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1 ·• 

1 SYSTEMS PROGRAMMING 
JOI!N J, OONOVAN 

background • 

Tl•i• book h•• twc mojor obj<oli•u to tuch pr<>c:<durto for the de,;gn of wft· 
wore sy•t•m• ond to prevido o ba~·, for judsemrnltn lh< d<oign ofsoJrwor<, lo 
f>CJhtot< our tosk, wo '"'" token !¡><<mo '""'PI<> f ro m >Y""'" prograrn>. We 
diocu" the dt!lgn &nd Ollpl<m<ntat,on of th< m•f<>r oY «em •=roo<na 

Wh>t " ')'Ottml prog:r&rllming1 You m>y •istali>< a computer ., '""'' 1011 of 
b<•" thot ob<yo oll commond~ h fu• bcen '"id rhot computen'" ¡,.,;.;.n¡ 
peop!< modo out of metal or, convoncly, peoplt are comput<u m>d< out of 

1\e!h and bii)Od. llow""• once we Fl el.,.. lo comrute,., "'" "'' tbll ih<y "" 
ba,;colly mochoneo lh&t fo!low .ery <p<cor.: ond piJmL!I>t in,.ructton>. 

In tbe early doy1 of compulm, ¡>eoplt oontmunicoted with them by on ••d 
off >Wtl<h<> dono1tng primtli>t •nstruc\ion•. Soon people l<'>nlcd to giV< "'"" 
oomplox in<lru<:llono. For ·~•mple, \hoy wont<d to b< abl< lo "'Y X • 30 • Y; 

- E"'" tloat Y • 10, wh•l IS X' ProS< ni doy tomputm oannot on~e,.tond such 
longuoge Wllhoul !loe aid of sy>ltmo pro¡ram•. Sy•l<mo prognm• (<-8-• <orn. 

polors. loodero, ma«o P'"'"''""'· op<nlin¡ oymmo) wm devolop<d lo müo 
<O<DI"'ltt< bl:nor odopled lo lh< nerdo of lh<ir .,.,._ Further, poople wan10d 
m<>« ,,.¡>lill<l! in the mochanics of prop.>rin¡lhoir plograms. 

Compolm oro syslorm propamolhll OCt<plf"Opk·lll<elanguag"ond tranolm 
thrm 1n1o m"hinelangu•ce. Lo,adm m ·~•lem• procromolhat P"P'" michino 
lansu•ge progromo for exocu\lon. Mocrn proc<"'"' oltow progmnmm !O "" 
abbrtvi•lion<. Op<<ttong •Y•ten" and folr oy•lem• al\ow ne .. ble oloring ond 
<Wi<•ol of informal ion (F1g. 1.1). 

Th<lt "' "''' 100,000 computru in u\! now in vi,tually e.rry lpphc>Lion 
Tho producti•ilY of <Och COillpUl<r il he,.i)y d<p<ndent upon thr eff"l"'""" 
effo<t<ney, on<l >OPhi.,i<>tion of the •plomo provam•-

ln thi< ch>rte; wo ml!oduct"""' termonoloty and oullm• ~hino ll¡U,luU 
and lht b'"' !'.k' o( an operoling sy•trm. 
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1 '-" 

1 A,ont•c.otion O<OII'.,...,In; 
1 

1 

~., ... ,_blm 
.. ::.. f 

t-., - j r .. , "''""' ~ ... s-.~;"11 J m._ 
Lvo "'""""'')fiJo..,.....,,) ~-

~;t..-1~1~/ 
fl<lVRt1.1 

fOund..Uono ofl)'lltmopr""'m 

l.l IMC!!INESTRUCTURE 

We bt¡i%1 by sket""'-- ihc 
tr• -~.., C"ntrallwdwue or .. ~"'"'"-- ; 
'' '&· 1.2}. .........,..,. o • romputer .y.1.,.. 

Prlnror Tlillypo 

"'drum 

C.,oro! hu~wuo orp..i...,;o, or 
-- ~•<OI>Ipu!uq,..,. 

fHlUR~ u 

Mrmory ¡, tho d .. ic, "'''"' inrorm>tio . 
t.ht Op<~m on th~ infrnm,ion O n "Slorod. l'ro~t¡son ate !he d....;c .. 
tht fo1m of on., and zotos ' ~ "" "'"Y '""' mform>!\0!¡ os being .,01,.¡ in 
• " · oc,oneoruro·so u. ihl«lYpicollyt~ouped· 1 '"P"'l<bJnllyd~gitcall•da 
• ,,m ' '"uOI\¡ thot are called wo • • 
• 

01
Y <><otion1 >re ·~e·•· • • '"'·•""""''' m by/es -~ .,.. 1 "" uy addr<Jm wh _, • · 

IP<<u.c byte, wotd. 01 cha<wer • '" '""' odd!tss identJfi., a 

1 
1 

! 
1 
< 

1 

' 
Tbo con!Ont.. of 1 word IIU)' b< int<rpreltd .,114/0 ( .. Jueoto be operatod on) 

01 "'''"""""' (opotationo lo be p.,fo<m<d). A P"'''""'" io a dtvlco that p<r­
fotmo 1 ,.quen<e of op<rottono rpocified by inotruction• iLI mcmory. A progwr1 
(or pr<><edwe) ¡, 3 stquenoo olinMrucliono. 

Momory may be lhóu&)lt of "moillxlxeo oontainin1 &fOUp> of onn &nd uros. 
llelow we depict 1 oerl<o of rntm<>r}' hx:atio:q who,. ad<lfe .... are 10,1)1.(1 

tluou&h 10,002. ' -10,0(XI 
10,001 

""' 

< 

An lBM 1130 p!OCf..,r treatitlslocolion 10,001 11 1r1 lratruction would intrr· 
prtl ito COJII<tiiS u 1 ~hah~ ilu\n>etion. Treatin¡ \he wne \e>oation as numerkal 
doto, th< ptoctlliOI would inl<rpr<l iU conl<nts u lho binary numb<t 0011 0\'1\Xl 

0000 0000 (decinul\1,188). Tlnll inotructions an<l dota sloll< th< ...,. stou¡t 
modt~m. 

lnformo\lon in mon10ty lo <o<l<d into groups of blts tlut moy be tnl<rpt<tod 
.. cluractors, i""tructions. 01 numbero. A <Od< ls a s<:t of rul<t f01 ,nt<rpreL<n5 
J!O~ps of bito. e.g., oodto lo< r<p«ocntation of decimol d,g~l! (l!CD). for <ha~· 
.. ,,,. (EBCDlC, or ASCII). cr for instructiono ('l'"'ifl< proce""' opO!>!ion 
codn). We h>Vt d<¡)i<ted two typts of procepcrs: 1111"'1/0u.rpur( lfO) procecoro 
and Ct>lmri f'rocoW., UniU {CPUo). The 1/0 prce.,soro &J< ooncerntd w1th !he 
tnntfer o{ do\& bt\"'"ft .....-y ond penpb<rol d...,_.ooU<h as diok.s, dr.,.., 
printon, ond typewtiua. Th• CPlJo ore eo<le<H><d "'ith monipul>tion> of dato 
stoud in m<rnory. Tht 1/0 proce=" '""""" 1/0 Uuttu<:tiont th>t o« stored in 
memoty; they ll<l'n<IOliy o<tivtled by o comrnand from th< CPU. Typic.ally. 
this consisto of an '"<~<CUlo 1/0"' lmlruction who,. argumen\ is the oddr<So o! 
\he Olor\ ~~ tho 1/0 p¡ogrom. The CPU \ntorpttls thhl""tructlon and p•;ses¡¡,. 
u¡umtnt to tho L/0 proctuor (comrnonly cal!<d 1/0 elv.nnols). 

Tht 1/0 111struction stl rnay b< entíaly diCfmnt fr<>m that of th< Cl'U ..,¡ 
may bo t>.OC~ttd "'1ll<"llrlmouf/y (<irml!!lntoU,!y) .,.¡¡h CPU op •rotion. Asyn 
chro"""' operohon o{ 1/0 thonnels ond O'llo W&l O<lt of th< .. rti<ot fomu o 
mr.olrrpm'""""'. Muh¡proc.,.;01 mr:oru harina mor< tlun 0<1< ptocti>OI" opoer 

otin¡ on tb< ""'" memo" simul!Jnoou~y • 

Sonct in•lm<tioiU. hk• data, aro 1\01«1 in lllt!JIO'Y ond cori be \rtated 11 d.a\1 
by dunging th< bit confi~uroHon of lfl inst•uctio<l - 1ddlng 1 nurnh<1 to JI - ,. 
may <h>ng< it lo 1 diff<~<nt instruction i'l"ooedum thal modtfy them!Ol"' or 



EVOLUTION OF lilE COM!'ON 
ENT$ Of A PROGRAIWIMING SVS!EM 

1 .2,1 Auembr.,, 

" . 1 
"' ""'w "'m' a<p<m uf <he d 1 • '"'"0 'YSIOm_ '" upm<nl of lhe co"'{>onen" 0 f • pro¡;r"m· 

Al o,. 11~''· ti,. co~'P""'' rro ""'""' 
lh<ll ontrrpr<l<:<l, lhrou~b h>ld ¡; 1 h•d 11 hi< di<pO!;!I • bulo mochine 
n¡ "'""· C<ll.,n lund..menlli · · ,. "P•m IILI> computer •, ,,.,. rn>lrU<t">"'. lle ~·oo'd 
1 • ''"Psti~<<ofo ts d ' 

P "' lltem in¡o the mcmory ~~ the morclrin " •n l<ros(machmel>n¡u•se), 
<~rupulor wou[cl •l>llto miOtrr<l lhem 

1 
_e, •nd P!C"' bu11on, wh.,-..,pon !he 

Pr<t~1Jr1111101! founJ , 1 ,, ,,. ' _ 1 lMilrUWOn>. 
1 "' "" 1 lo w"t' or re d 
" lh<lr QLIO>I f01 , mo,, ' ' ' ' Plcyroms '" rnad11no ¡,"'"''' 

( """"""' •n¡;u• 11 b< · ') n1bol) lor <ach m>ehme Ínltruc• ion wh' h ~ '"Y gan lo U !O o mntmonic 
onto n>och,ne lantuogo. Such 1 m~<n;on " 1 "Y "'OUid >ub.equ<,ally mnobtt 

aiStJnbly "'"lha¡;t'. Pwtroms kno~n •• o oc ""'<hme ilogua~e is now talied an 
U>n!louon or '"""'"'' 1 _ """'blm "''" wnmn tQIUIQ""'" tho • , ~, '"~".>!:' •nto m•d""' Jon Th . 
"'"""pro~""' "collod lho gllOge, • mput lo an ••· 
1 ~ '"'"« program · the o 1 • "" lltOn(ob[rct P'upam). ' U PUl JS o moohine l•n~uogc 

t.l.l lNdors 

Onco lh< U><n>bler pm<luce, •n ot<Jw ' 
'"'" m<mory •nd <xocu!N l ' p ogro m, 1 ~0 1 progrom mu>l be ploc<d 
O' ' 1 " 110 PU<p0«Gfthol d 
'" """ "' r boo J ;,1 '""""'Y "" " to '""" lhol objc" 
Thc "''mhl<r e o Id 1 '" '" execullblo fom1. 

u 1' '" lho objoctprog,m d' 1 . 
cunUnl lo JI, lhcroby <>Uiin' <1 llttl Y'" memory and ltansler 

" morchme bngu''' progtom to be •••cutbl. 

• 

' 
lluwovor, lhi> would W'>l< oorel by le»ing lhe asscmbl<t in momury whilo ti <O 

US<r'; PT<'gram "'" beillg e~ooutod_ Also !he i''"S"'""'" wuuiJ h•vo lo 10 ""·•­
bto hi< p!Qgllm Wllll uch '"<culion, lhus "'""ing '""'IOiion Iom<. T o ov<rcome 
!he rroblem• ofw.,ted trln!l11ion 11me .nd wuted memory, sy•t•m• r•~gror.-.. 
men developed another comJ)OriOnl, oal\ed tht loader. 

A Joadtr ¡,a prog,-am lhlt placeo progr.ms in! o meniory and P"P'"' !lO< m f or 
.. ecution. In '·''"'pie looding «heme, the a"<mbler oulpu" lhe mochine 
lor•su.>¡;e uanslolion of a prosrom on a "conJoty s¡o,ge device and • lo3Uor ls 
placod in coro. The lo•<k1 ploce1 into rnornory lh< m>C[I¡ne longuJg< m¡iGn o[ 

the """'' progr.m and lransfors oonuol lo it. s,nce th<lold<r p1ogr:>m ls much 
sm!llel th.an tho a..,mbler, this moh• mor< core l';ullbl< to the UIO!'s P'OS'""­

Tloe toJIJution thll mony "'"" wtre Wllli".¡ >illually the """'' p1o¡tlm1 l<d -
lo tho developm<nt of "rudy.ma:lo" prog,-am, (podtlg.,). Tht!O pockog<s "~'< 
writl<n by tbe compu\er m1nufacturers or th< usen. Al \he prog11mrnor bo"me 

"'"" .oplu•licai<d, ho "''""d 10 mix and combine roady·m>de pros""" w>th 
hi1 own. In re,pon,. lo thls demand, 1 [ootilly Wl1 prov,Uo<l whcrelJy >he'''" 
could wrilt a main pro¡r.m lhat used """'\ olh<f pro¡""" 01 <Ubtoutin". A 
.,.brouruze" • body of "'mputer ir~trU<tlons dosisned to'b< ""d by othor 
TOUiines to occompli.tt 1 todt. Tlr<1• are'"" trP" of subroutin": ci=d and 
open subroutin<S. An Open "'lmrwfrle or mactl) dtjl11i1ir>n i> one wloo,. e<>de i> 
m><rl<<l ;rito lh< moin pro&t•m (now continuo>). Thu• il lhe '""'' op<n sub· 
IOU[ino w<rt <>lled [OUI limes, il would appnr in fuur J¡ffot<nl ploce\ in the 
calhng program. A c/oW .,.broullne can bo otored out,.Je lhÍO n~>in routino, 
ond conuol ltonolm lO th< wbroumre. A>>O<iatod with !he do><d w~roolooe 
are '"" ~~~· the m•.n p1ogrom mu<t perlo1m: mn<for ol cont<o\ 1nd ttln>l<r 
of d>tl . 

lnitía\1~, do¡«[ >ubtoulines hod to be lclded into m<mory 11 o <p«1foo •d· 
d!<S!. Fo[ e~•mpl<, if a u'" wishcd to <mplo~ o ,qu>re roo! subtouline; he 
would Oave lo wrile hi• "'"'" prog"m <0 th>l il wauld, '""'[" IU lholowioo 
,.,;gned [o the squar< 1001 louline (SQRT). lb< prog"rn ancllht >ubrMIIR< 
wouid be '"""bltd tos<thtl. lf a 10cond "'" wj,bod lo U !O th< "'"'' subtou lone 
be •loo woold a"'mble it•long wilh hi• ov.n r•ot~•m, ¡nd th• «lmpltl• mod""' 
llfi¡UI&< uan.!ation would be lo:ul«l intc mcmory. An nlrtyp\t ol coro ollo<o 

'"'" und<r thio lnfle•ible lood,ng !o<h<mt ~ <le¡oK:ted in Frgure l.l,whert cor< i 
dopiored " a lweor arra~ of \e>cations wolh !he prosrom '""' >hoded. 

< 
l~t~oln nt<mo•y Ir IYP~>Ily lmploOI.,\nl" m>gn<'l< co"O: ~'"""'"'~<>'Y ond ><'" 11< u•< 
.,..,..,mou~y. 

. . -



• 

.PJoi~, -.·- --

Noto that prog.r,m 1 hu "boles" . 
C.wo)'o pan of tho SQ"~ ~ 10 "''~- Procr•m 2 owrlo:y, ond th<r<'-• 

p "' "'"'out¡,._ "' 
rogrommns wist><d lo u~ subrou"""" U..t r<f , 

1¡¡ ond did not "'"' 10 M ~ --• _ mtd lo nch Oth<r 'l'mlx>lk•~ 
Tt.. ' """'''"" wrth !he oddrop o1 of Y <xp<'Ctod tho ~mputer !)'st<m 10 ,,. n , Plllo. tlleir prognms. 
to •ubstotute >Jd"""' for thor b < -S locot><>noto tho¡r ¡ubrautinuond 
S r •Ym o re ror'""''' 

Y"""" P'011""'"'"' noted th•t it w Id be · 
could be lrlndated mto '"o LO 

1 
f ou moro effroient if oubrnutmu 

b<htnd tho • .,.,., progwc n.:",' _,_ or,m ~hot the loador oould "telooote" d"<clly 
- b ' l>A O OuJU•Ung ptOJf th 
'" ., llrary ro;, IO<oHom >< ••llod rdlxfl _ ""'' 00 'Y moy be placed 
furu:tiono· '"'"· Rtk>aitill8 lo.ode,. p<rfotm four 

l. Allo.;oto 'P"' m memo .y ¡¡, 1 fle 
2. Rt 10¡., ro•w< < ''' 1 programo(oll""'tion) 

' "'"""' bOiw<en b' d k l. Ad¡ult Olladdre.W d .... _ 0 J<ct " r(lmki1¡g) 'P"" <nt ""''"ons <UCh., dd 
•<q>Ond to rh< aiiO<al<d ••< ( '•- ' ) 1 

"" <on<t>nll, to <or· 
4. Phu.,.l,. ~ "'""ur.,~ 

P ''" tl>o ""<hint in<uucliom and da!a into memoro ''""' ) 

The "'"'"' t ' "" -YP" 0 lo:rdor1 lhO! wo will di><: u .. -
~l<><atin,, dit«l·llllkmg, dynomk~oadj ., " ( <_0~ ilt-ond-go," •bwlute, 
m tho '"'"""in ., • .,h tO< ' • ng, d dynamrc-111\~rn!Jdiff<r Ptlmarrlo 

'< " Our v"" funct 1ono 
• \0 p<rkod of •••-·<·oo ' • "'•<complr~"d-

'" 1 O 1 U$tr < progr oJI 
p«IOCI of '""'IO!in¡ 1 Ul<t' _•m " C od ex..,¡¡.,~ un,., Tho 
Lo4J 1 IOUict program IHIII<d ~ b{y 

'""~ ttfu, lo !he ptrrod 0¡ load nd """' or rompaormu. 
tl<aJt1011 . '"8' pr<pauns on obje<t provam fO< 

1.2.3 Mocro1 

To.l<l~<•• prov•mm•rs o! the , · ' 
P •d 10 "P••r ;donticol parro of tho¡1 program, 

' 

, 
op..,ring oy¡tems provide 1 macro prw<Wn¡ f>eihty, which P'"""' th< pro­
pomrntt to defino on abb<tl'i-alion for a port of his proErarn and to "" th: ob­
br<vi>t_ion in bis prOSfom. Th< m.cro proc<<sor tttm the ideniiell por u o! the 
progam dtfrn<d by rile •bbttvi:ltion •• • m4ero d~/illltion and '"''" tho d<frru· 
tion. Tho mlcro procmor <Ubsti\Ule> the deftnition for a\1 ocourrtn"' o[ lh< 
obhrtviotron (mocro call) in the program. 

In odJrtion lo helping programrner< obbr<vlato th<H program•, ntwu f>dit,eo 
ho>e b"" u •• d •• g<n<!ol '"' hondlor< and for •p«i>lit.ing op<rallns S)->lem• \( 
indtvi4u>l rompuu:r in<lalblior.~ In '!'«iolilin& operollng oy<tlnl! (•}-'<Iom 
&en.,.tion}, the ontit< operatirrg oystcm ;, writton u a"''"'' or macro deku 
tion<. To sp<ciah<e tho operoting sy<tem, o'Wi« cf m.cro erlh ''" .. ""'" 
The" ore proce<"d b)' th< mooro p10CO>Mll by .ub<titUltnll lho app¡c¡>~iat• 

Mfuutions, th<reby producrng ollthe prog""" [or afi operoltng oyOI<m. 

As the ""''' probl<ms b<com< mote ert<goriztd intc """ "''h n scionlifrr 
buornen, and •tati•lrcol ptobl<nrs, <ped>lit<d lan¡uage< (O(!h ltvtl 14nft•oge. 
wer< MYeloped thol allowed the ""'te exprm cer,.rn problem• conc;,.ly •n 
'"'1}-'. The" h~¡ lovd lan&uag"- <xampl<! "'' FORTRAN, C'ObO L. AlGO 1 
o !Id I'L/1- ore ptOCO<O<d by cO!tlpll<rl and inlttpr<rcrs A rompilrr r< 1 pro~ro­
rlta¡ o<«pts 1 p-rO(;Iom Whll<fi '"o h;¡¡h 1<>·<1 lon&u<~e ond ptodu<« •n cO¡e 

prosram. An inrrrpnrtr ;, a P'<>s'""' thOI •PP"'" to '~""" o $0111« protta 
u rf rt Were rrtachrno language_ Th< sa!IIO namt (FORTRAN. COBOL, otc.) 
ofren usod to dÓ¡ogntte both a comprler ond <lO O<SOC!ai<J longu>g<. 

Modorn wmprlm mU!l be oblc to rrovido the compl<x f><iht<u lh" pr 
gr~mmcr< are now dem>ndtng. Th< comp,ltr mu<l futm¡h comple• a<:c<<Si 
mc:thod< fot point<r v~rllbl" and dato <tructUr<< usod in longuo&«llke PL 

CODOL, 1nd 1\ LGOL 68. Mod<rn compil<l> mu<t rnl<t>Cl tlosrl}-' witb th< op 
otrnt OY>ltm \o hanrÜo st.otem<na COIICttnmB lhe hardwart inttrlupiS of a co 

puter (~S. condrtron>l olltem<nt> '" PWI)-

1.l.5 fom1ol Sy>ltmr 

1\. f<><m•l •y mm i< an unint<rprered nkulu<. lt coru•mof on alphabol, a sol 
word< c•llod ••O:rms, 1nd 1 fmit< sol of r<l>tion< colled rul" of "'f•r<n~i. 1 
ampl" of !orm•l 'Y<t<m< oro: ¡el thoo¡y, bool.,n •lg•bn, ro<l <y<l<m>. • 
lla.ku> Normal 1' orm. formal sy<l<m< or< bocomrng illlportont '" •the de~ 
unplomcn!>liOn, ond ,tuJy of programming l•osuog«. Spocifico lly, lh<y con 



• 

!.3 EVOLUTION OF OPEAATJNG SVST[~IS • • un ° frw Y0•11 ISO 1 fORTRAN - • 
"'ilh 1 · P<<>;romrn.r "'""Id'"" eh • 1" SOtlt<t d«i< in ha Ioft hand • nro. hoo e<>rnputrr 
FORTRAN rompolcr ., hiotiglu hand .. l~ ::.:~ dM; of card, lb., 100uld bo , 

1- !'Iocr tOo FORTRAN tom U. 
<he lood buuon T~e 00::. '(g<«n dttk) in l!re a.rd hopp<r and PI<U 

2 I'J h . puter '"<luid l""d lhr FORTR 
· .'" " JOUre< lon¡;uagr doc< lUlo ll>< cud ho AN <ompMr. 

Pol<r would >•l<>«ed '' , ,, _ . pper. The FORTRAN «>m-
""~•t: ll mio 1 c1 · ¡ 

"'' punchod Onlo rod CUd¡ m.> ""' angwge d<ek, -whioh 
3. Reoch mio thr crd IJbwy {01 , . 

placo lhem in ''" c:ud ho ''· 1~"tk deck or <>rd•mar~rd ''loador,'' and 
•1• mtmory pp ' «>mpurer "'""kf load 1hr lo!d'l 11010 4Pt> . ' ' 

cr h" nrwly """!'lrd nb '<1 d«k 
would loO<t :tinto lh• "'"'""; m lhe can! hopper. The lo•dor 

S. Pl"e "'<he'"'" hopper lht d_- k f 
callod. Tht load<r would loo-',~' ' 0 any subrouune, whkh hio pro<com 

6 f' 11 " "'" luOroutin., 
· '"" }. rho l~,dor would U&olfor '"'"'!io · • 

m•glur«¡u"e thr reading ofd"' <'Id~ n 10 lhe ""'' pto&,.m. wh«h 

Thi< SY,tem of mul!i<olorf<l dO<ks ,.,. IOII><w~ 
IUong mal!»! ion for mo•i• 1 

11 ""'"'"foclory. 1nd thero "'" 
.,1 .,_ o o more n .. iblo ~sl<m 0 " 0"« <ompurer lunt "'"be' ., · "' ruson ~·•• th•t " ., "'' .. ,,..,¡" lh< m.ch" ". 0"" •ng IC!l>lliela"d b<lw .. n =~• ( . . '"' "OO" idlo durn>& t.ard· 
• -•• """' o'\ JOb 11 • unir of ""·" "'""'Y of • P«>grom.) T 0 <hnunu •• . '!'O<• ""' work. • g an 
pro•illod e""'"'"' 11>< foc~·, •- • ·~"'"''""''a number of · 111 b ' 1 Y <o ,_.,rch JOb< ,..., 
lo be ~<od. A lrtttch optttJt<ns f)"}t: 10 ~•plo~ IOg<rhtr inro <he cud hop¡><r 
Ul!llplt lho botch IY>lem would "'¡por.,..,..,¡ rlll! !u!; of botching JOb< For 
FORTRAN compikr ord lood f por 

01111 11'P' 1 lluough 6obovr l<llieving lho 
Al rhe demondr for <r lOm oecondory Slorqe. 

ffi compu101 lime mrmoro do . 
e """'lll>nog<menror,• ' .,. ,,..,,,ndfil<'!increa,.d rhe 
• ""'' ""'"'""' b<oomo · ' ' """"" """"' moth<><i1 of . moro""''"". In Chapler 9 we 
"' mono;•ng lhom The,. rewu 

"""' "''"'"""'"' of rh · • •«lll<valuable and 1n. h <m <tn be coolly Th< ,. • 
uevolved •• lho eort lnd 10 l. . . · I!Og<ment ofeacfl reoource 
'" . , • P llrti<OI<on of ''' "" in<reued ' 1'"'P < •1l<l10d symms rh · 

• ' ' "''""''Y '"""'« wa. oll••>·" > '" !Ola ly lO l 

e.O.CI«&IlOUNO • 
oingle llfOgtam. Thus, if a progrom did not n«d thc onrire m<mor~, a portion of 
11>111 r<!Ource w¡s wamd. Mulliprogramming OJ><tolin¡ ryslems with po>lilion..O 
COTf! mtnrory were d..,.loped lo ciltum,.nl lhil problom.Mulrrprog.,mj¡¡g o\· 

lows mnlt<ple prouoms to •••id• in "P''''" ll'<U of eoltal the ....,, timo. p,,. 
gams "''" &l•en a fi•ed po.rtlon of col< (1>/ulriptrJVammi"f ,..;¡h Fued Ta¡l.: 
(MF1)) or 1 voryin¡-lize ¡iortion of "'" (Multi¡>ropommins ,..;¡h 1'4ri<lblt Ta•ks 
(MVT)). 

Oflon in .uch putition<d mernory l}'slems 101110 po<tion <;ot~ld no! be ured 
1me< it .,.., too small "to c<m11in • p<oc:om. The p<oblem of ~ho[.,"" "' u~used 
po.<lions of coro is called fl'l1fllltfllaiÍD~. Fropn111i<Ht hu bft<t minit:llzed by 
the t<chnique of relotalable p.onilions (Burrou_lho 6SOO) 1nd by po¡in¡¡ {XDS 
940, HJS 64S). Rtlocorablt p<rrlillonod coro otlows the unuro:d jlortiart~ lo be 
eonden,.d into one oantinuous port of 0010. 

Pqirrs ;, • method of memory allo.:otlon by whkh the progr.tm is 1111bdivided 
rnto eq"'l porhono or ptg<o, and coro ls 1111bdiV!d<d !nlo equal porlions m blDcks. 
The pogt>lre lo1ded UHo bloc'<>. 

There ore IWO poging tochniqucs· limpie and demond, In Jimplt ~"11 ill th' 
pagoo of a progrom muSl be in core for '"cullon. lnd~••umd ~& 1 prognr;• 
tan bo execu¡ed withoul o ti po¡ts belng ln cort, J.o., pagesare fmhed inlo 0010 
u thoy are needod (dcmanded). 

Tho nader will roc11l from otcllon 1.1 lhat a.ymm wilh aevoril pro.:esscalS 
tormod • mulllp<oeouir.g !I)ISlem. The tNffl< cont>oll~ coord¡nllos oho proc<>· 
sor• md rhe PfO.:<sses. Tho rooour« of p<ocusot time ls allocot<d by 1 Pf«grOm 
kno""' u tho JdrNIJI~. The pfO«UUI concotnod with 1/0 is refemd to ostht 
1/0 procw~Jr, 11>d p<oc:ommlns th,. pro.:uoor ls cllled 1/0 propamm~. 

Th resouret of m .. of Jnfm,..li<Ht ;, 1!lotated by tho fll• rymm. o'\ rqmtrrt 

U a sroup of irúormatioon titilo ustr wisltts 10 11011 u"' "'tity. Filn are o.<¡¡· 

ment._ l"hto< "' ""o typeo or r~co: (l) directa<i<t ond (2) dato"' llfogr.tmo. 
~tori'" «>nllin the locations of olh« fdu In 1 hiorvdticll fde S}"ll<m. 
di<<Ciori« may poin! l.o other dileclor;.s, .,.h¡cJ¡ in twn may poin\ to chtec\OI'its 
or mes. 
T~oharin¡ ;, one ""'lhod of allocolifl& P'""'""'' llmt. l! is !yp.:olly thll· 

oclerited by in!Oroc!M p<ot<ssins and !into..tidng of !he CPU'• lime lo lllow 
quick IO'JIO"" lo .. eh u1<r. 

A •lrtual mtmm·y (no= JPO«. gr;jdrtu li"'C<) coMilll of lho,. oddr<..., lllot 
may b-o gen<roled by o proc<uar during ueeulion of o compulalion. Tilo mem· 

o¡y '1'""' coniÍsl• of lhe "' of addre,..s thll con.,pord to physic:al momO<}' 

lo.:aHono. Tho lechniquo of rqmonrarian p<ol'id" a lu¡e nomo lj>lct and a good 
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1.4 OPERATING 5YSTEM USER VlEWPOINT: FUNCTIONS 

From !ho usdl poml of """· lh< purpose of on optr>ling rysl<m {momiO<},. 
ro u.nr ltim ;, tf.., ~ie> of .alv.r.g problems. Spoafieally,the folklonng 
runoti<>nt .,. po:rformed by thO rysrom: 

l. Job s•:qt,.ncin~, <dl«<uli"S, ond lnffic conuol!<r <>¡mltion 
2. Jnpur/output progrunmiD8 
J. Protocrin¡ iUelf from lb< ""''; prot<cun¡ tho ... , from oth<r ""'" 
4. SeoCnchry uorag< monagement 
S, Error hondlin¡ 

Conridor th< ~ruation I! wl1idl one US<f l'~>r •Job lhollakos fcur hours,and 
onorhtr "'" h., o job lhat t.kos four ...:codo. JI Lotlr joh• wm >ubmitted 
~mullllleou~y, rt wou)JI seem lo be more appropriale for !he four-s..:ond user 

· to have hir rungo lim. &sed ~n consider.Uon• Sllch u thi..,job schedultng is 
oulomotic.al:y P"'formtd b¡.· th< o>ptr•W.a ryolom.tf_B ;, pot$iblo todo input 
llld oulput .,.'h¡¡, rimultantou~y exocut)ng o piO&fll'tl, 1 • is the <1>0 with m.1ny 
compuln <y~enu, alJ ll>ese fUllctiom are sch<dul<4 by th< tr.~.ffic conuotlor. 

As "'' h.ne laid. th< 110 channeJ I1UJI be thought of u 1 stpoute c<>mput<r 
wilh iU ,.., ~pttlahztd .. t of inUructiaou.. Most """"'do 1>01 w•nt lo ioorn how 
10 pro&r~m \1 {lfl '"'"Y"""" quite • compbaled t.oslo:.). Th• "'"' ... ould lik< lo 
llmply 10)' in htS progrmt. "R.,d." awin¡lht monitor sysl<m lo •upply • pro­
tr•m lo !he l/0 channrl for eXOt"UUOn. Such 1 fa<ilotY is provKJ<d by oprraltng 
sySiems. In many ca,.. lh< progmm "'PPiied to lh< 1/0 channel con•~t' of • 
"GU<n« o( clo .. Jy inter"\Oo,..n intenupt routin<l that handle lhe situation '" 
11111 way: "ll<y, Mr. 1/0 Ch~ll<ltl, did you reoeM! 1hot char•ct<rT" "Ycs.l ''" 
cooved u:· '"Are you wre you rec<i><d rl?"' :·Yos. l'm ¡u,.."" ""Okoy, 1"11 send 
anothor ene."' ""fin<, .end it."" "You"re sure you wanl me to ""d ano!hor ono?"' 
'"S01rd itl" 

A n extremtly imponont functiOJI of an opor&lin¡ S)lllem i> to protocl lhe usct 
from boint hurt, either mohciously or ac.:KI<ntally. by o1her ustrr; th:u is. Pl<>-
1"<1 l1im '"h•n orhet IU<ll.,. e~culing or ch•ngin¡ rhoil progtllllO, fileo. or d>ta 
b>sct.. The opruun¡ syolem must in>Ure inv>Otobdi!Y. A o ...ti 10 prolechng 
usc10 from eath othu. lhe op<r>!ing syotom m!l!.t also pmlecl itstlf from "'"" 
•ho. whother maliaoll>ly os accident1tly. mltht ~cra<h" th< syuem. 

Stud<nto '" great <hall<fi&OI> of protec!ion moc!t•IUomo. Wh<n th< systems 

" 
8ACKQROUM0 " 

. . we find \hal duo lo thtlorg< numO" ol 
p¡ogrommln& eoun< 11 ¡¡ven al MJ .T .,1 lO orsonally grode ov<l)' progrom "" 
otudonl• P"ti:Jpating 11 is very diíncu 1 p le ptobloms- cortalnly th< fu" 
"" \he machine problem~ so for the ••1)' ~P < ,. in 1 «oister •nd ¡,.., 
~ nt U\0 numuer o ' · 
probltm wbich moy be t~ eou ha"" .,.rmen 0 srading provam ttul "1~ 
tho '"""" in anolher <<V>I« - we ""no '""''lm t211• tll o 1\u~enl 

""' oyl\em. Th< ¡¡rou• .... •-..- • 
cluded asP"'t of tho 01"'" . ! h" ·mplt probl<m the ¡tudenl • P"'"" 

'

-••"' ond u..,r.,, cootrolto ¡t. n 1 1"' ~·· , _ in .,o:her 10g;uor, ""' •· <\he _, .. .,. l•nes .~ otuW~ 
P<~ the cootenu o ,,.,.. • t..u.; chocks 10 ftnd out tf lho conec 
f<IU[l\S to !he gnd!fl& progam. Tito . 1 1 Mt•rw••ds, th< gm\111& P'"""' 
oumber has becn l•l"l In \he answer ~"11'' ·U. and ~<ir v•du. Fotuanipl< 
prinl> out 3 listing el oll thelluden~ 10 

the < " · . 

VIrA to;QHN 
AACHEI. BIJXaAIJM 
JOE LE VIN 
LOFTI zAOóH 

C(lM~CT 
coRRECT 
INCOA~ECT 
CORRECT 

On last year'o ron, tho compul<r Uol\n¡ bop.n "'fo\lOWS: 

.JAMESARCHER 
EO MC<:AATHY 

ELLEN NANQlE 
JOH'I SCHWAIITZ 

COARECT 
CO~RECT 
tNCOARECT 
IMYBE 

A In th< COU" ,u 4id Ibis·,.. pft hlm 1n 
(We .,, not snre how John Schwo 'rom><d by an op<r>Un& sy•t<m 

S nJ,ry ll<mii' '"""'1"""'1 1• 
1 wl<. paoth .....,.101}' 01oro¡< for • "" 

=, ''""" ..,;lb the "'" of di31<o, Upeo. and " oon une~· 
pioirams and dala· 1 For enmple. ;f th< P'OV'mn 

An operatln& syJ\tm muol respond 
10 .::i:~l for the eomputer te t.imriY 11 

$1\o~Jd ovornow 1 roglole<: lt lo 1101 eco tx;<un. tht opera !In& ¡yol 
. and wait for an operator lo Jnte,.,.enc. Whcn an error . 

mU>I tak< •rpmprUte Kllon · · 

QPERATING sVSTEM USER VIEWI'OINT: 
l.S éH CONTROL LANGUAGE 

IIAT ' through the batch syot•m!on 
Man)' "'"" ritw lll operatln& oyuem_ only amo. la thi•=liotf.,. w~l dio< 

'-• Mtlch they mus! p1<f100 \hell Pro&! __ __,, er1 with lt. Oth•• lf 
cardo u¡ . otem ond !he oontml card• ..,....~t , 
1 Simpl< morutor fY 0 . dbcuSSCd In Chaptor · • 
COOIPI<~ mo01torurl . 



" 
Monfto• ¡, o l<rm lh>t rofero Jo lht control progrilml of ., Of><rJiing 'J'llem. 

lypi<aJJ~, In o botcll 'l'''"" rhe jobo.,, ol><ked in o cm! rud<J, tnd !he 
monitnr S)'ll<m seq••en!ially proce ... , <ac.b j<>~. A jet 11>1)' conilit of """''ill 
"'P>lOie p!<>g1111:1 to be ex<eute<l ~titily, .. eh 1n:lni;J.,.¡ pto¡;ro:n beill& 
nllt<: o 1~ JUf', In • batch mon/10' .,.u,,. lho u><r oommun>:a¡., "'Íih rbe 
oyo(<m by woy ~( • ron !rol l•nguqe.Jn o limpie hotcl!monitotoyotern weluve 
lwo clwt> of OOil!rol cord,; execution <ord! tnd der.nihon <>Jdl. For uomple, 
on <:<«UIJOO oar~ moy be tn !he following foml>l: 

The job wntroJ e.,d, • der~.~;¡;., cvd, ""'Y tako on !he followill¡ form:ot: 

ru... -- -~~·-· .. _ , .............. ,. 
... """'"" ...... _ ,_ol ~ , ...... '"'"' ., 

Usuillly !hero io on ond-of-file carJ, who1< formol might consi•l of /', <itnlfying 
lhe ''"'"""ion ol o_oolleoUon of dm. L<l uo 1ok< lho foUo"'i:i¡ uomp!< ofo 
FO!UR.AN JOb. 

¡;uA .. PI.~ JOB DONOVAN, T168.1,100,0 
1/SIE~I ~~~C FOATAAN, NoP\INC>< 

PEAOilOO-" 
001001·: ... 
12•1'1 
13•1'1'1 

1<>3 ... I~T 9100.1,12.13 
8100 FO~MAT(:!J101 

,. 
IISHP2 ,. 
1/SHPJ 

,. " 

'" 
UlC08JECT 

Tho tu u <011!rol cud is 1n <Xample o( 1 dtlinilion eud. Wo hn• do!in<d 1h< 
,.., lo b< Donowon. The 'Y•Iorn mu•t 101 up on occounting filo (o¡ lhe "'"'• 
noling lh11 he npoclt lo u .. one minuto of timo, lo oulpulo hundr<d Iones of 
oulput, ond to punoh no cords. The nexl oonln>l oord, EXEC FÜRTRAN, 
NOPUNCH, i1 1n eumple of ilii extouliOll Clld; 1hot is, lho oySiorn is lo''"'"" 
ihi proyam FORTRAN, Jivtn one lfJUmenl - NOPUNCH. Th;, 11rumon1 ol· 
lows !he mon1IOf oyuem lo porform more dfoc:ienlly; sinoe no aord• aro 1<> be 
punohed, 11 n<ed nol ullhu _lho punch routinet. Tho dolo to lhecompoler is th< 
FORTRAN p•ocr.m lhowrn, lerrninoted by on tnd-of.filr card /'. 

The n<~l ooniH>l ard io lnolh<l <xllllpl< of on ex<oution ard and in lhn 

• 

1 

1 
1 

• 

' 

-

" GAC!<GROUMD 

ho 10 r>mth>th><¡u<lb<<ncomr•l<d 0.,. cau,.sth< onoulioJI oflh< loodrr. T. P .:..,,,.ry fol tlt<x<<U\100, "h«<­
"'ill be lood<d, l<ll!'lher with llllh< <OU\rn<l 

10 
U.e m• m P''t""'- Thrtjob ot<p 

U('O'I lhe l<rad<r w~l ''b"'d~ th< Ulb!outi~EC OBlECT c.ud "onolhrr <>t<ll· 

"l<lmi"-'l<d by on end-of-r.lo o>~d. Th< 
0 

ero le th< olojecl p•oy&m l"" 00"" 

\ion c.ud, t•"•in& tlt< moml_or systm;h:o r:Ouam ond ~ foll~~•d b~ ~~· onl-<lf· 
p1l<d. The doto oard, 10," tnput to 

fLI• oa~d. 1 4 prosonu an "'"'"'.....-o '"•mr • f - l<m<nll· 
The ~mplo loop <hown '" f!fU« Iom must reod in tho ~'" t:a<d, 

. 1 m The mon•tol •Y• h • 
tion of o b&ICh mon•lor sys 

0 
- r. 

0 
ob cord, lh< momtor ,.,., 1 0 ''"''' 

'
"wmably • ¡ob <a<d. In p<oc<i" ·& ¡, •• ,.,,. 11 ond !m< p1inl hm•l- U 

- oll t<d t<m< "'~ pu " · d' 
"""'• oowunl num\rt<. ot '10 o<<<Ulicn co<d, then th< mo"'.'cr"' 
th< n<<t oonu<>l r.rd hoppens to be ntl>ry """~' '"" p<t>otSS tho ¡oh '"1 
load the oomspondrng pn>gr>m f!Cm "b~ P ~gnm 11 there 11 on wor durm¡ 
by uamfouin! ocnuol lo lh< oxeouto 'd 

1 
"'' b;ok 10 proou> tho "'"'jo\ 

!he "'"'"' not<> tho "'"' '" S prooc .. int. ., 
step. 

( ·~_) . 

1 

1 R...:t r"" Job ...-d 1 

1 p,_,. iob o;Md J 
L . 

rl Proce« contrOl....,_ 1 

Eno• ~ .. ,. .. 1 
1 ~r0<011lob """ 

,,_ 
No "'o' . 

''-1 ~no:t o! jabl 1 

' }· 
onl"or "'"""' 



" 
U! O!'EflATINO SVSTEM USEil VIEWPOINT: FAC1UTIES 

Fot !he tpplic.oUooo-orlent<d '*"• tho f\IIICtlQn oC lhe ~·w.a l)'!l<m k to 
protile fi.tlli!iu to ¡,.tj. JO.Ivc pr®b!,o. lbo qu01tiolu ot ocM!oliD¡or proteo­
üxt ue of110 ini<Itl.l to hia,; .,h.o.thelt wtlt<iilC4 with b tilo lfti!ahle ...,rr..m. 
n. Mto..W& r~ uo l)'p\cll.!y pnrridod br nwderu <:lJ'Cfl~ ¡yrll:ms: 

¡.~¡ ... 
2. Compilm, 111<h Q PORnv.N, COBOL, """ PI.JI 
3. Subroutine !ib<u~o. JUcll q SINE, OOSINI!, SQOAM ROOf 
4. Unk.ogo cd.lton o.nd ¡>rn8ram IOII!m th.ot billd 111broutiauto,.U.U ond 

Pf<pue J'l'"';rli!Q fo: n«:ulloD 
5. Ulility ro•tinn. <U<h u SORT/»ERGI! 10C1 TAl'!! COf'Y 
6. Ap¡ilicau"" p,a,&Q, ...m u cit<:ui< on.aJyrls ot llmulilt:oa 
7. O.bvWnl facilities, J<ldt u PRI&M' tra<:U. oad ~-d,.,.,." 
8. O.ta~tUHI me pnoc•,•i>•¡ 
9. lliuqiP'\1~.! of ¡yrltlll lwdwa<e 

Allh""gh. W. ~tacnwe•· .upoct of lll operalln¡ oyftem moy M cf vut 
lnll!iell to the l:!ltf,,.. fed tlut !he ..,..,.er to the questloG, "HDw !11&11)' <OJD­

p;ltn don lhat "PQ'•tln¡ q¡~em bawr J111Y un more rl>oullhe otielltatloD ol 
!he lllll1l>factuor'o ~~~&~kotq romo \11m lt ~ ~~ tbe ~tuno &lid cf­
foctmDea of lhe ~lq; oyllem. 

1.7 SLIMIM.RY 

Tholll*jor COIIl¡>OJICnlo oC a~ 1f$1em are: 

1. ,....,bl. 
lnpol 10 l<l .....mbler b .., =b/y ~ pn:>'""". O.. tpul fs u obje<:t pro­
¡n¡n pluslnfomu.tloQ th.ot onables the loador lo prepare the object pro¡ram for 
UU"JiiOO, 

·--A mocro azll b., lbbrniatloll(<lf """"') for tomt...S.. A,_d~ b 1 
llql>!""" of <Ocle th.ltlw a NrDr (macro c:all). A ln4CtrJ pmp!fJGr 111 pt(l&lllll 

11111 !Ub-sti!uln w1 ~~ "*"" 4ermiüom (or lliKl"O alls. 

3. Lotdor 

A lood~r h 1 roullno thu IOid1 on object Pftl&llltl 11"111 p¡epanr u for txoc:ullon. 

' 

\ 

1 



In p .• ~ Ou'·o· ,,. 1 wl- L; UL 

Devices 
DIGITAL PRINC!PLES AND 

¿¡'l®" _u 
APPLICAT!ONS 

MALVIOlLEACH 

In •ny dogitol sy,em '' i> """"'"'"' tn r..w~ • hn\ of coounu~•c.l!·un hrrw~•'•' "'·'" 
•ncl m.>chon~. T~, <<>mmonocotion lin~ '' oi1rn r~:!"l the ··,~·"'""'•''h''"' "''C•· 
l•cr" •nd '' "'~""'" • """''"'' ol p•uh!eon>. D•~L>1 '''"''"" M•• ,,,,,,¡,•~ n' 
npro,>,.ne on inlurm.,.•on" '"''""' much P"'Mer "'·'",,,,.,·,,.>no!,.,, •< "'"' "' 'oc•• 
mo\1 om.,.,rrant ,HI"~""'' roo ""m~le, ,, r,,.~o-~e•l ,. ,¡,~,,,,: '""''"' "'' •> <.o¡un,o• "' 
po•<io<m·n¡: more""'" SOO.OiJO ,1(!JoloÓn> po•r >e(on<l 

Th<"prul>i<'m ht•<e i1 lo prov1de dato input Ln lhC W>le>n " l'lc' 1">1'1<'<1 1'"'"'':• 
ratr Al the """' wne, tht•rr " ohe ~roh:rm ol acc.-,>lone ,,,,,,, ""'ll"' ¡,.,,, '"'' 
'Y""'" •• t!>e ht~h~>l P<l"•l.>'• rote_ Th~ ll"''~•·m " '""""' "'·'~"'''"' ""' <' "'"'' 

d•~·••l ''"e"" do nnt '~"'·'' e~~•·•h. '" ·'"' "'""' •~,~~-'"'' '"' th,ol "'·""''· ·•·~• 
>COme 'Y"~"' ol 'Y"''"''' mu" lh~rdor~ 1~· ""~' lo• ron'"'""'<·"'""'""'"' ;, ,H 
p<e>~nl ,, con,do•r,Me o\t'nOunl of t~mllch ;, ""' ·"~''· Md '"'"'''Y"'-"" h,,,. 

bren de•o:opod wl,;ch woll occert '''"'"" e"""''·' nd1 ,,,,¡ h'"' "' ,¡l "''!'"""'' "" ,\ 
"""'"" "·"'''· 5"•n· (!,~,oal 'Y"~"" ope•ote in o '""·"Y 1no<le. ,, numbo•• ul c•Jdc• 'Y'''''"' ":,;<~ 
••e ~'"·"Y ·~¡><e>en<ot;on> h.1ve ll('('n ole•olo¡>"l ood .u e¡,.,,~""~'"' tl•o• ···"~"·'~'' 
ol commun.col<<>n fx-1" """ moo •nd moch•"~- In ¡lu> rh.""''' ",. do><<•" ,, nuoul~·· 
ol tlll">e c<><l<-> ""''· 01 the "'me time. con>ócl~< the '""'"''-"\ <l1t>ui·C>Jtput l'Qil•,>­
m~nt. 

Th<'I"""·"Y ob1c<:tove olth,, rh,,pter "to oc~"""'"" >hd•lr 10 

1. l•pl.11n how ltolle1111> Cú<IO ;nd ASCII «~le .H<' U«'d "' tll¡>lll/<tulpl'l n•••dt.< 

1. lhcu11 '" """""'' lo< m,,~nelt< '"'-'"" '"~ ol ,h~oiJI ''""""·'''""· '"""' ¡,.,~ U, 
~11 •• ln<l NRZI. 

). Oo..o;o,l., tOe llm•I.>I•On! ol • numl,..r ol d<lle"'"' n;~,ul 'on¡>ul/uu<pul ""'''-
4. D•·"' th•• 1.-..;o< ti•J~'·'"" for a 1omp:c• '"~' rlt-<uder '""' • h•lonct'<l muhoploc.>· 

"'" d<"<:<><!(•l, 



D<git.tl l'rinciple< ~n<l Applic~toons 

PUNCHED CAROS 

On~ o<,..., rno>t "Klt~y U><"<! medi• lor ''"'~""M d¿l" 1nlo • moc~iM, or for ot.. 
"''"'"K oulpo,.l d.>!.< lron> J '"J<h•n~. i; thp puntlwd card. Sont~ cnntnoon ~·•mple; 
Ul ""'"' ,·,"'r' ,,,. r.,:r,·~t· re~i 1¡r,ol·<>n {Jf<h. ~""'rmreno ch<'<k>, m<mLhly o•l co•n· 
p.tny ''·''''lrt•n<<, onO h,,.,~ ""'"'M"I> 11 i> qull<• "mpk• '" uw 11>1< tn"lium lo rep­
"'"'"' bi"·"Y lniolfnt.ll '""· ""' ,. o•.:y t ... a <ort<hhUH> ·"<' >e~Jirt~l. 11 "'colly, a holt• 
'" <'•e c"rl .,.,,,.,..,.,, ,, 1 Jn<f :h~ alhen<•• n! ,, ''"''' '''P""""" o O. l'•u>, ''" C>fd 
,..,,,..o(~.,. oh,."'''·"" o( Prt'"'"""S •nlo'"IJ'""' '" b11>01y (u,n, ,><><( il ;, unly nt'(e,. 
"""' ~~ olo-\o•JO~l t°K' <«Jo•, 

Hw "''~·'' puo~!•o•l t.L<d u~-d in !or¡:,~,t:.le tbl.l·Pf<.>et·»in~ 'Y>Irm1 ¡, 7'/, in 
i<>t>!',. 1'1, •n lVIII<·, .>11(1 I)IIQ7 1n 1i>1Ü. !.>th tJ><I h,<> 8(1 V<'rti<,ll tu<umn>, JnJ 
lh, "• ,,.,. <2 homun•,.l '"'"· ,,, shuwn in f ·~· 10-1. 1 he wl'"'"" .oro , 0 ,.,;,.,.,.¡ 1 
11> 11 ,,.~¡, Mil ,ol<111g ihe 1->l>!l<>m l'dg"'<OJ' t:>e c••<J. B~i""'"~ ,)1 lh<· H>i< .,¡ lhe c.•<d. lh<• 
row> ><~ dt•>ign,•<•-d 1 ], 11, O. l, 2, J, 4, S, 6. 7, ~. ,,.,,¡ 9 The 1~'"""' l'd_~e of oh~ 
ca.rl ;, tho '1 <'<~¡;e, •nd Jho 1<>p .. ~¡.:,. ;, lh~ 11 <'O~•·· Ho:., in <he 1}, 11. andO rows 
.,,. c.<llo.-l •~ne ¡>uO(/>~•- •nd hole, in ,;,. O lhroush ~ '"'" ••o cJlled dig;¡ 
P<m<i><'>- Not;c~ tr1o1 row O is '>oth • """-'·•<><! o d>~lt-J>U"'-'' '"", Ally number. ~ny 
leorer on lhe olphat..•<, or .ony o''"'~'":~"'<"'·': d>J>,><ter, can¡,., r~pre>ented on oh,, 
<,<"1 l>y ¡wn<h•n~ one '" ""'"' Oole> '" Jory ""'' colunon. Thu>, 11><• c.>r<l n,, tht• 
c'P'"'' ni ~O numl"'"· '••lle>1, u• coml>ino~LII>n>. •' 

P<ol"hl)· <h<• n>o>t w•delv u<ffi ;y,oem ior <<'< u•d"'g inlormalinn on • punch<-d 
<d>J ;, <~•· llul.'o,.¡l> f'-"1<•. In Jh11 code <he nvml"'" O lhroogh '! Jto '<"P<CI<'ntcd b¡i 
'son~le¡IUnc~ in • •«<•c•f ~olumn. For e.,mple, • l>ole puoch.-d on the hhh row 
ni "'lunon 11 ""'"'"'"" • S in th.lt culu~~>n_ lht· len.~, o( tll>' •lphobeo ooe 
'"P"'"'"'''<l ~Y •wu pun<h"' '" •ny one co'umn. The lelle" !>. th>nugh 1 a•• 
U'J>ro•,, . .,,,.,¡ 1., o WP<' pll·><h '" """ 1) J'ld ,, punch 10 >OWI ) t~ruug~ 9. Tlw 
¡,.,., ''! l'mJu~h ~ '"" rqJr<•>eltled b; .> '""'' 1''"" h '" row 1 1 .lntl ,1 nunch '" raw< 
1 ,;,,.,,.~¡, '1_ !he'''"''" S th<o~~·· 2 .lre "'~'<'><'nl<-d I>Y • wn~ punch in <ow O a1>d 

>t•unc:h m rows i ohrou~lo 9. 1 hu< "''Y uJ <'•e :o d"'-<m>l d<gin •nd ;n~ ol the 26 
1,.,,., •» t!"' .>lpho~l>el <>n bt· '""'"""'',..¡ 10 • bin•ry f;shoon by puO(hing <he 
P">P>'t holes m oh<- card. In •d<H•<fl1. " nun>bo:t o( '"""'"' clw>ctt'fs c•n !.>.• 
"1'"'"-nl<'l.i l>y punch·n~ con~\)onJt,.,,n, ul ho!e• in,, C«lunm whic~ ••e not u sed lo• 
""' ''""''~'" or leuer; ol lhe a1ph,>I~·L lht••e < h,<r,t<IO» Me •h>Jwn w11h o he prnp~r 
P'""l"'' in li~- 10-1. 

!In,.,,,. dev~ee lnr 11'1ne~nlw!it>~ ohe dl¡>~•l•:tic chAr•Uer< is ohe phr,lse "JR." 
l 1/' ""'"'' 1h.<1 ohe le U<·<> J <i»au~h ~ hovt• ''" 11 punc:h, ohme l>·f.,,e """"o 11 
l"'nc:h. ·""' 11~'"' J(tt~ h.-•; O'"'"'"· lt ;, ''"' ncc"''"'Y 10 ron>,.,b<•r ohat ~ 
l··~·n· "" • 1 ·""' "''' J ) . 

h~mple 10-1 

fl, ·< "''•· ''•e ""o"n>lion J>uncl.,~i •n '''" ,-,ord in fiy. 1 0-1_ 

Solu<iw1 

''"""" 1 
1, 1"'"'"" 

"<M f'IJ<l<h >n row 0 •nd. f"'<lCh 1n row J 11 >1 iJ>I.'<t'lu>~ t'-< f<' .. -1 
"·'' ,, """' fi"'M'> "' >uw IJ .1nd .moolw ¡>ttn<h on row B. 11 1> 

' ' 

' 1 

lnpu1-0utpul Dev1Ct" 

r: "".. ;:.~·.:;;"-~=:=~. ··•; .. ·,'; \ 
"""'" 1 1 

"' 1 • >1""""""""'""' ::::.~::·.~: :::.~r.~:.~:::: ;·:::::::::::: ... :: :.~: .. :: :. , .. :::.: .. : ...... :.: 
1 ::::: ••• '" .: .. '" "'"'" '" 1 ·' ......... ,"'" .. '"" ........ '" '""' "' .. : .. 

"'""'''"'''''''''''""''·''''''''"""'''""''"''''"'"'"'"'"'"','' .............. ,,,,,,,,,,, ...................................................... . .. , '""'' " .... , "'"' ,, .. " ..... '"'"" , .... '. '" .. '""' ... " ... '"'" ' .. 
1 

,, " ........ " ............ ,,, " ... ,,, ........... ' ..... "' ........... '"' .. ::: ............. ,,,.,,,,,,,.,, .. ,, ""''''""'"""'"''''""'"'"''''' " ..................... "'" "'" .......... , ...................... " .. 
1 ::;;;;::::: •• ; ••• ""'!"'' ........ ,,.,:•::::· ·:· ·: ":::::::::::::•: •.:' :·::: 
~:_:________..,_-' -

li~. 1(1-7 h•"'''"'''':'~",':·-,-,:--;--;;-;-;;-;--;;-;;;---·~---:-:' r .. ,1 " ... '''" _ 
'"'''"'''' -

1 " '"'""'""""""'" ..................................... , .... ,.,,: .·:·: .................. .. 
::: ::: ;;;;;;,; : .. : :;,;,:' :. : ;; ,;; :.; '" ........... ' .. "'" ........ •, ., '· ': 
"'"" '" .... ,, """ .. "'"" ... '" '" .,,-, ";' , ...... ""'"'' .. - '' 
'''''''""'"'"''"'"""'""'"'"'''"'"'''''"''"'"'""'' ... , .... ,,., ............. ,,,,,,,,,,,,.,.,,,,,., .................. . 
.............. '"'''"""'''""''"'''"'"'"'"""'"''''"' ............................. ,,,, .. ,.,,,, ....................... . ....... 
,.,,,,,.,,,,.,,.,,,.,,,,,,,, .. ,,.,,,,,, .. ,., ...... , .... , .... ::::: ............ .. .............. '"' .................. ',,"' .... ' ...... .. 

; . :· ::;~~~: ~· ·: .. : ":::·~ :'::~·:;_:_:__·:: ., ... ·:: .. ...... _ .... 



•o>e¡d ,,>rlo,~ •'111 '" "~' L 041 "' ,.o¡nq ~u•4 wnd A•¡ ~~"' >d<io•d 
"" .,,_,,_,,.,,1' l"!'>><i> ¡o '"'1"""' • "' 11·'"'" '""'"'"'1' '!'"'"""K> ,,,~q"4''1" 
""' 1'"' "' "' •':'!'""'' " 11 'li'" 1' DIOn P·'")und "'1 UO~ ""!Ll'L!•"'I"! ¡o ¡unow•· 
'·"' '1'•'11 :J.>d<'<l ¡n 11~' •nonu<¡U<>l 1' " 1' h'41 u• <J""' lullJ) <Ja¡l,lfl .«le¡ J;>decl 
·~~~·pnu "' ·""'I"'•U wo,¡ uo>l•tuJ<>¡u! ~ulll'w<cen JO) pue uO•I"u,o¡u! eu,Ol< '"' 
•:·'"''"'·'·' j>l<O WIU '! ;¡ 'kWM )<J'O ;a~t"<"'w 4d•o\\;1,•1 ~<JIIl!U><UOJ) ¡o <»<><<md 

·''1' oo1 '1•"''!"! pa<iol-'"">' ""' •<M o;>dod "'P'"' ¡».pund •• M"' '>lu<"< •41 <pow 
u¡ p.I<O " 1¡ ·<.<1•1 o>dro p.·•.pwn<l '! WOJ¡>aw iOOono-\ndu! p.><n A¡;>p<AI ••~l<lUI' 

~ 

-< 
3dVl lHdVd l·O~ 

'-""u-><i•>u< ~¡,qb '"" 
'1'"' J ·"·"1' '.\¡¡¡•ul J 'l'l""o P."""'"' ·'41 41"' jw0411 1! ~)f'¡d~l pu• i<li\Je> P."!'·'P 
•><ji ~<(XU.ll Ul, '>I'<{OJM ~~UO <! ji ~)U<I '¡>aJO)< UO!li'WK!IU! >41 ~!1\Jetj) JO INJ 

·JO>'" ••r-> '''" ''" 'J~'"'"OW """!~>•w ~unuOO>>• pur '<.:npund Sut>Op<l<<L>J 
'<Oipllf\d ~U<)I',O>:o> '"010110> -,JOIJO< •or UOW<llO) iiOW ~~1 'li"'' UO P.,~JOI< 

uO<I<'U>OjU• <<->W>d ~~ f""'~ "'1 ur> 4)1~11 lu.>wdlob;> 1'"'4d!'><.J jO Ai~!>P' ~P"'' 

l' "'1" 1! '"''-'11 -,-,u¡t¡lPUI pur olU<4-,0W UM"-'1"') pur '.1U!41PW pur UPIU U~OMj>q 

'"""'-""~"'""" 1" <\'-''•"' IUO¡u,,.uo> A.oA P 51 '!41 ·p•r> >41 1" ~~1''' dlll ·"ll 
"" 1'·-'1"!"1 '"1 u••J uo¡wuuOjU! 1<41 "'"" pur •aro> ""!4"'" -"! « u0•1ew1C>¡"1 a41 
·' """ 'IIIU•liiPliHOO uO•I"UIJO)II! ~U!>~i< jO <uraw • lUOI·>l~.1J lp>OJ Oljl IL'I¡i Dl'l •''11 
"411\jM )<> i<•-'J •41 '<.~OlU>''P' IUPUO<lo.U< JO "")WnU. \u ... .,d •pJr> f"4>un,¡ 

'¡>a>o wo1<'< 
·'41 u<> ~"'l'lh><I·'P '•'"'"'" t;od <P•" ~l 01001 l~ Su¡¡rJO<IO ¡o a¡qrdr> 3¡p "-'~OM.Jn<l 
~"') '-'tl<><j I<.Ulno UP U) p.>,JO¡< pu! ·u~¡¡et<>d<> 8u>4>U<>d "41 ¡o hi'P'I'' 041 
~ ""P ~ '!'1"' ''i'''"4 pe>• ¡apun p..:><<«! u.>ljl ~'" '"'ll ·uo¡¡~¡o¡u¡ oO<I<>Kl •'41 4''"' 
Pi''t •u,<l pu• Olli>l 1' ¡e auo J;><ltJ04 ~~1 tuOJ¡ ""'"~~JI' 'P'"' ~u•l'l ''-U 'W¡t¡<M 
¡eo•~·,> ·"11 Á<[ ¡•>;1<>JIU0) " 41111" 4Jund PJPJ • "! J,>CI<i"'l e• "' Pl"4 i-'J• IW-"1' 
"! 1'·"1'""" <o;n4 ou 1).,.,,.,1 'I'"'J ~ue¡q ¡o P"" • 'o<l'.1 '!'11 u¡ ·w~,,A, [1'11~11' 

<' """J '"'""" rll'P tund•l>• JO¡ wn¡¡>:~w • '" ¡>:~~n •q "'1~ ""' >pJrJ 1"'4JUnd 

'P"""'' Jad <1•<¡ 0~9'e ~ OqiOOt '!11 ~ 
.o '•''"'"'" ,,-,¡ '1"1 OO•'il~ • oo•·,.¡ X 9~ m '""1""'""" '! "41 .• ,,..,!W 
,.,(! <jll<lM OOt'H ~ 009 X t¡ "·'1" l'ltp •41 ~P'""' H W<tiUOl r••> 4"" ~>U! S 

UOI)!'\105 

,,u,\I>A> ·>41 3u¡ti-'tU.> •"" L•¡>'¡> ljJ!II'-" W •>Ol'J 

,,.,," 1'''1"' '·"""'"' •><~ ''""' 00() ¡o •""J e w P'·" ·"" '1''"' ·"1' JI ''1""" 11q-•n '""1 
-.l¡u•MI "''1 ~WJ 4 \t'j ·wa<¡l u¡ p.><j-,Un~ 'll'j) !.Jo u<<¡ m1 l¡>>l'1 jo plp t' ,),Oddn~ 

l-Ql d¡dw~x] 

-<-.>:>Oul au•r•·" 

.11¡\ U<> >, >'<1 > ALLpt¡r~ '''i-" IUJ<I 01 ·''"''i ~~ r <1rp 041 •J"'·" 4''4" P'"'l pMl 

1'"""" r ''·'•'" a¡•nb '! ~'·"1• 'J~~ lrl' •41 Ul p;ne¡d "'" pur '"'IIOJ '"410 "''" "rd 
"·"1' '1""'''41 ···''"~" ·'~•·•m< '"''"! ~'1' wJo¡ 4~4"' ,dou·d•ll 1'" "' fl-><n .-.q ur> 
""' '''"'"'!"! '"11 r••• · 1 '"'""1 ,. ''"'"'"''·" ~~··~•1 ,.~J ~'" """' !""~" '1 w• .,,..1 

~'1i: <n"~~o ¡~dtno·mdu¡ 

' ' 

1 

' ' 
' 

1 

·uo"'-'->doHuJI'W·P".) T'D< ·~'J 

~. ' 
Q,,,._,·.:· .. ·-1 ,.,< 
~·~1~'1:1 

~~-
~-­
P•~ r"~ fj-~=~~~ 

1 

'P'-'o•••u;:oli '! 1•u~!< 1''!"""1~ uo Pr·>4 p<'~1 ••il J.)jlun "•.-.clo• "1"4 • "''4" puo 

'p>u ol41 UO UW~IU~ 4>M JO¡ P""'i pt'.ll ·>un <l ·'••41 -<¡¡~>OJU4~ >O"'~'~>:¡ -'•'4"•' 
~,. 4 '-'~"' '<¡J ""'~ pr~J •41 -'•'pun •~'>•d P'l'l 4-"'l ·~w•1 e " ouo !< wo.¡ ""''J~ '"' 

P"<' J.><l<lm¡ P••• i-'t¡¡ U< P''VOI5 '"" ljltt'> "'ll 'í·OI ~!J "! '"'·"4' '! S[l'LJÓ" 1"'"' 
·-"'i•l AJt'll,l;>.lU •<¡1 OIUI UO)IOWJOJU< jl•loj1Und "'11 Hu.~UOll J m¡ p<>.,'I"«J J""l •U 

'p.!< O 
Jap""' P"'' ¡o >dA¡ ~41 uo ~U1pu.>dap 'a¡nu,w J"Ó <pJr> 000'1 <>¡ 00< ¡n «I•J a41 1P 
UI~M< O<j¡ O)U< f"'J•ou• ~ UPJ UO<I'uJJO)UI ••11 'J>p•~• pll'\ O jO <U••w ,{(¡ W,l,.Á\ 

IPI'H<p a41 OIU! peal"'! '-'•41 Ufl <p•r> f"~Jond ·~1 un u<:>i.WJOIUI "'41 'JOi•Mo 

•4l uo Ál•mu.> pu.xl;l,~ vu~•~-.do 0<11 ¡o !LlrJn>"' P<•• p.>.>tJ< ~<;1 pu• • .,,., <~;>d.<l • 

•• •uon "41 ~low A"'' ,,.,olil()o •u!4>ow "41 -."'4'"'" <pund·A.-,1 <>41 ¡o'""""' 'q 
<j A1¡0¡llUj !pJr,1 P.'11pUOd OJU! UO!lOWIOJU) ~u,a¡u. _JO j\Q~jo>U> UOWWO) j<OW ,1\'J 

'P'O"' 1·'1-91 <¡H;¡uaMI au!"' e1uo> ¡o •1qrtlo.1 ""'il <> )llrl ••11 'suLIJnlo.• '''"'1' .¡¡,,,, "' P•"l"""' 

oq ""' !''""' 1'1¡-g¡: • ~o41 '( UW<'1'l~ u¡ 1'•14Jun~ OJO ''"1 ¡; 1 ~"""''"'·" •41 pur 
'l UWOI<)j U! Pi'40U<'ld aJO\¡'~ lJ i>;><; ·~1 '6 ·~ 'ij '1¡ <AIOJ Ul jN<¡,und 
~JO PJOM ~~~ jO <1,1q ll '"'J ~~~ '1 UWn¡o l JO ll MOJ U! .~u, ULJoll.'!¡ '!MO.J ue41 ~><¡lO> 
•own¡ol "! >~u•~!""" uo¡¡owto¡<u ~~, "'"4""•'~ '~'i"'u! ¡>n<¡l.>w P"'"'" ·~¡ 

'plrJ ;><,¡1 UO UQllrWJO)UJ JO <i'<¡ ~-~g aool< 01 ~lq"'<>d l.h>~j >> ll 'W>Oj !.Jou•q 
lll~"'"' "! P•~> "'il u¡ f"~Juod oq ur J <PJO" ¡<q·~( JM¡·I¡~""' ¡o 10101 r <O<,¡ ·uo 
"'f'Ul' ·~r 4ilnoJ4¡ 1 suwn¡uo 'R MOJ "! '! I"OM P"4' J41 'U 4~""'4llf <uwn¡<>• 
Uo 'b ,\\OJ u, "'1" '! poo"' 1'""''" o>~j ()f ~Rr>Q¡~¡ 1 >c<un¡oJ U!(, MOJ 1>1 jlo)ljll>n•l 
1• lllOM i>!J-Qf JI><) "'il -~4~!' Ul IJ-ll W()¡) l'lP> •'•JI >IOJJI' ~""j>lll\~ ,<q '11"""''!"'·1 
1"'·' .ll¡l "" u<>¡Wwm¡t" ·"1' '"'"1' poq;.>Lo i'll_l ·'41 ''1""1'•"" ""1 ""' ·"''•1 

<j'JI'> <JO fl->4luM •X¡ l~ti!UI IJI(I ~f 1<> 'PJOM Ul l~'"u•m 
""""'"'O)U! "'""'~ "'"4 .~-.. '·'·') '(ll Ud~J ''4lS~.>I PJOM '~'1'" ~''"' "'"'·"'" ~"4" 
IW~l<,\< Jo)~ lO IJO) UJ ~JO •·•~1 pur 'p>OM l•<l-9[ .><ji i<>Dll<' I•J•~ow ~U!4IOU "'''"'H 
"<do¡J-<l<U qf U!rlUOJ i<Ow p>OM l>f)·q( • ~U 'lO¡< 10 ''I'I"IO) ~<i<¡!llJ l' 1041 "'Ldr~l 
<ll!ll"'•d <>~l WOIJ 11<'-~>J II'M OOA ,(PIO"'-., r P.-'1101 11 ll'q q~ JU ~><>~1 4"'] -,,,~ 
9[ JO <~J014 U! UD¡jOII,H(>)Ul AJOUtq :XO '""'"'' ~'""•> >OJd·¡•¡rp ,o,o-,.;.;o~>t'; Aul'l\' 

'~"'"' ·'"" UO OllHOIUJ<J¡u¡ A><'""l 1<> <11<¡ 091,-11 >< 00 4->U<t<l <!1 •'1'1"""1 "'"1' " 11 L ''"""1 
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Th~r• "'" a numt>.·• ol ""'"' '"' punchin~ d,,., rn paper t,rpc•, ¡,.,, one o( the 
mn>t wide:y <J<t~l 11 ti>~ ,.,~lll·.'•ole wdo '" fi~. IO·.,J. Hole1, •Wr<>e<>tin~ ~•'•· a1e 
"""' ""' '" ~·'"'" P<J<•''"' < h,mnei> whtch '"" the !t·ngt'> of the t.lf>e. 11 h~ ch•nnel> 
.,,, ',\/~·'"! t, !. ~. ~. p,ouOy, O. X • • u><l on<l o( li11e.( (.ICh chata<l.,,-numt~«. 
•'pl>.>lx~oc. or '<J('Ci~l. -<><CwP•~> one wlumn ul ~tght JK!"tion• ac<O" the .. ,dth ol 

th·· '"~"'· 
Numl"'" ••e I<'P<O>ente'tl h> punche·''" ont• <>< mo<e channel• 1•"-IM O. 1, 

., 4, .111<l 8, ,,.,J e.tth ttumt~·< "!he >~m of lh<• punch po•n•on•. For e.ample, O " 
rc•p<e~<·n•t•tl !11 " 1in~'v punt h '" t'>e 11 t "·"'"'•1; 1 ;, repre,.nwd by a ""~le· punch 
"' tll<• 1 ch.1t1t1el,] ",, ,.,~¡,. punoh tn<h.llllll'i 2; J "• punch in ch.>nt~•·: 1 .1nd • 
o>w>< h in < l>alln~l l, etc. l\1r>h,>l"'"" characoe" "" tep<e.ented by a cornt,~.11•un 0 ( 
punch~• in c~onn~1; .\,O. 1, ~. 4 .• ,,¡ 8. Ch.1~ncl• X andO are u,.,. much •• >he 
"'"'" pon<h<'> in pund><:d card>. for e-.mple, 1"" leu.,. A;, d<"iSnoted by pu~ciK·• 
on <no""d' ~. O, .lnd l. IIÍ•· >P<."<••I <h·""""" ore r<•pre>enled by comhin.ll.un, o1 

""""~·''' tn •'1 '"·'""''' wht<.h .,~ not U>t'<l o<> do•i~n•te either numbc•" m I~U<·I>. 
A '""' 1 , "' t1> e < ,)(i .()/./ ·,,,, chonncl "~'"¡·,,, the ••nd ol a bloc k ol inlorm,•t•un. "' 
111<· l'>l<l 01 <t•t<>r<l l 1m ¡, ¡t,e L>nl¡ hme ,1 pun<h .>¡>pe,l" tn th" LhJnncl. 

,<,, ,, '""·'"' uo Lht'Ckl!1~ '''<' ••l•d•ty ut Ü>e infurn•auun punche<! on >he tape, •~• :, 
1"''" <~·'""''! " u>t'tl 10 cn><.He t!ut ••<h chotJ<Ier "<epr...-nt<<d by .ln <><Id 
num!>er<ot 1Hl'~•- f<o< eoomple, t~e leuer C ;, r<"p<e>en>ed by pune~><"• in <haonel• ~. 

O, 1, Jnd l. '"'''' Jn <><Id numbt,r of hole> i• <OQuir.-d lor each ch~<JCIP<, lhe '"''~ 
hl< t~o letter C oho 1> ... o pu<><h '" thc pdrt!Y chon,el. Jnd thu• .1 to,.l uf ;"" 
punche• '' u•ed iur 1h11 letter. 

(Hmple 10-3 
WI>Jl .r>formltion ;, held in'"" pwlo>oi<'Cl 1ope in f,g IOAb! 
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O;grral Princopl<'l and Ap¡>liCiiUOn• 

thP ""P"'"'P< ·,>mv.rlo> a "'""~" <"PY of "'"' i< pu~<iled •nlo rhe ldp<'. Thi< <<'JIY 
• c•n Oe u<ccl fnr ver.IK•hon ol lh~ PIJ'""""" info"""'""'· 

10-3 MAGNUIC TAPE 

M.W'<'I•<" lolt~· h.t• l>e<ome one of Jho mosl '"'P<l'I.JOI nll'lhotil /or ''"""~ IJ<~r 
<i"·"''''""' ol tn!n"'>·>lion. Mo~netic 1•pe ofiPrs • n<rmhcr of advdnl,>~<·• "'"' 
pLn< ¡,,,r cr.rf, """ P""chr<:l P•Pe" ldP<'. One of !he mO'i omP<mant "lh<• Iocr rh.JI 
m.r,:.><·r..: r.t~· '"" ¡,.. <'<«"d •M u!E'd over >od """'· Rr.ldon~·•<>d "'Cordrn~ "'" • 
"'"'" {"~"" 11>.1n wrlh .. ,:her card, 01 p.,per l.lp<'. Ho,....,N, 1iwv "''l"'"' ihc u\e of 
• 1.;,><"-<I"V<" 0u,¡ ,.,¡,,,.~" much mote "'P<'"'''e ihdn the oqui~ntenl "'"" w¡th 
rml• ,,,,¡ p.r!>f'< ta¡¡e, On tl•e nther h•nd. rl ;, f'O'"ble ro ,rore up ro lO n,:tion 
< h.,,>cl•'" on ""'' l.4ü0-f~ 1<'<.•1 ol m.>~nei•C rapo, •nd ,¡ ,, hi~' mlum~ ,,¡ ddt• i< 

ort.· ,,¡ I'•P '"''"" ""•"'"''""""· 11'<• "'-" of magner,.· rape ,, well :u<l•h<~J. Mo<l 
"'"'""'nly, mriKn''i•< l•r>e o< <upp:«-d 00 2,400-ft ,..,¡,_ Tht- LOpe ol>df ;, ¿ '1>-i<>­
,.,.;¿~ <l!ip cf pi.,.lo< "''h • "'"~""l•r c•id~ coaton~ on O"<'''""· 

O•t.l ·'"' r<'<:orci«l ""~~ '·'1"' in ,_. • .,n p¡~ta!lei ch•Mcl< .;oo~ rn~ Je~~h ol ti> e 
l.l[>e. Th~chanMI< d'O i•br¡.:<'<:J l. l, 4, 8. A. 8, •nd C •• <l>o"n 1n Fr~ 10-f> Since 
rtw ,nforrn•hnn o~mdffi nn the '""' mu<l he o;~,:al '" folln, 10•1 i<. lhere nw<r i1e 
two "·""' rl ,, rNord<•d b·r rno~o~l"'"8 <pul< on tho ldJl~ rn ono of two .J,rr•cllnns 

1\ "rnpl,i•eU ~'"'"'"'·ll'on of lh,· ""'" a<>d re•d OJJ<'f .11'1on• 11 <hown '•n FiK. 1 0-7. 
Th~ nJo~nPI•C ""'" M~ f('Cmdtd (Jn ihe laP<' "'' ti p.-<('> o•N lllo "'""' ll<'dd a< 
shown '" F•~- ro.7.r. lf a P<><•l"'~ pul"! of cur<e~l ,, a;>¡>lr<'d !o the wrrre-l>c,od coil. 

•' <hown in rhe f,~ur•. ,, rru.<:nrtic ffu• '' W up m • dO(~wi<O rl""''"'" around rhe 
"'';'" he.1d. il< lh•< ffu< PJ<«' • ih<O<Jgh '"" ""'01d ~·'P- '' <~•odd< <lightly •nd pO<-'< 
1hrou~h :he o"d<' «Mh"< oo the "''R""'' tape. Th" <-10'-<'' o <m<ll ·"~·' on, th~ 
¡,J,w ro 11<' m•gnert¡,'ii woth the pol.li•IY •llown '" rho Ji~u<e. ti • current pLJI<o of 1he 

''•'•"""ro J><>i,l"IY 1! ,Jnpli<'<i. rhe ""' i• "'' up in lhe <>PJ>o<rl~ d'lfecl•on. and • <Prll 
m .. ,,.,,¡;,<"<f •n rh~ "1'1"'"'~ d~reclr011 ;, recorded on 1he taP<"- Thu<, r!" pU<S<ble 10 
r<'Cor<l d•t• on 1h• ldf'<' •~ " d;~,,,,¡ f••hóon. The <POI> >l>own ro ¡he f•~u<P ¿te 

""'·''·Y ~••>'!:"'"'"" in '"e lo <Orow 1he d""'''"" ol m~~nMJldlrOn clparfy, 
'" u,.• f<•JdOP<''"'""' <ho"" in Fi~. I0·7b. a maBnetrred >POI on lhe t.>pe •fi> up 

·' flu< ;n ll'e re•d ho•.>d >< lne ra¡><" p,me1 ovN the r~od ~-IP- Thr< llux .ndu<t•< • 
~.,,,,JI vuiiJB<' rn ¡J,., "'•ltl·hPo~d co,l ""''h CM l>e an1pld"~l and ""'<1 10 <-el ot •c'<•l 
" ~.¡~ilop Spot• ol oppo,.le poiMit•e• oo the laP<' •<>duce vohage< of "'lf))<Jie 
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'" 
«•JW•~•·•" .,¡ 1 •Y <.j>OI< ,o < honm•l> 1. ,;,, and 11 Soc,c~ Lh<> o> <><>1> lh•o"' >poi>, •~ •<Id•· 
1.:>"-'l '1•" " •.'<Wdc>l on <h>O~el C '" moinldin ,_..., Nnly lO< l~" <h•••c1er. 

TJ ... ""nnd <r>IPm " '"" />oMOOidi p,,ly-(lo<'Ci l>•t Tho< i< <.on>t•tim<"> r~J~rred 
'" '" ''"' k,n~,,,..¡,,,; ;..>nly 1.,1. .1nd " " ""''"''"· wi.cn nc•••l<'l, ,,¡ 1he en~ ni .1 
¡,¡.,,' ni ,,¡, ""'·'' '"" no ''' ""', The lol.oi """'lwr ol ¡,¡, ""''"do·J m N<h ch,,moel 

""'·'"''""''··"''' .~ '"' ""<J ni• "''"'"J. • p,;roty M"""""" ol """"""Y Jo ke<'l> 
lh•• ,,,,,¡ nuonl><'r ni h•l< ,,n evrn number. Thc'<' '"" 'Y"M" lorm •n ~en-p•uly 
>v"rm. O ~~<'y CJ~Id. o< e o,,,.._ ju>t a< ~""'f 1,.. om¡Mmcnt«< "' Jorm •" ndd·J»•"Y 
'1 ''""'· lnl,.-,.,uion ,-.n •'"' ¡,,, recocd...J M ¡loe Jape on S!>a"t~hl bon•ry form. In ¡hol 

;a<r, ,, ¡¡~¡.,¡ ""'"d" """''" acr<><> thr "''dlh olrhe tape on g•oup< ol "'o,,,_ n"' 

'' "'i'"'"' "' coiurnn< 1<> "'Co•d nne J(,.l"t wo<d. 
TI"' ve""''' <;>.l(oc,~ lw•¡wef'ol lhe "-''m<l<•d <J>OI> on the loro•" f,.ed by !~e po<i-

1•<"" o< lhe r~.Jd/MI!e ho••d•. Th~ hon1<mtal wac~n~ ¡,a l~nCI•on ol IN' r.pe <P<'<.'d 
an<l lh~ •r.:ocdon~ 'J><'<'<I, r..,., <peed> va<y lrom 50 lo lOO ""'· bur 75 •nd 111.5 
,,¡,.u~ quoiP comnl(ln, 

o;,.. mnonoum n<.n>l•~ of ciwacl"" rr.:ootl,j in 1 in ol '-'"' i< coiiC'd the 
'"recorolonR demo:y."" and 11 '' • fuoclonn u/ th~ rape >peed .1nd rhe ratc ,\1 "hoch 
d.H.I ·"'' \IJJ'Jlk<ilo ¡he'""" he.1d. Typ"•<ol record1ng den>•""' o•e 200. 5\b, and 
80~ h•l< n•·• onch lhu1 •1 on b-e "'"" rhJI a toral ol 800 >< 1.400 ~ 11-
ll 02 >< lO' ch•••<l<'<l '·"' [., "~""' on one l,•D0-1! <<"<"1 of laJ><'_ Tho• would 
""'''" rh.u rh, d.>IJ WOOJid h.ne to be >1ott'd ,.¡,¡, nn g>.p. bo·~ charo<te" or 
~<<>Op\ uf <~~-"O< lP<\, 

~or ~'"'"'"" ,,¡ r""'"'"~ '"'""''"""" M l "1*· " " mos! con•mon lo reco•d onlor· 
,11,\lonn m wou¡» m hl,~ k• c.llled ""«·<o•d<."' In IX'IWe~" ,..,-.,,<)> th~•e ''.o l>l.onk 

<¡>.1C(• oll,lPf' <ol«•<ilh<- '"""'"""ord ~op'" TM" ~-~~ i> typ«•>lly O O 75-<n >PO«•ol 
bl.onk '•'1><', ",-¡ '' "f"l"ho~ed "'""' lf"le <OM/wrol~ Jw,d> wi,.•n lh~ l.ope ~OP<- The 
inlmccood ¡¡.p pro-..-ode. 1he <pOCP ne<:<'l0'-'1\ fm !he "P<' In c.,.. up lo lf\e P<of'('l 
"P""<l l><'lo•e • ...-ord<n~ o• <~>drns of onln•mot10o can ¡_,;, pl.ue. The totol numt>cr 
of chM><O,.,... "''""''led un a l•r><" '' oh~n •"" ~ lunco.on of th•• r<·rorrl ;en~lh lor 1ho 
ror.,l numl~·• of inoer•"-u"l ~·r•. '"'""" ohoy re¡.,eseol bl,>nk <p.lc~ oa rhe top~l. 

The 11.,¡,, ,, r<"<"wJ<"<i "" tlll•laP<', includ1n~ record< (dCILJOI d.ll,ll ,,,e( '"'"'""'"'d 
¡•,lfh,, ,,., ¡,.. '"~"""'"''d "' <hown •n f"o~ 10-9. lf lh<-r<> we"' no lnle,.c-cord ~·r<. 
lh~ 101.11 numlx!r of ella"' lrr< tt'Corded cnuld ¡,. lound by mUIIop1ylng !he• len~lh o/ 
rho• '"'''.' '" ¡,"¡,_.., by rt>c rPco<dmg densoly in cha,.cr~" 11<'1 ¡,_h_ lf ohe n'Cord 
""'" ~•.KI<Y 11•<• .. mel...,~th., rhe '"'"'"'<ord MP· rhe lora!'""~~· would l>e cul 
'" h,>li. ThtJ\, 11 "d~<;r•hle lo keep lh~ oe<nrrl< •• long •• pn,.ollle io ordN lo ""' 

Lh<• L.opr """' olroc<Pnllr. 
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Dig.lal Prindpl~s .md Applicalinm 

,_ •oo ' 
lOO -t\0-'5 x Ss.to) • 5 .11 = 0.19 

; ¡.,. "'·'""""'' n'lmho·• ol r.lw.HIN< ohao c•n be ""'ffi on lh~ lap~ ,, 1,400 ~ 
55b w :¡, Uliil x Hl'. ,,lu!:.'pll'"H ,¡,, l1y tOe oldiz.-ion factor~""' '" 

C!IAR•I&01l8 x ' IQ" X 
5

,1J • 3.10 )( '"' 
10-4 DIGITAL RECOWir\G METHODS 

n.,~ .ro • nunol><"r .,¡ "'~'"',.)' ter «e<:nrd•n~ dota on • m•~""h< wrloce Th~ 
me11,,.¡, /,>OI •nto '"" ~ene<ol ~.,,.,,,..,.,, c•llf'd ""<l"lmn.-lo-z«o"" •nd ""non·r~turn· 
lo-z~rn."" •"" 1;...., op~iy lO rn.>Rnl"I•<·O.<'<' """"'dn1g ,., _.u •• <<"<Ordong 00 tn.i8· 

"'"'" ,,,., ond drurn <u>f.1tM 1m,1gnet1c·d"l. •nd m•gnol•< -<l•um oiO<oge will be <J,.. 
cu«e•l on ·' '·""' chop!eo) 

In the '".'''''""' "'"'""· •1 wo• 51alcd thot ,¡,~;,,,¡ inlorm<t•n" '""'"be r.-cordt•<i 
00 m•~rt·t•c •~re b¡ ma~Mt'""~ •rx,¡, on the '·'1'1' "ith <>PI""''" poiM•I•e•. Thi> 
1¡;., '" '"'o<d•n¡¡ " k"""'·n >< '"'"<n·to.z..,o. m II.Z lor >hor!. r..:ordoog. lhe lf'l.h• 
n<quo lo• r<"<o<don~ d••• on O.po ~••~A th" "''"hod ;, 10 opply a ...,.,., of <UITl!fll 
P~i..._., to tt>~ "'•l~·cead """~'"K a< -r.o,.n in f·~· I0-10. TI>~ cvu~nt pul"",.,, up 

''""'">;w•n<h~ ¡,"'"' '" 11"' ""'~ h~.•d. ·" ''""'" '" t~e lo~u•P. The •po" m•gn~· 
''"'' "" th<· '·'"~ "·"" ¡-.,¡,,,,_,., cncro<po<~tl"'8 to lh~ d~<e<l•on ni the ~u, wave· 
lucn>, ,,nJ '' "nnl1 n•·<~"·"' tn ch,,n~t·ll><• d"<'I"L•on o<lhe int>ut current oo W!ol~ 
1< oc f><. ~ol" <• '"·'' tne '"""' '""""' ••><:1 th~ tlu• W»•ek>•m r~tu•n tn • lero rele<· 
mt.e le>cll..•r,._,.,., '"''·'"lu.tl i•t< In"' 1he wrm ""reocm ro ,..,0 ,"" 

\\"ho,"' •1 ,, ¡¡,..,,,...,; '" IOA<I lhe <<'<ord,.J onfo<m.lloori irom ohe ''~"'· the 1.1P<" ¡, 
~""od ""'"' '"" modhe."'' .>mi Lht• rnilgnehr<"<i >ro:. induc• voloa~e< in tho r<:-'d· 

W•l ""'~''"''' ·" '"""" '" "'•" ¡,~"'"· ~ol•r• th.•t <her<• ;, 'OO•owh,1< of a problom 
lw<e. ""' <' ,,¡; tne ""'''''h . .,,. hoth ¡)O"Iove aod ne~allve po<Ho.,< O"e method ol 
''''"'""~ tkt•<o ;,...,.;, I""P<."<Ir" lo >I<Ob<' ohc output wa, ... lom>. That "· 1he outpul· 

"'•"'" '""'"'""''" 
R«<><d l•u• 

~""'" ""'"' .lL.LJLJLJLJUc_L 
IOliOoliO 

-''-' _jrwL _ __J\n __ F;~ 10.10. ~PIU<n :o •e<O 
<P<mdu>~ ond reo<lon~. 
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vnil.lge wawfurno i; a¡>pl1ed to ono '"1'"' of an ANO~·'""¡,;~.,., be in~ ,1m;oldo<·di. ond 
a dock 01 , 110¡,0 pul..,., appl,ffi '"oh~ olhcr onpul to lho g.11e. The '""'"' pul."'• 

'mu\1 be "''Y ca.,.lullv t1med 10 ""'U'" thal " -.mple< th~ <><liP<II wa>dnrn> •' lhe 
p<Of'l'' """'· Th•> ;, one ol oh~ m.J¡or doll•cultic< ot th" typ<' no <.Co>ldon~. ~nd •t •• 
therelore ,.,ldom u.ed e•n•pl on m,,~oPh< d<um>. On ·' maRMI<C d•um. th<• >l<ob<> 
waveforrn can ~>e r('(Ordc"<i on one <r><kof lhe thum. •nd ti1u< tOe propt't tumn~" 
•<hi~ved. 

A SKOnd dofficulty with thi> typ~ of <<"tOfd1ng "lhP f.1Ct th.lt bt""'"~n 11•1< Lhe"o' •> 
no reco<d curren!, 1nd 1hu> ~>oow._..,n ohe '""" on the tope the m'~'el•< '"""~ " 
randomlyo1.,.n¡.,.J, lh;, meon; tMI of • n~w record•n~ "to 1>< m.oc overold da:•. 
1he new data h•ve 10 00 recorded p!(•ci«lr on IOP ni lh1• old oao.. 11 lhf"t Ort' no~ 
the nld da13 will no! 00 era<ffi, and lh~ '"P' "ill wntain o conglon>O<Jtinn ol onlor­
mal1on. The tape could he erasffi by in<talling anothcr >CI oler.<~ he•d•. bu< th" i5 

'...:o<tlv and """''''"'"'<Y· 
A ""''hnd lor cu<ing th'-""' problcm• ;, lo bia> lho r<'<ord Oead "'''" > <u«Pnl 

whoch woll >a\urale the tape i~ eo\her Me dir<"<t"'n"' lhe oth.,.,.. Ir th11 w<tPm, • 
curren! pul"' oi po<<l!ve I'<'IA<!IY ¡, awloed oc.ly wh«n '' 11 d..,«ed In"'"'~ a 1 on 
lht•lopr •• >hown tn fog. 10·11, <*11 all othN hm~>lhe flu, '" !Oe w"'e ho.1~' « <ul· 
11<<•1'110 ma~net<ZO lhe enllfO lr.;ck in 1h0 O rh«'<.lnm. ~nw. <<'<!l<<)•n~ d.ol.l "'"" 

nlcl ''"""no! a ¡lroblem ••neo ohp ,,,pe" •'lettiveiy "'·""'"' '' "·"'"' owr l~>e 
r.cord hoad>. MorO<>Vor, th~ lomon~ ,, not "' <flllc.,l •iro< e '' " MI nrcr"ary to rocuod 
~·•c•h ove< !l>c p<<'1'iou< daoa. Wl""' d•l• are r<"to<<ltd in th•• la;h,nn •nO llwn 
ployed OOck. a pul•e •PP<'•" al ll•r ootpul of ~•e r<'•<l wondong onlv whon a 1 M< 
¡..,0n r.co1d!'d on the lapo, Thi< m•kt< readon~ the onlormal<on hom thr "P" much 

>om¡Mr. 
1he non-rewrn·lll·tern. or NRl. recoulin¡; lo'chno<¡oe il • vonallof\ .,¡ ihr ~z 

H'Chmquc where the wHto ctmonl p«l•e• do noL '"'""' lO 10rne rn(•renco li>wl 
loetw<'<'n bot>. The NRZ re<:ordon~ tt<"hnique <can be OO.t .-~:•on.U foy t••am<non~ 
oho reco•d-noru.-nt wav«lorm •hnwn in f ·~· Hl-ll, r-;o.ice '"" li>P ~wrnt " ·" ~ f 
whilo recordon~ 1• and al -1 wholr <<"< n«l•n~ 0>. Son<<' oh• currenl ievrl, arr al" •-' 
atoothe¡ ~ 1 or -1, lhe rocord1n~ pruloiPrm ul tho 1'"' Rl 'V'·',., do""'""''"""' 

Notice th,ll the v~lta¡:~ .11 oh•• oe,)(I·Wi<'<d•n~ nulp"l ha• .1 ~.,¡,o only wlwn lOo 

r«r .. rdc~l J"" •"•"'~' lrom ,, 1 '"o O m vo<o '""·'· H>~·r~fn•e. '"""' '"~·'n' nf 
"'""ng tho fl"'-O«i•-d d.>la ¡, nl'<<'l<o.I'Y lm lhr <0·1•1 11¡1<•r.ohnn. ti lhe ,..,,,J.w¡n<hn~ 
volu~o" •mplol•<"ll ond u<.t'!llu..,.."' ,.,..¡ •> tlop·llfll' •' >no'"""· in"'' hKu<~. the A 

"d~ ol th~ ntp·ll<•l' "¡,,~¡, rlufln,: ~O<h ""'" that • 1 "'""'"'· ,. .• ,;. 11 "low do"n~ 

> 

' 
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10-5 OTHER PfRIPHERAL EQUIPMENT 

A wide •>riNy of pe•iphc<.ll equ•pm~nl h • ., b<-on develo¡"•d loe u<~ w•Lh d 1 ~,,,¡ 
<y.:eml. Only • cu1sory d~""PIIon of <omp of ¡f,c vaoiou. <'Qu1pm~n1 woll b<- g1veo 
he•e. •~d lh~ "'ode, "~n<:ou•ag...d to <1ody <'Quipment of p•~icul>l inle'"'' hy CM· 

""hmg the daLa manual< of the •aroooJS manufa<Jor,...<. 
Qne of th• simplest means ol m¡>IJIIong onlo<mation ioto a d•g•IAI 'Y''""''' hy 1he 

use of •wllches. The-;e <w•lches could b<- pu<h-boJtton, to~~le, etc_, bol th• •mpnr­
tantlhin~ i> the fact th•t they ore capable ni l(•roescni"•R b•n•ry in(om•Ol•nn. A row 
of 10 swo~eho> could. for ••ompi•. be switch<><! to rep¡el<'nllhe 10 Oonary ¡,,, on a 
10-bot WOid. 

Similarly, one ol thoo •implt"t m<>on• n! read•ng da~ out of a d•g•lal ""~m "to 
pot lights on the ootpot• of lhe n;p.nop• in a >101age '"8'""'· Aclm.nedly, th•s ;, • 
r01hc1 slow mean• <1l communiCOtion, >incc tf>e opera:ur mull conve~ th• dil­
played boMry data onto loQnoclhong more meoninglul. Novorlheless, th" fi'P'"'""" 
an •n<•pon•i"" ar-.d p•aclical mean> of communical1M hooiw<'<'n "'"" aM moohine. 

A much more soph1Sl1Caled me1hod for ..,odm~ d•ta out of a do~nal W"""'" by 
mea.,. ol • e>thode-r•y tulx>. On• ly~ of calhod<'--lay luloo> u..,.;l o; ••"1 "'"''•' to 
the 1ub<- u«-d in o;ollo>eopPS, and 1h• Ope<al•on of ¡he 1ul>e o< neariy lhP "'"'"­
The "'"' ;, g~ne<ally u>ed m d"play curve> repro<enlin~ inlo<matoon which ha< 
t>e•n p1no;e"ed by ¡hoo <y<lem, anda ca mora can be .<lla<ho-J lo ~<>rn• ""'" 111 ¡>ho­
l<>graph lhe dospl•y for • ~·m•nent <<KO•d The informaho' d•snlayed mo~hl l;oc the 
tran<oen¡ r"''))nse o{ •n pl....:trical networO nr a guid<'<l-mi<<!le t,.¡..:to•y. 

A ••-<'<>nd type o( c.lhodNay ¡ube lo• dispiay is cailod • ''ci>arawon." ~ !>"' 
the abohty to dosplay alphanumen<: ci>a•aCic" on the lace of lhe '"...," Tho< tu be 
orerate< by <hontin~ on olcctron beam tlm,u~h o ma\r,. (mal k) wh,c~ h;, Nch of 
the ch.llaner< col in i!.-.0.< the beam P"""' th•ough lhe m•"" '' '' <hapo'<l '" the 
forrn ol thoo characte< 1hrough wh•ch ot pa'"''· and 1h1> sh•ped l)eom " thon 
loco,..¡ on 1hoo la< e of th~ ",...,-Sin< e th~ operauon of the •l«:lron hown "••rv 
fa<l, •1 '' po;"ble 10 w"IP info•mal•on on the (Jce of lh~ tub<-, and lheope<olor cJn 
thon r<••d th~ display. 

Sonw ILIIK'< ol th., typ~ which are ""'<1 in lar~e r;¡dor •v<tems h,"·e rnwice> woth 
lhe p10pN characle« to rl1Sploy map <nordon.>te<. lru•ntll\· ,,,,,,;,_ unl,enrlly 
ain:rafl etc ¡ ho oper•\<>1 thu< ,...,, a drsplay of ¡he "'"nund1ng "'"' compl<•te ..,.,¡¡, 
ali ai•«afl, P'OI"''Iy d<-si~n..oled, in the vinnow. Th""' >v<t~m• uw•llv h••·o on add'­
Mn•l acces<Ory rall<'<l • "l1ght pe o" whoch enables the """''''"' to in¡>ut inlornu­
IIOn inl<o the d•gllal ,yllcon by placin~ the l•sht P"" un lh•• •o•l.o<e of lhe ,,.¡,.. ond 
arhv.llln~ •1. Tho oper.lnr ran clo <o<h lhin~, "' e•p.1nd ·"' a•N of 1nto•oo<1. <<'<¡ue<l 

rnfmm-'l"'n on an un•donhfooc( flv•n~ nlo 1rct, an<J ''''"~"•" <•"·"" ai•Cio(¡ a1 

"'~'"'' A ~<>mewh.>l ""''" conm>on p • ..:~ of <'Qo•rm•nt, hui """'•nheiE"-> uwlul """" 
l.,.ge ~u.ontohe< of d•l-• ar~ be1ng hMIIIIr'<l, ;; tho p11nt•·r. Pronter< ,\le .w•ol~hle 

which .,._.,:¡ p11n1 lhe ""'1'"' d,11.1 on "'·"~hl l,.n,lfy (,,,.,, ·~'·'' tocm, "' ,,:¡ '"" 
•lphonun•e"< ch..J'"<"" Tho lypo<,,¡ 1'"'"''' h," ''"' .,l,.l,ly '" P""' '"""'"·'''on ~" 
• I]O·<p,lU' l1n~ •J¡,OI•"• ¡,.,, .1 ¡,~, h<oilrlll~l ¡,.,.., "1' '" ""'' I,)L;ll ¡,.,.., 1"'' 
""""'". Th.- <om¡olo·•t 1"'"'''" '"'' o '~"''""1, "' '1~' ,_,¡¡, ,,_,¡,._ ,.¡,~ .... 111'<""""'" 

> 

' 



"' 

1 o.r, TEUTYI'fWRITEK. TERMINALS 

Tlw ¡,.¡,"""'"''" (I!V¡" P""<!ntly ano> nl1h - • 
flY ,, _,1 ;_,,

1
,,nont •nd "'"'' , < , ' ~ rno" l)<lPuLlr on¡xol/ouq1UI unoa. }., "" m• ,..owt•en tn.'ln •nd ( e 

''''"'""'''" nl ¡(,.. '""''-« 1 , omr<"~'- w~eln~r ¡h~ ' •1 "~··n~o.<-r<"l'""'')no• nr, ¡1 , ' ' 
·' '"'"' '"''"' "", " · •· · • • •¡,e-"" <'"""el \<l<'tJ on 

' " <nm•Mn pr,KI'CO lO ""' TJ" '"""¡ '" ,, ~¡,,.,,_.,,'n' < a ' '" • ·~"'"'" te<mlnal con-
' · ~ "" """'" ·pu·po"' comp., - ' · '""·"" ¡,~;,- ;,.,_

0
-_ 01 •od O< -~-• , tor "" Ir <'Phure ,¡.,0, 11>< 

1
,.

0 

' ""-"" on lne TTV and the comn < •• 
·" '"'" ''"'''" 1 "''ho le~ n ,.u ' · on '"' rep<e5enr.,; ' .. ,,, . .,, ... , "h1LI1 "'" ¡lwn 1 1 1 • 
An ,11 '""'" '""'', ,.,1,¡,., 1 , '"' , '•'""'' '"' "'"' '''"'~hone lo no, 'J on¡on¡unCIIM"•ihlil''T";\ ¡ [ ' e 
'""'"' lt•''l'•''"· ,.., In low 1" • ' " '·

1
"' .ole udl,o 1«><11 

' 

"'r ' 0"• an< ><<~ ''"'"'- Tln• ~MI••I n . 
n -~ ,¡ "' ·' , '""'"''''" "'e , 1 <o '1'~·"' • '"' bl> 

' 

0 '"' ,OCCf"<< 1<> lh~ (<""1'1'/<'f -. -'V '""''~/ ,.,,-., ·,~ lhP "~'""'"'"""' < < ,• e ' " '' ''' '~"·'•nol o< '" ·' '•rl''"""" '"" 
A/1\o<"'"''''''"""''"f,lh.n""'o/.o,w/lu<l .: .. "f, "'~ .,,.,¡.,,,,,,, 1,,, '"'"'"'~ "''""" 1 Yl ~ 1 1'1 '"·'·''"'"'• ,on<l" 

1
,.,,

1
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'' '"" '"'11'"1 ""'" <h•· '"""1'"'"'· ·''··'"' llY< .,.,. 
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·. 

1 
1 
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lnpu1.0u1pu1 Dev<ces 

.11><> <'flU<PPed wllh O p.l{><''·IJI"' 1'""' h. ,,.<el lhu• eol/l<•r 1npu1 <1 ll> <>< mo<;u> ¡/>/,> 

c•n he recordcd '"' punchcd p.l¡>rr L.>pr 
Mo>l mod~m TIV. ""' >n ~o¡&>l-l"'ir r.,nch"<l p>fl"'< o,o,>r_ 1 •'~"' 1>,<' l••·n ,;n ,,,. 

\<'<l1pl lo "andiodoze '"' •n ~'r"•numrroe o<><:r, •nd lh<' Amr'I<Jn ~,,,,,¡.,.; C<><i•• 
loo lo>ftom<.<h<>" ln<roch,n¡;e /ASCII/" "'clvly ""''· An eo¡(ht-ho·• <O<I<• h" I"- ¡;r, 
comhinai10n,, <IJilocoen< to P"'"de lo< lx>lh upp~"·'"" an<l '"'""''·'"' .•l,>h,•i"'"· 
1h~ LO numetJ/1, and • numlK'< o( >P<'<i.ol ch.,a<l~•• •nd conl<ul "S""I'. Tho 

ASCll mde ;, shown on T able \O- 1 _ 

10-7 ENCOOING ANO OECODING MATRICES 

tncod•n~ and d<:"<od•"8 <=UOc.., "~ o'trn u..-d to •''"' tho 'o'"' ol o~• ,.,. \K"•~~ 
en<e•od onlo '" oa~~n out of o <y<t~m. A d('('<><)in~ "'·'"" '' '"'"'' Lo d<'<t>\le ono 
b"'·'"' onlorn>a""' on a d•s•'·•l ''"""' by doong ng •1 1nl<> "'"'~ o<he• """'¡,,., 
;y"""'· fo< e••mplo. in a previou' ch•PIN the bon,l<y outpu< ol • <e~O<Ie< wo• 
d..:odc!<l inlo d..:om•l lorm t>y mean< ol M<O g.>to<. •nd 1he d.-.:odt-d ou•pu< "" 
u..-d !O d<iv~ ""'~ ¡ube•. f_ncodong onlormat<nn i< i<•" 1ne ,,_.,.,.,,. P""''-"'' •nd 
coul<l. lo< edmple. onvolve < hanwng do<omal <ign·''' onlo "''"'"''""' b.nary >•Kn•h 

lo• Mil'\' in10 a tli~tl.!l <y>lrlll. 
or.. mo>l sl<>ighi/o<Wa<tl waY ol decodong onlorrnal•<m ";•.-ply 10 con<t<u<tlh~ 

""'"'"'"' ~NO ¡tates. as "~' c!ooe loo thr n"1"" 1ul>e< D<"<""·"'~ ie. 11>11 l"h•on " 
qt~~le «m pie and ;, mu>l eo«IY •«nmpll<h<"<l by to<in~ 1ne 1ruth ¡,¡,;,• or ""'·e<or'111 

lo• 1hr <ignol; inv<>lved The dí'C0d1n~ ol ,, lnur-lllp·fi,>P tuomt<'< """"'"· In• <>•· 
an•rle, <equ""e \ó lou•-;np<Jt M<D Ro>te~ 1ince lhe•e .110 \& f'O'"¡,ie ''·""' ol<·lc••· 

monrd hy oh~ IOOJ< flop.iiop<. Th« 1ype ol ''"""'''"~ '''"" <<'<;u""" n X l" dood-P<. 
""""' n ;,¡h~ nun1h<-< ol flop-1/op;. (or lh(' oom1>1r<r ""'""'"~ no·h"''~ 

hample 10-5 
o,ow 11><- \ 6 ~~-''"' nece,,...,. ¡o ú.-.:od-o • ltM·fl<p-llnp cou~W-

Solutioo 
The nrre<'-'<Y R<""' c•n t>e<l be 1n•plemrni<•Ú hY '"'~~ .; "~lh IJI>Io lo de<erm•ne 

lh~ ne<e<W'Y g.>le conncchon•- The ¡¡;.<<"< ••r <h"'"'"" '" f•~ 10-1~. ¡.. -
There" a so<un<l melhnd ,1 <lrcort>n~ wh•d• c•n t... u<f'<l lo <eolllo • ,.,.In~<'" 

d•O<I<"<- Tht< mo<hod « relrm~l lo,;; "L!r" <i<'<.odln~," ,...,.¡ '' re•ult< in • rrdu<l•"" 
nlli>r numl>er ol tl'quor..d doode> hy R'OUr•ng 1he <I,U~I •~ lx' ,¡,.,·od<"<l. D"'"'""~ 
ol \he (OOJ<-fl•p·flOP CO<<nl('l do..-u<<l.~l on 1hr 1""'''""' r•~"""-' con 1~· .,-. 
cnll<¡>l«hrd by 1<'\W•"'"~ ohr cnunt• '""' fnu< wnu¡«. ~he•e ~·ow• ''"O U.l: 
4.~.6.7, H,q,J0,\1: •"") 11.1).14,15. r<o>l«<- oh,ll 1-,,,. l"t "'""i' <·"' In• "" 
ton~t,.lhed hy •n •~D ,:_lle "how oulpul « /){ thn " "'~" ,•nup /oy [i¡ ·. 11 "' """1 

~'""P lll' DC ,u-.d tt.e '•" ~""''' hy ()('. E.1ch ni"""''""'~'""'" o~n thrn '"' 
dov<tl<~l in h•ll I>Y u«n~ 8 or iJ The<r r•IJ• ,.,hff"'•'' ""loen 1•• tu<lhcrd<l«l"l 

"''" 1he ¡& '"""" 1" """~A,,,.¡¡;; TIH' cuonpicle < "'''"·"~ ,,,.,,.,,," ,1"'"" on 

1 ·~ 1 1\- 1 .,_ 
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A "'vong ola doode< "" been .eh""""'· <inn• Lhe '""""''" d<"<"d"'~ 'fhcmt•OC 

requored M d<>de< aod ¡h,. melhud D<<ly ""~""'"' 5~. The ,.,.;ng '" d,ode< here " 
nol ""'Y •¡>Kia<ulor. bu¡ o he con.,.u<l">n ola m•"" on lh~< mannrt lo d,..ode 1"" 
llop·nop> would "''ult '"a SO'L<>g ni 40 <hn<le<. A< ¡he nun1l~·r of lhp-llop> lo,,. 

d..,oded in<"""""'· 10<- <.~vong in d'ode> tnr '"''""' vory ro¡>o~lly. 
Thi<; ll'P'" of d..cod•nK matro• d<>e> h;vt· the do<.ldv.lnl,>ge 1h.ll ''"' rlt'Coded 

<i~nJI, mu<l P<l" 1h101J~h m<>'<" lnan onr i<'Vrl ul K·"'"' M lh~ P'""""'' mc1hod th~ 
''~n;l P·"""' thmu~h <>nly one ~·"'"1. The ,,.,,,,;,, "~"·'1 ¡,.,.,.¡ m,>y lht•r<.froro <ut'<•r 

cnn.,;dera~le o,.Ou<Oonn "' amphhorJc fu"""'"""''· th~"' "'·'Y\"" o '1""'"~ ¡,,,,,,;,o 
duo l<> tho ~u,.,bt."< ol ,¡.\le< th•ou~h whoch tfw <leu~lo<l "~"·''' mull !'<'"· 

A th11cl IYP" oi d<"<"<<lon~ n<1wtor'• i< l.nown .l< .l ""'lanc<'l mult<pl><•hl~ 
rlecocle<." Tn•< alw.>y< <t·<u;t< '" ohc '~'"'""'"' nu•\lt>Ot .,¡ <loudt•< requorod for üw 
d<"<o<l'n~ r'"'"" lh<• id•··• """"" 111e '·"'"" •" ·' "'''" ti<•«KI<•<, ''""' lhe count< 1<1 
t•: <l<'<od<<l .,~ d•"d'1' """ ~'""'" llowo"VI''• on '"" 'l''''"' th<• thn I"·"P' lo 1~· 
fle<.odo<i ••• <I»Kiod '"'" ""'"P' 11f tw<>. Jold ,¡,.. """''" ·"" ¡¡~,., '""'hino..l lo~"'" 
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lnput-Output Oevicc> '"' 
thc dP<•<etJ OUIP~t >ignal<. To d<'Codc 11"• lnur fl¡¡o-flnp< d"cuw"'<J 1"''""""'\', lnur 
group• ••• fo<mrd by combrnrng llrp-llop< C and D ¡u<l •• il.,Jo,.,_ In •d<lrllon, ¡;,r. 
flop> B o<>d A ore combined in 3 >omrlar arr~ni\<'mPnL ThP <>uiJ>U" ni the,.. p,~N 
gatt" are 1hen combino•d rn 16 '"" 8"'"' lo lorm lhP 16 oulpul 11~nals lhe re1ul'< 
are shown tn Fig 10-16. 11 can~ '""n 1h.11 a Lnl.>l ol 4~ dir><l•• are• K'quir"'l; • 
,..,.;n~ ol 16 drode< is lhen realin"' """' 1he r,,...¡ method, while • •avrng ol ~ 
diod~• ;, rcalrzod ove! lh~ l!oe m!'lhod. Thr; •ch~m~ ·~•in h•• lhe '""'~ do;ad•·.ln­
lagc< of signal·lcvel degrod•"on on¡j >p<'ed ll'n<iJiinn >< the """ U'""der. 

Encodrng • number "iu" the rovcrS<' ol dO'<odrn~. One oll"" 1rmplr"' •••ml>l~• 
ol cncOOm~ would be ¡he u>e ol a ümmt>.v.•ho<:'l >Wil<ll (a 10-posrtrM <WriCh) 
whrch '' u«"d lo cnlor do la rolo o d·Rilol •y<lom_ Thc rrporal<rr c•n S<"tlhe "'""" ro 
any one oll O po>itions which ro¡>re""'1 d<"<:rmal numl:re"- The oulpul ol lhe '"''" h 
is 1hen l<on>lormt"d tr,• • woper oncodinR maorr• whrch,chang"' the d'"'""'l 
numl>cr to on oq< .. v•:orrl brnory number. 

,O.n en<odrn~ mol"' Which chang"' • d...:rmal nu'T!Der lO •n "'!Uiv•l•nt broa')" 
nur"IDer and ""''"' it in • '<'S'"""¡, ohown in fi~- 10-17. So!Mg the •••rrtch lo a 
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IX'"""" pi.>Cl'< • pollll''~ voltaR~ on lOe lonc conn...-t.,.-1 to th•t pQ<iliOn. l'ot•<~ '""' 
lh<• R dnol) l'lilUI !n O,>ch n1p-flop i< pm•niMIIy lht• out~ut of an oo ¡;.110. 

, f<~r 0'•1nt;>«'. of tne >W•I<h is "''lo P<>,l•on 1. tho dooo., conneca-d lo th.!t lme 
''"' ·1 t~'"'"'" ""''-il""" thoor pi,,,., l~wy ""' tnerdore lo"""d-b•~....:l). TI> u, th~ 
'l'( "'1'"~ lo loill·flnp A~"<'' hogh whlio• lht• <e<PI 1r.¡>"t' lo (j¡p.(lnps 6. (. •nd {)~O 
ho~h. ¡¡,,. "'1' the b,r.a.'y numl~·r 11001 rn the ilop-flop•, "here A "lhe lo•asl <l~nilt­
' Jnl 1111. ~O!•< e !1'-'tth" """""'"~ m.~,. rtquir"' 40 dQo.-.. A< mi~~~ ¡,. ••P'-'<ted, 
"" il'"'' •le to reduce tlw nunobo•r ni dio<lc• re~ul<t'<1 by rornhmon¡¡ th~ ,.1pul lunc­
LK>n< a• WA< don~ wo\1\ dKo><hn~ malri<"' One n>~thod o( doong thi< ;, ''""""in 
f•~- !0-!5; •! '""'"""'!<a <aving O( 7 dond.,.., ""'~ tnos \Cheme rrc;u.r"' ""IV J) 
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lnpu¡-Output Oeviccs 

A.ny ""<odN or denxlcc can be cnn.,lucl.., f<om b.lliC ~ale\ a1 1hown 1n tho< 
<e<lion, .r>d whr-n only O<le o• two funwon< are ......-ded th" "'"" P<ovide tlo~ hc<t 
1<"<-hl\<quc. Hm"<'ver, ,¡< <hown 111 (ha¡> 1, many "' the moor (ommon <i<'<Mon~ 
fun<loun, ar~ a"olablr., MSI IC< bam¡tlr< ,,,. thP 1441 101 741111 0(0-tn­
Oecom•t d<"<l>Cirr dr~wr, lhe 744 J '"""''" ¡_,,..,¡,.,.,,.,,,¡ '""'"'k-t. thr 7-14(o 6CO-to· 
<<"'<'O·"-'~nwnt tlecotiN <lrover, .1nd the 7414'; l·()f-10 de<o><lr< d11vrr. Th<e "'" 
numProu< oth<-", •nd you ""' u<g.., 10 <onsuiL manufacturer<' tJ,,,, <het·l< ¡,., •t•<­
cofl< onfO<matoM. 

Tho«· .110 •1~> a lt•W rncndo" owaol.>loi<' a< MSI IC<- f<>r e>.lmplr, 1ho• F.wchold 
'H16 Poght·inpul prtmity enco><l~•. Th1< u~ol ,l!C<'ill' ,.,~:,¡ 1n~u11 •nd pwduce• ,, 
bonAr;- ""'~"'"" co>d~ of tioc hi~hc.,-ordr< oui¡M. A_g,,.n, """ >l>ould con<u lt <pe· 
cof•c manufacture"' d•l.> sher" lor deta•l"" onlorm,•IIOO on eFKod•" 

STUDY A\DS 

PuflCOffi cord• Prn•id<> one o( <he n><><l u<elul and wodolv u•M m,.O,. in• "o"n~ 
blna<y inform•hon. [o eh card ;, <on>ido•"" a> a htod or UM of onformat•on and" 
oherclurc n>!emxt Lo"' J "uOII re<ord." FurthNMo<e, pun<;hed ~.,d «tuipmeno 
lpul>eOe,, "'"«<, roadPrS, Pt~.) •> conwonlv callod "un•l·<e<:ord t'qU•pmt'lll," 

A.fph>num'-"'K info<nl.'hon, a. w"ll J< '~"'<''•' ch.r,wto<'S, con be puncO,>d onoo 
ca<d< by me.>n< of a codr. The "'"" wmmon «><le in u<p ¡, thc Holl<~•th codo. 

A ""'ila• "'""'""' lur onloll\laloon '""·•~e ;, "'"IC"'"Io>,opeo t.>pc, AlpO,>n-.menc 
and •P•·Cal ch.o<act"'' arp ""'o<ded hy o>e<lor,>ting tho taoo arco11\1n~ to • cod••. 
lhere are a numbe! of codo-1, O..o thc onc m<><l <:omm(>Oiy u..O "thr c•¡ht-holc 
codo A f"'rloraled <Ole ol ¡>,>ner ¡,,¡>e '' a contonuou< <.-cord ond " thu> do<loFKI 
(rom the unit re<ord lpo.¡n~hed CMri). 

for handlong largo quAnhhO' o( onf<><m•toon. 0\0o:r>'"'"' Id¡><:« • 0\0<1 «>n•eno~ol 
re< ordong medium. Mo>~""IIC '•'1"' off~" the .td•.mtA~<'< oi m .. ch h;,;her p<O<e<><n~ 
ralo and mu<:h groale< re<:ordong den<<l<<'l -~''""ove<, m.•~nc•lor lo>pe c•n he e,,,,..r 
•nd u..O """' and o•••-

lhe tOreo m<><l common melhod> fo< <l'í()ll)o~g M m,ll:nCt>c wpr a<r the "''""'" 
l<>·re<o IRLJ. Lho nnn-retu<n·to·zero 1:--.Kll. ,,,.d th<' non-ret.,rn-to-lero·ill'ortt'd 
INRLII. 1h~ NR7. aM NRZI mcthod• dle<:IM'iy Cro<c '" cleo<l iloe \;f"' outom.>· 
tOcalty durong lhe ,...;onl op<'ratoon and thus l'lomLna<e onc of lhP prol~om, of Nl 
<e<:Ordln~. lOe•• lwo meth"'l' als.o IoM lht•m...,IV<'< lo Oi~Oc< <r<o<don~ '·''"'­
Encodon~ ond o,~·oding maaic'"' form •"' ""~orta11I¡Mn ul inpui-""'""' ('I)LIII'" 

mcnL tn..w matr.c"' •re sro,rail~ ,,.,r ¡., chao"" onl~rmauon Jmm Me lo<m lo 
anothe<, lO< c.amplc, hon,uy lo oct.ll. "' O<o><v lo do'<.imal, nr d"'"imallo hon.l<v. 

1here "a wode Yalit•ty ol .r.,_,,_,¡ I'""Pht•r,>l e~ulponent inriLHhOR uo•l-<e«"d 
<'QU1pmrnl. prinl'-"0, cothode-,.y·tul•• rl~<¡>l.>vl, .1nd ploll<'r< ll>e cho•f<' olpcriph· 
eut cquopmcntlo ~ u>ed wolh ~ny '"'"'"'"a"~'"'' rn~~~~~·r·o~ "'"'"'"" lh• 
<I'<<"M <1\\'0¡,.,., e<~>hi"Otn1; lho W'"'"' '"'l""<'m<•o>l\, <lu<iyon~ Lho ·'"''"loio 
t>quopmcnl. m•CIIOX wolh lh•• <~¡uopmrnt m.onui.•<L•"""· a1><l lhon l'l,okln~ !loe 
<k'<.«ion Do..-.:1 on OPO••tiOMI eh"'•"""""''· <lo•IIVP<y ''"'", ""'t ""', 



Di¡:otal Principies and Appl<e,tt 1om 

'· De<c• il>e 'M> e ni tho prob.'om< ni !he mon-machin<• inl~rloe<' 

LJos<:robc • ly¡ll~ol punched car<l fsize, number ol cofumns, number 0 ¡ rows)_ 

J · Whoch ro" • "" th~ zo~~ ¡>.m<h~, 00 0 P<Jnch;xl <Ord 1 
4 • Wh,d> '"~'aro lho d,~,. pLonchoson • punched c•rd¡ 

5• Wh•t" '"" Hollo~<lh codo/ 'l'rlh•t <loe. "IR." 1 1" "ll"•fy! 

flov. " u""'l' inlmma¡,on ¡opre,..noed on , d, · 
<Osenl, •nrl whal duo1 lhe obwnce ola hol~ ~=~;~.~·;1 "·hol duos • hole ro¡>-

• 
7 • Whoo i> tho mean in" of uml <I!Cord/ 

0• •'-.Hno lhr<'<' P.e• ''' ni unoHr<ord poripheral ~ui~m• , 
de<cfl¡li•Lon ol how olwy ._,, Ll>ffi. ·~ •• n • '"d &•ve a IK.el 

0.-<e"l~· iho ••Hhl·kole code U\.ed 1 e -o P<'ncu onlo<mai>On oolo p;o.pet tope. 
G. Do·"o(h[•• l11•w ;, ando ded 

11,.1,. '" 1 ,.,1 hc,,.l_ ' "'" "'"" '"' m>gn•l•< lape br """·'"' 0 ¡ , ma~-.. 
'· 

1 '""' "~lph..o<..nH'tO(" onlor""'""' <KO<ded"" m•gf\C1..: t.op<:'/ 

H.,w i< b•n-.y inlurmao,0 n r<'<o<d-~ '"" on nMgnetor. t.lp<'1 

(>llbill lh• dual·r>Jroly sy.,em u\.ed in m•~n~I0('-\1~ f<'<ordinR., 

' i 

' 

1 
¡ 

1 
' l 
1 

1 

' ¡ 

lnput·Oulput D.,vices 

14. whar "\hP purpo>r o! •n inte<r<'<otd gap <>n m.ogo~:..: tao><'1 

15. Huw con lhc l.lp<>-uhliz;linn 1.1cl<or b~ u<ed lo d••lor<n,n<' th~ 1n1.1l nlllni>f'< ni 
ch,ua<l~<> >tored on a m>gneloc lopel 

14. Deoc11l>e tne <o;>eul<ln .,¡ thc RZ <l'(otding m<'lhoc:l- What ••• sorne ni oh<- d,l. 
fiC¡¡fj¡eo; W1lh lhi> >ySienl/ 

17, O.sc<Lb< the Op<"<allon ol ihe NRZ r<-<o<d•ng mo•ihOO. Wh.ll ad,·,noa~., d""' 
th•• mNhoc:l oller """' RZ r<'<O<dingl 

16. Desc"b< the NRZt roco<rlong 1echno~ue_ 

19. Why i> a dtg•l•l incremenlal pioller a lrue di~•t•l plollon!l sy"eml 

2D. Whot ;, the dili..,ence bctw""" an ~ncoding ond 'a dE"<odong maom/ 

Problem• 

10·1. Make a skerch of o P,.nch..-J carrl and codo )'Oor name, addre.,_ ;nd social 
""'"dty numb<r u<ing the Hnllenth <O<Ie, U<e a dark >i>OI tu repre;onl • hoie. 

10-2. Change vour social ,..:urity nomber 10 1h~ o<¡ui.alent binary numbor _ W.úe 
~ skelch ni a pu~><hod car<l, ond record ohos numb<r on the card in lhr ll<olllOn>al 
binary f>shion. 

1G-J. R"P"41 Prob. 10-2, but ri!ConJ tno number on rhe cord in ohe ""~leal 

la!h•on. 

1G-4. ill"-'me 1h,11 alph•nurne<ic inlorm•hon "lw•ng ~oncht'<J inoo c:uds al ohe 
role al lSO c~1ds por mi out•. lf !Oc canh h.wc on ~vt'ldge of 6~ ch.uacoN• Nch, al 
what rore in char<><:l~" p~r oecond is lhl' onformatoM beir.& pm<<">sed 1 

10·5. M•ke a •ketch of a lengrh of !><'por tape. U""R th~ ••ghr-hoi• code, <E"<ord 
~our na m<·, addre". and soc,,l securily number un tOe tape. U;e a dar k '1><1110 <op· 
'""'nt a hol•. 

1 ()-(,. 11\fh.>.tler.gth of !"!"'' la¡>t' " requorcd lor tne "".-a~e ol 60.000 cha<.Cte" of 
alphanumeflc onloomaiiOn U>in~ the cighl·holc coó"! 1\"ume no re<ord ~•P•-

10..7, What lcng1h of magne~oc t.pc would IX' '"l""cd ro "o"' the info<m.lllon on 
Prob. \1)-{, if ,no, ft'CO<ding dl'n.;ly is 500 b•l< P"' oi>Ch! ll"ume no •<-<o<d gap< 

\(H'l, II•><Jme ohal dala are ri'Cmded "" ma~nct" l.tpc >1 o den"IY ui1t)O l"" fJ<'' 
lflCh. lf 101' re<md lrngoh is 100 e ha rae:•·•>, and thc onlerre<o«l ~·'P 15 O 7.1 in, wh.ll 
is ohe tape-utiliutoon factor/ Usong lhis .,;heme, Mw monv ch.:Jr.lclerS can 1><' 
Slored in 1,000 ~ ol t.ope! 

10-9. Wrol~ thc "'lu>oon lo l'roh_ \0-li.li•JYe loy uso11g r~- {10-1) Noll<" lh-•1 ''"' 
2,400 in the cqual.on mu" be replac<"<J by 1.000, sine<· ¡¡,¡, " lhe la~o· lenKth. 

10..10. Repeat Prol>!.. 11).8 ond IG-9 for • densioy ol 000 b•IS P"' on<h. 

10-11. Wh>t ll'nKoh of ma~nrli< tape 11 "'<1""'..; 111 Slo<e 10' t lw"tte<> t..:nró!.'d 
al • d~n,,ry of 800 Uoto per onch wolh • t<"<md lenglh ol SOO ch.aracl<<>/ 
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11-J. Vrrlv 1nr '"'"~o~ouiPvl !cvM< lor lh<- ociWOII. of Frg. 11-S U>•ng ,'lrlim•n'< 
lh<"ll<'m Or.rw llre l'qtri>,>il'll Ci<<-uol<. 

11·~. A<><JmC ""' d•v~lrr in r~,¡, 1 1-l h., + 10 V lull·<e~i~ oulput, •"" fond lhe 
">ll<>.,.·io~; 

(J~ Th~ <l>olt\~C 10 OUI¡l<l\ \ "11,\~t' dur• \o ,1 ch,\O~C on thr l ';8 
"" l t\(' oulput volta~e fur ,ln Input of 1 1 O 1 111, 

11·5- A 10-t..l lc>i>hve do~rd.~ " ~0""''-'<lrd <urh lh•t 1hc cu<'MI lh<<>ugh lhe 

lSR '"'""" '' 100 ,.A_ Dotem>mc lhr m•.,murn """"'' '""' w•llllow throur,i11he 
MS'tl 1e>o>tor. 

11·6. \'Jh.n ,, !he 'ull-'<'alr '"-''i'"' volla~P o( • ,,..b,¡ bon.,.,y l•<l<k• o( O • O V •nd 
; t -10 V/ Wh.ot i• 11 Jor •o Crghl-b,tl•dd"'/ 

11·7. frNIIhO mllpui volta~e of J 1«·li11 '""•"Y l'<ldr•< "''" llw fuiiOWrhH onpull' 
1-11 HIIOOL 
ll>i 11101'-
IC) 11000 L 

11·8. Check llw "''"" ol Prob 11-7 loy .Hirlong ti"' 'ood•v'•du•l ¡,,¡ contllhUhOM. 

1\·q. w;,.,, " lhe ro><.olu!•on o(~ 11·b•! DI~ conwrt,.,. ..-ho<:i> u><'> • b.n•ry 
:.,w..-1 1( the full-srale oulíl'JI "+10 V. wh•t ;, the r"'<llu110n on vol"/ 

11-10. Ho>w ro,ony '"" o<e rer,uorod on • bioaryi.Uder lo ar:h'"" o '~'olullon ol 
1 m\',¡ full sr•le '' +5 V' 

11-11. H"" rr-•ny compa.,¡m, ar~ requ.r<'d to build a lov<'-b•t <omultoncou< AID 
<M'l'<\er/ 

\ l·H. ~<'<lfo.,gn U'l<' eocodrn,¡ m•lr" •nd "'ad g.liM O! Frg_ 1 1.20 u<•ng '"~0 

~·''"'· 
1 HJ. fond ¡he loilowing lor • 12-M counler-¡ype A,l[) coM<-rler u1ing d 1-MHz 
ri<><<. 

,_,, M.o""'"''·'"" ... ""'",,,...._ 
1b1 """'''~~ {t~nver<i(>n ''"'"· 
lci ,1.1,,..,'1U<n <OI'IW"IOO r•te. 

11-14. Wh,¡t <ioc< l<r'QuCrocv mu\1 be u,..¿ woth • l(l.bot <01.JO!e<-\)'P<' A/D con· 
"~'"' ¡¡ it nou<l be rapable ol making al lea<l 7.000 conve~;ion, pe< >"<ond/ 

\ t-t:,. w,.,,, :, lhc '"""""""' 111ne nf a 12-bol •ucce,ive-,>P;o<o"n•alicon·lype 
AiD tM\!'rto•r """·~ • j.MHz t i<.rt > 1 

11•1!>. INllal" lhr <on<e«inn lome ni • 12-i>il "-~IJon-counler·""" AJO con­
vo•rter """K,, 1-MII' ci<Kk' The cn11nt•·• "dividerl onlo lh~<·•• rr¡u.ol "'"'""'· 

IH7. \Vlo,\1 ove<all •ccu<.Ky wuld you oea>Onal>ly expe<:l ionm a 12·brl AID 
,.,, .. ~,.~/ 
1 HU. Wh.ol '"'~".,. ol rt''-llhll"'" '·'" 1><' ol~amed u<in~ ,, J2.j,,¡ opt.cal o•n<·od~rl 

1 H~. ~~~~.~·~n lh~ G••Y-I"·bin.orv enroctrr rn fig 11-ll U>•n~ ~.-p ¡;al o,_ 

t t -10. R .. "~'~" lhr Gray-ln l1on, 1'\- """'"~' ,,·· f'o~. 1 1 ·J~ """" ,.,du"''~-o' 
¡¡,Hr'l 

1 

\ 

·. 

Magnetic Devices 
and Memories 

Ther~ il • l•rg• el•" of devrce• •mi <y<'em> wh1ch ""' ""'(ul ,., di~·~li ~leowrol\ 
beca~"' of 1~e11 rn•gnel'oc ¡,..havjor. A lerronhl~l'l\'1 ic "'·''"''·' 1 e ,n l"• ma~"CI•l"<i •n 
a P•"''"lar dore~;lion try 1he •rpli<:allon of a <ullo~e rn•gnoli~ong lo«: e 1• ,,,.~n<•l.c 
nu, ,._..ullong lrom a CUII~OI fiow). T~•· ma1r11•l remain< ma&net"od in lhat dllf':­
tion altrr the removol ni the e>eriJI•M. Appk.ol•or. of ,, n>agneti'i"K lo"• ol ti e 
o¡>po>Ue polarrly woll '"'l<h lhe mote,,ol, ond •1 w1il IPnMin magno·t•l!'d 10 lhc 01>· 
;>0-;•l~ dore<IIOn oller <emo,·•l o( the exrol.Hoon. Thu> 1he •bii•IY to ""'" rnform.>ho, 
in two dolieren! >l•te> " -.-,,Hal;;.e, .>n~ a la'Jle el.•>' ni h•n•'Y ei••n•~nl< ho>< '""'" 
devo"'rl u<ing lhe>e pllncrpl.,, In Lh., ch•pler "" in'""'R·"" a nomoll'('r ol li>o<o 
devore• and '~"'"'"' t\'1.1\ mol~ US<' ol thrm. 

Aller nudvonR lhr> <~piM vou >hould he al>l~ 10 

\, lllmllate huw m.ogneHC <O<c• M~ u«•d l<) <1111e bon.lly on~n~m.Hroo, 

2. (•PI•~n lhe lundament•l oroncipl~, ol ,, co,,,.,ren.Htrnenl ""''""''· 
3. De<!;11be th• <>P"'"'""' of a l<'micondu<J(lf "'""'"'Y u<ing ,.,¡,,., br[><>l,ll or 

MOS d""<Cl'\. 

12-1 MAGNETIC CORES 

One ol1he 1>10<1 widelv u<rtf on•H"<'h< elcrH~OI< " lnr m,o~neh< ~"'"· The lypr<-,ol 

CO<e i> I0<01dal (doughoul· ;h.ope<IJ, "' >hown '" f •H 1 l- \, .oo<l " u<u,ll]y < ~""''" 1<'1 
m one of two w•Y•· Th~ met.r-nl>Wn corr "'"""'"CINJ bv wond•n~ ,, ''"'Y thon 
met•ll•t rrl>bon on • crr•m•c·<orc lmm. A P'•rul,¡r rrhl._,n ;, 'lo-m•l·th.ck 4·79 

molylxlrnum-porm•loy """"'" •• ulllall"n nlol~>.,l, '""¡ ,, lypoc.\1 OH<' ""~hl < m•­
'"' of 10 turm ol lhi> rHxm wound nn • O.J-rn-<lo.omrlrt <<''"""' lurm_ 

fl'lliW <O«> ··~ (OMIIU<IO!:J {ron\ ,/ fom•Jy j>OW~r'"'' mrA!UIO 1>1 mo>~n('loiP, 

""''""' hov•lent m•loll< 11o<h '" m.>¡i"''"'"""' "'·'~·'"~"'·''"".o¡,;,¡,., 01•"''"·•1. 
The ll<>W<I,•r i< p<e><c<l inlo lh~ de""'" ,¡,_,,,. ,.,,.¡ ''"''. lluri•u: I"'"H- ""' ;•"" rl.-. " 
ho«<l inln a «>lod, horno~•·"'~""· poi¡uy<l,ollino• ¡,,,,._ f '"''"' 1 o MM <u< h ,,. lh" ""' 

rommonl y <<m>lfU<lod woh W m1l ''"'""" <i ''"'"'"'" ,u~l lO mol ;"'"'~ '""""'"'"-



r ~"·'~ co•e< e,,,, >•• consUl><.t<'Ó on ""'all€r d'"'""'"'"' than m"'al-robboc, co"'s 
a<><l u<ua'lv have lwl<er Ln<IO>mo:y and low~r cost. funhermooe, ¡, . .,,¡e <ores 
11 pi;,,li, h.>vc ,.,,¡~¡""'''' ~real o< 1h.,n 10' n-cm, wh" l. '"''ans edd)·<urrenr lo< se< 
are nt·~l'wb:e ,1nd lhu< wro hra¡or.g ;, r..duceo 1 or lh<-«• '"""'"'· thev '"" wiJdy 
u><·(J "':he p•inc;pJI mcmrny or "oro~~ ~le.-oent< in l"tC·«•'• dJgi!ól comput('<S. 

Mt•t.>l-rohfxm corc>. on the other ha~d. ""'" very [!OOd m,gn<'lic dw•tte~>t.cs 
anO g~..._.r.o::y r...:;uo1~ ~ """ller Or<vin~ cuu..,t l01 swotching. Th'"l' ar~ """'"""""' 
b<.~t~• for the co~•t•oct.on of lo~•< <•« u;¡, and <hilt ro¡:,toos 

ltl<' ;,.,..,y eh-""' le.-;,¡,""' o rote con be mo•t e>Soly '""" hy "''"n¡nin~ the 
h1 "''''''" <Uf> O 1or e ll'P'< ,>1 co•e. H1·<tcres" cOme< lro.-n thc C<"'-'< worU loy!lerefn, 
wh,, b "'"""' 10 "~ bo:honrt. A m.1gnNfc core e.h1b•t• • lag-iX'h,nd ch .. a( t~ristoc on 
tlw h)<IO<«·< '""'' <hown in Fig 12-l~. In thi< l•gu<r. thc mogno'lic rlu• <1<-nsitr B 
"t>:oued •• .1 !u'>CIKln ol the ma~nrnc force H. How~"'- """"!he fiu> d<'nsity B 
" M<'< Lly ,om;><,.t•oo.l to the nu, ,¡., and <once lhe ma~n€tic r,cJd H i• d"Ktly 
pto¡><"''""'¡ Lo 1h<• curornll produ''"~ ,¡, a plot ol ,¡. """"' 1 i< a Cur\'e ol the samo 

r.~. 11-l r «r '<-<n•• hy<te<esos curve•. 1-11 M•~etiC llo> den.,ty U "-'r"'' m'-6netoc 
he<d 10.1br ""~"·""' ""' • wr<o« cum-nt l. 
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Magnetic D~vius and Mernoric• 

go•neral shape. ~ ploi ol llu' in ¡¡,.. wr~ .¡, Y€"U> ,¡,,..,,~ cur,.·nl 1 "'"""'" "'1 '"· 
J 1-]b W~ <h,!I[IJ,l«' OJr di'<U"i"n "" ¡j.,, CU<W <ince lt i< ~o'nt"ally r,\<oer 1<) t,¡lk 
in rerm< of th••~ <¡uant•toes 

Now. >U(JO<>«' th.ll a cwont <~>urre i< •Uach<'tl In the windon~< "" th~ ''~~ 
<hown in fig !2-1, •od o J>O""'"' cu<rffil" op¡>lo<"<llcuroent r.o•>< int" ¡¡,,, upp<>< 
le!mlnal ol the winrlin~l. Th" crra1<•• a llu> on lho• ro•e '"lOe ci<><l""" d,recl•or 
•hnwn in ihe l•~ure lrenwmllN ll•e 1i¡:IH-Io.1nd ,.1,•1. 11 >he ,J,,,, '""'''" o1 ""' 

sl1ghtly gre.11~o th.\01 1~ shown in fi~. 1 l-1, the "prr.>l•n~ pnint ol ¡¡,. ,.,.,,, "<on.e 
whrre l"'tween poin" b and e on tht• .¡,¡ cur\'r, Tlw mo~n lude ni the ti u> c.on lh.n 
be reod l•om thl- O a,;, in thi< lo~""'· 
• 1! ¡he drove cuuc:-nt i< nnw remo•<'<~. !~e ofl<''•"'"~ poinl ,-.,ovr< a:on~ t~r <1>1 

co<vo throu~h roint b to ro•nt rl. The eme i< n"w <tooing en~rgy '"'h no inpur 
••snal, •ince ih<•f<! ''a r<•main'•n~ or •rn:,>ncn! "'" in thr coro,,¡ lh« pu•nt lh" 
pmporty is known a< rrm•nence, .1nd this I>Oot\1 '' knnwn '" ,, rrm.mrn! """'' 

The rr;-pe.>l'-"' a¡rplocatlon of ""'''<V" current pul•e• ,im~ly ''""'' ti>~ o~rr,lt•n~ 
po<nt lo....,..... beiw<'<'n pomt• d •r><1 e nn tOe ,¡.r '""'~- "'otic.· '""' lh~ n,.,...-ator.~ 
point •lways <:om"' to reS! 01 poi,.,t d "hen all doi\·t '""""' ¡, rtomnvrd. 

11 a n('!l·"'"~ dme cmrent <omowhat Hr~<ltN th•n .1. i< n<>w >t>pi,,..J lo Jhr 
wmdmg l•n a d"I'<IIOO oppo11tr to that <hown in r•~ 17-11. tht• ~¡>NAI<nR po.nl 
m"'"' Ioom <1 down ohrough p ard >tnp• ot a p<>lfl! !<>lllewhr·r httwr•rn 1 ó!ld ~ on 
rh~ 01 cuove. At thiS point the 11 "' has <wltched on tho corr and 'o< nm< ÚJ<.-ctrd in •' 
<:o<>ntNdockwr...- ditK1K>n in Fog. 12-1. 11 the <lrive Cur<ent i< now rrm(lv<'d. thr 
tll><'rat•n& poont com"' to ,...¡ al poinl h on the 01 Cu"-'r .,¡ F ·~- ¡ 2-2. Noh<r tn•t thr 
!iux h•• appoo><malrlr \~e ,.me m•gn.tude bu\ "th~ n~~"'"" ni «h;t •1 "" 

p<CVIOU<Iy_ Thi> ir!d.cate• thot ihe cor~ ha' t>orn "'"~""'''"d '" '"'' OI'IJ<l"'" d"<'<' 
ti o~. 

R.-peated ap¡>lkatoon el neg.>l1v0 dme cune"" will «mi>lr cauw th~ o¡>e•>t·~~ 
poir.! 10 n.ove-._.., ¡>oints g and h on the 01 curve. bo.o: the lonal r('<ling pl"'~ 
wilh no appl•ed current will be poinl h. Pn•nt h thrn r'-"''"'~nt< a <<'<Ond ,~rnanenr 
poonl on the <J,I cur\'r. 

lly way ol summ.1ry, a cor• h,,. '"o "'"''"'"''' ''·''''" pumt d .1f1<·r thc appl •< ·'''"" 
ol OM o< mo<e P""rive CUflenl pul•o<, point h altrt ¡hr applocahon uf""'''" moro 
neg•h"" current pul.,_ For tho coro in ro~. 11-1, po•nt d COI<<"'fl<>n~' h> thc <ore 
''"~n<'lized wi!h nu• in a clockwi"' dore<:ti"", •O<I pointl> com.'<pondl to ma¡;no-­
li>•loon wrth flux in th~ COún!O.-cloo; kwise dor.-.:toon . 

hample 12-1 
Cnre• c•n be mognN!led h)' uhlorins rhe m.>~O>•I•< ¡,..¡,¡ •u«ounrho~ ,, wHe!lt-c.«­
ry10g w"~ by <omply tl:t•adon~ the core; on the w«e. fo• the '""" 1"''"/h cur«'nt 
dor,"<:(KlM in the wire '"""'" ,o fi~. 12· J, wh.at a«' roe <or<e\pontlon~ dir('((O>n> ol 
m•~n!.'tiZJhon lor thr e ore/ 

SolutJon 

Accorrlong to thP "~~1-h~r.d '"le. ,, < '""'"' "1 +1 "'·'"' ''"'"' '10 ""'' Yoolh thc 11,., l.\: 
in~ dndo;wr«' d«<~!.on •m·omr ti•~ <<><e A <uropnl .,1 -1 ~··~_,,.,,,' thc ,,,e ""h '---' 
!lu• in • coontcrdnc<•""' ~'"~ t••n ·"'"""1 the «orP 
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. 

i ""'""' '""''' 

¡;~- 1/.1, Ma~nOIINOI. !Wl1<i11n~ limO 

'""'""'"''"'"-
much ¡¡rc;ner v.hen the core coni,MS a 1 thon whcn >l cO<'tJin> a Q_ We c•n 
the,<lore del('(! o 1 by d"h-'Xu"hon~ ~elween the two nutpuHmlt.~e •i~n;l, ~o­

toe~ thot we could -ol th<· co•e l>y ·'I'I'IY'"~ ,, r<.HI cu!lent o( +1 ano rloter1 lne 
lar¡;er output v<>lt•ge at the "-'"'• windinK A> a O. 
l~e output volt.IR~ •PPN<in~ al the "'""'" ,,..,.¡,n~ lor • twocal core '' Ai'O 

•tlowo> m F•S- ll-4. ~otoce th.!t t'>er~ ''a lhfi"'"""" ol db<ml l tn 1 in <>Yif>Ul·•,-,:­
tage •mpl,tude ""'"'""" a 1 and • O outpuL lhu• ,, 1 can he dct<"Ct!"d hy "''"~ 
••mple •n-t>hlude J"crim1n.!l •nn '" an .,.,,,¡,(,er. In l.••~e <y>tems whore n10nv '""'' 
"" us.O on common w1nd•n~; l•u<h ,,. the I"H'" n>e•nory >Y<Icn" •n diK•I•I com· 
pute,.ill>e O OY!p<n volta~e may bo.-<:ome conoiderably '"'~"' 1>1'<0""' ol •tlridi'~ 
eU<'Ct<. In¡¡,;, e•"'· •mphlude do.crim1natoon i• quote o(!en u....t in comh;natooo 
w•t~ • <ttobtn~ t...;hniQu~- Ev~n tt>ough the ampiotud~ of tn~ O outp"t volt.~e ''"" 
'"'"'die iJec•u"' ol ndd.t"" ellt..-t<, Lh~ worllh ~1 1~0 oul;><¡t ,.,¡: nol lfl{<e,1'0 
aPP><'CiAbly, Th11 mo••n• thot Lhe 0 out¡>Ul·VOi"~c <l~n,ll wdl h,'"<' <i<"ao t·<l ,1M 1' "' 

be ""'Y <mall beiono thc 1 output volt.lg• ha< <l«.wed. TOu< •1 we <Lroi>O Lht• 1o,•J 
•mphfoer• «>m<' l>me •fwr ti><" •PPI><otJon of th<· <ead pohe tlnr e••mpóc, b<"'"'" 
Q_S •nd 1_0 1-'' in Fog_ 12-4], lhi• <hould mlpto>'C ou< det("Ctll>o\ dhohty. 

lhc >»'l!ching lime o( th~ <ore i< rommo.-.ly delineJ '" ¡he''"'~ «'<l>"'"-' ''" the 
outpul vuite~e to ~" f<om 10 t><'rnnt up ih<>>e~~lo ''' rn-•""'"'" v.<:ue an<l b.><' 
duwn to 10 per<cnt ;,g.> on (SC'e f 1~. 1 l-41. l he '" '" !lln~ ''""' lor •"'Y "''" '""' 11 •' 
lun<tioo o(¡he drive curren! •• >l»wn in'·~- ll·'i. U "cvodonl (ron> th" ""'" th•t 
•n ,nueawd dr,..e <urrent "''"'" '" • rl...-rr~"'<l '"'"h•nK tome. In ~ene<,11. tl<e 
m>l<illng tome lor ,, co•c rlc¡o~lld< nn lhP phl''"·'l "''' oi lh~ <m<:, the 11-¡)<' 01 <<>re, 
arHithe "'"'""''!' uoed in'" <<on<lr<Ktnm, •" "'';,¡ ·" tlw manno•r <n wh" h ot "u<od 
lt" di he wlfocicnt 1<>< our pumml'< lo knov. th•l tme> ar~ ""'"''"''' """ "''""'n~ 
"""" !mn1 a<ound O.IJL> up 10 m•ll•.....-o-nd<, woth df>•~ ~uuonl>ol100 m.O. '" 1 .O.. 

12·2 MAGNHIC·CORE LOGIC 

S•n<e • ,-.. ,~net•c coro "a t>."ic llln,><y e:rmo•nl, ,¡ can tx- uo.-.1 '" .> ""''"·'""' <>1 
"''Y' to •m;>o"l'fn~nl k>g•c•l fu n<hoM 8<'< au<e of ot< onhNPnl lu¡;_¡;:"lne«. """ <""" " 
• f'"<hCuiO<Iy u>t>ful lrwcal olenwnl ,n .1ppl..;at""'' "Iocr~ <-n•<rnnme,t.>l "''"~'''"' 
,, "· e •;wr ,. on•J. "" o >J n> plo. the IM>f"" 31 u ro r •1 '""'"' and i ad '"'""' ,,, J ~ ''"' e ,., -
)rt'"t•MCO<I i¡y '\lA( 0 l'<'hl( fe>. 

~'"' ,. thc co•c " "''''"''·'111' a ,,,.,,,:• <Je' ''" ,,,,¡ '" r """'"\ " < ¡,.,,, ,,.,¡ h 1 ··~·1-

'"'K the '"'~ to oho O '""'· •"Y "'""' <V<km "'"'~ u,.,... '""'1 ''""'' 1•· .1 
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Oi~ilal l'rindple~ Útd Applicalions 

dynam~ "'"'"'- T~ b.o•i• lor uoin~ th<- core ~• ~ logical element Í< sltown in ~'8-
12-6. " 1 in pul to <h• co•~ ;, "'''"''''"'ed by a'""""' ol +1 o< <he in¡>u< wiOO<ng; 
th" "'"a 1 in lhe Cote {magn~ti'"' •1 '" a clockwi>e d"O<:tion)_ An ad\--,,nce pul5e 
occur1 ><>n>ettm~ allt'r lhe tn,oul pul"• ha> J.,.pp~ored. lo~ical ope<alion< >r~ 

carnt..:l "'" ¿u~<ng rh~ ltm~ the aJvanco pul"' appea" al lhe Jdvamo~ (leoel) 
wind•ns. Al J_Oi> ume th• core i> IO<«'<I inlo t~e O'""" and a pul><' a¡>pean at th~ 
OU<pi.<! winding only ti the cor~ I><<'I"Our!y <torod a 1. The current in the 016put 
wondtn~ CJn then be u<ed as 1he ;.,pul lor ulhr•• core• or olher logical elem~niS_ 

There '' """'" <'""'SY lo" in lhe oore during >W•Ich•ng, lor thi> '"'"'"· the 
oui¡Jut wtndrng nor,.lly r.,, more lurns t!Jan either tire rn¡>ul or •dvaiKe windtng,, 
>0 l>rat tl>t- OUIP\'1 "''11 b<> Cap.:!ble ol drrvrng Oll<! or more co,..._ 

No\lce t>r>r a O '"" be ><'1 in the coto hy a¡>plic.hon oi a currMt o/ -1 all~e inpul 
wim~tn~. Allertl>tt>t•!y, .1 O could b< slo•<•U by a cu,.eol o( +1 iolo the undootod Stde 
ol '''";,pul wt,ding. The importa< U thin~ lo noll<<' ;, thal eilh•r a 1 ora O can be 
>IO<c-d oo t~e core by o~plocatioo ola '""""' lo U.e proper tetmioal ol the inl><'t 
"'•rod•nR. 

lo >tmpl<¡.,. ocr dt<eu><ton and lhe luRt< diag•~""· we <hall adopl :he >ymbol> lor 
thc cure ->mi ,., '"''"ti'"~' >hm-., in r,~, 12-7. A pL<I>e al lhc 1 •n¡>ul '""a 1 in lhe 
cor"; • pu'"" 't the !1 inpul <e" a O in t~e coro; dudog the advJr>e~ pulse, a po!"' 
•PP<'a<> Jt th~ outpul only <1 the core P'"'iou•ly ~Id a l. tcl u< now e<.on>id~• 
"""e"' t~e !1.1.-c log·~ looctooo> uoing th~ >\"0>1"'1 >howo tn ~'8· 11-7b_ 

11 melhod r~r imp:emonling thc o• luncllon ;, >hown In fig_ 12·3•. A curront 

pu'"' ·'' "''!'"' rbe X m Y in¡>"""'" • 1 "' lhe wre Some!tme ol1er the inpul 
pu'·~l-.1 h,.,e ~>e .. •n rorn.,o.rl<'<l. a o Jd>'JOO' ¡l«loe "'-'""- 11 lh<' co•e has be<-n m 10 
tho• l ''·""· J p-e:><" Jpp.!J<S al ,,._ OUI(>UI windon~- Nolice l~dl th" i> twly ~n 00 
""'""'" ""u • pu'"-' ., ei<Oe¡ !he 1 o• Y tr.put or b01h ><'ti a 1 in th~ {'Ofe_ 

T '"' ,,,.¡bnd r'>own in 1 ig, 1 2·8/J ,,,,_;,[e, l'•e ""'''"' for ol>loining the Ctm>plc•· 
rn<·n '" ·' '·"'·"""· Th•• set inr(Ot "'"d'"K 1~ the '"'"h., J 1 inp<n Thi< "''·'"' th•t 
'~""''~ t'••• '·"1-'"•' ru!oe 1•n•e tht~ W•"l)•ng J~wa)> ha• a ,..¡ inP«I cu<rent. 11 there ;, 
~><o <U'""',,. ·~e.\ in¡"'' l•'~n,!o·i"~ ~- 01, ~~~ core is "''- ;~en, whc'll the AA•IlC~ 
pto'_, . .,,-n "· .• 1 ·•r:W,ll\ el th~ outrut, <ig~•ly•"-~ thor i' ~ 1, On t~e oth~r hond. " 

.------- ------ --------· 

•. 

Magnrlic Oevic~s and Me•nories 

~ = 1, a current appe~" at the X inpUt durin~ th<• ••' hme, and rho ~ffc"CI> of !h• X 

input cu11ent ond ¡he 1 inpo: cu<r,.nl c•IK~I on<> ,\O<rthe<. The co"' <h•·n "'"''';"' in 
the re!el "'"" l••c•lllh•l !he core "r<""'l duriqg 10<• advonn- pul•d. In¡¡,;, C.lll' no 
po.rl>e "PP<'"' '' ti>e <>«tput du"ns the Jd.ance pu'~e ,:nce the e ore P"" •ously c~n­
tained .1 O. Thu> the ouoput "'present> 1-0. 

T,._ ANO funclion can be implern""k'<! u>'nK a cor• » >hown in Fig. 12-8<. fhe 
two ;npul> •o !he cote .,. X •nd i', and t'>o•• .,. IGu< ¡xmrb'.e comb·,,,,·,on\ o! 
the,., two trl¡\ul>_ let'> ,.,,,,.,,e lhe!e l~pul combi~•oion• in de!ool. 
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uo.,.,,.,..,u~, "¡oq<uls (ql ·un>J!) 1<1 •doo1 JO¡<uOJ¡ •po<p·•¡~u¡s -;-re ·~u 

L(}-•1.<<< 0 ·":• <'>l·ll<'l' 1 01(1 IUUI) 1·"·"" .JO) 0•11 U04" ¡;>JQ,) j>OU •4i 1·>1 <041 pu•¡ 

'"':"·"'1' P•I'MJOI •'<il '" vpo•p ·"11 t,S00•4• o~ J;IM ~u•puiM ¡nd¡no ••!l U! p.nnp<>Jd 
iUO'JO) olljl 'o¡n~oj '!<ji Uj '&•ll '~!J Ul UMO~I Opoop •41 ¡O ;o<O •41 Áij "''"'4>• 

O<¡ ur> "''' ¡>ti< ''"''"'-"" ac¡ '1""~!' l"<h"" ON<l ~<¡1 JO auo A1uo ••~1 ~~q~'!'"P 
<, )J '¡fJ.>u>~ lil -~JO) l<·lU ~4¡llu~op¡,MI JO ~¡qfeloo 11 ·~~~·~ fl"O '"'!"'"¡[)() •o•wd<!O 
""''1 '1""~'' o"¡ "''"IL .,,,,, 11 ,OJo> •~1 uo~" o o '"' 1' ~.o, ,,~; ~"4"' 1nd1no ""' Jt 
"'adfil' 1''"," y 'IOO~o> ¡n<Mu- J~¡ jO AI"Oiod ~Jil <UJOOUO> '"''lqOid puo),'O >~l 

'3JOJ I<>U ao;1 4"''" <JI •pDl'ldWO]o.>•>•¡ 
-¡M '"'4JPN< ¡•o~o; lildlOO ~O,ll"il «~.oO<U~ "41 ·~uopuoM lllJ;IUJ "'Jl ~?.,1 <WO] aJOW 
l)OjM ~"'P"!" ¡ndJOO OJ¡] ~UO]OOJI'UOJ lcq ""'OlJ0\0 <>q ""J 00001 >t¡J 4~00i4ll<uS,; 

U! ;..;~O¡ •"11 .,, W'il ',luie\ '"11 <• UO'lOJO< "'11 P<OL' '\¡,no!""'~ P•MOJ<op w•1qoJ<J 
OtilO¡ JO)tholl 1• '"11 '>J<n J~J 4~MJ41 u¡r~ a41 <! w•,qoJd lll~ "'11 '<IOOil>J<U•ll 

o;><>op"'.~uo< "'1: ~"!'O ""4" ·><UOll·"O ~~ IIW,<jO•d •Df•w •OJql a•O akl41 
·¡,·¡ 1 -~., u¡ "'""'' •! ,;doo¡ ••l<uM •po<p--<>;~u•• .. ~ rv11•> 

·,,,,, OMl """'"""• '"'''"'""UJ o ,1,ns ·aoo> ''''" o<,l ""'"' iO) '"' <lL 1'·'<0" aJO> 
¡¡•~¡ J<l JI\ChM ·'<il lP ~u,.;l()t1o ¡•JIOio< a41 '(¡•>< JO)'"'"'<! ,OJQJ O U·l'IM '»m""" 
>"] jO )ndU) •4l 01 OJO~ qo<• JO 1~~¡00 3c;l liU•lJOUUO~ '~'JO'U! ••p< UifW "'il 

...,nb¡u~JOI pw •uo~;ne.-..-...d A.n~JOU ·~1 JO"""'' Mp..,un> ~"' UO<I~ 
'!'1' "! p11r • ..,,odmd "'"~1 JO) p.><n AIIU~nt>i>•J p.>.>pu¡ ••• ''"":> ·¡~¡unoo ~"" • m 

""'~" lol.~l "un•I<UOJ <H p;><n •"1 p~nm "'"' ~~~ 1•4• r>J<h.> o¡>(¡"""'""' w""' 
fl¡OO" ]o <n~l 'l><>J )O 1"' ~uoaq ¡O ,, 1qed•~ <! 1< 'f'UO"" !UOi1fWJO,UI .IJOUoq ~Ut¡Ol< 
)<> a¡qrd~l .l)o<.>¡> <il'uoq • <o 1• 'l'l 1 :o;low~'l• f JO <>•l'!'"""'"'il if>IOuo ~41 JO ""'1 

1<'~1 1' \J'11!4>> a.n> ><I~U~·W. orql 1ea.\iiJ Ji!"' uOo¡,_,. !OO!''"d aq1 JO ""'!'"' y 

li:USI::l~ll .UIHS il!OJ·.Ji13N::lVW [-Zl 

''''"'"4' '!~1 
u o '•'1''1 ''""'P ""' 4'!~"' wa¡<A< '"""''"' •1•o•·•~••1 ¡o >do\1 auo ¡o •!"''1 '"1' '""OJ 
U '¡ut•)j(o0uo¡ ~;onb " L'~po ''41 't••pl )U~JlOJ ]l.l 00'-l,eJI •41 ~UiiO J''il0i(<UQl "f1 
uo•o <u<>o))on¡ -''~"1 ~JO:) -~¡ lu~¡¡nJ p.o¡a< ¡¡o¡ • ''""""' .>IOJ .141 ~"''' .<1uo ~41 « 
<oq1 »"!' '¡u;><aJd a,~!. pu~ x 41<•¡ U•l<IM '! P• "'l ""' .>•O> ••11 awq .11uo •'41 ''""' 
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r •& ll-m <ou•·tUI< >hdt reg<>ler. t•l ;ymbOhc <lrtull. lb) W•••forrn•. 

the o>'•er hand wh~n th~ <O'C is b<_.,ng ""' to lhe 1 "ale, t~e d1ode will preven\ <ur­
r•nt ''""' '" 1h~ outpo.¡t and thus the ne•t cU<e c•nno~ be owit<l>ed .. '>lotice tl>ol lhe 
opput.ote •ituoloon could be r~ali>~ by simply rever>ing lhe doode. _ 

11>e thor~ problo•nt .,,.., irom ¡he lact tl>at rh<'ltLng core 2 induce> a Lur<ont on 
wincl>n& r-.· wh 1ch ..,,11 P"" 1hrou~h the cloodo• in 1he lorward d•ro>ction and thuo 
!<•owl 1, ..._,, 

1
a 1 '" core 1, Tlm "'""''"t•·• tl>e tt•<>>ler of i<lfo<rn,>l•on in thc revw<o 

''"'""on ,1nd h hi~hly und,..irobk rurtunatt•ly, tl>e "'luuon to t~e l:r<t problt•m 

·t"-rt "' ~•ni ''"'"'" 10 a "''"""" lar lhi> prublem •• well. Tha1 1>, Sl<><e_ N, hos 
,,...,., "'"'-'"'&' 1h~n N,, th1> rever"' >ignal wo11 not h•vo "'llroenl amplotudo to 
•w•l< h rore 1. W•lh tOi> undo•t>l.lnd"'~ ol t~e ba>ic single-dood~ translcr loop, l<•t "' 
,.,.,.,,g.tte t~e OPI-'"''on of • ,.mrl•• co•e sltilt r<•~i.,er. 

A ba>i< magn<•hC·CUrt' sholl rt·~i 1 1(•r in ,ymOOiic form i< shown in fig. 11· 10. Two 
..-!> uf advaJ>Ce "'ind"'~' are ,.~ <">'•'Y lor shiltong in(oomation down the hne. Th~ 
•d••<><O po.¡l...,, o<< 01 ,;ltern>tt•'y a> sllown ¡,., tl>c-li¡:ure. A, is con"'-""led lo co•e> _1 
and 1 and ..,oold l>l• ro,ne<:t,.lto ,,11 oJJ.numlx•«-d cores for • largor reg1>tor. A,'' 
'"'"""'"" lo tor<'> 2 and .t .urrf "'""'d I>O cunn<"< ll'd <o all overt-numb-erc-d co<C'>- 11 
wc .,,ume that •11 coro"' are"''"' wolh lhe e•<ophon of core 1, i! i> clear. tlut the 
. ..-fva..-e pul><'> w•ll ;hitt ,r,;, 1 rfown the regi>t"' frum core toe ore onhl •1" <h•fted 
• ,~, 1 '"'-' .,..1 .. ..,.,.0 "'"' 4 " n"><1. The <>l><'r•lot><> ¡, ., tollo,. o; lhe fo"t ~, P<>l"' 
,.,~.,. '-""' t •nd rho> ,,;, '""' ¡, 1 "" ;, lollowed by an A1 pul -.e whic~ "''"" <nre 
1 ,0111 ¡ ohu1 ..,., <<!IC ]_ lhe uexl A, pul,.-'"'"'' rore l arod ><-1> rnre 4, •nd tloe ' 

"'"""''"~ A, ""'"' ''""' 1he 1 "out tht• end"' hy re...,t!ong '"''' •. Nuton• thM \1\e 
'"" ph."e' ,,. ,,~,;n<,· p0r,.,., ·"'-' "'luir<.,J, since" i> no1 t><>>»blc lo >el • <o"' 
..,,,,,. ,., ad-.<K•· '"' <e<oeU pul"• i, t"e"-"''· 

' e < < • • ., "" '"''"' 10 an amolofoer lo • 1.,. ""'1'"' " ''•" ·o < "'~ w<n< nog < ,><> >e UK'' " " 

MJgnetic Oevices and Mcmonc~ 

produ<e the wavdmms shown in fig_ 12-tOb. Nuti<e that alter fuur advance pul, 

the 1 h._ been shofted comp'etdy thruu~h the «·gi"l!or, and the ""'~"'' lont•s , 
,.,.,.;n low a<ter thi> tome. 

Tlw n,....; (or a two-pha.e do< k or ad-an-<e pul;~ •y>tem coulrl!x- ~· '""''·''"' 
>ome delay wer<• introduced IJ.?tween the out¡>LH uf t•och w•e ,>~o<! '''" mrut "' ti 
'"'"<<>re. Supf""" th,ll • deloy g«··••er thon tlw <vidt'> ol tlw '"''·"'"'pul"'' W<' 
on«odu<<'d b<"'""'" """h pa11 ol core> In thi> <••'-'· '' would l>•t>O>,.u!,• h> d"' 
'"""'Y <ore "ith lhe >ame ad••nc~ pul.., >in< o t~e output ol any core could ""',• 
"'" at the '"~'~'' lo the ne•l co"' untol alter tho• advanco puloe had di~er•l'~·"'' 

Ülr<' mt•thod for 1nt.-oducin~ .1 tf<'lay b<tween <ore·; is >ho"" '" Fog_ 12· 1 1, 11 
a<lvon<e·p<l he anorlitudt" i> '""'"'•'1 time> \he n .. rrinrum roqoi•<-J to >wolch !ht• <<>• 
and wtll '"""'· a'l rores 10 the O >l>le, 11 a coro previoo•'v cont,in':'<l ,, O, • 
•wotchong o.;curs ~nd 11>u1 no oi~f\01 appea" at 1i>e output won~;"~- On t'to o:h 
hand, il a ce re pr..,>otnly cunt.ined a 1, curr.,ti f!o"' iro lhe oulput wtntltn; •• 
<h••g~> 11>0 c.pa<•t<lr. Some curren! ~Ows 'hrou~ll tht• >01 Wlntlln~ <ol !he ne.• cm 
bu1 11 i• >mall boc.ou>e ol tho pre><•nce of tito "''''''"' <un<•c· "wro·, _, os o"orriJt!• 
by tl•o magnilude of the ad.an<e pul,.,_ However,., t'te ce•~>Lion of the "''''"' 
¡x;l><", e remain• charg<'<l. lhu> e do~eh01gos throu~h the input wind•ng ;,.-.;! 

and "'"coro lto li>e 1 '"''•-
In thiS <v>tem, ll'l• amphlude ol the adv•nce pul>es il not tou C11Loca1. but ti 

width nw" U., mot<l•<'<l tu the Re tlrne con•t•nt <•1 the loo~. lf tlu• J<lv,'"'" pul> 
Me tuo Ion~. or allernative!y if the Re timo cunot,tn!" 100 sho<1, tlw <op.>ei<o< " 
d1><:harge too"'"'" duttng lhe adv~<>Co puloe ttm~ and will b<- iJ>Capab!o of "'"" 
theco•e at the c .. >atiun ol the adv•nce pul >e_ The Re tome con>tant m.1y lin>ot ti 
upper lroqueocy ol opera110n; il >hould be not.,J, ho""'"'· th"' "'"-'tl•n~ •tu"' i 
duco•s a curren! in '" input windong •n a ~11eCL<u11 w~irh tenrl> 1o d,,¡,,,~e 11 
c•r.tc>t<>r. 

TM arr•~sement\ we have di.cussed hero ar~ colled ""~-<0<~-1>"'-1"' rq:"'''' 
Tt-~ ~re numt•rou> olh~• mt"'hod> (loo m~ny to di><:u» ~~~~~ fur lmp!~""'"''' 
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Di¡;ilal Prin~iple• ~nd Appli~ations 

"'~"'''" ·'"'' n"'"""'· .>nd ""' ""•"'"'" referr"tl <o LloP "''''"'""'' r,, "'""' od­
,,,ce<•d i" 1\,"4"~'- ~'""'' <>1 lh~ olh•r onelhOO; ,odu~e lw~-{"O'<'·per-loro Sy<ir•n,, 
moo",'.t'd->rh• ~"' -, e¡>,,¡,,, ""'-'''"", • ,.¡, r,e<l- " tndin~-< 01~ ;, st~ms, >¡>/11- .. mdong. 
ro.-.- <v><e..,._, and "'"'"nl-rootms·~r>n•lw ;y"em1. 

E~ample 12·3 

:.;;,o~ '"''' '''o>lxols ,,.,,¡ oh<: ''''"'' ''"' tlelay lechn:qu~. drov. lhe diagra<n lo• a 
"'"''''·'~" ""~ coumft. ~ ¡¡,. "'JM-""-'d .... ,.._.r..,m,_ 
Solut•on 

~ r.n~ '"""'''' < •"' iH• lorrned lrom ,, "mplo <h.ft r<·~i•ltl by"''"~ o he- ootrul <>1 the 
·'" rn••· a; lho <npul im ohe r,,, CO<e. Such a •v<~em, alo"~ W<lh the e•¡>l'll<"<i 
..,,,,.._.-,~""- ,, '""''"in •·~- !2-12. 

1>1 CQI,-.;CIDLNT-CURREI"T MEMORY 

Oc,• '""' ·hoil ¡q.><<"f ~o<«<«e<! ir. 11>r P•'"";ou• ""-'''""'"""-~''"<he P<>•"~''''f o( 
"''''': "" ,,,,,.. oi "'''""''' tore> '"' "'"'"& word< of h•~·"Y onlnroldtoO<>. fo< r•­
'·'·i'"-'• ,, 1\l-hl nw ''"" ,..~,,.~r<o"ld be u>~d In""" o;<).¡.,, >loaf T!wo¡wra· 
tooo would loe• ""'•'¡ in''""'· murh lo<r ¡he 10-billo.p·llup shitl ,.~.,,~, do«u>.ro 
""""''· ~ ""uiU. ""'"''"''· 1 .. ..,lo,P<'t ro rhe >amP <¡l<'od lomotaLoon• oo<o<Ved io lhe 
..,.,..¡ l:,,~n.,., ...-~"'~''· lh.ll "· <on<t• ~.,eh'"' mu11 trao-el ""''" lhr '"l'"'N lrum 
,-ore'" ""''• ol ''~1''"''' n clo<~ l"''""llln <nolt an n·bot ... ord '"'" or O«l o( thc <r~­
,,,,.,, Th» ''"" ,.,,.,,. "'·'\' i><"C0""' '''"'"'"'':¡ '""'' '" "'""' ''""'· and " f,o>lor 
"'"'·'"" '"'"' ,,..,, '"' ''"'"'"Pl'"· Mo" h la•Lo< "1"''"'"'" c.•n ¡,,, .cho~"·d ilih<• io­
;.,rn"'""·' ",.,..,, .. , '"'" ,1nd (('>~ Oul ol tll<" <•"<'' '" .1 ;wallo: manne< Sooce all 
<M'~"""' ~m<e>«"<l .. m.,:w..._..,u,ly ., ""'"~ wo•o ean r.~ lr~nlfe,ro in only one 

'""''•<-·----·--- : • --¡ 
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Magn~tic Devices and Memorie> 

dock pef<od. A U<><ght parallel >)'<lem "t>uld, """'"""'· «'qui•e ono <OPul "'"e an~ 
one oulp<Jt "'"" lor each coro F<>• a lar~e numbe• ol """' ohe lot•l n~m'-"'r o 
wr<es o••ko< lhi• "'""S'""""' ompt•chcal. •nd •ome other lorm of en•< «•leco,or. 
mu•l be dewlo¡K-d. 

The mo>l pop<Jia• method lo< >torong bon.,y rnfoml•t•o~ on pMallel ln•m u;.n~ 
m•Rn..Oic cor'-" ¡, 1he coincidMt-<urrcnl <i•r•~ •ysl('<l>_ Such mf'mO<;- W'""'" ••• 
w 1rlclv ""'J on •11 t)'¡>c< ol d•s•MI >y<lrm• lrnm ;malf.;c,li~ <pe<:.,l·pu<r<>"' m•· 
rh•ne, up ro loi~<'·>c.llc U•~ol,ol , "'"P'"'"· The ''·'"' '""·' i•wol"'' arr .on~in~ corP; 
io a matfl> and """~ 1wu half-•cl<"l cum•OJ>; the molh(O(J " <how" "' r,~ 1 Z-1 J_ 

Tr.c malr" con<i•l• 0¡ '"o <!'l< of dr"'e wift'<: lhe X dr"c wire> (•·erlo<oil amJ tho• 
Ydn>c wore1 (OO<izonl.l~. K oh«' th.ll eoch co•c i~ ¡he m.lt<l> "lhre.><lro "' noe ' 
wirc >nd one Y wi'<'_ Supro•e ono h.,il-«hl e u <reno 'hl~ ",,pplied "' ¡,.,. ,\, .ont< 
one l'"iÍ·<~ie<:l < urrt•nl 'hl., " ,,ppl1c-d to lm•• Y,. Then th•• <u<e wh1< 11 " ,,,.,.,Q\'<1 
l>y boJlh "ne• 1, "'"Y, woll h.»e • lol•l ol '1>1~ + 'i>l. •l. r.o~<in~ thrr1"1:1> ''· ·"~ 
,¡ will ;w<lci< "·'""- Thc ""''"""'8 C<W> "hoch are ohor.l<lo~l bv .1, '" Y, wol< <"·" 
'"'""" only '/,1~. ,1nd th<')' wrll (ll('<ofore ""' •w•lch "·"''' lhu< we '""' w<· 
<<"<•<l<"ti in <wo<rhnl~ onc ollho• 1& CO<C\ IJy <eiP<Im~ IWfJ ol thc onpul ¡,.,.., (onr· "' 
üw X hne• ond ooo ol ¡he Y¡¡.,,.,¡_ \1/e <1•·11¡:1>-ltP the "'"' lh,ol 1wo1< ¡,.,¡ '" ''"' <·1'" 
a- coro X Y. <in<e ol wa> IWlldK"<i io\' "'ie<l<n~ l"'"' X,·""' 1, ¡¡.,. ''''"""·''"'" " ' ' .... ,,n .. ,. X, Y," <•1(<'(1 IÍl~ Mldr~<> ul oh._.'""' "nc~ u '!><"<"• "'' ''' ,.,.,.,.,..,_ •" ''" • 
SWU<h •"Y "'"'~.Y, (oc,ll-.1 ,U ,,(i(lr<"' ,I.Yoi>l' .op¡>IY"'~ 11>1~ IU ¡,.,.., ~. ,.,,,¡ '• 

' 
'~~·· r, " , . ._ m~ie. 1lw , ""' lo< ,, terl in 1 lw 1""'' ·r " " hl-k.HL< 1 < • " "' • < "' 1 " • " '·"' " " ·' 
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J4J Dt¡:otal Pnnciples ~nd Applicdtions 

In o«h ot.,, ol•o· "'1<'<1«1 <o•~ 'oi'Oil •w•t<h. t~p ch'<'<l•on• ol th~ Mll-wl<:'<l <Ut­

'''"" 1hro.,~h li><· X¡,.,. •. wl oh e \' t.oe '"u<l ¡,, ";¿,;,"- '" oh e·'""'- In F11;. 1 ¡. 1 J. 
'"'' > "+< 1 < '" "'"'' """' l'ow tnrnu~O !he ~ hne> irom l~e top I«W•<d th~ b<lltom. 
"''•:~ li>e Y,,.¡,.._, cwrmt• iio<v U•rou~h !lo<, Y¡;,.., !ro-n loo: to ";¡/11. A~plic~t<On oi 

1-W "f./11-ll.t"'l <uio "':1 do•mon<lt.11~ 1na1 curreNs ic ''"' do.<'Citon ""l<h ohe c010 

su eh th"l '' n· "'"'" 1:u, " "' o clockwi•o di"·' 1 tOO ilooktn~ iro11c oh e top) Wc ddme 
In'·""'-''''""'" the <oro In ¡;,~ 1 ,1,\lo. 11 i• oh•ioo.•. ohon. tha¡ ,,.._.~'""~ ohe d"<-<· 
1-<m> ni i~''" oOe ~ ~oo V lonrcuHm" will •w•t<h 1,._,. mr~ lo ohpO "•••- l'.oh<~ lh•t 
•1 lhr A·""' Y;,,,. CLJrronO\ ••o "''' •ub[t,\CitVO <i.•ox<ton the •eiN"H'I core '"'"'"e' 
'hl. - 'hl. "' ll anJ Lhe < mo <lo<'' noL <h•~~~ Ita le. 

l'l.lh lh" >v<lern "'''no" ha>~ thP aboi•IV Lo '"'"h ~nv ""~ ol ló cor.., b, 
'<'·<'<lm~ •~Y '"'" n; o·~hl """~' Th" ¡,a..,,~~~~~ '>0 !""'"'"' O>-<"t ,1 dtt<"<l PJrJiiel 
"'•<'< ''"" •v•le•n Tht~ '·""'g on inpul "'"•' i><<Orr.e• even mo•e inLt><O»i'e ot we 
,.,;.,."o lhe P'"""~ '"•""' to 100 cor"' 1• >quare m""' wtlh 10 <ore; on ••eh 
•·~•'/. In lh" Cd..,., "'" "'" •ble lo '"''rh any o"" oi 100 """'by ..-1...-hnR any owo 
oi onlv 10 wor.-.. Th" rrpro•eno• ,, o.Uo.chon ni Sto ; o1·er • "'"'Shl p.'l:allel «•lec-

''"" '"'""'-
AL Lht< o>Oinl we "'"''' '" <IP•dop a moohod ol ••m•·"~ the col\l<·nl< ola e o.-... ro,. 

<~n ll<' wry ra<ily .l<<<>mplt<t.,.¿ hv ohre>don~ on<- "'"'~ wire th•oush ~....,..,,.,.,.in 
t.><' m•""· ~u>< o only ooo• note i; ••l•><led I<W<tchedi al a oime. any o~I¡>UI ''" the 
"""' ~-,.,, will 1,-. oluo '" lhe á.'"""'K ni •t•lc nt lnc ,...l,•coed coro. '"'d wo will 
'"""' .-b"h <Oro' o: " ;,no<' oho cor• •ddre>> 11 fl'O«'<N'><I~ lo <~1...-'"'"· :-.ot•<O Jh.ll 
'·'·' "'n"' .,.,,,1'<',,.., !ht~u,:h h,,:¡ lhe <O•~• on ooe dt•<"<I•OO and ohroo~h tloe olncr 

~-': "' lho nppOIIIP ,;.,,.. hiJO. 1hu< lile outpul "K"" 0\'f !><' ~tlher ,, po••tove m > 
"'"•·""''f"tl'''· roe 1Im <N<On, l"e oulpu; lro·~ 11>~ '""'e wtre ;, u•u•:ly an1piof•ed 
""'' ""-''""¡ 1<> produce •o O«lpul pul<e wl>ich ai..-~)'1 •rpea" woth tl>e ume 
;J<~Jnly. 

hampie 12-4 

r'""' th<· ,,,ndpnint ol cnn>tructton, th<- CD<P mo:t" "' f,g 11-14,, mmp con­

"'" '''"· !>¡>1,,,, 11-'<• IN'( ''''-'<Y d¡¡c<;I<OO< of h•IÍ·>P;ecl CUtle<," in thc X •nd V ),np' 
'"' J'"'•"'t O¡WIOitOO of Lho• Olil1ri•. 

~olu11on 

('mo• ~-' >", <' <'•J< h> "nlll,u )O !~C pl.,..,.oOu•l¡- do\CU"-t'(; m,olri> in f i~ 11·1 J 1 hu; ,¡ 

"'"'''-'' l'·""nplm" lhuw~h >, .lO<ilu lhe rot,ht th<ou~n 1', wdl <ti''"" X, Y, lo rl,,. 
''·'"'- To "'' «>rr X,Y, In !~e 1 >tole, cuurnl mu•l P·"' <lown ohoou"h hn~ X,. buo 

• •'"''ni "'-"'' 1'·"' bom ohe n~hl In ohr lell '"""'~" ;,ne Y, .cilf'<:k "'''h 11.., "~hl­
''""1 rule, !'""'"''"" '" th" o.•h•M, we '<'<' tr-.ll ro•r \,Y," ,,n,lo1 10 ),Y,. 
~'"''l'fore, ''"""'-'' '-'""' 1'•'" lhr<>u¡:h luw Y, frnn• :c•tl 1.> ro¡:IH. Stnlll.orly, <oto I,Y, t< 

.,,,.¡,., In «>«' 1, 'o', .1nd cuorm: ''""' th<'ld<orr p.;<\ thtou~h ¡,,., Y, it<Om ro~hl In 

:.~, In !'"'""'"· ,-"''""' mu•l p•;< lwm lelr kl fi"h' 1nmu~l> lile odtl-numl>e<<'<i Y 
'-""''· ,H\11 ionn• ""'" '" IO'il Llunt<J:h c.-.•n-nunLI~·"~j Y lt0<''-

"' •W, "'-'' ,. L "' ;o•nL '''-'"' P•'" '""" lt'il to <i~h< t;,rou~Ol IoM Y,, ol 11 ~·'"ly '-<~'fl 
lh,ol '""""' "'-'"' ''·'" Lli"'·"d tio;ll\l~h hoc A1 on Ot~<'l to «'!'-""X, V, By ,\o 
"~"""'"' ""''l,or ''• :,·,O: ~~~ •·n In< 11><• Y hn<"l. curt~•nt ,..,,., pa" <lo""'"d'Ú lhl<lU~h 
'"" ••ld·n11mi•·"-J \ [,~., M<l "'""'"lliuou¡:h lht• e.•rn-numl"'"'l X l<n~•-

'M~¡¡n~t1c Devices and Memonc.• 

" 
1/ll.., 1 1/1/m ¡ 1/llm 

'""' ""'eul ..... 

the matr~> •t>Dwn in f·~- 12·14 ha• one e'"•' "'"'"'"~ "l>id• w<> ~-"'' nuo \PI 
do,c;;um•d. Th,, " tho Ú>hibrl w"o. In ordcr lO und,•.,lond ''' n¡WI.Jt•on ,,,_, 1 l,n,ttl>n, 

le!"' cx.1mine lhc method• lor "'"''"K ;,.rorm•l•on inlo thc ""'"' and <e.•d·n~ in· 
lorm;otion lrom th<- n~•k•~-

Towrnc a 1 '" a~y corc Uhal ;,, 10 "'' th~ core lo ohr 1 <t•"''· ol ¡, or,l¡ "'~"""' 
lo apply 1hl. tu lhc X and Y hnP> >eiect·n~ that COlO' .1Jdr<'ll. 11 W<' rle\"'''1 lo"""' 
¿O m ¿oy tooe lth•t "· "''o he cote Lo lhc O >tat~). we couid ,;mply appi¡• .1 cunenl 
ol-'1>1. lo lhe ~ aod Y loo..,. <elf'Chng ohal coro ad<IIP''· W~ con al >O w<ol~ ,1 O'" 

any cooo by m•kor.~ IJ'O ol lht• inhob" wuo •hnwn tn f•~- 11-14. lWo •"'""' oh.ll 

all co••• "" '""'"lly in Lhc O >t.>tol ·"'""" oho: lho• ,>ppl.celton "' '1,1. IC> oh:,""'' 
in the diiOCitOn <hnwn oo lhe li~uee '"'"11' '"a co•nv'•'IP c.>ncell•hon ol ohe Y ltno 

..,¡""' <Ufl'""l !•1 •1"' leOO• lo c•nccl ~n X titl(' curronn. Thu• lo"'"''' • !l '" •"> 
cooe, it '' only ""'~'"''Y to ><.>le< 1 Jhp rmo• m oh e ~1~1r maoner a. ol wnlln~ ,, 1, and 
al ohe ,,,.,_.o lime •PI•Iy an 111/Hbll curront ro lhe ,,.¡,.¡¡¡¡ ""''· TILo m,1jnr ro''""" lo• 
wrotong • O '" 1h" 1•\hion woll become clear whcn we u<.e oho<e mat"' plane• lo 
lorm • complele mt'mory. 

To <u~>m.mze, wr wnle" 1 '"''"'rote ~.Y,I>v aoplyon~ '1,1. '" lho• «•lrct lonr< 
;,:. on~ Y, A O can iJc wnlletL tn oho '·'""' l.11hi0o l>y "mply ·'I'Piytn~ 'hl~ 10 lhe 
1nhob" Ion~ al lhP ... me¡¡,.., lol •11 roer> ••P inHtally ,..._..¡¡_ 

T o •••d ti><:' onlorn••hM '1<"'-rl on any e<¡re, "" ""'flly .ooply- -'/,/, lo ol<e lliO('et > 
•nd Y loOO> •n<i o/t·l" 1 tlw OIIIJlUI 00 lho "'010 Wlll'. liH' '1'1" 1 O UtrPHI' n{- 'J,J~ 

rewt tho ente. •nd ,f¡he '""" prev.nu<ly lwld o l. ·'" ouL¡nol ¡>ul<r <M rur< 11 lt-'e 
(otP ptel<t)l»ly he(d d Ú, ol o loo.~ fl(~ "I•L< h. ~~~j r•> OUij!'-" JMif<P ,\(11"-'-"'· 

Th,;. IMn. " lhP t _.... ''1':''"' """""enl·< ur¡enl ..,.¡,~ ''"" '' ,,..,, ;.,, ono• ¡>i.lnP. 

No«e<·ll,,,¡ ,..,,d.,,~ li"' in("""·"""' Uul ol 11,- ""'m'"' "''""' "' ,, 'on•¡<l<'l<' '"" ol 
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Magnt•lic Deoices and Mcmori<'s 

11 "quoto on«;m•enoont In lol<' ¡he data <lo•«l on tno momory '""'Y '""'' they ••• 
reod out. For thi< n•a.on, ¡he N[l~O ho< be<'n dt-vt·lopt•<l. One onetnnd lw .,c­
compl,.hong th" lunctoon ¡, 10 <ead the mlormalron au1 al the m<'•M'Y into a t•m· 
po<ary Slarag~ '"ll'""' ¡r,,p.nor• l"'<h•r•l- The aul;><<l< al ¡h~ Oop-flop• "'" ttwn 
u•cd lo~""' ll1e inhibtllino< du"n~ lhe "'"'" OP"'""'"' "hoch fnllo"' ¡,.oh.bol lo 
write ~O and <In no\ onhihol lo wrot<' • 1¡. Thu• the W<oc n•crno<y cycle allnw< u< '" 

lorm ~n 1->DRO mernory lrom a ORO m..,..,ry. 

hampl(' 12-5 
Del<:tot><' how 1 coincidonl-curr<'nl mernory moght be ~.,n.,ru<l<'i 1f 11 mu>t be 

cap,oble ur s10roog l,OH '"'entt-b•l W<Jr<ls. 

Solution 
Sine~ tbe,-, ••~ 20 bob in .. ,h ..-o<d, oh ore mu<l be 20 plan.., in th~ memor;· (the'e 
¡, on~ pl~ne fot each bo\l_ In arder to """' 1,02• W<Jrds, "~c01.1ld make th~ planeo; 
>qua<c. In this ~•••· oa<,h plaoo "'ould cnnO>in \,OH co'e'; il "'ould !><' ron­
stru<!l'd w1th J2 row• and Jl column< •i~<o (10241'" ~ 12'"1''' ~ l' ~ Jl. !M 
memory i< lh"" cap,¡ble ol """"' 1,024 >< 20- 20,480 boiS ol iofmn.ahM. Tvpi· 
call~, a memo"! ol lhiS ,;,e mighl t><o con•trutt<'<l in J l·in """"·Noto< e thol '" lho< 
memory.we 1\a.e the o1Jol1ly to '"''''h any one ol 20,400 '"'"' llY cnnt,olhng 1he 
'""""'' levels on oniy M"'""' (}1 X line>, 32 Y IoM<, and 20 inhobo! hne<). Th" i< 
ind~ a ,.,oo,.,, number ol control h,.... 

Example 12-6 
o.-.;.., a me.m. r,.. molung ohe "'""""" sy,.em on th~ prevoou• ~.ample a i'>DRO 

''~"'""'-
Solutiort 
On~ melh<>:l for acm..,ph•hing lhos •< shown on Fog. 12-16. Th~ b.<oC co<e •"•>' 
consi"' ol twoMy J2-b1•.J2 coro plano< rnr conl·t·monce, only the th<.., LS8 
plarw< and the MSB cort' plane "'" shown 10 lho <h·•l"•'"' Th•• wihnK ,lnd npera­
loon lot !he othet planes are ¡r.., >ame. fm d•• oty, ¡he X and Y •~1..-: hne< h01·~ aio;n 
bt-o:n omonl'd. The ou!pul "'"'" Ion~ ol <'.Kh plane i• lod i<liO a b<polar amp:.lo<'f 
wh1cl1 <l'<tlllc• a M amplofoes tho outpul '" llt.\1 ,, r><><ot1ve pulso •'l'~o•" any \"""a 
se\ core i< ""el to ohe O""'"- A con>plet~ n>omory <ycle CM"'" oi ,, 'lo,or ~ul<t• 
lollowod by ~ re•d pul"' loii<>W<'d by a wr.t~ ~ul<t•. The ~<nrer w.lVriorml ••• 
<hown 10 Fog 11-<7. ihe de•r pul"' for" "'" all fl,¡>-lihps lo 11"-• O <tal<' olh" dtw 
pul•e c.1n b<• ~enetated lroon lh~ t<adin~ t><"i¡:e of '"" w'""'"'I«•J. Wh,•n ¡he re.>d 
hnr 11<>"' hi~h. all lh• ANP g.>t•• d"ven l>v iho (),¡,...lar ,lmpl•f,er> ••• enobl('ol, 
Sloorlly .,;¡,~ the ,¡,., ol the re.1d pul<e. -'/,1~ "a¡>pl,.<l 10 lh~ X •od V¡,,..,,;""'·~· 
"''"('~ the ocldre~< o[ the w<>r<i lo'"' roo<l out. Th" "''"'' oll C<>'l"' in !he "':<"<to'<i 
wo<d ou the o """· antl •ny coro wl"' h """••ned • 1 woll SW•I< h. illlY "'"" wh" h 
•w<l<hes goooule' o pul<e"" thr ,_,,,. lm" whoch " o..-.pr.f,.,_¡ •nti ··~~~··"' ·" ,, 
posoh•c pul•• ol ti1e ou<;>ul al un<' ol lhe '"fXll,u .omplolo<·"- s;n<O ¡¡,,. re.o.l •~" 
K.l1H o•e enoblo'<i. o pmd "" pul <1' " lhe ~"' '"'' ci '"Y '"'l':.r ·«r 1"'"''' th"'u~ll ""' 
•~P g.>le ond "'" lile llop-llop. St..,,ly lh~re•foor ""' h.1ll-'<'lo<1 < urrenl> diup<W·". 

< 
e 
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Oog<t<ll Principl<'s dnt:l Applications 

,, ,, ' 

1•·~ re.1d ;,,~ ""'"' low, •n<l 111<- n,p.flop> now con,.in the oiM.I wh 1ch "ere 
;or, ·v'~'"' v "' lhe .'<'i<'<'lt.J <"O• e'. ShMiy oller lhr re,"! ¡, 0,. ~00, low. olw .,.,.:,• l•ne 

""'"' "'~"· •''"' ""•" o•n.ble< lhr wr~:e •~o ~at.- (CoMO<t..O to ohe mhob,¡ line 
'"".'~'·· ;¡,,. <l ""'' ol '"Y lli¡>-n<>¡:> wh,ch h.o< a O >1&<'<1 in ol i< ho~h. 0.,.¡ lhi> 
'~'-'"''' ' 1·•" 11'"'" •~o "'""In "hirh <1 ¡, <OM<'<"ted, In,.,;, m•nnrr .In '"h•i>•l cur· 
"'"'" ,;pri•<'<1 lo 00Y <Ore wl"'" P•<'>•ou1ly held ,, o. ;hMir •fl<'r 1he ""' uf lhe 
""''' 11"

1
"". 1"-"""" hoii·«'I~CI ""'""" ••e appl.co;l 10 1hr "'"'"X ,¡nd y hoes. 

. ,,...,. •el~~~ rucreol< '<1 • 1 m •ny ro·" whio;h d,.... MI ho<e "" ;.,h,¡,il r~ll•·nl. 
""'' "'•' •

11
1"""·11•<>rl •lor."(l "' "''' ~ip-nor> ""'"ilen do<r<li 1 b.IC< ,n:u llw '""'"' 

'" "" _,.¡.,, h •1 ' . .,. ·•'. ·,¡.,, h,1if-f<·:"·¡ '"'"'""" .11e 1hen rt•iure<' '" '"'" ,,,,¡ lhe ""'~ 
1 11•' ~"~' l~w Th,, ¡,,¡¡ <>1 ¡¡,,. ""'~ l•oe '' u...O to '""'' t/w llo~-1lo¡". ,¡nd thc •r•lem 
•· ••~• ·~.11ly lO• ,,,,,,...,. rr.rd/wme rycle_ 

"D~O ""'" "'>' 'Y"'"" •1•~ "'"'~ on 
''" "'·"1"'" '""""'·"'"" 

lhe ''""''"'"~ "'·' "1'"' ""'"""'' Lh<· 
rmn• 1he <ylleo\1 w•;hnnl :u<on~ lh~ •'"'"";.,,,¡ 1"'' ..,,,,¡ "' <1•· ,.,,., .• '" ....... ·' CO<n¡.l9le ""'""'"' •r•tem. '"' "''"1 "''"'" 11.., 

Magnelic Oewce~ and Memorie• 

Clw 

R"d 

w"" 
•1..,1 J 

' n" H•ll , 1, 

'"""" )' o l ·lm!l 

f----·. ·- r """""' '"1' - ---- -· 

cop.Íb<l<ly lu "rile •nfn1n101 "'" '""' rhe <ore' l1nm "''"" e"crn.>l oourcc '"-#-· onpul 
d~1a1. Thc wr«c OP<'•al><>n can t.. re•l"ed by makr~~ ""' ol thc e..KI '·'"'" sn~o 
"'~""1,.-m> shown oo f,~ 11-17. We mu•l. hnwoV<"<. •dd •ome •<id>llonal ;:.11cs to 
the 'Y""'" 1uch 1ho1 d"""~ lhe .,.,,,¡ pul>e rl><• d.ll.o '<'1 onlo thc ll<p-llops W<il he \loe 
c•lem.ol d•l-' wr "',h llnr<d '" tJ,. co<r<. Th« could e,,,;]y ¡,.. ac.-n•nplo<~<d Uy o~u. 

;,~ a -ond <e< of ·~o ""1"" wh•rh con ¡,.. ~,,.¡ '" .... 1 "·~ lhp ~"'"- Th~ '"••< 
·: dldgram lnr rhe compi<•W m~mory sy•tem ">"<>wn in¡,~ ll-18. fo• ''"''':,.,,,._ 

onfy tOe L>~ ;, 1hown '"''" th~ log.c for cwry l11t ;, ;,¡,,,,.e,,• 
For the éDmplele mcmo<y >y<l~m we rc-cu~n"e ¡l,,,r tl1rre a~o two ,¡,.,,ncl Ul"'•·•· 

tion1. Th.-y "" w111• inlO "'""'OfY (Le_, >h>«' •••remal d.Hd on 1he <O<e') dnd <rod 
l<om mem"'y (,e."'""' doto ;,,.,.\he'""" lo l>t• u~<l ,.r...,wh~<rl. for 11',"'" t'<<> 

<l¡>N.ll«m> we mull n<·rr«,lnly ~oner,01e lwo ,¡,"'"" <rL• ot contlol .., .wo'IOr<>l< ; '"' 
wa,Pimm> lm ~ead l<om memmy ore e.,~ell> tho<e '"""'" m f•R· ll- 17. aod rne 

"'~"" "'~ wmmamod » loilow_, 

1. The ele"' nul<c """'" all tlop.{lup< 
2. Durm~ rhe <eori puhe. ail ""~' ~1 the ,,.:errrd .><Jthll "''' «''<'1 tn O .• ond rne 

d,ll.\ >1<><..0 in 1hem ••e :<andrr~rd 10 ¡;,. (i,p-ll<>p< h, meon• 01 tOr reA<I "" 

~····· l. Duw1~ ""' 'l'tllr pul\1•, lhe d.lla hdd in ll>c> llip-lln¡>< .1rr >I<>«'J il.ll;, on 1he 
co•c• by •Pr>ly1n~ ¡>O"I•vr 0JI1·><'ii'CI cur~ent• ltlll' inil<b•l ru«rnb "'" <oo­
llt>lf<-<:1 i>v 111<.- 0 >;Je> oi ~~· n;n·ilop< And ¡><t>v<de ~~~ OICJn< nf <1<>1"'~ 0< 10 11>• 
[Off"'! 

rn~ """" inio mPmo"· wovl"fn'm' ·'"' '"'·" tlv lll<· '·""e ·" •hown '" f;o 1 l- ,, 
wllh one O•«"Plion: lnJI is. ¡n, '''"' pul«' " "'fl;., "' W<th the rr>l<'f d~r~ pll:«'. 

The ''''COl> (or wr•l~ inlO "'""'"') MO 'hown '" ),~ 1 ¡. 1'1, ,onJ "~ ""'""·""'"' " 
lnll¡,ws; ' 

1 . TIIC rl•w (><>;«' '"""" dil ll<p-llo '1"-
12. n"""K 1M~ or_, .. , oi•'•' ;~ .. :.., .. 11,,. '"·o:·''",, h,,:,."'" ., 1 r '"'~'"' """'1 ,,11 < "' , •• '' 

lh>' ~'"""'1 _,,¡ .•. ". ;.,,, '''"' ""'""" ·"'" ""' ""'''· 1'"'"''""· .,,,,.,,. "'·'·' 
•~" ""'"'' ""' , "'·''"•'"·'''¡_ l¡"lo·.,.l. •••l•••n,,l ,1,.,,, .1"' "1 ,,1, ,¡,, lhp '"'•'' 

11m"'"""'",.,,.,., "" "'"'" 
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1 

J. Du"n~ '"'' """'" pul<e, dal• heiú in rOe fllp·llop> ••~ llorod in ti'<' core> "'"tly 
o; bt-io«"'. 

'" ,-n,ci.,.,M, "'' >«· II>OI •''"''' imo memm1• ocd "'"'] (,.,~, """""'' .lrO ~•->etly 
::.,. '·'"'" oO'"'"'·OO< wolh the ••c•,OI.on ol lhe d,>l,> Sln•.-.:1 •~ rht' f,p-flor•- The 
w,l\á""" J<O o'>OCtly U•o ...,mo "hon :he ~~~d ""'' ""'~' dald pul"'' a"" u>ed 
a;•;~opll,li<"IV. Jn¡ll.'>t• ..,me loldl cycle time,, rL'QUIIffi ¡,, e"her ~ll<'ral•on. 

<1 •'•ou:d 1~· "'""'ed out 1hol ·' numl><c ol ú<fkul¡,..; A<C pocoun"'"" w•lh lhi> 
:y.,._, ol w<tPm, forcl ol all, "n<Cih<• >~Me'""'' in ••eh l>l•no lh•o,1d• cwry co•~ ,0 
'·'•' pl•no, • nu;,,¡,... o( utl<k->lfed >i~nol< woll be on rht- ,~0.,. ""'~- Ohe<e un· 
d•''''"" "<"·''' ,,.,. ·' <e<ull ol lh~ Í.¡<tlh.>l m,,ny ni th~ <me<'" lhe pl,.ne '"""'""a 
h•iHeir·Ci """'"1 -"'M LhLJ> e•hoh" " ,¡ ~ht flu• cll.>nge, 

The ~o><Wt'lf",; p,li!Pm ol <O>e •"•ngemenl ond wirin~ \ho'-"n on f,~ 11·1) 1ep. 
'''"""" •n .llll'no,M lO m•mmo¡e 1¡,,. •~n><'-l•n• nois~ by <al>(ellatl()n, for e-.mple, 

lhe ''~"·"' ""'"'"1 on Lhe <rnse l~n<• by lht> ~ and Y O'"~ currents <l<wld hop~lu<ly 

""' ...J 

l"'""'''-----...1 
\1 "" 
•l,..ll --

X .,O 
"•" i .,,.,. --
" ,., ' ', •1,.11 --

'""""'Y O ·1,.11 -· 

M<iKnetic Oevice• dnd Memuries 

t.. c-Jn<clrd oul >inet• lh~ '"""' ¡,.,,. u o'"'' LMI!' ¡.,,.., '" '"~ ''~1'"""' dor<'LII«n '"" 
.. ,..,., numbr> oillln<" ruolhomwe,lhe '~"'"looP r; ,,¡,,,y< ~1 • 41' an~·<•lo :~.e X 

~<>d Y «:leo: 1 lone<. Simil~•~•· lhe ""'"' "~""~' 'ondurt~l m lhc <rn>e t.nr ny t'<K' p.u· 

h•l sw•lchon~ ol co•os rcce>VIO~ h.¡'(.,.l<-<1 '""""" >hn~•d '·''""' onr ·"'""·"'­
lh«. hoW<"v<r. a"ume• th,l1 •11 '""~ '"' L<lenl•c•l. wh•<h •> h.lfdlv ••ver :n~t•. 

Anolher met!lOd lor elimin•tong no•"' duo loco"" 'l."<ewm~ h.llf.,..:<'<-1 '"'""" 

would be lo llave • <o•• wh.ch c•hibot> •n .>Dloi""'') '""'''"~"'"' U!l ru"'~ ,,, 
<l>own in r:~. 11·10,>. In IM"c,l\e, ,, h•ll·•••l,•cl '""""1 "oui<l mo1e lhe "'",,,,.o~ 
llUIO( o{ thP <01~ pelhJp> (1Qm fl010I • 10 J><llni h On lhc CUIV~- HOWOICI. '•~<r tne 
101> o{ lile <u<Ve ;, homon1al, no llu• ch•<>K~ V."OUl<l occu<, ~<>d lhe,..IU<t' ~" ~n· 
dc•i•<:"d sign;l C<luld b< ,nduced '" 1he '""'" w1re. lh" '' .on o<lo•l <o<>~. llo""'"'· 
and cannol be- ¡ealozctl in"'""' p<,l(IICP, A n\COI\Ifl' ul Cor~ qu.>I•LY 1> gr><•n by the 

s.qu••"""'' r~l<o, which "del1ned •• 

lh«" th~ <alio of lhc liu• densrly •llhc •cmanenllllllr\1 B. tu lh<' fimo~""'" •• tne 
>Wott.Oin~ 1"'"'' B •• 1nd " >hown worhic,,lly 1n r;,!. 1 J.lQI¡ The •ole.ol ••i\Je "· ni 
cou<,.., 1.0, but valu,., beow .. •n 0.~ and 1.0 ••ctht• 1>1'11 ohi-"M}•Ic•. 

12-5 MEMORY ADDRESSING 

In thl< S«tion W<: in"-"''g~le lh~ mean> lo• .l<UVdlmK the ~ an<i V 'rC'I<'<I>On loor< 

whoch s.uwly 1he h•l( • ..,lect cunents im •w•tchin~ thc '"'"' '" the mrrno>>. ''"' ol 
•11. >ince ol lypicolly "''tu""' lO() lo '•ll<l mA '" ''·"" .,.:,•<1 l~ne llh.,; i•. l_ •' 
typrcally between 100 and 500 mAl. e.1ch •á•<t ''"" mu;t 111• d11vcn hy ,, '""""' 
ampM•o•. 1\ """ial el••• o( IIM><<iol! i•.>< lx'<'~ o[,..,rl<oned lo• lhr< pu....,..•; 11K-1 
••0 >ef~Hl'<flo a> COIP drive" 10 rl,11,1 <hw¡;. Wh•t '' 1~011 00"1"1 1' Lil1· II'<'Jnl ¡,, 
orl.v,OI 10~ lhP i"OPPI O "IC·If"VO< .ml¡)i,(,.•,. 

Up lo th" po•nl, wP h~'" d...,,~n.Oil'<l tll(' ~ l•ne• o• \ 1, 1'1, X~ ... ·'·· an<llh~ Y 

• 
1 

1 ' • 

--4-~ 
1 ,,, 

" 
' :--!·r: 

"~ lf, • 1 . "' .LL _!_.~.¡---// l:l:: 

1 1 

~ 

'" 



"'•"' ·1' Y,: l', 1', r. 1m .1 1<1uon• """"'· ~" '"" nc.mbe< ni «re< in Ool<h 

"'" "' < "'""·"· ""' 1/o~re "'" '""" r.' ''""' '" ,, "'·"'"- Whon th~ pi,,,.,, ~<o ••· 
'·"·~·" ~~ • ,;.,,;.u! .\1 ~:~ne<. """~M" ti'.o• numU<"< yt b.o- on • "orO. we h••r • 
,,-,..,.,, "1 < .op,lhic• .,¡ ''"""~ "'· ,•,¡.¡, t \'.,,,;, An1 twu "'" < 1 l•n~< e•~> 111~n be u<"l 

'" "''"' nr o·.rH<' ,, """] on ~""'"""' ond 1hc• •ddU'I> "' '''" '"'''' '"' " ' •' "' ••v '•00, """"' oO 

-• •' ¡, < •'" '" .o.w ""'"'"'' bom 1 1<> n_ for "'•""'"~- .<,Y, "'Il<l'<cnt< o he co:umn ol 

"
0

"' ·" ::x: "''"""-'"'" ol <he l, a,; Y, '<•lo'<'llin<"'. M><l wc c•n 1nrn '"Y oh., thr 
"•ro'""' '"" """' "lJ Sl)ll(o' lh.ol lho· llr<l u'·~·l 111 ;:wMillrP« 1< IIW !_ l<nc •nd 

;,w 'OUIIld ;] ó't '' lll<' \" Ion¡•_ 1 hi< " olfbilrMy ,,,(!<""Id he rO\'Cf'C"d 
-' ' ' ·1' .. ' 1 ~ ' '"' n < .1011 "· '"''re"~~"~"·'""" ont.l•l> but or.e ¡orooblron, on .1 d,~.,~: "'<tom 

wo <•n U«'"'':\' IM numbt•r<: .1nd O n~ prob'""' ,, Pa,tly """h.t'd, """'"vt'r, 
<,nc~ llw ,o"" '"'! •. tor e'·""P:<'. ,-,,n 1,.. r~pr~<enlo·d (Jy 010 01 t •n ,,;"""' fo,n. 11 

,,,. ''""''"'''' '"'' "" Llw X 1-nrpo"'"" •'nd tr.n•e bm 1m lh~ Y 1,,;0 !"''·"""· "'" '-·'" 
t: ~-,"''"""'"'""o",,,¡,¡"'" ni·"" ""m ;n ,, nwmm) h•v·n~ a <·>PJ<•h' '" 64 ~>or<l< 
'" "'" p,, •' <'•'"' '" "'P, ''""" "'''·' lhac hol< "~ r.>n rep<P'>t"nl ''''·"' ,;o"<om.JI 
''""-"'''· "~"" mo·,on< wc < •n ~~''"" M 8 )( 8 • 64 woc<l rremor,-. lf l>'f' coo .... ,,~ 
,-,~nt-1011 ·""'"'" '""' 1>.1< loo ti"· A :mo· •mi lou< l111> loo lr,c Y lonc, wc e oulol d<•fooo• 
" mt'"''"" "" '"~ i' >< 2' ~ 11, >< lb= 256 wu<d>. '"~ene'" l. an •dclre" ,¡ 8 b,l! 
'·'~ 1•• '""'' :o «el""' a <Qu.m• m<>mo.-y ol 1• "0"''- "''"''e th .. P ~·o 8{2 bol> for 
:nc A ftn('<. .>mi Hli lool< !or l~e Y lor..,, From th;, d'"'""""'" ,, "~~<v lo""' v.kv 
,,-•·"'" ,,:,. co-no "'''"1-<'~rrrnl men•ury '"lrm• "'"":'Y 1:,~;~ • c•N< '" whoch " an 
<'>'O·l ;~\\VN .,j ]. 

.':;;;m¡''" 12-7 

W:o,>t "'"'"' , .. ;~r WUCiure of tlw b'"-""1 •dd'"'' '"' • 
L<;¡.o<•" ni l.Ol4 word>l 

Solu1ion 

'--cr ~"-: "~·' lot•rr "ouid ""''''""" 10 btt> in '"••ddoe<i<•oJ«i. The{,,, IM• 

''-""·'' '"' <•'"'" '"<Ir"""'""""'""" >he ""Q<•""~ Jl X l,no,, and lht• «•cond /,v~ 
""';,, 1><• ""'" :o <le,íw>ole "'"' '" lhr Ji Y looe<. 

.:~. :nple 12·11 

.,., ;¡,.. ~"'''""' '''"'''" <ie<c<~b«l '" lne pr~»Oul e•.>mpie. ,¡,.¡" 1lw d"'"'"l 
·"'""'" ''" 'ho· ro:"'"'"'li bon•rl' •dol<e«e,! 

•-· :rlli~n.~;o: 

'"~" '""'" o<l lllhiL-... ,¡¡ 

Su,utinro 

. o.OI IÍ>o• '"'' ,,.,. h•l< .,e tl<e ~ ''"'' aod corre<¡""'d lo 111<> do.'<om.ol ""'""'-'' n. 
·"" '" '"'" 1"'0 lo.;< "1'"'"""' lhr Y hne ond <One<¡><>nd lO ll>e d{'(om.,l numbrc 5 
' .. , 11"· ,,¡,¡,."" I,Y, ' 

'"' 1 1 '"' 1, ~ ¡_ 1 ,., ·•ntl n IU 1 O, • 1 O,. Tht•re{<ore. <he Mld""'' " l, r,_ 
'" llw •<ki«'"" x .. Y,_ 

Ma¡:nNic Devi{c• and Memorit-< 

fmm 

''""" "'""' 

---~----

1 • 
:•·H{H-""" ·•• 

' L.-,,. x-ron<>--. 

_L 
X-1m'"'"'" 

"' "'""' <>1 mt.oo., 

ÍÍ<JI" (ollt'd lho "",wldr"'' re¡c,¡ter_" Tnc •dclre.• on hoMf\' iown> "'"" <llrn 1 •• 
decod«< •n<od.,·on>•f lo<m "' ordor lo""'" on~ ol lhr > llfl~ drm·r< ,,.¡une ni <ho• 
Y hoo dli>er •mrl<f'e" '" ,l,,wn •n f•r •. 12-21. Tlw X ,ond Y thml ng m,11<Í(E'> 

1hu10.-n •n lhe ''~""' ca~ he odeni<Col onrl MC '-''"'"''''ily l .. nMy-lu-de<on>,,l 
decodt•"- 6on~.-y-tu-d...-•m•l decodong •nd •PP'"""•'~ m.ot"c"' "<"<C dt<eU<Wd on 
Ch•p. 10. 

12·6 SEMICONDUCTOR MEMORIES- BIPOLAR 

R...-Juct'd col! ond "'"· imprnwd rcl•>hoi<OV •<><~ <pc<><l ol "P<'!Ol<OO. on<l ;n<rt•a<('(i 
¡>.10 kio~ dt•mlly .uo amoe~ the ,,.,-¡,,,,¡.,~" ,,1 ,,f,·once< wh<th ~a'" n>adc <em.con­

ducom m~mOIIPS a <t·.<hly 1n n•oc:C<n d·~·l.>l <v<lom< A l"~ol.., "'''""''Y " «>n· 
""" trd <J<<ng th~ lam>h.l< ;,.p¡,l~r l<,>n«<tolr. wholc tho MQ) n>o"""~ m,,,,., '-'"' of 

th~ MO)f(l_ In ih" <e<:ltM "'" '""'"'"' lht• <h.,aUt'"'"" of (>,¡>alar ;emo<on­
du<lor m~mo¡,e~; MO'o memo"~'"'" <onsirl¡•red on liw ""'1 ""-1'""· 

A "on''"""Y cdl" '' • un•l <.>p.>l>le ol <Wong IMM\' '"'"""·''•on; ''"' 1 '""' "''""""Y 
unot in .o ho¡><>IM <!'MÍ<Onduelo< momo.-y <S llw llip·fln¡> llaLchl ,¡~>wn in f<~ 12·12. 
Tl>o <rll " <1'1<'< l<'<lhl' ''"""~ 11><.' X <d"'' hno ,,,.-¡ thr Y •l'i<·<t lo&; ohc '~""' hnc< 
•ro I~.LI> ""'"'"'"1 1hrouHh low·<l'""""cc "'""' on>¡>l ''"'" L<> ~"o"'"f. ,¡ o he cr•ll <<In· 
loon1 ,, l, <um•nl o''""'""' on lile 1 '"""' lono•. On lh<• ollwr haml, dthe ull con­

'"'"',, O, <uumo "ll"-'>ml on lhc 11 '''"'" lonc. 
To """'~ onlom>.>l"'n <nlo oh~, rll, tho X >!'Id Y <~1<"<1 ¡,,.., ,,,. hd<l h1~h; hold•n~ 

lhe 11 '""'" l1no hi~h !+\",.1 "'"''" Ll>e 1 «·n«' lone '' wnun<lf'() "'"i~< .o 1 inl« \he 
Ct·ll lllto·on,•livdy, hold•ny, 1lw 1 "'"''' hM h1gh {+V"¡ •nd tiH• O 1<'0'<' lllw ,,. 

H«><m<l ''"""H ,, "''""' ""'''' • O ¡,,., t~e r <•11, Tlw lo,,.,c lc<p<>l,or ""'"""" <t·<l ~~ 
Fo~ 1 i-21 '-•"' be u'"' lo '""" one l•n·<!Y d•w< ibtU, .,..¡ oh u< m,,,y ..u<h coll< ,,~ 
..... ,,,.., r '" w,, ,, "'"""'''' _ 

""'"'"".,¡oh e R5 fl•p II"P cPII> •n l'•¡: 1 1·11 h,<'!l' ¡,.,., ,m,«>~<·d on • 4-loy-4 ,,,,_ 

' ' 



-~···-

; 

\ """ '"'' 

L--------------~-.-Y "'~" 
, __ ~- -- -- -- --~ 

¡,~_ 12·11. ll•f>D'"' mo"'<>'Y cell """''· 

"'' lo """' ,, lu-"ord h1• onc-mt memo<)' in F•~- H·ll. H "r~l~ro><l to •• • 
,,,;""; ·""'" ,-.wm•>rl !RAM• 1•11Ce N<O '"'" md"'""•lly odw~"·'b>~ by.,,_ 
• c;.n.; ""''X''""·'"'' une Y 1'""· lt ;, al•o > nondr<tructoble reoJ~"I <•ncc ¡f,e re•d 

· ••"•t-on <;.,._.., -"" ·""'' lhe ''"'" ol 1he ...,l...:l<.'d no.rfiop. ;¡,., n>NOO>v com~• on a 
• '"·" "'""<Ondu<\or rh1p lin >""~:e ¡Ja<ka~el •• "'""" '" Fog. \l·l••- To con­
•1"-"'" lb·W<l'¿ "'""""\ woth n•mP th.m oor b•t por ~<.o:d requH<"> ""'""~ thp<e 
,,_,., uno\>. For e••mpl<', m ollil<''<' ci"P' c"n 1.>< u,.,j 1n con<t<uct • 10-word Uv 

"'·"·' '"'"""'"' d• >hown on fi~ 11-l4b. Tl>e X and Y .od•o» l>n<'' are all <""­
<·•~'"' '" ,,,,,,,,;.-._ The unll> <lww.·n in f•K>- ll·H •"" 11-1• ••e """'"''olly 
''i""'''''l11 lo lh<' To•oe< ln<lfllfl'<'ll" 9033 .;nd F•.rch•~O 9H~7 Llllll 01 90Jl)_ 

hJmp:l' 12-Y 

\-""" .1 '101), ,.,,l:,;on l\0\< tn con•tru<l " 1&-worci oy 12-M m~'""'Y· Wh.>l 
.1 .. <1""'' wo .. ;d '"'e<-1 ¡he 1 2·1>1l word form<>d by In~ b•" '" column 1 •nd row 1 of 

•'•"" ~;,,.,.¡ 

,·,,,.,.,,,: >weh•• 11"''''"'' lov "'1<•-IJ<I n.en10<y ¡>l,,ne< ;~ p.r.1lil'l, The odd'~" 

'• \, \',\,Y, 1', 1 , 1, ~ 1 nolll 1 [){]() .,.¡,.,-,, 1lw 11<1 in ihe '"" '";""'" ·'"" th~ '"" row ol 
<'.k-h !'¡_"" • o• ; l-ml " o<d "-'P' "'<'nLt'd bv ihe """ oc ai ,. "''"" n of \ l i>•l<l-

fou l,u~e< "'•'·""'"''· 1he .T;ro•rn~riato addre" d1•n><lon" n~ouor ,;mpldoe", and 
,,.,,.1/w~olr•ln~·· ·"" .1: • "'"'"'no·d '"a <•n~l~ P•<••~"- Su o'' a uno l. In< '''·"nple, " 
,,,. f."'d"l<l 'f\41'•-•"" ''a l,nl•-"ord by one-b,t reJ<1/"-"'<' ~A.\\ The 1<•~•< 

''""·'·'"' " ''"""· ·,~ fi"_ ll-l\. An •00"'" 111 10 l>oto " ro-qu'ot«l 
o·\,.~ 1 ·\ 1 ~1;\,II,A,,\ 1 A,JI,, lo'""'"" l,tll. W()l<i' TI,,H "-, IJ01' ll"'"""' J' "'-''d 

r'-... ' 
1 __c; ' 

\, 1'- Add<m 
··"- -W,.I<••••I 
• _\ -Seno< ""1ou1 

• 

•, 
f<~- 1l-2l 1b ""'" bol m•mury-

> 
• 

.... 

'· 1 

[«h "'"'" """""" 
""'b•l •' """"'-

l<><.olonn• In lh•• c•w. <h<• Jn-h•l •<l<lro-;• 1< ''"'"'"' onlo tnn ~roul" 01 ''"' "''' 
"'"h. Tho ;,,, ll\·e lA,, A,, A,, A,, A,) <~1<" 1 ,, """'"~ ~"'"''ni ll lonr< l<n<n ""' 
!J.I¡y.!!.I,,Ty, lho "''""'¡ ilue lA,, 1\,. A,, A,, A,, "'leoL "'·1<11) MO oÍ lhe l/ 
Pl<"•t>l<"<ted hno< lm reatlon~ m wrol<n~ Tilo•<' ha-01 "'"" -"<' llwn <l,>e>Nl in 1'·"·'1. 

IPI '" <hnwn f"'" •ou<ly; n '""'' 1>«''"d1• ~""'"'"'V h.1•on~ I.OH """¡' h; n llot< 

An.,lhPr inl<'•e•lln~ .onol uwf.ol '"'"' nf '"''""'"d'""" ""''"""'" '"""" 1" fo~ 
1 J.JI, llm '' .1 bop<>IO< l'll w . .,l-ullly ll<erno<v <~OM)_ Tn•· onfnfl"·"""' '''""1 lJI .1 
HOM 1 ·'" lo• ;,•.1<1 uul, hui ll<'W 1<11< ""'·1\<oo\ < .mnnl 1•· """''" "''" o1, i hll<, IIW "' 
lnm•.lll<JO "o"'li " , .... m.ln•·nl 1n "'"""'· KOM< un lo<> u""l In ""'" n~llfl<'m.lh< •1 
,,,¡,¡,.,, cod•• l<•n•laloon>, .ond nLio<•r ¡,,.¡ "·"·'- llw ln;•o< ·,..1"'""¡ lur ,\ ~0~1" 
~o·no•r.lllv <onlri<•r I~Jn lhdl "'1"'"''1 fw .1 ll'.1dl""'" • "''"""y, .ond llw "'"' '''"'"' "' 
fo~ 12-16 l~u•v•l•nl lo .1 TI 01> \1 '" r..,ochold 'JI~ H1 •'"~ ,.¡,,. ·"' eo~hl·t<>: ""'•'"1 
\<(Jfl) hll PMh (,,. i>ol )o•¡ .. t ,.,Oiro.,_< 'ifll'<(' .oto•, '" '""""• \j l<IWI<'. «0(<' •n 

·"'""'" "' ''''' "'" •""""''' ll w""'' ,r 7 111. 



1', Y1 1'1 Y, 

' 
r-'-~-.L, 

K' ------: !---- "'• 
·-

.• , ----J 

16 ~"'' ' 1 "" 
m< m"') 

,,, 

'" 

~.:-1"" 
d«ooW 

! 
' 1 

H 
A, ---1 
A,_; 

•• , __j 

A, ---j 
"----~ 1 

¡-··, 
' '------ 5 0 

L1, 

\\'o•• 

"""" 

''~- 11·1<. 1'1 logo< c!"g"m- lb!~'" <h•p• 
""""" 1~ ''"', ,.__.,rd ~ &-b" ~"•mo..,.. 

l1• >1 
'"'' 

¡ 

"'"'" 

', 
' 
i 
' ! 
1 -o ... 001 

¡-- "'"" '"'"'' 
--co.p,.lm 

' ~o'"'" 
'--.-

~ ...... 
ó«o<lt< 

' 
'• '• '• '• '• 

Magrwtic Devices anO Memories 

hample 12-10 

llQw many <>rld<ess bo!S oro '"l""ed lor a ilJ-wo<d l¡y lnw-IJII ROM COn>l<ucied 
•imil,.ly 10 lhe unit on Fis 1l-l61 How m•ny rnemorv cdl• a<e the<~ •n 'uch • 
unitl 

Solution 

lt rcqu1re1 ~~•en oUdress b1!1, sine e 2' • 128. Therc wou:J l>e ll8 X 4 ~S ll 
momo¡y celk 

12·7 SEMICONDUCTOR MEMORIES-MOS 

Th• b.>•ic d"'ice u,_.,d in thc con<truchon of •n MOS <emiCOndue<ot m••rno,y ¡1 1he 
M05FET. llolh p-ch•nnpl •nd n-ch~nnel dev.ce• a.c •v.ilabie_ Thc n<hanncl 
memo"e' havc "mp:,.- """'"' rrquoremena, u•ualiy only + VN, •nd ore quole cu<n· 
p,,.,¡,:e w11h TTl <•nce lhey a•e usually rdercnct'd 1<> R<nund •nd h,we P<><ilo~·c 
>iB·'•I levels up tu +V"_ The ¡>·chMMI dt•vocc> ~ene re lly rc~~irc 1wo pnwe<-supp., 
»>lla~"' and m•v requ.<e sisn•l inve•"o~ in n<d•' oo ~ co-npot•blo "''k TTL. MÜ~ 
d...-i<"> • ..., >Om""""' <Ünp;N l~an bo;ool•• d,....ic"'; u • oo.ull, MO~ "'''m"''"' con 
~ con•u~ct.-d W<lÍl more b•" on • chop, and lney ••~ ~Mcr.lly le" <•P<'"''"" :h•n 
bipolar memori"' Tne 1nrrin1oc capacilon<c a"o<•aiM wo:h •" MO~ dev.cc fO<l· 
erallv mean< lh>l MÜS mcmone< are •lowor lhan bopoior un11>, bul rh" <Jpa«· 
tone~ ca~ be ~.ro 1o good .Ki••m•s•. •• we •hall ""'· 

f•g. \l-26. Z56·b•l ll2-wo<d ~ ~b•ll ROM. 
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DigiMI Prmcople• 3nd Af>plication• 
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, ~" ~~ '"1'"''"'' o:un,toucted u<in~ MOSFEh ;, >hown on r.~. tl.n.;, ¡, ~ "•"· 
uo·d "'"ai>l~ <•""'.' w.,.~ Q, •nd Q,., ¡t., two achve dev•c"'. and Q, and Q, 
·><'·"~" art."' pu.l-•m• '"'"'nh.>lly «">"t•ncc>l. Q, and Q, cuupl~ '·'~ fii¡>-fiop 
oct,Jul< to lt•~ '"" bii ""''' Th·• n•;j "con>lr"cted u•in~ n-ch•nnel <i••vt<e<, •nd 
"' ':"'":" occom;.l"'"'tJ hv holcl11o~ hoth tht• <~u•J h"~ aml1he ¡,,¡ w.'t•ttl.n~ hogh 
.<·\ <rl ohO ;><'"1•1<' >'Oil,>~e M th~ wo,-,J Jone IU!n> M Q, and Q~ OOd the fK>"IÍ\•P 
'""·'~~ '" I~P lo< "'l«:t ln>e lu<n< o~ Q, .>nd O. Unde< 11\1\ condotoon. th~ ;:op-llop 
oct~ul< "'" Cour~<'« <l"r<tly 10 tiH• bol outpul .1rnplofoer lnne onpu¡ '•M ,, h1gh. and 

'"'' """'' """' lw •"W'. On ll11• """'' l,,,,.,d, d.11.1 r "" he ,¡,,"¡ iro the , "¡ 1 11 ho•n 11 ;, 
.,..,,,.,.,¡ "· .,,,,,;v,,¡; 1m O 1+-V~ "'O V del •1 '"" dal• mpui temo·o,<i. ¡¡·,0 ¡,,,;; 
'~·""'" '''" on h~. lJ·ll i> u-«i tn con>lrU<I d 1,01~·h>t ~AM ,,.,,"~ .1 lo~,, 
"·'h'·"" "'n';"' 1oft~ 11-1S. TI\" ¡>M'c~l." unol "a ~601.- manubctured by S·~· 
'""· .. , Ú•;>. 

•\ .nemwv ce.l ''""~ n·< h.> m• e: MO<;fET• ">how" 111 f•o. 1 ]-13. Q, Md Q, "" 
tho• '"" •ct,·• devr«'> <M'""'~ ilw l:o¡>-l'top, while Q, ond Q, oct •• oc\ove load 
''" '""' H"' n•;: " '<':<"<tc-d hv ,, fow lo~·· level at tl>e hil. 1~h1 1nput. Th•> 
' '·' ••'·''' ohp < '""'"'" ,,¡ ti>P fl 1)>·11<>~ oul 1<> olJlt'~'I""He ""'Pfoft~<> la> tn f,~ \ ]-171 
' ...... ,:1> <.!, olll<l u,. ' 

,\ '""'~ ""~"' ''' " ' '" "1""''" '•i ' < • .,. • •'1 ,,.,,¡, · ,.¡ ''"""~ h"'""' ""'•' '"·ll·on •n· 
,;..,..,,,,.;,, fo• ·.ot;o:o•, tlw ¡,,,.,.,,. '" .\\1 >'1 1 1 '"" •·•~> "'"'·""' "'' '" ,..,,.1 •• lnn~ 

·: 

3S~ 

• 
V«:- l VIJC 

•• p0,.., "dpplie<lto th<: coccuil. Al1o0, a m•gnt'ltC <O<P "'"'"'"' ''" or ,. .. ,.,¡, "'"" ,¡ 
pawcr ,, •cmoved. Tht:.e ba''' momO<)' colls Me u•e<l to lo<m • ,.," m•n>OIY. On 
th~ oLÍ\eo bond, a "'""'"'C m<'n><>ry '' <ompo<o•d ot ""'mooy c~l;; wOm~ ron•ent< 
t~r>d 10 Mc•v ove• ' po"od of ¡,me lperh.,;>< ""ll"e<:on<l< '" <econ<l•>: i'''"· 1hc'•t 
ronten" mo'-1 be '"'tor<'d JrelrMhL<II peroodoc~lly. T~~ :eak<· c~¡Mco1aqc~ •• 
>OC>ated wol~ a MOSfn c•n be u«<! tn >!o<~ ch~•ge, and ""'" then tho ""''' un 1 
u<ed to lo• m a dynon>ic me~-no•y, iTherc "'' 1\0 <lynam'c Uo¡><>l.>< memur•o< ""'au•e 
there "no suoloble '"'""''e capoc.t.\n(e io< ch.,ge >IO"K~.I The no.•o•d tor "'''·' 
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Magnetic Dcvi<es and Mcmorics 
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1l-B MAGMTiC-iJRUM .<.TO~GE 

...... ,,.~<( '""'' •"'" ''-'"' <: • · 'Or>()VC!O< """'''"' •<r•n~t..J on l~rw-dornen"<>n•l I<Jrm 
,,.,,., ~·e.u ,,Jv,.,,,,,,,,., '" m<'"'"'' ·~•Iom B f h . 
11',<' l,o~o·d "'lh whoch <l.lla , '· y '" 

1 
e """

1 tml'"1"'' 1 ·""''" 1 "~"" 
., . ,. ' ' C.iO l>e wroucn onln '" ,..,,.¡ "'"" tho "'""'"''''""m 
'"'"c.'"''"'·"'''"'""~ anrll t • ""'' . J¡ . , · ~ · " '"'~ "1~'""'1 'Y~""·"''" "m~iy th•• """'o( 

" ·," " "'' ' yr '''' ' h"' 11"' •< < '"' 1 ""' ' ¡, < 1 "'.,. 11 Y "'laiO<I I<J llre < i<X • , ,1 .,.¡ 1 ,. 
'·•· ·~ ,,.., _,,. '""" "'" 1"->n • . •r 

• •O • ,., m'"'"''"'~" ¡-¡,. ... ,. ly¡~-, "' '"'""'' 

' J 
i 

D1¡;ital Principies and Applicaholl~ 

<y•l~m< ,,.~ ..,;d lo be IJndom-access <once aov W<><d io lh•' ,.,,.•mo•y con ¡,., 
""""'.,¡ Ol r.ondom. Th~ priin..'Y d;,..¡vanlage of lhi> ly¡>t' of mc<norv ov>'Pm '' ÜlP 
Cml of <MWv<!lon lnr lhe amounl of >tor•;:e ava~lal~~ ,._, •o e<•n•pl~. rf'<;a\1 "'"' 
• m,,~m·Hc '·'f'l' "cap.1blo ol >ln<IO~ lar~• qu>nhhC' ol dala ,11 ,, rd.>l,.~lv low en<\ 
~· b1l of "orage A lyp•cal ~ape mi~IH ¡,., cop•hle ol ll<otin~ u¡• lo ](1 mill1on 
characlero, whoch corr..,pottd> lo llO ro•lloon bios ((h,1p 101. lo con,.uc\ >uch • 
mcmory ...,,lh magnl'li<c cor"' r<'<¡uo<cs aboul J mill.on cor"' per plan~. "'"''"'"¿ 
we ""'.o"-><~ of )6 planeo corr.,.por><ioog l<l o 16-b•l word lt "qu•l<• ~"Y lo on. 
¿.,,.,•nd the imp••<licai lty of con,.ucllng <uch a •y>lcm. Whal " """'lo-d, Hwn . ., 
a 'Y"""' c.•¡r•hle ol """"& infom\ñliOO wHh le<> <OII pN hol lwl h.win~ • grc01er 

capa<oly. 
Such a >y<lcm '' ¡he rnagnolic-dwrn swage <y>l<n>. The 00;" of • rr.•~"""c 

drom i< • cylinduca\.;h•ped drum, '"" >url.oce of wh..-lr ha<¡-.¡_.,_., ro.ll<"d l'•lh a 
m•gn<'hc m•te<ia\. The J<um '' rolal<"d on ;,. "'" 01 <hown '" rog. ll·ll. •"" lee 
<eav'/wtol<' he.Jd> are LJ..d lo re<:ord onlorm,lloon "" lh<• Jruc\ or '"'rl '"''"m,ll.on 
(mm th•• dtum Sine e lile •u<face ol lh<• J""" '' m.l~nel.c, •1 e>hil"'' a <"'-l·l"K"'"­
hy>le<e>i'"loop prOI'<'riY •od can 1hm bt> n>a~nel;n•d. The pr<X<'« ol '"'ntdon,; on 
lhe drum <> much tlr~ """' •< ku rf'(Orthn~ on mal!"~lic '-'""· a< d><eU>,_.¿ •n 
Ci»p. 1 O. •nd lhe "m~ melhod< for r<"<ordon~ are commMiy use<! !i.~ , ~Z. -"Rl. 
and ,-.;~¿¡¡_ The d•t• ""' recmded in l<,lÜ• aroond ihc wcumleronce ollhc drum. 
aod lh~«· ;, one rea<l/w<He head lor c.J<h ''"'"· Thorc ·"" three ma¡o< molhmh fu< 
<lu<iOK onlurma,;o., on lhC dtum •urf•et·;· lhey are !i1HOf'dl, bil-p.>t.llil'l, """ 01[. 

""'ial-p.u.>llel, 
In b.o-..-rial recO<dtnll- alt lhe t.a ln o<W wOfd ••• .oor<"<l oequenloally, >1d~ ¡, 

•.de, '" one lraÜ ol '"" drum_ 8•1·1<'1i>l .oora~e o< <hown in Fog. 12·11-•. Stora~e 
don<IIIOS o/ lOO lO 1,000 boa pe; tn "" IVP•callm n1,l~l'eloC <lrun><, A ly¡><C,ll d'um 
m1sht 1"' O on "' <ioamelt'r and thu< h.wolhe cap.Je~ly lo \Lor~ r. x a;,~ 2\'0 ;,.,, 
per ,., .. 5.024 b11< on •a<h orad. Orum> havc b<•o•u wn;lluCiod w1lh >ll\\\ho•~ 
fro'm 1~ 1<> 400 trad•. •nd • <pacin~ of lO 11ac'' In 11-<- lnch" ly¡>ic•i- li "~ ·"­
sume thi< paro..-ular drum " 8 in wodo and h.- • 1<11>1 ol 100 oraci<s, we <oee om· 
medi>IPiy lhat ol ha> • ;lorage <apa«IY of 5.014 1>•1< pe< orack ~ 100 ""''-

1 •S· ll- ll. .,_,.~n•h<-<l<u"' ""'·~• _ 
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¡'o¡ 

' J 

, eco 
'"""'"' ,, ,, 
' 

,, 
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1 BCD ""'d ol 
16,;.'"""" 

~ <e~••n mo~"'-"•C drum ¡, 1' " 
LO on uoa~.-r and 11 · 1 ,..._ 

'•;...<oiy nl1~ drum Llt~ere 0 -.-vo , '" ""S- .. .,., '' lhc storage 
; 00 ~ "' •uv lf.lhs oOO data • J-~ uf" P<'l •ni re lft:O<""" •t • drnsoty of 

~oiution 

1·" h trad ¡,_,, • ca~><•IYOI or x 1 l 10 x 500 M 
ore liJO toad, ¡he drum h.o 1 'P1't •n " 16.840 bot~ Sm<e t"'-'r~ 

' ' • 10"' "'""""~ of 18,640 • 200 ~ ),768,000 b"' 
1" lile P"' ,,¡;,,~ 0•••npl¡• ~u:h 1 k h h 

"''' ""' o 1~.¡, 11 "'tlrd ..,_., < · ·, '",' '" 1 0 •~•loty In ''""' •bout 18,840 b11s 11 · .ln<orea•>ul5l1word h · 
""' >lo m 'ti '<'Qu•·n,ially omund 1¡,., rl · ' 10 e.l< l••ck. S•nc~ the words 

rum. •od '"''" tloerp " only ""r re..d{wM~ 

M~ad for lhe lra<k, 11 is caoy «> "'" lhal we "'"Y have 10 w.,,¡ 10 read any one "o'" 
Tha¡ is, tht• drum "rolalmg. and liw woró "e wanl lo ""·>d moy nol be under lh<' 
read 11ead otlhe lime we rhMse lo read ol. 11m ay 10 1.10 hove ju<l P·l"eti uné.er o he 
he•d. aOO wc wilf have Lo "''' unlu lht• drurn complolo' n<·a<ly a lull revo:ut•on 
b<-lme 11 is undcr lhe heod og.a•n. Th<s P<>•n" out one <>f lh" ma¡or d<wdvantoo<" ol 
th.e drum compa•ed w•th lhe core ,;!oral«'. Th,ll ¡, ohe pfQblem of ""'"'' 1"'""· On 
th~ "'""''~"· we ~•n "'"'"'" that we w111 ha'e «> w,,,¡ the t•me "-"Qulred for the 
drum lo complete onc-h.1lf a re•olul~<>n. A drum ;, IIH~< sa1d 1u h.._ . ., restc.cre.;l 
~<<e<>. 

Example 12-12 

11 the drum in bample 1 1·1 1 rotales ata speed of ],000 rpm, what "tne ""'•'S" 
a<ce~< t•me lor the druml 

Solution 

l.OOO rpm '" 50 rp>. Thus lhe hm<' lor "'''' revolut""' " 1/150 rp>l • 10 no<. l t.u>, 
the a•ora~e occe" tome" orw-half the 11me of one rov<>)ut 1on, wh•ch i< 10 ms. 
Contoa>l Lhi• w.th o comcodcnt-c;urrenl n,.e memory wh;ch h" o d.re< ( ><<~'< ¡,mo 
of a ¡....,_. m;cro>e<orod,_ 

Notoce in 1he p~;o.,, ~·•mple th•o 11 <oqui"" a '~"" f><>,i<KJ oi 111M to read t~• 
J6 bots ol ohe wo.-d, >ince 1¡,..,.,.. •PP""' undor the .-.,•d head one bot at o tome in a 
'"""1 lósh<on. The •ctual t1me requorod is small comp.ued w1th !he •<«'" ¡.me and 
is lound 10 be (20 msJr)/ISll words PI'< trackl ., 40 ,.,_ Th" read "m• can ti<' 
reduced by \IOring lile d••• on the drum' ;n a p•rallel ""'"""'· as shown •n f•~-
12-Hb . 
. The averase acces, hme for bll·parollel >torage is the Sdme 01 l<>r o.¡.,. .. ,¡ 

<IOra~e. h-ut 11 "P05>ible tn read ond record inl<>rmalion al a much lo siN roo e w"h 
the bii·P•••IIel system. lel us u><' li'1r drum m Examplo l,l-1 1 on<o- mor<'. >~n<e 
lh.,... are 'i2l words •mund eoch lrack. •00 sin<e the drum rol.,.,. •t SO '~'- we 
con read le< wnte) 52) WOid> pcr re..-.luoion )<50 rps'" 26,1SO word• pcr >e<:oo>tL 
1/lhc dato were >lo•ed in parollel fo>h<on, we oould reod lor Wfltrl •tl6 11mes lhiS 
ra\e, or '" • rote of 18,640 wood< per r••oluoion )< 50 rp< • 94 2,01}1) word• per <t'<"• 

or-.d. We would. of <our«·. arrange 10 O, ve !he numbor of trJck> on o he drun1 an 
"""" multiplc of t/le numb.!1 of bLii in • word. For t•omple, with • lb·bll word wo 
migh¡ use • df\lm h>ving lb or 71 or 108 toar h. 

11 thord mcthOO for rL'<Ord<ng dJta on ¡ drum "cal;!'d "b<I·S<'fiol-parall~l." The 
me1hod " <hown in fog. 1 2- J2c and " commonly o>ed lor """nH BCD inlorm•· 
lion. Th~ "''~" ;nd <cotl lor w11te) 11mos ••e a combinat<on oí the ,.,¡,¡ ond parJI• 
le-1 times. On~ BCO ch>ro<ler occupies onc b11 on coch <>1 lour Ad¡-renl ~.,.;w•· 
lhu<, ""''Y four tracl.,s mi~hl b.! call<"d a "b.lOO." or-.d each OCO characler oc­
cup.es onc <;race in lhe l;>and. lf lhere ""' lb BCD charoctc<> in • wo<d, we can 
store SH word< on lhe drum ol hom¡ll~ 12-1 1, 

Q<lll~ ofoen \he a<rt'" time " '1"'<'<1"1 up by lhe .1dtl11<nn of '''"·' "'·'diwrih• C:... 
l>r'><l\ df<>uod th~ drum For cxampio•, we miHhl u<e two '"" ol ¡,.,¡, ~I,Kt>d nn 0: 
OIJPO>•Ie ,;d., of tt.o <~um. Th« WO«kJ ubviooo.ly cullhe «<•-<< h 



Dr¡¡ilal Principies and Application' 

,,,.,.¡,. ,.,~ '"'"~' '"~ th•ft '"" ol '••••d' "" -'"!\Cd orou<>d the d<urr> 31 1 'O" angle>. 

!lu, wou~d rdoo·e :ho· '"'"" ''""' b¡ oo<·-tloi•d. 
'''""' "'"'~~ or, ~nd <cad•ns lmn! 1n. doum mu01 be vory carelull) !imed, one 

""' ~ ;, '"" d<u~• '' U>uatlv <e""""l ·" • t•ming t<K\ On thi• l<dd, a ..._.,..,,. Ol 
trmong ~¡,.., ¡, f'<:<n'->"entlv r<'<:t><d<'<~ .oeO is U"-..-1 10 •yn<htunil• th~ wrire ~<>d 
r<•.ld wo·r,liio•h fo• tloe ¡~o cm¡].,,"""'' 111 [<.HHJM 1 l- 1 1, llwte "'" S2J wmd• in 

eó<h ''"' < •""""'1 the corwmft"'"'~ <>i 11•<• d•um_ W~ might then <e<or<l • serie< n
1 

)]) '-"'~""~ly "P"<ed t.min~ ....,,~, ~muorl th· rircumiPr'-"'í~ o(,...,. :imin, l<ac\. 

!.1cb pulw "uu'd th~n do'>'S""''' tn<• ~o·.tdnt "'"'" P"'"'"" In• • wurd on lho drum. 

STUDY AIDS 

A "ido """''''• oo "'·'~ot~IC de,ict'> <Jn 1,.-• ~1ed a. binaoy d~vic.., io clog-1•1 
'Y'"'""· B1 ror t~•· mv>t "''d~!, uwd i• thc m•g.._..oc <ore. Coro< con br- u"'d m 
ompl'""'""' '·"'ou' lo¡;ic lonco"'~' wch a< •NO, oo, and ~Ol, and more C<>!l'p'i· 
< ,,¡,.,-t ion• '""" "·'~ lw '""'"'d 1mm '"'"~'""'ion> ct ,hc•-.t' i>h•< <"<""'- M.>~""'"· 
core ;holr ,.~;,,,., ,¡nd •in~ """"'''" , .• 10 be coowucLed loy ,.,ing ilw >in~le-<l•ud• 
t<Jn>kr 1<">\l l~''"'"'" "'"" M.r~n,•:rc·<Ore lo~ic is panicul,,ly u\elol >n •PP~''·•· 
,_,, e•!"'r•en<•n~ ...-,, <IO«moe<llol e>lren•e>. 

Du<XI-OCC<'» """'"'"''' "''" •·ery IN a<"'" tomO' can b<' conwniently coo· 
"'uc\ed u.ing ,.,,¡,~, '""~""'" cor<'> u• ''·'"""""· The "'"" popul" melhod lo> 
conSlructln~ lh~"' rnem"""' ¡, ¡¡,.. wrnCI~c·nH-urrenl lcchrl<Q\Oe_ MPmurie< con­
stru<l<'<l "''"g co<f'S .,., "'h'~'·ntly ORO·typ<• ,..,mu,cs IJ<Jt <•n be trao•Ímrnt-d 
o~to ,.;D~O "''"""'""" b... the od~''"'" uf e•lernallo¡;1<:. 

'>ernr<unduolor memur·~~ con;tru<l<<l 1rom b•¡>olor tron>i•w• ur MOSFET> a.e 
o>orloil,e B•iM>I,u ""'"'""''' '"" ,,,,,,e nrenrn"''>, but ,liC ,,_,,¡,¡,¡, ;, rondonr· 
"'"" K(J,:,, or J> co•up'e\e "'•>di"'""' un•l> MOS memurie> .:.1n be'''''"'' >Lali< 
nr d)namn. a~d are '" ••'·•\>lo· ~· !(.\."'-

~ '·'~"•'•< <l•uo» o"<l oht.., wu,idt• l,u~er >lora¡;e <:apa<:it><•S ,ll a !oweo cmt per hot 
111.10 <nr~·l>l'" meo··O"''' The) do, '"""'''"'· oflet lht• di>.ltl.on•,,~e ol •n<r<'»o<l 

"«"" Litl>e, 

"""" ''"'" for ,, '"'~'"'~"1-co<"'"' memo<)', il •> the ume ><-qllir<·d lur "'"' 
~eo<l/<>'rol<' cyc'e_ :u ~eneo,,l, 11 ;, t1oe '"'"' r<'4u•rt'<l lo w111e o11c wmd '""' 

"'""""" or \u ce,ld one wu•d ;,,,,"""'""Y· 
•dd«•u 11 .,.r.,•, ol b·nory C•~'" ,.,,.,J lo •1'<-~•fy ,¡,..local ion of a word """"! '" a 

mo•rnmy. 
'"'"' "'''"' o '""'"' ,.t,., ''"" Th,• 1<'< ,,.,;que uf ,o¡>plyong 'hl. on ""' h ol two '""'' 

P•'"""' '''"'"~" ,, "'·'~,,.,;, rlo•vou• on '"'" .> wov 1ho1 tr..• nel coHm\ .,¡ 1. "di 

""'' h "". ''''"" '. JJRfJ !>,.,,,.,,,,. ,.,,¡.,,,,, 
' h "·'"' " ' " ' '11 " " 1 ·\ " " ' " " "'>' " """' '""' ,.,, ' '" o , t 1,.-. rc•tc """ , .... , ;,..¡ " ,, ' 1 y 
•,.,¡, "''" 1>• ,,,,,,¡ ''""' 1i1•· (;,..,.~ """' ¡,,.,,,.,. . .,,, wlmh 11><'•'"' ¡., l.o~ lodn<'d. 
'·' ''''''''" < "" ,, C'""''•''~y " p 1ul "' m.o~n•·ho IIU> <lem<ly 8 OL'I>U> m,\~OCII{ lo« e 

•. 

,\1~gnetic Devices and Memories 

H. C.>n •''" rdeo \~ <ho• plo\ or ~lJ~ndiC f~u' .¡, ''"""' "'"~""'"'"~ '""''"', 
memory Cfcl" lo,, <ooncrdcni-Cu"ent memooy '"''''"· o r~•<i up<•rorion ¡.,!l,n1 c'< 

by • w"t~ O!"'rat•on_ 
NORO NonJO">\<u<l~>~ rea~out. 

Ri\M Roodom·JC<e" mernory. 
ROM R~.l~·nl11y nremo<y. 
""'" t worent 1. The mrnimum cu«ool reqo,c>d \u 1w11<:h • m.,~net•c ,1, ,;,, 
smgl•··<ff(Jtje rranole1 loop A me1hod ol cwplm¡; <h<• oo\pul o• Me ~-'~""hl <U<· 

to t~e ;~r•u< ,.¡ 1he r••"' mo~qet;c co•~-
>QUJ«"ne" 1aiJO A me.soro or '"'" qu,>loty fcum the hy5le'o>i> Cli'Ye. 11 ¡1 ¡¡,, 

'''''" a,.m~ 
SIJ\!C m<'mo<)' A memory <"JpJble of >W<iog binory inio<nwllun '"''c·l•nit<·l,. 

1. N•nw ene •~vont.lge <>1 • ¡..,,lo cooo u1eo a rnetal·.,bbon <Or~­

N•me one adunl.!ge ola meta!-ribtoon co•e "'"' ¡ ler11 ,0 cort•_ 

Do""""" lht• method loo ~e1ecvn~ J stored 1 "',,<oro. 
'· 
'· 
'· 
; 

•• 

'· 
•• 
•• 

'" 

Why '' • "'ob;n~ tochnique o!to•n u>ed to del'-"\ 1he ou\p<Jt of a >Wil<h" 
<:ore! 

Hm• "coro •wotcl,.nB '""" t, a/l'-"1<-d by t're mrl<hrn~ co•r<·nr! 

E_x~lain why mo•e cumploc•red logoc lunctooo• u<ing coro• e on le,><l \u ,.,,.., 
sr>e oper•t·"g tome<-

Wh..Jt i< tho PUIJl<l\0 of \h~ d•ode in \he •ingl<•-d•ode \ran.reo !uop> 

Why ·, ,, del.w '" ,;gn,rl '"'"'fe• horwoen coro" <ie>Hedl 

hrlo•n l>o" the R and C '" f;g_ 11·11 on\rud ..... ~ • ddoy "',;~no' """'le 
'"-~"<"<'" core;. 

f>pl,,;n 11><• operat•on of tl>e lMJe wire rn a "'-'K"••l•<·Core m• tri• pla11c. wh1 
" 1\ pm,IJic \0 lhre'd ewry eme in rhe pl•o., wtth 1he s.ame "'ire> 

11. Explain how <1 is pos••hle tn ""'"a O on ,, cuincodenHurrffi\ memO<)"''' 
"""g the onhrhir hne. 

12. Why i< O 1\,l\lC coinci<lent-cu<rclll <~<o ""'"'"''>' rnhe«•nl~) ,1 [)~0 IYP< 
>Yill'ffi( 

1 J. In 1he h.J;ic memooy cycl~ fm a coirn:idenl-conen\ <<>•e meo~><Y •Y"''"'· wh¡ 
m u" tho• "'"<! oreootiun < umo• boluot• rho \\'<rt<• o¡wt.l\lon> 

' 14. Wh.1t i• rl.,• dofleoe"<e IJt•t"""" tlw wloto• onm n~t·mury •n<l lho• ,..,,.¡(m~ 

m<'>n<..-y < y<i<'> 1<>< • CU<n(I~'"''·<U<renl coro '"'"'"''' ;y>tem! 

l~. t•rl.>in lhe ""'"oin~ ul ti><·,,,,.,· bJ-wocd i>y ,;Kht l¡ot """" ~_.,.,_.. 

16. Why ,m·""'"" 110 olyn,'"'" IH<>O!oo ""''"""'''' 

17. Whot d••·· •1 meon !o ··,.¡,.,,h .. a d,nomoc """'""YI 



1 U. "'"' "'"' "·'' cl,ll~ront e brow<'<'n roedom·•«•" .1ntl ,.,,,;, ted-d< e~" "'~m­
or;,., 

:1-1. ''""' .,,,,,,¡, <".>11¡• no .r ,¡,¡ "'"" lhe r•llh nllhe ~.ro-.trng purrll '" ohe '""' 
"''"tcht•<l rrno> ,\ 1 tn ,¡O Rt•pe.rl lor >v..otchrn~ lrorn o ú lo' l. 

; l·l. 1)•,,,, 1'" _,.,,.hui f(}( J nMgnt•hC-CO<e iogoc eiemrn!, •nd e•P:•m tfre !une­

'-"""'''"",¡,~ .. ~~ 
i}-1, llr.L>I ,, ,,.,ni w.M·Iurn,< 'lrowrn~ ho1< IO\e "'''""''<'-00 <"<'rort ol Fr~. 

' :., ,,¡ "'"'' "• "''·"" lomhc~ •L '"<l""~' only ¡wo e loe<• "noch ~·• •poced 1 &1' out ... •' '·"'''· 
:1- i. ; '''"' ,, < .. ·.,;le d">de tr,>n1lor looP beoween lwo cm"' .nn e.pl,lln rt< Of>t'<•· 

...... '·'"'' "·"''"""" ,, "'"'d'dl. 

n.b. D'"" ,, '""''"·'"~ ><>d thr ..,.,..,Ioom• loro COr<' ""8 ~ounler whoch pro· 
1 _, "'"" '" <MI'~' pulto,·•-

T~-7. Qr,\w" •<•·rcl> ,rnrl O>pl,<rr1 how • co<e ,·on ~e >Wrtched by lh< <u•ncrdO<ll· 
[CO/Orll mothO<i 

::.n. "·':.r • -l.<1cn '""'''' oo f·~- 12-15 •l>owio~ • t.'u<'<'-drmen•>onal <O•o 
,.,,.,n.>ry c,1¡;.,bt~ ot uo.,ng 100 IM·b•l """h S"ow o:l >nP<•I ;¡nd mJIPul tone• 
Co<·,uly_ 

1'·'1. 0."«<>1"' U-.e ~oon>Noy of ,, curn<:rdenl-c:w,.,¡ <"'<' ,....mo.-y <oP'II>r of 
"·"''"~ 4,0% lh"IY·"'·bol word• (t.P,. how m•nY ~ .. ""'· how many cor,... ~"'' 
¡l.<'·"• OLC.I. 

:l-11. How m•n• control lin<"' ~re required io< '·"" mcfl'or;· rn P<ob. 11·9! 

; l·: 2. ~ho>w w.op: rc,rlly thr meon :o~ o( oqua<ene« r .wo lllf • ma~no.•trc e ore, On<l 

• '•'"''" '" '"''""'""'' f"' "''&net•<·co<e memor'ro•. 

; l-IJ. U.O-corl"' • •t•u<lu<P re,, thP •dd'"" wlti(;h couid bto u..-d 1<>< H•~ rn~ 
oi rrob. 12-9. 

11-14. 1! ,, r ""·'' 11 < ""' nt~O'O<Y " o <rm><Js<'d ol •~uare nrat<'•CO>, ,.¡,,, " the ""'"' 
, ,,, •• u rly '' !Ir<• ,)(1""""" \} binar~ J,~•i>l 

, ... .. \1,~, nl.lC-'t \,., •« <equrr<'d in ¡he •dd'"'' o/ • 1S6-wmd by no~·~rt 
.,.,,.f/w"W brfo<rlor ~"-M' 

11-lb. Or•w ""' '""''"1> nlthe ""'""' cf,.,rge on lhe g.>lf c•p;oc,\Jn«• •hown ro 
t'"' ¡.,,;e <l~n•mr<: noNOOfY ce U in F<~ 11-l'J. 

Magnetrc Dcvic~• and Memo"'"' 
J{d 

12-18. Wl>aowould 
lhrnY·tiA·brl wotd< ,¡ 
perrnl 

' 
1 "•umr<tProl> \l·\81Lrl<ul.rh'<OI 

''
• '' Whal " tfc ""'·'8'' oc ceS> In~ e 0 ' nc ~ , .:. .. .... • ¡,ctor 01 11 

... ~ •- r<'du<e thO> •<ce>' "'~ "' ] 6,000 rpml Wn.u could '-" uone ~ • 
· b 1 fdle rnu<l do•• br m0>'-'<1 li.e .. 

12•20 , fm ohe <lruf11 <O Proh. 12·18. •11 "'~'1 ' 
reod or W<lte) rllhe drum <ol,lle' al Jb,OOQ rpml 



' . ' 

' 
i 
1 

' i 
1 

• 
' 

1 

lntroduction to 
Digital Computers 

iJA] 
The clt~d-11 ~'""''~';"' """"'"d '" oho ~'"'"''"" rh.'ll""" h.l'~ hcc11 utd~rNI 1<> 
ti"""'',, wo,\1 '"''"" d"I<"01\I rlo~ol.ll w<l<•m<. llw ·•I'Pin-,\lont" ,l'O m,.,w ,,,,¡ ,,,,.,.¡ 
They iocludt• "mp1c• wwms surh 01 cnuntN< ·'"d do~,t-o1 ,;ock<. ,1nd "'""' <nn•­

·plex ,pploC,ll•nn• •uch al di;¡.tal l"<>itmet<r<. 11/D '"""'"''''"· lrNtLJ<O"' cnunl<'"• 
•nd t•mc-period m~owr.ng '~"ems. Amon~ thc• mo•t <.Opi>t<l•<all>d <II~•<JI W<l<'o" 
devo>ed ~"' dogo"'l <om¡>Yie". includor.~ ,,~.._;,,¡.p.,<¡>o><' n-.Khines ;moll ¡;o-c,,.,,,¡. 

purpo<e compu:N< ¡,..eh a< lho- O,g,~>l E<¡Uipn<~nl Cor¡:~. POP-8/Ei. •od l.><~•· 
FEfl<'<a~pu.1)0~ compul<« lwn as toe I~M )&O ,1nd J7J "'•lPm<l_ In 1h" < h,'P"'' 
we cno"der ..ome ol the Oa"c principll'< «.mmM tn d·~·<>l lomr>ul<'< '""""" 

AHer "udviog th" ch.trter vou <houlcl k ahl~ to 

1. 5:at~ 100 clotfor<•t><e i>elween a 'll<"<loll 1""''""' an<i; ~on~r.tl Pl"l""'' <1'~''''1 
compute•. 

l. l),•:u" th~ 4 m• in hlock< 10 o ge~er.tl I""P""' 'nmpu:er 

3. Wr>le a >Omplo compute/ pro~ram "'"'~"'"e"'"'''' «><le_ 

.14-l BASIC ClOCKS 

The o,.,.,,,¡¡inn or cnntrnl of ,, rh~•lol 'Y"""' e,,., 1><• c·l,"<.f,ed on '"'" o:en,·r.•l '·"· 
e~oroei-IYO<:I\I()O<Jl" ,tn<l ol')'nthrnnml' 11' ,, ,¡·¡orl,<ono<J< <;'>1011\ ti>" 1";>-ll"o" 
are <'<>ntroiiNI by thc sy<>••m clud ,tnd < ,10\ tl,•relor<· eh,.,,~,, •1,>1<·< ,,,¡,. '''"'" <1•<' 

dock chao~e< <\,tlt'. Thcrelow, oll lht• tlop ll"l" ,trtrf ln~.c ~·"''' < h.1no:e lr'l!•i• ,., 

<1m~'"' 10 ;ynchroniS<\tl wuh the cl<>c k '"'"''"""'''ni <uch • <;n<lornr><>"' '·"'"" 
"<he p.tr,ll:c•i ct)'JO\t·r con,.,u<t<"<l """~ tll<' "'·"'~r/>1,,.~ 'locl.<-cl <l1p lln;>• ¡.. ''"" 

couniN, 11-.e llop.fl<'P' can ch>n~t· '1·"~ unly "'"'" the <locO~,.., lcow •"'' '' "' 
other l«T><' ln<>h<e <h•t ,1 'l"l<'nl (O<JI~ \M' <Ool'lry( l«l <Uf 1> tll.ll th<' t1ot>·l~~" ~'""'' 

~hdo~~ <ldl<' "'""" lh<• ch-<ll"l" ho~hL On tito• nthe< h.>....-1. '" '" ·"·'""'""'" 
,,-,1CO> 11\r llop-!1"1" ,ole <l><>lmll«l 1\V ''"''''' who< h "(( u• ,ot '·""'"" '""' ¡,,.,, 



,.,,,, "'r' "''''' .---Ch•<' <\ol< '""' 

JLiUUl_JL 
{•! 

li•<' rOo¡>-"'''" f'".\>" (n,;r.~o· ''·"~' •1 ,.n~om •nrl ar~ tl<l( on wnchro~·<m w01h any 
t<m••'~' ,,.,,; '<.C<> • .-,,~toe< An ~·•norl~ uf •uch a >)<l~m oni~ht he lh~ Of"'<>l<on 

,r_, 1"·"' '"'"''" ·" ,, h,.,, .. -,,., .. ,,;,,, 0<'1"~"-on ,,ft~<e r«<h 1>"""" "'""¡~ c.ou<c 
·' < .. ;>-I<O¡< "', "''''"" ''·"''· 'o·n< ,, l-.,. "l'<'<.>to< c.on rÍ<'I""'' ;he'"'""" .<1 •'"V '"n'' he 
o•r '"'' olr·"«'<, 111" <)•,d!op <'<mio] lOiol<l~<· <lolt<'> ,11 "Jill<' <Jn<IUOI l<nlt•, ,1.od ¡h., 1> 

···wr'"'' ''" ·••vn<hrunou< "~"'·""'" M'"' lor~e-I(J:~ ,¡,~,tal ''"""" un<•rate In 
'"~ <\"<KhmM,<' nmcre; <1 '"" """ ,, 1,11:e lhou~hl to lhe eh"''""' •ntJ rna¡nte­
"''"' <' ni <uC!\ .1 "•lrm. •l lS <"O> Y 10 ><·~ \\ hv. 

~'"' ,. ,,:1 l<>~.r ""'''"' ""' on o •vnchror.ou• rnac~one occur in •yncilro~.<m w01h .a 
, .. ~;. th' ,,.,,,.,.,, <·<><0_1><'<0""' '"e bd•H: lrmor,g uM. TJ•e ''"""' rloo nru>t 
r'"""lo- ,< P<"<<ú!h'- wawfo<m \<Ooch CAn b<- """'a<~ 5\<"l(~rooi"n~ "goai The 
•'i"·"" "·'"'' '"""";,,Fr.: 1•-i.t "a tvpic•l clock wavefmm u«"<l "• ,¡,,_,,,¡ 
'""""'- <1 ,¡~""" ,,. nol<'d t·>ol ''"' rlocO n~od nol be a pe<ie<l<V >yormel<r(al 

''•" '"' "·"'' ,,, """"'- 1> co,.kl ""'Piv l><·" ''-'""' of r•"'''w 1'"''"' ''" nt•¡;,nvo 
'"'"''<).r\ •.1"""' '< i<,: ;.;.¡/¡ 101< "'""''''"" '""iol, of co«rl(', lx· <OO<«Ic·r"l"' 
·"' .<•\<lln>t'lr.o·,,: ~;oJ«' W<ll'(', Tht' m.l<n r<'qu<rem~<>: i> <ln>PI\' ""' 1:1e rlod. be 

:>·' <'II•Y '"''''~'·'· -'-ot«e Ú',\1 tho d<><O dd<oo< • U,.,c ''""''~ '""'"'"' durong 
"" < h lo~ o< <>;•·r.ll ""' mu<l be p<>riOfm<'d. lh" b.>"c lomlr<;: lni~IVJI ¡, <Ho~<-'d a< > 
,-;,.J.< o-rlo• ""'" ·'"'' ·• '-"1"·': "'une fl('<<O<l of the cooc;. waW'IO<m. lhu1 •;¡ logre 
,- '""'"''· o:,,,._,¡o:"- counl...-,, gato•. t'l<-, mu.o complete oh"" <r•M•I<O<n in 10'< 
' '"" Oro~ < lo >e• <yC ·<' l<n>P 

,:,,,.npie 14-1 

\"•"·"" ti><• <¡.,,<""le 1<""' lm ,, <\'<l<·m ,.-hrch ""''o 500·0til el<>< O! A 1·,\Uil 

Soiution 

o\ • •<X l '''lo·'"'"' "•~tu•l '" ""~ P<'«<><l <>1 tl1<· d<>< ;._ li>.e<d<llt', ¡hr d,~-• ncle 
·,.;. ,. l• '' " '•< ~~ ~~ ¡, ,-;,,. 1< >< i/l'iOO < 1 lf'l • l ,.,_ for • l·MH< < l<>cl •. 1iw <locO 

, '/' ·'' """' " 1/tl ~ lll'¡ ~o S ~~ 

1 '·"nrl<· 14·2 

· · •· ;, ol.ol 1'" >1 '''"·'' « "' <le),\)' lhrnL<"h .1 nlol'l>'l/•1,1< <' l lock••d llr1>-lln1> " ~;'1'11 ·" 1!10 
... _ Wl•·•' "111<· '"'""""m eh·¡, ''"l'"'"fY 1h•1 e<<n be ul<'<l wolh ""' ll.p-llnpl 

~ _ ............ .. 
' . '' "'•' u •• ,. '" 

'' <''1"'"""'" Ul<' ''"''''·'"'"-),m r.,.¡ '•'" IIH• l<o;> '••• ·~wr.l>o•1 

'""l'it•«• <11 1<,<<>'<1«"1 ><' «•« '"·"' <«><' ,-h ( < ydo• I<OW, 1<><'0'-
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1 

\ 

1 
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1 
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(14-ll 

~xample 14·3 

lt.omulhvii1,,,,., "' f,, 1,, < ( ~· '""''" '"'"f' u<•J 
'";UO'lJ\'01 ltho kll,, ¡ 1 , 1 ,'"''"·~'" lx~l:~ ., ·'~'Yitt•m cloo < '""' "l"''•llo·d ,,1 ,¡ 

'"'' "'·'""'""' .1nQ minonoum frO<¡oen< e< ol .~han -; l p.om '" 1 O' P<'< ,1,,¡·, wio,OI ""' 
' "~ muol"ob<•t1.,¡ 

Solution 

o,... ~•n in 10' ; 
' '·•" •• rl"'""hl ('>( • ; ••. ·t. ' - " ·" • "' .. '" 10(1,) ' • ' '"Rnl 00 •'' l o 1 o lo•; 00 ¡ <KI() 1 · <><: 0' "'" 1~"" on Hl' r ,Jn 

lllo pMI• "' 1()' "<'l"•t.oiPnt,ln l(~;r '"
1 

S oh<~ Hw mullovo!>r,Uot '""',>O llltl kll¡ 
¡,. m• 11 ' '" <"< Th'" lhe "''"'"'""' 1,...,,,,,., ••• ,,,.,, '''11""'¡,.,~/<)(J.•¡,II, l "'", 
()- ··''"''·':'•v'O'lBkll)_ ,,)n( lh!'llloM"JnJ"(</l)('o<V\\•OHOiolo,,•]()¡] 
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lnlroducuon to Oi¡:i¡,,l Comput~rs 

''~- 14-<. O•dll>to< 
ond <:>ulput •m~¡,r,., _ 

1"'""' ,¡ __ _ 

'""'" 1 
..ru-
c'o" 

"""~ ol the ""-iii.IL<"' •hown 1n (ig,, 14.¡ ond 14-) h.l' o <Qu.l<~·w,l\'~ out pul 
WO\-eiO<m ,¡n¡j ot i1 Ohe<t•fo<e n<·C0<\.,)'/0 CUO\NI the bO"( fr<oqU~r>CY LOIO '' <qUMP 

w.1w befare "'~ in Lhc <y<lem_ Th,, >l'nple'l "'Y ol actOmpli<h11•~ ohi< " '" u•e ,, 
S<:hmolt uig,¡er on Lill' oulput ~~ the ba<ic <><<.lll,llm ,,. >hown in F•~. 14-4. lho< 
prov•de, two advanlage" 

1. \l p<ovicie> a «l""'~ wa•e ol tbe b><i< clock i<<"<l••ency •• dr•u<"<~ 
l. 1t '""'"'"' lh•l ohe dod··OU,PUI AmpHe< t\h~ '\chmoU Uiou;e< on lho< C,J<r• ha1 

cnough p-owC< to d""" all t:oc """'"''"'"' n<<u•!< "•lhouo loadon~ oh•· (..,"e <><­
collaln< anrl thu• eh,,.,~.,,~ thr o;collatin~ \Joquen<y. 

1-1·2 CLOCK SYSTEMS 

Qu·•~ ohen it i< de>i<>hle lo h•ve clo<k< o( rMro th>n <>ne hout>nov in,, •y<l<•m. 
Aloernatovelv, il mig!ll be dMtrable lo ho.e t~e ahiloty to "P"'·"• • •r>h'm >1 ool­
lcrcnt clock 1<<"</U'-"'<i<"'. We m<ghl lhen l~-¡¡on ""ha ba,;< <lo6 ,.-n..-n ,, ohe 
h.ghe<l lrequency d.-sirN and d,...,~lnp olbN ba•<e ciO<<> by .,,.,p;~ 1<<"</ueno 

dov,ion u<•ng cwn'''"- A• ar. e•ample ol thi>. Wp;>o,.. Y."<! de•i,e a 1) ''""' "hoch 
will pmvode n,," <lock !Jo-quencoe• ol 1, U. •nd 1 MHz. lh<> coul<l '"'oc­
compl<>hcd bv ulin,:lhe cluck•y<lcm shnwn in Fos. 14-.1. We ,._,,n woHI • l-MHz 
o«:ollalor fullowe<l hv ,, Schm11\ tnggc• to r>~ovid~ the 3-~HI coock. The J-MH1 
•ignal "¡h,•n ftod l~rou~h one flip-l:op "·hich dovodo• l~c "~"·'' bv 2 1<> P'Mode the 
1.5·.'-lliz dock. l~e ) MHZ •i~nol" '1"' r,~¡ thro,Hh o divorle-by-) counlc<, whoch 
provodeo lhe l-MH1 clock. 5y<lenLS ha•in~ mo,¡¡ople dock !J.,q~•n<•c• c•n "" 
p<ovid.d by usiog lhi• b>•ic melho<l. 

l"'" 
-~'""' 

,---,' r,-;;~ IuU 
1 .! 1'""' 
~~ 
' 

J ""' 
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ln¡roduction 10 Digital Compute!> 

1•1 

'" 
fog. t<-11. Th~ uoo ol • "robe pul••· t•t Tl>rH-onput ••<> ontorto&"od by a ~rotK­
put••· lbl W••clormo for tho •-<> g01o. 

prab',em , ~wor(on· no\ un.lqL>O '" ~ounh•r> anrl ton ocrur ,,,, . .,..here •n ,, d•o•t,ol 
!y<tPm. For this "'"'on. a strol><• ¡><1lo~" quole ollt'> devol .. p<"<l """~¡he O.,;ic 
clock. Tl'•i> ,trobe pul!o ·,. u>ed to onto•r<og•t• lhe CMd•l'•<>" of ,, ~.;o.,,, tornewl><n 

oh• onputl""el< to tho 1\o'IO ""' <tOI rhonRon~ llt!>e K•'~ lo,eh rl'f1dN tho ¡:.lte •" a 
true condotoO<I, • pulse •PI'N" al the oot;>ul of the !\"te .... non the •:robo> pul$e 
¡, applied. lf the gate ;, r,r,P, m> pui<O •rP<""· In fi~ t• .e, • o~<oi>r: pul!<' '' u<ed 
to ontoyrogate the >imple ¡¡,,,...;nput ''" g..to. Tho wavelorm> ci~Jrly >ho" lh<l 
ou\j>U\! oppea• 

0
oly w~en ¡he three input lo•• el< to the ~·~~ ••r true: 11 i> all<> qu•te 

clr"' thal n<> ,.,;n~ '''" pns.ibly ""'"' 1iotcr thP ,¡,oi>o pul•e; ore ,,;,"ed exoeily 
midwa y belw('{'n the jnput-;evel trans•liOn,. 1 ht' !lm!J<o ,;~nol can ¡,.. tlr•eloprtl ;, 
a numi>r:r ol wayl. One V> aY'' 10 dof!OIO<>I'•"" the complernrnt ol th•• cioc<, ,lo<(, 
~nd """ ooly tf>c po¡oti\"t> p.,O>e<. A ,.,.,.,nd w<hod would bt- lo doll....,nloa!e lh~ 
dock and roed it into ~n "oW' ¡ran<o"O< " >hown on Fi~. 14·9. 

14-3 MPG COMPUTER 

Up to thl> pOoo\1 wo l'"vr cove<ed qu•r a w1Ue v>oirty ni !he H•p•C! ~enerolly rn· 
tounte•od '" the >tu U y of dog.1.1l •Y~~m!. 5ome of thr top•« hove ~>r:en d•><u<~ed '" 

,. 
''"'' ~_n_n.JLJL-

V~ :rLfl... <>--\t--"1. 
CI<K> tOOpf 

~ ..... ~-_j·~-"'-.l-''-
(t Mtlrl 

•. lK 



1 · ~~'"''" lu¡>piy I'Oito~• ;, el[her :!:6 '" • 1 2 v > 
l. '"'''""' ' - ''· - ''"'''' rnusl ~rovido ·' <lt•cin101 read · 
,l, •·"' conlr>ulcr nHJII provid oh , 1 Oul on "''-"'por g'llon. 
4, ¡,.,. ,om~ulcr ""'" prnv•.t • e":' Oul 

1
,
0 ·~ acnmn of :1:1 m~e P"' ~allon. 

· > ' 0 '"''"""! O mol~; ~r '' · ' • '" >en oh<- vohode ¡, ''' ' "' """ a< N<l onr~ ......,.,v 
• - "" '0~ ~• • 'i><'«< re h • ' 
>. •'"' com»ul~r mu<l ¡,.,e b' l g 4lf'rl Jn .o m,n. 

lon"l\ of 10 •nd 4 ~ m,,.,•P<l '",. 0 <•kulaMg moles,.... sallen b<>rw...-n lhe 
' p<>r K•' '""-

-< '""" ·,¡ '"' ""'"1 lil<l the 'Y"e · ,,.,. <i"''" ~<<nple o>nd• <Omewh , 7 '<'<1""""'""" lor lho· ,om¡><¡IP< under •oud y he re 

'"'''''"'"'aro '""''''""·"U".,.;:;"..,, ",Mg~nl than on ohe "''"'' , • ..,. ™•· '"l"•'<'-
~'' > ' """"' eonorderlo< . ..,, • 

.<' ' '" •e p,.nci¡o.t•> ~"' ¡hp "'"' ~, '
0 ~·• Y l••e do'<:U<•;.m_ Nev-

, " • ,..~..,.., "'' olth~,... ' ' ~.>1 "~'· ·'"" the "ud· ,, lh•• ' - ''""''o In~ •rSien• ·--
1
r _ , ' ,-eo<e<<><lruCI<ve ., .. ,' 

11 '' '"'""" 11'•'' we h••o av> "' · 1 1 ••~ e IWn tnn«< t · h 
onlc,;•• p,>CI of 1he MPG romp 1 n, l ' " er< w01oc a <e to i>f' u<ed •• an 

u N. ' '"' transducer i< u1ed ro mea<UI<' the vol-

' 

1 

·: 
1 i 

.\ 
'1 

1 

lntroduct•O" to D•¡:it~l Compute~> 

1•'"' [tono 
tlow r""'""'" 
Poi"' [Iom 
~"''"'' '""duw 

'" 
_;_ ____ L 

llllllllllll 

fig. 14-10. oronod'""" pul••• lo• the MPG cDmpule< when 1ho ••1• ;, 10 mM• pe• 

~ollon. 

ume ulluel flow1n~ inln lhe enwn~. Th" llow tr.111ducN pwvorir1 .1n rlrctflc,,i 
pUl« oach t•me 'f, .. oof a ""llon nf fuc•l pa51e< thrnu~h ''· The ,,·cond lr.lll><l•""' ,, 
u"-'<1 ro mea>u•" the d•>tance tr .. elod •nd ,, dm~n by the ;peed<l"'"'"' caiM. 
Thi• di>taoce t:onsduCC< provide. M elecwcal pUl"' ~ach lime lhe .,.,ielr h•' 

traue:<'<l • diSI•II(e ol '{,,.. ol ~mole. 
Now 10 O<d~• 10 tmplen>enllhe n~re<<"'Y lo~•c In< Lh~ compuler, 1<'1 u• e''""'"' 

Lhc oulpuL> of Lhe (low •n¡J di<l,lnc~ L<on«llltC<>. 1 ,,1 '"lO('~ in lw "'""""'~ thot "e 
h.1W J ~low tran>ducr< wh1ch g•••'' on ~u1put pullo e," 11 ti m<' 1 Ho'l:nn ¡, .,,e<l. ond 
we h¿•·e ,, do;,.o>c~ tran<oducer whkh ~'""' an outpul ;oul<e Nl'h L<me \loe Y~hocle 
M.o• 11ave".ed 1 mi:~. 11 our .,...h,cte i> oiAAooin~ o O\liNII'" •l•gh!ly 1;>•11"' tha~ tu 
miles per gallon. th~ tiOnsducer w•vefo<m• appeor •< >M><n in F1~. 1~-10 .. -.,wce 
1h., ti1e n~mbe< oi d<>lanc• pul><'> app~•"ng bl·tw<'<'n 1w0 now pul ;o< " ~'"' Lly 
c•¡uol Oú il>e milo< P<' g.>ilon w• do••ir<•, Thu> wc c•n ,._,)c,/,,.e tlo~ m•!<•< pCI ~"lnn 
by ;im~iy countin~ th~ numh<r ol ,¡,<t.lnCe pul<o' occwin~ l>elwt'<'n IW<l flow 
pu1><'1- we c~n Ch<'Ck lho> by n01•08 thal. ,¡ the ••hiele w~<e oP'f"<ai•OS ·" 10 mi le< 
~ gollon, lhrn. would \"' 20 doSIOII(~ pul<l"< lx-1,.«'0 IWD 00" pul"" ('.OI>Ce 1bal 

,¡ the llow l'an>duCM su¡>plied ¡O pul><'1 PC' ~•llon, and al o he"'"'~"""' lOe d«· 
lance t,.n<.ducer p<ov<ded 10 pul!el ¡>e< n11lc. th~ b.1<iL wavelo<m 1n f•>\. 14·<0 
wo";d ~~main unrh,,nged Thol i<. the numher ol ,¡,.,,occ pul•r< ,1;>¡)<'"""~ k· 
twren twO now P"'""' would ,hll be e-qual lo the numbe< of molo; ¡>N .,,,;;,.-,, 
from thi• ol ,ho<>ld be deo< th.ol WP on chon•e ,,ny oumbe• of pul"'' P"' ~aiOo.1 
from 111<' r.ow tron;ducer so l0<1g •• we dlOU"' thto ;.onw numl><'r 01 pul..,. P"' mi.e 
lronltho O«lar.::o 11~n;docer. Th<- t•a~><iu<P" we "'" ~n•ng 10 ~"' ¡n the MPG c<lm· 
pul~< p<Ov•do 1,000 pul""' pe< g.!llon ol flow an~ 1,000 pul<o• pe< m•'•' of d1,. 
r•n<e. Tho<dorc. 1he number ol m•lc' ''"' Hallo11 e,,.,¡,., nbt;11ne<l ~Y "nll>ly counl· 
ing 1he numbc< ol d•>~•ncr pul•"' lw·IWCl'n con<e< UtiYl' fiow pu l•e• 

The rea'On lot """R th""' tr.ln,du<e" can l>• ,.,en by •••''lonlng lhe ''~'" 
¡,.,,......, 11ow poul""'- Lel m f«>t con<odf"f ¡he ~ow \l,ln<doc...- havinK oo~ pul !e ¡w< 

~llon and ¡;,e dl>tan<e t•an<ducN hau.n~ nne pul <e P<'l mole. ti 1hc vcni<¡e ""'" 
ol~ainong arare oliO mil e< pcr g•lion. one now pul"' would occu< oo·l'fY 10 molo•. 
l(lhe veh,cle wcre t<avel,ng al·' 'l'<"<"<i ol 10 m¡>h, olw (low pul><"• "''"'1'1 oc<u' al o 
rato of one prr hou<. Th!• ;, clcJrly MI a f•<t enou~h ,.mplong '""'- Qn the Grloe< 
M.¡nd. w<l!o the <¡X'Cifoed lr>n<.du<r", lh~ llow pulw• no: cut a! • rale o(I.OOO pu'1«"1 
1>"' 1\"llon •od atlhc tMe of 1,000 1..,1,.,.. pe e ho<¡r un¡IN lhe "'me <ood•I..,M- i~"' 
~~~ ftow pul"-"' occur eo.-e<y 1 hr/1 000 - _l r, '- T~·,. '""''~ ong llm~ " c<ea<óv w•th<n 
th~ •pec.fLed <at~. Thc wo«t ca!e <><«m wh~n lh•• ,·choclo ol~o•n< lh~ ma.,mu"' 
""'"' p~r g;¡lion. ,0,1 40 "'''"' pN ¡:,,\Ion ond 111 n•pl• Ll•~ flow 1'"'"'1 mcur ('vCI)' 
J,i> ~ 4 ~ 14 ~ •- W<• ha'~ llwtdore mol ¡hr n"nionum·"'"'P'"'S'"mc roqu,,e-

m.-nt> 



Digttol PflnCiplc• ~r)rl Applit~tror>> 

r.._. logic dta~r.m "" rht• .\o\P{; compurer can r><>w ¡,_, d<•wn; rl ;, <hown in r;g. 
14- t 1 .rlong wrrh lht tumplete wavr·lu<ms. The llow pul><·• ate lt"<l inl<> , <<ludr­
'""'"H ,Hnp!ofrer ami tho•n in10 a um• >11lrr In deY~'op 1he wavelo"n OS, ami OS,. 
lhe <lo>l.m<e IJUI>e> >rt• al>u led mto .t <'lndoüoninR arnphlrer. Since w~ desire re 
CU<rnl lhe numbe< ol d<>tance pul><.•> occurmg t>erw<'<'n two p<JI>e<, we u,. the 
ir.,ar-.<e!>JI>e. a< <.>f1e onp<Jt lo lhe counl •~o gate. rt OJ, is p..,.¡ a> theoth« input 

to tho> •~o gare. 1t "enabled ""'"''"'" now pul ;es, and the di.,ance ~ul"-" appear 
al rt> ourput. We "'" lhe pul<t> artl"'·'""~ ol the ourpur ol rhe cuunr ,NO gJte 10 
dm•, a cuunter. Sonc.• we de>irt• lo d,.play rhe miles per g•llun bt'lween rhe limi" 

' ¡-----.., 
eL-e--' 

D«od< V'<> 

0\_. 

IJ '""" 

.•••• .,.¡ 

' 

41.1 

ol 10 .lnd 40, we ""' a love-llip-nup >hoft counter lor rhe unrn d'K'''- anda rhtt"'· 
llop-nop >hrlt cO\rnt.,. IOt the ten> drgon ol mr lt-, pe• gallon. 

Q,.,. c<>nY<'I\;On rJme i• the tome 1><-~wt'Cn '"" ;tow Pul"''· on<l "" w•nt te <loo!• 
thc accurnul,,rr•J '"'"" intu ilw di<¡JIJ¡ l'ip-llo¡h al the end ni t•oclt conwt>ion 
<ycl", NOtrCt' fiut uf olll~.ll, when 0), ;, low, l~e <OU/t! AND ~.l1e 11 rlr~rh!t>tl ,,.,¡ 

lherefo•e the umu Jnrl ter» countt"> <•nnot ch•n~e """''· 11 ;, tlutrn~ ¡~;, tinw '"·'' 
w~ mu>l >hrlt rhe <ontents ulth""' <ounteu rnru tile ,¡,,,¡,, llr¡>-l'ut" Wt• '-'"' ,¡,. 
leading ed~e ol OS, ro lrtAAe• the Jhm Di'<'-'>l>ol ,n<J d,...,lo¡¡ lhe ,r,il: """'"'"' 
05, Tloe lallinK l'<lge of O>, ;, ,1ppl,._.,¡ 10 the >~rtt gate., anrl ,11th" Irme tloe '"'"" 
•lo•ed m rlte unir• J•>d ten< <ounl<·" " shotted inlu the di>play 11 ip.tlu"'· lile lall "'~ 
...,jge 01 05, i> ¡hen used ro ... ,.¡ •11 tlip-ilop• 10 t'w un01, dn<l Ion> countt·"· f'•<· 
contenl> olt~o dt>Pi.W ll<p·flops are then dt'lcded and u><.<l to <ilum•n.tt~ the in. 

d«•IOt liKhts. In t~i; ;ysrem, the distance pulw, c;n bt' con>id~•t<l tu 1* rh1· l~"ic 
<y;tem clot.~. !he no,. pu'''"' lottna vJtiab!e <ontrol gare b) n><'an• ut ¡loo control 

one-shot wloll!l detern11ne• tho· pe"od ol rrm~ rh,<l rhe counr ANO~·"''¡, ""'"'•~1 
and therelor~ the ntto<ber ol oll>r,once pul''"' oun1ed. TI> e outpu¡ .,, the ,¡,,, ,,.,. .. 
shot 051 con Oe <on•id<•rt-d a> a •tr<>be pulc.e v--Orch shol" doL,l frorn tl<e wun1r·r• 

into the d;spl.iy Crp-t\o¡>l in '"'h a way tlo•t '''"'& is avoid.-d, The .,.,em c!e.HI\' 
11.!> an •<cu,.cy ol = one coun~ whocb CO<t'-"'po<>d> to = 1 mM pt'< g;llon. 

14-4 GENERAL-PURPOSE COMPUTER 

il<e .'>IPG computer d•scu•c.ed '" the P<"""'"' "'-"'''"" "<an>idered • •i><-'<-••1-¡rur­
po;e cornput~< >ince it is dHipJ•ed a,d con>l•uct.-d te pettorm a ><ngle iur-.< trun; ro 
olt~r it so th.,¡ rl <ould perlorm anolh~r tun<liun v--OOJid requ"e" m,rjot <hJnse '" 
Je>ign On the uther 0Jnrl, ' ~eneral-pu•posc <Of'lpuler i> ~e>ignod >O th.rt 11 c.rn 
pe<IO<m • t>umber ol fun~;nrental operollon<-.,dd·¡iun. >ubtr,,{lron. multrpi•<O· 
tioo, d"i,ion. compari>On, 1'\C. The comput•r c•n ¡hen be u>011 in any nun<i><•r of 

dllf'-"~"' appl•nt.ons 1.,.,. srn<pl> '"'''""'"K rt tn p~<lorm tht• ,opp•optta<•' <tp<•r.rhon> 
in on u<dt.•rr,. l.,h.,n Thc lu~c"""' to he pertormc.'. li,to<l "' 1!1~ orole< "' wh•ch 
t~<'Y ore to I.Je •ccompli<hed. is known •• a pmwom (tn>Huctruo "'\). Thi• !,;t ol in­

II<UCIIUn>, '" prot• ,¡m, i; """"·" ly IIOred in th" compult·r rnernury, wl1t•n tllr• ,·orn· 
puter i> ;IJrt<-d, rt •imply p,·rÚ¡rm> lhe~e onstrucrron; in t'<e o•dcr ''"""'· llt·r<·•n 
loe> the dil!~ren<Oe beMt'<>n an dattonic c•lculator anda ~eoera!-pucpol<' t!'~ tal 
comput"'-1~~ calculato• P<'"0'"" a lunc\iOn [Jdd, ><>br<O<I. <.>le! ~J<h ""'" an 
ope•ator deP'"'"" " t.unon, bul lhe >to•e<I-P<"!(•am COtllpul<'t ,~_-t;or~,; tho <om­
plete li<l ul ;w...,j irl>I<Yctoun; ,_,;¡hout hurn•n inte,--.,enllon, F urtherrr me, Lfot• n>.­

puter "'·'P·'I'Ie of cumpl<·•ieg tOe in>tr'-".t•un ''" '" • '"'Y >hott pt'rrold .,¡ ti•ne 
iaddillOO in ¡>erh'P' olew <nioose<ond>l, •nrl tloe o¡>e<atron i> vi·tu.l·lv "'"" ff\·o•. 

The ''"•plrrred !~oc k dr'•~ram in frs 1•·11 '"""'' the _.,.,;e ""'" lo r~- ¡,0-..i ·~ 
an>' genetol·pU<PO>C <O'!'P"I<'t Sy>te'll_ lht !"f'UI/O<o!pUI bl<X~ '""'""-'""'he onlet­
lace '"'"""'" rnan and m.><.hrn•. 11 <O<J'd •in1p1, bo! a r~l~typo unot, "h~<e inp"t rn­
¡,,m,llion i> typed 1n on ,,,, ley OO.:<d ond o~LIM inform,,.,~, i; prirlted on pJ¡><·<, ;, 

coultl ·•'•o ropr~serot•ny ol thc "l'>e< input!•MIM n>,•di.o I'"'"""'IY d,;<m>,.d, >u eh 
a> punchr-d p.1per tap•, pu.-.r:~ed uoit-<.-corrl e .,d,, ao~ m,>gn•·r•c tope. In ''"' '"""• 
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'1'•'¡ <¡ 11 'lo11nlltuol ~«><!J,")(j 1'-"'U~~ P "' ¡>.10~"-ll' Álie•:>.>o.l< <¡ J/&·dOd ~41 

'"'""'' 041 ¡n u~'d"""i' 1••~ua8 P '"'!~Id'~"~ 8u!"'"ll"1 
~41 puo '~1-PI •RJ.~ U\ UM<14< <\ ]/ij"0j(]d j0¡>0JU•J¡<j•J V 'jUJjUO~ 1"" 'ÁJOW.)<U 
·~,I~WL¡I!•• •¡nd¡nn¡¡oldu•-P•'"""'!P A¡<no!""•d ''""1<1 >\<r<¡ JOOj ~41 nlu< u•w¡q 
oq UOl w•JSpop W;;<i<.\• 0~1 ''""1 ~¡oro; ([l·~j ·~o.¡ "! UMO<¡< '! l/U·d0d ·d¡n:J 
JUawdonb_¡ jPI!~IQ "'J'-JO w .. 8P¡¡> po¡~ P ""'CK:Im~ '!41 JOJ 'UO*n>"jl ·""'10 ·"11 
p 1..,!1 U! •OihdtuuJ ¡Ol<~op ·'"Jdmd·jl'>JuJS 1•n10o u e J.lp<<uol 01 Swl!o•JJU< " ¡¡ 

JO)d04~ «L¡l JO UP<I l'J~ 041 U< P'>"n><¡p '' <¡ru~!< jWJUO> ¡.odo•d •41 ~UJl?"'"''~ 

JOj IU<O<;I ~U\UFJ\ "'JI .111rmn <' 1' >"'• '¡oun ¡<IJilJOl "41 JO u<:'d • <J pop '""''"' 
•41 '1\Uh J<IOW41<10 "41 U< <UO\IOirxl<uOw O!Op Á"'<<a>ilu a41 Bu!W.OOJJ,ld •OJ PM 
'ÁJOW,lW •>41 Jh 1"0 ¡>UP OJU< Oj0p ~U¡MtU J0j ¡>»onlh)J <1ruR¡< jOJIUOJ a4J dOj-"•p 
o¡ '-'P<<ao•u >!llol pur '\J"l<¡l;.lJ """IUOO) "'JI <ut•¡tJO> A¡¡ooa,.S )<un ¡oo¡uo> "'ll 

·¡oun ¡o.,un> "4' 
¡o a>urponS •41 "~""' u¡olir <! A•ow.>tu ·"1' OJU< r¡rp ~'""'"' on wo•¡ ""'P ~u<pr~~ 
-uo m puo 'sao:leo >•l•u~rw 'SI<un Mow>w x>unpuo>J""" ''''!1' •o """'!> J<h)u 
-Sow '<.>JOJ >¡l"ubUJ-p.><<~::><<p Ái<htl"~'d '-'>1"-'P •41 JO ÁUP 8u!<n f);lllhH•uoJ 

oq PI"", JI"''' Nru.a.u "'ll .• ,., lr>dlno ~"lll""'' ><.¡! •• rr•"' •• uo P-''"ridO "'' 
n¡ r¡rp ·~1 pu• ¡w.,Sood¡ <uo¡i>hJJ<U¡ ¡o 1"1 -!_4l ·~;.>weu :J,>¡ndwoJ '"1' ~~ '"'""'d 
UOII"UWl)UI JO <OdÁj OMJ •41 ... ~1< OJ Jl·"O "'""a~¡ <ILJ;x~¡d•• 110¡q A10lU .. >U •4\ 
"Á.JOwaw OIU! prq ... p SU<lj~J OC,1·MOUI flUP 'UO!¡r¡n<hurw •••p l"'l1<,}p "'-,1 WJOI 

->ad ')<U~ )lJ<>W4ilJ! "'JI 01 l\Uil ÁKJ<UO<u "'JI '.UI>>J Ol"p ""'"' O¡ <¡..._,S!< Nr><a>->u 
au1 '<~P!MJd i<Un jO>JUOJ a41 'u<fMy ·ndJ r "' NJonh,lt •uopo•mMo¡uo., puo "'"""' 
,,~o¡ •41 oJuo ¡~H:•u! uo ~p:M.,d ¡-,,~ "Jo¡aw~'"" ¡rJ!~'P ''"'""" •oqwnul p.lJa.\0;1 
Aj<OOJ<OJd SOJ(IO¡ >41 "indJ) )>un ~U"<~.>OJ</¡PJ)li->J "'JI sr O) P-W•¡OJ SiiWllaw<>< st 

1' .,_un ''.<11 ut ~"ldwon• <! r1rp ¡o uo¡¡e¡ndourw ·'4' "'"!S-~· 'uos.,N!wo> '1¡a¡ 
o o 14~" Ruolj<~< '~<¡tiUOLU.jdWOl "UO<Ilr1J<iO< 'UO<jlpjlP ~Uipn¡Ju¡ '<uo<)O'•" lo JI<'"" 

•41 JOj p.wnbaJ ~~~o¡ puo '"•'Juno) "">i<¡ll.lt 041 ¡o 'I<<SUOl liUh ''"'""4'''" "4l 

-~><>fil<\dJno 

,>'ol 01 1< "'OW JKI~ Á>OUI"'U ol<il <UOl< <'H'j} p•OJ 01 <:ruSo< >¡01Jd01(ido .11¡1 SOJ"a 
.uaS ¡o un ¡tl>IUOJ "'11 ·~r•r¡ou"~ ·1 '"1~ ;"'"'"' "'1' ,\q r'""""·'H <1' <¡eu~., ,,.,,.¡.,!(Ido 
~41 0) Ru¡¡>JOl~r Amouaw •J<jl Ul 1"''01< po• W-'J<ÁI -'41 OIUt Ll>lOI ~·· PL•p lndu! 
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ln1roduc1ion to Digital CornpuiNS 

Th<• 1,2/l 4 m•<•n<econ<l <ycie ''""' ol ole ITI-" '""~ 1'""'~''' ,, cM•pul.•­
hon rdl~ ni J81 .OOU addohOn> l>er ,.,rond. l.rch ,,, ¡, ¡,, '"" "'1" '" ~ ¡ G "'" """ 
rood< (\,¡h one nurnbcr '" t!>e Mrun>uiJio•l •'"'' <.Ul>L<,><hon "~1"'"'' S U 
miC101<.'(Qnd> 1w1lh thc IUI>t<•h~nd on ICe ,>e(umuT.""''- ~lul~opioCJbon" ~~·r· 

1<>"""1 ill 256 ~ """""'""'d' or 1<'" by,¡ <.oh•oul""' ¡,,, "l""'·''l'' on '"" 
''~ned ll·bol ~Unli>I'O< Lo pmdut~ a 24-b•l pro~luU, hv•n~ lho 11 """' "~nd­
o<;anl b,¡, 10 tht- Xrumui~IOI. D•vi>•on ol 1wo ,.~,.,..¡ IZ-b11 nunoh<'" i1 p<'f· 

fmmed in 342A micrn<econdl o• le<> hy a <ubrout"l<' th.•l P'<MIUU"< a 12-b.o 

4!'011<'01 in lh~ an U"lulotnr •'••<1 ;¡ 11·1"1 "''"'"""''' '" C<He n~t•noory. ~'""1." 
si~ned m"lti¡>IKJhon M>Ó dlli<,on 01"''" Uon' ,>n• ¡wri""1"~1 on ·~l;>•n>im.ltl'iy 
40 m;.-rowrcod'- utililong lht• opl;,rr..li f>tc,..ied A<llhn>('tic fleoo~N . 

'ihe ficxol>le, hiRh-capoLIIy •np~t/ou•po~l cap.1l>olll•~• oí lO<' runopcll.-r ,,t:"" 
11 lo O¡>l'ralc a l.,ge vo"t'll' ulrt••ipho•r,,t m,,._¡,.,,,, H•''"'''' lnc ''·""l."d 
k.,.OO..rd aod 1"'-Pe<·lap<' pun< ¡, a ..J rNder equ•pnn·.~o. ''"''" cnm¡rul<'" aro• 
rapablp ol operotong in conioociiM "olh ,1 numll<'r of o¡llu~>JI d~'"""' '""" 
a> hogh-speetJ ¡wrlwooed-to¡>c punch .md ro.rder equ¡pmPnt. card rr.1cler 
equipmrno.line prioters, an.•io~-lo·d•~·lal con''""""· (,1\IH>de "Y tullO' oCRT¡ 
d1<t>by,, magn .. ..: Llp<' "G'-''I"'•cn~ J J 2, 7b4 -word random-accc, d"( iole. a 
262.112-\oord random-accc" d"k lole, el~_) . 

14-5 COMPUTER ORGANIZATlOI'.' 
ANO CONTROL 

In th» >hort rl>apl"' devol<'<i '" dig•tol compuler<. we c,1onol pr><;ol>lv ~"'" an 
c•h.o"""" treatmenl o/ all m.>ehon~>; howewf, wr can do'o<u" in grr.~ral '"'"'' 
tho>< ••Pe<t> of mmputor orRanizoiiOO and opc•rJ\100 wh1ch ar~ common lo many 
dofleornllype• ol digital cC>mputors. 

The inlonn.ltóon stoll'd in the Com¡llJter mPf'I'>O<Y "o( two IYP""-••thc< dar. 
words tnumeuc information) nr jn>!IU<!Ó<m >v(l/()•. In Se<. \]-1, we ron<idered in 
-.onre Mt.101the Vd«ou< lorm->11 avoilablt• In< <to,.ng numi>Cr<, inciutiin~ lx>ti> f,.etJ. 
pomtand noa.:o~g·poon! numl"'" We mu•l now con-.d~r •~ .>¡>prop"·'"' lnrmollor 
~ compult'r •nSiruCI•On word_ 

In 8"""'"'· ,1 cumputer on>lruction 11 "'~ "'ill h.w~ lwo d1<hn<1 ""''"'"'· » '~""'" 
,n fig_ 14-15. In thil c.ose oh•• WO<(I len~tn ;, 12 1>•1•: howt>v~r. o he nunrl••r ol ¡,,,, •n 
a word v>roel {mm machone lo marhor>l' le g .. JI, in lhP lOM 10'!0/70'14, ll in thr'" 
tBM )(,(), J& in 1M Gt 6]5, aod 12 in the PDP-6![). Th~ h"t •'"<lot>t! ltl><' oh'"' b•t• 
on the l~ft in lh<l <>>ci "" u<cd (or H•• op~••••on ende IOI•·«>d••• o{ tho• tn<lm<Mn 

10 l>e perlormed. t'ho op-rode> are <ldmcd hy lht• '""'1'"'''' M''K"''' when tho• 
marhont- i> initially O'-"igned ror e••mpl~. oloP op-rn<lo• lor adrl'"''" nrighl he 
del.ncd a, 001,. In lfli> ca..,, li>Pre ••~ only th«'<' t,,,, ,.,.,.,."¡loro¡> «~1<". •nd .1 
cu•nputer usin~ thi• lo>rnral wn.,id •'u•rdnre b.· lo10M<I '" 1'- t• op-code•. 

llw rem,nong bol< '" o he '"'"""''"" wood ;hn"" 1n 1 '''" 14- 15 •"'' "'"'1 '" •;w<· 
oly th~ adtJre<• in ffiPf'I'>Qry 10 \\ho<;h ohe on<oru<hnu •~IJI"'' In"'" '·"''• lht• """' 

hlll con he u>l'<l to w<'<ify ""' on~ .,¡ 1" ~S 1 l 1•• ·•' '"" on ""''""""· /\< ,>n ~·· 
,1mple, lht• 1n>lfU<lmn \\·mol 1101 !J001lO 1100 '"''•'"' ,.,;,¡ oOCI:' o he <nnl~nls ni tlw 
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lntroduction to Digital Computers 

1 MemO<¡ 

¡•dd•:·~ 
. ' 1 

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

1 M'"'"'' 

,,, 

~ 

b! "'""'" ' 
1 

1 """'' "" 1 

lhe in>lruction< to' b<" ~'"'"""'by th~ compuiN ,¡¡~ normolly >1ored on ¡h~ 
m"""''Y •n lho O<dEr in which lh<'Y are to t... pcrlnrmed. lo beK•n an np<>rohon, ¡hP 
ad<lr<:"> in the memory of the for>l m•t<L<<Ii<>n to be ~><'<LI<'d i< cnlt•r<"d inlo 1he 
m.1chin~ bY an op.erator. lho conlrol un.l then fet• J.,., Lhi' .nwuct•on fmm n>~·m­
ory, ~•e<u!<':l tho rroper operolonn, aOO proc<..,rh t<> th~ ne•t '""'uctrnn >10«-d 10 
the memo')'. Tho> -,..,, lwo--qde proc,.,.< cont•nue< unt•'> all ,,._ on;truct•o"l ha\ e 

bocn <omplewr1 ""'' the m.Khi»e ""i" Thu< lh<• of,ora1-nn uf a c<>mpulcr '•'" be 
e<plained on \'-"m> ni two lun(!.oment.l cyde--felrh anri ""'<UIO. l•l'< •••m•M 
the.e two cyde;. aOO dolermon~ 1he "'''' lo be ~<cornp:,,n,..j by lh~ rnn1rol unol 

durin~ e•<l> <Y<"Ie 
Tlw compute< u~rl< onvnlvod rlum>~ ,, fetch <vdc •'" •hown "' f·~- 14.17a 

Ou.,~g a 1~11:11 cycle. th<' following oprr•l><>n> ••~ p<'normr-d: 

l. ThP .d~"'" '" '"emory ol ;,~ f'trSI ·,n~ruclion Lo ¡,.. o•>e<ulo:-d "p:oced •n tt>e 
in,lruchon rounl<:<. Thll add,.;., i• tt••d onto thc "'~"""Y •ddr.-.< "'~'''"' 
!MARI ~nd • ••ad/wrM cycl~" ~nilr.~tM on tho m•mo<y. 

2. !he onwuctoon >IO<r-d 01 1ho Hivcn addre» in ""'<'1101'1 "<c~d •nlo Lhe mcmory 

buffer <<'g•II,.,.IMBRI. 
3. Th<• op <odo !'"'''"" ofth~ ,,,,tru<L•on in the MB!!. 11 \nr·n ""'L-d on ohc o¡H<,.-Ie 

"'~•<lO<. and Lhe .>rl<lro« po<lion "pl.l<t-d '" ¡¡,,. M~R l<n placo of 1h~ previou• 

><klr~><l on prc-p.¡.r~\<On Jr~ 1he ioHowo~•~ O><'<Uie cy6~ 
4. llw '"~''-"'''"" cnunler" in•-"'""~1 by one in O«JN tn ¡, reo<ly 1<>< üw no•l 

(,•¡, h C'f'i<' 



Digital Pnnciples anó Appl1cation• 

' •' c!lnl 0>c,t~"'"''"cii\'C du""K on execule cycle "e >Mwn on f18- l4-17b. •nd 
1. •e io iuwi"H "''"''"'""' •re prrfmmed, 

t. -¡,,. .><lrire;~ "' mr•mo'Y ~onto•n•nK da!.! to be ff'O<) uut. or wh€re d • .,. "to br• 
'"'"'1. "rnnt.1io.•d on the MIIR •• o re•ult olthe preY>O<>< le!ch cycle Simo­
:_.,;,, '"" n;1 <•~le '' conta•n..-i on the op-code reg'""'· 

~. :,,. "'"1er.1> .,; the OL>-<ode '"~'""' •re derod<'<l and the control un.! p<avodM 
: "' ,.,..-~'"''Y contcul •i~nal> 10 rerlo•m tfl€ "'"''·"'"" rollc-d (ur -e ~- r~.1d 
ru;., !mm •n on~l >N, int<l the M8R and >lOte •1 ¡¡ the adrlre" in "'"""'"Y ac­
,-,,..,,,.~ lo tno• '""''"''' olihP M,O,R: or, "'ad da¡.¡ lrom lhe a<k!re1< '" memory 
,-,, ""''"" hv t!•o• 'viAR, ,111/i "'"'" •110 tne ;><llhmehc u<>•l vi,\ the MUR: or. r<"•U 
r.•'·' J<o•n ti;e "'"""'"' voa tl>e MSR and pron1 lhe data 001 • TTY: '"· read da,. 
"""' t"o ;;r,ti•mer.c ""'' Yia IM MS~ and >lOte •1 m the memo<y att~e •ddr~<! 
''"''-•l•<"ti by lh•• ,\.1AR_ 

J. Al th• compi<•t•o~ o( !(,e en•cut• cycle, '"'um 10 the ....,,¡ l•tch eycle_ 

Tn~ lc·l< h/<''" v«• meth"d ol opo•r .0100 ·., QUite common lo ·M•t K•n••r.ll·purpu,e 
d•~-:.1: <<>mpotc". "'"'" tllough the lwo <101.., m•ghr be ,,.¡,_.,.,ro to IYy d•i'eront 
na::>('>_ Wheo •n <>:><''·"'"" '' 1><-¡:un. tt-e con!rol unit f<fst pl.c.., tOe compurer in 
:. ,.. '"" h ""~ie, '""' :h~'"·'""' oltetl ,,,te"' ~"'C<<Ie anrl f1•rch mO<Ic•• unt.l lh<• Ue"".,¡ 
"·"''•""" ,, rn.oopi<•tc_ A,"'""' ol <loe> pul.., (perr.,p< (<>urO< f.ve, or "'"" h'n! 
""'"" e.<Ch le/cJ< q..-.o ;, u\.t'd lo''""'"'" ••'""'' "~""'"'"'-A <im.T•¡ >«¡u...-.: e 
"',:"'\¡pul"'';, ul•l''"" """"~ tiw o.ecu1e cvd•. 

~.;.¡, COMPUHR INSTRUCTIONS 

¡,.,.. .:•ner.>l-t>u<fiO><' cumputcr mu>l ha> e •n msl<1JCIIon '<'1- There m» be onlv a 
,·,..,, ,:o or "''in<,, ..,..,,ll computo'1', wh>le a l•rge ccmputer m•y ha ve hundrcd• of 
,,,:,uctlnn<_ ~lw '''1 ni in<lrucl•Onl U'<'d W1th '"Y pMt•cul.;r <"nmputcr "of co<mc 
.- •• , ·~•1 """"~ :l·o• '"'''~¡ dM1gn ¡lhd«"<. ond anyone who u <.e< th•t cnnrputer "'"" 
;,,-uo"' ,,¡,,.,,,.,.;y r.~,.¡;_,, wuh '" in,tru<ltOI\ seL ln<or:lenl:y, an individual who 
'1'<'< ... :.,., '" ''"" n•nlly """"~'"~ comput~r '""ructoon• lor thc purpn•o of <olv,n~ 
P'~:"''"" <"o"·""'_, w.mpurer pro~r~mm.r. 

;,,,,.¡~ ti><• Ct>n>1><o'or, t'\'C'Y '""'"rt:oro mu•1 br re¡>r..,enl.-d •• • group of bon.l'Y 
'"'"""'" le ~ , OJ 1 M •dd•HOn). hui lo Ca"-' lho bunlt•n ol rho progranomN, the Op· 
, '""'' .r<e l:equcnllv a"'f'nN mnemonic r,¡¡,., for r•••mple. lhe op-<O<I~ iot addi· 
'"'' ''"~ht "" 00 1. •M ""' r ouiU cod .. it A< ,O,QQ. Ti><> pro;v•mmer co..lol thcn "'" 
A,l,) 111 """"~"'11 ¡,,, I11L ol ¡n<tHoCII<ln<. Mrl w~en tire olphM>umNIC onput 1\r.tD 
•p~·.uo<l olllh<- C<Onoputor inpu1. it woold <imply be ¡•ncodro •• 1he '""'""'"" 00 1 _ 

;,, ~··nrr,ll. tho·r~ ,,e k>ur difleront \)"Pe> o( in"rv<l•l\ll<- arrthmctr<", dala ""'"•P· 
,,;,,;;,,,, tran•fer. Jnd onpul/ourpur. ¡_~¡·,Ir" o foctlci<>U> !<'l ol on<lrurl•on• ,>nd tho•n 
-..~· t<o<w 1hey mi;:l>1 ilf' """"~""" ., • program to <ni ve a problom. E ven th<<«Hh thr< 
,,,._¡.,., '"'" >el ;, (<ct.:io.r•. •' " r;u11~ '"mol•• to tilo"" luunrl rn actu,; crn~1pu1vr 
'\''''"" [.,rlr '"''"" l~<>ro ¡,~"·en"' "'"""'Mi< !mm, W<1h il• bino<;' r Me'" jl.lf<'ll; 
'"'"·'· .uul,. do·~ '"'" ollhe úi'NAt">n ,¡ <c'<juore< 

lntroóu~tion to Digital Cornputcrs 

Hr r ¡()(J),")J 

t.hl• 14·1 

()pe<•""" 
~N<I R .oo ~oro><""""'"'' •<Id""' ;.o. 
~r>d " ,.,.¡ """' ., ""'""""' "'~''''" SI. 
~,-,,,]y'"" \10<0 •• ,., • ..,,,.,,,¡,¡,~,,51. 
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ltn,Hn>n>"' r~.u .ln '""'"o'"" ,..,,,¡ is cum¡~l>ed oltl,. bm-lou< bnsol UJHod•· 
• md ''''~" boh lor """""'Y arld""' 

"""· 1, •. , otlliit· tfw '""'"' '""" loo our lit,.,.., ... , <Ornnuter 10 !lliYe rh~ prulhm 
t • ~ ¡. ,w, ¡¡,.. n•ut:'·'"' wtll ,.,,.¡tito ,,,lut•> of R. ,1, •nd Y, i><"lurm tf>e nc'<.e,_ 
<.1<)' t·,ticul.tUO'l,, JO() P"nl <>ulth~ Y.llu~ of l, The c'""plete progr.>m, as Wflltl"tl in 
m•<~int· l•n~u.>~•· lm"t'H><JOK nxM JnJ •• •lored in memory, would a¡>pt••r •• tn 
l,,,.,. l~-1 

lu in'''·"" tOe progrom, '~ <>p<<ator ""' the •mlruction coun"'r al O ood 
d<'P"""'' th•• "·'~ ;...non. ltH• < um¡>uter initi•"'' • l.:t<'h cycl~ •nd ubtains the hr>t 
ill•1rU<tioJn 1~ fU Sfl) '"'"' <n<•mooy ,O(itloe" 0. fh,, 1> lollowt'ti hy .lO e"'' U/t' <Y< !e 

T l1t• "''" 1i•1< lo < yde obl., "" 1 '>e """""'"" in "'"""'"' .ltldJess 1, .md <O '"'· The 
p•<>.:•om ,.,,¡, ,,¡,., llw '""'i>ul"l v,>lut• 'or Z" pr•nlt~ ou1 dod ~~~ Hll io>'"-"'tioo 
"u!ol•oot'd m O<I'OlOIV ,>d<i«"» t~.,. 

STUOY AIOS 

ll•~te ••e b.>><<olly two l;pe> o! d<&U•I <OO'PY'"'>->pe<:io\ pyrpose ood getleral 
purJ!l""· <;po~:i.'1!·P<><P<J\O' con•p~1t·JS ore tlt•>i~nc~l foto >mgie r<>'i><>><' nnly, wh,le 
~."n<·r.JI·porpo>e macl11nc~ on Le"'''" in •"'1 numb<-• ol dillerent appl•callon• A 
~,.,.,,-.l.purpo<,<> machine i> C"'i&no.J '"'~ ~ b.>•ic "" of inst•<><l<0<1s. and 3 pro­
f ·•mmer <" •n u>l' >«<h • (ompu,.r tu >Oive >pt'f<1oc Jlrol>l..,..;. lhe compute< ;olve• 
ptohlt·m• l>y ""'ful•n~ ,, oc·< ol in<1ruct'""' "1"' h ~.,,.u,.,., o•dert~l ""d pl>ee<l 1n 
t.'.e "'"'r'""' memo<y b., ,., pro~romm"'· ~'"" u>tnpult•ll operate '" • b.o•ic rwo­
<y<-'<· ietdJ/~><·cutt· mode, •nd tl<e >PP•op''"''' cont<ul >igna!> ore gener•<t'd in t~e 
<untro: un<l in •yn<hrun•>m wit'• tlu• >\>l~m duc~. 

''""' h•unou> "'"''"' A >y>lem 10 ,.hich lo~·< op.,at1on> and l'""el chan~·· uccur 
.01 130(io.<n 1<me<. 

e,'<>< k <><·.'e ''""" Ooe dock pe"<~l; tho IL'C 1procal o! dock fre<¡ue!lCy, 
c<>mp«l<'f P'"'l'~"' A li« ur >P<"<-•1« inw<><tion< whioh ~ oumpul<.'f e•t><ol"' 10 

>Oive a g.,.. • ., prob!t·"'· 
fetch; o """'''' fl>t• tw" ,, ·,..,.,.,,,~ mod• ·> ul upe.,tion in , genet•l-~o<po.e <<>m· 

"'""' gt'l'lo•r•!-pu<po>~ COlllJ!«It"f A com¡ ... te• de"J:<!ed ro a<<<.m>plish a numbet o! , .. ,l,. 
.• f~• "''"'"''"• all ''"' ·'"'~mo·li< npe••<•o•» •• well •• dt"Ci<ion mak>ng li ~ .. 

l''lll.ll 10, ~rt·ater thJn, lt·>< lll,lO, ~"· no gnl, 

'"""'"'"" ""'d A com¡1uter wo<tl h.oving "''' ><."<t,ons, the ~<'ode "'<lion ,¡nd 
th~ .odd'"'' ..-chon 

""""""'''. lnlendod 10 o"i<l the mcmory. 
O¡•·< ,,,¡, .. U¡x·•.•l "'" e 00~. lbt• cor ¡,, wh<e~ dt•hnr•• a •rr•dl1c compulor oper;toon. 
'"' •''·''"' ¡¡,¡hol,,v lhe ""~':''Y ol the lr<-qut·ocy ol o" ,r<,,,,on; O>uolly ~•p•~•..-d 

"' 1~'~' t~·r ''-""w! o• P,lrl> p<• n~o'l<ort lu< a period oltime. 

lntr<>dtKliun 10 D<¡;ital Cnnoput~r> ~ .'1 

>KOO<idiY da:l A <lorl oi f<c'<!u<-ncy lp"'''' 1~on th~ l~>,i< "'''"" do<~ ,.¡,,d, '' 
d~•i•·c.ll•um tlo~ w,;~ '\ '"'"' clol'k . 

'1"'- iol !'<"1"'"' "'"'!"''~' o\ cun•Pllkl tl•·•in•" ·d lo '" "'"'i>'"h ""!y unt• '·"'· ''" 
"'·'n•:li<', the MI'C tompll't·r '" th" ch.Hotcr. 

wotoo pul>e A pul..., d'""e'<>!><<ll<> '""-"fCI!I·"'' "•''''' or '" <hi!! dJt,, >1 ,, """' "''h 
th•l '·" ill~ i> "'uitlo.l. 

synchr<mtJu> IV>It•m A ''""m 1n which log<C o¡>eldtwn< 3n<l 'twl c!t.H>~<·> '" '"' 
in ;yll<hroni;m wilh d <1>«>rt> clock. 

two·p~••e <locl The ~><· ot '"" <lo<k "''"'''"'"'' oltl>e '""'" !"'<1"""'-'y whi<~ 
.... lfl<J" <JUl Ol pl>a'<' Wtl~ OOt• allQlht•l, 'ul ~>.lo!lj!le,lho· 1 ,ltltl o) t!UI(•Uh Ol 0 
11 .,,., lnp 

t<ow '"" th.e clocl cvc'e '"'"'be lount! fr<>m 1ht• dock lrt.-quc'f'Kyl 

J. Why mu>lllou·li<op> h.<ve ,, <ielay lime:, • ., thon one cloc~ <y< le lome/ 

4. What 1,><1"'' .. hKl the O<CIII•tmg il<'<!Ut·flCy ol th~ onu!t"ii~OlO< in T >n. 14·11 

S. Whdl ''oh,· P"'l"''" of the Schm•ll \Ji~>:o•r m fi~. 14-4/ 

(>, f>ploin """metilO<! fo< obl•ining J '""'P''"'~ d<><'•. 

7. W'h .. l '• the moon pmpo.., lO< Ceye:op,ng > >Lr<obe !><''"'' 

3. \\lh 1 i> ,, advan1.1g"""' tu de"'lup the "'"'•' pul,. '" f•g. 14-'l l>y ''""'"~ <'•~ 
""""''"' on rJtlwt t~an oll' 

q, [,:plam th~ d>ffer~nce bctM•en 'P"<•••I· ond sen~r.li·PU'l""" <ompuh•" 

10. W~a1 ".> computo• pros•a.n! 

11. hp'oin ... ~ .. i> n>~ano b)' fl"l<h •od ~"""'" io '"'"'' of <om¡>ut~• <>p<•••"""· 

14· 1 , ~.--g1nniog with • >Ymmetr<O'.<I ¡quart• .,.,.,,.., 1how • llWlf><xl lot d,..,.·'ot""~ 
, t'lo<k <on>i>t•ns uf a ,.•til'< olpmll"'e pu''"' '' "'"''' ol n<'M•lllw pube>. 

14-l. Wh..t <> the dock <v<le tim~ for a 'Y"'""' "''"11 • 1·"'1< dock! A lS()-~H< 
cluü! 

14·'1, Wh.11 i> the n••'''""'" del• Y t•n•c lo• • r.,p.('op 1i" "'" ¡,.. ,,.,¡ '" '' ,.,:._.,,. 
h"'ing ·'" B·"H' e! oc O/ 

H-4. At what locoquellq will t~e mol<i••bro<or on t1~ 14·?, "";ll.><e il R- 100 
l!l, e~ 11!11 pr. v.- 20,. de, ,,.,tf v. ~ 10 v Jc' 

H·S. WhJl w<ll be 1~ ''e<;"'""'Y o' 6e mu:'"''"""' '" P•ul<. 14·4 ol v. ;, 
d••n~,-c '" ?O V de< 



4.'4 

-<-"- Wt1.rl ,,.:, .. '" ( " "''~""''" lo< tlw nwil.v•l>r•tor rn r,g 14-1.1 if 
1', ~·1' .. ~~ 47 <!l. and lh~O~'"'"" lr<'<¡uM<y" 1(10 kH,I 

, • '.\lh,.l ",.,,. ''" ,::,,""" l<t~¡ul'"'l ni lhP w,~n-:,,¡~p O<C<II•tor rn <<r;. 14-lh 
,, ~ 47 k!!. ,,.,,¡ '· = :OIJ pi ( 

;.¡.;;_ lf ""' n¡ ,,_,; ,,...,,¡:or<.>• '" f·~- 14. J ""'' • ''•"•'•'Y nf;!; l pon< on i O' J><'' d•y. 

". -,,; ·'"' """ "'•" ;,.,,n .<n<l """ '"'"-" ''"''"""''~' of rne mc•llatorl 

, "-'•. ~hmv lhr• "'"'' "''"'""'''~' ln '""'"'"'' cloc l. lfequP"o( ¡,,, of S '1Hz. l_'; MI fl, 

: "·''· """ '"" ·'''-
:,-.u. ¡;,.. "•·/o.-UI.• o,c,r:,,..,, '" P:olo ;4-9 h,l' .1 ;¡,d,;,¡y ni:;_ 1 p.Ht in 10' per 
~-•Y- Wh.,¡ "'li ·~·; .,. "''"'"'""' ond minomum fr..:;ur•nn· o( tho 1-MHr clu<k' 

1 -1-11 . \\'""' "·~· '" <'<' dw m•• .mum .m mrnrmum lrr;'•"rU~['I(y uf the 100-:.Hl 
c .• ,,.,nl'ro>lr. ;.¡.;.,¡ 

1 4-11. IJ'·'"' Ir ,. """''"""" lor o l»•allei hm••t couniN t>t>rn~ do"Pn hy a lwo-­
. •"~'~' Cl<>< ,_ Si~"' """ t~" ,.-¡¡, '~"-'·' ·~ a 50IUtocn to thr> r•<e problcrn. """"""be< 
'·'·'' , • .,, h rl.p-ri<>n "·" a linor,, d~ioy t.n.~-

,.¡.;J. """m~:,; one MPC_oomput~r t>e modohod In grvp a ><>lutoon '" the 
"''-"'''' 1/10 onM J><'l ¡¡.<llonl 

1-1·14. ll<.rv.· " ir:u<k ,¡,,,,.,,,,m •now,r,~ '"~ 1""' ma¡or ¡,¡, ... ks '" • ~lleral·pur po<c 
'""'·Ouh•O <Y,Ien1. 

10-IS. tH1w m,oo·, <r~-0><1~ IM< """:"be <"'lU'"'" •n ;¡ m•chin~ havm~ Hin­
,:.on•>rr<l 

;.;.)u, 11""' rn.101 .<<ldr('O.• ~•1> wnuio i;>P r.-quL<ed Lo h•ndiP 1,000 ""'d' nf 
'llcmmyl 

''-17. llow "'·'·'l r.l¡,e J<irl<c\1 ¡,,¡, woultl ¡,., '"'''"'"d ro 1"'"' a 16·P·'8" 
'"''"•"'Y ¡,,,.,n~ ,_, "o"" 1"'' P•~~-r 

1~- :a. \'úuo • "'"' hon,...l•nKo"~~ p<ow•m ro 50iv~ the probl~m l • 3R/IA + 81. 

' 
Appendix A 

St.1ies ami Resolution 
for Binary Numbers 
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P n P 11 

04/3414-5/55 

PROCESSOR 
IIANIJBOOK 

2.1 UNIBUS 

CHAPTER 2 

SYSTEM ARCH!TECTURE 

Mo.t compulor •v<t~m compooonto ond P""Dhero>< coooott lo ond <M' 
"'""''"lO "'''" eocn olh•r on o 1rngl• "'2" ""'"" bu< """"" ,, 1/ro 
UNIBU5-- a koy ro lh•I'DP·ll"S many otroni;lho. Mdr"""'· doto ontt 
control rnlomrohon ore oont olon¡ the 56 ''""' 01 !he bu< 

' 

Tho lorm of commun~<Oiion ls tho oamo foro"ery d<"ice on tilo UNISUS. 
Tho pro<•""' "'"' lho umo '"' of >~gnall to communicoto ~-,¡~ mem­
OIY os ,.,¡~ penpho'31 de-orces. F'llnphorol de-orco< aiso use 1,1!•• ••t o! 
"gnal$ .. non tommuno:olong w1lh tho proco .. or. rr.omory or olhor pe­

nphorol dovi<"'· Each d0v1te. includmg r1>emory locaMnl, proco""' 
'"8'"""· and porrphorol device '"'"'""· '' UOignoo on oddress on tho 
UNIIIUS. Thus. pfn¡>horol d,.,..rce '"8"'"" moy be monrpulated •• !1<<· 
ibly oo coro mornory by tire oenlrol proc~""'· .0.11 lho -,nstrucloon• ¡hol 
con bo oppl¡od to data in coro mon>ory ton be appl,od e<¡ually woll la 
dot~ in perrpnorol d""'Ct rtQ•slero. rn,. ;, on ··~rolly powtrlul feoturo, 
cOil•><I~Mg the •po;:iat toj>ibrli!y o! POP-11 in•lluc!ronoto proce" dol<r 
In ony momory locotron o<\lroogiO o\ were on ooctomulolor. 

2.1.1 81dlrectronol loO<$ 
Wr\~ bHir~t.onol oncl uynchronouo ,ommunocoMn• on 11>• UNIBUS, 
deY1co-o con oend, reoo.vo, o~d t>thango dota indopend<nrly w1\h0o\ 
pmce.,or rntorvon\iOn_ For e•amp:e. a calhodo roY tuM (CIIT) d,.ploy 
c.on rolruh rtsell.lrom • dook Irte whole tho ton\<al proeo«or unit (CPU) 
oUonds !o othor tuk<. Bocouoe rl io ••yncnronou._ tho UNtBUS "com­
polible ,.,¡¡, dOVi< .. opo,atong overo wrdo rango of opOod<. 

2.1.~ M .. ter·Slo~e ltelotlo" 
Communiutoon betWftn two d"'ito• on tno bu< '' '" tho lorm ol o 
muter-Siavo rolollon<hrp . .O.t any pornt In time, tnore " ono dev10o thot 
ho< control o! tho bu<. This controllon¡ """"" " tormod \ho "bu< nru­
t ... " Tht m.,lor devico contrOl< tho bu• when communi<otoog woth 
onother """'" on tho bus, termO<! tho ""tlovt."" A IYP•<ol •••mplo of 
th" rolatron>l•ip i< \he processor, a< muler, lelchong on rnttruction trom 
momory (whotlr lo always o tlovo), .O.nO!hor oum¡No '' the d,.k, oo 

' ' 



"'"''"'· tronsl•rrins doto lo m~mo')', os ""'~· Mooter·Siovo relotro~­
shopo ••• dynomic_ Tno procot>or, !O< ••omplo, may p.,.s bus control 
to o dosk. Tho d"k, os moSie<, cou!d \hen communrcote woth o olave 
memo')' bank. 

Sor.ce t~e UNIBUS 10 used by tho procHS<>r ar>d oll 1/0 devO<es. thore lo 
O P"0"tY •t•ucture lO "•termino whoch devrco gets control of \he ~us. 
tvory dev•ce on !he UNIBUS "hrch rs C01><1ble o! bKoming bu• rriutot 
10 u"¡ned o pnonty, When n.o d<,..ceo, wh<eh ore copoble ot bocomin¡ 
o bus master, roqunt use ol lilo bus 11mullon<'Ously, the do.rco wotn 
\ho hosher prionty woll receivo control. 

2.1.3 10\orlo<:kod Commur1icotion 
C<>mmunocotoon on lile UNIBUS" onter,ockt<l so lhot ter eoch control 
"gnot lssue<t by lhe master devi<e. lhere muS! be o '"""""" from lho 
slave in ordor lo complete 1M troo,rer. Thero!o~. communoc.bon " 
rndepondent ol tho phySicol bu< tongth ( .. lo• •• trm.ng ts contorned) 
and the timrng of ooc~ tronsler is dependen! .,.'Y upon th~ reoponso 
tlme o1 '"" mo<ter ond sFovo devoe ... The uynchr.,.ous oporohon pro· 
clud"' t~e neod for oynchroniw•~ wotl•, o<Kl wootong for, croe' •mpui•••­
Thuo. eoth Ol"l•m it olfowed to ooorot• ot '" muimum """'bfo ,,.od. 

lnput/output Oevocoo tron•forr;n~ dof"<tltlo or from momo')' 0 ,. gi••n 
hosh.,t prionty ond moy r<quoot bu• mo<torslup ond ''""' bu• ond me m· 
"'Y cyclo> duron¡ '"''""''"" """"''""'· Tho orocessor rooumos opera· 
!ion •mmodiotoly alter !he momo,.,. tronofor. Muotrp1o dnoc"" con ope .. to 
oimulton<'Ously al murmum o.roCI memo')' occo" (DMA) ,.,,.. by 
"steohng" bus tyeleo. 

Full 16 brt ""ttl' or 8·bo! byleo ol mformotoon con be tronolerrod on the 
buo b-•on • ma>lor ond a ol...,._ Tho •nlormot•on con bo molructions, 
addro ..... or da\8. This type ol oporotlon occuro when the prooonor, os 
mutor, ;, l<'!ching ;nlltL>Ctoono, opo<a"<<o. ond doto lrom momory, and 
stonng the rosulb onto momory ofte< "'"""''"" of onotructiono. Dot«< 
d•t• tranofero occur botween o perlpMrol d""''" control ond memory. 

2..2 CENTRAl PROCESSOR 
Tho central processor, tonnected to 1110 UNIBUS os o oubsy•tem, con· 
trol• !he tome alloc.o\oon o! t~o UNIBUS !or ponpherolo o<Kl porformo 
anlhmot;c ond logic operaban• and •n>lruction detodong_ 11 containo 
mullople hiQh·opeed ¡¡eneral-purpose reg><le.-. whrch con he used •• ac<u· 
mulato~. oddrou poOnte.-., index regiOiors, ond Olher opeoioluod tune· 
!ron•. The proco .. or can perform dolO tron>l~" dorottly ~weon 1/0 
devrcos and momory w•llmul droturoong !he proce>Oor reg,ler>: d<>OS 
both o,ngle- ond double-operond odd'"'""il ond hondles !>otil 16-M 
""RI ond 8 l>t byte dolo_ 

2.:u Gone .. r Ro¡i<loro 
Tho <entrar "'oc:"""' cantoono 8 ¡¡enorol rego>t•f'5 «ho<h con be u<e<l 
lor • vor.oly ol p.,roa•••-(no POP< 11/55, 11/45 corotoono 16 geoerol 

'' 

i 
1 

' ' 
1 
' 
1 

1 

! 

reg .. toro.) TM , res••IOro con bo uoed u accumula\oro. <nde• '"8"'"''· 
autooncrement ~gooters, outodooremonl reg.,ters. or u stock poontero 
for tempora')' storage of dolo Choptor ~ on Adore•••n¡¡ do>or•bes the>o 
useo o! tho gcner•l «S'""" ¡., more Ootaol. A"\hmotrc ope••l•on• can 
be from ono ¡¡oner•l rOg10ter to onothor, from ene men•o')' or demo 
,.gister to another, or l>fr-ln memoty or o d.,.oce re¡¡oSior oM o gen· 
eral ro¡·,ster. Rolor lo fogute 2-2. 

,, 
~\::! .. 

" 
" .. 
" .. 
.. '"' _ . ..,.., .. 
.. '<' 

R7 " usod 01 !he moohine'l prollrom coun1er (PC) ond contaons \he 
addrfto of t~o ne.t in>truct,on to De. e•.o<cuto<l. lt " o gono"'l reg,ster 
normolly used on'r le< oddrnotng Pt<'l>O"'" and no! os on oeeumu~<otor 
!or ontnme!lc oporotlono. 

-The R6 0'@8ister ;, nonnolly uood ao th• Sloc~ P<>onl<r lndic.tini !he In\ 
ont')' In tilo opp.oop.ololo otock (o c'>mn><>n tempo<lty •toro¡o •~• w~h 
"\..oot·ln forot·Out" choroolorlo\lco). 

2.2.2 ·-Sol 
no instrudion complemen\ "''" the n .. obol•ty o! lhe ~enorol purpoH 
regiote" to provide over 400 powerlul ilot<f·,.ired •Mtructoons-t~o moot 
<:<>mprohen~vo ond ¡>owerlul in>ttuctlon r<<>Ortoire o! any computo< In 
\he 16-bol clno. Unlrke conVIIn!ional t6·bol computors.. whoch uoualty 
hove tnreo cll$56 o! onstructoons (mo•nory referente onotructrons, oper· 
ato ot AC control inotmctoon• and 110 in•tructoon•) off O<)Orotoons in tho 
I'DP·II are accomph>hod w<lh ano 10\ o! in>ttuchon•. Sonce perophOrol 
do•ice ~gi>lors can bo manopuloted •• fiex.~ly •• core memo,.,. by tho 
cen\rol proceiSor, lnstructlon• that are used to monrpulo\e data on coro 
memory may 1>0 used equaUy well !or dota In po"pherol de.r<o ~gisl<'l 

, fornomple, dato in on utem•l devr<• rog•S!Or ton Deto;ted Ot modolood 
dorotl!~ b~ tho CI'U, wolhout bnngrnK 11 rnto memory or Oloturb'ong l~o~· 
general rogl11ors. One con add d•l• dorectly lo a perrphetal de.rco ·~~· 
ostor, or com~reiOII•Colly cr arolhmetocolfy_ Thuo oll POP-11 on>tn.:I•Ons 
con be u•od 1<> orooto o new domenooon on lho treotmenl of compuler 
tJO ond tho ooed foro spoc•ol clus of 1/0 onotruotoono i• "'"''""1"<1. 

The bo"~ orde< codo ol the POP-ll "'"' botb ""glo ond doublo aperand 
oddro" inotructiono for ""RI• or by!o• Thl POP-ll tnereloro portorono 

'' 



• ..,<:,. 

vory eff¡cien~ly in Mo step, •uch opero~'""' .. add,og or •ub!r>Olin 8 two 
OP">r>nO,, or movm~ an op<r•nrt lrom ene locot.on !o anolhor. 

ADD 1\.B 

AOD B 

STA B 

Add,.,.otng 

' 

PDI'-11 Approoth 

;all!l contenls el I<>C~olooo A to loca­
lioo B, otero re•ults a~ locolion B ·, 

Coovenlio<l•l A¡lproo<h 

;load '""lento ol memol")' I<>C~olion A 
onto AC 

;odd contonl• of memol"¡' location 9 te 

" 
:otore rn~tt ot I<>CIItoen B 

Muen or the _,el lhe POP-11 ;, aenv«t lrom 't• Mdo ronQe 0¡ od· 
ooeuinR capab,l•t1e•. PDP-11 address•og modos oncludo soouenttal 
addroutn¡: forward• or backward., oddre,.•nJ! ond.,.ing, ind•rect aódrfl"­
in¡, 16-b•t "'"'" oddrenoog. S-brt ~)to odor....,ng. afld •~<k oddnosson¡. 
Van•DI<' t~n¡¡th lnotrutl•en forrn.ot'ong •IICws o minlmum numher 0¡ t>to 
to bo u•ed for eacn addressoo¡ modo. lni< '*SIIils in effoctenl uso ol 
prn¡rom •ta,.go tp~. 

2.2.3 ~roce .. or Status Word 
• 

fi¡ure 2-J Prou•oo• Stoluo Word 

Tito Procossor Statu• I'<Ord (1'5), a! location 777776, con!oins iofor· 
rnoMn on tl>e curront •tatu• or the PDP-1!. Tll" intormot1on ln<ludeo 
!he curronl procu1or priorrty: curront ond P'"""'"' op<rot1onol rnO<[es; 
tho condolron eodn deKtrbing t~e , .. ults o! the la•t in•tructoon; ond 
on inda~o· lor detKtrog tho oucvtron,ol an in<tructtOn lo be trappt<l 
dunng progrom dobug¡¡ong. 

Procouor l'rior'oty 
The Ce otro! ProcosS<Or opero~•• ar any 0no ol o•¡;ht levels ol prionly. 0·7. 
When tho CPU ;, operotong at 1-1 7 an e.ternol deV~<e <annot int<rruPI 
rl ,..,¡¡, o r.Qu.,..t 10<' oentice. Tho Central Proco .. or mu•t be operol'"i 

·fiot a lower pnoroty thon tho e.rornol devoce"o reque•t in order tor ¡l>o 
;;•,ontorruptoon l<l loko offoct. Tho ttmonl prioroty ,. moonlolned on ~ho 

' ' 1· 

i 

preoouor ototu• wortl (bits 5-7)_ The 8 proces.or levol• prev,de • ., 
etlectivo · ontorrupt nouk. 

Cc<tdi~ion Codtt 
The <ondttmn codo• ccnto1n lnformatmn en lho result of the lost C~U 
opoto\ton. 

Tho blto ore set u r.-to..s: 

lro¡o 

z = 1, ,¡ lho resutt "'"' zoro 
N "' l, o! tho result wo• negoti.-
C = 1, oltho eperation •••ulted '"a ca<ry frnm the MSB 
V "' l. ti tho oporor.oo resulted '" on onthmellc ovorllow 

Tho trap bit (T} con be"'' or cleared undor P<Olr'""' cot~trot. Whon s•!, 
a proces<or trap wlll oceur ~hrou~h local10n 14 on completoon oJ msttu<· 
tt<tn e•eeubon ond o now Procenor Statn Word wrll be to.odod. n,,. M 
is ~•peeoolly ""'!uf 101 debugglng pfO!!<•m• u rt pf<lordoo on Off'o;ient 
rn.~nod Ol<n<t.>ll•n¡ bftoal;pointo. 

2.2.4 Slocks C.: 
In the PDP-11, a otock os a lemj)<lfory data •~or~ee aru whrcn olio ... • 
P•ott•om te make ollicient """ o! fre;¡uentty acee .. ed d&!~. A pfQ~rom 
~n odd cr deilt~e wcrds or bytn W1lhrn tl>e stacl<. The oraclo. u~ tho 
''laot·io, ¡,.,_out" con<ept: lhat io, oarrovs 1tom• may be odded lo .• 
stacl< In S<!Quentral order ond rotr.evod or deleted lrom ~ho slocl< '" 
reoo<So otder. On lhe POP·il, • otock ''""' •t tne htgn.,.¡ I<>C~ot'OI'I re· 
oen~ed 101 rt afHI up.ood< hneorly """""'"'d ~o the k>wnt adclr"'s u 
items "'" odded. The otack i< u•ed outomatrcally by pfQgram •Me<rupts, 
•ubrcu!lne c.oll•. ond trap 'on•tructrons. Whoo the processor is in!<<· 
rvpled, th• central proeeS>of •tatus word a11d the prosr01n c<>unler "" 
••<~«~ (pushed) onto tne stack ore•. whiLe the proce«o< sorvice5 the 
interruptlnll d..,ice. A now <tatuo wcrd i< ~nen aulon<.at•cll>y ecquired 
from on ""'" m core rnemOfy 'whrch '' '""'I"VO<d lor ontorrup~ ins~ruC• 
toono (voctor orea). A roturo lrom the .nterrup~ Ln<truct1cn r•ot~res lhO 
ongonal proces.or tt•t"' ond retum< te the lnterrupted progrom without 
•oltwaro ontervont•on. 

' , 



2.3 ME ... ORl 
MemoJ)' Or¡ooruMn 
A memooy '"" be v.oweO " • •e•••• o! locotron>. wrth a numbor (•d· 
dre") oui~ned to .. th locatroo. Thu• on 8,192-word POP·ll memo')" 
eout~ bol ol>own u in fr¡u"' 2-4. 

Bocau•e PDP-11 mernorie• a<e de>rgnO<! te •oeommodoto both 16M 
word> ond B·brt byteo, the total nu"'ber el ad~•••••• dooo not corre­
•pond to tire num~r el words. J\n BX ....,,d memo')' con conto1n 16K 
~u o<>CI con<i<t el 037777 ecUIIocolrOno. WO<do olwayt stofl al ..,.. ••• 
numbe..,.¡ locotiono. 

A PDP·Il word 10 diVidO<! rnto o hrgh byte ond o tow byte 10 •hewn •n 
Fi¡¡ure 2 S. 

' 
"'"" '"' oow '"' 

low byt.u "" •toreO ot even·nunrbor<d memo<y locatoont ond hrgh 
byt"' ot odd nuno~red menoory locot'On< Thu• rt " convenrent lo voow 
\he PDP-11 n"emo<y •• ohawn m Fi¡¡ur< 2·6. 

·• 

,__ 

-· - -( •• -· -· - ,, ..• 
~· - - -( ·- -- -· ( ·- -· 

" 

W>" ,,,,. ---
Ceflarn memooy locoboo> have been '"'""'"d by \he >ystem ter inte<­
I'IJp\ ond t<op l\lndting. pro<onor otoc••· soneral re;r>ters, and potr~h­
eral do,ice <Oj!rS\ors. Addr .. ..., lrom O \o 370, ••• "''""Y' '"'"''"'d ond 
tno .. to n1, are raoerved en lo<~~ oy>1em coni•Qutatrcns for \taps ond 
rnt••rupt hon<lirng_ 

A 16-brt '""'" u•od <or byte odd<K.,n~ con oddress O moo;mum o! 321<: 
"'ofllo_ However, tho top 4,096 ""''" locotrons are '""•"'Od lor porrpllerol 
and reg,.\or addrno"' and \he "'"' theroloro has 28K of coro te pro­
gram. Wolh tho POP 11/55 ond 11145, tno "'"' can e•r•na o no•• 
28K wr\h !he M"'nory Manogon>ent. Thot dovic. pro••d•> >n IS·M 
ellectivo me•nory odd'"'' whrch po·mrto Oddro<SinQ up lo JNK ...,,O> 
el actual momo<y. 

11 the MemoJ)' Manag<>mont op\oon " not uoed, an octal odd'"'' W 
tween 160 000 ond 177777 '' rnterp•~•·~., 760 000 \o 777 711. That 
io, rl bol 15, )4 ond 13 0'0 1'$, \hen b•t• 17 and 16 (tho e•tend•d oá­
dreoo bol>) are consoder"<l te ~ 1 ·,, whrch retoca!<> \ho lo>\ 4K wo<d> 
(8~ bytes) te t>ocomo tl>e h•Sh .. t looa\oono occe•""' by \he UNIBUS 

2-' ,t..UTO ... ATIC PRIORITl' INT~RRUPTS 
The mutlr-1.....,.1 outoma\rC pnonty in!errupt system pormr\S the proce,.or 
lo respond automllt!CaiiY to condrlion• outorde the syttom. Any numtrer 
al sa,-rote """'""'con b< atloch~ lo ea<h lovol. 
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Figuro 21 UNIEIUS Prro<•ty 

U<h '''"'Pile,.l d..,ce'" the PDP.l; ;)'Sie"TI l>os o pointer to rts own 
~·" el morhory wordo (one pornts te the dovrc••·• servrce rou\rne, and 
¡¡ro otilor cont••no tho new procoo;ot stalu• rn!Ormot"1on). Th" unrqce 
tdonhfrcotrun elrmrnoto> the noo<l lor poilrng o! do.rces to identrfy an 
'"'""UPI, sonco lile rnte,upt '"""'" ~ardw>re ••leo!< and begint ••· 
et<>trng tho approprrO\o servtce fO<rtrno atr.er haO>ng outomatrcalfy .. ved 
tilO IIOIU$ of tho intorrupted pro¡rorn segmont. 

Tho dovices' rnterrup\ P"orrly and '""'''" routrno p~oonty are indopon· 
(lent. Th" ollow• od¡ustment of symnr """"'or rn resPonse lo roal·trme 
condr\lons, by dynomltal!y chan¡¡rng the prrorrty louel of \he •en~rce 
rou\ino!. 

The •nlerropt sy>tem olio•• the proc••"'' to contrnually comporo rlS 
0 wn prcgrarnmabto pnor<y wrlh tilo pr.o,ty of ony tnterruptrng devrces 
an~ to oclonowtedge tho dcuico wr\h tr.e h•;;l><" lovel above the pro<••· 
sor'• prrorr1y 1""<1. lhe '"''""'"Sol •n rnlorrupl !ora dovrco <M tr• rn· 
wruoted '" ordet to """'"" "" >niOrrupt of • hrshor prronty. S"'"'" lo 
th< lower pnorrty d••rce ,, resumod au:omatrcally upon complotoon o! 
the "'"~"' tevel '""''"'"8 Such o ""''""· callod ""''"" rnlo'fupl ••r· 
vr<rng, can be corroed out to ony IOVOI wrlh<>ol r«¡U•""II !he $01t,..Ore lo 
.. ,. ond restorc ptoco,.or sto<u• ~~ Od<~ l"'·ol. 

Wlten a oevice (ütlror thM tile control procos.nr) « copable of oecom· 
roe lm• mastot ond r«¡uo,ts ••• of the buo, rt " 1enerally !Ot ono o! 
!WO 0Ut¡JC>OS" 

l. To moko o nOR·PfOtO .. or troMfer o! d<rto dlt"et\ly lo"' lrom 
mernory 

2. To intorcuot a prog•am P•ecut,on and force "'" wo«""' to 
go lo o spe<•l1c addro"' where a11 •ntem•pt """"'" rout•ne 
i• IOC•ted. 

o,,..,¡ Memo'Y .lec. .. 
All POP·ll's pmvodo tordore<l ocoess \O momory, Any numb" ol D~~ 
d•voces may bo o!loch<!<J to the UNIBUS Mo•lmum pnonty '' Ei'"n lo 
DMA d~~e••· thus ollow•ng momory dota <lnrog• or rel.,eval al memo"! 
cyete opoe~'- Re<<>onse t•me ro m•nrmi><!d by tho org.>n"at•<>n ond log·c 
ol the UNIBUS. whioh .. mplO> f<•que•t. and proontres in po1ol el "''"' 
dOto tronor0,.. 

Dor"t momory or d.rect dOlo translors con be accompl•shed ht'"'""" 
ony t"o penv""'''' w•lhoul P""'"""' superv•s•on. T"e.e non-pr<><•sso' 
roque>! tron•t•••· <•lled NPR tevet data tron$IO'S, ""' u•ually m,clo tor 
O.rect .'.!t'l>O'Y Ac<H.s (momory to/lrom t'l'" olO<U•l or Moct ~ovrc• 
'""'lelO {d"k rolr .. ~rng • CRT drtployJ. 

Bu• R«¡ut-sto 
9os requests from e•ternol de.1ces oon be made on one of l1"~ roQueH 
l•n••· flr¡¡t)&<t prionly" ~SSi¡tn~ to non·P<<>C•»or reqoe<t ("P~). lhe<e 
ore dorect memory oocooo type tronsl•"· and •~ ~onored by !~O pm­
cosoor ~een ~"' cytlos of •n tnotruct.en e•etotrDn. 

T~e protesso~o prronly ~n be oet under program control lo one of erght 
¡...,els osing bM 7, 6, ond 5 '" the processor stotus regoster. These brh 
o•t o pdonty lo.-1 thot rnhlbil$ gcontrng of "'" roques\> on lowor level< 
or on lile somo '"'"1. When the proeenor"< priorlty is set lo o tevol, for 
o<Omple PS6, oll bus r«¡oesto oo 9R6 •nd below oret¡¡nored. 

When more tilan one device i< t011nett<11 to !he ume bus '«i""''' (9R¡ 
1rne, o device nearer t~o central proeeo<or ha• a hrgiler ~rrorrty than o 
d...,ice farther away. Any number o!"""''"' can bol cennected lo 1 g"r,.n 
SR or NPR lrne. 

T~us th• prronty ty•tom rs l"o d•monsoonal ond provodoo oach deurce 
w.t~ o ""'G"" prrcroty. Each dNOce may bo dynom"-"lfy, setor:trv•ty 
enoblod or dr!Oblecl undOt progr•m conlrot. 

Once o device otilor than lhe p..Ocessor ~os control of !he buo. 11 may 
do ono of two typeo el ope<Oirono: dota tronsfe,. or tnlerrupt oporot•ono. 

NPR D•t• Trano!oro 
NPR dol<l trans!ero con be m•de b<lt...,.n MY two perip~eral devrc•s 
wrthout \he oupervooron o! \he p<oe .. sor. Nomrolly. NPR tran•l•« ore 
belwkn o mao• otoroge dourco, such u o drSk. ond core me'""''· The 
''"'<tufO o! the ~"' """ pernil,. d•"'" lo·de•ice u.ws!o ... ,>11owm~ 
<<>oton>er·de5ignod porrph~r•< controUers 1o ACC"'' ~llrer dev~re'. suc'• 

as """'· ~rroclly. 
~n N~R dN1<e hO$ ""'Y rast aeee., to 1h~ bu< ond <•n t•ans!or at ~·gh 
dato role< once rt Ir>• cont•ol. Th~ pror:os;o, otate '' not a~eclecl by 
tilo tr•n<ler; !~ereforo the proce"or cM oO[rnqur<h tont•ol whrfo M in 
stru<l•on '' rn prn~ro«. Thos "" ot:our at the end of any bu• cycle< 

" 



~"•N in b<'tw~o~ O r~ad·m<>d>l1 "'"" SOQUOOCO, An NPR ~o•ioo In <M· 
trot olthe buo mo~ !ron>ler !6 bol won:ls lroon memof\1 al memory >o>eed. 

BR Tro.,.tero 
Do.,tos that gain bu• eontrol "olh uoe of tho Bus Roque>\ '"'"' (BR ?· 
~R4) con toko MI ad.ontoge ol \he Control Pr<>e~""' by requo>llng an 
'"'""uot. In tho> way. the Ml"o instructlon oet " "'"''•ble tor monopu· 
!Ohn¡ dato ond >tatuo re¡lstef'l. 

Whon a ~"'''" rnutone •• lo bo run. \he curren! t"'k boon¡ perform~ 
b¡ tho eentral proceowr is lnt<rrupted. and \he deYI<O oef\lioe routono 
" ""''•t•d. Once !he requeot hos b«n '"'"i<od, lile Pr<>ees.or "''"'"' 
to '" lormer losk. 

lntomopt l>ro<tdu•e 
lnto,.upt nandl¡n¡ is outomotoc in the PDP·ll. No dev.co pollin¡,. re· 
owtd lo delornolne whlch oof'llo<e routwe lo ••ec<rte. Tho oporaHont 
'""""~ lo ••rv•c• on interru¡it are •• tollo"'' 

2. Whon o maotor goin• control. ~ .. nd• t~e p!'Oconor on lnterwpt 
common~ ond on un1que n1omory addten wtoich eontoons tne od· 
d•oss al lho ~e•ice·s '"""« roubn<, c.llod tl>e mlo<rupt ••ctor 

'Odd•on. lmme<lootoly followon¡¡ '"" pointer oddres• •• a word (lo­
ea\.., ot •O<tor odd"''' -t2) w~o<h,. lo t>o ,_, •• • """' Proco""' 
Stotus Word. 

3. Tno pr<>< .. •or "o••• tho curren\ Pt<>ee"or Statu• (PS) on~ the """ · 
ront Progrorn Cuuntor (PC) inlo CPU temporor¡¡ regioto,.,, 

4. The eew PC on~ PS (interrupt ~•ctor) aro token lrom tho specor.e<l 
oddtO>$ lho old f"S on<f PC '"' then puohe<l onto the eurront staek. 
The ,.,..., •• rD<Oione .. tnen in.t .. te<l. 

5. Ttoe de•ice •trvlce routine eon cause tl•o procesoor to "''""'" tho 
on!ertupted proceso by oxocutong ttle Return lrom lnlertupt lnotruc· 
tion. d01tnbed In Chapter 4, which PGP> the two top words from 
the curren! pr<>eeuor st..:,k onO useo lhtm lo load tllt PC and f"S 
rog .. to~ 

A ~evite roulono con be lnlerrupiM b)' a high•r P•ionl)' bu> requeot ony 
tome ott~r tho now PC and f"S no.., t><o~n ..,.ded. 11 such on lntorrupl 
occu•o. the PC and f"S of the Rf'll,.;e routono are autom.!icllty stored 
'" \~e temporory rog,.le•> ~nd lMn pus~~ onto lhe nNo curren\ stock. 
ond the new de,ioo routlno i• in•l•oted. 

lntorrupt StNieln¡ 
E•O'}' hordwa•e devlce capable ol onterrupt•n¡ tho proce>>or h"' o uniQue 
••t ol tocot!Ono (2 ...,..m¡ '"'""'0<1 lor ~· intorrupt v«tor. lho ftro\ won:l 
<ontolno tM locatoon ol !he devloo"s ~Nice routlne. ond the -ond. th~ 
~r<>eeU<lf,Siatu> WO<d thatls to be U>td b)' \he'""'''" routone. Thro-u¡h 

proper UR ol the f"S. tne p!Og!Omme< con swotch t~o operaltonal modP 
ol tho proceolor, ond mocHiy tho Processor"o ~ucroty level to ma•• otr\ ¡.,._, 111"111 Interrupto. · 

Reentranl Codo 
Both ¡no lntorrupt handling hordware ond tho oubroutme tall h•rdwar• 
foeohtato wri!Jng reentront C<Ode lor tho PDP·ll. lho• type ol <<>do ollows 
a ""''" COi>)' ol a ¡;1\ren oubrouiJno 0< progrom to bo shored by mor• 
thon ""'" PfOceos or t .. k. Th" reduces lhe.omount <>1 cor~ noedtd '"' 
mu~i-I.ISk opphcoli<>n• '""hao tho concurren\ uf\licing ol mon~ pe<iP"h· 
eral de•ke•. 

"<owet Foil ond Rootort 
Whone'4r liC powl:r drop> l>elow 95 v,rto lor IIDv power (190 '""'Jo< 
220.) "' o<rtoi<le o lim•t of 47 to &l Hz. •• meaoufl<l b)' OC powe•. th< 
""""r foil uquen"" ~ ln~iate<l. Tho Central Ptocos110r outomotoc•il> 
traps to loeation 24 ond tho """"' foil progrom ha• 2 mooc. lo """ ol\ 
v<Jiatolo lnlormatlon (doto In regi110fl). and lo condlllon ~enphettt• lor 
-riOII. 

,Wh.., -r <s rutored the procesiQr tnopo to lot:olicn 24 and u<'<ul•• 
lho -• up ft>U!Ina lo ...,.,... tho mo<hiM lo 111 1111e prior to """"' 
folluno. 

' . 
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CHAPHR 8 

PDP-ll/34 MEMORY MANAGEMENT 

6.1 GEN[R.lt 

8.1.1 Mem«y Mon•¡¡emonl 
Th,. c~apter de.c"b"' !loe Momory Mono~oment uno\ or 1110 ll/.14 
Central ~roce,.or. The PDP-!l/34 oro.-de<lloo twd"'·"" rae"'''"' nocos­
sary lor colllplote memory managoment and protochon. 11 " desisood to 
l>e a memory man•ger'lent lacol,ty lar 'Y"""" -..h<ro \he momory '"" " 
greator !han 28K .. ~rds and lor multo-oso.·. mut,.·programmong """"'' 
.. ~ere proto<;toon and r<locat<>n laclhMs aro n..-~~'Y-

8.1.2 l'rogrommin¡¡ 
The Memory Monagement h.,dwa<e has beon opt""""d towardo • 1nult,_ 
orogra,•mong """"onmont ond "'" prooo .. or can operate '" '"" modeo, 
Kornot and U•or. When on Kernol modo, the program has complote 
control and tan he<ute all onstroctoono. MonolofS and supervi•ory poo­
grams would l>e ""'cuted on lhiS mOOe 

When '" U•er MOOo, tho pmgo•m ,. provonl<d lrom execuling cortain 
instructoons '"•t could: 

a) c;,use tho moM,catoon ol tho Kernel prosrano. 
b) Oalt tho computor. 
e) u•• memory •oace a"i&nod to tho K~on<l or otheo u<er•. 

In a muih p•oB••mm•rg onv.,onment •~•erol usor p<oB••m• wool<! "" 
reS<dont on m•mory al MY &"•"" tono•. lhe '"'' ol 11>• '""""'''ory pro 
s•arn would l>e. conl<ol ll•o e•ecut'"" of ttoo ''"""' u••• poo,:rorn,, 
manago tho •ttorol,on ol n•~·'lory and oenvhor•l d<"''" te>otnco,, •nd 
,..feguar<i 11•0 '"'"~"lY ol 1110 Sy>l<m as a wllnlo by carolul co""ol ol 
<>eh u;er p•oG•am. . ' 



In ~ mull<-pro~r~rnmoo¡¡ syslem, \he M~n•g•menl Un1l pro•ide< lho 
"'"'"' for ""'8"'"8 ""S"' (roloool~ble memof'y 1e¡menh) to o "''"' 
Pll>i•~m ~nd prntnl<nc that "'"'!ron> mal.,ng an~ unautho"'ed ooc•u 
\o lho'" p>¡:es outordo hr< .,,,gn.ed oreo. Thu<, e uler can eflocll>oly 
l>e P'""'"'"" lrom occrdental or "''lliul d"'\ruct•on of ony other uoor 
proQ•om urth<o oy1tom executi•e pio¡tom. 

Hord,.ort ornplemeniOd looturo< enoble the ope .. ting oyotom to d1· 
nam.:ony ~llocato memory uoon dernond wh•l• o progrom i< l>eon~ run. 
Thuo feotu<O> ero partocularty u<Oiul whon n.onnin¡¡ ni¡ner-le••• ""JiuOJIO 
p<o¡¡rom<, whertt. for e•omp<e, OffOyl ort con<lrucled al "'"""""" tomo_ 
No ¡,,.d <paco 11 ~""'"d for !nono by the compil<r. locking dynomic 
memary alloc•l<on coooOoloty. !he ~ro¡¡rom wauld ho.o to calculeto ond 
'""" '""'co~n\ memof'y >POCO to aoco.,modote the worot e•••- Momory 
I•Un~gomont ol1mmotet th" t<me-<;Onlumong and """'"'"' procedure 

a.t.3 Ba<i< A<fdro .. ln~ 
Tilo Add••••<> gonoroled ~Y 0:1 rr>P-11 Famlly Ce.,tral P<ocos•or Un•t• 
(CPU o) oro IB·bi\ d.re;:l ~y! e odd~S>U. ~ltllough !he POP-11 family word 
tenrron •• 16 bo". tne UN18US ond CPU odd•e••••il lo~•c actuolly io 18 
"'" Thus. wholo tilo POP-ll wo<d eon only contoin odd~• Morttr>CH 
VP lO JZK WOfdO (64K byleS) IM CPU olld UNI8US eon role~r><o Od· 
oon••• up to 1261<. wo«<• (256~ bytoo). Tho<O o•tro tw<> bit< of oddr•«· 
1n¡ logoc pravodo tno boOic framo-..orl. ¡., o•pand1ng memory roloroncu. 

In addoMn la \M wo«< ton~th conWoin! en buoc memory addreuin¡ 
"'"'"· tno uppermoot 41<. W(l<dS or oddreS> so•<• " "'"''Y' '"'""'" 1<>< 
UNIBUS 110 dovooo rogi<lo,._ In o "'''e PDP·Il memo1}' conf•gurotoon 
("ithoul ManaBemon\) oll oddr .. < ••leoencH ta !he uppermost 4K -..o<ds 
ol 16-blt addre" opoeo (160000 1777711 oro convcMd >o lull 18 bol 
roleronces "'''" Ms 17 ond 16 alwoy< oet la l. Thu•. a 16 bit ¡oforooco 
lo t~e 110 devoce rel[o<!er ot a~dress 173224 '' oulomatocally onte•nally 
<onvorted \o o lull 18-brt roferonco to th< re~•<ler ot addres• 773224. 
~cc"'~'ngly, IM "''"' POP·Il CQnlo¡¡urotoon con dlfetliy addross uP lo 
261<. wordo ol true momory, and 41<. .. o«<< of UNISllS 110 device ro¡i<IOrr;. 

8.1.4 A<:l! .. Poco Rog,.ton 
Tl>e Memory Mana¡emeot Unot "'"' ¡..., '"" of eigh\32·bol Actov• PoJIO 
~•II•<W<. An APR ,. o<lually • """ ol 16-M rego11ors: o P•11• Aód<<" 
Re~o<tor (PARi and o Pago Desc,~tor Reg•S!<r (POR). Thooo ••I•Siers 
ore "'""Y' u>ed u 1 PO" ond cant .. n 011 thO inlonn•llon neoded 1~ 
de>Cnbe and relor:Oie tloe eurrontty active memary pagos. 

Ono <ti ol APR"< '' u<ed in Kernot mode. ond tho olhor in U•or modO 
Tho Chooce of whocll ..-t to be uled ,, determinod by the current CPIJ 
modo tonto.cod '" tho Prote><or Su! u< ... ord. 

" " '""º""' , ... , _, 

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

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

li.I.5 Copoblhtlo• P"'"'lded l>y Mom<>ry "'"""'1""'"''1 
Memooy S"o (word•): 114K, m•• (PI"' 4K fcr 110 & re¡<>tor<) 

Mdro<o Spaco: 

Modes of Oporol<on: 

Slock Pomte .. : 

Memof'y Rolacalion· 
Numbe• ol Poge<: 
Poge len~th: 

Memory Protectoon: 

8.2. RELOCHION 

8.2.1 Ylrtuol ~ddruslng 

Vo<tual (16 bol>) 
Pllysocal (18 Ms) 

Kornol & u,., 
2 (cnelor eoch 'l'od<) 

16 (8 lor eoch • olo~o) 
32 lo 4,096 wor~' 

no"''"" 
'""~ only 
read/wrole 

When tno Menoo'Y Monog•ment Uno\ •< oporoton~. \h~ normal 16-0ot 
dorect byte odd~ss os no lon¡o• ·~teop<oted •• • dorect Phy<•c•l Addro« 
(PA) ""'u o Voo"\uol Aedre<< {YA) contaoning onlormoloon lO l>e U<o!<l in 
conWuct<n~ o new 18-0.1 physocAI ad~ross The onlormo\oon cont.,ne~ 
in the Yo<tuol Ad~'"" (VA) ,, conoboned w<lh relocotion and de,ctop\lnll 
informal•on cant••nod '" lho ~ctove Pago Re~i''"' {~PR) lo yoeld "" 
\8-bot Phy•i<ol Addre" (I'A). . 

Beco u"" oddroS>OS aro autom.,eally rolooOio J. lh~ comput~r "'·'Y bP 
consodored !O l>e Operat•M '" Voo"\UOI addre" •O>Ce. ThoS m .. n, 1'>1 n~ 
m~tler whe•• o pro~rom " '""ded onto ~hysoco< •nomo')", •1 woil not havr 

-··-



TI>~ "'rtual oCO'"'' >~<< '' Oo;¡d<d into e•~M 4K word "'~"'- Eaotl po~e 
,. rHoc·•tod upar>!Piy. Th•• " a u-.lul feoture in mo1t1-progranorned 
tooneshanns '~"""" lt ~~""'"'' • ne~ tar~e p<ograrn lo be loaded onto 
d•>contonuous blo<k> ol ptl!"'tfl memor¡_ 

" P"~e "'"Y be •• •mal: a• l2 ~ord!<, •o thal >hort pro<eduoes cr dota 
••••• n<'ed <><<uPY cnlr u much memn.y •• reqwred. ln"" a u>elut 
leature m ,,.llrm• cont<ol 5)"tems tioat coota'on ''""Y ••paoate •malt 
toslls. 1t '' o~so o uselul re•lute lor sta« Md Ou~er control. 

~ bo<io lun<t•on tS le r•r!O(m "''"M') roloe•toon and pro••d• e>tended 
memo'Y oddr«<on8 copabil•ty lor sy<temo ,.,th more than ;>SK ol phyo­
~<•1 men>Oty. Two '"" ol I'&S< addr .. s '"~'""" ••• u'«< to reloeate 
••rtual od<!<eS>"' ro ol>Y'otol addre>Ses in ~""'Q''' TM1e ,~,. a<e uoed 
u ~"'""""" '-lucatoon <ego•l•rs [!¡al pe~""' >ever•l uoor"s pro~'"'"'· 
~•eh "''rt'"B al wtuat •odr<" O lo <esod< ••mult•neeu.ry <n physiool 
memory. • 

u.:z_z Pro¡ram Reioull0<1 

Th~ C•g< add•ns .-.g"'"" ••• u•~d te detemlon< tho slartm~ oddreu 
01 uoh reloo•toc prog,.., io uhysio•l momo')". Figuro 8 2 •hoW> a sim· 
plo!>M <>••np:e ul lhe J <too• tono cnocPpl. 

Prog•am A stortong •ddroS1 O " ••lnc•ted by a oonst.o"t te pr,..l<!e 
¡>IJ~<:cal •ddrou 6400,. 

~·•o .. .._,.. , . ., .. 

' 

""·"""'""' '""''"~' ...... 
•. '""""'j 

.. 

_,. .... ...... 

lf th• ne<t prccener "Írluol o<!d<ou iO 2.tho JOIO<at•on con>tant w•lllhen 
cause ph~S!<OI address 6402,. whoch" lho SfOOQnd 1tem o! Progrom A. te 
bo oece,.od. Whon Progra!TI B ¡, runooog, lhe relocatoon con•t•nt " 
ohon¡¡ed lo 100000,. Tnen. Progrom B virtual addreosos •tarton¡ atO,.,., 
reloeot«< te aeceu pot.~.,col odd,.,Uft olartong at 100000,. U><n€ lhe oc· 
ti.- pop acldreso reg11tero te pr-c.ide relocation el<m<nat .. tne n«d to •·re· 
hn~·· a prog,.m OiOOh tome ot" INded into o dollerent p~oy.,cal momory 
IO<.IItlon. Tilo progr•m always oppeo~ lo 5too1 ol th~ »me oddre.,_ 

A pregram is ret<><oled in o•s•• con""'"( el from 1 to 128 block<. 
Eoch btoeO ;, 32 "''"ds '" '"•il.h. TOu•. tne mu.mum tength or o p.oge 
"4096 (128 • 32) werd• 1/Sin¡ oll el the oigM a••"•blo oet••• pose 
'"~'""~ '" ~ 101. • moxomum P<Ogrom len¡lh or 32,758 word• ean bo 
ace<>mmodotod. Eo<:h ol tho eoght poges can "" retocated anywnere in 
th• phy01col momory. •• Ion¡ oo •~oh relocated P•e• bogrc• on o 
boundo')" IOat ,. a multipft or 32 word>. However. fOr oog"' lhol aro 
omollor then 4K '*O<do. enly tho memory act"olly all<><•ted to tho p.oge 
moy be tH:<:esÍ-o<l. 

Tilo rti<>Citlen oumple ah,... in Fo¡u,., B-3 illustroto• •o-.oral ;>oints 
obout "'"""''Y ..,toeot•on. 

o) A~ltoug!J ll>o p<ogram appu"' te be 1~ contogucu• o~dres• lo»CC te 
tito JX1>0<!>..,. tno 32K-WOI"II ph)'socal oddron op.oco- os oeluOIIy ocat­
tottld throu¡l'l o.,.erol •"l"'ro\e areas el ph)'l•c..ol mernoty. _.,, ron;: 
u th• total avoltat>le ph)'llcol momory spoco io adoquato. a program 
con bo I<>Odod. Tho physioor momoty • pa<o ,..,d mi be <;<>ntf¡ruou•-

b) Po¡os may be "'lcc.ated lo hl&h•r QC ~o>oer phyooCOI oddresses • ..;¡h 
resi>O'Cl lo thOir >or"(""l oddro" '""ti~. In the oxomplo ~o¡ure 8-3. 
pa¡¡o 1 ;, rotocotO<I to • ~igher rango o! Ph10!COI oad~n••· 1"1~< 4 
" r<"IOC!Iled to • lcwer ran¡¡e, •nd p•g• l " net relocale<l •t all 
(e•en though ill rerocation conotont i1 no"·nro). 

d) Eoch poge i1 reloeoted indepondenlfy_ lhe<e ;, no, .... ,. why lwo or 
moro p.ogo• ceuld not be rotoeoted lo the •ome ph~socol nlernc'Y 
IPoCO. u .. ng moro than ono poge odd<ess re11i•t•r on th• MI to 
occo-n tho .. mo opace would be one "'Y o! pro••dong d•~orent 
memory •ce ... n¡¡ht• lo the .. mo data. d•pOndong upon who<h por\ . 
o! o progr~m w01 re!ereru;ing tnll data. ¡ 

"'emory Unlto 
Bloc•·. 
Po¡¡<: 
No_ o! p.o¡¡es: 
S••• ol reiOC&toblo 
momo.y . 

32 W<Jfdl 
1 lo 128 bl<><ks (3210 4.096 '*llrdo) 

8 "'" mor!• 
Z7.1&6 wordl. ma. (8 • 4.0%) 



F~ure 8·3 F!elocal1on ol o 321\ word Pr~r~;n in!<> 
124K Word Ph)'>«•l Mon.ory 

al PF!OTECTION 
~ tim~•hor;~g ... ,., perlorms rnultrpro¡;r~mmi~¡¡: il "'"""" _.eral 
prosram1 to resrde rn momory ••muitoo«>u<ly, o'ld to """'"'" oequon· 
trally. ~«en to l~ou programo. o<>d the ""''"MI)' '""'" thoy oooupy, 
mu>l bo olnolly delonod ond oonlrol'<d. Severol types ol rnomory pro· 
toctron must be aftorded a l1meshorong <)">lem. For e•ample: 

o) u..,, programo mu<l not be oli<Med lo "'pond beyond olk>cated 
spoce. uniOS> oulhonuo<l by tho ''"""'· 

b) Uooro must be prevenled lrom modoly•nH common <Ub<t~ul•n., ond 
al&onthm• 111oloro <RSidenllor all u'ers. 

e) Usero must bo pre•ented from ¡omong CMlrol ol or modolying lhe 
OI>OIIlmg syslem ooltware. 

The Memory Manogem~nt option PIO'Ide> !he hordw•re laorlrhos lo rm· 
plomont 111 ol tne obOve type• ol momory prolec\ron. 

8.3.1 l,..ccossH>Ie Memory 

Eoch pago ha• o 2·M acc••• control key """''oled wrth ''· The l<ey ,. 
.. .,¡;ned under progr&m control. When the ••Y ,. ••t to O, tno pago i< 
defo""d n non·~eordeot . .O.ny •ttornpl by • u<er progtam to •«e" a 
non·r .. rdont p><¡;o " ~rMent•d by an rmmed•alo obM Uo•n¡ th•• fea· 
'"'~lo p•ov.de memory r•otPCl>on. only tho•e ll•'K"' osncialed with the 
'""""' orogram ate ••• lo legal """"" keys Tilo acce" control key• 
ol ott <>lhor program f'lE"' ••• sel to O, "'""'" pre.ent. rll<~ol memory 
relerences. 

8.3.2 Rud·Only Momory 

The ·'""" control key fot a P•&• "" bo ••t to 2. "'""" ollow• rearl 
(leloh) m~mory rei<Oonc•• lO the po~o. bul "'""<d•at•ly ol>orl> ony 01· 
templ lo ""'" rnto thot pago Thr$ <Md·Only tyi>O ol "'"'""'1 prote<llon .. 

tan be oHorded lo P>ee• tllal cont.a•n comm<>n d~ta. <ubrnuhne•. or 
•hored ol~onthm• Th•• type ol momory protoctoon allows Ure acce" 
roghl• lo a ¡r•en 1nform~1<0n modulo lO be U$Or·dOpOnd•nt Thot "· the 
access nghl lo o ~oven •nlormat<on modulo moy t>e v•ned lot ~offerent 
usetS by otterrng tho occess control key. 

~ page" od<lre .. r<¡ioter on eooh ol the S<l> (Kernel ond U••• mod<>) 
may l>e oet up lo re<erence '"" ~me "phyOrCOI 1>01• on mernory and 
eaoh moy be keyed lor r!•He•ent occe» ughl$. For O<ample, tne Use• 
acce .. control key m1ghl be 2 (reodonly aooeo•). ond t~e Kernel •cc,..s 
conlroll.oy mrght bo 6 (ollowrng complo~~ tead/""'" acoe>S). 

8.3.3 Mu~iP!~ .t.ddreu Sp&ce 
TMre ••~ two wmplet~ ••pa•ate PAF!IPOR ••ts provrd<"d: ene,., fot 
Kernel modo and ono oet lcr U>~• mode. Tn,. •llo<ds the trm .. honn~ 
'Y"""' wrth 3notr.et type ol memory prote<t•on c•pob•hty. The o1ode ol 
opeta\ron '' ""'"!'Od by the Proce .. or Status Word e<ment •nodo held. 
or prevrou• mode f1eld. n dete<minod by the curten\ in;truchon. 

A""ming tne ou"e~t mo<l< PS bolo ore valld. tne oolr•e p&ge re&rs!er 
seto oro onobled os follo,..: 

P$(blt•l5, 14) 
00 

" " u 
} 

PAF!IPDR Set (uobl1"<l 
Kernel rnode 

lliegol (•ll tefe rene.., ob<;ortÓd on accos1) 

U•er m0<1e 

Thus, o U•ct mo<le program os relot"ted by '" owo PARI POR •ot, •• ••• 
Mrnol croB••m•. T~,. "'•"•• rt •mro•"ble lor • o•oBrom runn,ng on 
ono modo lo •ct•deolatly releronce op.ooe allo<:oled to anoth~r mode 
when tho ..:trve p.ogo '"K"'"'" ••• s•t e<>Hectly. For e•amplo, o ••er oan· 
not tra"'ler lo ~erner •pace. Tho Kernel modo oddres. s¡>.oce moy l>e re· 
se,.ed lcr r"'ident ''""m monrtor luoctron•. '"'~ ., 1110 ba••c Input! 
Oulp«l Control toul•n•> memory monagement lr•P handler<, ond llnTO· 
shanng .ol•edul•ng nTodole> By drYrd"'~ "'" tyr-. ot '"""'""'"'8 •Y•I•m 
programs lunctronally belween rh"e Kernel •nd U•er rT1ode>. o ¡n·n•mum 
omovnt el 'P'"" cO«I•ol hous•••~P'"~ " •equned a. tne tm•~•hared 
o~erot<n¡ , .. lem oequene<> lrom one u•er proQrom lo the ne•t. Fot 
e.ample, onlythe Uoer PAR/POR oet needs lo l>e updot<"d u uch new 
u••• progrom •• sen~•e<d TM 1"'0 PAR/POR'"!' implementod rn tho 
Memory Mona¡;ement Un.t are •hown In Frgure li l. 

8.4 .O.CTtVE I'I<GE REGISTERS 
The Memrxy Man•¡ement Un•t j)<O'<T<Ies two """ ol e;gn¡ Act"e PogP 
Reg•otot• (APR). h<h APR con"'" of • Pago .t.ddre<> Ro~•<ter (PAR) 
and • Pose O~scnvtnt R•~"'"' (POR). Th••• '"ij"'"" are''""'' v.od 
•• o PO" ond conto•n .111 lhe rnlor~nohon requrro~ ln locole """ •J"'"""' 
the """""' acto.e po~"' lo• eocn moO• ol oi>O•Oiron. Ono PAII,POR >0\ 
os u>ed '" Kernel n>O<I< and the othe< '' vsod '" Use• "'o>de. H•e cu•· 
rent mo<l• bM (o• '"somo"'"'· tno pro."'"' mO<lo brts) or 11•• Proce. 
''" Slolto• Word determine wllrch sol .,;11 be referenc~d lo• each 
merno•v acoe" •' p•oRronT oP""''"~ on one nTOdO connol '"" "'" PAR) 
POR '"" al !he atloO< rnode ta OC«» "'""'ory Tl•us, "'" '"" '"'' o•c 



o ~•Y leoturo '" providong a lully ~rctected envO<cnmont .ter o bm..­
sl•orod mult•·p<Ogrommon¡¡ '>"'""'· 
A "''"'loe II<O<U<or 1/0 addr .. o " ''"'intd lO UOh PAR and POR el 
l~h ••1- Toble 7-1 01 1 comple!e 11<1 ol oddress ''"'Rnment. 

NOTE 
UNIBUS devooe< uonnot ..:cess PA.Rs ot PDRs 

In o fully-protoclcd multo-progrommons environment, tho 1mpl"ollcn is 
thot ~nly o progrom cp«oh.,g •n IM ~ernel mode would ])o ollwed to 
wroto •Me tho PAR acd POR toe.oticn• ter tho """"""' oJ mo»P<n¡ u .. ,., 
~ro~rom>. H......e-er. there ""' "" r<>troont> om~td by t11e tc¡¡>c: th.>t 
"'" pre«nt Uoer modo progumo lrom "r.ting 1nto theso registero. The 
npMn of ""plementing ooch a tuture •n ~~· operaling '~"'""'· and lhuo 
.. ol.cotly ~rotoct1ng tloue loca\oono !ron> uoor'o prog'lmo, is .. aotat>e 
te \he sy<tom sa-re G"'igner. 

J 772346 772~06 3 777646 
4 772350 772310 4 777650 
5 7723~~ 772312 5 7776~2 

,:',_-,7723~:cc::!'!''~'~·~·~,b--!'~--_i'~'!'!'!"~----ii~~ ~ 1 777&'5-6 

8.4,1 l'a¡o ~ddre .. Ro1isto .. (1'¡\R) 
Tho Pago Mdre" Ro¡01ter (PAR), ohown In Figure 8·4, oont.oin• 
1~-llo\ P~ge ~ddro'" ~ .. Id (PAF) thlt opecolru the "-•• addrflo ot 
p.ogo. 

' ••• 

Foguro 8 4 Po¡o Mdrus Re¡¡o.tor 

B•U 15-12 ••• """"'" ond , ... ,..... lor ,.,,.,b>o futuro"'"· 

'"' '"' 

TM Pago Addre" Rog,.ter moy be olwnotovely thou~hl of •• o relo­
catoon con•lanl, or •• o base "'S><ter con,.,n,ng a too•• odoJr<•o. !:olhor 
ontorpretatoon oMo<ateo tho ba•.c: lunctoon olt~e Pago Addreu Reg,.ter 
(PAR) in \ho re>ocotoM ..:neme. 

8.4.2 Page O<>..:rlptor Rt¡,.ters {POR) 
The P•s• Oeocroptor Rti•lter (POR), ohown in n¡ure 8 5, contoono in­
f""""tlon rollt••• t<> ""'" e•~~eeooon, po_~e 10~111>. lr><l lt«flS controt. 

••• 

" " 
1 ' 1 

. ' . ' ' 
l+lht:H .. 1 i 

A<eo" Control F'~ld (¡\CF) 
Th,. 2-M f1otd, Ms 2 ond l, of tho POR deotllbe• lho """"" rogMs to 
thio portocutar page_ TOe •<cen code• or "l<oy•" s~oly the mann" 
in ..-hocll o pe¡o m.oy be •ce•neG and whother ot not a ~,,.. acc .. , 
ohculd result on on obort ol tno curren! op<>rotion. ¡\ memo<y rolerenco 
thlt cauoes In obort lo not complot&d ond ,. Wm•noted imro,.Oonteoy, 

" 
Abort• •~ tou .. d by ottemph to acto" non-r<sodoo\ pago•. p.ogo 
IOnllh <!<TOn, or occ"o ••ola~""'· •och u ottemplong to ""'" onto • 
reoG only p.oR•· Tropo oro uoO<I U on ooO on ¡¡¡otnerrn¡ mernory rnonogo­
"'""' lnformOioon. 

In tno contoxl o! occon control, the term "w.,te" ,. uoed t.o •nd•cote 
t"" Klior> o! ony lnstruction .. h•<h mo<l•f••• tne content. o! ory ad­
drHU~ll WOrd. A ""'nto" i< •vnonymouo woth whol is usu•Oiv """~ • 
""oro" or "modofr" In mony computor s~otomo. Tabl• 8-2 t.sto the ACf 
l<oyo on<l tholr func:Uons. Tho ACF lo "''itton lnto the POR under pro¡r•m 
control. 

Toble 8-2 Atcllt Control flold t<eyo 

o 
' 1 pogo 

" ' Resodont rttad-cnly AOOrt •ny o!1omptto write In te 
thio pa~o 

" ' (unu...:l) AI>Orl oll Ac«oses. 

" • ~~••dent read) writo Reod or wnto allowed. J<o ttop 
or oboort occu .... 

t.pension Ol<oction (EO) 
Tho [0 bol tocotod in POR bit poo•toon 3 1ndocotes tho outhomod d"ec­
llan on wh•ch the pago con o.pand. A la¡¡•c O in thl! M (ED"' 0) ondi­
cotoo the pe¡o un e•p.ond üpword fram ro<otive zoro. A tog1e 1 on '"" 
M (ED = lJ ondocoteo th< ~ge con e•pand down .. ord toword ,.,.,,.., 
nro. Tl>e ED llol •• -.. .. tton onto tho POR under l)fogrom centro!. Whon 
lho oxpon•oon do..,ction •• uoword (W = 0), tl>o pb~O tong!H ,. inore .. ed 
by odd1ng blocl<s woth hl¡her •tt•t.ve oddre""'· LIIIWo<d e9on"on " 
nuol>y •P<ICofo«< for P'"''"" Or doto p.IS"' \O OGG mo•e proQ<Otn "' 
lobloopac<~. An uample o! pa¡e up.onsion u¡)WOrd io snown in Fo¡ure 8 6. 

Whoo the ••P•"'•on dorectian" do.,nword (fD = 1), the pag• lo.,~th" 
oncroued ·by odd1"~ ~1<><1<• "'ttl lower re<ot•"* add'"'"- o-n~~rd 
"'""""on '' ooec•f•ed lor otac"- paf"' so tnot more ot..:k "'"'" cAn be 
od!IHI. An e""mpie o! p.oi• .. ,..n .. on downword io oflown •n Fi¡utt B 7, 

•• 
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•••••• ,, 000 !· •. ., ••.•••• o ··1 
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., .. ·-· ''"""""" "" ..... ., .•... , 
/<OH: 
To •tocoly • biO<• lon~th ol 42 lO< "" """'"'d ••p.ondoble p.oge, w•M 
h1gheot authomod blo" no d"octly onto h•~ll byte el POR. B•l 15 "' 
not u••d becouoo lho ho¡¡he•t aliowoble bloc• number •• 177, 

Au>ooc•~• ...,. 
"'"''" '"••""'' "' o "''" ••• ' "• •oc" 

' 

. .. 
nO<"·"' 

,O..cx• ,;¿),' :·-~ , __ ' ·'• ' ·-· 
"'""' ••• ••• ,,. ... 
.. ,,. 

••• ' .,,.. .. ,.,. 
'""'' ' ,, ... 

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

"" '"K' 
_ .. 

.,.,_." ........... ,,. 
''"''"' ''·' -· <'WM ' ... 
'""''" -

~"M ~""' 

Foguro 8 6 Exanopoe ol an UpNard Eo¡>ondable Pa¡¡e 

'" 

-

Wntton lnto (W). 
The W b.! loc•t•d In POR M po«Mn 6 ind.cot .. whetheo the poge hO> 
been wntten into •ince ot "'"' loaMd into memor¡. W = 1 " .~,.ma­
¡.,e, Tho W bol •• outomatocolly ,, .. ,o.j when lhe PAR or POR el lhM 
'page,. w11tlen inlo 11 can only be s~t by the control loBtC, 

'tn di<k two~~ong ond memo<y o•er'-y opphcatoons. !he W bot (bot 6) con 
t>o ""'d lo d<-tormone "'ht<h page< tn mem<>')l hove bHn modtro«l bt a 
user. 1nose that hove been W!tllen onto must be oove<l on theor curren¡ 
torm_ Hose tha\ havo not beon wrouon in lo (W:: 0). need not be sove<l 
ond can be overlay<;;l with n,.,. ¡:¡ogos, •.1 necessory, 

Pogo lon¡th field (PLF) 
Tho 7·btl PLf located in POR (bots 14-8) spectl•<> lhe oulhonzed le.,¡¡lto 
ot tno I>Oie. on 32-w<>rd blocko. Tho Plf holds block nuntt>oro t<om O lo 
171,: thvs ollow1n¡ ony ¡:¡oge lengtn Jrom 1 to 128., blOCk>. rne PLF 
io w!ltten in the POR under progwn ~ntrol. 

PLF fOr on Upword bpan<lo.-o Pago 
When tho ¡:¡ogo uponds up.o-ord, the -PLF must bO set to Me le" 1nan 
tne oniMded numt>or ol block• autnomod tor tha! p>¡¡e. For "'""'pie, 
ol52, (42.,) blocko ore outhorlled, tho PLF" oot lo 51, (41,,1 (Fogure 
8 6)_ no hof<jworo comparn tne Virtual addreu ~loe k number, VA (M> 
12-6) ,.,¡h \he Plf' to detotmine if tne vortu~l oddren 10 w~hon tl>t ou­
tM"'od ¡:¡o¡¡o len¡t~ . 

Wh~n tl>o wtuol oddro« block numbor is IP>< t11on o• eou•l lo 11>0 PLF, 
\he""'''"' odd•h>" wtlhon tho authO!tled poge lenglh. 11 !he""""' od. 
dre« 10 greoter thon \M PtF, • p.oge ~ength tau'l (odd•n• too hogh) 
os delectod by tno hO•dwo,e ond an •l>ort occuro. In '"" c.••· tho •or­
tu•l Odd•o" spac~ log>l IQ \he proR••nt 1S OOO•CMI•gUU<tO ~OO>u<t• !he 
thr<e most sognifoeont bots ot the vortuOI •ddruO "'" u>ed lo ..,1«1 the 
PAA/POR se! . 

PLF klr o Oownwof<i Expandoblo P•g• 
The cap.ob•hly ot pro~~<d•ng downword e•ponooon (or ~ poge " "lende<! 
•oe<•tooolly for tno .. pog•o that o•elo be used •• sta<ko_ In the POP·ll, 
a otacO otorto at the hogn.,t locatoon feserved Jor •1 ond O•P•M> do"n· 
w.ard toward tl>e fowest addfe., •• tlttt>O are odde<l to the st.ck . 

W..en tno page " lo be -nwof<i ••¡:¡ondablo, the Ptr mus\ ~• set to 
autl>omo a pago longth, tn blocks, thot siO<t• at lhe hoghe•t add!e" ol 
tho pa¡¡o. Thot ls olwoyo Bloc• 177,. lleter to Fogure 6-7, """" shows 
on •••mple ot • downword .,pandoble pogo. ~ paae length ot 42,,< 
block• " orbUroroly <hoson •o that the .. ampiO eon be <omporO<I w•lh 
t~e op,.ord e.pondable e<Omplo ohown ·~ <•&ure 8 6-

NOTE 
The """"' PAF •o osed ,~ I>Oih •••mplos' Th,. '' 
doo~ to emphos"e 1n•1 the PAr, os the W•• 
add!e", ~lw>ys delettlllllO' \M low<>l Oddr.,s 
o! tito o•ge, ""olher ,¡ ,, opwofd or dow~w"d 
expondoble_ 

' 8-ll 



~;:;:;;::<:·:··=-~ ... ;·:·:":.:~:·:-:;;;::===~ ; ... . .. 
!ooo ''' " oool [c 10 , 110 0000 1101 ...... ~~~~t· ~r· :.:::! ,,, . "'' ... ~ ... ,. ""~""'"' '"•"'"'" 

To <po<oly ""~~ <en¡¡\~ lor a d""'nword up.ond•bl• pogo, ""'" ccmplo­
ment o! bloc"' ••Qui'"d onto ~~g~ o1te o! PD!I. 

In thio ••omple, o 42-bloc~ ~»&• ;, requir<d, 
Plf ¡, d•"•t<! u !O'I""'S: 

42., =: 521: ,...,., complemen!"' 1,.26,. 

'" 

B-12 

• .. oc ......... 

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

Tho colcul•t•on< lor complementonR t~e numO<r ol ""'"'' •eQUIOod lo 
obl••n the PLr •• •• lollow• 

MAXIMUM BLOCK NO. 
177, 

MINUS R[QUI~ED L[NGTH EQUALS 

52, "' 
1~7 .. 42" 

11.5 VIRTU~l & PHYSICAL ADORESSES 
The Memo<y Mon•genoonl Umt i< IO<~ted betw«n tho Contra! Pro< .. sor 
Un1t •nd \he UNIBUS ll<ldros. ~•••· When ll.<<r.ory Managenoonl '' 
•"oble<l, \he P•oCO»or '"""' lO suppty add'"'' informotton to tho Uni­
bu•- ln<to•d, •ddre>SeS M< >ent to.> ttoe Memory r.:.anae•"'""' UM wl>ere 
tney are roloC•ted by vor.ous conotants compuled w•th•n the ~•omory 
Mbnogemont Un.t. 

8.5.1 ConotrucUon of a Phy.lcol Addreu 
Ttl• .,.,;, lfflormalton noede<l for tho conwu<r•on al a Pl•y•i<el Addro" 
(PA) como$ lrom !he Vortual Md•n• (VA). whoch " '"""'""d on Fo¡uro 
8-8. ond tho apf)Iopriate APR .. ,_ 

• - " """' ... "" ""'"''- ...• 
Figure a B lnto<pretol•on ol o Vrrtuol Add! .. S 

Tho Vorlu•< MdrtS5 (VA) con•;•ts ol¡ 

l. The Act••• Pago f<Oid (APF). Th•• "3-brt freid d<le<mme• whid• of 
o•¡:ht Act"'• Pago ~egt<ters (AP~O-AP~I) "'" be used to lorm t"e 
Pnys;ca• Add'"'' (PAt. 

2_ The D15plocement Foetd (DF). Tht> 13 bit f.eld con"'"' an address 
rolat••• lo lhe be~•nn•ng ora P•@• 11"> pe•m•l> P•R• longths u? to 
4K word• (2" = 8K bytes)_ !he OF " !urtn., $ub<l,..,dod onto two 
f•elds os si>Dwn '" Fo¡u<e 8-9. 

" • • 
1 • ... 

Tho Orspt•com<nt Foeld (Of) con"'" ol; 

1. TM Block Numbor (DN). Th•• 1 b•l l•e<d " tni<'P'<Iod •• the blo<k 

numbe< '"'"'" lhe curren! pago. 

2. Tho Dosplocement '" Oto<' (DIO). ,-,;,; 6 M r.ord conu'n< tho ~.o­
pla<eonont w•lhon the bloc< '"'"""d to by t~e ~'""' Nuno~e<. 



1 

Tho remo•~der of tho onlorrnotion n_,¡od to construot !he Phyooal M· 
d••u comes lrom tho l2·bol Po¡o .o.ldrno r .. rd {I'M) (part or tho ~ct.-o 
Po~ Reg,.lor) ond opecofoes tho '''"'"' odd"'" ol the memo')' "'""'" 
th•l APR deombo>. The PAf ;, oclualoy o Dloc> number '" lho phy•icol 
momory, e¡. PAF =: 3 "'d•c>loo o otortong addre., ol 96, (J X 32 =: 96) 
...,,m in plly¡ocol momo'). 

Tho/ormotlon of tho Phy>oCol Mdress io illustrot~ in Foguro B·LO. 

¡"-=-' ' ·~·· 1: .. ~1 ••• • 1 '" 

' ' • ' 1 --·~ .. ' 
~~.":"' 

' Q-1 
• L--..!., '"'" ' -k·~ • _ _j ...... , .. 1=:.~ 

-~·-·" 
Fo¡¡ure 8-10 Conttrucbon oro f'toy>• .. l Addr"o 

Tho ro¡¡.coo uoueno. in,ot•ed in con<l<uCI•ng • Phy•i .. l Addr••• i• U 
fojlaw>: 

2. The Act,.e f'o¡e roold <>f the v .. luol '-ddre»" u>ed lo ootecr on 
.O.Ct .. o Pop Re&•>ler (~PR().APR7). 

3. Tho Pose ~ddreu f1eld ol lhe >OIOCIOd Actl•o Poge Re¡¡ooter con· 
loon> lhe <tort•nl oddre" ol the cu"enlly ><hve pa¡¡o •• o blocO 
number in p~y>OC:al memory . 

•. Tll& BLoolo. Numbor lrom lhe V'rtuol Adrlreso <0 oddod·IO l~e ~locO 
oumber lrom tho Poge Address F~eld to ''"'0 the number ol 11'• 
b<>clo on physicol memory "'hooh woll conto•n the l'!>y>i<ol AdOren 
bern¡ arn>tructtd. 

5. The Or1ploceonent on B•Ock lrom tho 0•1PI•cement foeld of tho V1rtu•l 
Addreu "jomed lo lhe Physorol Block Num""r lo yiold 1 lrue 18·bol 
P~,,, .. ¡ Mclreu. 

8.~.2 Determinlna lho Progrom Physic.l Addron 

~ l6·bot "rtual oddron can •Pecoly up lo JU ...,,ds. in tne ronge !ron; 
O to 171776, j .. ord bound•roos ''" ••en o~tal """'"""). Tho lnroe 
mosl ''~"'l•c•nl wtual oddron M> deo•rnole lho PARIPDR set 10 be 
referencod duion¡ oo¡o oddre" "'locot, 0n. T,hlo 8 3 holo ttoo '"'"'' 
oddr""'> ron¡os lhol >pe<oly oach of the PAR/PO!< ••to. 

8·14 

' 

Tot.f11, 11-3 ROiaUng VlrtLOOI A<klo .. a toPAR/POR Set 

000000·17776 
020000·37776 
040000.57176 
061J000.77176 
100000·117776 
120000·137776 
140()00.157776 
160000-171776 

NOTE 

PAR/POR S..t 

' ' , 
' • 
' ' ' 

Any u>e el poge lenglh• leu lhoo 4K .. ords 
""'""' hol.., lo be 1e11 '" tne ••rtuol ooa,., 
sp.oo. 

8.6 STATUS REGISTERS 
A~rto gene roleO by the Prolect-on hord"'are ore veclored lhrourh ~ernel 
Vlrtuol looatoon 250. Stotu1 Reg,>tor> #O Md #2 are u•ed lo ~eloro~tne 
"'hY lhe obort occunOd Note ln~t on obort lo • locor.on wl1•<h " ot<ell 
an '""''d address """ cou>e onolher a~ort. Thu• the Kernel pro¡ron, 
mu•l Lnsure ltoot Kem01 Vortuol Addre" 250 " moppod onlo 1 Vlhd ~d· 
dro ... othef"Wo .. • loop""" occur "'hlch "''" requorc conoolo onrer.,.ontion. 

8.6.1 Stotuo Re¡¡isler O (SRO) 

5RO co"'•'"' o~ort erro< "~s>. momo') moOosomonl enob'<. plu• othP· 
e»•nl,ol onform~loM fe<lu•red by an operol•nK <y<l~•n lo f<"C<lv~• tro<n 
on obort or <ervk~ • memo') monosement trap. T"" SRO forn>>t '' 
shP"'" '" ~·sure 8·1 l. lto oddross is 717 572. 

.. 

fo¡¡ure B·ll Formol ol St.lu• Re11•1ler #O (SRO) 

o,¡, 15·13 are lhe abort lfO¡!<. Th•y may b• cuns•<l<red lo h• "' ' 
""pnoroty quoue"" on thot ""flag• lo the ro~hl"" •re le" Otgnof,cont >nd 
>h<>lold be ognorOd. ror e•ompto. o '"non·<O>•Pent"' oboot '""'''" rouho• 
""'uld 1gnoro o•e• len~lh and otce>s cenlrol flag<. A ··pose Len~th"" 
obort ser\toce roulme woultt o~nor~ "" •cce., conl<ol l•ult. 

NOTE 
D•l 1~. 14. "' 13. "'""" <el (oiiOrt con<l•hons¡ 
c•u•• lhe IO~'c to Ir•.,• the content< ol ~RO 
M• 1 lo 6 ond status ree,>~•r S~2. T~,. "done 
lO locol,lote rocovery from the •l>on. 
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Protecl10n ¡, enobltd when on.o<l<lr..,.," Dern¡ relo<:<oled. Th<o im~lon 
thol erthe< SRO, bot O " equal \~ 1 (Memory Mana~ement enabled) or 
thot SRO, ~11 8, os oqual lo 1 •nd tilo mernof'1 releronce is tne tonal ene 
el o clest•notion ulculai!On (m.,nton.an<:o/deston.ah0<1 modo). 

floto lh>l SRO Oi!o O ond 8 con b<t .. , un~er prosram control te pro­
viM meanin~ful mon•ol)' manogement cootrol rnlormabon. flowe>~<r, 
lntor.nat.oo wr.tlen into ol! olher b.\s rs not meonin&lul. o~ry U>ot in­
Jormot,oñ Whkh is outc""'to<olly •11tlen mio th""e mnaming Dlt• •• o 
"''"'' ol t.aldwar< achons rs uselul as o rnonrtor ol !he status ol tilo 
memory monagemenl unrt. S.IMI M• 15-13 under prOj¡rom control 
.. rn'nc! cau .. I<OPI to occur. The•• l>oto, n .......... ,, mus! bO ""'toO 
ottor on obM or trop hu occurrld rn ordor lo resume monrloron¡¡ 
memo"! mana6ement 

Abo<t·Non,.,oldont 
Bit 15 ¡, tl>e ''Abort Nonro.,dent" b't. lt 11 nt by attom~trng lo 3cceos 
a page ....,¡¡, on occe>5 control !rol~ (ACf) key oqual lo O or 4 or by en-

•- abhng rotoco~on wrth on ille¡at modo in tho PS. 

.o\lxlrt-Pa~· l<nglh 
¡¡.t 14" tne "Abort P•ge longth" b1t. 11 •• oet by ottempbn(i te accru 
O <><:at.., in a pa¡t ..,¡¡,a block number (vio1"'1 ~ddrus "'" 12..(0) tn~t 
" oot.,do tne orea ootMme<t by t~>e Pogo Lenglh freid (PFL) o! tne 
POR for tlrat pa~o, 

Abort·Re.d Only 
brt 13 i• tho "Abort-Re-><1 Only" M. 1t ,. ••t by otlompling la ..-rile in o 
"'Aead-Only" pago hoving on occe" ••r of 2. - . . 

NOTE 
Tne"' are no ,..,,ctron, tl>ol ony oboJt brts 
could no\ be sil "multoneou<ly by tho sarno 
o«<-<• attempt. 

Mointononcol!lo·Minotion M<>Oo 
Bll 8 'P"''''"' ma,ntenanco use el the Monrcry MaMgemont l!nil. 11 '' 
"'"d lor dragno>lie purpo•"'· for lno rnstruclion• us.-d in \11< rnrhol 
d•ogn.,.trc prog<am, brl 8 '' '"' so ll>ot ""'' the fono! de>lonatron <eler­
ence " ,.,ocat.-d. 11 is uoolul lo prove \he copebrlrty ol relocetrng 
oddres..,,_ .- • 

Modo of O¡~enl""' 
Brl> ~ ond 6 indrcato !he CPU rno~o (U>•• or Kornol) a.,oc,ot.-d wrlh 
tho page <ou>1n¡ \he ai>OJt. (KerMI = 00, U"'r =: 11). 

Poco Numl><r 
Bol> 3·1 contaon lhe pago number 01 reforence. Pog.,, lrkO bloc~•- are 
number<td trom O ut>W••d• Tno pogo numt>er M ,. u$<"<1 by the erro• 
roco""f)' roulooe !o rdentoly the pago be.og """''"d o1 on obort occur>. 

E,..tlle Relot-Oiiorr ud h-o!Kilon 
B•l O r< lhe "[noblo" M. Whon rt " •~ to !, oll oddreUe> aro rele<:al.-d 

'" 

and protoc\0<1 by the momoty mao•&oment unrl. Whon brt o" oet to ;>, 
!he mornory mooagement unrt 10 d"•bled ond odd•e.s•• ••• neothor '"' 
locoled no• proteoteó. 

8.6.2 Statuo Ae¡istet 2 (SR2) 

SR2 10 lr>adO<I w1tn tho \6-bil Vrrtual Ad~re .. (VAl ot tho bog,nn•ng uf 
e•ch rnslruc!lon letcn Uut '' not U!>d>t<'d il ll•e on•truction lotch '""' 
SR2 ;, rttod ontv; o"'""' ottemp\ '""no! mod•l¡o rto contenn $R2 ,, 
too Vrrluol Ma.-..s Progrom Countor. Upon an ai>Ort. !he resull ol SRQ 
~its ¡;, 14. or 13 boong ••t. '"'" Ir~••• SR2 ""'''tire MO •1>0•1 loaQ> ,.Q 
<'Urea. Tfoeoddre>S ol SR< LO 777 576. 

[~=======··'·'·'~::-"·'·'-;:;·~·========·']-· .... 

B.7 fNSTRUCTIONS 
Memof)' 114onogomen\ proYid"' tne abolity to communrc&te belween two 
•pac ... ~• d.,eomonod ~ tn¡o cu.,eol ono P''""'ou• rnodn el 1ne "•o· 
"'""" Sta1uo ..-ord (PS). 

Mnomonl~ 

MfPl 
MTPI 
MFPD 

·~ 

ln>lructlon 
movolrom P'""'ou• on>tructron •po.co 
mo•e 10 pr""rcus 1nwuetlo~ •poco 
n10Ye frOm pr<YÍOUI d•la Sf"'CO 
m~ pl'6'<iOu> data •po.ce 

Op Cod~ 
006SS~ 

'006600 
l0~5SS 

106600 

The PDP-ll/4~ Memof)' Mono¡oment unrl, th~ KTU-c, implomonts " 
U¡>Or.to iostruct,on ond doto odd'"'" opa~. In the POP·ll/~. thoro 
"no dlHorontiallcn l><lweon int\ructlon or do\1 opaco. The 2 on•tructlono 
MfP!l ond MTPD (Movo to ond !ron• pr...-tous doto $po.Co) oxocuto 1door­
tblly lo MfPl on-d MTPI. 

8-17 



MFPD 
MFPI 

move from prevoou• data opocot t065SS 

006555 mo•e rrom P''"•oo< on<tructoon opoce 

' • 
• • o o • • 

O¡><ratoon: 

Deo.cnphon: 

Eum¡~to: 

(tomp)•·(<•<) 
I(SP)o-it•nrp) 

t<: .. 1 ,¡tiro sourco <0; ot~"""''" Clearod 
Z: ••t '' tho '"""" =0: oth~rwose cteared 
V; <le~oed 
C: u~•H•ct«< 

Tn,. '""'"'""" po•~•• • ""''d o oto the '""""'<toe k 
hOm an od<l<e<.> rn pr011ooo• <pooo. PrO<"'"' Stotu• 
(boto 13. 12) Tho oource ¿ddrt!!<" computod .,.;ns 
H•o tunenl re~O<ton ond nremory map. 

MFPI @ (R2) R2 = 1000 
1000"' 37526 

lhe ••ecutoon of thoo instru<tioo <•U.e$ IIH! conront< o! (r<l.,.-o) 
37525 o! ttoe P'""''""' oddr<<S '"'"" to be pushed onto the cu,ent 
olack n d<tern1oned by tne PS (M• !5, 14). 

8·18 

MTPD 
MTPI 

m""e lo provoous doto opa<tl 

movo lo prevrous on<lruetoon <pace 

106600 

0066DD 

" • • . ' . ~ • • • ;-:-;¡ 
Opo,.tion' 

Conditlon Cod"': 

Do-s<ription: 

Eumplr. 

(temp)~(SP)t 
(d<t) ~(ttmP) 

N: ... , o! tire <Ourso <O; othe"'"e c1earotl 
Z; ..,, o! the oource =oO, othe<W• ... cleared 
V: ore~r«t 
C: ~nah<:ted 

Th" on•truct10n pop< • "'"'" oH lho cu'len! <tack 
dotermr•ed b~ PS (brt• !S, 14) •""' ''"'"' that word 
onto on addfP" in P'evious opaco PS (bol< !3. 12). 
The destonation odd,eos •• computed """8 lhe cur· 
"'"' re¡pte,. ud -mory map. An t<•mple " •• 
tollows: 

~TPI@ (R2) 
R2 = 1000 
1000 = J7S26 

The exocut•o~ ot thos onotrucloon couseo the top wotd of the e""""' 
steck to aet sto•t<l into the ('e~t•ve) 37526 or the P'""'""' tddreos-·-
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MlP\ ANO \~FPl. MOOE O. HGtSTER 6 ARE UNtQUE IN lHAl THfSE 
tNSTRUCT!ONS [NA6lE COMMUNICATIONS TO ANO FROM TKE PRE· 
VtOUS USER STACK. 

MFPl. M00!; 0. NOT R[GISTE.R 6 

"'" "'" '" II'C 
MFPI 

"KM.,.PUM. PSW 
"·-1. -~(6) 
%0 
@#SRO 
%0 

: KMODE. PRn USEA 
; MOVE -i en ••mol olo<k -2 

; ENABlE M( M MGT 
; -(~SP¡ ~RO CONTENT~ 

The -1 '" ~~~ "'"'""' <IKk '' ""'" ropt.cod by th~ c1>10oent: or RO"""'"" 
" o. 
; MFPI. MOOE O. AEGISTER 6 

"'" "" MOY 

"'" '"' MFPf 

#UM.,.~UM. PSW 
%6 
#KM+PUM. PSIV 
,_¡_ -2 (6) 
@#SRO 

" 

: sn Rl6=0 
; K MOOE. PREV USEA 

; ENABLE MEM MGl 
; - (KSPI +-Rl6 CONHNTS 

Tho -1 '" ¡no kornol o~<• ,. now roplact<l by tne conloniS or Rl6 
(u<or <IKk poontor whooh " 0). 

lo obU•~ onro !rom tho" u .. r <tOO k if th~ ot•tu< io '"' lo oernol mo~e. 
pro• uoer. lwo $101" ~·• n..-dod. 

Mf?f 
MfPI 

%6 
@(6)+ 

; B•l content> of R\6~uoor P<IOoW 
:gol"'"' pointo< heno <erool o¡ock 
:un addr..,, o~tan>od to ¡et <!oto 
; lrom "'"'modo "''"g the pr.., 
:moCo 

lno deo•rod data l<om \ho u•« Oloc• """"" '" tn. OemeL stock and hu 
<e~locOd tl>e uur Olock oddre••. 

1 
', 

; MlPI. MOOE O , NOT AEGiSTER 6 

"'" -~ 
'"' MTPI 

"" lA6X: ClR 

#KM+PUM.I'SW 
#TAGX. (6) 
@#SRO 
%' 

@#SRO 

; XERNH MOOE. PREV USES 
: PUT NEW PC ON STACK 
: ENABlE Kl 
: %7~ (6)+ 
;ERROR 
: OfSABLE MEM MGl 

Tl>e ,_ PC lo P<>O>,... olf tl>o """""' <lack on~ oince t~is ,, mO<fo O ond 
Mil rqisler 6 tl\e deotinotion is rqístor 7. 

: MlPI, MOOE 0, REGISTER 6 

·~ "" -~ 
·~ '"' MTPI 

# UM+PUM. PSW .. 
#KM+PUM. PSW 
#-l. -(5) 
@#SRO .. 

; "'"'modo. P~ Uoor 
;utu<OrSP=0(Rl6) 
; K<rnel moOe. P'"' u•er 
; MOVE -1 imo K otock (A6) 
; [noblo M(M MGT 
: %16 P(6)+ 

Tho O in Rl6 is now rtpl~cod woth -l from tno contento o! tl>e '"'""' 
otack. 

lo pfooe inlo en the user stock of tho ototu• '"<tito l.ornel modo. Pr<> 
uoor mode. 3 ooparoto otep• o<t needed. 

MFPr 

·~ MTPf 

.. 
#DATA, -(6) 
@(6)+ 

; Get content ol Rl6~u•er poontor 
:pul doto on curren\ otoco 
; @(6)+ (!Lnol oddr .. • relocot•d)+­
(R6)+ 

lho dota deoired ,. cbtalned !rom tho kernel >IOCk then the do<tonol.on 
addreu ,. obtolned lrom tho korner otaok ond relocotod thrcugh lile pre· 
•ious mO<fe. 

'" 
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M<>Oe Doscriphon 
In ~.rnol .mode the cporahn~ prog<am has unre"u<led "'" ol the 
moclw'" Tl•e proijrarn can no.lp US0'5' prograru ""Y"""'" <n core and 
~""' o•ploNiy 1>'01«1 ~ey ••••• (rnclud•n8 the dh"OCO '"8"'"'' •nd the 
Proc .. sor Stotuo word) lram ¡toe Uoer opeo-aton¡¡ enmonnoenl. 

'lr>u,or mod< • p<oij<am "rnl,brted lrom ••ocuhng a HALT '"'''"'''"" 
•mi tne ptocOU<ot "''' t<•p U>fO<Igl> lo<~t.on 10 ol an olten•PI " maao 
to ~oocute th" uwtruchon_ A RESET rnolructoon rooul11 on <'0Cutoon or 
o NOP (t10 operatiOn) 1nstrucMn. 

The•e ••• two otaCks coii..O th• ~ern•l StoCk aod lho u..,, S!ac~. uood 
by t/10 central proceosor "hen oporat'"¡ on eother ttle Kernel or User 
modo. respect,ely 

St•c• lomrt "'"'""""' ••• droabled in Usor o'tiO<I• StoCk pratoctron " 
pro,ded by memo<t protect Jeatu<Os- .._ 

lnt.,rupt Ccnd<tlcn< 
T~e Mor~c'Y Man~~emont Unrl rolocates all add••""'· Thu•. "~en Man· 
age .. tent ,. enaorod. •U trap, ahM, and onterrunt '""'"" ••e '""''""'"" 
1<> be rn Kernel modo V"tuat AdOrO>< Sp,ce Whon a 'octc<ed transfor 
"'"""· contrOl '' lran<IO"<'d accmo•na toa ne"' Program Countor (PCJ 
oo·J PrO<o,.or StaiU$ Word (PS) contamod m a twO·worO •octor rotcoated 
througt11he Komel A<troo Pago Rog.,ter S•t. 

W•en a t<ap. al>ort. or ontorrupt O<C!>fO the ""ouoh" el "" orO PC, <>Id PS 
"\o •.he User/Kornel R6 stoc< spocrfrod bY CPU nrodo br" 15. 1•1 ol th~ 
ne~ PS '" lho '""'"' (QO = Ko'""'· 11 = ll<o•). TI•• CPU n•ooe bots 
•••~ dOI«m<ne thO now APR ••1. In thrs n1annor •t " Po"rbOe lor a 
~ernet mo(le prog•am to havo complete control o•or ••rvrce •'""""'""" 
lo• aH ootorroot condrtron<, sonco tho rnl•rr!Opt """' '' loc.rted rn Xern~l 
<oace. no K••net progr••n m•~ "'"gn '"" '""'''" of $Ome ol '""'" con· 
~·l<>nO te a U••• -nodo orogrAm by ''"'P'Y '""'"~ th• CPU "'ode 1;1.1> 
el tno •- PS '" '"" vector te retorn control to '"" ooproon•t• mOdo. 

U•er Pro<oS'Of StaiU$ (PSi opera te< •• lcllowo: 

PS Hrto 

Cond, COdo< (l 0) 

T"P (4) 

Pr orrly (7-5) 

Pnv•ou• (ll-12) 

Co·reot (15·14) 

• E•o'"'' operatoon• 
use• •o•ce 

U«r RTI, Rn 

tOaMO lrom 

"''' loadod lrom 

""" connot be 
,ChaMOd 

c•nnot be 
<haMOd 

oonnot no 
ctrange~ 

"' 

Uoor Tr>p<, 
lnterrupl• 

loaded lrcm 
vector 

loo~ed freno 

'""''"' lcaded frottr 
vector 

CCO•Od f1om 
PS (15. 14) 
looded lfOm 

'"''"' 

E•plrcrt 
PS Acc ... 

• 
cannot ~ 
chang<'d 

• 

' 

•' 

' 
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TERRlJPT S'<STI.'::OIS 

S-9. Simple lntrrrupl-<,y•t~m Op<·ratioo,. In an intcrrupt S);tenl, " 
dovicc-fl.tg lcvcl (INTI:KRlJI'T RH,lUEST) int<·rrupl' tho rotnpuler 
pragram an campldion of lho currcnt Íll-<!riiCli<>n. t•roc"""r hardwar~ tbm 
uu""' " .,.brouline jump {Sec. 4-12): 

l. Conlents of thc incrcmcntc<.l pro~n•m countcr and or"othcr sclcctetl 
procesror regí <ter.• (if any) aro ~utom.otically sa,·cd in spe;:ific memO') 
l1>1:.1tions or in span: f<'gistcrs. 

2. Thc pro~ram cnuntcr is resol In st.orl a ncw ""lntction scqucnrc 
(interrupt..,.rvice •ubroutine) from a s¡><.><:iflc mcmory location ("trap 
locatinn'1 as<ociate<l with tho imcrrupt. Tt.c interrupt 1hus acted 
tJpon is disahlrdso tha! ti cannot intcrntpl its own '""'ICC routine, 

Minicomputcr interrupt-service rnutincs mu;l u•ually fi"t sar·~ ¡¡,~ r<>~­
l~nl> of pmassor regi<urs (such o.t acmmularor>) ~·hich orr nr<tl<á by llrc 
moin ¡rr~gram, hui ovhic/1 QFC no/ ·""'~d aJI/mna!Jcally hy rlre lrarcl>mre. We 
mighl Jlso ha••o In savc (and later restorc) sorne p<riphcral-dcvice cnntrol 
~'<'gisters. Only then can the actual intcrrupl scrvitt proe«d: the service 
routmc can lransfer data after an ADC-cnnver>;ion-compktod interrupt, 
implemcnt emcrgency-shutdown procOOure< aftcr a po,.cr-wpply failure, 
et~. Either the serYie<: routine or the interrupt-sys\em hardware must then 
d~ar lile inturu¡>l-causingjlag to prepa~'<' it for nev.· interrupts. Thesof\ice 
rou:ine ends by rt•storiny rrgisrer.1 anJ progra~tt raunt,•r ro roum /" rlre nriyina/ 
pogrom, hke any subroutine (S.e. 4-12). As thc servicc routine romplel"" 
Íls jnb. it must allO ree=blr /he inlermpl. 

EXAMPLE: Cnn.,dcr a simple minicomputer which storcs only thc 
program counter autom.atically aftcr an inlerrupt. Thc intcrrupt-scrvice 

; routine ¡,· to re,ad an ADC after it• conve,.ion-eompletc interrupl. 

l.ocarion l.abcl 

171 J 

¡~,rruction or Word Dala 
(main program) 

current insrructioo 

Commml\ 

1 lnterrupt occu" herc 

0000 1714 1 lncrcmen1C<I pro~r~m 
1 ro~n(cr (1714) will be 
1 <l<>rcJ hcre hy lurd· 
1 w~rc 

0001 JUMP TO SR VICE 1 Trap l<>e~tion. C<.>nlain' 
l jump 1<> reloc.Linhle 

3600 SRVICE STORE ACCUMlllATOR tN SAVAC 1 <cni"c rnulinc 



;ooo ,., 

,., 
l60J 

"" ,., 
'714 

'" "tfOFA<I"; 1111- "'~"<>'<PUl .. \'1111 lm: Olll"ltll. WOtLD '" 
S~VICE STO RE ACCUMUlATOR IN SAVAC 1 SHve accumul·•ror 

AEAO AOC 1 Rcad AIJC intn 

1 accumulat<>r ;~nd 

1 dcar ADC n:<g 
STORE ACCUMUlATOR IN • 1 Store ADC rcading 
lOAD ACCUMUlATOII SAVAC 1 Re;tore acCtlmulatN 
1!\ITEARUPT ON 1 lum lntcrrupl back "" 
JUMP INDIRECT VIA = 1 Rcturn jump 

(main program) 1 lnterruptcJ pr"gram 

1 conlinues 

:-rOTF.: lmerrupts do not work when the compu1er is HALHd, M'> "" 

ramror te JI imermpl! "hen .<ttpping o progrom monua!ly. 

S-111. Multipl~ lnlorruph. lnterrupt-system operation would he Simple if 
thcre were only one po"ible ><>urce of intorrupl<. but th>< is pr•ct"ocoll} 
n~''" true. Even a ¡tand-alone digit~l computer usually h"' se•e••l 
"lterrur" curr<>pot><lins w ¡>eripheral rn•lfuncl•on• (t.< pe unil out of to¡>e, 

printer out o( F'"l'<'). and flighl simul:otorS, <pace-v<:hicle controlkr<, and 
proce.<-conlrol 'Y"""'' m ay ha ..e h1mJr~rlr of ditl"ercnl interrupK 

A procticallnul!ipte-inletrupi>YStom will havc lo: 

l. ~Trt;p" tho pf01:J11m ro dill"erttll memory l"""tions corrtspond1ng to 
'~"'"'~e indtvtdu,,l interrupts 

2. Assign pr"•orili<"'> 1<> ,¡,"¡"'"cout or succe!.,ve inlorrupts 
). Store lo"u-priority 1nfctrupt .-..quest• lO be serviccd after higher­

prionty routinos are completed 
4. Permlt high~r-priority fnferrupt• lo int<-rrup1 lowcr-priorily .oni« 

routfl>t< ~• soon as lbe return addreS> and any automatically M•ed 
reg»tcr1 are s:tfely <tored 

~otc th.tl progr•m• and/<>r hardware must carefully •••• s\X'tesohe 
lt>rh of PtO!!fam-rounter and re¡:Í<I~r conlent<, which will ha•1: lo be 
r<:<:Mercd "' nectlcJ. lntcrrupt->y>tcm programming wi!l be furthcr 
di>eusscd '" Sec. 5-16. 

More sorhistieatod <}"<tem< will be able to '<"U«it¡n """' priorilieJ t!.rollr/• 

P""l""""'•'•l i•"''""'"'"' "' thc ncctls of a proc-c" <" f""f"'"' chang~ (>ce 
:th<> ~c-..:>.~. 1 ~. 5-14, a11d 5·1 N-

~ 11. S~if>-<'hain ld<ntifinti<>n of lnttrrupl<. The mo;t primllt'<(: m<>ltiple­
iutcrr\lpl 'Y''''n. ,:mrly OR al1 intcrn<pt n,•g• onlo a "''flh' i"'"""P' /ine. 
"/'loe mt,•rrup• -"'l"iU '""'¡"~ th,•n mrpla•·s """""/>kip illrtrurtlom (Scc. S .JI) 

'" lnl 'IIC<'o J..,·;.-~ f/uy, ¡,. ""''"' 11( ,¡..,, r·ndo~r¡ (>ri<>riry. 

,._, 
Pk0< ••• '<·C<l' '""'-'-' u !~ 1 1 •o< 1' 1 """"' _...,/ 

Suppuse thut the oimple inlcrrupt sy,tenl d•1cu"ed in ~c.:. 5-9 "''" 
conn.xte<! not only to the ADC reque,tin~ ,.,,vioe but al;u to ·\·n>crfcnq .. 
inlcrw¡n' from a fire al•nn and from the c<>mplll<r puwcr lllpply (Scc. C-1.\¡, 
A skip-<Ohain .. ,-v,ce routirle with al'rro¡>ri-ttc brand"·' rur lirc "b""· 
emorgency •huldown, ""d A DC might loo~ ~~~~ thi> (<>ni}' th~ A DC ''"' '~" 
r<>u1ir1c Í> actu,JI; shown): 

SRVICE SKW IF fiAE·AlARM '~' cow 1 Fire aJ,¡rm~ 
JUMP TO FIRE 1 Yc<,~nW'<'tlice 

i "'"''"' SKIP IF POWER FLAG cow 1 ~o; f'O\\CHilppfy 
1 \mu~k'' 

JUMP TO LOWPWR 1 y,,, g<> to 'orvicc 
ruuttne 

SKIP IF AOC DO,.E '~' cow 1 ~o; ,\J)C >Cf\ÍLC 

1 '"~"''''.' 
JUMP ,, '" 1 Y es, servicc ·,¡ 

JUMP " El! ROA 1 ~o; •ruriou, 

1 inlcrrupt· prir1 1 

1 ""''' me'"'f'C 

'" STORE ACCUMULATOR '" SAVAC 1 A [)C '~" ic-~ routinc 
REAO AOC 
STOR€ ACCUMULATOR " • 
LOAD ACCUMV\.ATOR SAVAC 1 Re'lore ·"'Cumula•"' 
I .. TFRRUH 0 .. ¡ Turn interrurt; b.,.-~ 

1 "" JUMP I .. OIRFCT "' - 1 Roturn jump 

The skip->'hain system rcquircs only simple clcctronics ;~nd di,p0'"' o! 
the priority problem. but the flag-sensing program is time .... ·omum>n~. 
(~ devicts may requore log 1 n succe>Sivc dcci,iom e ven ·,¡ th< ll,t~ '""'-"~ 
is done by succc,ive hin.lry decision-.). A •<>mcwh:tt f'"'"' mcllli>J ¡, 1" 

employ ajlug <lutus ... orrl (Sec. S·8). "hich can be tc-stcd bit by btl or ""''' 
lor iodirect IO.ldrt«ing of different se.,. ice routincs (~ec. 4-ll<ll-

Note also tl>a! our pri>niti<'<' ORcJ·intcrrupt <ySiem nHt<l ault>"l,IIÍc,tll~· 
di<ablc al/ mlcrrupl> "' >oon :u,J as long as :my >nleorupt Í> f<'<-'<>~n:/c~l.­
Wr cannot intcrrupt e•·cn lo" ·p•'or~ty imcrrup!·"'rvic·c wuti no<. 

S-12. l'ro~rom->'ontroll...t lntrrtupt :1--lo<~in~. lt i< <>Ocn '""'"11<> ~"·''''" 
{ann) or di.:tblc (<f,,..rm) indilidu"l inlciTupts under "'"~'-"" '"":"': h> 
n1ee1 <flOCÍ"I contl<tton•. fn>f'•o><d mullirle·intcrrupl >)'>!.'"'' ~··"'' itL<il· 
vtdual inteiTitpl-rcquc<t linc' wit!> ma<k ltip-Hop< w~"h c.111 ¡,- ,,.,! '""'1 
by pro!'rammcJ '"'"""'ion<. Thc or<!orcd -..:1 of n>a<k !hp-f. . , "'"·''!_,. 
lrcal<:<l ;"" ct<ntrol re![i<ter ¡iotnrupr mo'k rc~i,h·r) "'"'1'" '"'"'cd ""'' 



~·¡ '"'"" 1111 \11'1{11'\Plll• I'HII 1111 O~l~<IJI """'-" ,. 
·'l'l''''l"'·'l" u,,,,,¡ ¡, fro111 .111 occumulotnr lhrough ·' progn11111\1CJ 110 
Lll'-lraclhlll. GroLLP< of inttrrupLS ~ullc oftcn hove a common ma<k fl1p· 
fl<>p ,,,_.,, .11"' Se.:. 5- ¡ 4f. . . . . 

,1 '"" import;¡nl npplicati<•n of pmgrar.Lmccl ma<kmg lll'lru<lwn; " 1<1 

~¡ 1 ,. 1,-l,~t•·d (IOrlÍ<HI< of m>in prugrom' 1"' 11dl 3< intcrrupl·.,..n kc rnutinesl 

~'"'''"' or 1'"'« prol<<lioo from iol<rrupl<. 
N ore th"t ..-e will ha veto rc;torc thc mas k rc~i,ter on rcrnmLn~ from any 

IILIOirnpHc'C''icc rnutmc •vluch l-.. 1s Ch.lnfcd thc n1a<k, so p~ogram _or 
h:orJ"""' must ~cep track of maú ch3ngcs. We mu<t also <t•ll prov•dc 
pro~r" """'-d in,trllctiom lo cnablc ~nd di<3 bk !he entirc interrupl •y<tcm 
"lllwut ciLang•ng thc m••k. 

t:XAM I'Lf,: A '''r-rlwi" '-"''"" ~-ah nw>k jhp-_llop•. Ad<ILtio~ of ma>k 
IIL¡Hl,,1, ''' '""' •imrk sl<ip-ch,<in imcrruri ;y<tcm (Fi~. 5-91 makcs 11 
pro.-. 1c.11 tu 1nLcrrupt Jo,.cr-prÍOnl)' •onicc routincs. l::ar/1 .<1<rl1 roiU"'~ 

'""" """- lwtr ;1, """ ,,.,.,,,._,. larm;,., '" wn· ¡/..- prowum roum,·r. and the 
m.L<k nw<t ho r~>lorcJ boforc the in tcrrl<pl ;, Jisnu.,cd. The A DC >ervicc 
1 "" Linc of S ce. ~- 1 ¡ ¡, m0J¡r¡,.,¡ .,,, rollow< r•ll mtcrrLipts are init Lally J LS.!bled): 

"' STO RE ACCUMULATOR IN SAVAC 
LOAD ACCUMULATUil 0000 1 Sa•·c rrogram 
STOR[ ACCUMULATO~ IN SAVPC 1 countcr 
lOAD ACCUMULATO~ ,\MSK 1 "'" ST!JRf_ ACCUMULATOA IN SVMSK 1 cutrcnt mosk 
LOAD ACCUMUlATOA MASK 1 Arm bigber-
LOAD MASK REGtSHA ' • prinrity intcrrupt• 
¡¡,T[RRUPT ON 1 En<1bie inlcrrupl sy.rem 
REAO A!JC 
STOR€ ACCUMULATOA L~ ' LNT(AAUPT OH 
LOAD ACCUMULATOR S\IMSK 1 Re;torc 
LOAD MASK REGLSTEA 1 P'<' LOU. 
STOAf ACCUMULATOR MASK 1 ma<k,and 
LOAD "-CCUMUlATOA SAVAC 1 rC<Iotc <ICCLJn1Uiator 
INTEAAUPTON 
JUMP LNOIAECT VIII SVPC 1 Return jump 

~LI1Cc ""'" mtmcnnLpulcr """" '"~"'"" c.wnnt f>c rcaJ hy lhc pro~ram. 
the m:"'- <elling ¡, JuplLcatN i11 the mcmUL}' l0<:.1tion MASK. Somc 
rnin ¡,_.,,mputcr> k ~-· I'DP-~. l'f) f'-15. Raythwn 7061 alln"' onl} a re;¡nc-ted 

wl nf """', "11d ;lrovide spcc1al iilstruct it>n> "hich >implify """" s:ovong anU 
""lnrin~ hcc al'o Scc. 5-I SI. Machin._., ha\m~ two or more accumul.tlor< 
""''"'ene nnc ofthcm to ''"re tho mo'k 3nd thm sa•e mem<>r;· rcfcrcncc,, 

. 

rx"'"'''-""-""'-'rl <""-'"' ""1''-"'''"'~' ''"'" 
o~""""·''' 

00 ""'<""' 

---------
l'ia- '-O. '"'"'"1" "'"''"' lt>< m-"' ~rp '"'1""" t=<al "' <Onlm[ ">'"'" '"""' ""'"''"'' 
• ho<h """ ¡., .:~,,...,¡ '"" ICI!Id,.¡ n, 1,0 ""'"'"""' 

5-1.). PrifJrÍl}·int<-rru~l S~slom'; lüqut•'I/C.r2nl Lo~ic. \Ve wul~ rcpl.!c"C 
tire skop-ch.<in •y><cm of Scc. 5-J 1 ,.,¡h l~tmi>-.Y!T<' for pol!m~ >U<;€r'<<i.-.:: 
intcrrcpl lincs in order of des..--cndtng priority, bulthi• is >IÍII rdatively ,¡o,. 
JI thcre are many imcrrup". Wc prcfcr thc ptiofil}'·reque<l lo.uit· of Figs. 
~-10 or 5·11, ,..h,ch can be locareJ m 1hc proccs.<or. on spcci~l int<rfoce cords, 
and/or on individu~l de•·ice..:ontrollcr cards. 

Rdcr to Fig. ~-lOo. lfthc ÍILl<'rrLLpl ¡, not di•.•l>kd by lhe '"·"" nip-n0r 
or hy the PRIORITY Ji'," linc, a 'onicc rcquo" (Je1 icc-fl:og le>'d) will se\ thc 
R(QUEST llip-flop. which is clodcd hy rcra><Jic r<occ<..-or pul"'' (liü 
SYI'>C) to fll thc 1''""''-""' cydc ,,nJ 10 time the priority deci<ion. Thc 
rc<ulting tímcd I'RJ OR 11 Y R r:!Q U I:ST stcp ha' """'' job': 

1 . 1t prcenablos the "ACTIV~:·· flip-flup hclongíng to 1 he samo intcrrupt 
ClfCLIJI. 

2, lt block< lower-prionty intcrrur"-
J. 1t inform• thc proccssor that un intcrrupt ;, ,.-anted. 

Ir 1he intcrrupt systcm is on (:<nd ,r lhe<e are no <iir<"Cl•mctlL<J<}'·•""""' 
rc~ucsts pc11ding, Scc. 5-171.t1Lc proccw>r on<wtr< ,.-,th "" lr"'Tf:RRUrT 
ACI\,,0\\'l.EOC.E pul,.. jusi beforc the ,-urrent in<lructiun "con>pleted 
(1'·~- 5·131. This '''' thc prccn.,blcd ··ACfiVfó .• Díp-Dop. >~h•ch nnw g:.te< 
thc correct ""P addrc" onto a ''" <>f hu< hnc•--tbc intcrrupt " oNi1o. 
INTERRUI'T ACKNOWLEDGE abo resol<,// REQUU.<;T nip-flnp< '" 
rc;ody them for rcpc.,¡cd or ncw prionly re~""'"· 

[;,eh mlC«Llpl ha< 1 hrcc Sl:llC': in•ct ¡,.., "-"' LlÍiiJ: (<icVÍCC·Ibg n L¡>·llop 'CII. 
and acliYc. Waiting intcrrup" "iJI he '<-"I>'Íc"Cd ;" <oon "' f'<""hlc. lllll<·" 
rcset by program or hardware. thc dc,·i~o l1:1g m.nni;Lin' lhc "" ;¡ÍIIIl~" '';<le 
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r,.. qo._ ""'""'"'"'"' Bmio! ·~u<O<oo¡ ¡.,,;; r..- """ J""" (>« ,,.., lh< ""''"' J<>o•••• or 
1-o¡ H C1. Th< Al 1\. ~OWI.t1JC.Jc hn< '"""'"'"" w ,, momup!>o>• th< <h.,o, No!< h"w 
Lb' llip-11"1" ·"' '"'''J h), 1 h< P"'"'""·>Up¡oh"l, 1, () "'"(' P"''"· ~lA~ 1 1 .• l'l ''"' >• 
"""' ¡., ol~ P'"""'"" ~~"""" ['Ow" "'"'"'..J ""· ooJ lhcu"d'-' '""'"'' r"'"""''""· '" 
!<K1 ftop-n.;,.. onooulti. "'"' J"'"""' mo-J""-·""'"' ,¡ 1h" '""";1 .,;,, "'" ,¡.., Fo¡. S-1 " 
S•tnol.c ~'1" ;. v..:J ¡,., "'''"'""""'"'·"'"~ '"''"'~" 

\\hile highcr•pnorlty ><n·i~ rouline> run Jnd cven while '" int~rrupt " 
doo,>rmcrl '" v.l11le thc cntirc inlcrrupl 5ystcm is turne~ off. 

~~~- T'riorlly T'rop"~oriun ;on~ Prinriry Ch•n~N. lhcre aoo lwo ba,ic 
m.·tlu"h fur •upprcs.in¡l lo,.cr-prionl) intcrrupl>. Thc r>r<t ¡, lhc "irod­
prioril)'·r·hi!l mctho<l illu,tr:.terl in Fi~ 5-10. Rcfcrrinr. to Fig. 5-10", thc 
I'IUORITY 1~ tcrmin:ol "f thc lowc>t-rriority dcYic~ " w~rcd lo thc 
I'R IOR ITY OUT 1ermina \ o f thc• clcvic-c ••il h thc nc•t-h1~her priority. ;rml 
"' nn. Tl11,; the tomcd rc~uc'l> fro"' highcr-p11oril) rh:vi,-c, hle>ck l~v.cr­
pti<'r>ly '"' '· Thc PRIORITY 1~ tcr>11inal'of tire hi¡tfw,l-prinr¡tv 
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H0- 5-106 ood '· Wu""-'""" p""'"'-~"'P'~hon '""""' ''"" '·"'" ouh"'""' 1.00,¡ 11 , 
""":"1'-J "uon~l ~~-'·'>' Lh< P'"I"~'"J ~ 1 C)ll L'i1 P.o¡>·11o•r ,,.,, <1 ·;; <. 11 '"1 ¡,_; 1'1 '" o,, "'"· 
11>< >~mr~ '"-''" c/1 •v.l· ""' >houiJ ""' t.." m<>"' "'·'" 1""' '" ,_, ¡,,.¡ ,. ''" """" .,, 1 ·,, ,_ '" 
bypo.»e> P""'"r;nn'b"'"~ "'P> kl< r,,,., pn>po.p.o,..n """".! '"' llof. IOJ 
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"'·"''' "'""1·" "'""" ,.,,_,_ 
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"n "' •n '" 1"' """ """'m • "'' 1" 1"' o >U"'""- "'""' n "" 
J~''""" lu<u.tlly ,t ¡>ul'<r·fJolurc, par.ty-<rwr, or rc•l-tomi-dn~~ intc"upt 
10 thc rr"'-e;""' ot>elr} conn«ts to " proce«<>r n.p-nop ("mo<ttr-=t~a'k" 
tllf'·llop), \1 hich can thus """ nr Jj,.orrn thc cntiro ~h~in (f'ig. 5-I Oh and r). 

rhc ¡;nm ruta rrograno '·"' lu ,,¡ """' .,., r'''"' n il' · ltor< (Fig. 5-! Ool "' 
Ji<amt !O:h:.'lc~ intcrrurt< in such a"'''"" ,-h"in, bulthe re!,uivt rrioritic< 
of alt .tnn<~ interru~t< '"" dctcrmined 1>¡ thclf ?O'Ítiom 'n the chain. Jt i• 
I'O'"bk, thou~h. 10 .hsir.n t" o or mure olilkrcnt priontics !O o givcn de vice 
tlac: \\C C<11111CCI it to two or more ;epar.tlc p11nrity c•ircuit< in thc chJJn ami 
arm onc nft~cm ur.dcr program or Jevicc contml. 

J"i~urc 5-i 1 ollum:~tc, t~e """"~d l¡p: of priority-pror-1gation logic, 
"h>eh perrnrts cvery mm~d 'ont""'P' to ,..l-1\> RF.QUEST n-tr-t',op_ 1he 
111nffi I'RIO!HTY REQL'EST ,lcps frnm <ldTeront interrupts .110 combined 
m a "primity-arbilrotion"' ~"'" drcuit, which l<t• only the htghe•t-prionty 
REQL'EST ,tcp ]M~< tO pr..:n:tblo i" '"ACTIVE'" llip·~op. Some ]¡,rgcr 
dtf,ll:!l comrutcr> imp'ement dyn.omic ptiority reJIIOcJtion by modifying 
thcir priortty·ar~itr.ttion logic <Jnckr pro¡•ram control, but mo;t mmi· 
comput<rs are cont.:nt "'ith prograMmco.! m~>king. 

The \"0 rriority·pmparotion ><:~emes can loo: <r•ml>ined. ~vera! mtni· 
cnmputcr ')"""" (c.g., PDI'·9, I'DI'-15) employ four separato wired· 
priority ch:tin,_ each armc.l or di'""""d by a common "mll>l<r-m11•k'" 
fltp-llop in the procc•wr. lntcrrupts from the four chains are combined 
through ~ prioro\)'·arbitration nct,ork "'hich, togcthcr woth the prograrn­
controlled "'n,;,tcr·m:<>\." llir·llop•, est.lblo<he> the rclattve prioritics olthc 
four c·h.tin,_ 

S-1~. Com~lcto 

dro<!i Tnn>fer. 
l'rioril)--inTOrrupt Sy~lcm•. (o) l'ro¡:ram-controlltd Ad­
lhe "ACTIVE'" Hip-llop in f'ig. S-lOa or 5-11 place< lhe 

>l:>rting .H!Cr~'' of thc cun~\ intt:rrupHcrvicc rmtlinc on a"'' nf a<l<lr~" 
linc" ,.,,,,,..>n 10 :LII intcrr11p\'. Aulomatic or '"h;!rdw;trc" priorily· 
intenupt >)'<Iom< "ill thcn imollcdi~tcly tr~p to the dcsired •ddrc>< (S~. 
S- 15~1- Kut in "''' n¡ <mal! counput<" (e .J!., PD P-8 ""ríes, S U I'ER ~OVA). 
tho prtnnty logtc ¡, oniy an :otiLI-on e;.,,] lor" b:t>ic >inglc·lcH'I IOikd) 
mtenurt sy>tcnt. Such 'Y''""" cannot acccss diiTcr~nt trap addrc-,~, 
d•nxtl¡. Wuh the inlerrupl <yst~m on, ~.-er_y PRIORITY REQUF.ST 
d•·•hk• furthcr imerrupts ""~ '""'"' tht progrom lo trap lll r¡,e wme 
mcmNy loc·;ttion, '·') 0000, antllo '"""lile prngr:~rn countcr,ju" "'in Sn'. 
5-~. Thc ''"P loc:ttion contaio" "jllmp l<> thc scrvicr routinc 

SRVICE STOIIE ACCUMUlUOA IN SAVAC 1 Cnlcs• wc Oavt 
1 ,, •pare 
f <LCC"UffiLtl:t!nr 

A~AQ INTEARUPT AODIIES5 

STOR( ACCUMUlATOR IN PTA 

JUMP I"DIAECT VIA PTR 

"'' < ""''' t H. ''""'"" 1 -1" • ""' '1' r "" 1 '" 

IIEAD I"HIIIIl!PT /loDDIIE$S ¡, :!0 ordinOf)' ]JQ instrucliOn. "~;,.¡, cn>plo¡' 
a de>·ice selcetor to r<•d thc in1Crrtlpl-.,l~rc" lme> int<' :~e ;•,-.,·uromLoi<or 
(Scc. 5-9). ']he 102 plll'c ftc>m thc dc\ic·c >e'ech•r 1-,•.c <et\c' "' thc 
1\CK!"OWI.EDGE pul>c in f'•s- 5-J(],-¡ or .1-11 (rn f.«:. ::1c --,\CIIVl:· 
llir-flop c:~n t.: ominc.J ;n th» ,impk >ystem)_ Thc prn~r:tM :'•en :r:m,r,-., 
thc addrts< "ord to • po'n•er ]o,·.uion PTA in mcmof\, ,1n.O "" ;,"tirc,·t 
j<1mp land' '" wherc \\C '"""!o he. . 

Unfortun.llCIY, the '""'tce routinc for eaclo inJ,viJu:o: ,•c,ice, '"Y f,, 
an ADC, mus! save ami rc,•ore pro~r•m countcr, "'-"'· ,,,¡ :occu.,L: .. ,ur 
{<te ai'<O S«. 5-1 n 

'" lOAD ACCUMUlAlOA oooa 
STOAE ACCUMUlATOA 1'1 SAVPC 

lOAD ACCUMUtUOR SAVAC 

STOAt ACCUMUlATOA '" SAVAC2 

LOAD ACCUMUlATOR M~.SK 

STOAE ACCUMUlATOR " SVMSK 

LOAO ACCUMUlATOA MASK 

STO~ E ACCUMUIATQR MASK 

lOAD MASK RlG\STEA 

INTEIIIIUPT ON 

HAD AOC 1 L',c~ul "-"'' 
STOIIE ACCUMUlATOA " • 1 ,•,,,~ >lni.' here" 

I"TERRU"T OFF 

lOAO ACCUMULATOA SVMSK 

STOAE ACCUMUlATOA MASK "' LOAD MASK A~GISTER '"' LOAD ACCUMUtATOR SAVAC ' IOHE~Al!PT 0" 
JUMP I'IOIRECT VIA SAVPC 

~o te that mol\ of thc time :~nd memory u>ed up hy thi• rnu' ne ;, ,,,,¡,""<! 
dcv<>tcd to '!oring and "'"ing regl'ttrs. 

{b) ,\ Fully Aurom>ll< l'"llard.,orc") l'riurity-inlcrrup! "'"<m. 1" '"' 
aulomoli< or "h3Td~oro'" priorily-inl.,rupt ')'l<m, the ··.1C: :n;·· Oip·l!"l' 

in Fig. 5-JO.u '" 5-11 gdiC> the lr:tp a<i<lrc,; oflhc dCILve :•,<crrup! tnl<> \he 
proceosor mcrnory adUre<' rcgistcr '" 'oon '" thc cowoot •o,•ru,;ti"" i, 
completcd tFig. 5-1~!- Thi< rcquirc< spo.-..:i:ol ~ddr"'' lin.- ·n •he '"f>IL!I 
out pul bus and " lmle .. tra prvcmor To~ic. Thi' h."~",. te '>u" '"'!''""'~ 
respon•c tlmc and simp!,r,es programming: 

l. Th.- pru~ram rup• imm,•diatdy lo a diiTc"·nl trap ¡.,,.,¡.," fnr ,-n~h 
inr~rrupt; t!oere i< no noe<l (or thc progr:om tn i<\enl,') '''" '"'~" nrt. 

2. Thcrc Í> n" need to -:L\·e rro~rano cottrotcr :on<' '"" '"" ""''"" '" '" 
Se-e,_ 5-1 1, S-12, :.mi 5·15a. 
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ti~. ~ll. 1'"''"' "'·''''"' for rho pn<~nl¡-on1<rrupr lu''' .,¡ f'og¡ l·IC• .ond l-11, 11>< 
ACK NUWlLDGE ru:'"' ""''¡"' ON """' ;h, tr:•r ,,J,! '"' ;, """"'"'" l<lth" ;.,.,.,.¡,,d¡ 
O'<f >p<<•.ol oJJo<>< ''"" O< h) ' prnJcomm<J '"'" 0.1 onl 

In~ typíoal sy,IOm, e~ eh h~rJw"re-Je.ignateJ uar IO(:at;on is loadcd with 
~ moJifoc\l JU M P ANO SAV~ imlrucllon (Sec_ 2-1 1 ). lb cffe<l!ive adJt ""· 
'"'Y SRvoce. ";:¡ ""'" the intcrrupt rctum aúdrc'> (plu' •omc stalu< hi~>); 
t~i, is follo~ h) the in1<11Upt·<<rvico ro>utinc, which can be relocalablc; 

S~VICE XXXX 1 !ncrcmcmcd progr•m· 
j count<r teading 
f freturn addr.._,¡ 

1 ""'ed hcrc 
STORE ACCUMUlATOR IN SAVAC 1 S•vC~CCUlnul•tor 

LOAD ACCUMULATOR MASK 1 Save curf<"nt 
STOR~ ACCUMLtlATOR " SVMSK 1 mas k 
LOAD ACCUMULATOR MASK ' 1 G" 
STORE ACCL>MULATOR " Mil SK 1 ·~ WAO MASK REGISHR 1 m~;k 

INTER~UPT '" REAO AOC 1 Actual work begin< h~r11 

S•vmg !;ond l~ter rcstorin¡:) the intnrupt masl in thi• progr;om ;, the samc 
·"in Soc•. 5-1:' ;md ~-15d an<l ¡,,.;en lo be quite ;o cumbc"nmc oper;otion. 
A lm'e e<ll.t JlfOCC"0' h;trd w.trc c.on ,¡"'phi y 1 hi; jnh: 

\. \\'e ~-~n C'HilhÍTIC thc LOAD MASK HGISHR and INHRRUPTION 

1 ~ 1 
1""' """ '" "IIORt 1'1-"''''" 11 '''"'' ''" "'l"ttf'\11<1" '.' ,, 

l. W~ """ """' only m•'~' di<:trminr ,,¡¡ imerrupt< ""h priorui" h..J,..,. 
le•·d !.C. 1 Such •imple """k'·"" ~-";cr 1<1 "'"" :Olll<•· 
malic.t!l)-

ln the O'Ort •ophiltÍc•ted interrupl syste~"- ·~e intecrurt ''''"'"·iutw> 
instruction is re pi JC'e<.l by d •pcci,~ imtrucÜt>~ (~ ETUA '< FROM oro/TEA RUPT¡, 

which auwmal1collv rc>lort·, ti" prognom-cc•U"'"' oe.tJin~ atld .di ,,.,,,,_ 
ma1ic.1!ly <a1ed ro~i,lcr>. lk '"'" w conoultthe inlcrf.o,-. nwm1al ror )""' 
own minkor.1pu:..- :o dotcrmine "hich h~ró•.uc fe;owrc> ;om! , 0 fl,.;uc 
lechniqucs are a•ail.•hle. 

~- 16. DiN<U"Ínn <>1 lnterrupl·N~\Iem h-31UtM ond .\pplkatiom,. 1 nlctrll rt' 
~re thc b'"'c mec~anism fN <haring • dig:~a: cc-'llru:cr !>.:t"-c<:n <E'forcm. 
olten time-cri:',~tl. •a•b. Thc proclocal d'ú:"cnc" of a min'conorutcr 
inlcrriopl 'Y>Icm will ~cpend on: 

1 _ Ti>e limo n•o<l..r to s.enicr J'O',jbl ~ critkal •itualion• 

2_ l"b<-tot•T ti m~ •nd pro~ram ooerhead im¡><';e.! jy '·" ing, restoring. ""'' 
mu•k ;.,g orenuions ~"oci"tod w•lh inlcrrc p·s 

J. The nur>lb<or ufpriomy lcvcls necdcd •·ers•J• :!1e number ~llich c:.n b, 
re•.!ily imp!emcntr:-d 

4. Pro¡:ramming r.e.rb!lity and convcnience 

The minimum time needcd lo obtain •crvicc" :: ~nc!udc: 

L The "rav." l•toncy time, i.c .. the lime """.!~<! to complclc the longc>r 
po,.ible pn>ee.<or instruc1ion (induJ;~g ''")' in~ire,·l ,1JJres>in¡•l; 
mo;\ minicompulcr> "'" al"' de>i~cd >c< '.!1"1 lile P""<«M 111:'. 
always <>ccutc t~e imtruction follo"ing an; 1!0 REAO or SE"SEI 
SKI~ instructio~. We af<" <Uf<" ;·ou ,.,::X :·'>le 10 tcll why: Ch<d 

ynur int<rfacr manual. 

' The lime needcJ for ;my """"'""Y ;;1ving ""~·"' m;<<l.ing ~per.1 :ion. 

A loo~"' the intcrrupt·scrvi~ progr~m' o' S<e>. 5-ll, S-12, ~-15,,. anJ 
5-15b woll illmtratc how suc.:<>>Jvely more ;o;o~-,,;c,ncd prinri:;-int~rrupt 

sys\cms prrwidc [,,.ter >ervicc wilh le" o>er.'>cd. You shuuf<l, '""'""''­
tale a hard·noscd :ottitude lo e>tablish .. ~et~ec ;oo reall;· nc•c•,! :lw ""'''' 
•dvaneed features i~ ; our >p«Ífic applic:ll ion_ 

lt ·" u>ofu: at lh,, r<>int 10 li<t lhe princ::1.o: ;,~ph·.ni<>n\ of "'''"""1'" 
M<lny interrupt;; ·'re a><ociated wil h l/0 !Oltl ·e ;• ~ur rd.LI ¡,el y >low ,¡,., ú"• 

such as to'•I'T"-"'"iters and tape rc;o.!cr,"pu-c'·c·. ;•nd tho"'·'"'h ,,¡m' ni­
compute" ••"'''" tho'" h.tppil~ wllh sin•r:o ,-._ ~-c!t:oin '"'"""· Th'u~' 
becomc more cr•tic.tl in in>lntmcnt.liÍ•Hl :n11' ,.-.. "": 'v''"""· \\h;ch "'"'' 
not mi.s rc.ol-1: rnc-clod, m:crruph inlcndcd "' '<>,: t: .,...,, •o rc.•li ;,,,,,,, .. ,!,. 
or to pcrlu rm C\ >n "ol o re r .11 ' ""'· Tune-.: "t =~ · ' ; • , "' r ~•: " ; 1 ~ ' ' ' .- '/'• '" •< • _ 

J'lll.\1'•'"'· 
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.. ,. '"""' "'"" '"'- '"'""'"''""• """ ,,. """""" """"' 
1 n >O me t:<>mputcr systems (c.g., 1 ):gtl<ol h¡uipmcnt Cor¡><Jr ~tíon Pl>P-151, 

thc D.\-L\ d;~r.t :inc• .tre tGent~e.d With the programmcd·tran\fcr dato lino,, 
'litiS >lmp11ttc' itltorconneélton; .tllhc npcn'c ofproces":>r hardw,.rc. In 
nthor >Y>l,n>s, tho DMA dat~ hnc< are abo U>~J to !l.msmit thc [)~\A 
... tJr<>s to t~c prOttSsor before clat;~ are tr~n,fcrn:d. This funhcr reduces 
thc num!>er o! bu~ hne<. b10t complicates h;oro.h"trc and timmg. 
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' ~uo oq ,.q,n 
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~19, Automalic llln<k Tr~n•fe ... A< we dcscribed it, lhe DMA dala 
lf:omfer i< J,.,.¡,., .. in1ti,ttcd. A ~'"flram-Jer<·nJ,•m docision to """'¡"' dat.t, 
cvcn Jire<:tly f ro m or to ntemor~·, ,, it 1 require> a pmgr .tntmeJ tll<lrucl ioll to 
cau<e a IJ\IA ,..;rvicc rcqucst. This " hardly worth the troubte for " 
.;.,¡J, •• ,wd lf.onsfcr. \-10'<1 D\iA tr~nsfers, whether device or rrogrdm 
intll:ttc-..1, in•·ohc nO\ <ingle "orJ, but biMb cf ten>. hondrcds, or cven 
lltoth.< nd• of d•ta words. 

Ft~""' 5-14 'h""' ho"' lhc •imptc 0\-lA sySicm of Fig. 5-1.1 m.>y be 
C\p,ondc<l mio an outomatie ~ala eh•nnd for block lr:omfcro_ Da:;. for a 
hlol·k ''"" :orri<·c or dcpart "'yncltronously, and thc fJMA con!roltcr wili 
<tc.ol C}cl<s"' nr:eded :tnd pcrmil thc pto~r;,nttn go on betwcen eyck>. A 
!>loo:~ ,,f «o• '· lo he tr•n,fcncd will. io g~ncr:1l, occupy ;o co<rC\pondtng 
!>1<"- \, .,r '"1. l 11\Cil\ory re~i,ler<, Succc<>i•e fT'Cmor;· .oddre,;e, c.m ¡, 

"' ----'" ""n""" m'""'""-'" 
gato.! into thc memor~ addre" registert"<! hy a counl<t, the current-~ddr<"' 
rounter. l:lcfon: "")'Jata tran<fer ta~c< plaec. a progmmn,_~! in,·rllclicou 
~Ch lile Cllrrcnt-address counter to thc dc<ircd tnilt.d atiJrc',; thc ~c,i~e·oi 
numl><:r of words (block kn~th) is sel 1 nw a >Ccond counter, the "or~ counh•t, 
v.hich will count do"·n \\ith each data tran>fcr until O;, rc.•clwd aftcr 1¡., 
dc;ired number of tran>fers. A< SOf''iC~> r~qo""l> ;orri\0 ft~r\1, ""· :~n 
ana\og•to-Jigital con•erter or data link, thr DMA control to~ic implc~1«11, 
succc"ive cycle-steal rrquem and g.llc< <u 1•cc>Sive curren\ a<!drc><C, tnl•• 
tbe mernory a~Jres. rcgi<ter as the currcnt-add1CSS COUrllc• Ct'LII1h up (\e~ 
also Fig. 5-5a¡_ 

The M>rd counter i< <imitarty decremented once per d,tt;. 1v<.>•J. \\ 'hen :• 
bloc~ lr:tmfcr i< complete.!, thc word countcr can stop :he <fc,·icc fro1• 1 

reque>li ng funher daw tr.tnsfe". 1 he "or~-countcr "" rr¡ pul <e can .d"' 
cau<r an """""''f'l so lhat ,, new block nfd,ta c<~n be proce"cd. Th: '""'1 
COl\1\lcT 01.1)', 1f Jc<itcJ, ;tho <tr-e for '"'IUCIICIIlg <IOVICc furKIIun' le!'· 
for <e loe ti ng s\lccc,.ive A DC multiplexcr addrow"\-

Some ~omputer< rcp::.cc l~e "'ord countcr v.ith a pro~r,<m-loaded fiul­
addr..,., ro~i<t<-r, "ho>e ~oment> a~ comp.,cd w1th the cur"'~t-:~dJn-,., 
counter to determine lhe end ofthe bloc~. 

A D\iA <y<tem often in,·olvc> <everal d.1t;1 ehannel<. ,,,.•h 11ith" D\1,\ 
control, oddre-. g"te<," currenl-"ddre1s c·ountcr, nnd a wnrd '~'-'ntcr, \\itl 1 
difTercnl priorot ie, as<igned 10 dtffcrent channc''- For dl•cicm !>;m<ll rng ,,r 
randomt¡- timed requ.s" from r.tultiple de•·• ce> (nnd 10 prcwm lo>S uf d.o:.• 
word<), dat".c~annel <y>tem< m2y incorpora te buffer regi<ter. in the interi.tc,· 
or in dcvice< <uch ns ADCs or DAC<. 

S-20. A~>ant"~'" cr lJ\1,\ Systems ''"" Rcf. 6). Dircct·mcmury-•"'"" 
>y<lems c.m lfansfer dala blod> JI'"')' ltiglt ralO' 110" "'Orohf-cc ;, r<,><lrl; 
po•><bk) witho"t elah<>r~te 1/0 progr,tmming_ Thc ¡trOI."C'o'Or c«enllail; 
Mats main:y with hul'!cr Me~< in it< o"n ntcmory, ~nd only a fe" l;O 
instructions are necdcd to initializo or rcinitiatizc transfcn. 

Aulomatic d.tr;. ch,tnnch ;tre especially '"'t,oble for "'"icing pcriphcr.ol• 
with high data ratc,, >uC!t '" di,k<, drum<. and f."t ADC< and 1),\(',_ 
But fa•t data tran•fcr W1lh mimm<ll progrnm owrhe"J i< c•trcrncl; ,.,, hu\o!c 
in many other aprhc.ll•On<, e'pccially if thcrc :nc man\ dO>ic'<'> 1<> ~< 

se.-ir;ed, T" indiC:OI<' the rem.!f¡,ahlc cnicicncy of <.•ck-,tc;,h~~ Jirc,·o 
memory occe;s "''h mu~t,p!r blllCl·trall,fcr d:Lta channcl>, eon,l!lcr ti'<' 
opcr;,tiun of ,, tr.lining·llpc Ji~il,d flt¡•ln "mttl.llor, whid1 >olw' airn.tt'l 
:md engi ne cq~:atwll' attol "'" '"' a n el.• t•or,,te coápil 1Mc~ ·ll p "1llt m.tll\ 
control~ an<l in<trumcnt di,pby,, Dorin~ c.tch 11>0-m•ec time inc"""""l. 
1he intorbcc nol onty petf<.>rm> 174 an.otor:tn-o:!ig>tal cun•cr<ions '"'~"''m~ 
" tntal conver<ion time t:'f7 .7 m-.:c ~ut :tl•o 4:1(1<!irll:ol-to-a n;,!n~ <'<'11'<'''''"''· 
:mJ h.tntlk' qo eight-bit loytc' of di..::rctc control inform.o11 lile ;,ctt>.>l 
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tin1e requirod lo transfer allth" •nform~lion in .tnd out ofthe data channd' 
i; I~J mscc pcr time increment. but be<:au"" of 1he fa>1 dirccl memory 
"''"'fcr>, ,·ycle-s<c"lingsublrael< only 3 .2 msec for ooch 160 ms.ecof proceS>or 
lime ¡Ref. 1). 

S. U. .\ lemory-incr~mrnt T ""hniqu~ for Amplitudc-<li,lribution Mea,urc­
meolts. ln m~ny minicompul<r>, a 'pccial puls.e inpul will in(rt..,~nl !he 
contents of a momory localion ~ddre"cd by the D).lA addro" lme•; an 
i11tcrrup1 c·.tn l>e gcnerated "·hen onc <>ftllc memory ce lis i' fuiL When Al lC 
oulpol> rcpre..:nl•ng sucx:esmc s.;¡mp~cs of ~ random ,-oltage are applied 
lo 1he DMA address Tinos, thc mt•mory-incromt·nl futuro will rlfecli•cly 
~encratc a modd of thr lnput->oho¡:o amplimdc distribulion in tlu: compul~r • 
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mtrnory' F.ach m~mory addrc" corr~•¡>Ond' lo~ 'oltage d:o" inlcr•-:ol. 
and 1hc c<mlent• of 1hc memor~ reg~>lcr rcprc•cnl 1hc munber ,,¡ '""'P'<"• 
falhng inw 1ha1 da<S in""al. Dala 1.ol<ing ;, 1crn1111.1I<'J ,,r,,., a !'"""'' 
number of <;;~mple' or "hcn the ftm memory reg,.~er owrl""'il (Fi¡~- ~- t5at. 
The cmpiricat amphl11dc di\lnbulion thus cr<alnl in"'""'"'~ m.• y l>c di,. 
pl:oyed or plone<l by a di~p:Jy rouline (fig. 5-t )/>).ami slal .. :ic• ""'has 

x, -,, 1 ~ v! . --L.·'• 
/1 • ~ ' 

' •re readil)' tompuled aner the d1S1nbuliOn IS complete. 1 hi• lcc·hni<¡ue 
hH "'''"' o.lemi>el)' Applied w 1hc anal)'<is of pulse-encrgy >f1CCIT.o fwm 
nudear-ph)',iN e.penmenl,, 

Jomr d< 1 "''"'""'" of IH" rrmd•ml o•unuhl<-1 ,\', )' "" n b.: ,;,,;l,orly u> m pi lcd_ 
h ¡, only ncceS<,lfY 10 apply,<•y,a 12·~it "Nd .'<, Ycompuw<l oft\\U6·biL 
by1es corre•ponding <o two AOC ou1pun X an<l l'to th~ memory addrc" 
regi>lcr. :-;ow each .tddre"ed mcmory locatic•n will corre•po11d lo thc 
re~ton.\'1 S X< X,,,. Y,~ Y< Y,,, inXYsp.oce. 

s.n. Add-1<>-memof)· Tt•chniqu~ of Si~no! A>era~in~. Another conlltHtntl· 
pube •npuliO •om~ DMA interfaces will add a data w~rd on 1he 1/0-~tl> 
d~ta hnN to thc memory loc:Hion addr~!<..:d by lhe 0).-!A ad<lrc» lin<> 
wi1hou 1 eocr bothe" ng the digotal-computer aril hme1 ic un•t "' 1 he prog, a m. 
Thi' "add·lo-mcmory" fcJture permi~S u'eful line;or op.:roti<>n• M <!at., 
obtainrd from variou• inmuments: the only application wetl ~""" n •H thi' 
time i> in d"t• an•roging. 

Figure S-16u and b tllu,lr:oles an espttially 1ntoreS1ing application of ddla 
overaging, 1\hich has be<:n very fruitful ;, biological-dai" r<<hH:Iion (e g .. 
clcctroen,·cphalognom an.tlys"). l'criodically apph~d s<iiiHtl; l""'!ucc ,¡,,. 
s:tme sy•tcm rc.ponse aO~r e•ch S~imulus so th:ol one obtain> :on :ln:ol~¡< 

w:o•dorm pcriodic with ti!, perioJ T of thc :oppli<'tl stimuli. T<> pnli 1hc 
dcsired fnnction ,\'(1) oul of Luld•live zero-mean randorll noi•c. onc ,,<Id, 
.\'(1), .\'(1 -+- n . .\'¡¡ + 2"/'i •... during •uccc .. ivo pcrio,h lu cnl\;oncc thc 
,;gnal, while the noi>e 1'oill1cnd to o.er;oge out. f'i~urc 5-1~,- ,l!ow, thc 
e<tracllon of a ,;gnal from :.dd•l ive noi•O 1n sueco.sive d;ota-:l\ er;o~i"t' """· 

.... ZJ. lmp!emonling Curffnt-addn·~< and WBrd Counh·f' In l!n• !'t<.ee"'" 
:Vkmory. Sorne mmoconoputcrs (ill p.orticular, l'DP-9, l'lll'-15, :ond ¡¡,, 
PO 1'-8 series) llave, in addil•on 10 tbeir regul.r OMA facohlic<, a ''' ,¡ ¡¡,,..¡ 
core-memory toc"tions to OC u:<cd as d,tta-do.onnel :o<i<ir<-<• .ond wm<i 
countcrs. Ordin¡¡ry pro~c.sor imtruction< lnnt 1/0 in•tructio>n•) 1 ..... 1 
lhe.c loca~ions, rc<pecti,·cty, "'''h 1he block ,t.orling .O<I<irl'" .o11ol wollo 
mi nn.< lhc block counl The d.LI:o-ch;onnol inlerf:tCC card ( 1 \e _1. 1 71 "' ppli<'' 
thc ad<lre" <>f onc <>f the fu u r to cighl addrcss-<:ounlcr l<>r;.lli<•n< '"·"l.ohlc in 
thc pmo;-cs<nr; <he worJ cot1 ntcr ¡, tho loc:otiDn folluwing oh e ;o<[,(,-,",,,,,,,,., . 
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1!!.- MODOS DE DIRECC!O:\'AMIE~TO 

1.- ESQUEMAS DE DIRECCIONAMIENTO. 

La unidad central de proceso (CPU} en las compmadoras debe 

realizar las siguientes funciones: 

Obtt:ner y traer de memoria primaria al CPU la siguiente 
instrucción a ejecutar. 

Entender Jos operandos, esto es, definir la localización de 
los operandos nt:cesarios para ejecutar la instrucción y 
traerlos al CPU. 

Ejecutor la instrucción. 

Para llevar a cabo las funciones anteriores el CPU debe con-

tar con la siguiente infonnación: 

El código de operación de la instrucción a ejecutar. 

LaS direcciones de Jos operandos y la del resultado. 

La dirección de la siguiente instrucción a ejecutar. 

Existen diferentes soluciones que satisfncen los requerimientos 

anteriores, los cuales determinan la arquitectura de los proc_¡:: 

sadores que las utilizan, 

Se supondrán operaciones arHméticas en las que se tienen dos 

operandos y un resultado ya que son las que proporcionan el 

caso mAs general. 

a) Máquinas de "3+1" direcciones 

El funnato de instrucciOn en cstt: esqut'ma de direcciona--

miemo contiene todos los elementos necesitados por el CPU 

' • 
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para realizar sus funciones. 

Un posible formato de instnJCci6n se muestra en la figura 

111.1 

~u~IGO DJRE~~ION b DE PR1i>1ER 
PERAC. OPERANDO 

DIREC~I~N 
SEGUl\'00 

~~R~_~C!ON 
RESULTAOO 

OPERANOO -FIG. 11!.1 

DIREC~~~_E'< DE 
LA SIGUIENTE 
INSTRUCCJO!'J 

Palabra 

" "' memoria 

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, multiplicaci6n, etc.), tres campos para 

las direcciones de los operandos y resultado de las operaciones, un 

campo para indicar la dirección de la siguienre instrocciOn a ejecutar. 

Las instrucciunes para ésta milr¡uina podrían s~.>r escritas en forma 

simbólica en la siguiente forma: ADD A, B, C, D donde ADD representa 

el c6digo de operación suma y A, B, C y D son nombres simbólicos 

asignados a localidades de:: memoria. 

Suponiendo que existen las instroccioncs suma (ADD), substracción---

(SUB) y multiplicación (MUL), entonces una posible traducción de la 

expresión A=<(fi•C)-(D*E) en FORTRAN a lenguaje simbólico en la má-

quina de 3+1 direcciones sería: 

Ll: MUL B,C,Tl,L3 

L3: MUL D, E, T2, L7 

L7: SUB T2, Tl, A, LB 

LB: Sip1iente instrucción 
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donde TI y T2 representan localidades temporales usadas para guardar 

resultados aritm6ticos intennedios. 

Las conclusiones más importantes en este esquema son: 

Los programas no nec::esitan estar almacenádos en memoria en forma 

secuencial ya que el campo de dirección de !u siguiente instrucción pe_E 

mite conocer donde ft1eron almacenados. 

Debido a que cada instrucción contiene en forma explfcita tres direc--

ciones, no es necesario tener en el CPU hardware para guardar los re· 

sultados de las operaciones. 

b) Mólquinas de "'3" direcciones 

Considerllndo que .Jos programas se escriben sccuencialmenre y que 

por consiguiente es muy lógico almacenarlos en este mismo orden, 

se llega a un nuevo esquema de direccionamiento en el cual se sus 

timyen todos los campos de dirección de la siguiente instrucción 

por un solo registro dentro del procesador que lleva en foriTII se-

cuencial y automdticamente la dirección de la siguiente instrucción 

a ejecutar. Un posible formato de instrucción se muestra en la 

fig. lll. 2 • 

ircccibn 
de la 

sig. insr. 

!\cg¡stro 
en el 

procesador 

' • , . .. 

Código l)j:·cccion 

"' pnmer 
opcrac. operando 

' ! IG. lll. 2 

Dirccci6n 
segundo 
operando 

Di rec ~ 
::_"_1 resu\ 

Palahra 
" de 

memoria 
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' Utilizando este esquema de direccionamiento la expresión A=(B*C)-(D*E) 

en FORTRAN1quedaría expresada como: 

MUL B,C, Tl 

MUL D. E, T2 

SUB T2, Tl, A 

Siguiente instrocción 

D:mde se ha suprimido la dirección de la siguiente instrucci6n 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 logr? aprovechar la memoria en 

forma rr:.'is eficiente y reducir la longitud de palabra lo que redunda 

directamente en los costos de la misma. 

e) M.'iquinas de "2" direcciones. 

En las operaciones aritméticas no siempre es necesario guardar 

el resultado en una localidad de memoria y preservar los operan-

dos, por lo que se puede pensar en utilizar uno de ellos para----

guardar el resultado una vez que la operación se ha efectuado. Las 

consideraciones nntcriures llevan a prtosentar un posible formato de 

instrucción en esta máquina, mostrado e11 la figura 111,3 

~
IR. DE LA 
!G. !NST. A 

ECUTAR 

REG. 
EN EL 
PROC. 

~OD, 

OP. 

FIG. lll.3 

DI R. D!R. SEv. 
P. OP. 
OP. 

Palabra 
" de 

memoria 
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En este esquema ;;e usará la dirección del segundo operando como la 

dirección dd resultado una vez que la operación se haya efecruado, 

por lo que el segundo operando será dcstrordo. Asf pues la expresión 

A=(B*C)-(D•E) en FORTRAN, quedaría: 

MUL B, C 

MUL O, E 

SUB E,C 

ADO A, C 

La eliminación del campo de direcciOn del resultado permite reducir la 

longirud de la pJ.labra de memoria y los costos de la misma, lo que 

permite usar este esq_Jema en máquinas medianas y chicas. 

d) Mdquinas de "1" dirección 

Este esquema de direccionamiento permite eliminar de toda:> las in~ 

trucdones el campo de dirección de uno.de los operando y sustitu--

irlo por un registro dentro del procesador, el UJal contendré. a uno 

de los operandos. A este registro se le conoce como acumulador.-

El formato de instrucci6n para la máqU!ina de l direcci6n se mues-

tra en la figura 11!.4 

Uir. de ta 
ig. inst. a 

,¡ ' 

egundo 
)~rando 

Reg. en el 
procesador 

Reg. en el 
proc~::sador 

FIG. 111.4 

wD. 

OP. 

u>R, 
P. 
OPERANOO 

' 

" 
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Lo anterior implica lu creación de instrucciones que permitan cargar 

el acumulador con el ~;egundo operando (LAC) y depositar el contenido 

del acumulador en memoria (DAC). 

Es importante hacer notar que todas las ·operaciones se llevan a cabo 

implícitamente contra el acumulador y que ~ste contendrá él resultado 

de la operación efectuada. La expresión A={B*C)-(D*E) en FORTRAN; 

podria lraducirse a; 

LAC D 

MUL E 

DAC Tl 

LAC B 

MUL e ' 
SUB Tl 

DAC A 

Este esquema de direccionamiento ha sido ampliamente implementado en 

una gran mayoria de las minicomputadoras, como por ejemplo: PDP-8, -­

PDP-15, IBM-1130, IBM-70'Xl y COC 3600. 

e) Máquinas de "O" direcciones 

Este esquema de direccionamientO solo utiliza el campo de c6digo 

de operación, por lo que es necesario contar con· algún mecanismo 

que implícitamente permita conocer. Jos operandos. 

El mecanisrrio anterior se implementa usando una pila 6 stack, el 

cual se puede pensar como un conjunm de localidades contiguas de 
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memoria acces¡¡tJas usando una disciplina UEPS (últimas entradas, pri· 

meras salidas). Oc lo anterior se concluye que en cada momento se 

tendrá disponible el elemento que se encuentre en el tOpe del stack. 

El formato de instrucci6n para este esquema de direccionamiemo se 

encuentra en la figura III.S 

J.Jir. de la 
sil!. inst. 

:'"puntador -~J­oPe del stack 

Re g. en el 
CPU 

Reg. en el 
CPU 

fCOll1GOl 
~ 

FIG. III,S 

Palabra de 
memoria 

Es necesario contar con instrucciones que permitan meter elementos 

de memoria al stack (PUSH) y sacar elementos del stack a memoria-

(POI'). 

La expresión A=(B*C)-(D•E) 

PUSH D 

PUSH E 

MUL 

l'USH B 

PUS! 1 C 

MUL 

SUB 

POP A 

~T 

~T 

¡;;::::¡r 
lmj 
~T 

CXJ)resarse como: 

(Apuntador al tope 
del stack). 

-T 

1 
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En la fig. 1!1.6 se ilustra el estado del stack después de cada una de 

las inst, anteriores. 

Se puede concluir que el conjunto de instrucciones de la maquina no 

está fonnado solamente por instrocciones de cero direcciones ya que 

también se requlen:n instruCciones de una dirección para meter y sa~ 

car elementos al stack. 

Se requiere un registro en el procesador que apunte al tope del stack 

y se elimine el acumulador ya que el resultado de las operaciones -­

también quedará en el stack. 

iJ 
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2.- METOOOS DE DIRECCIONAMIENTO 

En las mAquinas de una sola dirección el formato de las instruccio· 

nes que hace referencia a memoria consta de dos campos: el campo 

de cOdigo de o~ración y el campo de '!-irección del operando. Si su 

ponemos que el campo de dirección consta de n bits, entonces la 

máxima capacidad de memoria direccionable será. 211 'localidades. Lo 

anterior puede resultar bastante drástico en el caso de las minicom-

putadoras ya qu~ por lo general tienen palabras de 12 6 16 bits y si 

' ' se asignan cuatro de ellos al campo de código de operación solo se 
' 

pueden dinxcionar 28 = 2SÍi localidades de memoria en el caso de~ 
. 12 ,.L 

labras de 12 bits (¡ 2 = 4096 localidades de memoria en el caso de 

palabras de 16 bits, lo cual resulta Insuficiente para la gran m<'_,_vo-· 

ría de las aplicaciones. 

' Lo anterior ha ocasionado diferentes modos de direccionamiento, en 

los cuales el 
. J· 

campo de direcci6n 
' 

sirve para calcular la dirección 

efectiva del operando, logrando 11na niayor capacidad de memoria di­

' 
recci<mahle. 

a) Inmediato 

En este caso el operando puede estar contenido directamente en 

¡:l campo de dirección 6 en la localidad de memoria siguiente a 

la instrucción. 

Será necesario dedicar un bit de la palabra para saber como se 

debe interpretar la instn1cci6n. 
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b) Directo 

Existe direccionamknto directo cuando el campo de dirección de 

la instrucción contiene lll dirección del operando 6 cuando éste 

C<llnpo L'Uillbinatl'' con al~'\Jn rcgi,;tn) (> pale~\lra ,]e IIH..'mori<1 t','-'11~ 

nm la dirección del operando. 

b.l) Usando página cero 

Uno de los esquemas más comunes de organización de me 

moría, divide ésw en n páginas de longitud fija, donde n 

dependerá del tamaño de la rre moría y del tamaño de las 

páginas. 

Las máquinas que usan estos esquemas generalmente usan 

la página cerO con propósitos especiales, como son: mane· 

jo de imern1pciones, traps, localidades autoincrementables, 

etc. 

liJ 

La forma de indicar si el contenido del campo de dirtcción 

se refiere a la página cero, es usando un bit para este pr_9 

pósito, p. ej. si este bit es cero el campo de dirección 

apunta a una localidad en la página cero. 

b.2) Usando páginn actual 

Si el bit de p.:'lgina está en uno, ~e a!'U!llc qtH.: el campo de 

dirección <~runtn a una localidad en !u r~¡,ina en l<.~ q·•o ~e 

cncu~ntra la insrn1cción. A cstn rá¡jirl:l se le con.,cc C<>mo 
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página actual. 

La dirección del operando se determina sumando los bits 

de orden superior del PC al campo de dirección de la ins 

trucción. 

b.3) Relativo al PC 

En este modo de direccionamiento el contenido del campo 

llc dirección de la instrucción, interpretado como un ente­

ro con <ligno, se suma al PC par<.~ ohrcncr ln dirección del 

operundo. 

b.4) Relativo n un registro fndice 

El C<>nWnitlo del campo dc din.:cción de la instrucc·i(m, in­

terpretado como un ent(Cro con signu, se suma al conteni­

(lo de un registro indice par·a ohtener la dirección del o~ 

mndo. En Cil.SO de existir más de un rr.:gistro indice es 

preciso asij!.nar los hits necesarios para su idcmtificaci6n. 

e) Indirecto 

En el direccionamiento indirecto el campo de dirección de la ins­

trucción contiene un apuntador a la dirección del opernmlo 6 este 

campo combin¡¡do con algún registro ó palabra de memoria genera 

un apuntador a la dirección del operando. 

Mediante un hit en la inst¡ucci6n se p.Iede saber si el direcciona­

lnienlo u;;ado es dir'--'cto ú indirecto. 
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c.l) Usando página e ero 

El campo de dirección de la instrucción apunta a una loca­

lidad en la p_ágina cero. A su vez ésta localidad comiene 

la dirección del operando. 

c.2) U san do página actual 

El campo de dirección de la instrucción apunta a una loca-­

lidad en Ju página acrual. Esta localidad contiene la direc-­

ción del opernndo. 

c.3) Relativo al PC 

El contenido del campo de dirección de la instrucción, inter 

pretado como un entero con signo, se suma al PC para ob­

tener la dirección del apuntador al operando. 

1~ 

e, 4) El contenido del campo de dirección de la instrucción, inter­

pretado como 1m entero con signo, se suma al contenido de 

un registro índice para obwner la dirección del apuntador al 

op""rando. 

La combinación de todos los métodos de direccionamiento anteriores 

con registros de propósito gener<ll, permiten lograr modos de dircccio­

namiemo bastame ¡x>J~rosos. Cuando se usan los registros de propbsito 

gem:ral, el ;.;ampo de dircccibn de b instrocci6n específica que registro 

se usa v como se inlerpreta la infnr111ación que contiene. 
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3.- OIRECCIONAMIENTO EN PDP-11 

a) Con dos operandos 

La computadora PDP-ll es una máquina de dos direcciones por 

lo que sLi formato de instrucción tiene campos para código de 

operación y operandos. Lo anterior se observa en la fig. 1!!.7 

• 
15 ' 1211 9R 65 32 O 

1 \ Modo 1 Registro 1 Modo j Registro l 

COdigo op. di r.. 
' 

fuente dir. destino 

FIG. JI!. 7 • 
!,os hit~ 12-15 contienen el cOdígo de operación 

Los bits 6-ll contienen la dir. fuente 

Los bits 0-5 contienen la dir. destino 

Las direcciones fuente y destino serán utilizadas para el cálcu-

lo de la dirección electiva de los operandos, interpret:lndo el 

modo y el registro usados, 

La dirección fuente contiene dos subcar'npos de 3 bits cada uno, 

de esta forma es posible indicar cual Ue los ocho registros de 

propósito general ~crá u~ndo, así como la intcrprdaciC>n que se 

le dará de acuerdo 11 los ocho modos de direccionamiento. 

El modo y registro en la dir destino se entienden en la-misma 

forma que en la dir fuente. La dir destino tambil!n será usuda 

' para almacenar el resultado de la operación una vez que esta 

se haya efecnmdo. 
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b) En esta rm1quina existen instrucciones que solo requieren un 

opt:rando en cuyo caso ¡¡e lltiliza un formato de instrucción ~-un 

carnpoll de cMigo de opcraci(ln y dir~·c-ci(m destino. >k'~ID ~L' 

muestra en la fig. 11!. 8 

l5 
1 

Código op. 

65 o 
1 M000 : REGISTRO 1 

Oir. destino 

FIG. 111.8 

La interprelacióJJ dada a la dirección fuente es la misma que en el 

caso de dos operandos. 

Para poder ejemplificar los modos de direccionamiento se usará el 

siguiente conjunto de instrucciones; así mismo se asumirá que todos 

los números esta:n en octal: 

Mnemonico 

CLR 

INC 
11\CB 

COYJ 
COMB 

ADD 

Código Octal 

005000 
105000 

005200 
105200 

005100 
105100 

065500 

e) Direccionamiento directo 

Descripc iOn 

Limpia (pone a ceros el des 
tino). 

Incremento (suma uno al con 
tenido del destiño) 

Complementa lógicamm te el 
destino 

Suma 

Existen cuatro modos usados en direccionamienro directo, los coa 

ies se explican a continuación: 
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c.l) Registro 

Forma general: OPR Rn 

Descripc i6n: El registro especificado contiene el operando 

requerido por la instl1.lCCi6n. 

OPR representa un código de operación en forma general. 

Modo: O 

Ejemplos: 1 

c. 2) Autoincremento 

• 

Fo¡-ma general: OPR (Rn)+ 

Descripción: El contenido del registro es increrrentado des­

pués de ser usado como apuntador al operando. Si la instrucción 

es de palabra se auroincremente en dos y si es de byte en uno. 

Modo: 2 

Ejemplos: 2 

c. ::1) Autodecremento 

Forma general: OPR-(Hn) 

f)c,;cripciün: El contenido del registro es decrementado ames 

de ser usado como apunrador al operando. Si la instrucción es 

de palabra se autodecrementa en dos y si es de hyte en uno. 

!\lodo: 4 

Ejemplos: 3 
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c. 4) Indice 

Forma general: OPR X(Rn) 

Descripción; La suma de X y el contenido del registro se 

utili:.:a 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 básicos (direccionamiento directo) en forma 

diferida. 

d.l) Registro diferido .• 

Forma general: OPR € Rn 

Descripción: El registro contiene la dirección del operando. 

Modo: 1 

Ejemplos: 5 

d. 2) Autoincremento diferido 

Forma genP.ral: OPR É'(Rn)-.-

Oescripc ión: El contenido del registro es incrementado des­

puO::s de ser 11sado como apunrador a la dirección del operando.­

El autoincremento será en dos, tanru para instrucciones de byte 

corno de pnlabra. 

IV 
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1'1 
Modo: 3 

Ejemplos: 6 

' d. 3) Autodecremento diferido 
-

Forma general: OPR @-(Rn) 

O e ser¡ pe i ó n : El contenido del registro es decrementado antes 

de ser usado como ap.mtador a la dirección del operando. El 

autodecremento serA en dos, tanto para instrucciones de byte 

como de palabra. 

Modo: 5 

Ejemplos: 7 

d. 4) lndice diferido 

Forma general: OPR ~X(Rn) 

Descripción: La suma de X y d contenido del registro se uti 

liza como apunrador a la dirección del operando. La palabra de 

fndice X e!'td almacennda en la localidad de memoria siguiente a 

la instrucción. 

El valor de Rn y X no se modifica. 

Modo; 7 

Ejemplos: 8 

<') Uso del PC en direccionamiento 

El registro siete, tiene el propósito especifico de servir como con 

tador de programa (PC), por lo cual cada vez que el procesador 
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usa el Ri para traer una palabra de memoria. el R7 se incremen 

ta auwmáticamcnte en dos de tal fonna que siempre apunta a la 

siguieme instrucción a ejecutar ó a la si¡;uiente palabra de la in,: 

Lrucción que actualmente se esL.1 ejecutando, • 

Lo anterior permite usar el PC con propósitos de direccionamien-

to, permitiendo lograr ventajas cuando se utiliza con alguno de 

los modos 2, 3,6 6 7. 

c.l) Inm~diato 

' 
Forma general: OPR#n, DO 

Des e r i pe i 6 n : El operando está en la localidad de memoria si 

guiente a la instrucción. 
> 

Modo: 2 usando R7 

Ejemplos: 9 

e. 2) Ab~mluto 

Forma general: OPR @#A 

Dcscripc ión: La localidad de memoria siguiente a la.instruc. 

ción contiene la dirección absoluta del operando. 

Modo: 3 us<~ndo R7 

Ejemplos: 10 

c. 3) Relativo 

Forma general: OPR A 
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Descripción: La localidad de memoria siguieme a la ins-­

trucción, sumada al PC proporcionan la dirección del operan-­

do. 

Modo: 6 usando R7 

Ejemplos: 11 

c. 4) Relativo diferido 

Forma general: OPR @A 

De se ri pe ión: 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 

·' 

LlJIS CORDERO I~ORBOA 
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005:?00 

1 . 2 

10:5102 

060103 
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EJEMPLO;) 

wc RO 

;sUMó UNO AL CON!ENH1D DE RO. 
1 

001:>02/005200 
_$0/000000 
_$7/001202 
_$5/000000 

COM!l 

Des pues 

001202/005200 
_$0/000001 
_i?/0012011 
_$5/1700:?0 

2U 

il:OMF'I.C:MENHI l.OGICD DEL I<YfE I•r'I.JO<BITS 0-7l EN R2. 
; LAfi lNS mue e IIJW::S loE F<Y /E USfll•flS SOEORE LOS 
¡f\EGISIROS GENEiit":ES SOLO OF'ERf\N EN LOS BITS 0-7. 

Antes 

o o 1 :~o611 o:; 1 o:' 
_1•2,110.12~:J2 

_$7/001206 
_iS/1700:!0 

' 
rn, R3 

lkspucs 

001206/105102 
.. $2/10~l125 
_$7/001210 
_15/170021 

;~iliMA EL .. CONIE;Nl!•O 111'.: Rl flL CONI[NI!IO N.: 1\3, 

Antes Depues 

001::'04/060103 
.. $1/000005 
-'>3/000007 
_t7.'00!204 
_fS/170020 

001204/060l.03 
_$1/000005 
_$3/000014 
_$7.1001206 
_$5/170020 



1. 1 
0050::?4 

2.1 

1050::04 

2.3 

Antes 

001::>10/005024 
_$4/000010 
_000010/174216 
_$7/001::!10 
,_$5/1700:.'1 

Antes 

001212/105024 
_f'l/000006 
_000006/173:!15 
-~7/001:!12 
_1·8/1700:!4 

¡\nt<'S 
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2J 

CLR (R4lt 

;USA EL COtHEIHDO IoE R4 COMO LA [IJRECCION DEL 
;()PERANI•O. ~·ONE A CEROS EL Oi"E::RANtoO<F·ALAf<RA) E 
;INCREMENTA EL CONTENIDO IrE R4 EN [oQS, 

CLR!c< 

Des pues 

001210/005024 
_$4/000012 
_Q000!0/000000 
_$7/001::!12 
_$5/170024 

;usA EL CONTENIDO liE R4 COMO LA IoiRECCION toEL 
tUPEF,ANioQ, f·ONE A CCROS EL O~'t.h:ANDO<BYTEJ E 
;tNCREMENHo EL CONTENIDO DE R4 EN UNO, 

' 
Despues 

001~1:'/105024 
_$4/0l10007 
_000006/173000 
_$7/001214 
_$5/170024 

;ti. CfiNTI.'IIll•O l•E IW C;EI.:1'1 SIIMI'InO (\L 1.11-·J:¡;,r,r¡toU 
;cuy.; ¡nwcr.t:HIN ¡~,;¡ro r.rmrr:tHI•() [N R:O. Hl.:>~·ut:::: 

OSE JNCRI::I"1Et!T•1 R:.' EN I<US. 

Dc~pues. 

oot::>J vo..;oo:::::: 
_i-0/000007 

ro 1 :014/060022 
_fQ/000007 

1 ::!/0000::!4 
- 'J000:::'4/000007 
_f.?/001::014 
_'f.S/1700:::'4 

-1 :'/(¡00026 
- 0000:!4/0000 16 
_17/001216 
-~S/170020 



) • J 

005:::!45 

).1 

10~::045 

3.3 

064~01 

- ¿¿ -

-< R5l 

;EL CONTEtiiDO DE R5 SE [IE.CREME:f'lTA EN IIQS Y 
;DESf'liES SE US/'1 COMO LA I•lRECCION DEL Of'ERAtJDQ, 
;EL OPERANDO<h'ü.M<RAI SE INCREMENTA EN UNO, 

' 
Antes 

-~g}668638 5245 
_000016/00::0222 
_$7/001216 
_$8/170020 

' 
INCl< 

Despuc~ 

001:'16/005245 
_1>5/000016 
_000016/002223 
_$7/001220 
_$5/170020 

-<R5l 

;EL CONTENIDO DE R5 SE IoECREMENTA EN UNO Y 
HIE~:f'UES SE USA COMO U'l DlRECCION I•EL OF'ERANf•O, 
;EL OF·ERflNioO<E•YTEl SE INCREMENTA EN UNO, 

' 
Antes 

001 ~:·o/1 o~;:-.;:, 
_$:,/000347 
.. 00034 t./04 J 721 
_$7/0012:!0 
_tS/170020 

' 

lkspucs 

001 :!''80 0~::045 
_$:0,/Q() 346 
_000346/043722 
_$7/0012:'2 
_15/170030 

;EL CliNTI.t!JT•O !1E R4 St:: [li:CI;C:MENTA EN DllS Y 
;rotSI"liES !3[ UIILI?A COMO LA I+lRECClON DEL 
;QPI:IIANIIO iHJE SERA SUHAIIO AL CONlENIDO [1[ R1. 

Antes 

001:!:!:!/0611~01 
_f 1/000017 
_f~/00003:! 

_000030/0000~5 

_t7/001:!:!:! 
_fS/170000 

llespue~ 

001:!:!:!/064401 
_$1/000064 
_$4/000030 
_000030/00004!) 
_$7/001:!:!<; 
_'SS/1700:!0 



4. J 

005063 000100 

105164 000::!00 

.J. 3 

CLR- lOO<R:~) 

' ;sE I'ONE 1'1 CEI(QS LA LOCI\LiftArrtr-·ALA!rRAI 
;Dlh'l:CCJCINMtA f•tJR Ll'\ SUMA DE 100 Y EL CÜNIENlltO 
;[1[ R3, EL CONTENIDO [1[ R3 NO SE ALTERA. 

Ante .S. 

oot:i~4;ooso63 
_001226/000100 
_f.J/000004 
_Q0010V177333 
_$7/001224 
_1:5/170020 

C0/111 

~~ue~ 
001224/005063 

_001226/000100 
_$3/000004 
_000104/000000 
_$7/001230 
_$5/170024 

2001R4J 

;coHF·'LIOMENTI'\ l.OC>!C:r'\MENTE EL CONTENIDO trE LA 
;LOCfii_J'[IA[tiDYTEl DIRECCIONArtA ~·OR LA SUMA {1[ 
; ~00 Y R4. EL CONTENII•O fiE R4 NO SE ALTERA. 

' 
,\nte.;. 

001230/105164 
.. 001 :~:!2/000200 
_t~/0'~·0002 

-0')020:::'/ l 7~562 
_1-7/0012.30 
_·¡.s; J '!OtrO O 

~e<;puN; 

00J2:0:0/JO~¡t64 

.. 00 1 :!:;:!/(!íW:•oo 
_ ·r 4/000•)o:~ 
_00020:::>/ J 7'1l.I 5 
_1;'/0(11234 
.. tS/l:·o,¡:;¡ 

066360 000010 000020 10(fi3l ,::>o<ROJ 

' iSUMt'l EL CONTENIDO DE LA LOCALIDAto l•li(ECClONr'iDA 
iF'OR LA SUMA DE 10 Y 1':3, AL CONlO:NII•O roE LA 
iLOCALIIoAD r•lRECC!ONA[IQ POR LA SUMA I•E ::>O Y RO. 

Antes 

001 2:!.~/066360 
_001236/000010 
_001240/000020 
_i0/000'J:lO 
_$3/000050 
_OOOO::JO/OOOOJ/ 
_000060/000075 
_17/00!~214 

_t:i/17'J0~11 

Des pues 

001234/0f>/'.360 
_'JO 1 23t./00001 O 
_001240/000020 
_.0/000030 
_t3/0000~i0 

-0000~0/000134 

_00C•060/000075 
_$7/00124::> 
_1$/170020 



5. 1 
005011 

5.2 

105212 

6 

- Z4 ~ 

~·l . 
CLR 

; 
iEL CONTEN!toO I•E Rl AF·UNTA AL OF'ERANIIO OUE 
;sERA PUESTO A CEROS. 

Antes 

001 24"',/005011 
_i-t/00 044 
_0000~4/035240 

_$7/001242 
_tS/170020 

!NCB 

001242/005011 
fl/000044 
000044/000000 
$7/001244 
$5/170024 

iEL CONTENIDO DE R2 APUNTA AL OPERANDO QUE 
iSERA INCREMENTADO EN UNO, 
; 

Antes 

0012'14/105212 
,_1::0/000070 
_oooo'/O/oooooo 
_17/001244 
_15/170024 

Dcspues 

001244/105212 
t:'/000070 
000070/000001 
P/001246 

_15/1700:!0 

INC @(RIIl ~ 
iEL CONllóNIDO (lE E4 APUNTA A LA DIRECCION 
;DEL (IF'ERONI•O QUE SERA INCREMENTAf•O EN UNO• 
ii•ESPUE:~: !JE LO CUI\L k4 ~:1:: INCF,EMI;:Nlf'l EN [11)5, 

¡\mes 

oo1 :•4tJoo:.::!:l4 
_ $4/0000U, 
_Q00036/0000:i4 
_oooo:;¡¡;ooooo7 
_$7/001:!46 
,_tS/1700:!0 

Dc~pucs 

001 :'~f,/00~,:!3~ 
-14/()()004() 
_000036/0000:)4 
_oooo~i4/oooo 1 o 
_t7/00J :!50 
_lS/1700::'0 



7 

00515'5 

8 

2S -

iEL CONTENIDO I•E R~ SE I•ECREMENTA EN IIOS• 
H•ESf'UES I•E LO CUAL APUNTA A LA IIIRECCION 
;DEL OF"Ef\'1\Nl•O OUE SERA CDMF'LEMENTADO 
:LOGlCAMENTE, 

Antes 

001:!50/00'515'5 
_15/000040 
_000036/0000::>0· 
_000020/000000 
-~7/001:::>50 

_tS/1700:>0 

--

Despues 

001:'50/005155 
_$5/000036 
_000036/0000:::!0 
_0000:'0/177777 
_i-7/001:?52 
_tS/170031 

o:::noo ooo:>oo A ton ~::!OO<R3) ,RO 

' ;LA SUMA¡,¡:: ::.!00 Y R3 to[lf:RMINA EL AF'UNTAI•Oh: A 
;LA fllliECCTON DE LA LOCALI!oAIJ 11UE SERA SUMA[Irl A fiQ, 

' 

OOt:>:.:>/067]08 
_001::';.14/000:!0 
_10/00001::. 
_i3/000010 
_QQ0:'!0/00001::! 
_0'.)00 1 :uoooo 1 6 
_17/00l::!~J:> 

_15/17003! 

f\r.•spur):;_ 

001 :>5:::!/06 .)300 
_1)0!:::!54/000::!00 
_1>0/00003:! 
_13/000010 
_000::! 1 0/000(· 12 
_OOOOI:'/Q()00l6 
_17/001:'56 
_15/1700::!0 
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9 

01~704 000010 

' ;MUEVE A R4 EL NUMERO 10 

JO 

Antes 

001256/01:!704 
_001~60/000010 
-'H/000000 
_•P/001~56 

_,.S/170000 

063701 000100 

De~ pues 

001~56/012704 
001:!60/000010 
~4/000010 

_'f7/001:::>6:::> 
_iS/1700~0 

;SUMI'l EL CONTCN!IoO roE LA LOCALI!IAI• 100 A Rl. 

Antes 

001:>66/06J701 
_QO!::!'l0/000100 
_$1/000033 
_000100/000073 
_f.7/001266 
_1.5/170000 

llc~rues 

_88i3~8j881H86 
_U/0001::!6 
_000100/000073 
_1-7/001:!7:! 
_1.5/1700::!0 



11 

005267 000044 ' 

12 

• 
; INCfiEMENTA EL CONTENIDO DE LA LOCALHIA[o 
;Sl'M!<OLICA Z EN U/m, EL CONTENIDO DE LA F'ALM<RA 
;SIGUHONTE A LA INS!RUCCION SE SUMA AL F·C F'ARA 

Ant!!S 

001:!7::!/005'267 
_001274/000044 
_00134::,>/000000 
_$7/001:'72 
_sS/170020 

.. '-

Des pues 

00127::.'/005267 
_001274/0000'14 
_OQ!34:'/000001 
_$7/001276 
_$5/170020 

005077 000040 '" ' ;L(l I .. OCALIDñD SIMBOLICA Z APUNTA A LA 
;DIRECCION l•EL OPERANDO QUE SERA PUESTO A CEROS, 
;(L CONTENIDO DE LA F'Al.ABRA SIGUIENTE A LA 
tlNSTRUCCION SE SUMA AL PC PARA OBTENER LA 
;[o!RECCION toE z, 

Antes 

001276/005077 
_Q01300/000040 
_001342/000100 
_Q00!00/000073 
_$7/001:!76 
-1-S/170020 

Des pues 

_88fi68~8858~b 
_QQ1342/000100 
_000100/000000 
_$7/001302 
-'-S/170024 

UJJS CORDERO BORI!OA 
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1' ll p 11 

04_/34/4S/55 

PROCESSOR 

J!ANDBOOK 

4.1 IHTRODUCTlON 

CHAPTER 4 

INSTRUCTJON SET 

Tho specifoootlon for ea<h '""'"ohon includ"' \he mnemon•C, octal code, 
binO')' eo<le, o diag<Om ohowong !he formol of tho inshuction, o symtoolic 
nototoon descnbing 11> C<KU\oon and lh~ effe<t on \he condohon codos, 

, • dncriplOOn, opeci•l commont., on<l exomplos. 

MNE~ONIC: This 11 ondotoU•d al the top coroer el eoch pogo_ When !M 
w<>.-d onotrucHon hos a~"'" oqulvolont, the ""'" mnemon" 11 o loo'"""'"· 

ltlSTRUCTION fORMAl: A doog10m occom~nying Uth instructlcn 
•- th~ odal op c<><!e, tne bonacy op e<><!<, and bol .. ,,lfM>ent•. (Nota 
thot in byte inst'"ctions!ho most oigmfocant bol (bot 1~) '' ol•uys • 1.) 

SYMDO~S: 

( l = cO<ttent. el 

SS or ore = 10urca oddre•• 

OD or do!= deotinotocn adOren 

Ice = lcutoon 

<-=be<om"" 

t = "" p<>pped from •tock'' 

l = "is pushed O<tlo otock'' 

A-= boaloon ANO 

v = booloon OR 

.,., oxeluoive OR 

- = boolean no! 

Re¡ or R = rqi•tor 

El= El)'lo 

for word 

lor byte . ' 

' 



C.2 INSlRUCTION fOitMAlS 
The maicr inSitu<l•cn formato ore: 

• 

1 

" 

" 

• 

Singlo OporaOd G<Cup 

OP tooo 
1 

Doul>e Oporond G<oup 

w ... 

• " 
~ 

1 

Re¡ioter·Source or o .. tonotoon 

~-1 

Bronch 

: ... ' 

• • 

... 
' 1 . ' 

,, 

•• . ' 

... 
1 

• ' 

• ' 

~ ..... 
1 

' 

' 

' 

' 

Bl'lo lnwuction• 
Tho POP·ll prute•ocr rncludeo a lull tomploment ol inotrucloons ''"' 
monopulate l>ylo• oporand• Sonoe all rDP·ll add<ts51ng" byte<>"~"''"''· 
byte monipulalion oddreulng is •traightlorword. Byte on>t<uwons ,.,.rlh 
autoinctement or outO<IK<emenl dorecl addro$Srn¡¡ cause lhe specoi·Od 
rego>ler lo t>e mo<Mrod ~y One lo pornl lo the ne•t byto Of data. 8yle 
operationo in "'gistor modo otee .. the l<>w·Ordor bl'l• ol the 5petll••d 
re¡¡ioter. Th••• pruvrsoono en obre tho PDP·ll lo perforrn •• ellhor o word 
or byto pr<l<<O>Or. The numt>ering ocheme lor W<ltd ond byte oddr<>'05 
on co<e memory !s: 

...... finE : ...,.., M S"ITE ·-· .DM[SS 

-· "" "" ' 
,_ 

~ '" ' '" ' ~ooo 

Tho most •ignlhcont M (Bol IS) ol tno in•lructron "''"d ls •el 10 ind•<ole 
a~~ in•trucl.,, 

E•omplo: 

Symbollc 

"' CLRB 

~" 
005000 
1~000 

NOTE 

Cloor Word 
Cleor Byte < 

·lhe term PC (Prosrom Counter) In the Oporo· [',.) 
'""' npl•n~tion ollho on<tructrono relers lo lhe 
ulldoted PC. 

• 

'' 



4.3 UST OF INSTRU(:TIONS 
lnwuct,ons oro sh""'n in lOe foii""''"S s<quonco. otllor lnolructioM are 
found rn C/la~\ers 9, IJ, ond 12. 

.1.-The SXT, XOR, MA~K, SOB, ond RTI inslruelions ore rmplomenood 
on \he POP·Il/34, 11/45 a<><l 11 !55 .. 

•-Tl>e SPI_ inSif..etron os rmple<!".Onlod only on \he POP-11/45 and POP-
11/55_ Th• MfPS ond MTPS onstruetrons oro lmplemonle<l only rn tho 
POP-11/34. 

SINGLE OPEitlNO 

Moemonic 

Shlfl & Rotolo 

IMtructlon 

cloar d"'trnation 

<""'~"'""' dst 
on<roment d•l 
deorement O•l 
ne¡ato dot 
test dsl ..... _________ , ............ . 

ASR(Bl Of<tnmehe sMt <rgOt 
ASL(DI arotl>metre shrft lett 
ROR(O) rotate "l!hl. 
ROL(O) rotole lell _ 
SWAD · owop bytoo 

Ml.rlllple l'rod..., 
AOC(B) odd eorry ...... 
SBC{B) '"blroel carry , ........................ . 

• sn '''" e<tend .... 
MfP$ move byto Ir'"" proc<'nor SI.IILIS .,. 
MTPS movo i>)'le lo procos'"" olatt>o ..... _ 

·DOUBLE OPERA.NO 

~· MOV(O) 
CMP(O) 

"' '"' 
l-o¡ioo\ 

BIT(O) 
BIC(B) 
BIS( O) 

• XOR 

mo•e soun:elo d••tonolion 
comP"re sre to dO! .... .. 
odd or< ro d•l ......................... .. 
oub!ract sn: lrom ~. --- ............. -

b1l le5\ . 
bol cleor .•.. 
•• w 

.,~. 

.05000 

..:)5100 
.05200 
•05300 
.0~00 

.05700 

li06ZOO 
o06300 
~00 
o06100 
000300 

.05500 
•05600 
006700 
•106700 
•10645$ 

alSSOD 
.-!SSOO 
.S$!>00 

074ROO 

Po¡o .. ., .. •• 4-10 
4-11 

4·13 
4·14 
4·15 
4-16 
4-17 

•·19 
•ro 
4·21 
4·22 

"' 

~-25 

4-26 
"4-27 

·~ 

~ROGRAM CONTROL 

Mnemonk 

h~ 

" '" '" '" ,., 
wo 

'" '" 
~· 

bronch (unonndrt•onol) ........... . 
branc~ 11 not ~qu•l (lo zero) .. . 
branoh 11 oqual (lo zaro) ...... . 
brAn<h !1 plu• ...................... .. 
b"'n<h ti "''""" ............ . 
branoh rl o•erllo-.. lo tleor .. 
branth il overlrow" sot .............. . 
broncO 11 carry it ct .. r .............. . 
Cr•nch r! carry ls MI.---.............. . 

SlfiMd Co""ltlonol llnln<h 
DGE bran<h 11 grulerthon or equal 

(lo zof<>) , ................... _ 

'" '" '" 
btltnelo 11 1 ... "'"" ( .. ,.,¡ ......... .. 
bronch ir ¡rootorthon (tero) .. ,_ 
bran<h ill .. olhon or e~ual (lo zoro) .. 

Unol&no<l Con<lltlonol D""""· 
BHI brorn:h •f lusher ............................ . 
BLO$ bnonch 11 l<>wer or umo .......... _ 
BHIS bnnch 11 hlgher or umo .... . 
DLO bronch if lower. .. .......... . 

J""'p l. Subroutlno 
JMP )ump ..... ---.-................. ________ , __ 
JSR jump to oubroutrne 
RT$ <Oturn lrom subrnutlne 

• ~ARK r¡10rl< ., _______ _. __ 
• SOD subtract ono and brarn:h (il,., O) 
• $?1_ nt priority I0Y1tl .... ____ ........ 

Trop 1. lntornrpl 
EMT emulolor trop ....................... .. 
TRAP ltOP ............. -------. ..... . 
BPT breo~polnl trap .... .. 
IDT inpul/output trap ........................ . 
Rfl return lrom lnlerrupt ................... .. 

• RTI relurn ln>m lnlerrupt ..................... . 

MI$Cl~t0U5 
HALT ho~ ............. . ............ , ............ .. 
WAIT woi\ lor ln\errupt .............. .. 
RESH me\ ••tornol bus ............ . 

Canditlon Codo O¡M!-a~on 
ClC, ClV, CLZ, ClN. CCC clear 
SEC, SEV, SEZ, SEN, SCC ut 

'' 

< 

'-' 
Op CO<Ia 

" a. •• Cod• '•P 

~" 4-35 
001000 '" 001400 "' ,_ 4-JS 

"' 4-~0 
4-41 .., 
4·43 

oo'= 4-45 
t'02400 4-46 
00>()0() w 
003400 ·~ 
10100;) 

·~ 101400 4·51 
103000 4·51 
103400 ... 
000100 454 

'" 4-58 .,, ... 
00023N 4-62 

000240 
000260 

·~ •M ... 
·~ .., 
<·M 

4-72 

"' '" 



4.4 SINGlE OPER.O.ND INSTRUCTIDNS 

CLR 
CLRB 

dear doot;nolicn 

' t·, • • • • ., 

Cond~oon Codao N coo."o<l 
1. •<~ 

,, 

V. dea•OCI 
e Clo~n•:l 

• : o 

•OSDOD 

o~ ' ' • ' • • 
• , • 

ooo"<~llloon; "Nord· C<><>IOnU nt W«•'•«< doshn.,oon- r<I)IO<od dh 20 

"'" 

~·· 
..,. ... ,. ,. 

.·· 

6yte. Somo • 

, • S.tor< 
¡A))•I71111 

" 

-- ·" 

IHVC 
1 1 1 1 

•• 

CLR Rl 

"• 1~1 1 • OOOOOCI 

N1YC 
0100 

l 
1 

compiOment cl•t 

101'¡ o • • • • 
" . ' • • • 

COM 
COMB 

•05100 

• ' • 1 
• 

CondH~n Coda: N· .. , o! most "K"''"""' M 01 '"'"" "u~ c'"v•<:l ntn.,... .. 
l. se! o! mult" O. cN!ared 0!...,.,,.. 
V; cl01rod 
C: .. , 

Dn<~¡ollon: Roplocoo lhe oontonts of tho dnhn•hon odd,.., b1 thoor 1"1! 
otal ~ni ( .. Oh l>t oquat lO 0 1S ''"' On¡j O.Oh b•l ~uoL 
to 1 " eo .. rod) ........ 

~-· (1'00)•01Jll3 

NlVC 
o 1 1 o 

• COM RO 

'"• {RO) • ¡f,0.4.U 

NlVC 
1 o o l 



. ' 

INC .­
INCB: 

•05200 

o o ., o o • • • • • ., ' , 
[)po<oOOft:· jd.,).o(Oil)+) 

Cond~"'" Co<l•l" ·.N·'-'''"'"'~" <:0. tlu•ed "''-"""· 
!: W of .re"lult ''o, ole.,.,¡"'""""'" 

.. v." 10\ " (ds1) .... 0111.17 (worcl) qr l 17 (Dyle) 
. · , .... .., ... ,........ . 

e ""' •''""l<ol 
· woro ~il<l """ to.oon<ent• ol ~·"'~""'" • 
.611< S,mo . 

• Oo!O<O 
~(R2) • OOOnl 

N1VC 
0000 

.. 

INC Jf.! ... 
{R2J a OOOJ..l4 

NlVC 
0000 

' o 

1 
1 

i 
' 
1 
' 

1 

' 
1 

1 

' 

' ' 

DEC 
DECB 

de<rement d<l •05300 

1"" 1 o 
o o o o • • • • • 

• , 

~""' Cocloo: N .. , ,, , ... n .. <O. <ie>red <>th....,.••• 
l: so! •1 r .. uot" O. Cl .. rod <>lh....,.••• 

........ 

Y."'' •1 (401) ""' 100000 (word) or 200 (byte) 
<lo .. od ............. 

C: n<>l al!oc:lo<l 

.-~ 
(R5) •000001 

NlVC 
1000 

., 

D[C R5 ... 
(R~) • 000000 

NZVC 
0100 

• 
o 

t.:: 



NEG 
NEGB 

negote d•l •05400 

i"" 1 o • • • • • ' ' . ' • 
" • , 

Opntoao: (dsl),. -{dst¡ 

Cotl<!1hoo Cod•: N, ~~ ,¡ l~e <ewtt " <O: ,,.,,.., otMn<"e 
Z: 101 ol re'iUit ''O. <l<'ooe<l o:~>eno••• 

' • 

V: MI ol ""' ,,..,," ¡OOOCIQ (..otd}<>< 200 (by!•) 
<loaood OlN<WO~ 

e <le>'ed '' "'" '''"'' "ll" ,., oll>< ..... 

Pn<riptloo: l'l<l<d- Roptoceo '"" '""'""" ol tl>e ~''""''"" ~ .. , by 11> .....,., o;am...,.,...,_ ""''""''00000" •opio=! bl' ,, ... , ~"' 

.... -. «>.,..,....,.,, ""'"''"" the """'' ..... , ... ·-· .... 
"" .,., ...... """"'''''"") 

~-· 

6•1•: S..me 

~-· (RO)•COJOlO 

"rvc 
0000 

4-10 

... 
(~O) -171770 

NlVC 
L 001 

• 

f 
1 
; 

test d•t 

1"" 1 o 

" 

' ' 

• • • 
• • 

• ' 
' 

TST 
TSTB 

o057DO 

• 
• 

Conc!~lon Co6n: N .. , ollhe '""'~ •• <O: tlo>'O<I otl>ono•,. 

z: ,., '' '"'"''"o. '''"'"" o~n ......... 
V. tlnr«l 
e· <loo•ed 

OH<rlpiOon: W<>'d Sot• tl>t «>no:l•t•on coOo< N o..d l ao:o<O•"IIIO '"" ""!'~ 
tonto ot tno d"'M•I•on add•es.• 
Byte Somo 

(umpl,. T$1 R! 

eot.,.o 
{Rl)•0\2340 

IHVC 
00 1 1 

4-\l 

... 
(Rl)-012340 

NZVC 
oooo 

--



s..a .. 
S<:olml .:loto tr,. lo<!O'$ o!""<> 10 O<comploo"<d by tilo oMI '""""''"'"" 

ASR A"tlo...,toc <lo•" nKhl 

lSl - A"l""'tlc ... lt lolt 

The """M (t>ot 1~) ollllo ope<and" ccplocoto<l '" <loollo lo,,.. "K"- Tho '""' 
oode< "'' '' '"'"" wolh O on olu!u to the lolt llot> "''lto<l out o! t!Mt C bol. "'""""'" 

'" tho '"'''"'"'~ .,..""""'" acclosL 

~olot., 

T»t '"''" '"'''"'''""' """''" on lh< de"'""''""""''" ond the C bit •• lhough 
ttoey lormod o t 1 bol .. ..,,,..., 1;>.11!"''. I!Mtlt '"''"-"'"''" toc••to:e ltQuent,.o bol 
tn~"C ond oeto•lr<l l!o1 "'""'"""''"'" 

4·12 

' ' 

1 ' -, 

1 

1 

1 

1 

ASR 
ASRB 

•06200 

.• _ o o ' . • • • • . l . , • 

Cono!•.., e-: N oet ol t!Mt r.gt>on~o< lo! O( tho '"'"~ '' Ht ('"'"r. < 0)-
,-~ 01..e...... -
l:· >01 11 lho "''"" -O. <'•aood ""'"""''" 
V: loa<IM lrom the (;""';~oR ollhe N b•lond C-M (u ool 

· by"'" tompl<l1001 ot !he sllol! OJ><"tloon) 
e ,......,. ,....,-........ bot ot ,,. ,...,,.,_;,,"" 

·-- Sl>olt< .illl>;, ottM <le$lo,;ot•on n~hl o no p>o<e. 9•1 IS 
-..,, te~Noeotod ·r.,. C.b<t 11 toadocllrom M O ol the ""''"'•''"" 

ASI! porlor""' oognod "'""""" ol tho doshnotoon by 1'1'0 
W<>"<l: 

"' 



ASL 
ASLB 

ar<!nmo!.; sMt lclt •06300 

o o o o • • • • • • 
" • • o 

Cono!~"'" Cod..., J< ••• ~ ~'1" ord<r tnt ot u .. '"'"n '""' (<"'"11 < O); c .. .-d 
ottoo"'''" 

[']-
• 

[']-1 ,. 

l: ..t oliO• rooult •O; cl .. rod olht""''' 
V, looded "''" '"" "''"'"• OR ol 11>0 N t>ot ond Ct.t (o• ..t 
l>r ,,. comp>onon ot l.,. ...,!! o~at""') 
C-t.,.ded wotn ttle "'KhOfdor M o! tl>o doe>tonotocn 

WO<d: Sh•~> otl bils ot lho de$1""''"" lofl ono ploco. Bol O" 
ioode<l '"'" onO n-.e e l>t ot tt>< stotu> ""'d ,, lfadedlrom 
lh< '""'' oo¡oohc:ont l>t o! 11>0 d<'<lonoto..,_ ASI.' pMormo o 
'l&"ed mufl>phuloOO Ol tl>o <leston.ll..,.. b12 Mth 0-'IOw '"· 
d>COtoon 

••• 

••• 
o • ,,.. 

rH·I 1··· w....+o.., 1 h ' • .. ,. "'""'" o 

4-14 

1 
' 
1 
1 

¡.,, 1 o 

•• 

....... 

' ' 

o 

ROR 
RORB 

•05000 

o¡ • ¡o o 'o 1 • • • • • • 1 
• ' • 

N-~~ •1111< hogh oró« bit ol th< '"'"''" ..t (rewh < 0): 
<leorod oth.,...l« 
l: '"' 1l oll M• ol '""'''·0. '"'"•d oth«W••• 
V: loadoed "''" lh< E><lusi>e OR ot Hoe N bit ondC M (os .. , 
b1 ll>o complotoon o! ttlt roto! e OI>O'OMn} 

e k>.><led """ tt>e "'"-ctdo< l>t ot '"" d"'''""''"" 
~elotes alt bolO ol !he d"'Mot<>n "Kht one ptoce B1t O'' 
loode<l "'lo lht C-1>1 •nd lOo"'""'"' tonlen!> ol tl>o C-1>1 
.,. 10- "''o bol 1 ~ ol 11>< de>tonot"'n 
8yt< Somo 

¡;:I-1, 
" 

'"" 
"c____o--J' 

H5 



ROL 
ROLB 

• • o 1 o • . " • • 
• ' o 

N .tt 1! ~~~ ~~,~ O<'do< M ot tho dts~natoon 1• .-1 
¡,....,,. < O~ cl•..cl "'"""""e o 
lo 101 ,t ;>1 tloll ot ti'IO -h•ohon •O; clo__, otl>onnso 
y, loo-"''",.,.(..,..,., .. OR or tt>o N bol oM e bot {o>"*' 
b11"" comlliol•"" ol tho rototo oporiM<I) 
C" 100<1011 woth lile b1¡h "'ót< Dot ot \110 d05hnol"n 

W01d Flout. oll tot< ol tho dnhoahOO Ion ono olo<e- Bol 15 
>S 10011"" 11110 lhe C-M ol lho oloiYO _.,oro! t ... P< .. OOUI 
conlont• ol 11'10 C bot "" l<>ldf<l into B•t O ol tho dftl<IIII00"-
11)1o Some 

• [,]-1 
1 'i 

1 1 ,, 

-¡;::;1. ~'l'C. =· ;:;;J• 1 
'----l[,]__j' 

1 ' 1 ' '7· 1 

• • 

twap llyt .. 

h • • 
• 

1 

1 

SWAB 

OOOJDD 

• • • • 1 • • • • • • • 1 
• • • 

N,,., ol h•8h ord<l' b•t olio-.. ordor byto(b•l 7)ol rt«>!t '' '"'· , .... .., "'" ...... "" 
z: ,., ,, '""'"'"""' bvl• ot , • ..,, -O; ,, .. ,.., on ........... 
V:,, .. ,,.. 
C' tloorocl 

b<l>ii"'!OS '"ih 0«1« llyto ond I<Wr DrdO< 1>,1o ol ,,. -""" 

,;..., - '""'"""''"" "''"' bo. ""''d '""'"'''· 

~ .. 
(F!l)•077777 

NZVC 
11 1 1 

4-11 

SWAB Rl ... 
(111) •177577 

NlVC 
0000 



-ip!o ... oclol.., 
~ ,. _...t....,. n~ lo 00 at>ltvnelo< on .,.......,. ton..,..od n mulbple 

•o<lrds or b)1 .. Tho POP·11 ma~o• opec,.l P'""'"'" lOO" OU<h ""'""'"'" "''" '"" '"""":1"'"' ADC (Add Carry) on<l SBC (Su~troct C"'"ll ond ,,.,, DJ'I• """"'. 
lonlo. 

for oo;omplo two IH•t words moy bo CO<t"(>oner:i .,,. o .Jt bol doloblo .,._.., 
word ond oddocl or su~roctod os '""*" bolo..-

.. ~·-- " •• 
• 

... -¡ .. • 
' > • ·-· • • • 

Tho orkhtoon ot -1 ond -1 could bo pe<iarmod ., laltows: 

-1 - 31nmnn 
tRI)- tnm (R2l .. 1111n (lll>- !Tnn 

.>.DO 11\.112 

"" " .>.00 RO.Rl 

1 . .o.uer tllt> ..... (112) ... ocldocl. 1 ,. k>o<lod '"'"t ... e t>t 

2. AOC ""'ruc:t""' oddo e bol 10 tR3~ tRl) - o 

3 (R3) on<l (114) oro ad<lod 

4 ~tes~¡~¡" 37717711116"' -Z 

4-18 

• · . 

• 

' 
' ' i 
1 

1 

1 
1 
' 
1 

/ 

odd """Y 

• • . ' • 
" . ' • • • 

ADC 
ADCB 

o0550D 

• • 
• 

Coocl-lon Cod•: N. sol ol rooull <O: clearod othe"'•« 

Eumph< 

Z . ... >1 ,.,ult - O. cl .. ...d al""""' .. 
v ... t '' {d>tl ""' 011111 (word) "' 200 (byte) 

·~~~ (C) "'' 1: < ....... "'""'""' .. 
e ut •1 (dot¡ "" 111111 (""'rd) or 377 (byte) 

or>d (Clwoo 1; cl .. rod otM<wi .. 

Mdo ttlt cont.,.,ll ol tho C-i>t onlo tho clo>l",.t>on Tn., -·- ·· 
m•to tOo co•l)' lrom the oóchhon oltho low ordO' ,....d, lo bo 
cor"od into tho hogh·O<d..- fOSUII. 
9ylo. Somo 

Doubto ,...oooc>n oddo.,., may be do"" Wolh lht tollo'"'"l .,. 
WoJ<hon soquonc•· 
.O.OD Nl!IO 

"" "' .O.OD Al.Bl 

4·19 

oód ....,...,.d.,. po.-to 
oód co•ry >niO "'ll""«der 
oód holl'> orclor porto 

~· e; 



SBC 
SBCB 

1übtra<l ca<ry •0~6{)0 

1"" 1 " " 
, 

" " • • • • •• • 
• • ' 

N: sol ,¡ '""'" O; cloorrd o"'"""~ 
l: •et o! '"'"'' Ó; <l~ared otherw;M 

" 

Y: ''" o! (d>t) .. ~, IO!XlOO (word) a< 200 (byte) 
el~.,.., oth""" .. 

C· •~• rl (d>l) ""'O and C wo< 1: tl .. red oth~twl<o" 

WO<d- Su~tr><" the rontonl> <)! ,.,. C b•t !mm lt>c deotrna 
''""- Tho> ,..,,,.h ll>lt ""Y trom 1M ..,b!roctron o!IWO low· 
ot<>tr -d• to b< >Ubl<o<!.., """"!NI h&h O<~ pon ot '"" 
resull 
arto Somo 

O<lublo pt«lso>n oubtroc:t.,n" <!One by: 

SUB .0.0.90 
soc a1 
SU6 Al.Bl 

·. 

1 
' 
1 
' 
1 

1 

SXT 
UM<I tn 11\e PDP-ll/34, 11/45 ond 11/55 

otrn .. tend 006700 

" " 
" --

" " ' • . , 
(<lo1l '*' O ol N M'' tloor 
(d>tJ•-INM;>oet 

N· cnoi!Octed 
l: ~~ if N 1>1 tlnr 
V: cte.,od 
C: unall<>etod 

• • • • • 

1! tho ooodrtoon '""' b.t N" ••1 thon • -1 "<"•"'' '" '"' 
d .. lrnatoon opor.tnd· rl N b•l '' el .. ,, then , O " ploo"<< '" '"" 
O..tW,•tron ope.-and Th" rnotr<><:loon ro porto<uiO'Iy u•<lul rn 

mol1<plo "'"''''"" """'m<l"' -'"'" rt poomo<O 1"< "1" lo 
bt oor.ndo<l uYousn "'"''""" """"'-

'" 



·• 
Uud In tho POP-11/34 MFPS 

mcve tryte frcm proc .. sor ltotu• word 105700 

Cclldltlon Cod• 
Dilo: 

OMCrlption: 

(dotl - PS <0:7> 
do! lcwer 8 bito 

N::: oet of PS brt 7 = 1; cloared OlhOI'WI>e 
~ = •el •1 PS <0:7> =O: <leored olherwiu 
V= olelred 
e= nol oholed 

ne•8 bot C<lnlo>nl• el the-PS oro mO"<P~ lo !he ollec· 
¡;.,.. ~"'''"""en. "11 dHtonat,on le modo O, PS bot 1 ;, 

•oogn· exiOMed 1hrou¡h the uppor byte of 1111 regl5ter. 
TM cl<>lonotocn operon<i lddriSI 11 troated 11 o byte 
oddre». 

MFPS RO 

bolo« 

RO [ll] 
PS (000014] 

"' 

! 
' ¡ 

i 
1 

1 
1 

1 

' 
1 

MTPS 
mo•• byte to proceosor ototus worcl • ICI64SS 

o o o o o o • 1 

I'S <0:7> - (SRC) 

Cond~lon ~ Se! eccordin¡¡ to ofloctlve SRC op<nmd bits 0-3. 

The B boto of the el'f«tive ope<ond replocu !M cur· 
rent contento of tho PS <0:7>. The sour.., oporond 
addren 11 lreotOil •• o b)lle odclre ... 
Noto lhot !M T 1><¡.(1'5 bol 4) connot bo oet wilh thoo. 
lnotru<toon. Tila SRC· operan<! .. ...,a;no unch•naed. 
ThiO IMirutllon con bo uoed 10 <hongo lhl~~<iority 1>11 
(PS <5:7>) in tho PS. 

.... ,, 



' 

4.5 OOUil.E OPt:IIAND INSTIIUCTIOfiS 

thublo oporond "'"!'UC~O<>I llt<MOe 1n ;,..l<v<I>On (o"<! 1-l ....,.,. '"'"'IY 
.,nu r...-, .,......,.,. 11>e nte<J tor ·-ooocr·~,.¡ .... ,.. .. se<¡~m>Ces suc~ •• t"<><e 
uo.od on •=-'-'"'-<'',."'"" moeM•n 

·• 

1 

1 
1 

• • 

MOV 
MOVB 

move ooun:e to d..,.tonot.on 

1"" 1 o • • ' ' ' • • • • • • 
" " " • • • 

c:-~lo/1 ~ N >ol o! (S<<) <O: " .. '~ 
l. 101 ol ("<) -O, cleorod 
v· ,, .. ,od 

c. not '"""'"" 

,_,,.,.. .. ~- WO<O Movet tho '""'"'" Of"''Ond lo !he d"'l•notoon loco¡,on 

Tho ¡~<'""'"' conlont5 ol 10. ""'''""'"" ••• 1001 Tho <0<1· 

'""" ol 1M '"'"'" odd••" "'" ""' ''""'"" eyto Somo •• MOV ¡,... MO'IB to • ••g"''' {~noquo omof'( 
l>(to onSI•uol•<>n•l ""nd' lh< ""'" ,,~.,.l~ont bol ol tholow 
Otdtr byte (oo¡n '''"'"'"") Otho""'' MOV8 _,.,., on 
\>ytu "''<111 u MOV _,., .. on -d• 

~V XXX.Rl ,IOod>Rogl<totl,.">l,.con 
Ion¡, ol momory I<><;•I'On. XXX •eo•e .. nto o PfOK'Ommt'! d< 

lonod "'""'"""'' uooo;! to ''Pf"'tnt • ..,..,.,.,.,. toc:.toon 

wov •20.1lel '"""' , .. "'"'fl« 1'0 '"'" 
Rf8'""' 0: .. ,. .. ,..,"'' .. thol tho votuo 20 ,, '"" _,.nd 

MOV @#20,-(116} 

~OY (R6) + ,@ 1t !11566 ; IIOP' ti>• opo<>nd oll ti> e >toe• 
•M ""'~ ot onto momort l<>:ato"" t 11566 (tO<monol "''"' 
.,., .... ¡ 

MOV At.R3 

••a••t•r ''""''" 

MOV8 @•171~.@•111566 ,..,.,.. •• , .... ..,, .. 
l<om ,.,.,.,.ll.oyr.oord bul!or to tormonal pronlor !>uUor 

4-2S 



CMP 
CMPB 

' ' 

" 

•2SSOD 

• • • • • • • 
,, 11 • • • 

(S<<HO>I) 

N_~ rl -,..,n <O. cl<a'"" Ol""""'< 
~- .. , ,¡ rosuU -o_ cleoroó otll<,..,•• 
V .. , ,¡ therewos '"thmehC •""""'"· thol •>.oper•r>d• wore 
ol """"'"" <•sno ond tl>o o·s~ ol u .. 6o<lrno!lon ,..., '"" 
.. .,. o• tll< "11" ol u-.. '"'-''l: c\00'0<1 al"""',.. 
e du•od ,, u .... ""'o u.<'Y trom tM most '""''"''"' O.t ot 
lhe rosuLt .. , olne'"'"" 

e,...,.., .. 1"" -mt o<"<l oe,tnahon OP"'Ond> O<>d Sel$1 ... 
coodotoon coo ... """" ''"' then bo uoeO '"' ,,ohm<toc ono 

"'~''" '"""'"""'' "'"""""' Both opo<ao'ld< ••• ""''""''"" T"< onfy ""'""' ooto.., u10 coróbM t<Hiti T ... ...,I>O<I •> 
cu<to<Nnlylolow.<l by o ....01"""'1 bron<h '"''''''""'"­
Noto onot un~<•• "'" oubtroet onstrucbon tho ordor ol -­
''"'",. {>")-(0>1). not (<!>1)-(o") 
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AOO ! 

... ore to dot 06SSOD 

l o 

" 
Opoutl""; 

llws<ripllon; 

• 1· • ;. • • 
" " • • 
(d")..(><e). , ... ) 

N ><1 ol oeou<t <:0, CleocPd O!'>""'" 

Z W '' rewl! - O. cloorod "'"""'"~ 

• • • • ' • 

v ••• ,, ·~• "'' '"'"""''" ,..,n., •, • '"'"'' o1 ,,. -· 
otron lhol "botll O""''""'""'" of tt,. ''""' ••go oM t~o 
<=11 "''' of tho Ot><><»•le ••gn, clo,,ed olho,....,. 
e- >e~ ot ~'"*"' • co•ry rrcm tho "'"' "'i"'f"""' t>t or tho-·- -­
r'@Outt. el .. red otho"'''" 

Add• tho "'"roo o""''"" to fho d«t•ootoon o,...ond ond 
5tor"' lho re.utt ot 1 .. <le51onotoon od"'"'' lho ""~'"'' 0<10"1 

tona ol tho ""'''"""'"oro..,.,. n.o, """""!' ot '"" ""'"'• 
"" oot oUo:<ttO Twos monpl.,noot >el<l•l•on" ,...r.,....,od .. .,. 

lodd to rt¡~ottr: ~00 2C.RO 

A.dd to m.....,.,._ A00 Rl,UX 

A.dd ""''""' to re¡:• oto•. AOO Rl.R2 

A.dd momo')' to memory_ A.OO@ • 171f>O.XIU 

XXX'' o~'""""'' <lel•.....:l "''"'">0''" lo• • momory toco ·-· 

"' 



SUB 

.. 
Opool1•..,-

•• 

16SSDO 

o 1 ' • . • • • • 
" , • ' 
(d")..(d•!l-WC) 

N- Ul ol oo.wll <0. cl..,od ol ... ,., .. 
{: ,., 11 '""'" ~O. clu•e<l ot""rwo .. 

• • • • , 
• 

V >el ol '""'' ~ounl ..... L<,...r..,. U a t..utlol , ... -· 
""''- tNt ~ ol ,.,.,,,,. ,..,., ol C9P""le .,11,.. ood ,,. "1" 

ol '"" >Ou<to "" the ''""' •• t~e ''11" ot tho '''"''· "'"«! 01,.,..,,,.. 
, ~- "'"""" ,, ,,.,.,, w .. • ..,,,., '""" '"" moot "'"'~'"' t>t ot .... -~"" .. , ., ........ 

Subn '"' the oourc• ""'"'"d lcorr¡the de"'"''"'" -cond 
on<llea'n tno '"'"" allhe d0$hnot"'n oo.l< .. < T ... 0"&"'01 

'""'""'' ot t"< de>!"'"""' ••• loO!. Tho ""'''"" or lhO 
""'"''.,. ""'af!ociO<I In doublo ptocioi"" On1....,.1oc 11>11 C­
M, ...,.,. ,.¡, ono:I•W" o ''b:lr"'w'', 

~~ 
(Rl)-Olllll 
(~2)-012l45 

NZVC 
1 1 1 1 

"' 

... 
(Rl)•011111 
(R2) ·001234 

IHVC 
000 o 

1 
1 

¡ 
! 

1 
! 
1 
1 , 
' 

,, 
• 

--These onWuthon> l\o1<0 tt>o .. mo lorm~l n tt>o doullle oporond anthme!oc ¡:roup 
T"-'¡pomnl op<fOIIOno on <111111 al thO bit lrlol. 

' 
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BIT 
BITS 

1"'', o 

" 
1• • • 

" !! 

O¡ooooOooo. l=> A (do!) 

• 

' ' 

1 
' 

• • •· . • 1 • • 
·~ • ' 

1 

BIC 
BICB 

bol ctea, -'SSOD 

f" 1 

1 o o 1• • • ' • • ' ' ' " .. .. • ' o 

c-41on ~' N· .. t o! ho(h·O!<Ie< bol o!,...,, ..,. ClO>rl<l o!"""""" 
~- .. ,o! !MIJit •0; <l .. tod otf>lo""' .. 

~ion CoNo' N .. , ot '"&" or<le< llot ot .-ewn '""': <le..-t(l .,......,,.. 
l .. , ol <eoult •D. <IOO!ed ottoe,.., .. 

V" ctoo•~ 
e, no! ol!o<lod 

Porto;..., tog¡¿>! •·ond""com¡oo~- o! 1100 "'""'' Onil cluti~ Dn<riploon· 
""'"'" opo•oo">ci• ond n"IOdolo .. co<><lotoon to<Jn ot<o<dongly 
,...,_ ,,.. """'" ...,. d<Sionotoon opo<o'"" •~ olfet!eO_ 

Tl10 811 omlruo;tooro moy be o>«! lo !Ht -- an, oi '"" 1 
C<l'~pon<long !lo" lhot .,. • .., on ll>o do•lo">t>on "' olso ooOt [....,.., 

"' o,. '""'«"' """'""' oll <Ottespo.-.i"'l llot• oet on '"" ""•· 
~""""" .... <lOot on ti><"'"«< 

en •lll.R3 : lftl \!oh lo,.¡ 4ol R3to­

: o! bol!! ••• o!! 

(30).:0 000 000 000 011 000 
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' 
1 
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Y: <IN<ed 
e not oltocted 

.Oeors .. c>o llot on ttoe de<tonotoon '"''"'',.,pon.:~, 10 o .., 
bol on ll"le "''"'" lile ""8"'"' contents ot lile """'"""'"' ><< 
1001. T"< eonlont. ol '"" "'""'" ••• uo•l!octe<l 

BO!OO"t 
(RJ)•00\234 

Dolo,., 

Allor. 

NZYC 
1 1 1 1 

... 
(Rl)•OOI234 

(R4)•00010t 

NlYC 
OoO\ 

(Rl):O 000 001 010 0\1 
(R4):0 000 001 00! 001 

<OO 
OO> 

(R4):0 000 000 00! 000 001 
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BIS 
BlSB 

b<l .. t 

IM, • ,. 

CoMI!Ion Coo!oto 

•~SSDD 

• • • • • • • • 
" " • • • 

N ••' ol '"~h o•d"' bd ol '""'" ,.,, cle••ed otM•••"" 
z_ ,., ,, "'"" -o <1wod "'""""''" 
V_ <loo•od 

e oot .u"''"" 
"''''''"" "ln<l"'"' OR Oo><''·'""" O.lw .. n tOe """'<" and 
deo;l•n•t•on .,..,..,.., '"" leave- ti>< rnull >lt"< do""'•t•on 
><1<:1,.,.. l~ot "- "'" .. po<IO•-.g boU ... on tho """"'" .,, ... 

'" '"" ''""'"""'" h .. <•~'"'" ot '"" ... ,.,,.,.,...., .,. ''"'-

~-· "''"' \FIOI -001 23-0 ¡RO) -00123' .. 
(Rli•OOIIll tlll)-001335 

t<lVC NZVC 
0000 0000 

Boforo: (RO)=O 000 001 010 011 000 
(Rl)=O 000 001 001 001 oo• 

After. (Rl)~ 000 001 011 Ol! '" 
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1 
' 1 

' 

Uud in the 1'01'-l 1 /34, ll/45 aod 11/55 
XOR 

<•<l<o.,•e OR 0741100 

., • o ! • • . 
' • • • • • ' • ' ' • 

Cond•loon Codn: N '"'" tne '"'"''·=O ''""ed "'""""'• 
z .. , ,, ... "" -o ,, .. ,..., ""'"""''" 
V <L .. ,.., 

e ""'"ocl«< 

ilft<no!ion: TM e•olu""" Oll of "" •••·•••• •nO d"'''"''"'" """'"'"., 
>Oored on tM d<.,onOioon o<klren Contenl> ol '"11'''"' ••e 
""'1"'-tod A11omblo. r.,.,., ,, XOR ~O 

BolO«! 
IFIUJ•0012l4 
1~2J•0011ll 

Al!<' 
(R0)•0012l4 
IR2)•0(l(l.11S 

(RO),Q OOD 001 010 011 !00 
(R2J=O 00D 001 001 001 001 

{R2J=O 00D 00D 011 010 101 



4 6 PROCRAM C01'HIIO' INSTIIUCnotls 
Br..::l><• 

Tht •n•t•uc:toon u.u ... o bto""'h lo ;locotocn .,..,,,... ll')' U>e '""" ol tl>o ol!l.i 
(mull•pi>O<I ll')' 2) oro) ll>o ,.,,.,¡-tonto ol ""' Progr•m C:O.nteo •'-

... 
b)il "cond•bOOOI oro),,. COOd·hD"' o•• mol one< 10""'1 tM <:Or>:l<~OO 
C«<to (Oiotu• -•d) 

tho o liSO! ,, tht rum- ol ""''"' ''""" the '""""' """'""" olt,. PC. ~te lhol 
lht '""""' contorll> ol tho PC "'""' to 11>< ""'d tollo"'n¡¡ the bronch "''""'""" 

Alth<>uo" '"" PC ....,, • .,..,o byte odd'OU. '"" olloot o< expr..,>O<I on ""'"' TM 
Ollsol ,, outornatoc..Hy mu"•plood Ir¡ "'" to eop.en t>J~•• ""'"'" n ., odd«l to tt>e 
PC 6<1 7 '' ""' ''"' ot tt>e olt .... 11 '' ""''· ,.,. "'""' •• ,..8•1·~•..! ,,. bo-""<" 
"'""'" '" '"" ""'"'"""' c~< .. e~oo. S•mtoor'lt '' '' '' not .. ,. ot>o 011001 ,, ""'"''" 
ond '"" b'On<h '' dono '" lhe lotw"d """"""" 

Th< 8 bot oll .. l oliO.,.. b<on<hong '" thO t>a<k~"d d1rooto>n ll')' l"OO. ""'"' (400. 
t>v'O$) '""" ""' cuntr>t PC. On:l"' tt>o lo,.....<O """''.,. ll')' 117. -,:10 (376. 

lryt<o) '"""' '"" '""""' PC 

T"" POP 1 L oo .. mblor looMi<< >dd"" '"'"""'''' '"' lht u o« ond rompuln '"" 
.,....,~;~~ .. tho propor olloet loeid lor b•onch '""""''""' '" '"" IO<m 

e.. ""' 
Whe<o ··e,. .. '' 1!'1< b<o<"Ch '""""''"" ond ""loe"" " '"" odd<"'o lo ..noch IM 
b<on<h,. to bo modo ThO "'""""'"' &"'"' an ""'' '""''''"'" •n lhO onwucl•on 11 
tl>o pem"l•ouble b<orw;h '"""' ,, ""- e,.,..n ""''"''"'"' ""••..., ollo<:t.., 
condoloon «0<1n 

' ' 
1 
' i 

i 
i 

" 

BR 

bra""h (uncond•t..,...al) 

[ooooooo 

• . ' o 

PC 4 PC + (2 ' oltsel) 

l'ro•oclto • w•1 ol '""''"'""11 progrom control w<lhon 0 

,.,,. ol -126 to + 127 ""'d' "''~ • ..,. -.1 "'"nx''""· 

r.ew PC odd<ess = updatod PC + (2 X oHoet) 

Eumplo: W1lh tho Btanch inmuction at lcco\lon 500, tho lollow•ns oH· 
sot• apply. 

N.,. PC Addo ... o OHnt C<>cio OHoe\ {d~imal) 

"' m _, 
"' "' 

_, 
•oo "' 

_, 
~' ~ o 
~ 00> +• 
"" 00, +' 



BNE 

br•nth r! not equol (lo :ero) 001000 Prus olh•t 

¡o,ooooo ,• 
" 

b>mplo 

. ' o 

PC .. PC + (2 oof'-<t]rl 1 • O 

r •• ,. ,,.. ,,, •• ol ro. z M '"" <•"'"' • b"""" ,, 1"' 1"' r " 
;l .. r. !IN['' ll>t compl<!l>eniO'Y Opo'""'" lO B~Q lt" u•ed 
lO"" •n.,.¡U01•tJ "''""'"i o CMP. to IO>I t ... l <.amo b<h ... 
., 10. de<t<n>hot> ~ Ol<O"' the Wuue lollo"'<"C o BIT . 
. •nd g..,.,,.,_ lo 1<>1 '"'' ,,.,. '~"" or tht "'~""'' O!H'' 
ohon w" not '"'"· 

CMP 11.6 
BNE C 

"'llb<o.-.;htoCol A f- S 

ond the ooq""nct 
ADO A,l! 

~· ' 

:<Offll>lrtA on<!B 
; b<3n¡;h rll ..... ore no! OQUOL 

:oddA to 6 
: lh<dl rllhe rtso..U ls not 

IIQUol !<1 0 

,.,u brae.ch lO Col A + 6 ,f. 0 

"' 

•• 

' ' 

Op.rolk>llo 

Co!Miitooo ~' 

Oos<f1ptio" 

. ' 
PC .. PC + (~ • oll!.tt) ol 

UoaP!«too:l 

CMP A,B 
BEQ C 

...,Obo'o'"'hloCriA • 8 
o'ld !loo ""l""'"'" 

AOO A.B 
BEQ C 

BEQ 

001400 Pru< olf•el 

o 

' - 1 

: compo,.. A ond B 
; b<Ot><h rl lhey 0'0 oquol 

:add A toB 
: b<onch 11 lhe , .. ull• O 

*'ltlfonohioCofA + 8 • 0 
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BPL 

O,...>toon_ 

Ge.<nploon-

100000 Po u, ofl<ot 

' • • • o l . ' • 
PC.PC • !1•oii,..\JoiN•O 

Tn11 t~e •!~te el the N M ond """'"' o bran<h o! N is 
<lear, (po51li•• ro<ult). 

BMI 

branch lf mlnuo J()(}.400 PI u• olls<! 

1 ' ! o • • • • • 
• • • 

"r ollwc PC .. PC + (l • ollsel) ol N - l 

c.nd~lo" e-: linofloctod 

To<h lho 01110 of the N-b1l ond cau•es a b'OnCh il N ,. 
ool. 11 is used lo t..st lho oign (n>oot signolocont M) of 
tho rnult ol tl>o prev;ou• OP'Or&!>OII), btonchon¡ 11 r.¡;¡¡- "' ....... 

,, 

4-39 



BVC 
• • . 

• 
• 

O; "....," 

102000 PI u• on..,t 

, o<rsn 

' ' • 
f>C,.PC • (2•oll$ol)oiV-O 

l0<1$ thO ..... o! ll>e V t>l """ c.oo ... o t><•r.ch ol the V bol ,, 
<loor BVC •• cnm~lemento..Y """''t'"n 10 PVS 
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• • • 

BVS 

• • OHS(f 

• ' 

r ... t, '"" ""'" ol V t>l to...,.ll""') ond <ook> • b•>n<h ,, "'" 
v '"' "••t evs •• "'"" to dotocl """m"'" """'lo"''" ttw. 
P' .. '""' o¡>o"t'""-
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BCC 

1 ' • • 
" 

·• 

103000 Pluo of!<ot 

o 1 o • OI'FSET . ' • 
PC .. PC- + r2 , ottset) ,, e -o 

'"''' '"" '"" ol ,,. e bol •r<~ <OU<es • broro:n ,¡ e ., <loor 
BCC" '"" """""'""""''""' _.. .. ""' to ocs 
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', 

BCS 
t>r•nch 11 carry is oet 103400 f"us oll<et 

• • • • . ' • 
P(:,.PC • (2•oll>ol)ol C•l 

Tom tOo stoto ol thoC l>t ond ..,..,..., • ~"""",,e,, 001 ll 
" u>«! lo, .. , ''" • earry on tl>e , .. ..,u ol • ,........, ... , 

"'""' -· 



!ol&nocl Cancliloon>l a,_,.., 
Po..,<ula• con'lbor>OtoO"' ol tt>e <Of'd<loo~ code M• ••• l .. tm woth '"" •·~ned <on 
~,,.,,..., "''"'"'" l...._. •mtru<toon• .,, u~ lol..,.l 11>0 "''"'" ol "'"'""'.,"' '" .... ,n""' "~""""' -· """"""'"" .. "'l""" ¡, .. ,,.. ..,.,_,¡ ••"'"" 
r<oiO t~l t~o ..., .. ot ••w><d '"~""""' d,n.,., l•om lh>l o! ""''g<>O<I <om­
P'"""'' on thot on "8"""' 16 l>t, "'"'' eompl..,.,..,l &'llhmeloe tho .. ~""'" ol 
'''""',,os lo11oW> 

,.,., ... 
........ , 

077771 
017716 

wtoe•••• '" un><gn<d 16 l>ot """'""'''' tho ..,.,,."'" o< <on••<le<•d lobo 

. 

"' ... " 

1 
! 

' 

b''""~ '' e••""' thao or ""'""' 
(lo '""') 

\o o o o o o 1 o 

" . ' 
BGE 

002000 Plu• olhd 

o 

PC•PC • ll•ollwl)oiN•~. O 



BLT 

brooch <1 lou tt>on (>ero) 002400 PI u• c!lw! 

o,o 

• 
• • 1 OFF$[1 

• ' • 
F'C.PC + (2•othet)o!N~Y·~ 1 

C..u..,. • bfocch '' th< "Úelu..,. Ot''ol tM N tMV M• oro 
\. Thu< Bll ooll Olw>yO bnn<~ lollo••"'C on <>Pt<Oto<>n 1 ... 1 
- lwo n<&OI• .. no,ombo<> . .-o! <>>•l'lbw ~ 
1n po<IO<UI ... BLT ••ll•h••Y> .ou• o boo.-d'> ,¡ ;r lo-. a 
CO.OP <t~Wu<l<>n oporolmg on o no¡¡oii"' .. ...,.,. on<lo potó· 
,, .. de>Mot.,n (o_, 1! o......-low oa:unod) furtt,.,., Bl T "''' 
nev .. ,..., .. a bron<~ """" ,, foil""' o CM~'"'''""''"" opor­
Oiong on o P""'''"' soureo ami ""i"''"" <IMMot"'n BlT "'" '""e-,. • bforch ,, tno ..,;un otlho .,. .. ....,, oponto"" ,.., 
zem (-.,tl'oul .,..r!k>w). 

1 

1 

1 • 

' ' 
1 

BGT 

bunch 11 gnoolor !han (>ero) 003000 PIUO oflset 

1 o 1 o • • • O'lst"T 

" . ' • 
PC•PC +12•off"'I)IIZvjNoVJ•0 

Doo<riplion: Operotoonot BGT" '""''" to 00[. ••<01>1 BGT "'''MI""'" 
o btonch on o uro fftUil 



' 

BLE 

ll<lncn ;¡ ~· tnon or oquot (to nro) 003400 Plu> offset 

¡ o 1 o o • • { 
OffSET 1 . ' • 

()perol.,. " ,_,;o,. lO BL T bul in od<l''""' "'" couw 1 
..._h ,¡ 11>0 ro•ull ot ""' pr......._ _.!ton *"' .-

... "' 



BHI 

' 1 o • 
• 

101000 Plu< of!so! 

• • • • . ' • 

Co~n« • "'"""' '' tho "'""'""' .,..,b.,.., unnod Mllhor • 
C.Orty ...,., , • ..,._.n_ Th,, ••llhoQQonon~.......,(CMI') 
~OhO<I$ •• long •• tho ooorool>ao o t.ghtr """'''"'Id •tlue 
thon tho dosMotoon 

' 

1 
' 
i' 
1 

BLOS 

btonch 11 '""'"' or ••me 

• .. • • • . ' • 
PC .. PC + (2ooiiW)~C•l• 1 

Cou,... • bronch ol ll>o "' .. ""'' oporat<>n oou....t ••lh« a 
CIW!Y O< O •oro <esut!. BLOS rO the ~em""l>!Y OP<'ahon 
lo B"l Tno b<anch woll CIC(Ur on comp>n..., """"'"'"' u 
long •• tho "'"'""<S equal lo, or l>oo o l<»"m uM•Q<>od va loo 
ll>an tr>t doslrnotoOOI. 



BHIS 

• • 
103000 P1u• oH'"1 

• • • 
• • 

PC.PC •12•oll>ol)oiC-O 

8><1$ '' '"' .. ~• on<lto<l•"" •• &CC Tt., m......,,., •• .,_ 
cl•~•d .,.,,, l<>r oon••M=• 
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' 
1 

BLO 

braneh of k»<lf !03400 Plu• ""'"' 

alo., .. ,..., '"'''""'"'" •• eC* '"'' ""'"""""'" ·''''"'""" co,ly lor co,...ono..-.co 
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JSR 

004RD0 

1 • • • • • • 

• • • • • • 

(PI''"·~~ eonton!< onto proc:eoiO< me k) 

(PI; ..,.., locahon toUo••"'' JSII: thol o<l<lro., 
.., .. pul"' ,..::1 

PC .. (d>l) (PC now rointo to >ubroutln~ d~lttnotlon) 

"' <•«""""" ol tne JSR. lhe 01<1 """'""h ol tho •P<'<<f•ecl rq 
"'"' !l"" "ltN~AG[ PO<NTE:R"') "" '"'""'''''"'1 pu"'"" 
onto too oroce>W stock ood now lonk•8• ontocmol1on ploco.l 
on the tego;tOt Tl>u> >U,..Outonoo n<>lod "''"'" ouorout""'' , 
to '"' .,..,. .. m.oy olt 1><' <Olio<! "''" tho .....,. ~~· '"8"'"' ! 
ln.re '' ""n .. d eotn..- to plan tl>t "'"""'""' depli> at ""'"'": 
'"' p>rtoculor oubrou"n• w,ll b<t collod"' lo '""'"O.'"'''"' ¡ 
toan• on •acto """'"'• to .... oM re<Wo lhe lonOop ""'"~. 
Fu<t ...... ~.-a u hn.,g<> "" .,_ on a '-"'., mon""' ¡ 
on '"" p<ocon•>< stock "'ooutoon ol o'"""""''"" moy 1><'"' 
torrup,.d, tho um• <ubrootone ,...,re...., •M exeoulod by "" 1 

"''"""p1 ,.,..;e,.,..,,.,., E."""to:m ol '"" '"'''"' wt>rou~1nt 
oon tl>onl><' •esu""<d .....,, otMr ,..,....,, ,,. .. ,,,,..., TM 

P'<l<"" (eonod ""'M¡) con ..,oc- to """ , ... , 

~ '"""'""''"" coiL<d ""'" • JSA ••8 ~'' rn.l•uo:l"'n con >«<" 1 

tM "'~""'""" lo~""'"g ttoe coll "''~ ••'""' ""'"""'..,.,."') 
adC<OS$on¡, ~rog) + , ~'' ''8"""'"" ••• .CC~I>od oeQUOnh!l~) 
"'~ or>d.,od od<l•~"'"lt- X~oo8), ~~~ O<COO...:l rn roo<!Dm or 

<Wl- TM>o '""'"'""*' modn mov ''"' b< dot.,rO([_ 
@l•otl • oM @l::l•"1!1 rt '"" poromelon ••• oporand >d 1 
dro .. •• '"""' li>on lh< oporand• l~m .. 1 .. , . 1 

1 
1 
1 

1 

Ex•mplo: 

,O.IIer. 

JS~ I'C, dsl t5 • '""""' <050 ol lhe POP 11 •obroul•ne '-" 
suolab<o lor •obrouto..,. ''"' lh>l '''"'"''' P'"''""••• 
wougn 1~ g..,.,,, '01!'""''- T"- SI' o.-.;~ ,,. PC ""'"' onJ, 
'"~~"'..--, lhot rruv t.. mf>1,1oed 1>,- tho$ <olt 

Molher >pocr•l ,, .. 01 lhe JSA '""'u<l<>n " ¡~ PC 
@(SP) + *lrrV! "'Ch>n¡., lbo IOP ot-¡ Ol 1"< ptOC01....; 
stock •nd tho """'"'"' ol lho pr~rom """"'"' u,. ol tn., 
m>lru<loon OIIOW$ Two roulono> lO owop P'"'l""' conl rol ond 

r<>umo "'''"""" whon '"''""" """'" llroy loll ofl_ Suo:h rou ,,.,., ... ,.,..,. ""«> ............. . 

JSR R5. SBR 

(PC) R7 Stock 

~SP) R6 " DATA O 

" 

"' 

" 
" 

.,, 



RTS 

o 1 o .. 

E•omplo' 

o.,.,.,, 

Allor: 

o 

• ·• 
. 

. 

=ro• 
o 1 o o ,o : ' o 

' o 
o o 1 • • • 1 ' • • 

• ' • 

loado"'"''~" 
'"" "'"''"""' < ll~um lrom • 

ol <e@ '"'" PC oo>d pops !1,. top ele.,..nt ol 
loo:O onlo ltlo S¡;>«doe<l •O(!•ot•. 
non-t...,I<ON Wb<O<Jiono" !'riiO<>IJ¡i m.>de 

t~rougt. !M .. me rogrst.,. t!\ol .... """' on •IS e•"- Thuo. • 

"'"'""''"' "''"" "''"o !SI! PC. d>i "''" wotllo RT$ PC ond 
• !.UI>routH'IO co 1~ ,.,¡n a JSR ~5. d<l, may prel< UP pa<o· 

'"'"'" "-'~ 0(1(1 
o'ld '"•lly ''" 

<e>sint~ m-s (R~) +. )((115). or @X(RS) 
> Wlltl on RTS R5 

" " "' 
'~' " 1 '"" 1 5\llc~ 

"" "' ~ M" o .. 
" 1 " 1 

"' 1 
~ 

1 

"' 1 
n ;-2 1 DATA O -

" 1 " 1 

'" 

MARK 

U08d In tne PDP-ll/34, 11/45 on~ 11/55 
morO oo 64 rm 

1 o o o o • o o •• ,, • .. ' ' . ' • 
O,..oti""; SP. PC + 2nn 

PC~I!s 

R5-.(5P) • 

nn m num""r 01 P."'Om~••• 

U sOda• po•t o! •no "'ndard PDP tl "'""'"""' '''"'" "'" 
_,,..,, MAI!K locoloi>IO> ll>e olock cl .. n up ¡>rO<edu<.., on. 
-olvt<! In >Ubr..,l<ne f.,!. As.....,ble< torm.>t oO' MA~K N 

"" RS.-(SP) :ploe< Old ~5 on otot• 

~· PI.-(SP) .... «N Pl<•-loro .., P2,-(SP) -"" "'" "><• to .,. 
:uoed t~e« by tho 
-•ubcout•no 

~· PN,-{lW) 

"" •M•R~N--(SP) "'"'"''"" ""'""'''"" 
~· SP .RO 

:MARK N on \M'"" 
,ool up ""d'~' al Mook N '" 
"'""hcm 

"' PC.SIIB ;¡ump to wb<ouhnt 

Al '"' poont '"" ""'' "•• tono ... 

~·· " 
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• 

SPL 

• • • 
" 

Opcrat;on; 

CoodoJ¡on ~., 

DeKrlp1ion 

·-

l!oed in !he POP-ll/4S ond li/55 

0002JN 

o t o • • • • • • • 
• • 

PS (Ms 7 ~)··l"r!Otoly (pr10rlty = n n n) 

no! oHeetO<I 

• 
• 

The "'"" ••snoi•<Onl tht ... ~ts of U>< on<truc"'n 
ore "-le<! onto !he Program StotiJ'S Word (PS) b•l> 
7 ~ thu< ca u son¡¡ a chan¡e<l P"""'r- no otd P"""'' 

is '"" 
~nembler oynto• 11' SPL N 

Note: Thos ln<truch<m " o no op '" uur ond 
Su~"'''"' mode• 

Trap '""'uc''""' proyo<!o '"' ""' to •"""•toro. 110 "">'""'"· "-li'"' ooc•­
o¡¡ ... ••d "'"'·do!o<>e<l mt.rp,.lef< A trw " elfoe1o~y on ontOI'fupt 1enoral<d by 
oor..,,.. w- • trap occu« t~ """'••'~~< ot t~ru"""' P"'!l•...., Count« (PCI 
ond p,"'!,..., S,.lu, Wonl (PS) are push<d on1o the "'~ •~• •ncl ,. 
placod by tne contont! ol o two--d traP"""'"' con!O.,.,'i o new F'C o"<)""" 
PS. Tho roturn ""!UOIU lrom a trap o<W<>I••• <>e<uton~ on RTI <>< RTT onstruc· 
t•on ""'<~> , .. ,.,.., tl>o ~d PC a<>el <>k! PS by ¡>o>p¡>ong ti>Om ltom 11,. """'· Trop 
WKIO<O "" IOU!o<IOI porm.o-tly .... gned lo<Od ~>n 

4-62 

ernulotor trop 

• • • • o 1 o 1 
" . ' 

C..~ion ~ N 'oaded '"'"'trap"'"'"' 
l' loaded hom ""P VOCIOr 
V. l,..dod 11om I<OP ....,¡,. 
e- loldod lrom ""P ""''"' 

EMT 

!()40()0-104371 

• 

Dncriptóon· M o,.,..t,on codos lrom l[).OOC(I lo I.J4l71 .,, EMT '""r"' 
t•on• and may bo ""'" lO \rafl>n'l<l onfonnotton lo lhr ....,!al 
u.~"'"""" (o~.'"""'"''' lo too l>frlorrned). Tho '"P """"" 
tor EM 1 15 al .Odre" .lO Tho '""' PC <S "'"" ''""' lh< won:l 
ot •Od.-.» 30 tho """ oon!rol pr<>: .. "" ""'"' (PS) '' l•k•n 
lrom the word JI addreso 32. 

6elortt; 

C..ut•on. [MI 11 u!.<d froquontly by OEC ,.,...., soltw"o an<l 
,, Hwotore n01 rocomml"f!dod lor general use. 

~ ~· 
R7. PC ~· 
R6. SP " 

~ (32) 

~ (30) 

" "-' 

''" 

• 

Sii<k 

DATA 1 

DATA l 

~' 

" 



TRAP 

Ira~ 

' ' 

o(SP;...PS 
o (SP).of-1." 

f'C.(JA' 
1";..,,30\~ 

104400-104777 

. ' 

Co<>dilion Codoo: ~- lood.., '""" trop '""'"' 
Z: '"'<l<<l r"'"' •••o """'"' 
\~ '"""'-· ¡..,,.. tror. VO<:tor 

e-'""""' lror,· tror ""''"' 

'l¡)o,.¡,,. «>dH 'roo~. lMOQ(.r t~ 1()4117 are Tk~P '"''""'" 
\ron•. TillP¡ aoo EMi< ••• .S.ntul rn ._.,.,,_ ueoot 
Ho•: "·" 1· •o '•'-"'' :or TAAP •o ot o<tdr ... s )4, 

r;oto· ~'"<o w:c oolt,....., m•~ .. lroquont ~•• or u.n. '"" 
;~~.• '""'""'·""" ,·..-ommr:ndod f<>r ge""'"' uoo 

4-6'· 

.. ~· 

breakpoinl trop 

oooooooooooooo 

o(SP).of'S 
o(sP).oPC 

f'C ~ (14) 
f'S •061 

Condoion C<>olo" 1< ioo<!Od lrom trap •..:tor 
l IO&ded !rom l"P VO<:I<w 

v tooO<d lrom t-.p '""'"' 
e ,.,...., ''""' hap "'"'"' 

BPT 

' 

,..rlo•"'' a trap ''""""'" wrl~ • trap''""' add"" ol 14 
Usod to ""'" dobu,¡¡¡rng ••O< TM "''" "<.aut.,..,d aga•••t 
...,p~ol'nl <We 000001 rn po-o¡r..--ns run Unr)H '"'"' d< 
OOII!r<>l ""'' 
(ot> onlormatron "transm'""" or> tho '""' byto J 

"' 



IOT 

Lnputlou!put trap 

• • • 
" 

o 1 o • 

*(SP).of'S 
•ISP).oPC 

PC.(20) 
PS-.(22) 

• • • • 

C<><>dKmn Cod•: N Lo•d<d ''""' l"o voctO< 
llo..,... trom t••o """''" 
v '""óod lrom tr>p """'"' 

e ~>o""' ''""' ""!> """"' 

• • • • • 
o 

_,,.a tro¡> """"""'• "''" • trop "''lo<_. • ., ol 20 
llo"" to coll t~ ltO [..,.;ul'~ '""'"'" 10~ '" 1 ... POpo< loO< 
oottvwo •l•lem. on<J lot o<rm '"""""'11 '" '""o,,, Op.­"''"" s,., __ 
(<>o o~lormotoon" '""'"""., '" ,,.,_. byle) 

"' 

retum hom ontOHupl 

• o o ' o • o o • 

" 
(lporab..,: PC.!SP\o 

PS .. lSI'Jo 
Cond<IIOn Cocln: N l_,ded '""" p<O<O>- •l><k 

1 •ooded Lrom P''"' .. '"' '"'' 
v Lood«< '"'"' o•~•..., ''"'" 
e L<>oclrd ''""' procu,... $1><k 

RTI 

o 1 o o 

• 

Desulphon: lloO<! lO "''llrom on on!o«upt O' TRAP '""'"'e <OYI"'" T ... 
PC •'14 PS ore rnto•od (-)!""" '"" P'"""'"" >1•<> 

'" 



RTT u .. d ¡~ to~ POI' 111'34, 11/45 and 11155 

'~"'" hom •ntortupt 

OQOOOCOOO o o e o ' 
" 

PC-ofSP>• 
I'S.,(S'P)o 

N 1 .. 00<1 ,,_ P•oc<>""' ""' 
l l(loded Ooorn pooce,o• ""'' 

V. too<IOd Ioom "'"'"'''" ''""' 

e "'"""" ~<om "'""'""' """' 

• 

Th"" tho .. .,. "tOo Rlt '""'uch<>" '"ceot '"·'' ,t '""'b•l> 
• 1raco "'P whote RTI ""'"''''a t•ac• tr>p 11 a""'' lr.p '' 
...,o,,g. 1"- '"" onWu<"'><> a'«• tho Rn "'' b< <•«olod 
!><OC• to to·o "'"' ··T··oooo In th• ,~,.. ol ,...., ~~~ '"''""'""" 
,,... ··r· hop ,.., O<cu• .,....,..,,.,.,,. ,,. .. '"" RTI 

RO<<""'<I lr,,t·~<toon >•OP> · TI••'" ••• cau'ftl b; "'""' ol > le ''"",. •O<t ou•l.o" 
oc>d., '"'"'00 lor ,.,,.,,. ooocoi!O• "'"""'''" ('<-ervoo '""'""'""'¡ or ""''"' 
"""' .,,¡n >Ilegal '"""'""~ noOOO> I•Uogal n>I'IJ<l•OO>) 0<0« co<ln not <0<" 
•po0<1·n¡ lO '"t o' tho .tl<l<U<t<>n• dOW•t>l:<l "" <OM•dt'od 1~ 1>0 ,.., • ...,,..¡ .n 
«•u<l"'"' '''Pano !SR woth "8'""' n>D<lo "'""'""''" "'" •''•~•' •n>hv<t""'' 
Ro$eNoG onC •lle€01 on,truchon "•P< O«u• •• do<;<.,~od undet EMT. bu! I"P 
lh•eu~h ""o" al '"""'''' JO •nd 4 '"l)el:ti,.~y 

$1 .... Owrllow l"P 
"'" Er"" Tropo· Bu• Em>r TI•~· ••• 

l. Boundary ''"'"'. attomph lo ooleronco lnouu<t•ono o• .. ord 
uptrands "' od~ addrou~o. 

2. Tome-0~1 [rroro. attemp!S 10 oerereno• add••"'' on the bU< 
th•t mao. n~ ,.,~onoe wlthin a oen•in oength ol tome. On peneral. 
tl-010 M~ '"used by >IIOn'O!< lO rel'>enc. non <'"leM "'•"'"''· 
onG >llemoh to •<~••en<e noo •••"•"! penphe"t """''"' 

Buo "''"' Vooo couoo proto,.or tropo thrO<o¡n 1M t••P -.<tor >ddren 4 

T"'" 1np. Trace Yrop enatN., O•t 4 ol tho PS and '""'"' P'~'"""' '""' >1 
"'e 'Id ol '""''"'"'" •••«olonl. TM "'st<uct•on 1'"'1 0> ••«U!Od 111.,. ll>o •n 
o~uc:ton lhol <@! tho l ,., ""' _ _, >o '""'" •'"'" •nd "'•" <a u .. 1 0'0< .. '"' 
t'Op !hrO~ tilo UIP •0<10< O\ oddrO<s )4 :W.to lh>l !11< \<OC< trap'' • sv•lem 
dohloU•"I >id ond" '"""""'"' to lile gonor•l prog••"''""'· 

Tho loll""'"i ,,.. ,,..,,.,<'<OS •M ••• doloiiO<I '" '"b'""""'' P•<~tlrooho 

l. Tho t,.CIId '"'''IIC~<I" , .. , .. d lho T b•t. 

2 Tno trocO<I in>lruot•on "' \he 1 011. 

3 Tne l••c~ '"'l<uct•o~ <lu«c •~ '"''•uct•on '"" 

'. lt01 l•oct>J •M~ruc:llcf. "'"''M .• bus •""' lrop 

S. Tho t·ac<d '""'"'''o•t ""'"" • oto<l< """'"''"" '"P 
5 11>0 pooc«' "" ,.,,.,.,uPIO<• t.e!WHn tilo l.me tilo T '"' '"'.., oro:ltt .. 
ro"n.t<e ot th< '"'''tiCtoo t•ot ..,, to,.. lrocott. 

7. ¡¡,, ttocO<' '"'!ruotooo "" r WAIT, 

8 Th< tro<:«: '"''""'""'· ""'; HAI.T 

9 Tno tnCO'<I '"'''''""''',..,a Re:u•n ''""' l<>p 

An ;nn<uc:k>o ,,., cto_l,. T .. ~ • li<:<o•• ;.,,n.o¡¡ tno t'lcoo.l '"''""""'" on '" 
tornol t··~· :o•o :•o« f.o;:.'"',.., Tno trop .. 11 otolloccu< ol t"••ndol ""'"''"" 
ni'""'"'·"·""'~ lh< ''"'"ed """'""'d.""""""· "'" "'"" • ele" T t•l 

M ltl!lnot!iOI> th>l ... tl\o l·Oit · ~·no:• tr.e l-bot .,., .. , .. ..,. •et ~M"'II ot OI!O•n 

h~> no el.ftcL T no ''"~ "" ""'"' 



.o.n ln>tn.<:llon th•t c.ou•O<I ~n tn>lruct•on T••P· Th< on>t<oChon tr•P " 
<D<uog and the ont"o oolll'"" fot lhe '""''Ce I<,,P" exe<U\<d lf the 
.. """ roolone ""'' •«th an ~TI o< on any othe< "'''<«lO«$ ll•• stacked 
•tolu> \Wlf<:l, the T-1><1 ,, >el ~Raon. the on>l<uctoon lollowong H>r traced 
tnstruct10n ,, "'"""'"" an<:l, untess tt '' one of the ·~•"~' U><• notO(I 
,oove. a trace ttaD oec"" 

An onottu<l<On thal cou>e<J • Bus Ertot T•ap. Th"" lr.aled n an In 
\lnx:!oon T10p. The only doH!tence " th•l lloe •"<>' '""'"" " not •• 
¡1koly to e .. t woth an 111!, •o thattne '"'" trap may no! occut. 

An lnottu<hon tMt cauoed • 11ac~ over!tow. Thp '""'""'"" comolei<O 
e•ocut<on n u•ual-lh< Sta<k Ovotflow don not <Ou<o a ltop H>< 
Tt;ace T,.p Vocto< •• lo•ded onto lhe PC and PS. and tho oto' PC o!>d PS 
artt pu,..ed onto tlle .rack Stock O...e<f.ow a<cu<' a¡aon, •n~ thos tome 
the '"P " made. 

An inlortül>l between uttin~ of the T-b•t ond fetch o! lho lra<od i<rttt.o<· 
toon. The ent"e mto.,upt '""'"e rout'"• " ••oculed ond lh<n lhP T·btt 
" .. t ·~••• by the ""''"g RTI. Tilo t•o<Od '""'u<l1on " ••ocuiPd (d 
tloe<e haY~ bee~ no otMr '"'"""P"l •nd. unte•• •1 " a <pec.,r case 
noted obove, cou••• a trace trap. 

Noto th•t •nto .. upt< may be acknoffl<"d~O<I """'""''''"'Y arw '"" to.odong 
ol the new PC and PS at !he ¡,.p """'~r la<at<on. To lock out ••t >nter· 

.<uol<. thO PS al the trap veclot <Muld '"''" lhe pruc•"o' p<lot<IY ro 
levrl 1. 

A WAit. Th• ltop ncou .. ,m,..<>dt•Coly. 

A HALT. Th< proc"""' '''"'· wr••n "'" cont,uo '"' on the con•ole i< 
P•.,••d. th~ >n<l<u<lron tollow<ng tho IIALT « fetchOd and "'"<'Uted. 
Un•<-<< ot '' CM el tne o«•l'l•cnt. notO(! at:oove. tho ltap cccu" '"'"'" 
d<oColy tollow•n8 e.ocutton. 

A Rrtum from Trop. ]loe'"'"'" !tom trop •••t•uctoO•< Mhe< ctea<> or '""' 
tne T·M. 11 •nh1i>ll0 IM trace ttao. 11 tilo 1 b1l wa. ••t ,nd RTT 1< the 
H•<O<I onotructoon tho trap " dolo~ ""''' comP'<hon rJ tne """ tn· 
structron. 

""~' f>ilure Trap. ,. o "•ndard PDP 11 foalute. Tr•o oc<u" "Wh~nevot 
1he AC power drops belo"' 9S volts "' oul «! • 47 lo 6l H<rll Two '"'"•· 
oeconds are then allowO<I lor poMt do~n P•ot•'""ll ''"P vecto< for 
po...,r fa<lore 1s •t lccatlon• 24 ond 76 

4·70 

Trop priontiu, In e,.o mu~lple ptoee•OOI' trap cond•t<ons otC<ot <imul· 
· tanoousty tho follow<n(i ot'tfer of p~<ontiu 10 ob•e,..,.ed (from ho¡h to tow): 

ll/04 
l. Odd Add<tso 
2. Ttmoout 
J. Trop ln•trucloons 
4. Troce TtOp 
5. ,.._r raoluro 

ll/34 
l. Odd Add .... s 
2. Memory Mona11ement v,o~ooon 
J. T1meout · 
4. Potlty Ertot 
5. Trop ln•lrucbon 
6. Troce tnp 
7. Stoc< Over!tow 
8. Power Foil 
9. lntonupt 

10. HAlT rrorn Co<>sole 

11/45, ll/5S 
l. O<ld Adclre .. 
2. Fatal Stock VoOfatiOft 
J. Se¡¡m011l V1otoboro 
4. l'maout 
5. Panl)l Error 
6. eo.>ooto no¡ 
1. Sea:,..,! Manqement Trlp 
B. Wor.,:."ll Stoc~ V10ial1on 
9. Ptl~r fallure 

Th• detoh on the ~o trap PtoeK• hove bHn ci .. C,.l>O<d on the trace 
trop o~ro!IOIIOI Cles<:n!lliOn whlch lnclucles <a•es in whi<h an >nstnot· 
t10n bein¡¡ !roo" couoos 1 bu• ••~•. instruct•on !l>lp, or 1 >lock OVO<· 
flow trap. 

11 o bus em>r is c;>Uoecl by !he trap """"''" hondk"ll inl!ruclocn HoP<. 
troce traps. stoc~ overflow tr•ps, oto prev.ouo bus error, lhe ptoeeuor 
ts holtod 
tr o otack .,..rftow" cau>O(I by tho ltap process '" handl<nll bus •rrooo. 
11r.tructlon trops, ot tr ... ¡rop¡, thl procKO IS r;ompleted ar>d lh011 the 
otee~ oY11rftOW trap 1s sprun¡. 



HALT 

~" 
1· • • 
" 

"""""' • • • • • • • • • • • • • 
• 

C.u..., the orO<e<''" oporotooo to , .... T"" conoole " 
¡._, tonln>l o! tht ""' 1ho ...,.,.. dato lo& M• d"''!oy tn. 
omto"'• ot RO. 11>0. «>n>Oio """""' ~~"" 4<!1111">' tho od­
d<Ms '""' lho horl ""''""''""· T••"''"" on tO. l!NtBUS "'" 
lorm<nolod •mm<<hat"'y Tl>e PI,; P<>"'h lo tflo nod •notruc­
loon lo 1>< .. ecutOd. PrO<S<~ 10. "'"''".,. "" on ""' <onsoio 
eauoc• ~· _,,.,, to ,e,,,.,,. No> INIT "INI '' -
Noto A holt <'>UOCI on 

WAIT 

wait lor interrupt 

[······· • • • o o o • • 

Conditíon Coc!H: 

O.scription: 

• 

n01 oHect«< 

ProvodO< ~ w•y lor tho prooessor lo r<lonquiolo "" ol 
tho bus whtlo Lt "'"'~' lor "" ulern•l '""""P' 
Hoving ~eon govon • WAIT '"'nmond. the ptoce<Sor 
woll no! comp<le for bu< uoo bY lo!ctuns on>t<uct•ono 
or operando trom rnemory. Thos P""'"'' ho~hor 1 '' ">· 

· tor ,.teo botween o dO"' Ce '"d tneoomy, ''"'" no 
proce.,or·onduted l~ten<••• .,,¡¡ be encountered by 
buo noque<a trom the d .. .,._ In WAIT, •• in '" '" 
ouuctoOO$, \he PC poonto lo the neot onwuctoon fol 
lowong the WAIT Ope'Oloon. Thus when on ont<<rU~t 

'""'"' \he PC onO PS te be ou•hed onto tho pru 
'""''" <tock, tho addron or the ned 1nw~ct.or 
ron,..ong the WAIT ,. u•ed. Tho ""' fr_<><n t e on· 
terrupt routine (• •- .,e.:utoon of en Rfl onwuct.on) 
wotl cause '"'""'PI•on ol the mlo<rupted pro-ce" al 
the 1nstruction loltowing lhe WAIT. 

.,, 
o: 
~-
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MJNICOMPUTER SYSTEMS 

R. H. ECKHOUSE, JR. 

PROGRAMMING TECHNIQUES 

~astery of a baS>c instruction <el is the first step in learning to program. 
The next step is \o lurn to u•c the inst.ruction set to obt.ain corree! result.o 
and to obt.ain thcm efficienUy. This is best done by uudying the follo"·ing 
programming t.«hniques. Examples, which should further famitiarize the 
readcr with the total instruction set and its use, are given to illustrnte each 
technique. 

4.1. POSITION-INDEPENOENT PAOGRAMMING 

Most programs wntten to run on a computer are written so lUto occupy 
specified m~n1ory loeations (e.g., the l·urrent le<:ation counter is used lo 
tlefine the location of thc fir>t in•lnlcl.ion). Such programs are said to be 
ahsolut.e or po.;itwn·drptndenl prograrns. However, it is sumetímes de>~rahle 
to haVe a stamlard pro~ram whith" avnil•ble to mony diff~r<'nt "'~"· S1nce 
11 will not h~ J.,uwn a priuri wht•re th~ standard programs are to be loaded, 
1t is nccessary lo be nble to lo;~d the pro~ram into ditterrnt ar~as of core and 
to run it there. TI>rrrare """~ral ""Y' 1.0 do this: 

l. Reasscmhle \he progr"m ot !he d<•oired local ion. 

2. Use a rclot·ating l~oder which acccpu specially coded hinary from • 
r<'loNlable """'mbler. 

3. llave thc prob'!"am relocate >l<elf afl.t•r it is loaded. 

4. \Vrite a prownm th at i• position· indcpcnden t. 

Qn small machines, reanembly is orten perform~d. Whe.~ the r<'<¡uired 
core is avaJlable, a relocatin¡: loader (usually cal\ed a linlúng /oader) ú. 

" 



" 
pref~rnble. lt. ~<·n~r~lly is not economical to h•v~ a pro~'"-"' r~locnte it.se~f. 
since hundreds or thous•nds of addresses moy net'<l "<ijus·.m~nt. ll'ritin~ 
position·indcp•·n()<·nt cod~ is u<ually not possible becnm~ of the <lructure of 
~he addr~s.ing of llw objed m•~hine. llowever, on the PDP·ll, poSJtion· 
ind~pendent cod~ (PJC) is possibte. 

PIC is achieved on the PDP·l! by us;n~ "ddressin~ modes which forman 
effective memory o<!dress rrl"tive to tlw program eounter (PC), Thus, if nn 
instruction and ll< obwct(s) "'" nwved in su<:h a way that thc tPia~ive di .. 
:ance bo>tween tlwm is nut "lt"'"<•d, thr '"'"'' of!set rPlative to \he PC c:m bf> 
used in nll pmitinn• in m<'mOI)". TI"'' I'TC muolly rt'fNence< locations r<'!a· 
tive LO thP cttrrrnt \oeation, l'IC !""~'·""' m;o~ rnalc<o nl"o]u~e t<'~<'r<'nC<'' H< 
long'" th~ locations rrfo•r<·nc·o•<l ;t,\y Ln tlw ,,LLnr pi"~'' wh•lr tlw PIC pro~ran> 
is r~loc3!ed. 

4.11. Pmition-t~d<p<ndent Mode1 

'fhcre are t.hree rositlOn·imlependent modrs or form< of inotn.tct!Ons. 
They are: 

l. Bram:lre<: the conditiona\ lnonches, as well as the unconditional 
branch, BR, are position-ind~pcnrlent., si11ce the bmnch ~drlr<'SS i~ computed 
asan of!>et 1.0 the l'C. 

2. Rl!lari~e mcmory re{er~nccs: any rclol.:>,. mrmory ref,•rcnce of thP 
form 

CL< V 
~N· >, ,. 

" 
is position-indeprnd••nt b<•<"""'" the '""'"'l:Mr n"rmbl~s it ao "" offset in· 
de"ed by tbe PC. The off•et •• thc diffrrence b~twrcn t.he referPnN•d loen· 
tion and the PC. p.,, """mplr, "-""m• thal tlw ins:ruction CLlt 200 i< nt 
addre<S 100: 

' 000100 005061 
U00U14 

S)·ml>oloo 
l~>l•ucl;on 

CLrl <0!1 

Cummonl> 

J-'TUST 1\'0RD OF l.\'ST!l VCflQ-.: 
. o•· F~ e:r··~ roo-Jo.: 

----'-----------
The offoet is added to :hr I'C. The PC contmm 10-1, whic-h i• tlw addr~"' of 
th~ word followin¡: the off>t't (the s~<"Ond word of th :, t wo-wor<J tn•truet ion). 
!\'ot<- that althoush the form CLR X "positwn-in<h·po•ml~nt, thr form CLlt 
@X lS not. \Ve may sec this whcn wo consi<i<•r \lw followill~: 



l"' PkOGJ<M•MING HC"NIQUES • ,, CH,.,P .• .. 
Lin• Symbolic 

Numbor Addreu Con<••'-> Lo bol lmlN<lion Ccmmont.o 

' 001~00 00!017 ,, CLR ~X ,CLEAR LOCAT!OS A 
ooun~ 

'· oozooo 003000 ,, .WO!tD A ,PO!NTER TOA 

,, 003000 000000 ,. .WOI!.O O 

Thc cont.ents of loeation X are u;rd as thc acldress of the operand, which is 
symbolically labeled A. Th~value stored at location X is the absolut.e addreu 
of the symbolic location A rather thao thc relative address or offset between 
location X and A. Thus, if all the code is rclocat.ed after assembly, the con· 
tents of location X must be altered to reflect the fact that loc:lti<lll A now 
stands for a new abso\ute nddres..t lf A, however, was thc name aS5ociat.ed 
with a fixed, absolute locntion. •tat...ments S and X could be relocat.ed be­
cause now it is importan! for A to rcmain fi~ed. Thus th~ followíng code is 
posi ti on-in<lt•pend~nt' 

Un• Symbolie 
.-.:umb .. Ad~rou C:m\tnU l>bel ln><tu<lion Comm<nl> 

' 000036 A~ 36 ;FIXED AO!lRESS Ol' ~6 

' 001000 00>017 CLR t"X ;CLEAR LOCATIOI' A 
00(117~ 

' 002000 000036 .WORD A .POINTER TOA 

3. Jmmediale operanrli: the nssembler addressing form #X specifies im­
medial.<> data; that 15, th~ operand is in the in.truction. lmmedial.e data that 
are not acldr.•sscs are position- ind~¡'Cndent, sine e they are a parto! the mstrue­
tion and are mo,·ed w>t.l-. Ule instruction. Con...,quently, a SUB #2,HERE is 
po"tion-imlep~nd<'nt (>ince ~2 15 M>t ,m addrc>S), whilc ~IOV IIA,ADRI'TR 
is poSition-<.le¡a•t><lt•nt. if 11 Os a symbolic addrcss. This i; so ev•n though 
the opt•rand i< fe~hed, in lloth ""'"'· u;in~ the PC in the autoincrement 

1Tn ••riry ol"• pom< L~o '""''''' ;, o·n«our•g•·~ (n rdoc•l<· th• •·orlo, ,¡,., ••><·n,bly, 
mlo l"<oli<•n• 4000, ~.oun. ""rl r-ooo l!y dnin~ •Q ~· w¡ll ~""~""'\~o< <h• «>nl<n<• <>1 
,..,.,. l<>c·,•l•ono >>< lho •·""" ,. ¡,,. lhe '"'"'""¡ <•><lo ond !ha< lht· <On\Pnlo of l<><o<lon 
5000 ~" n<>< rniM '" lc-c>li<>n 60(1-0_ 
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mode, sin~e it,. thc quantity fet.ched thnt is bein~ us~d ra\her ~!1an its form 
ot addre..,ing. 

4.1.2. Ab10lu1• Mod•o 

Any time a memory location or rt'ltÍ<!u is used as a poin:....r ~o d~ta, !he 
reference is absolute. Ir the r~ferenced data remain alw~ys fi~~d in memory 
(e.g., an abso\ut.c m<·mory location) ind~p•·nd~nt of the position of '-he I'JC, 
Ole absolute modes must be ~>sed.t Altemative!y, i! the da:.a are re!ative to 
:he position of !he code, 1.h~ abso~ute rnodes must not be ,,.~e u"!~s< :he 
pointers mvo!ved are modified. R.~statin~ this point in <llfíNcn: worc!s, ,r 
oddressmg is direct Md relative, it is position-il>d<·r~m!ent; if it is indi.rect 
and ei!her relative or abso!ute, it is no/ posilion·indep~ndent. For e.,amp].,, 
the ins~ction 

"move the contents of the word pointed \.0 (indirecUy referencerl by) the PC 
(in this case absolute location X) to !he word indexed rdati,·c to the PC 
(symbolically cal1ed HERE)" contains one opemlld thal ¡, r~r~renced indi· 
rectly (X) alld one opnand that ;, refer~nced r~blively (llERE). This in· 
struction can he mo\'Pd anywhere in memory as Ion~ a; absolute localion X 
stays ~e s~mc, that is, it do~! not mow wtlh tlw instrunion or pro~ram; 
otherwise it m~y not be. 

The absolute modes are: 

" "' (R) 
(R)+ ond (R) 

~R)+ •nd •""1R) 
X(R) R-'-6 or 7 
QIX(R) 

Loc01ion X", po,nter. 
The irnm<~o.tl<' wmd ¡,o point<r. 
The re~'Ol<r io a poinlor. 
Th• ,.~;,¡,," • poiMot_ 

The co~C•<er poin'-' lo o poin<or. 
Theba", X, mod,fte<l by (R), '" Lho add"" nf the opor•nd_ 
Tho b"•· "'odifo<¿ ~y(H), ;,, p<<int<r. 

The nondcferred index mOd<·s re~uire a \itl(e cl:.nf1cation. ,\s d~scribed 
in Chap\cr 3, lhe furm X(7)1t is the normal moo:te in ~~-hich to ref<•rence 
memory and is a rel.oti,·c mod~. lndcx 1node. U>inr. a '"~"t~r. is also a re!a­
tive mode and may be n•ed com·•·ni~ntly in P!C. Ba<i~ally, :he rcgister 
poinl<'r points to a rlynamic stor;,gc aTL•.1, and th~ index modo is u.ed to 
oc,·css data "·l~tive to the point<·r. ÜllCC th.· poin..-r" 'el up, all data are 
refcn•nc·ffi re)atÍ\'P lo the poin:.Cr. 

twh•n I'IC i< not b•ing w;[\io•n, ,.¡,.,.,neo• lo¡,.,.~ h>colinn> m•Y bt· poororm•d wílO 
,;u, .. 11« ob><>lul< o• r.I•Li•~ fo"'"· 

ttRonll thot X(71 io oquiV>i•nt lo X(R 7 ). "~kh " •Qm•olont to X( PC} "'h••• PC-R 7. 



~.1 .3. W"' ing A u tornatl< PIC 

.. 
" 

C!I~P- 4 

Automatic PJC is ~ode tha: requires no alteration of nddres ... s or pointcrs. 
Thus m~mory re~er~nces are limi!Rd to relative modes unleu the location 
referenc .. d is fix~d. In oddítion to the above rules, the following must be 
ob.,~rv~d: 

l_ Start the program wllh .=0 to allow~asy relocation using the absolu~ 
!oad~r ("-'" Chap~r 7). 

2. All location-setting slntem~nt.s mus\ be of tbe form .a.~X or .= func· 
tion of symbols wit~in the PIC. For ,•xarnple, .•A+ lO, where A is a local 
JnbeL 

3. There mus\ not be any absolute location-settin¡: statements. This 
means tbat " block of PIC cannot ..,¡ up spedfied core arcas .~ load time 
with st.aLPmt•nts such as 

The absolute loader, when it is r~locating PlC, relocates all dala by the load 
b1as (s.oe Chopter 7). Th11S tht> <lnta for the ~bsolute locntion woul<l be 
reloca\Pd to sorne other pbce. Such areas mus! 00 set at cxecution time: 

1Hh~M.~I:'4~ 

.,.~ ..... ,4~ 
4.1.4. Writi1>9 Nonaotomotic PlC 

' 

,HIT ~~(·<· JH ~¡·;- LOC J4~ 

.~N(, ~f-$ LO(IHJ.;oN )12 

O!ten it i< not pOlSible or economical to write totally automated PIC. 
]n these c~ses <<>me reloc~ti<>n may be ea<i!y pt·rformed at ex~cution time. 
Sorne of Lile requ'cred mrthods of solt1tion are pr~5<'nted hclow. Basicalty, 
the met.hods operotc by c~aminin~ tlw PC to det<>rmine wher<' the PH.: is 
actually loc·ated. 'J'hcn a relol'ation factor can be ~as¡Jy comput~d. In all 
exan1pl~s it is a.<SumPd that th• co<le is assembled at uro and has been ,.._.. 
l<>cat._.d som<·wh•·re elie t>y the ~b<oluW l<>ader. 

4.1.5. Seur"~ tlp F~>ed c~ro lo<atioou 

Con,idcr fifSt lhP pr<•vious namp!t• \O clear Lhe contents of A indirecUy, 
,,._. point<·r l-o,\, cont:tim•d in symtrolic lo.-ation X, mus! be changed if the 
code ;, to be rdocated. The pro~-mm >C~ment in Fi~. 4·1 recomputes the 
point.er v.1.lue ench timP that it is ext•cut.ed. Thu• the pointer va]ue no longer 
drpends un !he value of lhe location counter at the time the pro¡:rarn wa< 
os•emble-d, but on the value of the PC where it is loaded. 

' 
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~·~,·~& 
t·~~~(•7 

~M~~& ~'~~~~· " ¡,(<MK ''"''''''' [•<'17~·' 
ON•(<O~ 01~(·~7 

(•(o(•••'<"· 
C&0012 00~~.'7 

•·&~n;,> 
(<OOOH (<(•[•t•[•(• 

~ .. ,~ .. ~ 
~(•10&~ &~~&i•O ~= 

N• .. [<~~ 
~en·o~ ~oe~~~ ~' 

0000&1 

·~·:'" 
H•:;< 
MU>' 

• .. ;~~ 

''0:, •·e 
,.,.,_ •• _ •·e 

. IJ('' t• 1< 

•. •770:-
~"''(• e 

• (N(• 

.l·UI"[ <~ 
, ~·U 1 N( N. 

' " " 
-·~. '"Ó''' ,,, ~,.~ 
, H(•l• Ir! i''HU 

• $TVf' 

="'ow if this program is loaded iota locatioos ~000 and hi~h<'r, it should 
be dear that none of ~e pro¡:ram ,.aJuos,. chan~~d. 1llis point ~ould lw 
shown pictorially by taking the Fi~. 4-1 m.1:eriol, rccopyin~ i~. hm chan¡;ir.~ 
only the values m the )~ftmost ,-olumn, tlw a<l<lress ~olt~mn. Tllm if Olll' 
were to lonk in, .ay, location ',OJO, the cont<mts would be 7Gfi ancl the v~lue 
found in loc~tion 5000 would b<e 2000 (i-~ .• n~i:h~r value ;, t·b"n~cdl. 

Gi,·en tha: 1.be pro~ mm <bt.~ h~vc 1101 ¡·han~t·<l, :hr '!"~don i<: l !ow c!oe• 
it work' Thr ""'"'"' ts thal the off,et ,\-S-2 ;, rr¡toivalcnt lo A-(S+~ ~nd 
St 2 is the v"]Ut' of PC which i< p~;ll·<·d in RO b;· :lh• <l~L''""'1l\ .\IOV PC,HO. 
Al ""sernbl~ time the offset vah"• is A-PCu, wh<•r<' PC,.~s; 2 and fCu is 
the PC that was assumed for Lhe pro~ram when """mbl•·d lx~inning ~~ 
location O. 

Lat~r, af¡,., the ¡1ro¡::ram hns bt•en r<•lo~ated, the move instn,ction will no 
lon~er slare PC0 in RO, bllt a 11rw \•,¡]uP, PC", which ;, tlw Ctlrr("n\ vn.Jue of 
PC for thr encutin~ procrnm. 11m'''''""'· th~ ad<l !nslruetion •ti!l ad<l< in tho 
imm.-<!inw vnlu" A-PC0 , pro<lucin~ tb.- finnl r•'<lll\ in HO: 

wbtch is thc <.Jc.,r<•d 
1<'-~ .. the Mwml>IPd 

PC"~(A-PC,.) ~ ll+(l'C,.-l'C,) 

v"lur, .<incP il yi<'!cls tlw '"'"' nl.-ohJI<• loc•tion of A 
V<~U<' of A (>lu< ·•,ü reloen:ion fa"("< (I'C -"C )) u. "'y •• .,. 

4.1 6. Reloo•1in~ Poi""'' 

lf pointcro must be u ... d, tbey moy be relocol~<l os we h~VQ jl1s~ >hown. 
For exampl~. ""-'ume that alist of <lot" i>lo be ne•·~=d witl1 the instruction 

' 

' 



N•&MQ 
~l'MO< 

QOQODi 

úM•t~ 
(10(•(114 

~Of·~~¡, 
QOQú;,2 
01>1•0~4 

ÚO(•ú~· 

N•(•C•l~ 

NH>(•>: 
ú(•(•{•J• 

' ' 

CHAP. < 
·¡ ... «~>·.~1 • 

The pointer to the lis\, list L, m ay be calculat..d at execution time as follows: 

' 
•·c. •e 
•L-~-2. R~ 

, ~ET C l"'' f~T F·t 
, H!:·~ VFf$ET 

Another variation is to ¡:ather all point..n into atable. The relocation 
factor may be calcubt<-d on<·e "nd then applied to a11 point~" in the table in 
a loop. The pro¡:mm in Fig. ~·2 h "" ex¡0mple of this technique. The rcRder 
should verify (Exerdse 1 at the end of this chapter) th•t if Lhis program is 
relocJted so that if it b<1:ins in location 10000, the values in the pointer 
t.able, f'TRTBL, will be 10000,10020, and 10030. 

¡;~~~u 

"~~~~~ 
~úh'•(·~ 
<•OON'l 
6h•ll•Q • 
li~7~Q 
~Q(o{IQ~ 

(11~7~1 

H•ú~JO 
¡,¿;¡¡,~1 

Q1~7f·~ 

"''''QQ] 
~,:~~·1 LOOP: 
O~~JO~ 

0~1>7~ 

··•·o~oe 
,,,.,.~~:; 

N•i•N•~ ~rnH. 
,.,,¡.~;>~ 

(•{•(•l\)0 

{•t'(·~~1 

~-~.¡;~ 

''1•~1 

I'C'•X7 
~0\' 

WE: 

~ "· ~1 
oT~Ll(N, J'.:2 

fo()() ·~· <•ih e-tc o;2 
fNE L(•CP 
HAL 1 
H"ll(~•l 

.~~>0 ~·LC•OF'.PHHL 

;otrr~E •·~ 
.HF"TNE <-1 
.E•UI~E ~·2 

; ~tr 1 /lE f"C 
••HC>(~TE Mll EIIT~·JB l~ Pl.T&l 
,(~LCI!L~TE ''fLOC~IlON F"~CT0' 

,ro rnrn 
; ~ET L!)¡(;lH O> I~!:L( 

;~ELNNTE ~~ ENHI' 
, ((luNI ~OWN 
; E-•~NC~ TF" Nül DO~( 

o STOf" ~H(~ (·ONE 
olEN(;IH (•F" T~HE 

Cue must be P~ere":sed whcn rest•rting a pro~ram that relocates atable 
of pointers. The rest;u-t proc•·dure must nm include !he relocating again 
(Le., the table mu5L be reloeaiRd exactly once aft~r each load). 

~-2. JUMP INSTRU(; fiCN 

Although mentioned earllcr, the JMP instroction has been ovcrlooked 
somcwhat up to now. The a.<tute rea<ler w!ll, no doubt, recogni~e that !he 
ll~l·essity of a jump instruction is dicta!.ed by !he fact that !he branch in· 
structions, altho"&h n·bti~e, are incapable of hranching more !han 200 words 
m ,.;ther a positiv~ ora ne~ati~P dir~ction. Thu• to b,.._nch from one end o! 
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memory to another, a jump imtruction must be a parto! the instruction set 
and muot allow rull-word addressing. 

The jump instruction is indP~d a part ol th~ PDP·ll instruc~ion 1<'\ and 
be!on~• to the sin¡:!~·oper~nd ¡:roup. As a r<·sult. jumps may be r~lativ~. 
absolut.e, indirect, and indoxPd. This nnib~ity in detNminin~ th<• e:! .. ctive 
jump nddre<s is quite "'~fui in solving a pnrli<"ulctr clnss ol problenlS that 
occur in programmin~. This class is bes! ilh"u-n!<•d ]Jy Px;tmple. 

4.2.1. Jump Toblc P<ob~om 

A common type of problem is one in which the input dat~ represen! a 
code lor an action to be performed. For each code, the progr.un is to take a 
certain action by e.vcuting a specified block of e{)(] c. Su eh n problem would 
be coded in FORTRA;..' as 

~t~~. I~OEX 

GO TO <U. !~P. ¡7.11~~ ....• 7). IN~Ex 

In other words, biiSo>d on the nlue of index, the pro¡:rllm witl go to lh~ 
<lat~ment labcled lO, 100, 37, a.nd so on. 

The "computed COTO"" in FORTR,\~ musl~,·~ntuolly bl' trans:ated into 
machine Janguage. One pos<ibili¡y in th~ IMb'U~~~ of th~ PDJ'-11 would be 

~ 

•r~~ 1~on . " ~s n•o{l- r N~ nt•n ro~ 

"" I><DE~. U .~L"'(E " " " '" " .H•I~N:"'<·~~~-! 

"' R1. H . 'o•·~ <• :•t·U 
JMf· {<JA8LE<~1) .tN~I~HT Jt•~f 

T~8LE' . u~~o 11~. L1~~. U7. LH ~~ •. . " 

Th~ mPihod used is callcd thcjump ta!Ji~ n>l'lhod, ,·.nce it uses atable of 
addn'S<Cs tojump lo. The mHiwd wurks a.< follows: 

l. ThP value o! 1:-<DEX is obt..~incd. 

2. Since th~ ran~~ of I:oJDEX i5l o;: l~Dl~X o;: m:uc"tmtnnvalue, 1 ;, sub· 
tracto•rl frorn th~ 1ndo•x ;o that ;¡, ran~e ¡,O ..; 1.\'I.H:X .;; mnx - 1. 

' 

• 
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3. The value of index is doubled 1.0" take care or thr fad that labe\s in 
the t.able are storPd in even nddr~<..,s; i.e., full words; 

1. The addn·s< for the J~1P instructiun is utili>ed buth i:l lndexed and 
indlr~ct, such th~t it point.s 1.0 nn addrcss to be jumpcd_ to in !he table. 

Although the jump instruction transfer> control te the corree\ program 
label, it does not 1pecify any way to come back. In the next section, where 
w~ 1hnl\ ~onsicler suhroutining, we sha\1 see that a <li¡:ht modifocation ofthe 
jump in5tructions allows for an ordNly transfer o( control, and a retum, 
from one section of code to a11olhe<. 

4.3. SU8ROUTINES 

A good pro¡:ramming practice te get inte is to separate lar¡:e programs 
into smaller sul.>progrmns,.which are easier to m;mage. These subprograms 
are adivat<·d e1lh~r by a main pro¡rram or by each other, allowing for the 
sharin~ of routmes amon~ !he different pro¡¡rams and subprograms. 

The ""vin~ in memory spa~e resultin~ from having only one copy of the 
needed routine is a deflnit.e advantage. f:qually importan\ lS the saving in 
time for ~~~ pro~rnmm~r, wha ne~ds to code the routine only once. How­
ever, in arder to ~hare cammon suhprograms, there mnst be a ml'<:hanism to 

l. Allow the transfer of control from one routine to another. 

2. r~•s values among the v"iuus ro11tines, 

The m""hanJSm lhnt accomplishcs thP>P rt..:¡uin·men\5 is called the su broutine 
linhagc a11d is, in J!Pneral, a combination of hardware features and software 
CO<lventoons. 

The harclwar<• feat11rcs on thc PDI'-11 which ">SÍ>l in ¡wrformin¡: the 
suhroutinc linb~e me the instnoctions JSR and RTS. 'J1>e<P instructions are 
in the ,ul>routine ca\1 and '"turn ~roup (Ul.d have lh<> followlng assembler 
form and instruction formatl: 

"" ! 1 

' 
., ' 6 S 4 J ' " 

Op ""'' ._J ' 
,_.,,_,,, "'""'''' ·--_j 

' 
Ln.-,.ino"on '"""" 

toopendin& on ll>< moolo of oddro .. in~, <>no or '"" ""'d" "'" "''"d for tko JSR 
'"'""Ni<>n. 
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"" 

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

Both in,truction• mlll<P usP of a "sta~k" mechnni>m 50milnr to the ~~a~k 
me~hanism de>erib<'<l for 7.~ro-B<l<lre« mach in<' S in S<'<-'\Íon 1 .~.S.G. 

4.3.1. S"c~ 

A s/ack is an an·a of m .. mory <et a<ide by the ptDh'l'ttmmer for lempornry 
storage or subroutlne/lntem.lpt sen•ice \inko~e. ThP in<ln,ctions tha~ faci!i­

·late stack handling (P.g., auWinc~ment and auto~<·crement) ar~ '"eful lea· 
tures that may be found in low-cost compu~rs. They allow ,, program lo 
dynamically establis.h, modify, or delete a •tack and ilems on it. The stnck 
uses the la•t·in, (irst·auf or UFO COIICPpl; that i<, various it~ms ma~· be 
adderl to a stack in sequential arder nnd r<'tri.,...ed or rlele\ed from the stack 
in revNse arder (Fi~. 4-3). On \he PDl'·ll, tt stack st;,rts at the hi~lw<t lot·a­
tion reserv..C for it and e:<ptlnds linearly <:lownwud to the lowe<! addr~ss as 
it.ems are addrd t.o the stack. 

The programmer does not need to keep tracl< of the actual :o~ations his 
data ar~ being stackffi into. This is done automMil'ally thro«yh a •t~cl• 
pointu. To keep track of the \as\ ítem arlded lo th<• s~1ck (or '·wb,re wc 
are" in the stack), a ~cwral r~gi,~er nlways con:ains 0<~ llwmory n<ltlr~ss 
where th~ last it~m is stored in th•· ,¡.,~k. In the l'DI'-11 any ,,.~i<kr eHept 
regisl.er 7 (the PC) may b-<> used as a <tnck point••r um!er prograln control; 
howcver, instructions a<Socia¡_._.d with •uhrm•tin~ linb~<· an<l int~rrupt Sf'f· 

vice automat1cally use re~ister 6 (KC.) as a h:"'!ware stack point~r. For this 
reason R6 is frequently referr~d toas ti< e systo·m Si'. 

Stacko in the l' DP-11 m ay be mtlintain~d in ••illwr f llll-word or bytr units. 
Thi• i< Lrue for a stack poinl.<'d to by an~- r<'J!'i"''' <'Ht•pt !Hi. which muot bl' 
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<lt~"n ized in"' fu ll·w<>rd u nils only, Byte stacks (Fig. 4 -4) requ ire instructions 
c~pahl<' o! opcmlin~ on byte; rath~r than full words (byte handling is dos­
cussed in Seetion 4.6), 

• 
•• 

0010" ' 
o 

' • 
' 

' 

00707 

00107 

00707 

00107 

001100 

00710 

00101 

00101 

00101 

007100 

' 
' 
' 

w " • "" 
¡S' 

l"me4 

ll<m •) 

ll.m • ~ 

'""' n 1 

. ' '" ''" 
11<1• #. 

lotm" l 

'""'~~ 

'""' # 1 

~- SI' [ 00701~ 

• - SP 007015 

Naw Byl<u« 
"""'''d 10 WUid> 
"r .. ll"w'"~ 

ll.ems ar<> addcd to a slack usin~ the aiJtodccrement addressmg mode with 
!he appropr1atc pointer re~i>t~r. (See Chaptar 2 for a description of the 
autoincren>cnt/do•cremcnt modes.) 

This orerntiun is ~ccomplish~d as follow<: 

~ovs 

This is c~l!ed a "push,. b"cause data are "pushed onto !he stAcft." 
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To rcmove an item from stack 

the appropriate SP is employPd. 
lh<· autoincrement a<.ldrcssin~ n>D<.!e with 
·n1is is accomplished in thp fo!lowin~ 

manner: 

""' (~~)•, OE>T ,M\"E DE5TI~~IH•N ~O~ O ,,r r H~~K 
• m 

'O 
~O~B <SF')•.HST ,IIQ,·[ OE$11,.~1!0" f'VH "' sr~n·~ 

R~movincan item from a st.ack '' c.ill~d apop, for '"poppin~ from th~ s~ack." 
After an item has br•en popp<·d, it< st.1cl< loeation is consid<•ro·d free <1nd 
ava!labl~ for other use. The st.aá pointn poinls to th<· lasi·U<P<.l looa~JOn, 
1mplyin~ that tlw ne~t (lower) location is freo. Tl111s a st.ack ma~· r<•present 
a pool of shareable t.tom¡>orary stora~e locations. 

4.3.2. Subroutino Call1 andA""'"' 

\Vhen a JSR is ex.-cuted, :he eontents of the linl<a~e r<"gister (I.Je saved on 
the system R6 stack as if a ~:ov re~,-(SP) has L>ren performed. Then the 
same re~ist~r is loaded with the memory ad<.lress following the JSR instruc­
tion (the cont<,nts of !he curTen l. PC) and ".iump ;, l))"d<· to tlw c•ntry loca­
tion sppcifi~d. The eífr•et, lhen, of .-w<"lltin~ one JSR imlruction ís lhe 
.. ~me as stmult.~no·ou•ly nt-culing twu \JQ\', and "J\11': :or r':.mp!<·. 

Js•· 
~CI'' O'EG.-<Sf·> 
MO'" f'C• <"EG 
JMP ~¡t¡·~ 

,,.,,~H <r~J~IE~ '''T{l !NE 51"'C~ 
,Pl•T Hft•<N ''C ¡,¡¡, <(GIOTER 
,,TL•MF' 1(• Sli!''('LI!)N( 

Figure 4·5 gives the "bdore" and afler oonditions wh<"n cwcutiot~ lhe sub­
roul.ine inslrucl.ion JSil R5,1064. 

Bclor< 

.~1)•0001.1~ 

''",¡ • 0111 "'' 
(!'("¡- ·~''" 001000 -

' 00117 

0017J4 

001711 ' '""''""' • ·- sr 
oonnnnn 

""" ol«o • OüllJ(IJ 
•~r.o•Uul"" 

''"'' • '~;, • nOIOt·· 

(ul(174 

on ''"" 1 

t .. 

• 
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In order lo n·turn fr<>m a suhroutine1 the RTS instruction is exe<:uted. !t 
perform< the inv,.rse o¡wrat1on of th~ JSR, the unstacking and restorin~ o! 
•J1e ,ved rvGi;l<>r value, and the return of control lo the instruction follow­
tng the JSR instruclion. The cquiv:ilent of M RTS is a concurren! MOV 
instruction pair: 

Mú~ •·EG, PC 
"~·· ($1'J•.•·EG 

, •t$H•~E .. e 
;O[STO''f HGJSTH 

The use of a •t.adt mechanism for <ubroutine c:llls ami returns is p&rticu· 
¡..,.¡)' udvantaGeous for two reasons. First, many JSR in>tructwns can be 
ex~cukd without the ncc•d to provide an)' saving procedure for the linkage 
informntion, since all linka'e information is automaticallj pushed intó the 
<'..;l.ck in s"<lu~ntial order, R.eturns can simply bE> made by automatically 
popping this information from the stack in oppo<ite order.·. Such linkage 
address bookk<·eping is crllltd automa!ic nesting of subroutine calls. This 
feature en~bles the pro~ammer lo conotruct fas!, efflcient linkages in an 
easy, nexible manner. TI even permits a routine !.o be r!-ealled orto call 
itself in thos.e c~ses whe"' this is m•·aningful (Sections 4.3.5 and 4.3.6). 
Other ramifications will appear afler we examine the interrupt mechamsm 
for t~e PDP-11 (SPclion 6.4). 

The second ad>•ant;;,ge of the st.ack m""hanism is found in its """" of us.e 
for saving and •~•torin~ ro·~is:.t-rs. This ca.<e arises whc~ a subrout1ne wanU 
to ll<e thc ¡;o•nNal r<"¡:"t.·rs, bu\ th""' recisters were alrPady in use by the 
caltinc prob'l"am and n\USt therefore lJe returned to i: wilh their contents 
intact. The called subroutine (JSil.l'C, SUBR) coulo:! be written, then, as 
shown in Fig. ~-6. 

SUó•"" ~DI' '1. IE:M·~ 
~o~ ~~- n~r·s:·~ 

MOl' lEMP~,,., 'z 
MOV Hl1>!:.f•1 
> 1~ PC 

rtM•·s · . ~c,•t- ~- ~. ~- ~. ~- ~- ~ 

5VH: MV •·•·-<•·o 
"" ·~.-,.~, 

·"[•\" "~'··•·;.· 

"" , .•. , ... , 
'" " 

¡ ~A~E H 

'~-~··· ·~ 

.•E>H''"E •·;.• 
,,¡,,-,:,>Eh 
.•el"~ 
• S~\"[ ~>ER 

' ,.,_,, ~ " . ''-'~" ••• 

. ,.,,,. 
" , f OP " .•En«N 

' • 
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The second routiné uses two fewrr words fiN ,.._.g;,¡,r ~ave{res'..ore and 
allows another routine to use the trmporary )l.1cl< stora~" ~: a J~:tN point 
rather !han permancntJy tying sorne rn~mo ry 1 utations ('rE.\\ PS) :o ~ parl!C· 
U]al' routine. This ~bility to share temporury stor"~~ in th~ forn1 of a sl.ack ís 
a very economical ""Y to save on memory u,.,~~. rspccirllly when the tota! 
amount of memory Í> limited. 

The l't'8der should note that th~ subroutin<' c·;-UI JSR. PC.~L'BR is a IP~itl· 
mate form for a subrouttne jHmp. Thr 'ons!ntction tlm·s not u!Jlize or stac:<. 
any registers but the PC. On !he ot~er hand, the in•tntL'Iion JSR SP .SL'BR, 
wher~ SP = R6, is not normn.lly con<idrred a rrwaningful eonliJinatton. 
Later, however, utilizin'g re¡;ister 6 will be con.id<·ro•d ¡,..,. S<·<·tion 1.3.7). 

The JSR and RTS instructions han!llc the'link.1~c proiJI<·m for transfer­
ring control. \\~!al r<•mains is thc prohlcm of p:o-.Jng ar~""'""~' O,nck ~n<! 
forth to the subroutine durin¡: its invoo:ation. As it :urm out, thio is H fairly 
~traight!orward problem, and thc r<'nl <¡llestion b<"cOm~s on~ of choo~ing one 
sol u tion from the Jarge nu m ber or wny., f or p~ssi n~ values. 

A very simple-minded approach for :u-gument tr~11<mission would b~ t.o 
agr<-e a!1ead a·f time on the locations thnt might Jx. uwd. For P.,~mple, <up-­
po<e that there e~ists a subroutine J.1UL which nmltiplics two lú-bi: 1•or<ls 
tngether, producmg u 32-bit result. Tlle subrout'.n~ exp~cts the multiplier 
and multiplicand to be placed in symbolic locntions .'IHGl and AR02 ,.,._ 

'~pPCli•·ely, and upon completion, the subroutin~ wiJ! le~ve thc rc~ultant in 
thc same locations_ 

T!Je subroutme linka~e m•ecied to 5<'1 up, mll, and save the ¡:~nNated 
res!Jlls might look like: 

""' M(•\" 
J ,,. 

M~ ,,.,,. 

>-~<(,1 

~- ~-~~ 
!>C. ~L'l 
~··~1.<RT 
H<·G~·. >H T•2 

,,,¡rtTWtl[O 
oML'lT!~L)(HN~ 

.(Hcl "L'tll~l'' 
, SME IME: T..r(• 

~O<!• •·•~-'-'t r 

Asan altcrnative to this linkage, one cn11ld use tlw ·~~istcrs for the <ubrou­
tmc arguments and write:' 

>. ' ' 
, .• ¡• 2 
H. MU~ 

• ~•!lT ! ··~ lE,. 
•-~t'lfi'LI(~~C> 
.(~ll. 11VLTIPL'" 

Thts IMl mPtilod, ;oJthou¡;h at·c~plablt•, is som<·><l>:<t rt•<tricl<'<l ;n tha: a 
ma~imum of six arb'UnlCnls could be tran,mitt,•d, <'"'"''l'"nt!i"~ to th~ num· 
b<•r of ~~nt•r:-U rPgt<lPr< avnilable. As n n·~«lt of tlli< "''lrictiun, an<l(il(•t :ll· 
tern.olil'e is used which n1akes Use of th• m~mory lo<·.,tinn< poin'.<·tl to hy thl' 

, ___ _ 
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• 
1 
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linkage reci<ler oí the JSR imtnJction. ·Sincc this register polnts to the firn 
word following !he JSR inslruction, it may be use<! as a pointer to the f¡rst 
word of a vector o! <tri:\] mento or argument addres.ses. 

Considering the first c>sc wherc !he arguments follow the JSR instruc· 
Uon, the subroutin~ línka~c would be of the form: 

·~·"Ul 
'"~L<.tr. ,.,.~Lt•E 

; ¡ ~ll l'll'lT H·L \' 
, M'~LIME~T~ 

These arcuments c<>uld be acces<ed using auto1ncrcment mode: 

<'~l•.u 
<•~)·. ~" 

.~ET ~l'LT!f'L!ER 

.~ET ~VLTJPl)~~NO 

At the time of return, the value {address pointer) in RO will have been incre­
mented by 4 so that RO contains the addres.s of the next cxecutable inst.ruc­
tion following the JSR, 

In the sccond "'""· whcre the addre..,es of !he arb'\Jments follow the 
subroutine call, the linka¡:e looh like 

H•. ~•!e .... ~~·· ,.~,., .•. ,(AC(_ ML•LTIF'L'' 
, ~·-U.i~óNTS 

For this c~s~. the valuts to be manipulattod are fel.ched indirectly: 

"' 

~<>M•. ~1 

~(F-~)<. ··~ 
,F"{T(~ MLIL.T!F'LlH' 
;>{TCH I'T<JLll~LIC~N~ 

,<(:lVIN 

·' 

Anolhet method of transmi\tinc arcuments is to transmit only the ad­
dtCS.S of the rtr.t 1l.em by placing this addr<1ss in a g~neral-purpose register. 
1t is not n~cP«~ry to hnve the actual argument list in the 'ame general area as 
llw subroutine eall. Thu.<" subr<.>ut,n~ ··~n be called to work on data Iocated 
anyw\wre 'tn m~mory. In facl, 111 mnny cases, the operations performed by 
th~ subroutine c1" be applied dire~lly to the data lorat,.d on or pointed to 
by a nack (1"1~- 4-7) wHho¡J! ~'"" Hctually needing to mow• lhese dat.a into­
tlw suhroutnw ;crea. 

~--~1 ''"""''"''"'""¡ 

' ! 
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Calling pro¡;ram: 

Subroutine: 

·~o;"TE'·'1 
f"(. SL•E••· 

••:>.;:·<•1> 

.SU l'' F·OINTH 

.c•cL $<'!'0:•<'11Nt 

• M·~ II(M H 10 !TE M a; 
. <·e~( E F E-l<Ll 1 N 1 Illl • 2 <1 
,,O!••g 10 !'El! a<: U(•U 

,;eME HrECT "'! ~¡¡,,·¡ U.CEO"T 
.THHT 'l ,T!CC f•OI"$ !(1 
.ITEII 01 

"' 

Given th~se many ways topa" ar~<Uments to" sul>routine, ll is worth· 
while t.o ask, why have so many been prewn!~d Jnd what is the rationale 
for presenting th~m all? Th~ answer is that pach m..thod was PT<""S<'nted as 
bein~ somewhat""b<""\Cer" \han the las\, in that 

l. Ft•w registers were u"'d to lran•mit lll"¡:umenu. 

2. The n\Hnbcr of pan\IT\eters pJssecl could be quite large. 

3. The linka~e mechanism was •implifi~d to thr point w!H"re only the 
address of the su broutine was n~ed to tr:uufe,. eontrol a."<d pa•; parame!Rrs. 

Point 3 requires sorne ac!ditional explanation. Sm<"<"" •ubroutinrs, lik,. 
any other pro¡;rams. may be wntten in position-;nd~pemlenl. coc!e, it ;, pos· 
sible t.o WTl\e and assemble them indepenc!ontly from !!w main rro::mm thot 
uses ihcm. The problem is fkll•n~ 1n the uppro;ma~e ndtlre" for the J:'iR 
instruel.ion. 

Fill:nG in the Bd~re" f1eld in th~ JSR instroction ¡, the ¡oh o~ :he linkin~ 
]<>oder, 'ince it ''"" not only reloca\P PlC pro¡:ram' hu•. abo f1ll Hl Sllhrtoutin~ 
oddrcs""'• i.e., linll th~nl to~ether. Th~ r~•ult" that a r~locat:>ble ,uhroutir.~ 
may be loaded anywh~re in rnemory and l>l" lillk<'<l wrU1 onc or nwr<• callin¡: 
pro¡:rams and/or "'hpro¡:rams. TIH-re will he ullly OtlC copy of the routme, 
but it may bP u<o•d in 11 n•p<•t:tiw t:l•Ltmcr by ollwr prop.l!ll> locolt•d any• 
where el<e in mt•mory. 

Anothcr point not t.o h.- ov•·rlooked in r<•capr>in~ ar¡:¡.•m•·nt po.sin~ is the 
significan\ diffcrrnce in the m~thotl< u><·d. "file fLr•l tr~hni<¡ues pn•>c•ntetl 
used the <imple method ofpassin~ n oa/~~ to tlw •uhroutme. The lat~r tech· 
niqne• passed the addr~., of the •·..Cue. The d1~fNence in tlww two wch­
niques, cal/ by ~alue and ca/1 by nddre.<.,, c~n he ~uite lmporl.l!lt, a.. illtJ.<­
trated by the foUowing FORTRA~·li"e I''Oh'ram e~nmple: 



'"' 
l'f 

P" OG R "'" ·~G T~C\1 ~~ Ql'ES 

'Ht.<fo~ Hl(•'' 
h1. 

¡ -~-
~·~~·.~-! 
t~ct ~~M•-n 

'0\1!'<·~~11 NE S"M-<:-:. ,. > 
HMf'•' ,,.,. 
'"•HMP 
<-o u< N 

• E.ND 

lf the r~al coml•nls are pas•ed in by va.lu~. both pnnt statcments will print 
out a -1. This occurs br<'"'"" submutinc SIVAP lllterchanges tlw values that 
it h"' r~ceived, not tlw actual conlt•ni.S uf thP .1fJ:llm~n\$ ~h~1n<Plv~s. 

However, if thP rPal <"onstants are pa"ed in hy ;o<l<lre.S, thP 1.wo print 
o!.at<·ments woll pru<luce -l. and l., rPSp<·ctivPly. In tllis caoe the subroutinc 
SW,\P rererencPs to re~l """'tants tlwmselves, in!~rchan¡¡ing the 8Ctual argu. 
ment vnlues. 

High~r·level language, such "'FORTRAN, can pass parame\l!rs both by 
value and by address. Of\Pn tho normal modc,. by addre", but when th~ 
argument is an ~~prcs.ion, th~ address represen\< the location ot the evaluated 
expr~ssion_ Ther~fore. if one "ished to call SIVAP by value, it could be 
p~rform~d ru; 

(.~Ll su~•·(i_o;,.2.-~, 

causing the cont<>nts of the •xpre .. ions, but no1. ~he con<tants th,mselves, 
to b~ switchPd. 

ThPse techniques for IIMsmg parameten are easy to undersland at the 
assem bly lan¡:un¡:e leve) beca use the pro¡:ram mer can se~ exact7y what meth­
od is hrin¡: u><·d. In hi¡:her·l~"''l bnh'l.uges, how<•ver, whrre ~he t<>chnique ¡, 
not so '"""'l'~rcnl, inl<'leS!in~ r<'Ml!ts L.1n orrur. Thu• the know!edgeable 
hi~hrr·l<•vl'\ l:on~Ll:o~e pro¡:rarnm<•r "''"! hr awaTO' uf thr t••chniq<l~• u;ed ¡!he 
is to .. void unu~ual or unnp<·<"l"d '"""lts_ 

A subroutinr, lth any oth<·r pm¡:ram, will '"" the rr¡;ist.er5 during iu 
execulion. As a rrsult. the con\<'nts of thr r~gisters at the time that the 
subroulinr ;, m"olwc! m~y not be tho oame a• when thP •ubroutine returns. 
The ohMing oí \ho•.e comnwn r~oources (r_g., thc rcg¡sters) therefore dictates 
that on ~ntry to \tu· subroutine the r~giot<•rs b<' saved and. on nit, re•tored. 

The r<•<ronsil>1lity for p<·rforminc the save and r<•<tore function falls 
eith<·r on the cai1Ll1~ routin" or the onliPd routine. Al\hoL•~h nrgumeo1ts exist 
for makLn~ the o"alling pro¡:ram save the re~is(ers (lince it nced snve only the 
ones in current uso'), it is mor~ common for the subroutine itselt to save and 
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re,\otP all rt·~is~''" ""'''1. On th<• l'[)f'.Jl th<· "'Y'' ;,n(J ,,.,¡""' routine ;, 
greatly simplifiPd IJy tlw use of a swek, as wao i!l\lstrawd in Fi~. -'··6. 

As pointr<l out previously, stach ~row downwo:rd in ""'mOr)' and are 
traditional!y <!efmed to oceupy tlw nwmory spa,·e imm~db<.-!y ¡m·ceding 
the pro~ram(s) thnt IL<P them. On~ of the f>r<t thm~s that any PtOh'1"1lm 

which uses a stack (in porticular Or.P that r~~··u:,·s a JSR) mt"t do is lo sP~ 
t!w stack point.er up. For ex:unpl~. if SJ> (Le., R6) is to b~ u"'•d, thc pro~r:un 
should b~cin '"th 

"" '" 

d'EG 1~ T~E l'!<fT 
·I"~·TRV(1JVN ( .. TM[ ''l<(,l~~ 
• , ..... ,.~, ¡,(~•.2 

, t•HHO(~l ,-,. !"\' ; 
,A F•.•O~ (or¡T(, fM[ o'l~'' ~ILL 

.~TO<E T~E [HlH r.t !t:.-~ 

This initiali.ation routine i> writt<·n in PIC form, nrlll had it hN•n u.,.emhl~(! 
hecinning at location O (.-0), thP program could 1~· t•a;ily r<"loeawtl. Tlt~ 

· rmttine uses a progn<mming trit•k lo ~<·c·r~me<>t ~ht• st.1lt•: lt .,,,._, \lw IPst in· 
stn~<:tion in '"'totlecn•mcnt moLle ;md ,~,tnrr.< t!H' '<'ttin~ of thi· t•onchtion 
codcs. The Rl!<-rnattve lo usm~ tite '1ST in<trlldl<Jn wnt~lrl lw \o S\· B L::!,Sl'. 
but •.his wo~>IC rN¡uire an e;o.trn in<tru~liou word. 

4.3.5. R••nuancv 

Further advantoRP< of st"ck orgJn1lntion lwc-omr op¡Hir<"nl 1n comp!rx 
>ÍtOJMions which ''"" aris.· in pro~tam sy•tcms that .1n• engn~Pd m th<· concur· 
rent hnnd!ing of <e•·crnl t,ks_ St1L'h mt,Jttl..1sk pr<!~'T~m pnviro,unPnl-< m.1y 
rangc from rrlotiv<·ly simplt• ,¡n~l<'-lt'"' "I'Plic-:.tion• whic-h '"'"~ "'"""~" an 
tn l< ·nn i~ of 1 ¡o wrvit·r ''" d h.w ;, ~, '""" 1 <"<>lll pLI!..1t in n 1 u \,.,-~,, ''""'1' 1• -~ m u lti· 
J'l'<l~< "'""'in~ >y>l<'m> Uwt m"'"'~'' a """' Ínl rÍt'\1! ,. nu, lLLl, • <>f ,., L'C'll t iv~ and 
nlllhÍll>~r JHU~r.Lmmin~ <Í\tt;¡liULl>- In .111 lhP'L' "l'l'li,·a:iml> ~¡,,.,,. ;, n ~pffi 
fot Jlt'."t_,j]ity al\d \Ímt'/llWnH>t)' L'C'01100\)'. 'J1lL• \1"' Of ~~"' >[,"'" ]>rOI'ILiPS 

this <"c-onomy nnú llo•,il>ilíty hy ptoi'J(lll1~ a 11lL'lhod for .tllowinc m.1ny tasks 
to u<e a singl~ t•opy of the >ame rou:iow anda ;implt·, \lnattthrcuou< m~thod 
for k~eping trae k of complex pro~r~m !m k;t~"'· 

The abilíty \o sh"re n •in~!" L'L!jL_\'Of" ~"'''" program rrnwn~ "''''·' or (1L,ks 
is ~;~led r,·ell/rm>cy. Ht•~ntr,mt pro¡.nm roulint-> diff<r from onlinmy sub· 
toutines in tha: !( is nnnt•cessnry for rt•enlrant rotLt;.,,._, lo fini,!J Jlr<>t•t•'!>inl: 
a ~i•·en tas~ before they c~n t_¡,. "-"''!by anotlwr t;~<k. ~lullipl<· l\l<h can b<' 
in vnriot" $\;<~es o! C01njllP(Jon in thr •alll<' ro11ti11L' at mty time. 'l'hus thP 
situation shown m Fig. 4.8 may o.-cm. 
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m u" b< ""'""'d for '"'" rr<>,~um 

The eh ief pr<>GratnminS d i•tinction betwecn o n onshareabl e ro u tin e and a 
r~entrant routine is that the re~nlrant routine is eomposcd solely of purl! 
code; that is, it cont.:rins only \nstructions mnd const.a.nts. Thu• a .ection o! 
prot,<ram code is rt·r·ntrnnt (shareable) if and nnly i! it is non·selt-modifying; 
th•t is, no inform~tion within it is subject to modification. The philosophy 
behind pure codo is ~ctu:L!ly not limit.ed to reentrant routinn. Any non­
modifyinc pro¡:ram segment that has no tcmporary <turnge or data "'"ociated 
with 1t will be 

1. Simpler to debug. 

2. Rcad-only protectablc (Le., :t can be kept in read·only memory). 

3. 1 nterrupt~ble and rest.:U"t.able, besides bein g reentrant. 

Using ro~ntrant routin~s. control of a given routine m ay be shar~d as 
¡Jiustrated in F1¡:. 4·9. 

B ,---,j"'" 
lh·'""·"'' - '"""'" ,. 

1. Task A has "'que<'-"d proressinc by n·•ntrant routine Q. 

2, Tnsk A temporarily '"linquishes control of reentrant routine Q (i.e., is 
interrupt.-d) h<>fore it finishel proc~ssing. 

' 
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3. Task B starts proce-sing in th" s:tme copy o! rccntr~nt routine Q. 

4. Tnsk B r<'linqUlsbes control of rccntrant routine Q ~~ sonw point in 
it.s proc,·ssing. 

S. Tssk A ·~~ains control of reentront routine Q and resumes processing 
from wher~ it stopped. 

The use of rcentran1. prO~'l"~mmin~ allows many t~,ks to shar~ frequen\~y 
used routines w\"h as de• ice ><·rvice routinPs o11d ,\SCII-Binary <·onv~mon 
rout1nes. In fact, in a mul!ita~r system it is pu<"h:e, for \ns~·.nn·, to eo11· 
s!ruct a reentrant FOH.Ti\A): cum~t:er that c:L; be used ·~a >in~lc copy !>y 
many user programs. 

lt is oft.en meaningful for a pro~ram S<·&ment to call il<elf. ':'he nhi!ity to 
nest subroutine calls to !he 5:1me subroutine h c~lled .<e!f-rce,r•oncy or 
recurswn. The use of a stack or~aniz~tion permi:.S easy lmaml>i""''"us ,,... 
curswn. The technique of rectLmon is uf ~eot use to t~e mot!l<"matien.l 
ana!yst, as it also P"tmits !he evah!a:.ion of somc o:.hHwis~ noneo:-.1potable 
mathematical functions. This t~chnique often ¡><·rmits vcry Sl¡mi!~t·~nt mem­
ory and speed ec·onomi~s in the linr:u!stic oper,,tions of compi!ers :u1d OU!~r 
hi~hcr·l~velsoftwar~ pro&r:tm<, ru we <hall illmtrnte. 

A cla>'ica\ ~~~mple of th~ U>chniquc of '"'""''on c~n lxo found in com­
putingN factorial (N'). 111\hou~h 

it is also lrue thal 

.V! • N • (,"/- 1) • (N- 2)• ··· •l 

N~2N•(.V-1)~ 

1! a J 

Written in "rse,.do FORTRAN," n fun~tion for ~alc"lalin~ .'.'! would look 
lik e: 

• 

!~HG(~ "''CllM r~CT<~> 
l' <1." "E 1" ~·:• TO:• : 
,~,,.1 

~rrv• ~ 
<~CT·~·•ec(~·1' 

HHI~N 

ENú 

This rode is p•eudo-Jo'O]{Tft,\:'\' i><>c•u<r ;¡ <",O<l'lN O<·turllly lw tmn>!atrd 
by "wst FORTRA;\" con,pilern: \lw prohJ,.m ¡, th.1t tl1o· ,,.,."''""P <·ni!'"""'""' 
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a st;1ck capnbl~ of Jnainlaining bo!h th~ curren\ va)ues of FACT and the 
return pointer, ~~ thcr to the function ;¡,.,]¡ or its ca\lin~ pro~ram. How.,.,.er, 
the fum:tion may ¡,_. cod~d in PD!'-11 a•;.cmbl~ l~nlll'"~" in:. simplP fashion 
by 1.1kmg udvant.:tg<' uf it< •tnck mechRni•m. Assumin~ th:l\ the value of N is 
in !tO and the value of N! is lo be le!t in Rl, the fun~l\<Jn FACT could be 
cmted re~ursivcly as >hown in F1g. 4·10. 

•~e r: m " . '~ ~ ~-~~ 

~E~ EXlT , VE~ 
MC•>' ··~.~(SF·) . ~~--~ " "' '" , rn· ,_, 
JS' '"CJHO , ü•M•·t<TE W-t >' 
MV <SF·l<, H ,FElCH r>Ort SlH(>. 
JSF· F·{. MliL ,MLILTIF'LI' •·~~t•ES 

us " , ''ETtiF'N 

The pro¡;ram of Fig. 4·10 calls its.el! rl'Cursively by executing the JSR 
PC,FACT instruction. Each time it does so, it place• both the curn•nt value 
of N and tlw return addres.s (label RET) in the staek. ll'hen N = O, the RTS 
in•truction causes t.~€ retum address to be popped off thc stack. :\eH an N 
vulue is plac·¡•d m ni, anda nonr<•cursivH cal! is made to the :>1UL subrouline. 

The suhroutine mulliply (.'1\UL) uses the value of Rl to perform a multi­
plication of R1 by the value ofan int..rnnl number (initi:l!ly 1), held in :>1\JL, 
which rcpr~•~nt• the partiol product. This pm1.1al prnduct is al>o lt•ft in Rl. 

Upon returnin¡: from the multíply subroutine, the program next en· 
counters tlw nr.; ~struction again. F.ither the stack contnins the retum 
atldr~ss oí the cnlling l'""~'"m for r'ACT, or el•e another address-data pair of 
words gencrat.<'<l by a rp,:msive call on FACT. In the latt.er case, Rl is a¡:ain 
lo"ded wilh an N value that ;, to he multipli~d by the pa:rtia\ product being 
he!d locally i11 the M UL subroutine, and !he above process is a~ain u·peated. 
Otherwise, the return to the ~allin~ progr~m is pcrform~d. w1lh !'.'~ hdd in Rl. 

4.3.7. CorouH~eo 

In sorn<• situations il happens that severa! pro¡:ram sq;:nwnts or routineo 
are h ighly i nlPmctive. Control ;, pa•«'<~ ba~k and forth bet w~en the routine•, 
and each ~<'P' throu~h a pr•riocl 01 su;¡wnsion bP!or~ bdng r<•<umed, B~cau"" 
the routln••• n¡aint~in n symmetric r~l¡otinmhip lo each other, t'IPy are called 
corouun .. •. 

]l,,,;,·~lly, lhP ¡·oroutin~ idt•a is ~n Px~nsion of the subroutine concept. 
The <liffPn·n~e bdw~en them is \hal • •ubroutine is subordinate toa larger 
callin~ pro~ram whlle lhe coroutine i• not. Con..,quPntly, passing control il 
d•fft•r<•nt for (j,. two eonrt•pts. 
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\\"hen the ~alling program mak~s a cnll toa suhroutint, it suspem!. itself 

and t.:nnsf~rs control to th~ subroutine. T~e <uhroutinc is Pnt~r~d a! ll.s 
beginn:ng, performs its function, and terminales by p~"ing control back to 
the ~alling program, which is t.her<•11p0n r~sum~d. 

In pa.sing control from on~ coroutino• to •nother, execution begins in 
!he newly •ctivat.ed routine where i~ lasl IPft o[~-not at t~e entrance to the 
routine. The flow of control passe• back and forth h~tw•·~n corout'ne•, and 
each time a ~oroutine ~ains t•otlirol, 1t< t•<>•uput"'!nn'>l pro~'T'"" ;, adv"n~<"d 
until it passes control on t.o ano:her corouüne. 

The PDP·ll, with its hard"are ;\ack fea\ure, can b~ en.:ly rro~ramm~d 
to imp:emt"'nl a coroutine rolutiun<hip 1~•\w<·c~ two inl<·r:" \'"~ ru\ltin•·•· 
L'sing a special case of th<'" .•SR instn1nion [ü .. JS!t PC/""(ll(i)~ 1, whid> 
exchatJ~~· the top P]Pnwnt nf tlw re~i>ter G proet•"or s\aá and tlw c•onl<•n\< 
o! Uw program cotont.cr (?C), the two routinP< may be JWrmii:P<.l \o "'."P 
program ~ontro] and re•um~ Op~ration whNP :hP.V S\oppo•d, whPn n•cali<'d. 
This control swappin~ is illus\rated in Fig. ~-11. 

Roo•••< lf \ ""l'"'';no. '' lh<"" 

""'"'"· 
JSR PC.~!R~l • 

w<lh "'' foll<ow!OI ""ol!!. 

!11 PC1"ro<'~f><dhnO<th<"'·' 

'"d ti« ~p ·""'"""'''""'"' 

1 11 sr, '"'"''''"m'"''~ "'"" ,¡, 
olé!'(" (• < .• 1"("1] "pu<h<d 

0) <"Onuo! ;, '"'"'""~lo,.,. 
loc>t""' ~h.<. ro"""' lf 1) 

R,,..,;n, /f 1 ;, upm1001. 10 Th<n 

"«"'": 

wo1h !O. "'·'" !1••• !'("1 "'"""'""'"'' 
'"' ·~·¡ "" th< "·"'""'"'' <"""''"'" 
"""''"""' b.o l.'" m"'"""# 1 

,-~ 

'~ ·---~~ 1 ¡,·: : 

"' -

ThP powPr of a t"<>rnutin~ st.ructurc i• to be fotiTid in modero Opcrntin& 
syst.-ms. a tnptc lwyond t.he scor~ of thi• book. Jlowp••Pr. ;, ChaplPr (; i\ is 
possiblt• 1o tiPI11<ms\ra\e \he U>P 0f ¡·nroii\ÍI\O< for tlw T1011hl~ !Jufferin~ of 1/0 
Vo"bile 0\"t•rlappin~ cO!npu!.ation. The e"\mplP pn•wn\t•d in that ch~pter ;, 
t•lc~:m\ in its S<'emin~ 5implidty, and yet il r~pn·•~n\s one o! thc most basic 
l/0 opcrations to be performed 10 must opt•r~tin~ 'Y'l<""''· 
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Para efectuar una función de entrada salida, el prngra 

mador debe especificar donde se encuentran los datos, de donde vie­

nen o van y como el dispositivo de entrada salida debe ser manejado, 

A esto se le denomina programación de entrada salida. 

Dependiendo da la función rle <:ntrada salida se puede 

requerir qu<: el procesador espere hasta que la función de 1/0 sea­

completada o por otro lado el p>"ocesador puede continuar ejecutan­

do tareas simultáneamente con la ejecuci6n de la función de I/0· 

El poder programar una computadora para reali"ar cál 

culos ca de poca aplicación si no hubiei-a manera de obtener resulta 

dos dt<la máquina.· Do¡,, misn-.a manera se hace necesario proveer 

a la computadora con inÍo_¡-mación a ser procesada. Por lo tanto, el 

programador deberá contar con medios para transferir información 

entre la computadora y los dispositivos pet"iféricos que perm1ten -

cargar rlatos de ~ntrada y obtener loa de s;ilida. 

Para la familia PDP 11, la programación de los per1~ 

íí\r¡cos es <1xtrerru1.damente s1mpl~. ya que una instrucc1ón especial 

par<> la entrada sahda es innecesaria. La al:"quitectura de la m:iqui­

na permlte direcc1onar los registros de estado y datos de los perifª-
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ricos de manera dtrccta como localidades de memoria. Por lo tan 

to, las operaciones en dichos registros como es la transfercncta -

de informactón a o d<.l ellos asl como la manipulación de datos den-

tro de ellos es llevada a cabo con instrucciones normales de refe-

rencta a memoria. 

El uso de todas las instrucciones de referencia a me 

maria en los registros de los periféricos incrementa gradualmente 

la flexibilidad de la programaci6n de entrada salida. Todos los re-

gi~trus d" periUricos pueden ser tratatlos como acumuladores. 

Actualmente en la PDP-11, las dtrecciones corres­

pondientes a las 4 k palabras superiores, están reservadas para-

los regtstros internos del procesador y para registros externos de 

entrada &altda, por lo tanto, en caso de tratarse de una máquina chi 

ca, la memoria se verá limitada a 28 k palabras de memoria física 

y 4 k de localidades reservadas para los registros del procesador y 

dispositivos .¡., cntri<da salida, En caso de contar con "Memory 

Mana¡.:cmcnt" lo que prov"c bits extra de dircccionamiP.nto Z en d 

caso <le la PDP 11/40 t<:mdrcmos una capacidad total de 124 k pala­

bras de memoria fÍsica aparte d<J los 4 k del área de registros an­

tes mencionada, 

Todos los dispositivos perifl;ricos son especificados 

por un ju<Jgo de registros que son direccton .. dos como memoria y 
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manipulados con la flcxibihdad de un acumulador. Para cad;>. rlispo­

Sltivo hay 2 tipos de reg•stros asociados: 

l. Registros d<! control y estado 

2. Registros de Datos 

Cada periférico puede constar de uno o más registros 

de contt"ol y estado (CSR) ~ue contienen toda la información ncceea-

ria para comunicarse con dicho dispositivo. 

El un1bus e o una vía común que Interconecta el pro­

cesador, memoria y pcriféncos. Deb1do a la arquitectura de la má 

quina sólo puede haber un ~1spositivo controlando el unibus en cual­

QUJcr tiempo. A este dtspo .• ihvo se le denomina Master. Los 

dispos¡tivos pueden solicitar ser Masters, ya s<Ja haciendo una solici 

tud de Bus o una soltcitud de no procasador a la lógica de arbitraje de 

prioridadesdel procesador. 

La solicitud es atendida si es la de mayor pn0r1dad. 

El nuevo master ;¡sume el control del bus cuando el actual m<lster -

libera nl control del bus. F.l nu~vo maestro pu<·dc aolicitar que el 

procesador atienda el periíéricu u puede 1niciar una transfer<Hlcla­

de datos sin intervenci6o dd proc,.sadar. 

Las interfases en la PDP-11 pueden clasificarse en 

3 tipos: 
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/ 1. Sla"e (esclava) - Esta interfase no está prevtsta 

para ser Master. Ella sálamente puede transferir datos a o desde 

el unibus por comando de un dispositivo Maestro. 

Z. [nterrupt (interruptor) - Esta interfase tiene la ~ 

bilidad de ganar el control del bus en el orden de dar al procesador 

la dirección de la subrutina, lo cual es usada para atender la soli­

citud del periférico. 

DMA. Esta interfase tlene la habLlldad de ganar el 

c:ontrol del bus de manera de transferir información entre ella y al 

gún otro perif&rico. 

Un sola Interfase puede emplear los 3 tipos anterior-

res, 
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La interfase para Hnea asfncrona DL 11 es una mte¡o 

fase para comunicaciones designada para convertir datos de serie a 

paralelo. La interfase cuenta con 2 unidades independientes, (receE_ 

tor y transmisor), capaces de establecer comunicación simultánea 

en ambos sent1dos. 

La interfase DL!l lleva a cabo básicamente 2 opera­

ciones: recepción y transmición de datos asfncronos. Cuando reci-

be datos, la interfase convierte un caracter serie asfncrono prove-­

niente de un dispositivo externo en un caracter en paralelo requerido 

para una transferencia al unibus. Este caracter puede ser mandado 

por el bus a la memoria, o un registro en el procesador a algún otro 

dispositivo. Cuando se transmiten datos en paralelo desde el bus son 

convertidos a serie para su transmisión a un dispositivo externo. 

Debido a que las 2 unidad~a son tnrlepcndientes, es postble establa-

cer comunicación de manera simultánea en ambos sentidos. El re 

ceptor y el transmisor operan por medio de 2 registros: el regia-

tro de control y estarlo, para comando y monitorco rlc funciones y­

el buffer rlc datos para guardar lus datos antes de transferirlos al 

bus o a un dtspositivo extcrnu. 
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Descrtpción DLll Tcletypc Control 

Transmt~ión 

Cuando el CRJbus direcciona el Unibus, la interfase DL 11 

decodifica la dtrección para detel"minar si el tcldipo es el dispositi-

vo externo sclecctonado y s1 es el seleccionado qué función debe descm 

pefiar, entrada o sallda, S1 por ejemplo el teletipo ha sido selecciona-

do para aceptar inform.1.ción a impnmir, <latos en paralelo provenicn-

tes del unibus son cargados en el buffer de transmtctón del D 11. En 

este punto la bandera de XMIT RDY baja debido a que la lógica del • 

transmisor ha stdo activado (la bandera vuelve a estar baja una frac­

ción de bit después si el transmiaor no se encuentra activo en ese 

momento} La interfase generil el bit de arranque y transmite bit por 

bit en serie al teletipo, de nuevo pone la bandera XMIT RDY (tan 

pronto como el registro de buffer se encuentra vado aún cuando el 

registro <ieco.rrimtento se encuentre activo. Después transmtte-

el número requerido de bits de STOP. 

Rccepci6n 

La secci6n <le rcc.,ptar la longttud del caracter es se 

lcccional>le por medio de lm selector. El caracter racibi<lo aparece 

justificado a la derecho en el re¡:istro buffer reccpct6n <'ltmmando-

los bits de :.rranque y paro. 
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El caracter completo es formado en el UART y es • 

transferido al registro bufíer de recepción (RBUF) en el momento en 

que el centro del primer bit es muestreado. En ese momento el bit 

de recepción efectúa el registro de <:ntrada y control es prendido si 

el bit de Intorrupt Enable se encontraba prendido se genera una señal 

de solicitud de interrupción. Los bits no usados son llenados con ce 

ros y los bits IZ-15 contienen información acerca del "aracter inte-

grado por el l1ART. Note ce que el programa tiene un caracter com 

pido de twmpo para retirar el caracter completo del buffer de da-

tos ant<Js de que el nu.,vo caractcr sea colocado en el registro de r~ 

cepción por el UART. En el caso de que el programa falle en leer 

este caractcr anter1or, se pierde y el bit de exceso y error son pre~ 

didos (bit 14-15) en el rcgtstro buffer de recepción. En el caso de 

que no se presente normalmente el bit de paro el UART presenta lo 

que supuestamente recibió, más el bit error 13yl5 prendidos. 

Programación 

La intcr!aa<: cntr., d programa corriendo en el proc!:_ 

sa<lor PDP-ll y el DL-11 se lleva a cabo med1ante 4 reg1stros. F:s-

toa son reg•stros de estado ~e recepción (RCSR); Z) registro buffer 

de recepción (RBUF): 3) registro buHer dll estado de tranamición 

(XCSR); y 4) Registro buffer do) tranamisi6n (XBUF). La función de 

cada uno de estos bits se da a continuac•ón. 
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RJP\Ñ 

El RJP\34 "s un subsistema r\c <iisco de cab<:?,a mó-

vil el cual consiste en un controlador RH ll y de uno a ocho drivers 

de disco RP¡;M. 

El Unibus provec la interfase entre el procesador la 

memoria, y el controlador RH 11. T<>das las transferencias cfcc-

tuadas entre la memoria y el RH 11 por medio de la f<>cilldad de 

DMA del Unibus. 

El RH ll contiene dos puertos en el Unibus: uno de-

signado como un puerto de control y el segundo como un puerto cle 

datos. 

Los datos p·~eden ser transferidos a través de ambos 

registros. Pa<"a <>perac!Ón normal con memoria conectada a Unibus 

A como se muestra en¡,. figura l sólamcntc es usado el pu.,rto cie -

control, el puerto de datos no se usa. 

El RH 11 se encuentra dividido en dos grupos funciona-

les, línea de registro y control y línea de DMA. 

La Hnea de reg1stro y control permite al progr"-ma 

leer y/o escribir <ln cualqaier registro contenido en el RH 11. Hay 
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un total de 4 registros en el RH 11, 15 registros en cada drwe y 1 

registro compartido que es parcialmente compartido en el RH 1 1 y 

en el Orive seleccionado. 

La línea de DMA funcionalmente consiste en una me­

moria FlFO de 66 palabras por 18 bits y su lógica de control. 

La función primordial de esta memoria, que de aquf 

en adelante llamaremos SILO es el de buffer de datos para campen 

sar fluctuaciones de retardo en el Unibus al solicitar el DMA. 

Cuando una instrucción en la PDP 11 direcciona el -

RH 11 para lucro escribir cu¡;lgulCr registro en el RH 11 o en algún 

Orive, se tnicia un ciclo de Unibus y los datos son dirigidos al o de 

el RH 11. Si el registro a ser direccionado es loc:al (se encuentra 

en d RH 11), la 16Aica de contr<ll de registros permtte el acceso al 

r"gtstro apropiado. Si el regtstro dir<!ccionado es remoto (canten!_ 

do en uno de los drives, la lógica de control de los registros inicia 

un cic:lo de control de Massbus. El acceso a los registros en el­

Orive por medio de la lógica de control del bus no interfiere con la 

transferencia DMA la que puede llevarse a cabo simultáneamente. 

Los regtstros locales dlll Rll 11 especifican parámetros tales como 

dtrccc:i6n del Bus y contador de palabras, mientras que loa regts-

tras del Orive especifican parámetros como dirección deseada en el 

dico, informactón d" estado, cte. 
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La línea de datos de DMA funcionalmente consiste en 

el Hus de datos Massbus, la memona SILO y la lÓgica de NPR del­

Unthus-, 

La figura 2 presenta un diagrama de bloques simplifi 

cado de la Hnea de DMA con un sólo Unihus, 

Los 3 comanrlo de transferencia de datos que pueden 

ser llevados a cabo por el RH 11 son escritura, lectura y chccado de 

escritura. 

' 
Antes que cua.lqutera de estas operaciones ocurra, el 

programa especifica una dtrección en memoria (MA), una direcctón 

de ctlindro (CA), una rlirección deseada do sector y pista (DA) y el 

número de palabras. La dirección de Memoria representa la locali­

dad de memeria donde se iniciara la lectura o escritura. La direc­

ción de cihndro deseada es la posición en la que la cabeza deberá -

postcionarse. 

El sector~- pi~ta desearlo rcpresl>nta la dtrccción de 

inicio en la superficie del disco donde lns datos serán escntos o -

lefdos. 

El número de palabras a ser transferidas a o del dis 

oo. 
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Thc Mini Cornp.1tcr a;; a (;ontrol l·~lem<:nt 

D..!dlcy B. llartung 
Managemern /l.lethod~. lnc., Waltham, Massachusetts 

i\.1ini computers have been u sed ro control a wide varicty of processes 
and functions including machine tools, chemical processes, steel 
milis, and warchousing syatems. Articles in tcchnical journals and 
talks at scminars have described in sorne detall many of these indivi­
dual ap[llications. l'lut what ió: a good application -- when do you use a 
hard wired control syswm and when should you considcr a mini com­
puter? 

The dccision rnust be based on costs dollars per function -- and relia 
billry and maintainubility. In general, reliahility cnn be disposed of 

1 

as being indirectly related to dollars. The simplest or mass-prcx:luced 
system is normally the cheapest system and also the most reliable 
system. Maintainability can be given a cost value. The decision, there 
fore, can be direcrly related to costs. Costs naturallv refer to the inÍ 
tia! capital cost of the equipment and also to recurri~g cost of opera:­
tion, inc!uding the aforernentioned maintainability cost, operator cost, 
quality of pnx!uct value, etc. Sorne of these costs can only be rough­
ly approximated and may be intuitivc guesscs. The cost of the CCJ.lip-­
ment, howcver, should be fairly easy to derive by knowledgeable ¡:¡:qE 
during initinl planning srages. 

A control sysrcrn -- any control system -- consists of inputs, outputs, 
and decision makers. In comparing hard wired sysrerns with compu-­
rer systems, thc input and outpur dcviccs probably stay comparable 
in cost. Input and output devices consist of operator sw!tches, sen-­
sors, so\enoids, servo or discrete (on-off) motor comrols, etc. The 
declsion maker is the logical system wh!ch determines thc dfect of 
input changes upon output actions. With a hard wired system, each 
subdecision or each function of the control system has its own logic. 
A mini computer time shares its logic to accomplish many functions 
with a relatlvely small logical device. The mini computer, thercfore, 
becomes e¡;scntially the completo;: decision rnaker, even when there 
are hondrcds of inputs nnd OtltpUts with van•inp: dcgrces of intcrrela­
tionsllip. This is where the coHt ~vings of ;¡ comjX.Iter system COffil~ 

Many more decisions can h~ made pcr dollar with a computcr com~ 
red to hanl-wirc<J lo~ic. 
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The are sorne inherently costly aspects of a computer systcm. Hol­
ding ñmcti1ms must be stored <::xternally, All inputs and ourputs of 
data are in high speed serial word which means that switch inputs, 
for insmnce, must be held on until pollcd by the computer. _The 
holding device might be the operator's finger. The outputs must have 
holding rclays or their solld state cquivalent. Jnputs and ourputs to 
the computer are always the sume binary words at Jow levels, requi­
ring filtering and leve! convcrsion at the interface. No power is avai· 
lable for force·type ñmctions, requiring amplifiers and power relays. 
Of course, so1ne of thcse rcstrictions apply to many hard-wircd con­
trols. S.Jt if the decisions are very simple, the input and OUtp..lt lufe 
ring, filtering, and holding may be more expensive than the complete 
hard-wired control. 

The computer itself is limited by speed and by the size of interna! 
memory utilized for storing data and computer program. lt may be 
cheaper even in a computer contro\led system to do sorne complex 
but frequently used and rcpetitive functions extemally. For example, 
a servo loop could be performcd in a computer but in most cases ls 
done externally. lnterpolation for a machine too!, which is thc pre­
cise control of vclocüies In two or more axis to draw a straight 
cut or a circular cut is expensive in computer time in that it takes 
a larg<: portian of a computer. A single computer can do all inter-­
polation and control one or two high speed, high accuracy machine 
tools. lf the lnterpolation is done extemally, 5-20 machine tools 
can be slmilarly controlled. 

2 

So how is a decislon madc ro go hard-wired or mini computer? The 
system costs must be estimatcd in both ways. This rcquires sorne 
understanding of the end of process and the requirements of both a 
hard-wired system and the capabilities of computers. In many cases, 
the computer can supply additional functions at very \ow cose which 
have to have sorne value placed on them ro honestly compare sysrems. 
In othcr cases, the funcrion to be performed is so complcx that it is 
immediatelv obvious the compurer is the solution. Labor costs of both 
of thc dcsign and building of n system and the operarían must be con­
sldered. 

Coc;rs also include effccts of lcad timf' variation, set-up specd, and 
rejecrs. All of thesc costs vury nnd relate toa particular applica-­
tion. 

Rules of thumb are dangcrous nnd can be misleading, hut therc are 
snme systcms wh~re compurer COiitrol should be lookc:;,d at very care­
fully. lf many simple dccisions -- or many monitoring points, such 
as thosc on a transter line, are required or if vcry complex relay 
trees or logical decisions must be made, a compurer should be con­
sldered, Complicated decisions rcquiring mathematical functions, 
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partia.¡Jarly if changing either between runs or over a pcriod of time 
or the rcquirement for a great deal of stored data for look-up tabks 
or individual parts programs suggest computer control. Finally very 
,.;pccinlized problcms or machines or processes with only one system 
or a few systems being Wilt, particularly where modification,; bct-­
ween initia) concept and final opcrating equipment are foresecn due 
to technical unknowns, are parricularly good applications for computer 
comrol. This is troe not only because of the poosible savings in hard 
ware costs, but more importantly, because of the nonnally much lo--= 
wer design cost. 

The mini computer can be a panacea for many ills, and should be 
looked at by the builders and users of any controlled system. It wlll 
be found that not all systems justify on an economic basis the utili--­
zation of computers, OOt conversely, it will be found that what secms 
like an expensive and sophisticated control system can often be easllv 
justified purely on an economic basls. · 

. 
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pr~••oely u><oci ••:huto,..Hc co~rrol ""-th<><!o, 
m.aoy of o.i\lc~ "'" ultl=.Otdy utl~ctocl ,.. oo<li­
Uon.al •~oc.o,.ic oóv•noa¡u. aooce it ""'Y Oe 
upoctod that '"~·P'''H •uto=tloo o! tho con<rol 
of votu= dopo•Hlon ?tO~nsu vHl ac:lliovo ¡:r<7J-
1og I~¡><>Uont• in tho non !uture, 

' 



Batch Control with a Minicomputer 

R. lOU:-.;G, Ernery fm.llntri"'· lnc:. ~nd 
D. E. S\'OBOD.\, J.¡d,:_,.,n .-\•"><"i~ln 

At Emery lndu.rroe;, e monicoM.>~··er e:"'·:•: ~='<"' 
ptoductlc" of chomiccl•. con>rlt.r:¡ o:"'''' •-- :· :n 
rea~tior.< of fcr:y o;id; "'''k e·,:,,., ~-__:_:• 
ol the mioj-sy;tem '9~-~c hn'IL.l.:,..~r~__::~.;,.::....::....:._:.• 
moc.,toring lo d~r. Tr.~ cwthc,. Co>:>•t><o ''"' ~:· ;. 
"'"'e o'>d softwcre foro''"""' •~:: a--~·-·•:·-. 
the minicomputer's voi<Je -::; "" •:< ·~­
ible, sgphJSticctec prodW,c;-"'"1 

. ' ... 

it's often more 

" 

•• 1 

';t¡"'; ,,., 

¡¡,,,., ,.¡_., !- ,., .• ,. '·· ·'- ·.;::::: 
.,,¡ .. ,,_" .- .... ·'"" "·' ,.__. '7T:7-: 
·-·~-,"~- 0¡- ,, "' ,. _____ ,,_., ... --- . '" •m"""''.'- ·r ;•·--·"' 

Th·· '""•!""' r "'' ''''" i _.¡,¡, t!·~ r~n"oi ~ro!:r>"' ..,..,¡ 1¡,._ 1,.._,,,,., .. , .. , .. , •. , ... ¡ ""!-. r,<h r:N .. :t 
;;.,,( ,.,,¡ ,,. "'''"''n'<,<ool ¡¡,. m.l~t•c•ttO·CQf~ 

m•·l'lm:o- ,~, '"'' .. , ¡ ''•· ·~-! ... ·'""h. .;e,:! ~~; ~ 
1 r..mtc ,,~, , ,.,, 1 • ' • ¡,. '· ., ... 

c~m¡·,~··· 1 (1 '·'":,_ •. ,"'"'"'o/ 12-mpul _,,¿ 
!2-o,.t¡•ut J_,·~ ;, .. , llo•~ '-''· ¡, .... !,._¡ •. ¿ ~~¿ 

t•i.•-····1 "" ,: .• - .. ,_,,, .. , ¡,,~, "' "'"''1'''-d "'""' '"~ 
m¡aol ¡,.,, ·•' ·'l <"'"'"' ,, .. '""''' omcer ""'''tro! ~t 
the !'"'~'-"" ¡,. o.:.:,_.,., '" ~"""""¡,..,.,.;.,_-.,.~a 
b•· 11., , "' n.ol l.c.o t, ,,,,,.,. '"1'"'"' <>utput <l1t> 
,.; ur lr.•m , . .,,,.,,,¡ "l~=r>lll•·~t ""¡-, ~• ront~tt­
,.¡.,.,.,, ... -n"'" ·"·; ¡¡ ."1 '''""·rh'"· C.>r.t,.;~l lin•• 
th.lt e·~" ¡, .. i'''~"·-1 M k<'o·d h•· t':~ p.nt>~ 
s<n.:hru"'"' •!•• , .. _.,·.-;,:1 :o;.~:; •-'lth 'ho wn•.roo 
P'"~rJm. 

C~nto<HiO•"" ;,,¡>·>h •r·· ~l'•fiteJ ar.ci J¿d:e .. ed 
'n l:'""i" ,_. :2 ·'' ,.,-,,_¡~•~d 1? th·· :2-nurn~t 
,¡_,:,, ¡,.,. ,., "" ,.,~, .... ,., :X: >rr>ul c:rn:it·· con­
,,,1 nr !,C -, ·," ·., :.:.,. oo:: "'"'·'~r-r..:-.. ,, . ., "oise'• 
fullo'"-J ~:- ,,;, . .,,,, '"':..!•'" ::r. ''""'-:1 •r.pu~ 
to Jo:.?c ¡,.._,.¡, \C u·rut• ¡>->ss rhrou•.:h i•~b­
:ioo ''·"''!"'"'""'' ·· d <!:-~' .. , iur ,.,.,, .. ,r.;,,., !~ de. 
C.>:<th: :,,-.:· e-;-·:·• :~,¡,,!~ ,¡~''·''' fr<>"' :be 

·,.,•. ,,.,. '····'''' n·"l,'-utt·-,'''· <"li<e-~'"'"'·"·''·'' ' " !"'''''"" · .. ,, • ,.,._,,. ,,_,¡ bd cle•ec•ors . 

C.mt>cf.C~v• .,.,. "' •':''" "· l.,_¡,,·',,. C<l~<i<t\ r,,Q :r!:.- Cl 
,,_L.J ,,.,,. •!•· ·•··•. :r: ... · tm >e Ullt!1ut und tr~<-><<· 
'"' ... ,_~,,-, , .. , ,: .-.·;--H.,\: • .._: rdJ;> -.i:--,1~~ 

• •.-.- ,, .••. ,¡ ._., '' •r""'·'~ ~--~- ,.,..,,._"""" ,,., • ·:-·-· ..... ,,.,, 
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by tronsÍ>IOr<, ~re mcd whcre contÍn\lity is dc•ir­
able in ca"' vf a logic power supply bi\un:. The 
cnntact.clnsure outpul; are ol<o arranged in group> 
of 12. 

Each contact-do>U'<' nutpLll ha• a <toragr l!ip­
flop wllich r~Cf'Í'~' ~nd hnld, ~he d~t~ lrorn one oÍ 
the outpm lmcs. Croups of eor.t~ct-dosurr outputs 
are sclected lo n•ccivo tlatu by code< pro,·ided on 
the si• addrr>< lin.,.. The outpuh indude signa!• 
to thc annun~iatoc panel, motor st~rt/<(op SH(na!s, 
and si¡:nals lo solcnoid-opcrat•·<.! pilot va!.e• that 
rupply air lo thc proc~" nlv~s. 

'" binary n 
of the compulN. 

Th~ lltJ...s!!!l~rt~TS ~C~~pl hin->"' output d~to. and 
prodll~c cott>pundlll!l ~n~lo~ \OltJ~~<. ,\ s~p.lmt~ 
con-crler ¡, U>Pd for <.'3th 3nalo¡: output. '"th a 

of lt 1, 

ISO 

--- -· -··-----· ----

The stalt alann consist of two l().milli'!econd timen 
that can be ..,...¡ b;· the pmgr-am. The hmers mus! 
be reset so th>t al least onc is a!ways nmning, 
ot~rwise, :m alarrn signa\ is pmducd. lf a pro­
gran\ error or hardware malfunction alter:s the 
no,-,al •~'l~tPn~~ of óe prc;rarn, tho: ti.o:e!'! ·-·-~\~ 
not be rt>et ofkn enough. th<reb}· actuating a >tii!l 
a!Jnn. 

The teletypewriter nnd dock are used in a conve-n­
I:JQna\ manner for e'ent logg:•n¡;. Time in hours, 
minute•, and sc::ond. con be '""d from thc dock 
and printerl by thc telctypcwrlter with a tvpica! 
me..,age: OS:i6:57 THER\11:->0t. FROM ESTERI· 
FIER LOW FLOW. 

Soltwa<e for the mini 
The ccrnputrr progro1mmin¡¡. or software, re~~.,late; 
th~ operation o! a computer.contrnlled procen. ~nd 
c~;mstitu:~s a tr.aior P'"' of the design and dc,clcp­
ment eflort o! such a ;;·;tem. 5o.ne of lhe ga~tral 
tasls for Eme,..· lndo•trie•' computer c3n be men· 
tiont·d: they are t;-pK.d for a control computer that 
;, arplied lo 3 bJich proct•u. 

Oepcn<l•ng on :h,• prn<lu<·t's rer¡uircments, the 
•nftwdrc "''!'"'""'' th~ ,-aht'>. pru\l<.les timin~. an<.l 
momtot< th<· <ldtU< !unwnn< that rletcrrnine "hen 
step< >houl<l IJ(· l.tkt'!L Th~ computor checks si• 
t•:trodhlt• .,,,¡ 1! \n~tcdl (}·os ~r no) "em!pmnts." ""Y 
mmlmtal!!>!l nt "!,,M tan contool the dutdltun of o 
,:,•p or :he brdnchit>~ to one of se>eral po"ible 
ne.tl <lqt<. Compnter <OÍ!""'" mus! also cl¡rck a 
tola\ of 50 tcmt-erature;, mJnuJj Vd!'" p~sitions, 
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and ot:o~r O!dlm .,~,,,¡, that >how the 5V<tem i< 
· ~;>eml111;¡ n<>tmallv. Critica] <lalu< orroro OdO s!op 

tbe ohmical ;:>roo~·;•. 
Thc annunotalwll ¡,.,,. :inn of the >uftwaro puh 

out prin:,•d me><a¡¿:t·< /nn thc tekty¡><"writt·t) C<>n· 
Cetnin¡¿: thc s!"h" inll<eator> and prngram flnw. 
A se]f.,:he<·ki"~ fun<:tinu dd~cls and aHnunciMes 
comput<r tndlf""ctin•"· 

lt's impn•"iw th.11 th•• mitllt"U"'l'"''"' ], " ,.,ffi. 
all nf th~<o· fuuot:nn\. 

program 
Hm<¡uc soqucnce and dura­
this approach ¡;reatly short-

process •r•tem can 
dunng the batch proc-.!n. A 

two program •tatetnent<, a ,·ah·e· 
chan~e .ubmurine <.""dli followed bv an encoderl 
comhination. Thc Yahe-ch.>ng¡· <uhro•Jtine decade• 
the coml>inat•on, <clects the ,·ah·es to be opcned 
or do.ed, and produC'es a vah·c-change rneuage 
whi(h g~t> pnnl~d by the annunciator whpro¡:ram 
Finally, the proper nlve• a"' aNuated b.v the up­
date >Llbprogram whi(h does all 1/0 funol\o"JnS. 

Time·sharin¡: i< another famil:Jr tooltht ha< bu:! 
applied in this system, Simu]t .. ncons operation o! 
funcricns such as i ~rror 

dete(ting, endr'>int 

of 
•h• 

and thc orlóe" of the 
next stat~m•r.t b~ e•ecuted iin that particular 
time <lot) ore <l\·ed by th~ ""'cuti,·e before ¡¡o•:~g 
en to t!::~ n~•t slot. and on to th~ 13th. 

At the st.1rt of the rorre,ronding time s!ot dm· 
ing the nc•t ~. second p:l>s, the a(CUmulator ¡s 

restorcd b)·the necuthc and thc program p~eJ< 
as i! th• i"t~rruption had not talen pbc•· 

An eucnt.,·e ""!orle rontrul" subtoutine {an un· 

rond!li<>nal ¡ump) p<'l"n1Íis prro~;-;u:~min<; 1n ont ,¡,.,¡ 
lO alter lh<: ~0'" <>f th,\1 JO oH101lho•t <iot. p~;,¡mtlet 
l3]u~s in one time slut <.\ro be re•d cr moii•F..·d 
!ron~ ~O>otber >lot. 

The dde loop> ~o \Oto a <ndt• llm~ <lot. Tht·•e 
hop," are the di~1 t.d·<e>mp<oto·r equ;_,¡,.,.¡ o! ""'¡\"~ 
c"<lntrol loop< tlo.;t "!"''·'''" · ,,] .. , ... Fi>< >ah~< con· 
tml nine pt<><"<"" l.ln . .J,l,·<. f:.oti> ]P<>¡\ ],,,, -.,tpoint 
in¡\ul> from th,. "'·'"' !''"~'·'"' .11\d pro~''" >"MÍ· 
.¡,¡,. inpuh from tbt• up<bto• pro~r~m. The ronttol 
.dgonthm a·•~mhh•s th.Lt ,.¡ .1 roonnol unalag luop, 
""'''PI tbat •umm~t•on repld«'< anolog intergr~tion 
anol dig11.1l <illfc·t<·nt1.lllün wp!Jn'< analog. 

"' 

A "tunt•·up"" cuntrolpalh"l¡wnnil< rapid optimila· 
tion of •;anou• wnstanh fur tl,.·sc l<>Op•. Con>~det· 
mg rhe t"Ompukr spt•t•J anJ thc tome constanl> 
of thi< applica:ian. the dole control is indisnn¡;uo<h­
ahlt• from Jt\alog control hut 11 is much ea•ier to 
tune aml modLI)'. 

In Emory Induo!ti<'<' ·~stom. ~'~'Y pha>e o! real­
time c·ompulér us.L~<' is r<•pre>ented-lrom simple 
abnn·¡>Oint mumt,.,ring to un:lltended o.lire"C! dO~tal 
control "ith «•lf·dlt'<km¡:: fcattlt••· The sy<tem has 
becn dt•sign••d '" that the oprratar can interac: 
with the cvntr~l <y>tem IQ ~her <etpoints ,¡ O!.'COS• 
sary, ur ad¡uol the c-ontrol <y>tem to hu,¿]e prcccss 
up•<"ls nunuJll)· if the ne....J arires. 

Sorne of the softwal"e conc•pts horrowed from 
computer time->haring tt"Chnology (which petl'lit 
many subroutinc• to be oeti,·ated <in\Uitaneou>h"l. 
coutnbur,•d lo the fic<~hdoty of the sv;tcrn. lhis 
organi•ation pt•nnus a nc\V ma1n prO~tlm to .b~ 
wnllen for on ent~tcly ncw proJucl with a ffi\T\\· 

mum of elfort. ina•muc·h ,, the ma•n pro~n•m• COn· 
,;,t pr>mJnl;- of ~ "''1\\enoe of calls to the '~r;o,., 
utility subrOIItin~•. •long "ith tloeir rcqu~r~d em!· 
poml< and •etp<Hnts. 

Dr. Rob<rt Younq ~ D''""'' or En.<•n<"<nng •< t.,..,. 
lnJu,tt"''• In,., C<n<onn>n. O!uo. Dt. De>n E. S•oboJ> 
,. • <e<ooolt;nl ,..,,¡, )ool.o, .~'"'",.'"'· C.,l.,,-.b\1.1. Ohjo. 
.wid< " b.o<td on P"':>'"' P'""""'"O " <Í"< C'..ot.f•«r.e< on 
Soil<l-~t.¡r. D""" iot InJ"""''l ,\p~loc><ono;, '~""'""'! 
br IEEE'"'"' !H _., > <OO¡><rotm¡ -ooty, Cb<lor.d, !~70 
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Part 5 
Process Control Applications 

lncluding Direct Control, 
Supervisory Control. 

and Advanced Control 

lntroductory Commen1s 

Automaticn in tM proco" induwieo has been undor way for moov yeor¡, The .or~oty ot 
applicatlon• i• exten•ive. fu'o .,.,,.. o " ;o~M ,,, • WhSJ 'Oigot-(IO~.....,pu< ... ..., 
¡, 1 1p,¡¡ 1 1(11, ii.J"Y"!p¡A"cet.,,....;.-.oi"t"'-plo<1t The odvent oj \l;e..mloi.o.<l¡¡¡g~u.r..b,¡,>.¡><o..._l'io 

-..lftrnortv6~otv;-thr<lo<Ji<:.i~aU liiiDl=·"tec~•:nolo..:..>L...-.-"" mas:, .. '''"'~ 
ny:¡¡br' o 1 ••l.ot-....-. This approach to au!Omoto<>n ha< !>!en terme<!"ioio ""'""_,.,...!Ion" 
".,..l""&d 'OC''""""' P'Ogu"d "''Om.a'"-"'~ Thio iooo<lo. el CO;J'I~. ~•n a~t~rnato 
.,., el P<Oblems, ~~on, since vari~u• minicomPYW eppliCotlono wili 
be requ irod te •horo onlorr.1Jtion concerned with rewurce•. or~er~ etc. 

Tt;e papen rfn !hll pa" de<ctlbe rhe .ariou< control appli<:.oliOfls 1ha1 orose in in~ustrhl 
PfOCO""'· They oro oolected 1n arder to 1ilu"'ot• tho vanety el problemo. tho variOtv ~r control, 
ol>eorv, •nd tochnol<>q¡t~at can De ¡pplied. and "'" problems ol implrmenMg suc~ svo:•ms. 
The fim P>P"f by P ' ''o.:J11.r••cr toe ............... rn~Tfv.:m~;¡npolicilt~óii;rrr:vpl1:orotOcO!s 
~~'"~""'""wo.tw J<><.a.!jlea<. ,....,..,...,¡.,.;~ ~ro•~.,..,.., ~""'­
TI>r organozation el such a oompl« ccnlfcl lystem is important, lor it nl>Y moan th• ~áé~ronc• 
b.<w•or• succeu •nd fa,lu'" 1n •nv <pecilic i~•tance. r~~~-:M-.,.,.,.-(>1,..,,. .••• 
""''".,..•tl""lm""liow OOO>tlüts El,..,,,.¡..,~ ..,.....,.-;¡.u:¡J"-"d.ill.ou;l¡¡_r_¡n_¡¡u;¡~(dl:._a.n~rv• -r,~w. .. ......,. ~·re~...,.-~.~ 1..~"""-o,"',.o.' ·"-""",;.~,.,.,.. ¡.,.,_.,, ;.,.,~.,,,.,01·,~ ,., .. .,, 
<:gruu>l "'"" ,.,.,¡,.. .,....,.,un ·ot tn.- tomou ,..,.. orn:r<!~ttv""'""' rula-tO"C'fl ... ,,. 1001 tac¡o•,... '"- ., .. me 
p:.;w;¡:. 01 im;>o•t>nce ~ .. ,. ;., ,,...~...,,.. 111 lit. o"..- ,...,.__,,.,_,,.. ...,,..,.,.. ..,..,.,....,..__,. •• 
tbo •• ''"'">t•-1m~Mr<1 t:r{"roll~tmrv. In Ol't:cul1', <h• C•s•qn of t~< aop"cat;on m~ot "~' 

'"-~'''''eh 1\-cn·:•N" "''"'"' :1er co~:ml """" """""'=~rr-ol """" ,...,re~ """'""""-"' ~..., •• ,., t~• 
o~.,;,., .. o< tt .. ~,.,,, ,,:~''"' c.Go:t~l :;-st>m. Th;; ~o;:er ::::.o •1!""'"'" '·"' .,, . .,1 n' ·cpw:· 
<>Uif'"' ~•·I•Ce' th•0"~~ wh•c.n • n,n;ca~•Dl•"' mult commuo'""'" w•th hunan o-<•nq< oc•l :.O• 
pr;x.:.:. n.;..¡.O,:,o P<'P<•. ~~- 'O_ !-!. Go~:'"'· .'.1. A. f;~·:out. '~~ ~- .>. E. l'!;c". ;:C:~t-..-.~ ,,.,.,,., 



::it~il~·~·~·~,¡··~'j'"~·¡·¡·~'l"~"~'~'~"~'~·~~··¡·¡·~~·~;-~·:·:·: .. :·:·:":':':•::·;·:1(:·:·:·:"~'=':":':":·:;·:·:":'":':'::::;::" 
j~¿_jg ' 9( J~j([~.<.l:ll\<'~-1>0 j 1 11 <~ " 61 1 ltOIII<IMM .• llfiU 0¡>.-...-w.J 

~ard,.•·o md •o'rw¡¡u¡rc.b!.:.<r~to.l. 
To o I>"P'" loo' "'"'"'H"'.¡>r"""'...;onu..l_...mo. & D 8 ·¡· :lucut>os Uoo 

o¡:oplin•' 01' e' • %o"'n¡wi"< •o lho '""""'""-">i.l>;oo.i~' •• ~ "'oo ! ">O o pe~o o oo:l...,o. 
n .... o,.~"'-'i'o;, __ .....,_applotot>o oueh"' tl!ii "''' oqG.Id a 

li; . ' 1"""" ' 
~-ol-~hmo-Wmoo-. •j""l"fl<itil 

fEcboigl S 10' d•~j,¡"'-ll'l'atl>oiO<O.ciol~ndoáf,;gF+~I ll,._-....,¡¡¡,9 

cgcrtgl'er ~"""'"""".....-""""""' '"' 1 ; < J' " ;,, ""· " p 1eo ooltw~re. Ttl". COOJpled with 
i f 0101 <C>< '""oic.>IOO<>·-¡u>l! !1 RO 1 !S, ir>tl 1 ti 10 l Cid 1 ¡,. O«<i!tatc~ appiiCOI 0 ti o "'""' all 

1 ¡ ""' ihO>l be HE 7'""-ftl!"' COh\idt 1 t<h o iho de<.,.. TJ• l1 >lo 1 <lór t ·- .._,.,, 

_-.;u......,...._!' .,.,.of"t!1!'tle!T"li"~IIU!foi\(\Jf¡h!!IICOitiPU leo i ~P~"'· 
T' 1· 

caoQ'I• b• •C00PTIC'I~~~ter. Th,; is in coMroot to many applica· 
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tions where L'>o computer d<Jplie>teo tC.. functíon of on anal O!¡ conuol svot•m but perhops ot . /) •, 
lower CCSI. T ... w'ijb ,.,... O o' ¡, '·IÍTO 'ÍIDI ill!iOP "'1\1"811 cgmplu P"'"" iS Cdl 1 be ..-:llvod • , _,...,.,. ··- ., .. '.:' "'eeol ¡ti ¡., V""""" rn.onner. 1 

Ho o o Sil toile~o ol <ho• pon tO ¡a i11 J!riiO ¡ho• o"" "tFie"' oi ••pli<:olil)411 !111! at>'te \ r , ~~·~·' 
ig:¡pl .. ltted l>i!h !!#hi~l ........ -lho. p.-cce<~..ooruwl-.¡;mited ""lrbv-"""~·- ·. )''•, 
...,... Ho~er. "'"""'"''..,~'"-'"""u'tmd' o .. v-_. .. ,...,, ~ }hl>i< o<~e f 
hi!d o• ore oo~oú··-~u. ,, 1 """ z-oquju..,.nts, opo.w""""'"""'Mion. ~•....,d...<ott-j 
"«ª'" and rbe rMm~ ..,.,_..l'"<<HUPt>O•~ol1o p&3\oon. 

Slbllography 
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1111 ¡IUJ biijOilij lo >tESEU!Od. The '.-otr>.l ••• 
<"H' oiag io the ceetwiqae ol o""'' o hlch tln ''"'"" O! o a> do oo 
th '·' '"'"o te o o! oLIO& no "piole; b¡ tl.e Ollrttol r "•...i• 
o pie! en ·;, ;,;,...ry. 

' •< •= O)""" " ;, · ' u o P. amldid, lneooo <1 icol 

•• 
-!rol f4')0IO .. :n"'O"TTTfewod; eumple• o/ d:<OI<<iully or orperi­
"'""talll devoloped mO<!elo ore giv.,., 
d=o, o 11!\ijbi i<<'ll.ttne.u "'""'d.~· :a••¡N'd oool m oc..,_ 

• 

l. h'rRODUCTJO.'< 

.\/ ~icm. The nH.'<:hanical aP;C had be~n. cb .. racteri<c'll 
<;¡t,¡ b,, iD the u·onl< of llol >Ímn (1], "•b. 'oob · ¡ i i 111: 
'". / • ' , • t ~- 1 l. ""' " , mep'''Nill-l.i.o,......,.IIJE e;oe¡¡.....,.~mo ,.-. c n "ffl'o 

_,, "".;!:..ot-'1-<'A'¡>I!~..," '~' ;,..¡;~~¡,,..¡ lo 1 11 lko Ir ~-
~-Ji"/ m ', ,..,,....,ithottt llt:tokc-d~CEIEI io: tbeoit inte:-ae-
\)- tÍOO .&Ud tbc heb•¡;iq< oF 4 n...p .. :JeCSnt~'B Wtwle. 

Therr 1 1 ,;....!?¡;ri'PO'"' 1 ding.W~are!ivinginthe 
1 .~\ "e1¡w\ ie age." The illf rm·•i ~ .. ......,¡ution-the procesa of 

r, :i'' our time-is bking place, foreing w to ""'hapc and ..,_ ;1 '/ atruoturc our pro~es._<eo Bnd to o t imxomhij lfól11 
7 ' 1 1 

' fr>ll"'' 'd 1 •lo u, a.oc! t.t.m.ta toano. poattocw w a 
pl i!q '¡>~]' · ¡,!1'¡.,¡;;;¡1 iDIIM!IbU(Od$0 am:! S) S(@lltSdt C0II0 

""- ·-
The>e ~tAtemento proviole the background for th• survey 

tluo.t fol\ows. lo eo!ISÍ.ota oí thtre m.'lior part.o. í:oo.s io 
S............_-Hr<on.e !mtdatooenc~~'"'" e:ogiuetli~­
""1-¡~, ct it" e d. Tl......,ie8ec'~ ... ¡¡¡_.¡..-o.¿boo 
e.['f'li"liou, i-.;~t.l wntcp!!"T:t-tlte'~l" w::lusttj «olt"be 
pre."'~ Fin--'liY, ;...,;;,..;,, iAn n' • 1 , • ' 1 hwwm ls1 vo:s 

...~ 

~ p a): '"ti W'l!)' W"Whº' 

A mOOem delinition [2) re,.,¡,""' fnllu"': "~ { .. <~ . 
..,¡]ca tío a of itttttaetttog eltitRII t• th# op.o ste tu acioie • 1 " • 1 

ro mm· 5~JO.I." Sy~terruo enginc-erin( Í> the Brt or the toch­
nique of building •y>~em.o. Th¡,., in Ít'><llf, would not C.e & 

new activity wenl it no\ for \ f&J t "" a hit .• t'!rlr:li;!'Crhe 
"'"''º"'< epgi • cio¡¡,.·nd se• .»,.,.,...., ;.,.,, .. _,~.,..¡¡ .. ,""¡ 

' ,. 
.' . 

~ .... in..mz.g. TI o 0 _u iac ME t ¡ d.e iOt m~l atoa. t.ot<nll' the 
iM¡Mt"''"" of ;..........,..¡." !>"l"~•n·•~;......,..,"""' 
Tbc woud ! ........ ;...,¡, ._ .m _¡¡glace:iug-impii"""· 
t.¡¡¡••~n. lt sa.ys tlw.t the ,.,-hole ¡, moro tbLt the >Um of 
thP p.r•• 

Th·•imiw·, n ·,., p.' ··of.t;,onrl:! · -~ ~ ·~-- ..... , 
mcr' ia 00 a 'I"Wific.ti"" ....,~.O.oih. Th~re 
are two tundo.m~ntlllly dlffcrcn~ approache• to the >)'otem 

de;ign problcm. The. o:: e, '" deCt :ul l . .'rlhsu& ~3~e 
dO"" o: al;.,, spptoacu Hnd tioe u aai 
p-.lr-tfig.'l). 

1b r 11 th i. o:'ie:t •tfttted 
""!'in-ing. It eoruiM; simpl)' of 'l m 
dDeS the job. The dirc-<:t appronch is 
•yotemo, but 
Md 

61 st&hd>f'~--r>-

tu SM~!\~tof 
"-hieh 
=!l 

¡, '!"'1 .,., 1 er·~i· -"'11 wil\..(¡,¡• oliao ·d ¡ .. M ~-~pi <m y. reo! ...--orld 

... 
Wh~l do thc \er1n, ".u;•tr-- •p] "' 11 < IKÍ to •ia,¡" 

me,m? 1'1wrc '"" ~lnv>ot "" m.<ü)' oit'liJUUun<"" thcre '"" 
.,·rit<-<• M the •uhj,•cl _ Thc OOt\Oc¡>l ol >)'OtOn,_, i' ~n ~noicnt 
one. ,.,_ · '""'~'ml'f~nrlc:lil'l"'lth <jdo''" i '""'' 

~~""""'"?' ,.,,.,.-,_¡ Dt""'"'' :1, l~M. Tbi, f>"P" w¡¡, ,,,.... 
o.t~;N •< 10< >'h !ut.rnatoou.tl C..o>.¡;""" un <_:¡,.,, l.o>"<l.•n, ~,,. 
o\)• -,J. J.:!v :., \UIOO. 

l'b" ,.,¡¡.,,, ,_, .-¡oh tL.u "toon.,<.J ~"ff' t>.-L.ion. Curr.io< Gt .... 
Work.o. <,'vrui .. (, :s'. \', 

utlter th~ 

!¿ 1' ' 

rnodel of the ,, 
., 

--· ' '• 
~--l>o .. l "!"'!""--...,_, Tho oltn•c< otppru:wu 1<> 
:Oc,_,_.,.,¿ in tl,e '"'":uriu~ Ji \!:·o wh·>le 'Y"'''m ..... ~._.,.,.,, 
th• •t•"''-bnl "P!''"''"h wiil b~ ta1.cn ¡.,, Lhe obi.:Tl ul 

AoJ)rtnJOc! t•om IEEE r'""'· S>'U. S<i. C.bom., '"'- SSC-5, pp ~00-31 :, Oot. i9G?. 



nrious componeo~;. The st:l.nc!t.rd epp,.,..ch """· bo:en 
exten•i,·cly uM'd by enginee,., fnr \he dosi;¡¡1 of control 
optem•-

The manufa~turin~ procc&• is tha •yst<•m we are ¡n­
tercsted in. 1 shAII di....:u . ..., it.' 11.'1.1~ from o. •ystem.o en­
gi••ecring viewpoint ami particul~rly examine the role nf 
the informati<ln network and ¡ho<r how it rel"te. to the 
economic• of proce.ll control. 

, ... , "''\'''"""""''''A''·'''''"''"'·"·'"·''''''''·''''''''''"""t040i, [.-; J 

~..,¡,.tming .J}•tcm, wkot; io bt u majo¡ pi<>· 1 v--
10 

\¡! tO!S • pJ~,.._,_..,~planN•f>...-.n-inn, n eom¡>.on1! &1 eo•., a 
·, ¡JJ w.......mdum.ry, can be O....~<.,.• ., •• t~Nmids~"truo­

~;fl-.:· ture sh,.,..._,n Fi;. ~- cor~.<i>ting of 1'' di IÍiitl eltll!thl-8: 
c.' .¡;_l, the P~1"'" t45 :Iild the ctratmller. Tb. 'MI ollo_r'• 
[-~ · '. [i\ f;•n ·•ion ,j;...{_,¡....,_,.,,¡l'"lat.,...tho. .. plo.llt--in·>Order ... e ''"'"""" 
,:;)-';~',o' pwe"' "Í•h--~t•¡Ael ,,_.y,.,._mamñrtctMing-I!J"'t.......,b­
d ,,.·.;~·-·r·· .. . 

.".· · s_.hM atbilialib, a h:m,eh_ •l ~" 1, atÍtl,g 
.\' / ~ftJMti,.,..e'llrr-be~dei\tifled. At tho ~el, we 
/ ' '. . 1 ' 1 . 1 - find th~ pr_, • 1 ,.¡"''"'''" """*""'" "" he""'~~ 

• n · 1 n mhi p ¡,....,.¡, bl~ rmt "'l''"MM'Im!R lly· ......,.,¡R~ 
v iil; 1he """''"'¡~..,;,.._ R ·~,,;- ""lrul1 at 
tk, e rinh!M...,¡,..;......~..--P;Otid•nre-'fo~th~ili:mt:i.>n--of 
~;., fü.CiU~-ir,._..,..~.,. •uc~rim••",...~lto-dulmg, 
¡._,,..co,~nJ~....,ntml,•~nd- inTO!cing. The fTil>ll· 

nt;ement. oon:rol fuuction• "'' _t:,~ third lev~l indud~ t~e 
11(:\ting oí nbjeetioe. to be ~oh•c-.-ed by the system ",lhlll 
the co<~<lrnint~_of pnlicy. 

:~"~E·~~;:·~:·~:,~:':';':·:"~':·';·~·E~·;··~·~";·¡I~·~·;·~·;··~·~~;~·u io:lcntify s "-' ""'" n, 
~·· •jgu. ¿J p l. itlhf .<ff;o~.lllÍt-'i.P.JTl-----1L'l we 
mo•·• t~w~rd the lop of the pyr~mid. lt cnn al,;o be 
ut'""''"'-ed thM, 1 unl ,;,..o,"'~o:or lo ·•~r 
cqn>pl rbc o n~·lo -o ''"-bhe--p!Ty..,,.,.¡.-.-,,..;,_~ 
tbg re .nqmÍS ''+IÚO 1..-¡J.¡.,_,...J¡_.._,¡ttel;Mmpon..-,Je 
¡9 •bu d'l"i .iu.,..,.J;.iJ-,1{ ...-. O<>hln,¡..f~,,.,.-;or,., 

Other import~nl chsr-'('te,.;,¡jo, of the on;;tr.>l •}-.tem ...., 

the <W= ;"11:' '-"~""'"-·' "' titE "'-"· 1 1 JlfL!I .1( .lnn nml the 
josrap "itljl .;....,l.:.,.,._¡¡,.....,._.l.l--..l..ci.oi ................. ~""""' as 
one ri;e. 'h'•JU6h t~c hio•r:lr<'h)' ol control 1,., . .¡.,_ 1 t ;hould 
~Loo be p.>ii>\....J oul th:..t ClitoiW<o i ¡',;,¡,,".al •M- ,, ... ,.,, 
leve] ~re ~"-..;nü:~llr tho>"" .,¡ " ,~,¡,,;. •i• •. t~m. 
"'he=• "' Ollt' e" lri~tri~loy, tloe '"''""'uf 
the problc•nl, b<.•coomo-. ~-,tic. 

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

ond p¡ iW ·qnipl"'wt{6J. 
Efforutoen•qw•' f • ,.¡,¡uuatio:t!,WLpiace 

iei•i·Hr ¡' •ha,¡¡.,.¡l~woht:.-.,~.,.,th ~loe a¡opli_._ of 
P'?"'" • cgn'roUe,.... I i' 11 -.ld·be oioue at the h:~er 
¡001191 o··¡ ·)(),~go. ~he inteJ,..io .. oA'#;.,.,j~ta.l 
~ ~,. new ~'""· "f.hi oond 
indn '"ÍJ 1 r•o ,¡~~- ............-.....,~lim. n;oll>tiotc.·"'·;,¡,.h 
b"""'md¡ ;l;;r';· ,, '1 J...........,~~!.' 

=h~t d!Stlii(!t"-¡mths. On the 
une hand, ....,, ·o o l·k 1 

': 1 dattl"p<o•t ;_,, ma­
ch~¡,.,.. Mm maJe •o RP' "Pele 1"'-.......r the 
Cf>II:IMoU..w;tjon• o' •Pe rbi'<!.lel.·eL O 1Im Jtiot-•-I!OI!ld. 
r\wjul U... -~10 ·""'""! &ll11P&IEIJ ~]y 
P"""'Tow.d ¡J,.._i,du•tri"l WP"e"i grodlit'Ínr e· ,,.......,_~lci 
~.....,.,..j. .... el,., 

" ·¡ ·!.ili¡¡· gr rq!i·lhlr 99 !jpg ppw 'l>n-
~P"l!l~la'' eff "¡,. -¡ ¡¡.., t.he 

eM-t L ; "'~¡," Relo·wri· .,r.¡.¡..pr<l'IJo'ioro ~"" o mtd 
1 ~ ... , l i~:o-<~·;i!lj"óo•~J 

~-- sil ¡,.,.,.¡,-m.o¡,.~ueta..,hy. Suoh syot~m~ are 
technolo~e:o.lly h>.•<ibl~. Why •hould tbe,- be in:p).,. 
ment<!<l?"Ia<l 1 gi;41ii. ¡¡,;.¡;~tM'•• :;h ¡>._,.wl 

· ,...,¡¡.,.,..._......,.;..~_¡¡; •f-....·"el"'io¡....-~ 
"1'! ·¡,...¡ t.\tL'llSl.wly by '-'""• O: lmvt' _...,ri.,.. In onler to 
SI!swCr (iu: que;tian. we ,¡.,.~¡,¡ •-'3!"t!IP the h"''""' ul tho• 
_,- ·· <h< · - · rol ru 1 n""•P n 

¡,.............._,...._¡ w..,. ee<>o~nmit!t ul t he proce-c~ 

• 

Thi• hi<•r.u·ehic:~l """""! •tri!Clllrc• .,.,, o,. Jdomifted in 
mo,: iudu.tri~i ¡of'll("~,..,.., <1ltlum~h M1. :..1"'-'Y~ in "- •yo­
tomt\tic fur"'· Wo· finJ th"t ""lohi;;e•, ;uch w- CJJllLrullm-., 
,¡e<¡uenti:~l control •Y•lcm,. ele .. <~ro c.rrying OU< :>uto-­
nmtic,dly "'-lmc of !loe CJ4ltr.>l iunctiuu< "\ tbe lo"~'' leve! 
of control. l · ,¡_¡ 
e' 'el 1 lho...,¡_j,,_,t,. .... -Jo¡,~ ...... !,.¡¡.,~ -~-
~ ......... , -¡,..¡~¡......,.,~¡ "'".,.."'""<) .. 111-::...:l,\'" Q'[], 

....;;.,....;..,"'""'".i..o¡'~ ....... ~.,, __ ~ ... -~ .............. ......, 
el-...-~cr....-...;;"": "' 
p>li' ,¡ 'he i,w'.¡.r,uo¡.:il.!l.J.J.:ct.wwi....L·-I..UJI..,.-.Icm. 

We know, i.ntuiti•·ely, thst the.., ;, ~ ..,]ntion.;hi)> b,~ 
twe<"n th""" two ¡¡¡bjectJ, Cut it is only ""'"ntly, ho\\ "'""'· 
th31 the quor.::· _.ü,-e n.Jtllre .,¡ thl,j ..,! .. tivn.;hil' ¡-,,._, Í>l'~"n 

0><4.Jbli·ht'!i. T "'-r>eznilcov ohows in o """'"! pupN (7! ; hat 
comr"ll"'~ "- pru~,.. oon,i.;t.o On or-dPrin;; in(orno.\tion . 
;;:::;;;:::;;.;..:;;;,:,.:::;;.;.~~"""~~ "" ' u ~-· 1 "' '"' i ¡_ 
¡;., ili-t......._.i,...._,.,,_.;...,........n...;_.. .;¡ HMri·.·; the 

"' 



,:,;u 

• 

-/t'~ 1 
• ,, 
•• ., ' .. ,, .. 
•• ":' •• ' ,_, 

entropy of thf, •ystcm will incrense. -¡;¡, ¡1 o 1 ' •··,. 
•m"' 8 '1 ¡· .. , ' •-~~~~ ni diot­
=' .; 11 e ... • ;-, ,;. .... ..,d,Ji,¡¡o. 

1 fr'P'\ernoq!ol '"''ilimlo\oip.-~-UI<o l)tl f, 
fisjcycr 'º :b • ·uno"' ' .,¡ ~troh:!fm"t!l~tloh/ 

B, bo:ing the me<>Sure of thc ""gree of di!IOrder in the •Y"" 
tem ......oeisted with the amouat of control informoliun 1 .. 

F.fficiencr •hnulrl 0.. takP<~ h~re in s verv l(<.'nern.l ,n..,.., 
aud in ¡x¡.:·üo::lar, it e~n be lookl!<i o.t ~• pruf>!. The ,.,¡~. 
tiowhip, illu_<tratcd ;...¡;:.¡~- 3, e~n be lookecl ot,... • lorrnnl 
""'p=sion o! tho '*s Jf oh!m, ... <h.ii~ tthiflh · u Gl e he· 
"a ·off !!ti''"'' r::l:\t\l'l~llt¡T""r.W11~1f-m·•"'"'' ol .,,.. 
WoM. lt · ;,. iow ,;·;.. •· ~n•r-'-fool,...;.,n­
eloiop between rcturn 1>nd etfo,¡ e•p~ in monetnry 

""'"" lmporUnl prnctic~l cotldW<ioM can 00 Jmwn from 
these cot>Siderotiono: 

1) 9 ft "'Íl't•pC><,i '"<"' ' ..... j¡Jj'""'" ~ ..... iOÍ!h 

i¡¡crr"'"·~l..-.<:J¡:c. bu\.ailoeaat ú tl10 .,...._on­
~..,.,_,¡_¡h,...,r~hip, the i-~~·-m""'"''"'l 
~h• 11ld "' • .. -,.; a <nt~i,__,_;..,.;¡_,......._..liahle 

1-1. 
:2) ~,), ''"''~r:!mlt'~<"t'fMt'~iv.,.. 

n~ . ...._.._~_.._.....,.,~..¡,..........,...k.:,_ .,¡..,¡¡,¡,¡,¡,·e-

"" '" •• ~ :..o,·~l •. 
3) i'-' ,¡,.....,,..,,,...;,...,...,,.,,¡ .,¡ ii.!mt.wio"""''''h• 

lutól• ' 1 .,:...¡,. .. ......;..,.¡...o;¡,l;_,.....,,.;nrr·~•:•••ntrliliuot"lly, 
thr mc>jur ¡~,rti•H• ,.¡ in•trument:"iou ~n<i C<l!lt(\)\ en• 
g'.nernn¡; ;.,., l><'< n !<> in en•,¡.•<' <h~ drJerit<g .,¡ inform,.¡ '"" 
11t th• pru<:~_,¡ controll~•d, thc """' le•·el of th~ e<mavl 
hicrarchy. Tho c.ut"m"tic <•><>rJi1u11ed oout••ol ol majnr 
<H•Í\• ha.· 11u< pru~''""''! a• m~>iJI)·· Du.•i~•llr b<-c...u..,. '""'\ 
r<~·cntly "'' oontrul :,,,.1,, wo·n• a\•uibblc lu pro<c'" n•li"hly 
e<>nU<>I i•:í.,mu:\ .• n 111 r<>.>l Wr.c. h ;hould. C<.•ll""-'1'"""'1)'. 
"::::~::::::::-• ..:.lu•-·" <1 ,~ ,,.~,.. ¡....u.c • ¡\Í.,l. uJ:.,,ut .. .,.,..;, 
;;,.;..... .. •• ..;_..;.;.'-t....~~ :~ .. ~c..::W..b . ..... ' . () 
~~~·~~.),;.:,:..;::_::~:~· :.::·:wi<..,._.,,~., u--u..:>-.-.,.., .. : .~ 
~..:.. ~.:. ...... ~. 

IIL SY~T'"'" EsmsE~RJ:;G '"m.: G,,,,., I.~DI:~TliY 

1 sh:t.\lnow w.lew opecifie eump\ei o! app~e:>tionl o! 
"YS~cms engincering coucept.s"in the ""'""indu.tr;-. 1 
dmll foc\l:j on tt>·o subj..:ts-proeeq modeliD¡ II.Qd <:<>m· 
puter control systcms. 

!O........:.I_,..,. 'w• •owl&.OU a,,._ 
In auy "·"'"• the \"3lLJity :>nd u.•eluln""" ol the m<~!d 

¡,;<"ncr,,lly <lepomll..-a,·ily U¡><>n th~ iuj¡<:nwty ui !he m.odel 
lo<l.ilder, hh <le"r und~rot:J.ndin¡: ol tho pur¡><><e of t he m<.><lei 
o.nd hi; prior \.tto" i<-d~,. of the ~ro"'''·"· 

:'ic\·eml e~~mpk>! of """'rim•nt;~l ~nd th<"rt'tkü 
nmrl~:o dc,·eiup.•-d lur the dc,i;(U oí con<Nl $yotem; in tl-.e 

15 

--

~¡.¡.,,, iadlL'try ti'Lli be rc\·iewed in thc fol!o•.,iJt¡: ::.' 
J.O,..;.:..:;...;- [ • "· C' 

6 ".J.¡( [1~1: -· '""~~~ / 
i;.·w~· 'i ''""<"'!"'';.uc~W.u,..J.,¡. The pruhlem i• '" ,¡,_ 

~~ 
The pruce.,; is ohol'•'" in L6. ,;, Gho .. • Ü ob!:I"C"''! :o:!,.? 

formin¡¡; prt..ce<> thruu~i't n n-fr.<ot~ry rin; ¡>1..\c..J ~; ·~·" 
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\'olio wbin~ ~ 

botturn nf the bowl. Air i< hlo"n thron¡{~ a pil"' in !he cen­
¡.,, of the ri"l: ,.-¡,¡¡,, t~o tun;~;; ;, dr.own by a palling 
m'.ohinc. At t l,o eml or 1 he tunw~y, n outtill,; m:>Ohin~ cut.s 
the tubing iutn tubt-< of ~tupcr h·ngrh. 

:q o¡p ¡¡¡¡-¡ [ .,..\b.-m ,.¡.,t m ,dcl .. '1 ' 

tlpiiOtr&-msn\llll ond outomoLlo 
dWDOter . 

.. .. 

--

. ' . 

,r.i! •'ri 1"'"" r<rni·••,f••¡·........-1.;¡ ];jsfiw ... rlio!n 
~¡.....,.........,,_..,.¡.,.,¡m,,,.,;,.¡ "'t ,..._,g 
~a!N,..Ioi~t"'''"" ~"-'llipt~U~ool,¡.,,.,.""'e 
..,...¡¡,;..,.,..tM-m~;~,.,,........,.. ... m.b!e, ¡,_.,¡Rg1'ft'l­
-~,,.¡.~~llcd.>·"-l'i:¡J,¡l¡¡_di.o.wctcr. T~~ns 

f¡g. 1 • V•llo tubio>~ P'<><f>' ~·itb 
•)'<\Om. 

gi· .. ,,.1 .... _...........,.,.;,..¡.~1.....;~ ... 
I.,..¡..,Í<J"""· ¡,~· 

!f.' 
,l fllronlnt." l"'"'"'ll"' __ T_,•_±_l_ ~7~cK'!·~~~-. 

.:. ""!ve l~•.•ition .. r,. + l 'f•'•' +2fT .. + 1 
' .. 

,l d1ameter (_.,.o 1 V) 
------- .. K~-L·. 1" 1 
.l fonmn~ P"'"""'' \)r · ~~- ) . 

~ ............ ~ ............ ~ ....... ,._ J• 

' •' ~ ...... '='".•· 
•" ~· '. 

·' / '-· "' 
'r 

qu~ruly, 1 
tr..:....li. 
Th;.."' :"t ....... 

·;¡ 11 11 ¡o I!Hhe 

.., ,¡,_ 
.in. 

\~'Otro. 

"'ru 
1. e~ :<t 

eo~ 

¡o·~..;... • ..;....:......o_; ...... ; ... ;..~..,;. .;.-_.¡;.._..;,.. 
.,;¡c:~..._..,,¡__,__ · ·,,_¡¡_,, . ~·:e~ 
"'~~,_; -T"" ,.......l"""'''nl' ,,,...,,_.,¡,~· ,.,,.,:.!..~ ' · ~o 
;,~ • .....,..' ""')'-t'n\, 

" •• 

'" 

• ,,, 
¡"'~ .. ~······ 

J1\ 
/ '_h_~ ., -..... ,. .._ 

s. u;. ... ~,...,"·¿; ...... ,.,""'',.; ~'""""i. ·~\ .\·"~"'""' '"'""'·•·o: <~>nt,.,l .•• ..;.,., • ~ "'"'·'"" ~ e.: • ,.._., ....... ¡ 
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/ 

Thr • ;u '"• • odcls, in . . 
¡\1\ol .... :. 

oim 
t~m e¡¡¡¡~¡¡; E t"·m.;. Tt.e cuntrol >Y•!em of r•· V'?" 
~d:i~i•uc 
mg --
,¡¡,.p, nnd-the d' 
b..ndy-js~'• loop. 

Tbe hist('gr>~m$, 

•h•idth 
lo"· 

tl¡r '¡-¡t.•m ",! r PW!l!l .,.,1 ·,,,..,.,·ir "1 • "n' 1t i ''"" 

·-··t"""• b!' .;.u ~ent. 
2) 1.:#· ,, v,...u,..,...a... .tfe•l<l [a[: T ... , o lelo 

wnm dw"'o;·~,! : .. C!'"t·rct'nl· .. ¡,¡.,¡_._¡ .... ~.¡......,om-
p~..fo<-IJ ... __.............,;.,..,.,...,¡..,.,.¡.¡,..,.¡,.,,.,,.;.,ns 
ofJ-,ull m -ie .. , ... .;;,¡..........,...m-\~~). The-e ,.,,.;jd• 
which nccoun~ for tlw proceo. b<havior, indu<IH<g tloe 
qua!ity rontml S3mpling prooedure., wcre weJ in ~ digi­
tal ccmputer •imul11tion to e>.·alua.t.e oltcm:1te control 
strategies. 

1'1 eh'"'o!.)i·•' , Fi810. 
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~~ ... d .... ~.¡~ bti.;.-·!>Pt~......_¡;,.,, The 
auwm"tie eontl\ol of the lo"·frnquenc¡ com¡)!Joenu uf the 
error ,¡g¡,nl re;ultcrl in a signiDearo\ rerluouon of tha 
\'nriobility oi thc• p<>->tluct dime"->Í<>Il•. 
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tU• :rJUK••c-r.O~O 0~ •nnll> ..-I<~CL ""D ~U<tNt"TI(:&, OCTOO>.I< ~~ 
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••• 
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• • •• • . . -·--
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- -
F"\1. 12. Gl ... rompo_;<ion ""~"'""'o • ot•r chango in botch 

rompooi•ioo~ 

Fi¡-. 13. Fo,.,t..ortb ch•nnol-roolior woo <I'Ooll '"'t.ion . 

. 
·:·:":·:·:·~·~:,~·~·:·~·: .. :·~-~-:·:·¡T:·;··~:~:::=~::~5r~~ " a· Comp~ring T,, ~. ~nd T,. 

,~'> <:3!! gi•·e .ome ide"' a< to wh~t e~•en\ the gta_.,. io idPSlly 
·/J.. mi<cd. The deriv~tív" uf tlll' step "''pon;e gives the 

' .·.'· Mdenec rime di.1ribution of Thc gh<s. Fíg. 1:? Ww.trate. 
, ~- ~.J oomc e.,pt•rime'lt<ll re•L!lt-. 
~ _,~· / !""'" fw-¡¡:~~e with .J.~'':-'' ""P'eitr of ~'00 _ton• .<nd a 
'' p¡¡,]of9G!un;¡day, T .. - .>Oh<>uro-; thct~..>n•:erfunctiOil 

..-ithout eullet !'t'luru ""'"i,n•d nf ~ tran.ponation In~ 

\
. T, '"' 3 hours Md" tim~ ""'"''~"' • -~O hou,... Wi:h a 

cullet "'tum of JO peret•ut ni<tr 20 huuro, the tr~n·¡mrt~­
tion b¡; ,..,._, 3 bours •• boeior<>, but the tim~ eo~~.St.ont in-

. t ~"'~:·~2:'':"::'"'::":':":":':·:: ¡J l'looo-1i.H l j 1 oh" I'J!'I'd 

i~
l(J ·. -;...,.,.: ;,¡.,-.. ¡!b-~j,_.,.,.,..,,.~·-~>->a:_v 

u,...¡,.,..-...,,~....,,r, " tf!eon'"trol nwlrl h~-r<1-rn11'h)",jrnl 
~.,¡;..~,...,....., n >del 
~-... _¡¡..,.¡..;:... .. :.....; .............. """"""'~ .... ~y~ 
t,¡,o¡...,.;,.,.,;...,.. ........_;o"·!~'".;....~ J..w,¡,..~l-"'!>,1_1' ~!~>ruprt­
"' .....¡,..,.. ,.¡..,.~- .....,,¡ .ill.:: i.:ll CIJ o tdi t i~ t],;, • ~~~;.; .:.l J ...,¡ ..,_ u..,."'~""-
~ l~ ~ .... :yo ie .. l "' '""""'"'·'¡ m•.':Ho.<. 

The f~r.+••"rth ,:Pher- th« ~1 '" iu "" c•~n dt tunt•! '"'"' 
tbe fum:u·~ to li.c i<JrriLÍ'I~ ""'''¡¡¡,,, ""d o·nnJt[i<m• tho 
~::,·• lo .1 prnl• l<'rtuiw ,] ,¡,.:¡, ''" l•·<oll'''"' 111 e hy tue~n- ui' 
wiHd eooii01¡; :;no!~-<> ht•otiH;;; ,._, <ltu\\11 i11 1'1~. ~~-

. . ,, 
e<.¡tlll!Íon-Thc 

. The biL'>ic enerltr 
diffe,..,nti3] ~t:otion lor he~: 

"' 111 l. ,_ 1 11 

.!. (•· ") + ~ (·· ") ll¡¡ av llz In 

rute of ene~· input by 
oonduction and radiation 

• - l,oC,V,T) •• 
-~---
mte of en~rgy 
input by ma .. .,. 
-

rr.te o/ oecumub­
tion of ene~-

n . ' 

1>1 

,, 

;:_ ¡~·T + <J'TJ - V iJT - iJT. Í~) 
pC, ~v' Oz' 'd:< Ot 

' 

T(z,>¡.'<') - o,(z,y) i! !pe<:ilicd. - (3) 

ii) -llJ.ht.iN!rh:::.L:t·.t.'V>t!!..th~zi;l~' -~~ .!_h_~,:;.·t' (y • 
d), the bou tl•l".'Y .• i: .,:l_¡,tdi;l,t~ bou•c.ürr.. ":hr:~:..tn."- ~'"''" 
~. e•~h:m~.-iñg_r.uli.tn!, ~!\~-:u· ..f•~lh.~ rb---.. ,d ~~e lo;¡;,., ..-·· .. . 
(r<:ll'<lrtory oruwtt). furThc•r, the ~;r· in tb.!i..".E·'r':J¡_~I"''~" 
thc ~j_¡"-' aod the crú,¡;;_~F.-;.·,~~~-;¡,:..; b.~• ~-¡~~ th~ •Yi­
tet~]!;~!ry~,;..!! ~~!P..:.i;•r, ;•¡vi ~t•.ri':t.!.i""-c .. T~t...:'~l '!.·~i<m fN 
:h•. ~;"'···~:\; '"'"''·"'~ ,, "~·''" ,¡ .. ,¡,., . .¡ l~t"{·<l "" dlo'r:¡y 
Í>·tbnee~-.--.- ........ ---···------·---- . 

T•j- h(T- I'.,.l ¡1; 

''" 
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"'"'" 011.03 1 
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a Stef~n Boltzmnn ~onotaut 
F view Í&etor <lerin~l with the n.s,;mmption tha.t 

th~ gl""'" surfaee ntld the ~rown nre two oppooite 
infinite p~r~llel pl3nes 

h , ... heat tmn•fer ~oellieicnt 
T.,.._, the.;e kn1pcnotures ~re inputs to th~ mod•l and 
T.., mu•t be either n""umcd or determi'led by 

mea.•urement on &etual foreheanhs. 

iü) ~~..~~.~ remw_!!.tl!!" Í<."'"m.TE.r:!.•..ti!~.~ct to 
the ceuter of-the cimnncl (z • 0), 

---·~-

~~L.- o. (5) 

iv) At ti1ne •ero, th~ tcmp<'rulurodí,trihutiotlat80me 
--··---...-.-.~ .. ··---·- --· ..... 

loeaJ.i.2'!.,...·~~~!.~!~i!l~UW!'_j¡1itjol rondjtjon. 
Usu"lll· th•· oemp~r"tl!re<li•tnburi"n at the inlet lo the 
fo~•!.tli'{." j¡;,:¡.¡;:· ·-··------ ---

h) , · ·- · .-.be 
~, ...... ..;, i+;.l=··~;;...,_""'..,___..-, -·T....., , ... ,...,Li,.¡..;,, • ....,.¡,;"T',....,...~e 
~w-1•¡ o ¡,¡,."flf',o!+oo_, 1;.¡w.;d~ • PHoli¡¡._,.JOe. 

~~~·''':J., ..... ~ ......... ,¡,., ., • ...,.....,.~ 
,_...,¡_¡,,.,,, +< rlo<o-t..~.J,~•···.,o•J,.,...U...,..,..0-1'he 

..., · • • ~·~ • !Ítie.t u . ...-~..,._¡;,.._,_, 
,.,;,...,....._, 1t ... ro:onlmtltl ...,..Mt'PI"'..,_.¡o•r. 

o) .il>!* 
111 th• ~; 
lar an cWi.o~ " 

•• 
;...•lth. Si> , . 

"'"'""'W o 1 ,+Siem 
~. 

" ... .._.,,., _ _,,; __ ,,..,._,.:J.¡,;._c~~ ~ o., 'i"w fl"'--s 
at ~'"'~"" o "'oto ..,.,,,....,_ • .._~··,.,..,,....,.....,¡,;n• ....,e 
( .........- ..,¡¡, ,_.¡,.. .,.._.. ! n ' !~ ' ' '" ~~~; '';. : ·"MT[' ""' rtlftOi ." ~­
b;._¡..; .. _,._,~;=.• .• a....!.,;,._, :lu' =e~ do~"~"'• 

.;¡ .1~ · ·. '__...-..,....·.;: !)¡,e ,( : ht· e:"h<.·t c''""'Pl"" 
af •he orpiH'OLtinn ui :~o·: .. !¡,~ ,,_-ej"'"l''"' too L ¡,,. Luo .. ly.C, .,r 

'""' .... ~ . 
•••• 

'"'" '" ., '""" ... ... - ....... .. .. .. .. 
.. ,.,. ... 
'"'"{(o•_•r$ 

""" 1 
., ... , ... ~'"'"' = • . .. ~· .. ·~··· ..,,,.. 1 

oontrol system pmbl~ms in the '"'"" industry ¡, ginn by 
Oppclt [17j. Hi• paper P""'"'"S n canC<'J)tUal element:u"y 
multivari.~te dynamio model of a gl""• t.ank and •uQ!:es\.S 
impmved control stratog\es using feedback nnd fl'edfor­
ward techoique~. 

(Jt •o n>¡o¡, ¡r 1bw p •·• l ~ leii..g-"'' rro+the 
~~jiJ.~ .... ..u.a.u..¡,;,.,..¡~ ... Jilll.­

~,.¡. """'R•e, -hK!e~mi>:i>oll;'--and fiiO!'t<~ melt­
ÍQIIl ,,~¡..¡, . ..,.,y~l.·,·,.,,., . .....,,rot<ymml T\ •td.' ,,,.:M 
br SI' !!' [Hj i ;, ¡o "o 1 ·,. oioao ·e dcniDp hroj¡) I!W 

P'" w &1\Íts, such as 

ay•~m· ·~o • 1 "'"'"'""' <J¡¡eagio si:nnial'ion. 
The fil'>t slep in "pproachi"g the pmblem is t.o ""''"truot 

mathem"tíeal models lor nll the proceJ!.1 unit.s by tuking 
ooe ol the mo;¡ importunt "-'~'" of the en tire p"""'"" iuto 
cnnsideration: thc phy•ical ltdn;fmmlltion of gnmuillr 
material. 

A gcner&l model is developcd <doich, when •peciahzed, 
can be FJSt'd to moY!el•il<>'l, mi~n.,, ~nd mixing '"'"~ alon<¡: 
wilh oohet proc,,.,, componenb. Thi.; general model "·ill be 
dc>enbcd briefly for" ,¡~o, 

A ;\lo¡, defined ~• "- letn¡OJ<ary ,rom~e de,·ioe whorPhy 
~nmular mootcri~l ;, dunopc'<l intn the top. >lo* l. and ot 
.ome bt~r time ,...movf'<l from thc hut:om. The mOO~i "''" 
dcvel<>pcd uud<'t the fullowiH~ ~''""""inK 

a) The fitl..J _,¡¡,, i.< dl\·id...J int•> .;poce. of b:l.tch •·nlume 
•il:e (reier 141 ¡:;~. !.';). 

b) .h'!O>Cbt.,J wnh •~oh ;p~o:e U o correopooodin.g bateh 
nnd it>< d<'><TILiu~ cmt>titueut 'TC\ur. 

o) \\'hen a b,llch U remm·ffi from the bottom. o\1 th• 
bntch t<:motii14<•H1 veetnl'> uhove it tn'"·e olown ono 'l'"ce, 

d) Whcn th~ m"teriol ;,, either •mrn:d orextr~etcd. ;, i.~ 
don• <i!-cn•tely in time. 

''1 B"""''''' ,,¡ th" mcxin~ effret ;...tw!<'lo ·t•t]aCellf 
bará.o••, the úUI¡>U' b~teh i.; •<>no~ combin.Hion ol "-"Y in­
put iMICh. 

"' 
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Fig. 1~- Sebemt.tio oilo. 
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f) AH =wri:.b whicb ""' pl.tccod in the oilo together 
h~ve equ~l or ncnrly ~:qu"l d~ll.<iti"'· 

g) A b:~tdt <>f tri"-ter~,¡,_'"~"-'' pnr! thPn:<:>f, ha. n m:ui­
mum aml a mínimum h·nglh uf the oiio to trunave!'$C, nnd 
this ttan•vt:r<.tl occm~ "·ithin «>m~ m~~:~irnum and mini· 
mum numb.>r of outou~ blt<:lw". 

n ... e ~•,umptic>n•, tog~ther ,..;¡¡, "'""' omd impul$e 
balance, yield the ro;Jowing oet of "'!Uations: 

• 
Y(K) .. Í: Jr,(K) - X,(K) 

,~, '"' • 
LW(K)-1 (7) 
'" ' -L W,(K- i + 1) - X,(K- i + 1) .. X,(K) (S) ... 

X 1(K) = X,( K- t) .. X,(K- ~) ... · · 

.. X~(f: - m+ 1). (9) 

By oub•titu!l.,g ('1) into tS), t~en ,..,.~rc:>ngin¡¡; it, th~., 

""'"lt• 

X,CK) 

Yll\) 

• 
W,(Ki • 1-2: lr,¡K- i+ 1) ... {lO) 

""""'ituont ,-,.tnr ol 1h~ m:~t~rial nt thc ith 
'""'üun in ¡ho• enn1pnrtmentahzod s'Llo, juo< 
prior to thc Hh ompu: 
Kth outptlt b:.teh <'Otl'htuenr n~tor 
m:uimur:1 ran~P ovr; "-~ich ~t: input batch will 
l>e 'l"""d '>l't•r rhe "~''"" i>.oreh. 
:~.e "''''l'h;o~ ,-"1"~ ~hieh •1•·-Í~:>O'I'• •1:~ ;'<'"" 
<:elll~~e ol irW·"' IIL~< ·'«' ¡, thc ouq:ut ,\; tln•.c 
.\'':'. 

~ --- ~--------
• ~. 

-·- j - .... _ ....... """ 
1 

·~ 1 

' 

cy ·~ .. '" -• 
' ' -- .. , ......... 

~ ~ffi 
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Tbe weighing vult•os ~ro assumed tu be of o Stlti.;ticll 
natur-e. The pnrticulnr di<t~rbnnce a<<OCL!.leci \\;th th• 
raml.orn vnri~h]c, of rhe mo>dcl U. dependent upun thc par­
ticukr •ilo 10 be modd.d nnd thc m~tcrio.l lo be 8!'>~..:1. 
Thu• thc weighin¡; valu"" not only must sati.<f;· thc con· 
stnunts impo-;t:"d by (7) and (10¡, but nl."lO moN be ¡;.on~r­
ated in .Lccurdonce with thc ininrmotion "·"'""'"'] imm 
tl¡c actual d.,u. ob~ain<'<l by oonductio¡¡; experimeut- ou ~ 
p~rticubr •ilo. Or,ce th•• w~i~hitJ~ vnit•~• '"'' ci<·•rrmine<l. 
(6) e"" l"' ,_,..,_¡ tu ~~~"'""' tho ph;.,•cai tt'~~_,for:l>~:iorr 
t:.king piare bctween input nnd OutpUt hu ch .. witl:.in !he 

"'· The scco~d s:ep i.~ to combine ntl d:e ctom¡;oncnt 
modet. into ~ "multbcti•·ity syo~ m." Broadly ciefir,c-d, tl.e 
model is oompo-ed of f<>~r nctivity re:~lm• (Fig. lliJ. Tne 
fin;t reolm deñue< thl' function.l of th" Nnopon~nt.; of the 
pl'<)l:e,.,.The secoocl realm dofir.e~ the inter.ICtion> and ~PC· 
form• •tructure c'"':-di,otion_ Th~ 'hi:-d :o~lm ciefi~~s thc 
•upenol>ory functi<>n-• {control}, nnd the fourth t<-~lm de­
fine, the polioy n>akin~ oncl pl.uming functÍOtl•· 

The romple«' syst~m mod~l óot b"te:, sy.-tem-• i.< "ffi"P.­

~hlc t-e:; digital computor •:mu!J.tion ~nd h• Wn u.<ed tu 
in•·e"i~nte ptoee•> d<'•';;>• ~nd control ¡¡r~blrrr"'-

6! e 
d" 1 .. 

-~\.-..;~ ..... 
,.,. .... ~ 

- . . . ...,,.,...:.,,_ .... :""' ' ... ,.. 
a "'¡ .. , 
"'lo;o'ii<'<l. 

.\!t"-"'~" " 
!,.,.;...¡ ......... .. 
-~in>(. 

' ....... 
1'' h 1 ·,-

l,,,.,.,_"f1 ·, ...... ¡_ 
,¡,__...,;..,...¡.¡t.t; 01 ;.r~. 

'·"" 
y .. \• 

,.,..._-¡,.,.....¡.,.... • ....,~ .... ,,. .... ;,......_,~,,,, '''t~· .... ~~n 
th_.......,._ -¡,~,..;_._,,¡ -,,.¡...,;,;,.-..:,.¡_ 
"'' '''- r¡r ¡ ..,.,..~n .. \lt~ou..;-~,.,.,.._.,~_..,.. ;. 
,...;..-~­

,.,.~ -,,,••1«--·r< . ........... . .::•····-"'¡....,·" 
·'·".\!'"~···.,.. '! .._ """' '-'~ 
....o.~....;-·,,,,,..,,, 
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Finally, ,... 
,,,¡. ............. ~.,_. '¡,, ..... 

~·'l• O -'1''tJtfAtS.iitliTt<, 

;":··:-:::·:·:··:·:~;:·:-:-:: .. :·-:¡ ~:,: ... ~-
Th~ e.<S<'J>tbl rul•' pby<•<l by the -rontrollcr of tloe 

mn11<1f"~tmi"g pru<···•<, th<• iulormation notwork, ""'di..­
~u .• •~d in ~..t·tion 11-ll. It w~• .,l:l!OJ th~t- lhr C<lllopllter 
1~!mdn:l;y m~kc• it M!\' p<>.•·ihlc to autotrutte ronU•>I 
lunniun• :ol ,,¡¡ lcv~b ui th<• h:er~rdoy, h '' \\Íthiu rhi, 
fr.>n,~work th~t \le" iil uow •urvey, on thc b:,.¡, of ><.J.rre 
;>Ub!i,bed lnfOlmlOtÍ<on, the •to:u; oi t!-.e implcnw!l:ution 
of 'uch >Y-<toms iu the ~la.<.< md.,otry. 

One of the firot rorn~uter wntrol •Y>I~m< in!plemetotecl 
;,, the Gb-' ir.dot.<rry "'"''-' nwntioned in th~ •c><OlÍ<>tt <m 
j>l"úee..., mWdin~ t"'-"';'m ili-A)_ 1l ~' the proo;e.-- ,.,,..,.. 
ptHcr o"OlMctl ;_v<t,•r.¡ <kwlu~ed t"nr the :>U!omati•· rutt!r~l 
oi a ribbQr, n"'";,;,,~ il4). >o,;, >)''"m i>"tiurm• '"""''; 
funoti<H>< mil y. 11,., ,¡rur<uro.• •H ,¡,.. ,.ptrm U. .¡, p Íct••<l '" 

~·11U'"'L 

•l• • ,., ......... , .. ,00""" 

Fi¡¡. 17. Quality co,.trol Ítofnrm.ttiott Í.. entercd Ol3UU~tly 
o.nd pror,..,.,.;J b)·" pn-e•"-• rotttrol romputer wbirh in tum 
m¡¡_mpuhne• " tlumh.·r uf v:.ti.,bl"" on thc fort"he,mh ond 
dbbon m¡¡_ehin~. 

Anotkr oum¡M ui )'~"''"" ron1puter control :tpplio~· 
tion;, gi•·en br thr ""''!"<>:,,·,:cm~ in :~e pbnt' .,¡ 
the 0"-e,...C ""''"~ r;t,·n.:'"' l"urpur.uion. o., t ¡,, b-~_,;. of 
puhli•hcd tlll"urm:.tinu. it 'Lt'V•"·'" th;ll thr-~ -·;"•ten .. < ""' 
P<--enli~!ly pru«·•· ""'""'¡ ·•··t•"nl.i pcrforming fit><t lL·wl 
contr.,l Í>UO<lL<>Il< in tf,.. m•·lti"~ ""'! deltvory ""''" oi thc 
pnxo.·""'· nhl,.>u.:h ·"hl'" pn~l11rti<>n ..,h.,t.!t:li<~g might "" 
eiTeeted in ·"''""" ¡,.,, ·' 1 "-, .• lt ~· 1- V! 1· 

Other >U~·ni.~lly C<>totn,¡ op~li~~tiou. ~~re . .t-o ¡,_,.., 
anr.ounct.~l rc"<<'utl)" !.>y ~l.c·; COill3iner m,nubctu"'rs 
[~':'J. p:1¡. CQm¡•Ul<"t rc11 t ro: ·)-·to.·mo ~re beiug ,._..,.._¡ iur the 
c•m(rol <>f ~"tthi,.::. n1,.ltÍt1~. ami Íll-•¡wttiug o¡~·r .• tiún• -•t 
•he bkebwl. Fl.•. ,¡_,t\t orO""""'' Illinoi• Th,• f•Hwti•"' 
Q{ 1ho.· '""'l'"~~r" tu oup._ . .,;_.._., ~nJ tncnit"r :he "'•::re 
¡>rae~·;. 

· ... 
f' 
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Fi¡¡. L!i. Pt&1<t P'<'"""' oootrol oomputor OJ"olom wlth ...,_,rt.l oonlrol room. 

' ·. ThP pn>ec··.< romptltcr control: rt' 
$y.tem <ótLII'<>i• ¡¡ i!oJ~I ~~"'" n>;ttLIII.I• lUI'itL~ rmce-. l:.'~j. ··7 
[:!.o¡. r u.t""?.- ~r-~-~- ~.....t!--r­

P~•· 1-. ~-" -N}-.-!.,..-rl .....,.,m>t '1<1~r- 'mfl 'l'rlMimJT'N~.,...., o 
;,oo.!'""'_"",.;,n¡,.,_ Th~ r ' · · - no-

¡" --··- ,--.,.¡,_ ---
'· \1 

•• •• -'-- -
__ ,. 
,. 

"" ;..;.. oi 
O· 

In' 

"· The cent>~l oo~­
trul mom t• n•p,.,."<'ntP<l iu Fi~ ll!. Th~ oper~<or ron-ole. 
ow-lino• prÍJH••r, abrm l)"jlt'Wtit.•r. 1<•k,·i·i<m <li•pl.tv .wd 
r<'<'l"lin!; rl•·\'iC~·- ~nd 2r-1rhic !'""''" e·•n h.• id~n:it¡,..;_ 
The >"<~r<it; · .,,- ro·<'Jrdiu~ '"'""m''"'' i• '' pp~r• •nt. 

Cn :h.: b,,,¡, .;,f ;h,•_--.,, ,,,n;¡ob. ;, ,,,.,:,J ,lp¡~-:or llo.ot ti"' 
~~""'-' iLJJu,try, follo"i•l~ tl.c trenJ piuLJ,•ee<d l!;· •Jtho·r 

'" 

C•rnrnl , , ,,.,~,¡ ~ .. m-r·,.,¿ .\l., ro• C""'!"'"l" , 1 ''"tl>->.-;c, 
~[ido. l. 

' 

' 

1 



Pro<ess industries. i• slowly mo•·ing, in II.D. evolutionary 
r ... hion, toward computcr-directed, centml, pi'OCe:<< con­
trol •Y•kms. 

lt i.s belicved thnt thc tr<nd townrd int"W"'tion will not 
~top ~~ the procc<o contrullcvel, but thut pro~u<.tlon cotl­
lrol ~nd m~nng~ment eontrol function• wiU pm¡;..,_.,;, .• ¡y 
~e induJ<•d i1110 thc de>;~, d full_v integr:<to•d on-hnc, 
1'<'31-tirn• Cvntrol ;y>tt!l",.. ~...¡:;.,,...;&.¡¡:.,,. 
t..-..... ""'"""-"'--·1*'"";¡'1,~~~-•"'u.l.-~o tot.t:.<J.UI,r~l 
e· •• 11 r !"'t•m ~ ........ i•m<"tmn~l.t,...,e,.,4< i-- Ítl· 
t..,.....,.¡ .. ;..t~lh -...c ........ ,. ~;...-~ .. ¡ ... , ......... !'"""""' ......_¡ 
-J.un¡,.,. '""tml "'"<'1';.,,....,.. !irt<- ~....-1 ;,......,.,,;.,..,.'Ihe 
¡. ' .. _;.,,, -J:,..._ ......,_,~ ...,:;. "' ;,,h ... ,.; · "1 .,,.....Ptt<'"''~'" 

~' ;,.,_¡,¡, "'"~ •<l>I""'J· TI-"""""" ..O.t~.JJa. ur...t.!>'-'-"'-'lirc 
~.;.. ~•..:i"'lol~ "" ,..,..;,, .. ._._...,ru,¡¡.;.:,c ¡,_..._,_ 'L"'-+-o<"r­

,....._.~~•·tf ""'' ; ~ "" 1' ¡...,.,."'"' "" ,.......;....¡ ., ~ .... , J . " '"' "''"~ 
"'-'"'~1 ..... ... ,u, o .. ;..;.,,....,..._¡._,....._,¡¡ .. o..,;.."' ~u....u­
t i ..,...;.....¡, i o<m : " ¡.,,,.. .,y " t it. 1>!--....,. t.,...,_....J . ~ hcJ.J- _ll:>.dct.l.. 
Tlwre i,. no c•·iJ,•:rcc :it:<; ••wh i~:t·~;~n·rl "'"'1'·'! -y•to•m< 
~"' in OP<''"lÍ,on '"'""' "lth"u~to, .l.· "' n.o.-.. liui'<"Í pn­
\'iuuol:.-. IN.:e uf :!.e ,,~¡.¡;,~ ~u·,trc! •y•tc'"" m•¡:~~ :li­
,~~~Y h~v~ .:~, dupo.-..1 lo ;ndCLcio .-<onk pr<>lt:< IÍom c.:u:rol 

__ ,.,,..,.,. 

l.t~NAC.E'-IE~T 

CRC.A N IZA T iON 

PI<OOUCTION 
COJHROL 
SYS rE>< 

PROCESS. 
CONTROL 
SYSTEI.t 

PROCES.S 
EO.UI~\o!EIIT 

T• ••~~,,.e 

tf<- • t•IT~~"•••~•• .. foo•T~ot. 

The ..,n., of díogn>.m•, the J:~.<t one in p:uticu!ar, ¿t-o 
sug:gests a clear trcnd to"urd m~kinK coinputin¡,: ~"'""' 
avail.o.ble D.JI a utility throughout tbe oystem iD mucb the 
•nmc way a.¡, el~tric power io nvaibble tocby. 

Tbe iMegratcd control oy•tem• npproach should r.lltU· 
n>.!ly be exp<'Cted to nii~t o"r b:t.,ic conC<"pt. ofpl~nt <i~­
,;~"' und opt·r~tioll. In p~rticubr. it should be ew•·ete-d ~> 
hM·e,. very >Ígnífie:lltl irnpact On the mano~Pment ond 
nt¡;:tr.izatiom:>l -lru<"tua• of tlw ~bnt. This isthc sub;~et 
thut wi!l bc di..,us.<C<! in the iollowing .eotioo. 

IV. Ht:"l~ fACTO"s ]26]-{2~] 

Tbe ~mpb-i, of thi, <•tr-.-cy h; .. < bo.'t'n "" fur on th~ 
ocuuonlic and tcrhhn:o,;ic;tl J.•pech nf .<¡-.tcm< cio.-cln~-

1\1~~~ in tho ~l,c-< inrlot<tl)'. \\'e h,_,·e d~-;c-ro pmbleoru 
1\·lnoin~ :o tlw rlneln¡>nwnt oi 1~•· crulomo\Íc comro)l !r,op 
"-'Pfl"><'!lted b¡.- the Ui:to¡r~m in F.¡:. ~1. .<ymt.Jii•>og 'he 
pb;-.ic~l ~"'""'' cu~trrull,•d by .1n ?n·line c~mpo..h·r. ,P.:<.t 
,.,, .• ,.,.,-.,.,,,,.;,,, ., .• ,,.,,., .. , .. P.•·•ro-r'l'·>ehine .,-.,~m< <"C:"rol• 
-----·-·-··-.- ---- ... •>- _.,___ ----·--.. • ., 
~-:1 ;~"·' "¡,.,.,. <'uno• ••'-• 1, t- ,,, · ~.<" .H .. l :-t .... ·hl1.• -. :" ,; ·~1· ,, 

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

Co'C,;~;i~,:-~·.;i:. ~~- :...:.;J. :'" · · -·" ·: ;:..."''",.·'" •c-c•rni 
,') .;_,:;¡¡,.; 'tJ':~rC....: ...l t.i...l.~U"-''~""""''-" ... •0~ .... ! •¡,_, .:._: 

:.'".!S 

' 
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Fi,;. 21. Tho outofn~tie <On'.l<llloop. 
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"'""'" . '""' ' '"""' 
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.. ~~ '""" 
~--" ... ~. """" ., ... 

~--····· 

'--~ ""'' 
h~ M~OM .. 
'"" --~- ... "' ..... 

1 . ~- -~ ••--• _, •w-" 
\ '""""''"'"'"- ............ .. 

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

..... ,, __ -·---­~-1"'""'"'~ ""'' 1 

su¡gests. ¡,.¡._,...,;,,-;.lfl~• 1) o,tili tlllhllglt p!O'­
gg¡,w~ ........ ,..,.,¡ ,¡,_..,;n;•;""tln!T--;notrlmc.,oMion. ,¡¡., 
.... ......_......_,. li 1"' .... ¡.,...-,..¡,_,.¡, llo 01 • 
~"':!t·noe.·io~! ........... ....-,d v"l~""l <h""f""''oo'IMMII 
~ ...... ~,,.¡ ;,_ _, , :.-.,¡.;.,•: w,... ,..¡.,,;.,.,__ .,.._....._.,ri:.;rO...ci 

"'¡.' ;••·; '" w·-•>lltlu ... l .. ~·"''" ...,.-'""""""'"''· 
Qk ...... ..:..w-.. ,.-"' .. -,;., ! ... J ... ' ... ~......_.¿.,_ 

, ;' !"''""",;·~·~·.J.~..,,,.._,¡ -~•""""" ;,..,...,....,o.¡.,....,n 
- ,,...._ ._¡ ""-'-'1 a. .1-0Ul>l¡...>I>C"'- j¡¡_ U<.>llo"' ' l.i!l" o)'•\.O.IUii 

..-loo-~ .. ¡~.,...~-1""''"'~0- ~-j.,. . ..,,_..,-n,lol<> . <.h.-- -~-- ,¡,.. • ..,. 
o~,M-... ..,.. ~~~"l"'M"' '""'!"''"'"0.,.. !';.u;ni11;; io.r tlo<• oic•ign 
and el~' .-lnpnl>'llL <>i hmn:on rnm~-on~l!!< of >)'-•!Cm' hJ! ~ot 
hun ~· 'Y•tt•no.o!io-allr puo·•ou•J i11 , lo!' p:bl :.s it mi,(), r h,.·, <' 

bc.r>. ;;_ .... _. , .. ,.._ ... ~""""'~''<l..,nd -.¡,._ 
,-~~.íU.:.--o.._.__,,mp<oo"-" "'""' r;.,.J~ ,¡,t•! 1~ hurr.all 
~=>< """""" ""1 •oi...J eith<'• ,.,.;..,..,-¡. e,.,., t-'1 · ¡,.. -;,on<! ~r 
c...,.¡ ;,.. ...-~¡,_.¡.,._....,.,,..,.,..., ,¡,¡, ,_._,"'"· ,~.,¡_. ¡,, ,.,;,.tiv~i)' 

1 .__.,.,. ""''" ... ,....,¡,.:¡' ,.¡,;, <l.e ~u'~"",.; ~-"' ''"'"''v .. ,,.. ";"'':J.. ¡>Ir.\. n;i>01->ry . ~ • ..;._,,.,...,,., ___ ...,_,.., ~~· ••• .¡,,..;,..,.¡.,. 
1'¿ a-~""'"'-o.h•v•·i·~....; .. .,.- •!•" ce<"l"'t'~T""•;~e~'"t!~ Oe<igro 

,~)" a...;.,¡~,·~k-pm••tt< ci ;,..,~,,.,. •y..:,•ru_,;,;,OL¡>-..:.:.•t.: ... h thn 

Unit: .: :-;o" t•• !h;~ i• i•'!'J2:ll~!_y !·~.1.::.<.:!'\:.:tt~ÜP ·hc..u-;ocs ~r 
dor~_n!__<_.requirt'd.Pi. ¡ooto·::ti·ol. ""'!' rn~wuJpr,Jbl: ,¡.,_ 
vel~pm~ l. nf .''' !"¡>!e~ • "! ~-"·m? _dH n -~ *X~ 1 p¡n:;._ Qu :o lj!l\li • e 
._,¿_ 'lll·'"\llntw~ i>"N>nn~l "'1_UÍ"'m~nt• oninmo..,;.>n 
( QQ P rr i),r.,~·;, TñoT., ~ · ,; · ¡;;;.Ji -~~~;c:6-:; b.;::a.;.:;~.;;-:c,, d.,. 
vdopon~[_j_h~ 'j.,;,r;,..,_,el ""'kyo!.o.&ll ~""'"""''Y for im­
plom;_:;:;¡-;-;tiJn, main~'"'"·'•<C, ,;>,mLQ!>"r&lion of theoc oom­
p!ex •ysten,;·,;;;;·f<'<lU""<L Thi• oan 110 lon~cr hr "" evúlu­
lionary GfñpméT.! p,...,..,.._,, ]!. mu.•t bol plomned and de­
signed fL> tbe physi~al ~ub.ysteno(') ;,, 

Fi¡;. 23 ..-hem,.ticnlly rt:P"''~nb tbc man-machine •Y<~-
!.em developmcul cyo:.k ¿¿ O ~ ,,¡, .. 1 ment 

ioio 1 =•" ol . l<m~M~e• h < ,..,d 

oalmi litiO 1 """"...,"" j;,.~ 10 ,¡,., • 'rt:"" """' ,.j 

o¡ t' ....,;..,,,_;...,,1<? """" snd o.oatloi11C.<. r-,.,;,,. 
'a·l !l''"'''o! ........ ¡ 'J!I 

¡;pr' 11¡ i • 'll' "' ,.¡.; ..... pmuot-to-1....,....11 t st ro hiclr'rhe 
comp'·' .,¡ <111opo11en~ ll!'t:'..-mt<iM la< tdl ¡r¡~o:!-tt::t;,.­
i~""'!-wo...ior"f'''TT!tion. AlU _1 "li>l.""""""ed in 
¡;:jg ~3 1.1 .. ~o-liel dcHia¡ m'IP' qf 'be.,, . ..._._¡_,¡,.. 
., 1 '' olo ,,...;,""·' ... ......;.. .. !'"il'd' ~··i•• 1 ~ "<1~¡>-­
~t. One uf the prim:uy -caluc.; to be g~iu~-d 'ram ""~ha 
man-mnchin~ ,;y.,tcms de.-elopmPnt '~'~'"' gb li • in rh¡¡ re­
l>"a!Od"'' "'~'~,.,= ,·. 'lb' "'·w.:.¡...r~e 
t.-o '''h.,;,-v;.,., ·Jt •'el' ¡oin• ir ·looo ,¡,..,;.,p.......r-ey<:"le. 
In addition to ~;suming: ~!o~t nll require-i ronopoownt. ~re 
e.valllhle a¡ a s¡~eeilied ~nd point, the continuir.¡¡: int~r­
""tiotl~ r~ntri)..utc imc.;coo.d:,· te prcnntin~ thc o:.c-c.:l fcr 
co.tly and time-r-on~u....,in:¡; l'<'tmfit'ÍIIIf" oi "':nponen'" an<:i 
majar systcm modificatiotls. To accompli•h th'", howev~r. 
implie.the ,¡~,·e!opm~nt of an ~bi!lt~· oo comrnu'lic:tt" cf· 
feotivel)' and interrebte O!l the part of rcp"'•~ntative. of 
di;·el'$<! discíp~nes. C<>mpromiscs nnd tr:ul<H>fla wi!l be 
f<'<lllirOO. Ultimatc optimiz"lion of ~ach :mbsJ"'tem ><ill 
llndoubtedty not b<• possible, \.out tu U>! .-·;tem optimiz~tion 
and effecti•·eoess will be more do.el¡- ~ppro.•imnPd. 

·U;..J._.p""""'"' 
oon!D•;.!'<.,.,¡b¡:¡¡¡,..,¡... ...... ; .. ,.,...,._...._.._""""e 01 'U 
;...¡.¡¡.,..,¡""•~-r ..... m.m.,..,.., . ....,n.._,l>',.....¡.,:¡~ T._im·-~cn.­
~ .. 4.un-.........J'""'--..,~'I'I;,w.; ~ "'-'-• f>,o-;.~<i<:>w­
M>s,:: li -..,;;._,;~ .. -··t"'l(f....,.,.,¡;..loo in-t. 
-~,.-._..,......,....,..._,_,........-.......,,_,..,_,rol 1 
t~~._.i;f¡,r,ó""""H !.l.,;~-1 

cau·· th lr 1.1 o·lili, L..........., 
. . "' """" ......... . 

.......... ~ ........ 0>'0.. j 

><lmKitiR.L j 
o )'ooi~d-~u- 1 O' ~ ' 

' ~..,,. ]' ;.,.,._,.,¡,_.,.,.. __ ¡..,_.,, .,,...,....,.,... ·tn­

~ .... o_.,..u .. ,,.,..;,~...,¡ ~,..-;;..c.-m! ' .. 
" .¡,,..;..,:_,...,.. ,;.,.-;.,.,..¡..<--~ ........ ...;.. . ..,·-;,'<1;_.. ¡..._,.., ' 

' ..... ,...........,,...~ ...... - i--=<~~~ ! 
-.....~,_....,.,.,nn~no;-r'!'r-,....-""'1> ¡.,,,..;,_,,., ..,,~ 
<o¡; IMM ,.;\ .............. o-..~o.,..¡---t~aa_ .... _ fff 
,- .. ;.........¡,,¡_,'"'~·~ __ ...... _.,¡,...,.;....,...nce 
•o,¡;¡!~;:"'"' ""':>'.·L... ,.,._.¡;¡¡.,_¡ ·-wiW~ . ......, •. ¡'*""'' -;.- ·ftor 
n~c•¡;,:.,.....,._ ,,; .,..,.,~~m•~:--• :'r:toe!<'"'" ~,..,.. "!..,..,.,,_ 
., , u"" . .....,;;¡;.,...¡·:.>""""''......,. ~··••· """"',..,..;.,...,UOt,. ·o: 
¡_.,;....,!<'.....;.~,,., ... '"'~' ,.,.;...,.-.••.•• OM .... ,-;.. • ..;;U~ ·fo O 

e~n •' Gi:,•~ ,.¡;,_¡,_'"'"" ,_,.~,.,.~,¡,.,.,~~ -...--·~~ '!~,_¡ 
¡¡;,._¡,_' ,,,,;,, .... ,n-.-¡¡-_ 

' ' • 



What~Ho tlo~ ~no.l ¡.ruduct o! aro irott,grat.,d pbntor CQm­
r;o~ny cont mi <JMcm lll rn• out tll be, il is ulmo.•t c<•rlain to 
·'C<I'""" duien:nt appro.'ICh"" to the orpnintion, mnnage­
m~nt, d~vdopment, and tMintcn:uooc of !he humon cor.>­
ponen!.;. \ · g 

' ...,,_¡odw 11 'd......._~ h _, ;,.,,, .... ho¡>-

wM lf 'i~y~Loo!o>N¡,.,..o.,l"'_,.··m~ot l•&ill ¡¡n-if 
~ ... ro 1.to ~.,:,¡,..,¡,¡~_¡,......,.,._;.m-grat,.}.-.trol'in 

tL' rmbiy-.-r·IU\.IIn>. ' 

In this survey we htwe d~•ou,.OO so me uf the economic, 
technologicni, und humru:o a.'peel.s of systems cnl{in.,ríng. 
W e !lee ó,\'Bl<'m.• ~nginecring s.• the t.echnique !hroul(h which 
the eleotric tcchnnlo~y. excmplifieel by thc digit.al com­
put~r. is bcing appli.,j to our indu.<lry. 

Severa[ majnr trend• th~t chamctcrize th~ ~volution uf 
ayate= engineering t....:hnol~· in our induslly hn.ve been 
identUred: 

" ~p¡W:......,.cll.~~ oontrpl and 
.._'41emo"'~ t•oollnJ. !unctioM. 

Z) ~linf(·-tHoi<oU-~'I!"I<II.¡~'im­
..... ..ru,....J..,,¡¡¡¡j..,ho.ukl "'"d''*" ,,...""ign <>f""'fltimt.......,.s­
tw'' 1b.ro>•~h, •h~ int.,.~r&l.ion .oi-ú,..<leei.,;n-4-th...~ 
..,¡ .,¡ it-r.tm!-<!yswn. 

3) 1~i<uport~,._,.,.,.,¡:.l>umatr....,lul:; -<Jannot·t.~ oVI'r­
..-¡..,..,.od. o..~ n.10h • t:!tm!m~~Srt"~~!l:d ~ ,Jf.<" of 

*-~"'"'""'"f" f'"""'ibly·ln.-.n-,~imJl!>rlli- one, 
eooo....,;;;,:¡tt:~ -nt1' ·'l'f-implmttnt~tion- of, ~m, ~eth­
~.,...;.,.;oo,...,ry. 

A5 ~nginotf3, "~ finJ ourselv"" incl<'-"'!ingly movin~ in o. 
position to inAu~ncc di.....,tly &<>eial uud hum~n ¡.Mtern.•. 
Tf,e n~tur" of nur work mu•t chng<> !I.S ou; ,.,.,_•nlio.l 
l'e8plln.sibility bttome< one of eeluc.:;tion of tt.e publie in 
modcrn te.,hnolo¡:,r. 
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TRe ¡>laG<HJkligit•~backup-tll-the 
9ireet-d igi tal-control· s ystem 
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7h• Fozbom Comp<i~1 
Foxboro, Ma"achu•eus 

.¡, ' • 
1\rP .rv ~teN 
~~~¡...\·:¡.¡ · 9 -~~SCOH uf diocct·~n 

lowing will describe single loop control, severa! ad· 
vanced contrcl ccncepu and control of semicontinu: 
ous proccnes, as an inu"Oduclion to digital computer 
applicatlon and backup. 

\) 

~·y··oao lieto-t...·il~libi~ ,. 
iao.plunent 10 ¡t-e~a y<i~ • pro<>e'* -con trol;>rob"'- -

)
1ft. " olJ aoi·•nce<t Cüiitl ül SI lo hi O>U'"J~t(IOI t05[. 

Conrrol conccpts for continuous procc•-•n use the 
CO:Ilputing. monimring, information storagc and 
analytical ability of thc dircct digit.\1 control com­
puter. In thc ba1ch or discontinuou• procc•s thc com­
puter's 1n;;ic cap.1bilit1' is emphsizcd. To perform 
lmtching opcmions, a comprchensivc logic syJicm 
is nccessary. lmplcmcmation of such a systcm using 
digital techniqucs provides many advanlagos ovcr 
implcmcntation using analog equipmcnt with auxihary 
digitallngk ~ircutt>. 

To fully apprcciatc thnc advantages. the reader 
must ha ve ¡¡ b11sic undemandin¡ of continuoos coMrol 
S)'•tem• as well as the batch type system~ The fol . . 

--- -é o 

s• ' 

' ep toh\lo/ 

s· pJ '¡¡~Joop ftcdbat~ COiiltOJ is .he··mt"! 
""""'""' «HLlr<1l fooftd.¡,...¡fle.·proces.....;ndustrin.-11 
ia ·e+f&r-.cwntrolling ·flow-,• ie>o-e!, to:mp~~e. ·-rres· 
'"" and...,...ny.-<>!hé-.. ~ariablu. Bol!". ~.t.ot.u,..,..,..,j 
eleo~"aRÍ.rll6o"i · •• a<a ·' dib!...-w~iae-·tnis 

t~L 
Basically, these ccntrollers compare the me~'ure­

ment of a vari~ble v.ith 115 d~sired value or '"¡ poim. 
lf the two values are not equal. the contcolle; :~j:>s:S 
a control valoe ro minimize the difTerence (figure 11. 

In action, thc controllcr is an analo¡ enmputer 
which calculatcs a one two or three term cxprc;sion, 
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'-< ••chan¡<r 

depcnding on the typt: uf control acrion requi~d by ~ignal provided by the commonly used orifice plate 
the proce,s. T._,¡!!ftO"'"to:rnM Oel!n.,..p.-o~i.;wtal, is proportional to the square of rhc flow ~ A compuring 
""' ar:<l deri•••tio••·•:ontrow.e.tion. Durina process dcmcnt is thcrefore nccessary tu extrae¡ the •q~are 
~t.art-up, cO<Officicnr• oi rile "'"'" tenn• are manuaily root of the differentiai pressure •ignai. 
oet un t~e controller w pruvidc the hest rCSPJO.I.C f"Mnt 3 lo<>•iliuo.lro!e. r. ··':i·-.. ard contruL 'o;';o:: 
und"' normal opcrating condnions. ~aliott-n· Ol'ttl n· of ho:at rr"nof~&W.t~fe.:ll<><w~od'" 
dit' · :Mnger>Oo(bo-proo;c~" qp•puw .:hlwow-the ~j<a->100. n.--of.heto!ing ...,,..~nns·fiuid•llfld 
~.>\!io:oü!~<:OC(f.c~"""re""o •lon&ef at ~·lt'IJIP<:rallm!"T3:"'fhi..-f~cdfp,.....¡mj caloulation 
opl.imomr valucs. a.uici!"'tn· dismrbaoc:c..-in l:>oth inie: tcr.tpcraturc.TJ 

.& •ror.r·ol...,..cepts 

'Mb= Í"'-'>~raL.óof~~d 
Nr r ;..,.,.......,..;¡¡,¡.¡;.,..mc .. ,.,.....,enr~-l<ictr.;,..o;m:d 
_,..,¡.¡¡,....,¡.,..;,.,..;.{J.u¡ tJ ... ~-·~...t>l~t>ie'M'n 

JOit'" e 2 .--ll>e-üt,."""''"f'<''<"r' ~""''"' "" • ....,.¡,.,¡.¡jon 
~.......wf...-,....;.-i-.t)Ool...,.,,..,~ .. rk.i....,.rMct 
,_.,.......,...-e....._,--llo.o-b.<;o¡.....,.,,l:o.otl!!"'f tT2-T l > ,.. 

u.....n,.,....t-l"cf prcc~ss nu:d through thc hc~t •~-

ch,ong~r. 10¡; • ,.,, , ... ,.. ___ ""'·uf· !ho•hcat 
tr.....S..rrcd·"~ th.l.pmce>O..!luid-~- J~­

ro J uf !"<:'!' ~t'kl> ''"id nft.JW..•· > matm.oi~e..• 
fiuid -pottemrcr.uure 11,. 

Analog cumputin~ de, ice> pcrform thc nece<Sary 
cakul~tior.' ""'J ~.or.lrol c~n b< <.«cutod '-'tth con­
Ver.tior .. \1 Jn~ln•! ountml <lc'i~e<. Additonn'<l c:rlcula­

¡ion• rr .. l) be ""'""'~'l" ¡,<f<ltC ;nme v~ri:.Ok> ~"' 

W..p.-O<:eas·flow.f'L .........-...,;., 1 : u,bl_,..¡rol 
~2; I[K feodf.,_,.J,..;~n.ai-licipat~ thc dt411~C 
jg,.,hc.a.¡,.inpul.requ.ircd. };he m •gnil.,.¡,.<>f.~he· t'ced­
~--t.-<KooJ.I)"- determined--l>y • '"' oc:ri­
~.may h&ve lobo! adjusto!d- poorimlic:ill~, 

'i.Jrce rbe ~- u-..... ícr -dllir"-'teris<""' uf. W be;.t c~­
~<-<:hange·with age. 

,~..w,;,.,kmnmllo:dmiqtre""tilu•mn~ by·figu~2 is 
CMCnd~'lt:"'I=~-~e:~!lique -when:- -tlnc comroilu 
~t ...n...-oo~ pvin< o>Í·an<Xher C0!11r.>iio:F_ -T!«: 0\llput 
~Rlp:nUIIre · CUntrolkr- C ¡ .. ¡._ -feJ-· tCl<'lC11de<.ll ·lO 
Ore sct plilrt~·tempc~u"'" contrt>lln-Cl rh""'~'~~ a 

mukipl~i~- de.,co M. lle.tte Cli ... _t• '·' r "'"" 
¡¡,¡¡.¡...,,..pu~.,umpc~-.....-¡-;¡..,¡fe<?<.n-e .. f'"'~""­

~ ... !lltm-~'""""nnnot<!l'l~!emrfia--·· •;':-::::":·:·:::·::·:·:·:~'"!'ci t h_ .. --·~ .... j ....,.,.,......,. -"T'i<;,!'l"~~.,.., ... ~~y 
CO>IIJ ~ ;.,.,~-,. o: ,. • .,...¡ ,. _....,,.,; "" ¡ . p<..,.;.,_.. ,.-•. ,.-, • ""'~ o 

u;.... ....... ,n~e,_ ~ h, .... f~, ... ,,,"<ln~ ....... -,;"" <~uo~H-· 
,,~ .......... ...,..¡.,¡.,.¡,.,:,..,.- """""'¡""'"'"' .,...,..,, ~~~~···" 
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·he:· :·:•:•:::;•:•:1.1-l~•:;':":':•;•;·;>~':"':::':'~''·;:•:x:;~•:f~•:·~'oe~w=,.;~~:.· ; •• :.-~.~m: .. :•:•:":"~'~a.~d temperature rates of chM¡;e _ A-o· ~~-klOb c:t hlnited. Many hi¡h production e- 55 coP'wt pr<>b!cm• o' 11-h ,.. o cc¡wne•"~ 
po.:trochemical proo:c•se• are in thc conliRiloU• proc:c•s 
Q.f<!!Of)', 

Cor.lro/ of semkontinuo"s pro~~nn 

lt re.J p:¡~a~ 1 probkili wlitre 
.,._¡~raa., ~ .. ton. ar.,.·.--"""';""d. ¡;¡,¡, 

·~· d "' 
req 

""'""' which 

~~l>e-~f<aifOIWiii>;,...... 

¡M~<:":u;¡;¡o=W~·:·;·:-~=~~-~ - . ~ V't®afllmt.-.:1 ~~-
i%hrdin& "1''': · .,n""' -.:.~ 

In Figure 3, the c......,¡..r.-.:t--•¡:o • _ _.. 
+hé..U-iiroolil.w~-nm 'Jil\lt+J\10. Ho·"'~""'· 
the ~~pli=ted, Sln.,.,.,;r*'-II:She!:::.O&" at 
~"QJ>-'' Wuo:.. somo!i· s1 r · ¡,...biol\1011 a.-.J 
ot':J&· 'Ó:: •i~!...rr:ate. Also, the se<;a:nce 
of events mus¡ b<: ~adily changed. depcnd:ng on the 
intendcd product. 

Combinations of special ¡mrpose di~itnl an<! ~.-.:Uu¡ 
control equipment havo b<:"n built which satis[ y <b~ 
&:=ds of the di..:ontinuous ¡:roceos. 1-!o .... e•:er. 
the progran1ming of this e~uipment is rel~ti•~!y in· 
flex•bie and !he control Cdnnnt b<: welkuned t..;,,.~,, 
oftbe cyclic nature of bat~h procc.ses. Many of th~s-! 
system• ore not med at fuU oper.;.tins speed. •ince 

r· !he e<>ntrol Constants are a OOm~romiK. F

0
. ' " . 

App/;·inJIII.t Ji,;¡ila·l <'Ompul~r t [.e•. 
~'"""""'",¡ero • • .r ·•.m ·¡..· .. ~ ........ _ ... m~ 

;...o.....:u p: ... ,..,........,,.,¡.¡·ocl.l.· <i-K>" '~ ""'"..-.on,tn·; 
-~ ............. '=. :lti..w .-~ . ..,.¡,.,.,.,p;.,, 
oeNw6~d.o¡;.,_¡.;ps. ''"''"""''" •m ,~,l~"l<'fl>cFI -~ 
l1óllo 1' "'•l~·-ble. ,..,.._....,_..,, .. ,... *"'il""" 
,¡¡;l :P "' rc.-.1!~~ '"a P"'''<;."""" KM~a,.::. ~~ .:;,.<¡..,: 
_..,,,¡¡¡,,_,..;_,,,.:.,....., ~ ", ¡,'>..~ w;.;~.o...;..,._ •) ,. 
t.lr:o • i>n<!~·~:r.::::~ .. -:t e~.. . • -=~,-rr.r,;.-~.c;c.·,:c~ 1~ 
~~ü·.u:J.L.;;..;:OUC: .;~~ ~&::!>-'> ¡w ~n "."1:>T· 



m· phq•¡ ..,.., • 11 · 1 i o-1: a o lo ¡w e"""'' plan'<. Many 
of the inotaliationo use direct d>gita\ control iechniqucs 
on al! or "'me of !he control problems. 

di1i1 ' ¡ttol...:n:tnslvcly. us 
pros es R _"f'Pli.c.lioln. iu~ oif ntlokO• t '-~og 
m.-wmknt•d·whio:i>.il:¡~ ·Wd J itlMon-
'.ro' C~·ul.orions, thc otlierii>JI()t5 ;¡e 101 peo.-..w._c 
moo.i-in¡~ ... ~.Uill-opcniiOII·'analyois. ~ 
;¡ ; i m ·ro:>l-it 1 ¡idt '1 ;" 1 ~tF!I,.,.~d~f<l'l"'d~ ....-nrol 
a< sjnp!e.ioeps; ,....,. rem1111i11g )5 SIC oM Íll adE ........,_.., 
or •"e,J,l.s...;llpoti.O' a ""ciMa! •if u el •• 
'O j m¡;lome -ltinriaf>!e"""ltld """' m..,.,.._ 
tcrlwiq 10. 
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"'""' 

Tablc 1 -Cnmp&niOn of compul<r l)'>tetn inpu~""'~"'' 
b<tw«n oonlinuOU> •nd baich P'"""" <Onirol 

'"" -- ""'"' 1"" '2'1' 

,., .. -·-· '" '" 
'""" ...... ......... ••• "' "' 
..,,.,_ "*' 

' . 
"''" 

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

"" , ...... " ' 
....... ·-· '""'"'"' '" p;.._; ... 
'""" """' ,,._.,., '" "" 

Tablc !~ shows thc input/output distribution 
for a 1.,-!1" le1clt ewool i11Aallo.tio!! cailtllil~ being 
implemcntcd by a digital computer systcm. *"-n· 
p.ao · o , uf elle batel! e Jtl! t!\e-"e'lff.'!.lítlbUi pitkt!i Te· 

pn cquipnR!!I aPitYco!!dllions. Also, ,_.,.... 
,.¡¡;¡•< WY~ bt 'ln~f. ;>,'j¡¡, 11 1 j¡ 

~--~~ .... COIIImtliLICaiPOII Pittd3 alsa jp¡ • 

.-;e. lncrc~sed number of pu•h bunons. si~nal 

liShis and the incrc~•ed size of di¡;ital di>plays rc­
quire more dig•t~l ittputs and Ol>tputs. 

••1' n-
~_:g<) "'" .. ~ .• ~w. • "b F ~·- .... ',_, ÚO¡IiU' 

('Ol'fl) ,, !lic-!_.,itll o¡n\:m. T~i• '"""'""''<Rt0>4 in 
.. l'lllt. .... ~........,...... .. -....., t ¡m' ___ , 

e.>•:-....,, -;,...._-.-,_.,..:...,..¡¡-.,....,...._,..,. e IC IIIC PiiS 

:>Do<S.-,.¡,~,¡j • 
¡¡-.....,.- ·p~wi: ,. ·~; 

' . OO<<¡., hlO% 

•, 

... ,.~·ot--'~'"'· dc~'"'Ton 
• ......_ ·-~....,. .. ...,.,.; n~ 

In llw:sc 'l!!"T ·• · 1 ., 1 •ellti ICtaillt<Ahc 

lipülU COIPIIOI 3CIIP1Pg, !l"tiR ec; 1putc.--faolc:d. 

0• es, t~ii..;.] "'nc 
Wowo>ry: íri face. ' .............. 
t¡.;w¡ly, ) 1 ~tl'teicnc •th= •· 
~- ¡¡¡.,,;j...,¡ 
• ..;,ns .• , , ''* ¡,¿ f 
•he !IIPP'I -E?"l ¡ ter. This made thc ~ 
gp·n•on hppy, but in many in;tances thc ¡1 ""'' 
wg "dlld platit <DI"'' •isoo WCIU='"''· There was 
no ¡uarantcc that thc operators would achievc the 
optimum control scuingS for thc plant. 

Wha! a 1 ,. ·miad e>ot~ro­
lllide? lf so dclired, ü oo;¡:>lfttl t'ttllld"ll'lj,~(""~d­

fio atd, ~· and ¡~;......wRoch ... ore « PIIIOI '"'"i«tRWm=< • ov<.>r 

n,!.r'r~ •o wo1rrid h"'*ncc, thr,...gl:pt, iflltn:ory, 
et opc:d. In a sen><. míe 

rnoé!!tew·1 ooL......J..; O"'i*'\<Sible. "'hereas ·~' 
mdzl n , ¡j¡l.d¡ffit·ult lu>acllicoc, ~ae 1t1 ~f 

ge. In addnion, the on-linc proce" 
computer pc:rformcd othtr useful "'orl. to aid o¡><ra­
tors. plant supervisors and process cngincers: s~e 

Tablc 11. 

"' 

Tobk 11 -Somo """"""';cal fun<ti<m> of an ll<l·~•< 
ptO<<I! oom¡xJt<:r 

e LOU OrtRI'TING DAlA IN EUGINEE~ING U'IITS 

e ClLCUL~IE ~ND O!SIL~J OP~~l!C~ GUIDES 

• INTEGRAl! O~ 0' ~!HRUL fLO~ 

e R(PURI 0!1 PMCESS STJT!STICS • MATERI~l USE~ 

FUEL USOG(, I~POUG-PUl, ETC. 

• CAlC~L:l!: IN~ OISPLAY CR R~C-~0 uu:~E~SUREA8LE 

'ARIA6LES S~Coi A5 BTU qATE, MASS F~O~ 

• MCHITO• A•O •L•P~ PAOCESS li~IIS 

• PEC~~O P~OCESS ¡¡¡.r¡ ¡¡¡)OiNG U~~su:L DISTt;~!lN;;¡¡ 

• ·~JNII~R A•J RECORD C"ANGES IN SE! P~INIS,AL!R'~ 

-.;Mi!S, fr¡, :<:;;¡SI !~E C?(o:;;~ 

• ·~o~::é :w e¡_·•:·:: ~·o~:r~.~ "·'~~·:Tio• se-:· -, 
TRí:P•C RE:OROi•O, c·.:..o-< $1~¡·;-; REP~RT. 

LOOI ;¡:¡ ;;,.,; ;>;,¡ ;;;;;:,¿;¡;¡ ¡¡.¡;" 
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pn' 'lo peoAAmÍ¡¡g p;o;;cn ausl;sio, mouMoring 

1.' Ir was n:asoned that 
DDC would reduce thc cost of a process control com· 
puter by diminatíng the cos¡ of the individual feed­
back conuullen. Sincc the controller merdy pc:r­
fOrms a calculalion, why couldn't the compmer P"•­
fC>rm the calculation? Seve1ol experimental venture• 
showed tha: the DDC concept was ph}sically pos­
sible.u The feedback control law was calculated 
withm a general purpose computer and the resulting 
signa! outp~aed dircctly to the control valve. 

*t-fi'l'vÍ'1PI'= ·<ed-lloott~~tn!ldt-vff bct•ttll in­
di..tduaHoor>"OOMrolhT.<" md,. direct·digit~ntrol 
( ODGi comput...- wa.- in the a~a of ~no IOOJl"l'; There 
,.....;""11' llo<rker; howcver: Thi~ Trnde.off did·not-in­
c.luóe-.my- proV!SÍO~'!" irr ca~e-lhe.-omputer- sy01em 
~..-fo•·m<>'<l installations this mean\ u•ing analog 
-mlle.,.. ro·back· up·the · DDC· computer·on·each 
iao>p.:llnsidered crili~al. 

The PQ€ cqUIPIII(lll \U\ desig 10d so <ltái. ¡¡ lile 
f?D?P 1 oo ""iled, c .. : 1 1 o oald ""'"" ÍiL its Ja,t 
dirgv·' l>'=ticil JPiltsl! aekt"d df' b: u uiot cotitrol. 
Coiti rlloep; e e¡....,~ t.¡ Oh attakg oa ¡·u., 
w_!J.¡cl¡ "'.L ..... : .. : ... !_ ,, ·~....,f&il­
_,, Con" o · oaioe'l ól 1hc <ftl.u ¡ws 1 pr , e 
"~¡n" al 1 7 ,¡' la" ..... ?~• 4 bt! ·b,. oprp!m <;¡;>¡t!d 

ma"P'Il.• ¡oso;, ueO al o I:Jamto eoRilllo oq ,. bid 
he could teJd oal<e pcsitio¡¡ ao1d fRotoso "'casmc· 

.... ·-·--·~· 
-·~--v•··--

• 
" . 
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Figure 4 shows two loops from a lar¡: ~y~tcm. n" 
mcasurement 11¡; fed ce el ,.,.,al ;$Airoloopune!, 
cnab'e' 'be op· lB- i'""U oper ...u->or",. 
i• n nf oc 1 ¡o u IOnlare. -¡¡ 'oc¡ ·; H1 --

"' o tn cs;ol Id¡ :e la 11 act­,_ 

Wíth the evolutionary history of digital prncess 
computcr equipment, it is impossible to more than 
estímate iitU ,. t 1 XII i&ilbiCS (MTBF). For 
the smaller digital compute,., including input/output 
equipment, t.hat have bcen applied lo the proces,, 
control problem>, caku!ated MTBF has ran¡:ed fro:n 
1000 to 2000 hours. Advancu in ci"uit dosisn indi­
cale that rg'iáh'l :u;a.:m.,.._,ase, but reli~biltty sta· 
tisúc. on integrntcd circuits are not yet available. 
Howevcr, 'Uo.1fdlsrs e' ib ¡ ioons a11J tl.t tlll-

Tt f 

mt tlie tiiiit slta:ei s:ogl ...... 
.poof a nd ... ~''""""""""'"''"'ik 

·rol erMril 
· 1 1 1 ao: a ;¡ p:tccss · !iltallct. 

d'M"t '='1 , .. ,. 
For conti es.es, inool:hi., lES> lh:.m iSD 

... __ _ 
.. ·-~ ···~- 1 -· ~ (-!-•--"' '*~-J 
,, ·~-·- ·-·-· "····-··- ·-·~"-· l. ·- .. -·-·----·· • ! .. 

--·· ---·-""j 

'"""'- 1· ,.,, • ~- ... '""'""-

rliP 
·' 

f( " .. 1 _,, 1 
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¡j~ :~'~"~':":":':':o:r:o:i':":'':'~'~':'~":':'"~T:':':":'':'~'~' ":'•:':':,' c:"~"-'_ro_r~s~'~":':m:::::::;:3~1:;;;;~;:; ~~o , . ..., 
any a ' .+<kóii·'"" !ha: was dependen: opon the T•b'' w Ü" A sUI!HtiCJI elata' 

W.\'J'"' cúmputer, such as íoai~rd, ultí· which compan: the avai!ahility of a single computcr 
1 lií'deh!t · T ' 1 'a' 1 Rn1 e 'TFB!es •::1' !t!n. oystcm with a parallcl ccmputer systcm. The tablc 

J~~~~-~ b r 'b -, .. ·"··•ioo ~~.b., e,,......,;; anumcs th;u thc '"""'F ~ 
D" of • icnt. Expcricncc ha$ shown 

The comp<ne p·~l'id"! ""'ll•&oM>io ~ Mnoilogia aa&I)SÍS that repair lime for various fadures. with on-site 
up, if.,,h<-"' petatiaa is lo maintenancc penonnd, avcrages bctwccn ~ and S 

d. The pr ed 
by k ¡4ug wllo<wnuut scttia~wtM- . r rrn-
P' il ¡ ltih filliiJre. In ~in· 
stancc •h· swent· con o<>I;IW\ o· th .. 9G'ÍPP can 

ay," if the p~mls ocl pcillt i: 11 eh z~d 

lll th ; .....,. time. 

Fig:1c S illasilatcs a pmallcl BGb 1 trwter 
s¡otl"' .. hith tn>t only p1ooides oe1 r 1 ~ lup 
~.~ '"l«ks ol""" the tiiiie sha:cd m1aloi wud digital 
i"4'•1/etMpul u¡oipiiit.tt Wliicll COJitaus tho ~"" pmer 
ta thc oatiuus me:r.oiCiiitlll n11d ccnl ol '1 ts. 
1! ah baeb ap al. lmciloop toiilicls. w U "' 
all • ; 1 tt e t0\1\161 action. 

In addition. thÍ~l"'em • e niBct 10 ptifol m 
tM nnAc.Wtd hmt"Pll::'n'! SULII !\ llill'lt ll!ted In 
T~l. lt thereforc "' 
e._:pr ct .-...J,fsil. Note that e· 
shnw1 ·qnip 1 ""s, prOC"' n;!rsl ir ·aasterred 
to the twsl"no nh•yf!em. 

• 

--•-n-· t.....,e 

hours, dcpending opon lhe skill of tM m.a.intcnance 
pcrwnncl, the availability of sparc cquipnxnt, etc. 
With thc parallcl systcm. it appean that the average 
repair time can be maintaincd under !i houn. since 
the system incorporales claborntc programs for self· 
diqnosis to cnsUTC proper transfer to the bacl,up 

'" 

Tablc 111- Avoilabolity -oi~< computcr .._ dual 
«~<~~pulir opt<m 
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iyt.!cm. n.e failed computtr >ull•y•tcm ;,·avllil~blt: 
for oclf-ch.c:üing wbile the b:~Ckup suixyiiCm :nain­
lains pro>etss ~ontrol. 

SI'O me dlllie 11'!1 un\ ·ooaami ·e!J~~e 
·inc· 'hl pre lde , .. , eulrlhc "Mnllel co,.bel, 
t-he s¡st 
slip epctHt:ftrlls. A parallel contml pro~e•sor using 
dircct digital control techniques takes full advantage 
of thc digital computcr"s proce•s control capability 
without rescrvation and o;ompromisc. lt <:an inc]uje 
advanced control tcchniques, >uch as self-tuning or 
adaptive control which canr.ut be obtained with se\ 
poir.t control. The pll!11llcl compllter processing 5ys· 
tem ma}" provic!e the~.e features And, in addilion, may 
olfcr cosl advantag<:s over a convcntional anaJoa con­
trol systém for the larr,e continuous process. 

!, No; tite C"J"otinuous proUISi"i\1'":l.Me l. tlie eontputer 
"us lflt Ct¡OtVl!.leii! 01 !T. JIIJlO:;t UiiliOI!l'n'. 

' 1 ¡1 Aterii&Lio:rt"-of-'r'!Y'!n.,....,.-"'lii: oiu. o ido bD€ 
a 1 ¡¡dor:twn:ktl¡;eootd't'{~COMMt 11 : , 
~dtoeoptltalldoiwdottda!!tWIII!"'~heme. 

1 "f''il/output ~quipm~nt 
Figures 4 and 5 show th~t in DDC, as in all.-ontrol 

systems, mca>uring elcments and final control oc­
vices BCC stil! cssential. Each mcaourement is in­
divid.llally :on<!itio:u:d bcforc beir.a fed to the muhi­
plexer of tM computcr inputloutput systcm. Failure 
of any input or output therefore is stmilar to failure 
of B single controller and will not di•ablt other loop•. 

~gowd w ll 1 f&l of 

mcn .... l'l~ies. A],o, i<o. """ ,r 
thoot 1 1 a !1 ~ 1 ' .. ., f"iiatknp <A a o eJ -·· 

'~ ,..-r.ila,... 
l p er 

Qllki caadUiiS ii!Gil bE Jbs.o ..,J · d ¡n of 
th' p,nl" d •·1 o~o~m i<o.urf"<.'e eqmpmcnt: 

n s 1!0fl ,....,,mNw; ..t:~ • ..Jc:DIU",..-MI~e 
~-~mf'UI'I..,...""',;,.._nt 
~in¡rcntOoroL Tro •ul T)oW: • w.>· 
pw t so J tiOt lwh¡> •r-o•,..,,... .. .,....,~~,.;n 
"O '"i i:J 'i •ooWnut~..-h1ch·.:&no·bo •~r 
••t!SMii Ll j IO..Pt¡;ijn.,_¡¡:~;¡...,:"-110 •o1c : MI i<M,o; ., __ 
k' ¡',,.,hj.·b.-••ol>.i~•....:mMollil!rti>e I""OCCS< 

S e" 1loou ''" ioo¡oet o aoe tot.IICtted on nfe-rcnce 
•i¡oat' ;¡•b• .. ....-.,....,..o:ne..ted-i'<O'"Oetp'l.F tftt :tt¡¡i oals. 
clo."'loi ¡b • th' .¡,;¡.,;,~'"••+ u~Q....,boo)'Orlem. 

Atl f:Uied dcvice> muu be erl-Sily removed for rc­
pbcement. Any disruptoon of normal functions c!ur­
¡,11 rcpair should ~ limitcd to the fcw inputs or <>U!· 
puts which oharc \he same printed circuit as thc failed 
dcmcnt. 

T.0100e o so sho •. d"" s ot., ·'''"·pe, o:t.o ~~eh 
•e·iGo< conc;:, ay- ·~.oi..,.o..ot""¡_,:.,~ .. _ .. ,., ... 
\ o• ~ '@Q r•~J J. 

"" 
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Gt;tput, devices, for v on-off 
cor.trql · h"dweqo~~·n ¡ a 1 i·•Ki&status 
aMIUN'lPtn "1na!. shou)d h • ' a U uiuate 
hall hcp <ystem. Íll case of !ystcm AC power 
toso. 

The' IIIT T; 

While ope 
uelo k:ai 1 

.. iu 
7"1 m 

• "¡¡¡¡ ; " 

1 tloe fcilu;e UF ZIJ dilk· 
tloe "upct)utpal 11111 urol 
allf Sh~li ro dlthal bátkup. 
loe 1 ku¡:o;node.the f ilod«11· 

11; iulsau:l &lid llihtboted 

' · pat-awdr eutpot toh!IOI dCiltes. Re-
pair can then proceed with no fcar ofaccidental intcr­
fercncc with pro>eess o;ontrol. 

In no tion, •.:ido :loe 
i..-.nu:d, :he 

1 wmputcr 
"--!ly 

aleo. 1 '¡ ¡ A;io;Mpnl• ¡: tio:os te JII&Uh tloal baü· 
•·p i· eo a~able. 

Thc inhibit lo¡ic mu~t be fail-s::fe so that it• failure 
wiU no! disturb !he •ystem in control. 11 mu•t be 
te•ted automatically :o ensurc !hat transfer to bacl;up 
can take place if a transfer is commanded by a failure 
detcction. lf inhibit lo¡k will not transfer thc o:h.c:r 
comp~ter 3U!omatically, the system should annunci· 
ate that fact and provide an independent manual 
overridc which forces tmnsfcr of !he o;ontrol of !he 
ln;:ou:/J~:p~: equipm~nl to thc other compüter. .... 
OrheT systtm dtsign rtquir~m~nu 

T"' 
cermua·· ( m tillk which e 

u ter -·· pa j"c.!i,...d 
ceei>.Jdy-

,\;:¡ p;ogt&lll cloau .. cs lloado su liDK :oltile tht ton, 
ve' S?WP o"' i a¡ Miu¡¡ :IM! ¡uon wt b n•­
'--!40<~t:.ck,.._..,.R+ l ow..,..:n 1 eh Mllt 

.O.:C. T'io apdaaiug "'"" iudodc opcoaR>1 ~e; 

' Ch.o"GC'· 

.....,m 
~u¡ y IJ'.O"!FIJE dkd on betlo wnoputer 

·¡o'i·m w: :uaiu tite 101&11) fuomulas amf pwgoams 
~~~· roqtzirod. Bullo 0161!1Uo¡ cau al e O<>Wn 
i•w=pu·'•'* D g *''* to ...,oplif¡o •mol ae:·u a( a 
b'··b poogram, diagrw:"e ''28 •¡ r .• <¡¡¡lt .dttec· 
tioa. aMci p ogoaou• '"cid iitai!htllantc. Sophi•ticated 
man·machinc rommunication pro¡¡rams. which in­
vol~e lengchy message 5tora¡e, C3.11 also be included. 

liloiaguc o:o: poegf&.ta fvt tli, compucet lO OMIPUtcr 
communicatinn> link sb.wk' 'sOl f lialt fsi!ure, an­
n~t¡,. fniim u;J;otiLiíiaiitl illt f'lt.!lcueo' e1 
tu...l,l;c~r" ; op<eM ..... program system penniLS 
u¡><J~;;o~ 4nd on-line di,.gno•t•c• while time·•ha:-i~g 
thc real·ti"'o pro¡;rams in bulk memory. 

,. ·. 

' ¡ 



; Iom 

• m. Another procedure and pr~~r¿m i~ re­
quircd lo \1ansfcr .,:¡ opcrating programs from the 
backup subsy5tcrr, back to thc rep.1lfed computcr, 
witbout ilucrferin¡; with pmcen conlruL 

am;1 ·~~ 1'16&1 am COiitpililig, dtbUQ;i 11g a1 id ¡01 ob> 
las: oiw u' ·~inm '"• 1e 1 i jliM :oo4 ,_f · '• ..... ' 'en 
W. f teke<~Anf'"¡f aetemwr. When b~dup 
computer takes over proccs~ contrO)I, these pro¡rams 
are discontinued. 

CONCLUSION 

By using BOC with complete input/output control 
and computer backup, the par 

!'> 6! ....... p ... ·ito.· 
1f011ia01_,<>14edmóqoes. 11 lakes full ath·anta&e of 
the lo¡ic and computational abilny of the digital com­
puter, whercas a comput<r system which dcpends 
on analo¡ set point control or analog backup c.onnot. 

"' . 
.. -

---

The paralle! Cor.trol computer synem progr.un stor­
age ~b."li;y, toge:hcr wit~ bac~u~ cr lo¡ic con::nl. 
program sequcnce and formulation, make! it ideally 
suitcd fo~ complex batch or St:U't·IIP and ~hutd(>wn 
applicationi. 

Complex conunuou! control •Ystems would aho 
bendít with this control >ystem. Built with ~tate· 
of·thc·art electronics. the system should challengc 
thc economics of c:>mputu sct poir.t control and >ingle 
computer direct digital control with analog backup. 

"' 

REFERENCES 

) W aERNARD J F CASHEN 
D/1"«! dl,ir•l •~""'' 
lnolNm<n" •nd Co""ol Sy"•m• S.o< t•M 

l E VANDER 5HilAf-F W l STilAUSS 
Di<«< di~"al <oW,.,¡ · "" """<i•g m:bt>I""Y 
Otl and G .. Jcrumal Novemt><r 16 l~ 

J J W BERNARD J S WUJKOWSKl 
DDC Uprrirnu In a<~<'"'<~/ P"""" 
ISA Joum;ol D<ce<nbc l'Oll' 

• R H MYERS 1' L WONG H M GORDY 

R•ll~brlr¡y '""i"""""fo• •imnmk- 'Y'""" 
Jolln Wrley ""d Son• Ne"' YO<L 1964 

. .... -~ 

1 

.. 

·' 

., 
' 

' ; 
' 
' .. 

' ~' " ,, 
' 

' 



' · .. "'"'·"""'" ., .•• ,,., ••.••• ···••->•••<" ,.,.,,.,,,,."·""·""'" "' '·'''' "'"''' 1··· 

Rccenr Developments m Automation 

of Cem cnr Plants 
E H. (;.H"TJEIL .lll. ~J\"110:\ H. Hl"HUH:T. ""~"ER. IE~E. '~" EIJ\1".\Hll.\. K 1/Jt"IJ. ,~~""' """"'"·" 

Ab•"•d-Oo., o docodo hao P"~d •in« p<O<«O tompot<to •oro 
fi<ll oppli•d 10 <On!fol 1'"''" ol th< «mool mao~lo<turio~ prO< .. <. 

Tho poth hom lh<t< lo tho pr.,onl hao'""'"''" ond l.,lum­
olon& i" woy. o,., JO e<m<nt plan" ho,. inot>llool ourh '""''"'"" 
" porl ol th<ir •~om lo" "P pro~l onor,inolrom •l.rinkin¡. Prol''" 
io uoin1 t~ .. , procuo rontrol tr-<hniquoo has boon la'&<lt «Oiu· 
lion"'f· C"'"" !orto" un M"' b• id<n~~<d "'",. "rt.oinl¡ u 
'"•n<l•l .C./.r<dlon" lor '""""· Amon& lh"< '" tho lollo•inl. 
IJ ""l'«opl< IO<ton" ol lh< <om<nl monulo<t"'" <lond "fint io 
imponoo«. n,., in<ludo n~ona&uol<ot '""""'" po<><•o• know-ho"', 
tn.iola, ond •upom•;on ol op<tO!OfO, ond oo inner tonfidooto ond 
J<l<rmin"'"" thot '"~< ron m• k e ir ~nt~." Z) Wtll·dooe int<rlott 
jobo o( >i•P""I. '""""'room design •nd Op<toto" lO'"" olher • 
'"'""'"'"" tom,..n<nl> ~llh lh< prorno ond no O>athin•ry, o01d 
plont dt•i!D 10 ftl "''"'""" <Onlool fundom<Otolo. J 1 Do<o~njnl tho 
p<o«uto roolly be ronlfoll•blo. il Control h .. dwue ond '"""" 
~ ili<h '" the noture of lhi• indu01 ry. F.arh ol tt.e r.,.,oing (O(toro lo 
npondtd ~·ith omphos» on ho~· ree.ot do>tlopnoenlo of htltot 
und<n"nrlin¡, <ro<>trol lun.~ooo, ba!d""'• ><>hwOfo, and ol 
p<Of<l< ond plant d"i•n aro m«&in¡ lo help oho¡o the fututo ol 
•uooona~:nn in lh• «mont in•luo\ry. 

1'"1""' <1 TI' '•H; l. ·•l•i'''"'..r ¡,. ,¡,. (",,.,,.,,, 1 ,,.¡, .. ,,. ''"'"'"''"'" 
.,r ,¡,.. 11:u: l<i.l "'"''1' ¡ .. , l"''""'a'''"'" th< IH11 Th"'"'"h 
\1"""'1 II:J:I: 1\~ou·•ll ¡,,¡,,,,_, T•·o),,¡,.,¡ ('.,,¡,.,,,.,.,., s, . ., 1¡, •• 
\\ o·h .. "'·' 11·1-i ~1.'"""'''1'' ,,.,,.¡,.,.,¡J,,eHI,lt!JI. 

f: ll,< •. outio·o ... ..1 'l. H.lloull"" "" ""hth• ~¡.,.,,¡,. . .,,,;.,,,.,d 
!'n.o--·'"'"~'"''"' Bu.u"~ lh•·i·O·"· ,;,., .• ,.¡ l·:l.,·ln• (""""'!""'·· 
1r .... , r .. '""· )h··· "I'•IO. · 

i: .. \. 1: ¡:,.r, •· ~;,¡, tl•o•I11J.,.,, ~,,¡,.. ,.,d r;.,~;,,"'"'" ''l"""" 
'""'• < ;, •·•·mi ¡:¡,., lli<· (" .. "*'"'· ~ .. ¡,.,,., ""1)", X Y. 1~34·, 

., 

] '"fi<Vtol "< "<"IU~ 

O\" EH 10 ;1"""" lo"'"'" o•l:o¡o . .....:l .•it~r~ oli~u:ll l"',c, ... eou· 
\rul <11111)Htlo·r' <lo"lt• fil-..1 illlmolun•ol ¡,, tl1<• <"•"lll<"lll 

"'"""¡'""' ,,.;,~ io.• 111-1 1".1· (d 1 cfo 1"<"1.1"< •). 1 hw :\O h~vo· b,.,.,. 
;,..,,]]..<\ or '""'' "ill be. ~.,,,. h:<\"<" : ,.¡,¡,.,.«1 ""'~'""'· 
:-;,.,,,. han· "''' .. '<.,nw :<1"~ ,,..,J,·r.;lt•l.\ •li<"O• · .• ,fui. 

Duo·i"~ t hi, 1" riod .,., , .,.,. 1 oli•tit ,.¡ "''" 1- h:<l"e ,.,.,.,~,·rl. 
.\ lllloug 1 ho ..,. Í• 1 hl" t e.dir."l Í<>l• t loat 1 hr , ..... ,,¡ i: 1 Íl-)11 ,.,¡¡,.,,_. 
fur .•urrt .. ,•flll )''""' "' ,.,., 1 n ol '.' -Iom.•. :<• 'h"" 11 iu T,. hle 1 
,.¡,., upply too,¡,.. <"• mcut ¡, •lu•try. Tho•o• ;.,~,,,¡¡, . .,,. '"'' 
.J,.,j,·etl irro~o a''"'])· uf,¡¡,,.,.,. i'""""~' ¡,,.¡"'''""' l'hirl. 

¡.,,¡ 11.....:1 !'""''""' """"'1 '"'''"PIIIot ''""""''· .\ furtlur 
lrt•ud ¡, iuor<•,.•ÍH¡; ,.,.¡,Jrurr 1l"u '"'""""lit· l.o·r dil- ,.¡ ,¡,,. 
mor<· """C<•S>f<ll ·'.'·,tcrn• '" ,.,.,.,,.,., pl:<l.\~ <•·11rl '" ¡,.. ·'' 
i<W•I •·•¡"'1! f<¡ lho"" •hmou i11 T"ble JI. 
~ onw '" 1 ' 1 i t ~ '" " l 1 ._.,, 1 ' ;; re t h<· ( ,.¡ ;.,w; ug. 
1) l11cn·:<•"l ""'"'"""""- "'"1 u.ljoHiuglu ,¡,. III>Jiiro· 

,;,,,,.·of lho• ,.,,..,,¡,,¡ impnol:u.<"t· ,.¡ ... l,·•p•·.«· ··¡'"'")'le 

farl<o,.,. .. lo "'""':ti e "'"¡ '"1 •p<Jrl ,u<h >)··• ••u· •. 

2) Th~ "1""'"¡¡,.~ 11-<• ,¡ olin-<"1 oh~i•~l '~'' 11><111"11("¡ :o· 

p:orl of tlor '"""m"'''''''.'·''''"'"' ,.,,.,.,._,,.,11" <• "'1'"'' 
u•i"~ ""1 ' 1 ,.¡,.. •1! "·' ¡1,. otl• of 1""] 1 !""111 nol 11111.' . 

:¡ J TI "· .J,., eJ,.pm r·to 1 ,.¡ "'!'"' ¡ 11 " 1<• i u 1 af:<l"< • " " ' , ·¡ ' 1 • ·"'" i 
lo:tnlll.ll<"l<• ;,ol:o¡ot tlot• '""""""¡''" >.1-T<tll 1•• 11«"1"•'··•··· 
:o11t\ !01 1]1(• Jo •lpl<· II•ÍII¡< 11 (• ("<.111nol ',\'\~m. 
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' ' 
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' 'e:_-_._._, -"-·-·--·-·-·•.:;_•c•e·~·-c·c·c•c· -----'"~"~--­
. r ...... ~ ,. -_,,_,ii.M· _ 

4¡ ·n,.. "·' ,, '·'" ~ '"""''"'"'' h.• "'""·'· ,. 1 ,¡:··~··•1 iu plan< 
de-i·"" <loa!""''"'·'''" 1'""'"·' <'"'·""II'IÍJ.•·ÍII\•·· 1"'"¡.¡,." 
1. ,.¡, :·,,,. "" \io ~ .;~,.,(,..,.,,, '"'1"'".,.,,.,.,,. ;,, "'·'''' ·''1"''-'• 
of ¡.¡,,.' ,¡, -i~"- lu ~""'' r:o-,- ,¡,. lo<:ol pi""'¡,.,.,._,,,.''' 
'"1"'' ,., : i- ¡,., .. ,,u_, ,. 1r .. ,,., ,J. 

:,¡ ·¡¡,. 1:"~ .. ; .. ,.,..,.., ... r ,,,_,¡ ""'"'"·'ti•· ,.,.,.,.,ll'ou.•·· 

,¡.,,, ¡,,.¡.,~ 1,.,r .. .,,.uJ ~l .. · re m•i"' "'"'',¡'"''"" .,¡ ,,,..¡, 
""'""'·''''' "'"''"¡ i- l,.k,-u ¡, olo--i~" ,,.,.¡ "1'''"'''"" ,,¡ ,,.,. 
'""''''" 1'1:.'" Thi- ¡,,, fo, ,., •"i" d:olh • ., ¡.,, .,.,,. t·l'"''' 

<IO,·Í~I"''I 1.,1 J:lti<>J"·''''· 
ti) '1'),.. ¡,.,.,.,,,,. ,.¡ '""ibhilil)" .,¡ ""''"'""'" pn•·•--· 

·~•111 ~·1 •) ,,,.,.,, ,.¡,.., ,¡.,. ,.,,¡, ,, c"'"l'"'"'"'' ,,¡ olw '! .,,.,,. 

, ..... 
ur~ •UJ'\•Iio<i "it h ,,. . .,¡., 11• ""'' h¡- '"' ¡.,,¡,, ._..¡ "r:,-~,o· ride­
tb rn11gh 1'"" er "'1 •pi y-

7¡ Tlo<· o·cet·lll olt'\'o•l"l''"'''" ,¡ -m:dl ,.,. mitLit•otn~lllcr•. 
"ith :ul<''l"·' to· '"l'l~•rtlll~ itll ,.,¡,.,.,. h:o nh""" '"'d -ofr,.·nr•. 
m:okt-, i"'"ible o·cu"OII•i•' ""'"m<HÍ~ "'"""'¡ of >m.ollt·r 
oe~rntlll.< uf tlo<: 1"""'·~< tlwn '"" pt.oclit'.ol huho••·to>. ¡, 
df,•ct, a !''""'''' ;e¡1;metlt b,., . .,.,,.. """"'"lln! b¡- ir-""'' 
"dl'l.!it::H"I" e<•mpulo·r. Th """11 <'unopnkr !'"";,¡,., tlw 
po.;ibiht; uf ,-e.,<uonHc:olly :otldito~ '"""'""tir. Cullll'<'l lt• 

•el~ctt•ol i'"''·' of "'""·'·e,¡_,,;"~"' ""11 =•·· "''" 1'"-"''- ¡-¡,;, 
'" e>¡><·ci:~lly 1 me " he re ¡>bllt de•i~" aut! opo.-r:otitt~ <Oaliti<·> 
la••or a ;lretch~t! uut _,¡cp·b;-,te¡o :OJ!l"'-'"''ÍI 1\Í\Io :o ntiui­
llnun 11f illlo'c:L<'II<>II bo-l\\>''" t•:och lLo•\\' >lq> Hll<i th<.-C Jol· 

,.,.,,¡,- '·'~'·"· 

1''-'"''·" F."''"'" 
"l',· .. ¡olt• I:LCio,-,,' "'" the rn:oj"r r.c.l ;, ;>thic\'Íilg >l!OC<'""' 

fui pr.,fit:obk ""' """" ic 1""'-''''-' "'""'"]_ E"~" .,.,m,• "'"' ,., 
ht<t-~o·h•·oatÍ<m !""""·~' C<>hln>l """'!""''"are ;till c•.tr11i11¡¡ 
<ht·lr ""·' 11iw11 arl•·•¡untc 1"'"1'1<• lac<t"' h:"'' ¡,..,.,. cre.Lio·tl 
a lid m:oilot.oillo•ol i11 pbcc ,,.,., the <c:o>><.The t':L•ter :11'<1 m"'" 
l""l!"rful thi«l- atul loudh-¡:o·Ht·ratiou com¡mtc.-,; ,¡., '"" 
I>I'Ítl)! '"""''" \\ (o, > ,. "' ¡,,, ¡u:ot ,. '"l'l"H 1 ¡,~ ¡w .. plo· i.Lt·tur' at <' 
""' de-i~ou-tl '"'d m;oilotaillt'd i11 pl:<et·. lfhat ah·'"""',,¡ 
tlo~ ... - l~''iM lactuc• ~<hieh '~"' b.. co:t -i<lo·teol l'ilal h> 

"'""··~--· 
.1 f'~o· .. ral</e g,.,.¡,,,.., ... ,¡ Jw ('Uiil<ll Coollo"i (J¡.,·,ulw.,; 

Thi· f,"·orubl•- c•ni"Írt>hmo·lll 11hich ;, """"'',¡ ""''rly<:o~· 
pb111 "'"""'~'·onent in<lmlt• tht• f<>ll<>~<itL~- 1) Tho·re <h<•ltl•l 
bo• "" ,1,,,,,.. '"'· .,,. thte:Lt 1" thc <ccurit.l ,.;, tJ,.. u¡.,·nltw• 

i 1 t h e : ""' " "·" i e _, ." _, t ,, " , ,., "' 1 "' l., r h " 1" """' bl'l "' r """ r: d 1 
oh:tu tlo~ "l~·r:ot"'-' o!o. ~) Th· <e .•huuld b< a,¡.,¡,~."" ti"• 
p:o.-t "' t•.odt ""·""1 "IWl':tlnl' :u,d lht·io· ""lh't\"i><ll> in tl"'' 
th•'.' ,,.,,¡ti"' """IJ'"I '·'''"'" lt• .-uce1·eol. they l«'lt'm rh,·,l 
e'"' hdp ""'~" it >IIC<:'o·,J. :u:d they talrthe l:<'<'e.-.<~<~ ,rc¡c• 
t<> !1\ake it .ueet-col. Fio•:olly. thi, n·~ull• iu the realiT.<lliuu 
tlwt Jll:tkiu¡: tlh' ,!·•t•·nt «ork ,.,.1[ ;,. moll.< """'''''hutÍ•IIl 
(L( j,j_, COIUJ !:1 11,< '., J'l1<1it:<bilit )', hCIIC<' 10 better jub •t CL!(LI) · 
:¡¡ Tht·rc ,¡,,ul•l l>e ""'""" :o11J "-~uu~ ~--~it::bh· o¡wr:~oiu~ 
rule•. 1'., b1• dTt·ctivt• th •. ,e 11111<1 be ;Íntpk ci .. -.1,- ht tho• 
local <Ítu"ti""· :tlltl tho•o bo· ll'lofnL'Cetl ¡.,¡rJ;. Yo•l ta•':tll> 
""'"' b.• n•o:oi'"'l fur ''~C•·J'<Íl'~ :u11l ¡>la~¡,,~ In .-tToct ,-"lid 
'"~~e-IÍnL• ¡,., ;"'1"'"~"'''"1-• Nouiu~ it<>tn •·~er:oti11g 
P•, ,-_,., " r "' l. 

]',.,¡,,,.,~/ -""1'1'/'''"''"lc•l 1<_¡ H.-,,/oo· ¡,•,_r,,-,¡.,,. t'""'""'' 
!~'""'""''' atul mi .• ,·,nt•cpti""' :oh<ntt :tt:<oouutinu :o<e :o 
tli'IÍ••L ·•>111''''" .,¡ ap¡u,·he>•Í"" o~l . .,ut '"""""''¡""""ti,.. 
1<:11 t ,,¡ "1"'1':''"'' arLo! their ·<LI'•'t\¡_,,., Tht- i~t "'-""'''' ;, 
.. t'to·u ",.¡¡ oli·~~,¡.,.,!, \\"dJ~k·i~t•NI ttooiuiq¡ :uod r.-in·-·h•·r 
C<JIIJ·•--. '"l'''.-i.olly l:til .. a·d '" lht• nt•etl• ;ond C:oj':.Lditio' 

.,¡ '"'"" 1"'""""·•·1. 1'""¡,¡,. a <a••tful.-"•1 dfc·cm·,. '"" tn 
o!'l•[""l •uiJ,,.-., . .,, ·,~t.<>r:u e,· at•"tl :<Lll<>no~tio¡U "' th.ot ~·••l 
1" • ·~~>--· i- ,,.¡,¡,.wd. 

•¡·¡,.. b"'' !1':oi11i1 ~ ''"'"··C-' ¡,,. 11)><-r.ot"f" ~· '·' r.dl.-' "'''11 
"¡,, " 1'1 ,.,.,, ,.,¡ ,.,,,¡ :Ltll<oit,i<to·Led h.' tJ,.,,,·It:o<'Í"~ ''"'l·"''"¡. 
¡,¡,. • 1,,.,~ .. "' ol ,,.¡,.,¡,,;.,.,,,¡.,,. .,¡ , . .,.,,n•l .,¡ ,¡,,. Nn" "' 
... ,¡,·,,~ !'''"''"'- -~In·•• ,.,, ... ,,., "' .... ;,,¡, J! ¡, ''"'·''"1 ,,_,. 



"'' " " '"'"" .,,,_ '" l'l"''n" '"3'6' "" ... ,.,_,, ' ' " "' -- " ' ' " -- . -. 

,,.,, • ,.,,., 1''' '""1 "l'l'lwaiÍ•"'' ,,,. :ol-.. ,¡,._;,,¡,¡,. ¡,, higl.,·r 

h·"-1' .,( ,.,.,,. ''' pi."'' """'·'~'''"""' :uod fur ,¡,.,..,. '"l~"r· 
1' i ·• •< .1 1 "''~""'"'] \\ ¡,.,_ \\ luh• ""' r<'>1"""'ihl~ fur 1'" W<'"' <"uJI· 
""1. -~g.,¡¡.,.,,.,,h .otlo·o·1 ;,, ,.,,¡¡, h,1 11"· '1"',¡"·'· "¡ ><Jll· 
'"''' ,,,¡ ,,,¡,.,,¡,,,¡¡,~ ''"'.' ~i.-e ;, ,¡¡..,.¡""~'"~ ,¡.,.¡, 
dutie-. Tnoi"i")!: ,,,¡ 1"'"'.,¡,.,. ¡, n,,.;,,.,,,~,· uf Hnlum,,. 

,¡,., ''"'"1'''"''"1' i- .,¡,., l'il:d. \"-u"ll.•· 11«• hi~IH•>t ,,,.¡¡. 
:oloilit_,. <>11 , . .,,,,,llw-l>e<-11 ¡,,,,,.¡"'.-,i-r ,]L,-r<•llw ""'"'' 
,r,.,., n\01•\ .,¡ loi- "'"' ,,,.;,.,,.,,,,,,. """' "" .mto"""'i"u 
,_,,¡,.,,. ,.,.,,,,_,.,,,_ Tr ,;,i,~ ¡, ,,-,.~,,,,¡,~ r .. , :.> '" :; 
,.,.,,."' 1,¡,,1 1,., .• ,,,".¡ ¡. "'''.'- u•o•ful. TI><· o•:ol<ne "f tloe 
,., . .,,.,, ,,,l.io.~ 1"'~-,-_-. ¡, •ntlo th:ol ,..,,,¡;,;,, __ • <>f<cu 

,.¡,_,,~,. _ '1'1,. .,. < lo.o<t~<" ""'·' :o<¡,,. fn '"' '"''". tho·mi!':ol ur 
¡oll,l'>w:d l""i'•'li"""· "'"1 u1l,·r ,,,,.,.,.,_A ,.,.,.,,,Lle 1"''" 
¡¡,.;~,'-"'- ;, ,,,.¡¡¡,i.,~ \h~ <.o<otrol pn·~r"m-" '" cl<"d)­
"'""'""'n••l·:,,,. <he-<' "''""l!:e~. "he11 lh··r ,,fTo•<l pn~-,.,.. 
''"1"'"'· ,¡,,._ ,,,.¡1 '" ,,,;,,,;,, ~.,,.¡ ''"'"'"¡ ,.¡¡¡,.¡,.,,.,, 
E•¡nall_, Íllll'""""'·" hi~h <'<•llll<lo·uo·r lcnl in,¡,,.]''"'~'''"-'-' 
, . .,,,,¡ ._,-,,, . .,, it-rll i- lho·reb_,- ,,;,,,¡,,ro_ 

Ad_¡.,,¡¡"!l J.,/, l!t><·oiplit"" "f 1'/¡¡¡¡f Supe.•·ix"'!f .,,.,¡ 
¡•., •. ,,., {',.,¡,.,.¡ f'¡-,.,.,.,,,.¡, Thc ~oal o/ thi' ¡, '" m"k<•liw 

,¡,.,nipli""' "''"" ck•-d)· ht 1he ,,.,fitie> of ""''"""tir 
~''"'''''' ,.,.,,,,.¡, l-"<11· ''"""1'1~. th~ ¡,,. nl:ljor ,,,,;,.,u\1' 
11111" ,.¡ ,,,,,., ,.,.,,..,, pl:olll 0 (l':L\< ¡;,;,,¡;,~. ¡,,,,,~···illlo~ 

,,, blndilll(. )IO.rJ.ÍII)<, :ot:d ¡;.,¡,], ~,;,.,¡¡,,) hi~hl,1· iuh·tuct 
\\ilh , .. ,rh ,,¡,., o··r<<Í:•II¡ Íll <he ,¡,,.,_,tre:~m olirer<iom. 
rl'hob1' ,¡,i,-h ¡,,.. ¡,.,¡ kil1o ~-'" foo· ,¡,,¡,~lo;"'" <''•" ,,.,.,. 
,., ''"1 ,fc, ion tl'o"-1 io·~ < 'lllllul¡mohlo·n .,_) 11 "" nfl r11 duo·- < '"'' 
'"'' JY.¡)) noill <•per:~hll • 1 :~kiul( .o<l ¡,,, " hielo infllle<trr dwno­
¡,,.,., ot l'l<'o' '''""· but 1\Íiloon\ <"<Ko«ILnaliug 11ilh 1h• 
,.¡,,.;,;,,, lo :o~·UI'<" ownoll mioiLnnnn ¡~o•ohlrhl'liou> '" 1he 
1'""''·-.•? ('uo:t"<']>IU:Lll)". tl¡r b·,( """"~em~lll>, talir•t 
alli<U<"<IÍ<· <'>lll<l<l uf IIH· 1"'•<'o'<; ÍIII<J :LOI"<JHIII, fo1Jo11. 

1) .-\ >Ín~le ""'l"·~··r ,--,¡ 1'1'~''''" "''"''"'"¡,.,al ¡,,,., 
'"""";:<·• "I""IO<Iiu~ ""·'"'' ,¡ llw ~ritooli«g. hl<·u.lio•l',. allrl 
bomoiu~ "l"'l'aliuH'· flo· i- t\','1"" -ihl<· f<>r lr.oi<'ÍII~ ;llld olio­
•·iplnl(· ,¡ti«· ,.,.,o·:d ''l""r.IL""- llo• Í.• ,.¡_ • ., '"''''""""hl<· fur 

'')"''"'¡"" ol rlw ,.,,,;,,,,. 1"" '' ,¡ <l1r 1""'"''·"'· 
:.') TI><• .-!<o·n>io·"l :m<.l <oll<o•r "1" r:oriu~ 1~'11•<""""! nO( 

111•11 ,. a>"'"''~""'" tloi' p.,,,.,,., c,.,,,n,l ·'la"''"'"' ¡,,, "it], 
11« • lio <"CI aul' ll Í1) "1'<"1' t'!•Jl Ll':o 1 "l'l'l'.ol Íto~ ] "'1'"'" I1H·i · 

:¡¡ Thi' •Íu¡:lo• l'r<ll'<'~' Coulnol .\f:m«~o·r ,,,,,¡¡.' 11ill 
ooah ""'"'' IJ1"~1'alu a.liu•iu,·ut• ,,.,., . .,,.,_, T" 1,.-¡, 
,,¡,,,.,., ,,, ,,, ........ , ,,, ol·~··- ,,.,¡ '" ,,,,_,. •h-il<-1 Ílooj·•······­
,,.,,__ Thi• ,.,, 1w ,J,•I•·~·"•·<I iu ,¡,,¡,. ,,.¡, ,,,,., ''' "''"-'"· 
!1111 it ;, ¡,;,,,,.,,,,;¡,¡¡¡¡y '" jonl~o·, i1.<lall, wrif), ,.,,¡ 
li 1.all• o! o< , rmin!' ,¡,. ,.,.¡" 111•'" nf >1otl1 doall~<'"· 

·"'-""" ¡ol;ml• ¡,,v.- ,,,¡,.,,¡,_,...¡ 1lu•ir '"l"''"Í><•I')" ,,,,¡ 
,, 1 ,.,, 1 ;,~ , 1,,.,,,, .• '" ,,.¡,;,.,.,. _,,.,.,.,¡,¡ m""'""tio 
,,,,.., .. , ,.,,,,,.,¡ ,;,¡, "" <•l•rall ;,,.,,.,,,. nf IJ<'I'""""'I, 
,;,,,. <>ll.,•r pla!LI• lwn ,.,.,,¡,,..,¡ \l':nhti<•<t"l j•oh ,¡,.,..,-;¡,­

IÍ<IIl'. Tlw hid><'-'' pbul '"l""ti'Í.-iuu ¡,,. ""'"1"1 1<• •la}' 
lotJ·~I_,-. ,¡.,,., ... ¡,._ .o,.tl r.-l.olilo·l.'- ,¡,.,¡ frum ,,.¡,¡,-,.,,;,,~ 

\loo ln·o·h o•< '" ,.,¡¡,.tilo~ '" 1],.. llllj'l"•afi""' ,.¡ '"""'""'¡""· 
l"tOI•<r,<i,~l.' ,.,.,,,¡,_ ""''' .,¡ tlw ¡,¡¡,,.,., ,,.,¡ ,,.,.¡,.,.,,. 
_,, ,.,.__, ___ ,,. ¡,.,, d ¡, ,¡,¡, ,.¡_,, __ 

''''"!"' ¡.-,, ''". ,¡ .1 "'""'"' ¡,,. ·' ,, 1'1'1 ¡, ' • ; -~"1 '1 ,¡ O• 1 ·- 1 ,, '"1 ,; ,. 
"'"a ~p\ Íl>~<.,lio·ll! ¡., a--Í-\Íll~ a ll~r uf·"""'",,¡.,., lo• 
" ,.¡, i , ' v,' : ,,,.., ,_f LL 1 " "; t ,.,¡ uf 1 1"" 1 ""'" ,., . '" 1 ".,. i :oll ) 11 1 " -r 
"i'I'IÍ>'I'IIu\o ,,(1\\.U'<' f,,. P'''''""" Cull11<•1 <• jl<llok-,·d. 
-¡-¡,,.;, ¡,,,.,,.¡.,,,. ,,,,¡,¡,,,1 ,;,¡, klw\\-l'"'' ,¡ ,,,. ''" l:o ,-, 
<<-f>!<·••·~o1:oiÍI"'"· bo·~o·lr l'""";,r,., lho· ¡,,;, iur olor bo, r 
•IWc<"> ,,.¡,¡lllr.-uf<l"· '""" ,.,,,r,[ ,_,-,,..,,, Tl,.11o·1 ,¡ i- ,,, 
r~ 11<-r "~'!"'"'"' 11H" pb ""i"~ ,.,¡,;,,~_ ;,,, :~lla= ¡, "'- ·'"'1 
<>1• ,-,, t ~ "' .,¡ , u t ,,_, ' ;,, --' - h· "'' 1" ma 1 ,. • " rtt"- • " " ,,... 
O<'J taÍtl. 

]JI ){ · 1 ;,,.. ,¡,,., .. t ¡,. di_eit,l '"'"1""'"' '" ,¡¡, ,,., 1,,- <• ,,,,.,.¡ 
<lw ¡¡,,,¡ ,.¡,.,,.,,_ -1tdo ,,, , ,.,¡,-,., <i"n<pcr. o·!<·. ¡·,.,,u_,­
'"'"'' ¡,,., ,¡ r..,·bp ¡,,, oh• ·'"' o ""'1"" <·r """ ,,,,¡ , 1 '" ;,.,,, 
n> "",.~,.,pie ··~i-r,''" t1w <•·lll<otl "l""'""l"r'' 1' ,,..¡ ;,., 
'"'" 1""'' ""'1"" •1.-~·i«· ¡,,.;,\!' ,,,,nji,.<.J. ·n,-,, h_,.k"l' 
<ICI'Íco• .d.•o ¡n.,;i<i<"~ :o ,,.,,,. of <11 olold .o<IÍ"·<m, 1•! 

<>fllw liual ""'~"" <1••\'Í,.. \\ht•u tht• '"'"1"'''"' Í• <•Lll .,¡ 
-'~"-i~o·. lt onn_l' ~WH hf' in th•· furn1 ,¡:o ¡,1] '"'-IÍn~ n•<>-
11'odlo•r. -~~"">"uf 1lu• ,.,.,·liel' ,.,.,,.,, ""''""·IIÍ<•Jl '.'''''''' ottii"'' 
0,,,.,.,,;,,~¡ ,,,,,]ng iu>Jrunwut , . .,,,mlkts 111 "'""'l'"br.­
th""' fll''-"'''" "'"i~blo·s 11hiclo ,,.,. ,;,¡,;, tlw '"1'-•bilni~, 
,¡ ,,.¡,,,,,¡,~,,.,.,,.,,u,.,.,_,.;,¡ .. -~,-;..,.,,._,. l··~ic ... r1,.,. ,.,11,·•1 

"J.<· Vd ?. " r:ol<·uf:<l<·< ( h~ "1\lf •<<1 •Í>(I<;o]• tn '""""" ni'OIIÍjHtl:i­
! ;,, , ol t 1" ,.., ¡w;,,,, ,,¡ 'o«h '"'"1 "~ "'"' ,j¡ ,. r: ~ "1' ,. n·;,,..,­
),~1<· h ,,,.,1 ,, h,,,ll .. ti,.,.,. ,.,.,, '"' -i' ,,, ¡,, .• \1 ¡,..,.,. ( ' ,, ,_ 
hlll.<ll""' uf j,r.·n·~tinll> ""'' .,,¡,., '"""""¡ 1<"'\''· """ 
¡¡,,.,,;,;,.,, ~.:.•r '""" ,,,.,.,.,~- ,¡,.¡,_, __ "'"' r.;~r.;,~ ;,,.,rwci 
c,Lirnl.otÍ«l.; "'"~" "'""1 "" dug ,.,,,,.,¡¡,.o-, ro•l·liÍI'<'I.' <N'· 
1<». Thi> '-'"<In i· ,¡..,, ,_,,.,,,. "" oh¡..~l"l a11o1oo~ "'"''"' 
(DA(_'); or ,li¡..~\"11)- olirceu-<1 au;oln~ e<outrul tlll1-lt'). 
_,, ¡,,1,111"''· ;olo<l ,.,,~···i,dll" ,_. ~'""' '"1'1'"'''··~ .,(,,,,.,., 
¡,,.,.,,, .. o,-:oil:ohlc i<t tl,•l:o•l ¡,,.¡¡ ,¡ ,¡,. 1!11~1''. IJI ot" 'l'• ,.,,.¡ 
"' '''"' """ ¡, i- ¡¡,,, ,.¡,,,;,.,. "' ,.,,,_,- "''"" ¡,.,,¡¡_,,,,,.,,_ 
,\"""'~ th<- ,,1\'-.,LI,c<·> IJIJlpn,-i,-j,._ .,, """1''"'"1 ~<Íih 

, '""' ,., '" "''"' ;,.,,,¡ """'"~ i<H ,., ""'""'ti<"'· ,, ,. '·' ¡ .. ¡¡.,., '· 
1) TI"' ))jlC ''""'I"IIC< !eoulil¡ ,.¡,.cl•li•nit•.pl'"¡,¡,, 

<li~ita1 hlt~rin~ "''•·r ¡,,~ r•·<Ío~], ,¡time, m~l~- lha<ln-­
mli!Ír>d o·.ol<n1:o1i'"''· ,,,,1 ,¡,.,., ,]¡.,.¡,¡,." nulin~ .. """'' n{ 
\\]li<·il ""' <litli• ,¡, '" ""!"''·'"' ,,¡ ,¡,¡, ,,,¡,~ io .,,,,,..,,,_ 
1 ¡,, ,.,,,;p,,.,,. 

:!) ,, "'"''-' io _,,,,,.,., ,,,,,. J<ro·o·i .. - ,.,,,,.,¡ «'·<tl1, ¡,, .. 
<"·"'"'' 1],. oi1ÍII j'l'uloh•uo <lilhÍ!i 11><• n·~<llat«f Íl•o·lf 1.< 
,¡ . ..,.,,,_ 

:¡¡ '11u• u~·,,¡ l>DC f,,,..,., ••r•·not<ll• tu l:o- .,_,,,.,,,,¡,. iu 
<i«<'LIIlH'Io\Í<·g :oll ,.,,,,,,lo<> ,,,,·bt,-d 11i1lo o·:.ch I'C~LILotiu~ 

l•••l'· Thi' ¡, """¡,. ,¡,.,,. ,¡,¡, ,,,,¡,-" ,-,-~,¡,,¡,~ ,_,.,.,,"· 
,¡,¡.,,,~¡, ,,.¡, '-"1<-111• 1\ullhl 1\utl l>o·ll<·r ii -11do do•·«­
,,..,,,,_,¡,., "'" ,¡,,,,. '""1 ~··111 "1' '" ,¡"'~- ,, d ,_,.,¡ \u 
"'""""¡" ,,.,, ,,¡¡,-llol<·<>l•. 

1¡ I)J>c ; • .,,,1,",.,''''"'-' ,.,.;¡_, "''"-'''~'..-1 r,, r~,,.,,;, .. , 
"""'¡,., fur iliiT,·rent ,,,.j, .. "f "i'''"''inu. ,.,..,.,.,,¡,, uf 
< ('"'1 1< Íl olu¡o, :11.•1 <ntf••loO>oli<· f oillll"(' ,¡,.,,., 1 ;.,,, 

:,¡ 1\'ith l >1 :e· ,,¡,]!ti•·" ,,,¡ ,¡,.¡,¡;,,,uf lo••!'' ,,,¡ ,.¡_,,,.~,, 
;., ,¡,,. ,.,,,,,,,, ''1"''''"'- '" ¡,,. , • .,¡ ""' ,._,.;¡, .~ ...... ·¡¡,¡, 



r,. .\!o"'"'"''""''' •••t. nn "~"""'''·'· .. ,,...,¡. r . ., .~ .... "' 
PI"•''·· """~•1. 

;. ···p•••·i.1lly u .. ·ful dmit ·~ a u """"tic •l:Lrt·up ,.,,,¡ .¡.,,,r.," " 
oi nr:ojur ptort; .,¡ tho• '"'"¡ 1'""'''·"' durillg "hirh t'"'tn•io·ut 

n""' i¡ ,.,¡.,,¡,.., • o[ ""'·'" ,¡ h•oP• ;, uheu ,·,•quin-d. 
lil !11 " Dll(: """11'111<'1" tl~t· .. vn:dl hi¡;lwt lo·wl ,¡ 

,,,,., .. , t·«loll'"l (callo·.! Lt·\o·l ~ <JI· .>LI~>'t';"t>Oij CLI,llul) 

t•·t.o [. to • be "'' on• c::>i\.1· o In" e ·iucc tlw eo '"'~"'~' mu•t ""l.t· 
'''""'"""¡,.,.,,. 0\itlo it-.·lf '" chau¡:o• -o·t ~"<>ittt<, ;\\itch 1••·1'"' 
¡, ,,.,,¡ ""'· """'hl.1 """""1 o·<¡wttio011<. atl'l-.o furth. 

~ 1 1 n ""·' 11 <ito;< ,,. 1'< .,._,j ,.,¡,,¡llg iu •1 al la tio "'·' il ¡, c•viJo·llt 
tlw a 1'<·11· ~"'·'' c.•ro•full)" ,¡,,.,~lot·tht"ll~h :wol wo•ll­

"1' '·""1 ,¡¡~;,"¡ ''""'1'""'' '·'·""'"' ,.,¡,~ :tttalo;.c I"C~>tblnr> 
"" lo • '1' • (, " " h i o· h 1 ¡,, • .' · n re• ,.,¡ 1 .1 ¡,¡,, o ':1 11 pru vi<lr• o• ""' '1 lli:o 11 ) 
· • ""'"'1 a,.,,.,.,¡.,¡ rl"· pnoc·o·,,,,tsr:ltl DllC ton·"""') part, 

ol ti"· C<olllil"'""' 1"""'''· 1!0!\\o•l'o·r. thh ¡, ILOI tt'<l<' 

durille ""'''""''''' ''"''""1'- ,\- t],. <'•tuplo•xity ,¡lit< re~· 
lll:t!i10e l•••]>· ¡,,.,,., ... , .. (.,IOdl :o.• '"'"'' ~,,,.,. llht·ro• t"tnp[CI 
~··· 11"" !""'''" · ,.,¡,, bo·t".ltTt> no\\ :o:rittoltn¡: ,..,,¡ ll~o· kilto· 
,.,,1. ,. ,¡,'1'·" '"" "' '· lillt. 1""' id.·,,¡~,¡¡¡,.,,,, ,,¡.,,,, .. ~···· 
¡,, ,.,.,,.¡¡¡_,. po·nooittiiiJ< ''"'·'' "'lrl'l,ll:g ,,¡ n·~o1l:oti"g lo"l'· 
,,,¡ "''"lii,t in~ th.·it '"'"'' to f.,ll,., ,¡,,. ~:.ri.1hlo• 14<'' fl.,, .• 
<~lrid, ''" h pb,•- ¡,, .. , 

l'ic 1 .¡,..,.,. "'"' ¡.,,,, "'" lliJ(' .. p.·rat,¡·', ,.,.., • .,¡" ,.,, ,¡ 
h· ,¡,.. lo<'lll ''""·1'"'''1 ; .. ,,.,,,,. ¡," 1\11(' ·'·"'"'"· l-'ig ·; 
•• r .... ,." ,.,,¡,,,,¡, .. ,·".' ,,¡,,. (('WI'I '"1"'' '""1"" .... ,.,.¡,. 
lll»"· r•·•·•·r.tl< "'"·'il.ohl.· f¡,. <l'll"'"' pbtLt ,...,,.,,.(. T¡,,. \L»' 

.,¡ CI:T .,., ILI• li~• 1~ tn •pn•.col. 

h 1 '·'" ,, " '·.," >.L'J. ",. ¡¡ """' '"" 
·¡ ~ ,,.¡. ,,,,¡ o'll"''' .... ,._, ,.¡,., ... 1.< .¡,.,,. '""' ,.,.,.,,,¡,¡ 11.· 

"'···li··Ht· ¡.,, ... ,,.,."fui,,.,,...,,'""""'·''¡,.,,.¡ ... ;,,,.:,,¡,. 
,,¡, .. , "·' ,,. 1,1 ;,,,,.,¡,,..¡,~ !) 11 .. · ,.,.,,.,¡ ''""'"'( ,.,,,,, 

,¡, .• ¡~,. :ttul tbc t<'ILI<:ol "1"''"'"'' ¡., t•oJdt .,¡].,·r; ~1 tlt<· 

'""'''"'''''" CO>nti"""'tol• 'lit!. tl01· ptU\'<"• ~oot[ it.· lll:o• 
clri,.,·rr; :1¡ tite p(.tllt ,¡, .. ¡~, «itlr the aut<mr.tti .. u •Y·•Ieu1; 
~) the ~hrn Po«or di>trihuti•m 'Y•ttm byutJI ,.¡,¡, tf,. 
oL<LI•>to<elli"IL "Y>tem; ."¡)"""'Y <lrino :\lttl tltelt Oulllt'ool <dth 
tht• lt·~ic ¡,. tloc :rlll<"""'i"" .•;•tt·m 11horo mtlollwtic 'l.trl· 
u¡o·,h11t>lm1a i" ¡,.,¡,.¡,,¡ iu tlw «UIOHt~tintt S)oleuo fur 
oo·h·cl<"l]o:<ft• of :he ph~ot pn><e""'· 

Oth•·t fo~toor, e,i.•r. Thc fore¡;o¡iHg nre the "''"' ,,,. 
p1•rt:.11t lli.cu,,iu" of e:tdr f"ll""·'· 

f,,¡,, f=i·9 C<JJiml c.,,¡,.,~ // .• ,, ,,.,¡¡, 
('e,.lntl O¡¡t«ll"• • 

Sim¡oli lir;tt in11 of tlw h) utll> uf tho• ceollt.d ""'"' ,,,.,¡ uf 
the COIIIlld "l"'''"'"r'• p.lucl (COl') is worlh~<hilc. Sw·h 
,¡,.,¡,lilit-"1 '"" , .. ,,¡. 1" 1< "' er i~oit ia[ "'"''" lor ceutr"l e"'",,¡ 
""'"' <'<luipllh'l\l mrd <~iritt;:. tlp<•r.rti11~, lno\ohk·hwtito~. 
'""1m oilolo·tt,o<<ec ¡orowo•olt11o • are ~r~atly oim¡olili,d if ~"'"' 
,.,,.,.¡.1''' ""' ll><•d iu ,•ll<:h IIL;uut,. ,\"'""!: tht• bctot'> 11 hio·), 
!'~""''' g••'-"1 ,¡.,,~¡,¡¡.,,.¡,..,, withnott •:tcl'if.ci"g op,•rahilill' 
or rdiability :ore n• follo\\,, • 

1) h "oulo! b.. ,¡...., to •impliir th~ eontrol room "l'•·r.,. 
Tur'- job .. \ t;<pioal centtal <>P<'r.uor ¡, h"nl-Pt<'>.·t·ol lo 
,.n,.,,.;;-,-)_1 '"""ito1 ,,,¡ ~'"l"·rly "''l""'d lo"""~' tr..,, " 
t'o•" hm~olr·•·• 1 di.pl.tyc•ol ito·ttt· of iuloi mall<JLL \' et "'"' ,.,,m,•­
tirtt<" ¡¡,.,¡" 11 COl';, " eo•mwt ~!:out h:n~ng 1000 ~'IXIO 
dttíeto•u! iwtrr,.,;,¡¡ li~lll.< . .'.()-200 ommelo•o.< ,,,,¡ tn­
olic:<tol•. ~() 10 n•cut·der.•. ~OO·<j()() pu.<h·bL1llo11 <l.tlio"' 
,.,.,¡ ,..!ed•JJ "'itd,.••, :)1)-GI} conlr<>lier> "",¡ ,,., ['<Jiltt 

'''";""'· el<. Why ><J """'·'·~ 
~) ltt the olc,ih~' •••~·· rigidlr <¡llo·,tiott ,.h,.tlwr ti 

i>tt<'C<·«ary for ea eh Je\"iee lo be iu th•• <e11lralr•""" lf it ;, 

"" "'""'"lcr winwril.1· '"'""'¡,.,¡ im· "'"'"'""'""''' ,, •.•. it 
pt o bJt b 1¡ bdo " 1Jo.< '"' 1 he mo 1 ' , r ""' , l rol ceut e t i nr 1 1 "• nw ; , o~· 
iu <IUC·tiou. 11 it ¡, "" it<dicatiu~ light ,Jw"i"~ ''·'"'' 
of "" inoli\-io[,.,¡ ,¡,¡,., .. ,¡"'' c:ttr the opera!<>! ,¡., :ohn,¡ 
th"l h~l1t'~ Ofo, 11 ·m·),''""'' light< '"'' better on theit ole. 
1'"""""'"1 tllnlur C•JJ<trul <euter .,,. rtl:ry pnr,d. ~llliltte. 

''''""'' ""'.'' ¡,,. tlwit )"""",.." ¡¡urp<N'. [f ">. it i.< betler dulte 
hy h:t~·iu¡; •ttdo li~lrt• ni tlr~ ntotoc o:uut rol e<;nl~r '" rel:<y 
¡oo~ud. lf it ¡, "r<·e.,,,¡,.,, ~<uulJ ""' th~ P'"l''"~ of th~ 
<'l'lll<«l "1"'''"1'" b,· bo•llt·r •<"l''ul if he 11eoe IL<tti<erl lo 
dwt r. uf lho• <"1 ;,¡,.,.¡ 1 ,,..¡,¡,¡, .. unl}'~ 1 )ther """1«¡.: ,·;rri,.blt•· 
,.,.,. tw to·rouh·•l by •llih·lri"" ro ot··· or mut~ ,ft,,.,.,¡ ro·­

"""''''·' .,¡,., -p.~·i:~l """ '""] .. t .. ·r>:tti.,r;; "''' '" b.· 
noad.·. 

;!) ¡;,.,,.,[' •IJOtllll~ "' a cnm:•!..tc ~,.¡,.,¡¡,¡; 111ill 11itlt it, 
"'"¡¡;,.,;,.,""uf" .·l\bolo•p.ortttl<'nl 1"'""''' br~r· r<·•lurliolt• 
'"' tlw CIJ(' <>! ptt.·h ¡, L!'", ,,,¡ ¡,,.¡¡c,tio.~ li~ltt•. Gr.,u¡> 
•l<'<tiH;.c ¡,, l¡·· hi~hli"ht tho• ,¡¡,,¡,,.,;,,, ¡,. tlw do -i¡.:tt •1:<)1;•• 
¡,,.,,,.,.,,¡,,."'.do,.¡,.,_, t••:~ll,t ,,.,.,¡,.d '" ,¡,. C'OI' atul ¡¡,,,,. 
'lo·,.¡,., .. "' ., • ¡,., 1 lo >1' IJo:>itLt • ·11,• 1 ,.., · [¡,., ¡,., > fur "'" i11 r ,.,,. 1 ,, ,. 

'''" ¡.:•'1"'"'11.1· "'"''' ""fui- ,,.,,¡ lo'·' \'>¡x·t ,¡,.,. "''••tJ·II· 
if 1'"'"'"1 '"' tho·ir "'"'"' '""""' ,.,.,,, r '" tlw , ...... , h·•l 
•··1:·_,. 1""···1. TI,. ¡,.,,,¡,,, .,r ;,,.l,·iot, .. t ,¡,;,, .... ,,,. ;,. 
,¡¡,., r iug ol1 ·vir···• "" ti" • ,., " 1 '''1 .,,.,¡ 110~ olqw ""' ·1, t .d '""' '" 



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

,.,,,,.,.¡ ,.,.,.,. r ~~ H·b.• l'"''~ll• ,,,.¡,. 'I"Írk laull hudth~ h1 

'",¡,.,,.,.,,,e¡. J'""''""e\ 1\·hr" 11"• """'"'1 <~><·r;olur ¡uo1Íiio~ 
1],.,, ,¡,,,, " .,.,,,,,.,,,.,. ',f •1 ·'" ;,~ ,.,, ..... , ¡,,. '"""'1'¡,., , . .¡ 

1) \\"Lo·r<' l•1lly ""'"'":tlic ''""'i'UI<·t··oloto·dod •b!l·"p 
a1od .¡,.,,¡,,,, i- Lo·ÍII~ ]'l·'""' •1. Ío«·luoli,~ ll'all•i•·l<t '"""ÍJ>­
ul.otiu¡¡< uf r<·~~1h1in~ lo••p-.. ,,,.,.,,~,. 11"'' olu· l•n~·.,lnr•·• 

¡,., no:o1111al ""'\ ""'"Jluh·r ''""""1'' "'"1 .¡,,¡,1,."·", ¡,. '" 
•itnii" ''' ]!O--lhh·. 'J"hi.• ),·Jp< l<·.•eil tlu• "Jlo·r.·otoor \'<ll"I('C"I 

l'""''''h>n·>< hy ¡,,,.¡,~ ¡,¡,, .. Jo •• ·l\'<' '"""'1"','' ""',""1''· 11 
,.¡.,, llo•lw t ¡,,. o¡~·r:ol<•t ,,.,,_,. auol .¡¡,;!11<,..<· olillkn\1 ¡,., " ho·u 
_,,,.,,.,¡,¡,~ 1• allll•' lh th~ l'"n')"'hl"•<"<oHtnoll<'<l l'r<~ 
,.,.,¡,Ir(•, 

J,.¡,,_lod"'.f·l"'""'"¡¡,.., .,,¡1, ¡1., /''"''" owl .,.¡¡¡, 
Jr, .ll<rdoi<ICr;¡ 

To • Cl •;11 rol a )'t<J«""" fiH l"o'<)Llil c., re.o-ouablo• kllo\1 lod~o· 
h.•· 1 ],,. 1 ,,.,,.,.,. c<on\ l'oller uf 1" ,.,.,., eonol1 r '""'· s;,,,. anto~ 
m;,IÍe prooes;; """""1 rli~,.¡¡,¡ r·omptoh•" '"'' ,.),.r·trOllÍC 

de,;ce~. lheit pmc.,., '""'" ~11md<"<lge "'"'"'' lron> ¡,..._ 
'1"""' m"nilurill).' ,.¡ "t,. tu.• of ,,.¡, ~ te·d """\a el.• ,,nd all.'\kr~ 
,¡~\mi• -· all '1,-r·iwol ¡,., •m pro'"''" o , ,,,-¡¡¡ imrs. 

¡; '' it < 1 "'' ami t l1<·ir t "" ¡,·)u<"<·1"' lwlp d<•; r•cl 1 """' " limi1 '· 
1"""'"'- flu11 -. ¡,.,·el<, -.tarwt ir>lo. """ "' fort h, aonl P'''""ide 
¡],.. "'lll)ll\1 o·r '"" lil~o• """''"1 "1"""'''" vital.-1alll' iufurmo­
oin:o ~"""'uf 1h"'" '" <lelw• al"' ¡m,.,,-¡,. 1""' rol tho· tr:O<Ii­
IÍro,;.o 1 ]>1 1 "~·.•-- Ao ow "''1 lll n cr• i11 lo.,.¡, ><·l ill¡: 

l'""""'" ,._,¡.,¡,¡, ..... •llrh :« _,.¡,.,.,,~¡ lo·ll<pr•r:ol(ll'<", Hr111· 

'·'"''· 1'"''""''·;;. '1~·.-] •. ,,,¡ '" f,r¡¡._ l'""·idr !'""'""" 
kwo\\J,.d~r· lo tho· c·o111Jlll"'r by LI>IU!< »hl<oi•<p lr:LrL>IIIill<•"" 
"' ,., "1\'""' 1 o -uil .ol dr• '" '" 1"" "'1"" ,;~,,1, 1 ,; llw ,.,, "1"" <•r. 
']"¡,,. d,·ao· ,.,.,,.¡¡,.r "'"" <"<•ll·ll·II<'IUrll ;, 10 ni¡,.,,¡,,,~,,. 
.... ,,.¡, ¡,.,.,u~,rk •i;:w•l• rump;otihl•· ,¡¡¡, ¡,,.,,... !''""""" ,.,,,_ 
lro>) '"""'f'""'"· 

'I"ILL• ,..,,,,,¡ m,j<Jt f:H·1(<f ¡, l'<:ll«•ld)· ,.,,.¡ :<<Lh<II,Lii<·al], 
('(ololt<o])in~ \JL<· )lt<«"l'.<>' Í< tlul :oiJ \":OIÍ:Oio)P> r<'<)HÍIL•d i .. 
:odoie•·o· )"'"'"~' hul<li«<ÍII1• 11\11•1 1~· pJ",¡",¡¡, .wailolo]p 
""" ,.,,,,.¡, """'"•ll.ohlo. ·n.,. lt<"~<<l· ,Ji.,., 111~d ¡,.,,, ap­
¡{• ito¡: '"" """" Í<lll >hl<\\ J)¡;, 1 1 )¡ j, 111,,_1' 11\L":O 11 : j ) ,<lh-1 i1 L!l jo,~ 
,,,)jn-l:ololo· •)'<'<'<! f:tll ohLI·c·• f,.r d"'"l'<'l' ("<'1111'"]¡..,¡ g;,•llll\\ 
l'Íl1'LIH' Íll >• 11\L(" , .. ,.,.;; 2) :<·>LU'ill)l 1 bat .,11 fo·o·olo·r ,¡,.¡,.,., ""d 
1 lwi r lo "" 1 i 11 ~ 1 1 ,., .¡,.,., ll'" .,. '" h·<¡ 11 :o 1<• ph .' , ¡,., 1 '" "~~ o/ J ,. o.! 
,.,, ··- "' """'"1 ,,.,,,,1¡"' ..,,.,. ,.,,,'' ,] ,,..,.<1,: :1) 1" .,,.¡,-¡;,~ ,,¡_ 
licl<'lll '"""h. ·e<,¡ illdo·¡o,•,.),.,, 1 '"' lo ,,, )~""'' 1)~: 1 1 1 IH' el 1<'11\­
io·:ollll•lolp .. i~ol• .¡,._¡,..,,¡ eau. ir> /:,·1. h•• ,.,.¡,¡,.,.,.,¡ 11ilh«lll 
<·\1"< _,¡,.,. do·]Wll<l,·o«·o• "" olu\\ <o-Ir<·:< ni ¡,¡,.,,.Jiu¡.¡ [;ocili< ;,., '• 1 
lurJ•<•fnll.l onal,c up fnr •lcficio•l><"io·> ;, thi, """"; ~) ._,,¡,.,.,;,, 
uf L;i)n. ,.,,.,¡,,,. !!:""'''• "''d otlu·rolrin•.• '" 11"'' Jlrn :m· ih\\ 
< ¡,.;¡, ' ¡,,,.~ ¡ ,,.,.¡,., ·' hl,1 ,.., " <1<":><1·1 "" ,.¡ iu ,.,.,, 1 ul, l;:o\'o' , . .,,_ 
1'""'';,·,.¡,. fl:ol 'I''").Jo,r<pt<· <'<Ir\'<·•. :or1<l "·"'han,.,., . .,;,., 
·¡~·• <1 •·h,.np·- ,,.,¡,.,.¡:o- lo\\ ,..11.1 )""''"'"''' ,¡,.., n·<¡uir,.); 
,,.,¡."o) '<l'l''"'~;,.~ ,,¡¡ .-ru·l, ·•,.,,,, ,,,¡,.,¡" ,._,.¡,¡,¡,., .,¡,¡1 
""''"''".' , ... ,, ...... "'' ... lh:ol 111<') '"'' ''"'"!'""¡,¡,. ,,,, 
,.,.,,,,.,,.¡, ¡,,m <J.,.''"«<!""''' auol ll- "'"""i.oh•<l ,¡,.,.;,.,., 
>Óh•oll\ l"<'<¡nici"" Íhlo·l\·o·llti"" ior ¡•·•·)'lo·: ,.,.¡<J.,·r .¡,,.,,,¡ 
<"""<'"Í\"¡• "'":OC «f 11"• fíHal l<l('o·h:llli•IIL 1<"")1 \<l>fl< •11J.. 
i• ,., • ,¡ ''' ¡,, "'' ,,,,,.¡,.,., ,,f -mal!,,,,,,,,,¡,.¡,,,,~,.,, 

].,/;,_lori><yl'lo"! ])cú~" «rlh 11« ,l!<l""'"¡¡,.,, S y-lo« 

Tho· lr<'lld ¡, lu ln<•lii)· "~" phul ,¡, .. ¡"'"' '"'"1 •·1' "'' ¡,. 
l'"''''"cl'"'"·'l a11d ti«· :oul<•m.dÍntl '·"""'" '" 1,. . .,,., 111 ,.,,._ 
<>11H·r. F<1r ,.,;.tiu¡.¡ ¡•latlts. '""'''"'e'"¡],.,;~,., d ,,. ""' '" 
fw ,.,,,_,. ,., •mp:o1 oblr• "Jl h "U1 ""'"! ic pru.,.-. , , "·: ,, ,¡, \", 1 
"'" 11,\' <·\ i '' i 11 ~ p],<l L1 ' :ore <"< ''"1'" 1 i hl ~ " i 1 h a 11 t urna 1 ¡,., · i h 
c···llai" 1'·'"' of thdr ,,,.. •. ,.,,. r,., ,¡,,..,., ,¡,.. lr«••l """'1 d 
n-i1111 oni11it·nm¡mh•o. I<'IL<b lo hr• " "go"d ~1." ,:¡.,·o·oi 1e 

olr·oail• of pl;mt dr-ic" ir<~<•rlao·i"ll ,,;,¡, '"''""'·•';"" :o«· 
,.¡,¡.,,·,.1rd ;,, n r .. n,,, '"" .,.,,;,, .. r , ¡,;. i'"t•·r. 

lnl<o/IJ•'i"~ lile !'la«/ ]'""" 
"¡¡/, ,l ,,,,,,¡¡,, 

A ~· ••l troo•l ba .. •o! "" "'"'',¡ ,.,.~¡.,,., rÍll~.l>l!l ,·mph:o-ÍZ<·<i 
b)· aiLI<lmrolic prol<"~~' Wlllrol <"<Jlr•ider;otirm•, i- to •lrÍrl]r 

de¡""'fmrnl")i!L• :oll )""'"' rirriiÍh Thi> "''"""' Id '""'" 
]lQ\\~r fc·«lero >t'f\'t• lhe ~'"" olr•partmeu< fnom tlot• ""'· 
m:ol<·ria] f~l'<l•rn 111HI~r J"l\\\ •il<>• 1<< th~ ÍH]>\11> 1ü r:l\\ ho~ 
nw¡:enlzing ,il<» nud IW1 hin¡¡ o• l-.~. L<ot 1 hP como11 t ~riuolin~ 
eleelricnl pu11·er leo•ri>r• •~11·• 11>:>1 d••p:ort nwnt n1.d 1 .,., hit,~ 
el•e. ,,,¡ "" on. llmHJghmL1 thc• pln<rl. .\ul.,mnlie """'"'¡ 
hl'ip< hi~hlight 1lu· i>n]"KII"Iaure uf n \\PI] lnid .. ut ¡,,..,~, 
dictributiou s••<em. r•pt"Ci"ll~ 11h~11 autuu;,.1i~ >t:orH>¡o 
nHd .<hutolo"n "" ploouo~d. 

l'all olill(' Í"i<'l'fllOÍll!< of lho• ""t<•mali<· p,,.,.,._, C<>lllll>l 
'.' •1cnw IIÍ\h oh e 1~"'"' <li•<nb<lliun '-'"'' ttr i, ¡., "'"'o·fLLih 
eolt.<ioh·J' in '"h"aure lhP olí<·o·l~. ¡>renu1iuu. ""d ,.,,~ ,:. 

""!:<• "1 '1"''" i " g i " t 1 ,. J"' " ,,, d i •1 ribH 1 ;,., '·' "' e "' : , ,¡ lo i ~¡, 
'Jl""J o·,·do•o"~ b;· r<·nr•>te LLJiliw ,.¡,.0,it h,,,,¡.,,,.,: 11 , 11• 
,¡,.", ndlo~e Jipo ""d ¡., .. , .. ,;¡ .,¡,'""''"' clm.,,;,." ,,,,¡ 
<JrÍb"Ín; a11d ju>t 11la·rr· 1"""'' fur the )"'""'"" ,.,.,,,¡ 
·ho\llol :ortnolly hP t:o~o·n fr«m the m;oin 1~""' •ii•IIÍ],,. 

1Íull •;·•t<·tn. 
,\1> .\:•1':1)" :OII:O))'o<l'l" lll lho· ].¡),.r!':IIUJ\' <IH1\ Í• I'<'J'"II•Í\l" 

tu ><o·lolm¡: ><>¡w·\\],. ,.,, •·l•r· Íll 1 ¡,. phont, or 1« '1"'''''"~ of ;< 

h,JI 111ill motur. 1••1ld• '" 1,., o.-lativoly u•dr» al <lu,.<· 
limo>. l11 f:oot, it ona•· '""'" ~jv,• nut ''""'"~'"' ,¡,,,., .\ 
1""'''1' -uprh- fut ,¡,. 1"'""'''" ,.,,,,,¡,,)..ou foum ,.¡,,.,¡, ... 
1\)ndo •o•• '"hjo·cl lo ¡,,.,1"''"' '"''·'!''"" '" l1:oV<" ,..,.,,.e 
'"·itdoi"~ (lotll.•i<·llt•. -uch "' fh>l>1 01":11>'"" "" <lwm, 1 ,,.,¡, '" 
:ol-o L,• " 1""'' r],,¡~, .. Tr:otL•Ío·lll uvo'f\"Oif;o~~;<·; ,,,¡ ,,.,., r~ 
.¡.,, t ~Ít<'LLÍ 1· iu Íll i"LI ·otLIJ'LLI 1\ iriu¡: ¡,., ,.,. •·arh Lr•·<• ko.o '", 

'" ''\dpo• ""'" bi'l(<" .-.·coi"'·'.,¡ '"""""'1ic l"<•<·•·-- ''""""] 
'"'l"i¡rmo<L1 ;,. Nlni•UI "'"1 ;, "ilwo· l>b<LI•. (;, • .,¡ i<Lto·rl.oor· 
ell!<iiiP<lÍII~ u/ th~ l"'"'"' ,¡;.,.¡¡,,1;.,, '''""' ,.,,¡ ,,¡ lb• 
atLI .. III:t\ÍI" J<f<>('<"'" I"Utltrul Í;" di•tih<"l 1r<•1·<i (<lLd Í• \"•11h· 
,¡,¡¡,.¡,,¡),, <•orto·<·!]). ,\ >)>i<'Íiio· ,,,¡,,¡,,, 1•1 '""'" ,,¡ ¡¡,,.,,. 
1""¡,¡,.,,. ¡, ~¡,.,., ;, ~n:oio·t •h·l:oil ;., :o¡.,¡¡,,,,,~·.,,""".,¡ 
uf thi-1"'1'"'· 

f.,¡, ,,r,,. . .,,!l ¡¡,¡,,, uml Ti.<« ( ·,,,¡,.,¡ ",¡1, . t "'"'""'". ¡•,.. '·"' 
r·,,.,¡,,¡ 111·1« Alli""'Qti<· Si<lll·f ¡r ,,.,¡ .';¡,,¡,¡"""" "' 
¡,, 1 " ,/, • 1 i <• /1, ' • 1 "''"" ~~ iM S Y• k m 

,., >) lo•\\" '"'""'"' pbnl• ;, tlw e,,;,,¡"'""" lo,L\"o• ¡,_ 
<·ludo·ol '"""'"·"ir ""11·11)' :md •hul<loo<\11 uf •o·loo<eol¡•ol'· 

' 



,,,. '''"''"{.. "'"" "'"' '" '"'"'" "'-"" 

,¡,,,,. ,¡ ,;,.. )"'""'"' ;,, their !""••'''" <''""i'llloT ,.,.,,,.,¡ •J•­

tc 10 '- \ 1 ""O' "''' oJ,it.;( )(1 "" 1 o ·l.orl Ílog '""] .•tJo¡JpÍtog •of o)m·,., 
nuly lo) <H!,o•r '"'"""'· \\Íth tl.o• op< ltotor ""uoip11l.dÍ1t"- thc 
'""1'' Í•Jt tlw Trotlo>Ío "' O<Jn•l'l('n•<<> Ju!L'IJ( <w-!o "•1!1-Hp­
,hulo)oolllO. Ho\10'\o·r. a t'e11 Euro¡IO'toh·d•.'~Í~tl<•l }ttr~o· 

t hmu~l,¡mt """' Co'"'""' pbut• ht<Vo• i~odo!<l.,[ "'d' lo·:uur"' 
Tlw mork uf dui tul; thi, •h"11, T l"ol ri~'""'" tLI t <"111 ;.,, ,nU>I 
bo• ¡ot~id tu th(· JUlH'('» lo,..chnllÍ<·.d o·•¡OIÍJHln'"' .,,,.¡ tn Íb 

to•ll"hility "h''" 1""' uf"" .. vo•o·.,ll 'l''""'• "" ,,..¡¡"'ro \he 
ole·i~" ,,¡ the antnmtttic -'''"'""1' ""d <hutJn"" ).,gic ihdf, 
ii re;ol '''""'-"' In o•<ccuting thi- fu11cti"n Ío t<> re•ull. 

Tho• implo'tii~Hiillg .,¡ thi· ~lll<llllali<: -tari·Up 111111 •hUI· 
,¡.,,, <:lear]y '"""~ th~<t fiN da"" Ítlterfcte<• ,.,~.;,,.Nillg 
¡,..,.,e·•·" n"•rhiB• ry buil<l··•'· plaOLt de.•ÍKB<n, tltlll ,LLLIO­
'"" 11c ~"'"' ,, <'•" 1 t o·ul olo•<i¡¡.,,-,_; ¡, ¡,,.,¡ acc"'"J!Ii•IH•d ltef<o~·c 
1),.• pl:ll<t "phpio::dly bLLilt_ :\ut ""1}' UIU>I CllnL~h·to•tll•'-'i· 
blo• ''''i'"'"C''' of '' ar 1-ll¡o atul ·huido"' 11 mod t ho•it l'llriat ¡,.,, 
¡,._. fure ... •clo ;oln 1 ao-o'Oitt< lo•],· Jp,rril••l tolocaol of limo•, b~tl tito· 

l't'l'fnll"'""''' ,,,,¡ h.·h-"·i.,, ol tho• "·"'""' 1"'''"'' o""' 
,.,.¡ tl'.n<•lellt ""'"liiÍnl<• mu•l ,.¡,, ho• foro••t't'IL :uul olo•­

,..,¡¡,,.,¡ "' ·"'""'·' t ,.¡_,- '" pu.--i!JJ,. ,dwaol .,¡ tinw. W '""" •uch 
"' t 1 .• riao" "''' 1 hiuki11~ ¡. oln"e ,., ,,upl<'lely dmiiLg t ¡,. olo;•ign 
•1;<¡:•·- ~uto¡¡¡mlit •l:ort-o:p a10•l •IHtlolo<\1<- Íll<:hBlin;¡; the 
"·'"';, • .,, "'"nipubti•m uf ro•l(otltoiÍ!l~ lo••p·. i:>o·<'<tu"" n;.,re 
t'.o>tl.• .tcc·un<pli•ht"d. l\"her1 .•LWh ri~o"'""' thi11ki1o~ ¡,Hui 

oh""'·""'·"! .,f tiuw, rl"'" tln• ,,.-ILI ol i'"l''''llll'lllirogo.l the 
;(,Lrl·tlj• ,,,.] ;hutdu<'Jl lc11ch '" ¡,,. """'" 1-'''"'""'l"ol, LLtL­
""''''"·•I'ily o"'l"'"'¡,-,., .,,,¡ l'"'h.ol•l.>' tho· ;'unoti'ln ,}vould 
out th>:u b>• iro tht" """1'"""'· All o•IT••ct <o( "l'l'l)'in:.; thi. 
fu"~'i"" :olr•·:ody ¡, .. , fl,.,., ¡, coolltribute tu tno~l;lit•:oti""' 
ttl f>'""''"' ,.,,.¡ tn,Lchio~o• ole,i~u-

EHH'T~m·.\c·t'li\L<LI!o; '" )'¡,\"' ]h:.<tf!\ 

/!ero· i; "h~ro· " 1ruly cxt-;tiu:.; :t•j>cct uf ""1"'"·''""' he· 
KÍII' to. bo> cVi<lo•llt. Co>O<l :lltiUtll:t!ÍO )'n"'''" C<>llln¡])it<:oll¡­

¡_or,.,-[,)e_." n'"'"" uf makiug '"" mal(•ri.>l• intu hui-loctl 

"''""'"' ro•hlivcl)' o¡uiC"l.l.<- uBol tlCI''""tely ""''" tht• "'" 
rLl:Llo·o·i.<l• 10\'" ''""""itte<l i10tn tl~o• l'tl"' ~oimli~;~ "~''"'"· 
(.', ,..,¡,, ,,¡,,., iu.JII,ori~, h;o\'t' '"'lo·d :tlld t.okr11 '""""'"~'' 
.,( ¡),,. tohilir• <•Í :llltum.Llie I>I'>OC." ('•>lllr.,) loJ rt·olllt~ lht• 

''"'"~'- iwt\"'<'11 •Ut'Co·,.,;il·o· fullo\IÍlll!: l~•tl· ,¡ tho· 1"""'""· 
•¡·¡,.. I'<LII<·H: i:hl<t•to·;· ;, ¡,,.,.;,.,(,,~tuLL-o· <h•--e 1o•eh,jo¡uo" 

,...,, ..... 1 "'"'"' 1~ 1- ,.:,.¡,.,·~o-,J "'1' ,.,. r .. JJ.," 
/,'.,, ¡;,, .. , ...... ,d "'"' , • .,,.,o .. l 

[l,•-i;;11.r.· .,¡' ,,,.. ••·btiwl~ ,,,." ¡·,¡,,.,¡ "'·'" •· '' ,.,, . .,, 
pbllt '""¡,.,,,,,,¡ ·""! ¡,,1,¡,,"-""'111 .. · iolo·" ool ,,;,¡.,0;,;,, 
1;.,,. •• )o•I•J· ¡,,.,,,.o·L• ,-,,., .,,;¡1 ,·,,,¡,,, :ooo•l <¡Ltio-1.1) oobt,,¡,_ 

¡,~ '"" 1 .H"t i '·~ "i'"" o·lto·,,¡,.,.¡ i tof"""" 1 ¡,., "]" '"' tiLo• •tt·• .,, " 

~"-"" ¡,,,., '""'" """"'"'""'" ¡,.,,, .. ~ .•. ;,.,-, 1'.' """'''"'¡"~ 
Uio·lio,.· -,:.,,,_, e~,,,,,.¡,.,.¡~,,~;.,~ ,,.,-¡,,¡,1"'" .,¡' ~'"'"·ol '·"' 

t'""'l'• o-il ¡,.,, " it h -luort 1 Ím• - lol 1 ""''1·'" t. "' lll]'lo· '"'"1.• ,¡_,_ 
""'1 '"<t•t·tilo' :wti""'· ,¡,,._.. "''"' :ololo• '" utililo' :o,¡,,,_,¡,. 

¡:, [, ¡,,.,,u~'·"i'i"~ _.,.,.,.¡ IJ,·t· ... -.-ro ,¡,..¡, ""' olo pal'tl"o-ul 
,,.,,¡,¡,,.¡,.l.jl,. 11\,-¡,,JI. tlh•) fdt th.<l t[,j, "I'I'I'Ul<dL ·:\1<"•1 

,¡,. "' ·'" ;,,.,.,""' 1" .. r "l'l""'i""'lo·h· 1 milli .. :o ,¡,¡¡,1·-. 

• • • • • • •• • 
' • ¡· • 
' •• ' 
' ' •• ' 
' 

00 

o 

! • o 
• 

' .. o 

• 
• 

• 
1 
1 .. 
• 

' .. o 
o 

.. , 
......... '" . ••• 

" '• . • " L .. .. 

. .. - . . 
'• ·~ .1. __... ~~----
_;:=--:-r i -1·· ·- .. ,, ... 

T' • 'O 

' -~ 

\ 
• 

¡ ...... , ...... _ 

" " '• """" 
"' 

•• 
,C!;,,,ot,.,, 

'--·-.. '• ·---
•• • o .. 

.. ., ", . . - " •• o . 

' 
1 .. • . . •· .. . .o 

' ' " 
' t· . . 

1 

" " " .. 
"' 

Fix. :1. 1\mo deh<r• "'"1 ru ..,;, "'"'~"";,;,., '""''"1 "'"""; ... 
{a) ld.,li><d fa~ ,.,;, .-orotml '''""' f.,r an.•lrzing tim• ol<l.>yo 
""''" ¡,.,,...,~,,.;,, ,¡,.,g oh¡ ftl«·l< .,¡timo d.h,-, '"" "'"""' 
g•n;,.,- ,;,. "" ra~· ,d; '""'"'1 fe) f:ffo•• '• .. r ~..,,~,) ¡'"""'"' '"" 
+)'""''' 1 ''"" d<b;.• '"' '"" ,.¡, """'"1. 

,\u<>lho·r plarot iro ll"_.._,¡cru Euro•)~· rombilL<'I wo~l on· 
)iLw ~.LLtg'Lto~ uf""' mi' <hOmic.t) CO><<IF•o'itÍoHO :11 lht• dts­
t'h,H~•' i'"ÍIII .,¡'ti><· rtl!l n1ÍIJ ~,¡,,¡¡,~ I'¡Jl'\Lit I'Íth <[u>l'I­
IÍI<I>' do·J·o<• Íll 111.oki11~ {'<Oct'o"t'l;o>IO.• t<ll<l !IÍtb ("""l!'LIIt" 
""''"'! .. r ¡Jo,·ir ,.,,.¡,, .. ,,.,~, . .,;,_¡,.~ ¡,;¡,, I>~<Íldit·~ ""'1 '""'' 
)'Uio·r )l;>liobru·o· ;,. ol'"'"·' ''l"''"'i""· H~ IC,<I!oiu'-' llh' ,,.,.¡,. 
Tl¡'l"''' ·""] ¡oo·rfo.,U¡Í!i)( tl,..m c""'Í·lo·"Liy 0\o·ll. ¡¡,.._, ""'" 
tohlo• In ,.,,.,pl.-1<'1.' o·liuoilotote olu!!'"''''"'" ),.,,., .. ~o·uj,;.,~ 

,., 111 Íl "'"'" l " il h tl11• ,.,,., .. pomoluo¡; h i~l1 "I"'J'" t ¡,. ~ • ''l"""'e 
,.¡ >ll<·h Vt•--el-. 

,\uuiiL<"t l'.-~. pl:otll .,,¡~;,.,.ny h:ul pi"'""'! tu U•e l.lfge 

,,¡11 ¡,.,.,¡ hill• b .... ,. ... th~ '·"' lllill ,-,.,.,¡,.,-, ~· .. ! •~d· '""" 
,.,;u_ .\woi)"Í' ,; •h•· ··llo·ct.• .,f tht• 1inw do·by, • .,,-¡, ,.,;11 

lo•o•d bito.' \\!Jilld ltal'o• "" o!t•Cre:<•ÍII~ ¡H,.·ibic ,-¡,,.,,¡,.,¡ 
tl<"<"llr:<<·i.- led tlwt~• '" diuolrl.ole >1Jcl1 l:or~·· fo·o·d ¡,¡,.. ""'1 
, , . .¡,, . ., ,¡,,. olo·bp ¡, 1 h.11 i"" 1 ""' ni,¡,,. "'"'o·ri.ol t"''''l"'"' 
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• • • 
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' 
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1'·' ,.., ""''" .,,.,_ ,,, ' ..... ,., '"' '·'"·""· .,.,.,,. "'"'"-'' ,_, " .... , ,.,,, 
,.¡,,-,.;¡. : .. :·1"'"' 111 "''" ;,.,,._,d .,f ,¡,,. ~ h ¡•!:"""''¡ nri~i­
lo:oll). 

,\lo ,,,,1_,,;,.,¡ "l'l'"'"o-1' '" , ... ;., ¡., ..... l.·o•l:<t"li"~ •h• 
,.¡¡-,.,.,. "" ,-.,h..-oiooll uf 1""''"" <lo·b¡ '"'"''1"'"· •'<lol)'líh~, 
"' ._, h •i·, '" 1d ,.,., u·ct io11 1 ;,..,.. i" ''"1 ,., .vi"¡: 1lw _,., . .,"".¡,, 
.,¡ 1,;,,.,._, 0., 1111·.,1, i; g¡,.,., ;,. ¡·;~. :tt:~J-(c¡ 

l'ig. :1(,.) ¡," hlno·l; rli:ogr"'" nf" ,;,,pbfit·ol r:n< ,,.¡, Cn1J· 

u.,l ,_,-.,~m 1h:o1 """ be ,..,.,¡ '" ,_,¡,.,¡,.,. "i'i""'itnno• 
'" ,r-¡ ,.,.,_.. erro!'> iu 1 he J..,n~·~•·lli<o·r "'"'IJ·i• <lu~ 11• •_1'·1 rno 
¡ t.t'l·]l'Ott :inw• 'fl><• gri,,]¡,~ o·iro·11it. lhr •:~n<plmg •¡-•teon, 
11 ,.. , <mpli11~ Íll t ,.,.,.,,¡. ""'] 1 1JO• ,., "'' ,.,¡ iut o·n·al toro "'""' o•d 
'" ,._,.,¡,.~ •impl•· ,¡,,,, <1<-l.•y< T,. t,. T,. aud 1',. rr·]'••·c­
li•·d_, .. Thr IMnt•~<oiiÍ<iHc •<lo ¡,,,. n lolli11g time 1'1 "''""' 

'l'""<ii ne; 1 o t ho "' ttw 1 "1 <t ll " css" "1 "-¡, i<·h 1 h< ,¡¡, • i• i " /. <CI 
<>J~·t:tli"~· 1\h~n ""<·mor"""""'¡, 1h~ lo•ffi ""'"I>Oo'Íiioll, 
1h~ t"<>mpul<r """trul 1"'-'~ram cnn du ""1hiu¡¡: nnli) it 
o1 1·tcci.S thc •'lJ'"r ;ct tbe ""'P"I ,.¡ lhe >:<mpli"~ ')'Iom. 
11 <1"')' 1:1.l.e up ¡, !hP •llm of ,.lltho••r .!eb)> ¡.,, the rou· 
uul l""~ram to oletecl 1h~ '""' nnd <«rro•ol thc feeder¡,_ 
lluri·o¡¡; thi· time then, ~ !ot:t) of T.+ 1', + T,. + T< h of 
h:ul m:.toriol h:t• gome iuto 1he .<yst•m. The m:••imum 
o·m.r 111 lh~ homn~e1Jioer C<Hn¡w•ition 11ill occur ilthe leed 
o·ro ,.,. nc·cm, 11·lwP !he• loom,g<•ui><·r i• OLear fu U, oud 1 h<•ro ;, 

"" tim~ lefl lo ool'"'rl the """'· Tl.u; both lhe balrh :md 
e<o!liÍIIIIOU, hom<'goni•rt> ma)' ]')(' r<•ll•ider-ed thr "'<me, 
_,.,)lhe 11'-'\Ímum lrnotion .,¡ the inpUI rrror th-•1 11ill h. 
pro·><•lll in t he hull\o~cni.wr '"" 1 ''" ¡, t hr11 ¡!jven by 

.. T,¿-_!.TT .. +!_, 
f:, T . ' 

t,', ¡¡,jj h"II"'K<'tJiter en,r, C'<!rH'>Jl<!IHJill~ lo H unit 
10\11 mal<·•·i.,1 fc·tdN clu•lnic-,.1 rnmJl"'iti<m o•rror. 

T. Tr.,<•port d~1~¡-> for tlnw <'<>n•umrd lo,\' rn,.oerinl 
t r.tw-1ing fn•m rnw mn1rrial ¡,.,~¡,.,..._ lo thc >:nnplin~ 
,totion, h. 

7'., ~"mplo· inl•·n·al. h (zo•rll fot' ,.,..¡¡,,.~""~¡,,~in ti"• 
''"""Pie ln¡l j_. 111ote ¡,,, bhoo.olur)' x.,., 0\IHI 
IH:tll<l~1 c·IH'"IÍea] """')'•P•), 

T. "-.omple l"' ¡~.ratiou ,.,,.¡ '""'1.•-i· ti111~, h (Q_(t,!.-, h 
... ,.¡J ;, ''"""1'1<). 

T, ('c•JJ!nol ¡,.,, . .,.,¡_ h (T_q•ir,oll.' :¡mili tn l h). 

J'i~. :{lh) 11-<'' 1hi• <''ILlali'"' to ''""' 11«• <•if<·.:l <>f ~riud­
j¡,~ o•iro·uit ''""'1'"1'1 time> 1', <>n ti"• 1"'"'"1:''"'"'' <'rtc<r 

E, 1• •r homogoni<el' 11 ith Í>-. l 2·. all<l 18-h Jilliu~ \ imr> au<l 
""'"";"!-'a ('Oiltrolpn>gr:om iut~n-:~1 o/1 h (T,- 1.0) anrl 
" ¡:,.m;, •amplín~ tion~ (T. - n.~.-, h) 'f., ~h<•ll lhr im· 
pli<'"'Íon• .,¡ .¡,._,. , . .,,..,.,, , . .,,.¡,¡,.," •;>h·oo "'"'" •l<·l:o.' 
',¡ 1 ,r, h ""' 1 ,, 1 i 11 i 1 ·~ 1 i IIH' ol 1 ~ h. 1 r 1 110 do•l:o_, " ...... n·dw ,.,¡ 
'" (1¡¡_·, ],, llw """'' "•1111• , . .,,¡,¡¡,,, ,,..¡,.,.,.,.,¡ o•illo" •ol" ,.¡ 
uul_,. ~~-1. ("al~"--'' Y· 

·n,. ,., .. 1,- -1 .. •"" ;, Fi~. :i(I•J ",.,.,., .1 ''"'""'¡ "¡, h ''"rn'<"· 
IÍ"U' 111.1<1<· al 1 lt Íll1(•¡·\·al• J'i¡:. :!(t•) olou\1·, 11"' o·ffo•(•1 o/ 
llwl< ,.;l,g al"l ,¡,., li·a-il,~ ,¡,.. '"'' rl ,¡¡,.,1\\'0'!'11 ''"l····li••l•-
11'.1. lo,.,,. 1 .. - .,,.,. 11"'' .1,.,.,,.,.;," ,¡,. ;,,, . .,.,¡'"o_:,'' 

1 --·- ;¡ 4U 

~-~w~4:. 
.. _1 . _".,0.,~\ 

;IHJ\1.< ;m,oll ~"¡" 11Íth ~ 1~-h lilli11g tim••, htn thaT ;,. 
Cfi'JI'ing thr Ítllen ,.¡ lo Z h Om~>r> a ,.,,.,.¡,¡,.",hle 1<•·< iu 
ocruntc¡-. 

·n,,,..., ,.....uiiK -•hm< 1he uccr.-ll,\- of 'hoth•lllu¡: !he for­
ll'tlf<i p~lh ·mol fo·N1haek 1>ath ti m~ drho¡·, iu lhe r.n< mh 
')>\em. 

'l'lw pn.-ihl~ inlphcati""" o/ ,,.,\ll<•in¡: IHI<'·'""'"' 
in the "front ~nd" ni the p1•ttl b¡ .. ,;,,~ pril<ciplo.­
'hmln in )lg. 3 1'<'1'1<'-{'tt! a di•tiur! xnd ,...Jotil'l'l_l" "~" 
tro•nd ~>hich lllllli~~ly ¡.,.,.,.el mor<' in tlw fulur~. Fi~-- 1 
and .'i •ho11· ,-¡~,., ,,f .X-t:<l ,.¡,.n,Íeal """¡.'"''' .,.,·d 111 
co·n"""l plnnl.•. 

1 m 1" "' · i" 9 l:l • /11 • 1 '' "" rr JJ,-úg n ( ·, "" , ¡o( s J mm a 
(',.,¡,(>/ l'inr¡•li<tl 

.\ 11al_,._,., of 1 he 1 J'P1<d• -h"" 1 he follo<~ in¡¡. 
J) IJH·r~"·ill~ <'lllpha•i.< Í• 1.,•ÍHJ! phtcrd ''" ho·¡oÍ•1~ 1lw 

artatl~<''"''"' ,,¡ 1'''""'"' Ao11 ,.,,¡ ""'iliary dPIÍ<'o• i11 ti"' 
], iln-r<ooh.,- ri.r11il "' •<mple ,,. l"•--ih1e. 

~) '!11~ '"mmo'nl• abt"tl d"tl'aCI<•ri•lÍt> ,,,,¡ arr-•":<'~ 

mPnl• <>f kiltt. "'"'1er, ¡¡ralo. "'"1 -<"lrtl<'tl ¡,., ,¡,-¡,., pr~­
' iou•l)- ~;,-,, in 'l1L• p.oper ,,,. :1] '1 •IJ<·alol<-. 

:1¡ Tll(• l.,r~o·r ¡:t.,Oc• typ~ uf , . .,,,1<'1.• ""' '"""' • """"ll.ohh· 
if ¡,,¡;,.,.¡.,,¡ ,¡,¡,,., an•pn,-¡,¡,.,¡ ''' ,.,,,,,,.¡ air fi,,, '" ,.,.,.¡, 
tn"j"' rump:orlmt•IJ\ aud ¡,, 11,.. e,.,¡,., ,.,1,11t•l. Thr uld,•r 
¡moclirt· ,,¡ U•Ítt~ \'t•l) ¡,., <-..,In b11• ""''"~ed ";,¡, 
••·1'·'"'' • ohtll] ,,.,. '" •·on1 n•l ,¡, fl.,,. t o ,.,,..¡, '""j' <t e• •m)';•l1· 
nwul m.,¡_,.¡,,.",,,~¡, ,.,,,,,oll.o'>ilit_,- 1'"'1,1,-,,, TI,, ,,.,,1 
¡,lo 1'1"' l•lo· ••·p,I.LI•· ¡,.,.J,., ,.,.,.¡, ¡.,,.,.,;,,. "' ,,. '" I'•'IWÍ< 
11..- ,.,.,¡,., '" ,,.¡,¡,,,,, ¡,. \,.., ¡ .. ·ol"l'"·''"'' ,,. ,, ,,._,, ,, .. 
.-u,..-,,1,, ,,,1 ,,. " ,., •. 1 • ., .. r r~; .. ~ •. , ¡:. !-

1¡ 1\'1,.., ''""' ¡, lt•o·ol :t·" r .... J. 11 •. - ,,.,,.1 ¡, '" 1t,l' '" ,, .. 
,¡,.,.,.o],.. 1 ;.,iaLiou- 111, ""'1·".;''""·, 'l"''·i.oll.' lho• :.•h ""'' 
'''111 ,¡,¡,,. '""'- ~ .... , ,,,;.,,;.,,, Íl"'''"""h ,,,,,¡,,.,. ";,¡,. 
''"'i,otÍ,.I>• ¡, ,¡,, ,,;,,¡ <'01"1""'''"" <•f ,¡,.. o·l111l,o T 1\],t<• .L 
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no·LJ<>I !'"'"1 ""''"' 1• tloo· 'IÍ<Id_l "'"·'¡"~ a•h C!lllte"t ut'Thc 
'''"'¡ .t• ti e!llt'l'• ti~<• ¡,,,.,.¡,.~ ¡,Nx:o·.···· J\l,.,.¡¡u~of>Hrh '"·d 

""''- ht•lp. l'tttd>:<•ill¡: higher ¡;raJ<• c"al m".'" help. ~""'~ 
h:<\ e ,.,-,., -hii1 o•oll" ol ho·r ly~o • uf fup[ "" 1 ~~~ pnobl"m• :md 
,.,_, · ,f u.;,~ "o:tl b\'e L...t~"''" mon- e•·idt•ut. 

;,¡ .ltuoi)Jo·o· '"'"'[ ¡, l<> r<"lurll du•l '" th~ kiln ia" """" 
111 '"""' 1 "'·"""'~' '" iuoprul'e emotrullahility, .\ val:\llrhing .,¡ 
-lu-1 ¡, h••f•i"''' tUtolo·tpcecipit;otur• "' dt'-l ~.,lf,•ttur,, "'"1 
·l;tr\ ihe .,,- .¡,., f,., . .¡ "' uther tirno·· "''' fuctr>l.• trnd1ng '" 
''''i 1111 '' .,,.,¡,.,.¡ ,.,,,.,,,,¡ cor·ti"'" 1" ""I·""J tu_,,.,.¡, kifr, 
1· ,.,¡ ¡..-rt,.,].,,¡¡,,,,., 11,. ,,.,,,.,¡ i• lo•lro•al r•ltJlH du-1 a• :tt1· 
<>th•r.·o·p:;r.Oio• kifto f, oof.11 .. f iH•Iafl ;o n·ltll'!t olll•l •lll~o· ¡,¡, 
'<11•1 ro·tuno d•t•l mo·to·till~ <'<¡uiptuo·UI rltr~u;:••l '" ,,.,¡. 
llall,t m•o<l10l oto· ti,.• ,o\o•C:t:!o' ro t<lrl> olll•l lo-o•ol /':oto• tu lit t)¡o• 
,,.,..,._,¡¡,., ,.¡,,¡" lttt 11 ,¡,,., ho·it•g c•-uo•noto·•L 

••· ,.;·,"'''" .• rr 1.,,, ••. _._ "'""''''"'''' ,,,¡¡¡,.¡,.,rh 1."~·· .,, 
"' ,,, ]''"'¡,¡, ... ,,.,,," ¡.,,. ,.,,,,,.,¡ :ot '"1' 1'""1"''''"" ,._,.,., ¡, 
,,,..,¡.,.,. u·o·ud. 11 ¡, .lilli<·toll tu,,.,,;., "'1' t¡•d.oil.' o·o"""ltt' 
r],. itu]IU't••l -lt:ofl ftUL (uo·ltc-nl•-r. kil11 olt·i\o•, ,trod • ., ,.,,,¡, 
. .,,. "i"'t:otito~ .. ,¡,¡,. "i·•·to" at tlu-ir '"1' ¡¡,.,¡¡, i o• .. "'" ,.¡ 
1 ... ~ ... 

Tt TI.,-, .. ¡. "'"' ,. ··tto¡olt;o· ¡. i~·ito~ pbo···d "" tlu- '' "'1"''''' 
''"" ·''1 "' 1 .,r tho• ,.,,.,¡,., f,_, ulol.oitoit>~ ~,.,.¡ 'l'tolll<bJ.' :tir 

"""'1' '·'''"' '"' ,,.,,.,.,,..,1. ,,,]¡],.., tt•itog '"h·•¡wno· l"gi·· 

''· ''"I,J,,,.i"'' ¡,,.,,, ,.,.,.,l"''·<li,,,, -~"'"" h:ow pi""''''''•·d '""] 
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fH'I•c'\'ér~d ill lll:tkinM ).\"",¡ ""':C•lLt'c'llle'lll.< ••f "<'<'<Oilll:t!,\' :tir 

t r 1\lf •e r .tt me . 
Fi~·- ¡; nttd 7 _.)¡,,. g'""l ~"'"l>=tr:ttive but lypic:ol r••L!lh 

11i1h uml t~ithl>t<l <vut¡>tth'r ool\trol nn :t kilu-<:oooler in" 
c•ntent pl,11ll. 

r.rin•li11~ _lfi/1 ('¡,""/ /),,;¡¡,. nn<l .!ttlomGiir 
f'ouu·.o e,¡¡¡.-.,¡ 

The h"'"' ohjt•<·ltte ,)' gtindiu~ mili''''""' coultul i< tn 
"'"irLt:tilt fiwne.·o 11ithi11 a '"'"'o"· hancl. li•IUII)' "' "''""' 

"'"''""'"' l"''"ltl1'1i••n len·l '"'"'i•tenl 'lith th·· ,,,¡,lin~ 
pro H.,. " ;o ll• 1 m:lt h Ím• <"< >ll ,¡ t;\ i 1\ 1 o _ l' -'"" ]]y ¡.,, ! i t<"f'l lll<':l • ll ro•­

m•·UI• ,.,,. tt"<[llir .. l -ilu-•· ""' """·.'- ~"'''"·''''-'""'"'are 
'' t "l"'l',oiÍll~- y,.," ltt·t"l ,¡,, .. "'i•lloUJII•Ic- :11111 '''" """'' 
''"""'" ,,,,.,,._ patlio·,larl.t- ¡,. eerll""' ~tÍ<.:Iing ttoill 
,.¡,., ,¡,, liil. '[',,.,,.¡,in gt i~tdi"~ r .. ill citcttit ,¡,.,i"" ,¡,;,-¡, '"" 

''"'l'l"'"i>•·•l • '' 11 111111"·1' ],_,. """·idc·ratino:, nf '""""'""'' 
,,.,.,., .. ,. ,.,,,,,,.¡ "" ILJdt·li"' f.,[].," in¡¡. 

1) tHorait• ~·~,.¡ ""'"'"'''ntt·ut. ni ntill fec<l rute•. 
eitlto·r t._, ,,..¡"hin~ f, . .,¡,.,-. ''' b; ot c.,mbittati•"' <>f tutal 
mili f., ,¡ "'' ·· ,,,,¡ .,.¡,.e •·•1 "··i~hitt~ r • ., lcr- ¡,, ,.,],lil i,-, .. 

:!) !u r!<o·o·d-<"ireui• ~li,.lilt); .• ,.,,¡"~ ol illptLI """' '" 
,.¡,.,-,., "1-•. "' )'ar:.l •" ·, an•l hall ,,.,¡¡, ;, al""' ; 1" ,.[,., :ol ,¡,. lo· 

Hit 1 '"]• 1111~ 1" nf,r .ti" o'< ]11 i \' .1 [o•l<l mt':C•ILI'CUll'tol ' 1 l•i 11~ oh j \ " 

iupt¡l compo•t'<'-• l'nllo•J' •;•1•'111 l•>lla)(t' :off<•c·l· •l<i••· Llll"" 



"·'' '"""' ''"'' "' "'"""" "'' '·'·'>-'"'· ""'""'''""""• ,, '' ",,. •1 , .. ;, 

1-"o~. '· l'o •• -..~ '""""! '"'"1"""' io~hlloo>on "' "'"'""' pl.o•l. 

J-'••- ~ ]'.,.,., .•. , . .,,,,,, ,,.,,.,.,., ¡.,.,,n.,.;.,, m .... , .... , P'""· 

,.,,,.,.,~. loul ,,,¡_, -h~hlh .• rr,., •· do;,,. '"1'"' ,,,u,, Th11• 
noulrulloa..,·<l "" a<npo•r•• h.11li11!-l• ma.•·. al lim<'•. ],. ~,a..,.,¡ 

'" , r" ]_-..• i " r "'" on < ion . 
:¡¡ TJ..- 1 ,.,.,,¡ i· '" 1 ,¡,,.,. '"""" ,.,,!'¡,",¡, "" '"1'"1'"'''' .; .. 

¡,~uf.,¡¡ <•llnpo•tu·lll• ,,¡ tll<' ~ri1uli11~ mili l"Lrt·lli1. Thi• 
l"]""<"ia)l_\' a)•)JI~o-, lo liw•t• l11o11olliu~ I'I'I'ÍI'<"III:o\Íu¡: l,,rl, 

(;.,,.,j """''''llnlo.' ¡,. il•ll'''"''"'"l 11 """'" ,¡ 11"• ,.,.,.¡,.,.,]al· 
¡,~ ho<l ,,,.¡¡¡"''''· ,,, ,¡ otbcJ' """'1''''"""'"· w~--~,, ,,¡, .. 
'1""'~ ¡,,,,llin~ of llu· Ao" rxl o• " loirh m")' he iuh<•n·lll ,¡.,, 
'" ,.,,;,, ;,,,, ;, t he 1""'"'"-"" m><< <"ri:ol• .. el ""lly u_....,¡, 

1) :O~om~ <"rmo"lll pbu:• <ir>Í~ord h)· EmojlP:=n' an• I!OR­

l'<·ÍI!¡: hnil< "'"1 iudnde r~allll<"> ¡,,, rln-··d·l<"'Jl """'nll .. r 

~ '"""'"' 'I•Ín~ e<'"' iro """' fi '"'"''~• '"''"'"'""· 
J-"i~,. ~ .Ln<l !1 •Iom> " !""''"'' ''"'"~'"""' ''"'"llaiMI 111 

a''''""'"' pl.out. 

"fH'""-" (~ .\1 1h\L\TW "'"'l'"hl. Fl'.'<"ri<O.~~ 

H"' "' 1' "" ' ' '" " "' ' 
Tho· majiH-il) uf t"uih·<l .~(al<-<' ,., Hwn1 ¡:blll• II•ÍII~ 

,],gioal 1"'''"''" r"'"l""''' ,.,,,..,,¡ ,,.,-¡,,¡,1"'" h.>l<' :qopli,;) 
:l,.m 1<> th<" ,.,,,,.,¡ ,f '"" ,,¡, ,.¡.,.,,¡,.,,¡ '""'1""¡,;,,,, ~il~o· 
,., ",;,.,. ,., ,,, ... r. ,, . ., ~., , ,.¡;,¡,, , .-1" •. ~; ,,~ ", ,,¡ ,¡_, , , , r, -~~'""· 
pnHiLII•ti,,ll ,.,,.¡ 11'•'11<1 oi.<La ).,¡t~ill~. ,.,,¡ ohl,\ "1" Jalih~ 
n·]~•rl>. 

¡;,¡,.,¡.,,~ moll hod ''""''") :uod ))))(: ,,.._. ,.¡..,, o¡~·r.tliH~ 
iu a ~oumlo<r of L" .. ~. cernrlll pb11h 11i1h JJDC l~·io>¡: "'""" 
.,;,]e)_,. lL-.·J in tlor la•t ft·\1- '"""'· "'"' llt'\1 co·mrnl pla111> 
'"IH<io of lho• Cnllo·d S!:ll<'< ,.,,.¡ (";,¡¡ 1<h are ¡)¡ .. jg,.,,,¡ b) 

1-:nh>pc:on,, 1 u "'" "· ill•t "'"'''' .,.¡,.,., , . .¡ Ell I'JJl"'"' ,¡,._¡~,,.d 
<"<'lllenl )Jbnt• h.o~·o• hc<·n ·Í~Ilili<·.,,l]¡- alt•·a·U Íll lho•it 

dc·t~'ll '""'''"i''' In ho·llt•r Íhh·rf,,o·r \\Íih molomotir "'"'''"'' 
t-u:otrol pri•·•·ipl<•• aud <•4uip1n••nl. Tlw i•UC)"'"'" ¡,,, al-<> 
IK···n "' h.-p .,,,.~.u;,,., .. ,,,,.,, '"" ,;,;,,,,_ ·n,,. ,, 
tn-o.rl r .. r-111'1> 1'1 ,,,,. ¡_.,., ""' ,,¡_, p.-rr .. ,,, ti.-·,.,,,,,,.¡,,,¡ 
,,,¡.,.,. iLilH'1i""" jll<\ il•lo·ol. 1,.,, '" ,.flo·n iowb.J,. a• :•1•[>1<~ 

wial<·, ••ldit ;,..,,) ¡,.,,.,,,._. uf 

1) '!""''-'" .,-1..-dlllnl~ ~uiohowe; 
:_>) pn-1"'""'~__,,¡,¡,~ pilo hnilolih¡t ~"Htrul; 
:1¡ ¡on•lo""'"~•-IIÍ<Í"~ pilo· ¡,.,;],1\n~ •·:,lrnbtinn-: 
~) ~tir,)iu¡: <mlll"'"l ..,,,,.,¡ ,-¡¡¡. m:.-imiriu~ •'' ,.,·11 a• 

•l<•.«l_l·.-l;cle \'l'r>r<>tl> IH lll\[ nlili•ed ,.,,d 1111!1 1ir" t><·•· 

1'"'1'"· ;, """"" ,.,.,,., ¡,,.;n¡: Lo-t•d ¡,,..,.,¡ "" ''"''"''''"'" 
I<ILOI\e-' '<'ll•orr<; 

."t) o·,·ntetll "'" ~<>m¡xo·IIÍon ("otllnol; 
(\) <<'1111'111 ,¡¡, mottituritog ,,,,¡ •·alidny ckc'..i11~: 

7 ¡ "'""' 1 "''" g ol ,¡ ,¡,-e< f, r ntt ""¡,, ., 1 ,¡,., 1 , 1 "'; ' 1"" " • ; 
~) '""''m11 tic •lart·ll)l and •honol""" of """'''"'""' 

pn•cr-- Mp:ottm,•nt' L>y pn•~r:otttlll<"d l .. ¡rir. ,,.;.,,¡;,,~ 

lr.<ll•i•·rtl 111:ntÍ]ollia1i<lll of ro·gLLial ¡,~ 1""1" ""\le]] a·"-' '" 1 
''""1 ,..-,¡ of ,¡,.¡,., .• 11L1•tn·•·h·e•; 

9) cuntrol nf <•\'t•r:tll luxd rollpling for <lq>:.l'l"l'""'" 
bel"''"" ,-hi<h ro•hliwl•·low -•llr¡:e '"l"'tily fur m;.lo·ri,oi­
~Xi-<1>-

.\ more <iet:oiled de-erip1imo uf rn:m¡· <of 1hr.-<" ;,,,.,;,.,. 
¡, h~wn in ¡,; ]. 

] 'I'IIE_\_, ,r, , \ \' 11 t _, HILIT\ GF .\ 111'LJ" 1 Tlt" J'J<itl' "" 

C"o'>'I'I<OL S\'-''~"'- 9\- .\I,ELJ\ Al'~ l'cmm ,:n•:•:.u:• 

.\. locio•A_,- JoO~ati .. u<·J j>C<"I"Í<"r.l_,-, ~ di•lÍn('t ,.,.,.,¡ Í• I<L 
"'"'~ ,¡,,.,,~¡,¡_,- ,,,1_,-u <hP ;,,~,,~¡.,;,, .. r tho· 1"'""' 

""I'Ph- for thc mll<•n~:oti~ !'""''"-" "'"''"') ._,,lo·m "'"! i<• 

nl.ojm c"'"i'""''"'' :mJ thr i'"""" di·~nhlllinn "'"''"' 
dJ:orar!<·ri•tie<. ·n,. ,¡,,,,.,.,¡,-, ,.,,¡,,¡, .. ,_ a11ol .,,.,.,¡ · 
¡,,,,,,j ,_.,¡,¡in rn.ttt) '"'eh'"""""''¡"!""'"''" <·onlro•l•_l•· 
h•m-• ¡,In Í>Ui>IIO the 1""'-er '"PPI.'- f<oc ¡]¡,. !'"'""" ,.,,,,.,.1 

(-uonpul er >nd C<·ft "'" uit ic!ll '""'"" (>I>Ch >.• X-r.o)' ~"""'" 
and mo~l,l!<"f, '".'P'" anai)Z<"t, :mol ,..),·cled ¡,_,,,,,,.,,,.. 
:Íoll). Tioi- ¡.,,btffi 1••11<·r •Lippl_l i· ufl<·l! in !lu• i'>rno .,¡a 

"'"!'·""''' ¡,,¡,,.,¡,"'"<Ir '""'"r·driw" :oltem:lluJ ,.,1,¡1'1"'<1 
11ith a fl; "¡,,.,.¡ '""1 ,,.,.,,.,,,.,- ,.,,,,.,¡," rid,•lhl<•ll~l' nll .. t 

1"'""' ._,-,,,.,, '""'""'"1 ,¡,,,,.¡,,,.<,•<. Sud< "" ,.,l.,t<•d 
!'"" ,-r •nppl) , " ],,., 1""1 .,.,¡_, do·>'i~to<·J. pro1·id,._ ,.¡,.,., 
!'""'"' '" ,¡,,,.. ,.,,, .,,¡ ''""1"""''""· 

·r¡,,. rr-1>lt nf ,.;,¡; •l><h "" ¡.,,)~lo-o) • ¡,.,,, ,;,¡, .. , ],, •ll,dt 

1"'"'' •Upply i• lh"t 1h~ !''"'""" wulr"l '"I"Ípon<·hl i- toul 
h:otm•-d. "' 1:1~011 '"" ol -..nir.-, d11ri11¡: "'""''""'"') oltp; 
ol' l oolt.ogl' 1'""''' ;,, t),.. m,.¡,, 1"'"''' >llj>)ll¡-. ¡, ,,.¡,¡, ¡,,,, lho• 

"'''~'" l'ill<'h '"''"·lim•" ~''' ¡.,,,, tho• "'·''" 1""''' oli-lo;],,. 
¡¡,., _,_.-,,,.,, ,,,¡ il> "'·•J••I' '''"")"'"' '''" :.tt• '' 1'' ""' ,,r ¡¡,. 
J•lut•1··• '''"'"'1 '''t"il•m•·"t 

,\, phhl > xn• ,¡, .. jl!:"<"d 11 hido ¡,, ~~,,,,. ·'""''o"t ¡,, a:ul 

1 ,¡,,, t <lr·i ~~~ 1 n~rt 1 "'' "'""" <":ord 11 11; '"'d i ,,.¡, " ¡,, "" t • •nw 1 ie 
•lmHI)J and ,¡,.,,,¡,,., <•f --<-l<"<·t•·<l¡oorti""" ,.¡ Jhe !'"""""'· 
t ¡,. ¡.,.¡,, o•d ridl'·l h1 oll~h JI<"' o·r •Ll)']l\,1' e<oll<"o·pt i< o·~teUd<-d 
'""]~, ;,dudt•l'""'"'' lotlw ,,.1,,_,. t'""'"'lling ,¡,. '""'"' 
''""""] ('o•Jt\t•r> llu•m.,·h-1'•. Thi• l.o,l'> :L l,;c.j_, f<>r '"1'¡,¡ ,.. .. 
,, :or< ,,¡ ,. 111 i<·ol 1 ,,,-¡ ¡,,, of t ¡,,. 1" ,.,., . ..,., fnllu~o iu~ 1<-"'1" ,.,,. _.. 

•llltl<)u\\11· duo lu A 'hort-1<-rm ¡,,_, ,¡ "'lt"~e in 1l11• mai!l 
pbUI )~>llt·r >,I·U·:n. 

l1o .,,,, ;,.,,,~,·· ,¡,. rioiHlon•ll~h 1'""'' ·11)1)'1.' ¡,... 
r .. , .... ),,1(, '·' •ll]•l<orl•·d r .... "".'· l····i,.J- ,.f ¡, .. ,, :. '" ,~1 
,,¡, ¡, ,,¡,., '" l"'""it •la1oJio~· ,,,_\LIIar-'- J)j,._,.¡ ,.,.¡,.,. 

• 

' 



'"' ... ",, "'' " '""' '""' ... .-. w" "·"'' 

~"'" 1,ol• 1 ~.·1·1•• J.,.,,.•lil"t,,J ,,,,.¡ '"'"'"'"1 llwi'L<t.,rj,.,,,,f 
•<lj•j•l,l ,,.~ , (:I¡,.,J ¡,,,.¡. ¡,,.,',.m IIIIOLillg ,¡ ¡J,· ¡_¡¡,, ¡,.­
"l·•l ... l"" 1'""'1"- f:w•. ,,.¡ , . .,.,¡,., ~"""'• Jun"~ !,..- ,.f 

,.,,,., f"''" rJ,. """"'·" .,,,;, 1"-'"''' ,,,,.,.,. '" ,¡,. ¡•!:out. 
1'h•• :tl>ilil_<- '" o¡uio·~l.• rr·t:,rt lh•• Cl"'tilut«<l• ¡m~-, ... 

'""'' ,.f the ''"'"' ,.,-,,.,, .¡,,.¡,,~., dw• '" lo''"l'"'·"; ¡, .. 
,,( 1''"'' 1 .,,,,.,1 .... ,,,,¡_, '"''"~··¡_.¡,,.,.,,,,·,.,;e-~,,,.,,,.;"~'·' 

il<•i"'l'"l'' '" :011•'''"'1 ""·'- '''"' il<l•l''"""'''''" 1"1'''"' 
uoilil.• ["'"''' '·'''''"'' 1"""' ,,... ¡,~¡,.,,,.,.,¡ ,,.,.¡.,.¡"~ "" 
lh.-ir lll.<lll lnolhl<<i"i"ll liuc•c '" k··•·p .•o-¡oal'att· go·oL<·IaliHK 
,,,,¡,.,. ia ._,-,eJ,.,.,;,"' durill~ _.¡,,,¡ o·iro·uit, "''"'"ti"g '"' 
)j,,-. \\hidt ¡,,,.,..,,,.,, •Udt ""'"''"tilll': •t~IÍ"'L'. [tl!t•._, 
t h·· .¡,. .,-¡ ci ,.,,¡ t ;. "''""' t·.! 1'''""'1'11.•· arnl t ¡,. ¡,.,,.1""" ,,., •• 
l iotB J,• [<lo <"" e •'IB't:<h <1'• IO"Itol'(',j j" "loiJ>l J: , 1 ho· •l'f'CII'a lt• 
~··II•'J'.IIi"g •I,IÍ•<II• 1<'1"1 '" ,,.¡,, a¡>:ttl <Uifici ... tll,l- "' th,ol 
¡¡,.._, Caht"•l 1,.. '""''·' l'co·ln·•·d ¡.,~··11" f llitho!Lt ebt• 
J..,,, t,• 1 Í<ooe-c"""'"";,, ~ "'") ,cJ,,,.¡,,¡.,I'. !"'" Í•iult•. 

'J'j,.. ,~,·e:.,¡ thi• high·-·~··-'1 .l¡.,rt·cirmit inl••rtup!iu¡¡ 

" ,,¡ . ., h-ro ¡ w• " 1 1 t i ~h ·• ¡ "'" 1 1 , ""'' j " ~. ;e• ""' ·tt at t h~ c.· '"' · " 1 
pi,"' lll'-•. i•tbll"•"''l ¡,¡,., Í«r 1.• ¡oir·;oll.' l¡:l·l(~ '.af1<'1 
,¡,¡,.¡, 1"""''' como·• h.LCk 1'1't!111 ,¡,.. utilily. J)otrlll;< tl1:1~ 

,¡,,,1., ¡;,,,.,m,,.¡ Jri\'<'> ,¡ .. ,¡ ,¡,,,,o[,,.'" th•it "'"'\!. ·,1· 

-• ' " 1 " " " ,., "" " ""'' "'"1! "~'. 1 """' e! i "" . 

,\ 1 !~!CU\1 I'L"fU<' HH< ( '>: 11 '·' r p,_ \ 't CO~ Tk<H. 

llmirr¡.; mo-l of lht• tiiUc iu whiclt di~it.tl pnK<-" "'""' 
i"ol••r• !1"''' h~o·ll :<j<J<Iit•tl loCo""""' pi.ttll•, ado•t¡H;ol< ,.,;·¡ • 
.,,,,.,. ,.;¡¡, lnto•t'fa,·c' ¡,,,.d,:tl•' ,,,,¡ ,.,.,., . .,,,ry ¡.eriphr1.1l 

l"il'"'' 111 li.t<·e ¡,,.,., "'':Ltl:d•l•• o><d;- <~ith m••.linm-•i"•d 

. ,.,.,.,.,, ''""'"'' OOIUJ""''''"- 1'¡,, .• ,. m~di•1111 pro~··-'"' cuntn¡J 
"""'1"1'•''' t.aw tho• ca¡>aloilit,- ,r ,¡,,;,~ aur "' ,¡¡ <of 1he 
hllo<'l ¡,.,,, li-tcd in tho• pn·<"o•dilo;.' ._..,.¡¡,.,, of thi· 1 ·~I•T. •·illl<'l' 
¡,,.¡¡, iohLLII)- t¡C >ionull,lll•'""'l)-- llo•c.ll!•o• ,ueh .,,.,¡¡,,, 
¡ ,., ,,-,." r. """"''''" ¡,, ,.,. oul •-·• "" 1 i.• 1 '' ,¡ .ol ,.,, .,,¡,¡ 1 i t ¡, .. _ lh·-J 
1<•1 <• ¡,., J '" '"' Ullt'C<!B<IIIIio• 1\ Jw¡ 1 J ,.,¡ 1 <~ <'<oll•io Jo·Oo·tJ fo •1' a >Í'I~Jo• 
j>oLit;,,l¡lar C<mtroJ fullCIÍ<>n >liCio a•. fo<I'<'\:<IH)'k ClolllrnJ .,f 

'·"' ,,;;. cho•núc.tl C<llliJH,.itiniL 
,,,,_,11 m miuirunt¡JOII<-r• h:t\ e ¡-,.,., ,.,·~ihhlo· for """') 

,-,.,,, Yet l>) the!tl"'-'¡,.,., they ~t'l" l't'iatil·ely u·<'~•"'-• 011" 

l'<.'al·<i•"'' P""'"-'" cotlli'UI jnh mole.·• ~~~ totiC<¡u:tle libr~ry 
"' <1,,11·1.,,-,_i ,.,¡¡,,,.,,. "'"' ~,,,¡ a¡oplirBtioB •e>ft"~'" 

('•f"''i,,l!,l ,,,;:,,,,,¡ r .... lt•.ol-tlnl<· ,,.,,,.,._ .. C<lllll'ul ·"" a<"ail­

,, .... \!""'"'""· tho' l,wk ,¡ ad"'l""!o' "'1'1"'"¡"~ ;,.,,., .• 
fa•·•• l1.<rliW.Lit' pat'!it'Ld.<L-1,1 •uilo·oi [<¡ ti,.• it~du-trio·• lu he 
• ,.,,, ,¡ ¡,,,.¡ 1•.-tlan·tl :l~t•ir u-dula,•" in,.,..¡, iwiH-1,.; •.•. 

"""'''.'-'oí"""'.'',.,;.,¡,~"'"'''"' ""'"'' ¡, .~ •. l-,;:.·ol 
~lal•·' o'u"Ct'ntitl;< ti ... i"'"l"ln;- ,,- :i)'J•I)'ill~ ·""""'·"¡" 
,.,,.,.,.,, <,.,.,,..,¡ h.t,. ,¡¡.,.¡.,.,.,¡ t!t,or rl:o'l'•' ¡, ,( .,,.,.,¡ aiL<I ,, 

''"'''"li ol "''"'"''"'" ,-,,. ,.,¡,.¡,.,1,1"''''~"• ir ''"'·' ,,,. ad•­
,,,,, ... ¡_,. <'<Jllipp···l "ilh '"l'l"'"'iug .,,,,.¡.,rol_,.,,¡ ·'l'l'j¡,._,. 

''"" • .,:-l"·'""• '"~·0 ·_.-ac.l iB!<·II;o•·o· ¡,_,,¡,.,,,., :111<l '''1'1"1'!· 
iu~ ltaÍhiot;; .,,.¡ ,.,¡,.., ill•tallaliu~o ,,.,,¡,., ... 

........ ¡, ., ,,.,.,.,, ,],.,,.¡,[•'"''''' ¡. ''""'" ;, ¡:,,. 111 1~. 

.... ,.,,. :;~,,, .•• ,,,, ''""" ,¡;,~,-... ,. ... r" ¡;,, ... r ,;,;,.,,,,_ 
' ¡·, io:to·ko•.l "1' h1 ,.,¡,.,,., ti•• ''""'' ,,.¡ •odtl< :OI't•, h:o~d\1:11'<', 

.• 1,1 ,.., ';,.,., .• 1: ,,;,,,¡a! "'1 1 ;.,;: tloi- ···~"''al ,,r oho· et·n<•·lll 

""""1 r,,.., w1r·~ ; 1 "'" .1 r¡. . 

.... !11 

, .. , . , .. 

\!; " " ,¡ \ .-. '" t " ,¡ ~ i tlo """ inom tl'lt " ""'l. ·~· \\• it .• _\ .,. ;' 
,.,.,.;.,. ,.¡ rhe,.,;.-,¡ <'<>ll\j>~i!Tom-

r~E CE,.U<T 
.. ANUF•CTURING 

PROCE:SS 

1~·~·;;;,;,;,~•~•;•:·:•:•;,;,;.¡.}-~;;~j ••o~ "~' . -- • , •• ouo • .. "' '""'" '"'"" 
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' 
' 

1 

...... '"""'''"""'"'"""''·' "'''·1""" .,.,,,,.,,1,_,._.,,, , ....• '"'' 

TLt· o),n·o• onini~umJ••1•'r-l•a~U an1"""'1i"" ·_1.•1<m' 
,¡.,,"¡' ¡,. Fi~·- 10·1~ an• (,,, '"" ,,¡, c).,•mic:tl <""'i'""il~m 
···nlr,J. r ... liln t<•!Jtrul, ,,.,¡ ¡.,, ''"'"dc-.1 oli~i1al 1":!· 
1' ,hili1 .1 (im•lnol i 1 ·~ l(l'l>f·l'Í<' 1) 1 Jr >o ,(1" "' ,. ). Eac h '·' •1 , . .,, 1"'-" 

, il.t• foollu\IÍIL~ <'••llll'<•l '''lni¡•m• J•l ""'1 ''] <·r,.li•n.,,l f•·:tllno·<: 
ti"'' _,,.. allln¡ilt mo,nd" m;,;,.,.,,l""''' •.l'•lo·1!1 nf "''"¡. 
'"',:... '""' >llll<<brd librar-'· !''"~"""" <1~-i~llo•<l I<O mo·~l 
!"'"''"" '~"'ln>l m¡uiromrnt •; < unl rul-· pnoet·o< 1 hn"'J;h <>Ut­

p•LI• 1" ru,tml dnicc• 1 )-1 oÍ<·;, ll,1· "" 1lw t "0!'; o•:td! ul iliw• 
.,,..,)em reli:,hlo• d,•,-ire• f<•r into·rfaro· 11ill1 "l•<·rJd•>T·Yide<>-
1)pr uf "I'N"tor'> <'OH·<>h• piH• l;)l<'l for ,.,.,,¡,;,aiÍ<>lL 
<•!><''"'"''" )~>K nucl Hhrm 1 .. ~; ,.,.,¡, ¡, a ,.,.,,¡>lt•l,. ,,,¿ 
iud1·)'0IO<l<•nl ~)';1•Jn; ~,.~h ¡, 1'""~,-,-.J fn•m ~ rid<"·llor"''~h 

1""" • "l'I~S; ""cl ""~h '-"·"' """"'"'"ic.,u l\11h "' her mini­
"""l'"''';·b~~d •.'"·l~m· ¡,.¡.,,~¡,~ 10 il> """ (;,mih· 

"·' "1'1'"'1''"'"'· 
Tlw J"a\1 111i' ,,l,•m ,¡,'"'" i11 1-'ig. lO Íl•<"lude,. Wl .\-""­

""")\"''' for elo•,;.,,nl:ol """l)•i· ,¡ 11>,• '"" mi' -tr•·:om 
-:omP)e;, The ftmrlimo:tl <"<Jll1r<ol prorirled b_, lh• l'f""' 

enginen<>d '<>fi\\Kn" will con1rol Uj} lo ,¡, "''' mmrri~l 
f<'eder .•. rorrecting f<'ed~r ,.,,,,, '" n.-er>.•ary· la m:oin1•in 
1he ""mp]o• "n11l;•sio ol il<e Jl"'l'"" rhemical """'!''"ilion. 
The " •1 o· m will "],~ ennl ,.,¡ up 1 e • 1" n h~>mog,·ui>t•l'< lo be 
)o,.lo·fl· '" ,.,,,1imtoLl-' hlled fur " .pec·ifir tho-mical compo•L· 
unn by adju•liu¡¡ tlw dwmit·:¡) ro•lnJ''"ilion h<old l'uin1 r~r 
1lu• '"''" 1ni~ •lreJ<m. A chemi•l'•ln~ 11·i1h pn¡l<"r (RJ'O)'IOI\Ch 

1 ot ul w. ,¡ • rf or ol 11m 1 /m g '" ,¡ 1 < ,,.¡¡ 11 ¡: 1 '"'!:"""-' '"'' i 11d uJ erl , 
:1' i' ti,{· o·:opadt) fnr ,-:.rÍ<HI• I'U>I•otn <>JliÍ"IO-•. 

"l"J,c kilt 1 ''"tllrul ''''"""' ''"'"" iJL F1g 11 1'"'' ¡,¡,., lhe 
h:<>io- fLHO!·Ii"m of. malllt:LIIOi<~¡c >bhle kil11 <•¡><-o:Liinn 
1 )11m1 ~h pm¡-er ><·11 i11g ,uJ :~Jj1J•I \\Je\11 ,¡ t )u• ]'ti mar) k1ln 
~-,uinhl<·-• .,.,.¡, ~- feffi r:oto.•. •l"'•d. fu•l flo\1, "'"1 "ir-1<>­
(!!el r~l io. ('o<ll•r gr .. ter ,,,,¡ ~a· Ro11 alt' ,¡..,, "'"'' n.ll,.,j R< 

:<l>j.>">]'riat• 1 o 1 h~ 1.' pe ,¡ olmhr "''"'''" tt-c•rl. Tho ,_,-,1 <·m 
¡,,.'"'!he ''"P"hilil;· uf lwiug .thle to <'<•n1roi lho• vari<>u> 
1.' 1""·' ,,¡ 1 '<111 ·<'nulc·r cumhm:<l ;.,,,., d•':< :md "el f ,.,.,]. " il h 
:md wilhoul ¡•r<'i•<":llcr. l>iln po•rfontlallC<' lo¡:¡, Íl><·lu•IPd. 
"' in th" I"KJ'"<Í!) fur l":oOÍ<nt• ~U•1utu "Jll iun•. 

·n,~ ,·,¡,.m (,r <"X\~ll,j,~j di¡¡ita] t•a¡oJOI,ilil) lll'"·iolt·• lh• 
<"•'i''·'oit): for o•>l ,n_-•~• ohl" ""' pú,it ¡,.,, f <•1 m .. oút ori "g :nld 
:1l.Hm:11g. ""~ fur •hiiY ¡•n•diJ<"tÍ•>ll "'mm,<r)', ,,,¡ <•lh<•r 
l<>~giug ftu,-tio"' ~ :ond. eo1n 1 oitu-d 11 ilh 1 ht• '''"'"'i1·~ <hl" 
:«"<IUi,jtiull <'"l'""il)" 1" 1lw '"':lilaloilily uf DDC ,.,f1,,m 
fnr rligit al <'<<111 nol <>f "")- '" llllpro.-e>• 1•••(1". Th~ "'1 J~>illt • 
fur thr ]}])(" ¡tr<JCP>' lo.>p• ·"" ""'"'"11'- -<-1 al tloe up<'l"<l· 
1 "' •, ,. ;,¡, · 1<·1 ) ¡ "' ,. '"' • ., 1 o• , " ltlouu¡;h " ' 1 ~-,-,.· i ·< >r:l" c<>ll 1 "" ¡, u! 
1hu.e >•·1 )'YÍIII>I (¡nJn J<IO<olil<'l lllÍIJH'IJJiliH¡tCT .•,>•lt•m 
frllmly tn 1- 11 ,¡.,., i.< LLÍ•o pn--ihlt• (F>~. 12). 

¡, :o•loliiÍ<liO l<o ¡¡,,. 1"'.,¡,,,,¡_,- ,¡,...,.,;)J,.rl '"'1"'"'"''"1 '"'" 
, ,1,.,,, ;, •n:ol f,·:ol "' <'•. '1«· ''" ,.,.,,¡.,¡ mi"i"''"l""'·r-h,......-1 
. >lt<u>n,uiom '-''" '" tnu·l "'"'¡"'"' tn lnclt,.!o• lh<' fttll ,.,,,. 

1ol11n.ont ,¡ oll '"~""¡",,¡,,,¡ lo ... ·li"~ hy b-ullo ""'"' ,.,,¿ 
,npplier. ÚLt·llldito¡; '"""'''•''''· lt.LI<I·,,g, ""d ,.,,.,,·11nw:ot 
¡,_, the ,.,.,, and ir11·h11li11~ :Hio·'I<>LLI<' ¡,.,l:dlaliw "ar1-up 
,. •. j,I:HH~, ,.,,,¡ f,llo"-~" .,.,.,.¡,.,, ,,·,.ibloilil)' ],_, lhc •11¡>­

l':in '¡-¡., tc>illir·<•lll:•U:o·r 1,,..,.,¡ '.'"'''m 11«-n ;. •Ír,ph· :«· 
,·,:O·h·i<oll <of tlo<• bt.-•1 "'""""''¡"" to·rlotool<•K_\" In 1<1<'<'1 lhe 

o•«J ,.;,~ "''"'", ,( 1 ¡.,. <, Jll<'H1 ¡,,¡~··· r_l". ,\11 .,f t lw ¡,,,J,n>o·t•· 
tal l<'<¡ttin•tr.l'lll• r ... •m"«·-- -till ,.,¡,, _,.,¡ '""'' ,,,,;,,,. 
1" ¡,. "'''' ¡, or ,,,..,, • ._¡,¡ :o<ll < •m.<< ;.,, '" ,., ,,11 

( ., '-" 'L\ --~~·~- 41 
\\"o·""" '"'" ¡,,.¡.,¡,.¡,u,,, i11¡:. 
1) Tloe. <'t'm~ut 1•bnt """"' aoui ¡,¡. l<·pro""''""'¡,., .. 

hn\e ,.,-,,¡¡,¡,¡,. ,.,-., ,.;olet· ch<oi<'<'• tloan 1., f<>re ,.. '" t],.. 

,¡"'' arul eap;,hihJi,-. .,f """'mat ic 1 '"''''''' ,.,.,, ,-,,] ·) ·• • m• 
"¡,¡,.¡, lhe\ '·'",.,,,,,,;,,¡¡y,_,. 

~) Thi; 1.,.,,,.¡, ,¡,~ .,¡ lho· 1,,..,. fur 1.,.,,,., .. " ,_,,,,.,, ,,¡,. 
'"''lrnl C<lm]l<llo-r- \1! ,,¡..,, ;,,.¡,,¡,. lllt <nillio·<>mJ''Llt·r•. ,,.], .. 
'l" d<·ly '"l'l"'".-rl h_,. -taH<l,.rrl ... r'"""' ,,,; ;,.,.,¡,,.,. 
h:or<hllor•, """'"' th.d "'""·'·.~;,,;,K pb><h ,.,, h,.,., """'" 
m,.ti<>n ap¡oliNI lu al lt•,J't l'"rtic•n• .,¡ l]wir J>r<W•'-- "hith 
'""' tlutl~an ht<'tl ,,,,_,. E'!'Oll<>miC".d hilhr·rtu. 

:j¡ .\<l•opo,¡le P<'<J)'Io• ¡,,.,¡,,,-, incl11di"~ l'J']'rDJ"i:<tr· j .. l, 
,. .. ·t¡:tlmelll· nf "!"''"' itJg >'"'" >1\IOd _.,,¡ 1 heir ""i """ ·,.·,. •11. 
comhill.d ,o-,:h g•••l initi:ol .onrl "'"liHLlerllr...iniu~ 1<·mai11 

\'Í1ol for ""''"' in ""1 nma1 ic "''"mi. 
~) Thr p<J"'ibilitio•, ,,¡ tm•lif,·in~ h.1•io· pbm ,lo -i~" ¡,., 

11<'1\' piJJ>I> to h~lltr '"l·tp1 lu 1bc P""ihihl ie, "f "'"''"'''' ic· 
1"''"'""-' <"onlrol ""' ,._,eilill¡¡. 'fhr1· 1"'' a ¡,,.,¡, ¡,,, ·Í~IIili­
eaolll¡· ,.¡,_,,gin~ fm 1hr br11r·r 1111nlpiMJI ;,, .. ,,,..,, .L11<I 

"1'' rn 1 i11 ~ pmfi' " hil11 -' · . _ 
;1 ¡ ~"' .,.,.... j¡¡ ,,. )¡j ., ; n ~ '"' 1 ""'·' 1 ie pr< .,.,,_. et •11 t n • 1 1• "" 1 

"" ,,.,..¡,¡,. 1,, _ ~"'""" ¡, ¡,.,¡ <1<--i)'IINI-in fr<lm th<' l•·ginniul(. 
T" ¡,., at 1 aÍll<'<l. il 1 ot'Í ,.,.¡ paiiY j 1 II'ILL< ¡,,,. "" ner ¡,.,oh ' ltl<"ll1 
fll•m lh<• l•egir111ÍH)( :<lHI th<r<·"fll'l pltt' lwaY,\ •llpplior 
i011-,¡,., . .,, . .,l fruon llu• lw).liunin¡< hu11:opcr1r1~ ,,jf "' "1"''"" 

tita; ntt cunto"l )'""-''''d•. 
fi) l'riowipal ,.,_.,.,¡j,.l iller<•<li~"'' fur ""'"'"'' \IÍth tlt~ . ., ,, 

typie:ol ,., . ., '""' ,ththl_,. for t·.t~h },¡¡VO nu<Y \wen " ,.,, ''""'-' 
fm alll<•m•lio 1"'".,.-"' """'"'¡ _,,·,tern> HL cr•n10IJ1 "'"'"'" 
f'l<'lllrill~ ¡ohnl>. T)¡•Í<'LII .,.,,,,,,;e IH•IIefil> olo•ri~o•d ¡,.,m 
""""''''fui ~,Jt,.nalio !'""''""' <·<>nlr<ol ¡,. J1~iul c·<on>i""'"' 
ÍI0>1,111al ¡,.,, hm·e :ol-<• ¡,.,., irleut ified. 

1 <1 r .. ,~~,,~, t · .,.,. ~) '"'"'"'""'· .. ~, .. , "-'·'"·"<~ .. r ~''"""" •:···~' .,¡ 
'""''""'''~ ¡,., lho· "'"'""' ,,.,., . .,,-, ~re-enle<l "' ,¡,, 1 "'" 
IJ:I:E ("ern<·nl ]l,hl';' Ted""'""l (",.,f<·t<·"'"' ¡,...,.,,.,, <>rH., 
r .... d., )]0\"]J.J:, 

1~1 1!. ~:. ¡.:,.,,, . .,,., J_. IJ, ¡¡,,, "'·""'"" 1 , .... ,, '"'~·"": ~"-"·1"""' 
"'"lml " C.ohf-.""" p .. , l • .,d ,-.,.,.,.,, ('.,<nl'"'l"· 1 H.~_!'""' 
¡.,.¡,r,,.,,A¡opl,,o,.l 11;\.t.."cpL (1<-¡ 1 1>7U,w.40~·''·' 

1'11 ~- 1!. 1.~· ?~'}'• ."D("".'1 oli~.'"l '""'><•1- • ,,,.1 ".'·'"'"' >1• 

\

,,,., .• 1.~ .. /f.}, f.' ... , .. ,,,,_ 
141 L 1-:.;,.,, "1""'"" .... ~ , ..... ,.,,,;,., .. r ;,,1•·•'""..-t "l!'·"~··"·d 

,.,,.,, ,,,_,.., ., " 11-: n: -r, .. , r ,,¡. G•" A r•r' , ,.,.¡ 1" \·-•, -.;,., .. 

11····-1'•"''•['1'· 1'·" '''" -1~•1 11 , 1!. 1 1 '" '""• 1 t l. 1.'1'1'" 1, ""~ 1-: A, Jo:. 1< ,.¡,, :· lt•t•l, ,.,·1, '"' 
.. r ·1·•;,,¡ ,.,,,,,,..,,, """''"1 '" ll.e '':'"''"' "'"'""'"''"'"·' ,, ... 
.... ~ ... t ,., ......... 1 •• ,¡,,. ~~~" ¡,.,. ~ ......... , ."" ·'"'"'""'" ' . ,,,,.,, 
;, • l,;,, .. ,., ' ,.,., '· ·"" 1 (." .. , ... , .•. , ,..-! 1 , .. ¡ ... ' ' .... ' ""'"''' . . ~~ .¡, """ . 
"''"'" !> ,_,_ ' 

ltl J. \\"oo·hro~·l.; .,.,¡ 1:. ~- !'"""'• ".\h!<•J"'•ti< ·"m['!'"• :"."( 
,,,.,.,.,,.,,e"' ,¡ .,,r, .. c "'"' ?r ~"''-""":,¡ •n•';",", l"'t·J. 
r,.,.., ! .. d. r,,,, ,1¡•pl., vol. Ho-'·'· "'"· [l..,_ l%.t, 1'1• ... t· 
;;,, ' 

I7J f'. l.o·l.-1, ;,_C,,, '""1 lt, r. )hllol]t""• "(",.,,~UI't "'"" '"'" .,j 

•¡•1"'" ... ~.,,,;,,,._-·¡,•,.,¡ ¡•,,..¡_,,,,_ '""· 1'•07. -
1•1 - 1" ;¡,,, .. ----¡·'"·li·"'' ,, • ""'''"" ,_, ......... ,. .• ,.,, , .. ,_ ,. '"' 

.. ,, '"' ;., • ., .> ~ ... ,.,~" p,., br.l (", ,.,.,,_-· 1: .. 1- r-.• 1.,_,._ 'l" ,..,;_ 

• 

• 



1'11 IL ll_ '"'''""''!' ·•"'' J ,, '""""• ·¡,.,,,.,, .. .,; ... '"""'"' 
, .. '"' ¡ .. , ,¡,~" ,, " ,,,., ... , '""""' -- /.'.\ _/_, ....... - ,.,., 

[11[ ;: ,\ f: lluh, '{\•"'"" '""""''''" l"f,-,, P""'"'~! >' lh•· 1'"·' 1 1 :1 :o-: (',,.,..,., 1 '"'"'"' T ... ~,.;, .• 1 ('.,.,¡"'""o·, lll<n'" • "· 
l'.o,\lo>l~·" -[110: J, 1:, "'""'0. \\ 1< \1"•'•4•, oo••ll: ~ l'l"llop•, --11,,;,, ,, h, '" 

..... " '"""1""'' .,. .. ,, .. ¡., ..... , .. '"'"''"''"' ... 11 .. - ,., .. 1 11:1:1: 
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ne ope.ation ol a papcr machine is cmocally alfecred by 
tho complex intcract•on of subsyslems tl"lat tradnionally are 
oubjected to indopendent control action_ This anicl~ de­
s.cribes tl"le design of a control system lo1 a paper macloine 
that ta~es into account such interactoon, anó shows how 
the design •echnique may be apphed 10 a basis weightf 
rnoisture-control syo1em. 

lnteractive Control of Paper Machines 
E. B. DAHLIN. Measurex. lnc 

Good paJ't"r-machine control muM indude coord•na­
ti~n of such sub•¡stcms as rcfoner. hudbo•, and 
drycr. •nd sp;:cd and stoü fced. Without such coor­
dio.•tion, control""''""' th"t are taken in nne pan of 
the "'"'"11 process ma; be major 'ourc<> of upset on 
anothor pan. S¡>t"cificall~. refiner adiu•tmcnts may 
~p.tt moislUrC conlrol: sp<ed ch.•ngos ma~ inftucnce 
papcr f~rmalion unlc•s compcn<alory headbo• ac· 
"ons are'·''""' •c1poin1 ch.<ngcs in basis "eigh1 ma) 
cou•e holh an up•el in moi•1ure cunlenl anda vari· 
a~ion in sheet mcnglh. 

Effecli1e h~ndling of inlcr~clion• among paper­
machine svh>yMcm• may be inilialed by conslrucl· 
iog n wnlrol <yOicm thal la\: e\ ad,-:,mage of exi<l­
ir.g analog con1rols "h1le cmpiO)'Íng the full powtr of 
di¡i1~l compuling techniquc<. The resulling conlrol 
'l"•m is nol too compkx, ye1 greatly imrr<>'e.s lhc 
oo1pu1 produc:, ~nd al the •~me lime kcep• open a< 
much digi1al compuler copaCily aS¡>CI<>ible for more 
<ophi<IICJIOd algurithm implcn1cntat1on. 

Fur a ~crocrol approach to mathemalical modcling 
for lhe r"-pcr indumy. Rd. 1 ;, su¡:.gested. Pre1ious 
""'' b) lhc &Uih<lf on certoin Jlgonthms •PP""" in 
Ref•. 2. 3. 4. ""d 5. Thc e<pcri1ncnu,1 d-'a "'cd in 
Lhi' arl>tle "''·" ~-Lihcrccl ·" d~~<.rihcd in Hck.1and 5. 

P~P~' m.>chino in~uencu 

Thc ldble on 1hc n~•t pagc «l~blishc' ~ualii.>IÍ_. rda· 
lian<hip< among """"""¡ inclcpcndcm v.¡riJhlcs lh&t 
m"y be onher 1and~m dislurhances or 111onipub1iOn 
inpuu. ar.d an onay of dependen! '"'i•hlc,_ \'ari­
•blcs pr<<cdcd by an ><tori<< are normall} manipu­
l~tcd and v•riables tht can be ob>erved are bo•ed. 

Control nbjeclivcs ma) be de~ncd frum a <tudy uf 
thi< uble. The bdsic nccd fnr dutomalic rcgulation 
"'"'"' from 1 he '' i•tcnce of \he di>Lur bonce >ariablc<. 
~~·~•urcd and manirula\<d , . .,i•ble< atrord po"iblli· ,¡., for forming fredbad control loop<. The tablc 
ai•J ir,Jocotc> si>nult~nenu• dfects of manipulate<l 

vari•bles upon variables relatcd 10 sptcifications for 
the product quality, <uch as basis "eight, moi>lurc, 
and formatiQn. 

1t Í< oflen uscful lO stabilize fibcr fto,. by ca'"ad..J 
control Jround the <loe< "alvc. In lhe tablc, f1ber 
flow is idenlifte<l as dry stod flow (DSF), and is 
defined as the product of con>i>lcnc) and ,:od 1\o". 
The feedback loop, do<ed from calculatcd DSF to 
"ock l'alve position, will be affecled by con,Í>Icnq 
m1ding noi<e and le>rtpcr•lure impaCI on lhe consts­
lency meler calibralion. 

1-iov.ever. lhe;c stcod)··stato calibration errors are 
no! loo crilical to good conlrol becao•e lh< long-t.:rm 
behal'lor of fibcr fio" '" delermincd by fee<lback of 
hosi• weigM. The u•duleS< of thc L&iculatc<l DSF 
loop ;, rather lo preven! shorl·term vauauon in con­
,;.,ency from up<ening lhe ba>i> "'cight .>nd the 
moi>lurc contmt of the reel. 

Thc feedh•ck loop from ,¡cam prc"ure lo stc~m 
'"lve P<><ition "normal\; implemcnled with analog 
pneumotic conltollers, W01hm 1hc dynamic range of 
lh1S con1rol loop, the eírects of <team line pre.ssurc 
""d r. .. h l•nk pre><ure are prc\Onied frQm propagal­
i>lg lhwugh the systcm to inftuence dryer heat flow 
ra1e .Ln<1 rccl mni<ture. 

lnteooou•~ COonputoo contfo\ ,y"em 

fhe bl<>e< diagr•m of Figure 1 shnws ¡,.,., ~ digi1al 
computer m ay be applied toa pdper machinc for lhc 
purpo<e of i>llpro"ing product quality tllrough more 
'oph.stic!led conltol of mlerdclions among oper•ting 
<UbS)<I<ffi$. The compuler rccci•e• mca>ur<mcnts of 
quality-dcfining ,-.,riables and pcrform< highly com­
plc\ anJiy•i< of, for C\amplc, nonlinoar calibrotion 
characteristic, and "Jiibralion p&rdmclers for 
Jifferent p•rcr grades. Produclion rato<, fibor con­
•umption ¡><'f ~rodu<«< rcel, and means &nd vorionc<> 
of qualil¡-defLning variables con be preparc-d rcgul•r· 
ly for m•n•gcmcnt. Thc computer can c~lcui.!IC on-
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required for both the de,ign and lhe tuning phases. 
The procedure ;, to introduce >mall upsets in the 

manipul•tcd varioble> and collcct the response data 
in cnmpuler memory, ,\fler a sm~ll penurbation of 
!he •tock •·alve, for instance, a •·ariation U. st~~ 
flo", consi~tency, basi• "-eight, and moislure will be 
obser>ed. Again, a •mal] •·ariation in Sleam pro.,ure 
'etp<lint wtll cause change• in ste.tm pre«ure, mois· 
ture, and haS!S ueight that are tran•mined to the 
computer. The required pd!ameters are ob1aincd by 
anal)sis of su<:h respon5C data. 

The c•rilerion for • good model is thal it provide 
the bd<iS for good control·sntem tuning. The degree 
of neeJcd accuraq of l'·"";,etcr estimation nho dc­
pcnJ• on t~e loop ;cnsili•·ity to di•crepanoies be­
'"'«n a»umcd model structure wllh parameter 
··~bes and actual pro.:css d¡nomics. 

In lhc opplicaliM bcing di<cu.-rd, >O "d'"GU~te 
modcl ,tr.,clure c.1n he dcrivcd from the "0\·end 
model cqu,11ions of llc.ohcr, Rd, 1, lgnoring the­
h<"d bo• time conOI~nt, thc <i•nplificd line"r model 
Oe<·el,>¡>cd b) llttchcr ;, 

• I+T•S • K,c-··~-·-
1 + ~ .l. DSF (' 1 ,, 

"hcre.l BW •b><io wei~ht changc althc recl 
.:l. DSF ~chango of concentraled pulp flo" to 

~"1-'<r tn4chine (g.¡]Jons dry pulp p<r mio.) 
K, ~gain <on<tant 

T ~ tr•nsport dd•y from >toe k valve to rtel 
T 2 ~rni•ing time oon>tant in lhe wire pit 
r¡ ~ the fraction of fiber flow thal does not 

:irculate lhrou~b the wire pit (rct<:ntion) 
t •l.•placi.ln opcr•tor 

Thi< mndcl bc1n~ ac,cp<ahle for the "Ct cnd ofthc 
machinc, lho d'l"' is ne't 1:.>nsidercd. Thc nalure of 
a rcspoo<e to a 'mol] stc•m-prc«ure change is ob· 
t•ined fwtn a hcat·ftow anai~>Í> of lhc drum, Figure 

" 

Mol""• 
•••o<>l•t 

3. lf the feh is the same temperature as the pocht 
air, 1he heat flow per unit arca may be modd<:d ao in 
Figure 4. The dri••ing •ignal Í> tho tomperalure on the 
inncr ourfacc of th~ condcnsate_ The >hect is consid­
ercd as ha>ing a ""' and a dry section, the lallcr re· 
si•ting ,.-ater removal. The <ate. of "3\er removal Í> 

Fv- CU,v (T,- Tv) (2) 

"'here e. reciproca] cmhalpy uf w•ter evaporation 
U,v • heat<:ondu<:ti•·tty per unil area bet,.een 

the "et sheet node 
T, • lemper<~ture ofthe fibcrs in th~ sheet 
Tv - temp<ratureofthe,.oter in the <heet 

\\'ith lc!>lpcr~turc .. , thc analog ()[ ,·ohage, heat 
capadty •• the analog of electric c.1pacity, and heat· 
tran<fer numhers a< analogs of cl«:1ric ~onducti' i¡ies. 
the trdn•fcr functiun fur Figure 4 may be "fÍttcn 

' 

Fv(>) ~~ ______ '}_B __ _ 
(ll 

T, (.1) R, (>+A)(,+B) 

-incremental (4) 
drycr efficicncy 

R, = R.,+ R,. + R, (5) 

' +--------
) ,., 

u,~+ 
R,. +R .. 

R,.- !/U,, 

A. 8 •charact<ri•t•c rJdi•n frc~ucn<:ies of !he 
nelwurk 

When th< ,¡,«¡ ;. tranopurtcd thrnugh the dr~cr 
•c.:tion ... a of "ho<e dtums are assumed lo h.~,ethe 
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tiun_ h ¡, in rr"cti<·o fc""hlc. H.cf. 
th~<' ¡,.o ;trurture< into a •ingle f,orm: 

e ,. -· . .. ~ 

'+ e 
( 1 O) 

l'.her< K, T, ande "'" f.lÍn, l!.JO-')XHI dcl.t~ •. md 
p<ll<. re>pectively. E•ch of th"e r~r.mwors ;, indi­
•iduat!) det<rrnined for the two uansfer functions of 
Eq~otions 1 and 9. lf this simpli~ed form ¡, used, 
therc mus\ he'"'}' short intcnal> hotl'>ccn pcrturba­
tions on lhe idenufication procc,., Ref. J. A rncthod 
for dctcrmining K, •. and C b~ ¿nalysis of the data 
from an idcnlifica¡ion c~¡><rirncnt i• gi•cn in Refs. 
2 and 6 

Figure 6 'ho"s thc response to perturbations dur­
ing an idcntificatinn n¡x;rimcnt of A. ba>i> "eight, 
and 8, dry <IOC~ Ho"- 1\'hen the input time >eries 
data of Figuro 68 " used to drive the ba.i•-"eight 
model, the solid cut"e of Figure 6A rosults, indica!· 
ing by agreemem with plotted data thot a good pro· 

' . > n:. 1. \ -1'\ot of ""m P"""" ,.,¡.,;, obt•1ot4 
b• .,.,..;,~\""'polo! ro "'1' p«torllat\oo~ B.­
'"""1"'""""" ...,., .. ob~n..t ,..,., .. or moi<Oo•• 
'""'' nt ;od "'1""'" obtoio.-d bf ,¡,¡,¡,~ rh< 

,.,.,~,-1 •\lb th< ''" ol Fl~u" 7A. 

.. ·-~-. 

[A[ 

\• 
~~;-~-;,:ooo--~-,-'-,~o-" 

'"" So<O•d> 1 

V 
"' 

? .• -• ; 
; .. , 
'·' 

"·· '·'f.'·'· e~ ~~"'~-··''-L-J.........l-.1__, 
lOO JOO óOO 100 

le<ond¡ 

5U 

'"" modcl has bccn "'t.!bhshed in thc computcr, 
E'po,in~ thc >lc•m-pr«<urc >Ctpoint to pcr­

turb.:l:inn> ;iclds the nonlinea• bchu•·ior sho"n in 
Figu<" 7A, roH3ling thc "aler-remo•-al limitations of 
the stcam drums. figur~ 78 sho-..s correspúndencc 
hctwecn ob>CI''Cd rc>pM>< of moJisture conlent and 
response ,,btaincd from driYing thc modcl "ith 1he 
data of figure 7A. 

The mcthod iltmtrAted here hs b<cn tested o•er 
"'""' ,,ori .. hles on a 1ariety of paper machines. Thc 
cnndusron is that dl'cctivc tunrng of larger systcms 
c~n be accomplishctl b) thi< method of process iden­
tifrcation. 

T~o control oiQor\)hm> 

ror thc •y•tcm of Figure 2, algúrithm• •re de>igned 
to obtain a •pecificd rcs1xmsc to '-"lpornt <hange~ in 
cilhcr moisture or b••is "cighL Thi• response is o•er­
<hoot-frcc and )l,¡s c'ponential '-"tlling chJracter· 
Í<tics. Ob..,rvations of closcd-loup op<ration ha•c 
been made on many in>tallation•. and the elfccti'"· 
ness of loop dccoupling ~nd transpon dcla} has been 
vcnfied. Refs_ 4 and 5. 

Thc procc" modcl of Figure ~ is u•ed [,, con· 
ltoller dcsign. The hold blocks m.ointain a contiouou• 
outpnt >ign•l updaled periodically by the computer. 
"hich aCI< •• a sarnpling devicc. Thc hold functions 
.!le incorpor.lled in the stcam mdnual-auto <ration 
and thc analug ftow controller shown Ln Figure 2. 

Tho do.ed-loop dynamico of.'•thc >t<:am·pre .. urc 
loop are representtd by a single pole, E. Cro>S· 
coupling cñaractcriSiico ~re indicatcd by par.meters 
"r •nd "•· An illustrativc cxample of crmiCOUpling 
networh is gi•·en 1n Figure 9 .Jnd discU<>ed l•tcr 10 

r.ome detaiJ. 
Thc d)namic elfecu of scanning. and of thc re•ult­

ing control by the cro5S·m•chine averages for mois­
ture and b,,sis ... eight (.•ltcrnatd)' bonc clry and con· 
dltioned), ••• included in the modcl of Figure ~- Thc 
a•·cragcs are colculatcd from 5Um< formtd o>er t~e 
somples tüen durin¡o: a singk <ean. In thc model. 
cuntinuous integration <erves as an appro•ltnation 
fm this cal;;ulation_ Such approxim•Lion ;igniflcantly 
reduces lhe com~lexity of thc final control alg~rtthm 
"'ithuut produóng any clfocl on COOtrOI·s}•tcm l<>n­
ing. The >)'tnhol .,-• ind1cates a time \hth cquallo the 
>Canning time incrcmcnt T. 

In Figure 10, •peod of ;ettling i< shown •• hcing 
dcpendcnt on a parameter ( >.) that i< cho.cn u high 
as po.•ihlc e<.>n>Í!>Ient "'ilh permi<Sible frcGuency and 
amplitudc for st""m pre,ure and stock·Ao" changos 
dem,ndcd by thc controller. 8e11or control f<4uire< 
grc•tcr ;ctivity in manipublinj. •ariabl«. Often . 
bo,.ever, lhe ma>imum ••lue of A i< determine<! b) 
ov<rohoOI charactcri>tic. generatcd b¡ nonlinc•r phe­
numena not accountcd for in thc m~dcl 

Asto dccourl•ng, let it he '"'umcd that • mni,ture­
«troint ch•nge i> 1nade. Figure 9. Thc al¡ornhm 
e11 "illthen , .. a positi•c moisturc error d and cal! 
for a SIC.im p«»Ure decrea>e <. When <lcam prc,.urc 
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t"IG '· \10<1,: lo< l.-l~o of' "'"'r<90iiot '""""11,. 
d .... :. t,l;, "''· n"""'"""¡Jin¡ ""' ool> t<du''"' 
.... J'"t "'"'"';"' ~· J.""'"'" • '"""". 
,;,•· '····"'"' ""'""""· 

1 ' 1 

• '" lio " ''""' '"' • " fo< b" ¡, " ,¡~¡,, ( ~ 1 ""'' ,,,; .ru"• ¡ ll J 
'"''"' "" lh< "'" of P•""'"cr • npl ''""' ·, l<d. 
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. .. 

' ''· 

de,;re~'"'· ba>is weig~l •n<l m~i.:ur~ "ill be •ffútcd 
ac.;ording lO rc<ponoe ~utvc• indl,~ted b) J and lf· 
IHI< tu pro'"'"·' intcr~.;tiun. n•Jt only is <noi<ture 
chJnt<d hui b,.,;, weight i> nlw UP'"'· Eventoally th< 
bJ>Í< v.ei~hl Jlgorithm C22 wo·;ld corr.ct 1he ba<i> 
o.cight error. bct this necdleo< upset ;, a•·oided b} 
op.:r Jlion of the d<eou pling algorilhms C12 and C21. 

,\lgoril~m Cll will ha•·• alreo~d: se<n 1he mui>tUre 
"'"" d lh.l\ o.;:ourred "ith thc >Clpoint <hangc. ~nd 
c"llccl r~r a stock·flo" ,¡.,,.,.,,.. h Thi; h"' rc.ultcd 
Ln a n•JIIii)Írlg dfcct on m~i,turc und ba,is woight "' 
indic.llcd by signJis J and k. Prupcr selecliun ~f al­
gorithm Cll CJn simolarl} ~l'fsctthe dfc.:l o[ a bo~•i•· 
"eighl <etf")int ch•r.go on moistur~. 

1 n .!d<1Ítion to ínter JCt ion-free setpoinl chJng<. the 
deu•url«l controiler achi~•« much r.,tc; control .!C· 
tion lh,Jn d~ ir.dcpcodent bJ>ÍS wcight and moi>ture 
cvntl~lla,, l"igure 11. Using normdli;.ed u nito ¡o in· 
d<.:JI< dc•i tlion from setp•Jinl. the grJph <h•'"' moi,. 
ture fC•P<>fi•C l.> an up,cl whcn th~ t~o controller, 
are •pplieJ ~ith~ut dec~>uplíng alg<~rilhtol>. lhc 
gr;oph lllJ) b< comp~r..~l "i1h nooi>turc rúf>""'" in 
f-i;¡Jtc 1011. ~hcr.: much tiyhtcr control i> uhi.>Ífl<"d 
"ith go,,J •t.ohik¡. 

lhe de,·,·urkd """trullor prc•ent> """"'""·''l 

JANUA/1Y 1910 
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FIG. 11. R"'P""'"' '""" .r th• moi,tot< .id• o/ '"' 
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""ilf.:to<y '""''"loe mlou> 'ofw" .,¡ 
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c'Qntrollt(iun•. Whon a <onsistency •arütion cau.cs 
simultancou> upsot in b.i>i> "cight and m~isturc. for 
o.ampk. thc combincd c!Tcct of 1hc algorithnh in 
Ftgurc 9 "'JI c~u•e J >tod,-•·"l•e correcttoto. loa•ing 
steam prc,>ure unaffectcd. 

]¡ is h~ped lhdt this di.cu>Siun ora combincd 1>4•i• 
weighl and moi<ture-controlter de<ign ha• indicatcd 
how lhc bJ;ic principies may ~ applied to much 
more com pi« control systcm<. 
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lHE SUN !S ~5 
TTlJ -- STDF· 
>r·rr· ,cr-·· 
Flf')IU <eC~> 

Dl~ECTORY l1l10!(J01•314J 
~5-IIAY-77 1414B 

f\ll!o,Q~JI2 ,, 
ADD,f5,.;¡¡ 29. 
ADD./IAf'il . ' 
ADD.STUil ,, 
ADD.fTNil " AD!I,TSKil 29. 
ADD.O~Jil '· ~DD.TS~i2 :'9. 

25-I'IAY-77 
20-111\Y-77 
2~-IIAY-77 

~'5-MAY-77 

:;>O'-IIAY-77 
:'5-IIAY-77 
~0-NAY-77 

' 20-IIAY-77 

TOTAL OF 99./11:'. ~LOC~S IN 8. fiLES 

r1r> 
~lf·){ClfoLn> 

>1-'11' Af•D.Vf'U <Cf<) 
>Plf' /LI <CR> 

DIRECTORY :•~O:IJOl·314l 
25-NAY-7? 10:56 

ADD.OI<Ji2 '· AU!o,/11\f'i 1 •• 
AD!l.SHo;¡ ' . AD!•.fTN;l •• 
AI•D.TSKiJ 29. 

25-IIAY-77 
25-HAY-77 
::>5-MY-77 
:00-IIAY-77 

' :'5-I'IA 7 -77 

TOTAL Of 39./H, ~LDC"S IN 5. fiLES 

)f' lt' Alo!OTIIO, 'i ••ADH. • ~>/RE 
>Pif· /LI ~CR> 

OIRECTORY IO~OilJOI•Jl4l 
:'5-MAY-77 l6l43 -,-r 
Al•D TilO • OI<J ¡ :;> '· Al•l•T •'O • Mr,P; 1 •• 
AI•DTUQ, ST!li 1 ' ' All!l!\ID , f 111 i 1 " ADDHJO.TSKiJ "· 

25-MAT-77 
25-MAT-77 
25-MAT-77 
20-I'IAY-77 

' ~~-MY-77 

TOT~L Or 39.149, !<LOC)-;S JN 5., FJLr.S 

• 

1 A ; 31 
14: 3~ 
1 4 : 32 
1 • : 32 
15::6 
14:33 
l ~: :7 
l ~: 2B 

14:31 
H:J: 
14i32 
15i~6 

14:33 

14:31 
¡ 4:32 
14:32 
1 5 : ~6 
14 i33 
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' ... 

·- ~-~·· --~" ,cR> 
• fOR~AT (' !Hl SUK IS ·,¡~¡._ 

•-~~'NGE/SUM/RCSULI/ 'CR> . 
FOI<MAT l' <H[ RESULT 15 .;~, 

~<JCATE 121~) <CR'• 
E*EDHl 
.rDP <CR) 
t<CR> 

TYf'E 1 
t.EXIT <CR> 
[EXITl 
)[01 AOD.FTN <CR> 
[000091 LINES READ IN 
tPAGE ll_ 
UNSERT (CR> 
C THIS PROGRMI ADDS 1110 NUHliERS TDGETHER <CR> 
<CR> 
ILDCATE NUMf.ERS <CR) 
1 FOI</11\l l' lYPC HIO NUH~ERS 11• ti') 
;f;ADP !INPUT PROHPT ~CR) 
IPRINT <CR) 
1 FORHAT (' lYPE TUO NUHDERS- ll•N'l!lNPUT ~ROHPT 
•LOCATE RE~ULT <CR~ 
3 FORHAT,l' TH( R[SULT )5 •,!S) 
'DELETE <CR> 

TYPE 3 • Ktl 
UNSERT <CR> 
J FORHAT'l' TKE SUII IS.·,¡~l!D!Sf"LII~ RESULT (CR> 
<CR> 
ITOP (CR> 
•<CI'O 
C THIS PROGRAH 11~1'5 TilO HUit~ERS TDGETHER 
;f;REHTE C AD!o DISPLATS THE SUH O< TtoO NUIIBEF;S <CR> 
fl-1 ST <:CR) 
C All!) ti!SPUIYS THE SUII OF Hltl NUHflERS 

TYF'[ 1 
1 FOf<riAl (• ITF( TUO NUIWEF.:S- H>N")'li<PUT FROHF'T 

ACCEPT ::!,t.:,L 
2 I'DRHAl (::!J~l 

TYPE'l,KtL 
l.- FD~HAT (• THE nu11 lS "•l:SlllllSFLIIY RESULT 

STOP 
t:Nll 

IEXIT <éR> 
[[XIT] 

)FOR ADP,AnP~AL-11 <C~> 
>T~D Al'!I,I\!•!1 0 A[Ill•o\!1l1 
)f<UH AP!< <CR) 
TYPE TUO NUHBCRS - ~.H 
]oJ <.CR> 

.. lilE SUH !S 10 
H13 -- STOP , 
~RUH A!OD <CR> 
TYPE TUO NU~BERS H,N 

'~:':'ot.:.'B <CR> 
THE SUII !S 11~0 • --·---
ITJJ SHW , 
)!';UN AHP <CR> 
TTPE nm UUHBERS - lloN 
9.Jf< .CR> 

A·:! 

-----···-
• 

• . . --··. 

.... 

-

. 1 
~ 

-~- ·- 1 

~ 1 
' 

¡ J 

; 1 

! . 
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APPENDIX 

SUMMARY OF EXAMPLE PROGRAM 

The following listin:: <ummari¡_es !he dcvelopment of tlle FORTRAN 
program ADD ¡¡nd tlle manipulotion ofthc roS"Itant file• . 

>HEL <CR> 
ACCOUNT OR NAHEI CHARLES <CR> 
f'ASS~ORDI GREY <CR~ • •- ~ 

'RSX-1111 9L18 MOLTI-USER SYSTEM 

GODO 110RNING 
::!:>-t<.AY-77 11107 LOGGUI ON TERMINAL TT~; 

:n-nAY-77 

SYSTEI'\ ~ILL l!E T•DioiN TODI>.Y FROH 13/00-15:00 FOR 
CORRECT!VE MAINTENANCE 

TYPE 1 <CR> 
1 FORMAl 1' ENTER Tlo/0 NUHPERS HoN') <CR~ 

APPE\Ef'P\CCEPT Z•Kol (CTRL/10 
ACCEPT ~.~.L <CR> 

:;> FDRI\Al- 1:':'\;.'\ISJ <-CR) 
PRINT -u \ 
TvH: J,KtL <CR> 

3 f;JRHAT 1' Tl>E SUr\ !S ',¡S¡ <CR> 
STOP (CR> 

,CCR> 
•ex <cR> 
lDlll 

EIHI <CR> 

~PIP TJ:~AOO.FTN <CR> 

lYPE 1 
1 fORIIAT 1' EHlER T\10 IOUHSERS- I"H'l 

ACCEPT :'•Kfl 
2 FOI<HAT l:'iSl 

TYPE JoK+t.. 
3 fORI'IAT (' l>lE SUH JS '•ISJ 

STOP 

"" ~Er•l A[O[O,fTN <CR> 
[00009 LIN~S READ JNJ 
[PA~E iJ 
.LOCAl[ ENTES: <CR> 
1 FORHAT ('ENTES: TIJD NUHIIH;S- HoN'l 
11CNAN~E/EUTER/TYF-E/ <CR> 
1 FORMAl (' TYFE TOlO NUH~ERS - II.N' J 
11NEXT <CR> 
rpRINT ..::es:~ 

ACCEPT ~•1-<L 
" 

A-1 

. ' 1 

,\ 
' 

' 1 

1 
1 

' . ' i 
1 
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l lNTROOUCC!ON . 

I I • MACROS PARA PROGRAMACION ESTRUCTURADA _ 

I I . 1 • 

1 1 . 2 -

1 1 . 2 . 1 

II.2.2 

II.2.3 

Il.2.4 

II.z.s 

II.Z.6 

1 1 . 3 

II . 4 -

Facilidades para p~rticiOn de 

programas: macros ROUTINE, 

ENDROUT v CALLROUT . .. 
Estructuras de programación 
condicionales. 

Condiciones. 

Grupo IF 

ENDELSE. 

Grupo 
¡p __ _ 

• 

ENDIFELSE 

ENDIF. 
Grupo WHILE ENDWHILE. 

Grupo REPEAT --- UNTJL, 

Grupo CASE SEPCASF. 
SEPCASE .. . ENOCASE. 
Anidamiento de los grupos con­

dicionales. 

Macro para ruptura de secuencia 

incondicional: GOTO. 

Facilidades para manipulación 

del stack: macros PUSH,POP,PUSHB 
y POPB. 

PAGINA 

1 

2 

2 

5 

6 

7 

8 

9 

10 

11 

13 



111 - IMPLH!ENTACIO~ Y USO. 

111.1. 

111.2 -

111.2.1 

Programación de las macros. Expa~ 

ciones generadas. Ejemplos. 

1) Exp~nsi6n de una condición. 

2) Grupo IF ENDJF. 

J) Grupo lF-ENDIFELSEC'--­

ENDELSE. 

4) Estructuras condicionales a ni­

dadas. 

5) Rutinas s1n parámetros. 

Utilitación de las macros. 

Utilización por medio de una bihlio 

teca. 

16 

20 

III.2.2 - Utilización por medio de un archivo 22 

I I l. 3 

I I 1 , 4 

1 V - EJEMPLOS. 

1 V. 1 -

IV. Z -

IV.3 · 

fuente de macro definiciones. 

Detección de errores. 

Restricciones en la programación en 

~IACR0-11 al usar las macros de pro­

gramac i 6n estructurada.· E fi e i ene i a· 

del código -generado. 

Utilización de OK~: [_:>11,3~] BIB'IAC./fAC. 

Generación de expansiones. 

Utilización de DKi!: (311,30] /IACEST.MLB 

Generaci6n de expansiono~. 

" 
" 

25 

" 
35 

Jlctecci6n de errores. Sin generación do 4 7 
cxpansionl.'s. 

·•· '. 

' 
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varios seqmentos, 

V - BIBUOGRAFIA. 

APENDICE -llstlldo fuente de BIBMAC.MAC. 
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65 
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. . 

I - INTRODUCCION 

Con el fin Je poder utilizar hs tC,cnicas !le QJOl!;ramaci6n es- -

tructurada en programas escritos t'n ~t/IC:Il.0-11 para la PDP-11/45 

(si tema operativo RSX-llD) se h.:t constituído una biblioteca de­

macroinstrucciones que provee las facilidades necesarias para -

rro¡¡;ramar según la metodología antes mencionada. 

' 

t 
' • 
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I ¡- MACROS PARA PROGRA.\IACIO:.> ESTRHTVRAOA 

s~ presentan a continuación las distintas fadlidades de progr':!_ 

maci6n, agrupadas en categorfas, según su función. 

Il.l - Facilid.:~des para partici6n de programas: macros ROUT!NE, 

ENDROUT y CALLROUT. 

ROUTINE y ENDROUT sirven para delimitar porciones de programa,­
llamados rutinas. CALLROUT sir.ve para hacer ejecutar (o llamar) 

una determinada rutina. 

Los formatos de estas macros son: 

1 ROUTINE nombre 

o 

ROUTINE nombre,<parf 1 , parf 2 , · .. , parfn> n3-l 

! ENDROUT 
y 

CALLROUT nombre o 

CALLROU.T nombre, <pare 1 , pare 2 , 



donde: 

nombre 

J 

6 

es un símbolo en el sentido MACRO·ll que e~pecifl 

ca el nombre de la rutina; 

parí 1 , parf
2

, ••• ,parfn son sfmbolos en el sentido MACRO-il 

que representan los parámetros formales de la ru­
tina·, 

pare 1 • pare 2, ••• ,paren son eperandos de tipo palabra admJ_ 

tidos en MACR0-11 y represcintan los parámetros -­

efectivos de la rutina. 

Observación: si el número de parámetros es igual a 1, puede es 

cribirse: 

ROUTJ NE nombre, <parf> 

ROUTINE nombre, parf 

CALLROUT nombre, <pare> 

1 CALLROUT nombre, pare 

i ndi s ti rnamente. 

•• 

• 
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-

7 

l.as rutinas no pueden cst"r anidadas y pueden ser rccursiv:ts. 

l\1 pasaje <le p:trámctros es por valor. Un pro¡:rama cscr~to en 

MACR0-11 con estas f;;~cilidades os un conjunto de rutinas disjun 

tas y adyacentes dentro de las cuales están las instrucciones,­

directivas y macros que lo componen. El esquema sigui_ente es -

un ejemplo de un program" escrito de esta manera. 

ROUTINE COMIENZO 

CALLROUT SUB! 

CALLROUT SUBZ,<MS,R2,U+3> 

ENDROUT 

ROUTINE _SUBl 

CALLROUT SUBZ,<2S,A•4,~2> 

ENI>ROUT 

ROUTI NE SUBZ, •Al,Bl,Cl~ 

CALLROUT 

F.NDROUT 

. CNU CO!>!I E~ZO 

SUB2, <R3,B+6,133> 

(indica qun 1::~ rutina inicial 
es COMIENZO) 

Observación: un programa en ,"'J\CR0-11 está compuesto por uno o­

más segmentos, _cada uno Je los cuales se ensambla por separado­

y tales que sus objetos correspondientes entran juntos a TKB.­

Cada uno de los segmentos esd dividido en una o más rutina~; -

sc¡:ún lo ilustra el esquem:~ si¡:uicnte; 



' 
8 

sc¡:mcnto fuente 
1 

SC"nwnto fuente o 2 
segmento fucntcn 

- -
1 

.--tlilHT 1m: 
1 

~-l<qliTfl;¡: 

1 1 

' 1 

. 

--
1 

L ~IAC ~11 
• lb ' 

MAC ~tAC i 
ob i e to objeto 

'l - . " 
1 _j ' 

r::--
~ / 

--~-- •' --.~· 
' 

" -~ L TKB 

Jj 

Ii .2 - Estructur,r~ de programa~;ión condicionales. 

Estas macros forman grupos que equivalen a los distintos "statc­

ments" condicionales de Algol. A continuación se presentan los -­

formatos de cada grupo, ya que no tiene sentido hablar de las ma· 

eros componentes por separado. 
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rr .2.1 - t:ondicioncs. 

En la si ntnxis de estas rna~o·os intervienen condicione~ Jc la 

[orm:.: 

opd 
1 

, opc 

donde: 

opd 1 y opd~ son operandos de tipo palabra, en el scnti­

doMACR0-11;y 

o pe es un operador de rclnci6n cuyos valores y 

s::ignific;~dos son; 

IG -
NI ' 
MAY > 

.'IYI > 
, 

MF.N < 

NNI ' 
tjcmplos de condición: 

A,IC,B+,) 

R3,MYI,IS 
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2 1 _ 1:rupo 1 ¡ ' . . FNDI I·I:L.'iE•---11·-· _EN/lELSE. 

' 

Crupo . l'~DH. 
![-__ _ 

Son estructuras :>elect 1 vas . . con 

JF contlici6n 

¡ p 1 

. ENDJFELSE 

\ P1 

J 
ENDELSE 

oq oi ~:e '0~'-"_"_l sÍ ~ndid6 
> 

Gl 1 P2 

·--=r 
- amente rl:Sjli.!Ctl V 

formatos: 

~-

y 

~~ndici6n TI' '-U 

EN/ll 1' 

' 
' 

\ p 

i 
' 
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!1.2.:; Grupo W!liLE _____ ENDI~I!ILE. 

Es una estructura rcpctitiv:L cuyo formato es: 

Wll ILE 

ENDWIIJLE 

,, 
V o 

1 

condición 

' 1 

' 

r 

• 

' 

' ' ' 1 

1 
.1 

• 
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1!.2.4- Grupo REPEAT' ______ u:.TI! .. 

Es tambiCn una. estructura rc[lctitiva cuyo formato es: 

REPEAT 

, p 

U:-iTIL condici6n 

y equivale a: 

' 
1 

4~~-­
l sí 

.no 

" 



-

-

'' 

13 

ill>s.::rvación: como es evidente, l:J. Jifcrcncia entre l'llli!.E y 

ll!il'liAT radica en el hecho Jc que el ~rupo P r>ueJc no cjccut;~r 

~ ni una soJ~~ c>n el c:.~~o de l~IIJLE, y sicl"¡>n.• ~e c'jccuta · 

por lo meno~ una ve¡ en el caso dC' REPEAT. 

li. 2. S - Grupo CASE ___ SEl'CASE ___ SEPCASE- ... _F.NDCASE. 

Es una estructura que permite selección mUltiple, Uc fornlato: 



~,'-
' 

1 

14 

ramificar $cgún el valor 
de opd 

Po 

!].2.()- Auitbmicnto ole los ¡:rupos contlicionulcs. 

"'1 

Los o.J.ifcrentc~ grupo~ con<l1cionulcs pucJ"n ani<lar~c uno~ tlcntro 

,!e otro~ h:~~;t.~ cualquier nfmcro de niveles. ,lsí, es posible un 

esquema conlo el si¡;:uir>.ntc: 



-
-
-

-
-
-

15. 

tr condición
1 

IF 

r<EPf:AT 
·------· 

UNTIL conQición, 

ENDII' 

--
ENDI<i!JI LE 

E:-.!lHFELSf: 

F.NDELSE 

El anidamiento es el habitual de los lenguajes de programación ,­

no debe pensarse en 1nterprctaciones tales como la siguiente; 

IF condición 

• 
!F condición 

I[ ___ END-;;··---



~1no ~iemprc así: 

condición 

~rr condición 

1 =--== .__E~D!f 

, ___ r;:-10! F 

11.3 - Nacro para ruptura de secuencia incondicional:GOTO. 

r:s GOTO e t i ([ 

Jonde etiq es el nombre de una etiqueta del programa. 

J! .4 - F«ciliJao!es para munipulación del stack: macros PUS:-f,POP, 

PUSIIB y POP!l. 

üaJ¡¡ la importancia del ~:~aneJo de un "stack" y las facilida<!es -

que para ello brin<la MACR0-11, se proveen las siguientes macro~: 

Pl/SH <opd 1 , opd 2 , .•.. opd
11

> 

"" 1 

para 

traba­

j ar -­

con P.!!. 

labras 
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~---

\ PUSIIII <opd 1 , opd 2 ,,.,, opU > 

" 

n>.-1 

donde: 

para tra 

bajar 

con by tes 

- opd 1,opd
2

, .. ,opdn son operandos de tipo palabra o byte se 

gún corresponda, en el sentido do - -

MACR0-11. 

Los operandos de PUSH y de PUSI!B se con­

sidernn valores, los de POP y de POPB, -

di rece iones. 

El si¡;uicntc ejemplo j lustr;:¡ el íuncionJmicnto de PUSIJ (o PU:;IIB) 

y ror (o POPB): 

si los valores de A,B y C son a,b y e respectivamente: 

PUSII <A, n, C> produce: 

1 

b 

1 



1& 

Por <A, B, C ~ tiene por efecto: 

colocar e en A, 

h en B y 

a en e 

J::s decir PliSH y I'OP funcionan según el principio !le pila habitu::~l; 

y por cnJc, en el ejcr:~plo precedente I'US!l <A, B, (;)y POP<A, R, C) 

no dcj<~n invariantes los valllrcs de A, B y C. 

Obscrvaci6n: no debe confundirse la secuencia PUSH - POP con el -

pa~aj" <.le JHlf~MCtros efectuado por CAL.LJ<OUT, en el qu~ 

•.·, .• r·t~l<'r :•.1riít,ctro ·,·ort~al tom;t el \':llar· tkl princr parámc-­

tru cl'cctivo; 

el scgumlo form.1l, el del segundo efectivo; y 

así suc<:'sivamcntc. 

• 



-

-
-

• 

! JI H!PLJ:MJ;NTACION Y USO 

' ¡ '·> • 
F.xpa ns iones,,.gcnera,IJ.~.; ·" 

:.:· . . . JI!.!- Programación de las macros. 

E.jempJ..os. '' .• k ' .. : . ' 
·~· ~:' ,· ¡~' i• • 

Las macros han SiGo:prO¡:ramadaí 1 utili~ando todas las facilidade~ 

que para ello hrl_r.tda MACR0-11 rver capítulo 7 de ttl) y aunque· 

no so muestra en estas notas cómo fueron hechas, se presentan al­

¡:unos c:~sos interesantes n guisa de e)mplo, para dar una idea 

general del problema de gcncrad6n .•.• 

L:jcmplo~: 

1) Expansión de una condición do la forma: 

opd 1 , opr, opd 2 

Toda condición genera: 

opd 1 , 

Bnocond 1\'Wn 

' . \ 

.... ,.,,., 
' ., . 



<.londe: 

!lnocond 

WWo 

2) Grupo IF 

• 

2U 

es una. operación de "hranch" condicion:ll, por 

la condición contraria a la expresada "''r opr; 

y 

con n;.l cs una etiqueta generada por el sis­

tema de m;~cros, con n variando de tal manera­

de no tener etiquetas repetidas en el progra­

m•. 

ENDII' . 

El grupo IF END!f 'khc crear una nueva etiqueta, d1ga 

mos 1\'Wk(ENDIF) y hacer referencia a ella (en el "Branch", de 

la expansión de la cornlición). El esqueleto de eXpansión se 

muestra a continuación: 

-;~.--~---~- ~ 
l__~~~cond WWk / 

J:jcmplo: 

0!1' A ' B 
iF A, IG, B BNE WIV3 

CI.R ws CLR RS 

produce 

~ov Vl, VZ NOV V1 , VZ 

ENDIF IV\1' 3: N'P 
CLR R4 CLR R4 



• 

-

-
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3) r,rupo l F F.NDll'ELSrJ ENDELSE. 

Este grupo es unu gcncnli¡acíón del IF ____ ENDII'. Se generan 

dos nuevas ctiyuctas y se hace rcfcrenci~ a ambas. 

de expansión es: 

El esqueleto-

1 ¡: o¡::.d
1

, opr, opd
2 

ENDIFELSE 

-----·--
ENDELSC 

NWk: 

CM!' opd 1 , opd 2 
Bnocond \11\'k 

llll 

NO 1' 

WWk" 

WWk' : - ,\/0!' 



" 

4J Estructura~ condícion;~lc:.< anidadas. 

1'.1 ~i~ui~ntc ejemplo: 

,-- '" ·---- CMP 
!lnocond WWl 

--------·-
,--- lf -- CNf' 
1 ---- .. :1nocon<l J\fl'/2 
'·----];1\lll 1' ' --',l'W2: N(Ú' . --------

1 
- ·-¡\i!!LI! ' ,-- \VI'i3: G!P 

' 

1 
·- ---- -----· Bnocond \\'11' .¡ 

------
E:\1'11'111 LE "' 11'\'1 3 

1 ----·~--~~: ~g~ ---f.ND! !' 
! __ 

:t:/1 ' 

muc~tra que la var•.Jción de n :ti ¡;cncrar \IWn no es controlable -

sólo por un contado,- 'l"" ~e incrementa, sino 'l''(' debe utlliz.._rsc 

taml1i~n un "stnck" par;1 almacenar los valores que n tomn. ror -

lo t:Jnto se nccc~ita parn gcncr:lT las expansiones un "St.lck" en· 

d ,:w::lcntQ Jcl cnsumbl¡¡, raciliJ;l<l lJUC \IACI(0-11 no presenta. l'or 

tul r;,¡::.l,n, ~e m:ulipula 1111 "pscudo·stack" consti tuído en rc .. li -

JaU por v;~riablcs de cns.1mblc esc.aLncs, que simu!.1 el "'stack". 

S) Rutin;~s sin uarii.metro:;. 

ROlJTINE, ENDROUT y CALLROUT generan las expansiones sir:uicn­

tcs: 

-·-----•.. 
.:¿oun se nombre ) 

. ·-·- ... 

nowb-r"c"""· •, 

" 
----. ~. JSR re, nombre ·, 

·'-·----·' 



-

L 

-
-
-

' -
! -
-
-
-
-
-

• 

ObservaCión: el caso de las rutinas con par;imetros es ¡:¡ás laborio 

~o y puede verse directamente en los listados de IV. 

ill .2 - Utilizaci6n de las 1nacros. 

Las macros presentadas pueden usarse actualmente de dos maneras:­
por medio de una biblioteca o por medio de un archivo-fuente de­

macrodcfinicioncs. La primera forma es la más eficiente, aunque -

la segunda es ¡:¡ás cómoda para hacer eventuales correcciones a la~ 

macrodcfinicioncs. Por ello se mantiene esta segunda mancr¡¡ <lu-­

rant\'! el período Jo prueba hasta lle¡;:ar ;¡ la estabilidad del sis­

tema de m:~cros, .En ambos e;¡ sos, debe incorporarse al comienzo -­

JCll segmento principal(o rafz) del programa Cuente, una macro es­

pecial, utilitaria, ll~mada PRINCIPAL. 

III.2.1- Utilización por medio de una biblioteca. 

La biblioteca está en DK0:~J0,30)(1)y se usa al ensar.~blar un pro­

~rama, de la siguiente manera: 

~a-obj, a-lis t•DK~: [30, JI!] MACI:iST. MLB/f.lL, a -fuente 

donde: 

a-obj ,a-list y a-fuente son los ·archivos objeto, de lista· 

do r fuente, respectiva¡:¡ente. Como siempre, pueoic- haber-­

varios a-fuente. 

(1) Todo usuari.o tiene acceso a la cuerna (3~,31!}. 

• 
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L;~ utiliz¡jci6n Jc la b1bliotcca exige, co'llo para las macros del­

sistema en MACR0-11 que to<l;¡ macro incluida en el programa fuen­

te, sea declarada previamente a su uso por medio de una directi­

\'<l ,,IJCALL. Por otra parte, razones de implementación hacen nec~c 

~ario incluir la macro utilitaria BIJ3LIOT!:CA al principio de ca­

Ja uno de los segmentos (que se ensamblan por separado) del pro­

gr.lma fuente. El orden c:'ltrc PRINCIPAL y BIBLIOTECA en el seg­

mento principal, es indistinto. De todo lo dicho anteriormente, 

se llega a dos posibles esquemas: 

1) el programa fuente consta de un solo sc~monto: 

• 

• 

. T ITLE 

.. IICALL 

.MCI\LL 

! 1', EN DI F, ROUTrNE, ENDROUl, 

B 1 BLIOTE CA, PRINCIPAL 

BIBLIOTECA 

PRINCIPAL 

ROUTINE u~o 

1 F ... 
CLR ... 
E¡..oDJF 

ENDROUT 

ROUTINE oos 

ENDRO~U;.T;==~ 
.END UNO 

' 
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l) el pro¡;ro.ma ru~ntc const;J <le varios SC!:mcntos: 

(principal) 

.TITLE 

.l·lCALL 

• MCALL 

BIBLIOTECA, PRINCIPAL 
C!\SI' . 

BIBLIOTECA 

PIHNC!PAL 

ROUTI NE ENT 

CALLROI/T SUBR 

ENllROUT 

.END ENT 

. ! 

• 

Sc¡:mcnto 2 

.TITLE 

.MCALL 

.MCALL 

ROUTTNE 

-- --· 
ENDROUT 

BIBLIOTECA 

If,---

SUBR 

··---

• ENil 

' . 

... 

111.2.2 - Utilización de un archivo fuente de macrodefiniciones. 
( 1 l 

Es el orchi_vo llK~: (30,30] !liB,11AC.~!AC que debe concatenarse al co-

mienzo del prir.~er archivo de programa fuente, para entrar a MAC: 

~a -ob j , a -1 i s pfl KB: [ 30, 31! J B I BMAC. MAC, a-fuente 

donde: 

a-obj,a-list,y <~-fuente: son archivos objeto, Iistado'y fuente, 

respectivamente. 

(l) Todo usuario tiene acceso a la.cucnta (3d,:SS¡. 
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!le esta manera, sólo hace falta incluir In ya mencionad.! macro utl_ 

litaría l'RINCIPAL en el segmento principal (o raíz) del programa 

fuente, no Ucbiendo inclufrsc: ni BIBLIOTECA, ni .MCAl.l. ; 

en todos los casos. 

111.3- Detección de errores. 

Los ~iguicntcs errores se detectan ~¡ ensamblar un programa fuente: 

1) Número de parámetros menor que el establecido, si por el <.:ontra­

rlo, hay más parámetros de los que corresponde, los excedentes se 

ignoran. Esta puede no ser la mejor de las alternativas¡ pero es 

la forma en que MACR0-11 procesa las macrodefiniciones. 

2) Rutinas anidadas. 

3) Operador <.le relación incorrecto en las condiciones :ninguno de • 

los símbolos IG,NI,MAY ,MYI ,MEN,MNI. 

4) ~acres que cierran grupos sin las <;;orrcspondientes que abren.--­

Ej emplos: 

ENDIF sin IF previo, 

ENDWHI LE sin WHI LE previo, etc. 



' ' -
L 
L 

L 
L 
1 
L.. 

L 
• 

L 

L 
1 
~ 

L 
L 
1 -
L 

' L. 

' '-
• 
L 

J { l • 4 
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ltcstriccioncs en lll pro¡:r;~madón en MACR0-11 al u~ar la~ 

macros de programación estructurada. 

Las únicas restricciones son; 

1) el pro~ramador no debe t\(!finir símbolos que ell'lpiecen con "W", 

dado ()ue los símbolos o..ltlíinidos por el siste~~a comienzan con­

tal inicial, y os muy ~ar¡,:o do decir cu4les son exa.;:ta~:~ente -

los que genera. 

Z) la <Estancia entre una macro que abre un grupo condicional 

{ o parte de un ¡rupo) y lo correspondiente que lo cierra: 
!F NOIF ; IF-ENUTf'ELSE y EN'DJFELSE-- ENDELSF. ; 

W!l 1 U:_ ESOWHI LE; REPEAT __ U!!'l'Il.¡ CASE_,., _ENOCASE 

no debe ser de 111As de 128 palabras, ya que los !i<ll tos se hacen 

con "branch" y no con "jwnp".· Esta es una lillitaci6n que puc . -
de dcsapllrecer en una etapa ulterior, aunque no tiene mucha 
importancia, porque es poco probable hacer grupos d.e más de -
128 palabras en longitud. 

Observación:el sistema de macros de programaci6n estructurada 
no altera el contenido de ningún registro de la PDP, ni de ning~ 

na variublc del programador, obviamente. 

Eficiencia: 

Las expansiones incluyen algunas "NOJ>" que introducen obvia· 

mente pérJida de tiempo y de lu¡¡:.or al cjoclltar el ¡.•ru¡;r:~ma.­

Podrli eliminarse, si fuere necesario en una etapa uitcrior,­
aunque para ello habría que modificar al ensa~b!ador MACR0-11, 
cosa que no se justifica si no es imperativo. 

i 
1 

1 
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IV • EJEMPLOS 

Se presentan ,l continuaci6n listados de programas que ilustran el 

uso de las facilidades descritas. 

• Se recuerda ¡¡ue al llamar a MAC, el parámetro M!!B para el archivo 

Jo listado, sirve para controlar el listado do la parte de macro­

e~pansión que se traduce a códi¡o objetO o binario. Si se omite, 
significa n2 listar. 

' 1' 
1 
• 

\ 
•• 

' r 
' • ¡ 
' ' ¡ 
1 
' 



1_ 

! -
1 

L 

1 -
L 
L 
L 

L 

L 

-
L 

L 

L 

-
1 
L 

-
' 
1 -
1 -

• 

- ' 

l V • 1 • l!TILIZACION llE PK0: [30,30] lliBMAC 

F.I siguiente programa lee car;11.:teres hasta encon­

tr;~r "$ " A continuac:i6n lee un carácter más, el cual dehe-

ser " 1" l"i " 2 ". Luego imprime el primer conjunto de carac-

teres leídos, ordenados en forma creciente, si leyl"i " 1 "; o 

en forma tlecreci.ente, si ley6 " 2 " 



-
' -
L 
' L 

L 
1 -
L 
L 
L 
L 
L 

L 
1 -
-
-
L 
1 -
¡ -

11 Tl.f. LEC ·~ OICC>ENFI ('FIRHrl(¡;·f~ .. 
. IKALL EXJ fSC 
. 5€:lTL LEER USANI>O WHILE.. 

11($" 1 ? 7 =-·60 
1 n:~ 1 :-:-~.c2 
TF·:.~t:-7~~.4 

fP[:,.!7:'566 
e~~: .. ;: 1 ~· 
LF•21Z 

' 

u: 

lt: 

2f: 

Pf;>JNC!Pftl 
~OUTI NE MFl 
PliSH ":TIC S, li(E:, TPS, TPE::: 
M0\1 IP!Lfl,f;-1 
MO~· 11, TKS 
C.FILLROUT SALTA 
WHILE R2,NJ,I244 
CALUWUT LEER 
MOf' 11:2,-(fl'l) 
CALL¡;·QUT SCR 1 BE 
E"NDWHILE 
C.FILLROUT SALTA 
CFILLROUT LEER 
CALLROUT SCRJSE 
SUB 1260.R2 
r!OY R2, TEMP 
CALLROLIT SALTA 
CASE TEI'IP 
C:fiLLFó'OUT ORDENA 
MOV IPILA,I:'l 
CALLROUT MAVOR 
CALLROUT SALTA 
SEPCASE 
CALLRQUT ORDENA 
CALLROUT ~LTA 
MOV IPILA.Rl 
CfiLLROUT I'IENOR 
CALL~·OUT SALTA 
ENCoCFISE 
úCil (o F 1 NAL 
ENN!.OUT 

ROUTINE ORC>UIA 

"" IPJLA.Rl 
•ov IPJLA, R<$ 

"' 12, R4 
Clll: CONT 

"' -on:>, -(R4) 

'"' " '" N, R1. 

"" .. 
GOTCI " ••v fRl,f'IF5 
,O V ()R4,t)RJ 

'" I'IF5, ii'R4 

30 

<!ebc inclufrse Pfl!XCIPAL; 
no asf BlBI.lOTF.Cft. ni .~ICA.LI. 

., 
' 1 
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~ 
4f: 

' 1 -
' 

L 
' L 

' ' -
' -
-
-
-
-
-

FINAL: 

I'IF~: 
TEMP _ 

CONT: 

PlLFt: 

rlll> ll,l'VNI 
c.m o " '"' l(t, {:ONT 

'"' O~CENA 
ENCROLIT 

~·ovr 1 NE SALTA 

""' ICR, R~ 
CALL~OUT SC~JBE 
M O 'o' ILF, R .. 
C'ALU'OUT SCR l BE 

""' ILF, ~:2 
CALU'CIUT SCRIBE 
ENC•I<OUT 

ROLITINE MA~'OR 

MO~' <RU+, R2 
C.ALLROUT SCR!BE 
01P f"L j;'J. 

'"' I'IAVOR 
ENDROtiT 

ROUTINE MENOR 
MOlo' -(R}),~·2 

CALLROUT SCR!BE 

"' Rl, R1 

'"' MENOR 
ENDRCILIT 

ROUTINE SCRIBE 
TSTE: TP~-

'"' SCRIBE 
MOY f"2,TPB 
END~'OUT 

RCIUTINE LEE~: 
TSTB TI<. S 

'"' LEER 
1'10\' ns. Ro::: 
ENOROUT 
POP <TPB. TPS· TI(B, TK$) 
ElOT.S:C 
. WORD ' . !.lORD ' . wo~:c ' . BLIOJ ,. 
. WORI> ' • ENC> "" 

31 

se pide listar las expansiones 
que se traducen. 

" 



-
• 
1 -
1 -
L 
L 
L 
L 
! -
• 
1 -
L 
' L 

-
' -
• 
• -

' 

1 
' -
' 
• 
l. 

• 

LEE" ~· (¡~·¡;..E~~fl ~:RRfiC-TERE: .. 
TfiE:LE (lf C.OIHEIHS 

14- 4 LEE~ USAN[•(! loiHILE. 

... 32 
MfiCF<O f>10 

" 

0~-líUG-76 1~:l~ 



"' 
,. OII'N rJA C.APAC TE~'ES. ·11fl( RO 1>1~ 9~·fiUG-7c. " ::í:6 f'fl(:,f_ " ;o 

' 2 T J TLE "' ~· (tli'DENA .CAJi",ACTEii'ES , 
33 . 11( t'tLL EXJH:C - ' _ S·f'TTL LEER USANC.O WHJLE. 

S 

' 177~60 TKS .. 177~.r, - ' 17756.<: TKE:,177~·f.Z 

' 177564 TF'$.,1775<54 
1 ' 1775(-(, TPB=1775ff. 
L " (.'190..(:1 ':'• CR,ó:15 

H E~een¿· LF"21:<' 
• " 1 " 0000100 F·r.:JNClPAl - 000000 E'lt-(<402 F;IO' lollol ¡,¡¡;. 

(.'100"1?102 000000 I.IAU::.:i; : . !.lORD • ('100004 0130000 WAUX2: : . WORO ' ' C1M0eu:: 0Ct0240 WWWl'l: NOP -
" 000Ril'l ~-oUTJNE "" E'I001H0 000240 11Fi: NOP 

" 000012 F'IJSH <TI($, T KB, TPS. TP&> - 000012 1'116746 1'\(llr' n:s. -<sP> 
1775(-0 

0001U6 816746 M ("IV TKS.-<SP> - 177562 
00002~ 016746 MOV TP'$, -<SP> 

177564 
• 008026 0H746 MO\' TPS, -<SP> - 177566 

" 00083:2 012701 110',1 .PILA, 11:1 
1 081186' - 17 fl008l6 812767 MCOV U, TKS 

000001 
1 177568 - ,. (<00044 C'ALLROUT SALTA 

000044 084767 JS~ f"(:.SALTA 
1 00&.256 
' " 1.'11.'100'50 l<lflLE f/:2, NJ, e244 - 000e:;e 0.<:0227 Wlo41: ( ~IF' P.2.t244 

009244 
' 000054 001406 E: EO lollo42 L ,, 1.'1000'56 ( FtLLii:OliT LEEfl: 

0&00'515 0047157 JS~: PC:, LEER 
000:?:'52 - ,, 0000152 010241 MO\' 1<:2. - < R1 l ,, 0000154 C fiLLROUT !:CRIBE 

00006<1 004 715 7 "' PC.SCRJSE 
000)"26 

" 00007(1 ENDWHILE 
011101!179 909767 e:,;: ""' 1.'100072 0l'I024EI Wlo42: "'' - " eeeeN CALLROUT SALTA l'l0007<1 0E'I4767 Js~· PC. SALTA 

OEI0226 
2S 00111100 ( ALLfi:OUT LEER 01!11!11EI0 6:04767 JSR PC:,LEEii: eeene 
26 0001t:J<I CFILLROUT sauu 

-
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L 'LH.~- liSf:cNNo J./HILE. 

('1('1(11€'4 (1('14767 .r~-~- PC, SCF.I f!E 
' ('1(1tl3c('l€; 1 - 27 0(•f1111tl 1 f.2102 ~-UEc 1260.~~ 

. 000<:f,(1 

L ~:B 1'100114-' 010267 34 M(l'' R2, TE11P 
001.'13:62 

• 29 000120 ( >!LLitOUT SALTA 

' 000121!1 (.'1(14767 -JSI<' PC, SAL TFt 
1 0(10202 - J. l.'! Clt'IEI124 U!SE TE11F' 

000124 016767 U•)'.' TEt'IP. WI,'AAJ: 

L eee.nz 
0!11012<66 

0001:):2 01.'1~·367 f·EC W'o'AIU 
¡ 01!10062 
~ 0001!6 0010.11 '"' ww; 

1:1 0('1('11,41!1 C >-tLLROUT OltC>ENA 

L 
000140 004767 JSR' P(.,QJI:Di!NA 

l'Hi'J('I066 
J2 000144 01,270:f 110Y IF'lLA, P.J 

0(1110t.' 
' :':;: oel'lt~e tRLLitOUT """"' L 0001:;0 004767 JS~· pe, MR\'O~ 

000206 

1 " 01!1(11~4 C FllLitOUT SALTA 
000154 004767 "' PC.SRlTA ... 

000146 
3'5 Cl00160 5EPCASE 

1 000160 000420 E:~: ww:;: - 000162 005J67 WW4: VEC WI,'Aitl 
000012 

' 
1 0001€-t. 001012 BtoE WW5 -'.,'""' t '''L¡_· , - 3:6 001!1170 C ALLI<:OUT ' • ' Oll:t>ENF! 

000170 0047'67 JS/1' p(;, ORI>ENA · 

' 0000]:6 

' " 000174 C'f'ILLf<OUT • S:fii..TI'I - 000174 00470.7 JS. PC, SAL Tf1 " > 
(.,. ' o 001.'126 ,. 000~00 012701 M(o,. .PILA,'~:;: .- ~ ' i - 0&1106'. > ' •• 1'9 lll00204 C'FILL~OUT MENOR· . ' 

• 000204 &04767 JS" ,.C,,.EHOk .. , 
> L 000170 
' .. 000¡:10 CFILLROlJT ""''" ... 

000210 004767 JSR PC,S:FILTA • 
1 000112 ' . ... .. 000214 ENOCASE 

000214 0:00240 I.IW~: ltcof' 
00021E"· 00EI4C11 '" ""' ' 000220 000080 WVARJ: . I.IORI> • -
000222 eoe&240 Wl.ll: IIOP 

" 000224 &CITO FINAL 
000224 00(1167 JMP FINAL 

000222 

" 0002?0 ENOROUT 
008210 000287 "' P< .. 

L 



--- • ,.~ ....... ~ t1I<HCT E Rf~-- MI'!~ ll:(l 010 0<_,-FIIJ0-76 1B.J-E: h1C.~. 14-.C: ' 1 LEf~- li~-FtNt•O WHJLE. - ., Ma;:n f<•.•IJ ll NE O~C•ENFI 

1 a0a4:n 1!'11.'1(124!ZI ORDENA: NC•f' - 41i: 00623:4 0.1Z70J 11(1'.' tf"ILA, Rl 
001101$' 

L 
., OC1CI240 1.'11<:704 110Y 'IF·tLA. R4 35 00lt1Jo6' ,. 01::10244 162704 '0-IJI:: .2.11:4 

000092 

L ., 0002~0 00!i067 ( LP. CC>NT 
&00<:!0 

~-e· 0&1!12:=:-4 0:<•43:4<1 .11 : ( 11P -'.RJ'L -0i'4) 

L ~-1 0E'I(•2!i6 .101004 E:H 1 " " 1!1002€0 020401 :J:. :. '"' Ro4.11:1 
• 

., 
~- 000:?.62 0014.14 E•EO .. 

L " 0002€"-4 GOTO " 000264 900167 JMP " 177764 
• •• 00C•<:70 0113:67 2S: : t\(1\r' il'RJ",PtF!i -·-· L eao2a4 ,. 0€1&274 0.11413: 110~' &"1<4,Q>PJ 

" 000276 0.16714 MC•Y MF!i, ltR4 

L 000.1:'"6 

" 00('1302 012767 MOV U, CONT 
aae0e.1 

L 
000174 

" 00CH10 GOTCI ;-t 
00t'1110 000167 J•P " 117744 

l " 000:!:14 0227'67 41": e"' 10.CONT 
1!100000 
l'le0162 

L " a00J-n 001HJ ~NE ORDE'ffl 

" 000:!24 f.NC>II:OUT 
000):24 00111207 I(T$ " ¡ 

L " ,,, oeoen6 ~-(,liTJNS: SFIL TA 
eeel'26 l<t0l'l240 SALTA: "o' 

" 1!100??-B 014:7l<t~ "' ICR, R2 

L (100213 
6 t~ 00(1:?14 C'fJLLROLIT SCRlBE 

" 000l'l4 (1047€.7 JSR F·C:, SCR J [<E 

' 1?1001!1~6 

L 67 0fll<tH0 1!112702 MO'.' ILF", R2 
00021.<: 

L 
.,, 0003.44 C:fiLLROUT SCRIBE 000!44 004767 JSR F'C. SCRIBE 

000046 

" 000l30 012702 f'l{¡\' ILF", R2 • L 1'100:212 

" 00(13'~•4 CfiLLIWUT SCRISE 
000J~4 0047f.7 J~.R PC, SC~Jf!E 

• • 00l'l03:6 
L " 01?10:1':60 ENDROLIT 

000l60 000207 ~-rs Pe 
'2 

L " eee:u:z j;'0LIT1NE I'IAVOI1: 
(100362 000240 MAYOR: !WP 

L 



" ' "· ' r '"l'UI>I •:HI'tl( l[¡;t_o, 11Hl ''(r VH• lio~~flur~-7'€. 18: ]S: F rlr~( 1~-:; 
LEE.!'' o_i,O.fr: J[•(r IJHILE 

;- ,] :)(1Lt:i e--~ DlZH•<: 111)".,' a:tl+-RZ 
7':· l;r1("<3 (,(. e Au •·ouT :!-l R 1 BE 

C<ü~r::;,f,(, (<fl47t.7 JSR P(, $C~- lE: E 
(1(1(1(<24 

?(_. (!(1(1:;.:·.::- 020H•J C MF" ~-l.~-:;· -- ><;_tf1].74 (<1111172 814[ MAYeo~· 

'"' (r.,(r:; 76 ENt·~·(riJT 
(111!['1]:7(. (11'0(<2(17 ~- T ::. PC 

7:00 
3b ,_, 

r•(•04C•C• ~-o u TI t<E MENo¡;· 
(r(r(H(t('l 1"1[1[124(1 11ENUf;' 1wr· 

f:l 01(<(14(•~- (114!(•2 11(111 -i~'l/, R<: ,, -. [r(1(14(t4 L:fiLt¡;:(rUT ::-C":lE:E 
,.,_ 

(t\i•HC<4 (t(14 7(.;' J::.R PC,SC'RJE:E 
(r(t(t(t(rE. 

,,~ rt(t(<41(< [12(1] ltl ( MF· ¡;·:L ¡;·1 
E:4 l1t<(t41.·: C-'1013 72 8r<E MENeo~· 
¡;:e; [1(1('1414 ENL•F r:rUT 

(1(1(1414 (>,L~(r;:·(;7 f;'l ::. PC 
:;.f. 
<'' L1(r(•~t<: ~·ou1 WE ::.o:· r r::E 

L<(t(H16 1)(•(1;;1(1 $0'1 E:E: llOF· 
~:[: (1(1(14~-(1 1(1:',7c;· 1~-H· TP~. 

177:'•(-4 
,,.~ 0(1(14.".:4 1(1(1~74 <:n. ~-C:P 1 ['E 
:;. [1 (10(<4<:(. [110-.:f-7 11(1"." Ji:;?, 1 F·t: 

177~·<·6 

~· j (10(<43'2 EtU•I'·C•LIT 
(1€1(14 "-2 C<C<C1~"C17 n:: F'C 

e<: (10€14:i4 ~-eour 1 r.rE LEE~· 
(1(1(14:; 4 ('H-"(1.<"H1 LEE~·. NOJ· 

:;<.' 0C<EH3t. 1(1~.7,;7 T<;.T[· TKS-
1 7750::(1 

" (10('-142 1[1(1:/.74 [:f·L LEH· 
9~· (1(1(1444 üH-702 M(l',' TKE<, 10"2 

177~~f_;_• 

-;.~. {1{1[1450 EIJ!J'"(Il!T 
l•0•H~;(; [1(:oo212[•7 f;•TS ec o- (1[1(1~ :'•2 FIUFol: F'OF· (TF'B, TF·~ .. n::e:, W$} 

_. 
("1[1(14~52 (1126(~ 11[t'i .: SF· 1 +, TF"ó: 

177:'·<-t~ 
(16(145(- (112(.::7 110',· (SF->+,TPO. 

1775r;.¡ 
(<ü(14 ... ;..- (11¿f~:;- 11 o·• ($f")+, H. E: 

t ,,~.( . .;: 
l<(1(146f. 012((.( 11(11,' ($f')+. H~-

177~·6(:1 
"' .. -0 (1(:1o'>472 EXIJf(_ 

('{1(1(1f1f:l 0t~~· E:\'1 f. ~·1. ' ' 0(1(1(1(11 '.1(11 
{:ll'o(147.2 l'o1;.."74(. 

(1{:11'o(1[1(1' 
MüY UU, -(SF') 

('1{:1(<47€- HH:; 77' r::rot "' 90' (1(1(<=,(1(1 (1(<(1(1(1(1 11F~·: 1Jo~·c " '" (1(1111!;[1~" (10flt'1(1l1 TEMP: lJI)~·~· • H•l (1(1(1~·[<4 !'1(1(1f:lfl<'l C'OIH: wo~·t· • ll1~' t:u::1• ••• 
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' -
-

l 

-
' ' -
L 

-

-

" 

LEE ~· (i¡;'.C•EijA C"AF'FICTERES. 
LEER U~AilDO IJHlLE 

1(~!. 00111.'16 (1f:l(1(1(•¡>¡ PILA. 
l €14 I'IE<I'II.U<l' 

3"1 
Mfi(RO !>10 

• 
"' 

0~-AU0-76 1$:18 PA6E 14-4 

• 

' , 



-
L 

' L 

1 -
' L 

L 

' -
-
-

LEE \' O~·[•ENA CM.-MUO:E'O­
~SMH<L l fi[:LE 

LONT C<0(<~C<4R 

n· • (1(1(121~· 

F l WK C•I'I045:.:R 

" • (1(100(11 

LEE"IC C•C•04:-:·H· 

" • 0t10~·t.=· 

11fl ~- • !;.(1(1(1(1J 

MfWO~: ooo:;.;:::~· 

11EN • 000('u).j 
11[N(•I:" C•004C•C•R 

"" 00(1010~' 

MF!: c•c•O~l'oOR 

'"' • 0(l(1(t(t<~ 

11'•' l • (10(1(<0!· 

"' • 0o!l0(1(1:i' 

RE:: .. (1(1\~(1(1(1 

(1(1!11121 
f(;pE:rr (1(1(1(1(12 

Eli'f':CWS CElE~TED: 

F!CEE [(I~:E: 1844 

,, 
(1(1[1 

'" o o;;: 

3~ 

(I~·N.NFI 

F'TLFI 
SHLll1 
SC:F' 1 fd:: 
lEMP 
H.E: = 
l!lS = 
TPB = 
TF'S = 
¡.jflPllrl = 
WRIJ>:t 
WRU>:z 
WETIO = 
WET J f,!l= 
14ETJO<:= 

(1(<1:1_~}<:~-

N• 1 H~fli" 
(•l•Cü26R 
f<"(<4 H:li" 
(<(1\~~··:0:.:~--

:l 775~:;: 
1 7:'''5(.(1 

177'5€-6 
1 :"7":·C-4 
(1(<000:1. 
(<1)0(1(1.<!~0 

(h~0004RG 
N•C<C<€1(. 
(1(<0[1(1~ 

(1(1(1[10} 

i.JNliM 
IJPNT:I. 
WROUT 
WSTC:t 
w:::.rc::: 
WSTK:I. 
IJSTK2 
loi".'A!i'1 
WWiol0 

""' ~IW2 

"" ""' WJ~ 

'" 

.. 000001':1 
.. 001.'10(!1 
• 01:10000 
• 00000.0: 
.. 800005 
• 0000E'I:< 
., 80801"15 

000220~ 
0000!!!61i' 
0006:50R 
000072F: 
000222R 
000162F: 
001:1214F· 

"' 00000toli' 

rl(I~'Lll(!_."'ll TIM Mt~:-r•<'• :<.<-~:(t]l:jr;!1f1C11,~'.--rtro~·: r'J(i(".\.4 

1 1'1(. ¡;- ~-

-
-
-

MO·> TKB 
T k f:> FLO~:l. /F'R "'FL0~'1 
TKB~/,· 

11C-F·) Rtll~ FLD~· U 

C•H::LJSY.Er•PL/1( VBFr<G,IR T'.'lll 1~ lOE:2So 3: 64 7'51 
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-
-
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1 V. 2 • UT!L1UII:ION iiE JJK0: [.HI, .>ttJ N.\CEST.~ILll. 

r:J siguiente• p,.o¡:ramo es una 1 ig.cru , 
illlllTÍ<>r. J.a difcrcnc:i:l con~i~tc en que luego Jc il~¡,rimir t·l-

conjun!r) onk11ntlo, lec 
' 

O ' d >> M >> n ro c~rac cr, que puc e ~er ,, 6 

,-u.1]quicr Qtro; si <'S " ~ "termina; si es <.lisnnto ,¡,." ll 
, 6 " 2 " que t icnc ;;-] 



1 
L 

-
-
-
-

MCF')I")I" lH•:•rt.n~·:l. J1f;C 40 

. TlTLE 

. MCflll 
. MCALL 
. MCALL 
. 11C"All 
. /'ICALL 
. ::.f:TTL 

LEE \' C>F·~·ENA CfWAC 1 U:ES . 
~C>lll l NL Cflll~·OIJT, I::NNWUT 
JF, ENC·lF, CASL SEF'Ui$E 
Et.IDCASL WHJLL Ellr-IJHJLL GC•TO 
8 l E:l 1 CITE CA, P~: 1 NC l t· Fil., F·U::.H, f'OP 

EXlTfC 
LEE~· liSfllj(.Ü WHILE . 

Tlt~·=1?7:;&B 

TI<.E:"'1??~.C:2 
u·~·=177~&4 

TF'E'" 1 ? 7 ~.f.t:. 
(.F·-:<:t~. 

LF"212 

E:lf:LIOTEC"R 
F"F"IIK!F'Ai. 
F"Olll ) NE 11F 1 
PUSH {TkS, TKE:. TPS. rr·~:) 
/'10\' IF"ILA, 1"1 
M(IY IL Tt::S 
C RLU"C•LIT SALTA 

,-WHILE P2, NL 12•t4 

1 
CALLROliT LEEF· 
MOV P:>. -<Rl \ 

LC.AL LROliT SCii'.l P.E 
ENDWHILE 
CALLROLIT 
110~' RL R4 

F·[F"IlE: CALUWUl 
CALLIWUT 
C ALL/i'(ILIT 
SliE: 12(:rl. F'.2 
/'10\' F"2, TEMF· 

SALTA 

SALTA 
LEER 
SC/i'IE:E 

C"FILLF"OLIT SAL 111 
CAS-E lEI,P 
C"FILl""OliT o~·C·ENFI 
11(1Y H·JLM, ~·] 
( FILL~:(IliT 11FI\'(I~· 
CAL L F•(lliT SAL TFI 
':·EF'CFISE 
C.ALU:OLIT OF:DEIJA 
CFILLROUT SALTA 
MO~' IP/LA, 1?2 
CALLROliT MENOF· 
CALLF"OUT SRL TA 
ENDCASE 
CALLIWUT S-AL lA 
C ALLROLIT LEH: . -.. -

., 

se <leclaran todas la~ 
; macros <le 01(11: [31l,3il] 

HACEST,MLB que se ·­
usan 

íde~ para las macros 
, del sistema 

deben ponerse PRI:.'CIPAL 
y DIBL!OTEC/1 ;:11 comiCII• 
'o. 



-

-
-
-
-
-

~-ouTWE Mfi~'OJ;> 

J1[r'~ (~'1)+, 1<:2 
C FILL"'OUT SCRl BE 
C.I1F· fó'L RJ 
E:NE 11A','O": 
EUD"'OliT 

f:'OLITINE MENOR 
MOV -<R1>.k<: 
CALLROUT SCRlSE 
C-t1F' Rl, R1 
BNE MEIWR 
ENDROUT 

ROUTJNE SCRJBE 
TSTE: TPS 
B?L SCI'".J BE 
MOV ~-<:, TP8 
ENc~·our 

PüUTlNE LEER 



' -. TSTB TKS 
BF'L LEE~· 

HCt" TkB, ~2 42 Et:IC>j;-(IUT 
r-¡t~fll F· OF· OPE:. TPS, T!(E:, TKS) 

E>:nte: 
MF:'O: IJC!!i'O ' l E11f·': l<OPC• o 
c-orn : . WORV ' . E:LKIJ ¿(:1(1 

F'lL!i. . wu~·c. ' EtJD "" 

LEE ~· O~·C·ENA CRF'RCTEI'"ES. 
TAFLE OF CüNTENTS 

1- E: LEE~: USANt>O WHILE .. 

se )ide listar 
se traducen 

11H( RO C•10 

las expansiones que 



' -
-
-
-

1 -
L 

!... 

1 
~ 

-
• -
-
-
-
-
-
-

-

' 2 -. 
• • -· 
' ' ' ' " a 

1¿ 
1J: 

" " lf-
17 C<l'IOOCJO 

" ('1 e11." e e o 
('100l'l0l'l 
(1(1(1002 

C•C•Ol'IC•·~ 
(1(.'1('01.'1(<6 

1 :'• C•CtN•iO 
(1(1(101l'l 

20 (101:1012 
0(10012 

('1(1('0(116 

001'1(•2.<: 

&000~6 

;:1 (1(10(•~-~.: 

-. -. (1(10121:?6 •• 

• -., (<0(11044 <-. 

(10(1(144 

24 (1(110(1':;(1 
021(1€1~0 

(1('1(10~",4 

" ('1(1(1(1'!;.6 
(1('1(10'!'·€· 

<:t. (11(10(1162 

" (1(1<o0f.4 

" 

1 1 TLE LEE ,. o~·l>fNA CAIO'ACTERES. 
. 11C l'rLL ROIJ"J'lNf:. O'tLLJ:OliT, ENDROliT 

4J . 11UrLL JF,E~JF.CASE.SEPCASE 

. IKflll ftlCtCASf, WHJLE;. ENI>WHILE• GOTO 
. 11c-f.ILL e:J E<L 1 C•TEC A. PR l NC 1 F'AL. PUSH. POf' 
. r-l(ALL EXIHC 
. ~-E'TTL LEER USANC>O WHllE. 

1f'75E-O TKS•177!i6l'l 
177!i62 TI"B-..177:56:;· 
177~"::4 TPS•177!i64 
1775t.6 TF'B .. 177:566 
Ol'l(<2l S CR"21!i 
1.'100212 LF=212 

• 
E:Je:LJOTECA 
F'f.'l rlC J F'AL 

('0(141'12 f' ~' WWI.IO 
Ot'<oeere I.IAUX1 : : . 1.1010'0 • 0000C•B I.!Hll~(2: · . IJnRD ' 00024(1 WWW0: NC>f' 

~-OUTJNE "" (11.'1(124(1 MF1: N(oP 
f'USH (li(S, TKE:, TPS, TP8) 

01674f, l'l(l'o' TKS, -<~·f') 
177!i60 
01.6746 110~' n:e. -<SP) 
177:562 
(11.;746 11(111 TPS, -($P) 
1?7'564 
016746 MOV TPB.-(Sf'l 
177'!:·66 
012('(11 MO:•II .p 1 LA. ~·1 
0(1.1146' 
0127€.7 MOV U. TK~ . 
0(1(1(1101 
:177~·(.0 

( HLLROtiT SALTA 
(104 767' "" PC. SALTA 
ON.'ollf. 

Wl-llLE RZ. NL •244, 
020227' 10"1:1-: CW" fl2 •• 244 
121€1(1244 
('10j_4{.'16 E:EO LiW2 

CALLROUT LEER 
('I047P JS~ F'C, LEER ' 00f:j412 
€1:1(1241 110V R.?. -CR:l) 

C'fiLLROUT _$CRIBE 



-
L 
L 
L 
L 
L 
1 -
1 

' -
, 
L 

1 -
-
-
-
-
1 
' -
' ' -
-
-
, -

LEE 
LEE~· 

• 

r 

l1(lf:l064 (1@4(f;? 

0003.&6 
¡·8 (1(.'10078 

000079 1:10(17€.:• 
000074:: 1'100240 WW2: , (11¡n)074 
(1('1(1(174 (1(14767 

,. ORt•ENA CARACTERES. 
liSRI-IDO WHILE. 

001)266 

" (1('1(1~(1(;1 l'l:l.l'l104 
:¡:1 (1(11.'01(<0: REPITE: 

(1001Ji.12 (11:'14 767 
0(ll.l26l'l 

J:2 (1[1(1106 

001":11!36 etH7t:.? 
1!106362 

!.! C10l'I:I.1Z 
(1(1(1112 (1(<4767 

0(.HOIJ:4r:. 
1:4 000116 16~?0:2 •• 

(1(}0260 

" 0CHH22 (11!.'1267 
000414 

}_{. 000126 
0(10126 0047(.7 

C•0f:l234 
:a (<(1011:;,: 

(1(1(<:13:2 1'1:1.6767 
0(104(<4 
(1@0066 

0C•CH4i'l 00~:?1$7 
(1000!:":2 

(l00144 (1(!1011 

'" 00(1146 
00(<146 0C<47C• 

(<00120 
j:9 000152 012703 

0(11146' •• 000156 
0001~6 004767 

000240 

" 000162 
(1(1[1162 004767 

'000200 

" 000166 
('100166 0('104;<:(; 
(<00170 00~367 WW4: 

0(10('1]"<: 
[100174 001(112 

" 
• 

J~:~ PC-· ~Cf;>JE!E 

ENC·I~HJLE 
E•l< "" 44 NOP 
CfiLLROUT SALTA <OÓ • 

J:;:R ' f'(._, !-Fil TA 

' 
' 

/'!~ICRO L)1~ '05-AU0-76 19:48 PFIC.E 1-1 

NO'~ RLR4 
Cf1LLkC•UT SALTA 
JSR PC SALTA 

CALLROUT LEER 
J~-R PC LEER 

Cf1LLR0UT SCRJE:E 
J~-r.: PC SCRISE 

SLIB 1260, RZ ' 
MC•'V R2, TEMf• 

• (FILLROUT SAL Tft 
J~.R pe, SALTA 

CASE TEMP 
11CI V TEMP, W\.'ARJ 

DE'C WVFtRl 

E:llE ww• 
CFILLROUT toRDENR 
JSii' PC.ORDENR 

MC•V •PlLA,RJ: 

CFILLROUT MA'I"OR • 
Js.R f'C',MA'I"OR 

" 
CALt.:'Rour SALTA 
JSR PC, SALTA 

SCPCPSE 

" ' ""' c.E_C WVARl 

E:NE WW5 





L10114t.· 
l~ 1 (l(1(1:J.L1(1 81.::7(<4 

001146' 
€·2 (1(1(!:¡(1.¡ lt"-27(14 

(1(1(1l'(12 
(.~· 1'1(1(1:¡'10 00~·0'-'7 

00<•2:W 
F04 (1(1(111.4 (124 ~A 4 
6':· [1(1(1]'1(. H•lOM 
f.f, (1(1(1}2(• 02('14(<1 
67 {'1(1(1:]:22 (1(11414 
f.~: [1(10:J24 

(<00]24 (1N'Il C7 
1 ;> 7 7 EA 

• ~:9 (1(1(1:!:3:0 011~G7 
(1(1(<~1'14 

7(1 (1(1(1-:;·-:;·.¡ 01141:< 
71 !<10('1:;:]:6 1Hf.?14 

(10017(. 
;f;¿ ''''t'11.42 Ot<:·;'ó.? 

(1(1(11)[;11 

0(;0174 
71 (1(1(1]50 

(1(1(13:5(1 0001t~7 

1777-14 
74 l'l(1(1]~·4 C<227C7 

LEE 
,, C•Rr•ErlA CARRCTE"'ES 

LEE~ uo::.Rrmo WHJLE. 

(1 [1 (11~\'n~ 

l~l'IC•1 f.2 
7'5 (1(1(<?(·2 0013: 4:): 
7f. (1(1(1:J:r:~4 

(1(1(1]:64 (1(1(1<.'(17 

77 
7E: (1(1(1J'f.~~ 

C•l•0}.6E. C•OC•<::H< 

" (10(•3:70 (11;"702 

(10021~· 
8[1 0€1(13 ?4 

0~(13:74 ('1(;4767 
01'1(11:156 

E=1 (11!11'14l'l(1 0127C12 
(<(•(•212 

S2 (100404 
('o(1(<4(14 (1047€-? 

C•l'll'l('4f. 
f:} (1(1(1410 01;<:"702 

(1(1(1212 

" 
3: t : 

2f' 

4t: 

SHLTH: 

4b 
11C•'•' tPILFt, R4 

':'-'lB ,12, N 

eL~· C OIH 

e r•r· _,~·:;:>,-

[:111 " e 11P ~:4, Ri 
E: EO " GOTO " ,l/1f' " 
r~nY t)~'!, NF~· 

M,-,·.¡ @F:4. ~··:-. 
11(1'' 11F ':" @"'4 

MO:O',' llo CüNT 

GC•fO " J11r· " 
e 11r· .(1.CONT 

E:t<E OPCENH 
EtjN~OUT 
~·TS 1'"0:. 

~·(JUT l NE SAL TFI 
NfoP 
MO'v" ·c~.R2 

'. ~·.¡) 

C:HLLROUT SCRI8E 
J<;:.R F-C, SCR 1 6E 

11ü'," .LF, R2 

CHLLj;'(IUT '::-CRIBE 
JSI<' F"C SCI<'J8E 



"' 
~:.¡ L'l(j(14 1 .f 4 ·¡ 

C foi.L~:OUT ~-CR18E 
(1(<('1414 (<(147E.7 J'O.R PL Se~-¡ 8E 

('1(1('1(1:!.6 

~'o;. (1(1(14~0 EllC·ROUT 
(1(1(14:;::1!1 üC•C<Z07 ~-T~- "-¡:;t: ,.-., (1(1('1422 No~<TJNE J1ilYO~· 
[<(1(1422 ('('1024(< 11H','Of:: llt<F' 

8f: [1(10:.42~ (11 ~-1¡;,~- 11(1~' -~-1 )+, ~-:;:: ,_, 
00(14:;::6 Cf;L L~:OliT ~-CRJ E:E 
(<0042(. ü(<4 7t.-; ,1~$· F·C·, :0.( ~: 1 BE 

(1(1(1('1~-.¡ 
~(1 0('1(<4?2 02(<102 [.11F' Rl. R~ 

" l'>0(14}4 (1(11 :?.7<: E".tlE l'lftYDR 
~:: 0L~1!1436 EIIC•ROUT 

(1éll;l4;;:6 (1(1[12(17 ~:TS f'C 
9~' 

" (<(1(144(1 
~:OLITlNE MENL!R 

(1(10440 00(1240 11EIJO~:: /jO'¡j'• ,. (1(1(•442 014::0;:: M(N - (~·.:;.), ~-,<: --· 
~t"- (1(1(1444 Cf<LLf<:OUT sc~:JBE 

(;[1(1444 (1('1.¡ 767 Js•· F·C. SC$'1 ErE 
0('1(1[1(16 

" 00[<4~-(1 (120J (11 e 11F· ~-J. 1<-1 :o<= (1(<04'52 ('1('11372 BJ¡E MENCoR 
99 (<0(14'54 Er<r,~:CIUT 

C•004~·4 (1(1(1237 ~T~ p( 

'" "' l'!Ol14~·6 "'[IIJT 1 NE SC:~·IBE 
(10(14':16 1)(<(1<:40 SCI<If:E, _14Cif' 

H<~· C•C,04t:U lC<5i't:{' l'=-lE; TF·$ 
177'564 

10~ (1(1(,464 1(1(?1]7'4 Bf'L $CI<:1BE 
104 (1(1(!1466 (11(1267 /'1(1'1 ¡;-2,TPB 

177::·66 

"' (11)(<472 ErWf.·OUT 
(1(1(14 7'2 (1(1(;2(!17 ~·l "· " 

1 

1 

"' ',' OI<N"W'I C' fl~"AC TE~ E"· 
LEH: Ll"·fWDO WHILE. 

11t1C-Pú "" f:t~·-AUG-76 19:48 F'HGE H 1 

1 ü•> 1'1(1(1474 "'U liT l NE LEER 
(1(11'1474 éll't0Z41't LEH·: Nor· 

1(17 (1(<1.'l47(. 1(1~.7€.'," TsTE; TKS 
1 77::·t'l1 

1(18 (1(1(1-;:.o;:: 10(<374 ErF·L LEEF( 
1(19 (1(10~.(;4 0167(<2 M(N TKB,R2 

177'562 
11C1 l1(1(1'51(1 Er<N:OUT 

(1(10":·10 (1(<(1~(<7 RTS p( 

"' 1)(11?1~.12 F iljAL : PDF' <TPf:, TPS, T/<:8, HS) 
(1[1(1":.12 012667 110\o' ($P) +, TPB 

177'56(. 
(l(i[1'51t~ 012f.f.7 11C.Y ($P) +, TP~· 



l /7':•l··l 
[J(<(1~·22 (<1 ;;·•·67 11<:•'·1' C.'"·P)t,HE' 

17;""':.<;:.<: 
O•~C<!•26 (112.;67 MüV <SP)+, n:s 

1;'75€-0 
112 (1(1(<!·~· 2 E:OTfC 

Li(\(1('1('10 L'lt-7 (:','1 E 51. ' 1 
800{<(11 (<.;:.1. 
('1(<(<"':·:12 01~'74(. MC>',' IJU., -<SF·) 

(1(;(1(1(;('1' 

N•C<5:J.f H<4377 Fl11 m 
11:, (1(1(1~·40 (.'o('J(\(1(1('1 11r ::. : . i<C•~:D ' "' (<(1(1542 (t('l{:l(<{;l) H11F': . l<~·~·v • 
j l ~· (1(1(1~·44 (1(.'1(!(1(1(1 COIH : . 14(11<"[; • 116 ' ~:L)~\.1 '" 117 (<(•1146 00(<('1(1(1 r·1u1: 140~'t• ' llt' (1l.'\(l{<10' . EtiD MH 

' 
1 

1 
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-
L 
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-
1 -
-
-
' -
' ' ~ 

"' 
.,. ORC>Eilfl C:fiRRC TE RE S. 

Si'MSOL TABLE 

e tour C<C•C:I544R 

" • (10(<2:1'!'• 
F JljfiL C<C<i!l:>i~R 

" • (1(1(<001 

Lfn· l'I00474R 

" • (1(1(<::12 

11Fii' • (1(1(1(1(1:. 

11fli'(t~' ~•0C•-I:::?R 

11Erl • (<(<(1(<(H 

11EtWf'' C•Ot1·L·\L1R 
11F1 (1(1(10:1 C•R 

11F'5 C<OO'!o4C<J;· 
11N 1 • [1[10(1(16 

M't'l • 0{'1(1(<121'5 

'" • 1)(1(1(:1(1;:: 

(o~~C,[Nfl e.eo-::nR 

. ' fl(;~ .. (1(l(l(1(1(1 "0 
(1(•115(1 001 

fN'E'·tf (1(10('1(12 002 
E~wc·~·~. CEl EC TEC>: ,, 

49 

Mí1CJW 010 1':15-AliG-n. 19:48 PAú E 

PJU'I C:~•~1146R WPNU • 086001 
~'EPITE t•~'C<i02R NROUT • 001!1001.'1 
SALTA 0C•C.366R WSTC-1 • 000fU36 
sc~·JBE 0C•04~€.R LlSTC2 • 000001 
l"EMP 6•)0542R WSTK1 • 0000€'16 
Tk8 • :1 1'7562 WSTI<:2 • El\300(1~· 

"' • :177560 I.II.'AR~ 00022€"-F; 
H'B • 1 7"7'!·66 ~o~wwe 01":100(1€-~: 

TPS • 1.':"":·64 ""1 (<000'50~: 

llfiPUII • 0•30(11)1 ""' 000(<72~: 

WAU)-:1 (ifJ(<C:I02RCi ""' 00027BR 
IIRUY.2 Ol•(•I':IC<4F:G ¡jloj4 00C1:170F: 
WETJQ • (1f<(10\37 ""' 000222~: 
14ETJ01= ono•}i'l6 WW6 f:l0f:I2€.2P 
\4ET JQ2= (1(10(10:? ... • 0000(101< 
WNUM • (11'"1(:1('1(l(l 

- F L (1~· ;•. 1 1 <) • 1'L ! · 1 111 . 11 E. tJ"" ~!'"') l : ~~ • ~d;. .l11H1: E.~. T. M\~ f: 1"ML . ~· L (¡~·1. Mft( 
11( •·:: ··:· 

i -
HC~·) TI;B 

• Tt<,B)FLOR2.-'PR"'FLOR2 
TKB)/.-' 
J'ICR) ~·UN FLOI<';<'.f 

-
-

' 

.... =-· 

' -

1 

,_, 

eo;:: 



L 
L 
L 
L 
L 
L 
L 

5U 

f< '· -. ,'(•1~}4~67'1:!:, <'">?CPii'ABCDEFGHIJkkU1t11jPQRSTUYL~XYZ 

7 

.h •. -. /01ZJ-4~67S:; <•)?@@ABC'DEFCiH l JKKLM11NPQRSTUIIIoiX'I'Z 

9 

' 
L Z'T'XW~'LIT$RQF'N11MLKKJ l HGFIZDCE:f11i'QI?)oo(¡ , 376~·43:~11:1/. -·, +•$ 

L 
L 

L 

L 
L 
1 • -
L 
' 
1 -
' L 

L 

.. " 



-
-
-
L 

' -

-

-
-
-
-
-

1 -

" 
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IV • .>- IJETECCION DE I'.II.RORF.S. 5!N GENERAClON DE EXPANSIONES 

El siguiente progra~a sirve únicamente para mostrar 

los tipos de errores que pueden detectarse usando las Macros de 

l'ro¡: r amación E~ t ruc turada . 



1 -
' 
L 

L 
1 
L. 

' ' -
' -

' ' -
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MC:~·::PJF' TTI'I:~FLOI\:1.1. MAC: 
_ T 1 TLE PR:O&RAI'IA PE Pfi"liEBFI . 
. HC:Fill EX!Tt(:, GOTO 
_ HCALL ROUTJNE. ENOROUT, CFILLROUT 

MC ALL JI'", EI>IC l F, I~H 1 LE. ENC·!.If.IJLE 
. MCALL BH'ILIOTECA, PRINCIPAL 
EtJE:LIOTECA 
F·~·¡ NC l PAL 
j:'QlJT Jt~E HF.1 
110V R2, RJ: 

[
-IF A.rw.e 

CLJ;' RO 
EI<Cd F 
MQ~' RL fi"2 

[

WHILE A, Hltl 
cu· R4 
EIWWH 1 LE 
110Y R::;, R:t. 
Et<C•l F 
CL~· R:l. 
S~· BIEN 
ENC•PC•LIT 
~:CIUTINE BlEt.l 
MOV R4, R:;. 
CALLI\CIUT 
CALLROUT 

\ NOV 

\ útoTO 
'--ENC·ROUT 

¡-- ~:OliTifjE 

' cu· 

1 
!<'OUTHIE 
MOY 

" CL' 
ENDIF 
1101¡ 

L EflOROUT 
FINAL: -E>:JTtC 

,R: . t.IORD 
8: .WORii 
C · . t.IORO 

. ENO 

FINAL 

,. 
"' RLRJ: 
A, JG, ;::E;, C> 

R4,R.1 

' " 
"" 

IKR>I·I!"rr:: FLOI\.1 J, 1 H<; ~-¡_ 

'" 

MI 1:/t ot , n nF· i l. ~lfr(. 

se o~itc listado de expansiones 



P~C'~''HMfl N' PP~H~ ~"'CPC. "' l''5-A\o:;-n " " P"L! ' " 
' 1 ITLE F F (o(,' AM~ ,, •-•·u¡ ¡,., 
' "'""Ll O.JlH.~(o]n 

. r1C otll < 0Ul !Ni, Oo~F·QOJ!. (HllF'QIJT 

' 5J . W~Ll lf, EN~]f, l<~ll E. F U[•I<H! L( 
;. to(;ltl ~TH ¡Co!Cüi. N·INC ¡f-RL 1 ' ¡,-,,,~N• ~LL'LI{<![(R 

' ' N•<•~o~ F'-lt!CIPF!<.. 
~- ~~(<~10 H•UTINE '" ' •!N•C•12 cne~e; lt(oY P2, P! - "' t•Q"OH " A. 1'1", ¡o 

" " EQ,.W-1 

" " [Q,.,~-~ 

" " EQ, 11Y-! - " " ro. ~~-• 
" " [0,11Y-~ 

1 " " EO.MV·$ - " " E~-111'-7 ,, 
~e~~z• . ~H(I<;- ; OPEHI~~ "' •-ELiot.l(i>O ¡JK(•F·•ECTCo 

u ~Me~• ee:-t•"'' 
( 1 ·- '" " Mc•oc·,c r·o¡.¡ r - " ~<•coa:¡¡, 01~1<;~ ,.,,,.,. P1, P<; 

' .. Me~~~ ~tU LE A, l-ItO! 

1 ' 
,. 

OO[<(o:¡-~ . f<Pro> , "UM[PQ l"CCIF'PHTCO " No<-A11ETF'O~ L 
" o~oo?~ oesoo• (I,P '' ,,, '"' mcn••Jo' ouor· " l'eMJ< fN~IoH<!lE 1 1 " <'COt•~H C0'>07T:' " ""' 

; c•rlicon ' •" erro re< ,, Jote< ' ' " OMO<O 010~01 MV '~-Pi - torcn " ~MO<~ '"'-'1~ e C•~N•4~ ro~-o~ ;EN~]~ Jt<t-ESI t-0 ' 1 
' " ~~~~2 e~.~~I '" ' ' ' - " t•~N•4< 0~~·01 "' BIEN 
1 " ,,,,~e..- Etm.-c•.n 

' [•M0<6 . r ~~'Jft •EST~IJCTu<·~ "' e 1 EP•·Fo "" "' 1 - t•M·~·o . HJUr 'CO<c-"Hf'c'NDIENTE '~ .,~,E ' " or•o~~~ Pt>tnH•E f<lE" 

" or•M~<: OIO<al M"'·' p.,' <-l - " 0('('~5. CfJO t_PQUT 

' ~~o~:• . lt;;OQI< , NU,.EI<O IN(.O,kE(TO " r·f1R~r1ETM•i 
~~ ~e~~~4 C roLI h'UT _,X 

' 
.:•· O~M~e 01o~aa !<(''' 1'~ .. PO e ~~ "~•'0{-~ 0:.~10 Fl NFIL 

' ~-~ •·t•ee~6 E "~·•·our 1 2~· OM07{o HlUf !NE 

' ' ~~e~<a - u-<·c,¡;; , toUI'!EkO ,,, fAI-AMEI~(IO. 1 t'l "'~'E( TU 1 " ··~007~ o e~ M• '" " }1 eo~an <O'JTlNE >:Y. 

' ea~on ·""""" • ''UTJNA~ fiNlCofoDAS 

" ~M0C< 01010! •• ~l. ''l H eoean 
" ~. ~~. <~- C> 

' eo .. ~n 02~7H t-Mr· "'·~-e ~oee2< 
oeoal2 

• ~0010~ eo~M~ (U' " •• 000110 ENOIF 

' ll~ll112 ~1e<Ot 
'"~ u.~, 

' eol'la• ENNOUT 

' 0(<l'IH . HP<lJO: ' ("~""' " ""'~H " H<UT 1 N[. 
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[1[1(1114 l'·r·JNT ¡ ENC•~OUT o CE RN l C•ftM 1 ENTC'-
~ <: (11~(h16 flW'IL: !:.:·: 1 TtC 

' é! C•C•IH <:4 (1f!(0('<(1<1 " _ 1·/Co~·r.. • 
'" (1('11)126 0(•0(<40 ., - W•kV •o ., (10013 ('1 00('1':11~· ' ' . \Jf.oRO " " 0(1[•(•1('1' - [r¡[• "" 

i -



¡·~·C•(oF t11111 N. F·~·UEf:fl. 

~s¡¡E:(•L THE:L E 

. " C<OOlN~· 

' C•C•ol¡:..;.~· 

f:f E U (1(;[:1(1~o(1P 

e C<C•C•lJC<P 
F J llfiL ac"~tlE:Ió" 

" > (1(1(<1~(<1 

11fl'o' > OOOC•I3J: 
11EU • €<0(<0(•4 

11Ft (1(11)01(11<: 

111H • 0(1('10(1f. 

11~' > ...... c.>: 
Ml' J • (1(10005 

flE:S. (<(<000(• (1(1(< 

(1C<01J~ \.'1[11 
l r·N=l ,¡- C1úLJ0(12 002 
H:NI~"S C·El EC TED: " ERI'·üRS DETECTED: " 
FREE CCII<E: 2f.86. WORDS 
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Nl • !!oí•C1C•t'12 
WAJ"li!O • or1t~I1-0l 

WAUX1. (1•.n<0@2RG 
WHI.Iio::? on.:•c•c<4~:C> 
WETl Q • (l(IÍJI)t'l'!:· 

WETJG•l= (H)1)~11~4 

t.IETI''2" 0(1>.1(:11).<: 
I.JNllM • 1)(10C•Oe: 
IJPI<Tl • (<(;Co(l(<2 

WJO'OUT • 0(;(1t)01 
WSTC1 • 0(10(106 
WSTC2 • (1(1t'I0Eit; 

loi~TC:í: 
t,¡;:.TK1 
¡.¡:;:n.2 
W\J\..10 
IJW1 
ww.<· 
WW:!: 
IJW4 
:•:X 

. J~S 

,. 000001 
.. 00(<(1(14 

• 0(;11)1":10::' 
0e.(10(1oi-~: 

úC"0f:IZ6~: 

., •·•·•·~• < G~: 
N.• Eo K; t. 1> 
C1(.'10!1CIF: 

0C"007 ::": 
" 000EI00R 

FI.C•I'"11 • T T O:. 1.. l . T TM,.tWr• l :?C•. J (1 111flC'i" :·:~. 111. [>¡"M!. . ¡ 1.0~:1 1 
I'L(II:'.ll, Tm . .-"L 1 · TlN:N.C• :r 3(1> :OC0 )MF!CC';T. 11LB,"Ill_. FLO:•F:11 

/·1¡-,( 

MF:C 

• 

' 

' 
• 



-

-
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IV. ~- ANIDAMIENTOS. GENERACION DE EXPA:.ISIONES. 

lil siguiente progr¡¡ma es simplemente una ilustra­

ción formal de posibles anidalllicntos de macros. 

Obviamente puede haber anidamientos de mayor pro­

fundidad, como ya se dijo en las secciones precedentes. La úni­

ca limitación está dada por la capacidad de la tabla de símbo­

los· del macrocnsumbl:~dor NACR0-11. 



' -
-
-· 

-
-

-

-
-

!1r:.r.-_,I''IP TTC•:.,FLOR~ MRC. 
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1 l TLC 

. 11CI'ILL 

. MC ALL 

PROG~'FrMA CE Pf;'UE8<-; I:>E MACROS. 

• MC-Rt L 
. 11'~-AU. 
. 11~:RLL 

l F", ErW l F, Lm 1 U:, Ell[·lm 1 LE. ~:E PE.AT 
UtiTI L. C HSE, SE.P(:A~A .. -l!IC.CASE 
EIINOL ~.!.:, Utr• 1 FEL ~-E.. PR l NCT PAL 
f'C.t I.IT JNC. E_ I·W~: Oll T, C 1 E:t J O TECA 
e:•:1 r~c 

t'.l BL 1 OTECA 
~-kiiKIPAL 

"'C•LITl NE 11F1 

" MoY 

WHJ LE 

~:L 11Al'• ~:2 
R:5.A1 

>.:2, NI, f244 
MOV ~:~. 112 

" 110 ~-
X? .• N[N, X4 
R~.A:1: 

I::IW 1 FELSE 
110,. R~. r14 
EIICELSE 

WJ\1 R~- A~· 
ENI>i/Hl LE 

!F X4,f'IIH,·2·.--<1 
110\' R~ •• A6 
HOY 
MOV 
ENI>IF 

10'~. Al_ 
~::;,.AS 

M0\1 ~-:-., R9 
ENC•JFELSE 
MOV R~ .• Al'! 
110',' 

"'EF'E:AT 
MCr\' 1<~. 111~· 

MOY · F':'·. Hl!­
MOV R5, A14 

CA~-E X~ 
MnV ~;::;.,!'11~ 

110>' ;.:5, 1116 
SEF'fiCASE 
110V R~, f-11 7 
SEF'CASE 
110V ~-:5, fi1S 
ENDCRSE 

MOV ~·::;, 1'119 
M(l",' R5,f1'2('1 
lHHIL Y.:5,JG-Y.f. 

" 

, se declaran tod11s las 
macros de D](IJ: [30,3i!] 
MACEST. MLil que se- -

, usan. 
ídem para las macros­
del sistema 

, deben ponerse PRL~C!PA,, 
y BIBLIOTECA 



-
-
1 - ' -, ,, 

:;· 

• , - ,, 
' 1 
,, - ' 

-
" " -
1~· 

13 -
- " 

1~ - " 
-

" - 18 

" 

- 21/1 

" 
" 
" 

EtiC•El$E 
Etm¡;-our 
. ENt- 11Fl 

C<C<C<C<!:I~ 

(<00\0IEI(l 
(•(10(1(1(1 (1(1('14(1;: 
(11)(1(1(12 1) l'll'IC•l'l ('1 

C<OC<004 00(1000 
OM00& 000240 

(11;'1(11?11~1 

(<(1(1010 (<00"<:4(1 

IH•C'"'12 
(1('P0iil1<: 00'(-U.? 

1'10l:IC<00G 
C<Bl'I00M 

('1(1(1(<2(1 l'I0H4~ 
000022 €11A~€.? 

00QC1€1C<G 

(1(1(<(1~'6 

0(10(<26 1<!2(-70:7 
C<N<01'10G 
000244 

(1(11!1(1] 4 (1(<142(1 

('11:<(1(116 C<lt•:;;e:? 
00(1(1(1(1C, 

0(101":142 
0(<004<: OZ'€767 

!'10B!l'l'IC•G 
OOOC<0(1G 

(1(1(1(1~1) 002eH.'IJ: 
0001:1~-2 010567 

000('1(<(1(, 
(<(< BC<~·6 
(11)0056 C<00•Hr} 
(11)(11)(.(1 (1(1LI24C1 
C<l'll'IC<62 01C<'::·E.7 

(1('1(1(1('1(1(; 

(1(101<166 

J¡AUYJ : : 
WAliJ•:2: · 
~wwe. 

MFl: 

Wl<4: . 

W<4: 
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1 ITLE 
_ l•rU•LL 
. t1CALL 
. MCALL 
. M( flll 

1'1( ALL 

f'~OGRRMfl t>E PRliEE:~r DE MAt~·OS. 
IF, f.f;¡;. 1 f . 1-U,j 1 LEO, EIK•WH ll E', ~·Ef•Efl T 
Utf11L Cti~.E. :0-S::PU6L ENDUr$E . 
ErlDELSL Ul[• l FF.L~-1:., F·~·¡ IWI ;·m 
!"OUT 1 NE. ~NDf;'Ol.IT, B l E:L l LIT E CA 
EX! U(. 

BIBLIOTECA 
F-~· l NC l PAL 
E:k WWWC1 
. t.~o~-c o 
. IJ•·r~·c (r 
N(•P 

~'-''11 HIE _11Fl 
NOP 

;.:l. /1.<¡~·. ;.;¡­
XL X2 

8LE 
M (IV 

WIJJ 
. 1?~. li1 

l./HILE :·:2.NI.•2·H 
("111' ;.:.;:. t244 

e:F.r;• WW:i" 
NO'.' ¡¡-~ .. 1'12 

~:J. MEN, :0:4 
CMP 

¡;:r.r: ww~ 

Mf;~· 

EW:OlFEL':-E' 
ww. 
1'10'~ ~:'5. A4 

' 
' ' ' 
l 
' 
' .1 

-'l 
• 



1 
L 

' L 

L 
L 

L 
1 -
-
1 
L 

-

-
-
L 

-

• 

• 

(1CI(1(1f.f> OOC'Z4C• 
-:_-4 

2':-· (1fi('I07C< (<liZ>~f-7 
(1('1('1(1('1(11j .... •••• (1J;11)(174 

(11)(1[174 00rJ.'~·4 
00111076 (<('1('1<:40 . ., •• 

~f' (111101(1(1 

l:>l•l•i.iJ~· 
. 

¡,.~~-(~1 

OOí.'l 0 (1 C•{;; 

(1(<1112€.(1 
(1{':1(11(16 OI':IJ"!;OE. 

"" •• (1(1011('1 (1j (1"; • .; ;> 
(1(1(1(<(1(1(, 

30 001!1114 010~P 
t'IOiiiE<l'IOG 

l'1 (10(<121'1 lH0:567 
(1(1('1(1(1(1(; 

~ -. ·• 01;10124 
€1(1(11.24 00(1;:>40 

3J: 
}4 [1(1(112€- ('IJ (1~(.7 

0\1(1('111(;(, .. 
~ -· 0(")132 

(1C1(11J z [1('1('14!;:¡; 
C•€101]:4 (1(1(<24(1 

3 E: (1(1('1:1.36 C•10':•f· 7 
C•BOIH<OG 

H (11:10142 010~-t:c 
(1(<(1(1(1(1(; 

H: 
35< (100146 

0[11:1146 0(11.'124111 

" 0001':-·0 (118~·67 
(1(1(1(!(<1'¡(, 

H (11'101~4 010~67 

C<lli'IC<l'IC<G ., (112!1'1160 E11{1~67 
001'1{1(1{1(, 

" .. ('o{1(1164 
(1E1{1164 {11!;767 

0[1!21(1(11~(; 

(1(<!'1[144 
(•[10.172 (1('o!oJ:P 

(1[11Z![I4[1 
(1('1(1.17€. G01lH0 

Wol~·: 59 
MOV 

Jjj,jJ: 

11' :;~,MI/J,t~€.11 
(MF• ~;4, t2"'0 

Mfi(R(I liHl 

8•:. T WIO.:. 
MO'I ¡;--;., fl6 

I'!(>V ~--:;, Fl7 

MCoV ~-~. Ar> 

ENDlF 
hiW6 : N(IF· 

; 
M(l'~ ~-~ •. A-o. 

UID JFEL~-E 
e,r,. ww;· 

WW1: r,;, F· 

"" ~ ~--~ .• i11(1 

11 (1';' ":!;, Hi:l. 

h'EF'EAT 
IJIJlC': 11•)1-' 

MOY ¡:.:·':;. 111¿: 

"' R:""•. Ft1J 

'0' R~·· HH 

; 

(A~-E ;.:-;; 
MOY ):~. NYFI¡;-11. 

CF1~· lot\o'FW11 

f:r..rE" 1.11.112 



- r ·r.·c•G~· 111111 " P~'l!EBA ,,, MACROS. MHC~:O "'" e~~ fiLIG-?E" 18·1-~ PAGf H 

- ~-:r (1(!(<~42 (110~-€-7 1101,' 10'5· fl19 
~t'IC1000G 

':·4 00(<246 l'l10567 ,. F:!•· H2(< 
1 00('10(<0(> - •• C<B(l2:'"·2 LINT!L .. ~ 1 (,. :.:.;. -· -· .... _,, 

0002~2 0<:67(-7 e r1P >:~->:6 
{'11(1(10{'1(1(, 

- 000(1(10(, 
(1(11i0261!1 (1013:1<: 

~6 
E'I<E WWH< 

57 0(<0262 ENúfl5E - 000:<:62. 000240 WW7: IWF· 
~-~: 0(1(<264 Elm¡;:OUT 

0{<0264 (l002(<7 RT :'- pt - " 0000.10' . ENú '" 



' 
1 -

' -

' L 

L 
' L 

' -

' -
L 

' -

-

P~:OG~'fiMfl " PRLIESA 
~SJ1f',QL Tfi~·LE 

" • ..-.-... .,_ ,, " 
"" • ........... (;;)( 

"" • ... ,. ..... " A12 • ............ GX 
AlJ • ··•-**' .. GX ,,. • ............. GX 
Al:"'· • •• 1 ... ·- " Alf, • '. "'.,.._ " "" • ''*'''"* " FIH• • ... -...... " "" • ',_, .. ~· G~: 

A2 • ...... ., .... " A2C• • .. ,,, .... G~: 

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

"' • .- .......... e:; e; 

" • ~ ......... GX 
A7 • ,, ........ GX 

" • ··~*···-· G> 

"' • ., '"'"""' .. " " • 1.'1031.'101 
l'lft't' • l'I0000J 

fiE:s. (1(<Bl'IC<<+ 
03E12E.6 

EI\~'(11\S [•ETECTEI:>: 

" 
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NACROS. 11ti(:/ó'O "' C<~-FIUG-7f, 1E::l~ PAGE H 

"'" • t1(1(i{'ll!l4 WSTK4 • il~oit<H 3-

"" (<('1'!1(11011: 1NAR11 00CI2Jf,R 
Mljj • ('lft,('l015 t.IWWI!I Et0000f.J>: 

H'l • (1(1(:11!11!1~ "' (1001:?4~: 

"' • (1L)f100~ WWH• 000146~: 
SEF'FICfl• ... ., ....... ax ~IW11 000246R 
L.lflPUU • (1f113001 WW12 13('102;:0R 
WALJX1 l•"•N•02RCl :JW:I.} . 0002!.:iJ< 
wr.ux<: (1L_t(<l'IIJ4RG "" 1'100026.(;: 
WETIO • (1Ll(<014 WLJj; 0080:"61i: 
W[THH., (111("'107 "" C<O('U~ISCIR 
WETl t;~;.:a (111(1(<11 W\.15 ('ltt0fl&é:R 
loHOUI1 • o···oc•06 WJI> 0001<:-;R 
WPIH1 • (111!31)0.1 I.JIJ7 CI0026~R 

WROUT • ·~·-•C<C10CI :'.1 • -~,. ~ ..... ¡- 1):-; 

WSTC1 • (1(1(1(10( • ~:2 • ............ ú>: 
WSTC2 • !'1CH11(1(11 y-, • "'*"'•·** (, ~; 

WSTO • 0•3•)1~1.'14 >:4 • ..., ..... '~ " WS TC4 • (1(10\3(1~. >:~ . • "'"' ¡ ·-· • c.>: 
I.ISW1 • ,,.-1(11)<);> '·' • ... ........... " WSTK<: • l'll1(1(110 
WSTk1 • (1(1f!1)11 
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l V. S- PROGRAMA FUENTE CONSTITUIDO POR VARIOS SEGMF.NTOS. 

El siguiente programa consta de dos seg~entos;"el 

prilllero constituye el pro¡:rama principal, y el segundo es una­

rutina li:tmatla desde el principal, que imprime en forma de df­

gitos lo~ dos valores num~ricos recibidos como parámetros. Ta­

les parámetros deben cst3r en el ran¡¡:o [0
8

,11
8

] · 

• 

' 

' 

\ , 

l 



' L 

L 
1 
'-

1.._ 

1 

' -

• 

63 

11('~· '1' 1 P 111) _ =-F'~'QI,j 1·11'''-
. 1'1( Rl l. r:-; 1 1 1-: . ~·¡:otJT II~IC, UJI ·F·o 11_1 1. •: fiL l.~ (11_11 

-~F-,;·¡~, 

Lr,_;·¡,' 

. IKfli_ ~- F'UC-il. F't1l'. r: 1 f:L 1 (111- 1 f¡, ~-~· Jl.h': ¡ F·r";L 
(,L(o(:l ?-C F· J [:E. f1F2 

¡¡·~-" 1 ;-;>~~-"' 
1 r B.- J. ,' ;--;,.~~­

JF·~-' 1 ;- -·~"'-4 

1 FT ,. l :' ;· ~-~-<:-
[. 1 f:L 1 C•TC.C R 
1-:Lolll 1 Nf. Mr l 

o F·F·! 1~( 1 PiiL 
'.'l ~- F· ;· 
PI.I~-H ·;1!-:; .. 111~- TP~. 11>[::· 
1!1)'! 11- H• 
11fJ'J M<:. lc-1 
( fll. l F'(ll,ll 11r ;· ·- ,.-;,, ~·4 > 
(RU.~'(IUl ~.!lLTFt 
r·rq· ·:·1r•e-- 11'·;. li<T,ll-'s·-
•:::Jitc· 
r:•;-~-n,_,, 

¡:·¡;JI_Il!IIE .::ntlfr 
no.· ltJ-·, ~-;· 
r.fii.I..~'OLII ~-c¡;-¡¡_:C 

11"'•' ILF. ¡.'¡· 
CHLL~'•Ail -;.0:11.": 
tr<f·l"üi.IT 
~-ourrr<~ ·::; .• :r•I[:t 
T;·.¡¡~ H·~: · 
[.f·¡ :0-CI•II:'[ 
11(1',' 1• ;-- 1 ~-p. 
~ Nf·F·nu1 

fi<C• 11Ft 
11(¡;- f' J P l TIJ: oor-~'(";;¡: 111"11: 

. M•"HL.l l'lf-L rro;F,-H, FO'[IIIl JW, (rill .. ~:o•rr 
M•:·.Rt_l /;llf•I•C"Jl 
O:.LO:•f'l- <,(f-JET, llf"O' 

[:JE:tlr•T((I~ 

I .•. ,_.,LJ1' 1 lit M~~ ·:Fr. 8) 
~~r·c· •:.·,:(\. t1 
110'1 f1,¡.·¡: 
•:·Fil L ~:(riJT :,( ~· l ['l 
liDC• t2t'-O, f 
110\1 E' .. r.--;; 
r·t,Lr.~'OIJT 

fr¡r·N•LIT 
~IO~:C• 

. t-/(o¡;•[• 

EIIC• 

·~ ,, 
sc~·J[:t: 

59 

segmento 1 (principal) 

debe ponerse BIBLIOTECA 
, y PRINCIPAL 

<:egmento 2 (rutin~ del 
segmento principal) 

•Ínicamente debe poner­
se BIBLIOTECA 
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DIRECTORIO !E ,AS!SW.1'ES 

INTROOOCC!ON A lAS MINIOl"!'lJrAIORAS (PDP-11) 1981 

1 Alberta Avila P~rez 
Financiera Nacional Azocarera, S.A. 
Insurgentes Sur 716 
Col Del Valle 
M~xico 12, D.F. 
687 30 68 

2 Juan Jos6 Beni tez M::mroy 
Financiera X:tcional Azucarera, S .A. 
Av Insur~entcs Sur 715 
Col Del Valle 
Mé;dco 12, D.F. 
687 31 10 

3 Sergio Betancourt Cuevas 
FacultaC do Ingenieriu, UNAM 
Ciudad LTiiversitaria 
)li)xico 20, D.F. 
523 87 93 

4 Mmuel Callejas Castro 
Faculta¿ de Ingcnierra, UNAM 
Ciudad t..'nlversitaria 
l>'~xico 20, D.F. 

S Arsenio Casas Díaz 
crNITI 
Av de las Granjas 682 
Azcapotznlco 
!>ltxico 16, D.F. 
561 80 11 

6 Mmuel C.'l.zarez Qumán 

"'"'" Av Universidad y Xola 
México 12, D.F. 
538 68 41 

' 
7, Alberto Chávez Mart!nez 

Departarrento de Pesca 
Alvaro Obreg6n 269 So piso 
Col Roma 
M~xico 7, D.F. 
511 02 40 

8 !>'aria Alejandra Frias Banda 
.'X-!Cl' 
67ú SS SO 

Av Américas 81·301 
Col Moderna 
M6dco 13, D.F. 
590 74 47 

Lago Paucuaro 125-5 
Col Anáh:.mc 
).ll!;xico 17, D.F. 
zso 79 n 

Insurgentes Sur 682-705 
Col Del Valle 
~xico l2, D.F. 

P Angel de la Pena 119-5 
Col Obrera 
~:6xico S, D.F. 

Jacaranda 138 
Col )l,'ueva Santa María 
l>~xico 16, D.F. 
355 28 17 

Insurgentes Sur 
Thilaoa, Gro. 

~Minalco 14 
Col Altavilla 

1601·5 

Ecatepec, Estado de ~xico. 
569 02 02 

Frago!Ulrd 23 
Col Mixcoac 
México 20, D.F. 
563 os 56 



9 R1(,1 Garda D'inz 
CENET! 
Av de las Granjas 682 
Azcapotntlco 
.\~xico HJ, D.F. 
561 so 11 ext 142 

10 Luis A Garza ~trrtinez 
SIIHOP 
Av Universidad y Xola 

- Col Nnrvarte 
!>!Cxico 12, D.F. 
5~0 30 00 

11 Jot-6 Luis de ln Garza Mart1nez 
S!IIIOP 

12 Cornelio G6mez Pérez 
SAI"P 
Calzada ~ll:xico-Xoc:himilco 5713 
Tepcpan 
~~xico 23, D.F. 
676 60 00 ext 13 

13 · Francisco Guerrero Lutherott 
Facultad de Ingenieria, üNA.\1 
División do Ciencias Básicas 
Ciudad Universitaria 
México 20, D.F. 

· 14 Jos!í Abel J!errera Cam.acho 
Facultad de Ingenierla, l!NA,\1 
Ciudad Universitaria 
M:!xico 2ü, D.l'. 
550 52 15 ext 46 11 

15 Xntividad !Iem!lndez Flores 
Financiera Nacional Azucarera, S.A. 
Insurgentes Sur 71G 
Col llcl Ynlle, ,M6xico 12, D.F. 
687 3'J 63 

16 Jesús llerniindez Viciconti 
Financiera .'\acional Azucarera, S.A. 
Insurgentes Sur 716 
Col JJel Valle 

'
• . 1' "F ,..,XlCO ~, -· • 

687 22 ~:~ 

17 Juan Manuel Iglesias Villafuente 
l'in.ancit~ra N:~cional ,\zucarcra, S.A. 
Insurgentes Sur 716 
Col Del Valle 
M~xico 12, D.F. 
637 31 1ü 

José T Cuellar 79 A-9 
Col Obrera 
~1\xico 8, D.F . 
53d 51 98 

Cnlzada de la Vir,a 1418 
Col Sifón 
).l:!'xü:o 13, D.F. 
519 27 70 

• 

' 

F- 301 

Cristóbal Colón Manzana .1 Lote 2 
San lliguel Xal.ostoc 
Estado de ¡.~xico 

U=I :n 
Unidad Independencia 
M::xico 20, D.F. 
595 23 57 

Excursionistas Ixpoll'lllin 
M!lnznna 127 Lote 1356 
Col Lázaro Cárd~s 
Estado de ~xico 

Conoepci6n Beistegui 619-6 
Col Del Valle 
M6xico 12, D.F. 

Av Hidalgo 64 No 11 
Col Santa A'lita. 
~léxico 8, D.F. 
530 21 31 

. . 
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1~ v'osl! Luis !..ozano L6pez 
,\ceros Nacionales, S.A. 
Av Hid..'llgo 132 
Tlancp~ntln,Estado de M{;xico 
565 05 44 cxt 20· 

19 ~breas Rolando Cruz 
financiera Nacional Awcarera, S.A. 
Insurgentes Sur 716 
Col Del Valle 

·.México 12, D.F. 
687 22 44 ext 222 

20 Alfonso L6pc: Reyes 
T'acul tad ~e Ingeniería, UNA.\1 ' . 
Divis~ón de :;studios de Posgrado 
Ciudatl I.Jnivcrsitaria 
México 20, D.F. 
550 52 15 cxt 41 55 

i21 ~hrio Hmberto Luna Delgado . 
Financiera Nacional Azucarera, S.A. 
Insurgentes Sur 716 
Col Del Valle 
~léxico 12, D.F. 

22 José Luis Luege Tamnrgo 
Aceros ~cionales, S.A. 
Av !fic!algo 132 
Tlnncpantla, Estado de México 
565 05 44 

23 Cipri:mo Mauro Ibañez 
Departamento <le Pesca 
Alvaro Obregón 269 So piso 
Col Rorr.a . 
México 7, D.F. 
511 10 86 

24 Francisco Javier ~blina Sereno 
Aceros Nacionales, S.A. 
Av Hidalgo 132 
Tlancpantla, Estado de ~i'!xico 
s6s o;, 44 

25 Hip6li to ~'edina Nuñez 
SAH:lP 
Casa Mma ~49 
Col Ch:tpul tepéc Sur 
~brelia, !>!ich. 
2 58 90 

Calle A ~ 24 
Col Pantitl.'in 
México 9, D.F. 
558 63 48 

Anax.'igoras 556-3 
Col Narvartc 
~léxico 12, D.F. 
536 12 28 

J..oma del Convento 97 
Fraccionamiento Lomas de Tarango 
~léxico 19, D.F. 
"sg3 02 30 

Aculco 91 
Col Romana 
Tlanepantla, Estado Ue ]>!é::dco 
565 29 00 

Av San Antonio 132-5 
Col Nti.poles 
~:éxico 18, D.F. 
598 63 92 

Cruz G.'ilvez 290-121 
Col /1.\leva Santa J.!aria 
MCXlCO 16, D.F. 
355 Y3 72 

CaltzontZin 428 
Rancho del lli:trro 
~brelia, ~1.ich. 
413 21 



26 Yaría [):)lores b!edrano Hem:inde3 
:.\"l:O:E. 
f\1' e: cncia L~ 
O .. !a:J~itHin lzcalli 
2?3 22 

27 i\lcj~ndro Milian Quczadas 
F::.~~'L'lCiera Nacional A:ucarcra, S.A. 
!~s'.!rgcntcs Sur 716 
Col DL'l Valle. 
M§xico 12, D.F. 

28 Jos\1 Luis Naclcr P,;;órez 
fin:~."lciera Nacional ,\zucarera, S.A. 
Insurgentes Sur 716. 
Col Del Valle 
~~éxico 12, l.l.F. 
687 22 44 

29 S;¡(\l Nieto Hcrnándcz 
Financiera ?\'acional Azucarera, S.A. 
Insurgentes Sur 716 
Col !-'el Valle 
G3~· 22 44 

30 J Carlos N Ortega G15mez 
Comisi6n Constructora de la SSA 
Cún:obu 49 

. eo:Roma 
~léxico 13, D.F. 
52H 59 24 

31 Mario Alejandro Palomar Aleibar 
DJ:PF:, T..r."J\Jij 
Ciur.li::cl Universitaria 
l-:éxico 2:!, D.F. 
55~ 52 15 ext 4431 

32 Jesús Antonio Patilla llamfrez 
Facultad de Ingenier!a, l.JN¡\\1 
Ciudad Universitarin 
).:{,xico 20, D.F. 
sse 52 15 ext 4611 

33 Luis Gabriel Ramíre~ ~bntes 
Departamento ~e Pesca 
J\l \'Oro Cbreg6n 269 So piso 
Col Condesa 
~:6xico 7, D.F. 
511 02 40 

Minerva 59 
Col Vallo Ensue~os 
CUautitlán Izcalli 
332 94 

Reforma 30 
Coyoncán 
México 21, D.F. 
554 75 02 

Anax5goras 122 -401 
Col Narvarte 
M.;;;xico 12, D.F. 
543 41 42 

Resina. 282-234 
Col Granjas ~'éxico 
~1éxico 8, D.F. 

Retorno 51 No 8 
Col Av~~nte 
~:éxico 21, D.F . 
677 94 28 

Av Ctmuhtén-oc 877-3 
Col Narvarte 
M:xico 12, D.F. 
543 7A 85 

Lago ~turits 85 
Col AniíhU8C 
Néxico 17, D.F. 
531 98 86 

Schiller 227-18 
Col Polanco 
~1Gxico 5, D.F. 
531 45 44 

. . . . 
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34 Pedro Reyes Ginori 
Facultad de ~agenieria, IJNA.\l 
Anexo de !ngenicria 
Ciudad Universitaria 
México 20, D.F. 
550 52 15 ext 4607 

35 Francisco Ríos llernández 
Facultad de Ingeniería, UJIIA.\l 
Ciudad Universitaria 
MSXico 20, D.F. 
550 52 15 

36 Clemente Juan Pnblo Rodríguez Barr6n 
Facultad de Ingeniería, UNA.\! 
1Jivisi6n do Esuulios de l'osgrado 
Ciudad Universitaria 
México 20, D.F. , ' 
550 52 15 ext 4486 • 

37 José Luis Romero Garcia 
Electrónica 2000, S .A. 
Asturias 30 fuspacho 202 
i\lixcoac 
/oí:xico 19, D.F. 
598 67 02 y 563 11 33 

38 Benjamín Ross Bcnitez 
Departamento de Pesca 
Alvaro Cbrcgón 269 
Col Roma 
México 7, D.F. 
511 10 86 

39 Sergio Prancisco Ruíz Palacios 
Facultad <Jc Ingeniería, UNJ\M 
División de Estudios de Posgrado 
Ciudad Universitaria 
México 20, D.F. 
550 sz 15 ext 4436 

40 Eduardo Salgadarlo Rodrigu"z 
SAHOP 
Av Universidad y Xola 
~~xico 13, D.F. 
538 68 41 

41 Carlos R Snnt= Chiquillo 
SAIDP 
~üguel Laurent 840 
Col Narvflr te 
~tóxico 12, D.F. 
676 04 90 

Plutarco EHas Calles 806 Edificio C-302 
Col Granjas M!'xico 
M5xico 8, D.F. 

Clavelinas 1!~1 
Col Nueva Santa María 
l<léxico 16, D.F. 
556 46 03 

José Rodr!guez Gonz~lez 9 
Col Constitución de 1917 
~~xico 13, D.F. 
691 08~48 

Manzana 19 Lote 13 Sección II 
Enni ta Zaragoza 
México 13, D.F. 

1hla 23 
Col Condesa 
México 7, O.P. 
553 27 05 

Av Nueve No 37-3. 
Col Independencia 
Mb:ico 13, D.F. 

Baja California Sur 106 
Col Providencia 
~t'xico 14, D.F. 
794 34 85 

Rosa Violeta 183 
Col Molino de Rosas 
l<léxico 19, D.F. 
651 01 08 



42 Walter Schreiber Seelis 
Electrónica 2000, S.A. 
Asturias 30 Despacho ?.02' 
Mixcoac 
México 19, D.F. 
598 67 02 y 563 11 33 

43 Jos& Si~rra ~~chain 
Financiera .\'acional Azucarera, S.A. 
Insurgentes S~r 716 
Col Del Val le 
México 12, D.F. 
676 41 61 

44 Raúl Tenorio Herrera 
Financiera Nacional Azucarera, S.A. 
Insur~cntes Sur 716 
México 12, D.F. 
687 22 44 

45 Gustavo Valencia U:pez 
SJIJ!DP 
Calzada M6x:ico-XocJlimilco 
Tepepan, México D.F. 
676 48 72 

46 Juan Vargas Hartinez 
S.\lfJP 
Av Universidad y Xola 
~léxico IZ, D.F. 

47 Enrique Vargas Rodríguez 
Philco, S.A. de c. V. 
Clavel 157 
Col Nueva Santa María 
~léxico 4, D.F. 
547 46 00 

48 Alícides Ubaldo Velfizquez Hiray 
Financiera Nacional Azuc.:arera, S.A. 
Insurgentes Sur 716 
Col Del Valle 
~;éxico 12, D.F. 
687 22 44 ext 198 

49 Carlos GJbriel Venegas Espinoza 
l'acul tad de Ingeniería, UNAM 
División de Ciencias B~sicas 
Ciuctad Universitaria 
~léxico ZO, D.F. 
sso 52 15 

Primera Cerrada AguiJas 443 
Col Las Aguilas 
~léxico 20, D.F. 
593 11 02 

Calle del· Pue'nte 21 
J:r.rdínes del Sur 
1.Jl;xico 23, D.F. 
637 37 30 

Sur 59 No 138-1 
Prado Enni ta 
M:i)doo 13, D.F. 
672 03 85 

Calle 647 No 202 
Col San Juan Arag6JJ • 

· ~:éxico 14, D.F. 
794 26 96 

Flores ~>ng6n 1 
• Tizayuca, Hidalgo 

5 24 SS 

Ricardo Flores ~hg6n 205 
Edificio Vicente Guerrero 
Entrada H Departamento 415 
Unidad Tlatelolco 
M&xico 3, D.F. 
597 40 48 

Bienes Nacionales 95-101 
Col Cuatro Arboles 
~!éxico 9, D.F. 
571 22 41 

~ . . -


