3) ~;.....,...ero: ¡i .nfo.tution-Mthe 

hi¡¡h r' ,:,.,¡.~'"""¡.;,;,¡;.,&O k nliotl A..,..,.....tÍ<lllnlly, 
the rru:;jl~r fu¡¡ctiooo oi in .. ru.m•m~llon nnd eontrol ~~~­
gin~-<;ring he!.< heen ~o ;,e,..., .. ,. th~ oNI•ring nf ;,form:otson 
tt.t th~ P'"""" control l•vel. th" bl"t leve! of the CO\"rol 
hiermeh)". The amum~tic Co01rdinute<l cuutrul of m"jnr 
u 1Uu ;""' not pro~'""'""! .>• r~piotl¡·. r,..,.ic:<ll)" hee;¡.u-.e '"'"] 
ec~nti¡: o., control \uub w~,... ~"''d~b\e to proc""' ,...¡¡ •hl~· 

rontml infurm.<tinn ¡,. re:ol tion~. lt •hould. eon....,.¡\\"1!\ly. 

Ili. SvsTE.\1S E,;ms>:>:RI,..G ,,.. THE Q,_,,.., hou~TaY 
I shall ncw review spec:ifie examp\Cl! of application.• t>f 

syst~II'IS engineeting concepU in the gln.<s industr;•. J 
Bho.l! !<>Cm on two •ubjeot.--process modeling and eom. 
pul•r oontrol•l"!~";"· 

A. Pmco11 Modtl• and J[D<klin¡¡ Ttd11oiqw1 

15 

The plMt or proeeso Íl! the centr.U and most fundll.­
men\&1 issue. In p,.,._. control. \wolo.·ledGe of proc ... be­
hr.vior comes Ar.;t. :\(odela whidt rep,.,..,nt the e.••.cn!ial 
""peeb of the p""""" are n.,.,.¡t:d in order to ap¡>\y tbe 
$1.snd"rd app=h to sy~tem.s d ... ign. n.-2-

$ :ltP.it <klft~ l ;¡tti!ll\t!il,\f Ot qoJ.'it!llive ~ 
rsp•r ·ilt.o.~"'-'"~~hat·~~ Y 

~ fer' · oí ''o·e '··~oiguifitliiot-i<>Mbe-purpose 
boW>;¡.oo!Uiidered" [S J. W e sbal! not consid<'r either phy•ic~l 
sca\e m<>dcl>, •uch "" tMk models uoi"g d...,ou• ,oolution• 
i9HU], or octLvity mo.-lels, such u PER'I', but will di<;­
cuos only mOOels in ,.·hich m"therrut.tic• ís uoed to deKriO.. 
the sa.lient feo.tures of the proc'""' beh~,·ior nnd 1\+~cb sce 
inttnded prirru.rily fot use in the oyoth.,.;. ol control ~Y'­
tetM. The m3thenw.tical rehtioMhip• of inte""t nre 
those wl:t.ícb rel:t.te the pro<:eSo~ inputs, m~~nipul3te<Í vari. 
ablel!, """ distl~rbanee• to the \ntermediate variables nnd 
output• :]:;~ J;.,¡¡ i o" 11 •r• "'" oo!iiJotl¡ou.hl""·' 
o¡o,i xoóicous litO~ ti!""' !eb!IOIIS!á,fS Mct'OUII1 Íoil the 
d ,· 0 1 eha ................... ,..._,. 

)!OOet, ~•n be .·,,¡ 
ao»"~rdin¡ lo the toehniq'u,.. through which th~y 5rl' de­
veloped. ] requirc._., the ol:>­
serv&tion of the process •·anabl"" in order th&t th~ 'lnte of 
the proce.~ mny be recorded under ~ vllt:ety of conditicms. 

J 

t %, 
~-

""'~" i ¡.•: 
,_.;¡mls<e<l >E>!Ít>IJ\ ,,,¡.;,,,,., ·.,., n,¡¡,...,...,.._... '" 1 

obt ·., "''"'\.•...,¡,t¡,m:li·1(>· .. . . . · ."· i 
o·¡ 1g iO • e t ""''"'"a"" <t•tu ......,.._..,, a"'! T'~•<¡; 1 . 
t "

1 "q '1 ""-clot ...... m..••il• ·~·· .. ~-..,; .... ;.....-p. 1 
~¡,.., ,·,...¡~..,.,.;..w.... 

~ .. p=· .. ¡,.,¡Jt t ) oit.i"''t"t...__.,""!',.,,.... """"'h 
g"" ·-l.l..w...ltavi..r.,¡:.W"(>lUC"'<":.....-h._,..,.,..,. ~....._.,¡ 

~.-.u*"·' · m411-J..JI.,... 
In ~ny co.sc, the ,-~lidity ami usefuh"""' of the m<Miel 

g<>nel'llly d~]l"nd h"'wily upon the iu¡;onuity uf the mo><lel 
l!uildcr, LLi• deo.r undcMandittg oi th(, purpo<e Or th• mude\ 
o.:nd hi• prioc howledge oi \he proce..o. 

iicl·~ro.l ect~mple< ni •xperimel\(o\l and theorf'tic:ol 
morl~l> <icveiopOO fur the d<>i"'' uf control '}'oten\O in the 
~h·.< \!tdL,Iry will 00 n;,·ielled ;, tho follo"·in~. 

f]\31:-¡,¡,i ,.,, 01m~le 

,._~ol>w.l..Ul...lol. 1"h~ prublo•nJ i• tco ole-

\~ 

. ~<>t"\!!1'.,... 

~"""' 
Tloo proce..< i• ;bowr, in fig .i. Gl:l:><! l.; ddi,·.~ecd ~O tho 

fomi.ing P""""'" througil s ..-íraetory · rin¡ plu:"l: ~~ t h.: 
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-~ ~ ¡ _,... ~ ... .., 
=~"=. 1 

'-,.-_ll 

u 
·-~·~"'" -····" 

bo ol\unt (}[ th" ho" l. ;,;, ¡, hio" n thrnu~h " pif"' in tite oon­
l~r uf the ri":; wi:.!le <~<· mb:~;; ;,; drc.w~ hy ~ pa!lin¡¡ 
uH<clán•'· At th<• etlll oí one rnn"-r.)', ~ cmti"g m3chinc cut.s 
t!!e tubins i:otn tub<.-. of pro¡><'r i~~¡¡th. 

_ .. !.., .... ·,;..,.• ,, ·H .......... 
>Ü;¡_¡,;,¡,. t.,,¡(•.,--¡,. :¡-~·· ..... 
..........,.;,..,.,,.;...,.....;.¡,_a~;.,...;;n, '" •i~l .,,~ • .;.. '" n~g 
t:.._-,;....;.......~.;po..O.::."""'";l;.¡,'""--lli;-U:...:&Lv...;...¡,.¡.,,.....r.~ 
;.u..it~o.~.-tho. • m >erm.,.¡ ,., t "'T'"~ v~ ritl.bic, f ,_, ¡ "!1:' i'f"'"­
so-.,.kl.....,...=~:ui:ilib.~Wr. Tw-<~ns 

i:rt"il'll'<i 'h..v'-1"""_.,,. r ,, ~...- .,.,..., se 
¡,,..,-

"' 
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wctm. 
, ~ .... 

., (1,1 
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trr·' rli•Q 
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'\ "''"' ·" \j.. ini; J., 

rr• 
w .. -el 

¡ ftt ... ~hao 
P"" eomual 
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._,.·cm. 

-•e·· 
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• 

•poet,.-m.,..tt.l ond •ulo!Yla~o 
diomot~r. 
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ca•f~!!mtinn,, The e<>totrol •Y•t~m of t·;~ 
~;itísac 
Íng.¡·•-c•,we j 81 lllt [[ [ \ -4¡ • ÍL1, \• 
,l¡¡¡¡p, nnd the 
ba'Ulwi·''h loop. 

Tbc hh.to¡¡rnms, 
tbe ,. •ti' m ''B 1• • m ·•, 

" 

•.,,o , ... ,,.,,•e" 1 1 • 1 5 

•b • •'• ,,,,,,,,i•c m~• ¡ • m •w!·- 0¡10 

oo~ 

pntcr .,. .. 
T" 

o< 

·-i·li · · ''l' ;il """'e"'· 
2) un .... llo.-1.-. -..JJ:,,..,,,,.~,.•I••''-'<1 [l~l: ..-. "' ·'·!. 

wc;¡: dnclr¡¡:¡n' 'i,.C.~ .. ;,¡,...¡,¡,.....¡~ ......... om­
p··•a• .,¡· ·•e~ ............ ,..¡.¡., . .,..mlo ,¡, i ti. e ,;;,...,.w..., 
ofJ-...,n ... w "e· 1 ri;.!Rm ut.Eti>int '~~i- The-~ m·>d~6 
which "-"Count for the proce-"1 b<havior, inclu<.li<tg tho 
qw.!ity rontrolll:l.mpling pro«dures, wore useJ in a do¡i. 
ta.l computer oimula.tion 1.0 eva.luate ~ltemo.te control 
atrate;;>cs. 

T' S "s:' 9' 1 1 ... '1 ••• ;,"' ¡-~ 10. 
min..J ·r ..;., ' · r .. ond,:¡:pn:..>N· ·te • ·· ~ Pipo 
•be• "' j ·• b•"~oó:!lll,rhc mo;¡.,;i¡;¡;t),fu;.¡¡,¡¡¡_¡¡¡:c¡·r.I..~+H,¡.l.olc;, 

TI. w?ªmu';'»· '·· ¡·'' ''t "~ftof 
•bs f'''Í' '·· '"'"~t!OI•m ..,..•r¡ l! ÍiOHI ;lte !a(t 

w......,,¡, .m.tll, tE.Jilntj ndw¡eem .emplt.\ uf n .• ewl 
JlTO In 1 ¡m<ii)J esa he obaiJLCd ,OJ t~euMck control. 

i] Th'· )"~~.\","' 11''$ j•l'Q ''?~.,..¡;g;!ol c•-p"'"'' 11\U• 
¡y lrloot? .. .,. fa Ollt o.maol~th' OjtiJht)1 

)if <Jq•; •-..rd "' thc 'rolb -•· mo·· ""'m•nt w? e ion""~~ 
,[!. 1 )"V H -ltJ '!- ' 1 ~(o,..o' j !OC .• G dy ll&n,ie ÓtnotOtt. 

. O\ Í 'Tbe ¡;roce•¡ d'>I''''??T !'!'· 'O'"TEI in .,o 1 ll; oQ·,.,.,. ............ 
1\~J u<·'·n·ll p,c.,o¡ fslu¡h.J.tts.oei.oJ m 1' '••ó-•o,., 
e Tt'.- ,. ,,~-

st·hi\j• ,· o 

Wrh""'' '1' · i 
pa~ers. 

- ~-...... " IOi!l!IC ........ ~hu 

""p "·-" •e tiic a: "~1-o.e <1¡,_. 
1 9?'$ o i ¡ ;l.c WJliOI E,UCI o d=g:n 

:lh '!,.. ptt t o oo olu,¡..&_ tono 1 &loecl in 
~~,¡.,.,~~'l..._¡..,,._~ba-~hw rtoMI¡,.,_ The 
~Ulon,;tio conU<ol ~~ thc luw-frequo~cy componento of th~ 
error <ignal re~tllte<l in a signilic~nt reduction of th~ 

V.d,t ~~·.?t!',t~ 010~th'· prvo.luct dirnension.>. ..n-tul 

;;,¡r .... ., .. __ ~ ':- u. ,ü,.¡. ¡,. ,- ,¡!,,.;. ·i •be 
d; · .,._;.,. ai a ~L•....unk-!~J. \\'ben the of 

~~ti y, 
.... 1 1~ _, .U.! Y"lht 

ok. C'omp· 
.,. 'o ¡, r ,b 1''" tr~n_,C" ''u q'i~n 

Oh oo o! 11 !o in~ nooo ott ou.:¡;, ioloiihinod; 

r·:l p.:; 
1-.. 1 • 

1 ' 1 • 
1 ! 1 ....... 

'• 1 WT' ·¡ ,, 
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Gl ... o<>rnpooitiun ""'1"""" lO • 0\<'p oil..,ge in ba\ch 

«llnpoo.tion. 

r-~ !3. Forebearth <i>Mnol--<»otiog wno cross ><elion.. 

~~;-~·:~·~~::=:T:';"~·:· :=·~·~7,~:;~-: · •. Co:ttparmg T0 , T, and T,: 
.;;> ~ gi•·e ><~me ide:> as to "'ht c~teot thc giass is ideo.ll)· 
"', miuocl. The deriv .. tive uf !he ;te~ re<¡>On.;e giv.,¡ the 

\.,. · ... · re<ider.oc rime diotributwn ol thc glo.ss. Fig. 12 illustrate. 
, ~:· f sorne C-'p<'riment:ll n,mlto. 
- \¡'•> For .J. fum""" l'oith a ~1:~>< c~p;~eit•· ni 2(}() ton< and ~ 
\'• : pu!lof!lOton</da~, T" ~ ~hctm: thetr.J.noferfuactimt 

'-t.· i ,..¡thout cullet returol i.vli>Í'"'d oi a tr~n>pon:uion Iog 
' ¡' T, ~ 3 hour; and "tim<> oon,;t~<>t, = -l.O hou,.,., With a 

cuUet retum o! 5(1 perct'nt alter ~'O hour:;, the tr~o.•port:l-

}

tion b; wa3 3 bours "" before, but the tirr.e oo~Utn.nt ;,. 
, ""'~.<&1 10 100 hn""'· . ,. - . .. . . 

. . 

it'rf! L. Boorilt . ;,,;,,_....¡.¡,~"'--"'~·-¡,;..,¡,10' 
\1. u_M.,.......,"''TU"" ·• rM-<ll't'!=l mndl'~-b~...W"" -ph:""oio~l 

·.~Th"-' ' ·· ol 
,. ·- •. _, ·, -,,w .. .U....L<ilio..o .. ~_.,...,....,.,;,.~llt!'!;~ 

~'"'""""" ""-! oo~¡:.i¡;c....,.,l.l.;¡...-.,_;¡)~~~~l>!'""!'ri­
&t· lx ;;oo ' ¡"'")' .wd 1;¡;¡ i.:: l CiJ.Dcli l ÍQ¡¡;¡ ~ ~ .3) ~-Ü"'"""'l<li­

~>:"'-IY"'"..¡ or ll'!no.ric,.imc.uu¡. 
The ;.,,....hP~rt h ,j~¡¡, .• ,.,. th~ gl.t'' io ~n """n eh:ttlne! from 

tho furn:~ce 10 tJ-,e ionning =ohin~ :.nd coru.J.:lioru !he 
¡;U.S. t.o .1 pr~·<ktormined •ldiwry lt·m!>er:.ture hy. tn•tm< vi· 
"-iw:i cooling and ga¡s he~ring"" •ho,.·n in F1g. 13. 

' "'· . '' 

'' w-M.•-.;.~~~,..;~., The bu.'ic energy 
<'<JU:ltion-T~e. ¡;encml dtff~,..,nti-<1 <'<¡U3\ion for hc-:.Lt 
tr~nsfor of:. ." · ;- i "M •¡...,,.¡,. 4 Mr .. oiBr 

f'"!"Jtle[¡Jié Ji todMi.üMn 

By t>lkino¡- nn en•IJ~:Jpbn~ M .1 <l'""el"t'nt;a] 
clement of d1memuons d.z1 Jy, d:, th.e en~rgy volume -equuhon'"' -

• (·· ") + ~ (·· '1'\ ~ a:; ~z . a-;J 
rnte or e<~ellJ' input by 
wnduction and ro.di:l.tion 

• -lpC0V,T) ,, 
nt& of ene~ 
input by ma"' .,. 
-

ratc of ..c<mm·Jil­
tion of ener,;y 

T(z,y,¡¡•) - O¡(z.y) i.o opc<:ifi«< • -

'" 

ii) .-\t the in~~~~-,t.o,t~:tt'lJ.tl.~_g~to~.!!.!l..<1 _!_hs.:,t.< (g -
d), thc b-ou "'\;>.O:::i'."_.¡~ili;l,t~b<lur.'d·ltl:.'l;hr¡<:.J.t'!.l:. ~!~>.< 
¡, ~•ch~o~T.,g rodi.:>tlt, ~:•;:..o::.· .l\i'~ J '• r""-:;.;l<!l..!:~do;;ur~ 
(,_¡;;;;:¡;;;.y-~ ro •m) . F;;:.; ~ ''.' ~.!.. h,; !r:! ~ -~'!-. tbs., ~.:;_r•:.h<:t n ·cen 
the ~].'" and the en"' ~ i!l~o_.~):;lpp,¡;<.<.,_h,!!;¡.t.J.\'i\.h the SJ""" 
tem [,.ro,:·!r.-•~!!Sif.!.í•:•n.i!c.U."'j_ii\'J"!!.:..l~• "'l!!:!ÍOn lo• 
thc ~~o.;.,~g;;"intori~oc ;., ~~a,n .leri,·c'<.l h;:.otl on d\Cflt.'í 

------·~" __ .... ---------h:ili.nre . . -k' aT(, = ~F [T,,.,.,•- T•) 
Q¡¡- ... 

< < 

• 
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= ~ .. LO> O ~'"'" ••• ••re• ................. .., .... .,, .. 
. 

Stelan Boltznoan con~tn.nt 
view factor deri"ed ·•ith the ...,.umption tha.t 
the ¡;l""!s suriace n"d th~ croi'<Jl are two opposite 
infinite par:1llel pbne~ 
ps heat tranalcr coc!llclcnt 
thcse t<n•peratUre3 are in puta to the m<>del and 
mtut be e11b~r ''-""umed or det~=i~ed br 
measuromeJJt or. ...:tual forohearth~. 

i~':!:-~L~~~!!!lmtil< .-•mmctf~.!ili~-'="'t'~ct to 
the «nter o! 'the cilaunel (z - 0), 

"1 -o. 
~-

(5) 

iv) At tirne zero. thc tcmpera!ure di,trihlltimL M .Ome 
loea!ion "1'"'"'ñ'iiü1. oe sp.-eífi';)-·., ... ;:;, iSiti;l......ca:>.d<>n. 
u.Will;:¡ht· témj;;;rut;;r;,(l;~~. nt thc mlet to tho 
for~j¡~·¡;-_;¡~:;:;;:---- _ ~-- .. 

b) ,,.,.,iliL ,, 
~;,., ..¡, ÍIÍO 1 <""M¡.¡..;,,., "'!" "" -- T ~r••T""'-O .. ; al tloe ¡,¡,..,.,, ... ' lH)L!Bd•L;P cti'~'>l•• Bv 

··:· oj •b • pp~,J,;,m "'> _..-m·mv"i 
,_,¡.,,.; ,..;u¡Wm • tho•k 'o.i uUoo><i> ófhe 
..,......_,,.IC llhiEihhSii.i• l 

,, . 
to the 8J 

'" 

•olwl#, tl1~1'!~1 41\iilil...,, ""F '"'· 
"ti: This m!Xlel ;, nppli~able 

om 

' 1: ·!, ;¡,"' ,,,- .... gb.M 

-.;........~,..¡,me .......," 
r ¿ •;,; 1= ·?•-."" ;ll!o-."!:'.~'~'m:l----~11.. '!'"· 
bi...w....1• • , •. ••• ·M·;,! o'4 • ~ •• .....,..,.,en~-,~'-"'· 

'· 5).'J:..:¡·., ( 1 '-' e!•:OI.eolthce:orlie.•t~•=Pies 
uf the )pplic3tion o f. n;or..ri11¡; =iln~JU"" w 1h~ an<~iy.i., ~~ 

-- 1~ 

..... ,. ....... . --- =¡ 

<•"IT •• "' "' -
"" -· "' -.... - "" 

... ...... ~ 
····w ..... 

""" .. ,.,_ 
~·"'"' --· """ v~••• = ..., .. 

controloy~ltm problems in the g!MS irnlustry is ~iven by 
Oppclt [17). Hi• pap!'r presem• a oonoeptnal e:emeotary 
nmltivariMe dyMmJc model of a gl::s• t.llnk lUid ¡u¡;¡:~•~ 
improYed eo~trol matcgÍCII usong feedbo.ek and feedfor­
w.rd tcchuiques. 

" ·~the 

~~illw.u...I.Od.ID-¡,:¡~¡., ""IOOÍMtin\"(lf...,w.ma• 
t,< leÍ p<oll.........._,~dnuixin~11ft<! ..ro,.~,-mel:­

i¡¡g e 1kt-to;oye:...1-..:,.l·•'"''l!r"t<y!'t1'm> ';:1; • tt!• ;.:. .. IP 
~ ''t" ~ P"i ;, ""!' • 
¡>1 > os ooito, ouch a.• 
dcmo 

.. 
oy&l<ern l ~ ol •1' 1 'ol o ltl)l 11111L!stoon. 

The .611!1 ólcp in u¡;pro:cchinll: thc prohlem " ~, I'Oil.,truct 
!N>them.::.tical modelo for all the proee;s u""' by taking 
ane of the most importailt "-''""'" of tho en ti"' prooe.•' ;,¡,o 
COn$idenotion: the phy•i""-1 trdnsfol"lllatJOn ui granular 
ma.terial. 

A general model ;., clevelo¡>t."d whieh, when opeciah•eJ, 
""'"be used 10 mo<!el ~ila•, mi_,.,.,., and mixing tauks a Ion¡; 
with othor p"'"""' componcnt.<. Thl., Keoural mtod~l will be 
d""cribt.'<l briefty for n ;ilo. 

,\ ~ilo;, de!illc'<l "-'a tempor~ry >tor.o.go d"'·ice "·hereby 
granular materi~l b d!!mped into the top. >to..,ri, ond at 
oome hller time removed from the OOuom. The modd w,; 

davtlloped ';¡nder the follol\~llg rea,.lnillg. 
o.) The filled •ik> i.< dirid<'<i inw •pote"' o/ h:ltch •·oiume 

ori.oe (refer to Fi~. !.;¡. 
b) · .\ssochtN wnh oach ;p~o-e ;, 3 ••m••rondin~ bo.tch 

and Íl>! d"""ribir¡; cmu;tituent veewr. 
e) Whcn u batrh ¡, remov..d from tbe bottom. al! the 

bo.trh ron~titucnt V<'<'tnrs o.bow it mo,·e down one •!"'""· 
cl) Whcn the muteriol is cithcr ~rote redor e•tracted, it l. 

done ai.,rn.·t~ly in time. 
~) Boor."'"" <Jf the mi~in¡¡ ~ff<"<t betwee11 o<Jj,qr.,a 

ba~ches. the outpu~ batch ;., ,om~ combinaüon o! omy in­
put b,tch. 

• 
'" 

•' 

' . 
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Fig. ~~- Schernsti< oik>. 

f) All m~teri,d• which are ;>l.>ced in the ¡,j]o t<>getber 
Ju;.ve "'l';,J or ncnrly e<:¡tl~l de,J<ilie•. 

g) A L.lteh of materi .. !., <>r hny ~art thereol, hns n m.a..~i­
mum an~ "mínimum io·uglh .,; ihc oiio lo lt,Hll\'<'r>C, ~mi 
thli! tran""C"-'l oceun; "ithin mm' ma.,imum nnd mini­
muro numh,:,r o! ouwu; b.,tcl"''· • 

Th"'e "''""'r¡¡.,~,, togeth~r "itL. m:>&> :illd im¡JuL.;,. 
balnuee, yicld !he foiln11·ing "''\ <of <'<¡t!alLntUl: 

Y(K) A 1: I!',(K) - X,(K). '" ·-· -1: !r(K) ~ ·- ' 
• L W,(K - , -. 1) - X,(K-, + 1) ~ X,(K) (S) 

' -' 
X,(K) ~ X,(K tl - X,(K- ~) ~ 

By subotitutin~ (\l) b:o (~). :ba reorr:tr.¡;ing Íi, there 
"'sults 

• 
LW,(K-i+l) 
; -. (lO) 

whetc 

X,(K) ron,ti¡.uent n·ct<>r oi rl>e matcrcJ.l At the 1th 
pooiuon in the cnm~artment:>.liled silo, jo:st 
prior to the l.:h OLHpu: 

Y(K} Kth output b~tdo t'OE!<tiluer.: nemr 
"' ma.,imum r~n~c nvN whidt ~" i"put b~h'h ,.-¡]1 

00 >prearl ov~r tnc OLlLut i>.1tr~ 

W!K) t.hc ,.,.Oghing "'h"' •·f.¡._.~ ~ ... ¡~~~···• ,¡, poc­
ctmtllg~ of illpl!:.< th~c are in thc output :~:ti'"-' 
N'!'. 

... .,. """ 

·~'"' ''"'" 

/ 1 ":.. 
ffi- -----m ,,.,, ~-·'" 

Fi~. ;6, Act>vily ttll.no. 

"-" 
n,...-~;.,..)<-. ............ -

:.: ........ i-..,.....;,..-,...---.... ' ' _.,..,....,,,._ ,' 
e,;..,,¡ -E(E(E,dt.J ... '~"J" -J"· .\; 
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,-,..~;...,::--<.-: ,..~ .. ;...-.;..,~,:,;. •->p..o-:.0~-;...n 
th _ _.......,¡ .... _..........,.¡..;;..~ ......... ,_,.. ,,..,.._1-iti.__..:,·l-

~7\·.~ 
. "!"-~n. _\lll:•n:_· 
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Fig. 17. PI.,~ P"'"'*' ron troJ compuW ')'"<m. 

Finally,-
i·oect.¡.. 1 ,; t><l""'''<.' '"' no;~o•; e 
~,.,_J 1 oF¡;pH< _ ; l'illl'! <, • 

Jnoo.,j, • ' • 

F\g. 17. Qu~lity oo,.trol iu:'<>nn.,tiou i.s ~ntered m~nu~lly 

,.. m.o.nipul~tcs a lL\unr.,, uf ,-:orübit•o on th• foreh~orth :md 
ribboln m~ohine. 

;, ¡,.,.,..·,,.,""f•«"""' , .... .,._, __ _ 
i< l?cnp .,, 
Th~ •=ntial ro!~ pbred by the controller ol the 

manufJcturing pn.oo:es.,, thc information nctwork, wu d~ ... 
cu«d in Scction JI.B. lt wa.• stat.-d that th~ rumputer 
'""~nolo:zy m~k,. it oow pn"-ibte to automnt~ rontrol 
/unctions ~~ all le\·ei.> of thP hieruro:hy. lt ¡_, within thi> 
fnn1ework thm wc wlllno"- ;urwy, on the bao" o/ sc:m:e 
publiohed j¡¡/m-m:~tion, the stntuo of tbe implcmrlltatioo 
of ouch $ptem$ in the ~1= llldLL>try. . 

One of the fir.<t rom¡¡uter control .;·.tems im;>l•m~ntod 
in th<' gb>~ indu;try "''"' mrntioncJ in thc se<tion "11 
p;oe.,.__~ moddin~ (51_.c<iu¡¡ lli·A). h i> thc proc""" eum­
puter rontrol ;y~k"' dé,-~lopcd for tbe ~utomatio «>ntml 
of" rtbbon mao;,;llt' [l~j. 11,¡, •-'•l~m l'<'rform., c"o"._.; 
fuoctior.s onty. The structuro of th~ system i. d~pirt«< in 

Anotber o~~m¡ole ul 1""''''~ con:puter <'OLHml :.pplit•u· 
tlon i> gí<·cro by th~ r.H:t,ol >)'>ter.<~!><":! in :O.c r•hnt.< o! 
tllc Owc~C' or<oir·~ 1" :l ,-n.:'-" Cur)l<Jr"t iuiL. U u th<' L_.,;_, r>f 
pub~•h<'<.l oniorm.otiou, ir ~1'1"'""' tb: the~· -·Y>I<nl3 :1rn 
es.o.•nti~lly procc" ro,¡otnol '.'''''~>-< !>"r.ormin~ n,.,t lcnl 
control fuucti~u• m tht• nwltil.'l/ owi <iell\'t•r_•· -~"'-" of thc 
pi'Oet".<. ~hlom.rch ·nn>•' l'""¡,,,,;on •ch«!ding might r.,. 
etT~cted in .-e> m~ i:•· t ·" "''" 11 'IJ- [~11. 

Otber •uP<rÜ-<>ry (Ohtrul "ppli~~ÜOn.o h~,-~ ~l-<> ¡,.,.,n 
~nnounccd roce:tlly by :;!:~·< cot.t~in,•r m"nui.wl~rt·r> 
[2'21, 123¡. C<>m¡>ut.•r <:Olltru: • J'•tcm.; are lx•Ín~ ¡¡,.,~¡ iür th~ 
"'""tml of b:~~chill~. nwlti"'-'· "nJ Ítl.•f'<"<ÜIIg O!'<'f J lÍOII• a\ 
'he /.okcJ:u,.J. Fl;•. !'l.un .oi Owr·"-'· !llin~t<. Thc• ''""'lÍo•" 
o/ th~ cor.:¡:;.,tcr e- '" ,.,,.,, .. L..., ~,,J moniwr thc .t.:ir• 
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• l ~ -li iL. Th~ P"""'"' oompu:ec control'\!/ 
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"' ,. 
·•- Thc ceut;:.l con­

trol nx>m i• r~rre«.>nt<'d in Fi;. 1'1 Th,. 0 per~wr e~n·oi~. 
on-line primtr, obtm Iype\\Titn tolcvi,ion di-pla~- anu 
.......,ro;ng de,·iee<. and gr1phie p·on.,l• """ h• id<•n:ifi,_J. 
The star<i;y oi ""'urdin;: itc;<rum~nt; ¡, "-Wan>m. 

Cn :he b.¡,.i> oC ¡k_-., ~x:•mrl····· it ,,,.,¡,J 'l'i"""' th,,t l],., 
gt'l&' indtL,!ry, i<.oii<.)WÍng 1hc 1rcnd Pico'-'lrcd by cth~r 

• 
' 

• 

'" 

i 1.-­
-\.,• . 

IU!iAC.E ... ENT 

ORC.ANIZATIOf/ 

PRQ::JUC: fiOil 
CONnOL 
S.YSTE,. 

PROCESS 
CONTROL 
SYSTE ... 

PRC.CESS 
tQ•JII>I.<(~T 

~. ,...~ ..... 
V• • ••••••""'''"'"•/"•""• 

r 1' • - ·------------------



. 

1\ 
. 

~ANA(,Eioi(~T 

w·-·· CR(..I.N\ZATtON 
~ ....... "". 

' . 

• . 
~ ;;.·,:~~:';' .~"::--

_ ...... ,.,...,. 
?ROO\)( TI ON 

' . CONTROL 
' SYSTEiol !: ' . . '. ' 

-- i tL ·-- 1 P~CESS 
• (QIHROL = SYS TE"' 

1 " " r][~1: "][' "':::J®C, " \ . 

• .. ~··· .... ,: ! ...... :.!!;:·~~·"'" .. ,..,~ •...... -- ! PROCESS --- ... M .. ·-··- ..... - ~- .... _ ..... - ·-·- ..... 1 EC.U\Pl.!(>H 
L_Jl_j . 

1 i 1 
. ¡ . 

~- ... ~ ...... 
..;. o Oo"O~to<Oh~, .. ¡,o•T-

Fig. ZO. lnto¡¡r&tal plan! oonl">l •l'•lem. 

proce:¡¡¡ indn>trie,, is slowly mo\1n¡¡, in an cvo!utionary 
fashion, toward compm¿r-dir...::ted, ecntrnl, pro«:;.t oon­
troi •y;tcm•-

lt is believed ~hat the trend IO'I'ard int~tion will not 
6\0p at th€ proce,, ~nntrul leve!, bl>t th~t prorluction con­
trol a:~d mnnagcrr.•r.: rontrol functions wiU r.ro::;re,.ively 
be incl•tde<l into the de,_ib'1l of fu¡¡,. inte;mt.O on-hne. 
real-time control ey•tem.•. 1": ' **'" m...fi<¡, &;t;. ... 
t ........ ~_...,._, .. ;,.. '""*'""'' p' "ll..mr.Jl 
"""""""' ·~"'m- rn,...;. .,.,..,:..,..nmn~ 11'1.-;..;,,..¡, -,.,...... i ~­
~~~ ... ~ r.,..., __ ...__~ .... -l.v<l<~-~ 
~.,¡.,.. mn!t'>l '~""'~ ~ ~..,.¡ """"''-"'""'-·'Il.oe 
ir;/ ,._.;.,,.,f,,... ; , . .,..;.:_"'"''~ . ...,u. '<!~,.,.-~~~,.,..;.,n 
~;,,,hl,>-·"-'•"'...........0- Tl_,....._..._,w;. «i.t.h~ire 
~¡,._,.~,..¡,.¡,¡,. ,,..,..,..¡n•ll&l-0-¡¡-.i<><O!C. t.,.,¡., 'I.IW....¡¡er­
"""-'k' ,,,..,, ;~ mr.....,..-~~----..-.~,.,J,-n. ... _,.._ 
rn-lol!i<¡......-wil-h-d ... -i.;.,_,~ ¡¡"' n,...¡..<ll ~u...u­
t i ... 1 i ' • i ft ....... ~. ;...,-...,.,¡.,!>k--¡,.,.,... ...._¡ -- -~ ;"""_.,<:<le.;!_ 
Th~re ¡, no eviJ,•nr,• that .<\ICh ir.trgr~t··~ e•mt,oll •Y-'lt•rn.< 
""' ir, Op<'nl.tion •<><!:<Y ahh,u~;h, ,_, "'< r.,>·utÍ<m•d pn~ 
viowly, somo of tbe ~xL.•t:n:; eo.~lrol 'J'.<l<'ff.~ mi¡_¡h\ nl­
'""'dy h~\·e deve!o¡><-tl -:o ;ncbci~ "''m~ ¡;ruo::iudi~" o~u:rol 
function.. - · 

The ~"'"" of dingn~m,, the la.;\ .me in particu!~r. •L-o 
su~est-' o. rlf<lr trend to"ard m~k:ng com¡mtin~ ;>o•r•r 
avsi!ahle a• a u:ihty throu¡;b~ut th" syoh'rn in mueh tb" 
""""' "'"Y a~ el..: trie power i; av,__ihble tOO~ y. · 

Tho i.ntcgmt<od co~trol ;y>Tomo nppronch ohould r::<:"­
,...!ly be exp<"ctl'<l to o..ifect out h:L,ic o:onoPfll' of plam .t.o­
sign lUid Of>l'r~tion. lu partkuhr i1. •hould ¡,. e,po,..:--,ó w 
h~\'~ ~ \'Nj' >Í:,;«ifi"<<" t 1mpuct ~n ti>e ffillll~g~tr-ent ond 

nr¡;nr.izotionol •tru;,tu,.;, oi thc ¡hnt. 'I'his C.,¡, sub!~n 
th~t will lw di.ocu;>cd in tl.e iollm;in¡¡ oectiou. 

IY. Ht:>l•:< FAC'rot:;; [::!6]-[:!':IJ 

The ~mpho,is of thL• •urwy ho• bt-cn w for on the 
c"<onotcic r.r.d t""!H•olngical J.•pect& of ,y;~em< de.-olop­
'""~'in the ~b;.< indltO!Q'- \l'e h:•,\'C dt;cu;•t•tl problc= 
n:-b.tin~ to tt.~ :lc~Plopm•nt o: th.~ ~ntomotic ronnol lO<>p 
repre><'ntl'li by the <.lia~r:tm in F.¡¡. ~1, ')'mÍlOltzOng thc 
ph¡oir:il P"""""' ~ont.--oile<l hy ~n on-lir,e eomvu,.·r-."A-'-tt 
'!!:,:.' ~r~ ~¡¡~ ·~:0:' : •'J , e.._ ~·,~ .. ~ ·~! ! ;,llt:[. 1).[!~ ~ :_¡ ·:! ~!!'•' ~ FS'' '!.\· 
z~¡¡¡,,,. llh'-"'e oun,;tu: eJ>I• ''"'~.en a~tJ "'·"'hD '· ,,,,; .,, .. ~ 
--~---···-·····"- .,_---~---- ·-- -· .. ·~ 
O·l~l~til"t""'"'ll" 0"1'\N", ""'""'~ '"'~!l,o·• 'Q ., .. ,.,-,," 
--~--·-' ""- ------~---·-· ·- - .. 
cor.l"·'ú~ ~.,;:_ ~~-;' .. , , ...... , • .,_, ... ¡Hr~~-,.,.-~: 
:¡;z¡;:¡:¡,.;; :a;.-.,'-...;: :.i ... .l;.Ull)..><>, ... ,.;,-..:.~ - r;,~~ 
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ouggesb. :u,._,.¡,.,,.......,.¡l'!f,)le <.\ <.El. 1 d!f")ll 0 1t p­
~_.,.,~¡ d><t:O"·..,~~..,..,m.-ntM•on . ..W.. 
¡;,...;_.:-.." ........ ......,.. .. -......,.¡,,..,...¡,_IH.>_ 
~.:.,...,;:og~n-.. • ;i "' ¡,_.~,. ' ,¡.~...,¡ •·~in .,.., rl·.e-1'<'1"1 ..,,., <l>lnM 
~ ................... M .... >;..;...,l• ¡,.. ,..;...;.,.,,.;..,~i;.u¡¡...,;.[ 
• •!..¡· 1 ' 1.! c.<-<>1>1 i.¡r ..._¡ ... yo.I>0!-.... ...... 1-u<I"WiliCt• • 

G' 1 '!Ó+ • ...,._, t..r •'l'k··" il ............... >o.de-
,..¡.,-~..,;.~ ... -... ,•<a~-.. ~·l<!..-...-"'--~~ 
- ¡ .,.._.,¡:........, ... "'-&&ii~ill ll>-'-'l.oO'" eh jp• oyi.l.<IA>I 

o.· J.c..t-_..,¡~~.,:"l , "'"n t~l. ,,., .. 1,... ,._ntl>i·C7- t.h--"""' .,· •W • '""'­
e~ ;..~Mw..re-O<>tll!>ú'"'D'"- Pt,tr.n!n; ior the ,¡~,!gn 

and <lc·;el<•pme!>l oi hum3n oomp<)nC1lt$ oi >}"te m' h.14 not 
\]\1.., be.>n"" ;y,tem3tic~llr pur<uod ¡,,:be p~.t '" !; miúlr h:cce 

;,¡¡ beeu. · · ,.,. .. ~!< d'.-<=-'t..,,.;'"tle-
~f'} ,-~ ....... ~ .. -..... U>O .... '-""·"tade-<h"'-"1 ¡,.. """""" 

O. t"{ C1:oP•<-<>ill>;.t.;. ..-....¡.,j.,J eiWr ~-r.-.-+e,- ,..,.,;., · ~ .;,_'ln~~r ri· ll ,,...;..¡..¡,_. ..... ", ........ 0\ ........... ~~-"' ,_.,.,.,. ..... ) .. !• ,,_,~;~,,~~•y 
•.• .1 '· ........ !'""""'-~:!:;- ._j._j~i.he-.1<1 ,..u,.,.; ,.~, ,,,,,..,.,. .,-.m­_¡¡; ¡.J., .. ..,.,~~;.ry .!>0....._,,_ ...... _ ... _ ... ¡,..,. ••• ~ .... , .. ,.¡,. 
,
1

,1' / a._ n - <lo--v .. l•..,....¡...,f · '~"·"e<<rfror ":',-:r·:n~t:e ·,<l~,:~n 
~¡ ..... J-ne-.~loprnen~-d n.n.-,.n-•}·......,. '";r····•t.:.;;. "~~· 

ÍIO@:Ou.i~..__.·,,r "T"'"'t;.,n. A~ ............. ..., • .,.¡¡¡od ¡,._ 
Fi¡ n "-....,..;;.,o.._;....,.¡,-'~"''~ ' . -~--·~ 
S)I'OI lo<l. 't!f>11"i.....,..,. .,."-l-. ..;.,""·""¡'.J;..¡,..."'Itt'l 1 l •'"P. 
_,¡_ One of the prim.:.ry \'o.luc, t<J be g;in"i ~mm surh ~ 
man moohtr.~ oyo:t•n,, rlevelnpm~m "'"""'-L •· i · ·~ ..,. 
¡x ,. e ' ' • .. ..,...,;nw ~""'"""'..,.,_·~~ '¡.,. ¡., ,,:,..,._.,:.l.l.e 
tu-o , .. h;¡,;;.'• re, ·r ' c1 ,¡•.•· t ·, -~..:.--,;.,.....,¡,,..nt'!"'J'<Ie. 

In ndditio<l to a"'umin~ :lnt :J.Il rcq~irC'J r<J:->;>·"''"ll'-· ~t'l! 
avaibble ~t ~ specifieri ~nd poin,, the rontit;;;Ín¡¡; i~:ter­
~><:tiouJ c~L:ci'-~::o ic.:c.>cn,.,V tG pro•;ontltt; tC.o t.cc.-~ :~, 

costly &nd time-eon•u,.,in~ l"rrnñni!!g• ni """~~l"'~~"" u n-i 
major Sy•<C!n mn<lifieatinn". Tu :•rrumpi;,h th ;., how~' er, 
ímpli~ th~ de,·doptt:e",( of •~ 1•hility ~ ~ommu:lÍcate d­
feotivdy ano! intc;re!at~ nn til~ p~rt oi re¡'ltt"entntiv.-. ol 
dive....e d!>oiph~co. Compromi·.e• n!l.! :t~d~--c.fis "i!l he 
rnquíred. liltimatn optimiooti~n oi ~"-"¡, ~llh·~·,:ern ..-,11 
uodoubtedOy twt l..• l"'''ibl~, J,ut t<JI..o: ey~l em optilllÍZ~<Íort 
and effc"':tÍ\'O!t..,;, "ili "w mere elo•rl)' ~ppro.~i,.~tl'<l.. 

• 

-~ .. ~-:·:.,.---:-.,. ..................... '*""'"~""""'""' 
~""""'!,~¡~.¡..,.¡,..~...,_;....__.,."""""..,.~~e 
~ ;,_,,., io.- ;...,., "',. • ·' ....,....,.....,,, '-"""' ,..;'A'¡,.... im· . ii e . ,_ 
~.....,,,,...,.,,_.;.;...._b~"'"';,,.......,...;., ...,_.,¡,...;,,,;ow­
-_: l) ~~~.,~i~uL~~,.........,.¡;....L.. u,-;' 

~¡,.. -"'"'""" '"'-'.-.f.........,,.:L<i_..,.: rol l · 
cr,¡,¡¡¡~--.~.r..i. ... ''• ;l..,~_.._,.¡,., • .,,..,,.¡,.. j 
e~~·.¡,_.,;.,,:,· ..,o._..,· . ....-~rm~. j 
~) ..... (!.!" '- ,.,.,.,; .... ,"' ¡.,.~;.;!\o..Oo.l-eu.- 1 
~,...,..¡,..;.,...,._,¡¡,..........,,,,,.,..,.....,~rt"''n· l ¡ 
............... ,.,..~l~ ... ...¡._,,,,~,..;· .,~ .. !':ll i :· 
•• j •• -~-··i-~......, ...... t.~--...~ ..... ,,..;.....,,-,;,;.,;....,....¡..., ""' ' 

' .,. ' i, ~m: l'""'•MI'T'r_., ... •¡,.-,-; ,.. .. , .O 
"""~.-..... .,...;,.,.,:\!lt'I"'T'f'..-· :.-... .. ;,,,.,.,_;.. ,.¡,~ ' 
.... ,. ·¡¡ b __ ...,.,_......,. ... ~ .. -. ........... ,._ .... <l .. ~~ ¡ 
_..,.;.;.,_;,,._..,.e..-.~ _,.w;:.,.._.~;.,__,.~ce 

~~·,..-co= .. ""'"!':L...- n~·i""'"'--' .• ,.¡w.,,.,_,..,..;,.,.,,.,.,.....;~ -1nr 
n,,__..;_;, ;..,..,,..,_. ',~, ,.,.,~.._..,_~·u~ :-..-r: r, '' ~ ..,.- .. ~ ,.,, ~ ....-~~;.-. ,;. 

:;; '!'~~ ... -:..¡>w.....,...__r, ~~·~--... .:w:;.v-. i•w~"'-"" .,, 
......_.._.,...,..,.;,...,,., ___ ..,~, '"' ,......_., .... ""!'.;~-.. .. ;.. • .;; .. J ''" 

~~'·f.-"" ¡;¡.,.""'""".¡;..¡_..~,.,.,...,..,.,.,.""'"""""""'~·~r·• "P ~'""' 
fv-:.-. · ,.. .... ••17!:1¡-. 
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Wh->tcwr tho cnd ¡,ruduc\ uf nn i"ttgro.t.:d plan\"' com· 
po.ny control ')"'"ter,; turn> out to be, it i3 .. ~r..l).o;t certain to 

require <!i(io;ront nprr.,~eh~_s to thc orgmí:.n:~n. mo.no.~,_ 
mrnt, dc.-rloprnent, and mainten~n"" of thr hum~n oom· 
poncnt.>. Wloih 1 :uplio 1 iu oi 1'•1"' io. 1 1 1 ~ 1 -"""'K 
~~;.. .. _, .... ~ 
pooeeh. '• • :.1: • bmp• n ,_ccmporeo t ~ok;:d..~...,.¡.,._,o¡: 

No ihwplo_.,,., hy~-~---m•-h~"' ••-if 
;,¡,.,.¡,¡,J...,-¡ ,.. &i i:ll>'g:at"l-ó-....,lmt-in 

,b trnabiy--·ho~<o~re. 

V. CoNcLusmxs 

ln this 6Urvey we h:we oii.oo:u•-.l."d sorne of thc economic, 
Wchnnlogicoi, o.n<l huma" u•.pN'L" of ;y.<tl'm.< engi;oeerin~. 
We soo ;ysto•rr.< ~"~"""''"K"-' the u.chniquc thN)U~h which 
t.he ele<.:!ric teclmnlol~l-, exenL¡>ILticd hy thc dil(i~ll com­
puter, is b.•i"~ applj,.¡ lü <>Ur inolu .• \ry. 

Sev~rnl m~jor trcnd< th.>t ch;~=t-tri.e ti.<" ~volutintl of 
systcm.s engiaeering teehn"logy in our indu>try l011ve be..-n 
iden\.i..'led: 

1)-.... h•,!·l'v"4 ·'üwi•oree·djn. 
l"'fF?'Íoo_.,¡_,¡lt(ICC>i>..tiiilJ...~~ roptrnl apd 
c;.o¡,¡.¡..¡¡oo<•••~ o-uul.!.-~1 íunCI inn,. 

2) ~:i.o~·lm~ .. ,__._~<!!'-.;...,......;,;.. 'im­
?"" .. .._ ..,¡, .. ua..J o"'-l ;,¡ ¡,~ri .,., 1-1!.---d....-ir;n t>f""-'P~ifotl..-....ys­
t.a>..,_;J¡_¡_.,., gl. "' ¡,., i n t..-,¡:r"t<.on "lkhe-design--d · tll~ !'~ 
..,..¡,..,;..;.;......,n•rot-!C'"stcm. 

3) -r....__;,pm-¡~.....,...,~ hu"'~•~iMt.."'< .,,n,.not·t.c · ov~r­
NI>I...,._...izc-rl. (Jo!~~~::-·o~~~o.s _ .f't: of 
ti' , "'· .,...,.~r,.,.... fi"PP""b':o-~ .... •~im"""*'- onc, 
~¡¡;~:>! h!.' 1':"tt~· <r!'...¡rn plr~Utio,. of.. m<Jde:-,., t..::h· 
~-mo, .... ry_ 
A~ engttJt'tfO, wo fin<l au:-selv"" inctenMn¡¡ly movÍJJIJ; in Ji 

pa<itinn tn infl11~nce <iin'<'tl." &><Íg) nud hum~n pnte~. 

Tht• ll'\IUr<' ni '""" '""" no<t<l """"~" "" ''''" t<«'<IÜ~l 
re;pcn;ib,btr bo.•<">Jme• uu~ of cd<!cUÍol1 of tloo ¡mblic in 

modc•rn tcohnnluzy. 

' (1] ~t:'~I<L<.b.•·-- u,¿,.,•ond'"q .lfeói,- 'f/t, E•~<•.=«•f .lid•. 
:.: ... '""'''~¡,-e,. .... ¡¡,¡:_ 19o';<. 

121 ~-E. l.lc.i-.¡1-.r.<b¡, n, '-'"'1"' of Pro<i"""'".Sy.umo. ~ ... 
Yark: lioontvl>J. I'¡C¡{o. 

(3) ~~- Atlo•"' ~r.J l'.-L. f .lb, O¡.li....,J C~ooltol. :-.'o~- Yot~: ~lo-
Q,..,..-.¡¡j{i, 1116t>. -,_ 

' 

ill K.cn.n, "~!.!<!.: .. , ;, ...... _, •...• , ·,~-'~'" ,_.,_.. 1-~-, 
~;-·•·=Eh~.·-··~·· .. ,.:., .... ,.,, .... 1• 

).'ol J. J. .. l.o..-L", ",\l"l1¡h-d •::··;, ·--~--.";_,.,.J . .,,¡_, 
""''"'' ._.. "'""'•. p,,..,.,. __ , ,._ .. _,. : .•. -.. -..... _. ,_, .,, .... , •• 
Oonfo~""• Clo;,.,,.,, 1:1. 

¡r.¡ J_. W. Fo"""'"·'"""~" ,, ¡,_._ ,_ ,. "•• 1 ., " _ •" ,¡ 

171 \ A 1"'11<""'"'·' (', ., .. l 1 , , '· -~'"·. ~ ,, "'.m>·. 
pt~lodOit~•\'""'lf\1 < ., ¡,~.:Q '''' 1 

l~lll <.:r.e.:nou, ¡¡""'""' ¡;.,_,~.- ., ,-_, ·"•• ,. ,. ;,,;..,, 
\~<t).;_ \ 

1~1 l.~!. Ohein~ .. p a"'! l.~- 1~: ..... , • •-t .-.-¡,.-~ ... ,.! ¡,,. ••· 
"?'iól"-ti"G ~ ........ , . .., __ , ,. , '" ·-· ~ • 1 .• : ~ ,:_, · .Wó.'o i ¡.,:,,..,.,,..,_ ,,¡_ ~-1. ¡r- ~-:-.::. ; .. - "' , ... 

1101 J.C.l!nmiho,Ll :.\: ... ,,·,_, ,;\ ;, - ...... ,.,_ ¡,.,.,,.,,..,¡ 
tedonlq_u.,.fu< ><u•l>ioo< the ·i·-·<" ,~, J.·o "" •< < .,_.. ,...¡,, 
io~ fuma«-< br ,.;..,. ,.¡ •·· ... ; •. " • .... ~ •• " ...... ;..-;. 
t><>/ogN, P,..,. J!J<i-i /•'""'"'· o"'' ~ '• ,,., ,11 •·"'"'"'"• 
D.C.), pp !'Wl-1'0:•. ¡ 

(!!)J. D. ~lcCtd~'"d. "_PI•- <· ~ • - .. ~ ·~ '--·" r-·•,..._ ... J • 
• -t ... e'"''""--· ... ,_':.~> ..... _ , .•. , 

11~: 1'. J:yklonoT, 1' .. \1 f: .. \l. , o•. ·1· , • .¡. -.... 11 ¡._. '""""''• ,,,¡ 
H. 1'. l'•ltm•"· r<,_..,,.,¡ ,. :•· ,, . .,, 11 \1' ,·.,·o, l.<<cJ••••, 
l::o,;lo-nd. ~ 1 

IJ:i) TI.¡,;~¡,.,¡_, •nol LA, ¡..,,,,.,_;n.- .•~,;. 1 ~ ... ,o, 1 .,, "'''~ 
molio• do.tmclor '"''"": ·•·"•"o'.'·• ,., .• ""'"·'·: !"""'''"'•" 
IS.t r'"""'·· , . .,¡ ·'·!''' "" ,,_, ,. ·., -.. 

)L~) .\.'t'.!l"hli",I:.J .. t .. -.: •• ,.,,;: 1. 1•--• ••. .,.,.,,,,.,Jr ..... t­
hock "'1""''"' 1"' .. ''' 1 ; '" ,.¡ ···· · 1• ! J ''' •••• '"• -.;,.,_,,.. 
bor ¡~'"'· ; 

¡u;¡ B. J. u.,. .... ~. --p...,..,.. ·h '"" -~ -~ • , : ... r ,. , " ¡,,\!.,~;,' • 
•t<.p <bOOg<! of OO< ,¡ ! 0 ,. o, ,, , .. •o.; • 1 • . • , 1' _.,,¡.,¡ O! toe 
196!< ltolt·tnotl. C"om< ''" >~<-•·• 1 .. ,_. " ¡ ·.-:,,.,_ 

)1~1 J. Dulhn Ao.o! K. J.-hn~.o. ·o,;, .• ,.' . .,.,. """''' fur,.._ 
h<a,-,h .;,,.¡.,;on," lltll ,-__ .,,, •.- ..... ;,.,.:.-rm<nt D,v., 
~ ... Jo", c .. iol., ¡:., ..... ,.,;;.; J .• ' •• ; 

1171 W. Opp<\1, "\!,""'"'" ,., ........ , .. ' .. , ,,_ •. ,: LI·•"'"P"" 
><ntotooo ~ilh o~e h•.;. --! ,.; .. ;. .o "''"~:· G:"-"""".rJot 
Jl"i<ltU,~ol.~~.n ... : •• ;•l• '"' ,-.,_1•';' ... 

\Lb) )) ~tln~, \-'"'""'"' ''·"'" 1'' .. ,_. '-"'' ·" <. <.c..- lo<><HU" uf 
'f~".'""'logy, Cle>~J,...t, t o¡,,., h- "'0::' ¡;,,.,_ 1:'-"• V.toO...r 

[1Q] 1'. D ''''""'-.Ir. e[),,,.,¡""'"',., •. 1--• ,.,.., ,,,., ... , ~"""'-" 
p,_,l<--1., tho {9•.'; .\o·.¡· ... , ... :• -- )1~-'"'=· :x,". \"o''· 

te~>: --. --u,.,., .,._..,, ..,.,_ ...... ; - ' • , .•. · "-,_, ..-. - ,,.. •. ,.-1 " 
tho c'Otb .\nn. 1~-1 < ·,.,, • 1," \· ,. -~. <·M • 1;.:-· •. 

\311 TI. n. lluckt"·· ¡,o •. ,"'",,.,,..,.,,,,.¡,,.¡,. DDC," ,..,._.,.,.,¡ •• .~. , .• ,, ¡¡. 1•' ¡;u· ,, .•. ,,_.,_r· .. ,, __ ,r ... ~~ .. , 
'""" 1~"21 •·Comp•ller ""'"'"'''· "' ¡., ! '" .. " 1 ::.o ,.,. ,: •·· ,,,,, ,;,,., ~k«," 
.\'U!!.¡;:,, B••l.¡<l, ···:<~•·d··• 1"•.". 1 

[z.l[ ""Fo,_l "'"•p<l<<n."N] <: ... • • '·" • ' ,. O ! '"' •1.-.J.e;: ... ! &1 ])" • 
'"lle ~· ¡,;.,.,,_-• _,-,c.,,--..... ,,- .. -•. -.· •- •--'~' :: .. ¡,,;,_ 

1~<1 ""Fo~l'< '"'"'""'"' ,.,,,., .. ;; .. , '"""' '• ""'"'"" """'''"~ ¡,., 
•h"-"'l""'',",\",&Ji/.,.,/,·.!,••.J ... ::_¡-.,;_ -

¡~:;¡--~·.,m·, ,1,, ,¡,,.e'-"'': .. ~ .•.• ,''"·,,,,,,_- .luJo•...t•;,. 
.V=•- ;r ... - 1, ""':. 

¡w¡ tL ~l. 1; ·~"'· ¡;.¡. 1'··-·-'"."• •· .: 1'· 1 ~ .. -.. •• ,;,,,., .. , v~.,.,.. 
"""'· :.: •~ r "' ~ : u--1o. " " · . • -- -• · ·• " " • ' "" . ,,_.,,; . 

[Z7J J. C. Kettl.•-<1< 1 '"1'·<•1•--'. '·•··•o• ''""l•V"'"'"·" :., 
Ph;¡<iolow "' /''""" !"" · .• ·, · .-; J "" ·'>" "'· 1< .. \l. lo""""· ¡,;¿_ :<,",..- Y0,<: ¡¡ .. :-.la· _.,,-•_ • ·• ·• .... ,.,_!')-o~ ; 

~~~¡ T.;,_ Aoo.,f,----~- """:'Le i·: .,.,,., .,,_ -""'" ••.J oo. \m~><l "' 
, .. ,,;,..,;, ,.""""!· · p«._,._ ·-: ,._ •·• ;- ... ; Lt".lt:; c .. ,,~ .. ·lh·ol, 
~.-,,..,botJ. '. 
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TR• pkiG<H3f..digita~baekup-ffi-the 
eirect-digital-conrrot-system 

l; ' M bQ.MiJ.~ROO 
Tht Ftub~ro Compaoy 
Fo.t><>rO, M~"""'hu;eu• 

\, 11 . 
,f\<1'"\· UHltOf>t:le'f!eN 

" 1> 
,1 -"'"'"'"""'~"''''"'"'""'"'..tlgi!•f- coiill o!""" 't) 

1
• ~ll<lllm~ • .....-lm~;,...-;h.-llexibili~)'-ift 

... i~<~ti O!!'" e~e.-)'<la l'· pr<>ee .,.. -.oftt rul·p¡-<>blemo- -
\' ~~d,.,nceócOiiloofM~IP~t~t. 

Comrol con.;,:p¡, for continuoos proce"es use the 
computir.¡;, moni:oring, ir.form~tion storagc and 
analytical abi,'ty of the direLt digi~1l control <.:om­
puter. In t~e batch or discominuuu• proce>s thc com­
puter's in~ic Crir~hility i< em¡>h:;~;z~d. To p"rform 
batchin~ o;><:r~tio~s. a comprehcnsive logic •Ystem 
is nece"ary. lmplcmentati<>n of such a s~stcm using 
digital techniques prov¡dc• m•ny advamages ovcr 
implemcnt~tion using analog equipmem ""ith auxiliary 
digitallogic "ircuit,, 

T o fu lly :~~:t:::·:~·;•::,::•;';'::'[';'~"::•;":'::•::·:,';":'i readtr mu>t hu"e a 
>ys!em> as well a1 ¡ype 

• 

!owing wiU de•cribc •i~glo loo;> central. se;·eral ad­
~anced control concepts and contrcl of semi.;o~llnu: 
OU> proc;e<>c>. as a~ in:,.x!uction to d1gila! computer 
application and baclup. 

S" 1 

' • P\Chirol 

Siao¡l si~tgk knp Ld!t<""'k·t~,...,~!,~-,o1\ 
.,._..,., .....,., ¡..,¡ foo ftd. ;,. ~ 11<>- f""OC"" .,..; <><1 '" 1 ric' ... ¡ t 
iwloed-:.Or•;<:o<Hrollin~ J;ow.-¡,..~~- t=rm~e-;·;r~•­

-""....,..n~·..,th;, .. ~•ri~ble•- l;o.:t?- •. th.....,t,.,...,.~d 
'*'"!róAio>-<l~· i •· ''" ;.o..;,;,,.,¡, -wA;_;i>-'Piuvi\io:·t<-.is 
1~""'->>lUUl. 

Basical!y, these conuolle" compare thc n•cJ,ure· 
ment of a vari2ble ""llh '" dcsirod nlue or ••t r<''~~­
lf thc two valucs are nct e~ual. :he con:roll~r ~c~~,:s 
a control value to minimi2e the difference (Figuro !l. 

In action, the contr~llcr ;, an analog com¡outor 
"'hioh cakulates a one, ;wo or three term exprc»ion, 

o e 

R'"''"- "'"h "'""'"'"'" !ro"' AFIP$ ::;;"'· 1'-ot:._ Vol 31}, 1961 !;pn~gJo:~l C<><•>o<n CDof., ,;>. 77:-118. 
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--·====¡] 

""""'-"' ... _.. """"'"' '"'" """""'"""' "---= 
l'i&ufe 2 -Ad"'"" control !cohniqu•• •pphcd !O o 

"""' <>ch&ng<r 
dcpendins on the type of conlrol action rcquired by .•isnal provided by the commoniy used orificc plate 
the proce.s. T..,_.h•·~'"'" "" rloflue PfVP'"'¡.-..'~1. ;, proponiona~ to the ;qu:.re of the now ~ A com~uti~g 
-~n.ü<>l •a<á>on. Ouring proccs. elcment i• thcrdnre necessary to extrae! the ,qJa~ 
;tart·up, coeffieient~ of tilc tnrec term• are m&nu.Jiy root of the ditTeren.,ai prc,surc <ign..U. 
se: on the ~ontro~ler to pro•·idc the best re>ponse •"g 2 .,;..,.,¡n..,¡,,.¡.,,.J"-.::;.,......,-d contcoJI. ·<'"" 
under normal operating condliÍOn>. ~n- ~W.•+r..w.¡' ~~ '""""feM&u.l-r~:-:-=-! foltward"' 
oJ.i,tW·' ""i>+<"rF" ·>< ¡!, ~ro-·e'' o~cvtor ,;;h.olt-lhc ~-~M>- flo-.oi"-Oeatin~.._,,..__,.,;;n!( ·iíuid•l!tld 
:;d;...pQinl...rad H.:aily-,o.IOO...:O.:IT"~eie.w;...,.~no --longet al <>hange•remp.-mrure-T3~"'Th ;,..f. ~d f<.>rw<>.rd cale u l.; t>o~ 
oy¡imunrvalues. :uWeip-M~ ·di1tu:-b:t=·;, both inlet te:n;<::--~ture .T.¡ 

b ¡['! 
[1" 

n i' .......... :;;;o><ol-me"''':remcnt-in<:lt--~d 
¡,¡..,.¡,\h,....j.,_jfc<i ·-00-t -Ufllrn'-'>urnbic-..,.,;,ble-tn 

Hsd•c l. ~u-ptll-f'O'n"otn!! ",.,k:uialion 
......... ,...u-.,..w~-·~ 

¡..,-~b.>;,r,...,,..;lwo>g« (T2-Tll .... 

~..-t-l"'of ;>rocc.s nuid t~ro~gh t~c hcat -~­
changer. T • W'O---'..,¡;.. ,¡,.,..._¡,,.¡ 
u..........-ottl-"" lh.o.-.pr..,.;e~lluid <i • oiOTC> '"" de­
o l cf·~md--Tl.,;.¡. t-.l.-.Lw...~r.-r-o-:ess 
nuid ....;..pon: tempera.turo Tl, 

Analog c"mputill$ devicc• perform !he ncccss;>ry 
cakut .. tion> .. nd cor.t~ol '--"' ~ ~xecuted w;;h con­
Vention~l an~lo~ control dc1ice!. Add1tional calcula­
tion~ m~y b~ neceS\.,11")" b.:fore >ome v~ri~i>les ~re 

.:ombine<l. for cu.-nple. t~e :hff::-r:~:OJ.! ~=~~re 

roooi-pr~o-00-...-F-J. O...w-iolc w _,_¡,¡.,..,.,.,uol 
Q(;.Tdo tloc ~e<lfOJ.......-.>.,;~ . ..,¡o.o;.ip.a¡e.,.¡f,e ;:h .. ng~ 
i¡¡,J¡,c.;oi.-.U>pul-<o,l(¡uir~d. TJ:w «,.~nil<kk>- o.>Hhe- t"eed­
r.:..-t.._aoo=ti~n ;.-..-11;.- de<emline<i-· by· e. peri· 
m•ni"i ·o And--may h-ave to be adjw.te<:: 1"'-r'.odoc;;.ll~, 
"sinfe ¡he,l>t:aJ..tr .. lhler-ch.oracteri>tic~ of-U... ::..,,, ex­
~rs<;hang"'""w.dt agc. 

m 

Ao•boh:onlrol teclml<¡_¿,..;.¡ltnrm.-.:1 by·t=ígu,..,..l is 
c_.-ro~m:-or::.":l·re:hrrique- where- onc controiler 
a;;l,ia>.l~ ~")in< .-..r .. !l<l-lh.:r c<m-tr,>ik-F<•Thc 0\ll¡>~t 
~~1\!le-contruikr- -C ó- ;...-feri-¡Cli.!C11.dro • -10 
thc ntl poinr.:of tcmpcr.nurc ronlrt-ii~C2 throJU~n a 
P>!Oilíp!~ít'#-tk-.lce \1. lleilCC cli.l .•• o 1.1 , tcos 
~"'l*l""""¡...-....,.. ¡-;¡..,_.lf«P<""""'e~'-""'"""" 

~~"""''"'~'~~"t=~~--· -¡; ,¡..ce. (<Í loa e l cu ·~~,..,¡ 

e .. rinseu + 1"'-"""""""".ctf-~l"'M"~""!<::"'II-" 
C4..wli>>.ouy ,.¡,¡,. • ..,.¡)-...._~n..,•l- NU..,.......d<•·>ri----1 

~.Me<:>. lh-~:·!I<Úl'tl!\Cl<f..._· '--'"' ¡~..,:. ... ~· 
~~.~ """"'''""'"',._............,...., .,.,,.....,n-

" 
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' -

_... -----
'-~-~'""'"'"'=·-­·-" • ,..., .._ ~• rr-~·-" •> .,.,,_, " ,_., 

~ H-"·~· ~.!>. ---· ._. ....... -.... ~ ..... ~-~-- ....... .. ""'-" ~-
·-~-·~··· ·~-~ .... ~· -·= ' - ~-·"" ··-~~ " ... _,,"·~· ... -- "'"""" ...... ~-.... -.~. 
O -.o ,..., •• _ "' - """""'" ,,M 

--·-~·.,=---·­n«!J.. ·-
6 ----·--·~ ,_. cr.o.0- ...... ,...... -~B O -.. 

t"*-•..,..ll-he~'¡51'i'fe~_.¡"f~•:,:.,:.:.,:.;. :,:,.·~,:.:.:,:,:rn:,:,:e<:,:-:a".d tempc•ature r.uc' of cno.n;o. ¡;¡,..,. 
~~be- •tr)> lillMie>.t Maoy higb production ""' • ·oetr~~bl•m N_.¡,;. ... ,.. ' rco:u,.........,•~ 
pctrrxhemical pro.;es;cs ar<: in¡~ ccntinuous p:occss •-r' · eQI!tm!-tt:~,..,.-e-f.ee..:~ •• f..,..Y,~r~ • .,.,.. 
ca•~·- ....Ju...~.;oll'.!o~...-,nl:>w-J . .LhY. 

-· .. 
C<>r,:rol of s~micoMin1<ous proc~un 

~e~aproa:ss..,.,.-l·"l'fllbletii W!ll:re 
~'CilOWionom a"""'<M tP4iill!llined. ;¡;¡,¡. 
~~~·1(111 Wliitb 

~-~~~f'te­
p~r:t/ti.-..-,.,.¡ocoole. B~ttlt 01 s •.• ...,on­
ti_, .. ~ .. s IOG<!Íoe ontltoikd sct¡aeot<:iut ¡,.,, 
e-: var~~tot ,..,,,... ..... ~pe¿ 
~Uy, pioCIX. tq'tlirefflt'll!l 'luii¡;e l'>cqocnlly 
:on~.-.ir~ pa<-" o cru.n~e. h >hould be noted 
that m~<~"'!nllt!IICI,_'"!" CCCS,<S stoll U~ 
{..,V 1 conl!"<:>~, b'"' ~·..v-merl-d..,ngc> cf 
con4:~90inL 

Fi¡urc 3 L~~•tr:r.tcs a '""p:e chcrnkal rcn;;tor. 
lngreJients are ado.lcd •equentidll¡ an<l temperatur< 
is l:!a.in:aineo.l accordlr.g to v:.rious prcut programo 
lo provide the chemical rcactions necessary for 
vari<lus rroducts. -¡;¡,., -.¡., ., Ml~l.can 

'UQ,,(.o~-----~..;..n~.pro­
... Ktjoo...¡; y.cle . Ha!K:<o ,¡,.,_..,,.lo<>' I>Did ~ oct. iU&f>C"l· 
-~~J&·m..~-C....-"<!uio ... _ • .....,h 
f.-m h "'v•lioe-'~eoci~-0.:....¡~. 

a<:lioa--~··•c-·--.-..·-
, .... {~ol.~pi •. aL .. obemic 1 •-~-L f. 

~f"''t:!"""'""'''' ~,;11!1-J¡.._._.., 
íw='o"'í.otvol.QIIi~"'S......; o.i&>ppol'l!. 

In figure 3. the c.-...J...;.,c:8CIM..,~...o~ 
¡~be i·~UY"'"•!~b&k""""'lrM"l"'".....,· Howen·r. 
the p;;;obb:; .. ~~~<ed, sinceo"!.l=n:stoe~:::-q: 31 
tho;.¡:r~,w, ..... '"~-~--~aoh~ ... , ,_,J 
m~;· ·j-~~:ro/'<!<1'1">.'< .. \1'"· t~e sc~uo;¡;c 
of evcnl> m~'l be read:Oy changd, depenC::;g o~ the 
imended produc1. 

Combinationo of speciaJ '""P<l~• Ji~ital ané ~.,;lk)g 
contrel equipm~nt have ix:c11 buiit w,lich >~li>!;• Lh~ 
ae=rd• of the discontin~o~• pmct.s. Howe·:~r. 
tite prograrn;nin:; oí :hi• e¡¡uipmen1 is rcl,·ti•e!y .,,. 
fle•ib!c and the con1rol Cdll~"' he well-:un~d Uc~~'" 
ofthe cyc!ic nature of bat~h proce~•es. \lany of th••e 
systc"'' Mil not used •t full ope..,<ing spocd, sin~c 
the ecntrol constant• are a compro!l'.isc. ,-/"'7'-
App/yinr 11.~ Ji,;ita

1
1 ~omp~lcr V 

D'giuol eo ¡¡~olo ·' ·1¡o G ·-··o ¡,¡lo 101M 
~~~ .............. (ield.<:b.,.-; .. ·tlm,...-ft''"'ity 

p SiaJlM, ,.¡~·*""""~=-L-co""Pio:t 
"'V'!od •:W!i·-f.ips, C<ll ¡ o.e "4llfi~~'Whtctr"Me 
,r r ll.,._.......,_blo. ~ ....... -. ............. 
JLI:<>a~,_,o;"F'" a p:e;:.:,..,..,.:; ~><:~.!Ct!l!. 1.1:.c o¡i,<.:;.,.; 
«'T ~ ,., • ......;~ .................... ; \ ( , - !.ll~_.;¡.-....;...,...~ ,_ 

• ~...!~"<!e-Ct:!':=".i.. .. .... '. • .=-:t''!'Tr"-'iF~"'c:.d ~~ 
,,•- . ,.,,.._...~~,.., .. ,., """""..;..-.po.;"-;n~.:c.,r 

"" 

• 



1 Oc Place Of Digital Backup h:Tnc D•rc•: Di¡i!al Control ~)''!cm 

oiymlfl'iits: ros·,;, 1 • 
_,..¡1. S...se f 

L ¡M p!ittill ott<l pi ¡o<Juc;i&+i do!· 
his '""~tiMs 4 

aod i?t':!l' 1 
B S J rw 

tMt rhr'l P' "·!! ~ . 4 1 1 1 ¡ 55 pl;¡e••· Many 
of !he in$tallations use direct digt!al cnntroltecllniques 
on all or sorne <Jf thc control problems . 

. Tablc io- ¡ : e :yo<1 
4ilikl.-mtrol 'tl(llhlvcly. A' éou o 11o0' •u• 
prosc· PfFiic¡+iioQ.,.i.t>-.oi~g 
m,.. u t =u I$whi•< ,¡;¡.\, .. o 11<' • •• • ¡j .. il"""vn-
tre' s+a:Lo.lion,, the otla 4nptlt5 att forp::ofoo :ce 
mQIIÍI.•lFÍn¡¡.-"""' a>......U:II,..I~t'JI!IO!'!·'aMfyoi$. ~ 
j¡J• ol ittptll'l;""l~&'!!~~iliol 
o€ dnple loeps; tM cmaini11g 9~1P'C u"Jd iu &<!• 

líi('OMk ML 
qf t\w-2~5 ,jnp 

~rleme 
••Mi-¡ 

• 
lhfitiabk andGPI 

,..,¡a "" ateednm4el 

Table 1-Cam¡oari,., Dl compul<< oymm """'"-' 
l:><tw .. n conunuau> .,d bt.t<h pr<><<" <onirol 

l.'!"-'''"'] ""' ':l:ílll 
"'"- ...... , ..... '" "' 
_,.,.....,,_ .. ,., '" '" 
.,., ... '""' . ,_ 

'" "' 
"~"' " " 
''" ·-· " ' 

""'"- '"'' """""' "' ( .... )ot 

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

Table \~ $hOW$ the inpm/omput distribution 
for a 1 8 tch eeabel iaAalkotioa euncntly being 
implementcd by a digital compmer 'ystem. 1\ -•· 
p.>Ro.os~ f tl:é bateL Nftlt me tOMttll\ld11! ¡lilkhi te· 

''Csls 
S ?PI' 

HX ; ; Wril&el 

:1 •~ ofinwiltofout¡l<k<. 1 

" &LL<I ceaJititAL$, Abo, 
d •• 1 

"'""'~ 1:­
• 

Tht philosophy oj DDC 

[iiOCCSl Cb111rol. 
E· 1¡ C'lOiiLpl 1 ·ppl)iDtr.~r 
~- 5Upet •i!f()t y -control-ón--....,lliGI>---Iho·<:<>m­
;NIC: ad;jnted -thc: xt poi¡IO•uf.kff"S!!'.oo,-.COfiU'Oilcr. 

il: LC 1 ~ llitcllct ICI&~hc 

apele COIIUOI stitlllg. tf tht Cóttpatct fftN(d. 

Oo es,!h" ... 
Wook>ry; iri fact. m • 'be q trw 

dtt'ktak!t 
S '¡;d'ij!Ó~S-

~ly, ¡· d 1' ti 

..... HU, ');,jo 

'· 'b- wpn · 7') tor. Thi$ made tlle pr ro • 
opswmu hppy, but in many in>tanccs tlle 
1 a 1 e & a lid p!Sth ldptt oisot s "et....,t. Therc was 
no ¡uarantee that tllc operators would achicvc tllc 

optimum control scnings for the plant. 
What _""' !..4' t¡>mt,..pro-

ooide? lf &<> dcsired. ~~ Mpd:Ct cmrld ss.~k~'f'~d­
Jiu: atd. ~e and infcw~.,,;,;h 
•• 1 ' 

OiF .. toCihül SCI ¡O(htNI i 1 ·== '" 
¡w:d ot" m-idcno>i:on~. E~r.-<ro.i+lt< 
nldus • )A 1 'i ' l•.!•ncc, thn•git;oot. illothh:lry, 

" opcd. In a >cn>e. mic 
m •bm t""l 'DO"' 1 as posible, ..,-hcreas .,,....,..,, 
mcw ~~u ciHAffi 1 JLttCiticoc, de •• o la,.c of 

ge. In addition. thc on-line process 
computer performed other useful wor~ to aid LIP"ta· 
tors, plant supervisors and proccss enginecrs: scc 

Tablc 11. 

T>i>l< u -Socne no!Xrit~ fuo.:tioiiO al an oo-0,. 
pn><CU <:<>mpot"' 

e lDil UPEUliN~ CATA lti (N~INH~t~G U~ITI 

• UlCUl~IE ~NO OSS~~U OPE~UO~ ~U lOES 

e IHTEü~~IIO~ OF ~H(.qi~l flO~ ' 

tem Cl'P 7 al" tMiiiiLU111Cdlióil nculs also ,LLL•: e R(POU Olj PROCESS $TATISIICS·• ~ATE~IAl USEO 

-•· lncre..,.cd numbcr "of pusll bu\lons. si¡nal: . fUEL USAiñ:. TH!OUGtiPUT. ETC. · '• 
hghts and the :nctea,cd 517C of digital d:splays re- .•• CALCULA TE ANO o'tsPLAY CR Rt'CoRO U~EASU~EABLE 
quirc more.dig~tallnpUIS and OUlpulS. ' .:~· •' • -··: VARIASlES $UCrl ~ ~~~. UTE, ~ASS fLCio.' 

oc¡utpmellt 
TI"'! be ' L 

lt is 1• ·;e ~ONIIOA AH~ AU~~ PROCESS li~IIS ¡ 

Pll'i <' 951 f"?P U"# 
1 lb. PL b • ·'?S'' 2 r¡ IS ••· •• RHORO PRCClSS tVtNH OOIIIIIG li>>:JSUA~ DISJ¡¡¡¡i:NCE$ 

~~ ;, !loe balth system. T~· itJ&Iitll cotad in ,, • 
jl'__ ,,', .• :.~ ~0NI100R ANO ~ECORO·CHAHGE$ IN SEI'F'QINTS,AlARM 

.-.! _, UMITS, ElC. ~~:;¡ Bf.lHE CPU:lJR 

(
.. .,, ''~'•' .. 

' 1 • '•' • ' 1 • d .. ····~· . ' . ', "=w!. ''' 11 ':0c!i9:sCih ctt.itol ··~Oii.!LILS, C;>t+' g on ,_.,f!OVIO. Oh ~WI..~O CP(~ATQR INFCAAAIICN ~~:H ~~ 

•;'\' th:._.'!'JUPE' :'-"!?' S'ht?tl",'aaoJso~~·~.:;_'{_:.,.,; 
'• kqdi¡nncnt." · ,,., . ;, · ., ,., r•, ~· ~ 
·'···--·· .. -~ .. ·-. \,., ··'··· . ..,.. ,__, .··-.r ·~· 

·'··' .......... ~ -····· ;¡ ' •. -r:... . •. ,. -~, ••'·-• Vi,,1:., ,.,,_,, "231'"•>"• 
f!,. :-~ •.o;··,_.t_; .• • ·- ' •• •• --~· 
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J r ,_.- UIÍO:o>'al Figure 4 shows two loops from a br¡¡e ,;ystem. The 
1~ om- measul'f'mtnt ~l¡o f J 1 ;aiJ'Okpllnel •. 

1>''' a..., "'"'"'""5 ¡n """ 1; aual) SE ;, p¡ oOII!toring enab', 'be oro , .\t¡; OP<;< __ ......,._.,_ 

1.' U was l'f'.t.Wned that 

e~~, ,,,, ~..,¡,¡ ~, a" ••-~k e " · ·'"'r 
w_hici>. ,, _, , , . Ol"re<>rnptll...-f,.¡!. 
-· Con· , · o Hl""' ""(í[ thr "ti o ~~e 

m.......:~i<o o :h ul fool't8oMP ·••"• ·bich 
he cod tead ulre pos .. to¡¡ aud p1occss ucasmc· 

n: loiu J.. · ··~oainittg 
m" "ft>$ 1 

f(" / ol. JI", ...... o ; e{!¡¡-

!rOl!•' fm b. sk p ,-

-
"'"~M; .1 ICI­,_ 

With thc e~olutionary history of digital :>TlXe.s 
computer equipment, u ;, impo.stble to more !hao 
estímate J'U' ¡' 'diOCell t&ilutt! (,\1TBr-). For 
thc smalter d•¡¡ital·computt", inclu<Jin~ inputl<>utput 
equipmcnt, that havo Oeen applied to 1he proce" 
control problem>. caleulated \1TBF has ranb<eC from 
1000 to 200(} hours. Adyances in drcuu dcsi¡;n indi­
cute th~t w.l··t-'i':o.tt.''' -,._a.c. but reli~bility st~­
tistics on ir.t~&rated circuits are no¡ yet osaibble. 
Howcver. ~-·":' ~r .• l.o s •i<N;; :atd cl.e e':ll· 

;;; g¡ diE ¡¡¡¡¡e !IMJuio•si.,s\eocom¡::u.<)t 4) 

hi'<' wiL!.. pcolro-nd-...H~m< t'oik 
bhnt&,.,...-.. ..,ro<-...ocuril• ... m ,.._],..,.ys-lo o .....,. 
·' .,¿,",.,"''f PitAA! iamJ~I!>S""" 

~r. 
For conti· :: pocesscs, i•nui:!TI~ le.> .h~n :50 

loops, it~-1\ 1 'ntÜ"-·'óiii>¡>!Olc¡...,.·j¡¡,. set 
pe':¡· ····-~ ·on...,.,c.-D~;~,_,;,~;..,...:.-:.:....,­

"~*' 01 '"' KwocoitoC>Il.-!oo;:.>.•r-• .,;,..,.¡tc 
-n•e. Howcvcr, the u~r mu•t be fully aware 
that 1 ·¡¡ é•c CJW<a ... -;.. an<1·pt<.~CC~ol 
op,'rjzation, as wcll as the functio~' listcd in Table 
11, if lb o opatti fuols. Perhaps most imponant, 

l. 1" 
---------~;1_ _____________ !ujt~7 
~""""'"""'" ili' Í ¡·[·[;¡;¡.;;:c=~~=Í 

---· .- . ,-
El ~-n 8 ! 

~-- ,-
1 -- ·- 1 

EJ-!;;i;;¡ '1'; 1'7f 7 ! -'¡;- '-¡ 
_,___~~ ' i ' 8 

' -~-- 1 ~ •• / - ----------------- --~ ...... , . ' ~'"' ~ ,, . .._ """"' 

"' 



al ·b p:epcw time. 

m 

r;¡ast 5 masilcscs a pasalld bBS :: puter 
srne"' ,J:ich ;101 ottli p;mides ..,, ~~"' ' ~~P 
\lbl l"lwb op" the si; te sii&itd aualog attd di¡itcl 
i,.."l!wtpui equipiiit,h wtticli co.m«!fthe c...,...:cr 
•~ thc oatiom-mcJ\mcti!ti!l sud ecn¡,.] d·'l'·-ts. 
11 ~loc backs op J.l ltiiti.Oüp to!ihols, w ollas 
all s•4 1 :mlm'll at:tion. 

In addition, lhi~ '''m ·-·· S ! out 10 pctfa:UI 
t~:d fuiit'tlh11,. Sll.ll a¡ \lni'le !1.\tco io 
T~l. lt the~fore ,...- Aotiel 10 ec;t.:ue 
evn ii..r>Q~,wm¡>IOie.rw'-'¡." 1· 1': ·7 1 1 i/0 
-~-.. bo>WJ.fa¡l. ~Ole thac ¡e e IL e' me· 
•h""·;i-u¡IIÓtl'""' .._,, proo rn1nl i' •qp.r~m:d 
!O tho: t'd!!O pbL)Wem. 

• 

•. 

' .. 
• • 

1 ·¡ 
1 

'" 
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Tabk 111- A•.,labili<y-si~• cotnpu«r • ._ dual 

compu~<t ''""m 
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-·~ 
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...... ~- ,..,, .. ,. 
:~,•:-·~ ~· 

............... ·~· ~ """'"' .. -.. ,_, ,,..,_ 
r ::::-:.~:,:,O_, "" ··~ e !yo·-··> - .,~ "''" ~" 
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1 

.sy¡tem. TI.e failed computer. >ubsyslem ;~ avaibble 
• for ulf·d~ck.lna while tlle bac:kup sub<ynem :nain: 
ta.im process conrrol. 

' , . S¡:t·r •·biet¡•panab • nnmiuH: :!' t:oe• 
. sisee ?h j 11 iót '"''o:~;-~, ,.,;.• twteC' 

'' t.oolho S) ' ~ 'TÍ') "(el se bstclwH 11m• 
. Sltip Cpttatftli\S, A- paraJ]eJ control Pf'O'C!SOT w.ing­

dlrect di¡ital control techniques takes full advantage: 
d tb:: digital computer's· prnce•s -control eapability / 
without resbvation and compromiso. lt can include 
advánc:ed control tcchniqucs. such aJ self·tunin¡ or 
adaptivc control which canr.ot te abtair.cd witll set 
pnir.t contiol. The pa"'llcl compu:.:r pro=<lSin¡: ,¡,,.' 
tem_ may provide !hes~ featurcs and, in addition, may_ 
cffer cost advantages over a ronvemional analog con- • 
trol syst¿m for the Jnrge ccmtinunus process. • ' 

• 
. . 

• 

' 

1 M_ lhc Wnhriuóui pr'*~B Lri~~!C 1, tlie tomputer. 
con¡ ms tlretqalvalem 01 !7~ ail:llog COtillO~. 

[ 1-,1 ilititlllfi¡¡,T"of a '!'Y!It~hio kc j¡¡, ~­

'¡ a • •ftlof<biil:küfl'et~~>mfeeed ''e """ f ·..,p¡e-
h = AÍII~ e p&a¡a,; e. 

liiPul/<>~lpm ,quipmt.11 
Figures 4 and S show !ht in DDC, as ¡n :¡JJ <ontrol 

system~. mea.,uring element< ar>d fmal '""""' !le­
vices an: sti!! eso¡cnti2.l. Eal:h me:uurement is in­
dividually ~onditioMd before being fcd rn rhe multi­
plu.er of the computer input/ou1put ;ys:~m. Failure 
of any input or outpu! tMerefore is similar to failun: 
o( a single controllu and will not disabk other loop"S. 
~.y " w•ld.·b j it~gned roo ¡¡,¡..{.,._ of 
~"¡¡,¡ti •n t ;;r....,....auK eht lvss ói'ii.~­
lllQn.p..o..........u¡>Piies. AI!O, ~f~, 
1~ l>aJio.,af¡udta,..., a :c<lu (t ; wer 

Gtloct eaollm llldS· bt Jbl',,.tóoi n of 

:~~"'~··~~~~~~~~~~;;;;; •b·· pne!l '•yi.Wft>.iA!ed-...¡url"'ltnt: 
.. 

n ..... )l". m- i.lcucl_..w~e 
• •a 4mh G ••'!N"•,.., •lw•eO....,,..rlc-J~pu a¡ui¡>+FNnt ·: 
~lnS"''CD'!Irol. Tilo RNh si e t>•l•.->- , 

P"'"''" ao d ;¡. lxxkul" ·~M "'!-~lo mutairi 
••¡ C'O 1 ,.¡ f*IO &Oodo ..... !pül. i~Oc ~bl:l""'/ 

~;;::;)ili.Qll.:lj,¡;¡,',.lH''¡¡,¡.oi..l;o.;,pe.aeil : . J· 
te.;• ¡)(,· hj ·b-1uh&)Oiemo~linrt~ocess . 
S.41LJ uf lio< 1 SI m¡:;uts me comn;cte'll"' ¡c1eoto~ 
1i~na~< mb~· -uoct!etl ~I'U tts\ sill\als. 
c'm',....ha,¡· 1 'wps ;"'·Wb'!: ··d>.·•.¡..)lll(em. 

All f:úled device. must be e~stly removed for rc­
pLlcerru:nt:)Any disrupti<ln of nonml funC:tions dcr­
ing rep~ir shm~ld be ltmited ro the few in;mts or out· 
puts whi¡:h s~re :he S"-!fle piinted cireuit.a.' the failed 
elernent. 
~1101.d !k J dtl~LoO li, pocp:o:: M'tich 

···ri&~ -· ~;--- 'ir:··..to.·,";~.., h' . """'! .. -
bfb'esstr" ·d. · · .. 
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\' ... ,,.., . 
. . . G...!.~, bw<:es, for on,-olf, .. 
ecntroJ d t·.t O'<!"ine; a- r&e~status· · 
aMb· n::•pj 1 ·,nal, sboo,!d b a )1 lili!ilte 
l:oal't 1 whp •ystem. in case of sy•tem AC powcr 
la>s. 

The ~¡ale t 1 ti e fuilare o! su¡ .hit!· 
sb rcd 11 ·, ti e iupat}autpa: .,,.,. u otro! 
twis ·e.t ;utn ·· n, sW!tt:!i to dllf!tl backup. 
Whilec; :i:in:I:L ela.omode.theÑiEdout!i:-
lillio 1 ~-~ '1 lt 11¡ i;olated &Lid lllhtl:>ited 
fr :~1 &U 4 pUl d wt¡;ut COilttt:l dCiltts. Re­
pair can then proceed with no fe(U' ofac,idental inter­
ference with pmo;ess control. 

In no>L 1 """"ation, •:itl: :l:z -l><JoLt:pu!er 
........,.....-.and. the k ¡ 1 .. tinually 
cbe'lt 'lt · ¡ ,· Mptft·'l>jl&tatio:os te u:: e 11=: lx:á· 
: f · · Rilat>le. 

The inh:bil lo~c mus! be fatl-safe so tha! it:; faih:re 
· wiU not disturb the system in contrcl. l! must be 
tes!ed automarically to ensure that tranofer to b~cl.u¡> 
can tal<e place il a transfer is commanded by a failure 
dereetion. lf inhibir logi' will not transfer !he o:bor 
computer automatically, the system should annunci· 
ate that faot and provide an independent mar.ual 
override which forces transfer of the contra! ot" the 
in;J~:{J~:p;;: ec¡ui~m~nt to t~e other com¡>~Ler. 

1 ! '1 1 

• 

The~to:r :p t 1F t&totiLPLI!Cr 

JI; ~' 1 tlle ~ .. 
! pe.F¡.,.w, fiiLCd 

•imc be•i•. n..:-boo.:lu•p-ce r :o,.tftu ::ceiH>-óy­
nomi.; ¡ atittg co;n!rtmr~,-w!thih a slto:t tiute 
J)C"!'ied (in tbe arder of seconds for a ba:.ch process). 

-.:. n·, pdaliLLL 
!O Ú"iÚl i "iugs 
~S . 

··~-IB3Ji Íiicl&<lc u¡:c:nto: ~es 

~OIY TT.Ust bt asod ou lontl: cnmwter 
·~<'t ltvti&ih ll:e m&.!) fo¡¡uulas m:é ;:ogsams 
tW "'&¡ 1 os~ oiocd. Bul~ te4iio:¡ can al a o 'Rii!Ln 

-ÍNi"f<Cr"o a onsrooM lO~- ""'*-'of a 
b,..,L program, diagmwi, ,,~~""-"" r 1.r¡ t!rtt<::­
ti"P ' J p;Vg:&iiil LO Lid LiiaiL!IC: .... nce. SophÍS!Ícated 
man-machin: communication pro¡;rams. whi'b in­
volve len¡Lhy mes.a¡e storage, c:>n atw be induded. 

Diag of..,.o¡¡m.us fu: ti<- compo." tG tUM:putcr 
communii:nti("I!IS link sMW.' : ~ot>o~u: lliil faj;ure. a~­
n ¡¡,.,..fufio e a¡¡J-.;o:.LtliJihl 1m! CliJI~~eo,cr 

. i" •be b"""""'f"4Yuem . .". program systcm permiu 
upo,ldtin¡¡ ~nd on.Jin: di4KM'"'' whil: time-sna:i~a 
tlle real·l!rne prog,ratfls in bulk memory. 

' . 
' . ,, '" 

1 
1 

• 

' 
! 
' • 

1 
• ; 



• 

-

' 

HICIC sLeliJd loe & oyl;!'e'M:::;;::;;;::::::~ 
!"g .. ~··8"'"''"""';,.,.; .... , .•. ¡ ......... ;jooj 
,..• jst;m. Anolhcr procedurc and program is re· 
quired .¡o tra~sfcr a:l opcra:ir.g poogr;,¡¡-,o fr,,m ¡he 
bad:up sub•ystcm hack 10 thc rcp:urcJ romputcr, 
witltout interfcring with pr(>C:CSS control. 

·"Wllonolh' b"l&~!' a)IIC"' io 1;. en coii!.•~~ 

a'l'iht>h f poeg:aJ.t COiiipiliiig. de~u¡¡;;i¡¡g &lid )liOb 
od ,,.,.P' ¡ h 

CONCLUSION 

By using a4>C with c.:>mplelc ínput/outpul control 
and C<Jmputcr ba;:kup, th~ par 

8 ., •• ,.,.,....,;,,.... &rictotoappl .u'*"'""'-eo"'" 
plll<li....,...,tr~ucs. lt ulcs full advant>gt of 
thc log;c 1nd compu!ational ability of !he di¡i!al ci>ITI­
pu!cr, whcrc~ a romputu systcm which dc~cnds 
on analog set point control or analo¡ hackup c.mnot. 

"' 
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Thc p3r:.llcl control computcr syslem pro¡;r:u:~ stor· 
agc abili;y, togo:hcr wi:h bJcl..~¡> of lo¡;i~ cor.:,ol. 
program ~qucncc and formulation, m.al<o it idcally 
suotcd for corr:¡:lex bltCh or st~rt·UP and 'hutdown 
applicalion). 

Complcx continuous coMrol sy>tems would also 
bcndit with thi1 control oyncm. Built wi¡h Slale· 
of·thc·llfl clcctronic\, the sy~tem •hould challcnge 
thc cconomics or computer set poinl control and •ingle 
computcr dircct di~ta\ control with analog b~ckup. 
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' 

Recent Devclopments 111 Auromation 

of Ccment Plants 
~:.H. (;At::Tli-:H .. IH., .\1\'HO:\ H. lll;I/J,H\:T, \JE\J~EH. u.>:>:.·'·"' EllW.\HD .\.E. HI\'H. ·o.~l"" "'-"~~"· 'L"'-

' 

Ab>l•D<I-O,., , dta~de hu pu~<d oin« pro< na <om~ut<f< ""'' 
6111 o;>pliod to <ontrol p.ort> el th< «m<nl monula<lunnt pr<><<"­

n. p.<ttl hom th"' to the p1"'"' f.as '"'"'"'' .. and l11lur"­
•Ion~ ill ""J· o,., 30 """'"' pbntl h>V< in>t>ll<d •urh <om¡.ut<" 
» ~"' ol lhcit '~"" 10 ;,,.,·p pro~< '""'~io. h"m •h1inCin¡ P10~1<" 
in u<iUi :looso ~"'""'"' '""""1 \Nhniqu<> ''" be,·n ''-'f.<l)' "olu· 
<intiO<f. Corum l•dors "" no~ h< i•'•·n!lfoed non« "l~>'nl¡ " 

'"""'"lln¡;r.•.ii.nts fvr '""'" A""'"~''"""" ol.o h•ll<>,.ing. 
1 ¡ ''P«opl< la<1o10" ol ll:e """"' m•nula<tum >l<nd •• finf in 
"""""·'"'" Th"" intbd< mona¡•m;no <uppott, pln(O<S lmo~·ho•, 
llainlng ar,d '"P'"'"ion of "''"'""• ond on innor oon(,Jon« and 
d01vmin>ti.,n lb" "~• <on """' it wo.~." Z) W oll-don<iol<rl&<o 
j,,¡,, ol olO~I.n& tonlrol """" "'""" and "P"""" to o><h otne~, 
'"'""''""" tom¡>On«•IO ~ith lb• p10« .. o~d ifl ln><bio«J, ood 
~lont ""ign \O f.f auooma"c control fundomontalo. J) D•oipin& !he 
pro<«> lO r.ally be conlmltoblo. ;¡Control hatdware aod '"""'"'' 
~h.eh fit th~ n>lure ol lhi> indu<uy. E.tch of !he foregoÍII¡ lociOto io 
.xpanMJ w"to <rnpl>.sis oo ho" rocont d.,eloprneofo ol b•fl<r 
und<rmn<l.ng. control lun<tiono, b>rdnre, OO[twor., ood o1 

"'"'"" aod plano dni,n "' m<r(Ín& 10 holp ohlp< !he foluto ol 
automolion io the c<m<nt indu<ll)'. 

1'•1"'' >1 TI' <~/(;,\, "I•J>n-....J 1.¡ th< ('e"'""' 1 udo"'"' C"''"""',.. 
,.¡ '"' li:F:t: u:1 t:M,~ '"'~, .... ,,.o;.,,'' ti•• 1~1! Tni"""l"h 
'"'""'' 11:1:1: {',.,..,.,o ¡,,.¡.,,Lr) T•,.¡.,,;, .• ¡ C'ul,lc«uo .... ,... . .,,¡., 
\\',,h., ,\lsv /1·1:!. "·''"'"' llpl ,. . .,.¡,.,.d .1 ""O' 1 O 1 "/l. 

E. ¡¡. 1 :.olirl ""d .\1. H. /lnrl\,.\1 ""' • 11h th• \r•mof . .,·lnruo~ ond 
p,.,,.,." ·'"'""'"OÍ'"' ll•l•ii•N IJn·i·i""· C:eo,.r>.l 1~01'\cie ('""'1"")·, 
\\'H l.\'""· .\b«, (11'011] 

E. \. E. m,¡, ;. •llh •h• 1 ood~·tn· .~,¡... a11d ¡;.,L¡i,. ,,,¡.,, e,, •. ,.. 
,;.,,., ,;.,,.,,,¡ F~n,¡,.('.,"!"'"Y, s,-).,.o,...·"~J·, :>. \'. Jt'.W• 

·.> 

h 'fi<OUL ·nou~ 

OYEH \!l \"·'" '""'•· ••bJ»t•d ,;1.<'•· ·li~i1ai )"'"'''"""o­
trul '"0"1'"""' ,,..,.., fil>1 ÍtLinnlLJ<"•·•I ;., ¡¡,,. ,.,.,,., . .,, 

lol>o\" Lh.-1 111 Íl:~ Í 1 ,dLJ>I J) 1 d 1 ,-(, 1 •·t.<'l >) ( h o·r :•.tJ ~~~\ o• h.·,·lt 
Ín•tall<·<l "' """" l'illlw. ~'"""' ha<•· ,,,.¡,¡,.,.,,¡ ,,,..,.,._. 
.~. ,,,,. ¡,_,,.,. '"''. s, on~o· ·" <' ,.,.,¡, '"' {']' ,,,.,.,.,,fo;l. 

lhliÍio)! tl•Í•i" ri'"l _,.,,.,,,¡ di-1i1 ,., lt'<·u•l- h.•'o' ,.,,.,'"'·d. 

.\m111o~ 1 k.•o• Í· t ),,. '~"¡,,,.¡ io•ll 1lo:CI 1 llo·' · -<·f,f d i:,~: eolio '"' 
fu,. '"''"''"r"l 1'"'" ,.,, ,.,, ,,..¡ '·' -•··m>. "' ,¡.,,," ¡, T:.b:,· J. 
.,¡,., apply 10 1h~ <<"11\<";,1 1: ohc•H;·. Th,•-<• iu¡¡l'('o\Ít·ul• ,,..,... 
drnwd f1un a >hLd_t· ,f ,¡¡,,.l•e \"""''·,.,; ÍIL<ILJ•lri<'• "loich 

had IL•<•l P""'""" t"lo11<o] "'""l'\JII·f '.''•h'li''· .\ fllrtho·f 
lrtud Í-< ÍllCft'"'Íll~ t•vi,\cuc•• 1\o." t'C'<oJ'"'"ie h·1 dll, uf 1],,. 
mor~ •ut'CI'S\!ful ~)·•fciT" iu ••·n>~Jl\ ¡.oiHo.t• h·1>1i "' ¡,,. "' 
lo':"l •·o: u") to lho,... -hn"" i11 Tt~bl• \J. 

."-<•m•· ,.dJitin!l~l 11 e11<1.- :<1'<' 1 he Í<o\lo\1 Í11~. 
1) loocn•:t,,.! :ott:II•'IIO"''- ,.,.,¡ ,,]ju-ti"~ '" ,¡,. ion¡·\Í<'tl· 

,,,.,,,-,¡<he, .• ,..,,¡"] Íl"]""'·"·<o• ,,¡ ,,.¡,.,,., .. 1<' "1 ,,,,pl< 

f:ocHol'>" '" "\''"'"' ,,,.¡ •U\'J•otl -udo '·'""·n•-. 
~) TI>~' '1"''",¡;,1' "'"oí ,¡¡,..,1 <IÍ)lÍI~l <'ol.;,.,],l'\1(') ·'' 

¡o:orl of llor atU<>matÍo.ll ... _..,,,.,., "' """""'1<~1 "'o. o:;pult·r> 

u-iu~ '"1 o•rvi""'Y ,,,.,¡,,,¡, ,.¡ ''"'1' ''"'"'"' o!ol;. 
:¡¡ The ,J,·wl•opm<·llf uf ;n!o·o ¡oJale iu,.r/;oCI' w. <·,·¡ ,¡, ,,.,,j 

lo:.rd"""' lu .,,¡,,\'! o lo~• ant<ono,di.,u ,_,.,,,.m O <o 11,.. ]'""·o-­

""'1 '" 1lw 1 "'"]~ u-ill~ 1 hr "·1" 1 .,¡ ,_,·-tem. 
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""'" ~ •l •,l"•l<'"" "1"'" tho· m"j"r COm[Kll\f•UI> uf rhe •1 •l e m . . 

vv 

are• .• npplir·d wj t ¡, ,,,.,le,¡ l'"'"'' by "" j., ohted ""el,•.u•" I'Ll ¡,. 
thn>u~h l""'~r •nppl), 

7¡ T¡,,. rc«·10t ,J,.,.,.¡,,l'""""' ,,¡" '"'"11 ,,. miooi'""'"l'"'"'·'• 
" i t h t><h"<[ u:o t<• ''" pp<or t ¡., ~ i 1 <1 '·rbce 1 "'" 1 " ;« ~ :u " 1 ~ ,f 1 " :o n• , 

mH~<·• l'""'ihlo ~"""'""'" ""'"""'''" '"''"""1 ,¡ '""'ll•·r 
"''I!:IH<"!<t• uf thc P",.....,.,. ,¡,,,. '"'" pra<'IÍeal hitlu•r\•< ¡, 
t•!fo·cl. u P"•c•·~· •c¡¡u«•ul ¡,.,.,,,.,; O<>tlli"<JII<'I by¡,,""" 
"tlodicalt~l'" CULl\]Uit<-r. '!'he '"'"11 eompuh•r 1''"'-i•lr• lhr 
J!O'«ibilit)" uf tC'"'""'i"~ll; ,ultl:"~ aut<>nt.¡tir C<>Lltr<>l lo 
<'electe<..l parl> uf m:~n; ,.,¡,¡ Ílll( "' 1\ ,.¡¡ "" th'W pi""'"· T¡,¡, 
is '"i'<'Cially lrut\ ,.-¡,~'" p],, t rlc>i¡.~• :notl "1'<1'~1 ihl!: reulitj,., 
favnr" •lrt"tel.,·ol out .•t•·r·h.•·•ll•p "Jll"''"''h 11ith a mi,;. 
tnum of into·r-~oti11n b.-t11·e•·t• ~•rh '"'" •h·p ,.,,.]lh<"" al­
re"d)" takPn. 

J'>,<JI''·'· 1-"M'I<)Ll~ 

" 1 '<'OP lt• f ac "'"" ;\r<' r he "'" j "' ~e)" 1 u ar h i ,., i:• g .•UC<'<-,· 

fui prufitahl<- ""'"""'tic prnro•b """""1. l:wt• """'" •i"""l' 
hr-t ·g•'t" "" iuu !""'"'"" O« ni rnl C<<ll!put•·r• are ,,¡¡¡ O!IWÍ!<~ 
thrir W!l,<. "l><•n n<k<¡HILI e pe,pl<' far.t<Jr.• h'"" lwon cn·.tt ;·<! 
a!ld n>:>Í!<t!liuc<l in pbrc ,,.,, l he _1 '""'"· 'l'h1· t"o.,ter a~d m• ¡re 
¡>u«~r[u\ thin[. :uLtl fourth-~··o:•·r:~tio« con,~uh•ro do '"'' 

¡,,.;,~ ''""''"' "h1•re ad<•t¡Uah• '"l'l''•l'ÚI<~ peoph• L\ct,,..._ :.cp 
not <[e.,ig«<"<l :ual nmiUtlliHcol iu p\:toe. \\1>a1 are .-.onk of 
thO><' pt•ople f~Cf()l"> «loich CILIL bt• 0!>1 •i<l<"ll'd I'Ítal 1<) 

~ucce="! 

A f'a"'"'h!e f.',,.¡,.,,,.,.",¡ f ... (',.,(,-a/(.'.,.,¡,.,,¡ IJ¡,.·n¡¡ .... ,_. 

Thi.• fa<"""'hlc «wiruo.mo·ut 1<hich ;, cr<a1.~1 "~"<1,< -:,_.. 
plaut m:<tl.l~<"lllCil! ino:h"k' thc t'ollo~<lll~. l) Th<"'" ,¡,,.";,¡ 
b.• uu<hal\!<' on, t>r thrco<! 1« tht• "(C\lrlt,\" uf, tho· "1'''""'''' 
it tlw :~tLtuiLl:<tic "·''teu> ''""""\.; th•· 1"""'" bo·ll•·t nwo,,¡¡ 
lhan tlw "1""''"''""' oh~) Th· re -huulol b,· a dt·•ÍJ<· "" th~ 
paol uf •·aell <'<>n<n•l o¡a·r,<t .. r "'"ll\wir •L\j•·n·iwr> ;,. tlut 
illl'.' <~a•d <lw ,,,,.¡,..,1 "-'·'''""'lo .• ,,.,.,.,.,¡_ <ht·y /,./ieo•' rh,•y 
""" h··lp "'"k'· il ,,,.,.,., .J. a\:J t lw) /ni• l he t.•"to-,.·,:r) 'lo·¡,. 
'" n>.<k~ it. >IlC.·,.,.,¡_ 1-·,,,.lly. tf,i, r<">lilT> ¡, thc l"t':>li'<.ri,,, 
tl\.;>1 ""'~iu~ t!u• ~y~t~no <~ork ,.,.¡¡;,., re•ll)' ~ C<>UlTÍbniun 
to ~i.< onmJ''"'-'"'• pruli!o~ bili1_1·. ILcJ"<"•' lo bd re!' joh •t "" rit:·­
:l) Th~re .~nulrl t:~ "rillen m<J re~dily ~v~ilabl,• op.-r~l Í11;.: 
rule•. Tn bt• dOt•ctiw tlwoc n111•t he ,,[mplc, e),.,d)' hl thc• 
]oo.d •itu.:,!Í•m. auJ lh~u b.. eo:f11reetl foirl;. Yrt '"''""' 
nnH be telaÍ!"•J fr,r :;CC<']HÍ¡·~ aou\ pbrio:~ lh I"IT•CI \'"lid 
.<U!(l:e<tÍul.• ft¡r impruV<'!<Il'l<l• Col<\Íl<l( ¡,.,,., "~"''"'¡"~ 

l't'"'-'1 " ,..¡_ 
1".-ai"'"Y -'"I'Pir<>wn!,•d l•y ll··~r<I<J>' ¡,•,¡,,.,¡,..,. l'ou,.,·,_. 

l¡¡u""'""" Ullll mi""'"~cpri""' a!-.ot\1 ""'""'"'"'" "'~ a 
nwjnl' <'<>Lin"<' ut" "1'1".,,¡,,., ,;,, ""'"" a<Ll"'" di"" '"' r¡,,. 

p;tr1 ,¡ "lk'"'""' ""ti t lwir '"1""" ; • .,, •· Tni- ;~, ""·""'•· i.­
.,t"k,, ,.,.¡¡ di•!';Hi..,•d \\'o•ll·dt·>i~ll<"d .,.,¡,¡¡:~ ,,.,,¡ rt•fo·,.,¡.,., 

Ounr,.,_.,, ••~··ci:tlly tailnJ<·d '" !he nertl.• ,.,,¡ r.opa!.ilioi, • 
,.f ,¡,, . .,; P"""''"'·l, p,-,,·;,¡,." ''""fui )'d .fl,•ctivo• ""·''tu 
oli•p<'l .ullici,·~ot i~t;un<I"~C :t~<><Ll a!Ol<lll\aliom ·<> rh"t ~·••l 
¡u><;:>·, . .,;, IIChie<<"d. 

Th, bt•>t l 11lÍI<Íl ~ ~"'" ><'> ¡",u· "i" ,,,.,,., ~"'""'·di.<" ""><oli 
\1 lwo' l''"l>·"'" 1 at.d atln<Í1 ,¡,, ,., ct\ b,< t!nJ>t' bvi" ~ ''''~'""'¡_ 
bl,· ,.¡,,,.~,, ao:ol wlmi,i.•lr~til>u ni <"«t>tn¡l .,( ,¡,.. C<·uw¡,t 

~o,.kiu~ ¡:r<<"o· ..... Sh<!ft "'"""'' .,( trait,ill~ iu '""""1 ·~·-

• 



,,.,. 

t m1 ,., ''" •·)•1.• ""' 1 a¡ •)'li('al ;,.,, are "¡,.., tl•·•ir:obh• fur ),j~hc-r 
¡,.,.,.¡_, of ,.,.,., ... , p\:wt '"·'""~··rn,•oll aHd for th""'' •n¡wr­
v i -. ,,. ) p• • '"" ' u ue\ \\ ho, 11 hi \ e "" 1 1 , "po1 "¡ bl e f" r pr• ,,., · " t·u" -
trul. •i!(r~ifi<:c.llll_l' nlkco it- ro·•u\o.- by ti..- o¡ualioy .,¡ '"1'­
i""'t :>U<l uuol<•r>t:ll><lil•~ lho·_l' ~IV<• In oli•th:or~i•·~ ,¡.,.;, 
ohuic.•. Tr.únh1~ nud pno<ti•·•· in nu<iU1~1\:<1lC~ uf :not<lm"­
ti<>l; c·um¡>ol><'"'" ¡, al•o l'it:d. ¡· . .,,.11_1' ohe hi~l...-1 avail­
,;bilily un ruulml !J:o- be"n ¡,..,,,¡tu,.,¡,¡ 1\htr~ llot· """"' 

olo<'> """' of hi> '"'" ""IÍnlOfllOIC'<' 111>1k oll ZIUI<•11\"1iuu 
')--'"'"' rom]~""'""- Tr"i11in~ in pn•¡(r:lmrnih.O: fnr 2 m :¡ 
,-,•nwnl p\:•1•1 1""'"""''''1 ¡, ,.,.,._, "'' flll. '!1w ""lore ol the 
n·mo·u• ma~i"~ ,,, .. ,.,. ¡, •n<h th~• ('<>~:tliti .... , .,¡,.,. 
,.¡,,,~,·- 'fh•·•c ' 1 '"' ·~··· "'-') '" i··· l1 ""' " ,.,,_ rl .. ·mic:ol or 
ploy,iealpt'tl]h'lti~,.. "'"1 "'l11·r --umt~>- A ''""'"·"bl~ pm­
li<•iel"'·'· in toh•olif_, ir~g o he <<onlml ~'"~r:nn• "' rl•>><-1)' 
:oee<nn•n•K!.<le 1he"" d""'~"'· ,¡,.." lho•)' ,,ffo.,-t !"''''''-'' 
o·o•nln.\, ~,,,.,. much "' ""';"'"¡" ~.,,.,¡ to•ntn1l ,.Jf¡,.;,.,.,._,-, 
Eo ¡ua\1¡ imporhonl . " hi~h ronlioiPIICe lo•\'o 1 '" 1 h<" pro''"''"'' 
o·ont ..,¡ ,_,-.. ,~m il•eli i· 1 l.,.reby mai1' ,,;,,.,]. 

Adju<IÍI•<I ,¡,,¡¡ l!r.Ni¡•,'Ín"' of 1'/ao<l 8u¡oc,mnl'y ,,.,¡ 
J•.-.,.,-.. r·.,,,f,n/1'~,-,.,,.,,d_- Th~ ~"'"'uf thi• ; .. '" m"k" ol.e 

do-.-o·ri]lti.m> mme cl<o.•e\y lit lhe ro•:,lllit•> of '"""""'"" 
~""""'" "'"""'!. For •~-'n•ple. the f<our mojor "'''""'""w­
p.<rle ol '""'' ''"''"'"' pl:uJI' lmw ¡;ri,.<lil<¡\. h"""'b""¡,_i,,g 
or blet:diu~. bnrr.i11g. o¡¡d ¡.,,;,¡, ~riudiu~) hi~hl)' im!'faot 
" Ít h ••:t('h "' her. <'"P< oia\1_,- i11 th•• du" t:•tl'c:<m din·r•i"n. 
fl'h•lll' which """ )1(11 ~;¡, !:'•-• for dr) in¡: h~,-~ o•W!' uou"' 
,., •lll]'i••' i 1 '' en.r·t i<lj( ('1\li!To ,¡ jll'obl<·m; ) lloll oft en e],,. .. "'"' 

·e~ b"ll mili "!'"'·''"'' l.;~i"~ uctioo" "bid o ÍJJfillcuco• < lwm­
iolr)', ur ,.,,.,. "''"·'· bllt >lithnut "oonlliJOtin¡; 11ilh ohe 
o·ho·mi•l> lo :J-<Ure owr.1ll miunnnm P••rtuob:o\Ít,m lo o be 
]""''"""'? ('""""1""·'\ly, lh~ lt•,o :<rr:lll~<'m~lll>, ta~i11~ 
:o IL l Oln:L 1 it ('Oll 1 11• 1 of 1 h • · ] m 101'» J 1< 1 o :0 O('" tl lll . 1< 1\lu \\'. 

1) .\ ,;,~¡,. 11"•'""'1:''' of JH'O<'•'"' """""\ 11hn n' :,.,. .. , 
"'"""'~"" n¡><•r:<'ill~ ,.,,,.,,¡ ,¡ lhe ~¡·j,.din~. h\o-t .. li<Jg, :.tnl 

~"""i"~ "i"'''"i"'·'· l\1· i- rr•1""'·ii,Jr for tr"i"it<~ ,,,¡ ,iis­
•·ip:io"' ni,¡,.,.,.,,-,,¡ "1"'~'•''""- l\,. i< ,.¡,., •"'''"""'"blo• ¡,.,. 
'["'"" j,,, uf t \tt· \'UUiillltnll• p:•!(< ,f ! k )lnl<'l">•-

~) Tlw <'11,'1\lit•,) "'"1 ull"'t' "!'•''"""~ 1"''"""'"'1 ,,e¡ 
tnu rr " ' :od 1 ·i.,. 1r, t( 1 t hi • )',._..., .• , f'un t rul .\ 1 "''" ~· ·t bn t 11 11 h 
"" di 1"<•<'1 :otiL '"ir_,. , ... ,.,. ,.,,,, ,.,. 1 "1"''·' t i11g 1"'' ''" ,,,..1_ 

3) 'fhi· ,;,~¡,. Pn.-r~- (',,.,mi .\bn,.~o·r U•<H<Ii,l' will 
111:1l-.<• muo"r jlJ'<•]J.l':l"l a•lin·omeol> llo<'O».<f_l' In ~<'<'P 

:olm-o-1 of !'~"'"""el,,,~,-- :.ntl tu or.:~kr •h--ia·tl i.nphN<~ 
,.,., '"· ·n,;, ""'1 1"· ,¡,.;,-~:lto·d i11 " lo< M "' i 11 part to "' lwr.,, 
lm1 io ;_, hi< rr-¡.ol:-ihilirs "' jud¡¡•·, it_,,,¡¡_ ,-,·rify, :uod 
¡¡.,,11,1· d,·t o·tmine ohr l~>o·fuln•·~< of '~"h chrm¡:•·•· 

-~on•~ pl:.m- h:ove ""~l••r11Íuod lheir •UJ>t·l'\'Í><!l')' aw-! 

"\''""'¡"~ >IHirtiOr<•;; lo arhi<•Vt• ''"'''''-'¡.,¡ mll<>tnalic 
]1/'0C<'._, rot!ltul llÍlh "" ol'<nll ""'''"'"'' nf ]!<'l.,...1!1ll('l. 
~"m'',,¡ ... , pb"'' \"'"'' n•t;<ÍH<'<I tr:odioi'""'' j<>l.o do-,..,ñp­
lioJJ<. 'l'ht• hi_eho•t pl:out '"\"'"';,¡,,. ha• '"'"¡,.,¡ <o ""Y 
I><L•ilr. ,;,.,,.,.¡_,._ ""d rd:otiwly ,¡,,.,¡ fnun ,,.idrr>-iH¡: 

1 hem•••lw-< lo nolju>l i"¡: 1" 1 1 ,. i "'l'lic:" i""' of "1 "' '"'"'" "'· 
F"'""""'1¡¡l_1- """"~"- n•o·~ uf ti .. · r~ih~re,o ""'' m •• ¡,.,.". 
>ll<'<"<'>•t'> ""' fou1.d i!1 lhi• rl..'• 

/'t"}'IC /·'•u-lo•·• nf .~ "''""~/ ¡.,,. •' ''i'l'li<' ><: ""1•1>1io t'· 1" ., •]>lo· 
:ore a~~_\' i<lgmlienl Íll :o--i•ttll~ a U-<'f uf '""ul\\aTi"" '" 
arhioNt• >1\o:n·, .. flll "''"'"'' .,¡ lht·l""'"''"'• '''1"'''iall1 "¡,,.,.. 
:opp\it:olioll --<>ftllato• f.,r P''""''" COH1ru] i• ]llm·\,,. .... 1_ 

'll11•ir "'"'"-"""· o·u!nhi, .. -,¡ 11itl1 ~'""'""''" ,¡ th<· ••111, ,-, 
"1'''"'i•lntin-... \,I,..P'l)' ¡uo\'id<> lht• ba.-1- fur ti.,. bt.-r 

''"''''''-' ,,, f:>ihlf<· of ,¡,.. "''" ,.,,ltrol 'l ''''"' TI"",,,., ·1 ; .. '" 
1~"" •·>w•";.,. ,¡,. pl:ouui""· lr . .i"i"~· ;, .. ,,.u,.,;.,,_,,,¡ 
ol••r:~tio" .,f "'L1''"'"';,,, ,_,-,,~"'' tn ouakr '"ce¡-.. '""'" 
"'li=<Ín. 

DIHU'T \)u;¡ C\l { '<>'-'fli<H. 

\)) )(: oimr ,h:oto" 1\J<• ,¡,~, ,¡ ,., •l~)llllo ·¡ 1" ,¡¡1 •·t·t ¡_,- ,., '' '' ro •l 
1ho lin:d do•m•·lll, ,ur), :<•" Y:oh1·, cbonpo•r ,.,,. ¡·,11,.1\,1· 

""'"' f,.r01 of horlu¡, J,.onl11 "'e ,., lll•i"''' r ""' 1 ,u·•l -1"' ;""• 
"':m ''-"""PIC--·t•,i•l-• "" ,¡,.. n 1111':.1 "i" ''"'"'' l' ,,..¡ for 
¡·:.eh fono\ <•utpul <h•vio·t• ¡,,.¡.,~ ,.,,,.,,..,1\,·d. Tl.o- h.o~k~;11 

•lr~·i.-,• .Ll•<o ].rul'idffi " ""'""' ,.,- "'""u:ol ... ljo:-!n"-"' 

of llw final""'!'"' d••\'ieo 111..-" tl11· '"'"i'"'''' 1- "'" .,¡ 
:..·f'lir¡•, Jo may o·.-r" IH· ;., ol,.- ¡.,,.m ul" fui\,,,,.¡,~, . .,,. .. 
ll<ol\o•r. 

'bu y uf 1 k <':<Tii,•r « ""'"' '"""n"'' i,,, -~ -t.·n .. ntili.-· 
'"'"'''"''"'"'1 c\11:olcog iu>tnmwut ,.,,,,,, . .,11• '' ''' '"""i¡•ob<•· 
¡oo,_,. prt!O''" \':othblt'S ,]llch :or'o· \\ithin tlw r.<pobilitit•> 
oi ;\H'h au:do~ r""'~'"ll'·l~. :-'"l"'"·i..,.,,l' lo~i<, .. ilcn c .. ll,·d 
•·¡__,.,.el 2," r:oknlal<'> t ht• "'" 1'"' -i~""" l< • ca\1--.· m:oui¡ •nl:.­
tinl < uf !hr _,..¡ 1" ,¡ 1 11; • ,¡' •lL<·h :ou:d• ·~ ""' 1! i • ol\,•r•. :"n¡ ,.,. .. ; --ol_,. 
lu¡.ie ¡ .. \l-•<-<1 to h:11 • .-lh· thu-.· "''""'1 -i111a1io11• "1"'"' .... ,, .. 
bil'"''''"' ,¡ il•l<"l',,.,; .. ,, ,¡,¡, ,,,¡,.., """''"' ¡ ............ , .. 
liJ:o•;lf'Ítit>, V_>T) ]oo1!~ ]•J;<'J '-' o\o \:,_\•. :ollll 1\Í~IIÍ_,. \1,\',.)Wo) 

oaleo,].,tioo.• no.<kt• "'"·'1 """'"~ ''"''1\'u'l··r- Td:>tiwl_l ""'· 
¡.,,, Thi; '.l"lcm ;, ,.¡,.,k o:""" :o• oli¡.it:ol ""·']"~ ,.,.,,.,¡ 

(lMC); '" oli~~'"ll.' •l~r<'<'l<·ol """'"~ euntrnl ,n)).\('J. 
.-1- l~:oltl"a"'· ""'1 '''i'' c·l:I!IJ ·•' g,.;] •u¡:¡ .,,¡,~ .. ,,·,.,,,,.,., 
¡,..,.,,,.. :1\'aibbh• in tl1r ¡,. .. , h.olf ,.¡ ll<o• l !~ifl',, 11 ll(' 'l'"'"d 
_,,, '""' 1""' it ¡, fir-t ,-1,.,;,,. "1 U1.111)' 1,,.,_ ¡, .. ,,,11.,,;,,1,., 
,\111n1 ~ lh;· aol>:oliP:o~,., fl\){' j'lhl'ido•, ;,. ,.,.,.,¡.-.,,.,¡ "ith 
1n• ., ,. ,., •11 ,.,., ,, ;, <1o:1l """ l• ·~ ",, 1 ,.,,, ... ,, ,, , ;, '". ·" ,. '·, 1 .. n. "',. 

l) Tlu• Jlf)t: ''""'1"''''' oPa•fil,\ ,.¡,.,.h \io1i1-. ,.,.,,-¡,¡,., 

,¡¡~it:~lldli•tiH~ "'"" 1 .. 1,~ i"''i"d' ,.¡ limt•, "'·'""' '" ,,¡,. ... 
matir:<l ":<lellbtina•, :oml ,¡,,., •lo•ci•i<"' m:okin;:- """"- ,¡ 
\\],ido :oro• ,¡;¡¡¡, . .,¡, "' ill>l'''' ,.,,._,¡ 11i1h .111Jdn¡o; Í1 •llLJII'l<'Lll:o· 

1 ¡, "' ( ., j\\ i¡>t• "'" 1. 

~) !1. m.<ll)' i1 ''·"""'' "'"1'•; p,,.,.¡ .. ,. ''"""''¡ ,, ... ,¡,. h,· .. 
'"""" ]}¡(' olrit't rr<-hlrm 1\ithlll th<· l'··~ltlalo]· it-df ,. 
at•••ul. 

;¡¡ 1l1r ""' ,¡ DDC: f,r<·•·• "1~''-"' "" tQ h· •J '',.,..,,,ir- '" 
"'"'"mc11 t i• ~ .. n ro""'""'' "''""i.,' ··d "¡, h •·:o~h , "~'¡,'; "~ 
''"'1'· Thi, i- mrcl) ,¡,111' "ith ·"'"1"~ t'<·~llblill_~ '.'''''''"· 
.ollh""~h >11d1 >~•l<"loi• ,.,.,,¡,¡ ""rk ¡,.,,., il ·LJo·l1 ,¡,,-" .. 
,,,.,,,,,;(\., '"" ,¡.,,". '""1 1,.-1'' ll]l '" d . .te, ,.,,] , .. ,.,¡ '" 
Tn:olo:t:~in ho·•t ;ulj"-'""''''"· 

4) \JilC ¡, r .. mi'-""'i"-1) ,-,.·il.' ""'"l'~··d ¡,. lna11¡>lo"> 
tr,.,.-r.r fur oliiTo·rtJil m•~\,, .,¡ "]"'"''~~"- 1''""'-''';,.., of 
rt·o·l "¡, <lll]l. ,.,_,¡ Olll•n••"'"' laii•"Lro· ,],.,,' lioll\, 

;,¡ 1\-itlt \)Jl( · ,.,,,¡¡,¡,, ,.,,.¡ ,¡,.¡, \1J>10 uf hop• ,,..,¡ .-),,.,,~, .. 
¡, <!"· ,.,,_,,.,¡, • '1"·"'"'--- '" 1,.- ll•o·d ""' ...... ,1.' '~"'"' 'J"i1i• 

• 



">\'TI> • • f •o/.: -"'Y<o~ 1 ""' "' <'>-~> -" n "T' 

[; <''i'''('i,o 11_1' LL.•o·fuj duo i 11,~ 01 1 11 "'"'" IC •1 tll'f •LI)I HLL<J ,IL<L1 o 1, o\1 1 L 

ui ..,,ojor par15 of thc '""'¡ 1'"""''" Jnri";:; 11\oi~h ''·"";,.,.¡ 
111:111 i¡ •u le> r ;.,, • ,( C• "·''' ,¡ 1""1'' ¡, .,¡',ero n••¡ui1e<l. 

<il !u :1 11\1(' """1""''' tht• mwall hiKlwr l,•vo·l .,( 
_,, . .,,.,._ .. ''"""'"1 (<'alh-.1 l.o•wl ~ ,,. ""l"'n'i"'") '""''"!) 
to•~:•l• 111 ho· '""' <' t•:·,il,> ,¡.,,.,. ,¡,.,,. ,¡,,. '''""I'LII1'1' \llll·t ""1.1-
t'<•HHIL<II1L<'a01' ll[lh it'-·IJ ll• >'1"111~1' <0"1 j"oiloO<, "IÍO<"fo loH>j" 

iu ano\ mu, on••li(• """'"'' ,·o¡u:oti•"''· ""'¡-o fnrth. 
O! lH au,ol.' /.LLI~ •el'<'l'<d ,.,;.riu~ ill<tall:cti""" it ¡, ,.¡.¡, . .,¡ 

tloat a \\o•ll·:!utw c.oro·f\111)' thnH¡¡hHlll"ll~h ano! llt•ll· 

op• '"'''11 <li¡:ital c"'"l'""'' '.""'""' u-io:~ aual"~ '"~""l:ot""' 
"" 1 .. •P· [oor "hich tJ,..,v ~re •IÚtalolc cat< pru1 ;,¡,. ''"'""' ially 

" , ";" , 1 " " '" "'" 1 " ,- n,. · " met··, '" "'"' 11 nc r m ma "¡- 1'" , 1 , 
,,¡' ,,,. ""'";,.,,,,. '"''''""'· Ho,,.,-,.,, thi- ¡, ""' II'<H· 
.¡,,,.¡,.~ '"""""otie ·tart·Up ,\, tho· OUHlplc,it; o;' th< l'e~· 

Ubtill~ J,.,,,, ÍBCI'I'"'''' j,uoh .L• ~ollll' 0;1"'' 1\l><·f~ !'"liOJIIc•\ 
~.1· H.,q j>:i!len • ,.,¡,, b.-t<'<'<'ll l'.L" ~oiwltll~ ,,..,¡ ti.,• kilu· 
C< .,J,·r li<j>M!Ill<'lll ¡, ]liJC J ll ,.,. ioll , -i~llifLI'aut wh':ollb~•·-• 

h; r•·.L<ILiy ,,.,,.¡,,;.,"' o·a-; "'¡,,.¡,¡,.~ .,¡ r.·¡:"l"titl!-< I<J<>I'> 
;I!L<l mo•lif;·ill~ tho·iL- f,.t'!LL> W f<•llon< tlu· l':lli:ohlo· 14'L> ¡1,,,.,, 
"lllrh -uch phtot- h'"''· 

Fi~ 1 .¡,,.,,ouo• '""".,¡a lllJC "!""""'"·', ""'"''I<·H··•·•l 
¡,,. tilo• 11•-LU·C<!!lljlllt<'t' irn,•!(""'' iu 11 ]ljJ(; ')'ll·!u. f'j~ 'l 
•h""' a c;\thtod,.·rcc;- tub•· (('l\T¡ irqout·""'l"" ,.,,_,.,¡,. 
'"""- .,.,.,.,"!> ~vaibhl•· ¡.,, "'"'''"' plalll ,.,.,,,,.,¡_ Tloe ""' 

oi ('1!1' '"' "" tihl~- tu •pn•.od. 

h 1 >:«>" 1n; (.'<¡"' 1.1' L' -" 1• H """' 11n; 

'l'r.·wl· ,.,,.¡ e>¡•ri,·uot•, do•;>el; ,¡,.," th:<t <>-•.t.ti:l i>.· 
g, •. ,¡;, . .,,, i"' >UCoo·.-f¡¡l cemt·tlt aLLI<Jtllaliou al•o ir.dwle 

:L<lo·<¡U~It"ly io.tt·da<-i"l\ 1\ tht· O~utr-"1 C<lHir<ol "'""' 
·' ~ . ', ' 

' 

~'/ '" 
,¡,.,.¡¡:, ·""' the C<'Hit".<l "l'<'l.L""' l•> o•ao·h <•!ho•t; ~~ th•• 
aut .. noatÍut< Ontnjl<'lll'lll• IIÍIIo !lo~ ltr<<l'<'>' aud it, ,,.,. 

cloilH'r~; :!) tia· plut1T ok·tKil 1<Lth the ""'""'·"'"">}'.·!<'Tu; 
~) the p[;out Jll>llcr .ti-trohmiun >j'li!Nu '"'""' 11ith rb,· 
nu '"""'tion •PI em; ¡,¡ mut< 1' dti , . .,, "'"¡ ¡¡,..j r """"''1 11 i th 

th•• logie iu tht• aut"'""' iull ··~ .•1 o· m 11 h~re ""'"'""' ic •l.irt· 
UJO·KhUt•IIJII'IL ¡, j¡ocJuoh[ j¡, tlw ulll"t""IÍ«B 'j'>l~lll ft>r 
.,.¡...,te<-1 p.tr\l, ,,¡ thc p[,,,.¡ ,,..,,~,._...,;, 

Otlwr ¡,,.,,,, ,.,¡,,_ ·n,. ¡.,,.,¡:,iu~ "'" the ""'"' Lm· 
1~"'""'- lli..-u,.,.io, of .. acto i<>ll""'· 

l n!cr/ntúog C<IOj,-a/ CQ"'"" H-••m tcilh 
C".r.-al 0¡><• ~¡,,., 

.~irnpliroc.;o!io,. of the hyout• ,¡ tht· e~ntr"l r()Om ;oo.ol of 
th~ Cttolt';,l IJ¡wratuo'i p:wel (COl'¡ is ""rtln•hile_ >'uch 

,inoplificatintl let11b ¡,. lo~<er iBiiÍ;,l ,.,,¡, for Ct·lllt:d e• '" t ,.,¡ 
"'~"' e•¡tti¡mocnt ""d.,;,;,¡¡_ Opcratih~. tmuhit·hü••lito~. 
;uul m;~ÍlliOil'"••c p!'U<'ethtro·• :nt• gre •• tly ointplilit·ol ii ~,.,.¡ 

""'"'<'Ph ""' u,,.,¡ irt '""¡, b¡ tJuto • \mort;; th<• be loro 11 hich 
1-"'tmit goK><I shnplifit"Tioto <l'ithont .<:otrif.cing operahilit)' 
.,,. rdiabtlity are "-' loiiOI'>. 

l) h II'OIIIol b.• .,;,., tu oÍIIIplify thc ~(•lllt<tl ru<ono "1"'~'"· 
tur'< jol-.. ,\ t;pioal Cl'tllr:1l nr<•rutn¡· ¡_, huroi-pre·.-nl ''' 

,.¡f~ttk,·lr "'"'•itm ""'ll""i"''IY rc'i"'",¡ to nll>r<' t\wo" 
i'PII [Hullh ,.,¡ di,,¡ob; ,.,¡ ;,,.,,, ni i11f<ot m.ot iot~. Y~~ "'"' .,.,,. .• 
timo·' lino[, "<'01' iu "e,.,.,,.tLI pbut h,,.;,, )()()[) CtÚ{) 
dillero•ut iu<lit tli1>:¡- li¡;hr,, _;1) ;!00 ''""'"'"''·' .tL:d iu­
<liC"t""· ~~~ ~O reu"'l,•r,, ~~~) o;()() pu,h-hull>oll ,,_,,¡.,,'-' 
,,.,¡ <t'I<'<'I•H •111tdo•·,, -«1-o:O cnotro,J[,·r.· '"''¡ •o·t ,.,.¡,., 
>l;lli<oll>, .-Ir. \\'liy '" """'·' ~ 

~) h1 illl• ,¡,.,¡~, ''"~·· 1ieidly '!"'"'""' 11iu·tl.,.,. n 
¡, Ho·co·ooar)' for ··~do .Jo•vir•: tn 1-,,. iu t 1w "~""., 1 n "'"' 11 Íl ¡, 
"" l\ttl~>~clor Priuo • .rily ¡,,, . .,,¡,,,¡ for nwinlo'H.tttCC LL•C•. it 

pn>b:>bly bo·l<mg• '"' the "'"'"' 0\otLIT!Jl rttttc·r fnr the "'"'"' 
iB <JUC>!Htll. [f Í! Í; ~~~ Í¡ ¡[ÍC:otiug [ight ,Joui'Íil<: >t;OILI' 

oi "" ¡,dividu,¡ driw, 11·h:11 C:ll< thc """"'"'' ,¡, :>hnut 
t 1"" Ji~ht'' Oitt'll .• uch ''"'"' lighr. ~re h<tter oa their ole­
p.lrtmeutal nn,tur """'"'1 Cc'!ltc•r m r< b¡- p:u.d. '\bi""' 
"""~'' n>.c)' ~,. theiL- \" L!lUU,I' purpo>~. !f ,o. il i.- b<tt~r do·ll~ 
b_,- h:wi"~ ,urJo li~hT• "' rho• nool<•r Nlltrol co·urer nr ro•l\1' 
p:tnd. 11' \1 i• " 1'<'0•01•\.-r. IH>UIJ not the putpo...,. of th~ 
t·rntr:cl <>!'<"'''" ho· ho·tt.·r .,.,--.-<J. if he '""'" li•nito·ol '" 
,.¡,,., t• of 1 he <TÍt ¡,.,,¡ ,.,,.,_,¡,¡,._ mol y'; ()¡ ¡,.., """["~ '''"'" hio­

r:m bo• ro·oou!c-,] b_1 '"ia·hi11g w "'''' "' m'"" .•lo:ut•d n-· 
Otot<k<> "lu•H 'i"'ei.d ,, .. ,, :wd .,o,,-,-~:,IHH.< ""' '" Lo.• 
mack 

:¡¡ (;,.,;,,. •l:tl'lil•~ ni :o cono:•l••te ¡:tit>diug moll 11itlo it• 
:<tt>ili;trÍ<• nr .,¡a ·llhdo·¡•:orltll<'l!l ¡wr111ÍI< l:tt'¡(<' l'l'locti.,.,, 
<>11 tho• COl'.,¡ ¡•u-·h 1>1 ti"<,..,,¡¡,.,¡¡,.,.,¡,.,_ li::,ht<, Cr.oup 

•l:::liug ho 1¡• hi~hlidot th•· di-oit't·ti"" Í¡o lh•· ,¡, -igto •I:<J4'' 
bo•{llo••·ll tlu,·o· ,¡, ,.¡,.,_, L'<'"\11 ,.,.,.,¡,.,¡ "' th~ COl' :ttll[ ti"•'C 

tl<·l'ic,-, '"'"¡"' 1 ¡,,. ""' ¡,., 11 ,, ,,.,., 1 ){ ,. ¡,-,., ¡.,, m:titot<' "·'"' ,. 
'''" ~,.,,..,-,.lly tn"''' .,.,fui- a1.d lo.-. ''-'lll't-•Í-''< .,,., . .,.11 
if l .. c.oto~l "" tj,. ;,. "'"'"" ,.,,,,.,¡ ,.,.,,, r '"tia·, .. .,,,¡, lt·ol 
ro•by pu11d. 1-¡,,. '"""o;,.,, .,j' itu!i,·idtt:LI o!rin· ·t,olu· ¡,.. 
olír:<T iu¡; dcvio--, "" tlll' ""tr<'>l ,,,.¡¡ 11g olt·p:Lt t ,,.,,_,¡ "·"'!" 



' 

' ' 
"·'' "'"'"'""'" '" '"'' •TIII '"' '·'·" ""'3' S" '""''• ,,., ,. "'·' ., 

o.mt n,\ e<·hl <·r <.>t rol. o y fl"nelp•·rmi< • •¡uirk (;ouh hHdiu¡¡ by 
,.,,;"'''""""'' P""""''Hl'l 11ht•u ,¡,.. "'""''·~\ "l"'r.Jior ,,.,¡n0, 
t lo cm that :• >N¡ur"c~ uf '""' ill~ ''""""' hP n •m)>!rtffi. 

., ~)· i\'ht·ro fully nuto•m:nic ''""'l"''''t-diJ<•<'It•d •<;crt-up 
' allrl •hutdo" n ;, bciug pt,,.,,.,¡_ ;,.,.¡,.Jiu~ 1 r;,,.;,.,, tmhip­

ubltulls'o! f%'tl\alil>g lcoo¡••. ,.,-,-,,,~,. lh.tl t\1<· l•n>eo•oluro·• 
f~r "''""li.l nnd comp1.,,., "'·"'·"!'' _,,,¡ ·lnnd .. """ ht• _,. 
•imil:ir"" po.•,ible. Thi.' lodp• to;orh thc <•Jh·mhor con~ct 
pro«•d\lrcb by h~villg him ub·<'t ,.,. t'"nlJ'U!o·r '"',.,'")"- h 
ni><> hdpi; 1 k opÚutor -""""" a11cl ,¡¡"""""'' tlif!iouj¡ ;,., 1\ hrll 
"'mwthiug ;, am•"' ;, ·1hr r:m.p,kr-o·omtn,llrJ pto­
r,odm~. 

1 "'"f rn:iw; A uiMila 1 i "" " ,j/, j/,. 1 ', "' e "' a '" 1 " i /!. 
/lo .\lachi""'Y 

• T<> 1:0011 rul ~ proc.,. firH n~¡nlrt· 1 ""''""'bit• k"'"'¡..,¡~,. 
b;· 1h" P"''""'' '""n""il<•r ,.¡ 1"""'·'' ,.,.,,.¡¡.,,.,, ... ,'-'.¡,,.,. ""'"' 
ma1ir process oomrol cli¡,:i1•l mm¡Hlh·r• •'''" ,.],•r!t•mir 
d"~"~"· ¡J,,.¡, ]>l"(JOOO.S "'"""J.."""¡,.,¡~,. t·unwo from fr.·­
'<"""' monitorill~ of ,¡ ~""' of "'lr<:t•,] rnt<l,l<!· .-oud """lo~ 
>Ígnl>ls- Hll olerivt"cllrnm pr. ,,.,.,, <'OlHh L ion•. 

S ,,·i•chos :md 1 hdr 1 r•u..Jn•·••n. h<·l¡> de1et1 P"""'" limit•, 
p1 O<<"'" flo"·'· lo·w],, ~~~"'"' ion. ,,,<] "1 lo1 1 h, ,u,d ¡mn·iJe 
tlw <• •mputer .ond t he to,lt<>l o¡wm1 '" vit:d •t.otu. informo­
tÍO!; S.,me uf t ho>< >Wildl•'• ;cJ,.o pt<i\'Í<l<· l'"~'~ of t ¡,,. 1 told\· 
tiom\ pnJCC»·fl~w ,er¡uet>te in1 er],.,.kiu~. 

l'moe.,; var1ohle.' '"eh '''' "<•leC11'd, lthl]>er"l""'', flow 
rntcs, Jl'''"""'"'· >'P<•e<ls, at•d "' furth. pruvi<l~ !'""'""' 
kuo11 h"l~e lo 1 he compnt er b;· "<in~ •ui1 :ol:\1' t 1 atl>mÍ1 1 ,.,, 

to ""'"''" tu •\1Ítoble n11~1"~ LliJ'U1 -i~:~oal• t" the <vm¡>u: er. 
Tht· dear lrt·u<l for "''"' con•ltttrti"" i• to !il loo•1 mahe 
'""h fecdhnck •Í!(11~l• ('orñpntibl.· "'ith flltme )"<"~'''con­
trul <'<>mputcn; .• 

Tho <~<·unrl mojor fH.Ctur ir1 r"mo\1·1.' ""<1 "'"'"""tit•alh 
conlrolliug the l"""'""' is thot :oll ,·,.nahlt·- r••o¡uire<l tu 
,<chi"'''' pnH'e,_, hol<lpoin1• nl\t•t ¡,.. pl.; .. •irnll;· ow .• ilotJI<­
aL..i 11-mottl;· r<NIIt'Uihblr. 1]1<' II'<:H<l• oli"'\•l'lo<<] Ü'<•m !<JI· 

¡ol;·i11~ ~~~ tun1:J1it>11 >'h<>\\ ; hat t l ,¡, tr.,;· IH.·,ta: 11 •<1~·1 it ILt iu~ 
adi~:.•toble >Jl<.•<'d 'i:m dri•·,,, for ohm]h'l' <'<>1.1!"<>11"1 ):'1· f""' 
.,\.-ruib itL ><ano ""'"'; 2) ,,,,.¡"~ t h . .t :di ¡,.,.,¡,. ,. dr¡,.,., ou<l 
thcir fe,-.liu!!.' rioVÍC<'> h1lw ~<lc<¡UM<' phy.•iea) ""'!!.''' <>f f,.,,,¡ 
'""'' tu IC.<'Ol .II'IUal¡ 11 '"'""" 1"\" lll'ull ,. . .,,¡,; ;;¡ ¡ ,,.,.,.i~Íll~ ":f. 
fi~i,•ut tmmbo.•r ,.¡ inJ••pendt•n: n1w ¡,.,.,¡,,, "" th"t t he clwm­
io;,,]l,üld ¡>r,int; <h"i'<~l """• i<L facl, lw '" ),icW<l "ith<>lLI 
exce,.,.i,-e tle..,..,dcnce or. do"·,~1 "'"m bl<'uri\!J~ focllitie< 1<1 
hop<•fully'm.o\..t up fur dofioicuCÍI•s ;, 1hi>' nrca; ~) <rlt•t•1ioll 
of J..lltt, t'U<ller grnt .. , and ot!Jer <lriw" -<• lh:<tthey t<re ]ol'· 
drift,' havo• preft•robly <etx• do·:<d·b'" ,¡ ir, ,.,.,¡ ,,.] , b,v,• ro m· 

p0l'1o1iwly flot •pÚd·tor<¡n~ rurw•, :md t:<n h:~ve """''''' 
"P<•rl cbr.~c' mnrle uf'"' low "" 01 1'''''~'''1<1 "·¡,,." req<Lit.,.d: 

• .. ~nd :,) a.=r~ngiu~ ,.¡¡ .uch "c,mm:dl<led .. ,.,,ri,.b](', wi1h 

"""'''-""'Y componcnt,, ;o 1h"1 tho•y ""' ''"'''l'"tiblc 11i1h 
e<>mm:tnds fr~m·the wmput<·r <md Íh " • ..,·.,.;,.,~¡ ,¡,.,.¡,., .• 
~<ithúut i'•quiring iut¡•ru·utitm by )"'"l'l<'; ,.,.¡¡¡,,., ,¡,,,¡,¡ 

• "'"('"-•iw' 11'1'"' of.thc fimtl n>crhnll;•m t<"-Ult "h('U -ut .. 
jf'I'1C<! to l.>r;:e uuntb•·t>< of ,n.,.JI , . .,,,,,; el"'"~'·-. 

" 

/ut"J~dnu 1'/aut f)••ül'• u¡/), 11.• .hr .. ,,.,¡¡,,, S~rl"" 
']'],.. 1"" ,¡ ¡, ''' "'"'¡,¡,. '"'" pbn1 ,¡,._¡~1 ,, (,ni '•1 ,, 1 "' iue 

pn~·cd\11~,¡ :ot>d 11w ;o<ll<.mMln" ')'t~m ''' IM·Tio·r h< .. ,.,.J, 
,¡¡,..,, Fut o'i>tit>g pl.'"'"• "'"""are"' ,¡, .. ¡~1,.,¡ '" ""' '" 
be wry <"<lnl)l<111ble 11ilh '""'"""tic pn~·,._, •·•"·""!. y,., 
""l11)' ni•tÍIIg pJnHt• :lf<' Ci•l«]>:liÍio]t• I'Íth <>HI"'"·''Í"!I 111 
<'•'1'1 ,.;, p:.rl< ,,¡ t he ir lt!"<>ro·••. l'or 1 ht ,,., t h. "'''•,¡ '"" :.rd 
tt•il<~ mi11i<:1>mpu1<·T" teu<l• '"be " "1'-'~"l lit." ~I""<'ÍI<(' 

<],.¡,j)., nf ph11t de·i~" Íll1<·rf:o<"i<~ll. 11i1h '""""'"'i'"' "'" 
<·bi><<C.II<·d iu " lull<>ll ito¡.t ••·ct ion uf 1 ]¡j, p:.p~r. 

lul'<Jad"g ¡¡., 1'/a.,/ f',.,.,. /)i•l<il,ulir•" .~~,¡,,, l.a¡¡"ul 
",¡¡,A,¡,,,.,¡¡,.., 

.\ g•Mit,..,ml h,.,,.~ "" ",,,.¡,.,.~~••~< riu¡.t. but •·<111 ,¡.,,.;z,.d 
b,1 '""'""a!Ít')H"<"'<'~' t'lll<lr«\ ,,.,,.¡,¡,.r:,tÍ<II", j, 1" .,,;,.,¡.' 
<lqmnn>o·tnaH<r :oll 1""'''' riuL<it- ·n,;. tm•:ot •: lrt '""i" 
l"'"•r (¡·((!tn< '-<'n'<' 1\le t'a\1 tlq,.rtrn•·111 ¡,. .. ,, ,¡,,. ""'· 
m:ltt·ri:.]f,.,.,¡,.,. <u,,h·r mw .• ;¡.,. "' 1ho· il.]>lll- '" '"" ¡,.,. 
"·'"~"' <Í<iu~ •il<» :ou<l '"'1 hÍH¡.t ,.¡,, .. ),r·t t ¡,. ,.,.,,..,, "' ¡,., 11 11 ~ 
ei<·•·l1'ie:.1 P• '" "' ¡,.,.,¡., "<'J'\'t· 1 ¡.,, 1 d•·P"" "'''"' ";,d ,,.,,¡,;,~ 
el-t. ""d <o tllJ, ;]m,nghout tla-¡>laut .. \11:uno:o1Ít '""""] 
h!'\p, hi~h:i~ht tlw im¡,.at:ot""'' uf n "''ll ¡,.¡,¡ ~ut pu11er 
¿¡,1,ibuti<>u •)•tem. o•J'•·ciall¡· "h<·ll :1\llO>Mtir .•11111·up 
.,,¡ >llllT<lm<u "'< pl:nmed 

1'.111 of t!w b,t~rf"rin¡; uf ti.,• '"""m:> tÍ<· pr.•<•··• ,.,,,,,.,¡ 
'."''''"'" "itb tl.c l""'''' <ll-nilollti"" '·'•"'m ¡, '" ''""·!ull." 
tOH•Ítler in :uh·ollt~ tht• d'lr<"t.'. ¡<reW>tiiO<o, out! •·me u: 
""~"" "l'l'<'"'ing i 11 tite I'<>"W ,¡¡., ribm ¡,., ·')';t ~m: ,¡ ¡, i~h­
-p,.,..J n·do-i11g by rtmole uliiit)' <"ÍT<"<Iit br~:,¡,,.,., >rat>­
,;,.,., 1'<>11:\g<' tlipo nnd ¡.,.,,,., .,¡ \\]>nH•vrr dur:di"" "'"] 

orifin; sud juH whcrt• 1~""'' !<>t tloo ]lt<>('O"' <~otllr<J! 
>hmthl ochwlly \,. t:L1<'" rHo>O tl,r mnin ¡,,,,.., .h•llihLL-
1ioll ·;·,t¡·m. 

.\n :'\-1.1,1· """¡."'·''' 111 tb,. 1:<1"''"''"·' thl!t ;, "'i'""'ivt 
lo n..Jdit>;; "'""""lo<•t<• el .... • iu tlw ]<l:u:t, "' 1<> 'l"'''j"~ uf a 
b"lillllil '""'"r. lo•«d•,t" 1".-• 1•·\:otLI·<•l; ,,,_,¡,., at ,¡,,,. 
lim<·-. In{,,,.,, it "'"·'' ,.,.,.,. ~¡,.,. ou1 ''"'"'"•"· dJt~ .. \ 
pul<or •tr¡opl,l' f,,. tl1<• )'""'<"' ,.,,,,,,¡ t:.J..,., f<.,n, ,¡,..,,¡,, 
l'i.Írh :ort• >nhj.rt w f<<~l"''"' o,\11«)!<'> "' ],,,., .• ,.,.,,<' 
• ll'it<i,\ tl~ :l'"ll'Í(•«l~, ~LH'] 1 :0' f1 "" 1 1 Tool :<•> Wl t\1o·m, 1 o·Lld• l<o 

:>]>oO b<' ~ ]M••r rboior. Tr:11"i'·"t u\·.-n·oll:o¡::<> :.1 11 ! ,,.,., r~ 
•IM·t eircni1 • Íll ir '1 ont .,,,¡mi "i I'Íl ·~ hal'o• , ·:cdo ¡,_.,., kr ., '" 11 
lo "11ipo ,,, .. ].,rgo· "'C1Í<II.• ,,f ""''•01:<1ie]l1<K"I'" """'"'] 
<'<j11Ípmo)11 in t~tn<·n1 :<IL<i m ,.¡]LI'I' ]>l.IILI•. r,,,,] ÍtMrf:«·r 

<·.,giuN·Jin~ ol 1ho l""'''r di.•11iLnlio11 '·'''•m .:ud ,,f 1h~ 
autun>,.ti<·¡oru«·" w<Lttnl i<" ,¡,.¡¡,,., tr<·<L<I 111 ,1) ¡, 11 ,,1¡¡,. 
11hilt·1u ,¡, Cutro·<•tly. \ •]l•<·íli•· ,,,¡,,¡¡,," '" m:"l) ,,f ti"'"' 
]moh],·m• ¡, ~;,,., ;, ~l'!':<l<'t ,¡,.,, il Í11 .o¡,,¡¡,.,,¡,,~,,,.,;,,,. ol 

<>f lloi• i'"I"'L 

¡,,, ·:1,,.;,1, IJ,·ioc., a«J Tf,,.,. (",,,¡, ,¡ "ir/, .1 ,¡,.,, .. ,¡¡,. /'""'·"' 
r·,.,¡r<J H'I.IIJ Au!<m.alic :>tacl-1'p ,,,j S/,.,¡,¡,..,." a" 
l '" ¡,,¡, ,/ ;,. /1.,. A"'""'"'¡,, S¡¡.'l"" 

\.,., ... f<-w <t·mt·u1 pb11t• iu ,¡,.. l'ui((d ;.c,,<l•·• ],,,,.,- ¡,. 
,.¡, .. ¡,.,¡ ""''"'"''¡' •l·•r<·LI]• ,,,,.¡ -hL<tdo•\111 uf.,.:,, te.l 1""'· 

•• 
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~ U01"' O tue ~ro<~" \!1 t 1e>r ~-"""'"·• f'Bnputo·r "''"'"[ .,._,_ . . . . . ' t •. 4 te1n.) l~ny are d"'"~ J:"":Ui' <tarliu_~ .1rl<l .•l"l'l_" "~ "~ dn ,.,,_, 
• only by·~>th.er me"""• 1\lth ;he "1"'"''"' m.uo<pul.otuo~ the 

1!._ ')oop~'•ro'r•'th.u traw-ie'Bt"tol"litiun- Umi11¡; """h •lart-llp 
-~·'e>.->· J· ,::-.hutdn~n. · Ha••enr, a f•" Eut'>jk•.on-<lt•>Í~""l lar¡¡;·· 

1. • ~~ • ':.- t~~~g~)lUt "~": cOntC~Il piro 11 t• hm·c ir~ri•Hied "nch !''"' ""'" 
',(,Th~ "11rk of do111¡; th,. .•hn"·' Lho.t ro~unou• at klll••n mu~t 

¡j., .::'be 'Paid',to_tloe 'pruoo•o.; ,,.,.h.,,ie;>l '''l"ÍP""'"' "'"1"' it, 
; \'ffltillbilit)r whe1L par! of "" ove mil '} "'"'"· "" "~ll"" to th~ 

i •, , r;?e-!lit_;of t~~ U'_ltomatio SI or!_-up and >hurdo" IL ltl~ic it..,.tr, 

1 
<¡ ~if reUl •ueoe.,.. tn ex~cullng 1 h"' fuuotir"' ;, to ''""!t. 
, • ~ ~· tn>pt;n-.eDt~ng uf thi< ~ut<>m,,tic •tmt-up ut>J >hut-' . . . . 
·: ;.do" u ch·~rly •h""' that ht""<t eL"' utterf.tct• en~i'"'"'"'~ 

! b..-t;. ém' ntaehint•ry build•·•"· pi '"' d~<igu<r>, .uod un u-

l. "-~ m~llc p'w<:eo.• ,;';, trul de-<<~<"''" ¡, b< <t ""' ¡¡mph•h• J be fu• e 
l '\ Ílt• pl:1.1;1 ;., ph) ~icallr built. :'><>t unly mu•l eumpl,•!<• ¡><..,.¡. 
1 , .;bl<• tfC'l!H'UCe~ of >lur! ·LI] • '"ni .•h<l!' lo"' u ,¡nd their V.LI i 1 tio ''"' 
! ·• ;be fore.""cu ~tul'uccurukly .lo•>crit~,\ :ohM•l ui time, hm ¡¡,.. 
i, • ·'P<rf,'rm.wec ,_,.,¡ hcluvio" .,¡ n,,. v"''"'" ¡,,,.,.,. n.,,, 

·<-¡~ ~ .. , .. 
· ., at~<l trnB"Ienl e<nultllou, uuo•l :ti•<> L·· ;.,,..,..,,.,. :on<l oh•· 

:! . ~Serihed "" uccun'o"r.ty u.• i'"''"ihl,• .,¡,..,,.¡ .,¡ ¡¡,.,.., \\"l,.·o e .oueh 
j · ' :¡,~¡,:;¡·,¡go..,u• thinkiu~ ¡, U<> roe" '"'I'J.•tdy dmiro~ the obtgn 

f·, : "'.¡tag~.~~autom"tit >lurt-np ""'\ ,hntol .. wn. inohli11~ th~ ' ·- ' '· ' ' . ' · ._ ; .tr.o~<>'~"t m(llll!>nb lOom ."1 "'~11l.ot1r1~ ¡,. 'i''• b_,·cuuw.•. naor< 
; C"-"tly · :ICC(ompll>heo.l. \1 he u .,uo·h tl1,"UI•>U• t h"'~ 1\t~ o.; tmt 

'J. ,..;, ·~ do'tt~ ·;h'c-><l or' time, then 1 he "''1 wd itnplentt·toi<tl~ ,¡ t he 
\ .o''Stmt-J.{¡o_·~,d shutd""" tend· In~ n~>re prutract.-.1. mt· 
'j, , ifttú,c.s~rily ex¡>ci>>iw•, ~wl ptub.ohly thc futH•Iiotl •h"uld 
Jt. : JOt·then b<- in !he computn. An ~l'ft-ct uf ap¡olyiug thi• 

" '' ' 

'"''iunotif,~, ~~'~"olJ' ht>.' beeu lo """trib,.te tu ,,,,¡¡¡¡,.,,¡.,,,. 
~ , • '¡,;_ Proo:~ 'and' m.achine o!e,i¡¡n. 
"'¡,•' < 

'' r~i!.'.i~~·,.~c;-;;.\i,,. ~<1'1'0>1\TH.l~ '" Pt."T llt:•t<" .. ,_ .. ~_.,(., ~-· ; .. 
'~ '·H~re •a.where a truly """'""~ a•pc<:t of '"''"""'""" ¡,, .. ·.', iP"" In. b~ ~videltt.' Good llottonwlic pr<!<"<' ... c .. utr .. l fu,;¡l!y 

pruvi~!_c>,·u'!"ean., ol makiu!( n<'< on:okri;ol• hoto hai,ltcd 
"ccn~<' ot :el ltwd; quickly ""ti accur"tcly Ot<t't th< r;t\1' 

'¡. , ,,··~;~1~ij~,~'~"[)' ;oo~m~"i'::; :":!"'~~:;:,:••" ~::"i'("~··,~""'. b'l'i ud i ";;' >y •' éu ' . 
, 1 ¡,.<t,,tries h:""•' ""'"da,,¡'"~"" "'h'·'"'"~'· 
l cuutnJI ¡., ,.,_.,J.,,·~ thc 
~ 10 !' i«lh<l ÍH'' p:<rt• of !ltt• pt<M""· 

.. ¡,,., """¡¡,.,.o t•dotoiquc> 

·t ·d "'r•·ot· ¡,¡¡, ... 

.... ,. 
relntiwb ,,..,.. {'uih•l ~"'"''' ''''"''"' 

·ott ·d oh,· id<'",,¡ noitoit"i,,¡,.~ 
¡',.,.,¡,.,._, ,,.,,¡ •¡HÍt·~l." .,ho.,in· 

;t[ 1\l; 0«1 o •IL\thc>llo'tiiU 

¡,.,,,.,~, ,,¡ ,, . Hy cnnohi"i"~ 

iu• lo•o·h"i't"''' ol !':'"'"·'[ ""' 
o·. '"'.1 "''"[><Jtt,•;lln['l•·""·d)-i'. 

"''''' ahlt• t« ntili,,· a,¡,~¡,. 
',\ .,. ¡, "'" d'['·"'""'"' 

fdt th"' thi.• "l'l'"'"d' -...n~l 
·j \:d 11- 1 ntil!io" ,¡,.¡¡,.,.,_ 

.. 
t 
• • • ¡·· 
~ .. 

••. '•''•·.!.''--'-!! 
" 

' ~., 1 

'. " 

' ' . '. 
'. _ _j ___ ] __ ',___, . ., .. ,,-·· .. 

' • • • 
' 

r 

'• """" 
"' 

• 'r' 
_ .. : .... ,,.,~~-··r- .. ,, -

'' • o " 1 
• 1- ,, ' " 

' 1 
" ____r..::- ' 
" 1 

• : 
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' "' '" ' " 
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}'i~. 3. Tm•o del."··· '""' .. ~ ,.,;_, '""'~"~""'" ~'"''"' "' '" "''' (o\ lrt.,,li,"rl •••' ,.;, ,.,,,,, ¡,,,,,., .. r,, ,,,¡,..,,~''""<lelo¡~ 
••'"'"' t,,..._.,;,., .;,,.,.,. ohl f)¡«<• .~ '""" ,¡, 1.>•' ao•ll """"' 
"""'"' ,¡,< "" ,.,~· ,.,;, "'"""' '"' }Jf~·-•, ,.¡ ""''" ~ ;.,,.,.,.,.¡·,,.,,¡ 
")"''""' ,¡,,.d.¡_,_, .• "" '"~ ,.¡, ' """ .. t. 

Auntho•o· pla"t Lll \l'c•tcl'\l I•:llrnt"' ''"nü,;, ... ,¡ ~'"xi Ott· 
lin~ ¡;:,¡¡,.;.,~ ui "'" nu' obt%ic;ol cnn•r•,_;,~.,. :ot tht• ,¡;... 
dur~e J><•irot ,¡'tito·'''" ,.,¡¡¡ ~,;,.,¡¡,.~ o·orc11i1 .,¡¡\¡ ,¡,,J'\. 
time d.-b:-· in '"''~;,,g t<>m-<:tillu.- ~ud "''lo ro<llj>ut~r 
"'""'"¡ ,¡ th··ir ptc-hnt"u~e""'"~ pi!•• bouldt"'' .u1d r .. m • 
put~r i!;loid'""''' in <¡U~I'r)' 01"'"'"""· By l~:moi11~ t)u•terh­
nio JU<" '""\ f ,,,.r,, tnÍI>~ t \tom <<>B>Í•to•rool)' <'<·11. t\u•,\ <1 etC 
.ohle tn ''""'Pkte\t elimitn<te ,[,'"'"''''"'" ¡,.,, .. ,~,.,,;,¡.,~ 
e<¡uiputctol "ith thc cmn·>poudi"~ ¡,;~¡, n¡~·r:<~i«;> ''')"'"'e 
nf .uch vt• . .-et •. 

Auotht·r F.~. pbtot ,.,.¡¡;t,.:ol\)' h:ult•b"""l lo U>C l.or~,. 
,,;¡¡ feo•d ltio" h..t'"'''" ,¡,,, '·"' tltill ¡,.,.,¡,,,_ ,.,,,¡ ,.,,..¡, ""' 
mi\1. Aowl),i' .,¡ tbo· ,.lf,-ot" ,f tll<' time dPI.•)·' •<wlo mili 
¡',.,.,¡ bit1• ll<!ltld hm·•· "" oknc,o•ill~ p•~·il•le d,,.,,;,._,¡ 
:<NUI"d<i<'" leolthem to rlimiuate '""h l:or~·· ¡,.,.¡hito-,..,,¡ 
rooltwc tla· ,¡,.¡,,_," iu 1 ¡,,,¡ i'"l'!i<!lo ,.¡ tho• "'"'' ri"l ln>tl>pnrt 



1>.1.> n." •" '"" • '" "'" • n > "'' '·' "-'"'· """-" '""'' • Jo ¡ > " "·' -r le<~) 

c-in-<111•1"' :oh""' 10 ,,,;,.;,,.,,.,.d.,; 11..- ~ h pbnu<-d on:.d­
'"'11.'·· 

.\u """l;·li<':~l "l'l•'"""h In,. •• ;.¡ ¡., m .. l,•r•l:nodim: 1he 
,.¡¡,.,.,. on l't'duci\o" ,,¡ i"'"'t"· ol••h; "·"'"]"'"!. '"'"l'liu~, 
a"" 1 ; ,;,, :o "'1 ,,,.. rct itm ' i " ,.. . i ' , i " q "' • ,-\ " ~ ti " · .,,.,.,,., i~· 
of 1'"''"'''' '"' 1\ rol , i > ¡:i ,.,, " i " ri~ . : l( :1 1 • \" 1 

_1-íg .. 'l(a) ;, ~ bkor~<lin¡:r.lm o[,, -iu•plilio•l ''"'" ,.,;, mll­
tn•l •.l'>tern lh"l """ ho ,.,.,¡ In o·:olo•e<htr ")'l'"''im:olo• 
11 or,t e"'' <'IT<><> in thr ¡,,no.'•~t·ni.,-r """\¡· .• ;, <illr to >) •t<•n> 

1 r.<' o•pm t 1 im•·•- TI"' griu<l ¡, •¡; ,. iH·,.il, t lw """'i'liu~ '.' •ll'"', 
tlu• "'mpliug int erval, :n><l 1lw wut rol iul <'f\':>1 :oro• 11 "''"'rl 
as ''"'"in¡¡ .-implt ,;,,, <irh>;-• 'f,. T,. T.,. '""1 T" ,.. .• ,;,., .• 
>i>·ely. Tb~ homn~euizin~ •ilo h» a ftlling time '[1 e .... rre­
'1"'"'\Íng '" th·· '""", "lull»cos" "1 1\ loic-h llo<·HI" Íl in r .• ct 
<>l"'r:oiÍ!tg \\'hen an <·rror <..-eur$ iu 11Jt• ¡,.,.,¡ n>nopu•itiotJ, 
the <'<mt]llll<•r ""n>rto\ pro11r~rn c:~u ,¡., ''"thill~ o>tllil it 
d<·te<::l!; !he <-rror M >he OUI¡>UI oi lhe ·;lmpli<t_,. •.l".<lem. 
lt tn~y tah up lo >hr >um nf allth<'>'< •lel:o¡• ¡.,, 1he oon­
>rol progr:om lo del¡•ol the error :ond o;,rreo\ the fc<•Jcr .... 
D11ri•o¡: thi• time the11, a tot:>l of T, + T, + T, + T, h of 
b"<l m:u.rial hos !(<me inl" the .<¡><tm. 'flw m:<\Hm>m 
t'ff•>r i11 1 he hurnogeui:er «Hnpo-ition "111 "'"'" if 1 he ferd 
, . ., . .,, utcuro whcn ti"' hum< o¡trni•,·r ;, '"'"' full, anJ 1 how i; 
no timr Ioft to oorrert thr <rror. Thu.• l><>tlo the b:.lrh ;ond 

c<Minml<IS lwm<>grni.,•r• ""') he t·umidt·J,•d thr '''""'• 
:u><lth<• m~~imum irnctiou .,¡ 1hr input error !1,"¡ ll\111,.. 

l"''"'''" in 1 ho• l""'"'>:''"i"·r , "<11 "" i· 11 '"" ~'-"'''" h_\ 

E, +T, 

' 
11 IL<"re 

/·.", Gnit hvmog~uil~r trmr, r<Jrt<.'"]><onrliu~ to a unit 
n\\1" makriol feeder dl<'ntical t«TllJl"'ÍIÍl>n ,., ""· 

T, Tran•rort clel~p for tim~ <:<.>n•umecl br m;!leiÜI 
lr.lWlÍJtR from ""'- mal.,.¡,. 1 f<·o·do't-' lu 1 he '" "']'li n~ 
"'"lion, h. 

T, Sampl., inlo•J·\•al. h (teru f<>r <•L<·lin•· ~""Mlt<~ in IIH· 
<'.\;ompl• h\l\ ¡_, rn..,.,. fnr bl~·r.nur.•· X-m;· :ond 
"'"'"'"1 cb,.micol anal_,,,.,). 

T, :=. .• mplc pr-e¡mro!Í<>!I :~u<l """l)··i' lime. h {O.o:!:, h 

"'"rl in '''"m¡,Je). 
T, Cumrol inlo'f\':,1. h {1.>J•ic"lly .1 oniu lo 1 h). 

Fi~ :J(h) ""''' lhi. <'<Jlllll>•m lu ,¡""' tlw ,.rr, . .,l ,,¡~,;,,eJ. 
Íng CÍftllÍI 1r,OU>j:Ot1 \ÍffiO-• T, 0!1 th~ hOu\n¡;eu\<et l!ff(>t 
/:.', fnr he ·~lng<·ni.e" wilh n-, 12-' :oacl 1-~-h filli .. ¡: 1 im.- :md 
"-""Uming a control pn>grnm in>r·r\·31 of 1 h (T, ~ 1.0) ourl 
a J.i-nlill """l'ling time ('f, - 0.2:, h). To ,¡,,," lhe im­
plic .• tion• oí >he,_.. ttm·~•. <'OU>ider a '·'"km .,;1), a <lelo_,. 

· of 1 ,.; h a>l<l " li lling t im<• .,¡ 18 h, lf 1 he .-leb;- .,.,. mlur·rd 
1<1 O ¡¡;¡ h. 1 ho "'"'" >·o•.<uh• c·omld ht• _,,.¡,¡,.,.,.,¡ "ith a -ilo .,¡ 
oml;· 12-h c:q•.o<il;·. 

· Th'e n•.•ull• •lJ0\111 in Fi¡¡. :;(lo) ",.,.,. nhl ai1 ,..d "il h ,.,,., o•c­
li<>n• m:odc :<1 1 h inten·,,¡,_ Fi~ .. 1(t·) """"' >ho• <ff,.,., of 
i>o<f<""'ing ,,,¡ oh·ro·:o-i~>~ l[)e \11 1 o·rv :ti hd ll'<·rn , . .,,.,., 1 ¡,,,, 

¡ (T,¡. 1t ~"" ¡,.. .,.,_,. lh;>l <lo·rrc·:o•ÍI1~ 11><· Íll1o·11-~llo H ,·, h 

'" 
' ' " ' ' 
'' 

)'o¡. 1. lo.,.¡¡.,, X-1.- • ¡., . .,,¡, ol """"'" '" • ,.,.,.,, ,,¡,.,,, 

.¡,,,,-'"'"JI gain 11ith K 1~-lt tillin¡¡ lim~, C.nt lha> m­
cro•o·illg tlw inl<-n:tl "' ~ h '''"'"'''" , . .,,..¡,¡,.r:,ioh· lu» ¡, 
••"<">>rm:y. 

T¡,,.,.,. I!"II)E, >111,11 Jl.c• ut·C<'>•i"· of •h~>rto·ni<,~ >he·¡,,. 
wxrr\ ¡mth "'"1 ¡,.,.,¡¡,,.¡, ¡o:ollo tim~ <lela;·> iu ,¡,.. '·'" "'" 
._, ''''111, 

Ú>e po--ihl~ impho·"ti'"'' ,¡ ,,.,),ciu~ ;,.,,-.¡,,,.,., 
i11 the "fmnl end" of lhe plam hy "'¡"~ pñ<orÍ¡>Io· 
_,¡,q"·n Í<l Fi~. :1 rr1,,...,.,., :o di·tinn ""d n•l•IÍ><i;- "''" 
lrend .,-hich llillli~l'l_,. 1.. ""·<lln<>rr in tho fnluro•. Fi~·· 1 
:<t<d .'l •ho\\ "'""' ,,¡ :\-.-a_,- '),.·mir:ol ,.,,¡_,,,.,. "'''d ¡,, 
r•cmenl pbnt,, 

1 mw(JI Úlfl f> ,¡,.e,,.,¡, IJ"ign ('"'"~/~' _{wm n 
(.' ¡ ,,¡ o·(t/ 1 • i('U !'" "' 1 

. \ nol_,-..-- nf t he t rmd• •ho" ti><' óollm•ing_ 
l) l<om•:o•Íio~, "·J•h,,.¡, i· ],.,,~ plaC<•d "" ¡,,.,,,¡.,¡( lhc· 

:orr:l«~<-nl<'lll «f )'""''" flow :uul all,Íli:<r)· olo•do·o-- Í<t lhe 
k¡¡,.,.,,¡.,, ,.¡, , . .,., :o• -i ,,,.:,. a• 1" , .. jiJle 

~1 'J1te "•mm,•t~t• ,¡""" ,.¡,""'""''¡.,;c, ,.,.,¡ :.rr.w;<e· 
""'"" .,¡ kihc. ,.,,,lrr. ~mi<·. :outl _.,.:,-c:.·<l f;," ,¡,¡,.., ,,,.,. 
I"Í<>u·l) ~¡,-,., Ílt 1 ¡,¡, l'·'i•<'l' :•1'1' :.¡oplir:~>olo•. 

:)) Thr l:or~<·r ~r.ol ,. ,_,-,.,, < ,f ,., ',¡,.,.. . .,.,. "" ,, ,. < , •Blr<•lbhl< 
if iu<lividu:~l ,¡,¡..,.,;¡,,· ¡>n>l"ll], d lo.,.,_,,,..,¡,.;, n ... , ,,, o·:oth 
"'"Í"' ro •nllmrl menl :11><1 fur ,¡.,. ,., .,¡,., t·,hau•t. The ulolrr 
]>r.<C(Írc r,f ll•ill~ l'o·r.l' f~" <•o<>lo•r ¡_,,, """"~ed 1\tl]o 

""l»fat• <htnj'Or· l" ru11l rul :,ir H• "' 1< • ,.,,..¡, 11 <:dor CIITllJ'·•"· 
IIWHI m.,l.o·· f,r ,, 1 ,,~¡' ,., "'' rull.o' »Ji>_,. 1 .,., ,¡,¡,.,, The l <"<'llol 
¡, 1« l" ,,.¡, ¡,. ·•·1 "r-<1>· r,,,, r .. r ,.,,..¡, r, "'' ;,, ., _,, , " 1 ~·rnú• 
,,. ,.,,¡,., '" ,,.¡,¡,.,.,. ¡,_ 1,-., ,.,.,¡ .. ,,,,,, ,, _,. " '"'·" ,, .. 
''"!'"''''" n11,1 ;o-",,,_¡,.,,¡ dinl.,-r ¡:,:. 

1) 1\"1"'" ,.,.,¡ ¡, .,,,.,¡ _,. ,, ;.,, 1 ,¡,,. ''' .,,¡ i• ¡.,Ir)'",-, .. 
dn<"<O 1h<· ,-,r\a1 ;,,.. iu n>lll).,·it ~'", ' •¡ ,.,.¡,.¡¡_, 1 lu• a• h ,.,,,. 
,,.,, ,¡ ,,,. ,.,,¡ :--, ... , 1 ,.,¡,,¡ ..... ;,.,., ,_,¡,¡_, l"'"l"('t' ,;,¡,. 

lafÍalÍ»II• iu d,. lflir:ol '""'i""''"'" ,,¡ <lw duJI., r 1'1« "':o 
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tn:oior cu..,~uu~ur ¡. th• ,.-jtJ,•Iy ,-u')Í"g a-h <e<o!\to·!Ot of th~ 
"' •.d a.• Íl ''"'"" 1 he l oLII ni11g ¡on><•'·'· Blo•ro,lin~ ,.¡' >~;eh ,., '" 1 
no:oy h~lp. l'ur-doa•Ln;( hi~h•r ~roulc to"l m~,< h,.lp. ;..,.,,e 
h'" e,.,-,." -hiit.•o! lo utho·t 1,1"1'•"• uf fud :o.• ¡¡,., prol!l,·no• ""d 
<·ro•t • ,f u<Í<L~ "' o:1l bw lweun·.e mure ,., ido•aL 

;,¡ .\n,.th<r ,,.,,.¡ ¡, lo''""'" du.,t to the kilr. '"" m.¡e~ 
• 1 "¡¡, ol'Ho '""'""'1 t'' 1 tnprove e• out tOJibhdily .• h ;thnching of 
•lu-1 in h<>pr~,.,. owoler preci~ilat<J<> "' tlu .• t e<>lleew,-,. ~.,,¡ 
'''"'."i!l~ .,¡ doH (,·,•d :ot nther limo•< :ore fnclur• tc•o.obn~ lo 
c.••¡uin· 'i .. lenl ''"""'"1 aetimo.• ¡., n·-~und 1<> ,...,¡, kiln 
,,., ·•1 pcrtotrl>.ot ;,.,,, Th,· ll'e<ICI ¡, "' P'<::>l r~l Ul " o!u-1 "' :ou­
.,,¡,.., '''1""-'¡,. kil" f,•,•ol ,.,,.¡ Íll><all a r~tum ohH -ou-¡::.· l.it\ 
~•ul r,.¡uno o!u•l n>.-to•rin6 ec¡,.ipmo•ut ~rr-~rog,•ol 1<> ~r:.ol-
11.-,11,<- m"diLht •' 1 ¡,,. ""'' ·W' "' 1 uru d¡¡,¡ ¡,.,.,¡ ral ,. '" l1t 1 ¡,,. 
~'''"vllo·•·••l ,.¡ '' tum dLH lwi¡¡¡; ~"'"'"'tetl. 

o;) :'il-Ítl;(' :oll 1''"'''''-' cum¡ ""''"'' ,.,fti,.¡,."'l.' largo• "' 
<• I•J W<>''id,- ··~"""" fur """'"''al 1"1' ¡:ro~lw·ti .. n ralr• i, 

"""'h•·r lro·J<•l ll io oJ¡fl,eult lo atl:oi" lup o¡ul.tity CO<lln>l if 
lh•• io .. lue<•ol Jrafl fa11. fll<'l f••• Jo•t, kiiH do·i<e, ,.,,,¡ '" furlh 
~ro· <>p•·n•tÍrJg ""i•le "1'~"" al <h•·Ír lnp Hmit. i.r .. "'" of 

'""g··· 
7¡ ·¡ ¡,.,,, Í• mur•• enqoh:o-i- ¡,,.¡.,~ pl:u··-d "" th•• rc'C<J)k-n<­

" a.•pPcl .,¡ th•• coul•·r Ly .. l,laÍ~>Í"~ ~'""l•tc•md:or_l' air 
•rtu¡.o·r:ol•lré m•·a·'"'''""'"" a«J th<·tl .,_,¡,~ ad<"'ILitlle IOJ(io· 
¡,, ••mph:c•iz,. h<•al '<C"J'"""i"'" S.ono<· h,.,.,. pinn,•o·n·ol :Hiol 

' . 

'" ·, 
41 

.- -~. 
" ... 1, 

, •• ·.,,-¡¡¡-:;,-- i . 
' • .. .. . ' - . ' J .. 

~-:'·".,---...;--:;-::· ...... __:__...N'~-~------~.J 
~-- . - . .. . t "j ' ' t' :, ,. ,· ,.,~::.· ..... ~ - 1 . ·1"" •• '"'' .... ,.,_":". ·.- . ' 

.. ,..!,- _, ·-- - --· \ - -·'· , ·::·· '• • ,.,,, .. -;:r···.,~·· :.,. 
''.-. .: l·'r ,.\ .. · ;-.o · "' ~· ••·• .-'; · • ·, " , __ ..... -,. : • ~--: _,__ < : ' ·, 

¡.:--..;..-~ _r. . . ,. •:· , . r - • 
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l""'"''er•ol in makin~ ~··~l m~.c-ur~m~n•' • ,¡ "'C<JU•br,< :.ir 
lo•no¡,¡•o al Un•. 

f"og-. 6 and 7 ·h"" !;'""1 c'""l'~r--.ui,-• hut ty~ical r~·nll< 
"ilh antl 1\Íihoul '""'l'"'''r <"omtrol on a kiln-c<>olrr in a 
cement pl.u<t. 

r;,-,"n,/ir~~ J/¡// lioc•ol /)e,,iy" ami .·lulomu!ic 
Pwc•u Com(,,/ 

The b:o.•ic uhi•·ctÍI'e ut' ¡¡rinolm~ 1nill <"ÍI'Cllil C<nltt•>l ¡_, lro 

maitot~ito "'"'"''" within :o narro~<- b.auo!, l1<Uall." :o\"""'" 
m:o'Í""'"' pro"l"ciÍ••U le•·ci c'-"o--i-teul 1\L<h ,¡,.. ,.,,.,i,~ 

p n '" ,. ,, "' u 1 nl:\C h i 1 "' , . .,.,_. t ,.,; "t , l: "In 11 ¡- i nJ i re< 1 "'" .C• " ,..._ 
mertt< ~n· re<¡uin••! ,¡,,., ""' mauy fiw·W-·• ·•cB·<•l• "'" 
_.,., o¡><•ralin~. \'et" lrendol<•<" ,.,i,l tu uppl,1 "'"1 1!••' lttur• 
fiu~r«··· ><'n-ur-, particul;orly iu <:<'m~"' ·~<Íu•!iu~ mili 
ci r<'llil, it;¡_ T n· J<d• i '' ~ri.,,ting mi 11 eirc~til de,i~u " hielo ar•· 
~m~h,.,;,,.,¡ ~''" furllo,.r h¡- "''"'id .. ratiun< n( ""'''"'"'¡~ 
po ""'''' "'"' rul ¡"' ¡,, h· 1 ¡,,. r.,n,., in)(. 

l) OhTuiro ~.,.,,¡ "'''"'"'''""'"'' oí null f<eol ,.,.,.,, 
~¡¡¡,,.,lo) ,.,.¡ll¡,¡,~ ¡,,.,¡,.,, '" ¡,_. a "'""l.iu:oti"" .,¡ '"'"' 
1111ll ¡,., ol o a t <' "1"! ,,.],-<:1 • • 1 " ,.¡~ hi11!( ¡, . .,,J,·r>< ¡.,, '" l•l 11 1 ,.,., 

~) In du--<·ol-rorcuil ¡::,-i,,.IÍh)( .• , . .,_,¡,~ of inl"" """" '" 
ele<'a!<OI.•, ""!'·""''"·'· alld t,dl l>oill, i.,al\\a)> ¡u•·f,·ral•l<· '" 
ull~mJoiÍil)( 1<> .,lotai" ,., ¡ui• ,,¡,.,., n<e:><ur•·""""' ' ,.,¡,~ ,¡,;, •. 
Ínl"" amp<';-:.•. ¡>,,.,., •,<•l•""' '"lta¡;o• alf<·<"l, ,¡,¡,-:, in¡u\1 



"'' P-1 1 "' "'" ''""' "' ""' •Tl<\ "'',_,""o l. <1'1'1.1'' o '''"'• Jo 1' " ' ' •T I'•C) 

f•~- '- )•,..,._ ""'"'1 "'"'1"'"' io~.,llo!Oo11 ;,. """"""' pl.u1. 

'""1'''"''' hut <onl; ,¡¡~h•l; aff<·<'l><lri\'<' in¡"""-"''· Thu, 
""''"'1 ha•..d ou amp<"ro "·~diH¡:.• ma;-. "' tim~--. he h.o•o•ol 
"" u,__,. in form.o1l<>1l' 

:l) Th<·tro·n<i i• w rh<·o• '"'''" •·mpl¡,.i, "" ,,¡,.,,,,_,,,, ,¡,. 

iu~ uf :di ''"'"!'"'"'"'' .,f t]Je ~rindin¡; mili oin·uil. Thi-• 
'"l·•·<•iall_,- "l'll¡¡,._ In ,¡,,.._., ¡,,,.Jiill~ ro·tOI<"<Lh1in~ ¡,.,,,¡_ 

G'-"><1 ,, ''" ro~l ''"'~ j,~ impmrl ie"l if '"'"~ ni 11..- ,...,.¡, rnhl · 
in~ h .. ) "" ,¡¡;,.,-., .. , "' .,r "' la•r "''"'1 "' a•nl "· ¡m·• o·n1 ath·· 
'l'""'loandliu¡; <>filo<· fl,m r.ol~ \\ hich lino;- 1,• inho•rroot olu~ 
'" ,. ·" ¡,¡ ;,.,, in 1 h·· ¡>< "' ,._, mal,.,;.,¡, ,.,., n:dly .,,__,.~-

~) ,..;,,me ··rmo•¡¡t pbHI• d,._¡~,.·J lo_,. Eu!'<>)><"""-' ar•• """ 
hen•~ lmil1 nnd ;,.,.¡..,¡,. fo·a"""' fur rh .. ·d-1'"'1' "'""""'ni 

fin•"'"'"' ,.;,~ ''""' ''"""'' ti"''"'"" .,.,._, ,,._,_ 
)-'j~,. ~ ~nd 9 -how ~ l""('o_.- C"l!\)"llo•r in-t:olhoti"ll 111 

a,,.,,.,, pi:Lnl. 

T"""" ~~ .\l'T'>\1.\TL<' CoqknL Ft'''""'"·'' 
RL'-"' 1 't:U 1 o •h.\0 >.1> 

Tho· m"jo¡ÍI) ,.¡ ¡¡,¡,,.,¡ "-'""'··' "'m••n1 pl.onl> n-in~ 
digital pron-- etolll)lllto·r «dJlrol i<Thni•¡H<'' h,.,-,. :o¡•plie<i 
t he m 1" 1 lw co"'trol ~.- J ·'" 111 ¡, ohe;nÍral '~""l'"'it iom l ilto· 
¡•ooh·r r"ntrol. '"""'"- •·alioli\)' d.,.,.¡,;,~'""¡ ;,lar~n ¡,.~~i"~­
proxhooti<•n atod lrend dala l<>~gin~. ahd dail)' <>p<•miÍII~ 
o·e¡•url". 

r.riroding null loorl e<otJITol ~ud DDC are :ol-n "1"''~,¡"~ 
Íll 11 11nml"·r of 'G.S. co·molll plan!, 11Íth DJJC hci11g nu>re 

11-i.Jd)' U-<.J in !loe h•1 f•" '"'"·'· ~lo•1 <1('\1 c<·m<•nt pJanl.< 
.. ubide uf 1he IJni~e<l SI :oto·' an<i ('_,..,,<]., ;,n• ole·i~neol hy 
Eurvp<"an,, ln '"In<· Íu•tutJr<'• ,..¡,.,.,,.,¡ Eu<<>p•-:Ll> •k-i¡;to<·<l 
c~mrnt plnnl> h." e be•n -i~11ifioan!l,l' .,h,·ro·d iu their 
d,•,ign cono <'J'l' \o lwt1 o•r i<Lt ••rbc~ 11 i1 h ;nJ lo om:ol ir 1" ""''" 
oont!'<JI ¡¡rillriplo, ""d t"<lllipnwm_ The 1""1"'"' b- ,.¡...., 
ho·o·n '" ko·.·¡• .,,.,.,,.¡¡ i1>''<"\nwut '":o mi"i"'um. Thll- a 
ttf't><l for • .,,.¡, 11bnl> l" <o""' ,.,¡_~ jkrf•-rm 1 hr ,.,,,,,.,,¡ ,,,,d 
otho•r f"""';,, ... ju-t li•led, lo111 l<o ,.¡,,.,. i,ti,,.J,., "'"l'i•r<>-

4 ,, wi:o1 , .. ,,¡,¡ i1 L<>nal ¡,,.,.., ;,,.,, uf 4 
1) '1"""·'- -d,..,¡,.]¡,~ ¡:uid:lloce; 
~) pr.-1""""~' ,;,¡.,~ piio• hmhlito~ t'<HIII'"l: 
:l) ¡ord,ulln<~o·~oi•ill~ pil<• holilo!itt¡; •·akulalioon•; 
\) ~,.;,.,¡¡,~ •uilll .. aol '""11"1 ..-;1), """''"¡,¡,~:o-.,,.¡¡"' 

'"''"1,1--l:ot~ ,.,.,_,;011' ),·111~ "'""''<! ,,,¡ ,¡,¡, ¡;,,,., __ 
¡ .... , ... '" '""'~ ""'''·'• ¡,.¡,~ ... ,.,¡ J,;,..,.,¡ "" ''""'"'"""' 
¡;,.,, .............. : 

."o) t·o·mt•nt rni~ oom¡"'''""" '""ln•l; 
!\) l'l't\'<'111 ,¡¡,, tUOJIIilooiH~ :11od l'lllio]ity ').,.,.¡,;,,. 
7) ln<>nilmiu¡; uf dtil r• fnr Uto•dwolnlo·o 1 ,¡.,.,,¡, "' "' ; 

~j "'""""'tic >Litl-up atlll .¡,.,,¡,.,,, ,¡ "'""'"'""' 
1"'"''-'" olerortm•nt- L.•· )'!'<e,!t:>nllm~l ),.¡:ir, ¡,,.¡,,.1¡,,~ 

"" ,.;,."' "'""'''"i:ot ;, '" .. r '"~"Lo""~ '""!" ,. , ... 11 " ... ~ '" , 
"""rol .,¡ olri.-r, lhcln-<"h'<•.: 

!1) ountrol of onnoll ).,,.,¡ !'•llpliu~ fo>r do-¡""'"",,_ 
be'"''~ll 11hich rri.-1il'\'h-lm1 •urK<' r.qJac·il.' fnr "' ,¡, 1'-<L­
exÍ<b . 

.-\ ln(O\'(' clo·taikd do•>t'lipti"" of """"-.o( lho·><· f•Ltl< lÍ<•h• 
i- ¡:i•·~n in f.'ij. 

]WH>;A''-'G .\l''"·'~lt.IT1 01 ,\l-TU'l,Tll' ]'K .. IL'f:'-• 

("o, TI<OL ;:;, ~TE\" NY _\ OF.<)I' ITl( 1'011 ~H ~ l' l')'LliO• 

.\' lni.·n~ 1\>oniÍ<>w·d pro·\'it•'l'i.'·, "•li-•tinr> tw<·<l i• '" 
'""'" th"'""~hl;· ,.n_,]_,·:r thr inorrrclotiotn ,.¡ 1he )~"'~' 

'"11'1) fnr tho• """""""' 1"'"''''" ron1r<>l '·'"''""' :.lld lt.­
""'Í"' """'!"'"~"'' nnd <h•· 1'""'' ,¡j,¡rihu•inn ·,l•l•-on 
,.¡,""""'l'i,lics. Tho· ,¡¡,,¡,,.,¡,.,. •~>lliiÍ<ou- ,,.,¡ ,., . .,,¡ 
fonnd ""'fu\ in m~n)- ,.,r},' '""""'·'"e )>rueo-.,. ,.,..,,..,¡ .,-.. 
'''"" ¡, to'i•oh"e th,• J"""'' '''1'1'1;· f.,r llw 1''"''''" ,.,,.,, .. ¡ 
""nopt)t<'t and ro·rbÍJJ ,.,.;, ,..,.¡ •< ""''' ( ,.,,.¡, "-' :\ .,.,,., ~""~·· 
,,.,.¡ :.n"T.'-"''· "-''~''" .ou:ol,l «'L altd ,,.J.-<:io·d i.·,·\lltll"'"'"· 
,;,,,¡, Tl,i· i~,¡,,,.,¡ l"'"'"' •H¡oply j, o,ft." ;, ,¡,. r,., "' .,¡ .• 

••'!>"'""' io"h"·oiott "'do· "'"tm-olril'<'lt ,.h,•r""'"' •·<¡ui¡o1•·cl 
"illo" fl,1 11 ),,.,.¡ "'"1 '"''''"'ILI'." <"<•11\l'nl ''' 1·ido· ¡¡,, "'•!'), """' 
)""''' >,l'•tem lr:,OJ-io•nt ,¡¡,¡"rlmto<'<'-' Smlo :o• i•ool·ot<•d 
)'""''' '"Pl'i;·. "h!'to 1""'1•<1'1-' olo•>ignod. 1""'-.,¡,., ,.¡,._,., 
)"'""'In lh<·•o' '"""") '"'"1""" "''-

Th,- ro·,.ul1 nf .,.;,.~ ,,.,.¡, ·"' i-.tblo•ol ,.¡,.,,., ri.Tc·-11,,,.,~h 

1'""" -llppl)- i. lh.<l ti-..- 1'"''''"' ,.,,,,.,¡ ,.,,,¡1'"""''' i- ""' 
h"rtn<·d, "" <.o~en UHI <1! •o•CI'll'o', ol11ri11~ n.ntoll·nbr,l ,¡¡1'• 
or \ ~lla~l' ''""'' l!l 1 ho· m.,Íil ]\'"'''' '"1'1'1). 1 JI ,.,¡,¡,.¡,,,., th•· 

""~"' "hid• "'•mdim<" ~··• ioOI<J llw onnin 1 '"' o·r ,¡¡.¡ •·il>u-
1Íll!l •)•l<'m ,,.,¡ j¡, m .• jol' '''''")"""'"'':<te¡,,.,,, ""' ,,f tlw 
1'""'"' cnnttol <~¡<úptnenl. 

.\'pi""'' ar,. dr•i¡;to!'d 11hi<·h in1e~r:01e alil<•ffia1i<oll ""cl 
plant <l!'•ign "'~!'lher """" ""''flllly '""1 oncl1 .,¡,. ""'''"""ir 
''"''-"1' on<i ,),.,odn"n of ,,.¡,.,.,.,¡ ¡)urii""' .,¡:),e l"'"'r~. 
1)o<• i-ol,l <·J J ¡,¡,,_, ¡,., ollgit )W>IL •-r •H)<jll\- <·<•ll< ' j <1 io ,.~¡ •'ll>i<·<i 

1« "¡_,, iuriU<Io• )"''""' '" !)w r.•l,,_,-, """'"'lli"~ •l•e "'"'"' 
'"'"'"' o·o•nl•-1'>1ho·m--·h<·'- ·¡·¡,,¡,._.-,a lo.L•Í• (,,, Lqtiol rt•· 

,, "" "1 ( ri t ir~ 1 1 " orl Íml - .,¡ ' h ' ' j •n"'"" r .. ll<t" Íll ~ l '' "'1 • ''" ')' 
>hut<h>LIIt< duo'"",¡,..,¡.¡,.""¡,.._,¡, . .,¡,,.~,,;, !la· n•:oiu 

pl;ol.! '""""''·'·l<"tn. 
In'""'" Ít1•1:11H·e, 1]11· ,;,], .. ¡),"'"~), !"""'' -ll)t¡tly ~~· 

''"""" lo:olt<-J'.' '"1'1""''''1 fOir. -:o;·. J·•ri•><i> .,¡ r, .. m ;, '":m 
mi" ;, .,n!er '" 1.,.,,¡¡ ''""'¡¡,_.. ,.,xn;,"- 1)¡,._,.¡ ,.,.~in~ 



'"''TI>"",¡: "''""' "'" '" '""" "-"'' 

W''"''·""l '•''' '" ¡.,. '"'''' at.·<i ,,..,; !:o~•· ,. .• ,., ,¡,. ,-,.,, ';,., ,.¡ 
>lli'I'IYi"~ rrilio·al [.,,,,1- ;,., .• [.,, ,.,,.,;,;: .,¡ ,¡,.. ~ilu. ;,.,. 

o)"'mlin¡¡; 1"""1''· 1,¡: •. , "'"1 ,.,.,.¡,., ~'·"•'· ,¡,.,;,~ ¡.,., ,.¡ 
'""''' it'<IIH t],- ""Jm:d 11oai11 1"'",.' ""'"'" ¡,. lho·¡Jbnt. 

Th• "l,ilit¡- ¡., o¡nir~l) ,-,..t.ort tho• <onlÍnL!""' !"""'-" 
¡¡:ort- nlthe pb1rr _dtr·r a ,¡,,¡,loma ol1rc to 1<'0\]"'''''-' ¡,, .. 
oof ¡an\I"L' •)•lo•ru •nppl.' '"ll:o)l.o' Í> ho·o""'j"~ ¡,C,..:o·Ín~l)" 
ÍU<I""'""' in ,¡wrtlwr \la). ~¡.,,, ÍBit•t(•nht"·oto•ol I"L!olio• 
UIÍIÍI) [JU\\o"r >,l.•lo'll" 1\lll•l U<o· bi~h·.•¡~·o·ol "'c·hiu)l. HU 
lh••ir main tnou•mi.-iuu ¡¡,.,., '" ho·p ""1"'"'" ~··u~"l!ing 
·1 a t ¡,"'' iu '! ,,.¡1 roni>~u duo 111~ ,¡,, ort cirruil' no·rLLJTÍhg "" 
h " , · , 11 lo ¡,. h in t ,., ,., , u ,,.,. t '"' • h Jo\''"' -m r i ug ' 1 al i " '" _ li n ¡..,_.. 
1 h· · ,¡ " '' 1 ,-; 1 '-, i 1 ;, "•m "' r•d 1 •n "" pt 1 )" a nd 1 h • i nlo•u" " 11 o•c­
""" hr·lll<<'" 1/;'"'"''•d"l' re-t,.,.,.,! l"''""Jlll;, ¡¡,,. ""Jl""'"' 
K• .,.,. ra t i11 ~ • 1 "1 i • • 11-• t e wl 1 o -'" i "~ n 1"" t , unicit·ll tl ~ "" t h"t 
tlw.l C'lti!I!J! he -•afo·[_\ reo·lo-.•ol (,¡~dho•r 1\Ítlwul el.o­
foor·_, l•• tinoo•-C<oll'lllllÍh)! ,.,.,ym·J,·,¡n¡""K ~ro\'Í•I<HL•. 

Tlt~ tffo·~t- ,¡ thi• hi~h·<¡~·"l -·h•>rt·<:ircuit into•moptio!l 

""' 1 •llh,t•r¡LLo•u 1 fr i~fr-•¡u••·d 1\·o·lo •.•Íhg, '"' -•<'t'll '" the ('o'tLI•"tl t 
pJ,,., r hu•. Í• th:ot 1"'" er ¡, ho-1 f,r t; ¡oir:olly 1 ¡':l- 1 /"2 '· nltrr 

<dli<"ll 1""""'" """''"' h:wk tru"' th,• ulility. [Jruitl~ tl"1' 
·hott tinw, "'"'' rlrin-, ,[mt dor~<tr ,¡,.,. tn tho•ir u•ÍIIl'. in­

'''"''"'""''' m>det~·nltM:C 1""""''' ¡.,,,_ 
~ J" I<'O"l"<' L'l:r<- ><11< ( '>:" 0.' l' ['¡. \ 'T ('o, t'kVI, 

D1n-i!<~ """' rtl the lÍitlc Írr \\hi.·h rl1gital i""""'' eoorn­
)>011•'"' !"" ,. h~e<t '~1')>1 Ít•o 1 '" O<'UI•'"' ¡rhorr 1•, ncl<·o ¡U.Lio• _, ofr_. 

'""'" w¡llo interf:~rt• hnl\l\\:11'' ,.,,.¡ "'"'""~"T peripho•ral 
'[IIÍJ•Itto'lol h,"-e ¡._.,., a\';oÍI"],[,. roul!" IIÍth noo•d1ntn-•Í1c~\ 

•'""''""' "''"''"' ""'"!''"'""'- Th,.,.. mo·di10nr pt••·•·~- "'"!mi 
''"'"i''"'''' ],,,,,. ti"• rapal,ilit_,. rof Jnirr~ ""·' ,,. ~11 ,f the 
lurr!'l ¡,,, lr•kd '" thc• ¡orw.-diu¡: --·c:i"" ,r tfri< i'""""· r·ith~•· 
ÍlloiÍ\'Íoluall~ ur ;imult~nrou•\_1'. R<'<'aiO•e _.,,.,¡, mo-oli11no 
)!I•W•" COIIIIIHLIOI'" ),,"-'" .uh-t.rrotÍaltui"J <:;lj"rloilitÍo•<, tlo,•y 
,..,..¡,., 1 "' ho• unrronumi~ ot he11 ¡,..¡,g "''"'idrro•rl lm a;,.,~¡,. 
p.ortirul.tr <'untrol lunctio>t> ottrlo :o<. fut'""""l't ... W11lro•l uf 

t.tll' .,,;_;; oh••mic.-.1 t:LJ"'I"'·'i"""· 
.~,,,,11 ur mi~Í<"Vlllp.,h·r- h:t\'e h.-~10 ~•-"-il:ohk ior """'Y 

h'al•. Yet hy 1hen1•eh·r·• tlo.,j' '"" n•htive:y u-ele,., <>n "­
t•·.d·<ÍnL<• l""c,•-.• outotrul i••h urde·'"" <u:lr•<¡uate hhr:ory 
u: '""''¡_",¡ ..oh11are 011.! ~'""\ applio:tiÍ!Jil •ufl~<~r~ 
···p· ,.j,ll.• tailuJt'd fur re:d·tinw \""'''"'' rorrlro\ ""' oLiail­
"l'i.-.• \],,,, • .,.-er. ¡¡,,. hrk ui """'!"""'" -up¡oorlin~ ¡,,,.,. 
,-,,..,. hanl~<at'<" partirul.rrly ,uj¡.-,[ tn ¡¡,. ;,,¡,.¡,¡,_, lro t, 
.,., ·, .. , 1 h: " 1 rr·cl u co• d t h·· or u.-t"i ,¡,..,,. i " • ",.¡' i "' ! " •1 n,. '· 

"'""-'")-• ,¡ no~n)' e'i-tiug .,.,,.,, pbn•· in the l:ttltecl 
"'·'''" ,,,.,,.,,¡,.g tll<' l""'bility .,; :qopl;i"~ ,mrnno:dic 
1""'-'""' OO•IOinJI h.ow oli-clu..,•o! ¡h.,r tho·~· ;, a,,.,.¡ :owl ~ 

i"''""li ol lhOfllitl•'"' lor minÍ<"""']ILH•" jf tfw.1· ,\fo• .LIIe­
'l'"''''l) ~•1<tipp~rl 11ilh "'l'l'"'liLr~ ,:,ttuLonl '""\ :t¡•plic:.­
,;.,., _,,ft."·'''"• uer•·~:on· Íllt.rl,oro· hanlllan-. nn<l •HJIJ"rl­
ÍIIg tr'<llllllr~ ;rtrd ,¡1,..,. ÍH•l·dJ.dÍ•Oll •<'L'I'Í!''''· 

:'udt " ,.,,., . .,, d·wlo>¡.om••ul ¡. ''"""' ¡, ri~-- 10 1~. 
'"]¡,.,.,, tiguro·• -h"" t.lnc~ dia~,-,,,.,. ,(a li!Le uf miuio-,m­

·"" o·'' h:t('l..,.] H]' 1 •Y ,,.¡,.'1""'" •l:t!Lobo-1 "o(\11 "''", h:o~ 1" ""'". 
,.,.¡ ""'" ic•·-• ;di a in>,.,¡ al """in K ¡¡,¡_, .-r~m•IU <>f oh• co·rno-nt 
tooatrllf,orturi"g indu,try. 

' 
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"'' "'' ''·"·"'·"''"' "''''''·' '''''''·""" "''''"'"'""··"'' ,,.,,., 1•,;¡ 

·n.,- ,¡,,.,. ,,¡,;,,.,","''''''.;",.,.,, """''""'"'¡' ._,_,, . .,,. 
,¡,.," ¡¡ iu ¡.-¡~.,.- 10-1? an· fror ""'- mi\ ~ho•mi~:.l "''"'l"''il ¡,,, 
,.,.,.¡,,.], (,.r hiho C<•IILOuJ. Jofld lor o•>le.,.lo-oJ o!i~ii . .J 0':0• 
l"'loilit.l" (iurlntlihl( ~··l!eric 1 )]}("" ._.,¡,"arO'). r •• ~h ') ,, i'lll ¡,, ... 
t ¡, , • folio " i n~ "" 11 tr<l 1 <''1 11 i ¡ , nwu 1 '" u 1 o ' ¡.o·ra 1 ¡,.ro. ,J f' ·a 1 un·.: 
t]w,- arL' :ol) ~nilt a\IJtllld a mir~i«•<lll"llf·r •;'•lo·<n ,.¡ l,;onl­
l!a~• "'"! ,t:,ndard lilm<r_•· 1""~'"'""' <k-il(n.-<1 tu mo·N 
l"""''" ''""' rul 1 •·•¡uir<•l""'"': • • ''"rol, 1 "'" ,.,, 1 hr1101~h • ,.,,_ 
¡mt. lo cuntrol de,-icc> ty¡oic:olb <In o he COl'; •·:odo utilizo.•< 
"'"den• rcliable ,¡,.,.;,-e,¡,., in<c"r:orc 11i1b "1'"'""'' ,.¡,¡.,~ 
"1'" ,.¡ opernh•r"' ,,.,,.,le pln· 1,1per f••r """'loiow1i"n 

"]"''"""'~ I<Jg ""d •!.m• lu~; •·arlo ;, a omnpl~h" and 
onolq•<·~>il<·lll >)olo·m: ,.,,.¡, 1-•1"'"''1"<'d fr<•lll H rido•-ol,r•ol>~lo 
1""1 ,., •Uj>jll¡-; •nol ~arh ran <"<•tmnntlir.atc " i1 h ul]orr ,.,;,,¡. 
,,.,,1,,,,.,.],c_,,,,¡ >;•l••n• h,.¡,,,,~i"K In ¡,, """ [,•mil; 

'" "l'l""l"i:ote. 
Th<• f'"l mi> '·' •km •hu\\" in Fig. Hl ¡,,.·lnM· :on :\-n<)' 

'""'hlN for rl<•ll.<•nlol '""'l.I>Í• ,,¡ thr '·"' ,.,¡, '''''"'" 
,,1111;,¡~,. Thr lomr<i"'oal """"') ¡.ro,·idNl b)' lhe prl'­
<'llgi01eor<·<l •Oftll:<re 11iil mntrol llP lo,¡,""' mal··rial 
¡,.,.,¡_,_,_ <·urreclillg r~~dH ral<• "' 11rrt-'"''" '" rn:oin:~in 
tht• ,,, 111 plc anal);;, al tht• ¡oropcr rl~o•mic•al r<•ml"''~'-'"" 
Tbc ., ,1 t·m ""ill ol'-0 t·oi,tro] UIJ 1 11 1"" \.un1~geni•er> 1 o he 

h,.teh. '" rnntlmoou- Alled i"r a -¡ • ..,•ifir rhemi<:al <'Oml.o•i-
1Ío•n ¡,. :10lju•ti"¡¡; lh<· l'hrmi<•al r:>n1JH»ÍU<H1 hold po1111 ¡,., 
1 he ,._,;, mi' >1 reo m. A rh•mi•l '• ¡,,~ ":: h pn¡><>r 1 aJ•t' ¡ •llllCh 

""d rc.o<l<r for •lllmpin~ :omllo.10lin¡: ¡>m~"' m• ~•·· indudo·d, 
,., 1.,¡.,. r:orocit)· Icor ,.,~rimo- <'ll>l<Hn or1i"""· 

'n.e ~iho-COlllrol "''t"m •hoo1n in Fi¡:. ll l'"""iolo• <he 
¡,,.,.,. fnnction' of. "'"int:oiiiHig "":ohl,· hiln "]"''':olion 

1l11o"gh !'"-'1·" ... 11 in~ am1 :odjoH ""'"' <>f t hr po·ior""'· kiln 
\:ll'i,1hlo·' ,,,.¡, :o.• ;,.,,,¡ 1'"1''"• ·¡weol. fncl ¡¡..,,- -•n<l ;dr·ln­

fn~l '"1io. ('¡,olo•r '""'' "' ""~ ~"' flo11 are al-., ,.,.,,, J • •llo••l /1.' 

,, i'i''"i''Í-•1• 1" 1 he t _,. ¡oe ,,¡ rliHko•r rmlt'r H•cd. TI,.· -.1 •T <'m 

¡,., ,¡,.. c"¡o:ol•iloiY "1 b<·i"ll ah:e lo <"mi\ m] llu• 1 ''''""' 
1.1 ~~-- nf kiln-ruoler rumbillali"n', dry ond "~' feo•d. ~>ith 
'""1 1'it1wut ¡m•hc·:oto•l', ¡;¡¡., perfo•rm.ollt<' 1"~ h Íll<·lll<lt•d. 
: .... ;., the <"a)"'<:ÍI) iur \'arinll• ~"''"m "~' ¡,.,,, 

Thc ,,·,t~m lor ,.,,.,,.-¡,.,¡ di~i1,,1 ''"l'·'hi\it; l"'•'·ido•- o he 

o·ap;«·it_~· fnr "' 1 en -'wo• obt" ,,.., 1 <li•'tú"" f,r "'"';,, "'" 1( .md 
,.larmiu~. ,.,,¡ lur olail\· )'f<•lnetiun .•o:mm,.r;o.·, und <•lhN 
l"gci"~ fomctinns; '""l·,.,,,¡,;,ed uith t\1<• <">HMI\'C <h1:< 
:oro¡ni-itiun-c:op.~ci1) ¡, th•· "':oibbilit'' ,,¡ DDC ,.,¡,,,.IX' 
¡, ,, di¡¡ibl 00111 rol of an;· '" .di pn •«'" ]t~•l''· 'The "'' JK>Íill" 
fur the llDC 1''"''""" loo]•· :n-~ lli>l'lll:\11,1- ,.,, al t.hc op<•ra· 
1ur', •i<l•o-t.1·po tun•ole, ;ltl•m~h ;¡¡pci'\'Í'"'1 runtrol; of 
th'"' N.'l púint< fl<onl """lher minioompu1o•r •>'•lt•m 
f11mily 1.wmLor ¡, al.'<O pu--ible (Fol{. 12). 

¡1, ,,lditiún lo 1lo<• prn;,.,,,¡_,- <l<••crihed e<¡uipmenl :ond 
'>¡.ot'COi1Í"nol feOIU.e>, 1hr -llcte._f,j minico!llj''ller-h.,,e<J 
;olllum:Ui<,n ><"•tem mu<1 cunliuur 1<• ir1rlU<le <he full cnm­
pkmenl of .il <•Ig'""·,.,,ti"""llr.ul;'mg b.> hoth '""-' afld 
•<~pplier. indudin~ n~>a""""· tr.<iuing, and ronnmi1m~n1 
lo\' tlw Lt·t·r, aH<l ; 1 ,,·1udi"~ "d"llll11t• inebll~lion """·UJ' 
:o~•Í-•1!>11(0, :ond follu11-<ot1 -<'I'Í<·• ,.,·nil.<hility hy lh~ ,up­
plicr 'rhc ollinicnmplllo'r-1,,,.,.,¡ >;•h•m tlo>·n ;, ,¡,.,~¡,. xll 

,.,,,,11 ,jlln "!o loe blo-,1 ""'"'"·'''"" l!·chnnlog;- '" rn<'<'l the 

o·noh-Í1o~ ,,.,.d, uf 11"·' o 111'·111 ;,dH•<r;. _\ 11 ,,¡ 1 lo<· ,-,,,1,,,,. . .,. 
1,11 f('li<!Ín•mcJJI• f<•r •lll'<'("' ,,¡JI o•>i•t :ollli ""''' C<oiJIÍUilo• 
11• ¡,,. ll'<'l f,.r •llCCI"'¡,,¡ ""'"""'' ¡,,,'"Jo •illt. 

44 
\\'o·""".,,,,.¡,,.¡,, tl10• follulling. 
!) "fl.,; ccm<·nl pbnt """"' ,.,,.¡ ¡,¡, n·pn--•·Htaoi,,., 

¡,.,,. '"':o\l"h]¡• <'\'o'll lli•l<'l ¡·l,oÍ«'> !hall l..-f<•n' ..... to lho· 
_.¡..,., :onol C:ll"'!oilil ¡, .. <>f ""'' •Ul.ollC !'""''"" run! .,,¡ •)--1 °'111' 
11hich ,¡,,., ¡·;on ''''""''"'ic:oll.• """ 

~~ Thi,' \o,-,,aoi•·IIÍil~ ,f llw ¡.,,.,. for 1'"'""' "'"""'·''¡,. 
con<roloo•n')"''' r- '" ,¡,,. iu<·ludo•1!10· minio-.. n-.poUo·r-- ,.,¡,._ 
'lll:iiC])' >II]IJ·<<I'l•·d h,1 .,,.,.,\,!1] ,,.filian· ,.,.,¡ Íflt<·rh<·•· 

1 '" r<l ,-.1' r, "'' .,. u • 1 h.o 1 ona u." ,. _,¡ -1 iJJ ~ pb n 1 • ' -,, o 1 ""-~ "" t ,.. 

'""''"" ·'1•1,¡¡,.,! '" :ol lo·.o•1 ,,,.,;,.,,, ,.¡ ,,.;, l'n"''"·' ,,¡,¡,.h 
m'" no\ lo:"" loc••n \'el) <'<'>II<•IIIIC:ol hnher\o. 

:i) Aolo·o¡ll.<l<' l"'"l'l" faei•Of• i11cho.lin~ .op¡•r<•J•riai•• j .. lo 
""ignn«•tll• of "i'ff,<ling )J<'I'-<•'"'~1 ;uHl tlwir .,,.,.,., ;.¡,,, 
"'"nhin...-l ""h ~,.~¡ initial :ouol C<III1Ítnorrllr:oinin~ n'm.oin 

, . ., •1 for ""'"''-·' in ·'"'' ''""''" ,., '"""1. 
l) Th• po--ihi!ioie> ni ,,..¡¡¡_,in¡: ¡,_,.¡,. pl.u11 ,¡,._¡"" fur 

,,.,. pl:HI1' '" b•!ler :od:opl '"o he po--ihilioic.- ,.¡ "'"''m.olic 
prnce>.• control ;ore o·><•ilin~. Tloey b)· :o h,,¡,, ¡,., -i_euoh­
"'"1tlY do:o11~iu~ fur 1h~ belh-r W1t\lphwt ¡,-, .. on:~"' ""d 
'•1•er:ol iu~ pn ,filnhiht.• . 

:,) ;:,,,.,.~, ito •«·loi<''·in~ '"""'""'i< !"'•«·-'-- coutnol i- "'" 
"" ,.,.,.;,¡,.,,_ ;::ttcec-- ¡, h··-t d,-.;~, ,.,¡.¡, Ir<> m 1lw 1 .. ~¡,,., i "~­
"f, he :o\ 1 :oino-~. ¡, prio .eip"ll-' iu< ¡,.,Je, "" ner Ílol ,¡,-, uwn1 
fnom 1h~ lw~inflin~ ,..,,¡ ot,.•r<""'"'' ¡>ln; h<·,,,_l' '"I'J'Iicr 
iHwh 011 .,.,, fr,.m 1111· ¡,.~¡,,¡,.~ ¡,.., '"JH'l'Íng ,.11 o.< "1" "'' 

1iu11 un nmtr<>l pn>C<"<·o\,_ 
li) l'o-inl'il",! '""'IIIÍ.¡l Íll~lo·o!io·JJ!> for •LJCC<'>' \\-¡,¡, llo<• 

1)piC>ol ,.,.,.,,,,,,,¡,¡¡¡¡) lor ,.,e], \,:o\<• """ ¡,..,.,. i.-le,.oifi.d 

f"r '"""'mtir 1""''""' r<>:lln<l ,_,·,¡,.m, in """"'"' m .• !IU-

1:<1'1111111~ pbOll,, 'T.IJ<Í<·:ol ''''"""'"'" l«•nefil• ,¡,-1!\ed frnm 
•llcro~·fnl :o111<•ln~1ir )•ro><<·-" ,.,,.,.,,¡ h1· di~i:,,l <'•nll•'""' 

ill-'!:o\l;,tÍol, h:<'"•' :O]•<> 1,('<'1\ ¡,j,,,.,¡fí~,J. 

111 c-..,;1"''" ,..,.,.. ~ .... ¡ ... ; ... ,._ --,.,...,..,. •• .-.:~ .. r 1"'"•--- '""''"t 
"'"'l"""" ¡.,, 1hP"o-.a.Pnl ,.,,lu•lr,<."' r..-...nh<l •1 ,¡,. 1'>6!1 
1 u : 1-: r ,.,.,. " , 1 ,,¡ ,.., , _,. '~'•·• h, ,,., 1 ¡, ... ""''" ,. , '!'• " .. , , • " • "" .. 
r·,,.,,d,, ""·'· 1-J-J.\ _ 

1~1 H. f: E,-,,...,,~ J. IL lleoo, .. ._,,.,.,,,._,,.,.uf 1"'~ '"': """¡!''""' 
"'"'"')•< (',olif .. n•i• )'.,~, b:ul .''"""'"' ('.,';'J""'' ,' 1 !}E .. '"'"' 
! .. d.Gm ,t,.p),,.,) 1<,·1-(,,~o·¡,.,(hLJ.¡ ll,pp 1, _ _,,_, 

l3J ~- !1. ll /Jpw. "l>u,.,., ol'""'' '"'""'1-• ,.,,.¡ '.'•"'"' •1>-
l"""<h." 11"!,' lf/:l' , ...... '"'· . ' 

1~1 H. F..:.<r, D•_·'~"-~'~d ,.,,,.,.,.,,.,p.,¡ '"'"•'"'"'!·""~"'-:)','',..¡ 
'''""n(plll<•l>. 1/.l.f. T'""' fou/,(m<..1pp/,v,.) 1 •~->,. OV. 

ll.o. i!"''' /'1'-7.\2-7: .. _ -
j.'i] ,\!. lt. l!.o~ Iom, !L ), )j¡opi". '"d f:. ,\ 1:. lli<l., ;·.•vpl"""'"'"' 

,r '''~"·'' ''''"~"'" '"'''"'1•·· ''·.• '':'"''"' .,,-,,,,,,,,_,,.:~ 1<",_ • •~.' P< ,._,.,,,.,¡ ol ,¡.,. 1~1·,, 1 <·' .. •o·n '"'" ."" .\•><• '"' 'Ll< ' :"'' , .. 1 
¡¡, u .. ,..,¡-,.,, ... ,, ... d c ....... ,,_,-¡ ¡,.,¡,., •••. )1,.,-. 1-. lk."""' 
_ .... ,. .. !J."' 

lfoj J. \\'ao-1"'"'"1- "",¡ 1' ~ 1'"'"'0• "·''"."'"'''""" '·/''-'"" ~·~"­
""'-""""""' of .,,.¡,..,. '"'" ,¡ l'""-'''"'"" '""'·"'~"· 1~!::,'­T••••· ¡,¡_c.~ . . 1 1.p1 .• >hl ,r.\ .. ,, :-;.,,·.<1),-.-_ 1 "·'·VI'· ... !-,,, ''' t. l.•·h<·l A,,.,..,,.,,.¡)) 1: )1,,,¡¡,,,, ·¡:,,,.,.,,,., ,¡,.,., ,;,,,.¡ 
''""''""i'''"'¡on-:· ll~<tl'co.f,m, '1"' ''"''· _ . 
~ ¡_,.;;,., ···--¡·!·i-o:."""! _,.,,,.¡.,~ •.<-'"":: •;<"""~'" ""'-1"'"'' 
.. 1.,.,,,,;,.,,_" .,,,.,,,, .• , 1 ,,¡,,.1 r,.,,,,, 1 .... 1 1 , ... J"''··-'•"-
1%1. 



'•"''"" d ,,1,: ,, '"~'"''' ,,, • '~·" "·"'" 4
,. 
;:lwo 

!<'! 

[IIIJ 

''-u !1.-J~ • .,,¡, .,,.¡ J. 11. r ... u, ...... ,,.,,,, .. ,,;,,, '"''"""' 
pi.,, r .. , ,¡'"'' ,, , .. ,,,,.,,,.""' ""'- ·¡.-·,¡ 1 :-; .. ,. ,.,,;·: 
J, "· ,,.,,,:~. \\' 1< ·"""""• ""'IIL 1 l'l .. ll•p· ''<1 ,,;,," , .• '"' '" 
~"h • '"''"'P·""' '""""' ·.' ''""'; P••~m~l "' ti,, 1 '"" 11 :1 :E <"•'""" r .. J ... o" ,-,..h .. ;, .t c. ... r" .. ,,.,._ h-,1···· .. c.t.r. 
.\po. 1+·17. 
J. H. ¡¡.,,,¡. on•l \1. IL ,¡,,,,,.,, ''Ap¡•h··•""' ,.¡ • •l•<i<al ,.,,,. 
"'""' "' the '""''"'·m>~,,~ !"'"'""·" IK/if.' 1'"'"'- lo•l. n...,,.,., ro·olr.lo•l••"' • • .,1. IH'I·I-1, .\pr. lilfof"o, ro•- ~-'1 

o·~1 t·:_ ·' t: t: .. t •• ·-<··"'""' '"''""·'''"" t,.b·,;· P""""'''"t ,, ,¡,,. 
1 'HO.'o 1 J:l-"1: (.',.,,, "' 1 '" ¡.,_ "' To·• ¡,.,¡, . .1 (',,¡,.,.,.,o·, , \llehl.,~'t•. 
P •.. \1,_•·1~·1<. . 

1111 J. :<o ti'""""''·."!""'"'"'"''''"';,.,, ood """mi ¡,., h.JoL•Iri.•l 
mm<llol· ''"'"'" ,.,,¡ ¡,..,,..;• Coo, .1/in>og .1/o/, Hui/, J"l) 
1%7, 

11<1 C. J. u,.!: ""'! R.<;, ~'"'"""· •·t.,,,.. ,¡,. dio>er .,.,..,._ U{H'I>· 
~""-•," P<....,.,,,j ot the i!N "-"""- C•m•n< !noto .. tt)' Upem­
ti""' ~ •. ,.;.,,, Chn'"l!", 111 .. :-;,, _ 2f,-~·'· ¡<¡();_ 

E. H. G•uh.r,Jr, ~:t·hm11 llo 'l.,lnlo, \la. ''" .\prii2H_ l;l""f,, [lo· c.·c·•·ho·ol ¡¡.,. B .. • . .i<~ro·t· ¡,, 
o·iec·n ira 1 ~~~~¡,,.,.,;,g !""" nulo• t: ,.,-,,.11¡·, 1 '"rham X. r .. ""'' ha· ''"~"""' 1 ¡, l'"''~'aduw· 
~-,.,~ :ot the l'toiw.-.it)' o[ l'•tl-·burglo, Pttl•bu._~, l'a .. an~ th~ \"ir¡<iuid l'oh-¡.,·hir ho>lituo~, 
1<1"··1.-ln.r~-

flo• ha· b•o" ~-uh ,¡,,. ~~'•••li,~h""''' f:h•c<ri,· C""'"'"tiun. ,¡,. Elli"" Cuw¡'""''• _,,,¡ tho• 
i'nt·hm;:h l'lnte Gln-. C'ou>i'-""-'-. fl< jnined lh~ G•n•·rol F.l<"<lri• Cotnl'-'"l iu !9~2 ~nrl ¡, 
1" , .• ,., t 1) ~,.,¡.,,. o'.olt•, -''"1 .\p¡ ,[,e:. t ¡,, L10gi "''"' ,, t tlwir ~b" "'"""'''"~ .tnd l't "'"'"·' .\ '""""' • 
ti<>u 1 <i ,.¡,;,.,,, \\' ,.,¡ Lynu, ) b.-. He i; e'perienc«l in th• "'*"""'¡"" 1" ""' io , .. nf ¡,,¡,..'""' 
dri• , .. ,,.,[ pro~-,.,._,., in th• eem<nt, "eel, ~nd gl"-'' in•l11•1'i<•-

' 

Myro>n R. l!nrlbul (~':0.\-~!'i,,,¡ ,._,,¡,.,,, ;., 1\l.,.n,th l".oll<, Oreg. "" ~<ptt'olo!.o•l '!, 193•i JI, . 
... ,.,.¡, ,.,¡ ''"' 11.~' tlo•gro•e ¡, ,,,,., ,;,.,¡ ,,,~¡,,,.,¡,~ '""" n .... ~ .... ~,_ .. ,. t: "'""' •ity. (',,,·,[1, ... ¡, 

In-'' 
11, ¡,.¡,,.,¡ rh,- (;or,,.,,¡ 1-:lt•o·lo,. ('"'"1'·"'-'- "1""' ~'·"1""';,., """ •''""1'¡,.,,.,¡ tl,•ir 1•1\-,.,,.,.,¡ 

1-;,. ~· '" , :111~ l'r"~'-"" "• 1 ~~~ .. \flOr " l"""' ;L< l>n)"'" ÍM<r uf lh•• .\d ,.,..,,.,,¡ 1-:n~io•r.·ring 1 'ro­
~r ,, " 1 . h, · ·1 .,. nt i "" r ! ''" r • '"" \, i " ~ i " '" no 1 "' 1 • ·ri .,., 1 pn 1 ¡,, t "'" " i t ,.,¡ u~ " ' p:o tt .,; 1 ho ,,.,[ io·a 1 
,.¡,., ,..,,:,. '""'' at tlw X•H.o•· llo•¡•altln•'tll in ;!ih>,t11lo·o·, 1\'¡,, ~,.,,.,. 19till ho h.t• IIOJ'l<·d ¡,. 
'"'''·"''" pl:lllt ""'""""'""• fir-t nioh th•• Proo·.,_,. Com¡u¡l<·r llcp:or\ul<,.t, l'h"''"''· \ri•., nnd 
"""''"th ,.¡,, the \btoltf:tdurÍI>g "'"! Proo;e" .\~toomatinn )!<orhtiHg IJ<p•'in>eHt, 1\'e<r 
'¡,, "''· _\¡,, .. , 11<' h,,. (,,.,.,. aW .. I'olo-.1 ,¡.,,.,. 1'"1"'"' !oH' <'t'Jl"'"' .iln '"nlr"l >)'>(<'"'"· 

-.llr 11"'""" ¡, .t n<PIIIh•·: .,¡ l'tli !\ >(>[>> l'bi, T~u B<'tn l'i, Eto K>;>pa Xn, Jnd Pi )!u 
~; 1 ,.;1 .. ,_ ,,,.[ ¡. d 1\ ··~i·to·• ,.,; l'o .,(,._,;,.,,,¡ ¡-:,~;,,..., ¡, 1 h .. -~'"''' of Ohiu. 

• 
·' 

Ed,.·ard A. E. ll.!<h (~i'J.' ~~~·~_-¡, on• bor" i1o ~Jit l>«l.r \n~, {'oah. '" 1'01~- 1[<. ,.,.,.¡,.,¡ tlu· 
!l.~. ,¡,.~ .. -· ¡" ,¡,.,., ri.·al ,,~¡,.,.,.,;,~ ,-,..,,, the l', iver.il) n! r '""· ~ . .lo 1.:~ ~.- (', ·' • ¡, 1 ~:¡;-

¡¡,.ha<¡..,,,, 11ilh tl~t•Gt•:wtal f:l>·.-tne {'""'V""l ,.;,,,. 1,:17. !lo• •!"'"' '"" ."''"'' ¡., ,,,;,.,. 
1<-1 '""1'"""''""' ,.,;1"'"'"" 11n•l ei~ht ) Par• "' 4 tl~-i~"~' of <)'IU'hr<onuiJ- nL;< ¡,¡,., .• _ lo 19 17 
ho¡.,¡,,.,¡ thc ¡.,,¡,"'') .-;,,¡,,. un<l En~;,,.,.;,g ()!""'""" ~doono·o·w.ty, ~-Y.,~,,.¡ i• '""' 
1"¡,,.¡1"'11¡· ;,.,.,1,--.1 '" (;..,,,,",¡ Elocoric·'• .,,~¡,,.,.,;,~ ,.,,¡ •.11,., r<•latint>• ,¡¡h ¡h,- gl"" "'"1 
'"""''''" ¡,,.¡.,,llÍ•··- 11•· ¡, tloP anthur tof llltmPto"l· 1 E f:E an•l Mho·t h·ehnie.olpopol> ¡>re-<"n!rol ;,. 
tho· l' ,¡, d Sl.tk• a11.[ ¡,, .,¡¡,., , . .,,., Lrio". 

~~ r, 1\ich ><'r"·d a• ~ •. ,. r<•l'of)- ol tlu· Cenl<'hl lwht•i r_1 ('""""'" ,., . .,¡ 1 loe lE U: (( <.1 ÜMo¡o 
,-,, elo·••"" l'·"' "'"¡ i•pto'·<'lltl¡· Ch:ti'""" ,¡ :h~ ('.,,,,.,¡ \\',,~;,~ (~'""1' ,¡ tho Gl"" !u· 
<ILI•"l C'nntonll,.o·. ~¡'"" 19fof, lw h10< ·ot\e•l "'VIO<' Ch."""·'"• l'a¡wt.·, of tho· T•eh11it·"l 
Opetal ¡,,, ll•i"'" "" "' .,¡ th" lGA (0 '"''1'· lto• ~~-~ '"" ,.,¡ ,, • )[e"t~er-ut- Lor~·· .,¡ ,¡,. (; 1 ""1' 
.\d ( ""' in 1970. fle '""·h·r·l the 196q 1 >i-tingui·h .. J ~,."-¡, , .. \•nrrl ol tho e~""'"' 1 ,,¡,.,_, 
('nmmili<•P . 
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Thc operation of a paper machine is critically a!lected by 
the comple• interaction ol sub•ystems thal hndittonally are 
s~bjected 10 ind~pendent control action_ This anide de· 
scr~bes the design ot a control system lora paper machine 
that tal..es inlo account such interactoon. and shows how 
the deso¡¡n technO:jue may be applied 10 a basis·weighl/ 
moisture-conuol system. 

lnteractive Control of Paper Machines 
E. B. OAIJLIN_ Measurex. lnc 

Good pJper·m•chinc control mu!t include coordina­
tion of ,uch subsystems •• rcfrner, hcadbo•, and 
dtycr, and spccd and •tock leed. Withnut 'uch coor­
dination, control actionsthat are taken in onc pan af 
thc <wcrJII process may be major sourcc• of upset in 
another part. Specifically, rcf>ner adjustmen" may 
up;<:t mni<~urc control; •¡>eed ch .. nge• ma} in~uenc~ 
P•per formati<>n unloss compcn>¿tory headho• ac­
tions .ore ¡a~cn: .etpoint d.tngc• in b.tsi¡ weighl may 
c.tuse both an upsel in moi,¡ure contenL and a •·ari· 
alion in <h<:tl strength. 

Elfoctivc handling of interattion< among paper· 
ntJchinc suhsystems may be initia1cd by con>trUct· 
ing a control sy<lcm 1hat takes ad.antage of cxi>l· 
ing analog c"ontroh v.hile employ:ng the full p..>wcr of 
¿igital Compu1ing tcchniqucs The rc;ulting contn>l 
¡y,tem ;, ~ot too com?lex. ¡el greatly impro•e• thc 
Oütpul prod<Jct, and at thc samc time kcep> Of>CO a1 
much digital compuler capacity "' po"iblc for more 
<ophi.,icalcd algorithm implemcnta:iun. 

l'or " ¡;cncral approach tu ntc!\hcmatical modeling 
for the ~"?<'' in¿umy, Rcf. 1 is su~gested. Previous 
v.ork by the author '"-, ccrtatn algonthm< appea" in 
Refs. 2. 3. 4. and 5. The o>pcrimontal data u'cd in 
th,-, articlc v,¿; g.Oihcred ~• dc,..·ribed in Rds.3•nd S. 

P-'per macll.in• in~uoncu 

Tite '" ble -10 lhe next pagc e51abli•h•• qualttative rela­
tion<hip< among <I«Oiial indeprndent ,·ariablos tbat 
may be eith« random di,¡urbance• or manipu1ation 
input•. and an array of dependen\ variable<. y,.,¡. 
able; preceded b}· an a5teri;k are notmally manipu­
laoed and v.Hiable; that can be observcd are brncd. 

Control objectivcs ma) be defmed frorn a >tudy of 
this tablc. The b2•ic need for aulomatic rcgulation 
>tern< f ro m l he cxi<tcncc nf the di>turbancc variable•. 
)..lea•mcd and manipulated variables aff01d poS>ibtlt­
tie, for forming feedb•á control loop;. The tabk 
also ind.cate• sirnultane"u• cffccts of manipulated 

vartablc~ upon variable< rclated tO spectfoealions for 
tl1e product qua lit). such as basis '-'•'8ht. moi•ture. 
and formation. 

lt" often usefulto ;tabili¡e fikr ftow by ca>cadcd 
conlrol Jround 1he >toe~ •ahe. In the tablc. fiber 
ftow i; idcntified 3> dry <lock ftow (DSF), Jnd is 
dcfoned "'thc product of con,i<tcncy and >IOcl. foO'-'. 
Thc feedback loop. clo>cd from calculated DSf to 
>tock va]ve po>ilion. will be afkc•tcd by con>iMcncy 
roading noi"' and tempera\Urc imp~ct on lhe consis­
t<ncy meter calibration. 

llo•«vcr. lhe.e >toady·<tdl< cJlibralion erro" are 
not too ¡;riticJito good control bec•u.e lhe long-term 
b<ha•·ior of írb<r ftow i; determine<! by fcedhJck of 
b!Si< "cight. Thc uoefuleso of the cakulated DSI' 
loop Í> ra1her tu preven\ short-tcrm >ariation in con­
>istcnc:y from ur~ening tho basis """ight and the 
moi<ture content ofthc rcel. 

The feedback loop from 'len m pr<,<>ure to >tcarn 
vah·c posilion is normally tmplcmcnu:d '-''tlh analog 
pncum.<tÍc cOOirolle". \\'ithin thc dynamic range of 
Ibis control loop. thc dfccts of <team line pre,.ure 
.~nd fla;h tank pre,.urc are prc•entcd from propagat­
ing thr<tugh thc >y>tcm \O inft,cnce dryer he.tl ftow 
rate and reel moisture. 

Interactivo ccmputer con1<ol oy>tom 

Tlte block diagram of Figure 1 sho"" how a digital 
computer may be applied lo a papcr machinc for the 
purpo,.. of impro,·ing produc¡ qu•lity through more 
•ophisticated control of inlerac\lons among Of>Cratin¡ 
•ub5Y>I<ms. Thc contpu!er r.oceive• measurcmc~" of 
quahty·dcfinlng ,.,iabl« and p<rforms highly com· 
pln analy•i< nf. for uample, nunhno•r colibration 
'haracterislic. and ~alibrauon parametero for 
difíercnt pap<r grade•. Pruduction ratc;, fibcr con­
•ompliun por prod"cod rocl. and ntean' and varionces 
of qu¡\i()-dcfining variable5 con be prep,tT«< regular­
ly for rn•nagement. The cornputer can cakulotc on· 
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lino the truo cro•s·diroction profil<, uf. •~y. ba'i' 
"cight. bonc·dry "cight. and rnoi>turc 

The,c .ond othcr complo' fur.ctiuno are routinely 
pcrti.>rm~d ~' sho"n in FLgurc 1, whcrc the c•>mputcr 
ompk,..cnn llgorithm< to >Upplcmcn• the ~•~lag con· 
trul of l<>.:al opera! ion;. Thi¡ ;ystem inoor P'-'' •1<> f<"J· 
turcs thJt are not generJIIy inc·luded in P"?"'' 
m~chLr.c control. 

To illu,tratc \he mcthod> uscd. a rcbti>cl} >Ímplc 
S}'·'tcm for c•mtrollirog ba'i' wetght and nooi't"re "'11 
now be di,c"US>cd (Fogure 2) 

lhc '"b'}"""' fur pulp·~"" coomol cunsi•t• of a 
flo"mctcr fccding a oig11.1l 10 an on.1l<>g ll<>w wrl· 

troller. "~'"h lhcn moni¡>ulalc' thc 'tod. valle¡><,¡. 
tion. ,\ coniÍ>IOU"} me1cr tr~n,mi¡; ~ "gn.ol to lhc 
digital cumpulor. ¡\ prugron> pro»iJc, d1¿1ital f1lleriog 
fnr elimin~Ung high.frequonc¡ noJSc "''o01atcJ wtth 
thc can>istenq mcJsurement. Aflcr noi"' ccmova\. 
1he progr~m calcuiJte< fto" ""'·roint correopondtng 
lo tober tl<J~> (dr; ,,tock fto"' or DSI'). Implementa· 
tion ~~ thi' loop with a miAIUr< of Jn Llog .1nd digll.ll 
h.1rJ ~ ~•• pro•ido, a profit~ble b.1lancing bct """" d¡. 
n~mic· porform"ncc lnd m,t, 

Tho dr}<r·cont,.JI <>'Stcm ;, J con•·entionJI pneu· 
m.~tic control loop regQhting thc <ICJm pre»UfC in J 

dr¡cr ;e~ti"n· u•ually ll1e one diroctl¡ .1heod of the 
bJ>i' "eighl nnd rrhJÍSture st:.Lnnor 

1he '"f'"'''i><>r¡ controller urilil<• me.burement< 
of b.~,¡, "eight and moioturc obldincJ (prcfcrdbl}) 
at 'cJniLing •recd> bet"'"" 500 """ I.OOn in. per 
min. The.;e <peed, enable the computer ro h~•C b.:tter 
pro'"" infarmation lo "Orl "ith in. far c<omple. 
calculaling ~rass·dirt<lion pro~lc>. 

Proc•s. iden\lfication 

1he objecti•e of proce<> ideotifkotion ;, to dctortro•no 
prooe» d¡namJC< p.lramcter;-e mu•t >lep in con· 
suucting 1he proce" molhen>atical m.odel if an ade· 
qua1e con. mi sys¡cm is to result. The pM amct<<• ate 
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required for both thc design an<l the tuning phases. 
Thc procodure is to 1ntro<iuce small up.-ts in 1he 

rnani¡>ula!ed variables and collec:t thc response data 
in computer mcmory, Afler a smatl pcnurbotion of 
the stock valve, for in,tance, a vari.1tion in s\OÜ 
Ro,., coasistency. ba~i• we•ghl, and moi<ture "ill ~ 
observ<:d. Again, a small •·ariaLion in <team pres.ure 
r.ctpoint w¡ll C.iUSC changes in steam pre.,ure, mms­
!Ure, and basis ,.-eight that are tranomitt<:d to thc 
computer. Thc required paramcters are ob1ained by 
analysi< of su eh response data. 

The critcrion for a good model i• lhat il pro•·ide 
the b.i•is for good con\rol-systcm 1uning. Thc dcgrcc 
of nccdcd ae<:uracy of paramelcr e.tim"li,>n aloo do­
pe:~ds on \he loop •cnsitioity to di~rcp~ncics be­
\v.een a.ssumed modc\ struclure with parameter 
va\uc; and actual proCcS5 dynam ics. 

In the 3pplication b<ing di<cms<d, an adequate 
model s\ructurc can b< dcri•cd from the wet-e-nd 
model cquations of Bcechcr, Ref. 1. !gnoring thc. 
)le..d bo• time constant. thc simplificd linear modcl 
d...-e!~pcd by Elcc.:hcr i• 

HW 

!J.DSF 

+ ~. $ 

wherc;'l BW .. hasi• weight changc al thc recl 
"' 

!J. DSF •cbang.; of conccntralcd pu\p now to 
papcr mochine (gallons dry pulp per min) 

K." •garn constan! 
T •\rdnsport de\ay from stock •·alve lo re<:l 

T• •mixing time const~m in thc,.,ire pi! 
r1 •!he fraction of fit<or nt>W that does not 

circulatc through !he wire pit (retentioo) 
s .. Laplacian opcrator 

This modd heing acccptahlc for thc "-'CI end oflhc 
ma~hine, the dr)cr is oext con>1dered. Thc nalurc of 
a rcspo~..- 10 a small steam-pro,sure cha~ge is ob­
latri~d from a heat·flow analyo" of tht drutn, F1gure 

" " 

3. lf the felt is the samc tempcrature as thc pocket 
au, the heat flow per unit arca may be moddcd., in 
F1gure 4. The dri•ing signa! is the tempcraturc on thc 
inn.r surfacc of thc condensatc. Thc sheet ;, ~onsid­
ercd as having a ~·et and a dr) section. thc luner rc­
sisting "'aler removal. The rate of "aler removal is 

F • .. CU,. (T,- T,.) (2) 

wbcre C = rttiprocal cnthalpy of" a ter c"Opocation 
U,.= heat c~nductivily per unit arca botwecn 

lhe wet sheet node 
T, = tcmpetdture ofthc fibors in thc sheel 
T.~ temper•turcofthe"~lcrinthc•hcct 

With \rmpcrature as thc ;¡n•log üf voll'lgc, hcat 
<:apacil)' "' the dnalog of tlectri<e édpaci\y, and bcat­
transfcr numbor. "' analogs of c:ecuic C<mductivi<ie>. 
!11c trunsfcr function fúr Ftgurc 4 may be wrincn 

F,.{s) C~ A B 

T,(<) R,(>+A)Cs+B) 

u •• 
" -

u •• + 
R,. +R .. 

-incremental (4) 
drycr cfficicncy 

R, .. R, + R, + R, 

R, .. R,. + ----'­
U,.+ ------

R,. + R., 

R,, • 1/U., 

'" 
(O) 

A, B drhdrackristoc r,H1i.tr! frc<¡Ucncios of tho 
nct.,.·ork 

V.'hon lbo sheet is 1ranoponcd through !he drycr 
section-all of who<e drums are assumod lo hJ<e thc 

< 
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CUANDO SE TIENE GliE PRACTICAR UN CONJUNTO DE INSTRUCCIONES 

SOBRE DIFERENTES VALORES, 

• ACOMODAR UNA LISTA DE VALORES EN ORDEN CRECE!NTE O DECRE­

CIENTE, (N: COMPARACIONES)a . 

Existen dos formas para solucionar esto: 

Copiar el c6Jigo tantas veces como se necesite 

Agrupar las instrucciones y usar algún mecanismo para lle­

gar a este lugar 

Ejecutar las instrucciones y regresar. 

El mecanismo utilizado para brincar el conjunto de instrucciones 

se le conoce como "llamada" y al conjunto de instrucciones se 

le conoce coi!IO "subrutina". 

El mecanismo para manejar subrutinas consiste de dos pasos: 

lo. Preservar la direcci6n de regreso 

2o. Cargar al PC con la dirección de la subrutina y se usan 

dos t~cnicas en ayda de esto 

Liga o apuntador (una localidad) • 

Anidación (stack) 

' 

1 



En PDP·11 la instrucción que permite el manejo de subrutinas es 

JSR ., ' '" 128 byts 

1S 98 ,, Q lop J R, 1 
.. , 

1 

ALGORITMO · 

1.· Preservar el valor de Registro involucrado 

z .• Prese=var el PC en el Registro involucrado 

3.- Se carga el "PC" con la dirección de la subrutina 

FECH lALGORITMO) JSR 

MAR PC 

PC PC + 2 

MDR -- ~IEMORIA [ Linf, .. MAR] OFFSET 
• 

ntP --MOR+ PC 

R 1 6]-2 

MAR R { 6) 

MEMORIA [ Linf .. ~lAR]--

R ( 5] PC 

PC ---ntP 

• 

, 11 DE PALABKAS A SALTAR·. 

,TOP+2 

, APUNTA AL Sl' 

R [ 5] ; SALVA EL R 1 S] 

, PC SALVADO 

DIRECCION 



RETURN FROM SUSROUTINES LRTS] 

RTS \5 el efecto de esta instrucción es de reemplazar el PC 

por el contenido de REG [ Sl y reernplaz~r REG ! S} por el conte­

nido que se encuentra en el TOP del stack. 

FECH DE RTS 

PC 

MAR 

MDR 
• 

R [ 51 

R [6]--

' o 

R [ S 1 

R { 6} 

NEMORIA [ Linf., .MAR} 

MOR 

R l 6] .,. Z 

• 

, RESTAURA EL PC. 

RESTAURA R l 5] 

, RESTAURA EL SP 



• 

MAR 

MDR 

I>IP 

REGISTROS DE 

.--"'~ "'INA"'---1' 

• 

~o 

~· 
~2 

1 

1 

1 

) Ill3 

~· 
~S 

~6 

~7 

1 

1 

1 

1 

'. 

RLGISl'ROS MiKlRIA 

. 

• 



( 

Las instrucciones etiquetadas con B1 y B2 pasa control a la 

instrucci6n etiquetada con "SUB", cuando la et.iqueta "RETURN:' 

es encontrada, el control regresa a C1 y C2 dependiendo de 

cuál fue la llamada. 

ETIQUETA CODIGO O?ERANDOS COME!<ITARIOS 

.. . ... .. . .. . 
1.- B 1 : JER \5, SUB LLAJI!ADA A L4 SUBRUTI;.:A 

2. - e 1 : MOV X,, AC REGRESO 

.. . ... .. . .. . 
'. - BZ: JSR \ S ' SUB LLA.\lADA A SUB 

4. - C2 : MOV Y, AC REGRESO 

... ... ... 
S •• SUB: INC AC lera'. INSTRUCCIOX OE SüB 

... .. . .. . .. . 
RETOR.'•lO: RTS \S DE R{ 5] SE OBTIEXE EL 

REGRt;SO . 

• 

' 

. ~-
. 

'\ j\ 

~ • 



"' ENVIAR OPERANDOS A LA SUBRUTI~A Y RECIBIR LOS RESULTADOS ES 

LO QUE SE COXOCE COMO PASAR PARN!ETROS. 

1 • 

2. 

'· 
4. 

s. 
6. 

7 • 

8. 

Cuando transmitimos par5metros lo que pretendemos es minimizar 

el tiempo de ejecución y los requerimientos de memoria. 

Cuatro maneras básicas de pasar par~~etros. 

1o. AREA DE DATOS CO~IUN lGLOBAL) 

+ P, P. y SB TIENEN ACCESO A ELLA 

+LA DISTA.'l"CIA E:-l" EL DIRECC!ONAHIENTO (128, -127) 

2o. USAR LOS REGISTROS 

+ SON POCOS REGISTROS (R¡) 

+ USAR MENORIA PARA PRESER.VAL LOS REGISTROS. 

LABEL CODE OPERAND COMMENTS 

PAAA'I • \1 

>fN PN.\'IE' PARA\! RErJ PAR!\\:j hohb thc .~u· 

' dress of p,1f~,~:c:tl"r :H~"'-L 

lrN AllG1, O'ARA\1) + Transmit first parametcr. 

""' ARGl,(PAM\1}+ Sec:ond parar.-.eter. 

.. . ... 
1DV APC!l,(PARAM)+ ' 

,.,, par=tcr. 

JSR Enter subrout ine 

.. . .. . 
PNJIME; PAREA 

PAREA:. • ,+18. ' 
Para:ncter arca 



30, AREA DE PARANETROS (LA DIR SE PASA EN ALGUN RJ 1 

1 

1 LABEL 

1 • p,'IJW.f 

2. RET 

'· 
•• 
5. 

6. 

7. 

8. PAA!'.A: • 

9. NEXT; 

. . . 
10, Y: 

11. 

• • • 

12. 

"· 
14. PNAME: 

1 S. EIGHTEEN: 

CODE 

• 

• 

. .. . 

... 

. . . 
ADD 

RTS 

OPERAND 

\5 

ARG1, (PARA\l)+ 

ARG2 ,lPARA."lJ+ 

ARG9, {PAAA'lj+ 

RET,Y 

,+18, 

Z ,T 

. .. 

4 (RET) • IDlP 

• •• 

EIGHTEE!l; RET 

• 

llliT 

PAREA 

18. 

COMHENTS 

REGt PJ\IlA\0 holcls tho 
address of parameter 
arca 

Trnnsmit first paramoter 

~~cond parameter 

Last parameter 
. 

, Call Y "'ith return 
, address in Rr.Q RETl • 

Parameter are follm..-s 
JSR. 

, First instruction cxecu­
cod 
after return fror:'. Y . 

Load third par~eter 
, into IDlP, REGI R...rr] 
; contains the starti.n ,1d­

dress of the ~r=ter 
arca, and the third 
par:uneter is four bytes 
beyond the base of the 

·, arca . 

1 

. , Calculate actual return 
, address, n1nc words 
; bcyond addrc~s in 
; • REG[ RET] • 

, Exit frorn Y, 



• 

l.l AREA DE PARA.'fETROS EN LDl!::A (Ú DIR BASE AHORA ES LA 

DIRECCION DE REGRESO) 

LAS EL CODE OPERAND 

1. POIN'f " .16 

'· REr • . 15 

3. l<N AAGZ,- (POI!'<"f) 

4. >rN ARGl,- (PO IN!'] 

S. JSR Rl:.!. y 

6. Y: lPOI:IT)+,ffiiP 

.. . .. . ... 
7. >DI' O(POII>T) ,OOLD 

B. >DI' Zl?Ol:IT) ,!OLDl 

.. . .. . .. . 
• 

9. ADD U,POI!>.T 

10. f[JV IDIP,-lPOI:-.'T) 

11. RTS 

4o. USO DEL STACK (HE:>:OS ~IDIORIA) 

' 

COM!-IENTS 

; . Push down second param­
eter. 

Push do~om fírst parameter. ' 
i· 

Call Y with retum address 
m 

• Rl:G[ RET] • 

Entry to Y. Savc old valu 
of 

¡ ílliGI RETJ , no•• on top of 
¡.st;~c~, in TJ)¡p, 

; Load first parw.ctcr 

Load second parametcr 

To rotum, fi rst pop p:tril!':'.c 
tcrs from stock. 

• 

1 

Place old valuc. of Rf.G[ RE'Tl, 
on stack. 

; Exit from Y. 



--- ____ ,. 

• 
D 

US!::f::~AX=! 

U':'ER!'III-'=1 

J':'R 
JSR 

PC,!N!':'TR 
f'C,APRCNS 

!N!C!AL!Z,:O E':'TRUCTUP.AS 
AP~:!R C!'>NA'-.ESt 

O C!Jf-!SI}LA 
• !-!0 TE-''~!!-!ALES 

• 
• 
• 

LQOP: 

..!SR 

.'':'R 
, SPN!' 

~C·DIG4~E 

PC,RDRED 

11 o'~:C'"'!'.'!J r;'l_IENTAS 
' !2 o'RC!-f!I.JQ D!RECTCR!A 
;Dr~"' '-'·" R!::t,Ll A ,__,-.:;·TERMINALES 
; !'o'~: ~:C1 . 1 D A'-. Fo;; 
;--A DOR."HR--

• •;.: •.:.:.:.:'; •.:;.: ;.u;.:.:.: • •.: •.:;;.:.:.: ;.: n ¡.:;' n n; 
1 
1 
1 

'' . 

• '';:;;';'' ·'!;;;;';;¡;;.o.:;;'; •;;; p;¡; ¡ !H;.;,; ¡ 
APR!:NS: 

• 
• 

• • 

GQSU~S '-.Q!JI<'J~·, d·ARI}CTo', !C'..!E."TA> i.'H>R!R ARC'"!!<."J CUENTAS 
GOSUPS L':lO!\UF·<~D!RAF:Q,~D!RECT> JABR!R D!R!::CTC.~!O 4RCHII.'0S 

tUSERM!N:P2 • 

GOS'-'BS '-.'JO!(!.'P, <:R:::!, HERMNL'> 
UNT !!. GT, ".•: !NC R:'><:c~:· !':.:!' -!'~1 Ct::!':.'!A"::"•;. 

PRINT <<CR><LF>'C:'oNALES APIERT05~> 
RTS ·pe 

. -.. 
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o 

o 

• 
• 

) 

• 
11 

• 
l 

• 
• 
D 

) 

• ,. 

'"~- mH~• o 1 :-o::-156 78'•0 l ;!~·\ ':Jb .,¡.¡<> 
01 2J•<':J6 78'10 1234:0.6 789 

M A C R O C A S E S 

LLAMADA 
CASES X,<:LISTA> 

DONDE 
X ES UN INJJICE 
LISTA ES UNA LISTA DE SUBRUTINAS 

EFECTO 

JU 

:Cü:4.;.:3i 
:::0:49:;3: 

SE HACE UN JSR PCOA DONDE A ES LA X-AVA SU!JRUTINA DE 
LA LISTA 

- . ~ACRO CASES X, LISTA 
. PSF.CT CASES 
CASES!"'. 
_!-lORD LISTA 
. PGECT 
MOV X,-(SPl 

'" ( SP l 
MO #CASESL CSPl 
MOV C'Q(SPl, CSPl 

"" PC,~CSP)+ 
. ENOM 

.. 



MACROs 

f",ACRO 

;,.L,.t..1AC.0. 

G O S U D 

~OSUDS 

GOSU~S NOMORE,(L!STA) 
En:cro 

• 

Ji 

LLA:1A A I.A RUTH<A NQM:IRE: CON LOS PARAMETROS DE LA LISTA 
EN EL STAG~ CO" FQP.~AT!l 

VIE,!O fl~ 
ARG. 0 

.:.PG N 
RS->SP-) " DE ARIOS. 1 
. MACRO 
1''.0\1 

GDSUD 1 ~o 

'" -~ov 

GOSU!ll,.GOSU!II<-1 
ENDM 

"" M;ov 
JSR 

"' "' END11 

GQSUBS NAME.LISTA 
Rs, -ISPl 

X.<LISTA> 
X, -ISPl 

1 

1 
~GOSU!II.-ISPll 
!.P, R:l ' 
PC, NAI"tE 
+•2• GOSU!I! +2, SP 
ISP)+,RS j 

M A C R O COSUII•R 

LlAMADA 
GQSUilR NOMERE,AQ,A!.A2oAQ.A4oA, 

E.<'tCTO 

, LLAMA A FORTRAN 

~S CARGAN LOS A~GUMENTOS NO tJVLDS AO, .. , A:¡ EN LOS RE<;S. 
rto,.,., R!> Y SE H.>.CE U-~ ,J$fl PC. NOMBRE 

NOTA 
NO SE SALVAN PREVIAMENTE LOS IIEGJSTROS 
LOS REGS NO USADOS ~-o SE MODIFICAN 
AQ,. _,AS m;DEN SE~ ~RGUME!HOS VALIDOS PARA MOV 

GQSUBR 
CGOSU!I 
{AQ),RO 
(A\),Rl 
CA2),R2 
(A:J),R:J 
(A4),R4 
(AS), R~ 
PC,f'IAME 

GGOSUB A, R 
NB,(A:>,MOV A.R 

M A C R O e osu·n F 

LLAMADA 
GOSUOF NOMDnE,<LlSTA> 

EFECTO 

; LLAMA CON LOS RECS. 

·-

LLAMA A LA RUTINA NOM~RE 
EN El.. FORMATO DE FORTRAN 

LOS PARAMETROS SE PASAN 

NOTA 
FORTR~N ESPERA AR~I'1ENTOS CAI..L BY NAME. !.E. HAY OUE PONER 
" A LOS ARGS . 

. MACRO GUSUt!F" NAME, LISTA 

. ,.CALL PUSH, POP 
GOSUDI~O 

JRP ~.(l..! STA> 
GOSUBI'"GOSUDI+I 
. ENDM 
PUSH 

'"' "'" "'" '" "" . ENDM 

"'" "" "' '"' . ENDM 

<RO.Rl,R2,R3.R4,p~;, 
W2•00SUD 1+:2, SP 
Sp.R, 
WGOSUD!. (R,l+ 
~. '-"L.ISTA;, 
~. (RSJ+ 

SP.R!i 
Pc,NAME 
W2*CDSUDI+:2.SP 
(RS,R4,R3.R2,Rl.R0) 

Dl234~ó7890t234,ó789 
Ol234,c789012345ó789 
C1234Só7890!234~ó789 

•• RSl-111'1 V3. •• 
•• RSl-liM V:J. •• 
•~ RSl-IIM V:J. •• 
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¡,,..,bled ot '" odd o1d• .. • in •~OoOry, Tbo loooUon 
eounto< io ""'"'"' by •l. 

Do~bl~~oflr-od oy;,bol r.Uron<•d. ""'"''"'' ~•• nodo 
to o o)'»bo\ •hl<h la de!!nod •<>•• ihon once. 

1\logo\ eh•"''"' ¿•t•<Ud. llloool ohonctoro ~~-leh 
Ore o\oo non-pdntln~ "' rop\ooo<l by o 1 on t~o llot• 
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Uno""""' ovotf\ow. b"o c~oetus on o lino ¡..,ro 
{loan "¡~1 "" l•nor«<. 

Multiplo Oo!lnltion of o """" >. '"""' "'' onco .... -
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t<rol te o povlo•><ly '""""""red lobd . 

~....,., '"""'"'"• . "' ........ ····-· ....... 
>h•'" <rror. >. labol'o' d•!!nltlon <>< voluo vo'hoo 
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Oo!•••noo tho ~ondout ontitlod 

l"o eAL-!!h A'"""'"' io In •boolute 
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Altor you hove loodool your p<OO'""' lnto memmy "''"• the 
usown LOADD. yoo ore uody ro ron it. Tl>o pro.:~"'* h 
•• followo• 

1. 5ot tho Elllúll.l:fiW,T o•heh to ..... ~. 

2. Oet ovitoh re~Ioter to tt>O ""tlng odd'*" o• 
yoor P"''"'""· 

l. Fr•u t.O~D ~!>DttEU. 

'· ,.,.,, s;~OT. 

lfflEIIJ:: DIO 1 00 .,.0HG1 

80P"""¡· yoo ~111 
O~t OCCoOlOOol y proqt""O '''"'"l tliii a .. ,, .. '"'"" .... _ to ,.,.. ........ . 

""••,., nO<d '-<> '"'•••••• thio ••«Ion: 
do not rYn •• lntoM•d--holtin• ~uhout 
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•otlowln~ r~odiol ot~~'' 
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T~U and "'"''""" YOOR rooc~~A• •••In). 
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or not tho oorr~t lnotruetlono havo .. on woo4 • 
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""" ""'" o( """"" .. ' doto h « .. ,..., 
uol,o "• t~ ... ;><"dOr,..O On '""doto. 

Oo '"" In c.,.,.¡ Pureo•• ""''"""· 

in ~·~ory. Th<•• 
The te•ulto oto tO 

01 • tho n·~~.h« o! no9otivo voluu 01 
oomeli•ent) in both Ubloo. 

RO • the nu""or Q! oonoo .. ndinq ••«'•• hotwoon oot<ioo o! 
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ESCHITlJRA llE 'M!XlUS 

E n r 

A) GENEAAI.ItlJIDF_<; 

El progrm:m ElH pennite J¡¡ c5c:ritura y moJificacion de texto~ en archivo; 
posee dos modos de control: 

:1) modo de entrad<! 
b) modo de comandos 

El modo de entrada ap;!recc al llamar a un pro¡¡ramJ. que no eH5 
archivado, junto con el siguiente mensaje: 

CRFJ\TING i>IEI'i FILES 

Il\PUT 

~ (e5cribi r texto) 

Se pasa del modo de entrada al de com;mdos, dando dos'vcces <!,:R) 

En el modo de comandos, ¡;or -solllcita c:11b orJen impimiendo un as· 
terisco; para regresar al modo de entrnda, dar: 

• \ CR 

El modo de comandos aparece automáticamente s1 el programa· llama· 
do y~ estnb:l en disco. 

Para lla~ar un texto a ser editado, dar: 

especificación del archivo 

E"! resultado de 1nvocar a EDI, es 1~ cre;Jci¡Sn de un ;lrvhii'O (de> 
salida), identificado por la especificación asociado al ll.;nn~do. 

Si la especificación ya existía (archivo de entrada), el número 
de versión del archivo de salida aumenta en uno con re~pE."..:to ni· 
de entrada. 

B) ~IODOS DE ACCESAR TEXTOS: 

EDI posee dos modos de accesar los tex[os: por lineas y por 
bloques, si bien en ambos casos hace uso de un ~puntador. 
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indica la posición, dentro del texto, de la Linea 
de dicha linea, comandos de EDI muevan el apunta­

linea presente. 

El modo por lineas, puede apuntarse cualquier linea posterior a la 
linea presente, es decir, hacia el f1n del texto; cada dnea que es 
sobrepasada por el apuntador es escrita en el archivo de salida. La 
Qnica linea forma de accesar una lfnea ya pasada, es moviendo el 
apuntador hacia el principio del texto, lo que causa bajo este modo, 
que el archivo de salida pase a ser el de entrada y la creaci6n de 
un nuevo archivo rle salida. 

En el modo por bloques, un cierto nUmero de lineas son lefdas a un 
buffer, El tamai'io implícito del bloque es de BO Üneas, pero puede 
alterarse por medio del comando SIZE 

Con el comando FORM FEED (FF), puede delimitarse una p§gina del texto 
de forma que s6lo uno se lean al buffer, por bloqc¡es, las lineas 
anteriores al punto donde se indicó FORM FEED. 

Dentro del buffer, el apuntador puede moverse libremente hacia adelan 
te o hacia atr~s. 

C) ALGUNOS COMANDOS DE EDI' 

En lo que sigue se conviene lo siguiente, 

1) Las letras min6sculas pueden suprimirse desde el trn del comando. 
Por ejemplo, las formas que el comando "Begin" puede tomar, son' . 

Beo;in 
Begi 
Deg 
Be 

' 
2) Lo que quede entre corchetes es opcional 

JI El valor 1mplicito de "n" es l. 

COMANDO 

~ Begin 6 'i'OP 

* TOF 

* Block ON/OFF 

-·-

EFECTO 

Manda al apuntador a una posición 
anterior a la primer l!nea del 
texto 

Igual que TOP, pero después de 
aplícarlo, EDI siempre quede en 
el modo por bloques. 

Para pasar del modo por l~neas 
al modo por bloques y viceversa 
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• OUtput 

• CLase 

* KILL 

• EXit 

- 3 -

ON/OFF 

Cespectficaci6n cte't 
archivo j 

~ OPcns especificac.t<1n del 
archivo secundario 

• SS 

• SP 

* CLOSES 

• SAve (o) respecificaci6n 
\_!rchivo 

42 

Este es el comando.FORM FEED 
Donde sea insertado comenzara una 
nueva pl!.gina 

Se usa tlnicamente en el modo por 
lineas, la condici6n implícita es 
OUtput ON; donde OFF se interrum­
pe la transferencia de texto al 
archivo de salida: On se restable­
ce automaticamente si se da "clase" 

Este comando transfiere todas las 
lineas restantes en el buffer y 
luego en el archivo de entrada, al 
archivo de salida y cierra ambos 
archivos. Con él se puede carrbiar 
la especificaci6n del archivo de . 
salida. La terminal permanece bajo 
el control de EOI.Close no cierra 
los archivos secundarios. 

Igual que CLose, pero el archivo de 
salida es borrado. atil cunado se 
crean programas no deseados 

Igual que CLase. pero cierra los 
archivos secundarios y regresa el 
control de la terminal al monitor 

Abre ek archivo secundario, pero 
sigue leyendo del archivo primario 
les decir, del archivo de ent:::ada 
inicial! 

Selecciona el archivo secundario 
co~~ archivO de entrada. {Esto es 
útil para af\adir texto ya disco o 
en tarjetas) 

Restablece el archivo primario coo..o 
archivo de entrada 

Cierra el archivo secundario, no 
puede haber dos archivos secundarios 
abiertos simultaneamente 

Copia la ltnea presente y las 
siguientes n-1 en el archivo anotado 
{Si no se indica óicho archivo, se 
guardan en una linea de SAVE TMP) 
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11:-<Savc respecificaci6nl 
L del :trchivo J 

SIZE [n) 

REAd [.n] 

\\'rito 

ll.ENcw [nJ 

PAGo [n) 

Print[n ') 

TYpc [n) 

N P 6 NP [::_n] 

-·-

Inserta las líneas del archi\'O 
anotado en sq!uida Je la línea 
presente. 

(El archivo usat!o en c~tc com¡¡n 
Jo no ncccsarinmcntc es creado­
con SAve; puede ser cualquier­
archivo de texto; el archivo im 
plicito es nuevnmcntc SAVE.TMP) 

limita el tamaño de los bloques 
leídos al buffer a n : líneas 
(n 38) 

Lee ¡¡1 buffer n bloques (si es 
que caben) anteriores a un FOR~t 
FEED. 

Escribe el contenido total del 
buffer en el archivo de salida 
y limpia el buffer. 

equivale a la siguiente secuen­
cia de comandos: 

* REi\ a - 1 

* REA 1 

EDI pasa al modo por bloques s; 
aún no está en l'l, y lee la pá­
gin;¡ "n" al buffer (nplic3 suc!:: 
sivamente RE:\ew 1 hasta encon-­
trar FF o el fin del archivo) 

Imprime la linea presente y las 
siguientes n - 1 líneas: la úl­
tima línea impr~:-sa es la nueve 
línea presente. 

Igual que Print, sólo que el 
apuntador no se mueve. 

mueve el apuntader ~ n lineas: 
n se cuenta como se presenta en 
la figura. 

-2 _, 
\ \,'>'leO.. j? rt:.Sil-0'\t-R 

2 

3 

• 



• 

• 

• 

• 

• . ' 

• 

• 

!ll' 

ERASE G1 

ln1 C/seg 1 /seg 2 

J.C/scg 1 /si:.r, 2 

• 

l'Aste/scg 1 /seg 2 

I seg. 

texto 
• 

* Overlay 

' •• 44 
~NI' n equivale a la sc<.:ucncia 

* :,¡ n 

• p 

n o en modo por 1 inca~. 

!lorr" \:1 líncn presente y las 
n- 1 lfncns siguientes, e im­
prime la nueva línea presente. 

a) en modo por lineas; borra la 
línea presente (il • 1) 

b) en modo por bloques, borra el 
bloque presente y los siguien 
tes n - 1 bloques. 

Cambia el segmento 1 por el seg­
mento Z, las premcras n veces 
que aparezca el segmento 1 en la 
lfnca presente. 

Cambia el segmento 1 por el seg­
mento 2, todas las veces que el 
segmento 1 aparezca en la 1 inc;¡ 
presente . 

Cambia el segmento 1 por el seg­
mento 2 todns las veces que apa­
rezca el ser,mento 1 desde J;¡ lí­
nea presente hasta el fin 'del 
archivo (Por lineas) o hasta el 
fin del bÍoque. ' 

Inserta el· scgr.:ento enseguida de 
la línea presente. 

Inserta el texto a ser escrito 
enseguida de la línea presente. 

Equivale a la siguiente secuen­
cia de cor.:andos: 

* Dclete n 
* ¡.; - 1 
• l <¡:R) 
Por lo tanto, sirve para borrar 
n líneas e insertar en el e~pa­
cio que ocupaban cualquier nume 
ro de 1 íneas. 

EDITOR: FER;..IANDO LEPE C. 
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LlJiilad.:s a subrutinas en :-:ACR0-11 desde pre>gramas ,·:: íO::TRJ\11 

Un programa en FCRTRAN puede ll<lmar subrutinas e~c:-~tas p.~:· :i -~s¡:;Jt·:.l ':r. 

t-'.ACR0-11, con el COiiSiguicntc aMrro {:e mcmori~ ;,• t icr.,¡,o -_:-; ,•j,,,;::~ i:>: "' -! 

1m¡; 1 ica el rea 1 ilar una tarea en ensa1.J: atlor er, 1 u~ar de F.:. i !-;-,-;. 

En esta nota se 1nencionan ]Js instrucci~;ICS que el u:;•,¡ar·'.o : .. -~"" :n~·,·.r,. -

en sus súbrutinas para que f~tas seaH accesibles ·its~;- fC~¡·::.:~. 

(1) P~nto ée ent.r~da: 

La ~ut¡rutina debe definir un punto de rontrada qtl(: el óiste.·, -..• ~r·,~iv,·, -­

RSX-lltl reconoce con cualquiera d<> estus 2 ~odos: 

a) Usando la afirmación .GLOSL al principio r:o: io rutir-?. 

la foroa de le afirn:~ci::;,, es: 

. CLOSL ARG 

b) Usendo la etiqueta dir;-Ct.¡mentt (c;nu punto G~· •!:otrilr:,, 

Para ello, se acompaiia la etiquetu con 2 ¡11:ntns, 2 ve·.;~: 

LABEL :: 

(2) USO DE REGISTROS. 

La subrutina puede.hacer u~o de los regi~tros R~ a R-4 con wO::c. 1 iberto•.!;­

RS apunta a una lista de ar~u~tntos de ~cuerdo a 1a siguient~ t~bl~: 

• • 

R5 No definido 1 de argu1:.~ntos 

Di r. de Oir. de Arg. 1 

O ir . de Dir. de Arg. 1 

Di r. de [1 ir. de Arg. 3 
. . . . . 

Dir. de Dir. de Arg. N 

. f-
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RS queda disponible despu~s etc que los argtlr.ientos h~\'Jn Si'~ ::lr.coq.ora:!v; 

a la subrutina. Se recomienda no utilizar P.fi ni R7, ;•cJ·.•s :,. '.: :. Licner. fu:. 

cienes asignadas ¡:or el SisteniJ. 

Al terrr.ir.ar las insl¡·uccioncs 6e l<l suJ,r•;~ind, se rc~"~:;3 ·'. t~•-7~ma er. 

FORTRAil con las inst.ruccione~: 
• 

RTS PC 

• EN[) 

En los progr~mas de l1J\CRO~ll se termina con la in~trw ciúr. -~-;-::·) :<í(G, d•Jn­

de ARG rqrcsenta el punto de ~ntrada OE1 ¡:rog~at'.1, C:·a:ld~· ~-, ·.:·.;;-:.a c!e -­

~ubrutina:;, no se especifica el punto d·' r,n::r.:~Ja •:n ]., ir~sl··:·.·::f·~ .fi>U. 

(4) EJEt-\Pl.O: 

Se escribió el progran:J EVH:¡n ~r. FORTP.!-~: qu~ llam;. -~ 1~ s~>:·.:v .• ~~ !il!r.'J': 

en ~\ACf\0-11. 

H!IARR da un valor inicial IVI\l a los 11 elementos ¡¡21 ureglc> !.'·:>. 

Se listan a continuaciOn los programas EY~/<i~l, ensa1;l·l.~r Jj'~l·:'.!~, :'ncade-­

nar usando ~1 "TASK BUILDER" s~s w.ódulcs objeto p~r;. ¡;:oduci1· .,,.a t~rc~ · 

ejecutable, y por último, ordenar. la ejccuciOn de la t.'re~ . 

. Se anexa un ejemplo. 

Para mayor información, consultar la Secr.iún 2-4 del w.~nual 11-:,'PSX~ll 

FORTRAN IV User's Guide. 

EDITOR: EDUARDO VARGAS ORTEG.; 

- 1-
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' 
>Jai[BRE Y lHRECC!U~ 

1. JUAN JOSE AGUILAR ZACARL\S 
Lisboo. 48-8 
Col. Juáret 
C.P. 06500 
México, u. F. 
59109·10 

2. 19-!AEL BARRERA JUNCAL 
Av. 16 de Sept. No. 20 
Alf.SCO Edo. de ~16xico 
8 00 96 

3, RAMIRO BHAVO Gi\RCIA 
Av. Copilé o N{•. :>OO 
Copilco Universidad Coyoacán 
C.P. 043b0 
J.l(;xico, D. F. 

4 • J\R11JRO C'ASffiO OJEDA 
Edificio 51-A-402 
UniJad Cui tlahtutc 
Deleg. Azcapotzalco 
C.P. 02500 
~~):ÍCO, D. F. 
35b9Z36 

S. RICAROO JC6E CB'ALLOS FEIUUZ 
Fernando Villalpando No. 56-401 
Col, Guadalupe Inn 
Deleg. Alvaro Cbreg6n 
/>l(;::üco, D. F. 
5487406 

6, PFlJRO CORONA BALLESI'F.ROS 
~l(ixico, D. F _. 

7. M'l'ONIO lmt'AJ. UGALDE 
J.~xico, D. F. 

,., 

EMPRESA Y DI RECC IQ.'I 

INSTI'n.íO DE I~VESTIGACIONES EI.ECI"RICJ\5 
Dante 36-4o. Piso 
Col. Amures 
Dcleg. ~ligue! llidalgo 
~o:lxico, D. F. 
5113549 

O:!'.!F.NrOS APASCO, S. A. de C. V. 
Av. Insurgentes s/n 
Apasco &h. de 1-~xlco 
B 00 17 

CEm'RO LJNI'Iffi:',Jrf,JI!O llb TI:OKJ!.((;IA 
Prcsident<:: Cur-r~r '" !>o. lfo3 
Col. Coyoacán 
C.P. 04000 
México, D. F. 
5548513 

llU'IURAOOS Y I'REJ.lEZCLAOOS DE TAMPHXJ,S.A. 
Tlnloc No. 90 
Col. Annhunc 
~xico, D. F. 
5 35 6743 

COORDINACION, PROYECI'OS E INGENIERIA,S.A. 
Encantada No. 46 
Col. Coyoacñn 
C.P. 04000 
M!xico, D. F. 
5541399 

SECRETARIA JJE O:Nl.JNICACIONES Y TRANSPORTES 
México, D. F. 

INSfiTIJI'O MEXICANO DEL PETiillLEO 
México, D. F. 



-' ' 

I'O!BRE Y DIRECCION 

8. GERAllOO ESPINOOLA ARZATE 
Privada de Orión No. 1Z 
Col. Tejnlpa, 
Jiutepec, Mor! 
3 26 44 

9. Ff:RJIWIOO Jit.n;NEZ CERVNITES 
Escobedo No. 222-7 
Q.lerétaro, Qro. 
26226. 

10. FILIBERTO LOPEZ CARDENAS 
Rio Usumacinta No. 2600 
La Pradera 
Irapuato, Gto, 
7 33 02 

11. MNUO ALBERTO LOPEZ MACIEL 
Diana ttJ, 18 
Unidad Independencia 
Deleg, Mngdalena Contrerns 
C.P. 10100 
México, o. F. 
5952183 

12. EFREN MARISCAL RílDRIGUEZ 
Av. universidad 1810 L.4 
Col. Romero de Terreros 
Dal&g. Coyoacán 
C.P. 04310 
México, D. F, 
6583792 

13. ANOIU:S ISAIAS MARI'INEZ COUI'Intl 
Retorno 3 No. ~5 

Calz. Ignacio Zapata 
Col. Jard{n Balbuena 
Deleg, Venustiano Carranza 
México, o. P. 
5711650 

e.IPRESA Y DIRECCION 

CENTRO DE COMPUTO U,A,E.M. 
0\nmilpa 1001 
Ouuni.lpa, lbrelos 

ECISA 
Dr. Gustavo Baz No. 4881 
Tlalnepantla, Edo. de ~xico 
5 65 35 99 

aNISION FEDERAL DE ELECrRICIDAD 
¡\paseo s/n 
Cd. Industrial 
Irapuato, Gto. 
7 27 27 

U.N.A.M. 
Cd. Universitaria 
Mb:ico, D. F. 

CONSULTORIA Y ANALISIS Aru!VOS, S. C. 
Cerro del Otate No. SS 
Col. Remero de 'terreros 
Deleg. Ccyoacán 
C.P. 04310 
México, D. F. 
6584538 

PROORAMA UNIVE!l.SITl'JUO DE COMI'UTO, UNAM 
Ciudad Universitaria 
Oeleg. Coyoac§n 
~xico, D. P. 
5 SO 52 15 Ext. 3866 



' 

NOMBRE Y DlRECCIOO 

14. DANIEL MORALES Zufl:IGA 
Planta Infiernillo No. 1216 
Irapuato, Gto. 

15. JORGE MORENO MARTINEZ 
Unidad La Hermosa 
Edif. 52-A-301 
Col. Irrigación 
Oeleg. Miguel Hidalgo 
C.P. 11200 
México, D. F. 

'5573072 

16. JORJE ORNELI\S TABARES 
Calle E-54-3 
unidad Fovillste 
Oeleg. coyoacán 
C.P. 04800 
México, D. F. 
6777926 

17, JOAQUIN PALACIOS B. 
Apartll.do Postal 9249 
Centro 
C.P. 06000 
México, D. F. 

18. ANGEL PUJALTE PIREID:l 
Fiamonte No. 22 
Col. l'.coxpi!I-Miramon tes 
00 leg. Coyoacán 
c:P. 14300 
México, D. F. 
6845547 

' 

' ' 
' • ,¡ .. 

' 

' • 

.. 
19 • VICENTE ADOLFO QUINT1\NA GSllNEL " 1 • 1 

Ret. 3 No. 25 
Calz. l. Zaragoza 
Col, Jardin Balbuena 
Dele<¡. Vemmtiano carranza 
l>IÓ><ico, o, F. 
5 50 52 l5 Ext. 3866 

EMPRESA Y DIRECCION 

COKlSIOO FEDERAL DE ELECTRlClll.W 
Gerencia de LAPE'.M 
Irapuato, Gto. 

FACULTI\D DE INGElllERlA, "'"' "· Universitaria 
Deleg. Coyoacin 
C.P. 04510 
México, D. F. 1 5 50 52 15 E.:rt. "'' 

' ' DIRECCION DE f:DUCAClCN PRIMARIA 
México, o. P. ' 

• 

' 
' 

D.F. 

' 
PROOAAMI\. UNlVERSITAl\10 lE COMI?111'0 
Ciudad Universitario 
Oelag. Coyoac&n 
México, D. 'J!, 
5711650 ' 

' 

' (SD") 

1 

" 



-. • 
• 

NOMBRE 'f DIRECClOO 

20. ROSA RAMlRE'l: GI\RCIA 
Lag-o lll!latitlan Sur No. 24 
Col. Torre Blanca 
Deleg. Miguel Hidalgo 
C.P. 1128()• 
Miíxico, o. F. 
3991896 

21. JO!l!;E LUIS ROSALES PADILL11 
AV. San Isidro 694-C-304 
San P<ódro Xalpa 
Deleg. Atzc:apozalco 
México, D. F. 

22. JOSE M.ll.R'l'IN SI\NTOYO PEREZ 

Av. Prol. Div. del Norte No.73~3-A 
San Pedro 
Deleg. Xochimilco 
C.P. 1G090 
México, o. F. 
7620785 

23. VICTOR MANUEL SANCHEZ ESQUIVEL 
Millet 254 
Col. Insurgentes Extema.dura 
Deleg, Banito Juárez 
México, O. F. 
5980100 

24. DAVID Tlll'IA GOMLZ 
Cuauhté1110c No. 1 
Col. 'I'ej alpa 
Jiutepec, MOrelos 
S 10 DO 

EMPRESA Y DIRECCION 

SEU:CC!Otr<:S PE BEA!JER'S OIGEST 
Av. LOmas de Sote lo No. 1200 
Lomas de Sotelo 
/>Jxico, D, F. 
3 58 91 55 

INSTITUTO MEXICANO DEL PETROLEO 
Av. Lazare cardenas 152 
san Bartola Atepehuacan 
G. A. Madero 
México, D. F. 
5676600 

• 

CEtlTRO utUWRSITARIO DE TECNOLCI:.>IA 
EDUCACION PAnA L11 SALUD • 
Av. Preisdunte Carranza tlo. 162 
Col. Coyo~cán 
C.P. 04000 
México, D. r. 
5546655 

fACULTAD DE lNGENillUA, UNAM 
Ciudad Universitaria 
México, D. F. 

CENTRO 0E CQ!{I?UTQ U.li.E./1. 
Chami lpa 1001 
Chami l¡>a, Mor. 
3 26 44 


