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Aa tbe tUrStal. computers oft beeom~nr 1nereaa1ngly 

popUlar, tho neet! tor tbe better pr!laentat1oa of. its 

output bas boen eonstently felt amongst the users. Since 

the conventional output deYlco of the computer, t.e. 

Pr1nte1', can onlr present the data proeeas1n£ results 

tn tabular torm1 the .iintenpretat!on en4 analysts of 

result 4ato remains a toBloua work. !be compute• 

g~aph!ca 1s the solution of tb1a problem. For the rapid 

tranSlation of digital outputs into computer ,ropbies 

tor quick visual 1nte~pretetion and analysts, the digital 

plotters aro tbo boat en1ted 4av1cea. !be plotteP can 

work on-line w1tb the computer for computer praphlest 

if S.t ~~ aultably 1ntortacet.1 with the boat eomputera. 

!he incremental plotters are reear4ed aa one 

of tbe slowest perlpberala in a computer system. 'l!le 

ob3ect1ve of tbie pro3eet S.s to ilosi.gn the 1ntoPfeee 

tor en indigenous incremental plotter (KPLrRON) to be 

connected to tbe maltSplezor cbannel of the EC 1020 

system. 1be ma~or ob3oct1ve ot the design is to have 

a maxSmum possible throughput eftlc1encv in tbe mt4tt­

progl'amrn1np; eav1l'onment. 'L'bla complete buffered interface 

sUpports multiplexor channel opernt1on in tbe bur•t mode 

and ollowa the pert1cul.er memo.,- put1tion (stored 

output of tbe plot-program) to be released wlthla a 
I 

eomparativel.J 1ns1gn1t1cent duration. Aa tbe EC 1020 

interface follo•• the atenderd mr 360/370 protocol, 



to, tJltb tbe mfnol' mo4StSootione, the Rfl,fa0!1 0,._180 

plotter can be eonneeted on-line •tth an)' ot tbe EC1 

tnt~, or UNIVAC co~or evatems tollow1ne 11aUo1' 

protocol. tn tl'lS.a theol•• cost of the bal"4tra~• ctreut tJT 

hal been d .. tgncd ana tmplemet'lted: !n the laboratory 

ana the dataf.led x-equir~ent s of the toes eofhol'a 

bee been eurmeatot. 
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tncl"'os~ne ~emend on <11rtto1 eocpute:r for .ace 

ttl lo:rr,e vsrtety of f1elc1s bas noeesslt&toll tbe 'ev~OP• 

ment of apoe2a11tsed Sntertoeee eo that thef eonla be 

connected to dtfferent k1m7 of oxternal 4ev1cea tor 

proeeos!ng Jobo ot tl1fferont kiml. ftloso eztol'oal devleeo 

ceo be stan4or4 eompttte~ units such liS 41slte, topo-drlvoo, 

C·tf d1eplaya, printers, end plotters; thoy eon be vertous 

oleet..-tcol, oodtesl, or ether lnetrumonte that cmploJ tbo 

computer tor Otl-Ll!'TF 6eto procensSnrt ol' tbey eon be 

1adustrJe1 e~ulpme~te thot employ tho eocputeP to enpoPvlae 

oporet1one such no ao outoeatt~ otl t-oflnery or o eomputor-

fzel.'l ateol•rolltnn o!ll. 

ono can havo the required tnterfoce tor a part!• 

culott opplteotion !n any of tbo followtne thJtoe aJR worst 

1) lt eoUld bo parchoeod ontt rely f!'Om the 

manufo«*Uter; 

S.t) Jt coult bo aasembleil using commercSellJ 

nve1lable ekt. cordat 

.111) It could bo aestrrned from eeratcb on4 could 

then be built wSth 1n41vtdue1 Sntoerated ekt. 

cbtpe. 

The third optSon has boen folloed ln tb!s ~rk 

one tbe pzt!mo-ry eSc of this "WPk boa been to butld up 

rc 1020/30B eapabS11ty to euppoPt d!fferent applSeotion~ 

in tho f~d of orapbScs. !his bas boon aons bJ !ntorfee!ng 



ItFt rROt!' a GT let>- e 4nm tJPe incremental plotte• havlnn 

sb 6ete input linea w1 tb ~·;C loao/309 e~ stem. 

i'be pro~oot forme pef't of a leborato17 aevalopment 

effort 1"bose altteoto elm S.• to provide a grapbloa fncltttv 

to the FC 1020/301) u••e S.n the eroas of Resesl'cb al'li'J 

development. 
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2•1 ~bltlU:III 

Input/output 4ov!eee provide e meana of 

eomoun!eatton botccon tho computer snd the oate!4e world. 

A computer ean h&1Fe JtOtte then ono t/O aovioea eonooctett 

to S.te I/O utd.t. romeunteatton witb any of I/0 c!evteee 

ts established b)' eeleottne that t!evtce. I/0 eystem of 

a cgmpute, ahould moat tbe fol1cmtng requircmentea 

1. computet- should not be tte4 do-.n to tbe 

per!pbeJtal devieoe; 

a. cooputor ehou14 bo tndepondent of nature or 
1/0 device t ·• I/O evetom ehouHJ be eble to 

commun!cnte wStb any of 4ovteoe thtou~h propor 

Sntorfeces; 
3. tt ebould account tor astterence tn tho typo 

of !nfo~ent~un prosentot! to Ol" bJ l/0 devleot 

-e.g the aystac mtcht hove to pattoN 1:01'8 • 

sseomblf bofore the data from o ebnroctoP 

oriented Input device ec,u14 'be tron•e~od to 

the eocputc• or wort1·4Searaeebly foP data 

.Ora roeoive~ from evmputoP bofore eon4Sna to 

on output de•teet 
4. !be ayetom •h~u16 prov!4e tho ~aJ to er1te 

programs in such a 1'01 oa to roeovor troo 

unexpected coa61t!ons. 
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e. fbe. 11stem ebould bovo pl'Ovist~ns to allw I/O 

aovsce e to t~ensfer anta ot tbol• convenience 

roeot'41ot'lo of mer»~ evelleb!lltr at a particular 

mo.ent e.r. buffer etorago. 

e. fhe odc!Jt!on or r-emoval. of any n~ber of de9!cee 

eboulll not affoct the eoftlputor froc turtet!on1 ng 

DOR&ll7• 

'ftlo Ictcrfoc:e sboultl be built to toke care of 

most of tbe above eoa1 o in bort11are or leove aomo of tbeo 

to bo eeb!ovol by eofteare so tbot the ratio of coot of 

berdttaz.o required to tho 1mproveeent oeh!oved is oe mcll 

en ~octUble. 

2-a lnt9~ttst~99~lqu! 

'fbe follotJ1ng ftlnetlorH" oro pel'.foreod by a trpSeal 

interface between en l/0 deolee and computert 
1. TO accept tote from tbo computor or :t/0 aovtoe. 

a. to tl'o.nsm't dota to the computor or t/0 4ov!ce • 

s. l'O oeettte tbe eof!!ttOnt! a of tba eo~~puter. 

~. to t!'"&n!Clit eUPI'tlnt 8tatae of operation • 

s. TO encote or deoo~e data ln terce of the 

requShd l'eeoratnc or rqroauctng motbo6e • 

s. 1'0 mnttor oveall device opoPot1on. 

v. '1'0 aeeou.nt tor 6tftereneo tn data tranafer 

rates of tbo t• separate Q'4teDa by 

p1'0v161nn bufto:r eto•ove. 
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r.ur!n.,q tb1e teqo~;.):'a•J storeee porloct, cot'Je trona• 

lat1on, word•aeset!'lblJ Ol' dtseoeembly, bloek tormnt1o.n, 

edittDB or anr otbel'&lto pt-Ocessine tbat m&J be t-equtrod 

pnor to tntorcoti.;)n transtor ta poJ:~tormed. 

tho Sntortece uy provide some loe&l outoaomou• 

control tunctsona tn o44!tloa to tbo coceanae rocotved 

froa tbo eomputo~. Otbel- toeU!tiefJ deeS.re6 etto to try 

to corl'oct the cor~lelb1e orroti'e befof'e 1aform1ne the 

computeJt1 provtsiona for reeo11Q1'7 from the Q.D()apocted 

conttS t:tone, d.nie!ze tho t!ce tbo computer l"ema1ns t1e6 up 

chtr!na t.be date tl'al'lefer oporotion end to bon/Jlo, tlSJ' bo 

oo•o then ono xtoe dovieee. 

r;oe a days manufacture~s l'lOt obly GtlpplJ n port• 

pberal dovSce bot also e genottallsec! Dtvtee eontrol eyatet~. 

dtb tt, t~blch pottfotJms almoet ell fuact!one t1totad ebovo 

except eev l,a. t:. .t!1 tbaa s1q,1Sfyintr 1ntortacdan. 

t'be tunct1aaa to be porformoa bV a trptcol lntcrfoee 

Sft aucb a s1tuatSons •~ula bea 

1. TO Poce1ve data from the eompute.J!I one! porforc 

data 'C01'4.dlearJieCl'lbly, it roqu1~e4 andtranamtt 

to tbo dovt~e control avstem. 

2 41 TO receive doto froo tbo dev1ee eontro1 ayetom 

en4 pePform eoto wofd.aeeembly and t~anamit 

to tho eomputot'. 

s. 'i!O !'ece!vo a eoo~antl word end 6oco4e tbo 

opo•atton to be pertormet 09 to rocolve oeeb 

~~enc1 on a sepe11ate line end cot!'ltlunteote to 

the aeeteo control ayetem tbe operation roquS~oS. 
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lt ear chock oat tbe valt4tt:r of tbo eoorr:ant 1i'oco1ved ot 

tbat perttculn• eomont. 

~. !0 PGOe!ve tbe devSee C~fttrol IJ&tem stetoe anft 

traosolt to tho computer on tta request. 

s. 1D provS4e moons of eocoun1cat1ne e~ror cond!tt~na 

whteJ;l require quick cotton of tbe computer. 

e. tpoed dlftorenee bohoon tho Cf>U OM tbo pe1'1pbora1 

io 11aken care ot e!tbol' by the 4evtce control ayetdt 

o~ could be provided by tbo interface. 

2•3 Qi.~!U'-~...! .den~IW ... lstm:rost .. Ui!RJ.I• 
flet"' ooncepts are be1ng evolved n.cm o ttara cov1nr 

to•er4e etem1ar41uttoa of oomputeJt Interface. Bletor!cally 
f> 

cooputef' tmtGI'foc• beve beon bunt 11ttb verr little stantlorc!· 

smatlon. ntacdal!'dlsatton bae following obvtoue advontasost 

1. E'~rv1n« of money aaB manpower bceaose of non.duplleoey 

of ertons In Snte!'f&ce desten. 

2. ews.tcmlnr of porlpbarale from o~to eomputo-. system 

to anotbo~ la aleple1 ••B• 1n eoao e computer sretce 

18 to be roploced • lt t• ~ut nececeory to ~1ag.tn 

the stanlord Snte•teeea. 

s. rasr a1ntenonco of peP1pherale e.s. o pertphorol 

to be :eopatr.t"ct eoultl be ))lagpelt out sn4 repatl'd off· 

lice or It could be C»nneetetl to o st~all computer 

CmSn1 or m1C1"0) to• on-111'10 toattn1r. 
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tttamtart!S.stl{Jft of computer- latePfocea t e 

acb10i1_, bV • 

7 

1. N.x!ns tho pbJal~l tbeost.ona of lfttel*tooe Ct04n1aa. 

a. otabdar41e!ns petbe o~ buaoe eolled Beto b!ghwara 

u 4eto 9!GJ'8• \'tle cormeotor on back of the molaloa 

te plutret tato this bSp.a, ant oaob wlt'e trl tbo 

tdgh.-&1 te henvvo4 for e specltio ataw trpa. 

fte elnoal dlo•oeterletlcs on6 function• ere oleo 

epocltS.c<!. 

'lbe obove concept of' computett 1nte:rtac1Dg may 

l'oquire o vett¥ eltt~J)le 1at:ePfaco as o plug on computer 

cebS.DGt .. lcb aopplle• tbo appl'Opr!ato alttNllS to sppttop~tste 
-

poS ote of data f~QY cw a control modulo to eonereto 

approprSate stgn&le. 

2-4 fld.O!! t£f.U~.!!?I SA .lDbtiUI .,DIIYI• 

llesliB of en t.nt•rface betwe•o on l/0 6CJV1ce ott 

o 4ev!ee eor.t.-ol eyatem ani a eompat• Sa effoeted by o 

nQt':l'be~- of foetor•• !be important factor• et-e • 

1. t104ee ofttota t:Pantfd available on tho compntd-. 

a. l/0 etl'uctue of tbo cocput•• 
a. t/0 4ov!ce Ol' d:evlee control avttee ov&Slablo. 

ftlo masteattJn data tl\Jat or o\ltput retae tJ1tb ott 

tltthout orltieel tlm!nga tor data t•oneter ote. 

a~.l Ca1aa. ft!Difl! ... llebDh!l!.t. 
\"bero •• --~.vettal metbot!s foff vanafol'JP11'll1 doto 

bet~een e compute Mc1 the ollt•tae 901"14. !beeo al'e t 

a) PI'OP&t!Ced de-to t•sneter • 
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b) PrG€1'S~ma8 dato tPonDfeP wttb 1nterru,t. 

e) DSreet temoPJ tccosa troolte•. 

8 

!ntortoee dos!sn tor on I/0 4cw1ce le tnftueaeod 

bf tbe dote trona fer teebn1que to be 1mpleoentec1 1 tbe 

cbolce ot t'bleb .teponaa upon tho t/0 ctovtee cbereotel'letSes 

(dtseufl!etl later) to be intefeced vltb tbo computer, t:!OX1CUD 

dote t•onsfoP t-ate w!tlb whS.eb J/0 6ev1ee can eotJ::mUnS.C'ete, end 

er1tScel data tr&tteter tSmtngs. It may bo requt.Pd to have 

ln on lntcPfaoo for aft J/0 dovSce, all of dote t~anafer codca. 

lt oav be tho euo that an t/0 dettce provt4ea btcb aoto 
tronlfer rbtes but deto tronefor t1m1nta o•e not c~ltleol. 

Cloo~11 ln aucb s sstuct!wna• the choice of doto trsnefo~ 

modo ts elso dtetated by e0at eompaPSsons of dlffe!'ent ~ea 

of iaplemectot!on. 

ln the proenerl2ed tronefe~J mothotl, tbe pel1.ph~o1 

te aervleod ot tho convenience ot tho CQ~~potcm,. s..e., \Vhen 

-ove tho t/0 tcetraettone bappe!l to be reached Sn tho 

normal prograe,! aeqqenee-. DJ cont•a•'• the interrupt 

method pleoos tbo date tronefo• at the CJftVeD1enct of tho 

mrternal 4evSee, 1•••• set'Viee ls la!tiet«J tbroueb whet 

tnOoenle to on 1/0 sahl'OGttne oe soon at~: tbe pertphornl 

reqaoste lt 1nateac1 of eon the eotl'J)utcr tats erotm!l to tt. 

Direct memorr oeeeae, nnn, Ia e v~J7 quf.ek ana 
offtc!ent method tor tranaterr!ag laPge blocks of 1ntormetSon 

such oa t"Jtlll 4ate 11 pa88cd to 01' from o disk. tt ts 

a!rdle• to the Sntcna.pt metbod tn that ocrviee is trdt1cte4 

S~tsto17tbt2t tnnea6 of b&vtcs a rnode!'ete-aS.cel aott'f!DN 

eu1':1Jtout1ne aupcrvlse tho tftlnster, it te tiona c!ltt~el,. by 



apee1G1 bsl'd'esre. tbuo, tbo data oro tl1oneter red mtlcb 

qtd.ekcr at the expense of eore eomplteatea ont! costlv 

bottdwefe. 

UQ .~l!ldst~.,ot .. tb.ft .,cgr;mu's. 
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t:or connect1ns I/O dev1oos to ttm coatputel', thoro 

ez-e tr.;o eretooea 

1. IYD .. f!XrB• l'n this sratem tbo l/0 Dtla wlll bovo 

a nucbor of dcto lines, sddrees 11ftea, and eontrol 

11nee wbteb ere abered br tbe aevSeea. Depent11ne on 

the ettaress a pcrtlculer cJevlee '11111 be seloctGtl 

and tbe control oienale .S.U aottvote the fevl~e. 

MJdine a ~ aev1c·e, It Ia ~Qat suff1elcnt to hove 

o pl"'J'ol' 4et1ce contl'Oller \rll!eh ean roat1nr bo 

1ntetttocect v!th tbo I/0 Bua •. !be CPW le not 

req,ulrec'l to bo 1108!fiec1. '1'bo computer hcs at 1cost 

oM l/0 1nst1"act'-on operation code. 'fYptcslly 

tbe op. eo4et tbc aovice number aftB a few eontNl 

bits form an l/0 1nctruet1on. 

t1tonever CPU 1nte~pttct s on I/0 1natttuction !t 

•ettaa eonti'Ol stenala on dtfforent eontttol l!nos of the 

t/0 bus, c1open41nc oc the eontrol blte of the I/0 1natruct!on. 

If tbe computer 1SOrd lenctb ts 1nsuf'f1e1~nt to accomoda1;o 

tbo op•eode, tbo dovtce nuabor coB a fow control b1te1 tt 
asuol1J" usee ono of tbtl t.rork1nc ree!rto!'e, genoP&llr 

accuemlato~e, to tol<l the dett!ce nucber Or' tbe control 

blta. Any ~o operation to bo p~rformca on e ~fut.D dovtco 

t1Sll require at locust two 1/0 Snt"ttruotSon to bo sxocuts! 

Sn tbls typical orfter. 
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1. Pt~at Ilb tnrtruotSon to eeloot tho dov1ee. 

9 • teoo"'ntt I/0 Snt4truct1on to poP form ttle reqttlrcd 

oparat:ton. 

Mffel'ent eombSnatiooa of thete control bite ctvo 

:rsee to ~!ftc•ont eomhir..{;t1on or control sigrmle ott 1/0 

btU, eoeb of VJh!cb could bo uaea to pet-form a epoeltSc 

tanctton. 

'i'ho Sntettfoco suet have e aevfee eeleetton logic• 

an iaetttuetton decodtne loglo, sea tba loe!c to portorm 

tbe roqu1t-ot1 tunetton. eo&nplaltr of tbo !ntoJtface dopeb4o 

on the tdae ot tbo 1ft8tttt10t1on 1ft Chosen to handle tbo OOYJ 

ilevtce and funet1onc to be pertomcd by oaeb 1netract!ort 

tn tbts lnst:raet!on eet. 

a. idlil .Pr&tm• 1~ tb!e eyatem, tbo contf'Ol e1nnels 

are 41tt-.:rcnt for 41fforont t16v1ca•• £!0 whonevOJt o ~ 

device ta to bo ott4od, tbe computer CPt1 Ss requtroa to 'bo 

tl041flt7d. 

a-4.8 1&.12t'Klb ... tbltubddlu• 
tntel"toco clodnn doponde oft tbe cha~taotenettce 

of tbe I/0 4ovtce to bo 1ntorfoco4 or tbo obaraetonet!ea 

ot the dov!ee controllOP loete avaUable wttb Jt. 

The 7./0 de-o-leo• e.tte B1f1G!7 eo4od 4ovtcca o• 
alpbarn111'!0ricda 4ovleea. Dle vu1oue t/0 c1Gv1eoa d1ffet' 

wt4el:v In rmturre. '!'be main ehoreetert ettcs lnrJ.QCQeing 

tbe !ntorfeco doeScn ores 
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1. r.stUt'e of a1ttnal ovalloble1 o.s. analos or 4tetta1. 

a. rata eneodsns, aeooasng em! tormatttnrr r-eqUre4. 

s. Cpccd of tbo l/0 dev1e•• 

4. C•lt!eal oP non.CP1t1eo1 dote tronste~ ttminga ote. 

lf the 1/0 tL vlc:e bee been provtda~ td.tb a devteo 

contnlltU' lortc, tben tbo lhto~tece 4e!!1£D1 dependa on 

the C!beraete:+lattca ot the 4ev1ce controllol' 1oar1c1 ant'! 1a 

uattally etmp.l!fSet. 

9•6 ~e,,f.!'!!!!!i~ .. ~t!-~~~c:r ~Q~el!fpga. 
Tho 1ntel'feee 4ed,ent4' •~..oul.t 1neltt4e tbo foUoes na 

po1nte tot" apoe!ty!ne tbe interface developed • 

l. Dota11eft itrfor£11)t1;)n obotJt tba dovtee b•Sng 11nked 

to tbo eooputett, atonF,\lith the Snte7ftte1ng arcquSro­

mentl on both the eS4ee. 

2 • Cot'W!end Smplcmontat !ora Inttruction set associated 

1t!tb tbo 1ntorfece. Pgocificst! .. n aomsn6e, VOrl 

clonY! dl)lonstlon of each 1nstructton. 

s. trensf~ rate•• !be neer oo a~oci~Jins tronofor 

rotee of tbe tntortaee must ·oleo gt ve eaNtul 

ottont1on to the amoaftt of program oanlpalattora 

roqutrca botore the data amvoa at tbo tntorfoee 

on8 !s sto~e4 In tho eooputaP eo~17 or on tbc 

p~l'Spberal 4~JlC~t en6 tbo effeet of presence of 

the other devlees. 

~. f'nSntona-nce a~ paekoe1nga llalntenance 1e uetl811V 

thou~ of as t,;o aetlvlt1oot 

o) Pt'ovontive me!ntsnsnee • AnJthlt'lt fltOf!l per1o61e 

replaec~nt of cecban1eol eompononts to oxorcl so 
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equipment on regular baeea. 

b) llepof.r matntenoneoa epeettteetSons ahould etve 

detail a of eheekout pr'Orrema tbat &f'o envltloned •. 

~ectf1eot1one ahould call out toet po!~t tbot 

een bo eeeecaed fl'om the front panel or baek , 

panel o? eny 4ftp1ar a4nvtees o.e. 11cbt emltttnn 

41otlea. &peeSfteat·Sona ahoula eek tot' ropa1• 

pons ltat. Prom repair point of v.tew, tntorfnee 

thould be p1U8•1o trpe. F1na11Jt Jpoc1t1eatSJne 

call few peelrog!ng 4eteSlo, atmenatons, eonboeto~a, 

front pannel ananeernents, Ionic 4Saerame oto. 

a.e 1~~tm!t!tfa~.£b~~~~. ~D!!t:,f!Qlfltt wtth .. S.E!m9li!• 

!be 1aCftl!:.ento1 plottar 11 on oleet.omacnatlc 

4evtc• which aceepta teettel t!ata on lte leput ltnes 

em! DOVes tb~ pen patt a paper (drum type or ftot beta) 

to pl'Odttee e.ttaph1oel repreeeotatSon ot the t!ata inputs •. 

!bo~o SPG tWO trp .. Of plotter• t1JWD tJPG and 1-1.at bed 

tJ»e• tn dl'um tJPe plo,ter paper move• one atep at oe.eb 

Ole!tol e1gnal b1t rece1va4 on Y•ltne. lt eon move lo 

torr.nrtl iU.:rtetlon 1f eicul a eomes on+ 1' 11fte, and tt 

mvee baolttal'd Sf tbe • Y lloe reeetvea a atsnat. PoD 

movee along tho 1enetb of the drum s.... at eo angle of 

90.J to tb.e poper eovement. Pea can move eStbor to the 

left or right 4epend1cs on tbe a1gna1 received eltho• on 

• X line or • X line respoctlvel)'. 'fbere oJto teo J.tOre 

11ces • FEU DP and PEtl OO'CN tehScb kaopa poD QJ) ard, c101m 

roapeet1vel.J • 
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3·1 Ol'a!llsd.l9u..it .1;:' lmo ~Y~ft 
!be nenet*al o~gon1eatton of a trptoel 

computer &)'atem lUte EC 1020 can be represented os 

shown below. !be beort of tbo system ta the·. Centrol 

Procenatne UD1t (CPU), shown aa cosnpttis!ft(! of a mo1n. 

etoraee, which bolde botb pro,.,rao oat! 4ete1 an 

erltbmot!c • logte unit (ALU), wbleb contains p.oeeee1ng 

cli'OQltry such ee en adt!er, lh!tter, ant! a fotr tan 

reg1etol1a tor bol4tng tbe operands, on6 tbG tn•truct• 

1oo ourrentlr bo!ng proeeetetJ. One part of tbe CPU 

1a a ~Gt of routing otrcu.1ta wh1eb provide paths 

between etoro~e end tho ALU antS Jnpat/Output controllers 

or channels. ln th1a tne of ayetem, many ntoraeo or 

Input/Output t1ovSaa may be ..Uet! to oce channel, but 

only occ devtee por- channel eon be tranldllttSntt lnfor­

cat!on fi'Ots or to ea!n stoPatre at aft)' one time. fi'l1 o 

is, of courae o reat4ctton on tbe number of devlcea tbat 

con opettete concnl'rentlf• TbSe ls tmpose4 boeause of 

the economy of eharsnc commoa potba to main storage otlB 

eimp11ctty ln eoattto11 ine movement of Snformatton bettJOen 

tbo 4ov5coe a!l('l •toroee. 
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The ca~or pol'te of a eomputett cay be desortbod as tollowau 

l.. 611£10 • 'ftlt s t c o tnoeoe for storing a ~tathefi 

lor~o volamo of 1ni0Pmotion and a e1DJle oconomScol 

occotJf' tleebardcm tor routing en el.eoeot of 

1nfortnet1oa to/trot~ storar.e from/to a s1nglo 

posnt(rerteter). storege is ueoollr sveUeblo 

tn eevoral vera1one• even Sn the some qetom 

(main 1toroeo end soconds~r storeee)1 thoeo vorr 
Sn accoes t!me, capaeStr,en4 eoct. 

a. t!I!I~~AU • 1'b.o n!tcb!nf! tle~ks tbot prov!tto 

paths tor routine information from one pert of 

tbo computor to another • · 

a. 1tf!D!(9tEUll32D • ftle e1Pou1te for Cl"Stbmattc . 

end otbol' c!ete oon1pulat1.on. fb!e function to 

ueuallV concontrated in a e!nele AP1thcat!o • 

loe!e ~t(t~U). !be oent•alleot!on p~vsaoa 

econotDJ ~dneo o eSnglo aet of taat uponatvo 

c!reuSts ta ueed 1n t!mo sequoneo for oll 

opePot!ont~. trar.urfo.._t1on clrcuS.ta opePato 

an !nfottmot1on obtofno! f~ storogo by control 

of tho 4ote•f1oc awttchtna. 

4. 9U!I£21 • !hie So e genoral torm that !nelwlee 

tbo Joportcnt fanetlon or poPtormlng tioo soquoneos 

of ~outtnse of Snto~cet!on t~agb tbo !ate flow. 

'i'tlo control tunot!on appoore on tnany levelc Jn 

a computer. Usually the control ls oreao1so6 



oe o eet of time sequonoee, or o7Clea. Each 

CJcle period !a co~nlr (but not r4Mya) 
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ftv!4ed lflto equallY apaoed time untte called 

intervale. !be torm 0 oFcle" r'Gfettt to a apedtSc 

tJ»G of eoquence for aelect1one on tho dete n.ow . . 
pet'tormed 111 o wcceeeion ot clock intervale. 

For esomple1 there S c an lf!ftl!!QtJ2tt .. ! . .16~ .Rclfi 

dv1ng sb1cb an tn.atructlon conttdnSag Snfof'mat!on 

about a trcnsfOJ-4ttltion 1 e brouvbt frora atol'ogo to 

an ALU ~ee!eteP. At ecob oloek interval wtthin 

the O)'clo, an eleuntal'J operation tc perfol'mOd 

suob n• nutSng tbe atoroee location of tho 

instruction to tbe etofia.ge eceoea r:-ocb&ntsm1 o•· 

routine: of tho Snetructson obta:lne4 to en ALtJ 

rer.isteP. 

6. lOR!!~BtlUJ1 • since !nformatSon Sn t'bo prooeseor 

atld storaee of the eoeputor &H hpl'osente« bJ' 

electric asrnale, fev!coe ere provtacB ·to eonve~t 

1nfo'fmettwn fttom bttman•eeno-rnto4 to mechSno•reodable 
1.tJ f8m QD tnpUtt enG In tho oppoelte 6Sroet1o.n. o-n 

output. A vorr coeeon eebeme tor poPformSag thta 

tranatacer funetion uaoe e punebe4 oerd. Ao 

operator f'eol!e t.be 1nforanet1on fnm bon4 ur!.tton 

or t:ypea docueente o~ entel!lt tbe tlifo~mot!on on 

o l!oy.boar4 or nr-pucb mechtne. !hie maebtno 

tra:ndotee tba kOJ etrokea tnto bolee on the 

card. !be card o are then sent to tho ea~ read or, 
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· TJb1eh conta1De tbe necessary equ1pmoat to BEI\D 

tbo cards, s.e., eenae the bole pOs!tSoPJa ana 
translate them into tbo Internal eleetrtc-etgnal 

reproaontatton. i'be reeulte of the pt'Oeeaatng 

in CPUt oen be eot'.!!"!Un!~ote4 to tbe UIGI' b)' tleCDS 

of aome otbcP tronf.ldueor cal1e4 pr1ntor. In tbo 

prtntett, a tranelotSon from 1otePnal eleetr1o 

atgnol fotm to tho hamon readable cboractor aet 

form takes place • 

i'bo punched eard1 J)l':lritors, end Ste oesoetetod 

eaebines are oso~ploa of Input/output 4evSees. Otbor 

do~!cos ovatloble tccludo type .rttera, puebod paper ta,e, 
C!lT 4tsplors1 anoloe-d1g!ta1 converters end plottel'a. 

a.-a ltm.!!!l9~tu1i .. CE!UW 
lnput/Outpat oporotions involve tbe transfer of 

lnforcnotSoo to or fttom l!!tJ,.n .tot-oee ana en l/0 dev!ee. 

lnput/output dovleos tneln4o saob equtp~ont as cora.rooaera 
ana punches, maenatto tape unltn, dtek atorsao-. teletrpe 

tlev!eee, prtntore-, teleprocose1ne 6ov!eoo• plottol!-s• on6 

proeoes control equipment. 

!be I/O 4ev!ce. opol."stion 1s ronuleted b,. a control• 

unit. ~ eonti'Ol unit functloo m.ay be bou~ 1tf.tb the !/0 
dov1eo cs S.n ttta "oae of prS.ntOl't or a eaporato control 

unit ~1 bo used. ln oll cesoe, tho eont~ ontt ftmct!on 

p1'0v1des tbo 1oe1cel sn4 btlffor1ng oapsb1lt.tlee noeoatmpY 

to operate tbo ooooetstcd l/0 4ov1eo. From tbe procro~mtne 

point of vtn, cost eont•ol unS.t functions mel'ter .Stb '1/0 

4ovioo funct!ons. 
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3.a.l lGR!lliH&I~-lotttfltli 

All eoeeanScat !on a bet•aen thO control unit an6 

the ohsnnel. tekeo place over e connoction called the I/0 
Sntertoee. 'l'he 2/0 Sotel'fece pl'Ovttto s aM on !nforc:atton 

format enS contf"ol slt,nal eequeneos that are 1!16ependent 

of the tYPe of eonti'Ol unt t end ehacnol and provt4e a 

unlfol'm. mean of attoebtng and controlling ft:Piottu tJPea 

of l/0 de'flcee. 

s-e.a ""rmda• 
'1'tle cbannel directs ond eontrola the tlow of 

information betMen 1/0 tev!ces ond mate etol'ege. lt 

re11evet tbe CF·U of tbe teak or eoa.:untcat!ng 4lttoetlr 

with tbo ctovscea om'S permits data pt-oeeeetng to proceed 

eoncu~rently wltb 210 operat!ona. the obannel aecopta 

contMl infoJ.'ttttt1one fPOe tbo CPU tn t.bQ format auppliot1 

by tbo proersc~ en4 changos 1t into a uquence of dernale 

nccopteble to a eontf01 unit. Attor tbo oporet1on elth 

the 4ov!ce bee beon lnlttated, tbo ehennel eaaembloa OP 

d!soesemblos 4ata and 8Yftcbron1eea tbe tPan&ter of 4ato 

bytes ove~ tho tntef'fceo wf.tb mesa storose oyelee.. \'0 

aeeocpl!eh tb!e, tbo channel maintains end Qpdot:oa an 

aearoes and e count tbnt 4asc•tbe tbe deet1oot!on o~ 

aom-ce of dote tn ma!n etor-ntzch \'ben aa t/0 4ev!ee 

p~ovtaea e!gOG11 thot ahoula be brought to tbo attention 

of the 8llporv1eor, the channel ase1n eonverta tbe e1cnnla 

to o format eotipat1blo to tba t ueett !n CPtrt. 

ll cbonnel. cay be an 1n6epen4ont llntt, complete 

with nueees&1'Y logical and atoraeo eapab111t!ca, ott lt 
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may share CPtJ foeilt ttea end bo pbyaScall7 tntoerated tdtb 

tbe Cf,U. The channel f&c1llt1e• roqut:rea toP suete!n1ng 

a einsle l/0 oporatton ore tel'lleG as a S'ODCBAI1tmt.. The 

mt'bcbarmel eone!ata of tbe cballnel storage uae4 tof 

•ecordtng tbe e66roeaes count, atatae ana eont.ol tnto~­

tfon naeociated •Stb tbc J/0 operation. fhe mo6e ill '1\!blch 

a channel ean operate depontla Upon '~~bethel' tt has one or 

cOt'e aubobannela. In coat ot tbe COilJ)uter, tbero oro two 

tJpee of ebannela. 

1. SELfCTOR CtlA!'lr:EL 

2. UT'L'flPLRXOR CilM41F.L 

Cbannole; bove two modea of operot!onl DURO! and 

CULTtFLEX. Jn tbe Durst mode, tbo data tPansfer toeilttt•e 

of tbo cbatutol oro monopoliaotl tor tbe 6unt1on of tPansfer 

of a l>Urst of date. Ofsber devS.ces attached to the cbannc.;l 

carmot trontfor 4oto until the burst eoaaea. The eolooto:r 

channel tuct1ona only !tt tbe buret mode ana ao lt bee only 

o-ne aubebannel. 

fbe mt.d..t!rlettoP channel tunct!ooe In e!tbor tbe 

btnt-lt moae ott in tbo mu1,1ples modo. In tbo mult1p1u 

moa., the mtll ttplosor channel can eaata:ln eoa.eunent 'J/0 

ope1'ottons on aevel'ol at~bebennele• Dsrt•• of dato oeeoo!atod 

wSth cllfferont '1/0 aev!cee oro interleaved one! routod to 

ott from the dae1~~tod 1ocetlooa in ma!Jl storag-e. 'tho J/0 
Sntorface Se tseue ebare4 bJ a number or concur•entl~ 
oporot!ng I/O 4ev1ees. eoch ot wbS.eb u.sea !ts ow ·aub-

ebennelo 
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a-a.3 lu.E!lUQm!!&:.JtJftB!l£tl2Dfl 
I/0 operations a.re · Sn1tieted ao4 eontl'011e6 ot 

tbne levels by information wltb tbl'ee tYPe of fonataa 

1tlm'RT.J'C1'Ions, COnt:AGDS,antt Oat'ERt. Inet.uetlone al'e tlocoded 

and •eeutea b)' the CPU ana ore part of the CPU pro«rem 

(flret. lovel >• tommant1s oPe aecodet1 sb4 executed by tho 

chennele aru! 1Ditlete 'f/0 oporot1ona, aaeb ee roa4!ftt ana 
vlticc (2n4 level). Botb Instttuctio., a anB commanBa aro 

fetched from main storcgo and ere oos:won to n11 types of 

1/0 Wlite, &ltboueh tho mot~Stto» btte ln tho eommanB cotJo 

may epocttv dovt..ee c1eponiJ6ct con41t!ona for tbe exeeutt.on 

of a deta trnnefer oporatioc et the 4ev1ee. 

f\loetione poealtor to a device aro epoe1fle4 by 

o~aora. Or4ore oro 4ecot1ed nod oxocuted b7 "1./0 d.ovleaa. 

Tbe cont~l tnto~motSon spoc!lr!ng an or~er mar oppoor In 

the cnot!1f1Gl' bS.ta of a eootl'Ol coman4 oodo, ear be trona• 

ferret to tbe devlco as detll c1aP108 n eontl'Ol or .r1to 

. operation, or mev be mode avallable to tbe dovtee by otbor 

me ana. 
The Cfll controls J/0 operst:!one by eoano of four 

lib tnst•uct!onea 

19!11 tnl!!mlt .lml ~ 

1. 11 S1'A3! 7./0 ~10 ot,c ec 
a. TEFrr t/O TIO Sl,C 9'0 

3• BAL!' 1/0 tllO OitC 9E 

4 • '!Et:T CH ~~ :rtlrL reB st,c 9F 
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ns.t 16.19 D1 fleld <~•et~netea 0 btla!o l'egicter) 

. Blt 20-31 Dl f!eld(fj.lploeeeent) 

fbo ·sum obtained by the sdt1tt1on of tbe coctent of :roatstor 

Bl otu1 the oont•at of the Dl ff.eld 16ent1tS.ee the ebannel 

em1 tho I/O dov!ee. !b!a aum bas tt. fol'o&tl 

........... 
·Channel ll:N' co 

Adl'. Mr-. 
0 lS 16 

Blt pos)tiona 0.18 ere lr,no•os. 

l!tb.tli~U:2. ... S.alSU lqf.tJ\90!~~~ !b!a sa uses to 

1n1t1ate an 110 ope~etlon When CPtt encounters en SJO 

Snatn,ct1on1 lt acttvatee, tbo eban..ttel aml seft!Je tbe 

de-vtee eddreaa to the channel. Channel lntat-n Stdttatoe 

the 6ev1ee aeloetSon sequence ~tdeb reaulte Jn tbe 

Se•ulntr of a coot!!entt. 

On multlplexoP ebonne11 sto eauas tbo addreasod 

devlee to be •elootod ant! tho operation to be tolttatod .. 

OnlJ' ottel' tbo channel hae ewvtcod all OQtatatlt!U.ng 

reqaeat• for 4ota transfer tort prevSOtU!tlJ tn1tiato4 

opo~ett:.ne. This !nabuctlon 111 osecutea onlJ t:heft CPtt 

11 aecutSag in tbe supettvtaorr mote. 
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· tt.n~t.t UQ m.ml.s.aaUse.!flsn& 
fl%0 1oatruct!O.Q. t.::1'tn1notea a Ctll'Pent I/0 

opc~atlon ct tbo edd~oased eub-obconel or obannel. !be 

sub1eqUitlt · etate ot tbo cbancel dapende on tbo tyPO of 

tbe channel. !he 1natruct1on BIO 1e ueoB onl7 tben tho 

CPU I.e oxoclltlns Sn tho eupet-vleol' state • 

.mu.£Uar;11.lmatmu l .. !Dilm&iqn• 
li'Xeoutton of the TCB instruction aete tho eol'lt11t1on 

code tn tbo Ptm to SncJleate tbe stato of tbo channel 

et16reeood br tbG 1natruotlon. !be !loault1D8 conc!1t1on 

o~e 1nd1cato~ ono of tbo tOllo~nc channel avoiloblo, 

Sntel'Pupttoc cond1t!on 1n channel, ebonnol 1::0l'lt!no1 or· 

cbannol not operational. 

s-a.4 l&.-B{tt!Utfl_l9!U.t!\t9..n.t 
~a J/0 opo•ot1on Ss 1nit1atad bf a SlO Snst•ucttoo. 

11 tbo nocose~y channel end Oev1ee foo1ltttes aPo ovnllable, 

nlO lo eeceptet on4 tbe GU eO'ntt~uos fte prorrom. 1tlen 

attar ohenndl ln4opon8ontly eovorns tho 1/0 4ovlce epccttte4 

bV tbo Snetl.'uc,!on. ouocesatul esecut1on of OIO lnstnction 

causes tho cbatmel to fetch a CBAr.r.BL A~D1ESS rroao(cnr) 
from tbe c:ssn storeee loeQ,!oo ?a. 1'tle· CAn apec!fles tha 

byte loeotion tc n:a!n etorneo t;bore tho channel· pro~nm 

begloa. 

fbe tonat of tbo CAfl 11 thMm bolo•• Btts 0.3 

apec1t.r tbo atorace protoot1on ko7 tbat will uovera the 

l/0 o»urot1on. Dlte 4•? muet cootatn zeros. Bite 8-31 

apocltr tho loeattoa of tbo tl~et CBAT:tZEL co:'t::At"D r-oancccr·)* 
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The byte location speeif~ed by the CAW is the first of 

eight byte of 1n~ormation that the channel fetches from 

the main storage. These ~ bits of infor~ation are called 

channel command word(CCW). Only_the SIO instruction may 

cause the channel to fetch ccw•s. 

CAW: KEY 0000 Com -mo. nd 
o a ~~ 7 lea Ad.d:ress $1 

One or more ccw•s ma~e up the channel program that 

directs channel operation. A channel command word can 

specify one of six commandsa 

BE .AD 

VJRITE 

READ BACKW.ARD 

CONTROL 

SENSE 

TRANSFER IN CHANNEL 

If more than one CCW ~s _to pe .fet_ch~, the _C9W' s are 

to be fetched sequentially, except ~hen transfer in channel 
. ~ .. - J ~ ' • . . . . 

1 s encountered • The J.l'igure given below shows the format 

of the CCW 

CommQ.nd Da..l:a.. Add Yess code 
0 7~ 31 

IFta.<J\oo. coun1: ] 
32. a& '57 s~o + +8 . . '3 

The Qgmm~~£~4! specif~e~ the opera~io~s to be performed 

(Read,Write, Re'IVind etc.). 

The ~~.Addt!!l specifies the first byte location in 

main storage for a data transfer type of_operation. 
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The au bits m&J apocity eba1n!ng to anOther ccr., 
guppro~aton ot a poeeible 1ncorreet length fftllcatSon,otc. 

1ho G\!1& speeltS.es tbo nttmbel' of b)'tel for a leta 

tranet~ oporat!on. 

a.a.s UQ £0..m._fll.!ltlt 

1bG co~Dd cotle, blt poeStiona 0..7 of tbe CCV:, 

apocltt.ee to tho ebannol nD6 tbe 1/0. untt tbe oporot!on 

to bo perfoeod. !be tYJO low order bitt ( ott when these 

bite ore oo, the tour lo• order bit•) of the corrunant! code 

i4eattf1 tho operation to the channo1. !be Channel 
dlettguishos cmong ~be foll~1ne tour opo:rot1oaea 

output foP£ar4 (WPtte, control) 

Input forwa.a (Rea41 Bente) 

taput baekword ( Iteaa baelreo.-4) 

Brunching ('fttansfer :In channel) 

!be cb.dnnol tenoroe tbe btgb ordott bite of the 

COr!~tabd eode. com~a that lott!ate 7./0 opernt1ons 

(t?1te, Read, need bactmsrd, Control, oDB sanae) 

cause all e1eht bS.ta of tbo comr:en4 coclo to be tranafettred 

to tbo t/0 unit. !bo eocmana eode eatiflnment ta 1S.ete6 

hl tbo follotdng table. Tho symbol 'X' lc6.Seatea tbat tbe 

bit poe1t1on Is :lgnorot'IJ E 1dent1tSee a motJtfi• bit. 

=: ::~::::::::::=i!MP:::::::=:::::: 
tr..:l!OlOO Sense 
!JOOtlOOO ?rona fat- t.n. Channel 
t'it!t!lliOO Roo4 bocnor4 
t"''":nn:ol tl'!te 
t!-1111':110 noaa 
t!...1~l2..fll Control 

--· Wtti- .-. ............ -._,..._., A .,. I B I I tv ... ·- • I •. W 1• 
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!be 0061f1er b1ta eree!ty to tbo unit how the comoond ts 

to be excC!Utcd. !hey may couse, tor example, the unit 

to compere data reeelvo6 during tbo trite operation wlth 

data prev1ouelr recol"t!oc!, an~ theY t!!SJ' specify aueb 

eor.4ttlot'ls as reoo~4Sng 4eneSty and potntJ., Fo• the 

contNl eocr.:ena, thfJ oo61f1er bits mey eonte!n tbe o~tJer 

eode specSf11ne tbo eoot•ol tunct~on to bo po!'for~ea. 

tho ..ftGVGl" tbo chnnnel delecta an invalid commend 

aur11'JB the 1n1t!ot1on or e comtnond, tbe proerae-cheek 

cofl41tion ls aeaerotod ..men tbe f!rat CC\". tlostcnoto4 by 

tbe Cf1~ contaSns an 1nva114 eocflorul eo4o, tho etotue 

portion of tho csn tdth tho €tl"'£l'om-ebock i~t!leot!on Is 

storOtt dur!nr tbo execut~on of f'JTNl'l' I/O. 

s;;~s li ~-Jttte opel"otS.un 1a tntt!ote« ot tbe I/0 dov1ee1 

and tbc eubebs~nel 1s eot up to tranefcr aoto r~om mstn 

atoroee to tbo l/0 wd.t Data in atornce ere retched to 
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an escom11ns order ct aM-ressoe, stet'tSnn wS.th the a4erocs 

8pec1ftrod Sn tbe Cct7. D1t p;Je1t1one o-8 ot tbe ccr contcSn 

eod1tlor blt (c:mmc:mOOl). 

~· A hood oporatSoa ts !nitlated at tbe lib unit, and 

tbe subcba.nnol ls DJt up_ to trenafoJI 6otn from tba un!t to 

ca!n etoroee. nata !a etoraee are -placed Sn. an aeconBtng 

or4o~ of addrocsea, starting 'tdtb tbe et!4JJess speclf!ecJ 

sn the ccr:. 
i.riull..llts:m:,O.lh n Roaa Beclmo~ op.,:-etton Se :I.Dittatcd 

at tbe t/0 an1t• en<t tbe subchannol Ia set Up to tr-o~etc­

data froo tbo uc!t to oa'n storage. Tbe cbo~nel pleces 

tbe bytoo S.n stor-oge Sn a deseonc!!ae order of a<l6roesea, 

8tort1ng tJ~tb tbe sdtJr:ess spec1ftc4 Sn tbo ccr·, bat 
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tctehee r~•e to an aecendSng sequence. 

tgUl'RQf.t A eootro1 opvetton 11 1n:ltletet! at tbe '1./0 
unit, ond the aubcbannel 11 ut up to tl'onefor data 

fltom tsbe t!ata atorar.o to the I/0 devlee. fte t/0 unst 

tnteJ1)retG tbe date at coutt-ol Sntormotton. ftte eontl'ol 

lntormatSon ts tetebe4 from the matn •torone !n aecenSlne 
orde• of odd~eese1, ataPtlng with tho n4drees apeclf!ed 

1n tba CCt'. A coDt1'01 COID!!!Utt! 1e uaecJ to tnttlate at 

tbe l/0 W'ltt an operation not S.nvolv1ns tranater of data, 

sncb aa baekspac1 rae or roe!n41ne ll!atJnet1e tape or 

pos1t1ontnc a d!ak oooes1 mecbcn!sum. FoP more eontttol 

IDaetion•• tbo entire opattat!.on Sa epeo1fied br t:be 

mod1t1er" 'bits !n tbe eoeeand cocte, anti tbo euractSon Is 

p&tormcd over tbo J/0 !ntorface as on !~Sate opePotton. 

A control eoeeana cote eonts!n!ag oepge fo~ 

tho ses cr:odttior b!te Se dof1nod n• r:o-oporat1oa. Tbe 

t:o-opel'at!on ot't!er eaueea tbe aitdrePed untt to reapord 

w1th chan!lel. eml v:tthoat caueinr onr aet1on ot the unSt, 

Other opel"at,ona that can be Sn1t1etetl by means of tho 

control cor:oae<J <!epG1!4 on the type of !/0 tJev!e&. Blt 

poait!ont o-& of tho c~ eontein mod!fieP bite. 

ftt:tf';: A aenae oporction te 1tdtsatea et the 1/0 unlt, 

anti tbo eubchonnel is aut up to tron&fer 4ate fltoo the t/0 
unit to Cla1n atorene. !he aete aro plneea tn •torece tn 
on ascer:tt!nc ordoP ot &alfPessos, etarttnn t71tb tbe e44reas 

apec1ffol in tbo err. 
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nata traneferree during & Cease operation pro~1ae 

Snformotton concern!ce botb uoust.l81 con81t!one doteetoa 

!n the ltuJt operation on4 tho status of tbe ttevtee. !he 

statue Jnformet1on provided by tbe aense eornoan6 le eoro 

detailed tben tbet eupplted by tbe tudt netae byto and 

oay c!escrJbe !'eeaoM tor tbo uc1t check eonafttoo. 

For moat J/0 antt. tbo t!rmt au bite of the first 

sense date bJte( ~•nee byte 0) are eottmon to 811 I/0 units 

tbot beve tb1e trpo of information. 1be six b!ta are 

J ndependont of eoeb other end atte destr,nated oe fo11osa t 

1\1U U!!1!'lf412D• 

0 

1 

a 

• 
4 

e»mr.sOII Re~Mt 

IDterventioo Requt.rea 
nus Oat Chock 

Deto ebook 

8 Overrun 

'ale ee&n!ns of tho Stl4!.'f1lhtal btta at-e aelf erplanetoi'J'. 

!3!!!W] If! .• 'lP.QrlliiMa The non ccr: te fetehe4 trom tho 

locat!~u deeinetecJ by tbe date 81!4Fe88 fleltt of the CCt' 

spec1f)"1ng tranefor-1n-chanco1. !lite COEmanB does not 

S.ft!tSate onr t/0 operation at tho cbanoel, end tho t/0 
4ev1ee to cot stpnaled of tbe tbe execution of tho eommaad. 

!be ptlf1)0n ot tbe tJtanate•Stl cbennel eoaoant1 le to 

pl'Ovlde eturlnine betwcol'l cet:• e not 1ocate4 tn o4'aeent 

double wo"' loeetivns tn an aacan6!ng ordu of e~dresaoa. 
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3•2.6 InputLQutpu~ t~tminatota 

I/0 operations terminate with the device and 

channel signaling end of operation and a request tor 

an I/O interruption. 

A command can be rejected during an a.ttempt to 

execute a START I/O, bp such conditions as busy conditions, 

a channel programming error etc. !he condition code set 

in the Program status Wbrd (PSW) by an unsuccessful, SIO 

instruction w111 indicate one of the followings that 

a channel status word (CSW) has been stored to detail 

the conditions that preClude the initiation of the I/0 

operation, that the equipment is busy, or that the 

addressed equipment is not operational. 

1'be f<b§nllel Statu! wor:q {CSJ!l provides information 

about the termination of an l/0 operation. It can be 

formed or reformed by start I/O, Test I/O, Halt I/O, or 

by an I/0 interruption. The instruction test channel 

does not affect csw. The format of the csw is as shown 

belows 

31 

Sta.tu.S I count 
47+8 63 

K!l field contains the protection key used in the last 

operation. 

Qqmman~ A~dreps; specifies the (location +8) of the last 

CCW used. 

&1i.atU§ field contains a. Unit status byte and a channel 
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statue bJte. ~£he unit statue b)'te car im1!eoto one 01* 

mot-e comU.t!one. sueb ae conttol unit end, channel oll8, 

l'lGv1ee entt• ettent1or.t1 bl.llftatotua cod1f!er9 unit cboeb 

elld unit eseeptSon. !be channel statue 'brte cay tndS.coto 

a cbanno1 proereemlnt eE*!iOr, e ehannel data ~beck• a 

cbennel control cheek• pi'Otect !on cbcett, !ntortece eoft'Crol 

ebeok, cbatn,ng chock, progtam controlled intor•uption, 

tncorHOt le'Qftb.t tzm1 ftolc! apocff!os tbo ros!daal count 

of tho lon CC';" used. 

a-a.v UQ .. l91it£Ball~n· 
t/0 int01'1'apt1ono ero cnasa4 bF teJtm!natloD of on 

"l/0 oporetion ot- bJ opo?ato~t 1ntorvont!on at tbe l/0 tlev1ee. 

Aft I/0 interruption stores tho current Pet'! 1n tho 1./0 
o14 pgr: 1o~at1on, and tlacoe the l/0 I10V PSU !n eontfOl 

of the sYtttem. 'l'be 1/0 new psv;t whoa made cu.rreat by &D 

I/0 1ntcrrupt1o!), t:aY' oeuse Cl,tJ interotonat1on ot tbe cbeflnal 

status ~ora. or tako •batevo• ootson te consiaored appro• 

prlate by tho propra~ar. 

An l/0 tate1'1'tlpt1on request may be !ntSated by an 

110 intePru~tlon c~n~1t1on !n o device, a control untt, o• 

a obonnol. v;bcn a channel bae esult1plo l/0 1atenaptton 

~tequesta pendta~ tt establ!ehee e pr1o•:ltJ eequonce to• 

tbem betol'e tnttletinn an 1/0 1nte~t!on teeqnen to the 

CPO CD odltione -responsible tor 7/0 tatot'rtaptton ne reqUGat 

remain pore11ng 1n tbo t/0 ltov1eoe Ol' ebonnels urrt:n they 

are aeeoptG~ bV tbo crw. 
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a-s.e DeGm 2~ am .. ~ DG%A tB~J#qEfi~ 9E~IJatiQ11 ' 
A STAnt l/0 inatNctSon 1e aaed to 1n1t!ote 6eto 

tronefer to or from an ~ device. 10 perform eucb on 

operation, it to l'lOeeP&l'V fol' tho proe•em.mor tot 

1. Eatobl!sb a obennel cow.cord WOl'6 (Cet'J) or a 11et 

of Cet'J'e Sa main storaee. 
a. !.oat tbe channel eddr.P woN(Ct1\7) wltb tbe ot!dreea 

ot the fit-et bl'te ot the ftltat Cet? in tba ebennel 

pHgrom. 

s. Load tho channel am! dev:See ofdrese tn tho t'fi!A~t' 

l/0 Snstruct1on to be aso4 for tbe operation. 

4. Pot tbe &18tetn mask to d1cab1e all ebannele to.,. 

lib loterrupt1one. 
s. lecuo tbe S!AR! 1/0 taetruct!on. 

6• ibd tho eont12tlon t'odO eetobl!abod !n the Oflttl'Gftt 

PS'r by tercS.not1on of tha Sl'llB! !/0• 
Con61t1on cocte 0 SolJ!cateo thnt t~ t/0 opel"ation 

.bee boon 1n1tttlted om! that the channel ts poceed!ng v;Stb 

tto execution. If en 7./0 !ntorraptlon j It 6oa11'cd upon 
tettm1oot1on or tbe opc.rat1one, the pe.tlnent charmel moek 

btt m.ust be set to 1( en epproprtoto %/0 aow PST'! cuat bave 

boen eetabl1abe6 pravloullJ). 

t~n41tt~n co4e 1 1n41eates thct a cbannel statue wl'd 

(Ceti) bstt.4 been etoredt S.ts atetue bytee lboulc! bO' examined 

to aetorm!ae vby tbe des1re4 opent!on t:OI not SnttiateCI. 

Con61tlun code a 1n61cate8 that the cbannGl 0~ 

subcMrmel ettdrocsod b)' the ~?AR! %/0 Snatrt.tctton •• touna 
to bo buev ~!tb e p~evtouSLJ !nSt1ate4 operation. tf an 
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l/0 interruption from the operation already in progress 

is desired, the channel mask bit must be set to one. 

Condition code 3 indicates that the addressed 

equipment is not operational, a message to the operator 

may be initiated • 

• B6tween the time a START I/O instruction is 

decoded by the CPU, and the time the CPU is released by 

the channel with condition code 0 set in the current PSW, 

the channel performs many functions. The CAW must be 

fetched, the first CCW must.be f~tched, the CAW and CCW 

must be tested tor validity, etc. After a START I/0 

results in condi~ion code o, the operation continues 

until terminated. Termination of an I/0 operation causes 

a request tor an l/0 interruption. 

3·3 MULTIPLEXOR CHANNELs 

3•3.1 ~jSIC DAtA PATH§_ANQ BLOCK DIAGRAM§ 

General block diagram of the CPU and I/0 channels 

is given in Fig 3.3. The channel and the CE paneel are 

connected to the CPU by the block of channel control (BCC). 

BCC consists of assembly logic and some other schemes 

(for example, register for channel control-RCC) which wUl 

be discussed late~r;...;•;_.. _____ _, 

CE 
annel 

MDX 
CH. 

CPU 

BCC 

Fig.3-a General Block diagram of the CPU & I/0 system. 



3•3.2 ~~maaaQ.&Qf:lDlL. g£, m11 .J& exsmu• 
!be t!a'a aD4 eontrol 1ntorasot 1oft tPaneteP b&t~:aen. 

the channels ana tbo external ttencoa te re&ltaed by 

rd.ePOpNgrame and conti'Ol cireuSta. r:!SeJtOpro-am control 

la appllod tor all ehennels. !n tbe 18loctol' chaanele, 

a epoetal eontro1 Ckt. 1s used foP data trocorer. 'l'bo t./0 

cdCI'Oprograma arc loeatot in the tat block of aon and aae 

control aSmHll e from the ad.cttopi'Opam block of the CPtr. 

a.s.s R:fULEUD Oll.irlS ~~DX~cacm .. Afm.DQl:A.Bt9t• 
EC 1090 malt1plesor channel (!!C) coor-d!natoe etta 

contnle tbe •rk ot a gJ'eot nom'be• of IQIQll rete t/0 
dev!ceet tbe mas~ tttaaafer rote la multiples motle 1a 

14-26 Kbftee/aec.am1 S.n bttrat mode this l'ate ta upto 

200 D?tee/sec. 

!tlo block dioerom tor C!tl1 tlplexo• ehatmel is sholm 

tn PSg.3.4. fbe mtlltS.pJ.esor ebannel bas a eompara.tt.velv 

amall 01112 b.arharo becouee dortng the aect.ltton of channel 

opettet!on 1t shONe tbo bUcJware of the CPtf and eo e 

computing process ats tbe same tlme cannot be realised. 

!be mu1 t!plexor channel usee tbe multSpleso• ana the local 

etorage. ln tho tm4t1ples01", •hScb 1s a part of tbo main 

.torose, the subchannele are ottaated. In the subehannels 

tbe ncr.· (unst contttol wrda) ore stot!ted. The locol .torose 

te e complomentcn bal'dYJare la tbe esecutt.on of tbe cbann('l 

mteroprogreme. 

In 1Jbe mt4 tiploor channel, thO eont~ ami the 

an~ tl'ensfor ere roo1Sze6 pertl'J barteare en!l pertly 

mleroprosret:l. 'Dle own bardware of tbe tllllt!plesor channel 

1nelades so9erel roe1sters oDd cont!'ol echemoe1 

33 
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• Pegi:eter of ootpat 1ntorcet1on R.RSt wbleh 

c ... ntrol a ttl$ BtJG-OUT 1ntOPtaco linea. ~ts 

register cona!ete of 8 SntorDnttonal b!te end 

ot oaG panty bit. 1be tuncttonal acbemea of 

tbe ret: I stet¥ rum end otbeP ~ul tSplesor Channel 

•egtstora ave doaer!bed !a paragraph a.4. 
• roglster of lbpttt 1ntormatlon Raa. !bio roeteter 

Ia connocted td.tb tbo DT1S.It7 lotorface 11noe 

acd 8 1Dforc:ot!onol bits em! ono pdl!lb por!ty 

bit. 

• oontro1 roctstoP for Sa-bound interface 11noo 

RM,connoetod tdtb tho 1n.bount1 toe and eontrol 

11oos. fha roetsto• hse tho tollo\d-ng bltea 

!!111• 
o-:··cmJ·. --riif·TI·· .500_ ~u ·a!£! u .. _ ••• , • _:O[tl ~--JJ- ... ,. · er ace eo · on. 

1 • (TOPL-lO) T.rteaeP to• tbe totortace etanal OPL•JU 

a • (TliDR-It'l) T.ril!l!OP tot' the lote•taee etgaol ADR-lN 

S • ('fS'l'n.lN) " tt 0 S'l!A•JN 

4 • ('fSrtV•lH) n tt " P.RV•lt1 

6 • (Tfst•l'O) " " " net-lt! 

e • (Ta'·~·nl) n • " REa-tn 

J nmestt 1 111 U U 

7 • (frEL u } !rinne~ to• control an!t eeloctloa. Thta 

ebne tbet aoleetSon Se 1rdttstea b7 the 

channel. 

.. ~_,......_,_Aillll ;liiT•IIII I JllJJJff Til I 11 II P & I. •. • I I ''lit 1• JA r 

• N€1 eter tor outp11t channel control ROO 1 \cllSeb 

Se connecte4 •tth out-bound tnterfaem tee ena 

control 11nea. !be l'eg!eter oonsieta of tbe 
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fo1lo\V1.nrr bitat 

• • r ., .. at· •••~••••••••••• •·aw a •• .••••••• • ... • ........ ..., ••• ,........._ •• ...,.*1••• • .._ 

0 • (feEI..-Otn t"t) tnee.r tot- the tnterface e1sna1 SEL..OU! 

l • (i'nDli-Otn ~) " tt " ADa..Gtrr 

2 • ('ICtli).Otff UC) a 41 • Ct:D-Q'O'f 

a. (tsav-our t'C) • .. tt GRV.OUT 

4 • (iOPL-OTJ! OC) tl • .. OPL-Otrf 

S • (!nUP.OUT EC) " .. 1t StJP-Otn 

8 • ( fSEL-OU! ~sc:) tt " n SEL-OU'f 

....... IJQijl J:ai Mtlfi_.W1t¢ 1:1. -·.I ..... , ... II·- l11 ............ U ··---· t F ............. _ 

• er:ro• ttee!etor a~ru. tll1e reg!ster thea tbe 

or.-rot- a1tuot1ons 4ur1ne the oporottons of tbo 

multiplexu channel on4 bas tbe followSng bltst 

-····-~·- .. Ill 11 J~ J- I l 1 I f I dd 'r• •• , Tf .a. I,., •• ,- -I. 1 AW 

o • (1't~SCCC) tttS.~teer tor multiple lntortace aSgaals cbGck 

l • (!XSC!::C ) trtseo• for lntel'faoe a1gnala ebeok 

~ • (!ltctr ) trS.ggeP for Interface p.artt)' check 

3 • (TOCct.tt ) trigger fol' outp\tt ALt11Snee C eboek 

4 • (f'C1)V_,"(: ) trlgge tor channel aata Oh&ek 

5 • (PCCCl"C ) potent tal channel control eheclt 

6 • (PIOCt~ ) potential interface operation check 

••u•• .......... ,. I 1 •-••nan • L FIt Fl ffd ••••* ••. J .. 1FMU1•11!• I • 

• ertor register ~RE. This reeSster lnd!eetea 

an Snvaliat1 response, slow roaponeo OJl no 
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Maponae from J/0 i!ov1ce to o tea-out 

tntertaee strnal end has the to11o•Sne bttst 

1 11 f • r _It u ., • • I •• 0 1 a liP If • *1 ... PI ......... _ •. I .... t ••. 

<> • Cfll'SEL • outt~) first trteee• tor tntortnee oporntton 

Snterttapt eftor tho sSeMl srtom 
1 • (miSEL • Otrl""GC) aoeontJ 'U!I!to• to~ tnteJ~~fo.ee ope:Pat!oo 

tnteft'\lpt attar tbe elgnal l!FLOUT 

8 • (!ltsav. O~T) tfret t.Se~er to~ lntortece operation 

.tntel'rupt otto• the elgna1 onv.oUT 
3 • (Te!S~V • o~~) second trtgeor tor interlace opo•otton 

Interrupt otter tbe dgnsl MV..OOT 

4 • (fllCt:D • OtfTL"C) ft•st trJggot- tor tntortoee operation 

ln~ettrupt after the s!gnal CL"'D--t'J'f 

6 • (!alta> • Otrr!Zt) aoeont! t:rtef"eP tor 1nto:Pface opoPatSon 

Sntenapt oftoP tbe signal CtD-OUT 

6 • (?lOPL • lVL~ ) ?&-trgor for 1ntodace ope:rat1on 

fotel9upt atto• tbo dgnal OPL-10 

? • ( !lOlL~ ) T.Pigger to• !ntorface oporot!on 

1nterPUpt. 

'ibo channel haftleare aleo 1neludes aomo 

contm schemoet 

• Scheme for toro1ng ROS !nterl'Upt (!W9I) o1cnalt 

• eebeme foP form2ng Rr:B(reset 0/C enol's) 

e1gnal otc. 

1be date uanefer bohoen tho r:otn ator-oce end 

tbe control unit Ia c!one via tbe :lnpat 1nfo1'llllt1on ztoc1ctor 
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RRS and output 1nforcotton re1Sator nns. c,nnoetod ~itb 
tho roetstor f12 of tbe t'!:Gin JtoPaee. !be 4at-e tronef• 

to tho rogtster m enS from the RL13 1e mt~l'Oehm 

COtJti'011e4., 

'!be Input of tbo reet~Jtor lUI! 1s oleo cormootot 
br tho aesemb1V ecbemos 1.n tbo BCC to tho oatpat c or tbe 

ALU ana for that rooeon the output of tbo lb.~ to cormocted 

b1 tho ossereblylo~!o 1rt tbG BCC to llLU.D lnpt.tt. 

1bo tronsfet- of contN1 atnrmls to tha coPztoepon;.. 

d~ng 1ntertece linea t.r•~ the channel 1e fJOm tho roe!etor 

a10. come tr!t"aora of thte Z"ogS etor ore eet as bits of ~Rl 

reetstc~. FOr snol1e1ns tbe contents of tbe aan roetstor, 

tts output So eonnoctod to tbe input 'B' of tbe:.ttr. 

The tntottface dgttala from tbo ostol"nB1 dovtea 

oro transtor~ea fo~ analyeSa via roptstor nH4 to tbe !nput 

"B" ot tbo Attr. 'ltlo ottrol' !l'epSeters lRn aM rtR5 aro olso 

concocted to tbo t nput "B" of tbo AtU and tbah- eontonta 

can bo rmalJaod by tho ml ttcrop!tOrr-am. 

~1 ~eutsto•a in the ..at max channel &Po connootoa 

eSther to input "D" or to output 11 Cfl of tbe ALtt. t'bie 

aonneetSon roqu!ree the OQ'.Itmum no of ropistor bS.ta to bo 

elebt witboat s po•1t7 bit. 

s.a.4 {lAJW.~{ID ,Qf, .DE .t~,.GflArJ.ll& 
!bo cas ehonnel hardware can bo dov14e4 tm.:o tbl'ee 

m&111 eroapea 
1. t'be flttat group 1ndw1ea all achomea for 

ca1ntaSn1ng tbe stonaa~ tnterfoee d!aloeaa. 
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Rord etere RSO and RM end 10mo eontr.ol trt~rgore 

belong to tble troup. 

a. '1'tlG socoftB srorap 1nc1u4ea regfetera tor marvJe!ns 

the data flow l:rom the cain storage to ostePft&l 

aevicee enll vSce verea. neetetere RR2 ana RRS 

belonr to this lfi!'OUP• 

a. Reg! etors RRE aCt! tum ere !n tbe third Sl'Oup 

and tterve to:. choe1dng ana bardltng errors tn 

ebannel opattetione. 

aw4 9!Dt~'J9..UQ IQt~£bCI f~'l\l!alll.• rultiRl!!9C.f:bJ!DDil 
~. l/0 llltoPteeo provS.6os en !ntoft'llltloft f'ellmot 

end e lienal I sequenee eomttcn to all t/0 untto. !be 

JntePioee conelete of a set of lines thot ean oonnoct 

a nuobor of e~ntrol untte to the channel. boept for tt» 

dsb81 Gaod to cstobltab prlol'lt)' amonn cootnl units, 811 

commurd.cettona to orad from tho channel occur oveP a coc:mon 

bat, amt eseaal provl4CK1 by tho cboanel ls avot.lablo to all 

oonteol units. 

Control unlt le a piece of baftt•aro tbot pl'OvtBos 

tbe 10g1ce1 capab111tSoa MCO$S8J!'7 to operate aDC! COntl'Ol 

aD I/O c1ev1ce an8 adapts tho choncterlet1cs of eoeb dov1ce 

to the atandara toft of eontrol provtded b7 tho cbannol. 

!be contNl unite aeeept eoatrol e1(fNlla hom tho cbennel, 

eon\.-ols tbe tlmtng of data tronsfel" oveJt tbe l/0 tnt•toee, 
ana povtdea S.ndteot!ona coneerotng the ctotae of tbo dovtee. 

'ft'le t/0 1nte:rfaee (chancel to eoatrol W'l1t) te tbe 

coomunSeatSoo link beheeft tbo CPU obennel ollt! the vor!oue 
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I/0 c..,fttrol tudte Sn tbo EC 1000 syetem. It ocploroe 

tratormatton foJtaats and CO!ntl'01 aSenole hqaeno!q to 

p.avS4e trd.fo•m moans tor attsobfng ertll eolltN11S.q vertoua 

trpe ot cont.ol unita. 

1tl.Ja tatortace :ls so dea1gna4 that :t.t povsaeat 

• a degree ot eoa:u!lletoner of 1/0 progl'eromlne ovett 

e wide ranee of control untts. 

• reodr pbJIIcBl connection to EC 1020 avate~ 

cbnnnole of control· u.n1 t s c1eetgnett bsr ony 

oonu.taetue• to opet-ato wttb thfo :lntertoeo. 

... obSl!t1 to pb)'ateellv aceomoBete tatura eont:rol 

unite Boelgnod to moet the poramatort of tbte 

lntortoee. 

• on tctorloekecJ Sntorfoco opoPat!ot'la that ts not 

VOJ'Y t1t:a • 4open4entt th!e t&e.tm-e lnereosos 

the ronro ot C(lntrol onJ te that oay be ettaehed. 

an oporotlon appl!eoble to both eultlploa ana 
bUPat eo4e opcPot:lona ca ~11 os monr control 

opornttons ond obaanel•to•cbannel trensm!eslon•t 

• upto eight control unite eorvlced por set of 

lino«~. 

t1t any ono tSee, only one eonti'01 uctt ean bo 

1ogleall7 ooonoetod to the channel. A control untt Pemalno 
.. 

loeicolly eonnoeted to tbo Sntorfoee uct11 1t trencfoPs tbe 

info-rmation it neec!e or bas, or until the cbennol n!gnola 

0 !t to 61sconneet. 

The Jt1se ent! fall of all etenal.o trensmtttetJ over 

tho !ntertoce are eontl'Olla6 bV 1ntorlockot Poeponeoe. 
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lntO!i'loekine ttemovot the depordenee of the totel'hee on 

ekt., apeo6, sad makes it appl!eable tq a wt4e vartetr 

of okte. end data retea. further• !rrte.rloeldfll pertntte 

oonneottng control unite of 4! fferent okt. epoe~s to o 

eleele ebaru.·•l• 

4.1 

The l/0 nct!vttr oomaoneee wttb the StART 7./0 

tDstl'tlctioa (98) wblcb te et'lconnteraa in the propem., tt 

s.neteatoa tho channel a&trc:uu!l toretbar tJ!tb the aMreee ot 

tbe device ttblcb te to be ueGtt. tbla deviee aditroo~ 

:t-epttesents tbe choeen por!pheral dev1ee (~ule), na v;el1 

ca the control unit tbltou«b wb:teh tt operetea. tho· device · 

&i:ldl"ess !1 plecod, on tbo bua-out to all connected control 

units am b7 ooens of pateb-certle, tbe ebOMn oae !e 

td4!fntttlot. 

Aftl·l" a6droae1ao tbe aev!eo• tta fate, or tbe 

condition of Its rendnetuo, 1211n bo reported to . tbe pPOceseor. 

!his lo och1evo4 by tho etatua byte, •htcb l• ptt'opered in 

tbo control unl t aDd ~tent to the channel, et\f by tbo ho bit 

condition code, t~b!cb Se pttepere4 tn tbe cbano.el end eoct 

to the l)l."Oceeaott. i!le flo• c.ban shows tho var!oQ attuntJona 

ana tbe ltotut Or' eol141\1ona wbtcb cao bo reporta8. 

FUrtbor cot!v!ty 4epertfe upon control -.r-6s •bteb 

hove boon prev!ouelr pttopa!'•4 amt l'&lf4o ta moczorv. fbeae 

wrde oat!':ol)' CL\V' ed ccr, ere u•4 to pPovtde tbo eoctrol 

of all aetJvtty e!tb the ourr&nt selected device. . Tho CAU 

pointe to tbo ftrat CCL •bleb when totcbo4 snto the obannel, 

provsctea the necesaarr controlling pare11etere. tt eoatatni 

the eorrmal'f4 co4e1 as per tbo dev.tee 1natrut"'tlotl81 repertoire, 

wttb eerte!n nee bita, e!cb 1Ddlcote epectel operatlona. 
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'l'be tlar, bite may apoc!fy, to1' ozample1 wbotbetl' the commend 

1e aolt stard!ng ot- 1e issued se a port of a claim ot 

comr:anaa. 1he ccrr oleo eontotne tbe address whore tbe data 

ie to be locatecJ in met»J7 or '\':her$ aata is to be pleeed 

de1ag tbo prrent transact!one. !be e~ant of aata 'byte• 

•bleb bave to be t~ensfertted wltb the current eor::mana !t 

alec epectf!eft 1n tbe CC'fi t.e. tbo byte Coaat. ttle CCf' le 

fatcbed !nto tbG ohaacel and le executet tn order to Snltfate 

operation. tt eol'ltinuQllJ updates tbl• counta ea oocb byte 

tr-ansfe' taket1 place. J.~ ts tborofore ma!ntatned w2tb1c the 

eharme1 1 alware to reflect the cue-rent eltuatton •. 

Pl'iOI' to tbo start of an.v 4eto tt'tUlSfGr' t tho 

eormran4 b)"te• extrocto4 from tbc ccr • must be dellvore6 to tbe 

control uatt ana checttod for va1td1t)"1 re1at1vo to the 

edc1resHC! moc1ule. lt tbe commend le 1nvallodt tho etatt1e 

of un!t ebeck(ca16) S.t t"eturnaa. Alte:rnotS.vely, anr etatu.e 

eondSt.1on wbtcb may osSet (pemtS.n.v.) tor tbo solectot1 mo4l4o 

ts POJ:Ol'te4 by mo: ne of tbe statue byte ot tbte t1a:e. lf the 

eofUlBnc! ta accepted t tbe statal returned 6epen4s tlpoD tbe 

ttpe of comoerd ebteb ~a• ieeued. Certetn coccan6 not 

tnvolvtnn a ctota transfer,. NJ be o:socuted alcoot S.crocJlatelJ". 

'lberefore, the statue bgte rotUJ~netl et tbSs ttmo mar c::onf'eln 

coot:!an4 .. omline atstus. If the cott!f&iad involves a dote 

trsnefel't a aei'O etctus cUl be rotuJ:Jae6 tvbtcb t.tldlcatel an 

acceptance to proeee4 !nto tbo e~eeation phose. 

fbe actmowlodea•nt ot status by tbo ebonaol 

a1«n11ioe the om1 of tbo Jnlt1a1•nloct1on phase oDd einee 

aata te to be tronofe~red tb tbe burst moae ot oporotton, 



GENERAL 1/0 SEQUENCE· 

STAAT I/O --------- r·9C IN~'!WCT~ON -~;N;UT/OUTFU'l'; 1 

ENCOl..'NTERED IN PROGRAM I 
I 

r-----------~---------
CHANN~L ACTIVATED DEVICE ADDRESS 

SENT·ovER INTERFACE TO CONTROL 
UNIT, FOLLOWED BY SELECT-OUT 

SELECT-IN RETURNED NO 
(CONDITION CODE 11 2 ) 
ABORT SEQUENCE 

STATUS-IN RETURNED, YES 
IMMEDIATE BUSY STATUS (50,

6
) ----< 

(CONDITION CODE 01 2 ) 
ABORT SEQUENCE. 
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CONTAIN:.; Cll.ANNEL AND 
DEVICE ADDRESS 

STAAT lNlTIAL 
SELECTION 

I NO - OPERATIONAL-IN RETURNED, INTERFACE CAPTURED. 

FETCH CHANNEL ADDRESS WORD (CAW) 

FETCH FIRST CHANNEL COMMAND 
WORD (CCW) INTO CHANNEL 

COMMAND BYTE SENT OVER 
INTERFACE TO CONTROL UNIT 

COMMAND VALIDITY CHECKED, STATUS PREPARED 
COMMAND HELD IN COMMAND REGISTER 

STATUS-IN RETURNED. 
UNIT CHECK (0218 ) , OR 
PENDING STATUS 

CONTAINS ADDRESS OF 
FIRST C.C.W, 

CONTAINS COMMAND CODE 
AND BYTE COUNT 

NOTE: Command Chaining 
requires the fetching 
of Channel Control 
Words in sequence. 

STATUS-IN RETURNED. 

(CONDITION CODE Ol2) 

GOOD STATUS (OOM) (SEE NOTE) 

STATUS ACKNOWLEDGED. END 
OF INITIAL SELECTION 

:s 

T 

(CONDITION CODE 002 IF 0~ 
STATUS) 

EXECU'rE COMMAND, TRANSFER EACH BYTE ACROSS 
1/F ON DEMAND WITH SERVICE-IN/SERVICE-OUT 

u.~TIL BY'l'E COUNT IS EXHAUSTED 
OR THE SUBSYSTEM TERMINATES TRANSFERS 

t BURST MODE 

COMMAND ENDING STATUS RETURNED. 
INTERFACE RELEASED UN-
LESS COMMAND CHAINING 
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tho lutorfaee TJtth tbo fJeleeted device is beld untU the 

completion of tho.. data· tron!fer • 
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GXC~Jrl. iGQaQmtl%1 I E'!GllleZJlUI 

4-1 Qlltd.B\Uk J2hmm• Tbo eomploto eysteo of J/0 
ifttol'tac!ng etl'n be 41vSc1e4 !nto tbroo port!onst Cbanno1 

po•tton, controller portion eaB devtee portton. ibannel 

pJOvidea tbe ctant1or<1 aet ot llnes (otermla) to tho controller. 

!ben 1Jeee eon be eNtlp$(1 !n tbG follov~oc eenet-Bl WOS't 

Itatormatton 1 Sees • Dt1S.tr. omt Dt'Js-<>Uf 

Control or 'l'og l!nee 

coloctson and PriorttJ 

L:lnos 

Qeed to t•snofeP en ofebt bit 

bfte plt1a OftO partty b!t, in 

para11Gl. 

• At>llllESC.tri anti ADDqESS.Otn' 

'StaVlCE•lfJ ant! fl.Z:lVICE-00'! 

SfAftJO•IN 

C0113Al11>-0Uf 

Deed to dettne tbo eontonts ot 

the Da .. ltaea •htcb1 et dtfteront 
teeaee, can cany any of tho 

follotdnge 

!be Dovi~ Ad6rooa 

Tbe Comoal!\! 

nato 
status{ '1'n onlr) 

• ~ECT..Orrt end G!"L~tt-m 

UOLD-Olll' 

llll:J'OB.£T•IU 

OPBJll1'ltJNAL•OU! 
OPP U'llOUM..-10 



MUX 

c 

H 

A 

N 

N 

E 

L 

0 

F 

CC-1020 

INTER CONNECTION · CHANNEL TO PLOTTER 

0 

! I 
2 
3 I 4 

lllll 
' 5 
7 

!J p 

r- l p 75,43210 ! 
OPL-OUT 0 s BUS-OUT J 
HLD- OUT u I 
SEL- OUT T 

=~ ~ SAV- OUT 
ADA- OUT T 

t I ~~'//?~ aG~~ CMO- OUT 
SUP- OUT A 

G s 7ti ~/7/; ~ 
E~~(~~iER'/ 
r(/~REA~~ 
v~~~v/,A~T 
v~%:~l5~N;~~: 

5 ~DEVICE/ I I w ~~/~ ADA-IN N G 
t---OFL-IN 

N ~ u SAV-IN T 
STA-IN A 

A 
SEL-11<1 L 

G !I ~ DUS-IN J P751143210 

---; J IJ l 7 
0 
5 • 3 
2 
I 
0 

TO 
p 
L 
0 
T 

~ 
T 
E 

/ R 

I" AOM 
p 
L 
0 
T 
T 
E 
A " 

----
+X--~ -X __ __., 

-
+v--~ 
- y ----i 
P/U---­
PID--~ -

GT-150 

I 

N 
c 
R 
E 

M 

E 

N 
T 

r;--READY-I ~ 

~ 

I 

I PLOTTER 
I NOT 

READY---i 
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Mftel'ent combtnettorut of tho ee s1nnals eonvev 
d1ffehbt cmesngo to the colltro11ett. the t!!alh tunct!Ob 

of tbo controller is to underetonB tbeee meesosee ob4 oct 

aceorttngly. 41 the ai6Mle1 ezcept toto on the BtJS.OUTt 

are eoant fol' coottoUeP. Controller aceepte tlota from 

the cbarmol and eende lt to de-vS.ce in o format aoeeptable 

to lt. !but 4ato tormetttrag Se dono bJ tho conti'Ollo:r. 

!he J/0 dev!ee fllso bas etal'ltler4 ~et of l!oee. G:.Jme 

of tbem lnptlt ona otholJe output. Jt 1e oporote4 !)y these 

tnput llne8 afl4 iftfort~~s tte at.etaa to tbe controller with 

the bolp of output 11noa. the qotem block d!egpao ts 

abown ln FJgtu.•e 4.1. 'lbere allo ass input l!nee t.o output 

linea ln tbte device. the input linea eret +Xt -s, •Yt •Yt 

peft up ond pen 4own. ~e t~ output lSDea afcu RefldY end 

not 7!oaar. 

•-a :r&.t9t•t~ac:'! .. ~!!s!l!~o oc.a. ftSenal. BIA~UU• 
!ftle l/0 1nto..-roee(cbennel to control untt) ta tbo 

OOJtmt:lnleetton l1Dk between the CPU channel aa.6 tho vorS.oue 

l/0 control tm!ts tn EC 1020 system. !be to11o\'t1ft! Gt"e tbo 

important features of tbla etondart! lntoatfacet 

t) Abllttr to pbJe1ca11J' aeeomot!ate tutvo control 

watts deelBlled to meet tbe parametora ot th1a 

!Dtortocet 

11) Ata tntorloeketS tntottface operation tbot 1e not 

voFJ t !U~e-4opon4ei'Jt 1 tht e foatare laeroa~ee tbe 

tton€• of control antte tbat mar be attaebe6J 

1t1)An operet!on applteoblo to botb md.tSplos end 

burst moae,. operation oa 111811 ae eanr eontrol 

oporat1one and ebarmel to cbormel tl'(lnmn1ce1one. 

4'7 
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tv) ~o eight control unlte aen!ceiJ pol' eot of ltnos. 

Iftfox-cnat1ona in tho form ot data, etattta on6 eeaso 

tnto~tlon, CQntrol a1snals, end dovlee addreaeoa, oro 

t!teftsmittet ovel' tbe t!me ai'XI function ahalted ltnee of 

1ctortaoe., !heee S4 lines are ahotm Sc tbe tlptte 4.2. 
"///// 
r/ 

~.f!t. .:'d 
E2ceept tor aSenale need t.o osteblfab eeloct!on 

I ' : '.,_ 

u 
r -· 

eontrol, ell coocunScot!~na to and from tbo channel oeear 

o4fer a COJt.iCon bn•t 1.e. eftJ' a1 gnal provttlvd by tbe chonftOl 

le available to all control onlte. At an.V one tsme, 
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ho~ver, only one eontrol untt can be lo<leollF c~nnoatod 

to tbo channel. seloetton of e contl'Ol nn!t rot eom~untco• 
t!on wltb the ctoncel Se OJnt~llod bJ o s!gnol( pona1DB eo. 
rlell1 tbrongb ell C'O'f)) tbtJt penita aoquenttolly, oach 

eont.ol Wltt to :'o8J)Oil4 to the •Jgn&l provfdolt b)' tbo 

obonr:u:4. A eontrol unit romatna 1og1e&llf eonn:1ctet1 to 

the !ntorfoce until tt transtc:re the tnformatloa it neot1 
-' 

or hos, or unllll ebannol etpnals it to dlaconnoet. 

Tbo rtse end toll of all e1gnala tronsmltted ovor 

tbe intorfsco oro controlled bJ 1ntorloeko6 roeponaca. 

lntorlock!nn romovoa the dependence of.the Snto~rneo on 

cht. Dpoed, ond cakos It applicable to tJ \ddo vol"tety 

of clreu1ts and data l"&tes. 1\lrthol't interloetdng porm!te 

connocttn[! eontrol untta of different ckt speeds. to o 

e1nsle cbennel. 

ftle l/0 lntorfoce 11no o aro n•oupoc! !n the 

follo\'d ng v;sy t 

DOS.OO! • uaod to transmit tntorcnt1on (data, 

device at1t~Jress, coorcantc, control 

orders) troo ehnnnOl to tbo eontrol 

unit. 

• ueed to transmit 5ntoroot!~n (dato• 

noloetott dov!ee 14ontlfteat1ont 

status intormntton, senn deto) 

from c!ovSco control unit to the 

Cbat~twl• 

• used for t<!entStJSns tho t'l'PG ot 
tnformat!on on tbe BUS.OUT (dote, 

edt!rees, eoocand, o• control 



4-a.l LJtm T'*ltFJf.lA!12B• 

1nformetion). Tbev eros li'DB•Ot1ft 

C~OO'f, SRV.OtJ'!. 

• uaoa tol' t4oat1fy!ntr tho tnte of 

1nfO~~t1oD on tbe BOB-IN (tote1 

4ov!oo S4ent1f1oat1on, status, 

aoru• bJte). !bey orea ADR-In, 

G!A-Itl, SBV•lN •. · 
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• al04 to• the aeanni pg of, or tbo 

seloct1on ot, attoebe4 Ilb anita. 

tbe)f aPet OfL-Oll'ft OPL-Ifl, BLO.O'Uft 

m:L.OU!ft SEL-JN, SU'P.OU!, RE~•Jn. 

• uaed tor tbe cond!t!on!ng of asnge 

cneter located !a tho ver1oue attoehea 

anSt6. 

&lcb Bus la o set of tbl 9 11neo eone!at!ng of 

e1gbt tntormntlon linea ana oftG parity ltno. tr.atormat!oa 

ob tbo buses Ia arranged 10 tbot btt poait!on ''/' of a bus 

alt~aYs cantos the low ol'deJt b!t within an etgbt•bit bft•• 
ftle b1€$ost; orde• btt 1• 1n poeit1on o em 1ntorven1nc 

b!te ate 1ft ctosceftdSnr. ordol' fo»m pos1t1on 1 to poettton s. 
4•2•1•1 l~Q~cml• It cona1ota of tbhe ltnae • 

lillftECS.OtJf(t.att-oat) • 'l'hla te a toe l!ne from the channel. 

to ell ettacbo4 coftt101 anlts. It provtaea t.o tanot!ooe. 

1. U2..ttxSu.al~stmo • M:r-out ta unea to 
algnal all tbe cont101 urd.t a to Bacolte tho "l/0 
aev1ee adiiPe$8 on nus-oUT. Dlo cu when reeocnS.sotJ 

the at1droee, muat reepont! by raStdnn tte Opl• 

tn 11ne eben 1te t 1l'lCOtl1ftf! se~-oat r1 so a "!th 
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et!dJ~esa oat etUl up. · The rlao of AtJ.-out 

precedeD tbe l'ltle Of IGt•oUt ·b7 0 mn!mam Of 

400 •• an6 follows tbe plneiq of tho J/0 
tm!t aiJlff'e!le on Bua.oat by ot least asona. 

a. Ul112FJD9Rl 21ttttttgg • It met-out te down 

end Adv-out rlsoa or Ac!~-out ts up ond Sld-out 

folla, tbo pl'eaen\17 CPtlnectea cu rnaot drop 

Sta Op1•In1 thtls d:leconnecttns "-m. tbo 

lntertaee. 

COt !!ArlD-OUf(Cmd.OOt) • !hte is ll tag 1tne from 

ebannel to all attached I/0 devfeoe used to 

4et1ne the contut on tbe Bac.out ~ Dlo presence 

of tb1a aSgnal on tbe toterfece eonveva dltfel!'ent 

mcsnSng In c!Sfteront a1.tuat1one. ta tho eaao 

ot ebannel SnitlatM 1equence, tbe ..See of 

thla t1enal tcdl.eetee that tbo conteut of' tile 

Bus-oat Sa a eottean6 bite.. tbtle Sn tbe eaao 

of dovlee initiated sequeftCJ!, tho •lee or 
Cmd.out elsnal does not 4eflno tho COI'ltent of 

the Ba:e.oat but aS.raplJ .fa!teates to •Proceat1• 

tttl'tbe. . 

SFRJICC.OUT(on-out) • !hie !e sleo meant for 

d•flntne the content ot tbe Due-oat. Tben 

~v-oat •1aes in roeponae to Sl'v•lll during tbe 

eseeation of o w1te 01' control ebm:mamt, tbo 

.natve ot the tntormat:ton on Dut-out depecc1a on 

tbe tFJ)e of operation. For example, during o 

'IJII!te operot1on lt contains data to be 

~eeorlo4 b7 tba I/O device. Durtne a control 
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operntion, !t eon apeet,, an oP8or code o~ o 

eecond•level eddtteos within the control uolt 

or 7./0 ~ovice. 

4.a.1.a tfiQt:•JS• 
lt consists ot thr'ee lSnaaa 

ADI'~!S•li1(t~•ln) • ls uootl to •1rnol tho ohonnol 

tJbeta the addresc.es of tbe ctlrrently eeloetcS I/0 

·4ev1co bee been ploeod on the Bt.ta-ln. The 

ebannel ros-poftda to odr-tn bJ' cma-out. tho r!ae 

ol Athl'n 1naseatoe thot the ac!t!t-ocs of the 

earr.-ently odt'Jreaaed l/0 ctevieo !e avotlable on 

aua-ta. A4h In. mttat toll eo that Ct!!d•Out eoy toll. 

t.dP•ln eonnot be up concurrently tdtb ony otbor 

inbound tog litlO. 

rtAros.IR (Sta•tn) • Sa uee4 to a!gnel the channel 

t!ben the devSca bas ploeed etotua information on 

tbe Btts-Jn. !be ebannel re•nt1e .Stb a!tber 

srv-oat or cmtt.out 4epen81ng on tJbetber St eceopted 

tho statue brte or not. 

eE~~VlCE4JU(9n•tn) .• 1• ueecl to etnnal. to tbo 

cbannel 11hea the aelectea %/0 tJov!co ants to 

trt~nsm1t or Pece:hre o b)'te of 1nfol'(twtfon. the 

natu~e of tnto.-matiofl asaoelotet wltb Qtv•ln 

depends on the operattooe ond tho 110 untt. DaP!on 

Rood, Read Bsetme.e, and ~ense operat!ona, BrV•tn 

n. eos t:beo 1nfoPcot1on l e ovo!lablo Oft Due-Itt. 

'Dt11'1rm .r!te ofttl oofltltol operot1ona1 ~·In l'Seos 
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"ben !nto"ot1on to required on tbe Bus-out. It 

cannot be ap eoncurrontlJ with any otbor inbound 

Tog line. 

4-a.l.a m~glJ2l!:Gqtmm,s 

These 1 !nee control the H1ect1on of the dov!eo end 

Mqtd.Pe turtbe• &utcrlptton, ea tollnaa 

SELE'Cf•Otl'f (Sel.Otat) • l'tle eS.tnal le senerated in 

the channel end sent to the cont.-ol urdt plaeet 

pbJ'sS.callY t!rat t.n line. !'be eetton wltbSn the 

control unSt, on vece!.pt of tble oSgne1 1 tfepenBs 

ttpon tho CDftflpatlon of Ste wuec1 prlortty 

patebeara. TWo conttgvattona aro poaa1b1e namely 

b!gb ol' ln prlo•Sty. 1'be propaeetton of tbto 

e!ttnal !e dteeusMCJ Sn ecctton .t-a.a. 
BOLD-OU!(Bllt.Ont) • fbls a!gnal generoted !n tbo 

el'lanDG11 allows the sating of eel.Out w!tb!n tho 

eontrol ul'l!te. ttltbout IJld.Oat, Sol..Oat tJOaldn•t 

tu.nction corl'ectly. Bld·Otat !a aao.a to obto!n e 

rnoro ~aptd reeponae on dt econaeot than eoulif be 

obta!ned by dropping sel.Out. !be Pe&IIOD for tble 

Sa that the tro1Ja!ne etlge of S81.0ut would take 

t~-. to be propagated to the eonnoctea conti'Ol. un1t. 

StJJaRES~·Oft( eap.oat) • !hta e1gnal, eoneratea 1n 

tbe channel peforme eevenl lunet!ona, fo':" eaamplea 

It can be ttMd to .Oppress 4ata o• etataa ana to 

auppreae Roq•tn, from a aevtce roqu!Plng connoet~oo 

for the tl"aneterence of a status or data byte. 
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snp.ot~t ol• 1nCI1eatee eommaft4-.cbaln1as, allomns· 

a heeloetlon eettuecce to take plaee for tbe PttrJO• 

of a.l!vetJing a futbel' eoecand to tho eome 6evfee. 

Slmtl&l" ecti¥1t)' OCCUI ib tbe eoor.&ad retr, MqflGtlCo, 

FtnallJ', erlp•Ollt also eaablee a eoloetlve •e•t 

aeqnenee Sf pt.-osoat -ben Opl.Oat le tnaett.ve. 

OPF.~ATJOt!~Q11f(Opl.Od) • 'ftd.s llno acte oa an 

tnterloct fOl' aU lSnoa cwletnattft8 ot the channel. 

EXCGpt tor gap.out aU l!nos tMm the ebannel ere 
etpttteotlt ont1· then Opl.Oat le ectJvo. Xt 

S.ftdteatoa that the 1ote•tace aha of .tbe chaMa\ te 

rost.v. !he deacttvet!on of Opl-out, ln oo~ucttoa 

v1th tbe eb•noe ot SUp-Out, !oBtestee a 9Yetem 

Rer..t action. re-aetl~attns Opl.Oat du•tns tbe 

pt"osance of t:up.Oat, !ndloatos a f!Gleett ve Reset 

to a out-l".mt11 OPfl•etint dev1co s ••• one ftclre Opl• 

to 1a aettve. tbenevel' Opl.Out it dropped, aey 

opoPotton Sa popeea ovP tho tntel'taee wf11 caa•• 

OfE'1l\TIO~:~tiJ( Opl•Ift) • t'hla 1Sce tlbtm octf.veted 

!)J tbo selecte4 4evtee, ll'l!!catee tbot t t S fJ opera­

tional ana t'ee4r to aoc•t a c:.e.ealtd. !hie ts o 

poettSve r-e .. ooee b7 tbo devlce to tbe eel.ottt etsnal 

geDOJleted !D the channel. rltb tbt• response the 

iaterf'aee I.e apttll'.a lor tto eelected c!Gv!ce obd 

tbe leQUtmce esn ooo,Sctle. !bte !e vue toP all 

110 aottv!tJ' ~·the aeloctton ee~a.aoe I.e 

tnltleted '' tbe channel o• tbe aevtee. 
nEQUF;"!•lN (P.eq•In) • Sndlcotee tbet tbo control 
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an!t S e reedr to .Pli"Eutent atotua tofOPeot Son or dote 

eni' thus t:s reqt~ostfnc e tJelectton eoqaocoe. Beq•Itl 

abot:4c1 be dropped •lien Opl•ln l'lsoe, ualoec aMtt1onal 

aeloet!on eequoccoe are required, oP \!/ben tbo coctrol 

antt Ss no lonpr rosdr to p'l'eeent.tbe statue 

1nfottrnatSon OP tfate. Re~·lft mast ta DO eaee fall 

later tbon asons attar tbo tell of Opl•tn1 Sf tho 

seqflGneo aatleftee tbe eo:PY!ee Peqatrementa of the 

eontrol unit. 
S!n.Frt-:rn (Cel•In) • le o 1tne tbDt oxtenaa the 

eel-out stew fl:trom tbe ~umpel' Sn the toll'ttdnator 

block to tba ehanl'!al. It prov16ee return JJOth for 

the aol-~at elpnol. ~ • 

+GV D.c. SuPPLY .. fh!s voltoec loval on tho Snte•faco 

s e usee to euble a conefn pan of tbo intertqee 

.logic t~1thiD tho connected ttevsees. 'fbua, oftocttvely, 

tho Joterfaoe areas in tho <tevtcoe, ttbSleat phplcollY 

Pemote from tho channel aPe electl'lcally port Of St. 

!bla enables corttdn Sntorfoce aetlv!tSee to take place 

1ndepondentlr t~ tbe po•eP .apply eond1t1on ot tbe 

·COfttl'Ol untt. POP esamtJ..e ·SeJ..out can etill be 

popogote4 from e non-operatS.onel cont:rol•unlt. 

4•2.1.4 ll!'fl:Q!!J• 
tt eone!ata of § lt.nee ( 8 lni'PotJetton 11noa and 

1 parStv 11ne). i'bua on tbta bus at one tioo ono 

bfto ~tao tofo~eation ean bo tronam1tted f~ channel 

to devl~o control unlt. At 41tforent ttmae,a1tfo~nt 

tS'PG of !nforcot!on eao bo vanatttad on tb1!l baa 

neb os dots bl't&t l/0 od!ireas, cocwerMis end control 
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order&. !be nature of tbe information byte 

p~esonte4 over Bus-out eon be detorm1net1 with 

the llelp of !age-Out e1cna1 present and tbe seqttence 

of events occnrea. 

4•2.1.6 U£•1.1• 
It also consists ot "' 9 lll'lea ( 8 fnforoatton lines 

and 1 par tty line). On tbts bus. at one time, one 

byte ~1do 1ato~mat1on can be transmitted f~m 

contNl unit to tbe channel. At different times, 

different tyPe of information can be transmitted 

on this bue. stteb as .. data, selected I/D device 

1ndent1fleatton, etatas 1nto~m&t1on, sense data. 

The natuPe of tbc 1nfo~mat1on bfte presented over 

tbe Bqs-In can be uniquely detel'!!l1ne8 witb the 

help of TAGB~•IN s1gno1 p~esent and tho aequenee 

of ovente oecure6. 

4•2 .a fi!S'l'r:;n • .J~S lQ?:OB Irrn;RL2Cf:Irl(( ,.Bf'!LE§t 

!he following rules to~ dtroct-current 1ntorloek1ng 

of signals !e used tn aystem EC 102013. 

1. r-o more than one out•tag may be up at any given 

ttme.,except for Ac1r•Oot1 tursne tbe 1ntertaee 

ateconnoct aeqaence. 
a. no more than 0110 Sa-tag may be up at . eny g!ven 

time. 

3. An in-tag mar· use ol\ly when all out•Tags are 
• down, except tor the control unit busy eequonee. 

4. An 1n•tag ml\Y fall only after the rise ot a 

responding out-Tog, except for sto-ln 1n tbe 



oontrol unit bQq equ.ence. 

s. erv-out and cmct-out mar ri" 6nl1 tn roeponoe to 

ttJo Up level of an to-tag. 

e. tJ!l'•OGt for a channel SnStlated aaloctton nquonee 

car r1se onl? tlhon Bel•lft end Sel..Out ero dO'fJn at 

tbe channel. 

7. onoe Adtt•Oat anti Sel•Out bave •t sen fo'tt o channel 

lntttated ..taction sequence, ndl"--ut east etar up 

until after tbe -.tee of Sol•ln or Opl•In or tbe 

fall of tbo sta•tn. 

s. once ACJr.out bee riqn for tbe interface atacon.noct 

conti'Ol eoquonee, 1t must not drop uatt1 Opl•lft 

aropa. 
9,, f!one of tbo out-1ibGs, esoept sup.Odtt hove m.oanfne 

when Opl.Ctn is dotfth 

10. Sel.Out ean rsee only sr Opl•Ia ond eel•ta are don. 

11. Opl•lD cannot fall antU etthert 

aO set-otat fall a silt! an out.Tttg I'Ospocse Ia 

aent to• tbe last S.n.tag of any at. veu slsnol 

t!Gqttence, or 

b) Op1-out falle, or 

e)An tnterfaee 4teeormoct aequeneo te e!:ven. 

12 • Op1•ln cannot r!" unle ett Op1.0ut S tJ ap end mast 

arop Sf Opl.Ottt 6POJ)I• 

iBIQr_llll •. !tflO~t11t!LPX I f@k:9!lf .f12lmm.& 
Ae manttonod earlleP, the Sel.Out etBft&l ls cene~ated 

t.n tbe channel ana sent to the eontl'Ol tmit ploeeiJ 

pbye!eally first tc 1Sne. !be octSon w!tbin tbo 
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contl'Ol untt, on rece!pt of this etenal, t!opon«s 

upon tbo contlgapatfoft of 1te vStted prlorStv patob• 

cu.n.•4. !lito contiata'at!ona aN possible, namelr hteb 

o• low prSorSt?. 
lb tho Channel Initiated aoleetion ae,uonce1 

tbe eel-out 8Gl•1n rout!n:s 11111 fn6toote tihether tho 

Bevlee as spocittoa by tho dovloe address on the Bus­

out, ls oparat!onel or non.oporattonal. PrS.orStr 

l'Outtr..tr ls not etcm1t1ennt in tbis cote. 

flotsOvor, :tn tho conts-ol ttnSt trdttotect 

~equonoe the above cont1onc6 eyetem enablee prto•1t1 

to h esef'etsoa, tf aleul tanooua :f'GQUGete oecv. 't1tb 

1om prto~!ty eonf!curatton1 tbe Sel•Out eJeftal 1e 

passed throagh tho t!t"'st eoctiiOl tmlt to tho 8GCond, 

soeond to thtrt! ac4 t:o on. 

r.ttb birth priority w!r1D«1 the ~·Oat l!snal 

te eetett eueb tbat a dov1cQ e64reae e~mperlson ie 

eouebt botweon tho dovSeo o66roes poteb eo~ 1ocsc 
old tho contonta of the Daa-oat. fb1e !a trao t~ a 

obennel trdt!at~ ~uecce v-ben tbe a\dr.out 1Sae Se 

active. lt there !t'J no a~4.-oae compal"e oft the first 

control untt, tho ael-out a1gnol is propao;atet1(Pe• 

genoroto4) to tho soeon8• :rt an eddll'o&s eompore 

extatst tbe proporrot!on of M-oot la blocko4. Ae 

!rt tbo case of e:mtrol-un!t !n!tiated eoquance, tbe 

na.-oot line t.e 1naet!ve, the control t.Ullt requeflte 

to tronefer a status or 6eto bvte, eaan tho propane• 

t1on ot rel-oat to be blockell. 
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ll flO ac!flreaa comparlton, or 807 request for 

trsnafer.estete at any attachec! cofttt'Ol. untt1 tbo 

dgaal Bel.Out te to p!'Opoeatod as to returo to tho 

ebar:mol &8 e•l•lo ae ebo1m. 1D tbe tSguo. 

ln tbo flffttzto, tb•ee cont!'ol untta oro ebotm 

connected to tbo 2otel'fnce cable, t~ttb confl>l tmSt zol'O 

(CUO) closaet to tho channel. !be route taken by tbo 

Sel•Oilt atntlal !a Glt110 lbown tn tho f!(!Ue. ft1e 

prtorttr of control unit 1• determined by tho prtorttr 

patobeortl contlpatton te each control unlt. em and 

ct1l aro wfPOd ae low p!t!orStr, wburena em !1 wtro4 as 

bSeb prtortt,.. tbereforo• sel.out !a poeeea tb!ougb 

cuo ena em to rescb tbe pJtO»&sate ckt. ofcm t1Pst. 

If no a6drees compal'e estate at Cll2, tbe sel.Out dgnal 

ta amplified ard pos804 on s..e. p1'ppanetodt to tbo · / 

ft&Xt anlt sn prtorttr. Jf oddree• COtDl)are oxtat any 

further propagation of tbe slgnol le blocked. 

4•2•4 !TJ?O~fMi'E.R~QfUtL ~~lmt££ES• 

Aa •• bave al.Net!J at seueaed tba genel'al l/0 eequonce 
I 

1n Chapter ~3t we wW dl fJCU88 here IIOQ of tbe loporto~ 
l/0 aequeneoe in detail pertinent to c!ate tranefer ff'Om 

cbarut?l to 1/0 ctovleee ( Output eeu) Sn Dv.t mode 

ot tulttplexo• ebannel. !a tbt• aeetlon tbe aotiva• 

t1on of tbo t.ntattfae1ng elgnala wUl be deaulbea step 

bJ atop, relevant to o paPt1euleP oporatton. !be 

aetS.v!ttos ovo• tbe lnterfaee ere eboe dth the belf 

block 4tan.rGtle and ft.mlne 4laff'eme. 'l'ho block 4Soerems 

~· the 1or1o activity withlo tho tntarfece oree. 
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!be t1cSng dtagrome do not attet!pt to ponra7 .Stool 

oeearJJanee or cJuratSon to aDJ ~~o1'7 but morelr to 

1n8lcate tbetr preeonoe ana pooSt1on, in tho manner or 
a convereet!on ovQl't tbe 1ntorft:oet ll~lng tbe operation, 

1'1M ls ..,. on tbe hos-ltental ale. 

4-a.4.1 CBAWL .DIU~%fl! &L:;s:IIQE. B.UG£il 
!be ob~eete ot tbe operstSon, to be aebScrved bJ' tbS.s 

totorfaetng eeqoenco, ere ce tollowet 
1. aeloet the 4evJce ( eontPol anS.t !l a~ 

'l!Ot!Ule 1 ) 

a. EatablSsb Sta etete at aveUabUtty. 

s. leslle a co~ana to st. 
4• '1\'sneter ood aetmO'd.edte lta Illitlal 

seloettoo statua. 
Tbe cbannol tntttetea tho nqaenee by del!vor1ftl tbo 

dev1ee ad4 rese, obtatne4 from the etert 1/0 Snotruet!on, 

to ell the control an!ta oft tbe au .. out. !be etgnal 

Atr.out S• raleed to teftce tbe content• ot tbe nus-out 

ae adti~e••• · 1» ba acceptable; tbe address must bave 

corl'ect parft1• 

!be obannel then t eeuea aeJ..Oat am! t~bGD the 

Sueo~tnc Sel•OUt appGa~• at tbe a66reaoed control antt, 

tbe eot'ltl'Ol unit blockt tte PJOPII&t!oa &114 ralaoe the 

Opl•Ift l!net Wdcb in4lcatet to tbe cbanttel that t.t 
baa roapotldod to tte adc1t-el!)e, ls op~.,.i"at!onel ar.x1 Sa 

no• boar wltb anpotbe~ tranaactton. Per atmp11e!ty, 

tbo block d!agnm abfte ofllr two eontztol ttnS ts ana 

aeeumea tbot altboll!b CtJo bee hlgber pr!oJt1tJ'i 1t 

1• not the o.ne tthleh 11 attareaaed.'Wben Opl•tn ttlee•• 
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the channel l"&IJ)Onc!e bJ 4ropp!ng Adr-Gut. After 

l!d~ut .falle, tho eontttol tmS.t placee tte own 

atta~eea or.a tbe Bue-:tn at'l4 ttateea Adl'-ln. F\)P JNlti• 

ploxott channel, B14.0flt wStb lel.Out mar 4"p &ftl' 

t!mo attor tbta po1Dt• 

At thta JOint~ the cbilnael cbecke for the 

14ent1tt~at1on a68reea .. nt by tbo control unit on4 on 

being eorroet tutBnea :~ tbe chatmel eomman4 tJOrc! 1e 

fetohed t'l'Om memo17 ll'lOrBel' to obtain tbe ooeoab1 code 

t;;b!Ch ts: tboo plooed on tbo DU..Oat to tb& eeloctcd 

control wt. !be Bn..Out ta det!ned bF tho command· 

out line·. After tba cor:ttand byte Is loaded lnto tho 

register of the oonti'Ol unlt, It lt essolnot! fot­

va111!St7 ana poaaJble v!olatS.on Sn relation to tho 

eclt!retsed l'.!Oc!ul.e ant!, baeot! upon tbe roaultt tbe 

appJOpr1ate etatae bJte is pl"opc1'ed• Jt the COCll:la:ncS 

1• tnvalted, tba atotue of unSt obeck coa,_6) le 

retuned • Jf tbe module, aelocted br tbo eont101 un! t 
fJ'Oe tho (fev!ee &t!c!reae1 found to be blll7 pet-foroSng 

a ~ovtoualr 1rdt!etoc1 opot"attoc, a •EueJ'-Dlt' elono 

ie aellt ta tbe status bJte(l~8) ond rettll'ned to tbe 

cbarn,el. Q.tornat1ve1)'1 an:r etatua eontt1t!ona tihteb 

ttta7 01tet (pon41ag) fol' tbo *hx selected modtd.e le 

:reporte4 bV COfUll of tbe eta,ae byte ot ttl!e time. 

If tho coecand te accopted, tbe statafJ rotlll"ncd 

depend a upoft tho type of eoemem! w!l!ch •a• S 'lf.le6. 

certatn eoomanc!e, not 1avolv1nrr aot& tt'onafer, soy be 

exocutea almost tmnedSatelr. itserefol'e1 tbe statue 
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byte retUfnsd at thla tteo mar contain 00t!lm&D4 ondS.nc 

etetus. If tbo cocman4 tnvol vee date transfer o ael'O 

<OOJ.e) etattts w111 be l' etm.-nod • 

!be channel eckDHledeee tbo l"eeotpt (!)f tbe 

atatua bfte bJ rate!ng tho ettnal srv.out aa6 tble 

e1gdf1ea the en6 of the SnttS.el aeloet!oa •eqaence. 
9' 

fbG eelocted control untt ls nofl troe to ontor 

!te next plms•, -ahieb tai to esecuto tho 1oodo4 cor::mond, 

ln ordlU' to hold on to the J.ntot'face fott tbo exocutloa 

pbaee, lo oecorctanee •ttb tbo buret moae of operation, 

the lSnos Opl.Out and Opl•ID. mu&t remain acttve. An 

output 4ato tJ~anefer Sf epoc!t!ed b7 tbo loaded 

cootnaod, wSll eor:cenee •ttb tbo fJttd ftttUtn•1:• eteb 

te l!lOdo b7 tbo oottvatjou of tho SI'V•lo 11~ • 

.t.a.4.a ~!1.f-.. l2ml!!l.Jl~.fA. ~iJ!PWB~~ rF.iamtfl .. : .P!mnt t2tr.?'-' 
Aftor completion ot tbo 1n1tlal Seloctlon oequeneo 

the lntol'faea 11ftee Opl.Out amt Opl•!ft PotrJatn oettve, 

tn eecoPaenee wttb tbo bUJ~et moae of OJHJ!'&tton. !tda 

mer:ne tbot tbG tntePtace Se eocu~ for tbat 6ev!ee. 

hi" example, contl'Ol untt 1 rotaina tbe CQntroJ. of the 

tntortoee sftar e eattefaetor,r lnlttal solcet!oa. !b1e 

allo•• St to pJOed w1tb tho oxoeot1on of tho loar!~ 

cocqaf. 

lt tho co~r.mao4 belongs to •t:r:s te-OJIOup • of 

comr;;end•• fte osecutlon comr:encea when. a reqaen te 
ma4e b)' tbe control un!t tor tbe t!rst otttpttt b)'te • ... 
'lbe ~equost to eeeompl18bc4 by aetSvat!ag the SlfV•lG 

11ne, to uhtcb channel responds b,- ploeSng the oatpd ·.­

bJ'e on tho Bus-Out, ttef1n1ne St b)" eat1vatlon of tbe 
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srv-out lSDe. m-oo ean be roraftted os tbe pos1t1ve 

reaponae to Sh•In and -.111 bo ropeatot! tor evo17 byte 

tD&t !a ploeod on tbe Bua-out • reqared by tbo eo.t:r.;1ent1. 

ftse number of b)'tea t.PDnetePl'eil acrose the 

:latertaee depenls upon tbe valooa aet into t\\0 byte 

cottntere, olle whoee value ts taken from tho cet: and 

eontetno4 wttbin tho channel, and tbe other eSven 121 
e byte countoz- to the control unit. Botb 11Ul be 

t!ecHmonted f11tb etch b)tto Uaneferr.a. 

1be byte counter tn the eoo•M1 antt t!Sll have 

deerot:ented bf' an oeouot h to •*'"• when n bJtos !Kive 

been tranatettred. At tbte po1at the eom:ant! ert61rtg 

status, slven by tho cbannol•end an.tJ Dev!oe-end bit!t 

ls eenerotod atld pr-osentoa on tbo su .. Jn to tho channel. 

i'bo oct1va1:1ors of tbo st&•ln ltno 6of1noe thSs. 

Aftol" the dotas eekr.owledeemottt• b)' the 

.rats1ne of sn-out, tbe channel cteaetlvates the Bld•Out 

vnd Cel-ottt 1Soos, dlicb result• tn tbo dropping or 

Opl•Jft ana tho releaoo of tho !ntot"faeet it cor:u:~anfJ 

ohaio,.l'liJ fa not epecltiod. 

Tte above sequence f. • one wh!ob allows the 

tf'enater of one block ot oatpat data O\IGP the tntor­

taee hom tbo ehaonel, to one tevtco ontr, letore 

tettm!natlon. A tul"tho~ etertl t./0 tnetrt.tet1oa cn.ttJt 

be occountetted Sn mOEe017t !a ott«Jo• to tttansfc• a 

furtbeP bloek to tbSa dovtco. 

~-s.4.3 crrnr.g.,m;:~;re;nc;-: .u~ra .mflflfi:£1. mm~~nQfR;p @I. n ;ua:~l 

!be en4!ac prooe6are 087 be 1tdttated bJ' e1tbor the I/O 

Wlit Ol' tho channel. If tbe DJ'Occ611f'a iR inittot!m1 bv 
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tbe l/0 aoitt the end of OpEJPat1on to eomplet:e4 :S.c 

one s1geal sequence, aaeam!ag that bOtb cbarmel-en4 

end device-end etattts ooll41ttone oectu' togetbal'• If 

the pl"'oe6r.we 111 lnltlaiSed b7 tho ebennel tbo 1/0 

devSoe may etUl ttequre tim• to reecb the JOSftt wbetto 

tba propett status tntoreatSon te evalla~e, In elcb 

can a eecotta e1r.na1 1s oooosaa~ to complete tho 

endtns procedure. 

Oft<) of tbJ.tee e:ltl18t!ontt cay ez!et at tbe 

1n!t!atson• of tbe cn6lcg proee4DPet 

1. i!1e ct-..armel and the J./0 un! t reeoantse the 

end ot an operation a!mul torteottelSI'. 

a. 1.'he· 1/0 unit ~toeoen!ses tho enB ot M 

operation ~afore tbo cbanr.el reaehee the 

oncJ of an operotSon. 

PO• tb•ee situations stotaa tn!O~es• 

t!on te available at the eoctrol unst. t'be 

contl'Ol unit pleeca tho on41na atataa on 

Baa-In and •alaes sta•In. 

a. !be cha~ ~QCOgQiiCS the end Of llft 01)01'8• 

t!on boforo the l/0 devlee reaches Its endil'lC 

po1nt. ID tbta ettustfon ebenevor the 

control unt\ roquret aGPVleo errata. It raises 

tbo C.v•In l:!ne, tbc ebarmol reepon18 w1tb 

Ced'•Otlt 1n4S.cottne STOP. !be eont.-ol anlt 

drope &n•tD oDd ~ceede to !to noroal 

oa61ns point •tttout reqae$t1ns turtbo• eorvtef 



·t·. .... 69 

when tbe l/0 device hacbea the point wbelte lt: 

nonall~ t.-oulct eent! •cbannel eat!"• tbe CU ploce• 

the en4lnc status on Bas-In and raises ate-ln. 

1!le cberm.S, respoDda wltb erv.otat. 
4-3 QT•HQ .lfiG1f:~%Clt 2LO:r.tea• 

GT•lSO Onpb!c termt.aal Is an aU•tollt state 

Snet-ecrontal plotter. tt ta meant· to• rapid trnnsla• 

t!on ol digital comput~ output• S.nto eompateP 

erephSee to~ qatck vSauel lfttorpretat!on an6 

cmalyate. This plotter con bo asea fott era-11110 

opef'otton wttb e computer for cornputof ~apblet. 

lt Incorporates tho tollo•Sng teotu•••• 

4-a.l FlJC/l72P • 

1. Deal€nod ttttb ll'l'louatod olrcuSte. 

a. Speo!flllr 4ea1gDGCJ Jo)'•stlet tor qaS.ck 

manual poett!ontng of the pen DftJYJbore 

tn the plotting area. 

s. timS.t wttcbes 1n all tbo toe 41POct!one to 

pttOvtt'te total eofotJ foP tho unlt.. 

!bls gropb!e tc~m!oal 1104e1 OflflO Ia a medium 

speed 4~ trpo plotter. !bo plot ls dttawn along 

two. ose• bJ' movtag a. pen on the X-ute ant! mov!ng 

tho paper on tbo Y.ula. !'be a:nrement of tho pen 

•··•·'• tbo pape:tt or the papoP ••••t• tba pen le 

carr-tet!out Sn s:sll 41ecztete atepe or fne•o•nte. 

!be plottor ean be used for produclq ••t. tone 

of Cl'&phleel dtapl&J' ~tved !rom digital !nput: 

alsnols. It te des1sned tor l'apta tnnalat1on 

of c!tg! tal oatptat Sato eomputer grapblce tw 
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q•l!cl! visual Sntottpr6tat1on and analyet.:'il\.tg: .. ·noral 

viet': of tbo eo~nplete plotter assembly le ah9ft 1n f!g c1vcfl 

on tho t'lOXt pc~re. 

11-a.n sa£~·1ur!t.n .El,~li.Lt;, 
4-s.a .1 zr;r: fLQ?l'lf4Q., fiXOl'l:l• 

The plotter loe1c forme tbo colleet!ag centre toP 

Jacomtng etgnalet 

1)~ tbe eatn e~ntrol lines v!e loetc level 

eonvorta. 

S!) FPocn tbe ~nanual eont .. ols. 

S1!) From thG vutoua plotter !ntel'loeks. 

Sv) From tho 1ntot-nal elock gonat-ator, aso! to 

pJtOttuee ptllee tre !ne for the oove~r:ont ! n 

canuol eorA1tton. 

1'boh oro thr'ae outpat rhaar.ele from the plotter loete. 

1) to the lt•oz1• c.'lrS ve modale 

11) to tho Y.aale drive modulo 

S.S l ) to tbc pen aolenof.c! ampll tier. 

Tho mot1ulee and acplStS.et" oeeopt etnaala f1'0t!l the ot:rovo 

ea.d convert thooo 1 nto 11nnalt ot eutf1o1ent pot:eP to 

ope~oto tbe stopper motors or pen solenoid. 

4-3.a.a 1:.1lll3.~t 
One pUlse on ono of tbo t1SO input l:fnen re1at!cn to the 

X•u1 & ( • X or • X) will via tbo plotter logfc a DIS 

dttiver t:otlule, eeueoe the X•diB ltepper cotor to rotate 

eloebieo or entlcloeke!eo bJ one etep. !be t:'lOvement !o 

t~r~~lsfe"rotf to tho pen C8!'"1ll("8 Ol'l Wh1cb the pon te 

~· o·~,:1tu~l. ~.v o ~t ·cl 6!'1vo v;1re end pulley e. Tbue the 
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pen is caused to move one step to the right or left. 

4•3.2.3 X-:AX~SJ 

One pulse on one of the two input lines relating to the 

Y•axis (+Y or •Y) will, via the plotter logic and driver 

module, cause the Y•axis stepper motor to rotate clockwise 

or anticlockwise by one step. This movement is trans­

ferred to the plotter drum by ptllleys and steel cable. 

Thus the drum is caused to advance or retard by one step. 

4.3.2.4 fEN CONTROk 

A pulse via plotter logic and a~plifier on the pen input 

control lines, will cause the pen solenoid to be energised 

or de-energised. Due to its own weight the pen falls on 

to the paper when the solenoid is energised. Due to the 

action of a spring it is caused to rise up when the 

solenoid is de-energised. 

4-3.2.5 MJNUAL CONTRQ~ 

All the above movements are possible by manual operation 

also. They are obtained ~y teeding a pnl se train into 

the x-or Y motor circuits. The appropriate direction of 

movement and speed is selected by use of a manual Joy­

stick. It is also po~sible to operate the pen up and 

down by the Joy-stick. 

4-3.3 Q:ENERY, §f§CIFI,CAl:lOUSJ 

1. Plotting dimentions 

Plotting length : X-axis - 27p mm 

Y-axis - 210 mm 

Paper size : 286 mm x 222 mm 
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2. ~oud ent1 incrementa rmalleet 1nete~ont of 0.2 am 

3. PI'Otoct 1oft a 

at a mosm.rato of 160 etop~/eac. 

• r.:ovoconts in X• and y., 61rGot:Sone 

are atoppcd at tllo oxtronttiaa 

of tho plotting area by 8 11oft 

s\'clltehos. 

~. AM-'t1onol focilStya F.at11y !ntercha:'f.!'G&blo pel' 

eesombly to obtoin crapb!.ca !n 

4fffe~ent colouro onl! etsoe 

vary!nr fPom o.amm to o.emm 

4•3 .4 lm:'Qt_l~:!l~r.t1'i~· 

1. Input oitrnol 

a. Input code 
()COOOl, 

000010 

000100 

001000 

010000 

I 

1ft atope of o.lcn 

1 Cpel'ates witb 't'TL compot:Sble 

~!gael w1tb poe1t1ve lor.Se •o• 
level te o.ev msx ond •1' lovel 

Se ev mlntr::ue. nos. plllse ~ote 

eceepteblo ie 150 Bi. 

+X(~i~bt movement foP pen) 

+'f(Up t»veroont tot! dnm) 

•X(Lert movement tor pen) 

•1' (Down movement for C1ttW!I) 

Pen(up) 

100000 Fon (do~n) 

3. PO•er Reqtd.roeents I aaov tC, leotstta so C/S. 

4, Limit ~1tehas 1 X•ex1a limit nlteboe ore ploeo4 

et the estem1tlet of the pen 

travol. !'-ale limit nttebee 
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efe placed et tbo ext1m1t1oe of tbe 

61'uo tt-ovel. 

4-3.& QfkB6TIRttAL Cfi.I11ml!t .~tm.SlEim£\Zllm ,fCJQ<;EQtrfmt 

< '> Ql.tt.el~2.n!.l..att1JsoJ!t • 
(l) tf!Ht_!.~!n&t tal. be done \d.th tbe mtc on at'ld 

It 1e not oeeesoory to re£Ove tbe pon. Bofore 

Snse•tlng the paper tbo dru= hea to be pOe1t1onod 

by ectuattne tbe JOY•OtlCK, sueb that tho paper 

fbing strip comes to tbe top. Lt.4 eboulc1 bo 

opooea a~ popor t!xing tt~!p should be 1lttca ap. 

Paper eh0ul4 be •rapped around tba 4.um ana Sta 

two ends ebottl\1 be prossed under the ttsSnn etr1p 

b7 puahtnn !t :dot'n. 

(2) f.~n.ltqd!ns.• Fen t1cbtener lboult be talren out 

from tbe pen ea:rrtege. !be pen ta tnoerted tn 

the pen bo14er ant! tlgbtenor ts !neortet1 ov.­

tbe pen. !bon 1tt5 ot tbo plotter Se eloaed. 

JoY•stSek should 'be oporated tn order to ·encUPo 

that tho 'PEt' UP• and 'PEri DOt~nt faftCt·ione 

p!'Opo!'lJ' at'ld tbnt the pen nlb te toueh1nc the 

pape!' when tbe pen Se 4own una not toaeb1og 

Wben tbe poa te up. 

(3) Pat the pot;Ol' on s.t not ON. 

(4) fttt ·tho Auto/tanual nScb in tho manuel J)Oe!tSon. 

(6) ~ve tbe JOY•GflCK to f'Nrlt and reer of the 

plotter. 

(6) cove tbe Jor Etlck lett aDI r1ebt ana eoe 

that the pen Sa mo9Sb£ appx. at 1 atop/ eee. 
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(?) DopreetJ tho lor•etlek ana Mpcet tha above 

proeedtli'e end aae tbst tho covomente ncm teko 

plaee oppa. at 180 etept/nc. 

(S) t>resa the centre knob on tbe I.J1•8ttek ond note 

that tbe pen dropa !tlto contact wttb tho 

plotthm poper. Atatn prece tbe lmob end aee 

tbat tbe 'POD retDPoa up. A mork bovtag apps. 

stae of tbo pen atrltltt should bo loft Oft the 

plotting paper. 

(9) Drop tbe pan on tbe plotttne paper. Operate tbe 

Joy.at!ctt ln all 4troet!ona poaa!bl.e, t11tb om! 

t'lf.tbout deptetutlng the tmob, to pl'OBueo e 

tf'aee donn eecb ala 1n tvn, DOtln~ tbot e 

satisfactory traee ts produced of cone!otent 

~11\b and dena1l1• Afto~ tbat roturft tbo pen 

to tbe Up poeltton. · 

(10) fut tbe oato/earnsel esttcb !ft ~uto pos!tsoo 

amt non. of tho abOv• fu.netsona will. be ..ortdnc 

eben operated eanuallr by the Jor•et1ok. !be 

tunct!oft Of tbo plotter to the ~\Ito fl106e 11 

chollr c!ez;:anc!ent on the 4ats Input en !ta 

elx llftee. 

(D) QP.I~fl!ntJE~Gl 
Attor po~foPm!ne the opo~et1ooal ebec.hoat hofo~ 

tbe etet of e plot, the pen abould be J)OeitSottod 

at tbe atarttng poa!t1on. fben re&ttf to etan tho 

automst1c plotttog (t.e. )~uet before oxocuttnn tbo 

user plot progt-atl1 the r.oto/flonaal ftltob ebOultJ bo 



placod at auto poe1tfon. 

On eompletloo ot the automatic plott1nr, tbo 

plotter ahoul~ be nttebed back to tbe !!enaa1 

position. ~rnpletett plota can be remov.o4 after 

opening tho 11d end tban lttt!atr Up tbe paper 

fixing atrtp. Then pen Sa unloaded aDd 114 ts 

eloecd. 

4.4 D~~B..ElQtfEB..GHUlm=LfSt 
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!he !ncreeontal plotter !a reeattc!etl ea one ot tbo 

slo.On pe1'1phorela 1n e computer ayatem. '11 t.ble device 

le bookea to the eyatem ia multiples collo of operation 

on the cu1tip1eso• channel without butferJnn fae!11tr, 

the data trnnsfoll' tdll be ot o ve~ e1ow roto oofl Cf11 

tdll be btgbly btll'4~!ted tor tho tJata transfer to this 

device. This 1ntottfoce ia 6eslgned In sueb a wav that 

tba l'foed of tho dev:lce beeomea Snv!tdble to tbo ebonncl. 

t'be ma~or ob.tectlve of tbe 4oelcll Se to hove e maxm. 

poae1ble tbl'ouput effSe!ency 1n the mt:4 ttprogrncmtna 

mode. ibis co~plotelv bafte~oa fnto~faee supports 

malt1p1exoP channel opoxaatlon to tbe buPat modo end 

allows tbe psrtlculo• mertOP)' partltton (storSog the 

plot p~eram oatpgt) to be relessod wltbSn a comparotlvely 

1os1enilieent du~et1on. 

Tbie eoot1'011GP can be dlv!dod tnto tbPco loeieol 

.,on tons a 

(1) Interface controller 

(11) Duftorine 

(!11) Plot sSgne1 conorato•• 
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(S) Interface controller moats the requ!PO~tent of 

atanaord protoa>Q toll~ by tho ebameleen dealing 

wttb the devices oeaoetotod ~lth lt. tt eleo ~eter• 

atnee the prSorttr ot the 4ev!ee oa tho pnrtleUlar 

channel. lt •oee1ves tbe eol!!ttacdl f~tom the ebonnel 

alltl takes aotiooa 011 those COtm!&~e. Alto 1t Httt11 

baCtk replJ to tbe chancel 'tlbea neeaea. rben COGmtlnd 

involves data tttenafef' !••• t:B1'1'Bt It reeelvea data 

from tho ebsnnol oat generatee aeeeosaJT wtte l't 
palM to writo into tbe batter- until 1t beeomee 

oomplotelv full. tn that conlttfon, !t !nfol'me the 

channel tbot trano~or or data should be etoppea and 

t!evtce is bJ.uy, esecuttnr the orBora (S.e. tetr!na 

action on data). Data tronefe• 1s Glso stopped 

'lthen channel boa no oot-a data to trensfett. It aen4a 

&11 tbo !ntorentioft about tho status of tbe 4ovtee 

88 Ol'ld ~hoa PeqUtred b)' tbe Cbonnel. 

(11) Btlffor~cc is provtdoc! So order to taake the epeo6 

ot tbe device lnvta,blo to tbo chonno1. Channel 

oeaumes tbot it te tront~fertn.a «!at& to a blgb apeed 
he. 

device. !t1e a1ao of the b11tter eon. ehoeen 011 optt.mcm 
1\ 

one bJ eonaSder*tioD. c!tfterent faetortJ lnvolvod In 

camputer erapbtcs. h»- tbe tfme betna a butler alae 

ot a68 bytes boo been provide vzbicb 1e an optimum 
01L 

elmo tor almost practical purpoMe. 

(111) From tbe buffer, plotter 4~tive:r fetebos two 

consecutive b)'tee aft4 ibtottpttatoe dltferent bits 

ot tbe t.o bytes. !be low o~~er two bits of tbo 

f!rat byte eonta!na 1ntormat1on regarding tbo 
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ponpoattt~n end tbo ~oms!ninr eta btte ae X-eount 

t1eto.·. stmllarlrt the tv.o low or6er bS.te !n8Seote 

tbo tnfor-matSon about tbo pon anti pop.er movement 

end tbo reeaSn!fl8 e!x bits tho•• the 1'•connt data. 

ll11 theee Snforoet1one ore atod to eoa4 r~utrea 

tlurtbe• of pul Be tra1ne on tbe apoelfte4 1 !nes or 
tbo plott• 1.o~ (+It +Yt •X, •Y, Penupt pondown.) 

4.& • l~t:l!lt,lliQ .. BJVIBEL-:ttrm• 
PtlfJ tho tnterfllc!ng of on1 t!evtee to a eompator 

IY9tom, tho interface loeSc should cateP to tho noeda 

of both tho eocputer and the devleo. t>ovfee 8pec1fteatto!l 

te11e about cer-tatn 1nformot1on fol'rJate to be provlc1od 

Snoraer to perform tho c1etdl"e4 function tlb!cb the aovfce 

ia eapposetl to do. s!mSlarlr, tbe compatezt bat~ been 

4es1l!nod Sn euf!b a "WOF that soma atondara protoeol baa 

to be followed by the c1evS.co tn order to book St to ttmt 

system. thus tho Snterfsce loc!c abould eoemua!cate 

to tbo CPU' ( or ebannel) one gather tbe into:-matSone to 

be cent to tho devlee. nttol' roformtlt!ng tt ( wbieh la 

acceptable to tbo device), it seftde !' to the 4ev1ee to 

perform the desired function. ttae beto~e ora tnterfoee 

1a des1cnod one bos to collect two tJpee of tnforeattoriea 

(!) Jnfon~ot1on fo~mate supplte4 by tbo cbnnnol 

(1!) Jntorta!'JtSon format oaceptable to tbo device. 

t.~.e .1 lB:rE.1~utzFg.a~ .IIll.;~t~~·:,;T .. ~m:Jar::in:eL, ELQmaa 
Tbe 1noroe.Jnftal plottor aecepte :taputs on e!s 

lines lllltncl.Y +Xt -x, +Y,•Y1 Poft Up• so! Pon Down. !he 

eitnals (pnlse tra!ne) on these l!noe ean be 'TTl. 



eS.gnt!le :s..e. poottive logic •o• • o to o.av 
•1 • • +9V to +6\t 

Tho mnx1mum palM rate acceptable S.s 160 Ba. 

l\t a ttmo aDJ one of tbc 11nos Pr:tiDP tJND PEll nom 
Jboula be bleb. S1mS1arlv only orae line fol'm eeeb 

•X & -x aDd •Y a •t should be bleb at a time. !be . 
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cont~ller should etetel" to tbia need of tbe plotter tor 

amootb and error-free oporat!on. 

4-&.a Jr%f'3fi1Gltlf .~iPTJlllC:tr.tr .. ~.Sl 1Q2QP Ill GU5Ilt'1!1$t 

!be eeneral r•13ub'emente foP the tntorlocketl 

eequenoes noe4e4 bJ tho mux channel bas beon 4Sccueaed 

ln tbo signal aequeneee sn tbe bee!rd.ug of tble chapter. 

Jft addition to tb!':!t tho eloet•1eal l&vel requ!ztetrJonte 

an o a follne t 

s1ena1 Level • T!L compatible poett!ve logte 

•o• .. bett:eon 0 to o.e v. 
tl. t • botwoeo + a v· to +8 v • 

. n1enal 1'1se ·time • In tho ort5el" of 100 n•. 

Sh1e14oc! cou1a1 csblee tor eonnoot!on botweera bua 

and tbe eontrolle•. 

40 ptn eonnecton •. s nos. 

!be li@a.al l!Des comf.ns to tho eonDeOtoJt~ are 

eho'Cil ln tbo 41oeram stveo on the hOXt po«•• ~nnector 1 

eneoJ&poratoa nata Bae lines • BUS.OtJ'l' eftl! aus-tn1 dd.le 

tbe connoctor a encol'J)Oratee tbo eont~1 eM !88' 11ce•• 
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tn tt1e ehapteP o deta1lod ~•acrtpt1on of tbe 

8e&'l8oo4 1nterfoee baa been given. f'Stb tho holp ot bloek 

41asrno, tbe d!ffel'ont eo!DJ)Onent• ot the 1nterfece bos 

beon 4osor1boc!. Then the t!oaortptlon about the logic destera 

enG chip level !e;lementstlon boa boen ptovsaea tn the 

subeequent paees of th!e ebapte~. For tbe oaey l'ofoPanee 

of the tl&intonatlee SngS.noor, tho pbyeleol pooitton of the 

rbSps a•e tndteota6 !c tbo logtcal 4eeer1ptton of' the 

var1oue componenta or tho lntertece. 

8•1 Dlt.Q.kLCIG9Rw .QF .. ~t) J!~3:"1l,.S2r.rr1QLLEf!s 

D1e I'Cher:::atlc block dtasrom of tbo boftehd 

controller ie ahovm on tbo next poee. !tao input 11DGa 

eootag to tb!s eontl'Ollel' Dl'et DtJS.O!Jf oftd orrt.TAO dermls. 

\'be oatput fltom this contf'Olle• oro going to ho ploeoru 

(1) to the channel as lltm•JN em! SN•'l'Ml e1pnale. 

(11) to tbe plottel' sa +Xf •X, +Y, •Yt PEtroP, 

PittiDOtlJ .Sgnala. 

!be BtJO.Otrf alld OUT-fAG sienala are reco!voct 1n 

the RBCBIVER ana are paeeea to tbo appropnete plocoe 111 

the ckt. DUI-901' lienal• appoatt •1mal taneoualv to tov 

blooke • Anl'RF~O LI.!TClltPARtft CBFCK, COt~Al'lD LATCU,an6 

Dfi'ft'l LA!CD. OU't-TAO elrnale appeoP to the .lrrt'RRPntm C0!1?llOL 

LOOlC •h1eb tn6!cato tbe natU%'0 of tnfottaetion Oil i:be 

DUS.Otrr. So de~ond1ae on tbe ettast1on to tbe !l'1f;::I~1'CCE 

cro:rr::t.Ot LOOIC tbo content on tho llUS.OtJf oro letehod to 
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either AtmRRFJO t!ATCB,eotnAa> DFCODFR_.OR BUFFER. PliRlft 

CEECit Cltt. J)Gl.'forma pertty cbeek!ng t.n all tba etetoes ond 

Snfolfml tho 11111 RF~CE COt;-r:tOL LOGIC about tbe partty ePPOr. 

If p&r'Sty oPrOr extate, ·the eE!JBE RE~etater ls aet to 1l'JC11t1ate 

tbt• e!tuat1oa anf oliO tbe etatua roeteter !a epp•opriatoly 

eat. 
Jn tho eaae of o.Jt. por!tft tha t1DD1£~S OATCH & 

PROPAOtJtton OF SEL-Otrl' ckt. blooke the propocatton ot 

GEL..OUf otcnel w.en tbo sddt'ees match tak.oa place. Otbon! eo, 

tbo St:L..Otrl slanal :ls propoastet'l to tbe otboP devteo., r11en 

tbo addroee mateb takes place and tbe mnt-otrr elttnal cots 

blockodt the Inr~~ACE C0!7i'.OOL LOOIC trsrur.mtta appropriate 

lf1•TAG a1enala and routes tbe DEVICE Atli"CtEflff ROO to tho 

Btl&-!fl VIA narn SEI.r...cron ott. tor tho eonf!ttmet1on ot tho 

aeloct:lon of tho 4ov1co. !be Channel then aentls comoan6e 

'ehicb DrfJ raea!vod end tleeode~ in tbe CO!:t. .. A~!D DECODE:t. In 

the ca• of rntro eorer:ond, tho B!JWBB Ir.· ttrT conMOLLER . 

1 e lnforcto6 of tbe state. ~en II1i'l_'!lFAC';· COfl'nOL LOGIC 

eend& requests to tbo channel tor dot& tttontJfer. \!heft Bnta 

it plece4 OD tho llUS.Otrr the ttn'~RFACB COnTROL LOGIC 

Sntorms the DtfFFE.t-l InPTJ! conti'Ollett of the somo end lt trto!'ea 

this deta byte at tbo cu~~ent eA4~eea. Tben it tnereoents 

Ste ea~.troes by 1,. !b1a •sv to., eacb 6ata b)'te tronJJtel',. thO 

•al:le aetSon ts repecto4 tS11 tbo buffet- boCOt!KUJ fUll. At 

tb1e moment, the busy etatus le pttoaontod to tbo channel 

bJ' •outtne STA'TUV :t Clr.T;!t Vll\ Dt'rA SEL~CTOR 'lO 9tJO.It7. 

!han Bi'Jf?i s O'OTftrr cutrrROLLEB fetches two bytes of deta 

from the buffer and eends oppropnate atenale to tbe plottorl 
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e.a tlJilt:IRLQF.-mt:.lmSF.~k&-W!lml. 

!be elootrotde cS!'CuStry of thle Sntef'face, which 

emplorea latest eloetl6ete technique, can be d1v!ded Snto 

tollowsne tun.ct1..~nol portst 

(a) selection block. 

(tJO Error cbeck on b\la-out., 

(c) Aaeept1ng tbo co~and code, data am ad4l"ose. 

(d) OenoratSon of Beset S!goal. 

(G) ODePat!on ot tn-'reg a!eoalth 

(f) Dlroot1ne tho Device Address, statue, ana sanae 

•oetste• to snn-In. 
(IT) cettiog up tbo Gtotue aa6 Cor.ute bits. 

(b) sutfGV e64reea genarat!oa ond REt.ti/tl~tm contt-ol. 

(1) ass Bytes autfott. 

(~) Reolttnr the DUffer o~ Plot SSenal goneralton. 

e-a.1 I~:m~t-tto~s· 

Tho cequenee of operation to bo osoeuted bl' tba 

plotter tater:foce cay be broadly elnae!fSed 5nto tbfoo stototu 

e) coornan.t1 otate. 

b) Doh stote., 

c) End1cc Goquoceo. 

!be plotter Ss or !nctteoontal type and eon aeeept 

only digital s!gcala eerla111• lbe dev!~e cont~l 4oee 

tile plotting oporntlon atdns tho buffer conteute oDd eo the 

t1ov1ee ia practtoollY lnv1dblo to tho channel (excepting 

tbo caMe t:~ben onat'!uel cor4!t1ont occtll' afttl the plottel' 

gtvea untt check ott eqt.dpment obeck, :to eueb eoaoa atotue 

byte fa seat and prorna r.ets canoollod). 
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to lntet"tace dSelonae depends on butter eon6lt1one 

~1r4y. !ho ubole lila of buffere8 dev1eo 1a to mSnlolge tho 

loaa of CPtJ t1me cpeolally to an.altiproi!J.'ammine ell\f11'0ncent. 

!be dee1en oeaucee tble neeoanSty. tho o~6er an6 date o•o 

etor'e4 1o the buffer. llD esamplo of a r.tormal eeqaonce l,e 1 

FErJi'"UP •• Y!RJ!I.:1(± X Y) ~- X1MTl1 •• !Diit'A .,.. f.GrJDl-1 
(ol'tler) (oPder) (data) (date) (or6or) 

(eonttnuoue plotting foc!lStr ts oot conatdered ot tho mo~nt) 

Device control eoea on oaoeut1ng tbts eequenea hom 

the btlffol'. E&eb ttOG (S .o. for e coceaott tecae) lt ebeoks 

up tho etoto of tho dev1eo throl18b e chon tn1t1ol eoloct!on 

sequence. 
t'..'honovor t t 1 o o r !liTE eornan4, tbo buffer eontl'Ol 

oxpoete o n~bor of dato pointe (oneb ot ho 'bJtoa) f-rom tho 

cbannol so that tho buffer cots cooplotoly f!11o4.. Cboncol 

oen torm!rote the dnta tronstor even 1f tho bufteP 1D not 

fUll, wbon tbo byte count in tbo ccu 1o ovor~ 10hteh ic 

Scd1coto4 bJ' tbo on61ng aeqaonee. !ba low order a bito 

of tbo f!rat bvto of tbe ~ata point eooto1ne pon poelt1on 

o~do• and the hSeb or~e~ sis bits of thSs bytes eonto!ns 

x-coun..r. otmUeel,., tbe 1o'fl o-rder ttzO bite ot tbo aecond 

byte of' tho t!oto J)Oint coota1ba t"'"VEL"Et:T Dl:lr.cTion Order. 

t:b11o l'ed.n!ng aSs b!to !ncU.eete Y•COtmt. SO the eoftwsre 

euet cate1' to tb1e requirctt:ant b7 for'm1nc tbo blocks of dote,. 

ibev most be sent soquotatlelly. 

'i'be DLw.~·!l 07l'f!7T contBOu~·a ett. loadu t"CO 

pt-osetteblo dcxm COt'tltors wt~ieb pnoratoo ( rathel' ollotJ 

pl'Opo""etSon of tho fi'oo runo!nc clock) tho nuceeto~y nocboP 

of 1opUl ses fop X ond ~ d!~octiono. 
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a.a.e itmml• 

e68 bJtee elae. 

e.a.a QQt~e:tm ... U~t 
!be 41ffenoat ~cr:.an6e whlob tbe 4ovlee eont't'Oller 

ear espoct mm tho Cft1 oret 

a) rn:rm 01 (Besa) 

b) flO 00 (ilesa) 

o)tmnr:s 
6) REt! I ffl) 

e) 1m OP 

04 (Baa) 

r/1 (Beae) 

03 (~f.llt8) 

a) \;'ll'l'B • fro.nofotta 268 l)Jtes as o baret 

b) flO • Cauoeo tba 8ov1ee to eend statue 1oformat!oo. to 

channel. If Bur! ne tbe aocut1on of thle ooecooa 

tbore le 110 stored JnfoPmot1on • ael"' etstue b)-to 

ie sont. 

c)srnoE • CGueos 4ev!re to eon4 SEllf'F bJte. 

6) n· !1ltm • trse4 to ftom1n4 tbo opottetor to put tbo 4ev1ec 

lo roadr etcte tor the osecut1on of eo!mlat'lf! 

(tRITE). 

e)t:O OP • SOfttJere focll!tr oal? • no eneeut!on ( the 

devS.eo eon6o CBE oa4 DVB). 

&.2.4 Slif!r-i um .. qrm..eum .. nmc 
fliAl!§ JlX~ 
Dlt a • DUS)' 

Bit 4 • CB.Em 

Bit 6 • DEV. FOD 

BSt 6 • Ufll'f CBECX 

BS.t 7 • Ulll'l EXCBPTIOU 

Bit 0 • tttBOAL COl~~~~ 

Bt t 1 • ROT R~l\'DY 

DSt 2 • BUr:.OU? PARITY 
E!mOR 

B1t a • E~tTIPt:El1f CtJECR 



s.a.e ZQ•Z60.BIGG!Li 
Sll.!tmls to be generated from Snte&-tece atde to 

obannol &Pot ADH•lNt OPL-ln, SfA-It1t Silv.m. 

e.a.e ~ .. 411i.~i~fJ..dD .. .£319D1ft.L 
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!loforo a eomttaod ean be nent to the eonWol ursSt, 

tbG unit must be eddzteesoa. caeh l/0 unSt ia des!gnatea b7 

an 1ft> ad4re ae. the 1/0 a66ro ee cones ate of tw part at. o 

atn!lll.JA44W• (bleb or4er b)1:e) end a t7QU.a4kt.ll (low 
ordoz- brte). 

e J/0 At16POID 

tbe channel oelc!l.'osa apGC!fte• the obennol to wbtcb 

tbe IDI!tritct!on appl!ee~ tn ayetem I ne 10201 masm. 3 

cbaonele aro tboret 

00 

01 

• tlll tlploxo• ohannol 

• 1 9olector cbonnol 

0000 000! 02 • 2 SoloctoJ' cbnnnel 

ft1e urd.t e&1rosa Sdentttlet the pol'tSeular 1/0 un1t 

'ln tbo channel. Anr nambel' tn the s-anne 0..288 can be used 

aa a device ec!ldroes provtdSng fee!lStr for a«ttreselllfC 266 

un!ta per obanne1. trntt oA4Peesoe from 00 to 7F portotn 
16 16 

to non.lbaro4 aub.obannal. tl'ldt a6ress from 80 to W 
18 lG 

ponoS.na to etbered eubeboonol. rn thte aeatgn1 tbe untt 

bas been placed on molt!floao• channel e- non.llhared 

eubehormol. !bus its addl'ese boa been fixed ae t 

[oooo ~·1 o~ 111~1 -~ !oo I oi I 
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1tle !/0 lnatruetSon contains tbe fall atldstele of 

tbe device t.o. bOtb bJtea. the tt.ret b)'te ta removoa hom 

tbe a4d~s• tlbefl se 18 pe!Gnted to tbo deviee eooti'Oller 

on nus-oat. 
!b! e 6ov1ce be a been st'len tbe lowe at p•tol"ltl' on 

the t:us. Cbtu:mel. 

~-~ .''1 lAili n B.LaGSS •. IU. !tJ%CJE~GCi lmUfB. 
e) Selttoo m.ock1 Ae tble 4ov!ee Is connoete4 to --· 

the mus•cbannel, ~rovSe1oo oboul4 be code to rive 

e1eet1'1ee1 path to tbo SEJ,.OtJ'f e!gnol oven if 

thSa dovteo te not ope~tot1ont4 (S.e. nltcbe4 off). 

rben this 6av!ee is powrorot on, tbe sm..-orrr 
atensl ebould poss tbrough the Dev!ce eoJ.._etton 

clrcu!tel'J• ·Tho sone'tal eebeme Sa shoe belowt 

Sfi'L.OtJT (Otlf) ____ __,_, 



74L3 o_v....,.l ____ -t> t. 
t,t. 

1 -
T 
ll}17 

BetttOon no~es A tJ D1 tbe GEL-OUT e!gnal eea travel by ttO 

path au 
1) Vis l;J'tcrof:m!tcb pa • tb1tt adteb romtdne closed 

when tbe po•r to thta aovtee ta n1tebe4 ort, 

ttu• onab11ng the GEL.Ot1f •!nnal ln tteaebtng 

to the DGt dov!ee oa tb1e bus. oa totteP on 
eonattton, tbitt ntteb ja opened 1tttb the bolp of 

ecbmltt trlecer oe etown Sn Ftgure •5·3 

lt) V1o 1!1Serotf1!teb pa ac6 Pl ant1 devtee aoloctlon 

okt. • At the power ott con~Ut1on, 'be nlteboo 

Pl on6 pa remain OP*ltl'lt tbQS provent1ag the 

Sti:L•Otrr ateaal from goSne to tbG controller ckt. 

~t po~e• on eond!t:lon, tb1·1 t110 nStobGe are 

cloe&a •ttb tbe bolp·ot a tcbmitt t•lceer o1 

thown tn f~gure ·5·2. to thtl eaae, SEL·O!f! 

a!ttnal, sue-out, OU!•TAG e1gnale ere olloeed to 

react tbe tnto11face logic. '.fb:J• tbe SEL•OU! 

drnol roeebe~ the AriD eete 'A' trihero It ls 
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&mea •Sth anotbcl' atrnal 9FLFCT "bleb !D lo• 

uherl adaroee match! ne takes place en6 IJ(!b 

f!ben eddrose matebtng 4ooe cot teke plcee. 

!hue the outcome of th1a gate te low cs..e. 
sm...out Blocked) wbeo aatreee mateb takot 

ploo• and b!eb ( s ••• SBL...Otrt pnp-eeetet1) wben 

e4CIPees match tan a. T:t1e11 tmL-Otrl le propagatetl, S.t, 

1·e paseecJ to the node ll throqgb the bus btv• 

ob1p ?4128. 

(b) Genel'al Retot tdgaalt !hePe el"e tbhe 

a!tuat~ona Sft trbSeb o renerd Hut olrnal. 

shoula bo goftePat~ 1:bfeh 19111 t-eeet all tbo 

eieflole !n tt1o Suterfoee oe well ao tbe stotaa 

byto. These oituettonrt· er-es 

(1) S)'rtteo roeet • ts tnd1catea tlhenevOl' OFL-Otrr 

ana strf.OtJ! oSJe down ooncuttrentlJ, oDd tbo 

1/0 onlt 1e tn tba on.l!ne a:o4e. !blt 

con41tton ceuns OP.t.-tn totaU o~ all 

eoatrol untte olonge!tb tbetr· atotutt, to be 

21eeet, !ble te: porfor.., wbetl tbo qsterl 

tteset kG)' S.e pttessed, wbon tbe pot;OI' tor 

tbe syetom 1• tUtned or., whoo tbo cboncol 

te olt ltno to tbo 1/0 !nto~faee an~ ae 

e part of tbc ftdtS.el. progrsm loac!Sr.ag 

p.ocedure. ~ enauro a propo~ rosat, 

OPL•OnY eftd GUP..Otrf muet be t!on eonctlrrently 

tor at least e )!sec.-
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(tt) Selective Pent • !e !adicotoG 1tbenove!' 

SUP.Otn !a up ona OPL-00'1 drops. !his 

comtition eauus OPL•lt1 to dl'O.Pt ont.l the 

portteulu t/0 aldt tn oparetloD eDt! tta 

etetoa to be Peat. !be Jib dovfee oporatlng 

OD tbo channel t e tho onl)' <Jgvf.ce that Ia 

reeet. Ulta le encorporated tn tbe f!lJQI'e-5-4-

Ct! 1) FOwel' on !'east • then evet- tho Interface 1 e 

pot:atted on e reset rd enal should be eenettoW 

eo that o11 the algnels end tho stataa b!te 

o•o !'eeet. Tbte te lncoPporotot! ln the 

fl"azte- 5·4 
D + VLC 

9 

,., • l't. - . 

(C) A!:Raf:OO .. PATCB ... litm-!2~1U . .EOOQB• thocevel' Satoroat!on 

te banemStted over Sntertaee lines, tt carrter. oM 

oxt•a line callot potStf llne. In tbto eyotem, oM 

parltJ Ia follotJc4. Ro 19benevel" any data cocf!l&ml or 

eddroeo te tPansmtttea ovett tt'lterteee 11nee, 1t te 
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cbooked foP the eorreet part t)". ~n there 1 s correet 

pa•Sty, the tntort&ltlon ie acceptect otbefttee proper 

etatua bit !a eot to indleete et"POt- tntrenettllsaton ... dsen 

It ic eorPoct paz-Sty, the ilevtee ac!drose ls latobed Into 

a co~ator and tbo f.ntorne11:r etoPe4 ad6reee ot the 

device 1s compn•ed w!th tbe a6dres• tran~tttta ove• tbe 

St~tol'tsee. Jt th•• two ere eame IELFCf aJ.gnol Is 
> 

gonerate6. !bts td.r.nol btgb Sntl!eatoa tbot the sst-oUT 

s!ennl should be blocked ana tbls dov!ce nets selected. 

Tbia Se 1"'ealiao4 In earda cl,ca end ca. 
(d) £irifllsM .. I9CIR~!Ul£1t tbeD tbo 6evSce blocks tba Sl:'t.-Oft 

it t"&1ece tts ADS.l~ and plncos, the 1atnrne1 ed4reaso• 

on Dtm-tn fo':' the contsmatJon of tbo aeloetton. !bSa 

luu1 been nollaed sn eei'C!a C"'t D%2 end DIS. !ben channel 

eende tba eort!rand c-odo wblob le accepted by tbe cal't! 

c& nnt tlacof.:4 bJ tho cat-4 r4. Dopontl!ns on tbo eoccont1 

tbo conti'Ol 1os!o does tbe propel!' function. lt precnnts 

Its etatua to the obncnel throurh BtTC•tr:. lf tho · 

co~ccl'l4 bappane to be the t:!tt'fE COC'I..!!Bt'Jd, tbo control 

1on1c sake for tbo doto byte throuth ~B'V'•JN, rav.o'R 

sequence. '2boso data byto., are atoroc! in tbo butre ..... 

!Me So achieved ~n the csr4t C?, Del, DCB, Mt and rn. 
(o) ltt:.TAQ .. CIGfie.ItO ... ~t:flJ~)UO:Ja. 

Tbe 1nforcot1on tranefe• ~om ebancal to ~ovleo ts 

done tbtoaeb Sntorloekod soquoneoa. !be ehonnel sonde 

._ cet'te:tn eont1St1on Snforf!latSon on tbe Otr:r-'ft.el e11Jl'lo1s 

end EH1S•OU'f. · Tho 4ov~ee eontrollor 1n turn ore espoeto6 

to replJ back -.1tb tbo help of It:•IAG stsnale anc1 D...,c-Jn. 
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Those rn•T'AC aiennle oro t OPL•In, r-na.m,sRv .. tn,S!fi.-Jfl. 

tboco beve beo1'l reel1so6 Sa eePdt C6 enS C?. 

(f) Ut!Utl:&rt&..1b§.<lob• !be date po!cte (t~ bJtee) ere 

t:-oce1ve6 ona ator64 1n tbe· 'bU.Jfol' (caftla t11 ontl rn). 
tllen tMSt~o~r into tho boffe~, tts etJc.1reosos are 

tnCl'otJOntoS b1 tb3 v;RITr..P pulso1 't1b1cb 1s eenerotea 

bJ. tbe sav.m, cnv.our roquonce. The 4oto trenDfer sa 
atoppoc1 1n:~ t~ conS!t1ons • thon baffor bo«teeo full 

or the cbonnel trsncfe~rea all tbo bytos. In thot 

ease, the Duffer wrSt!nc modo !a nttchc6 to Buffer­

reoa,.nn r!!Odc ona tbe baffor addreea 11 renltloltaoc!l 

to the first byte of tb.o buffott •. !h1s hae been roolSsed 

1c cam! aca. 
Ce) Plot slnnel aerwrot¢~, 

....,..._. IIIII ·- tl •.. l ..... 

tbon tho butfe~J eaMtt to ~eoc!!DLt code, tho tt;O 

eonseont,:\78 bvtos of data oro fetched f1'om the buffor 

to load tbo p~eeettable. X ·and !' &rtm-countere ebteb 

ellow tho propecot1oD of fll'eo ranntnl! clock p1ilsos 

to the appropriate X ana Y 1 ~cas o~ tl'lo plottor • ~!a 

is renlSsea to e91"4s DC3 onif PSO. tbon tho eonr.ator 

bocooes aero, tbo nest two bJtos are fotehetl aDd 

some procellure ls repoctod t111 o1l tbe dt)ta polntl 

are plotted. PEEO'P 8IJD PEEOOtn l:tcoa of the plotter 

are e1 eo clrSver.a by tbi e ear4. 1)Qr1ng tbo buffer 

reo4S.ng modo, the 4ev!co ptteeents busy eont1tt1on to 

tbe ehannel tor oacb no eomoord. rben ell tho t!ota 

pointe aPe plottea, tbo Sntorfaee eontrol loe!c 
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presonte rooc!1 stat11a to tho channel eben no eoc....-nm«< 

11 proaentoa. !bu• choflnel te reattr to aand acothd 

buffer tf bOoded. 

a-s I.dUlJG. PJpnar~tJ. tQtczzgra• 
ID the Appeftdb ~. the logic flagPsma of tbo 

c!S.tforont eooponeote of tho Jntortace aft shown. 'ftleae 

ataptcma abov.l the loetcal connection of eaeb compononte 

ee wU aa the pbytlesl loeottori of the lC cb!pe on tbo 

d1ffett0ftt PCD•a. For tbo e&aJ' ~tefet-ence of theao logtc 

4tagreme and to 1ocoto tbeb pbyt1eel pos1t!on on tbo . 
fell • e, tbe follning oonventtona ero followot! a 

(S.) (o)Aonc1~c1ed eapttel lotteP of tbe raclteb 

elpbebot tna!de s raetoueula• bloek 

Np•esocte a eoo~e~ cbtp Of\ tbo PCD. 

E¥amplea @ ztepl"oeentf'J chip • n• on tho 

PCJJ. 

(b) A capital lotto&- of tbe Enelteb olpbob&t 

ID e roota:aete 1na1do e cate •~• o 
cooploto dltp on tba PCB. be~la UJ 
e!loc• thnt tbte to tbo or4.y eote Ia tho 

oblp aft4 tb!a is c!rlp •A• on tho PCB. 

(1t)(a) @ • @_,@) ......... -{§) reproeont ntb 

sate of tbo obSp fl on the Pm. 

(b) (~.1]Jj2)_Jai\ 1 .......... [r.n] represent ntb 

gote or tho ebtp A oa tho P<:D. 

(Stt) @,@.@·--· ~ representf/tbe 

ctb component of tbe eascodSnc In o 

08a086ecJ ekt. Alpha bot reprocento tho 

cb1p on tbo Pent tbo dot l'eprosonts tbo 



caeesa!nr. of this eb:lp td.tb tbo othor ebtpt aDS 

the nqme•lc po.tfoa reprevents tbe loe!enl poaSt!on 

of tble ohtp tc tbo coseadtng. ~~1 tho ebtps a•o 
put together. 

(iv) ODe peeo ooJ eontoin oDG P~ or mnny PCB•tJ• 

!boro ts ono bee6' n.e for oocb FCD end tbe PCB 

name ta ttep•ocentcd br en a,tolpbeoumerttc t'lar:o 

pat i.e tbo par&ntbeeea :ttl the beotUng. tt mny 

PCD•a ere ~o on one paee, thotr boan6nries 

are cepcroted b7 thick dotted 12noa. 

(v) lR&Sl• Ja comtrm etenale to e PCB aPe reprocente4 

by (a) o thick bloct dot C•l eeno~atod et a 

FCD on d1fto~ont pace. 

(b) &l'l or41no~ line eonerotea ot o d1tfol"ent 

FDD on tbo saco poco. 

(o) aoall c!t-clo ( o ) •o• 1nt11eetos thot thlB 

a!eael boa oppeorad ot onotbor ploee on tb1s PCD. 

(vi)OS!lt!!.\• out co!nc.t sie·nsle from a FCB( 1.o. 

aS.r.nels rone~atod on thSa PCD) oJto roproeel'ltot1 

b1 a 401'k o~l"'1'J boatS ( • ) • 

(vtS)sasniL.OI~taa.£2D!f9t3gpg& tbe e!en&l nooas 

Cl'O dlo11h along 'Clth the dote OJ' ort-onoo4•• 

nlo1'18"1th tho naoee oro oli'JO lboWI'l thO C!lJH~ ~ 

nacbera on ~1eb tbo slsnal woe aenorote6 
' r. 

tn patttl11tbeees. !be ~numbers or<i abon 

ordv s1 tb tho darkened dot a. 
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(vtJ1) Tho eontimdty of a sS(ttJSl from oae plaeo 

tn tbe eaM to &r1>thoP J s shown by a 

combination ( p- s--- ) 
b.AmD&at ~tor to tbo Appendu At osrcJ e1. 

tn thte eort1 tollowii'JIJ arc tbe 1Dcoa11'1£ a!ertale. 

tft fl'Om card c::::J. t REI!' from poge c::::J , 

DUO.Otn e!r,a8ls DO, Bl, •••-... BJ., 

Follo•S.ng eJ"e tbo atenale seneroted In thta eora. 

00• Dl, BSt 831 B41 BB, Bit I11 sad D.P. 

2be rotQronce , 8 .roprecontc tbnt thlo bloek 

Is e D-trpe Flip ftop. fta1e le the 31-d 

eoatpOmmt (D-W) or tbe cb1p ' A • tt1h! eb 1 o tJpe 

74174 oa tb1a PCB. FOr the p!n eo.nneetions of 

tb1e· ebtp, .. aroronco ehould be rnatJo to 4ppondb 

c, cni"B cl. 
e-4 E!DIS1Z~~"; ~sQGrJtui~u oF mt.·.1m SrtM!W?• 

!be 1nterfaeo lotte bas been t.ebr1eatel tn 

tbe 1abo~tt~to!7' iD teD PCD eOPcte. Bocb card !s e single 

ddo metallic eoeted sa pSn ape .. smental pl'lote4 ekt.• 

.? • • • 1»el'4. 138cb JC to mounted on a aboekat put on 

the PCB. Dar1nn tbe 1n"St1ftff ttme, oaly the ahooket we 

mounted on tho PCB !nortter to nvald heatt.ne of tho eblpe. 

Vben •hOle tbo 'd.Hl'lt! sse dotUD, tbo cb,ps ,...e t»ant«J 

on the eboekete. la tbo tollow!ng aect!ons ot tb1s 

chapter, each eat-4 baa been d•~e~Sbed ~eperetelr ot tbe 

funetional level. 
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s-4.1 mzt•Rut .Dm::v:ca .:.muJm:a.,W• 
Refor to tbe C'GJ"d C'l in tbe Appoc4b A, The input 

to thte eortt 81'0 eSenala DOo, BOlt BOB,__. 0071 BOP• 

fteae Ol'e the BUS.Oot b1te coetce hoet tbe ebormel 

output Bal. !be content of tbta btla is storeS ln 

"*- latcbtUJ ••811&ed bJ' the .ohl,pa A onc1 B, llpob tho 

S!R alenal co!DS b1Fb. !bon J)tta are cleerd 11'1 

tbe beg1n1ng b~ tbe general ~eaat sfenal RST. fba 

oute;.,tne elgb8la fltoo tbta PCB aPe so, m.,na, ... B?. 

!hS& bite (odttreee, eomoam! or data) a!'e atorcd In 

thts lateb to• aubsequent use !n tho t.ntertoce lotrlc. 

~.a Allllat~.rJAml'Gal• 

!blt enrd .So meant toa- the senerat:t.on ot e SEL~Cf 

dgDal t:blcb iruU.cates whether tho J)NpaptoP Of tbe 

sa..otJ! .Senal sbould be bloeket! ott •t:• . then 'be 

tavour&ble condftSon oecul'-..111 tbta ea.a, s.o. tbo 

aevice o&tnee sent b1 tbe channel l!&cbee cS tb tbo 

tlltornel ed4'Coat ot tble 4ovtce etore4 in tbte eora, 

1be coneepond1ne bit• of tbo t90 &44tteasee ore fed 

ln the comparator chipa A ana B. !be output of tbe 

two etdpe are t:Vt'ted. 't!ben tbe otJtpat ot tbla eote ie 

bleb and tbore Sa no odd,esa puSty ePI'OPt then the 

D.F.F E.1 contalna blab data at Ita D Input. t!tb, 

tbe r!ee of a!enal ntl).()ft• tb!e aata Ia pemmtec1 

to.tbe estes 1>4, wbteb 11 e low •S.gul., tho SELrcf 

JJOee low, thte 1ndleatlng tbo bloeldng ot t:be dcnel 

sm...out. t'ben the sfl.rCT goee lnt tbe SF.t-m esvnnl 
1 o "Patsott bl£111 thtls Sntorms.ne tho chemel e'boa.t 
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!ta lelcet!on. !hta ta tone dUI'tng tnStSal 801cet10l'l 

aequonca or t/0 actt buey nquonco. Die Sttcootag d 

etenals to thlD eaftl ••• hom eaP4 Cl cma·· co •. Dlo 

elsnal eoae•atod 1o ttte card t• adkrcT. 

6-4-3 UD.lil...Gil£-kll 'Galt 
'fhil Cu4 la 11mdt for ttJe paJtltJ' ehecldDg OD ttJe 

strs.out lSrte••· !be por!tr followed tn tbSa 11atem 

se oaa pal'ltr. The cb!p ueect tor tb& ""'' cbeebiq 

Je 74160 ub1oh te the ebtp •111 on the PCB., flloo tbe 

po.rtt:J Js corroct, tho 'E Ot'D output trom tbls dllp 

tdll be low. Jn the caee of WOftS pal'!ty on tbs 

Bus-out tho L om output ttll be biBb. !bl 8 »Gl'lty 

•eet21t le fed to tbo three latcbon J:1,, 00 Sfltf Dl. 

fbeso latebea ore elocked br tbe elrnale co~.oor. 

f alV.OU1' all4 t>l'S.Out to tntttcete comment! paz.!ty 

a~ror, nate parity ~~r. or edareaa pa•ttr·er.o• 
%tospoctfvely. Those pal'ttr eri'Or tlane eet 6lftel'Qnt 

bite of tbo etotue fttB1ate:r om! aenae ront•ter. 

r.tJon tbette Se e&!l'cuuJ ptJ~1tF error, tbe dovice 

4oee cot t!Gt $Glc·cte4. 

De Input to thta cef6 are tbe Boa contents latohod 

Ill cart! o. !be stenal cotn tteneL-atetJ lc c:era -cs, 
ln4icatSog tbo cotan'!an4 atote, clocks the boa content 

to tbe iteeo&tl!' loeto. !'be hSih ol'&lP bite of tbe 

eoottalld !bou14 bG aei'O laorder to be e lera1 commonS 

lo'l.' tbts c1ev1ce.. tll tbeae btta ere rMrme.!l·tonetber 

pi'Odace Slle@al con:man4 t:baver &ftJ' b!rb o!id•r btt 
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Ss bttb. !be low order b!ts no, Dl,D2 & B+aPe 

dS.roetl,. rea to tho 4 llae to 18 l!ne decoder chip 

(E) ?4164. !be PP8 ,As 6 81 a-re eleered \then tbo 

s~t.•In stBftGl St eonePated s.e. tbo etatue ot tbo 

devSee lc sent to tbo ebennel.. ftle etgNlla eeneratott 

Ia tbla eard o~ot 

m8, r'RITES, RF?,rJWDS, SBl~SEOt aDcl tttCOt!. 

D2e t:alf'ES .Sroal te cloored bJ tbo G!OP elgft81 

ceneratod at eal'd BC6 • Other atanal e at'e e1oatJoc1 

bf the fall ot OPL-tn e!rna1 sonontoa Sa eal'4 ca. 
M.a A:t.mECfJ,QU:"'talJl' eun P!!A f!l:Af.E~ 'Sil• 

!bo ebannel tdll be comunteat:tns 'tdtb tbe conttoUer 
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In ono of tho throe statee1 At!ttresa1 command, o• data s.e. 

tbe content of the B'U!'1-0UT at eQJ time .Ul be one of 

the•e tfttof'ClotS.orte. t'ono ot then SftformatSon eeD 

appeer totretbe~t. Dle important atenal o gerarato4 ln 

tble cat-a are COtt1 and trra. com tai!Scatoa commend 

state abd rTR dgnal te tbo eombSned effect of all 

these atatee. t':b8l'l 1ft the Snterfaea &l'lS' oDo of tbe•e 

etatee o•e ptte•nt, the sm 11nna1 so•• btfrb on8 tbo 

date ft'Oe BUS.Otlt le lotcbad.Sc cel'd Cl. i'b!a card 

alao eerv•• ae a spare csPt1 tn whtcb lett over pteee of 

okt. from •thor cal'de ere aeeo11110t!etea. 

8-4 .• 6 9.£hfJc-tl"'Dalc:li1 .lllill !f~,ntn-:ltl. SJtJlU.S(C§l• 
e-.t.e.l onezu 

OPt-m te o tel'~ !mpotttant In-ten s1Yft81. !bta atcaal. 

ie cleared br tbo reneral rent atgnal Ralf. OFL-Jr1 

atenal te raised bteb tbenovett the stetae of tbo device 
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11 a!N (ZESO~ sipoal lo•>.sU..OtJ'l etgaal 1a bS.(dl 

ant! tbe tu!c!rotte match OCCURS !a the 1rdt!al aeloctton 

sequeael ('1D61cattd bf SELECt bl«b) tbia dlbal 11 

cleared wheD any one of tbo tollowtne .conf!tSona 

OCCUI"St 

(1) StACR!!ID • the tbe c!ovtee pz:-esents 1ta atatae to 

tbe ebennel, the obanoe1 ettber accepte (rataed 

SRV.Outr) 1t or aeke It to ataok tt. fbla eltua• 

t1on tnatca~e tbat SfA•lN should be t.eppett. !be 

drop of STA-l11 mok•s SfACREND to drop, tbua 

f!nallV dPOpptng the OPL•lU. 

(11) t'hen tbe eomman6 aoat to the cu bo aQ¥ ofte of 

tbeae t 'flOt RBt'JltD1 NOf 01' lLLAJAL COmtr-81'1d, am1 

tbe S!A•Itl bas beoa Peplted by the S!lV•OU! i.e. 
· tbo statas baa boon eeoepted. 

(111)r.ben tbo channel baa sent srnss Cotllt!!&n61 the cu 

responds w1tb tbe s~a.IN •hlcb 18 repllod -, 

back by tbe obannel •ttb sav-our lt etetQA 

acce})te4. !bon cu rstsee tta f2V•IN and places 

sm.sE 'bJte oa DO's-ln. '1'tle eceoptanee of tbSa byte 

1e lndteotod bJ' tho r1so ot' sav-o~. !b1s sav-oU! 
fo•cos tbe OPL*ID to fall. 

(iv) In the rene&-al reset caa., this stenal 1s eleare4. 

6-4 .e .2 &%£j•tr: 
The SfA•lN signal is ratsea tn tbo follo•lng cases• 

{1) 1n the ln1t1ol saloctton £equenca. In this eaae, 

the COt.'ltl 18 blgbt OPL-IN S.a high aDd the c;m).Oft 

falls. At tbe pars.tv odge of C!."J).OUf1 o palse Ss 

gonorated tn menoshot c, t'!b!eh eekes the output 
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of crete Fl low. thus utd.ng tho outpu.t of gate P3 

eo bip. r:1 th tbo r1 ee ot tbe eteDal, tbo 'ij ot 

monc:tabot !Oea lent ond tbeD bleb, whteb clocks tbe 

D-PP 11. rJ!tb thSe era-IN soee b1Bb• S!mUarly, 

·whe11 tbe cbaamel eetmotdettee tbe ent1 of <lota 

tlton•fel' by z-aSe!ng crm.otJ! Sa. reeponeo to snv-m 
·tho geto P2 eoos lo•1 thas ntstftg tbe eSgft81 E.Jrl\•IN 

Jn tbe caN of lbo~Jt eequenco fof' bus-, devSees, tbo 

~n a!ttnal remains b!ah end tbo sa..ot.Jt s1eft81 

be1ag bSpb, tbe DELF.CT etenal ( ahotJing aMreeo 

C2tltcb) makes the otttpat ot eete ~ l 1o•1 thus 

eenerettng tbo STA•IN.a!eoal. !bts elgnal le 

eleered ln the fo11owSng ca&est 

. (!) General ron el8ftC]. .. 

(tl) SRV•OUT Sa l'Geponse to STI..•l%7 e!gnal. 
<c;!<> 

(ISS) In tbe can of atirt-soqaecco foP buq .. , -"\ 
device _,GD AttR•Oft re~:a1na b1gb o~ SEL-0~ 

drope. r.!tb tbe tall of ~EL-OU! tho o11tpttfJ 

of 84 aeto goes 10YJ1 t.bua cloartne tbo D'fll•li1 

•Ssnel. 
(1v) CDD-Ot.Jf tn reepoaee to eta-In tnatcat1ng 

ftACit atatae. 

6-4.? !r;an~g·IU•ewl3Ff~m.,IM~~y;aiUt-.P!!LfF. UO nuc•Jii, 
UIQBlZl.JJ:tU. fG.%1• 

&.4.7.1 aJaR·U 
f.bert OPL-l n te low, tho ~ or w !l1 liemafne bldl.thon 

OPt.D coes blab 5a ths tnttlal eelect!oD '*&11011Cf the 

bo Snputa o~ ento m. Nt!!ahut bSeb. OnlJ tbe tb!rS 

lapat eomtna from roaoabot A &'om&ioe low. tbec At»R-O!JT 
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eoea lotJ, tb!s input alao r!see, tbaa eloetd.og tho n.w 
sm. 1!lte eakee r.nr~:.:tu to •••· 

tbte atnnal le oloo'te41 when C!f).Otf! l'!eea In 

:response to .onn.tn. 1'be oGtpttt of pte rA (fOea b!gb 

wbeD a.:.D.oM l'lne tn Peeponse to tll)B.Jfl, tbu- cloekin, 

Bl. '1tle l of fi1 coes low eftd tbe sa ts eleoPec! wbleb 

ma~o ntr:t-tn to ro 10\9• This Sa eleo cleared bF 

aecoral ""t e1emd.. 

B-4.?.a Gil!~m 

fhte signal is teMNtet1 Sa '" eneetu 

(!) tbon oetd.q tor a 4ate tJrte l:beD tho tatertace !a 

ID t"11l'ta etate. tn tbls oaa, tbe t:1ttfE'O aS.gnal 

!e htCht f"E S 8 bleb abtl OPL•JO Sri blgb• tbe 

t!'aSltDS edee ot sav.om e JJulae ta oor10ahort a, a 
'eb1eh motes tbe outpat of cate C4 eo 1oc. lll tbte 

s1 tuat!o~• all tbo Sopa.ts ot eate rs eoeo blgt& 

ana tbe D.FP C:S 1e cleol"ed t Ulctb meoa• •1se of 

KftV•IO. 

(S!) 't'ben eemU.ns e f!El1SE bpte 1ft SENSE nate. 1ft 

tbts con SENSES e1end Is bSgb. Jn tbla C088 

oaatn tbe fall of aieanl. SRV•Otrl' makee tbo outpu' 

of nate E4 to co low• tbua nt.asq tbo signal 

SRV•IN. 

fble etgnol le eleorot tn the follow!ng caseau 

(1 J OPL-tn drops. 

(11) C11l-Otrl' riees.. 

(111) ceno~ol reset •isnal 

(1v) tJbeo o-w ca Is c1oettea. 1bo oatput 'Q ot 

monosbot L remo1nt btgb t!11 St rete e eloek 
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et S.r:~put n. tbea tbe e!enol m~m te •t: prot'J()nt 

abd oJV.OtJf r!sos to respOnse to eav.tn, tho outpat 

q of L eoee low tol" a eboPt duration ar.d oeoln 

coen bicb. At ~bts bleb coJDB 88ge, tbo J).W ~ 

te oloeke4 am! P.RV•ltl goes ln. 

s.t.,.a IIlED!~~!D~·mm& 

.!bSs ptJleo Is (tenorate4 'l'henevett ~~V.OO! r!eeo 

Sn ~espoaee to D3V•lN, thtte inaScot!r..g a aato byte 

veneter.s to ttae w. osv.xv-. ssv.our eombtno. 

t!ora ntvee rise to alsnal tnJm P ~h1cb stores 

the 4ato bJte tl'Om th• Dtlp.Q'D'r to tho butt or. tbo 

oddtteoe ot tbo baffett Sa SnoPemoated by one ~!tb 

oaeh t'RITC r pal sa • 

s-4.? .• 4 Wll-dfi..IJltQJllD-UUfJ• 
fte bits PBBl an6 PE89 Gl'e seneratot'J for tbe 

MutSnn ot tho ad4rose, etates, sail souso 

Mg1ste!!"s to aus.m. 'theft tbe ~Dll-II1 riSC)a mth 
tbo ~Sse of OPL-tfl, tho output Q" of n-w 1:'2 coeo 
10JJ t!:b!lo tho outpata of tn. oft1.1 r:a rocalne tl1eb. 

fb!s cakes Pt.ml end Fr:D2 botb 1o"• !bus !mttea• 
' . 

t!ag tbat tbo address rerleter lbould bo •oatod 

ta tho DUo-!m. t'hef:t tbo Of~·m r!soo, tho 

CTJ~lltt elf!Ml coe• bleb, ond tho output~ of 

n.w r1l eoee low wmtlo tbe outputs q of n2 ooo r.::a 
ttel.lnS.ne bleb. fhSo makee Pt~ ae bleb ontt PlilJa ae 

low. tbte Sndlcotes tbst the Gtetuo rosS.oter 

ehoult! bo lOUted to DlJ'S-.11'1. 
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lc the tbli'tl ca•• rben Si'Rfttm gooe 101!, tbo 

td.gnsl Pllll gooe lO'tJ eDt! PEBa eooe btffb. 'l'h1e 1t'it!l• 

oatea tbot sense regieter lboul4 bo rot~tet! to 

Btte-tn. 

B-4.e RJ1F.G%1tl2.Zflf! tU311£iJG:3A .m.mm:mC..DBa.ID.AD~ Ilia) 
!he eocbSMtlon ot tben thi'H cel'd• 4Srect• tbe tbPoe 

reetateJ~s ad<IPeoa, statue atl8 sense to BtJS.tN !Jltb 

proper parlt,r genorntlon. 

e..t.s.l lrall.2·lf\l?) .. nua .. l DIU 
tble ~a b&nftlee the low or4er 4b1te of tbe roglsters. 

!be COI!lb:lnetton PEal. •PED2 ae •oo• selocta tbo ltnee 

1CO aml aco from ehip A aftiJ lCo all6 2 eo from cb'ip B 

to• oatpotS.ne to 1Y1 SY of cb!p 6 artd lY, aY of cbip B. 

ClmUcrly tbe comblnattoo P£9l•PD2 •1o • seloete t'bc 

statue rog1oteP bito em, s!l,sm aft6 M'3 tor oatpat1ng. 

So Se tbo eaee e1th eenre ronieter. 

B-4.68 Ulml.Q~2D J!UB. mnu 
'Dlla e&l"tl baadlet tbe bt.gb orde!' 4 btts of tho regSetoJte 

in tile ete!lal' telbton ea tbe f!&rt! an. 
a.t.s.3 &eBIU .Q;ti~.a~t:IQtr .61tt DTlB:lmlJBftWil · 

fb!e cal'S Se meant tor the genorat!oa of pant)' 'btt 

through tbo use or eblp 74180. !bo Bue 4nvere eJ'e 

enabled only v:ben aDF ot the etgna1s OPL-l'N1S!A-IR 

or tmV.ltl te prenent .. 

B-4.9 llWDB t;!lUG,GwtJlBQ.t. ;zllQDZaHCU 
Tbe maln pttPpOce ot this earB Ss to pnorate ath1noe 

tor tbe butteJt. '!be oddredee aro genonted throagb 

ee cotmtGl' '74197 p.l, L.a. !be countel' te ttdtlalt.aod 

to v.eo w1tb tbe genral .., .. , dfJftOl. tn thte ease, 
1.. 
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tbe Duffer od4ress !a o. fte data troneter etaJJts 

dtb the £'B e1gna11ow me&D1D8 that 'battor ie wrtte 

eaablea. tben tbc first bJte ot 6eta ta tracefenet to 

tbe co, tho ORV•tn, M.V.OU! collbiaatton glvea rise to 

one f.ill!EP pUlse. 'Jblia pQJ.ee- te 1110d to genorate o 

clock palao ett#tc cai'CJ sea. !Ills cloP ta uletl to 

Sceement the counter P.l bJ' oae. !bua 'f11 tb tbo eaeb 

data tarte t•atuJfe!'re4 aCI'oas tbe- Sotortace, Cit #tdrael 

t1 eonerated ona a4dreeeee of tbs boffel' noes on 

lnorementai. till eU tb() brte~J from tile ccrr aPe 

tJisneforr.t. At tble I!Oment, the btlffel' becomes . 
fQU cad :tt geneatea uru!ett tl011 etpe1 tmDPLOt:. !bte 

dt!nal obenees the stgoel r:s f!'Om low to bleb obd 

data banafer te atoppe4. At thts etace the tnteJtface 

coee tnto bafro• reading code ana tb& sdt1rose ot tbe 

btaffer Sa 1'01Dltia1t&od to 0 (gates Al,AS:,AStBltll:'l,A4. 

~mt Cl). 

Jo the coee, U.n tbe chaMel bae letuao• aum.bor 

of brte than tbe batt• alae, tho obarmel lrtt!lcnteu 

t.mJre1enal 'by raSaloe rno-out to responh to SRV•tn. 

At thle coment• tho lett eadt'oaa t e etorea 111 the Wa 

n, Ja, n, te, n. R~J, Bl oms •• tbSle i'"ealtng 

Ule buffer, tbe het1 attt1rcu~•• are eooporet! d th tho 

stol'Cd attarea•e to tmow ao ttl atop ftflt!Sna. t.t 

this comont disable aignol eoee hlgb. 

B-4.10 ~ Uf"rlDJJ:tz .G\lCtBQia Gl!lWJZWGil& 
!be p•tm.as-r tancttvn of th!e etm1 le to genol'ate rn 

ticnal(ta·"'S.cator of • ._./elte 1104e of the buffott). 

tbea \.'E Se low, tbe btaf'fe1' te wSte eftablot • othcrdse 
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l"ed er.tableS. titb tbc geDel'al reqt ef.Sbalt the 

fE eoee to low atate. tben the ft41 bUffeP data ls 

tranetened_, tho S'roP ele.:nal a-lso• ad the output of 

M eoee blgb; tl'lae maklae output ot ca bleb. tbue t:'E 

to•e blgh aa4 hffe!' eo•• to l'GS4 r:»((e. r:ltb tble 

the estecd6d f1l pt4se Ot•rE) eoes hAsh tor a ehO!'t 
4uatSon. tbe Lt':E ,oes 1018 tor a ebon 4Ul'•ttoa• 

then S t ts low tho C1D te d.oa•et ant Q ot P1 ~er!l&Sns 

blgb. f:hec X•rrs roo a bSI!b O.FF m t s clocked and the· 

CHI# atgft&l S • eenonted 1dllcb S. e ueeci ill caftl DC3 to 

fetch tSJ:tst brto of •ate from the ltlffer. Mslna of 

'CKf. eenoretee a clock pal so CR •hloh tccMmenta tho 

o&111e•a ot ttle bUtte• In ·cal'd Bel. r.n 'Mlen tbe tlrn . ..> 

brte of tlota heo bG&ft retehe6 entt adttl'ass: polstS.ns to 

9DJ bvtet tbe Q of D•Pr 11 toea b1eb t!blch makes tbo 

~ of mon08bot H to eo low for emall iltUtotS.on. 'lbSa 

ctves one elock to tbe toegle P'1 oca the Q of thla 

toeele co•• to b!«b level, tbae rat•toe tbo a!gDd 

CD wbtch letebes tbo Sad bvte of tbe data hom tbe 

butte• so cal'tJ ncs. the~ t1to b)'te ••• 1oaaea toto 

a eountet- w1th tho clock p14ee X.cloetta. tbla :le 

dooo4e4 !n tho card• DeS and PSO to f!GCol'ata pto·t 

aStrnals in X and Y dbact!ona •1tb the JI'OPGl' pe11 

.,oeSt!ontag. t'be botb tho plot coW"Jts boeome ae10, 

the XY elcw coee 101'1 oftB tbte cenoratoe oDO clock 

palae Clt#. fbSe Clt#tnet-eoente tbe DUffel' e641'ee- · 

b,. lt tbaa pot.ntfnu to Sl'a byte of tbo barto~. Me 

XY a110 at vee oae clock to toecle F'l end tho o of tbt e 
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totttle roes bSih. 2bno Cb pu bleb sod the prevtoue 

procedure 1e NPG&t.a. !bSs ._,aU the brtos from tbe 

bllttd are p1otw. \"llen etUlcr tmDFLOn or rtsflDL 

occurs ln ea.a Del., tho atate of t'E eS.eMl le change!. 

fbis p~eoents tbo eharmel h&dy state to receive onotber 

nt ot aaea bftee. 

s-4.11 U§ Jlmtl.iW!EiiDtQ. IDt .1111 
fbeee two boel'11t eoolJSnecJ makes 2S8 bJ'tea of butte•• 
ftle low e!'<!el' 4 t'd te are atol'Od tn ear4 n1 and bleb 

Udol' 4 bite SD tho e&ra m. BAOt an, ..... a,, ore tbo 

a&!htoee bite 8ll6 BOt m,. _ oo, •••• m a:re the eSaht btte 
of the data bsrte. Ule eb1pe uSGit ere '14200. 

e..s.1a lmFJ .. Amil . .slti!Qit,GI!ElltMl 
\bo two coao-auttvo bl'ttta of the bUffet' ere loa4et! lD 

J).FFe A11 dt ~S, A41 »11 Da, »S, DG by CRA pala::J o~ 

tn FJ., m. Fa, F41 m., rm, ua, H4 bJ ce pQ1 "· Dlo 

biBb order ds btte fpgm tbe tlrat b)fte to ~aded 1D 

X-eountel' D.l • n.1. !be blQb orde• dsc blte of 'BDtJ. 

bJt• ere loaded to x.eounw o.1 -t.a. !h Pr!Bfl and 

PDB!B fl'Om byte 1 atte 4l!'GCt1F fed to the pea poet t!on 

1111ea of tbe plotter. !be 61roction blt• DRD!l oDd 

Dim!! ~o ueec1 !n cart PSG to 4eeode tbe dtrectton of 

t»vement Sn X t Y dlroction (+O.-.)• All tbo eountoJ!I 

oatpute are WADDed to generate I•PASS etgnal ebteb 

pae•• tbo ffte nnDIDft clock paleet to tbe st-ottor 
tiU a11 the laput llDtl becocae bleb tnd:leotSaa tbot 

coet !s ovor. a!m11er ! s the coso t~ltb Y•Pl\SS ana 
%•counter. 1tle X-counto&t te 4ecl'em&Dto4 b)' tbo X•'r'£LAY 

. dsnal &M Y eount01' b7 Y•Dtl.t1Y 81gnol ceno~tat~ ill 
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~PSG. 

s-4.la i!tiki1¥UAL ,Q£if1r-!JAUW (i!SU 
'lhla eard 1s meont tov conerattng the tou:r plot 

etcnala .x,.x, +Y.,.-Y. OnlJ one lt dgnal an6 one 

Y algoal •lll be preceat at a t!me. !bene el£DQ1e 

atroctlv goeo to "the plottol' laput 1lr»a. 
!be Dtm'at DJD!a eoml>Stlatton selocte the X ad i -

ltDOa• the fl'eqaettC)' genentol" ( yet to be lmplementod) 

Sa gcnerat11'18 the tree •unnttts J)tllaaa. !bta Je 
... 

torrel1ne tbe l•R FF n. Alternatively Q an~ Q of 

J1 ta eosnc btnb. . os 1Gftl.1: .a.e tbG X•PAns 11 btttb 

la BUffer Peed eoaa. the Q. eteaal from n. ~· paaeoa 

to the data aolceton C1 and ca. Deponc!1C8 on the 

murn. a~ t>Im!a etgnBlst eSther C1 t~Ul soleot tbe 

etnr..el _. c_a. C1 ~ .sona. the etgule to .a "hUe 

CS W -I• r:;ncb pUlN from ;a of Jl p1'06aeoa 'll X•Dr!LAY 

pulee aftol' a delaJ ot '1}-'-c.eo. (p1ott1nc apec6•160 

atepa/Cao.). 1be_fl'oquoncv conel'otol' can 'bo aeeoltdinf!lr 
4ea1cae<t for tbo pUpOMa stmUer S.a the ettutson 

. tdtb Y etcnela. 
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1ft tble ebap&u, tho toploJ covcn-o6 al'o•deeltTD 

disoaoelgn, future Gtens1on, 10ftwue cotu.d.doPat1ona and 

tmpl'Ovecent ic tbe atetfn.t dealaa. !be preaent dellcn la 

bas.S oa cenalG aaaumea parru~et•e, Web the toes •tt­

••e ( Dovioo tbtlvoP) Ia emSeag$4 to eeato before the 

daU. thCBfel' ~Ob 18 pesfJ8(1 to tb.Q 4e'V!C8 CODtPollo•• 

e.1 ,g,~f'.JaL ,sguamt:a!l:tiRaa 
fbe doa!gn phlloeopby a4opt.S in tb1a wottk la 

baNd on tho tollowtna pointe t 

(a) t:mallost Sneret'!leot • o.a M st a maxktln rate of 

160 atope/eoe. 

(b) rottltal'o 11111 •114 data as o dS.tfaNnee beheeta 

two conMeatt.ve potnte (Xo, to) en4 <Dt11). 

~amplo • A(10t6)1 B(lltlO). 

(o) x.coaat or Y•cotmt auppltod by tho aottwafte ehould 

not be moro than &I etapa 1ft eecb bloek or comoancl 

end data. 

(d) eottt:ere •111 nppl' Date-ol'd• che1c (eoeb of 

tw b:vtea) a a follow at 

X..COUOi" [nato] • PSJtlP/PBNDD [order] 

Y-com:r [D;~te] • r:ntTECi.lt"i.Y) Lor4e»] 

'lbia conetltlltee orte block of command and 4ata. 

one block e!U bo to11ned br otbe• blocke in 

plot.proerem output. 
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(e) !heft w1U be a ooftt!nuoae plott1ntl'• Peo wUl 

10 ap onlr =• tt te trUtSeaW bf tbo popammett 

tn tJal ord• to lfttltoduce dt~CGDetmtttr !a tho 

ptotttns. 
(f) ftottlna erea !e divided Into tov qaadll'el'lta 

(+X,+'f), (+X,•Y)t (.X, +!') aD! (.X,-Y). 

(g) t'tle mtJftt2Gl plooement of the pea oe the paper 

dcterctnea tbo oridD. 1.11 . r:oYemeratt ue 

relntSvo to tbla podt1on. 

(b) eoal!nc altd e!Dintng tJa done 111 tbe 80ft1eft. 

Jt tmne tbo maxlam J)lott!QB area. Aceo!"C!!uelr 

It c~Y.~ocoe the aeale taoto:P bGMB on the 1nf'orma• 

tS.oc • X-mildmua aDd Y-m!rdlll.Jm• 

(1) Stemple •• rlotttne a aua1pt 11M between pointe 

A(20190) to 11(41191). tn tbe bttfter aata dU be ~ 

sto:-cd tn 'tbe tollottlDB eaaner. 

1m. a?. mazm:= 
00 . (1 [<.X) •Gt] • [P~ • ' . ./. lJ 

01 [<Y) •M] + l+Xt+Y] '~ ... t 

A 
oa [<X/ •38] • [P~ 

03 (<.1') •21] • [..X,+Y] 
.)(. () .. , ... '} 

" [<X> •fM] •, (PElmN] 

01 [<Y.> •13] .. (•lt,+J'] 

08 [<Jt) o81] • tJ>Ermnl ., i 

til (<Y> •uU • t.x,.iJ 
E2!tl~DdliiU ~eeution of tb4tae data po!ata (ttwO 

oorusacatSve b~ee) t~lll •tan wt~ the pea eotft8 up 

and moving tl\e peb elltl popeP &1 tern&t!vel)' b)' 84 

>; 
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atGpt 1o •X eft6 +Y reapoetlvely. !ben epfn. toeptng 

pen tiPti"MOI'<! data pofnt Se plotted br c:ov!ng peA ofttJ 

pspol' a1 tetMtlvelr S8 times Ira +X aM +¥ dl.rectloft 

Jtoapoet!velv. ftlo effect of thla wsu be • pem aovfac 

to J>O!Dtr. A •itbout plotting. to the aimUazt falhton 

l t plots ttKt otber tw data point• koepSng pen lcmt 10 

that conts.naou ltne le ~ bot\'.'88D n & a. 
B§!QJ.t!tJQP R£. DQ±mi« 
tbeft eupplYiOS data to tbe pctD eePrtege ad dr~a mtoP, 

pt&leea "" (f!vec alterutelr t!ll oao ol tbe eoata 
t -, ' • 

t:bea one of tbo cotote bocom•• aon, etaeht ~vemeG' 

occua !n tho other 41t-ietlol'l eboae count 1a atlll 

r.tOo-s.-.. 
Lot a• exoet~ tbe (J!seri.p.-r tbat oeoea wboft 

the linea are plottod aesns tbe ebove cetJtloftet! cotboa. 
e.. 

tbo acouet of d11Cftpaft7 depetda on: tho aftllo tho 

4es1hd ltno cakes vlt!J tbe X•axta. Tbel'O !s no 

dl 8Cl'lpoft7 ln tbe etu~&s wee tho titmef linea are at 

aD a®e ot R tba!'e •.tiP a oil »= &DJ tntegel' • itlua 

to tho oaae ot 1tne ~t.,:"niJ .- on &l'lJ' ot tbe aot or at 

811 Ollf!le of 4ff •Stll tbe exes, tbero eSU be no dS*'l• 
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poney befteen the fa plottoa 1ltte aad the 4edred l!ae. 
(. 

!be maine dtseNpau, occar._, wh• tho Jltae ftt11a 

at Bft artdo of K e /a tmePe 6 edfSO am! K le an o&t 

totuer. !bue as!ltWfl d!IOI't.pacelea wnl be .at tbe 

aaelea, aa.rf t tll.f!P t •• • .,a:nJP from X.ute. 
titth 1 bfto (8 bSte) tbe eout1te valu wm be 

DSIJ to ..a as8 pulfle8 ta ODe dtrectton. flO tbo ---~ 
dtacftpamw tn tbl! ettaatton ls 

. • OQ. •!JP 

•Ol.;l • AQ 

•OQ • 0~ Oft as.&O 
t:::l •asB-288 teo aa.l' 

(06 te tba d0s!tted 11De & OOA l.a 
the plott.a line) 

(ArJIUtng tbat OQ Ul'l be 
plottet1 with 988 etepe 
each ot o.a _, 

6 .ase-.o.-8!1168 11100 steps ·•--•(A) 

DDt 100 Gfsepl <• 20=) to qt:d.te a btr,b er~. 

D? easamSas that en _. ... of ttb ot tble ~.o~ •••• 
88 atopa • e.cm, wru be a tolerable one, equation 

(b)boCOM8t 

~·t• 268/4 •O•G X 268/4. 
Dtlt aM/4 • e& can l)e represented !n oftl)f eta bit•• !bus 

lD ono block of 4eta, txlXlltm!l eUo1:able date count !e 64. 

R• tbe 'ho OOUDtoro (X eouuter ad Y oouotel') ho aate 
brtos a!'O requlre.c!l. ~· t!Pet twt• tov X•eotmtott aDd 

coeoad brte tor !'•COunt~. OnlV the eb blte of ftret 

b,-to Sa oMO to• tote count. 
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the remailt5ng tto lo• orcJett bite ette llt1ltaec! to paet-oll 

1otonat!on about tho pen poa'tfon!cr asaooteW •S.tb tbSa 

block of 4ota. Gtmnorl?t the eta b!gtl ot"681' bits of 

tbe ana bfte contain Y• cotuat and the t-ome1n!.ng tt:o low 

or6e!' bits &l'e ueod to pees-on . !l'lfortl4tlon l'oprdSne 

dt.t-octSon of CldeOente • (~ x. t.Y). 

s-a DD~e smmoms.~sm, RZW!mEi:r:J• 
fbe a1atScr 4oa1C'b le bah4 Oll tho pal'eset.a 

4ecer!be4 beto••• !beae paraaetere have 'been ehoeu 111 

•neb a hJ' tbot the pJO~oot eoald be f1n!shet ln tbe 

llelted time ftame. 1tJe preseot &ts!no S.e a dllpl.U'ted 

oee, • tbet It co~1ld be tmplementoa In tbe labonto., 

tttlde the atetlq eoruatl'atnte. ru.tbor impJOVG~Mftt& 

eou1t1 be CGi!e tn otttte to tne._ee the total tbrougb.pllt 

of 'the. eretem and tbe ._.e~c>lottona ol plotttng. tbo 

follo\'IJng -o the ane• SD •bleb impovemente can be 

f!lt)do. 

e.a.l IEIQLUUQtt QF .... W!D£!0• 
GiDCG the plot e1Bf'J81 ganel'ntor iloes not t1o nn,-

prooesesae on the X• and Y• eouote, tho x ana Y c:tuDta 

of tho tso brtet!J •• 41reet1v uN4 to ..-n4 tboae ollt%boP 

of pt4eea tn X abiJ 'f ttrect1t~na. !hae the 80fhoPe lo 

burt!ened to eenel'ate m&ftl' teta batch bov!q emaller 

coabte Sb ora• to tmpnve tho reaolatton of )t»tt!ag• 

!Ilia ceaea e»t-e nwnbel' of data b,-tas to be creoteG and 

tft01';eaee4 date tranafUJ avatioa. ~ ll1wolnato tble 
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pJ-Oble, oM ~itbttat!lc and J.og1cal trntt (.ntt.J) cb1p 

cot44 be uaecS 1n tbe Plot slaw eenot-ato~ bouc:1 VJbtcb 

'0111 make noeosse.,- caletllatione on tbe X t:. Y eounte 

(largo.r values) before loe41ng tbe x ant! Y drtvoP count••· 

tbe ALTJ 8D4 tbe X,Y resister• lotu! control okt may be 

controlled b)' tbe s!lgae involved tra tile orter ( ~ x, s !') 
ol'l4 tbe magnttuite of x and Y coaate. !be eJt!thmatto 

opentton NJ bo 4oe» on (X,Y)r,al'ld ( X,Y)n.l date blocks 

to calculate tbe ma&Ditude to be loade4 to XI% PegistGPI 

of the plot •tsnal aeneHt:ol' board. Ulo X and Y rogS.atere, 

then may load two pl'esettable 4own cotmtePs whfcb f1111 

sllo11 propagation or the fl'oe nnn1ne clock to serut 

aoeeesary nuobe1" ot 1mpttlaoo tor X aft6 T d1reot!on. 

s.a.a U43ltaf!IS ti£ill2L9!il• 
!he lmplementation ot tbta deetgn bas been Bone wt.tb 

tbe help ot "l!Lt nsl tnto,rated ckt. cbSpa. the 1ftdlv1daal 

1C chips a•e connected w1th other IC cbSps wttb ext•nal 

tr!ree. fb1s mnkee tbe ckt. rnoro euaberaom to !mplem•nt 

and tla1nte1n. !bla destsn codd bave bee!* lmplemoatetJ 

wttb the help of tzlcropttOcetuJOI'a &lld BAM, BOD eemory eh!pa •. 

!be &teroproeessor based aesign are eeay to Smploment ana 
maintain an& !t 1a ttere erttetent than the SS] IC bosad ekta. 

The present plottett 4ooe not provld &ft11il'le !n41eot!ng 

tbe plotting etattte to tbe contl'Oller. 'l!le ReadJ abe! F.ot. 
Reat1J linea can be generated at tbe plotter and aent to the 

oontnller to torm the ove~tall statue ot tbe plotting system. 
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V:ben the plottel' !e !D bmtal aoae tben St sbould make 

not.roat17 lSne blab to 'loU the eontrolle• abottt tts 

umd111ncmn!ttt to accept coepnter o•de»a. t:ben the ope!'atw 

pttte It 1n aatomede tbe Reaer 11ne tboold be matte b:leb 

lftt!Seottne ltc wtllll)!nees to eceept ~he computer ordoPe. 

e-a.4 S!!!!hLrLitm~L 
t'be bar6are lmplementea toP tble 1ntertaoe bae 

been done w!tb tho help of ltatadal"d PCB· eertt ava!leble 

reattr mate 1a the mamt. !beee eal'da eontate povtsloos 

foP tC couDtSng en4 atet"aol wlr!q. Due to the ••.Vtettona 

of as p!na pel"c&l'd and ltdted tpace on tbe enrd, too maQY 

cal'da •ere need$4 to11 tbe ptS"PP"• AllOt au.e to tho eat•nal 

wlPSng, tbo earde look clwaq aaa cea etve tJIOable at 
0 

blgb froquenov opePatfon. lf p~~S.nW cttt ¥1'4• ore 

macut&cttn'CKt !a atea4 of uaJq renay cacle ea~•• tho 

need to~ ostfll"nal dt1nl doee not al'!ae. By utd.ng use 

of the PfLS eoftware package l.'.lpr;;oz-tecJ bV CPFmRr tnnVAC 

1100 87etea~e, tbo detenect PCB layout eao be generated. 

fPLS pectore accepts the pin•to•ptn connect!ona table ae 

input (ae eSven !n the AP~ertdb D) aDa eives deta!led 

feD larcat·on the prioto~ or plotter. 

e.e.& ~l.fiitEa 
Preeentl, tho Safto~t SiR bee been cbo .. b 88 288 

bJt••• !be ccr: geftd'ated are reqtd.ttec1 to conta!a 2&6 bftoa 

of date to be tranaferi'Gd ltt one ebot. b laat CCV may 

eonta!n less nuobel" of b)'tee. 1ba lol'geJt buffe•s abould be 
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e.s.e Dm3mlt% .IAtiJli,JSt 1!6,1Lir%• 
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In tho preeenl ~•• the eofbare bee to keep 

conatant .ateb on tbo etatue of tho 4evtee oontJOller. 

t:ben eval' tho contl'011GJ' ~es In batter reaf mode, tbe 

ebarmel is presentett tJlth tbe device bUIF eto.tua. tbae 

tb1e atatua 11 posaed to ·the 10ftwaro lct!Scattnn that next 

CCt'J sboald not bo o•ecatea unttl tbe cteviee becol!&tt ready. 

r:!tbotat the llEQ•lN protocol dgnal, tbe devtc• oonboller 

4oea not send ita ready statue autot!tatlee117• Jll tlll*D1 the 

toft.ue baa to ttogulePlJ ehoek the etetua ot tbe 4eviee 

bJ lseu!ftg TJO Snst~t!on. Ibis alaahee don tbe Cf11 arul 

ebannel off~e1ency. l'bue by tncorporatina RE~•lN a!enal 

the toftare can be iafO!'tl'.ed of the resdy etatui of tbe 

4ev1ce. !b:te reliev•• tbG aof'kotte hom iestttb8 •oeulo.• 
rJo 1~atruetione. 
W R& :lli .. CQfmlUUAIIQlUll 

1!1e prEu'Jeftt 4oeign te lt&H4 on tho t~e-otf bet'aeoft 

haPdwette eftd eott~&J'e eonett!erettone ln tbe !mpler:c&ntation 

of tbe Sntcttfaoe. This aectt.on teak wttb teo componertts or 
tbe eoft.are development. Oene~al •trat•BF and detailed 

speo1t1eat1ona. ta tho general etPateer case us8P faotlttles 

8f'e take-o :Snto eotlslterat!on while tn .the detatled apoel• 

t!eat!on ceee the toes eofhare roqulr~ments atto cor:utl.!ell'ed• 

6•S•l .Qlila.WCS Qoni7ABJ~·QiU£ratdsli,QDtfti%t 

lbe. senol"al lftlpbto• 10ftware can be cU.vlc!od !nto 

tuoa catef!C)I'fest 
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• Faactlonal eottware 

• Baeic Goftn:re. 

e.a.1.1 &ifLXGOtZQU.GQEZftSD• 
!be .b!ebeet level of Ottapbtc Cofhue 1• the 

ApplScat,ott Prottl'em. an applSeofJSoD pl'Orl'am Sa a complete 

problem 101 ver. !be use• need or4v aupplJ aato ana eel oct 
acong prorrorm options to obtain the deetred paphieal 

ctatput -DO prosram!a~ Se J!'qaf.l'Gd on the uae••a: ;p.t. 
C$pp11eotloc pJOgrama can be •Sttoa In ht~ level 

lannuagos • vonmr11 IV etc. ftte Appllcatlon proq,ram 
normally uaee e Baetc eotbare. some of tbG tJpleal 

appllcat!on P'Ot~ao• ceo bea 
w 

a.oroeo • to auto~tteallr pJQtluoe and plot ft.oehnrt ... 
of aar Ml8 FOO!RAE IV PROfRAn 4!reotl)' 

from sotll'eo declr. 

OAfAMt!fB • to prol!c~o monc.eeoent Snform;)tfoft cbnttta 

ard cropbs t11tteet17 from tlsaJt dote Ol't 

euae, tape 0" dlec 

s-a.t.a ~~oo~r..ugm·m• 
rnnot,on&l eoftf!U'e te an !n.tcree!Sate level ot · 

softwe•o •hScb rellovee tile u•~ or proe.•omt2tng ttta!lf 

coor:ot4r uled eN~bt.o functtons. Ptmot:lonol eoftware ts 

tuthor eubdtvtde4 tnto boat compute• heltJeot ana 
eontl!OUor 1101ldont tne eoftaaro. Eost eomputOP I"Ott!4ect 

tun.ctSoftal sottcore Se uaually uttten 111 PORmAD. St 

eonBtat• of o set of subrouttaea to po!ttorm paPtlotilar 

oporettona. !bo aubloatlnee eaa be ClncLB C to draw 

e etrlce or apl~o1), FLinG ( to arov a .mouth c~o 
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throucb a eet ot aata p01nte), DttR ( to dra• bare, fof' 

~ gl'apb plotttos), ARBO'r ( to dra11 o 11110 tentnaW wStb 

aa arrow beat! thNQf!b. • aot of tate pointa) an4 many core. 

!b&ae ~~ttbl'outtnoe eboult eat:el" to the neec!a ot attferent 

tlaelplea l!~elY ttrettsne, b111tuae, ee1et~tlflc eat! general. 

A eontl'oUer retd<l•nt. tuftctlonal sofban ta ftlevant only 

lt1 tbe ••• or pro~,able • oontl'oUo•• 

e.s.t.s WJG.~Astlt 
!be lo•eet level of eot~ used ta pt'Odac!ng 

a plot to t~ baalo aotmre. !hte eondate a eat of 

st.t'bl'out1aea •b!ob eUo. the PNf.Tomtn.W to pel:'toftl e161hmtU7 

p1ott1Dg opettatlone eucb aa d..-mcg lt110a o!' annotation, 

aeloct!ng a pea, eeettng the plot, ote. The nttc eotttmro 

aene11ate• tbG eo~nd• neeeeeur to ~tol'll tbe epeetrted 

oporsttoo em! tranat-te ~ to tbo plotter if lt le 

ors-ltne. 

!be plotl coments gel'lGl"&tod by tbo bod.~ IOt'tnN 

m&1 be t!» actual eotee necoseorr to ~v• tbe plotteP1 
but utuallF tbor &Po eoaoa tdlteb ropreMnt tbo tapat data 

tn a htebl7 OOt:!p&c' nad eff!etent to~t. 'l'boae eoase 

tbeft tctoz-phted bY ta*a•o which tbeD ptodt1Cet tbo 

actual eoeaa cecece&rJ' to drive tho J)lott••• !be f!6Ut"G 

et'1cm below ehO'fla tbe ~1ettonab1p betw&eo the tJS*of sothct'e·. 
, ~. J IOl ...... ~'i!Oli:IWI!Iol f&*ils . 1 l±tf 1 ,..,,,. ll l -

,_ --I ,·----···· ~- __ ,.._ .. - :::::::.::-~¥0 • 
ftr.tlef i=:~ApplSeattol'lL _ .~ Pwtottonal. · L.-t} Dae.tc . l···· . ··~. 
i~_!ar-i t~~~ ... J ,. ~~!~.-·I I ~ftni'O ~.~er:--; 

1 1 . . . · . · .J11Nmpuve.r.{ 

· 1pi:~;~i - · r;;;.J ... J. ··-· 
j(:::·: -)_eontrou{:_j 

,_.,..,..,...... -~· -·-· 
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fbc Bat1o e:ottnre ahoult ~ntalD a nt of 

eml»routt~!ttel'l tn FOBT~A!i an4/or Asaembl.)' lnsuoro 
•bleb can cont:I'Ol olementa:Pr ope~at:tona of the plotter 

ned '~!4e some aid 1a plott!ne graphs. These ~bfoattnee 

UJ bo callot bJ tbo tleef' pro~ame •~tttteft 1ft FOR!RAfl 

OJ' Aaeomblr. !be aubl'out!l'leJ to be written .wet 
(l 

PLO! • to plot •vatgbt 11M behoen two pinta and 
A.. 

to e•tahltab plot orla!n. 
S'!!'JlOL • to Plot annotation ond epoo!al S~ebole. 

5m'!Jen. to plot t1oe!mal equvaleDt ot ao tntettrw1 

tloat!ne po·!nt mimbe:r. 

sc~s • to 6eteft!1ne etu.t!ne value an4 •ala to~ 

&a eftta~ ot aota to be pllotto4 oc a IJSapb •. 

ttXIO • to drn annotated u!e 11ao for a erapb. 

LINE • to ecale an4 plot a aet ot 4ata points 

tllEaE • to returc current f~l"llocat!oa. 

e.a.l.4 iHi"P. ii&Wlii .E:JQQB!I • 

10 

eo 
as 
ao 
40 

80 

DitEr.Slvr. XGSJ(l0) 1 YAAR (10) 

CALL PLOT (Ot0,8) 

tlSAD Mt (XA.mt(t), YIL"lR(I),I •ltlO) 

P09UA7 ( IF 6.1) 

CALL PLOT (O.Ot 0.8,•3) 

C~L SCALE ( XA'tRt s.o, 10,1) 

Cat l'!ChLE ( YABR,e.O,lO,l) 

'10 C4tL AilS (O.OtO•O• ?B VOL '?AOB) 

80 C~.tL tms ( XA'tR, Y A!m.,l011,2,4) 

110 CALL FLO! (la.o, 00t999) -
120 STOP . 

END 

l 

a 
3 

4 

8 

a 
? 

g 

10 

11 
12. 
f.3 



120 

Line l tteeenee epace for 10 data potftte. L!ne 9 

!ctSalisee tbe Pt..O~ ft.bJouttne •Stb tbo loelcol nmrbott 

of tho output d6vlee aa a. Lice 8 rem!• 10 pstl'a of !JDB 

ana VOLT~GG f~om on input file into ho a•ravs X A1R ant! 

YAna. L1no a oatabllae o new o•letc because of necatlve 

thtrd M8at!Ont. t!ne 6 eomputot acale toetora for use 

I.D flott1ne 1'nl8 wlues ~Sthln a e !r.eb plotttae •oo• 

£1no 7 coaputos ceale facto" for VOLTuCE data valacu~ 

vitbin a 8 !neb plottteg area. Llno S 4l'o•• the ~lr.:E 

u1•• x.too t dro•a tbo VOLTLGE aste .. L1ne 10 plot• 

the WLTAOB vo tms erntnn a line b&twse eeeb of the 

24 eoaletl po1nta a&~ a epbol X at eve~ otbe' puJ.ot. 

s-s.a .J9GQ .iOm~,~:.fZ'&GI!IS&IlQt;St 
lnet•uotioft8 nqu1~tod to aceocpllab atJJ J/0 

operation et'o goae!'ellf qtdte tnvolvet ob! 1engtl'Jy. Yet 

fo• dSftcrent acwsee•• !fl.t'fucttona ceo4ed to aecomplt!b 

tbe l/0 opeNttons are 1dODt1eol. to aimplSfF a 
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p-roQ'Pamr:ov•t t:Ork, atantaftU.e.a rolRtn.e are provttee by 

the mao»ractUhl'e. tbeee Matinee are eolleetlvelF celled 

toea eottwaPo an6 ~erform such tuDOt1one elt 

1. Opeetng oftd cloe1DEJ of data ffl••• 

2. B~:tns oa4 WPlt!nc of roeol'da. 

a. :Dlocldfttr and debloeklfl8 ot reeoH*• 

<~. Erro• eotteSt!on ebecklnc ete • 

. !be toes ~ruJSete of '- partes Pbydettl !OCS aDd 

toelcal tocs .. phJ'e!cal toes ~Dti'Ole the actual tnnefoli 

ot roeol'f betwottll tile external cedtam em tho main storage 

s.e., tbo actual reodtce ana wttinc ot tbe rocol'da• 

PbveSoal Jocn eoa.aSete of the follcmtna roatloeet 

1. ntar' J/0 routine • lflttlste the l/0 opel'Ot!on 

b7 te~u1ne tbe SIO loat.uctSoD. 

a. JtttCid'ftJ)t JOUtiae • gete eontNJ. wheD tbe oporatf.OD 

Se ovo~. 

3. Chenool Gcbeaulol', 

~. DGv1oe ettl'Ol' J'Ollt3nos. 

t'boao s.-out!ooe 81"s pan of tbe npenleot-, 1fb!cb 

Ss pe~~ntly locotoa tn lewe!' malb etoneo \!hUe 

problem proftfame are befnr execute!, 

A t10'fJ toes JtOutsoe fOI' tble pal't1eulu plotter hca 

to be developed and !nte8'Pato4 tv! tb tbe extsttne toea 
routines. togScol toes pel'torm ttoae tanettons tbot •• 

neot!ed to loeeto and aecaau• a lottlcol neo~ tor proeese1I'J8• 

lOCO toaules 1 !be~• are manv lOCS rout!oes evatlablo 

v1tb tbG tt 1020 ust&m. !beoo mo4Uloe J:)l'Ovtae neeeesa17 
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S.ll~t1ono and ~port to accoeplteb tl!te tnput/oatpat 

tucntlortl of tbe problem Pl!'OCI'&U. Ao t.natallat!oo• eould 

tacl udo evevy ono of thes~ a&DJ tots Bt!Gles tft tbe 

relocatable 11bran to support every ,oadble J/0 ftmcttone. 
Bat to o)tain bet~ atora~e ut111satlon, eacb inttallotton, 

at artttem eeneret!on tttco ma7 1neluae a aet ot theae toes 
motulee t?btch sre baset! on the equipment beSng ueet. RJ~ 

t!Je plottet- use, tbe- toes module tor- tbS.e device. abou14 

be pl'Ovided !n t.bo l"eloeateble 1lbraey-. 

Records con be tl"Gnefet-~ed to ot- trom an Japat/Outpat 

devteo b1 !str·Jllll phyd.eal Jocs macl'O tnstnctSone. \'bese 

~ lost•nct1one co~un1eate 4troetlr w1tb tho pbyeleal 

toes. tbon us1oe pbvsie&l toea ,::_~, ~- · ~-- _ l to pel'foJ-m J/0 
operations, tbo procrameer mast provide tbe tanotsone 

aucb aa setting np ebormel eor:rlnand •rda (CCD). 

~- cacM 1nstl'Uet!ons ~e available to a p"r~ot:~~er 

to• ait-eet eool!jtttdcet!ons ~ltb pbyeScal toes. !hese area 

1. CCD • comand control bloek 

a. EITCP• ~ocute channel pl'Orram 

3• t"'hl! • t:a1t t111 tbe lCC operat1on te ovot-. 

t:benevor pbyeical toea mae.o 1f1stnet1oae ere ueod 

a proeramoor must e1 so coca tract cera to7 the J/0 opol'ettoaa. 

Plottet' lOCO modulo cbou14 tn.ctllt1e tollot11ac 

spoelf1ent1one 1 

1. tt should Nne! ono mo 1n•truct1ol'l toP a CCt'l 

~ontsi~1ne 268 bytea of data oat of tbG 6ato 

area prov14ed bf the prob~ prosram. 
9• t'hellOVGJ-t the problem ~(ti'QC~ode data fUletl 

more that ass bf'h•• tba toes mo4ale ebotdd 



cnte<Cute tbe stO 1nstraetSon to tucb 8 uy 

ttmt ase brt•• of aata are ant ,.. CCfi. 
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a. ~ftett !esufntt tbe SIO ltU!Sti'Uot!on, tt e1lot4t 

. ehoek tor tbe aev!eo etetu• tbl'oqb Uo 

instruction aa6 Pet bite. Dev!ce abowa butr 

com!1tfon ets.en !t goes to tbo data plotting a«ao. 

t'ben its plottlae tor ·the wbole buffet' te ovor, 

tbe toes e!wula ehoek tol" the ~eaataeee to 
80Cf1Pt another buffel' or t1ata bJte• tboaeb 

rogUlal' tswe of flO tnetl'uction. them the 

atvtco 8bo1)a not bpy eondtt!on• tbe onotbor 

sot. of ctata bytes (~.SS) aboal6 tnJ cent tw tbe 

dcr:r!eo. 

4 • It should cheek fot' tbe etatae bS te Nttll'D98 1D 

the PaP ana taka appropriate ectlon. 
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1. SVItem/BS pz.saotplee of Iapat/Outpat • B!aa etD!ad.m 

ss-1oao aJatea mamaa1. 
s. I.nput/Outpat channel• ot a7·eter3 ES/lOSO • !vaa. 

Dalbokov a !!aita Levi. 

sm.oao t:¥•'- utnlftlll. 

S. SJatam/SS taput/Oatput trnlt• t SS.?0?4-0ltEs-8019, 

EO .;033/Dr: s. 
OSkola R!llOY ar.d Vladi.dl' tbt!WOV. 

Et1/J.020 S,atee armal. 

4• nm/SIO syatec uebt tecture 

e. Mcltal compute!' aetll!tt • aaaod s.aw • 197'1 

P•eDtSce · -eo11, !DC., B'Jitle1J0od ClStts, now lear. 
6, D1altal coaputS1" •1atem pzt!netplea • UGI'IltW' Jle11Gl'm3D 

197~. 

lata !!CO!'aw BU1 f\1blttb!og COflp&.bJ Lts., l'J01r Uelbt 

? • ltD Intro4netton to etan6ard Channel llltorfoce, 

SPB1BY UNIVAC eomputsr erateme. 
Earopean Cduootfom and tra!ctn~ Centre, ew!terlaa4. 

8. 1tao f'Et. Dll1'n Book tor dedp Englcoea,. 

r.oe tnstttamectt Iftoo.,porated • tJ.D.A. 

s. tmL'fROB i'eebn!eal Eanual •Drapblc ~w. 

marale rtate El.eotroa!ce novolopment COrporntton Ltd_. 

10. ft'Or•aemtng Csleoep Iileetron!e ebem!cDl P1ott•••1977. 

Calitorosa Cocpnt.- wodaete, tao. celS.to•nta. 

11. Opel'at!ne eyateml • fla4nte1t aft6 nonovu 1974. 

~egrabm toeaneba, Ltd. 

»• D1«1tal_ natemat aar4eare 01'Cllnlut1on aatt De111t:rb 
-t77J .Elu.- aoa a.a. Pet• eon 1973. 



Jn this appemtu, all tbe ot.ren!t tU.ag•ame 

real.!ze4 in thirteen PCB are given. Boe to rofer 

to thor:e PCDo hoe beol'l cteecr1bed ln chapteP 6. !he 

cb1p 1obele tntlteated S.n tbls dlapam refo• to tb.U 

positions tn tbo PCB, whoee pbJ81cal larout te given 

1n Appencttl D and ch!p pte 4etc~1pt1on tn Appeltx c. 
All the page ftnmbere r•terred 1o the signal nemee oro 

relative to tblt Append!¥ s.e. tbe ltrst card 1n th1e 

PCBsta on page 1. 
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Ariml!ll c 

I' I G:ttle .. Etm. 4&~1Qmzn..m 

to this appen4b, tbe los!c eDt! plb •••tscmente to• 
some of the lmporta!lt eb1pa llted to tb1a ~eatna uo 

deactttbett. Ill tho cs• ot loete aat., tbe plD rtUrt'bere 

••• abo1m la paraathene. !ho rmmb&re r.tfore d•lb 

dottl Input an4 atter daab ••• outpaia 
(l) 7400 • qus41'Qpl• 9 Snpat poelttve ftAND eatea 

Gate 1 (l,a•s), cate B(4,6.8)1 oato B(9,1C.S) 

cate 4(1!,13.11). 

(B) 7400 •BGZ 1nvertetta. 

tn-.-toP 1 (l•a), Invel'ter 2 (341114), toveter 3(S.6)t 

In'f'dto• 4(9-S), Jrwul• 8(11•10), Javener 8(13-19) 

(8) 7408 • Boa !mertet'e e!tb opea eollecto• btgb 

voltaee oatpnt. 

P!ft tutc!gneeftt aamo as ?400. 

(4) 7410 • Tf'SJ)le 8 •JDJut pot1,ttve IAfJD gatea 

Gate 1 (1,9113-11)• Qate 9(3t4ts.&),Gat& 1)(1,10,11-B). 

(6)?180 • DUal 4 •Input Poettiv. NAND gate 

cate 1(1,2,4,e-8)• cete a (l,l01la,ls.e). 
(8 )7430 • 8 • Jopat post tt ve NAnD rat. 

Gate (1,a,3,41&,G1lltl2•8). 



(?) ?4'14 • tftlol »-ttpe poatt1ve-ede .. tf1trnered D.fp.ftop. 

Pin aeeS enment aDS fanctS.on table. 

lWTIM•t••teMI-Itli:I .. IJFW I ltJ••at•·la_rt.'A L M 1• II •• I V rtq_ IJ_$tCQQ(JA• 11• 

let D-W PR ( 4) CLR ( 1) Cit ( G) D(9) Q(8) (3(6) 
.... ·- T ................... , ...... 111--A P*tlf¥¢GIIF ••uu••ns II L Jt a_. .. , .•. ,.. ,, .............. .. r 1 

QDS D-W Prt(lO) CLR(18) C£(11) D(lt) q(9) ~CS) 

L 8 X X B L 

B L X X L u 
L t :X X s- 9t 

n B t B R L 

B B ~ L L B 

tJ B L X ~..j 'lo 

~-... -· ......... ~ ......... l:lilll ... '. . . . ............. II ..... -· .... II • II •• ••• 
iTCC (14) 

(8) 74?6 OU01 J•lt ft f.p•rlope 
crm (?) .. 

!at w PR(9) CLB(a) CE(l) J(4) K(l6) Q(l&) ~(14) 
I 

VCC(S) 
I --·~~~~ ... .....-.:WIM•t:M_.,.,.. ... •••• ···------~~·-~~·fil·ll·· ... , ...... I.·-- ...... •• II ....... i II 

aft4 Pi' f!i(7) CLR(8) CK(6) .t(t) K(lt!J .. ~(11) q(10) 
Gtm(l3) 

. --='- ......... 1.,., ............... 11b •• 

....... ::::llillli ............ ~--. ...... ~-------·-·- ----~-Wt--~ 
"••••• LlJU U • 

L B X X X n L 

s L X X X I, 8 

t L X X X L n 
L L X X X IP &-

n B J1_ L L ·-Q Q 

tl D ..J'L- D L B L 

B D jJ_ L B L a 
ll I J1- B B B ibcrlo 



(9) 74121 • Z!Oaoateble llt11tivlbratolt 

Pin eselt!ftl'l!ent aftd fWlet !on toble 

I lUI •••••••••• ·····~--~-- ......... . 

A•l(S) A9(4) B(6) Q(8) Q(l) 
-·~~-·~ Ul 4 .... I 'I l 
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ll 
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X L 
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tl 
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11 

tl 
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·-w-

.... .,.#4Ud, 1 ~......-·-••-•-• '-·-• 111-1 •-u•u-• •-••-• •----·--

A ie tbe pal• 6tn'atlon 

~bteb ean be e4Jue~Gd 

o port!ealar value wttb 

tbe help of Rest..coxt 

combinattoo betsoeD 

pS.ne 1C act 11. 

Y(!.c> RT e"' 

~T~· 
i I 

v ~€_ (~4-) 
&;·Hi) ( 'T) 

(10) ?4198 • ;auetb'uple Due nattoP gates with~ 

state outputs. 

oato 1(1,2•3)1 aato 9(4,&.6), oate 3(1019-S), 

cato 4(1S,lB•ll). 

f011tSve lonte • ll'atl, oat put !e ott (ttleoblof) vbeD c 
~·ts btcb. 
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Selector 1 D(S) a(14) Co(6) 0(6) CS(4) ctJ·(3) O(l) Y'(7) 

I II 

GeJ:eeto• 9 B(S) 11(14) CO(lO) Cl(ll) 0(12) C3(18) G(l3) "!(9) 

lt rt X lt X X B L 

L L L lt X X B L 

L L B X X li L D 

L B X L X X t L 

L n X H X X L fl 

B L X X L X L L 

n L ll X D X L ll 

n ll ! X X L L L 

n· D X lt X H r, n 
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(3) (4) (6) (G) 
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~ e•a at A tbl'u 

in•• at .n thi'U 
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r~ Tit TVP~S Srd5405, SN54L05, SrJ54S05, .... 
-,-_._·:~_: SrJ7485, SN74Ul5, SN74S85 

F:JSI 4-Bl'! MAGrdiTUDE COMPARATORS 
~·.:._:~:·:,.•-=~"'·-"'--"'--,.,2,.,_,.,,._ez:="""*"'·""'"'""..-""-"""'"'""'---,."""""'-"'·-,.....,...,.., _ _._ --~.-- ~..=--~...:::!~£TIN NO. OL·S 7211810, DECEMBER 1072 
,. i 

\f 
J! 

TYPlCAL TYPICAl 
POW!A DELAY 

·e:r. 'SCS 
J OR N DUAL-IN-LINE OR 

W FLAT PACKAGE ITO!' VIEW) 

'LC6 
JORN 

DUAL-IN-LINE PACKAGE !TOP VI!EW) 

TYPE 01!1$1- 14-CIT 
PATtON WOROSl 

'85 275mW 23os 
'L!lll 20mN oo~s 
'S$5 3!1S m'.\1 11 "'" 

poJ:Itfvtt locfe: see function u.bles pooiti,.lotlc: -function tebl01 

The~~ •our-bit 4'11&1JnitU::e ~O"'"'~r:tors periorm comparison of straieht binary and straight BCD (8-4·2·1) codes. Three 
,. · ~c~'X!~ c•c•••on• e':>o•J• ·';\· o ,•_,,.._ words (A, 8) are m~a and are externally available at three ou~puts. Those 

'' 7" • ., ully ex, ' • -· ''" "·01" of bits without external gates. Words of greater length may be compared by 
:-.:>.•<' C"''n.: comparators in c:;oc~c!2. The A> B, A< B. and A ~ B outputs of a stage handling less-significant bits are 
connected to the correspondin(ll-- > B. A < B, and A ~ B inputs of the next stage handling more-significant bitsl(l'he 
•t<:• handling the least-signific~nt bits must have a high-level voltage applied to the A= B input and additionally for the 
'L85, low-level voltages apptiec! to the A> Band A<: B i~puts. The cascading paths of the 'B5 and 'S85 are implement· 
ed with or.ly a two-gat~·level delay to reduce overall comporison times for long words. An alternate method of cascad· 
lng which further rec!uces the comparison time is shown in the typical application d"ta. 

FUNC1'101'1 TABU!S 

I COMI'ARING CASCADING 

I INPUTS INJlUTS 
OUTPUT& 

A3,113 A2,ll2 A1,81 AO,I':O A>D A<B A-8 A>B A<B A-B 

! A3 > 83 f X X X X X X H L L 

i"-3<831 X X X X X X L H L 

A3•B3,A2>82 X X X X X H L L 
. I 

X X X X L H I A3. "3 A2 < 821 X L 

AJ • '2 I A2. 82 A 1 > 81 X X X X H L L 

A3• 93 A2• 82 A1 < 81 X X X X L H L I A3•83 A2•82 A1•B1 AO;:. 80 X X X H L L 

A3•83 A2•82,A1•B1 AO<SO X X X L H L 

I A3. 83 A2. B2 j"''. 81 AO• 80 H L L H L L 

I A3 • 83 Al• 82 A1• 81 AO• flO L H L L H L 
-.:! .. ~3 A.J.-~2 A1•81 AO•BO L L H L L H 

·es.·= 
" X H L H 

H H L L L 
L L L H H L 

·us I A3. 83 
A2 •-82 At• 81 AO•BO L H H L H H 

A3• 93 A2• 82 A1•81 AO•BO H L H H L H 

A3• 83 A2• 82 A1• 81 AO• BO H H H H H H 

I A3• 83 A2• 82 A1• 81 AO • BO H H L H H L 
A3•83 A2• 92 A1• 81 AO• 80 L L L L L L 
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TYPES SrJ54147, SN5411!0, Sl'd74147, SN7414U 
~O-Lm!E-T0-4-tU\1E Al'i!D 6-UPJE-T0-3-UNE PRIORITY ENCODERS 

BULLETIN NO. OL·S 1211727, MAY 1Y72- REVISED DECEMBER 1972 -,__,, ... ·-' ....... , .. .-..... ..., _________________________ _ 
Encodes 10-line D~::lm;;i to 4-Lino BCD 

Ap~=Jlice·<iJns Include: 

Keyboard Encoding 
Range Selection 

..., Typical Data Delay .•. 10 ns 

c. Typicai Power Dissipation ... 225 mW 

J OR N OUAL-IN-LINIE OR 
W fLAT PACKAGE (TOP VIEW) 

poshtve logic: see function table 

t'lo!C- '\lo internal connectton 

0 

SN54148, SN74148 

Encodes 8 Data Lines to 3-Line Binary (Octall 

Applications Include: 

N-Bit Encoding 
Code Converters and Generators 

o Typical Data Delay ... tOns 

o Typical Power Dissipation ... 190 mW 

J OR N DUAL·IN-LINE OR 
W FLAT PACKAGE (TOP VIEW! 

positive logic: see functi9n table 

c;:zcr;ption 

I t 

I ri 

)( 

X 

I ~ 
I x 
! X 

L 

These TTL encoders feature priority decoding of the inputs to enSIJre that only the highest-order data line is encoded. 
The SN54147 ~nd SN74147 encode nine data lines to four-line (8-4·2·1) BCD. The implied decimal zero condition 
r.q;;ir::s no input condition as zero is encoded when all nine data lines are at a high logic level. All inputs are buffer<!d 
to r~p•'"'~<lt one normalized Series 54/74 load. The SN5414B and SN74148 encode eight data lines to three-line (4-2·11 
oin~rv ;octal). Cascading ci1cuitry (enable input El ~nd enable output EO) has been provided to allow octal exponsion 
without the need for external circuitry. For •II types, data inputs and outputs are active at the low logic ievel. 

2 
H 
)( 

)( 

)( 

)( 

L 

H 

3 

H 

)( 

X 
)( 

)( 

),. 

>: 

L 

H 

H 

SNS4147, SN74141 

FUNCTION TABLE 

INI'UTS 

4 5 6 

H H H 

X X X 
X X X 
X X X 
X X L 
:A H 

,; H 
H H 
H H H 
;. :; K 

1 

H 

X 
X 

l 

H 
H 

H 

H 

H 

H 

H 

)( 

L 
H 

H 

H 
H 

H 

H 

H 

I OUTPU~ 
9 0 C B A 

HIHHHHI 

~~~:~:, 
~ I ~ ~ ~ ~ 
H H L H H 

H H H L L 
H H H L H 
H H 11 H l 

I 

El 0 1 2 

H X X X 

L H H H 

L X X X 

L ,: X X 

L X X 

L X X 

L X X X 

L X X L 

l X L H 

L L H H 

SN541~. SN741411 

FUNCTION TABLE 

INPUTS 

3 4 5 G 7 
X X X X X 

H H H H H 

X X X X L 

X X X L H 

X X l H H 

X L H H H 

l H H H H 

H H H H H 

H H H H H 

H H H H H 

A2 

H 

H 

l 

L 

L 

L 

H 

H 

H 
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OUTPUTS 

Al AO GS EO 
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l H L H 

H L l H 

H H L H' 

L L L HI 
' L H L H 

H l L H I H H L H 



~ ~·-. . r .;··; • 
.. l ~ -~"" 

.......... 
-··~..:·~·iJ3, SiJ71JU3 
· .'. :~ K~Gi~Tl:RS rJtTU 3~BTAYE OUT~Ui'C 

-~ --,,~""! ·r:::.- .. -=.w- _..&w.. ~·~ .. ...-...::.:a.:;.~..,_ ... _~~ ----.._-:_"a:••• .. .._., __ ,._.,...,.....,= -= .,.., 
.::itchln;, C•l:-rc:::turisti;:;;, V~c "'6 V, TA .. 25•c, RL,. 400 n 

PAR ... MiiTER TEST CONDITIOl\1:1 MIN TYP MAX tmiT 
35 MHz 

18 27 "' 
211 ·,.~ -:'::m:'.··'"x--"":r'::"-:~J ~~m c:ock frequenev 

1 IP!il. Pre;:. ~··tioo doi&( ti...,, hitl\·to-low-1...,1 output from cPo<r Input 

28 43 

31 "' 19 

16 30 

21 30 
... 

CL•50pF, 
SnNotl4 

7 

I '<'l.H "''-··'·. :io" C:. i•y ti...,, tn,..to·ltiGh·leVtll output from clock Input 
J tPHL -: -~ct:: .. , -t•~•·· ' .• h!:._~·nt-l'O\'W-Itr:vel output from cl«:k lrt;:Nt 

~:_ ~-7t7~-~·.:·t~-: ~,1_._-l:.:.·"..,· ,..1.,...-r"----------------l 
II 14 

nt 
CL • 5pl', 3 

3 

, tzL t.~;., ... ..ttomb,.,!.t.I'J1 -~·.()Nime L!b.,. Output di,"':Jia ti ,., , lro.;;-to'"l'='c'>;:-;-i,:::: . .,,-, ,,... ------------+--::--.:-:;;----+-:;~--;;-'"7:-lr--i 

I ~LZ OutpUt di<"',;;lo "''" hom low ~o:"d 

-·-> 

' <·.>·.. ,_.,.. ~ 

So• Noto 4 

fOUIVALENT 01' 
I!ACHINI'UT 

TYPICAL OF 
ALLOUTPUTC 

II 20 



~--, TYPES SN54196. SFJ541S7, s;~5(.:.S1S5, Sl\!a4tS,~7. 

;~~-'r·------------ sra419G. z;~7~197. sm4;_s1ss. sr;74LS1S7 _- 50/30-MHz PR£SETih3lE o::::;.;J; 0:1 BliJAAY COUrJHRS/lATCiiES 
BV\...LET'N N.O 01.. $1211806, OE:CtMB'~~ 1972 

t· .... ~ -.,..-...~-~;-o;;o~A~R 

j • 
W H,\T PACKAGE !TOP VIEW) 

Pe•forms BCD, Bt-Oulnary, or Binary 
Counting CLOCK 

oa 1 i/ o Fully Progrummablq) 

I o Fully Independent Clear Input 

Input Clamping Diode! Simplify 0 

System De:ign 

o _ Output OA Maintains Full Fan-out 
Capability In Addition to Driving 
Clock-2 Input 

GUARANTHD 

TYPES COUNT FREQUIE~•CY 
TYPICAL 

CLOCK l CLOCK 2 POWEll Oil:::I?ATION 

'196, '197 0-50 MHz 0-25 MHz 

'LS196, 'LS197 0-30 MHz 0-15 MHz 

description 

240mW 

COmW 

GNO 

uvnchronovs HI;?Uto Low inout w clear sets 0,4, 
Oa, Oc. we Oo ICW. 

These high-speed monolithic counters con<ist of four d-e coupled, m~ter-slave t:io-•-~o .. ,~ w~ic" v•e internally 
interconnected to provide either a divide-by-two and a divide-by-five counter ('196, 'LS1961 or _, c''vic!e-by-two and a 
divide-by-eight counter ('197, 'LS197). These •our counters are fully progrernmoble; thet 's, , •. , Ol'tPuts may be pre~et 
to any state by placing a low on the count/low input ··nd entering the desir~-d dcta a, ttv: <'. 11: lnp,ots. Th'l ov~r,luts witt 
chang<! to agree with the data inputs independent of the state of the cloc'<s. 

During the count operation, transft:r of Information to the outputs occurs on th.o n<"' •~ive~oino edQ~ of the c:ocx 'Julse. 
Thew counters featured dir("ct c!eStr wh1ch when tC~ken low sets all outputs i(.)<.IY r~-.;:.rdler.-; o1 ttn state~ o ... the clocks. 

These counters may al•o be uil!d <: 4-bit latches by using the count/!ooo h~ut ::s th~ <trotlo ~nd · terms dat• at the 
data inputs. The outputs will directly follow the data inputs who'l the count/iocd Is low, out v/ , remain unch~nged 
when the count/low is high ond the clock inputs ~re Inactive. 

AH inputs are diode-cl~mpcd to minimll<l tr~mmission-line Jffects t'nd simplify syst~ n design, "rhus~ circl!itt er~ 
compatible with most TTL end OTL log1c f~miliell'. Typical power d>'•iovt'o~ ~v "'' !Hwetts. S"ri~$ 54 ~nd 51..LS 
circuits are ch~n:.ctarized for operation over the full military t~mporetu' - -P ~1 --t.S"C to 125"':::; s~ries 74 .nd 7t.,•_:: 
circuits are Ch~r<octcrized for OP"ration fro'll Q"C tO 70°C. 

typicol count contieurations 

'196 and 'LS196 typ1c~l count configur~tiOn> •nd function t•'>•r.·- r;; '"' '·'''" ., tr.ose for '176. See 0,_~., 370. 
'197 and 'LS19/ typ>CJI count configurations ~nd function t~b!~s "'" tn" "'me •• those fr '177. s~3 P~ll• 370. 

functioncl block diel!rl'im~ 

'196 ~nd 'LS196 functional block dl•gr~m • tllo Some'" that for., 1"l. s·,o ._,,,,c ?I 

'197 and 'LS197 function•! block dir,grom '' t"~ same as that for'' n. s, · P'~" 371. 
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Access from Memory-Enable Inputs ... 17 ns Typical 
Access from Address Inputs ... 42 ns Typical 
Power Dissipation ... 1.8 mW/Bit Typical 

For New Designs and/or Military Environ111ents, 
SN54S200 and SN74S200 Are Recommehdod 

Fully Decoded, Organized as 256 Words of One Bit Each 

Compatible with Most TTL and DTL Logic Circuit! 

Multiple Momory·Enablo Inputs to Minimize 
External Decoding 

DUAL-IN-LINE PACKAGE ftOlD VIEW) 

lbscription 

This 256-bit active-element memory ;. a monolithic tr~nsistor­

trznsistor logic (TTL) array organized •s 256 words of one bit 
each. It is fully decoded and has three gated memory-enable 
inputs to simprity decoding required to echieve the desired 
system org:mizatlon. The SN7420!l features a three-state output 
and is functionally equivalent to the SN74S200. 

pod~~v• to;;.>tc: Oi!ta out ~~ complement of 
tbta which was &pptied at 
data mput. Sn dHcription 
end function t&blt. 

The drive capability of the three-state bus connectable output permits exptn$ion up to 66,304 words of N·blts without 
additional buffering. See the table below. 

WORD CAPACITY .. 
SERIES 54n4 TTL LOADS 

SERIES MAXIMUM 
MAXIMUM 54n4 NUMBER OF 

TTL COMMON 
NUMBER 

LOADS OUTPUTS 
OF WORDS 

1 259 66,304 
2 220 56.320 
3 180 46,080 
4 140 35,840 
6 100 26,600 
6 60 15,380 
7 20 ,51~~ 

cchematics of inputs and outpuu 

EQUIVALENT OF EACH INPUT 

Vccli--6kUNOM 

INPUT --

¥ 

OUTPUT 

writo cyclo 
\ 

The complement of the information at the date input is written into the S:~lectcd location wh3n &II rMmOrV-encbll! 
inputs and write-enable input are low. While tha write-enable input is low, the output is In the high-impedance lltat:t. 
When a number of outputs are bus-connected, this high-impedance output state will mlther toed nor drive the bualino, 
but it will allow tl'e bus fine to be driven by another active output or a pll".Sive pull-up If desired. 

read cyclo 

0 

The stored information (complement of information applied at the deta input during tho write cycle I Is r:voilcbflt c.t the 
output when the write-enable input is high snd the three memory-crn:bkt Inputs ere low. When eny oM of the mc>mory 
enable inputs is high, the output will be in the high·impedooce state. 

FUNCTION TABLE 

INPUTS 
FUNCTION MEMORY WRITE 

ENAilLEf ENAIILE 
Write 

L L 
lStont Comploment of Dml 

Reed L H 
Inhibit H X 

OUTPUT 

Hie!> lmpedonce 

torod Oato 
Hil!lllmp«<onco 

H • hloh l•v•l, L • low level, )( • lrntlevant 
t-,:.or m•morv •nabla: l. • •U ME lnputt tow, 

H • on• or mo ... Ml:: Input h~Qh. 
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